AJIEMEHTAPHbIE HACTULbI

Yactuupbl, KOTOPbIE HEJIb3A pa3gesiutb U U3 KOTOPbIX NMOCTPOEHAa BCH
MaTepmnd Ha3blBalOTCA InNeMeHTapHbIMMU.

JT1an nepBbin. OT a3NeKTpoHa A0 NO3UTPOHaA:
1897—1932 rr.

o [1eMOKpUT Ha3Basn npocTeuLine HepacuneHuMble ganee

yacTuubl aTomamu . PasnuyHblie npegmeThbl, pacTeHus,
)XMBOTHbIE COCTOAIT U3 HeAeNMMMbIX, HeN3MEeHHbIX YaCcTUL.
MpeBpawieHnsi, Habnogaembie B MMpe, — 3TO NpPoOCTas
nepecTtaHoBKa aTOMOB. Bce B Mupe TeyeT, Bce nameHsieTcs,
KpoMe caMuX aTOMOB, KOTOpPble OCTalTCs HEU3MEHHbIMM.

Ho Bckope 6b1N0 OTKPbLITO CIIOXHOEe CTPOoeHMe aTOMOB.
Bbin BblaerneH 3aNeKTpPoH Kak cocTaBHas YacTb aTOMa,
ObININ OTKPbITbI MPOTOH U HEUTPOH — YacTULbl, BXoAasLiue
B cOCTaB aTOMHoro sigpa. lloHayany Ha Bce 3T 4yacTuubl
CMOTpesiM TOYHO TaK, Kak [1eMOKpPUT cMoTpes Ha aTOMbI: UX
cuuTanu HegenuMbIMU U HEU3MEHHbIMMU
nepBOHa4YasribHbIMM CYLUHOCTSIMAU, OCHOBHbIMU
KUpnuiMKamm MmposgaHus.
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JTan BTOPOM.

OT no3utpoHa Ao kBapkoB: 1932—1964 rr.
Hun ogHa n3 yacTtuuy He GeccmepTHa.

BonbLWMHCTBO YacTULl, Ha3biBaeMbIX cenyac
3NeMeHTapHbLIMU, He MOXEeT NMPOXUTb boree ABYX
MUJIJTIMOHHLIX O0SIen CeKyHAbl, AaXe B OTCYTCTBUE KaKoro-
nmoo BO34eUCTBUSA U3BHeE.

CBOOOAHLIN HEUTPOH XUBET B cpeaHemM 15 MUH.

NTnwb yacTuubl OMOH, 3571eKMPOH, MPOMOH N HeEUMPUHO
COXpaHANN 6bl CBOKO HEU3MEHHOCTb, eCnu Obl KaXxaan U3
HUX Oblna ogHa B Lenom mupe (HEUTPUHO JFINLLIEHO
3NIeKTpUYeCcKoro 3apsipa, U ero macca rnokos, no-
BUONMOMY, paBHa HYIH0).

Y 3NeKTPOHOB M NPOTOHOB UMEKOTCA onacHeuLwiue
cobpaTbs — MO3UMPOHbLI U aHMUIMPOMOHbI, NPU
CTONIKHOBEHWUUN C KOTOPbLIMU NPOUCXOAUT 83aUMHOE
YHUYMO)XeHue amux Yyacmuuy u obpa3zoeaHue HOBbIX,
paHee He 8xo00UBWUX 8 COCMae MPexHux.



Mo>XHO nu pPa3fesintb Ha COCTaBHbIE HYaCTW

asleMeHmMapHbie Yyacmuubl ?

e Bce anneMeHmMapHbie 4acmuubl
JINHeNHbIN YCKOPUTENb HA BCTPEYHbIX l'lp eepau‘alom Ccs apy ce apy ea, u
nyyKkax ANeKTPOHOB 1 NO3UTPOHOB 3mu 63aUMHble npeepau‘eHuﬂ —_—
- a2naeHbIl (hakm ux cyuecmeosaHusl.

e Jluwb HEUMPUHO noymu
6eccmepmHbI, MakK KaKk OHU
ype3ebivyaliHO cs1abo
e3aumodelicmeayrom ¢ dpyaumu
yacmuyamu. OOHaKo U HeUmpuHo
2UBGHYymM npu cMoJIKHO8eHUU C
dpya2umMu Yacmuuyamu, xomsi makue
CMOJIKHOBEHUSI CJsly4Yaromcsi KpauHe
peokKo.

