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CylecTBYIOT JIH 3JeMEHTapHblEe 4aCTHLbI?

Jler Tpuauath Hasany (H3HKY He HYKHO GBLJIO MHOTO BpeMe-
HY, YyTOGBl OTBETHTb Ha Bompoc: «UTo mbl 3HaeM 06 3/jeMeHTap-
HbIX yacTuuax?» Toraa GblJIM H3BECTHBI BCErO ABE YACTHIbL: 3JIeK-
TPOH W nporToH. CuuTa/NH, YTO M3 3THX <HEIEJAHMBIX» H «HEK3-
MEHHBIX» YaCTHIl COCTOAT M SAPO atoMa U ero 060/0uKa. Dnek-
TPOH U NPOTOH Ka3aJuCh 3JeMEHTapHLIMU B OYKBAaJbHOM CMBbICIE
cJI0Ba.

KasaJsoch BmOJIHE eCTeCTBEHHBIM, YTO BCe TeJa B NpHpoIe
06pa30BaHbl B KOHLE KOHLOB M3 3JEKTPOHOB H NPOTOHOB: H3 HHUX
MOCTPOEHbI aTOMBl, U3 aTOMOB NOCTPOEHbLI BCE MOJIEKYJbl — TaKas
KapTHHA BBITJIAJeJ]a BIOJHE CTPOHHON U MOHATHOH.

Ho Bce ke ¢pu3uk He MOr U36aBUTLCSI OT HEKOTOPBIX COMHEHHIA.
HanpawusaJscst BOnpoc: a U3 4ero COCTOAT CaMU NPOTOH W 3JeK-
tpoH? U, BooGlle, 00 KakuX MOP MOXKHO OyAeT 3adaBaTh Takoid
Bponpoc?

Bynem su Mbl 10 GeCKOHEUHOCTH HeJUTb 4HacTHLbl Ha Bce 50-
Jee U Gosiee djeMeHTAapHble MMM Ke ecTb KakHe-TO «Camble 3Je-
MEHTapHble YaCTUIbl», KOTOPble IOYEeMY-TO HUKAKUMHU CHJIaMH Pa3-
JEeNHUTb yXKe Helb3d?

MtHoro co6bituit npouzounio B pusuke B XX Beke, HO, BepOAT-
HO, OAHMM H3 CaMblX BaXXHbIX CpeiH HUX OblJO OTKpHITHe B 1932
rony AHoepceHOM H NMOYTH OLHOBPEMEHHO ABYMs yueHHKaMH Be-
JIHKOro aHrauiickoro ¢usuka Pesepdpopna — baekkerom u Oxkxu-
aNMHY TOJIOXKUTEIbHO 3aPAXKEHHOH YaCTHLbI — NO3UTPOHA, Maccd
KOTOPOTO COBNajaJja ¢ Maccoi 3/71eKTpOHa. DTOT TOA HAaL0 CUUTATD
ro0OM POXKAEHHS HOBOH HayKH — (DU3UKH 3JEeMEeHTapHbIX 4acTHIL.
CyuiecTBoBaHHe TaKOil 4aCTHLbl ObIJIO TEOPeTHYeCKH MpeacKasa-
HO apyruM aHrauiickum ¢usukoM [dupakoMm 3a rog 10 3TOro.
CaMbIM YIUBHTEJbHbIM CBOHCTBOM HOBOH 4acTHUbl OblIO TO, YTO
OHa MOTJIa Mcue3aTb BMeCTe C 3JIeKTPOHOM, MNpeBpallasich, Ha-
npuMmep, B Ba KBaHTa ((poTOHA):

3JIeKTPOH + NMO3UTPOH — 2 KBaHTa.



B nepBeiit pa3 ¢u3HKM yBHAENM HCUE3HOBEHHE 3JI€MEHTAPHOR
YacTHIbl. DTOT HOBbI (PaKT NMPOH3BeJ OYeHb CHJIbHOE Bleuatie-
Hue Ha MHorux. PaspaBajucy naxe rosoca 06 HCUe3HOBEHHH Ma-
Tepud. B neficTBUTeNIbHOCTH Ke (H3MKAM OTKDBIICS HOBBIH MHP,
3aKOHBl KOTOPOTO OT/IMYAIOTCS OT 3aKOHOB KJIACCHYECKOH MeXaHH-
KH H 3JIEKTPOTEXHHMKH, H OJHO H3 IVIaBHbIX OTJIMYHI 3TOTNO « MHKPO-
MUpa» COCTOSIJI0 UMEHHO B TOM, YTO YAaCTHILI B HEM He OCTAIOTCS
HEH3MEHHBIMH, a MOTYT NpeBpallaTeC APYr B Apyra. DTO TPH-
BOJUT K HOBBIM SIBJIeHHSM, KOTOPBIX He 3HaJa crapas Kjaaccuye-
ckaa dusuka.

Haunewm c npoctoro npumepa. M3BecTHo, uTo HeliTpoH (OTKpHI»
Toiit UenBukoM B Anrauu B 1932 r.) B cBOGOJIHOM COCTOSIHHH Npe-
BpallaeTcs B MPOTOH, HCNyCKas 3JMEKTPOH M HeHTpasbHYyIO YacCTH-
1y — aHTHHeHATpHHO (0O Heji peub OyneT BmepeaM):

n->p+e+v.

Ka3zanoch 6bl, eCTeCTBEHHO FOBOPHTb, UTO HEHTPOH COCTOHT U3
fpOTOHA, JEKTPOHA M aHTHHEHTPHHO, HA KOTOpble OH H «pa3Ba-
nuBaercs», Beab paHee roBOpMJ/IH, YTO aTOM COCTOHMT H3 slpa B
3/IeKTPOHOB, KOTOpble MOKHO OT HEro oTopBarth. Takoe onmucaHue
aToMa BNOJIHE OTBeuaeT HAIIHM TpHBbIYKaM. Korma B apmun
y4yar, UYTO 3aTBOD BHHTOBKH COCTOMT H3 CEMH OCHOBHBIX YacTei,
TO 3TO 3HAYMT, YTO €ro MOXKHO Ha ceMb yacteff U pa3obparTh.

Tak morso 6bl OBITL M B CJyyae HEHTpPOHa, ecayn Gul He OBiNIO
M3BECTHO, YTO NMPOTOH B CBOIO OUepelp MOXKET pacrmacThcsi Ha
HeAATPOH, TO3HWTPOH H JAPYIyl0 HeHTPAJbHYKd  YacTHLY —
HeATpHHO:

p—>n+et+wv.

IlpaBna, Tako#t pacmag He MOXKeT NPOHUCXOAHTb CO CBOGOA"
HBIM MPOTOHOM, TaK KaK HEHTPOH TsKejee NMPOTOHA, H AJs pac-
naga Hajgo Ho6GaBMTh SHEPTHIO; MO3TOMY pacnaj NpOTOHAa MpPOHC-
XOJUT TOJbKO BHYTPH aTOMHOro siipa WM B Helapax 3Be3l, rie
NpOTOH MOJIyuyaeT SHepPruio OT cocefHHX uacThlU. Ho 3710 obcro-
iITe/IbCTBO HE JIMIIaeT NPOTOH NpaBa HA3bIBAThCA 3JeMEHTap-
HeIM. Benb mis Toro utoGbl OTOPBATh 3JEKTPOH OT aToOMa, TOXKe
Hano 3aTpaTUTh dHepru. I103TOMy ¢ Takofi TOUKH 3peHHs O Mpo-
TOHE [ aXKe eCTeCTBeHHee FOBOPHTh: «[IPOTOH COCTOHT M3 HeHTpOHA
M T. I.», 4eM O HeHATpOHe, KOTOpBIH caM pasBanauBaercd. Ho xak
6Bl TO HU 6bLIO, 06a PacCMOTPEHHBIX MpoUecca B KaKOM-TO CMbi-
cjle KaXyTcsl MPOTHBOpeuallMMH APYT Apyry. «Uro u3 uero co-
CTOMT?» — TaKOH, Ha MNepBbli B3IJIsIL, €CTeCTBEHHbIH BONpPOC Ha
HaWKUX raasax Tepsier cMbicj. Mbpl o6HapyKHBaeM, 4TO M NPOTOH
¥ HEeHTPOH C OJAMHAKOBBIM NMPaBOM MOryT ObITh KaK COCTaBHbIMH
qacTHUAMH, TaK ¥ 3JeMeHTapHBIMU. SICHO, OHAKO, UTO BO3HHKINAs
TpyAHOCTb HanyMaHHa. OHa MOsABUIACH JIHIIb OTOMY, UTO MBI Ca-
MH NOTpe6OBaNH OT YACTUI, CBOACTB, KOTOPLIMU OHH He 06/1afaloT.

Mpl NpUBLIK/IHM, UTO BCe Belld B HauleM Makpomupe (MHpe
GOJIbIINX Belled, B OTIMuUMe OT MHKPOMHpDA — MHDa aTOMOB ¥
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3JIeMEHTapHBIX YaCTHL) COCTOSIT M3 GoJiee Meakux neraneft; mo-
9TOMY Mbl CUMTACM €CTECTBEHHBbIM MEePEeHOCHTb TaKoe CBOICTBO
Makpomupa u B MUKpoMup. OHaKO y 060BEKTOB MUKPOMHpA TaKo-
ro cBOHCTBA HeT. ¥ MPOTOHA U HEHTPOHA HET CaMHUX CBOHCTB Hele-
JIUMOCTU H Hew3MelHocTH. OCHOBHOe CBOHCTBO 5THX YacTHIL —
BO3MOXKHOCTb NpeBpalleHHs OAHOH B APYTYIO.

Tak xe 06CTOMT [esi0 U C APYTHMH uYaCTHLAMH, KOTOphble MO
fIPUBLIUKE HA3BIBAIOT 3JjeMeHTapHbiMU, [ToaToMy, rosops ceifuac
06 2/leMeHTapHbIX YaCcTHUAX, Mbl TOHUMAeM MOojJ 3THM TEPMHHOM
TOJIKO TO, YTO 3TH YaCTHUbl MeHbllle (W Jerde) aTOMHBIX f.1ep.
Cefiuac usBecto 30 coptoB Takux uactuu. OHU npeBpaaTCs
JpYyr B Apyra, poXaawTcs B OAHHOYKY M Napamy, CyLeCTBYIOT
fIpaKTHUeCKd GECKOHEYHO NOJITO MW pacrnaaaioTcs NPaKTHUYeCKH
MTHOBEHHO. 3aKOHbl MX POX/EHHs M pachnajna, KasaBluuecs Ha
nepBbIX nopax 6ecnopsiJOYHbIMU, MOCTENEHHO NPHO6GpeTaoT CTPOM-
HOCTb. kl3yueHue 3THX 3aKOHUB H COCTasJ/sieT npeaMeT (QU3HUKH
3JeMEHTapHbIX YaCTHIL

st Toro uto6bl pazoGpaTbcs B CBOACTBAX 3THX YACTHIL, HYXK<
HO npexk/Je BCero pas/leqiiTh MX Ha rpynnbl, Nog06HO TOMY, Kak
300J/I0T'Hs] HAYMHAETCA C KAACCH(DHUKALUH KHBOTHBIX HA MJEKOMH-
TAIOWUX, NTHL U T. 1. TaKux rpynn 3jJeMeHTapHbIX YacTHL NSATb.
CHauasia Mbl epeudcJuM BCe FPyIbL.

1. Jlentoubl (caMble Jlerkye 4acCTHIBI) — 3JEKTPOHBI, MIO-Me30-
Hbl (Hx ceiiuac Ha3biBalOT 6oJiee KPaTKO MIOOHBI) U HEHTPHHO.

2. HyK/JI0HBI — NPOTOHBI U HEATPOHHI.

3. Me3oHbl — NH-Me30Hbl M Ka-Me30Hbl, WJIH, KOpoue, MHOHE H
KaoHbl. PaHee nonaswwue ciofna no owu6GKe MIOOHB MNepeBeleHbl
ceifuac B rpyniny JefnToOHOB.

4. I'uneponbl — caMble TsXKeJble YaCTHLBI; HX 0603HAUAIOT
6yksamu A, X, E (naM6aa, curMa u Kcu). BmecTe ¢ Hyk/aoHamu
THNEepPOHbl YaCTO Ha3biBalOT 6apHOHAMH — TSKeJNbIMH YacTHILAMH.

5. ®0oToHBl — KBAHTb! 3JIEKTPOMArHUTHOrO [0Jsl; OHY He MOXO-
3KH HY Ha OlHY M3 NpeAbULYLUHX FPYNI YaCcTHIL M BBLAEAAIOTCS B OT-
ZeJbHYIO Tpymnily.

[Nepeuncasis yacTHlbl, Mbl He BKJIOUHJH ClOZA aHTHYACTHUIIBL.
O Hux 6ymer cKa3aHo OTAebHO. AHTHUACTHLBI C/IEAyeT BHECTH B
Tabauuy BMecTe ¢ yacTHlIlaMH. B HacTosllee BpeMsi H3BECTHO CJie-
JyIOLlee YUCJO YacTHL W aHTHYaCTHI: 6 JlenToHOB, 4 HYyKJOHA,
7 Me30HOB, 12 runeponos u ¢poToH — Bcero 30 pa3HbIX COPTOB.

3eMHO#H OnbIT U 3aKOHbI BceseHHOll

C pacuiHpeH#eM BO3MOXKHOCTEH OMBITOB €CTECTBOHCILITATENIO
fIpHXOAMTCS COrJalIaTbCsi C T€M, YTO CTapblie NMpeacTaBleHus H
3aKOHbI, KOTOPbIM MOAUHHSIIOTCS (PU3MUecKHe sABJEHHSA, OKa3biBa-
I0TCS HeNOJNHbIMH U npubauxeHHbIMHA. [Topolt — ¥ 2TH MOMEHTHI
CTaHOBSITCS MNOBOPOTHBIMH B HCTOPHHU €CTECTBO3HAHHS — H3MeHe-~
HHe B3[VIAL0B OKA3bIBAETCsl HACTOJIbKO IVyGOKHM, UTO HOBbIE TEO-
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pHU AJUTEIbHOE BDeMs KaXKyTCss HAAYMaHHBIMH U OIIHGOYHBIMH, U
UM NPHXOJLUTCS LOJITO 3aBOEBHIBATh cefe IPaBo Ha XKH3Hb,

B XX Beke Takux nepeBOpOTOB B HAalUleM [OHUMaHHU 3aKOHOB
Bo Bcenennoii Gblio ABa; OHH 0O3HAMEHOBAJIUChL MOSIBAEHHEM TE€O-
PHH OTHOCHTEJBHOCTH H KBAHTOBOH MexaHuku. M B ToM u B apy-
TOM cJayude MepeBOpOThl UMeJH O6LLYIO 4epTy: Obliio OOHApYKEHO,
YTO 3aKOHLI, KOTOpble ObIM H3BECTHbl AJST siBJ€HHA B OOLIUHBIX
«3eMHBIX» MacliTabax, 0Ka3aJjuchb COBCeM APYrHMH, KOraa acTpo-
HOMBI H (DH3MKH Nepellsid K H3YyYeHMIO siB/JEHHIl B MacwiTabax BO
MHOTO pa3 60/bLIKNX JUGO BO MHOTO pas MeHbLIUX, YeM OGbIUHbIE.

Teopus OTHOCHTENBHOCTH NpHHecsaa ¢ co6oH HOBble NMpeNCTaB-
JleHust o cBoiicTBax Hauell Bcenenuoil. Cpeny HeOXUAAHHBLIX OT-
KDBITHH, KOTOPBIM He BEpPUJIM JLOJTO M YNOPHO, ObLIO OTKJIOHEHHUE
Jyya cBera npu npoxoxiaeHuu oxkoso CosHua, pasberanue paje-
KMX TaJakTHK — n3MeHeHue Mmacwra®oB BceneHHolt u MHorue
npyrue. Bce 3Tu HOBBIE IBIEHUSI TOBOPHJH O TOM, UTO HAnO OLITh
OueHb OCTOPOXKHBIMU NMPH NOMBITKAX ONHCAHUSA ABJEHUH, NPOUCKO-
IALIMX B COBCEM APYrux maciwrabax, ueM Te, K KOTOPbIM Mbl MpH-
BbIKJIY, HaJ0 ObITb BCerja roTOBBIMH K TOMY, 4TO C pacluHpeHHeM
IPaHULL ONMbITA MOTYT H3MEHATBCH CAMH 3aKOHBI, KOTOpble Npelbl-
Jyllne NOKOJeHHsi cuutanu He3blGsaeMbIMH. TakoBa yx ocofeH-
HOCTb Pa3BUTHUA HAYKHU.

HoBele 3akoHbl npuHecsao (GU3NKe OTKPHITHE KBaHTOBOH Mexa-
HUKH — ME@XaHHKH IBHXKEHUS B MHKPOMHDE; HOBble 3aKOHbl BO3HU-
K/IM B MeXaHHKe, KOrfa (pU3MKH CTanu H3yuaTh TeJa, ABHXKYLIHe-
Csl CO CKOPOCTbIO, 6/1M3KOH K cKopocTH cBera. CaMble HEOXKHIAH-
Hble COOBITUSI yBUJAeaAU (DH3MKM TOrjaa, KOrAa CTaju H3yuaTb §B-
JleHus, o6benuHuBlINEe B ce6e W CBOHCTBA MHUKPOMHMpA MU CBOH-
cTBa 0OJBLIMX CKOPOCTEeH, — HMEHHO B 3TOH 00/1aCTH H JIEKUT
GOJILIUIMHCTBO SIBJEHHH (U3HMKH 3JeMeHTapHBIX 4YacCTHIL

Mukpomup

Yacro, NbHITAsCh paccka3aTbh 0 MUKPOMHpE, pas/iHuHble aBTOPH
npea/araloT YHTaTesi0 BOOGPa3uTh, UTO OH YMEHBLIMJICS B CBOMX
pasMepax BO MHOIO pas, M IOCMOTPeTb C HOBOH TOYKH 3pEHHS
BHYTPb aToMa uJu naxe siapa. K coxaJeHulo, Takoli npueM He Mo-
JKeT NMpUBeCTH K uesau. Ecau npyu 3TOM yMEHbUIATCA U MOJIEKYJEI,
TO SICHO, YTO HMYEro He M3MEHUTCA BO B3rJ51aX CKa304YHOTo myTe-
IIECTBEHHHKA] €CJH XKe pasMepbl MOJIEKYJ H-aTOMOB OCTaBUTb 6e3.
HU3MEHEHHUH, TO He SICHO, KaK NOCTYNHUTh C NyTel1eCTBEHHUKOM; MpH-
JIeTcsi yNPOCTUTb ero CTPOeHHe — YMeHbIIMTh YMCJO aTOMOB, M3
KOTOpPbIX OH cOCTOMT. Ho ecau ero pasmepnl yMeHbIUHTb 10 pa3Mme-
pOB MOJIeKyJ (2 MMEHHO 3TOr0 M XOTsT OCLIY4HO aBTOpBI), TO Ha
JOJI0 MyTelleCTBEHHWKA OCTaHeTCs OfHA MJIM HECKOJbKO MOJIEKYII.
A rtaxoe o6pasoBanue (ero y»xe Hesb3s Ha3BaTh CYIIeCTBOM) He
MOXKET HHM BUJETb, HY CJbILIATH; €My He YA4CTCs MOJIyYuTb MHOIO
CBeJeHUH 0 MUKpOMHUpE, KaK 3TOro XO0TesnH Gbl ero co3jgaTesnd.
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Takass TPYLHOCTb KaXKeTCSl, Ha MepBbI B3TVIsJ, HECYUIECTBEeH-
HOJi, He CBfI3aHHON ¢ camoit Haykoid. OnHako B JefcCTBHTE/b-
HOCTH 3Ta TPYAHOCTb OKa3blBaeTCs cepbe3Hee, yeM MoOrJo 6bl Mo-
KasaTbCsl, Mbl NMPUBLIKJAU (M MHAUe He MOXEeM) OMUCLIBATHL SIBJE-
unst GHU3MUECKOro MHpPa B TAKHX MNOHATUAX, KOTOPble OTBeyasau Obl
¢dusnueckum npubopam. KoopauHaTthl 4acTHL, CKOPOCTH, yCKOpe-
HHUSl — 3TO BeJHMYHHBl, KOTOPble MOXHO H3MepPHUTb MPUOOPaAMH, CO-
CTOSILUUMH U3 OueHb GOJIbIIOTO YHCJIa aTOMOB.

Ilpu nmepexone X siBlI€HUAM MHMKDOMHPA MBI TepsieM BO3MOXK-
HOCTb NPOU3BOUTD ONEPALHH U3MEPEHHS, K KAKHUM Mbl MPHUBbIKJIH,
HMes [eJ]0 ¢ 00beKTaMu MNPUBBIYHBIX HaM pasMepos. OgHako, Hc-
cJlefiysi iBJIeHUs MUKPOMHPA, Mbl 0 HEOGXOAMMOCTH NPOLOIXKAEM
HX OMUCBLIBATh HALIUM CTapbiM S3bIKOM, XOTSl (PU3HYECKHI CMBIC/
MOHSITHH M3MEHHJICS CaMbIM pemuTedbHbIM ob6pa3om. Iloatomy
MHOTHe BONpOChl, Ha KOTOpHIE, Ka3aJjoch 6bl, JOJMKEH CYLIeCTBO-
BaTh OTBeT, OCcTaloTcsl 6e3 OTBeTa NPOCTO NMOTOMY, YTO CaM BONPOC
JIUIIEH CMBICJIA.

Korpa Geina co3mana Moaenb aroMa, B KOTOPOM 3JIEKTPOHHI,
KaK B COJIHEUHOH cHCTeMe, COBepIIaloT CBOH MyTb BOKPYT Apa,
TakKas aHaJorusi JOCTaBWJa MHOTHM 0oJiblioe YAOBOJbCTBHE.
CgoiicTBa GONBLIOrO MHpa NMOBTOPSIIOTCS B MaJioM, U GBLIO TMPHAT-
HO, yTOOMI U JaJsiblie CTPOEHHe BellleCTBa PACKpbIBaaoCh nepen G-
3HKaMu 1o nofo6Ho# ke cxeMe. Ho xorna g nymaio o Takux aHa-
JIOTHSIX, TO HEBOJIBHO BCIIOMHHAIO 6alKy KakKao, BUJEHHYI0 B AeT-
crBe. Ha sT0i1 6anke Gbl1a HapucoBaHa AeBOYKA, KOTOpasa AepiKa-
Ja Takylo e 0aHKy, Ha KOTOpPOH TOXe Gbllla HADHCOBaHa TakKas
JKe 1eBouKa. Bblio ma)ke cTpawHo moayMarth O TOM, KOTAa H rae
KOHUAIOTCA AeBOYKH H 6aHKH... B ¢usnke rtaxkoii koHew Hactynuna
6ricTpo. Mbl yxke roBopuin 06 aToM. [ToncKku HeleMMMBIX YacTHIl
MaTepuu (mocjenHell neBouku ¢ GaHKoill) MpHUBEJIH K TOMY, YTO
B MHKDOMHpE HCUYe3J10 CaMo MOHSITHE HeJeJUMbIX YaCTHIL,

OnHUM M3 BaXKHEALIHX CJAENCTBUIi TEOPHH OTHOCHTENBHOCTA
ABHJ1aCh BO3MOXHOCTb NMpEBPAILEHHUsT YaCTHL — fABJEHUe, MOJHO-
CTbIO 4yXkKJOe KJaccHuecKol MexaHWke. B oueHb Masblx o6beMax
HenpepbiBHO MPOUCXOASIT POX/JeHHe M YHHUTOXKEeHHe YacTHL, UX
YHCJIO BCE BPEMsl MEHSIeTCsl, U TOJIbKO C TOUKH 3DEHHs] MaKpOCKO-
NHYeCKOro HabJ/l0aTeNs BCe BHIIVIAANT CNOKOHHBIM H yCTAaHOBHB-
HIHMCSl.

Ha 6osbliux yCKOpHTENsIX (DPHU3UKH HAyUYMJIHCh TEMepb BOCIPO-
H3BOAMTH B 1a06OPATOPHBIX YCJAOBUSAX IIPOLECCH POXKACHUS YACTHIL
H MHOTOe yXe cAesnaju A5 H3ydeHud ux cBoilcts. OnHako oHu
ellle CJAMIIKOM MaJio 3HAIOT O 3aKOHAaX B3aUMOJEHCTBHS, YTOGHI
MOXKHO OblJIO NOHATb B A€TAJAX, YTO NPOHUCXOAMT HA PACCTOSHUSAX,
MeHblux 1073 ¢ 1 Kakue HOBbI@ 3aKOHbI YIPABJSIOT ABJEHUAMH
B 3TOM Mupe. TeM He MeHee ceiuac Mbl MOXKEM MHOTO€ paccKasaTh
O TeX 4acTHUaX, KOTOPbie Y¥Ke H3BeCTHBI, O X Macce H O Ipouec-
cax npespalleHus OLHHX uYacCTHLl B JApyrue.

Jsis Toro yToGB! nepeiTH K TAKOMY pacckasdy, Mbl YCJIOBHMCSI
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© HeKOTODHIX TepMHHAX M NoHsTHAX. [Ipexxnxe Bcero o Macce ua-
cTHubl. Maccy MOXHO M3MepsiTh JHGO B rpaMMax (3JEeKTpOH Bes
cut 1077 ¢), aubo, uto ynoGHee, B Maccax 3JM€KTpOHa, T. €, yKa-
3bIBaTh, BO CKOJIbKO pa3 HaHHAas 4aCTULA BECHT GONblle, yeM 3J1eKs
TpoH (npotoH Becut 1,7+ 10—23 2, uau ero Bec paBeH 1836 m, ). Ua-
cT0 GbIBaeT YAOGHO BblpaxaThb Maccy B eJMHHLAX 3HEPrHH, MOJbe
3ysiCb TeM, YTO o6e 3TH BEJHUYHHbI B3AUMHO CBSI3aHbI.

