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IIpeaucaosue

Hcmopus noxasvieaem, umo npoepecc Hayku
NOCMOSIHHO CKOBbIBAENCS. MUPAHUMECKUM
BAUSTHUEM ONPEOeNEHHBIX KOHUenyuil, kozoa
UX HAYUHANU PACCMAMPUBAMb 8 8Ude 00ZM.
Io amoii npuuune HeodX0OUMO nepuoouUecKu
noosepzamo 2ayOO0KOMY UCCACOOBAHUIO
NOAOJICEHUS, KOMOPble CIMAAU NPUHUMATNbCS
0e3 obcydHcoenus.

Jlyu 0e Bpoiinw!

K nagany XXI Beka HaKOIMWIOCh TaKoe OOJBINOE KOIUYECTBO HEOOBSACHHUMBIX TPUPOJI-
HBIX SIBJICHHI U 9KCHEPUMEHTAIBHBIX 3(P(PEKTOB, YTO OHMU yXKe BHOCAT OIpPEACIEHHbIE MPOTHBO-
peunsi’ B yCTOSIBIIIMECSI M yCTapeBIINe KOHIENIMU (yHAaMeHTanbHON ¢usuku. [Ipexnae Bcero,
3TO O0IIIee onpeneyeHe NPUPOAbI SHEPru, NPOCTPAHCTBA, MATEPUU U OCHOBHOW BOINPOC
0 HCTOYHHKEe COOCTBEHHOr0 BpalleHHs IAJAKTHK, 3BE3]], IJIAHET, a TaK:Ke COOCTBEHHOTO
BHYTPEHHEro BpalleHHs] HCTOYHUKA YHEPruu jJeMeHTapHbIX yacTul (cnuH). KoHkpertHo,
3TO (hakesIbHbIE BHIOPOCHI® IJ1a3Mbl U3 (hIIOKKYJIBI B XpoMocdepy ConHila 4épHbIMH cpepaMu 1 ero
BO3pacTallasl aKTUBHOCTD, BIMAIOIIASA HA KJIMMAT U aHOMaJIbHbIE TIPUPOJHbIE SIBJIEHUS Ha 3eMJle.
[Tporpeccupyroiiye KaTakjau3Mbl TaKUX SBJICHUH HarOojee spKO MPOSBUJIKCH 1O BCEl TIOBEPXHO-
cru 3emun B niepuop 2012—2023* rogpl. Kpome Toro m pacxogyemsle SHEpreTHYeCKue pecypchl
sapa 3eMITH CTald JJaBaTh 3HaTh O ceGe OcabaeHreM OTTAIKUBAHMS LEHTPAIBHOTO TOJIS TATOTe-
HUSI C COOTBETCTBYIOIIMM TOBEJEHUEM ITaHeThl Ha opOuTe BOKpyr CONHIIA, U TOITOMY OCTOSIHHBIM
otnasienueM JIyHbl, a TaK:Ke HOBBIMHU SIBJIEHUSIMH TTPUPO/BI HA TIOBEPXHOCTH.

Hanee:

— TIOYeMYy caMble OTJaJIeHHbIe TaJaKTHUKU Pa30eraiTcs co CKOPOCThIO CBETa, a OMvKauiime
K HaM TJIaKTHKK 00JIaIal0T MEHBIIMMU CKOPOCTSIMU pa30OeraHus,

— acMMMeTpHs BelllecTBa 1 aHTHBelecTBa Bo BeeneHHol,

— YTO K€ TaKOoe TpaBUTAllMsl, YTO €€ CO3[aeT, OTKyJa OHA MPUXOOUT? KaK OHA BO3HUKAET,
C KaKOW CKOPOCTBIO MPOMCXOAUT €€ PacIpOCTpaHEHHE U KAKOB STOT MEXaHU3M, YTO OOIIero y Heé
co 3ByKoM ¥ 3pdekramu [IxannOekoBa v KOTkrHa?

— MEXaHU3M POXJEHHS U3 YCKOPEHHBIX JIEKTPOHOB aHTUrenus-3 (1969 ron) u aHTUTpUTHS
(1974 ron) Ha yckoputene B CepriyxoBe, olpe/ieieHue MacChl,

— MEXaHW3M JIe3UHTErpaliii MaTepyH BELLECTBA (aATOMOB, aTOMHBIX SIA€P U T.[.) CBEPXMOIIHON
YJBTPAKOPOTKOM JIa3epHON UCKPOH,

— pOK/IeHUE M TIPEBPAILCHUS IEMEHTAPHBIX YaCTUI] BUXPEBBIMH TOJSIMU (DOTOHOB B CHJIb-
HBIX TOJISIX CTAIIMOHAPHBIX UCTOYHUKOB,

— TallHAa MHOTO(POTOHHBIX U MHOrO(POHOHHBLIX HH3KOIHEPreTHYeCKUX KaCKaJHbIX
BO030Y:K/1e HHII-NOHU3AINI aTOMOB ¥ aTOMHBIX sifiep,

— HaJBUTAIOIAsICs MHBEPCHS TIOJII0COB MArHUTHOTO MOJIs1 3€MIIH,

— HeolpeesIEHHAas 10 CUX MOpP CTPYKTypa sapa, MAaHTUU U SHEPTrUu sijipa 3eMJu,

! JIyn ne Bpoiine. «Pesomorus B pusuke». M.: T'ocatomuspar. 1963 r. Ctp. 32—33.

29ma ocrpota gocturia csoero anoresi B 2011—2012 npu 06cykJeHUH MUPOBBIM HAy4YHBIM COOOIIECTBOM MeXaHU3Ma paboThl
peaktopa E-Cat A.Rossi, BbUIMBIIASCS B MUPOBYIO HAyYHYIO BOWHY ITPOTUB X0J0AHOro siaepHoro cunte3a (LENR).

3 DpynTUBHBIA NpoTyOepaHen u3 (IOKKyabl. Hanbonee Brnewamisionye BHAEO MOTyUYeHH B MOCIEIHUE TOBI MAaKCHMAJbHOMN
axTuBHOcTH CoHIIA ¢ opOuTanbHON o6cepBatopun conHeuHon auaamuk SOHO, NASA, CIIIA. Ony6nrikoBaHo Bujeo 21 ceHTaops
2012 roga. AMepUKaHCKUE Y4EHBIE OTKA3aJIUCh KOMMEHTUPOBATD 3TO SIBJICHUE.

4 310 MPpEACTAaBJIEHO B pa3aeiie CosHiie B yacTv 3, FMnepMMp.
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— omnpeziesieHre CyOCTaHIMIA SHEPIUH, CYIIECTBYIOIINX B IPUPOZE, B YACTHOCTHU OIpE/IeIeHNE
CIMHA Y MUKPOYACTHULI, KaK IPUPOJIbl MEXaHW3Ma BEYHOTO MOMEHTA UMITYJIbCA,

— olpezesieHue MPUPOAbl MaTEpUH, B3aUMOCBS3b €€ (hOpM U NEPEXO/OB,

— MEXaHU3M BYJIKaHUYECKUX SIBJICHUI U 3eMJIETPSICEHU,

— 3BYKOBOW TyJI U3 HeJip 3eMJIM M BhUICTAOIINE W3 Heé rPaBuOoJIHIbI,

— KpYIUIble JAbIPbI-BOPOHKH-KOJIOIbI HA €€ IOBEPXHOCTH,

— II1apOBble MOJTHUM U CITPAlThI B €€ atMocdepe,

— BUAMMAsA U HeBUIMMas (TeMHas) MaTepys U SHEprus,

— MEXaHU3M IIPUPOBl U CTPYKTYpa (PU3MUYECKHX I0JIEN TATOTEHUs,

— MEXaHW3M MOHM3ALIMH IEKTPOHOB U SIIEPHBIX YaCTHII C aTOMHBIX U SIIEPHBIX 000JIOUEK,

— CTPYKTypa IPOTHBOINOJIOKHBIX 110 3HAKY IEKTPUUYECKUX MOJIEH (AaTOMHBIE Spa U aTOMHbIE
9JIEKTPOHBI) B aTOMAX,

— U3y4YeHO TONIBKO 4,9% 00bIaHOM MaTeprH, a 95,1% cocTaBiseT HEU3BECTHYIO YaCcTh TEMHON
MaTepuu 1 sHepruu Bo BeenieHHoi,

— MEXaHU3M YHUUTOXEHUSI HHEPTHOCTH TeJl B TPABUTOJNIETAX,

— MeXaHU3M 0e3bIHEePIHOHHOrO TMOJIETA TPABUTOJIETOB 10 TOPU3OHTAIH,

— cepnl u3 maxt Knepkcaopna B 10xHoit Adpuke,

— I1apoBble KOHKpeLUH, KOTIbl BepxHero Bumos B fkytun,

— HeoObsiCHUMBIE 3 (PeKThl camoopranu3anyu HoBbIxX cTpykTyp H. Tecna, 1. Kumm u 1. Xar-
YHCOHA,

— aneKTporuapasinyeckuii ynap B agdekre JI. FOTkHHa,

— MEXaHM3M «Ky.1b0uma» — nBKeHus raiku B. [kaHnOekoBa B HEBECOMOCTH, CIIVH,

— MEXaHU3M JIEHICTBUS SHEPIMU KaBUTALMOHHBIX ITy3bIPbKOB, MATHUTHOM KYMYJISILIUY SHEPIUU
Y COHOJIIOMUHUCLIEHIINHY,

— MeXaHU3M padOThl IEPBBIX MPOTOTUIIOB FPa3epoB,

— XO0JIOAHBIIl ATOMHO-MOJIEKYJISIPDHBII pacnag-cuHTe3 (poTOCHHTE3 MyTEM BOCCTAHOB-
JICHUS] KUCJIOPO/Ia),

— TOpEHME U B3PbIB aTOMHO-MOJIEKYJISIPHOTO BELIECTBA (XMMUUYECKUI pacnaj-CHHTe3 IyTEM
OKMCJIEHUS),

— X0J10/1Has1 6e3MaccoBas NJja3ma,

— X0JIOJHOE DJIeKTPUYeCTBO,

— X0JIOJHbIE IJIa3MOU/IbI,

— X0J104HbIN sAaepHbIl pacnaja-cuate3 (LENR),

— X0JIOJHAs1 AaHTUTPaBUTAINS,

— X0JIOJHbIEe KyMYJISITUBHbIE CTPYH,

— OTCYTCTBYET OINpe/ie/ieHUE [IByX OCHOBHBIX MPU3HAKOB aTOMHO-MOJIEKYJISIPHOTO BEILECTBA
(Macchl ¥ 3JeKTpuYecKoro 3apsaaa B tepmuHax CN), a Tak:xke sHepruu, BpeMeHU U IpyruXx,

— COBpPEMEHHasl TPAKTOBKA CTPYKTYPbI aTOMa M aTOMHOTO sIIpa He CIIOCOOHA OOBSCHUTD XOJIO/I-
HBIW sSIIEPHBIA CUHTE3,

—MECTO U CIIOCO0 POXKJICHUST AaTOMHBIX sIZIEp JIETKUX U MMOCTENIEHHO TSDKENBIX HA IYTH OT LIEHTpa
K MMOBEPXHOCTH 3eMJIH, KaK OTBET Ha CTPYKTYpPY, COCTaB, CBOMCTBA M CIIOCOO pa3MelleHNsI ME3OHOB
B aTOMHBIX S/1paXx,

— OIpezesieHue MeXaHu3Ma BO3HUKAIOILEH CHIIbl B OTHOTUIHBIX 3aKkoHaxX HeloToHa u Kysona,

— ompejieieHre MEXaHN3Ma BO3ZHMKHOBEHHU S CUJIOBBIX JIMHUI B MOJISIX CTAIIMOHAPHBIX UCTOY-
HUKOB I'PaBUTALIMM, IEKTPUUYECTBA U MAarHETU3Ma,

— CTPYKTypa aHTUTPABUTAIIMOHHBIX BBICOKOYACTOTHBIX BHXPEBBIX MOJEH-000JOUYKH BOKPYT
neratomux nuckoB B. Ilayboeprepa, [. Cepna, [I. K, B. C. 'pebeHHIKOBa 1 KAMEHHBIX OJIOKOB
Erunra u Tudbera,

— CBOICTBA U 3aKOHBI BUXPEBBIX T0JIEH,
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— BEUHBII MarHuT, 00pa3oBaHHbII MArHUTHBIM TOKOM . JIUICKaTHIHA, MAarHUTHASI CTITHO-
Basl MOJISIpU3alUsI MATKOTO kene3a,

— TallHA CBOICTB YMCTON MarHUTHOM HEPrUU-MaTepur (MarHuTHast uHayKiust, M) cBoOomHO
6e3 B3aMMOJICHCTBHS TIPOXOAUTH CKBO3b OOJIBIIIME TOMIIMA BOABI M 3€MJIM, HCIOIb3yeMasi IJisl CBS3U
C MOJBOHBIMU JIOJKAMH,

— OecUnclieHHOe MHOXKECTBO BEUHBIX JIBUTATeNield M YCTPOMCTB MPOM3BOACTBA CBOOOJHOM
(0cBO0OKIEHHOM) SHEPIUU, HEMIOHATHO OTKYJA U YeM MOPOXKIEHHOMW, a TakkKe €€ MHOTOJIMKOCTD
dopm u T. 1.

KakoBbl 3aK0HBI IPUPOALI NOPOKAAOIINE U NPOSIBJISIIOIINE 3TH siBJeHHs BO Bce-
JICHHOM1?

[NonbITKM HAyYHOro COOOIIECTBA MPOSICHUTh MEXaHW3MBI MPOW3BOACTBA YKA3aHHBIX BBIIIE
sBJIEHUIA U 3((PEKTOB yNUPAIOTCsl B HEPACKPHIThIE TallHbl MUpPO34aHus U, B YACTHOCTH, OIpejesie-
HYE NePBUYHON NPHYMHBI’ POXJEHNUS NPOCTPaHcTBa BeeneHHON, mpupoabl MaTepuu (Macchl,
3apsijia MEKTPUYECTBA U T.11) U €€ MpeBpalleHuil, a TaK:Ke NPOsIBJIEeHUN 1oJieii® 3jieKkTpomar-
HeTH3Ma, rPaBUTAlMI, MarHeTU3Ma, 3JeKTPHUYEeCTBA U CIHHA Y 3JeMeHTAPHbIX YaCTHIL.
W3pickanme orpeieieHnii TUX TaifH BeJMCh BEKaMU HAyYHBIM COOOIIECTBOM CO BCEX CTOPOH METO-
naMu ¢pmiiocopun, MaTeMaTHKH, SKCIEePUMEHTAJbHON (PU3MKH, aHAJH30M YCTPOICTBa
U Ku3HM (pJiopsbl U hayHbI 1 Jake MBICJICHHBIM POHUKHOBEHHEM B HAIJISIAHbIE 00pa3bl sIBje-
Huil. be3 scHoro omnpeneneHns 3TUX OCHOB, NOATBEPKIEHHBIX IPAKTUKOW, HUKAKME COBPEMEHHbIE
TeOpuH, JOTONHEHUS U TIONPaBKU K yxke umenmmmumcs, ocooeHHo k CTO, OTO u CranmaptHoi
MOJIEJI ITPOCTO HE UMEIOT CMBICIIA.

Otcioga 1 OCHOBHOM BOIIPOC YCTpoiicTBa Mupa — KakoBa MPHPOJa MaTepHu, NIOYEMY Tak
MHOI'O CTPYKTYPHPOBAaHHOII MaTepuu B (pOpMe aTOMHO-MOJIEKY/ISIPHOTO BELIECTBA IIPY ITOJTHOM
orcyrctBun aHTHBemecTBa (CATl, mucOanaHc BemecTBa U AaHTHBEIECTBA), KaK OHA POXKIAETCS,
KaK JIOJIrO JKUBET, YTO SBJISIETCS €€ MCTOYHMKOM-CTPOHMTEJIeM U Kakoil CTPOUTEJIbHbIN Marte-
PHAJI OH UCIIOJIB3YET, YTO ONpeeisieT €€ BO3pacT Mepe]] MICUE3HOBEHUEM WM U3MEHEHHEM U KaKoe
OTHOILICHHE K Hell MeeT NpocTPaHcTBO U 3pup? YUro sBisercs nepBUYHON cyOcTaHIMen [Tt
3apOoK/IeHUs] U JIBMKeHUs o000 ¢opmbl Mateprn? TIpruém 3T BOIIPOCH 3apOXKIAIOTCS B MO3TY
yeJioBeKka B (popMe ero cyOCTaHIIMKM MbIIIJIEHHsI IPH NMONBITKAX CO3/1aHus1 o0pa3a siBJeHMil,
a YTO 3TO TAKOE, YTO TAaKOE AYXOBHOE U JAyIIeBHOE€ COCTOSHHE Y€JIOBEKa U KAKOBbI €r0 Mpe/iesibl
BO3MOXHOCTeH? OTBET Ha 3TOT CIOXKHBIA BOIPOC MOXKET OBITh TOJBKO MPeANOJ0KUTETbHbIH —
3TO MPOAYKT JUYHOCTHOTO MBIILJIEHHS ITPY aHAIH3€E CBOET0 COOCTBEHHOTO OOIIETr0 KOTHUTUBHOTO
MHUPOBO3PEHUS U MOSIBIISIETCS] OH B STOT MOMEHT B (pOpMe JIOKAJIBLHOr0 OMOMOJsi BOIM3M yUaCTKOB
TaKOT0 MBIIUIEHUS B TOJIOBHOM MO3IE.

Huzoe, Hukoeoa, Hu npu KaKux ycaosusix He Oblio, Hem U He Oyoem HUKAKO20 MAmepudnb-
HO20 00BeKma, HU 0OHO20 SIBAEHUSl, KOMOPOMY He Oblio Obl npucyuie 08udiceHue. Bce 310 nMUIb
MOATBEPK/IAET TMOJIOKEHUE O CBSI3U MATepUM U JBUKEHMS, HO uTo nepBuyHo? B konue XIX Beka
B (pritocopuy MOsSBMIACH IIKOJIA SHEPreTH3Ma, MPEACTABUTEN KOTOPOW IMBITATUCh 0OOCHOBATh
U/IeI0 O BO3MOXHOCTH CYIIECTBOBaHMsS Heprum Oe3 marepuu. OCHOBATeIeM 3TOM LIKOJIBI ObUI
Hemenkuid pusnk-xuMuk OctBanba B. ®.7 — «He mamepus, a IHepeust s1615emcst eOUHCMEEHHOL
nepeuuHoll cyocmaryuelt, mo ecnv OCHOBOU 8Ce20 CYUECTBYIOULE20.

o .. 3 3
5 ABTOpBI BobIIIOro B3psIBa HE OMPEENIOT IPUINHY B3PbIBA CUHTY/ISIPHON TOUKH U €€ TJIOTHOCTH B 10% r/em’.

6 HecmoTpst Ha 60IBIIION yerieX MOCTPOeHu s TPUOOPOB M YCTPOICTB, OCHOBAHHBIX Ha TAKHX MOJISIX, UX MIPUPOJA, CTPYKTYpa M MeXa-
HI3MBI IPEBpAIEeHNI 1 B3aUMOJEHCTBHIA IO CUX TIOP OCTAIOTCSI TAHHOM JUTsl peabHON (PU3HKH.

" Ocreanba, Bunbrensm $puapux — Hemenkuid pusuk-xumuk — 02.09.1853—04.04—1932 r. B. OctBasnba. Punocodus npu-
ponpl. MU3nanue Bpokrayszaddpona. C-ITerepdypr 1903 rog, crp. 110, obumit 06seéM kuuru — crp. 336. Kaura, kak GecriaTHoe npu-
noxenve K XKyprany «Becrauk u bubmoreka Camoo6pa3soBanusi» oz pepakuuei D. JI. Papsosa. [lepeson ¢ Hemenkoro O. A. JlaBbI-
JOBOI1.

8
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...O0Ha monvKo sHepaust NPUCYUA 8Cem U3BECHTHBIM S8NEHUSIM NPUPOOLL 0€3 UCKAOUEHUSL, U,
UHBIMU CAOBAMU, 8CE SIBNEHUSL NPUPOOLL MOYM OblNb NOOUUHEHBL NOHSMUIO SHEPULL.

...Ho snepeus ne monvko npucymemaeyem 80 8cex s61eHUsIX NPUPOObL, OHA U ONPEOeNsIem UX 8Ce.
Bcsxue npoyeccel 6yoym mouno u nOAHO npeocmaesneHsbl UAU ONUCAHbL, ecau Oyoem YKa3aHo, KaKas
9Hepeusl npemepnena 6pemMeHHvle U NPOCMPanHcmeeHHvle usmereHus. M, naobopom, Ha eonpoc, npu
KAaKUX 8000Ue YCA0BUAX HACMYNUN NPOUECC, MONCHO Oamb OOUUIL 0MaEent, OCHOBAHHbILL HA OMHOUle-
HUU Mexcoy cyulecmeyrougumu snepeusimu. CnedosamenvHo, NOHsMUe SHepeUL omeeuaent MopoMy
Mpeoo8anur0, NPedsABAIEMOMY K CAMOMY 0OueMy NOHAMUI0 eeuyu eHeutnezo Mupa. /leticmeumensho
MOJICHO CKA3aMb: 6Ce, UMO HAM U38ECMHO O 6HeutHem Mupe, modcem Ovimb GulpadiceHo 8 ghopme
NONONCEHULL O IHEPUSIX, U NOIMOMY NOHSIMUE FHEPZUU OKA3bIBAECMCS. 80 CEX OMHOULEHUSX CAMBIM
oouuM u3 écex, co30arHwix 00 cux nop (1890 200) naykoro. OHo 0OHUMAem He MOALKO 80NPOC O CYoO-
CIMAHYUU, HO U BONPOC O NPUUUHHOCHIIL.

...Ha ce2o00ns ne cywecmsyem 3aKoHUeHHO20 U OOCMAMOUHO OOCMOSAMENbHO20 U3NONCEHUS.
YUeHusl 00 dHepUuL UNU SHEP2EMUKU, 8 NPUMEHEHUU K 0OUeMY MUPOBO33PEHUIO.

...Hmax, mel nonvimaemcs nocmpoume MUpo8o33peHue UCKAOUUMENbHO U3 IHEP2EIMUUECK020
Mamepuana, He noAb3ysacb NOHAMUuem mamepuu. 4acmo vickaszvi8anocy MHeHue, Ymo sma 3a0a4a
00124CHA ObIMb PA3PeUtena; 8Cmpeuaromcest OnMoeabHble NONBIMKU NPeOCmAsUny ¢ MO MOUKU 3pe-
HUSL My UAU UHYO 001acmb.

...Kak caedyem nam paccmampusame mamepuro unu meno ¢ SHepeemuuecKoli MouKu 3peHusi ?»

B Droii knure B. OctBasibjia IeTaabHO MOKa3aHa CBSA3b OPraHOB YYBCTB Y€JI0OBEKA C CO3/IaHUEM
00pa3HOro MbIILJIEHNs, MUPOOIIYIIEHHEM U (DOPMUPYIOIIMMCS MUPOBO33PEHHEM B €ro CO3Ha-
HuM BHelHero Mupa. Ha KOHKpeTHbIX npumepax, B YaCTHOCTH, Ha 3akoHax HbloToHa, mpencras-
JIeHa ero cOOCTBeHHas MHTepIpeTalys padoTsl dHeprun. Ha ocHoBe Takoro 00pa3Horo MaliiLie-
HMS U NosiBUIach cuctema n3Mepenuit CU ¢ e€ oCHOBHBIMU ITapaMeTpaMu — Maccd, 8pemst, IHepeUs.
U JIpyTrue.

Makc [1naHk, HeMenkuil (pU3MK-TEOPETUK, OCHOBOIIONIOKHUK KBAaHTOBOM (pU3UKH, B 1944 rony
BBICKA3aJl BO BpeMsI CBOEH JIEKIMHU TPEIIONOKEeHHE, KOTOPOe Ha TOT MOMEHT He ObUIO MOHSITO yué-
HBIMU:

«f, Kak uenosex, NOCGAMUBUIUIL HCUZHL CAMOLE MOYHOU U3 HAYK — UBYUEHUIO MAMEPUU, MO2Y
PEIOMUPOBAMb C80U UBLICKAHUSL 8 001ACMU AMOMHOU PPUBUKU CAOYIOUUM 00PA3OM. He Cyulecmayem
Mmamepuu kax makoeoti! Mamepusi opeanusyemcs u cyuwecmeyem 0.4a200aps cune, 8v13bl8aAOU4ell
BUOPAUUIO B0 BCEX INEMEHMAX AMOMA U COXPAHSIOWELL UeAOCHOCb 3MOU MUKPOCKONUMECKOU CON-
HEUHOoIl cucmembl...»

B npupone sHeprust ABMKET BEYHO KUBYIIMMU U CAMOABHKYIIMIMHCSI CBETOBBIMU (POTO-
HaMH, 3BYKOBBIMH (DOHOHAMH, 00pa3yeT CIHHHBI JIEMEHTAPHBIX YACTHIL, «)CUBEM» B KOJeOaTeIbHON
(opme cy1iecTBOBaHMSI aTOMOB, aTOMHBIX SiIep-BHOPATOPOB 1 aTOMHBIX JIEKTPOHOB U T. 1. Bo Bee-
JIEHHOM OOHapyXeHbl (pOpMBbI SHEPTUM B BUE CaMOBpamawmmxcs myibcapoB, ConHIa, 3BE3]
U TUIAHET, S/Iep TalakTuK U T. 1. OTciofa pe30HHbIEe BOIIPOCHI:

— Yro takoe Jueprus?

— U3 4vero ona cocrout?

— Kakue MexaHu3Mbl PUBOJAT €€ K AeNCTBY Haj OKpYXaomum?

— Yro 370 32 BUOpaTOphl 3Hepruu 1no Kumm?

— KakoBbl (hopmbl cyOcTanImy Hepruu?

— YT0 e HEeT HUKAKOW MaTepPHUH y SHEPruu Jlaxe 6e3mMaccoBoi ?

— YTo0 Bpaiaercs B ClMHAX 4acTUIl?

CwmpbiciioBble puznyeckre opMbl IPUPOJIB IEPBUYHON HEBUAMMOW MaTepPHHCKOM CyOCTaH-
1IMY HEPTUH, KaK U e€ JoYepHHe MMPOAYKThl, He onpeaeseHbl 1o HacTosiero Bpemenu B CAIL, uto
1 KoHcTaTupoBas P. ®eiiHMaH B CBOMX U3BECTHBIX JIEKLIMSX.
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Bonee Toro Bce Bblllle HazBaHHbIE (P(EKTH IPUBOIAT K CHHEPreTHKe B IPUPOIHBIX SIBJIE-
HUSIX, KOTOpBIe HanOoJiee sIpKo MpoieMOHCTpupoBaHbl padotamu 1. Xatuucona ¢ 1979 ropa.

Cunepzemura (om zpeu. «COBMECMHO» U 2ped. «OeUCMEYIOWUL») — MeHCOUCUUNAUHAPHOE
Hanpasnexue HayuHvlx UCCAe008aHUL, 3a0auell KOmopozo A6Aemcs U3YUeHue NPUPOOHLIX SA6AEHUL
U NPOUECCOB8 HA OCHOBE NPUHUUNOE CAMOOPZAHUBAUUU CUCTEM (COCIMOSUAUX U3 NOOCUCEM).

Uctopuss TepmuHa «3IHepeuss» TOAPOOHO TMpoaHAIM3UpPOBaHA B padoTax® mokTopa
B. A. Dtkuna. CymectByeT OeCUMCIEHHOE MHOXECTBO TMPECTABICHUI ONpeneieHNid JHePruu,
B TOM YHMCJIe U B MareMaTuyeckon popme cKaJAPHbIX yncesn. OIHAKO BCE 3TO JIMIIb CYIIECTBYET
B 00pa3ax 4eJ0BeYeCKOro MbIIIUICHHUsI, KaK CJIeJICTBHSI TIPOSIBJICHUI CBOMCTB MPOAYKTOB, CO3JaH-
HBIX HEKOEW JICUCTBYIOIEH 1 HeBHAUMOM CyOCTaHIIMEH SHEPrur, CyIIeCTBYIONIEeN B IPUPOJIE, KakK
NPUYUHBI BCETO CYIIETO.

B npupojae Het TOro, 4To nonMeHoBano B cucreme CHU, kak Bpemsi, cuia, SHeprusi,
Macca, 3JeKTpruYecKuil 3apsj U T. . — 3TO BCero JHIIb onpeieeHsi 4eJOBeKOM CBOUCTB-
cJeICTBHIl H3yYyaeMbIX HM CTPYKTYP Ha moBepxHocTH 3emJid U BO BeesieHHoi, cymecTBy-
IOIMX B NPHUPO/ie HA OCHOBE €ro 00Pa3HOro MbIILJIEHHS.

AwmepukaHckuii pusmk, HoOeneBckuit aypear 3a 2004 ron [éiisua [Ixonaran ['pocc? cneny-
oMM oOpaszoM onpenenun [lrankosckuii macuimao: «Ilrankosckuii macwimad» — Ha36aH Max
6 uecmv Maxkca I[lranka, komopwlii 66en 3mo noHsmue oonee éeka momy Hazao. B ¢usuxe mwi
usmepsiem éce Haonoaemole BeNUMUHBL MPeMsi eOUHUUAMU — ONUHBL, 8PeMeHU U Maccol. Bee opy-
2ue KoauuecmeeHHvle (Pu3UUecKue XapaKmepucmuky Mo2ym Obims bIPadCceHbl uepe3 Smu eOUHUYbL.
Ho ¢pyroamenmanoHbiMu KOHCIMAHMAMU PA3MEPHOCU 8 RPUPOOE SBASIOMCS OMHIOO0b He Menmpbl,
KUN0ZPAMMbL U CeKYHObL. Imu eOUuHULbL U300pemenbl ueaogekom. Mui sce nooospesaem, umo Ipu-
pooa Ucnonv3yem eOUHUUbl UBMEPEHUS, 8 OCHOBE KOMOPLIX nexcam PYHOAMEHMANbHBIE PA3Mep-
Hble KOHCMAHmMbL: CKOPOCMb cgema ¢, Keanm Oelicmeusi h u epasumayuontas nocmosiHuas Huto-
mona G. Ilocaeontoro uz smux PyHOAMEHMANLHBIX KOHCIAHM — MAK HA3bIBAEMYHO «NOCMOSHHYIO
I1ranka» h —Ihank eeen 0as onucanus uznyuerus. On nousin, umo h emecme ¢ ¢ u G MOX*CHO UCNONb-
306amb 8 Kauecmee mpex 6a308blX eOUHUY, HYHCHBIX HAM 0Nl ONUCAHUSL CeX (PUBUUECKUX S8NEHULL.
Yuenviii 6vin xpaiine pao, umo emy yoanroce 3ageputums mpuady PYHOAMEHMANbHBIX PAZMEPHBIX
KOHCIAHM, U OH Jice 0an onpedenenust 0aunst [Lharka, snepeuu Iranka u wacmomawt Ilharka 6 smux
PpyHoamenmanvHvlx eOuHuuax. XapakKmepHo, umo éce 3mu mpu eOUHULbl OMCMOSM OM HAC KpaiiHe
oanexo: onuna Ilhanka Hacmonvko mana, snepeus [lnanka Hacmonvko eeauxa, a uacmoma Ilranka
HACMONbKO MUMONEMHA, YMO OHU 8bIX005IM 3a npedenvl Hautezo socnpusimus. OOHaKo 060 pusux
coanacumces, 4mo smo — PYHOAMeHMAaANbHble pasmepHble napamempyol [Ipupoosl, u Ham Oeticmeu-
MeAbHO Cedyen 8bIPpaXcamv 6ce PU3UUECKUE BEAUMUHBL 8 ITUX eOUHULAX.

JKcnepruMeHTAJbHO YCTAHOBJIEHO, YTO ONpe/ie/ieHne IBIKYIIelcsa Macchl M KINHe-
THYeCcKoii SHepruu, BBeiéHHble CTO JiiHmTeiiHa, 0IIU00YHBI.

I'maBnas ommoKka A. DUHINTEHA B MOAXO/E O TOM, KaK HaJJ0 CTPOUTh TEOPETUIECKYIO (PU3HKY,
3aKJII0YAETCsl B €ro YOeXKJIEHHOCTH 'Y, UTO «...akcuomamuueckasi OCHO8A Meopemuueckoll usuu
He Modicem Oblmb U3GAEUEHA U3 ONbIMA, d O0NNHCHA OblMb C860000HO U300pemena... Onvim modcem
NOOCKA3aMb HAM COOMGEMCMBYIOUUE MAMEMAMU4ecKue NOHAMUS, HO OHU HU 8 KoeMm cayuae
He Moz2ym Oblmb 8bl8edeHbl U3 Hezo. Ho Hacmosiuee meopueckoe HAUAN0 NPUCYIE UMEHHO MAMEMA-
muxke''».

8 Drkun B. A. Teopernueckue OCHOBBI OecToruMBHOW SHepreTuku. Kanama. 2013 rox u DHepromuHamuka. .., CI16, Hayka,
2008 roga, 409 crp.

oI I'pocc. Jlexkuus ¢ Buaeoszanuceio ot 25.04.2006 rona Ha caiite «JIEMEHTDI». «['psaayimue pepomonun B byHIaMEHTaIbHOR
usuke».

10 3jinmrreitn A. O metoge Teopetndeckoil ¢pusmku //Cobp. Hayun. Tp. T. 4. — M.: Hayka, 1967. — C. 184.

" Maremaruka — 910 BaHeiimas yacts MIPUKJIAAHOM Hayku — pabothl K. T'€nens o HenonHoTe Matematuku 1 M. Knait. «Marte-

MaTHKa. YTpara onpefeneHHocTu» M. Mup 1984, crp.255.
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YecTtHble (pU3UKH MPEKPACHO BUAST, UTO BCE ONBITHI, IKOOBI moaTBepauBinue CTO, — 310 nuib
TPIOKHU'2, 0 4éM He pa3 3asBIsN Takue pu3uku-saepmuku kak . Pesepdopn, ®. Comau, k.
®okc’3, A. A. Tankun, JI. A. [To6enonocues !4, In Xyal®, u KOTOpble YTBEPKIAIOT, YTO PE3Y/IbTATHI
9KCIEPUMEHTOB HE COracyioTcs ¢ popMyaaMu DUHIITERHA AJIs1 ABMKYIIEUCS MAcChl M1 KMHETHYe-
ckoii sHeprun. Bee Tpu skcniepumenTa Jinanrzao ®sH'¢ 10Kka3bIBaIOT, UTO PEISATUBUCTCKAS MEXaHUKA
SiHIITEHA BBOAUT HAC B 32011y X IeHUe: «Pesyabmamul 6cex mpex 3KCnepUMeHnos He C02Aacytomcst
¢ ghopmynamu FiHwmeriHa Onsi OBUNCYULEIICS. MACCHL U KUHEMUUECKOU SHepeUul U Onposepearon diiH-
wmetiHoscKue npeoopazoearus Jloperya».

[TpoBepKy U aHaIU3 Pe3yJIbTATOB PadOT BHIIEYKAa3aHHBIX aBTOPOB M, B TOM umcIe, JInanrzao
®3H MpoBOAMIM MHOTHE aBTOPBI, HO HanOoJIee HAIJISIAHOM rpecTaBisieTcs padoral’.

Aobcypn CTO u BpeqHOCTb e€ BIUSIHUS Ha HayKYy, (PMIT0CODUIO ¥ OOIIECTBO PACKPHITO B 0030pe
KPUTUKM ITON Teopuu Kutailckumu yuéHeiMd Yanshan University, Hebei, Qinhuangdao 066004,
CHINA',

B knure 23 aBTOpoB!® MpHUBOASATCS OKa3aTeNbCTBA HECOOTBETCTBHS mpeackazanuit CTO
1 OTO pesynabraram peasbHO MPOBEIEHHBIX IKCIIEpUMEHTOB. B yactHOCTH, B cBOelt padorte ['o MH
Xyanb 1 ['o Yxanb Xya, yKa3blBAIOT, «umo npu MuyamenbHoOM CPAGHEHUU Pe3ynbmamos oouieii meo-
pUU OMHOCUMENbHOCHIU U (DAKMUUECKUX ACMPOHOMUUECKUX HAONIOO0EeHUT, 803HUKAIOUIee NPOMUBO-
peuue mexcoy HUMU OKas3vléaemcsi mpyoHo npeooorems. bonee mozo smu 0se meopuu ycmanag-
Ausarom Pu3uUecKyro meopuro U3 MamemamuuecKux, d He HA0OOPOmM, HApPYulasi KAACCUMECKULI
NPUHUUN».

BosHukaet mpaBoMepHBIN BOMPOC: — «Bo MIMS 4ero CToNbKO CHJT M PECYPCOB TPATUTCS € 00EnX
CTOpPOH Ha 60OpBOY C MPOTUBOJCUCTBUEM U JIOKA3aTEILCTBAMU CITPABEITMBOCTH ITUX Teoprii?» OTBeT
€CTh KaK y CTOPOHHHMKOB, TaK U Y IIPOTUBHUKOB 3TUX Teopuid. B kaure ®. Menne?’: —

«Kazanoco 6vl, kaxkas modxcem 6vbimov cs136 MexHcoy pusuxoli u noaumuxoii? Mrozue oymarom,
umo smu noHsamMus Hecoemecmumul. Ho umenno 20-molii 6ex nokazan, umo noaumukd, u, 8 4acmHo-
cmu PuU3UKa, OueHb MeCcHO Cés3aHbl. /leno 8 mom, umo oouecmeo mpamum Ha HayKy 2pOMAaoHble
cpedcmea, a mam, 20e 8paujaromcs bonvuie OeHvel, mam 6e3 noAumuku He ooxooumcs. M oxkaswi-
eaemcsi, Umo UMEHHO NOAUMUKA, KOMOPAsl 3auuidem He HayKy, d UHMEPeCbl mex KAaH08, KOmopble
8 Heli 20cno0Cmayiom, U s18AenCcsl OCHOBHLIM MOPMO30M pa3eumus Hayku. B 3nauumenwroli cme-
NeHlU, 8 C653U ¢ noaumu3auueli PusuKU, 803MONCHbIM CIAN0 MO, UMO 8 Heli 00 HACMOsAULe20 BPEMEHU
20cnoocmeyem 002Mamusm, 8 Heé 8HeOpeHbl MemaguuuecKue NOHAMUS, KOMopble NPOUHO YKOPEHU-
auce. 1 makoe cocmosinue (ousuxy 6 3HauUmenbHoli CneneHu 8b1200HO mem NOAUMUKAHAM 0Nl HaYKU,
KOmopble He XOmsm 8 (pusuKe HUKAKUX NePeMeH, HaNPABAeHHBIX HA €€ COBEPULEHCINBOBAHUE U ODHOB-
JeHuUe.

B cratbe B. C. BenpunneBa «Benmukue 3abmyxaenuss XX BeKa» aHATM3UPYIOTCS OMIMOKH
¥ HEOTHO3HAYHOCTh B OINpEeIeHHIX MapaMeTpOB JBMKEHUsI TEOPUN OTHOCUTETHHOCTU A. DWH-

12 O630p Takux TpIOKOB npuBeseH B padore: CemukoB C. A. Cepxcer-ierko! // «axeHep» NeNel1—12, 2011.

13 Fox J.G. American Journal of Physics, V.33. Nel, 1965.

14 MoGenonocues JI. A. u np. KT®, Tom 59, B.3, 1989, c.84.

15 Di Hua, «Fundamental Revision of Einstein’s Relativity Theory — The Galilean Relativistic Mechanics with Variable Speed
of Light», Frontier Science, Volume 3, Number 4, 2009.

16 Liangzao Fan. «Three Experrimens Challenging Einsteins Reativistic Mechanics and Traditional Electromanetic Acceleration
Theory», Chinese Academy of Science, Academia Sinica, 2010.

17 Cemmkos C. A. CBepxcBeToBasi TeXHHKA — IPOpsIB B Oyayiee. XKypran «mkenep» Ne6—9, 2013.

18 Zifeng Li et al.The Essence of Special Relativity and Its Influence on Science, Philosophy and Society. Published by Space
Time Analyses, Ltd. Arlington, MA, USA. 2007. Pp/ 126—130.

1 Florentin Smarandache, Fu Yuhua & Zhao Fengjuan. Unsolved Problems in Special and General Relativity. Educational
Publishing & Journal of Matter Regularity (Beijing) 2013, p. 320. ISBN: 9781599732206. Printed in the United States of America.

20 Menpe ®. ®. Benukue 3a0myxaenust 1 omroku ¢pusnkoB XIX-XX croneruii. Peomonus B coBpeMeHHo# ¢u3uke. MoHorpa-
¢us. — XapskoB: «<HTMT», 2010, — 176 c., nin. 31, 6udmn. 26.

11



A. A. Hlappun. «Crpykrypa mupo3aanus Beenennoin. Yacts 1. Mukpomup»

IITelHa, a TaKXke Mpe/aeJibl BCeBOZMOXHBIX OIIMOOK M TOJKOBAaHUN STUX MaTeMaTHYeCKHX Teo-
puil pa3HbIMK JiioabMU — [anunest, JlopeHua, DiiHinTeliHA U €€ aBTopa. 32 OCHOBY MCXOJHBIX JAHHBIX
cTaBUTCS NpeamnosoxeHue JlopeHa o He3aBUCUMOCTH ( MHBAPHAHT) CKOPOCTH CBETAa OT CKOPOCTH
ero UCTOYHMKA. HarissqHo rpociexkuBaercs: Cy0beKTHBHAsI IPAKTUKA aHAJM3a OIMOOK MPU MaTe-
MaTUYECKUX pacy€rax ¢ yyacTMeM 4YeJsioBeka. HacKkosbKo clipaBeaiuBbl HA COOTBETCTBUE MCTHHE
BCE MaTeMaTU4eCcKue NMPeaJIoKEHHbIE BBIKJIAJKM HE 3HAET HUKTO, HO Benukuid renuil Kypra ['€nens
yKa3aJl Ha HeMOJHOTY MaTeMaTUKu. B 310l cTaThe HArJIsIAHO NPEACTABICHBl METOABI U MHCTPY-
MEHTBl MaTEMaTUKU OT MBICJIEHHOTO 9KCIEPUMEHTA JI0 TPOU3BOJIBHOCTU CY0'beKTUBHOIO HCIIOJb-
30BaHUS TEX WA UHBIX HHBAPMAHTOB. YKa3aHO, YTO A. DUHINTENH, BBICTYIIUB B POJIM HOBOTO TOJ-
KoBareJisi mpeodpazoBanmii JlopeHiia, yxe cBoeii padoroii B 1905 rofgy y3akoHWI UX B peajbHOM
(pu3nueckom mupe.

B npupoae Her HM Macchl, HU BPEMEHU U OMMCHIBATh H3MEHEHHsI N1apaMeTpPOB JBHKEHUS
MaTepuH HEOOXOIMMO C YKa3aHUEeM MPUIMHHOCTH (3a CUET Yero). B mpoTuBHOM ciydae —3T0 BOCIPH-
HUMAETCs JIMILb KaK «KuHemamuueckue ¢hokycobl» C TIOMOIIBI0 apU(PMETUKU CIOKEHUSI CKOPOCTEN.
Ho aBTOp oueHb BepHO MOAMETHII IIaBHOE B Hauasle CTaThl: — «He umess npedcmaegnenust o 0u-
JHCEHUU C6ema Henb3sl CO30amb NPABUNLHOU KUHEMAMUKY U meM 001ee — OUHAMUKY Meopul OMHO-
CUMENbHOCU.

[Nouemy paboTy ycKopuTesel pesiTUBUCTBI CUUTAIOT «Oe3yKOPUZHEHHbIM OOKA3AMENbCMEOM
CNPABEONUBOCIUL PENSIMUBUCHICKOU MexaHuKu» ? — Yenewnas paboma yckopumeneii a61semcs npak-
muueckum ucnonvzosaruem mexanuku CTO u npexkpacHvim 0oKa3amenbcmeom €€ npasunbHOCHIU,
8 UacmHOCMU, PeASIMUSUCINCKULL POCI MACCHL YaACHUY, 0Nl CKOPOCHIL.

«Beauuwuna 3apsoa, kak u ckopocmv ceéema, 0056.1eHa UHEAPUAHMOM. OOHAKO CKOPOCHb
ceema ecmv NPOU3Be0eHUe OAUNHBL BOAHBL HA YACMOMY. MO 0OUH U3 CAMbIX MOUYHBIX MEMOO06 onpe-
0eNeHUsL CKOPOCHIUL CEeMAa».

HecmoTpss Ha mIPOTHBOPEYHBOCTHL PA3JIMUYHBIX YTBEP:KAECHUI aBTOpa, €ro TEKCT U OTBET
OTHOCHUTENIBHO «XUMpOocmeli» pacyéTa y3JI0B COBPEMEHHBIX YCKOPUTEJIEH OLIeJIOMJIsIeT, BCKPbIBAET
oO6MaH n okoHuarebHO cTaBUT Kpect HAa CTO. Ero 3akmouenue: — «Bvisod modcem Obims
monvko ooun: 8 CTO ounamuxa DiiHuimerina A613emcs He MoAbKo OUUOOUHOLL, HO U UPE36bIYAHO
gpeoroii! IlockonvbKy no3eonsiem He WucmviM Ha PYKY ,,PeASMUBUCAM  OOUMb C6OU NPABUNENbCMEA
uepes NOCMpOIiKY HOBbIX YcKopumeneli!»

B Hacrosiiiee Bpems U B 3JIeKTPOAMHAMMKE HAKOIWJIOCh MHOTO IPOTUBOPEUUI U MapagoK-
COB, KOTOpbIE B paMKax Teopernueckux npeacrapieHnii CTO u OTO DiiHniTeitHa He UMEIOT 0ObsiC-
HEeHus1. ABTOp CTaTbu>! 3aJa€TCsl BOIIPOCOM, aHATM3UPYET STU TEOPHHU M MTPUXOAUT K 3aKTIOUESHHIO:

«4mo dice goruucnenue snepeuu yckopumeneii 8 Kopre e eepro? Ilpusnanue peanrvrocmu 06u-
JAHCYWie2o 3apaoa U YMEHbUeHUs 00 HYAs CUAbl e3aumooeticmeus ¢ Hum. Hauanvnas snepeus snex-
MPUUECK020 NONSL NOKOAULE20CSL 3aPA0A YMEHLULACMCS. NPU OBUNCEHUU IMO20 3aAPA0a HA GEAUUUHY
SHep2ull, 8bIABAEHHO20 MAZHUMHO20 NOAS, MO €CHb MAZHUMHAS SHEP2USL 8 CPeOe OKONO OBUNCYULE20CSL
3aps0a He NOABAAeMCsl, KaK 91O NPUHAMO CUUMANb, a U3GAEKAemCcsl U3 Hee. 3aK.arouenue. /Juna-
MUKQ UBMEHEHUS. MACCHbL U 3aPS0a YACHuYy, npu v — ¢, a maxice 0epopmayusi SNeKmpu4eckKo2o nons
08UdICYULE20CSL 3aPA0A, HANUUUE CKANSAPHOZO MAZHUMHO20 NOASL Y OBUINCYUUXCSL 3aPA008 U CUA NPO-
O00NbHO20 MAZHUMHO20 83AUMOOCLICIBUS MeNHCOY 3apsioamu, mpedyrom OdnbHeliulezo IKCHePUMeEH-
ManbHO20 U3YUEHUS U KOPPEKMUPOBKU MEOPUL SNEKMPOOUHAMUKU 8 YCKOPUMENAX U KONAAHO0epax».

PesynbraThl OT Takux yckoputesel, Kak rnokasbiBaeT onbiT padotsl BEIIK (LEP Ha snepruio
JIEKTPOHOB-NIO3UTPOHOB 2 X 104 I'3B)), a 3atem Ha ero ocHoBe BAK (nipotonsl Ha sHepruio B 7 T3B),
IJIs1 HAyKU HEe3HAUUTEJIeH, eC/IM He cKas3arh Oosbiie. C Apyroil CTOPOHBI, pe3yabTaThl pabOThl YCKO-

2! Koncranminos C. Y. BHOBb K 9IeKTPOAMHAMUKE 3apSKCHHBIX YACTHIL IPH CKOpocTsiXx V—C. (JHeprus yCKopUTElel u Koi-
naiinepoB). 2016 rox. http://www.trinitas.ru/rus/doc/0016/001e/3203-kns.pdf
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puteneit SPEAR M. Ilepna (1975 rox) Ha Bcero b 3,5 9B 1 Ha 2 9B Xoduraarepa (1961 rox)
Jaju MUPY HayKU Tay-JeNTOH U CTPYKTYPY HEMTPOHA, HO HE U3 KBApPKOB, & M3 ME30HOB!

B pabotax?’ cTygeHTOB yBepsiOT, UTO IpU SHEPrud MpoToHa B 25 I'3B, mproGperaemMoit
B YCKOpHUTeJie, ero Macca yBeJuuuBaeTcs B 25 pas, a npu 3Hepruu B 7 Tas — B 7000 pa3 npu
CKOPOCTH He TMpeBbIIIaIell cBeToBYW. Mayio Toro, yro ¢ nomoibsio ¢opmya CTO aBropsl
MCKYCCTBEHHO 3aHMKAIOT CKOPOCTh IBUKEHU I YACTHII TIPU YKA3aHHBIX SHEPrHsiX, TAK el 31eCh IKC-
NepUMeHTAJNbHBI (DaKT yBeIUYeHUsI IHEPIUU YACTHI] HEOOOCHOBAHHO IPHITUCHIBAIOT SKOOBI pac-
TYILEH Macce YaCTHILIBI IPU CKOPOCTH OJIM3KON K CBETOBOM OOBSCHSIIOT U3 COOTBETCTBYIOIMIUX (hOp-
My matemarudeckon reopuu CTO, He yuuThIBasi TOro, 4to 3ToT (haKT MOKET UMETh COBEPILIEHHO
MHYIO UHTEpIIPETalHio — (PU3HYECKYIO.

SnexTponsl ¥ npoToHbl B CTO paccMarpuBaioTcsi Kak CTaOUJIbHBIE « OMJIbSPAHbIE» IIapbl
C HEM3MEHHOU CTPYKTYPO, KOTOpbIE TIPU CTOJIKHOBEHHSX PACCHINAIOTCS < MEXAHUUECKU >, OOHANCAS
pazneraionyecs: ockKoiku. Kazanoch Obl, 4eM BbIIIE SHEPTHsl CTATKMBAIOIIUXCS YaCTHII, TEM ITyOxe
MOXHO TIPOHUKHYTh B TJIIyOMHY MaTepuu W OOJbIIIe TOMYYUTh JaHHBIX O B3aHMHBIX NpeBpaile-
HHSIX, HA OCHOBE KOTOPHIX MOKHO TOCTPOHTH O0Jiee COBEpIIIEHHbIE TEOPHH U 3aKOHBI [Tpupompl.
OnHako Mpy yBEJTMUEHUN SHEPTUH YacCTUI] HA YCKOPUTENSIX NEUCTBUTENBHO MPOUCXOASIT U3MeHe-
HHUSA JBWKEHUS], CTPYKTYPBl U CKOPOCTH C TOCJIEAYIONIMMY TMPEBPAIICHUSIMHI JIEKTPOHA WX TPO-
TOHa peabHO (PM3UUYECKH HECKOJIbKO MHAue, YeM MHTEepIpeTupyercsl B Takux padortax. Bruioth
70 HACTOSIIETO BpeMEHH PACY€T yBEJIMUYCHHUsI SHEPIUH JIEKTPOHOB 32 CUET UX Pa3roHa B JEKTPH-
yeckoM nosie UIET 1o ¢popmynam CTO A. DitHiuTelHa, T.€. peJsITUBHCTCKUN 3¢ ekt 3aBucH-
MOCTH MAaCChl YACTUIIBI OT CKOPOCTH, He NPeBbIIAIIIel CBETOBYIO . DTO rpydasi ommoka
BbI3BAaHA TeM, YTO B IMPUPOIE HET HUKAKOW MACChl — HU MAaccChbl MOKOSI, HA PeJSITHBHCTCKON
Maccbl B CTO. Het B ipupose v 3JIeKTPHYeCKOro 3apsijia, a €CTh TOJIBKO €ro BHEITHee JJIeKTPH-
yeckoe moJe, OopokIaeMoe ero UCTOUHUKOM — cpepoid Hepruu BuOparopa [OMM, pazmepom

IUIA JIEKTPOHA 10~%cm. A dusnueckue Npouecchbl yBEINYECHUA MACCHl JAIOTCA JIMILID HA BEPY
MaTeMaTHiecKnMHu (opmynamu JlopeHia, He ¥Mest 1ox coOoil HUKakoro ¢phu3myeckoro odoc-
HOBAHHUA, B TOM UYHCJIE ONPeJeTeHNsI MacChl, KaK (PU3MYECKON KaTErOpuH.

B kHMre nokasaHo pox/JeHue, CyliecTBOBaHUEe, CTPYKTYPa, KU3Hb B IOKOE, U3MEHEHUS U Tpe-
BpAIlEHN B IBUKEHUH [TapaMeTPOB OCHOBHBIX 3JIEMEHTAPHBIX YaCTHUL, B TOM YUCJIE, U IIPH MTPEOAO-
JIEHUW CBETOBOTO Oapbepa.

3a cy€T Yero pacTéT pa3Mep Takol YBeJHINBAIOIIEHCsI MacChl BIKEHUEM BOJIM3U CKOPOCTH
CBETa U NOCJIe MPEO0J0JIEHN I HEKOTOPBIX YacTUI] CBETOBOro 0apbepa? TobKo BOT PECIOBYTHIH pesisi-
tuBucTckuid 3dekt u3 CTO 3aeck He TpUYEM, BCIEACTBUE HEMOJHOTHI MaTeMaTUKH 110 ['enento.
A motomMy 4TO HET onpeneeHus1 3(pdeKTa NPOABICHUSA «MACCHL», KAK IPUYMHEIL, a TAKKE OIpe-
JleJIeHHs1 JefiCTBUS JIeKTPOMAarHUTHOM SHEPrvy Pe30HATOPOB YCKOPUTENS Ha 3Ty «Maccy»,
HO HE KaK NMpOM3BelleHNe KaKOM TO «Macchbl» HA KBAJpaT CKOPOCTH CBETa, a KaK CyMMY MpPOM3-
BeJEHUI NTOCTOsIHHOM [ 1aHka Ha yacToTy myjascauuid cpepbl MArHUTHOIO MOHOMOJS ONpe e éH-
HOro I'>MM B kax10i U3 000J0YEK YETBEPTh-BOJIHOBOJOB B MpoToHe (¢ur.2.21). Eciu Obl 310
ObLI0 clieJ1aHo J10 MuKa crpouTesberBa (1950—1960) yekopureneid, pyHIaMeHTalbHast (PU3MKa yke
JAaBHO MMesa Obl UCTUHHOE IPEACTaBIeHUE O MPHPOAe MATepHu, SHePru AeiicTBUS B NPH-
poje, CTPYKType NPOTOHA U 3JEKTPpHYecKOM 3apsaje. OmHako 3TOro He CIy4usIoch U MBI
MOJTyYHJTH TTOYEMY TO OT TEOPETUKOB-MAaTEMATUKOB POTOHHO-HENTPOHHYIO CTPYKTYPY aTOMHOIO
s/ipa 1 KBAPKOBYK) MOJIE/b aIpOHOB, KaK «Ky4y» HEMOHSTHO KaK CBSI3AHHBIX HYKJIOHOB, KaKyIO
TO KBapK-IVIIDOHHYI0 MaTePHIO, OPOUTATIBHOE IBUKEHHE JIEKTPOHOB B aToMe, 0030HbI XHITCa,
BMECTO Ompe/ieJieHUusI MIPOSIBJICHUN «.MAcCbl» U AEUCTBUS SHEPTUU.

2N Kysneuos, I'. H. Iynkun, B.H.3a6aes. YCKOPUTEJIN 3APS’)KEHHDBIX YACTULI,. Tomck. MzaarenscrBo Tomckoro
nonrexHuyeckoro yHusepcutera 2011, crp. 45. B.K.MBanos. ®usnka. Mexanuka. Kone6anus. Yaeonoe. nocooue. —CII16.: [TOJIN-

TEX-TIPECC, 2021. — 224 c.
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V P. deiiHMaHa Ha TOT CUET eCTh COOCTBEHHOE U3peueHue*:

«@Du3uka — He mamemamuxa, a mamemamuxa — He pusuxa? ... B ¢pusuke vl 00134CHbL NOHU-
Mambo €853b CN08 C PEANbHbIM MUPOM».

A 4TO CBA3BIBAET KBapKU, KaK «C853b C PEANbHLIM MUPOM» B TIPUPOJE — TOJIBKO «CKA3ZKH».
[Tpoucxoxaenue TepMrHa KBapkK 3auMcTBOBaHO u3 KHuru [I. JIxoiica 1939 roga «Ilomunku
no PuHHerany» cka3koii: — «Tpu KBapka i Muctepa Mapka». 31ech HeT 000CHOBaHHUsI MeXa-
HU3Ma )KU3HU KBAPKOB U CBSI3W UX B MIPUPOZIE. DHEPIHUsl, Macca, CIIUH, IEKTPUIECKUH 3apsill U ApY-
rve «IpeJiecTHbIe» CBOMCTBA 3THX HUKOI/A SKCIIEPUMEHTATIBHO He HAOMI0aeMbIX YaCTHII 10 CHX
1Op He ompejejieHbl H He 000CHOBaHbI B KJIACCHY€CKOM NPUHIMIE TOHVMAHUS TTO3HAHUS
npupoabl Mmatepun. Kakosa ux nmprposa U MexaHu3M cyllecTBoBaHus? bl i1 kBapk cpuzudeckoi
CYIIHOCTBIO I MaTeMaTHY€eCKOI adcTpaKue, NCIoNb3yeMol 111 OOBbsICHEHHS KOHIICTIIINH,
KOTOpbIE B TO BpeMsl He ObLIIM MOJHOCTBIO TIOHSITHI?

B 3To0li KHUre YCTAaHOBJIEHO, YTO CKa30UYHbIe KBAPKHU SIBJSIIOTCS JHMIIb MaTeMaTnye-
cKkoil (paHTa3Men. DKCIEPUMEHTAIBHOIO JI0Ka3aTeIbCTBA COCTaBa HYKJIOHOB M3 KBAPKOB U IJIIOO-
HOB HE CYIIECTBYET — 9TO BCETO JIMIIb MPOAYKT MaTeMaTHu4eCKuX M3bickanuil. [ToaTomy 1 He ObLIH
orpeiesieHa MPUPOA, CTPYKTYPa U JeiicTBHE SHePruM KBapKoB. [IpsiMoii ImyTh MomyueHus aapo-
HOB (B TOM YMCJI€ M HEITPOHOB AEWCTBUEM «KalleJbHOTO» CJMSHMS MarHUTHON SHEPIrUM Bpalla-
IOIIUXCS MOHOIOJIEH ) SKCTIEPUMEHTAIBHO IEMOHCTPUPYETCsl yBeIMYeHNeM SHepruu cebime 1 [9B
3JIEKTPOHOB-TIO3UTPOHOB B P€30HATOPAX YCKOPUTEJIEH KOJJIalIepOB, YKe IBUKYIIUXCS TIPU OKOJIO
CBETOBOW CKOPOCTH. [leTalIbHBIN TEXHMUECKHUIA aHAJIN3 TTPOLIECCOB B 9TUX Pe30HATOPAX yKa3bIBaeT
Ha JEWCTBUE MEKTPHUUECKOTO TOJIsSI HA CKOPOCTh YCKOPEHUs] U Ha MarHUTHO-KAleJbHYI0 PUPOLY
CTYINEHYaToro npupanieHusi BHyTPeHHeil SHeprum (a He Macchl) MEKTPOHA C MPeBPaLeHNueM ero
MOCJIeJOBATENIbHO B MIOOH, Tay-JIENITOH, a IPU CTOJIKHOBEHHSIX — B aJPOHBI 1 HEUTPOHBI.

OpnHako camble IJIaBHbIE NMPeBPAalleHus] YacTUll, UMEIOIINX JaJ€KO MIyIIUe MOCIeICTBIS
B TMO3HAHUM 3aKOHOB MPHUPOJIBI — 3TO MOIJIOIIeHHe W TOPMOXKeHHe (POTOHOB C SHEprueil BbIle
1022 K»3B B 110j1€ aTOMHOTO si/ipa POXJIECHUEM JIEKTPOHOB M MIOOHOB, a TaKke€ UX B3aUMHasi aHHU-
TWIALUSA OISATh Ke ¢ pOKIeHUEM (POTOHOB MyTEM «HCTIAPEHUSI» MACChl STUX YACTHII.

[Ipu uccrenoBaHUSAX CTPYKTYphl BO3OYKAEHHBIX sAEp KCIEPUMEHTAIBHO 3aperucTpupo-
BaHHbIE MUKPOYACTHIIBI, SIKOOBI BHUIETEBIINE U3 HUX, TUIA JIEKTPOHOB, MIOOHOB, JT-ME30HOB, HEHl-
TPOHOB, MPOTOHOB, AJTh(ha-YaCTHII M APYTHX KJIACTEPOB, HE MOTYT BXOJAUTH B COCTaB s11€PHbBIX
000J104eK ¥ 00pa3OBBIBATh ATOMHBIE spa CTAOMIIBHBIX XUMHUYECKHUX JIEMEHTOB. DTO CIOKHBIN
MIPOLIECC CHATHUS M3IIyYEHHUEM JONMOPOroBOro Bo30OYKIEHUs U KaCKaJHBIN MPOIECC MOPOroBoro

MIOCJIE/IOBATENIBHOTO OBICTPOTO (10— CEKYH/[bl) SIIEPHOTO pacrnafa MCTHHHBIX YacCTUL], BXOIAIINX
B COCTaB fiipa. A BbUIETEBILIME U3 ep YKa3aHHbIE 3apErCTPUPOBAHHBIE YACTHULIBI SIBJISIOTCS JIUIIb
oosee JOJTrOKUBYIIMMH [0 CPABHEHUIO C NCTHHHBIMH YaCTULAMU SIEP, KOTOPblE HECTIOCOOHBI
KUTb B CBOOOJHOM COCTOSIHUM BHE aTOMHBIX sijiep. Otciona Bech XX BeK ObLT HACHIIIIEH OTKPHITH-
sIMH ME30HOB, PE30HaHCOB ¥ MHOTHX JAPYTHX, COCTABJISIONINX 0€CCHCTeMHBIN «300MapK MUKpOYa-
crutl». CTaHIapTHas MOZIENb YK€ HE B COCTOSIHMM HETTPOTHBOPEYMBO CHCTEMATH3HMPOBATh BHOBb
OTKpbIBaeMble OYeHb KOPOTKOKUBYIIIME ME30OHBI.

ITosToMy CTpyKTYpa fA€p XUMUYECKUX JIEMEHTOB CUJIBHO OTJINYAETCS OT PErMCTPUPYEMBIX
YaCTHII, BbUICTAIOIINX U3 HUX B COCTOSIHUM BO30YXIeHHs. Sipa aTOMOB pokJatoTcs IIyOOKO B Hejl-
pax BONMM3HM spa 3eMJIU B YCIIOBUSIX CBEPXCHJIBHBIX IPAaBUTALIMOHHBIX M0J1EH (1aBIeHKE, BBICOKAs
IUIOTHOCTh) M MOJIHOM OTCYTCTBMM CBOOOJHOIO IPOCTPAHCTBA, a JIEMEHTApHbIE YacCTULIbl MOSBIISA-
I0TCSI COBEPIIIEHHO B MTPOTUBOIOJIOKHBIX YCJIOBUSX — CJIa0ble rPaBUTAIIMOHHbIE TIONSI U B OKPYKe-
HUM CBOOOAHOrO IpocTpaHcTBa. OCOOEHHO 3TO MPOSBIAETCS Ha CBOMCTBaX (POTOHOB. DTO MPUBO-
JUT K COBEPLIEHHO (peHOMEHAIBbHBIM SIBJIEHUAM B PUPOJie TakuM, Kak poxaeHue YCT u spomonus

2 Peitaman P. Xapakrep (pusnyeckux 3akoHOB. M.: Mup, 1968, crp. 55—56. ®eitnman P. Xapaktep pru3nueckux 3aKOHOB.
W3nanue BTopoe. MockBa, «Hayka», 1987 rog, crp.48
14



A. A. Hlappun. «Crpykrypa mupo3aanus Beenennoin. Yacts 1. Mukpomup»

3BE31 B IUIAHETHI, pacIiMpeHre o0bEMa IUIaHeT U3 CBEPXIUIOTHOU 0038¢30HOI MAaTepUU TUMA Hel-
TPOHA M OOJIBIIIOrO pa3Mepa, KOTOPBIM, PO/ MyTh OT sApa 3eMIIM 0 e€ TIOBEPXHOCTH, TIpeBpa-

TWJICS B aTOM BOZIOPO/IA, YBEJIMUMB CBOM OOBEM B 10 pas.

Takum ke 00pa3oM CyIIeCTBYET U pacmaja’‘c mpeBpameHneM TSUKENBIX PaarOaKTUBHBIX
A1ep, B TOM 4uclie M HenTyHusA-237, ¢ 00pa3oBaHUEM CeMEICTB HOBBIX XMMUYECKHX JIEMEHTOB.
Otkyna Ha 3emMJie MOSABUIIMCDH 3TU K30TUYHBIE PAJUOHYKJIUIBI?

Pacnan TsKENBIX paJiMOAKTUBHBIX fIIEp YpaHa, paausi U aKTUHUSI C POXJIEHUEM CEMENCTB
XUMHUYECKHX JIEMEHTOB.

CymiecTByeT Takxe U OOpaTHBI eMy XOJIOJHBINl CHHTEe3 JIETKUX HE PaJOaKTUBHBIX sAEp
pyu onpefeJéHHbIX YCJAOBHAX BOJM3M KUAKOTo Bpamawoinerocss sigpa 3emun. Hekoropbie
U3 TaKUX YCJOBHH OIpeleNieHbl IKCIIepUMEHTATbHO B padoTtax A. B. Bauwaea, C. AnameHko,
A. ®. KnayoBa, a Takke Ha KoJUlailiepax, Kak CUHXPOHHOE U COBMECTHOE JEWCTBUE UMITYJIbCHOM
MEPEMEHHON JEKTPUIECKON U KaBUTALIMIOHHON SHEPTUU YJIbTPa3BYKa.

[Ipu yckopeHuu 3;1eKTpOHOB U MO3UTPOHOB 10 1 I'3B B KoJUtaiiepax Mpy UX CTOJIKHOBEHUU
POXKIAIOTCS aIpOHbI, B TOM YMCIIE HEUTPOHBI, a MpU YCKopeHuu a0 3,5 3B — Tay-nentonsl. Kakos
MEXaHW3M 3TUX IIPOLIECCOB U KaK UJIET MPOLECC MOCTPOEHUS ITUX CTPYKTYp?

Ho camble ynuBuTenpHbIE NpeBpallieHUs] Ipou3BeneHbl Ha peakrope C. AJaMEeHKO — OHU
notpsicnii Mup (pyngaMmeHTaabHON (Pu3uKu. C MOMOIIBIO CBEPXKOPOTKUX MOIIHBIX JIEKTpUYE-
CKMX UMITYJIbCOB IO CXEME «B3PBIBHBIX IIPOBOJIOYEK>», HO C PA30MKHYTBIM U OKPYIJIEHHBIM TOPLIOM
aHOZIAa ABTOPY YIAJIOCh MOTYYUTh U3 MEIHOTO SJIEKTPO/IA IEMEHTH B CTAOMIBHOM COCTOSTHUM TTOUYTH
Bceil Tabnuisl MeneneeBa. bpuin oOHapyKeHsl ¥ IpyTrre SJIeMEHTHI C aTOMHBIM BECOM HAMHOTO TIpe-
BOCXOSAINMX Jake TsDKeJsble 27eMeHThl. Ho meTopusi moBTOpHJIachk. YCTaHOBKa AJlaMeHKO Oblia
BeikyrieHa CIIIA 3a aBa mummapna goyiapos? B 2017 rony v SKCIIepUMEHTHI, ¥ ITyOIMKAIIAK TTpe-
Kparmmck. Toxe camoe ciryumioch ¢ rpaButonérom I'pedeHHkoBa u ycranoBkoi Pomna-TI'oguna,
KOTOpasi ObUIa MpeJHa3HAYeHa [Tl POBEPKHU AefcTBUTENbHOCTH NoNEToB AuckoB [1. Cepna. Ucro-
pusi OBTOPMJIACH U B 3TOM ciyyae. IlepBuuHbIe CBeJEHUSA-TOKYMEHTHI O JIETAIOIUX Tape-

24 Lederer C. M., Hollander J. M., Perlman I. Table of Isotopes (anru.). — 6th Ed. — New York: John Wiley and Sons, 1968.
BA. CaepukoB. Kak X0J101HbIi sI€pHBII CHHTE3 MOOELMI TOPSAUMiA U TToYeMy MBI 3TOro He 3ameTwii. 17 mast 2019 roga. https://
regnum.ru/article/2630005.
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Kax W JIPyTUX BUIAX JPEBHEr0 CBEPXOPYXHUs, NMOMyUYEHHbIE U3 APYKECKUX OTHomeHui ot Tubdera
k CCCP, kak 370 clielyeT u3 CeKPeTHbIX JIOKYMEHTOB?:

«...9mu dice ceedenust o (Baromkun) evioan npedcmagumento 2epMaHcKoll 60eHHOU pa3eeoKu,
30 UmMo noAYuUn 2,5 MUAAUOHA AMEPUKAHCKUX OONNAPO8. .. ».

Ho camoe crpamnoe ciyumnocs ¢ A. @. KiiaJoBbIM 3a €ro IpOpbIBHYIO TEXHOJIOTUIO, U3JI0KEH-
HyI0 B pabote «KaBuTanmoHHas JecTpyKLusl MaTeprn». TeXHOIOrun 1 Mexanusm «Punanenspuii-
cKoro skcnepumenrta» H. Tecna, kak ¥ npuHiun nosnera rpasuronera [, Kuam nocie ero neMos-
CTpaIlii BOGHHBIM MCY€3JIH, KaK MCYe3JIU ¥ CaMU U300peTaTely ¢ IeTaIsIMA KOHCTPYKIMHA U T. 1.

Tak yTo opuMaNbHOE MMO3HAHUE 3aKOHOB MPUPO/bl B 3TOM BEKE HA HOBOM YPOBHE, OTJIU-
yaroreecst OT CpeiHeBeKOBbIX 3akOHOB HrloToHa-Kynona-Makcsema otkiaabiBaercs. CAII coep-
IIIEHHO He TIpeAcTaBiiseT ceOe mpupoay U (hU3HYeCKUd CMbICJ MarHUTHOW, TPaBUTAIIMOHHOM,
NEKTPUUECKON SHEPTUU U, YK TeM Oojiee, MATHUTHO-MeXaHNYeCKoe OTHOIICHNE TUIAHET U 3BE3]T
no biakery, a Tak:ke rTHPOMAarHUTHOE OTHOIIEHUE JIEMEHTAPHBIX YacTHIl. A 0OIIeCTBEHHO-HAYY-
HOMY TIO3HAHUIO YK€ BTOPOH BeK, He Oe3 ycrexa M COBEpIIEHHO 0ecHIaTHO, YIOPHO HaBs3blBa-
ercst 1J1s1 OOBbSICHEHUST BCero docmogeptvle MmateMarndeckue reopun’’ CTO-OTO Ditnmireiina, jger-
koBepHble pe3ynabtathl BAK, UTEP, 3akonuennoit 6030Hamu Xwurrca CTaHIapTHOW MOJEJBIO,
Y KBapKaMH-TJIIOOHaMH, He OOBSICHSISI OCHOB CMBIC/IA CaMOJABHKeHUs1 (POTOHOB, CTPYKTYPBI IPO-
CTPaHCTBAa, CTPYKTYPbI JIEKTPOHOB, CTPYKTYPBI aTOMHBIX S€P U X0JIOJHOI0 SIAEPHOIO CUHTE3A.
B pesynbrare coBpemeHHas (pu3MKa norepsiia CBA3b TEPMUHOB C TEPMUHAMU SIBJIEHUI, OIIpeeIsiio-
IIMX UX CMBICII B IPUPOJIE, U 110 MHEHMIO BECbMa aBTOPUTETHBIX (pU3MKOB npeBpaTuiiack B BE30b-
PA3UE?.

Ho o6bexktuBHO 0cTanoButh mnporecc nosnanuss HEJIb3 S — 1o TyT, To Tam OTKpbIBalOTCA
HOBBIE sIBJIEHUS U 3(pdekThl Tuna 3ppekron 1. XaTunucoHa, CKpbITh ITO HEBO3MOXKHO. [loaTomy,
npeojgoJieBast BCE 3T0, BE3/I€ U BO BCeX (PU3MUYECKHUX TEOPUSX U IIPU aHAJIM3E PE3YJIbTAaTOB IKCIIE-
PUMEHTOB Ha YCKOPHTENSIX M KOJUIalJepax, B MEPBYI0 o4Yepe/b, HEOOXOOMMO OIpPEeAesITh CHavYasa
CyOCTaHIIMI0O MaTePUHCKOIl YHEePruM, CylecTBYIOLIel B IPHUPOe, KaKk MPUYHMHY MTPOSIBICHUS
3(ppexTa «Maccehl», AMEKTPUYECKOTO 3apsaaa, U CIIMHA JIEMEHTAapHbIX yactull. Y ToibKo 3aTeM pas-
BUBaTh NIOCTPOEHUE €€ MPOAYKTOB U APYIUX e€ pu3ndeckux popM, ¢ pUCyIIMMUA UM CBOWCTBAMH,
KaK CJIeICTBHE, YK€ OTKPbITBIMU YYEHBIMU — CYIIIHOCTb JBHKEHUSI 1 N3MEHEHHsI, Mepa JBHKe-
HUS1, MACCY, KAK Mepy BMECTUJIMILIA SHEPTUH, a TAKKE ONPEAEIATh CTPOUTENISI CTPYKTYpPUPOBAHHOW
Matepuy, MPOSABJISIONIEeH CBOWCTBA Ha3BaHHBIX Kateropuil cucrembl CH B 00pa3ax MbIIIICHUS
JHONEH U T. A.

Ortciona Oyayiiee mo3HaHUE — 3TO MOCTENEHHbIN Mepexoy] K CHCTeMaM U CpelCcTBaM U3Mepe-
HUI CyOCTaHIIMH, CYIIeCTBYIOIIUX B IPUPO/C U POKIAIOIINX SIEMEHTAPHbIC YACTHUIIBL.

C omHOWM CTOPOHBI, M3/IpeBJie ObLJI0 MHOTO MPOBEICHO JOCTYIMHBIX Uil TOTO BPEMEHU Hay4y-
HBIX UCCJIEIOBAHU MArHUTHON (POPMbI SHeprum. TaitHa 3Toi (POPMBI MTPOSIBIISIETCS B CYIITHOCTH
MarHUTHOTO [TOTOKA, UCTEKAIOLLETO U3 OAHOTO IOJII0Ca CTAlJMIOHAPHOTO MAarHUTAa, KOTOPBIM 3TON CyIII-
HOCTBIO IIPAKTUYECKH OTTAJIKMBAET TAKOH K€ MOJII0C APYrOro MarHMTa ¢ BECbMa OLUTyTUMOU CUIION
Ha KOPOTKMX PACCTOSIHUSX MX COMMKEHMS], 2 TAKKE B MATHUTHBIX aKKyMyJisitopax . Jluackannuna ».

Uro Takoe MarHeTU3M 1 KakoBa ero NPUPo/3a, U3BECTHO POBHO CTOJIBKO ke, €CJIM HE MEHbLIIE,
yeMm o rpaBuranuu. B CAIl Her onpeniesieHnid ¥ B3aMMOCBSI3M MardeTusma u rpasuranuu. Papa-
Jeil BBEJ CHJIOBBbIE JIMHUH HAINPSDKEHHOCTH MArHUTHOrO mnojiss. OHU XOpOIIO JEMOHCTPUPYIOTCS
’KE€JIE3HBIMU OINMWJIKAMU Ha MOCTOSIHHOM MarHute. OJHaKo 10 CHMX IMOp OTCYTCTBYET U ompeneJe-
HMSI HE TOJIbKO MarHUTHOM HEPTUM, HO U T'PaBUTALIMOHHOW, U JJaKe, U3BECTHOM Kak/IOMY IO Jei-

26 J1. T". ViBawos. OnpokuHyThli Mup. TaiiHel pontoro — 3aragku rpsaaymero. M. Kuwkseiil mup. 2018 rog, crp.376
273111 Teopum He Ghu AaKe ymocroeHbl HoGeneBckoii mpeMum.

28 Opros U. 1. U 310 6e306pasue Ha3bBaloT HayKoi? https://sceptic-ratio.narod.ru/po/pn-8.htm

% Haubonee HAISIHO  3TO nemoHctpupyer WM. Benenkumit  Ha  1otybe  https://www.youtube.com/watch?

v=s-5FMFzSPY U&list=LLMGciFVRAKBAQ-cTf6ygs4A&index=210
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CTBUIO, JIEKTPUYECKON 3Heprur. M3BecTHO, YTO 70 OTKPHITUS 3aKOHA COXPAHEHWs SHEPrud s
3aMKHYTBIX CUCTEM, 6])UII/I MOIIBITKU UCIIOJIB30BATb MArHUTHI AJIA IMOCTPOCHUA «BE€YHOI'0O JABUIaA-
TeJsi». VI3o0peTaTeneil mpuBiekasa, Ka3ajaoch Obl, BEUHas] HePrusl MarHUTHOTO TOJIs TOCTOSIHHOTO
Marauta. Ho padounii MakeT Tak u He ObLT mocTpoeH. OHAKO B MOC/IE/IHEE BpeMsl M Ha CalTe aka-
nevuka B. JI. [lyapiiiieBa v APyTrux MOSIBIICS «BEUHBIN JABUTATENb» U3 TIOCTOSTHHBIX MarHUTOB"?

B 3Toii KHHre JOCTOBEPHO YCTAHOBJIEHA MAaTEePHHCKAasli POJb MArHUTHOW DHEPrum,
KOTOpasi, MpH ONpeeJEéHHBIX YCJIOBHSIX, CTAHOBHTCS TPaBUTANMOHHON, a MPH JAPYrux
MOPO:KAAeT JIEKTPHUYECKYI0 — 9TO MOJHASA B3aNMOCBSI3b TPHA/bI.

Takasi sxe BeuHasi SHEPIusl IEMOHCTPHUPYETCS CAMOJIBUKEHUEM BUMMOTO (POTOHA aTOMa BOJIO-
pona (JIMHUS ¢ JUTMHOW BOJIHBI 6563 AHTCTpema), CriocOOHBIM MTPOKUTH BO3pacT Ooee 14 Mumap-

OB JIET, IpoJieTeB Oosiee 108 cmu 3aperucTpUpOBAThCS B I71a3y HAOJIOIATENsA, KaK TMOJCKa3Ka CaMOi
MIPUPOJIbI HA OCHOBHOM BOIPOC 00 OMpeieieHUH SHEPTruK BOOOIIE — MPUPOAA UICTOYHHUKA OMHAKOBA
1Tl BCeX UCTOYHHUKOB 3JIEMEHTAPHBIX YACTHII.

W3BectHplii camoyuka . JIMJACKaJNHWH, OBJIaJeB 3HaHWeM’'MuposgaHusi depe3 CBOW-
CTBA JMAZHUMHO020 MOKA Y UCTIOJIb30BaB TeXHOJOTUI0 cTpouTesibeTBa Tudera u Erunra mytém Bo3-
JeWCTBUS HA OTPOMHbBIE KAMEHHBbIE OJIOKM 3BYKOM, IOCTPOMII HA CBOEM COOCTBEHHOM yUacTKe 3eMJIU
B OIMHOYKY LieJibli 3aMOK BO Pnopuae, CILA.

Kak cBsi3aHbI Takue, Ka3anoch Obl, pa3Hble sIBJICHUS, KaK SHEPrusl 3ByKa U SHEPIrUsl TPaBUTa-
un? YTo ceroqHs Ham U3BECTHO 00 orpe/ieieH|H CyOCTaHIIMK SHEPTUH, CYIIECTBYIOIIEH B pupoe?
B CAII onpenenenrie sHepruu Ja€rcs B CIEAYIOLEM BUJIE:

«IHepeus — ,Oelicmeue, O0esIMENLHOCHb, CUAA, MOUWD™) — CKAASAPHAS
dusuueckas 6eaUUUHA, AASIOUASICS eOUHOLE MEPOTL PABAUUHBIX (POPM OBUNCEHUS.
U 83aumoo0eiicmaus Mamepuu, Mepoit nepexooa OBUNCEHUS MaAmepun U3 OOHUX hopm
8 Opyaue».

Ho ecim sHeprust — 3170 Mepa, TO OHa AOKHA ObITh ompereneHa B [lamate mep M Becos
B [lapmxe B KauecTBe 3TanoHa 3Hepruv. Ho TaM HET Takoro srajoHa, Kak HET ¥ ONPEAEICHUA SHEP-
T'UH.

A BOT paHee B CBOMX JieKIMsiX P. ®eliHmMaH nucan 06 SHepruu:

«Baoicno nonumamu, umo gusuke cez00HsIUHe20 OHsL HEU3BECIHO, YIMO MAKOe
sHepeusi. Ilpocmo umeromces popmyavt Onsi pacuema ONpPeOeNeHHbIX UUCAEHHbIX
BENUUUH, CAONCUB KOMOPblE, Mbl NOAYUAEM UUCAO... MO Heumo OMmenNeueHHoe,
HU4e20 He 2080psiujee HAM HU O MEXAHU3Me, HU O NPUMUHAX NOosieNeHUsl 8 hopmyne
PABAUUHBIX YNEHOB.

