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B romike momyJApuHo pacckaseBaeTca o Oe-
KOTOPHI X BAYKHBIX H HHTEPECHH X CBOHCTBAX BJC-
MEHTApPHLIX YacTHI M BaKonax MX B3alMOJeiicTBUA.
B ofmepocrynuoii fopMe aBTopn ofcymaawT BO3-
MOIEE@ [OpHMeHeUHs Ppe3yJbTATOB COBpPEMeNHOil
anepuoii Guanky AAA OOLACHENNA KOCMHIECKHX
ABNCUHE,



HEOBBIYHAA KOMETA

B panexue BpemeHa cpefHEBEKOBbA TOABJIEHUE KOMET
JOK BCTpedaJn C TpEBOI‘Df‘I M CTpaxoM. KomeTsl cumura-
JUCh BEPHBIMM IIPefBECTHMKAMM KPOBOIPOJUTHEIX BOIH
H ONyCTOLUMTeNbHbIX anmaemuil. C pasBuTMeM HayKu Ha
KOMETHI CTAJM CMOTPETH KAK HA €eCTeCTBeHHOoe ABJIeHMe
npuponel. Ho c¢tpax npouren ne cpasy: moam 6oanuce,
4YTO KOMeTa OTpPaBUT 3€MHYIO anmcd)epy AJOBUTBEIMU
ra3aMu MJM, CTOJIKHYBIIMCE C 3€MJIEH, BhI30BET MMPOBYIO
KaTtacTpody.

Ceituac monobHBIEe OMaceHUA KaMXyTcA CMelUHbIMHU, B
Haluy AHU cooblleHMe O HOBOM KOMeTe HMKOrO He Halyra-
€T ¥ CMJILHO B3BOJIHYET TOJNBLKO acTpoHoMma. M ecnu 3a 1o-
JIETOM O4YePEOQHOTO COBETCKOr0o KOCMHYECKOro Ropaﬁ.}m
MJIM “JIYHHHKAa» HaAMPAMEHHO CJeAMT BECh MMUDP, TO 3a KO-
MeToit HaGmofaroT JMIUL HeMHorue actpoHomEel. Ho Bee
JIM MBI 3HaeM 0 komeTax?

B 1957 roay B Hebe rosBuiiace 3arafloyHad KOMeTa.

B yecrs OTKPBIBINMUX €€ acTPOHOMOB OHa rnony4muia
nBoitHOEe uM#A— KomeTa Apenp— Pomnanpa. Komera we
rposuiia 3emje CTOJNKHOBEHMEM, HO Buf ee Owin 3arajo-
yeH. Y KoMeThl OBIIO ABa XBocCTa, MpUYEM HampaBJIeHHbIX
B MPOTUBOIMOJIOMKHEIE CTOPOHEI (pHc. 1).

OB6pIyHO XBOCT KOMeTh! HanpasJjeH B ctopoHy ot Conn-
ua. 910 obfbhACHAETCA CBETOBBIM MaBJIEHMEM, KOTOpOE uc-
NBITEIBAIOT YaCTUL(BI, COCTABJAIOLIME KOMETHBI Ijeitd.
Tak Ge1E0 ¥ € OJHUM M3 XBOCTOB KoMmeThl Apenfg— Pox-
JlaHZa. 3aTO0 BTOPOM XBOCT MCITOJMHCKOM UIJI0iT B HECKOJIb-
KO MMJJIMOHOB KMJIOMETpPOB, BOMPEKHW BCEM TEOpPMAM, yCT-
pemuiica Kk Conuuy. 3T0 HeoObIMHOE ABJIEHME TOPOTMIIO

i* 3



CaMble paaﬁooﬁpaaﬂme TUIOTE3kI. O,IIHH Y4eHble CHUTAKT,
4TO KoMeTa chopMMpOBANach HEJIaBHO M BIIEPBble MoMaja
B obnacts Comnua. ITosromy ee cBeTAwmmitca uwieiigp mo-
*KeT COCTOATE M3 Je[AHBIX KPUCTAJUIMKOB; ¢ NpubiImMiKe-
HueM Komers! K COJIHLLy Jiej1 TaeT U HarpeTele CTPyM Iapa,
npeofoJjieBad JaBjieHue cBeTa, ycrpemaaiorea K CoaHuy.

Puc. 1. Komera Apena — Ponaanga.

Ho Hac ropaszio Gosiblue uHTEpecyeT Bropas rurore3a. OHa
BaKJ4yaeTcd B craeayoueMm. Komera morsia okasaTsca ro-
CJIaHIIEM KaKOoM~TO OYeHb JNaJICKOi TaJlakTUKM, e Mmare-
PMA [IOCTPOEHA COBCEM He TakK, Kak B Haluej BceseHHOI.
ATOMHBIE Apa TaM 3apAMKEeHBbI He NOJIOKUTENbHO, a OTPU-
LaTeJbHO, BOKPYT HMUX BPAIAlOTCA MNOJOXKMUTENbHO 3aps-
KEHHDBIE DJIEKTPOHLI — MO3UTPOHEL V3 TakuMx aHTHATOMORB
cobpaHbl pasinuHble MOJEKYNbl aHTHMBertects. IlosTomy
KOMeTa, COCTOALlAA M3 AHTHMBELECTBA, MOMAB B IT0Je MpH-
Tamenna CollHia, ycTpeMuiaacs K HEMY CTPyeit CBeTsllieii-
ca marepun. Yro ke Taxoe aHtuseniecTBo? Urobel OTBe-
TATH Ha 3TOT BONPOC, HaM IPUAETCH COBEPILIUTH DKCKYP-
CHMI0O He TOJBKO B OTHAANIeHHble TaJaKTMKM, OTCTOSLIUE OT
3eMiM HA PACCTOAHMM MWIJINOHOB CBETOBBIX JIET, HO M B
MHUP HEBOOOPasuMMO MalbIX BEJMYUH — MUKPOMMUP.



OBUTATEJN HEBUIUMOI'O MMPA

IIyreBoauTens M0 MHKPOMHDY

OO6BIYHO JIHOJM, TPEKIEe YeM OTMPaBUTLCA B MyTellecT-
BMe, CHa4YaJla U3ydaroT MaplipyT, BEIOUpaT Mo MyTeBoAK-
TEJNfIM AOPOrH, 3HAKOMATCA 3a0YHO € JIOCTONPUMEYATENb-
HOCTAMM M oDbIYAAMM Tex MecCT, Kyjga MM npencmwr no-
exaTh. Ham, npexjae yeM OTHPaBUTLCA B MMKPOMMD, TOXE
OyneT rnone3Ho MO3HAKOMMUTLCA C €ro 3aKOHAMM, IPMBEIY-
RaMyu ero «oburareneir».

Vrakr, nepey HamMu MyTeBoJUTENb MO MUKPOMUDY. Ha
MEPBBIX € CTPaHULAX JTOTO IyTeBOoAuTeNA CKa3aHo, YTO
JIeMeHTapHble YacTULIbI MOAYMHAKTCA 3aK0HaM TeOpHMH
OTHOCHTENBHOCTM JiiHiuTeitHa. OgHO M3 OCHOBHBLIX IMOJIO-
MEHMI BTOM TEeOPUM TOBOPUT: CKOPOCTB ABMIKEHMHA JII000r0
Tela He MOMKEeT NpeBBIaTE BeMW4MHY ¢ =299 776 xuio-
METpPOB B CCKYHJY. OTO 3HAUMT, UTO HENBL3A IBUTATBCA CO
CKOpOCTEIO, Donblueir ckopocTu cBera B mycrote. C npu-
ONMIMceHMeM K 9TOI CKOPOCTM Macca Tejla HadMHaeT BO3-
pacrars. Bonee TOT0, BCAKOE€ HM3IMEHEHME BHepI‘Pﬂ‘I TeJxa
BJIedeT 3a coboi1 CooTBeTCTBYIOLEe M3IMEHeHMe MaccChl
3'1'0 3HA4IMUT, 4TO, YBeJIM4UMEBEaA CROpOCTb, a cnenoBaTellb-
HO, M DHEPIrHMI0 TeJa, MBI YBeNInMuuBaeM M ero maccy. Ilpu-
4eM IIpKU CKOpOCTAX, OIM3KUX K €, YBeJIUYEHUe Macchl MO-
KeT OBITE BeCbMa 3HAYUTEJbHBIM.

IlosToMy, KOrZa TOBOPAT O Macce dJeMeHTapHON dYa-
CTMIIBI, TO IMOApPa3’yMeBarT ee maccy nokod. Ecte yacti-
IoBI, ¥y HOTOPBIX HET MAacCChl IMOKOA. 3TO 3Ha4YUT, UTO MX
Macca NMpoABJAAETCH JMIUb B JBUMEHUN.

Kpome Teopum OTHOCUTEJIBHOCTHM, MMKPOMHUpP YIpaB-
JAETCH elle 3aKOHAMU KBAHTOBOI MexaHuku. IlosTomy
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Cpa3y € HA30BEM ee OCHOBHOe [pPAaBMJIO. OJHOMMEHHbIE
3JleMeHTapHble YaCTULbI [TOJHOCTBI TOMIAECTBEHHEI APYT
ApYTY. OTO COBCEM HEIOXO0Me Ha OKPYIRAIOLIMiT HAC MUp,
rae Mbl HE MOKeM HasBaTh HM OJAHOI mapbl alCOJIFOTHO
OAMHAKOBBIX TIpeaMeTOB. VM ecnu cyllecTByeT MOTOBOPKA
«II0XOKM, KaK JBe KalJIM BOABI», ee JIETKO MOYKHO OMNpo-
BeprHyThb. Kak? Jla, xota Gkl B3BECHTH 3TU Karjiu ¢ J0CTa-
TOYHO BBICOKOW TO4YHOCTBIO. Memay Tem Bce, HanpuMmep
MPOTOHEB], CTPOrO PaBHBI IO Macce u 00JafalT OAMHAKO-
BOJ BEJIMYMHON 3apaa.

Janee, sneMeHTapHble YAaCTHLBI— 3TQ HE COBCEM 4ac-
Tuibl. BepHee cxasaTh, 5T0 ¥ YACTULBI M BOJIHBLI OJIHOBpE-
MEHHO, COCPEe/IOTOUEHHBle B OIpeeNIeHHo} obJacrtu Ipo-
crpaHcTBa. POTOH, HanpuMep, pacnpocTpaHAeTCa B BUJME
BOJIHBI, a WM3Jy4daeTca M [OIJonaercad Kak dacTula.
O6men oHeprmeit MEXAY YacTMLUAMM OCYLIeCTBIAAETCA
CTPOro ompefeleHHBIMKM TOPLUMAMH — KBAHTaMM, DHEPrus
KOTOPBIX TOMe MozeT ObITh CTpPOro OrnpejelsieHa.

Me1 Ha3BasIKM QalleKo He BCE 3aKOHBI M [IpaBiula, yrpas-
nALIMEe MUKpPOMMpoM. MBI fa)ke He YNOMAHYJH O MHO-
rux ero oburarenax. Ho Beak 8TO TONBKO NYyTEBOAMTENE,
a nyTeluecTBHe ellle NMpeACTONT.

IlepBble marn B naGnpuure

CoBepllIeHHOE HAa 3ape HAllero BeKa BEeJIUKOe OTKPBITUe
PaaAMOaKTMBHOCTM ITOCTABMJIO 110 COMHEHMe MHOTMe u-
3u4yecKue Teopun, kasasplunecs beccniopabiMu. Huy koro He
BO3HMKJIO COMHEHMI, 4TO AJs MepefadM DIHEPrMM EecTb
TOJIBKO JIB€, COBEpLUEHHO OTJMYHBIE APYr OT Apyra BO3-
MOMHOCTM: JBMIKEHME 4YacTHl (KOPHYCKYJNAPHOe ABUIKe-
HMe) MIM BOJHOBbIe KoJebanuA. IToN0MUTENIBHO 3apAMKeH-
HBIE Alpa ATOMOB reJUf, UIU anbda-Jy4u, NpeacTaBNdioT
co6o¥ NOTOK KOPIMYCKYJI, TOYHO TaK K€, KaK M IMOTOK dJIeK-
TpoHOB (Bera-ayun). M TONBKO ramMma-Jly4ym MOJHOCTBIO
ONpaBABLIBAIOT HasBaHMe Jy4yei. OHM NpPeACTaBAAOT coboi
SJIEKTPOMAarHuTHble koJebaHua ¢ OYeHbL BOJILIIOIT DHEPrU-
eit. HoBele uccnefioBaHMA MOKa3aly, YTO DJIEKTPOMATrHUT-
Hble KoJebaHMA IPOABNAIOT CBOMCTBa KOPIYCKYJ, a 4a-
cTuibl BenyT ceba kKak BoJHbL IlosTomy ABOMCTBEHHOCTB
YaCTUI] M BOJIH CeJajiaCk OCHOBHBIM 3aKOHOM MUKPOMHUpA.

I[Bamxa'rb ¢ JIMIIIHMM BeKOB OTIENAKT HaHBHy'IO aTo-
muctury Jlemokpsura or Gaecramux onerror D. Pesepdop-

(]



na, rmokasaBllero, 4To aTOMBl HE TOJABKO pacnagamTca U
B3aMMOIMPEBPAIIAIOTCA, HO M MMEIOT CJIOMKHOe CTPOEHME.
Jlna oTOro XBaTUJIO BCETO ABYX BMJAOB 3JI€MEHTAPHBIX 4Ya-
CTHL OTPULIATENLHO 3aPAMKEHHBIX 3JIEKTPOHOB (€7) M IO-
JOMUTENBHBIX TPOTOHOB (p*). K HMM MOXHO n00aBUTH
ele YacTuLy: KBaHT CBeTa, uiu ¢oroH (y), Tak Kaxk B TO
BpemMa GbIIO yIKe ACHO, YTO CBET M3JAYHaeTca M IMOorjio-
iaeTca MalleHbKMMM, HO BIIOJIHE OHPGHGHEHHBIMH rnop-
UquAMM — KBAHTAMMU,

B 1932 roay Hayka oforatuiiack OTKpLITHEM eIlle OJi-
HOJ BJIEeMEHTApHOiT YacTuilbl — HelitpoHa (n). Kasanocs,
4yTO Bonpoc ucuyepnad. flapo cocTtouT M3 HYKJIOHOB (Mpu-
GAMBUTENBHO PaBHBIX [0 BeCy MPOTOHOB M HEHTPOHOB),
BOKPYT AApa BpalLalTCA 3JIeKTPoHHI (puc. 2). Ho ¢ aroro
MOMEHTA (PM3MKM MOMNany B HACTOALIMI J.OMpuHT. Hem
ray6ike MpoHUKaau OHM B TaiHBl aroma, TeM GoJplie 3a-
rajok BCTaBaJo repej HUMM.

Bor onna u3 3arapgok. KakoBa npupoga MoOryuux sfaep-
HBEIX CHUJI, yAepuBamomux npoToHsl B Azpe? Kasanocs,
9TO 2JNEKTPUYECKME CHJIIBI, KOTOPbIE [MPUTATUBAIOT oTpHIIa-
TeJbHbIN QJEKTPOH K IMOJOMNKUTEJNBHOMY AMAPY, AOJIHAIHEB]
6pliM OBl 3aCTaBUTH [MPOTOHLI Pa3JieTeThbCA B pa3Hble CTO-
porbl, Ho MpOTOHBI HE TOJIBKO He pasfieTalTcsd, HO, Hampo-
THB, IPOTMBOCTOAT NOMBITKAM pa3pywmTts ajapo. Ceituac
M3BECTHO, KaKue BBICOKMe dHeprum TpebyroTca nna pac-
LIEIJIEHUA aTOMHBIX fAfep. 3HA4YUT JeJo He B dJIeKTpUYe-
CKOM NPUTAMeHUU U oTTaNkuBauuu. Tem Gonee, ¥To CUJIBI,
YRePKMBaKLIKME HYKJIOHB! B A/lpe, BO MHOTO pa3 NpeBoCXo-
OAT aJeKkTpuydeckune. Jla U Kak 3JIEKTPUYECKME CHUJIBI MOTYT
BIMATL HA He3apAMeHHEI HeiTpoH? HelTOHOBCKAA CHUIA
TATOTEHUA TAKIKe HEe MOMeT CHAYIUTh Pady MHBIM obBACHe-
HuneM, Besib oHa B 10%7 pas MeHbllle AeNCTBUTENBHEIX CUJ
HYKJIOHHOTO CLerJleHudA. flfepHble CUIBLI COBEpPIIEHHO HE
3aBUCAT OT JJIEKTPUUECKOro 3apaaa yactuusl. Oun obnana-
FOT CBOMCTBOM «3apfANOBOil He3aBucumocTu». Ilpubnnsn-
TeJIbHO C OAMHAKOBOM CUMJIOM NMPUTATUBAIOTCA APYT K APYTY
MPOTOH M HENTPOH, HEMTPOH M HEMTPOH, NPOTOH U IMPOTOH.
Onuako anepHLIe CUATBI 06TAAI0T UCKIIOYUTENBHO HEBOME-
UMM paxguycom feicerBua. Ha pacetosHMmM  IopAAka
107'3 cx gBa MPOTOHA NIPUTATMBAIOTCA APYT K APYTYy C CH-
J0#, B 40 pas NpeBOCXOXAINEH MX JIEKTPOCTATHYECKOE
oTTankusanue. Ho crour YBEeAWYNUTE 3TO pacCTOAHMUE TOJb-
KO B YeThipe pa3a, ANEpPHEIe CWJIEI CTAHYT PaBHBI AIEKTPO-
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CTaTUYECKOMY OTTalKMBaHUIO. Pe3dko MeHdercsa xapakrep
AEPHBIX CUJ M HA O4YeHB Manabix, MeHee 0,5-1071% ex, pac-
cTOAHMAX. 3Aech OHM Kak Obl MEHAIOT HarpaBJeHMe, npe-
Bpaulasack B eule OoJjiee MOLIHBIE CHJIBI OTTAJIKMBAHUA.

OTryna e Gepyres 3Tu TauHCTBeHHBle cuibl? CHaua-
Jla nonpobyem paszobpaTkcA B 3aKOHAX, YIPaBIAKIMX
BJIEKTPOCTATMUECKUMM CHMIIAMM PasHOMMEHHO 3apAXKEHHOM
Mapel 3JIEKTPOH — MPOTOH.

PoToH — KBAaHT YICKTPOMArHUTHOrO nNoJaHA

3aroH Kyiona, ycraHOBJIeHHBIA emle B 1784 rogy, raa-
CHUT, 4YTO CuJIa, AEMCTBYIOUMIAA MeEXJy ABYMA 3IIMEKTpPUUE-
CKMMM 3apajlaMM, u3MeHAeTcsa o6paTHO MPOMOPLUOHATBHO
KBaJipaTy paccrofHuA MeAy Humu. Ho ronbko Gmaroaa-
pa paboram Papamea u MakcBenna ObLIO YCTaHOBIIEHO,
YTO UZMEHEeHUEe IJIEKTPUYECKUX CUJI MeXIy 3apAjaMu pac-
NPOCTPaHAETCA HEe MIHOBEHHO, a CO CKOPOCTBIO CBETa.
Ecnn u3MeHMTH pacCTOAHME MEIKAY 3apAfaMy, OTOJABMHYB
OAMH M3 HHUX, TO [APYroil <«NoYyBCTByeT» yMEHBLIEHUE
BJIEKTPOCTATHUYECKON CUNTBI Yepe3 HEeROTOPEI NMPOMEXYTOK
BpeMeHM, HeoOXOAMMEBI CBETOBOMY KBaHTY, 4TOOBI Mpo-
6esxaTh paccTosiHMe MeXAY 3apAlaMu.

BsaumoneitcTBue MexAy DVIEeKTPUYECKUMM 3apAfiaMu
MEePeHOCUTCH MOCPEACTBOM CBETOBBIX KBaHTOB — (pOTO-
HOB. OJIEKTPOMAarHMTHOE II0JIe Mpexcrasiser coboi ¢o-
TOHBI, HENPEepPLIBHO MCMYCKAeMble M MOIJIOLIaeMble 3aps-
deHHoM uyacTuuei. Byaromapa TakoMy IOJNK 3JEKTPOH
IIPUTATUBAETCA K NMPOTOHY. Moer BBITH, HYKJOHEI Y/Aep-
JXUBAIOTCA B Anpe Toxe Onarofapa kaxomy-nubo spepHo-
My MOJI0O M TOM€ HenpepbIBHO 0GMEeHMBAIOTCA KAKOM-HM-
6yap yacrtuueit, noxoxen ua (oron? JpyruMmmu CIOBaMH,
JOJIHKEH CYLIECTBOBATE KBAHT AAEpHOro mnoisa. Meicas o
TaKOi aHAJIOIMM BIEPBble BBICKA3aJ COBETCKUiT (IBUK
naypeat HoGenerckoit npemun V. E. Tamm. Ho npexzae
YyeM paccka3aTe o0 3T0j1 3arajlodHOil 4acTHLe, HaM IpU-
ZleTcA [epeHecTuCh B TPMALAThIE TOJBI HALUero BeKa.

Me3soH — KBaHT AJAEPHOTO MOJA

Macca moxoA KBaHTa 3JEKTPOMAarHMTHOTO IMOJA — po-
TOHAa — paBHa HYJIIO, a pagMyc AeiiCTBUA DJIEKTPOMarHuT-
HBIX CUJ y Hero GeckoHedeH. 3aTO A/lePHble CHUJIBI, KaK MBI
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y¥e roBOpMIM, NelCTBYIOT Ha OYeHBb KODOTKMX paccTod-
HMUAX. ITO NO3BOJAMJIO AMoHCKoMY Teopetuky X. IOkaBe B
1935 roxmy BRICKa3aThk NPEANONOMEHME, YTO TAMHCTBEHHBI-
MM KBaHTaMM JOJIHBI OBITE HeKMe Me30HEI (0T Irpedeckro-
ro «me3oc» —IpoMexyTouHbli). Mx macca npeanoJsara-
nace npubmmsurensho B 300 3/I€KTPOHHBIX Macc—23. M.
IlonyTHo oTmMeTHMM, ¥YTO MacCa IIOKOA IIPOTOHA COCTaBJAeT
1836,1 ». M., a meitrpona—1838,6 . m, Takum obpazom,
Macca ME30HOB JIOJIZKHA JIEXKATE B «IIPOMEMYTHE» MEWAY
MatcaMy 3JeKTPOHOB U HYKJIOHOB.

Tax kax (OTOHBI MHTEHCHMBHO B3aMMOAEHMCTBYIOT C
anexTpoHamy, IOKkaBa IO aHAJIOTMM IIPEAMONIOKMUI, HTO
MEBOHLI AKTMBHO BCTYMNalOT BO B3aMMOJEHCTBUE C HOCHTE-
JAMU «AJEPHOTO 3apAAa» — HYRJIOHAMM.

IIpomno aBa roja, U Ha mnomols (GU3MKAM TTPUILLIN
KocMu4yeckue Jyum. Msyyas ¢ nmomolubr Kamepbl Buib-
coHa Kocmuueckoe nanyuenue, K. Angepcon n C. Hennep-
Maiiep obHapyXuJM B ero CreKTpe J0 CMX NOp HEU3BEeCT-
Hble YacTUIIBI, NpeBbnlatomme o Becy 200 s, M. Kasamocs
Obl, HA BTOM MOMKHO IIOCTAaBUTh TOYUKY — IpPeACKa3aHue
IOkaBb! cOBLIIOCE.

Ho nanepheiinme uccreoBaHMA MOKA3ajM, 4YTO 3TH TaK
Ha3bIBaeMble MIO-ME30HBI, MAM MIOOHBI (U*, W°), He MoryT
OpiTe KBaHTamMM AfepHoro noid. OHM NIpaKTUYECKHM He
BCTYIAOT BO B3aMMOAEHCTBUE C HYKJIOHaAMM.

Ho ne ycrnenm ¢dusukn pazobiaumuTs «JIKEMe30H», KaK
BCE Te K€ KOCMMYeCKHe JIy4M IOMOIJIM CAeNIaTh HOBBLINMA
BaX{HbINA LIar.

B 1947 romy Ioysnn, Oxkuanuum u Jlarrec obHapy-
JUIM HA TOJCTOCHONHBIX (DOTONJACTMHKAX CJIeJ] HOBOM
KOCMMYEeCKON YaCTULIbI, KOTOPAsA DHEPruIHO B3aUMOMeicT-
BoBaJla ¢ HykJioHaMM. HoBble 4aCTHMIE! Ha3Balu [MH-Me30-
HamM¥, uau mMoHaMu. IIMoHb! 6BIBAIOT M MOJOMUTEJIBLHO M
OTpULIATENBHO 3apsKeHHBIMM (N, n7) M «BecaT» 273 3. M.
Kpome Toro, HeckonbKo Moase GBI OTKPLIT ¥ HEATPAIb-
Hblt on (n°). Macca n° HEeCKONBKO MeHbllle YeM 3apf-
#EHHBIX, M coctaBadger 264 5. M. HelrpanbHbBli THOH
OUeHb HENOJTOBEYEH, Aaske B macwitabax KU3HM HacCTUIL
mMukpomupa. OH pacniagaercd B COTHM MMJIJIMOHOB pa3
CKOpee, YeM €ro 3apAXEeHHbIe TEe3KHU.

Tenepb, korga MBI pacnoiaraeM CBeJEHUAMM O TPEX
BMOaxX ME30HOB, IIOIbITAEMCH Npe/CTaBUTh cebe KapTUHY
B3aMMOZIECTBUIT, KOTOPEIe IMIPOMCXOAAT B aTOMHOM #ApE.
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CyTp 9TMX B3aUMMOAEHCTBMI 3aKJIIOYAeTCA B HENpepblB-
HOM B3aMMOMNpeBpallleHMy NPOTOHOB M HeHTpPoHOB, (ak-
THYECKM MpeACTaBaAIIIMX ccboil JBe pasHOBMAHOCTU OX-
HOI M TO¥ e 4vacTHUBl — HyKJoHA. Korma nmpoTon u Heii-
TPOH BCTYTMAIOT BO B3aMMOJeHCTBUE, NMPOTOH U3NYHUAET I10-
JIOMKUTENBHBIN TMMOH, KOTODBINA ITOIJIOIIAeTCA HEHTPOHOM.
ITyon kak 6b! YHOCHMT MOJIOMMTENBHBIA 3apAA OT NPOTOHA
K HeliTpony. B peaynbrare NpoToH cTaHOBMUTCA HeHTpO-
HOM, HeHTPOH — nporoHoM. To4dHO TO e MPOUCXOAUT, KO-
TAa HEeUTPOH MINy4yaeT OTPULATENIbHBI ITHMOH, KOTOPBIH
TOTJIOLAETCA MTPOTOHOM.

ITpu B3auMoJeiCTBMM MPOTOHA C MPOTOHOM U HENTpOHA
C HEMTPOHOM CYILEeCTBEHHEMIUYI POJb Mrpaer HelTpailb-
HbI MoH. MmenHo Gnarozapsa eMy noayumia obbACHeHUe
npucyLas ANEepHBIM CUJIaM 3apAfoBad He3aBUCHUMOCTD.

Brop:kenne «CTpaHHBIX» FaCTHIL

Haunnaa c¢ 1950 roga ucciepoBaTeNlaM YAANOChL HANTH
LIeJIY}0 CepUI0 HOBBIX YaCTMII, COBEPIIEHHO HEOMHUOaHHBIE
CBOMCTBAa KOTOPBIX HMKAK He YKJaJbIBaJMCh B MpejulecT-
BYOILIME TEOPUU.

Cpenu cnenoB, ocTaBiAeMEIX Ha (OTOMJIACTUHKAX
KOCMMYECKUMM JMBHAMHY, ObIM 06HApyKEeHB! Cle[lbl Heu3-
BeCTHBIX npespauieHuii. CHUMKM TaKuMX NpeBpalleHuil Ha-
TMOMMHAJNK TpeyecKyo 6yksy A.

«[Tamouxku» aroii Gykebl GBINIM clleflaMu HEU3BECTHBIX
U HeoObACHUMBIX pacnazoB. IIpulllyiocs NPeANONIONKUTE,
YTO pacrnajack KaKaA-TO HeM3BECTHadg udacTtuua, Gesyclos-
HO, He MMeILIIaA 3apAfa M, CJIeOBaTeNIbHO, He OCTABJIAIO-
masa cnenos. IlpuyeM M pacnanack-TO OHa TOXe Ha JBe
JI0 CMX NOp HeM3BecTHBIE YacTuupl, obaazaroniue 3apaza-
MM ¥ OCTaBJIAIOIIME CleAbL

TimaTensHoe M3yueHMe CJIEIOB HOBBIX YaCTMI] IOKa3a-
JIo, YTO K DTOMY MHTEpPECHOMY HABJEHMIO NMPUWYACTHBI IO
MEeHBllelt Mepe OBe HelTpalbHBIe yacTullbl. OmHa — pac-
nazialoljadcA Ha IMPOTOH M OTPULIATENBHBIN MMOH — DbLIA
Ha3BaHa Jambpa-uacTuueil; Apyras, NpoAYKTaMu pacrnaja
KOTOpOi OBIIM NMOHBI, MoJyumsa Hassanue H-uacTmbL
Macca Jsambpa-uactmusr cocrapasya 2181 . m., H-ua-
cturiel — 965 8. M.

He ycnenu ¢uamukyu «OKpecTUTB» HOBOPOMXIEHHBIX
npeacraBuTeNieit MuKpoMupa, kak ororpadua sanedar-
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Jesla cayd4ail, rpe Oykea A Obina obpasoBaHa ciefaMy He-
M3BECTHOH 3apAMEHHON YacTMLBI M NMPOAYKTa ee pacrana.
Ilpuuem gpyraa BTOpMYHaA YacTuua Obina HeliTpanbHa M
clefoBaTelbHO, HEBMAMMA. 3aTeM oOKazajloch, uto K-ua-
CcTMIIa MOXeT pacmajaTbCA TO Ha JIBa, TO HA TPpu MMOHA.
OTKpBITHA CJeN0OBalM OJHO 3a APYTMM. ¥ GM3MKOB 3aKpy-
sunuck roJioel. Ilogymate Tonbko! JlecATKu Heu3BecT-
HbIx yactuy! Ecam 10 eux nop Teoperuky nmpeAcKasbIBaN
HOBBIE€ YAaCTULbl, & BKCMEPUMEHTATOPH! I10 HEeCKOJbKY JIeT
crapanuck uX oOHapy»uTb, Tenepp Bce ObLIO HaobopoT —
TEOPETUKM HE 3HAJM [a’ke, UTO MAEJATh C HOBBIMM He-
HOAHHBIMM YacTHMLaMM, KoTopbkle Ge3 BCAKOI moMolH
TEOPUM HaXOLUIIU SKCIIEPMMEHTATOPLL

Ho korma crtpacTtu yJeramch M Hauyaoch KPOIOTIMBOE
U3yHEeHMe CTPaHHBIX CHUMKOB, BCE CTAJNI0 Ha CBOM MeCTa.
Tabaua SJIeMeHTaPHBIX YaCTUI[ MMOTOJHMUIACHL CeMBbI0 HO-
BbIMM 4JIeHaMM, BKJIKYasd yMKe Ha3BaHHble HaMu Jambra-
n K-gacruuer. Te u3 HMX, KOTOpBIE TAMKEJEe MPOTOHA, Ha-
3BaJI rUMEePOHaMM.

WUrak, noasunuce tpu K-mesona (K*, K~ u K° u ue-
TeIpe runepoxa: Jdambaa (A%, mBa curma (2%, £7) ¢ mac-
coit 340 5. M. u Kem (E) —runepoH ¢ Maccoit OKOJIO
2580 5. m.

