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(57) Ormrcansl KOHGHUTYpaluH PEeakTOpOB Ha pac-
IJIaBJIEHHOM TOIIMBHOM COJIM, B KOTOPBIX HCIOJIB3Y-
IOTCSI OTPAXKAIOUINE HEHTPOHBI TETNIOHOCHTENN HIIH
KOMOMHAINS TIEPBUYHBIX COJITHBIX TETUIOHOCHTEINCH
1 BTOPUYHBIX OTPAXKAIOUINX HEUTPOHBI TETIIIOHOCHUTE-
neil. OnrcaHpl Takke APYrHe KOHPHUTYpamnud, B KO-
TOPBIX LUPKYIUPYIOT )KUIKUN OTpaKaroIlui HEUTPO-
HBI MaTepuall BOKPYT aKTHBHOW 30HBI peakTopa A
YIpaBICHUS] HEUTPOHHO-(PU3NIECKUX XapaKTEPHCTHK
peaxropa. Kpome Toro, onuceiBatoTcss KOHQHUTYpaIyy,
B KOTOPBIX JUIi aKTHBHOTO OXJIQXICHUS 3alIUTHOH
000JIOUKH peaKTopa MCIIOMb3YETCs IUPKYIHPYIOIIHi
OTpa)karoIlMi HEUTPOHBI MaTepUal.

IV 8LIT6810C



PCT/US2017/030666 MIIK® G21C 1/22, 3/24, 3/54

SIJIEPHBINI PEAKTOP HA PACIUIABJIEHHOM TOILIUBE C
OTPAKAIOIIMM HEMTPOHBI TEILJIOHOCUTEJIEM

[0001] Hacrosimas 3asBka mnomaHa 2 wmas 2017 roma B KayecTBe
mexayHapoaHoi marentHoi 3asBku (PCT), nmpudyem mnpuoputeT 3TO# 3asiBKH
3asABJIAETCS MO JaTe TMOJayu MpenBaputeNibHOM 3asBku Ha mateHT CIHIA Ne
62/332726 nox nazsanuem « Y COBEPILIEHCTBOBAHHBIE KOHOUT'YPAILIUHN
PEAKTOPA HA PACIUTABJIEHHOM TOIUUIMBE», nonanxoi 2 mas, 2016.

BBEJIEHUE

[0002] CnemmansHas kinaccudukamus OBICTPOrO SACPHOTO PEakTopa,
Ha3bIBa€Masi «OBICTPBIM PEAKTOPOM-CAMOEC/IOM», BKJIIOUACT SIAEPHBIM PEAKTOp,
CIIOCOOHBIA T'E€HEPUPOBATh OOJIbIIIE MACIAIIECTOCA SAIEPHOTO TOIJIMBA, YEM OH
notpebnsier. To ecTb, OamaHC HEWTPOHOB JOCTATOYHO BBICOK, YTOOBI
BOCITPOM3BOIUATH OONBINIE ACIAMIETOCA SACPHOTO TOIUIMBA (HAMPUMEP, TUTYTOHUS-
239) w3 chIphA I BOCTIPOW3BOJCTBA TOIUIMBA ANCPHOTO peakTopa (HAmpUMED,
ypana-238), yem cropaer B peakuuu AeiieHWA. B mpuHIHIe, peakrop-camoen
MOXET MNpPUONMKATBCA K  CKOpocTH  u3BjieueHuss sHeprum B 100%
BOCIIPOM3BOJAILICTO Marepuaia. 1A Havasa mnpolecca BOCIPOU3BOACTBA B
pEaKkToOp-caMoe]] CHauajga JOJDKHO OBbITh 3arpy’kKe€HO HEKOTOPOE KOJIMYECTBO
JEJISIIErocsl TOIUIMBA, TaKoro Kak oboraieHHbld ypaH. [locne 3Toro peaktopsi-
caMoeIbl MOTYT MOAJICPKUBATh MPOU3BOACTBO SHEPTrUU B TCUCHHE JIECATHIICTUM,
He TpeOys 3ampaBku U 0€3 COMYyTCTBYIOIIUX PUCKOB PACIPOCTPAHEHUS, MPUCYIIUAX
TPAIUIIMOHHBIM SJICPHBIM PEAKTOPaM.

[0003] Omun Tun peakTopa-camoena MPEACTaBlIsieT cOOOW peakTop Ha
pacrutaBiieHHBIX  coiisix  (MSR).  Peaktopel Ha  pacIutaBieHHBIX — COJIAX
MPEACTABIIAIOT COOOM KJIAcC PEAKTOPOB SACPHOTO JACJCHUS C HEHTPOHAMU
ObIcTpOro criekTpa (OBICTPHIMU HEWTPOHAMHM), B KOTOPHIX TOITUBO TIPEACTABIIACT
coOOM pPacCIUIaBJIECHHYIO COJIEBYIO >KHJIKOCTh, COJAEPXKAIIYI0 CMEUIAHHOE WIH
PacTBOPEHHOE SICPHOE TOIUIMBO, TAKOE KaK YypaH WIM APYrue AeNAIIUecs
snemMeHTel. B cucreme MSR  He3amemieHHbie  OBICTPBIE  HEUTPOHBI,
o0ecrieunBaeMble COJISIMA  TOIUIMBA, OOECHEYMBAIOT XOPOIIME TMOKAa3aTeNH

BOCIIPOHU3BOACTBA C UCIIOJIB30BAHUCM YPAHO-INIYTOHHUCBOI'O TOINIMBHOI'O IUKJIA. B
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OTJIMYME OT OBICTPHIX HEWTPOHOB, KOTOPbHIE KOHTPOJMPYIOT BOCHPOU3BOACTBO

JENSIIETOCs] TOTUITMBA W3 CHIPhS JUI1 BOCIPOW3BOJCTBA TOIUIMBA, TEIUIOBBIC
HEHUTPOHBI KOHTPOJIMPYIOT PEAKLUIO ACJICHUS MAENSIIErocss ToruMBa. Peakims
JICJICHHsI, BO3HUKAIOIIAsI B PE3YJIbTaTe CTOJKHOBEHUS TEIJIOBOTO HEWTPOHA C
HYKJIMJOM, MOXET TIOIJIOIAaTh JAEJAIIEeCs TOIUIMBO B PEAKUUU JCJICHHUS,
BBICBOOOK/Tas1 OBICTPBIC HEHTPOHBI, raMMa-aydH, OOJIbIITHE KOJIMYECTBA TEIJIOBOM
SHEPTUW U YAl IPOIYKTHI JEICHUS, TaKHEe Kak 00Jiee MEJTKHE JICMEHTHI SIED.
[ToTpebaenne sAmepHOrO  TOINIMBA  YIMOMHWHACTCA KaK  BBITOPAaHHE  HWIIH
WCIIOJIb30BAHUE TOIUIMBA. bojiee BBICOKOE BHITOPaHHWE OOBIYHO YMEHBINAET
KOJIMYECTBO SANEPHBIX OTXOJOB, OCTABIIUXCS TIOCIE TPEKPAIICHHUS PEaKIAH
ANEPHOTO NEJICHUSA. BBICTphIe HEHTPOHBI TAaKXKE CMATYACT OTPABJICHHUE SIACPHOTO
peakTopa IPOTyKTaMHA JICTICHMSI, obecrieunBas UCKITIOUHATETHHYIO
MPOU3BOAUTEIILHOCT 0€3 OHJIalH-PETeHEepallid W COMYTCTBYIOIIAX PHUCKOB
pacnipoctpareHusi. [103TOMY KOHCTPYKTHBHBIE M SKCIUTyaTaIlMOHHBIC TTApaMETPHI
(HanmpuMep, KOMITAKTHAsT KOHCTPYKITUS, HAU3KOE JABJICHUE, BHICOKHUE TEMIICPATYPHI,
BBICOKAs IUIOTHOCTh MoImMHOCTH) MSR  peakropa-camoena o6ecmeunBarOT
BO3MOXXHOCTh PEHTAOEIBHOr0, TJIOOAJTBHO MACIITAOMPYEMOrOo pEHICHUuA i

NOJTy4YeHUs O0€3yTIepOAHON SHEPTHH.

SJIEPHBIM PEAKTOP HA PACIUIABJEHHOM TOIUIMBE C
OTPAXAIOIIIMM HEUTPOHBI TEIVDIOHOCUTEJIEM

[0004] Bo Bpemss pabGotsi cuctembl MSR o00MeH ToruMBa B BHIC
PaCIUIaBJICHHOW COJIM MOJKET O0E€CIeYuTh HEKOTOPBIH KOHTPOJb PEAKIMOHHON
COCOOHOCTH W BOCHPOM3BOACTBA B AKTHMBHOM 30HE peakTopa B Ipejaesnax
TpeOyeMbIX pabouux TPaAHUI] MYTEM HM3MEHEHUS COCTaBa I[UPKYJIUPYIOIIETO
TOIJIMBA B BHUJE PACIUIABJIICHHOW COMW. B HEKOTOPBIX BapHWAHTAX BBIMOJHEHUA
AKTWBHAs 30HA PEAKTOpa MOJIHOCTBIO WJIM YaCTUYHO IMOMeENeHa B COOpPKY
OTpakarensd HEUTPOHOB, COAEPKALIMK OTPAKAIOIIMA HEUTPOHBI MaTepuall.
PackpeiTass cOOpka JUHAMHYECKOTO OTpaXkaTeyisi HEUTPOHOB o0ecneurBaeT
BO3MOXKHOCTh  JIOTIOJIHUTEIBHOTO  JWHAMHUYECKOTO  W/HIW  CTYIEHYATOTO
VOPABJICHUA  PEAKTUBHOCTBIO M CKOPOCTBIO  BOCHPOW3BOACTBA, IyTEM
PEryJIMPOBAHUS OTPAXKATEIbHBIX XAPAKTEPUCTHK COOPKU OTpaXKaTesid HEUTPOHOB
JUIl YIPABJIECHHUS CHOEKTPOM HEWTPOHOB B AaKTHBHOM 30HE peakTopa. Takoe

YVOpPaBJIECHUE  KOHTPOJMPYET  PEAKIUOHHYKD  CHOCOOHOCTH M CKOPOCTh
3AMEHAIOIIMNI JTUCT
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BOCTIPOM3BOJICTBA B AKTHUBHOM 30HE peakTopa. CoctaB MaTepuajgoB B COOpKe

JUHAMHAYECKOTO  OTpaXkaTesisi HEHUTPOHOB MOXKET ObITh HM3MEHEH MyTeM
BBIOOPOYHON YCTAHOBKM WIH YJAJIEHUA MAaTEPUAJIOB, BJMSIOMIMX HA CIEKTP
HEUTPOHOB, TAKUX KAaK HEUTPOHHBIC OTPAXKATEIIM, MOAECPATOPHI WUJIUA MOTJIOTUTENH,
JUIl  JUHAMUYECKOTO YIPABJICHUSA XapaKTEPUCTHUKAMU HEUTPOHHOIO CIIEKTPa,
OTPAXAIOIIUMHU  CHEKTP COOPKM JMHAMHYECKOTO0 OTpa)Kareyisi HEUTPOHOB
(«oTpakaTeabHBIE  XApAaKTEPUCTHKHY). B  KaduecTBe  ajbTEPHATHBBI, OTH
XapPaKTEPUCTUKU OTPAXKATEIbHOW CHOCOOHOCTH MOTYT PETyJIMPOBAThCA MYTEM
W3MEHEHUSI TEMIIepaTyphl, IUIOTHOCTA WIM o00beMa Marepuajia B cOOpke
JTUHAMUYECKOTO OTPaXkaTesisi HEUTPOHOB. B HEKOTOPBIX BapuaHTAaX BBIMOJHECHUS,
cOOpka JUHAMUYECKOTO OTpaXKaTeyisi HEUTPOHOB MOXKET COACPKATh TEKYUHi
MaTtepuaia OTPAXKATENsl HEUTPOHOB, KOTOPBIM HAXOJWUTCSA B TEIMJIOBOM KOHTAKTE C
TOTUTMBOM (HAmpuMep, TOIUTMBOM B BHJE pACIIaBJICHHOW comm). Tekyduit
MaTepuaj oTpakaTesisi HEHTPOHOB MOKET ObITh BBHITIOJIHEH B JIIOOOH MOAXOAAIIEH
dbopme, BKIIOUas, 6e3 orpaHUYCHUS, TEKYUHE CPEbl, TAKUE KaK BUCMYT-CBHHETI,
CYCTICH3HUIO B3BEIICHHBIX UYACTHII, TBEPBIX BEIIECTB, TAKMX KaK MOPOIIOK W/WIA
KpPOWIKY, TaKylK Kak yriepoaHas kpoinka. COopka JUHAMHUYECKOTO OTpa)karess
HEWTPOHOB MOYET BHIOOPOYHO LHUPKYJUPOBATh WM MPOMYCKaTh uyepe3 COOpKY
OJIMH WJIM HECKOJIbKO MaTEpHasioB, IMOMVIOLIAIOMIMX HEUTPOHBI, TAK YTO MOYKHO
BbIOOPOUHO M00ABNIATH WM YAAIATh U3 HETO OTpaXKarolme Marepuaisl. B apyrux
BAPUAHTAX BBIMOJHEHUA TEKYYHMH OTPAKAIOIIMN HEWTPOHBI MaTEpPUAl MOKET
BBIJICTIATh TEIUIO M3 TOILJIMBA B BHJE PACIUIABJICHHOW COJIM B TETUIOOOMEHHHKE

yepes3 MEPBUYHBIN WM BTOPUYHBIN OXJIAKAAIOIIUNA KOHTYP.

KPATKOE OITMCAHUE YEPTEXEU

[0005] ®wur.l uzobpaxkaeT cxemMaTHUYECKUN BHUJ WJUTFOCTPATUBHOW COOpPKHU
OTpa)katesisi HEHTPOHOB B CHUCTEME OBICTPOTO PEAaKTOpa Ha TOIUIMBE B BUJC
PACIUIABJICHHOM COJIN.

[0006] @wur.2 w300paxkaer TpaduWK 3aBUCHUMOCTH  OTPAXKATEIHHOU
COCOOHOCTH OT BPEMEHH B PEAKTOPE HA TOIUIMBE B BUJIC PACILIABJICHHOW COJIM C
OBICTPBIMU ~ HEUTPOHAMH  OJHOTO WJIM  HECKOJIbKHUX TMPUMEPOB  COOPOK
JUHAMHUYECKOTO  OTpa)kaTrelid  HEWTPOHOB B CPAaBHEHMHM C  JIPYTHUMH
KOH(UTypanusiMu cOOPKH OTpakaTesisi HEUTPOHOB.

[0007] ®wur.3 wuzol0paxaer CXEMaTUYECKUH BHUJ  WLUIIOCTPATHUBHOMN
3AMEHAIOIIMNI JTUCT
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CErMEHTUPOBAHHOW COOPKHM OTpa)KaTesid HEHTPOHOB, OKPYKAIOLIETO PEaKTOp Ha

TOIUIMBE B BUJIE PACIUIABJICHHOMN COJIM C OBICTPHIMU HEHTPOHAMMU.

[0008] ®wur.4 nmocTpupyeT NpuUMep AAESPHOTO PEAKTOPA HA TOIJIMBE B BUJE
pacIUIaBJICHHOW COJIM, B KOTOpPOM cOOpka OTpaxkarejis HEHTPOHOB HMeEET
TEPEIMBHOM pe3epByap.

[0009] ®ur.5 uzobpakaeT cxeMaTHUECKUH BHUJ CBEPXY WILTIOCTPATHBHOMN
CcOOpKH OTpaXkaTesii HEUTPOHOB ¢ MHOKECTBOM THJIb3.

[0010] ®ur.6 uzobpakaeT CXEeMaTHUECKWNA BHJ CBEPXY WILIIOCTPATHBHOMN
COOpKM OTpakaTesisi HEUTPOHOB C MHOXECTBOM TWJIb3, BKJIIOYAs 3JIEMEHTHI,
3aMeUIAIOIAE HEUTPOHBI.

[0011] ®ur.7 uzobpakaeT CXEMAaTHUYECKWNA BHJA CBEPXY WILIIOCTPATHUBHOMN
AKTUBHOW 30HBI SAJIEPHOTO PEAKTOpPAa Ha COJIEBOM paciUiaBe C OBbICTPHIMHU
HEUTPOHAMHU, OKPYKEHHOM COOpPKOW OTpakaTtesisi HEUTPOHOB B TEIJIOBOM
COOOIIICHUH C TEMII0O0OMEHHUKAMH.

[0012] ®ur.8 uzoOpakaeT CXEMAaTHUYECKWNA BHJ CBEPXY WLUIIOCTPATHBHOMN
AKTHUBHOM 30HBI SJIEPHOTO PEAKTOpa Ha COJIEBOM paciiaB€é C OBICTPBIMH
HEWTPOHAMHU, OKPY>KEHHOW COOpPKOM OTpa)kareias HEUTPOHOB, B TEIJIOBOM
COOOIIEHNH C TEIUIOOOMEHHMKAMM, BKIIIOYAs DJIEMEHTHI, 3aMeIAIOLINE
HEUTPOHHI.

[0013] ®ur.9 uzolpakaeT cxeMaTHYECKUH BHUJ CBEPXY HWIUTFOCTPATUBHOU
AKTUBHOW 30HBI SJACPHOTO pEAKTOpa Ha COJIEBOM pacIijlaBe C OBICTPHIMH
HEWTPOHAMHU, OKPY>KEHHOW COOpPKOW OTpakarejas HEUTPOHOB, B TEIJIOBOM
COOOIIEHUH C TEMJIO0OOMEHHUKAMU, BKJIIOUAs TTOTJIONIAOIINE HEHTPOHBI JIEMEHTHI
U DJIEMEHTHI 0ObEMHOTO CMEIIEHUS.

[0014] ®ur.10 u3zobpaxkaer cxeMmMaTHUYECKHi BUA COOKY WILTIOCTPATHBHOMN
AKTUBHOM 30HBI SAJIEPHOTO PEAKTOpPa Ha COJIEBOM paciUiaBe C OBICTPHIMH
HEWTPOHAMHU, OKPYKEHHOW COOpPKOW OTpakaresiss HEUTPOHOB B TEIJIOBOM
COOOIIIEHUH C SACPHBIM TOIUIMBOM B BHJE PACIUIaBJICHHONW COJU  uepes
KOXXYXOTPYOHBIH TEITIOOOMEHHUK.

[0015] @wur.11 wuzoOpaxkaeT CXeMaTUYECKWH  BHUJ  CBEPXY BHHU3
WUTFOCTPATUBHON AKTUBHOW 30HBI SICPHOrO PEAKTOPAa HA COJIEBOM PACIUIABE C
OBICTPBIMU HEUTPOHAMH, OKPYXEHHOHW COOpDKOW OTpakarteiii HEWTPOHOB, B

TEIUIOBOM COOOIIIEHWM C PAaCIJIaBJICHHONW SAJACPHOM TOIJIMBHOM COJIBIO UEpe3

3AMEHAIOIIMNI JTUCT



KOJKyXOTPYOHBIN TETIOOOMEHHHK.

[0016] ®wur.12 wmmocTpupyer OJIOK-CXeMY WLUIIOCTPATUBHOTO crnocoda
JUHAMHAYECKOTO CMEUIECHHUS CIIEKTPa B SAEPHOM PEAKTOPE HA COJIEBOM pacIuiaBe C
OBICTPHIMHU HEUTPOHAMH.

[0017] ®wur.13 wmoctpupyetr OJ0K-CXeMY JIPYyroro WUTIOCTPATHBHOTO
crnoco0a TUHAMUYECKOTO CMEIIECHUS CHEKTpa B SACPHOM PEAKTOPE HA COJIEBOM
paciuiaBe ¢ OBICTPHIMHA HEHTPOHAMH.

[0018] ®wur.14 wm300pakaeT HILIIOCTPUPYET  OJOK-CXeMYy  JAPYroro
WUTIOCTPATUBHOTO METOJIa JAWHAMUYECKOTO CMEIICHHUS CIIEKTpa B SJAECPHOM
PEaKTOpe HA COJIEBOM PACIIaBe ¢ ObICTPHIMU HEHTPOHAMM.

[0019] @wur.15 wummocTpupyeT OJIOK-CXeMYy APYroro WUTKOCTPATUBHOTO
crnoco0a AMHAMUYECKOTO CMEMICHUs CIEKTPA B S/ICPHOM PEAKTOPE HA COJICBOM
paciuiaBe ¢ ObICTPBIMUA HEHTPOHAMM.

[0020] @ur.16 wummocTpuUpyeT OJIOK-CXEMY APYroro WUIKOCTPATUBHOTO
crnoco0a AMHAMUYECKOTO CMEIIEHHUs CIEKTPA B SICPHOM PEAKTOPE HA COJIEBOM
paciuiaBe ¢ ObICTPBIMUA HEHTPOHAMM.

[0021] ®wur.17 wu3o0paxkaeT CXEMaTUYECKUH BUJ  CBEPXY  BHU3
WUTIOCTPATUBHOM COOPKHM OTpa)kaTeiss HEWTPOHOB € MHOYKECTBOM THIIb3 U
COOpPKOM CTaTHYECKOTO OTPAXKaTessl HEHTPOHOB.

[0022] ®wur.18 wuzo0paxaeT CcXxeMaTHYECKMH BHUJ  CBEPXY  BHH3
WJUTFOCTPATUBHOW AKTUBHOW 30HBI SAEPHOTO PEAKTOpa HAa COJEBOM pacIuiaBe ¢
OBICTPBIMU ~ HEUTPOHAMH, OKPYXEHHOH CcOOpKOW oOTpakareias HEHTPOHOB,
COJIEPAIMM BHYTPEHHUM KOJIBIIEBOW KaHAJ W HAPY)KHBIM KOJIBIIEBOW KaHAJI H
TAKXe COJACPIKAIIUM 3JIEMEHTHl 00BEMHOTO CMEIIICHHUS.

[0023] @®wur.19 wuzoOpaxkaeT CcXeMaTUYECKUH  BHUJ  CBEPXY  BHU3
WUTFOCTPATUBHOW AKTUBHOMW 30HBI SIJICPHOTO PEAKTOPa HA COJCBOM pacIulaBe, C
ObBICTPBIMU  HEUTpPOHAMH, OKPYKEHHOH CcOOpKOW oOTpakareiass HEHTPOHOB,
BKJIFOUAIOIINM B Ce0si BHYTPEHHUM KOJIBLICBON KaHAJl W HAPYXKHBIA KOJIbIIEBOMN
KaHaJl.

[0024] ®ur.20 wuzo0paxkaeT CXEMAaTHYECKWUH  BUJ  CBEPXY  BHU3
WUTFOCTPATUBHON AKTUBHOW 30HBI SICPHOrO PEAKTOPAa HA COJIEBOM PACIUIABE C
OBICTPBIMU  HEUTPOHAMH, OKPYKEHHOH COOpPKOW oOTpakareiass HEHTPOHOB,

COJIEP KAILMM BHYTPEHHHUM KOJBUECBOW KAHAJ W HAPYXKHBIM KOJIBLEBOW KaHAJI,

3AMEHAIOIIMNI JTUCT
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NpUYEM BHYTPEHHUH KOJBLEBOW KaHAJ COACPKUT OObEM TOIJIMBA B BUIE
PACIUIABJICHHOM COJIN.

[0025] @®wur.2]1 wu3o0paxkaeT CXeMaTUYECKWHA  BUJ  CBEPXY BHHU3
WJUTFOCTPATUBHOM aKTHBHOM 30HBI SACPHOTO PEAKTOPa Ha PACILIABJICHHBIX COJISAX C
OBICTPBIMH ~ HEUTPOHAMH, OKPY>KEHHON COOpKOW OTpaxareiss HEUTPOHOB,
COJICpKAIUM  KOJIBLIEBOM KaHal, COAEpKaui TPyOKHM C MEHSIOMUMHUCS
3HAUCHUSIMHU paJinyca.

[0026] ®ur.22 uzobpakaet BUI B pa3pe3c BapvaHTAa BHIMOJHEHUS PeakTopa
2200, UCTIONB3YIONIET0 OTPAKAIOIINI MaTepHal.

[0027] ®wur.23 wu3zo0paxaeT BapuaHT BBHIMOJIHEHHWS  peakTopa C
TEMI0O0OMEHHUKOM, HWMECIOMMM  KOH(PUTYpalWio0 TOIJIMBA B MEXKTPYOHOM
MIPOCTPAHCTBE / IEPBUYHOTO TETJIOHOCUTEIS B TPYOHOM TIPOCTPAHCTBE, UCTIONTB3Y S
TOT € BU/JI B pa3pe3e MOJIOBUHBI peakTopa, uyTo v Ha dur.22.

[0028] ®wur.24 uzobOpakaeT BapUaHT BBHITIOJIHEHHUS PEAKTOPA € OXJIAXKAAEMbIM

ZKHUAKHUM HefITpOHHbIM OTPaKATCIICM.

[TOAPOBHOE OITMCAHUE

[0029] Ha ®wur.1 nzobpaxeH cxeMaTHUeCKU BU UIUTFOCTPATUBHOW CUCTEMBI
100 peaktopa Ha pacmiaBieHHbIX comsx (MSR), oOecmeumBaroiieid OTKPBHITHIN
TOTUTMBHBIA LIMKJI peakTopa-camoena ¢ BimyckoM 102 TomnwmBa u Bhimyckom 104
tormBa. Beimycknoe orBepctre 104 mia TomvMBa MpOMyCKaeT PacIUIaBICHHYIO
conb 108 tommmBa m3 xopmyca 107 peakTopa depe3 MEPBUYHBIA OXJIaXKIAIOITHH
KOHTYP K Hapy»XHOMY TEIUIOOOMEHHUKY (HE TIOKa3aH), KOTOPHIH BBIACIACT TEILIO
(HampuMep, JUIS  WCTOJB30BAaHHWS B IMApOBOW  TypOWHE) ¥ OXJIAaXJaeT
pacIuIaBJICHHYIO TOIUIMBHYIO cojib 108 mist Bo3Bpara B kopnyc 107 peakropa uepes
BryckHOoe oTBepctue 102 ans TomnmBa. PacmnaBienHas torivBHas coJib 108
noctynaeT B kopryc 107 yepe3 BmyckHoe oTBepctue 111 mnsa pacrmaBieHHOH
TOIJIMBHOW COJIM U BbIT€KaeT u3 kopmyca 107 yepe3 BbimyckHOe oTBepcTue 113
JUTS. PACTUJIaBJICHHOW TOTUIMBHOM COJIU.

[0030] AktuBHyro 30HY 106 peakropa oxsarbiBaeT kopmyc 107 peakrtopa,
KOTOpPBIH MOXET OBbITh BBIMIOJHEH W3 JIO00r0 Marepuaja, MPUTroJHOrO s
WCIIOIb30BaHUsA B SIICPHBIX PEAKTOpPaX Ha pacIUIaBJEHHbIX cojisax. Hampumep,
o0beMHAss 4YacTh akTUBHOW 30HBI 106 peakTopa MoXeT ObITh OOpa3oBaHa M3

OJHOIo MJjin HECKOJIbKHUX CIIJIdBOB MOJ'II/I6I[eHa, OJHOIo Ujin HCCKOJIbBKHUX CIIJIaBOB
3AMEHAIOIIMNI JTUCT
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nupkoHus (Hampumep, Zircaloy), OJHOTO WM HECKOJIBKMX CIUTABOB HUOOWS,

OJTHOTO WJIM HECKOJbKHUX cIJlaBoB Hukens (wHampumep, Hastelloy N) wnm
BBICOKOTEMIMEPATYPHOU CTAJIA U APYTUX MOAOOHBIX MaTepruasioB. Ha BHYTPEHHIOW
noBepxHOCTh 109 akTuBHOM 30HBI 106 peakTopa MOKET ObITh HAHECEHO MOKPHITHUE,
OHa MOXET ObITh TaJbBAHU3UPOBAHA WJIM OOJIMLIOBAHA OJIHAM WJIM HECKOJIbKUMH
JIOTIOJTHUTENIbHBIMUA MaTepuaiaMu, 4To0bl 00€CeUnTh YCTOHUMBOCTh K KOPPO3HUH
W/WIM K PAIHAIIMOHHOMY TTOBPEXKACHHMIO.

[0031] AxtuBHas 30Ha 106 mnpegHasHaueHa IS TOAACPKAHUS TOTOKA
pacruiaByieHHoN ToruBHOM conn 108, mpuuem Takoit motok Ha ®dur.l o6o3HaUEH
TOHKUMU CTPEIKAMH C TIOJIBIM KOHUMKOM. B 0/IHOM BapuaHTE BHITIOJTHEHUSA KOPIYC
107 peaktopa, BMeIIaOIMKA aKTUBHYIO 30HY 106, MOXET HMETh KpYIJjoe
MOTIEPEYHOE CEUCHHE TPH PA3PE3aHMH 110 BEPTUKAIINA WU OCH Z, (TO €CTh, UTO JaeT
KPYTJI0€ TIOTEPEUHOE CEUCHHUE B TWIOCKOCTH XY), XOTS TaKKe MPETYCMOTPEHBI H
JIPYrue TONEPEUYHbIE€ CEUCHUS, B YACTHOCTH, JJUIMICOUAAIBHBIC MOMEPEUHBIC
CEUYEHUSA U MHOTOYTOJIbHBIE MOMEPEUHbIE CEUCHUS.

[0032] B pamkax omepaumu Mo 3amycky peaktopa cucrema 100 MSR
3arpy’kaercsi o0OraiieHHOM TOTUIMBHOM 3arpy3KOW HMCXOJHOTO PacIUIaBJICHHOTO
TOIUJIMBA, TAKOTO KakK ypaH-233, ypaH-235 uiu miyToHnii-239. B ogHom BapuanTe
BBITIOJIHEHUA YpaH-235 HMCHOJIb3YEeTCA B KAUeCTBE MCXOAHOTO TOIUIMBA B BHUE
PuCl;, UCly, UCl; w/umm UF¢ BMecTe ¢ conpro-HocuTenem (Hampumep, NaCl, NaF
U T.1.). B 0oHOM mpuMepe ucXo/Hasd CMECh PACIUIABJICHHOTO TOIUIMBA COACPKHUT
12,5 M™accoBbIX TIPOIEHTOB OOOrameHHOr0 ypaHa, XOTs MOTYT OBITh
WCIIOJIb30BAaHbl M JIpYyrM€ CcocTaBbl. VMICXOAHOE pacIUIaBI€HHOE TOTUIMBO
HUPKYJIUPYET uepe3 akTuBHYIO 30HY 106 cuctembr 100 MSR, Bocmamensiercs 3a
CYET KPUTUUYHOCTH WJIM PEAKTUBHOCTH TEIUIOBBIX HEUTPOHOB OOOTAIIEHHOTO
ypana. Bo Bpems paboThl HCXOAHOE PAaCIJIaBJICHHOE TOIIMBO MOXET OBITh
JIOTIOJTHEHO MPOLIECCAaMU «BOCIPOU3BOCTBA-BHITOPAHUS», & TAKIKE IKCTPAKIUEH U
N00aBJICHUEM pACIUIABJICHHOW TOMJIMBHOW COJM B PA3JIMUHBIX COCTaBax M
KOJIMYECTBAX, B OJTHOM MOJXOJE, I YIPABJICHUS PEAKTUBHOCTHIO AaKTUBHOM 30HBI
106.

[0033] Cbopxka 110 otpakaresis HEHTPOHOB PACHOJIOKEHA Y HAPYKHOM YacTH
akTuBHOM 30HBI 106 peakTopa win BONM3K Hee, Tak uTo cOopka 110 oTpaxarens

HEUTPOHOB OKPYXaeT MO MEHbIIEH Mepe YacTh 00JIaCTH SIICPHOTO JCICHUS B

3AMEHAIOIIMNI JTUCT
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aktuBHOM 30HBI 106 peakTopa. Coopka 110 oTpaxarens HEUTPOHOB MOXKET OBITh

BBITIOJIHEHA B BHJE OJHOM HENPEPHIBHOW YacTU WM MOXET COCTOATh W3
MHOTOCETMEHTHBIX OTpakaTesiek, kak OoJsiee moapoOHO omucaHo Huke. COopka
110 oTpaxkarenst HEHTPOHOB MOKET ObITH 00pa30BaHA U3 W/ WA COAEPKATh JIFOOOH
Marepuain, MOAXOMAIMNA Ul OTPAKEHUS HEUTPOHOB, 3aMEJICHUS HEWTPOHOB
W/WIA TIOTJIOMICHUS HEUTPOHOB, TAKOM Kak, HAIIPUMEP, OJWH WJIM HECKOJIBKO H3:
IIUPKOHMSI, CTajk, JKeje3a, rpadura, Oepuiuimsa, KapOwaa Bonbdpama, CBHHIIA,
CBUHIIA-BUCMYTA U T..

[0034] Cpenu apyrux xapaktepucTtuk, coopka 110 noaxoauT ajist oTpaskeHus
HEUTPOHOB, BBIXOJSAIIMX M3 aKTUBHOW 30HBI 106, 0OpaTHO B pacmIaBICHHYIO
TOMIMBHYIO coyib 108, B COOTBETCTBUU C AMHAMUUECKUMH PETYJIHPYEMBIMH C
IaroM XapaKTePUCTUKAMU OTPaXKaTeNIbHOW crnocoOHoCcTH. OJHMM W3 THIOB
JUHAMHAYECKON PETryJUPYEeMOM C IIaroM XapaKTEPUCTUKH OTPAKCHUS SBIIACTCS
HEUTPOHHOE OTPAXKEHUE, T.€. YIPYTrO€ PACCeIHUE HEUTPOHOB MPU CTOJIKHOBEHHUH C
aapaMu otpaxkareneh. CTOJIKHYBIIUECA HEHTPOHBI PACCEUBAOTCS MO CYILECTBY C
TOW K€ PHEPTHEH, ¢ KOTOPOH OHM MPUOBLUIA, HO B JAPYIOM HaMpaBJIeHUU. Takum
00pa3oM, BBICOKHHA MPOLIEHT OBICTPBIX HEWTPOHOB MOJKET OTPA’KaThCsi OOPATHO B
akTUBHYIO 30HY 106 peakTtopa B BUAE OBICTPBIX HEUTPOHOB, TA€ OHU MOTYT
CTAJIKUBATHCA C BOCIPOM3BOMSIINM AJICPHBIM MATEPUAIOM JJiA BOCIPOU3BOICTBA
HOBOTO  JefisAmerocs saepHoro wmarepuana. (COOTBETCTBEHHO, Marepual
oTpaxkaTelsisi HeUTpoHOB B cOopke 110 oTpakarenss HEHTPOHOB MOKET YCHJIUBATh
OTEepaIHIO IO BOCIIPOU3BOACTBY OBICTPOTO PeaKTOpa-caMoea.

[0035] KpoMe TOoro wmiam B KayecTBE ajJbTEPHATHUBBI, APYrOod AMHAMUUYECKH
PETYJIMPYEMON XAPAKTCPUCTUKONW OTPAXKECHUS SABJIACTCSA 3aMEIJICHUEC HEUTPOHOB,
T.€. HEYNIPYTO€ PaccesHNe HEUTPOHOB MPU CTOJIKHOBEHHUH C SIpaMU 3aMEIJIUTE]IA.
CrankuBarouecs HEWTPOHBI PACCEUBAIOTCS C MEHBIICH SHEpPrued, uem Te, C
KOTOPHIMU OHH TPUOBUTA (HampuMmep, OBICTPHIN HEWUTPOH pacCeWBaAETCsA Kak
HEWTPOH C TEIUIOBBIM CHEKTPOM) M B JIPYyroM HampasjieHuu. Takum oOpazom,
BBICOKHM MPOIEHT OBICTPBIX HEUTPOHOB MOKET OTPAXKATHCS OOPaTHO B AKTUBHYIO
30Hy 106 peaktopa B BHJE TEIUIOBBIX HEUTPOHOB, TA€ OHH MOTYT CTAJIKMBATHCSA C
JOEISAIMMCS  AICPHBIM ~ MATE€pPUAJIOM, 4YTO TMPUBOJAUT K PEAKUUU ACIICHUA.
COOTBETCTBEHHO, 3aMEIIAIONIMNA HEWTpOHBl MaTtepuas B cOopke 110 moxer

YCHJIMBATh ONEPALMIO [0 BEITOPAHUIO OBICTPOrO PeaKTOpa-caMoea.

3AMEHAIOIIMNI JTUCT
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[0036] JlomoaHWUTENHHO WM B  KA4eCTBE  aJIbTEPHATUBBI, JAPYroi

JUHAMHUYECKU  PEryJIMPYEMOM  XapakTepUCTHKONW  OTpaXXEHUs  SBJISAETCA
MOTJIOIIEHUE HEWTPOHOB, TAKXKE HM3BECTHOE KaK 3aXBaT HEUTPOHOB: sACpHAA
peakius, Npu KOTOPOM AaTOMHOE SAPO W OAWH WM HECKOJIBKO HEHTPOHOB
CTAJIKUBAIOTCS M CIUBAIOTCA, oOpasys Oosnee Tsokenoe sapo. llornomeHHbie
HEHUTPOHBI HE PACCEMBAIOTCS, a OCTAIOTCS YACThIO OOBEIUHEHHBIX SIAEP, €CIU HE
BBIMTYCKAIOTCS TIO3JHEE, HAMpuUMep, Kak YacTh OeTa-dactuiel. [lormomieHue
HEUTPOHOB 00ECTIEUMBACT XAPAKTEPUCTUKY OTPAKATEIIBHOM CIMOCOOHOCTH C
HYJICBBIM WJIM MHWHUMAJIbHBIM OTpakeHUueM. Takum 00pa3oM, MOKET ObITh
MPEAOTBPAICHO paccessHue oOpaTHO B akTUBHYIO 30HY 106 peakTopa ObICTPBIX U
TEIJIOBBIX HEHUTPOHOB, BBIXOJAIIMX U3 AaKTUBHOM 30HBI peakTopa, s
CTOJIKHOBEHHMSI  C  JICJIAIIMMCS WA  BOCIPOU3BOIAIIMM  MAaTEPUAJIOM.
CoOOTBETCTBEHHO, MOTJIONIAIOIIMN HEUTPOHBI MaTepuasl B cOopke 110 oTpaxkarens
HEWTPOHOB MOJKET YMEHBIIATh OMEPALMIO MO BOCIPOU3BOACTBY M OMEPALMHU IO
BBITOPAHUIO OBICTPOTO PEaKTOpa-camMoeaa.

