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OT usparenbcTBa

Oma3sbiebl U noXKenaHus

MpI Bcerzia pajbl OT3bIBAM HAIIMX YMTaTeseli. PacckakuTe HaM, YTO BbI [ymMaeTe
00 9TOJi KHUTe, — UTO IMTOHPaBMUJIOCH UJIM, MOXKET ObITh, He TTOHPaBMIOCh. OT3bIBbI
Ba)KHBI JJIS1 HAaC, YTOOBI BBIITYCKAaTh KHUTY, KOTOpbIe OYAYT IJIs BaC MaKCUMMaJbHO
TOJIe3HBI.

Bbl MoXeTe HamucaTh OT3bIB Ha Halmiem caiiTe www.dmkpress.com, 3aiast Ha
CTPaHUIY KHUTU U OCTaBUB KOMMeHTapuii B paspaeiie «OT3bIBbl U PeIleH3UN».
Taxske MOKHO MOCJ/IaTh MMChbMO [JTABHOMY peakTopy 1o aapecy dmkpress@gmail.
com; NP 9TOM YKaXXUTe Ha3BaHMe KHUTYU B TeMe MUCbMa.

Ec/iu BbI SIBJIsSIeTECh 9KCIIEPTOM B KaKO#-11M60 06/1aCT 1 3aMHTEpeCcOBaHbI B Ha-
MYCcaHUM HOBOJ KHUTM, 3aIlOAHMTe (opMy Ha HalleM caiiTe 1o aapecy http://
dmkpress.com/authors/publish_book/ i HanuiuTe B U3LaTEJbCTBO 10 afpecy
dmkpress@gmail.com.

Cnucok oneyamok

XOTsI MbI TIPUHSUIM BCE BO3MOXKHBIE MEPBI IS TOTO, UTOOBI 06ECTIeYUTDb BBICO-
KO€e KayeCTBO HAaIllMX TEKCTOB, OMIMOKM BCe PaBHO CiayvaroTcsi. Eciiv Bbl HaligeTe
OIMOKY B OMHON M3 HAIIMX KHUT, MbI Oy/IeM OueHb 6JarofapHbl, ec/i Bbl CO06-
LIMTe O Hell IMIaBHOMY pelakTopy no azpecy dmkpress@gmail.com. Crenas 3To,
BbI M30aBUTe APYTUX UUTaTeNell OT HeJOTIOHMMaHUS U TTIOMOYKeTe HaM YIyUIIUTh
NocjaenyoL e U3LaHus 3TOV KHUTH.

Hapywenue asmopckux npae

IupaTCcTBO B MHTEPHETE MO-TMPEXKHEMY OCTAETCSI HACYIIIHO Mpo6ieMoit. isgaTesb-
cTBO «[IMK IIpecc» oueHb Cepbe3HO OTHOCUTCS K BOIIPOCAM 3alIUThI aBTOPCKUX IpaB
M JIULIEH3MPOBaHMs. EC/TU BbI CTOIKHETECh B MHTEPHETE C He3aKOHHOI IyO/IMKal el
KaKO¥i-TM00 M3 HAIIMX KHUT, TIOXKaJTYIiCTa, IPUIITUTE HAM CChITKY Ha MHTEPHET-pe-
CYpPC, YTOOBI MbI MOTJI TIPUMEHUTD CAHKI[UMA.

CchlIKy Ha MOJLO3pUTE/IbHbIE MaTepuasbl MOXXHO IIPUCIATh IO afpecy dJeKT-
poHHOT mouThl dmkpress@gmail.com.

MbI BBICOKO I[eHUM JTI06YI0 MOMOIIb 10 3alUTe HAIKUX aBTOPOB, Graromapst
KOTOPOJ MbI MOXXEM IIPELOCTaB/ISATh BAM KaueCTBeHHbIe MaTepyUabl.
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Mpeaucnosue u 6narogapHoCcTH

BbI KOrga-HMOYAb MHTEPECOBATUCH, KaK pa6OTaeT aTOMHAs 3JIeKTPOCTAaHLIUSA? DTa
KHIUTa TTOKaXKeT Ha MpuMepe BOJ0-BOASIHOTO peakTopa, OJHOTO 13 Haubosee pac-
MPOCTPaHEHHBIX B MUPE, KAKVe BOMPOChI BOSHUKAIOT Y 00yUalomuxcs npodeccumn
«OIepaTop S14epHOTo peakTopar. S TakkKe IMOKaxXy BaM IIYyTb OT TEOPUM SI[ePHBIX
PEeaKkTOPOB K MPaKTUKe Yepes3 UX 3aIyckK, paboTy u BeiK/IoueHue. [To 3T0i opore
BbI IO3HAKOMMUTECH HEMHOTO C KOHCTPYUPOBaHUEM, UCTOPUEN pa3BUTKS e PHBIX
PEaKkTOPOB, PA3JIMUYHBIMU UX TUIIAMU U C TEM, YTO MOXET OBbITh HEMPABUJIbHO
C HUMM. DTa KHUTA TTIOKAKET, KaK 06eCIeunTh 6€30MacHOCTh PeaKTOPOB U Ha UTO
HaJlo o6palnaTh BHUMaHMe TIPU YIIpaBJIeHUU UMM,

Yro nMo6yaAnIo MeHS HAamucaTh 3Ty KHUTY? Bce Hayanmoch ¢ 00CYKIeHNST KHUTK
«Kaxk ympaBnsitTe mapoBo3om» Bpaitana Xomnuurcsopra (Brian Hollingsworth).
S onucan gpys3psM, Kak aBTOp NMOSHMUMAaJ YMTaTeNel Ha MIOIagKy MallMHUCTa
JIOKOMOTMBA U 3aTe€M IIOCTEIIEHHO MOTPyyKajl UX B BOIIPOCHI yIIPABIE€HUS : YTO HAL0
JlesaTh ¥ UTO MOXKET ObITh HePaBWJIbHO. K KOHILY KHUTY BO3HUKAJIO UYBCTBO, UTO
BbI TaM B3alpaBay HaxoauTech. Korma o6CcyXaeHne 3aKOHYMUIIOCh, ST CITBITAJ CO-
sKaJieHue, YTO HeT MoJ06HO KHUTY O SIIEePHbIX peakTopax. I McKaa mogo0Hy0
KHUTY, HO Halles TOJIbKO TO, UTO KacaJloCh SHEPreTUYeCKOii MOAUTUKM UK aBa-
puii Ha AlePHBIX 0ObEKTAX, C HECKOJIBKMMU KOPOTKMMU TJIaBamMu 06 o6palieHun
C peakTopaMu, T. €. MHe Ka3aJI0Ch, UCXO/S M3 IMUHOIO OIIbITA, IIOLU YaCTO XOTelIu
6bI 3HATH OOJIBIIIE.

Bor Taxk g peuns HanucaTb 3Ty KHUTy. Hazeloch, UTo yuTaTenu rnoaydar Takoe
K€ YL,0BOJbCTBYE OT UTE€HUS, KaK U 51 Mpy Hanucauuu KHurK. (Ilpemocrasisio Bam
BO3MOXHOCTb CYIUTb, IIPaB S UJIN HET.)