Camblii T71aBHBIA BOIPOC TalHBI 1E€MEHTAapHbIX yacTUll CIHMH — 3TO COOCTBEHHBI BHYT-
PEHHUI MOMEHT MMIIYJbCA JIEMEHTAPHBIX YaCTULl, KaK KBAaHTOBAsl XapaKTEPUCTHKA 3JIEMEHTap-
HBIX YacTHlLl, KOTOpasl CIyXKWT AJI OMMCaHWUS UX BHYTPEHHEIO BpAIlEHW:, T.€. MOMEHT MMIIYJIbCa
YaCTHLIbI, HE 3aBUCALLMI OT €€ BHEIIHUX nepeMeltieHni. 1ot napameTp B CAII cBA3bIBaIOT C IOCTO-
saHHoM [InaHKa, Kak KBaHT AEMCTBUS WIM KBAaHT MOMEHTa umnyisca. OTciofa ciegyeT SHepreTuye-
CKasl OTBETCTBEHHOCTb 3TOU ITOCTOSIHHOM 3a NepeMelleHre (DPOTOHOB B ITPOCTPAHCTBE CO CKOPOCTBIO
CBETA, XOTSI MEXaHU3M CAMOJBHKEHUSI HE IIPUBOJNTCS.

Bce vactuiibl nensarcs Ha Ba Kiacca: (pepMHOHBI M 6030HbI. PepMUOHBI UMEIOT HEUETHBIN
nonyuensiid cnuH (1/2,3/2, 5/2 v 1.4.). Bo3onsl umerot unrterpaiibHbiil cnvd (0,1, 2, 3 u 1.4.). [pu-

30 https://www.youtube.com/watch?v=ZqVFz-7TUwA.Bo3MOXHO Takoii IBUraTeslb MOXeT paboTaTh TOJIBKO B CHJIbHBIX T'PaBH-
TAI[VOHHBIX TTOJISIX Ha TMOBEPXHOCTH 3eMJIM, a BOATM OT rpaBUTHpyomux ItaHeT u CoNHI@, T.€. B ClIa0bIX IPABIONSX, OH padoTaTh
He Oyzer.

3 EDWARD LEEDSKALNIN, kunra «Marsuthsiii Tok», KAMEHHBIE BPATA, Xowmcrex, Pnopuga, U. S. A. Copyright,
OkTs6pb. 1945.
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MepaMu OO30HOB SIBJISIIOTCS YACTHIIBI C HYJIEBBIM MJIM LIEJIBIM CITUHOM: (pOoTOHBI, K — Me30HBI U 1Ip.
K ¢depMuoHaM OTHOCATCS 4acTHUIIBI C TOMYIETbIM CIITHOM: JIEKTPOHBI, TIPOTOHbBI, HEUTPOHBI U JIp.
CAII cnenytonmm 00pa3oM MPEACTaBIISIET, YeM OTIIMYAIOTCS YaCTULBI C PA3HBIMU CITMTHOBBIMU YHC-
JlaMH Ha TpuMepax U3 Makpomupa. Ecnu cnvH 0ObeKTa paBeH HYJIO, TO €r0 MOXHO MPEICTaBUTh
B Buze TOUkH. CO BCeX CTOPOH, KaK HY Bpalllail 3TOT 0OBEKT, OH OyaeT onuHakoB. [Ipu cniHe paBHOM
1 moBopoT 06bekTa Ha 360 TpagycoB BO3BpAIIAET €0 B COCTOSIHUE, MICHTUYHOE MePBOHAYAIBHOMY
coctosiHMIo. CIIMH paBHbIN 2 MOKHO MPEICTaBUTh B BUJIE KapaH/allla, 3aTOYEHHOTO C ABYX CTOPOH —
IIpU MOBOPOTE TAKOro Kapanjama Ha 180 rpagycoB Mbl HE 3aMETUM HUKAKMX MU3MEHEHWil. A BOT
TIOJTYLIeJTBIA CIIMH paBHBIN 1/2 mipescTaBiisieTcss 0OBEKTOM, JJIs1 BO3BPAIIEHUs] KOTOPOTO B MEPBOHA-
YaJibHOE COCTOSIHME HYKHO COBEpIIUTH 000poT B 720 rpagycos. [Ipumepom MOKET CIyKHUTh TOUKA,
JBVIKYINAsICA 10 JTUCTY Mebuyca.

OpHako HanOoJee HarJISIHbIEe IPUMEPHI? M3 MaKpOMHUpA 110 MHEHHIO aBTOpa CJIeAyIOIIHe:

— 3 dexT IxanndexoBa i criuHa paBHOTO 1, (ero aBTop JlkaHNOEKOB MpUIaT U3BHE JI0CTA-
TOYHBII MOMEHT HMIIYJIbCA raiike-«0apaliky», raika Hayajia Bpalarhbcs, ¥ 3aTeM, C/IejaB 1Ba 000-
POTa, COBEpIIMIIA IEPEBOPOT CITUHA, Yepe3 ellle ABa 000pOTa — OMSATh EPEBOPOT CITUHA, T.€. BO3BPAT
B [IEPBOHAYAJILHOE TOJIOKEHUE),

— armocepHoe TopHAIO, 3PGEKT POKASHUS «X000Ta» Y TOPHAIO /IS TIOMYLIENIOrO CIIMHA,

— pOXJEeHHEe MIApOBOW MOJTHUM /ISl CIIMHA paBHOTO 0.

OrTcrona v HarIsAHOE MTPEICTABISHUE TPOLIECCOB, 33/1CHICTBOBAHHBIX JIs1 MILTIOCTpAly (pu3u-
YeCKOro cMbICJIA CIMHA TAiKK ¥ ONMCaHMe e€ TIOBEJeHNS, U OTBEeT Ha MCTOUHHK SHEPruH, 3aIryc-
Kalolluii MOMEHT MMIyJibca raiiku. CieaoBaTesbHO, BCe JIeMEHTapHbIE YacTUIIbl U, B YACTHOCTH
craOWIbHBIE, 00IAJAI0T BEYHOH Hepruei Kojae0aHnil, KoTopasi 1 aKTUBU3HPYET UX MOMEHT
uMIyJibca. Torna u riaBHbI BOIIPOC, OTBETOM Ha KOTOPBIM SIBJISIETCS 3TA KHUATA — B Kakol (popme
CYIIECTBYET 3Ta SHEprusi?

Her ornpenenenusi v moHATHS NPOsiBJAeHUs dpdeKTa maccsl, Kak yreepxaaeT M. [xemmep.

«Hyf)fCHO npu3Hamo, unio, HECMONIps HA COBMECMHble YCUAUA (ﬁI/BI/tKOG
u ¢I/L/ZOCO¢06, mamemanmukos U - J102UKO68  He C)OCI’I’ll/tZHyWZO HUKAKO20
OKOHYAN1e/1bHO20 NPOACHEHUS NOHAMUA MACCHL».

B s10i1 kHIre M. [I’)keMMepa pUBeAEH OOLIMPHBINA aHAIM3 padoT Mo (hU3UYeCKOMY CMBICITY
MOHATUY NOJIEBOM ¥ MEXAaHUYECKOW MACCHI-9HEPTMHM ISl XapAKTEPHOIO OKPYKEHHsI YYEHOTO TOrO
BpeMeHu oT Makcseia, [lyankape no Paccena m DiHIITENHA € €10 ONPEAEIEHUEM MacChl-9HEp-
My (IIpY PAaBEHCTBE MHEPTHOW TI'PAaBUTALIMOHHOW), KaK «MACCA Mmend eCmb Mepa COOePHCAU4ELICS
6 Heil sHepeuu». COCTOSIHUE KBAHTOBAHHOI'O JIEKTPOMAarHUTHOI'O I0JIs1 aCCOLIMMPYETCs ¢ (POTOHAMH,
a COCTOSIHMS IEKTPOHHO-TIO3UTPOHHOIO MOJIS — C MEKTPOHAMU. A KJIACCUYECKUM NTPUHLUI alix-
TUBHOCTU Macc He siBJIsieTcst Oonblie cripaBeaauBbiM. Otciona JlkeMmep U MPUXOAUT K BbIIIE yKa-
3aHHOMY BBIBOJly Ha IOCJIEJHEN CTPAHUILIE CBOEN KHUTH.

«IIpu cozoanuu Cmanoapmuoii modeau 6 usuxe uacmuy, — meopuu, KOmMopas. OnUCvL8aem
INEKMPOMAZHUMHOE, CAAD0e U CUNBHOE B3AUMOOENCIEUe BCeX NEMEHMAPHBIX YaCHUY, 803HUKAU
oonvuue mpyonocmu. Modenv codepoicana Heycmpanumvie pacxoOUMoCmu, 00Ycao8neHHble HANlL-
uuem Yy uacmuy, HeHyneevlx macc», — ropoput Asexcangp CTyneHUKUH, JOKTOp Hayk, Ipodeccop
Kadenpsl Teoperndeckont pusuku puspaxka MI'Y umenun M. B. Jlomonocoga.

Permenvie sikoObI HAlIUTH eBpOTIEiicKue yueHsle B cepearHe 1960-x, Mpearonoxus, 4To B Mpu-
pozie CYILECTBYET €lIe OJHO MOoJE — CKaJasspHoe. OHO MPOHU3BIBAET BCIO BeenleHHylo, HO ero Bius-
HHE 3aMETHO TOJIbKO Ha MUKPOYPOBHE. YacTHLIbl CJIOBHO YBSI3AKOT B HEM U TaKUM 00pa3oM MpHOO-
peraloT Maccy. TanHCTBEHHOE CKaJIsIpPHOe MmoJe’* Ha3Bajau B 4ecTb OputaHckoro ¢pusuka [Turepa

3
2 3m MIPUMEPHI IETATbHO PACCMOTPEHBI BO BTOPOM TOME KHUTH — Makpomup.
3 M. Ixemep. [ToHsITHE MaccH B K1accuieckol U coBpeMeHHoH ¢usmke. M.: ITporpecc. 1967 r. 230 crp.

34 anMepaMH CKAJIAPHBIX ToJieu MOryT OBITD IOJISk TEMIIEPATYPHI, aTMOC(l)epHOFO JaBJIEHWS, INIOTHOCTH, JIEKTPUUIECKOI'O IOTEH-
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Xwurrca — ofgHoro u3 ocHoBareniedi CtanjaptHoi Monenu. Ero ums Hocut u 0030H, BO3HUKAIOMIAS
B nojyie Xurrca MaccuBHas yactuna. Ee siko0b1 oOHapyxmmm B 2012 rogy B kcnieprMeHTax Ha bosb-
oM agpoHHoM kosutaiziepe B LIEPHe. Yepes rog Xurrcy BMecte ¢ @pancya DHIJIEPOM MPUCYIUIN
HoGeneBckyio npemuro.

bo3on Xurrca - 3TO TeOpeTWYEeCKH TMpeACKa3aHHAs MAaTeMaTHKONl TeopeTHKOB
¢u3uku yactuia, npuaawias npounM vyactuiam maccy. Peter W. Higgs B 1964-om rony npen-
JIOKHIT MEXaHU3M>® TeHepalii Macchl KAIMOPOBOYHBIX OO30HOB NP TOMOIIM MPOLIEAYPHI CIIOH-
TAHHOTO HApYIIEHHsI JIOKAJIbHOM CUMMETPHUU MCXOJHOTO JIarpaHkKuaHa B3auMoaencTsus. bes atoro
MexaHu3ma Bcsi KOHCTpyKIus CrangaptHoi Moaenu (CM) ssieMeHTapHbIX YacTHUIl TPUHIIAIIMATBHO
He Mo:KeT uMeTh MecTa. /o 2012 roga 6030HbI XUTTCa SKCIIEPUMEHTATILHO He HaiieHbl. be3 nqoka-
3aTebCTBa MX cymecTBoBaHus CM He MOXET CUMTAThCsl OKOHYATEbHO MOATBEpkIeHHON. Bonee
YeM TOJIyBEKOBasi UCTOPHS MX MOWCKA OKaHUYMBAeTCsl pe3yJbTatamu crathu®® ['opmona Ppeiisepa.
B Hell oueHb KpaTko M YETKO M3JIaraeTcs MOYTH OemeKmusHds UICTOpUsi HEOTKPBITHSI 0030HA
Xwurrca Ha bosbiiom anekTpoH-no3utpoHHoM koutaitnepe (LEP — Large Electron Positron Collider),
KoTOpbI B Teuenue 11 ner ¢pyHkimonuposa B EBporneiickoit 1abopatopunt (pu3nku 7eMeHTapHbIX
yactull (CERN) — kpynHeiiiiem B EBporie 1 OTHOM U3 caMbIX KPYIHBIX B MUPE MEXIYHAPOTHOM
LEHTpE 10 U3YyUYEeHUI0 (PU3UKH MUKPOMHUPA.

«boson Xueeca wnyowcen nam, umooObl 00BACHUMb, UMO MAaKoe Maccd.
Ho na camom Oene mwvl Hygcoaemcsi 8 Hem, umooObl noHsms Bceaennyio,
ckazana 6 ummepevto bu-ou-cu Tapa Ilupc, pusux snemeHmapHvix uacmuy
uz Jlusepnyavckozo ynugepcumema. — He 6yow y uacmuy, maccot, He 66110 0bl 36€30,
2anakmuk u oasice amomos. Omxpoimue [06o3ona] Xuzeca noomeepoum, umo mbi
npuMersiem NPAasUNbHbIIL NOOX00, UMoObl NOHMb U 00BACHUMb Bcenennyio».

Ntak, 6030H Xurrca onu 6cé maku pewuau omkpvims, Ho yxe Ha BAK 4 mionsa 2012 roaa.
[Tpu 3TOM, 3T yU€HBIE TOTYEPKHUBAIOT, UTO JIJIs TOTO, YTOOBI OBITH OKOHYATEIbHO YBEPEHHBIMU B TOM,
410 oOHapyxeHHass Ha BAK vactuna sipisiercss IMEHHO 6030HOM XHITCA C MEXaHM3MOM POKJie-
HUS Macchl B moJie Xurrca, norpeOyioTcsl IONOMHUTENbHbBIE JaHHbIe®! M UX MHOTOJIETHHI TIa-
TeJIbHBIA aHau3. [JJOCTOBEPHOCTh U3MEPEHUI COCTaBIISIET BCETO OKOJIO MATU cUrM. Teopus, UCTO-
pHUsl TIOMCKOB, CAMO «OMKpblMue» U Pe3yJbTaThl 3TUX IKCIIEPUMEHTOB BeChbMa HeyOeauTeIbHbI
U OYeHb TeHJeHIUO03HbI JoOOupoBaHrueM CMM-nipeccoil, a He MHOTrOJIeTHel MOJIEMUKON yué-
HBIX-(DU3MKOB C MMEHEM B CEpbhE3HBIX Hay4HBIX KypHanax. Kpome Toro, meJiecooOpa3HoCcTb
TaAKOI0 <OMKPLUMUSL» NOPONCOCHUS MACCHL INEMEHMAPHLIX uacmuy, nonrem Xuzeca (CKaJasipHOe,
criuH-0) BooOI1Ie CTOMT NOJ, OOJBIIMM BOIMPOCOB, TAaK KaK B MPHPOJie BOOOIE HeT HUKAKOH MacChl.
Bc€ 310 ouens HanomuHaeT ucropuio ¢ CTO n OTO A. DiunireinHa, kotopsie Ha 100 set, mo MHe-
HUIO MHOTHMX YUEHBIX, 3aTOPMO3UJIM pa3BUTHE (DYyHIaMeHTAJbHON (PU3MKHU — 3TO 1aJIeKO He Hay4-
HbIIl MOAX0/ B NPUHATUM OOJIBIIMHCTBOM YYEHBIX CTAHOBJIEHUS TMIOTE3 MCTUHAMM B MO3HAHUU
3akoHoB [Ipuponsr.

28 mapra 2022 roga LIEPH npuoctaHoBuI1 padoTy ¢ pOCCUACKMMU U OEI0PYCCKUMU UHCTUTY-
TamH CO clieytomien (popmMyIrpOBKOM:

«Cosem L[EPHa pewun, umo yueHvle He OYOYym y4acmeosanv 8 COBMECHHbIX MEPONPUSIMUSX
¢ HayuHo-uccredosamenvekumu uncmumymamu Poccuu u bBeaopyccuu, a maxdice 6 Hogbix npoekmax
¢ O0veOUHEHHBIM UHCIUMYMOM si0epHblx uccredosaruii (OUAHN) 6 /yome».

muana. [IpuMepamMu BEKTOPHBIX MOJIEH SIBJISIIOTCS TTOJIE CHITBI TSKECTH, TIOJIe CKOPOCTE YacTHI TEKYIIeH KUIKOCTH, MAarHUTHOE T10JIe
UT. I

35 P.W .Higgs, Broken Symmetries, Massless Particless and Gauge Fields, Physics Letters 12 N 2 (1964) 132—133; Peter W. Higgs,
Broken Symmetries and Masses of Gauge Bosons, Physical Review Letters 13 N 16 (1964) 508—509; Peter W. Higgs, Spontaneous
Symmetry Breakdown without Massless Bosons, Physical Review 145 N 4 (1966) 1156—1163).

36 Gordon Fraser, «Season of Higgs and melodrama», CERN Courier, Vol.41, N2, pp.24—26 (March 2001).

37 Jl1s 3T0TO NpeAsaraeTcs NOCTPOUTh MIOOHHBIN KoJTaiaep, a Takxke ucciefoBarh (pOTOH-(POTOHHbIE CTOJIKHOBEHMUSL.
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Poccus, Benapych 1 O0beiMHEHHBI MHCTUTYT SAEPHBIX UccienoBaHuii B [lyOHe moka ocra-
I0TCsl YYACTHUKaMM UcclieloBaHuid Ha Bosbiiiom agponHom komnaiinepe. Jlerom storo ronga [IEPH
MIPUHSUT PELIEHUE OTKA3aThCsl OT aBTOMATUYECKOTO MTPOJJIEHUS ABYCTOPOHHUX COMJIAILIEHUI O COTPY-
Huuectse ¢ PO, Pb u OUAN, ocraBuB, oiHaKO, B CUJIe TEKYIIUE COMIAIIEHHUsI, KOTOpbIe 3aKaHYMBa-
1otcst b B 2024 rogy. Komuter no sxkcnepumentam Ha LHC npusHaeT 3HaunTeNIbHBINA HAyYHO-TEX-
HUYecKui BKJa crieranctoB u3 PO, Pb u OUSIN B co3nannu u padote komwtaiaepa. OnHako oH
CUMTAET HEeNpHEMJIEMBIM I10JIaraThCsl Ha AaJIbHEHIee TPOJOIKEHNE ITOr0 COTPYAHUYECTBA, B OCO-
OEHHOCTH B CBETE TPpsilylell MojiepHU3aluK Kojutaiaepa u nepexona k cragun HL — LHC. TTostomy
yXke cefiuac HauMHAeTCsl TIOMCK MHCTUTYTOB M OPraHU3alMid, CIIOCOOHBIX B ONMIKaiIieM Oyayiem
3amecTuTh BKJIaa Poccun, benapycu u OUAN B nanpHeiiinyio peaau3anuio MpoeKTa.

3ameTuM ellg pa3 B IPUPOJIE HET HUKAKOM MacChl. TO Ha3BaHKE JI0CTAJIOCh HaM B HAclIe/l-
CTBO U3 CPETHEBEKOBBS MTPU B3BEIINBAHUHM « s10JI0K» HbioTOHA B 11071e TAroTeHus1 3emun. Her B ipu-
pone u MmoHonoJei /lupaka, u Bpemenu u T. 1. [loaromy Bce (hopmyJibl, B TOM YKCIIE U 3aKOH BCe-
MUPHOTO TAroTeHus1 HbloToHa, B KOTOpBIE BXOASAT 3TH NapaMeTpPbl, BBEAEHHBIE YEIOBEKOM, TPEOYIOT
TILATEIbHON PEBU3UU U KOPPEKTUPOBKHU.

OpHako B mocneiHee BpeMsl HAMETHIIOCh TOJIOKUTENIbHOE ABUKEHUE K PEBU3MU U Iepe-
CMOTpY YK€ UMEIONIUXCs 3TaOHOB. 13—16 Hos0ps B [Tapuxe, Ha 26-ii ['eHepasibHON KOH(peEpeH-
[IUM TI0 MEpaM U BecaM MPHUHSATO pelleHre 00 OOHOBJIEHUH ME3K/IyHAPOJAHON METPHUUECKON CHCTEMBI
Ha ocHoBe enuHuUIl SI (CU1). OGHOBNIEHUE 3aTPOHET OCHOBHBIE €JMHUIIbI — KWJIOTPAaMM, aMIiep, KeJlb-
BUH, MOJIb, KaHJIeNly, CEKYH]y, MeTp. B ocHOBe 3TnX 6a30BbIX*® BeIMYMH Terephb OyayT He IPUBbBIY-
HblE METAJJIMYECKHUE IIWIIMHIIPHI 110]] KOJIIIAKOM, a (PyHJaMEHTaJIbHbIE (PU3NUECKUE KOHCTAHThL. DTUM
pelIeHneM KUJIOrpaMM ObLT «OTBSI3aH» OT MAaTepUaIbHOTO HOCUTEIIS-3TaJIOHA, U TeTlepb ONpeses-
ercs yepe3 nocrosgHHylo Ilnanka. C atoro MmomeHTa Bce equHULbl cucteMbl CU npuBsizaHsl K (yH-
JaMEHTAJIbHBIM (PU3MUECKUM KOHcTaHTaM. OIHAKO 10 CHX MOp HE OIpeiesiEH 3TaJIOH U Mepa Cyo-
CTaHILIUY SHEPTHsl, KaK MEpbI JABUKEHUS.

C npyroii CTOpOHBI, 3HAKOMCTBO C «IKCREPUMEHMANLHBIMU UCCACOOBAHUAMU NO dNeKmpUuUe-
cmey» Maiikaa Papajaes*® nokaspiBaeT OOMIMPHBIN 00BEM, CKPYITYIE3HOCTh U HAIVISAHYIO TIPO-
CTOTY TNPEJCTaBICHUI PEe3y/bTaTOB JIEKTPHUYECKOH 1 MArHUTHON popM dHeprum u 6e3 npu-
MeHeHUs1 DTaJIOHOB U MateMaTuueckux ¢opmyn. HekoTopele mpuMepsl U3 Takux NpeacTaBJIeHHN
0 CHX TIOp AEMOHCTPUPYIOTCS B CPEHMX IIKOJIaX B BU/EC HAIVISLAHBIX OCOOMIT 11 UMEIOT OOJbIIoe
MPUKJIQJIHOE 3HAUEHMUE.

HaoGopot B oT/Mume oT Ha3BaHHOTO, BCEe M3bICKaHWsI YHePruu (popmM KBApKOB TEOpPETH-
KaMHi MaTeMaTH4eCKIMH METOaMH (CYTh TEXHOJIOTMH KOTOPBIX OYeHb XOPOIIIO U3/I0kKEeHa B padoTe
®. Bunpbueka?), a Takxke mprMepsl IOCTPOSHUSI MATHUTHBIX MojieJieil Matepun A. M. [Tupaka*!,
0a3MpyIOTCs Ha CIIEMAIBHBIX TEPMUHAX W MPECTaBICHUIX, KOTOpbIe He HAOMIONAI0TCS B IPUPOE
Wi PU3NYECKUX IKCIIEPUMEHTAX, a UX MaTeMaTH4ecKuil (popMaJim3M B IPUOPUTETAX METOOB
MO3HAHMS 3aKOHOB IIPUPO/Ibl OTPAHNYEH HeOoNpe e IEHHOCThI0, BBITEKAIOILIEH U3 TEOPEM O HEeI0JI-
HoTe K. ['€nensa*?, mo MHEHHMIO KOTOPOTO B /102UMECKOM OMHOUIEHUU MAMEMAMUKA OKA3dAdach

38 OchoBHas 6asa Takasi, KaK SHEPrHsi JOIKHA CTATh NIABHBIM STATOHOM M MEpOii B HOBOH CHCTEME M3MEpEHHIA, 13 KOTOpOil
JOJIKHBI BHITEKATh BCE OCTAIbHBIC IPOM3BOJHbIC SAMHULIbL, IaKe TAKUE KaK eJUHMULA JUTMHBI IPOCTPAHCTBA U JUIMH BOJIH 3JIEKTPOMAr-
HHTHBIX U 3BYKOBBIX.

39 Dapaneit M. DkcrniepruMeHTalIbHBIE McceoBaHus 1o anekrpuuectBy. T.1—3. IlepeBon ¢ anrmmiickoro. Uznarenscteo AH
CCCP, 1947, 1951, 1959 r.r.

0 Bunbuex . Tonkas (usmka. Macca, a3¢pup u oobeautenue BcemupHbix cuit. — CII6.: TTutep, 2018. — 336 c.: wi. — (Cepus
«New Science»). ISBN 978-5-496-02934-6

#! Maraurasie Mosonom Paul A.M. Dirac — Dirac P. A. M., (Quantised singularities in the electromagnetic field, «Proceedings
of the Royal Society», Ser. A, 1931, v. 133, Ne§21).

42 Godel, K. Uber formal unentscheidbare Sitze der Principia Mathematica und verwandter Systeme 1. Monatsh. f. Mathematik
und Physik 38, 173—198 (1931).
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Henoana. OTCIOAa OHU Y HE UMEIOT IIPAKTUYECKOTO MPUMEHEHHS, TOYHO TaKke, KaK HEBO3MOKHO
MOCTPOUTH KOMITBIOTEP MOJTHOCTBIO SKBUBAJIEHTHBII MO3TY YeJIOBEKa. A TaK Kak MUP HE 3aMbIKaeTCs
TOJIBKO B MPOCTPAHCTBE MAaTePHM, TO JIOTUUECKUM CIIE/ICTBUEM TeopeM [ €nens siBisercs npusHa-
HHE CYIIECTBOBaHMSI HEBHAMMOI0, HO OOBEKTUBHO CYIIECTBYIOIETO MHUpPa, HE MOATAJAIONIETO O
IOPUCAHKINIO » MATEMATHUKU* B YACTHOCTU M TOYHOW HAyKU BOOOIIIE.

VYKkaxeM U ellle Ha OIHO HOBOE HAIpPaBJIEHUE B MO3HAHUM, U3JI0KEHHOE B TOM KHHUIE — 3TO
cTpeMJIeHHE K MOJHOTe* MO3HAaHMUsI PeaTbHOTO MUPA, KOTOPOE YK€ HAYMHAET MPOSIBISATHCS B METO-
Jax ucciefoBaHuid 3akoHOB Ipupoabl (AIIC, mons rpaBUTalMKM B PACTEHUSIX M HACEKOMBIX, Kak
nareHTsl puponsl) B. C. I'peOeHHUKOBBIM.

[ToaToMy y MHPOBOTO HAyYHOTO COOOIIIECTBA HAPS/LY C KJIACCUUECKUM HAIJISIIHBIM ITPEICTaB-
JIEHUEM I03HAHUs1, MOSBUJIOCh JPYroe HallpaBjeHUE, OTIMYHOE OT METO/I0B YMCTO MaTeMaTru4de-
CKHX, KoTopoe J. Schwinger onpenenui 3arJaBHOM TEMOW CBOEW OPUTMHAIBHOU CTaThil «MarHut-
Has MOJesb MaTtepun»* U mpeaBapui e€ cioBamu: — «MblC1eHHOe NPOHUKHOBEHUEe 8 CIMPYKMYPY
S0EPHBIX Uacmuy, U NPeoCcKa3anue Ho8ol (hopmbl Mamepuu».

D10 MBIIUICHUE 00paszHoe. 3MeCh pe3ko OpocaeTcsl B Ila3a pa3HUIlA B OCHOBe Oa3mca
NOATBEPK/AeHHsI TOJOKEHUN — MeTolnsl (puaocodpuu, SKCIEepUMEHT, MaTeMaTH4decKoe
1 HAJISITHO-MBICJIEHHO €6 MosieTupoBaHue.

Bceskas opmanbHas Teopusi ¢ METOAOJOTMYECKON TOUKU 3PEHUSI SIBJISAETCS MOJAENBIO HEKO-
TOpPOH 3acThIBIIEH CHCTEeMbl MbIILJIEHHsA. VIMEHHO B CTPOroM [10Ka3aTesIbCTBE MPUHLIMAIUAIIb-
HOTO HECOBEPIIEHCTBA BCSKON 3aCThIBHIEH CHUCTEMbl MBIIUIEHUSI COCTOMT TOMJIMHHBIN JUAaJIeK-
THYeCKHil cMbICI JocTkeHuid ['epens. YenoBeueckoe MbIILIeHHe, Kak HOBas (popma SHEpruu
B [TO3HAHUU, pazjessercs ¢puinocodaMy HayKy Ha JIBa BOBMOKHBIX HallpaBJIeHUs] — CO3eplaTeib-
HOe U MO3HABaTeJbHO-CMbICJI0BOe. [lepBoe MpUBOIUT K 3HAHUIO U CO3JAaHUIO OMUCATENIbHBIX
NPU3HAKOB SIBJICHUI, & BTOPOE — K IMOKMCKY PUYHH UX MTPOSIBJICHUI ¥ MOHUMAHUIO CYIITHOCTU B3a-
MMOJIeWCTBUI 1 npeBpaienuil. Hanpumep, sutomonor B. C. I'peGeHHUKOB TOIBKO Oarogapsi CBo-
eMy MBIIJIEHHIO, UCCIIeYs SYCHCTYIO CTPYKTYPY HaIKPBUIbEB HEKOTOPHIX TUIIOB KYKOB (sIBJICHHE
MIPUPOJIBI), TIOCTPOMIT TPABUTOJIETY OpUTrHHATIBHON KOHCTpYKIMU. PyHIaMeHTabHAs HayKa He CIo-
coOHa JI0 cuX TIop OOBSCHUTH HU YCTPOMCTBA JICBUTAIIVM M BeUHBIN 1BUTaTeNb [1. Kumv, Hu rpaButo-
nér ['pebeHHMKOBA, a Bepb e stetalot aucku B. llayoeprepa u [1. Cepna, kak HJIO «npuuenvues».

P. Onnenreiimep*® — u3 IlpeaucnoBusi: «Bce agmopvl npuznarom, umo mvi He ROHUMAEM
npupody mamepuu, 3aKOHO8, KOMOpbvle YNPasasiton €io, U sI3blKd, Had KOMOpom credyent eé Onucol-
eamv». ... «Mbl noka He NOHUMAEM BEAUUUHBL INEMEHMAPHO20 INEKMPUUECKO20 3apsi0d, NOCHO-
SHHOU MOHKOU cCMpYyKmypbl, a makaice nouemy mroH* npumepro 6 200 paz msixcenee INeKMPOHA».

B. Baiickond: «Ceifuac mvl noHumaem ceolicmea Mamepuu Ha OCHO8e B3AUMOOEUCMBUSL
amomHbIX 510ep u nekmporos. Ho ocmaemcsi 2nasHblii 60npoc: nouemy npomo, HelmpoH u 31eKmpoH
ABASAIOMC UMEHHO MeMU INEMEHMAPHbIMU YACMUUAMU, U3 KOMOPBIX COCIOUN 8EULECTBO 8 3eMHbIX

43 .. ..
IepBoHauansHO HoGenb BHEC MaTeMaTHKY B CITUCOK HAYK, 32 KOTOPBIE MIPUCYKIASTCS TIPEMUSI, OJHAKO TI03KE BHIUSPKHYI €€,
3aMEHUB MTPEMHUEH MUpa.
“Ha nprMepe uccienoBannii I peGeHHNKOBBIM 3aKOHOB ITPUPO/BI OT CO3EPLATEIIbHBIX 10 OCO3HAHH S T03HABATEIbHO-CMBICIIOBbIX,
OH 3aBEepIIMJI UX MOCTPOSHUEM I'PaBUTOJIETA — 3TO U €CTh IOJHOE IMO3HAHUE CYOCTAHIMH MOJIel aHTUIPABUTALIMY C TIOMOIIBIO 3BY-
KOBOW MHKEKLIUK B aTOMHO-MOJICKYJISIPHOE BEILECTBO B IPABUTALIMOHHOM TI0JIe 3EMIIH.
4 Huonst — J.Schwinger, Magnetic Model of Matter, Science 165 (No. 3895), 757 (1969).

46 [TpOHUKHYTh «MHKPOCKOIIOM» ¥ PACCMOTPETh CTPYKTYpPY JIEKTPOHA U aTOMHOIO S/ipa B CHIIy UX HEYJIOBUMOIO reoMeTpuye-
CKOT'0 pa3Mepa, HeBUIMMOTO M BBICOKOYACTOTHOTO 3apsijia-BUOpaTopa SHEpPruu B Ovkaiiive Beka Oy/ieT HEeBOBMOXKHO — TOJIBKO MbIC-
JIEHHO 00pa3amu VIA ¢ TOMOIIIBIO MaTeEMaTHIECKUX (POPMYJII-00pa306, MPOBEpPsisl KOHEUHBIE PE3YJIbTaThl KOCBEHHO SKCIIEPUMEHTAIILHO
Ha 6oJiee MaKPOCKOITYECKOM YPOBHE.

“'n MepBbI MPOTOTHI Tpa3epa — MaleHUEM B 3eMJII0 €r0 IPaBUTOJETA, KOTOPHIA CBOMM AHTUIPABUTALMOHHBIM IOJIEM JIETKO
BBIPBLT [IIyOOKHMIA KOMOEII.

“p, Ormrnenreiivep u 30 aBTopoB B KHUre « [Iprpona Matepun», Y®H, Tom 86, Bbi.4, 1965 rox, ctp. 593- 718.

4 OtBer BO B3AMMHOM MPEeBPAILEHUH MUKPOYACTHLI, ONIMCAHHBIH B pa3Jie/iax 3TOH YaCTH KHUTH — « DNeKTPOH-NO3UTPOH» 1 «Tay-
JICITOH».
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ycnosusix? [lowemy smu uacmuybl emecne ¢ KBAHMAMU C6EMA U HELMPUHO 00PA3YIOM camble YCIOoi-
uusvle hopmul cpedu GONLULOTE 2PYNNbL YACTIUY, BKAOUAIOULEN 2UNEPOHbL, MHOZOUUCAEHHBIE OO30HLL
U msicenvle 3NeKmMpoHbl? DmMu 60nPoCsl Kacaromcesi 0cHos éceli Hayku. Iloka Ha HuUX Hem omeema,
CMpYyKmypa 1100020 8U0a MAmMepun NO-HACMOSIULeMY OCMAaemcsi HeNOHIMHoLL. Beauxum mpuymgbom
K8AHMOBOU meopuu Oblno 00BSCHEHUe XAPAKMEPHBIX CEOUCIE XUMUUECKUX INEMEHMO8 HA OCHO8E
YMBEPAHCOEHUSI, UMO Noae OAHHO20 3NEKMPUUECK020 3apsioa OONYCKaen moabko 6NoaHe Onpeoenet-
Hble KBAHMOBbIE COCIOSIHUSL INEKMPOHA. DMo c80licmeo uzpaem BYHOAMEHMANHYIO PONb 80 BCEll
amomMHOU pusuke, xumuu u MONeKYASAPHOL Ouonozuu. OOHAKO MO NPOUCXOOUN MONBKO U3-30 UOEH-
TMUMHOCIU 8CeX INEKMPOHO8 U NPOMOHO8 C (PUKCUPOBAHHBIMU U XOPOULO UZBECTNHLIMU 3APA0AMU
u maccamu. B camom Oene, K8AHMOBASE MEOPUSL NO CYUW4ECMBY He 0OBICHSEM XaPAKMEPHbIX CEOLICMS,
BHYMPEHHE NPUCYUAUX KAHCOOMY INEMEHMY; OHA 8bIBOOUNM UX U3 OPY2OLl HENOHSIMHOU COBOKYNHOCMU
haxmos — cyuecmeosanu HeOONLUL020 YUCAA INEMEHMAPHBIX YACHUY, C UX OCOOLIMU GHYMPEHHUMU
ceovicmeamu. Takum oopazom, 2aaeHbwlii BONPOC, NeHCAUULI 8 OCHOBE BCEX (PUBUUECKUX OUCUUNAUH, —
80NPOC CMPOEHUST MaAmepuu — 6ce ewyé He peuteH. Umenno Hao smoii npoonemoli bvemcs ceiiuac
cyovsI0EepHas PusuKa.»

Jlo HacTosIero BpeMeHn HeM3BeCTEeH MEXaHU3M [IBHKEHUS JIEKTPOMArHUTHBIX (POTOHOB
B MPOCTPAHCTBE KocMoca. B omqHOM u3 cBoux TpynoB>? DUHIITEHH yKa3blBaeT Ha TO, Kakas 3TO
Ha caMoM Jiesie TpyAHasi po0JieMa, v MPUXOIUT K CIEeAYIOIEMY YTBEPKICHUIO:

«[Ipedcmaensiemcsi, eOUHCMBEHHOE, YMO HAM OCMAeMCcsl, SMo NPUHSIMG HA éepy mom ¢baxm,
Umo nPOCMpancmeo oonadaem PGU3UUECKUM CE0UCMBOM Nepedasamyv 3AeKMPOMAZHUMHbLE BONHbI,
U He CAUUKOM NOMAMb 20108y HAO SMUM YMBEEPHCOCHUEM>.

W3BecTHbII amMepuKaHCKUN (DU3UK aHTIMiickoro mpoucxoxaeHuss ®. Jlaficon®' BbHOCHT
BOOOIIIE KECTKUI MPUTOBOP (PyHIAMEHTAIBHOU (PU3HKE: «... Mbl MAKHCE OANEeKU O NOHUMAHUSL RPU-
POObL 2NeMEHMAPHBIX Yacmuy, Kax nocaedosamenu Hetomona 6viau 0aneku om Keammoegou mexa-
HUKU. .. ».

. Kusm noHnmar’? mpupo/ly MaTtepry yepe3 BEUHYyI0 SHepPruio BuOparopa (HeiTpajb-
HbIil I[eHTP) BHYTPEHHUX KoJIe0aHMil MUKPOYACTHUI], KAK OCHOBHOI 3aKOH CBOWCTBA CTPYKTY-
PHUPOBAHHOM MaTepuy, KAk OCHOBHOMH 3aKOH €€ 0eCKOHEYHO [10JIroro, He3aTyXalouero Ccye-
CTBOBaHMSI.

IMo npencrapnenusim Kunu, Bce B Ipupone konednercsa-BuOpupyer. MoXHO cKa3arhb, 4TO
B OCHOBe Bceil IIpuponpl j1exar BUOpaly pa3HbIX 4acTOT, KOTOphIE CO3JAI0T pa3HOOOpasHeie
couetanusi. [Ipu 3TOM «CO3BYYHBIE», TADMOHUYHBIE COYECTAHUSI BHI3HIBAIOT MPUTSKEHHE U HOCAT
CO3UJATEIIbHBIN XapaKTep, a JUCTAPMOHUYHBIE BbI3bIBAIOT OTTAJKHBAaHMe, paspyluanT. Vcrounu-
KOM BHOpaIuil siBJsieTcsl HeHTpaJabHbIi HeHTp>. Kaxknoe mpossieHHoe Teno Bo BceneHHon —
OT aToMa JI0 3B€3/IHOM CUCTEMBI — IMEET B OCHOBAHMY HEWTPaJIbHBIN LIEHTP. BoKkpyr Hero crpoutcs
BCE, YTO MBI OCO3HAEM B KAUeCTBE CTPYKTYPUPOBAHHOW MaTepUu, KOTOpas SIBJISIETCS €ro OObEKTHB-
HBIM MPOSIBJIEHHEM B HaluX orryieHusix. OH moOyxaaet Bce 0ObEKTH K IOCTOSTHHOMY JIBUKEHUIO
Y CHaOXaeT UX «KU3HEHHBIM» MUMITYJIbCOM U3 HeHTPAJbHOI0 eHTpa Oojiee BBICOKOrO Mepapxu-
YECKOIo ypOBHSI.

3TO CBOMCTBO HEMTPAJBbHOIO IeHTPa 1o3BoisgeT Kuim ckoHCTpynpoBaTh «Be4HbIN J1BU-
rareJjib», 4YTo 1 ObUIO MTPOJEMOHCTPUPOBAHO B €ro sKcrepuMenTax. s Kwmm BakHemmei xapak-
TEPUCTUKOW BUOPAIMIA SIBJISIETCS YACTOTA, TaK KaK B 3aBUCUMOCTH OT COYETAHHsI YACTOT BUOpa-

30 A. Einstein. L. Infeld, The Evolution of Physics, Simon & Schuster, New York, 1938, page 159.

3! . NTaiicon. B cOopHuKe «DnemeHTapHble yacTuilbl». F0.M. 1963, crp 103. OTHOCHTCS K Hanbosee aBTOPUTETHBIM (PU3UKaM
COBPEMEHHOCTH, BO3pacT 95 JieT, KUB A0 CUX TOp.

52 40 3axomoB Kim — http://www.delphis.ru/

53 Ananornuniit TEPMUH, UCIIOJIb3YEMBIil B 9TO KHUIe — BEUHBI KBAHTOBBI BUOPATOP, T.€. MATHUTHBIN (IPAaBUTALIMOHHBIN)
MOHOIOJIb MJT TPaBUIEKTPOMATrHUTHBIN MOHOIOJb 3IEKTPOHA 1 aTOMHBIX SZIED.
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[IMM MOTYT B3aMMOZICHCTBOBATh APYT ¢ ApyroM. Cuiia, WM SHEprus, NposBiseTcs: B Tpex ¢opmax:
KaK MOPO’K/IAI0Iasi, aKTUBHAS; KAK BOCIIPHHMMAIONIAs], OTKJIMKAIOIIACS; ¥ KaK Mepeaonias, rnepe-
Hocsimas B3anMozericTare. CoryacHble KoeOaHust 00pa3yloT rapMOHUYHBIE YaCTOThI, YTO TIPUBOIUT
K NPUTS’KEHUI0 CyOaTOMHBIX YacTHII APYT K Apyry. MccOHaHCHbIE KOJeOaHusl BbI3BIBAIOT Pa3b-
eUHeHHe YacTull. 3aKOHbI K1n CBA3BIBAIOT 3JIEKTPHUECTBO, MATHETHU3M U TPABUTALHIO, TOCKOJIBKY
BCE OHU MOPOKAIOTCS BUOPAIMSIMU U, CIIEIOBATENILHO, SIBJISIIOTCS TOJBKO YACTHBIMU CITy4YasiMU €11~
HOT'O 3aKOHa.

CornacHo ero 40 3akoHaM YacToTa BHOPAIMiil MM OCHOBHOU TOH (PU3UUYECKOTO Tejia Orpe/e-
JIsieTcsi, Ipeke BCero, MacCol U pa3MepaMu OOBEKTa, XOTS U MEHSIETCs C U3MEHEHHEM BHEITHUX
YCJIOBHUI (TEPMOAMHAMUYECKUX TMapaMeTPOB Cpedbl — JaBJIEHUS W TeMIlepaTypbl, HHTEHCUBHOCTEH
NEKTPUUECKOrO TOKA M CBETA, MPOXOASAIIUX Yepe3 Cpedy, COCeICTBA APYTMX MOJOOHBIX OOBEKTOB
u T.11.). Kuim otinyaer BuOpanuu teJia ot cOOCTBEHHBIX KOJIeOaHU MUKPOYACTHI]: BHUOpa-
UM — 3TO BHYTPEHHHE BMKEHUS Tesl (aTOMOB, MOJIEKYIT), KOTOPbIE BbI3BaHbI BHEIITHUMH BO3JIEH-
CTBHEM 3BYyKa WJIM TeMIlepaTypbl. A BHYTPeHHHE KOJieOaHUsI MUKPOYACTHI] — 9TO COOCTBEHHBIE
Kosebanusi BuOparopa (popMa BO30YKIAECHHS SHEPIUU TOJ €r0 Ha3BaHHEM amMoMOAU U amomo-
AUHU), TIOPOXKJAIOIIE CaMO CYIIECTBOBAHME WM KM3Hb 3THX aTOMOB U T0JIe BOKPYT HUX B BHIE
ounacghepvl. Bo3neiicTBysl pe30HAHCHBIMA BHOPAI[UsIMH 3BYKAa Ha Tejla, KOTOphie, Yepe3 BO3HU-
KAIOLLMI [PY 3TOM T'PaBUTALIMOHHBIN 3(PUP, NE3UHTErPUPYIOT WM B pe3ysibTaTe HHTepdepeHun
UCTIONB3YIOT SHEPrUi0 BUOparopa KoJeOaHMil->KU3HH aTOMOB-MOJIEKY/I U MIPUBOAST TOCNE COOT-
BETCTBYIOIIETO NpeoOpa3oBaHusl K OCBOOOXKICHUIO yBEJIMUYEHHON 3Hepruv B (opme, CriocoOHOM
MPOU3BOIUTH NONIE3HYI0 padoTy. OqHako Ky He mpuBOAMT ompe/ieieHHil STUX BEYHBIX HCTOY-
HHUKOB 3Hepruu BuUOpaTopa KojeOaHuil MUKpouacTuil. Kumm ocBoOOXKAan MpakTUYeCKH Heorpa-
HUYEHHYI0 SHEPrHI0 B Pa3iIWYHbIX (popMax e€ MposiBieHus (OT Je3UHTErpaluu 10 JICBUTAIN),
BO3/ICICTBYsI BHELTHUM 3BYKOM pPa3IMYHBIX PE30HAHCHBIX YaCTOT HA pabouee Teso. A 3aTeM yIpas-
751 oTKJIUKOM (Sympathetic Vibratory) pabodero Tena, OCTaHaBJIMBasi TaKOe BHEIIHEe BO30YXK-
JIeHVe Ha OIpeJeIEHHOM YPOBHE €ro MOINHUTKY Uil {e3HHTerpanuu wi Jesuranuu. Haunnas
¢ OompIux Macc paboyero Tena ¥ KOMOMHUPYs BUOPAMSIMH Pa3HbIX YPOBHe>* cTpykTyp, Kumm
Yyepe3 BHEIIHHWI 3BYK U CTPYKTYpY MCTOYHMKA BHOpaTopa aToMma MyTEM B3aMMOJIECHUCTBUS amomo-
Aunell 3¢pupa ounacgepvt (rpaBUTANMOHHBINA 3(UP AUCKPETHOrO NPOCTPAHCTBA) TOIyYas
3(PEKTH 1 OPUTUHATIBHBIE YCTPOWCTBA, KOTOPBIE AaXe COBPEMEHHAas HayKa OOBSCHUTD U TIOCTPOUTD
HE B COCTOSIHUH.

Paboras c nepuTanyeil Metasuia B Bofie U B Bo3yxe, Kuim B coBepiiieHCTBe OBJ1aies CO3/IaHueM
AQHTHUTPABUTAIIMOHHBIX MOJIEN Ha MOBEPXHOCTU TBEPIBIX TeJI. DTH 3HAHUSI OH NepeHEC Ha N300peTeHre
Y COBEpIIICHCTBOBAHKE CBOETO BEYHOIO JIBUTATElIsl, KOTOPBI MHOTHE yUEHbIE CPABHUBAJIM C JBUTA-
tesieM Tecna. Tonbko B cimyvae Kumm-aBuraresns> ¢ moMoIbio ONpeiei€HHOTO 3ByKa, TPaBUTAIIMOH-
HBIX I0JIefl aTOMOB B OpraHHBIX TPyOKax poTopa, CTaTopa, CO3/1aBajicsi BpamiaTeJbHbIii MOMEHT
Ha BaJTy JIBUTATelIsA, OIAEPKUBAEMBIN YK€ BEUHO IIEHTPAIBHBIM TIOJIEM TATOTeHUsT 3eMiId. AHaJo-
TMYHBIM 00pa30M CO3Ja€Tcs BpamaTeabHbIi MOMEHT Ha JIEKTPOABUTATENsIX Tecibl, HO TOIBKO
C HEOOJBIIIUM OTJIMYMEM. B siekTpoaBuraresie NCHoib3yeTcsi IepeMEHHBIN JIEKTPUUECKHIA TOK, s
COOTBETCTBYIOIIETO JIEKTPOMAarHUTHOTO B3aMMOJEUCTBUS B (DOpME CUHXPOHHOTO OTTAJKHBAHUS
BO30YK/Ja€MbIX OJITHOMMEHHBIX MATHUTHBIX IOTOKOB B CTATOPE U POTOpE, a B iBuraresne Kumm — nepe-
MEHHBII TPaBUTAIIMOHHBIA TOK 3BYKa B OPraHHBIX TPYOKax Ha 00ojie cTatopa Jyisi TUCTAHIIMOHHOTO
B3aUMOJICUCTBUSI CUHXPOHHOTO OTTAJIKWBAHUSI-TIPUTSKEHUSI C OPraHHBIMU TPyOKamH Ha poTope-
WTHHJPE.

4 .
3 YPpOBHU CTPYKTYp BEILIECTBA — 3TO ra3, ;KUIKOCTb, TBEPIOE TEJIO, ATOMbI-MOJIEKYJIbl, ATOMHBIE 51/1pa, NEKTPOHBI, ME30OHbI, MIOOHBI
¥ KOHEYHO K€ TeMIlepaTypa W BHEIHHE OISl IPU KOTOPOW OHHU HAXOMSATCS.

53 Jlpurarens Kuiit 1 MEXaHH3M €ro paGoThl TIOIPOGHO PACCMOTPEH BO BTOPOi YACTH 3TOi KHHTH.
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LenrtpansHoil uneeir Teopun Kuimm crasio mpencraBjieHHe O TOM, YTO BHOpalvy BHeI-
HHX MY3bIKAAbHBIX MOHO8 368YKA PE3OHUPYION ¢ GHYMPEHHUMU KONCOAHUAMU-OMKAUKAMU 8UODA-
mopa amomos pabouezo mena uepe3 NOCPeOCmeo 2pasUMARUOHHO20 3upa amomoruHell OuHa-
cghepbl — TaKOB OBUT MOCM MaTepHATA3AIY U3BJICYECHNS] BEYHOIl SHeprun BHOPaTopoB aTOMOB
B (hopMe YacTOThI KoseOaHu# 1151 € 0OCBOOOXKIEHUS U MepeBojia e€ B Jpyrue (popMsbl 4J1s1 OCYIIECTB-
JIEHUS] UIMU MOJIe3HOM padoThI.

N Kwim mmpoko 1osb30Bajics STUM CBOMCTBOM MaTepHH, NMPOU3BOIs cBoM (peHomeHsl. [1pu
3TOM OH CJIEAYIONIMM 00pa30M OIpeAesisiyl CyOCTaHIIUK JJEKTPHYECTBA U ero (pU3MUECKyIo CUITY,
KaK U36eCmHbIIL 8UO amMomMu4eckoli 9acToThl KojeOaHuii BUOpatopa:

—100.000.000 6 cexyndy MonexyasipHvie Koreoanusl,

—300.000.000 6 cexynoy Hnmep-monexyasproie,

—900.000.000 6 cexyndy Amomuueckue,

—2.700.000.000 6 cexynoy Humep-amomuueckue, (B TO BpeMs ellIé He ObUTA OTKPHITH aTOMHBIE
A71pa U JIEKTPOHBI),

—8.100.000.000 6 cexyroy IhupHuie,

—24.300.000.000 6 cexynoy Hnmep-3gpupruie konrebanusi.

Bcero [I. Kumu 610 BhinosaeHo 3a 30 jet 129 yenemnbix yerpoiict u3 2000 mpoektupye-
MBIX, KOTOpBIE OBLTH MPOIEMOHCTPUPOBAHBI HAYYHOU OOIIIECTBEHHOCTH B padoTe Ha 3apaHee 0ObsIB-
neHHbIX popyMax. OnHako ¢pusuka 1. Kunu, B omnune ot ¢pusuku H. Tecna, He Bollia B coBpeMeH-
HYIO HayKy, KaK Jajieko HeroHsTas1. Ero B nmpecce Ha3biBaaM «MOIIIEHHUKOM». Boree Toro, Hayasnach
Y TIPOAOJIKAJIAch TPABJIsl €10 MMeHU U ycTpoiicTB. OH ymep B 61 roa. Takas ke UCTOpHsi TOBTOPHUIIACH
Y B HalllK JHU ¢ YY€HBIM A. PoccH ¢ ero peakropom Ha XOJIOOHOM S1IEPHOM CHUHTE3E.

H. Tecuxa 61 He TepBBIM H300peTaTesieM, BTOPTIIMMCS B 00J1aCTh BEUHON SHEPruM 1 yCTPOK-
crBa Becenennoii. I'maBHoe Hacnenue Tecia 3akioyaercst B €ro UTare:

«/Ina moeo umobvl nosHamv matinel Bceaennoti mvicaume kamezopusmu IHep2Ul, 4acmom
u uopayuii».

371ech B 9TOU MUTaTe BBIMIAJAECT KaTeropus Macchbl. Teca B CBOMX OIMyOJIMKOBAHHBIX CTAThIX
¥ JISKIMSIX TaKXkKe MOAYEPKUBAET IEPBUYHOCTD SHEPIHH.

H. Tecna yacro nocemian [pencrapnenrst opuruHaibHbIX yerpoicTts . Kumu B unanenshun
¥ OHU OOUIaNHCh APYT ¢ aApyrom. CreayeT 3aMeTUTh, YTO CKOPOCTh PACHpPOCTPAaHEHHSI JIEKTpHUe-
cKoro 3¢upa B JEKTPUUECKOM JBHKeHHH, Kak ycraHoBW® H. Tecna, cocrasnsier 471 240 km/
CEeK, T.e. OOJIbIlle CKOPOCTHU CBETA:

— Tecna ycraHoBUJI, YTO pagHAHTHOE U3JIyuyeHHE (JEKTPUUECKUI 3(UpP) pacIpOCTPaHSIETCs
CO CKOPOCTBIO MHOTO OOJIBIIIEH CKOPOCTH CBETA.

— Tecna Hayuwsicsl pa3aessaTh OQHOHAPABICHHBIA TOK (DPOHTA MEKTPUIECKOrO, MOPOK/AAI0-
IIUA UMIYJIbC IyTY U3 JIEKTPOJIA B BUJIE CMEIIAHHOTO MTOTOKA IEKTPOHOB, HOHOB M KJIacTepa oclie-
MUTEJILHOM TUIA3MBI JIEKTPUUYECKOTrO 3(Upa ¢ MOMOIIIBI0 MOITHOTO MarHuTa, MOMEIEHHBIX B 330D
cBoero Paspsinuka. DTOT MpUéM MO3BOIMI €My BHIIETUTh KJIacTep JeKTpudeckoro 3dgupa
Y U3YYUTh €TO CBOMCTBA.

— B karymkax TpaHcgopmaropa Tecna, Kak M B IIYHTMPOBAHHOM TOJICTBIM ITPOBOAOM
HETIOYKe JIAaMIT HaKaJIMBaHWUs HAOMIOAATIOCh «PPAKYUOHUPOBAHUE» TIOTOKA TIEKTPUIECKON SHEPTUU:
JIEKTPOHBI IBUTAIUCH MTPEUMYILECTBEHHO Yepe3 IIYHT (MEeHbIllee COMPOTHBIICHHUE), & PaJaHTHBII
TOK (NEKTpUIecKuid 3(pup) — yepe3 JIamIibl (HauOOoJIbIliee COMPOTUBIICHNE);

— B paspsiiarike, CHaO:)KeHHOM MarHUTOM, PaIMaHTHBIN TOK HE U3MEHSUICS, HECMOTPsI Ha CyIIie-
CTBEHHOE YMEHBIIICHUE JIEKTPHUUECKOTO TOKA;

% H. Tecna, natent No787412 «HckyccTBO nepeayn HEPruK yepes ecrecTBeHHble cpebl» oT 18 anpens 1905 roga Tecna onpe-
JEJIHIT, YTO CPEHssA CKOPOCTb PAcpOCTpaHEHNU s EKTPHYECTBa ero npudopom cocrasisiia 471 240 km/cek.
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— IloTok pajiaHTHON SHEPrUU UMEET BUI «XON0OHBIX MYMAHHBIX OEAbIX CMpYil, NOOOOHBIX
2A308bIM UMNYNLCAM,

— Bynyun o4yeHb 1moxoxkeil Ha CBET, 3TH U3MYYEHHS paclpOCTPAHSIOTCS CO CBEPXCBETOBBIMU
CKOPOCTSIMH.

Huanazonsl yactor MB B CUJIBHOM MOCTOSIHHOM 3JIEKTPOCTATUYECKOM I10J1€, TIPUBOSIINE
K mogoOHeM 3 dextam JI. XaTuncona — sto quanazonsl CBY, mukpoBonsa u MK-hoToHOB ¢ 1y1u-
Hoit BosiHBL OT 1 70 1000 MUKPOH, NMPU JTUCTAaHITMOHHOM TOMJIOIEHUH KOTOPBIX MOJISIPU30BAHHBIM
KJIacTepoM padoyvero Tejia TBEPAOTO BEIIECTBA B HEM POKAAIOTCSA MOTOKHM (POHOHOB T'MIIEp3BYKa
(OTKJIMK), SHEPTUS KOTOPOTO MOJIHOCTHIO UJET HA €r0 CTPAHHYIO Je3MHTEerPaliio, yBeJIMUYEHUE TEM-
neparypbl ¥ poxJeHHe 3BYKOM BHEIIHEW aHTUTPABUTAIIMOHHON 00O0TOUKHU-TIONS.

INocne oOmmpHOro o630pa BHICHIMX JApeBHUX U TUOeTckux TaiiH jgokrop JI. I'. MBa-
mOB> TaKkKe MPUXOJNT K 3aKTIOUSHHIO, UTO «HePEUUHBLM Credyerm NPU3Hans IHepeuro, a e mame-
puro, 21a6HOI cyocmanyueli KOCMUECKOU U 3eMHOLL HCUSHU. MO HEnpemeHHO npueedem K Kapou-
HANbHBIM UBMEHEHUSM 6 MeNO000102UI0 HAYUHBIX UCCAC008AHUIL».

Haspena ocrtpeiiiass He0OXOOMMOCTh KauyeCTBEHHOTO W3MEHEHHWsI METOMOJIOTUH Hay4YHBIX
UCCIIe0BaHU B (DyHIAMEHTAJILHOW (PU3UKE B MPSIMOM €€ CBA3M C SIBJICHUSMU IPUPOLIBI.

TepmuH «3Hepeust» nosicHsiet 1oktop B. I'eiizentepr3®:

«Mbl menepv 3Haem mo, Umo HAOeSMUCH HALIMU OPEGHUE 2PEKU, A UMEHHO, YMO OelCMEUNEeNbHO
cywecmeyen 0OHa OCHOB8HASL CYOCMAHUUSL, U3 KOMOPOLL cocmoum 8c€ cyuwecmayowee. Ecau dasamo
Mol CYOCMAHUUL HAUMEHOBAHUE, MO €€ MONCHO HA36AMb He UHAYe, KK IHEPeUsL...».

«Mamepusi 8 COOCIMBEHHOM CMbICAE CA08A COCOUNM U3 IMUX DOPM IHEP2UL, K ueMy cez0a ce-
oyem 000aeAsiMb IHEP2UIO 08UNCEHUSL. .. MHo2000pasue sienenuli Hauezo Mupa co30aémcst, NOOOOHO
momy, KaxK 3mo npeosudenu zpeueckue Hamyphuaocogpul, MHO2000pazuem opm nposiereHUs. FHep-
2u. .. ».

«Mbl ysudenu 6vt, Umo 6cst Mamepusi COCMOUM U3 OOHOL eOUHOLL CYOCMAaHUUU — IHep2Ul, NPo-
ABNSIOUELICS 8 PABIMUUHBIX DOPMAX».

DneMeHTapHbIe YaCTHIIb BEIIECTBA MATEPHU OH PACCMATPUBAET TOJBKO KaK MOPILUH, KBAHTHI
BE3JIECYILIEN «IHEPrUH» — 3TO JIEKTPOHBI, IPOTOHBI M HEUTPOHBI U T. [I.

Ortciona cnenyert, 4to ApeBHsis (popmysna Mupo3nanus <mpoCcTPaHCTBO-MaTepusi-JABHKe-
HHe ¥ I3MeHeHHe> JI0JKHA ObITh IOTIOJTHEHA «JHeprueii», a ToT TepMUH HEOOXOIUMO TTOCTABUTh
Briepeau (popMyJIbl Tiepe]] CIIOBOM MPOCTPaHCTBO. ToNMbKO Toraa cMbici (hopMyJibl OyIeT COOTBET-
CTBOBaTh MEPBHUYHOCTH BCEro cymiero — Hepruu. Kakos xe mosnHelil nepedeHs hopM sHepruu,
KaK MCTOYHMKOB MaTepyH, €€ ’KU3HU U €€ HeTTPEPbIBHOTO JBHKEHHUSI ?

[TonHOe oTCyTCTBHE KOHKPETHBIX OINpEesIeHUd CBOICTB U MUCTOYHUKOB I(pHPa cO BpeMEH
dpeHens1, criMHa, Macchl, JMEKTPUUYECKOTO 3apsifia, CTPYKTYPHI JIEMEHTAPHBIX YacCTHUI], aTOMHBIX
syiep, BOJMH U «11yosl» Jlym ne Bpoiijisi, a r1aBHOe, CYIIHOCTH 00'beIMHSIIONIEro ABUKeHMsI
U I3MEHEeHMsI TAaKO! MaTepyH, JIMIIb TOATBEePKIaeT (hakT HEAOCTAYM KAKMX-TO BAKHBIX KUPIHYHU-
KOB (MCTOYHWKOB JIBUXKEHHS M U3MeHeHus1) B oOmieM (hyHIaMeHTe COBPEMEHHOM (DU3KKU, TTO3BO-
JISIOMUX «OKUBUTB» MEPTBYI0 MaTepuio CTaHIAPTHOW MOJEH JIEMEHTAPHBIX YaCTHUI] M CO3JaTh
6osee MPOYHYIO CBAA3b €€ C U3MEHSIONIUMUCS SIBJICHUSIMU TIPHPOJIBL.

OueBu/IHA ¥ PUYUHHO-CIIEICTBEHHAS CBSI3b PABHOBECHSI HCTOUYHHMKA C (PU3HYECKUM N10JIeM
BOKpYT Hero Ha npuMepe CoJHIIA ¥ ero COTHEYHOM CUCTEMBI U3 TUIaHeT Ha opOuTax. Takoe ke paB-
HOBECHOE COCTOSIHHE MCTOYHHK-II0JIEe CYILIECTBYET U B TMIIEpMUpPE HA TIPUMEpPe CYIIECTBOBAHMS
saaep [anakTuk U e€ pyKkaBoB U3 3BE3[, IUIAHET U ra30lbUIeBbIX TyMaHHOCTEN. B MUKpomupe oHO
MIPOSIBIISIETCS U JUIsI JIEMEHTAPHBIX YaCTHII, HATTPUMED, B IEKTPHUUECKOM I10JIe MEXKIY pacrpeesiéH-

57 1. T. ViBawos. OnpoxuHyTsIi Mup. TaiiHel Tpomnuioro — 3aragku rpsaymero. M. Kavkasii mup. 2018 rog, crp.228
8 B. [eitzentepr. «Puocodekue mpodiaeMsl aToMHO# usukn», 1953, crp.98. Ieperon 2008, nzparenscreo JIKU, crp.192.
ISBN 978-5-382-00758-8/
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HBIX B 000JI0YKAaX JEKTPOHOB BOKPYT IIEHTPAJILHOTO sI/APa B atroMe. B MakpomMupe — B CTpyKType
paBHOBECHsI peleTKH TBEPAOIO Tejla U aTOMOB, B KOHTAKTHBIX SIBJIEHUSIX ITPOBOAHUKOB U MOJTY-
MIPOBOIHHUKOB, B MPHUPOJIE IBOHHOI0 JEKTPHUYECKOro CJ0s1 B MOHUCTOPAxX, B TPUOOIJIEKTpUYIe-
ctBe U T. 1. Ho Bompoc B TOM — KakOB MEXaHU3M POKAEHHS TaKOTO PaBHOBECHOTO COCTOSIHUS
HCTOYHHK-M0JIs1? UeM MposBJISAIOT ceOs 3TU MO IPU B3aMMOJCUCTBUM TI0JIeH OT/IEIbHBIX KJla-
CTEPOB ATOMHO-MOJIEKY/ISIPHOTO BELIECTBA C LIEHTPAJIbHBIM I10JIEM TATOTeHUs 3eMJIn? DTU B3aHMO-
JefiCTBUA peructpupyercs B cucreme usmepenuid CU B Bujie macchl, 3JIeKTPU4Y€CKOro 3apsijia,
CHJIOBBIX JIMHUSAX, CHJIbI IPUTSI>KeHUsI NICTOYHUKOB U T. 1. KakoBbl puznyeckue popMbl HOCUTE-
JIEV 9TUX B3aUMOJEHCTBHH U X 3aKOHBI 7

Jlo cuX TOp OTCYTCTBYIOT HAIJISIJHbIE TPEACTABICHUS] CTPYKTYpbl (PU3NYECKUX TMoen>’
U UX HeoTbeMJIeMasi IPUYMHHO-CIIEICTBEHHAS CBSA3b C MCTOYHMKAMM, a TaKKEe POXKIECHUE CHJIO-
BBIX JIMHHI U MEXaHU3MOB UX (popMupoBaHusi. OTCYTCTBYIOT U HEIPOTHBOPEUYMBbLIE HATJISIIHbIE
00pa3bl CTPYKTYPBl OCHOBHBIX JIEMEHTAPHBIX YaCTHII, TAKMX KaK (POTOH, IEKTPOH, aTOMHOE S/IPO,
atom U T. 1. B cucreme usmepenuit CU Bcé 310 He UMeeT npeAcTaBIeHU 1 ONpeae/ICHHM.

VYBenuuuBarlieecss YUCiI0 C KaXAbIM FOJIOM BHOBb OTKPBITBIX KCIIEPUMEHTAIbHBIX (PAKTOB
B I€0JIOTUU U Teo(pU3UKe, aCTPO(U3HUKE U ACTPOHOMUHU, SAEPHON (PU3MKE U (PU3MKE IEMEHTAPHBIX
yactull, ¢pusuke ColHIa M IUIAHET, a TaKKe B JPYIMX €CTECTBEHHBIX HAllpaBJICHUSIX HAYKH, yke
HE YKJIaJbIBA€TCSl B PAMKM COBPEMEHHOI'0 akaJeMuueckoro npeacrasienuss Muposnanus (CAIT).

®dusuka CAIl peHoMeHONMOTNYHA, OHA HE CTABUT 3a/1a4y — MOHSTh CYIIHOCTh SIBJIEHUI Yepes
CYILIHOCTb JABM2KeHHUs U u3MeHeHHs1. OTcioia 1 HEBO3MOKHOCTb MOHATh MHOTHE SIBJIEHUS, U HECO-
OTBETCTBHUSI PEAJIbHOCTH TpPE/ACTaBJIeHUI oOImenpr3HaHHbIM TeopusiM. Hanpumep, ¢pu3znyeckuit
CMBICJI 3aKOHA BceMUpHOTo Tarotenust Heiotona, OTO DiiHiuTeiiHa nim cucteMsl ypaBHeHU Makc-
BeJIJTa COBEPILEHHO IPYroi, YeM SKCIePHUMEHTAILHO OOHAPYKEHHBIE COOTBETCTBYIONIHE I(PPEKTHI.
[Toatomy 31€CH KpU3HC, KOTOPBIN MOpa3wil BClo (pyHAAMEHTaIbHYIO (DU3HKY, a Yepe3 Hee U MHOTHE
00J1aCTH eCTeCTBO3HAHUSI.

Lenplo MO3HaHUS SBISIETCS TOCTHKEHHE O0beKTHBHON MCTHHBL. OIHAKO MyTh K TaKoM
WCTHHE 3a4acTyl0 3Ur3aroo0paseH, a MHOIZA MPsSMO MPOTUBOINOJIOKEH UCTHHHOMY HaIlpaBJICHHMIO.
JI71s51 ToMCKa MCTHHBI HEOOXOAMMO MPOAHATIM3UPOBATH BCE €€ COCTABIISIIOIIUE TEOPHH, TT0 BO3MOKHO-
CTH, C Pa3HBIX M MPOTHUBOIOJIOKHBIX TOUYEK 3PEHHUsI BCEX YUEHBIX BCETO MUPOBOTO COOOIIECTBA I1a-
HETHI OT CeBepa JI0 1ora M ¢ BOCTOKA JI0 3araja, oT OaKTepHid U aTOMHOTO siapa 1o siaep [anakTuk,
oT 1opHI U hayHbI 4O MEXAaHU3MOB 3aPO:KAECHUS MOJIE3HBIX UCKOMAEMBbIX B KOpe 3eMJIU, OT JPEBHUX
TEXHOJIOTHI 10 coBpeMeHHbIX. [locTeneHHoe mpuoOnmkeHre K UCTUHE TIO3HAHUS SIBICHUH OKpYyXKa-
IOLLIETO MUPA — 3TO PeaJbHbIH IIyThb, KPUTEPHUEM KOTOPOTO SIBJISIETCS] BO3BMOXKHOCTb Harepes rpej-
CKa3plBaTh T€ WJIU UHBIE SIBJIEHHS U MCIIOIb30BaTh 3TO B CBOEM BBIKMBAHWU U NPAKTUYECKOW Jiesl-
TEJIbHOCTH Ha IJIaHeTe. TOMY Bceraa OyayT MpersiTCTBOBaTh H3BECTHbIE B MUPE CUJIbI — TIOKA OHU
MOOEK JAIOT.

HNrak, uro uMeeM B urore?

dyHIaMeHTaIbHOE CBOWCTBO MaTepud — H3MeHeHHe® m JBHKeHHe, a MO3ra YejloBeKa —
MbIlLIeHHe U QyXOBHOCTh. A BoT UTO npuBOIUT K M3MEHEHHIO U TOCIEAYIONEMY IBUKESHUIO
MaTepHio ¥ MO3ra B COCTOSTHHE MBIIUICHHS], KakoBa (popMa JBHMKYIIEH CHJIbI, B TOM YHUCIE K JIBU-
JKEHUIO ¥ SBOJTIOIMU acTpopu3nyeckux 0ObeKTOB BceneHHOI — OCHOBHOM BOITPOC, KOTOPHBIH a0co-
motHO He ocBeniéH B CAIT? Oto UTO - sneprus®', eé geiictpyromue popMbl, €€ HCTOUYHHUKH,

% Yem orrankusaiorcs JpyT OT Apyra OOHOMMEHHBIE TOMI0CA CTALIMOHAPHBIX MarHUTOB.

0 Harmspuprii IpUMEp M3MEHEHHs CUTHAJIOB TEJICBUJICHUS OT AHTEHHBI, 3aTeM ABUKeHHUsl curHajoB OMB u mpuém ux
Ha skpane TB.

61 SHeprus — 3T0 UCTOYHUK CYLIECTBOBAHUSI MaTepuM, Mepa e€ IBIKEHUs M U3MEHEHMs; ofiHako 3To TepMuH CU u B sBIeHUAX
TIPUPOLBI TPOSIBIISIET ceOsl JIMIIIb CBOMCTBAMHU JBIIKYIIEICS MaTepUH.
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eé HOCHTe/IH-TIePeHOCUYUKH, e€ NMPOCTPAHCTBO-NOJAA. UTO 3TO 32 HeBHAMMAsI CyOCTaHLUS
Y KaKoBa e€ CYIIHOCTb, KaKMM 3aKOHaM OHa nofumnHsiercsi? Kak oHa BO3HMKaeT, ncyes3aer, B3auMo-
IENCTBYET, IEPEHOCHUTCS], TIpeodpas3yeTcs 1 «MbICTUT»? B kakux popmax ona cymiectByet ®2? KakoBa
NpHpoJa €€ CBSA3U C MaTepueil CTPYKTYpbl MacChl M paBHA JIM OHA €i, IOMHOXEHHOI Ha KBajpar
ckopoctu cBeTa? bosee 1ocToBepHa e€ CBSA3b C MEPEMEHHON YaCTOTOM 3apsiaa SHepruu (bOTOHOB,
MOMHOXKEHHOH Ha mocTtosiHHylo [lnanka. [Ipu 3ToM Heprusi TOIbKO OJHOrO (POTOHA, UCIYINIEH-
HOTO BO30YKIEHHBIM aTOMOM BOJIOPO/Ia, CIIOCOOHA POAUTD TPEK U3 3EPEH-IEKTPOINOTEHIIUAIOB J1JTH-

Hoit 10%% e, KOTOpBI MOXeT co3nath UépHoe cpepuueckoe Teno* — reHepaTop SHepPrum,
Ha MIOBEPXHOCTH KOTOPOIo 3TAa SHEPrusi KOHJAeHCUpyeTcsi. MbICIM MO3ra 4ejoBeKa pOXJaloT
MIPOLIECC MBIIIJIEHHS U, KaK CIIEJCTBUE, CO3AI0T HAIJIsIIHbIE 00pa3bl, OTpakalolie HadmogaemMble
U Ocsi3aeMble OOBEKTHI-COOBITHS M UX CBOMCTBA B OKPYXKAIOIIEM €r0 MHpe.

OpHako o MHeHUIO JoKTOpa B.A.9TKMHA yCTPOWUCTB U ABJIEHUI IPUPO/IBI C HPOU3BOACTBOM
9HePrum ObITh HE MOXET: — B coomeemcmeuu ¢ 3aKOHOM COXPAHEHUs. SHEP2UIO 8000Ule HeAb3si
«2€HEPUPOBANILY — €€ MONCHO MOALKO KOHBEPMUPOSAMb U3 OOHOU (popMbl 8 Opyeyio .

Takylo ke no3uuuio 3aHuMan U I'eabMmrosbl. OH paboTan HaJl UCTOKAMM TOTO, YTO ceifuac
Ha3bIBaIOT [IepBbIM 3aKOHOM TEPMOAMHAMUKH, U, KOTOPBIN YTBEPKAAET, UTO «IHepeust Modicem nepe-
X0OUMb U3 0OHOU POPpMbL 8 OpYeyto, HO He MOoHcen OblMb HU CO30AHA, HU YHUUTNONCEHA».

ITO HEBEPHO — B IIPUPOJIE ECTh SABJIEHUS, B KOTOPHIX POM3BOAUTCS JHEPIrusi U B KOTOPBIX
YHHUTOKAETCSI IHEPrus MOIHOCTHIO. [TpocTo He yKa3aHbI yCIIOBHS BBINOJHEHUS 9TOTO 3aKOHA —
HE Ha BCE CHCTEMBI PacIpOCTpaHsAeTcsA 3TOT 3akoH. Harpumep, Ha HepaBHOBeCHbIE M OTKpbI-
Thl€ CHCTEMBl OH HE pacllpOCTpaHSEeTCsl — TOMY MOATBEpXKIEHUE paciuupeHue oObéma Bcenen-
HOU, IIPOU3BOJICTBO BUAMMOTO BEIIECTBA HA COBPEMEHHOM 3Tarle 3BOMIOLNN, 3Heprus Aapa ConHua
1 3emii, caMOBpalleHne HEUTPOHHbIX 3BE3M U T. 1. PoxieHne CHIOBBIX JHUHHMII MarHUTHOTO
Y APYTUX 0Jel, TPUBOIAIIMX K BOSHUKHOBEHUIO cuil 3akoHOB HblotoHa 1 Kynona, mpoucxogur nosa
JEVICTBAEM YHHUYTOKE€HHUSI SHEPIrHH 11071 B TUCKPETHOM IIPOCTPAHCTBE JIMHEWHOW 30HbI X010/~
HOIl 6e3MaccoBOi MJIa3Mbl, IOPOJK/IA0NIell HeBHNMbIe HUTH CTSITUBAaHUS JBYX HCTOYHH-
KOB.

Axanemuk B. PyGakoB B BecbMa KaTeropuuHou popMme 3asiBIIsIeT — «3aKOH COXPAHeHUs: SHep2un
3a0yoeme, KAk CMpawHblii COH....»

C noMompIo 9KCIEpPUMEHTAJIBHBIX METOIOB U NpeacTaBieHnid cuctemsl CU B pusmke, xumuwy,
OUOJIOrMY U IPYTUX YEJIOBEKOM YCTaHOBJIEHBI CBOMCTBA BCEro JULIb 4,9% BUMMOM U PETUCTPUPY-
emoii matepuu. B To Bpems, kak 95,1% cBoiicTBa HeBUAUMOI 1 TEMHOI MaTepuy U SHEPIUU HEU3-
BECTHHI B Mupe BeeneHHon. Kak 1OCTOBEPHO yCTaHOBJIEHO 3Ta BHAMMAs Marepus SABJIAETCA JIMILIb
MIPOLYKTOM HEeBHIUMOI], T.€. IepBasi JIMIIb CJI/ICTBUE, & TPUYUHON €€ MOSIBJICHUS SBJISETCS BTOPAs.

J. Knnu ynanock nposiokuTh mocm® Mex,ly BUJMMON 1 HeBUAUMOI MaTepyeil U SHEpruei,
KaK HaIllMCaHO B KHUTeE ero croHcopa biaymdensa-Myp — DHeprus a¢gupa, wim quHachepHas cuia
(gacTn 2).

«Haubonee ouesuonoii unntocmpayueii Oeiicmeus: UymMumenvHoll 3Hepeuu GUOPAUUOHHbIX
AMOMHBIX CUN CAYICUM YHUKAAbHAs annapamypa 6 Puaadervghuu, nocreonue nAmHaouyamv Aem
8bIZLIBABULASL NOOUEPEOHO MO UYMAEHUEe, MO CKENMUYUZM, MO BOCXUUEHUE, MO HACMEUWKU MeX,
KMo 3HAKOMUACSL C Hell, u Ha3vieaemas ,/Jeueamenem Kuau®. B npakmuunoii cmpane, 20e ona bvlaa
co30ana, ee 6CeHapoOHO NPO38aU PANLUUBKON. H He U3yUan e AuuHOo, HO 51 8epIo, YMO OHA OCHOBAHA
HA 36YKOB0OM OUHAMUMECKOM NPUHUUNE U, BEPOSIMHO, €Ll CYHCOEHO Dblb NEPEOIL U3 CEPUlL OMKPLIMULL,

62 IManpun A. A. Henssecrnas sHeprus. Ilpupona, neifictBue u nponyktsl. M3narensckue pemenus no auuensuu Ridero. 2020,
470 ctp. ISBN 978-5-4498-1244-5.

63 Mlanpun A. A. Crpykrypa muposgaHus Bcenennoit. MznatensctBo «TpoBant», M. Tpounk. 2005 roa, crp.109. ISBN
5853890956.

4 B.A.31kun. Crarss — «K GecTOIMBHOI SHepreTuke Oymymiero», https://vixra.org/pdf/1311.0128v1.pdf

65 http://www.delphis.ru/journal/article/energiya-efira-ili-dinasfernaya-sila-chast-2
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NPEOHA3HAUEHHBIX DEBONOUUOHUSUPOBANL 8Ce CYUWECMBYIOUUE MEOPUU MEXAHUKU U MHO2UE NPUH-
Uunbvl, Ha KOMOPbIX OHA OCHO8bléaemcs. Tom, KMo He cAUUKOM NPeOYOeHCOEH, U MOHCEN C85A3aNb
POdHCOeHUe 3MO020 U300pemeHUst U OUHACHEPHYIO CUNY C SIBAEHUSMU, KOMOPble HeBeXCObl 00 CUX
NOp HA3bIBAION CEEPXBECIECTBEHHBIMU, NOUMEM, KAK ObICMPO Mbl NEPEKUObIBAeM MOCH Uepe3 NPo-
nacme, pazoeasouyro GUOUMOe U HeUOUMOe, CINUPAsL Pa3AU1Le MeXCoy ,Mamepuei’ u mem, 4mo
uacmo UPOHUHECKU HA3b18AION ,,0YXOM .

[ToaToMy nopa MEHATh METO0JIOT M0 HAYYHbIX HCCJIE0BAHMII C UCTIONB30BAHUEM JIPYTOi
6onee TIyOOKON CUCTEMBI U3MEPEHHIA, C TIOMOIIBI0 KOTOPOM MOCTPOUTh Mocm Kuinu v mpou3BOaUTh
eIlE U3MEPEHUs CBOIICTB HEBUAMMOM SHEPIUU U €€ MHOTOJIMKUX (POPM, a HE TOJIBKO €€ BHAUMBIX
NPOJAYKTOB B (hOpMe aTOMHO-MOJIEKY/ISIPHOTO BEIIECTBA U €0 CBOMCTB.

C nosunmii K. I'€nens, kakas mm6o onHa popMa NO3HAHUSI HENOJIHA, HATIPUMEp, HarJIsIHbIE
00pa3bI®® Yei0BeUeCKOro MbIILIEHUsI Pa3HbIX JIKJiel, Jaxe camble HempoTHBOpeunBbie. Kak
MPUITH K UCTHHE TO3HAHUS 3aKOHOB MpUpoabl? YTO M KOro eme HaJo NMPUBJIEKATh i 3TOro?
CMMU wmm anraxupoBanable Kondepenimm-Cormnamenns®’ noauTi3upoBaHHBIX JIKey4YEHbIX. Her.
Ortser Ha 3710 ga1 B. C. ['(peGeHHUKOB — (popMa CTBOJIOB JI€PEBLEB, HAKPBUIbSI KYKOB, THE3IA MTUEN
U Jpyrve NPpOAYKThI-MIATeHThI IPUPO/Ibl, KAK TO pa3InyHble (POPMbI KU3HU (PIIOPHI U (payHBl, sBJIE-
Hus Ha CoJHIIE, KaK B OTKPHITOM JJAOOpaTOpUH | T. 1.

B Mukpomupe BO3MOXHO 00Opa3oBaHUE Map MHUKPOYACTHIl — MPOLIECC POXKIACHUS (POTOHOM
NIEKTPOH-TIO3UTPOHHOM Taphl B KYJIOHOBCKOM TIOJIE sIApa WK MEKTPOHa (KBAHTOBAsK KOH/AECHCAIIUS
9Heprum). ITO MOPOroBbIN Tporiecc. DHeprus (POTOHA AOIKHA OBITH OOJbINE YIBOSHHON SHEPrUU
TIOKOSI AJIEKTPOHA. BeposATHOCTH mporiecca 00pa30oBaHMs MEKTPOH-TIO3UTPOHHOM TIaphl B TIOJIE sI/Ipa
MPOTOPIIMOHANIBHA KBA/IPATy 3apsija siipa v ObICTPO PACTET OT MOpOra ¢ yBeJIMUeHueM SHepriu (poTo-
HOB. Eciii sHeprusi (poToHa 1OCTaTOUHO BEJIMKA, TO OH MOXET POXAATh U JAPYrue Mapbl YaCTHIL
C HYJIEBBIM 2JIEKTPUYECKUM 3apsiIoM M HYJIeBBIMH JIEITOHHBIM 1 OapMOHHBIM 3apsiamu. Hanpumep,
napy MIOOHOB MJIM TIapy MPOTOH-aHTHIIPOTOH.