[0037] JluHamuueckoe  YNpPaBJICHUE  XAPAKTEPUCTUKAMHU  OTPAKEHUA
HeWTpoHOB B cOopke 110 oTpaxarens HEHTPOHOB 00ECHEUMBAET BO3MOXKHOCTD
BbIOOpa TpeOyeMOro ypoBHA peakTHUBHOCTH B akTuBHOW 30He 106. Hampumep,
pacIuiaB/ieHHass TOIUIMBHAA cojib 108 TpeOyeT MUHUMAIBHOTO yYPOBHSI KOHTAaKTa
TEIJIOBBIX HEHWTPOHOB, YTOOBI OCTABAThCS KPUTUUYECKOW B akTUBHON 30He 106
peaktopa. CoOopka 110 muHamMuyeckoro oTtpakaresis HEHUTPOHOB MOXKET OBITh
OTPETyJIMPOBAHA ISl TIOJYUYEHUS] XapPaKTEPUCTHK OTPaKaTebHON CIOCOOHOCTH
JUISL TIOAICPKAHUST WM COJICUCTBUS KPUTUUHOCTH B PACIUIABJICHHOW TOTUTMBHOMN
conu 108 BuyTpu akTuBHOM 30HKI 106. B kauecTBe Apyroro npumMepa, MOKET ObITh
XKeaTebHbIM HUcMoNb3oBaTh cucremy 100 MSR mpu mosiHOW MOIIHOCTH, YTO
MOIJIO Obl CTUMYJIMPOBATh TMOBBIIIEHHOE 3aMEJICHUE [0 TEIUIOBOM SHEPruu
HEWTPOHOB B aKTUBHOM 30He 106 a4 yBeNIMUEHHUS CKOPOCTH pacuienyieHus. Takum
00pa3oM, XapaKTepPUCTHKH  OTpakaTeabHOW  crocoOHocth  cOopku 110
JUHAMHUYECKOTO  OTpa)karejsi HEHUTPOHOB MOTYT ObITh  YBEIWYEHBI IS
obOecrieueHusi OONBIIETO 3aMEAJICHUS, MOKAa HE OyJET JOCTUTHYT TpeOyeMbiid
YPOBEHb PEAKTUBHOCTH, MPEACTABJAIOIIMNA TMOJHYKD MOIIHOCTh [JIi AKTUBHOMU
30HbI 106.

[0038] Hampotus, mockonbky cucrema 100 MSR mnpeacrasisier coOoit

3AMEHAIOIIMNI JTUCT
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PCaAKTOpP-CaMOCa, MOIKCT HOTpe6OBaTI>C$I JUHAMHYCCKOC YIIPABJICHUC CKOPOCTBIO

BOCIIPOM3BOJICTBA B PA3JIMYHBIX TOUKAX B TCUCHHE XU3HEHHOTO LHMKJIA PEAKTOpA.
Hanpumep, Ha paHHeM 3Tane )KM3HEHHOTO LUKJIa PEAKTOPa MOKET NOTPEeOOBATHCS
BBICOKAsi CKOPOCTh BOCIIPOU3BOJICTBA, YTOOBI YBEIUUUTH JOCTYIMHOCTD AEAIIETOCS
marepuasia B akTuBHOW 30He 106. Takum 00pa3oM, XapaKTEPUCTUKH
OTpakaTeJIbHOM CIIOCOOHOCTH NUHAMHYECKOrO oTpakaTens HelTrpoHoB 110 moryt
ObITh CKOPPEKTUPOBAHBI TSI O0ECIEUEHUs] YBEIWUYEHHOTO OTPaXEHUA OBICTPHIX
HEWTPOHOB B aKTUBHYIO 30HY 106 st BOCIIPOM3BOJCTBA OOJBIIEr0 KOJIMUYECTBA
BOCIIPOM3BOJIAIIECTO Marepuayiia B jAensiieecs TomimBo. [[o mepe Toro kak co
BpeMeHeM Oosiee ObICTPhlE HEUTPOHBI OTPAXAIOTCS B aKTUBHYKO 30HY 106
peakTopa, ObICTpbIE HEUTPOHBI MOTYT BOCHPOU3BOAWTH BOCHPOU3BOIAIIUN
Martepuall B JACNSIIMICS Marepuaja 10 TeX Mop, MoKa He OyJIeT JOCTUTHYyTa
TpebdyeMas KOHIEHTpalus Jesaierocs marepuaia. [1o3xe B )KM3HCHHOM LIHMKJIE
peakTopa MOXKET TOTpeOOBaThCA YBEJIWUYUTH BBITOPaHHE, YTOOBI 0OECHEUHTH
MOBBIIIIEHHYKD ~ MOIHOCTh 3@ CYET YBEIMYEHUA BbiropaHus. [losTomy
XapPaKTePUCTUKU OTpa)xaTesibHOM crnocoOHocTh cOopku 110 muHaMuueckoro
OTpa)kaTeliss HEUTPOHOB MOXHO PEryJiMpoBaTh Uil YBEIMYEHUSA 3aMEIJICHUA
OBICTPBIX HEWTPOHOB A0 TEIJIOBBIX HEUTPOHOB IS MOJJEPXKAHUA TpeOyemoi
CKOPOCTH BBITOPAHUSI.

[0039] Takum 00pa3oM, peakKTUBHOCThIO AKTUBHOW 30HBI M COOTHOILICHHUEM
BOCIIPOM3BOJICTBA M BHITOPAHMS MOKHO TOYHO YIPABJIATH BO BPEMEHU, PETYJIAPYS
XapaKTePUCTUKU OTpa)xaTesbHOM crocoOHocTH cOopku 110 auHaMHUEeCKOTO
orpaxarenss HeuTpoHoB. Hampumep, omeparop cucremsl 100 MSR  wmoxker
MO’KeJIaTh TOJJIEPKUBATh BBICOKHA W TIOCTOSHHBIA NPOQUIL BHITOPAaHUS C
TEUCHUEM BpeMEHU. B HEKOTOPBIX BapWaHTaX BHITIOJIHCHUS TPeOyeMblid Mpodhuh
BBITOPAHUS MPEACTABISAET COO0H MPOodHIh BRITOPAHMS, KOTOPHIH OCTAaeTCs BOIM3H
MaKCUMaJIbHOW CKOpPOCTHU Bbiropanus cucteMbl 100 MSR B TeueHue JIUTENBHOTO
MepuoJa BPEMEHHU, HAPUMED, B TEUEHUE HECKOJIBKUX JIET WK AecATuieTud. J[s
MOJIyYCHHUST TaKOro MpO(uis BHITOPAHUSA, XapPaKTEPUCTHUKHA OTPAKATEITHHOM
cnocoOHocTh cOopkr 110 auHAMHYECKOTO OTpa)kaTeiasi HEUTPOHOB MOTYT
BBIOMPAThCA € PA3IMUYHBIMU WHTEPBAJIAaMH B TEUECHHE MJUTEIBHOIO TMEpUOAa
BpeMeHU. Kak ¥ B NPOWLIIOCTPUPOBAHHOM BBIIIE MPUMEPE, HA PAHHEM 3Tare

cpoka ciyxk0bl cuctembl 100 MSR xapakTepucTuku oTpa)xaTeabHON CIOCOOHOCTH
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MOTYT OBITh BBIOpPaHbBI TakK, 4TOObl OTpakaTh Oojee ObICTPbIE HEWTPOHBI B

akTUBHYIO 30HY 106 peaktopa, MJIsi BOCHPOM3BOJACTBA BOCIPOU3BOJAILETO
Marepuajia B JACNALIMICA MaTepuan I0 TeX Nop, Moka He OyAeT AOCTUTHYTa
TpeOyemMas  KOHLEHTpalus  JAeJAleroca  marepuana.  XapaKTEPUCTHKH
OTpaXKaTEeIbHOW CHOCOOHOCTH MOTYT OBITh CHOBA CKOPPEKTHUPOBAHbI  Jis
YBEIMUCHHUSI  3aMEUICHWs 10  TEIUIOBOM  SHEPruHM,  COOTBETCTBYIOLIEH
KOHIICHTpAIMU Aensmierocs marepuana. C TeUeHueM BPEMEHHU, KOraa ACISIIUACS
MaTepHuaj CropaeT, XapaKTePUCTHUKH OTpakaTellbHOW crocoOHocTH cOopku 110
JUHAMUUYECKOTO OTpaXkaTesjii HEHTPOHOB MOTYT OBbITh CHOBA HACTPOEHBI TakK,
yTOOBl MOJYUYUTh OOJIbIIIEE BOCIPOU3ZBOACTBO 3a CUET OTPAXKEHUA OBbICTPBIX
HEHTPOHOB, YMCHBINAS 3aMEIJICHUC W/WIM YBEIUUYMBAA OTPAXKEHUE OBICTPHIX
HEHTPOHOB. OTH KOPPEKTUPOBKH MOTYT TPOJOJDKATHCA Tak, YTO MPOQHIIH
Bbiropanus cucteMbl 100 MSR ocraetcst BBICOKMM, W MPU 3TOM BOCHPOU3BOAAIINI
MaTrepuasl BOCHPOM3BOJAUTCS A0 JCALIECTOoCsS MaTepuaia CcoO  CKOPOCTHIO,
aocTarouHor ajia nutanua cucrembl 100 MSR B TeueHue AIUTENHHOTO MEPUO/Ia
BPEMCHU.

[0040] ®wur.2 wimoctpupyer rpaduk 200 3aBUCHMOCTH PEAKTUBHOCTH OT
BpeMeHn MSR ¢ OBICTPBIM CHEKTPOM C OJHUM WM HECKOJIBKHUMHU COOpKamMu
JMHAMUYECKOTO OTpPa)Karejsi B CPaBHEHUM C ABYMS APYTMMH KOH(UTypanusMu
COOPKH CO CTAaTUYECKUMHU XAPAKTEPUCTUKAMU, BIIUAIOIIMMU HA HEUTPOHBI. JIMHUA
202 Ha rpaduKke TOKA3bIBACT PEAKIMOHHYIO CTHOCOOHOCTh B 3aBUCHUMOCTH OT
BpeMeHH Il peakTopa MSR ¢ OBICTPBIM CHEKTPOM CO COOPKOM CTAaTHYECKOTO
CBUHIIOBOTO OTPa)karejisi HEUTPOHOB, OKPYKAIOIIUM aKTUBHYIO 30HY PEaKTopa,
npuyeM cOOpKa CBHUHIIOBOTO OTpaXkaTelslh HEUTPOHOB HMEET TEHACHIUIO K
yOpPYromMy paccesHHiO ObICTPHIX HEHTPOHOB B aKTHMBHYIO 30HY peakTopa. YUepes
HekoTopoe Bpemsi Ty, KOrja peakTop 3amyCcKaeTcs C MEPBOHAUAIBHOW 3arpy3koit
TOIJIMBA, BOCIPOU3BOACTBO BOCHPOM3BOJAILCTO TOIJIMBA MOXKET MPOUCXOIUTH
OBICTPO M3-3a OTPAKECHUS OBICTPHIX HEUTPOHOB B aKTUBHYIO 30HY peaktopa. [locne
Bpemenn T, peaktuBHOCTh Ha juHWUM 202 rTpadmka ¢ TEUEHHWEM BPEMCHH
MOCTENEHHO  YBEJIWYMBACTCH, TMOCKOJIbKY  BOCIPOU3BOACTBO  YBEJIMUMBAECT
KOJIMYECTBO JOCTYMHOTO JJIsI CrOpaHusl JENALIErocs MaTrepuaia, J0CTUras
MakcuMyMa 3a Bpems, Onmu3koe K T,. BocnpoHW3BOACTBO MOXKET 3aMEIAThCA C

TCUCHUCM BpPCMCHH C VYBCIIMYCHHUCM BbII'OPpAaHHA, IIOCKOJIBKY CBIPEC JIA
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IMpOU3BOACTBA AACPHOIO TOINIMBA, PAHCC IIPHUCYTCTBOBABLICC B AKTHUBHOM 30HE

peakTopa, MNpeBpaliaeTcs B ACIAIIMNACA MaTepual WM PacIlerisaeTcs H3-3a
MOBBIIIIEHHON KOHKYPEHLHUH 3a HEUTPOHBI C mpoaykramu aeneHud. Jlunwma 202
rpauka HE MOKA3bIBAET MOCTOSIHHBIA YPOBEHb PEAKTUBHOCTH CO BPEMEHEM,
MOCKOJIbKY B HayaJie MEepuoJa B TOIUIMBHOW 00JIACTH HENOCTATOYHO OBICTPHIX
HEHUTPOHOB JUIi BOCHPOM3BOJACTBA JOCTATOUYHOIO KOJIMYECTBA JEJISAIIECTOCSH
Marepuaiia it OOECIEUEeHHS BBICOKOM CKOpPOCTH BbiropaHus. C TeueHHEM
BPEMECHU BCe OOJbIIee KOJIMYECTBO OBICTPHIX HEHUTPOHOB BOCIPOU3BOJIUT
BOCIIPOM3BOAIIMK Marepuajg B JACNAINIMACA MaTepuay, a PEaKTUBHOCTh
YBEJIMUMBAETCS, HO OCTACTCA HUXKE MAKCUMAJIbHOM CKOPOCTH BBITOPAHUS, HA
KOTOPYIO CIIOCOOEH peakTop. biimike K KOHIYy Mepruoja, NpuOIM3UTEIbHO BO BpEMs
T5, peakTUBHOCTh JOCTHUraET JIOKAIHbHOTO MAKCMMyMa M HAYWHAET CHUXKATHCS MO
Mepe TOTO, KaK 3anachkl BOCIPOU3BOIAILECTO MAaTEPUaia HAUMHAIOT CHUKAThCA.
[0041] Jluams 204 rpadwmka MOKa3bIBAaeT 3aBUCHMOCTh PEAKTHBHOCTH OT
BpemMeHn s Obictporo MSR peaktopa co cratmyeckoil KoH(pUTypamme
rpaduTOBOrO  3aMeIMTENA, TpUYeM 3aMmMeaAomas cOopka oTpaxarens
HEUTPOHOB CTPEMUTCA OOECMEUUTh AKTUBHYIO 30HY peakTopa HEHTpPOHAMH,
3aMEJICHHBIMA 10 TemioBoi sHepruu. Ha mmuamm 204 rpaduk peakTUBHOCTH
HAYMHAETCS MPUONM3UTENIBHO BO BpeMs T, Ha OTHOCHUTENIBHO 00Jie€ BBICOKOM
ypoBHe, uem yimHAS 202 rpaduka, 9To 4acTHYHO OOYCIOBIIEHO 3aMEIJICHHEM JI0
TETUTOBOW SHEPTUH, BHI3BAHHBIM TPA(PHUTOBBIM 3aMEITUTENIEM, YBEITMUNUBAIOIIUAM
BEPOATHOCTh  pacmierieHus. Jlmams 204 rpadmka MOXKET 3HAUMTEIHHO
YMEHBIIIUTHCS BOIM3U BpeMEeHU T M3-3a YMHOXKEHHUA TEMJIOBOTO CIEKTPA PSIAOM C
rpaduTOBBIM OTpakaTeneM. PEakTHBHOCTh MOYKET 3aT€M MOCTENEHHO CHIYKATHCS C
TEUCHUEM BPEMEHHU, KaK MPaBUJIO, JIMHEWHO, MOCKOJbKY TEIJIOBbIE HEHUTPOHBI
CKHMTAIOT JIENAIIeecs TOIUTMBO B aKTHUBHOUM 30HE peakropa. Jlunusa 204 rpaduka
nonobna ymmann 202 tpadwka B TOM OTHOIIEHWH, YTO HHU OJHA W3 HUX HE
JOCTUTACT U HE MOAJACPKUBAET MAKCUMAJIbHYIO CKOPOCTh TOPEHHUS, JOCTUKUMYIO
B aKTHUBHOUW 30HE peaktopa. Jlmams 204 rpaduka HEe mOCTHTaeT MaKCUMAIbHOM
CKOPOCTH TOPEHHS PEAKTOpa, MOTOMY YTO HMEETCA HEIOCTATOUYHO OBICTPHIX
HEWTPOHOB JJIA MOAACPKAHKUS CKOPOCTH BOCHPOU3BOJCTBA, JOCTATOUHO BBICOKOH,
yTOOBl MOAJIEPKUBATH CKOPOCTh TOPEHUS C TEUCHUEM BPEMEHH, KOTAa BpeMs

mensaerca oT To no Ts. B muamsax 202 u 204 rpadumka CKOpOCTh TOPEHHS HE
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ONTAUMU3UPOBAHA B TeUeHHE mnepuogaa BpemeHu To-Ts. BmecTto 3TOoro Kaxkapii

rpaduk UMEET MEPHO OTHOCUTENHHO 00JIee BHICOKOW CKOPOCTH TOPEHHS U TIEPHUO
OTHOCHUTEJIBHO 00JI€€ HU3KOH CKOPOCTH TOPEHHUS.

[0042] JIunum 202 u 204 rpaduka mokazaHsl B cpaBHEHUH ¢ JuHueh 206
rpaduka. Jluausa 206 rpadmka WLTIOCTPUPYET 3aBUCHMOCTH PEAKTHBHOCTH OT
BpeMeHH I ObICTporo peakropa MSR co cOopkoi TMHAMHYECKOTO OTpaXkaTelis
HEHTPOHOB, HAUWHASA ¢ KOH(HUTypanuu ¢ OOJIBITAM 3aMEJICHHEM U MU3MEHSA €€ Ha
KoH(HUrypanuto ¢ OOJBIIAM OTPAKEHWEM, TIOCIIE UYero e¢ JIAHAMHUYCCKH
KOHTPOJHUPYIOT JUIS JOCTYIKEHUS TPEOYEMBIX YCIIOBHM PEAKTHBHOCTH B aKTHBHOM
30HE PEaKkTopa. 3aBHCHMOCTh PEAKTUBHOCTH OT BpeMeHHM Ha juHuu 206 rpaduka
HAYMHACTCSI OTHOCUTEIBHO BBICOKO IMOCJIE TOT0, KaK HauajbHAs 3arpy3ka TOMINBa
3arpy»aercsi MpuOIM3UTEIbHO BO BpeMss Ty, W oOcCTaeTcad BBICOKOW u3-3a
JUHAMUYECKH KOHTPOJIMPYEMOIO XapakTepa OTPaXEHUA W 3aMEIJICHUA [0
TETUIOBOM SHeprum HeWTpoHoB. BOmm3u Bpemenu T, cocTtaB mMarepuana B cOOpKe
OTpa)KaTelisi HEUTPOHOB PETyJUPYETCS A MOJYYEHHUS CKOPOCTH 3aMEJJICHUS,
KOTOpasi KOPPEJIMPYET C KOHLECHTPALUUEH ACNSIIErocs Marepualia, JOCTYIHOTO B
TOIUIMBHOW oOnactu B 3T0 BpemsaA. [lo Mepe pa3BuTHs BBITOpaHUs COCTaB
Marepuasia B cOOpPKE OTpa)karesisi HEUTPOHOB KOPPEKTUPYETCS MJis YBEIUUECHUS
OTpaXeHUs1 OBICTPHIX HEUTPOHOB U YMEHBIIIEHUS 3aMEIJICHUS], YTOOBI MMPOJAOIKATh
MO/IaBaTh B TOIJTUBHYIO 00J1aCTh BHOBH BOCIIPOU3BEACHHBIN NEAIINICS MaTepHal,
OJTHOBPEMEHHO TMOJICPXKUBAs COOTBETCTBYIOLIYIO BEIMUYMHY 3aMEJICHUS [0
TEIJIOBOM HSHEPTUW, YTOOBI YJIOBJICTBOPHUTH TEKYIIUM YCJIOBHSM B TOILTUBHOMN
obnacTu. PerynmMpoBKM MOTYT BBHINIOJHATHCS HEMPEPHIBHO WM B BHJC
UKJIMYECKOTO MPOIecca U MPOAOSIKATHCS CO BPEMEHEM JI0 JIOCTUKEHUSI BDEMEHHU
Ts. Dddexr >THX perymMpoBOK COOPKH TUHAMUYECKOTO OTPAXKATEJsl HEUTPOHOB
3aKIII0OYAeTC B MOJJACP)KAHUHM  OTHOCHUTENBHO  CTa0WMJIBHOM HM  BBICOKOH
PEAKTHUBHOCTA B TeueHUE Bcero mnepuoaa To-Ts, 4To HE mnpeacraBiseTcA
BO3MOKHBIM TP HWCITOJIb30BAHWW CTAaTHUECCKUX 3aMEIJIUTENICH W HEWTPOHHBIX
oTpaXkaTesiel, TakuxX, KaK MpPeACTaBJICHbl, COOTBETCTBEHHO, MUHUAMHU 202 u 204
rpaduka. Tem He MeHee, Ta ke camasd cOOpka AMHAMHUYECKOTO OTpaKaTess
HEHTPOHOB MO’KET HCIIOIb30BATHCA JJIA YIPABJICHUA PEAKTUBHOCTBHIO M JAPYTHMH
crocob0amu (HanmpuMep, AJIA CHWKEHUA PEAaKTUBHOCTH U T.11.).

[0043] CnenyeT Takxke OTMETUTH, YTO BKIIFOUEHUE MOTJIOTUTEN HEUTPOHOB B
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COOpKY OTpa)KkaTejisi HEUTPOHOB TAaKXKE MOJKET BJIMATh HA PEAKTUBHOCTH B
aKTUBHON 30HE peakTopa. JlMHaAMUYECKHEe KOPPEKTUPOBKU CpPEIU OTpakaTess
HEWTPOHOB, 3aMEJIUTEINIA U MOMVIOIIAKIINX MAaTepHAIOB B COOpPKE OTpakaress
HEHUTPOHOB MOTYT obOecrneunTh Oojiee Oorarbie BO3MOXHOCTH YTMPABJICHUA, YEM
WCIIOJIb30BAHUE TOJIBKO CTATUYECKOTO OTPAYKATEIA HEUTPOHOB.

[0044] ®ur.3 nzobpakaeT cXxeMaTHUECCKHH BHUJ CETMEHTHPOBAHHON COOpPKH
300 nMHAMUYECKOTO OTpaXkaTesisi HEWTPOHOB, OKpY KaroIlei akTuBHYIO 30HY 301
MSR. Axrusnas 3082 301 MSR umeer Bnyck 308 ajig Tomnusa v Beinmyck 310 ms
toryiBa. Beimyck 310 a4 TomimBa BRIMYCKAET PacILIaBICHHYIO TOTUTMBHYIO COJIb
u3 kopnyca 303 peakropa uepe3 NepBUUHbBINA OXJIXKAAIOIIUNA KOHTYP K HAPYKHOMY
TEMI000MEHHUKY (HE TIOKa3aH), KOTOPBIH BBIACIACT TEIIO (HAampuMmep, s
WCIIOJT30BAHUS B TIAPOBOW TypOWHE) W OXJIAXKIAeT PACIUIABJICHHYIO TOTUTHBHYIO
conib 1A Bo3BpaTa ee B kopmyc 303 peakropa uepes Bmyck 308 mia ToruimBsa.
PacninaBnenHass TOIUIMBHAs COJib HpoTekaeT B kopmyc 303 peakropa uepes
BIIYCKHOE OTBepcTue 312 1y paciyiaBjiCHHOW TOIUIMBHOM COJIM M BBITEKAET W3
kopryca 303 peakTopa 4yepe3 BbITYCKHOE OTBepctue 314 miis pacrniaBiaeHHOMN
TOIJIMBHOM COJIU.

[0045] CermentupoBaHHbIil AuMHaAMUYECKUN oTpaxarenb 300 HEHTPOHOB
MOXET YaCTUYHO WM MO CYLIECTBY OKpy»XaTh akTuBHYKO 30HY 301 MSR.
Hanpumep, mexnay cermentamu 302, 304, 306 moryT MMeThCs 3a30pbl, WIH KE
cermeHTbl 302, 304, 306 MOryT HENpPEpPBHIBHO OKPYXKaTh AKTUBHYK 30HY MSR.
Hecmotps Ha TO, uto Ha ®ur.3 wuzoOpaxkeHnl Tpu cermeHTta coOopku 300
JTUHAMHUYECKOTO OTpaXkaress, CieAyeT MOHUMAaTh, 4TO cOOpKa AMHAMHUYECKOTO
OTPaXKATENSI MOXKET COJAEPKATh JIIOOOE KOJMUYECTBO CErMEHTOB. CEerMeHThl COOPKH
300 nIMHAMUYECKOTO OTpaXKaTeyisi MOTYT OKPY»XaTh aKTHBHYIO 30HY MOJIHOCTBIO
WM YaCTHYHO, OKPY’Kasi aKTUBHYIO 30HY pamuaibHo. Cermentsl cOopku 300
JUHAMHUYECKOTO OTpaXkaTesissh MOTYT ObITh, HEOOA3aTEIbHO, PA3MEILCHbI BbIIIE
W/WJTM HUOKE aKTHBHOM 30HBI PeaKTOpa B KOMOWHAIIMK ¢ CETMEHTAMH PaIAAILHOTO
OTPa)KaTesisi WJId BMECTO HUX.

[0046] Cnenyer moHUMATh, YTO B HEKOTOPBIX CIydasX MOXKET OKa3aTbCA
HEBO3MOXHBIM, YTOOBI ~ CETMEHTUPOBAHHBIA  JUHAMHUYECKUNA  OTpaXkaTelb
HEWTPOHOB MOJIHOCTBIO OKPYXaJl AaKTUBHYIO 30HY PEAKTOpPa HEMPEPBIBHBIM WU

MOJIHOCThIO  He(parMeHTUPOBAaHHBIM  oOpazoM. Hampumep, wmoxker ObITH
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1eaecoo0pa3HbiM  pa3MeliaTh Pa3IMUHbIE CTPYKTYPbl U WHCTPYMEHTHI BOKPYT

aktuBHOM 30HBI 301 ObicTporo MSR peakTopa c »jemMeHTaMHu OO€ECTIEUCHMUS,
TAaKUMHU KaK BITYCKHOW/BBIMMYCKHOW TPyOOmpoBOJ, kKabenu MUTaHuA, Kabenu s
nepeaud  JAaHHBIX W/WIW  Apyrue npuOopbl, 3JIEMEHTHl YNPaBICHUA U
BCIIOMOTATEbHOE O00OpyAOBaHWE. OTH KOHCTPYKUMHU W WHCTPYMEHTHI MOTYT
TpeOOBATh MPAMOTO WJIM KOCBEHHOTO JOCTYIA K aKTUBHOW 30HE PEAKTOpa, TAK UTO
cermeHTaM cOopkr 300 TMHAMHAYECKOTO OTpaXkaTesisi MOXKET ObITh MpuaaHa hopma
WM OHU MOTYT OBITh pa3MelleHbl s odecnieueHus aoctyna. COOTBETCTBEHHO, B
HEKOTOPBIX BAapPUAHTAX BBITIOJTHEHUA MOXET OBITh 11€1€CO00pa3HbIM 00ECIEUHTh
MPOMEXKYTKH MEXKJy CETMEHTAMU WJIM YCTPOMCTBAMHU, B KOTOPBIX YacTU 00JIacTH,
OKpYy>KaroIlel aKTUBHYIO 30HY peakTopa, He oXBadeHbl cermMeHTamu cOopku 300
JTUHAMHUYECKOTO OTpaXKaTeisl.

[0047] Hekortopsie win kaxnaeiii cermeHt 302, 304, 306 cOopku 300
JMHAMUYECKOTO OTPAKATENS MOXKET CONEPYKATh OJIMH WJIM HECKOJIbKO KaHAJIOB (HE
nokazaHHbX Ha Dur.3) Ay mpormyCcKaHus MOTOKA OTpaXkaromiero marepuana. Kak
UCIIOB3YETCSI B HTOM 3asiBKE, TEPMHUH «KAHAJIbD» OTHOCUTCS HE TOJIBKO K
TpyOuaroMy 3aMKHYTOMY KaHajly, HO ¥ K JIOOOMY 00BbeMy, MOAXOIALIEMY IS
MPOTEKAHHUS OTPAXKAIOIIEr0 Marepuana. PacXoAHbIi OTpakalOIUMi Marepuai
MOYET BKJIIOUATh MATEPUAJIbI, KOTOPBIE HEOOA3ATENBHO MOTYT OBITh KUJIKOCTAMM,
HO W MaTe€pUajibl, KOTOPbIE MOTYT LIMPKYJIUPOBATHh WJIM MPOTEKATh 4epe3 COOPKY
TaK, 4YTO MOKHO BBIOOPOYHO AO0OABIATh WM YAAJATH W3 HETO OTPAXKAOIIUH
marepuail. [lpuMepbl MOAXOMAIIMX OTPAKAIOIIWX HEUTPOHBI MaTEPHAJIOB
BKJTFOUAIOT TEKYYHE CPEIbl, CYCIEH3HMIO B3BEHMICHHBIX YaCTHI[ W/WJIH TBEPJbIC
BEIECTBA, TAKME KaK MOPOIIOK W/MIIM KPOIIKA, TaKas KakK yriepoJHas KPOIIKa W
T.11. Cermentsl 302, 304, 306 mMoryT cojepaTh OJIMH WM HECKOJIBKO TMEPBBIX
KaHAJIOB ISl TPOMYyCKAaHUA TEKYYEero OTPa)arolllero Marepuaja B TEPBOM
HaIPaBJICHUH, HAPUMEP, BHU3 BAOJb TEpUPEPUA COOTBETCTBYIOIINX CETMEHTOB,
U OJWH WM HECKOJIbKO BTOPBIX KAHAJIOB [iJii MPOMYCKAHUS TEKY4dero
OTPAXKAKONIIErO MaTepralia BO BTOPOM HAMPaBJICHUH, KaK HAlpUMeEp, Ha3al BBEPX K
BepxHer uvactu cOopku 300 auHaAMHUUecKoro orpaxarens HeuTpoHoB. KaHasibl
Pa3JIMUHBIX CETMEHTOB OTPAXKATEJNISI MOTYT MPOTOYHO COOOIIATHCA C KUJKOCTBIO,
TaK YTO TEKYUYMH OTPAKAIOIMKA HEUTPOHBI MaATEPUAIl TMPOTEKAET MENKIY

cerMmeHTamu. B Apyr oM OJHOM BapHAaHTC BbIIIOJIHCHHUA CCIMCHTBI OTPaKarTciid
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MOTYT OBITh (PU3MUECKH OTACICHBI IPYT OT APYTa, TaK YTO MOTOK OTPAKAIOIIETO

Marepuasa BTEKAET TOJIBKO B OJIMH U BBITEKAET TOJIBKO U3 OJHOTO CETMEHTA.

[0048] B omHOM BapuaHTe BBHIMIOJIHEHUA OJWH WM HECKOJIBKO MPOTOYHBIX
KaHAJIOB B CETMEHTAX OTPaXkarejid MOTYyT HAaxXOAUTHCS B TEIUIOBOM KOHTAKTE C
TETUIOOOMEHHUKOM W/WJIM C PACIUIABJICHHON TOTUTMBHOM COJIBIO, NEHCTBYIOIICH B
KAuecTBe TeIIoHocHuTeNA. Takum o0pa3oM, TEKy4Yuil OTpakaroluid Marepuan
MOXET OOMEHHMBATHCS TEIJIOM C PACILIABJIEHHOW TOIUIMBHOMN COJIBIO U MEPEHOCHUTh
TEIJIO Yepe3 TEIUIOOOMEHHUKHA BO BTOPUYHBIN OXJIQXAAIOITUN KOHTYP AJIA OJAaun
TEMja W3 peakTopa B TYpOMHY WIM B JIPyroe 3JIEKTPOTr€HEPUPYIOIIEe
obopynoBanue. IIOCKONBKY TeKyduuid OTpakalollyui MaTepual OOMEHHMBAETCS
TEMJIOM C aKTUBHOW 30HOW peakTopa dYepe3 TEPBUYHBIA W/WIW BTOPWYHBIN
OXJIAKTAOIINN KOHTYD, TEMIEPATypa TEKYUEro OTPAKAOIIETO MaTepruana MOXKET
kojiebatbesa. [lo Mepe KkoJsieOaHUsT TeMIepaTypbl TEKYUYEro OTPAXKAKOIIETo
Marepuaiga €ro MmIOTHOCTh MOKET W3MEHAThCA. Hampumep, B OOHOM BapuaHTe
BBITIOJIHEHUA ~ TEKYYUMH  OTpPaXKaloIWK  Marepuall  OpeactaBiser  coloit
PacCIUIaBJICHHBIA CBUHEL-BUCMYT, a PACIUIABJICHHBIM CBUHEL-BUCMYT OYy/I€T UMETh
0osee BBICOKYIO TIUIOTHOCTh TIpu Oojiee HHM3KMX Temieparypax. llo mepe
MMOHWKEHUA TEMIEPATYPhl PACIJIABJICHHOTO CBUHLA-BUCMYTAa U €r0 MJIOTHOCTH
YUCIIO0 MOJIEKYJ B €IMHUIE 00beMa CBUHIA-BUCMYTa OyaeT Bo3pactarb. [lo mepe
YBEJIMUCHHS KOJIMUECTBA MOJIEKYJ Ha enuHuily oObeMa (T.e. 0ojiee BbICOKas
IJIOTHOCTh) BEPOATHOCTh OTPAXKEHUS OBICTPOTO HEUTPOHA, BBIXOMASIIETO W3
aKTHBHOW 30HBI PEAKTOpPA, BO3PACTACT, MOBBIMIASA, TEM CaMbiM, 3(PPEKTUBHYIO
OTPaXKATEJIbHYIO CITIOCOOHOCTh TEKYUEr0 OTPAXKAIOIIETo MaTepruaia 6€3 U3MEHECHHS
o0beMa Marepualia. B apyroil oJHOM BapUaHTE BHIMOTHEHUS TJIOTHOCTh TEKYUETO
OTPAKAIOIIETO0 MaTepuajia MOXKET ObITh OTPEryJupoBaHA IMyTEM BBEJCHHUS B
TEKYYUi OTpaKaroluii MaTepuajl HEOTPAKAIOMIET0 Marepuana (Takoro Kak
YACTHUIBI HEOTPAXKAIOMIETO MaTepHalia, My3bIPhKH Ta3a B KUAKOCTH | T.11.). B eme
OJJTHOM BAPUAHTE BBIMOJHECHHUSA TJIOTHOCTh TEKYYETO OTPAXKAKOLIEr0 MaTepualia
MOXET ObIThb  OTPEryJMpPOBAaHA NYTEM  PEryJUPOBAHUA  XaAPAKTEPUCTUK
OKPYXarollerd Ccpeapl i MCHAPECHHs TEKY4Yero OTPAXAKIIEro Marephajia B
napooOpazHyto ¢azy HHU3KOH TUIOTHOCTH. TeM cambiM, COCTaB Marepuaiga cOOpPok
JUHAMUYECKOIO0 OTpakaTeiasd HEWTPOHOB W, CIIENOBATEIIbBHO, €€ OTpakaTesibHas

CIOCOOHOCTh MOTYT OBITh H3MECHEHBI.
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[0049] Ha ®wur.4 wuzobOpaxena cucrtema 400 MSR co cOopkoit 406

JTAHAMHAYECKOI0 TEKYUYETO OTpPaXKareyii HEWTPOHOB, HMEIOLIEH NEPEeIMBHON
pesepByap 408. PacnnasnenHas TomauBHad cojib 402 mpoTeKaeT B BOCXOIAIIEM
HAIpPaBJICHUM, KOI/JA OHA HArpeBaeTCs pEaKUUed [eNeHUsT BO BHYTPEHHEH
LIEHTPAJIbHON CEKIHMH AKTUBHOM 30HBI PEAKTOpPa, U MNPOTEKAeT BHU3, KOrJa OHA
OCTBIBAaCT BOKpPYr BHyTpeHHeH mnepudepun kopmnyca 401 peaxropa. Ha ®wur4,
MOJIbIC KOHYMKHA CTPEJIOK YKa3bIBAIOT HA MOTOK PACIUIABIICHHOW TOTUIMBHOM COJIH
yepe3 cuctemy 400 MSR. CocTtaBHBIE KOMIOHEHTHI PACIUIABJICHHOTO TOTILIMBA
MOTYT OBITh XOPOIIO MEPEMEIIAaHbl OBICTPHIM HUPKYJIAIIMOHHBIM MOTOKOM TOTUIMBA
(HanmpuMep, OAWH TOJHBIM BUTOK IHUPKYJIAIMA B CEKyHIy). B omHOM BapmanTe
BBITIOJTHEHUSA OJIMH WJIM HECKOJIbKO Termioo0MeHHUKoB 404 pacrosiokeHsl Ha
BHyTpeHHEH niepudepnn kopnyca 401 peakropa Ayia U3BJICUSHUS TEIIA U3 TTOTOKA
PaCIUIaBJICHHOTO TOIUIMBA, €lle OOJbIIe OXJaxAas HUCXOAAIIMN MOTOK, XOTA
TEMJIOOOMEHHUKN MOTYT JOMOJIHUTEJIbHO WM B KAueCTBE aJbTEPHATUBbI
pacmoJiarathbCsa U CHapy»ku kopmyca 401 peakropa.