Kak 1 BO MHOTMX OTpac/siX IPOMBILIZIEHHOCT!, B @aTOMHOJ 9HEpPreTMKe MUPOKO
pacrpocTpaHeHbl )XaprouusmMbl. HaJieroch, YTO Bbl MX HaliieTe He CAMIIKOM MHO-
ro. B KoH1le KHUTY IpUBefeH NpegMeTHbIN yKasaTelb, KOTOPbI, AyMal, MOXKET
ObITb, BAM MTOMOXKET. [IJIsl Pa3JIMUHBIX TUIIOB PEAKTOPOB MUCIIOIb3YIOTCS Pa3HbIe
>KaproHHbIe C10Ba (KOHEUHO!), ¥ BbI yBUAUTE, UTO, XOTSI KHUTA B OCHOBHOM KacaeTCsl
peakTopoB PWR (BOIO-BOASIHbIE peaKTOPBHI), CYLIeCTBYIOT U SpyIrie KOHCTPYKLIUNA.
Ilo HEMOHATHOI MpUUYKMHE — 0COGEHHO I HOBUYKOB B IMPOMBIIIJIEHHOCTY — HE
SIBJISIETCSI HEOOBIYHBIM, €CJTH 1)1 060PYI0BAHMSI SIEKTPOCTAHIIVI MMEIOTCS IBA WJTU
6oJiee pa3IMUYHBIX HA3BAHWI, YACTO B3aMMO3aMeHSI€EMbIX, 0COOEHHO eCJIK B pa3HOe
BpeMsl OHU MCIIOIb3YIOTCS IT0-pa3sHoMy. Hanpumep, C10BO «repMeTUYHOCThb» BMe-
CTO «3JaHUSI peaKTopa», «CUCTeMa OXJIAXKAEHMS PeakTopa» BMECTO «IIePBUYHOTO
KOHTYPa», «TOTUIMBHbBIE CTEPKHU» BMECTO «TOTUIMBHBIX COOPOK» U T. 1. 51 OUeHb cTa-
pa’sICcs UCIIONMb30BaTh TOJILKO O HM TEPMMHBI B 3TOJ KHMre. Ha Mot ci1yX 1, BO3MOX-
HO, Ha CJIYX OPYyrux, paborasimmx ¢ PWR, 3To chenano TeKCT HeCKOIbKO KOPSIBbIM.
51 HaJIelCh, UTO JIJIST KOTO-TO €Ille 3TO CAeNaio 06bsicHeHUs Goee scHbIMM. Moit
COBET UMTATeNISIM KHUTU: He OUeHb-TO 3aJleP>XKMBaiiTeCch Ha )xaproHe. [l1aBHOe — 3TO
obecreyeHne 6€30TIaCHOCTU PEaKToOpPa, a He TO, KaK UYTO Ha3bIBAETCS.
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Emne s xouy BhIpa3suTh GarogapHoOCTbh Moeii keHe, JInHerte (Lynette), BooX-
HOBJISIBIIIE}I MeHSI B XOZie HallMCaHUs 3TOV KHUTY U TIOMOTaBIIeil MHe HaliTu JJist
9TOrO CUJIbI ¥ BpeMs. Heyerko 6n1710 ObI 9TO CIoeIaTh, He OTJIOKUB APyTHe Jena.
4 Taxke mo/keH Mo6IaromapuTh IepBbiX untateneit Hukonaca Barra (Nicholas
Butt) u Kesuna Maptuna (Kevin Martin), JaBmux MHe psii TEXHUUECKUX U He-
TeXHUYECKUX PeKOMeHIalii, KOTopble (B OCHOBHOM) ObIIM MHOIO MPUHSTHI. IM
OBLIO HEJIeTKO YUTATh YEPHOBUKY IJIaB, IIOKA He ObLIO SICHOTO MOHMMAaHMS, KaK
BCe OHM COTJIACYIOTCS C OCTaJIbHBIM MaTepuaaoM. VX TeprieHue u yropcTBO GbUIn
BBICOKO MHOIO OI[€HEHBI.

S moyKeH BBIPA3UTh OTPOMHYIO 6JIaTOAAPHOCTD KOJIJIEKTUBY SIIE€PHOI 3IeKTPO-
cranuyu CaiisBemn B (Sizewell ‘B’). OH 611 MOe€i ormopoit okoso 25 jerT, moka
s paboTaj HaJ BoImpocamu obecrieueHus ssaepHoit 6e30macHoCTi. Bosbias 4acThb
moero onbiTa B o6sactu PWR cBsisana c¢ Caiisesi. U s moHMMAl0, UTO [T MeHsI,
Kak aBTOpa, CylecTByeT HekKuii puck: He Bce PWR onvHakoBbl. S Haflel0Ch, 4YTO
MIPOSIBUJI IOCTaTOUHYIO TMOKOCTH B onucaHuy apyrux PWR (1, pasymeercs, Apyrux
KOHCTPYKIIMI1 peakKTOPOB), YTOOBI He MMOKa3aTbCs mpeaB3sThiM. CaiisBesut umesn
MCKJTIOUUTENIbHO OTKPBITYIO aTMocdepy, B KOTOPOIi 51 HallleJl BO3MOKHOCTD JIETKO
3aJ1aBaTh BOIIPOCHI, Kacalouiuecs: mpobeoB B MOUX 3HaHUAX. KpoMe Toro, 51 1om-
SKeH CIelMaJbHO YIIOMSIHYTh O TMOAIepskKe 3TOT0 IMPOeKTa CO CTOPOHBI yIpaB-
JIEHYeCKOJ KOMaH/IbI ¥ TlepcoHaia 6pUTaHCKOI sHepreTnueckoii komnauuu (EDF
Energy Corporate). IX 9HTy31a3M C caMOT0 Hayaja Moeil paboThl, He CBSI3aHHbI
C ee cogepskaHyMeM, CITOCOOCTBOBAI JOCTMKEHMIO KeJIaeMOro pesy/ibTaTa.

B 3akiioueHue s1 JOJIKeH YIIOMSIHYTh TPYIIIY I10 siiepHoit 6e3omacHocTy B Caiis-
Besi1 b. VIX riry6uHa 3HaHMIA, OIIBIT, TOTOBHOCTH K BbI30BAaM, YIIOPCTBO ¥ CTPOTOCTD
MOATOTOBMJIM ITyTh K 06ecIieueHnIo Takoii 6e3omacHocty CaiisBes B, kakast oHa
ecTh. MIx 1oMOp Bcerpa JOoCTaB/s pafgoCcTh! DTa KHMUTA, GOpMaJbHO Kacaruasics
yIIpaBJIeHNsI peakKTopaMu, BOSMOXKHO, OKasajach 0/13Ka TeM B3IJISIAaM Ha MUp,
KaKMM ero BUAUT TPYIIIa Mo sAepHoii 6e3omacHoCTH. [lymaiiTe UYTO XOTUTE...

BonbInas yacTh comepskaHmst MOei KHUTY — MOsSI COOCTBeHHasl. Te TOUKM 3peHus,
KOTOPbI€ SIPKO BbIpa>keHbI (a MX HEMHOT'0), OHM TOKe MOU U He OTPaykaloT B3TJISIIOB
v nonuTtuku EDF Energy mim J06bIX OPYyTUX KOMIIAaHUI. DTO, KOHEUHO, O3Hava-
€T, YTO JII00bIe OINOKM, KOTOPbIe BbI HaiieTe B 3TOJ KHUTE, TOXKe MOU. B aTOM
cyJyae S IPMHOITY CBOM U3BUHEHMS ¥ TOBOPIO BaM, €CJIM BbI UTO-TO HALLIN: «Bbl
Mmojoger!»

UYro KacaeTcsi MeHsl, s HAXOXYy SIlepHble peakTopbl ouapoBaTeJlbHbIMU. U Ha-
Ilel0Ch, UYTO IJI51 BAC OHU CTAHYT TAKUMMU 3Ke.

Konun Taxkep (Colin Tucker)
Cyddonk, Bennkooputanms
Cents6ppb 2019 1.



YenoBek u ero cobaka

S ctplIa, Kak TOBOPUIIN, UTO COBPEMEHHBbIE sITepHbIe peaKTOPbl MOTYT paboTaTh

C TIOMOIIIbI0 OJTHOTO YeJioBeKa U cobaky. Ye0BeK MpU 3TOM CITYKUT OJIST KOPM-

JIeHus, a cobaka KycaeT ero, ecJii OH Jie3eT B CUCTEMY YIIPaBJIEHUSI PeaKTOPOM...
Ecin 6bI Tak.