A BOT B MakpoMupe HaOJo1aeTcst SKoObl «oapuonnas acummempusi» (B repmunax CAIT) v
aucOaIaHc BemecTBa 1 anTuBemecTBa. Habmonaemoe npeoOiaganve B BUANMOI® yactu Bee-
JIHHOW BeIIeCTBA HaJ aHTUBEIIECTBOM HE MOXET OBITh OOBSCHEHO B TPEAINOJIOKEHUN HUCXOIHOU
0apuOHHONI cMMMeTpHH BO BpeMsi Boibiioro B3peiBa (mepBONpPUYHHA POkIeHUs BceneHHO
no CAIT) vu B pamkax CTaHAapTHOM MOJEJH, HU B paMKax OOIIei TEOPUU OTHOCUTETIbHOCTH — IBYX
TeOoPpu, SBJISIOMUXCS OCHOBOM, 1o MHeHuI0 CATl, coBpeMeHHOI KOCMOJIOTUH.

o sTomMy noBoy MHTEpECHBI IPOTUBOPEUMBBIE U3BICKaHUS JlaypeaTa HoOeneBckoi rnpeMunt
ot 2004 roma ®. Bumuek, yuenuka [I. I'pocc. OH paccMaTpuBaet Ty npodieMy oT MomeHTa Boiib-
II0TO B3pbIBa B cTaThe® :

«[lepeoe ykazanue na mo, umo coxpareHue OAPUOHHO20 YUCAA He MOdicen Oblib MOUYHbIM,
NPUULAO U3 0ONACMU UCCAE008AHUN, AUUbL OMOANEHHO KACAIOWELICS, BONPOCA: MEOPUU YEPHBIX Oblp.
Mamemamuueckoe uccaedo8anue nokazano, 4mo eOUHCMEEHHBLIMU CEOLICMBAMU UEPHOL Obipbl,
KOmopble mo2ym 0blmb U3MEPEHbL BHEUHUM HAO00amenem, 8AINCs ee MAcca, Yea0800 MOMEHM
u anekmpuueckuii 3apsa0. M3 amozo cnucka s6Ho evinadaem Oapuonnoe uucno. Caedosamensto,
uepHast Ovlpa, 0OPA308ABUAACS 8 Pe3yAbmame KOANanca 36e30bl, OYoem HeoOmAUMUMa onm oopaso-
easutelics 8 peyavmame KOANANCA AHMU38e30bl MO Hce MACCHL, Y2A08020 MOMEHMA U 3apsod,
XOmsi OAPUOHHOE UUCAO Y 36€30bl HOAOHCUMENALHO, M020A KAK Y AHMU36€30bl OMPUUAMEAbHO. H6HO

86 310 Te ke aKCHOMBI MaTEMATHKH, puzuky, xummm 1. ['nnsbepra.

67 Kax, Harpumep, MIOHXeHCKuU# pasroBop o peaurud 1940 roga.

8 Bumumas uacts BeenieHHOI nposBIIsieT ce0s1 uepe3 (POTOHBI (perucTpanus AeTeKTOpaMH-TeJIeCKOIIaMHU), PAJIfio-, PEHTTEHOBCKOE
W3JIyveHue 1 apyrue auanasonsl SMB. Hampotus HeBuammas yacts BeenleHHOI (TeMHast MaTepyst M SHEPTHsl) POsIBIISET ceds uepes
nosnist acupa — 3epHa-noTeHnMa sl OTCiona cliefyeT JIMIIb BOIPOC BPEMEHH — Korja OyayT M300peTeHb! JeTeKTOPHI-IPHOOPHI IS
PEruCTpaluy 3THX Pa3HBIX MO CBOMCTBAM 3€pEeH-TIOTEHIIAIOB TaKXke, Kak ceifyac peructpupyior SMB.

 @. Buruek. Kocmuueckast acUMMeTpHs Mek 1y MaTepuell u antumarepueit. 2011 roa.
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omecymcmaeyem cnocod npunUcams OAPUOHHOE YUCAO YEePHOU Oblpe U OblMb YEEPEeHHBIM, Umo Oapu-
OHHOe uucno Bcenennoli coxpansemcs.»

B 2010 romy Obla BHIIBUHYTA TMIIOTE3a, YTO OAPMOHHAS AaCUMMETPHS CBsA3aHA C HAIMYKEM
TeMHO-HeBUAUMOM MaTepun 1 YHeprum. CoriacHo 3TOMY HOCUTEJIeM OTPUIIATETLHOTO OapHOH-
HOT'0 3apsi/ia IBJISIOTCS YaCTUIILI TEMHOM MaTePHH, He JIOCTYITHBIE /1T HETIOCPEACTBEHHOTO HaOIo-
JeHUsI B 3€MHBIX SKCIEPHMEHTaX, HO TMPOSBIISAIONINECs 4Yepe3 I'paBUTAIIOHHOE B3aMMOICHCTBHC
B MacInTadax rajakTHK.

VToYHNM, YTO TTPOTOHBI HMMEIOT TIOJIOKUTETbHOE OAPHOHHOE YUCIIO, @ QHTUTIPOTOHBI — OTPH-
narenbHoe. CornacHo CAIT’ mpoTOHBI ¥ AHTUITPOTOHBI UMEIOT OTMHAKOBBIN 3HAK MACChl U TIPUTSTU-
BaloTCs K 3eMJie.

CornacHo omyOnrkoBaHHBIM B MapTte 2013 roga JaHHKIM HAOMIOAEHU KOCMUUYECKON o0cepBa-
topuu «Ilnank», uareprpernpoBadHbiM B CAIT ¢ yu€ToMm cTaHAapTHON KOCMOJIOTMYECKON MOAEH
JIamo6aa-CDM, o6iias macca-3Heprusi Habmonaemoi BeeenHo#t cocrout Ha 4,9% u3 00bI4-
HOIl MaTepuM (ra3onblieBble TYMAHHOCTH, BUAUMbIE 3BE3/1bl, FAJTAKTHKH U T.[.), Ha 26,8%
13 TéMHON Matepun U Ha 68,3% u3 TémHOI 3Hepruu. Takum o6pasom, Beenennas na 95,1%
COCTOHUT W3 TEMHOW MaTepuH W TEMHOIl YHEPruM, CTPYKTypa U CYIIHOCTh SIBJICHUS] KOTOPBIX
10 CHX TIOp OCTAETCsl OOMBINON TaHOW. OJHAKO BCE ITO, C OTHOW CTOPOHBI, CTAHYTO equHbIM [1po-
CTPAaHCTBOM, a C JIPyroil CTOPOHBI MPOCTPaHCTBO BeesienHoM paciimpsiercst o Xadomy co ckopo-
CTBIO OOJIbINIE CKOPOCTH CBETA.

Temnas matepusi (CAII) He BuIHA, HO €€ MOXHO OOHAPYKUTH 10 TPABUTAIIMOHHOMY B3aM-
MOJICHICTBHIO Ha M3JTydarollyo Matepuio. OHa ynepKMBaeT Bce KOCMUUYEeCKUe 00beKThl BMecTe. bes
TEeMHOM MaTeprH BCE BO BCeJIGHHON pacnanoch Obl Ha yactu. OOHAPY(KUTh €€ MOXKHO IyTEM HaOTIo-
JeHui, 6i1arogapsi CBOMM I'PaBUTAIIMOHHBIM CBOMCTBAM OHA B 3HAYMTEILHON CTETICHU MCKaXKaeT Mpo-
CTPAHCTBO. DTO MOKHO 3aMETUTh, HAOTIONAS 32 U3MEHEHUEM TPACKTOPUU ITPOXOKICHHUS CBeTa Yepes
IpaBUTAIIMOHHOE BO3JIEUCTBUE TEMHOW MaTepUH.

Témuas sneprust (CAII) — 310 popma sHEpruu, UMeIOIIAst AHTUTPABUTAIIMOHHBIE CBOMCTBA
Y paBHOMEPHO 3aMOJHAI0IAs BCE KOCMUYECKOE MPOCTPAHCTBO. TEMHast SHeprusi BCeJIeHHOW Ha Mpsi-
MYIO BJIMSIET Ha PaCIIMpPeHUe BCEJICHHOUM BO BCceX HampaBiieHusaXx. OHa He UCITyCKaeT W He TIOTJIONaeT
HUKAKOTO 3JIeKTPOMArHUTHOTO M3JTyYeHUs], B TOM uucie U cBeta. C BelecTBOM B II€JIOM OHA BO3-
JEWCTBYET TOJIbKO Yepe3 rpaBUTALIMI0. B oT/Inumy oT TEMHOM MaTepuu, MJIOTHOCTh TEMHOMN SHEPrUn
OIMHAKOBA BO BCEX yYaCTKaxX IMPOCTPAHCTBA.

Bcs Beenennas cocrout uz marepuu (CAII) u eciiu matepusi CTpPYKTYpUpPOBaHa, TO €€ MpU-
HSATO Ha3bIBaTh BEMIECTBOM, a €CJIM He CTPYKTYPHUPOBaHa, TO €€ Ha3bIBAIOT SHepruei. Bot mostomy
TEMHOE BEIECTBO HAa3bIBAIOT TEMHOW MaTepuei, a SHeprusi, KOTopasi He B3auMOJICUCTBYET C Bellle-
CTBOM, a TIPOSIBJISACTCSI TOJIBKO OJ1aroapsi TpaBUTAIY, Ha3bIBAOT TEMHOM YHEPruei.

[Toatomy ecTh ocTpast HEOOXOAUMOCTH OrpeeeH!sT (PU3MUYECKOTO CMBIC/IA TEPMUHA « JHEP-
rUsi», KaKk TIEPBONPUYMHBI BCETO CYIIEro, HCTOYHHUKA, MePbI, (DOPM U CYIIHOCTH M3MEHEHHUS
U JBWKEHMsI, HapuMep, caMoABHKeHus1 (hoToHA WM (POHOHA, CIIOHTAHHOTO pacrajga ypaHa,
caMOBpaIleHus sep 3BE3, IUIAHET U TAIaKTUK WM TEMHOH 3Hepruu. U 1pyroi Bompoc He MeHee
BaXkeH — KaK U MPY KaKUX YCIOBUSX TIOPOXKIAETCS SHeprus?

Ha npumepe camoaBu:keHusi (poToHA BO3HHMKAET BOIMPOC U3 CIIEAYIOMEro — (bOTOH MOXKET
MpOJIETeTh Yepe3 BClo BceneHHylo, MpoXuWB BO3pacT B 14 MIWLIMAPAOB JIET — KaK POXKIAETCS €ro
SHeprusi, B Kako (popMe CyIIECTBYET ero SHeprusl, Kak OHa JABUKET (DOTOHOM, TIOUYEMY CO CKOPOCTBIO
CBETa U C ONPe/IeNIEHHON YaCTOTON KOJIeOaHUI HCTOYHUKA, UTO KOJIEOIeTCS B ICTOYHUKE, KAKOBA ITPH-
poza MaTepur UCTOYHMKA, 3apsijia er0 SHEPIUu, CTPYKTypa, KaKkasi ero JOJIsi PACXOAYeTCs, YTO BbI3bI-

70 SkcnepumeHT GBAR B LIEPH mpakTiuecky JOKa3bIBaeT, YTO aHTUMATEPUsl TaKXKe NMPUTATUBAETCS B IPABUTALIMOHHOM I10JIE
3emun, Kak 1 oOblyHast Matepuss. GBAR 6bu1 onodpen Hccnenoarensckum coseroM LIEPH B Mae 2012 roza u nosyuns cBoi nepsblit
my4ok anTunporoHoB ot ELENA B okrs6pe 2018 roga
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BaeT «NOKpacHeHUue» (POTOHA U H€CKOHEYHO JIOJTHiA BO3PACT KU3HU, COM3MEPHUMBIN C BO3PaCTOM
Mupo3znanus Hatet Beenernnoii? Kakvimv 00pa3oM B IBMKEHHH OH CIIOCOOEH MePeHOCHTDb SHEPTHIO,
U3MEHSITh CBOE COOCTBEHHOE I10J1e M B3aMMOJAeHCTBOBATh C APYTMMH BHEIIHUMU nonsimMu? Yto
OCTaBJIsIET (POTOH B MPOCTPAHCTBE MOCJIE POX0KAECHUS, KAKOBa CTPYKTYpa U CBOMCTBA Clle/la-TpeKa.
A TIOIIOIEHHBI MOBEPXHOCTHBIM clloeM Kiactepa BeniectBa K-(poToH 3anmyckaer MexaHu3m
reHepaly TUIep3ByKa, KOTOPBII HarpeBaeT yxke Bech 00b€M 31oro kiacrepa. Iloporosslii (hoToH
c sHepruei Boiie 1022 K9B, HajleTeBIIMI B MOJI€ aTOMHOTO SI/ipa U MPEojIoJieBasi CBETOBOW Gapbep
TOPMOKEHUEM, KaK Y 3ByK, KOH/I€HCHPYeT SHepruio p0ToHa B HOBbIE IPOLYKTHI, T.€. IpeBpalia-
ercsl B [apy aHTUYaCTHI] JI€KTPOH-TIO3UTPOH C MacCOl — KAKOB MEXaHU3M M3MEHEHHUsI COCTOSIHUS
OBUKEHUSI B COCTOSTHME TIOKOs1? BOo BHEIIHEM MAarHWTHOM I0Jie BO3MOKEH pacraj )oTOHa Ha /iBa
¢ apyroi nonsipuzauyeit. A ¢oroH u3 auanasona Beinie 100—500 M3B MOXeT poauTh U3 CBOETO
tpeka YCT-mynabcap, T.e. HEUTPOHHYIO 3BE3/1y C BHICOKOW YacTOTOM CaMOBPAIeHNsI, KaKk reHepa-
TOp NPOM3BOACTBA 3HEPruu. [IOCTOBEPHO YCTAHOBJIEHA JIMIIb ABOMCTBEHHOCTb CTPYKTYPBI HOJS
(oToHa — FAEKTPOMArHUTHAsl. TO eJUHCTBEHHAs dJIeMEHTapHAasi YacTHIA CIIOCOOHAst K camo-
JIBH2KEHHIO CO CKOPOCTBIO CBETA. A TOUeMy JIEKTPOH He CMOCOOEH K CaMOJIBUKEHHI0, HO 001ajaeT
BHEIIIHUM I10JIEM, ¥ TI0YEMY OH HMKOI/Ia HE MOJKET JIBUTaThCsl CO CKOPOCTHIO CBeTa?

CocrosiHue cymiecTBoBaHHUs (pOpMbl 3apsiia SHepruu (pOoTOHA — 3TO MATHUTHBIN MOHO-
MoJib MUKPOBHXPOHA’!, OCHOBHBIM MPU3HAKOM KOTOPOTO SIBJISIETCSI CKOPOCTh CBeTa — (hyHaa-
MEHTAJbHAs1 KOHCTaHTA 3JIEKTPOMAarHUTHBIX B3auMoeNcTBUI. OTHUM U3 UICTOUHUKOB 3TOTO MOHO-
TOJISI MOJKET OBITh OBICTPOE TOPMOKEHHE 3JIEKTPOHA B JIEKTPHUYECKOM IoJie BO30YXAEHHOTO
aToMa IpM ero nepexoie Ha OJHO U3 HU3LIMX cocTosiHMil. [locnenyroiee ero IBukeHUe B COCTaBe
MHUKPOBUXPOHA — BOJIHOBOE O€3bIHEPIHOHHOE CAMOJABHKEHHE CO CKOPOCTBIO CBETA — 3TO yKe
3apsi]i ABUKEHUSI-U3MEHEHM I WJTH MUKPOBHUXPOH. OO1enpuHsATHI TepMuH — (poTOH cuctembl CH.
B cepenure XX Beka ObIJIO OTKPHITO €I1e OJJHO UHTEPECHOE CBOMCTBO (POTOHOB JIEKTPOMArHUTHOTO
nosist (00paTHoe sIBJIeHNE) — IPeBpalieHe IeMEHTAPHBIX YaCTHUI] (« HCIap eHne» MacChl MaTepun )
B JIEKTPOMAarHUTHOE 10Jie (POTOHOB, TPOUCXOSIIEE B Pe3y/IbTaTe aHHUZUASAYUY TIapbl TPOTUBOIO-
JIO)KHO JIEKTPUYECKH 3apsSKEHHBIX YacTHll (HalpuMmep, 3JEKTPOH — MO3UTPOH U T.[.), @ SHEPrus
MIOKOS1 HE Mcue3asa JUIsl 3aMKHYTON CHCTEMBI JIEKTPOH-TIO3UTPOH, a MEPEXOUIa B SHEPIUI0 CAMO-
JBUKEHUsT (POTOHOB.

Ha npumepe camoaBu:xeHus 3ByKa B MakpoMaTtepuu (pOHOHBI, POTOHBI, TUIIEP3BYK, UH(ppa-
3BYK) HaOJIO/IA€TCsI CXOICTBO HEKOTOPBIX CBOIMCTB 9THX BOJH C JIEKTPOMArHUTHBIMU — KaKOBa TIPH-
pona (pU3MYECKOr0 MEXaHW3Ma 3TOr0 CaMOJBMKEHMS-TIEPEHOCA SHEPIUH, B Kakoil popme cylie-
CTBYET €r0 SHEPIUsl U KaK OHa JBU:KET (POHOHAMU, KaKOBa IIPUPOJIa NCTOUYHUKA U 3apsif] ero SHEPIUy,
MMEEeTCs JIM B3aMMOCBA3b JIEKTPOMAarHUTHBIX (POTOHOB € KBaHTaMu 3BYKa? CTpyKTypa BUXPEBOTO
T0JIsI 3BYKa B HEKOEH CyOCTaHIIMY IOPOJKIeHA MEXaHUYECKMMHU BpaliaTeIbHO-KoueOaTeIbHBIMU JIBU-
KEHUSAMU aTOMOB U MoJjieKy/1. CocTosiHUe CyllecTBOBaHUs (pOPMBI 3apsijia SHEPIUY 3ByKa I'PaBH-
TAaMOHHBIH MOHOIOJb "2, OCHOBHBIM IPU3HAKOM KOTOPOTO SIBJISIETCS] CKOPOCTD 3BYKA, a MPH Tpe-
O7I0JIEHNH 3BYKOBOTO Oapbepa MpoKrCcXoAuT KOHJeHcamusi’® BemecTBa. [louemy CKOpocTh 3ByKa
MPOSIBJISIETCS JIMILb B MAKPOMUPE, 3aBUCUT OT TUIOTHOCTU CPEAbl U ITOYEMY B BaKyyMe 3BYK HE pac-
npocrpansiercsi? ICTOUHMK 3TOro MOHOMOJIS — pe3Koe WJIH yAapHOe N3MEHEeHHe-BO3MYILEHHE TeTl-
JIOBOTO IBUKEHUS1 aTOMOB WJIM yacTull ¢ Maccoil. [locienyroree ero pacripocrpaHeHUe B CpeJie Bellle-
CTBa — BOJIHOBOE MHEPIIMOHHOE CAaMOABHKEHHE CO CKOPOCTBIO 3ByKa.

KBanThl 3ByKa nim (hOTOHOB B 3aMKHYTOM OOBEME KUIKOCTH TPH ONPEIEIEHHBIX YCIOBHUSIX
TaK)Ke POXAAIOT HOBBIE TMPOAYKTHI, HATIPUMEpP, 00pa3yloTcs MyJbCHPYIOI[e KaBUTAMOHHbIE

n Mlagpus A. A. Buxponsl. Mocksa. MzaatensctBo «TpoBanT», 2011 rog, crp. 27. ISBN 9785895132425. (232 crp).

& Mlappun A. A. Ions u BuxpoHsl. CTpyKTypa MUpO3JaHUsI BeelleHHOH. Bropoe m3nanue. V3parensctBo dupekr-Menna. M-
Bepmun. 2015 rog, ctp 411. O6béM kHuTH 967 CTp.

7 Dddext Ipanamis-Inoepra u HOpokIeHNE YIAPHON BOJIHBI TAKOW CHJIBI, KOTOpasi CIOCOOHA CHECTH Ha TIOBEPXHOCTH 3eMIIU
HECKOJIBKO MOCTPOEK.
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Ny3bIPbKH’* — KAKOB MEXaHU3M UX POXJCHUS U U3MEHEHUsI MaTepUH, CTPYKTYpa MyJIbCAIA U UX
MpoayKThi? DTa TailHa HaJ KOTOpo# padotaiot yxe 6omee 100 mer.

Nrtak yxe onpeneneHbl HECKOIBKO HOBBIX (POPM 3HEPTrUU — 3TO MArHUTHBIN U IPaBUTALIMOH-
HBIIA MOHOIIOJIH B COCTaBe BUXPOHOB, MaTepuHcKasi popma sueprunt HCT c e€ mouepHIM aTOMHO-
MOJIEKY/IIPHBIM BUJOM U (pOopMa yesoBe4ecKoro MeliiuieHus. [Ipruem nepBblil HeBHAMMBIN /1151
MaTepuu MPOIOJIbHO JBUKYIIEHCS CO CKOPOCTBIO CBETA, a BTOPOU €ro aHTHIIOJ [UIsl MaTepUu JBU-
KyLIEWcsl ¢ KHHeTH4eCcKoM 3Heprueid. OnpeneneHue U aHaau3 CBOMCTB 3TUX (hOpM SHEpPruu Npu-
BOJMT U K (PM3MUECKOMY CMBICITY ABUXKYIIIEH CHIIBI 3THX CyOCTAHIMIA SHEPTUH.

ATOMBI CIOCOOHBI JIETKO POXAATHCS M PACTIAIATHCS C 0CBOOOKIEHNEM SHEpruu, C PoXKie-
HHUEM KJIaCTEpOB MIEKTPUUECKOro 3(prpa, (POTOHOB, CBOOOIHBIX JIEKTPOHOB, HOHOB. Bosee CIoKHbI
MPOLIECCHl MHTETPAIMU M Je3MHTEerpalun aTOMHbIX sIAEp C pokaAeHreM (POTOHOB, IIPOTOHOB, HEH-
TPOHOB, JIEKTPOHOB ¥ IO3UTPOHOB, ME3OHOB 1 MIOOHOB, HOBBIX ATOMHBIX S1/1€P, KOTOPbIE MOTYT IIPO-
WCXOJIUTh TaKXke U ¢ 0CBOOOXKAeHueM 3Heprun, Hanipumep LENR, neneHue TsSk€nbIx saep ypaHa
U T. 1. KakoB MexaHu3M 3TUX SIBJIEHU?

Bornee cra et ugyT criopsl o cymiectBoBaHuM dpripa. OmTHAKO HU B OHOW M3 paboT He orpe-
JeJIEH UCTOYHUK, (popma u cBOMCTBa CyOCTaHIMK ¢hbUpa. A UTO TAKOE MPOCTPAHCTBO° U KaK C HUM
cBsi3aH 3¢up? Uto Takoe rpaBHTAIMOHHBINA 3(UP M Kak OH MPOSBIsAET ceds Ha MOBEPXHOCTH
3emmm? YeM oH omimyaercss OT 3BYKOBOro 3¢gupa? Yrto Takoe 3Jjekrpuueckuil 3pup (eazono-
000HbIIL) TIPY KcTiepuMeHTaIbHbIX onpenenenusx 1. Kum, H. Tecna, snekrpuyectBo b. ®pan-
kimHa u P. Cummepa, M. @apajes, a Tak:ke MArHATHBIN TOK D. JInIcKaTH1HA, MAarHUTHBIN 3up
1 3¢pdexThl JeBuTanun U naTepgepennuu 1. Xaruncona. Yem omimyaercsi OT HUX JEKTPO-
MArHUTHBIN 3(pUp WK rPaBUAJIEKTPOMArHUTHBIN 3(bUP U ero 30Hbl X0JI0JHOI Ge3MaccoBoil
Ia3msbl?

Ha npumepe cTpyKTypbl 1 )ku3HH (POHOHA, (DOTOHA M ANIEKTPOHA, MHTETPAIIUH 1 JIe3UHTET pALlUH
aTOMOB U aTOMHBIX siJIep MOCTPOEHbI KJII0UH MO3HAaHUsI MUpOo3/1aHsl, KOTOpHIE SIBJISIOTCSI OCHOB-
HBIM IPEAMETOM 3TOU KHUTH.

PoTOH BO BpeMsl CAMOJBHKEHUS aKKYMYJHPYeET CTPOUTEJIbHBI MaTepual B CBOEM TpeKe-
BOJTHOBOJIE’®, a 9JIEKTPOH BO BpeMsI CBOEH OECKOHEYHO JIOJTOM KU3HU paccenBaeT aHAJIOTMIHbIN
Martepua, (GOpMHUPYsI U3 HETO, KaK U3 OTOPOCOB CBOEH JKU3HU, OECKOHEYHBIN 0OBEM=ITPOCTPAHCTBO
COOCTBEHHOI'O BHEIITHETO MOJIA’’ I 0003HAYEHU S CBOETO MECTOIIONIOXEHN A, IJIS1 B3AUMOIEHCTBUA
C JIPyTMIMU TIOISIMHA OKPY’KAIOIIEH ero MaTepu U CO3/IaHWsI HOBBIX apXUTEKTYPHBIX COOPYKEHHIA
B BUJIe aTOMOB U Mosieky/1. UH(ppakpacHblil POTOH Py MOIJIOMEHNH BEIIECTBOM CIIOCOOEH yBe-
JIMYMBATH €TI0 TEMIIEPATypy MyTEM MOPOKASHUS IIOTOKA KBAaHTOB T'MIIEP3BYKA, a JIEKTPOH, MPH Tepe-
X07ie B CBOE€ OCHOBHOE COCTOSIHME B BO30YKJIEHHOM aTOMe, pOXJaeT (POTOH.

Torna mpaBoMepeH M BOIPOC — YTO U KaKOM MCTOUHMK BBhI3bIBaET caMOBH:KeHHe (DOTOHa,
(poHOHa, a Takke camMOBpalleHue sep 3BE3/ U raylakTHK. [{pyroil 3aKoH MPUPOAbI TAKKE CBA3aH
C JABWXEHUEM — KHHeTH4YecKoe jprxeHue B cucteme CU Bcerna cBs3aHO ¢ 3apsii0M Macchl,
a yepes 1eOPOIIIEBCKYIO BOJHY C JIEKTPOMArHUTHBIM I10JIEM W HA00OpOT.

Uro 3710 32 3apsipl SHEPIUU, KOTOPbIE TPOU3BOIAT CTOJIBKO CTPOMTEJIbHOr0 MaTrepuaJa’
B npupoze MOMKHBI CyIIECTBOBATh TAKME MCTOYHUKH, KOJIb CYIIECTBYET TaKHMe MX MPOLYKTHI, KaK
U3MEHSIIOMAsICA ¥ IBHKYIIAsICSl MaTepusl B Pa3InyHbIX (pOpMax CyIIeCTBOBAHUS IBHKEHHS
Y NOKOsI. DTa MaTepus CyIIeCTBYET JIMIIb B €JMHOW COBOKYITHOCTA CBOMX BHEIIHHMX (PU3MUYECKUX
MoJiel OT BHYTPEHHHUX 3aMKHYTBIX BUXPEBBIX MOJIed MX UCTOUYHMKOB B MpoOcCTpaHcTBe BceneH-

4 . o
74 3a Gonee uem 100 et W3YUYEHHUsI STOTO sIBJIeHUs co BpeMEH Penest ¢ 1917 roja MexaHu3M Tak M He HailJieH.

5 OrnpepeneHust TUCKPETHOrO MPOCTPAHCTBA UMEET CBOIO Joiryio uctopuio — ViBanenko [I. 1., AmGapiymsia B. A., JIu Cmonun
Y MHOTHE JIpyTHe.

76 101 Tpek criocoben, ckpyumBasich B cepudeckyio Karymky YCT, 0GpaTHBIM paciagoM IPOH3BOXUTE MHOTO HOBOJi CBO-
OOIHOI SHEPTHU.

7 ,HJ'[H CO3aHuA U IOAAEPIKAHUA DTOT'O ITOJIA 3apA] SHEPIrUU JIEKTPOHA TOJIBKO PACXOAYETCA, UTO U OIIPEAEIACT €ro BpEMs KNU3HU.
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HOH OT CMMHA JIEMEHTAPHBIX YACTHUI] ¥ BUIUMOIO aTOMHO-MOJIEKY/ISIPHOTO BEIIECTBA JI0 caMOBpa-
IAIOIIMXCA AAep 3BE3M, IuaHeT U [anaktuk. [l nmocinenHux yxe JaBHO YCTaHOBJIEH biskerom
TaKOM KaHOHUYECKUI 3aKOH NPUPObI, KaK «OMHOULEHUE MAZHUIMHO020 MOMEHMA K MEXAHUUECKOMY
ecmb 8eAUMUHA NOCMOSIHHAS». 17151 TyIbCcapoB 3TOT 3aKOH OMNPEAEISAET €ro BOMIOLHUIO K 32KUTaHUIO
3BE3[, a Yyepe3 HUX POXJCHHUE TUIAHET, KaK Ta30KUAKHMX, TaK M TUIAHET 3€MHOW TPYMIIbl, a TaKke
MIPUPABHUBAET CTPYKTYPY 3BE3[ U TUIAHET OTHOCUTEILHO MATEPHMHCKOTO CaMOBPAIIAIOIIETocs siipa
YCT, nopox/amiero arToMHO-MOJIEKY/ISIpPHOE BElIeCTBO aTMOcephl 3BE3 U KOPHI IIJIAHET Yepes
MIepEXOIHYI0 30HY HEUTPaIbHOM siIepHO-Me30HHOM Matepun. OT1ciona crienyet ¢aTtaibHas omuoKa
B (pU3MKE, YTO /IO CHX MOpP B CYHIECTBYIOIIMX TEOPHUSX PACCMATPUBAJIUCH MOJISl TATOTEHUs (TPaBU-
TalMsl) B HE3aBUCHMOW CBSI3HM OT JIPYIHIX IMOJIEH, B YaCTHOCTH, OT MarHUTHBIX — HAJIMIIO MPOSIBIIE-
HHE IPaBUMAarHUTHOIO T0J1s1, OOyCJIOBJIEHHOTO POXK/I€HHEM 1 BpalleHueM Kjactepa’s BerecTBa
BOKpyr camoBpamarwmerocs siapa YCT.

AHAJIOrUYHBIA 3aKOH MPUPOJIBI OTKPHIT U JIIsT KOPITYCKY/ISIPHBIX JIEMEHTAPHBIX YaCTHUI] — TO
TMPOMAarHUTHOE OTHOILIEHUE U CIMH, KOTOPbIe YKa3bIBAIOT MPUPOLLY, CTPYKTYPY, MEXaHU3M UX POK-
AEHUS U KU3HU.

BeHiioM moHMMaHWs TPUPOABI B3aMMHOM CTPYKTYpbl M B3aMMOCBSI3U TPHAIbl BUXPEBBIX
rosiei (MOHOTIONEH) B MAaKpOMHpPE, aKTUBMPOBAHHBIX BpAIllEeHUEM KJlacTepa MaTepHy, sIBJIsieTCs rpa-
BUJIEKTPOMAarHuTHbI qunouab ('9MJI)” u ero mpomyKThl, CTPYKTypa U3MEHEHUsI U JIBHKE-
HUSI KOTOPOTO B BEIIECTBE MPOSIBISiET cedst B MpUpoje B (hopMe IMapOBOi MOIHUH, KABUTAIIMOHHBIX
My3bIpbKOB, cep Kinepkcnopna u 1. 1. SBneHus1, COMpOBOXIaeMBbIe TAKOE MPUPOAHOE 0OpPa30BaHMUE,
KaKk TOPHAA0 HJIH JEKTPOH, MOKA TOXE MOJHOCTHIO HE PACKPBITHL — 3TO CTPYKTypa M MEXaHU3M
mynbcauyil B (hopMe rpaBu3JIeKTPOMarHuTHOro MononoJast (MYMM).

Hawub6onee a¢pdpekTHBIM MpOsIBIIeHNEM OOIIeH B3aUMOCBSI3U BCeX U3BECTHBIX MOJICH SBJISACTCS
POX/IEHHE MOBEPXHOCTHOTO KJIacTepa 30HbI X0JI0{HOH 0e3MacCcoBOi IJIa3Mbl BUXPEBOTO TOPOH-
JAJbHOI0 I'PaBUJIEKTPOMArHUTHOTO Mo B Jietaomux guckax [. Cepna u B. Illay6eprepa u aBy-
noJiocTHOro rumnepoosonaa B rpapuroiérax . Kumm, B. C. I'pebennnkoBa. KakoBa cTpykTypa
Y IPUYMHHO-CJIEICTBEHHAS CBSI3b POKACHUS STUX TIOJIEH — UTO SIBJISIETCS POOUTENIEM, a UTO MPOAYK-
ToM?

3apsagom sHepruu (POTOHA SBISIETCS CBOOOJHBIA SJEKTPOMATHUTHBI MHUKPOBHXPOH.
ITO ABYXKOMIIOHEHTHAS AMHAMUYECKAsl YaCTUIIA, B COCTAB KOTOPOW BXOAUT MYJIbCHPYIOIIUI Tiepe-
MEHHBIN U BpAIAIOIIUIICSI MATHUTHBIA MOHOIIOJIb U COOTBETCTBYIOIIUI JIEKTPUUYECKUN MOHOIIONb.
OCHOBHBIM COCTOSTHIEM MArHMTHOTO MOHOIIOJISI SIBJISIETCS] TPOIECC Mepe3apsiiku u3 cpepsbl
3apsga (MCTOYHHK) €ro Yepe3 JIeKTPHUECKrl BOJHOBO/L (BUXpeBOe IoJie pa3MepoM B YeT-
BEePTH JIMHBI BOJIHBI) B IIPOTUBOIOIOKHBIN MOHOIOJIb 110 3HaKy cpepsbl 3apsiaa. TakoMmy mpo-
LIECCY CO/IENCTBYET MPOTUBOACUCTBYIOLIUI JIEKTPUUECKUN MOHOMOJIb. COBMECTHBIN MTPOLIECC MPUBO-
JWT K CaMOJABH2KEeHHII0 (POTOHA CO CKOPOCTHIO cBeTa. [IpruémM cooTHOIIIEHHEe pa3MepoB BOJIHOBOA
K cchepe MOXKET AOCTHraTh OoJiee JAecsATH MOPSAKOB MO BEIWYMHE, a B Ipesiesie pa3mep ccepsbl

3apsila MarHUTHOTO MOHOMNOJIS MOXKET NMpUOIMAKAThCs K IUIAHKOBCKOMY mpeneny 10 33 oM. D10
CBOWCTBO OIpe/elisieT OCHOBHBIE 3aKOHBI BUXPEBBIX MONei®’ M, B 4aCTHOCTH, MPOHHUKATh cepoit
3apsia MMILJIO3M el BOJTHOBOJIOB B JIIOObIE TIIyOMHBI CTPYKTYpPHPOBAHHON MaTepHH, AaXKe B sAepHbIC
000510uKM atoMoB JTMHOBONMHOBEIME CBY B oTmume ot potoHOB ¢ sHeprueir 10—30 M»3B, BbI3HI-
BaloIIMX [ MraHTCKUI pe30oHaHC s/ep.

. CpaBHHTb C POXKASHUEM aHTUT PABUTALIMOHHBIX 3(P(PEKTOB, M OPTOroHaNbHBIX HoJel B a¢pdekTax B. Mlaydeprepa u 1. Ceprna.

79 CpoiicTBA 1 TEXHOMNOTHIO POKICHHS IPABHANICKTPOMATHHTHOTO IAIIONS TIOCTHIVIA B KoHue ku3an JI. Kim u H. Tecra.

8 Inapmpiit sakon BHXPEBBIX M0JIEN — 3TO CAMsAHHE chep MOHOMNOJEH BUXPOHOB OJHOr0 3HAKA C MOMOMIBIO (DOKYCHPOBKI
1 HHTepQepeHnun BOJIHOBOIOB, B OTINYKE OT OTTAJIKUBAHMUS UCTOUHUKOB C OJMHAKOBBIM 3HAKOM OOBIYHBIX CTAIIMOHAPHBIX (DU3HU-
YeCKHUX MOJIed, HallPUMep, MarHUTHBIX, JEKTPUUECKUX U IPABUTALIMOHHBIX.
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TakuM 00pa3oM MUKPOBUXPOH (POTOHA SIBJISETCS 3aPsIJOM CAMOBIKEHUI-U3MEHEHU S U Tiepe-
HOCa 3apsia SHEPTrUM Ha JJIMHY BOJHBL. MexaHu3M JABHMoKYIIed CHJIbI IIEPEHOCA OCYIIECTBIISETCS
3a cu€T KosieOaHUi pa3psAKU-3apsiIKM O] JeUCTBUEM Pa3HOCTH MAarHUTHBIX MOTEHIINAJIOB LIEHTPa
Y TIOBEPXHOCTH cheprdeckoro o0bEMa-KaTymku (cepa 3apsaa) MarHUTHOTO MOHOIIONS U3 CITApa-
JIefl Ha OCHOBE 0e3MaCcCOBBIX 3E€PEH-TIOTEHINAIOB JIByXKOMIIOHEHTHOM CTPYKTYpbl. Ilpy paspsiake
MEPBUYHBbII MarHUTHBII MOHOIOJIb YCTAHABJIMBAET JUCKPETHOE MPOCTPAHCTBO-NONE B (hopMe CTa-
LIMOHAPHOT'O TpeKa U3 3¢peH-JIEKTPONIOTEHIIMAIOB HA YETBEPTH JJIMHBI BOJIHBI, @ IPOTUBOJECHUCTBY-
IOLIMI pa3psi/IKe MEKTPUUYECKUII MOHOMOJIb NOPOXIAET (3apsiKka) BTOPUYHbBI MAarHUTHBI MOHO-
T0JTb C TPOTUBOIIONIOKHBIM 3HAKOM 3apsi/ia Ha CJIelyIOIeN BIepeJy YeTBEPTH BOJIHBL. 3apsij SHEPIUn
B COCTOSIHMM C(hepbl MarHUTHOTO MOHOIIOJISI HE B3aUMOJEUCTBYET HU C BEIIECTBOM, HU C €T0 MOJIEM.
OH sBNIsIeTCsS HEBUVIMOW U HE PETMCTPUPYEMOM CyOCTaHINeH, Onpeessioniell MepBUYHOCTb BCETO
CYILIETr0, CO3JAIO0ILEN TPOLYKThI B BUAE JIEMEHTAPHBIX YACTHLI, IPOCTPAHCTBA-TI0JI51 U APYTOM CTPYK-
TYpUpOBaHHOHN Matepyu. [lepeMeHHBIN JIeKTPHUECKUA MOHOIIONb MUKPOBUXPOHA CIIOCOOEH B3au-
MOJEWCTBOBATh C JPYTMMU NIEKTPUUYECKUMHU TOJISAMH, HAIPUMEP, C JEKTPUYECKUM I10JIEM aToMa
U aTOMHOro sifpa. Takoe B3aMMOAENCTBUE MOPOKIAET KOMITOH-3(GEKT, (OTOdIPPEKT U co3TaET
napbl yactuna-antTruyactiia. PotoH He 00naiaeT BHEITHUM TOJIEM, OH CTPOUT TOJIBKO OECKOHEYHO
JUIMHHBIA TpeK W3 BOJHOBOIOB. POTOH MMeEET CIIMH, KOTOPBIA PaBeH OJHOM I1eJI0M MOCTOSHHOM
[Tnanka.

3apsi10M SHepPruM 3JeKTPOHA SABJIAETCS 3aMKHYTbIH 3JIEKTPOMAarHUTHBI MUKPOBUXPOH.

JTa yacTULa BCErJa HaXOOUTCA B COCTOSHHWM ITyJIbCAllMM € 4acToTou okoso 10 2T u cocront
U3 TPEX KOMIIOHEHTOB: MEPEMEHHBII MarHUTHBI MOHOIIOJIb OIHOTO 3HaKa, NepeMEHHBIN IpaBHUTa-
LIMOHHBII MOHOIIOJ/Ib U TEPEMEHHBIN MEKTPUUECKUI MOHOIIONb, OOBbEAUHEHHBIE B ITOKOE B (hopme
cepsl rPaBU3JIeKTPOMArHuTHOro MOHONOJsA (I'9MM). OCHOBHBIM SHEPreTUYECKUM COCTOSI-
HUEM SIBJISIETCS MyJIbCUPYIOLIMI CBEPXOBICTPBII MAarHUTHBIA MOHOIIONb M MEAJIEHHbI I'paBUTALIU-
OHHBIH, KOTOpbIe BO30y:Xaa0Tcs pa3psaakoii [OMM. B TakoM coCTOSHIMM MarHUTHBIN MOHOIIONb
BCErJa COMPOBOXK/IAET NMEKTPUYECKUI MOHOMOJb. AKTUBALMsl TPHaabl MOHOIOJEN B 3aMKHYTOM
MHUKPOBUXPOHE MPUBOIUT K OOHOBJIEHUIO BOJTHOBOJIOB KOHTYPA, POKIEHHIO BHEIIIHUX COOTBETCTBY-
IOLUX 0JIEW. DJIEKTPOH MOKET JBUTaThCS TOJIBKO MO IEMCTBUEM KYJIOHOBCKOM CHJIBI APYIOrO JIEK-
TPUYECKOro MojisA. DTO JIBMKEHUE OyJET TOJIbKO KMHETUYECKUM. DJIEKTPOH MMeeT BHEIlIHee dJIeK-
TPHYECKOe Y IPABUTAlMOHHOE T0JIE. DJIEKTPOH UMEET IMOJIYLE/bIH CIIUH, T.€. aKTUBUPOBaHHBIN
BeYHbI COOCTBEHHbII MATHUTHBI MOMEHT.

I'1aBHOE CBOMCTBO CBOOOJHBIX MarHUTHBIX MOHOIIOJNE MHKPOBUXPOHOB SIBJISIETCS pa3-
pAAKaA yepe3 NPOTUBOJCUCTBYIOIINMN JEKTPUUECKMA MOHONONIb. MarHUTHBIM MOHOIIOND SIBJISAETCSA
HOCHTEJIEM TOrO 3JIEKTPUYECKOro MoJjsA, KoTopoe ero nopoauio. IIpouecc paspsaaku ocraBisieT
Be3JI€ (B TBEPIOM TeJIE, B BAKYYME U JIp.) JIMILL CBOU CJ€AbI B BUJE IT€OMETPUUYECKUX U PETYIISIPU30-
BaHHBIX BOJTHOBO/0B U3 IEKTPUUYECKUX 3EPEH-TIOTEHIIMAIOB Pa3HOW BEJIMYMHBI 3HAYCHNUN U 3HaKa
TOTO MOJISI IPU KOTOPOM OH ObUT OPOXJIEH. DTH BOJHOBObI, KaK MIOCPEIHUKH, (Pa3HOCTh ITOTEH-
L[MAJIOB HA KOHLIAX BOJTHOBOZA) IIPUBOJAT B JABUKEHHE CTPYKTYPUPOBAHHYIO MaTEPUIO ITyTEM BHH-
TOBOI'O TOKa 3JIEKTPOHOB, MIOHOB WJIM HEWTPAJIbHBIX aTOMOB BJIOJIb 9THUX MOTEeHUMAIOB. [IpogykTom
Pa3pAAKHM TAKUX MOHOIMOJIEN SIBJISIIOTCS TaKKe M BUXPEBble MArHUTHBIE 10151, KOTOPBIE U 3aCTABISIOT
JBUTaThCs JIEKTPOHBI BUHTOBBIM ITyTEM B OZIHOPOJAHOM MarHUTHOM I10J1€. DTO €CTh (popMa B3aUMO-
AENCTBHS MAarHUTHBIX MOJIEH 3JIEKTPOHOB C BHELITHUM MAarHUTHBIM TOJIEM Y€pe3 MarHUTHbIE KBAHTBHI,
KOTOPBI MOXET TOJIBKO MOAYJHPOBATH MPOJOJIBHOE ABUKEHHUE JIEKTPOHA BUHTOBBIM. DTOT IPO-
[IECC aHAJIOTMYEH IPOILECCY MOMYISLUH TPOIOIBHOTO JIBMKEHUsI BpAIIAIOMIEHCsl raiiKu-Oaparika
JxaHnOeKoBa «KyIbOUTOM» — MIEPEBOPOT CIIMHA, a TaKkKe KaK MPOJI0IbHAsI CTPYS BOAbl MOAY/IUPY-
eTcs BUHTOBOM MMILIO3KEN 3ByKa B He€ ¢ yactoroi B 23 I'i. Ho 3T npouecchl BbI3BaHbI MeXaHH-
YyeCKHUMH CBOOOJHBIMHU BUXPOHAMH, KOTOPbIE MOTYT IBUTAThCsl TOJIBKO CO CKOPOCTBIO 3BYKA.

B nByx crnoBax, 3apsii SHEPIUM — 3TO HEBUIMMBI CBEPXOBICTPbIA MAarHUTHBIA MOHOIIOJb
(B MOKOE I'paBUTALIMOHHBIA MOHOMOJIb), KOTOPBI BE3/le IMOCJE CBOErO MPOXOXKAEHHUS CO CKOPO-
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CTBIO CBETA B COCTaBE BUXPOHA YCTAHABJIMBAET OMOPHBIE BOTHOBOIbI U3 3EPEH-NIOTEHIIMAIOB, KOTO-
pble U MPOSIBJISIIOT YK€ BBIHYXKJIEHHOE ABWKEHUE Ha OKPYXKAIOIIYI0 CTPYKTYPUPOBAHHYIO MATEPHIO.
A BOT yXe 3TO JBMKEHHE 0 Pa3HOMY IMPOSIBIISETCS M 3aBUCHT OT MOIBMXHOCTU CBOOOJHBIX HOCH-
TeJIel 3aps10B JIEKTPUUECTBA UJIM MacChl aTOMOB. Takue IpoLecchl pOkK/AAIOT JBUKEHUE WK HOBYIO
opMy CTPYKTYpupOBaHHOI MaTepuu B CBOOOJHOM ((pOTOH, (POHOH) MIIM KOPITYCKYJISIPHOM BUE
(NIEKTPOH, My3bIPbKY KABUTALIUH).

OpHuM U3 e€ JOoYepHHUX MPOOYKTOB B BHIE JEMEHTAPHBIX (DOpM SIBIISETCS PerucTpupy-
eMasi ¥ BU3yaJIbHO BHAMMAasl CTPYKTYPUPOBAHHAsI MaTepusi — 3TO JIEKTPOMArHUTHbIE BOJIHBI,
3BYK, JIeMEHTapHbIE YaCTHUIIbl, CBS3aHHbBIE KJIACTEPHI BEIIECTBA M3 HUX M BTOPUYHBIE BHEIITHUE OIS
BOKPYT' HUX, KOTOpbIE POK/IEHbl BUPTYAJIbHBIMH MEPBUYHBIMA BUXPEBHIMA MArHUTHBIMH, JJIEeK-
TPUYECKUMH ¥ TPABHUTAIHOHHBIMH MOHOIOJISIMH.

Uro Takoe MarHMTHbIE, YJEKTPUYECKHE Y I'PAaBUTANMOHHbIE MOHONOJHU® U YeM OHM
OTJHYAIOTCS OT COOTBETCBYIOIIero um 3¢gupa?

Jpyrum e€ 1o4epHUM MakpoOIpPOAYKTOM €CTh BUAMMAs Ila3oM (opma B BUJE 3BE3], rajlak-
TUK, CKOILJICHUI TaJaKTHUK, a TaKke HeBHAUMAsI 1i1a3oM (hopMa SHEPruu B BUJIE TEMHOW SHEPTrUU
u3 cpep UCT — 310 sij1pa 3BE3/, IJIAHET, FAIAKTHUK.

UYro takoe Yépnoe cpepuueckoe teao (UCT)?

OpnHako, Kak 0OCBOOOXKIAETCSI caMa SHEPTUsl U3 BELIECTBA U MPU KAKUX YCIOBHUSX OHA MPOU3-
BOAUTCSI? DTOT BOMPOC OTHOCUTCS K YCJIOBUAM-TPHYNHAM POKJICHUSI MATHUTHBIX U TPaBUTAIIMOH-
HBIX MOHOIIOJIEH.

Uem oTIIMUaeTCsl MArHUTHBIA MOHOTIONb OT MarHUTHOTO 3apsiga? Kak 3tu apa victounnka ¢op-
MUPYIOT B IPOCTPAHCTBE U B Kakou ¢hopMe (pu3nyecKkue nossi — IepBUYHOE BUXPEBOE WM BTOPUY-
HOE LIEHTpaIbHOE?

Takoii ke BOIPOC CTOUT U IJIsI SMEKTPUUECKUX U TPABUTAIIMOHHBIX MOHOIIONEH.

OTBeT — TaM rje ecTh KBa3aphl, MyJIbCapbl, 3BE3/IbI M FAJIAKTUKY, TAM €CTh siipa TEMHOMN Mate-
puu (UCT). Tam rue ectb CKOPOCTb CBETA, TAM €CTh 3apsij] SHEPTUH, TaM €CTh MarHUTHBI MOHOIIOJNb
MUKPOBHXPOHA, TAM €CTh CAMOJIBIIKYIIIEECS] CO CKOPOCTBIO CBETA MyJIbCHpYIolee U cheporiofodHoe
BUXpeBoe nosie. Tam rje ecTb MCTOYHUMK MOTOKOB I'PpaBUTAIIMOHHBIX 3€peH-noreHnuanos (UCT) nu
TI0JIs1 TATOTEHM 1, TAKOM ke Kak y siipa 3emutn uin CosHila (LIeHTpaIbHOE T0JIe), TaM Y AaTOMHBIX sIJIEP
1 JIeKTPOHOB nosBisercss Macca B CU u muHepTHOCTH (2 He B 1mojie 6030Ha XWITCa), a eCid KJIacTep
Macchl BpallaeTcs, TaM €CTb IPaBUTALIMOHHbI MOHOIIONb. TaM Ijie ecTb Macca, TaM BCerja Mporop-
IIMOHAJILHO €H M0 KOJIMYECTBY OYJeT U MEKTPUIECKUI 3(pUP 1 30HBI JIOKATBHOUN XOIOIHON IEKTPH-
YeCcKOU Tia3Mbl. Eci pa3nenuTh Takou ABYX3HAKOBBIN (hUP XOIOTHON 6@3MaCcCOBOM IJIa3Mbl Iy TEM
MOHM3ALIMHI aTOMOB WJIM TOJSIPU3AIMM KJIacTepa MAcChl, TO TOSBISIETCS 00JIaK0-KJIacTep HeBUX-
PEBOro JIEKTPUIECKOro ra3onofo0HOro 3(hpupa ¢ OIHUM 3HAKOM — 3TO TOXe OfHa U3 (popMm 3apsijia
3JIeKTPHYeCKUMU 3EéPHAMU-TIOTEHIMATAMH .

Hpyriumu Hanbosee pacnpocTpaHEHHBIMU (hPOPMaMHU CYIIIECTBOBAHHSI SHEPIUH SIBJISIIOTCS CTa-
[HOHAPHbIE CHJIOBbIe MPOCTPAHCTBA®, KaK OTKPBITbIE 00BEMBI IIEHTPAIBHBIX (PU3UUECKUX
T0JIeN UCTOYHUKOB — IoJieBasi paguajbHas popma moJjieil. Uto Mbl 3HaeM O MeXaHU3Me B3au-
MOJICHCTBYIOIIUX TOJIEH, MPUBOISAILIMX K MOPOKAeHUIO cril 3akoHOB Hetotona u Kynona? Huuero.
W 3peck 3Ty cyOcTaHIMIo HEOOXOOMMO OoJiee IeTaTbHO pacCMOTPETh Ha MPeaMeT e€ MPUYacTHOCTU
K BO3HHKHOBEHHUIO CHJI MPUTSKEHHSI-OTTAJKHMBAHUSA B 9TUX 3aKOHAX U JPYTHUX.

Heo6xonumo Takske pacKpbiTh TaiiHy JeOpOMIEBCKUX BOJH U 1eOPOIIEBCKON «ITyObl» (000-
JIOUKH BHXPEBBIX MOJIeil), UHAYKTUPYEMON BOKPYT IBMKYIIUXCS MHKPOUYACTHII M KJIACTEPOB
KOHJICHCMPOBAHHON MaKpoOMaTepuy, Ha MpeaMeT MOUCKA CTPYKTYPBl U MCTOUHMKOB MPOU3BOJICTBA

81 Mlagpua A. A. Buxponsl. M3narensctBo Jupext-Menua. Mocksa. 2013 rox. 667 crp.

82 [TpocrpaHcTBa — prusnyeckye nosst — 310 popMa CyIeCTBOBaHUS SHEPTUH B BUjle 00BEMOB U3 ABIKYILINXCS 3EPEH-TIOTeHINA-
JIOB, KBAaHTOB JJUCKPETHOTO NMPOCTPAHCTBA.
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9TOM «IIyObl», KAK B MUKPOMAaTePUH 1 MAKPOMATEePHH, TaK U B runepmaTtepun. OO60I04KY BUX-
PEBBIX TMOJIel BOKPYT KOHAGHCUPOBAHHOTO KJlacTepa, oOpa3oBaHHbIe BpaimieHueM matepun (B. ay-
oeprep, 1. Cepin), 38ykom B HuX ([1. Knin, B. C. 'peGeHHMKOB) MM IEPEK PECTHBIMU aKyCTUYECKUM,
9JIEKTPOMArHUTHBIM M JIEKTPOCTaTHUeCKUMHU moJisiMu ([]. XaTarcon), 06;1a1a10T JOCTaTOUHBIM 3apsi-
J0M Hepru ((popma SHEPrum), 4ToObl PU B3AUMOJCHCTBUH C IOJIEM TSTOTEHHS 3eMIIM ITPEO0JIeTh
ero MPUTSDKEHUE, YHUUTOXUTh MHEPTHOCTh KJIACTEpa, a JBUKEHHE MPEBPATUTh B Oe3bIHePIHOH-
HOe, a TaKkXke 00pa30BaTh 30HY X0JOAHON 6€3MacCcoBOIl MIa3Mbl (JIEKTPUIECKYIO, TPABUTAIIOH-
HYIO ¥ MarHUTHYIO), KOTOpasi pH ¢1a00i KOHIEHTPAIMHU TUIOTHOCTH 0e3MaCcCOBBIX TTOTOKOB 3EpEH-
MOTEHLIMAJIOB MPOSIBJISIETCS B POXKICHUN CHJIOBBIX JIUHMI 1105151, ciJibl HelotoHa u Kysona, a ipu
MpeJeIbHBIX MAKCUMAJIbHBIX 3HAYEHUSAX YHHUUYTOKAET IOJTHOCTBIO TPOCTPAHCTBO, SHEPTHIO, AaTOMBI
BEIIECTBA, YTO MOATBEpXkIaercs noneM Bokpyr Tapenok [. Cepna, pesyasraramu Punagenbdpuil-
CKOTI'0 9KCIIEpPUMEHTA U UCCIIEI0BaHUAMM ToJ1ed BOKPYT «Kosokoma».

B kakux em€ popmax CyIiecTByeT SHeprusi, Kak 1 KaKUMUA HOCUTEJISIMU OCYILIECTBIISIETCS €€
nepenoc. Kak mporcxonur e€ mpon3BoACTBO U 0CBOOO0XK/1eHHE TTPY U3MEHEHUH (pOpM MaTepuu,
1pu €€ paccessHUM, KOMIIPECCUH U KYMYJISIIMY, U KaK BO3HUKAET e€ MPOU3BOIHASI CHJIA, CIIOCOOHAs
JUCTAaHUMOHHO UIEHTU(ULIMPOBATh, IPUTATMBATH UM OTTAJIKUBATh TeJa-3apsiibl?

B muKpomartepuu 4YacTMYHO 3KcriepuMeHTanbHO B cucteme CU m3ydeHo smimb Oe3mac-
COBO-0e3bIHEePIIMOHHOE [IBIKeHUE (POTOHA ¥ KHHETHYeCKOe JBIKEHHE JIEMEHTAPHBIX YaCTHIL
C 3apsIOM MAacchl, EKTPUUYECKUM 3apsAOM M ONPEAETIEHHBIM CIIMHOM. A POXAECHUE 3J1eMEeHTap-
HBIX (POPM CTPYKTYPUPOBAHHOM MaTepuu (BEILECTBA) OT JIEKTPOHOB U BbIILIE IIPOUCXOAUT U3 Hell-
TPaJbHON MaTepuu TUMa (POTOHOB (CBOOOIHBI MAarHUTHBIM MOHOIIONb OTWUH) U HEUTPOHOB (TpH
3aMKHYThIE OOOJIOYKH C IIECThI0 MArHUTHBIMU MOHOTONsIMK). KakoBo ornpezesneHre BooOIe 3Tux
3apsan0B? Het oTBeTa Ha BONPOC U O Mexanu3.me IIPOUCXOKACHUS 3apsia Macchl y ABYX HOBOPOX-
JEHHBIX JIEKTPOHA U TIO3UTPOHA U3 OHOI0 6€3MaccOBOTO (POTOHA B IMOJIE AaTOMHOTO 5I/1pa, KaK 1 HET
OTBETa O MPUPOAE CIHMHA ITUX MUKpovacTull. OTciofa ClieyeT, YTO CTPOUTEJH IPUMEHSIOT pas-
HBIE METO/Ibl CTPOUTENILCTBA — OTKPBITHIN JIMHENHbIN KOHTYP U151 (POTOHA, 3aMKHYTBII KOHTYP 1JIs
3JIEKTPOHA, MHOTO3TAKHBIN 110 PaANyCy MHOTOKOHTYPHBIN 110 hopMe 11 HEUTpoHa U T. 1. Het
OTBETa U O MEXaHW3Me IIPOU3BOJCTBA BHEIIIHETO MOJA OT TaKMX MUKpouactull. OTciona cilegyror
Y pa3jIMYHble METOAbl CTPOUTENbCTBA TaKMX MUKPOUYACTHUI] CO CTPYKTYpOW IPaBHJIEKTPOMAr-
HHUTHBIX MYJbTHIIOJEH M X BHEIIHNX MYJbCUPYIOIINX I0JIeH .

Tak Kak KOHEYHbIE Pe3yJbTaThl SKCIIEPUMEHTOB B M3MeputesbHoi cructeMe CU ocHOBaHbI
Ha BU3YaJIbHOM OTOOpaKEHHH B CIIEIIMAIIBHBIX CPE/ICTBAX- IeTEKTOPaXx (Kamepbl BuiibcoHa, my3bipb-
KOBBIE JIETEKTOPBI U JIPYTUE) B3aMMOJAEHCTBUS MUKPOYACTHIL] C UX BEIIECTBOM (HaIpUMep, ABUKY-
LIUIACS NIEKTPOH B MOCTOSTHHOM MAarHUTHOM M 3JIEKTPUYECKOM I10JI€, YCTAHOBJIEHHOM B Kamepe),
TO CTAHOBUTCS BIIOJIHE OYEBUAHBIM (PAKT, UTO B3aMMOJEHCTBYIOT JIMIIb BHEIIHHME IOJISI YaCTHILIbI
CO CTallMOHAPHBIMM NOJISIMH , YCTAHOBJICHHBIMH B JieTeKTOpe. M3 Mo100HbIX 9KCIepUMEHTOB Jie1a-
eTCs1 BBIBOI, UTO JIEKTPOH 001a/1aeT OECCTPYKTYPHBIMH JIEKTPUIECKUM 3apsI0M U 3aPsII0M MACCHI —
B cucreme CU BbIYMCJISIIOTCS, @ HE PETUCTPUPYIOTCS 3TU MapaMeTpsl. B npupoae He cyiecTByer
0eCcCTPYKTYPHBIX YaCTHII C JIEKTPUIYECKUM 3apsiIOM U 3apsiIOM MACChl — 3TO JIMIIb BCIIOMOTaTe b-
Hble TTapaMeTpbl B Toi cucteme mep (cucrema CU), KOTOpasi UCIIONIb3YETCs B 9TUX IKCIIEPUMEHTaX,
Takue ke Kak u BpeMs. Tem He MeHee, cuntaercs B CAIl, uto Macca (3apsiy Macchl) U 3JIeKTpPH-
yecKHil 3aps/ SBJISAIOTCS OCHOBOIOJIArAIIMMY ITPU3HAKAMY aTOMOB B BEIIECTBEHHOM U BU3YaJlb-
HOM MHpe, U3yueHHbIX Kak 4,9% OT Bcero octajabHOro. B Toxe Bpemsi cuuTaercsi, YTO MAarHuTHbIN
MOHOII0JIb B IPHPO/Ie He CYI[eCTBYeT, UTO IPUBOAUT K HEONPEIEIEHHOCT MEXaHN3Ma MOCTOSH-
HOTO IBH2KEHHSI Y U3MEeHEHHsI MaTepuH, a TaKXkKe HeONpeaeIEHHOCTH TaKOK MepBUYHON CyOCTaH-
1IMU, KAKOU SIBJISIETCS] «IHEPeUsL».

W3 peanbHOro mpeacraBjeHHMsi CleyeT, YTO CYLIECTBYIOT JIMIIb 3aMKHYTbI€ KOHTYPBI
U3 3¢PEH-TIOTEHIIMAIOB JIEMEHTAPHBIX YaCTHUII, IIEPUOANIECKH OOHOBJIsSIEMble I'PaBHIJIEKTPOMAr-
HUTHBIM MOHOIIOJIEM, KOTOPbIM MPH pa3psiiKe MyIbCUPYIOIIMI MarHUTHBI MOHOIOJb BbITAJIKU-
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BaeT MPEXHUI KOHTYp, (pOpMUPYsl BHEIIHHE PErMCTPUpPYEMblE MOJISI JIEKTPOHA — IOJISA BUXpe-
Bbl€ MArHUTHBIE (MATHUTHBI MOMEHT), IOJISI 3aps/1a AEKTPUIECKUM [TOTEHLIMAIOM (JEKTPUIECKUIA
3apsa). AHAJIOTMYHBIA MPOLIECC MPOUCXOIUT, KOTAA MyJbCUPYIOIIMN IPaBUTALMOHHBIM MOHOIOJb
BBITAJIKMBAET U3 KOHTYpa MPEKHUI I'PaBUTALIMOHHBINA BOJIHOBOM, (POPMUPYSI KBaHTHI MOJISI 3apsiia
I'PaBUTAITMOHHBIM MIOTEHIIMAIOM (pOXJaeTcs 3apsii Macchl 0e3 yJacTusi 0030HOB XHITCa). DTH MOHO-
TIOJIM TIOPOXKAAET B MOKOE BUXPEBOW 0e3MaCCOBBIM MCTOUYHUK I'PABHAJIEKTPOMATrHUTHBIN MOHO-
N0JIb, IYJIbCUPYIOIIMII COOTBETCTBYIOUIMMY MOHONOJISIMH NpH paspsjake. KakoBa crpykrypa
3TOro rpaBUAJIEKTPOMArHATHOTO MOHONOJIS 7

Ckopoctb 1BUkeHHS (DOTOHA NIOCTOSTHHA Y HE 3aBUCUT OT CKOPOCTU MOPOIMBILIETO €r0 UCTOY-
HHUKa, a JaJbHOCTh OECKOHEYHa — CJIeOBATENIbHO, 3TO CAMOJABHKeHUe, HO 0e3 WU3JIyuyeHus!
BHEIIHUX KOHTYPOB N0 MEXaHN3MY JEeKTPOHA, a C HAKOILUIEHHEM UIMHbI 3THX KOHTYPOB
HA HeNpepbIBHOM BOJIHOBOJE. [IBa MoToka (pOTOHOB OT JIBYX MCTOYHMKOB OJIM3KHUX IO 4acTOTE
uHTepdeprpyoT ¢ 00pa3oBaHUEeM COOTBETCTByOIIMX 30H. IHTepdepeHnus moTokoB (pOTOHOB
MIPUBOJIUT K YCHJICHUIO M OCIAONIEHUIO B 9TUX 30HAX B HEKOTOPBIX (DA30BBIX TOUKAX MEPECEUCHHS UX
CyMMapHOro nosisi. A uaTepepeHusi BHEIIHUX MOJIEl OT CTAIMOHAPHBIX UICTOYHUKOB (TpaBUTA-
LMOHHBII, MAHUTHBII WX JIEKTPOCTATUYECKUI) TPUBOIUT K POXKICHUIO CHJIOBBIX JIMHHUI 1 YHH-
YTOKEHHIO M0JIsI B 00bEMe B3aMHOI0 0JIs1 30HOH X0JI0/{HOM 6e3MaccoBoil miia3mbl . Kako
MEXaHU3M CTPYKTYpPbl TAKON pa3HO HHTePhepeHuu OT MOoJei HATTOKEHUSI STUX TUIIOB UCTOYHU-
KoB? B 4ém ux cxoacTBO U paznuuue?

[TpeoOpazoBanye CBOOOTHOTO MOCTYNATEILHOIO JBMKEHHUS 3aIOPOroBLIX (POTOHOB CO CKO-
POCTBIO CBETa B TOJIE aTOMHOTO siipa B KOPITYCKYJISIPHYIO MaTE€pUI0 UM HA0OOPOT aHHUTWIISIIIUS
AQHTUYACTULL B TIOJIEBYIO (POPMY SHEPIUM — ITO MPEeIMET IPUCTAIBHOIO BHUMAHUS U aKTyaJIbHEeHIIas
3aJa4a COBPEMEHHOIO HAayYHOTO MO3HAHMSI CTPYKTYpsl Mupo3nanus. 3/1ech HEeT ydacTusi O030HOB
Xwurrea.

B Makpomatepun u3ydeHsl, HO C HeIOCTATOUYHOI ITyOMHOM, Bce (POPMBI KHHETHYECKOr0,
BPAalaTeJbHOI0 JBIKEHUS aTOMOB M KJIACTEPOB C MAcCCOi, KpOME HEMOHSATHOTO CaMOJBHUIKe-
HHUSA-<KYJbO0HUTa» raiiku [[xann6exkoBa, GymepaHra, Bouka TOMCOHa, a Takke caMOJBUKeHHUS
3BYyKa.

A poxJeHue 3JIeMEHTapHbIX (POPM BEILIECTBA B BUJIE ATOMOB YK€ IPOMCXOAMT U3 HEUTPAIbHBIX
(bopm marepun THIIA HEUTPOHA MYTEM UX JJIMTEIBHOM 3BOMIOLIMY OT LIEHTPA 3BE3] U IUIAHET Yepe3
ra30kKUJIKUE COCTOSIHUS, MAHTHIO M KOPY TBEPAbIX IUIAHET K X MOBEPXHOCTH.

B TO Xe BpeMs SICHO M OLIyIaeMO Ha MOBEPXHOCTU 3eMJIM MOHSATHE MAcCChl KjacTepa, Kak
SHEPruH B COCTOSIHUM MOKOSI, & BOT MMOHSATHE EKTPHUUECKOTO 3apsi/ia He OMpeesieHO — YT 9TO 3a Cy0-
cranmusi? C OIHOW CTOPOHBI UMEIOTCS MHOTOUMCIICHHBIE OTpe/ieieHus Takol cyOocraniuu b. ®pan-
koM, M. @apaneem u H. Tecna, HO OHM HaxXOAATCS B POTHBOPEYUAX C COBPEMEHHBIMU OIpe-
JeJIeHUsIMU IEKTPUUYECKUX 3apSAIOB EKTPOHA (KAK «amoMa» IeKTPUUECTBA), MIOOHA, aTOMHBIX
snep U T. 1. Tak uto xe 310 B cucreme CU — KyJI0H WM 3JIeKTPUYECKUIA TOTEHIIMA, PAa3HOCTb ITOTEH-
LMAJIOB WUJIM JeKTpUuueckoe HarnpsiokeHue? Teciia mokaszan MHCTPYMEHTAIbHO TEXHOJIOTHIO pasjelie-
HUSI OOBIYHOTO JIEKTPUYECTBA HA OCHOBE JIBUKEHHS SJICKTPOHOB M HOHOB JIYTH OT «2d30N0000H020
IneKmpuueckozo upa, gaxenos naameru» B CBOEM pe3oHaHCHOM TpaHcgopmarope. OTciona ciie-
OYET, UTO «@MOM» DJIEKTPUUYECTBA YKE MPEJCTaBJIEH B ByX (pOpMax — 3JI€KTPOHOB U NEKTpUYe-
CKOro 3¢upa B BU/ie 3€peH-N0TEeHIMAIOB. TaKoro jxe MHEHUsI IPUIEPKUBAIUCH U J1BA JPYTMX BECbMa
ABTOPUTETHBIX YYEHBIX B TOM BOIIPOCE.

3akoH BceMHPHOro tArorennsi HoloToHa conepkur psjl cCepbE3HBIX HEIOCTATKOB.

I'1aBHBINA W3 HUX — Macchl, BXOAsIME B (hOPMYJy AODKHBI OBITh KOPPEKTHO OIpEAeseHbI
Takke, Kak U B 3akoHe KyinoHa. EcTb Macchl KjacTepoB M3 aTOMHO-MOJIEKYJISIPHOTO BEIIECTBa,
KOTOpbIE M3JIy4aloT COOCTBEHHOE KOPOTKO/IelCTBYIOIIee TI'PAaBUTALMOHHOE TOJIe C OIHUM 3Ha-
KOM, OMpejielisieMoe pa3MepoM aToMHoro siipa. Ecte kameHHble 65oku Tubera, KoTopbie BO30YX-
JAI0T OIPEJEIEHHBIM 3BYKOM, Y I03TOMY 3HAK BHEILITHETO I'PABUTALIMOHHOTO MOKET IPUHUMATh, KaK
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TMIOJIOXKUTETbHBIC, TaK U OTPUIIaTeIbHbIC 3HAYCHUS. A €CTb TUIAHETHl U 3BE3/IbI, CTPYKTYpa BElIeCTBa
KOTOPBIX MEHSIETCS OT LEHTpa K MOBEPXHOCTH, MPUYEM sijipa 3TUX OOpa30BaHUI MMEIOT pa3Mep
Ha 20 JecATUYHBIX TIOPSIKOB OOJIbIIIE ATOMHOTO SIAPA, YTO MPUBOIUT K COOTBETCTBYIOIIEMY AAJbHO-
J1efiCTBHIO, IUIOTHOCTU ¥ 3HAKY NoJis M3nyuyeHust. [loaTomy actepousibl B nosice ACTEpOHIOB OTTaI-
KHMBAIOTCS U MIPUTITUBAIOTCS APYT K JPYTy TOJBKO B mojie TsaroteHust CoNHIA, OCTaBasiCh Ha MOCTO-
SIHHOU opOuTte. B 001mem 3ta hopMyna He JOJIKHA OTIMYAThCs OT popmysibl 3akoHa KysoHa.

Hpyroii — vHeoobsicnumoe CAIl najabHOaeicTBHE : CUIa TIPUTSDKEHNS TiepeJaBaiach Her3-
BECTHO KaK 4epe3 COBEPIIEHHO IMYCTOe MPOCTPAHCTBO, MPUYEM OECKOHEUHO OBICTPO. A B KOHIIE
XIX Beka oOHapykHIach enié ojiHa MpoodJieMa: 3aMeTHOE pacXokIeHUe TeOPETHUECKOTro U Habmoaa-
eMOTO CMellleHus1 iepurevst MepKypusi.

Bansinue BHeIIHUX moJiell 3eMJuH (TArOTEHUsI, MATHUTHOE U JIEKTPUYECKOE) Ha KJIacTep
aTOMHO-MOJIEKYJ/ISIPHOTO BEIIECTBA U 1axke atoM. Takoe BIMsIHIE Ha KJIacTep U Ia)Ke aTOM Ha MOBepX-
HOCTH 3eMJIM TIPOSIBJISIET y HEro CBOKCTBa 3apsjaa mMacchl. [lone kiactepa ¢ Maccoil mpUTSriBa-
eTCs1 C IOMOIIIBIO 30HBI X0J0JHOI 6€3MaccOBOI rPABUTAIMOHHOM MJIa3Mbl TI0JIEM PaBUTAIU-
OHHOro 3pupa UeHTpajibHOro 3apsjaa saapa 3ewmm. OTciona clegyeT, 4To 3HaK 3apsiia 3TOro
spa MPOTHBOIOJIOKEH T10 3HAKY 3apsily MacChl Kiactepa. JTo sIBJIeHHe B3aUMOJCUCTBUS MOJeH
MOJITBEPKAAI0T U MHOTOYMCIICHHBIE aCTPOHOMHUYECKHME HaOMIONEeHHUsI 32 TOBEJCHUEM aCTepOUJIOB
B TI0SICE aCTEpOU/IOB, CTPOCHUE KPYITHOMACIITAOHOW CTPYKTYphl BceneHHOM, a Takke pacrosoxe-
HUe Ha opOuTax BOKpyr CoJHIIA MJIAHET 3€MHOU TPYIITBl OTHOCUTENIBHO KPYITHBIX Fa305KMIKKX TIa-
Het fOnurep u CarypH. Bonee Toro, 3T0T (pakT rpaBUTalIM MOATBEPKAAOT TEXHUYECKHUE YCTPO-
CTBa W JIpEBHHME TEXHOJIOTMU CTpouTesbcTBa — rpaButonieéThl [. Cepna, B. IllayGeprepa, [I. Kun,
B. C. I'pebennukoBa, crpoutenbeTBo B Erunte, Tubdere u ®nopue.

Oo6Hapyxennbiii H. Tecna anekrpuueckuii 3¢pup B hopme kpyz2nozo waposozo anekmpuue-
cmea MPOSIBIISIET CBOMCTBA MHHEPTHOCTH, TAKXKe KaK Macca KJjiacTepa Belecta. Tecna 1eMOHCTpH-
POBAJI 3TO «KpYy2a0e INeKmpu1ecmso» — MepeKIaIbiBajl ero u3 KOpoOKH B KOPOOKY, Aepkall B pyKax
TaKke, KaK Maccy Kakoro JuOo mpeamMera. [[jist ero nepemertieHnsi, Kak 1 Juisi Macchl Kjlactepa, HeoO-
XOAMMO TIPUJIOKUTH BHEIIHIOK CHITY. A B aTOMe BCTPEUHbIe TIOTOKH IEKTPUIECKOro 3upa ¢ mpo-
TUBOIIOJIOKHBIM 3HAKOM OT SIIpa M JIEKTPOHHBIX 000JI0UEK 00pa3yloT 30HY X0JIOHOI He3macco-
BOI1 IUIA3MBbI, KOTOpasi 33JaET EKTPOHEHTPATIBHOCTD, Pa3Mep U COOTBETCTBYIONINI 0OBEM aTOMaM.

HaoGopoT, mocTosiHHbIE MarHWTHl MPOSIBISIOT 4Yyjleca JABHKEHHsI — OJIMHAKOBBIE TOJIIOCA
OTTAJIKMBAIOTCSI IPYT OT JIpyra, MPOTUBOIIONOKHBIE TPUTATUBAIOTCS C TIOMOIIIBIO 30HbI MArHUTHOM
0e3MaccoBOil X0JOAHON MJIA3Mbl, IUCTAHIIMOHHO MPOSIBJISISI YUCTHIA MArHUTHBIA 3¢up. Yro
9T0 3a cyocTaHmu B hopme 3pupa U X0JIOTHON 6e3MACCOBOM TUIA3MBbI?

B runepmarepuu, cornacio CAII nocie Bojbmoro B3pbiBa u3 rnpamarepud Hadaaoch op-
MHUPOBaHHE C TOMOITBI0 O030HOB XUTITCA EPBUYHBIX XUMHUECKHX JIEMEHTOB Iy TEM SIIEPHOTO CHH-
te3a Jierkux anementos (H, D, 3He, 4He, 7Li) cnycra 100 cexyna npu temrepatype Bcenennoit

10° K. U3 9THX S/EMEHTOB TIOBCEMECTHO SIKOOBI POKIATHMCh Ta30MbUIeBbIe? 0ONaKa MepBUYHOTO
BEILIECTBA, KOTOpbIEe SKOOBI POXAAIM Bpamalommecst oOnaKa-BUXpPH, U3 KOTOPHIX 0Opa30BaJIUCh
rajJlakTHKH, 3BE3/1bl U TU1aHeThl. [IpryéM rocietHre Mo MHEPLMU COXPAHWIIM BpaleHHe JI0 CUX IOop.
370 OmMOKA, KOTOpasi B 3TOM KHUTE OOOCHOBAHHO TOATBEPIKIAETCS.

3BE31bI N3 NBLIN HE POKAAIOTCA

OnHaKo ¢ TakMM CLEHapUeM COIJIACHBI JaJleKo He Bce yu€Hble. Tak, Hanmpumep, Ha OCHOBa-
HUY MHOTOJIETHUX acTpopu3nueckux HaOmoneHmii B.A.AMOapiyMsiH 10 KOHIIA KHU3HM HACTauBall
Ha Tak Ha3biBaeMoil «Bbropakanckoil koHIenuu». B Hauane 1960 rogoB oH mpusBas 0OpaTUTh
oco0oe BHUMaHMe Ha s1/1pa TAJIaKTUK M Ha UIYIIME B HUX HECTAl[MOHApHbIE MPOLECCHI, CBA3AHHbIE

83 ITbUTH — 3TO YaCTHUKH TBépl[I)IX KPUCTAINIMIECKUX TEJI, KOTOPBIE MOTYT POKAATHCA TOJIBKO B JOCTATOYHO CUJIbHBIX I'PaBUTAllU-
OHHBIX IOJIAX IJIAHET, a B YKa3aHHOE€ BpEMs HU 3Bé3l1, HH IIJTAaHET He OBLIO.

84 115 6rora Bacuma Snumimina
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C BBIJIEJIEHEM OTPOMHOM HEPIHH, UTO MPUITHUCHIBAIOCH OISITh ke aKTHBHOCTU HEKMX CBEPXILIOT-
HBIX TeJi. [Ipuposia 3TUX Tes He KOHKPETU3UPOBAJIach, TEOPHS HE CTPOMIIACH, HO TIPU3BIB BCTPETHII
IIMPOKUI OTKJIMK — OCOOEHHO Toclie 0OHapykeHus B 1963 romy orpoMHOI CBETUMOCTH U ITepeMeH-
HOCTH OJiecka KBa3apoB, KOTOPbIE JIOBOJIBHO CKOPO ObLIM paciivppoBaHbl, KaK KOMITAKTHBIE sIpa
rajmaktuk. [TnoHepckasi pob> AMOapIlyMsiHa B MPUBJICUEHU BHUIMAHHSA K SIpaM TraJlakTHKam OblTa
OTMeUeHa KPYIMHEeUITMM aCTPOHOMOM COBpeMeHHOCTH A. CeHAUIKOM.

O BropakaHckoi KoHIenwu AMOapiymsiH mucait aaxe B 1982 rogy®s:

«f nonazaro, umo 6ce HauuHaemcs ¢ oueHb maccusHvlx s0ep. OOHaKo oadice 8 Mmoeli cmparie
MHO2Ue NPUOEPHCUBAIOMCSL NPOMUBONONONCHO20 MHEHUS: OHU OYMAIOM, Ymo 8 Haua.ne 8cezo Oblau 2a3
u nolab. OOHAKO Mbl NOBCIOOY HADAIOAEM NOMEPIO BEULeCEa; HUKNO He HAON00AN KOANANC 2430801
MYMarHoCmu 8 38e30y»%°.

B. A. AMOapIymMsiH, 10 MHEHHUIO OINIOHEHTOB, HE {0KAa3aJl CYIIeCTBOBAHME CBEPXILIOTHOTO
«0036¢30H020» BEIECTBA, OJTHAKO 3TO HE MOMEIIAI0 eMy Ha TIPOTSKEHUU BCEH JKU3HU yTBEPXKIATh
WCTUHY YKa3aHHOW IIUTAThl, OMMPAsiCh HA CBOM MPAKTUYECKUI OIBIT B BlopakaHCKo# oOcepBaTOpui.

BropakaHckas odcepBaTopus

Jlpyrumu cioBamMy, IMEHHO M3 TAKOTO CBEPXIUIOTHOTO BelecTBa MyTéM pacnaaa’’ oopa-
3yI0TCSI XUMHUUYECKHE JIEMEHTHI, ONPOBEPTHYB, TAKUM 00pa30M, TEOPHI0 00pa30BAHKS XUMHUECKUX
aneMeHTOB ['amoBa. Bee muanersl CONHEYHON CUCTEMBI IPOU3OILIM U3 SIAPA ITOTO «0036€30H020»

85 Kypnan — Sky & Telescope, v. 64, 518.
8 Hamék na poxaerne KpaGoBUAHOM TYMaHHOCTH U3 ITyJIbCcapa.

87 B YaCTHOCTH, B IIPpUPOJE, B KOpE 3emu OITpElIeJIEHBI TPU cemeicTBa pacmaza TSKEBIX aTOMHBIX Aan8ep ¢ 06p2130BaHI/IeM pana
CTaOMITBHBIX XMMHUECKUX 9JIEMEHTOB, HAaIIpUMEP, CBUHLIA.
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Martepuasa U Kaxaas u3 HUX MOXET o0pecmu XumuuecKue 3.,1eMeHmbl TOIbKO U3 RPOOYKMo8 e2o
pacnada. I1osToMy TO BCe IJIaHETHI, B TOM YHCIIe U 3eMJIsl, B Te€UE€HHE KU3HU JIOJKHBl HOCHOSIHHO
yeeauuusamn ceoil 00°6em, 9To v HaOoIaeTcs Ha 3emie.

Ha ocHoBe 0oJbIIIOro KoimvecTsa JaHHbIX HaOmoneHuii Bropakanckasi KOHIeNnuus moj-
TBep:kaaercsa®®. 25 ampens 2018 roma EBporeiickoe KOCMHUYECKOE areHTCTBO OIMyOJIMKOBAJIO
Ha CBOEM caiTe HOBbIe OOIIMPHBIC pe3y/IbTaThl HAOIIOEHUI CBOSH KOCMUYECKON 00CepBaTOPUH TIO]T
Ha3BanueM [ aita (Gaia) u ux ananus 3a 5 nier. OGcepBaTOpusi HAXOAUTCS HA OTPOMHOM PACCTOSTHUM
OT 3eMJIi — MPUMEPHO 1.5 MJITH KWJIIOMETPOB, YTO TIOYTH B YETHIPE pa3a MPEBOCXOAUT PACCTOSHHE
no Jlyusl. Ee «paGouee mecTo» Haxonutcsi B Touke L2, He OueHb J1ajieKo OT Tak Ha3bIBaeMOU BTO-
poit Touku Jlarpansxka cucrembl CoinnHile — 3emus.

