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Hama Bcenennas o0Gpa3oBaHa AByMsI IVIaBHBIMH KOMIIOHEHTaMU — BaKyyMOIOJIOOHOM
cpenoit u Marepueil, obnagaromeit maccoil. Cpea U MaTepusi COCTaBIAIOT €IMHCTBO U HE
MOTYT CYILECTBOBaTh pasnenbHo. CTpykTypa BakyymMa HE HPOTUBOPEUYHUT (popmyrnam
MakcBesia, ONpeeNsoIMM PacpOCTPAHEHNUE 3JIEKTPOMAarHUTHOM BOJIHBI TOJBKO IIPU
YCIIOBUU y4€Ta Cpejibl CYIIECTBOBAHUS MATEpUU — BaKyyma, 3pupa. YUeT CyleCTBOBaHUS
3¢upa B KauecTBE Cpeibl OOMTAaHUS MATEPUU MO3BOJIHI OOBSICHUTH HAa (PU3NYECKOH OCHOBE
HPUPONy TPaBUTALMU—UHEPIHU (MAacChl), MArHETU3Ma, JIEKTPOMArHUTHBIX BOJIH, JIyalu3M
yactull. Cpeza oOMTaHUs BEIIECTBA UMEET CIOKHYIO CTPYKTYpY U3 6€3MaccoBOl 3apsiioBOi
pElIeTKH ¥ KBAHTOB MOTOKA MArHUTHOW MHIYKIMH, KOTOPBIA MMEET MpPSIMOE OTHOLIEHHE K
MarHeTusMy, o0pa3oBaHUIO Macchl MaTepuu. Ha ocHOBe SHEpreTHYecKuX COOTHOIICHUH pu
npeBpalieHud (OTOHOB B Mapbl BEIIECTBa—AHTHUBEILECTBA OIpPEAEICHbl CTPYKTYpPHBIE
OCHOBHBIC 3JIEMEHTHI BaKkyyMa—a¢upa. JTa HoBas (pu3nueckas napajaurma He NpOTUBOPEUUT
HU OJIHOMY M3BECTHOMY HaOJIO/ICHUIO U OIIBITY.

Dark Energy and Matter in the Universe.

Our universe is formed by two main components —like vacuum environment and a matter
having a mass. Environment and a matter make unity and can not exist separately. It does not
contradict Maxwell formulas determining propagation of an electromagnetic wave, only
under condition of the account of existence of the environment of matter existence: vacuum,
an ether. It also has found the account of existence of an environment as an inhabitancy of a
matter has a nature of gravitation—inertia, magnetism, electromagnetic waves, dualism of
particles. The inhabitancy of substance has complex structure from the massless charges and
quantum of magnetic flounce that has the direct relation to magnetism, formation of mass of
a matter. On the basis of power parities at transformation of photons into pair’s substance —
antisubstance structural basic elements of a vacuum — ether are determined. Confirmation of
this new physica paradigm is made by the experiment data.
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Penensusi Ha kHUry A. B. PoikoBa «Bakyym u BeliecTBO BCEJICHHOM»
JlokTop pusuko-mareMatnyeckux Hayk, akageMuk PAH B.H. Crpaxos

Kuura Anatonus BacunbeBuua PrikoBa oTHOCcHTCS K (DyHIaMEHTAIbHON 00JaCTH (DU3UKH:
CTPOEHHIO BaKyyma M €r0 CBSI3U C BELIECTBOM, U3BECTHBIM HaM II0 HAayKe U IOBCEIHEBHOU
KU3HU. ABTOpP HMCHOJIb30BAJI XOPOIIO U3BECTHBIN (DaKT oOpallleHus SHEPruu ramMmma-KBaHTa
BenuunHO# 6osee 1,022 M»B B napy 31eKTpoH U MO3UTPOH. B (usuke 310 BOCIpUHATO Kak
IpeBpalleHe SHEPTUHU B BELIECTBO 0€3 aKLIEHTUPOBAaHUS BHUMAaHUs Ha caM MpOLiecce TaKOTro
npeoOpa3oBaHusi, XOTs MPSAMOU CBs3u 3Hepruu u maccel B Ilpupone Her. Ecth anamorwus,

BEIpakeHHas Gopmynoii E = mc?, u3 xotopoii oueBuaHO, uTo E HE paBHO Macce M.

Jlanee aBTOp IPEANON0KUI, YTO ATOT IPOLECC HAIPSMYIO CBSI3aH CO CTPYKTYpOH BaKyyMa H,
co0utro1asi Bce M3BECTHBIE (PU3MUECKUE COOTHOILEHUS, BBIBE PAaBEHCTBA, XapaKTEePU3YIOIIHe
BaKyyM: 3apsIOBYI0 KPUCTAJIONOAOOHYIO CTPYKTYpYy, OOBEAMHEHHYI0 KBaHTaMH IOTOKa
MarHuTHOM mHAyKIuH @. [Tpu 3TOoM HaGMIONAIOTCS YAMBHUTEIbHBIE COBIAACHUS C XOPOIIO
U3BECTHBIMU (PYHJAMEHTAJIBbHBIMU KOHCTAHTaMHM. YK€ 3TO SABJSETCS OCHOBAaHUEM JUIS
UHTepeca Kak MpodeccuoHaoB B (PU3MKE, TaK U JJIsl 00pa30BaHHBIX YUTATENCH.

Ho camoe nnTepecHoe B KHUI'€ — 3TO TO, UTO CTPYKTypa Bakyyma oka3biBaeTcs 3¢ peKTuBHOIMA
B OOBSCHEHUHU IIHUPOKOro Kpyra (yHIaMeHTaldbHBIX siBieHud [lpuponpl, HaumHas oOT
paclpoCTpaHEHUs] CBETa COIJIaCHO Teopuu MakcBemia 4epe3 CyIHOCTb TI'PABUTALMUA U
MHEPLUU JI0 CTPOCHUSI BEILECTBA U POXKACHMS Macchl BeulecTBa. OpUrHHAIBHO TPAKTYETCS
QHHUTWIISALUS  BEIIeCTBA W  AHTHUBEIECTBAa, MNP KOTOpPOHl Macca MeHsieT ¢opmy
CYLIECTBOBaHUSI U 0OOOpayMBACTCSI HEBO3MYILIEHHBIM TMOTOKOM MAarHUTHOM WHIYKIUU
CTPYKTYpBbI BaKyyMa.

HecMmotps Ha siBHBIE yIyIIEHHs aBTOpa B MCIOJIb30BAHUU NPUHATHIX IPAaBUI U TpaauLUd B
OQUIMATBHBIX MYOJUKALMSIX, KHUra 0€3yCIIOBHO IPEJCTABISIET [IEHHOCTh CBOEH HOBU3HOM
npezcTaBiIeHuit 0 Gu3nueckoM Mupe BceneHHOM, OTKpBIBAaeT 10TOJIe HEU3BECTHBIE TalHbI, U
€€ MOXXHO pPEKOMEHJOBaTh JUIsl Me4yaTH W JJii 3HAaKOMCTBAa C HEW IIMPOKOM myOnHKw,
MHTEpECYIoIIelcs yecTpoiicTBOM Mupa. Hano npusHaTh, 4TO KOHLENIUS CTPYKTYpBl BaKyyMa,
U3JI0’)KEHHAs! aBTOPOM, HeE SIBIsSIeTCS €AMHCTBEHHOM. CyIECTBYIOT U JpYyrHe BO33PEHHs Ha
¢u3nueckuii BakyyM, XOpOLIO U3BECTHbIE B UCTOpUU (pu3uku XX Beka.

Penensus Ha kHury A. B. PoikoBa «Bakyym M BelecTBO BCEJICHHOM»

JloxTtop TexHuueckux Hayk B.A. MenpmmkoB, nupekrop HUM kocMudeckux cUCTEM UM.
A.A. Makcumosa, nipodeccop, 3aciayKeHHbI nesTenb Hayku Poccuiickoit denepanuu,
naypear npemuu IIpaBurtenscrBa Poccuiickoii denepauuu, 3acily’KEHHBIM CO31aTelNb
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KOCMHYECKON TeXHHUKH, aBTop Oosiee 500 HayyHBIX paboT.

