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Mpexae, Yem HayaTb U3/IOXKEHMNE, A XOUY, UTODbI YBaXKaeMblil YnTaTe b NOTPATUI HEMHOTO BPEMEHM Ha
MPOCMOTP MHTEPBLIO C XMBbIM u30bpetatenem XonoAHoro cuHTesa, W.C.OuAIMMOHEHKO
http://blog.vitalyevsky.ru/archives/946.

MepBOOTKPLIBATENAMMN «XONOAHOrO» CMHTE3a OblAN ABa aBCTPaANNIMCKMX yuéHbIx Friedich Paneth n Kurt
Peters. B 1927 rogy oHW coobLWMAN O NpPeBpaLLEHNM BOAOPOAA B renuii B Naniaanu npn KOMHaTHOMU
Temnepatype, O[HAKO BCKOPE MO «HEMOHATHbIM» MPUYMHAM OTKa3a/NMCb OT CBOMX pPe3y/bTaTos,
NPUWU3HaB, YTO rennii KOTopbl OHU Mepsaau obycnoBAEH NPUMEcAMMU M3 Bo3dyxa. Tem He meHee, 06a
caenanu bnectauyto Kapbepy.

B aTom ke 1927 roay weeackuin yuénblit J.Tandberg coenan 3aasneHune, 4To CMOr CUHTE3MPOBATL re/ni
M3 BOAOPOLA B 3I/EKTPONUTUYECKOM AYelrKe C NnannaguesBbiMu snekTpogamu. OH NblTancs noayyYntb
naTeHT B LUBeuun Ha «MeTog NoNyyYeHUs refima U n3bbITOYHOM SHEPTUMUY, OAHAKO HE CMOT OOBACHUTD
¢un3mKy npouecca. OKasbliBaeTCcA OANH U3 NEepPBbIX KOMUTETOB Mo Bopbbe ¢ «XKeHayKol» bbia B LLUBeumu.
Mocne oTkpbITUA aeltepus B 1932 rogy J.Tandberg npoaoakun cBou sKCnepmMmMeHTbl, HO NaTeHTa Tak U
He noayuunn. Tak, uto N.C.OUANMMOHEHKO MMeN NpeallecTBEHHMKA. YTo e KacaeTca ceHcaumit Stanly
Pons n Martin Fleischmann 8 1989 rogy, To aBTOp 4aHHOW CTaTbW Obl1 OAHMM M3 TeX JIML, KTO NblTanca
NOBTOPUTb MX OMbITbI MO 33ZaHMIO MAPTUU U MpPaBUTENbCTBA B DPU3NKO-IHepreTnyeckom UMHCTUTYTE
r.O6HMHCK. BblBOAOB A HUKaAKMX He Aenan, a MPOCTO CTaBUA Te OMbITbl, KOTOPbIe MeHs npocuaun. Cnycra
roZbl, MOXHO CKa3aTb, YTO LUAHCbI HA ycrnex 6blM MU3epHble — UCKaAWU He TO U Aenann HesepHo. OgHO
M3 TUNUYHBIX 3abyKAEHUI — 3TO NOMbITKA PErUCTPUPOBaTh ObICTPble HEMTPOHLI, KOTOPbIX, KaK byaeT
NMoKas3aHo Jasblue, He 6bl10 U 6bITb HE MOT/10. AMEPUKAHLbI XKe NOAOLW/IM K 3ToMy bonee cKypnynésHo,
6naro umenucb Bce npubopbl. B Heckonbkux nabopatopuAx 6blI0  NOAYYEHO M3ObITOYHOE
TEeNnMo0BbIAENIEHNE U B HEMA/bIX KOAMYECTBAX MPWU OTCYTCTBMM HEMTPOHOB. B 3TOT MOMEHT, AaaepHas
maoduma CLLUA n CCCP pasBepHy/N HEBEPOATHYIO KaMMNaHWUIO MO AUCKPUTM3ALMU «NepPBOOTKPbIBATENEN»
BBMAY OTCYTCTBMA HEUTPOHOB M GU3MKKM MOWAW Ha MNOMNATHYIO, Hexenaa npobnem ¢ Kapbepoi.
Pe3ynbTaTbl CTasn «NOANPABAATCA» B HYKHOM pycne. OauH U3 uccnegosaTesneil, 06HapyKMB Noasior,
YBOZIMACA B 3HaK npoTecTa. Ero 3sanu Eugene Franklin Mallove(EsreHnit Manose). OgHum 13 ero aetuuy,
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ABNANCA aBTOMOOWAb, TAE WUCTOYHUKOM 3HEpPrum Bbla «XONogHbIM» cUHTe3. ABTop KypHana Infinite
Energy u ocHoBaTenb ¢oHaa New Energy Foundation 6bin 3Bepcku yout 14 Maa 2004r. SKCnepumMeHTbI
nocnenHux feT Bbl IEFKO CMOXKETE HAUTU CAaMOCTOATENLHO, a Tenepb Nepernaém K dpu3snke npouecca.

EX>XMKY NMOHATHO, 4TO HaAo npeoaoneTb KyNOHOBCKOE OTTaNKMBaHME, HO TOMY Ke EXYy He MOHATHO KaK
MIOAN MOTYT NUCaTb KaKkne-TO ypaBHEHUS, He MMeA B PacrnopaXKeHUu HU Modenu aToma, HU Moaenmu
Aapa, Kotopble 6bl aAeKkBaTHO COOTBETCTBOBA/IM 3KCMEPUMEHTANbHbIM AaHHbIM. YBbl, Ha OCHOBeE Tex
6a30BbIX NpeAcTaBAeHUI, KOTopbiMK 061aa4at0T 99% YMTAIOLMX AAHHYIO CTaTbio, 3TO B MPUHLMME He
BO3MOXHO.

BTopoit no maclutabHOCTM, NOCAE TEOPUM OTHOCUTENBHOCTU, MOAJION B UCTOPUUN GU3NKM BblN COBEPLUEH
MO OTHOLWIEHWMIO K CNWHY 31eKTpoHa. fl npmBoxy ccbinky (http://en.wikipedia.org/wiki/Spin (physics)),

rZe Bbl MOXETe HalTN HeKNt GaKTUYECKUI MaTepuall, Ho YMTaTb BamM NPUAETCSA HA aHTIMACKOM, TaK Kak
npu nepeLenkMBaHMM Ha PYCCKUIM f3blK, BCA MHPOpmauMa mMcyesaeT - 3To obblyHOe Aeno y 3Tou
MHTEPAEBOYKM MO UMeHM Bukmneaua. WNTaK, CTaHOBUTCSA SICHbIM, YTO U3MEPEHHOE 3HAa4YeHue CrnunHa
3N1eKTPOHa MO CMEeKTPaM LWEeIOYHbIX METaN/IOB OKa3asioch paBHbIM 1 ( NPUYEM HUYEro O 3HaKe CKasaTb
HeNb3s) , YTO HUKAK He COrNacoBbIBAIOCh C MOZE/NbIO 3N1EKTPOHA, pa3BuTol Mayaun. Beixog 6bin HallaeH
N1.ToMcOHOM- OH BBEN «MNOMpaBKy» 2 (CO 3HAKOM MMUHYC) K 3TOMY 3KcnepumeHTy. Takoro 6eccoBecTHOro
noasiora Kasanocb Ppu3MKa He 3Hana. Het, yBarkaemblit unTaTenb, yxe 3Hana. OnbiTbl [epua, onbiTol
Bote, onbiTbl LUTepHa. [loAroHKa pe3ynbTaToB oOnpegensnacb rocrnoAcTBYHOWEN Ha TOT MOMEHT
Teopuen. KpynHeiwmnm aBTOpMTETOM TOro BpemeHWn 6bia1 Bop, KOTOpbI YyCUIEHHO NPOTaskKMBaA CBOO
MOJenb aToMa C BPaLLAOWMMUCA 3SNEKTPOHAMM, XOTA B COOTBETCTBMM C 3IKCNEPUMEHTaIbHbIMU
OaHHbIMU YCKOPEHHO ABWUNKYLLMINCA 3apa B MarHUTHOM Noae A0MKEH Obl U3/y4MTb BCIO CBOO Maccy 3a
BPEMS MEHbLLE CEKYHAbI U UCYEIHYTD.