1.1. YTEHME 3TOM KHWUIMM HE DACT BAM
HEOBXOAMMOWM KBAIMDUKALIMU ONS YIPABIEHUSA
S0EPHbIM PEAKTOPOM

3aJayva 9TO¥ KHUTY COCTOUT B 00bSICHEHIM, KaK pab0TaeT sIIepHbIii peakTop 1 Kak
OH MOXeT 06€eCIeunBaTh MOCTAaBKY 9HEPTUM B JJIEKTPUUECKYIO C€Th. ITa KHUTA HE
JacT BaM Heo6XOaMMOli KBaaMGUKAIIMK IJIS YIIPaBIeHUS SIAEPHBIM PeaKTOPOM.
Iyist aTOTO MOTpPebyeTCsT HECKOMbKO JIET MTOATOTOBKY, BK/IIOUAst COTHM YacoB pabo-
ThI Ha TpeHaxkepax. C IPyrov CTOPOHBI, OHA, BOSMOXHO, AACT Iy4lliee TOHUMaHue
TOTO, YTO BXOAUT B MOHSITHE YIIPABJIEHUSI.

WTak, oj1s Havaja rpeacTaBuM cebe, UTo BbI COOMpaeTech MPOXOAUTD BCTYIIN -
TeJIbHbIe 9K3aMeHbI [IJIT paboThl B IIABHOM ITYJIbTE YIIPaBJIeHMSI COBPEMEHHOI
aTOMHOJI CTaHIIMY, TOJJOOHOM ITOKa3aHHOMY Ha puc. 1.1, ¥ TOTOBBI BBIYUNTD, KaK
9TO Bce paboTaeT. Ball MHCTPYKTOP MpejiaraeT M3MEeHUTh MOIIHOCTb PeakTopa.
U kaxkue y Bac uaeu, Kak 9TO CAenaTh?

Wy, BO3MOKHO, KOMIIbIOTEpPHASI CCTeMa MHIAUIMPYET TpeBory. UTo 6Bl 9TO
3Haumno? Kakoii U3 4eTBepPTU MUJIIMOHOB (MJIM OKOJIO TOTO) 3JIEMEHTOB 060Py-
IOBAHMS — B 3aBUCUMOCTH OT TOTO, KaK UX CYUTATh — OTBETCTBEHEH 3a MOSIBJIeHN e
curHasia tpesoru? B aTom nu npo6iema? Bama peakiiusi 6ymeT B MCITOIb30Ba-
HUU OJTHOTO U3 HECKOJIbKUX COTEH MHAMKATOPHBIX YCTPOICTB HA IVIABHOM ITYJIbTE
yIIpaBJI€HNST, VIV HaZ0 MTOCIATh KOTO-TO IJIsI OCMOTpa o6opymoBanus? Yro 6omee
BaKHO IS OLleHKM Impoucxogsiero? [Ipy 5ToM Hy)KHO HaXOAUTbHCSI B TOTOBHOCTU
BBIK/TIOUUTb YCTAHOBKY. B COBpEeMEHHO 3JIEKTPOCTAHIIUM MOTYT ObITh AECSITKU
TBHICSTY BO3MOSKHBIX IPUYMH MHAUKAILMY TPEBOTHU, U IMMOYTH CTOJIBKO Ke MPOoLenyp
MOCJIeAYIOIIUX NeCTBUIA.
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HpI/I TPEHNMPOBKE OIIepaTOPOB PEaKTOPOB BbI JOJ/I>KHbBI GBITh CITOCOOHBI peuinThb,
KOrJa Hazo AelicCTBOBAaTh 6bICTpO, d Korga cjiaenyer Jiyuiie pa306paTbCfI B IMpounc-
xonsuiem. [Ijist Bcex, KTO pa60TaeT Ha aTOMHBIX CTaHIIMAX, 6€e30I1aCHOCTb SIBJISIETCS
Ba)KHEJIINM acleKToOM UX AesiTesbHOCTU. [Tocie 6€e30MacHOCTHU aienyeTr 1ymaTb
O JIIOOAX N O60py,£[OBaHI/II/I, HO 6€30MacHOCTh HaxOAUTCsA Ha MMEepBOM MeCTe. He-
CMOTpPA Ha 3TO, CjieayeT IIOHMMAaTb, YTO Ballld 3JIEKTPOCTAHL M ABJIAETCA d)a6p1/1—
KOJ OJist MpOM3BOACTBA 3JIEKTPOSHEPIUN. HeonpaBnaHHoe €e OTK/II0UYeHIe MOXXeT
OKa3aTbCAd OY€Hb NOPOTMM.

Puc.1.1 < Yactb rnaBHOro nynsTa ynpasneHus
BOLO-BOAsIHOrO peaktopa (PWR)

Sl HMKOTHA He BUAEN KHUT (BKIIOYAs 3TY), KOTOPbIe Obl OXBATHIBAJIN BCE, UTO
BaM cjefyeT 3HaTh. KpoMe TOro, omepaTop MMeeT IOJ PyKaMy OUeHb MHOTO
yIIpaBjaeHUs PeakKTOPOM. JTa KHUTa He JacT BaM OMMCAHUS paboThl KaskKIOro 13
HMX, HO OHA ITOKa)keT, KAK KOMIIETeHTHBII orepaTop paboTaeT B COAPYKECTBE
C MOHUMaHMeM (QU3NKM PabOThl PeaKTOPOB ¥ aBTOMAaTUUECKMX CUCTEM YIIpaB-
JIeHUS UX paboToii.
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HTaK, 4TO ke HeoOXOaMMO, UYTOOBI CTaTh KOMIIETEHTHBIM (M 6€30I1acHBIM) CO-
TPYOHUKOM B 00JIaCTM YIIPaBAE€HUS SIepHbIMM peakTopaMy? Bo3MOXKHO, BaM I10-
Tpe6YIOTCSI HEKOTOphIe HayuHble MM MHKEeHepHbIe 3HaHMS, HO 3TO He O3HayaeT
HaJIMUMS YHUBEPCUTETCKOrO guiioMma. Hanpumep, 5T¥ 3HaHUSI MOTYT ObITh IOJTY-
YyeHbI B X0fie MpodeccuoHabHOTO 06yueHms. Hy;kHO 6ygeT MHOTO Yero BbIYIUTD
0 Pa3JIMYHBIX BelllaX, HO HET HYXIbl CTAHOBUTBLCS B HUX IKCIIepPTOM. IIpumercs
CTPOTO CJIeIOBATh OMMCAHHBIM MPOLieAypaM, HO He BCJIEMYIO — eCJIM UTO-TO He Ka-
SKeTCS TPaBUIbHBIM, OCTAHOBUTE II€PBOT0 BCTPEUHOTO U CIIPOCUTE: 3TO TaK? Hy)KHO
06pecTy CIIoCOOHOCTD MTEPEXOUTD OT ITOKOSI K COBEPIIEHNIO OUeHb OBICTPBIX JIe¥i-
CTBUIi 1 6€3 61aromyIysi, KOTOpOe CBOMICTBEHHO HAM KOr/ia BCe B ITOpsIKe. A camoe
IJIaBHOE, BbI TO/KHBI OBITh CITOCOOHBI K OOIIEeHMI0 1 paboTe B KOMaHe.

9TO Bce HEBO3MOXKHO M3yunuTh? HeT. B Mupe pabotaet cBbimie 400 aTOMHBIX
97IeKTPOCTAHIMI, ¥ Ha KaKOOM M3 HUX MHOXKECTBO OIBITHBIX OIEpPaTOPOB. DTO
MoA06HO IMOArOTOBKE SKUIIAKel IMacCaskMPCKMUX CaMOJIETOB — OHA Tpe6GyeT MHOTO
BpPeMeHM U eHer, HO 3TO OITPaBAbIBAETCS, KOTIA BbI CaAMTECh B caMosieT. [[o6poT-
HOCTb IOATOTOBKM — caMoe IVIaBHOe.