HebGonpimast kaura kanauaara ¢usuko-mMaTematuueckux Hayk A.B. PpikoBa mpezacrasisier
HECOMHEHHBIM HMHTepec Ul IIMPOKOTO Kpyra 4duTaTeneil, BKIOYas BeXyLIMX (PHU3UKOB,
CTYJEHTOB M  MPOCTO  OOpa30BaHHBIX  JIIOJEH,  HMHTEPECYIOLUIUMXCS  BOINpPOCaAMU
dynnamenTanbHOW (u3uku. KHUra cymecTBeHHO OTJIMYAeTcsi OT MOJOOHOro poaa pador,
OHA HE BCEX YCTPOUT IO TEPMUHOJIOTUH, IO Py PU3UYECKUX IPOOIIEM, B HEW 3aTPOHYTHIX.
Ho nanwmcana >xuBo, yBiekarenabHO. UTo riiaBHOe B HeH? [1aBHOE OTpa’keHO B 3arjiaBUU:
BaKyyM, €ro MECTO BO BCeneHHOM U OTHOIIEHHE BaKyyMa K BEILECTBY.

Kak cienyer u3 no3uuuu aBTopa, KOTOPYHO HE TPYJAHO Pa3JeiIUTh PELEH3EHTY U YUTATEISIM,
TeopeTnyeckas (U3uKa coBeplImia omMOKy B Hayase XX BeKa, UCKJIIOYUB HCCIICIOBAaHUE
Cpelpl pacIpOCTpPaHEHUsS CBeTa U Bakyyma B TOM uucie. CleICTBUEM 3TOro SBISETCS
npotuBopeure ¢uzuku ¢dopmyinam Makcsemna, ombitaM [epua, paboram JlopeHna u
XeBucaaa. [[o cux mop HeT 4YETKOro MPEACTABIECHUS O TOM, KaK paclpOCTPaHSETCs CBET B
BeIleCTBE W B BakyyMme. IIpuHumaercs pacmpocTpaHeHHe TIOObIX (PU3MUECKUX TMOojen
BOOOI1Ie, B TOM YMCJI€ TPaBUTAIlMU B IIyCTOTE, B (PU3HUECKOM BakyyMme. Bakyymy mocBsiieHo
MHOTO paboT. J10 Teopus Jdupaka («vope» [lupaka), BakyyM, COCTOSILIUI U3 BUPTYaIbHBIX
(HepeanbHBIX) YacTHIl, u3BecTHas cTaThs A.Jl. CaxapoBa 1o KBaHTOBOW CTPYKType Bakyyma
U TPaBUTAIMHM U MHOTHE JAPYrHe TEOPHH KPYNHBIX Gu3ukoB. Ho 10 cux mop ocraercs TaitHOH
siBJieHUe rpaBuTanuu U uHepiuu (cm.: B.A. Menbuukos, B.K. Jlenkos. Taiiubl Tsrorexus //
M., HUU KC, 2007, 331 ctp.), HECMOTpsl Ha ToyHble popMyabl HploTOHA, MaTemMaTHuecKoe
OINMCAaHNE I'PAaBUTALIMU B TEOPUM DHHILTEIIHA, B KBAHTOBOM MEXaHUKE.

Bakyy™m, OTKpbITHE €ro CTPYKTYpHl aBTOPOM Ha OCHOBAaHHH JaBHO U TOYHO
YCTaHOBJICHHBIX SKCIIEPUMEHTAIBHBIM MyTeM JJAaHHBIX IO OOpa30BaHUIO Map JIEKTPOH—
MO3UTPOH TaMMa-KBaHTOM ¢ dHeprued Oosbmie 1,022 M3B MOXHO MPUHATH KaK OCHOBHOE
noJio’keHrne paboThl PrikoBa. [l ee YCHENIHOTO 3aBEepIICHHs] aBTOPY MPHILIOCH CAENaTh
€CTECTBCHHOE TPE/IIOJIOKEHNE, YTO BHECCHHE B BaKyyM YyKa3aHHOW SHEPTUU MPHBOIUT K
POXKICHHUIO BIIOJIHE MAaTEPUANBbHBIX YACTHI[ JEKTPOHA U MO3uTpoHa. IIperncraBienue, 4to

SHEprus MOYKET MPAMO TIPEBPANIAThCA B BEMIECTBO (u3muecku HeBepHo. Popmyna E =mc?
YKa3bIBa€T TOJIBKO HA TO, YTO VIS MOSIBICHUS BELIECTBA C MACCOM M HYKHO OIIPENEICHHOE
KOJIMYECTBO dHepruu E. Ham mpencrasisercs, 4To CIeNyeT €CTECTBEHHOE MPEATIOI0KEHUE
aBTOpa O TOM, YTO Macca poxzaacrcs u3 Bakyyma. M3 3ToM MIen odeBHAHA CTPYKTypa
BaKkyyMa. OTOT BBIBOJA CJAEJaH CTPOr0 MaTeMaTH4YecKu U ¢ OOJbUIOW TOYHOCTHIO.
OtnuuurenbHass OCOOCHHOCTb KHUIHM 3aKJIIOYAeTCs HMMEHHO B IPUME-HEHHUH TOYHO
oInpeeNeHHbIX (PU3MUECKUX KOHCTAHT U UX HCHOJIb30BaHUE B (HOpMyliax, KOTOpbIE HAarOT
TOKE OYEHb TOYHBIN YUCIOBOM pE3yJIbTar.

BTOopeIM Ba)KHBIM CIEACTBUEM BBIABICHHOW CTPYKTYpPBI BaKyyma SIBJII€TCS TMIIOTE3a O
npupojie rpaBuTalMu ¥ nHepuuu. OaxkTruuecku npeoOpazoBaHHAsi HA OCHOBAHUM CTPYKTYpPBI
BakyyMma (Gopmyna HploTOHa MOXKET yCIEIIHO MPUMEHSATHCS BO BCEX pacyeTax Mo JBUKEHUIO
KOCMHUYECKHX OOBEKTOB M MCKYCCTBEHHBIX anmaparoB. OCOOEHHOCTHIO JaHHOM TUIIOTE3Bl O
IPaBUTALUU SBJISICTCS €CTECTBCHHAs CBSA3b I'PAaBUTALMM U WHEPLMM, YTO OTCYICTBYET B
M3BECTHBIX HA CErOJHs TEOPUSIX IPABUTALUU.

HeoOxonnMo OTMETHUTH YIMBHUTEIbHYIO CHOCOOHOCTH CTPYKTYpbl Bakyyma OOBSCHSTh
IMIUPOKUHA Kpyr (Qu3nueckux npoOsieM, BKIOYash MEXaHU3M paclpOCTPAHEHHUs CBeTa,

TpaBUTaOWIO 1 UHEPLUIO, POXKIACHUC MaCC BEIICCTBA U aHTUBCIICCTBA U JIP.

K COXaJICHUIO, B KHUT'C €CTh 3aMCTHBIC HEOIOCTATKH. YacTp u3 HHX YIIOMHHAJIACh BBIIIC.
COMHCHHUS BEI3BIBAIOT pacCyxACHUus aBTOpa O CTPOCHUU U CTPYKTYPC MHUKPOYACTULl U TOMY
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noz00HbIe. OJHAKO OTKpBHITHE TaWHbI (Hameemcs!) TpaBUTAMM M HHEPLHUH, CIIOCO0a
paclpoCTpaHEHUs] CBETa C JIMXBOW IOKPBIBAIOT BO3MOJKHBIE HENOCTaTKH, HETOYHOCTU U
MpoMaxy aBTOpa. B 1enoM, NMpuxoauM K 3aKIIOUECHHUIO O YPE3BBIYANHON IMOJb3€ KHUTH U
pEeKOMeHAyeM ee K MyOJIMKauud M K MPUOOPETEHUIO 3aMHTEPECOBAHHBIMU YHMTATEINISIMHU,
KOTOPBIX BOJIHYET (hyHAaMeHTaIbHas mpodiema rpaBUTaliH.