TeopHst OTHOCHTENIBHOCTH YUHT, YTO €CJIM Macca Teja yMeHb-
uMTCst Ha 1 2, To 3Heprusi Teja yMeHbLIHTCS Ha c2ape (¢ — CKoO-
pocts cBera), T. e. Ha 9.10% gpe. [losTomMy MOXKHO H3-
MepsATb MacCy M B @IMHULUAX 3Hepruu. 3a eNHHHNY dHep-
rdn B (H3uKe 3JeMEeHTapHBIX 4acTHI OOBIUHO OepyT KHUHETH-
YeCKyIO0 SHEPTHI0 3/eKTPOHA, MpoLie[iero pasHoCTh MOTEHUHANIOB
8 1 MuannoH BosbT. Takas elUHHIA HA3KIBAETCS «MHUJJIHOH 3J€K~
TpoHBOAbT» (1 Mas) u pasna 1,610~ ape. Taxk kak macca ajnex-
TpoHa (m.) paBHa 107%7 e, TO HeTPYAHO MOACYHTATh, YTO | M=
= 0,51 Mas, nosromy Mmacca B M3ss npHMepHo BIABOe OGoJblle
Macchl, BolpaxeHHo# B m,. Hano Takxke NOMHHTB, 4TO Macca JBH«
“Kyllefics yacTHUBl GOJbille Macchl TOH e YacTHLbl, HaXOAsieH-
cql B [IOKOE; OJHAKO JaBHO yXKe MPHHATO FOBOPHTb TOJBKO O Macce
MOKOsLeACs YacTHUbL; A5 ABHXKYLIeHCS YacTHIbI 3aJal0T 3Hep*
rHI0 W BhIpaxatwr ee B Mas.

Ecnn pasgenuts Maccy mokosiiueiicss 4acTHIBI HAa ee SHEPTHIO,
TO OTCIOfA JIETKO ONpEeIeNHTh CKOPOCTb YaCTHIBI 110 (popMyae:

0 q ( mc? )2
4 —_ E .

Hanpumep, npotoH B nyuke yckopuTess B [{yGHe umeer sHep-
ruio 10 000 Mas, a ero macca pasna npumepHo 1000 Mas. dro 3ua-
YHT, YTO €ro CKOpPOCTb

'} 1 (__!_)2&,0(__1_):1_91
¢ 10 200 200

CKODOCTH CBeTa.

Ewe onHO noHsiTHe MOHaNOGHTCS HaM B AasbHeiiuieM. 3TO mo-
HATHE O COHMHe yacTHUBl. MBI 3HaeM, UTO BpallleHHe BOJIYKA Xapak-
TepU3yeTcsl MOMEHTOM KoJMuecTBa ABHKeHus. OkasbiBaercs, 4To
3/JIeKTPOHBI M HYKJIOHBI TOXEe HMEIT (B MOKOSILLEMCS COCTOSIHHH)
MOMEHT KOJIHYeCTBa [ABHXKEHHs, XOTs MPeAcTaB/ATh UX cebe Kak
BOJIYKH Hesb3sl. DTY BeNUYMHY U HA3bIBAIOT CIIHHOM.

CnuH 3TO OJHO H3 TeX «KBAHTOBBIX» CBOMACTB, KOTOPbie MMEIOT
CMBIC/ AJ151 3JeMEHTAPHBEIX YaCTHL, XOTS H He CBOAATCH K MPHUBHIY~
HBIM CBOHCTBAM KJ1aCCHUECKHX OGBEKTOB H MX ABHXKEHHS (Bpalie-
HHS BOKpYyr ocH). M3 3aKOHOB KBaHTOBOI MEXAHHKH CJENYET, OfHA-
KO, 4TO [J/51 MHOTHX Lesell MOXXHO HarJasjlHO MPeaCTaBUTb.celbe
9JIEKTPOH KaK BpalLaolLUiica BOJUYOK—TaKasn KapTHHa OyaeT mpa-
BHJIBHO MepefaBaTbh CHMMETPHIO ABHXKEHHA (M, B YACTHOCTH, 32+
KOH COXpaHEHHsl KOJIMuecTBa [ABHXKEHHs, MPHUAAIOWHH yCTOHYH~
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BOCTL BOJIYKY), HO 3Ty KapTHHY HeJb3s CIHIIKOM AETaTU3HPO-
BaTb — «BpallleHUe» 3JIEKTPOHA Hesb3sl CBOLHThH K IBHKEHHIO €ro
pas/MYHBIX yacTeil, KaK 3TO JeJaeTcs AJs BOJMUKA. ¥ 3JIEKTpOHA&
[03TOMY HET MOMEHTAa MHEpLHH, KaK y BOJNYKA, H €ro Hesb3s, M=
JIOXKHUB MOMEHT CHJ, 6bICTpee pacKpyTHThb BOKPYI CBOeH OCH, Kax
3TO MOXKHO Ce/1aTh C BOTYKOM.

CnuH a2JeKTpoHa Bceria OJAMH H TOT K€ MW pasen
0,5- 10727 9pe - cex. I1pHHATO H3MePATb CIHHBI YACTHIL B eAHHHIA%
10—% spe - cex u 0603HayaTh 3Ty eAHHHLY cepbekoit 6ykBoil fi (mo-
croanuas Ilnauxa). [TosroMy 0GBIUHO NMPOCTO T'OBOPSIT, UTO CHMH
3/1eKTPOHA M HYKJOHOB paBeH 1/2 f, uau mpocto 1/2. Tlonesnc
elle 3HaTh, YTO MOMEHT KOJIMYeCTBA ABHMKEHHS YaCTHUBI MO Op-
OuTe Bcerga paBeH LeJOMY uHCAy 72 (TAK YUHT KBAHTOBas Mexa-
nuKa). [To3ToMy TONBKO Hajuuue COMHA YACTHI, MOIVIO NPABOAHTE
K Apo6GHOH (moJyuenoi) BeJHUHMHe MOJHOTO MOMEHTa CHCTEMEl.
Hakonen, nosnesHo elle HaNOMHHUTb, YTO 3aPsibl BCEX UACTUIL paB+
Hbl 3apsjy 2JeKTpPoHa HAM nporoHa (ecaM wyacTHLa BooOWE
umeer 3apsn). 3apsa anekrpoHna pasen 4,80- 10710 smekrpocra-
THUECKUX eAuHul, uan 1,6 - 1071° kyyona; uro6sl Hab6paTs | KyJIOH,
Hano B34Tb 6- 108 sjexTpoHOB. 3apsabl yacTul, yAOOGHO BHIpa-
XKaTb B 3apsfax MpoToHa. B 3THX equHHIAX BCe 3JEMEHTapPHLIE
gacTuusl umelor 3apsag + 1,0 nau —1.

DTo BCe, 4TO HAZO 3HATb, UTOOB MOXKHO OBLIO IEepedTH K pac-
ckasy o 30 sJeMeHTapHBIX YacCTHLAX, KOTODPbie M3BECTHBI COBpeE-
MeHHOH ¢usuke.

DNEeKTPOHBI U HYKJIOHB!

Ecan, ynono6uBlINCh HCTOPUKAM, pa3buTh, QU3UKY ajeMeH-
TapHBIX YaCTHUI Ha MEePHOABl, TO BPEMs MePBHIX ONBITOB C 3JEKTPC-
HaM4 Halo OTHECTH K «IpeBHeil HCTOPpHH». Toraa «CpelHHMH Be-
KaMu» ciaellyeT Ha3BaTb Inepuoj OT OTKpeiTuA Pesepdoprom
50 sieT Ha3al aTOMHOTO sifpa A0 OTKPBITHSI NMO3MTPOHA M HEHATpPO-
Ha. C OTKpbITHEM CTPaHHBIX UYacTHL B (U3HKe 3JeMEeHTapHHIX
YAaCTHI, KOHYMJICA NepHOl HOBOH HCTODUH H Hayajach HCTODHA
HOBeHIasl...

CobbiTHEM, ¢ KOTOPOro HAJ0 HAauHHATh JIETOCUHCJIEHHE, SABHJE-
¢d Jokjal aHraufckoro ¢usuka Yunbsima Kpykca «Jlyuncras
MaTepusl WK YETBEPTOe COCTOsIHHE BellleCTBa», KOTOPBIH OH IIPO-
yesn B 1874 r. B 3Tom poknage Kpykc BbicKaszai MHEHHe, YTO MO-
TOKH KaTOLHBIX Jyyedl €CThb He UTO MHOE, KaK NOTOKH 3aPSIKEeHHBIX
yactull. Kak Hu HenpaBmonono6HO O6bLJIO 3TO  BBHICKA3LIBAHHE
(mpoTuB Hero BoccTaJ Jaxe 3HaMeHHTHIH [epil), oHO okKasajock
NpaBU/bLHBIM, M NlepBas yacTHua yepe3 17 Jer mosayuyusa rpeue-
cKoe UMs 3JMeKTpPoH (370 umsa gan el CroHeil). Uepes HecKosnbKo
ner GU3MKM CMOIVIH H3MEPHTb 3apsil H Maccy -aiekTpona. Or-
HOUIeHMe 3THX OBYX BeJHUUH e/m HHIO ONpelesieHO elle B
1897 r. Ix. [I:x. ToMcoHoM, HO TOJMBKO Hocje Toro, kak B 1909 r.
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MunnpKen H3MepHs 3apsl] 3JeKTPOHA, MOXKHO OblJIO y3HATp H
guayenue ero maccel. IloHamo6unach paGoTa MOYTH LENOTO MNO-
KOJIEeHHs] yYeHbIX — 35 JeT, yToObl NPeBPaTUTh B UMC/IA FUIOTE3Y
Kpyxkca.

B name BpeMa BCe TIPOHCXOIHUT 3HAYUTENbHO GbIcTpee... I1po-
o ewe 16 ger, u B 1925 r. F'ayacmurtom u IOnenGekom Gbla oT-
&PBIT CHUH 3JeKTPOHA — HOBOE CBOMCTBO, KOTODOE BBIIBHJIOCH
A¥lbL TOTAa, KOrga OblIM HCCAeJOBAHbl C/AOMKHBIE 3aKOHOMEDPHO-
CTH B CHeKTpax aToMOB. I, HakoHel, OTKPBITHE NMO3UTPOHA B
1932 r. 3aBepmuio0 AAMHHYIO «GHOTpadUIO» JEKTPOHA.

B 1911 r. B Mauuecrepe nauasach UCTOPHSI NPOTOHA. B 3TOM
rony Pesepdopn oTKpHII, YTO NPAaKTHYECKH BCA Macca atoMa 3a-
K1I0Y€Ha B OUYeHb IJIOTHOM fJpe, HAXONSLIEMCS B €ro LEHTpe.
JIApo caMoro JIerkoro aTtoMa — aToMa BOJODPOAA 3aHSJAO MECTO
B CIIHCKe 3JIMEHTaPHKIX, YaCTHI U ObIJIO HAa3BaHO MPOTOHOM.

Bckope Obl/id BIIepBbIe OLIEHEHBl PA3MEPHI Siep, 3T0 GHIH Mep-
3ble U3MePeHHUsl Pa3MepoB B HOBOM MHpe. Pagnyc sigpa oxasaucs
venbiminM, yem 10712 ¢4 — B JecATKH TBICAY pa3 MeHblIe pasme-
pOB aTOMOB.

Tonel, nocsenopasmme 3a 5THM, GblIM TOfaMH CO3JaHUsI Teo-
pUY aTOMa, 3aBEPLIMBIUMMUCS CO3[JaHHEM KBAaHTOBOH MeXaHUKH.
OHu NpUHECHH yCIeX He TOJNBKO TeOpHH, — HeBOOGPAa3uMO BO3-
pOCAM W BO3MOXKHOCTH 3KCIepuMeHTa. PU3HKU HAaYYUIUCHL CUH-
TATb M «BHIETb» JEKTPOHBI H MPOTOHBI; C 3THX NMOP BCe HOBeH-
fmide [NOCTHXKEHHSI TEXHHUKH C€Pa3y Xe CTaHOBHJIHUCH IOCTOAHUEM
dusnyeckux naboparopui. Havancs mtypM atomuore sgpa.

Jlonroe BpeMsi QU3HKOB yrHeTasa HEBO3MOXKHOCTb IMOHATH, H3
4€r0 COCTOUT aToOMHOe sAapo. Bosbmem mns mpuMepa siapo u30-
TOMla 230Ta C ATOMHBIM BEeCOM, HJY, BeDHee, C MaCCOBBIM YUCJOM !
14. 3apsan sagpa paeeH 7. DTO 3HAYHUT, YTO B COCTAB sApa BXO-
sut 7 nporonoB. Ho torna ero Bec 6wyl Obl Takxke paBen 7. Ec-
A Xe CUNTATh, 4TO B fAApe aszora 14 Haxogurcss 14 npoTOHOB, TO
He cofimercs 3apsan. Brixomom Morno Obl ObiTh foOaBieHHe K 14
IpPOTOHAM elle 7 3JeKTPOHOB, KOTOPble KOMIIEHCHPOBAJH OBl H3-
SuTounble 7 enuHuy 3apsana. ONHAKo H3 KBAHTOBOH MeXaHUKH
CJIe[IOBAJI0, YTO 3JEKTPOHY TPYAHO HAXONHTHCH B CTONb MaJjioM
g6beme: pa3Mepsl ero op6ur — atoMpble, okoso 10—8 cm. Ho
faaBHas TPYAHOCThL Obla He B 3TOM. Eclu cepbe3HO OTHeCTHCH
X TAKOH MOMeNH, TO SApo a3ora 14 oKaxKeTcs COCTABJEHHBIM d3
21 yactuust (7 anextpoHoB u 14 mporonos). BenoMunasi, uto Mal
TGBOPMJIY O CNHHE, CJeN0Baso Obl OXKUAATh, UTO CIIHH a30Ta AOJ-
XeH GbITh MOJYLeIBIM: CIHH IPOTOHA, TAaK Ke KaK ¥ 3JEeKTPOHA,
paBen 1/2, a nBHXKeHUe YACTUL BHYTPH sApa, KAK Mbl yXKe IoBO-
pusd, KoGaBaseTr K MOMEHTY KOJMYecTBa JBMMKEHHSI BCEro fnpa
AUILTB 1IEJI0e YHCIO.

! MasmenbkiM OTKJIOHEHHEM ATOMHOTO Beca OT UENOro 4Hc/a — Ae(heKToM
macesl — MB npeHeGperaeM. Takol OKpyraeHHbfi aTOMHBIE Bec — OnuKaiiiee
HEAO€ WHCJO — HA3LIBAIOT MACCOBLIM UHCIOM.
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CnuH a3oTa 14 6ol U3BECTEH, — OH paBeH eIWHHUIe, U 3TO IPO-
THBODEUHJIO KBAHTOBOH MeXaHHKe Yy¥XKe CaMbIM peIUHTeJdbHBIM
obpasom. ITosoxkeHue Kasasjocb 6e3BLIXOJHBIM. DTa Neva/abHad
HCTODHS MOJYUHIA HA3BAHHE «a30THOH KaracTpodbl» B arol
«katacrpode», ogHako, HMUero He norubjo. Kax 3to ciayuanoch
ellle He pa3 BMOCJAENCTBHH, (PH3UKH NbITAJUCh CTPOUTL MHUD JULLb
M3 TeX Marepua/oB, O KOTODBHIX OHH 3HaJHU; AeHCTBUTENbHOCTH
OblIa Cl0XKHee,

B 1932 r. 6u1a otkpeiTa HefiTpasbHas 4YacTHUA —— HeHTPOH,
H OT a30THOH KaracTpodbl He ocTanoch u caema. Asor 14 co-
CTOHUT U3 7 NPOTOHOB M 7 HEHTPOHOB; BCE MOJYLENble CIHHbI NMOra-
CHNY JApYr APYTa, U He ObLIO HUKAKOH HAMLOGHOCTH 3acCTaBJ/AATb
3JIGKTPOHBl 3aHMMAaTb HEeCBOHCTBEHHOE MM MECTO BHYTPH AApa.

HeiiTpoH oxasajcs OueHb NMOXOXHMM H3 CBOEro maprHepa —
nporoHa. Ero macca Gbljia JHUIb HeMHOTO 6o0Jblue, CIHH TOXE
1/2, a cunel, ¢ KOTOPHIMU IIPOTOHBI U HEATPOHBI NPUTATHBAJIHUCH
APYT X APYTY B Aape, MOYTH He 34BHCENH OT COpTa 4acTHll. ITO
noc/aeqHee QUeHb BAXKHOE CBOHCTBO HOJYYW/IO CIELHaJbHOE Ha-
3BaHUEe «3apsiNOBOH HE3aBUCHMMOCTH siiepHbIX cui». OHO urpaer
dhyHIaMeHTaNbHYIO POJIb B MUPE 3JeMeHTapHbIX YaCTHII.

C TOUKM 3peHHsi CTPOSHUS fA1pa, 3apsAl MPOTOHA UIPaeT Cpas-
HUTEJNBHO He6OJBbIIYIO POJb, IOITOMY U MNPOTOHBLI U HEHTPOHBI NO-
Jayudau obllee HA3BaHHE HYKJIOHOB. [TopsiikoBoe uuesa0 ajaeMeHTa
B NepUOAMYECKOH cucteMe MeHmeneeBa — 3TO YHC/IAO NPOTOHOB B
Spe ero atoma, a OKPYTJIEHHBIH 10 LEeJOro 4uc/aa aTOMHBIH Bec
€CTb YHCJIO HYKJOHOB B 3TOM fiape. Tax BulfiBu/ICS (pu3uuecKuit
CMBICJI IIPOPOYECKOIl TEOPHH BEJHUKOTO PYCCKOTO XHMHKA.

OTkpeiTHEe HeHTpOHA (M MOSHTPOHA) 3aBepIMA0 GoJbluoi
9Tan MOHUMAHUA OCHOBHBIX CBOMCTB, aTOMHBIX simep- [lepefins ot
aTOMOB K s11paM, a OT silep K HYKJOHAaM, (DU3UKU pa3Cuiau Bele-
CTBO Ha 3JeMeHTapHble COCTABJAIOLIMe, U KapTHHA MHpA B 3TO
BpPeMsl BBIIVIsiZesna KpafiHe COBepIUEHHOH M 3aKOHYEHHOII.

Ho nogo6Ho TOMy, Kak B CpeJHHe BeKa JIIOOH He 3HAJH, UTO
Ha 3eMJe eCThb MHOro MecT, rie He OblBaJ] eBpomeel, d YTO Bre-
Peny MX OXHAAeT 310XA BEJHKHX QTKDBITHH, Tak U (QU3IHKH,
BEPOSITHO, HE MOZ03PeBasy, YTO 3TO 6/1aronojdyune TOJbKO Bpe-
MEHHOE H YTO MOCJEJYIOUINe OTKPLITHS MOKaXKyT UM HOBBIH MHD,
ropasgo 6oJiee CJAOXKHBIA u Gosee HMHTepecHbH. last atoro Hago
OBLIO TOJBRO HAyaTh HCCIeN0BATh HYKJOHBI U CHJBI, KOTOPbIE HX
yaepxuBawor B aape. K cuacteio Mg (GU3HKOB, NMpUpoLa Npero-
CTaBuWJa B UX paclopsiKenue HEOOLIKHOBEHHOE Mo CBOEMY Gorar-
CTBY CPEINCTBO MCCJeAOBaHHUs — KocMuuecKue Jyuu, Hamo Gblio
TOJIbKO HAYYHUTBbCS MX HCIOJb30BaTh.

KoncMuueckue ayun Gbl1d M3BECTHBI CPABHUTENbHO HaBHO. Mx
oTkpbla ewe B 1912 r. nmemenkunit ¢pusux Xecc. Ho toanko nocie
TOr0, KakK B HX cocTaBe Oblnu OOHADYXKeHHl JMO3UTPOHBI, H3YyUeHUE
KOCMHMUYECKHX JIydell CTa/jo OCHOBHBIM METOJOM OTKDHITHSI M HC-
CeJOBAHUS CBOHCTB 3JIEMEHTaDHBIX YACTHIL.
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DoTOHLE

@oTOH He Cpa3y 3aHsSJ CBOE MECTO B CIIHCKe 3JIeMeHTapHBIX
4aCTHIl — CJAMIIKOM YK OH OTJIMYaJcs MO0 CBOUM CBOHCTBaM OF
HYKJIOHOB U 3/1eKTpoHOB. C OLHOH CTOPOHbI, CPABHHTENbHO AaBHO
651710 U3BECTHO, YTO CBET H3Jyuaercs KBaHTaMu — oronamu. OT-
KpbiTHe 3TOro ABAeHHs IIMaHKOM K OGbsSCHEHHE C ero NOMOLLBID
ditnwreiinom ¢oroaddexra, orkpeitoro A. I'. CrosieToBbIM, NO-
CJYKUI0 HayaJbHbIM 3TanoM KBaHTOBOH (DU3HKH.

Onuako ¢oToHbl BenyT ceOsi CTPaHHO, eC/IH CPaBHHThL HX, Ha-
npuMep, ¢ ajektpoHamu. Ilpexne Bcero y HMX HeT Macchl Mo-
KOsl, OHH BCeraa IBHKYTCsS CO CKOPOCTbIO CBeTa. DTO, KOHEUHO,
yIAUBUTENbHOE CBOHCTBO, HO TEOPHS! OTHOCHTENILHOCTH INpHYy4HJa
HAaC K PAa3HLIM YAUBUTENbHBIM SIBJEHHSM.

Bonee HenpUBLIYHO, YTO (POTOHBI MOT'YT POMKAATLCS W YHHUTO-
KaTbes. POTOH, CTONKHYBIIUCH C ATOMOM, MOXKET NpPEeBpaTHTLCS B
nBa (oToHA, a MOXKeT M HCUe3HYThb COBceM. Takux sIBIeHHH C
3JEeKTPOHOM He ObIBaeT. DJIEKTPOH MOXKET <«HCUE3HYTb», TOJbKO
CTOJIKHYBUIMCh C MO3HTPOHOM, HO CBOGOJAHBIX NMO3UTPOHOB B MpH-
pole HeT, H OOBIYHO 3JIeKTPOH HH BO YTO JApyroe He IipeBpa-
maercs.

Jas Toro uTtoGbl OLEHUTL 3HAUEHHE TAaKOro MoBeldeHHs ¢oTo-
HOB, HaM cJieyeT pa3o6paThcs B TOM, UTQ MellaeT APYruM YacTH-
[aM YHHUTOXAaTbCs M POXKAATbCS NMPOHU3BOJBLHBIM crocoGoMm. DTO
TNpUBENET Hac K 3aKOHAM COXPaHEeHUs, KOTOpble H OTPaHHYMBAIOT
MHOroo6pasue NpOLECCOB B MHpe 3JEMEHTapHBLIX YaCTHIL.

Ecnu ne cuutaTth HanuuMe Macchl MOXOSi H HEYHHUTOXKAEMOCTh
(coxpaHeHue uyucja yacTul) HeoGXOAMMBIMH CBOHCTBAMH 4YaCTH-
Ibl, TO HE OCTAHeTCH BO3paKeHUH NpoTUB TOTO, YToGbl HOTOH CUH-
raJjca yacthueil. POTOH MMeeT SHEPTHIO, NPONOPUHOHAJIBHYIO €ro
yacrore (E =he, rie o — 4acrtota B YIJIOBbIX €IHHHIAX — YHC-
JIO MOJHBIX KojeGaHull B 27 CeKyHA), M KOJHUECTBO ABMKEHHS,

|
NpONOPUHOHAIbHOE SHeprun (p==—- E, IZe ¢ — cKOpoCTb CBe-

ta). MiHTepecHbIM cBOACTBOM (DOTOHA SIBJSIETCS €ro MoJisipU3alus.
Tax kak cBer ecTb KoJeGaHus NEKTPOMArHHTHOIO NOJs, TO MOXK-
HO FOBOPHTb O HanpaBjeHHH KoJeOaHUM, Hanmpumep, 3JeKTpHue-
CKOro (uJM MarHuTHOro) Bektopa. Tak KaK 3TOT BEKTOD MOKeT
K0/1€6aThCs TOMBLKO B HaNpaBJEHUsX, MEPNEHARKYASPHBIX IBHKeE-
HHIO (pOTOHA (PacNpOCTPAHEHHIO CBETa), TO JETKn BHIGPaTh [Ba
pasHblX HanpasJeHUs KoneOGaHHI, U3 KOTOPHIX yKe MOXKHO COCTa-
BHTb JI060e Apyroe xonaebGaHue.

HM3Bectno, uto n1060e KosieGaHue B MJAOCKOCTH MOXKHO Npel-
CTaBUTb KdK CyMMY J[BYX BpallaTeNbHbIX [BHKEHHUH — OLHOMO
II0 4acoBOH CTpe/Ke, JPYroro NPOTHB 4acoBol cTpeakH. [Tosatomy
BO3MOXKHBI aBa THma (oToHOB. O6pa3HO MOMKHO TOBOPUTE, YTO
IBHXKEHHE ONHOro ()OTOHA MMEET CUMMETPHIO OGLIYHOrO BHHTA C
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npaBoil Hape3Koi: HanpaBJeHHe ABHXKeHHs (OTOHA OMHUCHIBAETCA
danpas/eHHeM [BUMXKeHHS BBHHUHMBAIOLETOCS BHUHTA, a HamnpasJe-
HHe BpalleHUs [OJs — HalpaBJeHUeM BpallleHUs BHHTA. Takofl
«¢HOTOH HOCHUT Ha3BaHUE JIeBOMNOJAPH30BAHHOTO  HOTOHA. Bonee
yao0HO Ha3biBaThp €ro (OTOHOM C MPAaBOH CNHUPANLHOCTLIO HJIH
JXaxe MpOCTO MPaBbIM q)omﬂom’ Bropou THN (POTOHA NMOXOXK B
3TOM CMbICJe Ha BHHT C JIeBO{ Hape3koH. DTO NmpaBOMOJsIPH30-
BaHHbIH# GoTOH. MBI ero 6yaem Ha3bIBaTh JNeBbIM (oTOHOM, 3a HC-
KJIOUEHUEM HaNpaBJIeHHs MONSAPU3aLUHM (CMUPAJIbHOCTU) JIEBbIH
¢oTOH He OT/IHYAeTCS O CBOMM CBOCTBaM OT mpaBoro. AroM
usayuyaer o6a Tuma QOTOHOB OAMHAKOBO, TAaK YTO B NPHPOLE UH-
c/10 (OTOHOB OGOHX THIMOB AOJXKHO NPAKTHYeCKH ObITb OJHHM H
TEM Xe.