[0050] Cucrema 400 MSR coaepxxutr cOopku 406 AMHAMUYECKOTO
oTpaxkarens HeUTpoHOB. Pabouue temnepatypsl cuctembl 400 MSR Moryt ObITh
JOCTATOYHO BBICOKMMH, YTOOBI CHKHKATh PA3JIMUHBIE MOIXOMASIINE MATEPUATIBI
OTpakarenss HEUTPOoHOB. Hampumep, CBUHEI M CIUIaBa CBUHEL-BUCMYT IIABATCS
pu  Temreparype NpuOIU3uTEIbHO, cooTBercTBeHHO, 327°C m 200°C, uto
nomnajaaeT B pabounii [uana3oH peakropa. B o1HOM BapuaHTe BHITIOJHEHUA COOPKHU
406 nMHAMUYECKOTO OTPa)KaTelsisi HEUTPOHOB BBIMTOJHEHBI TaK, YTOOBI COAEPkKATh
MPOTEKAOIIYI0 W/ HHUPKYJIHPYIONYo (a3y Tekydei cpeapl W3 BBHIOPAHHBIX
MaTePHAIOB OTPAXKATEIs HEUTPOHOB (HAMPHUMEP, CBUHEII, CBUHEI-BUCMYT H T.II.).
Ha ®wur.4 crpenku co CIUIONIHBIMU KOHYMKAMU YKa3bIBAIOT HA OTOK OTpa)karTes
HelTpoHoB. COopku 406 NMHAMUYECKOTO OTpaXKaTeyisi HEHTPOHOB MOTYT OBITh
cchopMupoBaHbl W3 JFOOOTO TOAXOAAIIETO TEPMOCTOMKOTO W PaJAMANMOHHO-
CTOMKOro Marepuaja, Takoro Kak OJIMH U3 OJHOTO WM HECKOJbKUX OTHEYTOPHBIX
CIUIABOB, BKJIKOUAsi, 0€3 OrpaHUYEHUA, OJUH UJIM HECKOJIbKO HUKEJIEBBIX CILJIABOB,
MOJIMOJIEHOBBIX CIUTaBOB (Hampumep, cmiaB TZM), Bomb(paMOBBIX CILIABOB,
TAHTAJIOBBIX CIUIABOB, HUOOMEBBIX CILJIABOB, CILJIABOB PEHHUS, KapOHWJa KPEeMHUs
WM OJTHOTO WJIM HECKOJIbKUX APYruX KapOuaoB. B o1HOM BapuaHTE BBIMOJHECHHS

coopkn 406 OUHAMHYECKOTO OTpa)kaTeisi HEUTPOHOB PpACMOJIOKEHBI H

3AMEHAIOIIMNI JTUCT



18
pacnpeiesieHbl paJAuaibHO TONEPEK HAPYKHOM MOBEPXHOCTH CEKIMM AKTUBHOM

30HBI peakTopa. B BapuanTax BbimosHEHUs cOopku 406 OHHAMHAYECKOTO
OTpa)KkaTelisi HEUTPOHOB MOTYT OBITh CETMEHTUPOBAHBI, KaK OMHCAHO BHIIIE CO
ccoiikoi Ha ®dur.3. B onHom BapuanTe BbINoJiHeHUA cOopku 406 TMHAMHUECKOTO
OTpa)KkaTenss HEUTPOHOB  PACIMOJIOKEHBl  PAAMAJIbHO TOMEPEK  HAPYKHOM
MMOBEPXHOCTH CEKIIMH aKTHBHOW 30HBI peaktopa. COopku 406 mUHAMHUYECKOTO
oTpakaTejiss HEUTPOHOB MOTYT OBITh PACIOJIOKEHBI TaK, YTOOBI 0Opa30BBIBATh HE
(parMeHTHPOBAHHBIM O00BEM MaTepHajia OTpakaTesisi HEUTPOHOB BOKPYT CEKIIHH
aKTUBHOM 30HBI peakTopa. JIio60e reoMeTpuiuecKkoe pacloyioKEHUE U KOJIMUECTBO
cOopok 406 nUHAMHUYECKOTro OTpa)kaTeiash HEHTPOHOB MPUTOJHBI IJid OMUCAHHOM
3aech TexHojoruu. Hampumep, cOopku 406 puHAMHYECKOTO OTpaXkaTens
HEHTPOHOB MOTYT OBITH PACMOJIOKEHBI B KOH(UTYpAIlMU YMAKOBAHHBIX KOJIEIL,
MPUYEM KaXAbl MOAYJIb 3AMOJHAIOT MOTOKOM MaTepuayia OTpaXkaTelisi HEWTPOHOB
it (GOPMHUPOBAHUSA IHJIMHIPUYCCKOTO OTPAXKAIOIIETO HEUTPOHBI 00beMa BOKPYT
CEKIIMM aKTUBHOW 30HBI peakTtopa. COopku 406 AUHAMHUYECKOTO OTpa)kaTes
HEUTPOHOB TAK)XE€ MOTYT OBITh PACHOJIOKEHBI HAJ U TIOJ CEKIIMEeH aKTUBHOM 30HbBI
peakTtopa.

[0051] CoctaB cOopok 406 nMHAMHUUYECKOTO OTpakaTessi HEUTPOHOB MOXKET
OBITh OTPEryJUPOBaH Uil HM3MEHCHHS XapPAaKTEPUCTHK OTPAXKCHUS, HANPHUMED,
NyTeM PperyJupoBaHusA o00beMa TEKY4Yero OTPaKAKoIIero Marepuajia B
orpaxarensx 406. OmuH U3 CcNocoOOB PEryJUupoBKH 0O0OBEMa TEKyudero
OTpaXkarolero marepuana B orpaxkaresix 406 3akimouaercs B NepeKauuBaHUHU
Marepuajia B JauHaMuueckue otpaxkarenu 406 WM U3 HUX B TEPEITUBHOMN
pesepByap 408 uepes TpybonpoBoanbii y3en 410 u Hacoc 414. UToOsl yMEHBITUTH
00bEM TEKYUEro OTPaXKarolllero HEUTPOHbI MaTepuajia U, TEM CaMbIM, YMEHbBIIIHUTh
XapPaKTEPUCTUKU OTPAXKATEIbHON cocoOHOCTH oTpaxatese 406, 4yacTh TEKy4ero
OTPAKAIOIIETO HEUTPOHBI MaTEpUaIa MOKET HAKAUMBATHCS WJIU MEPEMENIAaThCA BO
BTOpUUHBIH pe3epyap 408 uepes tpyOompoBoanbiii y3en 410. Kmanan 412 u
Hacoc 414 moryT B3auMOAECHCTBOBATH ISl PETYJUPOBAHUS MMOTOKA TEKYUYero
OTPAKAKOIIETO0 HEUTPOHBI MaTepuana uepe3 TpyoonpoBoa 410. Jna yBenuueHus
o0beMa TEKyUero OTpakarolnero HeUTpoHsl MaTepuaina kiamad 412 u Hacoc 414
MOTYT B3aUMOJICHCTBOBATh AJIA MPOMYCKAHUS TEKYUEro OTPAKAIOIIETO HEUTPOHBI

Marepualia u3 nepesmBHOTO pesepyapa 408 u oOpatHo B oTpakarenn 406 uepes
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TpyOomnposoa 410. B apyrom BapuaHTe BBIMOJHEHUS OTpaXaTeibHasA ClIOCOOHOCTh

coopok 406 NMHAMUYECKOTO OTpaXaTeyisi HEUTPOHOB MOXET PEryJupOBaThCS
MyTEM PETYJIUPOBAHUS TEMOEPATypbl M, CJIEAOBATENIBHO, MJIOTHOCTHU TEKY4Yero
OTPAKAOIIETO HEUTPOHBI Marepuania. I3MeHeHus TIIOTHOCTH  TEKy4dero
OTPAKAOIIETO HEUTPOHBI MATEPHATIAa U3MEHSIOT €r0 XapaKTEePUCTUKH OTPAKECHHS
HEWTPOHOB, MOCKOJIbKY O0JIee MIIOTHBIE MaTepHaJibl UMEIOT 00JIee BHICOKYIO MaccCy
Ha eauHUIy OoObeMa. bosiee moTHBIE MaTepuajibl OyayT cojaep)kaThb OOJbIIe
MOJIEKYJ1 Ha €IuHUIly Oo0beMa U, CIIeI0BATENIbHO, ¢ OOJIbIICH BEPOSATHOCTHIO
OTPAXKAIOT HEUTPOHBI, MMOTOMY UYTO JIIOOOW HEHUTPOH, MPOXOJAIIUA uepe3 Ooliee
IJIOTHBIA Matepuay, Oyaer Oojee BEPOATHO YAAPATh MO MOJIEKYJIE TEKyuero
OTpaXKaroIero HEUTPOHBI MaTepuaia U, TakuM o0pazom, oTpaxkaTtbcs. Hacoc 414 u
kianad 412 MoryT B3auMOJIEHCTBOBATH MJIA YBEIMUYCHUSA WIH YMEHBIICHUS
pacxola TEKY4Yero OTPAKAIIETO HEUTPOHBI MaTepuaia B JUHAMHUYECKHE
HeWTpoHHBbIE oTpaxkarenu 406 W W3 HUX [Ji PETYJIUPOBAHUS TEMMEPaTyph
OTPAKAIOIIETO TEKYYEro OTPAXAIOUIEro HEWTPOHBI Marepuania. B apyrux
BApUAHTAX BBIMOJIHCHHUS TiepeauBHONW pe3epByap 408 moker ObITh 3aMEHEH
IPYTUMH KOH(PUTYPAITUAMH, TAKUMH KaK 3aMKHYTBIH KOHTYP.

[0052] Cucrema 400 MSR moxer conepxkatb y3ea 416 OUMCTKH TEKy4dero
OTPaXarOIIEro HEUTPOHBI MaTepuana. Y3en 416 ouMCTKH TEKyUero OTpakaroliero
HEHUTPOHBI MaTepHalia MPOTOYHO coolIIaeTcs ¢ TpyOornpoBoaHbM y3iaoM 410 u
MOXKET pacrojararbcss ¢ obeux cropoH kimamana 412 m Hacoca 414. Yzenm 416
OYUCTKH TEKydYero OTPaXKaroIero HEHWTPOHBI MaTepwalia MOXET (UIbTPOBAThH
W/WAW YOPaBIATh XHMHEH OTpakarollero HEHTPOHBI MaTepuana. Hanpumep, y3en
416 OYMCTKM TEKYy4Yero OTPAXAIOIIero HEWTPOHBI Marepuajga MOXKET YIaISITh
KHUCJIOPOJ, HUTPUTHI U JAPYTUE MPUMECH W3 OTPAXKAIOIIEr0 HEUTPOHBI MaTepuala.
B ogHoMm BapuaHTE BBIMOJHECHUS TMOKPHITUE W3 HUTPUTA LIMPKOHUA B y3yie 416
OUMCTKM TEKYYero OTPAXAIoIIero HEHTPOHBI MaTepuajia  BBIMOJHEHO C
BO3MOXXHOCTBHIO ~ YIPABJICHUS XUMHEH TEKyuero OTPAKAIOIIEr0 HEUTPOHBI
Marepuanga. B apyrom BapuaHTe BbIMOJHEHUS y371a 416 OUMCTKH TEKydero
OTPAKAIOIIETO HEUTPOHBI MaTepuaiga MOXKET ObITh MCHOJIb30BAHA TEXHOJOTHSA
«ILJTAKOOOPa30BaHUA», MPU KOTOPOH y3ea 416 OYMCTKH TEKYdero OTPaKarolllero
HEWTPOHBI MaTEpHaja 3aXBaThIBACT KUCIOPO B BUJE OKCUAHOrO Marepuana. Eciamn

OKCI/II[HBII\/'I MaTcpuall ABJICTCA PACIUIABJIICHHBIM, TO OH MOXKCT PAasAC/IATBCA Ha
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dazpl, a y3enm 416 0UMCTKH TEKYYETO OTPaXKAIOIIETO HEHTPOHBI MaTeprasia MOXKET

YAQIATh OKCUAHBIA MaTe€puajl U3 OTPAXKarOILEro HEUTPOHBI MaTepuaia, Halpumep,
cockpebass OKCHAHBIM Marepuasi. B napyrom BapuaHTe BbINOJHEHHSA y3en 416
OUMCTKM TEKYYero OTPaXarollero HEUTPOHbBl Marepuaja BBIIIOJIHEH C
BO3MOKHOCTBIO 00pabOTKH BOJOPOAOM OTPAXKAIOIIET0 HEHTPOHBI MaTepHaia s
yAAJIEHUA COACPIKAIIETOCs B HEM KHCJIOPOa.

[0053] CocraB nuHaMUYECKHX HEUTPOHHBIX oTpaxkarenei 406 Takxke MOXKET
ObITh CKOPPEKTHPOBAH MYyTE€M BBEJICHUS TEKY4YEro 3aMeUISIONIero maTepuaa.
Texkyuuid 3aMeITIONMA MaTepral MOXKET YASPKUBATHCS B PE3EPBHOM PE3EPBYape
(He TMOKa3aH) U BBOAWTHCA B AWHAMUYECKHE HeWTpoHHbIe oTpakarenu 406 gepes
Tpybonpooansii y3en 410 u Hacoc 414, mpoTOUHO COOOIIAOIIMUICS C PE3EPBHBIM
pE3epBYapoOM TEKyudero 3aMmeintesia. TeKkyunil 3aMeiaionuid MaTeprall MOXKET
HUMPKYJIUPOBaTh B JUHAMHUUeCKux orpaxareiasx 406 u MoxeT ObiTh yAaJicH
HacocoM 414 B 3amacHOM pe3epByap uepe3 TpyoonpoBoaHbii y3en 410. B ognom
BAPUAHTE BBHIMIOJHEHUA B KAueCTBE TEKy4YeHd 3aMeIAoIed >KUAKOCTH B
JUHAMHUYECKUX HEUTPOHHBIX oTpaxaressx 406 MOKeT MCHOJIb30BaThCS BOAA WU
TsKeNass Boa. B apyroM BapuaHTE BBIMOJHEHUS B KAUeCTBE TEKYYEro
3aMEUISIONIET0 MaTepuajia B JUHAMHUYECKUX HEHUTPOHHBIX oTpaxarensx 406
MOXET MCHOJIb30BaThCcsl Oepwuimii. B eme OJHOM BapHUAHTE BBINOJHEHHS B
KQueCTBE TEKY4Yero 3aMeIJIAIOLIEr0 MaTepHajia B JUHAMUYECKUX HEUTPOHHBIX
orpaxatersix 406 u/uiy B caMOM TOIJIMBHOM COJIM MOYKET OBITh MCTIOIB30BaH LiF-
BeF,. Hacoc 414 moxeT HakauWBaTh TEKYUYYIO 3aMEIIIONIYIO JKHIKOCTh W/HJTH
TEKYUHUH OTPAKAIOIIMI HEUTPOHBI MaTepHa B AuHaMuueckue orpaxarenu 406 u
W3 HAX HENPEPBHIBHO HW/VITHA B TIEPUOTHMUYECKOM TPOTIECCE.

[0054] Kak omucaHO Bbillle, MOMJIOMIAIOININN HEATPOHBI MaTEpHAT TaKXKe
MOXET ObITh BCTPOEH B cOOpku 406 NTUHAMUUECKUX HEUTPOHHBIX OTpa)kaTeseH,
OTJIEITHHO WM B KOMOWHAIIMA C PA3JIMYHBIMU COCTaBaMH W/WITH KOH(UTYpaITASIMH
OTPAKAOIIMX HEUTPOHBI MATEPUAJIOB U 3aMEISIONINX HEUTPOHBI MATEPHAJIOB.

[0055] ®wur.5 npeacrapigeTr co0oil cxeMaTUUECKUIA BUJT CBEPXY BHU3 COOPKHU
500 nMHAMUYECKOTO OTpa)karejidi HEUTPOHOB C€ MHOXECTBOM rujib3 502
OTHEYIMOPHOW OO0O0JIOUKHM [JiA MPOMYCKAHUS 4Yepe3 HUX TEKYUEro OTPaXarolllero
HEWTpOHBI MaTepuana. B ogHom Bapuante BhinojiHeHHWs cOopka 500 Tekyuero

oTpakaTesid HEUTPOHOB MO CYIIECTBY OKpyx)aeT objacth 504 sAepHOTO TOIJIMBA,
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13 KOTOPOM McmycKaloTcs ObicTpblie HeWTpoHbl 506. Ha ®ur.5 wimocTpaTuBHbBIC

TPAEKTOPUU OBICTPBIX HEUTPOHOB 506 MOKa3aHbl JUHUSAMH, 3aKAHUMBAOIIUMUCS
JBOWHBIMH CTpPEJIKAMHM, TakuMH Kak JjuHuu S508. WmmocTpaTuBHBIE OBICTpPHIC
Helitporsl 506 Heynmpyro paccemBaloTCs (WUIM  OTPaKalOTCs) OT TEKY4ero
OTpaXKaroIero marepuasia W obOparHo B obOnacth 504 samepHOro TOIUIMBA.
Kondurypamnuio otpaxaresns, u3o0pakeHHY0 Ha DUr.S, MOKHO HCIOJIb30BaTh
JUIS TIOIIAroBOr0 M3MEHEHMS CIEKTpa HEWTpoHOoB B obOmactu 504 saepHOro
TOIJIMBA MYTEM BBHIOOPOYHOrO 3aMOJHEHUS Kakaoro m3 kaHaiaoB 502 oObemMoM
OTPAXKAKOIIETO HEUTPOHBI MaTepHUaa.

[0056] Ha ®wur.5 oTpaxkaroiuii HEWTPOHBI MaTepHUal MPOTEKAET BBEPX UEPE3
kaHan 502 orHeynopHoil oOoysiouku K HaOmoparteno. B oJHOM BapuaHTe
BBITIOJTHEHUSA OTPAKAIOIIMNA HEHUTPOHBI MaTepual MOXKET IUPKYJIUpOBaTh B
kanamax 502 (mampumep, B sSUCHKaxX, THIb3aX, TPyOKaxX W T.M.) C BIYCKHBIMH H
BBIITYCKHBIMU TOpTaMu Haja oOnacteio 504 sAnepHOro TOIMIMBA, TaK YTO HET
HHUKaKOW HEOOXOJWMOCTH B KaKUX-TMOO MPHUCIOCOOJICHUSIX WM TOPTax Mo
peakTopoM. B Apyrux BapuaHTax BBIMOJHEHUS OTPAXKArOLUA HEUTPOHBI MaTepHal
MOXET MPOTEKATh TOJBKO B OJJHOM HANpPABJICHUH, B HANIPABJICHUU BBEPX WJIH BHU3,
yepe3 kaHabl 502 ¢ ogHuM mopToMm Haa obnacteio 504 smepHOro TOmIMBA U
APYrUM TIOPTOM TMOJA TOMIMBHOW oOmacteto 504, B agpyrux BapuaHTax
BBINIOJIHEHUSL ~ OTPAKAIOLIMK  HEUTPOHBI  Marepual  MOMKET  COIEpPIKaTh
MOJTy3aTOPMOKEHHBIN WM TONM3y4uil MoTok 4yepe3 kaHaiel 502. B japyrux
BApUAHTAX BBITIOJHEHUS OTPAXKAIOIIMA HEUTPOHBI Marepuajl MOXKET MPOXOAUThH
yepes3 paauaabHbIe BITYCKHBIE M BBITTYCKHBIE TTOPTHI.

[0057] COopka 500 nuHaAMUYECKOro OTpakarejid HEWTPOHOB HAXOJAMUTCS B
TEIJIOBOM  KOHTaKTe ¢  TermooOMeHHukoM 510, pacmojokeHHbIM — Ha
MIPOTHUBOIOJIOKHOM CTOpOHE OT TommBHOM oOnactu 504. TemnmooOmennuk 510
MOXET COACPKaTh OJIMH WJIA HECKOJIbKO THUIIOB LUPKYJHUPYIOIIETO YEPE3 HETO
XKUJKOTO TerioHocuTenda. [lockonbky oTpaxarenb HeWTpoHOB 500 oOMeHuBaeTCs
TEIJIOM C Term1000MeHHUKOM 510, TemnooOMeHHUK 510 MOXKET MEPEHOCUTD TEILIO
ot cOopku 500 MMHAMUYECKOTO OTpa)Kkaresid HEHTPOHOB KaK 4acThb BTOPHUYHOTO
OXJIQKJAKOIIETO KOHTYypa. BTOpWYHBIA OXJa)KIArOIMIMKA KOHTYP MOXET I0/1aBaTh
TEIJI0 Ha OOOpYIOBaHWE [Jii MPOU3BOJCTBA DSJICKTPOSHEPIHUHU, TaKOE Kak,

HarpuMep, naposasi TypOuHa. B 0AHOM BapHWaHTE BBIMOJHEHHS PACIUIABJICHHAsS
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TOIUIMBHAS COJIb MOKET MPOTEKATh BBEPX depe3 obnacte 504 saepHOro TOnamBa u

BHM3 uepe3 Temioo0OMeHHUK 510, oOMeHuBasCh, TEM CaMbIM, TEIUIOM KaK YacTb
MEPBUYHOIO OXJIAKJAKOIIETO KOHTypa. Jlpyrumu ciioBamu, TEIIOOOMEHHUKH
MOTYT OOMEHMBATHCS TEIMJIOM KAaK C PACIUIABJIEHHOW TOIUITMBHOM COJIBIO, TaK U C
nporekarommM B KaHanax 502 HeWTpoHHBIM oTpaxarenemM. CKOpoCTh MOTOKa
OTPAXKAIOIEr0 HEUTPOHBI MaTepHalla MOXET PEryJIMpOBaThCA Ui U3MEHEHHUS
BPEMECHM KOHTAKTa C TEMJIOOOMECHHUKAMHM JUIi W3MEHECHHS TEMIIEPaTyphl
OTpaXkaroIero Marepuaja, nporekaroriero B kanajgax 502. [To Mepe m3aMeHeHHs
TEMIEPaTyphbl OTPAKAIOIIETO MaTEepraia U3MEHAETCS €ro TIOTHOCTh. V3MeHeHus
B TUIOTHOCTH OTPAKAIOIIErO0 Marepuajga M3MEHSIOT €ro XapakTEepUCTUKH
OTPaXKATEJIbHOW CIIOCOOHOCTH HEUTPOHOB, MOCKOJIBKY 00Jiee TUIOTHBIE MATEPUAJIbI
HMEIOT 0oJiee BBICOKYIO MacCy Ha €AUHUIy OoO0beMa W, MOATOMY, ¢ Ooblieih
BEPOSATHOCTHIO OTpaxkaroT HelTpousl. Kanamst 502 moryt ObiTh chOpMUpPOBAHBI B
reoMeTpuueckux  ¢opmax, BKmodas, 0e3  OrpaHWuYCHHUs, KBaJpaTHbIC,
MPSIMOYTOJIBHBIE, KPYTJIbIE, KPYTOBBIE, MHOTOYTOJIBHBIC U T./I.

[0058] Dwur.6 mzolOpaxkaeT cxeMaTUUeCKUil BUI CBEepXy BHU3 cOopku 600
JTAHAMUYECKOTO OTpakaTead HEUTPOHOB C MHOXKECTBOM TuJib3 602, mMpoBOAAIIMX
TEKYUYHd OTPAKAKOIIMK HEWTPOHBI MaTepuaid, W MHOXKECTBO TwWib3 604,
COAEPXKAIUX 3aMEJIAIOIINE HEUTPOHBI 3IeMEHTHI 606, BBIOOPOUHO BCTABJICHHbBIC
B Tuiib3bl 602, 604 B moboi TpedyeMoi KoH(pUTYypaluu, B OTHOLIEHUU KOTOPOH H
CKOJIBKO THJIb3 602 MOXET MPUHUMATh 3aMEUISAIOIINE HEUTPOHbI 31eMeHThl 606.
Cobopka 600 nuHAMUYECKOTO OTpaXkaTeiash HEHTPOHOB IO CYIIECTBY OKPYKaeT
TOIIMBHYIO oOjacTh 608, u3 koTopol ucmyckaroTes ObicTphie HeHTpoHBI 610. Ha
Our.6 TMHUKM, OKAHUMBAIOIIUECS JBOMHBIMU CTPEJIKAMH, TaKue Kak JUHAH 612,
YKa3bIBAIOT HAa OBbICTpble HEWTpPOHBI. [IpyM BBEeACHWHM 3aMEMJIAIONIME HEHUTPOHbI
aneMeHThl 606 BBITECHIIOT 00bEM TEKYUETO OTPAXKAOIIETO HEHTPOHBI MaTepuUala,
U3MEHSAS, TEM CaMbIM, XapaKTEPUCTUKUA OTPAXATEIbHON COCOOHOCTH HEHTPOHOB
B cOopke 600 auHamuueckoro otrpaxkarens HeWTpoHoB. [Tockosibky cOopka 600
JTUHAMUYECKOTO OTpaXkaTejsi HEUTPOHOB COJEPNKUT HEHTPOHHO-OTPAXKAOIINE U
HEUTPOHHO-3aMEJIAIONINE MaTepUayibl, HEKOTOPbi€ U3 OBICTPHIX HEHTPOHOB
OTPaKaKOTCA OOpPATHO B TOIUIMBHYIO 00siacTh 608 m Apyrue ObICTpble HEUTPOHBI
610 ynmapsroTca B 3aMeJIAIOIIME HEUTPOHBI 35ieMeHThl 606 1 mpeoOpa3yroTes B

TETUIOBbIE HEUTPOHBI.
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[0059] Ha ®ur.6 WUTIOCTpaTHUBHBIE TPACKTOPUM TEIUIOBBIX HEHTPOHOB

0003HAUYEHBI JINHUSAMHU, OKAHYMBAIOLIUMHUCS OAUHOUYHBIMHA CTPEJIKAMH, TAKUMH Kak
auHua 614, WnmocTpaTuBHBIE TPAGKTOPUU OBICTPBIX HEUTPOHOB O0O3HAYEHBI
JMHUSAMU, OKAHUMBAIOMIMMUCS NBOWHBIMHU cTpenkamu. llockonbky cOopka 600
JMHAMUYECKOTO OTpakaresia npeoOpa3yeTr ObICTpble HEUTPOHBI B TEIUIOBBIC
HEWTPOHBI, TEIUIOBBIE HEUTPOHBI MOTYT OTpaXaTbCA OOpPaTHO B TOIUITMBHYIO
obnacte 608 mportekaromum B kaHanax 602, 604 HEUTPOHHBIM OTpaXkaTeJieM, WIH
XK€ OTPaXaTbCs JIPYTMM HEUTPOHHBIM OTpaXkaTeJieM, PaCIOJI0KEHHBIM T03a1
muHammudeckoro orpaxatens 600 (He mokasaH). M3-3a BeITecHeHHs 9acTH o0bema
TEKYyUero OTPaXaloIIEro HEUTPOHBI MaTepuana, IMOJHbIE OTPAKATEIIbHBIC
XapakTepucTuku oTpaxarens 600 U3MeHAIOTCA, YMEHbIIAsA, TEM CaMbIM, CKOPOCTb
BOCIIPOM3BOJICTBA B TOMJIMBHON oOnactu 608 H3-3a YMEHBIICHHUS OTPAKCHUS
OBICTPBIX HEUTPOHOB, MO CPAaBHEHHIO C KOH(UTyparued O0e3 3amMeUISIONIX
HEUTPOHBI 37IeMeHTOB 606 oObemHOTO cMemieHusA. KoHdurypanus 3J1eMEHTOB
CMEILEHHUS, TTOKa3aHHas Ha Dur.6, TakKe yBEIUYUBAET CKOPOCTb BBHITOPAHHS B
TOIIMBHOM oOsiacTi 608 3a cueT yBeIMUYEHUs] HEUTPOHOB TEIJIOBOTO CHEKTPA, MO
CpaBHEHHIO ¢ KOoH(urypammeir 0e3 37meMeHTOB cMelneHus. [lyreM BBIOOPOUHOTO
BCTABJICHUA 3aMEJIAIOIINAX HEUTPOHBI AIeMEHTOB 606 0OBEMHOrO CMEICHHUS B
orpaxkarenb 600, CKOpPOCTM BOCHPOM3BOJACTBA M BBITOPAHHUA, A TAKXKE CIEKTP
HEHTPOHOB B TOIJIMBHOW oOnact 608 MOTYT JMHAMHUYECKH PETYJIMPOBATHCA.
OnemenTsl 606 0OBEMHOTO CMEIICHHS MOTYT MMETh T'€OMETpPUUECKHe (POpMBI,
BKJIFOUAsi, 0€3 OTPAaHUUCHHMS, KBAJAPATHBIC, KPYTJIbie, MPSIMOYTOJIbHBIC, KPYTOBBIE,
MHOTOYTOJIbHBIC (DOPMBI, U T.1I.

[0060] B opHOM BapuaHTe BBIMOJHEHUS TIOJHBIE XaPaKTEPUCTUKHU
OoTpakaTeJIbHOM crmocoOHOCTH oTpakarenas 600 HM3MEHSIOTCA MyTeM CIIMBA M3
OJIHOTO WJIM HECKOJIbKuX KaHaioB 602, 604 Tekydyero oTpakaroliero HEUTPOHBI
Marepualia, OCTaBJIsisA, MPU 3TOM, MYCTOE MPOCTPAHCTBO B OJHOM WJIA HECKOJIbKUX
kananax 602, 604. Jlna orpaxarena 600 moxeT ObITh MPEAYCMOTPEHO AKTHBHOE
OXJIAXIACHUE MyTeM 00€CICUCHHS TEIUIOBOT0 KOHTAKTa C TOIIMBHOM COJIBIO H/HITH
CO BTOPUUYHBIM TETUIOHOCUTEIIEM.

[0061] Ha ®wur.6 otpaxkaroimuii HEHTPOHBI MaTepuaj, MPOTEKAIOIIHUA B
kaHajiax 602, mpoTekaeT BBepX K HaOmoaaremo. B oqHoM BapuaHTE BHITIOJTHECHUS

OTpaXaroluii HEWTPOHBI Marepuaji, NpoTeKalIMi B kKaHamax 602, Moxer

3AMEHAIOIIMNI JTUCT



24

HAPKyIHpoBaTh B KaHamax 602, ¢ BOYCKHBIMH M BBITYCKHBIMH ITOPTaMH,
PaCMOJIOKEHHBIMU HAJl TOIUIMBHOM 00sacThio 608, Tak 4TO HUKAKUE AETaId WIH
OTBEPCTUSL MOJ PEAaKTOPOM HE HYXHbI. B JIpyrux BapuaHTax BBIMOJHECHHS
OTpAXKAIOIMK HEWTPOHBI MaTepuall, MPOTEKalImMi B KaHamax 602, moxer
MIPOTEKATh TOJILKO B OJTHOM HANpPABJICHWUH, B HATPABJICHUU BBEPX WJIM BHU3, UE€PE3
kaHajel 602, ¢ OTHAM IMOPTOM, PACIIOJI0KEHHBIM HaJl TOTUTMBHOM o0acTeio 608, a
C APYTMM TMOPTOM, PACMOJIOKCHHBIM HIDKE TOINIMBHOK obOmactu 608. B npyrux
BApUAHTAX BBHITIOJIHEHUA OTPAXKAIOIIWKA HEWTPOHBI MaTEpUAl MOXKET BKIIIOYAThH
MOJIy3aTOPMOKEHHBIH WJIM TIOJI3yuHMil TOTOK uepe3 kaHaiael 602. B apyrux
BAPUAHTAX OTPAKAOIIMKA HEUTPOHBI MATEPUAT MOXKET TMPOXOJUTH YEPE3
paauabHbIC BITYCKHBIE M BBITTYCKHBIE TTOPTHI.

[0062] TennooOMmennuk 614 MOXXET HAXOIUTHCS B TEMJIOBOM KOHTAKTE C
coopkori 600 muHAMHYECKOTO oOTpaxkaTend ajisi oOMEHa Teljia OT TOIUJIMBHOM
obnactu 608. B ogHOM BapuaHTE BBINOIHEHUS TEII00OMeHHUK 614 pacnonoxkeH
PAOM C MPOTHUBOMOJIONKHOM OT TOIIMBHOW obOnactu 608 croponoi cOopku 600
JTAHAMHAYECKOTO  oTpaxkarenda. Koraa oTpakaromuyid HEWTPOHBI  MaTepHal
MPOTEKAET uepe3 Tuib3bl cOOpkru 600 AMHAMMYECKOTO OTpakaTeysi, OH MOXKET
MEPEHOCUTh TEIUI0, BBIXOMAIICE M3 TOIMJIMBHON obOmactu 608, B TEmI0OOMEHHUK
614 nnsa GopMupoBaHHMS BTOPUYHOTO OXJIAXKTAIOIIETO KOHTypa. BTopuuHbIi
OXJIAKIAIOIMNA KOHTYP MOJKET COJEpXaTh OJWH WM HECKOJIBKO BTOPUYHBIX
OXJIQKJTAIOIIMX KOHTYPOB, 00Opa30BaHHBIX U3 TPYOOK. BTOpHUYHBIA OXJIaX AAtOIIHiA
KOHTYP MOXET COAepKaThb JII00O0O€ YCTPOHCTBO CHCTEMBI  BTOPHUYHOTO
TEMJIOHOCUTENS, U3BECTHOE B JTAHHOW O0OJIACTH TEXHWKH, KOTOPOE MOXKET OBITh
WCIIOJIb30BAHO B PEAKTOPE HA PaCIUIaBJICHHBIX TOIUIMBHBIX coisix. Cucrema
BTOPUYHOTO TEIJIOHOCUTENISI MOXKET IUPKYJIUPOBATh BTOPUYHBIN TEIJIOHOCUTEN
yepe3 OAHY WJIM HECKOJIBKO TPYOOK w/mim cOOPOK IS MEPEHOCA TEKydeH Cpebl
OJIHOTO WJM HECKOJIbKAX BTOPUYHBIX OXJIAKJAKOIIMX KOHTYPOB, YTOOBI
MEPEHOCUTh TEIUIO, BhIpaOaThIBAEMOE aKTHUBHON 30HOW pEaKTOpa U MPUHUMAEMOE
TeriooOMeHHUKOM 614, K pacmojoXeHHBIM HWKE 10 TIOTOKY TEIJIOBBIM
AJIEKTPONPHUBOAAM TEHEPUPYIOIIMX YCTPOUCTB U cucteM. CHucTemMa BTOPUYHOTO
TEIJIOHOCUTENS MOXET COJAEpPkaTh HECKOJIbKO TMapauieJIbHbIX  KOHTYPOB
BTOPUYHOTO TETUIOHOCUTENA (Hampumep, oT 2 A0 5 mapajuiebHbIX KOHTYPOB),

KaKIbIA M3 KOTOPBIX MEPEHOCUT BHIOPAHHYIO YACTh BTOPUYHOTO TEIUIOHOCUTENS
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yepe3 BTOPHUYHBIN OXJIKIAOIMWAN KOHTYP. BTOPHWUYHBIA TEMJIOHOCUTENIb MOKET

BKJIFOYATh, HO HE OTPAHUUYUBAETCS STUM, KUJKUI HATPUH.

[0063] B omHOM BapuaHTe BBIMOJHEHHS TEII0O0OMEHHUK 614 3ammiieH
OJTHAM WJIM HECKOJIbKUMHU Marepuaiamu, 3(P(EeKTUBHBIMH B KAYeCTBE sga WIA
MIOIJIOTUTENSL HEUTPOHOB JUIA 3aXBara HEHUTPOHOB, BBIXOIAIIMUX W3 TOIUIMBHOM
obmactu 608, mpexae dYeM HEWTPOHBI HAYHYT B3aWMOJICHCTBOBATH C
TEMI000MEHHUKOM 614 W mpuBeayT K €ro paadalvoHHOMY MOBpEXACHHUIO. B
OJIHOM BApHWAHTE BBITIOJIHCHHUS TEIJIOOOMEHHUK 614 COACPXKUT OJUH WM
HECKOJIBKO MarepuanoB, 3(PQEKTHBHBIX B KAa4eCTBE SAa WA TOTJIOTHTENSA
HEWTPOHOB. B JIpyroM BapuaHTE BHITIOJIHEHWA YKA3aHHBIM OJIMH WJIM HECKOJIBKO
MarepuanioB, 3(@GEKTUBHBIX B KAueCTBE A WM TOTJOTHTENA HEHTPOHOB,
BKJIFOUEHBI B cOOpKYy 600 AMHAMUUYECKOTO OTPAXKATEIS.

[0064] ®wur.7 uzoOpaxkaeT CXEMATUUYECKHI BHUJA CBEPXY AKTUBHOW 30HBI
OBICTPOTO PEAKTOPA HA PACIUIABJICHHBIX COJIAX SAEPHOTO TOIUIMBA C TOIIMBHOM
obnacteto 702, okpyxeHHOHW HeHTpoHHBIM oTpaxartenem 700. CoGopka 700
OTpa)KaTelisi HEUTPOHOB COAEPXKUT OTPAXKAIOIIWK HEHTpoHbl Marepuan 704,
npoTekaronmi yepe3 kanaisl 712, Ha ®ur.7 oTpaxaroimii HEWTPOHBI MaTepuai
704 nBwxkeTca BBepx K Habmogaremo. B ogHOM BapuaHTE BBIMOJHCHUS
OTPAKAOIIMI HEUTPOHBI MaTepras 704 MOXKeT HUPKYJIUPOBaTh B KaHanax 712, ¢
BITYCKHBIMHU M BBITTYCKHBIMH MOPTaMH HaJ TOIUIMBHON o0nacThio 702, Tak 4yTO HET
HUKAKOW HEOOXOIMMOCTH B MPHUCIOCOOTICHUAX WIM OTBEPCTUAX MO peakTopom. B
JPYTUX BAapUAHTAX BBIMOJHEHUS OTPaXKAIOIMH HEUTpoHbl Marepuan 704 mMoxer
MPOTEKATh TOJIbKO B OJTHOM HAMpPaBJICHWU, B HAITPABJICHUU BBEPX WJIM BHU3, UE€PE3
KaHajel 712, ¢ oqHAM TTOPTOM HaJ TOIUIMBHOM 0OmacTeio 702 U ¢ APYTUM MOPTOM
noj ToriuBHOM obnacTeio 702. B Apyrux BapuaHTax BBIMOJHEHUS OTPAKAKOIIUI
HeWTpoHbl MaTepuas 704 MOXET CoAepKaTh MOTY3aTOPMOKCHHBIN WA TIOJI3YUHi
MOTOK uepe3 KaHaibl 712. B Apyrux BapuaHTax BBHIMOJTHEHUSA OTPAKAOMIUI
HelWTpoHbl Matepuasn 704 MOKET NPOXOJAUTh 4YEpe3 paJAuaibHbIe BIYCKHbIE W
BBIITYCKHBIE MOPTHI, PACTIOIOKEHHBIE MEXAY TermiooOMeHHuKamu 706.

[0065] Tekyuuii marepuan 704 AUHAMHUECKOTO OTpaXKaTesid HEUTPOHOB
HAaXOJMUTCS B TEIUIOBOM KOHTaKTe ¢ TeriooOMeHHuKamu 706. TennooOMEHHUKH
706 MoOryT coaepkaThb OJAWH WM HECKOJBKO THUIOB IUPKYJHMPYIOIIETO YEPE3 HETO

KUAKOro TertoHocuTens. [lockonpky oTpakaromuid HeWTpoHbsl Marepuan 704
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0OMEHMBAETCS TEIJIOM C TemnooOMeHHuKamMu 706, TermiooOMeHHuku 706 Moryt
nepeHocuThb Temao oT coopku 700 oTpaxkarens HEUTPOHOB Kak 4aCTh BTOPUYHOTO
OXJIQKJAKOIIETO KOHTYpa. BTOpWUYHBIA OXJaXXIAOIMMKA KOHTYP MOXET I0/1aBaTh
TEm10 Ha OOOpyAOBaHWE Il TMPOMU3BOJCTBA HJICKTPOSHEPTHUH, TAKOE Kak,
Hampumep, napoBas TypOuHa. B oqHOM BapuaHTE BBINIOJIHEHHS pacIUlaBJICHHAs
TOIIMBHASA COJIb MOXKET MPOTEKATh BBEPX UEPe3 TOINIMBHYIO oOnacts 702 ¥ BHU3
yepe3 TemiooOMeHHUKH 706, oOMEHHMBAsCh, TEM CaMbIM, TEIJIOM KaK dYacTh
MIEPBUYHOTO OXJIQXKAAIOMIETO KOHTypa. Jlpyrumu cioBamu, TemiooOMeHHUKH 706
MOTYyT OOMEHUBATHCA TEIMJIOM KaK ¢ PAcCIUIaBJICHHOW TOIJIMBHOM COJIBIO, TaK U C
TEKYUYUM OTPAKAKOIIMM HEUTpoHbl Marepuaiom 704, CkopocTh mOTOKa
OTPAXKAKOIIET0 HEUTPOHBI MaTepuaja 704 MOXKET peryJMpoBaThCs AJi1 U3MEHEHUS
BPEMECHHU KOHTAaKTa ¢ TeriooOMeHHUKaMu 706 111 U3MEHEHHUS TeMmepaTyphbl
oTpaxkaromiero  HeWtponel  martepuana 704,  Ilockonbky — Temmeparypa
OTpaXkaromiero HeWTpoHsl Marepuana 704 wu3MEHAEeTCI, TO COOTBETCTBEHHO
U3MEHAETCS U €r0 MJIOTHOCTh. VI3MEHEHUs B TJIOTHOCTH OTPAXAIOIETO HEUTPOHBI
marepuasia 704 HM3MEHSIOT €ro XapaKTEPUCTUKU OTPAXKEHUA HEUTPOHOB,
MOCKOJIbKY 00Jie€ MJIOTHBIE MaTEpHaIbl UMEIOT 00Jie€ BBICOKYIO MACCy HA €IUHUILY
o0beMa H, MO3TOMY, C OOJBIIEH BEPOATHOCTBIO OTPAXKAIOT HEUTPOHBI.