Korpa tmiaresnsHo M3yumnm TaMKesble ME30HBI M THITE-
POHBI (CBEPXIIPOTOHBI), OKA3aNoCh, YTO BCe OHM HECTa-
OuabHBEI M KMBYT B Teuenue Jamwp 1078—107'" cex. Bee
OHM MOTYT pacnafaTbCia HEeCKoJMbKMMy cnocobamu, 49ro U
NMpuBeJio cHa4yasaa (hM3UKOB B TaKOe CMYLIEHME,

Ho nHe 9To oKa3anoCch CaMbIM TrJaBHBIM B IMOBeNeHMM
HOBOOTKPBITBIX Yactuil. Camoil cTpaHHO! MX «CTPaHHO-
CTBIO» OKA3aJIOCh CJIMIUKOM [O0JIrOe BpeMA KU3HHW. UTOOBI
noHATh, mnodyemy 100—10-muanmapaHble M0AM CEKYHIBI
KaMyTCA CIUIIIKOM AOJITMMM, HAM MPUIOETCA TTO3HAKOMUTE-
CA ¢ XapaKkTepHbIMM JJIA MUKPOMMpA B3aMMOJEHCTBUAMMU:
CHMJIEHBIMM, 3JIEKTPOMATrHUTHBIMY U caabbiMu.

Ho npexzie Mbl 0CTaHOBMMCA Ha TaKOM BasKHOM MOHA-
TUM, KaK «CIIUMH» 3JMeMeHTapHoil uactuubl. Ilo-aHrauitcku
«CITMH» O3HA4aeT BpalleHue, Kpy4enue, Muorue yacTuubl
obnaparor cnmuom. Cnivu xapakTepusyer ocofoe CBOMCTBO
MMKPOYaCTHL], HATTOMMHAIOIIIEE TO, YTO B MPUBBIYHBIX HaM
maciuTabax Ha3blBaeTCA BpAIlleHMEM BOKPYT CBoeii cober-
BeHHOt ocu. Hactmita, obnajalomana cnuHoM, Befler cebsa
KaK MMKPOCKONMYECKMIT MarHuTMK. BpaulaTenbHbBII MO-
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MEHT, MJIM CIIMH 4acCTHlbl, He MOIKET ObITE KaKuMm YroaHo.
OH Bcerga ABJAETCA KPaTHBIM CTPOTO OlNpefieJIeHHOM Be-

h
JuunHe C — eguEMLe criMHA: 5 ¢ e h —noctoAnHas

Ilnanka, paBHaa 6,6252-107% gpe. B atux emguMHMLAX CIHH
Mo3KeT ObITh paBen ToibKko 0; /o 1; 2; 3 u 1. a4 Criun Hu-
KOrJla HEe MCUe3aeT M HUOTKyZa He Bo3HuKaer. Korma nse
YacTUNBLI COEAUHAIOTCA B OfHY, GoJiee CI0MKHYIO, UX CIIMHBI
cknaaeiBaloTcA. Ecou criuubl OBIIM paBHBI MO BeJIMUMHE,
HO TMPOTUBOMOJIOMHBI M0 HATIPABJIEHUIO, CYMMAapHEI Bpa-
HiaTeJbHbII MOMEHT HOBOM 4aCTHMLBI CTAHOBMTCA PaBHBIM
Hyn0. Eciiv nanpaBiienMsa CNMHOB COBMAfamwT, HOMYCTUM
+!/5 v +'/5, To cymmapHBIiT CIMH CTAaHOBMTCA PaBHBIM
+!'/:+4'2=1. B rom, yro crmMH ABASETCA BaMHeiiLIe
XapaKTePUCTUKON BJIeMeHTAPHOM 4acTHLBI, uuTaTeab ybe-
JATCA HEeCKOJIBKO Io3fHee. 37eCk Mbl TOJBKO 3aMEeTHM,
YTO CBOMCTBA YaCTMI| CO CIIMHOM, PaBHBIM !/; (3JI€KTPOHHI,
TIPOTOHB! ¥ HEMTPOHBI), CYIIECTBEHHO OTJIMYHEI OT CBOMCTE
YaCTHI] C HEeJLIM CIIMHOM (ITHMOHBI).

CuanHble n caabble B3anMonelcTBHA

Korpga mb! roeopumM «cirabble» MM «CUIBHBIE» B3aMMO-
JejicTBMA, MBI MMOCTYNaeM He COBCEeM MNpaBuJbHO. Jeno
3meck He B cnabocTM u cuie, a B cKopocTu peakimu. Ha
camoM peJie OU3MKU M3MEPAIOT MMEHHO CKopocTh — abco-
JIOTHYIO M OTHOCUTENBHYIO 10 CPaABHEHWIO ¢ JAPYTMMH
pearuuaMu.

CunbHble U ciabble B3ayMOAENCTBUS — 3TO [Ba PE3KO
OTJMYHBIX KJacca IMpoLeCcCoB, MpoTeKalnIUMX B MUKPOMUPE.
CunbHple B3auMMOAENCTBUA BBI3BIBAIOT pAX ObICTpOTEKYy-
IIMX TPOLIECCOB, BO3HMKAIOIUIMX 3a CYET AMEPHBIX CMII. 3TO
B3aMMOZLENCTBUA HENTPOHA C IMPOTOHOM, MUOHOB C HYKJIO-
Hamu. BrlcTpoTa mpouecca onpenenaercA OTHOLIEHUEM
pasMepoB YacTHI] K CKOPOCTAM MX ABuKeHus. IlosTomy
€CJIM pasMepbl HYKJIOHOB M3MEPHAIOTCA BeJIWYMHAMM TNOPAA-
Ka 107" ¢M, a MX CKOpOCTM — MOPAZKA CKOPOCTM CBETA
(10" cm/cer), To mauTenmBHOCTH MpPOLIECCOB, CBA3AHHBIX C
CUABHBIMM B3auMmomeiicTBuAMu, cocTaBur 1071%:10Y0 =
=102 cex. 3Ba Takoe BpeMA CBET MpOiijleT paccTosHMe,
paBHOe pa3mepy dacTHMIbl. YTobGbl 3a TaKOM HMYTOMKHO
KOPOTKMIA CPOK YHaCTULbl YCIENIM MUCMBITATL B3aUMOMeHCT-
BWE, OHO JOJKHO 6BITE HeOOBIYAIHO CHMIIBHBIM.
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Cnabble B3aMMOJEACTBMA [POMCXOAAT HECPaBHUMO
MeanenHee. BoT moueMy BpeMsA M3HM «CTPaHHBIX» Ya-
¢TMI] MBI Ha3Balu HeobbldaiHO AoaruMm. Ob6pa3oBaHHBIE B
pesynbTare CHJIbHBIX B3aMMOJEHCTBUIA, OHM, HA TepBBLIA
B3IJIAJ, M pacnajaThbes JoJMKHBI Obliu ¢ GeleTpoTOM, CBOM-
CTBEHHOW CUJIbHBIM B3aUMOMENCTBUAM, HO 3TOTO HE TTpouc-
X0ONUT, MU CTpaHHbIE YHacTHULbl CTAHOBATCH <«OOJITOMHNTEIHA-
Mu», JleiCTBUTENBHO, €CJIM NP CTOJKHOBEHUM MpPOTOHA U
nyuoHa 3a Bpems nopafka 107 cex obpasyerca A-uacruia
un K-meson, To npoxomur «uenwix 3-10710 cex, noka A-ua-
CTHMIIa pacnajleTcA Ha MPOTOH M NuoH. Ecay MBI B Halem
Boobpamenun 6ymem cumrtath 1072 cer 3a Henylo CeKyHAY,
TOo uHTepBaJa Bpemenn B 107'° cex pacTaHeTCa B MMJLIMOH
Jet!

Korpma pasroBop 3axoguT o ciabblx B3aMMOAECTBUAX,
TO MpesJie BCero yMoMuHAKT o GerTa-pacnase. Jto nHaubo-
Jlee XOpOILUO M3y4YeHRblil npoiecc. Brnieperre on nabaroman-
CA ellle B HayaJle Halllero BeKa, Korga Oblla OTKpbITa HeE-
YCTOMYMBOCTE pPagMOAKTMBHBIX 3JIeMeHTOB. B mnpollecce
panuoakTuBHOro GeTa-pacrafja HEATPOH CaAMOMNPOM3BOJILHO
pacrajaeTca Ha MPOTOH M DJIEKTPOH. SJIEKTPOH «yJIEeTaeTs,
a obpazoBaBLUIMiTCA SJIeMEeHT TepeZIBUraeTcs B CIeNyHOIIYIO0
KJeTKy rabauiesl Menneneesa, rak kak 3apsajf AApa yBeJau-
YMBaeTCA Ha eAMHULY. 3aMeTHM, KCTaTH, 4To CaMOIpou3-
BOJIBHBI Gera-pacnaj MoXeT NMPOUCXOOUTE JHUILE Yy 3JIe-
MEHTOB C eCTECTBEHHOM PaaAMOaKTUBHOCTBHO.

Bpemsa xusHu cBoGoAHOro HENTpPOHa I[10 HOBEHIIINM
RaHHBIM cocraender 11,7 mukn. Cpeay HeyCTONYMBBIX 3Je-
MEHTAapHBIX YacTHL] OH SBJIAETCA CaMBIM JOJIOMHUBYILIMM.
Macca wHeifTpoHa mpeBOCXOAMT MacChl MPOAYKTOB €ro
pacnafa (MpoToHa ¥ 9JEKTPOHA) Ha BEJWYMHY, OKBUBa-
JeHTHY0 dHepruu B 780000 s26. OTa u3bblTouHAA DHEPrUs
[0 3al0HY COXPaHeHUA MOJMKHA NepeiT B KMHETHYECKYIO
SHEepruIo NpoAyKToB pacnajia. Ho camble ToOYHBIE DKCTIEpU-
MEHTbI MNMOKAa3blBAKIT, 4YTO MpOAYKTEI pacna.u;a BCerga y‘HO-
CAT MEHBIIYI BeJWMMHY 3HEpPruM, Ja M He TOJNBKO MeHb-
Y0, HO JaKe HENOCTOAHHYI: KMHETUYCCKafg DHEepruA
MEHAETCHA OT c.nyqaa K C-Hy‘-lalﬂ.

Y »TOit HOBOJ Barafiku NPUPOABI MOIJM OBITE TOJNBKO
ABa pelUeHMA: MJIM 3aKOH COXpaHEHMA DHEPruM HapyluaeT-
CHA, UJIY CYLIECTBYeT HoBada HeBUIAuMasa dactuua. KoHeyHo,
Jierde 6bLJIO MOBEPUTH B HOBYIO YaCTUILY, HEM ONpPOBepr-
HYTh OCHOBHON 3akKoH ¢usmukn. Tax Briepeble poamyach
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MedA 0 CYLIeCTBOBAHMM HEHTPUMHO — TaMHCTBEHHOM HeyJo-
BMMOM 4YacTHLIbl MMKPOMMpA.

HejiTpuHOo He TOPMO3MTCA M He BCTYTaeT BO B3anMMO-
AeiicTBMe C BellecTBoM. BepoATHOCTE TOro, 4TO, NPOiAs
CKBO3b TOJNILY J3eMJIM, HeMTPUHO S3aMeIJIUT CKOpOCTh M
rae-uubyner B caMoM ILIeHTpe Halueii IaHeTbl Oyner
Bect ceba yMHaye, YeM B BaKyyMe, COCTaBJfAeT
1/1 000 000 000 000.

Cnaboers MM cusla B3aMMOMEHCTBUSI — DTO He CBOMCT-
Ba, pa3 M HaBcerfla MpWHAJJIeXane dIeMeHTapHbBIM Ya-
crutam. Kak Mbl y3e BuAeau, ofMH M TOT e HEHTPOH
Y4acTBYeT M B CWJIBHBIX, U ciiabbrx B3aumozeiicteuax. Ilu-
OH Y4YacTByeT B PeaKLMAX, KOTOpblé BBI3BaHBI CUJIBHBIM
B3auMOAeNCTBUEM, HO M B MPOAYKTaxX pacnajia CTpaHHBIX
4acTHL, KOTOpble, KaK yiKe M3BECTHO, pacrnajaloTcs Mo 3a-
KOHaM cnabbIX B3aMMOAENCTBMIE, MBI TOXE BCTPEYaeM M-
oH. Pacman HefiTpanbHOro mMMoHa Ha MBa NpPOTOHA, KaK M
paccesaHue OTOHOB BIEKTPOHAMM, XaPAaKTEPU3YET yie HO-
BRIl KJIacC B3aMMOAEHCTBUIt—DdJIeKTpoMaruuTHele. M Tob-
KO 3araIoyHo€ HeVTPUHO NMPOABJAET YAUBUTENBHOE ITOCTO-
SAHCTBO M HM B KaKMX JIpPYTMX B3auMOAENACTBUAX, KpoMe
cnabbIx, HE Y4acTBYeT.

3arafka «ray-TeTa»

Ho ne pazu HeiiTpMHO, 9TOi, MOMKeET OBITH, CAMOIT MHTE-
PecHOi 4acTHUIIbl MUKPOMMpa, MBI YAEJIUIAM CTOJLKO BHM-
MaHMA CJNabbIM B3auMofZeicTBMAM. JIMeHHO 3TOT KJacC
peakIuii rOTOBUI (PU3MKAM OAMH U3 CAMBIX OLIEJIOMMTENb-
HBIX CHOPNpPU30B.

Kak M3BECTHO, NMPH CTOJKHOBEHMHAX 4YacCTHI] BBICOKMX
sHepruit B ofijlacTu CMJIBHBIX B3auMojeicTeuii obpasyerca
MHOTO OTXOJ0B — PasiIMYHBIX HEYCTOMYMBBIX MPOAYKTOB.
Bor cnabsle BaaumomeiicTBuA M OBIINM «IIPU3BAHBI» IYTEM
MeNJIeHHOro pacriaga OYMCTHUTE IOJIie «CpaxeHua» OJad HO-
BBIX CTONKHOBEHMII, IJIA HOBBIX sAfepHbIx Oure. Ho korma
hu3Mky npMcTadbHEN BIIAAENNCH B peakuuyu caabeix B3au-
MOJEICTBUM, OHM OOHApPYIKMIIM HEYTO COBEpLIEHHO HOBOE.

Hauanocs 270 B TY He CTOJNBL AalieKYio nopy, Koraa du-
3UKM JIOMaJIM TOJIOBBI HAJ 3araJlkaMu «CTPAHHBIX» HaCTHI],
¥ MBICJIB, YTO OIHA M Ta e YacTUIla MOXKeT I10-pa3HOMY
pacnafiaTbCH, TOJIBKO Opeskuia 3a TYMaHHON 3aBeCcoit
pa’UYHBIX TpeanoJoxenuin. J[[Be «CcTpaHHBIE» YacTHIIBI
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pacrnafalliMCch Ha IIMOHBL OJHAa— Ha TP, Apyrad — Ha JBa.
Tax kak Torga CUMTAJM, UTO pas3Hble NyTH pacnmafga Xapak-
TEPU3YIOT pa3Hble YaCTHUIILI, TO MEPBYIO HAa3BaJM Tay-Me-
sonoM (t), BTOpPYIO — TeTa-mezoHoM (). M Bor 3mecwh-TO
6b1J1 oOHapy:KeH NMapaZloKkC: M Tay-, M TeTa-4acCTulbl Ipo-
ABMJIM COBEPLIEHHO OJMHAKOBblE CBOMCTBA. ¥ HMUX COBIA-
panu GYKBaJbHO BCe MapaMeTphbl: Macca, OTHOCHMTEJbHAadA
YacToTa BOBHMKHOBEHMA B Pa3HBIX B3aMMOAENCTBUAX, Bpe-
ma su3au. Ceityac Mbl 3HaeM, YTO HTO OAMH M TOT e TUII
gactuibl, a umenHo K-meson. Ho ob6o3nayenna T u ¢ ocra-
JUCh, ¥ OHM OTHOCATCA K YACTHMLAM C TpeX- U JIBYXMe30H-
HbIM pacnazoM.

Ecau ¢ pasnuunbIMM NyTAMM pacrnaga dactyub!l pusm-
KM M MOIMIM KaK-TO NMPUMHMDMUTBCHA, MOCKOJBKY yie AaBHO
6b1JIM M3BEeCTHB! pa3auuHble crniecofbl pacrafa MHOTMX
Allep pagMOaKTUBHEIX 3JIEMEHTOB, TO COBEplIeHHO HeobOh-
fAcHMMoO ObLIC Apyroe. 34eCk Mbl HAOJMHBI Ha KODOTKOE
BpeMA IpepBaTh Hallle IMOBECTBOBAHME M IMTO3HAKOMUTL M-
TaTeNJA € €elle OAHMM 3aKOHOM MUKPOMMpPA— 33aKOHOM
COXPaHeHUA YeTHOCTH.

Hnanepmeme “eTHOCTH

YeTHocTh B (hM3MKe — 3TO He Ta YETHOCTB, C KOTOPOA
MBI IPUBBIKJAM BCTpedaTbca B apucpmerure. Pusmveckas
YEeTHOCTh XapaKTepUayeT CMMMETPHUI0 HaCTHUI [0 OTHOIIe-
HUIO K JIEBOJ M TIpaBoil CTOpOHAM M HMX IIOBEJEeHUe MpH
ZepKaNbHOM 3aMEHEe IMPaBoii CTOPOHLI Ha JIeBY0 U Haobo-
por. Takoe wuameHeHue (MHBepcuA) 03HA4YaeT I[epeMeHY
3HAKOB TMPOCTPaHCTBEHHBIX koopauHar XVZ, Ora mepe-
MEeHa paBHOCUJIBHA OTPaKEeHUIo B 3epKalle.

Ha nepBeri B3raAx 3eprajbHOE OTpaXKeHMe KaKOro-
aubo npegMeTa HUYEM He OTJIMYAETCA OT OPUTHMHATIA, MHAYE
3ayeM Torja cMmoTtperhkca B 3epkano? Ho aTo TolbKO Ha
NepBhIM B3rJNAL BCe 3aBUMCHUT or opurunaina. [Ilap, Hanpu-
Mep, NeHCTBUTENIBHO IOJHOCThIO COBIIazaeT CO CBOMM 3€p-
KaJbHEIM [BOMHUKOM. OTO0 3€pKaJIbHO-CMMMeTPUYHAI
npeamer. Ho crour mogHecTM K 3epKaly BUHT M CTaHET
fICHO, YTO OTpaseHue BMHTA BMeCTO TIPaBOi# HAaPE3KH
umeeT JNeByl0. ToYHO TaK e y 3epKaJIbHOrO OTPa)KeHusd
yesnoBeka cepaue OyJeT HaXOAUTBCA C MPaBOil CTOPOHBI
IloaTomy wesoBeK, BUHT, paKOBUMHA MOJITIOCKA M abCONIOT-
Hoe DonblMHCTBO PUBKMYECKUX Tes 3epKaJibHO-aCUMMeT-



PU4HbL AHAJNUMMYHU 3EPKAJIbHU-CUMMETPUYHbIM M 3ep-
KaJbHO-aCMMMETPHUYHBIM IIpegmMeTram REaHTDBa;-l MexXaHH-
Ka paajv4aeT COCTOAHMA C MOJIOMUTENBLHOW U oTpuLia-
TeJIEHON NMpoCTPaHCTBEHHBIMH YeTHOCTAMM, UWJIM 4YeTHhIe U
He4YeTHbIe.

Hecoxpanesne weTHoCcTM 03Ha4daeT, 4TO CHUMMeTpU4-
HOCTBE HMJH aCHMM@TpH‘{HOCTB npegMmeTra 3aBUCUT HE OT ero
NpUMpolbl, a OT TOro, B KAaKOi CMCTEME KOOpJAMHAT Mbl €ro
paccMaTpUBaeM: B <«Ipef3epKaJIbHOM|» WM «3a3epKalib-
Ho¥». Ho 3TuM cuereMB! KOOPAMHAT OTAMYAKOTCA TOJBKO
TEM, 4YTO ITpaBoe B OJHOM CHUCTEME 3aMeHAeTCH Ha JieBoe B
apyroi u HaoGopor. OTciofla citeiyeT, 4UTO HeCOXpaHeHMe
YeTHOCTM TIpeJinoJjlaraeT HepaBHONpaBUe «JeBOro» M «Ipa-
BOro» B MPOCTpaHCTBE. JTO MOIJIo MOKa3aTheAa abcypaHBIM
Zlayke TIPUBBIKILIMM K CaMbIM HEBEPOATHBIM abCTpakIiUAM
Teoperukam. IlpoTuB 3TOro BoccTaBalNu M 3ApaBblil paccy-
[OK M MHOTOYPAaTHBIE ONBITHI B o6yacTu cUJIbHBIX B3aUMO-
AelicTBMIL, IIe coXpaHeHMe HeTHOCTM OBLIO Tak e Hepy-
LLIMMO, KaK M 3aKOH COXPaHEHMUA Macc.

Ho Tax uau uHade, a sarajka «ray — Teta» Tpebosaia
ceoero pazpewrenua. KonewHo, ropasfmo Jerde bblIo mpen-
MOJOUTH, YTO 37eCh MMEET MEeCTo pacrnaj ABYX PasHbIX
JaCTHI M COXpaHUTh 3aKOH YeTHoCTH. Ho 4vacTuubl Besu
ceba COBepIlIeHHO OAMHAKOBO, U HUYTO HEe CBUAETENBECTBO-
BaJo 06 ux paznuuyuu. B nabupunre okaszanca tynuk. On-
Hako TeopeTrTu4decKasn cbusmca Yae cToAJla Ha rpaHu OOHOTrO
M3 CaMbIX 3HAYMUTEJNBHBIX OTHPBITMﬁ Halllero BeKa.

He Taxk npocro cka3aThk, 4YTO JABaXJbl JBa He eCTh 4e-
THIpe, fajke ecny Thl B oroM ybemaeH. [IpumepHo B TaKOM
nonoxenuun Haxoauiauce paboraromme B CIIA monoaere
TeopeTuky u Gyaymme naypeatsl HobBemesckoit mpemum
JIu Hayu-gao u Aur YskeHb-JmH.

OHM He TOJNBKO BBICKA3alM UCKIIOUMTENRHOE IO CMe-
JIOCTM MPeAroJIoMeHNe, YTO NMPUYMHON 3arajKu «Tay — Te-
Ta» ABJIHETCH HeCOoXpaHeHue Y4YeTHOCTH B cJabelx B3auMMo-
ZefiCTBMAX, HO M YKa3aJu NYTH SKCIEepPUMEHTAJLHON Mpo-
Beprm 3TOrO NMpPeArIoJIOHeHNA.

CyTs 9rcriepumenTa 3aKjK4aliack B cnegytontem. Hym-
Ho 6BINO KakuM-nuBo criocoGoM IMONAPU30OBAThL pacmajai-
muecs B npouecce Gera-pacnaza 4acTUIlbl UJIM AApPA, 4TO-
6Bl ycTaHOBMTBH, Ky[da 4allle BBIJETAalOT 3JIEKTPOHBI — IO
HamnpaBJIEHMIO CIIMHA pacnajamwlleica 4aCTULIBI WM IMpo-
T™uB Hero. U BoT B woHre 1956 roma rpynre cdusukor BO
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rnaBe ¢ By YUpen-wIbOHr yAalock Noa gefiCTBMEM MarHUT-
HOTO T0JA U TeMIepaTtyp, 6ausxux Kk abcostoTHOMY HYJIIO,
OpPMEHTUpPOBATE AApa KobanbTa-60 Tak, WToO MX CITMHBI
6BL1M HATIPaBJIEHBI B OJHY CTOPOHY.

PeaysbTaThl 3TUX 3aMedaTeNIbHBIX OMNBLITOB NOATBEPAU-
JIi TUNIOTE3y KUTaickux pu3MKoB. 3aKOH COXpPaHEeHMA YeT-
Hoctu B obJlacTu cltabelx B3auMMofeicTBMil OBIT HU3BEPr-
HYT. JleBoe M npaBoe HarnpaBJIeHUA AelCTBUTENbHO 0Ka3a-
Juchk HepaBHONMpaBHbIMKU. Bekope 8To Hauwio NoATBepHKIe-
HHE B PeaKIMAX pacriana NMoHOB ¥ MIOOHOB,

He ornpaBJaJicAd 3aKOH COXpaHeHMA YeTHOCTU M B pac-
najie 3apaxeHHoro K-Me30Ha Ha MIOOH M HENTPMHO.

Ho, uTofbl OKOHYATEJIBHO OTKAa3aTbCA OT COXPaHeHUA
YEeTHOCTH B CcJIaDbIX B3aMMOJENCTBMAX, HYKHO ObLIo pe-
wuTh elue ofHy npobinemy. Heno B ToM, UTO BCe Mpolec-
cbl, rjae HabarofanoCh, HapylleHMe YeTHOCTH, MMeNU ONHY
06[11'.}?!0 4epTy: cpelu KOHeYHBIX MNPOAYKTOB pacriafga Ha-
Garomanoce Kak MMHMMYM ofxo HeiTpuHo. IlosTomMy
OKOHYAaTEeJbHbIM HUCIIPOBEPIKEHMEM 3aKOHa CHEIIUTh He
crenoBalo. B03M0}Rl'.'0, 4YTO HapyLUeHHe YeTHOCTH €CTh xa-
PaKTepHAaa YePTa HEMNTPUHO,

MurepecHo eme ofHo obGcToaTenbeTBe, B Haurymeslrei
3arajlke «Tay — TeTa» HeHTpMHO He ydacTByer. la u He-
COXpaHeHMe HeTHOCTM 37eCh [OKa3aHO TOJIbKO KOCEBEHHO,
XOTA MMEHHO 3TOT MPOLEeCC U MOCIYUJ 3aBA3KOM ONMChI-
BaeMbIx cobbITHit. IlodToMy Ha TIOBECTKY AHA BCTaJ BO-
Tpoc. JoKa3aTh HeCOXpaHeHMue YeTHOCTH XOTA 651 onsa og-
HOTO rpoliecca, I'ie He y4acTByeT HeiirpuHo. ToJBKo TOTAA
MOJXHO SYJIET C IIOJIHBIM IMpaBOM YTBEpPXAATh, 4TO Hapy-
LIeHUe YETHOCTH IIpHcyIe BceM ciaGbIM B3aMMOIEHCTBU-
am be3 uckMouYeHnA.

Takue onbIThl GbLIYM MMocTaBIEHbl BecHoit 1957 roza.

Ha npoToHs! HanpaBuiau NyHOK OTPULATENBHBIX MUO-
HOB BBICOKOI 3Heprym. B peayibraTe CTONKHOBEHUA NpO-
TOHA C IMMMOHOM POXKJAANTCA MABe «CTPAHHBIE» YACTHUIIBL
A-yactuua u K-me3on. IlomyTHo oTMeTMM, UTO cnocob-
HOCTH [OABJATHECA TOJLKD MOMAapHO — ellle 0Ha HeoTheM-
JieMada CTPaHHOCTh 3TUX YacTHIL.

Pacnagasce, A-yactuiia o6bIYHO pOMJAeT OTPULIATENb-
HbII1 TTMOH U IIPpOTOH. ‘{epes JIMHUIO TIoJIeTa MCXOJHOro nMuo-
Ha (bombapaupylowmeit wyacTuiel) M JMHMIO A-4acTHIBI
MOJHO MBICJIEHHO mnposecty maockocets (puc. 3). Teneps
MpocJieaMM, Kyzma nojieTut obpasylolnuiica TnpM  pacnane
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Puc. 3. Pacpag mamOma-9acTHOH H €€ aATHOONA:

a — MpapmJIo Mpapoit pysu NpuMeHAeTcA 1 0OPasoBaHNIo W pacaany Namb-
Ha-9acTdun (4°). Ha BepxHed cXeme OTpHIATEALHWA MAOH (2~ ) yaapRAer
gpotod (p). powaaA namlia-vactHUY W HEATpadoHbA KW-mesod (K°).
JlamGna-yacTvua 3aTeM pacOalaeTcA HA (OPOTOH (p) W OTPHUATEN bHLIT
o#oH (n~) [lo NpaBuny 0pPaBOR PYHU OTPUUATENLHLIE NHOHL BLIAETAOT
NPeuMYLIECTBEHHD «BBEPXs OT MA0CIIOLTH, 06Pa30BAHHON NYTAMN Jaamiaa=-
HACTH UL H HEATPAJLHOTO MHOHA (7°), 6 — NPaBHA0 NEBOR Py WANKCTDH-
pyel Gparuy HapTHHy ANA cayuan o0paropdHMA M pacuaga aHTUaaMO-
Ha-4acTHubl (A° ; alecs BCE YacTHUL! NPEACTABJEHN COOTBETCTRY OWAME H-
TH94cTHLGMH, 8 BHAKM OpPOCTPAHCTBEHHLI HOOPIMHAT 3aMEHeHw Ha
obpaTHHE.




A-vacrnibl OMOH. M3 BCeX BOSMOMHBIX HallpaslleHnin [1u-
nmera nuoHa Hac OYAYT MHTEpecoBaTh TOMBKO HBA —
«BBEPX» M «BHMU3» OT Boobpascaemoit rmockoct. Ho raoe y
HaC «BepX», a IAe «HM3»? 37Aech MOMKHO YCIOBUTHCA O
cienytoieM. Ecau ykasaTenbHBIA najen npaBoit pyKM Ha-
MpaBuTh BAOJb JIMHMM TIOJIETa MCXONHOro NMHOHA, a cpej-
HUl — o TpaekTopun A-yacTMuUbl, To 6yZileM CYMTATh, YTO
foJsblIIOit manel ykasblBaerT «BBepx». HoHedHo, BCe 2TO
yenoBHo. Ty ke onepaiuio Mbl Moriu OBl NpofelaTb M C
neBoi1 pykoi. Torpa, monobHo 3epraNibHOMY oTOOpaseHuio,
HallM «BepX» M «HU3» MoMeHAJUCh Obl Mectamu. Ho Ham
POCTO BaXHO KaK-TO OTJAMYUTE OAHO HAIpaBJIeHUe OT
apyroro.

Urax, ecsi 3aKOH YETHOCTHM BepeH u npupoae «6eapas-
auyHo» JoGoe HanpaBxeHue, To o6pa3yoLIMeCcH MHUOHEI C
OIMHAKOBON BEPOATHOCTbIO OYAYT BBIIETATH UM «BBEPX» U
«BHU3». Ho skenepumenT storo He noArBepaut. IIMoHBI
MpeArnoyuMuTaNy Yallle BEJIETATh «BBEPX».

Taxk ynamock OKOH4YaTeIbHO YJAOCTOBEPUTRCA, YTO ITPU-
pozia fleslaeT pa3jinuuve B BbIOOpe HaNpaBJIEeHUI M «TIPaBOe»
HEepPaBHOIIPABHO «JIEBOMY», a «Bepx» — «HM3y». Ho Tak Jm
aro DeccMpIcNeHHO, KaK KajkeTcA Ha IepBblil B3raAn?

Axanemur JI. II. Jlanmay, narnpumep, cpa3y e nocie
oTkpblTUs HHr Umkenb-smua u Jin Layun-gao o6paTus BHU-
MaHMe, YTO CUMMeTPUA B MMUpe He Mcyedsa, HaobopoT, oHA
npuobpena Gosee ecrectBenusblit Bua. JI. . Jlanmay npu-
ey K BBIBOAY: abcosoTHaAa cuUMMeTpuAa MoKeT OBITh
TOJTBKO B BaKyyMe, rae HeT mroJjei. 3aTo peasibHBIII MUD
JoJAieH BBITH HeCHMMMETPHYEH. JTto ero HenpeJoxHoe
CBOMCTBO, CBA3aHHOE C «HSepaBHONpaBUEM» YacTUIl M aH-
TUYACTHUL], IIOTOMY YTO MBI KMBEeM B Mupe, rie npeobnaa-
HAIOT TIPOTOHBI M HEHTPOHBI, & HE AHTUMPOTOHEI M AHTU-
HEeHTPOHEL

Mup no Ty cTopoHy 3epkKala

Yacruus! ¥ aHTHMYacTMUbL MBI elie He 3aKOHUMIM Ha-
LIe MyTelIeCTBHE N0 MMKPOMMPY, HO y3e CTOMM Ha MOCTY,
KOTOPELI BeleT B aHTUMUP.