BoT nocnie Takoro BBeAEHWsA, YMTaTeNlo CTaHeT boJsiee MOHATHO, YTO B KayecTBe OCHOBHOW Teopuu ans
AaNbHeNLWero pacCMOTPEeHUs, A B3A TEOPUIO, KOTOPasA yuMTbiBaeT BblllenpueeaéHHble danbcnudukaumm
n ato mogenb ®.M.KaHapéBa. [n1A Tex KTO He 3HAaKOM C Heill A peKomeHaylo nouutats [1]. B ntobom
C/ly4ae, NO3BOJIbTE HAMOMHUTb OCHOBHbIE MOJIOXKEHUA. Posb AAEPHbIX CUA BbIMOJHAOT MarHUTHbIE.
MpOTOH NpeAcTaBAsETCA MarHUTOM, MMEIOLLMM ABa Notoca. HEMTPOH MMeeT WecTb NoACoB. INEKTPOH
NPUTATMBAETCA K MPOTOHY 3a CYET KYNOHOBCKUX CMA, @ OTTa/IKMBAETCA OAHOMMEHHbBIMM MArHUTHbIMM
nostocamu. OpbutanbHoOe BpalleHWe OTCYTCTBYET, TO €CTb MMEEM C/ly4aii rapMOHMYECKOTO JIMHENHOTO
ocuUMANATOpPa, Ha OCHOoBaHWKM Yero M.MnaHK pacumTan cnetp abCcoNOTHO YEPHOro Tena. INEKTPOHbI
NIMHEHO CBA3aHbl KaXKabl CO CBOMM MPOTOHOM, OKa3blBaA ropasgo MeHbluee BAWAHWE Ha cocegHue
cBaA3n. Hy a Tenepb, AaBaiTe B3riaHem Ha ¢oTorpaduio 1 atoma meam B KPUCTANIZIMYECKON peLuéTke,
noslyyeHHan YYEHbIMKN M3 yHMBepCUTeTa T. JIyHA, C XOPOLUMM paspeLleHrem M 3a TP roga A0 TOro Kak
IBM coBMECTHO C XapbKOBCKMMM “yyéHamm» Bblna M3rotosieHa ¢anblumBKka ¢ 061akamu BEPOATHOCTU
aToma Bogopoaa:
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doTorpadua 1. dotorpadus atoma megm, NoaydeHHan nasepHbim CTPobOCKONOM B yHMBecuTeTe r.JIyHA.

Celluac, KaK M cf1egoBafo 0XuaaTh, 3Ta ¢poTorpadusa Mcyesna U3 MHTepHETa, HO NOKa elé ocTanoch
¢doTo aneKkTpoHa http://video.google.com/videoplay?docid=24703547421452730804.

[aBaliTe Tenepb cpaBHMM 3TO GOTO C Mogenbio aTomMa megu (puc.l), Kotopyto @.M.KaHapéBs BbiBen
3310110 A0 TOro, KaK bbls1a nosyyeHa s1a poTorpadpus:
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Puc.1 Aapo atoma megun. HeMTpOHbI M306parkeHbl CEPbIM U YEPHBIM LIBETOM, @ MPOTOHbI — 6enbim.

Xouy 06paTUTb BHMMaHWE YMTaTeNA Ha CUHee Koneyko Ha doTorpadmm 1 — 370 He YTO MHOe, Kak M
060/104Ka B TPAAMLMOHHOM MOHMMaHUK, a B PeasbHOCTU MPeacTaBAAeT MPOCTO KNacTep 31EKTPOHOB,
KOTOPbIA €ecnu npasuabHO 3adMKCMPOBaTb B MPOCTPAHCTBE, TO MOJYYMM MOCTOAHHbIA MarHut. N
060M104Ka 34ecb He BMAHA, BBMAY TOro, YTO OHa ropasflo MeHblle B pa3mepe, 3aTO MPeKpacHo
MPOCMaTPUBAOTCA BaJIeHTHbIE 31EKTPOHbI Ha KoHLaX (1s B TpPaANLMOHHOM NOHUMaHUK). CUHUM LiBETOM
MoKasaHo pacnpegeneHue NoTeHUManbHOro nos 3/1eKTPOHOB, a He pacnpeaenieHne BePOoATHOCTEN, Kak
6bl 3TO MOr noAaymaTb uyuTaTeNb WUCXOAA M3 MAEONOTMW KBAaHTOBOW MexaHWKW. [leno B TOM, 4TO
KBAHTOBasA MeXaHWKa, KaK CTaTUCTMYECKan HayKa MMeeT Ae/0 He C OAHMM 3/1IeKTPOHOM, KaK B Hallem
C/ly4ae, a Co CTaTUCTMYECKMM aHcaMbieM 31eKTPOHOB BblAaBas pesy/ibTaTbl 418 cpeAHecTaTUCTUYecKon
4acTULbl, KOTOPOI HET B peasibHOCTU. B 3TOM MiaHe KBaHTOBas MexaHWKa C annapaToM KOMMAEKCHbIX
ymucen ABMNACb BTOPbIM KPYMHENWWMM WAEO0NOTMYECKMM BMPYCOM MOC/IE TEOPUM OTHOCMTE/IbHOCTM.
KpacHbIM LBETOM BblAeNeHbl NOTEHUMaNbHbIE 3N1eKTPOCTaTUYECKNe NoAA NPOTOHOB, HY @ HEMTPOHOB He
BWAHO, KaK U C/1e0Basio 0XnaaTb.

BaneHTHble 371eKTPOHbI 0653aHbl 33 CNEKTPbI cepuii JlalimaHa (ynbTpaduoneT), banbmepa (Buanmblii) 1
MaweHa (MHdpPaKpacHbIi), KOTOPble OHW WMCMYCKAlOT, TepsAs B Macce W yBeAWYMBAACL B pasmepe, B
COOTBETCTBMM C 3aKOHOM COXPaHEeHWA MOMEHTa Mmnyabca. B aTom nnaHe cBo60AHbLIM 371EKTPOH
ABAAETCA NPeAeNbHO MUHWMANbHBLIM C TOUYKM 3PEHUA PA3MEPoB M MaKCMMalbHbIM MO Mmacce. ITu
3/1eKTPOHbI OTBETCTBEHHbI 32 MPOTEKAHNE XUMMNYECKMX PEaKLMNA.

I'Iepexop,bl mexagy «060104YKaMN» OTBETCTBEHHbI 3a PEHTreHOBCKME CNEeKTpPbl, KOTOPblE NPOCTUPAOTCA
OT COTEH 3/1EKTPOHBO/IBT A0 COTEH K3B. otn 3/1EKTPOHbI CBA3aHbl ropas3ao CuibHee C NPOTOHaMU U
OTBETCTBEHHbI 3a OpraHM3auuto KpMCTa}'II'IVI‘-IeCKOﬁ peLUéTKM MeTannoB. BasieHTHble INEKTPOHbI TaKXke
NMPUHUMAKOT ydaCTue B OpPraHumsaumMn CBA3N mexay Cioamu, 3a CYET 4Yero metannbl an06peTa+0T



NAACTUYHOCTb M KOBKOCTb, @ TaK»Ke 3a obpasoBaHne cBo6OAHbIX 3/1eKTPOHOB (puc 2). Mpn HarpeBaHUK
MMEHHO 3TW CBA3M pPaA3PyLIAlOTCA B MEPBYHD oyepenb, TaK, Kak OHW cnabee, n TBEppoe Teno
npeBpaLlaeTcs B KUAKOCTb. Takum o06pa3om, XKMAKOCTb NpeacTaBaseTr coboi KycKu MnoBepxHocTel
KPUCTaNIoB, «COTKaHHbIX» M3 OAHOro, ABYX CNOEB. Yem MeHblue TemnepaTypa, TEM CWU/IbHEe 3TO
B3aMMOAENCTBUE MEKAY C/IOAMU U BoNbLIE BASKOCTD.

Puc 2. Tpun TMNa KPUCTa/IMYECKOW PELLeTKM MEeTa//IoB: a) rpaHeueHTpupoBaHHaaKybuueckan (FLUK);
6)ob6bemHoLEeHTPUpOBaHHasA Kybuueckan (OLIK);B) rekcaroHanbHasa naoTHoynakosaHHas (MMY) peweTKa.

CnegyeT 3amMeTUTb, 4YTO HaAWuMe TPEX TUMOB PELWETKM, HANPAMYK CBA3aHO C OpraHusaumemn
«0bonoyek». ECIM YNCNO NPOTOHOB KPATHO 3-M, TO NMOCAEAHWUIM TUN PEWETKU, a ecin 4-M, TO nepsble
ABa. NMOCKONbKY MeAb OTHOCUTCA K NEPBOMY TUMY, MOXKHO 3aK/tOUUTb, YTO LEeHTpasibHaa ob6oiouka M
OO0NXKHA UMEeTb BOCeMb UM ABEHaALATb MPOTOHOB, YTO JIOFMYECKM cneagyeT n3 CMUMMeTpUN.

Hy a ramma KBaHTbl NOPOKAAOTCA NPOTOHAMM AZpPa NPU ALEPHbIX PeakUMAX M iexaT B AManasoHe oT
COTEH K3B A0 AecATKoB MaB. Kak BUAMM AMana3oHbl peHTreHa M ramma KBaHTOB MepeKpbIBatoTCcA, YTo
BbI3blBaeT Hepa3bepumxy B rosloBax.

Hy uTo K, yBa)Kaemblit UMTaTeNb, Bbl FOTOBbI K TOMY, YTO6bI NOCTPOUTb «[lepuoamUeckyto cuctemy saep
MeHaeneeBa», TO/MIbKO y4TUTE, YTO fAAPA CAEAYyIOT He MPUHUMMY 3ano/sHeHUs o6oso4Yek, a Tem
npoLeccam, NPy KOTOPbIX OHW CUHTE3UPYIOTCA B 3BE3aaX. BTOPO MOMEHT, Ha KOTOPbIN HYXKHO 06paTUTb
BHMMaHWE, MaKCMManbHaA CUMMETPUSA OTHOCUTE/NIbHO LIEHTPa, 4TO CcleayeT He TOAbKO U3
npegoctasaeHHoin dotorpadum, Ho U M3 peakumi geneHnin agep — sceraa obpasyertcsa ABa Aapa, YTo U
MOCNY)KMIO OCHOBOM «KamnenbHOW» mMozenu sgapa.  He NPUBOXKY B SAHHOM CTaTbe BCIO CUCTEMY ffep
TO/IbKO BBMAY TOTO, YTO 3TO O4YEHb OOBEMHbIN TPy, KOTOPbIN CKOPO byaeT onyb6MKOBaH.

