Hara 08.06.2023. I'pynma TOK 1/2. Kype 1

JIncounimnaa: du3uka
Tema 3ansaTusi: Duzuka aTOMHOTO S7Ipa
eab 3ansaTHsA:

-Memoouveckas. - COBEPIICHCTBOBAaHHME METOIUKHA TPOBEACHUS JIEKIIMOHHOTO
3aHATHS;
- yyebHas — chopMUpOBaTh TMpeacTaBiIeHUE 00 JJIEKTPUYECKOM  TIOJIE,

paccMOTpPETh €ro XapakTEePUCTHKHU; CPOPMYIUPOBATH MOHATHE (PUIMUECKON
BEJIMYMHBI «HAMPSKEHHOCTb»; PACCMOTPETh NPOBOJAHMKKA U AUDIEKTPUKH B
NIEKTPUUYECKOM II0JIE;
- BOCIIUTATeNbHass — oOy4aTh Yy4YalluXCsi COOTHOCUTH IIOJyYE€HHBbIE 3HAaHUS C
HaOII0Ia€MBIMHU SIBJICHUSIMH.

Bupj 3anarus: Jlexknus

MexknpeaMeTHble CBSA3U:

Obecneuusarowue: Texunueckas mexanuka, Ousuka

Pexomennyemas ureparypa

I Msxume 4. ®usuka: yueb. qis 10 k1. obmieoOpa3oBar. opraHU3allUA:
0a30BbIi U yryoma. ypouu / I.5. Mskumes, b.b. byxosues, H.H Cotckuii; noa
pen. H.A. IlapdentbeBoit. — 9 uzn.,crep. — M.: I[Ipoceenienue, 2022. — 432 c.: ui.
— (Knmaccuueckuii Kypce)

2.Mskume I.5. ®wusuka: ydeb. mius 11 ki, oOmieoOpazoBar. OopraHHU3aIlWNA:
6a30BbIil U yryon. yposuu / IS, Msakumies, b.b. byxosues, B.M.Hapyrun; noj
pen. H.A. ITapdentbeBoit. — 10 uzn.,ctep. — M.: IIpocBemenue, 2022. — 432 c.:
ui. — (Kimaccuueckuii Kkypc)

3.PoivkeBuu A.Il. 3agaunuk: cOOpHMK Mg y4yaniuxcs oO01ieo0pa3oBaTesbHbIX
yupexaenuit. — M., «JIpoda» 2008.

https://vandex.ru/video/preview/3802746200072784824 SnepHbie peakiuu
https://vandex.ru/video/preview/1456963377430943512 SAnepHbie peakiuu

https://vandex.ru/video/preview/17778151012706956809 JleneHue saep ypana

https://yandex.ru/video/preview/13902320225267555122 SInepHslii peakTop
https://www.youtube.com/watch?v=zVMbgHc-V VI A nepnslii peakrop

https://www.youtube.com/watch?v=9aVIXADwVTU DnemeHTapHbIE YaCTHUIIbI



https://yandex.ru/video/preview/3802746200072784824
https://yandex.ru/video/preview/1456963377430943512
https://yandex.ru/video/preview/17778151012706956809
https://yandex.ru/video/preview/13902320225267555122
https://www.youtube.com/watch?v=zVMbgHc-VVI
https://www.youtube.com/watch?v=9aVJXADwVTU

Tema: @u3uka aTOMHOI0 sAAPa

1. SAnepHble peakiuu

2. Jlenenue siaep ypana

3. SnepHblil peakTop
4.25eMeHTapHbIE YACTULIBI

1. SinepHble peakuuu

ATOMHEIE Asapa 1Ipu BSaHMOﬂCﬁCTBHHX HCIIBITBIBAOT IIPCBPAIICHUA. Ot
IMpCBpaiCHUA COIIPOBOXKIAOTCA YBCIIMUCHUCM HJIN YMCHBIICHUCM KHHETUYECKOM
OHCPIuHu YyYaCTBYIOIIUX B HUX YdCTHII.

SpoepHble peakumm

SAnepHbIMM peakHUsIMM HA3bIBAIOT HW3MEHEHHUSI AaTOMHBIX siep TMpH
B3aUMOJICHICTBUM UX C DJIEMEHTAPHBIMU YAaCTUI[AMU WJIM JIPYT C Ipyrom. SnepHbie
peakiu TPOUCXOJAT, KOTJAa YacTHUIbl BIUIOTHYIO NPUOIMXKAIOTCA K SApy H
nonagarwT B cepy IeUCTBUS sIACPHBIX cul. OJHOMMEHHO 3apsKEHHbBIE YaCTHUIIbI
OTTAJIKUBAIOTCS JIPYT OT JApyra. [loaToMy CONMKEHHE MONTOXKUTETBHO 3apSKEHHBIX
YacTHI] ¢ siApaMu (WK siAep APYT € IPYroM) BO3MOXKHO, €CJIM 3TUM YacTUIaM (Hin
spaM) cooOIIeHa JOCTATOYHO OOJbIlIasi KUHETHYECKas SHEprusi. JTa IHEeprus
coo0ImIaeTcsi MpoToHaM, SapaM AeUTepus — JACUTpOHAM, O-4acCTHIAM U JIPYTUM
OoJiee TSHKEIBIM SJIpaM C TIOMOIIBIO YCKOPUTENEH.

Jlns ocymiecTBIeHUS SACPHBIX PeaKIuid Takoi MeToj ropas3no 3¢ GheKTUBHEE,
YeM  HUCIOJb30BaHUE  SiAEp  TeNus,  HUCIYCKaeMbIX  paJdOaKTUBHBIMU
aneMeHTaMu. Bo-nepevix, C TIOMOIIBIO YCKOPUTENEH YacTUI[aM MOXKET ObITh
coobmiena sHeprus nopsaka 10° MaB, 1. . ropasno 0oiblias Toi, KOTOPYHO UMEIOT
a-4acTulbl (MakcuMalibHO 9 M»aB). Bo-émopuwix, MOXXHO HCIIONB30BaTh IMPOTOHBI,
KOTOpbIE B TpOLIECCEe PAJAUOAKTUBHOTO paclaja He TMOSBIAITCS  (3TO
1eJIeCO00pa3HO MOTOMY, UTO 3apsi/i MPOTOHOB BIBOE MEHbBIIE 3apsijia 0-4acTHIl, U
MOATOMY JEHCTBYIOIAasi HA HUX CUJIA OTTAJIKHMBAHHUS CO CTOPOHBI sJIep TOXKE B 2
paza MeHble). B-mpemobux, MOXXHO YCKOPUTH sifipa OoJyiee TsKENble, YeM sjipa
TEJHS.