Moon

Mecropacnonoxkenue KocMudeckor obcepsatopuu (Gaia otHocutenbHo ConHila, 3emun
u JIynsl Haxonutcs B Touke L2.

Konnenmus 31a omim4aeTcss OT OOIIETPUHSATON TeM, YTO B €€ OCHOBE JICKUT MPOTHBO-
NoJI0KHasT (pr3nIecKass KapTuHa (bOPMHUPOBAHUSI KOCMHUECKHX OOBEKTOB U POXK/ICHUSI BEIeCTBA
Ha COBPEMEHHOM 3Tarie BoJoluu Haieil Beenennon. [Ipyrumu cnoBamu, Tak Ha3biBaemasi bBropa-
KaHCKasA KOHIENMIUsA, UCXOsd U3 MHOXECTBA HaOMONAaTeIbHBIX (haKTOB M CAMOCOIJIACOBAHHOTO
MIPUMEHEHU st U3BECTHBIX (DM3MUECKUX 3aKOHOB, TJIACHT, YTO B HaIllel HabmonaeMoi BeeneHHow 9B0-
JIOIWST MATEPUU U MaTepHaIbHBIX OOBEKTOB IMPOUCXOMUT Oarofaps mporeccaM pacnaja, ucreue-
HUA WIN U3BEPIKEHUSA BHOBb pO)KILéHHOFO BEHIECTBA U3 HEAP IMOYTH BCEX KOCMHUYECKHUX 06’L€KTOB.
To ecTb 3BOJTIOIHIO TIPEIOTIPE/IelisieT He TPABUTAIIMOHHOE CXKaTHe OApPMOHHOTO BEIECTBa, a OTPOM-

88 itk APYTIOHSIH, «Moct» (mpunoxenue k rasere «l'onoc Apmennn»).08.07.2018, EPKPAMAC.
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HOE KOJIMYECTBO HAOMIOAAEMbIX SIBJIEHUI HEYCTOMYMBOCTH, KAKOBBIMU SIBJISIIOTCS, HATIPHMED, B3PbIB
mynbcapa ¢ poxaeHuem Kpadosuanoit tymannoctu, a CojHIle KakIyl0 CEKYHIY BHIOpachIBacT

B IIPOCTPAHCTBO BCEJIEHHOM YacTh CBOEN HapaOOTaHHOI Macchl 4,3 X 10° Tonm, (poHTaHBI U3 NIEASTHON
npuM cryTHUKa CarypHa DHuenana nogHumarorcs Ha 100 KmiioMeTpoB BBEpX, UTO MOYTH BCE Hapa-
6oTaHHOE DHIIEIA0OM BELIeCTBO Ha JIIOOOM 3Tare B0 siapa CatypHa HelpepbiBHO MEPEHOCH-
JIOCh Ha €ro MOBEpXHOCTh, BYJIKaHbl Ha 3eMJie ¥ APYTuX IJIaHeTax, (popMupyloye Kopy, HelpepbiB-
HbIE B3PBIBBI B 3B€3/1aX M B TAJIAKTUYECKUX siapax. Bece 3To cBsi3aHO ¢ 0CBOOOKICHNEM HEKOTOPOIl
SHEPruM, KOTopas MOCTOSHHO MPEBpALIAETCsl B BELECTBO B HE/IPAX ITUX KOCMUYECKUX OOBEKTOB.

Hogbie nannbie Teseckona />keiimca Y300a CBHIETEJIbLCTBYIOT 0 TOM, YTO BoJbImoro
B3pbiBa He ObLIO!

Hogsle n300paskenus, nmoay4yeHHbie HeaaBHO (21 aBrycra 2022 roma) KOCMUYECKUM TeJIeCKO-
nom «JIxeiimc ¥Y200» (JWST), Tak:ke BHOCAT pacKos CpeJid aCTPOHOMOB M KOCMOJIOTOB, TIOCKOJIBKY
OHM CTaBAT MOJl COMHEHHE TO, KaK Ha caMOM JieJie BHIIVIS/IeNIM paHHUe THU Haleld BceneHHoit. 1o
OJIMH U3 MHOTHX ITPUMEPOB TOTO, KaK Mbl KOJUIEKTMBHO IPMHUMAaeM TEOpHHU M yOexkJeHHs 3a abco-
JIOTHYIO HEOCTIOPMMYIO MCTHHY, B TO BpeMs KaK Ha CaMOM JieJie B MUpe TIOJIHO HEOKUJAHHBIX CIOp-
MIPU30B.

Kpome Toro, HabmogaTeabHO M3y4eHO COOCTBEHHOE BpallleHHne B ABMKeHHH 1uiaHeT B Cou-
HEYHOM cucteMe, 3BE3/] M HeUTPOHHBIX ITYJIbCAPOB, KBA3apPOB M KBa3aroB. Y MyJIbCapOB UHTEHCUBHOE
camMoOBpalleHue NPUBOAUT K MHAYKIMH CBEPXMOIIHBIX MAarHUTHBIX IOJIEW — COIVIACYETCS C OCHOB-
HbIM 3akoHOM [Ipuponst Biskera. CoBpemeHHas (pusuka He Aa€T OTBETA Ha OIpeesieHUe c8olicme
TaKUX HCTOYHNKOB JABHKeHHs 1 n3MeHeHusA. Cunraercs o CAII, 4To riaHeTsl, 3BE€3/1b1 U rajlak-
KU TAK 1BHKYTCA [0 MHEPLIUH, TIOCIIE UX POXKAECHUS U3 I0YEMY TO BPAIAIOIIMXCS ra30NblIeBbIX
TyMaHHoOcTell. BHenHee BparieHue rniiaHeT BOKpyr CoJHIIA TPOMCXOAUT MO OpOUTaM SJIJIHIICOM -
HOM (POPMBI, a TOUEMY He KpyroBoii? HenmoHsATeH 1 MeXaHHU3M CTYILEHHU s FAJIAKTUK U UX CBEPXCKOII-
JIEHUN B TOHKHE «CHIEHbl» 1 HUTU «PUAAMEHMbL» TI0 TPAHULIAM ITy3bIpeli-«801i0» B MIPOCTPAHCTBE
Bcenennou. [Touemy?

ITony4eHo MHOTO 9KCIEpUMEHTAJIbHBIX (DAKTOB, MAYIIMX BPa3pe3 ¢ MaTeMaTH4eCKHUMH TEO-
PUAMH OTHOCUTEJBHOCTH A. DUHILITENWHA:

— JU1g onpenenieHus KpuBK3HbI ipoctpaHcTBa B OTO Henb34 (a1 onpeneneHns TeH30pa npo-
CTPaHCTBA CJIeBa TEH30POM SHEPIUH CIIpaBa) UCIIONIb30BaTh CKOPOCTh CBETA, TAK KaK 3Ta KOHCTAHTA
OTHOCHUTCS K JIEKTPOMAarHUTHBIM IOJISIM, @ HE K TPABUTAIIMOHHBIM, CBOKCTBA 9TUX IOJIEU Kap-
JOVHAJIBHO Pa3MvaloTcs, a CETKa MCKPHUBJIEHHS IIPOCTPAHCTBA-NI0J BO3MOXHA JIMLIb TOJIBKO IS
JBYX MCTOYHMKOB HEPTUM U OOYCIIOBJIEHA CHJIOBBIMH JHMHUSIMH JIMHEIHON 30HBI XOJIOAHOM Oe3-
MacCCOBOM IIa3Mbl B3aUMOJICMCTBUI UX BHELITHUX MOJIEH,

— HeJNb3s1 MCTOJIb30BaTh TaM K€ U Maccy, e€ BooOlle HeT B MPUPOAe, KaK HET MPOCTpaH-
CTBa-BPEMEHH M BPEMEHH, U T0ITOMY HENOHSTEH He TOJBbKO MEXaHM3M-a0CypH POKICHHUS MacChl
C TIOMOIIbI0 0030HOB XWITCA, HO U €ro 0OCTOsITeNIbHOE «omKpuimue» Ha BAKe, npeBbiiieHuemMm
B 5 curm HaJ (poHOM.

— TP NPOBE/ICHNU HAOMOJEHUI Ha PACCTOSHUAX, COOTBETCTBYIOIIMX MUJIJIMAPAAM CBETOBBIX
net, ypaBHenust OTO He ynoBIETBOPSIOTCS, ake Korja JoOaBjieHa TeMHAsl MaTepus,

— cokparenus JlopeHiia — oHM MOSTOMY U He pabOoTaIOT, YTO UMeeTCs HU4eM He 00OCHOBaH-
Hasl MeIIAHNHA MaTeMaTH4YeCcKOro abcypaa c ornpeeseHreM Macchl, CKOPOCTEH, POCTpaHCTBa
Y BpPEMEHH,

— M0JI51 TPABUTALMY MYJIbCAPOB, 3BE3]], IUIAHET, aCTEPOUJIOB — OHU PasHbIE 0 3HAKY, MO JaJlb-
HOJIEVCTBUIO U, B 0OILIEM, HEe IOTUYMHSIOTCS Jaxke 3aKoHy Hbl0TOHa 0 BCEMUPHOM TATOTEHNUH,

— KaK MOXHO OPUEHTHPOBAThCSl Ha 3aKOH HblOTOHa, eciu y mMaccel B (popMyJsie HET 3HaKa
3apsaja, Kak B (popmyiie 3akoHa Kysona.
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N nakonen rnasHoe, matematudeckue teopun OTO u CTO A. Diinmrreitna u BCE npyrue
SIBJISIIOTCS] MPOTHUBOPEYNBLIMH 1 HEMOJHBIMHI Ha OCHOBE BCETO JIMIIb IByX TEOPEM O HEIOJIHOTE
K. I'épens.

Hesicha npupona 1 MexaHu3M MepruoJruecKoil CMEHbl MarHUTHBIX TTOJTIOCOB Ha 3BE3]aX U I1a-
HeraxX. OcTa€rest HeMOHATHBIM MeXxaHu3M pa3oeranus ['anaktuk. CoracHo 3akoHy XaO0ma — yia-
JIEHHbIE TATAKTUKY, HAXOASIINECs Ha JOCTATOYHO OOJBIIIOM PACCTOSHUM JIPYT OT Opyra, YAAISIOTCS
APYT OT ApPyra co CKOPOCTHIO, TIPEBBIIIAIONIEN CKOPOCTh cBeTa. A camo [IpocrpancTBo-Tione Beenen-
HOH CTSITMBAETCSs1 30HAMHU XOJIOAHOW 0e3MacCOBOM I'PaBUTALIMOHHOW TUIA3MBbI, KOTOPHIE PacIoio-
JKEHBI TI0 T'PAHUIIAM BOWI-ITy3bIPEH, M0 IPAHULIAM «PUAAMEHM T CIIEH».

Hescen u npyroii BecbMa BaXHBIN (PaKT — YCTAaHOBJIEHO MPOM3BOJACTBO BHOBb POXAAEMOIO
BeliecTBa U rocie bosnpinoro B3psiBa. UYto Bosbioi B3pbIB O1ATh HOBTOPsIETCS B Halel Beenennoi?
KakoB MexaHH3M poO2K/1eHHsI BEIIECTBA U €€ MacChl HA COBPEMEHHOM 3Tarie 3Boonuu BeeneHHoit
B OOJIBIIIOM KOJIMYECTBE U C OUYEHb OOJIBIION CKOPOCTHIO, TPUBOASIINIA K OOBEMHOMY pPacIIHp eHHI0
Bcenennoii?

B peasibHOM npeacTaBieHNH MIEPBUYHBIE CYIIIHOCTU CTPYKTYPUPOBAHHOM MaTepun (Belie-
CTBa U TEMHOH SHEpruu) mpomu3Beaenbl sHeprueil, poxaeéaHon YCT, koTopas cama co3jiaHa BHE
arMoccepsl Harell BecenieHHO# 13 OeCKOHEYHO JUIMHHBIX TPEKOB-BOJTHOBOJOB (DOTOHOB BCETO JHa-
na3oHa criektpa OMB.

PaszHooOpasue B opueHTaly oceil BpameHus 1 ¢popma MoloAbix® MiaHeT CBUIETEILCTBYET
00 UX pa3BOPOTaxX BO BpeMsi UX SBOJIOIWH, HATpUMep, YpaH. O CHUXEHUH TUIOTHOCTY 3€MHOTO Belle-
CTBA OT $i/Ipa K TIOBEPXHOCTH U HETIPEPHIBHOM POCTe paanyca 3eMJIM CBUICTEIbCTBYET HEMOCTOSH-
CTBO MOJIYJIsI €€ YIJIOBOrO MOMeHTa 1 e€ O6e3pa3MepHbIii MoMeHT uHepiuu 0,33, a TakKe MpOoLecChl
pacnazia HeUTpajabHOW (POPMBI MaTeEpUM (HEMTPOH) M MPEBPAILEHUs] UX B aTOM (BOJOPOLL) C POCTOM

COOCTBEHHOTO MUKPOIIPOCTPAHCTBA-TIONS MPU 3TOM Iepexoie B 10 pa3. Bpamenue, kak onHa
13 (bOpM IHEPIruH ABUKEHH I, IPUCYLIE KaK JIEMEHTAPHBIM YaCTULAM, TaK ¥ aKTUBHBIM IIJTAHETaM,
3BE3/1aM U TFaJIaKTHMKaM, IIPM TOM OTHOIIE€HHE MAarHNTHOIO MOMEHTa K MeXaHH4eCKOMY €CTb
BEJIMYMHA NOCTOSIHHASA. B nepBoM cityyae, 4acTuiipl 00/1a/1a10T €I€ M BHYTPEHHUM BPAILEHUEM B MX
CTPYKTYpE HEKMX JHEPreTH4YeCKHX MCTOYHUKOB JBUKEHMSI, YTO XapaKTepU3yeTCsl MarHUTHBIM
MOMEHTOM, OTIPEAEISIeTCS] X CIMHOM ¥ THPOMAarHUTHHIM OTHOIIeHHeM®’, a TaKke BO3PacToM
’KU3HH ¥ BpeMeHeM pacnajga. MexaHu3M POUCXOKAECHUSA ITUX (PyHIaMEHTaJIbHBIX IOCTOSHHBIX
B cucreme uzMepenuii CH, a Takxe ero ncTo4HUKH He onpeneneHsl B CAIl Hu B Makpomarepun,
HU B MUKpoMatepuH. [ToctynarenbHoe MexaHMYecKkoe ABUAKEHNE BELIECTBEHHON MaTepuu 1o Aei-
CTBHEM JIMCTAHLIMOHHBIX CHJI U3BECTHBIX TPEX MOJIEW CTAMOHAPHBIX HCTOYHUKOB U CTOJIKHOBEHUE
€€ OTHEJIBHBIX KJIACTEPOB TBEPABIX TEJ, MPOABJIAET Y MOCIEIHUX SBJICHUE HMHEPTHOCTH, MEXaHU3M
KOTOPOM JI0 CHX MOp He onpeneneéH. TopMokeHre U OCTAaHOBKa 0€3MaccoBOro MoporoBoro (potoHa
B 110JI€ aTOMHOTO Siipa NPUBOAUT K AEJIEHUIO ¥ TPE0OPa30BAHMIO €r0 SHEPTUU ABHIKEHMS JUIs POXK-
JEHUS JIBYX IPOTUBOIOJIOKHBIX YaCTHUI] C ONPEAEIEHHON reOMETPUYECKH 3aMKHYTOM CTPYKTYpOH,
SHEpruel B COCTOSTHUYM MOKOSI B BUJIE 3apsia Macchl (6e3 yuyacTust 6030HOB XUITCa, a KOMITPECCHH
Y KOHJEHCALlUW SHEPIMM B BUJE MACChl NTOKOSA), IJAEKTPHYECKHM 3apsAAoM, MOMYLEIbIM CIIMHOM
Y MarHUTHBIM MOMEHTOM.

W, Hao60pOT, C OAHON CTOPOHBI, B3aUMOJEHCTBIE OJUHAKOBBIX 10 TEOMETPUUYECKON CTPYK-
TypPe TEIUIOBBIX JIEKTPOHA U ITO3UTPOHA ITOJ, IEMCTBUEM ITPUTSKEHH A MX BHELTHUX I10JIEU TOPOXKJAET
npeoOpa3oBaHKe X MAcChl H JEKTPUUECKOIo 3apsiJia B CBOOOIHOE Oe3bIHEPLIOHHOE IBIKEHNE
N0JIeBOM (pOPMBI SHEPIUH B BUE yKe 0€3MaccOBBIX (POTOHOB. DHEprus Takux (pOTOHOB paBHA MPO-

8 Hanpuwmep, 3emitst B popme reonsia MOKeT OBITH COCTaBJIEHA M3 TPEX JUTUNICOMIOB BPAIICHNUS, paHee BPAIIAIOIINXCST BOKPYT
ocel, pacHoJIOKEeHHBIX OJIMKe K OCH MarHUTHOTO JUIOJIS TUIAHETHI.

%0 ['MpOMarHUTHOE OTHOIIEHHE JUISl JIEKTPOHA, MOMyYaeMOoe SKCIEPUMEHTAIBHO, CYLIECTBEHHO OTJIMYAETCS CBOMM 3HAYEHUEM
OT BEJIMYHMHBI, PACCUMTHIBAEMON /TSI JIEKTPOHA, HAXOIAIIET0Cs] B OPOMTATILHOM JIBHKEHHU BOKDYT S/Ipa, YTO CTABHT O]l COMHEHHUE
TaKOE ero COCTOsSIHUE B aTOMe U BOOOILLIE er0 OpPOUTANIbHYIO CTPYKTYDY.
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U3BEJEHUI0 NoCcTOsIHHOM [11aHka Ha yacToTy poTOHA (4acTOTY MyJIbCALMIA MATHUTHOTO MOHOMOJIS) —
3[IeCb OTCYTCTBYET MPSIMOW NEpeXoji BUPTYAJbHOM MacChl JIEKTPOHA B SHEPTHI0 PABHYIO MPOU3-
BE/ICHUIO Macchl Ha KBajpaT CKOPOCTH cBeTa. B 3TOM mpouecce NpoucXoauT KBAHTOBBIN MEPEXOL
SHEpPruu MaTepuy B COCTOSIHUM TOKOSI (AHHUTWJISILMSI TE€OMETPUM 3aMKHYTOM CTPYKTYpPBI, 3apsiOB
MAacChl M IEKTPUYECTBA), B SHEPruio B (popMe MaTepun Oe3 Macchl U 0e3 3apsiia J1eKTPUIeCTBOM,
HO B COCTOSIHME JIBUKEHHS CO CKOPOCTBIO CBETa IPU MIOJTHOM COXPAaHEHUH SHepruu. Takoi nepe-
XOZI IEMOHCTPUPYET OCBOOOXICHNE IHEPrHH MOKOSA B (DOpPME MAacChl, POKIAEMOW 3aMKHYThIM
MAarHMTHBIM MOHOII0JIEM, U €€ IePEBO B MOJIEBYIO (popMy JBMKEHUS B (hOpME IHEPIruu ABUKe-
HHS C 3apsi/IOM HEPTUH — CBOOOHBIII MArHUTHBIII MOHOMOJIb. [10 Ipyromy 3ToT 3(peKT aHHU-
TWISLUMY aHTUYACTUIL] OTIPEIeIIIeTCs, KaK Je3MHTErpalusl 3apsiioB Macchl U EKTPUYECTBA, A TAKkKe
BBIHOC SHEPrUM WM MPeBpallieHre 3aMKHYTOH (hOpMbl SHEPTUH B MOJIEBYIO — CBOOOIHYIO (hopMy
SHeprum, yxe OIATh CIIOCOOHYIO coBepIIaTh moJie3Hyio padory. Bormpoc — UTO onpenensier cko-
pocThb cBeTa (POTOHA M KaKOBA CYIIHOCTH TAKOI0 JBHKeHHs ?

C npyroii CTOpPOHBI, J€KTPOH U MPOTOH MMEIT Pa3MYHYyl0 T'€OMETPUYECKYIO0 CTPYKTYpY
1 B 1900 pa3 ommyaroriyiocst Maccy. Torja mouemMy OHU UMEIOT OIMHAKOBBIN JIEKTPUIECKUI 3apsif]
T10 BeJIMYKHE, HO TPOTUBOMOJIOKHBIN 110 3HaKy? A B3aMMOJEUCTBHUE BHEIIHUX IEKTPUUECKUX MOJIEN
TEIJIOBBIX JIEKTPOHA U NPOTOHA HE MPUBOAUT K aHHUTWJISLMM — POKIAeTcsl HoBast popma MaTepuu
B BUJIE CTAOMJIBHBIX aTOMOB Bojiopofa. Toraa oTcionia  rIaBHbBIA BOITPOC SMOXU — BO3MOKHO JIM HEell-
TPaJIM30BaTh TaKXke M 3apsJ Macchl KJacTepa (Mepa MHEPTHOCTH, KaK B3aMMOJEUCTBUE MEXIY
ABYMSI MOJISIMM ), KAK HEUTPATU30BaH JIEKTPHUYECKUN 3apsi/L Aapa MEeKTPUIECKUMU 000I0UKaMHU
NIEKTPOHOB (TOUHEe 0OOJIOUKAMH U3 MEKTPHUUECKUX 3EPEH-TIOTEHIINAIOB BOJTHOBOIOB JIEKTPOHA)
B aTroMe 0e3 pa3pylIeHHus1 ero CTPYKTYpbl?

Hakower, a;1eKTpryeckoe ABHKEHUE ITyYKOB JIEKTPOHOB B JIEKTPOBAKYYMHBIX MPUOOpPax
U JPYTrUX NMOJOOHBIX YCTPOWCTBAX, B TOM YHCIIE, KPYTOBO€, TOPMOXEHUE U OCTAaHOBKA B BaKyyMe
MIPUBOJUT K M3ITyYEeHHIO (POTOHOB, aHAJIOTUYHBIX (POTOHAM, U3JTy4aeMbIX BO30YKIEHHBIMU aTOMaMH,
Y B YAaCTHOCTH, CUHXPOTPOHHOE u3iydyeHue, (poroHoB CBY u T. 1. DTUMU ycTpoNCTBaMU, KOTOPbIE
JeMOHCTPUPYIOT OECUHCIICHHOE MHOXECTBO HOBBIX CBOMCTB 3JIEKTPOMATHUTHOW M BEIIECTBEHHON
MaTepuH sIBJISIOTCS, HalpuMep, KoJulaiiepbl, 6eTaTpoOHbl, MAarHeTPOHbI, BUPKATOPbI, HUIO-
TPOHBI U T. . A C JApYyroil CTOPOHBI, C MOMOIBI0 MEXaHMYEeCKOro B3pbiBa (MHEPIHOHHOE
JIBIKEeHHE) BO B3pbIBOMArHuTHbIX reHepatopax MK-1 u MK-2 nony4yaior MarHuTHyr0 Kymy.Jisi-
IO SHEPruM, KOTOpasl MPUBOOUT K CBEPXCUJIbHBIM MAarHUTHBIM TOJSIM U B CBOOOAHYIO (hopmy
noroka CBY wim uMmyabCHBIA 3apsi]l MEKTPOdHEPrud. MexaHn3M MeXaHM4eCKON KyMyJIsiims
SHEpPruv KaBHTAIMOHHBIX My3bIPbKOB 32 100 JeT ucciaeqoBaHuil OCTaICs HEM3BECTHBIM JI0 CHX
nop. I HaoOopoT, 3jJeKTpouMIyJbc pa3psaaa B Boae IOTKuHA co30aéT Takoe ke MMITYJIbCHOE
MeXaHUYECKOe JIaBJIeHNe, KaKk U B3PbIB, HO yNpaBJjsieMblil. [1be303/1eKTpruecTBO 1 0OpaTHbINA eMy
3(ppeKT Ui MOATBEPKAAIOT TAKYIO K€ B3aUMOCBSA3b SIBJIEHUII [1s1 TBEPAOIO Tea.

OTciona 1 CeACTBUE — O CUX MOP HET CMBICIIOBOTO OMpeeieHus] CyOCTaHIINN « JHEPTrum»
KaK CYLIHOCTU Mepbl ABHKEHHS U BceX (POPM €€ HOCUTENIEH-NIEPEHOCYUKOB, Kak BHAUMBIX, TaK
Y HeBHAUMBIX. DHeprus, 3anacéHHass B (popMe 3apsgoB Macchl, He SIBIsETCS CBOOOJHOI, OHA
3aKOHCEPBUPOBAaHA — 3TO BCEIO JIMIIb AKKyMYJATOpb SHepruu. OCHOBHAs 3ajaya MPOU3BOICTBA
SHEPryu AJIs1 COBEPIIIEHHUH MOIE3HON pabOTH — 0CBOOOAUTD €€ U3 ITUX AKKYMYJISITOPOB U JOCTATOYHO
ObicTpo. Kak 3TO BBIMOTHUTE?

DKcrnepuMeHTaIbHBIE McceJoBaHusl (PU3HKOB BO BTOPOi MOJIOBHHE XX BeKa yOeqUTeIbHO
MOKa3aJId, YTO aTOMHBIE sI/Ipa He MOHOJIUTHBIE OECCTPYKTYpPHBIE 00pa30BaHMUsl, 8 UMEIOT PHIXJIYIO BUX-
PEBO-TIONEBYI0 OOOJIOYEUHYIO CTPYKTYPY U B MIX LIEHTPAX OTCYTCTBYIOT KaKUe-TTMOO «KepHbl», & CKO-
pee «nycmoma». JNEKTPOHBI, pA30rHAHHbIE HA YCKOPUTEJISAX JI0 TIOUYTH CBETOBBIX CKOPOCTEN, TPOHU-
3bIBAIOT SIAPA TSAKEIBIX ATOMOB, KaK ITyJIM JIYKOBUILY, @ HA BCTPEUHBIX Iy4YKaX B MUILEHU LIEHTPAIbHO
HapalllMBaloT CBOIO CTPYKTYPY M POXKJAIOT Ja’ke aHIPOHbI, B TOM YKC/IE M HyKJIOHbL. Macc-criekTpo-
METPUYECKHE U3MEPEHH S MTOKA3bIBAIOT, YTO Macca aTOMHOTO $1Jpa MHOTO MEHbIIIE, YeM CyMMa BCEX
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Macc, SIKOObI COCTABIISIONINX €ro HyKJIOHOB. B IIMKJIOTPOHHBIX SKCIIEPUMEHTAX, KaK MHCcaJl aKajie-
muk B. W. Bekcnep: ... «npu docmudicenuu snexmporoe snepeuu 6 10 Mseé e2o macca yseauuusaemcsi
6 28 pas».

Kak y>xe ycTaHOBIIEHO U 1axe AJIs1 MEKTPOHOB, B IPUPOJIE HE CYIIECTBYET CyOCTAHIIMN MACCHI.
CyluecTByeT JMIIb CTPYKTypa JEMEHTAPHBIX YacTUL], KOTOpasi C yBEJIMUEHUEM MX CKOPOCTH, T.€.
SHEpruu, JUlIb YCJIOXKHSAETCS U 10 HOBOMY B3aMMOJEWCTBYET C LIEHTPAJIbHBIM IOJEM TATOTEHUS
3emuu. [Ipyrumu cioBaMu, 4em OoJIbliie BHIYHCISIETCS Macca B TAKMX SKCTIEPUMEHTAaX, TeM OOJIbIIe
YacTOTa IPaBUIIEKTPOMArHUTHBIX MOHOIIOJIEW, COCTABJIAIOUIMX 3Ty CTPYKTYPY, U TeM MEHbIIE €€
pasmep. OT1ciozia 37EKTPOH JIMIIb CTAHOBUTCS JPYrol YaCTULEH, HAITPUMED, Tay-JIeTITOH.

NuTepdepennns noneil AByX UCTOUHUKOB-TIONIOCOB MATHUTOB POXKJAET CHJIOBbIE JIMHUH
(mo M. ®apapnew) nonsa. MexaHusM 3THX IPOLIECCOB HemsBecTeH. Ha mpumepe oTTajkuBaHus
ApPYr OT Apyra OAHOMMEHHBIX IMONIOCOB CTAIIMOHAPHBIX MAarHUTOB yOekJaeMcsi B TIOJHOH Oecro-
MotHoct opunmanbHoi ¢pusuku (CAIl) oxapakrepu3oBaTh STOT YyNPYruil MPOMeEKYTOK IpPO-
CTPAHCTBA, YCUJIMBAIOIINUN OTTAJIKUBAHUE TIPH MX CONMKEHUH — 3TO MOCTOSIHHBIN BCTPEYHBIN TOTOK
OHOMMEHHOTO MArHUTHOTO 3Upa OT ABYX MOJIOCOB-UCTOUHUKOB, 3TO BCTPEUHBIN MOTOK 3E€pEH-
MarHUTOMOTEHIIMAIOB OJJHOTO 3HAKA, YBEIMYMBAIOIINX 00BEM MArHUTHOTO AUCKPETHOTO MPOCTPAaH-
CTBA-MOJISI B 9TOM MPOMEXKYTKE U NMPUBOASIIMNA K OTTAJKHBaHUIO. KakoBa cyOcTaHUus 3TON
110J1eB 0¥ (hOpMBI COITPOTUBJIEHNSI MATEPUU B YKa3aHHOM IIPOMEXKYTKE POCTPAHCTBA, KAKOBBI MEXa-
HU3MBbI JUCTAHLIMOHHOTO PACMO3HaBaHKs 3HAKA IOJI0CA, MEXaHMYECKOro OTTAIKMBAHUS WU NIPU-
TSKEHMS1, KAaKOBa CTPYKTYPa CHJIOBBIX JIMHHI 110J151 CTAIMOHAPHBIX UCTOYHUKOB???

Bonbiioit 00bEM KCIIEpIMEHTAIBHBIX WCCIIEI0BaHUNA 00 aOCOMIOTHOM 3apsie MaTepuu
Y 10 ONpeeICHUIO MPUYNH KPUBU3HBI CUIIOBBIX JIUHUH (pazaessl 1169—1178, 1412—1449, tom 1,
dapasieil) B CTATUYECKUX IEKTPUIECKUX U MarHUTHBIX MOJIsAX ObUT mpou3BenéH M. PapaneeM B ero
3-TOMHOM Tpy/i€ — OH CMOT JIUIIIb KOHCTaTUPOBATh:

«omcymcemeue makozo 3apsaoa 6 MAKpOMAamepuu, 3apezucmpuposanms U ONUCams GHeulHee
nposieaeHue MAKUX CUN0BLIX AUHUIL, M.e. NPAMbIE U KPUGLLE NUHUU.

['naBHOE OT/IMUME CTAlIMOHAPHBIX MArHUTOB 3aKJII0YAETCA €IE U B TOM, YTO HEBO3MOKHO OT/E-
JIUTh OJIVH TIOJTIOC MarHUTA OT APYToro Mpy OECKOHEYHO MaJIoM APOOJIEHUH UX pa3MepOB — Mouemy?
[ToToMy 4TO HE CyIIECTBYET B IpUPOAE 0€CCTPYKTYPHBIX MarHUTHBIX MOHOIIONEH C MOCTOSIHHBIM
3apsaaoM — moHomnoseil Jupaka. B npupoje cymecTByioT TOJIBKO JIBa BUJIa MAarHUTHBIX MOHOIIO-
Jieli — cBOOOAHBIN 1 3aMKHYThII. CBOOO HBIN MAarHUTHBIN MOHOIIOh DMB — 3T0 BUXpeBOW Mar-
HUTHBII MOHOINOJIb C MePeMEeHHBbIM 3HAKOM U 3apsiioM, CyLIECTBYIOUIMI JIMIIb B JBHKEHHH
CO CKOPOCTBIO CBETa U IYJIbCUPYIOIIMI OT 3apsia SHEPTUU C OIHUM 3HAKOM [UIS Mepexoja B Apy-
TOM C MPOTUBOIIONIOKHBIM 3HAKOM, HO C OIPE/IeNIEHHON MHEPTHOCTHIO®!. 3aMKHYTBINl MarHUTHBIN

MOHOMIONb ¢ YacToToit Bhimie 102° ' mopoxkaaer BcE MHOrooOpasve KOPIMyCKYJISIPHbIX MUKpOYa-
CTHULI OT IEKTPOHA JJO ATOMHBIX SIJIEP, T.€. 3AMKHYTbI MATHUTHBI MOHOIIOJb B TPABHIJIEKTPOMAr-
HHUTHOM MOHOIIOJI€ MOXET ObITh U OJJMHOYHBIM CO 3HAKOM MHUHYC, KaK B JIEKTPOHE, TaK M CO 3Ha-
KOM ILTIOC, KaK B TIO3UTPOHE.

B uém 3akmovaercss MEXaHW3M DNEKTPOMArHUTHON MHAYKUuU Papases v Kak OIpeesuTh
(prznyEeCcKUI CMBICT TEPMUHOB «U3MEHEHUE MAZHUMHO20 NOMOKA» U <USMEHEHUEe MAZHUMHO20 U INeK-
MpU4ecKoz0 noaeli»  UX MPOayKTOB?

[ouemy 10 cuX TOp He MPOBEJICHBI XOTSI Obl CPABHUTENIbHbBIE SKCIIEPUMEHTBI CO CKOPOCTHIO
CBETa CKOPOCTH PACHPOCTPAHEHNsI MArHUTHBIX IOJIEH, MOJIEN TATOTEHUS U IEKTPOCTATUYECKUX
rnosemn?

OueBuIHO, UTO IJIOTHOCTD MOTOKA U JAJIbHOIEHCTBYE HEHTPAIBHOIO MOJIS TATOTEHU S 3eMJIN
HAMHOTO JECATUYHBIX MOPSIKOB OOJbIIEe ITUX ke MapamMeTpoB MO MACCMBHOTO BEUIECTBEHHOTO
TOJIs1, CO3[JaBaEMOr0 €ro KOpoil, MaHTHUEH WM acTeporuAaMu — B YEM pasHMIIA MEXKIY CTPYKTYpaMu

o1 STO U ecTh Tpeae CKOpoCTu CBETa.
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atux noneit? Kak mokaszanu mocneqHue MpakTHYecKre U3MEpPEeHUsl TOoNel MPUTSIKEHUsI K acTepo-
uny BECTA u k apyruM, a Takke U3MEpeHUs eHTPAJIbHBIX AKTUBHBIX I'PABUTALIMOHHBIX IOJIEH
Connua, Onurepa, CarypHa 1 3emiid, 3T 10J1s1 KapAUHAIBHO OTJIMYAIOTCS APYT OT JIpyra.

Her oTBeTOB 1 Ha BecbMa 371000HEBHbIE BOIPOCH COBPEMEHHON HAYKH, SBJISIIOIIMMICS JIOTU-
YEeCKU CBSI3aHHBIMH C TIepBbIMU. MUpO3/1aHUe HAIllei BCEJICHHOH SIBNISIETCS MPUCTABHBIM BHUMA-
HUEM Hay4YHOTO COOOIIECTBA Ha MPOTSKEHUU ThICSUYEIETHIA. YCTaHOBJIEHO, YTO €€ CTPOUTENBCTBO
MPOAOJIKAETCS M HA COBPEMEHHOM 3Tarie, OfHaKo cyiecTByoiue Teopuu bosbioro Bapeiea, CTO-
OTO u CrangapTHOI MOJE/H IEMEHTAPHBIX YaCTULl HE B3aUMOCBSI3aHbI U IPOTUBOPEYHBHI.

Bomnpocsr:

0. KakoBa mpupoja Matepuu JIeMEeHTapHbIX YaCcTHIl, €€ CTPOUTEJIH, CTPOUTEJbHbII MaTe-
PHAJ U METOIbI CTPONTENLCTBA MUPO31aH 1, KAKOB IMTPOAYKT TAKOW CAMOOPTaHU3AIH — CTPYK-
TYpbl Mupo31aHus BceJieHHOM ?

1. Yem ommyaiotcst Apyr OT Apyra CTPYKTYphl U MEXaHU3M MPOM3BOICTBA PAAUATBHBIX II€H-
TPAJIbHBIX TIOJIEW OT BUXPEBbIX MOJIEH — MOJIS TATOTEHUSI 3BE3]] M TUIAHET OT MOJIel aCTEpOU/IOB M BUX-
peBbix nioniet qucka . Cepna, 1. Kumu, H. Tecna?

2. CymectByer M 3(pup, KakoBa ero CTpyKTypa U CBOMCTBA, IBUKETCS OH WM MIOKOUTCS, YTO
SIBJISIETCS] HCTOYHMKOM 3upa?

3. KakoBblI ajibTepHATUBHbBIC MOJIENIU CTPYKTYPbI JIEMEHTAPHBIX YaCTUI] M ATOMHBIX SI/IEp, OTJIH-
yatomue ux ot crpykryp Crangaprroit moaenu CAIT?

4. KakoBa nprposia THEPTHOCTH TeJl, MAaCChl, MATHUTHBIX, JIEKTPOMATHUTHBIX U TPaBUTAIIU-
OHHBIX IM0JIeH, 00JIAJAIOT JIM MX UCTOYHUKU TIPOTUBOIIOIOKHBIMHU 3apsilaMi, KaK B JIEKTpUYeCcTBe?

5. Bo3MOXHO®? T Maccy KJIaCTepOB TaKXke KakK MEKTPUUECKUH 3apsi]] YHUUTOKHUTh C paspy-
IIIEHHEM CTPYKTYpPHI (ITO3UTPOH-3IEKTPOH) MIJIM XOTs Obl 9KPaHUPOBATh, KAk siAPO B aroMe 6e3 pas-
PYLLIEHUS CTPYKTYpbI?

6. CyIecTBYIOT JI1 aBTOHOMHBIE CBOOO/IHbI€ BUXPEBbIE I'PABUTAIIMIOHHBIE 1 MATHUTHBIE MOHO-
TIOJIM C OTKPBITBIM KOHTYPOM, OINpeessiolre CYIHOCTh ABUKEHNsI MaTepuH, KakoBa CTPYKTYpa
XOJIOJHBIX TJIA3MOMIOB IAPOBOM MOJIHMY Y KaBUTAIIMOHHBIX MY3bIPHKOB — 3aMKHYTBIX BUXPEBBIX
3aps0B dHeprun?

7. KakoB MexaHu3M 3¢eKTa BOSHUKHOBEHHSI OCEBBIX CHJI IPU BPAIIEHUH IMYJIbCAPOB M KBa-
3apoB, KAKOBO HMX pacmpejesieHue Bo BceneHHOM, YeM BbI3BaHbl CTPYKTYPbl OOPa30BaHUS « CHIEH»
CO CKOIUICHMSIMU B HUX I'aJIAKTHK, YeM BBI3BAHO BceoOllee ABHKeHUEe acTpoPu3nIecKux 0OObEKTOB
BO Beenennon?

8. [NoueMy Teopuu rpaBUTAIIMM W JIEMEHTAPHBIX YACTHUI] He B3aUMOCBSI3aHbI, 1 MOXET JIU
OTKPbITHE TIEPEMEHHOT0 MArHUTHOT'O MOHOIIOJISI M MEXaHM3Ma MHAYKIIMU MACCHI C UX TIOMOIITBIO CBSI-
3aTh BMECTE 3TU TeOpumn?

9. Hackosnbko goctoBepHbl nonoxeHnst CAIT 0 «BeUHOCTH» aTOMOB, aKKPELIMOHHOM T'eHe3Hce
COJIHEYHOW CUCTEMbl ¥ HHEPIHAJIBLHOM BPallleHNH IraJaKTHK, 3BE€3/ 1 NJIaHeT ?

10. KakoBa nmpupoa 3/eKTpHYecKOro ToKa’?, CBepXIpoBOAUMOCTH, 3BYKa, CBEPXTEKYUECTH
Y XO0JIOJTHOTO JIEKTPHYECTBA B KJIacTepax KOHJEHCUPOBAHHBIX BEIIECTB, KaK (DOpM MepeHoca SHep-
T — CYITHOCTH JBHKEHHS] MAaTEpUH?

11. Yem ommyaloTcsi CBOMCTBA XOJIOAHOM TuIa3Mbl-«Oenoe mwiamss H. Tecna» ot ropsyeit
1a3Mbl «TokamakoB»?

12. KakoB MeXaHM3M MPOW3BOACTBA CUJIOBBIX JIMHHA, COSAMHSIONIMX JABAa Pa3HOMOJSPHBIX
Y CTAIIIOHAPHBIX UCTOYHUKA MArHUTHOTO, JIEKTPUYECKOTO U IPABUTAIIMOHHOTO TOJIel, KAKOB MeXa-

92 Bo3MOKHO 1 TO 1 Jpyroe.

%3 o cux Top OTCYTCTBYET ONpe/ie/ieH e MeXaHM3Ma (PU3HYECKOi TIPUPOIIbI NEKTPOTOKA 1 SIBICHHI CBEPXITPOBOIMMOCTH.
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HU3M MEXaHMUYEeCKOrO BO3JEUCTBUS Ha Oosiee MOABMKHBIE ICTOYHUKH, TIPUYACTHBI JIM K TUM SIBJIe-
HUSIM COOTBETCTBYIOIIE CBOWCTBA d(prpa — CYIIECTBYeT JI JUCKPETHOE MPOCTPAHCTBO**?

13. KakoBa npuposa paciieruieH|s: 1 MOCIeIyoIero COeIMHEHUs] aTOMHBIX si/iep B opMme
SIBJICHUS X0JIOAHOT0 S1/IEPHOTO CUHTE3a ¥ POXKACHUA IMPOKOro criekTpa (LENR) HOBBIX Aaep xumu-
YEeCKUX JIEMEHTOB TPH MOIIHON KaBUTAIIMM M SJEKTPUUYECKUX B3PbIBAX METAUINYECKUX EKTPO-
JIOB, IIPOBOJIOYEK WK (DOJIBT? DTO MPOIIECC MPOU3BOICTBA, OCBOOOKICHUS WM pacxoja IHePruu?
KaxkoBa cTpykTypa BUXpEBBIX TOJIEH, COMPOBOXJAIONINX STH SIBJICHUS?

14. TTouemy CcymIecTBYIOT aTOMbI M MOJIEKYJIBI HE PACTia/lasich B CTAOMIBHOM COCTOSIHUM TTPH
aOCOTIOTHOM HYyJie B KocMoce BcesleHHO! B BHJIE ra30IbIIeBbIX 00TAKOB?

15. Kak peanu3oBatb (0CBOOOAUTH SHEPTHIO) PECYPChl BHYTPEHHEN SHEPIUH BEIIECTBA, HAKOII-
JIEHHOUM MIPUPOIOH B Mpoleccax MPOU3BOACTBA KOHI€HCHPOBAHHOM (hOPMBI arperaTHoOro CocTo-
SIHASI BELIECTBA B PA3jMuUHBIX (pa3ax B BUJE XMMHUUECKOM, JEKTPUUYECKOM, MATHUTHOM MaTepuu
Y TSDKENBIX SIIEP aTOMOB XMMHUYECKHUX JIEMEHTOB (SHEPrHsi MOJIEKYJI, aTOMOB U $I/IEp), KaK ajbTepHa-
TUBa Ynpasisemomy TepmosinepHoMmy CHHTE3Y TSKENBIX M30TONOB Bogopona? Ilouemy He ucmoJib-
3yI0TCS B (PyHJaMEHTaIbHON (PU3MKE, KaK MPUMEp, METOIbl MCCIEOBAHUN U PE3y/bTaThl pac-
IIETUICHUs] TJIIOKO3bl B OPraHU3MaXx JKMBBIX CYHIECTB [UIsl TIUTAHUSI SHEPrHed MBI U MO3ra MpH
OCYIIeCTBJIEHUH €TO0 IBUKCHUS U MBIIIUICHHUS], & TAK)KE APYTUX TEXHOJIOTHIA )KU3HH )KUBBIX CYILIECTB,
KaK 3TO CJIeJiaJl SHTOMOJIOT TTpU co3/IaHnu cBoero rpaButonéra B. C. ['peGeHHUKOB?

16. Bo3MOXHO JIM 3aXBaTUTh M MpeoOpa3oBaTh JIOKAILHO SHEPrUio B (popMme MoJisl TArote-
HUS 3eMIIM B SHEpruio paboTel MexaHnueckux apurareseit 1. Kumu, umm B (popme 21eKTpruiecKoro
TOKa C MOMOIIBI0 TexHn4YecKux cpencts ['. Konepa o ananornu ¢ mpeoOpa3oBaHreM SHEPriy CBETa
ConHIIa B 3JIEKTPOIHEPTUIO COJTHEUHBIX OaTapei?

17. Tlouemy T1aHETHI 3MHOM TPYIIIBI OJIMzKe pacnonoxensl K COJHILy, YeM ra3oKuiKue ria-
Hetol FOnurep, CarypH u apyrue?

18. C 4em cBsI3aHO MOCTOSTHCTBO OpOUT TuIaHeT BOKPpYT COJHIIA ¥ IOUeMy 3T OpOUTHI HE KpY-
TOBbIE, a M0 (hopMe TIONOOHBI FJIHIICAM ?

Her oTBeTOB M Ha MHOTHE JPYTrHe BOMPOCH, KaK TO:

— CTPYKTYpa, MEXaHU3M U YaCTOTa BHEITHUX MOJIell CTAllMOHAPHBIX UCTOUHUKOB®,

— MEXaHW3M CHJIbI TIPUTSKEHUS WM OTTAJIKMBaHUs B 3akoHax HeioToHa, KynoHa,

— MarHUTHOE T0JIe ¥ SHeprus siapa raHeT u ConHia,

— UMEIOT JI1 3HAK 3apsia MoJis TATOTEHUs siapa 3BE3/ M aKTHUBHBIX TUIAHET,

— CTPYKTYpa 3eMJIH, ero sijipa, MoJI0CTU B Kope 3eMiy,

— MeXaHW3M pacmMpeHust oObeMa 3eMHOTO Iapa,

— MEXaHU3M MPOUCXOXKACHHS CIIEKTPa XUMHUYECKHUX IEMEHTOB,

— MeXaHW3M BO3HMKHOBEHHUSI CIIMHA Y MUKPOUYACTHII M y KJIACTEPOB MaKpOMaTepHH,

— peasbHasi CTPYKTYpa siep MUKPO U MaKpOMMPA,

— PO’K/IEHHE U IBOJIOLIMS aTOMHO-MOJIEKYJISIPHOTO BEILECTBA,

— MEXaHU3M «BMOPaXHBaHMs» MarHUTHOTO 110Jis B (hotocepe ConHila,

— MEXaHU3M «BMOPAXUBAHUS» AHTUTPABUTAIIMOHHON OOOJOYKM HA BHEITHEH MOBEPXHOCTH
I'PaBUTOJIETOB B TIOJIE TATOTEHUST 3eMIIH,

— YHUYTOXEHUE MHEPTHOCTH TeJl, Oe3bIHEPIIMOHHOE BMKEHHE MACChl TIOKOSI,

— CTPYKTYypa TUIIepIpOCTpaHCTBA BceneHHOM, MPUIMHBI €ro JUCKPETHOCTH U ero pacuiupe-
HHe,

— omnpezesienue 3(upa, rae OH PoKIASTCA U KaK JIONTO KUBET,

94 5
JIMCKpeTHOE TIPOCTPAHCTBO — 3TO MPOCTPAHCTBO, CTPYKTYpa KOTOPOrO COCTOUT U3 3€PEH-TIOTCHINAIOB, U30JMPOBAHHBIX JPYT
OT Jpyra.
93 Monst 38E311 M TUIAHET, SMEKTPUUECKHE M MATHUTHBIE TIOISI 3aPSKEHHBIX KJIACTEPOB BEILECTBA, OT ICKTPOHA U ATOMHBIX S/IEP.

% IMo dperestio — 3BYK MOKET PACTIPOCTPAHSATHCA TOMBKO B KAKOH-ITGO CPEJIE, a CBET TOBKO B S(Upe.
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— 9BOJIIOLIMSA 3BE3]] U TUIAHET OT POKJIEHM JI0 pacliaja,

— HarpaBJieHue 3BoJoUuK BeeneHHoit u T. A.

Bomnpocos k CAII HakoImu10ch MHOTO M Ha 3TH BOIIPOCH! HEJb3s1 HAUTU OTBETHI [TOKA B MO3HA-
HHE MUKPO M Makpomupa He OyayT BBEJEHBI KOHIIENTyalbHble KOHKPETHBIC ONMpeaeJeHusl BCex
(bopm Matepuu 1 SHEPruK, BUAMMON 1 HEBUIUMOM, BKJIIOYasi, B TOM YHUCIIE, CTPYKTYPY (PU3MUECKUX
1oJieill ¥ NPOCTPAHCTB B HX 00 beKTUBHOI NPUYMHHO-CJIe/ICTBEHHOI CBA3M.

Bonbliast yacte HaOMONEHUI B MPUPOIE M SKCIEPUMEHTOB B (pU3MKe MpU (POPMUPOBAHUM
OIpeJEEHHBIX KOHLENIMI B HAyKe CBsI3aHA MMEHHO CO CJIeICTBHEM, B TO BpeMs Kak NPUYMHA,
KaK TaKoBasl, UCYe3aeT WIN B CHIIY KaKUX TO OOCTOSITENILCTB, HAIIPUMEp, HEBHAUMOCTH, TEPSETCS
U3 N0 OOBEKTUBHOCTH 4eIoBeKOM. CaMblil CJI0KHBIN M NMPOTUBOPEUMBHINA NIpuMep — Bosnbioi
B3pBIB M POXKJICHUE BCEro TOTO, YTO MbI HaOmomaeM B Haimiedl BeeneHnoit ¢ Touku 3pennss CAIT —
3TO cJIeJICTBHE, 2 BOT MPUYMHA 3TOTO IPAHIMO3HOTO COOBITHSI aBTOpPAMH 3TOro adbcypaa yMaTuu-
Baercsi. IIpocToii nmpumep — Mbl BU3yaJIbHO HAOMIOAAEM CBET, T.€. MOTOK (POTOHOB, ABMKYIIUNACS
CO CKOPOCTBIO CBETa — 3TO CJeACTBHE. A BOT NPUYMHY €ro CaMOJBMKEHHUS CO CKOPOCTBIO CBETA
no cux nop B CAIl He ompenenviy, HESICEH U MEeXaHU3M OSCKOHEYHO OOJBINON JTMHBI TTpodera
(oToHa, criuHa paBHOTO eIMHMIIE, CTPYKTYPHI ero (pa3oBoro oobwéma u T. 1. JIpyroii npumep n3 mak-
POMUpa— KPYroBOM JIEKTPUUYECKHI TOK (IPMYHHA) B KOJIBIIEBOM IIPOBOIHUKE POKAAET MarHUTHOE
noJie (cJieICTBHE ). DTON MPUINHHO-CIIeICTBEHHOU CBA3bI0 00BACHAIOT B CAIT HamMuue MarHuTHOTO
MOMEHTA y 3JIEMEHTapHbIX YacTUll (MUKPOMUD), a TaKkKe MEXaHU3M POXKIEHUS MArHUTHOIO IO
3emun. Borpoc — 4To B HEUTPOHHBIX 3BE3/aX, MyJIbCapax MarHUTHOE TOJIe TOXe 0OYCIOBJIEHO KpPy-
TOBBIMHM 3JIeKTprueckumu Tokamu? Tperuit npumep — anekrpudeckuit a¢up ooHapyxun H. Tecna
—3TO cJieICTBHE, a BOT MPUYMHA-UCTOYHUK €ro poxJeHus ao cux nop 3aragka CAIl. Knacrep
BEIIIECTBA HA IOBEPXHOCTU 3€MJIM MPOSIBJISIET CBOIICTBA MACCHI — 3TO CJIeACTBHE, A BOT NIPUYHHA-
MOCPEIHUK TOTO CBOICTBA HEYJIOBUM — IPaBUTALMOHHBIN 3¢pup. CBOKCTBA CTALIMOHAPHOIO MAarHUTA
M3BECTHBI — O/INHAKOBBIE MOJTIOCA OTTAJIKMBAIOTCS U T. 1. — 3TO CJIeJACTBHE, 2 BOT MPUYMHA-TI0CPE/I-
HUK 3TOTO JIICTBA MarHUTHBINA 3(PUP O CUX MOP HE U3BECTEH. DTO NPUBOIUT K CEPhE3HBIM YKa3aH-
HBIM OIIMOKaM B (pyHIaMEHTaIbHOW (PUBHUKE.

Heobxomumo Takxke onpenesnth NPUYHHBI U CJEJCTBHSI MHEPTHOCTH MPeoOpa3OBaHUS
MOCTYTIATENILHOTO, BPAIATEIbHOTO WM KOJIeOATeIbHOTO JABMKEHUsI OOHUX (DOPM MPH M3MEHEHUH
B Jpyrue.

JpyrumMu cjioBamMH, HEOOXOAMMO PACKpHITHE TalH OINpeAeeHus] UCTOPUYECKOro 3upa
U «11yObl» NeOpOIIEBCKMX BOJIH, ONpe/iesieHre BHYTPEHHUX U BHEITHUX HCTOYHUKOB CIIMHA MUKPO-
YacTHIl, UICTOYHMKA IPUBO/AA CAMOBPALIECHUS SAEp 3BE31, IUIAHET U UCTOYHUKOB POXKIEHUS aTOMHO-
MOJIEKY/ISIPHOTO BEILLECTBA [TPU MOCTYIATEIbHO-BPAIaTeIbHOM JIBUKEHUU €€ IIPOTOMATEPUH OT STUX
sep K TIOBEPXHOCTH aKTHBHBIX aCTPO(U3UIECKUX OOBEKTOB.

Henbio pyHnameHTaIbHON (PUBUKH, KAK OCHOBBI €CTECTBO3HAHU S, TOJKHBI CTAaTh ONpe/IeIeHUsT
OOIIMX MPUHIMIIOB MEXaHNU3Ma POXKICHUS (PU3NIECKUX TOJIeld BOKPYT Pa3HBIX UCTOUYHHUKOB (IpaBH-
TAlIMOHHBIX, MATHUTHBIX M JIEKTPUYECKUX ), & TAK’KE CTPOUTEJBHOI0 Marepuana Jyisi BCeX BUJOB
BEIIIECTBA, €T0 CTPOMTeJIeil H METOI0B CTPOUTEbCTBA , CTPYKTYPbI BEIIIECTBEHHBIX 0Opa30BaHUI
Ha BCEX YPOBHSIX MEPAPXMUECKON OpraHU3allii MaTepUu U BBISIBIEHHE OOIIEro MeXaHu3Ma OCHOB-
HBIX (DyHIaMEHTAJIbHBIX B3aMMOACHCTBHI Mex 1y HUMU. Ho 1151 TOro, 4ToObl 3TO MOKXHO OBUIO Clie-
JaTh, HEOOXOAMMO CHavajia OMpeNesUTh BceoOume (pU3rueckre KI0YM K MPUPOIHON JHEPruu,
KOTOpbIE OCTAIOTCS HEeM3MEHHBIMH TIPH JIIOOBIX MPe0OPa30BaHUsX MAaTEPUAIBHBIX CTPYKTYP U TIPU
moObIX Tporeccax. [losromy it Gonee rJy00KOro no3HaHus BceX (popM MaTepHuH, B TOM YKCIIe
Y TIPOCTPAHCTBA, IJIAHKOBCKHUE MpeAeibl”’ JJIUHBI 1 MACChl JOJKHBI ObITh 3aMEHEHbl MEHBIIIMU,
OIpeJessieMbIMU IyTEM CMEHBl CKOPOCTH cBeTa W aToMHOM nocrosinHou Ilnanka B popmy-

7 Cucremsl m3mepennii CU, cuctema XoBucaiina u Ecmecmeennas cucmema eOunuy, B JKCIIepUMEHTATIbHON 6a3e (PU3MKU BBICO-
KMX 3Hepruii — http://nuclphys.sinp.msu.ru/elp/elp03.htm
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Jax orpenesieHus] STUX MPEIeOB Ha COOTBETCTBYIOIIVE peajibHble CKOPOCTHU TMOCTYNaTeIbHOTO
pacrpocTpaHeHus TPaBUTALIMOHHBIX Tojiel oT uctouHukoB-sijiep (UCT) 3BE3a, miaHeT, rajlakTHUK
U JPYr¥MX UCTOYHMKOB aKTMBHOW I'PABHUTAIIMH, & TAK)KE MEKTPUUECKUX U MArHUTHBIX MOJIEH OT X
CTAlHOHAPHBIX 3apsiioB. Kpome Toro, HeOOXOOMMO KOJMUYECTBEHHO OMPENETUTh MOCTOSHHYIO
KBAaHTOBAHUS® J15 TAKKX TOJIEH, aHAIOTMYHYIO IVIAHKOBCKOM aTOMHOI1 KoHcTaHTe. OTciofia BbITe-
KaeT U BOMpOC:

«...He u3 ouckpemmuuwix au uacmeti cocmoum npocmpancmeo? /lelicmeumensHo au OHO Henpe-
PbIBHO UL DONbULE NOXOXHCE HA KYCOK MKAHU, COMKAHHOU U3 OMOeNbHbIX 6010KO0H ? Ecau 6bl bl mo2au
HabN00amv Upe3BbIMALiHO Ma.able 00BEKMbl, MO Yeudeau Obl K8AHMbL RPOCMPAHCMEA, HedeauMble
Menavuariuiue uacmuuybl 00vema ?».

[Nocne yero, HEOOXOAMMO UCKATh U OTIPEAEISITh UCTOUYHUKHU U (pOPMBI SHEPIrUM, PUBOLIS-
i€ MUKPO U MaKpoMaTepHvio B caMOBpallleHHe U caMOJBH:KeHHe, OrnpeneanTb (opMy eMKO-
CTHU UX SHEPruH, OMHCATh UX OCHOBHBIE MPOAYKTHI, CTPYKTYPY H MeXaHH3M NPOU3BOACTBA. DTO
M CTaHeT BO3MOXHBIM, Korja OylieT BBeJeHO 0oJjiee riiy0okoe U 0oJiee TOHKOE, TI0 CPaBHEHUIO
C JIEMEHTAPHBIMH YaCTHIIAMK®® U 3JIEKTPOMArHUTHBIMU (DOTOHAMHU, TpECTaBIeHe MPOCTPAHCTB
(usnyeckux nosiei B BUAE 3€peH-NOTEHI[UAT0B BOKPYT KJIACTEPOB BEIIECTBEHHOW MaTepyu, Kak
cuyIoBbIX TpocTpaHcTB!®. Takoe paBHOBECHOE COCTOSIHME TOJIed BOKPYT MX CTAIIMOHAPHBIX AKTHB-
HBIX MCTOYHMKOB BCET/a ONMpPEIesISIoT MO JAUCTAHIIMOHHBIM BHEITHUM CHUJIOBBIM TPOSIBJICHUSIM TIPH
B3aMMOJICVICTBUY C APYTUMH TOTSIMH Pa3JIMYHBIX YACTHUI] UM KJIACTEPOB aTOMHO-MOJIEKYJISIPHOTO
BEIIIECTBA — OT MOJIEN EKTPOHA IO TPABUTALMOHHBIX Mojiel BOKpYyr 3emun uian CosHila, a Takxke
SYEHCTYIO KPYITHOMACIITAOHYIO TMIIEPCTPYKTYpy moneid Beenennoit. Peructpupyemas BerecTBeH-
Has Marepus B (hopMe IeMEHTAPHBIX YAaCTHIL [0 X BHEIIHUM TIOJISIM JOJKHA COIEpKaTh B CBOEH
BHYTPEHHEH CTPYKTYpe HEBUAMMbIE HCTOYHUKH SHEPTUH UX KU3HU U CYIIECTBOBAHUS OYEHb JIONTOE
BpeMsl, SHEPrui0 BHYTPEHHETO JIBHKEHHSI 1 OOHOBJICHUS — MyJIbCUPYIOIIUE CBOOOTHBIMU U 3aMKHY-
THIMA MHKPOBHXPOHaMH. B TakoM peajbHOM MNpeacTaBJeHHH pa3Mepbl 3JEKTPOHA OTHOCH-
TEJIbHO BBIPACTYT /IO Pa3MEPOB 3eMHOT0 aTMOC(EPHOr0 TOPHAIO MO CPABHEHHIO C pa3MepoOM 3THUX
3épeH-notTeHnuaoB . 1 kak ckazan Y. TOMCOH, eciu yaacTcsi MpaBUIIbHO HATJISITHO OTOOPA3UTh
CTPYKTYpY 271eKTpoHa'*? 1 MeXaHU3M 3MIeKTPUUECTBa, TO OYJET yKe HETPYAHO OIUCATh U CTPYKTYPY
BCETO MPOYero.

JlpyrumMu cioBaMu, HOBasi METOOJOTHSI TOCIIENYIONIero MO3HaHUs CTPYKTYpbl Muposaa-
HUS 3aKJTI0YAETCs] B MOCTIE0BATEIbHOM Tepexosie OT (hyHAaMeHTa OeCCTPYKTypHBIX dJieMeHTap-
HBIX yacTull (0eccTPYKTYpHOIl MaTepuu) K (hbyHIaMEHTY IPOM3BOJCTBA X CTPYKTYPHI Ha OCHOBE
MOKOSIIIIUXCS ONIOPHBIX ' 3EpeH-MOTEHIINAIOB, KOTOPhIe CO3AI0TCS C MOMOIIBI0 MUKPOBHXPOHOB
(Heprum) M SIBJISIOTCS CTPOMTENIBHBIM MAaTepUaioM UX BHYTPEeHHell CTPYKTYpbl — CMeHsie-
MbIil 3(pUp 3aMKHYTHIX KOHTYPOB. A BHEIIIHHE IOJIsI CTAIIMOHAPHBIX MUKPO Y MaKpPOUCTOYHUKOB
3apsiia MacChl, ¥ JEKTPUUYECKUX 3apsiIOB CO3MAIOTCS HEHTPAIbHBIM 47T-TIOTOKOM JHMHAMUYECKHU
NOJABUKHBIX 3€PEH-TIOTEHIINAIOB — ABHAKYIIUHCA 3(pup 0TOpachHBAEMBIX KOHTYPOB STHX MCTOU-
HUKOB BHOBb OOHOBJIEHHBIMU. DTO HEM30EKHO MPUBEAET K CMEHE CHCTeMbl Mep n3Mepenuii ot C 14

98 Kak o10 nenan gaxe JI. K B konme 19 Beka B coeit Sympathetic Vibratory Physics.

9 Tak kak Ha YPOBHE 2JIEMEHTAPHBIX YaCTHUI] ClL)I/ISI/I'-IGCKI/Ie TOJIA OIIPENACIJIEHDI, KaK CUCTEMBI C OECKOHEYHO OOJIBIIMMU CTETIEHSAMU
CBO60ZII)I — OTCYTCTBHE B3aUMOCBA3U MEXKY UCTOUYHHUKOM U I10JIEM, TIOJTHBIA a6cyp[(.

100 CoOTBETCTBYIOIINE MO CTALIMOHAPHBIX UCTOUHUKOB UCTOPHYECKH CBS3aHHBI C ONpPEAeIeHUsAMA TEPMUHOB «3(pUp» U «auc-
KPETHOE ITPOCTPAHCTBO».

101 Pa3mep 3epHa pocTpaHCTBA MIIM MUHUMAIBHO BO3MOXKHAS [JIMHA B IPUPOJIE, T.€. ITAHKOBCKAsI JIMHA paBHa 1,6 X 107 B em.
o -4
IpenBapuTenbHBINA aHAIU3 MTOKA3bIBACT, YTO pa3Mep 3epHa JUCKPETHOTO IPOCTPAHCTBA JOKHA ObITh MeHbe 10 6 em.
192 Hemmoro n3veHéHHas LMTATA C 3AMEHOI «21eKMpUUecmea» Ha 3JIEKTPOH, UMeeT HanboJiee 11e1ecO00pa3HbIi BUL.

103 OnopHeIe MOTEHIHATH — 5TO BechMa YCIIOBHOE MOHATHE, TAK KAK B CIIG/IIOLIEE MIHOBEHHE OHH CTAHOBATCA JIBHUKYIAMICS
1 (hOpPMUPYIOT BHEIIHEe I10JIe MUKPOYACTHII.

194 Cucrema nsmepennii CH — 310 crucremMa u3MepeHuil 7151 MOCTPOEHH sl TeX MM MHBIX TEXHOJIOTHI C MCTIONb30BaHUEM MaTepu-
QJI0B ¥ CPEJICTB KOHTPOJISA, IMPOKO NPUMEHsIeMask B TEXHHKE.
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K TOW, B KOTOPOW yXke OyayT MPOBOIUTCS U3MEPEHUsI B3aMMOJIEHCTBYIONIMX TOJIeH, a He 3apsioB
Macchl ¥ eKTpuuecTBa. Torga craHeT JOCTyIHee MOHATHE HHePTHOCTH TeJ-KJIaCTEPOB.

CMeHa MEeToHoJIOTMM HayyHbIX WCCIEJOBaHUM B (yHAAMEHTaJIbHOM (pU3MKE B MPs-
MOI1 €€ CBSI3M C SIBJICHUSAMU NPUPO/bI IPUBEJET K HOBOIl KAPTHHE MHPA.

«Kapmuna mupa — cucmemmnoe obpazoeanue, noIMomy e€¢ UIMEHEHUe HeAb3si C8ecnu HU
K KaKomy eOUHUYHOMY (Nycmv U camomy KpYnHoMY U paoukanvHomy) omxpeimuro. Peuv 00Obiuro
UOEm o Uenoli cepun 63aUMOCEA3AHHBIX OMKPLIMULL (8 21a6HbIX PYHOAMEHMANLHBIX HAYKAX), KOMO-
pble noumu 6ce20a cOnpoBONHCOAIOMCL PAOUKANLHOU NEPECMPOTIKON Memooa UCCAe008AHUSL, 4 MAKICE
SHAUUMENLHLIMU UBMEHEHUSMU 8 CAMUX HOPMAX U UOANAX HAYUHOCTIU».

Bcé aTo BMecTe u onpesensieT eIMHCTBO MPOCTPAHCTBA-TIONS U BelllecTBa BeeneHHo nim Bee-
raa HepaBHoOBecHYI0 CTpykTypy Mupo3nanus u Beerjaa paciumpsiontyiocs: Beenennyio.

Kakoii craner ¢pusuka XXI Beka B PO — npeamer 3toit kHuru. Ilpu s3Tom aBTOp HeE cTa-
BUT 3a/1a4y Ha OBICTPOE OCMBIC/ICHHE PeaJibHOro npeacTaBiaeHuss Mupo3ganusi, Kak HOBOW Kap-
THHBI MHPA, 3Has1 TOPbKYIO HCTOPHIO TIO3HAHM I 3aKOHOB MPUPOIbI HAYYHBIM COOOIIECTBOM Jiofiei '
CO BCEMM UX JOCTOMHCTBAMH M HEIOCTaTKaMH, a, IJIABHOE, CTPEMJIEHUEM COXPAHMTh B LIEJIOCTHO-
CTU Y 3aKOHUEHHOCTH B HACTOSILIEE BPEMsI FOCTIO[CTBYIOLIYIO B €CTECTBO3HAHMM CUCTEMY BO33PEHUI
(Bonbioit B3peiB, CTO-OTO, CrangapTHas Mojiesb U Ipyrye) Ha YCTPOMCTBO MUPA, HABSI3aHHYIO
BCEMY MUPY 3anaJioM Jyisl IE30pUEHTAIUY 1 YBOJIA B TYIMK HayYHbIX UCCIIEAOBAHUN MOJIOIBIMU yU€E-
HbeIMU. O/IHaKO MO3HaHKE — [TPOLIECC, KOTOPBII OCTAHOBUTH HEJIb3sl, IIOKA CYHIECTBYET YEJIOBEYECTBO.
Kak mokasbIBaeT UCTOpHsI pa3BUTHS ¥ SBOMIOLUH (DyHIAMEHTATBHON (PU3UKU XOTsI OBl 32 TIOCTIEAHUE
JIBa CTOJIETHSI, OHA TO CTPEMHTEIIHHO Jejaja MPOPbIBHBIE OPOCKH BIEPEN, TO OCTAaHABIMBAIACD, WIIH
naxe MATUIACh HAa3a1 OT BHOBb OTKPBITHIX siBJIeHMH. Kak OyATO KTO TO HEBUIUMBIN PYKOBOAWI STHM
MIPOLIECCOM.

Ha npumepe npenckazanuii coBpemenHukoB H. Tecna u 1. Kum, o toMm, «umo onu coeep-
WU BNONHE OOCMAMOUHO, YMOObl Pa3PYUUnL MOAOMOM HAYKU UO0N08 HAYKU — UOOA08 MAMmePUul
HA 2AUHAHBIX HO2AX», & TAKXKE, YTO «...NnpOLOEm ewyé, modxicem Oblimb, CIONEMUE, NPEHCOe YeM HAli-
0émcsi UHOU YM, CNOCOOHDLIL 3A6EPUiUMs UX pabomy, ecau, KOHEUHO, e B000We MOICHO 3A6ePUUMD,
0 UEM MPYOHO CYOUMb NPU COBPEMEHHOM YposHe 3HaHuil». Kak mpopodecku 3ametun Y. [agcron!'%,
orpezesnsisl y4€HbIX, 00IaIAI0MUX IUPOKUM KPYTrO30pOM M CIIOCOOHBIX K TIO3HAHHMIO MUPO3/IaHUST: —
«Cyugecmsyem oonacme, 8 KOMOPYHO CREUUAAUCH He UMeen NPasa 8Mop2amvCs UMEHHO NOMOMY,
UMmo OH — CREUUANUCI, SO 00NACMb, KYOd OH He 8npage 6Cynams, He 0C80000USUILCHL OM Y30CmU
C8OUX CREUUANbHBIX NPEeOCMABACHUIL U He 00pensi CROCOOHOCIUL PA3AUMAMb 3HAUUMENbHO Donee
00WUpHbLIE NAAHBL OLIMUSLY.

[Mponuto cro ser u HamwM cooteyecTBeHHUKH W3 Cubupu PP chenamm 310. DHTOMO-
nor B. C. I'peOCHHUKOB, W3yYasi «nameHnol npupoobl», 9eJIOBEK OUeHb JaIeékuii oT pusrku Hplo-
TOHA U DUHINTEHA, TIOTHSJICS 10 HeOec Ha U3rOTOBJICHHOM UM I'PaBUTOJETE, TIOATBEPXK/Iast COOT-
BeTcTBylonye ycrpoiicta Kum. A. ®. Knanos nonreepaun padotst [. Kumn mo ne3unTerpammuu
MaTepuu BIUIOTh 10 aTOMHBIX SiIep Y/IbTpa3ByKoM, a A. B. BauaeB cozfas TexHONOTHIO «DHEpro-
HUBa» MPOM3BOJICTBA JIIOOBIX XUMUUYECKUX 7eMeHTOB U3 Boabl. C. B. AnaMeHko, mpogokas 9Kc-
nepuMeHTsl Tecia ¢ ykopoueHreM (PpOHTOB JEKTPUUECKUX UMITYJIbCOB OTHOTO 3HAKa, « B30PBaJI»
BCE YCTOSIBIIMECS MPeCTaBIeHUs (PyHIAMEHTAIbHOM AEPHON (PU3UKY « B3PbIBAMH MeIHOI PO-
BOJIOYKH>» (DPOHTOM NMKOCEKYHHOM [UIMTEIbHOCTH MOIIHBIX JIEKTPUUECKUX UMITYJILCOB TOKA.

Kak roopun I1.JI.Kanmua'"’: — «Pazeumue nayku 3axaiouaemcst 8 mom, 4mo 6 mo pemst
KaK NpasuNbHO YCMAaHoBAeHHbIE IKCNEPUMEHMANbHBIE (DaKNblL OCMAIOMCS HE3bIONEMbIMU, MEeoPULL

1051, PanyHckas. «besymable ugen», 1967 roa.

106 Prapcron Viumsam (1809—1898) — npembep-muHKCTp Bennkobpurannm. —
197 11, JI. Kannna. AkenepumeHT, Teopusi, [lpaktuka. Cratsy, Beictyuienus. © UsnpatenscrBo «Hayka», M., 1974 r., 288 crp.
B stoM cGophuke B crathe «[IPOBJIEMbBI JKUIKOI'O T'EJINSI», 11 a63ar cBepxy. Hoknan Ha OOiiem coOpaHu AKafeMuH Hayk
CCCP 28 nexabpst 1940 r. Ony6nukoBaH B kypHasie «CoBerckast Hayka» Nel, 33 (1941).
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NOCMOSIHHO UBMEHSIIOMCSL, PACUUPSIIOMCS, COBEPULEHCMBYIOMCSL U YymouHstomces. B npouecce smozo
PA36UMUs Mol HEYKAOHHO NPUOAUNCAEMCS. K UCUHHOU KaPMUHe OKPYXdCcaroueli Hac npupoosl, NOHU-
MaHue Komopoui HeoOX00UMO OAsl Mo2o, Umoobl 6ce 6onee NOAHO 081A0e8AMb U YNPABASIb SMOL
npupoooii. Haubonee moujHoble moauku 8 pazeumun meopuu Mol Haoaoaem mozod, K02od yoaemcst
Hauimu 3mu HeOMCUOAHHbIE IKCNEPUMEHMANbHBIE PAKMbL, KOMOpble NPOmMueopeuam ycmaosus-
wumcs 8zeasoam. Ecau maxue npomugopeuuss yoaemcs 0oéecniu 00 6016UL0l cmeneHu 0CHmpomeot,
Mo meopusi OONNCHA USMEHUMBCSL U, CAe008AMENbHO, pazeumucs. Takum oopazom, OCHOBHBLIM 08U-
eamenem pazeumusi (hu3uKU, KaxK u 8CKOU OpY2otli HAYKU, S8AAEMCsl OMBICKAHUE SMUX RPOmueope-
uuil. Omcrooa Ml NOAYUaem OCHO8Y 051 00BEKNMUBHOU OUEHKU HAYUHO020 OOCHUNCEHUSL, HE UMEIOULe20
HeNnocpeocmeenHo20 npUMeHeHus: Ha npakmuxe. Haxodxcoenue 6csikoeo HO8020 si81eHUSL 8 npUpoOe
HAOO OUEHUBAMb MeM 3HAUUMeNbHee, YeM OoNbUe UBMEHEHUTI OHO MOJCcem nompedosams om cyuje-
CMBYIOUWUX 8 OaHHOE BPEMSL 83215008 UAU MEOPULL».

B cBoéM obpariennu k yu€HbiM!'® HakanyHe BoiiHbl [1. JI. Kanuna opueHTHpoBal ux mnpu
00OCHOBaHMHM BHIOOpA HAMPABJIEHUIA U METOJOB MCCIIEIOBAHNI KOHKPETHBIMH MTPUMEPaMHU.

«...M3 pazeumus meopemuueckux 0000uieHULE 8b1IXO0UNO0, UNMO PABHOBECUE MEHCOY BEULECINEOM
U UBAYUEHUEM HEBO3MONCHO, MAK KAK NOAYUANOCH, UMO BCSL IHEP2USL MENN0B020 OBUNCEHUS AMOoMAa
00NJHCHA ObLAA HENPEPLIBHO NEPEXOOUNtb 8 AYUUCIIYIO SHEPUIo. MO 3aKAOUEHUE XOPOULO U3BECHTHO
dusuxkam u Hocum odbluHO Hazeanue napadokca Panes — /icunca. Imo npomusopeuue Panes —
Jwcurca noayuuno 6 I'epmanuu Hazeanue «kamacmpogol [owcurca — Panes» — smum snumemom
KaK Obl OMMEeHANCS POKOBOU Xapakmep 051 Meopu 3mo20 3aMeUamenbHo20 Hay4Hoz20 npomueope-
uus.

Mbi 3naem, pesyromam 3moii «<Kamacmpogol» Obla Upe3suIuatiino NA000MEOPeH 0Nl HAYKIL.
H3 nee poounace meopusi keanmos. Ee u Hado cuumams Ons pa3eéumusi CO8PeMeHHO (husuki nocae
amomu3Ma 8MmMopuIM RO CE0€Ll 3HAUUMEALHOCMU Mmeopemu1eckum 8033peruem. Ecau ool 6cakas kama-
cmpogba eena Kk maxkum KpYnHuIM O1a20ME80PHBIM NOCAOCMBUSAM, KAK M, MO Mbl MO Obl MOALKO
nooicenams, umooObl MAKUX «Kamacmpogh» Ovlno bonvute. Hemopus nokasvieaem, umo Hayka no-
Hacmosuemy 08u2aemcs 6nepeo, 21A46HbIM 00PA30M, NOOOOHBIMU «KAMACMPOPAMU» MAN020 U BENU-
K020 nopsioKa.

Kax mHozum u3 eac, HasepHoe, u36ecmHo, nepevim Hauten 8vixo0 Uz 3mozo mynuxa Ilrauk.
Bbixo0 6v1n npocm u Ha nepeoili cmaouu ROKa3ancsk GoNbUUHCm8Y uucmo gopmansvivim. Heckonvko
npeobpaszoeas KAaccuueckyro hopmyny usnyueHus, 66e0s Hosyro nocmosuHyro, Iliank nokazan, umo
OMCYMcmeue PasHOBECUSE MENCOY BEUECBOM U UBAYUEHUEM MONCHO Oblao ycmparums. Ho nonamo
HACMOSWULL 2AY00KUl U YHUBEPCANbHDBIL CMbICA SMOU NOCMOSIHHOU, HOCsuell no celi OeHb UMsL
I1ranka, yoaroce Heckoavko nosoce. Pusuka obsa3aHa Imum iHuwmeriny — ox nepevlii NoHsA PyH-
oamenmanvroe 3Havenue omkpoimus Ilnanka u oan emy 6onee obujee pusuueckoe moaKoearue,
KOmopoe Hocum Haszeavue 3akoHa Diinwmeiina. MHue kadcemcs, 4mo no c60UM NPaKmMuvecKum
nocaeocmseusim 05l pa3eumust HayKu sma 3ameuamenvreriuias paboma ' Siinwmerina colzpana 3na-
UUMENbHO OONBUYIO PONb, UeM €20 3HAMEHUMAsT Meopust OIMHOCUIMEAbLHOCHIU.

B camom dene, ne moavko meopemuuecku, HO 3a NOCAEOHUE 2006l U IKCNEPUMEHMANLHO, MENCOY
9Hepeuell U MAccoli NOCMABEH 3HAK PABEHCMBA — OHU Mo2ym nepexooums opye 6 opyea. Ecau dce
8eUECMB0 8 NPUPOOe 6CMPEHAemcs MOAbKO 8 OUCKPENHBIX MACCaX, MAKYHO JHce NPEPbIBHOCHIb eche-
CMBEHHO 0AHCUOAMb U 8 IHEPEMUUECKUX NPOUECCax. Imo, KOHEUHO, HeAb3si pacCMampueams Kax
00KaA3amenvbCcmeo, HO 80 BCAKOM CAy4ae Imo YyKazoleaem, Umo maxasi Cés3b 6NOAHE eCIecmeeHHd.

108 3101 nokman oryOMKoBaH B xkypHasie «CoBerckas Hayka» Nel, 33 (1941).

109 A Ditumrreiin. «O6 OJIHOHM IBPUCTUYECKOI TOUKE 3peHus, Kacaiolleiicss BOSHUKHOBEHMS U NpeBpallieHus cBeTa». Annalen
der Physic. 1905. Bepn. A. I'. CtonetoB 60see 00CTOSTELHO HCCIIeI0BAN SKCIEPUMEHTAIBHO, ChOpMYITUPOBAT TPU 3aKOHA (POTOI]-
exra (1887) u onyonukosai ux (1888). Stoletow, A. Sur les courants actino-electriques au travers deTair (¢pp.) //Comptes Rendus:
magazine. — 1888. — Vol. CVI. — P. 1593. O6e paboTs! onpe/essiiii CBOWCTBA CBeTa Kax/aasi 10 CBOEMY, a TONbKo mocite 1926 roga
9TH OIpeleNeHHs] CMEHIJINCh Ha «pomon n ghomoagpghexm», HO BTopast Obl1a OPUTMHAIBHOM.
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Kaxk uzeéecmmo, Ha nepeoii sce ceoeii cmaouu pazeumust, 2A1a6HbIM 00pa3zom, 61a200aps UOesim
bopa, keanmosas meopus Ovina upe3gblMaiiHo nA000MeEopHol npu usyueHuu amoma. CmpoeHue
U ceolicmea amoma Mol 3HAEM CEUUAC UCKAIOUUMENbHO noaHo. Tlpoyeccol ayueucnyckanus anex-
MPOHHOU 0DONOUKU AIMOMA ONUCHIBAIOMCS 00 OONBUIUX Oemanell Upe3bluatino mouno. HmenHo, 2aas-
HbIM 00pazom, paspabomka Gu3uKu amoma u npueend K momy 3HAUUMeENbHOMY PA36UMUIO KEAH-
MOBO Mmeopuu U K mem 3amMeUamensHuviM ee 0000ueHUsIM, Komopule Oblau 0anwvl LlIpedurzepom,
Teiizenoepeom u Jupaxom.

Ho, necmomps na éce smu ycnexu, 0blno 0bl OUUOOUHO OYMaMe, UMO KEAHMOBAs Meopus
3aKOHUeHa U He Oydem paszsusamucs oanvute. Tym modxcem u 00NHCHO OblMb OOABULOE PA3BUMUE,
U Mbl MOJHCEM HCOamb Oadice PYHOAMEHMANbHBIX UBMEHEHULL 8 HAUUX OCHOBHBIX NPEOCABNEHUSIX.

Ecau mbl xomum uckamo Ho8ble NPOMUBOPEUUSL 8 NPUPOOE, HAM HAOO UHIMEPECOBAMbCS KAK
paz memu ooracmsamu u3uKi, 8 KOMopPbIX IMU KBAHMOBbLE 8033PEHUSL OYOYM NO0BePzambCsi HAUOO-
J1ee ocHosamenvHomy ucnvimaruio. C 3moti mouku 3peHust, MHe AUMHO KANHCEMCS, HAM HAOO, 2AA6HbIM
00pazom, cocpedomouumvbCst Ha mex obaacmsax Pu3uUKU, 20e KBAHMOBble AGNEHUS HAUMEHEE U3YUEHDBL
U NOHAMbL. IKCNEPUMEHMANLHOMY MAMEPUANY USYUEHUSL CBOLICE AMOMA Mbl 0053aHbI CO30AHUEM
meopuu K6aHmos, U OH Ha Ce20OHAUHULL OeHb 8 OCHOBHOM ucuepnat. Haubonee dice unmepechwi cae-
oyrougue 0e ooracmu PusuKuL.