[0066] ®wur.7 wu3o0pakaeT WIIIOCTPATUBHBIE ObICTPbIE HEUTpoHBI 710,
BBIXOJAIME W3 TOMIMBHOW oOnactu 702. BeicTpbie HEHTpOHBI 0003HAYEHBI
JIMHUSAMU, OKAaHYMBAIOIMMHUCS IBOWHBIMU CTpesikamMu. VIimrocTpaTuBHBIE OBICTPbHIE
HeWTpoHbl 710 MoOryt BO3HUKAaTh B TOIUIMBHOW oOjactu 702 u oTpaxarbes
OTPAKAIOIIMM HEUTPOHBI MarepuajaoM 704 u BO3BpaIlIaThCS B TOIJIMBHYIO 00JIACTh
702. HnmoctpatuBHbie ObicTpble HeWTpoHbl 710, oTpaxeHHbie 0O0paTHO B
TOIJIMBHYIO oOnactb 702, MOryT yBEIWUMBATh KOJIMUECTBO AJISIIICTOCS
Marepuajga B TOIJWBHOW oOmactu 702 mpH KOHTAKT€ C BOCIPOM3BOAIIMMU
MartepuajiaMi. AHAJIOrMYHO, Ha Dur.7 mMoka3aHbl WJUTKOCTPATUBHBIC TEILIOBHIE
HelTpoHbsl 714, WnmocTpaTuBHbIE TEMIOBble HEHUTpoHBl 714 0003HAUEHBI
JUHUAMM, OKAHUMBAIOIIUMUCSA OJMHOUYHBIMM CTpeikaMu. WimocTpaTuBHbIC
TEIJIOBbIE HEUTpPOHBI 714 MOTYT OTpaXKaTbCsi OTPAKAOIIMM  HEHTPOHBI
marepuasiom 704 v BO3BpalllaThCs B TOIUIMBHYIO oOnacte 702. UnmocTpaTuBHbBIE
TEIJIOBbIE HEUTPOHBI, OTPAXXEHHBIE B TOTUIMBHYIO 00JiacTh 702, MOTYT MOBBICUTh

PEAKTUBHOCTh B TOTUIMBHOM oOnacty 702 mpu KOHTAKTE C PACMOJIOKEHHBIM B HEH
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JEJIAIUMCS MAaTEPUATIOM.

[0067] ®ur.8 nzolOpaxkaeT cxeMaTHUECKUI BUA CBEPXY BHHU3 aKTUBHOM 30HBI
OBICTPOrO PEAKTOpPa HA PACIUIABJICHHBIX COJISAX SAEPHOTO TOIUIMBA C TOIUIMBHOM
obnacteto 802, oxpyxkeHHoit cOopkoii 800 oTpaxkarens HEHUTPOHOB, C
OTPAKAIOIMM HEUTPOHBI MaTepuasiom 804, HaXOAAIMMMCS B TEIIJIOBOM KOHTAKTE C
temiooOMeHHukamMu 806. Ha ®dwur.8 orpakarommii HelTpoHnbl marepuan 804
JBUKETCSI BBEPX K HaOmMoAaTeno. B 0HOM BapuaHTE BHIMIOJIHEHUS OTPAKAIOIITHI
HelTpoHbl Matepuanl 804 mMoxeT HMpPKyJIupoBaTh B kaHanax 808, ¢ BMyCKHBIMU U
BBIITYCKHBIMU MOPTAMU HaJ TOTUIMBHON 0o0nacThio 802, Tak UTO HUKAKUE JETaIu
WM OTBEPCTHS MOJI PEAKTOPOM HE HYXXHbI. B Jpyrux BapuaHTax BBIMOJHEHUS
OoTpakarMii HeUTpoHsl Marepuan 304 MOXKeT MpOTeKaTh TOJBKO B OJHOM
HaIpaBJICHUM, B HAMPABJIICHUM BBEPX WM BHU3, uepe3 kKaHaibsl 808, ¢ oaHum
MOPTOM HaJ TOMIMBHOW oOnacteto 802 W japyruM MNOPTOM MO TOTJIMBHOMN
obnmacteto 802. B apyrux BapuaHTax BBHIMOJIHEHUA OTPAXAOIUA HEUTPOHBI
marepuasi 804 MOXKET BKJIIOUYATh MOJY3aTOPMOKCHHBIA WJIM TOJI3YUYHH TOTOK
yepe3 kaHanbel 808. B apyrux BapuaHTax BBIMOTHEHUA OTPAXKAKOIMIMK HEHTPOHbI
marepuail 804 MOXKET MPOXOAUTh Yepe3 PaAUAIbHBIC BIYCKHBIE U BBIMYCKHBIE
MOPTHI, PACMOJIOKEHHBIE MEXAY TeTI0o0OMeHHUKaMK 806.

[0068] Tekyumii otpaxkarommii HeWTpoHbl Marepuan 804 HaxoguTcsA B
TEMJIOBOM KOHTakTe ¢ TeriooomeHHukamu 806. TerutooOmennuku 806 moryt
COZICPKaTh OJIMH WJIA HECKOJIBKO THMOB LHUPKYJHUPYIOLIETO YE€Pe3 HHUX KUJKOTO
TeryoHocuTeNsA. [1oCKOMbKY TEeKyuuii oTpakarolmuid HEHTpoHbl marepuan 804
0OMEHHMBAETCS TEIJIOM C TeriooOMenHruKaMu 806, To TerooOmMenanku 806 MoryT
nepeHocuTh Termao oT coopku 800 oTpakaTens HEUTPOHOB KaK 4acTh BTOPUUYHOTO
OXJIQXKJAKOIIETO KOHTYpa. BTOpWYHBIA OXJIa)KIarOMMHA KOHTYP MOXET I0J1aBaTh
TEMJI0 Ha OOOpYyJIOBAaHHWE [JIi MPOU3BOJICTBA DSJICKTPOSHEPIHUHU, TaKOE Kak,
HarpuMep, naposasi TypOuHa. B 0JHOM BapuaHTE BBIMOJHEHUS PACIUIABJICHHASA
TOIUJIMBHAS COJIb MOXKET MPOTEKATh BBEPX uepe3 TOIIUBHYIO oOnacth 802 1 BHU3
yepe3 TemiooOMeHHUKH 806, oOMeHMBasCh, TEM CaMbiM, TEIJIOM KaK 4YacTh
MEPBUYHOTO OXJIAKJAIOIIEro KOHTypa. JIpyrumu ciioBamu, TemaoooMeHHuKH 806
MOTYT OOMEHUBATHCA TEMJIOM KaK ¢ PACIUIaBJICHHOMN TOIJIMBHOM COJIBIO, TaK U C
TEKYUYUM OTPKAKOIIUM HEWTpoHbl Mmarepuaiom 804. CkopocTh mOTOKa

OTPAKAKOIIETO HEUTPOHBI MaTtepuaina 804 MOXKET peryJMpoBaThCs AJ1 U3MEHEHUS
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BPEMEHHM KOHTAaKTa ¢ TemiooOMeHHHKaMHu 806 111 M3MEHEHUs TeMIepaTyphbl
OTPAKAOIIETO HEUTPOHBI MaTepuana 804.

[0069] Coopka 800 oTpaxkarens COACPXKHUT 3aMEIJIAIONIAEC HEHTPOHBI
asieMeHTHl 812 00BEMHOTO CMEIEHUS, BCTABJICHHbIE B MPOTOUYHbIe KaHajbl 808.
[Ipu BCcTaBJIeHUM 3aMEMJIAIONIMX HEUTPOHBI 3JIeMEHTOB 812 00beM oTpaxkaroieit
x)uakoctd 804 B kaHayie yMeHbImaeTcs. [Ipu yMeHbIIIEHHOM 00beMe OCTaBIIHMCS
OTpaXaroUMii HEHUTPOHBI MaTepual 804 B kaHasie uWMEET W3MECHEHHYIO
XapaKTePUCTUKY OTPAKCHUS HEUTPOHOB M, CJICAOBATEIbHO, C MEHbIIEH
BEPOATHOCTHIO OTPA)KaeT HEUTPOHBI, 4YEeM JO TOro, Kak ObLJI BCTaBJICH
3aMeIJIAIOIAN HeUTPOoHbI eMeHT 812. Hanmnume 3amemistoiero snemenrta 812 B
00J1aCTH, OKpY Xarolel TOTIMBHYIO obnacte 802, menaer 3amejieHHe HEHTPOHOB
JI0 TEIJIOBOW 3HEPruM 00Jiee BEPOATHOM, TAKMX KaK, HAPUMEP, 3aMEJICHHBINA 10
TeTUI0BOM >Hepruu HeWTpoH 810. YBenuueHune 3aMeIeHNs 10 TEIJIOBOM SHEPTUH
MPUBOJIUT K YBEJIMUCHHUIO BBITOPAHMS JENALIETOCS MaTepuana B TOIUIMBHOMN
obnactu 802.

[0070] 3amemnstomiue HEUTPOHBI 3JIeMEHTH 812 0OBEMHOrO CMEMICHUS
MOTYT OBITh BCTaBJEHBI B KaHAIbl 808 1O OTAEIBHOCTH WJIA B JIFOOOM KOJIMUYECTBE
3JIEMEHTOB. 3aMEUISAIONINE HEUTPOHBI AJIeMEHTh 812 00BEeMHOTro CMEIICHUs
MOTYT HMMETh IWJIMHAPUYECKYIO (HOpPMY, KBAAPATHYIO WJIH MPAMOYTOJbHYIO
npu3MaTHUecKyo Gopmy, Gopmy TpeyroipHOM TpU3MbI, HOPMY MHOTOYTOJBHOM
npu3Mbl, 1 TOMY Mojo0HOe. B ApyroM BapHaHTE BBHIMOJHEHHUS 3aMEUISIOIINE
HEUTPOHBI 3JIeMEHTHl 812 00BEMHOr0 CMEIICHHUS MOTYT COAEpPXkKaTh HaOOp
AJIEMEHTOB (HE TIOKaszaHbl). BwiOop reomerpuueckoi (OpMBI M KOJIHYECTBA
3aMeJIAIOINUX HEHTPOHBI 3JIeMeHTOB 812 0O0BbeMHOro cmemieHus Ha kaHamn 808
OyJeT OomnpenenaTh COOTHOIIECHUE 3aMEIAIONIEr0 MaTepuaia U OTPAXKAIOILIEro
Marepuana B kaHamax 808. BribopouHoe BCTaBieHHE 3aMEMIAIONINX HEHUTPOHBI
31eMeHTOB 812 00BEMHOrO CMENICHUsI 00ECEUNBAET BOZMOKHOCTh PETYJIMPOBKHU
CKOPOCTH BOCIPOM3BOJICTBA M PEAKTUBHOCTH B TOMUIMBHOM obOmactu 802 wu
o0ecrneunBaeT BO3MOXHOCTh MOJJEPKaHUsI TPeOYyeMOro ypoBHs BbiropaHus. B
OJIHOM BApUAHTE BBITIOJHEHUSI CKOPOCTh BHITOPAHUS MOJJIEPKUBACTCS B MpEeax
TpeOyeMOil BEpXHEH W HWKHEH TpaHUllbl MyTEM BbBIOOPOUYHOTO BCTABJCHUS W
yAQJICHUS 10 MEHBIIEH MEPE MOJAMHOKECTBA 3aMEAJISFOIIUX HEUTPOHBI AJIEMEHTOB

812 00BeMHOTr0 CMEIIIEHHUS.
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[0071] ®ur.9 uzoOpaxaeT cxeMaTUYECKHIl BHUJA CBEPXY AKTUBHOW 3OHBI

OBICTPOrO PEAKTOpPa HA PACIUIABJICHHBIX COJISAX SAEPHOTO TOIUIMBA C TOIJIMBHOM
obmactero 902, okpyxeHHON cOopkoi 900 oTpaxkarena HEWTPOHOB C
MpoTeKarImM yepe3 kaHasibl 908 oTpaxkaromuMm HelTpoHsl Marepuaiom 904. Ha
®ur.9 orpaxaroumii HelTpoHbl MaTepuan 904 aBuKeTCsA BBEPX K HAOIIOAATEINIO.
B onHOM BapuaHTe BBINOJHEHHUS OTPaKarOIIWM HeHTpoHBI MaTepuan 904 moxker
IUPKYJIUpoBaTh B KaHajax 908, ¢ BIYCKHBIMH M BBIMYCKHBIMH TMOPTAaMH HaJ
TOIJIMBHOM 00yacThio 902, Tak 4TO MOJ PeakTOPOM HE HYXXHbI HUKAKHE JCTAIIU
WM OTBEpCTHs. B Apyrux BapuaHTaxX BBIMOJHEHUS >XKUAKUK oTpaxkarenb 904
HEUTPOHOB MOJKET MPOTEKATh TOJBKO B OJIHOM HANpPaBJCHWW, B HAIPaBJICHUH
BBEPX WJIM BHU3, uepe3 KaHajbl 908, ¢ oAHUM MOPTOM HAJA TOIUIMBHOW 00JIACThIO
902 w nmpyrum mopToM MOA TOINIMBHOW oOnacthio 902. B apyrux BapuaHTax
BBITIOJIHCHUA JKUJAKUKA  oTpaxarenb 904 HEUTPOHOB MOXET COAEpKaTh
MOJIy3aTOPMOKEHHBIM WJIM TOJ3yunil MOTOK uepe3 kaHaiusl 908. B apyrux
BApUAHTAX BBIMOJHEHUS KUAKUN oTpaxkareiab 904 HEHTPOHOB MOXKET MPOXOAUThH
Yyepe3 paauajbHble BMYCKHBIE W BBIMYCKHBIE TOPTHI, PACHOJIOKECHHBIE MEXIY
TermnooOMeHHuKamu 914,

[0072] Tekyumii oTpakaroumii HEeUTpoHbl Marepuan 904 HaxooUTCA B
TEIJIOBOM KOHTaKkTe ¢ TermiooOMeHHukamu 914. TenmnooOmennuku 914 moryt
COJICPKaTh OJIMH WA HECKOJIBKO THMOB LUPKYIUPYIOIIETO YE€Pe3 HHUX KUJKOTO
terioHocuTens. [lockosibky Tekyduil oTpakaromuidi HeHTpoHbl martepuan 904
0OMEHHMBAETCS TEIJIOM C TeriooOMeHHuKaMu 914, To TermnooOmennnku 914 moryt
nepeHoCuTh Teryio oT coopku 900 oTpakatens HEUTPOHOB KaK 4acTh BTOPUUYHOTO
OXJIQXKJAKOIIETO0 KOHTYypa. BTOpWYHBIA OXJa)KIaromMid KOHTYP MOXET I10/1aBaTh
TEIJI0 Ha OOOpYyIOBaHWE [JIi MPOU3BOJICTBA DSJICKTPOSHEPIHHU, TaKOE Kak,
HarpuMep, naposasi TypOuHa. B oJHOM BapuaHTE BBIMOJHECHUS PACIUIABJICHHASA
TOIUJIMBHAS COJIb MOXKET MPOTEKATh BBEPX uepe3 TOIIUBHYIO oOnacte 902 u BHU3
yepe3 TemiooOMeHHUKH 914, oOMeHMBasCh, TEM CcaMbiM, TEIJIOM KaK dYacTh
MEPBUYHOTO OXJIAKJAIOIIEro KOHTypa. JIpyrumu ciioBamu, TemaooOMeHHuKH 914
MOTYT OOMEHUBATHCA TEMJIOM KaK C PACIUIaBJICHHON TOIJIMBHOM COJIBIO, TaK U C
TEKYUYUM OTPAKAKOIIUM HEUTpoHbl Marepuaiom 904. Ckopocth moOTOKA
OTPAKAOIIETO HEUTPOHBI MaTepuaia 904 MoXKeT peryJupoBaThCs A1 U3MEHEHUS

BPEMECHM KOHTAKTa € TemIooOMeHHHKaMH 914 nns W3MEHEeHWs TeMmmepaTyphl
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oTpakarouiero HeruTponsl marepuana 904. Ilo Mepe U3MEHEHHsS TeMIepaTyphbl

OTpaXKarolero HeUWTpoHsl Marepuana 904 u3MeHseTCs ero MIOTHOCTh. M3MeHenus
B IUIOTHOCTH OTPaXarollero HEUTpoHbl Marepuana 904 wu3MeHsoT ero
XapPaKTEPUCTUKUA OTPAKCHHUS HEUTPOHOB, MOCKOIBKY 0OJi€e MIOTHBIE XKUAKOCTH
UMEIOT 00JIee BBICOKYIO MAacCy Ha €AMHUILY 00beMa M, CJIeA0BATENIbHO, ¢ OOJIbIIEH
BEPOSATHOCTHIO OTPAXKAOT HEHTPOHBI.

[0073] OtpaxarenpHas cbopka 900 comepXUT BBIOOPOYHO BCTABIICHHBIC
MOTJIOIIAIOIINE HEUTPOHBI 31eMeHThl 906 1 BHIOOPOUHO BCTABJICHHBIC SJIEMEHTHI
910 o6bemHoOTO cMetieHus. [Tornomaroiire HeHTPOHbI 3JIeMEHThI 906 U 37IEMEHTHI
910 oOBEMHOTO CMEIIEHUS MOTYT HMMETh JIIOOYI0O TEOMETpHUYeCcKyio (opmy,
coBMecTHMYIO ¢ hopmoii kanaimoB 908. Tlormomaromue HERTPOHBI A1eMeHTH 906
u  oneMeHThl 910 00BEMHOTO CMEIICHUS BBITECHAIOT OO0BEM TEKYUdero
oTpaxarouiero HedWTponsl Marepuania 904 B kaname 908, B koTOpbI OHHM
BCTABJICHbI, CHAXKAs, TEM CaMbIM, OTPAXKATEIbHYIO CIIOCOOHOCTh HEUTPOHOB 3TOTO
KaHaja. BeiOOpouHOE BCTaBJICHUE MOTJIOMIAIOIIAX HEHUTPOHBI 3eMeHTOB 906 u
31eMeHTOB 910 00BEMHOTO CMEIICHUS PETYIUPYET OTPAKATEIBHYIO CIIOCOOHOCTh
HEWTPOHOB B AKTUBHOW 30HE SEPHOTO pEaKTOopa MyTeM HU3MEHEHHUS COCTaBa
Martepuajga B COOpke OTpakarens HEUTpoHOB. [l OBICTPBIX HEWTPOHOB,
nepeMemaommxca B ayeMeHTax 910 00BEeMHOro CMeEIeHWs, TakuX Kak,
HarpuMmep, ObIcTphiii HEUTPOH 910, BO3MOXXHBI HECKOJIBKO CIIeHApUeB. BhICTphIit
Helitpon 912 moxker mpoxomuth uepe3 semMeHT 910 (He mokasan Ha @wur.9),
ObICTPBI HEUTPOH 912 MOkeT ObITh OTPAXXEH OCTAaBIIMMCS B KaHAJE TEKYUHUM
OTpaKaloIMM HelTpoHbl MatepuasioM 904, wunu ObicTpblii HEWTpOoH 912 Moxker
OTpaXkaThCs APYTOW MOBEPXHOCTHIO (HE TMOKa3aHa). MIumocTpaTuBHBIA OBICTPHIMH
HEUTpoH 912 C MeHblel BEPOATHOCTHIO OTPaKaeTcs OOpPaTHO B TOILIUBHYIO
o6macte 902, xorma BcraBieH syeMeHT 910 oObeMHOro CMemeHHus, YeM KOorjaa
KaHaJI 3aM0JIHEH TEKYUYHUM OTPAXAKOIIUM HEUTPOoHBI Mareprasiom 904,

[0074] Bcrapnenue snementa 906 morioiieHHs HEUTPOHOB SABISAETCS €IIE
OJIHUM CHOCOOOM KOPPEKTHPOBKH OTPAXKATEJIbHOW CIOCOOHOCTH HEUTPOHOB B
AKTUBHOW 30HE SJACPHOrO0 peakTopa MyTeM HW3MEHEHHUs COCTaBa MaTepHhayia B
cOopke oTpaxkatens HeuTpoHoB. Korga moriomaromuii HeHTpoHbl 3eMeHT 906
BcTaBieH B KaHan 908, wumrocTpaTuBHBIN ObICTPBIA HEWTpoH 912 Moxker

YAQPATHCA W MOTJIOMATHCA MOTJIOMAKINUM 3ieMeHTOM 906. BO3MOXHBI U Apyrue
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cueHapuu. MnmocTpaTuBHBIA OBICTPBIA HEHTPOH MOXET OTPAXaThbCS TEKYUHUM

OTPAKAOIIMM  HEUTpOHBI MarepuasioMm 904, koropelii He ObUT CMEIICH
norjiomammM 3ieMeHToM 906, M OH MOXKET BBIUTH M3 00JIAaCTH aKTUBHOM
30HBI, TJ€ OH MOXET OTPaKaThbCs WJM TOTJOMIATHCA APYTMM MaTepuasioMm (He
nokasaH). B apyrom BapuaHTe BBIMOJTHEHHUS TMOTJIOMIAKOIINE HEUTPOHBI SJIEMEHTHI
906 moryt ObITh BcTaBjieHBI B KaHan 908, Torma Kak TEKy4dHMH OTpaKaroIuid
HeWTpoHbl MaTepuan 904y nansercs U3 KaHajia.

[0075] Cnemyer monmmarb, uTo 31eMeHTH 910 00BEMHOro CMeElIeHHsS H
MOTJIOMIAIOIINE HEUTPOHBI AyieMeHThl 906 MOryT OBbITh BHIOOPOUHO BCTABJICHBI B
kaHael 908 B moGoit TpeOyemoit koHdurypanum w B JFO00H KOMOWHAIMH C
JPYTUMH 3JIEMEHTAMH, HE TOKa3aHHbIMM Ha Our.9, TakuMu Kak 3JIEMEHTHI,
3aMeIgIoIe HeuTpoHsl. Jlioboe kommuecTBOo »iaeMeHTOB 910 oO0BeMHOro
CMEILECHUS U MOTJIONIAKOIINUX HEUTPOHBI 3JIeMEHTOB 906 MOXKeET ObITh BCTABJICHO B
OJIMH KaHaJ MO-OTJEIbHOCTA WM B KOMOMHAIMKM C JPYTUMH BCTaBJIACMBIMU
aneMeHTaMu. DJieMeHThl 910 00BEMHOTO CMENIEHUA U MOTJIOIAIINE HEUTPOHBI
sneMeHTbl 906 MOTyT ObITh BCTABJIEHBI TOJBKO B HEKOTOPbIE U3 KaHainoB 908 win
TOJBKO B KaHAJbl HAa 4acTh AuHamudeckoro otpaxkarena 900. Moxketr ObITh
KEIATEIbHBIM ~ COCPEIOTOYUTh  MECTOIMOJOKEHUE  BOCIPOU3BOACTBA  WJIU
BBITOpaHUs B TOMIMBHOW o6Omactu 902 mnyrem BbiOOpa KOH(UTYpaIuio
BCTaBJICHUSA, KOTOpas KOHUEHTPUPYET TpeOyeMyl0 aKTUBHOCTh HEHTPOHOB B
Tpebyemom wmecte. Hampumep, NOBBIIIEHHOE BOCIPOU3BOACTBO MOXKET OBITh
WHIYIIUPOBAHO B BEPXHEH TOJOBUHE TOIUIMBHOW oOmactu 902 myTtem
BBIOOPOYHOTO yAAJICHUS 3JIEMEHTOB, BCTABJICHHBIX B BEPXHIOIO MOJIOBUHY COOPKH
900 otpaxkarens, 4yToOBl MO3BOJIMTH OTPAXKAIOIIEMY HEHTPOHBI Marepuany 904
3anoiHATh KaHaiael 908 Ha BepxHel monosuHe cOopku 900 oTpaxarena. B apyrom
MpUMEPE TOBBIIICHHOE BBITOPAHUE MOXKET ObITh WHAYIIUPOBAHO B HIXKHEHN
MOJIOBUHE TOIUIMBHON oOjactu 902 myTeM BhIOOPOUHONW YCTAHOBKH 3JIEMEHTOB,
3aMeUISAIONIUX HEHUTpPOHbI, B KaHaibl 908 Ha HuxkHel mnonoBuHe cObopku 900
oTpaxarend. B eme oqHoM mpuMepe peakTUBHOCTh B YaCTH TOIUIMBHOM 00JIacTH
902 MoxkeT OBITh YMEHBIIEHA MYTEM BBIOOPOUYHOW YCTAHOBKH MOTJIOMIAOIINX
HEeUTpoHBI A5ieMeHToB 906 B KaHansl 908, pacnosioKeHHbIE Ha TpeOyeMol CTOpOHE
cOopku 900 otpaxkarers.

[0076] B BapuaHTe BBINOJHEHUSA, H300pakeHHOM Ha @ur.9, Ttekyuuit
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oTpaxaronmii HeiTpoHsl Marepuan 904 B kananax 908 HaxoAWTCS B TEIJIOBOM

KOHTakTe ¢ TemiooOMeHHuKamMu 914, H3MeHeHuMe CKOpPOCTH  TEKYYero
oTpaxaromiero HeuTpoHbl Matepuaia 904 B kanamax 908 MOXKET H3MEHSATH
TEMIEPATypy TEKyUYEH OTPaXKaroIIeH XKUIAKOCTUA W, CIEAOBATEIbHO, €€ IIOTHOCTh
U, CJIEAOBATEIbHO, €€ XAapPaKTePUCTHUKHA OTPAXEHUs HEUTpOoHOB. HM3MeHeHue
IJIOTHOCTH TEKYYero OTPaKaloIero HeHTpoHbl Marepuana 904 sBiseTcsa elme
OJIHUM CTIOCOOOM KOPPEKTUPOBKH OTPAXKATEIbHOW CIOCOOHOCTH HEUTPOHOB B
AKTUBHOW 30HE SACPHOrO0 peakTopa MYyTeM HW3MEHEHHs COCTaBa Marepuajia B
cOopke oTpaxarens HeuTpoHOB. [locpeacTBom TemnooOMeHHMKOB 914 Texkyuuit
OTPAXKAKOIIMK HEHUTPOHBI Marepuall B kKaHamax 908 dBiseTCA BTOPUUYHBIM
TEIJIOHOCUTENEM JUisi  TOmMBHOM oOjacth 902, TOCKOJABKY OH MOXKET
0OMEHMBATHCSA TEIJIOM C PACILIABJICHHOW TOTJIMBHON COJIBIO B TOTUIMBHOM 00J1acTH
902 cHapy»ku aKTUBHOM 30HBI PEAKTOPA Uepe3 TeI00OMEeHHUKHU 914,

[0077] ®ur.10 uzoOpakaeT cxeMaThuuecKud BUA COOKY AaKTUBHOM 3OHBI
OBICTPOrO PEAKTOPA HA PACIUIABJICHHBIX COJISIX SIAEPHOTO TOIUIMBA, OKPY>KEHHOM
cOopkoit 1000 nuHAMUYECKOrO OTpaXKATENIA HEUTPOHOB C OTPAKAIOIIUM HEUTPOHBI
marepuasiom 1002, HaxoaAMMCA B TEIUIOBOM KOHTAKTE C PACIUIABICHHOMN COJIBIO
1004 spepHOro TOIIMBA B KOXYXOTPYOHOM TemiooOMeHHUKe. Tekyyas
orpaxkaromas kuakocts 1002 mportekaer yepe3 BnyckHbie orBepcetus 1006 u B
Hapy>kHbie kaHaiel 1008. Hapysxubie kananel 1008 obGecneunBaroT OTpakaroIuii
HEUTPOHBI CJIOW, U3 KOTOPOro OBICTPhIE€ HEHUTPOHBI, BBHIXOJALIME U3 TOTUIMBHOM
obnmactu 1004, moryT orpaxkarbcsi oOpaTHO B TomiuBHYIO objacte 1004. ITocne
BBIXO/Ja W3 HapyXHbIX KaHaimoB 1012 Ttekywas orpaxkatomas skuakocts 1002
MpoXoauT mo HkHUM KaHamam 1012, Hwxame xananst 1012 oGecmeumBaroT
OTPAKAKOIINI HEUTPOHBI CJIOW, U3 KOTOPOTO OBICTPhIE HEHTPOHBI, BHIXOIAIIME U3
tormmBHOW comu 1004, moryt oTpaxkaTrhca 0OpaTHO B TOIJIMBHYIO coJib 1004,
[Tocne Bbixoma w3 HWKHHUX KaHaioB 1012 Tekyuuii oTpaxaromuii HEHTPOHbI
marepuai 1002 nporekaer BBepx uepe3 Tpyoku 1014,

[0078] TpyOku 1014 HaxomaTrcssi B TEMJIOBOM KOHTAKTE€ C PACIUIaBJICHHOMN
tormyiBHOK conbto 1004, mpoTtekaromiet BHM3 B kaHanmax 1016, okpyskarommx
TpyOku 1014, B  KOXyXOTpyOHOM KOH(HUTYypalyu, €, CIEIOBATEIbHO,
(hyHKIIMOHUPYIOT KaK BTOPUYHBIA TETUIOHOCHTEINb IJI aKTHBHOUW 30HBI PEAKTOPA.

TpyOku 1014 moryT ObITh BBINOJHEHBI B BHUIE JHOOOr0 KOJIMYECTBA TPYOOK
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J000TO AMaMETpa W TeOMETPUM momnepeuHoro ceuenud. Kondurypamms tpyOok

1014 moxeT ObITh BIOpaHa AJ1A TpeOyEMOTO MOBEPXHOCTHOIO KOHTAKTA C TEKYyYeH
pacmiaBjaeHHOM ToruBHOW conbto 1004 B obOmactu 1016 anma oGecnedeHud
TpeOyeMOoro TermTo00MeHa MEXIAY TEKYUYUM OTPAXKAIOIIUM HEUTPOHBI MaTEPHUATIOM
1002 u pacrasnenHoi torurBHOM conbio 1004, Tlocne Brixoma u3 tpy6ok 1014
TeKy4Hui oTpakarommii HeHTpoHbl MaTepuai 1002 BxomuT B BepxHuid kaHan 1020.
Bepxnwmii kanan 1020 obGecrieunBaeT OTpaxkarolyii ¢jIod, U3 KOTOPOro HEHUTPOHBI,
BBIXOJAIME U3 TommuBHOM o6Omactu 1004, moryr ortpaxkarbess oOpaTHO B
TormuBHY0 06macTh 1004. TerumooOMeHHUKH (HE TOKA3aHbl) MOTYT HAXOIUTHCS B
TEIJIOBOM KOHTAKTE ¢ TEKYYUM OTpPaKaroluM HelTponsl matepuanom 1002. B
OJIHOM BAPUAHTE BBIMOJHEHUS TEMIOOOMEHHUKA MOTYT OBITh PAaCHOJIOKEHBI 3a
npenenamu kaHama 1008. B apyrom BapuaHTe BBIMOJHEHUS TETUIOOOMEHHUKH
MOTYT OBITh PACMOJIOKEHBI HAJ BMYCKHbIM oTBepcTHEM 1006 Wik BBIMYCKHBIM
orBepctueM 1022 s Tekydero oTpaxaroiero HeHTpoHsl Marepuasia. brarogaps
TEIMJI00OMEHHUKAM, TEKYUMH OTpakaroliuii HeWTpoHsl matepuan 1002 apnsercs
BTOPUYHBIM TEIUIOHOCUTENIEM Ui TOomMBHOW oOnactu 1004, mockoiabKy OH
MOXET OOMEHHMBATHCS TEIJIOM C PACIUIABJICHHOW TOIJIMBHOW COJIBIO CHApYXH
AKTUBHOM 30HBI PEAKTOPA.

[0079] OTpaxaTenbHyt0 CHOCOOHOCTh HEUTPOHOB B AaKTUBHOM 30HE SAEPHOTO
peaKkTopa MOJKHO PEryJIMpoBaTh NYTEM HW3MEHEHHS COCTaBa OTPAKAOMIIECH
xuakoctd B kanamax 1008, 1012, 1020. Hampumep, o00BbeM TeKyudero
OTpaKarIero HeWtponsl wmatepuana 1002 MoOKeT PperyaupoBaTbes TMyTEM
MPOKAYKK HEKOTOPOTO KOJIMUECTBA TEKYUEro OTPaXkarollero HeWTPOHbl MaTepuasa
1002 B mepenuBHOi#t pe3epByap 1010 wiam U3 HEro, COOTBETCTBEHHO YBEJIUUUBAs
WM YMEHBINAA, T€M caMbiM, KoddduimmeHt oTtpakeHus. B apyrom mpumepe
IJIOTHOCTh TEKYYEro OTPaKAIOIIEro HEeWTpoHbl marepuana 1002 udepe3 kaHasbl
1008, 1012, 1020 moxeT perynupoBarhcs. bojiee BbICOKAs MIOTHOCTh TEKYUYEro
oTpaxkarouiero HeWTtpoHel Matepuana 1002 MoxeT NPUBOAUTH K YBEIUUYEHHUIO
OTpakaTeJIbHOM CIMOCOOHOCTH HEWUTPOHOB, TOrAa Kak Oojiee HU3Kas TMIIOTHOCTh
TEKy4ero oTpaxaromiero HeWTtpoHsl wmatepuana 1002 MoXeT NpUBOAUTH K
YMEHBIIICHHOW OTPaXKaTeJIbHOM CHOCOOHOCTH HEUTPOHOB. [IOTHOCTH TEKydero
OTPaKAOIIEro HEWTpoHbl Martepuana 1002 MokeT peryaupoBarbesi MNyTEM

W3MEHEHUs TemnepaTrypbl. TemmepaTrypa TEKydero OTPaXKAOLIEr0 HEUTPOHBI

3AMEHAIOIIMNI JTUCT



34
marepuasia 1002 MoXKeT peryJiMpoBaThCs MyTEM M3MEHEHHUS CKOPOCTH MOTOKA U,

TakuM 0O0pa3oM, BPEMEHM TEIUIOBOTO KOHTAaKTa ¢ PACIUIaBJICHHOM TOIUIMBHOM
combio 1004. B kauecTBe ajbTEpPHATUBBI WJIM JOMOJHHUTEIIBHO, HAIMPABIICHUE
MOTOKA TEKydero oTpaxkaroniero HeWTponsl wmarepuana 1002 moxker ObITh
U3MEHEHO Ha TMPOTUBOMOJIOXKHOE. Takum oO0pa3oMm, TEeKyuyud OTpaXkarolIui
HerTpoHsl Matepuan 1002 MokeT mpoTekaTh B HUCXOAIIEM HaIpPaBJICHUH Yepe3
TpyOku 1014 u BBepx uyepe3 kananmel 1008 B mepenusHoi pesepyap 1010.
Hanpasnenue noroka pacriasiaeHHoi coiu 1004 spepHOro TOmInBa TakKe MOKET
ObITh WM3MEHeHO Ha oOparHoe. Takum oOpa3om, pacmiaBiaeHHas coiab 1004
AICPHOTO TOIUIMBA MOXET MPOTEKATh B HUCXOJAIIEM HAIPABJICHUH B IIEHTPE
00J1acTH JIEJICHUS U MMPOTEKATh B BOCXOAAIIEM HAIMpPaBJICHUHU BOKPYT TpyOok 1014,

[0080] ®wur.11 wmzobOpaxkaeT cxeMaTUYECKUH BUJ CBEPXY AKTUBHOW 30OHBI
OBICTPOrO peaKTOpa Ha PACIUIABJICHHBIX COJISIX AJICPHOTO TOIUIMBA, C TOILUIUBHOM
obnmactero 1102, okpyxkenHoit cOopkodi 1100 oTpaxkarenss HEHTPOHOB C
OTPAKAIIMM HEUTPOHBI MaTepuanioM 1104, nporekaromum depe3 kanaisl 1110, u
nporekaronmm uepe3 Tpyoku 1108 B kanamax 1112, npuuem tpyOkm 1108
HaXOJATCS B TEIJIOBOM KOHTAKTE C PACIUIaBJICHHOW SEPHON TOIIMBHOM COJIBIO
1004, mporekaromeit yepe3 TommBHyO obnacte 1102 u yepe3 kananmsr 1112 B
KOXYXO0TpyOHOM TermooOMennnke. C Touku 3penus @wur.ll, pacrnnaBieHHas
TOTUIMBHAS COJIb TEUET BBEPX Uepe3 TOIIMBHYIO 06macth 1102 u BHU3 MO KaHaIam
1112. Texyuasa oTpaxaromias *HUAKOCTb Te€4YeT BHU3 Mo kaHatam 1110 u BBepx
yepe3 TpyOku 1108. B sTOoM BapwaHTe BBINOJHEHUA TEKydas OTpaKaroIias
xuakocth 1104 Takxke sBIAETCS BTOPUUHBIM TEIUIOHOCHUTENIEM Jid TOILIMBA B
tormmBHOW obOmactu 1102, Tpy6km 1108 wmoryr mnpuHuUMaTh pasidyuHbIE
KOH(HUTYypanun, BKITIOYAsk HEOTPAHUUSCHHOE KOJIMYECTBO TPYOOK B KQXKIOM KaHAJe
1112 wmm TpyOkm nmroboii reomeTpuueckoid ¢opmMbel. Beibop kommuecTBa TpyOOK
1108 B kamame 1112 u ¢opmer TpyObok 1108 Oyaer ompenmenars TuIOMAAb
MOBEPXHOCTH, HAXOJAIICHCS B KOHTAKTE C PACIJIABJICHHOW TOIUIMBHOM COJIBIO,
npotekaronieil BBepx B KaHaie 1112, U U3MEHATh KOJMYECTBO TEILIA,
OOMEHMBAIOIIETOCA MEXAY TEeKydehd oTpaxarwomied xuakocteio 1104 wu
paciuiaBjiecHHOW ToriMBHOM coJibto 1102. HecmoTps Ha TO, uto B KaHane 1112 Ha
@ur.11 mnokazana mnapa TpyObok 1108, Takxke BO3MOMXKHBI PA3IUYHBIC

koH(purypanuu. Hanpumep, tpyOku 1108 Moryt mpoxomuTs TO HW3BHIMCTOMY
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nyTH yepe3 KaHaibl 1112, yToObl yBENMYUTH TUIOIIAb TOBEPXHOCTH, TEPMUUECKHU

MMOJABEPTHYTYI0 BO3JCUCTBHUIO PACIUIABJIEHHOW TOIUNIMBHOM cosm. B apyrom
BAPUAHTE BBIMOJHEHUs KaHaibl 1112 MoryT coaepkarb psl NeperopoaoK, BOKPYT
KOTOPBIX pacIjiaBjeHHAs TOTUIMBHASA COJIb JO/DKHA MPOTEKATh HEMPSIMBIM 00pa3om
MEXIY BIYCKHBIM U BBIMYCKHBIM OTBEPCTHAMU. (CXeMa HEMpsSMOro TMOTOKa
YBEJIMUMBAET TEMJIOBOM KOHTAKT MEXKIYy PACIUIABJICHHOW TOIUIMBHOM COJIBIO W
TpyOKaMM W yBEJIWYMBACT YroJl MEXAY TpyOKamMHW M TIOTOKOM pacIlIaBJICHHON
TOTUIMBHOM COJIM J1J1 YBEJIUUYEHHUSI TEMIOBOTO KOHTAKTA.