[lepBast simepHast peaxius Ha OBICTPBIX MPOTOHAX ObLIA OCYIIECTBIEHA B
1932 1. Ynanoch paciienurhb JIUTUN HA IBE O-YACTUIIBI:

7713 1 4 4
¢Li + H — 53He + ;He.

Kak BumHo u3 Qortorpadum TpekoB B Kamepe
Bunbcona  (puc.  13.12), sgpa  renud
pas3jeTaroTCsl B pasHble CTOPOHBI BIOJIb OAHOMN
Puc. 13.12 OpsMOM  COIVIAaCHO  3aKOHY  COXPAaHEHHUs
UMITyJbCa (MMIYJIbC NPOTOHA MHOTO MEHbIIE

UMITYJIbCa BOZHUKAIOUIUX O-4acTHII; Ha poTorpaduu TPEKU MPOTOHOB HE BUAHBI).




JHepreTMyecKkum Bbixoa SAepHbIX peakummn

B onucanHOW BbIIE SANEPHOM pEAKUUU KHUHETUYECKAs DHEPIUs JBYX
oOpasyroumuxcs siep Tenust oOKa3ajgach Oojbllle KUHETHYECKOM SHEpPruu
BCTYNMBILIETO B peakuui nporoHa Ha 7,3 M»dB. IlpeBpamenue saep
CONPOBOXIAETCS M3MEHEHWEM HUX BHYTPEHHEW »Hepruu (dHeprus cBszu). B
PAaCCMOTPEHHOM peakIMu yAelbHAsl JHEPrus CBSI3M B sApax reius Oosblie
YIEIBHOW JHEpPruu CBA3M B sape Jutus. [1o3TOMy 4acTh BHYTpPEHHEW SHEpPruu
sIIpa JIUTHUS MPEBPAIIAECTCS B KHHETUYECKYIO SHEPTUIO PA3JIETAIOLIUXCS O-4ACTHII.

N3meHeHne SHepruu CBSA3U SIEpP O3HAYAET, UTO CyMMAapHas HEpPrus MOKOs
YYaCTBYIOILMX B PEAKLUSAX SAEP U YaCTUI] HE OCTAETCsI HEM3MEHHOU. Benb sHeprus
nokos sapa M,c* comacHo popmyie (13.5) HEMOCPEACTBEHHO BLIPAKAETCS Yepe3
SHEPIUI0 CBS3U. B COOTBETCTBUMM C 3aKOHOM COXPAHEHUS HHEPTUU UMEHEHUe
KUHEemuUu4ecKkou dHepeuu 8 npoyecce s10epHol peakyuu pagHo USMEHEHUI0 SHepeul
HOKOSsl y4acmeyIouWux 8 peakyuu si0ep u yacmuy.

JHepreTu4yecKk1um BbiXoa AAEpPHOMN peakumm

JHepreTH4eCKHUM BBIXOAOM SIICPHOM pPEAKUHMH HA3bIBAETCS PA3HOCTh
SHEPruil MOKOS SAep M 4YacTUl [0 peakuuu u mnocie peakuud. CornacHo
BBIIIECKA3aHHOMY SHEPreTUYECKUN BBIXOA SJAEPHOW pEaKUMU pPaBEH TaKxkKe
WU3MEHEHHMIO KNHETUYECKON SHEPTUU YaCTHUII, yYaCTBYIOIIUX B PEAKIUU.

Ecnu cymmapHas KMHETHYECKasl SHEPrusl sAep W YacTHUI] MOCJe peakUuuu
Oonbllle, 4eM A0 pPEaKlUu, TO TOBOPAT O BBIJEIECHUU HHEPruu. B mpoTuBHOM
Clydae peaklMs HUJET C IOIVIOIIEHUEM dHepruu. YacTh KMHETUYECKON SHEPrUu
(mpumepro 1,2 ¢ 10°3B) mepexomuT B MPOLIECCE ITOM PEAKIUM BO BHYTPEHHIOK
HHEPTHUI0 BHOBH 00OPa30BaBUIETOCS SA/Ipa.

Boigenstonmasicss mpu SIEpHBIX PEAKIUAX dHEPTUS MOXKET ObITh OTPOMHOM.
Ho wucnonb3oBarh €€ mpH CTOJKHOBEHMSIX YCKOPEHHBIX 4YacTUL (WA SIAEp) C
HETIOABM)KHBIMHU SIIPAMH MUIIICH TPAKTUYCCKH HEIb3s. Bemp OONbImas dacTh
YCKOPEHHBIX YaCTHI] NPOJIETAET MUMO SIIEP MUILIEHH, HE BBI3bIBAsI PEAKLIHIO.

2. JlesieHue siiep ypaHa

JlenuThCa HAa YAaCTU MOTYT TOJIBKO $i/[pa HEKOTOPBIX TSKEIBIX 3JIEMEHTOB.
[Ipu neneHum saep MCMYCKAaKOTCS IBA-TPU HEUTpoHA W y-Ty4du. OJHOBPEMEHHO
BBIJIEIISIETCS OObIIast YHEPTUSL.

OTKpbITHE AeNleHus ypaHa

Henenue snep ypaHa Obuio OTKpeiTO B 1938 1. Hemernkumu ydeHbimMu O.
l'anom u ®. lItpaccmanoM. OHU YCTaHOBUWJIM, YTO NpU OOMOapAMpPOBKE ypaHa
HEUTPOHAMU BO3HHUKAKOT JJIEMEHTBI CPEAHEW YaCTHU MEPUOAUYECKOM CHUCTEMBI:
Oapuii, kpunToH U ap. OJHAKO MPaBUILHOE HCTOJIKOBAHHE 3TOrO (DakTa UMEHHO
Kak JIeJIeHUs siipa ypaHa, 3aXBaTHBIIEr0 HEUTPOH, ObUIO JaHo B Havyaine 1939 r.
anruiickuM  ¢usukom O. @pwuineM COBMECTHO C aBCTpuiickuM (dusukom JI.
MeiuTHep.

3axBaT HEUTpOHA HapyIIaeT CTAOWIBHOCTH sijpa. SAapo Bo30Oy»KaaeTcs u
CTAaHOBUTCSI HEYCTOWUYMBBIM, UTO MPUBOJUT K €0 JICJICHUIO HA OCKOJKH. [leneHue



A]Ipa BO3MOXKHO MOTOMY, YTO Macca MOKOS TSKEJIOTo siapa OoJbllie CyMMBbl Macc
IIOKOSI OCKOJIKOB, BO3HMKAIOIIMX MPH JAeJIeHUH. 1109TOMY IpOMCXOauT BbIACIEHUE
DHEPIWM, OHKBUBAJICHTHOW YMEHBIICHUIO MAaCChl IIOKOS, COIPOBOXKIAIOLIEMY
JCIICHUE.