Ilepsas — amo obracmv amomHozo a0pa. B siope mvl umeem snemeHmapHole Uacmuypl, pacno-
JNOJHCEHHBIE HA MAKUX ONUBKUX PACCMOAHUSIX OpYe Om Opy2d, YUMo MONCHO OHCUOAMb, YMO Me 3AKOHbL,
Komopuie Oblall 8bl8eOeHbl 051 OONLUUX PACCMOSIHULL MEHCOY HUMU, KAK MO NPOUCXO0Um 8 00o-
N0UKe amoma, Mo2ym OKA3amuvcsi NOAHOCMbIo cebsi He onpasdasutumu. [losmomy ecmov 6onrvuias
BEPOSIMHOCb OHCUOAMb, UMO 05l SIOEPHO PUBUKU Meopusi KBAHMOE8 Ce200HAUIHE20 OHsl nompe-
Oyem 0CHO8AMENALHO20 PA36UMUSL.

Bmopasi obaacme —3mo o6nacmo usyueHus: KOHOEHCUPOBAHH020 cocmosiHust. 1o ceoeti 0ouy-
HOCMU OCHOBHble UOeU KEAHMOBOL Meopuld, KOHEUHO, OONNHCHBL NOKPLIBAMb SABAEHUS, NPOUCXO0AULUE
8 OKPYHCAIOUWAUX HAC BEUECMBAX, 20€ AMOMbl U MONEKYAbL, 83aAUMOOeliCmBYst Mexcoy coOoll, oopa-
3yrom 2a3zvl, Hcuokocmu u meepovle mena. Ho okasvieaemcs, ko20a mvl usyuaem 6eusecmeo npu Kom-
HamHoU memnepamype, KGaHmo8as npupooa NPOUECco8 He Modicen 00bIMHO 8vleasimubcs. Tennoeoe
O8UIICEHUE AMOMOB KaK Dbl CIyiuLebléaerm ne 0CoOeHHOCHIU 8 NPOUECCAx, KOMopble HaKAAbIBAIOMC S
UX K8AHMOBOU NPUPOOOT, U OHU HEOUYMUMDL. .. ».

Takoe HarpaBieHHe 1 METO/bI KCCEOBAHMUI, TONOTHEHHOE KOHKPETHBIMU U YOS TUTETbHBIMU
npuMepaMH OJJHOTO M3 BEAYIIUX YYEHBIX BCEr0 MUpA, aKTyaJIbHO U B HAIM THU Kpu3uca pyHIa-
MEHTAJIbHOM (PU3UKHU.

[TpuBenénnas nnsa npumepa «kamacmpogha Panes-/[cunca» onpeneneHa B CUCTEME BO3-
Oy:xk1éHHasE Macca-u3jaydeHue (poToHOB. B Hacrosiee BpemMsi MMeeTCsl aHAJIOTHYHAS «Kama-
cmpogha», HO yxKe B CUCTeME HCTOYHHK-(PU3NUYECKOe MOoJie, HAYMHAS C SJICKTPOHA U ATOMHBIX sSiJIep
Y BBIJIEJISISL CTPYKTYPY CaMOJIBHKEHUs (POTOHA.

Jlanee B KHUTe MpUBEACHBI Ipyrve yOeauTe bHble TATEHTHl MPUPOALI M YUEHBIX, KaK MPH-
MepbI-mpoTuBopeuns CAII Toro, 4to KBaHTOBbIE SIBJICHUSI MUKPOMHUPA BCTPEYAIOTCSA U B MaKpo-
MUpe, ¥ Jake B runepmupe npocrpanctsa Hameii BCEJJEHHOW. Takue npumepsl yoemTeabHo
JOKa3bIBAIOT OCHOBOIIOJIATAIONIYIO0 POJIb HEBHAUMBIX ()OPM SHEPTUU B CYIITHOCTH JBMKEHUST BUXPE-
BBIX TIOJIel B (hopMe TpUaJIbl BCeraa B3aUMOCBSI3aHHBIX BUPTYaIbHBIX 'O MOHOIONEN — MarHUTHBIX,
I'PaBUTAIIOHHBIX U JICKTPUICCKHX.

PeanpHOl mpo0JeMoii METOIOJIOTMYA COBPEMEHHOW HAYKU SIBJISIETCS M TIpOOJieMa COOTHOIIIe-
HUS 00'bSICHEHHS Y MOHUMAaHMSI. [1J1s1 STOro MpruopuTeTHOE 3HAYCHHE UMEET pacKphiTue (pu3mye-
CKOI'0 CMBbICJIA — HE CTOJIIBKO 0O'bsICHEHHE, CKOJIbKO MOHUMaHue. [103ToMy 1151 0CMBbICIeHHS

10 CMBICTT 3TOTO CJIOBa XapakTepusyer MTHOBEHHBIN o6pa3 COCTOsAHUA, NTIOTOMY 4YTO YK€ B CICAYIOLIEEC MIHOBEHUE COCTOAHUE
MOHOHOHeﬁ, KaK MCTOYHMKOB, MCHACTCSA U OHU NEPEXOAAT B COCTOAHNUE BUXPEBLIX noJien.
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PE3YJIbTaTOB TOM KHUTH MOTPEOYIOTCSI TOIIBI, 2 BO3MOKHO JIECSTUIIECTHS, YTOOBI COSAMHUTD HATJISI-
Hble 00pa3bl'!! yeTOBeueCKOro MbIIIJIEHUSI ¥ IPYTUX IMPOILYKTOB MIPUPOLIBI C TAKUMH TAlTHAMU ITPU-
POIbI, KaK, Harpumep:

1. CamonBukenne HOTOHA — ITO CJOKHBIM KacKajl MapauiebHO-TIOCIEI0BATEIbHBIX MPO-
LIECCOB, 33JaBAEMBbIil Mepe3apsiAKON MyJbCHPYIOIIEro C ONpPEIeJEHHON 4acTOTOM MarHUTHOTO
MOHOIIOJISI CBOOOJHOr0 BHXPOHA U3 OTHOIO 3HaKa B JAPYrou (MOJHOE MpeoOpa3oBaHMe 3apsja
SHEpruu, 4To U OIpeesisieT Leblil CIMH B OIHY €AUHUIy NocTosiHHOM [1nanka) yepes nocpeacTBo
MPOTUBOZICHCTBYIOIIETO 3TOMY NMEPEMEHHOTO JIEKTPHYECKOr0 MOHOIOJISI, KOTOPBI OTBETCTBE-
HEH 32 MHAYKIHMIO BIIepei BEKTOpa ABMKEHHU I HA YETBEPTH JUIMHBI BOJIHBI CJIETYIOIIEr0 MarHUTHOTO
MOHOTIOJISI, U KOTOPBIH YCTAHABIIMBAET BUXPEBOW BOJHOBO/I U3 IEKTPUUECKUX 3EPEH-TIOTEHIIMAIOB
Pa3HOrO 3HAYEHMS M 3HAKA MOMEPEMEHHO CTAllMOHAPHO B JUCKPETHOM MPOCTPAHCTBE, YTO COOTBET-
CTBYET I€JIOMY CIHHY 3TO YaCTUIIBI U XapaKTepU3yeT MOJHOe TPEeBpaIlleHue HOCUTENsl SHEPTruu
10 3HaKy 3apsiia, a TAaKXkKe MPOU3BOIUTCS OECKOHEUHO [UIMHHBINA TPeK-BOJTHOBOL 0e3 (hopMUpoBa-
HUS BHEIITHETo MoJisl. DTO OJHO3HAYHO MOATBEpXKIaeT TeopeMy laycca 1Jis MarHUTHON WHIYKLIUH,
YTO MarHUTHOE TIOJIE SIBJISIETCS BUXPEBBIM, a TaKXkKe TO, YTO MArHUTHOT'O MOHOIIOJNS C NMOCTOSIHHBIM
MarHUTHBIM 3apsII0M B COCTOSTHUU TTOKOSI B IPUPOJIE HE CYIIIECTBYET, KaK U TO YTO ONpe/eJisieMblii
B 9TOU KHWIe MarHUTHBIA MOHOIIONb HEe 00IagaeT Maccou, Kak u yreepskaan I1. [Tupak.

2. Vca0BHS pOXAEHHS IEKTPOHA — ITO TOPMOKEHHE CBOOOJHOI0 BUXpOHA (POTOHA C SHEp-
rueit Boiie 1022 K3B B 1ojie aTOMHOTO fipa WM KOHAEHCAIUs1 MaTepHu 3apsiia SHepruu
MArHUTHOTO MOHOMOJsI (DOTOHA MPH MPEOAOJICHUN UM CBETOBOI0 Oapbhepa MyTéM KBaHTOBOTO
riepexofa B Jpyroe BO3MOKHOE COCTOSIHUAE — FPABUTAIMOHHBIN MOHOIIOJIb 3aMKHYTOI'0 MHUKPO-
BUXPOHA. DTOT (PaKT IKCIEPUMEHTOB IPOJIMBAET MEPBbIN Jy4YMK CBETa Ha NMPUPOAY T'paBUTALUU
Y MarHeTusma.

3. BeccrpyktrypHble 3apsiibl JeKTpoHa B (popMe INMEKTPUYECTBA WJIM MAacChl HMMHUTH-

pyrotr B cucreMe CH myiascupyoompe ¢ 4acTOTOM OKOJIO 10% ru BHemmme mous 3aMKHY-
TBIX KOHTYPOB KBAaHTOB U3 OJHO3HAKOBBIX 3€PEH-3JIEKTPOINOTEHIHAI0OB U IPABIOTEHIHAJIOB,
CO3[]aBacMble aKTUBUPOBaHHBIM H IYJbCHPYIOIIUM IPAaBHJEKTPOMAarHATHBIM MOHOIIOJIEM
(I'SMM) B 3aMKHYTOM MHMKPOBHXpOHe. MexaHusm (hopMHpPOBaHNS BHEIIHEIro >3JeKTpuye-
CKOTO M TPaBUTALMOHHOIO IOJISI IEKTPOHA — 3TO CJIOKHBIM IapasuIeIbHO-TIOCIIEN0BATEIbHbIN
IIPOLIECC, 3a/1aBAEMBbII Pa3psAIKOA IPABHIJEKTPOMATHUTHOIO MOHOIIOJIA, ITPU KOTOPOU pasjie-
JISII0TCAA, AKTUBUPYIOTCSA M HAUMHAIOT MY/ IbCUPOBaTh TPHM B3aMMOCBSI3aHHBIX MarHUTHBIX, JIEKTpHYe-
CKMX Y I'PaBUTAIIMOHHBIX MOHOMOJISI 0€3 CMEeHbI 3HaKa 3apsiga ¢ OOHOBJIICHMEM BHEITHUX KOHTYPOB,
a TpeXHUE KOHTYpbl COPachIBAIOTCA-OTTAIKUBAIOTCS, (POPMUPYS BHEIIHUE MOJIS eKTpoHa. Takue
IIPOLIECCH] B 3aMKHYTBIX MUKPOBUXPOHAX IIPOMCXOIAT C HEIMOJHBIM IIPEBPALICHUEM 3HaKa 3apsja
Y XapaKTepHu3yIoT MOJYIIENbIi CIMH. DTO 3HAUUT, YTO OOHAPYKEHHBIH [leMebToM pa3Mep JeKTpoHa
okoo 10720 ¢, MPUHAJICKUT €My JIMIIIb B MTHOBEHHOM COCTOsTHUM TIOKOs1 chepbl [ DOMM nepen
pas3psIIKO B COCTOSIHME BPAIATEIbHOTO ABUKEHUS €0 MArHUTHOTO MOHOIIOJIS], TIOPOKIAIOIIETO YeT-

BEPTh-BOJIHOBOJL M3JIyYEHUS €ro 3aMKHYTOr0 KOHTypa pa3mepoM okoso 10 19 em. Y 310 ke 3HAuMT,
YTO IEKTPOH He 00JIaJaeT CTAIOHAPHBIM JIEKTPUIECKUM 3aPSIIOM.

370 OTBET Ha 3aJaHHbIil Y. TOMCOHOM BOIPOC O CTPYKTYpE JEKTPOHA. DTO U CaMblil HATJIsA -
HBI IpUMeEp, OOBSCHAIOIINI MPHUPOAY MAaTePHH CIHHA, MEKTPHUYECKOTO 3apsga U Macchl IpH
KBAHTOBOM KOH/IEHCAIMM ObICTPOIl MArHUTHOM MaTepHH e€ 3apsJa SHePruM B SHEPrHio MOKOs
B (hopMe rpaBUTAIIHOHHOTO MOHOIIOJS.

"1 Tak, manprmep, U151 TOro, 4TOGH CIIELMATICTY BHICOKOTO YPOBHS OCMBICIHTH IHPOIECE IPEOI0IEHNs 3BYKOBOTO Gapbepa, eMy
J0CTaTOYHO MpovnTath ekt [IpaHaTis, a 3aTeM U3BECTHBIMU TePMHUHAMH, BKIIOUAIOIIMME COCTOSHUSI ATOMOB B ra3e, Mepexop
B KallId TyMaHa, CO3/IaHKe BUAMMOIO U O3BYYEHHOTIO KJIACTEpa, JOBECTH ITO JIO AyJAUTOPUH, HATIPHUMEp, CTYACHTOB, JOCTYIHBIMU
B LIIKOJIC TEPMUHAMH.
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4. AHTUTPaBUTAIIMOHHBI MOHOMOJb-000J09KAa-KOKOH BOKPYT JIETAOIIUX U HEBUIUMBIX
muckoB B. IMlay6eprepa, [I. Cepna, a takxke rpasutonétoB [I. Kumm u B. C. I'pebeHHukoBa, Kak
Y MOABEM MHOTOTOHHBIX KaMeHHBIX OnokoB Erunrta u Tubeta, poxgaercss MOTOKOM BHPTYAJIbHBIX
IPaBUTALIIOHHBIX MOHOIIOJIEY T'MIIeP3BYKa MEXaHMYECKMX MAaKPOBUXPOHOB Ha I'paHMIIE pasjesia
TBEPAOTO TeJIa C BO3/1yXOM aTMOC(EpBbI.

5. XosoaHasi myIa3Ma 13 aHHUTWIMPYOIIUX O€3MacCOBBIX 3€PEH-TTOTEHIMATIOB IPOTHBOIO-
JIOKHBIX 3HAKOB SIBJISIETCS] HOBOUM (DOPMOIA MPOSIBIICHUS] OECCTPYKTYPHOUM MaTepuu, Orpeaessionien
HOBBIE CBOWCTBA JMCKPETHOr0 MPOCTPAHCTBA-MOJISI — YHUUTOXKEHHUE IPOCTPAHCTBA, YHUUTOXKE-
HUE SHEPI'UHY, POKICHUE CUJIbI B3AUMOJEICTBUS, POKAECHUE CUIIOBBIX JIMHUM OIS, POXKIEHUE MUK-
PONPOCTPAHCTBA U Macchl aTomMa U T. 1. CBOMCTBA BO3ICWCTBHUSI XOJOJHOM O€3MacCOBOM TUIA3MBbI
Ha BEIIECTBO HawOosee SIPKO MPEJCTaBIEHbI MPU HAUOOMbIIEH KOHIIEHTPALMK T'PAaBUTALIMOHHBIX
3epEH-TIOTEHIIMAJIOB, MPOSIBIISIEMOW B TOPOMIAILHBIX 000104Kax BOKpyT auckoB I1. Cepna u B. [ay-
Oeprepa, B 3e€HOM TymaHe Puanenbpuiickoro sxkcnepuMenTa «Pagyra», a nmpeaenpHas KOHICH-
TpaIysi AMEKTPHUUECKUX 3EPEH-TIOTEHIIMAIOB IeMOHCTpHUpYyeTcs 3 dekTamu XaTunucoHa, Haubosee
UCCJIEOBAaHHON HEMELIKMMHU YYEHBIMU B ITpoeKTe «Komokom».

6. DJIeKTPUYECKHI TOK U 3BYK B COOTBETCTBYIOLIUX MPOBOJAHUKAX WUACHTUYHBI MO MeXa-
HU3MY SIBJIEHUS], YTO B KOHEUYHOM pe3y/bTaTe MPOsIBISAETCS B CKOPOCTH CBeTa U CKOPOCTH 3BYKAa
UT. A

ITOT CIMUCOK MOXHO MPOJOJIKATh 10 OECKOHEYHOCTH, [0 TeX TOp, IMOKA YeJIOBEK He OBJIajeeT
BCEMM TallHaMM 3aKOHOB ITPUPO/Ibl, BOCIOJIb30BABILIUCH KJIIOYaMU, IPUBEIEHHBIMY B IAHHOUN KHUTE.
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BBenenne

CoJjHue U ero coJTHe4YHasi CHCTeMa, MPOCTPAHCTBO, 3BE3/Ibl, TUIAHETH, UX BpalllaTeJIbHOe
JOBUKEHHUE U TIOJISA TATOTEHU S, (DOTOHBI U MX ABUKEHHE CO CKOPOCTBIO CBETA, JIEMEHTAPHBIE YACTHILIbI,
1eOpOIIEBCKIE BOJTHBI — 3TO BUIUMBIE U PETHCTPUPYEMBIC SIBJIEHHSI, KOTOpPhIe I0CTOBEPHO HA0JII0-
JAK0TC B ipupoze u BeeneHHo.

SIBnenus npupoasl 00bSICHUMbIE M HEOOBSICHUMBIE AEMOHCTPUPYIOT KaK OHA MPOU3BOIUT, Xpa-
HUT ¥ YHUYTOXAeT SHepruo. YenoBeky HEOOXOIMMO JIMIb MPABIILHO TIOHATh MPUYHHHO-CJIe]]-
CTBEHHYIO CBsI3b COOBITHIA M (PU3UYECKH OCMBICIIMTh YK€ M3BECTHbIC SKcIepuMeHThl. Harpuwmep,
YCTPOKMCTBA M NPUHLIMIIBI UX MOCTPOEHUS, MPEICTABJIEHHbIE €€ B KOHLE JEBATHAALATOrO BEKa
Takumu u3oOperarensmu, kak . Kumu u H. Tecna. Teoperuku nBaauaroro Beka, Takue kak I1.
Hupak u [I. [lIBuHrep Toxke oueHb OIM3KO MOAONLIM K MOHUMAHUIO 3aKOHOB MPHUPOAbI Uepes3 yike
W3BECTHBIE CBOMCTBA MaTepuu U 3Hepruv. Ho BCE Taku OTKa3aTbCs OT OIpeesieHUs] HbIOTOHOB-
CKOM MacChI-9HEPruM, «OKUBUTh» CTAIMOHAPHBII MOHOIONb [Jypaka my1bCUpYIOIIUM MarHUT-
HBIM MOHOIIOJIEM, Pa3/IeIUTh MaTEPHIO HA CBEPXOBICTPYI MarHUTHYIO, CYIIIECTBYIOIIYIO TOJBKO ITPU
CBEPXCBETOBBIX CKOPOCTAX, KOHAEHCHPYIILYIOCA B IPyryue BUIbI [IPU CHUKEHUU CKOPOCTU JBU-
JKEHUsI, BHITIAJIO Ha JIOMIO APYTUX aBTOpPOB!!2,

DTO k€ OTHOCUTCA U K SHEpruu, ynomsiHyrou eme P. ®ennmanom. [Ipupona npousBogur
Y XPaHWUT TaKUe UCTOYHUKH SHEPIUHU, KOTOPBIE CIIOCOOHBI CAMOCTOSITEIBHO POXIATh U BOCIPOU3BO-
IUTh CTPYKTYPUPOBAHHYIO MaTepuIo, MONEPKUBATh €€ CAaMOBPALLICHUE U TIPOIOJIbHOE CaMOJIBHIKE-
HUE CO CKOPOCTBIO CBETA.

KBaHTOBBIE SIBJIEHHS] B MEKPOMEPE BCTPEYAIOTCSl TOBCEMECTHO, OHU XOPOIIO SKCIIEPUMEH-
TQJILHO U3YYEHBI U IOCTATOYHO MOAPOOHO onrcaHbl. OAHAKO B MPOTHBOPEYHSIX HEKOTOPBIX MOJIO-
JKEHUH KOPITYCKY/ISIPHO-BOJTHOBOTO IyaIl3Ma JI0 CUX MOP HET JOCTaTOYHO SICHBIX U IOJHBIX OTBETOB
Y, B YACTHOCTH, Ha yTBep:kaeHus Jlyu ne Bpoiis o Tom, uto Jiodasi MUKPOYACTUIIA MOKET OJHO-
BpPEMEeHHO HaXOJHTCS, KaK B COCTOSITHUM HEKOTOPOTrO 3aMKHYTOTr0 00'béMa, 00J1a/Ialolero Maccowu,
TaK ¥ BOJIHBI, HE UMEIOILIEN MACCHl. DTOT (PAKT JEUCTBUTEIBHO UMEET MECTO B IPUPOJIE U TAKeE IS
TaKMX JIEMEHTAPHBIX YaCTHULl C MACCOW, KAKUM SIBJISIETCS EKTPOH. MICTOUHMKOM Macchl 3JIeKTpOHA
SBJISIETCS TPABUTALIMOHHBIM MOHOIIOJIb B COCTOSIHUM MOKOS, 3aTEM pa3psaAKa yepe3 rPaBUJIEKTPO-
MarHUTHBIA MOHOIIOJb C POKJIEHUEM YETBEPTH JIMHBI BOJIHBI €70 YaCTH IPABUTALIMOHHOIO KOHTYpa.
[Mocne 0OHOBJIEHUS STOTO MOJTHOTO KOHTYPa MAarHUTHBIM MOHOIIOJIEM, TIPE/IbIIYIIVIA KOHTYP U3JTyda-
eTcs-oTOpackiBaeTcs, (popMUpys BHEIIHEE MOoJie IEKTPOHA, B TOM YHUC/Ie IPaBUTAIIMIOHHOE, MarHUT-
HOE U aJIeKTprueckoe. Kpome Toro s ABMKYIIErocsi JIEKTPOHA UM HEUTPOHA C TETJIOBBIMU CKO-
POCTSIMU CYIIECTBYET Je0pOHIeBCKHIl KPUTEPUI UTMHBI BOJIHBI JUIsI COOTBETCTBYIOIIETO 3aXBaTa

3JIEKTPOHA aTOMOM (10_8 CM), 2 HEUTPOHA ATOMHBIM SIIPOM (10_13 CM).

Jasbine B pa3zesnax ri1assl 1 1 2 nepBoil 4acTH KHUTH OY/IeT SICHO M HATJISITHO MPE/ICTABIICHBI
1 00'bSICHEHBI 3TH SIBJICHUS HA KOHKPETHBIX TIPUMepax.

OTH ke SBJIEHUs1 CBOWCTBEHHbl B MAKPOMHPpe U IS BPAIlAOIIMXCs KJIaCTEPOB BEIIECTBA,
KOTOpBIE MOTYT 00J1ajaTh 1€ 0POIeBCKOI «II1yOoii» BOKPYT ceOs1, KAKOH pacroiaraioT raiika-oapa-
ek [ kaHnOeKkoBa, TMPOCKOIIBI U sIIpa 3BE3].

[Tpu sTOM OCOO0OE BHUMaHUE yAesseTcsl MPSIMBIM MPOIeccaM BO3AEHCTBHIA BHEITHHUX TOJIEH
(3Heprus 3ByKa, (DOTOHOB, MEKTPOCTATHKA) UCTOUHUKOB Ha padoune Tena (KUAKOCThb, TBEPHOE
Tes10). OTKJIMK paboyero Tea Ha Takoe BO3JEUCTBUE JeMOHCTpupyercs B ycrporcrBax . Kumm, H.
Tecna, JI. Xaruncona. QOpaTHbIe POLIECCH MOKa3aHbl Ha MpUMepax, Kak BHyTPeHHee caMOBpa-
mienue saep YCT 3BE3[] U rajlakTUK NMPUBOAUT K POXKICHUIO (OTKJIMK) BHEIIHUX I'PABUTALIMOHHBIX

12 Mlagpun A. A. Tons u BuxpoHsl. CTpyKTyphl MUpo3anus BeeneHHoi. M3paTeaberBo: Mocksa-bepmun: Jupexr-Menua,
2015 rox, 967 c1p.
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TIOJIE ¥ aTOMHO-MOJIEKYJISIPHOTO BeIecTBa B aTMOc(epax 3BE31] M KOpe TUIAHET, YTO U pACCMOTPEHO
BO BTOPOH U TPeThbel YaCTH KHUTH.

Ha py6exe XIX n XX BekoB [I. Kum, H. Tecna, a Takxe B. C. I'peOeHHUKOB TIPOIOKIIH
HEeU3IIaAUMBIN Clie]] B TIOMCKaX CYIIHOCTHU JBHK€HHsI MaTepuH U 3aKOHOB mpupojbl. Ipu
pa3paboTKe CBOMX OPUTMHAIBHBIX YCTPOWCTB OHM TOJIb30BAJIMCh CBOMM WHTYWTHBHO-HAIJISITHBIM
MPUOOPETEHHBIM MBIIIJIEHUEM KaK UIEHTU(PHUKATOPOM, KOTOpOE MPHOOPEsH B IMPOoIiecce UcclieoBa-
HUH, 0COOCHHO «CUMNAMUUECKUX OMBENMO8» , «PAOUAHMHO20 UBAYUEHUSI» T «IPPeKma norocmHvix
cmpykmyp», B KOTOPBIX CBOE TEJIO, I71a3a, YIIIU ¥ HEPBHYIO CHCTEMY NPUMEHSIIM KaK HHTeJJIeKTY-
aJbHBIN 1eTeKTOpP. XX BEeK — 3TO BEK Pa3BUTHS IIMPOKOTO CIEKTPa TEXHHYECKHUX 1eTEKTOPOB
anba-, 6eTa-, raMMa-u3IydeHus U Jpyrux TUnoB. OJHAKO JOCTUTHYTH ITyOWHBI aHAJHM3a C IOMO-
IbI0 TAKMX MHTEJEKTYAJbHbIX JeTEeKTOPOB TEXHUYECKUM JIETEKTOpaM HeBO3MOXHO. [TosaTomy
OCHOBHas 3a/1a4a X XI Beka — 3To pa3padoTarh U cOo3/1aTh TAKME TEXHUYECKHE 1eTeKTOPbI' ! a71ek-
TPOMArHUTHBIX, TPABUTAIIMOHHBIX, MEKTPUIECKUX U MATHUTHBIX MOJIEH, KOTOPbIE MOTJIN Obl MIX pa3-
JIMYaTh U PETUCTPUPOBATH UX CUJTY, KaK U YKa3aHHBIC BbIIIIC HHTEJJIEKTYaJIbHbIE J€TEKTOPbI.

B nonxone k pemeHnio KOHKPETHBIX TEXHUIECKUX 3aa4 00pa3lioM JIsl HUX CITYXWJ JpeBHe-
rpedeckuil yuénslii Apxumen, kak u K. ['€nenb, yTBepkIaBIlue, 4To «8pems HeOOX0OUMO UCKAIO-
uumo u3 usuku». VI 1eficTBUTENIHHO MpodiieMa CBSI3M CHJIbI 1 BpeMeHH B (PU3MKE OCTAETCS 10 CUX
Op HE PELIEHHOM.

Tak UM ynaBaJioch OCYIIECTBUTD JI€BUTALMIO 1 MOIIHbIE CBEPXKOPOTKUE EKTPOMArHUTHbIS
pa3psiabl B ONpeeIéHHBIX 30HaX, CO3/1aBast «cheny''* u3 uononaazmol». Yepes Takyo SHEpreTu-
YECKyI0 CTeHy HUKAKO€ BEIECTBO HE MOIJIO ITPOMTH, HE PACTIaBIIKCh IPU STOM Ha MOJICKYJIbI, aTOMBI
u T. a. 1. Cepn, HaGmoast 3a TaKOM 0OOJIOUKOM B CBOUX «AEMAUUX OUCKAX», OTIPENIENTIIT e€ KakK
HEKUH «cun08oti sakyym»'>. Otcioga — kakue enie, yxe onpeaei¢HHble (pOpMbI MaTepPHH, CIeayeT
WCKJTIOUUTh U3 COBPEMEHHOro (hbyHJIAMEHTa SKCIEPUMEHTATIBHON (PU3UKHU, UCITIOIB3YEMOUN CUCTEMY
u3Mepenuit ¥ cpeacts CU, 11 Toro 4toosl pa3padoTaTh HOBYIO, O0Jiee «TOHKYIO» U IITyOOKYIO, U CBSI-
3aHHYIO C SIBJICHUSIMH TTPUPOLIHI?

Ha rpanune XX m XXI Beka Hayajach pEBOMIOIMSA TEpPEXoga METPOJOTrHH MHUKPOMHUpA
B KBaHTOBYIO cTaini0. OHa He B MOIHOM 00bEMe OcHOBaHa Ha [11aHKOBCKOM cucTeMe eMHUIL, HO BCE-
Taku CTOUT Ha e€ (pyHnameHTe. MimenHo [T1aHKOBCKYE €IMHUIIBI SBIISIIOTCS OTIOPHBIMU ISl TIPUMe-
HEHUsI B TIPEJICTABJICHUSIX CTPYKTYPUPOBAHHOM MaTepud. [[jist onpeneneHuss MexaHu3ma poKIeHuUs,
npeoOpa3oBaHus W M3MEHEeHHs (PU3UYECKUX TOJIel pa3IMYHbIX UCTOYHUKOB, B TOM YHCJIE U BHX-
PEBBIX IEMEHTapHbIX, HEOOXOIMMAa HOBasi CUCTEMa Mep yxke OecCTPYKTYpHOH MaTepuu U3 3€peH-
MOTEHIIMAJIOB JUCKPETHOro mpocTpancTia''®. U 1yist 3Toro HeoOXoaumMo co31aHrue HOBOM CUCTEMBI
M3MEpeHni, OTIIMYHON OT cucteMsl u3mepennii CU 7, kotopasi OblTa co3naHa B Hadasie XX Beka,
B OOJIbIIIEN CTETIeHH, JIMIIb ISl MHKEHEPHBIX PAcu€ToB, METPOJIOTUM MAaKpOMHPA, STAJIOHOB, Mep
Y TEXHOJIOTUH.

KBaHTOBbBIE MEXaHUYECKHE SIBJICHUSI B MAKPOMHPE — 3TO HOBOE HallpaBJIeHHE B SKCIIEPHUMEH-
TaJIbHOU (pU3HKE, KOTOpoe 0(PHIHAIBLHO NOSBUIIOCH JInIb ¢ 1985 rona, co AHS OTKPBITHS B HEBECO-

113 .. o
Takue AETEKTOPBI JOJKHBI PETMCTPUPOBATH ITOTOKU 3€PEH-MIOTEHIHUAIOB IT0JIEM OT UCTOYHUKOB, a HE IIOTOKU a.an)a-, 6€Ta-,
raMma-, IpOTOHBbI, HefITpOHLI OT UCTOYHHUKOB.

114 o o o
B sT011 KHUTE OHA OIpeaC/ICHAa KaK 30Ha XOJIOAHOU 0e3MacCcoBOM TUIa3MBbl.

5 o . o . . o

15 B nanmoii kaure sror TEPMHUH M €ro CBOKCTBA OIPE/IesICHb], KaK CBOMCTBA 30HBI XOJIOHON 0e3MacCOBOM MIa3Mbl. B OTKpbITOI
JMTEepaType yke ONUcaHbl MHOTHE yIMBUTEIIbHbIC CBOMCTBA TAKOH IJ1a3MbI-O00JIOYKH, BOKPYT HOBEPXHOCTH TBEPABIX TeJI, HO MHUKPO-
(pusmueckas KapTUHA TOTO SIBJIEHUS OTCYTCTBYET.

11
® Tem Gonee, uto JETeKTOpPBI TPaBUTAIIOHHOTO TOJIsT aTOMHO-MOJIEKY/ISIPHOTO BelecTBa yxke m3ooperensl B. C. I'pebeHHMKO-
BBIM, a JETeKTOpoM rpaBuraronHoro nons sipep YCT 3emun sBisiercs moOoH Ki1acTep ¢ MacCoi, MPUTATUBAOIIMICA K 3eMIte.
JleTeKTOpOM MarHUTHOTO MOJIS SIBJISIETCS] KOMIIAC, a MEKTPHYECKOTo MO — UCKPHI C TOBEPXHOCTHU 3apsHKEHHOTO IMJIEKTPHKA.

17 CpaBHenne Bcex MMEIOLMXCS CHCTeM M3MepeHnii i exunii or CH [0 ecTecTBeHHO i CHCTeMbI eMHMI, BKouas TLiaH-
KOBCKYIO U cUCTeMY X3BHcaiila, MOKHO HATU B «IKCNEPUMEHMANBHOL 6a3e (hu3uKu 6blcokux SHepeuti» — http://muclphys.sinp.msu.ru/
elp/elp03.htm
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MocTu KocMoca 3¢dekra [Jxanndekosa. Kpome Toro, cyimecTByer esnsiil psif 3¢pdeKToB U sIBICHU,
oOHapy)keHHBIX B XX BeKe KCIEePUMEHTAJIbHO, KOTOPbIE TaKkKe C YBEPEHHOCTHIO MOXHO OTHECTU
K KBAHTOBBIM SIBJIEHUSIM B MaKpoOMUpe. ITO, MPEKIE BCETO:

— MEKTPUYECKUI TOK''® B METaJUIMUECKOM MPOBOIHUKE U 3BYK,

— «BMOpaXXHMBaHKUE» MarHUTHOTO TIOJIS B IJIa3My,

— SIBJICHUSI CBEPXTEKYUYECTH U CBEPXITPOBOJUMOCTH,

— POXKJIEHHE CBEPXTBEPION KYMYJISTUBHOM CTPYH MPH B3PBHIBAX CIIEIIUAIBHBIX OOEBBIX CHApSI-
J0B,

— sIBJICHUsI CTPYIHOI MMILJIO3HH B yCTpOKCTBax-pemyibcaropax B. [llaybeprepa,

— nenTpaabHoi ummio3nu B YBUC A.B.Ilpuiienesko,

— 0e3bIHePIUOHHBIN TEPEHOC MACCHI JIETAaTeNIbHBIX anmapaToB-«Tapenok» M. Ceprna, B rpa-
Butonérax JI. Kumm u B. C. I'peGeHHMKOBA,

— xoJioanbIi saepHbiii cuaTe3 (LENR)!® TSKENBIX XUMHUECKUX JIEMEHTOB,

— xoJioanoe'? snekrpudectBo H. Tecna,

— xo0J0/aHas1 popMa 6e3MaccoBoil MJIa3Mbl,

—3¢dexT IOTKNHA,

— TakKe IMPOW3BOJICTBO CBOOOTHOW HEPrMM B OTKPBITHIX, M €€ 3axBar, MpeoOpa3oBa-
HUE-UCIOJIb30BAHNE B 3aMKHYTBIX CHCTEMax, HaXO[SILIMXCS B HEPAaBHOBECHBIX M PAaBHOBECHBIX
COCTOSIHMSIX PA3JIMYHBIX YCTPOWCTB, MO aHAJOTMU [BUKEHUS 3apsii0OB SHEPIruM B OTKPBITHIX
Y 3aMKHYTBIX KOHTYpax 3JIEMEHTAPHbIX YacTull — B (popme (pOTOHA U IJEKTPOHA.

Kpome nepedncieHHbIX cyecTByeT 00O KOMMYECTBO U APYTUX He00'bsiCHUMBIX 3 dek-
TOB U SIBJICHUI, OOBEKTUBHOE CYIIECTBOBAHME KOTOPBIX YK€ JOCTOBEPHO NOKA3aHO SKCIIEPHUMEH-
TaJIbHO HE3aBUCUMBIMH HAyUYHBIMH T'PYIIIIAMUA MUPOBOTO COOOIIIECTBA.

Ho cux nop He ornpeje/ieHa NPUYMHHO-CJIECTBEHHAsI CBSI3b JPEBHUX SBJICHUI BO3Bpallia-
forerocst OymepaHra, a Takke BJIUSIHME 3ByKOBOTO pPe30HaHCca Ha MOABEM MHOTOTOHHBIX KaMEHHBIX
0710KOB orpeeeHHBIX pa3MepoB B Erurite, Tubete u ipyrux paiioHax 3eMJIH ¢ IOMOIIIbIo 00st 6apa-
0aHOB ¥ JPYrux MY3bIKaJbHBIX MHCTPYMEHTOB. He ompeneneHa sta ke ¢BsAI3b U B MHOTOYMCIICH-
HBIX ycTporicTBax (6omnee 100), cO3AaHHBIX HA TUX K€ MPUHIMIAX, ITUPOKO M3BeCTHHIM B XIX Beke
uzodpetarenem Ixxonom Kumn uz @unanensdun, CIIA. Te xe sBiIeHNS CBOWCTBEHHBI U /17151 OTpe-
JEJIEHHOIO AMana30Ha JIEKTPOMArHUTHBIX BOJIH IpU ycJaoBHAX 3¢ dekToB [I. XaTuucona. o cux
TOp YIUBJISIOT M ycTpaaoT nocjaeacteusa Ounanensguiickoro skcniepumenta B 1943 rony B CIIA
B TOM xe Punaaenbpuu — MOCaeJHEro JAeTHINA Pe3yJIbTaTOB MHOTOJIETHUX MCCIIeJOBAHUN CBOKCTB
MMITYJIbCHBIX TpaHcopmaropoB-reneparopoB H. Tecna Ha pyOexke BEKOB.

K Benmmkomy coxanenuto merogsl KM, KTTI u KX]I BooOiiie 0TKa3aauch OT KJIACCUIECKOTO
MeToJa MO3HAHUSl MHUpA C MOMOIIBI0 HAIVISAAHOCTH, U B YaCTHOCTH, JJa)K€ KOHKPETHYIO TPaek-
TOPHIO JIBUKEHUSI MUKPOYACTULB 3aMEHWIM Ha MATEMaTUYECKYI0 BEPOSAATHOCTb HaXOXICHUsS €€
B TOW WJIM MHOM oOnactu mpocTtpancTBa. Mukpomarepusi, npencrasiensas B CAIT (Cranpapr-
Hasi MoJieJIb JIeMeHTAPHbIX YacTHIl) — MEPTBas MaTepus, U3JI0KEHA B MaTeMaTu4yecKoi hopme,
T.€. B 3aCmbleuteli CUucmeme MolNeHUsi — 3TO «HAPUCOBAHHBIE» JIETITOHB U KBAPKU C MOTYLEIbIM
CIIUHOM, 00pa3yoIre BCE MHOrooOpasue JIeMEHTAPHBIX YacTHIl, a TAK)Ke KBAHTHI oj1el ((hOTOHBHI,
©O030HBI, TIIIOOHBI ¥ TPABUTOHBI), 00JIaAAIOIIMMY 1eIHIMU CIIMHAMU U OCYIIECTBIISIIOIIME YEThIPE TUTIA
dbyHmameHTaIBHBIX B3auMoyieicTBU. [Ipruém B ornpenesieHusIx 0eCCTPYKTYPHBIX KBApKOB (pr3u-

11
8 Ve Gonee cra ner co BpeMeH padot (1890—1892) JI. Kmm u H. Tecna OTKPHITH SIBICHHST «XOJIOJHOTO» JIEKTPUYECTBA
1 BO3JEHCTBY 3ByKa Ha KOHAEGHCHPOBAHHOE BEIECTBO B 3aMKHYTHIX KOHTYpax.

19 Hlanpun A. A. Iona u BuxpoHsl. CTpyKTypa MUpO3iaHusl BceleHHOW. M3manue Bropoe. M.-Bepnun: dupekt-Menua.
2015 rox, ctp.561. ISBN 9785447555528.

120 IMoueMy «XONOTHBII», a TOTOMY, YTO OCHOBHBIE (pr3rdeckre 3(h(eKThl BHI3BAHBI CBOMCTBAMU BO3ICHCTBHIA U CYIIIECTBOBAHUS
HOBO# (hOpPMBI MaTepuy — OECCTPYKTYPHBIMU 3€pHAMHU-TIOTEHIMAIAMH.

121 KBaHToBast MEXaHUKa, KBaHTOBas TEOPHA I10JId U KBAHTOBasA XpOMOJAMHAMUKA.
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YEeCKUI CMBICIT OHATUI UX SHEPIUH U CIIMHA JOBEIEH 0 KpaiHero abcypaa — HeT CBSI3U CMBICIIA
cloB ¢ ux npuponoit mo Peitnmany. 3nech Bpemsi'?? 3aMeHWIO ABUKeHHE U U3MEHEHHUe pas-
HBIX (pOPM MaTepuu W SHEPruH, T.e. UCTOYHUK JBWKEHUS M M3MEHEHHUsI HE SHEPrusi, a BpeMsl.
B CAII Bce Teopun neperpy:keHbl He SKCIIePUMEHTAIbHON MaTeMaTUKOM, T.€. MATEMaTUKON He CBSl-
3aHHOM C CHCTEMOW Mep KCIIepUMEHTaNIbHON (pu3uKU. [103TOMYy CYTh 3TMX TEOpPHIA COBCEM OTpbI-
BaeTcs OT Npuposl pusnueckux siieHuil. CoBpeMeHHble (peHOMeHoaornyeckue teopuu CraH-
JapTHOM Mofenu 3JIeMEeHTapHBIX YacTUIl, Oyaydd aOCTPaKTHO-MaTeMaTHYeCKHMMU, He aJeKBaTHBI
(uzrUecKoi peaTbHOCTH, a TOTOMY, OITMOOYHBI ¥ OecTiepCcrieKTUBHBL. OHU JIOJIKHBI OBITH IIOJTHOCTHIO
3aMeHEeHbl (PU3NYECKMMU MUKPOCKONMY e CKUMH TEOPUSMU, OTPAKAIOIIMMU PEATbHOCTD U TPSIMYIO
CBSI3b C SIBJICHUSIMU TIPUPOIBL.

CAII cuuraet, uyto KTII, KM u ee npeeMHHUIIBI pelwiv IpodaeMy CTPOSHUsI aTOMHOTO sipa
¥ atoMa, pooOieMy B3aUMOJCHCTBUS U3TyUeHUs 12 ¢ BeIeCTBOM, MPOOIeMy MacChl JIEMEHTAPHBIX
YaCTHUI] C TOMOIIIBIO YK€ «OTKPBITOr0» 0030Ha XHITCA U KBAHTOBBIC SIBJIEHHS] B MAKPOMUPE, HO 3TO
3a0JIy2K/IeHHe — JIOCTaTOYHO YKa3aTh Ha SKCIIEPUMEHTAJIbHBIE Pe3yJIbTaThl padoT 1Mo XOIOTHOMY
AIEPHOMY pacnany-cuHTe3y TakeEnbiX 1eMeHToB (LENR), XononHomy anekrpuyectsy H. Tecna
Y ero 3HaMeHHUTHIN PutanenbUitcKuil aKkcnepuMenT, 3¢ dekt [IxannOekoBa, 0e3bIHePIHOHHBIN
noner «tapenok» J1. Cepna u 000/109Ka X0JI0JHOH 6e3MaccoBOil MJIa3Mbl BOKPYT HUX, (pU3MUe-
CKUI MEXaHMU3M KOTOPOTO YUEHBIE BCETO MUPA HE MOTYT OOBSICHHUTS yke Ooliee mosiBeka, 3pdexTst [1.
Xar4yncoHa, a Tak’ke HepacKpbITasi TallHa (PU3MUYECKOrO MEXaHU3Ma MOJIEH TATOTEHUS slIep 3BE3,
AKTHBHBIX IJTAHET U JAaXe EKTPOHA.

HaoGopor, npescraBiieHHasi peajibHasi BepCUsi POXKACHUS CTPYKTYP SJIEMEHTapHBIX YaCTHIL
HaJeJieHa «’KUBbIM» BHICOKOUYACTOTHBIM JIBUKEHHEM BHXPOHOB M U3MEHEHHEM MAarHUTHBIX U Ipa-
BUTAIIMOHHBIX MOHOIIOJIEH C IIepeMEeHHON BEJTMIMHON Y 3HAKOM, OObE/IMHSIET CBOMM PeaIbHbIM CYIIe-
CTBOBaHHMEM BCE TO MX MHOrooOpasue, KOTOpoe YAajJoCh 3aperucTpupoBaTh U WAEHTU(DUIIMPOBATD
B /IBaJLIATOM BeKe. A caMbIM IVIaBHbIM MOATBEPKIECHUEM €€ UCTUHHOCTH SIBJISIETCSl peajbHas BO3-
MOXXHOCTb 00'beIHHEeHMsI BCEX TEOPUI TATOTEHUS C TEOPUSMU JIEMEHTAPHBIX YaCTHII.

JI71s1 pertieHrst Ha3BaHHbIX 33/1a4 KaK/1yl0 YacTh KHUTY HAYHEM paccMaTpuUBaTh CO CI1a0bIX MPO-
SIBJICHUI MaTepud B (hpopMe MPOCTPAHCTB-MOJIEN ¢ YIETOM MPHOPUTETA SHEPTUU — TTPOTSHKEHHBIX
00bEMOB (PU3MYECKOr0 BAKyymMa JAUCKPETHOr0 MPOCTPAHCTBA, 00PA30BAHHOTO Pa3IMYHBIMU
(bu3rYeCKUMH NMOJISIMH HCTOYHUKOB € 30HAMH XOJIOJHOM IJIa3Mbl, a TaKXke KPYIMTHOMACIITa0-
HOW CTPYKTYpbI BeeneHHOM. 31ech HeOOXOAUMO JaTh OIpeie/IeHUs U Pa3HUIly B CBOWMCTBAaX CTaI[d-
OHAPHOI ¥ BUXPEBOI UHIYKLIMHU 3€PEH-IOTEHINAJIOB TOJIEH.

I'1aBHO€, HAKOHEI] TO, 1aTh OLEHKY MOJISIM TATOTEHUsI — €CTh UJIH HeT Y HCTOYHHKOB
9THX NoJiell 3HaK 3apsaa, N0J00HbIe MOJSIPHOCTH 3aPs0B B YJEKTPUYECTBE HJIH JKe OHU
NOA00HbI MATHUTHBIM MOJISIM CTAI[MOHAPHBIX MATHUTOB, Y KOTOPbIX HEBO3MOKHO OT/e-
JUTH OJUH noJoc ot apyroro? Hanpumep, ssigpo 3emun B popme UCT umeer ouH 3HaK,
a 30Hbl MAHTHH U KOPHI B OpMe aTOMHO-MOJIEKYJISIPHOTO BellecTBa HMeT IPOTHBOIO-
JIO?KHBII 3HAK.

[Tocne vero nepeiiéM B pasienax K MCCIEIOBaHUSAM Ha NMPUMePAax TUIIOB CAMbIX CHUJIBHBIX
e€ NposiBIeHN B (popMe MEUKPOMATepUH, MaKpoOMaTepun U runepmarepun. B stux paspenax
OCHOBHasl 3aJja4a — ONPEAEIUTh KOHKPETHYIO PUPOAY CTPYKTYPbl MaTe€pPHH, CTPOUTEIbHBINA MaTe-
pua, e€ CTpoUTelIel, METOAbI CTPOUTELCTBA, UICTOUHUKY €€ KBAHTOBaHM S, €€ IBUKEHNE U 3MEHe-
HHE C y4ETOM 3aKOHA COXPAHEHUsI SHEPTUU U CTIOCOOOB €€ POU3BOACTBA U YHUUTOXeHHsI. OcoOeH-
HBIIl THTEPEC BbI3bIBACT ABMIKYIIASICSI MATEPU s — IBVIKYILIUIACS SJIEKTPOH cO3/1aET BOJHBI Jie Bpoiins

122
B nprupoae HET BpEMEHU, KakK q)OpMLI CyHIECTBOBAHU MAaTE€pUU, a €CTb YaCTOTA-TIOBTOPAEMOCTb OOHUX U TEX KE MPOLIECCOB.
Ilo CYHIECTBY JaHHOE YTBEPXKACHUE aHAJIOTUYHO — BPEMSA 3aMEHNJIO SHEPTUIO.

123 Buyibl n3nyveHus: paJuoHyKJIMIOB, IOMUMO ajib(a, 6eTa U raMma, HeoOXOAMMO IOMOJHUTH THIIAMH U3IydeHHs B (popme
(pusmueckux monen, T.e. anbda u OeTa-yacTULB elé U caMy M3JTyvaloT, HO Goree MeNKyIo (hPpaKkiyio MaTepur — 3€pHa-TIOTEHIHAIIbI
TIOJICH.
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M crocoOeH IMpU YCKOPEHUH IPeBpaliaTbCs B MIOOH WJIM Tay-JIEITOH; CAMOABMXKYIIUICS (POTOH
CrocoOeH MpOXUTH Ooliee 14 MUJUTMAPIOB JIeT; TBEPABIN KiacTep Bpamaromeiicsi Mak poMaTepun
CO3MAET IeOPOMIIEBCKYIO «IIIyOy» -000JIOUKY — MYJILCUPYIOIIHE BUXPEBbIE MOJISI BOKPYT €ro BHEIII-
Hell oBepxHocTH. KpoMe Toro, Heo6X0AMMO aTh OLIEHKY JEeHCTBYIOIIMM B IIPUPOJIE CUJIAM UH/IYK-
MM B MAKPOMAaTePHUH Ha COOTBETCTBUE YK€ OTKPHITOIO U JIEHCTBYIOUIETO B HayKe popMaiu3Ma.
Harnpumep, naaykims TokoB u 3apsiioB Papazes, BuxpeBbix TokoB Pyko, Teopuss Makcpea'?,
MHIIYKIIYSI TIOJISI BOKPYT CTAIIMOHAPHOTO JIEKTPUYECKOro 3apsiia U Ha00OPOT — MONSIpU3alvs Bellle-
CTBA TOJIEM, A TaKXe WHAYKIMS AeOPOMIEBCKUX BOJIH ABWXKYIIMMUCS (pOPMaMH KOPITYCKYJISIPHOU
Matepun. HeOe3bIHTepeCcHO BBISICHUTD U JPYroi (pakT KBAaHTOBBIX SIBJICHUI B MAKpOMATepHU — CIIO-
coOeH JI MEXaHNYECKUI1 MOMEHT MHEPIMH HEKOTOPBIX BPALTAIONIUXCS TeJl, AKTUBMPOBAHHBIN J0CTA-
TOYHBIM MOMEHTOM MMITYJIbCa, KBAHTOBATh MEXaHMUECKOE ABUKEHUE KJIACTEPOB C UHEPTHOW MACCOIA.

[Toatomy cTpyKTypa KHUTM IOCTPOEHA B COOTBETCTBUY C OCHOBHOM (popMyJioil Mupo3snanus —
«JHeprusi', NpocTpPaHCTBO, MaTepusi, IBHKeHNe U N3MEeHeHHe», Kak B MUKpoMupe (4acTb
1), B Makpomupe (4actb 2), Tak ¥ B runepmupe (4actb3). B TpEx yacTsax KHUIM HAJISIIHO JOKa3aH
IIPUOPUTET IEPBUYHOCTH POAUTEIBCKOW POJIM 3apsiia IHEPTrHM BO BCEM CYIIEM U JJaKe B IPOUCXOXK-
AEHUU TIPOCTPAHCTB JIOOOTrO BUA.

B Mukpomupe — 310 pokaeHHE CTPYKTypUPOBAaHHOW MaTepuu, HauMHasl C €€ 3J1eMeHTap-
HBIX (pOpPM B BHJIE KOPITYCKYJIMPOBAHHBIX YACTHUI] OT JEKTPOHA IO MPOTOHA, aTOMHBIX S/IEp, aTo-
MOB M MOJIEKYJI M BHEIIIHUX MOJIeN BOKPYT HUX. [IpeaBapser takoe U3oxeHue NpUuopuTeET SHEPIUn
B (hbopMe MarHMTHOrO MOHOIOJISI (DOTOHA U MTPOCTPAHCTBA B YKa3aHHOU (hopMmyJie.

B makpo u runepmupe ¢ IOMOIIBI0 MArHUTHBIX U TPAaBUTAIIMOHHBIX MOHOIIOJIEH, JAHO 00bsIC-
HEHME MHOTMX CBOWCTB IPOCTPAHCTBA U CTPYKTYPHBIX IIEPEXOIOB B KJIACTepax aTOMHO-MOJIEKYJISAp-
HOTO BellecTBa, a TAKKe BOMIOIMKU TEMHOM 3Hepruu u Matepuu B Buje YCT (aHTHBemecTBA)
1 ero (pOHOBOTO JAJIbHOJAEHUCTBYIOIIETO aHTUTPABUTALIMOHHOTO TOJS B IyJIbCaphbl, 3BE3/1bl, I1JIAHETHI
Y TAJIaKTUKHU, KOTOpbIE YK€ U IIPOU3BOAAT 3TO aTOMHO-MOJIEKYJISIPHOE BeleCTBO Ha COBPEMEHHOM
stare. Be€ ato pornonHsor HemsBecTHblie paHee 3HaHUSA (CAIT) o Muposnanuu v onpeaessior eé
CTPYKTYpY, pacIllipeHue, IBUKEHUE U U3MEHEHUS B IIPOCTpaHCTBEe BcenleHHOM, BOEJUHO CTSHYTOW
XO0JIOZHOM 0€3MaCcCOBOM IJIA3MOII.

OcHoBHas 1eab (POPMBbI M3JIOKEHUS TMOKa3aTh TECHYIO CTPYKTYPHYIO B3aMMOCBSI3b MEXIY
HCTOYHHMKOM U I10JIeM BOKDYT HETO, BBISIBUTH IJIABHOTO HEBHAUMOIO CTPOUTEJISI-HOCUTENS TEM-
HOW SHEpPIruH, €ro CBOWCTBA, YHEPrOEMKOCTb, BPEMSI €ro *KHU3HU U €ro CTPOUTEJIbHBI MaTepual.
MeTorp! onpeiesieHrst CyIeCTBOBAHUS STUX CTPOUTEJeH 1 X CTPOUTESIBHOTO MaTeprasia BHIOpaHbI
B (hOpMe y:Ke 3aperCTpUPOBAHHBIX SIBJIEHUI PUPO/BI U 3(P(PEKTOB, BOIUIOUIEHHBIX B BUJIE KOHKPET-
HBIX TTATEHTOB-YCTPONCTB YUEHBIMH, TPU3HAHHBIMUA MU POBBIM HAyYHBIM COOOIIIECTBOM, HO HE OO'bsIC-
HUMBIMU C TOUYKH 3peHus opuiranbHo npru3HaHHoU Hayku (CAIT) Ha coBpeMeHHOM Tane No3HaHus.
A J0Ka3aTenbCcTBa CTPYKTYPbl M CBOMCTB CTPYKTYPUMPOBAaHHOM MaTepuM MOCTPOEHbI HA BBEIEHUU
HOBBIX I[IEPBUYHBIX YaCTULl — HOCUTEJIEN SHEPruu B (popMe MyIbCUPYIOIIUX BUXPEBBIMU MOJISMU
13 3€peH-TNI0TEHIMAJI0B MATHUTHBIX MOHOIIOJIe (ITPaBUTALIMOHHBIX MOHOIIOJIEN ) BUXPOHOB, U MOJI-
TBEP:K/ICHbI aHAJIM30M MPOTHUBOMOJIOKHBIX TOUEK 3PEHU ST U3BECTHBIX YUEHBIX Ha HEOOBSICHUMBbIE TIPH-
ponHble sBeHUS U 3(PEKTH B YCTPOWCTBAX, C MOCIEAYIOIIMM H3JI0KEHUEM IIPOLIECCOB B pPeaJib-
HOM INpeaCTaBJeHNH. DTO CJlieJyeT OTHECTH K JOCTOMHCTBAM KHUIHM, HO €CTh U MPEOAOIUMbIE
HEJIOCTaTKU. B nepBylo ouepesb, 3T0O KOHEUHO MOHATUIHBIN anmnapart. [Ipyu HarmcaHuu Bcero HOBOro
B (pr3uKe HEOOXOOMMO OMMPAThCs HA CTapble TEPMHUHBI, HAIIPUMEp, Macca, MEKTPUYECKUN 3apsif
U T.J., @ 3aT€M BBOIUTb-NIEPEXOAUTH HA HOBBIE MTOHSATHU S, HATPUMEP, MATHUTHBII MOHOIIOJ b, MarHUT-
Hble 3¢pHA-TIOTEHIINAJIBI, U ONIPE/IENIATh UX CBOWCTBA. M yike C HOBBIX MO3UIINI OOBSICHATH (pr3HUe-

124
HNmenHO YpaBHEHUA MakcBelia B UX COBPEMEHHOM BUJIE IIPUBEJIU K Pa3pbIBy MEXKIY TECOPUAMU JIEMEHTAPHBIX YaCTHUIL U TE€O-
pUAMUA TATOTEHUA.
125 3I[6Cb 3apA SHEPruu IMnpeacTaBJI€H MAarHUTHBIMU U I'PABUTALIMOHHBIMU MOHOIIOJISIMU, BXOAAIIMX B COCTAB MEXAHUYECKHUX
U JICKTPOMArHuTHbHIX BUXPOHOB. B MHUKPOMHPE — MUKPOBUXPOHOB, B MAKPOMHPE — MAKPOBUXPOHOB, B TUIIEPMUPE — THIIEPBUXPOHOB.
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CKHIA CMBICJT CTapbIX, B TOM YKCJIE MAcChl U HePruu. Tak B KHUre OTpUIAETCS SIBJICHUE «MAacca»,
KakK sIBJIEHHE B IPUPOJIE 1 TIOSICHSIETCS JIUIIb, KaK MPOIYKT B3aUMOAEHCTBHSI T'PABUTAIIIOHHOTO OIS
KJIacTepa aTOMHO-MOJIEKY/ISIPHOTO BEIeCTBa C MosieM TAroteHus sapa 3emum. HaoGopot siBneHue
CyOCTaHIIUM «9HEePrusi» KOHKPETHO BOILIONMAeTcs B (hopMe BEYHOTO ONpeeIEHHOTO 3apsiaa SHep-
ruu Juisi Hame BeenenHoit (14 mulpa. JieT) my/bCHUPYIOHIET0O MarHMTHOTO MOHOIIONSI, HO Bceraa
B cocTaBe BUXPOHA. O000I1IEHO BCE 3TO C IOMOIIIBIO ONMUCAHKS UX YHCJIa TIOMMEHOBAHHBIX OIpeie-
JIEHUH CBOWCTB, COOTBETCTBYIOIIMX 3aKJIIOUEHUI U CJIOBapell HOBBIX TEPMUHOB.

[TosTromMy OCHOBHBIE (pU3UUYECKUE TEPMUHBI, UCIOIb30BAHHBIE B TEKCTE KHUTH, MPUHAAJICKAT
cucreme usMeperuit CU, ¢ pacmmpeHremM ux OmnpeneseHuil U ¢ WCHOIb30BAHUEM eCnectEeHHO,
I1rankosckoti u X3gucaiioa cucmemori eOuHuy, — 3TO SHEPrus'?®, ckOpocTh CBETa, YacToTa Kojmeda-
HUI, MOMEHT WHEpIIMU, MOMEHT MMITy/IbCa, MArHUTHBI MOMEHT, noctosiHHas [lnaHka, amexTpu-
YecKU# 3apsjl, 3apsja Macchl (Macca), JMeKTPUYecKoe HaNpsiKeHue, JaBlieHue, TUIOTHOCTh Bellle-
CTBa, TEMIIEpaTypa, CHJIa, YCKOpeHue, JAIMHa (TPOTsKEHHOCTh), BpeMs U T. . Ho 310 Bcero jwib
BCIIOMOTaTesIbHBIE ONpeesieHN s HECYILIECTBYIOIIMX B MPUPOJIE KATErOpUil — 3TO CBOMCTBA CTPYKTYP
Y COCTOSIHUSI SHEPTUU M MaTepuu. B mpupoe CyIecTBYIOT JIUIb 3€pHA-MOTEHIMANBI (TIOKOSIIIMECS
Y IBUKYIIMECS ), MX JIOKAJTM30BAaHHASI TUIOTHOCTH ¥ (hOpMa UX pa3MellieHHsI B IMCKPETHBIX TPOCTPaH-
CTBaX caMOOOpa30BaBIIIEHCS U y&Ke CTPYKTYPUPOBAHHOW MaTepUH, BOCIIPOU3BOIMMON M OOHOBIIS-
eMOil HeBHIMMbIMU MarHUTHBIMU, TPABUTAIIMIOHHBIMHM ¥ JEKTPUUYECKUMH OOOMX 3HAKOB (ILTIOC
¥ MUHYC) MOHONIOJISIMU. [TpOYKTHI Iy IbCHPYIOIIMX BUX PEBBIMHU MOJISIMA MATHUTHBIX 3aPs110B SHEp-
T'H, a TAK)KEe HEPA3PBIBHO CBSI3AHHBIX C HUMU €r0 CITyTHUKOB — 3TO 3apsiAbl JIEKTPUIECKUM MOTEH-
IUaJIOM (JEKTPUYECKUI 3apsid) U 3apsiabl T'PABUTALIMOHHBIM MOTEHLMAIOM (3apsa macchl). Beé
BUHMO€ aTOMHO-MOJIEKYJISIPHOE BEIIECTBO W (PU3MUECKHE OISl BOKPYT HUX — 9TO MX /I0UepHHe
MPOAYKTHl CAMOOPraHU30BABIIENCS MaTepUU-BeIIeCTBa.

Bce npoctpanctea'?’ paccMaTpuBaloTCs, Kak moJeBast hopMa SHEPruu CTallMOHAPHBIX UCTOY-
HUKOB ¥ MHIYKTUPOBAHHBIX 3apsiJIOB.

B niepBoii riaBe (dactb 1) onpenesieHbl ASUCTBYIONIME KOMIIOHEHTHI SHEPTUH U JIaHa CTPYKTYpa
MPOCTPAHCTBA, KaK (PU3MUECKHE MOJIsi ICTOYHUKOB, ONpeieIeHbl X CBOWCTBA, 0OOCHOBAHO BBEJICHHUE
B 3aKOH HpBIOTOHA 0 BCEMUPHOM TSTOTEHWU 3HAKOB'2® 3aps/I0B B3aMMOJEWCTBYIOIIMX MacC B TON-
HOU aHasoruu ¢ 3akoHoM Kyiona. Bo BTopoil raBe M3/I0KeH MEXaHW3M POXACHHS JIeMEHTapHBIX
YaCTHUI] C LEJIBIM U TOJTYIIEIBIM CITUHOM U TPUBEAEHBI UX KAHOHUYECKUE CTPYKTYPbI, CTPOUTEIbHBIN
MaTtepuaj, UX CTPOMTEN M METOIBl CTPOUTENIbCTBA. Ha npumepe cTpoeHust 3JIeMEHTapHBIX YaCTHI
OIpe/IeNIEH MPOLIECC POKASHUS M CBOMCTBA MATHUTHOTO MOHOTIOJSI 1 MMK POBUXPOHOB, & TaKkKe Mpo-
LIECChl U MEXaHW3Mbl 00PA30BaHMS 3aMKHYTHIX MYJIbCHPYIOIIMX KOHTYPOB MUKPOYACTHI] (MICTOYHU-
KOB) M MX BHeIIHUX nosei. [IpuBeneHsl HarJsiiHble 00pa3sl MUKpodacTull. OCHOBHBIM 3apsiioM
JBUKEHUsI BUXPOHOB, KaK OIHOW M3 (pOpPM HEpruu, sIBJISETCS IEPEMEHHBII MarHUTHbBI MOHOIIOJb,
a ero vJieMEeHTApHBIM I'eHePaTOPOM U 1eTEKTOPOM sIBJIsieTcsl BO30YXAEHHBIN aTroM. [TokazaHo, uTo
I'PaBUTAITMOHHBI MOHOIIOJTb — 3TO MOJTHBIN AHTUIIO MATHUTHOTO MOHOTIOJN S, HO B COCTOSTHUY OTHO-
CUTEJIbHOTO TIOKOSI MaTepHH.

MarHuTHBII MOHONOJIb (MCTOYHHUK SHEPTrHH) MOXKET CYIIECTBOBATh TOJbKO B COCTOSTHUU
MPOJOJIBHOTO JIBUKEHUSI CO CKOPOCTBIO CBETA, & €ro MOoNepeyHO-Bpaliaoiasics MarHuTHas1 Mare-
pusi B (popMe 3EPEH-NOTEHIIMANIOB BCEra JBMKETCSl TOJIBKO CO CBEPXCBETOBOW CKOpPOCThIO. I'pa-
BUTAIIIOHHBII MOHOMOJIb SIBJISIETCS] OTHOCUTEIBHO TOKOSIIMMCS TTPOAYKTOM KBaHTOBOTO Tepexoaa
MarHUTHOTO MOHOIIONS MIPU CHIKEHWU TPOIOIBHOW CKOPOCTH JIBMKEHHUSI HUKE CKOPOCTH CBETA.
371ech ke U3JI0KEHBI MTPOIIECChl 3aPOXKICHUS JIEMEHTAPHBIX BUPTYAJIbHBIX 3aPsiI0B MAcChl, JJIeK-

126 DHeprus MeMEHTapHbIX YaCTUI] Pe/CTaBIeHa eqUHUIIAMI U3MepeHuil B cucteme X3Bucaiza.
127 B tom uncre n (pusmueckuii BakyyM KOCMITYECKOTO IpOCcTpaHcTBa BeeneHHo1.

128 Takoe HOBOBBe/IeHHE MOTHOCTHIO MEHSIET q)I/I3PI‘{6CKI/Iﬁ CMBICJI O TIPUTAXKEHNH MACC U3 AaTOMHO-MOJIEKYJIAPHOI'O BELIECTBA. 310
OJHO3HAYHO JOKAa3aHO IKCIIEPUMEHTAIBHO Pa3HbIMU CBONCTBaMU rpaBUTALITUOHHBIX oJjieu acTeponoB 1 Connia.
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TPHUUYECKOro 3apsja B cucreMe CH ¥ reOMeTPHH UX BOJTHOBOJA0B COOTBETCTBYIOIIMMU I'PaBU-
TAIIMOHHBIMHU ¥ MArHUTHBIMHA MOHOTIOJISIMU. DTO €IMHCTBEHHBIC HCTOYHHKH-IIPOAYKTBI CTPYKTYPHI
CTPOEHHUSI BUJIMMOTO U OCS3a€MOI'0 aTOMHO-MOJIEKYJISIpHOTO BeliecTBa. [loka3zaHbl yCJIOBUS JKU3HU
CYIIECTBOBAHHMS JIEMEHTAPHBIX YaCTHI], KaK MPOAYKTHI KOJIEOAHUI BEUHOIO MarHUTHOTO MOHOIIOJISI
MUKPOBUXPOHOB U3 COCTOSIHMSI MCTOYHHKA B COCTOsiHUE MOJsi. OmnpeneneHbl CBOMCTBA MHUKPO-
BUXPOHOB. [IpuBe/ieHbI YCIOBUS POXKICHUS 30HBI-000JOUYKH X0J0JHOH 0e3MacCoBOM MJIa3Mbl,
KaK OCHOBBI JIe3MHTErpanuy CTPYKTYPUPOBAHHOI MaTepuu .

B Tpetneil mnaBe (4acTb 2) Moka3aHbl CBOICTBA JUCKPETHBIX IPOCTPAHCTB, KaK MPOAYKTOB
(puznyeckux mosief OT UCTOYHUKOB, UX B3aUMOJICUCTBUE C POXKJEHUEM CHJIOBBIX JIUHUI U CHJIBL.
[TpuBeneHsl OCHOBHBIE TOJIOKEHUs, OTIMYAIOIINE CBOMCTBA KJIACTEPOB BEIIECTBA MaKpOMaTepUu
OT CBOWCTB 3JIeMEHTAPHBIX YacTull. Ha XapakTepHbIX MIpUMepax CpaBHEHUs IBUKCHUS Taiiku J[xka-
HUOEKOBA U CAMOJBMIKCHUSI 3BYKa, 00JIaJAIOIINX [IEJIOYMCIIEHHBIM CITMHOM, ¢ (DOTOHOM U TUTICP3BY-
KOM, MOKa3aHbl CXO/ICTBA U KOPEHHbIE OTIMUUSI CBOMCTB MUKpOMHUpA OT Makpomupa. OnpeaeseHbl
CTPYKTYpHI U cBoiicTBa Mexannueckux ([I. Kum, B. [lay6eprep, . Cepn, A.®.Knanos, B. [Ixa-
HUOEKOB) ¥ 3JIeKTPOMAarHuTHBIX MakpoBuxpoHoB (H. Tecna, [I. XaTuncon u qpyrue). B ocHOBHBIX
arperaTHbIX COCTOSIHMSIX KJIACTEPOB BEIIECTBA, TAKMX KaK ra3, aTOMHasl 1ia3Ma, siiepHO-Me30HHas
J1a3ma, TBEPAOE TeJO, KUIKOCTh, (o sl 1 YCT HarmssIHO MpOAEeMOHCTPUPOBAHBI HA KOHKPETHBIX
npuMepax-naTeHTax BCero HayYHoro cooOiecTBa 3h(eKThl POKICHUS HOBBIX MIPOAYKTOB OT BO3-
NencTBUAST MaKpoBUXPOHOB. [TogpoOHO Ha TpUMepax pacCMOTPEHO HOBOE COCTOSTHHE MaTepud —
O6e3maccoBasi X0JOHAasI MJIa3Ma, e CBOMCTBA U MPOoayKThl. OCHOBHOE BHUMaHKME B MaKpomare-
pyH yIeieHO CrocoOaM M MeXaHW3MaM WHIYKIMH, a TakKe NETeKTHPOBAHUS IHEPrOEMKHUX MOIII-
HBIX MArHUTHBIX ¥ I'PAaBUTAIMOHHBIX MOHOIOJIEN (3apsi/I0B YHEPruM), CPeACTB U CIIOCOOOB
MX TPOU3BOJICTBA COOTBETCTBYIOIIMMY MPUPOIHBIMUA U TEXHUUYECKUMU FeHepaTopaMu 3apsijioB
3Hepruu. Ha KOHKpeTHbIX MpUMepax-naTeHTax MpoAeMOHCTPUPOBAHBI CIIEITU(PUUECKUE B3AUMO-
JEVCTBUSI BUXPEBBIX TOJIEH 3TUX 3aps0B SHEPTUU C BEIIECTBOM B PA3JIMYHBIX arperaTHbIX COCTOSI-
HUSIX, KaK UX HHAUKATOPOB U 1eTEeKTOPOB. JlaHo onpeneneHue STuM hopMam SHEPrUK B CBOOO/I-
HOIi 1 cBA3aHHOM (hopMe. AKIICHTUPOBAHO BHMAaHUE HA TIPOM3BOJICTBE « CBOOOIHOI YHEPrum»
Y JIC3aKTUBAIIUN PAIMOAKTUBHBIX JIEMEHTOB MyTEM paCIIEeIUICHUsS] aTOMHBIX sIJIep BelecTBa pado-
Yero TeJjia OT OXJIAXIEHUS 10 MOJIHOW AaHHUTWISILIMA MaTEPUX U SHEPTUU B 30HE XOJIOJHOM IJIa3Mbl.
[NTokazaHo, Kak Ha KOHKPETHBIX ITPUMEPAX-YCTPOUCTBAX MPOUCXOIUT YHUITOKEHUE MHEPTHOCTH Tell
1 BOJTHOBOE O€3bIHEPIIMOHHOE JBMKEHUE 110 TOPH3OHTAIM ITUX TeJI C PEaJbHOM CTPYKTYpOU 3apsiia
Macchl. OCHOBHBIE MOJIOKEHUsI KHUTM COMPOBOXKIAIOTCS CChUIKAMU Ha BUJCOJIEKIIMM aBTOpa, Mpe/-
CTaBJICHHbIE Ha calTe —

https://www.youtube.com/my_videos?o=U

[Tpennaraemas peasibHasi Bepcusi CTPYKTYpbl MUpO3aHsi MAKPOMHPA MMOATBEPKIAETCS TeX-
HOJIOTHSIMU JIPEBHUX Y HOBBIX COBpeMEHHBIX 3(h(PEeKTOB, a TakkKe SABJICHUSMU MPUPOIIBI OTKPHITHIMH,
Kak MpaBUJIO, YIYEHBIMU — CAMOYYKAMU U3 TIPOILUIOrO U MO3aMpOoIILIOro BeKa — MOMMEHHO C OIU-
CaHMEM M aHATM30M (PU3UUYECKUX TPOIIECCOB UX CMOCOOOB U ycTpoicTB. OCHOBHOE BHUMAaHUE, TTPpU
9TOM, yAEJIEHO pa3IMYHbIM (DOpPMaM IIa3MBbl (TOpsYet AaTOMHOM, S1/1€PHO-MEe30HHOI 1 X0JI0THOM
B (hOopMe aHHUTUJISIIUN JIEKTPHIECKOro 3hupa), Kak MHIUKATOPY SKCIIePUMEHTATBHOrO OOHApY-
JKeHU s BUXPOHOB. [TprBeieHb U AETEKTOPBH MArHUTHBIX MOHOIIOJIEH, HarpumMep, korepep . bpaniu.
Ora miaBa HauOOMbIIAsA IO 00BEMY, TaK Kak ¢ e€ OObEKTaMM UYeJIOBeK MMeeT HeroCpeCTBECHHBIN
KOHTAaKT.

B yerBéproit miaBe (YacTb3) aHO OIpejieieHrue MPOCTPaHCTBY BeesleHHOM, Kak B3anMojien-
CTBYIOIIIMM TIOJISIM TPABUTAIIMA OT MCTOYHUKOB C MPOTHBOIOIOKHBIMY 3HAKAMHM 3apsAJOB ¢ 00pa-
30BaHMeM 30H XO0JI0JJHOH 6e3MaccoBoil miadMbl. OOBEM TaKOTO MPOCTPAHCTBA 3aIONIHEH pa3-
JIMYHBIMU MPOJYKTaMU MarHUTHBIX MOHOIIOJIEH OT (POTOHOB M 3JIEMEHTAPHBIX YACTHUIL JJO KBAa3apOB,
MyJILCAPOB, 3BE3]I, IUIAHET U Ia30IbUIEBBIX 00AKOB M TyMaHHOCTel. [Toka3aHbl IPUPOTHBIE KOCMU-
YECKHe reHepaTopbl POXKICHUS MEXaHUUECKUX U JIEKTPOMArHUTHBIX TUIIEPBUXPOHOB BO Beenen-
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HOW — 3TO CaMOBpAIlAIOIIMECs pa C HYJIEBbIM CIIMHOM 3BE3]], IUIAHET U TAIAKTUK U UX BOJIIOLUS
13 HEKOTOPBIX 3BE3/1 B IJIaHEeThl. OnpeesieHbl CBOMCTBA TMIIEPBUXPOHOB M MEXAHU3MBI UX B3aUMO-
JENCTBHS C BEIIECTBOM U BHEIITHUMHU (PU3NIECKUMH MTOJIsIMU. HarOosbias 4acThb 9TOM I71aBbl OCBSI-
1IeHa fIBJIEHUSIM Ha 3emiie, YTO U MOHATHO. B mATON M 1ecToi miaBax MpPeACTaBJIEHbl TPOLYKTHI
VCTOYHHUKOB JIBMKEHHS U U3MEHEHUsI MaTepUH MIPU POIUTENILCKOM PO BUXPOHOB U MOTEHIUAJIOB
BUXPEBBIX MOJIEH, IPUBOASAIINE K CO3JaHUIO Y SBOJIIOLMM s/IEp 3BE3]1 U TaJlaKTUK, a TaKke K Ipo-
M3BOJICTBY TMEPBOHAYATIBHOU €€ (pOpMBI U MOCIIEAYIOIeN SBOJIONMN B TACCHBHOE aTOMHO-MOJIEKY-
JIIPHOE BELIECTBO B aTMocdepe 3BE3/1 U Kope TUIaHeT. DTU MPEICTaBJICHNS CBOMCTB BEIIECTBEHHOM
MaTepuu B Pa3JIMYHBIX (pOPMax SHEPreTUYECKOrO COCTOSIHUS TIOKOSIILErocst 3(pupa sBIIsoTCs KBaH-
TOBBIMU TPOIYKTaMHU BUXPEBBIX NICTOUHUKOB JIBUKECHUS — BAXPOHOB (JIEKTPOMArHUTHBIX U MEXaHU-
YECKMX), OTBETCTBEHHBIX KAK 3a POXKJIECHUE U TEOMETPUUECKYIO CTPYKTYPY MUKPO-, MaKpoO- U TUIep-
MUpa, TaK 1 32 Bce HAOM0IaeMble B TPUPOJE B3AUMOICHUCTBUS, SIBJICHUSI U TIPOLIECCHI.

Bce peasbHble mpeacTaBieHMs] TOITBEPXKICHb HAIVISIAHBIMHU SKCIIEPUMEHTAIbHBIMU
pe3yJIbTaTaMyu MUPOBOTO HAyYHOTO cOOOIIECTBA (PU3UKOB MOMMEHHO U, 10 BO3MOKHOCTH, WJLTIO-
CTPUPOBAHBI MX OMMCAHUEM WU rpapUuecKu pUCYHKAaMHU, a TAaKKe C MOMOILbIO BUAECOKIIUIIOB U3 Caii-
TOB:

www.youtube.com

https://vk.com/id708889631

Besne o 00béMy KHUTH BCE MPEJICTABICHUS PA3/IENISIOTCS C MO3UIMIA JBYX CYOCTaHIIUH, KaK
WCTOYHMKOB JIBUKEHUSI, CO3JAIOIIMX U OMpPEJESIOIMX CTPYKTYpbl MUPO3JaHUs — 3T0 MeXaHu4Ye-
CKHe U 3JIeKTPOMArHNTHbIE€ BUXPOHBI.

IlepeeiMu 3anumancsa [. Kuu, a Bropsie Beinanu Ha nomo H. Tecnbl. B 3HaumtensHO# cre-
nenn H. Tecna pa3BuBaji TeXHONIOTMU YCTPOKMCTB IO TOJOOUIO CBOETO MPEAIIECTBEHHUKA U COBpE-
mennuka . Kuau, Ho B anekTpodusnueckoit popme, a He 3ByKOBOW. Kuim ripesctapisii coBpe-
MEHHHUKaM MHOXECTBO YCTPOMCTB, OCHOBAaHHbBIX Ha €ro HOBOMH (pU3MKe, B TOM YHUCJIE U amlaparhl,
JleTaloIye Ha MPUHIUIAX AaHTUTPaBUTANMHU, Kak v anmapatel B. [llayoeprepa u [1. Cepna. U camoe
I[JIaBHOE, MEXAHWYECKHE U IEKTPOMArHUTHBIE BUXPOHBI BCErJa B3aMMOCBSA3aHbI — OJIHU HE CyIlle-
CTBYIOT 6€3 Ipyrux, 00e Ha3BaHHbIE CyOCTAHIIMH IIPOYHO CBA3AHbI MEK 1y CO00¥ KBAHTOBBIMU B3a-
MMOIIPEBPAILIEHUSIMH, YTO HEOJHOKPATHO JOKA3bIBAETCS B KHUIE NPUBEJEHHBIMU NTPUMEPAMU. DTO
0COOEHHO MPOSIBIISIETCS B MCCAEIOBAHUSAX M MyuuTeNIbHBIX MeTanusax H. Tecna cmemanHoro paou-
AHMHO20 U3AYUEHUsL U Kpyenozo nekmpuuecmea. Ceiuac, Isifisi C BBICOTH BEKOB, Ha BCE TO, YTO
OHM co3panm, Kaxkercs, 4To 3TH JiBa U300peTarelis Kak OyaTo Obl «002080pUaUCh» MEXKIY COOOM
UCCIIE0BAaTh BCE SIBJIEHUS IIPUPOJIBl TOIBKO C TPABUTAMOHHBIX WM TOJIBKO C 3JIEKTPOMAarHuT-
HBIX [MO3UIIUHI U KKABIN MO OTAETBHOCTU. DTO U HAJIOKUIIO CYIIECTBEHHBIN OTIEUATOK Ha MOCIIey-
fone padboThl TEOPETUKOB-MAaTEMAaTHUKOB Ha clieqylomuil XX BeK, B TOM YHCIIe U Ha OUTMOKY Tpe[-
CTaBJICHUSI TEOPHIA TPABUTAIIHH.

Hacrosimas kHura npenHasHayeHa AJ1si MOJIOAOTO MOKOJIEHHS, HO B HEW W3JI0KEHA JOCTYII-
HBIM SI3BIKOM OoJsiee TTyOOKO B3aMMOCBSI3aHHAsl KapTHMHA MHpa, B TOM YHCIE U B MHUKPOMHpE.
[Toka3zaHbpl, MeXaHU3MBbI IIPEBPALLECHUS YAaCTUIl HAa MpPUMEpE IEKTPOHA B Tay-JIENTOH B 3aBUCH-
MOCTH OT BEJIMYMHBI IEPEMEHHOIO JIEKTPUYECKOro 1ojisl B yckopurene 1o 3,5 I'3B, npeacrabieHa
HOBasi MOJEIb aTOMHOro siapa. Hambonee yBiekaTreslbHO MpPEACTaBIICHBl MEXaHM3MBbI POXKICHUS
y YCTPOWCTB M3 OOBIYHOTO BEIIECTBA 3apsiIOB AHTHUIPABHTALMU-CYNEePrpaBUTAMM U MeXa-
HHM3MBbI POXJIEHUS MPOIYKTOB XOJIOAHOTO SAEPHOIO CUHTE3a B Makpomupe. He meHee nHTepecHsl
rpoueccsl (popMUPOBaHUS POCTPAHCTB BcesleHHOW caMOABMIKYILIMMUCS TMOJSAIMU C MX HUCTOYHM-
KaMH, a TaK)ke MeXaHU3Mbl yBeInYeHUs1 00bEMa 3BE3]] U TUIAHET B TUTIEPMUpE.

B peanbHOM npencTaBieHus NPUKJIAIBIBAJIOCh HEMAJIO YCUIIMI aBTOpa Ha MPUMEpe CaMO/IBU-
eHust (POTOHA, BHEITHKX IOJIEH JIEKTPOHA, CAMOBpAIIEHHS aCTPO(PU3NUECKUX 00BEKTOB, COHOIO-
MUHECLEHIIMU U JPYIuX JI0Ka3aTb €JIUHYI0 B3aMMOCBSA3b TPUAAbl MOHOIOJENW — IPaBUTALIMOHHOTO,
JIEKTPUYECKOTO U MArHUTHOTO.
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B mMupe MUKpoMEpa MUK POBUXPOHBI — 3TO MOCJI€10BaTeJIbHbIE CYOCTaHIMHU, B KOTOPHIX CHa-
Yajia pokJaeTcsi HCTOYHUK-c)epa U TOJBKO MOCJe ero pa3psiAKK BpallleHHeM BO3HUKAET BOJIHO-
BO/J1 U3 3¢PEH-TIOTEHIIMAJIOB — BUXPEBOeE IoJIe.