HaHHas ¢doTorpadmua He BnosHe cooTsercTeyeT mogenn .M. KaHapéea, rge ogHum M3 cnabbix
apryMeHTOB ABAAETCA NPEeArosIoNKEHME O TOM, YTO HEWTPOH - 3TO LIECTUMOJIIOCHbIM MarHUT npu
OTCYTCTBMM MOAENM HEMTPOHA KaK TaKOBOM. 3aTO TaKylo MOAeNb HEWTPOHa NOCTPOMA B.A.ALLIOKOBCKUNA.



ﬂ,aBaﬁTe TENEPb NOCMOTPUM, KaK BbIrnaauUT Napasoaopos U oprtosoaopos B COOTBETCTBUU C Teopmei/'l

®.M.KaHapésa
Puc. 3. a) n b) — optoBogopoga, c) — napasogopoga,.

Cneayer OTMETUTb, YTO OPTOBOAOPOA M MapaBodopOf MPUCYTCTBYIOT OAHOBPEMEHHO, HO C
noBbllWeHMem TemnepaTypbl BCE 6o/iblias A0AA MONEKYN BOAOPOAa NepexoamuT B MoAenb a) Kak
Hanbonee npouyHylo. IToT 3dpdeKT obycnoBneH Tem GaKTOM, YTO MArHWTHbIM MOMEHT 31EKTPOHa
NMPUMEPHO B ABe ThiCAYMN pa3 6O/bLUE MArHUTHOrO MOMEHTa NPOTOHa.

[anee, npeactaBMm, YTO HaM KakMM-TO 4YyAOM YyAanocb npubauvsuTb Apyr K Apyry ABe MOJIEKY/bl
opToaeliTepus (puc 4), COOTBETCTBYIOLLME MOAENN a) U OAHY MOJIEKYY TUNa a) , a BTOPYO TMNa C) :

’ (‘ v}*‘ ”“v

Puc 4. ConnkeHne monekyn optoaenTepus.



Ponb uyaa urpaeT nannagumn, NpUpogHbIM HaHOMaTepuan, OAHO U3 CBOMCTB KOTOPOro — MpPOMycKaTb
rasbl Npu Harpese. ITO CBOWCTBO LUMPOKO UCMOJIb3yeTcs B ycKopuTene BaH-ge- Mpaada Ans KOHTpoAns
TOKa. HarpeBas TOHKyl NAacTUHKY (TpybKy) nannagausa Ha 6annoHYMke C BOAOpoAOM (aelTepuem,
TPUTUEM) Mbl YBEMYMBAEM WHMKEKUMIO Monekyn. Mannagmii B aHHOM Cayyae BbINOJIHAET POJb
KNnanaHa — NpuW HarpeBaHWW aTOMbl KPUCTa/IMYECKOM PeLIETKM pacxodatcs U obpasytoT HaHoMopbl.
MepBoe, YTO HaM HY}KHO, TaK 3TO BblPaBHATb MOJIEKY/Ibl OPTOAENTEPUA, MOCKO/IbKY B rase NpucyTcTeyeT
BpallleHne. BTopoe 3ameuatenbHoe CBOWCTBO Mannagma cnocobHocTb abcopbupoBaTb nerkve rassl,
€034aBas JIOKa/ibHOe faB/ieHUe B MOpax A0 HECKO/IbKUX coT aTmocdep. Hy a TpeTbe cBOMCTBO nNaniaams
3aK/1II0YaETCA B TOM, YTO OH IBAAETCA KaTaAnM3aToOPOM MHOTUX XMMUYECKUX peaKkumin. Haao 3ameTutsb, uto
nannaauii He eAMHCTBEHHbIM MaTepuran, 0b61aaatoLWmii TaKUMKU CBOMCTBAMU.

M3 pucyHKa 4 BUAHO, YTO MarHUTHbIE MNOAKOCA CONMMKAIOLNXCA MONEKY HanpaB/ieHbl B 04HY CTOPOHY, TO
€CTb MPUTATMBAIOTCSA, YTO Ke KacaeTcAa KyNOHOBCKOro oTTasIkKMBaHMA, TO OHO CBEAEHUHO K MUHUMOMY.
310 obecneunBaeTca ABymMA ¢akTopamu. Bo-nepsBbiX, B OT/AMYME OT MOHOB, 3/IEKTPUYECKOe MoJie
NPOTOHA «CTAHYTO» K 3/1eKTPOHY. BO-BTOPbIX, OCTaTOK 3TOr0 MO/AA, 3KPaHUPOBAH HEUTPOHOM. Takum
obpasom, 4TOOblI CONM3UTL ABE MOJEKY/bl opTodenTepus, TPebylTca CyWecTBEHHO MeHblune
TemnepaTtypa 1 gasieHune, KOTopble B JaHHOM CyYae UrpatoT Po/ib KOHTPOJIA 338 CKOPOCTbIO peakLuuu.

Puc. 5 CnHTtes AQpa reama n nepeBopoT MarHMTHbIX MOMEHTOB.

Cavanve agep AenTepua CONpPOBONKAAETCA NMEPEeBOPOTOM CMIMHOB M MArHUTHbIX MOMEHTOB HEWTPOHA U
NPOTOHA, TaK KaK AApPO reiva MMeeT MarHWTHble MOMEHTbl, HanpaB/ieHHble B pasHble CTOPOHbI. B
pesy/nbTaTe 3TOro NepPeBOPOTa, 3NEKTPOHbI C MPABOM CTOPOHbI HAYMHAIOT PA3rOHATCA, KaK B JIMHENHOM
yCcKopUTe/ie U BCA CUCTEMA PaccbinaeTcs Ha ABa 63TTa 3N1eKTPoHa, ABa Aapa AeiTepus, anbda vyacTmuy u
ewé apa 3neKTpoHa. [JaBaiTe Tenepb NOCYMTaeEM, BblAENMBLIEIOCA KUHETUYECKYIO SHEPIUIO, UCMONb3YA
N3BeCTHYI0 dopmyny

2
E=mc’,



KoTopasa 6blna nosydyeHa B 1871 rogy pyccKMM yYéHbIM H.YMOBBIM M HE3aC/nyKeHHO MpPUMMUCbIBaeTCs
A.DHWTeMHY [2]. B TeEOpUM OTHOCUTENBHOCTU HET MacCbl MOKOA NO OnpeAeneHunto, Tak Kak HeT HUM OAHOM
Bblge/ieHHoN cuctembl (Kak roBopuTcaA, BCE XOPOLIO MPeKpacHas MapKM3a: ecTb BaKyymM, ecTb CBET, a
HabnoaaTens c yacamm HeT 1 BbiTb HE MOMKET).

Pacuér paért 23.8 MaB. Bca 3Heprna 3TMx 4YacTuu, BbICAAUTCA B BOAE Ha PaACCTOAHUM HECKObKMUX
MWAIMMETPOB, C 0H6pasoBaHMEM Temnsa U MOJIEKYST KWUIopoaa, Bogopoda u aeitepusa ¢ reavem 4 (B
OYeHb MaJiol cTeneHun). ITO COBEpPLIEHHO He MOXOXe Ha «ropsavYnii» Tepmoaa, rae cpeay NpoayKToB
peaKkunmn NpUcyTCcTBYET TPUTUI M BbICTPbIE HEMTPOHDI

’D +°D = °T (1.01 Mev) +p*(3.02 Mev) (1)
=3He(0.82 Mev) + n°(2.45 Mev)
="He + y+ 24 MeV

Taknum o6pasoM, B peaKunn «XonogHoro» CMHTE3a HET PaAMO0aKTUBHbBIX OTXO40B U BPEAHbIX M3ﬂy‘-IEHMﬁ
— BCE norsaowaerca TYT e B BOAeE.

CaMbli UHTEPECTHbIA MOMEHT COCTOUT B MOJIyYEHUM MOJIEKY/ OPTOAENUTEPUA U3 TAXKENOWN BoAbl. OnA
3TOro A0/XeH OblTb BTOPOM 3/1IEKTPOA, a B TAXENYID BOAYy AO/KEH ObiTb AobasneH KaTasmsaTop,
obecneunBalnii NPoBOANMOCTb. BTOpOIA 3N1EKTPOA NOTMYECKM A0NKEH ObITb CyLLECTBEHHO 6onblwe 4
MWIIMMUTPOBOWN NasiaaneBon TPYOKM, BHYTPM KOTOPOM MpoKavmBaeTcA obblyHaA Boaa. KatanusaTtop
COCTaB/IAET,CyAA NO BCEMY, HOY-Xay PUNNUMOHEHKO, KOTOPbIN OH He pacKkpbiBaeT. TemM He MeHee, ecn
BHMMaTE/IbHO PAcCMOTPETb MPOLECC 31eKTPosIn3a Tak, Kak 31o caenan ®.M.KaHapés, To cTaHOBUTCA
ACHO KaKoro copta gobaBKa f0/1KHa 6bITb. XO4y OTMETUTb, UTO A HMKOr4a He BUAEN 3TOro NaTeHTa, a
AaHHbIe PacCy»KAEHMA 3TO BCEro-MLUb MOM NIOTMYECKME BbIBOAPbI.