IIpy  nmemenuu  Axpa  dHEpPIUs  CBA3M,
IPUXOASIIAACA HA KaXKIbIM HYKJIOH, YBEJIMUYUBACTCSA
Ha 1 M»dB u oOmas BbIIEHSIOWASACS SHEPrus
JOJKHA ObITh OorpoMHOM — mopsaaka 200 M»aB. Hu
IpU KaKoM JIpyro siiepHOM peakuuu (He CBI3aHHOU
C JIeJIEHHEM) CTOJb OONBIIMX DSHEPIUd He
BBIJICIISAETCS.

HenocpencrseHHnble  U3MEpEHMS  DHEPIUH,

BBIICIIAIONICHCS MPU JIEJICHUU s/ipa ypaHa G2 U,
MOJTBEPAWIIA NPUBEIECHHBIE COOOPAKEHUS U Jlaju
3HaueHne ~200 M»oB. Ilpudem Oosbiias yacte 3Toi 3Hepruu (168 M»aB)
IIPUXOJNTCS Ha KMHETHUYECKYIO DHEPIrUI0 OCKOJIKOB. Ha pucynke 13.13 Bbl Bugure
TPEKU OCKOJIKOB JIJIAIIErocs ypaHa B kamepe Busbcona.

Brinensronasica npu AEICHUH Spa SHEPTUS UMEET JIEKTPOCTATUYECKOE, A
HE SIAEPHOE MPOUCXOXKAEHUE. bonbmias KMHETHYECKAs: SHEPTUSI, KOTOPYIO UMEIOT
OCKOJIKH, BOZHHKAET BCIIEICTBUE UX KYJTOHOBCKOTO OTTAJIKUBAHHSI.

MexaHu3M geneHus aapa

[Ipouiecc neneHuss aTOMHOTO sipa MOXKHO
OOBSICHUTh Ha OCHOBE KarelbHOW MOJENnu spa.
CommacHO  3TOM  MOJENM  CTYCTOK  HYKJIOHOB
HAIIOMHMHAET KameNbKy 3apsyKEHHOW >KUAKOCTU (pHC.
13.14, a). SnepHble CHIBI MEXIy HYKIOHAMHU
ABJISIFOTCA KOPOTKOJEHCTBYIOLIUMH, MOJOOHO CHIIaM,
JNEUCTBYIOIIMM ~ MEXJy  MOJEKyJaMU  KUJIKOCTH.
Hapsiny ¢ OGonpmvMu cujlaMU 3JIEKTPOCTATUYECKOTO
OTTAJIKUBAHUS MEXIYy HIPOTOHAMH, CTPEMSIIMMUCS
pa3opBark SIPO HA YACTH, ACUCTBYIOT emie OOibIue
SJIEpHBIE CUJIbI MPUTSKEHUSA. DTH CHJIbI YIEPKUBAIOT
AJIpO OT pacraja.

Anpo ypana-235 umeet popmy mapa. [lorotus
JUITHUN HEUTPOH, OHO BO3OYKJAaeTCs M HaYMHAET Je(POopMUpPOBATHCS, MPUOOpETast
BBITSHYTYIO opmy (puc. 13.14, 6). SAapo Oyner pacTsaruparbes 10 TE€X MOP, OKa
CUJIbl OTTAJKUBAaHUS MEXKAY TMOJOBUHKAMH BBITSHYTOIO SiApa HE HAYHYT
npeoliiaiaTh HaJl CUJIaMU MPUTSHKEHUS, IEUCTBYIONIMMU B Tiepeleiike (puc. 13.14,
B). [locne atoro oHo paspeiBaeTcsi Ha aBe yact (puc. 13.14, r). Ilox nelictBuem
KYJIOHOBCKMX CHJI OTTAJIKUBAHUS 3TH OCKOJIKU PA3JIETAIOTCSA CO CKOPOCTBIO, PABHOM
1/30 ckopocTu cBera.

Hcnyckanue neiimponoe 6 npouecce oenenus. OyHIaMEHTAIBHBIA (PakT
AJIEPHOrO JIEJIEHUs — HWCIYCKaHWE B IPOLIECCE JEJEHHS JIByX-TPEX HEHUTPOHOB.

Puc. 13.13

Puc. 13.14



Nmenno Gnaromapsi 5TOMy OKa3ajloCh BO3MOXKHBIM MPAKTHUECKOE HCIIOIb30BAaHUE
BHYTPUSICPHOU SHEPTUMH.
Peakuust nesieHUs sijiep CONMPOBOKAACTCH BblJACJICHUEM JHEPrHUH.

3. SInepHblii peakTop

SlnepHbIM  peakTOpPOM  Ha3bIBACTCA  YCTPOWCTBO, B  KOTOPOM
OCYILIECTBIIACTCS YIpaBiisieMasl peakuus AeICHUs saep.

MepneHHLI HeliTpOH 235 U

SAnpa ypaHa, 0OCOOEHHO sApa H30TOMAa 92 - ,

ooxosce [l Ocxozox Hapvl60ﬂee 3¢ (HEKTUBHO 3aXBaThIBAIOT ME/JICHHbIE

y’ IT} - HEUTpPOHBI. BeposTHOCTH 3axBaTa MEAJICHHBIX

BricTphie HeHTPORbI HEUTPOHOB C MOCIEAYIOUIUM JIEJICHUEM SJEp B
e

| Bameanmrent COTHU pa3 Oonblle, yeM ObICTpbIX. [loaTOMY B

Meﬂﬂﬂﬂﬂﬂf He*ﬁTPGHH SJIEPHBIX peakTopax, paboTaromux Ha

iy €CTECTBEHHOM ypaHe, UCIIOJIb3YOTCS

N 3aME/UINTEIN  HEUTPOHOB  JUIs  TOBBIIICHUS

kodpdurmenta  pasMHOKCHUS HEUTPOHOB.
Ockonox | | \Ockomox  [Ipoliecchl B SZCPHOM PEAKTOPE CXEMATHUECKHU
n300paxeHsl Ha pucyHke 13.15.

-l\ BricTprlie HEHTPOHE
3aMeaHTeN:

Pric. 13.15

OCHOBHbIE 3/1eMEeHTbl SAEPHOro peakTopa

Ha pucysnke 13.16 npuBeaeHa cxema S3HEPreTUYECKON YCTAHOBKU C SIIEPHBIM
PEaKTOPOM.