Ob ABTOPE

PoikoB Amnaronuii BacwibeBnu B 1953 rony okoHums  QusMueckuil  (akyiabTeT
JIeHHHTPAICKOTO TOCYAApCTBEHHOTO YHHUBepcuTera. llepBeie 1Ba Kypca oOydancs Ha
OTJCJICHUH «CTPOCHHE BEILIECTBa», MOCIE YE€ro, BEPOSTHO, MO MPUYMHE MOJ03PUTEILHON
dbamMunuu ObUT TIEpeBENIeH Ha OTAeNieHue «reodus3uka». B crucke oTAeneHwil mocienHee
MECTO 10 3HAYUMOCTH OTBEJICHO OT/ENICHHIO «acTpo(U3HKa», KOTOpOe ceifyac HaXOAUTCS Ha
nepeaHeM kpae (usuku Onarojapsi oOHApYKEHHUIO, YTO «TEMHBIC» CYIIHOCTH BcemeHHOU
3aHuMaroT 6osee 96%.

C momenTa okonuanus JII'Y, yxe 6oree 55 ner padoraer B Uncturyre ¢pusuku 3emnu PAH.
3a BpeMs pabOThI 3aLUTHII JUCCEPTALUIO [0 CECMOMETPUH Ha CTENIEHb KaHaAuaTa PU3UKO-
MaTeMaTHYecKux Hayk. VMM co3nanbl celicMorpadbl MHPOBOTO YPOBHS, KOTOpBIE BIIOJHE
MOTYT OBITh KBAIU(PUIIMPOBAHBI CTENEHbIO JOKTOPA HayK. MIHTepec Kk mpupoie rpaBUTaluu U
MHEpLH BO3HUK COBEPILEHHO cilyyaiiHo. Psimom ¢ aBTOpoMm pabotan EBrenuit BacunbeBuu
bapkoBckuii. ExxenHeBHO OH oOpamiaicss K aBTOpy C €ro ujaeed yBeIMYEHUS 3eMId U
OpUYHMHBL 3emiieTpsceHuii. OH roBopmsl 00 3¢upe, KOTOPbIM B LEHTpe 3eMJIM pOXKIAaeT
BEIECTBO, pacmmpstoniee 3emito. Kaxapiii nens! OH cTpamHo HAZo0em, U aBTOp 3ayMall
BBIBECTH €0 HAa YHUCTYIO BOJY IIyT€M YCTAaHOBJIEHUS NPUYMH I'paBUTAlUU U MHepuuu. U Tyt
ObUIO yauBJIEHHE TOMY (aKTy, 4YTO OSTO HEu3BeCTHO (Qu3ukaM. EcTh HeHayudHblE,
reomerpuueckue moHATUsA Teopuit OTHOCUTENBHOCTH U (PaHTACTMYECKHE OOMEHHBIE
YacTULIBI TPaBUTOHBI M TpaBuTUHO Puuapna @eitnmana B ero KsaHTOBOH JiexTpo
JHunamuke (KD/I). ABrop Torna eme Bepui pU3MKaM, HO TYT 3aKpajloch COMHEeHHe. Tak
310? OCcoOeHHO cTpaHHO ObUIO 3HaTh, yTo MHEPIIMS ecTh 3KBHBaJIeHT I'paBHTAlUU. DTO
sBHas 4yllb. [ e xe pemenre? Hukakux ocoObIx amOuIuii y aBTopa He ObLIO U HET.

[lapy ner uckan perieHue, ¥ OHO HAIIOCh. JTO OBLI M3BECTHBIM (DAKT POXKAECHUS Macc
3JIEKTPOHA U MO3UTPOHA, KOTOPOMY HET MPaBUIBLHOW MHTEpIpeTaluu B (pu3uKe. DTOT QakT
UCIIOJIb30BaH I HAaX0XJIEHHUs CTPYKTYphl BakyyMma. CTpyKTypa Bakyyma aOCOJIIOTHO TOYHO
BBIBEJICHA W3 3TOr0 OSKCIEpUMEHTambHOro (akra. Tam HET NPUBBIYHBIX (PHU3HUYECKUX
¢danrazuii. lanee Obuia TpynHas pabora mo HUIM(OBKE CTPYKTYphl Bakyyma. M Tombko
nocine myonukarmuu B 2007 rogy STOW  KHUTHM TIOCTENIEHHO MPHINEN K aOCONOTHOU
YBEPEHHOCTH B PEAJIbHOM CYILECTBOBAaHUHM CTPYKTYphI cpelbl Bakyyma. OHa Haluia CBOE
MOJTBEPKICHNE BO BCEX M3BECTHBIX HAM SIBIICHHSX: JIEKTpOMarneTusma, BoiH Jle bpoiins,
CTPYKTYpbl aTOMOB WU sJIep aTOMOB, POXKACHUHU BEILIECTBa M3 BaKyyMa, I'pPaBUTALUM M,
rnasHoe, B npupone MHEPIIMN. IIpruunHa OTKpBITUS pEAIbHOCTH CTPYKTYPBI BAKyyMa €CTh
€CTECTBEHHBIN XOJI MCCIIEOBAaHUS U HE MMEET HUKAKOrO0 OTHOLICHHs K JIMYHOCTH aBTOpA.
OTtkpeiTHe naBHO Haszpeno, HaumHas ¢ 1933 roga. OHO Morio OBITH CAETAHO JIFOOBIM
0o0pa3oBaHHBIM B (hu3uke yesnoBekoM. Ckopee BCero, B TEOPETUYECKON (PU3MKE COBEpIIEH



KPYIIHBII MpoMax B 00bsICHEHUH (haKTa poKJIEHUS Macc. JTO 3aciayra He aBTOpa, a MpoMax
¢uzukn!

Kak-To cpa3y M HEOXMAaHHO BO3HHMKJIA HIEsS O TOM, YTO MpPUPOJA TpaBHTAIMU
JNieKTpoMaruuTHas. Ho 3TO BIOJHE €CTECTBEHHO, TaK KaK BECh OKPYXKAIOUIMHA HAC MU
UMEET JJEKTPOMAarHUTHBIA XapakTep. ATOMHOE CTPOCHHE BEIIeCTBA OCHOBAaHO Ha
JJIEKTPOHAX M MPOTOHAX, OOJAJAIOIIUX AJIEMEHTAPHBIM 3JICKTPHUYSCKUM 3apsaoM. Jlaxke
SCpHBIC CHJIBI MMEIOT MPSIMOE OTHOIICHHWE K DIICKTpOoMarHeTusmy. HeWTpoHsl B supax
CIIOYKHBIX aTOMOB 00ECIICUMBAIOT KOMITOHOBKY IPOTOHOB B SIJ[pax ¢ MOIIHOW AJICKTPUUECKON
HaNpsDKEHHOCTBIO  Onarojiaps NOJSIpH3alMd  HEHTPOHOB CO CTOPOHBI ITIPOTOHOB. ITO
OTPHUIIACTCS B CYHICCTBYIOIICH (U3UKE, MPU ITOM NPAKTHYECKH HUKAK HE OrOBapUBACTCS
pOJIb HEUTPOHOB B aTOMax, XOTS CI0KHOCTh 3apsiIOBOTO YCTPOWCTBA HEUTPOHOB OpocaeTcs
B IJ1a3a. B €r0 CTPYKTYpPE eCTh 3apsbl (+) u (-).