Kakum ke obpasom MNofobHYI0 YCTAaHOBKY MOXKHO MPUMEHATb ANA AE€3aKTUBALMM PaAMOAKTUBHBIX
0TXx040B? C 3HEPreTUYECKOM TOUKN 3pEHNA PafMOAKTMBHOE AP0 NPeAacTaBaseT coboli Bo3byKaAEHHOE
COCTOAHME Afpa, KOTOPOE NO Pa3/INYHbIM KaHafnam CTPEMUTCA MUHUMMU3NPOBATb SHEPTUIO U NPUATU K
cTabunbHocTU. Mepurog nonypacnasa Konebnetca oT NMUKOCEKYHA, A0 TbicAY eT. MOMKHO M YCKOPUTb
3TOT npouecc? [Ona 3TOro Hy)KHO BHECTU LOMNOJHUTE/IbHYKO 3HEPrUi0 B AAPO M 3a4acTyl0 A0BOJIbHO
60/bLUYI0 (HECKONBKO M3B), UTO6bI MPEBbLICUTL NOPOT TON UAN MHOWN peakuuun. Moporn MHOrMX peaKkumii
Haxo4ATca oKosio 1.5 MaB 1 HuxKe. Eciv Mbl 061y4MM pPaanoaKTUBHOE S4PO0 ObICTPbIMM HEUTPOHAMM C
sHepruelt nopAgKa 3 MaB, TO CMOXeM MOTUXOHbKY BbIXXMTAaTb OTXOAbl U KPOME TOFO MOJly4aTb SHEPTUIO,
ecnn Halgém cnocob nosyyeHus HeMTPOHOB 6e3 agepHoro peakTopa. OAHMM M3 TaKMx cnocobos
ABNAETCA MCNONb30BaHWE YycKopuTens Ha obpatHoi BonHe (BWLAP) BBuay ero 60/bLuol
apdekTMBHOCTU. [lpyrMm cnocobom co3aaHMa HEO4HOPOLHOCTU ABAAETCA 3N1EKTPOMArHUTHbIN MMMNYJIbC.
Kak n3BeCcTHO, ogHMM M3 Moparkaywmx (GaAKTOPOB AAEPHOr0 OPYKUA ABAAETCA 3NEKTPOMArHUTHBbIN
MMMYIbC, HO B BanaHce pacyéTa aHepruii (1) Bbl ero He Hall4éTe, BNPOYEM KaK U B 6O/IbLUMHCTBE APYIUX
peakuui.



BOT MMEHHO 3TOT 3/IeKTPOMArHUTHbLIN MMMNYAbC, MPUYEM pPaaMaNbHO HamnpaBAeHHbIA BCNenCTBUM
OpWMEHTaLMKN HaHOMOP B NannagmeBoit TpybKe, 1 ABAAETCA TEM MEXaHU3MOM KOTOPbIN BHOCUT CUJIbHYIO
HeoAHOPOAHOCTb B paAnoakTMBHoe aapo. Hago nonaraTtb, YTO B yCTaHOBKax ans YepHobonsa B 1989 r.
PUNANMOHEHKO M3MeHUN GOPMY 3/1IEKTPOAOB TaK, YTOObI MOKPbLITb MAaKCUMAbHYIO NOBEPXHOCTb.

MoaABneHWe aHTUTPaBUTALMM MOMKHO 0BBACHUTL C No3uunii adupoanHammkn [3,4]. B adupoanHammke
rpaBuTaLMA PacCMaTPMBAETCA KaK MOTOK 3dupa, CTPEMALLMIACA K AApy MAaHeTbl, rae MAayT peakuuu
AeneHusa(Mnnm aHanorMyHble, AM6O 3TO CBOMCTBO 3/IEMEHTOB OCTPOBKAa CTabW/bHOCTU), KOTOpble
nornowatoT 3¢pup. Takmm obpasom, CBOMCTBOM NPUTArMBaTb, 06134at0T TObKO AOCTaTOYHO KpyMHble
KOCMMYECKMe O0ObeKTbl, Mmelolme nogobHoe aAapo. OcTasbHble Tefa MMET /Wb CBOMCTBO
npuTArMBaTbCcA. BennkonenHbim NpUMepom 3TOro ABAAETCA Ha/iMyMe nosca acTepouaoB — TamM HeT
NPUTAXKEHUA U NONbITKM aMepPUKaHLLEB U ANOHLLEB MOCAANTb Ha 3TU 06BbEKTbI CNYTHUKU, UCNONb3YA CUNY
MPUTANKEHUA acTeponaa 3aKOoHUMAWUCL NiadveBHo. COBCTBEHHO roBops camo Mo cebe Haanuume nosca
acTepouni0B U eCTb CamMblii BECOMbI apryMeHT NpoTus BceMmpHOro 3akoHa TAroteHna HbloToHa.

UTak, nornoweHne apupa dopmupyeT rpaBuUTaLMIO, a JIOKaAJIbHOE YMeHbLUeHWEe MNAOTHOCTM adupa -
AHTUIPaABUTALMOHHDIN 3ddEKT, CyTb KOTOPOro BbiparkeHa B 3aKoHe Apxumena. OgHMM U3 NEePBbIX, KTO
310 3ameTun, 6bin Hukona Tecna. B ero yctaHoOBKe, KOTopas Oblia caesiaHa Ha OCHOBe KaTylwku Tecna,
ONA NONYYEHUA INEKTPOIHEPrMn 13 apupa Habaaanca aHTUTPABUTALUMOHHbBIN 3 dEKT, KOTOPbIN OH
Cny4YaiiHo 0bHapyXuA No cTpyiike abiMa. Koponés nnaHMpoBan UCMO/b30BaTb 3TOT IPDEKT, TAKIKE KaK U
asuratenb TonunHa p[na nonétam K 3BE34amM WM AMWb KOHYMHA Mapuwana HKyKoBa nomelana
peanusaunmn aTUX NAaHoB. Ha Hawel MHOrocTpagasibHOW NAaHeTe CyWecTBYET HECKOJIbKO MEeCT, rae
rpaBuTaLMA MMeeT aHOMAaJIbHbI XapaKTep M 3TO OTHIOAb HEe BbICOKME WU MACCUBHbIE TOpbl — ropbl
BOOOLLE HE NPOABMAIOT KaKMUX MO0 FPaBUTALMOHHbLIX aHOMaAUMA N 3TO ObIO NOHATO eWeé B NPOLLJIOM
CTOJIETUKN, NOCNE HAYYHbIX 3KCNeAUUMIA aHrMYaH Ha TubeT u MMmanau, HO AaHHble 3TU 3amaunBatoTCA
B YMCTO aHIIMINCKON MaHepe. BOT Beab nNopasuTesibHblie YepTbl TPEX Pa3HbIX HAPOAOB, @ TOYHEE CTpaH-
aHr/IMYaHe «CKPOMHO» YMan4YMBaloT, AMOHLbI, MOC/Ee HeyaaYyHOW BbiCagKM Ha acTepoun, Ha bpudeHre
KOPOTKO 06bABUAM O HeyAaue M BbINyCTUAN aHAIUTUUYECKUIN OTYET Ha ANOHCKOM A3biKe 6e3 nepeBoaa Ha
aHIMNCKMIA (OHKM BCeraa Tak NocCTynatoT). AMepUuKaHUpl e, pa3bus BAPbI3r CNYTHUK NOC/E HeyAauHbIX
MonbITOK MOCagKu, 06bABUAU O MOSHOM NOATBEPKAEHUU TEOPUM TATOTEHWUS(OHM TOXKE YacTo Tak
noctynatoT). Hy BOT BaM M NPUYNHbI COBPEMEHHOTO KpUusnca B dpusmKe.