OCHOBHBIMH 3JIEMEHTAMU SIIEPHOTO PEAKTOPA ABIIAIOTCS: AAEPHOE roprouee (
28517 289Ppy .
9z Y | 94 U 7p.), 3aMEJINTENIb HEUTPOHOB (TsDKenash WM OObIYHAsl BOJA,
rpadut U Ap.), TEIIIOHOCUTENb JUIs BBIBOJIA SHEPTUH, 0Opasytolieiics npu padore
peaktopa (Boda, KUAKUM HATPUMl W JIp.), U YCTPOUMCTBO ISl PETyIUPOBAHUS
CKOPOCTH peakiuu (BBOAMMBIE B padouee MPOCTPAHCTBO PEAKTOpa CTEPKHHU,
cofepxaliue KaAMHi Wi OOp — BEIIECTBAa, KOTOPHIE XOPOIIO MOIIOIIAIOT
HEUTpOHBI). CHAPY KU PEAKTOP OKPY>KAKOT 3aUUTHON 000JI0UYKOM, 3a/1epKUBAIOLLEN
Y- JydeHue U HeUTpoHbl. OO0JOYKYy JAenaroT U3 OeTOHAa C IKEJIE3HBIM
3aMOJTHUTEIIEM.



TennoHOCHTENE Iap Typ6uua I'emepaTtop
flaeproe ropouee
H 3aMeIIHTeN b

T

Perynupymomue
CTepPMHEN

SammuTa ot ___//

pajgHanun Boga  Kompencarop

Orpaskarens INaporereparop

Pue. 13.16

Depmu SuphHKo (1901 —1954) —

BENHKHH MWTaNLRHCKWIM bH3KK, BHecwMk Gonblwon
BHMAL B Pa3BMTHME COBPEMEHHOH TEOPETHHECKOH M
IMCNepuMEHTANEHOH hu3ukn, B 1938 r. smurpupo-
gan 8 CLUA. OgHoepemenHo ¢ [upakom co3pan
HBIHTOBYIO CTaTHCTHYECKYIO TEODMIO 3INEKTPOHOB M
apyrux  4actuy (cratuctuka Mepmm — [upaka).
Paspaboran konudecTeeHHYIO TEOpMIO p-pacnaga —
NPOTOTHIN COBPEMEHHOW KBAHTOBOH TEOPHH B3aHMO-
pedcTeMa anemenTapHelx Yactuy. Cpenan pag dyw-
A3MEBHTANLHLIX OTKPLITHH B HEATPOHHOW OHM3MKE.
Mog ero pykosoacteom &8 1942 r. enepewie Beina
OCYLLEeCTBNEHA YNPABNIeMan AQEPHan PeaKuUMa.

JlyummuM 3amemnutenieM sBIsieTcs nmisocenas eooa (em. § 102). OObryHas
BOJIa caMa 3axBaThIBACT HEUTPOHBI M MPEBpPAIIACTCA B TSHKEIYIO0 BOAY. XOPOIIUM
3aMENIUTENIeM CYUTAeTCs Takke rpaduT, sAapa KOTOPOro HE MOMIOUIAIOT
HEUTPOHBI.

Kputnueckana macca

Koadduruent pazmuoxxkeHuss k MoxxkeT crarb paBHbBIM €IUHUIIC JUIIL TPU
YCIIOBUM, YTO pa3Mepbl PEaKkTopa U COOTBETCTBEHHO Macca ypaHa IPEBBIIIAIOT
HEKOTOpbIE KPUTHUYECKHE 3HayeHusl. Kpuruueckoi Maccoil Ha3bIBAIOT
HAaMMEHBIIYI0 MACCy JEJSIIErocsl BEIIECTBA, MIPU KOTOPOH €€ MOXKET MPOTEKATh
LEIHAs SAepHask peaKiusl.

[Ipy wmaneIx pa3mepax CIHIIKOM BEJIMKAa YTEUYKa HEUTPOHOB 4YeEpE3
MOBEPXHOCTh AaKTHUBHOM 30HBI peakTopa (00beM, B KOTOPOM pAaCIOIararoTcs
CTEp>KHU C YPAHOM).

C yBeJMYEHUEM PA3MEPOB CUCTEMBI YUCIO SIJEP, YUACTBYIOIIUX B JICJICHUU,
pacteT MpONOPIUOHATBHO O0BEMY, a YUCIO HEUTPOHOB, TEPSAEMBIX BCIECACTBUE
YTEUKH, YBEIMYMBACTCS MPOMOPLUUOHAIBHO IUIOMAAU MOBepxHOCTU. [lo3Tomy,
yBEIMYUBAsl pa3Mepbl CUCTEMBI, MOXHO JOCTHYL 3HauYCHHUs KoIPdUIIEHTA
pasmHoxkenust k = 1. Cucrema OylaeT UMETh KPUTUUECKUE Pa3MEpPhl, €CIU YUCIIO
HEUTPOHOB, MOTEPSHHBIX BCJICJCTBUE 3aXBaTa U yTEUKH, PABHO YUCITY HEUTPOHOB,
NOJTyYeHHBIX B Tpolecce aeneHus. Kpurtuueckue pasMepbl U COOTBETCTBEHHO
KPUTHUYECKass Macca OMPEIEISIIOTCS THUIIOM SIIEPHOTO TOPIOYEro, 3aMeTUTeNIeM U
KOHCTPYKTHUBHBIMU O0COOEHHOCTSIMU PEaKkTopa.



Jlns yucroro (0e3 3aMenIuTeNsl) ypaHa zggU’ uMeroniero Gopmy Iapa,
KpuTHdeckas macca npumepHo paBHa 50 kr. Ilpu stom paguyc mapa paseH
npuMepHo 9 cM (ypaH odeHb TsbKenoe BemectBo). Ilpumensiss 3amennuTenu
HEHUTPOHOB U OTPAXKAIOIIYIO HEUTPOHBI 000JIOUKY W3 OCpUIUIHS, YIAI0Ch CHUZHUTD
KpUTHUYECKYIO Maccy 10 250 .

Kypuaroe Mrope Backnbesw4 (1903 —1960) —
COBETCHMM (DM3IMK M OPraHM3aTtop HayYHbeIX WcCne-
posanui, Tpumael Nepoi Couwanuctuuyeckoro Tpy-
pa. B 1943 r. poarnaenan HaydHsie paboTtel, CBAZAH-
Hele ¢ atomHon npobnemon. Mopg ero pyxkosoa-
craom Bbink co3gaHel nepesii 8 Espone atomHbiA
peaxktop (1946) W nepean coseTckan atomHan bom-
Ba (1949). Paunue paBotel OTHOCATCA K MCCnegoBa-
HWKD CErHETO3NEKTPWKOR, AASpHbIX PeaKuMHd, Bbi-
3biBaBMbIX HE‘;tTFIOHEIMH, HﬁKyEETBEHHDﬁ paHHCIEI{-
TMeHocTH. OTKpbIN cylwecTeosanme so36yIKASHHbIX
EGCTOHHHE HAEP C OTHOCHMTENBHO 'EI'DI"II:LI.IH-M “BpeME-
HEM HHIHMD, :

VhpaBieHue peakTopoM  OCYUIECTBISICTCS TMPU  IIOMOIIM  CTEPKHEM,
conepxamnux kaamMui uiad 6op. Ilpu BBIIBHHYTBIX M3 aKTUBHOW 30HBI peakTopa
crepxxHsAx k > 1, a mpu MOJIHOCTBIO BIABUHYTHIX CTEPkKHAX K < 1. BaBuras crepxHu
BHYTPb aKTHBHOM 30HBI, MOXXKHO B JIOOOH MOMEHT BPEMEHHU MPHOCTAHOBUTH
pa3BUTHE LEIMMHON PEAKIHUU. YIIPABICHUE SIICPHBIMHA PEAKTOPAMHU OCYILECTBISCTCA
IUCTAHIIMOHHO ¢ IToMoIIb0 DBM.