[0081] B onHoM BapuaHTe BBINOJHEHUS WJUIIOCTPATUBHBIE OBICTPhIE
HelTpoHsl 1114, Beixoasiue u3 ToriuBHoU oonactu 1102, MOTyT OBITh OTPAXKEHBI
Tekyuer otpaxkaromieit kuakocteto 1104, comepxainetics B TpyOkax 1108, nnm
OTpaXXeHbl TEeKyueh oTpaxkaromiei >kuakocthio 1104, coaepxareiics B KaHalax
1110, u oGpatHOo B TomuBHYIO o0siacth 1102. BeicTpble HEWTPOHBI, TAKHE Kak
WUTIOCTPATUBHBIA  ObICTPbIA HeWTpoH 1116, BeIXOAAIIMA W3 pacmiaBICHHOMN
TOIJIMBHOW COJIM, MpoTekawomeh B kaHamax 1112, Ttakike MOXKeET OTpakarbCs
Tekyuer otpaxkaromieit xuakocteio 1104 B TpyOkax 1108 wnm B kananmax 1110 u
o0paTHO B TOMIMBHYIO oOnacts 1102.

[0082] ®ur.12 wmmocTpupyeT OJ0K-CXEMY MOCJIEA0BATEIbHOCTH OMNeparuil
1200 cmemeHnss OMHAMHAYECKOTO  CHEKTpa B OBICTPOM  PEAKTOpe  Ha
PaCIUIaBJICHHBIX COJIAX sAfaepHOro TtormiuBa. [lopaepskuBaromas omnepauus 1202
MOAACPKABAET PEAKLMIO AACPHOTO ACIEHUSA B aKTUBHOW 30HE ANEPHOTO PEAKTOPA,
OKPY>KCHHOW COOpPKOW JWHAMHUYECKOro oTpaxkarens HedTpono. COopka
OTpakatensd HEUTPOHOB MOKET HUMETh MO MEHBIIEH MEPE OJWH OTPAKAIOIIUN
HeWTpoHbI MaTepuan. COopka oTpakaTelsisi HEUTPOHOB MOKET OKPYKaTh aKTUBHYIO
30HY SJIEPHOTO PEakTopa MyTeM pPa3sMEIEHUs PaJWajbHO BOKDYT, BHIIIC HW/WIH
HW)KE aKTHUBHOW 30HBI peakTopa. COOpka oTpaxaresiss HEHTPOHOB MOXKET ObITh
BBITIOJTHEHA B BUJE OJIHOW HEMPEPHIBHOW YACTH, BHITIOJIHEHA B BUJE OTACIIbHBIX
4yacTel, pacnpeieSIEHHbIX BOKPYT aKTUBHOM 30HbI PEAKTOPA, PACMOJI0KEHA BOKPYT
AKTUBHOW 30HBI B BHJE OTICIBHBIX YACTCH C MPOMEKYTKAMH MEXKTy HAMH W/VIA
CETMEHTHPOBAHA HA CEKIMW TPABWJIBHOW WM HempaBwibHON dopmbl. COopka
OTPaXKATENSI MOXKET COAEPXkAaTh OJIMH WM HECKOJIbKO KAHAJIOB AJiA MPOMYCKAHMS
TEKY4Ero oTpakarouiero mareprana. COopka oTpa)kaTelsist MOKET COAEPKaTh OJUH

WJIA HECKOJIBKO YPOBHEM KaHAJIOB, TAaK UYTO TEKYUYMH OTPAKAIOIMNA MaTepuan
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MNPpOTCKAaCT B OJHOM HAIIPABJICHHMK HA OJHOM YPOBHC H IIPOTCKACT B APYIOM

HaIpPaBJICHUW HAa OJHOM WM HECKOJbKUX APYrux ypoBHsax. Hampumep, cOopka
OTpaXkaTensd MOXKET COJEP)KATh HAPY)KHBIA KaHal € TEKYYUM OTPaXKaroIUM
MaTepuagoM, IMPOTEKAKOIWIUM BHU3, U JAPYroi, BHYTPEHHUN KaHAJI C TEKy4YUM
OTPAXKAIOIIUM  MaTEpPHAJIOM, TPOTEKAIOIIMM BBEPX, UTOOBI HE JOIMyCKaTh
3a0MBaHWE BITYCKHOTO WJIM BBIMYCKHOTO OTBEPCTHS TOJA aKTUBHOW 30HOM
peakropa.

[0083] Cbopka oTpakaTesns MOXKET TaKKe HAXOAUTHCS B TEIJIOBOM KOHTAKTE
C OJHMM WIH C HECKOJIbKUMHU TEIUIOOOMEHHUKAMU U, CJIEJOBATEIBHO,
(hyHKIIMOHUPYET KaK BTOPUIHBIN TEIJIOHOCUTETh TS aKTUBHOM 30HKI peakTopa. B
OJIHOM BAapHWAHTE BBIMIOJHCHHUS TEMJIOOOMEHHUKA TEPMUUYECKH COCAUHEHBI C
KaHaJlaMW I TPOMYCKAHUS TEKY4Eero OTPaXKarolero marepuana. B apyrom
BAPUAHTE BBHITIOJIHEHUSA MOXKET UCIOJIb30BATHCA KOXKYXOTPYOHbBIH TEMIIO0OOMEHHUK,
B KOTOPOM IEPBBIM KaHAJI MPOBOAUT TEKYUUN OTPAKAIOIIUKA MaTEpHall B MEPBOM
HAMPABJICHUW, 4 OJWH WM HECKOJBbKO AOMOJHUTEIBHBIX KAHAJIOB MPOBOIAT
TEKy4YUl OTPAXKAIOIIMI MaTEpUal BO BTOPOM HAMPABJICHUW 4YEPE3 OAHY WIIU
HECKOJIBKO TPYOOK, OKPY>KCHHBIX TMPOTEKAIOIIECH pacIUIaBICHHON TOIJIMBHOM
COJIBIO.

[0084] Perymupyromas onepauus 1204 perynupyer nNOTOK OBICTPBIX
HEUTPOHOB W MOTOK TEIUIOBBIX HEUTPOHOB B AKTUBHOM 30HE SIICPHOTO PEAKTOPA B
TEUCHUE HE3aTyXalollel peakuuu SANEPHOr0 JCJIEHUs IYTEM HW3MEHECHUA
XapaKTEPUCTUK OTPAXKATEJIbHONW CIIOCOOHOCTH OTPAXKAIOIIEro MaTepuaia B cOOpke
oTpaxkateiad  HEHUTPOHOB.  M3MeHeHME  XapakTEepUCTHK  OTPaKATEIbHOMU
CIIOCOOHOCTH OTPAXkAKOIIEro Marepuaja B cOOpKe OTpaxaTesss HEUTPOHOB MOXKET
BKJTIOUATH: JTIOOYIO OJHY HMJTM HECKOJIBKO U3: MoauduKanuu o6beMa OTpakaroIero
Marepuajia B COOpPKE OTpaxaress, HW3MEHEHUsS TUIOTHOCTH OTPAXAKOIIETo
Marepualia B COOpKe OTpakaTesisi, K3MEHEHUS COCTaBa OTPAKAIOIIErO MaTepralia B
cOOpKe OTpa)kaTesisi, BCTABJICHUS 3aMEJISIONIMX HEWTPOHBI 3JIEMEHTOB B COOPKY
OTpaXkaTellsl W/WiHM YJaJICHHUS 3aMeUIAIONINX HEUTPOHBI 3JIEMEHTOB W3 COOPKH
OTpa)kaTesis, BCTABJICHHUS TMOIJIOIIAKOIINX HEUTPOHBI HJIIEMEHTOB B COOPKY
OTpaXkaTellsl W/WIWA yNaJeHUs TOTJIOMAIOMNAX HEHUTPOHBI SJIEMEHTOB W3 COOPKH
OTpaXkaTelsi, W/WIA BCTaBJICHUA SJIEMEHTOB OOBEMHOTO CMEIIEHUS B COOPKY

OoTpaXkaTeNnsl W/WiIM YNaJeHUsA 5SJIEMEHTOB OOBEMHOTO0 CMENICHUS W3 COOpKH
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OTpaXkaTesl.

[0085] ®wur.13 wmmrocTpupyer OJOK-CXEMY JIPYTHX WJUTFOCTPATUBHBIX
onepauuii 1300 cMelieHUa AUHAMUYECKOTO CIEKTpa B OBICTPOM pEAKTOpPE Ha
PaCIUIaBJICHHBIX COJIAX sAnepHoro TormnuBa. [lomaepskuBaromas omnepanus 1302
MOAJEPIKUBAECT PEAKLHIO AEPHOIO JEJIEHUS B aKTUBHOM 30HE ANEPHOr0 Peakropa,
OKPY>XEHHOM COOpKOM oTpakaTesss HeHTpoHOB. COOpKa OoTpakaTteias HEHTPOHOB
MOKET MMETh MO MEHBIIEH MEpe OIUH OTPAKAIOIIMKA HEUTPOHBI MaTEepUal.
COopka oTpaxaresiss HEUTPOHOB MOXKET OKpPYXKaTh AKTUBHYIO 30HY SAEPHOTO
peakTopa IMyTeM pa3sMENIeHUs PaAvallbHO BOKPYT, BHIIIC /WA HIKE aKTHBHOM
30HBI peakTopa. COopka oTpakaressi HEUTPOHOB MOXET ObITh BBHIMOJIHEHA B BHU/JIC
OJHOM HENPEPBIBHOW YACTU, BBINIOJIHEHA B BHUAE OTACJIBHBIX YaCTEW,
pacrlpeaeiieHHbIX BOKPYI AaKTUBHOW 30HBI pEAaKTOpa, PacHoJiOK€HA BOKPYT
AKTUBHOW 30HBI B BUJE OTACIBHBIX YACTEH ¢ TPOMEKYTKAMH MEKIy HUMH H/WIA
CETMEHTHPOBAHA HA CEKIMW TPABWIBHOW WM HempaBwibHON dopmbl. COopka
OTPaXKATENsI MOXKET COAEPXkaTh OJIMH WM HECKOJIbKO KAHAJIOB JJISI MPOMYCKAHUS
TEKyuero oTpaxaroiero marepuaina. COopka oTpa)xaTeisi MOKET COJIePKaTh OJIUH
WJIA HECKOJIBKO YPOBHEM KaHAJIOB, TAaK UYTO TEKYUYMH OTPAKAIOIMUA MaTepuan
MPOTEKAECT B OJHOM HAIPABJICHHWM HA OJHOM YPOBHE M TPOTEKAECT B APYroM
HaIpPaBJICHUW HAa OJHOM WM HECKOJIbKMX IpYrux ypoBHsax. Hanpumep, cOopka
OTpa)KaTelss MOJKET COJEPXaTh HAPYKHBI KaHal C TEKYYUM OTPaXKarolIUM
MATE€pUATIOM, NPOTEKAIOIUM BHU3, W JIPYrod, BHYTPEHHUW KaHal C TEKYYHUM
OTPKAIOIIMM  MaTepHUAJIOM, TMPOTEKAIONIUM BBEpPX, YTOOBI HE JIOMYCKAaTh
3a0MBaHME BITYCKHOTO WJIM BBIMYCKHOT'O OTBEPCTUS TMOJI AKTHUBHOW 30HOM
peakTopa.

[0086] Cbopka oTpakaTess MOXKET TaKKe HAXOAUTHCS B TETUIOBOM KOHTAKTE
C OJHMM WIH C HECKOJIbKMMHU TEIMJIOOOMEHHUKAMU U, CJIEJAOBATENbHO,
(hyHKIIMOHUPYET KaK BTOPUYHBIN TEIJIOHOCUTENTH /TS aKTUBHOHN 30HKI peakTopa. B
OJIHOM BAapHUAHTE BBIMOJHECHHUS TEMJIOOOMEHHUKA TEPMUUYECKH COCIMHEHBI C
KaHaJlaMW Il TIPOMYCKAHUS TEKY4Eero OTPa)karolero marepuana. B apyrom
BAPUAHTE BBITIOJIHEHUSA MOXKET UCIIOJIb30BATHCSA KOXKYXOTPYOHbBIN TEMIIOOOMEHHUK,
B KOTOPOM IEPBBIM KaHAJI MPOBOAUT TEKYUUN OTPAKAIOIIUKA MaTepUal B MEPBOM
HAIMpaBJICHUHW, a OJWH WJIM HECKOJbKO TOMOJIHUTEJbHBIX KaHAJIOB MPOBOJST

TeKy4ud OTpaKarolUii MaTepuaj BO BTOPOM HAMpaBJCHUM 4YEpPEe3 OJHY WIIH
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HECKOJIBKO TPYOOK, OKPY>KEHHBIX TEKYU€H pacIIaBJICHHON TOIIMBHOM COJIBIO.

[0087] Perynupyromas onepauus 1304 perynupyer n0OTOK OBICTPBIX
HEUTPOHOB U MOTOK TEIUIOBBIX HEUTPOHOB B AKTUBHOW 30HE SICPHOrO PEAKTOpPa B
TEUCHUE HE3aTyXaIOIICH PEaKIMH SIICPHOrO ACNICHUA MyTeM H3MEHEHHUs o0bema
OTPaXKAIOIIEro MaTtepuania B cOopke oTpaxkartenss HeHTpoHOB. OO0BEM TeKyuero
OTPAXKAIOIIEr0 MaTepuajia MOXeT ObITh HaKayaH HACOCOM M KJIAllaHOM, IMTPOTOYHO
COCIMHECHHBIM C TEPEIUBHBIM pe3epByapoM. OOBEM TEKyuero OTPaKaroImmiero
Marepuajia MOXET HAKauMBAThCS 4Yepe3 KianaH W B MEPEIMBHON pe3epByap i
YMEHBIIIEHHSI 00beMa OTPaXKaloIero Marepruaia B COOpKe OTpaXkarelis W, TaKUM
o0pa3oM, YMEHBIIATh TOTOK OBICTPHIX W/WJIN TETUIOBBIX HEHTPOHOB, PACCESTHHBIX B
AKTUBHYIO 30HY peaktopa. M Hao0opoT, 00BEM TEKydero marepuajia MOXKET
HAKQUMBAThCS Uepe3 KJamaH W3 MNEPEIMBHOTO Pe3epByapa, uTOObl YBEIWYUBAThH
o0beM B cOOpKe OTpaxkareis M, TakKuM 00pa3oM, YBEIUYUTh OTPAKATEIbHYIO
CITOCOOHOCTh HEUTPOHOB B aKTUBHOM 30HE PeaKToOpa.

[0088] B apyrom oOQHOM BapHWaHTE BBIMIOJIHEHUA W3MEHEHHUE COCTaBa
Marepuajia B cOOpKE OTpaXkaTeyisi HEUTPOHOB MOXET BKIIIOUATh BBIOOPOUHYIO
YCTAHOBKY WJIH YJIAJICHHE 3JIEMEHTA 00BEMHOTO CMEIIEHUSA B OJIMH UJIM HECKOJIBKO
KaHAJIOB, TMPOBOJAIIMX TEKy4YMd OTpaxarommil wMarepuan. B BapuaHTax
BBITIOJTHEHUS 3JIEMEHT OOBEMHOIO CMEIICHUS MOXET MPEACTaBIATh CO00H
AJIEMEHT 3aMEJICHUsI HEUTPOHOB, AJIEMEHT MOTJIOICHUA HEUTPOHOB WJIA SJIEMEHT
O00BEMHOTO CMEILIEHUS, KOTOPbI HE BIUAET HA MOTOK HEHTPOHOB (HAMpuMED,
MOJIBIA AJIEMEHT WJIK 3JIEMEHT, 00pa30BaHHbBIA U3 MATEPHUAJIOB, HE BJIMIOIMIMX HA
HEHUTPOHKI). BeraBnenue snemMeHTa 0O0bEMHOTO CMEIICHHS B KaHa, TIPOBOISIIIHMA
OTPAKAIOIIMI MaTepuall, OKPYKAIOIIWKA aKTUBHYIO 30HY PEaKTOpa, YMEHbBIIAECT
00bEeM OTpaXKaroIllero Marepuajia B KaHAJE M, TakuM oO0pa3oM, H3MEHSET
XapPaKTEPUCTUKU OTPAXKATEIbHOW CMOCOOHOCTH COOpPKM OTpaxaTenis 3a CueT
YMEHBIIICHUS PACCESIHUS HEUTPOHOB, MOCKOJIBKY MEHBIIIEE KOJIMUECTBO HEUTPOHOB
OyJIET C BEPOSATHOCTHIO PACCESHO M3-32 YMEHBIIEHHOIO0 00BbEMa OTPAXKAIOILIETO
Marepualia. Y JaJ€HUuE 3JIEMEHTAa 00BEMHOTIO CMEIICHUS U3 KaHajla, MPOBOSIIETO
TEKYYHH OTPAKAOIIMKA MaTepuasn, OKPYKAIOIMKA aKTUBHYKO 30HY SIAEPHOrO
pPEaKTOpa, MOXKET YBEJIWUYUBATh OOBEM TEKYUEro OTPa)Xalollero marepuana H,
TaKuM 00pa3oM, U3MEHATh XapAKTEPUCTUKHU OTPAXKATEIbHON CIOCOOHOCTH COOPKHU

OTpakarensd 3a CUET YBEIIMYEHHUSA PACCEAHUS HEUTPOHOB, MOCKOJBKY TEKYUYUH
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OTPAKAIOIINI MaTepUATT MOXKET BEPHYTHCA K COOPKE OTpakaresis B MPOCTPAHCTBO,

OCBOOOKIEHHOE  W3BJICYEHHBIM  3JIEMEHTOM OOBEMHOrO CMEUIEHUSA, UTO
YBEIIMYMBAET BEPOATHOCTh TOTO, UTO HEHTPOHBI, BBIXOJAIINE U3 AKTUBHOW 30HBI
peakTtopa, OyAyT pacceuMBaThCs U3-3a YBEJIMYCHHUS OOBEMa OTPaKarOIIETo
Marepuana.

[0089] ®wur.14 wnmmocTpupyeT ONOK-CXeMy JIPYyTHX MIUTIOCTPATHBHBIX
onepanuii 1400 cMemeHus AUHAMHUYECKOTO CIIEKTpa B OBICTPOM pEaKTOpe Ha
pacIUIaBJIEHHbIX CONAX siaepHOTO ToruiuBa. [loanepkuBatomas omneparus 1402
MOAACP>KUBACT PEAKIIUIO SIJCPHOTO JIEJICHUA B aKTUBHOM 30HE SIACPHOTO PEAKTOPA,
OKPY’>KEHHOUW cOOpko#l oTpaxkareysi HeHTpoHOB. COOpka OTpakareyisi HEWTPOHOB
MOKET UMETh MO MEHBIIEH MEpe OIUH OTPAKAIOIIMKA HEUTPOHBI MaTEpUal.
COopka oTpaxarenss HEUTPOHOB MOXKET OKpPYKaThb AKTUBHYIO 30HY SAEPHOTO
peakTopa MyTeM pa3sMENIeHUs PaAvalbHO BOKPYT, BBHIIEC /WA HUKE aKTHBHOU
30HBI peakTopa. COopka oTpaXkaresisi HEUTPOHOB MOXET ObITh BBHIMIOJIHEHA B BHU/IC
ONHOW HEMNPEPBIBHOW YACTH, BBINIOJHEHA B BHUJE OTACIBbHBIX YaCTEH,
paclpeaeeHHbIX BOKPYT AaKTUBHOW 30HBI PEAKTOpPA, PaCMOJIOKEeHA BOKPYT
AKTUBHOW 30HBI B BUJE OTACIBHBIX YACTEH ¢ MPOMEKYTKAMH MEKIYy HUMH W/ WA
CErMEHTHPOBAHA HA CEKIMU TPABWIBHOW WM HempaBwibHOU (opmbl. COopka
OTpa)KaTeNsl MOXKET COAEPXkaTh OJWH WM HECKOJIBKO KAaHAJIOB JJIA MPOMYCKAHHS
TEKY4ero oTpaxaroriero marepuaia. COopka oTpaxkaTelsisi MOXKET COJAEPKaTh OJIUH
WM HECKOJIBKO YPOBHEW KAHAJIOB, TaK YTO TEKYYMHW OTPAKAIOIIMN MaTepuall
MPOTEKAaeT B OJHOM HAIPaBJICHHWM HAa OJHOM YPOBHE M TPOTEKAET B APYroM
HaIpaBJICHUW HA OJTHOM WJIM HECKOJbKUX APYrux ypoBHsx. Hampumep, cOopka
OTpaXKaTeisi MOXKET COJIEPaTh HAPYX HBIM KaHAT C TEKYYUM OTPaXaroIUM
MaTEepUaJiOM, TPOTEKAIOIIMM BHHU3, U JPYrod, BHYTPEHHUM KaHAl C TEKYUHUM
OTPAKAIOIIMM  MaTEPUAJIOM, TMPOTEKAIOIIUM BBEpPX, YTOObI HE JIOMYCKATh
3a0MBaHUE BIYCKHOTO WJIM BBIMYCKHOTO OTBEPCTHUS TMOJI AKTUBHOW 30HOMN
peakTtopa.

[0090] Cbopka oTpakaTenss MOXKET TaKKe HAXOAUTHCS B TETUIOBOM KOHTAKTE
C OJHMM WIH C HECKOJIbKMMHU TEMJIOOOMEHHUKAMU U, CJIEJAOBATENbHO,
(byHKIIMOHUPYET KaK BTOPUYHBIN TEIJIOHOCUTEh TS aKTUBHOHN 30HBI peakTopa. B
OJIHOM BAapHWAHTE BBIMOJHECHUS TEMJIOOOMEHHUKH TEPMHUECKA COEAUHEHBI C

KaHajaMu Uil TNPOIYyCKaHUA TEKY4Yero OTpakarollero marepuana. B apyrom
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BAPUAHTE BBIMIOJIHEHUSA MOXKET UCIIOJIb30BATHCSA KOXKYXOTPYOHbBIN TEMIIOOOMEHHUK,
B KOTOPOM IEPBBIA KaHAJI MPOBOAUT TEKYUUN OTPAKAIOIIUNA MaTepHal B MEPBOM
HANpPABJICHUU, a OJWH WM HECKOJBKO JOMOJHUTEIBHBIX KAaHAJIOB MPOBOIAT
TEKy4ul OTPAKAOIIMN MaTepuajg BO BTOPOM HANPABJICHUM 4YEpPE3 OJHY WIIU
HECKOJIBKO TPYOOK, OKPY>KEHHBIX TEKyUeH PacIIaBJICHHON TOTUIMBHON COJIBIO.

[0091] Perymupyromas omneparus 1404 perynmmpyer MOTOK OBICTPHIX
HEHUTPOHOB M MOTOK TEIJIOBBIX HEUTPOHOB B AKTUBHOM 30HE SAJICPHOTO PEAKTOpPa B
TCUCHUE HE3aTyXalIIe peakiuu AJCPHOTO JACJICHUS MyTeM HW3MEHCHUSA
IJIOTHOCTH OTPAXAKOIIEro Marepuajia B COOpPKe OTpaxkaTelss HEHTPOHOB.
[11oTHOCTE OTpaXarollero Marepuajiia B COOpPKE OTpaKkaTesisi HEUTPOHOB MOKET
ObITh M3MEHEHA NYTeM  M3MEHEHUA TEMIIEPATypbl TEKYUYEro OTPAKAIOILIEro
HEWTpPOHBI MaTepuana B cOopke otpaxarend. [Ipu Oosee BHICOKHX TeMmepaTypax
TEKYUHH OTPa)Xaroluidi HEUTPOHBI MaTepuajl UMEET TEHACHIIMI0 HUMETh OoJjiee
HU3KYIO IUIOTHOCTh, @ MpH O0Jee HU3KUX TeMIleparypax TEKYUH OTpasKarolIuit
HEWTPOHBI MaTEpHAl MMEET TEHICHILMIO HMETh O0JIe€ BBICOKYHO) ILJIOTHOCTD.
N3MeHeHnss B IUIOTHOCTM  HM3MEHSKOT  XAPAKTEPUCTHKUA  OTPAXKATEIBHOM
CcrOoCOOHOCTH COOPKU OTpakaTesisi, MOCKOJIbKY OBICTPBIE M TETUIOBbIE HEUTPOHHI,
BBIXOJSIINE W3 AKTUBHOW 30HBI PEAKTOpa, OyIyT C OOJbIIEeH WM ¢ MEHbIIEH
BEPOATHOCTBIO PACCEUBATBHCA MATEPHATIOM OTpPaXKaTess, B 3aBUCUMOCTH OT
BEPOSITHOCTH CTOJIKHOBEHHUSA C SJAPOM OTPAXAIOIIEro Marepuana B cOOpke
orpaxarenss. OgHuM HU3 CHOCOOOB HM3MEHEHHUS TEMIIEpaTypbl  TEKYuYero
OTPaXarOIIEro HEUTPOHBI MaTepHasa SIBJIIETCA U3MEHEHUE €r0 CKOPOCTH MOTOKA
¥, TakuM oO0pa3oM, BPEMEHHM TEIJIOBOTO KOHTAKTa TEKYUero OTPaXarollero
Marepuaia ¢ paciyiaBICHHON TOMJIMBHOMN COIBIO. bojiee BbICOKas CKOPOCTh MOTOKA
MOJKET COKPATUTh BPEMS KOHTAKTa C TOPAYEH TOIJIMBHON COJBIO, CHHXKAsA, TEM
CaMbIM, TEMIIEPATYPY TEKYUYEro OTPAXKAIIET0 MaTepuajia M YBEJIUYUBAs
IJIOTHOCTh TEKYYEro OTPAKAIOIIETO Marepuana. bomee HHU3Kas CKOPOCTh MOTOKA
MOJKET OCTaBJIATh TEKYUYMH OTPAKAOIIUA MaTepuajl B TEMJIOBOM KOHTAKTE C
ropsiyeil TOIUIMBHOW COJIBKO B TEYEHHE OTHOCHUTEJIBHO [JIMTEIIBHOTO NEPUOAA
BPEMEHH, YBEIIMUMBAsA, TEM CAMbIM, €ro TEMMEPATypy M CHHXKAsd MJIOTHOCTh
TEKYy4Ero OTPAKAIOIIETO MaTepruana.

[0092] B npyrom BapuaHTe BBITIOJIHEHHS A1 0OOMEHA TEIjia MEXTy TEKYUYUM

OTPAXKAOIIUM MATEPUAIIOM U PACIUIABJIEHHOU TOIUIMBHOM COJIBIO  MOXKET
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MCTIOJIb30BAThCA KOXKYXOTPYOHBI# TEIJIO0OOMEHHUK. KoxyxoTpyOHbIit

TEIMJIOOOMEHHUK MOJKET OBITh BBIMOJIHEH C MEPEroOpoJKamMu AJis HAMNpaBJICHUS
PaCIUIaBJICHHOW TOIJIMBHOW COJIM MO M3BWJIACTOW TPACKTOPUH BOKPYT TPYOOK,
MEPEHOCAIIMX TEKYUHU OTpaXkarolunii Mmatepual. [1oaBuKHbIE TEPErOPOIKH MOTYT
YBEIIMYMBATh WM YMEHBIIATh BPEMA TEIUIOBOTO KOHTAKTA MEXAY TEKYYUM
OTPAXKAIOIUM MATEPUAJIOM M PACIUIABJICHHONW TOIUIMBHOM combio. Kak Oblio
OMHUCAHO BHIIIE, W3MCHCHHWE BPEMEHHM TEIJIOBOIO KOHTAKTa MEXAY TEKYyUHM
OTPAXKAKIIUM MATEPUAIOM W PACIUIABJICHHOW TOIUIMBHOW COJIBFO MOXET HUMETh
TEHJICHIIMIO M3MEHATh TEeMIlepaTrypy M, CJEA0BATEIbHO, TUIOTHOCTh TOTOKA
TEKyuero OTPaKarollero Marepuyana.

[0093] ®ur.15 wuocTpupyer OJOK-CXEMY JIPYTHX WJUTFOCTPATUBHBIX
onepanuii 1500 cMelmmeHus AUHAMHUYECKOTO CIIEKTpa B OBICTPOM pEaKTOpEe Ha
PacCIUIaBJIEHHbIX CONAX siaepHOro ToruBa. [loanepskuBatomas omnepauus 1502
MOAACP>KUBAET PEAKIUIO AJAEPHOTO JICJICHUA B AKTUBHOM 30HE SIACPHOTO PEAKTOPA,
OKPY)KCHHOM COOpPKOW JWHAMHUECKOro oTpaxkarens HedTpoHoB. (COopka
OTpakatesisd HEUTPOHOB MOKET UMEThb MO MEHBIIEH MEpPE OJAMH OTPAKAIOLUMU
HEWTpoHBI MaTepuan. COOpka OTpa)kaTelisi HEUTPOHOB MOKET OKPYKaTh aKTUBHYIO
30HY SAIEPHOTO PEaKTOpa MyTeM Pa3MEIIEHUA PAAUAIBLHO BOKPYT, BBIIIC W/WIH
HWKE AaKTHUBHOM 30HBI peakTopa. COOpka oTpaxareiass HEHTPOHOB MOXKET OBITh
BBITIOJTHEHA B BUJAE OJHOW HEMPEPBIBHOW YAaCTH, BBIMOJHEHA B BUAE OTACIIBHBIX
YacTel, paclpeIeIEHHBIX BOKPYT aKTUBHOM 30HBI PEAKTOPA, PACMOJIOKEHA BOKPYT
aKTHBHOW 30HBI B BHJE OTACIIBHBIX YACTEH ¢ MPOMEKYTKAMH MEKIy HAUMH H/WIIA
CETMCHTHPOBAHA HAa CEKIMW TPaBWJIBHOW WM HempaBmibHON dopmbl. COopka
OTPaXKaTeJsi MOXKET COJAEPkaTh OJIMH WJIM HECKOJIbKO KAHAJIOB JJIA MPOMYCKAHMS
TEKyuero oTpaxaroiero marepuana. COopka oTpa)aTeis MOKET COJIepKaTh OJIUH
WJIA HECKOJIbBKO YPOBHEM KAHAJIOB, TAaK UYTO TEKYUYHH OTPAKAKOIIMNA MaTepuas
MPOTEKAEeT B OJHOM HAIpPABJIICHHWM HA OJHOM YPOBHE M MPOTEKAET B APYroM
HAIMpaBJICHUW HA OJTHOM WM HECKOJbKUX APYrux ypoBHsx. Hampumep, cOopka
OTPa)KaTeNisi MOXKET COJIEPkaTh HAPYX HBIM KaHAJl C TEKYYUM OTPaXaroIIUM
MaTEepUAJIOM, TNPOTEKAIOIIUM BHHU3, U JPYrod, BHYTPEHHUN KaHAl C TEKYUYHUM
OTPAKAOIIMM MaTEPHUAJIOM, MPOTEKAIOIIUM BBEPX, YTOObI HE JIOMYCKATh
3a0MBaHUE BITYCKHOTO WJIM BBIMYCKHOTO OTBEPCTHUS TMOJ AKTUBHOW 30HOM

peakTopa.
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[0094] COopka oTpaxaTenss MOXKET TaKKe HAXOJUTHCS B TEMJIOBOM KOHTAKTE

C OJHMM WIH C HECKOJIbKHUMHU TEIMJIOOOMEHHUKAMU U, CJIEJA0BATENbHO,
(yHKIMOHUPYET KaK BTOPUYHBIN TEMJIOHOCUTENh JJIsi aKTUBHOM 30HBI peakTopa. B
OJTHOM BApUAHTE BBIMIOJHEHUS TEMJIOOOMEHHUKH HAXOAATCS B  TEIJIOBOM
COCAMHEHUH C KaHAJaMHU I MPOMYCKAHU TEKYUYEro OTpaKarIero Marepuaina. B
JPYrOM BApUAHTE BBIMOJHEHUA MOXET HCIOJIb30BAThCS  KOKYXOTPYOHBIH
TEMJI00OMEHHUK, B KOTOPOM IIE€PBBIA KaHAJ MPOBOAMT TEKYUHMH OTpakarollui
Marepuajg B TNEPBOM HANPAaBJICHUU, a4 OJWH WM HECKOJIBKO JOMOJHUTEIIBHBIX
KaHAJIOB MPOBOAAT TEKYUYHMH OTPAKAOIIMA MaTepUal BO BTOPOM HANPaBJICHUU
yepe3 OJHY WJIM HECKOJbKO TPYOOK, OKPY>KEHHBIX TEKyueH pacruiaBjIeHHOM
TOIUIMBHOM COJIBIO.

[0095] Perynupytomas onepauus 1504 perynupyeT MNOTOK OBICTPBIX
HEWUTPOHOB W MOTOK TEIJIOBBIX HEUTPOHOB B AKTUBHOM 30HE SJIEPHOTO PEAKTOPA B
TEUECHHUE HE3aTYXAIIIEH pEeaKluK SACPHOTrO JICJICHUS MyTEM BBEACHUA B COOPKY
OTpaXkaTens HEUTPOHOB 3aMEUIAIOIIECTO HEWTPOHBI SJIeMEHTa. BaeneHue
3aMEUISIONIETO HEUTPOHBI 3JIEMEHTA MOXKET BBOAUTH B COOPKY OTpakaTess sApo,
KOTOPO€ MOKET HMMETh TEHACHUMWIO NPUBOJUTH K YIPYTHM CTOJKHOBEHHSIM C
ObICTPBIMU HEWTpOHaMHU. [IpUCYyTCTBUE ATHX SAEP MOXKET PAcCEeUBATh TEMJIOBBIC
HEUTPOHBI OOpPaTHO B AKTUBHYIO 30HY SAJCPHOIO PEAKTOpa, YBEIUYUBAS, TEM
cambIM, Bbiropanue. Perynupyromias omnepanus 1504 taxke MOXET BJIMATH Ha
XaPAKTEPUCTUKHU OTPAXKATEIHHONU CIIOCOOHOCTH HEUTPOHOB B COOPKE HEUTPOHHOTO
OTPAKEHHMS, TOCKOJIbKY 3aMEJUIAIONINN HEUTPOHBI SJIEMEHT OyAeT BBITECHSThH
00bEM TEKYyuero OTPaKaIOIEro HEUTPOHBI Marepuajia U3 COOPKH OTpakaTes
HEUTPOHOB. YMEHbIIICHHE 00bEeMa TEKYyUEeTrO OTPAXKAIOIIEr0 HEUTPOHBI Marepuasa
OyJeT yMEHbIIATh KOJWYECTBO YIOPYTUX CTOJKHOBEHHH C HEUTpOHAMH,
BBIXOJAIIMMU W3 AKTUBHOW 30HBI AJCPHOTO PEAKTOpa, YTO YMEHBINAET
BEPOATHOCTb PACCESIHUS OBICTPBIX HEHUTPOHOB, BBIXOJAIIUX W3 AKTUBHOU 30HBI
AICPHOTO PEaKTOpa, 0OpPaTHO B aKTHUBHYIO 30HY PEAKTOpa AJis BOCIPOU3BOACTBA
BOCMPOMU3BOJAIIETO MaTEPUAIIA B ACTAIIANCA MaTEpUall.

[0096] ®ur.16 wnmmocTpupyeT OJOK-CXeMy JPyTHX MIUTIOCTPATUBHBIX
onepanuii 1600 cMeleHusa AUHAMHUYECKOTO CIEKTpa B OBICTPOM pEAKTOpPE Ha
pacIUIaBJIEHHbIX CONAX siaepHOro TormuBa. [loaaepskuBatomas onepauus 1602

MNOAACPKHUBACT PCAKIUIO AACPHOIO ACJICHUA B AKTHUBHOM 30HE AACPHOIO pCaKTopa,
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OKPY)KCHHOM COOpPKOW JWHAMHUYECKOro oOTpaxkarens HedTpoHoB. (COopka

OTpakarensd HEUTPOHOB MOKET UMETb MO MEHBIIEH MEpPE OAMH OTPAXKAIOLIMU
HEWTpOHBI MaTepuan. COOpka OTpa)kaTelsisi HEUTPOHOB MOKET OKPYKaTh aKTUBHYIO
30HY SICPHOTO PEAKTOpa MyTEM Pa3MEIICHHUS PAAMaIbHO BOKPYT, BBIIIE W/WJIH
HUKE aKTUBHOHN 30HBI peakTopa. COOpka OTpakareisi HEUTPOHOB MOKET ObITh
BBITIOJTHEHA B BHUJE OJHOW HENMPEPBIBHOW YaCTH, BBIMOJHEHA B BUAE OTICIIBHBIX
YaCTEH, PaCPEACIICHHBIX BOKPYT aKTUBHOM 30HBI PEAKTOPA, PACHOJIOKEHA BOKPYT
aKTUBHOW 30HBI B BHJE OTACIBHBIX YACTEH ¢ MPOMEKYTKAMH MEKIy HAMH H/WIHA
CETMCHTHPOBAHA HA CEKIMW TPaBWJIBHOW WM HempaBmibHON dopmbl. COopka
OTpakareynsd MOKET COAEPKATh OJWH WJIA HECKOJIBKO KAaHAJIOB Ui MPOIYCKAHUS
TEKyuero oTpaxaroiero marepuajna. COopka oTpa)xaTeisi MOKET COJIepKaTh OJIMH
WJIA HECKOJIBKO YPOBHEM KAaHAJIOB, TAK UYTO TEKYYHH OTPAKAKOIIMUA MaTepua
MPOTEKAECT B OAHOM HAIPABJICHWH HA OJHOM YPOBHE M MPOTEKACT B APYrOM
HAIpaBJICHUM HA OJTHOM WM HECKOJbKUX JpYyrux ypoBHsax. Hampumep, cOopka
OTpaXkaTensd MOXKET COJEP)KATh HAPYKHBIM KaHAl C TEKYYUM OTPaXKarOIUM
MAaTepUaIoM, MPOTEKAIOMIMM BHW3, W JAPYroil, BHYTPEHHUW KaHAJ C TEKy4YUM
OTPAKAOIIMM  MATEPUAJIOM, MPOTEKAIOIIUM BBEPX, YTOOBI HE JOMYCKaTh
3a0MBaHUE BITYCKHOTO WJIM BBIIYCKHOTO OTBEPCTHUS TMOJ AaKTHUBHOW 30HOM
peaxkropa.