B kHUre HaMepeHHO He MPUBEICHO He eIMHOM MaTeMaTUIecKor (hopMyJibl, TaK Kak, Mo ry0o-
KOMY yOEXJICHUIO aBTOPa, aHATU3 JIDOOT0 HEM3BECTHOTO MEXaHM3Ma SIBJICHUH 1 MPOIIECCOB IOKEH
HAYMHATBCS C MPOPUCOBKU MX HATJISITHOTO 00pa3a — HUKaKas yMHas MaTeMaTHKa He CIIOCOOHA
MOJTYYHTh JIOCTATOUHO MHTEPIPETUPYEMBbIE CBSI3aHHBIE K HEITPOTUBOPEUMBHIC PEIICHHS], & TAKKE OITH-
caHus (PU3MYECKUX MEXAHW3MOB JIIOOOTO YK€ U3BECTHOTO SIBJICHHS MPUPOIbI, B TOM YHCIE JaKe
TaKMX, KaK MEXaHU3Mbl CaMOJBH:KeHHUsI (POTOHA WM KBaHTA 3ByKa, a TaK)KE CaMOBpPaIeHHS
Connta, mwiader ColHeuHOu cucteMsbl, [ alakTUK U T. 1.

Ha manHOM 3Tame JOCTOBEPHO YCTAHOBJICHO, UTO CyXasl MaTeMaTHuecKas JIOTMKA YCTyNaeTr
JKMBOI JIOTUKe npupofpl. {7151 HOATBEpKIeHU s 3TOTrO CyILIecTBYeT Teopema ¢puocoda Hayku Kypra
[€nena'?, nokazannas um B 1930 romy, KoTopast IJ1acur:

1.TlepBasi Teopema yTBEPXKIAET, UTO ecau (POPMANbHAS APUPMEMUKA HENPOMUBOPEUUBA, O
8 Hell cyuecmayem HesblB0OUMAS. U HeONPOgepHcUMAsL Popmyaa.

2.Bropast TeopeMa yTBEPKIALT, UTO ecau (POPMANbHASL APUPMEMUKA HENPOMUBOPEUUBA, MO
8 Hell HeBbIBOOUMA HEKOMOopast POPMYAA, COOEPHCAMENLHO YMBEPHCOAIOUAST HENPOMUBOPEUUBOCTTL
Mot apugb.memuxiu.

Ortciona cnenyer, 4To B JOOOW CHUCTeMe aKCHOM apr(pMETHKHU Hai/ieTcsl yTBepKAeHHe, OTHO-
CHTEJILHO KOTOPOT'O HeJIb3s1 CKa3aTh HICTUHHO OHO WJIY JIOKHO, T.€. B MaTeMaTUKe HEMO3HABAEMOCTh
CMpo2o 00KA3aHda.

Maremarudeckue (popMyJibl OTCYTCTBYIOT M B MATEHTHO-U300PETATEeIbCKOM JIOKYMEHTAITHH.
MaremaTiiecKkuil anmapar IMUpPOKO MPUMEHsIeTCs] B TeopeTnuyeckoil (pu3nKe M MPUKJIATHBIX
00JIacTsIX, ¥, B OCHOBHOM, B KHIKHOUM HayKe /11 (DeHOMEHOJIOTMUECKOTO ONMMCAHUs MPUMHTHBHBIX
nporeccoB Mupo3gaHusi.

ITpu 3TOM, aBTOpP OCOOO XOUET MOAYEPKHYTh, UTO OCHOBHBIC IKCIICPUMEHTAILHBIC 3aKOHHBI,
tuna 3akoHoB HeiotoHa, Kysnona, buo-Casapa-Jlarnaca, ®apanes-Makcseina, Jlyn ae Bpoiins
Y T.J., B KOTOpbIe BXOAAT (hyHAaMEHTATbHbIE KOHCTAHTHI U TIOMMEHOBAHHBIE TepMUHBI cuctembl CU,
HE SBJIAIOTCS PEIICHUSAMH KaKUX TO MAaTeMaTUIeCKUX TEOPHi, a €CTh IKCIIEPUMEHTAIBLHBIA TOI00D
CPEACTB U 3HAUYEHUI TEPMUHOB, ONPE/IEIEHHBIX U3 B3AUMOJECUCTBU T0JIel B TOM WJIM UHOM MOJIe-
JIMPYEeMOM TIporiecce ISl U3y4YeHUs] U aHaJIu3a MPEAronaraeMoro HarjIsiAHOro oOpasa sBJICHUN
B nipupone. OnHako u 3Tu (popMyJibl He 0O BSICHSIIOT MeXaHN3Ma MPUYHH TAKUX B3aMMOJICHCTBHIM,
a Tak’e CTPYKTYPHI MoJIeld ICTOYHUKOB.

CaiiTbl KHUI'Y, BHEOJEKIMH U 3aNICH JTHEBHUKOB:
https://ridero.ru/books/struktura_mirozdaniya vselennoi/
https://ridero.ru/books/struktura_mirozdaniya vselennoi 1/
https://ridero.ru/books/struktura_mirozdaniya_vselennoi_2/
https://ridero.ru/author/shadrin_aleksandr_aleksandrovich_apyak/
http://www.liveinternet.ru/users/shadrin194710/
https://studio.youtube.com/channel/UCQZjLKLwpiCSvfcZUsOMHGg/videos?0=U
https://vk.com/id708889631

129 Kurt Friedrich Godel, Uber formal unentscheidbare Sitze der Principia Mathematica und verwandter Systeme, 1. Monatshefte
fiir Mathematik und Physik 38: 173—98. 1931.
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IJIABA 1. QHEPT'UA N ITPOCTPAHCTBO

Macchl BooOI11Ie HET B IPUPOJIE, & €CTh TOJIbKO SHEPTUSI.

B kakoiut (popme?

[Tpupona coznasia UICTOUHUKHU HEPIUU, CTIOCOOBI €€ XpaHeHHs U MpeBpallieHus e€ B Apyrue
BU/IbI P SJIEKTPOMATrHUTHBIX B3aUMOJICHICTBUSIX, 4 TAK3Ke MPH MPEOAOJICHUM CBETOBOTO ¥ 3ByKOBOTO
6apbepoB. Tak, Haripumep, B padote ' ananm3upyercs Teoprsi MakcBesia HA HPUMHTHBHOM OITBITE
PE3KOro MpepbIBaHUs TOCTOSTHHOTO JIEKTPUYECKOTO TOKA!

«Heobxo0umo ynomsinymo ewje 06 00HOM credcmeuu nonegoti meopuu. Ilycmo umeemcest 6umox,
10 KOMopomy meuem mok, GO3HUKarouuil, Hanpumep, om oamapeu Boroma. Bruesanto césizb npogoo-
HUKA ¢ UCHOYHUKOM MOKa paspeléaemcsi. Tenepw, koneuro, Hukakozo moka vem! Ho 6 momenm smozo
KOPOMKO020 pa3pbléd NPOUCXOOUM CAONMCHBIL NPoUecc, KOMopblil ONnsimb-maku Moxcem 0bims npeo-
ckazan meopueli noas. Ileped pazpvieom moka 0kpye NPOBOOHUKA CYULECIBOBAN0 MAZHUMHOE NOAE.
OnHo nepecmano cyuyecmeosantv 8 MOMeHn, Kko20a mok 6vin npepéan. Credosamenvho, u3-3a paspviéa
moKka mazuummoe none ucue3no. Yucio cunoevix AuHULL, nPOXOOAULUX Uepe3 NOBEPXHOCHIb, OKPYIHCEH-
HYIO Uenblo, 04eHb Oblcmpo uameHuroco. Ho maxoe 6vicmpoe uzmernernue, kax Ovbl OHO HU OCYULECME-
AS10Ch, OONHCHO 8bI36aAMb UHOYKUUOHHBIL MoK. Umo OelicmeumenvHo umeem 3HaveHue, max 3mo
U3MeHeHue MAzHUMHO20 NoAsl, 8030yxcoarouiee UHOYKYUOHHDBIL MOK, mem Oonee CUNbHBIL, uem 3Hd-
uumenvHee UIMeHeHue noast. IMom 61800 s8asemcs Opyzol nposepkoli meopuu. Paspvie moka don-
JHCEH CONPOBONCOAMBbCS BOZHUKHOBEHUEM CUNBHO20 KPAMKOBPEMEHH020 UHOYKUUOHHO20 MOKA. JKC-
nepumeHm cHoea noomeepoicoaem npeockazarue meopuu. Tom, kmo Kozda-1ubo paspviean mox,
00n21ceH Dbl 3aMemUme, Ymo npu SMoM NOSIBASLEMCS UCKPA. Dma UCKpa YyKazwvlédem HA 02POMHYIO
PA3HOCb NOMEHUUAN08, BbI3GAHHYIO ObICIPLIM USMEHEHUeM MazHumHozo noas. Maznummoe none
ucue3no, Ho nos8UNAC, Uckpa. Mckpa oonadaem Hekomopoii sHepeueli, NOSMoMy U MazHUMMHoe none
00JICHO 00Aadamev IHepeuerl».

AHaJIOTMYHbIE UCCIIEOBAHUS ACVCTBUS C YKOPOUYEHNEeM BO BPEMEHU UMITYJIbCa CBEPX3apsa
sHepruu nposoauvch u panee H. Tecnoit u I1. Karmmneii 3.

Poxnenve, BemuriHa ¥ BeUYHas KU3Hb TAKMX UCTOYHUKOB SHEPrHM IMOIACPKUBAETCS MyTEM
BO30YK/€HHS TIEPHOJUUECKUX KOJIeOaHHI BIUIOTH /IO TUIAHKOBCKOTO 3HAUEHHUsI YacTOThI Chepu-
YecKd 0ObEMHBIX M HEBUMMBIX BHOPATOPOB M3 COCTOSIHUS 3apsia B TOUKe-chepe B COCTOsTHYE
HAIPAaBJIEHHOTO BUXPEBOIO Y€TBEPTh-BOJHOBOJA U3 3¢PEH-NOTEHLMATIOB JMCKPETHOr0 IPO-
CTPaHCTBA-NOJIsI. DTU UCTOYHUKY UMEIOT Pa3Hble CBOMCTBA'?2, KaK MPHU CBEPXCBETOBBIX, CBETOBBIX,
TaK M CBEPX3BYKOBbIX, 3BYKOBbBIX 1 OOBIYHBIX HBIOTOHOBCKUX CKOPOCTSIX ABUKEHUSI.

Meuenue P. ®eiinmana'*? o Tom, uem omnpenensiorcs padmepsbl (40—50) Bcex yacTwir:

«B mo oice apemsi meopusi, coenacHo KOmMopol npoCMpancmeo HenpepuléHO, MHe Kadicemcs
HeBepHOIi, NOMOMY IO OHA NPUBOOUN K OECKOHEUHO OONbUUM BEAUMUHAM U OPYeUM MPYOHOCMSIM.
Kpome moeo, ona e daém omeema Ha 8onpoc 0 mom, uem Onpedensiomest pazmepvl 8cex Uacmuy,.
A cunvho nodospesaro, umo npocmele NPEOCMABAEHUS 2e0MEMPUL, PACNPOCMPAHEHHbIE HA OYEHb
ManeHvKue y4acmkyu npocmpancmed, Hesepul. 1080psi amo, s, KOHeUHO, 6cez0 NUUlb NPOOUBAID
opeuwrv 6 oOuem 30aHuL PU3UKU, HUUE20 He 2080PsL O MOM, KAk €€ 3adenamv. Ecau 6vl 51 3mo cmoe,
Mo 51 3aKOHUUAN Obl NEKUUIO HOBLIM 3AKOHOM.»

130 A. Einstein., L. Infeld, The Evolution of Physics, Simon & Schuster, New York, 1938, III.
131 Tom 2 s10ii KHuTH, paznen «DIeKTPOMarHUTHBIE BUXPOHBI».
132 ITH CBONUCTBA OIPEACIAIOTCA 3aKOHaAMU SHEPIU BUXPEBBIX C(bepI/I'ICCKI/IX 1 HaIlpaBJIEHHBIX TOJIEH.

133 Peitnman P. Xapakrep usryeckux 3akoHoB. IlepeBon ¢ aHr. — 2-usg., ucnp. — M. Hayka. 1987 rog. (b-uka «KpaHT», BbII.
62, ctp 152).
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dyHpameHTaNbHAs HayKa HAKOIWIA JOCTAaTOYHBIA OOBEM 3HaHWH, BKIovaoormi 40 3ako-
HOB Kwin, 3aKOHBI MarHUTHOM KyMYJISILIMK, MOHOIONb upaka, nuonsl [. I1IBuHrepa B MarHuTHOM
MOJIe/I MaTepUU IEMEHTapHBIX YacTull, padotel M. dapanesi, MarHuTHBINA TOK . JluackanHuHa,
padotsl H. Tecna, a Tak’ke CBOMCTBA JIeMEHTAPHBIX YaCTHI] TAKUX, KaK:

— aToM, aTOMHOE SIIPO U JIEKTPOH UMEIOT JIMHEHHBIN U OOBEMHBIN pa3Mep U CTPYKTYpy MX
KOHTYPOB,

— UMeeTCsl CITUH M MarHUTHBIA MOMEHT Y aTOMOB, sifIep, JIEKTPOHOB, KaK HEKOe BpallleHHe,

— umeetcs POTOH, KaK CaMOJBUKEHUE JIEKTPOMArHUTHOWM MaTepuu IyTEM €€ BpallleHHUs],

— MMeeTCsl BHEIIIHEE I10JI€ IEKTPUUYECKOro 3apsaaa, umeercs macca B CU,

— €CTb CKOPOCTb CBETa U CKOPOCTb 3BYKA, a TaKXke IMEepexobl Yepe3 CBETOBOW U 3BYKOBOW
Oapbepbl, Kak KBAHTOBAsI KOH/ICHCAITUS JICKTPOMAarHUTHOM U 3ByKOBOW MaTepuH,

— €CTb aKThl UCTIAPEHUST MACChl IEKTPOHA B (POTOHBI MTPY AHHUTUJISLIAMU U T. 1.,

IUISI TOTO, YTOOBI JaTh KOHKPETHOE OIpe/e/icHre MCTOYHMKA SHEPruM U ero JeicTBHs,
noJieil, pa3Mepam, CTpyKType, ’KU3HU U CBOMCTBAM aTOMHBIM sijipaMm, JIEKTpOHaM, (pOTOHAM U Jpy-
TMM 3JIeMEHTApHBIM YacTHUIIaM, TOSBISIONIMMCS B TIpolieccax BO30YXKAEHHWS M pacraja aTOMOB
Y aTOMHBIX SIJIEP, & TaKXkKe MOTHOCTHIO UCKJIIOUUTh CKISIPHYIO (pOpMY CYIIECTBOBAHUSI IHEPTHM.

3T0 nepBoe ycJa0BHe, KOTOPOE HEOOXOAMMO Ha MyTH MO3HAHUSI 3aKOHOB TTPUPOIbIL.

Bcé 310 pazoodimeHo, He orpeesieHO U He CBA3aHO JPYT C IPYroM. A B ITPUPOJIe BCE B3aUMOCBSI-
3aHO APYT C APYTOM, BCE IBHKETCS U 00pa30BAHO SHEPrHeH, NeCTBUE KOTOPOU TOKE HE OIPEe/IENICHO.

W3 nepedncieHHoro u cioxuics o0pa3 HEBUIMMOIO U HEYJOBUMOTO CTPOUTEINSI BCErO 3TOTO
B (pOpMe MArHUTHOTO (rPAaBUTALMOHHOI0) MOHOMOJISI B COCTaBE YK€ BUAUMOIO U PErUCTPUPY-
€MOro CBOOOJHOTO (3aMKHYTOI0) 3apsa JABWKEHUS B (DOpMe JIEKTPOMATHUTHOTO (MeXaHHu-
YeCcKOro) MUKpPOBHXPOHA, JIBUXKYILIETOCsl CO CKOpOCThio cBeTa (3Byka). CAIl xe, npu 3HaHuN
Bcero Jimiib 4,9%, OTPUIIaeT CyIIECTBOBAHUE B TPUPOJIE MATHUTHOTO MOHOTIOJSI.

To ke camoe MOXHO CKa3aTh M O 3aMKHYTOH (hopMe 3JeKTPOMAarHuTHOrO U MexXaHnye-
CKOTI'0 BUXPOHA.

UYro Takoe sHeprus, Kak MPUYNHA, U €€ JIeNCTBUe, KaK cjaeacTBue B npupozae? leiicTBue
BU3YQJILHO U TEXHUYECKU PETUCTPUPYETCs TIOBCEMECTHO, HO 3TO CJIeCTBHE. A BOT IPHYMHA HEYJIO-
BUMa U1 He peructpupyercs. Uto co3naér npuurHa B pupoje? Pa3HoCTb 3j1eKTprueCcKuxX NoTeH-
HAJIOB, TIPWIOKEHHAs! K MPOBOAHUKY, BO30YKAAET JMEKTPHUUECKUIA TOK Ha 3TOM OTpe3Ke. Yaap
MOJIOTKA IO OpYCKY TBEPAOTO Tesia BO30YkKIaeT B HEM 3BYK — 3TO TOXE Pa3HOCTb NMOTEHIHAJIOB,
HO IPAaBUTAIUOHHBIX H T. [I.

Pa6oTa »Heprun MUKPOBHXPOHOB — KBAaHTOBasi KOHJAeHCcAUsA ObICTPOIl SHEPruu —
HanpuMep, 00pa3oBaHusi Nap MUKPOYACTHII C MACCOIl, a TAKIKe HcIapeHne YHePruu NOKosi
NPY AHHUTWJISIIUY 3TUX nap. [Ipy sHeprum HaseTanInero Ha aToM 6e3MaccoBoro (hOToHa ramma-
u3TyyeHus Boitie noporosou B 1022 KaB, ero BuxpeBoe mosjie BOJTHOBOJA U3 3€PEH-TIOTEHIIUAIOB
B3aUMO[ICHICTBYET C MOJOKUTEIBHBIM II0JIEM aTOMHOTO sIApa. TO BHI3BIBACT TOPMOKEHHEe CBOOO-
HOTO MUKPOBUXPOHA U €ro KBAaHTOBYIO KOHJIEHCAIMIO B 3aMKHYTHIN, a MPOIIECC CAMOJIBUKEHH ST Mar-
HUTHOTO MOHOIIOJISI IMPEKpallaeTcss — WAET MpoLecC MHTerpanMy Kjiacrepa MaTepud ¢ Maccou
U3 CAMOABMXKYIIIErocs 0€3MacCOBOr0O MUKPOBUXPOHA B COCTOSIHUE SHEPTHM MOKOSI B (hopMe MUHU-
MAaJIBHOTO TPaBUTAIIMIOHHOTO 3apsiia eKTpoHa. [1o aHaorum ¢ mpeogosaeHneM 3BYKOBOI0 Oapbepa,
MIpU KOTOPOM MPOUCXOAUT KOHAeHcanus (pooJieHue-JiaTTep) MaTepur U3 aTOMHOH B KJlacTep-
HYI0 (M1 HA000pOT), MU NPEOIOJICHNH CBETOBOIr0 Oapbepa MPOUCXOIUT KBAHTOBAsI KOH/IeHCa-
U1 MaTepry U3 6e3MaccOBOM MarHUTHOW B MacCOBYIO TPaBUTAIIMOHHYI0. Bo3MOXeH u oOpaTHbIi
MPOLIECC MCTIAPeHNUsI SHEPIUHU MOKOSI YaCTHUIl B CBEPXCBETOBYIO SHEPTUIO. DTO MPOLIECC AaHHUTUJISI-
[IMY YaCTUIIA-aHTUYACTULIA, HATTPUMED, NEKTPOH-TIOZUTPOH C MEPEBOJOM UX 3aMKHYTBIX KOHTYPOB
TMIOKOS1 B JIBa OTKPBITBIX KOHTYpa (hoTOHOB ¢ 3Hepruen 2 x 511 Ka3B.
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Pa3zmep siekTpona'’*. Oteer Ha Borpoc P. ®deitHMaHa 0 pa3Mepe YacThIl — ITO JBOUHON
Y TUHAMWYECKU MEHSIOIIUICS pa3Mep B ceaylomux npeaenax. [lepsolil KpallHUil — MJIOTHOE TPO-
CTpaHCTBO-T0JIe CBEPHYTOM cpepbl [ DIMM 351eKTpoHa B COCTOSIHUM KOH/IEHCALIMM MarHUTHOW SHEP-

—] o o
' UMECT BEIIMYUHY 10 0 CM. BTOpOI/I Pa3MbBITBIHA pasMep B COCTOAHNU JTUHAMHWYECKOI'O pa3pAaa,
pa3Bé'pHyT0r0 u3 C(fbepbl HBOfIHOFO 3aMKHYTOI'O 4Y€TBEPTh-BOJIHOBOAA NUCKPETHOI'O IPOCTPAH-

CTBA-TIOJISI JIEKTPOHA COCTABJISIET BEJIMUMHY OKOJIO 10719 em MPY YacToTe MyJbCAlUil ero coo-

CTBEHHOI'O MarHUTHOTO (IPaBUTALIMOHHOI0) MOHOMOJIA 10%° I'u. HauGonee BEPOSTHOE OIpe/iesieHre
MECTOPACIIOJIOKEHHS JIEKTPOHA HAXOIUTCS Ha €ro YeTBEPTh-BOJHOBOJE. DTO SBJSAETCS HAIIsA[-
HOI (PM3MYECKON WJUTIOCTpaIMel MpUHLMNA HeorpeneaéHHocTn [elizeHOepra, T.e. pH pas3psiike
I'>MM 351eKTpOoHa, €ro rpaBUTAlMOHHBIA MOHOIOJb C ONPEAEIEHHOW BHYTPEHHEN SHEepruen 1BU-
*Kercs B (pa30BoM 0ObEME YETBEPTU-BOIHOBO/A, 8 MUHMMAaJIbHAS ITOIPEITHOCTh U3MEPEHH S €T0 KOOp-
JMHAT CBSI3aHa C ero JeOpOMIeBCKOM TMHOM BOJTHBL.

dopmupoBaHMe BHEIIHUX IM0JIEN JIEeKTPOHA (MarHUTHOTO, NEKTPUYECKOTO M IpaBUTALIMOH-
HOI'0), BBI3BAHHOI'O M3MEHEHHMEM COCTOSIHUM 3aMKHYTOI0 BHXPOHa B (popMe CBEpHYTOU cepbt
IPaBU3JIEKTPOMarHUTHOro MoHonoss (I'SMM), npoucxogur Npu IMyJlbCalvsXx T'PABHTAIMOH-
HOTI'0 MOHOIIOJIA Pa3psAAKOM-BpallieHueM U3 LeHTpa cpepsl [ OMM, npu 3ToM poxaercs:

— YETBEPTb-BOJIHOBOJ-TIONE C OMPEAEIEHHBIMU [TApAMETPaMH U3 EKTPUUECKUX 3EPEH-TTOTEH-
LIMAJIOB, KOTOPBII OTTAJIKUBAET HAPYKy aHAJOTMYHbINA MPEAbIAYIIHIA U3 3aMKHYTOIO KOHTYpa JIeK-
TpPOHa, (hOPMUPYsl €ro BHEIIHEe JIEKTPUUYECKOE MOJe, U pereHepupyeT NMEepBUYHBIA MarHUTHBIN
MOHOIIOJIb C T€M XK€ 3HAKOM,

— 9TOT MarHUTHBII MOHOIIONb HAYMHAET 3apsDKAThCS OT YETBEPTH BOJHBI OOpaTHBIM Bpallie-
HUEM CUHXPOHHO € Pa3psIKOi IpaBUTALIMOHHOTO M B TOT MOMEHT, KOTJa [TOC/IE/IHUIA NcYe3aeT Ha YeT-
BEPTH JUIMHBI BOJIHBI, MArHUTHBII JleJlaeT KBAaHTOBBIN MEepexo] U KOHAEHCUPYETCsl CBEPThIBAHUEM
B I'PaBUTALIMIOHHBII B TOUKE MEPBOHAYAIBHOIO HaxoxaeHus cepsl [DOMM anekTpoHa,

— YETBEPTh-BOJIHOBO/-TIONIE C ONPEAEIEHHBIMU NTapaMEeTpaMH U3 I'PaBHTALMOHHBIX 3EpEH-
MOTEHLIMAJIOB, KOTOPbIM OTTAJIKABAET HAPYKY AHAJIOTMYHBIN MTPEbIIY VN U3 3AMKHYTOI'0 KOHTYypa
3JIEKTPOHA, (POPMUPYS BHEIIIHEE I'PABUTALIMOHHOE T10J1€ JIEKTPOHA,

— IPOMCXOIUT HENOJHOEe NPEBPALICHUE UHIYKTUPOBAHHOIO HOCUTENS] UCTOYHUKA SHEPIUU
C OJIHUM 3HAKOM, UYTO M OIpPEAEISAET MOMYLEIbII CIIMH 3JEKTPOHA, PABHBIM MOJOBHHE ITOCTOSTHHOU
ITnanka,

— MPOLIECC NEPHUOJUUYECKOTO OTTAIKUBAHUS MTPEABIAYILMX BOJIHOBOAOB OJHOKOHTYPHOI'O JJIeK-
TPOHA B MPOCTPAHCTBO MPOAOJIKAETCsl OECKOHEUHO 100 (Oonee 14 MUILIMAPAOB JIET) U PUBOJUT
K POXAEHMIO €r0 BHELIHUX MOJIEH — JIEKTPUUYECKOTO, IPAaBUTALIMOHHOTO M MAarHUTHBIA MOMEHT.

B 3THX nporeccax y4acTBYIOT BCSl TpUaJa MOHOIOJEH MyTEM pereHepalyy MepBUYHOro Mar-
HUTHOTO MOHONOJIA Pa3ps/IKOVi-BpalieHHeM I'PaBUTAMOHHOIO MOHONOJS — 3TO OCHOBHOM
3aKOH NPUPO/bI, OTKPHITEIN biakeTom.

Pa3mep aToma'®,

ATOM B LIEJIOM 3JI€KTPHYECKH HeuTpaeH. MeXaHU3M 2JIEKTPOHEUTPAIbHOCTH MOSCHAETCS
CXeMOM, Mpe/CTaBIieHHON Ha (ur.2.250. Aapo atoma MMeeT MOJIOKUTENbHbIA 3apsf JeKTpude-
CKOTO TMOTEHIMAJIa ¥ COOTBETCTBEHHO M3JTy4YaeT B 47T BOKPYT ceOsl IOTOK MOJIOKUTENTBHO 3apsKEHHbIX
3€peH-noTeHanoB. OO0IOUKM U3 NIEKTPOHOB, 0Opa30BaHHbIE HA pacCTOSTHUU-paguycax ot 0,5 —

15 x 1073 cM, NOCTOSIHHO OGHOBJISIOTCS MATHUTHBIMI MOHOIIOJISIMA C POXICHHEM SKDAHHPYIO-
Iero oonaka-noToka OTPULIATEIbHO 3apsKEHHBIX 3EPEeH-TNOTeHIMaIoB. BHyTpr atoma oOpasyercs
AVHAMHYECKOe PAaBHOBECHOE MUKPOIPOCTPAHCTBO-TIONE, 3aMIOJIHEHHOE JIOCTATOYHO TOJICTBIM CIIOEM
30HBI JEKTPHYECKOH X0J0AHO 6e3MaccoBoil mia3msl (¢pur 2.28). [IpoTMBONONIOKHO 3apsi-

134 Pazpnen 2.3 3101 KHATH.

135 Paznen 2.11 310l KHUTH.
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JKEHHBIE TIOTOKH 3ePEH-3JIeKTPONIOTEHIIMAJIOB aHHUTMIIMPYIOT C 00pa30BaHUEM CUJIOBBIX JIMHUM SJIEeK-
TPUYECKOTO TOJISI U YHUUTOKEHUEM MPOCTPAHCTBA, YTO MPUBOAMUT K NPUTSKEHUIO UCTOUHUKOB UX
MOPOIMBINKX U (PUKCAIIMU pa3MepoB 00bEMA ATOMHOT'O MPOCTPAHCTBA MYTEM POKACHUS U INHAMU-
YEeCKOro OOHOBJIEHUS SJIEKTPUUYECKOW 30HBI XOJOJHON 0e3MaccoBOi MIa3Mbl M3 O€3MacCOBBIX
MEKTPUUECKUX 3EPEH-TIOTEHIIMAIOB C MPOTUBOIMOJIOKHBIMU 3HaKaMu. VIMeHHO XxosofHast Oe3mac-
CoBas IUIa3Ma, CTATMBAIOLIAsA €€ IPOTUBOIIOIOKHBIE 110 3HAKY UCTOYHUKH, OIPE/EIsAET pa3Mep

aroma B 107 cm. HeckomneHCMpOBaHHBIN 27EKTPUYECKUI 3(DUP MOKET BBIBOOUTCSA U3 MEKATOM-
HOTO TIPOCTPAHCTBA NPH CHJIBHOM MOJISIPU3AIMU BEIIECTBA OOJBIIMMH IO 3HAYEHHIO JEKTpUYe-
CKMMH MOTEHIMATAMU WK Yepe3 «AbIPKH» B 000JI0UKaX MOHU3MPOBAHHBIX aTOMOB U JIa)Ke B OTHE
ruiaMenu 1o Tecna, 1 criocodeH K 00pa30BaHMIO 3apsijia JEKTPHYEeCKHMH 3éPHAMH-TIOTEHIH-
ajaMH (KJacTep 3JeKTPHYeCcKoro 3pupa) ¢ nocjaeayolM ero 3axBaTtoM 1 peodpa3oBaHueM
B 9JIEKTPUYECKUI X0J0AHbIH TOK TexHonorussmMu H. Tecna, 3. I'pes, . Konena u npyrux.
Pa3mep aromuoro siapa'*s. CnmH, pasmep, macca, NEKTPUYECKUIA 3apsjl sjep OT IMpo-
TOHA JI0 pa3Mepa sjiep KoHua Tabmuibel MeHpeneeBa ompenessieTcss He KOJIMYECTBOM IPOTO-
HOB M HETPOHOB B $I/Ipe, @ KOJIMYECTBOM BHYTPEHHHUX 000JI0U€eK C YBEJTMUMBAIOIIECHCS YaCTOTOM
mynbcauuy (pur.2.21, 2.23) co CTpyKTYypor I'paBUJIEKTPOMArHUTHBIX JUIONEN W3 HEUTPAJbHBIX
YyacTHIl THIIA HEUTpPaJIBHBIX T, k, 1, ...... Y-me30HOB (poto 2.12) u Gonee BBICOKOIHEpreTude-
CKHMX, COCTaBJIEHHBIX IMOMAPHO U3 MPOTUBOMNOJIOKHBIX YACTHIl IO CTPYKType TUIA MIOOHOB, IOJIO-
JKUTEJIbHO U OTPULIATEIbHO 3apsKEHHBIX — MOyc(epbl YeTBEPTh-BOJTHOBOJOB 3EPEH-TIOTEHIUAIOB
CO CTPYKTYPOH I'paBUJIEKTPOMArHUTHBIX MOHOTIOJIEH CO CIIMHOM Y2, 06pa30BaHHBIX OTHOTIOISIPHBIMH
SIEPHBIMU BUXPOHAMU. DTU COCTOSTHUSA AP 00eCneUnBalOTCs 3apsloM SHEPTUU COOTBETCTBYIOLINX
MarHuTHbIX MoHonoseir 'SMM, BXoAAIuUX B COCTaB ME30HOB. DHEPrusi MOHOIOJIS paBHA ITPOU3Be-
neHuio nocrosiHHoM [Tnanka Ha ero yactoty mynabcauuii. Pazmep auamerpa cepraeckoii 000109KH
U3 IBYX YE€TBEPTh-BOJIHOBOJOB COOTBETCTBYIOIIETO ME30HA OIPEAEIISIETCs MOJIBOJIHOM POU3BE/ICHNU S
NOCTOSIHHBIX [I1aHKa M CKOPOCTH CBeTa, JEJEHHOIO Ha SHEPrui0 MarHUTHOTO MOHOMONA. Tak s

Y-UICHIIOH ME30Ha 3TOT pa3Mep COCTaBJIsET BEIMYMHY =~ 1,2 X 10~ em, 1 KOTOPBII LIEHTPAJILHO
BXOIUT B O0BEM JPYrUX BHEIIHMX OOOJOYEeK siipa. [IBa MCTOUHMKA 3TOro Me30Ha B BHIE Cepbl
I"™>MM pa3meliieHbl TuaMeTpaibHO MPOTUBOIIOIOKHO U [0 Pa3Mepy COCTABIIAIOT BEIMYMHY MOPSIKA

24 o

10" cMm. [IposBistioT ceOst ITM UCTOYHMKHU TOJIbKO CBOMMU YETBEPTh-BOJHOBOIAMH BO B3aUMOZEH-
CTBUSIX TOJIEH siipa. B 3TOM cMBICiie CTpyKTypa saep, OTIaIEHHO HAIOMMHAET CTPYKTYPY JEKTPOH-
HBIX aTOMHBIX oOosouek. Tak, Hanpumep, JEUTPOH MMeeT Takou xke pasmep 4,1 ¢wm, uro u saapo

Kaublus (4,1x 1013 CM), T.€. JIO siJipa KaJIbIUsl 3apsiJ] MacChl BCeX MpeAbLIyiux sijaep ¢GopMupoBa-
JIach 3a CYET 3ArOTHEHNST BHYTPEHHE! HEeHTPaIbHOM cpepbl MPOTOHA BHYTPEHHUMH OUIIOJISIPHBIMU
000JIOUKaMHU CO CTPYKTYpOW THIIA JT-HOJb ME30HA C MOMOIIBI0 COOTBETCTBYIOIIMX M OOJee BBICO-
KOHEpreTn4eckux (Tabnuiia mpogyKTOB-ME30HOB). TOT HEMAIOBAXKHBIN (DAaKTOP CBUIETEIbCTBYET
0 CMEHE MexaHU3Ma ITPOU3BOJICTBA aTOMHBIX s1ep. [locnenyoliee yBesmyeHne Macchl U JIeKTpude-
CKOTO 3apsia sapa oOyCIIOBJICHO yke, KaK 3a CUET 3aroTHeHUsI BHYTPeHHel CBOOOAHOM cepbl 000-

JIOUKaMH ¢ pa3MepamMH MeHee 104 - 107" cm, Tak u 3a cuér niepepacipeie/ieHust 4acToT BUXPO-
HOB, (POPMUPYIOIIMX BEPXHUE TaKU 000JIOUEK, B CTOPOHY YMEHBIIEHHS X JUAMETPa — YBETMUCHUS
3HAYEeHUs YacTOT, HAIIPMMEpP, CMEHa BHEIIIHMX YaCTHI] THIA JT -ME30HOB Ha K-Me30HbI U T. [1.

Pa6oTa YHepruu NpoMe:KyTOYHbIX CBOOOIHBIX BUXPOHOB MH(PaKpaCHBIX (POTOHOB Mpu
UX TOIVIOLIEHUH C POXKIEHUEM Mapbl MPOTUBOMOJIOKHO 3aPsKEHHBIX 3aMKHYTBIX BUXPOHOB, COCTO-
AMX yXKe U3 TpUabl IEPEXOJHbIX MOHOMOJEN — UCTOUHUKY YJIbTPa3ByKa, MEPEHOCSILEro COCTOs-
HUE TeMIepaTypsl kjiactepa. Te ke caMmble IPOLIECCH OTBETCTBEHHbI PH (DOTOCHHTE3€ PACTEeHUH —
3aKOHBI POCTA.

ITO IEeMOHCTPUPYETCS Ha CIIEYIOIIMX HAITISAAHBIX IPUMepax.

136 Paznen 2.7, 2.9 u 2.10 3TOi KHHTH.
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3apsagom aBuKeHHsA (POTOHA SBISIETCS CBOOOAHBIN 71€KTPOMArHUTHBI MUKPOBHXPOH.
ITO ABYXKOMIIOHEHTHAsl YaCTHUIIA, B COCTAB KOTOPOI BXOIUT IMy/IbCUPYIOLIUII IEPEMEHHbI MarHUT-
HBII MOHOIMOJIb U COOTBETCTBYIOIMI IEKTPUUECKUII MOHOMOJb. OCHOBHBIM COCTOSIHUEM MarHuT-
HOT'O MOHOIIOJIS SIBJISIETCS MTPOLIECC Nepe3apsiku ero cpepsl 3apsaaa (MCTOYHMK) B IPOTUBOIOJIOX-
HBII MOHOIIOJIB 110 3HAaKy chephl 3apsiia 4yepe3 BOJTHOBO/ (110JIe) pPa3MEpPOM B YETBEPTb JIJIMHbI BOJIHBI.
TakoMy Tiporieccy cOIeicTBYeT MPOTUBOAEHUCTBYIOIINI MEKTPHUUECKIA MOHOMONb. OTciona cBoOO-
HBIII MUKPOBUXPOH (DOTOHOB MOKET HAXOIUTCS JIULIb B YETBIPEX COCTOSHUSAX:

— B CBEPHYTOM COCTOSIHUM B (popMe cepbl MArHUTHOI'O MOHOIIONS OJHOTO 3HaKa 3apsja

SHEPruM C NPEAEIbHBIM IUIAHKOBCKUM pa3MepoM okosio 10 33 em,

— B Pa3dBEéPHYTOM COCTOSIHUM BOJHOBOAA U3 3JIEKTPUUYECKUX 3EPEH-NOTEHLUAIOB OIHOIO
3HaKa ¢ COOTBETCTBYIOIIMM pa3MepOM YETBEPTH JIIMHBI BOJHbI COOTBETCTBYIOLIEN YaCTOThI,

— B CBEPHYTOM COCTOSIHUU B (popMe chepbl MArHUTHOIO MOHOIIOJS C TPOTUBOIIONIOKHBIM 3Ha-
KOM IOCJIe Nepe3apsAKy B y3Jie Ha MOJIBOJIHE,

— B Pa3BEPHYTOM COCTOSIHUM BOJIHOBOJA U3 JIEKTPUYECKUX 3EPEH-NOTEHIUAIOB C IPOTUBO-
TIOJIOKHBIM 3HAKOM U C COOTBETCTBYIOILIMM pa3MepOM YETBEPTU JAJMHBI BOJIHBI COOTBETCTBYIOILEH
YaCTOTHI.

CoBMecTHBI MPOLIECC NMPUBOAUT K HANPABJIEHHOMY CaMOABMXEHMIO (POTOHA CO CKOPO-
cThio cBeTa. TakuM 00pa3oM MHUKpPOBUXPOH (hOTOHA SIBJISIETCS 3apsIOM CaAMOJBIKEHHUS U TIepeHoca
3apsia SHEpPruy Ha JJIMHY BOJHBL. MeXaHW3M HepeHOca OCYHIECTBIISETCS 3a CUET BO3OYKICHUS
KOJIeOaHUI OOBEMHON pa3psIKU-3apsIIKM U3 HEHTpa c(hepuiecKoro oObEMa-KaTyIlKd MarHUTHOTO
MOHOTIONS M3 CIMpaieldl Ha OCHOBE Oe3MacCOBBIX 3€peH-NoTeHIuanoB. [Ipu paspsake 3 LeHTpa
cdepsl B y3/ie BOJIHOBOAA NEPBUYHBII MAarHUTHBII MOHOINOJb YCTaHABIMBAET JUCKPETHOE MpO-
CTPAHCTBO-TIOJIE B (pOpME CTALIMOHAPHOIO HAINPABJIEHHOIO TpeKa M3 3EPEeH-3JIeKTPONOTEHIIMAIOB
Ha YeTBEPTU IJIMHBI BOJIHBI, & IPOTUBOAEHCTBYIOIIMI pa3psi/ike JMEKTPUUECKUIA MOHOIIONb OPOK-
AaeT (nepe3apsjika) B TOUKe-y3Jle BTOPUUHbIA MarHUTHBIA MOHOMOJIb C IPOTUBOIOIOKHBIM 3HAKOM
3apsiga. Takum oOpasom, Orarozjapsi TMHAMUYHOMY CBOWCTBY OOBEMHOTO BHOpAaTOopa MarHMUTHOTO
MOHOIOJISI U3 COCTOSIHMSA TOJTHOTO 3apsijia Pa3HOCTU MOTEHLMAJIOB B TOUKE pa3psKaTbCsl IPOCTPaH-
CTBEHHBIM BOJIHOBOJIOM U3 3¢ PEH-2JIEKTPONOTEHIIMAJIOB B YETBEPT [LIMHBI BOJIHbI [IEPEMEHHOTO OIS
B KOTOPOM OH POAMJICS, M IMIPOUCXOIUT caMofIBMkKeHUe (POTOHA Jlaxke B BakyyMe KocMoca. Peanu-
3yercsl peaibHO KoHuenus Jlyn ae Bpoins, uro anemeHTapHas 4acTuia MOXKET HAXOAUTCS, Kak
B COCTOSIHUM KOPIYCKYJIbI, TAK U B COCTOSIHUM BOJIHBI.

Beunblil 3apsi] SHeprud MarHUTHOTO MOHOIIOJISI BHXPOHA He B3aMMOJEHCTBYeT
¢ BEIeCTBOM.

OH siBNIsIeTCS] HEBUIMMOW 1 HEPETUCTPUPYEMOU CyOCTaHIMe JHePruM, onpeessionen nep-
BUYHOCTb BCETO CYLLET0, CO3Jar0mIei MPOIyKThl B BUJIE IEMEHTAPHBIX YACTHULL, IPOCTPAHCTBA-TIONS
U JIpyroil CTPYKTYpUPOBAHHON MaTepyH.

IlepemeHHBIN 7EKTPUYECKUI MOHOIOJIb MUK POBUXPOHA CITIOCOOEH B3aUMOJEHUCTBOBATD C Y-
T'MIMH 3JIEKTPUYECKUMU NOJISIMHU, HAITPUMEP, C JEKTPUUYECKKM I0JIEM aTOMa U aTOMHOTO siipa Bellle-
crBa. Takoe B3auMoAercTBUE MOPOKAAET KOMITOH-3(PPEKT, POTOIPPEKT U CO3IAET Maphl YACTUIIA-
aHTryactina. PoToH He 00aJaeT BHEIHUM I10JIEM, OH CTPOUT TOJIBKO OECKOHEUHO JIJTMHHBINA TPeK
13 BOJTHOBOJOB. POTOH MMEET CIMH, KOTOPBIE PaBeH OJHOM 11es10i noctossHHOH [1naHka.

3apsAa0M 3HePruM 3JeKTPOHA SBJSETCS 3aMKHYTBIN 3J1€KTPOMAarHUTHBI MUKPOBUXPOH
CO CTPYKTYPOH I'PaBHIJIEKTPOMArHUTHOr0 MOHOMOJs1 (I OMM). Dra yactvua npu paspsjake
aKTHUBUPYET TPUaly KOMIIOHEHTOB: IEPEMEHHBII MAarHUTHBI MOHOIIOJb OTHOTO 3HAKA, IEPEMEHHbIN
I'PaBUTALIMOHHBI MOHOIIONb M NEPEMEHHBIN JIEKTPUYECKUI MOHOMNOJIb. OCHOBHBIM MaTEpPUHCKUAM
COCTOSIHUEM TPUa[bl SABJISIETCA MYyJIbCUPYIOLIIA ObICTPBII MAarHUTHBI MOHOIOJIb, KOTOPBI BO30YXk-
naercs paspagkod ['9MM. B cocTrosHMM NMOKOS MarHUTHBIM MOHOIIONb MEPEXOAUT B I'PaBUTALM-
OHHBII MOHOIOJIb. DJIEKTPOH MOXET JBUIaThCS TOJIBKO IOJ AEUCTBUEM KYJOHOBCKOW CHJIBI BHEIII-
HEro 3JIEKTPUYECKOro NoJIsA. DTO JBUKEHHUE OyeT TOJIbKO KHHETUYECKUM. DJIEKTPOH UMEET BHEIIIHEe
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JIEKTPUYECKOE U TPABUTALIMOHHOE T0JIe, KOTOPOE B3aUMOJIEICTBYET C LIEHTPAJIbHBIM I10JIEM TATOTe-
HUsI 3eMJIH, POYKTOM 4ero siBJisieTcsi Macca 31eKTpoHa B CU. DeKTpoH uMeeT MarHUTHBIN MOMEHT
Y TIOJTYLIEJIBIA CITUH.

I'1aBHOE CBOMCTBO CBOOOAHBIX MAarHUTHBIX (TPAaBUTAIIMOHHBIX) MOHOIIONEH MUKPOBUXPO-
HOB B CHCTEME WCTOYHMK-TIONE SIBJISETCS 3apsiiKa-pa3psiaiKa yepe3 JEeKTPUYECKUH MOHOIMOIIb.
ITOT MpOLECC OCTaBJISIET Be3/Ie (B TBEPIOM Telle, B BAKYYME U Jp.) JIMIIb CBOU CJIE/Ibl B BUE TEOMET-
PUUECKUX U PETYJISIPU30BAHHBIX BOJHOBOJOB (BUXPEBBIE MOJIS) U3 3€PEH-NIOTEHIMAIIOB (JIEKTPU-
YECKUX, MArHUTHBIX U I'PABUTALIMOHHBIX) Pa3HON BEJIMYMHBI 3HAYEHUH U 3HAKa. DT BOJHOBOJbI,
KaK MOCPEAHUKH, (pa3HOCTb MOTEHIIMAIOB Ha KOHLIAX BOJIHOBOJA) IPUBOJSAT B IBUKEHHUE CTPYKTY-
PUPOBAHHYIO MAaTEPHUIO ITyTEM BUHTOBOTIO TOKA JIEKTPOHOB, MOHOB WJIM HENTPAJIbHBIX aTOMOB BJIOJb
3THUX MOTEHIIUAJIOB.

[TponyKToM paspsiikKi TaKMX MOHOIOJIEH SIBISIIOTCS Takke M BUXPEBblE MArHUTHBIE MOJIA,
KOTOPBIE U 3aCTABJISAIOT JIBUIAThCS NEKTPOHBI BUHTOBBIM IIyTEM B OJHOPOAHOM MAarHMTHOM IIOJIE.
310 ecTb popMa B3aUMOIEHCTBUSI MAarHUTHBIX MOHOIIOJIEN JIEKTPOHOB C MArHUTHBIM TIOJIEM Yepe3
MOCPEJHUKA-BOJIHOBO/, KOTOPBII MOKET TOJIBKO MOJYJIHPOBATH IPOJOJIbHOE JBHKEHUE IEKTPOHA
BUHTOBBIM. DTOT IPOLECC aHAJOTMYEH MPOLIECCY MOAYISALMM IMPOIOIbHOIO JBMXKEHUS Bpallaio-
nierics raiku-Oaparika J[aHuOekoBa «KyJTbOMTOM», a TAKKe KaK MPOJOJIbHAS CTPYST BOABI MOIYJIH-
pyeTcsi BUHTOBOIM UMILJIO3Ue 3ByKa B He€ ¢ yactotoit B 23 I'11. Ho 311 miporiecchl BbI3BaHBI MeXaHU-
YyeCKIMH CBOOOIHBIMHU BUXPOHAMH, KOTOPbIE MOTYT IBUTAaThCs TOJIBKO CO CKOPOCTBIO 3BYKA.

B nByx crnoBax, 3apsii SHeprud MUKPOBHXPOHA — 3TO HEBUAMMBI MAarHUTHBI MOHOTIONb
(B IOKOE TPaBUTALIMOHHBI MOHOIIOJb), KOTOPBIN BE3/IE MOC/IE CBOETO MPOXOXKIEHUS CO CKOPOCTHIO
cBeTa (CO CKOpPOCTBIO 3BYKa B BEIIECTBE) B COCTABE BUXPOHA (JIEKTPOMArHUTHOTO WJIM MEXaHWYe-
CKOI'0) YCTaHABJIMBAET OMOPHBIE BOJIHOBO/BI U3 3€PEH-TIOTEHLIMAJIOB (Pa3HOCTh MOTEHIIMAIOB), KOTO-
pble ¥ IPOABIAIOT yKE BbIHYKAEHHOE JBMKEHUE Ha OKPYKAIOIIYI0 CTPYKTYpPUPOBAHHYIO MaTEpUIO.
A BOT yiKe 3TO JBIMKEHHE ITO-Pa3HOMY NPOSIBJSIETCS Y 3aBUCUT OT MOABMKHOCTHA CBOOOIHBIX HOCH-
TeJIel 3apsI0B EKTPUUECTBA WM Macchl. Takue rmpoueccsl poxJaloT ABUKEHUE WK HOBYIO (hOpMy
CTPYKTYPHPOBAHHON MaTepuu B cBOOOIHOM ((pOTOH, (hOHOH, raiika JIxaHMOeKoBa) WM KOPITYCKY-
JIIPHOM BUJE (3NIEKTPOH, ME3OHBI, Iy3bIPbKU KaBUTALIMH, IIAPOBAsT MOJTHUS).

[1yTe NO3HaHNS 3aKOHOB MPHUPOAbI HAUMHAETCS C ONpele/IeHNi 3aKOHOB YHEePruu, 3aKo0-
HOB [BIJKEHHSI H 3aKOHOB (PU3HYECKHX MOJeH, KOTOpble B3aUMOOOPAaTHMO CBSI3aHbI
MesK1y c000ii — 3TO BTOpPOe ycaoBHe. [JoOCTOBEpHO YCTAaHOBJIEHHI CIIEyIONTE 3aKOHBDI.

3aKOHbI SHEPIUK:

— 1. 3aKoHBI pOXKJIEHUST SHEPTUH,

— 2. 3aKOHBI KBAHTOBOW Nepe3apsiIKK 3HAKA SHEPTUH JJ151 CUCTEM C HYJIEBBIM CITMHOM U CIIMHOM
paBHBIM 1,

— 3. 3aK0HbI B3aMMHBIX NIEPEXO/I0B SHEPIUHU JJIsI CUCTEM C MOTYLEJIBIM CITUHOM,

— 4. 3aKOHbl YHUUTOXKEHUS SHEPTUH,

— 5. 3akoHbI TPOU3BOJCTBA SHEPIUH,

— 6. 3aKOH COXpaHEHUs1 SHEPTUM B 3aMKHYTBIX CUCTEMaX,

— 7. 3aKoHbl KBaHTOBOM KOHJEHCAIMH SHEPrUM MPHU NPEOJOJIEHUN CBETOBBIX U 3BYKOBBIX
6apbepoB M UM COOTBETCTBYIOIIHE OOpPATHBIE MTPOIIECCH CIAPEeHUsI SHEPTHH OKOSI B CBOOOIHYIO
SHEpruio,

— 8. 3aKoH MpeBpallieHUid SHEPruu MPU HEOThEMJIEMON B3aUMOCBSI3U TPHUAbl MOHOIOJIEN
B BUXPOHAX,

— 9. 3akoHbl MHTErpaluy M JAE3UHTErpalii CTPYKTYPHUPOBAHHON MaTepuu SHEpPruen Kak
3aKOHbI U3MEHEHUS] MaTepUH,

— 10. 3aKkoHbI IeICTBUS SHEPTUH, €€ MEXAHU3MBI U UHCTPYMEHTHI.

N npyrue.

67



A. A. Hlappun. «Crpykrypa mupo3aanus Beenennoin. Yacts 1. Mukpomup»

[Tpu 3TOM CIIMH SABJIAETCS UCTIONHUTENIEM 3aKOHA COXPAHEHHU S SHEPIUU U XapaKTEPU3YeT COCTO-
SIHME SHEPTruM B HOCUTEJE 3apsAAa JIBUKEHUs. DHEPrusi MarHUTHOIO (IPaBUTALIMIOHHOIO) MOHOIIONS
B BUXPOHE MOXET ObITh OJIOKUTEIBHOM 1 OTpuIiaTenbHOM. [TonHoe rpeBpariieHre SHeprium B 3apsiie
JBUKEHUS OT MOJIOKUTENIBHOTO 3HAUEHU S 1O OTPULIATEILHOTO BHITIOTHAETCS] B 3AMKHYTBIX CHCTEMax
C LIEJIBIM U HYJIEBBIM 3HAYEHUEM CIIHMHA, a C MOJIYLEIbIM — OHO MUMEET TOJIBKO OJIHO 3Hau€HHe, UTo
Y TIOPO’K/AAeT B3aMMHBIE MIEPEXO/Ibl MEKAY MEXaHUUYECKUMU U JIEKTPOMArHUTHBIMU BUXPOHAMMU.

3akoHbl (hU3HYECKUX MOoJIel:

— 1. 3akoHbl poxkjieHus1 (PUBUUYECKUX TMOJIEH,

— 2. 3aKOHBI POXJEHUS TPOCTPAHCTB-TIOJIEN OT BUXPEBBIX UCTOUHUKOB,

— 3. 3aK0HBI POXIEHUS TPOCTPAHCTB-TIOJIEN OT CTAlIMOHAPHBIX UCTOYHMKOB,

— 4. 3aKkoHbl B3aUMOJENCTBUS (PUBNUYECKUX TTOJIEH.

N npyrue.

3aKOHBI ABYKEHHUS:

— 1. 3akoH Oe3bIHEPIIMOHHOTO JIBUKEHMUS,

— 2. 3aKOHBI UHEPITMOHHOTO JIBUKEHMUS,

— 3. 3aKoHBI BpaIlaTeJIbHOTO JIBUXKEHUSI,

— 4. 3aKOHHI JIEKTPHUYECKOT0 JBUKEHHSI,

— 5. 3aKOHBI MATHUTHOTO JABUKEHHUS,

— 6. 3aKOHBI TETJIOBOTO M 3BYKOBOT'O IBMKSHUSI MTOCTIe KBAHTOBOUM KOHJICHCAITH SHEPTUH,
— 7. 3akoHBI IepeHOCa KBAHTOBOI'O COCTOSIHUS KJIaCTepa BEILIECTBA 3BYKOM,

— 8. 3akoHbl ABMKEHUsI-pocTa (pIophl U (ayHbl, POTOCUHTES, AETIEHUE KIIETOK.

N npyrue.

Jlaniee yka3aHHbIe 3aKOHBI OYyT pACCMOTPEHBI HA KOHKPETHBIX MIPUMEpax M HATIOJIHEHbI COOT-
BETCTBYIOIIUM CMBICIIOM.

BeuHblil MAarHUTHBII MOHOIIONb — 3TO Mepa 0€3bIHEPIMOHHOTO JBMXEHHS (POTOHOB.

I'paBUTANMOHHBII MOHOIO/b — 3TO Mepa HHEPIHOHHOTO JBIXEHUS CTPYKTYpPUPOBAHHOM
MaTepHH BEIecTBa, HallpuMep, aTOMOB, Taiiku [ kaHnOekoBa u T. 1.

DJIeKTPHYECKHII MOHOIIOIb — 3TO Mepa JIEeKTPUUECKOT0 IBIKCHHS 3apsIOB IEKTpUYe-
CKHM TOTEHIMAJIOM, HaIlpUMep, IEKTPUIECKOE 3epHO-TIOTEHIIMA IEKTPOCTATHUYECKOTO MOJIS.

Ho movemy martepusi B Ipupojie pa3aeniiach Ha CBEPXCBETOBYIO, CBEPX3BYKOBYIO I MEXaHH-
YeCKYI0, 3TO OTIEJIBHBII BOIPOC, OTBET Ha KOTOPBI MOXKET ObITh MOJNYYEH JIUIIb MOCNe 0CMbIC-
JIEHHSI PEe3y/IbTaTOB TOW KHUTH. Il 9TOro B JOMOJHEHWE NMOHMMAHUS BOMPOCA OMyOIMKOBaHA
B 2020 rony kuura aBropa'?’ nmox Ha3BanveM «HeusBecTHast SHePrusi».

137 Mlanpun A. A. HensectHast sneprust. [Ipupona, fefictBue v nponyKThl. Mznatenbero: M3natesbckue perieHus 1o JIMIEH3U!
RIDERO. ISBN 978-5-4498-1244-5. 2020 roz, 502 ctp.
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1.1 Jueprus B npupoje. 3aKOHbI SHEPTrUA

JHeprus, eé onpeaejieHue u eé cpoiicrea. [lepBuyHbIM MOHATUEM 110 IPUOPUTETY SABJISA-
eTCs TIOHATUE «IHEPTHUST».

Bcs Beenennas cocrout uz matepuu (CAIT) u eciim Matepusi CTpYKTypUpOBaHa, TO €€ MPUHSTO
Ha3bIBaTh BELLECTBOM, a €CJIM HE CTPYKTYpUpOBaHa, TO €€ Ha3blBAIOT SHeprueil. Bor nostomy Tém-
HOE BEelIeCTBO HAa3bIBAIOT TEMHOW MaTepuei, a SHeprusi, KOTopasi He B3aMOJIEHCTBYET C BEIIECTBOM,
a MPOSIBJISIETCS TOJIBKO Oarofapsi rpaBUTAIMM, HA3bIBAIOT TEMHOM SHEPrUei.

DHeprus B NpUpoie NMPOsIBIISETCS TOPEHUEM BEILIECTBA, BEUHBIM CBeYeHHeM U caMoBpalle-
HHEM 3BE3[l, BEUHbIM ABHMKEeHHeM [‘aJlakTHK, BpallEHUEM ILJIAHET BOKPYT 3BE3[, MOJSMH TSIO-
TEHUs] 1 MArHUTHBIMM TOJSAMH, NPUTSKEHUEM M TaJeHUEM Tesl Ha 3eMJII0, CEBEPHBIM CHSTHHEM
Y MOJIHUSIMHU B €€ aTMocdepe, HO IVIaBHOE — 3TO paclIMpeHueM IpocTpaHcTBa BeenenHol u pok-
JeHreM HOBOTro BemecTBa. Kakum 0O6pa3om CyOCTaHIIMM SHEPTHH OKa3bIBAIOT OIOOHBIE IEHCTBUS
Ha HaOmonaeMele 00beKThHl BeesrenHon, CoHEeYHON CUCTEMBL U 3eMuti?

DHepreTuvecKoe COCTOsIHUE CyOCTaHIMM B (hopMe 3apsijia SHePIruu sIBJISETCS KOIMYECTBEH-
HOW XapaKTEPUCTUKOWU SHEPrvM (SHEPro€MKOCTb) ISl MOMAEePKaHUsI TOTO WM MHOTO COCTOSIHUS
3JIeMEHTapHBIX YacTuI] B (popMe ux KosjedaresapHOro mporecca no Kwimm mwim 6eCKOHEYHO [IMH-

noro 10%® cm npoGera (poToHa U3 ri1yOuH BeeneHHOM. DTOT mapamMeTp SHepruM onpeesser, Haupu-
Mep, BpeMsl JKM3HU JIEKTPOHA WM AJMHY rpodera (poToHa, nepuo Mosypacnajia paguoakTUBHBIX
BEILIECTB U T. JI. DHEPro€MKOCTb CYIIECTBYET B MPHUPOJE, HAIPUMEpP, B BUJE BeJMYHHbI 3apsa
SHepruu B (hopMe MyJIbCUPYIOILEro BUXPEBBIMU NOJIIMA MATrHUTHOTO MOHONOJ1s1 (hoToHa. Popma
CYILIECTBOBAHMSI TAKOIO 3apsia o0nalaeT HEBUIMMbIMU CBOMCTBAMU IPH €ro MyJIbCallisX BO BpeMs
niepe3apsiki pereHepupoBaThCs [U1s1 COXPAHEHHUs1 SHEPTUH Yepe3 MOCPEe/ICTBO BCErja B3aUMOCBsI-
3aHHOI TPHAAbI MOHONOJIE B COCTaBe BUXPOHOB, T.€. Yepe3 IEKTPUUYECKUE U T'PABUTALIMOHHbBIE
MOHOIIOJH.

Jpyroil mpumep U3 MeXaHW3Ma CaMOJBM)KEHUS 3BYKa B BELIECTBE. 3BYK PaCHpOCTpaHseTcs
Onaroziapsi BOJTHOBOLY MPH 3apsi/ike-pa3psiike rPaBUTAIOHHOI0 MOHOIIOJIAA — y/ap N0 MeTaJulu-
YyecKoi OaJIke TO 3apsi/i-/IeTOHAIM S 3BYKOBBIX BOJIH. A B HBIOTOHOBCKOM MEXaHHMKE — 3TO Macca MasiT-
HMKa IO/IBEIIEHHOTO HAa HUTH U YAAJIEHHAs OT COCTOSIHUS MOKOSI.

3apsi sHeprun ObiBaeT B CBOOOIHOM 1 3aMKHYTOI1 (hopMe, a Tak ke B BI/IC BHEITHHUX MOJeil
3JIeMEHTAPHbIX YACTHUIl U HENPEPHIBHBIX BOJHOBOA0B-TPEKOB (hOTOHOB ((POHOHOB) U3 3EPEH-
noteHManoB. [ToToku paguanbHO JBHKYLMXCS 3EPEH-NOTEHIMAIOB LIEHTPAJIbHBIX MOJNEH pa3iny-
HBIX CTAlJMOHAPHBIX UICTOYHUKOB, KaK MEpbl U3MEHEHNs (PU3HYeCKHX M0JIeH, a TAK)KE CTALIMOHAPHO
YCTaHOBJICHHBIE B TPOCTPAHCTBE BOJHOBO/IbI 13 3€PEH-IEKTPONIOTEHIINAIIIIOB (DOTOHOB M CBO0OI-
Hble MarHUTHbIE U TPABUTAIIIOHHbBIE MOHOIIOJM CJIeIyeT OTHECTH K CBOOOHBIM (hopMaM-HOCHTE-
JISIM SHEPruM, Kak MepaM JBIKEHHUS U U3MEHEHUs MaTepHH.

Mepoii 3apsja sHepruu sIBJseTcs 3apsaj ABHKeHHs] — BUXPOH, B KOTOPOM BEUHbBIM JIBU-
ratesieM sIBJSeTCSI MArHUTHBIH MOHONOJIb. VIMEHHO BHXPOHBI ONpE/e/OT 3aKOHBI JIBHKe-
HuA. [ToaTomy 117151 3/1eKTPOMarHUTHEIX (DOTOHOB M KOPITYCKYJISIPHBIX JIEMEHTapHbIX YaCTULL JOCTO-
BEPHBIM SIBJISIETCS ONpe/e/ieHne CBOOOHONH M 3AMKHYTOIl SHEPruu B HUX Yepe3 MpOou3BelicHUe
nocrostHHOM [1naHka Ha YacToTy mepe3apsiIKM MarHUTHOI'O MOHONOJISA, TaK Kak OH MO (pu3mye-
CKOMY CMBICITY U €CTh NIePBHYHBIN 3aps/l SHEPTUU U ONpelessieT CTPYKTYPY 9TUX YacTHI] U BCEro
CYILIETO BOKPYT.

3€&pHa-MOTeHMAbl JIEMEHTAPHBIX YAaCTUL, OOpa3yIoIIMX YAaCTOTHO OOHOBJISIEMbII MarHuT-
HBIM MOHOIIOJIEM 3aMKHYTbIIl KOHTYP UX CTPYKTYPbI, (MCKJTI0uas (pOTOHBI) —3T0 (POPMBI HOCUTENIEH
SHEPTUHM T0JIsI B COCTOSIHUM TIOKOS MJTM OTHOCUTENIBHOTO JABMKEHHS TPU MX OOHOBJIEHUH. 3aMKHY-
Thle KOHTYPbI 2JIEMEHTAPHBIX YACTHIL U S/Iep XMMUYECKUX JIEMEHTOB OIPaHUYEHbl BOJIHOBOAMMU
B KaHOHMYECKOW (hopMe MOJYLEJOro ClMHA U3 JEKTPUYECKUX U PAaBUTALIMOHHBIX MOTEHIMANIOB,
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OOHOBJISIEMBIX C ONPEINIEHHON YaCTOTOM ABMXKYIIMXCS B HUX BUXPEBBIMU 3aMKHYTBHIMHU UCTOYHU-
KaM¥ SHepruu (MarHUTHBIE U TPABUTAIIMOHHBIE MOHOIIONH).

Tora MarHMTHAsI SHEPTUsI — 3TO BCErJa ABMKYIIASICSI CO CBEPXCBETOBOI CKOPOCTHIO MaTe-
pYsi U3 MAarHUTHBIX 3EPEH-TIOTEHIMAIOB B (hOpMe 3apsOB WM BUXPEBBIX MAarHUTHBIX MOTOKOB,
cozfaioniasi 6e3bIHePIHOHHOE JBIKEHHE.

A rpaBHTalIMOHHAsI SHEPrHs — 3TO Marepusi B (popMe 3aMKHYTBIX 3apsIOB, CO3/IAI0IIAsI
HHEPIHOHHOE JBIKEHNUE, a TAKKe JBHKYIIUXCS CO CBEPXCBETOBOIM CKOPOCTBIO MOTOKOB T'PaBUTA-
[IMOHHBIX 3€PEH-NIOTEHIIUAJIOB.

COOTBETCTBEHHO, JJIeKTPUYECKast SHEPIUsl — 3TO MaTepusi B (popMe 3apsIoB AMEKTPUUECKUM
MOTEHIMAJIOM, CO3/IAIONINMU JJIEeKTPUUYECKOe BIKEHIE, a TAKKe ABHAKYIIHXCSI CO CBEPXCBETOBOM
CKOPOCTBIO TTOTOKOB JIEKTPUYECKUX 3E€PEH-TIOTEHINATIOB.

IIpu 3TOM MaTepuHCKAasi POJb OTBOJAUTCS MATHUTHOW YHEPrum.

Tak B MHKpOMAaTepHH, €CJI B CBOOOIHO JBIKYIIEMCS] MUKPOBHXPOHE CO CKOPOCTBIO CBETa
€ro MEKTPUIECKII MOHOTIONb TOPMO3UTCSI BHEIITHUM JIEKTPUYECKUM T0JIEM 000JIOUEK JIEKTPOHOB
B aTOMe WJIY TIOJIeM aTOMHOTO sipa, CHUXasi CKOPOCTb, TO MMEHHO MAarHUTHBI MOHOIIONb JeJIaeT
KBAHTOBBII MIEPEX0] B TPAaBUTAIIMOHHBINA 1 00pa3yeT 3aMKHYTBIN KOHTYP KaKOW-JIMOO0 SJIeMeHTapHOM
YyacTuipl ¢ Maccoil. VI Hao00poT, Koraa mpy aHHUTHISIUK JIEKTPOH-TIO3UTPOHHON Maphl X0JIOM-
HOW 0e3MaccoBOil MIa3MoOil B3aMMHO YHUYTOXAIOTCS MPOTUBOIONOKHBIE TI0 3HAKY BOJHOBOJIBI
13 3€peH-TOTEHIMAIOB, MATHUTHBI MOHOIIONb OCBOOO0K/1aeTCsA U3 OKOB 3aMKHYTBIX KOHTYpPOB
YaCTHUII C POKJICHUEM JBYX (POTOHOB, I7Ie YK€ CBOOOHO ITyTLCUPYET B CAMOABKEHUU.

B makpomartepun, Bpaniaionmics KiacTep BelecTBa BCeria UHAYKTUPYET IPaBUTAIIMOHHbIN
MOHOIIOJTb, €CJI OH MIPY Pa3psijiKe CIIOCOOEH CO3/1aTh MOHOIIOJNb C IIPOTHBOIMOJIOKHBIM 3HAKOM (11eJ10-
YHCJICHHBIH CITUH) C COXpaHEHUEeM CYMMAapHOW SHEPrHU, TO CAMOJIBUKEHHUE TIPOIOIKACTCS C MOMLYJISI-
et (KynpouT raiiku xxannOekosa). Eciv He ynaércs co3marh TAKOH MOHOIIONb, TO IJIsl COXPaHe-
HUS QHEPTUU CUCTEMA MAacCC C MOJYIIEIbIM CITUHOM MHIIYKTUPYET OISATh K€ MAarHMTHBII MOHOIIOJb,
KOTOPBI [JTs1 COXPaHEHUsI SHEPTUH aKTUBUPYET APYTUe MPOLECCH C yYacTHEM JEKTPHUECKON U rpa-
BUTAIIMOHHOW HEPruU — 3TO TopHao, aucku Illaydeprepa, Cepna u qpyrue.

Knactepsl aTOMHO-MOJIEKYJISIPHOTO BEIECTBa, CJAEAYyeT OTHECTH K WHTErpajibHBIM CBSI3aH-
HbIM (popMamM-HOCHUTEJIeW SHEPIUH, CYIIECTBYIOIIMX B Makpomupe nokosi. B cucreme CU ux Hane-
JISIIOT 3aPsAA0M MaCChl, XOTsI B IPUPOJIE CYILIECTBYET JIUIIb KJIACTEPbI HIPOCTPAHCTB-NOJEM 1 €ero
CTPYKTYpa, POXKICHHAs 3aMKHYTHIMA MarHUTHHIMA MOHOTIOJISIMU. | paBUTAlIMOHHBIE TIOJIST KJIACTe-
POB U3 aTOMHO-MOJIEKYJISIPHOTO BEIeCTBa KOPBI 3€MJTH, ACTEPOUIOB M MOAOOHBIX M OOBEKTOB 00J1a-
JaI0T OYeHb KOPOTKOZIECHCTBYIOIIMM T'PABUTAIIMOHHBIM TIOJIEM JIMIIh BOKPYT UX TBEPHAOU MOBEPXHO-
CTH.

CB000/1HbIE MArHUTHBIE MOHOIIOU (IPaBUTAIIMIOHHBIE MOHOIIOJM), TIPY CBOEM HEpaBHOBEC-
HOM KoJie0aTeIbHOM COCTOSIHUH (B (popMe BUXPOHOB) M3MEHEHUsI UJTH IBUKEHUS BCET/Ia CIIOCOOHDI
MIPOU3BOIUTH CBOOOJHBIE (DOPMBbI SHEPTHH B BUJIE BUXPEBbIX MOJIEH JIEKTPOMArHUTHBIX (DOTOHOB
Y KBaHTOB 3ByKa. A BOT CBOOO HbIEe (hOPMbI SHEPTUH IPOU3BOIUTH CBSI3aHHbIE (POPMBI CIIOCOOHBI
JIMIIb TIPA OTNPEIENIEHHBIX YCIOBUSAX KBAHTOBAHUS BEJIMUMHBI MX 3apsga — IPEBBIIICHHE MOpora
3apsiia SHEPrUM OIPEAeIEHHON BEJIMYMHBI, OCTAHOBKA HOCHUTEJIs CBOOOIHOM SHEPIUU BO BHEIIHEM
oJsie u T. 1.

DHeprusi — 3TO U OCBOOOXKAEHHASI MaTepusi B (hOpMe UCTOUHUKOB JIBHKEHUS, & BEIIeCTBEHHASI
MaTtepusi — 3TO U CBSI3aHHAsI MOTEHIMAIbHAsI SHEPrusl B BUE 3aps1/I0B MACChl HA IOBEPXHOCTH 3eMJIH.
DHeprusi NOsIBISIETCS B MPOCTPAHCTBE TOJIBKO C MIOMOIIBIO COOCTBEHHBIX MEPEHOCYMKOB-HOCUTENEH
B cBOOOHOW (hopMe B BHUjIe MCTOYHWMKOB JBWKCHUS WIM 3€peH-MoTeHIanoB. Popma nepeHoca
3€pPEH-TIOTEHIIMAJIOB OT CTAIMOHAPHBIX UCTOYHMKOB KBAHTOBOE BBITAJKHBaHHe-U3JIyuYeHUe Tpu
OOHOBJICHUM 3aMKHYTHIX KOHTYPOB 3JIEMEHTAPHBIX YaCTHIL CO CKOPOCTBIO OOJIbIIIE CKOPOCTU CBETA.

Cdepruecku cIOUCTBI BUXPEBOW 0€3MaCCOBBI CBOOOHBIII MATHUTHBIII MOHONOJb — 3TO
WCTOYHUK CAMOJBIIKEHHS 3apsiia SHEPIUU C TIOMOINBIO BOJTHOBOJOB U3 3€PeH-3JIEKTPONOTEHIIMA-
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JIOB TIYTEM €ro rnepeMarHnynBanus B pa3oBoM o0béMe. ChepruiecKu CIIOUCTHI rPaBUTAIMOHHBIN
MOHOIOJIb — 3TO UCTOUHUK CAMOJBIIKEHHS 3apsi/ia SHEPTUH C TIOMOIIIBIO BOTHOBOJIA U3 3€PEH-TPaB-
MOTEHIMAJIOB MYTEM MEPENOIIOCOBKH €ro 3HAKa 3apsa.

JlnHaMUYecKye BHEITHHE OISl CTALIMOHAPHBIX UCTOYHUKOB M3 3€PEH-TIOTEHIINAIIOB — 3TO TOXE
SHEprusi B CBOOOIHOM (popme. 3HAUUT SHEPrusl — 3TO el€ U MPOCTPAHCTBO-IOJIE.

DHeprusi CymecTByeT U B (popMe MarHUTHOTO MOHOIIONS ABMXKEHUSI CO CKOPOCTHIO CBETa,
1 B (hopMe TpaBUTAIMOHHOTO MOHOIIOJSI MEXaHWYECKOTO JIBM)KEHHUS MAacChl, B TOM YHCIE 3BYKa,
a TaKXe MEKTPUUECKOTO 3apsiia ABMKEHHUs B BUIIE MEKTPHUUECKOTO TOKA, 3€PEH-TIOTEHINAIOB JJBH-
JKEHUSI OT UX UCTOYHMKOB CO CKOPOCTBIO BBIIIIE CKOPOCTH cBeTa. Cpeay HUX HauOOJIbIIel SHEProem-
KOCTBIO O0JIaJIAl0T TiepBbie TP, a HAMOOJBIIEH MTPOHUKAIOIIEH CIOCOOHOCTHIO U JAIbHOICHCTBIEM
00J1aJal0T TPaBUTAIIIOHHBIE 3EpHA-TIOTEHLIMAJIBI TTOJIEH OT si/iep TUIAHET, 3BE3/1, TAJIAKTHK U KBa3apoB,
KaK OT CaMbIX IJIOTHBIX ¥ CAaMbIX OOJIBIIUX 10 pa3MepaM CTAlMOHAPHBIX NCTOUHHUKOB.

Bce, ompenenéHHble BblllIE COCTOSIHUS 3aMKHYTONM CTPYKTYPUPOBAaHHOM MaTepuu OTHO-
CATCS K BEIIECTBEHHBIM CTPYKTypaM-HUCTOUYHUKAM, UMEIONIMM OIPEACIEHHBIN 3HaK 3apsijia MacChl
(8 CU BemiecTBO) ¥ MPOU3BOSIIMM MOTOK 3€PEH-TPABIIOTEHIIUAJIOB C STUM 3HAKOM.

Bonee HarssgHO MPOW3BOACTBO SHEPTHU MyTEM NE3MHTETPAllMU-UHTEr Al aTOMHO-MOJIe-
KYJISIPHOTO BEIeCTBA JIEMOHCTPUPYETCSI TAKUMHU JPEBHUMH SIBJICHUSIMU-TIPUMEPAMH, KaK rope-
HHE JIpeBeCHHbI U Ta30B.

JlpeBecnHa mpeacTaBisieT coOOl NPOAYKT (POTOCHHTE3a U MPU CKUTAaHUM HE HapylaeT
OanaHc colepKaHus YIIIEKUCIIOro ra3a. [ opeHre ApeBecHbl — XMMUYeCKuil rporiecc. [ BO3HUK-
HOBEHUSI TOPEHUsI HeOOXOIMM BO3IyX M Teruio. Ipoliecc ropeHus mpoTeKaeT B /iBa Tarna:

* MEPBBIN — BO3TOPaHUE UM CAMOBO3TOPAHUE;

* BTOPOH — IJITAMEHHOE TOpPEHHe WU TIICHHE.

[NoBenenue qpeBecHBI MTPU ITOM MPOXOAUT HECKOJIBKO CTA/INN:

* ipu HarpeBanuu 10 105°C u3 gpeBecuHsl UCHapsieTcst BOAA;

* ripu HarpeBaHuu J0 150°C 13 ApeBecHHBI yAAIAITCS OCTAaTKU BJAard YU HAUMHAETCS pasiio-
JKEHUE U BBIJIJICHUE ra3000pa3HbIX MPOLYKTOB;

* npu HarpeBaHuu 270—280°C HaumHaeTCs FK30TepMUUECKas peakiys C BblISJICHUEM TeIlIa,
T.€. CO3/IaHbI YCJIOBUS ISl CAMOMO/IepKaHusI HEOOXOIMMOH TeMITlepaTyphbl;

* [IpY KOTOPOM UAET pasJIoKeHUe IPEBECHHBI ¢ 00pa30BaHUEM IJIAMEHH U JTATbHEHIIM TTOBbI-
IIIEHHEM TeMITEPATypHl;

* ipu Temneparype 450°C u 6onee TIaMeHHOe TOPeHUe NepeXoauT B OecruiaMeHHOe TOpeHre
yris (TieHue) ¢ remreparypoit 1o 900°C.

[Tpu nocTyruieHny BO3yXa OHO CropaeT, 00pasysl YIJIEKUCIIbINA Ta3 ¥ BOISHBIE MTAPHI, PU OTCYT-
CTBUM KHUCJIOpOZa JEPEBO pa3pyllaeTcsi, MpeBpaiiasich B JPEBECHBIN Yroib W BB IPU STOM
TOpIOYHE Ia3bl.

HpeBecuna camoBociuiamensiercs pu temrieparype cbiiie 330°C. [Ipu gymtensHOM Harpe-
BaHWM TEMIIEpaTypa CaMOBO3TOPaHMSI 3HAYMTETbHO CHIKACTCS.

lopenneM ra3oB HasbiBaeTcsl Oosee ObICTpasi XUMHUUECKasl PEeaKIUsl COCAUHEHUSI TOPIOYHX
KOMIIOHEHTOB C KHUCJIOPOIOM, COIPOBOXJAIOIIAsCS WHTEHCUBHBIM BBIAEICHUEM TEIIa U PE3KUM
MOBBILIIEHMEM Temreparypbl. [Ipy 3TOM mpeBpalieHue UCXOAHBIX BELECTB B KOHEUHbIE MTPOLYKTHI
MIPOMCXOIUT HE B OAMH aKT, a 4Yepe3 psill CTaauil ¢ 0Opa30BaHUEM MPOMEKYTOUHBIX XUMHUECKH
AKTUBHBIX YaCTHII-aTOMOB U Pa/IMKAJIOB, TEHEPUPYEMBIX CAMO peaklMeid. TU YaCTULIBI JIETKO BCTY-
TMAI0T B COSIMHEHM I C UCXOTHBIMHU BEIIECTBAMH U MEXy COOOM, MPUBOAS K 0OPa30BAaHUIO KOHEUHBIX
MPOAYKTOB ¥ HOBBIX AKTMBHBIX YaCTHI], CIOCOOHBIX TIOBTOPSATH TY K€ 1enb peakiwii. Hapacramornee
CaMOIIPOU3BOJILHOE T€HEPUPOBAHNUE AKTHUBHBIX YAaCTULl PUBOAUT K Pa3srOHy XMMUYECKOUN peaklyu
Y BOCIIPUHUMAETCSI KaK B3PbIB BCEW pearupyiolieil CMecu.
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Hawnbonee nosHO u3yueHHOW U3 LIETHBIX PEAKINiA SBJISETCS peakiysl B3aMMOIEHCTBUsI BOAO-
poja C KHCJOPOJAOM. 3apokjeHue LEenu MPU TOW PEeaKIMU CBSA3aHO C 0Opa30BaHUEM AKTUB-
HOTO aTOMapHOrO BOAOpPOAA. B uTOre eAMHUYHOrO NMKJA TPOUCXOAMUT BCTYIUIEHHE B PEaKIIMIO
OJIHOTO aTOMa BOJIOPO/IA M MMPUBOJMT K 0OPA30BAHUIO MOCIEMYIONIMX TPEX aTOMOB BOAOPOAA, Kaxk bl
13 KOTOPBIX MOXET JIMOO J1aTh HAYaJI0O HOBOW CEpUM MPEBPAIICHHU, MO0 MPEBPATUTLCS B CTAOMITb-
HYIO MOJIEKYJTy IIPY CTOJIKHOBEHHUHU C TAKOM K€ YaCTHUIICH.

Takum oOpa3om, o0mIasi cxemMa IMPOM3BOJCTBA SHEPTUH JIC3UHTET palliei-uHTerparuei (pac-
TaJl-CUHTE3) aTOMHO-MOJIEKYJISIPHOTO BELLECTBA CIIeAyIoIast:

— MOPOTOBHIN pacra/i CTAaOMIBHOTO BEIIECTBA C POXKACHUEM aKTUBHBIX PaJUKaJIOB M UX YMHO-
KeHue,

— CHHTE3 HOBOT'O CTaOMJILHOTO BEIeCTBa B BO30YKAEHHOM COCTOSIHUH,

— CHATHE BO30YXKJIEHUS MEXaHMUECKUM (pOsKJIeHHe KosieOaTesIbHO-BpaIIaTeIbHbIX COCTOSTHUN
aTOMOB M MOJIEKYJI ITyTEM TOBBIIICHUS] TEMIIEPATYPhl) WM EKTPOMArHUTHBIM IyTEM (M3JTy4YeHHe
WK nim MUKPOBOTHOBBIX (POTOHOB), T.€. OPOK/ICHUEM MeXaHNYeCKUX WY JeKTPOMArHUTHBIX
BUXPOHOB.

3TO U ecTh pacnaj-CuHTe3.

AHaJIOTMYHBIE TIPOIIECCHl TTPOMCXOAAT TPU JIe3UHTErpaliui- WHTEerpalid aTOMOB (MOHU3a-
II1S1 MIEKTPOHOB),  TAKXKe MPH JE3UHTET pAllH-MHTETPallii aTOMHBIX sifiep (MOHM3AlMsl ME30HOB).
[TosToMy Takue Mpoliecchl Ha3bIBAIOTCS PAcHai0M-CHHTE30M, HHUIIMUPOBAHHbIE NePBHYHBIM
BO30Y:K/IeHHEM.