1.2. Y10 BKOYAET B CEBS 3TA KHUTA

OTa KHUTA OTHIOMIb He SIBJISIETCS Y4eOHMKOM. B Heil paccMOTpeHbI HEKOTOpbIE pas-
nenbl GU3UKM, TOBOJIBHO COBpeMeHHbIe. S 106,110 GU3uKy — HO 6e3 MaTeMaTUKMA.
B 06BIUHOI KM3HU [IJIS1 BBIUMCIEHUI MbI, KaK TTPaBUJIO, UCIIOTb3yeM KOMIIbIOTE-
pbl! [I7151 oniepaTopa peakTopa eCTbh HECKOIbKO MUJEl, KOTOpble UMEIOT OTHOILLIEHME
K BaM, @ MMEHHO: UYTO CJYUYMJIOCh C PeaKTOPOM, TIe U IToueMy. B KHUTY BKITIIOUEHO
CBbIIIEe COTHM TpaduKOB U hoTorpaduii, KOTOPbIe NOKHBI IIOMOYb [OHSTh O0Jiee
CJIOKHBIe pa3zenbl. [laH psij orpeaeneHmii, HO S HaJeKCh, YTO 3TO He BbI30BET
y Bac 3aTpyAHeHMi. B Kask0ii OTpac/iv MPOMBIIIIIEHHOCTH, C KOTOPBIMM 5T 3HAKOM,
MMeeTCsI COGCTBEHHBbIN JKaproH, M aTOMHAsI TPOMBIIIEHHOCTD HE SIBJISIETCS UCKITIO-
yeHMeM. B KOHIle KHUTU NpUBeNEeH IlepeyeHb OCHOBHbIX TEPMMHOB, HallpuMeDp,
IJISI TOTO YTOOBI BbI MOT/IM HATIOMHUTH cebe UTo-/11Mb0 Py AaTbHeeM YTeHUN!.

BoMbIIMHCTBO peakTOPOB B MMpe — MpedHa3HaueHbl M OHU I BIPAOOTKM
JIEKTPOIHEPTUN MU 06ecTiedeHusT IBVMKEHMS CYA0B U MOABOIHbBIX JIOTOK — SIB-
JISTIOTCST peakTopaMy CAedyIoUUX TUTIOB: 8000-800sHble peakmopsl (PWR) u 1o-
no6HbBIe UM Kunswue 800sHsle peakmopst (BWR). DTo He coBceM BepHO st Be-
JIMKOOGPUTAHUU, THEe GOJMBUIMHCTBO PEAKTOPOB, UCIOAb3YEMBIX /ISl T€Hepalun
97I€KTPOSHEPTUM, Pas3JINUYHbIX TUIOB. OgHako B Benukobputanuu ¢ 1990 r. pa-
60TaIOT OJHM 3 CAaMBbIX YCIIeIIHbIX IpoMbIieHHbIX PWR Tuna Caiizeen B (Size-
well B) u cTpositcs emte, Hanipumep XuHkiu IToitat C (Hinkley Point C) v peaKTOpBI,
wianupyemblie miist CaiizBen C (Sizewell C) u Bpagyann B (Bradwell ‘B’). ITo atum
npuumrHaM (1 61aromapst IPpUCTPACTUIO aBTOPA) 3Ta KHUTA KACAeTCsI B OCHOBHOM
pabOThI ¥ KOHCTPYKIIMY peakTopoB Tua PWR.

SI cobupalock B 3TOV KHUTe 0OBSICHUTB, Kak paboTaeT peaktop Tuia PWR u uto
3acTaBJIsieT eTo efiCTBOBATD. 51 OMuily, Kak, eciu Bbl OllepaTop peakTopa, MOXXHO
€ro 3amyCTUThb, U3MEHUTb YPOBEHb MOITHOCTU U BBIKJIIOUUTh. YCBOUB TPU IMTABHBIX
MOHATUS (CM. HIDKE), BBI OOHAPYKMUTE, YTO BCE 3TO HAMHOTO Jierue, YeM MOSKHO
OBLIO TIPEAITONOKNUTh. [0 X0y 3Ta KHMUTA MO3HAKOMUT Bac C HEKOTOPBIMM 3Ta-
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MaMyu MCTOPUM aTOMHBIX PEaKTOPOB U 37eKTpoCTaHIMit. Sl Bcerma HaxXonua 3TO
OYeHb MHTEPEeCHBIM, a TAKKe CYMUTAJI, YTO ITO IIOMOXKET Jierue 3allOMHUTh HEKO-
TOpbI€e Bellly, BAUAIONIVEe Ha paboTy peakToOpOoB.

S 06bsIcHIO, KaK peakTop PWR mepesarpyskaeTcst TOINIMBOM M KaK MOSKHO ITO-
HSITb, UTO PEAKTOP FOTOB JJIsT 3TOTO. A TaKKe cO6MPaIoCh pacCMOTPETh HECKOJIBKO
BO3MOSKHBIX aBapuit, KOTOpble MOTYT BO3HMKATh B peakTopax tumna PWR, u uto
BbI, KaK OTlepaTop PeKTopa, JO/KHBI TPU 3TOM JejaTh. be30omacHoCTh MpeBbIllie
BCEro, MOMHMTE? ABapuu SIBJISIIOTCS OOJIBIION YaCThIO MMOATOTOBKY OIEPATOPOB,
XOTSI ¥ MaJIOBEPOSITHO UX BO3HMKHOBEHME.

1.3. TPy OCHOBHbIX NMOHATUS

VYipaBiaeHue peakKTOPOM He TaK CJI0XKHO, KaK MOKHO OAYMAaTh, HO U He SIBJISIeTCS
MOJTHOCTBI0 MHTYUTUBHBIM. 5 cOGMpaIoch MPea0KUTh TPY OCHOBHBIX MOHSITUS
IJ1s1 IOHMMaHus paboTbl PWR:
O peakTUBHOCTD, MJIM KaK YCJIOBUSI BHYTPU peaKkTopa BAUSIOT Ha LeIMHYI0 pe-
aKIUIO O eJIeHNS ;
O (CTabUIBHOCTH PEaKTopa, T. €. MeXaHM3M 0OpPaTHOI CBSI3M, KOTOPBIi yaep-
SKMBAET CTAI[MIOHAPHBIN PESKMUM ero paboThl;
O (TabUIbHOCTD MPENNIPUSITHS, T. €. YTO MPOU30IIET, €C/IU Bbl OTKIIOUNUTE
peaxkTop OT OCTaJbHOTO 060PYmOBaHMUS (M ITOCTIE ITOTO).
Ecnu aTa KHMUTa MOMOKET BaM BOCHOPUHSITh 3TU TPU MTOHSITUS, BbI C JIETKOCTHIO
roiiMeTe moBemeHKe peakTopa PWR Kkak nipu eskegHeBHOI paboTe, Tak 1 B 6osiee
CJIOKHBIX CJTyUasiX.

1.4. N B 3AK/IOYEHME

Ecvt BeI ymMasiu 0 Kapbepe B aTOMHO¥ TPOMBIIIIJIEHHOCTY (MY HAaUMHAIU paboTy
B 9TOM HaIMpaBJIEeHNN), 51 KeIal0 yAauu U HaJlel0Ch, UYTO BbI HalileTe 3Ty KHUTY 0~
Jie3HOVA. Ecnum ke BbI TOMBKO MHTEpeCyeTeCh HAyKOM U TEXHUKOI, MJIV, BO3MOSKHO,
SKMBeTe BOJMN3MU SIIepHOr0 PeaKkTopa, s Bepio, YTO KHUTa OKasKeTCsT /11 BaC 3aHU-
MaTeabHOI U MHPOPMATUBHOIA.