PeakTopbl Ha 6bICTPbIX HEUTPOHAX

[Toctpoennl peakTopbl, paboraronue 0e3 3aMeIIuTeass Ha OBICTPBIX
HelTpoHax. Tak Kak BEPOATHOCTH JIeJICHUsI, BRI3BAHHOTO OBICTPHIMU HEHTPOHAMH,
Majia, TO TAKUe PEaKTOPhbl HE MOTYT paboTaTh Ha €CTECTBEHHOM ypaHe.

Peakninro MOYKHO MOACPKUBATh JIUIIL B 00OTAIIEHHOW CMECH, CoIepIKale

o 235U o
He MeHee 15% u3otoma 92 . [IpeuMyIIecTBO peakKTOPOB Ha OBICTPHIX HEUTPOHAX
B TOM, YTO IIpHU HX pa60Te 06pa3yeT051 SHAYUTCJIbBHOC KOJIHYCCTBO ILNIYTOHMUA,
KOTOpBIfI 3aTCM MOKHO HCIIOJNBb30BAaTh B KauCCTBC AACPHOI'O TOIIIMBA. Ot
PCAKTOPBI HAa3BbIBAIOTCA peaKkmopamu-pasmHOoICuUmenimu, TakK KakK OHHA
BOCIIPOU3BOIAT JAensniuics Marepuaia. CTposATcs PeakTopsl ¢ Koagguyuenmom

gocnpouzeoocmea 1o 1,5. ITo 3HAUUT, YTO B peakTope MpH JeseHnuu | Kr uzorona

235U
92 IMOJIy4JacTCsa 10 1,5 KI' ILIYTOHUA. B 00OBIYHBIX p€aKTopax KOS(l)(l)I/ILII/IeHT

Bocnpou3sBojcta 0,6—0,7.
lNMepBble saepHbIe peaKTopbl

BnepBblie 1nienHas sjuepHasi peakiuys JeJIeHHs ypaHa Obljla OCYIIECTBIICHA B
CIHIA KOJUIEKTUBOM YYEHBIX ITOJI pyKOBOJCTBOM DHpHKO depmu B nexadbpe 1942 .

B Hameii ctpane nepBblit siIepHBINA peakTop ObUI 3amylieH 25 nexadps 1946
I. KOJUJIEKTUBOM (DM3UKOB, KOTOPBIM BO3IVIABISUT HAIl 3aMeyaTesIbHBIA YUEHBIH
Urops BacunbeBnu KypuaroB. B Hacrosiee Bpemsi CO34aHbl PAa3jIMYHbBIC THUIIbI
PEaKTOpPOB, OTIMYAIOIIUXCS APYr OT JApyra Kak MO MOIIHOCTH, TaK U MO CBOEMY
HA3HAYCHHUIO.



IIpumeHeHue s1IepHOM JHEPTr UM

finepHoe opy)xue
Heynpasnsemas nenHas peakuus ¢ OOJIbIIMM KOI(P(ULIHUEHTOM yBEIUYECHHUS
HEHUTPOHOB OCYILIECTBIISIETCS] B aTOMHOM OoMOe.
JUist Toro 4ToOBl MPOMCXOAMUIIO TMOYTM MIHOBEHHOE BBIJICJIICHHE SHEPIHH

(B3pBIB), peakuusi JOJKHA MATH Ha OBICTPBIX HEUTpoHax (0e3 NpUMEHEHHs

. . 235
3aMmennuTeneil). B3pbIBUaTbIM BEIIECTBOM CIYKUT YHUCTBIM ypaH 92Uy

TUTY TOHUH “8iPu

YroObl MOT MPOU30UTH B3PbIB, Pa3Mephbl JEJALIEIOCS Marepuaa JIOJIKHBI
OPEBBIIIATE KPUTHYECKHE. DTO JAOCTUTAETCs JUO0 MyTeM OBICTPOrO COETUHEHMS
JIBYX KYCKOB JEJISILIErocsl Marepuaja ¢ JOKPUTHUECKUMHU pa3MepaMH, JIM0O ke 3a
CYET PE3KOTr0 CXKATUSA OJHOTO KyCKa 10 Pa3MepOB, IIPU KOTOPBIX YT€YKa HEUTPOHOB
yepe3 IOBEPXHOCTh I1aJaeT HACTOJIBKO, YTO pa3MeEpbl KyCKa OKa3bIBAIOTCS
HaJAKpUTHYecKuMU. To ¥ JApyroe OCYIIECTBISAETCS C TIOMOIIBIO OOBIYHBIX
B3PBIBYATHIX BEILIECTB.

IIpu B3pbIBE aTOMHOI OOMOBI TeMIiepaTypa J0CTUTAET AE€CATKOB MUJIJIMOHOB
KeJIbBUH. IIpy Takoi BBICOKOM TeMIlepaType OYEHb PE3KO ITOBBIIIACTCS IABICHUE U
oOpa3yeTrcss MouHas B3pbIBHas BoJHA. OJHOBPEMEHHO BO3HUKAET MOIIHOE
usnydyenue. [IpoaykThl LIEMHOM peakuuy MpU B3pbIBE aTOMHOM OOMOBI CHUIIBHO
PaAMOAKTUBHBI M ONIACHBI JUIS )KU3HU KUBBIX OPTaHU3MOB.

Atomuble O00MObI mpumeHmtn CIIIA B konue Btopoit mMupoBOl BOWHBI
npotuB Anonuu. B 1945 1. 6bun cOporieHsl aroMHble OOMOBI Ha SIMOHCKUE Topoja
Xupocuma u Haracaku.

B tepmosimepHoit (BomopomHoi) OomOe I WHUIIMUPOBAHUS PEAKIUU
CHUHTE3a MHCIIOJIb3YeTCSl B3pBIB  aTOMHOM  OOMOBI, TOMEIIEHHOW BHYTpPH
TEPMOSIEPHOM.