[0097] C6opka oTpaxaTess MOXKET TaKKe HAXOIUTHCS B TETNIOBOM KOHTAKTE
C OJHUM WIH C HECKOJIbKAUMU TEMJIOOOMEHHUKAMH U, CJIEI0BATEIbHO,
(byHKIIMOHUPYET KaK BTOPUYHBIN TEIJIOHOCUTEh UTS aKkTUBHOM 30HKI peakTopa. B
OJIHOM BAapHWAHTE BBITIOJHCHHUS TEIJIOOOMEHHUKA TEPMUUECKH COCIAMHEHBI C
KaHaJlaMW U1 TPOMYCKAHUS TEKYYEro OTPa)Xkarollero marepuana. B apyrom
BAPUAHTE BBITIOJIHEHUS MOXKET UCIOJIb30BATHCS KOKYXOTPYOHbBIN TEMIOOOMEHHUK,
B KOTOPOM IEPBBIA KaHAJI MPOBOAUT TEKYUYUN OTPAKAIOIIUKA MATEpHall B MEPBOM
HAMpPABJICHUW, & OJWH WM HECKOJbKO AOMOJHUTEIBHBIX KAaHAJIOB MPOBOIAT
TEKY4YUd OTPAXKAKIMN MaTephajl BO BTOPOM HAIPABJIICHUM 4YEPE3 OJHY WM
HECKOJIBKO TPYOOK, OKPY’KCHHBIX MNPOTEKAIOIICH pacIIaBIeHHOW TOMUIMBHOM
COJIBIO.

[0098] Perynupyromas onepaiua 1604 perynupyer MNOTOK OBICTPHIX
HEHUTPOHOB W MOTOK TEIUIOBBIX HEUTPOHOB B AKTUBHOW 30HE SAICPHOrO PEAKTOpPa B

TCUCHUE HE3aTyXalolled pPEeakuuMd SAEPHOTO JEJICHUSA IIyTEM  YJIAJICHUA
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3aMEIIAIONIET0 HEWTPOHBI AJIEMEHTa U3 COOPKM OTpaXkaTeyis HEWTPOHOB.

Yaanenue 3aMeIAIONIETO0 HEHUTPOHBI 3JIEMEHTA MPUBOJUT K YMEHBIICHHUIO
JOCTYIIHBIX S/IEp B COOpPKE OTpa)Karess, YTO MOXKET MPUBECTH K BO3HUKHOBEHHUIO
yOPYTUX COYJAPEHW ¢ OBICTPHIMH HEWTPOHAMH. YMEHBIIEHHOE MPUCYTCTBUE
ATUX sifiep OyJEeT pacceuBaTh MEHBIIE TEIJIOBBIX HEUTPOHOB OOPATHO B AKTUBHYIO
30Hy AJIEPHOTO PEAKTOpa, YMEHbINAsg, TEM CaMbIM, BhIrOpaHue. Perymupyroimnas
onepamuss 1504 Takke MOXET BIMATH HA XAPAKTEPUCTHUKU OTPAKATEIHHOM
CIIOCOOHOCTH HEUTPOHOB B COOpPKE OTpakaresis HEUTPOHOB, MMOCKOJIbKY
YAQJICHHBIN 3aMEJIAIONINI HEHTPOHBI 3JIEMEHT MOT BBITECHUTH 00BEM TEKYy4ero
OTPAXKAKOIIETO0 HEUTPOHBI MaTepuana, Korja OH ObUl BCTaBI€H B COOPKY
OTPaXKaTesisi HEUTPOHOB. YBEIIMUEHHUE 00bEMA TEKYUErO OTPAXKAOIIETO0 HEUTPOHBI
Marepuajia MOXET HMETh TEHJICHIMIO K YBEJIMUCHUIO KOJMYECTBA YMPYIHX
CTOJIKHOBEHUM C HEWUTPOHAMHU, BBIXOIALIMMUA W3 AKTUBHOW 30HBI AAEPHOIO
pEaKTopa, 4YTO YBEJIMYMBACT BEPOSTHOCTh PACCEAHUS OBICTPHIX HEUTPOHOB,
BBIXOJSIINX U3 AKTUBHOM 30HBI SIIEPHOTO PeakTopa, 0OpaTHO B AKTHUBHYIO 30HY
peakTopa Uisi BOCIPOM3BOJICTBA BOCHPOU3BOJAILECTO MaTepuana B ACIISIIMIACA
MaTepuall.

[0099] @®wur.17 wu3o0paxkaeT CXeMaTUYECKUH BHUJ  CBEPXY  BHU3
wuioctpatuBHoi coopku 1700 otpaxarens HetponoB. Coopka 1700 orpaxkarens
HEWTPOHOB COACPKUT JBa COOPOYHBIX y3J1a: OCHOBHOM cOopouHbiii y3enm 1712
CTaTUYECKOTO OTpaXkaTeJisi HEUTPOHOB M BCTIOMOTAaTENIbHBINA cOOpOoUHbIN y3enm 1716
JTUHAMHUYECKOTO oOTpakarens HeWTtpoHoB. Ha @dwur.17 wumocTpaTUBHBIE TYTH
obicTpeix HeWTpoHoB 1706, 1714 o00603HAaYeHBl JUHUSIMH, OKAHYMBAIOIIUMUCS
JBOMHBIMH  CTpPEJIKaMH, TakuMH kKak JguHam 1708,  mokassiBaromme
WJUTIOCTPATUBHBIC OBICTPhIE HEUTPOHBI. B 0AHOM BapuaHTE BHIMIOJIHEHUsA COOpKa
1700 Tekyuero oTpaxkareyiss HEHTPOHOB MO CYIIECTBY OKpyxaeT obnacts 1704
AICPHOTO TOIUIMBA, U3 KOTOPOM UCIyCKatoTCs ObicTpbie HeWTpoHBI 1706, 1714,

[00100] OcHoBHO# cOopounbli y3en 1712 cratvueckoro oTpakaress
HEUTPOHOB MOXET COACPKATh OTPAXKAKOIIMN HERTPOHBI MaTtepuasi. OTpakarouui
HEUTPOHBI MaTepHai, CoJep Kallluiica B OCHOBHOM cOopouHoMm yi3ne 1712
CTATUYECKOTO OTPAKATEJIsI HEUTPOHOB, MOKET MPEACTABJIATh COOOM Marepuas U3
TBEPJOTO, KUIKOTO WJIA JKUJIKOTO OTPa)XaTessl HEUTPOHOB WM MX KOMOWHALMIO.

OcHoBHOWM cOopouHbli y3en 1712 crarnueckoro oTpakaTessi HEUTPOHOB MOXKET
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MO CYIIECTBY OKpyXaTh TOIIMBHYIO obOnacte 1704, B napyrom BapuaHTe

BBITIOJTHEHUSA OCHOBHOW cOOpouHbld y3en 1712 cratmdeckoro otpaxkarens
HEUTPOHOB MOKET YaCTUYHO OKPYKaTh TOILNIMBHYIO 001acTh 1704 HEenmpepbIBHBIM,
CErMEHTHPOBAHHBIM W/WUJM MOMAYJIbHBIM oOpa3zoMm. WMiumocTpartuBHbIE OBICTpHIE
HelTpousl 1714, Beixoasmme w3 ob6mactu 1704 smepHOro TOIUIMBA, HEYNPYTO
paccewBaroTCs (MJIM  OTPAKAKOTCSI) OT OCHOBHOro cbOopouHoro y3ma 1716
CTATUYECKOTO OTpakarejs HEUTpoHOB M oOpatHo B obmacte 1704 smepHoro
TOIJIMBA, YBEJMUMBAsA, TEM CaMbiM CKOPOCTh BOCIPOU3BOJACTBA JCISIICTOCS
TOIJIMBA B ToOINIMBHOW ob6Omactu 1704 [Ipyrue WIUTIOCTpATHBHBIE OBICTPHIC
HEWTPOHBI, TAKKE KAK WUTFOCTPATUBHBIC HEUTPOHBI 1706, MOTYT MPOXOAUTH Uepe3
OCHOBHOU cOopounblii y3en 1712 craruueckoro oTpaxaresisi HEUTPOHOB H
HEYTPYTO paccerBaThCs (WM OTPAXaAThCA) OT BCIOMOTATEIEHOTO COOPOYHOTO
y3na 1716 nuHaMu4ecKoro oTpaxkaresisa HEUTPOHOB, Kak 0oJiee MoaApOOHO OMUCAHO
HUXKE.

[00101] OcHoBHO# cOopounbii y3en 1712 crarmueckoro oTpakaress
HEHTPOHOB MOXKET OBITh PACMOIOKEH BOJIW3M W/WIM HAXOIUTCA B TEIIOBOM
KOHTakTe ¢ obmacteto 1704 sanepnoro TtomnmBa. bnaromaps Takomy
PACIOJIOKEHUIO OCHOBHOTO cOOpouHOTO y37a 1712 cratmdeckoro oTpaxarens
HEUTPOHOB OTHOCHUTENbHO oOnactu 1704 spepHOro TOIUIMBA, OCHOBHOM
cOopounslit y3en 1712 craruueckoro oTpa)kaTesisi HEUTPOHOB MOXKET UCIBITHIBATD
BBICOKHE YPOBHHM BO3JCHCTBHSA YCHJIMA, KOTOPBIE MOTYT BBI3BaTh MOBPEXKICHHUE
uan u3Hoc. Hampumep, OCHOBHOM COOpPOYHBINM y3€1 CTaTHUECKOTO OTpaXkaTels
HEUTPOHOB MOXET TMOABEPrarbCs BO3ACHCTBUIO BBICOKMX YPOBHEH TEIUIA H
PA3IMYHBIX THUIIOB M3TyUYCHUs, UCXosaiero u3 oomactu 1704 saepHOro ToIuiMBa,
BKJTIOUasi, 0e3 OorpaHWueHUA, ajab(da-dacTHIlsl, OETa-4aCTUIBI W/WIH TaMMa-Tydu.
JlnuTensHOE BO3ACHCTBUE TETUIA W/WIIH W3TYUYSHUS MOXET MPHUBECTH K TOMY, UTO
OCHOBHOM cOopouHblii y3en 1712 crarvueckoro oTpakatesisi HEHTPOHOB OyaeT
MOABEPraThCsA UYPE3MEPHOMY KOHCTPYKTUBHOMY  OCJIA0JIEHUIO B  TEUEHUE
OMPENICNICHHOTO Tepruoaa BpeMeHu. TakuM 00pa3oM, OCHOBHOU COOPOUHBIN y3en
1712 cratudeckoro oOTpaxaTeyisi HEUTPOHOB MOKET ObITh BBINOJHEH C
BO3MOXXHOCTBIO ynajieHuss u3 coopku 1700 oTpaxkarens HeWTpoHoB. Jlpyrumu
CJIOBaMHU, OCHOBHOM COOPOYHBIHA y3€JI CTAaTUYECKOI0 OTPa)KaTessl HEUTPOHOB, WIIH

KEC Cro MOAYJBbHBIC YaCTH, MOKCT OBIThH YCTAHOBJIICH € BO3MOXXHOCTBIO
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CKOJILKCHHMSI Ha Kopmyce (He ToKaszaH), 4ToObl 00ECHeunTh BO3MOXKHOCTD

BBIOOPOYHOM 3aMeHbl COOPOYHOrO Y374, KOTOpas MOXKET BBIMOJHATHCS B
COOTBETCTBHH C MEPHOJAYECKUM TEXHUUYECKUM OOCIIY)KUBAaHUEM WM HAa OCHOBE
NEPUOINYECKON TPOBEPKH OCHOBHOTO cOopouyHoro ysna 1712 craTtuueckoro
OoTpakaTess HEUTPOHOB.

[00102] Ha ®wur.17 Takxke m300pakeH BCIIOMOTATE/IbHBINA COOPOUHBIM Y3€i
1716 nuHamMuyeckoro oTpakaresis HEUTpoHOB. BcmomorarenbHbld cOOpPOUYHBII
y3en 1716 apuHaMHU4uecKoro oTpakaTess HEHTPOHOB MOXKET HCIIOJIb30BATHCA JIA
MOIIArOBOT0 M3MEHEHHUS CIEKTpa HEWTPOHOB B obnactu 1704 anepHoro Toruivea
MyTeM BBIOOPOUHOrO 3aMOJHEHUS Kaxkaoro wu3 kaHajuoB 1702 oObemom
OTpaXKarollero HEMTPOoHBI MaTepualia. BecrmomorarensHbiit cOopounsiit y3en 1716
JUHAMHUYECKOTO  OTpa)karessi HEHUTPOHOB MOXET COJIEpXKaTh  MHOYECTBO
OTHEYIMOPHBIX TUib3 1702 a1 NponyCKaHWs YEPE3 HETO TEKYUYEro OTPAXKAIOIIETO
HeWTpoHbl MaTepuana. Ha ®@ur.17 orpaxaroiiuii HEHTPOHBI MaTepHall TEUET BBEPX
yepe3 orHeynopHbii kaHan 1702 k wnHaOGmomaremo. B oaHOM BapuaHTe
BBITIOJTHEHUSA OTPAKAKOIIMN HEHUTPOHBI MaTepual MOXKET LUPKYJIUpOBaTh B
kananax 1702 (mampumep, B Aueikax, rwib3ax, TpyOKax W T.M.), C BIIYCKHBIMH H
BBIITYCKHBIMU TIOPTaMH, PacHoOJIOKEHHbBIMA Haja obnacteio 1704  saepHOro
TOIUJIMBA, TAK YTO IMOJ PEAKTOPOM HE TpeOyeTCs HUKAKHX MPUCIOCOOJICHUN WU
noptoB. B Ipyrux BapumaHTax BBINOJHEHUSA OTPAKAIOLIMNA HEHTPOHBI MaTepuai
MOXET MPOTEKATHh TOJILKO B OJHOM HAIIPABJICHUH, B HAIIPABJICHUN BBEPX WJIA BHU3
yepe3 kaHajbl 1702, ¢ ogHMM TOPTOM, PACHOJIOKEHHBIM Haj oOnacteio 1704
ACPHOTO TOIUIMBA, W JAPYTMM TIOPTOM, PAacMlOJIOKEHHBIM TOJ TOIJIUBHOM
obnmacteio 1704. B npyrux BapuaHTaxX BBIMOJHEHUS OTPAXKAIOUIUNA HEUTPOHBI
MaTepuall MOKET COJIEPkKATh MOJIy3aTOPMOKEHHBINH WM MOJ3y4Md MOTOK Yepe3
kaHaisl 1702. B apyrux BapuaHTax BBIMOJHEHUS OTPAXKAKOIIMN HEHUTPOHBI
MaTepUall MOXKET MPOXOAUTh YEPE3 PATUATbHBIE BITYCKHBIE M BBIITY CKHbBIE TTOPTHI.

[00103] Bcnomorarenbubiii  cOopounbiii  y3en 1716  auHamMuueckoro
OTpa)kaTesisi HEUTPOHOB HAXOJUTCA B TEIUIOBOM KOHTAKTE C TEIIOOOMEHHUKOM
1710, pacnonokeHHBIM Ha MPOTUBOIOJIOKHOW CTOPOHE OT TOIUIMBHOM 00JIacTH
1704. Cnenyer moHuMaTh, 4yTo COOpKAa JTWUHAMUYECKOTO OTPAXKATesii HEUTPOHOB
U/WIM TETJIOOOMEHHUK MOTYT HAXOAWTHCS BHYTPU WA OBITh PA3MEIIECHBI CPEIH

cOopku ctaTuueckoro orpaxkarens. TemmooomenHuk 1710 MoxeT coaepxarh OAUH
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HJIK HCCKOJIbKO THIIOB HHUPKYJIHPYIOIIHUX YCPEC3 HCTO KUAKOIO TCIIJIOHOCHUTCIIA.

Kornma BcmomorartenbHbiii cOOpouHbl y3en 1716 auHaMuUyecKoro oTrpakarens
HEUTPOHOB OOMEHMBAETCS TEIJIOM ¢ TemiooOMeHHuKOM 1710, TemnooOMeHHUK
1710 MOXeT MepeHOCUTh TEIUIO OT BCIIOMOTATENbHOTO cOopouHoro y3na 1716
JUHAMHAYECKOTO OTpaXkaTeas HEUTPOHOB, KAK 4aCTh BTOPHUYHOI'O OXJIAKJAIOIIETO
KOHTypa. BTOpWYHBIM OXJIXAAIOIIMI KOHTYP MOXKET I0JaBaTh TEIUIO Ha
o0OpyloBaHWE [Jii TPOU3BOJCTBA AJICKTPOSHEPTHM, TaKOE€ KakK, HarpuMmep,
napoBas TypOuHa. B 0AHOM BapuaHTE BBINOJHEHHWS PACIIABICHHAS TOIUIMBHAsS
COJIb MOXET TPOTEKaTh BBEpPX uepe3 obnacts 1704 saepHOro TOIJIMBA M BHU3
yepe3 TemiooOMeHHUK 1710, oOMeHHMBaAsCh, TEM caMbIM, TEIJIOM KaK 4YacTh
MEPBUYHOIO OXJIAKJAKONIEr0 KOHTypa. Jlpyrumu ciioBamu, TEIIOOOMEHHUKH
MOTYT OOMEHUBAThCA TEIJIOM KAaK C PACIJIABJICHHOW TOIUJIMBHON COJIbIO, TaK W
OOMEHUBATHCS TEIUIOM C TEKYYUM HEHTPOHHBIM OTpakatrejiem B kKaHayax 1702.
CKOpOCTh MOTOKA OTPAXAKOIIETO HEUTPOHBI MaTrepuajia MOXKET PEryJUpPOBATHCA
JUISi U3MEHEHUsA BPEMEHUM KOHTAKTA € TEIUIOOOMEHHUKAMHU [IJii W3MEHEHUS
TEMIEpaTyphl OTPAKAIOIIETO0 MaTepuana, Tekyuero B kaHamax 1702. Ilo mepe
M3MEHEHHUS TEMIEPATYPhl OTPAXKAIOIIET0 MAaTepHalia U3MEHAETCS €r0 IIOTHOCTD.
N3MeHeHnss B IJIOTHOCTH  OTPAXAIOLIETr0  Marepuaja  HM3MEHSIOT  €ro
XapPaKTEPUCTUKU OTPAKECHUSI HEUTPOHOB, MOCKOJBKY 00Jiee MJIOTHBIE MATEPUAIIBI
UMEIOT OoJiee BBICOKYIO MacCy Ha €AuHHUIly oO0beMa W, MO3TOMY, C OombIieit
BEPOSATHOCTBIO OTPAKAKOT HEUTPOHBL.

[00104] ®wur.18 mzobpakaeT cxeMaTHUECKUW BHUJ CBEPXY AKTHUBHON 30HBI
OBICTPOTO PeaKTOpa Ha PACIUIABJICHHBIX COJISIX AJIEPHOTO TOTUIMBA, C TOILIUBHOM
obnacteio 1802, okpyxennoit coopkoit 1800 orpaxarens HeitponoB. COopka
OTpa)katesisi HEHUTPOHOB COACPKUT BHYTPEHHUM KoJbleBod kaHam 1808 w
Hapy>XHbI KojblieBoi kaHan 1810, okpyxatommii TommBHyto obOnacts 1802.
BuyTpenHuii u HapykHbli KojblieBbie kaHaibsl 1808, 1810 moryT comepxxarhb
OTPAKAIOIINE HEHTPOHBI MATEPHAJIBI, cootBercTBeHHO, 1804 wu 1806.
Otpaxatoive HeWTpoHbl Marepuaiibl 1804, 1806MoryT ObITh OJIMHAKOBBIMU WIIH
OTJIMYATHCS IPYT OT JIPyra ¢ TOUKHU 3PEHUSA UX COOTBETCTBYIOIIUX XAPAKTEPUCTHK
OTPAKCHHSI HEUTPOHOB WK APYTHX CBOWCTB, KOTOPbIE MOTYT MOBJIMATH HA paboTy
cOOpKH OTpaxkaTesis HEHTPOHOB (BA3KOCTb, TUIOTHOCTD, yACTbHASA TETUIOEMKOCTD H

T.4.). Otpaxaronme HelTponsl Matepuaibl 1804, 1806 MOryT UMeTh TEHACHIIUIO
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OTPa)KaTh WJUTFOCTPATUBHBIE ObICTPhiE HEUTPOHBI 1812 00paTHO B TOIUIMBHYIO

obmacte 1802.

[00105] Ortpaxaromme Heitponsl marepuansl 1804, 1806 moryt ObITH
BBIOOPOYHO 100aBJIEHBI, yaajaeHbl W/ WK 3aMmeHeHbl B kaHanax 1808, 1810, utolwr
JMHAMUYECKH M3MEHATh XapaKTEPUCTUKU OTPakeHHs HEUTpoHOB B cOopke 1800
OTpaXkaTelisi HEUTPOHOB C TEUCHHEM BpeMEeHH. B 0JHOM BapuaHTE BBIMIOJIHEHUS
onuH wiu o6a oTpaxkaroiux HedTponsl Matepuana 1804, 1806 moryt OBITH
MOJTHOCTHIO YJIaJICHbl M3 CBOMX COOTBETCTByMOmMX kaHajaoB 1808, 1810, utolbr
W3MEHUTh XapAKTEPUCTUKU HEUTPOHHOTO oTpakeHusa B cOopke 1800 orpaxkarens
HEWTpOHOB. B JpyroM BapuaHTe BBIMOJHECHUS OTPAXKAIOIIUE HEUTPOHBI
marepuaiibl 1804, 1806 moryT npeacrasisaTh co0oil OAWH U TOT ke Martepuan. B
€II€ OJIHOM BApUAHTE BBIMOJIHCHUS OTPAXKAIOIIME HEWTPOHBI MaTtepuaisl 1804,
1806 wmoryT ObITh BBHIOOPOYHO MOOABIICHBI, yAAJCHBI W/WIA 3aMECHECHBI IS
obOecrieueHusi 00Jiee HU3KOTO HEUTPOHHOrO OTpa)K€HUs BOJIM3M Hadajga Cpoka
Ci1y>kObl peakTopa mpu OOJIBIIEM BOCHPOU3BOACTBE BOCHPOU3BOIAIIETO TOMJIUBA,
U MOTyT OBITh BBIOOPOUHO J00ABIICHBI, YyAAJEHbl W/WIM 3aMEHEHBI IS
obOecrieueHUs1 OOJBIIETO OTPAKCHHS HEUTPOHOB MO MEpe TOro, Kak BO3pacT
peaKTopa M BHITOPAaHWE HAYMHAIOT JOMUHUPOBATH B TOIIMBHOM oOnactu 1802. B
JPYrOM BapUaHTE BBIMOJIHEHUA OTpakaromue HeWTpoHsl Marepuanbl 1804, 1806
MOTYT OBITh CMEIIaHbl BHYTpPH ofHOro wiu oboux kaHanoB 1808, 1810. B eme
OJIHOM BApHMAHTE BHIMOJHEHUA OJMH WM 00a OTpakatoIIMX HEUTPOHBI MaTepralia
1804, 1806 moryT ObiTh AOOABJICHBI ¢ TeUeHHUEM BpeMeHHU K kaHanam 1808, 1810,
yTOOBl M3MEHUTHh COOTHOIIEHWE MEXAY JBYMs MaTE€pHajaMu U, CJIEI0BATEIBHO,
oTpaxkaTeJabHyI0 crocoOHOCTh cOopku. Ecimm B kanamax 1808, 1810 cmemmBaroT
OoJiee IByX oTpakarommx HeHTpoHbl marepuanos 1804, 1806, To pazaenurenbHbIi
AJIEMEHT (HE TMOKa3aH) MOXET ObITh 3aJCHCTBOBAH JJIA OTACIICHHS MaTEPHAIIOB,
€CJIM 3TO HEOOXOAMMO, U MOKET paboTarh JIIOOBIM MOAXOASAIMM 00pa3oM i
OT/ACJICHUS ABYX WUJIK OOJIBIIETO KOJUYECTBA OTPAKAOIINX HEUTPOHBI MATEPUAJIOB,
BKJIFOYAA OJMH WM HECKOJbKO M3 MOAXOIAIIMX XUMHUECKUX, MEXAHWUUECKHUX,
MArHUTHBIX, SJICKTPUYECKUX MPOIECCaX, MPOILECCaX, OCHOBAHHBIX HA BPEMEHH,
MPoIleccax, OCHOBAHHBIX HA XMMHUYECKMX W (PU3NUECKUX CBOMCTBAX ABYX WA
OOJBIIET0 KOJMYECTBA OTPAXKAIOIIMX HEUTPOHBI MaTepuaioB. B npyroMm Bapuante

BBITIOJTHEHUS CMEIIAHHbIE OTpaXaroine HelTponsl marepuainsl 1804, 1806 moryt
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OBITh pa3/eNiCHbl MOCPEACTBOM ONEPaAllMK MPOMBIBKH. B KayecTBe ajlbTEPHATHBHI,

oTpaxkaoume HeUTpoHsl Martepuasnsl 1804, 1806 wmoryT ynaep:kuBaThCA B
OTZIEIBHBIX pe3epByapax (HE MOKa3aHbl) AJiA BHIOOPOYHOW MOAMUTKHA MOTOKOB B
oaHoM mau 06oux kaHanax 1808, 1810.

[00106] B onHomM BapuaHTe BBHIMIOJIHEHUS OTPAXXKAIOIIUE HEUTPOHBI
marepuanasl 1804, 1806 wmoryr mupkyimpopaTh B kaHamax 1808, 1810, ¢
BIIYyCKHBIMH W BBIYCKHBIMH TIOPTaMH, PACIOJIOKCHHBIMU HAJ[ TOTUTMBHOMN
obnacteio 1802, Tak uTO MOJ peakTOpOM HE TPEOYETCS HUKAKUX MPUCITIOCOOICHUMA
WM nopToB. B Jpyrux BapuaHTax BBIMOJHECHHUS OTPAXKAIOIIME HEUTPOHBI
marepuasibl 1804, 1806 MoryT nporekaTh TOJIBKO B OJHOM HANpaBJICHHUH, B
HampaBJeHWH BBepX WM BHM3, mo kaHajgam 1808, 1810, ¢ omnmm moptom,
PacCIoJIOKEHHBIM HaJa TomiuBHONW oOnacteio 1802, w ¢ aApyrum moprom,
PacloJIOKEHHBIM MOJA  TomMBHOM oOnacteio 1802, B apyrux BapuaHTtax
BBITIOJTHEHUA OTpakarolue HeWTpoHsl marepualibl 1804, 1806 moryT coaepxarth
MOJTy3aTOPMO>KEHHBIA WM ToN3yunii moTok 4yepe3 kaHaisl 1808, 1810. B apyrux
BApUAHTAX BBIMOJHEHUS OTpaxkarolre HeuTpoHbl marepuaisl 1804, 1806 moryt
MPOXOAUTH YEPE3 PAAUATIbHBIE BIIYCKHBIE U BBIIYCKHBIE TTOPTHI.

[00107] B npyrom Bapuante BbinoiaHeHus kaHaiabsl 1808, 1810 moryt ObITh
BBIOOPOYHO 3amOJIHEHBl MATEPHUAJIAMH, KOTOPBIE HE ABJISAIOTCS HEHUTPOHHBIMH
orpaxarensmu. B ogqHom nmpumepe kanaiasl 1808, 1810 moryt ObITh 3amOSIHEHBI
3aMEUIAIOIIMMHA  HEUTPOHBI ~ MaTepuajiaMu,  MNOTJIOIIAIOIIMMHA  HEUTPOHBI
MarepuajiaMi WM HEUTPOHHO-MOJYNPO3pauHbIMA Marepuajgamu. B apyrom
BApUAHTE BBIMOJHEHUS OJUH Wi o0a kaHajma 1808, 1810 moryr coaepxarthb
BBIOOPOYHO BCTaBiIsieMbie aneMeHTHl 1814 o0bemMHOro cMereHus. JneMeHTs 1814
00bEMHOTO CMEIICHHUSI MOTYT COJEPkaTh 3aMEIAIONINE HEUTPOHBI MaTEpUAIbI,
MOrJOAOIIAE  HEWTPOHBI  MATEPUAIBI WM HEWTPOHHO-IOJIYIIPO3PAYHBIE
marepuaiibl. [Ipu BBenenun nsnemeHToB 1814 0OBEMHOro cMmelleHHs 00BEM
otpaxarotieit xuakoctu 1804, 1806 B kaHase, B KOTOPBIH OBbLT BCTABJICH JIEMEHT
00BbEMHOTO CMEIIEHU, yMeHbIaeTcs. [Ipu yMeHbIIeHHOM 00beME OCTABIIUNCS B
KaHaje oTpaxaroluii HedTponsl Matepuasn 1804, 1806 umeeT H3MEHEHHYIO
XaPaKTEPUCTUKY OTPAKCHHSI HEUTPOHOB M, MO3TOMY, C MEHBIICH BEPOATHOCTHIO
OTPa)KaeT HEUTPOHBI, YEM JI0 TOTO, Kak ObLJ BcTaBieH 3eMeHT 1814 oObeMHOro

CMCIICHHA.
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[00108] ®wur.19 mzobOpaxkaer cxeMaTHUECKUWA BHUJ CBEPXY AKTHBHON 30HBI

OBICTPOrO peakTOpa Ha PaCIUIaBJICHHBIX COJISIX AIEPHOTO TOIUIMBA, C TOILUIUBHOM
obnmactero 1902, okpyxennoit coopkoii 1900 orpawxarens nelitpoHoB. COopka
OTpaXkaTelisi HEUTPOHOB COACPKUT BHYTPEHHHH KoyblieBOM KaHan 1908 w
HapY>KHBIM KoibleBOH kaHan 1910, okpysxarommii TormmBHyto obnacte 1902,
BuyTpenHmnii m HapyXHBIM KoyblieBbie KaHaibl 1908, 1910 moryr coaeprkarb
oTpaxkarommii HelTponsl Matepuan 1904. B ogHoM BapuaHTE BBIMOJHEHUS
oTpakarolmit HelTpoHsl Marepuan 1904 moxer nupkyaupoBarh B kaHanax 1908,
1910, ¢ ByCKHBIMU U BBIITYCKHBIMH MOPTaAMHU, PACIOJIOKEHHBIMUA HAJl TOTUTMBHOMN
obnacteio 1902, Tak uTO MOJ peakTOPOM HE TPEOYETCS HUKAKUX MPUCITOCOOICHUMA
WM MopToB. B JApyrux BapuaHTax BBIMOJHEHUS OTPAXKAKOIMIMA HEHTPOHBI
marepuait 1904 MoOkeT MpOTEeKaTh TOJIBKO B OJTHOM HANpPaBJICHUHU, B HAMIPABJICHUU
BBEPX WJIM BHU3, 10 KaHanam 1908, 1910, ¢ ogauM mopToM, pacmonoKeHHBIM Ha/l
TOMIMBHOW oOnacteto 1902, w Cc [ApyruM MOpPTOM, PACMIOJIOKEHHBIM MO
TormMBHONW oOnacteio 1902, B npyrux BapuaHTax BBIMOJHEHUS OTpakarolun
HeWTpoHsl MaTepuan 1904 MoxeT coaepkaTh MOJTY3aTOPMOKCHHBIA WITH TTOI3Y4YHi
noTok uepe3 kanasiel 1908, 1910. B apyrux BapuaHTax BBHIMOTHEHUA OTPAKAOLIUI
HeWTpoHbsl Marepuan 1904 MoKeT NpOXOAUTh Yepe3 paauajbHbIe BIYCKHBIE U
BBIITYCKHBIC TIOPTHI.

[00109] B oqHOM BapuaHTe BBIMOJHEHUS OTPAXKAIOIIUNA HEUTPOHBI MaTepHal
1904 mosxet npoxoauth uepes kanaiasl 1908, 1910 B nmepuoapl BpeMeHu, OJIU3KHE
K Hayajy cpoka CIykObl peakTopa ¢ TomiuBHOM oOnacteio 1902. ITo mepe Toro,
KaK PEaKTOp C TEUYEHHUEM BPEMEHEM BOCIPOM3BOIUT BOCIPOU3BOASAIIEE TOIIUBO,
spdextuBHOCTS cOOpkr 1900 oTpaxkaTens HEWTPOHOB MOXKET YMEHBITHUTHCS,
MOCKOJIbKY 3amachl BOCIPOU3BEAECHHOTO SIEPHOTO TOILIMBA MOTYT TMPEBBIINIATH
KOJIMYECTBO, HeoOXoaumMoe Jid  3arpy3ku  peakrtopa. [lostomy Moxker
noTpeOOBaThCA 3aMEHUTh YaCTh OTPAXKAIOUIETO0 HEHTPOHBI MaTepuajga B YacTH
COOpKH OTpakaTellsi HEUTPOHOB, Kak MokazaHo Ha Pur.20, 4yTtoObl ¢ TeUCHHEM
BpeMeHU u3MeHUTH opmy cOopku 1900 oTpaxkarens HEUTPOHOB.

[00110] ®ur.20 uzobpakaeT cXeMaTHUYECKHl BHJ CBEPXY AKTHUBHOW 30HBI
OBICTPOrO peakTOpa Ha PACIUIABJICHHBIX COJISIX AIEPHOTO TOIUIMBA, C TOILUIMBHOM
obnacteio 2002, okpyxenHoi coopkoi 2000 orpaxkarens Hetponos. Ha ®@ur.20

COCTaB OTPAXKAIOLIETO HEUTPOHBI MaTrepuaja BHYTPEHHUX KOJIBLEBBIX KaHAJIOB
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2008 BBIOOPOYHO 3aMEHSIIOT JOMOJHUTEILHOW TOIUIMBHOW COJIBIO M3 TOIUIMBHOM

obnactu 2002. B pe3ynpTare peaktop OyAeT UCHBITHIBATH MEHBIIYIO HEUTPOHHYIO
«yTteuky». Hanpumep, ObicTprie HelTpoHbI 2012 MOryT MpOAOIKaTh UCTIBITHIBATH
OTpaXEHUE OT OTpakaromiero HeuTponsl matepuana 2006 B kanane 2010. Takum
o0pa3oM, MOXXHO HayaThb PEAKIMUIO JEJICHUS B AaKTUBHOW 30HE peEaKkTopa ¢
MEHbIIUM OOBEMOM TOIUIMBHON COJM B Hayaje Cpoka CIyKObl peakTopa,
MOCKOJIbKY ~ OOJIbINIE  ACNAIIETOCS TOIJIMBHOTO Marepualia MOXKET  OBbITh
BOCIIPOU3BEACHO N0 Mepe paboThl peakTopa. J[omoJHUTENBHOE BOCIIPOU3BEACHHOE
TOIJIMBO MOXKET 3aMEHUTHh 00BEM OTPAXKAIOIIEr0 HEUTPOHBI MaTepualia B KaHaIax
2008. D10 MOXKET CHM3UTH MEPBOHAYAJIBHBIC 3aTPAThl HA AKCIUTYaTaIlUIO peakTopa
W YJY4YIIUTh BOCIHPOM3BOJCTBO pEaKTOpa B OyAyIleM, KOrjia BOCIPOU3BOACTBO
ABJisieTcA 00Jiee CJIOKHBIM HW3-3a, IO MEHbIICH Mepe YacTUYHO, MPOAYKTOB
nenenusa. Otpaxaromue HeuTponsl wMarepuanslt 2006 MOryT, Kak MpaBWIIo,
OTPaXKaTh WLTIOCTPATHUBHbIE ObICTpbie HEUTPOHBI 2012 Ha3aa B TOMJIMBHYIO COJib,
HE3aBUCHUMO OT TOTO, MPUXOJAT JIU WILTIOCTPATUBHBIE ObICTpbie HEWTpOHbI 2012 13
TormBHOM oOactu 2002 WK U3 BHYTPEHHUX KOIbLEBBIX KaHanoB 2008.

[00111] ®ur.2]1 u3zoOpaxkaeT CXE€MAaTHUUECKUW BHUJA CBEPXY BHU3 AKTHUBHOMN
30HBI OBICTPOrO pPEAKTOpPa HA PACIUIABJICHHBIX COJIAX SACPHOrO TOIUIMBA, C
TOMMBHOM 00sacTeio 2102, okpyskenHon cOopkor 2100 oTpakarens HEUTPOHOB.
CoOopka oTpakaresiss HEUTPOHOB COJAEPKUT MHOXKECTBO KOJIbIIEBBIX KaHaioB 2104,
OKpy>karomux TormauBHy0 obOmacts 2102. Kombuessie kanansl 2104 moryt
cojaepkarb MHOXXeCTBO TpyOok 2108, comepxammx TEKydyuid OTpaXkKaroluii
HeWTpoHbsl Marepuan 2106, Haxoasmuiicas B HEHTPOHHOW CBS3M C TOIUIMBHOM
obnacteio 2102. B oaHOM BapuaHTE BBIMOJIHEHUS YKA3aHHOE MHOYXECTBO TPYyOOK
2108 mnpencrapisier coOoi IuIMHApPUUECKHEe TPYOku. Tekyuuil oTpakarouiuit
HeWTpoHbl MaTepuai 2106 MokeT HUPKyJMpoBaTh B TpyOKkax 2108, ¢ BMycKHbIMU
Y BBIITYCKHBIMU OTBEPCTUSIMU, PACTIOI0KEHHBIMU HAJl TOTJIMBHOM 00jacThio 2102,
TaK 4TO MOJi PEAKTOPOM HE TpeOyeTCsl HUKAKUX MPUCIOCOOJIeHU uin nopToB. B
JPYTUX BAPUAHTAX BBIMOJHEHUS OTPaXaroluii HeWTpoHsl Matepuan 2106 moxer
MPOTEKATh TOJIbKO B OJTHOM HAMNpPaBJICHUHU, B HAMPABJICHUU BBEPX WJIM BHHU3, YEPE3
TpyOku 2108, ¢ OTHMM MOPTOM, PaCIONOKEHHBIM HaJ TOIJIMBHOM oOnacTeio 2102,
U IPYTHM MOPTOM, PACIOJIO0KEHHBIM IMOJ TOIJIMBHOW obOsacteio 2102. B apyrux

BAPUAHTAX BBIMIOJIHEHUSA OTPAXKAIOIIMKA HEHTpoHsl Marepuan 2106 Moxer
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COJICpKaTh TMOJY3aTOPMOKCHHBIM WM MOJ3YYMid TOTOK dYepe3 TpyOku 2108.