ITonpo6yem BoOGpasuth cebe B3epralo ¢ HYHZECHBIMU
cBoiicTBaMu. B HeMm npegMmeT He IpoCTO OTpaXaeTcd, 3TO
3€pKajlo e€lle 3aMeHAeT YacTMLy COOTEeTCTBYIOIEH aHTHU-
gactuueir. [Iporexoaut To, 4To (PUBMKN HA3BIBAIOT «3apA-
HOBbIM COTIPAMKEHUEM».
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JAna yero HaM HyMHO Takoe deprano? Hdeno B Tom, 4TO
B cynabwblx B3aMMOAEMCTBMAX HeDE3Pa3sIM4HO He TOJBKO
BeIOMpaeMoe HamnpaBJleHMe, HO M TO, KAKME YaCTHL(bI Yy4aCT-
BYIOT B TIpoL{ecce: 4acTHML(BI MJM aHTMdacTHrel. Mam, Kax
6b1 ckasan ¢usmk, ciabble B3aMMOJENCTBUS HE MHBapu-
4HTHBI HM OTHOCHTEJIbHO NPOCTPAHCTBEHHO! MHBEPCHMM, HU
OTHOCHTENBHO 3aPAN0BOro CONPAMEHNA.

Ho ecnu obGe stm omepaiumu npoBecTH OZHOBPEMEHHO,
T. €. CMEHUTE «IIpaBOe» Ha «JIeBoe» ¥ HaofopoT, a 4acTu-
Lkl 3aMEHUTh COOTBETCTBYIOLIMMM QHTUYACTULIAMM, TO
CBOMCTBA CMCTEMBI HE U3MEHATCA.

YTobbI MOACHUTE 3TO, BEPHEMCA K Hallleil aHalloruMu C
OTpPaKeHMEM  3€pKAJbHO-AaCMMMETDMUYHBIX  IIPEJMETOB.
Korza MBI cMoTpyM B 3epkayio, TO CepAue ¥ Hac ¢ IpaBoil
CTOPOHEI, 4 BUHT, YTO y HaC B pyKax, MMEET MpaByl0 pe3b-
6y. Ho eciu MBI MOBTOPMM Takoe oTpaMeHHe ellle pas, TO
cep/ue BepHeTCA Ha JIeBYK CTOPOHY, JI€BOH CTaHeT M Ha-
peska BMHTA, T. €. Mbl NOJXYYMM M300pazkeHue, NOJHOCTBIO
TOXK/[ECTBEHHOE MpeaMeTy. AHAJIOTMYHO CBOMCTBO CMMMeET-
pun 6yzer coxpaHATBCA B Ji00oji cucTeMe MpU 3aMeHe
«JIEBOrO» Ha «IIpaBoe» M YacTHl] Ha aHTUYacTHI[BL
JL. . Jlanpay maserBaeT 9To KOMOGMHMPOBARHHON HETHOCTBIO.

Wz coxpanenmMsa KOMOMHMPOBAHHOI HeTHOCTH CHIEIyeT
ellle oJHO MHTepecHeiuiee npasuyao. Oka3eiBaercsd, BCe
BaaumoieiicTeuA 6e3pa3niM4Hbl (MHBapMaHTHbBI) K MHBEPCHUU
BpeMeHH, T. €. oIMCaHMe B3aMMOJEHCTBMA He 3aBMCUT OT
samenbl «Gyayiero» Ha «npoiuegiee»! OTo MO3BOJIAET,
HATIpMMED, PacCcYyuTaTh BepPOATHOCTh obpasoBanusa § u B
npu croakHoBeuun C u D, ecim HaM u3BeCTHa BEpPOAT-
HOCTB, C KOTOPOIt NpoTeKaeT o0paTHbI porece obpa3oBa-
Hug C u D B pesynbrare cronkuobenua A u B.

Coscem wnepaBHo A. M. Anuxanos, I'. II. Emnuceer u
B. A, Jlio6uMoB 0Ka3ajiM ONBITHLIM NYTeM (C TOHHOCTBIO
70 HECKOJBKMX TNPOLIEHTOB) COXpPAHEHMEe «BpeMeHHOH», a
CcleoBaTeNbHO, M KOMOMHMPOBAHHOMN YEeTHOCTM.

KombuHupoBaHHAA 4YeTHOCTh OCBETHJIA M CAMBIA TeM-
HBIH y4yacTok JnabupMHTa MMKPOMMpA— TOT, rjge oburaer
HEITPMHO M €ero aHTHYacTMI[Aa — aHTHMHeATpHMHO. BbLuro
YCTaHOBJIEHO, YTO OHM, NOA0OHO (hoToHaM, He MMEIT Mac-
Cbl MOKOS M CIIMH ONHOM YaCTMUBl BCErna HalpaBjieH o
HaINpaBJIer 110 ABMMEHNA, a APYTroil — IIPOTUBOTIOIIOMHO.

Tenepr yxe fACHO, YTO pa3d NMpy KOMOMHMPOBAHHON MH-
BepPCHMM MEI «MEHfieM» YacTMIIBl Ha aHTMYaCTMIBl M «Ipa-
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BOe» Ha «JIeBOL», TO M HAIIpaBJIeHHNE [IOJApH3IaLMM A0JIHHO
Oe1Th M3MeHeHno. HenpocTo OBIJIO YyCTaHOBUTE HampagJeHHe
noJjiApusaummu A HeMTpHHO M aHTuHeiTpuHo. Ho mocne
MHOTOYMCJIEHHBIX OMbITOB (PM3MKM YCTAHOBWIM, YTO HEM-
TPHMHO IIOJIAPU30BaHBbI IIpOTHMB HAIIPpaBJIEHHMA OBMMEHMUA, a
aHTHHEHTPMHO — IO HAMNpAaBJEHMIO, T. €. CIIMH IepBbIX Ha-
npaejeH HABCTPeYYy [BMKEHMIO, a BTOPBLIX — IPOTUBOINO-
JIOKHO.

3akoH COXPpaHeHMA KOMGHHHPOB&HHOﬁ HYeTHOCTR

ITocne Bcero, Wro MbeI pacckasaly, BIIOJIHE €CTECTBEHEH
BOMPOC: pa3 3aKOH COXPAaHEHWUHA NPOCTPAHCTBEHHOH! 4YeTHO-
ctu He cobiofaercs B cialbIx B3aMMOAEHCTBHAX, [OYEMY
OH oJIKeH cobaoaThca B CHIIBHBIX MJIM 3JIEKTPOMArHMT-
Hbix? OTBET Ha HEro JaJl MOJOJOH COBETCKMIl YYeHLIN
B. T. Conosses.

IIpocrpanerBennan YeTHoCTh 6yAET COXPAHATHLCA TOMbB-
KO B 3JIEKTPOMArHMTHBIX B3aMMOIENCTBUAX M B TAKUX
CUJIBHBIX, TJle Y4acTBYIOT HeiTpajbHble nuonbl Ilodyemy?
Tenepr HaM Jierko OTBeTHMTH Ha 9T0. Benp ¢oTon u Heil-
TPAJIEHBI NUOH — €AMHCTBEHHBIE HaCTHIIbI, HE MMeEIOLIHue
aHTMYaCTHLl, BepHEE YacCTHI[bl, ABJIAKIIMECA OZHOBPEMEH=-
Ho U aHTH4acTuuamu. ITosTomy mepemena 3apsifa AJIR HUX
HIYEro He MeHSeT, a 3HA4YuT M «JleBoe» DyJer paBHOIIpaB-
HO C «IIpaBbLIM»,

3aTo, KOrfla B CUMJIBHBIX B3aMMOMEHCTBMAX YYaCTBYIOT
«CTpaHHbIE» YaCTHMIIbI, 3aKOH YETHOCTHM HE NOJKEeH COoOJ0-
HaTbCcA. A pa3 3TO TaK, TO IOCKOJLKY B KaKoi-To Mepe,
nycTh HeGOJBINOM, «CTPaHHBIE» YACTUI(BI TPMHUMAIOT yHa~
CTHE B NPOMEMYTOYHBEIX COCTOSHMAX MAM CHMILHBEIX B3au-
MOJECTBUAX, TO KAKOE-TO HAPYIIEHME 3aKOHA COXPAHEHMUA
NPOCTPaHCTBEHHOM YeTHocTy GylleT NposBIATBCS K 3JeCh.

3Ha4YMUT, BMECTO 3aKOHA COXPAHEHMSA MPOCTPaHCTBEHHOA
HeTHOCTM B TNpHPofile TrOCLOACTBYET B3aKOH COXpaHeHMA
KOMOMHMPOBaHHO/1 YeTHOCTM. A paBHONpaBMe «IPaBOro» M
«JIEBOTO» — 3TO TOJILKO YaCTHBI} Cjayu4ai, CaefcTBMe paB-
HOTIPaBUA HEKOTOPBIX YaCTHI] ¢ AHTHMYACTULIAMM.

M nmeHHO 00 aHTHMYacTMLIAX MMOMIET peYb AAJbLIe.
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BJIM3HENBI 1 AHTHIIOABI

Mope dnpaka

AnTHyacTuisl M npobileMa cyIIeCTBOBAaHMA aHTHUMMPOB
CTajy NMpefMeTOM OXKHMBJEHHBIX CIIOPOB He TAaK Y JaB-
HO— npuMepHoO ¢ ocenu 1955 roza, xorpa Ommimo Cerpe
u Oysn Yembepaen coobuimny 06 OTKPBITOM MMH aHTHITPO-
ToHe. Ho «okHO» B aHTMMMp OBLIO «NpopyOJieHO» 3HAUM-
TeJIbHO PaHbLLIe.

B 1928 rogy snamenmTbit anramitckuin ¢usur Ilone
Hdupak pabGoran wHapm Teopueit crpoeHMa saexTpoHa. Ilo
meiciiy Jlupaka, 9Ta TeopuA A0JMMKHa OBlIa BRJIIOYUTE B
cebA He TONBKO HOBEHlIME AOCTMIKEHMA TEOPEeTHMHEeCKoil U
3KCIIepMMeHTalbHOM (PM3NMKHM, HO U OTBeyaTh TeM TpeboBa-
HUAM, KOTOPBIE BBITEKAJIM U3 TEOPUM OTHOCHMTEJIBHOCTHM.

Torga-To 1 GpWIO BEIBENEHO 3aMeYaTeJIbHOE ypaBHEeHMe,
onpezieNAIOIee MarHUTHBIE CBOMCTBa oyeKTpoHa. Hecmor-
PA Ha TO, YTO TEOPMA He PaCXOAMJIaCk € Pe3yJIbTaMM BKC-
MePMMEHTOB, OHa HACTOPOXKMJa MHOTMX ydeHbix. M mHena-
pom. HoBaa Teopusi mpeanoJiarajla CylIeCTBOBaHME JJI€K-
TPOHOB C OTPULIATENBHO! JHEpruei ¥ OTPULATE]bLHON
maccoit. Ilog BIAMAHMEM 3JIEKTPOCTATHHECKUX CHIA MOAoL-
HBIe 2IeKTPOHB! A0JAHEI 66111 OBI ABMraThCcd B HanpasJe-
HUM, TPOTHBOMOJOMHOM 00brHEIM. Heuero roBoputs, 4T0
TEPMMHEBL.  «OTPMIIAaTeJIbHAA BJHEPruA», «OTpUllaTesibHAA
Macca» ObIIM B TO BpeMA MaJIONOHATHOM abcTpakimeit.
B npupose yacTmubl ¢ OTPMUATENBHO SHEPIVIEll He Ha-
Garoanyce, M U3MKK He CIELIMAM C NPU3HAHUEM «BJIeK-
TPOHOB-OCJIOB» (Tak IPO3BAJM TOrAa AMPAKOBCKME JJIEK-
Tpose!). Torga JlMpak MOCTPOMI TEOpUIO, KOTOpad crana
WARECTHA TN Ha3Bauuem «Mope ITupawra».
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IIpencraspre cebe, 4TO 3JEKTPOHBI MOMAJIM HA Y PUBEHDb
C OTpMLATENILHOW 9Hepruei. A TO, YTO MBI Ha3hLIBaeM IIy-
CTOTOM, Ha CaMOM JleJleé ecTb OeCKOHeYHOe MHOMECTBO Ta-
KMX BOT DJEKTDOHOB, KOTODEle OOJIafaldT CaMBIM pPasjiut-
HBIM 3anacoM SHepruu. Ho snekTpoMarHuTHbIE M rpaBUTa-
LIMOHHLIE TIOJIA STUX JJEeKTPOHOB B CYMME paBHBI HYJIO.
B stom «Mope» [OMpPaKOBCKMX BJICKTPOHOB, mogobHO my-
BEIpEKAM BO3ZyXa B BOJe, 3aKJIOYEeHBI «IIy3bIPbKU» CBO-
foHOro OT BJEKTPOHOB TMpocTpaHcTBa. Korma B Taxoi
«Iy3bIpeK» mnonafaer OOBIYHBIA OJEKTPOH, MPOMCXOAMUT
B3aMMHOE YHMUYTOXEHME «IIy3bIpbKa» M DJIEKTPoHa. ¥ HUY-
TOXEHME CONPOBOMJIAeTCA MCNYCKaHMEM KBAHTOB DJIEK-
TPOMAarHMTHO BHEPrui.

Manuuise roBOpuTh, UTO «NIy3bIpek» cBoboAHOrO Npo-
cTpaHcTBa HeobXoauMo OBLTO YeM-TO «HanoJIHMTH». Ilo-
BTOMY HEKOTOpBIe TEOPeTHMKM MNBITAJUCL [peJiIcTaBUTh
OTBJIEYEHHYIO AMPaKOBCKYI0 MOl B BuJe €AMHCTBEHHOMI
M3BECTHOM ToOrAa TIIOJIOMKMTEJNBEHOM YacTHLbl — IIPOTOHA.
Ho u speck Bo3HMKAM npenATcTBuA. Bo-mepsbix, moyemy
B aTOMaX NpPOTOH M 3JIEKTPOH JOCTATOYHO AOJITO «yMMBa-
I0TCA» JPYr © JPYyrom, Torfla kak IMPaKoBCKag Teopus
TpebyeT mouTHM HeMe[JIEHHOT0 YHMUYTOXKEHMS IMPOTHUBOMO-
JIO3KHO 3apAKEeHHbIX YacTUI], a BO-BTOPBIX, Kyla IeBaeTCH
TOTZa pasHMIIa B Macce AJEeKTPOHAa M THXKEJIOro ImpoToHa?
Yem raybixe morpyskaiuck Teopermkn B Mope Jipaxa,
TeM MeHblle OHO MM HpaBujaock. Ho Ha momouis Jupaky
NPHUILAY KOCMUYecKue Jy4u.

IlepBeIli nocaaHen aHTHMMpa

B 1932 rosy B KocMuyeckux Jaydax Obwr obHapyien
NpeAcKas3aHHbIi J[MpakoM aHTHMNOJ 5JIEKTPOHA — MO3UTPOH
(e"). PaBublif 3JeKTPOHY IO Macce, IMO3UTPOH oOOiaajan
[IOJIO}KMTENIBHEIM 3apAAOM M MNPOTUBOIOJOMHO Hampas-
JIEHHBIM MATHMTHBIM MoMeHTOM. Tak Oniia oOHapy-
JKeHa MmepBafd aHTMYacTHLaA. IlepBelif MoOCJHaHel] aHTH-
mupa!

Yro e XapaKTepusyeT 4YacTMLy ¥ aHTH4acTuiy?
['1aBHOE, YTO OHM MOTYT POMKIOATLCHA M YHMUTOMKaThcH Ge3
BCAKOro mnpeobpasoBaHuA APYrMX HaCTUL, YHacTBYHROUIMX
BO B3ammogeicTBui. JacTMila M aHTHMYaCTHIIAa MOryT BO3-
HUKHYThb M MCUE3HYTh Jla’ke B TaKoM IIpolecce, rjae, Kkpome
HMX M raMmMa-KBaHTOB, HET HM OJHOI IPYroi wacTuilbl.
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ITon pedtcTBMEM KBaHTa MOIYT MOABUTBCA SJEKTPOH M
MO3MTPOH, KOTOPHIE, B3aMMHO YHMYTOMAACh, POXKAAIOT ABA
xBanTa. ['opasfio peske BRIAEAAIOTCA TPH MM OOMH KBAHT.

Pne. 4. OGpazopanine 5JeKTPOHHO-NO3NTPONHON ma-
Ppu npu BaallMD)J,B!TICTBHH raMMa-KBanToB ¢ HAJpaMit
MET&/JIHYECKOr0 3KpPaHa, MeperopasliBalomero Ka-
mepy DBuascowa:
1 — BNeKTPON; 2 — MO3NTPOH.

3anomuuTe 310 oberosaTennscTeo! A Halllero mosecT-
BOBaHUA 0HO Oy/1eT OYeHb BaXCHBIM.

OHeprua KBaHTA, POMJAIOLLEro SIEKTPOH M ITO3MTPOH,
[OJKHA DPaBHATBCA CYMME HMX Mace, MOMHOMEHHO) Ha
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KBajpaT ckopocTH cBeta. Tak Kak Macca NOKOA MEKTPOHA
M MO3MTPOHA 0Y€Hb HEBENMKA, TO POMAEHNE 3JIEeKTPOHHO-
MTO3UTPOHHON Napbl MOXeT OBITH BBI3BAHO Jaxe AEHCTBHEM
raMMa-M3Ny4eHUA, MCIYCKaeMOro pajMoaKTUBHBIMM 2Je-
menramu. IlosroMy oTOT mponecc, TOYHO Tak Ke Kak U
yHMUTOMXEHWe napebl, Habmopanca ¢u3aukamMmu 3ajoJro 1o
n3o6peTeHNA yCKOPUTEEH,

Ha nonyyenHom B Kamepe Bunecona cummre (puc. 4)
MOXXHO BUZeTh M300pakeHMe IlePeropa’KMBAlOLLIEro Kame-
Py MeTanJIM4YecKoro 5KpaHa. Korga raMMa-KBaHT yZapseT
B OKpaH, U3 Hero BHIOMBAIOTCA DJIEKTPOH M MNMO3UTPOH, KO-
TOpPBIE MOJA AeiCTBMEM MarHMTHOTO NOJIA KaMephbl 3aKpyyM-
BAIOTCA B pasHble CTOPOHBL Tak Kak Macckl HacTHL] OAM-
HaKOBBI, TO M CJIe/IbI X ABMIKEHMA MaJo OTAMYAIOTCA APYT
or apyra. OnM HanmOMMHAIOT JJIMHHBIE YCBI MKYKa-JIpOBO-
cexa.

B npeaneepuH OTKPHITHA AHTHHYKJIOHOB

Tlepeble rojbl, TOCHeAOBaBIIMe 3a OOHapyXeHWeM MO-
3MTPOHA, OBIIN MOJIHBI HANPAMKEHHOro OXULaHMA. Pu3MKN
uckanu antunporoH. Ho npollim nensie AecATHIIETHA, a
MO3UTPOH OCTAaJICA €IMHCTBEHHO aHTHYACTHMLIEH.

OKHO B aHTMMMp Kas3aJoCh Y3eHBKOH (DOPTOUKOIA.

IIpoton B 1840 pas Tsixkesee OJIEKTPOHA, M AJA IIOJY-
YeHMA AHTUIIPOTOHA HyX<Ha Oblla 3HepruA He B MWJIIMO-
HbI, 2 B MUJNIMapAb! dNeKTpoHBoJbT. W, xoTa 6rarofaTHbIE
KOCMMYECKME JIy4u NoAapuin (pu3MKe MMOHBI U MIOOHEI,
T. €. 4YaCTHLkI, ropasfo GoJbIIMX SHEPruit, aHTUIIPOTOHEI
B HMX ellle He OblIM OOHAPYKEHBI.

TorpalliHMe YCKOPHTENM HE PACHOJAraiy JOCTAaTOYHBI-
MM DHepreTuyeckumyu BoaMoxHoctAMu. Ho, HechmoTps Ha
9T0, OONBILIMHCTBO TEOPETHKOB HE COMHEBaJIoCh B CYIIECT-
BOBaHMM aHTHITPOTOHA.

B ueM ke meno?

OKa3BIBAGTCA, YTO HAaXe Ipu BHICOKMX DHEPTHMAX Bepo-
ATHoCTE oOpas’oBaHMsA AHTUIIPOTOHA OYeHb Maja-—3B Je-
CATKHM pa3 MeHbIle, 4YeM, fgonycrum, Me3oHoB. Ho naxe
€CJIM aHTUIIPOTOH BECE-TAKM pO¥KIaeTcd, BEPOATHOCTE «BhI-
JKMUTB», T. €. TIPOCYILECTBOBAaTh KaK0e-TO JOCTATOYHOe AJA
obHapyseHMsa BpeMs, y HEro O4eHb HeBeJMKa. JTa aHTH-
YacTUIA NOTJIOUIAeTCH AAPOM M YHUYTOMKAETCA.

Bce wameskab!r Bo3naraJuch Ha €OMHCTBEHHBII B TO
BpeMsa MOLUHEMILUMHA yckopuredb— 6apatpoH. Ho xBaTur
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JIM M Y HOBOTO YCKODMTENS MOIIHOCTHM, YTOObI BEIPBATL U3
AHTHMKMPa OTPHLATENLHO 3apAMKEHHYIO0 HacTHIY ¢ Maccoii,
‘paBHO} Macce mnporoxa? BoablmHCTBO (U3MKOB BBIIO
‘'yBepeHo, 4ro xBatur. O6 stom roBopuiIu M TpPeKpacHEIe
Ka4yecTBA HOBOIO YCKOPUTENS, M MMeHa MCCieloBaTeNel,
KOTOPBIM IPEeJACTOANO 00HAPYHUTE aHTMIPOTOH,— OMMUIINO
Cerpe u Oysna Yembepoena,

Omunno Cerpe oxoHumst Pumckuit yHUBEpCUTET B
1927 ropy. Tam o1 1 ocranca paborark, cHauajxa acCMCTeH-
TOM, BaTeM agblHKTOM., B 1934—1935 romax o BMecTe C
BeIUKKMM OHpuKO PepMu NpPUHUMAET y4UacTUe B OMBITAX
M0 M3YUYEHMIO PaAMOAKTUBHOCTM, BBISBIBAEMOJ! HelITPOHA-
mu. Bexope TpuauatunersHero Cerpe nmpuriainaloT B Y HU-
Bepcurtet B Ilanepmo. Tam Mos070i1 YHEHBI! MONYUAET Ka-
denpy ¢usukM, a HECKOJBKO IMO3QHEe CTAHOBUTCH AeKa-
HOM (huauyeckoro haryaeTeTA.

B 1937 rogy Cerpe n K. Ilepbe cuHTe3MpyloT OJUH U3
CaMbIX HEyJOBUMBIX BdJaeMmeHToB Tabmuibl MeHzneneeBa
«TauHCTBeHHbIT Nb 43» — rexneumin. Paumcrcras peak-
1uA, ocobenHo ycunupagca B Mranuu nepey BTopoi Mu-
poBoit BoliHo#, 3actaBader Cerpe MNOKMHYTE POAMHY.
Yuenrnt osvmurpupyer B CIODA. Tam B 1940 roxy emy
yAaeTca 3anoJIHATh ele opHo Genoe MATHO MEpUOAUUE-
croit cucreMel. Ha aToT pas 6611 nosyyeH aaeMeHT Ne 85—
acrar.

Yoe Bonee gBaaguaru Jer Cerpe pabGoraer B Paamna-
uuonHoi JabopaTtopuu Kamudopauilckoro yHuBepcureTa
(Beprau). 3a 210 Bpema nop pykosonctsom Cerpe 6bLmu
OCYILECTBJIEHB! MCCIIeNOBaHMUA MO AeJEeHUIO ATOMHBIX A1ep,
B 006JIaCTH CMNIBHBIX B3aMMOJAEMCTBUIA, Mo (PU3MKe 2IeMeH-
TapHDLIX “aCTHII.

MHoro TamaHTAMBEIX u3MKoe BocrmTan Omuano Cer-
pe. Cpean mux MoxkHo HasBark MMeHa By YbeH-LIBIOHT
(MEI Y2Ke rOBOpMIIM O €€ 3aMeudaTeJbHOM JKCIIEPUMEHTE 10
npoBepke HecobmogeHna 3akoHa yetdHoery) u OysHa HeM-
Gepnena.

B 1943 rony Yembepnen mnop pyxomopactBom Cerpe
BBITIOJIHWJI CBOIO JUILIOMHY!0 pabory. Ona Gblia mocBa-
IeHa OnpejeseHMI0 npoberoB anbda-uacTHl, UCHIyCKae-
MBIX M3oTOmaMy maytoHuA. 3arem Yembepaen paboraer
cHauajsa B jmaboparopuu B Jloc-Anamoce, rae onpeaensieT
mepMoxn rmoJdypacrnaga ypaHa-234, 3arem —B Uurarcxkom
MHCTUTYTe ANEPHBIX MCCIAENOBaAHMMA.
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C 1950 roma YembGepsnen Bmecte ¢ Cerpe pabGoraer B
obmacTy GUIMKM YaCTHI] BICOKON 3HEPIUM.

3a obuapymenne (B oxkradbpe 1955 roga) anTumporoHa
Ommimo Cerpe n Oysn Yembepnen B 1959 rony ynrocroe-
Hbl HobeneBckoit npemim.

Kak »xe Obln moNiy4eH NepBblil aHTUIIPOTOH?

EnuHECTBEHHbLINH Cpeay ThICAY

PasorHaHHbI® [0 3HEPrUM B MUIIMAPAbl BJIEKTPOH-
BOJIBT MPOTOHBI BEIDMBAKOT U3 IIOMEILEHHOH B Kamepy
YCKOPHUTEJNA MMIUEHM LEeJbI [IOTOK BCEBO3MOMKHBIX 4a-
cTull. 3ECh JIETKME M THAMEeJble, 3apAKEHHbIe M He3apdA-
SKeHHEIE, HeYCTOM4MBEIE M [OJroKuByliue, ObICTpble U
MennenHsle. Kak e B Takoil Tojrne oOHapyM»HTe OOUH
eIMHCTBEHHBIA aHTUIIPOTOH?

BenmoMuMM ONEIT, KOTOPRIH BLIJI MTOCTABJEH ellle Ha 3a-
pe aromuoi ¢usuku. Cefidac oH M3BECTeH Kaj)KJoMy CTap-
mwekgaccHMKyY. CyTe ero TakoBa: MajIy4HeHMe paguoaKTHUB-
HBIX 3JIEMeHTOB I0J BIMAHMEM MAar{HMTHOTO TOJA pasfe-
JAeTCA Ha Tpu YacTH. B OfHY CTOPOHY OTKJIOHANTCA ajb-
tha-nyuu, B Apyryro — noTok GeTa-4acTull, a HeUTpaJbHbIe
raMMa-KBaHThbl JeTAT npamo. ITockonbKy (U3KMKOB MHTE-
pecoBas TONMBKO OTPMUATENBHBLIA aHTUIIPOTOH, TO IO
neitctBueM Maruura M, ¢ OKyCHPYIOIMM yCTPONCTBOM
Q1 BCce OTpMLIATENILHO SapAMKEeHHEIE YaCTHIBI OTAENA-
JMCh OT Iy4YKa MNPOTOHOB ¥ BLIBOJMJINCE 3a 3alIUTHYIO
cTeHy. 3aTéM MArHMTHOE ToJie M3 MOTOKa OTPMIIATeNIbHBIX
YacTHl] oTGMpPAaNo TOJIBKO YACTHUILI C ONpeleeHHBIMM MM-
IIyJIbCaMM M HANpPaBIAJIO MX 4Yepe3 CJeJaHHyH B CTeHE
Hedb Ha CIMHTMINALMOHHBIN cyeTyuK, Hak M3BecTHO, UM-
TMYJABC €CTh [IPOM3BEJleHMe MAacChl Ha CKopocTs. [loaToMy B
cueTyur S, (puc. 5) BMecTe ¢ aHTUIIPOTOHOM yCTPEeMJIANINCE
1 Gonee nerkme, HO oGsajaBluMe GONBIUMMM CKOPOCTAMU
nuonbl, Ha aTtor pas Hy»KHo GbLIO Kak-TO OTCOPTMPOBATh
YacTHIIBI N0 CKOPOCTHM JBMIKEHMHA, a CJeJOBATEJIbHO, M 0
macce. ITpome Bcero onpefesMTh CKOPOCThL YaCTHLBI, 3a-
MepMB BpeMA €e JBMIKEHMA Ha KaKoM-HUOyIOb OTpeske
nyTtu. Cxopoctes nuona pocruria 99% ckopocTu cBera B
MycToTe, TOTJa Kak aHTUITPOTOH JloJieH ObLI JIeTeTh Ha
23% mennennee. IloosTomy HoBbIit Maraur M, ¢ 0COBBIM
npucnocobaenuem Q; eule pa3 NoBOpauyMBal MOTOK HaCTHL
M HANpaBaAN Ux K cyerunkam Sy u S, Korga dacTuis! npo-
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XOOWMJIM Hepes CYeTUMKY, TO BbI3bIBAJIM Ha 3KPAaHaX BCIbIII-
ku cBera. COBMr BCHBILIEK 110 BPeMEHM 3amuChIBAJICH HA
ocimnnorpagax. OTpe3ok, Ha KOTOPOM 3aMepAJack CKO-
POCTB YacTHI], paBHAJNCHA 12 i AHTUNPOTOHBI npoberain
oro paccrosume 3a 51 Hcew (1077 cew), a mmonHbl—3a
40 ncer. Buauasie SKCrepMMEHTATOPEI NPEANOJAaralu, 4To
KasKJasa TpoiiHas BCOBILIKA HAa 3KpaHax cyeTymkoB i, S» u

Ayqox
npomoxol

— Muwens

Pue. 5. Cxema ycTamoBKu Pue. 6. 3neaza, obpaso-
A Oﬁllﬂpy}ﬂ(!lillﬂ AHTHITPO- BaHHAA NP alHUTINTALINT
TOHA. llepBOro anTHIlpoTONa.

S, mpu Kortopoit S; saxkerca Ha 51 Heek mozjHee, uem
Si,— caen antunporosa. Ho Ha camom jesie Bce 0OCTOSAIO
cinoxcHee, CAOMIIKOM Y3 MHOTO MMOHOB MIPUXOAWJIOCE Ha
OJMH aHTHUIIPOTOH. leﬁl TAKOM COOTHOIIIEeHUM OYUeHBb JIETKO
ﬁbIJICI COBNAageHHe HMH}’J’IBCOB OT ABYX ITMOHOB HPHHS{TI: 3a
cnen aHTunpotoHa. IlosTOMY K TpeM MMEKIM[MMCH CHET-
uykaMm npuiiiock gobaBurk ewmwe asa—C, u C.. Ho aro
6BLIY yIKE CUETUMKM, OCHOBAHHBIE HA 3HaMeHMTOM dddek-
te BaBunoBa — YepenkoBa.