Eciu XoTuTe mounTaTh 06 SHepreTMYeCcKo MOMUTUKE ¥ apTyMeHTax 3a U Mpo-
TUB aTOMHBIX JIEKTPOCTAHIIMA, UTITATE APYrMe KHUTU. IX MHOXeCTBO, Kacalominx-
CSI IOJIUTUKY OTHOCUTEIbHO aTOMHbIX 3JIEKTPOCTAHIIMIi. AHAJOTMUHO 3Ta KHUTA
COIIePXKUT JIUIb KPATKYI0 MCTOPUIO ATOMHBIX 37I€eKTPOCTAHIIMI 1 3HAUUTETbHBIX
aBapwuii, MpOUCIIeIINX B TPOMBIILIEHHOCTHU. U OTISITh, CYII[eCTBYEeT OU€Hb MHOTO
XOPOWINX KHUT, MOCBSIIEHHBIX 3TMM TeMaTuKaM. B3aMeH 2TOro gaHHasi KHUra
omupaeTcs Ha GakKT, UYTO COTHU SIePHBIX PEAaKTOPOB YKe CYIIECTBYIOT U YCIEITHO
BbIPAOATHIBAIOT JJIEKTPUUECTBO. MHOXKECTBO PeakKTOPOB HaXOMASTCSI Ha STare KOH-
CTPYMPOBAHMS M OYAYT 3aITyIIeHbI B Oyokaiinive roasl. M 3/ech 51 He IMBITAIOCh 3a-
IIMIIATH 3TU PEAKTOPBI. S BCETrO JINIIIb CTAPaoCh OObSICHUTD, KAK MMM YITPABJISTh.



MPusunka - 3T0 UHTEpecHo!

Ecsivt BbI UnTaeTe 3Ty KHUTY, 5 T10JIarao, 3TO CBSI3aHO C BAalllMM MHTEPECOM K HaykKe
¥ TeXHMKe. DTO IIPEeKPacHO, HO MpobieMa COCTOUT B TOM, UTO S He 3HAI0 YPOBHS
Ballleli MOATOTOBKU. EC/IN §1 COUTY ero CIMIIKOM HU3KUM, TO Bbl MOXKETe MOYyB-
CTBOBATb Ce6SI OCKOPOIIEHHBIM TAKMM UTUBOM, a €CJIY CIMIIKOM BBICOKMM, TO MO
CJI0Ba He HAMAYT y BaCc OTKJIMKA, U Bbl TIOTEpsieTe MHTepecC.

[penaraio cAeNKy: st COGMPaOCh HAYaATh C HEKOTOPBIX pa3/iesioB GU3UKM, KOTO-
pble, HaJleI0Ch, BbI XOPOIIO IOMHMTE 13 MIKOJIBHOTO Kypca. S 6yay MUCIIoab30BaTh
9TO IJ151 0OBSICHEHUST pabOTHI ATOMHOTO peaKkTopa M, HauaB C 9TOTO, OMMIINY, KaK
YIIPaBJSIOT PeaKTOPOM. BbI BOIbHBI MPOMYCTUTD BCE, C UEM YK€ XOPOIIO0 3HAKOMBI
(HO 3TO Balll PUCK).

2.1. AToMbl U UX 90PA

Bbl, BO3MOXXHO, TOMHUTE, KaK BaM TOBOPUJIM, UTO aTOMbI MMEIOT MaJleHbKOe I0-
JIOXKUTEJIbHO 3apsbKeHHOE SIAPO B IEHTPe M OTPULIATEIbHO 3apsisKeHHbIe JIeKTPO-
HBI, IBVKYIMECS BOKPYT sApa. DTO MOX0Xe Ha IBVKeHMe niaaHeT BOKpyT CoHIIA.
Ha camoM mene Bce HEMHOTO CJIOXKHee, HO [IJIS HalluX Iiejieil 3TO AOCTaTOYHO
XOpoIiasi MOJieJib.
B kauecTBe nipuMepa Ha puc. 2.1 mokasaH aTom .
renus. ['ennit — 3TO OAMH U3 MIPOCTENIINX XUMU-
YeCKUX 3JIEMEHTOB.
lenuit B sape uMeeT ABe IOJOXUTEIbHO 3a-
pSDKeHHbIe 4acTHUIbl (Ha3biBaeMble IMMPOTOHAMMU
U TIOKa3aHHbIe HAa PUCYHKE KPACHBIM IIBETOM) ’
U OBe OTPUIIATEbHO 3apsi>keHHbIe (37eKTPOHBDI,
IMOKa3saHHbIe CUMHUM I[BETOM) Ha mepudepun
atoma. [IBa MpOTOHA B sIIpe YKa3bIBAIOT U HU3U-
KaM, ¥ XMMMKaM, 4TO 3TO renuii. OOuH MIPOTOH
XapaKTepeH [Jjis BOOOpPOAa, TpU 03HAUYAIOT, YTO
9TO JIUTUIA, YeThIpe Y OePUJIIUS U T. [I. O COTHU
XMMMUYECKUX 3JIEMEHTOB, KOTOPbIe ObUIM Halife- Puc. 2.1 < AToM renus
HbI WY TIONyYyeHbl. YMCI0 37eKTPOHOB OOBIUHO (He B MacwTabe)
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COBMAJIaeT C YMCI0M ITPOTOHOB, TPY ITOM UM CJIO 3IEKTPOHOB U UX PACIIONIOKEeHME
oTpeesaIoT XUMMUYecKye CBOCTBA 2JIeMeHTa.

IlBa IpOTOHA B SI/ipe Halllero reust 3apsisKeHbl MTOM0XKUTETbHO, M MOSKHO OXKU-
IaTh, YTO OHY GYIYT OTTAJKUBATh APYT ApYyTra (OAMHAKOBBIE 3aPSIbl OTTAIKMBA-
10T IPYT Apyra, ToMHUTe?). B sinpe reynus CyIlecTBYIOT ellle JBe He3apsisKeHHbIe
YacTUIlbl (MX HA3bIBAIOT HEWTPOHBI, ¥ OHU TMOKAa3aHbl TEMHO-CUHUM I[BETOM),
KOTOpbI€e CITOCOOCTBYIOT CKIeMBaHMIO sapa. CyMMapHOe YMCI0 MTPOTOHOB U Hei-
TPOHOB paBHO 2 + 2 = 4, TaK UTO TaKOI TeJuit Ha3bIBAIOT renuii-4. CyiiecTByeT
TaK>Xe rejInii TOMbKO C OOHMUM HEeITPOHOM B siipe (reinii-3), HO OH CpPaBHUTEIbHO
penox.

ATOMBI MaJieHbKMe, Ha CaMOM Jiejie MaJleHbKKe. Bbl MoXkeTe MOCTaBUTh UX
100 MUATMOHOB B pSIZl, U OHM PACTSIHYTCS BCEro Ha oauH caHTumeTp. Ho, 1o
CpaBHEHMUIO C UX SIIpaMy, aTOMbI OTPOMHBI. Ha mpuBegeHHOM BbIllle PUCYHKe
aToMa reyiusi-4 MaciTad He co6/II0/IeH, TaK KaK SIp0 peaJbHOTO aTOMa reJins pu-
mepHo B 100 000 pa3 meHbIlle pa3Mepa BCero aroma. B 9Toit KHUre B OCHOBHOM
paccMaTpUBAaeTCs, YTO MPOVCXOIUT C siApaMy GONbIINX aTOMOB, TAKMX KaK YpaH.
OTa KHUTA O simepHoi Gu3MKe, a He 0 XUMUM, U TTOITOMY JIEKTPOHBI MTOUTH He
YIIOMMHAIOTCS. Bce pMCYHKY aTOMOB, KOTOpbIE Bbl YBUINUTE B AabHeIeM, 6yIyT
CKOpee pUCYHKaMM aTOMHOTO sIipa, a He aToMa B 11eJI0M, IIOTOMY UTO aTOMBbI HaC
MHTepecyloT oueHb Majio. Eciu s mposiB/sIo XaJlaTHOCTD M Ha3bIBalo siipa aToMa-
MU, TIPOIIY MEeHS U3BUHMUTb...