Oxkasajioch, YTO €CIIM MEXJIY BEIIECTBEHHbIMH TE€laMH IOMECTUTH C1a00 3apsyKEHHYIO
cpexy, TO 3TOro OyJeT IO0CTaTOYHO AJIS MPUTSHKEHUH 3TOW cpelqod BceX Tell APYT K APYTY.
Pemenue sToi npobiemMbl 0OJHOBPEMEHHO MPUBOJUT K MOHUMAHUIO PACIIPOCTPAHEHUSI CBETa
U MHOTHMX JpYrHX (HU3MYECKUX SIBJICHUH. DTO OYEHb Ba)XKHOE IIOJIOKEHHUE, IOCKOJIBKY
pa3nuuHble GU3NYECKUE SBICHUS MOIy4YaroT OJHOTUITHOE TOJIKOBaHHUE, YTO, B CBOIO OUEPE/b,
0e3 BCIAKMX TEOPETHUECKUX <«HaTskek» naeT Benukoe OObenuHeHHE BCeX CHUIIOBBIX
B3aMMOJCHCTBUI B Mpupojae. Y IUBUTENBHO TO, YTO TEOpETHUYECKas (U3MKa MpOIjia MUMO
Cepbe3HOro (paKkTa poXkAECHUS MaccC HIEKTPOHA U NMO3UTPOHA, u3BecTHOro eme ¢ 1933 roga. A
B€/lb 3TO OCHOBa peayibHON (u3uku. K coxanenuto, 3ta HoBas pu3myeckas napajgurma He
HOJIb3YeTCsl AOJDKHBIM BHUMaHHMEM, a OHAa BeYHAa U TpeOyeT e€ 3HaHHs BceMu (u3MKamu
3eMiIH.

I'VTIABA|. IIYTU W TYIIMKU PA3ZBUTUA PUSUKU
1. Kparkoe coaep:kanue rJjasbi |

Uctopust pa3Butus actpou3uku U Gusuku noyuutenbHa. [Ipumepsr [Itonemes (2-3 Beka) u
Konepnuka (15 Bek) 1eMOHCTPUPYIOT JIBE MPOTHUBOIIOJIOKHBIE METOIOJIOTHH OMHCAHUS SBJICHU.
[lepBas —umo eusicy, mo u ecmov ucmuna. Bropas — npuopuTeET HOHUMAHUA RPUPOOBL ABICHU
nepel TOYHOCTBIO MpecKa3anuil (Ha mepBhIX mopax Teopust KomepHuka ycrymana mo TOYHOCTH
npejckazanuii Teopun [ITonemes).

B 19 Beke ®apaneit, MakcBemn, ['epry moHsuM, 4To JUIs PAacHpOCTPAaHEHMs CBETa HYKEH
npupoaHblil a¢up. B XX Beke orkazanuch oT 3¢upa U BBEJIM YUCTO MATEMaTHUECKOE OIMCAHHE
SIBJICHUM I'paBUTALIMH, 3JIEKTPOMArHeTU3Ma, ClaldblX U CHIBHBIX SJEPHBIX CHIL. 3Jech IpuMep,
oOparsbiii npumepy [Itonemes-Konepuuka — yxoa oT MOHUMAaHUSI IPUPOBI ABJIEHUHN K UX YHUCTO
MaTE€MaTU4YeCKOMY OIHMCAHUIO.

ABTOp JaHHOW KHHUTH TBITACTCS BHOBb BEPHYTh (GU3UKY B PYCIO HOHUMAHUSA HPUPOObL
sae1enun. OH BBOJIUT NOHATHE cpeda (MHBIMU CJIOBaMH, HA3bIBACT CPeOOil OTBEPTHYTHIA paHee
3¢up). Yupsmelii (akT CylecTBOBaHUS JICKTPUUYECKOTo 3apsaa co 3Hakamu (+) u (-) st Macc
a0COJTIOTHO BCEX M3BECTHBIX MHUKPOYACTHII TOATBEPIKIAECT HAJTHMUUE DJICKTPOMArHUTHON Ccpeobl B
BaKyyMe.

2. UcTopusi IO3HAHUSA OKPYKAIOIIEr0 MUPA
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Hcropuss mo3HAaHUSI OKPY)KAIOIIEr0 MHpa BechMa IMOY4HTEeNbHA. Ecim mpuBOAWTH camble
SpKUEe W KOHTPACTHBIE NMPHMEpbI, TO ciexayer odparutbes k [ltonemero (I1-111B.) u x H.
Komnepuuky (1478-1543). Meton mno3Hanusi Iltomemes cBomwiics K HaOmoaeHuto (1o
COBPEMEHHOMY — K ONbBITY) M HOCTPOSHHIO TeopuH. Ero teopus m3BecTHa: Haj 3emieit
pacroyoXKeHbl XpycTalibHble (IpO3pavyHble W HEBUAUMBIC) KyIojia, Ha KOTOPBIX
pasMelauCh BCE BHJUMBIE IPOCTBIM IJ1a30M 00BeKTHL. [ITonmemeil mpugyman cxemy
JBYDKEHUST KYIIOJIOB, KOTOpas TO3BOJsUIa BIUIOTH 1O CPETHHX BEKOB JOCTATOYHO TOYHO
npezcKa3bplBaTh Oynylee pacrojiokeHue cBeTua Ha Hebe. Kak Hu cTpaHHO, HO 37ech
UMEETCsl TIOJTHOE COOTBETCTBHE C COBPEMEHHBIMHU TIOHSTHSMH CBS3H. ONBIT — TEOPUSI —
npezckazanue. [lo coBpeMeHHBIM KpUTEpUsM, IpUMEHsIEMbIM B Qu3suke, Teopus Iltonemes
BEpHA.

Uro xe caeman Komepauk? OH NpOsSBUI HEAIOKHUHHYIO HHTYHIHIO U O0ratoe BooOpakeHHe
U TIOHSUI, YTO BCE JIOJDKHO OBITH TIOCTaBIEHO C ToJioBbl Ha HOrU: COIHIIE SIBISIETCS IIECHTPOM
MJIaHEeTHOW cucteMbl. MHBIMM crnoBamu: He Bce B (U3MKE 005S3aHO BBIBOJUTHCS
AQHAIUTUYECKH, HA OCHOBE TOJILKO MaTeMaTUKU. B Hayke ObLI1 cCOBEpIlIEH MOIIHEUIITNI PHIBOK
B nto3HaHuu [Ipupoasl. Xopoiio u3BecTHbl AocTxXeHua Tuxo ne bpare, ['anunes, Kennepa,
Herorona. Hactynmun pacuBer (u3MKM yBEHUaHHBIH TakuMu uMeHamu, kak ®apaneif,
Makcsem1, Amnep, Boabt, Kynon, I'epiy u T.0. Pogunace Tak HaspiBaemasi KJIacCHYECKast
¢duznKa, Mo 3aKoHaM KOTOPOH 10 CHX TOp >KUBET [IUBUIU3AIIHS.

JlBanuaTelii BEK MPUHEC yIUBUTENbHbIC SKCIECPUMEHTANIbHbBIE OTKPBITHS, KOTOpbIE, KaK 3TO
ObUTO BOCHPUHATO (U3MKaMHU, HE YKJIAIbIBAIUCh B KIACCHYECKHE MpEICTaBIeHHuS. B
UCTOPUHU ATOT (PakT Ha3BaH KPU3UCOM B IMO3HAHMU NpUpOAbl. B kauecTBe mpumepa HaIo
NPUBECTH HM3BECTHYIO «yibTpaduoneroByro karactpody». Peneir (1842-1919) u [Ixunc
(1877-1946) nomyunnu GopMyay 3aBUCHMOCTH CHEKTPAILHON TUIOTHOCTH HEPreTUYeCKOn

CBETHMOCTH JI060T0 Tea oT yacToThl: I, = 2n°KT /c*. B o6nacTu Manbix yactoT dopmyia