AYTORLIE HANPARNMOWMNE MAMHHT I (DAMAN MO



BbbiBaeT n Takoe.

* YT0 XXe nponucxoanuT Npu CTONIKHOBEHUU
YyacTuL CBEPXBbLICOKOU 3HEpPrun?

e OHKM OTHIOAOb He ApPOOATCA HAa HEeYTOo
- TakKoe, YTO MOXHO ObINo Obl Ha3BaTb UX
COCTaBHbIMM YaCTAMMW.

 HeT, OHU pOXAaloT HOBbIEe YacTULbl U3
ynucna Tex, KoTopble yxe hurypmpyior B
CNUCKe 3fleMeHTapPHbIX YacTull,.

+ | * Yem Gonblue 3Heprus cTankuBaloLMNXCS
' yacTuu, TeMm bonbLiee KONnM4ecTBo
YyacTuL poXxaaeTcs.

o anI 3TOM BO3MOXHO nosABJyieHne 4actumy
c bonblien maccoun, Yem
Ha pucynke 14.1 Bbl BUAHTE pe3yJbTaT CTOJKHOBEHHS
azpa yraepoxa, umesmero suepruio 60 mapx oB (xupras  CTAJIKUBAKOLWUNECHA HACTULDBI.

BEPXHAA JUHUA), ¢ AApoM cepebpa doroamynbeun. Hapo pac-

KaJbIBAeTCA HA OCKOJKH, pasieTallueca B pasHble CTOPOHBI, rnaBHoe, YTO Hano OTMeTMTb, — 3TO To,

O;'l}l()B[)(’M(’HH() poXxAaeTCA MHOI'O HOBBIX 3JIEMEHTAPHBIX Yac-

TUI — nuoHOB. [log00HBIE peaknuu Ipu CTOJKHOBEHUAX pe- "ITO Bcerﬂa Bblnon H;IeTc;I 3aKOH
COXpaHeHUA IHEepPrmn.




JT1an Tpetun. OT runoTesbl 0 KBapkax (1964 r.)

00 HalWnX OHeMu.

B 60-e rr. BO3HUKNY COMHEHNSA B TOM, YTO BCe 4YacTULbl,
Ha3bliBaeMble cen4yac 35ieMeHTapPHbIMU, NOMTHOCTbLIO
onpaBAbIBalOT 3TO Ha3BaHue. OCHoBaHMe ANA COMHEHUN
NpPocTOoe: 3TUX YaCcTUL, O4YeHb MHOrO.

bbina OTKPbITa rpyrina Tak Ha3biBaeMbIX CMPaHHbIX
4yacTtuny. Me30HOB U rMmnepoHoOB C MaCCaMum,
npeBblillalOLIMMUN MAaCCyY HYKITOHOB.

B 70-e rr. K HUM NpubaBunacb 6onbLaa rpynna 4yacTtuy ¢
ewie 6onbWMMM MaccamMu, Ha3BaHHbIX Oo4Yapoe8aHHbIMU.

Kpome TOro, 6151 OTKpbITbl KOPOTKOXUBYLLME YaCcTULUbI C
BpeMeHeM XU3HU nopAaAaKa 19022 _190=C.

9TN YyacTuubl ObINU Ha3BaHbl Pe30HaHCcaMu, U UX YUCTIO
nepeBanuno 3a ABecCTM.

BonbwuHcmeo anneMeHmMapHbIX 4Yacmuuy, umeem
CJIOXKHYIO CMPYKMYypYy.



'unote3a M. Nlenn-ManHa v 1. LiBeura (B 1964 r.)