HerpuBranbHbIM pEIIEHHEM OKa3aJIOCh TO, YTO B3pPbIB aTrOMHOU OOMOBI
UCIIONIB3YETCA HE JUISl TOBBIIICHUS TEMIIEPATYPBI, & JUIsl CUJIBHEWILETO CKATHS
TEPMOSIEPHOTO TOIUIMBA HW3JIyYEHHEM, OOpa3yIoIMMCS MpU B3PbIBE ATOMHOMU
OOMOBI.

B nHameil cTtpaHe OCHOBHBIE M€ CO3JaHHSI TEPMOSIAEPHONH OOMOBI ObLIU
BBIIBUHYTHI nTocse Benukoit OteuectBeHHOM BOMHBI A. JI. CaxapOBbIM.

C co3nanneM sijiepHOTO OpPY:KHsl Mo0ela B BOiiHe cTajia HEBO3MOKHOIA.
SlnepHasi BoiiHa crmoOcOOHA TNPHUBECTH 4YeJIOBEYeCTBO K TubeH, MOITOMY
HApOAbI BCEro MUPa HACTONYMBO OOPIOTCH 32 3aMpelleHne SIIEPHOT0 OPYKHsl.



4.91eMeHTapHble YaCTHIIbI

Tpl/l JTala B pa3BUTUH (l)I/ISI/IKl/I IJICMCHTAPHbIX YaCTHI

B sroli mmaBe peub MOWAET O YaCTULAX, KOTOPBIE HEJb3s Pa3lIClIUTh U U3
KOTOPBIX ITIOCTPOEHA BCSI MaTepHsl.

Brr yxe Oonee miam MeHee 3HAKOMBI C 3JIEKTPOHOM, (DOTOHOM, TIPOTOHOM U
HelTpoHoM. Ho 4To ke Takoe ayieMeHTapHas yactuiia?

Jran  mepBblil. OT  JjIeKTPOHA 10  mo3uTpoHa:  1897—1932
IT. (OnemenmapHvie uyacmuyvl — «amomvl [lemokpumay Ha Oonee 21yO0KOM
VposHe.)

Korpma rpeueckuit ¢uzuk JleMOKpUT Ha3Bajd MPOCTEHIINE HEpaCUIECHUMBbIC
Jlajee 4acTHUIlbl aTOMaMH (CJIOBO aTOM, HAllOMHHUM, O3HAYaeT «HEIETUMBIi»), TO
€My, BEPOSTHO, BCE MPEACTABISUIOCH B IPUHIIMIIE HE OYEHb CIIOXKHBIM. Pa3znuyHbie
IIPEAMETHI, PACTEHUS, )KUBOTHBIE COCTOSIT W3 HEIEIMMBIX, HEU3MEHHBIX YAaCTHL.
[IpeBparnienus, HaOMOgaeMble B MUPE, — 3TO MPOCTas epecTaHoBka aroMoB. Bee
B MHUpE TEYET, BCE H3MEHSETCA, KPOME CaMHX aTOMOB, KOTOpPBIE OCTAIOTCSA
HEU3MEHHBIMU.

Ho B xonme XIX B. ObUIO OTKPBITO CIOKHOE CTPOCHHE aTOMOB U OBLI
BBIJICNICH DJIEKTPOH KaK COCTaBHAas 4acTh aroma. 3areM, yxe B XX B., ObuH
OTKPBITBI MPOTOH U HEUTPOH — YACTULBI, BXOMSAIIME B COCTAB aATOMHOIO siapa.
[Tonauasy Ha BCE€ 3TH YAaCTULBI CMOTPEIM TOYHO TaK, Kak /[eMOKpHUT cMOTpern Ha
aTOMbl: MX CUMTAJd HENCIMMBIMA W HEU3MEHHBIMH IE€PBOHAYAIBHBIMU
CYIIHOCTSMHU, OCHOBHBIMH KHUPIIMYUKAMU MUPO3AAHUS.

Jran  BrOopoi. OT mo3uTpoHa a0 KBapkoB: 1932—1964 rr. (Bce
JleMeHmapuslie  yacmuyvl — npespawjaromcsa  opye 6  Opyea.) Curyanus
IIPUBJIEKATEIIHON SICHOCTH JJIMJIACh HENOJIro. Bece oka3zamoch HAMHOTO CIIOJKHEE:
KaK  BBISICHWJIOCh, HEW3MEHHBIX  4YacTHUll HET CcoBceM. B camom
CJIOBE 27eMenmapHas 3aKIo4aeTcss  OBOSKMM  cMbicd. C  OINHOW  CTOPOHHI,
AJIIEMEHTApHBIE — 3TO camo co0oM pasymeromuiica, npocredmuil. C apyrou
CTOPOHBI, TOJT AIEMEHTAPHBIM MMOHUMAETCS HEYTO (PyHIaMEHTAIbHOE, JIeXkKallee B
OCHOBE Bellel (MMEHHO B A3TOM CMBbICIE CeWYac W Ha3bIBAIOT CYOAMOMHbIE
yacmuyvl 3IIEMEHTAPHBIMU).

CuuTtaTh UW3BECTHBIE CE€HYAaC dDJIEMEHTApPHBIC YACTHIBI TOAOOHBIMHU
HEU3MEHHBIM aromMaMm JleMokpuTa memraer ciaeayromuid mpoctoi dhakt. Hu omna u3
yacTul] He OeccMepTHa. bBONBIIMHCTBO  4YacTWIl, HAa3bIBAEMBIX ceHyac
AJIEMEHTAPHBIMU, HE MOXET MPOXKUTH Oojee ABYX MWUIMOHHBIX JOJIEH CEKYHJIbI,
JaXXe B OTCYTCTBHUE Kakoro-aumOo BozjaeiicTBusi u3BHe. CBOOOIHBIA HEUTPOH
(HEUTpPOH, HAXOJAUIUICS BHE aTOMHOTO $Spa) )KUBET B CpeiHEM 15 MuUH.

JImb  4acTUUbl YomoHm, neKmpon, NPOmMoH U HetmpuHo COXpaHsIn  Obl
CBOI0O HEU3MEHHOCTb, €Cilu Obl Kaxaas M3 HHUX OblIa OIHAa B IIEJIOM MHpE



(HEUTPHUHO JMIIEHO 3JEKTPUYECKOrO 3apsiaa, U €ro mMacca IOKOs, IO-BUIAMMOMY,
paBHa HYJIO).

Ho y »9nexkTpoHOB © TPOTOHOB UWMEIOTCS OMacHeimme coOparhs
— NO3UMPOHBL U AHMUNPOMOHbL, TPH CTOJIKHOBEHUU C KOTOPBIMU MPOUCXOIUT
B3aMMHO€ YHUUYTOKEHHUE 3TUX YACTHUI] U 0Opa30BaHHE HOBBIX.