TOYHO ONKCHIBAJIAa JaHHbIE ombITa. HO, Kak BUAHO, C pOCTOM YacCTOThI MO KBaJAPaTUYHOMY
3aKOHY KOJIMYECTBO M3JTy4aeMOW SHEPrHH HEOrpaHu4IeHHO pacteT. ClIeZCTBUEM 3TOTO MOTJIIO
ObITh, C TOYKM 3peHuss BceneHHOM, NpPaKTUYeCKM MIHOBEHHOE OCTBIBAHUE, YTO
npoTuBOpeumwsio Obl BceM HaOmioaeHusM. Jlanmee, u3 Qopmyiabl BHUIHO, YTO B HeEHl
ucronb3oBana osHeprus bombumana KT/2, rae k=1,38044¢10% Jloc/T— mocrosiuas
Bonbitmana, T — abcomrotHas Ttemmeparypa. Makc Ilmank (1858-1947), 3anumasch
TEPMOJIMHAMHUKON, ObUT o03aJaueH NnpoOJeMOoll H3JIyuyeHHs, KOTopas Mydusiaa MHOTHX
uccienopareneil. Ilnank npeanonoxui, yTo OOMEH 3HEpPrueld Mexay HarpeTblM TEJIOM U
OKPY’KaIOIIMM IPOCTPAHCTBOM MPOUCXOAUT nopuusMu. Ero ¢opmyna s crnekrpaibHON
IUIOTHOCTH YHEPT€TUYECKOM CBETUMOCTH a0COIIOTHO YEPHOTO TEJla UMEET BBIPAXKEHHUE!

hn

r =2pn/[c*(e - 1)].

[Tnank, nmomyduB 3Ty (opmyny, IOJr0 MEMIWI C €€ ONmyOJIMKOBaHMEM, CO3HAaBas, UTO
«OaronoyyHol Kiaccuueckoil (usuke OyneT HaHECeH >KeCTOKHM ynap», Kak paccyXIalu
¢usuku-npodeccuonansl. Ocenpro 1900 r. [Tnanka mocerun sxcniepumentatop Pydene. On
nokasan IlmaHKy O4eHb TOYHBIE M3MEPEHMs CIIEKTpa SHEPTUM HArpeToro 4YEpHOro Tea.
Jannbie abcomoTHO coBniasia ¢ popmynoit [1nanka. B yem ke B 1eHCTBUTETEHOCTH COCTOUT
yaap mo knaccuueckoi ¢usmke? Okaszanoch, YTO H3Iy4EHHE MPOUCXOAUT HE MO 3aKOHY
YBEJIMUYCHHUS YaCTOThI, a MOPIHAMH (KBAaHTaMH), KOTOPbIC Ha BBICOKMX YacTOTaX U3JIy4CHHUs
OrpaHMYMBaIOT Oe3ynepkHyto nortepro sHepruu. [loctosHuas [lnanka h 3ansna B ¢usuke
XX Beka (pyHIaMeHTaIbHOE MECTO M Ha3BaHA «KBAaHTOM JIeHCTBHA». Ee pazMepHOCTh paBHA
Jlxec. be3 Hee He 00XOIUTCSA HU OJIHA U3 KBAHTOBBIX TEOPU, HU OJIHO U3 OMMCAHUI SIBICHUMA
B MUKpomupe. Ho mouemy BApPyT MoCUYMUTa M, YTO 3TO TEOPETUUECKOE U IKCIIEPUMEHTAILHOE
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OTKpBITHE HAHOCUT ylap Mo Kiaccuueckoil (usuke? IlpudmHa 3TOr0 MOXET OBITH TOJBKO
OJlHA. OTPHUIIAHUE POJIU Cpedvl, B KOTOPYK OCYLIECTBIseTcs wu3iydeHue. Ecnu
HPE/NOJI0KHUTE, YTO UMEHHO cpeda (B HalieM ciydae 3TO (GU3UYSCKHI BakyyM, 3(up mo-
cTapomy) crocoOHa W MOXET BOCHPUHHMATh M3Iy4eHHE Ha BBICOKMX YacTOTaX TOJIBKO
HOPIHSIMA, TO Pa3TOBOPHI O KpU3Kce B (PU3UKE TEPSIOT BCAKYIO MTOUYBY. DHU3MKaM HE XBaTHIIO
HAyYHOW WHTYHMIIMM, YTOOBI TMOHITH CYIIHOCThH SBICHHsS. EJMHCTBEHHBIM OIpaBIaHHEM
MOTYT OBITh TaK Ha3bIBAEMBIC OTPHIIATEIBHBIC PE3YJIbTaThl MHOTOUYMCIICHHBIX OIBITOB
Maiikenscona—Mopnu o oOHapyxeHuto d¢upa. [IpuunHa HEeyqa4 MOXKET OBITH B TOM, YTO
3GuUp UMEeT Takue CTPYKTYypy M CBOWCTBA B3aMMOICWUCTBHUS C BEHIECTBOM, KOTOPHIE HE
copmanator ¢ mpencraBieHusMu XIX—XX BB. Ho rnaBHoe - ombIThl MaiikenbcoHa
NPOTHBOPEYAT KaK YCJIOBHIO PACIpPOCTPAHEHUS CBETa B KOCMOCE, TaK M IOCTYJATy
DWHINTEeHA 0 HE3aBUCUMOCTH CKOPOCTH CBETA OT COCTOSIHUSI IBUKEHUS, KAK UCTOYHHKA, TaK
U npuéMHUKa. Hemb3st CKiampiBaTh W BBIYUTATH CKOPOCTH JABIDKEHHSI HHTEpQepoMeTpa
YCTAaHOBKM CO CKOpPOCTBIO CBeTa, Kak 3To Jenan Maiikenscon! B nemsx ynoOGHoro
oOparieHus K cpede, BUIUMO, CIEAYET AaTh HOBBIM TEPMUH JJi €€ 0003HaueHUs1. OTMETHM,
YTO BBHINIOJHEHUE ATOW 3aJaydl 3aTPyJHUTENBbHO. TepMUH [OKEH OBITh MOHSTHBIM B
PYCCKOM M HMHOCTPaHHBIX s3bikax. Hampumep, meamym (medium). OpHako, Ha pycCKOM
SI3BIKE 3BYUUT JABYCMBICIIEHHO. UTO-TO MOX0Xe Ha napaHayky. [leno obopaynBaercst TeM, 4To
HAJI0 TIPU3HATH Cpedy BaKyyMa KaK BEIIECTBO, KOTOPOE PE3KO OTIUYAETCSI OT IMPUBBIYHOTO
BemecTBa. Kak Mbl yBUIUM IO3XKE, 3TO «HYJIEBOE» BELIECTBO 00JIaAaeT CTPYKTYpoH u3
JJIEMEHTApHBIX 3apsanoB (+) u (-) u «mMaccoii» B HEOOBIYHOM COCTOSIHUHU. «Macca» cpedbl
3aHMMAaeT BCE MPOCTPAHCTBO MEXKAY SJIEMEHTAPHBIMHU 3apsijiaMd M BbIpaxkeHa B Qopme
KBaHTA MMOTOKAa MarHUTHOW MHIYKIIWH, OTIMCHIBAEMOTO ypaBHeHHIMU MakcBeiia. Hanmmame
3apsga W Macchl JIaéT BO3MOXHOCTh TPUMEHUTh TEPMHUH «BelIecTBO». Hawmmydmum
Ha3BaHUEM YHHUKAJIBHOTO COCTOSHUS (PH3UYECKOTO BaKyyMa BBIOPAaHO MPOCTO cpeod.

JpyruM <«aipu3HakoM Kpu3HCa» KIacCHUecKoM (u3uku Obul mocTyiaar o0 OTCYTCTBUU
U3JIY4YEeHUsl OSJIEKTPOHOB Ha OpOMTax BOKpYr siep B aroMax. [lo kiaccmueckum
IIPEICTABJIICHUAM, BCSIKHWA 3apsj, MABUTAIOLNIMICA C YCKOPEHHEM, JIOJDKEH U3Jy4daTh
JJIEKTPOMAarHuTHbIE BOJHBI (CBET). DTOro HE NMPOMCXOJUT HA CTAl[MOHAPHBIX OpOHMTaxX B
atomax. Ho ecnu Obl ObLIO ynENEHO JOKHOE BHMMAHHME CTPYKTYypE MPOCTPAHCTBA IO
Ha3BaHUeM 3(up, UIK GU3UUECKUN BaKyyM, TO Kjlaccuyeckast pU3uKa MpoaosnKuiia Obl CBOU
ycrnex B mo3HaHuu Ilpupozsl. Paspemennsie bopoBckue opOUTHI IPOCTO OOBACHSIOTCS
CTPYKTYPOU cpedst BOKPYT siAep.