IMoaspusanus GOTOHOB, KOTOPYIO MBI OMUCHIBAJAM BHHTOM, Ha-
NMOMUHAeT HaMm OMUCaHHe CNHMHA C MOMOILbIO BOJuYKa. SicHO, uTO
BHHT HaM NOHaAo6GW/CA AJS TOro, 4ToObl JOMOJHHUTH BpallleHHe
NOCTYyNAaTe/IbHbIM JBHXKEHHEM, U UTO JBHXKeHHe BHHTA IOX0Ke Ha
BOJIYOK, JIETALLH{ B HanpaBJeHUM CBoefl ocH. DTa aHAJ/Orus I0-
JASIPU3aUMU U CIHHA HMeeT ray6okylo (pu3HUeCKyl npupoay, # B
¢u3rKe yacTo roBOpsAT O CnHHe (OTOHA MO AHAJIOTHH CO CIIHHOM
3JIeKTPOHA,

HOSI/ITPOH H aHTHYaCTHIbI

Uucso 3MeKTPOHOB, KaK MBI 3HaeM, COXPaHseTcss He Bceraa.
OHH MOTYT pOXKIaTbCSl NMPHU PaAHOAKTHUBHOM pacnaie, MOTYT HC-
ye3aTb NPH CTOJNKHOBEHHH ¢ no3utpoHamu. Porod B noje sapa
MOXET MPeBPATHTLCS B Napy 3JEKTPOH — MO3HTPOH. Hannune .y
5JIEKTPOHA MOJIOMUTENLHOTO MapTHepPa ABJAAETCS NMepBbIM CJyya-
€M, KOTJla Mbl CTOJIKHYJIUCL ¢ aHTHuacTuuell. EcTecTBeHHO BO3HHK
BONPOC: a eCTb JIM AHTHHYKJOHBI? Jloaro ocraBanuch Gecnion-
HBIMH MOMBITKH OOHApYKHTh UX Ha onbiTe. OHU AOMKHBI GHITh B
KOCMUYECKHX JyuaxX, a OTJIMYHTb HX NpU OOJbLIHUX ISHEprusx
MOKHO TOJIBKO M0 aHHUTUJISINUH, HO U aHHUTWJ/ISILHUIO TPYAHO OT-
JIHUUTb OT CTOJNIKHOBEHHS HYKJIOHA C OueHb 60J/blIOH 3Heprueil—
gelb 3HepPruu B Thicaun Mass 0OBIUHOE sIBJAEHUE B KOCMUHECKHX
Jyuax.

Toabko B 1955 r. Ha yckopurene B Bepkau Cerpe u UemGep-
JeH o6HApYKUIY, HAKOHEll, AHTHIPOTOH, a FOOM NMO3AHee Ha TOM
XKe ycKopuTesne Gbl1 MOJMydyeH H aHTHHENTPOH. MoXKeT nokasaTb-
€Sl C MepBOro B3rJsJa, YTO AHTHHEATDPOH He JOJIKEH OT/IMYaThCSs

! B onTHKe HM3[aBHa NPHHATO HAa3bIBaTb JIEBOMOJAPH3OBAHHBIM (HOTOHOM
Takoii (OTOH, Y KOTOPOIO 3/NEKTPHUECKHH BEKTOD BpALlaeTCss MPOTUB YacOBOi
cTpenkH, eciu (GOTOH JeTHT Ha HabaoaaTens; B COBpPeMEHHOH (U3HKe TaKoi
thoTOH Ha3bIBAIOT NMPaBBIM, TaK KakK HAaOJI0NATe]Nst pacnonaraiT, TaK, YyTo GoToH
JeTHT OT HEro.
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oT HelirpoHa, 310 HeBepro. OH OTIMUAeTCS NpexIe BCEro Mo
THIIy CBOero pacnapga. Ecau HeATpoH pacnajgaercsl Tak:

n - p + e + v,
(nefitpon)  (mpoToH)  (3J1€KTpoH) (auTHHEHATPHHO)

To aHTHHeﬁTpOH pacdnanaeTcst HHaue:

— —

n - Y + et + V.
(aHTHHeHTPOH) (QHTHIPOTOH) (nosurpon) (uefirpuno)

D70 oTAHYHE MOXKHO NPOHJIIOCTPHPOBATH M Ha APYTOM INpH-
mepe. [lpencraBum cefe aTom, cOCTOSIIUKE M3 AHTUNPOTOHA H MO-
sutpona. Takasi cucTeMa — aHTHBOLOPON — HeliTpanbHa. Arom
BOJ0pOAa, COCTOSALIMH M3 MPOTOHA M 3JEKTPOHA, — TOXKe Hell-
TpanbHas cucteMa. Ho o1Ha u3 aTHx cuCTeM non AefictBhueM ¢o-
TOHOB pa3BaJWRaeTcs Ha NPOTOH M 3JeKTPOH, a Apyras — Ha
@HTUNIPOTOH ¥ MO3UTPOH. B 3TOM u mposBasierca ux pasiHuue.

OcHOBHBIM Ke CBOMCTBOM AHTHHYK/IQHOB — aHTMIPOTOHOB H
aHTHHEHTPOHOB fABJASETCS TO, YTO NP CTOJKHOBEHHH C HYKJ/IOHOM
OHH aHHUTHAUPYIOT, BBIAENAS OFPOMHOE KOJIHYECTBO IHEPruy. ITa
9HEPrusl B OCHOBHOM Bblleasercss B Buae nmuoHoB. [Tokosuueca
HYKJOH M 3HTUHYKJOH BBIAENSIOT MPU AHHUTHJASAUMH [OYTH
2000 Mss suepruu. 1o 3-10-2 spe — BennuHHa BMOJHE OILLY-
THMasi La)Ke Ha Halefi MaKPOCKOMMYECKOH LliKaJje (XHMHUYecKHe
peakuuyu [alOT IHEPrHIO, B MHJJIHADPABI Pa3 MEHbLUYIO).

Morso 6bl MOKa3aTbCsl, YTO AHTHHYKJOH NOJXKEeH aHHUTHIH-
pOBaTb W NMPHU CTOJKHOBEHHU C daeKTpoHoM. OXHaKo 3TO He TaK.
OxasbiBaercsi, 3JEKTPOHbl MOTYT AaHHHTHJAMPOBATb TOJABKO C
TIO3UTPOHAMH M C aHTHHEHTPHHO, a4 HYKJOHBl C aHTHHYKJIOHAMH.
CyluectByeT Kako#-TO 3amper, KOTOpHIY He MO3BOJIAET UCYe3aTh
JIEITOHAM 33 CYeT AHTHHYKJOHOB M HYKJOHAM 33 CUeT aHTHJelN-
TOHOB. DTO BaxKHbIfl 3amper, K HEMY Mbl U ofpaTuMcs.

YcroiiyuBocTp saep

Mb OTMETHJIH, 4YTO HYKJOH H AHTHHYKJIOH AaHHUTUJAHUPYIOT.
Ecrectenno CIIPpOCHTbL, MMOYeMy He MOIyT aHHUTHW/IHUDPOBaTp ABa
HykJoHa. Uro Mewmaer tomy, uTO6H HEHTPOH W MPOTOH IpeBpa-
THJAUCb, HATIPUMED, B 3JI€KTPOH H NO3HUTPOH:

n + p - e + et ?
(nefiTpon)  (mpoTom) (a1exTpOH) (no3uTpoH)

DTOoMy MeluaeT 3JeKTPHUecKHil 3apsn, TOuHee, 3dKOH €r0 CO-
xpaHenus. HeliTpon u mpoton umeloT CyMMapHbii 3apan -+1, a
TO3UTPOH U 3JEKTPOH B CyMMe 3apsana He HMEIOT. Ho uro xe
MelllaeT TOrJa OCYLUECTBJAEHHIO IPYTroH pPeaKLuH:

p + p - et + et ?
(npoton)  (mpoton)  (MO3UTPOH)  (MO3MTPOH)
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Mer mMoxkeM OhITh COBEpDUIGHHO YBEpPEHB!, 4TO TaKOH DedaKIMH
B NPHpPOJE He CyLlecTBVET. B NPOTHBHOM c/yyae Bce TIPOTOHBL B
sAApax HaBHBIM-IaBHO OHW ucyesyu. HeBoamoxkHocTh Takof pe-
akuuu U eff nogo6HOH:

P + n - et + v,
(nmpoton)  (nefiTpeH)  (MO3HTPOH)  (HefATPuUHO)

OUYEBHUIIHO, ABJSETCA HEOOXOAUMBIM yCJIOBUEM CTaGHABHOCTH ANLP,
a BMeCTe C TeM U YCJOBHUEM CYLIeCTBOBAHHSI Hauiero Mupa. Ma
yiKe roTOBbl K TOMY, YTO Hesb3si (1O KpaiiHeli mMepe ceiiyac) OT-
BeTHTb Ha Bonpoc, nouyemy 3To Tak. CoOCTBEHHO, TaKKe He/b3g
OTBETHTb Hd BOINPOC, MOYEMY COXPAHACTCS 3JMEKTPHUECKHH 3apsfi.
Mpbl f0/KHBI MPUHATH 3aKOH COXPAHEHHS 3JEeKTPUYEeCKOro 3aps-
Ja KAk OLuWH M3 OCHOBHBIX 3aKOHOB MHDA, YCTaHOBJIEHHBIX OMbi-
TOM. DTOT 3aKOH MOKHO, OYeBHAHO, GOPMy/IUPOBaTL TakK, 4TO
Pa3HOCTp MEXKAY YHCAOM I10JI0OXKHTENbHO 3aPSAXKEHHBIX 4aCTHL, K
YHCJAOM OTPHLATENbHO 3aPSAMEHHBIX YaCTHIL COXPaHseTCs BO BCex
fpoieccax.

M3 onbiTa MOMHO TakKiKe 3aKJAIOUATb, YTO CYHIECTBYeT eLle
OJIMH HE MeHee BaKHbIH 3aKOH COXPaHEHHA — 3aKOH COXPaHeHUsl
YHCIa HYKJIOHOB. MBI JOJIXKHBI, OLHAKO, TaK cpopmynupoBath
3TOT 3aKOH, YTOObl eMy He NPOTHBOPRUMJO SIBJeHHEe aHHHLHJSA-
muu. Jast 3170ro HeoOXOLMMO YCJAOBHThLCS, UYTO NPM CueTe YHCAA
HYKJIOHOB cJiefyeT BbIOpachiBaTh BCE Maphl HYKJIOH — AHTHHYK-
JoH. MHaue ropops, cuuTas UHCJIO HYKJOHOB, Mbl HOJIKIBI BCE
AHTHHYKJOHB 6paTh co 3HaKoM MHHYC. Tak Kak HenmpHBBIYHO ro-
BOPHUTL 00 OTPHLIATEJNbHOM YMCJE YACTHI, TO OKashiBaercs Gosee
yIOOHLIM BOCMOJ/b30BATLCA aHAJOTHEH C 3aPSA10M M Ha3bIBATh 3TY
BEJIHUYHHY HE UHCAOM HYKAOHOB, a HYKJOHHBLIM 3apsAfoM, MPHilH-
CpIBaf HYKJOHY «3apam» +1, a antunykiaony «sapsaia» —Il. Tor-
a2 BMECTO 4MCaa 4acTHU Mbl 6yaeM FOBOPHTL O BEIHUHHE HYKJIOH-
HOTO 3apsifia U BMECTO COXPaHeHHs uucja 4acTHil (DOL KOTOPHIM
Mbl IOHHMaeM COXPaHEHHe Pa3HOCTH YHCJAA YACTHI U UHCAA aHTH-
YaCTHLl) TOBOPHTL O COXPaHEHHH HYKJOHHOTO 3apsja.

Taxas awaJjorusi, onHaKo, He PacnpOCTPAHAETCH CAUIIKOM H&-
JIeKO, H BeNHYMHA HYKJAOHHOTO 3apsja He CBA3aHa HeNOCpPencT-
BEHHO C CH/IAMH, KaK 3TO CAPaBeMJIHBO IJA 3apsifia 3JeKTpHie-
ckoro. Hyk/oHHBIE 3apsig BBeLeH TOJMBKO Kak yIoOGHBIH crnocol
(dopMynupOBaHHsA 3aKOHa NMPUPOXBI, KOTOPHIH obecneunsaer ye-
TOHUHBOCTh fA4ep. K ckazaHHOMY MOXHO D06aBUThL elle, yTo Jen-
TOHAM CJelyeT NMPUNUCATb HYKJIOHHBIA 3apaf, pPaBHBIH HYJIO, TAK
JKe, KaK Me30HaM U (OTOHY.

SlnepHble CHJBI U ME30OHL

[Tocne Toro Kak (GH3UMKH BHIICHHJM, M3 KAKHX YACTHIL COCTOSIT
sApa, ¥ JUKBHAMPOBAJNH «a30THYIO KaTacTpoy», BO3HMK HOBbIfi
BONPOC: MOueMy HEeHTPOHBI M NPOTOHBI YAEPKHUBAIOTCS BHYTPH
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A1pa, a He pPasJ/eTaloTCs B pasHble CTOPOHE: APYT oT npyra? [Toka
LyMaJii, 4TO B AApe HaXOAATCH 3JEKTPOHBI, TAKOro BONpoOca He
BO3HUKAJIO.

DJIeKTPOHBI NPHTATUBAIOTCA K IPOTOHAM M TakMM 006pasoM,
o KpaiiHefi Mepe B NpUHLHIE, OHH MOMMIU OBl «CKJISHBATb» AAPA.
B nefcTBUTELHOCTH, KAK Mbl TOBODUJIH, JIEKTPOHLI HE MOTYT Aa-
e CaMH yIepxaTbCs BHYTPH sapa.

OTkpbiTHe HeAITPOHA HEMe[JIeHHO IPHBEJO K BOTPOCY O NMPH-
pONEe CHJI, KOTOPHIE 3aCTaBJSIOT HEHTPOH NMPHTATHUBATHCA K NPO-
TOHY. DTH CHJBl MOJYYHIH HA3BaHHE SAEPHBIX CHJIL.

BHauase o silepHBIX CUJaXx 3HaJH TOJBKO TO, YTO OHH Hel-
CTBYIOT TOTZAd4, KOT[la PacCTOAHHA MeKAy HYKJOHaMH MaJbl, Mo-
panka 1071 cu nnu MeHblle, HO HAa TaKUX PACCTOSHUAX sAEpHBIE
CHJIBl BeChbMa BeJIMKH, NIPEBBIIAsl B THICAYH Pa3z 3JeKTPHUECKOe
IPUTAXKEHHe MEXIYy 3JeKTDOHOM M HDOTOHOM (Ha Tex Xe pac-
CTOAHUSAX).

OpHako BBecTH EoBble cuibl B $uduky B XX BeKe — 1eJo
#e Takoe mpocroe, Kak B XIX Beke. Teopust OTHOCHTEJILHOCTH Ha-
yauaa, 4To HUKaKoe BO3[eHCTBHe OJHOH 4YacTHLBl Ha APYryio He
MO¥KeT ObITh MTHOBEHHBIM; camoe 60J/bllOe, OHO MOXET Nepeja-
BaThCsl cO CKopocThio cBeta (300 000 xa/cex).

Kak HHM Benuka 3Ta CKOPOCTb, BCE Ke IJIS TOTO, YTOOBI fie-
penaTth B3aUMOLEHCTBHE MeXAy ABYMS HYK/JIOHAMH, HYZKHO He-
KOTOpOe KOHEeyHoe, XOTs H OueHb MaJioe Bpems. Orciona ¢ HeoG-
XONHMOCTBIO yKe cefyeT (KaK YUHT KBAHTOBAasi MeéXaHMKa), 4TO
JOJIKHO CYHIECTBOBATh HOBOe IOJie, KoJleGaHHa KOTOpPOro nepexpa-
T slepHOe B3auMoJeficTBHe, TaK Xe KaK 3JeKTPOMarHHTHOe
noje nepenaet B3aUMOLEHCTBHE HBHXKYIIMXCS 3apsioB.

Ho, nonycrus cyectBoBaHHe TAKOPO Mojsi, GU3UKH yXKe He
MOI'YT 3THM orpaHuuuBatbcsi. C aGcooTHOH Heo6X0LHMOCTBIO
OHM JOJIKHBI 3aKJIOUHTb, YTO HOBOE TIOJIEé MOXKET H3/1y4aThCs H
NOTJIOUWLATLCSl TOJBKO NMOPUHSMH — KBAHTaMH. DTO 3HAYMT, 4TO
JLOJIXKHB! CYLECTBOBATH 'HOBBIE UACTHLBl — KBAHTHI MOJS SIASPHBIX
@i, Mbl BHIMM, KaK CPaBHUTENbHO 6e306UIHOe MpeanoJoxeHue
Q CHJaX NPUBOLUT YUCTO JIOTHUECKUM MYTEM K CyLIECTBOBAHHUIO
HOBOH yacTHUb. MOXHO 3aJaTb BONpOC: MoueMy HOBOH? BHTb
MOKeT, (PYHKUHMIO Nepeflaud B3aMMOMEHACTBHS BBINOJHSIOT YXKe
M3BECTHBIE UACTHIBI?

H. E. TaMmM npemsoxusn NepBYI0 TEOPHIO siaepHbIX cui. O
TPeMoIONKUJ, UTO CHJAbl MeXIy HYK/JIOHAMH MepefaioTcs 3Jek-
TPOHAMHU M aHTHHEHTPHHO, H3JyuyaeMbIMH, Kak Npu Gera-pacnane
anep. Maesr Tamma obcyxkpanace u [. . Msanenxko. Ognaxko
pacueT moxasaJ, YTo TaKHe CHJbl OKa3BIBAJNUCH CJAMUIKOM MaJbl-
MH, YTOOBl HMH MOXHO Obl10 OGBSCHHTH CYLIECTBOBAHHE sIAEP.
dusnueckass KapTHHa MHpa Kasajach (Pu3nKaM (yxKe B KOTODbIi
pa3!) HACTONbKO MOJIHOH, YTO HH y KOTo HE XBAaTajo CMeJOCTH
TOBODUTb O HOBBIX YaCTHUAX OJ9 OOBSICHEHUS SAEDHBIX CHJ.

Jlump B 1936 r. Mononoi#t sinonen X. FOkaBa ucnpaBui TEOPHIO
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Tamma. Ou frokasaj, 4To M3 CBOHCTB SILEPHBIX CHJ CJAeAyeT, YTo
AX MOKeT NePeHOCHTb TOJNBKO HOBAasl YyacTHIlAa M Macca 3TOH Ho-
BOH UaCTHUBI JOMKHA ObiTh GOsbliie 3JAEKTPOHA MNpPHMEPHO B
200--300 pas.

3acayroi OkaBu 6bl10 TO, YyTO OH He NMo60Os/Ca OOBABUTH.
4TO APYroro BbIX0Oa, KpOMe KaK JAOMyCTHTb CYyLIeCTBOBAHHE HO-
BOH uacrtuubl, B Gu3uke Her. Bosee Toro, oH mokasas, rae UcKaThb
BTy HOBYIO YaCTHlLy, — €€ Haoo HCKaTb B KOCMHUECKHX Jydax.
TaM, Te B CBOe BpeMs GblJl OTKPHIT MO3UTPOH.

B 1938 r. takaa uyacruua Gbina oTkpbita, Bropo#t pas B uc-
TOPUH (PU3HKHU HENOJANKH B TEOPHH MPUBOLMIM K OTKDBLITHIO ya-
cruubl. Onun pas sto caenan Jupak, Bropoit pas IOkasa. Hosas
yactuua Gnlia OTKpbiTa AnpmepcoHomM u HennepmaiiepoM u mo-
Jy4yusa HasBaHue Me3oHal.

K 1940 r. tpuymd ¢u3uKH Kasajacs NOJHBIM, BCe SBJIGHUS
CBfI3bIBAJIUCh B KPacUBYI0 M OYeHp MpocTyio cxemy. Heckosbko
CMyllaJo JUWb TO, YTO ObLIM HANHAEHHl TIONIOXKHTENbHO U OTPH-
IaTeJbHO 3apsKeHHble Me30Hbl (BeqHuuHa 3apsaga Gbia, KoHey-
HO, paBHa 3apsilaM MO3UTPOHA WJIH 3JEKTpPOHA), HO He Obl1o 06-
HAPYKEHO HeHTPaNbHOro Me30Ha. DTo Obl10 m1oxo. HeficTBUTeNb-
HO, NPOTOH MOT H3/yYaTb TOJbKO MOJOXHTEJIbHBIA Me30H H mpe-
BpallaTbCs B HEHTPOH, KOTOPbI{l MOCJe 3TOr0 NpeBpalancs B mpo:
TOH. OueBHIHO, YTO NPOTOH He MO HU3JYUHTb OTPULLATENbLHBIN Me-
30H WJH INOTVIOTHTb MOJIOXKUTENbHBI Me30H, a HEHTPOH He MoT
MOTVIOTHTb OTPHUATE/NbHBIE ME30H M HM3/JAYYUTL MOIOKHTENbHBIH.
Ecan 6b1 370 GblIO paspelreHo, To NPOTOH npespaumiajcs Obl B
JBaXK[bl 3aPAKEHHYI0 4aCTULY, KOTOPOH He CyLIeCTBYEeT B NMPHPO-
Je, a HeHTpOH npesBpawiajncs Obl B aHTHIPOTOH, UTO 3ampelueHo
3aKOHOM COXpaHeHUs HYKJOHOB. EnuHCTBeHHbII OOMeH MeXAay
IByMsi HykJoHamu (1 u 2) Mor mpoMCXODHUTH IO CXeMe:

1-it aTan: 1-it nporoH — l-ii HeliTpOH -} mMOJIOKHUTENbHBIA Me-
30H;

2-ff 3Tam: MOJOXKHTeNbHBII Me30H -+ 2-i HefiTpon — 2-
APOTOH.

st Toro yToGh 0GBSCHUTD ¥ CHITY, ASHCTBYIOIIYIO MEXIY OIU-
HAaKOBBIMH HYKJOHaMU, Heo6X0AUMO ObLIO HAaNTH He3apsKeHHBIH
me30H. OHako aToT Me3ow (ero gaxe Ha3BaJu 3apaHee — Helf-
TPETTO) HCKaJM yNOPHO, HO HAaHTH He MOIJIH.

Bcs 3Ta MCTODHSI OKOHUMJIACH TMOYTH BONEBUJBHO — 0Ka3a-
JI0Ch, YTO (PU3UKHM HALIY He TOT Me30H. OHHUMH U3 nepBhIX 06pa-
THaH Ha 310 BHuManue A. M. Anuxauos u A. U. Anuxauban. Usy-
yeHHe KOCMHYECKUX Jiyuyeil MPHUBENO MX M HEKOTOPBIX APYrHX (u-
3MKOB K MBICJIH, YTO OJAHUM M@30HOM [eJI0 HE OTpaHHYMBaercs, 4
B KOCMHYECKHX JyuyaxX [OJIKHbI CyLleCTBOBATb APYrde HEeHu3BecT-

! Cnauvana HOBYIO HaCTHLY Ha3BaJH Me30TPOHOM f10 2aHAJIOTHH € 3JIEKTPO-
HOM, HO MNOTOM 3aMeTHJIH, YTO NoOcC/AeaHee CJOBO MPOHCXOAHT OT TIPeueckoro
€3JIEKTPOC», B TO BpeMs KakK B Me30TDOHE rpeyeckoe «Me30C»—cCpefHee HMeeT
OKOHYaHH@ «TPOH», HUKAKOMY fA3bIKY He HNpHHaAJaexalllee.
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uble (HU3MKEe YACTUUBL. DTa YBEePEHHOCTp CTAHOBM/IACH CO BpeMe-
HEM BCe CHJIbHee, NOKa, HakoHel, IToysJ1, ycoBepUIEHCTBOBAB
METOJ PErucTpaluyi KOCMHYECKHX YaCTHI C NoMoliblo ¢ororpa-
(HUSCKUX NJIACTUHOK, He 0O6Hapyxua B 1947 r. HOByIO uacTuuy,
HECKOJIbKO GoJiee TSKeaylo, ueM Me3oH AHnepcoHa.

HoBas uactuua Obl1a Ha3BaHa s-Me30HOM. HTepecHo, uTo
CHayasa OblIM HABLeHbl Ha)Ke NBE YACTHIBI — PO- U CHTMa-Me30-
Hbl, — HO OHH OKa3aJHCh IIPOCTO MOJIOKHTEJBHO H OTPHLATENBHO
3apsKeHHBIMH 7-Me30HaMH (4J/151 KpaTKocTH Oyjaem mucaTh mh- H
m-Me30H). Bekope K HUM npuHGaBHIICS MOUTH TaKoOH Ke IO Macce
He3apsiKEHHbIH T-Me30H,

Tpu mesona mt, n~, n® OKas3ajduCh TeMM YaCTHIAMH, KOTOPBIE
npenckaseiBasn lOkaBa. Mx macca cocrasasier 273 m, (n*t u 1)
H HeCKOJIbKO MeHblie — 264 m (n®). Craphiit Me3oH ¢ maccoii 206
MOJIyYHJ Ha3BaHHe p-Me30H (u™ ¥ u~ COOTBETCTBEHHO), M TaK KakK
OH B KOHLE KOHIOB K SIZIEPHLIM CHJaM OTHOLIEHHS He HMEeerT, TO
€0 OTHeCJM B IPYNNY JIENTOHOB U COXPAHWJIH 332 HHUM HMSI Me-
30Ha JMIIb KaK HamoMuHaHue o Gwiioft caase. Ilpu cospemen-
HOH 5KOHOMHHU B CJIOBAX 5TH YaCTHLBl CTaJH HA3bIBATh elle Ko-
poye — IMOHAMU H MIOOHAMH,

ITnoHbl M MIOOHBI BCE K€ OKa3aJHCh HE COBCEM UYXKHMH APYT
apyry. ITuon — yacTHua HeycTofiuMBas M pacnajaercs Mo cxeme:
at - pt 4+ -~ uT A+

HefiTpanbHblit muOH pacnamathCst TaK He MOXKeT, GO Her
neii1paabHoro mioona. Ox pacnajaercst Ha gBa (oToHa:

- Yty

Bpemsi xH3HM nuoHa HeBeJuko. B moxoe m*t u m~ pacnana-
foTCsl B cpenHeM 3a 2° 1078 cek., a n® maxe 3a eme MeHbllee
speMs — 0KoJ0 2 10~1® cek. Mbl MOAYEPKHYJH CJIOBO «B MOKOEY,
TAaK KaK H3 TEODUH OTHOCHTEJIbHOCTH CJEeAYeT, YTO JBHIKYILLasics
yactuna Oyaer pacmajaTbCsl MelJIeHHee BO CTOJbKO pas, BO
CKOJIBKO €e ImoJiHafl 3Heprus GoJibllie ee IHEPTHH NOKOsS. J[BHKY-
IUMHCS MTHOH XKHBET (KaK H JPYrue ABHIKYUIMECS YACTHULI) KOJb-
we. «ITapamokc yacoB» — 3aMejsieHHe HX XOHa B JBHXKYLIeHCs
CHCTeMe KOODJAMHAT — Obl BIEpBble $IPKO NPOHJJIIOCTPUPOBAH
HaOMIONEHUSIMH paclafia ABHXKYLUIMXCH ME30HOB-

[TosoxkuTe bHBIE H OTPULATE/bHBIE TMHOHBl OTHOCATCS APYT K
ApYry, KaK 4acTHUbl M aHTHYacTHubl. [/ HefATpa/jbHOro MHUOHA
aHtnyacThubl (mogo6GHOM aHTHHEHTPOHY) HalgeHo He OhJIO; Teo-
pHsl 10Ka3aJa, 4TO ee M He MOXKeT ObiTb — B 3TOM CMblcje 0
nogoben ¢orony. [IpuHATO TOBOPHTB, YTO HEHTPAJbHBIA HHOH
TOXKIECTBEH €O CBoell anrmuactuuei. Taxue yactuus! yaoGHO
HA3bIBAT, HCTHHHO HeHTPaJbHBIMH.