YepenkoBckoe cBedenue (ronyOboBarhiit cBeT, Habuaro-
OaeMplif MHOrZA BOKPYr CTEPXKHEH B ypaHOBBIX KOTJax)
MOTYT MCIYCKATh TOJbKO TaKMe YacTuibl, CKOPOCTH KOTO-
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pEIX GOmNBlIe, YeM CKOPCCThL CBETa ¢ B [JaHHOM BellecTBe,
c

T. €. U Gomplie —- , rAe 7 — NOKas3aTesb NPEJOMJICHUHA, a

¢ == 300000 xa/cex. Yron, noy KOTOPBEIM MCMYCKAETCA CBE-

yeHnue, TOMe 3aBMCHUT OT CKopocTH 4yacTui. Ha aTom mpuH-

LMIe M OCHOBAaHBlI YePEeHKOBCKME CYETHMKH, KOTOpble OTOM-

ParwT 4acTHULbI 10 CKODOCTIM. B IepBoM CYEeTYMKe CBeYeHHE

u
EO3HMKAJIO, KOTAA OTHOLIEHNe —  ObLIO BBIIE 79 %, a BO

v
BTOPOM — NP1 —— » cocraBasaBmwem 75—78%. Baaroga-

pPA BTOMY NUOHBI AaBaJu UMNyasc B Ci, a aHTUNPOTOHBI —
B C».

BoT Kakme XMTPOYMHBIe I TOHKME METOHbI MOHanobu-
nIuck AnsA obHapyeHuA nepBoro aHtunporona! Xora uM-
IIyJibCHl HA CUETYMKAX M BO3BECTMJM O TOM, YTO aHTMIIPO-
TOH OTKPBIT, YYEHBIM MOHaAoOMaMCh HOBBIE, eile 6oiee
BECKME [OKaB3aTeNJbCTBA, a MMEHHO — aHHUTWIALHMA. OTO
OB1JIO OCYILIECTBJIEHO C MOMOLLBIO (oTosMynbcui. Ha nep-
BOM (hoTorpacuy aHTUIIPOTOHA BHAEH ero Bce Gosee oTyeT-
JUEBI (110 Mepe TopMoykenua) ciaen. [Ipu CTONKHOBEHMU
aHTUIIPOTOHA ¢ AApoM (hoToaMyabeun (puc. 6) mpoucxoaAuT
YHMUYTOMEHME €TO M NPOTOHAa AApa. ITOT AJEPHBI B3PLIB
coobmiaeT OoNBIIYI0 SHEPrUMK MHOMeCTBY uacTull. B pas-
Hble CTOPOHBI pa3jieTaloTcs ABa nuoHa (2 u b), OelcTpoIif
(¢) u megnennsre (d, e, f, g, h, i) nporousl. Oto nepeasd
«3Be3/1a» aHHUTMJIALMM BeIEeCTBA M CO3JaHHOTO TeHUEM
4HeNoBeKa aHTuBeulecTBa. IlepBhlit B3riAng B OJHY M3 ca-
MBIX COKPOBEHHBIX KJAJOBBIX ITPMPOABI, TAe XpaHATCA
He}cHepnaeMble 3anackl elle HeBeAOMOH JHEePrum.

He yHuuro:enue, a npespalieHne

CroBo «aHHMTMIIALIMA» 00pPa30BaHO OT JIATMHCKOIO «Ni-
hil» (HMuT0) M B GyKBaJIbHOM CMBICJIe O3HAyaeT NpeBpa-
LIeHWE B HUYTO, YHUYTOMKEHHE,

DPusuKkn Ha3BIBAIOT AHHUIWIALMEN MpeBpalleHue diie-
MEHTAPHEIX 4YacTul, obmamaroiuux coGCTBEHHOM Maccoid,
B Apyrue GOpMBI MaTe€puu, B YACTHOCTH faXke B YaCTHIIBI
€ Maccoit MOKOA, PaBHO HYJIIO, HANPMMEDP B raMMa-KBaH-
Thl. 32aKOH COXPAHEHMA MaTEPUM NPY STOM He HapyllaeTcH,
UM3MEeHseTCA JUIIEL hopMa cyuiectBoBanua marepun. Cym-
MapHble 3HAYEeHMA DHEPrMM MMIYJbCa, CIMHA M 3apAja
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CHCTEMEBI YaCTML] OCTAKTCA TEMM 3Ke, UTO M [0 aAHHUIU-
JIALMAN.

B zapybexuoit dusnueckoit InTepaTrype HEpPeRKo YIIo-
TPebNAIOTCA HEellpaBWJILHEIE TePMMHBL «aHHUTMIALMA Ma-
TepuM» M «MaTepMaNu3auud SHeprum». OTH TePMMHBI MO-
IryT NOPOAUTE NAEaIMCTUNECKHe IIPeACTABJIEHUA O [IPeBpa-
LLIEHUM YaCTHMI] MATEPUM B «HUYTO», O POMIAEHMM MaTepuUM
M3 «HHCTOr0» ABMIKeHMA. TakMe BEIBOOLI BRITEKAIOT U3 He-
NPaBUIBHOrO OnpefielIeHUA TOHATHA MaTepun. Hexoropble
bypicyasuele dunocoderByiomme GuU3MKKM CYMTAOT MaTe-
pMeit ToieKO Te (OPMEI, KOTOpble MMEIOT COOCTBEHHYIO
Maccy; OTOHBI MJIM HEUTPHHO UM YK€ He MPEeACTaBJIAITCA
Marepueil. B3AB HA BOOPYKEHME TEPMMHBI «AHHUTMIIALHS
MaTepMmu», «MaTEePHANU3ALMA DJHEPIMU», «IIpeBpallleHne
MaTepuy B JIYYUCTYIO SHEPruio» M Ip., UAEaJUCThl TOBOPAT,
4YTO COBpeMeHHasa (hu3MKa DoKasasla BO3MOXKHOCTE MCUEe3-
HOBEHMA MaTepuH, a CIeJ0BaTeJLHO, OIIPOBEprJa MaTepua-
Ja13M. B 1eifCTBUTENBHOCTH e 3TM HOBBIE OTKPBITUA (u-
3MKM JIMINHMI Pa3 MOAYepPKMUBAIOT MPAaBUIIBHOCTE TeHMAJb-
HOr0 JJEHMHCKOTO ITOJIOMKEeHMA O TOM, HUTO BBIPaH‘CEHHH «Ma-
TEPHUA KCYelaeT» M «MaTepud CBOAWUTCH K INMEKTPUYECTBY»
M T. II. IpefCcTaBJAIT coboil Jullik rHOoceosornyeckn Bec-
IIOMOLIHEIE BBIPAXKEHMA TO¥M MCTHHEI, YTO YAAETCA OTKPBITh
HOBEIe (DOpMBI MarTepuu, HOBBle (POPMBI MaTEPHAJIBHOTO
ABMMKEHMA, CBeCTU Crapble GOPMBI K 9TMM HOBBIM M T. 1.

Hosgeifinne goctmsxkeHna bU3MKM, BRIpa3MBLIMeECS B OT-
KPBITHM HOBBIX BJIEMEHTAPHBIX YACTMII M HOBBIX (hOopM
ABMKEnMA (IIPOLECCE!, MPOTEKaIMe B AApaX, aHHUTUIA-
L), TOJMBKO IOATBEPAMIN OCHOBHbIE IOJOMKEHMA TUAJIECK-
THUYECKOTO MartepuannaMma. bBoJiee Toro, ABJEHME AaHHUIU-
JAUMKM XapaKTepM3yeT B3auMOIIpeBpallleHne 3JeMeHTap-
HBIX YaCTHUL[ ¥ NOKA3bIBAET, YTO He MoxeT ObiTh abcoror-
HOTO pasrpaHM4YeHus OTHEJILHBEIX (bopM MaTepun, Kak 3TO
yrBepaaanT meradusurn. Haobopor, npu onpeneneHHBIX
yenoBuax ofgHM OpPMBI CYLLIECTBOBAHMA MaTepUM MOLYT
IIpeBpallaThbCa B APYrHe,

Yem ke XapaKTepM3yeTCH ABJIEHMEe aHHUTUIALMU?

Hynas naloc KoxoccaanpHasg sHeprua

O0 aHHMIMAALMA [apbl BJIEKTPOH-TIOBUTPOH MBI YiKe
pacckasviBanyu. Pasbepem temneps, kax noseayTr ceba mpu
BCTpEeYe MPOTOH ¥ aHTUITPOTOH. Pasnereslunecs B pasHble
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CTOPOHLI C 0KOJIOCBETOBOM CKOPOCTERIO MHMOHBI YHOCAT BbI-
AenuBluyloca oHepruio. OHM IIpeTepneBaioT pasfiMuHBIE
MpeBpaIleHna M TOPOXKAAIOT pasHooOpasHble peaKLMH.
B urore Best Macca M DHEPrMsA CTOJKHYBLIMXCA YaCTHIL
OKQMKYTCA B «PACHOPAMEHMM» IIMOHOB, MIOOHOB, (DOTOHOB
M HEATPHMHO.

Takum obpasom, MTPM CTONKHOBEHMM aTOMa M aHTMATO-
Ma TOJIMHBI ITPOUCXOAVTH GypHBIE IpoLecChsl AHHMTUJIAMHM
KaK 3JIEKTPOHHO-TIO3BMTPOHHBIX TIiap, TaKk M HYKJOHOB M
AHTHMHYRKJIOHOB,

Bce atu npoueccekr Moryt OBITH CBeOEHBI K OJHOMY —
BBICBOOOMK AeHMIO Gosblunx KosndecTe sHeprun. [Toka ele
HayKa He pacroJjaraeT AOCTATOYHBIM KOJMYECTBOM HaH-
HBIX, KOTOpble OBl aJyu BO3MOXMHOCTL CyAMTH 00 3dex-
TUBHOCTHM JICIIONBL30BaHMA DHEPIMM aHHUTWIALMM. 3Ha4YM-
TeNBLHAA AONA ITOil DHEPrUM TPUXOJUTCS Ha IOTOK Heii-
TPMHO M OYeHb KOPOTKOBOJIHOBBIE TaMMa-Jyd4i, KOTOPBIE
cnabo B3ammopeicTByroT ¢ BeulectBoM. Ilosromy BpAn
B Oaukaiilee BpeMA yHacTcA MCIOJb30BaTE DHEPIHMIO dH-
HUTUIIANMK; HO, ecau Owbl 9To Korpa-Hubyae ynanoch, 4e-
JIOBEYECTBO IIOJNYYWUJIO OBl IIOMCTHHE HEHC‘IepHREMBIf‘I
MCTOYHUK 3HEpruu. JeifCTBUTENIBHO, TIPU ITOJIHOM B3auMO-
IelicTBMM BelecTBA UM AHTMBEINECTBA BBIJEBJIAETCA B
3 mapa. pas Cosbllle SHEPruM, HYeM [PU CropaHmu TaKOro
JKe KOoJu4YeCTBa KaMEeHHOro yrifa, M B ThICAYY pa3 60.7'[1’:-[_[!9;
YeM JaeT «CKMraHMe» TaKoro »e KOJNuYecTBa YpaHa B
aTOMHOM KOTJIe.

IIpu cropanuu 1 ke 0OBINHOrO TONIMBA BbIAENAETCH
sHeprua B T 10° Kk, ANepHBbI pacrnal BBICB0O00MIaeTCA B
3 MaH. pa3 Gosbine 3xepryun —2 - 1010 kraa, TepMoAnepHEBI
cuuTes eme Goabiie — 15+ 10! kraa, mpouece e aHHUTU-
JNAMN AT COBEPIUeHHO (PaHTAaCTMHECKYK ILmdpy dHEep-
rmn— 2,15+ 10" kraa, 1. e. B 133 pasa Oomnblile, yem mnpu
TEepPMOAJIEPHOM cuHTe3e!

OpHaxko M3TOTOBJIEHMEe aHTHBelnecTBa Tpebyer Komoc-
CaJILHBIX 3arpaT 2Hepruyu. M npoiizer HeMaljlo BpEMEHH,
IT0Ka OHO CTAHET JKOHOMMYEeCKHM lesdecoobpasnsiM. Kpome
TOrO, BO3HMKAET €Lle OfHA NOKa HEepellleHHas Mpobsema:
Kak XpaHutb aHTHBelgecTB0o? Kakoit Ob1 cocy MBI IJIA HETO
HIM TIPMIOTOBUIIN, OHO MOMEHTAJbHO AHHMTMIIMPYET, JIMIUb
TOJIBKO CONPHKOCHETCA € ero creHKamu, Takyro NOMBITKY
MOMHO CpaBHMTB pPas3Be€é TOJBKO C XeJaHueM COXpPaHMTb
NMOpPOX B pacKalIeHHOH neun. M Tem He MeHee yie ceitvyac
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MOKHO HaMeTKUTb NPUHLMMMAJIBHBIE ITYTH AJA pelleHus
aroit mpobnemer. Ho 06 aToM umraresns y3HaeT B APYroi
rJ1age.

MuuieHs, NpUTATMBAOIIAT TTYJIH

Jo cux mop MbI rOBOpPMIM 00 aHTUMOZAX B3apAHEHHBIX
YaCTUI — dJIeKTPoHA u npoToHa. Ho Bemp M y HelTpasib-
HBIX 4acTull MOryT GBITB CBOM aHTHMIOABI, OTIMYAIILMECH
HanmpaBJieHMeM CIIMHAa, a4 CJIEOBATEeJIBHO, M MareMTHLIM MO-
venroMm. Ofsa mapa HeRTpalbHBIX dYacTul (HEMTPUHO —
SHTMHEﬁTpHHO) HaM#M y#e yIIOMHHaJachk.

Iloatomy umuTaTens yxe IOATOTOBJEH M K pacckady ol
OTKPBITUM aHTHHeNTpoHa. Ho pacckasa, Bo BCAKOM ciaydae
Takoro, kak o6 auTunporoHe, He Oygmer. OOHapyeHwe
aHTUHEITPOHOB ABMJIOCH HeN3DeXKHBIM CHEACTBMEM OT-
kpbiTua Cerpe 1 Yembepaena. AHTHIIPOTOH MOKAa3ajJ aHTHU-
HEITPOHY KOPOTKYIO AOPOTY M3 aHTMMMPa B JabopaTopiio
du3uxop. Ho BCe-Takm M 9Ta 4acTulla AOCTABMJIA YUEHBIM
KOe-KaKue XJIOMOTHL

Ona dusukor Bce o6CTOANI0 3HAYMTEIBHO NpOIE, YeM
Ham Kasercda, OO0 OTKPBITMM aHTMHENTpPOHA OHM pacCKasa-
au 6kl HaM CKOpee BCero TaK: OH OBII BHICJCH Kak
NMPOAYKT MNepe3apAAku aHTunporoHa. HescHo? Oto o3Ha-
4aeT [peBpalleHue Iapbl MPOTOH — aHTUIIPOTOH B Hapy
HeUTPOH — aHTHHENTpoH. WMun kopowe: p -+ p=n -+ n.
[BonHa HaBepxy ( ~ ) 03HauaeT «aHTU».]

Ho MBI HEMHOrO HOIOJHMM <paccKaz» (hM3MUKOB,

Korma GelcTpell TPOTOH 3asieTaer B AAPO aToMa, OH
HacTO INpeTeprieBaeT IIpeBpallleHnsA M BbLIETAET HAPYKY
yHe Kak HeilTpoH. OTo ObLIO0 M3BECTHO AOBOJEBHO HABHO.
Taxoe sxe noBefeHMe O0XMAAJOCE M OT avTUNIpoToHa. U
BOT ITOCJIE POXIOEHMA AaHTUIIPOTOHA Ha JKpaHe OJHOro M3
CUMHTMIJIAIMOHHBIX CHETYMKOB 3aMEeTHMJIIM BCIIBILIKY CBETA,
KoTopaa Oblia 3HauuTeNBHO cyiabee, YyeM OT aHTUIIPOTOHA.
3H3‘IHT, B CHETUMEK 3aJieTeJia KaKaA-TO HEM3BeCTHaA Heil-
TpaJibHad dYacTHLla, BepOATHO, aHTMHeNTpPoH, ITocmoTpum
Ha CHEeAyrIIMil cyeTYMK. 3[eCh YacTHlla CO B3PBIBOM MC-
yeszaeT. EcTe aHHUTMIALMA: BTO AHTUHENTPOH, CTOJIKHYB-
LUMCh C HEMTPOHOM, TIPEBPATUIICA B ME30HHBIN BUXDE.

Korfa aHTHMOPOTOHBEI M aHTHMHEHATPOHBI ObIIM OOHApY-
MMEHBI M UBYYEHEI, PU3MKM HATOJKHYJIMCL HAa MHTEPECHbIN
taxt. OKazanocy, YTO BEPOATHOCTL YHaCTHA AHTHIIPOTOHA
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B AJEPHBIX PEaKLUMAX 3HAUYMTENBHO IIPEBOCXOAMT MOA06-
HYI0 BEPOATHOCTB JAJIA TIPOTOHOB M HeHTpoHOB. Momer
6BITh, aHTHMYACTUIIEI Gosee akTMBHEI? UTOOBI OTBETHMTE HA
9TOT BOIIPOC, MEI AOJKHEI 6yIeM OTHIpaBUTLCA B caMoe Af-
po aToMa u y3HATh, Kak MOCTPOeHL! HYKJIOHBL Takoe myTe-
LIeCcTBMe HaM elle mpenacrouTt. Iloka e orpanmuuMca cie-
oyoommuM. HyKJIOHBI O4eHB CJO0XKHBI [0 CBOEMY CTPOEHMIO
U MaJio u3ydenbl, Mbl MOKeM TIpEJCTaBMThL cebe MX Kak
HEIIPOHMIlaeMBble «KepHBI» (CepAlleBMHBI), OKpPYKeHHEIe
obnaxom muoHOB. Ho Ay aHTMYaCTMI] KepHBI OKa3bIBAIOTCA
HE TOJNIBKO IIPOHUIlAEMOJ, HO M TIPUTATMBAIOIIEI LeNbI0.
Ecnyu, ponmycTtuM, nmysam JETAT B «MOJIOKO», a 3aTeM Ifhe-
HMOYAb Ha CepelMHe MYTHU CBEPHYT M HAmpaBATCA B «AG-
JIOYKO», TO, KOHEYHO, BEPOATHOCTE [IOpPaMKeHudA MMILIEeHN
6ymer sHaumteanHo OGosbuie, yeM «OGBIYHBIMMY TYJIAMMU.




HA IIYTU K EJUHON TEOPUM

HAeenapnars kupnnyeiit Beenennoii

Wrak, y Kammoil 4acTULIBI HALLIET0 MMpa eCThb aHTHUIION,
JKMBYIIMI1 B 3azepranbe, B aHTuMupe. Toneko doTor u
HEATPaJIBHBI NMUOH, KaKk Mbl ysKe TOBOPMJIM, HE MMEIOT
napel. IIpaBra, MOMHO CKa3aTb M MO-APYTOMY: OHM OJHO-
BpeMeHHO fABJAIOTCA HacTHMLAMM M aHTHMUACTMIAMM.

Tax uau MHa4de, a Mbl NPOU3BENM KaKOe-TO pasgeye-
HHUe, cAejlany MEPBEI LIar Mo nyTu RKiaccuduramum obu-
Tareseit Mukpomupa. Ho He Takoe Hemenne XxapaKTepu3yer
BHYTPEHHUE CBOMCTBa aJieMeHTapHbIx yactuil. Tem Bonee
Ha3BaHMA «YaCTHUIla», «AHTMYACTHLIA» YCIOBHBL Bee 3aBu-
CUT OT TOro, 4To Mbl Oymem cuMTaTe «4yacrulleit». Benb
AHTUTIPOTOH TOKEe MOXKHO Ha3BaThb YaCTHLEH, a ITPOTOH €ero
«aHTU4acTnLei». IIpocTo ¢ NPOTOHOM MBI MTOBHAKOMMJINCH
AOCTAaTOMHO OAaBHO, Ja M JKMBEM MBI B MMpe IIPOTOHOB, a
He aHTHUIIPOTOHOB M €CTECTBEHHO TIOITOMY CYMTATh «4acTH-
Ijefi» MMEHHO MPOTOH. 3aTO C Me30HAMM Heso obCcTouT He
Tak npocro. JeAcTBUTENBHO, YTO CYMTATEL YaCTHULEH, a 4YTO
aHTHUYaCTUIEH Y MIOOHOB: TOJOMUTENbHBIN MJIM OTpMIIa-
TeabHbelit Moou? Jlioboe HazBaHMe 371eCk GyAeT OQMHAKOBO
MpaBUJIBLHEIM 1 abCOJIIOTHO HMYETO He MeHAeT.

Torma xakoe e pasfeseHMe, Kakaa Kinaccuduranmsa
MO3BOJIMT HATJNAJHO BBIABUTH BHYTPEHHME 3aKOHOMEP-
HOCTM MHKpoMMpa?

B xoHue COpOKOBBIX TOJOB aMepuxaHcKue OQU3MKK
Tenn-Mann u PosenbayM BBIABMHYNINM Kas3aBIIYHCHA B TO
Bpema DeCCIIOPHOM «TEOPMI0 CTPOEHMA BelllecTBa M3 JBe-
HaOUaTM 4YacTuil». B 4MCclIo 5TMX HaCTULl BXOAMIM IIpexe
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BCEro «BETEpaHbI»: (POTOHBI, BJIEKTPOHBI, MMPOTOHBI ¥ HEM-
TPOHEIL HMmenno onm Jaln MM3HB TaKMM IIOHATHMAM, KaK
Macca rmoxosa (y doToHa ee Het), 3apAA, KOTOPbIM He 0bJa-
naroT GOTOH M HEHUTPOH, M pasfiesieHMe 4acTuI[ 110 BeJy-
ynHe cruHa. TaKoe pasfeljieHMe Has3BIBAKOT CTaTHCTHUKON
@®epmu — Bose. YacTuibl € MOJIOBMHHBIM 3HAYeHMEM CIN-
Ha (3JIeKTPOHBI, TPOTOHE!, HEMTPOHBI) MOJYYIIM Ha3BaHUE
thepmmonoB, ¢ epmuuuHbM (doTon) — 6030HOB. K aTMM
HacTHULIAM NPUMCOENMHMIIMCE M OOHapy’KeHHBIE BIOCJEN-
CTBMM aHTMYAcCTMUBL I]o BeJMuyHe Macchl TTOKOS YaCTHIBI
ACJUNINCE Ha YeTblpe MOATPYNIBL TAMeJble YaCTHUIbI —
DapuoHB! (IPOTOHEBI, HEATPOHBI M MX AHTUYACTHUILI), CPe/-
HME — MEBOHBI, JIETKMUE — JIEMITOHLI (DJEKTPOH, HEHTPHUHO
M MX aHTHYACTUIBI) 1, HaKoHel[, OTOHEI,

OTI{pBITHe «CTPaHHBIX» 4YaCTHUI[ 3acTaBMJIO BBeCTHM B
TEOPUI0O HOBOE nojpasaesieHe, a MMEHHO — «CTPaHHOCTDb».
Ho BmecTe ¢ Tem craJio ACHO, YTO BHYTpPEHHMe 3aKOHOMEep-
HOCTH MMKpOMIIpa Bce-TaKM He BCKpPhITHL llepexozbel of-
HMUX “acTHL[ B ApPYyrMe, pasyinyHble obparuMble IIPOLECCHI
M MNpeBpalieHUA — BCe TOBOPMJIO O KaKOM-TO eIMHCTBe
MHUKpoMKMpa. MeICKBE 0 TakOM egMHCTBe GYKBAJIbHO HOCH-
Jlack B Bozjyxe. Yem BGoJblile HOBBIX WaCTHI[ MOABIAJIOCH
B Tabauue, TeM YIOpHEe CTPeMMAMCE (M3MKKM CBECTH K
MMHUMYMY KOJMYECTBO OCHOBHBIX ITEPBOPOAHBIX YacCTHLI
IToaromy Hapazy C mpoleccOM OTKPBITMSA HOBBIX HaCTHMI[
wes1 oBpaTHEIN MpoleCe UMX TEOpPeTHMYeCKOro COKpallleHMUd.
Pusnka crpeMmuiack K eauHoit teopuu. [Tpeskne yem pac-
CKa3aTk O TMOMBITKAaX CO3ZaHMA TAKOTO poZla TEOpMHM. MBI
nNo3HaKOMMM BaC ¢ OJHMM BHJIOM BGSHMDI[EHCTBH.H—PPB—
BUTAIIMOHHBIM M C €Ille He OTKPBITBIMM KBaHTAMM TAro-
TEeHWA.

3arafika TATOTEeHNs (rpaBMTaLMH)

YBnedeHHaa TNOHENHBIM ILIIECTBHMEM CpeRM DJeMeHTap-
HBIX YacTMI M aTOMHBIX Anep, IM3MKAa COPOKOBBIX-IIATH-
JAeCATBIX FONOB yAesaAla Majlo BHMMaHMA mpobieMaM rpa-
Burauun. Ho MHTepec K HMM HadaJl 3aMETHO yCHMIIMBATBECA
B riocieAHue roAbl. MeayHapoAHble KOH(EpPeHIIMH IO
TATOTEHMIO, cocroABmMeca B 1957 r. B CIIIA u 19539 r. B
ITapuaxe, cayskaT DTOMY HOCTATOYHBIM MOATBEPKACHUEM.

Kak usBecTHO, HayKa 0 TATOTEHMM «POAMJIACh» BMeCTe
¢ 3akoHom }Jcaaka Heiorona. CoBpemeHHOe 4elloOBEYeCTBO
YI¥Ke yCrieslo CBBIKHYTBCH € TEM, YITO BCAKME NIBa TeJa Ipu-
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TATMBAIOTCA APYr K JAPYTY C CHMJION, TPONOPLMOHANBHOM
ux maccam m obpaTHO MPOMOPLMOHANBHOM KBaApaTy pac-
CTOAHMA MEMKAY HUMM,

IIpaBgma, Ha BOMPOC, MOYEMY 3TO TAK, HE MOIJM OTBETUTH
Hu cam HruioToH, HM Te, KTO uJ rocsie Hero. Ilochenosa-
Tesm JexapTa MBITanuch 0OBACHUTE PACIIPOCTPaHEHME TA-
TOTEHMA TIOCPENCTBOM BMUXPEH HEeM3BEeCTHOTr0 BellecTBa,
KOTOpOe MEPEHOCUT TATOTEHME OT IIpefMeTa K IIpeJMery.

Ho 3a ngBectu ¢ amuiHuM JeT Takue BUXpy oOHapyxKe-
Hel He Oblv. W JiogaM NpUULIOCL AOBOJIBCTBOBATHCA 3a-
KoHOM HrewoToHa, moka AJslepr OiHILTeitH He co37an
TEOPHUK) OTHOCHTEJIBHOCTH.

OKGBaJIOCb, 49TO BCe MaTepuaJibHBbIC TeJa — MraHTCKHe
3Be3ABl M MeJbuadIluMe YacTUUbI, IJIaHETBI M ATOMEI —
MUCKPUBJIAIOT IPOCTPAHCTBO. JTO MCKPMUBJIEHWE MPOABIALT-
ca B topme tarorenusa. Takoe nebecnoe teno, kak Conuue,
B KaKOi-TO Mepe UCKPUBJAET IIPOCTPAHCTBO, U IJIAHETHI
OBUIKYTCA YiKe He B 0OBIMHOM OKBMIMAOBOM IIPOCTPAaHCT-
Be, a B «rporHyToM». B cBoio ouepenr 3emaa (XoTA u B
ropasfio MeHblIle#l CTereHH) TOe KaK-TO MCKPUBJIALCT IIPO-
CTpaHCTRBO. JIyHa €llle MeHbllle HCRpHBJIRET HpOCTpaHCTBO.
U Tak BIJIOTE A0 BJIEKTPOHA.

Teopnio MCKPMBJIEHHOTO IPOCTPAHCTBA CO3JAJIUM pyC-
ckuii matematuk H. M. Jlobauesckuit, Benrp fI. Boapait u
Hemelkui matematuk ['. Puman.

JlobaueBcKuit 6b1I YBEPEH, UTO peajibHOE IIPOCTPaHCTBO
AOMXHO OBITB XOTH YYTh-YyTEH MCKpMBJIeHO. Ho Torpaui-
HAA aCTpPOHOMMA He Dpacnojarala BO3MOMHOCTAMM A
TaKo0il IMPOBEPKM — TOJBKO 4depes ctTo Jer Oblla OOKa3aHa
CTIPaBeANMBOCTD TNPEABUAEHMA BeJMKOr0 MaTeMaTHKa.

Bo Bpems conneuHoro saTMeHMa mMoXHo ororpadupo-
BaThk 3Be3abl, KaXXyljeecsa II0JIOMEeHMe KOTOPBIX Ha Hebe
6nu3ko k CosHUy. YdeHble pelunJyM IPOBEePUTH, KaK MIET
cBeT oT 3TUX 3Be3n. Ecim Kaxylueecs NMOJIOMKeHMEe 3B€3MBI
MeHAeTCH, 3HaA4YMT, JYy4Y CBeTa HpMTHI‘HBaETCH K COJIHL[}’
M IBM3KEeTCA B MCKPUBJIEHHOM NpocTpaHcTBe, Takoe OTKJIO-
HeHMe ny4a u Obu10 3adurcupoBano. OHO COCTABIAAIO Be-
JUMUHY OKOJIO 2 YIJIOBBIX CEKYHHA. OTO HMUYTOXKHOE mnc-
KpuBJieHMe Gaectaue mnoaTreepauio Teopuio. Croycera
HEeCKOJIBKO JIeT MCKPUBJIEHME ImpocTpaHcTBa OBINO TOA-
TBepKJeHO M HabuarofeHMeM 3a TaKk Ha3bBIBaeMbIM Kpac-
HBIM CMeIlleHMEM CIIEKTPOB CBepXMJOTHBIX 3Besfl. Cmele-
HHE B CTOpOHy ANMMHHBIX BOJH obbAcHAETCA MOLIIHBIM
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rpaBUTALMOHHBEIM TIOJIeM 3TUX HebecHBIX Tes, oxmH KyOm-
YeCKMt CAHTMMETP KOTOPBIX BECUT MHOTME NECATKM TOHH.

Jlo mocnegHero BPeMEHM TPaBMTAlMA He YYMTLIBAJach
Ipy CO3XAaHMM TEOPHH aTOMOB M uX Agep. OpHako He MC-
KJIKOYEHO, UTO ANA 06BbACHEHUA CTPYKTYPhl 3J€MEHTapHbIX
YacTHUI] MPUAETCH MPHBJIEYh TPAaBUTALMOHHBIE CHJBL

CoBpemeHHaa (pu3auka Tpebyer nepecMoTpa M AE€TalN-
BalMyM pasyIMYHBIX CTOPOH KJIACCHMYEeCKOi Teopumu TArOTe-
Hua OiHTeliHa. IlpeanpuHMMArOTCA MNONBITKM YCTAHO-
BUTBL OTHeJIbHBIE 3JIEMEHTBI I'DaBUTALMOHHOTO TIOJIA MIH,
rOBOpA MHAaue, KBAaHTOBAaTh 3TO I10JIe, HATHU CBA3M ero ¢
Apyrumu hopMaMy MaTEPUM.

Eme Oinmteiin obHapysui, uTo caabble rpaBMTaiM-
OHHBIE IOJIA PaCIIPOCTPAHAIOTCA B BHMIE BOJH, NIPUTOM CO
CKOpOCTBLIO CBeTa. A DTO 3HAYUMUT, UTO OHM MOTYT HECTH
KaKkylo-To DSHepruio. Jla M KaKaa-TO HYacTh M3JIyHeHUA
JIOJIJKHA MIPH 3TOM TePATBCH.

Ecnu maccy, MCnycKawIyK TpaBUTalMOHHBIe BOJIHEI,
npeACcTaBUThL cefe B BuAe HEKOEro rpaBHTaIMOHHOTO 3apa-
/ia, TO TPaBUTALIMOHHBIE BOJIHBI MOXKHO IOABEPrHYTh KBaH-
toBanuw. Toraa, mogobHo oTOHAM BJIEKTPOMarHMTHOrO M
Me30HaM AJEPHOro ICJEH, ACNMHBI OLITh KBAHTBI IpaBU-
TALMOHHOTO NOJA — «TPaBUTOHEI». Teopua mnpeJCKasbiBa-
€T 3HaueHye CIIMHOB IPaBMTOHOB, PaBHOe 2.