OtaenbHYI0 ¥ IJIaBHYIO (hOpMY 3apsJI0B SHEPTUH, KaK caMmble OOJIBIIHE [0 pa3MepaM, TNIOTHbIE
1 éMKue e€ akkyMmyasaTopsl, 3aHuMaioT Yépuoie Cpepruueckue Tena (B CU antuBemectBo) — YCT-
€IMHCTBEHHbIE BO BCeyeHHOW CTOYHNKY MPOU3BOACTBA SHEPIruu, IOTOKa HEUTPOHOB U OYEHb
IUIOTHOTO MOTOKA 3EPEH-rPaBNOTEHIHAJOB C MPOTHUBOIOIOKHBIM 3HAKOM, OOpa3yoOIIUM IIeH-
TPaJIbHOE TI0JIE TATOTEHUs 3BE3]], IUIAHET, FAJIAKTHUK U KBAa3apoB. DTH ke IMOTOKHU 3EpeH-IPaBIOTEH-
[IMAJI0B 00pa3yloT OCHOBHbIE IATbHOJNEHUCTBYIOIINE aHTUT paBUTAlTMOHHBIE TTossi-IIpocTpaHcTBa Bee-
JIEHHOM.

Hawnbonee BaxxHBIMU MapaMeTpaMu 3apsiIoB SHEPIUU SIBIISIOTCS pa3Mepsl ux cep 1 3HAKOB
3apsja.

Aueprusa npou3soautcs Toabk0 YCT, Bo Bcex ocTaNbHBIX cJIydyasix OHA TOJbKO 0CBO-
002K1a€TCsA U3 COCTOSTHUS MOKOSI.

Kak macca siBnsiercss mepoit uHeptHocTH Ten B CU, Tak v sHeprus sipjsieTcs Mepou (popM JBU-
KEHUS U U3MEHEHUs MaTepuM U3 OJHUX B Apyrue. 3apsj SHEpruu, Kak cghepuueckuli koreoamens-
HbI MASIMHUK, MOJKET OBITh IPEJICTAaBJIEH B BU/IE BUXPEBOTO MMOJS JIEKTPUIECKOr0, MAarHUTHOTO VT
I'PaBUTAITMOHHOTO MOHOMIONsI. POPMBI ABMKEHUS] (BUXPOHOB ) 3apsIIOB SHEPTHU — 3TO Oe3bIHepIH-
oHHas ((POTOH), KUHETUYECKasl, NOTEHUMAJIbHAS, BHYTPEHH 1 SHEPTHs TeJ C 3aMKHYTHIM BHEIIIHUM
KOHTYPOM MOBEPXHOCTH, TEIUIOBAsl, BHYTpUsepHas U T. 1. [IpumepoM TenioBoi SHEpruu sIBJsIIOTCS
MeXaHUYeCKUe BpallaTebHO-KoIeOaTeIbHble ABUKEHUS aTOMOB B Pa3JIMUHBIX arperaTHbIX COCTOSI-
HUSIX BELIECTBA.

[Mpumep 0cBOOOKAEHHSI SHEPIrMU — paCIleNyieHHe BHYTPEHHEH SHEpPruy aTOMHBIX sjiep
B IICPHBIX peakTopax — JIeJieHHe siipa ypaHa-235 ¢ BbIJIETOM IPOAYKTOB JIEJIEHUsI, KOTOpbIE B CUCTE-
Max 3axBaTa-«00BSI3KH» (KIYIIHE CXeMbl MPeoOPa30BaHUsI SHEPTUH) PEaKTOpa MPEBPAIIAOT ITOT
BBUIET B TETLJIOBYIO — BbI/IEJISIETCS] KUHETUYECKAas SHEPIusl IBUKEHU I, IPUBO/ISINAS B KOHEUHOM UTOTe
K YBEJIMYEHUIO TEMIIEPATYPhl BCETO KJIACTEPa, B KOTOPOM HAaXOAUTCS 3TO SIJIPO.

B kavectBe (hopMbI P KBAHTOBOM TIEPEX0/ie U3MEHEHHSI MaTepHy C 0CBO0OOKIeHIeM SHep-
T'MY MOXHO MTPUBECTH MTPUMEP — BO30YKAEHHBII aTOM, IIepexo/isi B OCHOBHOE COCTOSIHUE, POU3-
BOIUT «COPOC» CBOOOTHON SHEPruM B BUjie Oe3bIHEPIIMOHHOTO CAaMOIBUXKYIIErocs: (poToHa.
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Jpyroii prmMep — HaJIETAIONINI HA aTOM MOPOTOBbIi (POTOH (O AMH CBOOOHBII MarHUTHBIN
MOHOIIOJIb) MTPEBPAIIIAETCS B TIAPY MEKTPOH-TIO3UTPOH (MAapy 3aMKHYTBIX MarHUTHBIX MOHOMOJIEH
C MPOTUBOIIONIOKHBIMU 3HAKAMH) WJTH Tapy MPOTHBOMOOXHBIX MIOOHOB.

MimeHHO yepe3 mocpeacTBO 9TOM HeBHIMMOM U Be3ecylieil CyOCTaHIIMK SHEPT U, CYIIEeCTBY-
IOIEH B pa3InuHbIX (hOopMax, MPOUCXOAUT POsKAeHHe, IBUKeHHe 1 H3MeHeHHe B HEeBEIlleCTBEeH-
HOM TPOCTPAHCTBE MPOCTPAHCTBA BELIECTBEHHOTO, a B HEM 3a4aTOYHBIX (POPM MaTepHu:

— cHavana B (hopMe MepeMEeHHbIX MEKTPUYECKUX, MATHUTHBIX, TPABUTAIIMOHHBIX U JIEKTPO-
MAarHUTHBIX TOJIEH,

— 3areM B (hopMe BUXPEBBIX MOJIEH B BU/IE MAaTrHUTHBIX U TPABUTAIIIOHHBIX MOHOIIOJIEH, T.€.
MHKPOBHUXPOHOB (HCTOYHHKOB IBH:KE€HHSI 1 U3MEHEHHsI),

— 1 ToJbKO Ha nociieeit craguu B popme YCT 1 aToMHO-MOJIeKyJIsAPHOT (hopMe, T.€. IByX
¢dopm BemecTBa 1 antusemecrsa o CU.

B ocHoBHOI (hopmysie Mupo3aanus:

«IHepzus-Npocmpancmeo, mamepust, 08UNCEHUE W U3MEHEHUE»

— oIpejieNieHre SHEPTuu (MMOTEHIIMAIBHON M CAMOJBIIKYIIEHCS ) 3aKII0UEHO B KaK/IOM CIIOBE,
HO OHa IMPEJICTaBJIeHA 3/1eCh B Pa3HBIX (hOpMax.

KaxoBa npupona 1 cTpyKTypa 310 cyocTaHImu?

[NepBruHbIMU 3apsigaMu SHepruu (cepruecknii KonedaTeTbHBIN MasTHUK) SIBJISIIOTCS Mar-
HUTHBIE MOHOIIONHU, KOTOPBIE SIBJISIOTCS HEOTHEMJIEMOU YacThl0o MEKPOBUXPOHOB. BOT 3TH HeBH-
JIHMble 1 HeperucTpupyeMble YacTUIIB! ¥ TOPOKAAIOT ABUKEHHE MaTepruu. A epexo/ibl MaTepru
U3 OHOW (POPMBI B IPYTyI0 — H3MEHEHHUsI — KBAHTOBBIE M HE KBAHTOBBIE OCYIIECTBIISIOTCS TOJIBKO
Onarozapsi HAJIMYMIO CBOOOJHOI0 MarHUTHOTO MOHOIIONSI B MUKPOBHUX POHE.

Co3nanue-poxJeHue MaTepud B 3aMKHYTOH (opMe MPOU3BOIUTCA U3 CBOOOJHBIX (hopM
SHEPruy NpPU ONpe/IeNIEHHBIX TOPOTOBBIX YCIOBUSIX. M HA000pOT Ae3HMHTerpaiusi-ucue3HoBeHue
MaTepuH MPOUCXOANT U3 3aMKHYTBIX (DOPM SHEPIUH, 2 B MAKPOMHUPE U3 3aMKHYTO-CBSI3aHHBIX (hOPM
MaTepuH, KaK CIIOHTAHHO, TaK U MPU KPUTUYECKU-AaKTUBUPOBAHHBIX YCIOBHSIX.

Bomnpoc — kakumu nytsamu? M3 aTux ke ¢popMm MaTepry IPOUCXOAUT U UHIYKIIMS KECTKO CBSI-
3aHHBIX C HUIMHU 000JIOYEK-«KOKOHOB» -3aps1JIOB ITPH MX BpallieHn . Boripoc — B Kakoii popme 1 Kakoit

CTpyKType?
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1.2 3akoH coxpaHeHUs SHEPrUn

DHeprus HUKOTJa He BO3HUKAET U3 «HUYETO» U He McYe3aeT B YKa3aHHBIX TPEX BUAAX IHC-
KPETHBIX IPOCTPAHCTB — 3TO 3aKOH COXPAHEHUs SHEPIMH B 3AMKHYTBIX CHCTeMax.

Y10 Takoe OTKPbITbIe H 3AMKHYTbI€ CHCTEMbI?

B Mukpomupe npumepamMu OTKPBITBIX CHUCTEM SIBJSIIOTCS TPEKM BOJHOBOAOB (POTOHOB,
a 3aMKHYTBIX — OTHOKOHTYPHBbII1 BbICOKOYACTOTHBIN BOJIHOBOJL JIEKTPOHA.

B makpomupe nprMepaMy OTKPBITBIX CHUCTEM SBJISCTCS SAAEPHBIN WM OOBIYHBIA XUMU-
YECKU1 (ATOMHO-MOJIEKYJISIPHBIN ) B3pbIB, 2 3aMKHYTBIX — s1JIEpPHbIE PEAKTOPHI [IEJICHUs ypaHa.
[lepBble HE UMEIOT BHEIIHUX «HCOYWAUX CXem» IUIsl 3aXBaTa M BBIBOJAA OCBOOOKIEHHOI dHep-
THH B TOJIE3HYIO HATPY3KY, a BTOPbIE UMEIOT.

B runepmupe npumMepaMu OTKPBITBIX CUCTEM SIBJISIIOTCA siipa 3BE3J, IUIAHET M TaJlaKTHK,
a 3aMKHYTBIX — acTepouibl, JIyHa. DHeprus MOXeT ObITh YHUUTOKEHA B ITPOIIECCaX AHHUTWIISAIINN
(uHTEepepeHIIM) MPOTUBOMNOJIOKHBIX 110 3HAKY 3€PEH-NOTEHIIMANIOB B (PU3NYECKUX LEeHTPAJb-
HBIX WY BUXPEBbIX IOJISIX.

74



A. A. Hlappun. «Crpykrypa mupo3aanus Beenennoin. Yacts 1. Mukpomup»

1.3 Dneprus B cucreme CHU

Duéprus (IeicTBUE, AeSITeIbHOCTD, CHJIA, MOIIb) — CKaJIsipHast (pu3ryuecKasi BeJIMUMHa, sIBJIs-
I0LIASICS €JMHON MEPOI pa3IMYHbIX (POPM JBMKEHUS U B3aUMOJIEICTBUS MaTepum, MEpOil Iiepexosa
JBUKEHUSI MAaTepUU U3 OHUX (POPM B JIpyTHeE.

3akon coxpanenus u npespauieHUs1 IHEPUL YMBEepiHcOaem, Umo npu A0ovlx puzuuecKux 83a-
UMOOeLICMBUsIX IHeP2USsL He BO3HUKAem U He ucue3aent, d moabKo npespauiaemcst U3 0OHoU ¢popmol
8 opyeyro.

B 1961 roay Bwmimatommiicsi mpernopaBaresb (pU3MKM U HOOeNeBCKUU jaypear, P. ®eiin-
MaH B JIEKIIUSIX TaK BBIPA3UJICS O KOHUENLIMHN SHEPIUK:

«Cywecmeyem ¢pakm, uau, ecau YeoOHO, 3AKOH, YNPAGASIOUULI 6CeMU
A6NEHUSIMU NPUPOObL, 6CeM, umo 0Oblao uzeecmuo 00 cux nop. Hckaouenuti
U3 3M0O20 3AKOHA He CYuleCmsyem,; HACKOALKO Mbl 3HAEeM, OH AOCOMOMHO MOYEH.
Hazeanue ezo — coxpanenue snepeuu. OH ymeepicoaem, umo cyuiecmsyem
onpedenénHasl eeauMUHd, HA3bIBAeMAdsl SHepeuel, Komopasi He MeHSemcst Hu
npU KAaKux npespaueHusix, npoucxoosuux 6 npupode. Camo smo ymeepiucoerue
gecoMa U 8eCbMd OMBAEUEHHO. MO NO CYuecmsy Mamemamu4ecKuii nPUHuun,
YmeepICcOaoujuti, Ymo Cyuwecmeyent HeKomopasi YUCAEHHAS BeAudUtd, KOmopasi
He UBMEeHsIemCsi HU NpU KAKUX 0OCMOSImenbcmeax. 9mo omHioob He Onucawue
MEXAHUBMA S6AEHUSL UAU Ue20-MO KOHKPEMHO20, NPOCMO-HANPOCHO OMMeudemcst
MO CMPAaHHoe O0OCMOSIMeNbCMEO, UMO MOJNCHO NOOCUUMAMb KAKOe-Mo YUCAO0
U 3amem CNOKOUHO CAe0Uunv, Kak npupooa oyoent 8bIKUObIBAMb N100ble C80U MPIOKU,
a Nomom onsims NOOCUUMAMb MO YUCAO — U OHO OCHAHEMCS. NPENHCHUM. »

MexaHMKa pa3inyaeT NOTEHIMAIbHYIO SHEPTUIO U KWHETHUYECKYIO SHepruio. MIx cymmMa Hasbl-
BAETCs MOJIHOM MEXaHUYECKOH Heprueil. DHeprueii oonaaaioT Bece BUIbI noseid. [1o sTomy npusHaky
Pa3IMYaIoT: JIEKTPOMArHUTHYIO, TPABUTALIMOHHYIO U aTOMHYIO (SIIEPHYIO)

TepMoavHaAMUKa OINpeAessieT BHYTPEHHIOI SHEPruio, Kak CyMMY SHEpruil MOJEKYJISPHBIX
B3aMMOJIEVCTBUI U TEIUIOBBIX ABMXEHUN MOJIEKY/1. BHYTpEHHIO SHEpruio Teja Hesb3sl U3MEPUTh
HarpsiMyio. BHyTpeHHsIs1 sHeprus sBJIseTcsl OMHO3HAYHOW (DYHKIIMEW COCTOSIHUS CUCTEMBI.

SlnepHas sHeprus (aToMHasi SHEPrusi) — TO SHEPrusl, COAEPAKAIIASACSA B ATOMHBIX SApax U Bbljie-
JsieMasi Py SIEPHBIX peakIUsIX.

DHEPrus Bakyyma — SHEPIUsl, PABHOMEPHO pacIIpeIe/IEHHAas B BAKyyMe U BbI3bIBAIOLIAs OTTaJI-
KHMBaHME Mek/1y JTI0OBIMU MaTepuabHBIMU 00beKTaMU BO BeesleHHOH ¢ cui1oi, mpsiMo MpOHopLHO-
HaJIbHOM MX Macce U PacCTOSHUIO Mex Ay HuMH. O0naiaeT KpailHe HU3KOM MJIOTHOCTHIO.

ComtacHO crienMaabHONM TEOPUM OTHOCUTEIBHOCTH MEXKAY MAacCOM M SHEPIUEH CYIIECTBYET
CB$I3b, BbIpakaeMasi 3HaMEHUTOM (popMyJsion DuHIITenHa. HecMoTps Ha TO, YTO HCTOPUYECKHU TIPE-
MPUHUMAJIMCh NONBITKA TPAKTOBATh 3TO BBIPAXKEHUE KaK MOJHYI0 SKBUBAJIEHTHOCTb MOHATHUS SHEp-
T'MU Y Macchl, B COBPEMEHHOM (pr3MKe MPUHSATO CYX)aTh CMBICI 3TOI'O ypaBHEHH 1, [IOHUMas MOJ1 Mac-
COI Maccy TeJla B COCTOSIHUM MOKOS] ), & TIOJ] SHEPIUeH — TOJIbKO BHYTPEHHIOIO SHEPIHI0, 3aKII0YEHHYIO
B cUCTeMe. JTa 3HaMeHuTas (popmyJia ecTb (POpMaJIbHOE ONPEAEICHUE BEJIMUMHBI SHEPIUN Yepe3
MIPOM3BEJEHUE MACChl HA KBapaT CKOPOCTH CBETA.

OnHako B cuily NEPBHYHOCTH CyOCTaHIIMM SHEPrUM KaK Mepbl IBMKEHHS ONpelessaTh e
yepes Maccy, KOTopasi He CyIiecTBYeT B IPUPOJE U SABJISIETCS JIALIb CBOMCTBOM CTPYKTYPBI KJIacTepa
MaTepuu 1 napamerpoM usMepenus B cucreMe CU, He umeeT (pU3NIecKOro CMbICIa.

31ech U Be3e Jlaee B KHUIE CUUTATh TEPMUH «MACCbl» YCJIOBHBIM B CHUCTEME U3MEpEeHUi
CU. TepMuH «Macca» MAKPOYACTULBI O3HAYAET JIMIIb 3aMKHYThI KOHTYP 3TOM YaCTULIbI, UMEIOIUIA
BHEIIIHUE T0JIs1 — IPaBUTALMIOHHOE, MArHUTHOE U JIeKTpuyeckoe. Tak BOT B3aMMOJEHUCTBUE IPaBU-
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TALIMOHHOTO TOJISl YACTULIBl C LIEHTPAJIbHBIM TIOJIEM TATOTEHUS 3€MJIM M IPOM3BOAUT UMUTALIMIO €€
Maccel. Macca Kiacrtepa BeIecTBa caraeTcs Kak CyMMa 3TUX MUKpodacTull B HEM. [Toatomy macca
KJjlacTepa, €€ BeC U MHePTHOCTb 3TO BUPTYyasibHbIN napamerp B CH, KOTOPBIN 3aBUCUT OT MeCTa ero
pacronokeHus — Ha MOBEPXHOCTH 3eMJIM WM BO BCEJICHHOW BAAJIU OT TATOTEIONIMX WCTOUYHUKOB,
a He oT 6030HOB Xwurrca. Maccy (MHepTHOCTb) KJIacTepa Jaxke Ha IOBEPXHOCTH 3eMJIM MOKHO 9Kpa-
HUPOBATh OT IIEHTPAJIbHOIO I'PABUTALIIOHHOTO MOJIsI U 1aXke CBECTU €€ K HYJIO, a €€ NepeMelleHne
caesnaTh Oe3bIHEPIMOHHBIM. DTO MOATBEPKAASTCS TEXHOIOTUSIMHU JieTaorux auckoB B. llayGeprepa,
J. Cepna, rpaButonéramu B. C. I'pebennnkoBa, [1. Ky, a Takke 6e3bIHEPIIMOHHBIM ITepeMeIeHIeM
MHOTOTOHHBIX KaMEeHHBIX OI0KOB B Tuoere.

Macca'® B cucreme CU n300peTéHa 4eloBEeKOM — 3TO TAKOM e BCIIOMOTaTeIbHBIN MapamMeTp,
Kak BpeMs, cuia u T. 1. Macca sBiiseTcsl JUCTAHIMOHHBIM IPOAYKTOM B3aUMOJEUCTBHUS MPO-
TUBOIIOJIOKHBIX 10 3HAKY I'PAaBUTALIMOHHBIX I0JIEW OT KJIACcTepa aTOMHO-MOJIEKY/ISIPHOTO BEILECTBA
WIN J1aXe OTAEBHOIO IEKTPOHA, a MPOSABIAETCS JIMIIb [PU HAIMYKE BTOPOTO MOJIS — MAKCUMAJIb-
HbIM 3HAYCHUEM Ha IMOBEPXHOCTH 3eMJIM 1 MUHMMAaJbLHBLIM B [IpocTpancTBe BeenenHo, 00ycioB-
JICHHOU B3aUMOJICUCTBUEM I0JIs Kj1acTepa ¢ (hOHOBBIM aHTUTIPABUTAIIMOHHBIM MosieM [TpocTpaHcTBa
Bcenennoii. [Ipyrumu ciioBamu, Macca BelecTBa Uil 3JieMeHTApPHOM YacTHIbI HE UMEET M0CTO-
SITHHOTO 3HAYCHUSI BeJIMUMHBI 3apsi/ia, KAKOW UMeeT MarHUTHbII MOHOMOJIb. Toria K ueMy ke Mpu-
BA3aTh €€ OoNbIue 00bEMBI CTPYKTYPUPOBAHHON MaTepyu?

B npupoze cyiectByer Juilib MOJ€BOM KJACTep U ero BUXpeBasi cTpyKTrypa. bonee toro
CKOPOCTh CBETa B MpUpoJe MPHCYIA JHIIb 6e3MaccoBbIM popmam Matepun — hotoHaM. Bo Bcex
OTKPBITHIX MyOJIMKAIMSIX HEPrust 6e3mMaccoBbIX (POTOHOB MPUPABHUBAETCS] SHEPTUHM PABHOW Macce,
YMHOEHHOM Ha KBaJpaT CKOPOCTH CBETa — 3TO HEBEPHO, KaK HEBEPHO €€ OIpelesieHne U 4epe3
6030HbI Xurrca. Kak MOXKeT CIy’)kuTh MePHJIOM SHEPriH Macca, KOTopasi, B OTHOM CJTy4ae, MOKET
ObITh KaMeHHBIM O51okoM B 100 TOHH, a B Ipyrom ciiy4ae ObITh JIETKOM, KaK IMyIIMHKA U MOAHUMAThCS
B BO3/1yX o1 60ii THOETCKUX OapadaHoB.

[TosTromMy HEOOXOAMMO CUUTATH, YTO OO30HBI XHITCA B €r0 OMHOMMEHHOW TEOPUH, KaK U TEO-
pyK DUHIITENHA HE SIBJISIIOTCS TEOPUSMU 3aCJHYKUBAIOIIUMHY I0OBepHe , KaKk MaTeMaTHUeCKHe Teo-
pum He oOmagaonye (pU3MIeCKUM CMBICTIOM U OTpaHIMUEHHBIE KPUTEPHEM JBYX TEOPEM O HETIOTHOTE
I'énens.

W3 npeanonoxeHns 0 paBeHCTBE MHEPTHOM U IPABUTAIIMOHHBIX MAacC DUHIITENH JeJIaeT BHIBOJ]
O TOM, YTO I'paBUTAlMOHHbIE 3(PPEKTH 0OYCTIOBJIEHbl HE CHUJIOBBIM B3aMMOJIEHCTBUEM TOJNEH Ted,
a nedopMalieli camoro MpoCTpaHCTBa-BpEMEHH, KOTOpasi CBSI3aHa C MPUCYTCTBUEM B HEW MacChl-
SHepruu. JTO ero rpyodeimasi ommoka.

HckpuBieHne MpoOCTPaHCTBA-TIONS OOYCIOBJICHO B3aMMOJICHCTBHEM TOJIEH, MTyTEM aHHUTH-
JIAUUM TTPOTUBOIIONOKHBIX 3€PEH-MIOTEHIMAJIOB, TOPOK/IAIONIMX CUJIOBbIE JIMHUH T10J15, KOTOpbIE
Y UCKPUBJISIIOT MPOCTPAHCTBO-TIONE, U KOTOPbIE UCXOIST OT MPOTHBOIIOIOKHBIX MO 3HAKY HMCTOY-
HHKOB, ¢ 00pa30BaHUEM CHJIOBBIX JIMHUM, B KOTOPBHIX YHHUTOXKAETCS MO OOBEMY MPOCTPAHCTBO,
a TIOJIBMIKHBIE TeJla TI03TOMY COMMKAIOTCS I OTTaIKuBaloTcs. Kpome Toro ode Teopun DiHIITEHA
YTO (CTO) u OTO npoTtrBOpevaT MPUPOTHBIM SBJICHUM, A0CYPIHBI KaK M0 (PU3NIECKOMY CMBICITY,
IO COZIEPKAHUIO Y HE UMEIOT ITPAKTUYECKOTO TPUMEHEHUS U 3HAUCHHU .

Hawnbonee HarnsimHasi wiumocTpays MpeBpanieHne SHepruv U3 COCTOSTHUSI MOKOSI B SHEP-
T'UI0 ABUKEHUSI [IPOMCXOIUT Yepe3 aHHUTWJISILIMIO JIEKTPOHA U [TO3UTPOHA (JIEMEHTAPHBII IPOLIECC
JE3UHTErpallvi) B ABa JIEKTPOMAarHMTHBIX KBaHTa. B TO ke Bpems, npu nomiomennn MK-kBaHTa
BEIIIECTBOM 00pa3yeTcsl CBsI3aHHAsI Mapa YacTHIL B IIOKOE, B KOTOPBIX Mapa rPaBUTAIIMOHHBIX MOHO-
TOJIeH POk/1aeT KBAHTHI TUIIEP3BYKA, TAK:KEe YHOCSIIUM 3HAYUTE/ILHBIN 3apsijl SHEPTUHU.

138 [lagpun A. A. 3axonsl HelotoHa. Be3piHepLmonHoe npukeHue Ten. M3natenscTBo: V3natenbckue pelieHus Mo JULUEH3UU
RIDERO. ISBN 978-5-4496-8644-2. 2020 rog, 396 crp.
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CrnepoBatenbHO, HPUPOY SHEpruu Oosiee JOCTOBEPHO MPEACTaBIsATh B (hpOpME MarHUTHOTO
Y IPaBUTALMIOHHOTO 3apsI0B SHEPrUU. B MexaHuke MposiBJIeHUE BbIAEIAIONIECNCS SHEPTUU OIpe/ie-
JISieTcsl BbIEJIEHUEM CUJIbI, KOTOPasi, BO3JAEUCTBYS Yepe3 UMITY/IbCHOE JaBJeHHe Ha BELIECTBO WU
TeJI0, 3aCTaBJISIET €r0 ABUIaThCsl C YCKOPEHUEM — IIPUMEp, IBUraTe/I BHYyTPEHHOIO CTOPaHM s, B3PbIB
UT. A

W3 mkoIbHOro Kypcea U3BEeCTHO, UTO SHEPrusl MPOsIBISIET cedst CIIOCOOHOCTHIO Tejla COBEPIATh
paboTy Yepe3 MpUIOKEHHYI0 K HeMy crity. Eciu ke cocTosiHMe KilacTepa BelecTBa — ero MexaHu-
YecKoe BpauieHne, TO HOCUTeIeM WHIYKTUPOBAHHON SHEPTrUuM SIBJISIETCS MEAJICHHbIA I'PaBUTAIIMOH-
HBI MOHOTIONb B BUJE cheprueckoit 000ouku (3¢ dekr IxanndexoBa), MHIYKTHPOBAHHOTO MeXa-
HUYECKOro BUXpoHa. Popma ero MHAYKIMH U CBSI3b C OCHOBHBIM BPAIIAIOLIMMCS 3aPs1IOM MACChl ykKe
HECBOOO/IHOE JIBMKEHUE, a KECTKAs CBSA3b C HUM B BHJIE OOOJIOUKHM BpPAIIEHUsT BOKPYT HETO.

B mokoe npu onpenenéHHbIX yCAOBUSAX 1€3MHTErpalli MacChl BBIIESETCS BCS WM 4acTh
SHepruu, noieanas Ha e€ maTerpanuio. [Ipy aHHUTMIAIMKM Macchl EKTPOHA-TIO3UTPOHA BblJIE-
JISieTCsl SHeprus, NOole/as Ha UX UHTErpalyio B [0JIe aTOMHOTO s1Ipa COOTBETCTBYIOIIMMU BUXPO-
HaMHU. Y 3JIEMEHTAPHBIX YAaCTHII, €CJIM COCTOSITHUE MAaTepUU — ABUKYILUICS C TOPMOKEHHEM B 110Jie
aTOMHOTO szipa (oToH ¢ 3Heprueit Bbiie 1022 KB, TO HOCUTENSAMU MHIYKTUPOBAHHOUN SHEPrUu
3aXBaUYEHHOrO I0JIeM aTOMa MarHMTHOTO MOHOMNOJISI MUKPOBUXPOHA CTAHOBSATCS 3apsiibl MaccChl,
HOBOPO’K/IEHHBIX JIEKTPOHA U MO3UTPOHA. DTO MPOLECC KBAHTOBOI KOHIE€HCAMHU SHEPIUU.

Ecmu cocrosinue matepun — apuxkymmiicss UK — kBaHT (poTOHA, TO MpH €ro NoriomeHuu
KJIACTEPOM aTOMHO-MOJIEKY/ISIPHOTO BEIIECTBA (3AMKHYTO-CBSI3aHHOE COCTOSIHUE HEPIUU), HOCUTE-
JIeM MHIIyKTUPOBAHHOM SHEPTUH CTAHOBSATCS] KBAHTHI MEXaHUUYECKOTO BpaIllaTeIbHO-KOIe0aTeIbHOTO
JBWXKEHUSI HECKOJIBKMX aTOMOB, JIBHKYIIMXCSI BIOJb I'PABIOTEHIMATIOB BOJHOBO/A €T0 BUXPEBOTO
T0J14, T.€. YBEJMYEHUE TEMIIEPATyphl KJlacTepa.

B mexaHmke, eciy COCTOSIHUE MaTepUM — KMHETUYECKOE JBUKEHHE MAacCChl, TO MPU CTOJIK-
HOBEHUHU C JAPYrod Maccou, MPOUCXOIUT Tepepacipeie/ieHue SHEPIUU MeXly HUMHU B (popme CKO-
poctu aBuxeHus. Eciu coctosiHue Matepun — HaxoX/I€HHE KJlacTepa MacChl B LIGHTPAJIbHOM I10JIe
taroreHuss 3emin uim ConHIA, TO OHO 00/Ia/IaeT MOTEHIMATBHON SHEprue U T. 1. DHeprus — 1o
Y TIEPEXOJHOE COCTOSTHUE OCBOOOKAEHHON MAaTEPUH, 9TO Mepa €€ ABUKEHUSI U U3MEHEHHU S, TIPH KOTO-
POM IPOUCXOUT €€ POKICHUE-UCUE3HOBEHUE B OIHOM (popMe U nepexo B Apyrue popmsl. M3myye-
HUE WX NOIIOIEHNE SHEPIUU KJIACTEPOM MaTepuy IMPOUCXOIUT B (pOpMeE TeX WM MHBIX HOCUTENIEN
B CBOOOIHOM WJIM 3aMKHYTOM BUJIE, @ MHIYKIIMSI IOTIOHUTENIBHBIX BUXPEBBIX 000I0UeK (BUXPOHOB)
BOKPYT HErO POKAAeTCs MPU €ro BpallleHWH, KOTOPbIE KECTKO CBSA3aHbI C HUM.
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1.4 IIpocTpancTBO-1I0J€e. 3aKOHBI (PU3NYECKHX MOJIEeN

YTo paHble POANIOCH: NIPOCTPAHCTBO MM Kakasi-1n0o ¢opma matepun? CornacHo
CAIT 1 OTO u3 CUHTYJISIpHOW TOYKH BAPYT OeCHPUYMHHO MTPOU30IIEN BObIIOI B3phIB M HAYAIOCh
MrHOBeHHOe'*® oOpa3zoBaHue (pa3ayBaHUE) MPOCTPAHCTBA MYyTEM HH(PJISIHMOHHOIO PACHIMPEHUSs

IIPOTOITY3bIPS B 10 pa3, adCOMIOTHBIN OTCUET BpeMEeHH C MOMeHTa BoJbIIoro B3peiBa 1 CHHTE3
CJIOKHOH KopryckysipHoi Matepur. Ha 10 MukpocekyHae nocsie Bosbioro B3peiBa TeMmneparypa

nocrurana 2 x 1012 K. ITpu Takux ycnoBusx SIKOOBI 0Opa3yeTcst KBapK-III0OHHAasI 1a3ma. M3 stoit
ropstyeit ra3000pa3HO CMecH IpamMaTepun (KBapKOB, TIIIOOHOB, JIEKTPOHOB, HEUTPHHO U T. JI.) CTaja
pOXIaThCs CTPYKTYpHpoBaHHas Matepust. OTCioia M OTBET Ha ITOCTABJIEHHBIN BOIIPOC — [IOUTH O/HO-
BpeMeHHO. OTKy/a B35I0Ch CTOJIbKO BUAMMOM MaTepur? OTBET: U3 CUHIYJISIPHON TOYKM C ILJIaH-
KOBCKOIA rutotHocThio 5 X 107° r/em’. A rae pa3MecTuiach HeBUAMMAsA MaTepusl U 4TO 3TO Takoe?
A 4T0 e ObUIO BOKPYT CUHTYJIsIpHOM TOUKH 10 B3pbiBa? OtBeT CAIL: «no-sudumomy, Hu npocmpan-
CMB0, HU BPEMSL He UMENU CKONbKO-HUOYOb ONPe0enérHHoz0 cmblcaa — Beeaennas naxoounace é cocmo-
SAHUU C BLICOKOTL cummempueil...». A BCsi 00pa30BaBIIasCs MaTepus B pe3yJibTaTe HEPaBHOBECHOIO
npoliecca crajia BOJIIOUMOHUPOBATh U uyepe3 12—14 MuimapaoB JieT IPeBpaTUIach B TO, YTO Mbl
ceifyac HaOmonaem. Hackonbko 310 1ocTOBEpHO?

Takon creHapuil HPOTHBOPEYHT SKCIEPUMEHTAJIBHBIM JIaHHBIM pacliupeHuss BceneHHou,
IIPOU3BOJCTBY BUJMMOIO aTOMHO-MOJIEKYJISIPHOTO BELIECTBAa HA COBPEMEHHOM 3Tare, UTHOPUpYeTCs
MEePBHYHOCTH YHEPTUH, NPUYNHHOCTH COOBITHI U, YTO CAMOE MHTEPECHOE, KBAPK-TJIFOOHHASI
IJIa3Ma SKCIIEPUMEHTAIbHO HUKOIAa He HaOmoaanack. Jlaneko He Bce COrIaCHbl MMEHHO C TaKUM
CLIeHapueM poxAeHHs BcesneHHOM — ecTh M peaJibHbII CLieHapuil Ha ocHoBe BropokaHCcKo# KOH-
Henmuu AmMOapuymMsiHa, B KOTOPOM COOMIOAAeTCs MPHYHHHOCTD COOBITHII U NMEePBHYHOCTH
BCETO CYIIEro, KaKMM SIBJISIETCS HEBHAUMBII CBOOOIHBI MarHUTHBI MOHOIOJb, BEYHBII 3apsiy
SHEPrUM M OCHOBHAsl COCTaBJISIIONIAsl 3apsjia ABMKeHHs (BHXPOH). MMeorcs u Oornee peanbHble
COCTOSIHUSI MaTE€pUH, YeM KBapK-IJIIOOHHAS IUIa3Ma — 3TO siIePHO-Me30HHasi M X0J0 Has1 0e3-
MaccoBas IJIa3Ma, YTO peaibHO umeeT Mecto B skcnepuMenTax LENR. W rnaBHoe, HelpepbIBHO
ITPOM3BOJUTCSA HEBHAHMAsi MaTePHHCKAasl SHEPIUs CBEPXIUIOTHOIO COCTOSIHUS MaTepuu B (popme
YCT-anep KBa3apoB U MMyJbCapOB, KOTOPbIE YK€ U POKAAIOT BUAUMOE JoYepHee aTOMHO-MoJIe-
KYJIsIPHOE BelleCTBO Ha COBPEMEHHOM 3Talrle 3BOMIOUMM Mupo3gaHus. 3Haky 3apsioB SHEPrUn
9THUX IBYX (pOPM MMEIOT MPOTHBOMOJI0KHOE 3HAUCHME.

CBA3HOCTb IIPOCTPAHCTBA CO BPeMEHEM J0JIT0€ BpEMsS HaXOOWJIOCh B IPAKTUKE Yy TEO-
peTHKoB-MaTeMaTHKOB 4. Kak WM3BECTHO OIIyTHMMBIX PE3y/lbTaTOB 3TO HE NpHHECTo. AKaie-
MUK A. A. Jlorynos B kputuke OTO DiiHiureliHa cioBamu: —

«uamrerH B OTO 0TOXIECTBUI IPABUTAIMIO C METPUUYECKUM TEH30POM
pYMaHOBa IMPOCTPAHCTBA, HO STOT IMyTh MPUBEJ K OTKa3y OT IPABUTALIMOHHOIO MOJS
KaK (pU3MUYECKOro MoJis, a TAKKE K yTpare (pyHIaMEeHTaIbHbIX 3aKOHOB COX PAHEHM 1.
VIMeHHO MO3TOMY OT 3TOTO TOJIOKEHUsI DUHIITEHA HaM HEOOXOIUMO MOJHOCTHIO
OTKAa3aThbCs.»

1 o
3 B CAIl IPOCTPAHCTBO HE CUUTACTCS MATEPUEHU, a ITOITOMY HOITYCKAE€TCA, YTO OHO CIIOCOOHO pacmmpAaTbCA CO CKOPOCTHIO,
BO MHOI'O pa3 HpCBOCXOﬂHHlefI CKOPOCTB CBETa.

l40p HosOpe 1940 r. OblJIO 3aKJII0YEHO COIVIAIIEHHE, U3BECTHOE KakK «MIOHXEHCKHI PasroBop O PEJIUIHM», MKy MpecTaBuTe-
JISIMH KJIACCHYECKOH (PUBMKH U ITPEACTABUTEIISAMH TeopeTnieckoi (pusrku. [TepBblie 10/KHbI ObLITN TPU3HATH MATEMATHUECKHE PE3YJlb-
TaThl TEOPETUUECKON (PU3NKM M MPEKPATUTH MONTUTHUYECKHE HaNaJK1 Ha HUX. BpeMs nokasaso Kyja HUBIIM3ALMIO IPUBEIIO OTCYT-
CTBHE U MOJABJIEHNE KPUTUKH — TepMOsIJIEpHBIN YTIPaBIIsieMblii TEOPETUKAMU CUHTE3, TIOJTHOE UTHOPHPOBAHUE XOJIOJHOTO SAEPHOTO
pacrajia-cuHTe3a, XonogHoe nekrpudectso H. Tecna, Henonnmanue anturpasutanmu . Kun, . Cepna, B. Ilay6eprepa, rmpu nos-
HOM He3HaHUM CBOMCTB 95% TEMHOI MaTepuy 1 SHEPrUU.
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OH nipefarain takxe onpeaenuts [IpoctpanctBo BeeneHHoi (pu3nyeckum rpaBUTallMOHHBIM
nosieM. OOIIen3BecTHa CBSA3HOCTh MPOCTPAHCTBA € (DU3HYECKHMU MOJSIMH, 2 Yepe3 aTOMBbI
U C BUJAUMON CTPYKTYpPUMPOBAaHHOI MaTepHel U (pOpMOHN €€ CYIIECTBOBAaHUS — JABUKEHHEM
1 u3MeHeHueM. OnHako puinocodbl HUKOIAA HE 3aJyMbIBAJIMCh HAJ TOUHBIMH OIpeeSICHUSIMU
Matepud (a ¥ ryOuHa Mo3HaHusl (hOpM MUKpPOMATEpHH B TO BpeMs Oblia HEBeNMKa) U (opm e
CYILIECTBOBAHUS — CTPYKTYPbl M ICTOYHUKOB €€ OECKOHEUHO JIONTOM U CTAOUIbHOM KU3HU.

Tenepp, 4TO KacaeTcsi BTOPOM COCTaBJIAIONIEN PEACTABICHUS CBSA3HOIO MPOCTPAaHCTBA- Bpe-
MeHHu. [Tpu riryGokoM aHanm3e He yaaeTcsi OOHapyKUTh BpeMsl, KaK OfIHY U3 CYIIECTBYIOIHX (popM
MaTepuy U HeOTheMJIEMYI0 4acTb MOHATUS NpocTpaHcTBa. [IpeacTaBienue BpeMeH! B YeTBEPTON
KOOp/AMHATE-MeTpUKe MUHKOBCKOTO — 3TO €CTh MCKJTIOUUTENIbHOE CYOBEKTUBHOE MOHSTHE YeIOBEeKa
IUTSI CO3JAHUSI MAaTeMaTUIeCKUX Mojiesiel 4! onrcanus qBYKeHUs] M U3MEHEeHUs MaTepUH U3 OTHON
(opMBbI B Ipyryio, T.e. 3TO NPOAYKT MbIIIJIEHHsI YeJoBeKa, a He (popMa MaTepuu 1 yx TeM Oosee
HE SIBJICHUE TTPUPOIbI.

['€nenb naeT cOOCTBEHHBIN BBIBOJ O CYIITHOCTA BPEMEHHU:

«Bpemsi — amo omHio0b He cneyuguueckas xapaxmepucmuka ovimus... A He eepro 8 00BeK-
MUBHOCMb 8peMeHU. .. Bpems — cybvexmusto, no kpatineii mepe, K020a OHO NPUHUMAENICSL 8 CMbICAE
Hawteli e20 UHMYUMUGHOU KOHUENYUU: MO MOMcen Oblib NPOSICHEHO NYmeM HAOA00eHUs pabomvl
yma... Hawa ecmecmeennas, CKAOHHOCHb MbICAUMb PUSUMECKULI MUD KAK NPOCMPAHCIMBEHHO-8pe-
MEHHOU — pe3yAbmam Haulell NPUEbIKIU ACCOUUUPOBANMb NPUMUHHOCTL C 6DEMEHEM U USMEHEHUEM>.

[Tostomy I'€neinp npuiiesn K BHIBOAY, UTO BPEMS — UAAHO3USL.

He cymiectByeT u abcomoTHOE BpeMsi C TIEPBUYHBIM HAa4aJloM OTCUETa BpeMeHH rocie Bob-
IIIOT0 B3pHIBA, a TAKKE «Cmpend épemeHu» 1o XOKKUHTY. SIBJeHre mpupo/pl, Kak 4acToTa coObl-
THIA OOpaTHO TPOIOPLMOHAIBHO BPEMEHH, 9TO YACTOTAa JEKTPOMATHUTHBIX M 3BYKOBBIX BOJH,
yacToTa KoieOaHWH MarHUTHBIX M TPaBUTAIMOHHBIX MOHOIOJIEH, 4YaCTOTAa BPAILCHUS IUIAHET
Y 3BE37 U T. J. DTO SIBJIEHHE 3aMe4YaeM IOBCIO[y B PUPOJE. A BpeMsl — 3TO BUPTYyaJIbHbIIl BTOPO-
CTEeTeHHBIN mapameTp, BBenEHHbIN B cucteMy CU, [1s1 onucanusi TAKUX 4acToT, a TaKXkKe JIBUKCHUS
Y U3MEeHEHMsI CTPYKTYPUPOBAHHON MaTepuu C MOMOIIBI0 XOJOJHON 0e3MaccoBOH U si/IepPHO-
ME30HHOM IUIa3Mbl. A BOT JIBUXEHHE M M3MEHEHHE MaTepUU CBSI3aHO TOJbKO C €€ IHepruem
U nNpu e€ poauTebckoil posan. ToT dakrt, yTo MBUIM3ALMSA Ui YI0OCTBA UCHONB3YET ITOT
napaMeTp Jyisi aOCOMOTHBIX METOK TeUeHHsI CBOSH KU3HH, SBOIOLMHU CTPYKTYPUPOBAHHON MaTepUH
u B cucreme usmepenuii CH, He MOXeT CTy)KUTh OCHOBaHUEM [Isl OMPEEIeHUs ero, Kak OIHOU
13 popM CylleCTBOBAHUS MAaTEPUU.

MHOTOBEKOBBIE U3bICKaHUsI Pa3IMUHBIX (DOPM MPE/ICTaBICHUs] MPOCTPAHCTBA, B YACTHOCTH,
JICKPETHOr0 mpocTpaHcTBa'??; a Takxke B popme 3upa  PU3MIECKOro Bakyyma, He Mpornain
napoM. CtaTMyeckue MarHUTHOE, 3JeKTpHYecKoe 1 rPaBUTAIIOHHOE 11016 HEBO3MOXHO pac-
CMaTpHBaTh B OTPHIBE OT CTAIMOHAPHBIX HWCTOYHWKOB WX TOPOAMBIIMX — CBSI3b PAaBHOBECHOTO
COCTOSIHUSI CHICTEMBI «MCTOYHHUK-TIONe». Hao00pOT 3/1eKTpOMarHuTHOe U 3BYKOBOE MOoJie OTIIH-
yaeTcsl OT Ha3BaHHBIX TE€M, YTO MCTOYHHMK M €ro Iojie B HEM pOXKIAIOTCS B pe3y/bTare AUHAMU-
YECKOro M3MeHeHMsI 1oJell (M3MEHEHVE BEeJMYMHBI 3apsja UCTOYHMKA) U MCYE3al0T MOocJie10Ba-
TeJIbHO I10 Mepe MPOIBUKEHNS (DPOHTA BOJIHBI B IPOCTPAHCTBE CO CKOPOCTBIO CBETA MJIM CKOPOCTU
3ByKa. Bce M3BecTHbIe U HEU3BECTHBIC €IE SIBJICHUS M3MEeHEeHMH BO BcesleHHON B3auMOCBSI3aHHbl,
KaK B )KUBOM OpTraHHU3Me.

Jlioboe W3MeHeHHe 3JIEKTPUYECKOro MOl TMOPOXKAAET MarHUTHbIE MOHOMOMM  (TIOJIs)
¥ HaoOOpoT, MoO0e W3MeHeHUe (BpalleHHue) TPaBUTAIIOHHOTO TMOJISl TPUBOIUT K 3apOXKIEHHUIO
MarHUTHOTO MOHOIIOJNSA (TI0J1s1) ¥ HA0OOPOT.

141 o
70 OBLJIO TUCEMEHHO 3aKPEIVIEHO B TPETHEM ITYHKTE IMAKTa «MIOHXEHCKUI PasroBOp O pEJIUTUn».

142 7 Cvoman. Atomsi NPOCTPAHCTBA U BpeMeHH. «B mMupe Hayku», arpens 2004.
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CoBpemeHHas1 HayKa IPU3HAB, HAKOHEL, YTO B (PU3MUYECKOM OTHOILIEHUU IIPOCTPAHCTBO Ipel-
CTaBJIsIeT COOOM HEKUH CIIOXKHBIA 00beKT — (hu3HdecKuil Bakyym'*’, TeM He MeHee, B IOJTHOU
Mepe He MPU3HAEeT 3a MOCIEAHUM BaKyyMHO-IIOJIEBOTO COCTOSIHUSI MaTepuu, Kak ofiHoW u3 ¢popm
e€ cymecTBoBaHus . lI3yueHrnem CTpyKTypsl HPOCTPAHCTB U €70 JUCKPEeTHOCTH Mbl U3HAYAJIbHO
00513aHBl UCTOPUM PA3BUTUSI WHTYUTHUBHBIX MpejcTaBieHuil 00 3cpupe. Wpes sdpupa kak Mupo-
BOI1 cpeibl HEOJHOKPATHO BbIIBUrasach elie ApeBHUMHU puiiocodpamu. PazBuTrie BOIHOBOM Teopun
CBETa, OTKPHITHE €r0 JIEKTPOMArHUTHOM MPUPOJIBI e1rie OOJIbIIe YKPENUIo MO3ULUH dpupa.

Tak B nanékom 1717 rony B kaure «Ontuka» M. HeloToH B (hopme BOITPOCOB U OTBETOB U3JIa-
raeT CBOIO TOUKY 3peHMsI OTHOCUTEIBbHO 3upa. Tak, rpaiueHT MIOTHOCTU 3pupa (1ose) mpu nepe-
XOfie OT TeJa B POCTPAHCTBO MPUMEHSIETCS 1711 OObSCHEHUSI TATOTEHHUsI, TPY 3TOM 3(Up Mojapasy-
MEBAETCsl COCTOSIIIIMM U3 OTIEJIbHbIX YaCTHUL.

«Takoe so3pacmarue NAOMHOCIIU HA OONLUUX PACCIOSIHUSIX MONCeM ObliNb
Upe3BbIUALIHO MEONEHHbIM, OOHAKO eCAU Ynpyedasi CUAA MO cpedbl UPe3BbIUAliHO
BeAUKA, MO 3M0O20 B03PACMAHUSL MOdNCEM OblMb 0OCMAMOYHO OAsl MO20, UMoObl
ycmpemasmos meaa om 0onee NAOMHLIX HAcmell cpedbl K Oonee PaspedCceHHbiM
CO @cell Mot CUNOI, KOMOPYIO Mbl HA3bIGAEM MAZOMEHUEM.

M. ®dapapeii, yBepeHHbII B CyILIECTBOBaHUM 3(pupa, MPEACTaBIsAT €ro Kak COBOKYIHOCTb
HEeKMX (PU3HYEeCKHX CHJIOBBIX JHHHI. BOT, YTO OH NUINET O HUX:

Paznen 1449, Tom 1 — «...OHu uzobpasxicaiom smu Kpugvle Mmaxdice Xopouilo, KaK Hcene3uvle
ONUNKU UZ00PANCAIOM MAazHUMHble Kpugble...». VI npu 0ObSCHEHUH MTPUTSKEHUS WITH OTTAIKUBA-
HUs MarHUToB B cBOEM TpeTbeM ToMe (M3aarensctBo AH CCCP, 1959 rog B paznene 3298):

«Cmpemanenue MAzHUMHBIX CUNO0BLIX AUHUIL YKopauusamvcsi (3266, 3280)
BNONHE COBMECHIUMO C MAKUM npeocmasnenuem. Imom pesyromam Oyoem umens
MECMO He3aBUCUMO Om MOo20 KAKOe COCHOSHUe NPUNUCLIBAMb DUIUUECKUM
CUNOBBIM NUHUSAM: OUHAMUUecKoe unu cmamuueckoe (3269)» — 6 mapra 1852 rog,
KoposneBckuii UHCTUTYT.

Opnako Papajieit He CMOT' PaCKpPhITh TIPUPOLY U CTPYKTYPY MeXaHM3Ma POXKJICHUS CHJIOBBIX
JMHUMN.
JI. MakcBen, coriacHbi ¢ 3(hupoM-cpeior, 0OOCHOBBIBAET €€ CIIEAYIOIIM 00pa3oM:

«/leiicmeumenvro, ecau 6000wie IHepauUsL nepedaemcsi om 0O0HO20 mend
K OpY2oMy He M2HOBEHHO, A 3a KOHEUHOe 8PeMsl, MO OO0NNHCHA CYU,ECB08aNb Cpeod,
6 KOMOpOI OHA 8PeMEHHO npeodvbléaem, OCMABUE Nepeoe Mmeno U He O0OCHMUZHYE
émopoeo. Ilosmomy éce meopuu 0ONIHCHBL NPUBECU K NOHAMUIO CPeObl, 8 KOMOPOU
U NPOUCXOOUN FMO PACNPOCMPAHEHIUE IHEP2UU».

C OnHOUM CTOpPOHBI, NEPBBIE NONBITKM OMMCATH CTPYKTYpPbl MOJEH TOYEUHBIX HMCTOYHHUKOB
(HarpuMep, rPaBUTAIIMOHHBIX, MATHUTHBIX U 3JIEKTPUUYECKUX) CKOpee HOCSAT YMO3PUTEJbHbINA Tpa-
(uyeckuit XxapakTep — 3TO paclipeeieHre B TpeX KoopAuHaTax yOblBaHHs MOTEHIMAJIA C POCTOM
PacCTOsIHUSL OT UCTOYHHUKA.

3akoHbl B3aumoaeiicTBusi mojei. Hanbonee HarnsaHas WUTIOCTpaIys 3aKOHA MOJHOTO
YHHYTOXKEHUsI SHEPriU — 3TO Mpoliecchl HHTepdepeHuH MPOTUBOMNOJIOXHBIX MO 3HAKY 3E€pEH-
MOTEHIIMAJIOB BOJTHOBOJIOB 3JIEKTPOMArHUTHBIX BOJIH OJIM3KHX 10 YaCTOTE UCTOYHUKOB.

143 JaHHOM KHHTe (PU3MUYECKU BaKyyM, pOk/IeH JTbHOACHCTBYIOIIMMY rpaBUTalioHHBIMU nosisiMud YCT, o6pasyonmx 30Hb!
XOJIOTHOW 6e3MaccOBOH TIa3Mbl OKOJIO 3BE3]I, IJIAHET, TAJIAKTHUK M CKOTUICHUSIMH TaJIAKTHK, KOTOpble 00beqHeHb! TakuM [IpocTpaH-
CTBOM-TI0J1eM BcesleHHO# IBYX TUIIOB UCTOUYHUKOB € ITPOTUBOIOJIOKHBIMU 3HaKaMU I'PaBUTALIMOHHBIX 3apsAaoB — sAapa YCT u aromHo-
MOJIEKYJISIPHOE BEILECTBO, 3aposkJatolieecs Ha IulaHeTax U 3Bé3nax. M sto [IpocrpancTBo-none 3anonHeHo ['anaktukamu, 3BE€30amMu,
TUIAHETaMU, aCTepOMIaMy, MUKpodacTiuiaMu, DMB, ra3onbsuieBeIMU 00J1aKaMK 1 JIPYTMMU BHIOPOCAMU C aKTUBHBIX 3BE3]] U paciiajia-
JOIUXCs TUIAHET.

80



A. A. Hlappun. «Crpykrypa mupo3aanus Beenennoin. Yacts 1. Mukpomup»

JpyruM npumMepoMm SIBJISIIOTCS] CUJIOBbIE JIMHUHU TIOJIeH IByX MCTOUHHMKOB, MTPOSIBIISIEMbIE, KaK
JeliCcTBrE NHTepP(epeHIuN.

[Mpoueccyl uHTEpdepeHur (POTOHOB TOKA3BIBAIOT AHHUTHJISAIMIO [TPOTUBOIOIOKHBIX
MO 3HAaKy 3EPEH-3MEKTPONOTEHIIMAIIOB B HEKOTOPHIX (DAa30BBIX TOYKAX C TMOJHBIM MX YHUYTOXe-
HUeM. B mporecce uHTephepeHIUN MarHUTHBIX TOTOKOB 3EPEH-TIOTEHIMAIOB U3 MPOTUBOIIO-
JIOKHBIX TIOTIOCOB CTAIIIOHAPHBIX MAarHUTOB MPOMCXOAWUT aHHUTWJIAIMS 3EPEH C MOJHBIM YHHUTO-
KEHUeM JIMHeHOTO TMPOCTPAHCTBA MAHUTHOM XOJIOMHOW Oe3MacCcOBOW IUIa3MOM ITHUX TMOJIeH —
POXIAIOTCS CUJIOBBbIE€ JIMHMM MAarHUTHOTO TIOJisl M NMPHUTSI’KeHHe MCTOUYHMKOB. Takoe pacrpene-
JIeHUEe KCTIEPUMEHTATbHO TIOATBEPIKIAETCSI, HAIPUMEP, KAPTUHOW pacipeiesieHus] MeTaTTMYeCKUX
OINMUJIOK'* B KPUBBIX CHJIOBBIX JUHHSIX'® Ha TJIOCKOCTHU JICTa OymMard, pa3MemEéHHOro HaJl TIOo-
CaMU JIBYXTIOJIIOCHOTO MarHWTa, PAcIoNOXKEHHBIX MOJKOBOOOPa3HO — BIEpBble 3TO Habmoman M.
dapaneit. [MonsaTus «cunosvie aunuu» N «cuaoéoe noae» OblIN BriepBble BBeeHbl PapaseeM, KOTO-
PbIi HE MOTYYMT YHUBEPCUTETCKOrO 0Opa30BaHMsl, YTO HE TIOMEIIATI0 eMy OTKPBITh BEJTMKUI 3aKOH
aneKTpoMarHuTHON MHAyK1mu (AMMUN). Iloctpoenue Takux rpapuueckux pacnpeaeieHuil BO3MOKHO
U ¢ (pUBUKO-MaTEMaTHUECKUX TTO3UIINH, T.€. YUCJIEHHO-IIM(POBON pacyeT NOTEHIIMAIOB B 3aBHCHMO-
CTH OT KBajIpata pacCTOSHUS MeXy UCTOYHUKAMH To 3akoHam '*¢ HelotoHa, Kynona, bro-Casapa-
Jlarmaca. OfHaKo [0 CHX MOP OTCYTCTBYIOT JOCTOBEPHBIE MUKPO(MHU3UYECKUE HAIISJHBIE Tpe[-
CTaBJICHUs] MEXaHU3Ma MPOU3BOJCTBA, MPUPOIBI U CTPYKTYPBl POXKIECHHUS CHJIBI M CHIIOBBIX JIMHUNA
B TaKUX JMCKPETHBIX MPOCTPAHCTBAX-MOJISIX.

He ompenenena B CAII crpykTypa M B TakMX B3aMMHBIX MHMKPONPOCTPAaH-
CTBax-MoJIel B aTOMaXx, KOTOPbIE POKIEHBI C TIOMOIIBIO BCTPEUHBIX MOJIEH aTOMHBIX sIIEP U EKTPO-
HOB aTOMHBIX 000JIOUEK, KOTOpasi ¥ MOPOXKAAET TUHAMIUYECKH PABHOBECHOE IIPOCTPAHCTBO U pa3Mep
crabmibHOrO atoma. OYeBUIHO, YTO JUCKPETHbIE MPOCTPAHCTBA — 3TO MHTErpajIbHbIE JOUEpHIE
MIPOYKTHI MOKOSIIUXCS M IBHKYIIUXCS 3€PEH-TIOTEHIMAIOB CTAIIMOHAPHBIX UCTOYHUKOB TATOTE-
HUS1, JIEKTPUYECTBA U MarHeTu3Ma B popme (pU3nNYecKHuX MmoJje.

Puzuyeckue MoJ:

— 3T0 0OBEMHBIE TIPOCTPAHCTBA U IMHAMUYECKHU PEry/IsipU30BaHHbIE pacrpenesieH s Moei
ABWXKYIIUXCS 3€PEH-TIOTEHIMAIOB OT MX CTAIMOHAPHBIX MICTOUHHUKOB,

— 3TO ¥ MPOCTPAHCTBO 3aPSKEHHBIX KBAHTOB, COCTABJISIONINX M ONPeAeSIIOIUX TTOIBIK-
HBII 00bEM HeNpePHIBHO

OOHOBJISIEMOTO JMCKPETHOI0 MOJS-NPOCTPAHCTBA BOKPYT MCTOYHUKA.

Takum o0pa3omM NMpocTpaHCTBA POKAAIOTCA (PU3HYECKHMH INOJSIMH HCTOYHUKOB.
Kpome poxeHnst AMCKPETHBIX NPOCTPAHCTB (PU3MUECKUMU MOJISIMUA JMHAMAYECKU ABUKYIIUXCS
3€peH-TOTeMAIOB HEOOXOAMMO 3HAaTh U MEXaHHW3M MTPOU3BOICTBA MX KBAHTOBAHUSI, TOCTOSTHHOTO
OOHOBJICHUS 1 U3MEHEHHS.

Xouoanasi 6e3maccoBasi miasma. [lons ABYX NMPOTUBOIONOKHBIX MO 3HAKY MCTOYHUKOB
COCTOAIT M3 TMHAMHYECKOTO MOTOKA COOTBETCTBYIOIIUX M OJHOMOJISPHBIX JBYX MOTOKOB KBAaHTOB
MIPOCTPAHCTBA-TION S 3EPEH-TIOTEHIINAJIOB C IPOTUBOIOIOKHBIMY 3HAKAMU. A aHHUTWIISIIIUS B TAKUX
MOJISIX MPOTHBOMOJIOKHBIX 0 3HAKY KBAaHTOB 3EPEH-TIOTEHIIMAJIOB MTPOCTPAHCTBA-TIONS YHUUTO-
’KaeT camo TOJIe-TIPOCTPAHCTBO B 30HE XOJIOAHON 0€3MacCcOBOM MJIa3Mbl, YTO MOPOXKIAET KPH-
Bble CHJIOBBI€ JIMHHMHM B3aMMHOTO TIOJISI M CHJIY TUCTAHIIMOHHOTO MPUTSIKEHHS] STUX UCTOYHHUKOB,
CIIOCOOCTBYIOIMIMX COMMKEHUIO-CTSTUBAHUIO TIOJBIKHBIX MCTOYHUKOB — HAaIlpUMep, 3akoH KyroHa.

Ecnu nBa motoka B BUJIE BOJIHOBOJOB (BUXPEBOE MOJIE) 3€PEH-TTOTEHIIMAIIOB C TPOTUBOIOIOXK-
HBIM 3HAKOM CXOASITCSI UMIUIO3MEH 110 OTHOM OCH B OJIHY TOUKY, TO 00pa3yeTcsi TOUKa 30HbI XOJIO/I-

144 Ommky HaxoAATCA B HEKOEM MPOCTPAHCTBE, TIOCHE YHHUTOKEHHS STOTO MPOCTPAHCTBA, OMMJIKK NIeperpyIMpPYIOTCs i cOm-
JKaIOTCS IPYT C APYTOM B 30HE AEHCTBYIOIIEH XOMOAHOM MIa3Mbl

145 TTpuuém, uem Gnske MCTOUHMKM PACTIONOKEHBI PYT K APYTY, TeM HHTCHCHBHEE NPOSBICHNE KPUBI3HBI CHIIOBBIX JIMHHUIA.

146 3akon Hbi0TOHa B aHHO# KHUTe YTOYHEH, OH IOJIHOCTBIO COBIaziaeT o ¢opMme ¢ 3akoHoM KyitoHa — 06e BzanmozeiicTyomme
MAacchl UIMEIOT 3HaK 3apsifia, HO TOJIBKO I'PaBUTAIIMOHHBIN.
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HOU 1u1a3Mbl — YépHas apipa. Bo Bcex ocTabHBIX Cllydasix reoMeTpusi 30HbI XOJIOJHOH I1a3Mbl
MOXET OBbITh MPEACTaBIEHa, KaK OKPYKHOCTb, yra OKPYKHOCTH, TOBEPXHOCTb, HEKUN TPEXMEPHBIH
00BbEM, HaNpUMep BHYTPEHHUI 00BEM aToMa ISl MEKTPUIECKON XOJOTHOM I1a3Mbl. Ipyrum mnpu-
MEpOM TaKOi reOMeTPHH SIBJISIOTCS CEeTKH TMEepeceKalomuxcsi 30H XOIOAHOW 0e3MaccoBOM Tpa-
BUTALIMOHHOM IJIA3MBI 110 MIOBEPXHOCTH KOHTYPOB I'ajlakTHYeCKHUX HUTeH, CTeH, CBePXCKOILIe-
Huii FanakTuk, PuIaMeHTOoB, JIeXkaluX 10 TPAHUIIAM Mek/Ty OOJIBIIIMMHU ITyCTOTaMH (BOH1aMU )
1 00pa3yoIux KPyNHO-MacITa0HyI0 ss4encTyro cTpyKTypy [IpoctpancTBa BeeneHHOIA.
3ajava npeacTaBieHUs] JMCKPETHBIX IPOCTPAHCTB JEJIUTCS Ha JBE.

Opna - npeacrabiieHre NPOCTPAHCTB B (pOpME HEOT/IEIMMOrO €MHCTBA BHEIIHUX IOJIEN
BOKPYI MX CTAIMOHAPHBIX HCTOYHHMKOB — IEHTPAJbHO-IYJbCHPYIOIIHE MOJsI, B TOM YHCIE,
MUKPOIIOJIEW BOKPYT JIEKTPUUECKOro 3apsija U 3apsjia MacChl JIEKTPOHA, aTOMHOIO s1Ipa U T. A.

Bropas — npejcraBieHe €AMHCTBA C IEPBBIMU OTHOCUTENIBHO CTAIIMOHAPHBIX KOHTYPOB MHUK-
PONPOCTPAHCTB MUKPOYACTHI, YCTAHABIMBAEMbIX UCTOUHUKAMH SHEPrUu B (popMe BHYTPEH-
HMX I10JIeHl C IOMOIIIbI0 BUXPEBbIX HCTOYHHUKOB IBHKEHHS U N3MEHEeHMUsI.

B MukpomMupe 3T MHKPONPOCTPaHCTBa OyIyT cO3/1aBaTh BHYTPEHHIOK CTPYKTYPY TpeKa
(poToHa, BHEUIHMX MOJNEN MEKTPOHA, SAEP U ATOMOB XMMHUYECKHMX JIEMEHTOB M T. A. B Makpo-
MUpE 3TU IMCKPeTHbIe MUKPONPOCTPAHCTBA -0 OYIyT CO3AaBaThCs 3apsiiaMu (MUK POBHXPO-
HaMM — UCTOYHUK ) ITPU UX 3apsiIKe-pa3psAKe BUXPEBbIMU NOJISIMU CITUPAJIbHBIX BOJTHOBOOB (T10J1€)
13 3JEeKTPONOTEHIHAJOB WY IPaBNOTEHINAJIOB — IEPEHOC 3apsAa-3HEPrUU C UMIUIO3UEH-IKC-
io3rel B (hopMe 3E€peH-TMIOTEHITNATIOB 0e3 JEeKTPUYECKOro M I'PaBUTAIIMOHHOTO TOKa. U Tombko
T10CJI€ 3TOrO B POBOIHMKE HACTYIAET POM3BOACTBO IEKTPUUECKOTO TOKA M TOKA IPaBUTAILIMIOHHOTO
(3BYK). BmecTte Te u ipyrue o0pasyioT «KHMBO€» BeleCTBEHHOE JUCKPETHOEe MPOCTPAHCTBO-
noJie.

Crnenyer OTMETUTD OTHO OYE€Hb BasKHOE CBOIICTBO PA3JIMYHs IPABUTALMOHHBIX [10JIEW — 3TO
nonst ot 6ompimx 1o pasmepy saep UCT ranakTuk, 3BE31 M aKTMBHBIX TUIAHET W TOJIS MEepeHoca
3ByKa I'paBUTALIMIOHHBIMUA MOHOMOJISIMA MeXaHN4YeCKHX BUXPOHOB B KJIaCT€pax BEILECTBA, a TaKxke
T0J151, KOTOPBIE MPOSIBIISIOT 3(PEKT «Macchl» B Kjactepax B nose tarorenust 3eman u ConHua. 9tu
TOJIS1 POK/IAIOTCS] YUACTUEM OJHMX M TEX K€ 3€pPEeH-TPaBIOTEHIIMAIOB C IPOTUBOMNOJIOKHBIMYU 3HA-
KaMU M JBUKYIIMXCS IO Pa3HOMY — OJIHU CO CBEPXCBETOBOW CKOPOCTHIO, APYTUE€ BCTPAUBAIOTCS CTa-
LIMOHAPHO B IMCKPETHOE [TPOCTPAHCTBO-TI0MIE. AHAJIOTMYHBI TAKUE Pa3INyus U U151 MOJIEN JIeKTPO-
MAarHMTHBIX BUXPOHOB.

Takue npocTpaHcTBa SIBJSAIOTCSA OAHUM U3 MPOAYKTOB (POPM SHEPIuu, IBUTAIOIIUX U U3MeE-
HAIOIIMX MaTepUI0 KOHTYPOB JIEMEHTapHBIX YacTHI] U3 3€peH-NoTeHIuaoB. CBOMCTBA BHEIIHUX
MOJIed TOrO WM MHOTO CTAlMOHAPHOI0 MCTOYHMKA, IPUCYTCTBYIOUIETO B JAHHOW TOYKE IPO-
CTPaHCTBA, HAJIEJISIET €ro CBOMCTBOM IPOU3BOJCTBA HEKOM PEry/IsipHO-CHIIOBOM MPOTSKEHHOCTH 00b-
ema (CHJIOBOE T10J1e, CUJIOBBIE JIMHUW M UHTET pajibHbIe MOTEHIMANBI TIOJIsT), KaK (DYHKIIMHU YOBIBAHUS
TOTO WJIM MHOT'O MOTEHIMaIa OT LIEHTpa, B KOTOPOM Pa3MElIEH TaKOM UCTOYHMK. Takue ross meH-
TPAJbHBI U «Pa3/lyBaloTCsI» OT LEHTPAa UCTOUHMKA PETYJSPHO U C ONpPEIESEHHON 4acTOTOH, Kak
«OTOpOIIEeHHbIE» KOHTYPbl OOHOBJIEHHBIX JIeMEHTAPHBIX YacTril. OCHOBHOE CBOMCTBO TaKMX LIEH-
TPaJIbHBIX MOJIEN MPOSBIISETCS M0 AUCTAHIIMOHHOMY B3aMMOAEUCTBUIO (MHTep(depeH1Inn) ¢ APYrUMU
MOJISIMU OJJHOTHIHBIX MCTOYHUKOB (FPaBUTAMOHHBIMU, JEKTPUUYECKUMHU WJIM MATHUTHBIMH) —
NPUTSZKeHHe MYTEM YHHUYTOKEeHHUsI IPOCTPAHCTBA C MOMOIIbI0 aHHUTWJISILIMKU TIPOTHUBOIMOJIONK-
HBIX I10 3HAKy 3€pEeH-TIOTEHLIMAJIOB B 00pa30BaBIIeHCs MEXa1y HUMU 0OBEME XOJOIHON Oe3macco-
BO IJTa3MBl, YTO MPUBOAUT K POXKJICHUIO CHJIOBBIX JUHHII B3aUMOJCUCTBYIONMX mojield. HaoGopor,
OTTAJKHBAHHE OIWHAKOBO 3apsDKEHHBIX MCTOYHMKOB MPOUCXOOUT 32 CUET yBeIWYeHHe 00bEMa
MIPOCTPAHCTBA U3 3ePEH-TIOTEHIIMAIOB OJHOTO 3HAKAa, TPOM3BOAMMBIX TAKUMHU UCTOYHUKAMHU.

Bormnpoc — nouemMy 3111 cHyI0BBIe JTUHAH NOSBIISIOTCS ? KakoBa nprpoa BO3HMKHOBEHU S CUIIbI
B3aMMOJEUCTBUS TakKUX MCTOYHUKOB? IloueMy nosBisiercsi uHTEpdEpeHLsl NEeKTPOMArHUTHBIX
BOJIH U MHTep(epeHIIrs BHEITHUX TOJIeH UCTOYHUKOB TOJIBKO, €CJIM MCTOYHUKOB OOJIBIIIE OIHOTO,
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Y TIOYeMYy CUJIOBbIE JIMHUU TaKOW MHTep(epeHIInn Bceraa MpUCYTCTBYIOT B MATHUTHBIX M JPYTHX
nonsx?

[Mpu >TOM KaxJplii peajbHO CYIIECTBYIOIIMH CTAMOHAPHBIA HMCTOYHHUK, OyIpb
TO SiApa TaJaKTWKW, 3BE3[bl, IUIAaHETH, TOPHAJO, AaroMa WM 3JEKTPOHA, JOJKEeH
UMeTh 3HAK'Y 3apsia Macchl WM JIEKTPUYECTBA, a IBWKEHHUE el€ U BEKTOP HarpaBiIeHHs —
3TO 3aKOH NPHUPOAbI!

Jl71s1 ompenesnieHusi KOHKPETHBIX OHATUH CHJIBHOTO M ¢JIa00ro nposiBiieHui (popm matepum,
a TaKxe OoJiee HArJISIAHOM IeMOHCTPALIMK OPTaHMYHOM CBA3HOCTH MTPOCTPAHCTBA C TI0JIeM B (hopme
3¢peH-TIOTEHIIUATIOB COOTBETCTBYIOILLETO «3¢hupa», MOKHO TOJILKO BBe[lsl OMpeieieHI e eIllé U HeBe-
I[eCTBEHHOr'0 MTPOCTPAHCTBA.

HeBengecTBeHHOE MPOCTPAHCTBO HE COIEPKUT B ceOe HUKAKUX (DOPM MaTepru U SHEPrHH,
VCTOYHUKOB JBMKEHHS M MOTEHIIMAJIOB — HOJb MPOCTPAHCTBA, HOJIb TPABUTAIIMOHHBIX MOTEHIIMA-
JIOB, HOJTb MATHUTHBIX TIOTEHIIMAJIOB, HOJIb EKTPOCTATUYECKUX IMOTEHINAIOB ¥ HOJIb IBHKEHHMS, T.€.
aOCOJIIOTHBINA HOJIb TEMITEPATypPhl WM HOJb JIEKTPOMArHUTHBIX BUXPEBBIX MOTEHIMAIOB. [ToaTomy
(bopma ero cyiecTBOBaHMsI HE UMEET HUKAKOIN T€OMETPUYECKON MM (PU3NYECKOI KOH(UTypaluy —
TOYKA, JIMHUS, TUIOCKOCTh, 00BEM MJIM KaKOH-TMO0 BUA MycToThl. HO mpu 3TOM OHO HOMKHO 00na-
JaTh BEChMa XapaKTePHBIM CBOMCTBOM — CIOCOOHOCTBIO MOAAEPKUBATh B HEM3MEHHOM COCTOSTHUN
Kakue-1M00 KBaHThl aMOP(PHOro (3¢pHa-TMIOTEHIIMAIIBI) WM BelieCTBEHHOI0 MPOCTPAHCTBA MpU
UX TIONaIaHNY B HETO WJIM MX CBSI3aHHOW IT€OMETPUYECKU COBOKYITHOCTH.

EcTh HEOOXOIMMOCTD TaK:Ke BBECTH M OIPEACIUTh aMOP(PHOE ITPOCTPAHCTBO (UCTOPUIECKUI
TIOKOSIIITMIACS 9(pUP), KaK HEKYIO 3apsDKEHHYIO Ta30Mof00HYI0 CyOCTaHINIO, KOTOpasi He COEPKUT
B CBOEM 00BbEME HUKAKUX CTANMOHAPHBIX MCTOYHHKOB TOJIE U HUKAKUX BHXPEBBIX HCTOY-
HHUKOB JIBHJKeHHs (3apsiloB dHEPrum), HO MOXET COAepXkaTb BCE BHIIIE HAa3BaHHBIC IMOTEH-
[UaJbl-3€pHA WA WX T€OMETPHUYECKH YMOPSJOYEHHbIE COBOKYMHOCTH. DTO U OyIeT OomnpenessiTh
ero HEeKOTOPYIO OIpe/IeNICHHYIO JIOKAJIbHO KOHCEPBUPOBAHHYIO, OECIIPEPHIBHO MEHSIIOIIYIOCS MO/
NENCTBIEM BHYTPEHHUX, BHOBb WH/IYKTUPYEMBIX TOJIEH, TEOMETPUYECKYI0 (pOpMY, COCTABIEHHYIO
U3 3TUX 3EPEH-TIOTEHLIMAIOB, HAlIPUMEDP, HEUTPUHO WM «SIMbl» B AajibHEM KocMoce BceneHHoi,
3aroHeHHbIE, HAPUMED, Ia30MOJ0OHBIMU 3EPHAMU-TPABIIOTEHIIMAIAMY C OJHUM 3HAKOM, HO pa3-
HOU BEJIMYMHBI IOTEHIIMAIA — 3TO 3apsi/i TPABUTAIIMOHHBIM MTOTEHIINAIOM, He COAEPXKaIlUi 3apsi10B
SHEPrHH, T.e. UCTOYHUKOB TaKUX TOJIEH.

ITH TpH MOHSTHUS — BellleCTBEHHOE, HeBellleCTBeHHOe 1 aMopHOe IPOCTPAHCTBO, SIBJIS-
I0TCSI HEOOXOAMMBIM JIOTIOJTHEHUEM B OIpeieNieHUs] JOUSPHHUX MPOLYKTOB 3apsiga SHEPrud — JHC-
KPETHOT0 MPOCTPAHCTBA, KaK OIHOU U3 «C1adblx» (POPM MPOSIBICHUS MATEPHU.

Tpancdopmarusi UICTOpUYECKOro 3upa B HEKOE JUHAMUYECKOE BelleCTBEeHHOe 3ePHICTOe
MPOCTPAHCTBO-TIONE (MCKPEeTHOE MPOCTPAHCTBO) OyleT BechbMa IUIOAOTBOPHBIM JOTIOJHEHHUEM
s 6onee TIIyOOKOTro MO3HAHWS BeeX (popM Marepuu, B TOM YHCIIE U COBPEMEHHOTO TMOHSTHS
«pusuueckoeo eaxyyma» Bceenennoit. IlpoctpancTtBo-3¢up B opMe 3EpeH-MOTEHIIUATIOB, U3JTY-
YaeMbIX Pa3MYHBIMKM 3apsJaMd HCTOYHUKOB T'PABUTAIINM, JIEKTPUYECTBA, MarHeTH3Ma M ecTh
camoe cJiaboe mposieieHue (popMm mMarepud, T.e. (GOpM MPEALIECTBYIONNX IEMEHTAPHBIM YaCTH-
am. Pa3zmep'*® 3epeH-moTeHIHAM0B 3(brpa MHOTO MEHBIIIE JIaXe M0 CPABHEHUIO C TIAHKOBCKUM

pazmepoM (10~ cm), Tak uTO HAKe Ha YPOBHE OOBIYHBIX JIEMEHTAPHBIX YACTHI] €r0 MOXHO pac-
CMaTpuBaTh, KaK CIUIOMHYIO cpery. HeoOXomuMo TONMBKO OCO3HATH-TIOHATh U OINpPENESUTh B KOH-
KPETHBIX TEPMHHAX MaTepUabHOW (PU3MKHU sIBJIEHUI, a He B OOIIMX (PUIOCOPCKUX KATEeropusix,
MeXaHHM3M [MHAMUYECKOIO 3allOJIHEHUA-PA3lyBaHUsl KOHKPETHBIM IOTOKOM 3€peH-IIOTeHIHAa-

147 o
B OTKPBITOU IMEYaTU UMEITCA pa60TLI, B KOTOPBIX NOKA3bIBACTCA aJIbTEPHATUBHAA TOYKa 3PEHUA, T.€. OTCYTCTBHE 3HAKOB
3apsja, a HaJln4iue OTJIMYUI OOBSICHSIETCS BETMUNHON 3apsia, KoTopast OOJIBIIIE UM MEHBIIIE CO CpaBHUBAEMbIM.
148 o .
Ha sto YKa3bIBalOT U OLIEHKU pasMepa JINH )le6p01/IJ'leBCKI/IX BOJIH UTd ABUKYIIETocA KJIacTepa TBEPAOro Tejia ¢ BECOM oonee
OJHOI'o Kujorpamma.
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JIOB BeI[eCTBEHHOr0 MPOCTPAHCTBA, a TaK:Ke OOpaTHBI MEXaHWU3M €ro IMpeBpalleHus] B HeBe-
IIIECTBEHHOE MPOCTPAHCTBO MyTEM aHHUTWJISAIMN'*’ TPOTHUBOIONOKHBIX 110 3HAKY 3EPEH-TIOTEHIIMA-
JIOB — T.€. MEXaHU3M YHIUTOKEHHS IMCKPETHOr0 MPOCTPAHCTBA 3¢pHAMU-TIOTEHIIMAIAMHU B 30HE
XOJIOHOM 6€3MaCcCOBOM TIa3MBbl TPOTUBOIOJIOKHOTO 110 3HAKY MCTOUHHKA.

PaccMoTpum BemiecTBeHHBbIE TPOCTPAHCTBA, Kak c1adylo MaTepuio B (opMe BHEIIHUX
(buzMYecKrX Mojed TeOMeTpUIecKr U AUHAMUYECKU pacrpee/IéHHbIX KBAaHTOBBIX MIOTOKOB TMOTEH-
[IMAJIOB-3EPeH OKOJIO CTATHMUYECKMX WM KBa3WCTAaTUYECKUX ' MHKPO ¥ MAaKpPOHCTOYHHKOB,
a TakXke KPyIMHOMACHITaOHYI0 CTPYKTYpy SYEUCTOro runeprnpocTpancTsa'>! BeeneHHOM, BKITIOYA-
oIl BUANMYIO, IPOMEKYTOYHYI0 ¥ HEBHAUMYIO YaCTH, HO B HEOThEMJIEMOW X COBOKYITHOCTU
C YKa3aHHBIMUA UCTOUHUKAMHU.

Utak, mepBoe — 3T0 mojieBble MPOCTPAHCTBA, 0OPa30BAHHBIE BHEITHUMHU TOJISIMH CTAI[MOHAP-
HBIX 'S?MCTOYHUKOB C MAacCOW TaKMX, KaK TPaBUTAIIMOHHbBIC, JMEKTPOCTATUIECKUE U MarHUTOCTATH-
YECKHe, T.e. COOTBETCTBYIOIIUN MyJdbCHPYHOIIHN 3Dup.

Bropoe — 310 mpocTpaHcTBa (BUPTYyadbHO HOKoOsIMiicst 3(uUp), CO3IaHHBIE BHXpe-
BBIMH TIOJISIMU JIBMIKYIIMXCST O€3MacCOBBIX MCTOUHUKOB (MCTOUYHHKOB JBUKEHHsSI — BUXPOHOB)
Y, KaK MpaBuIIo, MPUBOJSAIIME K Oosiee CHIIbHBIM MPOSIBIEHUSIM B (pOpME MUKPOUYACTHII, BUXPEBBIX
T0JIel TOTOKOB BOJTHOBOJOB M3 3€PEH-TOTEHIMAIOB, KJIACTEPOB aTOMHO-MOJIEKYJISIPHOTO BEIECTBa,
3BE3]1, TUTAHET, TAJIAKTUK U T. .