Pa3mepsl yactui

Ecnu 3akasate cTossipy, HanpuMep, AUBaH C 3aJaHHBIMH pas3-
MepaMH B CAHTHMETPaX, TO HHKAKOr0 HEJOPa3yMeHHS BO3HHK-
HyTb He MOxKeT. ‘COOTBEeTCTBYyOLIME YKCJAA 03HAUAIOT OTHOIIGHHE
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MekKIYy, CKaxKeM, JJAMHOH NMBaHA U JJIHHOA CTAHAAPTHOTO MeTpa—
OTHOLIEHHE, KOTOPOE MOXKHO HeNoCPeJCTBeHHO H3MEpHTb, MpH-
KJIajnbiBast MeTp K nuBaHy. [laxke naMmepenue oueHp OOJbIUUX pac-
CTOSIHHH Ha 3eMJe CBOJMJIOCh K CPaBHEHMIO ITOr'O PACCTOSIHHA €
YJ0XKEHHBIM BIOJb NMYTH H3MEPUTEJbHBIM IPHOOPOM.

Jlasi aTOMHBIX pAacCTOSHME JepeBsHHYIO JIMHEHKY cHenaTb
TpynHo. Kak wu3MepuThb pacCTosiHMe MexXJAy aroMaMu XJopa |
HaTpuAd B OOBIKHOBEHHOH CTOJIOBOH COJIHM, €CJIM Heab3d claeslaTh
JHHe#Ky u3 6osee MeJKHX yactuu? Jas Takux U3MepeHuil pusu-
K¥ HAayuyWJIHCb CPaBHUBATh OTPE3KH He C JHHEeHKOH, a ¢ AJHHOH
BOJIHBI CBeTa (peHTreHOBCKUX Jayueil). OmgHa U3 JHHHE CHeKTpa
KpUITOHA (M30TONla KPHIITOHA C MACCOBBIM HOMepoM 86) cayxur
ceiluac faxke OCHOBHBIM CTaHZAapPTOM AJMHBL.

Ho npu usmepenuu pacctosiuuilt Mexay aToMaMH B KpHCTaJlIe
HAJZ0, KOHEYHO, MMEeTp B BHAY, UTO aTOMBl KOJeGJIOTCS BOKPYT
CBOHX IOJIOXKEHUH paBHOBECUS, U PACCTOSIHHE, KOTOPOe MLl H3Me-
puM, OyLeT TONbKO CPEHHM PAaCCTOSHHEM, YCPeIHEeHHBIM M0 MHO-
TMM NOJIOKeHHsIM atoMoB. Korza Mbl 6yneM nmepexoguTb K MeHb-
LIHM pa3MmepaM, 3ajaua eme Gosee ycjaoxnurcs. Ilostomy, npe-
AJe yeM OTBeyaTh Ha BONPOC O TOM, KaKO# pa3Mep MOTYT HUMeTh
3JleMeHTapHBle YaCTUlbl, HafO0, BO-NEPBBIX, NOMBITATbCSA ONpene-
JIUTh, YTO MBbl IIOHHMAeM IIOJ CAMHUM CJOBOM «pa3Meps» B TpHMe-
HEeHHH K CTOJIb MaJbiM 00beKTaM, M, BO-BTOPHIX, BBIICHHTb, KaK
Takue pasMepbl MOXKHO B NPHUHLHIE HU3MEDHUTh.

ITepBble u3MepeHMsi OJMHHBI B MHKPOMMpE OblJIM CHENaHLl B
TeX caMbiXx oneltax Pesepdopna, KOTopble NPUBEIN K OTKPHITHIO
aromHoro sxpa. HanomuuM upeto stux onnitoB. Pesepdopn Ha-
NpaBuJ Ny4YOK aJjb(a-4aCTHl, BbLJSTAIOLIHX H3 PaJHOaKTUBHOTO
ucroynuka RaC’ (M30Tona mo/ioHust ¢ MaccoBuHIM UHCaOM 214), Ha
MeTaJJINyecKylo miactTuHky. [Ipu mpoxoxpenuu anbda-yacTuig
yepes TaKylo MJIACTUHKY OHH OTKJOHSIJIMCh OT CBOEro IYTH 3JeK-
TPHYECKUM TI0JIeM siiep.

Ecnu none sizpa oTBeyaer 3JeKTPHUSCKOMY HOJIO 3apPsKEHHOH
TOUKH, TO MOMKHO BBIUHCJAHTb, KaK MOJKHA OTKJOHATBbCS anabpa-
YyaCTHLa OT CBoero HyTH. Takoe 'BBIUMCJEHHE IIOKa3blBaeT, YTO
TIPAKTHYECKH Hesb3sl HAOJIOAATh CJAyudeB OTKJIOHeHHS aJbda-ua-
CTHILl Ha GOJIblUHE YIVbl. BeposTHOCTL OTK/IOHEHHs, HApUMeEp Ha
yroan 90° mnpaktuyecku paBHa Hymo. Bonpeku oxunanuio Pe-
3epdopa HaGMIOLAN TakKHe CAy4ad OTKJIOHEHHS B CPABHUTENIbHO
GoJabmoM KoauuectBe, KapruHa, omucaHras Pesepcdoprom, BbI-
rasaena Tak, Kak 6yato anbga-uyacTuila HATAJKUBAETCS B LIEHTpe
aToMa Ha Kakyiwo-To nperpany- Orciofa npsMo CJASAYeT, YTo MoJe
f1pa He eCTh II0Je 3apSKeHHOH TOUKH. DTH coOOpaKeHUs U ABH-
JIACh HCXOAHBIMU HJISt OCTPOEHUS] MOJEJNH aTOMa C aTOMHBIM s1f-
poM B LeHTpe. 3Has SHEPIUI0 ajab(a-yacTHIl, MOKHO GbIJIO BHIUHU-
CJIUTh PACCTOSHHUE, HAa KOTOpOe a/dbha-4acTula MOrja NPOHHKHYTh
B 4TOM, H HA KAKOM DACCTOSIHUU CTOJIKHOBEHHE C IJIOTHBIM SIAPOM
BBI3BAJIO CTOJIp Pe3KOe H3MeHEHHe HalpPaBJASHHS ee ABHIKEHHS.
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[Mepsrie pacueTH NMOKa3aJsH, 4TO AJs ajb(pa-4aCTHI, KOTOpHIE
MPOXOAAT OT LEHTPa aroMa Ha pacCTosHUsAX OOMbIIHX, ueM
3-107!2 cu, mone Aapa He OTJAMYHMO OT TI0JIS1 TOUGUHOH YACTHIIbL
U TOJIbKO npH Gosiee ryy6OKOM MPOHHKHOBEHHH B ATOM HPOLLYIBI-
BAIOTCH OTKJOHEHHS oT mpoctoro 3akoHa Kymaona. Tak 6wlio yc-
TAHOBJIEHO, YTO AP0 aTOMa HMeeT pa3Mephl, KOTOPbIE MOXHO 3a-
MeTHTb Ha ONbITe, HO 3TH pasMmepbl MeHblie, uem 3-10712 cu.

Insa nac ceifuac BaXKHO OTMETHUTb B 3THX pe3yJbTaTax TO 00-
CTOSITEJbCTBO, YTO Pa3Mepbl 34eCh ONPeARNANHCE, He TOUHO, & KAaK
HECKOJIbKO ‘HeonpeleseHHoe PAaccTOsiHMe, HA KOTOPOM HAauHHAer
3aMeuaThbCsl OTKJAOHEHHE pacrnpejeseHus 3JeKTPHYeCKOTo 1oJs oT
T0JIS TOYEUHOHN yacTulbl, SICHO, YTO TakHe OTKJIOHEHUs BO3HHKAIOT
TIOCTENEHHO M UTO TFpaHulla sApa He MOXKeT OblTb OUeHb PEe3KOH.

JeficTBUTENLHO, Cefiuac XOpOLIO U3BECTHO, YTO B TO BPEMS Kak
pasmepnl saep Jexar B npepenax ot 2+ 10718 no 10—!2 cm, rpanu-
ua siapa pa3MbiTas W npeacrasiser co60f «060M0UKY» TONLIHHOR
0K0J10 10718 cu. C 3TO# TOUHOCTHIO U MOXKHO FOBOPHTb O pasMepax
spep. Takoe Ke mosioXeHHe CYLUECTBYET W AJAS JEMEHTapPHBIX
yactuu. Ho nsas toro uto6bl MOXKHO OBIIO H3MEPHTL pas3Mepht
CaMOro MpOCTOTO $iApa — NpPOTOHA, HAaLO0 ObJIO HCN0Jb30BATDL
3HauuTebHO GoJiee MOLHOE CPEefCTBO, YeM NyuyoK aJjbda-dacTul
RaC’. Toabko nocsie Toro Kak (u3MKH TOJYYHJIH B CBOE pacro-
pSIXKEHHEe YCKODHTENH 3JIEKTPOHOB, CTAJO BO3MOXHBIM HCC/IEL0-
BaTb U pa3mepbl npotoHa. [lepBble cBeneHHs Gblau NMOJYy4YeHb H3
SKCNEPHUMEHTOB MO pacCesiHuio NMPOTOHOB mportoHamu. [1pu Gosab-
LIUX YHepPrusix OHM pacCCeHBaJUChL TaK, Kak OyATO ObLIM WapH-
Kamu ¢ paauycamu npumepso 0,5:107'3 cm. Dtor BHIBOA ObLA
NOATBEPIKIAEH NPAMbIMH onbitamu Xodwranrepa B 1955 r., Ko-
TOPbIH M3yyas paccesHue 3JeKTpoHoB ¢ 3Heprueit 100 Mas npo-
toHaMu. B pesyabrate Gosbmoit paGoTel Obl10 NOKa3aHO, UYTO
pamuyc nportoHa cocrasasier oxkoao 0,7+ 10713 cm. ITpumepHo Ta-
KOH e pajuyc UMeeT H HeHTpOH.

B nocneanHee BpeM$l TOUHOCTL OMBITOB HAacTOJNbLKO BO3POCIHA,
YTO CTaJO0 BO3MOXHBIM TOBODHTL O 6oJsiee [eTajbHOH Xapakre-
pUCTHKe cTpoeHus npoTtoHa. Ceiiuac CTAHOBHUTCS MOHATHBIM pac-
mpeneneHue 3apsma no o6beMy NMPOTOHA M [a)Ke pacrnpejejeHue
BJIEKTPHYECKHX TOKOB, KOTOPbIE MOPOXKAAIOT MAarHUTHbIH MOMEHT
npotoHa. CxoaHble pe3yabTaThl NOJAYUeHbl W AJS HeHTpOHA.

Onucanuble panee CBOMCTBA S€PHBIX CHJ NO3BOJAIOT MOHATHL
¥ IPUPOAY pa3MepoB HYKJIOHOB- Kak aTo cienyer u3 coBpeMeHHOR
TEOpPHH Me30HHOro NoJsi, NPOTOH H HEHTPOH HempephBHO IpeBpa-

maTesl Apyr B Apyra:
HETPOH — NPOTOH - 71—,
NpoTOH — HelTpoH + mh
Takoe B3aumnoe npespalleHne NPOUCXOIHT C 60ﬂbm0ﬁ qacTo-~
TOIl. STa 4acToTa onpeaensercd Maccoil muoHa m= H pasHa 1o no-

2

Mg C
PAIKY BeJTHYUHBL ;; = 10%" npespailleHuit B cekyHny. 3a Bpe-
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Ms1 okoJio 10723 cex. MMOH MOXKeT OTOHTH OT LEeHTPa sApa Ha
paccrosinne nopsaka 10713 ¢m, ecam OH ABUXKETCA CO CKOPOCTbIO,
6/1M3X0f K cKopocTH cBeTa. DMPEKT HENPepbiBHOTO H3JYyUeHHT
¥ TIOTJIOUIEHHS MPUBOAUT K HaOJI0OAaeMOMY «pa3mMa3biBaHUIO» 3a-
pfAlla ¥ MOSIBJEHHIO MFHOBEHHBIX (M/IHM, KaK MNPHHATO TOBOPHTE,
BUDTYaJ/IbHbIX) 3JEKTPHUECKHX TOKOB !.

Takum o6pasoM, B o6beMax panuycom Menbire 10713 cm Hyk-
JIOH TMepecTaeT BLICTYHNATb KaK OTAeJbHAas 4acTHUA; Ha THX pac-
CTOAIHUAX OOHAapyXKHBAETCS CJOMHBIH JAHHAaMHUYeCKMi npouecc
B3AWMONEHCTBUSI HYKJIOHA C «MHOHHBLIM 00/1aKOM», AeTaau KOTO-
POTO TOJNLKO HAYMHAIOT BbIPHCOBLIBATHLCS Nepel HayKo#.

O pasmepax ApYrux 3JeMeHTapHbIX HaCTHL CeHyac HHYEro
CKa3aTb Heab3d. [IpUHATO AyMmaTh, YTO pa3Mepbl ME3OHOB U TH-
TIePOHOB MO KpaliHell Mepe He MeHblLle HYKJOHHBIX, HO ITOrO elle
HMKTO He [0Ka3aJj 3KCMepUMeHTaJbHO.

OueHp HMHTEPECHBIH H BaXKHblif BONMPOC: HMEIOT JH Da3Mephl
3JIeKTPOHBI? PellleHHe ero TeCHO CBsi3aHO C pelieHHeM BOMpoca
O TOM, K4KOBBl F'PaHHUBI CIPABEANHBOCTH 3jeKTpoiuHamuku. Ec-
JIU pa3Mepbl JEKTPOHA HMEIOT 3aMETHYIO BeNHYHHY, TO 3TO 3HA-
YUT, YTO NPH OMUCAHHM CBOHCTB 3JEKTPOMATHHTHOTO MOJA HA Ta-
KHX DacCTOSTHHAX Mbl [LOJKHB NPHHHMATb BO BHUMaHHE, 4TO
HOCHUTEJIM TOKa He TOYeuHble, H YUUTBIBATb HX Pa3Mephl.

Pa3nuuHble TeOpuM npUBOAAT K Pa3HbIM B3TVIfAaM Ha pasMe-
pbl 3nekTpoHa., Hekoropbie CUHTAIOT, UTO 3JEKTPOH MO BEJHUYHHE
MaJio OTJIHYaeTcss OT NPOTOHA, HEKOTOpble e, HAaNPOTHB, CUUTA-
10T, YTO €ro pasMephl KCue3aiolle MaJjbl. DTO OUeHb HHTepecHas
u BaxkHasa npoGsaema, Ee pellieHue CBf3bIBAIOT, B UYaCTHOCTH, C
TIOCTPOMKON YyCKOpHTesell, Kotopble OyAyT NaBaTb ABa CTaJKH-
BAQUIUXCS MyuKa 3/4eKTpoHoB OGosbwoi aHeprud. B Takux Jo-
OOBbIX CTONIKHOBEHHAX MOXHO OyleT NpOILynaTb M CTPYKTYpy
3JIeKTPOHa.

Mur 3Hanmn, uto paccrosHHe mnopsaaka 10713 cm  peficrsu-
TEJILHO SIBJIATCS HEKOTOpO# rpaHuiieil AByx Mupos. Ha 3toit rpa-
HUlle KOHUAIOTCA Heu3MeHHble dJeMeHTapHble YaCTHUbL KW HauyH-
HaeTCs HOBbIH OypJfALMA MHP, K HCCIAENOBAHHMIO KOTOPOrOo MbI
TOJIbKO elle MPHUCTyNaeM.

Haunua 10713 cu 3ausna ceftyac posb BaxkHoro macwraba. Ee
Ha3Baau «pepmu» (1 depmu=10713 cu) B yecTb BeNUKOrO HTaJb-
AHCcKOro dusuka dHpuko PepMu, onHoro U3 cosnareneil HU3UKY
ATOMHOIO pa U 3JEMEHTapHbIX YaCTHIL.

bera-pacnag u HelTpuUHO

OnHo# 13 caMbIX YOIUBUTECJAbHBLIX YaCcTHl, HECOMHEHHO, ABJSET-
CAA HEHTPHHO. npuﬂyMaHHaﬂ TEeOpeTHKaMH AJs TOro, 4To0bl «chna-

! BosHMKIIN/ NMHOH HE MOXKET COBCEM BLIJIETETb H3 HYKJIOHA, TaK KaK 3TOMY
MellaeT 3aKOH coxpaHenus dHeprun. Onucanublii npouecc oTBeyaer KOJAeGaHASIM
ToJa AAEePHbIX CHJ, OKPYXKAlOUWHUX HYKJOH.
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CTH» 3aKOH COXPaHEHHUS 3HEPTHH, OHA C caMOro HauaJja Obl1a Ha-
feTeHa TaKMMH CBOHCTBAMM, 4TO HaOMIOAATb ee Kas3ajochb B TO
BpeMsi NOYTH HEeBO3MOXKHBIM.

Hcropusi HeATpHHO Hayajgac, C TOTO, UTO B Oera-pacnane
siiep oOHAPYKUJIOCh HeCOXpaHeHHe dHepruu. BosbmeM, Hanpu-
Mep, HeHTPOH (B TO BpeMs, KOHEYHO, peup IJIa o TSAKeJAbX Sl-
pax). Pacnagasick, oH npeBpaliaeTcs B NPOTCH M HCIyCKaer
37eKTpoH. COracHO 3aKOHY COXPaHEHHs SHepPTHH IHeprus aiex-
TpPOHA NpPHU TAKOM pacnajfe AO/KHA B TOYHOCTH DaBHSITbCH pas-
HOCTH MacC HeHTpPOHAa W NMPOTOHA, YMHOXKEHHOH Ha KBAAPAT CKO-~
pocTu cBeTa. B mefiCTBUTENILHOCTH Ke 3JEKTPOHBI, BhIeTAloLIye
IpU TaKOM pacraje, HMelOT HEPTUI0 BCEerAa MEeHbUIYIO, UeM Bhl-
YUCJIEHHAs] 110 3aKOHy COXpDaHeHHsl 3Hepruu, MmpuieM B DPas3HbIX
cayuaax pacnaja pasuyio. Ilepen ¢pusuxkamu BO3HHKJAM JBa Ny-
TH: OJMH — OTBEPTHYTb 3aKOH COXPAHEHHWsS 3HEPTHH; 3TO OLLIO,
KOHEYHO, pellleHye KapIWHaJbHOe, ero JoJro o0cyxaajad, HO B
KOHIIE KOHIIOB He mpuHsd, BTopoil myTh oxasancs HpaBUAbHBIM.
HIpefinapckuit ¢usux Ilaynu o6bsAcHUN CTPaHHOE MOBeleHUe
3JIEKTPOHOB NpH GeTa-pacmnajge TeM, UTO BMecTe C 3/71eKTPOHOM BbI-
JeTaeT elle OJHA YacTHia, TakKas ke Jerkas (Ham elle Jerye),
KaK 3JIeKTPOH, HO He HMelol1as 3apsna. JTa yacTHIla Ha3blBaeTed
renepb aHTuHeHTprHO. CHavaja ee Ha3Badu HeHTPHHO — ceffyac
39TO Ha3BaHHE MPHUCBOSHO YacTHIe, CONYTCTBYHOLIEH MNO3HTPOH-
HOMY pacnajy (Hanpumep, pacnaiy H30TONa KHCJopoja C Mac-
COBBIM uucaoM 14: O — N 4 et 4 v),

AHTHHeHTPHHO, KaK Tenepp M3BECTHO, BOBCE HE MMeeT Macchl,
H B 3TOM CMBICJ@ OHO moXoxe Ha GoToH. CUH aHTHHEHTPHHO pa-
BeH 1/2; B 3TOM OHO ITOXOXKe Ha 3JEKTPOH.

DHeprust aHTHHEATPUHO B CyMMe C Heprueil 3JeKTPOHA TOUHO
paBHa pPasHOCTM Macc HeHTpOHA M NIPOTOHA, HO TaK Kak 3Ta
HEPTHs MOXKEeT M0-pa3HOMy pachpefensiTbcs OT pacnaja K pac-
Tmajy MeXAy 3JeKTPOHOM W aHTHHEHTPHHO, TO H SHEPTUS JEKTPO-
Ha oKasblBaeTcsl pas3HoH. DTo oObsCHeHHe AenaeT cpasy XKe I0-
HSITHBIM, IIOYEMY 3JIGKTPOH, BO3HHMKAIOWIM{ npu Oera-pacnaje, He
MOKET MMeTb CKOJIb YTOOHO OOJbLIOIH 3HEPTHH.

JoKa3aTeNbCTBO CYIECTBOBAHUS AHTHHEATPUHO BBINIALGIO
HECKOJbKO CTPAHHBIM: BCEé apryMeHThl CBOAMJHCb K TpocToTe
o6bsIcHEHHs KapTHHBEI Gera-pacnajna, HO He OblJIO BHIHO, KakKHM
06pa3om MOKHO HabGa104aTh aHTHHEHTPHHO, KaK e€ro 3aperucTpH-
poBaTh. DTO Ka3aJoCh HEBO3MOXHLIM. Benb.Bce cBoiicTBa aHTi-
HEATPUHO OblIM MPUAYMaHBl TaK, 4TOObl OOBSCHHTH, IOYEMV €ro
HHKTO He 3ameTus panblie. OgHako crnoco6 6bl1 Haiimen. Coer-
ckuit ¢usuk A. M. JlefinyHckuil 3amerns, uTo ecau HabuaolaTh
oTHauy MpPOTOHA — CKOPOCTb, C KOTOpPo# on ofpasyercd, TO, Od4e-
BHIIHO, 0T@aya OyIeT pa3sHoil B 3aBHCHMOCTH OT TOTO, BhIJIETEJN JIK
npu Gera-pacnajge OJUH 3JEKTPOH HJM [Be YaCTHLBl — JEKTPOH
U anruHedTpuuo. [ToaToMy, n3aMepsiss CKOPOCTH NPOTOHOB, MOYKHO
BBISICHHTb, BBLJIETAET JIM NPH Pacnaje OJHa YacTHLA HAH [ABe.

22



K coxaneHuio, 3KCrepUMeHTa/abHasi TeXHHKa B TO Bpems Ghi-
Jla HeJOCTATOUHO pa3BuTa, W JlefinyHCKHH He CMOr npojenars
TOYHOTO onbiTa. Takofl onblT 6bl NpoBeneH auiub B 1948 r. Anne-
HOM.

Ho kak uu kpacus Gb1 onplt Jleinynckoro, Bce xe Haxo Obl-
JIO U HENOCPeNCTBeHHO HabMI0NaTh B3aHMOJEHCTBHE aHTHHEATPU-
HO C BellleCTBOM. D10 Obl1a OJHA U3 CaMbIX TPYIHBbIX 3axau, mocC-
TaBJEHHbIX nepen ¢pu3ukaMd. BO3MOKHOCTb ee pelleHHs MNOsABU-
Jach TOJMbKO MOCJAE CO3JaHUS aTOMHBIX PEAKTOPOB M eJHHCTBEH-
HBlfl MyTbh cocrosii B HabmiogeHuu peakuuu, o6paTHoil Gera-pac-
naly Helitpona. [l 3TOro Haj0 aHTUHEHTPHHO, BBHUJIETAIOLHE U3
sllepHOTO peakTopa (rie HPOMCXOAMUT OYeHb MHOro Gera-pacna-
JI0B), HAanpaBuT, Ha OOJBILIOH COCYHA, cOAepXKalluil BellecTBo, B
€OCTaB KOTOPOT'O BXOAMT MHOro Bogopopa. Toraa noj aeHcTBHeM
AHTHHEATPHMHO NMPOTOH NpeBpamajcg Obl B HEHTPOH H M3ayuan
6Bl HO3UTPOH:

npoToH + v - HeliTpoH + et.

Sra peakuus oueHb pejiKas. AHTHHEATPHHO AOJIKHO MPOHTH B
KHUIKOCTH NYTh B JECATKH ThICSAY KHJIOMETPOB, YTOOBI NPOH301IIA
ogHa peakuus. I[Tostomy, uto6n HaGa0naTL ero B AaGopaTopuH,
HaJo ObLIO HMETb OYeHb MHOI'O aHTHHEHTPHHO (HJf 3TOrO H HY-
JKeH peaKTOp) M BeCTH OIBIT AOCTATOYHO LOJITO.

Taxkoit onbiT 6bl neficTBUTenbHO npoBener Peiinecom u Koy-
3HOM. fllepHyI0 peakUHIO, BLI3BAHHYIO aHTHHEHATPHHO, yaajioch
3aperucTpupoBaTh npumepHo uepes 30 JeT MOCae OTKPLITHS aHTH-
HeATPHHO TeOpeTHKaMHu.

Peaxuuu, BoI3BaHHbIE aHTHHEUTPHUHO, MO3BOJH/IHN J0KA3aTh, YTO
HEeATPUHO M AHTHHEATPUHO pasHble yacTtuuwl. bB. [TonTekopso
NPEAJOXU 3TO BBISICHHTL TaK. AHTHHEATPHHO MOMKET BHI3HIBATH
MO3UTPOHHBIA pacnmajy NpPOTOHA, H, CJAEI0BATE/NbLHO, OHO HE MOXKET
BHI3BIBATHL 3JEKTPOHHOIO pacnaja sApa, Tak KaK Takoil pacnajg
MOXKET OBITb BBI3BAH TOJbKO HEHTPHUHO. DTO €CTh H3JIO0KEHHOE
JPYTMMH CJOBaMH yTBep:KAeHHe, YTO HEHTPUHO BBLIETAET INPH
NO3UTPOHHOM pacrnaje, a aHTHHeHTPHHO BBbLIETAeT IPU pacnaje
3JIEKTPOHHOM,

Ecau BOnmpekn 3TOMYy npencKa3aHuio aHTHHEHTPHHO, MoJydae-
MBl€ M3 PeaxkTopa, MOTYT BhI3bIBaThb 3JIEKTPOHHBIH pacmaj, Ha-
npumep peaxuuio IToHTexopBO:

xnop + v - apron + e,

TO 370 GyHeT 03HAYaTb, UTO HEATPHUHO M AHTHHEHTPHHO obsana-
IOT OIMHAKOBBIMU CBOMCTBAMM M HET CMBICJAa HX pasanyath. OnwiT
nmokasaJ, uto peakiuusi Ilourexopso He mpoucxomur. Ilocsne atoro
yXKe Henb3s OblJI0 COMHEBAaTbCsl, UTO €CTh ABa COPTA TaKoil Heil-
TPaJIbHOM HACTHILBL.