« Bce yactuubl, y4acTByrOLWME B CUSTbHBIX (A4EPHbIX)
B3aUMOOENCTBUNAX, — a0pOHbl — NOCTPOEHbI N3 bornee
doyHOaMeHTanbHbIX (MN NEPBUYHbLIX) YaCTUL, — K8apPKO8.

« Keapku umerom OpobHbIl arnnekmpudeckul 3apsio NP o
* [IpOMOHbI U HEUMPOHbLI COCMOSIM U3 MPEX K8aPKO8. 3 3
* [IpomoH p) p) 1
. (+—e)+(+—e)+(—=e)
3 3 3

' (-2e)+(-20) +(~xe)
* 3rieKkmpoH ——€ ——e ——e

P 3 3 3

« B Hacmosuwee speMsi 8 pearibHOCMU K8apPKO8 HUKMO He
COMHegaemcsi, Xomsi 8 CBO600OHOM COCMOSAHUU OHU He
ObHapyXeHbl U, 8eposimHo, He bydym obHapyXeHbl HUKo20a.
CywecmeogaHue Keapkog 0oKka3biearom OrlbiMmbl M0 paccesiHur
3/1EKMPOHO8 OYEHb 8bICOKOU 3dHEpauU Ha rpomoHax u
HelimpoHax.



CKONbKO Xe 3arfieMeHTapHbIX YyacTuu?
Kakue 3to yactuubi?

* Ypncno pasnnyHbiX KBapkoB paBHO LLECTMW.
KBapKkn, HaCKosfbKo cenyac U3BECTHO, NULLEHbI
BHYTPEHHEN CTPYKTYPbl U B 3TOM CMbICINE MOTYyT
cuynTaTbCA UCTUHHO 3NIeEMEHTAaPHbLIMW.

* Jlerkne yactuubl, He y4acTBYOLNE B CUIbHbIX
B3anMOOencTBuax, Ha3blBatoTcsa s1ernmoHamu. X
TOXE LLUECTb, KaK N KBApKOB (3N1EKTPOH, TpW BUAA
HEWUTPUHO U eLle ABe YaCcTuLbl — MIOOH U Tay -
NenToH ¢ MaccamMun, 3Ha4YUTENbHO BoONbLUNMN
MacChbl 3f1EeKTPOHa).

« KBapkm 1 nenToHbl — UCTUHHO 3NEeMeHTapHble
yacTuubl.



®UIMKA ATOMHOrO AAPA
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OTKPbITUE NMO3NTPOHA.
AHTUYACTKWLbI

CyuiecTBoBaHMe OBOVMHUKA 3N1EKTPOHA —
No3nTpoHa — BbINo npeackasaHo TeOPETUYECKH
aHrnumnckum dusmkom I'1. dupakom B 1931 T.

OpHoBpeMeHHO OH npepckasan, YTo Npu BcTpede
NO3NTPOHA C ANEKTPOHOM 00€e YacTuLbl JOMKHbI
ucye3Hyms, NOpoanB OOTOHbI BONbLLION 3HEPTUMN.

e | +e), =2y,

CnycTta gBa roga no3nTpPoH bbin obHapyXeH ¢
NOMOLLIbIO Kamepbl BunbcoHa, NoMeLleHHON B
MarHUTHOE rorie.

Ha pucyHke nepBaga doTorpadpud, gokasasLlas
cylLlecTBOoBaHWe no3mTpoHa. Yacrtunua gsuranaco
CHU3Y BBEPX N, NPOUOA CBMHLOBYHO MITACTUHKY,
noTepssa YyacTtb CBOeU aHepruun. M3-3a atoro
KpMBU3HA TPaeKkTopum yBenmyunacs.



AHTUYaCTULUDI.

* [lpouecc poxageHnsa napbl ANEKTPOH
— NO3UTPOH raMmmMa - KBaHTOM B
CBMHLOBOW NiacTUHKE NoKasaH Ha
dooTorpadumn, npusegeHHOU Ha
pucyHke . B kamepe BunbcoHa,
HaxoasLWenca B MarHUTHOM rorne,
napa oCTaBMdeT XapaKTepHbIN cneq B
BUAE OBYPOron BUIKM.