VTaxk, maBaiiTe MOCMOTPUM Ha siipa HEKOTOPHIX djieMeHTOB. Ha puc. 2.2 moka-
3aHbI siIpa Bojgopoza- 1, renusi-4, Kucaoponaa-16, xxkenesza-56 u ypaHa-235.

Y

Bopopoga-1 lenuit-4 Kucnopog-16 XKene3so-56 YpaH-235

Puc.2.2 < fppa HekoTOpbIX 31€eMEHTOB

sSlnpo aToMa BomopoAa CoaepXXUT ONMH IMTPOTOH M HU OJJHOTO HeliTpoHa. ['ennii-4
U KUCA0poA-16 uMeloT 1o 2 ¥ 8§ MPOTOHOB COOTBETCTBEHHO, T. €. KOJIMYECTBO
HeITPOHOB B HUX PaBHO KOJIMYECTBY IMPOTOHOB. JKene30-56 umeeT 26 MPOTOHOB
1 30 HeIITPOHOB (HEMHOTI0 60JIbIlle HeITPOHOB 10 CpaBHEHMIO ¢ TpoToHamMu). Ho
KOT[Ia MbI Iepeiigem K ypany-235 ¢ 92 mpoToHaMu, Mbl 06Hapy>kuM 143 HeTpo-
Ha. TO JeMOHCTPUPYET, UYTO 4eM GOJIbIlle TPOTOHOB B SIApe, TeM OOJIbIlIe Hell-
TPOHOB TpebyeTcs AJis yaep>KaHUsl IPOTOHOB BMecTe (BaXKHOCTb 3TOTO acrekTa
6ymeT pacCMOTpEHaA B IVIaBe 5, T/ie Mbl IOTOBOPUM O MPOAYKTAaX PaIMOAKTVBHOTO
pacmnazna).

Mexay mpouymum, XMMUUECKUI CUMBOJ ypaHa — U, Tak UTO B JajbHeillem
s1 co6MPaIOCh UCIIOIb30BaTh 0603HaueHne U-235 BMecTo ypaHa-235; Tak jeruye
YUTATh.
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2.2. Pacnap,

U-235 - HecuacTauBblit aToM... (Hy xopotio, s uMen BBULY s1Ipa, HO 3TO He Tak
YXX BaXXHO, He IpaBaa an?)

Eciu BbI HajimeTe criocob mo6aBuTh B sApo U-235 HEKOTOPOEe KOJIMUYECTBO SHEep-
I, OHO, BO3MOXKHO, CIACTCS M PacIIeNUTCS Ha IBa MEHbIIUX siApa. B dusuke sto
MOYKHO CIleIaTh Pa3sHbIMM MyTIMU. 1S sAep NpoCTeiinii myTh — MOPa3UTh UX
IPYTYMM HeTpoHAMU. BbIpaskasich TEXHUUECKUM SI3bIKOM, MbI OyIeM Ha3bIBaTh
9TOT IPOLIECC «HETPOHHBIN 3axBaT». HeliTpoHbI caMu 110 cebe He HECYT MHOTO
SHEepruu, Ho OHYM BBICBOOOXKAAIOT ee, KOTJa COeIMHSIOTCS C siapaMiu. BcriomHuuTe
1[eJTU0K, KOTOPbIM COIMMPOBOXKAAETCS MPUINIIaHe MaTHUTA K KYCKY skeJjie3a, U Bbl
IIoJiMeTe uuelo.

OTa noBbllIeHHAs SHeprus aenaet siapa U-235 BecbMa HecTa6MIbHbIMU. UTOOBI
MOHATD cebe 3To, mpeacTaBuMm siapo U-235 Kak OOJbINYI0 Karulio BOAbI B OTCYT-
CTBUM 3€MHOTO MPUTSDKeHUS (Harpumep, B Kocmoce). Eciiu Bbl CMOTpenn BUAe0-
(OWMIBMBI TIPO 3TO, TO MOTJIM 3aMETUTb, YTO CHAYajIa Karis M3 chepudecKkoii mpu-
HYMaeT IPUILTIOCHYTYI0 (hopMy, 3aTeM pacTSATMBaeTCs U Aake pacCIleIIsIeTcs Ha
IBe Karuii. Eciv 9To poucXoauT, ABe HOBbIe KAl OKa3bIBAIOTCS BOIM3U IPYT
oT apyra. Ho ¢ smpamu 310 He Tak. Kakmoe 113 HOBBIX s1Iep MMeeT 60JIbIIoe YMCIO0
TOJIOKUTENbHO 3aPsDKEHHBIX IPOTOHOB BMeCTe ¢ HeliTpoHaMu. C yueTOM MacIiTa-
60B aTOMHBIX Pa3MeEPOB JTEKTPOHBI HAXOASITCS OUEHbD JTaJIEKO OT 3TUX SIAEP, U UX
3apsAbl MOTYT He IPUMHMMAThCS BO BHMMaHMe. [[Ba MaJleHbKMX MOJIOXUTEIbHO
3apsDKeHHBIX SIApa OTTAJIKUBAIOTCS APYT OT APYyra OUueHb CUJIbHO, UX YCKOPeHue
CITOCOGCTBYET JOCTUKEHMIO OTPOMHBIX CKOPOCTE 10 BO3MOYKHOTO CTOJIKHOBEHMS
C IPpYrMMM aTOMaMu U 3amMezieHus. VX KMHeTuueckast 3Heprus 3aTeM IpeBpa-
IaeTcs B TeIUIo. bosbiast yacTb SHepruy mpu pacmage atromoB U-235 yHocuTces
3TUMU MaJIEHbKUMU SIIPaAMU.

DTOT mpoilecc pacuierieHnsT Ha3bIBaeTcs dejieHueM U TIPOUJITIOCTPUPOBAH Ha
puc. 2.3. MajieHbKMe siipa CIpaBa Ha3bIBAIOT npodykmal pacnada. Ecau cayumnres
TaK, UYTO HEMTPOHBI CTOJIKHYTCS ¢ ssapamu U-235 1 OyayT IBUTATHCSI JOCTATOYHO
MeIJIeHHO, UTOOBI OBbITh 3aXBaUeHHBIMM VIMY, TO BeCbMa BePOSTHO, UTO ITPOU30ii-
IeT mejeHyue. ITO oueHb OBICTPBIN MPOLecC — OJIs OTAeabHOro aroma U-235 oH
3aHMMaeT IPUMEePHO OJHY MWJUIMOHHYIO OT OHOV MWIJIMOHHOWM ceKyHAbl. Ho

f
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Puc. 2.3 < Pacnag aopa U-235
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9Heprus, BICBOOOXKAaeMast axke OT OJHOTO aKTa JeJIeHNsI, OTPOMHA B aTOMHBIX
Macirabax. OHa MpUMepHO B 2,5 MJIH pa3 6osibllle, YeM MOXKHO TPOU3BECTU OT
CKUTaHMS aToOMa yriaepona IMpu MoayuyeHU M JBYOKUCH YIJIepoaa.

MoskeT 3Ta 3HEprust OBITD ITOJIE3HOI, €CJIM MBI HaliJIeM CII0C06 CIes1aTh COObITHUS
neneHus simep 6osee yacteiMu? K cuactsio, U-235 MOAXOOUT AJIST 9TOTO, IOTOMY
YTO MPU KaXXIAOM COOBITUM JeleHus ero simpa o6pas3yeTcs ABa WK TPU TOIOJ-
HUTEJbHBIX HENTPOHA. B Teopuy OHM MOTYT BbI3bIBATh AeleHNe NPYyTUX siIep,
CO3/1aBasi TeM CaMbIM «IIeTHYI0 peakiinio». Ha MmpakTuke 3ToO HEMHOTIO CIIOXKHee.