ITocrenenno Bce Gonbuie U OOJbIIE BHIACHSETCH, YTO YaCTHIA,
caMO0 CyLleCTBOBaHHE KOTOPOH IOABEpPraJioch COMHEHHIO, 0Kas3bl-
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BAaeTCst, MrpaeT BeCbMa BaXXHYi0 POJIb B HalleM YAHUBUTENbHOM
muxkpomupe. Mcropust HeATpHHO B 3TOM CMbIC/E OUYGHb MOYYH-
TeAbHA.

IMo-BuauMoMy, poJib HEHTPHHO BeJMKa M B IIpoueccax 3BO-
mounu Bcenennoit. Koraa B Heppax 3Be3f POXKAAIOTCS HOBbIE
3JIeMeHThl, Korfa taM OypHO MpOTeKaloT siAepHble pPeaklHH, NpH
3TOM BO3HHKaeT MHOro HeldTpuHO. XOTs 5TW peaKLUHH IPOUCXOAAT
Ha GoJsbwo# ray6uHe, HeTPUHO CBOGOMHO BbLINIETAIOT HAPYKY H
VHOCSIT TaKHM 00pa3oM 3Hepruio M3 3sesnsl Bo Bcenennyto. Ta-
Kasli yTeuka 3HEPruHM MOXKeT 0Ka3aTbCsl CYLUECTBEHHbIM MeXaHH3-
MOM OXJaXKAEHHS 3Be3[bl.

Slnepuble peaxuuu, npoucxofsiiue Ha CoJsHIe, TMOPOXKAAIOT
Gosbwoi motok HedtpuHo. IloTok ux Ha 3emJse OOMXKeH COCTaB-
aste 10" yacTuu, NpoxoAflUX Yepe3 KaXKAblil KBaApaTHBHIR CaH-
THMETP B ceKyHAy. IIpy 3TOM HeATpHHO MpoxoaaT 3eMJi0 Hack-
BO3b W OMNSITb YJIETAlOT B MHPOBoe NpocrpaHcTBo. CKOMBKO Hef-
TPHHO M AHTHHEHTPHHO COLEPXKUTCS B MHPOBOM HPOCTpaHCTBE?.
DTOro HHKTO He 3HaeT. Jlo cHMX MHOp He 3aMepeH Jaxe IIOTOK
«COJIHEUHBIX» HEHTPHHO.

YKe HeCKOJIbKO pa3 HEeHTPHHO HpenonHocuao HH3HKaAM Ciop-
apusbl. BeITh MoxeT, B 6yAyllleM OTKDOIOTCA HOBbIe CBOHCTBA
HeATPHHO, U HX DPOJIb B 3BOJIOUMM Hauied BcesenHo#t B HeificTBH-
TeJbHOCTH OKaxkercsl 6oJiee CyLIeCTBEHHOH, UeM MPOCTO POJIb «MY-
copa», KOTOPbIA pACCeHBAeT IHEPruio 3Be3] W He UrpaeT HUKaKoOH
akTuBHOH posu. Pusnka HEHTPUHO pooM/Iach COBCeM HELABHO, H
Mbl BlpaBe OXHUJAATb OT Hee MHOT'0 HOBBIX OTKDHITHH.

3aragka MioOHa

Mub pacckasanu, Kak OTKPbITHE Me30Ha 3amnyTano (H3MKOB H
KaK 0Ka3aJiocb, YTO BOBCE He OH OTBETCTBEH 3a sflepHble CHJHL.
[Tocne oTKpBITHA m-Me30HA, WM MHOHA, HHTepechl BcexX obparH-
JUCb K 3TOH HOBOH yacTHLe — NEHACTBUTENbHOMY MEPEHOCUUKY
snepHbix cus. Crapbifi )Ke ME30H MOJ HOBbLIM HMEHEM [-Me30Ha,
W1H MIOOHA, OCTAJICH HAa HEKOTOpPOe BpeMs B TEHH.

HcToOuyHHKOM MIOOHOB SIBJIAIOTCS MHOHBI, KOTOpLIE pacnafaTcs
Ha MIOOH H HeHTPHHO:

wt -pt 4w,
= > pm 4 V.

DTt pacnaibl NMPOUCXOAAT OueHp ObICTPo. OCTAaHOBUBILHHCS
mHOH (MBI MOMNUEPKHBAEM «OCTAHOBHBIUMHACA», TaK KaK OBICTPO
JeTAWMA nHOH OyIeT KUTb [OJbllle) KHUBET B CpeaHeM
2,6 -10-8 cex. (1/50 MUKpOCeKyHbI).

Ha nepBblii B3rsia4 Mor/io Gbl MOKa3aThCsl, YTO HEHTPANbHBIHA
IHOH [0JI’KEH PaclacTbCsl Ha HelTpabHbIH u’-Me30H, HO Mbl yXKe
8HAEM, YTO 3TO He Tak; mP-Me30H pacnanaertcs Ha ABa (OTOHA.
Ecnu mocMoTpeTb Ha CXeMy pacnana BHMMATeNbHO, TO BUIHO, YTO
HeHATpa/sbHOMY MHOHY He MPOCTO pacnactbCsi Ha pl, Tak Kak Hemo-
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HATHO, KaKOl [NOJKHa ObIThb BTOpas HefiTpanabHas yacryua. Tak
KaK v H v pa3/JHyHble YacCTHIUbL, TO ANa pacnana n° — u® Hago 6bLI0
Obl MPHAYMBIBATH elle TPeTbio YacTHUY—HeHATPHHO, KOTOpas COB-
mafiana 6o co csoefi antuyacrtuueii. M peiicteurensHo, HecMoTps
HAa NOHCKH, KOTOpble BeJHChb AOATHE TOMbl, HeHTPaJbHbI MIOOH
ob6Hapyxen He Obl1. Cefiuac y»Ke Bce NMPUMHPHJAHCH C TEM, 4TO
€CThb TPOHKA NHOHOB M TOJNbKO Napa MI0oHOB. Bee sienToHBI, TAKUM
0o6pasoM, cyuwecTByloT napaMu: pt U pT, et une, v u v

pu-Me30oH caM no cebe xuBeT Henoaro. [Moxosawwiics p-Me3oH
pacnapaercsi B CpefiHeM 3a 2 MuKpocekyuanl (2 - 1076 cek.). Cxe-
Ma ero pacnajga cBoeobpasHa; OH pacnajaercss Ha TPH YaCTHLbI—
3JIeKTPOH, HEHTPUHO M AHTHHEATPUHO:

pt et v+,

p-~e v+ v.

Jpyrue nporeccel, NPH KOTOpbiX Gbl BbijaeTesa mapa He#Tpu-
HO, He M3BeCTHHL. DTO Takke ocoboe CBOHCTBO MIOOHA. Ha nepBuIix
f10pax BCeM Ka3aJ/loChb, UTO y MIOOHA JOJIKHbI ObITb U ApYrue cno-
co6bl pacnajga, HampuMep TakKo#:

pt —et 4 e 4 et,
p- e +et+ e

Ho rtakoro pacmaja HHKTO HUKOraa He Buzea. [louemy ero
HeT, HeMOHSITHO!

Kasamnocy Obl, 4TO MIOOH MOXKET pacmnafaThCsi Ha 3JIEKTPOH H
¢oroH:

ut et +y,

u- e +y,
HO M TAKOTo pacmajga HUKTO He BUIed. B To ke Bpemsi GoJjee
CJIOXHBIA pacnaj

ptoet+v+v+y,
XOTS ¥ OUEeHb PeIKO, HO MPOUCXOIHUT.

DTH . 3arafiku BO3HUKJAW Cpa3y, Kak TOJbKO CTaju paclld-
pATbCS 3a0polueHHble HCCAen0oBaHHs MiooHa. Paspewutb ux He-
Jaerko. OnMH M3 OCTPOYMHBIX CnocoGoB Gbia npemnoxed [loure-
KopBo, KoTopbifi mowen no nytu I[layan — no nytu usobperenus
HOBOH YaCTHULBI.

Jlas toro utoObl pacmanbl, 3anucaHHble B, ObLIK Gbl He-
BO3MOXHBI, OKa3bIBA€TCS, AOCTATOYHO NPEANONONKHUTb, YTO Hefir-
pHHO, BblJeTaloliie NpH pacnajie MooHa n GeTa-pacnaje, pasHee,
Bosiee toro, wago ckasaTb, 4TO NMpH pacnage 3JeKTPOH Bceraa
JOJI)KEH COMpPOBOXKAATLCSH CBOMM «3JIEKTPOHHBIM® HEATPUHO, a
MIOOH CBOMM «MIOOHHBLIM» (0603HAUUM HX Ve H v“). Torna pacnap

MIOOHA HAET NO CXeMe
pt et +ve+V
w- -*e"’l';e,‘l'\’p..
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Ilpn TakoM npenanoJioKeHuu pacnaabl 6e3 HelTPHHO OKasbl-
BaIOTCA HEBO3MOXKHBIMH, €CJH K 3TOMy HN00aBHTb, 4TO 00a copra
HEHTPUHO HACTOJILKO pa3Hble, YTO OHU HE MOTYT AHHUDHJIUPO-
Batb. B sTOM cayyae, HampuMep, CyILIeCTBOBaHHE pacnana
put— et + y osHayano 6bl, YTO v, H v, MOTYT MNpPEBPATUTBCA B
($OTOH BOnpekH HalleMy NPEeANOJOKeHHUIO.

Kax npoBeputrb 3Ty rumoTedy? $IcHo, 4TO AJNS 3TOTO Haj0D
YCTAHOBUTb, YTO MYYOK «MIOOHHBIX® AHTHHEHTPHUHO B OTJIHMUHME OT
OOBLIYHBIX «3JIEKTPOHHBIX» (M3 peakropa) He MOKET BbI3BaTh pe-
axuuio NpeBpalleHuss IPOTOHA B HelTpoH. Tak Ju 3TO, MOKaxer
OTBIT.

HMurepec x MiooHaMm cefiuac BO3poc, ¥ Hafo AyMarb, 4TO GJH-
JKalve HECKOJNLKO JIeT MHOroe Ho6aBAT K NMOHHMAaHHIO CBOWCTB
3TOH HECKOJNbKO TAWHCTBEHHOH yacTHUBL. A MIOOH JOCTaTOUHO
TauHCTBeH., Ero cBOHCTBA OuYeHb NMOXOXKM Ha CBOHCTBA 3JIEKTPO-
Ha — HeJLapoM MIOOHBl U 3JIEKTPOHLI OTHeCeHb K OJHOH rpynne
JgentoHoB. Tosbko MiooH B 200 pas Tsikenee 3/JeKTpoHa. B uem
NpPUYHHA CTOJb OOJBLIOro cX0AcTBa (MU CTOAb 6OJbIIOH pas-
HMLBl B Macce), HEnoHsiTHO. Boo6lue HEMmOHATHO, KaKyl0 poJb
urpaer MOH B npupojge. OH XKHBET Majio, CPAaBHHUTENbHO caabo
B3aHUMOJEHCTBYeT C BeLIeCTBOM U B OGLIEM CJYKHUT JHUIIb NpPOMe-
JKYTOYHBIM NYHKTOM B LENHM pacnajga nmHoHa:

Wt pt v et vy 4y,
= >p-Fvoe vV

XoTs He OUEHb ACHO, MOXKHO JIM CNPAIIMBATb Y NPUPOJIBI, 3a-
yeM CYWECTBYeT YTO-TO, HO BCE-TaKH Mbl NPUBLIKAU K TOMY, UTO
BCe YaCTHLUBI YyYacTBYIOT B KdKOM-TO CJIOKHOM INpoHecce, H He
X04YeTcsl NMpeanoJaratb, 4TO MIOOH SIBJsSeTCd JIMIIHHM B KapTHHE
MHKPOMHDA, He HrpalolUM B Hell HMKakold posu. B uem xe co-
CTOHT 3Ta POJb? IDTOT BONMPOC M NpeactaB/asfer cofod OxHY H3
TeX 3azau, KOTOPble NMOCTABUJIU B TYMNHUK (DU3HKOB.

Crpannas ucropus

Ecnu He ofpawarh BHUMAaHHSI HAa HeEMOHATHOE Ha3HayeHMe
MIOOHA, TO TOCJe OTKPBITHS IHOHA BCE CTaJ0 Ha CBOM MECTa.
Kaxnast wactuna Hecer cBOM OOS3aHHOCTH, M Ha 3TOT pas He
OBIJIO0 HHKAaKOH HeoOGXONMMOCTH B HOBBIX YaCTHIIAX.

U Bce-Taku HEH3BECTHBIM OKasaJcs Uenanlil HoBuil Mup. Kor-
na Ha doronnacTHHKax OblIM HaHIeHbl CJAeIbl HEBENOMLIX Ya-
CTHL, 3TO GbLIJI0O HACTOJLKO YIHBHUTEJbHBIM, YTO O HHX TOBOPHJM
KaK 0 CTpaHHBLIX yacThuax. Takoe HeCKOJbKO MDOHHUECKOE Ha-
3BaHHME TaK M OCTAJOCh 32 HHMH, a aMepHKaHCKuil ¢usux lenn-
ManH, KOTOpbIfl NEepBLIM YBUI&N NOPSIA0K B 3TOM CTPAHHOM MHUDe,
laxe BBeJ HOBBLI TEPMUH «CTPAHHOCTb», KOTOPBIM OMHMCHIBAIOT
HEeYyTO aHaJIOTMYHOe 3apsiy B MHDe «OOGbIYHBIX» YACTHLL.
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TakuM 06pa3oM NOSIBUIHCH YACTHUBI C Pa3HOH CTPAHHOCTHIO,
a 0 CTapbIX YacTHIAX CTaJY MOBOPHTH, KAK O YACTHIAX CO CTPaH-
HOCTb!O, PaBHON Hy/I0 (3TO HA fA3bIKe (PU3UKOB O3HAYAeT B KOH-
e KOHIIOB NMpPOCTO, YTO YaCTHUBI OOBLIYHbIE).

HaceneHnne HOBOro MHUpa, KaK Temnepb BLISCHUIOCH, COCTOUT M3
YacTHUIl TSKEJBX, ¢ Maccoi 6GoJblle MacChl HYKJOHOB — HX Ha-
3BaJIM THNEPOHAMH, M HOBBIX COPTOB Me30HOB — K-Me30HOB,
uau KaoHoB. KaoHbl ObIBAIOT IMOJOXKUTENbHO 3aPSIKEHHBIMH U
HeHTpaJbHBIMY, & AHTHKAOHBI — OTPUUATENbHBIMU M TOXEe HeHT-
panbHBIMH. B 3TOM CMbIC/Ie OHM NTOXOXH He Ha NHOHBI, a CKopee

Ha 3/EKTPOHBl M HeATpPHHO (4acTHubl e~ ¥ v, AHTHYACTALE! et U
v). Ho KaoHbl He UMEIOT CNHMHA, U B 3TOM CMBbICJIe OHH IOXOXKHU Ha
nuoHel. [To Macce e OHM NMOYTH B 3 pasa TAxejee IHOHA; HX
Macca paBHa mpuMepHo 970 3JMeKTPOHHBIM Maccam.

Funeponsl Takxke ycrpoeHb HeoObuEO. OHH IBHO COCTaBJSIOT
IBe Ipynnel. B OfHY H3 HUX BXOAWT HeHTpPa/bHBIH JsaMOaa-rune-
poH (runepoHbl GBLIO pelleHo 0003HauaThb NPOMUCHBIMH Tpeye-
CKUMHU GyKBaMH) M TPH CHUTMA-THNEPOHA: NMOJOKHUTENbHBIH, OTPH-
naTeNbHbIH M HeHTPAbHBIH. Macchl 9THX IMMIEepPOHOB CPaBHHTENb-
HO GJIM3KH APYT K ApYyTY (A nmeer maccy 2180 sjekTpOHHBIX Macc,
2 — oxkoso 2330; sto Goabure maccel nporoHa). PasHoctb Mace
TUIIEPOHA M HYKJOHA IpeBbIIaeT MacCy INHOHA, a IOTOMY B
CTPAaHHOM MUpe BCTPEUAEeTCs HOBAS PAaJHOAKTUBHOCTb — ITHOHHAS,
OueHb HenmpuBLIYHO BBIMISAST W aHTHYACTHUBLL. AHTHIsIMOGAA TO-
Ke HeHTpaJbHa; €CThb ellle TPH AHTHCUIMBI, IBE U3 KOTOPLIX 3a-
PAXKEHBI: aHTHCHUIMa-MHHYC 3apsiKeHa IOJIOXKHUTEJNbHO, a aHTH-
CUIMa-IIJIIOC OTPHUATENbHO; TPeTbsl aHTHCHrMa — yacTHLa HelT-
panbHas.

Hpyras rpynna 6Gosee noxoxka Ha HYKJIOHE, HO TsXKeJee HX.
dro kcu-runeponsl (E) c¢ Maccod 2580. BriBaioT oTpuuarennHo
3apsiXKeHHble KCU-MUHYC ¥ HeHTpaJsbHble KCH-HOJb runeponnl. Mx
AHTHYACTHILBI, OYEBHHO, NOIXKHbBl HA3bIBATHCA: dHTHKCH-MHUHYC
(3apsiKeHHAs MNOJIOKUTEIbHO; NOTOMY OHA HAa3bIBAeTCS NPOCTO
KCH-TJIIOC) W aHTHKCH-HOJb.

Bce runmepoHsl MMEIOT CNHUHBL, PaBHBIE NOJNIOBHHE, TAK XKe KakK
1 HyKJOHBI. ITepeuncaum Bce 12 rumepoHoB eme pas: A, aHTH-AS,
3+ 3, 20 aHTH-3Y, aHTH-X” . auTu-X°, Bt B0 H- u autu- EO.
Bmecre ¢ vethippMsi KaoHamu K*, K autH-K° u K~ oHu cocras-
JA10T 16 uneHoB cemelicTBa CTPAHHBIX YACTHLL.

HeoGuiunocTs 3TOro ceMeficTBa NpPOABJAETCS C MOMEHTa ero
oTkpbiTUs. OQHOH U3 MepBLIX 3arafoK ObIJIO TO, YTO JBA HYKJIOHA,
CTAJKHBAAChL APYr C APYroM, He MOIJIM NpeBpamaTbCs B TUNEPO-
HbI, XOTSl [JIss 3TOrO0 UM BIIOJIHE XBaTaJs0 3SHEpPrHH.

Tak, necmoTps Ha Bce crapaHusi, GU3MKM He MOTJIM OGHApy-
KMTh HY mpolecca

HeiTpoH + weiitpor - A+ A,
HH mpouecca
HeATPOH -+ HefiTpoH — A - nelTpoH.
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C npyro#i cTOpoHBI, npu OOJBLINX SHEPTUsX OOHAPYKHUIACHL
peaxuus:

pefiTpon + HeldTpoH —>A + K® + HefiTpoH.

Heno BbIrIsfAeNo Tak, 4TO THIEPOH He MOT BO3HHKaTh B
ONMHOUYKY, a TONIbKO B nape C KaoHOM. SICHO, KOHEYHO, 4TO rHule-
pOH MOXeT BO3HMKaTb M B Mape C aHTUrUMNEPOHOM, HO st 3TOrO
Hano uMeTb 60JbLIYIO SHEPrHI0 HYKJIOHOB (Hampumep, AJAS HpPO-
1ecca HyKJOH- aHTHHYKJAOH — A - aHTH-A).

Jro 03Hauaso, YTo A-TUNEPOH BMeCTe C KaOHOM MOXeT B
NPHHUKIE NPEBPATHTBCA B HYKJOH, a OAWH KaOH HJIH ONMH rHUIle-
DOH 3TOro crenatb He MoxeT, [ToueMy 3TOro He MOXKeT cresnarb
KaoOH, 3TO SICHO. ¥ KAOHAa HeT HYKJOHHOro 3apsfa M HeT CIHHA.
Ho A-runepon uMeer Tako# e HYKJOHHbIH 3apsifi U CIHH, KaK U
y HYKJOHA (MHaue OH He MOr Obl BO3HHKHYTb U B Mape Cc KAOHOM).
3HauuT y A-rUmEpoHa ecTb «YTO-TO», YTO BCE K& OTJIMUAET ero
OT HYKJIOHA, DTO «UTO-TO» ¥ HA3BaJH «CTpaHHOCTblo». He caenyer
YAHBJAATLCSA, YTO BMECTO TOro, 4to6bl OOBACHUTH CBOHCTBO ua-
CTHL, (U3MKH BBeIM NPOCTO HOBOe ca0BO. COGCTBEHHO roBOPS,
3T0 [e/1aJoCh W PaHblie — UMEHHO TaK BBOAMJIOCH NOHATHE HY-
KJOHHOTO 3apflla, COXpaHeHHe KOTOPOro He NAeT HCYe3HyTb sl-
paM, TaK e BBOAHMJIOCH H MOHATHE 3JEKTPHUECKOro 3apsna, XoTs
€ro COXpaHeHHe MO NPHUBbIUKE U KaXKeTcst HaM ecTeCTBeHHbIM CBOH-
CTBOM BelLleCTBa.

Cayunaoch Tak, YTo BBeE€HHas 10 aHAJOTHH C APYTHMH 3aps-
IaMy CTPaHHOCTb OKasajachb O4YeHb MPOAYKTHBHBIM MOHSITHEM,
KOTOpOe CBf3aJ10 B OLHY MPOCTYIO CXEMY MHOMECTBO HEOGBIYHBIX
asaenuil. Ilostomy «uzoGperenney [enn-MaHHOM «CTPaHHOCTH»
fBUNOCH B JIEACTBUTE/JbHOCTH OLHUM M3 CaMbIX BaXKHbIX OTKDHI-
THH B (PU3MKe 3/MeMeHTapHbIX YacTHI.

CrpaHHOCTH Bcex uyacThi OblIH H3MepeHB! Ha ONbITE MO 3aKO-
Ham ux poxjeHus. CTPaHHOCTH, He paBHbIe HYJIO, HMEIOT TOJbKO
runepoHbl ¥ KaoHbsl. K* u K umeror ctpannocts S = + 1, K~ u aH-
TH-K® — cTpaHHocTh S = —1.

[inepoHbl A ¥ ceMmeficTBO ¥ HMeIOT cTpaHHocTh S = —1, nx
antuyactuubl +1. Hakounew, rumepoust E umelor S =—2, a ux
aHTHYacTHUbl +2. MoxeT nokasaThCes, YTO CTPAHHOCTh OTJHYALT-
Csl OT APYrux 3apsA0B TeM, YTO OHA MpPUHHMaeT 3HaueHus 0, =1 u
+2, B TO BpeMs Kak OCTaJibHble 3apsi/lbl NPHHUMAIOT JHIIbL 3HA-
yeuust 0 1 = 1. Ho 3to otinune ronbko Kaxyuleecs. MoxHo Gbl/io
BMECTO CTPAHHOCTH BBECTH ADYroe Yucao (¥ ero meHCTBUTENbHO
BBOLMJH), KOTOPOE MpEeACTaBJsfeT CyMMYy HYKJOHHOTO 3apsaaa U
cTpaHHOCTH. Ecnu BCNOMHHTB, UTO HYKJIOHHBIA 3aps; rUMNepoHOB
N =1, a HyknoHHbtit 3apsa kKaoHoB N = 0, To MOXHo Jerko yGe-
JHTbCs, yTo uhcno Z = N + S npuHuMaeT AefCTBUTENbHO TOJBKO
3Hayenus O u =1,

CyuwecrBeHHo GoJsiee BaXKHO Jpyroe OT/JHYHe CTPAHHOCTH OT
sapanoB. CTpaHHOCTH He BCeraa coxpaHsiorcs. Mbl roBopuay, uTo,
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Hanpumep, AAMGIa-THNEPOH pacnamgaeTcss Ha NMHOH W HYKJIOH; Ta-
KOH pacrnaf siBHO MPOTHBOPEUYUT COXPAHEHHI0 CTpaHHOCTH. Jlio6o-
ObITHO, YTO HMEHHO 3TOT pacnaj AaJj HasBaHHe A-THIepoHYy: Tak
KaK caM HeHTpaJbHbIH A-runepoH He OCTaBJseT CJena, To Ha
CHHMKe BHJHA TOJMbKO BHJKa B BHAe OykBn A, o6pasoBanHnas
TPEKAMH OTPHLATEJbHOrO NMHOHAa U mporoHa. OnHaKo Takue pac-
nane 06/aamaloT BaxHOi ocobeHHOCTblo. OHHM NMpPOHCXOLAT CpaB-
HUTenbHO MepnJseHHo. [Tokosiuuiics aaM6aa-runepoH pacnajgaercs
B cpenuem 3a 2,5-10~10 cek. U Bce :xe 3TO OuUeHb AJHHHAS XKHU3Hb
B Macwrabax BpeMeH peakuui.

Bpems of6pa3oBaHusi THNEDOHOB NPH CTOJNKHOBEHHSIX HYKJO-
HOB — 3TO BpeMs, 3a KOTOpOe YacTHlla, ABHXKYILLAACA CO CKOPO-
cThio cera 3+ 1010 cm/cex, mpoxoauT pacCTosiHHe MOPALKA PALHY-
ca jgefictBusi siaepHblx cua 1,5 10713 cm, 1. e. Bpems nopsaiaka
10723 cek. A-THNepOH «XKUBET», TakUM o6pasom, B 10'3 pa3 nonb-
we. 3a 3TO BpeMs OH yitaer oT Mecta 06pa30BaHUs HAa pPaccros-
Hue oxkosno | cm. Takoit pacnmam MOMKHO Ha3BaTh MENJIEHHBIM, a
B3aUMOJelCTBHE, OTBETCTBEHHOE 3a Hero, caabbiM. K MemiaeHHbIM
pacrnanaM OTHOCATCS pacmafbl, O KOTOPbIX TOBOPHJAOCH Bbille:
6era-pacnaf, pacnajg NHOHOB U MIOOHOB.

B3aumoneiicTBHe, OTBETCTBEHHOE 34 POXKAEHHE MHOHOB, Kao-
HOB M THNEPOHOB, HAaJ0 TOrJa Ha3BaTb CHJAbHBIM. MOXHO Tenepk
YTOYHHTb NOHATHE CTPAHHOCTH, CKA3aB, YTO CTPAHHOCTb He CO-
XpaHnsiercs npu caabeix pacnagax. CoxpaHeHue CTPAHHOCTH, B OT-
JIMyue, HampuMep, OT COXPaHEeHHs 3JIeKTPHUECKOro 3apsia, 3akor
HE YHHMBEpCaJbHbl, a JUlb NPUOAMIKEHHBbIH, BepHbIA 1/ Npo-
IeCCOB, 32 KOTOPbIe OTBEYaeT CHJIbHOE B3aHMOIeHCTBHUE.