Ho BepHEMCA K aHOMaNbHbIM rPaBUTaLMOHHBIM MeCTam Ha Hawel nnaHete. OHW NOAYYMAM Ha3BaHMUE
MarHuTHbix rop (Magnetic Hill). OHM NpUCYTCTBYIOT B OYEHb MHOIMX MECTax Hallel nniaHeTbl [5] wm
obMuManbHasa HayKa TPaKTYeT 3TO KaK onTUYecknit obmaH. Hy Tak nosiyunnoch, YTO f XKUBY B AaHHbIN
MOMEHT HeJasieKo OT Takoro mecTa. 91o KaHaaa, npumepHo 150 Km cesepHee OTTaBbl. CMbIC/A B TOM,
YTO KOrZa efiellb Ha MallMHe B 3TOM MeCTe B rOpKy, NpW OTNyLWEeHHOM Nnegany rasa, MallMHa HauymMHaet
camoycKopAaTca. MpUBbLIKHYTb K 3TOMY HEBO3MOMKHO. OAHa M3 CaMbIX WM3BECTHbIX MArHUTHbIX TOp
HaxoamMTcA Tak:ke B KaHage, Hedaneko OT TOro MecTa rae 3aToHyn TuTaHuKk. CTaBulb MalMHY Ha
MarHWTHOWM rope, BblK/lOYaellb ABUraTe/b, NepPeBoAuLb Ha HEMTpanbHYO Nnepeaady v noexann BBEpX.
Moi1 3HakombI GM3KK pa3 15 npogenan aTo B pasIMUHbIX BapuaHTax, BKIOYAA NTLE BOAbI M BpocaHue
MAYMKOB, U 3aABWJ, YTO ONTMYECKMA 0BbMaH (a ToYHee NpocTo obmaH) B rosoBe y npeacTasuTenei
TPagMLUMOHHOW Hayku. MoxeTe cebe npeactaButb — FoabPCTPMM Moyemy-To 3aBopaumsaeT ¢ Esponbl



MMEHHO ctofa, acbeprv NAbIBYT TOXKE CloAa M TaloT 34eCh, Aa M NPUIMBHAA BOJIHA B 3TOM MecTe camas
6osblwan B mupe - Ao 15 meTtpoB. BoT Bam 1 ontuyecknin obmaH. OTKyaa Ha 3em/ie MOI/IM NOABUTHCA
noaobHbie mecta? OTBeT A Hawén B ChaBAHO-Apuiickux Begax [6] . B namATM npeaKoB onucaHbl age
naaHeTapHble KaTacTpodbl Ha 3em/ie, CBA3aHHbIe C NaAeHUEeM OCKOJIKOB ABYX NYH. [epBas KaTacTpoda
cnyymnace okoso 111 810 neT Hasaa, Koraa ueneHonpasaeHo Bblna YHUUYTOXKEHA nepBas U3 TPEX NyH
Nens (nepuopn obpaweHua 7 aHen), 4Tobbl NpeaoTBPaTUTb BTOPXKEHME HA 3eMJ0 MHOMNAHETHOM
LUMBUAM3ALMKN Napa3mToB. BTopas KaTacTpoda BO3HMKNA B pe3y/ibTaTe BOWHbI, Pa3BA3aHHON APEeBHMMMU
atnaHtamu okono 13000 (109807r. Ao H.3.) fNeT Has3ad. dTa BOMHa COMPOBOXAanacb NPUMEHEHMEM
KNIMMATMYECKOTO W ALEPHOro OpyXus, cnedbl KOTOPOro coxpaHuaucb B Adpuke (3eneHoBaTble
CTEKNIAHHblE 06PA30BaHMS, TaKME Ke KaK Ha A4epHOM nonuroHe B wWTaTte Hesaga), 8 UHanu n Espone
(Poccuio nnm Benukyto TapTapuio, 3Ta BOHa KakMM-TO YyJOM He 3aTPOHyAna). B KOHeYHoM cuyéTe, ewlé
ofiHa obuTaemasn nyHa Pata(oTcioaa dbatanbHbIn Ucxon) ¢ dnopoii U payHol, bbiia B3opBaHa U YacTu eé
ynanu Ha 3eM/I0 Bbi3BaB CMELLEHME OCU, CMeleHne opbutbl oTHocuTenbHO CosHUA, YCKOPEHHOEé
cobcBeHHOe BpalleHue, onegeHeHne u Bennkuii noton, onncaHHon B bubamn. Toraa e v ywna nog
Boay ATnaHtmaa. O6e NyHbl MMeNu rpaBUTaALLMIO, TOYHO TaKXKe KaK M ocTaBluancs nyHa Mecay,. OCKoKu
obeunx NiyH U ux Agep HaxoAATCA Ha NOBEPXHOCTU Hawel Mugrapg 3emnun (ABCTpanus - 04HO U3 TaKUX
mecT. [03TOMY XUBOTHbIN U PACTUTENbHbIN MUP €€ COBEPLUEHHO YHUKaNeH) Taknux MecT MHOMecCTBO,
pasHMUA NUWb B TOM, YTO 3/1eMeHTbl agpa (Tepouabl) NPUCYTCTBYIOT He Be3de WU NpU yaape ywau
[OCTaToyHO rnyboKko nog 3emnto. O6bIMHO B TakMX MecTax HabsogaeTca OrpomMHoOe cofeprKaHue
penKosemesibHbIX 31eMeHTOB. BOT rae Hago UCKaTb 31eMEHTbI OCTPOBKA CTabU/IbHOCTH .

PUANMOHEHKO A0CTAaTOYHO NOAPOOHO onucan BAMAHME MPOAYKTOB AAEPHON BOWHbI HA COKpalleHue
XM3HM yenoBeKa. OOHMM U3 TaKMX [OONTOXMUBYWMX MNPOAYKTOB fABAseTca Kanui 40, HO He
eaMHCTBEHHbIN. Mo gonry cny*bbl MHE NPUXOANIOCH OYEHb YacTo B XKU3HM U3MeEpPATb pPaanaLMOHHbIN
$OH, KOTopbIN cyMTaeTcs ectecTBeHHbIM. Ha rpadmke 1 npreeaéH paamaumoHHbIA GOH MOPCKOM BOAbl B
CTa KUIOMeTpoB oT bepmya, 0AHUM 13 OKOHeYHOCTel ApeBHel ATnaHTMabl. Mosly4eH OH repmaHuBbIEM
ramma OeTEeKTOPOM, OXNOXKAEHHbIM A0 TeMMNepPaTypbl XKUAKOro a3oTa, aBTOPOM AAHHOW CTaTbM NATb N1eT
Ha3agj BO BPeMs 3Kcneauumm Ha bepmyabl B cOCTaBe KOPOIEBCKOTO CNeLMabHOro akyCTUYECKOoro cyaHa
«[Monck»:
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MpaduK 1. MUHTEHCUMBHOCTU INHWIA PA3/IMYHBIX PALAMOAKTUBHBIX 3/IEMEHTOB B MOPCKOW BoZeE.

Kak BaM HpPaBUTCA 3TOT KOKTEW/Ib, B KOTOPOM Mbl Kynaemcsi Ha KypopTax? [MpumepHO TaKoi ke ¢oH
Noy4yaeTcs Ha NOBEPXHOCTU 3eM/IM — KOMIMOHEHTbI JINLb HEMHOTO pa3Hble, @ BOT Ha rnybuHe B 3emne
3TOro Het. MMeHHO Mo3TOMy HEeMTPUHHbIE M NMpPOYME YYBCTBUTE/IbHbIE IKCMEPUMEHTbI NPOBOAAT MO
3eMNén. TAXKeNo KOHEeYHO 0CO3HaBaTb cebss MyTaHTOM, BbIXKMBLUEM MOC/Ae SAEPHOM BOMHbI, HO 3TO
MMEHHO TaK, XOTA Tepputopms Poccnm nonyunna MMHUMa bHbIE paspylleHns. B pyccknx Begax sgepHoe
OpYKMe yNnoMmMHaeTca Kak dalu-paspywmTens. Mpowno Bcero okosio 13 000 feT u YenoBeYECTBO CHOBA
CTOMT Ha nopore Nogo6bHOW BOWHbI - NPUMEHAETCA KAMMATUYECKOE OpYKUe, TaKTUYEeCKoe ffepHoe u
y*Ke BaKTepmnonornyeckoe, Ho B orpaHMUYeHHbIX perMoHax. CKo/IbKO pas B MPOLLIOM MHTEPECTHO, 3eMiA
npoxoamna 4yepes nogobHble KaTakAMambl? Takoe Bneyat/eHWe, YTO Halla NJaHeTa npeacTasBaser
cob0oli NOAUTOH ANA CO34aHUA NPABUALHOIO reHeTUYECKOro MmaTepuana.

Hy a BoT HegaBHMe HoBOCTM M3 UTanum - yyéHble AHppea Poccn mn Cepgxmo PoKapam u3
yHusepcuteta Universita di Bologna o6bABUAM O NOAYYEHUM  SHEPrMn  NpU yNpaBAseMOoWn

X0JI0AHOM TpaHcMyTauum agep. Peaktop Bblaaét 10 KBT Tenn0BOM MOLWHOCTU B BUAE CYXOro napa,
notpebnas us cetn 0,60KkBT anekTposHeprum, pacxomya npu stom 0,01r sogoposa H, w 0,10r
HUKenAa Ha 10kBT-4 sHepruun. [loABneHMe B HMKE/IEBOM MOPOLIKE AaTOMOB MeaWn ABAAETCA
[OKa3aTeNbCcTBOM npouecca TpaHcmyTaumn. Cyaa no coobuieHnsm Pure Energy Systems
(http://pesn.com/2012/03/11/9602054 Rossi Tells Florida Bureau He Has No Factory No Nuclear

Reactions/) , ycTaHOBKa MCNob3yeT NOAOrpeTbIM A/1A 3aMyCKa 40 HECKOJIbKO COTEH rPajycoB BOLOPOL

npwv gasneHnn okoso 80-Tv aTmochep U KaTaamsaTop.
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doTtorpasus 2. YuéHble AHapea Poccu 1 Cepaxmo Pokapa M UX YyCTaHOBKA.