®OTOH, UCIYIEHHBIA HACTOIBHOM JaMIoH, KuBeT He Ooee 10 ¢. D10 TO
BpEMs, KOTOpPOE €My HYXHO, YTOObI JIOCTUYb CTPAHULbl KHUTU U MOIJIOTUTHCS
Oymarof.

JIumb HEUTPUHO TOUYTHM OECCMEpPTHBI, TaK KaK OHU Ype3BbIYAMHO ciado
B3aUMOJICHCTBYIOT C ApyrMMH 4actuuamu. OJIHAKO UM HEUTPUHO TUOHYT TpH
CTOJIKHOBEHHH C APYTMMH YacTHUIAMHU, XOTS TAKUE CTOJIKHOBEHMS CIIy4YarOTCs
KparHE PEIKO.

HUtak, B BEYHOM CTPEMJIEHMHU K OTHICKAHUIO HEU3MEHHOIO B HAIlIEM
U3MEHUMBOM MHpPE YYEHbIE OKa3ajuCh HE HAa «TPAHUTHOM OCHOBAaHMM», a Ha
«3bIOKOM TIECKEY.

Bce 3jemMeHTapHble 4YacTHMIbI NPEBPAIAIOTCH APYr B JAPyra, U 3TH
B3aHMHbIE NPEeBPALLCHUS — IVIABHBIN (PAKT UX CylIeCTBOBAHMS.

[IpeBpamieHust  dIEMEHTApHBIX  YacTUI[ Yy4YeHble HaOmomanu mnpu
CTOJKHOBEHUAX YACTHUIl BBICOKMX 3Hepruil. [lpeacraBneHuss O HEU3MEHHOCTH
AJIIEMEHTAPHBIX YaCTHI[ OKa3aluch HecocTosATeabHbIMU. Ho wuaes o006 wux
HEPA3JI0KUMOCTH COXpPaHWIACh. DJIEMEHTApPHbIE YACTHUIBl YK€ Aajiee HEAEIIUMBbI,
HO OHU HEMCYepIiaeMbl 110 CBOMM CBOMCTBaM. BOT 4To 3acTaBisieT Tak 1ymarb.

[lycTh y Hac BO3HUKIIO €CTECTBEHHOE >KEJaHWE HMCCIIeI0BaTh, COCTOMT JIH,
HanpuMep, dJEKTPOH M3 KaKUX-TUO0 APYTUX cyOonemenmaphblx dacmut. YTo
HY>KHO cJieJarh JUIsi TOTO, YTOOBI TOMBITaTbCsl PACWICHUTH 3IEKTPOH? MOXKHO
IpUAyMaTh TOJBKO OJMH CIOC00. DTO TOT ke CIocod, K KOTOpoMy IpuOeraer
peOEHOK, €ClIM OH XOUeT Y3HATh, UTO HAXOIUTCS BHYTPHU IUIACTMAaCCOBON UTPYLIKH,
— CWJIBHBIN yaap.

Pasymeercs, mo 3JI€KTpOHY HENb3sl yAApUTh MOJOTKOM. JlJIsI 3TOro MOXKHO
BOCITOJIB30BATbCSl JIPYTUM DJIEKTPOHOM, JIETSIIMM C OIPOMHOM CKOPOCTBIO, WJIU
Kakoi-1100 MHOW ABMXKYIIEHCS ¢ OONBIION CKOPOCTHIO 3JIEMEHTAPHOMN YacTULICH.
CoBpeMEHHbIE YCKOPUTEIH COOOIIAIOT 3apSyKEHHBIM YacTULAM CKOPOCTH, OYEHb
ONM3KHE K CKOPOCTH CBETA.

Uro xe NpOUCXOAUT MPU CTOJIKHOBEHUU
YaCTHUILl CBEPXBBICOKON 3Heprun? OHU OTHIONb HE
JTpOOSTCSI HA HEUTO TAKOE, YTO MOXKHO ObLIO ObI
Ha3BaTh MX COCTaBHBIMM 4YacTsAMH. HeT, OHH
POKJIaIOT HOBBIE YaCTHUIIbI U3 YUCJIA TEX, KOTOPHIE
y)Ke (UTypUpYIOT B CIHCKE 3JIEMEHTapHBIX
gactull. Yem Oosbliie 3HEPIrHsl CTATKUBAIOIIUXCS
yacTull, TeM OoJsbllee KOJIMYECTBO YaCTHUIL
poxnaercsa. Ilpy 3TOM BO3MOXKHO IOSIBIEHUE
JaCTHI] c OoIbILIEH MaccCoHu, qyeM
CTaJKMBAIOIIMeCs YacTullbl. [71aBHOE, 4TO HaAJ0




OTMETUTh, — 3TO TO, YTO BCETJA BHIMIOIHIETCSA 3aKOH COXPAaHEHUS SHEPTUU.

Ha pucynke 14.1 Bbl BUIWUTE pPE3yJbTaT CTOJIKHOBEHUS sipa yIJIEPOAa,
uMmeBIiero sHepruto 60 mupa 5B (kupHas BepXHss JHMHHSA), C SIAPOM cepedpa
dborosmynbcuu. Smpo packanpiBaeTCs Ha OCKOJIKH, Pa3JICTAIONIMECs] B DPa3HBIC
cTOpoHbl. OTHOBPEMEHHO POXKJIAETCSI MHOTO HOBBIX 3JIEMEHTapHBIX YacTHIl —
nuoHOB. [lomoOHBIE peakiuu NOpU CTOJKHOBEHHUSAX PEISATUBUCTCKUX SJED,
MOJIYYEHHBIX B YCKOpHTEJIC, BIEPBbIE B MHUPE OCYIIECTBICHBI B JaOOpaTopuut
BBICOKHX dHepruit OObeAMHEHHOTO UHCTUTYTA SIACPHBIX UCCienoBaHul B I. JlyOHe
Mol pPyKOBOACTBOM akajgemuka A. M. bamnguna. JIumieHHbIE 3JIEKTPOHHOU
000J10YKH sijipa OBUIM TMOJYYEHBl yTEM HMOHHU3AIMU aTOMOB YyIJIEpoja Jia3epHbIM
JTYy4OM.