Jlasiee Uyt Takue «Meno4Yn», Kak BOJHBI 1€ bpoiiis, BOJTHOBBIE CBOMCTBA YacTHLl, KOTOPbIE
00HapyXHUBAIOTCSA B ONbITaX MO JU(PAKIUU YACTHUIl MPU B3aUMOJECUCTBUU C PETYISIPHBIMU
KPUCTAJJIMYECKMMHU pelieTkamu BemecTsa. [losBunoce BonHoBoe ypaBHeHue lllpenunrepa,
onucelBarolee noseaeHue yactul. OnaTe Kinaccudeckas (Gu3Mka okasalach He y A€l — He
MorJia 00BACHUTH siBJIeHHE BOJH A€ bpoiuia. Ho u ypaBuenue lllpenunrepa He oTBe4aeT Ha
BOIPOC O IMPHUPOAE OTKPBHITOTO BOJIHOBOT'O SIBJICHUS YAcCTHI[ M HE PACKPBIBAET MPHUUUHY
CYIIECTBOBAHHMS CTAllMOHAPHBIX OPOHT B aTOMax (B HACTOsILEEe BPEMsI OPOHUTHI SJIEKTPOHOB B
aTOMax 3aMEHEHbl MeCTaMu OOMTaHMsI O00JaKOB M3 AJIEKTPOHOB TaK, Kak OyATO KapTHHA
o0JIakOB ~ pemraeT Bce MpoOJeMbl W3NMydeHHs aroMmoB). Muctuka! Panpme oHa
BOCIpUHHUMAaiach Kak 3arajgka Ilpupoasl. Ceiluac HacTONBKO MPUBBIKIM HaJIEHATh
BOJIHOBBIMM CBOMCTBaMH BCE YACTHILIBI, YTO BOIPOC O MPUPOJE BOIHBI-HACTHUIBI 3BYUUT IS
¢u3uka HenenocTelo. bosee TOro, BOJHOBOE ONHUCAHHME BCEr0 M BCS CTAJIO MOJHBIM.
TepMuHosIOTHs OTpaXaeT 3Ty Moay. BMecTo yacTuil MPUMEHSIIOT TEPMUH <PE3OHAHCHIY.

B ¢wusuke nomynspHa wuaes oOMeHHbIX mosiedd win dactui (Pudapn @eiinman). Tak, B

JNEKTPOAMHAMUKE POJIb OOMEHHOM YacTUI[bl WIPAaeT BHUPTYaAJIbHBIM (OTOH, TIIIOOHBI
SBJISIIOTCA TIEPEHOCYUKAMM CUJIBHBIX B3aMMOJCHCTBUM B spax, 4YacTULAX, a TsKEIbIE
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BupTyanbHble yactuubl W+, X wnu Z — B ciaObIXx B3aUMOJCHCTBUSX, IPAaBUTOHBI — B
IPAaBUTAlMOHHOM B3auMoJieiicTBUU. BBeneHne OOMEHHBIX YacTHIl CHUMAET <«TOJIOBHYIO
00JIb» Y TEOPETUKOB B OOBSCHEHUH «IPUPOABI» BCeX B3aumozeicTeuil. Horna gusuku Bce
e MbITAI0TCS BBISICHUTH IPUPOY TeX WM UHBIX siBineHuil. Ho cama njest 0OMEHHBIX 4acTHIL
OeclepCreKTUBHA B CBETE UCCIIEOBAHUS CTPYKTYPHI Cpeodbl.

Bosuukiu kBantoBbie MexaHuku (KM) snekrpomarnernzma KDJI. M3 psma Bbimamaer 1o
CBOMCTBY BHYTPEHHEIO YCTPOWCTBAa HYKIOHOB KBaHTOBass xpomoauHamuka (KXJ[). Ona
BO3HUKJIAa TI0 CBOEM TEPMHHOJOTMM M3 (AHTACTUKH B JIUTEpaType, a HE Ha IMPOYHOM
(byHaaMeHTe OTKpBITUS KBapKOB B CBOOOJHOM cOCTOsHUHM. OmsATh Kiaccuueckas (pusmka
OKa3ajach HECIIOCOOHOM OOBSICHUThH MIPUPOTY KBAHTOBBIX YHCEI. DTO OCTABIEHO €l B BUHY,
a HOBOU (u3uke — B 3acnyry. Ho kakas TyT MoxeT ObITh 3aciiyra, KOrja OTKpPBIT TOJbKO
croco0 pacuera KBaHTOBBIX YHCEI, a HE MIPUPO/Ia KBAHTOBAHMSI B CTPOCHUH BEIECTBA?

OO6Hapy’KeHbl CHIIbHbBIE U c1a0ble SJEpHbIE CHIIbI, KOTOPbIE IPUHATHI B IONOJHEHHUE K paHee
W3BECTHBIM DJICKTPOMArHUTHBIM M TPAaBUTAIMOHHBIM cuiaM. [IpaBna, HE SICHO, KaK MOKHO
3/1ech OOBHUHATH KJIACCHUECKYIO (M3HMKY B TOM, YTO OHA HE OOBSACHSET NMPUPOAY SACPHBIX
cui?

KonunuectBo npuMepoB MOXkHO MHOKUTh. Ho, Kak yBUIUT ynTaTENb Jajiee, MHOTUE BOIIPOCHI
WK NpoOJaemMbl HOBOM (PU3MKM pa3pelialoTcs Ha OCHOBE YXKE OTKPBITBHIX KJIAaCCHYECKOM
¢u3ukoil 3akoHoB HbroTona, Kymona, ®apanes, MakcBemia, Npu YCJIOBUHM IpPU3HAHUSA
00BEKTUBHOI'O CYLIECTBOBAHUS CPedbl, €€ HIEKTPUUECKON CTPYKTYPhl U KBAHTOB MarHUTHBIX
notokoB @. Bce MonbITKM OnMcaTh ONBITHBIE JaHHbIE 0€3 MPUBICUEHUS CTPYKTYPHI cpeodbt,
IIOJIy4EHHBIE 3a IpOLIEAUIee CTOJIETHE, IPUBOAAT TOJIBKO K OYEHb  CIIOKHBIM
MaTeMaTUYeCKUM TIOCTPOCHHsM (BCIIOMHUM Kymona Iltonemes, BOJIHOBOE YypaBHEHHE
HIpenunrepa, TeH30pHBIC YpaBHEHHUs IS METPUKHU MPOCTPAHCTBA ILTIOC Bpems!). BBenenue
HOHATHUS OCHOBOIOJAraroIeit cpedst BeceneHHOH, Kak pyHAaMeHTa CyIIECTBOBAaHUS MaTEpPUU
(Maccel), HE TOJILKO CITOCOOCTBYET YIPOIICHHIO B METOIOJIOTHH Onucanus [Ipupojsl, HO U
OTKPBIBAET BO3MOKHOCTHU Pa3BUTHUS HOBBIX BBICOKOI((EKTUBHBIX TEXHOJIOTHUH.