Kak 1 cnepgoBano oxunaatb, pa3BEpHyTa OFPOMHaA Mo MacliTaby KOMMNaHWA NO AUCKPUTU3ALMU YUEHDIX,
Tem 6onee, 4TO OHM OTKPOBEHHO 33ABM/M, YTO HE MOHUMAIOT MEXAHU3MA peakuun. Tem He meHee, B
Utanum 11 KpynHenwmnx yHMBEPCMTETOB BEAYT UCCAeA0BaHMA B 3TOM HanpasaeHun (ENEA).

HecKo/IbKO C/10B 0 TEPMUHONOTMUM. «[OPAYNIA» CUHTES, B COOTBETCTBUM C KpuTepuem JloycoHa, TpebyeT
TMIFAHTCKUX TemnepaTyp W [aBJeHUN [N OCYLLEeCTBJAEHMS CaMOMNOAAEpPKMBalOWeEN peakuun. Hy
COBCTBEHHO TOBOPA, HET HWUYEro raynee, YeM CHayasa 3aTPaTUTb SHEPrU0 Ha To, YTobObl OTOPBATH
3/1EKTPOHbI, @ MOTOM eLé pa3 Ha To, YTobbl NpeoaoneTb Nonyunslieeca KynoHOBCKoe OTTasknBaHue. [a
M CaMa KOHLEeNnuua CamMonoAAeprKaHus poaunacb M3 WAEO0NOTMWU co3gaHusa 6ombbl U AAEepHbIX
PeaKTopOB. Y HAcC HEeT B C/ly4ae «XO/J0AHOM0» CUHTE3a HUKAKOW CamMOMOALEPIKMBAIOLLEN Peakuun - Mbl
NPOCTO Peryimpyem CKOPOCTb PEAKLMU, MEHAS TEMMEPATYPY U AaBAEHME.

K cosaneHuto, 6onbluas YacTb N0AEN, BOBNEYEHHAN B pa3paboTKn TOKamMaKoB, HE MMeeT NPaBUJIbHOTO
npeacTaBieHMa faxe O Temnepatype v gasneHuu [8]. 3peck pabotaeT 6osbluoe KOAAUYECTBO
TaNaHTAMBbLIX W TPyAOOOMBbLIX YUYEHbIX, HO OHW WCMNOJMb3YIOT Te MeToAbl, KOTopble co34anu
npeablaywive nokoneHns ¢GU3UKOB, CBATO Bepsi B MPUEMCTBEHHOCTb M YECTHOCTb MpeblayLimx
uccneposatenei. K corkaneHuto sto He TakK. Mocae 1903 roga, Koraa Hukona Tecna, Ha ocHoBe Teopuu
adupa, NPOAEMOHCTPUPOBAN BCEMY MUPY Heucyeprnaemble WCTOYHUKU 3HEepruu, BO3MOXKHOCTU
yNpaBAeHWA NOroA0MN U NCUXMKOI Ntogeit, ero Apyr u drHaHcucT MopraH coBMECTHO ¢ PoTwnabaom&K®
peLwunnm, 4tTo 4YesoBeYecTBY 3TM 3HAHWA HM K Yemy. Bblna passépHyTa becnpeueHAEHTHAsa 3a BCHO



WUCTOPUIO YenoBeyecTBa KOMNAHWS Mo ¢anbCUPUKaALMM HaAyYHbIX 3HAHWMA. BONBLWIMHCTBO 3HAYUMMBbIX
3KCNEPUMEHTOB, COCTaBAAKOWMX 0asnc coBpemeHHOW ¢u3nKK, Bbian 1Mbo noaTacoBaHbl, MBO UX
pe3ynbTatbl OblnM NOAOrHaHbI MOA4 TOYKY 3PEHMA TOCMOACTBYIOWEN Ha TOT KOHKPETHbI MOMEHT
¢dun3nyecko Wwkronbl. HecornacHble oTNPaBAANCE B NCUXYLLKY, TOPbMY, MO0 YMUPAAN KHEYAAHHO» He
NOHATHO OT 4ero. CornacHble e, MOOWPAAUCb Yepe3 «AMHAMWUTHLIND KOMUTET. ITOT npouecc
NPOAO/IKAETCA U ceityac, MPUYEM cTeneHb Mapasma AOCTUINA NOYTU NOTOJKA.

Hy a Tenepb paccmoTpvm BOMPOC O MOJIYYEHUMM METPOBLIX A/IMA3HbIX JIMH3, O KOTOPbIX YNOMMUHaeT
dunnmmoHeHKo. [114 3Toro B3rAsHem Ha agpa yraepoaa v anmasa B mogenu ®.M.KaHapésa (puc 6):

Puc 6. Mogenv agep yrnepoga 1 aamasa.

OTclo4a NPeKpPacHoO BUAHO, YTO a/iMa3 MOXKHO MOJIYYUTb TONIbKO M3 cTabuabHoro nsotona C13 (HUKHWUI
pag, cnesa), KOToporo B npupoge avwb 1.1%, 4To Ha nepBblli B3raL HeMHOro. Ecam ke cpaBHUTbL C
cofepraHnem ypaHa235 , TO OKaxKeTcA He TaK Yy mano. B KpanHem cnyyae, MOXKHO B3ATb rpadut
oTpaboTaBwuMii B peakTope, TMna PBMK, rae cogepraHue Hy)KHOro usotona 6onble. fABneHue
pacnyxaHua rpaduTta M CBA3aHHbIE C HUM Tepmuyeckne 3PPeKTbl XOPOLIO U3y4eHbl, @ BOT BHATHOO
06bsACHEeHUs 3Toro adpdekta A He BcTpeyan. OObACHEHME Ke [0BOJALHO MPOCTOE - aTOM ajMasa
3aHMMaeT ropasao 60sblnii 06BEM, YTO CO3AAET BHYTPEHHIO HANPAXKEHHOCTb B rpaduTe.

Takum obpasom, UCNob3ys BaKyyMHYI nedb bpuarkmaHa v umctbiii usoton C13 MOMKHO BbIpalLMBaThb
anmasbl 6e3 OrpoMHbIX OaB/ieHUIH. Bnpoyem npu COBPEMEHHbIX TEXHOJ/IOTMAX NOoJydYeHus rpadeHa,
HaBepPHO MOKHO 060MTUCL U Be3 neven.

Y10 KacaeTca mogenu agpa yrnepoga, 1o A 6bl lCI,O6<’:lBl/|l1 eweé OAHY, C YeTbIPbMA MNPOTOHAaMU B NZIOCKOCTU
1M ABYyMA NO BEPTUKA/IN, TAK KaK Ha CErogHA y*e n3peCtHo BOCEMb a/I/IOTPOMHbIX d)OpM rpad)MTa.

MHTepecTHO OTMETUTb, UTO M306paXkeHne sapa yrnepoaa B BUAE KONbLa BCTPeYaeTca No BCeEMY MUPY U
HOCMWT Ha3BaHMeE B CaKpasibHOM reOMeTPUN «NI0A *KU3HU». MHOTAA LEeHTPbI LLAPOB COEANHEHbI IMHUAMM
M Toraa nony4aertca «3BE34HbIA TeTpasap» uaun «3sesga Adasuga». Moaenb e GpOTOHa, NOCTPOEHHan



®.M.KaHapéBbim Takke Purypmpyet no scemy mupy ( A MMeto BBMAY UCTOPUYECKME NAMATHUKM TUNa
nupamug) 1 B CakpaabHOM reomMeTpmMmn HasbIBaeTCA «CBET» UM «rias» (Puc 7,8). YausuTenbHble 3HaHMSA
UMENN HaluM npegku, Hanpumep B X'apuickoin apudmeTvKe, NPUBOJATCA TPU BUAA YMHOMKEHMUS
(nnockoe, 06bEMHOE M MPOCTPAHCTBEHHO-BPEMEHHOE), KOTOPblE UCMONb30BAUCL MPU CTPOUTENLCTBE
nupammg v Npu nyTewecTsmaAx U3 ogHon BceneHHol B gpyryto, Konx 3Hanm 108 [6].

Puc.8 CmBOA CBETA B CaKPaNbHOM reomeTpuMm.