B03M0XHO, KOHEUHO, YTO MPU CTOJKHOBEHUAX YACTHUI] C HEAOCTYITHOM MOKa
HaM 2Hepruei OyayT poXIaTbCsl U KaKHe-TO HOBBIE, €Il€ HEU3BECTHBIC YACTHUIIBI.
Ho cytu nena »3to He u3MeHUT. Poxxnaempie Ipu CTOJKHOBEHHUSX HOBBIE YACTHUIIbI
HUKAaK HEJb3sl paccMaTpUBaTh KaK COCTaBHbIE YaCTH YaCTUL-«poauTenei». Benb
«JI0YEPHUE» YaCTHUIIbl, €CIIU UX YCKOPUTb, MOTYT, HE WM3MEHHUB CBOEH MPHUPObI,
MOPOAUTH, B CBOIO OUYEpE/b, NMPU CTOJKHOBEHUSX Cpa3y HECKOJIBKO TAaKUX K€ B
TOYHOCTH YACTHUIl, KAKUMHU ObUIM UX «POJUTEIN», Jla €lle U MHOXKECTBO JIPYyTrHUX
YaCTHII.

Htak, mo COBpeMEHHBIM MPECTABICHUSIM, 3JIEMEHTAPHbBIE YACTUIIBI — 3TO
NepBUYHBIC, HEPA3JIOKUMBIE Jajiee YACTHUIIbI, U3 KOTOPBIX MOCTPOCHA BCS MaTEPHSI.
OpnHako HEETMMOCTh JIEMEHTAPHBIX YACTUIl HE O3HAYAET, UTO Y HUX OTCYTCTBYET
BHYTPEHHSISI CTPYKTYpa.

Oran Tpermili. OT ruUnore3sl 0 kBapkax (1964 r.) a0 Hammx
AHel. (borbuuncmeo snemMenmapHblX yacmuy umeem CILONCHYI0 cmpykmyp)y.) B
60-¢ IT. BO3HUKJIM COMHEHHS B TOM, YTO BCE YAaCTHIIbl, Ha3bIBAEMbIE ceidac
AIIEMEHTAPHBIMHU, IIOJHOCTBIO OIPAaBIbIBAIOT 3TO Ha3BaHue. (OCHOBaHUE s
COMHEHUI MPOCTOE: ITUX YACTHUI] OYEHb MHOTO.

OTKpbITHE HOBOM 3JIEMEHTApHOM YaCTHUIIBI BCETJa COCTAaBIIIO U ceiluac
COCTaBJISIET BbIAaronuiics Tpuymd Hayku. Ho yke JOBOIBHO NAaBHO K KaXKIOMY
ouepeaHoMy Tpuymdy Hayana MPUMEIIUBATLCA N0Jsl OecrokoicTBa. Tpuymdsi
CTajlv claeAoBaTh OyKBAJIBHO JIPYT 3a APYTOM.

brina oTKpbITa Ipylina Tak Ha3bIBAEMBIX CTPaHHBIX yacTHll: K-ME30HOB U
TUTIEPOHOB C MaccaMu, MNPEBBIIMIAIONIMMU MacCy HYKJIOHOB. B 70-e rr. k HuUM
npubaBuiiach Oosbllas TpyIa YacTHI] C eme OOJbIIMMH Maccamu,
Ha3BaHHBIX 0YAPOBAHHBLMIL.

Kpome Toro, 6111 OTKPBITHI KOPOTKOXKUBYIIIME YACTULIBI C BPEMEHEM JKU3HU
nopsiaka 10-22—10-23 ¢. Otu yacTuibl ObUTM HAa3BaHbBI PE30HAHCAMIL, U UX YUCIIO
NEPEBAIIAIIO 32 IBECTH.

Bor Torma-ro (B 1964 r) M. l'emn-Mannom u k. llBetirom Obuta
NpeaJioKeHa MOJIEb, COITIaCHO KOTOPOM BCE YaCTHIIbl, YYACTBYIOIIUE B CHUIIbHBIX
(simepHBIX)  B3aUMOJEHUCTBUSX, — AOpOHbl —  TIOCTPOCHBI U3 Oolee
(byHIaMEeHTATBHBIX (MU TIEPBUYHBIX ) YACTHUI] — KBUPKOE.
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KBapku mmeror apoOHbI anekTpuueckuid 3apsny 3 w3 IIpoToHbI
Y HEUTPOHBI COCTOST U3 TPEX KBAPKOB.

B Hacrosiee Bpemsi B peaJIbHOCTU KBAPKOB HUKTO HE COMHEBAETCS, XOTS B
CBOOOJTHOM COCTOSIHUM OHM HE OOHapyXeHbl U, BEPOSTHO, HE OyayT OOHapyKEeHbI
Hukorna. CyliecTBOBaHME KBAapKOB JOKa3bIBAIOT ONBITHL 110  PACCESHMIO
IEKTPOHOB OYEHb BBICOKOM DHEPrMM Ha IPOTOHAX M HEUTpoHax. Ywucio
Pa3JIMYHBIX KBApKOB PaBHO LIeCTH. KBapKH, HACKOJIBKO CEMYAC U3BECTHO, JINILICHBI
BHYTPEHHEN CTPYKTypbl M B O3TOM CMBICIIE MOTYT CUMTAarbCsi HCTUHHO
DJIEMEHTAPHBIMHU.

Jlerkpe 4YacTHLBl, HE Y4YACTBYIOUIME B CHIBHBIX B3aWMOJICHCTBUSIX,
Ha3bIBAKOTCA 1enmonamiu. VIX TOXe IIecTb, KaK M KBapKOB (AJIEKTPOH, TpU BUIA
HEWTPUHO W €II€ JIBE YaCTUIbl — MIOOH U Tay-JIENTOH C MacCaMH, 3HAYUTEIBHO
OOJIBIITUMU MACCHI AJIEKTPOHA).

KBapKI/I H JEIITOHBbI — HCTHHHO 3JIECMCHTApPHBbIC YaCTUIbI.

KoHTpoJsbHBIEC BOIPOCHI

1. YTo Ha3bIBAIOT YHEPTETUUECKUM BBIXOJOM SIIEPHON peakinu?
2. Yto Takoe KpuTHYECKas Macca?
3. [Ins 4ero B aTOMHOM PEaKTOPE MCIOIb3YETCA 3aMEeINTENb HEUTPOHOB?

Saﬂaﬂlfle AJIA CaMOCTOSITE/ILHOM paﬁoTLI:

1. ITocmotpeTts Buaeo !!!
2. O3HaKOMUTHCS C JICKIIMOHHBIM MaTepUaioM
3. [IMCbMEHHO OTBETUTH HA KOHTPOJIbHBIE BOIIPOCHI

4.®ororpaduto npuciars B quaHOoM coobmennn BK https://vk.com/id139705283

Ha ¢ororpaduu BBepxy noimkHa ObITH (paMuiIMs, JaTa BbIIAuW 3aJaHus, TPyIIa,
muciuruinHa. Hanpumep: «MBanos 1.1, 08.06.2023. T'pynna TOK 1/2. «®uzuka»
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