HenonsiTHEIM CBOICTBOM CTpAaHHOrO MHpa OCTAaeTcst TO, KaKyo
pOJIb OH UrpaeT B CTPOGHMH AApa U BooOuUle B (PU3MKE MHKDPOMHU-
pa. HecoMHenHo, UTO ero cyuiecTBOBaHHe CBSI3aHO C KaKUMHU-TC
CBOMCTBAMH 3TOrO0 MHpa, IO KOTOPhIX (DU3MKH elle He KoOpaHCh.
YnuBuTenbHbIE CBOHCTBA CTPAHHBIX YACTHL YKAa3bIBAIOT HA CKPbI-
Thi@ Ha OYeHb MaJblX PACCTOAHHSIX HE M3BECTHbIE HAM MPOLECCHI,
H3yUyeHHe KOTOPbIX H SIBHTCS 3amavell GU3MKU 3/1eMEHTAPHBIX 4a-
CTHL, Ha CJefylolliee AeCATHJ/IETHE.

I'mneponb

Paccmorpum Temepp Gosiee noZpoGHO CBONMCTBA PAa3IHUHBIX
runeponoB. [Ipex e Bcero yc/oBUMCS, YTO Mbl He 6yIEM rOBOPUTH
006 aHTHrMIIEPOHAX, TaK KaK HX CBOHCTBA BIOJHE aHAJOCHYHBL.
3aMeTHM TOJbKO, UTO Noc/ae OTKpbiTHA B JlyOHe aHTU-Z~-runepo-
Ha u B HMraaun anrtu-Z*-runepona Ha onbiTe He ofHapyKeH
TOILKO aHTH-EC-runepos.

HMrak, Mo GyneM roBopuTb O TUMEPOHAX C OTPHLATENLHOMR
CTPAaHHOCTbIO: JaM6aa u curMa (S=—1) u xcu (S= —2) u ny-
KJIOHHBIM 3apAA0M, PaBHBIM |. DTH THMEPOHbI pAacnafaloTcs 3a
BpeMms okoso 10710 cex. (kpome X°) mo ofHO#H H3 CxeM:



A0~ n + o, A~ p+ 7
n+nt
p+m’
Bce atu pacnmambl mpOUCXOAAT, KaK MBI YXKe YNOMHHa/W, C
HapyluleHHeM 3aKOHa cOXpaHeHUs CTpaHHOCTH. CTPaHHOCTb HYK-
JIOHOB M NMOHOB paBHA HYJIIO, NOTOMY BO BCeX pacmajax NMpouc-
XOAMT M3MEHEeHHe CTPAHHOCTH Ha equHMLy. Tak Kak Macchl Bcex
4eTbIpeX THNEPOHOB Majo OTJMYANOTCA APYr OT Apyra, TO X-TH-
MepoH He MOXKEeT MO TaKOH ke cxeMe NpPeBpPaTHTbCS B A-THIIEPOH
(He xBaTaeTr 3HePruu A5 U3JYUeHHS NMUOHA).
Camblit TaXKeJblil KCU-THIEPOH pacHagaercs 10 CXeMe:
-+ A
- {n04 32~
=+ X0

It - { - —>n+a, 20 ~A%+y.

AHanoruyHo MOXKeT pacnafartbCst U HeHTpaJbHbIH E0-THIEpoH.
OnHakKo HUKOMY He yAaJoCh HAaGJIO0aTh CAyyaeB NpeBpalleHHs
KCH-THIIeDOHA B HYKJIOH, XOTSl HEPTHH B 3TOM cJjaydyae C H3GBIT-
KOM xBaTuno Obl Ja)e Ha 0Opa3oBaHUe JABYX NMUOHOB. Tak uTO
3aKOH COXDaHEHWsl 2HEPrMM He MellaeT CYILECTBOBAHMIO pacla-
OB THIIA

E-—>n+4n 4+ nd,

OnHako Takue pacnajbl B IPUPOAE He MPOUCXOAAT. DTO 3a-
CTaBJsieT cleJaTb He OUeHb MOHATHBIA BBIBOA, UTO XOTSl CTpaH-
HOCTb Npu cjaabblx pacnajgax M He cCOXpaHsercs, TeM He MeHee
OHa He MOXeT U3MEeHSThCS KaK YrofHO. ¥iKe M3MeHeHue Ha 2 efu-
HULBl OKA3bIBAGTCS [JIST Hee HeBO3MOXKHBIM.

[TostoMy 3akOH COXpaHeHH CTPAHHOCTH HaLO YTOUHUTb H
(¢hopMyJaupOBaThL €ro Tak: B CHUJAbHBIX B3aUMOJEHCTBUAX CTpaH-
HOCTb COXpaHseTcs, B Cla0bIX — MeHseTcsl Ha efuHHIy. DTO OC-
HOBHOH 3aKOH CTPDAHHOrO MHpa.

MoxHo Tenepp NHOHSITH, KaK poxkpaloTcs runepoHsl. Korpa
HYKJOH NpoJieTaeT MHMO JAPYroro HykJOHa, 00e 4aCTHIbl HaXo-
nsTest 61M3K0 APYT K APYTY CJAHIIKOM MaJjioe BpeMsi, 4TOObl MOria
MpOU30HTH peakuus, obpaTHas cjaaboMy pacnaiy, H HYKJOH mpe-
BpaTusaca 6bl, HaNpuMep, B JAsIMO1a-rUNepoH, NOTJIOTHB NMPH 3TOM
MMOH U3 NMUOHHOrO 06/1aKa APYroro HyKJOHA.

Ilpu CTONKHOBEHHH POXKIEHHE FHIEPOHOB MOXKET IPOUCXOIHUTh
TOJIBKO 32 CueT CHJbHOTO B3aMMOAEHCTBHSA, T. €. TOJBKO C COXpa-
HeHueM crpaHHocTd. [TosTomy nsiM6ra- U curMa-runepoHsl o6pa-
3YIOTCSl M3 HYKJNOHA (NPH CTOJKHOBEHHH €ro C SApPOM) OQHOBpe-
MEHHO C OJHUM NOJOXKHUTEJNbHBIM KA0HOM.

Kcun-runepon mMoxer o6pa3oBaTtbcsi M3 HYKJIOHA TOJMLKO BMe-
CTe ¢ JABYMs KAOHAMH, MOITOMY Takoi mnpouecc Tpebyer 60Jhb-
I10#1 SHEpruu U Ha6JIONAeTCst CPABHUTENbHO peako. Kcu-runepo
MOKET B NPUHUUIE POAUTHCS M3 CTOJKHOBEHHS JaAMOxa- UM CUT-
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Ma-THIepoHa C sAPOM BMECTe C OJHMM KaOHOM, HO TaKoil mpoiecc
Ha6/01aTh eule TPydHee, TAK KaK caMux JaMBaa- U curMma-rume-
pOHOB pOXKIAeTcs He OueHb MHOro, TOJBKO B moc/JeRHHH roi Ha
CaMbIX GOJIBIIUX YCKOPHUTEJSIX HAUHHAIOT TMOJYY4aTb IYYKU TCHIe-
pOHOB, M Ha ouepeldb CTaja 3ajaya NOADOOGHOTO H3YUEHHS HX
B3aHUMOJEHACTBHS C BELIECTBOM.

Tax kax runmepoHsl BOOOLIE OUEHb NTOXOXKM IO CBOHUM CBOH-
CTBaM HAa HYKJOHbI (HX BMECTe Ha3bIBAIOT OGILIMM MMeHeM 6Gapu-
OHBI), TO HAaAO OBLIO OXKHAATb, YTO, KAK U HYKJOHBI, THIIEDOHBI
MOTYT pacnajaThCs ¢ U3JayuyeHueM aneKTpoHa. Taxol Gera-pacnan
T'HIIEDOHOB HOJIKEH MPOUCXOAUThL N0 CXEMaM:

A —vp+e—+7,
2 - n—l—e-+~5.

OJIeKTPOHBI, BhIeTalolMe npu Gera-pacmaje THIEPOHOB,
JOJUKHBI 006J1agaTh OrpOMHOI 3Hepruelt, goxonsmed no 100 Mas
H JazxKe Bblllle, ¥ CBOHCTBA pacnmaja Npd 1aKoid OoJbLIOH 3Hep-
MY NpencTaBisanu Obl HeCOMHeHHbId uHTepec. Hamomuum, uro
npyu obcTpesie HYKJNOHa 3JektpoHaMmu ¢ sHeprueit 100 Mas Xod-
[WTaATep BIEepBbIe 3aMeTHJ, YTO HYKJIOH UMeeT pasMmepsl. B pacna-
Je runepoHa 3JeKTPOH ¢ TaKOH IHepruell c caMoro Hayazaa Ha-
XOAuTCH BOJIM3W THIEPOHA, M HA ero MOBENSHHH JOJKHA OTpa-
3UTbCH CTPYKTypa THIEPOHA.

K coxanenuio, u 310 6blJ10 GOMBIIXM pa3ouapoBaHueM, pac-
majbl THNEDOHOB OKA3aJUCh HACTOJNBKO PeoKUMH, UTO 3a BCe
roabl yAaJoCh 3aperHCTPUPOBATHL JIUIUb Mapy HECATKOB CJayuaen
fera-pacnafa JsiM6aa-ruIepoHa U BCEro HeCKOJbKO cayuaeB (aa
H TOo COMHHTeJbHBIX) 6era-pacnaga curMma-runeposa. Crosap Ma-
JI0€ YUCJIO Pe3KO PAaCXOJUTCH C NMpelcKasaHHeM TEOpUH, H 3jech
BO3HHMK/JA elle OfHAa 3arajka: NouyeMy THIIeDOHbl TaK HEOXOTHO
Hd3Jy4aloT 3JeKTPOHBI?

Bera-pacnanoB KCH-THIIEDOHOB BOOOLIE HUKTO He BHAEN. DTO,
npaBja, 4aCTHYHO OOBSCHAETCS TeM, YTO CAMHX KCH-TUNEPOHOB
MaJjo, HO, TMO-BHAMMOMY, HECKOJbKO 3arajJouHblil 3anper G6era-
pacnaja y THIEPOHOB CBfI3dH C ueM-TO 6oJsee TIyOOKMM H HHTe-
PECHBIM,

B npunuune, c runepoHaMu MOT NPOHCXOAUTb H ellle OAUH He
M3BECTHBIH 10 CHX MOP THN pacnaja — p-pacnajg — pacnaj, Io-
Zn06HbI GeTa-pacnaly, B KOTOPOM BMECTO 3JIEKTPOHA BBIETAJ Gbl
MIOOH (3HepTHM Ha 3TO XBaTaeT, TaK KaK T'MIEPOHBl HOCTATOYHO
Taxensle). OfHaKo p-pacnajgoB BooGue HUKTO He HabJonad. [To-
YyeMy 3TO Tak, TOXe He BIIOJIHE MOHSTHO.

HcenenoBanne npupoasl runepoHOB — OYeHb HHTEpECHAs 3a-
naya. Mosxer ObITb, THIEPOH eCTb BO30yKIEHHOE 'COCTOSIHHE HYK-
JIOHa, 10J006HO BO30YKIEHHOMY COCTOSIHHIO aToMa Boxopoxa? Mo-
#eT ObIThb, CYIIECTBYIOT ele U Gosiee TsKeJble THIIEPOHBI? DTH U
MHOTHe JPYTHe BONDOCH KAYT CBOErO pelIeHHS.
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I'unepsigpa

¥V runeponos uaGaonaercss uHTepecHoe siBaenue. Muorna npu
paculenyieHu aapa ObICTPO#A yacTHUEH M3 HEro BbUIETAIOT HApPSILy
C HYKJOHaMU M Me30HaMH OCKOJIKM, KOTOpble uepe3 HeOOoJ/bluoH
NPOMEKYTOK BPEMeHH u3Jjyuator nuoH. OO6bACHeHHe 3TOTO ABJC-
HUS COCTOMUT B TOM, YTO BblJeTaIOLWHA OCKOJNOK NpeicTaBJ/seT Co-
6oii, HanpuMmep, fApPO TPuTHUA (M30TONMa BOLOPOAA C MACCOBHIM
4UCcJa0M 3), B KOTOPOM OAUH U3 HEHTPOHOB Gbl1 3aMEHEH Ha JAAMO-
na-runepoH. Takoe sApo MOJNyYu/ao Ha3BaHue TunepTputus. I'n-
NepTPUTHH TaKMKe siBJAsEeTCs H30TONOM BOZOPOAA, HO OH paJHO-
aktuBeH, 3a BpeMs okoso 10710 cek. runmepTpUTUi H3JayUaeT f-Me-
30H. HoBoe siBnenue m-palHOAKTHBHOCTH $1ep OTKDPHITO COBCEM
HEeIABHO M Elle NOUTH He H3YUEHO.

Kpome runepTpuTHS, OTKDBLITO elle HeCKOJbKO rumepsaep ——
runepreanii 3 (u3oron reaus 3, B KOTOPOM HEHTPOH 3aMelleH T'i-
MNepoHoM), runepiautuil, runepbepuanuii, runep6bop u rumepyrie-
poa. OnHako 10 CHX MOp He ylajocb HaGAAAThL CAMOTO MPOCTO-
ro peICTaBHTENst CeMelCTBA runepsanep — runepaedTpoHa (cu-
cTeMbl U3 naMbaa-runepoHa U npotona). Cuabl MeX1y STHMH ABY-
M YaCTHHAMH OKa3blBalOTCH MOCTOSIHHO HACTOJIBKO MaJibIMM, 4TO
OHHM He MOTYT CBA3aTbCs B OAHO AAPO. TONBKO C MOMOLLBIO TPeTh-
efl yacTHUBl — elle OfHOro HeHTpoHa, ynaercs OOBEAHHHTb CH-
CTE@MY B CPABHHUTENbHO YCTOHUUBbIA FUIIEPTPUTHUL.

Kaonn

YerbIpe Ka-Me30Ha, WM KaoHa, MPHHECAH ¢ coOoil OYeHb MHO-
IO HOBBIX SIBJIEHHI, UX CBOHACTBA Pa3HOOOGpPa3Hbl W HENOXOXKH Ha
cBolicTBa Hx OoJsiee JierKWX MapTHepoB — MHOHOB. Poxnasch B
NpOLECcCcax CHAbHOIO B3aWMONCHCTBUSL BMECTE ¢ TUIEPOHAMM, OHH
MoryT poxnatbest u napamu K*—K- nan KO — antu-KO )KusyT
KAOHbl HEJOJITO; BCe OHM PACNALAlOTCs, H paCnaibl UX SBJASIOTCH
cnabbiMu — MedJeHHbIMH pacnagamu. OTauyuTe bHOH uyepTof
pacnagoB KaoHOB fBAAeTCS UX pa3Hoo6pasue. Bosbmem, Hanpu-
Mep, MOJIOXKUTEJNbHbI KAOH, OH MOXET pacnamaThCsi OJHUM H3
cemMHu cnoco60B (cnpaBa AaHbl NMPUHSATHIE HA3BaHHUS pacnajoB):
(

ot 4+ o 2m-pacnag

+ 0 0
g+ -:_- nnj-_'ﬂ_'[n_ }Bn-pacnan
K+ — et 4 v+ mo 3e-pacnan
{ et+wv 2e-pacnap,
I ut 4 v + no 3u-pacnap
wt+v 2u-pacnan

§

ARasornynble pacnanbl CylLeCTBYIOT U /s OTPUUATENLHOTO B
gedTpasnbHoro kaona. Takoro pazuoo6pa3us pacnafos He UMeer
HM oaHa uyactuua. [TorpeGoBasoch oueHb MHOTO Tpyla M CHOPO3,
noka OblI0 J0Ka3aHO, YTO MHOXEeCTBO pa3HbIX pacnajos, peru-
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cTpUpyeMbiX npubopaMu, B JeHCTBUTEIbHOCTH OTHOCATCS K ONHOH
H TOH Ke 4acTHule.

C orkpbiTHeM HeiTpadbHOro K°-Me3oHa CBA34HO H OTKPBITHE
HOBOTO (PYHAAMEHTAJbHOIO SIBJIEHHS — HeC O XPaHeHHus YerT.
HOCTH.

Hauasio 3TOro OTKPBITHS JIeXKalo B HEoKHAaHHO OOHApyKeH-
HOH 3arajxe, MoJiyuMBLUed Ha3BaHWe «T3Ta-tray npobsemas. IJro
OblIO B Ty MOpy, KOrha ellle He ObIIO MOHATHO, UTO BCE pacnalibl
K4a0HOB €CTh pachajibl ONHOK W TOH Ke yacTuubl. B 3to Bpems
pacnan Ha 2 m-Me30Ha Ha3blBaJU TITA-PACMnajoM ¥ OTHOCHJIM €ro
K HEKOH rumoTeTHdeckoi ©-uactuue, a pacnaj Ha 3 m-Me30HA
cydrasu pacrnagoMm apyro#l — rtay-uactuubl. To, 4To TITA M Tay
ABJISIIOTCS PA3HLIMM YaCTHLAMH, He BbI3bIBaJO HHMKAaKOro COMHe-
HHUS.

JloBOIBHO TOHKHE CBOHCTBA, KOTOPBIE CJIEIOBAH M3 KBAHTO-
BOIl MexaHUKH A1S yacThl 6e3 CruHa (KakKoH H sIBJASIETCS KaOoH),
He paspeluaJsn OJHOH ¥ TOH e yacTulle pacnajgarbcs ABYyMS pas-
HbIMH crioco6amMy — Ha 2 W Ha 3 MUOHA C TAKMM YIJIOBbIM pacrpe-
nesieHHeM MHOHOB, KaK 3TO HabJ04a/l0C, Ha onbiTe. JTO, KaK ro-
BOPHJ/IM, MPOTHBOPEUHT «3aKOHY COXPAHEHHS UYETHOCTH».

YUToO6b! 06bACHUTD, YTO 3TC 32 3aKOH, HAM MPHIETCS ZOBOJBLHO
HJajeko ydTH B CTOPOHY OT Hauleil TeMBl, a cedyac Mbl MOMNPOCHM
qUTATeNs MOBEpPHTb, YTO elle HECKOJbKO JIeT Has3aj 3TOT 3aKOH
Obla1 CTONIb e He3bi6JeM, Kak U ADYrHe 3aKOHbI, YYTh JIX He Kak
€aM 3aKOH COXpaHeHHUsl 3HeprUH.

M BoT Ha nmpoTHBOpeude C TAKHM 3aKOHOM M HATKHYJHCb He-
€KOJIbKO JIeT Ha3ad Bce MU3HKU. Bblin npeinpHHATE repoudyeckHe
HOMNbITKH CNAacTH 3TOT 3aKOH, HO J0Ka3aTh, YTO CYLLECTBYIOT JBe
pasuble yacTHUL © H 7, He yaaBa/joCh. JKclepHUMeHTh Bce 0o-
Jgee W Gonee ybGelHTeNbHO NOKa3biBaju oOpaTHOe, YTO O H 1 —
9TO pacnanbl OAHOH W TOH ke yacTHUbl. M BOT B camoe Tsxenoe
BpeMs pasgaJjicsi rojgoc ABYX ¢usukos. SHr UkeHb-auH u Jln
LI3sH-1a0 (ux 30ByT 06bIuHO Kopoue — SlHr u Jln) cnpocunu, a
nouemy, co6CTBEHHO FOBOPS, BBl TAK yBepeHBl, UTO 3aKOH COXpa-
HeHUsl YeTHOCTH He3biOaeM? Kakue ecTp TOMY TeOpeTHYeCKHe HaAU
9KCIepUMeHTallbHble OCHOBAHHSA?

H HeoxxkunaHHO [J51 BC@X OKA3aJoOCh, YTO OCHOBAHHME JJIS BCe-
obuleli cnpaBefnnBOCTH 3TOr0 3aKoHa Her. OkasbiBaercs, Gusnxu
6oaaucb yepra, KOTOPOTO OHM caMu Ke Bbiaymaau. Euwe oaun
YPOK Oblal npenofad yOeiuTe/bHOH HCTOPHEH 3/eMeHTapHBIX ya-
CTHIL...

IIpaBoe u JeBoe B npupone

A Teneppr Gpocum Ha BpeMs HHTEPECHBIH MHKDOMHD M TO-
CMOTpPHM Ha OoJjiee MPUBBIUHBIE MHDP, KOTOPBHIH HAac OKpyXKaer.
Brino Bpemsi, Korna /oau, roBops «BepX» M «HU3», He TPe6OBaJH
00bsicHeHUH, 4To 3To Takoe. BoJiee TOro, 3Ty MOHATHS HACTOJBKO
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BOLIJIM B CO3HAHHE YeJq0BeKa, 4Tto uhes wapoobpasHoit 3emau,
MO KO10pOH JI0AM XOmAT (Ha IPYrOM INOJYIIAPHK) BHH3 TOJIOBOH,
KasaJzach coBceM Hejenofl. OueHb TPYAHO ObIIO MPHUBBIKATH K TO-
My, UTO Ha 3eMJe HeT «BepXa» M «HHM3a», a eCTb HanpasieHue
K ueHtpy 3emau u ot ueHrpa 3emau. CUMMeTpUs TOTO, YTO 1e-
Janoch BOKDYT, Oblia CMMMeTpHel wapa, a He njockoctu. Ma-
rejuiad, o0bexaBlUid BOKPYr CBeTa, MepBblil NMPOBEPHJ NPAMBIM
9KCIEePUMEHTOM, UTO JIHHHKSA, Ka3aBluascs 6eCKOHeUHOH npAMOH, —
€ro MyTb B OKeaHe — sBJsETCS B AHCTBHTENbHOCTH OKPYXKHO-
CThIO.

Ho xpome «Bepxa» u «HH3a» eCTb ellle «NpaBo» U «/1eBo». Ec-
JH HEeMHOTO 3a4yMaTbCs Hal 3THMM BeCbMa MPHUBLIUHBIMH MOHS-
THSIMH, TO OHH JEJIAI0TCSA COBCEM HE TAKUMH eCTeCTBeHHbIMU — He-
napom peGeHKy oHM 0AI0TCH C GOJIbLINM TPYLOM U MHOTHE NMyTaloOT
«IIpaBoe» M «J/1eBoe», Na)e Bbliinn n3 wmaaneHuectsa. Cxoxue
«BEPX» U «HU3» BpAL JU MOXKeET CnyTaTh faxe pefeHOK noc/e
TOTO, KaK OH HAYYMJCSI MPOU3HOCHTHL 3TH ciaoBa. C apyro#i cro-
pOHBI, BCCb MHP BOKPYr Hac YCTPOEH TakK, UTO «NPaBoe» M «Je-
BOE» OKa3bLIBAIOTCSl CYLIECTBEHHBIMHM npu3Hakamu. [Ipexnae Bcero
CaM uYeJoBeK yCTPOEH HeCHMMETPHMUHO: Cepjlle CJaeBa, NeyeHb —
cupaBa, [Ba MNOJYyIIAPHs MO3ra BBIMOJNHAIOT pasHble (QYHKIHH.
Hecummerpuunbl ¥ Bce ApYyTHE >KHBOTHble OpPraHH3Mbl. Pakosu-
Hbl Ha Gepery MOpsi, Kak NpaBujo, 3aKpPyuyeHbl NMPOTHB 4aCOBOH
CTpeJKH, eciu CMOTpPeTh Ha HUX ¢ ocTpusi. HanbGosee croxuble
MOJIEKYJIbl Halllero OpraHu3mMa — 6elKH M OCHOBHOH XpauuTesb
HACJEICTBEHHbIX CBOMCTB OpraHu3Ma — MOJeKy/ja BellecTBa C
JUITHHHBIM Ha3BaHHEM Ae30KCHPHOOHYKJIEHHOBAST KHCJI0TAa — BCe
OHU HMEIOT CHMMETPHIO BUHTA, NPHYEM BHHTA C NPABOH Hape3Koil.
Cnupan, 0Ka3blBAETCS OU€Hb XapaKTePHOU JMHHE[ B MuUpe 6OJb-
LIUX OpraHUueckux MoJexy.a. 1o cnupansM Takxe pacrnogarator-
Cq BOJIOKH2 MHOTHX MbllIl., YHCJA0 NPHUMEPOB MOMKHO yMHOXATh
6e3 KoHua.

He Buaio, o1Hako, HUKAKOro NnpoCTOro OOBSICHEHHSA TaKOMY
NpenrnoyTeHHIo ONHOTO HanpaBaeHus npyromy. M3peaka scrpeua-
I0TCS JIIOAW C JPYTMM — 3epKaJsibHbIM DaclojoXKeHHeM Cepaua, y
KOTOPBIX OHO CIpaBa; 4aCTO Mbl BCTpeuaem Jioneil ¢ GoJsee ak-
THBHOH JIeBO# PyKOH — 3Tu Jiioau BooOlUe BMOMHE TaKHe Ke, Kak
n octasibuble. CoBCeM HEMOHATHO, MOUYEMY B [IPOLIECCe 3BOJIOUHU
BO3HMKJA CTOJb pe3Kass acHMMeTDPUs MPaBOro U JeBOTo. ITO TeM
6oJ/iee yAUBUTENbHO, UYTO B HEOPTaHHYECKOH MPUPOIE HET BUAMMBIX
NpH3HaKOB nMonoGHOH acumMerpuu. UenoBek, CUMTaBIIMA «BEpX»
H «HH3» KOTNa-TO A0COJIOTHBIMH MOHSATHSAMH, HUKOTAA HE Jesad
3TOTO C MOHATHAMH «IpaBoe» U «JeBoe». HanpoTus, Bce, uto MbE
HaxOJHMM B HEOPraHHYeCKOH NPUPONE, H BCE TO, UTO Mbl MOXKEM
CHHTe3HpOBaTh 6e3 MOMOLUH MHKPOGOB, BCErla 0KA3bIBAETCA CHM-
METPHUHBLIM. MOXKHO cKa3aTh, 4TO 6&3 CCHIIKH HA YeJOBEKa WM
Ha JpYTOH KUBOH OPraHu3M HeJb3s ONpelesUTh, KAKOH BUHT Mbl
Ha3blBaeM NPaBbiM, a KaKOM JIeBLIM.
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CyliecTBYIOT, OLHAKO, H B HEOPraHHYeCKOM MHDE SIBJIEHHS, B
KOTOpbIX MO Kpaiied Mepe BHAMMBIM 00pa30M MNOSABJASIOTCS MO-
HSATHS «IIPABOrO» U «JIEBOTO».