Bonbiias yacTk ypaHa B pyze He aBisieTcss U-235. 3To U-238, B KOTOPOM B sifipe
Ha TpU HeiiTpoHa 6osbiiie. HaAMHOTO MeHee BEpOSITHO, uTo simpa U-238 6yayT pac-
MajlaThCsl TOC/Ie 3aXBaTa HEMTPOHOB — OHM HaMHOTO cTabuiabHee, yeM y U-235.
K coskanenunto, Tonbko 0,7 % U-235 comepskuTCs B HATYpaJibHOM ypaHe. MOXXHO
yBeIMUUThb comepskanue U-235 3a cueT mpoliecca Tak Ha3bIBaeMOTO 0002aujeHus,
HO 3TO JIOPOrO, ¥ Ha BBIXOJle 060TaTUTENbHBIX YCTAHOBOK comepxaHue U-235
OOXOMUT IpuMepHO 10 4-5 %. (Ecinu 6ymeT JOCTUTHYTaA 6ojiee BhICOKAsl CTEIEeHb
oboraieHus, BOSHMKaeT CKOJIb3KUI1 BOIIPOC, He BbIPAOATHIBAETCS JIU ChIPbE JIJIs
MIPOM3BOMCTBA SITEPHOTO OPYXKMSI; HO He 6ymemM 06 aTom.) TakuM 06pasom, B Ba-
IIeM TOTIMBE OKa3bIBAETCS CylecTBeHHAsI pumech U-238, KOTOpbIil He crtoco6eH
K JIeJIeHUI0, HO OKa3bIBaeT BO3/eiiCTBMEe HA pabOTy peakTopa APYTUMMU MyTSIMMU
(KaK MbI YBUIMM B CJIEAYIOIIMX TaBax).

BosHuKaeT yquBUTENbHbIN BOTIPOC, TaK OTKY/1A K€ BO3HMKAET BCS 3Ta aTOMHast
sHeprus? XUTPOCThb B CAeAYIOIIeM: eC/IM CJIOXUTbh MacChl MPOLYKTOB JeleHnst
Y HEMITPOHOB IOCIe Ae/eHUs siep, TO UX CyMMa OKaskeTCsl HEeMHOTO MeHbllle, YyeM
macca ucxogHoro U-235 miioc Macca BHEUTHUX HeITPOHOB. B xoze npotiecca ne-
nenust sigep U-235 nmpoucxoquT rnpeobpas3oBaHue YaCcTu ePBOHAYAIbHO MacCChl
TOTIJIMBA B SHEPTUIO B COOTBETCTBUM CO 3HAMEHUTHIM ypaBHeHMEeM JIHIITeliHa
E = mc? (3Heprus paBHa MpoMU3BeeHMI0 MacChl Ha KBaApaT CKOPOCcTH cBeTta). Tak
KakK ¢’ IB/IsieTCsl 0YeHb 6OIbIIMM UMCIOM, TIOTepsI MacChl IPY SJepHO peakium
MajieHbKas, B KaKMX eMHUIIAX HU u3Mepsiii. [Ipyroe o6bscHEeHME 9TOTO COCTOUT
B TOM, UTO MIPOJYKThI pacrazia 6osiee TECHO CBSI3aHbI IPYT C IPYTOM, UeM TI€pPBO-
HayvasbHbIe simpa U-235, Tak KaK OHM MeHbIIle pa3MepaMu, a CUJIbI TPUTSIKEHUS
6osbIlle HA 60ee KOPOTKUX PACCTOSIHUAX. [IpU YIUIOTHEHUM SIAPA CTAHOBSITCS
GnuKe OPYT K APYTY, ¥ BHICBOGOXKIAETCA 4acTh cBO6OMHOI sHepruu'. Ecay BbI
XOTUTE y3HATh 06 3TOM 6OJIbIIlEe, TOCMOTPUTE Pa3aen GU3UKU «IHEPTUS CBSI3U».

2.3. bbICTPbIE U MEONEHHBIE HEATPOHDI

HEVITpOHbI, BbICBO60,E[I/IBH_U/IeC${ BO BpeMs 1 110Cjae COOBITUS pacmanga, OBMIKYTCS
CO CKOPOCTBbIO OKOJIO OeCATKa ThICAY MWJIb B CEKYHIY. OU3UKKM JaJii UM TOYHOEe

! CI/IJ'II)I, MpensdaTCTBYIOIME pacinaay aTOMHBIX gd0ep, ABJSI0TCI UCTOYHMKOM TaK Ha3bIBae-

MOJi SHepTUM CBSI3M aTOMHBIX siep. IIpu pacnaze simep TsOKebIX 1eMeHTOB (Halpumep,
ypaHa-235) 4acTh 9TOJ 9Heprum BbICBOOOXKIAETCSI B BUIE TeIlia, a Macca IPOLYKTOB
pacrnajza yMeHbIIaeTCs, 10 CPAaBHEHMIO C MCXONHOJ Maccoii spep, COIMacHO ypaBHe-
HMIO JiiHIITeliHa (CM., HanpuMep, «®u3suka 11 knacc. Knaccuueckuit ypoBeHb». MSIKM-
mies I. 4., Byxosues B. b., Yapyrus B. M., [TapdenTtbeBa H. A.). — [Tpum. nepes.
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Ha3BaHle «ObICTPbIe HEMTPOHBI». DTO 03HAYAET, YTO OHY C MaJIOii BEPOSITHOCTHIO
MOTYT GBbITh 3axBaveHbl simpamu U-235. ITo omo6HO 6POCKY CTaJIbHOTO HIapuKa
MMMO MarHuTa C O4eHb 60JIbIIOI CKOPOCTHIO; BPSII JIM OH OCTAHOBUTCS. C APYyTOit
CTOPOHBI, €C/IM GPOCUTD MIAPUK MMUMO MarHUTa C Majoi CKOPOCTbIO, MAaTHUT €T0
OCTaHOBUT. UTOGBI ITOAAEPIKATD MMOCAEAYIONINEe aKThI JeJIeHNsI, Halo CKOHCTPYM-
pOBaTh PEAKTOP TaK, YTOOBI B HEM ITPOVCXOINUIO 3aMeJJIeHe HETPOHOB.

[IpekpacHbIit c1oco6 3ameieHyst ObICTPhIX HETPOHOB COCTOUT B MPOIYCKa-
HUM UX 4yepe3 mMaTepuasa, OTOMPAIOIINii Y HUX YacTb SHEPruu (CKOPOCTH) IIpU
KakJ0M COyapeHUM C aToMaMu 3TOro maTtepuasa. [locie HeCKOAbKMUX coyaape-
HMIi GBICTPbIe HETPOHBI MPEBPAILAIOTCS B «MeIJIeHHbIe». MIX Takke Ha3bIBAIOT
«TeTlJIOBbIe» HEMTPOHBI, 9TO CBSI3aHO C T€M, UTO OHU ABVUKYTCS C TAKMMU ¥Ke CKO-
POCTSIMMU, UTO ¥ aTOMBI OKPY’Kalolllero maTepuana, u Gusnudecky HaxXoasiTCsI C HUM
B COCTOSIHUM «T€IVIOBOT'O PAaBHOBECUSI».

®dusuky fany 3a6aBHOe Ha3BaHMe IS ITpoliecca 3amMeIeHNsI HeJiTPOHOB — «3a-
MeJJjieHue», a MaTepuas, B KOTOPOM 3aMefJIsIIOTCS HEMTPOHBI — «3aMefJIUTeby.
B Bopmo-BogsiHOM peaktope (PWR) B kauecTBe 3aMeINTeNSI MCIIONb3YeTCS BOAA.
@U3UKYU YTBEPKAAIOT, UTO HAaMOOIbINNE TTOTePY SHEPTUM MTPU KasKIOM CTOIKHO-
BeHUM HeIITpOHA C aTOMOM 3aMeJIJINTeNsI OCTUTAIOTCS TPU UX OJAMHAKOBbBIX Pa3-
Mepax (macce). ATOMbI BOJOPOAA B MOJIeKyjie BOMbI, KOTOpbIe COmepKaT OnUH
IIPOTOH, IealT Boay 3G (PeKTUBHBIM 3aMeyInTeNeM. B mpyrux peakropax, meii-
CTBYIOIIMX B HACTosIIee BpeMs B Benmko6puTanuu, ucnonb3yercs rpadur, ma-
TepuaJl C Takyke CpaBHUTEIbHO JIETKMMU aTOMaMu. B riiaBe 22 npuBeaeH KpaTKUil
0030p pa3aIMUYHBIX KOHCTPYKIINIT peaKTOPOB.