Urak, y nac ecth yabrpacnaboe BlauMoAelicTBHE —
rpaBurauuonnoe. Temepb MBI MoeM OODBACHUTHL 11 3aKOH
Hepilorona. Cusa rpaBMTaiMoHHOrC MNPUTAMEHUA OCylle-
CcTBIAeTCA mMyTeM O0MEHa TIpaBHMTOHaMM, MoeT ObITE,
aHaJIOrM4HO QOMeHY KBaHTaMM B OJIEKTPOMArHMUTHOM M
AJEPHOM MOJIAX.

B arom cayuae, corslacHO KBaHTOBOI MeXaHWKe TpaBU-
TOHBI JOJI3KHBI IIPEeBpPAallaTECA B (POTOHBI M Apyrie 4a-
CTHMLIBI, M 0OpaTHO, MpM AHHMTUJAALMKM HacTUL[ M aHTH4Ya-
ctur, BMecte ¢ GoToHaMH M Me30HamMu OyayT 0Opa3oBbI-
BaTbCH TAKJKe TPaBUTOHEL

ABTOpDOM STHX TEOPETHMECKHX TIPeACTaBJIECHMT ABJAET-
cA us3BecTHbIN coBerckuit dusur I, I. Meanenxo. C ero
BBIBOAAMM COTJIacMJICA Ha IIJTaHKOBCKON KOH(DEpeHIUHM
1958 ropa nepBooTkpeIBaTenb auTimMupa Iloms Inpakr.
OpHako janexo He Bce (U3MKM COIJIACHBI «JAOMYCTUTBY®
IPaBUTOHBI B MHMKPOMMP.

1 Bce-Taku mnocnegHee CJO0OBO, KaK BCerja, OoCTaeTcA 3a
axkcriepumenToM, MOHO He COMHEBAThCHA, YTO B OimMan-
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mue roasl OyayT co3aaHbl npuOOpPLI TaKOi BbLICOKOM CTe-
IIeHM TO4YHOCTHM, Koropaa OymeT pocTaTo'Ha, 4TobOBI 3a-
(PMKCHPOBAThL HEYJOBMMBIE TPaBMTALMOHHbBIE BOJHEBI, €CJIU
OHM HEICTBUTEJILHO CYIIeCTBYIOT.

Boauuraer Bonpoc: kar 6yAer NpoABIATEL ceba rpaBu-
TauuA B MMpe M3 aHTHYaCTHL, T. €. He Dyzer JM TaMm rpa-
BUTALMA aHTUrpaBuTaimen?

Smuano Cerpe B okTabpe 1957 r. Ha MexayHapogHoM
KoHrpecce no agemenrtaprblM uactuuam (Ilagya) Tak
npaMo u crnpoeus: «He OyAyT Jm aHTMNPOTOHBI ITOAHM-
MaTbCsAa BBEPDX, a HE nmagaTe BHP‘IB?})

HpHMbIM OTBETOM Ha 23TOT BOIIPOC SABIAETCH OABHO
cne.naHHmﬁ OIIBIT C OTKJIOHEHMEM CBETOBBIX le‘iel":i BO Bpe-
MA COJIHEYHOTO 3aTMeHMA. Belb CBETOBOI KBaHT ((hOTOH)
ABJISETCA OJHOBPEMEHHO 4dacTuueil m aHruuacruueir. Pas
Ha HEro JeMCTByeT CHMJa TAMKEeCTHM, 3HAUMT, OHA He passu-
HaeT JYacTHIB! OT aHTHYaCTHIIBIL. CornacHo TEeOPUM TAroTe-
HMA OWHLITEHHA B rpaBUTALMOHHOM OTHOLLUEHMM YacTUIIBI
M AaHTMYaCTHIIBI JOJMMKHBI BecTn ceba ompmuakoBo. Torga,
faxe ecnn komera Apenpn— Posnanna, 0 KOTOpoil MBI TO-
BOPHJIH B Ha4aJe KHMUIM, UM COCTOUT M3 AHTHBEILIECTRBA, ee
XBOCT JIOJIPKEH IOAYMHATBCA TEM e 3aKOHaM TATOTEHMH,
YTO M Yy OOBIYHBIX KOMET.

Tpu kuTa MUKPOMHPA

O ToM, uTO HaCTMLEI MOTYT MCIILITBIBATE CaMble Pa3HO-
of0pasHble MPeBpalleHIts, YATATENb yXe 3HaeT. BO3MOMKHO,
OH Jlajke TIOAMETMUJI, YTO, HECMOTPA HAa BCe 3TO pa3Hoobpa-
3Me, NpeBpallleHMA YHacTHL] MOAYMHAIOTCA OMpeesIEHHbIM
3aKOHaM.

HeiiCcTBUTENBHO, TAMeJNble YacTuMUusl camMu 1o cebe He
MOTYT NpPEeBPaTUTBCA B JIETKMEe, BJIEKTPOHBI He MOTYT
craTh POTOHAaMM U T. I.

B uem xe zpecs meno? B chuzuke ecTh KaaccuuecKuit
BaKOH — 3aKOH COXPAaHeHMA 2JIeKTpMUecKoro 3apsana. .Ka-
Kie Obl M3MEHEHMA M MPEBPAlUEeHNA HHM IIPeTepreBay da-
CTHMLIBI, BCE& paBHO ajirebpanmyecKas cyMMa WX dJeKTpu4e-
CKMX 3apfAfoB AOJMHA oCTaBaTekCA mnocroAaHHOM. IlodToMy
[IpM CTOJIKHOBEHMM JIBYX BJIEKTPOHOB He o0pasyroTca HU
thoTONBI, HM HEHTPMHO, KOTOPBIE, KAK M3BECTHO, DJIEKTPU-
YeCKM HeMTpatbHbl, Jpyroe mejo, ecim 3JEKTPOH CTOJK-
HETCA ¢ MO3UTPOHOM, Ajirebpanyeckad CymMMa pa3HOMMEH-
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HbIX 3apAnoB PaBHAETCA HYJHK), IMO3TOMY NpoayKThI 8HHH-
TMJIALIMKY MMEIOT IMOJHOE IPaBo OBITE HeNTpaJdbHBIMH,

ITopobHO 3aK0OHY COXpaHEeHMA 3JJIEKTPMYECKOTo 3apAna,
JIOJIKEeH CYLIeCTBOBaTh M 3aKOH, KOTOpPBIM Obl 3anperiad
[IpeBpalleHme THeJbIX YacTUI] B JIETKHNe, Bem. npm CTOJIK-
HOBEHMM ITIPOTOHA M AJIeKTpOHa He oﬁpaayrofrca, ,Ilﬂl'.lyCTIrlM,
[MO3NTPOH M d)OTOH, X0TA COrJacHo 3dKOHY CDXpaHeHHH
AJIEKTPHMYECKOr0 3apaia 3T0 Bo3MoxkHO, Tak B ¢u3Kke BO3-
HMKJIO TIOHATMe AfepHoro, uam OGapuoHHoro, sapapa. Ilo-
JOOHO 2JIEKTPMUYECKOMY 3apAfay, OapuOHHBII 3apax MOMKET
ObITL MO0 MOJNOKUTENLHBIM, Jubo oTpuilaTtensHblM, Jubo
HeitTpanbHeIM. Tak, IMPOTOHBI M HEMTPOHE! obnanaioT Oa-
PUMOHHBEIM 3apAA0M, PABHBIM —1, aHTUIIPOTOHLl M AHTU-
HelTpoHbl — —1, JenToHe! U Me30HBI —(0. UTo6E!I IOHATE
BCIO Ba’KHOCTE 3aKOHa coxXpaHeHuMAa OapMOHHOro 3apana,
IOCTATOMHO Ha CeKYHAYy IMpeAcTaBUTH cebe, 4TO TaKOro
3akoHa HeT. B 3Tom cnydyae ucuyesdna Obl BCAKaA CTabMIb-
HOCTBE aTOMHBIX AJep, BO3MOXMHO, 4TO M CaMM aTOMBbI KakK
TAKOBBIE [TIEpEeCcTaJ M OBl CyH.{ECTBOBaTh. A BeJlb BCE B Mupe,
B TOM 4YMCJIe M MBI CaMM, [IOCTPOEHO M3 aTOMOB!

Onsa nerkux yactuy akagemuk f. B. 3enpnoBuuy BBeEJ
elle M IOHATHME «HEMTPMHHBIN 3apAA» M KaK BBITEKAWIIEE
OTCIOKA CJEACTBHME — 3aKOH COXPaHEeHMA HENTPUMHHOIO 3a-
pana. [Ing onekTpoHA M HEHTPUHO HENTPUHHBI 3apafn pa-
BeH -}-1, y MO3MTpOHA M AHTMHENTPUHO OH COOTBETCTBEH-
HO paBeH —1. CorslacHO BaKOHY COXPaHeHMA HENTPUHHOIO
3apana MIOOH MOYKET pacrajlaTbCA Ha DJEKTPOH, HEMTPUHO
M aHTUMHEMTPMHO, HO HEe MOXMeT, HanpuMep, pacrnagaTbedA
Ha B3JIEKTPOH M JiBa HeTpUMHO, XoTsa oba NpeAbIAyIlxe 3a-
KOHA TaKoif pacnaji paspelaiT.

STH TPH 3aKO0OHAa 3apAOOBOro COXpPaHeHUA l'IOJJ.DﬁHbI TpeM
KMTaM, KOTOPEIE, IO MPEeJACTaBJEHMIO JAPEBHMX, AepiKaian
Ha cefe 3emaw. Bepuee, oHM ropasfo MOTryILUECTBEHHEE
MubUHEeCKMX KWTOB, Bellb Ha HMX HAEPKUTCA He TOJBKO
SemJif, HO M BCe MUPO3ZaHMUE, OTU 3AKOHBI CTPOI0 OIIpe-
AeJIAIT BCEBO3MOMKHbBIE NMPEeBpallleHMA 2JIeMEHTapHbBIX 4a-
cTHL. SHAHME DTMX 3aKOHOB JlaeT HaM BO3MOMKHOCTEL II0JI-
Hee OCBETHUTEB TaKOil BaykKHBIl AJA HAC BOMPOC: YTO Takoe
anTHuacTuna? Temephb MBI C IMOJHEIM IIPaBOM MOXKEM OXa-
paKTepu30BaTk aHTU4ACTMIY KaK ABOMHMK COOTBETCTBYIO-
1Ieit 4acTMLBI, ¥ KOTOPOTO 3HAKM BCEX TPEX 3apAfoB M3-
MeHeHEI Ha [IPOTHUBOIOJIOMHBIE. Kax y#e M3BeCTHO, He BCA-
Kaf YacTMLa pacriojlaraeT CBOMM aHTHMITONOM. <POTOHBHI,
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pOMKAEHHBIE 3JIEKTPOHOM M [MO3UTPOHOM, HEOTJMUUMBL
CreTOROI1 KBaHT — MCTMHHO HeTpaJbHAA YaCTMLA, Hac-
THUIla W aHTHYacTULa OJHOBPEMEHHO, TOUHO TaK e, Kak
M HeilTpalbHbIi NMMoH. KpoMe HMX, CYyLIECTBYIOT ellle IBe
MCTHMHHO HeWTpaabsHble HacTuubl — "~ u K."-mezon. Ho
CBOMCTBA MX HACTOJIBKO HEOMMIAHHBI ¥ U3YUEHH! elle Tak
MaJjo, MTO Mbl OTPAHMYMMCA TOJABKO MX YMOMIHaHMEM.
Tenepb, KOTHa BBEZICHO PaCILIMPEHHOE MOHATHE 2apaja
3JIeMeHTapHLIX YacTUIl, YuTaTeNo OyJer noHATHA IPHMBO-
OuMasa B NpUJoxKeHMM Tabamua oburaTeseit MMKpOMMpa.

Kupnnun muposgaunsa

C fpeBHeNMIIMX BpeMeH YEJIOBEUECTEO TPE3HIIO O effy-
HOJ1 OCHOBe BCEro CYILero, crapafAch T[IpeJcTaBuTh cebe
«KMPIU4YM» MUpPO3AaHMA. YTo Takasa OCHOBA CYIIECTBYET,
JIOAM YYBCTBOBaJdM MHCTMHKTMBHO. B 9TOM MHCTHHKTE
OblIa M HenpeoJoaMMAad JKaaa [IO3HAHMA, ¥ TalHbII
C¢Tpax mnepef 3arajkaMi BpPeMeHM M IMPOCTPAHCTBAa, U Be-
KOBaf TOCKa 0 beccmepTmm.

CKroJbKoO pas, Ka3aJsoch, ocHoBa Bblna Halizena, Ho nipo-
XOIOWUJIO BpeMsA, M HOBOE OTKPBITOE HayKo#l ABJIeHMe paspy-
Wajo MOCTPOeHHOe B IMyX M rnpax. VI BHOBL y4deHble coOu-
pamu dakThl, 4TOOBL.. €Ile OJHA C TUrAHTCKUMM TPYAOM
BO3ABMTHYTafA OallHA PYyXHyJa [I0J HAropoM HOBBIX OT-
kpeiTiid. Tak co3gaBanack HAyKa, TaK oHa Kpera M ABM-
rajiach Brepep.

Yro, Kaxercda, Morio OwlTe yOeguTelbHee CO3TAHHOM
HeroTonoMm MexaHudeckoit kaprunbl mupa? Benes monn
TorAa AyManu, 4ro ¢dusMKa — 3T0 HaykKa bOe3 bGyayuiero.
Ona o0BAcCHANA Bee, oHa BKJAw4ana B ceba Bee, oHa GnuIa
npocta u JoruyHa. Eit Gosasllie Hekyaa OblIo pasBuMBaTHCA.

Ho mnoaBunmues saekTpuyecTBo u marderusm, Ilorom
Ob1110 06HAPYEHO, YTO HUKAKOE TeJI0 HEe MOIKeT JBMIaThCid
€0 cKopocTbio, Gonbleit yem 299 776 wu/cex. VI HBHOTOHOB-
CKasd MeXaHMKa cTaJjla TOJBKO 4acTHBIM ClytdaeMm JAPYTroi
MeXaHMKM — PeJIATUBMCTCKOM, MEXaHMKHM OKOJIOCBETOBBIX
ckopocreit. OnATe HysHO OblII0 cobnpaTh BOENMHO pa3po3-
HeHHble U HeobbsacHUMBIe (hakThI, YTOBBLI CO3JATE €IUHYIO
TEOPMIO, Ha BTOT Pa3 Ha OCHOBE BJIEKTPOMAarHMTHOIO MOJI.

B pBapnarteix rojax Halllero BeKa ONATB TIONBITANMCD
CO31aThb eAMHYI0 KAPTMHY MMpa Ha 6a3e reomMeTpM3MpoBaH-
HO¥ eJIuHOM Teopuu NoJia. Ycerex Teopuy OTHOCUTENIBHOCTU
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BBI3BAJI K KHM3HU IIOIBITRY CBA3aTh BOEOWMHO rpaBuTalnM
U JJeKTPOMAarHeTHu3M, HO B CTOpPOHe OCTaBaJMCh JICMEH=-
TapHble YacTuubl. A MMEHHO OHM (BepHee OOJBIIMHCTBO
ux) 6YKBAJBHO CTY4aJMCh B JIBEPM HAYKH, CTOA HA I'PaHM
oTkpbITHA. JIBEpP pacnaxHyJack, M MoOryuiee JbIXaHue
MMKPOMMpPa COKPYIIMJIO TeOMETPU3MPOBAHHYIO TEOpHIo,
[I0CTAaBMB Inepen YY€HBIMM MHOMEeCTBO Kal3aBLUIMXCA Hepa3-
peluMMBIMM 3arafok. HUro OBLIO MMOTOM, 4YMTaTeNs YiKe
BHAET: HA CMEHY MeXaHMYeCKoil, BJIeKTPOMAarHUTHON WU
reoMeTpPHM3MPOBaHHONA TEOPMAM IIpMILLJIa aTOMHasd KapTUHA
dusuyeckoro MmMpa M ee ABeHaUATh (Telepb yiKe TPHU-
JUATB) YacTHIL.

25 depana 1958 roga B I'erTuHreHcKOM yHUBEpCHUTETE
c JIeKU;HEﬁ «HPOTPQCC B Teopuu BJIE'ME'HTapHBIX qacTHIL»
BBICTYIIMJI CO3/IATENIb OCHOBHOTO YPaBHEHMA KBaHTOBON
MeXaHMKM BbIgawmolumitca Hemeuxuit ¢usux Bepoep T[eit-
senbepr. OH coobliui, 4YTO €My M €ero COTpyAHMKaM y/a-
JIOCE BLIBECTM MaTeMaTHUYECKOE yYpaBHeHMe, KOTOpoe MO-
eT OOBACHMUTE BCIO CTPYKTYDPy KocMmoca. B uem cyiu-
HOCTh HeJNMHe}HO} cnmMHopHONU Teopuyu Ieitzenbepra? U
rno4YeMy OHa TaK HasbiBaeTcA?

Mp1 3HaeM, 4TO BCE B HAllleM MMpe JIBUIKETCA, Bre M3-
MeHAeTCA BO BpeMeHM M IpocTpaHcTBe. Berpewasace JApyr
¢ apyroMm, usmueckue Tesna, OyAb TO 3HAKOMEIe Ham Ipefl-
MeTBI MJIM e gacTuubl, Jmubo orrankmusarorcd, J11bo BETy-
NapT B JHEPIMYHYK pPeaKLMio, IIpeBpallasich B HOBBIE Be-
ectBa, Iubo nepexoAAT B Apyrue popMbI CyUIeCTBOBAHMA
marepuyu (aHEMruAupyior). Ho riasaoe — 3T0 TO, UTO OHU
BCEIrAa KaK-TO pearupyroT, Kak-TO WU3MeHAIOTCA npu
BCTpeue. 3aTO CBETOBBIE BOJIHLI [IPOXONAT IPYT CKBO3b
Aipyra, kak-0y/aro 651 cKkBo3b nycrotry. Ho, nmpoxoas CKBO3b
BellleCTBO, 3THM HEe BOJHBI l'IpEJ'IOMJIHlOTCﬂ MM TIoTJaouIa-
IOTCA, T. €. B3AUMOAEHCTBYIOT € 3apAMeHHBIMU YacTHLIAMMU.

3I[ECB MOHLHO HPOBECTH dHaJlormyw C JIMHEMHBIMKM U He-
NUHEeHHbIMU npoueccamu. JIBuskyumecq resa, obnafamouime
Maccoil MoKod M CTajKuBawlueca Mexkay coboii maTeMa-
TUYECKH, OIMCBIBAIOTCH HEJMHENHBIMU YpaBHEHMAMY, a
RBH}HYUIHECH SJIERTPOMaI'HMTHLIE BMHBI—HMHEﬁHbIMH,
MOCKOJBKY OHHM He BCTYMalT APYyr ¢ ApYyroM BO B3aMMO-
ZAelicTBUA M He BEAYT HM K KaKMM B3aMMHBIM IIpeBpallie-
HMUAM,

Ho oraszsiBaerca, uTO BOJIHBEI MOT'YT M B3auMMOAeHCTBO-
BaTh, T. €. BOJHOBOI mpolece MoXeT GBITH HeJMHENHBIM.
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JocraTouyro BCIIOMHUTE 2hdeKT poxmaeHMA napbl dJeK-
TPOH — MO3UTPOH, HabJaAaeMblil MpM CTOJKHOBEHUU QO-
TOHA BBICOKOJ DHEPIMHM ¢ AAPOM, MJIM AHHUTMIALIMIO DTON
napel B OAMH, ABa MAM TP GoTOHA. DTOT dddEeKT HarJIAL-
HO TIOKa3blBaeT B3auMojeicTBue (POTOHOB MeEXIy CoboiH,
a DIEKTPOHHO-TIO3UTPOHHAA Ilapa CJIYMKWT 37ech Kak Obl
rnocpeAHMKOM. Y3 3TOro BBITEKAET [aJleKO MAYLIMIT BBIBOJ,
HMTO CBETOBBLIE BOJIHEI Npy BCTpede He BeayT ceba, Kak
6ecrinoruble Ayxu. Hanpotue, oHM oTpamaioT ApPYT ApPYTa,
a CBET pacCenBaeTCA He TOJIBKO HA 3MEKTPOHAX, HO M HAa
OKPYIKaIUIeM UX 3JIEKTPOCTATUHYECKOM rosie. BoJiee TOTO,
CBET MOKET IPeJOMJATHCA He TOJNBKC B BeIECTBE, HO M
B CBeTe.

Iloxa 9TO TONBKO TEOPHA, HEKOTOPbIe IOJOMEHMA KO-
TOPOI JHIUL KOCBEHHO MOATBEPAMI DKCIepuMeHT. Tem He
MeHee 3T TeopeTUYeCKHe IMPeNMoChIIKNA ITIOABEJM HAll pac-
CKa3 K CaMOMY TJIaBHOMY, K KBMHTOICCEHIIMM MaTEpUU.

IIpexcne Bcero, 4Tobbl M3 MpamMarepuy MOTJa BO3HHU-
KaTb Jrobas 3leMeHTapHads YacTUIla, OCHOBHOE, EAMHOE,
noJie pomsHo ObITE criocoGHO BosGyskmatbes. Pasnuunble
cocroAnua sToro Bo3bysienua u 6yayT XapaKkTepu30BaThb
pasiuyHble 4YACTHMIBI, T. €. Kamzoi yactune OyleT COOT-
BeTCTBOBATHL OIpefieJleHHasA CTeleHb Bo3oyxjeHudA. Tenepb
MbI MOJIBEPTHEM eIMHOe I1071€ KBaHTOBAaHMIO M YCTAHOBUM
CaMyl0 MaJleHBKYIO «IIOpLyio» rpamarepun. Oto u Gyzer
«KMPIMHYUK», U3 KOTOPOro rnocrpoeHo sce, Kaxnm e cru-
HOM fosken obrnamarb Takoi «kuprmuuue»? EcaM paBHBIM
HYJIIO, TO U3 2TOTO HUYEro He IOJIYYUTCA, Tak Kak CKOJbKO
He KOMOMHMPY} TTOKOAIMECA YaCTHUIILI — BPAlAOIYyIOCH
BCe paBHO He NoNy4uTh. l{eNklil CrIMH HaM TOXe He MOAX0-
OMT, TAK KaK U3 KOMOMHALMII LeJIbIX Yucesl He BBIMJET 10—
JIOBMHBI. 3HA4YUT, HAC YCTPOMT TOJIBKO 3HaYeHWe CIIMHA,
paBHoe '/», Kak y OJIEKTpOHa, MPOTOHA, HeNTpoHa. IJTO
IepBLI 3aKOH MpaMaTepuyu. Bropoit 3akoH Tpebyer or
npaMaTepuyu B3aMMoJielicTBUA TOJbLKO ¢ camoit coboit. Heit-
CTBMTEJIbKO, Be/lb, KpoMe IlpaMaTepuy, HUYETo APYroro u
HeT, a BCe, YTO HAC OKpYy#aeT, Aa M Mbl CaMM— TOJIBKO
TIpOABJIEHME OCHOBHOIO 104,

Tpernit 3akoH, 0 HEM MBI ye ropopuniu, tpebyer OT
enuHoro moss obasarenbHoro Bos3bysxaenna. [loromy uToO,
ecnyu Obl MoJe OCTAaBaJIOCh B COCTOAHMM ITOKOA, ¥ Hac 6BLI
GBI TOJBKO OAMH «KMPIMYMK» cO crmuoMm '[o. ¥ Gompure
HMU4Yero.
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Tax B ueM ke BCe-TakM CyTh eAMHOI Teopun? Yrobbl
OTBETHMTHL Ha ITOT BONPOC, HaM MNPHUIIIIOCHL OBbI HamnMCcaTh
cnunopHoe ypaBHenme [JlMpaxa u MoxasaTe, kak I'eitsen-
Gepr ero HeamHeiHo o6o6IpMa, T. e. MpPoM3BeCTH MaTeMa-
TUYECKNUEe olepauMy HaJA YPaBHEHMAMM KBaHTOBOH MeXa-
HUKH.

BrnoGasox HaM npuiunocs Obl ellle ONEpMpPoOBaTh TAKUMMU
TEPMIHaMU, KaK «OTPUIIATENIbHAA BEPOATHOCTB» WMJIM «BTO-
poe ruabbeproBo npocrpanerBo». IlosTomy MBI nonbrraeM-
CA MM NpubAM3MTENBHO CKa3aTh, K 4eMy, cobCTBEHHO,
npueesio Tipeobpa3soBaHUe IMPAKOBCKON (QOPMYJIBI M 4YTO
JlaeT HaM HOBafd TEOpPUA.

ITpex e Bcero Mel CPaBHMM OKOHYATENIBHBIA BUI AUpa-
KOBCKOI'0 YPaBHEHMA ¢ KJIOYOM WM, ellle Jyullle, C BOJI-
1ebrHoM manouroit. CTOUT B3ATE 3TOT KJIOY, U Mbl y3HAEM,
KaK MPeBPaTUTh HacTULY € TTONAYUIEeNbIM CIMHOM B TaKylo,
KaK HelTpalbHBI NMUOoH (CMMH paBeH HYJAH) uau (oToH
C eIMHMYHBIM 3HAa4YeHMelM CnMHA. JTO Bce paBHO, 4YTO [IpHU-
KOCHYTBCA BOJIIeOHON NMaloykoil K ofHOI YacTHILe, YTOOBI
NOJAYHNUTh COBEpILIeHHO Apyryk. EnwHas teopud, Hanpu-
Mep, CYMTaeT TaKkue YacTuLbl, Kak ¢oToH, A-Me30H M MMOH,
BBICLIMMM COCTOAHMUAMM BO3OYMJIEHMA CIOMHOPHONI NpaMa-
Tepuit. Ona nMo3BONAeT BBIYMCIAUTE MACChl M 3apAAbLl 3Je-
mMeHTapHelX yactuu, ITpaBna, equuHas Teopua He JaeT ele
JIOCTATOYHO TOYHBIX 3HAYEHUI M He Y4YWMThIBaeT rpaBuTa-
unio. Ho KTo ckasal, 4TO TeOpMM BO3HMKAIOT B TOTOBOM
sune? Tem Gonee, uro emvuas Teopus I'eitsenbepra — He
€IMHCTBEeHHBIM BapuanT. ¥ cnoBo «eguuad» He 3HAYUT
«@IMHCTBeHHas». Ho 371eCh MBI [JONIKHBI cAeNaTh HeGonb-
Ioe OTCTYIJIEHME M paccKa3aTh ellle o6 0JHOM CBOiCTBE
Murpomitpa. OHO HaydUMT HAC CKJE/ABIBATH U3 HECKOJBLKMX
HaCTIHI] OHY.

AHTHMMpP BHYTPH BellecTBa

Korna mel BUAMM TOAHATYIO Hajx 3eMueir Gaby kompa,
TO NMpeKpacHo MOHMMAaeM, YTO MPH IMageHMM OHA COBEepILUT
padoty. Hen BbIllle KpaHOBLIMK NogHuMaeT crpeny c ba-
Goit, Tem Bonpuie 6ymer pabora. To ecre uem bHodblie r10-
TEeHU1aNbHad DHePIuA NOJHATOrO Tena, TeMm bonbure Byner
€ro KMHeTH4YeCKasa DJHepruA Inpu nazenun. Ecam e cBA3aTh
JHEpPru ¢ maccoit, To Macca 6abel M 3eman (Bepes 6aba
nazaet Ha 3emaio) 6yger Tem GoJbllle, YeM BbIlle IMOAHA-
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ra Gaba. Ho cusibl TATOTEHMS HE HACTOJNBKO BEeJMKH,
4T06Bl TTPOABUIIOCE TOZOoGHOE M3MeHeHue Macehl, M HU ofuH
npubop He oOHApYMKUT pasHMULBEI B MAacce ABYX CUCTEM —
3EMJIM M JIedkalieit Ha Hell 6abb1 ¥ 3eMau M noAHAToN 6abbl,
Haxke ecnu nofAHATE 6aby Ha opOMTY CIyTHMKA.

B muxpomupe neno oberour uuade. Tam [eiicTByIOT
Yy?e 3HaKoMble HaM AJlepHble cUAbL VIMEHHO ux JieicTEMeE
OIMKTYeT MMKpPOMMpY elle oAuH 3axoH, OH rjacur, 4TO
Macca CMCTeMbl CBABAHHBIX AEPHBIMM CHJIAMM HacCTMIL
MeHBIIIe CYMMBI MacC OTHEJbHO B3AThIXx yactuu. Pazumna
B Macce HaseIBaeTca «mecdexToMm macc». Bor moudemy npu
AJIEPHBIX B3aMMOAENCTBUAX, KOra HYKJIOHLI 0OMeHUBalOT-
CcA NMMOHAMM M IIpeTeplieBaicT B3aMMHBIE NpeBpalleHud,
UX MAaCCEl M3MEHAIOTCA OBOJBHO 3HAYMTEJBHO.

Tenepn, Korga Mbl 3HaKOMbI ¢ jgedeKTOM Macc, HaM
6YIYT MOHATHBI OPUTMHAJIBHbIE TIOJNIOMKEHNMA TEOpPIU U3Be-
crHoro coBerckoro ¢usura M. A, Mapkoga.

Haxk aro HM napazokcanbHo, MapKoB cuMTaerT jlame He
MMEeIIM Maccel MOKoA (oToH KoMOMHALMen TaMeNblX
YaCTHIL: TPOTOHA M AHTMIIPOTOHA, HEMTPOHA M AHTUHENTPO-
Ha. SJIeKTpUYeCcKue Bapaabl IepBoit M BTOPOM HefTpalbHbl,
ITO3TOMY M BCA cuUcTeMa ToKe obnajaer HYJEBBIM 3ap:-
JIOM, a TUTAaHMYeCKMe AzepHble CUJIbl NPUBONAT K TaKOMY
CHJILHOMY B3aMMOINPUTAMEHMIO, YTO OedeKT Macc CTaHO-
BUTCA paBHBLIM CyMMe MacC OT/[eJbHO B3ATBIX 4acTHl,

CoBeTcKMi Y4eHBII CYUTAET, YTO He TOJBLKO (POTOH, HO
n nrobaa yactuna Moxer ObITH IpeJicTaBlleHa KOMOMHALIN~
el yacrui u aHTu4acrul SjepHble cusbl 3acTaBUIM Be-
1IeCTBO M AaHTMBELUECTBO CJAMTBCA. AHTUMUD OKa3alcid
BHYTpPM Beluectnal

Hy a kak e 6bITb co crimHoM? DoroH obnapaer emy-
HU4YHBIM cruHOM. IlosToMmMy, 4ToOBI monylenble CIIMHOBBIE
BHa4YeHMA HYKJIOHOB Morau o6pa3oBaTh eOMHMLY, KOJuHe-
CTBO MX HOOMKHO OBITE derHeIM. Ilouemy Torza dersipe,
a He OBe MJIM LUECTH YACTHL] COCTARIAIOT hoToH?

MapxoB mpezrnosaaraer, 4To TaKasg CuUcTeMa Haubolee
yeroiiunsa.

HyneBoit criuH HelTPaJbHOTO MMOHA, HAIIPOTUB, COCTaB-
JIeH U3 CIIMHOB JIBYX HacTHL[ HYKJIOHA M aHTMHYKJIOHA, KO-
TOpble, KAaK M3BECTHO, AHTHIIAPAJIJIENBHEL OTa cHCTeMa
HeycToiuuBa. JlelicTRuTeNbHO, dTOT NMuoH bBblcTpo pacna-
Aaerca. [Tonyuensle 3BHaUeHUA CMUHOB ¥ (PEPMMOHOB TOie
pesysbTaT KOMOMHAUMM pasanuHoro umcna Hykmaonos. Ho
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Ha 3TOT pa3 Takoe 4ucio JoncHo ObITh HeyeTHbIM. Hy, a
Kak ke OBbITh C IMIIEPOHAMM, MAaCcCa KOTOPBIX IMPEBBILIAET
maccy HykJoHOB? Onu pucyiorcas MapxoBy B Bufle KOM-
6MHALMM HYKJIOHOB M [IMOHOB, CBA3aHHBIX 0COOBIMM CHMJIAMH,
XapaKTePU3YIOLUMMMU BO30OYKIEHHOE COCTOAHME HYKJIOHOB.