ATOM 3Ke yrnepoga (6 sNeKTpoHOB, 6 NPOTOHOB U 6 HEMTPOHOB =666, NOHATHO, YTO 3TO YMC/IO 3BEPS, HO
B TOXE BPEMS YMUCAO YeNOBEYECKOE), MPUIroToBWUA ewé oaumH crtopnpus. CocegHue KosbLeBble
3/IEKTPOHbI YI/Iepoa Hamnpas/ieHbl B pasHble CTOPOHbI (MpuHLmMn Mayau), YTo coBEpPLUEHHO eCTECTBEHHO
KaK € no3nuui 3puposuMHamuKm (AUIOKOBCKMM NO 3TOMY MOBOAY CKasan, 4to npupoga byaer
CTPEMUTLCA CTPOUTbL AAPA U3 MaKCMMaNbHO BO3MOMHOIO KOM/IMYECTBA anbda 4acTuu, Kak Hambonee
ycToliyero 3a¢pupHoro o6pasoBaHuA), MOCKOAbKY 3TO 3 anbda 4acTvubl, TaK U 3IHEPreTMyecKkux
coobpaxkeHun — 310 Hambosiee yCTOMYMBOE COCTOAHWME cUCTeMbl. BoT 3TOo HOoBOe obpasoBaHue U3
3NEKTPOHOB HEOXKMUAAHHO OOHAPYKUBAET YAMUBUTENIbHYIO AYaNbHOCTb. Y LWECTM 3/1IEKTPOHOB NOABAAETCA
HOBaA cTeneHb cBoboAbl — OpbUTaNbHAA, KOTOPYSA NPUMPOLA eCTeCTBEHHO 3ajelcTBoBana. BpaleHuwe
COCEAHUX 3NEKTPOHOB B MPOTMBOMONOXHbIE CTOPOHbI MPMBOAMT K TOMY, UYTO BO3HWMKAET CToA4Yas
opbuTanbHaA BOIHA M3 6 NMOJYBOJIH, XOTA CaMM 3/IEKTPOHbI OCTatOTCA Ha mecTe. Hy cobcTBeHHO roBops,
KBAHTOBas MeXaHWKa U ONUCLIBAET 3TO, KaK OpOUTaNbHbIN MOMEHT. B rasax e, B OT/IMYUMN OT METaN/I0B
M HEMETAN/IOB, NPM KOMHATHOM TemnepaType TaKasa CTPYKTypa pa3beZleHMHa HYy KaK Bbl YXKe MOXKeTe



[0raflaTbCsl CaMM — HU KAaKOro METa//IMYEeCcKOro BOAOPOAA B MPUPOAE HeT, TaK Kak HeJoCTaTOYHO
3/1eKTPOHOB, YTOb 06pPa30BaTh NOAOOHYIO CTPYKTYPY.

[aBaiiTe Tenepb COCTaBUM CXemy Aapa meau, NoJib3ysacb 060/104e4YHON MOAENBIO N TEM, YTO PeasibHO
BMECTO 000/104EK Mbl MUMEEeM KONblLa, CUMMETPUYHbIE OTHOCUMTENbHO LEeHTpa. Torga cTpykTypa agpa
(aToma) anntomuHmA byaeT BbirnaaeTb Hy ckaxem Tak: Cul 26 126 2 , Bmecto Cu 1 18 8 2, Kak 310
npuseaeHo B nepuogmyeckon Tabauue. Henpasaa-nn Hensoxo cootBeTcTByeT ¢oTorpadmumn? [lasante
Tenepb MNOAYYUM KPUCTANIMYECKYO peLlléTky mean. [na atoro 3agenctsyem 4 uv3 gseHaguatm
3N1eKTPOHOB, YTOObI MONYYNTb COEAMHEHME B MIOCKOCTU M BaZIEHTHbIE 3/1EKTPOHbI ANA BEPTUKANbHbIX
cBszell. CBA3b 3/1€KTPOHOB B M/IOCKOCTU A0BOJIbHO YCTOMUYMBA, MOCKO/IbKY MAarHUTHbIE MOMEHTbI KaXKa0m
napbl OPUEHTUPOBAHbI B OZHY U TY)Ke CTOPOHY, YTO BbITEKAET U3 npuHumMna MNayau. Tem He meHee, 3TK
napbl 3/1€KTPOHOB KaK MpaBWAO pa3befeHeHbl B MPOCTPaHCTBE M3-3a TennoBbix ¢$OTOHOB (puc 9).
[asante Tenepb BOCNPOU3BEAEM MEXAHM3M MPOBOAMMOCTM B COOTBETCTBMWU C KBAHTOMEXAaHUYECKMMMU
npeacrasaeHMAMN. UTaK, Mbl UMEEM Hally BaN€HTHYIO 30HY — 3TO KOJIEYKO U3 6 3N1EKTPOHOB, U 30HY
NPOBOAUMOCTM — KOAbLO M3 12 3/1eKTpPOoHOB. HMKaKoM 3anpewéHHOM 30Hbl, TO €CTb MPOC/IOMNKU
NPOTOHOB WM HEWTPOHOB MeXay HUMKM HeT. [anee, Ba/JieHTHble 3/EKTPOHbI, MNPU  HaAUYUKU
3NEeKTPUYECKOro Nons, NepexoaAT B 30HY NPOBOAMMOCTM U HAYMHAKOT NepeaBUraTbCa, Kak Ha KOHBeepe
Nno 30He NPOBOAMMOCTUN B 060/104Ke 13 12 3/1eKTPOHOB. B mecTe 06pa3oBaHNA 3N1EKTPOHHbIX Nap, 3ToMy
3NEeKTPOHY NPUXOANUTCA MPeososieBaTb PaspbiB U MepenpbirMBaTb Ha COCEAHWMI aTOM. ITO U ecCTb,
3N1eKTpUYecKoe conpoTuBeHMe. YacTb sHeprum BHELWHEro Noas pacxodyercs Ha McnyckaHue GpoToHOB
npu 3TOM NpPoLEcce, KOTOPbI BKAOYAET Pas3roH Npu MNOKUAAHMM NEPBOro aTomMa M TOPMOMKEHUe npu
NPUCOEOMHEHUIO K 3/1EKTPOHY C/leaylowero atoma. EcTecTBeHHO, C pPOCTOM TemnepaTypbl 3a30p
yBe/IMYMBAETCA U CONPOTUBAEHUE PACTET. MNpU NOHMKEHMM TeMnepaTypbl, 3TOT 3a30p YMEHbLUAETCA U
npu onpeaenéHHomn TemnepaType 3TU 3/1eKTPOHbI COeaMHAOTCA U 0bpasytoTca Kyneposckue napbl. Mpu
3TOM, BCE aTOMbl OKa3bIBAKOTCA COEANHEHHBIMU MeXay CObON eanHON cTosYElN BONHOW (KpacHbIl LBeT
Ha pucyHKe 9). 34ecb Mbl CTaZIKMBAaeMCA C YAMBUTENbHbIM SIBEHMEM: €C/IM Ha BXOAEe B 3Ty CUCTEMy
BXOAMUT 3/IEKTPOH, TO Ha BbIXOAE TOYHO TaKOM e 3JIeKTPOH BbITaZkMBaeTcA. BoT 3To M ecTb
cBepxnpoBogumocTb (Teopua BKLL), a TouHee 3To MOXKHO Ha3BaTb Te/lenopTaLMei, MOCKONbKY 3/1EKTPOH
He coBepLUaeT ABUXKEHUA B NPMUBbIYMHOM NOHUMAHUU.

Puc9. MJ’IJ’IIOCTpaLI,I/IFl npoBoAMMOCTU N CBEPXNPOBOAMMOCTHN B METAJ1/1axX.



nOCKOﬂbe meTannbl B c60ém 6onblwMHCTBE NONNKPUCTaNNbl, BOT TaKue CprHbI(BVIXpVI) MarHUTHbIX

nonen 3amblKaroTca He Cpasy.

B 3aknloueHMM ewé pas BEepHEMCA K aToMy yraepoga, a TOYHee K CTOsiYeN 3J/IEKTPOHHOM BOJIHE,
cocToAllel U3 6 A 6onbliero KonanyecTsa 3nekTpoHos (8, 10, 12, 14 — kaxkapli pa3 gobasnserca
anbda vyactMua B Hayane nepBoro psga). B otanumm ot moaenu anektpoHa ®.M. KaHapésa m B.A.
ALIOKOBCKOTO, Ie 3/1EKTPOH NPeACcTaB/eH B BUAE TOpa C ABOMHbIM BpalweHuem (puc 10),

Puc 10. TopouganbHas mogenb anekTpoHa ®.M. KaHapésa [1]. LLecTb BUXpeBbIX NONEN BHYTPU Topa B

TOYHOCTM COOTBETCTBYIOT LWECTU LeHTpam GoToHa.

Mbl MMEEM M/IOCKYIO CTOAYYIO BOJIHY, TO €CTb BTOPOro BPALLEHWA HET M KaK pe3ynbTaT 3TOro MMeem
ynucToe MarHuTHoe nosie 6e3 anekTpMyeckoro (3siekTpocraTmyeckoro). [aBaiite Tenepb YCTaHOBMM [Ba
conleHouaa ¢ 06oMX CTOPOH OT TaKOro aTtoma M BBEAEM 3TO KONbLO B pe3oHaHc ¢ 3¢upom (120m=377

OM), CUHXPOHHO packaumBas BBepx-BHWU3 (puc 11).

Puc 11. ATombl megmn, nomeLEHHble B PE€30HATOP U3 ABYX COIEHOUAOB.
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Puc 12. YctpoiictBo EH aHTeHHbI [7].