Bo Bcex yue6HHKaAX 3/JeKTPOTEXHUKH POBOPHUTCSH, KaK omnpene-
JSITh HanpaBJeHHe MarHUTHOMO MOJA, KakK onpeaesasaTb HanpasJe-
HHe OTKJOHEeHMs NMPOBOAHMKA C TOKOM B MariutHom mnoJae. Bo
BCeX 3THUX NpaBusax ¢purypupyer aubo npasasd, aubo JeBas pyka,
an6o B HUX yuactByer wronop. He Bceraa nmoguepkuBaercsd, uTo
TakHe NpaBuJa NMPOTHBOECTECTBEHHbl. JJefcTBUTeIbHO, TOUeMYy Ha-
npaBJeHnde NBUIKEHUS NPOBOAHHKA C TOKOM JOJKHO ObITh CBSI3aHO
C npaBoil HJM JIEBOHl CTOPOHOH ues0BeKa, MoueMy Heab3s chop-
MYJHpOBaTh BCe MNpaBusa, He npuberas K pyke, LWITONOPY HJH
JIPYTUM MpeaMeTaM, sIBHbIM 06pa3soM He HMEIOIIHM HHKAaKoro or-
HOUIEHHs1 K JIenay?

Ecau paso6path 3TOT KaXKYLIuics napagokc HeMHOTO no1pod-
Hee, TO MOXHO YBHAeTb, YTO TPYAHOCTb BO3HHKJA M3-32 MOTbIT-
KM ONpeleuTh Hanpas/jeHue MarHuTHOro noJs. Eciu BCIOMHHTD,
4TO HCTOYHHKAMU MATHUTHOTO MOJA ABJAIOTCSA JEKTPUUYECKHE TO-
KM, TO MOXHO BOOGUIE He rOBOPHIb O MAarHUTHOM MOJe, a pas-
6upaTb TONLKO LeHCTBHE OJHOrO TOKA Ha Apyroii. B stoM cayuae
HUKaKoH HaflOGHOCTH B MpPaBH/IaX PYK WJ/IH LITONOPOB He BO3HHU-
kaer. Bor, nanpumep, anekrpomorop. Has toro utobbl onucars.
ero pafoTy, MOXHO BOCHOJb30BaTbCsl 3aKOHOM HBHIKEHHMS MHpPO-
BOJHMKA C TOKOM B MOJIe MarHuToB 3JeKTpomoTopa. B atom cay-
yae HaMm Halo OyleT pacrnosiarath naJblbl Hawe#d PyKu Tak, Kak
3TO HapHCOBAHO OOBIUHO HAa KapTHHKax, a OOoJblUOH naJjen mno-
KajKeT HaM HanpasJ/jeHue ABHXKeHUs npoBOAHMKA. Ho MOXKHO mo-
CTYNHUTh W MHAue, eClH BCIOMHHTb, YTO MarHHTHOE [OJe CO3LaerT-
C APYTMM NPOBOJAHUKOM C TOKOM (WM MOJEKYJASAPHBIMU TOKaM4
BHYTPY NOCTOSTHHOTO MAarHuTa, 4To He MeHseT jena). MoxHo
MCMOJIb30BAaTh NMPaBHAa, ONMpele/siollue HenoCPeICTBEHHO CHay,
C KOTOpO#H neficTByeT OZMH NPOBOAHUK C TOKOM Ha Apyroii. Ta-
KOH NyTb HeCcKoJbkKo 6oJjiee XJOMOTHBIA, HO AJS HEro He HyXHbI
HUM pyKa, HH wronop. Takum o6pa3om, HAa 3TOM NPUMEpPE BUIHO-
(a 3To BepHO M A/t APYrUX NPUMEPOB), UTO KOra HAXO BLIACHHTL
Qusnuecknit ekt (Kyaa ABHIKETCSH NPOBOAHHK?), TO 3TO MOXK-
HO ciaenatb 6e3 Toro, yroObl ONpPEIeNATb, I'le «IpaBO», a rie
«JIEBOY.

OTH TOHATHS BO3HHKAIOT TOJNLKO MJs TaKHX BEJHMYHH, Kak
MarHuTHOE MoJe, KOTopble, KaK OKa3bIBaeTCs, BXOAST B PaCCyX-~
JeHHs /MWL B KauecTBe MPOMEXYTOYHOro stamna. bBosee Ttoro,
MOKHO YTBePX/1aTh, YTO €CJW BO BCEX NpPaBUJIaX 3aMEHHTb Npa-
BYIO pYKY JIeBOK W HA0GOPOT, TO ONpeje/eHHble TAKUMU «3epKaJjlb-
HBIMH» NpPaBHJaMH HanpaBJeHUs ABHXKEHUS NPOBOLHUKOB OYyIdyT
npasuabHbiMu. EXHHCTBEHHOE, 4TO H3MEHWTCS NpPH HOBHIX Npa-
BM/AX, 9TO HanpasJeHWe MarHutHoro noas. Ho, K cuactbio, camo
HalpaBJeHHe MarHUTHOTO JNOJISI H3MEPHUTh HeJlb3sl.
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JeficTBUTEABHO, HaNMpaBJ/JeHUE 3JeKTPHUECKOro IOJIsS MBI U3-
MepsieM M0 TOMY, KaK [IBUKETCH MOJOXUTEJAbHO 3apsakKeHHOe TeNI0
(HanpuMep, MPOTOH) B 3TOM NoJse. B npupose HeT OTHAAbHBIX
MAarHUTHBIX 34psANOB, a MNOTOMY Helb3sl NPUAYMATb IIOXQXKEro
crocofa onpelesieHdst HAaMpaBJeHUsT MarHWTHOro noas. Takoe
CBOHMCTBO MAarHUTHOTO MOJSl NPUHUKHNKANBHO OTJAHYAET €ro or
moJsis 3JeKTpHueckoro. Bce 3ro coobuiaer yuTaresnto OOLIYHBIA
yueOHHK 3/JeKTPOTEXHHKH, B KOTOPOM H3MEepeHHE MAarHHTHONO Mo-
Jisl B KOHILE KOHLIOB CBOAMTCA K KOHTYpYy C TOKOM.

Kyna xe nanpas/jeHC MarHHUTHOE MoJe, KOTOPOE CYyLIEeCTBYeT
BOKPYT MPOBOAHUKA C TOKOM, H30THYTOTO KOoJMbLUOM? MmeHHO 3TOT
BONMPOC OKa3blBaeTcsl OeccMbICAeHHbIM. Tak Kak HanpasJ/eHue
TAKOTO MOJIsT MOXKHO H3MEPHTb TOJMbKO C MOMOLLBIO APYroro mpo-
BOJHHKA C TOKOM, TO «HACTOSLIEro» HampaBJeHUs MarHUTHOTO
noss He cywectyer. [ast mpocToThl Lesa YCAOBHJAHCH HA3blBAThb
HanpaB/JeHHEM MATHUTHOTO MNOJS HalpaBJeHHe, B KOTOPOM Oyner
JBUraTbCsl WITOMOP, Bpallawollufics no HanpasaeHuio Toka. Ho
3TO TOJbLKO YcJoBHOe mnpaBuio, B apceHanme cpeacts yuebHHKa
2JIeKTpOTEXHUKHU He OblJIO APYyroro cnocofa onpeneiuTs Hanpas-
JleHHe MAarHUTHOTO MoJf.

K sToMy e CBOAMTCH B KOHIE KOHIOB M TO, 4TO B Heopra-
HUYECKOH Mpupoje HeT Pasjnuus MeXAy BpallleHHeM IO 4aCoBOH
CTpeJiKe U MPOTHB YaCOBOH CTPeNKH.

B HexxuBOi mpupode HeT HUKAKOTO SIBJEHHUS, KOTODOE MOTIJIO
Obl 3aMeHUTL Cle/1aHHble YeJOBEKOM 4achl A/ ONpPEeNQNeHHs ABYX
HanpaB/JeHUH BpalleHusi. JTO CBOMCTBO MPUPOLbI MOJYUHJIO Ha-
3BaHHe 3epPKAJbHOH CUMMETPHH, TaK KaK NpH OTPa)KeHWU B 3ep-
KaJjie npaBoe u Jesoe MeHATCs Mectamu. CBOHACTBO 3epKasibHOM
CUMMeTDHH HEOPraHMUYeCKoro MHpa pAacHpOCTPAHSJIH H HA MHUD
s/MeMeHTapHblX yactulu. CuuTanoch, YTO H 3[eChb BCE MPOUECCHE
NPOMCXOAAT TaK, 4TO MpaBOe W JeBOe BpallleHHE BCTPeuaeTcs
ONIMHAKOBO 4aCTO M HHKakue 3h@eKTbl B 3TOM MHDE HE MOTLYT
LdTh CPENCTBO AJ15 aBGCOMIOTHOTO OnpeseseHusl HanpaBJaeHUst Bpa-
wenna. M sapyr pacnas KaoHOB okasaJgcs Takum siaeHuem. Hawm
HeT HeoO6XoAuMOCTH pa3bupaTb 3TOT O4eHb TPYAHBIH HJs MOHH-
MaHua pacnag KaoHos. [lajblue Mbl GyieM TFOBOPUTL O GoJee
NPOCTOM npolecce, cefiyac e HaM BaXKHO TOJNBKO TO, YTO HAJH-
10 Obl/l mepBbif Cyuaii HapylweHHs 3epKaJbHON cummerpuu. [lo-
cne pa6otbl JIu u flHra, 0 KOTOPOH Mbl FOBOPHJH, HAYAJTHCH MO-
HCKH apyrux cayuaes. JIu u SIHr o6paTuin BHUMAaHUe Ha BO3SMOX-
Hble 3QdeKTh B OeTa-pacnane. PuU3UKH HANPABUAN CBOH YCHJHUS
B YKa3aHHOM HamnpaB/JeHHH. Pe3ynbTaThl He 3acTaBuau cebd
xaatb. B navane 1957 r. noasusaock coobuieHHe 06 onbiTax Tpyi-
nbl pU3NKOB, B COCTAB KOTOPOH BXOAWJNA HCCaenoBaTelbHUIA By.
B 371ux oneitax 610 o6HApyXKeHO, 4To GeTa-pacnan aapa Kobadb-
Ta C MaccoBbiM yuc/aIoM 60 NPOMCXOLMT TaK, YTO B HEM OAHO Ha-
npaBJ/ieHHe BPALUEHHUS OKA3biBAETCS BBbLAGNEHHBIM — Pacraj, oxa-
3aJiCsi HECHMMETPHYHBIM,
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CnupanabHOCTb cJalbiX pacnajos.

O ToM, uto Obl1O OTKpeITO By u Apyrumu B Oera-pacmnane
KoGanbra 60, MOXHO 3leCh paccKa3aTb — HOBOE SBJIEHUE BNOJIIE
HArJsIHO.

Slnpa oueHp MHOT'MX 3JIeMeHTOB (Te M3 HHX, Y KOTODBIX €CTk.
CNUH) TMPEeACTAaBAAIOT cOO0i MajeHbKHe MarHuTHKU. PU3HKH ro-
BOPAT, UTO Takue siApa o0/nagalOT MarHUTHBIM MOM@HTOM. Mar-
HUTHBIH MOMEHT HMeIOT f[pa AeilTepus, JUTHA H [APYTUX 3Jle-
veHToB. MMeer ero u sapo xo6aabra-60. Ecnu rtakoe sigpo no-
MECTHTb B MarCHHTHOE INOJIe, TO SiPa-MarHUTUKH OPHEHTHPYIOTCH
no noJio nNofo6HO TOMY, KaK MArHHTHBIE CTPEJNKH BCEX KOMNAcoB
MHUpa OpHEHTHPOBAHBl Ha ceBep. TaKoll omblT caenatb TPYRHO.
[Ipy TennoBoM HBMXKEHHWH OpHeHTaUus sgep OyleT BCe Bpems
HapywarbCs, U JHUb CPABHUTENbHO HedaBHO, B YCJIOBHAX OUeHb
HU3KHX TEMNepaTyp, KOrna TelIoBOoe [ABHXKEeHHe HEe3HAUYHTEJbHO,
HAYUUIUCH MOJISIPH30BaTb sIADA, KaK Ha3LIBAIOT ceHyac fABJEHHE
ODHEHTalUHH B MATHUTHOM IOJe.

Bcnomunas ckaszaHHOe paHblle O HANPABJEHUH MATHUTHOTO
noJd, CJAefyeT cAenaTh BbIBOJ, UTO HAanpaBJeHHe MarHHTHOTO
MoMeHTa (HJ/Hu, YTO B OOLIEeM NMOuTH TO Ke ! — HanpasJeHHe CHH-
Ha) ecTb NMOHATHE YCJOBHOE M MOXKHO JIMIIp TOBOPUTL O CpaBsHe-
HHH HanmpasJaeHu# noas u cnuHa. [loatomy no paborsl Jlu u fura
CUHTANIOCh, UTO HANPAaBJEHUE MOJSPU3ALUNH HEe MOKET-0Ka3blBaTh
HHKAKOTO BJIUSHHS HA HampaBJieHue BblJIETa 3JeKTPOHA.

Tako#ft BbIBOJ npencTaB/sijicsd HACTOJNBKO €CTECTBEHHBIM, YTO
pe OblJIo CleqaHO HM ONHOH Cepbe3HOH MOMBITKH €ro NPOBEPHTD.
Onsit By nokasas, 4To 3Ta yBepeHHOCTb HM HAa YEM He OCHOBAHA.
DnekTpoHbl M3 Kobanbra 60, MOMeLLEHHOTO B MATHUTHOM MOJE, B
GosblleM KOJHYeCTBe JeTeJH NPOTUB HAMNDPABJESHUS 3TOFO MOJ.
Orciona cpasy Npuuuioch, CAeaaTh BbIBOJ, YTO, BONMPeKH CKasaH-
HOMY BLILIE, CYLIeCTByeT (hH3HUeCKHil cnocob onpeneseHust UCTHH-
HOTO HanpaBJIeHHS MACHUTHOTO MOJS, He W3BECTHBbIH paHee H IO-
3TOMY He OMUCAHHBIH B yueOHHKAX 3JEKTPOTEXHUKH.

Beaen 3a onnitamu By nocnenoBanu n apyrue. OKasadocs,
YTO 3JIEKTPOHBI, BEIIETAlOUHe NpHu bGera-pacnane sigep (6es mar-
HUTHOTO TMOJIs1), HMEIOT OTPULATENbHYIO CIHMPAaJbHOCTb, T. €. HX
CIIUH HanpaBJ/ieH B CTOPOHY, o6paTHY0 UX NBHXKeHuwo. HanoMmuum:
3TO 3HAUHUT, YTO JMEKTPOy NoaobeH JeTsAlleMy BOJUYKY, Bpallaio-
LemMycst IPOTHB YacCOBOH CTPeJKH (ecau CMOTPeTb eMy BcJen).
Onuumu u3 nepsuix B 1957 r. NPOLOJNbLHYIO MOJSPHU3ALHKIO 3NEKTPO-
HOB (Tak Ha3blBAIOT 3TO sBJeHHe) HaOM0Lann AJNKXAaHOB H ero
COTPYAHHKH.

Henasno BcnoMHMAM, 4TO Pa3sroBOp O NPOLOJLHON MOJSAPH-
3auuy Bosnukasa 30 Jer Hasal, Korga Tpu amepukauua — Koxe,

'Y HekoTOpPBIX sA€p MAarHMTHBIL MOMEHT OTPHUATeNeH, T. €. HalpaBJcH
NpPOTHB HaNpABJEHHS CIMHA.
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Unespaiit n KeppenbMeiiep 3asBu/in, 4To oHM HaGJlonanu Takne
noJsisipu3oBaHHbie 31eKTPoHbl. OaHaKO 3PHEKT He Obia OLECHEH, U
00 onbiTax 3a0blaH...

Muoro uHTepecHoro maer MCCJaelOBaHME pacnaja MIOOHa Ha
3JICKTPOH, HeAATPUHO U aHTUHeHTpUHO. Tak KaK CIHH ecTh U y pac-
NafaolWeHcs yaCcTHIlbl, 4 TaKXKe U3-3a TOTO, YTO B.pdcClaje BO3HH-
KA0T TPYM YaCTHIbl, 3aKOH COXPAHEHHS KOJIMYECTBA [IBUKEHHUS
NPUBOAUT K CJAOXKHBIM 32aKOHOMEDHOCTSIM, ONpeeAIOIIUM, Kak
3aBUCKT CMUPAJbHOCTb 3JIEKTPOHA OT SHEPTHU U HANPaBJEHHUS BHI-
getda. DTY 3aKOHOMEPHOCTH MOATBEPIKAEHBl OMBITOM.

[Toxoxue 3¢ hekT BO3HUKAIOT U B caabblX pacnagax TUNepo-
HOB. XOTSl B 3THX pacmajax HeHTPUHO HE yuyaCTBYeT, HO BCe ¥XKe
OKa3bIBARTCS, UTO M 3/[eCh BHIJIET BO3HHKAIOMIUX HACTHIL (HYKJI0HA
4 THOHA) CBA34H cO CIMHOM pacmafaiouierocs: runeposa. Onmit
TIOKa3bIBaeT, YTo B pacnange A — p -+ m~ YHCJIO MHOHOB, JIETSLIHX
10 HANpPABJEHHIO CIIMHA TunepoHa, GoJsbile Yydcaa MHOHOB, JETH-
IIHX B NPOTUBONONOXHYIO CTOPOHY (ec/y, KOHeYyHo, HCC/eL0BaTh
MHOTO cJayyaeB pacnazna).

Kakue ke BazkHble BbIBOIAB OYAYT CHeTaHbl U3 U3yYeHHUs pac-
ManoB KaOHOB U runepoHoB? B mocsnenHee BpeMsl MosBASIOTCS CO-
ofieHnss o nabJawieHHH 3(P(eKTOB HecOXpaHeHHs1 YeTHOCTH B
npolueccax, CBSI3aHHbIX ¢ KacHaMmu M runepoHamu. OgHako moka
HHUero onpeneneHHoro cKasath elle Hedb3s. Bo BcsikoMm cihayuae,
TOCTIOACTBOBABLLIEE MHOTO JIET YyTBEPXKACHHUE O ITOJTHOH 3epKaabHOM
CHUMMeTPHU SBJICHUH B MHUKDPOMHDE OKa3asoCh HEBEPHBIM, H HaM
HaJ0 cefiuac OLEHHTDb, KaKue H3MeHEeHHUsI 3TO 06CTOATeNbCTBO BHO-
CHT B HAlIU B3IVISJbl HA €r0 CTPYKTYDY.

Cummerpust mupa

OTKkpeITHE HECHMMETPHYHOrO pacrnaga sijapa koGaabta 60 B
MarHUTHOM MOJIe 3aCTaBUJIO 3aHOBO O6CYAUTH BONPOC O CBOACTBAX
IIPOCTPaHCTBA.

Bepuemcs tenepb K caMoMmy onbiTy. Tak Kak MarHuTHoOe moJie
CO31aeTCsl TOKOM, TO MOXKHO BHAOM3MEHHUTH OMNBIT TakK, 4TOOLI 06-
pasen kobanbra 60 Jgexana B LeHTpe Kosblia ¢ TokoM. Toraa, ec-
JI1 MEHSITb HampaBJeHHe TOKA B KOJble, OyIeT MEHsIThCS Hanpas-
JIeHHe NPerMyIIeCTReHHOTO BblJIeTa 3JeKTPoHoB. Ecau npu ogHoM
HanpaBsJeHHH 10Ka 3JIEKTPOHLI B OCHOBHOM JIETST BBEPX, TO IpU
M3MEHEHUH HanpaBJeHus TOKa 3JMeKTPOHBl OYAYyT B OCHOBHOM Je-
TeTh BHU3. Ec/u Teneps Mbl nmpeiactaBuM cefe, uTO BCe HAMpaB-
JIeHHs BPAIUIEHHSA BO BCEM MHpPe M3MEHHJIHCh Ha OGpaTHbie, BECh
MHD NMpPeBpaTHJICA B CBOE 3e€pKajibHOe 0TOGpaKeHue, TO B ONMHCAH-
HOM ONbITe CBSI3b MEXKNY HanpaBJ/JeHUeM BblIeTa 3JeKTPoHa U
HanpaBJ/IeHHEM TOKa W3MEHHJach OBl HAa MPOTHUBOMONOKHYIO. [lefi-
CTBUTE/NBHO, B 3€pKa/IbHOM MHpe HanpaBJeHue NPSIMOJHHEHHOro

38



ABUKEHHS 3JEKTDOHA OCTaeTcsl TeM Ke, a HampasJeHHe Bpalle-
HUs (HanmpaBJieHHe KPYTroBOI'O TOKAa) MEHseTcsl Ha MpPsIMO NPOTH-
BOIIOJIOKHOE.

Takoe moJsioxkeHue O3HAYaeT, YTO MUP H €ro 3epkKajbHOe OTO-
Gpaxelye BOBCE He OJMHAKOBHI 10 CBOHCTBAM H ecad Obl B Jei-
CTBUTEJNBHOCTH BAPYr C MHUDOM IpOM30ULIA TaKad MNepeMeHa —
OH npeBpaTuiacs Obl B CBOErO 3ePKAaJbHOTO [JBOHHHMKA, (DU3UKK
3aMeTusid Obl 3TO, MOBTOPHB OmbIT By.

DTOT BecbMa CTPAHHBII Pe3y/abTaT BeIeT K CePbe3HBIM CJel-
cTBUsiM. JelcTBUTRIBHO, €C/M CYLIECTBYET ONbIT, KOTOPLIH M03BO-
JIsleT YCTAHOBUTb PA3HULY MEKAY ABYMS 3€DKaJbHBIMH MHUPAMH
(310 3HAUUT, APYTUMH CJAOBAMH, U3MEDHTb CNHPaAIbHOCTHL MHpa),
TO OTCIOJA HALO NPUATH K 3aKJIOUEHHUIO, YTO IPOCTPANHCTBO He 00-
Jafiaer 3epKaJbHOM CUMMeTpHel, a KaK Obl «3aKPY4eHO» B KaxK-
JIOH TOuKe.

B uacrtHoCTH, 3TO 03Hauano Obl, YTO AYyY CBeTa, pacnpocTpa-
HSISICL B NMYCTOM IPOCTPAHCTBE, MeHAJA Obl CBOI0 MOJSAPH3ALHUIO,
BEKTOD 3JIeKTPHUYECKOro 110Js BpallaJcs Obl 10 Mepe pacnpocTpa-
HeHHus Jyda Ju6o Mo YacoBOH CTpenxe, MUGO MPOTHB. DTO 3HAUMT,
4TO BCSAKHI CBET ¢ IJIOCKOH NMOJsipU3alucit cTaHOBUJCS Obl CBETOM
C Kpyroeoil nosasipusauueil. HanpasneHnue BpamieHuss IJIOCKOCTH
oM pU3aluy, KaK HasblBaeTcs 3TO sBJAeHue !, u cayxkujo Obl xa-
pPaKTepUCTUKOM, onpefensiollell cnupanbHocTbh npoctpancTsa. Ort-
METHM Cpa3y, YTO TAaKOH BBHIBOJ HeNpaBuJeH, HO [Js TOro, YToObl
CcIeNaTth SICHBIM NMPUYMHY 3TOrV, HAM HYJKHO BCIIOMHHUTL eule o0
OJlHOM H3 BH/0B CUMMETDPHH MHpa.

Peub uner o cumMmerpuu 3apanoBoil. B TOT crnokofiHbH mepu-
O, Koraa (PU3¥KH 3HaJH TOJbLKO MPOTOH M 3JEKTPOH, HUKAKOro
pasroeopa o 3apAA0BOIl CHIIMETDUU HE MOIVIO H BO3HUKHYTb. Dbl
TSKeJIblA TOJI0KUTEJbHBINH NPOTOH U JIerKHIl OTPHUATENbHBIN /1K~
tTpoH. Kasasocy nazxe, 4To pasnuuue B MaCCe 3THX YACTHI Ka-
KHM-TO HEH3BECTHBIM 00pa30M CBSI3aHO C PA3JIHUNUEM HX JEKTPH-
yeCcKux 3apsifoB. Ho mnocie OTKPHITUS INO3UTPOHA MOCTENEHHO
BO3HHKAJ1a YBEPEHHOCTh, YTO y KaxKIOH YaCTHIbl €CTb CBOH mapT-
Hep ¢ 06paTHREIM 3HAKOM 3JeKTpUuuecKoro 3apsana. CroiicTea aHTH-
YACTHIl OKa3aJHCh COBCEM TAKHMH ¥Ke, W BO3HUKJO ybOexiaeHue,
yTo ecau Gbl BO BCEM MUPE H3MEHHJHCbh 3HAKU BCEX 3apsNOB, TO
NMPYU 3TOM HHUKAKHUX U3MEHSHHUH B (DH3HUYECKUX SIBJACHUSIX He NpO-
H30LLJI0.

AHTHBOZOPOL — aTOM C OLHMM INO3UTPOHOM, BpalIAOLIMMCH
BOKDYT OTPHLATENbHOIO aHTHUIPOTOHA, HE OTJAHYAETCS OT OOBIYHO-
ro BOJAOPOAA, €C/IM BOKPYT Hero HeT APYTHX YACTHIL HAIIErO MuApa
(B mMpoTHBHOM CJyuae oy aHHMrHAupyet). Ecan mMup u antumup
He COMNPHKACalTCs JPYr C APYTOM, TO 3aKOHBHI B HUX HOJIKHBI

! Ono o6bryHo HabmopaeTcs NpH NPOXOXKIEHHH CBETA yepes MariHTHOe Mo-
J1é WJH uepe3 HeKOTOpble BHABI KpHcTanioB. CuHTasnoth, YTO B MYCTOM IPOCT-
paHCTBe MOJIAPU3AUHA He JOJIKHA MEeHAThCS.
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6HITh ONMHAKOBHL. YueGHUK, HanmHUCaHHbIfI B Hallem Mupe, Gyner
CONepKaTy TeopeMbl, BepHble W A5 aHTumupa. ToabKo npu co-
IPHKOCHOBEeHHH OOBEKTOB M3 00OMX MHPOB MOXKHO Oyjer ycra-
HOBHTb, YTO MUPbl pPa3Hble.