31ecs yMECTHO YIIOMAHYTH O HeNaBHO ODHApYKEHHBIX
«HAMCBEPXTMKENBIX» 4Yacruuax — runepdparmenrax. Mx
CylecTBOBaHME TOMe OOBACHAETCH OCOOBIM HYKJIOHHBIM
Bo3byxaenmem. [mnepdparmentsr npepcrasnamTr coboi
AZpa JNUTHUA, TEINUA M APYTUX JETKUX D3JEMEeHTOB, B KOTO-
PBIX OFMH M3 HEMTPOHOB 3aMellleH HelTpanbHON mambaa-
JacTuueil,

Toneko Gyayuiee MokaskeT, CrpaBeannBel Iu ugen I'eii-
senbepra u MaproBa. Cejiyac e ACHO TOJBKO OJHO, YTO
dusuKa HeyAepKMMO CTPEMUTCA K eUHOM KapTuHe MMpa.
M yem Gonpiuum ronuuecTBoMm udactvy Oynyr pacnosararb
Gusuky, TeM GoNblue BEPOATHOCTL CBECTH €r0 K MMHMMY-
MY U HaWTH «KUPIMUYMKN MUPO3ITaHUA».
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AHAJ/IU3 U CMHTE3 ATOMOB

Moaenn aTomoB

Hawe nmyrelrectsue no MukpoMupy GAM3UTCH K KOHILY.
Ham ocraerca Tonbko «I10BLIBATE» BHYTpM ATOMHOrO #Apa
u, MOXeT OblTh, fake BHYTPM OTHENBLHBIX HYKJIOHOB.

Kpome TOro, MBI JOMIKHBI NMO3HAKOMMTBCH ellle C MC-
KYCCTBEHHBIMY aTOMaMMu.

«dnpa aromoB abcomioTHO Ge3HamEeRHO HEBUIUMEL»,—
muuieT aMepuKaHCcKuit ¢usnk Pobepr Xoderagrep. U
C 9TMM HeJb3A He COIJIaCUThCH., XOTA O4YeHBb HENPUATHO
NpU3HATE CJoBO «besHameskHO». OueHb COMHUTENBHO,
4TOOBI B CKOpOM GYAYLIEM 4eJOBEK CMOT HErnoCpeacTBeH-
HO YBUZEeTb aToM. Befp BCIBLIIKA HAa SKpaHaxX CYeT4YMKOB,
TYyMaHHble cle/ibl B KaMepe BunecoHa m B ToJICTOCHOMHOM
9MYJBbCHMM, T. €. BCE, YeM MBI ceifyac pacriojaraemM,— 3To
TOJBKO KOCBEHHDBIE CJIeIbI M M306paKeHnsa yacTIl M AZEp.

OJIEKTPOHHBIE MMKPOCKOMB! JAlOT CHUMKKM ¢ yBeJIude-
HueM B 250000 pas. Braromaps uM 4YeslOBeK CyMeJs pas-
TIANIeTh HEKOTOPble MeNbyaiilliie BUPYCHI Y MOJEKYIIBI —
rurantel. Ho paspelamomas crocofHOCTL 3JTEKTPOHHBIX
MMKDOCKOMNOB OrpaHMYMEBaeTcA BeamymHoi 1078 ca.

Henasno usobperenHblit MOHHBI BMUCCHOHHBIN MUKPO-
cKom emle B 40 pas yBenMuMsI BO3SMOMKHOCTHM YeldoBeKa. Ho
TNPUHATAA NJIA M3MEPEHUA DPaJMyCOB aTOMHBIX sAep Alep-
HaA eimHMUa IUIMHB! «depMmu» pasHa 107'% cm, mostomy
CJI0BO «De3HafieskHO» elle HoJaro Gynaer IpecyieioBaTs 4ye-
JIOBEKAa B €ro IOMBITKaX YBUAETs sfApo atoma., VI jonro
eme GynyT roBOpUTE — «Mofenh Axpa». CaMoil Crapoi,
HO ewe ynoTpebMTENBHON MOMENBIO ABJIAECTCA <Karesb-
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Hafa» Mogenb. CyTh ee TakoBa: HYKJIOHBI pa3MelUEHBI B
Aape nogobHo MOJERYJNIam B Karjle BoJbl. ITO 3HA4YMT, UTO
INIOTHOCTE «Kaneab» OyzeT mocToAHHON ana Bcex 0Ges
UCKIIOYeHUA Aflep, a caMa «Kanaa» 0OyJler MMeTh SACHO
odepyeHHY0 noBepxHocTb, Ilonobro GoablliuM m MajleHL-
KMM KariaM Ao Isd, AfepHble kary OyayT MMeTh OOMHa-
KOBYIO IJIOTHOCTE U 1A OCJABLIMX «KaleJb» ypaHa M AJdA
mManblx — Bogopoga. Ilosromy obwemel apep OyayTt mpo-
NOPLIMOHANIBHO BO3PAacTaTh C YBEJAMYEHMEM YHCIa HYKJIO-
HoB. Tak kak ofwem apa mporopiMoHanteH xyOy pamiy-
ca, To pajguycel sxep OyayT nponopruoHanbHEl Kybude-
CKMM KOPHAM M3 UMCJIA HYKJIOHOB. OTO 7laeT BO3MOXKHOCTB
M3MepUTE Aapo Jioboro aroMa. [TonouTenbHBIN 3apaAa ¥
fiZlep aTOMOB M OTPpMLIATEeNbHBIN ¥ aHTMaTOMOB paBHOMEPHO
pacripefiened 1o BceMy oObemy «kamnan». IIJI0THOCTE 3a-
pasa Oyger pasaMuHa IJIA PasHbBIX aToOMOB, MOTOMY 4TO
PasJIMYHO OTHOLIEHMe YMUCJa NMPOTOHOB K obluieMy 4ucnHy
HYKJoHOB. Bonablule Beero oua Gyner y BoAopofa, rAe B
Aape HeT HeliTpoHoB. Ho kamna BoJbl — BCe-TakM He
aToMHoe aAnpo. KBaHToBag TeopudA, HaANpPUMEp, CYMTAET,
YTO IUIOTHOCTh AJEPHOTO BEIUECTBA HEMTOCTOAHHA M YMEHb=
LIaeTCA OT LIEHTPA K ITOBEPXHOCTH.

Kakoro e Ha camom jfiene aTomuoe safapo? Ilyers ero
HEJIb35 YBUAETE HEMOCPEACTBEHHO, HO MOMKHO I10CTapaThbed
ero «npouynare». Beas euie Pezepdopn, cnena 3a pac-
ceuBaHueM anb(a-yacTUIl, BHEpBble OOHApPYMXUJA, T. €.
«Haumrynaa» sanpo aroma. Ilocrpoennent B 1951 rony B
Crondopne GONBLUION JUHENHBIT YCKOPUTENIB MOT pPasro-
HATH DJEKTPOHBI 0 BHEPTMM OKOJIO 1 MMIITIMapAa BJIEKTPOH-
BOJIBT. JVMeHHO TakMMM OHEPri4YHBIMM  OJEKTPOHAMM
(uem Gonbllle 3Heprus, Tem ACHee JNEKTPOH «4YBCTBYET»
ALPO) M peluMilM OCHOBATEJBHO «IipoLLynars» Aapo. [loye-
My MMenHo onekTpoHaMu? OTBEeTUTE Ha 3TO OYEHB INPOCTO.
OJIEKTPOH He BXOJWUT B COCTAE Apa, NMO3TOMY MEXAY HUM
U HyKJoHamu DyAyT OeiiCTBOBAaThH He TaMHCTBEHHble ANlep-
Hble CHJILI, @ XOpOLIO M3Yy4YeHHDBIe — 3JIeKTPOMAarH1THBIE.

Kak e noeegyr ceba snexrpoHHele myau? Ecmin saapo
npeacrapager coboi MJIOTHBIM napuk, To, Yem OnuIKe K
€ro LIeHTPY TPOJETUT 3JIEKTPOH, TeM 3aMeTHEee OTKJIOHMT-
CA OT MEepPBOHAYAJNBHOrO NMYTHM. A BJIEKTPOHHAA MYyJA, IO-
napiiad B CaMBblif LIEHTD, MOMeT Jake cIeJaTh IOBOPOT U
noneterk obparHo. Ecnu e Anpo He MMeeTr YeTKHMX rpa-
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HML, TO KapTHHA pacCeAHUA BJIEKTPOHOEB OYIEeT ToXoad
Ha OudpakLMIo CBEeTa Yepe3 MaJleHbKOe OTBEpCTHE.

Ecau paccroanmue MemAYy CBeTIABIMM AUM(MPAKIMOHHBIMMK
KOJIBLIAMM MO3BOJIAET BBIYMCINUTE AMAMETDP OTBEpCTUd, de-
pe3 KoTopoe IleJ CBETOBOIl JIy4, TO PACCTOAHME MEMIy
MaKCMMyMaMy paCCegHHBIX OJJIEKTPOHOE CKamer HaM o
pasmepe #zpa.

Korma 6puin o6paboraHel u M3ydeHbl AaHHBlEe JJICKT-
POHHOTrO paccefiHUfA, OKA3aJoCh, YTO CYLUECTBOBAaBIME MO-
el He MOryT HOOCTATOYHO I[IOJIHO OOBACHUTE BKCrIepH-
MEHT. Y4YeHhle [TOCTPOMJIM HOBBIE MOJENM, KOTOphle, Bepo-
ATHO, TOXe CKopo ycrapelor. M tak OGyger no Tex mnop,
M0Ka 4eJIoBeK He IOCTPOMT Mojellb, KOTOpad JacCT TOYHOe
npencraBiaenue o aromuom agpe. Ho Torga, B 3T0 XO4eT-
cA BepuTEh, BONMpeKU BeeM «De3HAZEMHOCTAM» U «abco-
JIOTHOCTAM» YeJIOBEK CMOKET yBUJEeTE AP0,

A Toka mnepejs HaMM HOBadA MofeNnb. JTO AApo aToMa
3oJioTa (ByeKkTpoHBl GoMOapAMpoBalM TOHKYIO 30JIOTYIO
donery). IMnorHocTe cepAuUeBMHBI AApa MMeeT paguyc
0KOJ10 4 AZEPHBIX eIMHML. OTY CepAleBMHY (KepH) OKpy-
sKaeT MeHee ruUIoTHaA «obosoukrar. K mepudepun mnioT-
HOCTB TIOCTEIIeHHO MajfaeT M Ha pacCTOAHMU 9 ANEPHBIX
eMHUL] MPaKTHUYeCKMU CTaHoBuUTCA HyJeBoi. Takasa, XoTsH
Obl M OoJlee ToOYHAA MOJENb, MMEET CBOM HEAOCTATHMU.
OueHBb TPYNHO YCTaHOBMTB, HAIPUMeEp, rAe HAYUHAETCA U
I'le KoH4aerca Azpo. Horma npoussenu oberpen Apyrux
aTOMHBIX #Ajep, To GblIa HalAeHa WHTepecHad B3aKOHO-
MepHOCTB. JInd BcexX aTOMOB ¢ aTOMHBIM HOMEpDOM CBbILE
40 romumua «oboJioukyu HApar paBHANAck 2,4 sJEpPHBIX
eIMHUIBL. 3TO 03HAYaeT, YTO ¢ U3MEHEHMEeM HAJlep TOHKafd
pacriyibIByarad 0b0JI0YMKa He MEHAETCH.

Catypu? Her, HYRIOH

Ecan Takue Xopollme pe3ydbTaTbl TOJIYHaIOTCA Npu
oberpedie snep, To modeMy GBI He 3aHSATHCA DJIEMEHTapHBI-
My vactunamu? J[nA Hayana MOMKHO TIOMBITATHBCA I1PO-
HUKHYTB BHYTPb HYKJIOHOB. J[JIA 3TOr0 MOYKHO MCMOJb30-
BaTb Te e BIEKTPOHbl MIM ocobo kecTKue raMMa-JIydu.
IlepBble e OMBITHI MOKA3aJM, YTO 3apAd0Bas IJIOTHOCTb
MIPOTOHA OYeHb MMnaBHo ybbiBaeT K nepucepun. Uro ke Ka-
caeTca HeMTpoHa, TO BJIEKTPUUeCKMI paguyc ero oKazauc:da
PaBHBIM HYJIIO MJIM BO BCAKOM Cjy4dae BO MHOrO pa3 MeHb-
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MM, Y€M Y TIPOTOHA. OTO 3HAYMT, UTO HEHTPOH MJM LIEIM~
KOM HEeWTpaJIeH, UM BHYTPU HENTPOHA 3JEKTPUYECKHIT 3a-
PAX COCPEZIOTOYEH HA PAaCCTOAHMAX, B JECATKM pa3 MEHBb-
mux, yem y nporoHa. M Booflle «3jleMeHTapHBIE» YacCTH-
bl HYKJIOHA OKa3aJIMCh NMOoXoXUMu Ha niaunery CaTypH.
IlenTpanpHasa o0nacTb— CcepAleBUHA — OKPYMXKeHa Yy HUX
obnakom NMUOHOB, KOTOPBIE YaCTO HAa3BIBAKOT «MEe30HHOM
mryboii». Eclin cepAlieBMHA MOJIOMUTENbHA, a «uryfa» co-
CTOMT M3 HEWUTPANBHBIX IHMOHOB — 3TO IPOTOH; ecau 06-
JIAKO COCTOMT U3 OTPULIATENBHBIX NUOHOB — HeitTpoH. Ho
CcepAlLIeBMHA MPOTOHA MOMET OBITH M HEMTPAJBHON, TONb-
Ko «wryGa» Torma OynmeT M3 ITONOMKUTEJIbHBIX ITMOHOB.
A HeNTPOHHOE HeTPallbHOe fAAPO OKPYMAIT COOTBETCT-
BEHHO HeliTpaJbHEIE TMOHEL

MaseerHo, uto npu 6oMGapMpoOBKe HYKJOHOB 4acCTH-
1I[aM¥ BBICOKO} DHEPTHMM MOMKET ITPOTEeKaTh ITPOLIeCC POM-
Jenus me30HOB. Ho 3T0 He 3HA4YWT, 4TO ¢ HYKJIOHOB COM-
paerca «uryba» m cepjieBMHa ocTaeTcA OOHaMEeHHOM.
Hyxnon coxpaHseT cCBoii nmepBOoHavanbHbN1 Buj. C Hero
HMYEro He CTOMT CIYCTUTBH JIETEHJApPHBIE «CeMb ILKYp» —
cepALeBMHA BCe paBHO He Byamer romyoit. ¥ meso sgecep He
B TOM, 4YTO 3amac TMOHOB HemcueprnaeMm. CrocobHOCTh
PO IATE MMOHBI OTHIOAB HE O3HAYAeT, YTO OHM COJepiKaT-
CA BHYTPM HYKJIOHOB.

Oznna HYKJIOHHAsA CTPYKTYpa MOCTOSHHO IepexoauT B
ApPYTYIO; MPOTOH 1 HeHTpOH npejcTaBaAlT coboir cmecsk
BCEeBO3MOMKHBIX COCTOAHMM Kamaoro us Hux. OpHako Kap-
THHA HYKJIOHHBIX CepALueBHH, YVKYTAaHHBIX B «ME30HHLIe
mry6e1», He COOTBETCTBYET [AaHHBIM, FOBOPAILMM O PE3KOM
OTJIMHYUM JANEeKTPHUYECKUX paiuycoB NPOTOHOB M HEﬁTpD-
HoB. O TOM, 4YTO CepAuUeBMHA HEITPAJBHOIO HEMTPOHA MO-
seT OBbITh I[IOJIOMCUTENBHO 3apfAMKEHa, MBI YIKe TOBOPUJIIM.

Coeerckue yuennte . M. Bnoxuuues, B. C. Bapaues-
koB, b. M. Bap6anios npeAnoMXuan CBOI0 TEOPUIO BJIEKTPO-
MAarHMTHOTO CTPOEHUA HYKJIOHOB. OTa TEOPUA TMOJHOCTLIO
corjacyercsa ¢ 9IKCIEPUMEHTANBHBIMKM HAaHHBIMM. OHa
npearnoJiaraeT HajlM4yMe ABYX BHUJOB pacrpefielieHus 3JIeK-
TPOCTATUYECKON IJIOTHOCTH: JJIA HYKJIOHA B LIEJOM M OT-
AeJbHO InA ero cepaueBuubl. Ilporon 6osee 9/exTporo-
JOoXUTENEeH, 4eM ero ceppueBMHa. IlocimenHas, Kax yike
roBopuiock, MoxeT ObITh ¥ HeuTpansuoit. CephieBuHa
HEMTpPOHA COOTBETCTBEHHO TOX(E WJIM HeiTpalbHa WIM
nonouTenbHa («B 1Iybe» M3 OTPULATENIBHBIX T1MOHOB).
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M3 sroro cremyer, YTO BHYTPM HENTPOHa CYILIECTBYIOT
pasnuynble BHyTpeHHMe ofsactu. B opnux obmactax Ha-
XOAUTCA TMOJIOKMTENbHBIN 3apAl, B APYTMX — KOMIIEHCH-
pymommit €ro oTpuilatelsHBI1. BOoT HacKONMBKO CIOMHBIM
OKas3aJIoCh CTPOEeHUE HYKJIOHOB.

IlepBolif McKycCTBEHHBIH aTOM — NMO3UTPOHMIL

Haumuas emge ¢ Kaaccuueckux onbsIToB Pesepdopaa
(hM3MKM HA NPOTAMKEHMM YeTBIpeX AECATUJIETHI! CTPeMu-
auck JNBbIM myTeM paspyLIMTE aToMHoe gapo. Hemnpe-
pbiBHBIE 60MOapAMPOBKM aTOMOB € MOMONIBIO CaMbIX pas-
JIMYHBIX YacTUI] MOMOIJM HayKe pa30obpaTbCA B CIO0MHOM
CTPOEHMU AZep, NOHATb, KaKMe 3aK0HBI M CUJIb] yOpPaBJIfA-
0T MukpomupoMm., He 6yzap duaukn rak ynopHel B CBOEM
cTapaHMy pas3bUTh aToMHOe AAPO, 4HeJIOBEYECTBO He pac-
rnojarafio OBl ceifyac HM BHYTPHAZIEDHOM dHepruei, HU
MHOTMMM M3 WCKYCCTBEHHBIX DPaJAMOAKTMBHBIX M30TOIOB,
He TOBOPA YyJe 0 TOM, 4YTO CONBIUMHCTBO 3JIEMEHTAPHBIX
yactuy 06A3aHO CBOMM OTKpPBITMEM MMEHHO TaKoro pona
6ombapanposkam. Ilepuonm OomOapAMpPOBKM  aTOMHBIX
Anep — 910 TlepuMoxn paspyluenud. Ero MoxHO ymnonobuts
TIaTelIbHOMY M KponorJuBoMy aHamuady. Ho mnocne aHa-
Ju3a B HayKe BCerjla Hacrymaer nepuoz cuHresa. Jleycr-
BUTeJIbHO, (DM3UKA CETOAHHAILUHET0 JHA YyXe BCTynuia B
8Ty BaxcHenuyw (asy pazsutud. Iloaromy zpeck mMbl pac-
ciaM<eM O CO3RAHMMU MCKYCCTBEHHBLIX aTOMOB.

Korpa mer pacckasbiBanu 06 OTKPBITMM NO3UTPOHOB, TO
obpaTuiyu BHMMaHKME HA OAHO MHTEpECHOe ODCTOATENBCTBO.
Jeso B TOM, YTO npH BCTpeUe co CBOMM aHTMUIIOAOM IO3UT-
POH 4Yallle BCero aHHMTMAMPpYeT Ha /IBa KBaHTa M ropasjo
pexe —Ha Tpu uau oauH. HemHoro moszHee MBI AaauM
aroMy ofbAcCHeHMe. A moka mpefJiaraeM BHMMaHMIO “MTa-
TeJId TepBblil MCKYCCTBEHHBIA aTOM — ITOSUTPOHMIA

IToziTponmii obpasyercss B MOMEHT BCTPe4YM IMO3MTPOHA
M BIIEKTPOHA [0 HA4ala uxX aHHMruaauun. Ha HUYTOKHYIO
NOJIF0 CEKYH/IBI YaCTMLIA M aHTHYACTHIIA 06PasyIoT HEeyCTOii-
YMBYIO aTOMHYIO CTPYKTYpy. OHu nyckaiorca B GellleHbli
XopoBoa BOKpYyr ofiero meHTpa Mace, Inpecleaysa IOpyT
Ipyra. OJNeKTPUYECKM MO3UTPOHMIT mnomobeH aToMy BOZO-
pojia, rae HNEeKTPOH BpallaeTcs BOKpyr nporoHa. Ho Tak
KaK TMO3UTPOH BECUT CTOJNBKO 2Ke, CKOJbKO M BIIeKTPOH,
TaKO0i MCKYCCTBEHHBI aToM npubiusurensHo B 1000 pas
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Jerde BOAopoZa. 3aTo AuaMeTp [O3UTPOHMA pasa B JBa
MpeBbIIaeT AMaMeTp aToMa Boacpoma. Bpems cyurecrso-
BAHUA MO3UTPOHUA B OJHUX CIYHYaAX U3MepAeTCA AECATH-
MMJIJIMOHHBIMM JOJAMU CEKYHIBI, B APYIUX — NeCATUMUI-
auapasbIiMu. Ho gpaske 3a 3TOT HMYTOMHBIN OTPEe30K Bpe-
MEHM HalllM «IIPecieJoBaTellb» U «IpeciaefyeMblil» ycre-
BalOT COeJaTek OKOJI0O MuJanuoHa ob6opoToB. OTa II0TOHA
OKa3bIBaeTCA CMepTelbHOi AJA 0DoMX: Tak M He IIPHUKOC-
HYBIIMCE APYT K APYry, OHM aHHUIMJIMPYIOT — IpeBpa-
IIAaHTCA B CBETOBbIE KBAHTHI,

IToyemy ke Bce-Taky NpM aHHUTUIALMM Hallle BCEro
o0pa3ylTca uMeHHO ABa u Oonee doToHa, a He OOUH?
B ¢u3MKe eCTb HEYMOJMMBI 3aKOH — 3aKOH COXPAaHEHWH
koauyectBa ABMiKeHMA. CroJMbKo OBl TeJ He Y4aCTBOBAJO
BO B3aMMOJEICTEMM, CYMMa KOJIMYECTBA ABMIKEHMA Yy HMUX
BCerjla OCTaeTCA MoCToAHHOM. Beaxomy aeitcTeBuio mpucy-
Ille paBHOe IPOTUBOMAECTBHE,

Ecau mbl crpensem uz pysbs, To Mocje Bbllera MyJH
cenyer Heu3GeXKHBIN TONYOK B maeyo — othaua. Ilocme
BblIeTa ofHOro (poToHa (B pesyJbTare AHHUTMIALMHA
aJIeKTPOHA W I103UTPOHA) HeM3belHO CJeAyeT Takas e
oTAaya: BBIJIET B ITPOTHMBOIOJIOMKHOM HAIPAaBJIEeHMM U C
TEM 3Ke 3armacoM dHepruu apyroro dotona. Muoraa nosur-
poH ocraBafeT mociae ceba Tpm dorona. Teopua npeay-
cMaTpuBaeT BO3MOMKHOCTE o0pasoBaHMA eule BoJabluero
4ucaa KBAHTOB, NpPHMYEM BBIJEJIMBILUASACA MMPM aHHMIMIIA-
LMK DHEPrus pacrpefiefaeTcs Mexny Humu noposuy. Ho
yatre Bcero HabJOfaeTCA MCUE3HOBEHME MO3MTPOHA ¢ Nb-
pazoBanueM ABYX (mapanosuTpoHuit) u Tpex (opTono3u-
TpoHmit) ¢doroHos. IIpuuem BpeMs CyIlIeCTBOBaHMA IO3UT-
pOHMA B nmepBoM cayudae coctaBager 1,25:107'% cex, a Bo
BropoM — 1,4-1077 ¢k,

Ytobel mOHATH, [OYEMY OTO TaK IIPOMCXOAMT, HaM
ONATH NpuieTca BO3BPATUTECA K IMOHATHIO CniMHa. B Mo-
MeHT CYUIeCTBOBAHMA MO3MTPOHA CIIMHBI BIEKTPOHA M IO~
3uTpoHa MoryT ObITh JNuGO napanjenbHbl, Aubo aHTMIIA-
paljenbHbl. 3HAYUT CYyMMapHBI CrUH Mo3KeT OBITB JnbO
paBeH eauHulle, MMbo HyJI0. ITO M ONpejesdeT BO3MOMK-
HOCTh CYHIECTBOBAaHMA OPTONO3UTPOHUA B INepBOM CAydae
I NMapano3uTPOHMA BO BTOPOM.

3aKOH COXpaHEeHHMA MOMEHTOB KOJUYeCcTBa [BHMIKEHMA
3anpemjaeT obnagaiolieMy eOMHUYHBIM CITMHOM OpPTOIT0-
SUTPOHMIO PacrnazaThbCA Ha JBe 4YacTHMLBL Benp cymmap-
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HBII CIMH ABYX (POTOHOB Moz<eT ObITH PaBHBIM Jub0 ABYM,
amnbo Hymio. IloaroMy OpTOMO3MTPOHMIO OCTAETCA TOJBKO
07lHA BOBMOKHOCTB pacrajia, a MMeHHO Ha Tpu (OTOHA.
JIBa «aHTMOApaJJenbHBIX» (POTOHA JAlOT CYMMAapHBIA
CIIMH, PaBHBIM HYJW, a TpeTuit ¢oToH onpedenseT enu-
HMYHOE B3HAaYeHME CHOMHA OpTOMO3UTpoHMA. EcrecrsenHo
OTCIOfla XAATh pacraga objafarmlllero HyJIeBbIM CIIMHOM
Napano3uTPOHMA Ha ABA «aHTUNAPAJIIENbHBIX» (POTOHA.

Opbura BHyTpH AApa

ITozuTpoHuit — He eAMHCTBEHHBI BAaPUMAHT UCKYCCTBEH-
HOrO aTroMa, MJM, eCJM MOJKHO TaK BBIPA3UTLCH, «TICEBJ0-
aroma». KBanTOBaA TeopuA mnpearnoyiaraeT BO3MOMKHOCTB
obpazoBanmA eille M Me30HHoro aroMa. IlpexcraBnenue O
TAaKOM aToMe MOXKHO MOJYYWTb, MBICIEHHO 3aMEHHUB JJIEK-
TPOHBI, BpallawlMecd BOKPYT AaTOMHOTO sAxpa, OTpUIa-
TeNBHBIMM Me3oHaMu. Kammoit sHeprum =JeKTpoHa COOT-
BETCTBYeT omnpefiefieHHas opbura. Ecim arom 3axBaTuT
CBETOBOM KBaHT, QHEPIMA ATOMa YBEJIMYNMTCH, U JIEKTPOH
nepeckakuBaer Ha OoJlee yHaJleHHEBII OHEpPreTUYECKHi
yposetb, IIpy Bo3BpallleHMM SJEKTPOHA HA TIPEIKHION Op-
6uty arom BEIOpaceIBaeT HHEPrHI0 OMATL-TAKM B Bije
CBeTOBOro KBaHTa. ATOM KaKJOro 3JIeMeHTa XapaxkTepi-
gyerca ompezneNeHHBIM Habopom opburt. Ilosromy u ¢oto-
Hbl, U3JIy4YeHHbIE€ AJIDOM, XapaKTepu3yIOTCA TOME CTPOro
onpeZieJIeHHON! YacTOTOM M3NYYeHUA.

Ecnn B aTome Bosoposia 3aMeHUTH BJEKTPOH OTPHULIA-
TEJIbHBIM Me30HOM, TO ME3OHY ToxKe OyAyT rpenocraBle-
Hbl CTPOrO OnpefeseHHble OPOUTEHI, eClyu 2JIeKTPOH 3aMe-
HEeH MIOOHOM, TO AMaMeTp ero BO3MOXKHBIX OpOUT yMEHb-
IINTCA BO CTOJIBKO pas, BO CKOJBLKO MIOOH TAMNEJNee BIIeKT-
pona, T. e. B 210 pa3. Touno Tak e yMeHBLIATCA M M-
HBI BOJIH M3IYy4aeMBIX arOMOM CBeTOBBIX KBaHToB. To ixe
Byzer MMeTh MeCTO M B Cly4yae ¢ OTPUIATENBHEIMM IIMO-
HAMM, TOJBKO 3JeCk AuamMeTpel opbuT u AJAMHBI BOJH
ANEPHOr0 M3JYYeHWA YMEHBIIATCH COOTBETCTBEHHO B 273
pasa. Takoe ymeHblIeHMEe IJIMHBLI BOJHBI NTPUBOJUT K TO-
My, YTO BMECTO BM/IMMOIO CBETA aTOM HAUMHAaeT M3Ny4aTb
MSATKMEe DEeHTreHOBBI JIyYM C OYeHb MaJoif MpPOHMKAaoUIen
criocobHOCTBIO. A TakMe JyYM OYEHB TPY/AHO ODHAapYXUTD.
[ToaTomy GuMEUKM NMpeanoYMTAIOT MMEThH JeNI0 C THAMKEeJNbl-
MM ME30HHBIMM aTOMAaMM, UCIYCKAOIIUMU GoJee KecTKUe
PeHTreHoBbI JIY4N.
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ITepBEle ME30HHEIE aTOMEI OBLIN MOJYYEHEI Ha CHHXPO-
umkgorpore. IToTOK oTpMUATENBHBIX MIOOHOB 3aMeJIAJICH
JI0 TEMJIOBBIX CKOPOCTEH M 3aXBaTbIBAJICA aTOMHBIMM AL~
pamMu, a crneMaJibHble CHeTYMKM M3MepAJar OJMHY BOJHBI
PEeHTreHOBBIX JIy4Yel, KOTOPble MCIYCKanu Bo3DOY KIeHHEIE
AApa pasiMYHBIX DJIEMEHTOB. B OmbITaXx C OTHOCHUTEJbLHO
JIerKMMM NIeMeHTaMM, TAKMMHM, KaK HEOH M yrJaepoa, gJu-
Ha BOJIHBI AJ€PDHOT0 M3JNY4YeHMA BIIOJHe COOTBeTCTBOBAaJa
210-gpaTHOM pasHMIle MacC MIOOHa K dJaekTpona. Ho xoraa
rnepeniy K OmneltaM cC DoJiee THKEIBIMU SJEeNeHTaMM,
BHEepPruA PEHTreHOBCKOTO M3JNYYEHUA PEe2K0 YMEHBIIMJIACH.
B 4em ke peno? Paccmorpum MoAeNs aToMa CBUHLA, rie
BOKPYr sapa Bpauaiorca 82 snektpoHa. Ecnu 3amMeHMTB
OOMH M3 HMX ME30HOM, TO caMadA OAMIHAA M3 BOBMOMHBIX
ero opbur 6Gymer Haxoautnca B 82210 paz 6auike K AnpY,
yeM caMmblit OnMaKHMIT anekTpoH. MHave roBopa, Me30HHAA
opbura 6yner B 82-+210 pa3 MeHBIlle AuMamMerpa aTtoMa BO-
mopoga (10°% c¢m). OrTo cocTaBUT BEJAMYMHY, PaBHYIO
58:107'% cx. Ho amamerp ajpa aroMa CBMHIIA paBeH
17-107'% cx. Tlonmy4aerca, 4To OopGUTa MIOOHA ITPOXOAMT
He rae-umbynn, a BHyTpu aromHoro azapa! M Huuero HeBe-
POATHOTO B 3TOM HeT, HermpoHu11aeMOCTh NMPUCYLIE TOJNBKO
Mupy 60JBIIMX Bellleir, MMPY, CPeiM KOTOPOI'0 MBI XKMEEM.
B Mukpomupe Takoro cBOiCTBa IpPOCTO He CYILECTBYET.
ITooToMy MIOOH MOMeT coBeplleHHO cBOOOAHO MepeaBu-
TaTbCA B TaKOM CBEPXIIJIOTHO YIIAaKOoBaHHOM TeEE, RaK
aTomuoe sinpo. MiooH ycrmesaer 3a raxue-to 100-mMunnu-
OHHbIe JOJIM CeKYHIbl COBEpPIUUTE BHYTPM AJApa TPUJIHO-
HbI 000pPOTOB, MOCJe 4Yero OH IIOrJIOIIAeTCH ALePHBIM Be-
IleCcTBOM. VIBAMINHAA SHeprua B3pBIBAeT AJAPO MU3HYTPH.