Eme onun npumeuarenbHblil gedekt ¢usukn XX Beka — OTPULIAHUE WM OTCYTCTBHE
JIOTUKU. DTO OTPULIAHUE MPOXOIUT MO (PJIaroM MOPOYHOCTH «3APABOTO CMBICIa» B (PU3UKE.
Jloruka yHHXeHa J0 MOJIOKEHUSI OBITOBOTO 37paBOr0 CMbIC/IA. DTO YHI)KEHHE HA4yajo CBOE
TpuyMbanbHOE IMECTBHE TOCIIe 00IIeH U CTIeHAIbHONW TeOpHil oTHOCUTEIbHOCTH. C TeX mop
«3apaBelii cMbIch» (unTail — norukal) He B mouere y ¢usukoB. Tem Oosee, 4To MHOTHE
OINBITHBIE JIAHHBIE OTKPBITUH IPOILIEANIEIO0 BEKa HE HAXOJAT JOTMYHOTO OOBSCHEHUsS B
paMKax HpUHATOW (PU3MYECKOM HapaJurmbl, HE YYUTBHIBAIOLIEH cpedy pacnpoCTpaHEHHUs
cera. OTpullaHME JIOTUKM IO BHJIOM O€3rpaMOTHOCTU CaMOro <3IpaBOro CMBbICIA»
OKa3aJoch OuYeHb YAO0OHbIM. OTnana HEOOXOJUMOCTb B IMOMCKE MPUPOJHOM CYIIHOCTH
siBeHuit. Oka3ajiach JOCTaTOYHOI MaTeMaTudeckas noaronka (ad hoc) pe3ynbTatoB OMbITOB
nox Teoputo. Kak npumep BbICMEMBaHUSA 34paBOrO CMbICIa MOXKHO npuBectH KHury II.
JIaBuca, B KOTOpO OYEHb XOpOILIO ONHCAHO COBPEMEHHOE COCTOSIHUE MHOIMX IpobiieM
(GU3UKK 1 OAHOBPEMEHHO MOJBEPrHYTO KPUTHUKE CaMO MOHATHE 3ApaBoro cmbicia. OnHako
CTOUT NPUHATH NAPAaJUTMy CTPYKTYpbl cpedst, 0€3 KOTOpOH BOOOIE HENb3sl MOHSTH
[Ipupony, kak Joruka okasbiBaeTcsi  BocTpeOoBaHHOH. [IpuHATHE  MapagurMel
CYILIIECTBOBaHUSI MAaTepUu B cpede CTaBUT 0] COMHEHUE IPABOMOYHOCTb HCIOJIb30BaHUS
KaTE€ropuM <aIpoCTpPaHCTBO—BpeMsa». CaMO NOHATHE MPOCTPAHCTBO—BPEMsI AHTUHAYYHO U
MOJKET OBITh MPEAMETOM TOJIbKO T€OMETPHUUECKOI0 PACCMOTPEHHUSI, PE3yIbTaThl KOTOPOTO HE
00s13aHBl COOTBETCTBOBATh pealbHOMY MHpY. [loHATHE NPOCTPaHCTBO HECOBMECTUMO C
OTCYTCTBHEM MaTepuu. BeeneHHas CymecTByeT TOIbKO IOTOMY, YTO CYIIECTBYET MaTepusi B
BUJIC Pa3HOOOpa3HBIX acCTPOHOMHUYECKHX ((pu3mueckux) oOBekTOB. I[lpocTpancTBo 06e3
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BEIECTBA — 3TO MJEaJU3M, C BEIECTBOM — MaTepuain3M. Bpems HUKouM 00pa3oMm He
SBIISICTCS aTpUOYTOM MPOCTPAHCTBA WJIM PABHOIPABHON € IPOCTPAHCTBOM KaTeropue.
Bpewmst oTpaskaeT cKOpOCTh IporieccoB (ABMKEHHS B (GHUIOCOYCKOM CMBICIE) B (DU3HMUSCKUX
00BEKTaxX M cCHCTeMax, AWHAMHMKy Marepuu. [loaTomMy oObequHEHUEe NPOCTPAaHCTBA U
BPEMEHHU, MUHYSl MaTE€pUI0 KaK Ba)KHEHIIMI KOMIIOHEHT BCeleHHOH, SBIsAETCS CEephe3HOU
JIOTMYECKOW U MUPOBO33PEHUYECKON OLIMOKOM, BEyIIeH K JIO)KHBIM BBIBOJAM.

Camo N3MCPCHUC NPOCTPAaHCTBA U HU3MCPCHUC BPCMCHHU IOPOXKICHLI BCIICCTBOM. MCpBI
JUIMHBI. METP, MUJIA, JIOKOTH, SpJ, CAXKCHb U T.II. — BOSHUKIIM IIPpU U3MEPCHUN MAaTCPUAIIbHBIX
00BEKTOB. 3aMEUaHHE TAK)KE OTHOCHUTCS K N3MCPCHUIO BPCMCHU. BpaH_ICHI/IC KOCMHYCCKUX
00BEKTOB B COJIHEYHOM CUCTCME, IPOUECChl B aTOME UM KadaHUC (bl/ISI/IT-IeCKOFO MasiTHHKa
INpUBCIIM K CCKYHAC, MHHYTC, 4YacCy, CYTKaM, TIOJaM. HO3TOMy BC€ TaK Ha3bIBACMBIC
MBICJICHHBIC SKCIICPUMEHTEI ¢ HMHEPHUAJIbHBIMU W HCMHCPUUAJIbHBIMU CUCTEMAaMH B paMKax
YCTBIPCXMCPHOTO IIPOCTPAHCTBA—BPEMCHHU ITPOCTO HEJICIIBI.

Urak, B mpouecce no3Hanus IIpupoasl MOXKHO ONpeeauTh TpU BakKHEHIINE (a3bl:

[lepByto a3y coCTaBisIOT ONBIT, HAOJIOEHHMS, B TOM YHUCJIE€ MHCTPYMEHTaJbHbIE. DTO
Heo0X0MMoe YCIIOBUE IS TH000H TEOpHUH.

Onucanne HaONIONAEMBIX SIBJICHUM C IOMOIIBIO MAaTE€MAaTHUKH, COCTaBIIIOLIEE TEOPUIO
HayKH, —3TO BTopas (a3za noznanus ssieHuit [Ipupoasl. BaxXHbIM 31€MEHTOM TE€OPUU HAYKU
ABJIIETCS BO3MOXHOCTb IpEACKA3aHUs €llle HE OTKPBITHIX sBIeHUU. OmnucaHue OOBIYHO
onupaercss Ha (U3MYECKHE MOJENM, KOTOpPhIe B CBOIO OYepelb OCHOBAaHbI Ha MPHUHATON B
JTAaHHBIA MOMEHT NapaJiurme.

Hakonen, tpeThbs ¢aza BkItOUaeT MOHUMAaHUE CYIIHOCTH SIBJICHUIN, IOHUMaHUe NPHUPOIbI
SIBJICHHH, KOTOPOE€ YacTO HMMEET MHTYUTUBHBIM XapakTep, HOCUT NPU3HAKU TE€HUAIbHON
JOTAJIKU WJIM BBICTYNAaeT Kak pe3yibTar Ooratoro BooOpaxeHus. HoBoe mnoHumanue
IPUBOAUT K HOBOH (hn3HUecKol mapagurme, KOTopas crnocoOcTByeT ObICTpOMY Hporpeccy B
MO3HAHUU NPUPOABI U €CTh JOCTATOYHOE YCIOBUE BEPHOCTH TEOPHUHU.

Merognomnorust [IToemes cCOCTOMT B TOM, UTO «Guoum, mo u ucmuua». I[IpakTudecku 3Ta
METOJIONIOTHS COXpaHEHa M B COBPEMEHHOM TeopeTnueckoil ¢usuke. «Bce, umo Mol
Habawoaem u 6UOUM 6 onvimax, ecmv ucmuna». Ho B EHCTBUTEIBHOCTH PE3yJIbTaThI
HAOMIO/IEHUII U OMBITOB HYXAAIOTCS B HMCTHHHOW HMHTepmperanuu. [IpuMepoB MOKHO
IIPUBECTH MHOTO. JOCTaTOYEH OJIMH IPUMEP HHTEPHPETALMH <«KPACHOI0» CMEIIECHHS B

o . Cc
HU3JTYUYCHUU TXKCIIONU 3BC3JI0U. Ha6moz[aeMy10 AJIMHY BOJIHBI | :T MOKHO JOBOSKO

UHTEPIIPETHPOBaTh: MO0 C=const , mubo f=const. fIcHo, YTO Bce 3aBUCHT OT BEpPHOM
UHTEpHpeTaluu HaOI0IeHHS.