KcraTu, omHa M3 4acThIX OMIMOOK, CIYYAIONIUXCS TIPU OOCYKIEHUM aTOMHBIX
peakTopoB, — cMenieHre GyHKINIA yIIPaB/SIIONMX CTepskHel ¢ GyHKIIel 3ame]-
JIeHUSI HEMITPOHOB. 3aMeJIUTeNb SIBJSIETCS TEM Y3JI0M, KOTOPBI 0OecreunBaeT
paboTy peakTopa, HO He ero ymnpasjeHue! dTa ommnOKa KaKIblil pa3 3acTaBseT
MeHS B3 parmBaTh, KOrja s 06 3TOM CJIBIIIY, HO, BO3MOKHO, SI CJIMIIIKOM YyBCTBM-
TeJIeH...

2.4. LLEnHAS PEAKUMS

Korpa HeTpOHbBI, BICBOOOAMBILMECS TIPYU PACIIETVIEHUH IIpa, 3aMeIJISTIOTCS 10
COCTOSIHMS TEIVIOBOI'O PaBHOBECHUS, BECbMa BEPOSITHO, YTO OHU BbI3OBYT HOBbBIE
pacieruienust apyrux simep U-235. OgHako, Kak Bbl IOMHUTE, YpaH B OOBIYHOM
peakTope B OCHOBHOM COCTOUT U3 U-238, KOTOPBII, K CO’KaIEHUIO, SIBJISIETCSI O4€Hb
XOPONIMM TOIJIOTUTENeM HeNTPOHOB, ABUKYIIUXCS CO CPeIHUMU CKOPOCTSIMU
(MexxTy BBICOKOW M HM3KOIi). Ha mpakTMKe 3TO 03HAyaeT, 4YTO, eC/iM Bbl MIPOCTO
CcMellaeTe ypaH ¢ 3aMeJJIS0I MM MaTepuaaoM, HUYero XOpoIero He MoJy4uTCs.
U-238 «ykpazeT» HeITPOHBI IO TOTO, KAK OHM ITOJIyYaT IIAHC K TpebyeMoMmy 3a-
MenjieHuIo. I mpeooseHus: 9T MpobieMbl IPUMeHSIeTCS caeyolas KOH-
CTPYKTUBHASI XUTPOCTh: huU3nueckoe pasaeneHye saMemanTens: u Torinusa. [Ipu
3TOM OBICTPbIE HEMTPOHBI, TPOU3BEAEHHbIE B TOIUIMBE, TONAZAI0T B 3aMeIJIUTEIb,
a 3aTeM OTCKaKMBAIOT Ha3a[ B TOTIMBO, TOOYKAas cBeXkye aTomMbl U-235 K HOBBIM
pacuierieHusIM. 3TO 3ByUMUT BeCcbMa HeNpaBaoIono6Ho, HO paboTaeT! TO — yen-
Has peakyus, KOTOpasi " SBJISIETCS UCTOYHMKOM SHEPruyM B aTOMHOM peakTope,
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Kak [MoKa3aHo Ha puc. 2.4. [Ipoiiecchl, BO3eCTBYOIIME Ha X0, LIeITHOM peakIun,
SIBJISIIOTCSI KJIIOUEBBIMMU B PU3UKE aTOMHBIX PEaKTOPOB.
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MeznneHHble HeVITpOHbI

BbI3bIBAOT paciLensieHre
anep U-235 I'IpoﬂyKTbl MefneHHbIe HETPOHbI BbI3bIBAOT
pacLuenneHus Sameanurens HOBble pacLuenneHus saep U-235
11 BbICTPbIE HEATPOHBI 3ameanaet
HEMTPOHbI

Puc. 2.4 < LlenHas peakuus pacwennenms U-235

A UTO ke BbI3bIBAeT 6eCITOKOIICTBO? PaHblie 1 OTMeuas, 4TO IIPpU KaXKI0M pac-
nage atomoB U-235 BbICBOOOXKIAETCS IBA WJIM TPU HETPOHA (B CPeIHEM OKOJIO
2,4, HO HUKOT1a Bbl He 06HapykuTe 60see 0,4). Eciau mpoMCcxXoauT LIerHast peakis
Y IBa WU TPY HEMTPOHA MPOU3BOISITCS TP KaKI0M pactafe siapa U-235, To uTo
MeIlaeT [eMHO peaKkly OUYeHb OBICTPO HAPaCTaTh, Kak iaBuHe? OTBET: OTepu
60JIbIIIE}i YaCTV HETPOHOB.

YacTp HEMTPOHOB MHOTAA OTpPa’kaeTcsl OT 3aMefJjiuTessl Ha3ak, B TOIIMBO, 0
TOr0 Kak 3aMeJJISITCS HaajieskamuM o6pa3om. Y HUX eCTb XOPOIINit MaHC ObITh
3axBaueHHbIMM atomamu U-238 U TeM CcaMbIM OKa3aTbCsl UCKIOUEHHBIMU U3
rmpoiiecca ernHol peakuuu. HeiTpOHBI TepsoTCS U MO APyrUM IpuunHaMm. He-
KOTOPbIE M3 HMUX 3aXBaThIBAIOTCS SipaMy Bogopona-1 B Bone, B pe3ysibTaTe 4yero
ob6pasyercst BOmopos-2 (aeiitepuii). Ipyrue 3aXBaThIBalOTCS MaTepuasaMi BHYT-
peHHeli KOHCTPYKILIMM peakTopa, B IepBYI0 ouepeb MeTaljaaMy, UCIO0Ib3yeMbl-
MU, HAalIpMMep, B KAUeCTBe MOKPbITUS KOHTEIHEPOB C TOIVIMBOM U YIIPaBJISIONINX
CTepKHE (9TU 3JIeMeHThI OyayT 0OCYKIeHbI B CIeAVIOlieil riaBe). VI HakoHeII,
YacTh HEMITPOHOB IMPOCTO MOKMUIAET PeaKkTOp Yyepe3 ero CTeHKu (peaktop bec-
KOHEUHBIX pa3MepOB ITO3BOJIMJ ObI M36€KaTh 3TOr0, HO €ro IieHa IpeBbIcuIa Obl
JII06071 6I0IKeT).

B nmpaBM/IbHO CKOHCTPYMPOBAHHOM peakTope paciiaf, KaxkJoro aroma co3iaer
IOCTATOYHO HEMTPOHOB IJISI TOTO, YTOOBI XOTH OJMH 13 HMUX BbI3BAT HOBBIN pac-
naz. [TocToSTHHOe UMJIo paciagoB aTOMOB B CEKYHAY 00ecIieuBaeT IMOCTOSTHCTBO
SHepruu, BeipabaTbeiBaeMoii peakTopoM. Tak CKobKO pacnamoB? [IJisl reHepauuu,
1mojokuM, 1200 MBT sneKTpuuecKkoil sHeprum TpedyeTcst 0kojao 3500 MBT Teruio-
BOJi sHeprun. bBosnbiroe pasanume mexxay 3500 u 1200 MBT 6ymeT 06bsICHEHO
B rnaBe 10. [Ina monydenus 3500 MBT Temnia TpebyeTcss MUIIMOH MUJIJIIOHOB
MWJIJIMOHOB pacliafoB aTOMOB B CEKYHY. DTO MOPe pacrnajioB.
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