TpyOku 2108 pacnosio’keHbl Tak, 4To paauyc Bcex TpyOok 2108 He oauHakoB.
Takum oOpaszom, B kaHane 2104 MoxkeT ObITh PACHONIOKEHO MHOMXECTBO TPYOOK
2108 ¢ pa3nMUHBIMH 3HAYEHUAMH paauyca. B OJHOM BapWaHTE BBINOJHEHHS
TpyOku 2108 ¢ HM3MEHAIOMMMCS PaAduyCOM MOTYT MPOIMYCKATh OTPAXKAKOIIUN
HEHUTPOHBI MaTepuad B OO0BEM, KOTOPBIA 3aHMMAET IUIOMIA[b MOMEPEYHOro
cedyeHus, papHyo 80% ot miomany nomnepeuHoro ceueHus kananos 2104. M3-3a
Oonpmioro konmdectBa TpyOok 2108, wuzobpaxkennbix Ha Dur.2l, m and
MOBBIIIEHUA YA000YMTAEMOCTA HOMEpa TMO3MIMHA HE TOKa3aHbl JIA KaXJI0H
TpyOKH. DTO OmHCcaHWEe CIEAYeT MOHMMaTh KaK YKa3aHME Ha TO, YTO KaxKaas
TpyOka, mnokazaHHas B kaHajax 2104, npencrasnser cobOoit TpyOky 2108,
COJICPKAlIYI0 OTpaXkaroluii HeUTpoHsl Matepuan 2106, naxe Te TpyOKH, KOTOPBIE
HE UMEIOT HOMEPOB TTO3UIIUN.

[00112] Kak o6cCykaanoch BBIIIE, B HEKOTOPHIX BapHWaHTaX BBITIOJHECHUS
OTPa)KaTeNId WJIM YacTU OTpaXaTeyjedl MOTYT ObITh MOJHOCTHIO TBEPABIMH MPH
pabouux Temmeparypax, Hampumep, Mexay 300-350°C u 800°C, wnm moryt
MPEACTABIIATh COOOM KUAKUN OTPAKAIOIINI MaTepral, 3aKIFOUEHHbBIA B 3aKPbITHII
KOHTEHHEP, B KOTOPOM CTEHKH KOHTEHHEpa SBJSAIOTCS TBEPABIMH NpPH padouei
temneparype. [Ipumepsl MarepuasioB ¢ TBEPABIM OTPAXKATEJIEM BKIIIOUYAIOT YPaH,
ypaH-BoJib(ppam, kapOUIbl ypaHa WU ypaHa-BoJb(dpama, a TaKKe OKCHJ MarHus.
[Ipumepamu MatepuanoB OTpakaresied, KOTOPble MOTYT ObITh HCHOJIb30BAHBI B
KQueCTBE >KHAKOTO TEIUIOHOCHUTENIS, SABJISIIOTCS CBUHEIl, CBUHIIOBBIC CILJIABBHI,
sBTekTuka Pb-Bi, PbO, cnnaBbl kenne3a u ypaHa, BKIIOUAs SBTEKTHKY JKejie3a H
ypana, rpadut, kapOoua Bombdpama, acHcamwion (densalloy), kapOum TuTaHa,
oOeTHEHHBIC YPAHOBHIE CIUIABBI, TAHTAJI-BOJNIb()paM W BOIb(pamMoBBIe CIUIaBhl. B
€IIe OJHOM BAPUAHTE BBHIMIOJIHEHUS B KAUECTBE OTPAXKAKOIIETO MaTepuaia MOXKET
UCIOJIb30BaThCA TOMJIMBHAS COJIb. B O/JHOM BapuaHTE BBIMOJHEHUS >KUJKUN
TEIJIOHOCUTENh COJICPKUT MaTEpUaibl, KOTOPbIC SBJIAIOTCS XKUIAKOCTAMHU MpHU
paGoueif Temmeparype peakTopa M HMEIOT IUIOTHOCTH Oomee 10 r/em’. B
ATbTEPHATUBHOM BAPUAHTE BBIMOJHEHUS KUIAKUA TEMJIOHOCUTENb COJAEPKUT
MATE€pUAJIbl, KOTOPBIE ABJISIFOTCS JKUJKOCTSIMU TpH pabouel TemIieparype
peakTopa U KOTOpbIe UMEIOT yrpyroe ceueHue paccesHus B 0,1 OapH unu Oonee

1u1si HeUTpoHOB ¢ 3Hepruei 0,001 M»aB.
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[00113] Kak oOcyxaanoch BbIllle, MPUMEPHl KUJIKUX SACPHBIX TOILIMB

BKJIFOUAIOT COJIM, cojiep karue oauH uir Heckoiabko u3 PuCls, UCly, UCL3F, UCI;,
UCIF,, UCIF;, Opomuanbie TomauBHbie conu, Takue kak UBr; wim UBry, u
xyiopuabl Topus (Hampumep, ThCly). Kpome Ttoro, TormmBHas cojib MOKET
BKJIFOYATh OJHY WJIM HECKOJIBKO HE JEIAIIMXCA COJEH, TaKuX KakK, HO He
orpannuuBasce umu, NaCl, MgCl,, CaCl,, BaCl,, KCl, SrCl,, VCls, CrCl;, TiCly,
ZrCly, ThCly, AcCls, NpCly, AmCls, LaCls, CeCl;, PrCl; w/unmu NdCl;. Cnenyer
OTMETUTH, YTO MUHUMAJIbHAS U MakcUMajbHas padodyue TeMmIepaTypbl TOIJIMBA B
peakTope MOTyT BapbUPOBAThCA B 3aBUCHUMOCTH OT TOIUIMBHOH  COJIH,
UCIIOJTE3YeMOU I TIOJ/ICPKAHUS COJIM B KUAKOW (haze BO BCEM pEAKTOPE.
MunumanbHble TeMmneparypbl MoryT coctaisaTe 300-350°C, a makcuMalibHbIE
temnepatypsl MoryT gocturarb 1400°C wnm Beilie. AHaJIOTMYHBIM 00pa3oM, 3a
UCKIIFOYEHUEM CJIy4aeB, O KOTOPBIX ObLJIO MPSAMO CKa3aHO, TEMJIOOOMEHHUKH
O00ObIYHO OyayT TMPEACTABJIICHBI B HSTOM ONHUCAHUKM B TEPMUHAX MPOCTHIX
OJTHOTIPOXO/IHBIX, KOXKYXOTPYOHBIX TEIMJI000OMEHHUKOB, UMEIOIINX HA0OP TPYOOK U
C TpyOHBIMH pemieTkaMu ¢ 000MX KOHIOB. OJHAKO CJEAyeT MOHUMAaTh, YTO B
o011eM ciiydae MOXKET ObITh MCIOJIB30BAHA JII00Aask KOHCTPYKIMS TEIMIIO0OOMEHHUKA,
XOTSI HEKOTOPbIE KOHCTPYKLHMH MOTYT ObITh 0OJ€e MOAXOIALIMMH, YeM APYTHE.
Hanpumep, B nomonHeHUWE K KOXYXOTPYOHBIM TEMIOOOMEHHUKAM MOTYT TaKiKe
WCIOJIb30BaThCSA MJIACTUHYATHIE, KOYKYyXOIUTACTUHYAThIE, MJIACTUHYATHIE
TEMJI0OOOMEHHUKA C BBITPABJICHHBIMU KaHAJJaMH W TUJIACTUHYATO-PEOPHUCTHIE
TEMT000MEHHUKH.

[00114] ®ur.22 uzobpaxkaeT BUI B pa3pe3e BapuaHTa BHITIOJIHEHUA PeakTopa
2200 ¢ wuCHONb30BAaHHEM ITUPKYJIUPYIOIIETO OTpakalllero wmarepuana. Ha
WUTIOCTpAIlMK TOKa3aHa nojioBuHa peakTtopa 2200 OT 1eHTpa K JIEBOMY Kparo
3ammTHOM 000s0ouku 2218 peakropa. Peakrop 2200 coaepXUT aKTUBHYIO 30HY
2204, orpaHWYeHHYIO BepxHUM oTpaxaresieMm 2208A, HWKHUM OTpaxkaTesem
2208B u BHyTpeHHUM oTpaxatesem 2208C. B nokazaHHOM BapUaHTE BBIMOJHEHUS
HWKHUH oTpaxarenb 2208B Takxke nmpoxoAuT B OOKOBOM HAIMpPaBJICHUHM U BBEPX
MO0 CTOPOHAM 3aIIUTHOW 000J0uKkK 2218 st JONOJHUTEIBHOW 3aIUTHl KPBIIIKH
2238 kopmyca. [lepBuunsbiii TemwiooOMeHHUK 2210 BBIMOJIHEH ¢ BO3MOKHOCTBIO
BMCIIIEHUA TIOTOKA TEIUIOHOCUTENIA B MEXTPYOHOM TMPOCTPAaHCTBE (IMTOKa3aH

OYHKTUPOM 2214), mpuueM TEIJIOHOCHUTEIh TMOCTYMAeT 4Yepe3 BIMYCKHOW KaHaj
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2230 s TENJOHOCUTENA, a HArpeThld TEMJIOHOCUTENb BBIXOJUT U3 BBIITYCKHOTO

KaHana 2236 nnsa TerIoHOCHUTEN. B MOKa3aHHOM BApUAHTE BBIMIOJIHEHUS TOTIMBO
MPOTEKAeT (MPOMJUTIOCTPUPOBAHO TYHKTUPHBIMUA JIUHUAMHU 2206) W3 aKTUBHOM
30HbI 2204 peakTopa Mo BEpXHEMY KaHay uepe3 BHYTpeHHUM oTpaxkarens 2208C,
u B TemiooOMeHHMK 2210 uyepe3 BxomHyto TpyOHyro pemierky 2232. Ilocne
MIPOXO’KJICHUA Yepe3 TPYOHBIH My4YOK TeNepb OXJIAKIECHHOE TOIIMBO BBIXOAMUT W3
HWDKHEH TpyOHO# pemeTku 2231 u Bo3BpaliaeTcs 00paTHO B aKTUBHYIO 30HY 2204
peakTopa MO HWXXKHEMY KaHaly uepe3 BHyTpeHHui otpaxkarenp 2208C. ITotok
TOIJIMBA TPHUBOJUTCS B JACHCTBUE HACOCHBIM Y3JIoM 2212, KOTOpBIM COACPKUT
KPBLTBYATKY B TOIJTABHOM KOHTYPE (B ’TOM BAapHAHTE BHITTOJTHCHHS TTOKA3aH HUKE
HUOKHEH TpyOHOU pemerku 2231), COEMMHEHHYIO BajioM C JBHUTATeaeM (B TOM
BapHaAHTE BHITIOJTHEHUS PACTIONIOKEHHOM HaJl BEPXHUM oTpakaresiem 2208A).

[00115] Ha ®wur.22 otpaxarenu 2208A, 2208B, 2208C mnpotouHo
cooOmaroTcs, obdecrneurnBasi BO3MOKHOCTh IUPKYJISALMKU KUJIKOTO OTPAXKAKOIIETO
Marepuajia BOKPYr akTuBHOW 30HBI 2204 peakropa. lloTok oTpaxaroiero
Marepuasia nokazaH Ha @wur.22 OonbmuMU cepeiMu  cTpenkamu 2234, B
M300pPAKEHHOM BapHAHTE BBIMOJHEHUS OTPAKAIOIIMN MAaTepUall MPOTEKAET Yepe3
BIIYCKHO€ OTBepCTUE B Kphilke 2238 kopnyca B peakrop 2200 BAOIb BHYTPEHHEN
MOBEPXHOCTH 3aIUTHON 00070uKkK 2218 peakTopa, a 3aT€M BAOJIb HUKHEW YacCTH
3aIuTHON obonouku 2218, mepen TeM Kak HauyaTh MOJHUMATHCA, W JENAET
pasBopor Ha 180 rpamycoB s mpoTekaHWs BOMWM3M HUKHEH 4YaCcTH aKTUBHOMU
3oHbl 2204 peakTopa. 3areM OTpaKaloIMi MaTrepuasl MPOTEKAeT dYepe3
BHyTpeHHUM oTpaxkarens 2208C, 3arem B BepxHuii oTpaxarenb 2208A, wu3
KOTOPOTO OH MOXET OBbITh YJaJ€H uepe3 BBIMYCKHOE OTBEPCTHE B KpbIlike 2238
KOpITyCa WJIM PELUPKYJIUPOBAH K BHYTPEHHEH MOBEPXHOCTH 3AIIUTHON 000JI0UKH
2218 peaxropa.

[00116] Ilupkynupyromuii oTpaxkaromuii marepuanl Ha DOur.22 MoOxeT
WCIIOJIb30BAThCA AJIsI OOJICTUEHUS] OXJIAKIEHUS akTUBHOW 30HbI 2204. B »31Oi
KOH(HUTYpaliui HATPEThI OTPAXKAIONIUN Marepual MOXKET ObITh yAalleH Wu3
3amuTHOM ob6onoukm 2218 peakTopa W MPOMYIIEH Yepe3 TEIMIOOOMEHHUK (HE
MOKa3aH), BHENTHWN MO OTHomeHWuto K peaktopy 2200. B omnom BapmanTte
BBITIOJTHEHUA U1l YAQJICHHS Temja U3 OTPaXkarolllero MaTephajia MOXET TaKkKe

HCTIOJIb30BATLCS TOT K€ MEPBUYHBIA OXJIAKIAKOIIUNA KOHTYP, KOTOPBIA yAAJIAET
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TEIJIO HEMOCPEACTBEHHO W3 TOIUIMBA uepe3 TemnooOMeHHuk 2210. B

aNbTEPHATUBHOM BAPWAHTE BBHIMIOJIHEHUA OTAC/IbHAS HE3aBUCHMMAas CHUCTEMa
OXJIQAXKAEHUA MOXKET HCIOJIb30BaThCA I YIAJCHHUS TEIJla W3 OTPAXKAIOIIETOo
MaTepualia, KOTOPBbIA MOYKET MCMOIb30BaTh OAWUH U TOT K€ THM TEMNJIOHOCHUTEIS B
KQueCTBE MEPBUYHOTO TEIJTIOHOCUTENS WM JPYrod THN TerioHocuTens. B eme
OJIHOM BAapHAHTE BBIMOIHEHUS OXJAXKACHHE OTPAXKAIOMIET0 MaTepHuajia MOXKET
ObITh BKJIFOYEHO BO BCIIOMOTATEIbHYID CHCTEMY OXJAXACHHWA, KOTOpas
o0ecreurBaeT aBapPUMHOE OXJIAKICHHE OTPAKAIOIIErO0 Marepuaja B cliydae
MOTEPH TIOTOKA B MEPBUUHOM OXJIAXKIAIOIIEM KOHTYPE.

[00117] B mnoka3aHHOM BapHWaHTE BHIMOJIHEHUA, KOT/A OTPAKAOIIUI
MaTtepuasl  SBJSAETCS 4YacThIO  OXJIAKJAIOIIETO KOHTYpa, MNPEUMYIIECTBOM
KoH(pUrypanmum, mokazaHHoW Ha Dur.22, sBiseTCs TO, UTO 3aIUTHAsA 00O0J0UYKa
pEaKkTopa AaKTHUBHO OXJIQKAACTCA M 3alUIIAETCA OT H30BITOYHOTO MOTOKA
HEUTPOHOB. [10CKOIbKY OXJIQXKACHHBIA OTPAKAOIIWA MaTepUa CHa4Yajaa TEYET Mo
BHYTPEHHUM TMOBEPXHOCTSIM 3alllUTHOW oOosioukn 2218 peakTopa, mnepen
MpOTEKaHWEeM B MecTa BOMWM3M akTUBHOW 30HBI 2204 peakTopa, MOXKHO
WCIOIb30BaTh ~ HAUAJIBHYIO  TEMMEPATypy  OXJIAKJAEMOT0  OTPAXaroIIEro
Marepualia, 4To0bl KOHTPOJIMPOBATH TEMIIEPATYPY 3alUTHOM 00010ukm 2218.

[00118] B eme omHOM BapwaHTE BBINOJHEHHUS HA HAPYKHON MOBEPXHOCTH
3aIMTHOM 000sI0ukK 2218 MokeT OBITh IPeAYCMOTPEHA OXJIaXKaaromas pyoarika
(He TOKa3aHa), KOTOpas CIYXHUT I yAaJeHHS Telia W3 IHPKYJIAPYIOIIETO
OTpaXKaloIIero Marepuajia Ha BHYTPEHHEH IOBEPXHOCTH 3alUTHONW OO0O0JI0UYKH
2218 peakTopa. DTO MOXET OBITh BBIMOJHEHO B JOMOJHEHHE K WM BMECTO
HApY>KHOTO OXJIAXKIAIOIIET0 KOHTYpa AJIA OTPaXarollero Marepuaia.

[00119] Kak onucaHo BbIlle, MOJHYK OTpa)xaTejabHas CIOCOOHOCTh
KOHCTPYKIIMM OTpa)katesis, Moka3zaHHOW Ha Dur.22, MOXHO KOHTPOJIMPOBATH,
KOHTPOJIUPYSA CKOPOCTh MOTOKA OTPAXAIOIIET0 MaTepuaja 4epe3 OTpaxkaresiu, a
TAKXKE€ MYTEM BCTABJCHUA WIH YJAJCHUS CTEPXKHEH WM JPYTruX 3JIEMEHTOB,
COJICpKAIMX 3aMEAJIAIONINE MaTepuaibl WM MaTepuajbl C OTPaXaTEIbHOM
CIOCOOHOCTHIO, OTJIMYHOM OT OTPAXKATEIbHOW CIMOCOOHOCTH LHUPKYJIUPYIOIIETO
OTPAKAKOIIETO MaTepHUaa.

[00120] @wur.23 wurOCTpUpPYET BAapHAHT BBIMIOJIHEHUS peakTopa ¢

TEMI000MEHHUKOM C KOH(Urypamuei TorumBa B MEXKTPYOHOM MPOCTPAHCTBE /
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MEPBUYHOIO TEMJIOHOCUTEIS B TPYOHOM MPOCTPAHCTBE, UCIONB3YS TOT YK€ BU] B

MONEPEYHOM pa3pe3e, MOKA3bIBAIOIIMK TMOJIOBUHY peakTopa, Kak U Ha Dur.22.
AxtuBHas 30Ha 2304 peakTopa OKpykeHa BepXHUM oTpaxkaresieM 2308 A, HHXKHUM
orpaxkarenem 2308B u BHyTpeHHMM oTpaxkatenem 2308C, KOTOpbIA OTHENAET
aKTHBHYIO 30HY peaKkTopa oT nmepBuuHOro termiooomMennrnka 2310. B orpaxarensix
2308A, 2308B, 2308C mnpeaycMOTpeHbl KaHajbl, KOTOpPbIE OOECIEUYHUBAIOT
BO3MOYKHOCTh IHPKYJISAIAN TOIUTMBHOW COJIK (MPOMILTIOCTPUPOBAHO ITyHKTHPHOM
muaueit 2306) u3 aktuBHOM 30HB 2304 peakTopa Yepe3 BHYTPEHHHUM OTPaKaTeb
2308C B 00osouky mnepBuuHOro temiooomMennuka 2310, TomnmmuBo Teuer uepes
000J104Ky BOKPYr Habopa TpyOOK, MEPEHOCSA, TEM CaMbIM, TEIJIO K MEPBUUYHOMY
TEMJIOHOCUTEMO. OXJIAKJICHHOEC TOIUIMBO 3aTE€M BBIXOJAUT W3 OOOJIOUKH U
MPOXOAUT uepe3 BHYTpeHHUM orpaxareiab 2308C o0paTHO B HUXKHIOK YacThb
akTuBHOM 30HBI 2304 peakTopa. B 00osiouke mpeaycMoTpensl neperopoaku 2312,
YyTOOBI 3aCTABUTH TOIUIMUBHYIO COJIb CIEA0BAThH MO 0OXOJHOMY IMYTH BOKPYT TPYyOOK
TermTooOMeHHrKa A1 6osee r(hpeKkTHBHOM TeTuIoepe1ayn.

[00121] TennoHocuTenbr MpPOTEKAeT dYepe3 TPYyOHOE MPOCTPAHCTBO
teriooOMenHuka 2310, HO mepen TeMm, Kak BOWMTHM B JHO TEII00OMEHHMKA,
CHayajia IPOXOJHT Yepe3 BIYCKHOE OTBEPCTHE B KPbIIKKA 2338 KOpIlyca BHHU3 IO
JUTMHE BIyCKHOTO KaHana 2330 mis TeminoHoCHTEeNnd BOJIWM3M 4YaCTH HUXKHETO
orpaxarens 2308B. IlepBuuHblii TEIUIOHOCUTENb TMOCTYyMaeT B  TPYOKH
teriooOMenHuka 2310, mporekas uepe3 HWKHIOK TpyOHyo pemerky 2331,
KOTOpasi MoKa3aHa Kak HaxOMsIIascs Ha JHE aKTUBHOM 30HBI peakropa. HukHss
TpyOHast pemerka 2331 MOXKET HAXOAUTHCS HAa YPOBHE HUIKHETO OTpa)kaTess
2308B uiM HMXKE YPOBHS HHKHErO OTpakaTess, B 3aBUCUMOCTH OT BapHaHTa
BBITIOTHEHUA. TeMIOHOCUTENb BBIXOAUT U3 TPYOOK TEIJIOOOMEHHUKA y BEpXHEH
TpyOHOU pemerkn 2332, kotopas Ha ®ur.23 mnoka3aHa pacroJIOKCHHOW Ha
HEKOTOPOM PACCTOAHHWM BbIllle aKTUBHON 30HB 2304 peakTopa W 3alUTHOMN
obonouku 2318 peaktopa. [IOTOK TEMIOHOCHUTENS TaKXKe MPOWLIIOCTPUPOBAH
MyHKTUPHOM JiuHuen 2314,

[00122] Ha ®wr.23 mnokazana obOmacte 2334 BHyTpH Kopmyca
TEMJI000MEHHUKA, KOTOPas HaXOAMUTCS BBIIIE YPOBHA COJIM B aKTUBHOM 30He 2304
peakTopa. OTta o007acTh MOXKET ObITh MO0 TBEPAOH, 3a HUCKIIOUCHUEM

MPOHUKAIOIIMX TPyOOK, JubOO0 MOXKET NPEACTaBIATh Cco00W  CcBOOOIHOE
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IIPOCTPAHCTBO, 3aIIOJTHEHHOE HHEPTHBIM I'a30M.

[00123] Jlma conmelcTBus LUPKYJALMUUA TOIUIMBHOW COJM, UMPKYJISALHAHA
MEPBUYHOIO TEIJIOHOCHUTEIIS, WM TOTO U APYroro, MOXKET ObITh MPEIyCMOTPEH
OJIMH WJIM HECKOJbKO HACOCOB (HE MOKa3aHbl). Hampumep, KpblibuaTka MOXKET
ObITh YCTAQHOBJIEHA B OJAHOM WM OOOMX BITYCKHBIX KaHAJax JUIsi HarpeTou
TOTUJIMBHOM COJIM B BepxHeH uacTh akTuBHOHM 30HBI 2304 peakropa miau (kak Oosee
moAPOOHO ONMMCAHO HUIKE) B BBIMTYCKHBIX KaHAJaX /TS OXJIAXKIACHHOTO TOIUTABA Ha
nHe akTuBHOW 30HBI 2304 peakTopa. AHAJOTMYHO, KPbUIbYaTKA MOXKET OBITh
yCTAHOBJICHA BO BMOYCKHOM KaHaie 2330 a8 TEIIOHOCHTENA, YTOOBI
crocoOCTBOBATh PETYJMPOBAHUIO TOTOKA MEPBUUHOTO TETIJIOHOCUTEIS.

[00124] Ha ®wur.23 otpaxkarenu 2308A, 2308B, 2308C wnaxoasTcs B
MPOTOYHOM COOOIICHUHU, TMO3BOJISISI LUPKYJIUPOBATHh KUIAKOMY OTPaKAOIIEMY
Marepually BOKpPYr akTtuBHOM 30HbI 2304 peakropa. lloTok oTpaxaroiiero
Marepuajia nokazaH Ha @wur.23 OonbmmMu cepbiMu  cTpenikamu 2334, B
MOKAa3aHHOM BapHAHTE BHIMIOJIHEHUA OTPAXKAIOIIWNA MaTepHrajl MOCTYMAET B PEAKTOP
2300 dyepe3 BHYCKHOE OTBEpcTHE B Kphilike 2338 kopryca, a 3areM BJOJIb
BHYTPEHHEH MOBEPXHOCTU CTOPOHBI 3alIUTHON 00onouku 2318 peakTopa B KaHA
otpaxarend. Kanan otpaxaresns 3arem clieayeT no JHY 3alluTHOM 000a0uku 2318
peakTopa, nepe TeM, KaK COBEPIIUTh Pa3BOPOT M HAdyaThb MOJHHMATHCA, YTOObBI
MpPOTEKaTh PANOM C JTHOM aKTUBHOW 30HBI 2304 peakTopa. 3aTeM OTpaKarOIIHMi
Marepual MPOTEKAaeT uepe3 BHYTpeHHui otpaxarenb 2308C u B BepxHHH
orpaxkarenb 2308A, w3 KOTOPOro OH MOXKET ObITh YAQJEH B IEHTPAIBHOM
MOJIOXKEHHUH YE€PEe3 BBIMYCKHOE OTBEPCTHE B Kpbilike 2338 kopryca, Kak MOKa3aHo,
WM MOXKET PEUUPKYJIUPOBATh K BHYTPEHHEHW MOBEPXHOCTH 3AIUTHONW 00OJIOUKH
2318 peakropa.

[00125] Kak oOcyxaeHo co ccbuikoi Ha @ur.22, UpKyJIUpYOIIUi
OTpaXKaroIMii MaTepua, Moka3aHHbld Ha Our.23, MoXeT ObITh MCTOJIb30BaAH IS
oOJerueHrs OXJIaXACHNS akTUBHOHN 30HB 2304 peaktopa. B »To# koHurypanmm
HarpeThlii OTPAXKAOIIMNA MaTEepUal MOKET ObITh YAAJICH U3 3aIIUTHOW 000JI0UKH
2318 peakTopa W TPOMYyIIEH Yepe3 TEIUIOOOMEHHHWK (HE TIOKa3aH) CHApPYXH
peakropa 2300. Koraa oTpakaromuii MaTeprall ABJISETCS YaCcThlO OXJIAXKIAIOIIETO
KOHTYypa, MPEUMYIIECTBO KOH(HUTYpAIK, MOKa3aHHOH Ha ®Dur.23 3akimodaeTcs B

TOM, 4YTO 3allliTHAasA 00oJI0uKa PCAKTOpPa aKTHUBHO OXJIAXKAACTCA U 3alMUINACTCA OT
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M30BITOYHOTO TOTOKA HEHUTpPOHOB. [lOCKOJIBKY OXJaXKACHHBIM OTpPAKAOIINI

MaTepuall CHayajga MNPOTEKAET 10 BHYTPEHHUM TMOBEPXHOCTSAM 3alUTHOMN
obosouku 2318 peakTopa, mepe TeM Kak MpoTeUub B MecTa BOJIM3M aKTUBHOM 30HbI
2304 peakTopa, MOYXHO HMCIOJIB30BAaTh HAYAJbHYIO TEMIIEPATYpPy OXJIAXKIEHHOIO
OTPAKAIOIIEr0 Marepuaja, uTo0bl yIPaByIsATh TEMIIEPATYPOH 3alTUTHON 000JI0UKH
2318 peakropa.

[00126] Kak ommcaHo BbIlE, MOJHON OTpPa)KaTeIbHOW CHOCOOHOCTHIO
KOHCTPYKIIMHU OTPa)kaTesid, Moka3zaHHOW Ha Dur.23, MOXKHO YNPaBJIATh, YIPABIIs
CKOPOCTBIO MOTOKA OTPAXKAKOIIETO MaTepualia uepe3 OTpaXkaresiy, a TakKe MyTeM
BCTABJICHUA WU YJAJEHUS CTEPKHEH WM APYrUX KOMIIOHEHTOB, COACPKAIIUX
3aMEUISIONIAE  MATepHUajabl WM MaTepuajgbl ¢ OTJIMYHOW  OTPaKaTeJIbHOU
CIIOCOOHOCTHIO MO CPABHEHUIO C OTPAKAIOIIUM MATEPUAIOM.

[00127] Kak oOcyxpaanoch BbIIIE, €lI€ OJWH MOAXOJ K OXJIAKICHHUIO
pEaKkTopa 3aKII0YaeTCs B HCMOJBb30BAHUM JKHJAKOTO OTpa)XkaTesisi B KadyeCTBE
MEPBUYHOIO TEIJIOHOCUTENS. B 3TOM KOHCTPYKUMHM MEPBUYHBIA TEMJIOHOCUTEND
BHITIOJIHACT Kak (yHKIHIO OTpakareier, Tak © (yHKIHIO TEPBUYHOTO
oxJaxaeHusA. B BapuaHTe BBIMOJHEHUS OTPAXKAOIMKA Marepuasl OyAeT KUIAKAM
Py MUHUMAJIbHOM pabodueil Temmeparype TOTUIMBHOW COJM (HAmpUMeEp, MEXITy
300°C u 800°C) u umeet mwioTHOCTH Gotee 10 r/cm’. B anbTepHATHBHOM BapHAHTE
BBITIOJIHEHUA OTPAKAIOIIMK MaTepuag MOXKET MPEeACTaBIATh co0O0i marepual,
MMEIOIIMIA HU3KOE TMOIMEPEYHOE CEUCHHE MOTJIOEHUS HEUTPOHOM M BBICOKHUM
MONIEPEUYHBIM CEUCHUEM PACCESTHUSI HEUTPOHOB, U KOTOPBIA MOXKET MOABEPraThCs
(n, 2n) peakusam.

[00128] ®wur.24 wuzoOpakaeT Takoil BapUaHT BBIMIOJIHEHHUS PEaKTOpa C
OXJIQXJEHHBIM OTpakarejieM. B BapuaHTe BHINOIHEHUA MOJ0BUHA peaktopa 2400
MoKa3aHa B TOMEPEUYHOM paspese, kak Ha dur.22 m 23. AxtuHag 3oHa 2404
peakTopa OKpyXeHa BepXHHUM oTpaxkarenem 2408A, HWXKHUM OTpakaTeaeM
2408B. PacmiaBieHHbIN OTpaXkarolMii Marepuall, TAKOM Kak CBUHEI, MPOTEKAET
yepe3 BIYCKHOW KaHaJl JJIsl TEMJIOHOCHUTENA, KaK MOKA3aHO cepoil ctpenkoi 2414,
paboraer kak BHyTpeHHHH oTpaxkatens 2408C, a Takke Kak TNEPBUUHBIH
TEMJIOHOCUTEb.

[00129] [lnsg UMpKYyJISIMM — OTPAXKAIOIIEr0 MaTepuajga MOXKET ObITh

WCIIOJIb30BaHA CHUCTeMa Jo0oro tuma. B BAapHUAaHTC BBINIOJIHCHUSA, ITOKA3dHHOM,
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HarpuMep, Ha @wur.24, BO BIYCKHOM KaHaje i OXJAXKIAECHHOIO Marepuana

npeaycMoTpeH Hacoc 2413, kak ommucaHo co cchuikoi Ha ®@ur.22. Takoit Hacoc
2413 MOXKeT OBITh PACMONIOKEH TAKUM 00pa30M, UTOOBI KPbLIBYATKA HAXOAUIIOCH B
a000M yIOOHOM MeECTE€ B OTPAXKAIOIIEM HEHWTPOHBI OXJIAXKAAIOIIEM KOHTYPE,
yTOOBl COACHCTBOBATh MJIM OCYHIECTBIJIATH LMUPKYIISALHUIO KUAKOTO OTPAKAIOIIETO
HEHUTPOHBI TEIJIOHOCHUTEJIA.

[00130] B mnoka3aHHOM BapuWaHTE BBIMOJHECHUS TOIUIUBO HAXOAUTCS B
MEKTPYOHOM MPOCTPAHCTBE, a OTPAKAIOIIUNA MaTEpHal, KOTOPBIM TAaKKe ABJISICTCS
TEMJIOHOCUTEJIEM, HAXOAUTCs B TpPyOHOM mnpocTpaHcTBe. O0ojiouka U TpyOKHU
U3TOTOBJIEHBI M3 HEKOTOPOTO KOHCTPYKIIMOHHOIO MaTepuajia, KOTOPbIHA SBIIACTCS
TBEpAbIM TMpu paboumx Temneparypax. [{UpKyaauus TOIUIMBHOH  COJH
(MPOMILTIOCTPUPOBAHO MYHKTUPHOW JuHUEH 2406) OCyIEeCTBIACTCA W3 aKTHBHOM
30HbI 2404 peaktopa B MEXTPYOHOE MPOCTPAHCTBO MEPBUYHOTO TEIJIOOOMEHHUKA
2410 u yepe3 Hero, U OOpPaTHO B JHO akTUBHOM 30HKBI 2404 peaktopa. B o0onouke
MpPEeayCMOTPEHbl neperopoaku 2412, uToObl 3acTaBUTh TOIUIMBHYKO  COJIb
CJIE0BATh MO 00XOHOMY IyTH BOKPYT TPYOOK TEIJI0O0OMEHHHUKA.

[00131] Ortpaxarens / TEMJIOHOCHTENh TPOTEKAaeT uepe3 TpyOHOE
MPOCTPAHCTBO TeriooOMeHHuKa 2410, HO mepen TeM, Kak BOWTH B JHO
TEMJIO0OOMEHHUKA, CHayaja TMpPOTEKaeT IO JJIMHE BIIYCKHOTO KaHaja s
TEIJIOHOCUTENS BONM3M CTOPOH W JHA 3anuTHON obomouku 2418 peakropa. B
BAPUAHTE BBHITIOJIHEHUS HA BHYTPEHHEH MOBEPXHOCTH 3aIUTHON 000JI0UYKH
peakTopa MOXKET OO0pa30BBIBATHCS TBEP/bIN CJIOM OTpaKarollero Marepuana,
OCOOCHHO €CIIH Hapy)XHas CTOpPOHa 3aluTHOM obojmouku 2418 peakrtopa
OXJAKIAaeTCa. DTO TMPUEMJIEMO, €CIIM 3TO HE MEIMaeT IMOTOKY OTpakarens /
TEIJIOHOCUTENS. 3aTeM OTpaXkaTtellb / TETUIOHOCUTENb TOCTYMaeT B TPyOKH
TEeTUI0OOOMEHHHUKA, TPOTEKas uepe3 HIKHIOK TPYOHyro pemieTky 2431, xoropas
MOKa3aHa KaK pacmoJiokeHHas Ha JAHe akTuBHOM 30HBI 2404 peakrtopa.
Otpakarenp / TEIIOHOCHTENb BBIXOIUT W3 TPYOOK TETUIOOOMECHHHMKA Y BEPXHEH
TpyOHOU pemetkn 2432, kotopas Ha ®ur.24 mnoka3aHa pacroJIOKEHHOW Ha
HEKOTOPOM PACCTOAHWM BbIllle AKTUBHOW 30HBI 2404 peakTopa W 3allUTHOMN
obomouku 2418 peaktopa.

[00132] Ha ®wr.24 nokazana ob6Omnacte 2434 BHyTpW Kopmyca

TGHJ’IOO6MGHHI/IK3, KOTOpasa HaXOAdUTCA BBIIIC YPOBHA TOILIMBHOM COJIM B AKTUBHOM
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3oHe 2404 peaktopa. DTa 007acTh MOXET OBbITh 3aMOJHEHA, 32 HCKIIOUCHUEM

MPOHUKAIOIIMX TPYOOK, JOOBIM OTPAKAOIIUM WM 3aMENIAIOIIIM MaTEpPUATIOM,
HalpuMep, 3aloJIHEHA APYTUM WA TEM K€ CaMbIM OTPAXKAIOIINUM MATEpUAIIOM,
9TO U OTPAKATEIh / TETUIOHOCHUTEITb.

[00133] Ha ®wur.24 Bepxuuii orpaxkareiab 2408A M HWKHUNA OTpakaTelb
2408B mokazaHbl KaK OTJIMYAIOIIMECS OT IUPKYJIHPYIOIIET0 OTPaXKaIIEro
Marepuaia / TeIIOHOCHTENS. B albTepHAaTHBHOM BapHaHTE BHITIOJIHCHUS BEPXHHM
orpaxarenb 2408A, HmxHul oTtpaxkarenb 2408B u BHyTpeHHME OTpakaresb
2408C MoOryT HaxXOAUTHCA APYT € IPYrOM B TPOTOYHOM COOOIICHUH, KaK TTOKAa3aHO
Ha @ur.22 u 23. HampuMmep, oTpaxkarolvii MaTepuasi MOXKET ObITh HANpPaBJIEH B
peaktop 2400 BIoJib BHYTPEHHEH MOBEPXHOCTH CTOPOHBI 3AIMUTHOW OO0OJIOUKH
2418 peaktopa, Kak MOKa3aHO HAa YEPTEXe, HO 3aTeM HAMpaBJAETCS BAOJIb JHA
3aimMTHOM 00osouku 2418 peakropa, mepea TEM, KaK MOJAHATHCS W COBEPIIUTH
Pa3BOPOT, UTOOBI MPOTEKATh PAJAOM C AHOM akTWBHOW 30HBI 2404 peakTopa, Kak
nokazaHo Ha ®wur.23. OTrpaxkaroumi MaTeprall TaKXKe MOXKET ObITh HANpaBJIEH B
BepxHUM oTpaxaresib 2308 A, u3 KOTOPOTO OH MOXKET OBITh YJIAJIEH B [IEHTPAIBHOM
TOJIOJKEHHUH, KaK Tak)Ke Ioka3zaHo Ha dur.23.

[00134] [Ins conmelcTBUA UMPKYJISAUMA TOIJIMBHOW COJIM WA LUPKYJISALHAHA
oTpaxkaTelisi / TETTIOHOCUTENS MOXKET ObITh MIPEyCMOTPEH HAcOC (HE TIOKa3aH) WK
Mo MEHbINEH Mepe KpbUibuaTka Hacoca. Hampumep, KpbuibdaTka MOXET ObITh
YCTAaHOBJICHA B OJHOM WM OOOWX BIYCKHOM OTBEPCTUU MJiA MOAOTPETOM
TOTUJIMBHOM COJIM MEPBUYHOTO TEIJIOOOMEHHHUKA B BEPXHEH YaCTH aKTUBHOW 30HBI
2404 peaktopa wiam (kak Ooyiee MOAPOOHO OMHCAHO HIDKE) B BBIIYCKHOM
OTBEPCTHUH ISl OXJIAXKEHHOTO TOIJIMBA KOPIyca MEPBUYHOTO TEIJIOOOMEHHUKA Ha
nHe akTUBHOM 30HBI 2404 peakTopa.

[00135] B eme o1HOM BapuaHTE BHITIOJIHEHUST OTPAXKAIOIIUN TETJIOHOCUTEN
MOXET MPOXOJUTh YE€Pe3 BEPXHUN W HUKHUNA AKCHAIbHBIE OTPAXaTEJH, YTOOBI
OTBOJUTH JIFOOOE TEIJIO, BBIACISIEMOE B 3THX OTpaXKaTeNsIX, B UUPKYIALMOHHBIN
KOHTYP, KOTOPbIH OTACJICH OT MEPBUUYHOTO OXJIAXKIAIOIIETO KOHTYPA.