* VlcuesHoBeHWe (aHHU2UAUUS) OOHNX
YyacTuL, U NOAIBNEHUE APYrUX npu
0 0 0 peakumax Mexay anemMeHTapHbIMY
Yo —€_t€, yacTvuamMmu SBnseTcs UMeHHO
npesBpaLleHneM, a He NpPocTo
BO3HMKHOBEHMEM HOBOW KOMBMHaLUUK
COCTaBHbIX YaCcTen CTapblX YacTuL,




A CyLLECTBYIOT N1 aHTUATOMbI?

OcobeHHO HarnagHo obHapyXmnBaeTcsa 31O MPU aHHUMIMAALMX Naps.l
3NeKTPoH — no3nTpoH. Obe YacTuubl obnagatT onpeaeneHHON Maccon B
COCTOSIHMW MOKOSA U 3neKkTpuieckummn 3apsgamm. GoToHbI XKe, KOTopble npu
9TOM POXOalTCs, HE UMEIOT 3apsaa0B M He 0bnagatoT Maccoun NOKOS, Tak
Kak He MOryT CyLWEeCTBOBaTb B COCTOSIHUM NMOKOA.

BnocneacteBnm ABOMHUKN — aHTUYaCTULbl — BbINK HaWdEeHbI Y BCEX
YacTuy. AHTUYaACTMLbI MPOTUBOMOCTABAAKTCA YacTuLlamMm UMEHHO NOTOMY,
YTO NpuU BCTpeYe Nodon YacTuubl C COOTBETCTBYIOLLEN aHTUYACTULIEN
npouncxoamT nx aHHurmnaums. Obe yacTuubl nCHe3atoT, NpeBpaLlasicb B
KBaHTbl N3Ny4YeHua unm gpyrme 4actuubl.

CpaBHI/ITeJ'IbHO HeOJaBHO 06Hapy>|<eHb| aHMuripomoH " aHmUHeljmpOH.
SﬂeKTpVI‘-IeCKI/II/I 3ap4ag aHTUNpPOTOHa oTpuuaTereH.

ATOMbI, siapa KOTOPbIX COCTOAT U3 aHTUHYKITOHOB, a 0bonoyka — 13
No3nUTPOHOB, 0bpasyT aHmusewiecmso. B 1969 r. B Hawen cTpaHe b6bin
BrepBble NMofnyvYeH aHmuaesnud.

ATOMbLI BellecTBa U aHTUBeLllecTsa

sogopon anTusopopoa e e
AenTepun anTHgenTepun

I_IpM aHHMrVIJ IIILI|VIVI CAll1 VIUUIHUUIUU v IJ\JI.I.*\IVI LIJIVI SHeprMﬂ I-IOKOﬂ
npeBpawiaeTcqa B KHHETUYECKYHO 3HEPIUKO o6pa3y+0|_|_u/|xc;| raMMa -KBaHTOB.

OHEeprns nokos — camMbi rpaHAMO3HbIN N KOHLEHTPUPOBAHHBLIN pe3epByap
9Heprum Bo BceneHHonm.



CMOXNTe nn Bbl OTBETUTL?

1. B yem pasnunyue Tpex aTanoB pa3BUTUSA
oUn3nKN anemMeHTapHbIX YacTuy?

2. JNeKTpOH — camas nerkas ums3
3apsiXKeHHbIX YyacTuul. Kakon u3 n3aBecTHbIX
BaM 3aKOHOB COXpaHeHUs 3anpeLlaeT
npeBpalleHne 3NeKTpoHa B (POTOHbI Unu
HEUTPUHO!

3. lMepeuncnurte BCe cTabUNbHbLIE
3rieMeHTapHble YacTuubl.

4. KakoBa yacToTa raMmmMa - KBaHTOB,
BO3HUKAKOLWKMX NPU aHHUTUNAULUN MeOJ1IeHHO
ABNXYLLUMXCS INEKTPOHA U NO3UTPOHA?