3apsnoBasi CHMMETPUS MHPa NPeNCTaBJAANACh CTOMNb e BaXK-
HBIM W (yHLAMeHTaJNbHbBIM CBOHCTBOM MHPA, KaK U CHMMeTpHs
3epKaJbHas (npasoe — seBoe). HeTpynHo, 04HAKO, yBHAETb, YTO
onbiT By mpoTuBopeunt u 3aToMy ‘HOmOMY yTBepxkAeHuto. [Ipen-
IOJNIOXHUM, 4TO onblT By nmpousBonudcst 66l B MHPE, B KOTOPOM
3HAKM 3apsN0B NPOTUBOMOJNOXKHEL B 3TOM Mupe kobaiabrom 60
HA3bIBA0Ch Obl SLPO, COCTOSLLEE H3 AHTHIPOTOHOB H aHTHHEH-
TpoHOB. O1HaKO CNUPAJbHOCTL HEHTPHHO OCTanach Obl TakoH Ke,
KaK B HalleM siipe, W mpu pacnale aHTukoOagbra 60 BbljieTesa
Obl HeliTpanbHas yacTHLa € JeBOH chmupasabHOCcThio. B 10 XKe
BpeMsl B HallleM MUpe Mpu pacnajge aHTUKo6GaabTa BblIeTaeT Heil-
TPUHO C NpaBofi cnupaJdbHoCTblo. Takas e pasHuua 6yner, oue-
BHAHO, ¥ C noJasipusanueil snexktpona. Ilostomy nepexoa Kk ua-
CTHUAM ApYyroro 3Haka mpeBpailaer pacnan kobanabra B pacnam
aHTHKOOanbTa, HO TAaKOH, KaKo#l B HalleM MHpe He NMPOHCXOIHT,
a 3HAYHUT, ABJEGHHs B HALIEM MHPe He CHMMETPHUHBI OTHOCHTENbHO
M3MeHeHHil 3HAKOB BCeX 3apsiloB. M3mepenne cnupasbHOCTH BBI-
Jetaolleil Jerkof uacTuilbl MO3BOJSIET pa3juuyaTe KobaabT H
2HTHKOOAJbT.

Taxkum o6pasoM, onbiT By cpasy YHHYTOXHJI IBE CHMMETPHU
MHDa, W 3TO LOJKHO OblI0O, KAK Ka3aJoCh B TO BPeMs, MPHBECTU
K [laJleKo MAYLIHMM H3MeHeHHsIM B HALIMX MPeNCTaBJICHHUSAX O CBOIil-
CTBaX MpPOCTPAHCTBA.

OnHako atoro Bce Xe He cayuunaoch, JI. II. Jlanmay, a He-
CKOJbKO mo3xe JIu u fur o6paTuau BHHMaHue, 4To 06a HApyLIe-
HUSI CHMMETPHH MPOUCXOAST He HE3aBUCHUMO ADPYT OT Apyra.

Ecau oaHOBpeMeHHO mepeiiTy OT MUpa K ero 3epKajbHOMY
JBOHHHKY (mPOM3BECTH 3epKasjbHOe 0TOGpaKeHHe) H H3MEHHTh
3HaKH BCeX 3apsiloB (NpoH3BecTH OTo6Gpa>keHue 3apsaoBoe), TO
Huuero B onbiTe By He usmenurcsi. Kobanbr nepeiiger B aHTHKO-
6a/ibT, a 3HAKY CIIHPAJbHOCTH 3JIEKTPOHA M AHTHHEHTPHHO MO-
MeHsIIOTCSl Ha oOpaTHble W HOBble YaCTHUBI MPOCTO MPEBPATATIHA
COOTBETCTBEHHO B MO3MTPOH H HEHUTPHHO,

ATo 03HayaeT, YTO XOTS ONLIT By ¥ He UMEET HHU 3epKaJbHOM
HY 3apsAJO0BOH CHMMETPHH, OH 0OJlafaeT COBCEM HOBOH CHMMe-
TpHeH, COXpaHAs BCe CBOH KaueCTBa NPH OLHOBPEMEHHOM OTpa-
JKeHWH B NMPOCTPAHCTBE W H3MEHEHHH 3HAKOB 3apANOB BCEX ud-
crul. Takyio cJ0OXKHy0 onepauuio JIaHaay npensoxua HasbHBaTh
KOMOVHHPOBAHHBEIM OTpa’keHneM. MoOXHO cKa3aTb, TakuM nbpa-
30M, uto onbiT By o6nagaer koMOUHUPOBAHHONH CHMMeTpHeH.

B nanbHeiiliem aHanu3 BCeX OMBITOB MOKa3ad, YTO KOMOGHHH-
posaHHOil cuMMeTpHell o6aanator Bce aphekTh B caabbix pacna-
fax ¥ YTO UMEHHO KOMOWHHDOBAaHHAsi CHMMeTpHs sBAsieTcs OC-
HOBHHIM CBOHCTBOM Hallero MHpa, B TO BPeMs KaK 3epKaJjbHas
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CHMMETPHS M 3apsiioBasi CHMMETPHSI B OTAEJbHOCTH XapaKTepHH
JHIIL AJS HPOLECCOB 3JISKTPOMAUHMTHOrO M CUJIBHONO B3aHMO-
neicTBHS.

Ecaun rae-n1u6o Bo BceseHHOW CYLIECTBYIOT aHTHMHPHL, TO B
HHX HOJKHB! ObiTb NPaBble MO3UTPOHBI U JeBble HEHTPHHO, TaKkHe
Xe, KaK H y Hac, TOJMIbKO TO3HTPOHBI U AHTHHYKJIOHBl OKaXKYyTCH
TaM OCHOBHBIM CTPOHTEJNbHEIM MaTepHaJoM, U3 KOTOPOro 3TH MH-
PBl NOCTPOEHHDI.

B Henpax 3Be3g maweit Ianakrukn u BHyTpH CoJHLA mpouc-
XOAAT fiJepHble pPeaKUHH, CONPOBOKIAIOUIKECA BbJIETOM HEHTpPH-
Ho. B 3Be3nax aHTHranakTHKHW POXKAAIOTCS, COOTBETCTBEHHO, aH-
runelitpuno. Ecan 65 MOXKHO ObIIO PEerHCTPUPOBATH NOTOKH Hel-
TPHHO H AaHTHHEHATPUHO OT HaJeKHX MHPOB, TO IO 3TOMY NPH3HAKY
MBI MOrJiH Obl HAHTH AHTHMUPBI.

Ho ectb sin Ha camoM jese TakHe MHpBI, CKa3aTh ceffuac
HeIb3d. MBI CIHMIIKOM ellle IVIOXO 3HAeM CTPOeHHe HajleKuX ua-
crefl Hamefi BcemenHolt H mouTu coBceM He yMeeM JIOBHThb Heil-
TPHHO H AaHTHHEHTPHHO.

3apsangbl U 3aKOHbI UX COXPaHEHHUR

Mpl pakTHueckn 3aKoHYMIM 0630p BCeX NEMEHTAPHBIX 4Ya-
<THI, KOTOpble 10 CHX NMOp HaiaeHbl Hu3uKaMu. MBI yBHORIH, KaK
CJI0XKHO yCTPO@H MHKDOMMP, KAKOe OFPOMHO€e KOJIMUECTBO Pa3HBIX
NPOLECCOB POKAEGHUS H pacnafoB Npoucxonut B neM. Ho Bce stu
pacnajbl U pOXAeHHUS PeryJUpPYIOTCS HECKOJNbKMMH 3aKOHAMH CO-
XpaHeHHsl, KOTOpble Da3pelllaloT OJHHM NpOLECcChl U 3anpelanT
apyrue.

YacTb 3aKOHOB BeleT CBOE MNPOMCXOXKIEHHE H3 MeXaHHKH
(MBI O HHX 31eCb rOBOPHTH NMOAPOGHO He Gymem); 3TO 34aKOH
COXDaHeHHUs YHEepTHH, 3aKOH COXPaHeHWs KOJHUeCTBa [ABHIKEHU:
(uMnyJbCa, KaK TroBOPAT ceifyac) M 3aKOH COXPAaHEHHS MOMEHTa
KOJIMYecTBa IBHMKEHUs (cefiyac roBOpsIT — YIVIOBOIO MOMEHTA),

Kpome 3Tux 3aKOHOB, CyLU(ECTBYIOT TPU 32KOHa COBCEM ApY-
rofl TpUpOABl, KOTOPbIe He/lb3s CBECTH K 3aKOHAM MeXaHHKH.
Peup ujer o Tpex 3aKoHaX COXpaHeHHs 3apsJOB:

1) coxpaHeHHe 3JeKTPUUYECKOTO 3apsifa,

2) coxpaHeHHe HYKJIOHHOrO 3apsia,

3) coxpaHeHHe JIENTOHHOrO 3apsia.

O nepBbIX ABYyX 3aKOHax y»Ke roBOpHJIOCL paHbuie. ITocaen-
HHUM — 3aKOHOM COXPaHEHHs JIENTOHHOrO 3apsifia — Mbl (pakTHue-
CKH NOJIb30BAJIUCh, He Ha3blBasi ero. Ero posap coctour B TOM,
yToObl paspemarb pacmaj HeHTpona (Mau Gera-pacnag Kakoro-
a0 ApYroro sapa) ¢ BbIAGTOM AHTHHEHTPUHO, T. €. paspewarh
pacnag n — p -+ e+ v u 3anpewiate pacnag n — p+ e+ v.
CoxpaHenue JIenTOHHOro 3apsifa paspewaer pacnag nt -
—ut + v ¥ 3anpewaer pacnag at —>pt+ v u T O

JlenTonwblil 3apsa, Kak 3TO CAedyeT W3 ero Ha3BaHHs, NpH-
TWHCbIBaeTCA JientoHaM. TpeM yacTHmaM: aHTHHEHTPHHO &),
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TNO3HTPOHY (e*) u mMOMOXKHTENBHOMY MIOOHY (pt), MPHMHCHIBAIOT
JIENTOHHbIH 3apsan —1, Ux auTHyacTHUaM (v €7, p~) JIenTOHHbIH
3apsan 1. Bee ocranbuble yactuubl (doron, HyKJIOHbI, TUNEPOHLI
U Me30Hbl) HMEIOT JIENTOHHBIN 3apsi, paBHLIR HYJIO.

Jlerko npoBepuTb, YTO TOrAa 3anpeTbl U pPa3pelieHHs] BO3HHXK-
HYT aBTOMaTHuyecKH. PoJib JenToOHHOro 3apsiia He BIIOJIHE BbIsC-
Hena. Hanb6osbiias onacHOCT, CaMOMY €ro CyIeCTBOBAaHUIO CBil-
3ana C HepelIeHHbIM BOMPOCOM O TOM, CYLIECTBYeT JIH OQHO Heid-
TPUHO HJH [AB2; SBJSETCS JH aHTUHEHTPHHO, HU3JIy4aemoe TIpu

pacnage «= — p~ + v, TeM Ke, 4TO M AHTHHEATPHHO B pacmaje

n—p-+e +v. Mo 06 5ToM roBopuaH pasbwe. ECau OmbIT,
K KOTOpPOMY cefiyac MieT MoAroToBKa, MOKaXKeT, UTO CYULeCTBYIOT
IBa PasHblX HEATPHHO, TO TOrJAa NMPUASTCA BBOAMTHL ABA 34apsja
LISl pasHblx COPTOB HefiTpuHOo. Byjper snm Tak Ha camom jene,
MBI CKODO, BEPOSITHO, Y3HaeM.

Tpu sakoua coxpaHeHHsi 3apsIOB HECKOJbKO OTDAHHUMBAIOT
TY HEONpPEeNeNeHHOCTb B CAMOM IOHSITHH 3JeMEHTaPHOH YaCTHIb,
0 KOTOpGCil roBopuJjoch BHauyajde. TPyLHOCTL Bedb COCTOA/A B
TOM, YTO, HampPUMep, HeHTPOH mpeBpaulajcs B NPOTOH, a NPOTOH
B HEHTPOH, MO3TOMY NPOTOH HeJb3sl CUUTATbL BIIOJIHE 3JeMeHTap-
HEIM. B uyacTHOCTH, Henb3st CKaszaTh, CTPOrO TOBODS, CKOJbKO
B siApe NPOTOHOB, HEATPOHOB W CKJEGHBAIOWIMX HX MHOHOB. On-
HAKO B CHJy 3aKOHOB COXPaHEHHUS MOMKHO YTBEpPXKOAaTh, UTO YHU-
C/IO HYKJIOHOB (T. €. HYKJOHHBI! 3apsl, PABHbIH, KOHEYHO, Mac-
COBOMY HYHCJY) BIIOJIHE ONMpENesNeHHO U TaKXKe ONpeleseHeH 3a-
psan sapa. Ha atoM npuMepe BHAHO, YTO MOHATHE HYKJIOHA OKa-
3biBaercs Gosee GIAM3KMM K TOMY, UTO Mbl XOTHM NpHIHCAThL 3Je-
MeHTapHON YacTHle, ueM NOHATHUSI NMPOTOHA M HeHTpOHA B OT-
JeJbHOCTH, TAK KAK HX YHCJIO (BepHee, PasHOCTb MeXIYy UHCJIOM
HYKJIOHOB M YHCJIOM AHTHHYKJOHOB) OCTAeTCsi HEM3MEHHBIM.

Takum xe 0o6pa3oM 0Ka3bIBAGTCHA 3JEMEHTapHBIM JIENTOH.

OGbIuHBIA 3/1EKTPOH TaKXKe OKpYkeH «00JaKoM»: BOKPYT He-
FO BCe BpeMf pOXKOAIOTCA W YHHUYTOKAMTCA MADPB 3JIEKTPOH—
NO3UTPOH; NMOITOMY YHUCJIO 3MEKTPOHOB U MO3UTPOHOB B 3TOH CH-
cTeMe (KOTODYIO Mbl Ha3biBaeM 3JEKTPOHOM) BCe BpeMsl MeHser-
cs. OnHako JIeNTOHHBIH 3apAn CHCTEMBl U ee IAEKTPHUSCKHE 3a-
pPSAML OCTAlOTCS HEHW3MEHHBIMU, YTO M JaeT HaM OCHOBaHHE TOBO-
PUTb O Heil, Kak 00 3/JeMeHTapHOH 4YacCTHLe.

Ecau 6bl CTPAHHOCTb COXPAHSAJNAChL CTOJb XKe CTPOTO, KaK B
TPH 3apfila, TO MOXKHO OblIO Obl C yCIeXoM PacnpoCTPaHUTb Ta-
KVe 3Ke pacCy:KeHHs] Ha THIePOHbl U TOBOPUTh O CTPAHHOCTH, KaK
0 4eTBepPTOM 3apsife, KOTOPbIA ompenensys Gbl YHCJO THIIEPOHOB.
OnHako CTpPaHHOCTh COXPaHSETCs JIUIIb NPUOAMIKEHHO, W THIle-
POH MOXEeT NPEBPATHTbCS, XOTS W OUEHb PEAKO, B HYKJOH-MHOH.
ITosTomy, cTporo roBops, Mbl He MOXeM TOBOPUTbL O THIIEPOHE OT-
Je/bHO, a JOJKHbl OTHOCHTh W €ro K HyKJOHaM, XOTs AJa 6osb-
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IUMHCTBA 3a1ay MOXKHO He o6palllaTh BHUMAHHUS Ha cjabble pac-
Nanbl U CYUTATH CTPAHHOCTb 3apPAIOM.

[TonuepkHeMm pa3Huly MeXAY HOBBIM MOHMMAaHHEM CJOBA «3a-
pAN» M CTapbiM. DJEKTPHUECKMH 3apsii HE TOMbKO onpejeser
YHCJIO 3aPAXKEHHBIX YacTUll, HO U no 3akoHny KyJsioHa onpenpenser
cuay, OedCTBYIOWLYI0 MeXAy uyacTHuamu. Huuero moxokero Ha
3akon Kysowa nns 3apsinoB JIENTOHHOTO U HYKJOHHOTO (a Takxke
M CTPAHHOCTH) He CYLIeCTBYeT, HNO3TOMY 3TH 3apsiibl CayxKar
TOJMbKO AJs cuerta vacTHl., CHJy B3auMOLEHCTBUSA OMNpenensioT
apyrue nocrosiHHble. TOJBKO I 3/JeKTPOMAarHUTHOrO MNoJs MHo-
CTOSIHHAs, ONpelessiollas B3auUMONeHCTBHe, U 3apsil OKA3bIBAIOT-
csl OLHOH u TOH e BenuurHOH. as Apyrux noJeil 3aKoHoMmep-
HOCTH 3HAUMTEJbHO CJOXKHEe.

Mbl BUAMM, KaK MOCTENEHHO yCTAHABJIMBAETCS MNOPSALOK B
MHpPe, KOTOpBIfi Ka3aJcsi COBCEM XaOTHUeCKUM BCEr0 HECKOJbKO
JeT Hasan, Mcropusi, 0 KOTOPO# Mbl pacCKa3biBaJH B 3TOH KHHXK-
Ke, OYeHb XOpOLIO MOKa3blBaeT, KaK pa3BUBAETCs COBPEMeHHa%
¢u3MKa ¥ Kax Ha OCHOBAHHM OMNbITA BO3HUKAET CTPOiHAas Teo-
peTHuecKas KapTHHa MHPa, B KOTOPOM Mbl KUBEM.

3akJaiouenue

B s3roii KHUXKKe MBI YBHIE/IH, KaK IOCTENEHHO OBbIJH MOHATHI
MHOTHE SIBJIEHHS B MHPE 3JEMEHTapHBIX YacTHl, KaK caMble Heo-
KULaHHBIE CBOHCTBA YJOXKWIUCL B CTPOHHYIO KapTuHy. Ho noxa
3Ta KapTHHA OYeHb JajeKa OT TOro, 4ToObl ObITb 3aKOHYEH-
HOH.

HccnenoBanust npono/KatoTess BO MHOTHX J1aGopaTtopusx Mu-
pa. ®u3uKKH, COBCEM HEIaBHO NepellarHyBIUHe PYGeK B MUJJIH-
apjJ 3J1eKTPOHOBOJIBT, HCCAENYIOT cefiyac B Tpex n1abopaTopuax —
B [y6ue, JKenese u Dpykxasene (oxosmo Heio-Flopka) — npo-
flecchl, KOTophle npoucxoasT npu axeprusx ot 10 no 30 muannap-
OB 3JIeKTPOHOBOJBT, CTPOSITCS YCKOPHUTENH C 3HEpTHel, mpeBbl-
wawoowed 50 MUMNIKAPAOB 3JEKTPOHOBOALT. BemyTess puckyccnu
O TOM, Kak MOJYYUTb HACTHLB C OrpoMHoH 3Heprueit mo 1000
MHJJIHAPLOB 3JeKTPOHOBO/LT. KaK He aHTaCTHYHA 3Ta 3HEPrus,
HO NpoHIeT BpeMs M MBI YCJABILIHM O HepBbIX pafoTax Ha raKux
YCKODHUTEIX M y3HAeM, UTO MPOUCXOZHUT, KOTAa YaCTHLBI CXO-
OSITCA HA PAcCTOAHHUS B COThle NOJH (DepMH.

Mumnoro cun TpataTt ¢GU3HKH, UTOOL HANTH NYTH, KOTOpLIE NO3-
BOJIAT NOJOHTH K PelISHHIO CAMOTO IVIABHOTO BOMpPOCA O TOM, MO-
4eMy CYLIeCTByeT TAaK MHOIO YacTHL, KOTOpble Mbl MOKa Ha3bl-
BaeM 3JIeMeHTapHbIMH, MOUEMY MX Maccel 06pasyioT psij 3Haue-
HHH, KOTOpble BBINVISIAST COBCEM CJAYYaHHBIMU?

Henb3st /M noCTPOUTL TEOPHIO MHKPOMHUDA, M3 KOTOPOHi Gui
MOXHO OblJIO BBIUMCJAHTb, UTO NPoToH B 1836 pas TsixKenee anex-
TPOHA, a MUHOH — TOJbKO B 276 pas?
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MHuoro HepeleHHbIX BONPOCOB cToUT mepen ¢usnxkamu. Cpenu
HAX He Moc/elHee MeCTO 3aHUMAeT W BONPOC O TOM, KaKylo poJlb
UrpaloT B 5TOM MUDE@ CHJIBI TATOTEHHS, HE BCTYNAIOT JM OHH B
Hrpy Ha TeX MaJblX DacCTOSHHSAX, Te CYLECTBYIOUAs TEOpHU:
oKa3biBaercsl 6ecCHABHOI uTO-1460 mpeackasartb? Pa3sHele TOuKH
3peHHsd 3alUHUILAIOTCH M ONpOBePraroTCs B HAaYuYHBIX KypHajaax
¥ Ha HayuHbIX KOoH(epeHuusax. Pusnky oO6CyxKIAOT MPONIEHHBI
ayTh H y6e>xnaoxorc;1, YTO BIIePeM JIeKUT NyThb ele Gojee AJHH-
HBIf U TPYyAHBI.



e

noeFHo

Hefirpuro Taxk cna6o B3amMoaeHcTBYeT € BeleCTBOM, WTO OHO MpoJe-
TaeT N0 CaMbIX AAJeKHX ranakTuk. Uro6bl MOTVIOTHUTH HEATpHHO, HaAo G6bLiC
6H NpPONYCKaTh ero BAOJbL MeTajuIMueckoro cronba annuoio 1016 xm.

Ceiiuac HH3UKH H3YYalOT YaCTHUB, KOTOpble XHBYT CTOJb MaJjo, Y10 Hx
He BIIOJIHE 3aKOHHO Ha3biBaTb yacTHuaMH. KX noka HasbiBalOT po-Me30H H
omera-me3oH. Po-Me3on pacnagaercs Ha ABa MHOHA, a OMera-Me3oH — Ha TPH
nioHa. BpeMs HX XH3HH OKoso 10—22 cek.

W3 coBpemeHHOro yckopuTeast MOXHO moayuath 10'! yacTHm B CeKyHAY
¢ sHepruet 30 000 Mas. MowHocTb Takoro nyuka 0,5 x87.

B KocMHUeCcKHX Jyuax 3aperdCcTPHpOBaJH YacTHUbI ¢ dHeprueit xo 1019 saex-
TPOHOBOJILT. DTO 3HEPrHs, KOTOPYIO mpHOGpeTaer CTakaH C BOJOH, ynaBIMKA
¢ BBICOTHI MOYTH B 1 M.

OrpHuaTenbHo 3apsKEHHBIt MIOOH MOXeT, COeNMHHBUINCH C IPOTOHOM,
96pasoBaTh CHCTeMY, NOxoGHYI0 aToMy Boaopoaa. PusHKU HAGMIOLANH CIEKT-
PHl, H3JyuaeMble TAKHMH Me30aTOMaMH.

HenaBHo yxasnoch HaGmojaTh npouecc, MpH KoTopoM aBa (OTOHA ¢ AAH-
Holi Bosiubl 6943 anrctpema (KpacHblli cBeT) mnpeBpaliaioTcs B OTOH € KM+
HOlt BosHbl 3472 aHrctpeMa (yJbrpacduoieToBoe H3ayueHue). Kpapuesniit xpH-
¢Tasljl, OCBEUICHHBI CHJBHBIM MYYKOM CBET4 H3 CBETOBOTO YCHJHTENS (OMTHYE-
<KOre Masepa), Hajayyasa cJaGyl YJAbTpahHOJIETOBYIO JHHHIO.

HNas wnprtarenell, MHTEPECYIOUINXCA HaAYYHO-NOMYJASiPHOA JATepaTypoln of
ycrnexax B 06JacTH H3YyeHHs 3/1eMeHTaPHBIX YacTHL, NMPUBOAMM KDaTKHH cOH-
coK 6polilop M crared, H3JAHHBIX B MOCJAEJHHE TOMdbL

Hosomuanros 0. B. Irementapnsie wactuysl.. dusmarrus, 1959,

Mlanupo H. C. aemenrapnsie wactuyst, YU3n-so «3uanue», 1958.

IF'oavdanckud B, H, B mupe 3iementapuvix dacrtuy. Hsp-so «3ua-
Hue», 1959,

Cezape 3. Antunporons:. Ysp-so «3nanue», 1957,

Ju L3andao u Anr Uwmerno-nun [Hokradsel npu nosysenuu
Hobesescrod npemuu. Yenexu (Hu3uyecKHX Hayk, ToMm 64, Ne I, 1958,

Cmopoduncrkui fl. A. Crpykrypa nporona. «I[Ipupoaa» Ne 6, 1959.

Cumopoduncrult H. A, AHTuwacTuyb, QHTUBEUECTBA, GHTUMEPN
«[Tpupona» Ne 6, 1960.

A6pukecos A A, Xaasrarnuxes H. M. Hosvie csolcrea sae-
HenTapHelx wactuy. Uaa-so «3uaune», 1957.
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Tabauna 3JeMEHTapPHLIX YacTHU M MX Macc

(e maccax srexTpona)

HYKJOHHBIA 3apsn =1

BapuoHsi JenTOHHbIH 3apsan 0
cnun 1/2
Funeponst
S=-—-2 S=+2
KCH-MUHYC 2580 aHTHKCH-MHHYC
KCH-HOJb 2566 aHTUKCH-HOJb
CHIrMa-MHHYC 2341 aHTHCHTMa-MHHYC
cHrma-nJoc 2328 aHTHCHIMa-MJI0C
CHIMa-HOJb 2332 aHTHCUIMa-HOJb
n9MGAa-HOMb 2183 AHTHIAMO61a-HOJb
Hykaonst S=0
NPOTOH 1836,1 aHTHIPOTOH
HeiiTpoH 1838,7 AHTHHEHTOH
JlentoHbl
HYKJIOHHBIH 3apsia 0
JIeNTOHHKIH 3apsag =1
cnud 1/2
HEeATPUHO 0 aMTHHEATPHHO
MEKTPOH 1 MO3UTPOH
MHHYC MIOOH 206,8 IJIOC MIOOH
Me3soubt
HVKJIOHHBIH 3apax 0
JlenTOHHbIA 3apan 0
cnun 0
L]
Muonnt S=0
IUIOC MHOH 273,2 MHHYC MHOH
HeATpaabHbIR MHOH
264.2
KaoHbt
S=1 =—]
nJI0C KaoH 966,6 MHHYC K40H
HeATpaJ/ibHbli KaoH 974.2 HeATpaJNbHbIl aHTHKAOH

$©0T1OH Bce 3apaabl

0

cnuu |1

Mac

ca 0
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Haywnmii pegaxtop B. A. Jemxosues
Pemaxrop waxarenscrsa H. B. Ulycrosa

Texu. pemaktop JI. E. Arpoumenxe, Keppekrop H. HB. Orspoxnuxosa

O6noxka xyaoxnuka P, T, Axeema

Iloan. x newarn 13.IV 1962 r.  Hsa. Ne 126.
Iew. ax. 3,0. Ya-u3g. a. 2,74,
3axasz 962
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dopmar 6ym. 80X92! /1. Bym. a. 1,5.
A 02254, Liena 9 xom. Tupax 23 000 ska.
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