HauHéTca wu3nyyeHMe TaK HasbiBaemMoro B 3dUpogMHAMMKe, MNepBoro 3ByKa. CKOpOCTb ero
pacnpocTpaHeHMA Ha MHOro MOPAAKOB Bbllle OB6bIYHbIX MonepedHbix BoaH (5,3 10* m/c), Kotopble
PacnpoCTPaHAOTCA CO CKOPOCTbIO CBETA, @ MPOHULAEMOCTb TaXKe, YTO W A/A MarHutHoro nons. C
NOMOLLbIO TAaKMX NPOAO/bHbIX BOJH 3dMpa OKa3blBAaeTCA BO3MOXKHOM CBA3b NOA BOLOW U Mo 3eMAEN,
NpuYém aManasoH yABavMBaeTca — MNonepeyHble U MPOAO/ibHbIE BOJIHbI He WHTepdepupyoT Apyr C
apyrom. [pyroi 0Co6eHHOCTbIO 3TUX aHTEHH, ABNAETCA 3GDEKT YCUAEHUA MOLLHOCTM — NPU MOLLHOCTM
nepegatyMka B 5 BaTT, pAAOM Ha MNOJIHYHO APKOCTb roput 20 BaTTHas JIIOMUHECLEHTHas Jlamna
http://www.ehant.grz.ru/exp eh20.htm. Teopua 3TUx aHTeHH 6bina paspaboTaHa B. KopobeiHMKoBbIM

n T.Hart. Ha cerogHAWHWI AeHb OHM B MacCOBOM Mpoun3BoacTee. MapagoKc B TOM, YTO NPaBMTENbCTBO
CLUA TyT:Ke 3aceKkpeTuio Bce pa3paboTku B 3Toi ob61acTu (CBA3b NOABOAHBIX IOAOK), HY a oduMLManbHas
POCCUIMCKAs HayKa NPOCTO «He 3aMeyaeT» UX U3-3a HeCNOCOBHOCTN 0OBACHUTL. Mexay Tem, Bnepsble
NPOAOAbHbIE BOHbLI 3¢Upa 6bINN OTKPbITEI U UCCAefoBaHbl Tecnoi B Hayane MNpownoro Beka. OH
BbISICHW/1, YTO UCMNOJ/Ib3YA CPABHUTENbHO HEDO/IbLLIOW MOLLHOCTM NepesaTymk, paboTatowmin B pe3oHaHce
C 3GMPOM, MOXKHO 3HAUYMTENbHO YBEUUYMBATb UCXOAHYH MOLLBHOCTb, TOT CaMbli CBepXeAMHUYHbIN
abPEKT, KOTOpbIN ynomuHanca sbiwe. CnycTa Tpuauatb feT Tecna 3adABUA, YTO YCTaHAaBUA KOHTAKT C
BHE3EMHbIMW UMBUAN3ALMAMM, HO penyTaumsa ero Ha TOT MOMEHT 6blna nogmouyeHa cpencTBamu
MaccoBOi MHPOPMALMKM, TaK KaK Moc/ie ychnewHoW AEeMOHCTPauuu 3/7eKTPOMOBUAA C UCTOYHUKOM
CcBOOOAHOrO 3N1EKTPUYECTBA, OH Hbl1 06BbABAEH KONAYHOM.

B mupe cyliecTByeT HECKO/IbKO COOBLLECTB, 3aHATbIX PacUMPPOBKON PaAMOCUIHAN0B NPUXOOALLMX U3
KOCMOCa, MNPV 3TOM HWMKOMY He MpUXOAWUT B TOJIOBY, YTO BCE LMBW/IM3aLUMKM B KOCMOCE B BUAY


http://www.ehant.qrz.ru/exp_eh20.htm

3HAYMTENIbHON YAANEHHOCTM CO3BE3AMM MCMONb3YIOT NepBbli 3BYK 3dupa - MNpoAo/ibHbIE BOJIHbI,
KoTopble Ha 13 nopaakoB 6bicTpee ckopocTu ceeTa (B.Kopob6elHWKOB yTBEP)KAAET, 4TO CBA3b
MrHoOBeHHas). Poccua cnocobHa B TeYEHUM MOXKET 6biTb rofa co3aaTb NPUEMO-NepeaatoLyto cucTemy
ANna cBsA3M ¢ bonbwnm Kocmocom. CobCcTBEHHO roBOpPSA, HY*KHO HAaUTM NPaBU/bHbIN AMaNa3oH YacToT. B
CnaBAHo-Apuiicknx Bepax Takas €BA3b Ha3BaHa «Mrnamu HebBecHbIMMY, KOTOPble CBETUANCH BO BPeEMSA
cBsi3n. A KaK Bbl AyMaeTe, Ha Kakom fA3blke becenoBan Tecna ¢ Apyrumm umsunmsaumamm? Ha cepbckom
K€ KOHEYHO, KOTOpPbI ecin Bbl Korga-HMbyab CAblWanu, ecTb APEBHEPYCCKUI A3bIK-ranakTUYeCcKu
A3blK, a Cepbua o3HayaeT CepebpsHas Pych.

14 Mas 2012 (B namsaTb E.Manose) KaHaga.
P.S.

Cellyac MHOro roBOpsAT O KTEHEBOM MPaBUTE/NbCTBEY, UANIOMUHATaX. Bonpoc BOT B 4ém: «Kakum xe
0bpasom orpomHas 4acTb YENOBEYECTBA YNPABAAETCA Ky4YKON NapasnTos?» BOT ckaxkuTe, cmorna au ool
CyLLLecTBOBaTb TabayHaa NPOMBbILIEHHOCTb, eCAKN Obl BCce Bpocmam KypuTb? Mbl CMOXKEM U3MEHWUTb 3TOT
MUP, TONbKO M3MeHMB ceba M CBOE CO3HaHME. DTO O3HaYaeT, YTO HYXKHO MepecTaTb MbIC/IUTb, KaK
napasutbl. BoT 4To, K Npumepy, ctanm gaenatb AHApea Poccn n Cepakmno ®oKapa — Aa ToXKe camoe, YTo
n Tapuanb KanaHupgse v Bce npoyme OTKpbIBAaTeNM CBOOOAHOW 3HEPrMM — MaTeHTOBaTb WM WCKaTb
KPYMNHbIX WHBECTOPOB, HE MOHMMAA, YTO MATEHTHAA cUCTeMa M ABASAETCA alcbeprom napasnUTUYECKOM
CUCTEMbI, CcAepXuBatowen passuTue obliecTBa. Hy noaymaiTe TpesBo, KOMy HyXHa c6obopgHas
sHeprua: [asnpomy MAM MOMKeT ObiTb aBTOMOOWAbHON W HedTAHOM MHAycTpum CLUA? BoT Korga
n3obpertaTtenn ctaHyT becnnaTtHO nNeyaTaTb B UHTEPHETE CBOM AOCTMXKEHMA 6e3 yTaek, Toraa aTtoT Mup
M3MeHuUTcs — cpabotaeT «addeKT coTolt 0be3baAHbI». KOHEYHO Ke, Ntobolt n3obpeTaTens 3acnyKmBaeT
Harpaapl U maTepuanbHbix 61ar, Ho He B AaHHOM obuecTse. Mo gonary cay»bbl, nocnegHue 5 net mHe
KaXKabl AeHb NPUXOAMIOCH M3yYaTb NO HeCKoAbKy nateHToB CLUA B AeHb. Mory oTKPOBEHHO CKasaTb,
4yto 75% W3 HUX 3TO [0BOJILHO 0OLLIME MOJIOXKEHUA, @ OCTaNbHble 25% HanucaHbl TaK, YTO ecan Bbl
cobepéTte, To pabotaTb He byaeT (M30bpeTaTenb Bceraa OCTaBAsAET MaleHbKUM HbHOAHC 3a Cobolt).
Jenaetca 3To C TOM Le/blo, YTO eC/M peasibHO NOoABAAETCA CTosAlee N3obpeTeHNe, OHO TyT XKe nonasaet
nog, Kakoh NMBO MATEHT, HY a €C/IM HEeT, B XO4 MAYT NOAKYN, WaHTaX uan ybuncteo. BonblMHCTBO
nsobpeTateneit ymepso Npu HEBbIACHEHHbIX OOCTOATENbCTBAX, 43 M B KOHLUE KOHLOB, KOraa Bbl
3anpallmMBaeTe HECKO/IbKO MW/IZIMOHOB AO0JIIAPOB COU3MEPANTE 3Ty CYMMY CO CTOMMOCTbHO HaéMHOro
youiiupl. EwE oaHOM NOBYLIKOM ABNAIOTCA CUCTEMbl CEKPETHOCTM. WX rnaBHas 3agaya Ta Ke —
OrpaHNYMBaTb YE/10BEYECTBO B PA3BUTUM.

Al NpusbiBasA Bcex Y4YEHbIX, n3obpeTatenein U MHKeHepoB Poccumn BGecnnatHO M BO Bcex NoapobHOCTAX
AEeNNTbCA CBOMMU LSOCTUMKEHUAMM Ha CTPaHUUAxX UHTepHeTa. Caenan reHepaTop CBOOOAHOWM 3HEPrUn —
nomoru caenatb BCEM coceanam n 6e3 BCAKOro NpaBuUTENbCTBA M y4acTUA rocyaapcTsa. TONbKO Tak, Mbl
MOKEM U3MEHUTb 3TOT MUP.
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