[00136] B eme ogHOM BapuUaHTE BBIMOJHEHUS KOHCTPYKIIMU OTpa)aTes
MOXET OBbITh TPEAYCMOTPEH «OOKOBOM SKpaH 30HBI BOCIPOU3BOJACTBA H
BBITOPAHMS», OKPYXAIOIIMA OCHOBHYIO AaKTHBHYKO 30HY. B 53ToM BapuaHTe

BBITIOJTHEHUSA MOXKET OBbITh MPEAYCMOTPEH OTPAKAIOIIMN «IKPaH», COJAEPKALIUN
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ypaH, U00 KakKk €IMHCTBEHHBIA OTpakaTenab, JUOO KakKk BTOPOWM OTpaxkaTesb,

PaCTOJIOKEHHBIA BHYTPH (MEXAY aKTUBHOW 30HOW W MEPBUUHBIM OTPAKATEIIEM)
WIN CHApY’K MEPBUUHOIO OTpaXaTess. YpaH B OTpaXkaTesie MOKET ObITh Kak
KUIKUM, TaK U TBEPJBIM, U MOKET MPEACTABJIATE COOON METAJIJT HA OCHOBE ypaHa,
OKCHJ ypaHa, cOJb ypaHa WM J000€ Apyroe COeIWHEHWE ypaHa. YpaH B
oTpaxarene OyAeT OTpakaTb HEUTPOHBI, HO C TEUEHUEM BpPEMEHU OyaeT
MOPOXKIATh MJTYTOHUM, CTAHOBACH, TAKUM 00OPa30M, UCTOUYHHUKOM TOILIHABA.

[00137] HecmoTps Ha mnpuiaraeMyio (GopMmyily H300pPETEHUS, PACKPHITOE
PEIIEHUE TAKKE OMPEASTACTCS CICAYIOMUMU TTOJIOKEHUSIMU:

1. SAnepHbiii peakTOop HA PACIUIaBJICHHOM TOILUIMBE, COICPIKALIUN:

3AIIUTHYIO 000J0UKY M KPBIIIKY,

AKTUBHYIO 30HY, 3aKIIOYEHHYIO BHYTPU 3alIUTHOW OOOJOYKM WU KPBILIKH
peakTopa, MpUYeM aKTUBHAS 30HA PEAKTOPA UMEET BEPXHIOK 00JACTh U HUXKHIOKO
00acTh,

TEMJI00OOMEHHUK, 3aKIIOYEHHbIA BHYTPH 3alUTHOW OOOJOUKH pEaKkTopa H
KPBIIIKA PEAKTOpa, MPHUYEM TEIUIOOOMEHHHUK BBIMOJHEH C BO3MOXKHOCTBIO
MEepPEeHoca Temia OT JKUAKOTO TOIUIMBA B AKTUBHOM 30HE PEAKTOpA K KUIKOMY
OTPAKAOIIEMY HEUTPOHBI TETNIOHOCUTEIIO.

2. SMnepHeiii peaktop mno 1m.l, B KOTOPOM OTpa)arOIWil HEUTPOHBI
TEMJIOHOCUTENh BBIOPAH W3 CBUHIA, CIUIABOB CBUHIA, 3BTEKTUKH CBUHIA H
BACMYTA, OKCU/Ia CBMHIIA, CILUIABOB ypaHa M KeJie3a, SBTEKTUKH JKEJie3a U YPaHa,
rpaduTa, kapOuga Boab(Ppama, AeHCALIOA, KapOuWga TWUTaHa, OOCIHEHHBIX
YPAHOBBIX CIIABOB, TAHTAI-BOJIb(Ppama 1 CrIaBoB BosIb(pama.

3. Snepubiii peaktop mo 1.1, B KOTOpPOM OTpa)arolmuii HEUTPOHBI
TEMJIOHOCUTETh UMEET CEUEHUE YyNpyroro paccesuus, pasaoe 0,1 6GapH unu Gosee
Juist HelTpoHoB ¢ 3Hepruei 0,001 M»aB.

4. SnepHbiit peaktop mnmo 1m.l, B KOTOPOM OTpa)arolWil HEHTPOHBI
TeIUTOHOCHTEb SIBIIACTCS JKMAKAM M HMMEeT IUIOTHOCTh Gonmee 10 r/em’ mpm
paboueii TeMnepaType peakTopa.

5. Snepubiii peaktop mo m.l, B KOTOpPOM TEIJIOOOMEHHHUK MPEACTABIIACT
co00i KOXKYyXOTPYOHBIH TEMI000MEHHHUK.

6. SnepHbli peakTop MO M.5, B KOTOPOM >KUJKOE TOIUJIMBO MPOIYCKAeTCA

yepe3  KOpImyc TEIJIOOOMEHHUKA, a O KUAKWM  OTPaKalOIMUA  HEUTPOHBI
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TEMJIOHOCUTEND MPOMYCKAETCA Yepe3 TPYOKH TEMI00OMEHHUKA.

7. A nmepHbld peakTop MO IS5, B KOTOPOM >KMIAKOE TOIUIMBO MPOMYCKAETCA
yepe3d TPyOKM TEIJIOOOMEHHWKA, a JKUJAKWMH  OTPaKAIOIMUK  HEUTPOHBI
TEMJIOHOCUTENh MPOITYCKAETCA YEPE3 KOPIYC TEINIOOOMEHHHUKA.

8. SnepHbiii peakTop 1o Jgr0O0MYy M3 M.0. 1-7, B KOTOPOM TEII000MEHHUK
MPOTOYHO COCAMHEH C BepxHEH 00JIacThIO AKTUBHOM 30HBI PEAKTOPa BEPXHUM
KaHaJIOM W MPOTOYHO COEJUHEH C HWKHEH 00JacThi0O aKTHBHOM 30HBI pPeakTopa
HWDKHAM KaHAJIOM, IPUYEM aKTUBHAs 30HA PEaKTopa, TEIJIO0OOMEHHUK U BEPXHUM
Y HWKHUN KaHaJibl 00pa3yloT TOIJIMBHBIM KOHTYP.

9. S nepHbiii peakTop 1O JOOOMY M3 M.I. 1-8, TOMOIHUTEIBLHO COAEPIKAIINMA
BIIYCKHOE OTBEPCTHE AJI JKUJKOTO OTPAKAIOIIETO TEIJIOHOCUTENSA B KPBIIIKE
peaKkTopa, KOTOpPOE MPOTOUYHO COCIUHEHO C TEMJI0OOOMEHHUKOM M B KOTOPOE
MOCTYNAET OXJIAKIACHHBIA KUAKUA OTPAKAOLIMNA HEUTPOHBI TEIUIOHOCUTEND, U
BBIITYCKHOE OTBEPCTUS [JI KUIKOTO OTPAXAIOWIErO TEMJIOHOCHUTENS B KPBIIIKE
pEaKkTopa, KOTOPOE MPOTOYHO COCAUHEHO C TEMJIOOOMEHHUKOM M M3 KOTOPOTO
BBIIYCKAETCs HATPETHIN )KUAKUN OTPAKAIOIIMA HEUTPOHBI TEINIOHOCUTEID.

10. S nepHsiit peakTop 1Mo MOOOMY U3 M.I1. 1-9, TOMOIHUTENIBHO COAEPIKALIAN
BIIYCKHOW BHYTPEHHHMM KaHal ISl MEPEHOCA TEMJIOHOCHUTENA, PACMOI0KEHHBIN
BHYTPHM U B KOHTAKT€ C MEPBOM YACThIO 3AIMUTHONW OOOJIOUKH pEeaKkTopa MEkKIy
BIIYCKHBIM OTBEPCTHUEM JUISl KUJKOTO OTPAKAIOLIETO TEIUIOHOCHUTENA B KPBILIKE
peakTopa W TEIIOOOMEHHHUKOM, TPHYEM BO BIYCKHOW KaHal MJid TEpeHoca
TETJIOHOCUTETIA MOCTYIIAET OXJIAYKICHHBI A OTPaXKAKOIIU I HEUTPOHBI
TEMJIOHOCUTEh M3 BIYCKHOTO OTBEPCTHA JUIS  JKHAKOTO  OTPAXKAIOIIETO
TEMJIOHOCUTENS, OXJIAXK/asd, TeM CaMbIM, TMEPBYIO YaCTh 3alMTHOW 00O0JIOUKH
peakTopa.

11. A nepubiii peaktop 1o 11.10, B KoTOpoM mepBas 4acTh 3aITATHON 000JI0UKH
peakTopa COJACP)KHT IO MEHBIIEH Mepe 4YacTh OOKOBOW CTEHKH 3aIllUTHOH
000JIOUKH peaKTopa.

12. S nepubiii peaktop 1o 11.10, B KOTOpoM mepBas 4acTh 3alTATHON 000JI0UKH
pe€aKkTopa COICPKUT TIO0 MEHBIIEHW MEPE YaCTh HWKHEA CTEHKHA 3alllUTHOU
000JIOUKH peaKTopa.

13. S nepubiii peaktop 1o 1.10, B KOTOpOM nepBas 4acTh 3aIUTHON 000JIOUKH

peaKTopa COACPKHUT MO MEHBIICH Mepe 4acTh OOKOBOM CTEHKH W YacTh HMO)KHEH
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CTEHKH 3aITATHOM 000JI0UKH peaKTopa.

14. Anepubiii peakrop no aw0O0My u3 n.a. 1-13, B KOTOpOM TOIUIMBHAA COJIb
BKJIFOYAET OJHY WJIM HECKOJIBKO U3 caenyrommx aenammxca conen: UFg, UF,, UF;,
ThCl,, UBr3, UBry, PuCl;, UCl,, UCl;, UCL;F win UCLF,.

15. Snepubiii peakTop no aoOomMy U3 m.a. 1-14, B KOTOPOM TOIJIMBHAS COJIb
BKJTIOYAET OJHY WJIM HECKOJIBKO W3 cleayrommx He aensmuxcs coseit: NaCl,
MgCl,, CaCl,, BaCl,, KCI, SrCI,, VCl;, CrCls, TiCly , ZrCly, ThCly, AcCls, NpCly,
AmCl;, LaCls, CeCls, PrCl; umm NdCls.

16. SAnepHblii peakTop HA PACIJIABJICHHOM TOIUIUBE, COACP KAIIUNA:

3aIUTHYIO 000JI0UKY U KPBIIIKY,

AKTUBHYIO 30HY, 3aKIFOYEHHYIO BHYTPU 3alUTHOW OOOJIOUKH U KPBIIIKU
peakTopa, MpUueM aKTUBHAS 30HA PEAKTOPA UMEET BEPXHIOK 00JACTh U HUKHIOKO
00acTsb,

NEPBbIA  TEIUIOOOMEHHUK, 3aKJIIOUCHHBIA BHYTPH 3alUTHOW OO0OJIOUKH
pEakTopa W KPBIIIKH PEAKTOpA, TMPUYEM TEIMJIOOOMEHHUK BBIMIOJHEH C
BO3MO>KHOCTBIO TIEPEHOCA TEIUIa OT XUAKOrO TOIJIMBA B aKTUBHOW 30HE PeaKkTopa
K MIEPBUYHOMY TETUIOHOCUTEITIO,

OTpakareiab HEUTPOHOB, COAEPKAIIMM IO MEHBIIEH MEpEe HEKOTOPOE
KOJIMYECTBO OTPAKAIOLIENA HEUTPOHBI JKUAKOCTH, U

CUCTEMY LUPKYJIALNHN, KOTOpass 00eCeUnBAET LUPKYIIALHUIO YKA3aHHOTO IO
MEHBIIIEH MepPe HEKOTOPOr0 KOJIMYECTBA OTPAKAIOIIETO HEUTPOHBI TEIIOHOCUTENS
B HEUTPOHHOM OTPa)KaTeie.

17. Snepnsiii peakTop mo 1m.16, B KOTOPOM OTpakawolasi HEHUTPOHBI
KUJKOCTh BbIOpaHa W3 CBUHIIA, CIIJIABOB CBUHIIA, PBTEKTHKHA CBUHIIA U BUCMYTA,
OKCHJa CBWHIIA, CIJIABOB ypaHa M JKeje3a, SBTCKTHKHU JKejie3a W ypaHa, rpadwura,
kapOuaa Boib(pama, JeHcauiosn, kapObuma TuTaHa, 0OCTHEHHBIX CIJIAaBOB ypaHa,
TaHTaJ - BoJIk(dpama U CIUIaBOB BOJIb(ppama.

18. Anepubiii peakTop mo m.m.16-17, B KOTOpoM OTpakaroliasi HEUTPOHBI
KHUJKOCTh UMEET CEUEHHE YNpyroro paccesnus, paHoe 0,1 O6apn wim Oonee njs
HelTpoHoB ¢ sHeprueit 0,001 M»B.

19. Anepubiii peaktop mo m.m.16-18, B koTopoMm oTpaxkaromias HEWTPOHBI
’KHIKOCTb SIBIICTCS JKAAKOM M MMeeT IUIOTHOCTh Gosee 10 r/cm’ mpu paGoueit

TEMIIEpaType peaKTopa.

3AMEHAIOIIMNI JTUCT
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20. Anepubiii peakTop mo n.0.16-19, nonoJHUTENBHO COMEpKAITUNA BTOPOM

TEMJIO0OMEHHUK, KOTOPBIN yAAlseT TEIIO OT HArpeTod OTpaXKarolle HEUTPOHBI
YKUJIKOCTH Y BBIMYCKACT OXJIAKACHHYIO OTPAKAIOIIYIO HEUTPOHBI KUAKOCTD.

21. Snepnbiii peaktop mo m.20, B KOTOPOM BTOPOH TEMI00OMEHHUK
HaxXOJMUTCS CHAPYKH KOPIyca peakTopa.

22. SnpepHplii peakTop mo moOoMy u3 ma. 16-21, IOMOJHUTENHHO
COJICp KAl BITYCKHOE OTBEPCTUE IS XKUAKOTO OTPAXKAIOIIETO TEMJIOHOCUTENIS B
KPBIIIIKE PEAKTOpa, KOTOPOE MPOTOYHO COCAMHEHO C TEIUIOOOMEHHUKOM W B
KOTOPO€ MOCTYMAET OXJIAKJCHHAS >KUJKAsA OTPaXKaroIas HEUTPOHBI KUJIKOCTh, U
BBIITYCKHOE OTBEPCTUS I KUIKOTO OTPAXAIOIIETO TEIJIOHOCHUTENIS B KPBIIIKE
pEaKTopa, KOTOPOE MPOTOYHO COCAUHEHO C TEMJIOOOMEHHUKOM M W3 KOTOPOTO
BBIITYCKAETCA HArpeTas »KUJaKas OTPAKAroNast HEUTPOHBI JKUJIKOCTb.

23. Snepsbiii peakTop mno Jw0OoMy u3 1mn. 16-22, [ONOAHUTEIBHO
COJICPKAIMKA BIIYyCKHOM BHYTPEHHMW KaHAJ JUid TMEPEHOCA TETJIOHOCUTEIS,
PaCIOJIOKEHHBIM BHYTPH W B KOHTAKTE€ C MEPBOM YACThIO 3AIMUTHON O0O0JIOUKH
peakTopa MEXKIy BIYCKHBIM OTBEPCTHEM ISl  KUAKOTO  OTPAXKAKOIIETO
TEIJIOHOCUTENSI W BBIMYCKHBIM OTBEPCTHEM ISl KUAKOTO  OTPAXaroIIero
TEIJIOHOCUTENSA, MPUYEM BO BIYCKHOW KaHajl JJid MEPEHOCA TEIUIOHOCUTENS
MOCTYNAeT OXJIUKACHHAS JKUJKAasd OTpaXkarollads HEWTPOHBI JKUAKOCTh W3
BIIYCKHOTO OTBEPCTUA ISl KMAKOTO OTPAKAOLIEr0 TEIUIOHOCUTENSA, OXJIaXIas,
TEM CaMbIM, MIEPBYIO YaCTh 3AIUTHOW 000JIOUKH pPeaKTopa.

24. S nepHblii peakTop 10 11.23, B KOTOPOM IePBasi 4acTh 3AITUTHON 000JI0UKH
peaKTopa COJCPKHT IO MEHBIIEH Mepe 4YacTh OOKOBOW CTEHKH 3aIl[UTHOMN
000JIOUKH peaKTopa.

25. Sl nepHbiii peakTop 10 1.23, B KOTOPOM MEPBast 4acTh 3alTATHOW 000J0UKH
peaKkTopa COICPKUT IO MEHBIIEHW MEPE 4YacTh HWKHEA CTEHKHA 3alllUTHOU
000JIOUKH peaKTopa.

26. S nepHblii peakTop 10 1.23, B KOTOPOM MepBasi 4acTh 3alUTHON 000JIOUKH
peaKTopa COACPKHUT MO MEHBIICH Mepe 4acTh OOKOBOM CTEHKHM WM YacTh HM>KHEH
CTEHKH 3aITATHOM 000JI0UKH PEeaKTopa.

27. S nepHbiit peaktop no J000My U3 M.1. 16-26, B KOTOPOM TOIUITMBHAS COJIb
BKJIFOYAET OJHY WJIM HECKOJIBKO U3 caenyromux aenammxca conen: UFq, UF,, UF;,
ThCly, UBr3, UBry, PuCls, UCly, UCl;, UCI3F nmun UCLF,.

3AMEHAIOIIMNI JTUCT
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28. S nepHsiil peaktop mo a000My U3 1.1, 16-27, B KOTOPOM TOIUIMBHAS COJIb

BKJIIOUAET OJHY WM HECKOJIbKO W3 cieaylomux He nensammxcs cojei: NaCl,
MgClz, C&Clz, BaClz, KCI, SI'CIz, VC13, CI'CI:;, T1C14 ) ZI'C14, ThC14, ACC]}, NpCl4,
AmCl;, LaCls, CeCl;, PrCl; nmm NdCls.

[00138] OueBuaHO, UTO OMHMCAHHBIE 3JECh CHUCTEMbI M CIOCOOBI XOPOIIO
aJanTUPOBAHBI JJIA TOCTHXKCHHS YIIOMSIHYTHIX LI€JIEH U MPEUMYIIECTB, a TAK)KE UM
npucymmx. CrnenuaaucTsl MOWMYT, YTO CHOCOOBI MU CHCTEMBI B 3TOM OINUCAHUH
MOTYT OBITh pe€ajiu30BaHbl MHOTHMH CIOCOOAMU M, KaK TAKOBBIC, HE JOJIKHBI
OTPAHUYUBATHCA  TMPUBCACHHBIMA  BBIIIC  WJUIKOCTPATUBHBIMM  BapUAHTAMHU
BBITIOJTHEHUSA W TIpUMEpaMu. B 3TOM OTHOIIEHUM JIIOOO€ KOJIUUYECTBO MPU3HAKOB
Pa3JIMYHBIX BAPUAHTOB BHITIOJTHEHUSA, OMMMCAHHBIX 3/1€Ch, MOXKET ObITh OOBEAUHEHO
B OJIMH BApHUAHT BBIMOJIHCHUS, MPUA 3TOM BO3MOXHbI AJIbTCPHATHUBHBIE BAPUAHTHI
BBITIOJTHEHUSA, UMEIOIINE MEHbIIEE WX OOJbIIEe KOJIMYECTBO MPU3HAKOB, YEM
MPU3HAKH, ONTMCAHHBIC B HACTOSIIEM JOKYMEHTE.

[00139] HecmoTpsa Ha TO, YTO Pa3IMUHbIE BAPUAHThI BHITIOJHEHUS OMUCAHBI
JUISL PACKPBITHS HACTOSIIETO PEIMIEHUsI, MOTYT ObIThb CHEJIaHbl Pa3JIUYHbIC
U3MEHEHUs W Moauukanuu, Haxojdmuecs B Tpedenax — o0bema,
MPEAYCMOTPEHHOTO  HACTOAIIMM  omucaHueM. MoryT  ObITh  CHIEJIaHBI
MHOTOUYHCJICHHBIE IPYTUE U3MEHEHUA, KOTOPbIe OyIyT MOHATHBI CIEUUATIUCTAM H

KOTOPBIC OXBATBIBAKOTCA CYIIIHOCTBIO I/1306peTeHI/IH.

3AMEHAIOIIMNI JTUCT



POPMYVYJIA U3OBPETEHUSA

1. S nepHbliil peakTop Ha paCIUIABICHHOM TOIUIMBE, COACPIKALLUNA:

3AIIUTHYIO 000JI0UKY M KPBIIIKY,

AKTUBHYIO 30HY, 3aKJIIOUCHHYIO BHYTPHM 3alIUTHOW OOOJOUKH M KPBIIIKU
peakTopa, MpUUEM aKTUBHAs 30HA PEAKTOPAa UMEET BEPXHIOK 00JIaCTh M HUXKHIOKO
00acTh,

TEIUTIOOOMEHHUK, 3aKIIOUEHHBIA BHYTPH 3alllUTHOW 00OJIOUKM peakTopa U
KPBIIIIKK PEAKTOpa, MPUUEM TEIUIOOOMEHHHMK BBIMOJHEH € BO3MOXXHOCTBIO
MepeHoca Temia OT JKUJIKOTO TOIUIMBA B AKTUBHOM 30HE PEAKTOpa K KUJIKOMY
OTPAKAIOIIEMY HEUTPOHBI TEINIOHOCUTEIIO.

2. SnepHblii peakTop MO Mm.l, B KOTOPOM OTPAKAOIIUHA HEHUTPOHBI
TEMJIOHOCUTEh BbIOpAH W3 CBUHIA, CIUJIABOB CBUHIIA, SBTEKTUKW CBHUHIA U
BUCMYTa, OKCU/Ia CBUHIIA, CIUIABOB ypaHa M KeJie3a, SBTCKTHUKHU >KeJi€3a U ypaHa,
rpadura, kapObuma Boab(dpama, AeHCAUIOA, KapOwma TWUTaHa, OOSTHEHHBIX
YPaHOBBIX CIJIABOB, TAHTAI-BOJIb(Ppama 1 CIuTaBoB BoJIb(hpama.

3. SnepHbii peaktop mo 1m.l, B KOTOPOM OTpa)arolUuil HEUTPOHBI
TEIJIOHOCUTETh UMEET CEUEHUE YyNpyroro paccesuus, pasuoe 0,1 6apH uiu Gosee
Ju1st HeUTpoHOB ¢ 3Hepruei 0,001 M»aB.

4. SHnepubiii peakTop 1O M.l, B KOTOPOM OTpa)arOIUil HEUTPOHBI
TEMIIOHOCHTENb SBIIACTCA JKHAKAM M HMeEeT IUIOTHOCTh Oomee 10 r/cMm’ mpw
paboueii Temneparype peakTopa.

5. Snepubiii peakTop 1o m.l, B KOTOPOM TEIJIOOOMEHHUK MNPEACTABJISAET
co00# KOXKYyXOTPYOHBIH TEMI000MEHHHUK.

6. SnepHbiii peakTop MO M.5, B KOTOPOM >KHMAKOE TOTUIMBO MPOIYCKAETCs
yepe3 KOpPImyC TEIJIOOOMEHHHKA, a O KHAKHH  OTPaKAOIHUK  HEUTPOHBI
TEMJIOHOCUTENh MTPOIYCKAETCA uepe3 TPYOKH TEIOOOMEHHHUKA.

7. SlnepHBIl peakTop MO M.5, B KOTOPOM >KHJKOE TOIUIMBO MPOMYCKAETCA
yepe3d TPyOKM TEIJIOOOMEHHWKA, a JKHUAKHH  OTPaKAOIHUA  HEUTPOHBI
TEMJIOHOCUTENh MPOIYCKAETCS Yepe3 KOPNyC TeMmI000MEHHHUKA.

8. SnepHbiii peakTop Mo JMOOOMY M3 ILM. 1-7, B KOTOPOM TEIMIO0OMEHHHUK
MPOTOYHO COEAMHEH C BEPXHEH 00JIACThIO AKTUBHOW 30HBI PEAKTOPA BEPXHHUM
KaHAJIOM M MPOTOYHO COEJUHEH C HUIKHEHW O00JacThiO aKTMBHOM 30HBI peakTopa
HWKHUM KaHAJIOM, IPUYEM aKTHBHAsA 30HA PEAKTOPA, TEINIOOOMEHHUK W BEPXHHM

Y HUKHUWA KaHaJibl 00pa3yloT TOIUIMBHBIM KOHTYP.
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9. S nepHsiit peakTop Mo MOOOMY M3 T.II. 1-8, TOMOTHUTENHHO COASPIKAIIUAM

BIIyCKHOE€ OTBEPCTHE AJIA JKHJIKOTO OTPAKAIOLIETO TEIJIOHOCUTENS B KPBILIKE
peakTopa, KOTOpOE€ MPOTOYHO COEIUHEHO C TEIMIOOOMEHHUKOM M B KOTOPOE
MOCTYNAET OXJIAKJICHHBIA JKAJKUN OTPAKAIOIIMNA HEUTPOHBI TEIJIOHOCHTENb, U
BBIITYCKHOE OTBEPCTHS MJIA KUAKOTO OTPAXKAIOIIETO TEMJIOHOCUTENA B KPBILIKE
peakTopa, KOTOPOE€ MPOTOYHO COCIUHEHO C TEMJIOOOMEHHHUKOM W W3 KOTOPOTO
BBITYCKAETCs HATPETHIN JKUAKUN OTPAKAIOIIAN HEUTPOHBI TEIUIOHOCUTED.

10. Snepnbiii peakTop Mo JOOOMY W3 MNYHKTOB 1-9, MOMOJHUTEIHBHO
COJIEPXAIMKA BITYyCKHOM BHYTPEHHUM KaHajl [id TEPEHOCA TETJIOHOCUTEA,
PaCMOJIOKEHHBIM BHYTPH M B KOHTAKTE€ C IEPBOM YaCThIO 3AIIUTHON OOOJIOUKH
peakTopa MEXJIy BIYCKHBIM OTBEPCTHEM Ui KUIKOTO  OTPAXKAKOIIETO
TEIJIOHOCUTENS B KPBIIIKE PEAKTOpA M TEIMJI00OMEHHUKOM, IPUUYEM BO BITYCKHOM
KaHal AJid MEPEeHOCAa TEIJIOHOCUTENA MOCTYMACT OXJIAXACHHBIN OTpaKaroIIUi
HEWTPOHBI TETUIOHOCUTENb U3 BIIYCKHOTO OTBEPCTUS IS KUAKOTO OTPAXKAKOIIETO
TEIJIOHOCUTENS, OXJIAXKasd, TeM CaMbIM, MEPBYIO YacTh 3allMTHON 000JI0UYKH
peakrtopa.

11. Snepubiti peaktop mo n.10, B KOTOpOM TiepBas 4YacThb 3alATHOM
000JIOUKH COAEPKUT MO MEHBIIEH Mepe YacTb OOKOBON CTEHKH 3allMTHOM
000I0UKH.

12. Snepuniii peakrop mo 1m.10, B koTOpoM miepBas YacTh 3alIATHOMN
00O0JIOUKM COAEPKUT MO MEHBIICH MEpe YacTb HWKHEH CTEHKHA 3alIUTHOU
000JI0UKH.

13. SAnepubiii peaktop mo m.10, B KOTOpOM TiepBas 4YacTh 3alllATHOM
000JIOUKH COAEPKUT MO MEHBIIEH Mepe 4acTh OOKOBOW CTEHKH M YacTh HUXKHEH
CTEHKH 3alUTHONU 0OOJIOUKH.

14. S nepHsbiit peakTop no Jod6oMy u3 m.m. 1-13, B KOTOpOM TOIUIUBHASA COJIb
BKJIFOYAET OJIHY WJIM HECKOJIBKO U3 caenyromux aenammxca cone: UFg, UF,, UF;,
ThCl,, UBrs, UBry, PuCl;, UCl,, UCl;, UCIZF wnu UCLF,.

15. AnepHsiit peaktop no a060oMy U3 n.o. 1-14, B KOTOpOM TOIMJIMBHAS COJIb
BKJTIOUAET OJHY WA HECKOJIbKO W3 cieayiomux He nensmmxcs cojei: NaCl,
MgCl,, CaCl,, BaCl,, KCl, SrCl,, VCl;, CrCls, TiCly , ZrCly, ThCly, AcCls, NpCly,
AmCl;, LaCls, CeCl;, PrCl; nmm NdCls.

16. A nepHblii peakTop HA PACIIAaBJICHHOM TOILUIMBE, COJICPKALUN:

3AIIUTHYIO 000JI0UKY M KPBIIIKY,
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AKTUBHYIO 30HY, 3aKJIIOUCHHYIO BHYTPH 3alUTHOW OOOJIOUKH U KPBILIKH
peakTopa, MpUYeM aKTUBHAs 30HA PEAKTOPA UMEET BEPXHIOK 00JaCTh U HUXKHIOKO
001acTh,

NEPBBIA  TEMJIOOOMEHHHUK, 3aKIIOUEHHBIM BHYTPH 3alUTHOW OO0OJOUKH
peakTopa W KpBIIMIKK PEaKTopa, MNpPUYEM TEIUIOOOMEHHUK BBITIOJHEH C
BO3MO>KHOCTBIO MEPEHOCA TEIJIA OT XKUAKOTO TOIJIMBA B aKTUBHOW 30HE pEaKTOpa
K MIEPBUYHOMY TETIOHOCUTEJTIO,

OTpa)kaTejab HEWTPOHOB, COMACPKAIMA II0 MEHBIIEH MEPE HEKOTOPOE
KOJIMYECTBO OTPAKAIOLIEH HEUTPOHBI JKUIKOCTH, U

CUCTEMY IUPKYJIALMU, KOTOpasd 00€CeUMBACT HUPKYJIALIMIO YKA3aHHOTO TIO
MEHBIIIEH Mepe HEKOTOPOTr0 KOJIMYECTBA OTPAKAIOIIETO HEUTPOHBI TETJIOHOCUTES
B HEUTPOHHOM OTpPa)KaTelie.

17. Snepuwiii peakrop mo m.16, B KOTOPOM OTpaXKawollasi HEUTPOHBI
KUJKOCTh BbIOpaHa W3 CBHUHIIA, CIIJIABOB CBUHIA, BTEKTHKHA CBHUHIIA U BUCMYTA,
OKCHJa CBWHIIA, CIJTABOB YpaHa W >KeJe3a, SBTCKTHKH JKeJie3a W ypaHa, rpadura,
kapOuaa Boib(pama, JeHcauiosn, kapOouma Tutana, oOCTHEHHBIX CIUIABOB ypaHa,
TaHTaJ - Bojb(dpama u CIUIaBOB BoJib(Ppama.

18. Anepubiii peakrop mo m.16, B KOTOPOM OTpaKarolas HEHUTPOHBI
KUIKOCTh UMEET CEUEHHE YNpyroro paccesnus, pasHoe 0,1 GapH wim Oonee ajs
HelTpoHOoB ¢ sHepruei 0,001 M»B.

19. Anepubiit peaktop mo mn.16, B KOTOPOM OTpaxarouiasi HEHTPOHBI
JKHIKOCTD SIBISICTCS JKAIKOM M MMeEeT IUIOTHOCTh Oostee 10 r/cm® mpu paGoueit
TeMIepaType peakTopa.

20. SnepHbiii peakTop 1O 1M.16, MOMOJHUTENHHO COACPKALIMA BTOPOM
TEMJI000OMEHHUK, KOTOPBIN yaalseT TeIio OT HArpeTol OTpa)karoiled HEUTPOHBI
YUJKOCTH U BBIITYCKAET OXJIAXKJIECHHYIO OTPAXAIOIIYIO HEHTPOHBI dKUJKOCTb.

21. Anepuwiii peaktop mo 1m.20, B KOTOPOM BTOPOHM TEIJIOOOMEHHHUK
HAXOJMTCS CHAPY KK KOPIyca peakTopa.

22. SnepHbiit peakrop no moOomy wu3 n.an. 16-21, nonogHUTENbHO
COJICp KAl BIYCKHOE OTBEPCTUE IS )KUAKOTO OTPAKAIOIIETO TEMJIOHOCUTENIS B
KPBIIIKE PEAKTOpa, KOTOPOE MNPOTOYHO COEAMHEHO C TEIUIOOOMEHHUKOM U B
KOTOPO€ MOCTYMNAET OXJIAKACHHAS JKUJKAsA OTPaKaroIlasi HEUTPOHBI KUJIKOCTh, U
BBIITYCKHOE OTBEPCTHUS MJIA KUAKOTO OTPAXKAOIIETO TEMJIOHOCUTENA B KPBILIKE

peaKkTopa, KOTOPOE€ MPOTOYHO COCOUHEHO C TEMJIOOOMEHHUKOM M M3 KOTOPOTO



4
BBIITYCKACTCA HArpeTad JKMAKas OTpaKarorasa HeﬁT’pOHBI KUIAKOCTD.

23. SnepHbiii peaktop no JmoOomy wu3 m.a. 16-21, nonmomHuTENnbHO
COJICpIKAILIMKA BIIYyCKHOM BHYTPEHHUM KaHaJI JUId MEPEHOCA TEIUIOHOCUTEIS,
PacrnoJIOKEHHBIAH BHYTPH M B KOHTAKTE€ C MEPBOM YACTHIO 3AIUTHON 0OOJOUKH
peakTopa MEXKIy BIIYCKHBIM OTBEPCTHEM Uil KUAKOTO  OTPAXKAIOLIETO
TEIJIOHOCUTES W BBIMYCKHBIM OTBEPCTHEM JUISI  SKHIKOTO  OTPAXKaroIIero
TEIJIOHOCUTENS, TMPUYEM BO BIYCKHOM KaHajl sl MEPEeHOca TETUIOHOCUTEs
MOCTYMAeT OXJIAKACHHAS >SKUJKAas OTpaxkaromias HEWTPOHBI JKUAKOCTh W3
BITYCKHOTO OTBEPCTUA IS KUAKOTO OTPAKAIOMIET0 TEIUIOHOCUTENSA, OXJIaXas,
TEM CaMbIM, MEPBYIO YaCTh 3AIIUTHON 000JIOUKH PeaKTopa.

24. SnepHbiii peakTop mo MmM.23, B KOTOPOM TiepBas 4YacTh 3alllATHOM
000JIOUKH COAEPKUT MO MEHbIIEH Mepe YacTh OOKOBOW CTEHKH 3alIMTHOM
000JI0UKH.

25. SnepHbiii peakTop mo mM.23, B KOTOPOM TiepBas 4YacTh 3alllATHOM
00OJIOUKH COJIEPKUT IO MEHBbIIEH MEpPEe 4YacTh HUKHEHW CTEHKH 3alllMTHOM
000I0UKH.

26. SnepHbiii peakTop mo mM.23, B KOTOPOM Ti€pBas 4YacTh 3alATHOM
000JI0UKH COJEPKUT MO MEHBIIEH Mepe 4acTb OOKOBON CTEHKM M YAaCTh HUKHEH
CTEHKH 3alIUTHON 0OOJIOUKH.

27. SnepHbiii peakTop mo JoOoMy W3 m.n. 16-21, B KOTOpOM TOIJIMBHAsA
COJIb BKJIFOUAET OJIHY MJIM HECKOJIbKO U3 cieayromux aensmuxces conei: UFg, UF,,
UF3, ThCly, UBr;, UBry, PuCls, UCly, UCl5, UCIF wnm UCILF,.

28. Snepubiii peakrop mo jobdomy u3 ma. 16-21, B koTopoM TOIIMBHAs
COJTb BKJTIOUAET OJHY WJIM HECKOJIBKO W3 CleAyromux He Aemsmuxcs conei: NaCl,
MgCl,, CaCl,, BaCl,, KCI, SrCl,, VCl;, CrCls, TiCl, , ZrCly, ThCl,, AcCls, NpCly,
AmCl;, LaCls, CeCls, PrCl; uma NdCls.
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ADEPHBIVN PEAKTOP HA PACIMINABJIEHHOM TOMJIMBE C
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ANEPHBIA PEAKTOP HA PACINABNEHHOM TOMIMBE C
OTPAXAIOWMM HEWTPOHbBI TENNOHOCUTENEM
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ANEPHBIA PEAKTOP HA PACTITAB/IEHHOM TOM/MBE C
OTPAXAIOWMM HEWTPOHbBI TEMNOHOCUTENEM
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ANEPHLIA PEAKTOP HA PACTMIABNIEHHOM TOM/MBE C
OTPAXAIOLWMM HEWUTPOHbBI TENNOHOCUTENEM

6/24

610 610 h

TonnueHaga obnacTtb

614
610
610 B
612

\
600 | | 608 —




OTPAXAIOLWWM HEWMTPOHbLI TEMNOHOCUTENEM

ANEPHBIN PEAKTOP HA PACTINABNEHHOM TOMNUBE C
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AOEPHbIN PEAKTOP HA PACTITAB/IEHHOM TOMNIMBE C
OTPAXAIOWWM HEWMTPOHbI TEMNOHOCUTENEM
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ANEPHbLIA PEAKTOP HA PACTITABNIEHHOM TOM/MBE C
OTPAXAIOLWMM HEWTPOHbBI TEMNOHOCUTENEM
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ANEPHBIA PEAKTOP HA PACTIAB/IEHHOM TOMIUBE C
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ANEPHbIN PEAKTOP HA PACTINABIIEHHOM TOMNIUBE C
OTPAXAILWWM HEWMTPOHBI TEMNOHOCUTENEM
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ANEPHbIN PEAKTOP HA PACIITABJIEHHOM TOIN/IMBE C
OTPAXAIOWMM HEWTPOHbLI TEMNOHOCUTENEM
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ALEPHBIA PEAKTOP HA PACTITABIEHHOM TOTM/IMBE C
OTPAXAIOWWM HEWUTPOHbBI TEMNOHOCUTENEM
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obbema oTpaxaroLlero matepuana B cbopke oTpaxarens
HEeMTPOHOB
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1404 Perynupylot noTok 6bICTPbIX HEUTPOHOB U MOTOK TEMNOBbIX

HENTPOHOB B aKTMBHOW 30HE AAEPHOMO peakTopa B TeYEHMe
HesaTyXaloLlen peakuun aepHOro SeneHns nyTeM U3MEHEHUs
NNOTHOCTU OTPaXaloLLero Matepuarna B cbopke oTpaxarens
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dur.14



ALEPHbIN PEAKTOP HA PACTITAB/IEHHOM TOMN/MBE C
OTPAXAIOWMM HEWUTPOHbLI TEMNOHOCUTENEM

15/24

1500\

lNopaepxUBaOT peakLmio SAepHOro fieNeHNs B akTUBHOM
1502 30He SepHOro peakTopa, OKPY)XEHHON COOpKON
AVHAMUYECKOro oTpaxaTenst HeUTPOHOB
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HEMTPOHOB B aKTUBHOWM 30He AEPHOro peakTopa B TeueHue
HesaTyXaloLLei peakLuv SAEPHOro AeNneHus nyTeM BBEAEHNS
B cOOpKY OTpaxaTens HeNTPOHOB 3aMEANSIOLEr0 HENTPOHbI
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HEMTPOHOB B aKTUBHOW 30HE SAEPHOT0 PEakTopa B TEYEHME
HesaTyXaloLeln peakuuu SAepHoOro Aenexust nytem
yAaneHusi 3aMmeanatoLero HeNTPOHbI driemMeHTa u3 coopku
oTpaxarens HeMTPOHOB
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