Wnaue Beper ceba muoH. OH OYeHB MHTEHCMBHO B3au-
MojfleiicTByeT ¢ HYKJNoHoM. [losToMy enBa muoH mnoragaer
Ha bmmxaiinryio K AApy opbMTy, Kak cpasy JKe 3axBaThI-
BAaeTCA MPOTOHOM. OHEeprMa 3aXBavyeHHOTO MMOHA TOXKe
B3pBEIBaeT AMPO ¢ o4YeHb OoJbloi cUIOl. DTO MOXHO BU-
IeTh MO TeM 3Be3ZlaM, Kotopele ofpas3yloTcd B TOJICTOM
cnoe chororpacdhuyeckoin smyabenu, Ot dororpadun JIMIU-
HUII pa3 CBUIETENLCTBYKOT O TOM, YTO BJeMeHTapHble 4a-
CTHIIEI HAa CaMOM JleJie BOBCE HE 3JIeMeHTapHEI.




TANHA CO3BE3]Ms JIEBE/b

Korna OeccHiIBHEBI TeJIeCKONEBI

«MEp1 uMeeM Terepb 3JIEKTPOHBI M IIO3MTPOHBI, MPOTO-
Hbl M AHTUIPOTOHBL.. 3TC OTKPBIBAeT BO3MOXKHOCTb I0-
CTaBUTL BOTMIPOC O CyLecTBOBaHMM aHTumupa. JleicTBu-
TeJMLHO, ¥ HaC eCcTh BCe YacTMIbI, HeobXoauMble AJA TOTO,
yrobBl COCTABUTE MUP, KOTOPBI OyneT INOJMHOCTBIO TOM-
IecTBeH HalleMy MMPY IO BCeM CBOMM (PU3NYECKMM ¥ XM-
MHMYECKMM CBOMCTBAM, 3a MCKJIOHYEHMEeM TOTO, YTO OH BecChb
Gyner cocroaTh u3 aHTMyacryy. Taxoit mup 6511 6n1 abeo-
JIIOTHO CTabuileH M HeOTJIMHMM OT Halllero MHUpa ¢ [nomo-
LLBIO ACTPOHOMUYECKUX HabmogeHum».

OTu croBa npom3Hec B Mae 1956 roma B MoCKOBCKOM
noauTexHuueckoM Myszee npogeccop Kamudopruitckoro
yuuBepcurera Imuamo Cerpe.

Autumup! T'ne-to B HeBesoMbIX raybunax KocMmoca
CYILIECTBYIOT aHTUTAJaKTHMKM, BOKPYr roiybbix M OpaHKe-
BBIX AHTUCOJIHI] BPAIAIOTCA IMJIaHeThl U3 aHTUBEIeCTBa.
Ha HeKOTOPBIX U3 HUX CYIIECTBYeT U3Hb: hayHsl u (io-
pbl Ha HMX MOryT OBITH IonobHbl HaumM. B pesynbrare
MUJIJIMOHOB JIET DBOJIOIMI TaM MOIJIM MOABUTBECHA MBICTIA-
LMe cyuiecTBa — Takue ke, Kak u Jioau. OHu KMBYT B
fonpUIMX ropomax, TpyAATcH, JoBAT M CTPajAOT, Kak M
MbI. Moser ObITE, UX OUBMEM CyMesy MONYUHUTE YaCTHUBL
Hallero BellecTBa — JJIA HMX 3TO OydeT aHTHMBELUECTBO —
¥ CTPOAT IMIIOTE3B! 0 CYLIECTBOBAHMM HAIIeH rajlakTUKU—
IS HUX aHTUTajdakTuru. Jx ontudeckue npubopel He B
COCTOAHMM JOKA3aTh OTU TUIIOTE3bl, Kak Ham Hawu. Jleyo
B TOM, 4Tto Ana Habmioparess, NMPMHMMAIOLIEro CBETOBEIE
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CUrHAJBl WJAM PaAMOBOJHBI, COoBeplueHHO Oe3pasnnueH
crioco® pospenua dortonon. Ilepeckoumsn am ¢ oaHoit op-
OMTEI Ha APYIyo, pacrnoloKeHHylo OMmiKe K ALpYy BIEKT-
POH MJIM Takoe JKe MyTelleCTBMEe K aHTUAAPY COBEPILIUI
TI03UTPOH — peaynbTaT byner oaud. IloasaTca doroHb!, N
Hall HabJaogaTesJb YBUAMT CBETOBOM JIyd, TAK M HE y3HAaB,
OTKYZAa OH MAeT — u3 Mupa, noaobHOro HalleMy, MJIM M3
aHTUMMPA.

Onruueckaa acrpoHomMuA 3pecs OeccusnHa. Papmo-
aCTpOHOMMA TaKIKe He B cujlax OTJIMYMTH pagnoBOJIHEL OT
«aHTMPaZAMOBOJIH», OJHAKO MMEHHO OHa I[03BOJIMJIA YeJo-
BEKY MOJNY4YUTh, OBITH MOMKeT, [IePBYI0 BECTOUKY U3 aHTU-
Mupa.

Yrobel pacckasaThk 0 TOM, Kak 5To OblIO, HaM MpHUAeT-
CA Telepe OTMPABUTLECA He B r1yb6r MUKpoOMMpA, a B KOC-
MMYECKUI MUP raJaKTUK, 110 CPaBHEHMIO ¢ KOTOPEIM Halua
3emas 6GyaeT BBIMAAETH, KAK aTOM MO0 OTHOLUEHMIO K
3emJe.

Msr yike pacckaswiBasny, Kakumu npuGopamu rmosab3y-
OTCA y4eHble OJIA M3Y4YeHMA MHUpa JJIeMeHTapHbIX YacTMLI,
MEPUITOM DACCTOAHMA B KOTOPOM CIYHUT fAfepHana eIuMHU-
ua aanHel. B kocMoce paccrosHus 00bIMHO MBMEpHAKTCH
napcekamu (30,8 -10'2 k), m AnA ero McCCHeJOBaHUA yde-
Hble NMPUMEHAIT HEe MEHee COBEpPUIeHHbIE MPUHOpPHI.

¥Yiun, HauedeHHble Ha Beenxenunyio

PagnoacrponoMuss — HayKka MoJofas, CTaBllUasg caMmo-
CTOATENILHOM B TIOCHeBOeHHBIe rojbl. OaHaK0o oOCHAaIleHa
OHa XOpOLLIO.

Cpeay MHOrMX pPajHOTeNIECKOIIOB, KOTOPBIMM pacroia-
TalOT pasHble CTPaHbl, CTB HECKOJNBKO MOMCTUHE [MIaHT-
cknx. OguH u3 oTUX BeJaMKaHOB ycraHoBieH B Iloamo-
CKOBBE HA paJMOaCTPOHOMMUYECKOM craHuuu Pusmyeckoro
uHeruryra um. I1. H. JleGegeBa Axamemun nayk CCCP.

B paznble CTOpOHBI Bpallaerca 3epKasbHBIA panuoTe-
Jeckon. On npeacraeaser coboit 22-merpoBoe mnapabosm-
UecKoe 3epKajo, craeJaHHOe M3 JIMCTOBOTO MIOPaNIOMMHUA.
Unpyute m3 raybun koemoca curHadbl, «rojnoc» CoiHiua,
JIYHBI 1 rylaHeT OTpaMKaer oHO Ha aHTeHy-pyrop. ITony-
YeHHBIE AaHHble 00pabaTbIiBAIOTCA CJIOM{HBIMM SJIEeKTPOH-
HBIMM NpudopaMyn. 3aMeyaTelbHad TOYHOCTB OTAEJNKM I0-
BepxHocTHt pedlekTopa (KayecTBO OTAEJNKM CYMUTAETCH
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JIYYIIMM B MUPE) MO3BOJACT BECTH MCCJIEIOBAHMA HA OYEHDb
KOPOTKMX BOJIHaX, BIJOTeE A0 1 cx, Gmaromaps uemy
YZanock MPOHMKHYTE CKBO3L CIUIOLUIHON cJoi obJakos,
OKpYHaWILIUX coceAry S3emau — Benepy (nns onruue-
CEMX TeJIeCKOIOB O9TM obJlaka COBEpIUEHHO HerNpoHu-
1laeMbI).

®
-
-
-
4
£l
-
%

Puec. 7. CtpoutenncTBo pagdoTeneckona,

Yem panslie or 3eMaM HAXOAUTCA HEBeAOMBIt MMP,
TeM cnabee ero paguocuruansl. I105TOMY BO3HUKAET HY XA
B eule Gojlee KPYMHBIX pPagMOTENIECKONIAX, YeM TOJBKO 4YTO
onucanHblt HamM. Tak, Hanpumep, B obcepsaropun Hzxof-
pen DBsuk (AHrINg) AeCATMMETDPOBOW AaHTEHHON Hale-
JMUIACk B KOCMOC MCMOJMHCKag yalua auameTpom 76 M.
3TOT TeNecKorl MO3BOJHET YYEHBIM «BBICAYIUMBATB» KOC-
MUYecKue CcoObITHA. MPOMCXOAUBIIME MHOTHME MMJJIMOHEI
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JAeT Hasdad. C ero NoOMOLUBI0 YAAeTCA IPOHMKHYTE B KUCMOC
Ha paccTOAHMA CBEIEe 1 MMIAMapAa ceBeToBEIX Jer. Ho
3T0 paneko He npegnes. ¥ Hac B Coserckom Corose CKopo
BOiZleT B CTpoOi paamoreneckon (puc. 7), KoTophlit AacT
BO3MOXKHOCTE UcelenoBaTh obsactu Bceenennoi, orerof-
uMe oT 3eMJIM Ha MUJLIIMAPABI CBETOBBIX JIET.

HPHR CTOJIKHYBIIMXCH rajJJakTHK

B nmocnenHue rofs! acTPOHOMBI OTKPBIIN HeGecHble Te-
Jla, M3Ny4YaloLIMe paaMOBOJIHbLI TMonobHO TOMY, Kak BUIM-
MBble HaMM 3Be3nbl uanyuaioT cBer. Hepeako ciyyaercs,
YTO 3THM MCTOYHHMKHM pa,unou:myqeﬂm‘& HaxogATCA B MecCTe
pacnoJioiKeHusa BHAMMBIX HeDecHbix Tex (KpaboBuaHas ty-
MaHHOCTE M JApPYrMe OCTATKM B30pBaBLIMXCA 3Be3). Bruimn
U Takue Caydau, Korfla pajMoM3NydeHue IIJIo M3 MecCT,
rfie onTu4eckue npubopsl, Ka3aock, He YCTAaHOBMIIM MpU-
CYTCTBUA BYAMMBIX KOCMMYECKMX TeJl. Buumanue acrpo-
HOMOB BCEro Mupa yCTPeMJIeHO K cose3puio Jlebena (oHO
orcrouT or 3eman Ha 270 MMINMOHOB CBETOBBIX JIET),rAe
HAXOAMTCA CaMbIif MOIIHBIA MCTOYHMK pagUOM3JIy4YeHUA,
OTOT UcTOUHME ObI Hazsau Jlebenp A.

Muoro pa3 meitanmuck cdororpacdupoBate Jlebemer A
C IMOMOIUBIO ONTUYECKMX TeJeCKonoB. J TONBKO OYEHBb
COBEpPIUIEHHBI! TEJIeCKOI, yCTaHOBJIEHHBII Ha rope Ila-
aomap (CIIIA), nan nopasuTelbHYX KapTHMHY JBYyX ra-
JaKTUK, BXOAAIIMX OAHA B Apyryw. Mx UeHTpalbHEBIE
obsracTy OBLIM CUJIBHO MCKAYKEHBI; HallpallMBaJlach MBICHb,
YTO OHM CMATHl YYZOBMILIHOM CWMJION TPaBMTALMOHHOTO
B3aMMOZEMCTBMA, BOSHUKIIETO IIpM JIODOBOM CTOJIKHO-
BEeHMMU,

CronxHoBeHMe ranakTHK (puc. 8), KOHEYHO, HE O3Ha4a-
€T CTOJIKHOBEHMA OTHAENBHBIX 3BE3Jl, PACCTOAHUA MEMIY
KOTOPBIMM M3MepAITCA COTHAMU cBeTOBEIX JeT. Camu
3Be3bl OCTAKITCH Ges V3MEeHEeHMHA, HO NyTU HX JBUKEeHNA
noa BJIMAHMEM B3aMMHOIO HpHTHJK&HHH CHMJIBHO MCHKaXa-
orca. CToNKHOBeHMEe rasoBBIX M IBUIEBEIX 00JIakOB ra-
NaKTUK MaMeHAeT (hopMy MOCHefHMX, MPYM 3TOM BO3HUKA-
eT TeMrneparypa nopAaara 100 MuanTMOHOB rpanycos.

Mex3Be3iHass NBUIL M ra3 B3aMMOINPOHMKAKOMIMX ra-
JIAKTUK ITPM CTOJIKHOBEHMM HAYMHAKIOT CBETHUTBCH, M3MEHA-
IOTCA M PYIIATCA MATHUTHBIE IOJIA, BO3HMKAKT MOLUHBIE
AIeKTPUYEecKWe ABJIEHMHA, CUTHAJNB! OT KOTOPHIX YEpe3 CoT-
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HM MWIJIMOHUB CBeTOBBIX JIeT JOCTMIAIOT 3€MHBIX pajMo-
TEJIECKOTIOB.

Jitak, MOMKHO IpPEArONOMKUTE, UTC CTOJKHYJIMCh [Be
ralaKTHMKM, ABE TUraHTCKMe 3Be3fHble cucrembl. Ho kak
pY 3TOM BO3HMKJIO TaKOe MHTEHCHBHOE paguomMayyyeHue?
MccregoBanmA MOILHOCTHM M CIIEKTPa PagyMOMBIYYEHHUA IO0-

Pmc. 8. CronkEOBEHMe ABYX cOEpaibHHX ranaktur NGC-5128;
DNOCKOCTH TdJdaKTUKE B3AUMHO LepPHeHIMKYJHpHH .

KasanM, 4T0 OHO He MOKEeT BO3HMKHYTE B pe3yJbTaTe Ha-
TpeBaHuA CTOJKHYBIUMXCA ra3oB. CrycTku paavonsiyqe-
Hua Jlebena A obHapysKeHBl B JIByx TOYKaX, pa3/lelleHHBIX
paccrosaueM 120 000 ceeToBbIX JieT. 3TO [MOYTH B TPM pasa
MPEBBINIAET BUAMMYIO MPOTAMKEHHOCTh rajakTuku. Torza,
MOeT OBITh, 3THM MCTOYMHUKM MINYUEHUS PACMNOJOMKEeHbI B
paccegHHbIX obnakax cronkHyBluMXca rasoB? Ho orkyzna
TOrga Takafd OrpoMHAfA OHeprua paguomanydenusa, B 10
pas rmnpesbIlIaONlad CBETOBYIO DHEPIMIO CTOJIKHYBILUMXCH
rayakTuk? PaspeeHHble HAPYIHBIC YACTU TAJAKTUKM He
MOTYT M3Ay4aTh ee. BO3HMKJIIO cMeJloe NpearnoJoMeHue,
4yro B co3Be3auu Jlebens ralakTUKa CTOJNKHYJAchk C aHTU-
rajakTMKOA MAM Bolia B obJiaka rasa, COCTOAILETO M3 aTo-
MOB anTHMBellecTBa. llnroc-BeinecTBo CTOJKHYJIOCH C MU-
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uyc-BeuiectBom! Torsa Jierko MOMHO 0OBACHUTBL Taroe
KoJIocCcaJIbHOE BhlJieJIieHHe 3Hepruu.

OpHako TaKas rurmoTesa Kakercd (PaHTACTUYECKON U
IIOKa JaJieKo €ellle He CTpPOoro obocHoBaHa. Muorue y4yeHbIe
cupuraror, uro JleGepp A — He croJKHyBIUMecsa, a HaobBo-
poT, pacxoxdumecs rajJakTuku. Ho Toneko Oynaylee rmo-
3BOJIUT MPOJIMTE CBET Ha TaitHy cozeezausa Jlebeas.



C OKOJIOCBETOBON CKOPOCTBLIO

HMopora B nATHL Napcexkos

Haxke BGmmikaiilline 3Be3[bl OTCTOAT OT 3eMJAM Ha pac-
CTOAHNUA, u3MepAaeMbie CBeTOBbIMM rogami. OT APYIux e
3Be3 CBeT MJaeT COTHM, ThICAYM M JaxXe MMIJIMOHBI JIeT.
W MBI BMOIMM 3THM 3Be3[bl HE TAKMMM, KaKMe OHHM €CTh B
JIaHHBIII MOMEHT; MBI BUAMM MX JajeKoe npotiaoe. Cro-
pocty ke Jiobore gaxe camMoro (paHTacTMHECKOro KOCMM-
YyecKoro Kopabasa mocTaBJieH Ipedes — CKOPOCTE CBeTa C.

He o3nauaer siu 9TO, YTO PaACCTOAHUA B COTHM CBETOBBIX
JeT HeJOCTYNHBI A wucclefoBaTrendeir Kocmoca? Ta ke
TEOPUA OTHOCUTEJIBHOCTH, KOTOPaA oOrpaHudniia CKOPOCTH
ABHNMEeHnA Kopaﬁna, npe,uoc*raBnﬂeT ‘-iEJIDBEKy BEJIMKYIO
BO3MOXXHOCTb COKpAallleHMA IIPOCTPAHCTBA M BbIMrphIla
epemenn. Eciu ropabie Gyfer ABMraTbCA CO CKOPOCTBIO,
6IM3KOI K €, TO OTHOCHTEJILHO 3eMHBIX YacOB TedeHue Bpe-
MeHM B KopabJie 3amenmnuTcs; 9To DylleT TeM 3aMeTHee, YeM
6auiKe cropocTe Kopabna k ¢, Yie IIpM CKOPOCTM B
0,995 ¢ Bpema Ha Kopabye Mo CpaBHeHMIO C 3eMHBIM 3a-
Mmegiaurca B 10 pa3. Ha 3emye nmpoitger 10 Jer, a KocMu-
YeCKMe MyTelLIeCTReHHMKM CTAHYT cTraplie JMIUL Ha TOZ,.

YenmopeyeCKuit OpraHM3M B Kakoi-TO Mepe MOXHO
CpaBHUTBH ¢ yacaMu. HesoBeyeCkoe ceplilie — 9To MepuiIo
BpeMeHU. 3a CeRYHAY cepjlle AejiaeT OAMH yJap, 3a MUHY-
Ty — 60, 3a yac— 3600, 3a cyTkn —86400. M Tak rox sa
rofoM. MHoro ynapoe cfiejiaeT cepjile, IOKa 4YeJIOBeK COo-
craputbeAa. TOYHO Tak e, KaK cepille, OTMepMBaeT BpeMsA
KasK[bli1 0praH 4eJIoBeYecKoro Teja. Eciu npeArnoyosuTs,
4YTO BCE 3TM «XKMBBle MafATHMKM» OCTAHOBATCH (MpuyeMm C
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TEM YCJI0BMEM, YTO B OpraHname He Nponsoifer reobparh-
MbIX M3MEHEeHWi1), a Yepe3 HEeCKOJBKO HeCATKOB JeT BO-
306HOBAT cBOW paloTy, TO OPraHM3M He IMOYYBCTBYET IIe-
pepblBa — OH He COCTapUTCA, XOTA MNpoiifeT yiKe MHOrO

YOROEWTEAL ANTWUACTWL

BROA DR TA
= ' () aroam, annaparyes
MAACH  FOPKNETD:
e W ROPETEAN WACTH

TORMHA AMMMTMAD UM

OYTOMATEAS

Puc. 9. Qotousan pakreTa.

ger. [Ipu ckopoceTi Kocmuueckoro kopabaz B 0,995 ¢ 3a
OfIHY 3eMHYI0 MMHYTY CepAlle KOCMoHaBTa cfexaer He 60,
a Ttonsko 6 ypapos. To ecTb ofHa 3eMHaa MuHyTa Oyzaer
COOTBETCTBOBATh TOJBKO OJHON AeCATON MMHYTEHI MO HacaMm
KocMuyeckoro kopabna, 3uauur u paccroanue B 100 cee-
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TUBBbIX JIeT NMpu ¢ckopouctn B 0,999 ¢ norpebyet ne 100,5 ropa
noJeta, aB 10 pas menbme. Takoit ropasuTelibHBI} BB~
P»’1II BpeMEHU — NPAMOE CAeNCTBME TEOPUM OTHOCUTENB-
Hoctu. M korpa nposepume Jer 30 B KOCMMYECKOM Npo-
CTPaHCTBE KOCMOHABTHI BePHYTCA HA 3eMJI0, Ha Heit Mpoi-
Zer yxe 300 ger! YuurbiBag NpPOROIMHUTEILHOCTE eJO-
BEYEeCKOi KXM3HM, DKMIIAMKbl paKkeT, ABMMKYIUMXCA C OKOJIO-
CBeTOBOM CKODOCTBIO, CMOTYT YZAAMUTBCA OT COJMHEYHON
CHUCTeMEI Ha PAacCTOAHMUA, JOMyCTHM, B 5 mapcekos (16 cae-
TOBBIX Jer, uau 150 000 000 000 000 xuimomeTpoB) u Ioce-
TUTB [JaHeThl COpPOKa ABYX 3Be3IHBIX cucreM: Anbdy-
IenraBpa. Ilpokeuma A, Tay-Kura, Ansranp, Cupuyc A u
Ap. HaCTaHET BpPEMA, M 3TOro 4YeJIOBeKY IIOKaXKeTcA masto!
CrpemsaAck JOCTMIHYTH OoOJlee OTHAAJIEHHBIX MMPOB, JIOAK
OyaoyT OTNpaBJIATHCA B NyTelUeCTBME C IJaHeT, Bce Hallb-
lre M Jafiblle OTCTOALIMX OT HAIUEil COTHeYHOM CHCTeMBI!

Kaxkxue e myT™ Ans JOCTHMIKEHMIT OKOJIOCBETOBBIX CKO-
pocTeit MO HO XOTA OBl HAMETUTD ysKe ceityac?

CkopocTs paKer 3aBMCUT OT CKOPOCTM MCTEYEHMA rasa
M3 comya. XMMHUYECKOoe TFopruee IMO3BOJAET HAOCTUTHYTH
CRUPOCTH MCTe4YeHMA OKOJ0 ‘-IETprEX RHJ’IDMETPOB B Ce-
KYHJy, aTOMHas BHEpPrua AacT BO3MOMKHOCTB [JOCTUYBL CKO-
pocTeit MOpPAAKa AECATKOB THICAY KMJIOMETPOR B CeKyHAY.
CyuiecTBYIOT MPOEKTBI MOHHBIX M GOTOHHBIX PaKeT, KOTO-
pble MO3BONAT JOCTMYL ellle OOJBIIMX CKOPOCTEN.

Uonnsle pakerb! (ecnu ux xorga-smbo moctpoar) By-
AYT OBUraThCA 3a cyeT BLIGpachIBaHMA JJIEKTPHUYECKMX
3apAMKeHHBIX YacTul] (IeKTPOHOB, MOHOB). DTO AacT BO3-
MOXHOCTE pa3BMUTE ckopocte 150 000—200000 xwioMer-
POB B CEKyHAY.

Ho mb1 Gosree noapobuo 6yjeM roBopUTb TOMBKO O (o-
TOHHBIX paketax (puc. 9). M Bor nouemy. IIpuunun doron-
HBIX IBMraTelieil — aTo co3ganue u orTOpacelBaHme Halan
MOIIHOTO [I0TOK2 KBAHTOB SJIeKTPOMarHMTHBIX WU3Ny4e-
Huit — hoToOHOB. A KaKoOil Ipolece, KpoMe XOpOIIo M3BeCT-
HOM yMTaTENI0 AaHHWUTMAALMM, MOKeT OBLITL NPUrofieH IONA
aroro? TolBKO aHHMIMIIALUMA MO3BOJUT OCBOOOAUTE BCHO
SHEPIruI0, CKPBITYH B BellleCTBe M aHTHBEILeCTBE.

Ilopox B packaleHHOMN medw

Ho xax ocyuiectBuTbh uaelo GoroHHoit paxeTer? Kax
NpeogoNeTh OECATKM TPYHRHENMIUWX, HA INepBbIy B3rAA He-
npecaoaumeix npenarcreuit? Opna npofitema xXpaHeHUA
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aHTHUBeLleCTBa (Mbl YK€ MMPUBUAWIN NIPUMED MOPOXa U Mne-
YM) rposuT TYNMKOM. A CKOJBKO eule MoZoOHBIX npobiem
npegcrout peinTh! B3ATe xoTa ObI Takylo: aHHUTMJIAIM-
oHHOe ropioyee QOTOHHON pakeThl JOJMKHO NPEACTaBIATH
coboil 3apsAKeHHble YaCTHIIBI, a MeXIy HuMu Hen3beXXHBI
CHJIBI JJIEKTPOCTATHMYECKOI'0 TMPHUTAMKEeHNA. QO BeauymHe
9THX CMJI MOJKHO CYOMTBb M3 CJIeAylollero npumepa. Baan-
MONPUTAMEHMe IpaMMa I[IO3UTPOHOB M rpaMMa 3JIEKTPO-
HOB, pa3feJIeHHBIX INPOMeXYTKOM B CaHTMMeTp, MOMHO
CPaBHUTL C TAXKecThbi0 JIyHB!! A 3amac NMO3UTPOHOB MIIM
aHTHITPOTOHOB Ha (POTOHHOM Kopabie HOJMKEH MCUMCIATH-
cA He rpaMMaMu, a AeCATKaMu Thicad ToHH. Kak ke ObITH?
ITonpofyeM BCTYImMTh Ha ITyTh HAY4YHOU (DaHTaCTHUKMN.

ITpencraBeTe cefe MOLUHEWLIMI KOHIIEHCATOP, KOTOPLIHA
ANuTeJIbHOE BpeMA HaKarMBaJ Bce Oosibliee u Oonbliee
KOJMYECTRO 3JIeKTpuyecTBa. HakoHell B KaKOM-TO 3aMKHY-
TOoM of'beMe MpPOM3OLIeJ MTHOBEHHBI 3JIeKTPUYeCKuil pas-
pan. B kamaom KyOuueckom caHTHMeTpe 3Toro obbema
BBIAENUTCA MOLIHOCTb, DAaBHAfA MOLIHOCTHM I[I0 KpaiiHeit
Mepe Heckonbkux KyibenueBckux I'SC! B pesynsrare
BO3HUKHET KoJIoCCaNbHaA TeMMnepaTtypa nopajaka HEeCKOJIb~
KMX MWIJIMOHOB rpajycoB. BelllecTBo npu 3THUX yCIOBUAX
CHMJIBHO BMIOM3MEHHAETCH. Bmecto MOJIEKYJ M1 aTOMOB 06-
pa3yerca GECHDpHIEO‘{HaH cMecCh AJep M AJIEeKTPOHOB, KOTO-
phble C GoapiMMu CKOpPOCTAMM MEeYyTCHA B npocTpaHCTEE.
Yem BBIIe TeMIlepatypa, TeM DoJblUe COPBaHHBIX 3JEKT-
ponnbix obosouek. B rakoM COCTOAHMM BeIECTBO HAXo-
aurea B Hexpax 3e3d. I[lomoGuoe cocTosHMe, KOTAa Be-
LIeCTBO TepdAeT NPUBBIYHBIE JIA HAC CBOJMCTBA, HA3BIBAIOT
nnasmoit. Ilnasamy MoMHO HarpeTh IO TaKOil TeMIepary-
PEI, KOTOPYIO He BRIAep:MT HMKakaa creHka. OTcrola BBI-
TeKaeT HEeBO3MOMHOCTB CO3JaHMA COCYJ0B {HME!OTCH B
BUAY cocyabl u3 oObIYHOrO BellecTBa) AJIA XPaHeHWUA ro-
pAdeit nua3mbel. To4yHO Tak Ke, KAK aHTUBEIECTBO YHM-
YTOMNKUT COCYN B pe3yJibTaTe aHHUTMIALIMH, TopAYan naas3-
Ma ucnaput ero. Ho ofy3zaTe ropauyyio Mmias3my, «3anpd-
TaTh» €e B 3aMKHYTBII cocyn Bce ke MmokHO. Hayka na-
L1713 3[eCh OYeHb MHTEPECHOE pelleHMe,

Yd4eHEIe pacCy:KIaJi TaK: eCIM BEICOKOTEMIlEpaTypHad
mIasMa Tak arpeCcCUMBHA, HEJB3A JIM IPOTMBOIOCTABUTH i
TaKyI0 «CTeHKY», Koropad Obina Obl Gespasiu<Ha K TeMre-
parype? Takaa «CTeHKa» €CThb— 3TO NIEKTPOMarHMTHOE
tmone. Ho kak 3aMKHYTE ero B cBoero pozna OyTbBLIKY?
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Bcaras 3apAmeHHas 4acTUIA MCKPUBJIAET TPAEKTOPHIL
CBOEro ABMM{EHMA IM0J BJIMAHMEM CHJIBHOTO MarHuMTHOIO
nond. Ecnn ynogobuts cusioBble IMHUMM MarHuMTa KaTyLIKe,
TO TPAEKTOPUIO YacTHUIIbl MOMHO CPaBHMTH C HaMaTblBak-
mieitca HuTKOM. MaruuTHBle CUJIOBBIE JIMHMM MOIYT CTaTh
nperpagoi ANA 3apAMKEHHBIX YacTurl ma3Mel. V2 koablie-
BblX MAarHMTHBIX JIMHMIA MOYKHO CO3JaThb 3aMKHYTYH
TpybOKy, B KoTOpOit, kak B OyTbBlIKe BoAy, MoxHO Oyaer
XPaHUTh IJIa3My. OTO HAeT HaM [paBo HAJEATECH, 4YTO b
6yaywiem ygpactca C€o3JaTh M «OYTBUIKY» )8 XpaHeHus
aHTMYACTHI[, ¥ B DTOM CJy4ae HaJexja BO3JaraeTcd Ha
MarauTHble «OyTBIIKM». CKBO3b HeBUAMMEIE MarHUTHBIE
CTEHKM HM M3HYTDM, HM CHApY?KM He CMO’KeT NpopBaThCH
HM OflHa YacTuua. B takom cocyne moxuo Oyner Geabosas-
HeHHO XpaHHTB 2arraCbl aHTHMYAaCTHUL], He ol1acadchb aHHHUTH-
JALMH.