IlepBoe co3naér pusznyecKue mojisi BOKPYr HICTOUHUKOB, KOTOpPBIE, B CBOIO 0Yepe/b, CHaYaIa
POXIAI0TCS BTOPBbIMHU. BuXpeBbie Moisi BTOPBIX POXKIAET BEIIECTBO U €ro M3MEHEHUs. YCIIOB-
HO'!3*Ha30BEM MEPBYIO — JUCKPETHBIMHI POCTPAHCTBAMMU, 2 BTOPYIO — BeIlleCTBOM HJIHM CTPYK-
TypupoBaHHOIl MaTtepueil. EcTb 1 TpeTbe, HO emE HeAOCTATOYHO M3YYEHHOE — 3TO KBAHTOBbIC
MPOCTPAHCTBA BUXPEBBIX MOJIEW, CO3aHHbIC BPAIIAIOIIMMUCS TeJIaMU C MAacCOi, B TOM YHCIIE, BUX-
PEBBIMHU TOKAMH YaCTHI] C MACCO B TeJie BEIIECTBA, M KECTKO MPUBSI3aHHBIE K HUM B BHJIC BHEIITHEH
000JIOUKU-«KOKOHA» -«ITyObl» BOKPYT BHEITHEH 3aMKHYTOW MOBEPXHOCTH TBEPAOTrO Tesa MO aHa-
JIOTHM SJIEKTPOHHBIX 000JI0YEK BOKPYT aTOMHOTO SiApa, T.e. TUHAMHUYECKH OOOJIOYEYHBIN, CBSI3aH-
HBIA ¢ Maccod mo e€ noepxHoctu 3pup. IlepBoe pacnpocTpaHsieTcss OT UCTOUYHMKA CO CKOPO-
CTBIO MHOTO OOJIBIIIEH CKOPOCTHU CBeTa!’* 1 MMeeT JIMIIb B CBOEM apceHalle TOJIbKO OeCCTPYKTYpHBIE
1o 00bEMY KBaHTHI 3€PHA-NOTEHIMAJBI, COCTABISIONINE «3(UP» Pa3HbIX UCTOYHUKOB — pa3HO-
uBeTHbI 3¢up. [Ipu 3TOM BTOpOE CO31aETCS MAarHUTHHIMA MOHOTIONISIMUA BUXPOHOB, JBUXKYIIIU-
MHUCSI TIPOIOIBHO C CKOPOCTBIO CBETA, M MIMEET OOJbIIoe pa3HooOpasue (opM CTPYKTYPHPOBAHHOM
MHKpOMAaTepHu OT (POTOHOB Y MUKPOYACTHIL IO aTOMHO-MOJIEKYJIIPHOTO BeIecTBa, a, B KOHEU-
HOM CY€Te, MPUBOAUT K 0Opa30BaHMIO PA3JIMUHBIX arperaTHpix (popM MacCMBHON MaKpoOMaTepuH
U runepmatepuu. I Tot u 1pyroii Bua MaTepur pon3BeJeHbl ICTOUHUKAMU, HO pa3HbIMH. OQuH —
IEKTPOMArHUTHBIM JUHAMUYHBIM MPOIIECCOM CAMOJIBUKEHHsI BHXPOHOB €O CKOPOCTHIO CBETA,
APYrod — OTHOCHUTEHHO MOKOSIMHUMHUCS CTAIMOHAPHBIMH HCTOYHHMKAME 'S TpaBUTAIIMOHHOTO,

14 ..
9 B beHIIaMeHTe QJIEMEHTAPHBIX YaCTHUI] U3BECTEH IMMPOUECC aHHUTWJIAIIMU MAaCChl YaCTUIL, 3[1€Ch B C])yH,IIaMeHTe 3€PEH-TIIOTEHIIN-
AJIOB X aHHUTWIANWA NPUBOAUT K YHUUITOXKEHUIO ITPOCTPAHCTBA CUJIOBOI'O ITOJIA.

150 o

HexkoTopble MUKPOMCTOUHHUKH (JIEKTPOH, MPOTOH) MOTYT IBUTAThCS B IPOCTPAHCTBE MEKTPHUUYECKUX MOJEH CO CKOPOCTAMU

GJIM3KUMU K CKOPOCTH CBETA, OJIHAKO, 110 CPABHEHHIO CO CKOPOCTSIMH X ITyJIbCUPYIOIIMX O, 0OYCIOBIEHHBIMU JIEKTPUYECKUMU
WM TPaBUTALIMOHHBIMU 3apAJaMU, MOKHO CUATATh UX MOKOSIIMMUCS-KBa3UCTALIMOHAPHBIMU.

B yror pasyien OyeT paccMOTPEH B TPEThEl YacTH KHUTH — I1aBa 4.

152 . ..
JlioGoe mBrKyIeecs TeNO B MPOCTPAHCTBe BCeeHHOI 0T MeTeopuTa JI0 IUIAHET U 3BE3]] MMEeT CKOPOCTh HECKOJIBKO COTEH
KUJIOMETPOB B CEKYH/1y U JIaXe IO IeOPOMIEBCKOMY (DOpPMATM3MY JOJKHO M3ITydaTh 3¢pHA-KBaHTHI C pA3MEPOM MHOTO MEHBIIIE M1aH-

KOBCKOI'O 3HAYC€HUA.

15 .
3 Jlpyrimu cloBaMH, CBepXC/Iatoe MPOSIBIIEHHE MATEPUI — 3TO TIPOCTPAHCTBO, A GOJIEe CHIBHOE ¢& IPOSIBIICHHE — 9TO ATOMHO-

MOJIEKYJIIPHOE BEMIECTBO. DTO JIB€ CTOPOHBI OJHOM MEJAIN — MATEPUH.

154 1, crenoBaresbHO, AMANIA30H IAHKOBCKUX TPEMIEIOB CYLIECTBEHHO M3MEHUTCS B CTOPOHY YBE/HUYEHHs IMAIA30HA 4acTOT
KBaHTOBAHUSA U yMEHBIICHH pa3Mepa 3epeH IPOCTPAHCTBA.

155 B o6miem 10 — 370 3aMKHyTast MOBEPXHOCTH, COCTABICHHAS U3 3EPEH-TIOTECHIMAIOB, HE3aBUCHMO OT TOTO €CTh M HeT
BHYTPH 3TOI MOBEPXHOCTU MOCTOSIHHBIA MM BUPTYaJIbHBIA 3apsjl.
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NEKTPOCTATUYECKOTO M MArHUTOCTATUYECKOro mojieid. I TOT u Apyroi KBaHTYET COOTBETCTBYIO-
11e 3€pHa-MOTEeHIUAIIBl «3(bUpa», HO IO PA3HOMY YCTaHABJIMBAET MX B MPOCTpaHCTBE. BUXpOHBI
YCTaHABJIMBAIOT OMOPHBIE TMOTEHIIUAJBI B BOJHOBOJIE, OTHOCHTENILHO MOKOSIIHECs] U BCTPOCHHBIC
B IIPOCTPAHCTBO-TIONE (M B BEILIECTBE, Jake B METAJUIE), & CTAllOHAPHbIE NCTOYHUKHU — IMHAMU-
YEeCKU ABUIKYIIHECSI CO CKOPOCTBIO OOJbINE CKOPOCTU CBETAa OT OTHOCUTENIBHO MOKOSIIIMXCS CTallU-
OHAPHBIX UCTOYHUKOB. V1 HaKOHell, TPeTHH THIT TUCKPETHBIX IPOCTPAHCTB, KOTOPHIH SIBJISIETCS CMe-
IIIaHHBIM TIPOAYKTOM TEPBBIX JIBYX M OTpakaeT 3akoH Jlym ne Bpoins, T.e. Kaxaas yacTvlia WM
KJIaCcTep BELIeCTBEHHOIN MaTepru, COBEPILIAIOIIHIA JBIKEHIE, BPAIlleHUe WU MOCTyaTeIbHO-Bpallia-
TeJIbHOE JIBUKEHHE, POKIaeT BOKPYT ceOsl IOMOTHUTENIBHYI0 (hOpMY SHEpruu («Iryoy» -000I0UKY)
B BUJ/I¢ BUXPEBOIro 000J104e4HO-c(PepruyecKoro moJjsi KBAaHTOBOro HOCHTEJsI HHAYKTHPO-
BaHHOIl YHEPruy OJHOr0 3HAKA — 3TO CTAIHOHAPHO-MYJIbCUPYIOIlee KBAHTOBOE TPOCTPaH-
CTBO BOKPYI TaKOI'O KJIACTEPA COCTOUT U3 CBA3AHHBIX 3€PEH-IIOTEHIUAIOB (IIEPEHOCYMKYN SHEPIUN)
U SIBJISIETCS TAKMM K€ HeBHAMMbIM, KaK U TIEpBOeE.

OpmHUM W3 OCHOBHBIX CBOWICTB TaKOW OOOJIOUKU SIBJISICTCSI POXKJICHHE 30HBI XO0J0JHON 0e3-
MAacCcoBOIl IJIa3Mbl TIPH KOHTAKTE C POTHUBOMOJIOKHBIM TI0 3HAKY MOTOKY 3€pEeH-TIOTEHIIMAIOB BTO-
POro MCTOYHHUKA. A €ro SHeprusi sIBJIseTCs AOMOJHEHHEM M HEOTheMJIEMOW YacThio, TIOPOAMBIIEH
e€ KOPITyCKYJISIPHOM JIBUXKYIIECHCS MaTepruell U OHa CIIOCOOHA MPUHUMATh, KaK MOJIOKUTEIIbHBIE, TaK
Y OTpUILIATEJIbHBIE 3HAUCHU S JIIs1 COXPAHEHUsI CpeJHero 3HaueHus1. Hanpumep, IBYKYIHIACS B SJEK-
TPUYECKOM TI0JIE JIEKTPOH, CMIOCOOEH MHAYKTUPOBATh 3JIEKTPOMArHUTHBIN 1eOpOIEBCKHIA HOCH-
TeJIb (MAarHUTHBIF MOHOIIOJNb — MIEPEHOCUMK SHEPTrUH) KBaHTA SHEPTUH, JJIMHA BOJIHBI KOTOPOTO pac-
CUMTBIBACTCSI JIeJIeHUEM MOCTOSTHHOM [11aHKa Ha MMITYJTbC 3TOM YacTHIIBL. A BOT BpalllalomIasics raika
JIxaHMOEKOBa, UHIYKTHUPYET BOKPYT ceOsl TpaBUTAILIMOHHBIA MOHOMOJb (MeXaHN4YeCcKui 1e0poii-
JIEBCKUI HOCUTEJb KBAaHTA SHEPIUM — MEPEHOCUYMK SHEPIUU), MPU paspse KOTOPOTO COBEpLIAST
CBOM 3HAMEHWTHIY 0e3bIHEPIMOHHBIN «KYTbOUT» B HEBECOMOCTH TIO[I ISICTBHEM OIOPHBIX IPABH-
TAIMOHHBIX MOTEHIIMAJIOB, CTAIIMOHAPHO YCTAaHOBJIEHHBIX B IIPOCTPAHCTBE B MIPOLIECCE ITOTO pa3psiaa
Y KOTOpBIE XKECTKO CBSI3aHBI C IEHTPOM Macc. Takue HOCHTEeNT MaKpoMaTepuu, Kak U B MUKpoMarte-
UM STIEMEHTAPHBIX YaCTHII, 00J1aAaI0T BCEM JIOTIOHUTEIBHBIM K OCHOBHOMY HEOOXOIMMBIM HA0OPOM
KBAaHTOBBIX MTAPAMETPOB TaKUX, KaK JIIMHA BOJIHBI, 3apsi]l, Macca, CIIMH, BpeMs )KU3HH U T.JI., HO Ofpe-
JEJISI0TCSl OHU YK€ He Yepe3 aTOMHYIo noctosiHHyo [Tnanka. [{ns storo npupona u cozgaia Mexa-
HH3M KBaHTOBBIX MEPEXOIOB Jake B MAaKpPOMAaTEpUH, TalHY KOTOPBIX YAAJIOCh PACKPHITh U OMUCATh
B paMKax 3TOW KHUIY — 3TO TOT MpeeJa, KOTOpbIid TaK U He cMOT TpeosoneTs Jlyu ae Bpoiiis.

Wrak, Bce pusmyecKkue mojs-mpocTpaHCTBA MOKHO MPEICTABUTh KaK IOJIsl BOKPYT CTAIHO-
HAPHBIX UCTOYHUKOB C 3aMKHYTHIM BHEIIIHUM KOHTYPOM, B TOM YHKCJI€ JEKTPOH, a TaKkKe BOKPYT
CBOOOJHO JBMZKYIIMXCSI MICTOYHUKOB-3aPSI0B B (hOpME MarHUTHOTO, TPABUTAIIMOHHOTO U JIEKTPH-
YecKoro 3apsoB. bonee cuiibHbIE MPOSIBICHUS] MATEPHU U COOTBETCTBYIOIIME MM TIOJIs1 HaOmo/a-
I0TCSI B KOPITYCKYJISIPHBIX 3aMKHYTBHIX MUKPONPOCTPAHCTBAX — HEUTPOH, IIPOTOH, EKTPOH, SIpa
XUMHUYECKUX JIEMEHTOB, SJIEMEHTapHbIE YaCTUIIBL, U T. 1. ATOMBI U MOJIEKYJIBI SIBJISIIOTCS TTPOU3-
BOJHBIMU TPOIYKTAMU B3aUMOJEUCTBYIOIIMX MPOTUBOIONIOKHBIX TOJNEH 3a CUYET POKACHHUS 3O0HBI
X0JIOJHOM 0€3MacCcOoBOM MJIa3Mbl. DTH MUKPOIPOCTPAHCTBA MPOKJIA/IBIBAIOT IIUPOKYIO TPOIMHKY
B JIPYrOll MUp TOXEe 3aMKHYTHIX, HO OoJjiee CTa0bIX MaKpOMPOCTPAHCTB, TIPU ITOM 0oJiee oIy THMBbII
Y BHAUMBIN, OCHOBAaHHBII YK€ HE TOJBKO HAa MOTEHIHMAJAX, 2 HA ONPEIeICHHON COBOKYIHOCTH
CMECH MUKPOTIOJeH 3¢ peH-TIOTEHIIMAIOB, SIEMEHTAPHbBIX YaCTHUI] K aTOMHO-MOJIEKYJISIPHBIX BELIECTB,
oOpasyommux Tak HazeiBaemylo B CAIl macCHBHYI0 Maccy KJIacTepOB U3 aTOMHO-MOJIEKYJISIPHOTO
BelecTBa. MIMeHHO 3TOT MUp Ham HauOoJiee SICeH U MOHATEH, TaK KaK 3TO MUP KJIACTEPOB BHAUMOI
u 6oJiee KOHIICHTPUPOBAHHOW MAKPOMAaTePHH CO3[IaH U3 OUeHb OOJIBIIIOTO KOJTMYECTBA OpraHuye-
CKMX M HEOPraHWYEeCKMX CTAOMIIBHBIX aTOMOB M MOJIEKYJ B (hOpMe YETHIPEX OCHOBHBIX arperaTHbIX
COCTOSIHUI BEIeCTBAa — 3TO MUP, B KOTOPOM MBI POJUJIVCH, KMBEM U OIIYIIIAEM €r0 CBOMMH Opra-
HaMHM 3pEHHUs], CIIyXOM U T. [1.
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PaccmoTpum BelmecTBeHHBbIE MPOCTPAHCTBA ', Kak MposBIEHHE caMou cnaboit hopmbl
MaTepPHH B BU/IC BHEITHUX (PU3NUECKHX MOl U XOJOHO MJIAa3Mbl U3 IUHAMUYECKHU paciipe-
JIEJIEHHBIX 3€PEH-MOTEHINAJIOB B INCKPETHOM MPOCTPAHCTBE BOKPYr CTATUYECKUX WM KBa-
3UCTATUYECKUX MUKPO-, MAKPO- ¥ TUNEPUCTOYHUKOB, KaK MMPOyKTOB SHEPTHH, a He KaK Mpo-
TOMY3bIPb, 00PA30BABIIMIACS MOC/Ie GecnpuYnHHOro bosbmmoro B3pbiBa mpamarepuu B (hopme
KBapKOB, JIEITOHOB H T. JI.

156 www.youtube.com/watch?v=eAN nLzrA9Q. Jleraromue aucku 4.1- IIpoctpancTeo-nose.
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1.5 ®dusnveckue MoJasi CTAIMOHAPHBIX M BUXPEBbIX HCTOYHUKOB

OCHOBHOE CBOWMCTBO CTAIIIOHAPHBIX CTATHUECKHX TOJIEH MOABITOKEHO B padote 97:

«Ecau u anekmpuueckuii 3apso, u MAazHUMHGIL NOAIOC NOCMOSHHO20 MAZHUMA HAXOOAMCS
8 nOKoe, Mo MeHCOY HUMU HeMm HUKAKO20 63AUMOOEUCMBUS — HU NPUMAICEHUS, HU OMMANKUGA-
HUs. Bvipadsicas nooobnwviii ghakm Ha A3biKe NONS, Mbl MOINCEM CKA3AMb: 2NEKMPOCAMUUECKOe NoAe
He eausem Ha mazHumocmamuueckoe, u Haooopom. Croea ,,cmamuueckoe none‘ 03Hauaonl, 4mo
peuv udem 0 none, He USMEHAIOUEMCs cO epemerem. Maznumol u 3apsobl Mo2au Obl 8e4HO OCMaA-
eamucsl Opye noone opyea, ecau Obl HUKAKAS 6HEUHSS CUNA He HAPYWANA UX COCMOSHUS. DeKmpo-
cmamuueckue, MazHUMOCMAamu4ecKue U 2pasumayuortble oS Pa3audHbl NO CG0eMY XapaxKmepy.
OHU He CMeUUBAOMCsL: KAXCO0e COXPAaHsIent C6010 UHOUBUOYANLHOCHIL HE3ABUCUMO O OPY2UX».

CornacHo CAIl ¢pu3nueckoe mojie — 310 ogHa U3 GOpM MATEpUM, XapaKTepu3yolas Bce
TOYKH IMPOCTPAHCTBA ¥ BpEMEHH, 1 TIO3TOMY 00J1a1aonias OeCKOHEYHbIM YKCIIOM CTeTeHel CBOOOIbI.

OueBUIHO, YTO C TOYKH 3pEHUs TPUPOIbI U (PUBUKHU 3TO OECCMBICIICHHBIN a0CypA, Tak Kak
TaKoe OIpe/ieieHre He OTpakaeT npupoay u Mexanusm sipiieHust. Cpenu noneit B CAII Boiensior
dynnamenranbhbie. Cpeny pyHIaMEeHTaIbHBIX M0JIeH CHavasia ObLIM OrpeesieHbl JIeKTPOMArHUT-
HOE, TPaBUTALIMOHHOE, c1aboe v cuibHOoe (Tionsa'™® saepusix cui). [Toce cozmanus KM crano ode-
BUJIHO, YTO W BCS JIpyrasi MaTepusl TakKe JIOJKHA ONKCHIBATHCS KBAHTOBAHHO: OTAEIBHBIMU (DYyH-
JaMEHTAJIbHBIMH WM UX KOJIJIEKTUBHBIMHU BO30yXaeHusiMA. Harprimep, MpOTOHBI, COCTAaBIEHHBI
u3 TpEX KBapkoB'*® M mmooHHOro nossi. Toraa ¥ BOMpoc — U3 Yero COCTaBJICHBI SJIEKTPOHBI, BE/b
OHH, B YACTHOCTH, POKJAIOTCS U MpH OeTa-pacnaje sijaep, a TakKe UME0T UMEIOT TOMyIe bl CIIUH,
KaK MPOTOHBI M HEUTPOHBI, KOTOPBIE SIKOOBI, COCTOSIT U3 OYE€Hb SHEPrHYHbIX KBapKoB? KakoB mexa-
HU3M OECKOHEUHOU SHEPTUH TAKUX KBAPKOB? OAUHOYHBIMH BO30YXAeHUSIMH (DyHIaMEHTATIBHBIX
TOJIEH SIBJISIIOTCS X KBAHTHI. DTO dJIeMEHTapHbIe YacTHIIBI: (DOTOHBI, BEKTOPHBIE OO30HBI, ITIOOHHI,
JIETITOHBI, KBAPKH, ¥ TPABUTOHBI. DTU KBAHTHI MOJIEN MPOSIBIISIOTCS JIMIIb PU B3aumoseicteun. Cuma
B3aumoreiicteust B CU onpenensiercs: pa3inIHbIMU 3apsiIaMu:

— MaccoM JiJ1s1 TPaBUTALIMOHHOTO T0JIS,

— MEKTPUYECKUM 3apsiIOM JIJIs1 MEKTPOMArHUTHOTO U T. [I.

B KM B3aumopneiicTBusl 0ObSICHSAIOTCA OOMEHOM (KOHKPETHBIMH ISl KaXK/IOTO THIIA TTOJIsS)
KBaHTaMH — (POTOHAMM JIJI51 IEKTPOMArHUTHOTO, 0030HAMU JJIsI CJIa00T0, TMIMOTETUIECKUMHU TPABH-
TOHAMHU JIJIs1 TPABUTAIIMOHHOTO U T. 1. B CranmaptHoit Mofenn (MateMaThuyecKast Teopus) JieMeH-
TAPHBIX YACTUII, KQKJIOW YACTHIIE COOTBETCTBYET aHTHUACTHIIA, T.€. IPOTOHY C MOJOKUTEILHON Mac-
COM — aHTHMIIPOTOH C OTPUIATEILHOM MacCOW W 3apsiioM, Macca 4acTHIl oOpa3yeTcsi ¢ TIOMOIIIBIO
6030HOB Xwurrca!®.

Ilepeuncaennnlie 6a30Bbie onpeneeHns CAIl yxe qaBHO nepectany ObITh HE00X0MMbIMU
B 00BSICHEHUH OOJIBIIIOTO KOJTMYECTBA APEBHUX U BHOBb OTKPBITHIX SIBJICHHUI B IPUPOJE, B OCOOEHHO-
cru ycrpoucts [. Kuu, H. Tecna, a Takxke LENR — xonogHoro siiepHoro pacnajga-cuHTe3a TSKETbIX
3JIEMEHTOB M XOJIOHOTO IEKTpUuecTBa B MUKpomupe, apgexton [l. Cepna, B. [IxanubekoBa, B.
['peGeHHMKOBA U T. /I. — KBAHTOBBIX MTPOSIBJIICHUN B MAKPOMHUPE.

CraTtuyeckue mojst HICTOYHUKOB. C MO3UIMI JAHHOTO PpeajJbHOI0 NpeACTaBJIeHHs OU-
HOYHBIMHM BO3OYKIICHUSIMU SIBJISIOTCS OJJHOMOJISIPHbIE 3apsUKEHHblE 3€PHA-NIOTEHIMAJbI, T.€.

157 A. Einstein., L. Infeld, The Evolution of Physics, Simon & Schuster, New York, 1938, IIL
158 B 1aHHOM KHKTe CHIBHBIE B3aMMOACHCTBHS OTIpeAeIAIOTCs 00pa30BaHMEM 30HbI XOJIOIHOM IJIa3Mbl U €€ CBOWCTBAMHU.
159 B ormaune or K3/, rme Toneko onuH 3apsig anekTpudeckuii, B KXJI yxe nmerotcst Tpu 3apsaa (TpH KBapKa).

160 DddekT poxaeHue nap YacThL U3 6e3MaccoBBIX (POTOHOB C COOTBETCTBYIOLICH MOPOTrOBOii SHEpruell B Mojie aTOMHOTO spa
OJIHO3HAYHO OIPOBEpPraeT 3TOT aOCypa.
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OeccTpPYKTYpHbIe KBaHTHI'S! aMOP(HOro AUCKPETHOrO MPOCTPAHCTBA, POKIEHHBIE COOTBETCTBY-
IOIUMA MCTOYHHKAMM U CIIOCOOHBIE K 0Opa30BaHUIO 30HBI XOJIOAHON 0€3MacCOoBON MJIa3Mbl
MIPY aHHUTWISIMY C TIPOTHBOMOJIOKHBIMYU 110 3HAKY 3€pHAMH-TIOTEHIMATIAMUA OT APYTUX OTHOTHUII-
HBIX HICTOYHHUKOB.

[Tpu 5ToM (POTOHBI OTXOAAT HA BTOPOH TUIaH, KaK OMIOJSAPHO CTPYKTYPHPOBAHHAsSI MaTe-
pHUsA, KaK BTOPUYHbIE MHAYKTHPOBAHHBIE OE€3MACcCOBBIE MMOJIEBbIE KBAHTHI, UCTOYHUKOM IHEPruu
U JBUKEHHSI KOTOPBIX SIBJISIETCS CAMOABWXKYIIMACS CBOOOIHBII 0e3MaccOBbIii MArHMTHBIN
MOHOIOJIb, MyTLCUPYIOIIUH [T TIepe3apsiiIkKi U JBUKEHHS B TIPOTUBOIONIOXKHBIN 10 3HAKY MOHO-
MOJIb B JIBUKYIIEMCS BUXPOHEe B IIHPOKOM IHaNa30He 4acTOT BIUIOTH [0 MJIAHKOBCKOIO
1 OyIyT pacCMOTPEHBI OTAENBHO.

O11H HCTOYHHK JTI000T0 3apsi/ia SHEPIUH C 3AMKHYTOW BHEIITHEH MOBEPXHOCTHIO (B TOM YHUCTIe
sapa YCT 3emutu, ConHila U 1axe JIeKTPOH) BCerjaa UCIYCKaeT B 47T KBAHTOBBIM MMOTOK OHOMO-
JISIPHBIX 3épeH-NOTeHIUAJIO0B ((pU3MUECcKue M0J1s1) COOTBETCTBYIOIIETO 3HAKA, KOJIMYECTBA 3EPEH,
IJIOTHOCTH, KAYeCTBA U JIAJIbHOJIEHCTBUSI, 3aBUCSINETO OT JIOKAILHOM TUIOTHOCTU 3E€PEH-TIOTEHINA-
JIOB B OJJHOM KOHTYpe UM B MHOTOKOHTYpPHOH 060s10uke (B ToM unciie YCT), YucieHHOCTH 3aMKHY-
THIX KOHTYPOB, a TaKXKe YaCTOTbI OOHOBJICHUSI-M3ITyYSHUs KQKI0T0 3aMKHYTOIO KOHTYpa MarHMT-
HbIM MOHOMoOJIeM. Hanipumep, 371eKTpOH UMeeT OIMH 3aMKHYThIN KOHTYP, KOTOPBIN EPUOINIECKU

OOHOBJISIET-U3JTyYaeT ero C YaCTOTOW MOPSIIKa 10%° i (4acToTa KBAHTOBaHUS €ro BHEITHETO MOJIS)
OIVH 3aMKHYTbIi 1 MOJISIPU30BAaHHbII MArHUTHBII MOHOMOJIb, SHEPro3anac KOTOpOro OTHOCH-
TEeJILHOTO TAKOT'O Pacrajia MpeBblllaeT YeThIPHAALATh MUUIMAPIOB JIET, YTO TO3BOJISIET OMPENeTUTh
€ro B Hallleil I0CTAaTOYHO MOJIOA0M BceneHHOl, Kak «Be4HbIil». COOTBETCTBEHHO, TPOTOH UMEEeT
MHOTOKOHTYPHBIH 3aMKHYTHIA BOJHOBOJ U3 TPEX CHAPEHHBIX OUTIONSPHBIX OOOJIOUEK, KOTOPBIA
yXke U3JTydaeT CyMMAapHBIA MOTOK OT BCEX OOHOBJISIEMBIX KOHTYPOB (JIEKTPUYECKUX U I'PABUTAIIMOH-

HBIX) C YaCTOTOM B IMAIia30He OT 102—10** .

ATOM BOJIOpOJIa COCTOUT U3 MPOTOHA U JIEKTPOHA, & pa3Mep ero paaunyca 3a/1a€Tcsi 30HOM CTsI-
rUBAaIOIIE X010/ JHOM JIEKTPUUYECKON 6€3MaccoBoil IVIa3MbI MEK Y SIIPOM U JTEKTPOHOM.

Knacrep 3apsigza Macchl BelecTBa MMeeT BHEIIHee Tojie, M3TydaeMOoe CyMMAapHBbIM IOTO-
KOM OT BCEX KOHTYPOB, CO3/IaBAEMbIX MATHUTHBIMH M T'PABUTAIIMOHHBIMA MOHOTIOJISIMH 3aMKHYTBIX
BUXPOHOB, BXOJSIIMX B COCTAB aTOMHBIX sIJIEP, HAMOJHSIONIMX 3TOT KJACTEpP C COOTBETCTBYIOIIUM
JIMANa3oHOM YacCTOT, JJIMHOW BOJHBI, JAJILHOAEUCTBUS U TUIOTHOCTU TMOTOKA 3E€PEH-TIOTEHIUAJIOB.
B Makpomupe 3Ti puznyeckue Mojsl MPOsBIAIOT ceOsl, KaK 2a30M0000HbIl ANEKMPUUECKULE d¢pup
H. Techa viu B popme 3apsifa Macchl KJlacTepa BelecTBa, WM MOJiel CTAMOHAPHBIX MarHu-
ToB. O/IHaKO BOT CBOMCTBA KOJUIEKTUBA 3€PEH-TIOTEHIIMAIOB TAKUX IMOJIEl OTHOCUTENILHO CKOPOCTH,
MTPOHUIIAEMOCTH U JAILHOICHCTBH S, UCITYCKAEMbIX CTATUYECKUMH UCTOYHUKAMU, KOTOpbIe (hOpMHU-
PYIOT BTOPHYHBIC BHEIITHUE TIOJIS], CHIIBHO Pa3IMYaloTCsl, KaK JJIs TPABUTAIIMOHHBIX, MATHUTHBIX, TaK
Y JIEKTPUYECKUX.

Tak Kak KJacTep aTOMHO-MOJIEKYJISIPHOTO BEIIeCTBA B KOHEYHOM UTOre — 3TO IUIOTHBIN (paH-
TOM-UCTOYHUK, NIOCTPOEHHBIN TPUaJaMU BUXPEBBIX MOJIEH-MOHOMOJIEN Pa3IMYHON CMECU 3EpEeH-
MOTEHIIMAJIOB ¥ HAXOJAIIUNACS B PABHOBECUH CO CBOMMH BHEIITHUMU TIOJISIMHU M3 ITUX 3EPEH-TIOTEH-
1IMAJIOB, TO BO3HUKAIOT BOIIPOCH! K CBOMCTBAM 3TUX MOJIEN MO OTHOLIEHUIO APYT K APYTY:

1. PoxneHue, u3ny4eHre M aHHUTWIISIIAS 3EPEH-TIOTEHIMAIOB. BO3MOXKHO JM NOJISIpA30BaTh
KJIacTep aTOMHO-MOJIEKYJISIPHOTO BEIIeCTBAa BHEIITHUM I10JIEM, KAKOB MEXaHU3M, YEM 3TO Ope/esis-
€TCSI M YeM OTJIMYAIOTCS IPYT OT JIpyTra MOJISIPU30BAHHBIE COCTOSIHUS KJIacTepa pa3HbIMU IO KAYeCTBY
MOJISIMU, BO3MOXKHO JI (PU3UUECKU pa3fieJieHue Ha OTAeJIbHbIe YacTH KJacTepa, MOJIsipU30BAHHOTO
OIHUM 3HaKoM? YeM OTJIMYaloTCsl CBOMCTBA U CTPYKTYpa 3€PeH-TIOTEHIIMATIOB OT Pa3HbIX UCTOYHU-
KOB?

1ol KBaHTBI aMOpq)HOFO TMPOCTPaHCTBA — 3TO 6eCCprKTypHLle 3épHa—l’[0T6HHI/IaJTLI I'paBUTAlIMOHHOI'O, MArHUTHOI'O, 9JIEKTPpUYIE-
CKOI'0 U 9JIEKTPOMArHUTHOI'O TTOJICH.
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2. BHemiHee none Kjactepa aTOMHO-MOJIEKYJISIPHOIO BEIIECTBA — 3TO BCErAa IPaBUTALIMOH-
HOE T0JIE U3 JUHAMUYECKOTO MOTOKA BbUIETAIONIMX 3€PEH-TPaBIOTEHIMAIOB, KOTOPOE Ha TIOBEPXHO-
CTU 3eMJIu MIPOSIBJISIET Y HETO CBOWCTBA 3apsa Macchl U HHEPTHOCTH. KakoBo JabHOAENCTBUE
W IMIPOHHUIAEMOCTD 3TUX 3ép€H-HOTeHHI/IaJIOB 1 KaK OTJIMYAIOTCSA 3THU IMOJIA OT COOTBETCTBYIOIIUX I1apa-
METPOB LieHTpajibHOro nosisi 3emiin? KakoBo naJjibHOAECTBHE STHUX IOJeld Ha npumepe 3emiiu
1 CosHIA U COJIHEYHOM CUCTEMBI U B YEM HX OTIIMYME 110 MEXaHU3MY POXAEHHUS OT JajJdbHO/ell-
cTBHSI (DOTOHOB?

3. BHemiHee 1osie KjacTepa BellecTBa, 3apsKEHHOTO JOMOIHUTEIbHBIM [TOCTOSIHHBIM JIEKTPU-
YECKUM MOTEHIHAJOM — 3TO BCErJa JEeKTPUUYECKOE I0JI€ U3 IKBUNOTEHIUAJIbHBIX [TOBEPXHO-
creil 3épeH-anekTponoreHnranoB. Kpome toro no ganueim 1. Kunu, b. ®pankiuna, P. Cummepa,
M. ®apanes, H. Tecna u gpyrux 31o mojie nposiisieT cedst Kak HEKasl «AeKMPUUECKAast HCUOKOCTb »
WIH «2a30n0000HbII 2.NeKmpu4ecKuti 3¢hup », pacipeIeNIoasicss PABHOMEPHO 10 IOBEPXHOCTH KJIa-
cTepa U pUTAruBamoasics Kk Hemy. Uro sBisercs NpuYuHON IEKTPUYECKU 3apsKEHHOT0 KJlacTepa
Ha IIpUMEpax NEKTPU3ALUM SAHTAPS (KCMOAAHOE 3NeKMPU4ecmeo »), CTEKNIA U T. [. — HEKUH 2J1eK-
TPUYECKU 3apsi]] U3 «AImMomMo8 3.1eKmpuuecmea», HalpuMep, KjaacTep JeKTPOHOB WIN KJacTep
EKTPUUECKUX 3EPEH-MOTEeHIHAJIOB (JEKTPUUECKOE HAIPSDKEHHUE ), YTO ITO 32 CyOCTaHIIMs MaTe-
pyuu njin 3H€pFI/II/I? KakoBbI CBOVMCTBA CHJIOBBIX JIMNHUW TAKOT'O ITOJISI U Mo4YemMy CUJIOBBIC JIMHUH OKAaH-
YUBAIOTCS1 HA TIOBEPXHOCTH 3apsiia’?

4.BHemHee 1oe TATOTeHus siapa JoO0ro KBasapa, myJbcapa — 3T0 OJHOMOJISIPHOE TPaBUTa-

uuoHHoe nosie sapa YCT ¢ pasmepom U3 1uana3oHa 10>-10® CM, C BBICOKMM 3Ha4EHHEM BEJIUYMHBI
3apsa M JaJbHOJCUCTBUEM, A 3BE3/Ibl WIM IIAHETH — 3TO JABYXKOMIIOHEHTHOE I10JIE U3 MPOTH-
BOMOJIOXKHBIX MO 3HAKY 3€pEeH-TPaBMOTEHIIMAIOB — AajdbHoAelcTBYOmee sapa YCT u kopoTko-
JieficTByIOIIIee OT CTPYKTYP aTOMHO-MOJIEKYJISIPHOTO BEIIECTBa, pa3MeIIEHHOro B atMocdepe, Kope

Y MaHTUH U B sipax aTOMOB BellecTBa pazmepom 10~ 13 em.

5. BHelHee 1oJie MOCTOSIHHOTO MarHWTa — 3TO MarHUTHBIA MOTOK 3€peH-MarHUTONOTEH-
UAJOB U3 TIOJIIOCOB MarHNUTa, KOTOPBIA MPOSIBJISICT CBOKWCTBA YIIPYrOro MarHUTHOTO IMPOCTPAHCTBA
NpY OTTAJKHBAHUM OJMHAKOBBIX IMOJIOCOB MM CHJIOBOTO MPHUTSIKEHUH TIOJIOCOB C MPOTHUBOIIO-
JIOKHBIM 3HAKOM 30HOM XOJIOHOW MarHUTHOM Oe3MaccoBOM Tuia3Mbl. Kak yBuieTh MarHuTHOE TIOJIe
noctostHHOro MarauTa’? Ha nmct uucroii 6eoii Oymarvt HeoOXOAMMO HACBITIATh CYyXUe MEJTKHE Kejie3-
HbIC OMMJIKN PABHOMEPHBIM CJIOEM HEOOJBIIION IJIOTHOCTH — 9TO HHANKATOPHI CHJIOBBIX JIMHHIA.
CHuM3Y TOJTHECTH JIBa Pa3HbIX MOJIOCOBBIX MarHuTa. B olHOM cily4yae — MpOTUBOIMOJIOKHBIMH TOJTIO-
camu HaBcTpedy. Habmonars u peructpupoBarh KapTuHKy %% (poto 1.5.1).
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®oto 1.5.1 Perucrpariyst MarHUTHOTO MOJIsI IBYX PA3HOMOJISIPHBIX MOTIOCOB C MOMOIIIBIO JKeJie3-
HBbIX OITMJIOK.

B npyrom ciyuae — orHaKOBbIMU MOJIIOCaMK HaBcTpeuy (poto 1.5.2).

®dot0 1.5.2. PCFI/ICTpaLII/IH MAardMTHOI'O IIOJIA IBYX OJUHAKOBBIX ITOJIFOCOB C IIOMOMIBIO KEJIC3HBIX
OIINJIOK.

JluHeiiHOe crylieHue OMWJIOK M PErucTpupyer CHJIOBble JHMHHMH MarHutHoro noss. Kak
3710 npoucxonut? B mepBom ciiyyae — MPOTHBOMOJIOKHBIE TI0 3HAKY 3€pHA-MOTEHLIMAIIBI OT pas-
HBIX TOJIOCOB UCTOYHMKOB BO B3aMMHOM MarHUTHOCTATUYECKOM I10J1€é YHHMYTOXKAKT (MHTepe-
peHIusA MaTepuu MoJieid) Opyr Apyra B HUTEBUIHBIX MPOCTPAHCTBAX, YMEHBIIAIOT OOBEM MO,
CMEILAIOT OMWIKU M3 3THUX OOBEMOB B COCEAHHUE, MPOABIAsS CTPYKTYpY AHHUIWJISALMUA B BUAE
YK€ BU3YaJIbHBIX JIMHUIA KOHIEHTpaluu ONuiIoK. ONWIKY, paHee pacloOKeHHbIE Ha YHUUTOXKEH-
HBIX HUTAX-TPOCTPAHCTBA, CABUIAIOTCSA-KOHUEHTPUPYIOTCS U ONPeAesIl0T MecTa MCYE3HOBEHUS
JIMHEHHOT0 MPOCTPAHCTBA — 3TO U €CTh CHJIOBbIE JUHHM T107151. DTOT MPOLIECC MOPOXKIAET NPUTS-
’KeHHe MCTOYHMKOB Mojisi. Bo BTopoM cityyae nmpoucXoauT yBeJudeHHne o0bEMa MoJs-pOCTPaH-
CTBA U POXKJAIOTCS] HUTEBUJHbIE TPOCTPAHCTBA, MOKA3bIBAIOIIME HAIPABJICHUE IBUKEHUE-CIBUTAHUS
OIWJIOK. DTOT MPOLECC MOPOXKAAET OTTAJKHBAHUE UCTOYHUKOB. YeM OoJibliie KOHIIEHTpalysl CHJI0-
BBIX JIMHU, TEM CHJIbHEe MarHUTHOE 110JIe, TEM CHJIbHEE MPOSIBIISIOT Ce0s1 yKa3aHHBIE MTPOLIECCHI.

[Touemy, B oTIM4ME OT MEKTPUUECTBA, MATHUTHBIE MOJIOCA HE CYIIECTBYIOT Pa3lebHO JpyT
OT JIpyra, a CHJIOBbI€ JUHHH 3aMbIKAIOTCS TOJBKO Ha ce0s?

6. Y kBaHTa (pOTOHA JIEKTPOMArHUTHOTO WM3JIyYeHUsI MMEETCSl CTPYKTypa TpeKa JBHKe-
HUS, TIOCTPOEHHAs BPAIIAIOIIMMUCS Pa3HOMOISPHBIMU MAarHUTHBIMM MOHOMOJSAIMHM B (popMme 4YeT-
BEPTh-BOJITHOBOJIOB M3 PA3HOMOJISIPHBIX MEKTPUUYECKUX 3E€PEH-NOTEHLUAIOB, BCTPOEHHBIX B JIUC-
KPETHOE MPOCTPAHCTBO-TIONE. Y HEro OTCYTCTBYeT CTaTH4YecKoe BHeIIHee I0/le, KaKoe MMEeeTCs
y BCEX JIEMEHTApHBIX YacTHll, Jake BKJIodas 1eKTpoH. Ha 4ro ke pacxomyercs: mepeHocumast
TAKMMU KBaHTaMU 3Heprus? KakoBa MCTMHHAs MPUPONA «KPACHO20 CMeujeHUsi» JIMHUN CHEKTpa
U3JTyYeHUsI aTOMOB?

7. KBaHT 3ByKa MMeeT TaKkxke OUIONSIPHYIO CTPYKTYpPY TpeKa JABUKEHHUsl, HO MEXaHU3M B KOpHE
OTJIMYAETCs OT MEXaHU3Ma CTPOUTETIbCTBA TpeKa (poToHa. Bosiee Toro, 4eTBepTh-BOHOBO/IBI COCTOSIT
U3 IPaBUTALMOHHBIX 3EPEH-NOTEHIIMAIOB, YTO POJHUT €ro ¢ OAHOMNOJISPHBIMU I'PABUTALIOHHBIMU
NOJISIMUA CTAaTUYECKUX siAep 3BE31 M IulaHeT. Kpome Toro 3ByK MMeeT CKOPOCTb PaclpOCTpPaHEHUs
B BEIIIECTBEHHOM Cpejie Ha HECKOJIbKO JIECSITUYHBIX MOPSIIKOB MEHbIIIE CKOPOCTH CBETA, B TO BpeMs
KaK CKOPOCTb pacpOCTpaHeHHsI IPaBUTALIMKM, HA0OOPOT, HA HECKOJIBKO JIECTUYHBIX TIOPSIIKOB Mpe-
BBIIIIAET CKOPOCTb CBETA.
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[T10THOCTH OOBIYHOTO TBEPAOTO TeNa M3 ATOMHO-MOJIEKYJISIPHOTO BEIeCTBA HE MPEBbIIIACT
IBYX JECSATKOB IpaMM Ha Kyomdeckuil cantumerp. [lnotHocts ssapa YCT 3emun, ConHia, Hell-

.. o 1 =
TPOHHBIX 3BE€3 U HEUTPOHOB OLUCHUBACTCA B CPEAHEM 10 > F/CMS, a CpeJHUE CYMMAapHbIU 3apsn

I'PaBUTAIIMOHHBIM MOTEHIIUAJIOM U pa3Mep MX CYIIECTBEHHO B 10'° pa3 MpeBbIIaeT COOTBETCTBYIO-
1IMe mapameTpsl aToMHOTO sipa. CienoBare/ibHO, IIIOTHOCTh MOTOKA U JAaJIbHOJeCTBHE 3epeH-
notennasioB ot siaep YCT 3emun u CosHIIA, COCTABISIIONIMX WX BHEITHHE TOJIS TATOTEHUS, OyaeT
BO CTOJIBKO K€ pa3 Bblle. YTo U HAOMI0IaeTCs MPOTSKEHHOCTBIO TIEHTPAJIBHBIX TIOJIeH TSATOTeHUS
Connna u 3emui (Ha mpuMepax NpOTsHKEHHOCTH COJTHEYHOM CUCTEMBbI, CUCTEMbI pUTsikeHus FOmm-
Tepa u CarypHa) 10 CPaBHEHUIO C KOPOTKOAEUCTBYIOITUMU TOJISIMU TATOTEHUS OT BEILIECTBa acTepo-
unoB u Jlynsl. Tak ornpenenéHHbIi MOTOK 3EPEeH-TIOTEHIMAIOB (DOPMUPYET T'PaBUTAIIMOHHBIE, JJIEK-
TPUUYECKUE WM MarHUTHBIE (PU3NYECKIEe BHEITHHE TOJISI-IPOCTPAHCTBA OJHOI0 UCTOUYHUKA.

B3anMHoe noJie JByX HCTOYHHKOB.

[Tpu HaxoX1eHUU B TOM M0JIe BTOPOrO UCTOYHUKA C IPOTUBOIIOIOKHBIM 3HAKOM MPOUCXOIUT
B3aMMO/ICHCTBUE ABYX MTPOTUBOMOJIOKHBIX MO 3HAKY MOTOKOB 3€pEeH-TMIOTEHIIMATIOB — HHTepdepeH-
M C POXKJICHUEM 30HBl CHJIOBBIX JIMHUH XOJIOMHOW 0e3MacCOBOM IJIa3Mbl, KaK MPOLYKT POXKie-
HUE UHEPTHOCTU TMOBEJIEHUsI U Macca. YHUUTOKEHUEM JIMHEHHBIX MPOCTPAHCTB CHJIOBBIX JIMHHI
TaKoe IoJIe PUTATUBAET €ro K MEPBUYHOMY MCTOYHHUKY 32 CYET yMEHbIIEHHSI 00 bEMa yxke B3anM-
HOTO MOJIs MyTEM AHHUTWISIMU 3€PEH-TIOTEHIIUAJIOB MOCJIETHEr0 U ONpeAessisi TEM CaMbiM CHJLY
1 (pu3MUEeCcKUe CUJIOBbIe JMHUM B3aumoneicTsus (¢ur.1.1).

I1oJist OT NICTOYHMKOB C OINHAKOBHIMH pa3MepamMu 1 ¢ PAaBHOI MJIOTHOCTHIO JIOKAJIH-
3alMH 3EpPeH-NOTeHI[HAJIO0B.

K Takum uctouHMKaMm cielyeT OTHECTU MPUTSHKEHHE JEeKTPOHA U MO3UTPOHA, YacTUlla-
AQHTUYACTHIIA, OMHOKPATHO MOHW30BAaHHBIE MOHBI U CBOOOIHBIE SJICKTPOHBI U T. . DTH MOJIS I0CTA-
TOYHO WM3YYEeHbl U ONMUCHIBAIOTCSA 3akOHOM Kyrmona. K mogoOHBIM KOPOTKOICHCTBYIOIIMM TTOJISIM
MOKHO OTHECTH U TIOJIsI OTAEJIbHBIX aCTEPOMUJIOB B U3BECTHOM Tosice Haiell COTHeYHOM CHCTEMBI.
Ho oHu moueMy TO He MPUTATMBAIOTCA APYr K APYry U HE UMEIOT CITyTHUKOB B COOTBETCTBUM
¢ 3akOHOM HbI0TOHA BCEMUPHOrO TATOTEHMS, a Cy/s MO MX PACIIONOKEHUIO B KOJIblIE aCTEPOUIOB
HAa00OPOT OTTAJKUBAIOTCS. ECii ObI IJIOTHOCT TIOTOKA 3€PEH-TPABIIOTEHIIMAIOB OT TOJIS TATOTe-
Hus CojHIIa Ha 3TOM paanyce Obl1a OOJIbIIe TOro, YTO €CTh ceilvac, TO MoJisl aCTEPOUIOB YHHUTO-
*KaJuch Obl OOJIbIIIe M OHK TOTAA OBl COMMKAUCH JIPYT C JPYTOM.

Takum 0Opa3oM, MPOUCXOIUT HCKPHUBJIEHUE TIPOCTPAHCTBA MyTEM B3aUMOJICHCTBUS U aHHU-
TWISILIMKA TIPOTUBOIIONIOKHBIX 0 3HAKY MOTOKOB 3E€PEH-TIOTEHIIMAJIOB. B TaHHOM cilyvae mpu Takou
QHHUTWISIIIUU TTPOUCXOAUT MOJHOE YHUUTOXKEHUE SHEPrUU, B OTVIMYUE OT Mpoliecca aHHUTUIISIIUN
9JIEKTPOHA U TIO3UTPOHA, IIPY KOTOPOM MPOUCXOUT JIUIIB NEPEX0J] SHEPTUM MOKOS (MAcChl) B HEP-
THI0 JABUKEHHSI CO CKOPOCThIO cBeTa. Heuto momoOHOe MporcXOAuT U ¢ BHYTPEHHHMH TOJISIMU
MUKPOYACTHI], HATPUMEP, B AMEKTPUIECKOM TIOJIe aTOMa — SIIPO U OOOJIOUKU U3 NEKTPOHOB. [Tpu
CHHTE3€ WJIU pacriajie HOBBIX si/Iep, aTOMOB WJIM MOJIEKY/T B 3AMKHYTBIX U KOHTPOJIUPYEMBIX 00bE-

MaX, TI0C/ICHNIE CIOCOOHB! YMEHBIIATHCS WM yBeIHunBaThes B 10" paz'os.

OpnHOMMEHHBIM C NMEPBUYHBIM MCTOYHUK 3apsAja OTTAJKHBAETCS] B3aUMHBIM IOJIEM IIYyTEM
yBeJIHYeHnsl 00'bEMa POCTPAHCTBA-TIONS MEK/Ly HICTOYHMKAMU 32 CUET YBEJIMUESHUSI CyMMApHOTO
MIOTOKA M3JTy4aeMbIX MCTOYHMKAMHU OJWHAKOBBIX 10 3HAKy 3€peH-NoTeHUUaIoB. COOTBETCTBEHHO
MEHSETCS1 M KOH(UTypalysi B3AUMHOI'O MOJIS IByX UICTOUYHUKOB (¢pur.1.1).

Takue nmpouecchl BO3MOKHBI JILIb IPU YCJIOBUM, ECJIU B IIPUPOAE CYLLECTBYIOT BTOPHYHbIE
BHEIIHKE (pU3MUYECKHe MOJISA-IPOCTPAHCTBA C HA3BaHHBIMM CBOICTBAMH, T.€. CUJIOBBIE IPOCTPAHCTBA
BOKPYT' CTALIMOHAPHBIX UCTOYHUKOB, A TAK)KE NePBUYHbIE BHYTPEHHUE MUK POMOJISA-KOHTYPBI-000-
JIOUKU 3JIEMEHTapHbIX YacTHll, SAEp, aTOMOB M MOJIEKYJI, ONpeAeNsolue X Maccy, 3apsj, CIIUH,

163310 noATBepXkaaeTcs pesynsratamu padot A. . Knagosa 1o KaBUTalMOHHOH AECTPYKLIMH MaTepUH.
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MarHUTHbIA MOMeHT B cucteMe CU 1 T. 1. A Takue Mossi IeUCTBUTENIBHO CYIIECTBYIOT 00'beKTHBHO
U 3apPerucTpUpoOBaHbI SKCNEPUMEHTAJIBHO .

CaoiicTBa noJsei. 3aKkoHbl (PU3NYECKHX T10JIel

HasBanHblii mporiecc aHHUTWJISIDMM WJIH YBeJUYeHUsl-yMeHblIeHHsi o0béMma mnoJeid
orpezieNisieT U MeXaHU3M BOZHHKHOBEHMsI CUJIbI TIPUTSKEHHS WM OTTAIKMBaHUS B 3aKoHaX Hplo-
ToHa, Ky/loHa ¥ B3auMOIENCTBUY TIOJIIOCOB MOCTOSTHHBIX MAarHUTOB JIaXe B BaKyyMe KocMoca. [1pu
9TOM HaOJOIaeTCsl CTAaOMIBLHASI COBMECTUMOCTh OOJIee CUITBHBIX ITPOCTPAHCTB-TIONEN B OoJiee cia-
ObIX, T.€. MEKTPOMATHUTHBIX B IPABUTAIIMOHHBIX, a TAKKe HECTAOMJIbHAsI COBMECTMOCTh HEKO-
TOPBIX NIEPBUYHBIX BHYTPEHHUX MUKPOIIPOCTPAHCTB JIeMEeHTapHbIX yacTull (okoso 3000 pacnagato-
IIUXCS PAAMOAKTUBHBIX U30TOIIOB $I/IEP AaTOMOB XUMHUYECKHX IEMEHTOB) B CJ1a0BIX I'PABUTALIMOHHBIX
MOJISIX.

Takum 0O6pa3om, MEXaHN3M B3aHUMOAeHCTBHSI MEXIY ABYMsI MM HECKOJIBKUMU Pa3HOMMEH-
HBIMH TIOJIIPHBIMU KICTOYHUKAMU (YCJIOBHO TUTIOC M MUHYC JUTSI KQJKJIOTO U3 TPEX U3BECTHBIX IMOJIEH)
00YyCJIOBJIEH CO3JJaHMEM YK€ B3aNMO/1eiiCTBYIOIINX T0Jiell HHTeP(PepUPYIOLIUX TPOTHBOMIOIOK-
HBIX ITOTOKOB 3€PEH-TIOTEHIINAJIOB C Pa3HBIMU 3HAKAMH MYTEM MX aHHUTWIISIIIAU WM TIOTJIOIIEHUSI
BO/MM3M c1aboro'® UCTOUHMKA, MPUBOIAIIMMH K U3MEHEHHUIO KApTUHBI TIOJIsI OT OJHOTO MCTOYHHKA.
3710 U3MeHeHue 00yCIOBIEHO 00pa30BaHUEM YK€ CHJIOBBIX JIMHUI MOJIs, IO KOTOPBIM, BCIIE/ICTBUE
BO3HUKHOBEHHMS CUJIbI NPUTSKEHUS (3akOH HpioToHa mim 3akoH KysoHa), 1 HaUMHAeTCsl IBUKEHUE
cJ1a00ro MOIBMKHOTO MCTOYHHKA 32 CYET COKPAIICHUS JJIMHBI JIMHEHHBIX HUTEH-MPOCTPAHCTB %
MpY AHHUTHJISIIUU PA3HOUMEHHBIX — 3€PEH-TIOTEHIMAJIOB MyTEM YHHYTOKEeHNSI Bel[eCTBEeHHOT 0
npocrpancTBa. [IputrskeHue TeM cuiibHee, YeM OOJIbIlie CHIIOBBIX JIMHUIM, BOZHUKAIOIINX TPH yBe-
JIMYEHUH MUIOTHOCTH TIOTOKA 3E€PEH-TIOTEHINATIOB MEXAy MCTOYHUKAMM, T.€. YKOPOUYCHHUE JIMHEN-
HBIX HUTEW MPOCTPAHCTB!®® — 370 HyJieBOe U IJIaBHOE CBOWCTBO 3€pEH, NEHCTBYIONIMX B JaHHOM
TOYKE CYMMApHBIX TOJIeH, YBEJTMUMBAIOIIUX WM YMEHBIIAIONIMX CHIIY 3THX B3aUMOJEHCTBUH, T.€.
YBEJIMYMBAIOIIMX WM YMEHBIIAIIIUX 00bEM CHJIOBOTO MPOCTPAHCTBA MEKAY JBYMS B3aMMOICH-
CTBYIOIIMMH UCTOYHUKAMH.

B3anmopeiicTBue rpaBuTaniuoHHbIX nojeil ncTouyHUKOB YCT u kiaacrepoB aTOMHO-
MOJIEKYJISIPHOTO BellecTBa.

Hpyron npumep ¢ nonsmu sigep Connua, Onutepa m 3emyid U UX TPOTUBOIOIOKHBIMU
TOJISIMU aTOMHO-MOJIEKYJISIPHOTO BELLIECTBA, pa3MEILEHHBIM BOKPYT 3THX fAep B aTMocdepe U Kope.
[TnaneTsl 3eMHOI TpymIBl OJIMKE pa3MEIeHbl HA paguycax CBOUX SJMIITHUECKHX OPOUT BOKPYT
ConHiia, yeM razoxkukue riaetsl tuna Fomurepa wim Carypha. [Touemy? ITotromy 4to, 3HaK 3apsiga
MacChl KOPbI U KOJTMUECTBO TAKOTO BEIIECTBA UMEET 3HAK 3apsia MPOTUBOMOJIOKHBIN 3HAKAM 3apsiaa
sapa YCT ConHila 1 3emiid, 03TOMY Y MPUTITUBAIOTCS OHU CUJIbHEE, YeM OTTAJIKMBAaHUE OUHA-
KOBBIX 10 3HaKy 3apsaaoB YCT, pacnionoxeHHbIX B LieHTpe 3TuX 1iaHet u Conxua. [one snep YCT
IOnmrepa u CarypHa HACTOJNIBKO CHJIBHOE, YTO OHU MMEIOT Oosiee 60 CIyTHUKOB KaX[blid, a 3eMJis
b JIyHy ¥ TOT OCTOSIHHO Ha 4 ¢M B roji yajisiercs: oT Hee.

J1J151 ICTOYHMKOB U3 ATOMHO-MOJIEKYJISIPHOTO BEILECTBA, (PU3NUECKUE MO KOTOPBIX UMEIOT
YCJIOBHO 3HaK MUHYC U CO3/IaHbI CyMMAapHBIMHU KBAHTOBBIMU TIOTOKAMH OTPHLIATENIBHBIX 3€PEH-TPaB-
MOTECHIIMAJIOB, CBOWCTBEHHO 00BbeJIMHEeHHe-UHTerpanus'®’ (310 mepBoe CBOWCTBO) OTIEbHBIX
MHUKPOYACTHUI] MACCHI B OTHOMMEHHO 3apsUKeHHBIE KJIACTEePhl U Jake ¢ 00pa30BaHUEM TBEPIBIX Tell.
ITO JOCTUraeTcsl MyTEM YHUUTOXKEHHUsI TIPOMEKYTOUHOTO MPOCTPAHCTBA MEXKIY STUMHU YaCTUIIAMU

164 AHHUTHISAIMS TS CJTA00r0 MHOTOKOHTYPHOTO MCTOYHMKA TUIa aTOMHOTO SI/Ipa WM MOTJIONIEHHE JUIsl ¢Iaboro OJHOKOHTYP-
HOT'O UCTOYHHUKA THUIIA IEKTPOHA.

165 310 30Ha MUHeiiHO! XOJIOMHOM IJIa3MBbl.

166 Brenmee MPOCTPAHCTBO-TIOJIE TOTO MJIM MHOTO CTAIIMOHAPHOTO MCTOYHHMKA POXKIAETCS M3IydeHHEM OJHOMMEHHBIX 3EpeH-
noteHImanoB. Eciv B Kakoii 1100 TOYKe MPOMCXOAUT AHHUTWIISIMS STUX MOTEHIMAIOB, TO MCYE3aET WM COKPAIIAETCs pa3Mep ero
MPOCTPAHCTBA B JJAHHOM TOYKE, a B 3Ty TOUYKY U MIEPEMENIAETCS ICTOUHUK C TIPOTHUBOIOJIOKHBIM 3HAKOM.

197 310 3akon BCeMHpHOTo TsiroteHust Hpiotona. OHaKo NpH ONpesie/IEHHBIX YCIOBUSX BOBMOXKHA U AN3HHTErpalyisi KJIacTepoB.
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MIPOTUBOIIONOKHBIMH 3€PHAMU-TIOTEHIIMAIAMU OOJiee TUIOTHOTO MOTOKA BHEITHETO IeHTPAJbLHOr0
moJisl (3HaK 1noc) 3emd. DTO NPUYNHA, 2 CJIeICTBHEM SIBJISETCS «IIKOJIbHBIN» 3akOH HbloToHA
BcemupHoro TsaroreHus. Ilnornocts ssaep YCT Ha yeTslpHAALATH-IECTHAALATD JECATUUHBIX TOPS-
KOB OOJIbIIIe CpeHEel TUIOTHOCTH BelllecTBa TBEPIOIo Tesa, a pa3Mep aTOMHBIX siiep CYIIECTBEHHO
Mmenbine pazmepa saep YCT. [losromy paccestHHbIE TpPaBUTALIMOHHBIC TMOJIsS KJAACTEPOB aTOMHO-
MOJIEKYJISIPHOU Macchl OyAyT UMETh COOTBETCTBEHHO MEHbIIIee IATbHOAENCTBIE U TNIOTHOCTD IIOTOKA
3€pEeH-TPaBIOTEHIMAJIOB — B 3TOM UX IJIABHOE OTJIMUME OT LEHTPAJIbHBIX M0JIEW TATOTEHUs, KOTOPOe
Y POKJIaeT yKa3aHHOE CBOWCTBO — 00'benHeHne o 3akoHy HbioTona. 3tot 3ppext u npuso-
JIMT K IJIaBHOI ommnOKe 3akoHa BceMUPHOro TroTeHusi, B KOTOPOM B3anMO/ieiicTBYIOIIHe
TeJia HMEIOT TOJBKO IOJIOKHTeJbHOEe 3HAaYeHne 3HakKa 3apsja maccbl. B npupoae ume-
wtesa YCT-aapa nuaner, 3B€3]1, rajJJakTHK, KOTOPble HMEIOT 3HAK 3apsa Macchl ¢ Mpo-
TUBOIIOJIO?KHBIM 3HAKOM M OTJIMYHBIM OT 3HaKa 3apsja Macchbl aTOMHO-MOJIEKYJISIPHOTO
BellecTBa.

ITOT Mpoliecc Jierko noarsepxaaercs aggexrom Kazumupa, KOTOPbI 3aK/II04aeTCs B TOM,
41O ecnu B Kamepy Papajies NOMECTUTh OYeHb OJIM3KO APYT OT Jpyra JBe OTIOIMPOBAHHBIE TIOC-
KM€ MEeTAITTMYECKUe TUIACTHHBI (KOTOpasi 9KpaHUPYETCsI OT BCEX OOBIYHBIX SHEPreTUUYECKUX MOJeH,
a BHYTPHU CO3aETCsI aOCOMOTHBIN BaKyyM), TO BOSHMKAET OUeHb PEAJIbHBINA M OY€Hb MOITHBIN 3(PeKT
00beHeHNst B oivH MOHONUT. CrJia CIeTUIeHH s HACTOJIBKO BEJIMKA, UTO /IS pa3fesieH s IUIACTUH
MPUIETCS UX Pa3pyLINTh, YTOOBI OTCOCAMHUTH APYT OT Apyra. biaromapst sTomy mporeccy poxknia-
I0TCS1 KJIaCTEPBl M KPUCTAJUIBl TBEPAOTO TeJIa B CUJIbHOM I'PAaBUTALIIOHHOM I10JI€, HallpuMep, KOpbI
Y MAHTHH B LEHTPAJILHOM I10JI€ TATOTEHUS 3EeMIIH.

ITouemy noJisi KBAHTOB 3BYKa OJHOTHIIHBI 110 3€PHAM-NIOTEHINAJIAM € TPABUTALMOH-
HbIMU?

3TO OAHO3HAYHO CJIe/lyeT U3 CPAaBHEHU S pa3/IMYHbIX SIBJIEHUI U SKCIIEPUMEHTAIbHBIX 3(Pek-
TOB, NMPUBEIEHHBIX B 3TOM KHWre, Takux Kak y [I. Kumm, a Takxke crocoOe mogbémMa MHOTOTOHHBIX
THOETCKMX KaMEHHBIX OJIOKOB T0JIeM 3eMJIM C TIOMOIIIBIO 3BYKa U JPYTHUX.

BuxpeBbie 110151 HCTOYHUKOB.

Ecnu cranuoHapHoe cocTOsiHME NOKOSI UICTOUHMKA M3MEHSIETCSl HA COCTOSIHME BpallieHHusl,
T.€. BOBHMKAET MPUCYLLIUI 3TOMY TUIy COCTOSIHMSI MOMEHT MHEPLUH KJlacTepa, aKTHBHUPOBAHHBIN
MOMEHTOM MMITYJIbCa, TO TaKOe JIBUKEHHE BCErza POKAaeT BCIO TPUaAy «CHSIIMX-HeHTPaJIu30-
BaHHBIX» U BCErJa B3aMMOCBS3aHHBIX MOHOIIOJIEN — I'PAaBUTALIMOHHBIN, JIEKTPUUECKUN U MarHUT-
HbIiA. Tak BO30yXJaeTcsl IOMONIHUTENILHO MHAYKTUPYEMbI IPaBUTALMOHHBIA MOHOMOJB!'® B Mexa-
HUYECKOM MaKpOBUXPOHE — 3apsi/i BUXPEBOI0 MOJIsI.

Ho camoe riaBHOe 3akmiouaeTcsi B TOM, UTO, Kak CiieyeT u3 padoThl apurateneii ' Kumm, nepu-
TallMM KaMeHHBIX OJIoKOB TubeTta U Apyrux ABWKEHUM TeJ MOJ ACHCTBHEM 3BYKa, MaTepHsl 3BYKO-
BBIX TIOJIEH BOKPYT TBEPAOTO Teuia (0ecCTPyKTypHbIE TPAaBUTAIIMOHHBIE 3¢ pHA-TIOTEHITNAIIBI) B3aUMO-
JEWCTBYIOT C MOJISIMUA TATOTeHUusA 3eMii. YTo 3T0 3HaYUT? A 3TO 3HAYMT, YTO 3E€pPHA-TIOTEHLUAIIBI
C OJHMM 3HaKOM OT MCTOYHMKOB 3BYKOBBIX BOJHOBOZOB MOTYT YHHYTOXKATBHCSI I'PAaBUTALIIOHHBIM
nosieM 3eMJIH, a ¢ MPOTUBOTIOJIOKHBIM 3HAKOM YBEJIMUMBATH OOBEM U IFIOTHOCTD IMOTOKA STOTO TMOJS.
B nocneanem ciydae, eciv Takoe MOJiE CO3/IaHO BOKPYI NMOBEPXHOCTH TBEPIBIX TeJN, KaK HalpH-
Mep, BOKPYT HaAKpbUTheB!7” )KyKOB SHTOMOJIOTa [ peOeHHUKOBA, TO BOBHUKAET AaHTHTPABUTAIIMOH-
HOe I110J1e, KOTOpO€e MOJHUMAET KyKa HaJ] MOBEPXHOCThI0 3emuin. OTciofa 3ByKOBBIE TOJIS U TOJS
TATOTEHMSI SIBJISIOTCS POACTBEHHBIMH I10 CBOEH NPUPO/Ae TPABUTAIMOHHbBIX 3épeH-N0TeHIN-
aJI0B B OTJIMUME OT YYKePOJHBIX MarHUTHBIX U EKTPUUECKUX TOJIEH.

168 Hanpumep, BpallieH1e Mo YacoBOW CTPENIKe WM MPOTUB POXKAAET MOHOMOIHN C MPOTHBOMOIOKHBIMU 3HAKAMHU.
169 pasnen «JI. Knmn» Bo BTOPOM TOME 3TOH KHHUTH.

170 Paznen «B,C. I'peOEHHUKOB» BO BTOPOM TOME 3TOW KHUTH.

93



A. A. Hlappun. «Crpykrypa mupo3aanus Beenennoin. Yacts 1. Mukpomup»

Harpumep, ecii B U307 MPOBaHHBII OT 3eMJIM KJIacTep TBEPIOTO Tesa, HapuMep, B KAMEHHBIH
0ok !"!, IpOHMKAeT HEeNpephIBHBIN MOTOK ONpeeIEHHbIX 3BYKOBBIX KBAHTOB, TO Ha TPaHUIIE pa3-
Jiela ero BHEITHel MOBePXHOCTU C BO3yXOM HauMHAET BO3HHMKATh U PACTH IO BEJIMUMHE BUXPEBOE
nosie B hopMe MepuoArIecKy OOHOBJISIEMOM MHOTOKOHTYPHOUM 0O0JIOUKHU AeOPOUIEBCKOMN «IITyOBI».
WHepTHOCTS (3apsiji Maccyt) STOTO KacTepa B TAKOUM BHEITHEW 000I0UKe-«I1yOe» B IPYTOM TpeThbeM
T0J1e, HAIpUMeED, IIEHTPAILHOM ToJie 3eMJTH, TTPY HACHIIIIEHUH ITporiecca'’? CTAHOBUTCS paBHOM HYJTIO.
Takum ke 0Opa3oM, MOKET TIOJIHOCTBIO WJIM YaCTUYHO YHUUTOXKATHCS MHEPTHOCTH!”? 3TOTO Tena,
a ero nocnenyomiee IBxkeHne OyeT yxe 0e3bIHepIuoHHbIM. Be€ 310 monTepkaaercs yxe 6omee
50 ner neratommmu «tapenkamu» B. Mlayoeprepa u [I. Cepna u 6onee cra JieT aHTUTpaBUTAIIMOH-
HBIMHM MOHOIIOJISIMUA BOKPYT TeJ B Jietalonux ycrpoicrax 1. Kumm, nompémom Tuberckux MHOTO-
TOHHBIX KaMEHHBIX OJIOKOB, a TaKXke CTPOUTENbCTBOM «dgopuya JIuockaanuna 6o @aopude». 1o,
MIpesk/ie BCEro, CIPaBEe/IJIMBO B CUJIbHBIX TMOJISAX TATOTEHUS HA TIOBEPXHOCTH TutaHeT. [Tpudém miot-
HOCTh TIOTOKA 3EPEH-TPABIOTEHITUAIOB JIOCTUTAeT HAUOOJBIIErO 3HAYCHU S JIUIIh BOJM3KM BHEITHEN
MOBEPXHOCTU TBEPIOTO KjlacTepa, a CBOMCTBA TAKOrO TOJIsI TPU MAaKCUMAaJIbHOM BO3/IEHCTBUY 3BY-
KOM Ha TBEPIBIE KJIacTepbl OOBIYHOTO aTOMHO-MOJIEKY/ISIPHOTO BEIIECTBA MPOSIBIAIOTCA I peKTamu
H. Xaraucona, Bypmiyrkoro . C., rpapuronérom B. C. ['pebenHnkoBa, a ocobenHo Punanenbguii-
ckuM skcniepumenToM H. Tecubl.

Yem 0TIMYAIOTCS MOJISA CTATHYECKHX HCTOYHUKOB OT BUXPEBBIX?

BHemnee mosie CTaMOHapHOIO MCTOYHHMKA (KJacTepa Macchl) CO3JAETCA NUHAMHUYECKHM
MIOTOKOM, M3JTy4aeMbIM B 47 3€peH-TpaBMOTEHIINATIOB BCEX €ro aTOMHBIX SIAEp, U MPOSIBISIET MPH
9TOM B3aMMOJIEHICTBUY C TIOJIEM TATOTeHUsI 3eMJIM CBOIO MHEPTHOCTh, Maccy U Bec. Buxpepoe mone
BOKpPYI' BHEIIHEW MOBEPXHOCTH, HANpUMeEp, B KaMEHHBIX OJIOKaX C TMOMOIIBI0 3BYKa, CO3JAETCS
NeOpOIJIEBCKON «IITyOO» M3 OTHOCUTELHO CTAI[MOHAPHO YCTAHOBJICHHBIX HA TPAHUIIEC pasfesia
B IIPOCTPAHCTBE OMOPHBIX I'PABIOTEHIIMATIOB-3¢peH, POKIAEMBIX COOTBETCTBYIOIIEH Pa3psaIKOi X
BUXPEBBIX 3apsi/IOB BOJIM3M TPAHUIIBI pa3jiesia TBepIoro Tesa. dta o0omouka '’*, ¢ OqHOM CTOPOHHI,
SKpaHUPYET XOJIOJHOU Oe3MacCOBOH TUIA3MOI BHYTpPEHHEE T'PaBUTAIIIOHHOE TOJIe KJIacTepa MaccChl,
TaK)Ke KaK B aToMe 3JIEKTPUYECKOe T0JIe, & C JPYroi CTOPOHBI, OTTAJIKUBAETCS OT TOJISI TATOTEHUS
3emn.

CamonsuskeHre (poToHa, BOTHOBOE IBMKEHHE — 3TO MPUMED MEPEHOCA BUXPEBBIX MOJIEH MMy TEM
YCTaHOBKH 3EPEH-JIEKTPONIOTEHIINAJIOB BIIEPeX Ha YeTBEPTh JIJIMHBI BOJHBI CTAIMOHAPHO B TIPO-
CTPaHCTBE C POKIECHHEM TpPEeKa-BOJIHOBO/A, T.€. JIMHEHHOrO BEIIECTBEHHOTO MpocTpaHcTBa. MHTep-
(epeHIMsST IBYX TIOTOKOB 3€PEH-3IeKTPOIOTEHIIMAIOB OT JBYX MCTOYHUKOB (POTOHOB OTIMYAETCS
oT uHTepdepeHINH 47T-MM0TOKOB 3€PEH-TIOTEHITNAIOB UCTOYHUKOB JIEKTPUUYECKOT0, MATHUTHOTO WJIH
I'PaBUTAIIMOHHOTO TOJIsI. B mepBOM cilydae MpOMCXOIUT YHUUTOXKEHUE CTAIMOHAPHO YCTaHOBJICH-
HBIX B TIPOCTPAHCTBE 3E€PEH-TIOTEHIINAIOB, 2 BO BTOPOM Cly4ae — JUHAMHYECKOe YHUUTOXKEHHE
C MPOU3BOJICTBOM CHJIOBBIX JIMHHIA.

MexaHn3m npou3BoJCTBa (PU3NUECKOr0 MOJS, 3apsI KU, KBAHTOBAHUSI, CKOPOCTh, AAJIbHOJIEH-
CTBHE U pacrpe/esieHle B IPOCTPAHCTBE €ro 3€PeH-MOTEHIUAIOB C IOMOIIBI0 CTATHYeCKUX HCTOY-
HUKOB OT/JIMYAETCSI B KOPHE OT aHAJIOTMYHOTO MEeXaHH3Ma TOCPEICTBOM BHXPEBBIX MCTOYHUKOB
(BUXPOHOB), UTO CJIEYeT N3-3a CHIIBHOTO PA3JIMUKs B paiMycax AaJbHOAeCTBHSA IEeKTPOMArHHT-
HBIX M TPaBUTALIMOHHBIX MoJiel. Hammpumep, paguyc qeiicTBrs ONTUYeCKUX (DOTOHOB B IIPOCTPAHCTBE

© 2 o
BcenenHoii cocrapnser Gonee 1078 CM, a paauyc AercTBus rpaButanyonHoro nons saep YCT 3emu

v Conrna — 1.5 x 10" em 1 6 x 10 em, cootBercrBento. Eié Menble paguyc OeucTBUs TpaBUTA-

171 . ..
7 Hanpuwmep, Tubetckuii skcriepuMeHT MojrbéMa GJI0KOB 3ByKOM.

172 KpanTst 3BYyKa yIMOPSIOYMBAIOT JBIKEHHE aTOMOB BOJIM3U UX paBHOBecHs (OJSIpU3yioT), uto noareepxkaaercs . Kuu BBe-
JIeHNEeM MarHUTHOM CTPEJIKH Ha MOBEPXHOCTH TBEPIOTO Tesla — OHA HAYMHAET MHTEHCHBHO BPAIAThCA.

17 o o o
3 HpI/I TaKUX YCIIOBUAX HAPYIIACTCA «HEIIPUKACAEMbIN» ITPUHIUIL SKBUBAJIECHTHOCTH A. DiiHIITeHA.

174 Bonee cucremo u JETaJIbHO 3TOT Hpoliecc NprBeneH B pasaene «JI. Cepi» Bo BTOPOM TOMe 3TOW KHUTH.
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IIMOHHOTO TIOJIsI KJTACTEPOB aTOMHO-MOJIEKY/ISIPHOTO BEIIeCTBa, HAPUMED, AJIsI JeTalleld HaIKPbUIbEB
KyKoB 3natku [ peGeHHMKOBA BCETo 2 CM.

DneKTpuYecKre 3¢pHA-TMIOTEHINAb TPeKa (POTOHA HAXOAATCS B MOKOE ¥ BCTPOEHbI B JIHC-
KpETHOE MPOCTPAHCTBO BcesleHHON CBOOOTHBIM MarHUTHBIM MOHOIOJIEM BHXPOHA, JBHKYIIUMCS
CO CKOPOCTBIO CBETa. A TpaBUTAIIMIOHHBIE O€3MaCCOBbIE 3€PHA-TTOTEHIMAbI ICHTPAJIbHBIX MOJIEH si/iep
UCT pBHAKYTCA CO CBEPXCBETOBOM CKOPOCTHIO .

JI7151 IeHTPaJIbHOTO TPABUTAIIMIOHHOTO TIOJIS SIApa 3eMIIM U 3BE3]] YCTAHABIIMBACTCS MOJIOKU-
TeJbHast (YCJIOBHO TUTIOC MOHOIOJIb) TOJISIPHOCTb, KOTOpasi M3Jy4aeT MOIIHbIE KBAaHTOBBIE Jallb-
HOJICHCTBYIOIIME MOTOKU TOJIOKUTEIBHBIX 3EPEH-TPABIOTEHIIMATIOB U (POPMUPYET B3aUMHOE TI0Jie
B COBOKYITHOCTH C OECKOHEYHBIM MHOKECTBOM IPOTHUBOIOJIOKHBIX McTOUHMKOB. Kiacrepam mnac-
CHUBHOTO SI/IEPHOTO ¥ AaTOMHO-MOJIEKYJISIPHOTO BEIIIECTBA, TAKMX KaK MAHTHSI M KOpa IJIaHET WJIU Ta30-
oOpa3Hoe BellecTBO 3BE3/1, okpyxamiiee ssapo YCT-1ieHTp 3TOoro mossi, MpUCBauBacTCs OTPHIIA-
TeJbHAasI MOISIPHOCTh NPH (POPMUPOBaHUE B3AUMHOT'O TIOJS.

BTOpbIM CBOWCTBOM MOTEHIINATIOB-3EpeH OyAeT KBAaHTOBBIN MOTOK, T.€. MOCTpOeHNe (MHIYK-
1usl) AUHAMHYECKH TOABUKHOI CTPYKTYpBI MOJIEH C TAKOH CBEPXCBETOBOM CKOPOCTBIO pac-
MPOCTpaHEHMs], YTO Ha (pOHE COOBITUI MPOUCXOASIINX CO CKOPOCTBIO CBETA 3TO IMOJIe KaKEeTCs
MOCTOSIHHBIM. TOJIBKO B TAKOM TOJIE MOXET POXKAATbCS BUXPEBOM MCTOYHUK JIEKTPOMArHUTHOTO
JBHZKEHHSI 1 H3MeHEeHHUsI — IepEMEHHbI MarHUTHBI MOHOIIONb, HAIIPHUMED, B (DOTOHE.

3épHa-MoTeHIMATbl OJJUHOYHBIX CTATHYECKHUX UCTOYHUKOB CO3/AIOT MIOCPEICTBOM KBAHTO-
BOTO TOKa JMHAMHYECKHU CTaOWIIbHOE MOJIe-IPOCTPAHCTBO BOKPYT HErO, KOTOPOE PacIpoCTpaHsi-
eTCsl CO CKOPOCTbI0 BO MHOTO pa3 0osbliie CBETOBOM. INIOTHOCTD STUX MOTEHIMATIOB MaKCUMaJTbHA
Ha TIEPBUYHON 3aMKHYTOW MOBEPXHOCTH KOHTYpa CTaTUYECKOTO0 MCTOUYHHMKA M C YBEJMUEHUEM pac-
CTOSIHUSI OT HEro TOJIbKO yOBIBAeT.

IIapbI TAKMX UCTOYHUKOB U3MEHSIOT 3TO I0JIe ¢ 00pa3oBaHUeM MHTEP(EePEHITMOHHO-aHHUT U~
JISIIIMOHHON KapTHHBI TIPOSIBJICHUST CHJIOBBIX JIMHUI XOJOIHON 0€3MaccOBOM TIa3Mbl BO3/IEHCTBUEM
apyr Ha apyra. IIpoayKTomM BO3IEHCTBUSI TAKOTO CYMMApHOIO IMOJISl HA MOJABHKHBIN UCTOYHUK
C MacCO¥ SIBJISIETCS €0 JMHENHBIN MepeHOC MO/ ISHCTBUEM CUITHI TTPUTSIKEHH ST, 00YCIIOBJICHHOM B3a-
VMMHOW aHHUTWJISIMEN 3TUX TOTEHLIMAJIOB, T.€. JIMHEHHO-pauaIbHbIM YHHYTOMXKEHNEM MPOCTPaH-
CTBA-TIOJSI.

Takue yxe B3auMHbIE TOJIs], T.€. CHJIOBBIE MOJIsl C(POPMUPOBAHBI COOTBETCTBYIOIIMMU MTOTEH-
[[MajlaMi — I'PaBUTALIMOHHBIMY, SJEKTPUUECKUMHU WM MAarHUTHBIMH, & CMECh UX B (PH3HUECKOM
BaKyyMe KOCMUYECKOT0 MpocTpaHCcTBa BeeneHHoM 1 onpeiesnisieT CMeIIaHHYI0 CTPYKTYpPY NOABHK-
HOTO0 ¥ MOKosimerocst 3(pupa xoJa0JH0iH 6€3MacCcoBOil MJIa3MbI.

3épHa-ToTeHIMaTbl BUXPEBbIX MCTOUYHMKOB!’® yCTAaHOBJICHBI KOJNJIEKTUBHO I'€OMETPHYECKH
B MOKOSIIHECS] BOJHOBObI U MPOSIBJISIOT CBOMCTBO OTHOCUTEJIBHO CTAlIMOHAPHOTO TOJIOKEHUS
B mpocTpaHcTBe!’® ¢ onopoii Ha COOCTBEHHbIE MArHUTHOE!”” M rpaBUTAIIMOHHOE MTPOTEKTOPHOE TOJIE,
Harpumep, (POTOHBI. DIEKTPOMATHUTHBIE TIOJISI-BOJIHBI (POTOHOB PACHPOCTPAHSIIOTCSI CO CKOPOCTHIO
CBeTa. A IUIOTHOCTh MOTEHIMAIIOB HA BOJTHOBOJAX MMEET MEePUOANYECKUI XapakTep ¢ HauOOJbIen
TUIOTHOCTBIO B y371aX M HAMMEHBIIIEH — B IMTyYHOCTSIX BOJHBL. BOIHOBO/IBI M3 TAKMX MOTEHIUAJIOB CTa-
HOBSITCSI pa30BBIMH MCTOYHUKAMH TOKOB!7®

175 «
7 10 MEXaHUUYECKUE U SJIEKTPOMArHUTHBIE BUXPOHBI, CTPYKTYpPa 3€PEH-TIOTEHIINATIOB KOTOPBIX 60)'[66 CJIO)KHaA, Y€EM CTPYKTypa

3€PEH CTallMOHAPHBIX UCTOYHUKOB.

176 ﬂpyFI/IMI/I CJIOBaMH, CTALIMOHAPHO MOKOAIINECA 3épHa—HOTCHL{I/IaIIbI —3TO U €CTh JIOKAJIbHOE JIMHEHHOE TMPOCTPAHCTBO, HO ITOKO-

A1eec.

177 Takwue 10J1s1 aBTOMAaTHYECKH BO3HUKAIOT IIpyU U3MEHEHUU TOJIOKEHUA 3épeH-HOTeHHI/IaHOB OTHOCUTEJILHO APYT Apyra B 3TUX
BOJIHOBOJAX.

178 Ecnu onu YCTaHOBJIEHBI B CPEAE C NOABUKHBIMUA HOCUTEIAMU JIEKTPUYECKOI0 UJIK MaCCOBOI'O 3apAaa.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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