HoHeuno, MarHuMTHOe XpaHWJMILEe  aHTHUBelllecTBa
Npe/iCTaBJIAeTCA MaJIo NOX0MKMM Ha MarHuTHEle «OyThLI-
Ku», B KOTOPBIX HoOJ3XHA OLITE OCYILIECTBJIEHA yIIpaBJsae-
Maf TepMmosAepHas peakuud. Ilpexpge Bcero ¢hoTOHHOMY
KopabJaro HYKHbI TaKMe XpaHMAnia, KOTopble Morau Obi
cylllecTBoBaTh 0e3 pacxoma sHepruu. Bellb «O6yThLIKM»
AJiA Tia3Mbl 0Dpa3yroTCA IOCpeJACTBOM TeKylllerc ro Me-
TanmHecKkuM 0OMOTKaM 3JIeKTPUYECKOro Toka. XpaHWiu-
a e AaHHUTMIISUMOHHOrO Toproyero GyAyT IOCTPOEHB
rae-HuOynb B KocMoce. 3aTpadeHHad Ha MX TMOCTPORKY
sHeprua He OyHer HY)XIaTbCA B IIOMOJHEHMHM. DTOMY OT-
JIMYHO CrocoBCTBYeT XOJIOA MEKIJIAHeTHOTO IpoCTpaH-
crea. Ilpu Temneparypax, GAM3KMX K abCOJNIOTHOMY HY-
JIH0, Hac'ryrraeT, KaK M3BeCTHO, ABJIeHMe CBEle‘IpOBOI{HMO--
cTu. MeTanasl TEPAKT JJIEKTPUYECKOe COMPOTUBJIEHME.
IloaToMy uMpRYJIMpYHOLUME B TaKUX CBEpPXMPOBOAALLMX
SaMRH}’ThIX KOHTypaxX TOKM HHMKOTAa He yracuy-r.

Tarux «GyTeuiox» Gyaer caenano muHoro. Ilpuyem pac-
noJlaratbCa OHM OyAyT ciepyiolmm obpasom: 3a Gy THII
KoM ¢ mosuTpoHaMyu OyneT cJaenoBaTh OyThuika c BJIER-
TPOHAMM ¥ T. A. OTO IOIBOJIUT YCTAHOBUTE CBOe0OpasHoOr
OQJIEKTPOCTATUYECKOE paBHOBECHE, M CUJIBI TIPUTHAKEHUA
pPasHOMMEHHEIX 3apAfoB OyAYyT 3HA4YMTEJILHO YMEHB-
LLIeHBbI.

Ilo mepe pacxona wacturl nofABuTcsa Bce BoJpllle omno-
poxkHEeHHBIX «ByThWINK», OHM TOXe MOCHYIKAT TOIIMBOM
g hoToHHOrO Kopabas.
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HeBnaumoe sepkago

JomyctuM, «To Bce npobiaembl pelueHbl. Ocranach
TONBKO opHa — pBurarens. Kakum e ponxen GbITH BTOT
npeobpazoBaTenb BeleCTBa — AHTUBELIECTBA B [OTOK (o-
rouoB? Ilpeskne Bcero on Gyzer npeAcTaBaaTs coboit ce-
pMHecKM BOTHYTOe 3€pKajo, M3TOTOBJEeHHOe M3 TIOKa elle
He n300peTeHHOTO CIJIaBa, Tak HasblBaeMoro «abcoJoT-
HOro otpaskaresisi». B cdoryce sroro seprana Gyaer Haxo-
JAMTBCA TO4YKA aHHUTUJIALMKM, B KOTOPOi AXepHOe ropiotee
NPeBPaTMUTCA B CBET ¥ ObICTPbIE YaCTHUIIBL

YuraTenp HaBepHOE AOrafaliCH, YTO MMEHHO 37eCh eMy
NPUAETCA CTOMKHYTBCA C ellle O/IHOH, KOHeYHO, To¥e MOKa
He pelreHHo# npobiemoit. Beap o6pasyrollpecs Mocje aH-
HUTMJALMM KBAaHTBI HE CMOTYT OTPa3UTBCH HU OT Kako#
TBepAoil nosepxHocTH, 6yIOb 3TO
Jae 4HyJHNeCHbIM «abCOMIOTHBIN
oTpaxkatenb». Poronsl mmbo
npobeiorT 3epkano, aubo 3acTps-
HYT. 3aCTpEBaHue e KOHYMTCHA
TEéM, YTO 3epPKaJIO NpeBpaTnTCA

e- e*

Pomon ¥
- ——

Puc. 10. ABHATRAANNA SAEKTPOHHO-MO3ATPORHOH DAPH:
a — o0u9HLl cnyqalt; 6 — B MArHATHOM [ode.

B paCKaJieHHBIt Map. BBIXOAMT, YTO PpeakTUBHON CTPYM
doroHoB nonyuuTk Henw3A? [la, oT TBepAoro 3epkaia-—
HeJb34.

Mu! yte TOBOPMIIM, YTO INPM AHHUTWIALIMM 3JEKTPOH-
HO-TIO3UTPOHHOM Napkl 00pasyloTcH 4allle BCEro ABa KBaH-
ta (puc, 10). Bor, ecatn 661 MOKHO ObIJIO MONYUUTE TONBKO
OOMH KBAHT, TOrJa Hauejcs Obl M BEIXON U3 TYITMKA.
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Ho oanu KBaHT MOJYyYMUTh HENb3A,—CKAMKET YUTATEND,
€CJI¥ OH BHMMAaTeJbHO Tpoves pasfiell, B KOTOPOM paccCKa-
3bIBaeTCA O MO3MTPOHMM,— HYTO e TOrJla BOCIIPHMMET MM-
oyJasc oTgauu? OTOT TOJNYOK MPUKJaja BIIJIeYo CTpesKa?

Ho Bce obcToMr ne Tak GesHamemHo. IIpu M3BECTHBIX
YCIOBUAX B 3JIEKTPOMAarHMTHBIX MOJNAX OONBIUOI HanpsA-
JKEeHHOCTM BO3MOMKHO MCIYCKaHMEe TOJBKO OAHOTO KBaHTA.
Vmenno none Bo3bMer Ha cebA MMOYJBC OTAA¥M, MMEHHO
OHO «IOACTABUT ILIEYO»,

ITpu onpepeneHHO# KOHGUrypalyuu SJIeKTPUHECKUX U
MAarHMTHBIX IOJIeit B pe3yJibTaTe aHHUTMIALIMU KarOoi
napsel 6yJieT BeIJIEAATHCA TOJABKO OAMH (DOTOH M JIeTeTh B
OmnpefieIeHHOM HamnpasieHnyu. Tak Mbl cMoXeM ccopmu-
poBaTh (DOTOHHYIO peaKTHMBHYIO CTpyl. VM Hnama d¢oron-
Hafl pakeTa C OKOJIOCBETOBOM CKOpPOCTBIO BBIPBETCA 3a
npezlebl CONHEYHOH CHCTEMEL, K 3Be371aM.

K zBeagam!

M1 He craBuam cebe uenpio 00CyMOeHME BO3MOMHO-
CTEeMl «ITaBaHMA» B KOCMOC C OKOJIOCBETOBBIMM CKOPOCTA-
Mu. MBI He rOBOPHJIM HM O CTApTOBOIT Macce, HM O MeTeo-
PUTHOI OMACHOCTY, HM O MeMX3Be3gHoM rase. Ecam Mel M
KOCHYJIMCE KOCMMYeCKMX mnpobieM, To JMIIL IOTOMY, YTO
OHM B TOM MJIM MHOM Mepe ObliIM CBA3aHEI C aHTUBELLECTBOM,
pacCra3aThk 0 KOTOPOM HaM XOTeJIOCE BO3MOMHO MOJIHEE.
Ha camom :xe pene ajnd coaganua (POTOHHOTO MIM KaKoro-
nubo npyroro 3BesfoJiera NpUAETCS pellaThropasno Golee
CJIOHBIE ¥ MHOTOUMCJIeHHBle 2afiaun. OTo npobilema, Ko-
TOPYIO NMpPeACTOUT PellMTh MoToMKaM. Ham e xoTeldoch
JUIIE TIO3HAKOMMTBL YUTaTeNld ¢ MHOroobpasmeM mpoABJe-
HIH MaTepHalbHOM NpHponsl Toit MpHMpOALl, KOTOPYHO 4e-
JIOBEK TIO3HAeT M MOCTENeHHO 3acTaBJAeT CAYIKHUTE cele.
Cefiuac Tpyauo cCkasaTh, rje Haiifler CBOe NpPUMMeHeHMe
anTuBernecTBo. HacraneT neHb, u OyJer mojlyyeH NepBhIi
aaTuatroMm. CHayasa aHTHMBOJOPOJ, MOTOM 3AHTUTeJIMHA M TaK
0 camoro rnocjefiHero Homepa tabiauiesl MenneneeBa; ce-
roaua oH 103, xTo 3HaeT, KakuM oH OyleT Hepe3 MHOTO JIET.

OHeprua, KOTOPYI0 TauT aHTUBEIleCTBO — MOMCTHHE
KOCMMYeCcKaa dHeprMa. AHTHMBEINIeCTBO M IIOJIET K 3Be3-
JaM — 3TO 3aBTpaIlHMif JeHb YeJOBedYeCTRa.

Hacraner neuHs, korga Ha yaaJleHHOM OT 3eMJM aCTepo-
uae 3aKOHYATCHA TOCJIENHME TNPUTOTOBJIEHMA K CTapTy.
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Braounreca kubepHeTHYecKoe yIpabjeHue CTApTd, M, No-
BUHYAChL 3aJlaHHOM MporpaMmMe, B JIeMCTBMe BCTYIAT Npo-
TOHHBIE M AaHTUMIPOTOHHBle ycxopurenn. IlImupokas, ocie-
IMUTEeJbHO APKafg CTPYA CTAapTOBOTO IJIaMeHM, Ciurag BCe
Ha CBOEM ITYTHM, YZAapuT B NOBEPXHOCTL MaJlleHbKoii obpe-
YeHHOM NJIaHeTEM. Bynp oToT crapr Ha 3eMlle, KBAaHTOBaA
CTpyA YHMYTOMKWMIa OBl Ha Hell BCe YKUBOE.

CrpeMurensHo JieTAlmit 3Be3notier GoMOGapAMpPYIOT
kocMudeckue yvactuubel Ilpu ynape B o6miMBRY OHM MOTYT
pa3orpeTbk ee M CO3/l1aTh CUMJIbHOe fAJIEpHOe M PeHTTeHOB-
croe uanydenue. Ho Hespumble 3alllMTHUKM — 3JIEKTPO-
MAarHMTHbIe [IOJIA — HAJ@MHO 3allUIAaT 3Be3[0JIeT, OT-
KJIOHASA NTOTOKNM 3apAMXEeHHbIX yacTul. HanpaBJieHHbIT Brie-
pesi HeGoJBIIOK (DOTOHHBIN JIYY pacyyLIaeT IIyTh Kopabiio.
MeTeopute! (POTOHHAA CTPYH YHMUTONKMUT elle HaJIEKO OT
kKopabid, KOoTopklit 6yZer MuaThbCA BrHepeA, Bojen 3a ¢o-
TOHHBIM Jy4ueM. He monerom choroHHOI pakeTbl KOHUAETCH
Hamn paccka3. Byzer nu co3gman Takoit 3Be3[oNeT UM He-
JIOBeYEeCTBO HaitleT [PYTHE, COBEPLIEHHO HOBbIE NTPHMHIMITE
TepeZiIBMMKEeHNA B KOCMOce, ceifiyac TpPyZAHO Cra3ath. Ho
OAHO Yie ﬂCHD—BaBTpaL‘UHHﬁ JIéHb Ha4YMHaeTCa MMEeHHO
ceronuA. IlosaTomy 4YuTaTend ouJaer ceifyac nocieaHee
nyTellleCTBME HE B MMKPOMMP, HE K JalleKMM rajlakTHKaM
M He K 3Be3flaM Ha doToHHOM Kopabne. Hame myTernect-
BUe 3aKOHYMTCA B Hebosblom roponke nof Mocksoit,
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BMECTO 3ARJIIOYEHMIA

Jdy6ua — monono#t ropoA. Ho mosonocte He MelllaeT
Ily6ue caoysxuTh 3aMedaTeNbHBIM IPUMMEpPOM MeXAyHa-
POMIHOTO COAPYeCTBa YHYeHBLIX, MOCBATMBIUMX CBOKO ZAef-
TeJILHOCTD BEJIMKOMY ZleJly MUPHOTO aToMa.

IIBeHa/IaTh COLMANMCTHYECKMX TOCYAapCTB OCHOBAJM
3meck B 1956 rogy OObeuHeHHBIH MHCTUTYT ANEPHBIX MC-
crenoBaHuil. 34eCh TPYIOATCA ydeHble, UbM MMeHa UBBeCT-
HEI Bcemy Mupy: akagemuku H. H. BoromoGos, B. V. Bexc-
nep, Y. E. TamM, WIeHBI-KOPPECTIOHAEHTI AKaZeMun Ha-
yk M. M. ®pank, I'. H. Daepos (CCCP), npodeccopa
B. Borpy6a (Yexocnosakua), JI. Undeasn un M. Jansi
(ITonpuia), Buue-npeauaeHT Boarapckoit akazemmu Hayk,
nupexkrop Mucruryra dusurn I'eopruit Hajrkakos, AeKaH
duanko-MaremaTuyeckoro akynsTera XaHOHCKOro yHM-
sepcurera Jle Bau Txuen (Boernam), aupexrop VIHCTUTY TR
¢usuxu npu Jleiinuurckom yHuBepcurete I[ycras TFepn
(TIIP), kuraitckne yuyensle Ban Tan-uan m Xy Hun, npo-
deccop Yuupepeurera um. Kum Up Cena Kum Xen Bou
(KHIP), neitcteurensnstit uigeH Komurera nayku MoH-
rossckoit Hapoauoit Pecny6amrn Comnom Hamcapaitl, py-
KOBOMTEN- JlafopaTopun VIHCTMTYTa sAnepHoit U3UKM
Xopua Xyny6eit (Pymbinusa), Benrepckuii ¢duauk Jlaitour
Anouyn 1 MHOTME ApyTHE.

O6beAMHEeHHBI MHCTUTYT ANEPHBEIX UCCIENOBaHM M3-
BECTEH BCEMY MMUPY He TOJIBKO CBOMMM YHEHBIMM, HO ¥
OJIHMM M3 KPYMHENIUIMX B MHUpE yCKOPUTEJeil — CHMHXPO-
da3oTpoHOM.

OTOT aTOMHLINI MCMOJIMH I[OCTPOEH ¥ HAac B CTpaHe
u Ge3BO3Me3ZHO TlepefiaH COBETCKMM rocynapersoM O6®-
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Puc. 11. O6mui saa

eauHeHHOMY MHCTUTYTY. OB croco6eH YyCKOpPATE NMPOTOHEI
OO cxopoctu cBera M coobmate um sHepruio B 10 mipa.
BIeKTPOHBOJBT.

Cunxpoda3oTpoH ycTaHOBJIeH B 0OOJNBIIOM KpYyTIOM
aganuy. OCHOBHOM arperar yCKOpPHMTeJA—KOJIbleBO! aIeK-
Tpomaruut (puc. 11) — 3aHMMaeT MOYTH BCe IMPOCTPAHCTBO
OIPOMHOTO, TIOXOKero Ha craayoH 3asa. Obmorka ajlekTpo-
MAarHuTa INpejacraBiafeT coboif MIECTUCOTTOHHYH MeJHYIO
umnuy. Ee npuiitocs cobupaThb yiKe MpH MOHTaMe 3JIEeKTpo-
rpaHcnoprupoBku. Cam anexrpoMaraut Becut 36 000 ToHH,
Imamerp erc BHelIHero kodkta 70 Metpos, obbem 3maHumii,
BaHATHIX MOA PAa3IMYHYIO aANapaTypy MCIOJIMHCKOTO YCKO-
purens, cocraBaser 335000 ky6. metrpoB. B Hux, xpome
ocHoBHOro obopynoBanus, ycraHosJeHo 500 namenedt, Lum-
TOB M MNYJITOB, THICAYM BCEBO3MOMHBIX peJjle, KOHTPOJb-
HO-M3MEPUTENIbHBIX NpuOOpPOB M anmapaToB yMNpaBJIeHHUA.
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cAEXpodasoTpona,

CrnienailbHasg MOIIHAA JJEKTPHUYECKas [OACTAHLMA, CIO-
cobuaa obecnmeuuTh 3JIEKTPUYECTBOM LEJNBII TOpPOA, IO-
CTpOEHa TOJABKO ANA TOro, 4robbl AaTh TOK O0OMOTKaM
asexkTpoMaruuta! OQHOrO TONBKO 9JIEKTPHUHeCcKOTo Kabend
MPOJIOEHO OKOJO THICAIM KMIOMETPOB!

ITonpo6yeM MEICIEHHO MPOAENaTh MYTh, KOTOPBIL TIPO-
XOJAT MPOTOHBI B ycKopurene. Hawano aroro myTtu — ban-
JIOH ¢ BOJOPOJIOM, OTKyJla ra3 TMOCTYaer B IPOTOHHBINA
ncrouHuk. Tam, nono6HO HAADHILIKAM OPEXOB, NPOTOHEI
®OYMILAKOTCA» OT OKPYXAWUIMX UX IJIEKTPOHHBIX 060Jjo-
yek. Jlanee ux myTh Jiewur deped dapdopoBy yCKOpH-
TeJIBHYIO TPYOKY, M3 KOTOpO#l OHM BbuleTatoT, obJanas
sHeprueit B 600 000 anexTpoHBOABT. Tenepbs uX OoXMIAET
OrpoMHas LMCTEpHA — DTO JIMHEMHBIA YCKOpUTENb, KOTO-
PhIif YBEJIMYMBALT SHEPTMI0 YAaCTUIl 10 9 MUILIMOHOB BJIEK-
TpoHBOJBT. CHCTEMa WJIACTMH HanpaBJdeT 3T pa30orHaH-
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Hble MPOTOHbL!I HENOCPe/ICTBEHHO B KaMepy YCKOPMTeJdA,
Bceero 3a 3,3 cexyHabl mpoTOHSI, caenas 4,5 munanona obo-
POTOB, IPOXOJAAT BHYTPU KaMephl IIYTh, B ABA C IOJIOBU-
HOil pa3a npeBBILIaWOLIMIT paccTogHMe ot Semiu Ao JIynsr!

IIpu kaxjom 06OpoTE BBICOKOYACTOTHOE I10Je coadlia-
er nporoHam pobaBouHBN1 uMnyJsbec 3sHepruu. Ilo mepe
YBeJIMYEHMA BHEePrMM HacTUl] PacTeT M MOLLHOCTH MarHmT-
HOTO IIOJIA, KOTOpOe 3aCTaBJIAeT IIPOTOHbI IBUTAThCA I10
OIHUM M TeM 3Ke KpyroeeiM opburam. ITocne Toro, kak 4a-
CTULBL! JOCTUTHYT HeoO6XOOMMOro YpPOBHA DHEPruu, OHU
yepes Y3Koe OTBepcTMe B OGETOHHONM CTEHe TOJIIMHOM
8 MeTpoB HanmpaBJAKTCA B MaBUIBLOH C YCTaHOBKaMu IJHA
dusnueckux uccrepopauuit. Muorga nporoHHble MMyan Ha-
LeNUBAlOTCA M HAa MMINEHM, YCTAHOBJIEHHBIE BHYTPU Ka-
mep. [Iporone!r GombapaupyroT sapa BeliecTBa, Apobar ux
M DONIAIT Apyrue sjeMeHTapHble yactuubl. CoBcem He-
JlaBHO, B KOHLe mapTta 1960 rozna, Bech Mup y3Hall o 3aMe-
YaTeNbHOM OTKPBITMM, CAEJaHHOM Tpymmoi yueHbix OGb-
eAVHEHHOr0 MHCTUTYTa AAepHbIX ucciaepoBaunit. O6Hapy-
JKeHa HoBad, paHee He HabmwzaBILafcA YacTUIla, HOBBIA
rOCTE aHTMMMPA — AHTUCHUIMa-MUHYC-TUIIE POH.

Camo HasBaHue HOBOTO 4JeHa ceMbY MMKDPOMMDA TrOBO-
PUT O TOM, YTO ITO IIpE}Jle BCero aHTHM4acTulia, OTHOCA-
maaca K rpynrne runeposoB. Hayke WM3BeCTHBI TMOJIOMKH-~
TeJbHO BapAMEHHBIN CHUrMa-TUIKC-TUMIEPOH, OTPULIATENb-
HBIil CUTMa-MUHYC-TMIIEPOH M HENTPalbHBLIA CUrMa-HYJIb-
rurtepod. Takum o06pasoM, «HOBOPOMKIEHHBIN» HABJIAETCA
aHTUIIONOM cHrMa-MuuHyc-runepoHa. ITonofGHo emy, aHTH-
CUrMa-MUHYC-TUnepoH Becut 2340 3. M., HO, €CTECTBEHHO,
obJaiaeT MPOTUBONOMOMKHLIM (TOJNOKUTEIIBHEIM) 3apHIOM.
IlpomonsKUTENBHOCTE SKM3HM AHTUCMIMa-MHHYC-TUMEpOHA
cocrapnaer 1,2-107'° cer, mocne yero OH pacrafaeTcHs Ha
TIOJIOXKUTENIBHBIA MUMOH U aHTUHEUTPOH, MOA00HO TOMY Kak
cHrMa-MUHYC-TUIIEPOH posaeT mnocie ceba oTpuuUaTeNb-
HBIN MMOH U HEeHTPOH.

Kak ke Gblma obHapy»eHa HoBadA vacTuia?

B peayasrare GomGapavpoBku OGepusinueBoit MUIIeHU
YCKOPEHHBIMM B CHMHXpodazoTpoHe npo 10 MuinnuapmaoB
3JIeKTPOHBOJIBT MpOoTOHaMK 06pasywTcs OTpULATEbHBIE
nuoHbl. OHM-TO M HANPABJIAKTCA ONA HadbHelllMx uccie-
JOBaHMI B Iy3LIPbKOBYIO Kamepy.OTa KaMepa NpejcTab-
nserT coboit Golee coBepLIEHHBIN anmapaTt, 4eM Kamepa
Bunscona, xoTa M npeZHasHadeHa OoHA OJIA TeX e LeJeH.
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Puc. 12. Ponemme m pacmaj 2~ -THmepona. CHHMOK monyden
B OpONAHOBOA Kamepe.

AHTATHOCDOE DPOMICE OFPBHUHLIM T—-MEIOHOM ¢ AMOyancoM 7 Bssfc B

roqke a. poJeten no To4ku 6, sra HeeTalunLBaA qacTilla pacmanach Ha

=+ -MP30H (caiell 6) W aETUMelTPOR, HLOTOPHN B TO9Ke 2 NpY BBaMMOLChH-

CTEHAE ¢ ANpPOM Yyrilepcfla aEHATEAEPN all, Rak OomLioylo «zpeanys. Ha

2TOM CHEMKG BleDbble BaQUKCHpoOnaH caytafl powgeHHA H pacmaja 8a-
PAM(CEHOr0 aHTHIUOEpOHE.



Pac, 13. Iepsuii aETATEDEpOHI

OcHoBa KaMephl — 3T0 COCY[H, B KOTOPOM MIKOCTH HaXO-
aurca nop pasiaenuem. Ilepen myckom uacTuiy KUMAKOCTh
[eperpeBaloT, a [JAaBJieHMe pe3K0 CHMKaloT. Biaaromapa
9TOMY 3apAKeHHad YacTHlla NP ABMIKEHMM K KaMmepe OcC-
TaBJAET B XXUAKOCTH CJeJ— LeNoYKy IIy3hIPEKOB Mapa.
Kamepa pa6oTaeT CMHXPOHHO C YCKOpUTEJNEM, a Hepes
KaMXMable »OBe-TPHU-TBICAYHELIE JOJNM CEeKYHJbl 0Ha OCBe-
maeTcA MMIYJBCHOM JaMmmnoil u (bororpacupyerca Ha
IJIEHKY CTepeodOoToannapaToM.

MaruuTHoe IoJie 3acTaBJsAeT IMOJIOMKUTEJBHO 3apAMKeH-
HYI0 YacTULy OBMraTbCA B OJHY CTOPOHY, a OTPMLIATEJb-
HO 3apAMeHHYI0 — B Jpyrylo. Yem OGosbllle CKOPOCTEL Ha-
CTHMIIBI, TeM OHa cllabee OTKJIOHAETCA M TeM TOHble ee
cinen. Ilponerad CKBO3b HaMOJHAIILMIA KaMepy MUIAKMIA
MpomnaH, MUMOHBI MOTYT CTAJIKMBATBCA C AApPaMu Yrjepoja
M BoJlopofia (mpoman — yraeponopon). PeaymnbraThl aTux
CTONKHOBEHMI MOXCHO BHIETBH IOTOM Ha (OTOMJIeHKe.
CHMMKHM [IPOCMATPUBANT Yepe3 CTEpPeoNynbl M OTOMpAIoT
HauGonee uHTepecHbie, CreunalibHble MUKPOCKOMBI M aB-
TOMAaTbl WM3MEPHAIOT KOOPAMHATBI TPaeKTOPUM HacTMIL[ Ha
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CHMMKe, 2 JIEKTPOHHLIE BBIMMUINTEJBHBIE MAllIMHBI OIIpe-
AeJIAKT YyXe MCTHHHbIe KOODAMHATEI B I[IpoCTpaHCTBe, yr-
JIBI M MMIIYJIBCHL Ilocne 3TOrO0 MOXKHO caenaTrs BBIBOO O
TOM, KaKMe B3aMMOJENCTBMA MMeIM MecTo B KaMepe.
B HacTHOCTH, IIpeXle 4YeM (33236 OTKPBIT aHTHUCUrMa-Munu-
Hyc-runepoH, nopobubeiM ob6pasom 6b110  obpaborano u
naydeno 40 000 crepeodororpacduit (puc. 12).

HoBas wactuua Obl1a OTKPBITA B pe3ylibrare IUIONO-
TBOPHO} COBMeCTHO# paboThl rpynnbl (PU3MKOB Pa3HBIX
CTpaH MoJA PYyKOBOACTBOM akKazemuka B. V. Bexciepa u
npodeccopa Ban I'an-uana (puc. 13).

Heckonbko mo3gHee UTAILAHCKMUe ydeHble J. AManb-
au, K. Kacraubomu u A. Mandpenuuu obHapyxuiu erue
OMTMH AaHTHUIMIIEPOH — aHTHCHUIMa-MJoCc-TUIIepoH — OTPpH-
LAaTeJIBHO 3apAMKEHHbBI AHTUIOA MOJOMKUTENBLHOIO CHrmMa-
NJ0C-TUTIEPOHA.

Tak Hayka O/iHA 3a JAPYroi BbIpbIBaeT y MPUPOABI ca-
Mble COKPOBEHHBIe ee TaitHbl. Kax/Ioe HOBoe OTKpPLITUE ITpO-
JIMBAeT CBET MMEHHO Ha Ty 06J1aCcTh NMpMPOJIBI, KOTOpas Cy-
JUT YeJOBEYECTBY HeucuepraeMble MCTOYHMKM OHEPruu

3aBTpa ueNOBeYECTBA HAYMHAETCA B ero CeroAHAUIHEM

AHe.
.






MPUNOXEHHE

TABJHIA 3JIEMEHTAPHbBIX YACTHI]

3 3apsi1
=] @ : g ' ":_'." B MA
Ha3ssanme uactiuu R }Kﬂageﬂ -
= |e2E|:Z as E'E '
S [EEE[R2|SE|EE
HacrHuw ¢ 3apsnamu
Jdentouw
Heiitpuo . . . Vv 0 0| 0|41 o
AuTtnneiiTpano 14 0| o] o0f—1 o
DnekTpoH . . . . .. . e~ 1l —1] Of+1 o
MNosutpon . . . . . . . et Ll 41| 0f{—1 ©
Mesouwn
Monmmee o o . w0 v % vt 206 | +1 0]—1 2.107*
Mio MuHYyC v~ 206 |—1| of+1| 2-107*
Muwnmoc . . . . . . .. n+ 273 | +1| o| 0| 2.5.107%
Mu Mubye . . . . . . . n- 273 |—1{ o] 0| 25.107*
Kammoc . . . . . . . . K+ 967 | +1| 0| 0| ~10"*
Ka munye . . . . . . ol i 967 | —1| of 0/ ~10"*
Bapuousn
[MpoTon P 1836 | +1|+1]| o (]
AHTumpoToR . . . . . . p 1836 | —1|—1| O ©
Heftitpon . . . . . . .. n 1839 0(41] O 10°
AwrtunefiTpon . . . . . . n 1839 o|—1| 0 103
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[Mpogonixkenue

3apan
@ ; =
Haspanne yacTuus g = E:’ ’:E'E “2‘ E‘ mgﬂeuhf“c“
M HEHEE
O [Eac|a&|8r|z==
Funepous
Jlambpa nyas . . . . . . A° | 2182 O +1| 0 3.107%
AntunamGna nyae - . .0 A" | 2182 | O |—1| 0| 3.10°1
Curma uyss o . . . . .| Z% 12326 | O |41 O] ~p07®
Awutvcurma Hyas . . . . X' | 2326 | 0 |—1| 0| o~
CHurMa MHHYC . . . . . . ?.' 2342 |[—1 {41| 0] ~10-W
Antecurma mMuHyc . . . .| X7 | 2342 |41 |—1| 0| ~107%
Carma nmoc . . . . . . 2+ | 2328 |1 (41| O] ~q07t0
Antwcurma naoc . . . .| B+ [ 2328 |—1 |—1| O] ~j1p~
Ken oy o o w o e u g0 ? 0|+1 0 ?
AHTHKCH HYAL . . . . . ge ? 0|—1| 0 ?
Keuw munye . . . . £~ | 2585 |—1 |+1| Of107*+107*
AHTuKCH MHHYyC . . E- | 2585 |41 |—1}| Of10"*=10"1
Ken nasoc i E+ | 2600 |41 |—1| 0]|107¢+1071°
AHWTHKCH mae - . . . . 2+ 12600 |—1 {41 0]107t=10"1
HcTHHHO HeliTpaabHble

DoTon: < 5 v o @ om EoE G Y 0 0 0] 0 o
[la Hyns meson . . . .| a° 24| 0| 0| O ~1071e
Ka wyne opun Mesow . .| K 973 0| O 0O ?
Ka uyss nsa meson . .| K, 973 0 0| O ?




CONMEPHKAHNHE

Heobuauan nomera ;
OfrTaTenn DERIJIMIMOTO MHpa
Bansuenn 1 aHTHOOOB

Ha nyTnn ¥ enusol Teopnn
AHaIn3 M CHHTE3 aTOMOB
Taiiga coaseanna Jleens

C OKOJNOCECTOBO CKOPOCTHIO
BmecTo sakMouenun
Mpoaowenne

[+ ]
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E. H. Mapuwos, E. A.Taymenko
OKEHO B AHTHMHP

Penaxtop B. A. [lodowsuxa
Odopmnenue xynomuuka M. K. [fesyosa
TexH. peaaxtop C. M. [Tonosa
Koppektop T. A. leaaxoea

Cnauo 8 umabop 30/X1 1962 r.
Moanwcawo B nevats 7/1 1963 r
Bymara B4x108'/y. ®ua. ney. a. 2,5
TMpusea. n. a. 4,1, ¥u.-uan. a. 3,66
3aka3 wan. Ne 1034, Tupam 52 000 3xa.
T-01504, Lleka 1l won, 3akas Tn. 3575

Tocatomuanar, Mocksa, Llentp,
ya. Kuposa, 18.

HaGpano 8 Tepooft OGpasuonoft THnorpabHk
MUMCHH A. A. JKnanopa
Mockoeckora (ropniackoro) coBHapxo3a
locksa, H(-54, Baaosan, 28,

Otneyatado B THnorpaduu
« Mockopckiil paBounfie  3ax. 220



Llena 11 won.