K coxanenuio, MHTYUTUBHOE IOHMMAaHUE CYLIHOCTH SBJICHUH HE HAXOIUT JOJKHOTO
BHUMaHHUSA B 1000 Hayke. HeoomeHka BaKHOCTH penieHns po0ieM HayKH HHTYUTHBHBIM
nyteM HaOmonaercs U B gusnke XX Beka. Mano Toro, Gu3uku He «io0saT» duiocoduro,
KOTOpas B TPAaBWJIBHOM €€ pPa3BUTUU O0s3aHa JaBaTh OOIIME OPHEHTUPHI U PEUICHUS
0003HauEHHBIX HAYKOH pooiiem.

WnmocTpanueil 3Toro MOXeT CIyKUTh OTHOIIEHHE OOIIECTBa K CTPOro HAy4YHOMY METOIY
KJlaccuueckor (usuku, 3aokeHHoMy Mcaakom HpIOTOHOM M 3aHSBIIEMY MECTO CTapbIX
JOTM M MpPEeapaccyqKOB, U T€OMETPUUYECKOMY MOAXOAY B MCCIEIOBAHUAX (UIUUECKUX
aBiieHu AnbOepTa DHHIITEHA.
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B pamkax robuneiinbix Mmeponpustuid l'oma ¢usuku, ob6wvssiaenHoro B 2005 rony B
o3HameHoBanue 100-i TOJOBIIMHBI OTKPHITUS DWHIITEHHOM TEOPUH OTHOCHUTEIBHOCTH, TO
unnnuatuse Jlonnonckoro Koponesckoro oduiectsa, ObU1 MPOBEJEH ONPOC HA TEMY, KTO U3
YYEHBIX — DUHINTEHH mim Hpl0TOH — caienan HanOoIbInniA BKJIa] B Pa3BUTHE HAYKHA M OKa3ajl
HauOoJIbIIee BO3ACHCTBHIE Ha cynp0y HuBHIM3anuu. Onpoc NpoBOIWICA KaK CPEeAH WICHOB
Koposesckoro obmiecta (345 uenoBek OTBETUIIM Ha BOTPOCHI AJICKTPOHHOW aHKETHI), TaK U
Cpe/M MPEICTaBUTEIICH IIMPOKOW OOIIECTBEHHOCTH (B PeXKUME OHJIANH mporojiocoBaiio 1363
YeJI0BEKa).

W pesynbpTaThl OKazamuch TakuMu. Ha Bompoc, KTo caenan HauOOJbLIMKM BKJIaJ B HayKy,
npeCcTaBUTeNd obmecTBeHHOoCcTH oTaanu 61,8% romocoB 3a Herotona u 38,2% — 3a
DiHmTeliHa. MHEHUST YYCHBIX pa3leNWiINCh cieayommmM odpazom: 86,2% romocoB ObLIO
otnano HetoToHy  Tonbko 13,8% — DiiHiureiiny.

[To MHeHuto mupoko myOnaukH, Bkiag HeioToHa n DiiHITeliHa B 001IeCTBEHHBIN ITporpecc
npumMepHo oanHakoB: 50,1% mporomnocoano 3a Herorona u 49,9% — 3a DifHmTeliHa, a BOT
MHEHUs YdeHbIX ObuiM HHbIMH. 60,9%ronocoB ydensle otnanu Hptotony u 39,1%-—
OWHIITEHHY.

Jlopa Tlutep Meii, npesuaent KoposneBckoro o6miecTBa, KOMMEHTHPYS PpPe3YibTaTbl
rojocoBaHus, ckazain. «MHOrue Jroad MOriau Obl CKa3aTh, YTO CcpaBHMBaTh HplOTOHA M
OHHIITERHA — TO XKe CaMoO€, 4TO CpaBHHUBATH S1I0JI0KU U allI€JIbCUHBI, HO 4YTO I[GﬁCTBHTGJ'II;HO
UMEET 3HaYeHHE, TaK 3TO TO, YTO JIOAU XOPOLIO NPEACTABISIIOT JOCTUKEHUSI 000UX yUEHBIX,
U TO, YTO MX BKJIaJ B Cy/1bObl MUpa MPEBOCXOAUT 3HAUEHUE JTAOOPATOPHI U ypaBHEHUI».

B 1950 rogy AnpbOepr DWHINTEHH OBLT BBIHYXKJEH 3asBUTH. «HeT HH OJHOTO MOHATHS,
OTHOCUTEJIBHO KOTOPOTo si OblI OBl YBEpEH, YTO OHO OCTaHETCsl He3blOneMbIM. 1 nake He
yBEpEeH, UYTO HAXO0XyCh Ha MpPaBHIBHOM IyTH BooOmie...» A B 1955 romy B cBoem
IpPEJCMEPTHOM HAy4YHOM 3aBEIIaHUU y4yeHbIH Hamucaia: «MOXXKHO yOeIUTENbHO J10Ka3aTb,
YTO peaJbHOCTh BOOOILIE HE MOXKET ObITh IpeAcTaBieHa HENpepbIBHBIM MoseM. U3
KBAaHTOBBIX SIBJICHUH, I0-BUAMMOMY, CIEAYET, YTO KOHEYHAsl CUCTEMAa C KOHEYHOM dHEpruei
MOXET MOJHOCTBIO OIHMCBHIBATHCS KOHEYHBIM HAOOpOM umcen (KBAHTOBBIX YHUCEN). ITO,
Ka)XeTcsl, Helb3s1 COBMECTUTh C TEOpUEH KOHTHUHYYMa U TpeOyeT JJisi ONMUCAHUS PEalbHOCTU
yucTo anredpamdeckoil teopun. OpHAKO ceifyac HUKTO HE 3HAET, KaKk HAaWTU OCHOBY IS
TaKOU TEOPUU».

Beem wm3BectHO ¢oro DifHIITEIHA, MMOKA3bIBAIOIIETO s3bIK. be3ycioBHO, OH ObUT YMHBIM
YeJIOBEKOM M IOHHMMaJ, YTO BBEJ B 3a0JyKIeHHE Yy4eHbIH MUp. EMy mpumnuceiBaioT ciioBa:
«Ecmb 06e beckoneunocmu — Beenennoii u 2nynocmu.

B 1966 rony xpymHeHmuii TeopeTHK pensTUBUCTCKOM kBaHTOBOM (usuku [1.A.M. [lupak
3asBuil. «Heob6xoamumo, 4ToObI KBAHTOBAsI TEOPHUA TOJI Oa3UpOBAIACh HA TAKUX MOHATHIX U
METOJIaX, KOTOPhIE MOKHO ObLTO Obl YHU(PHUIIMPOBATH C MOHITHIMH U METOJAMH OCTAIIbHOMN
¢uzuky... OOLENPUHATYIO TPAKTOBKY KBAHTOBOM TE€OpUHU TOJS ClEAyeT paccMaTpuUBaTh B
KauyecTBe MajuiuaThuBa 0e3 BCSIKOro Oyaymiero... Takum oO6pa3oMm, KBaHTOBasi TEOpHs MO HA
TOW CTaauy Pa3BUTHA, HA KOTOPOW 51 €€ OCTaBJIAK0, Jajeka OT 3aBepiueHus. Llenwiid psa
HaIIPpaBJICHUH TEOPUU HYXKIACTCS B JaJbHEWILIEM pa3BUTUU. BaxHelillee U3 HUX — HAUTU
KaKON-HUOYIbh TOIX0/1 K BOTIPOCY O CHIIBHBIX B3aUMOJACHCTBUSIX .

[Tpu Poccuiickoit akagemun Hayk cyuiectByeT Komuccus mo 6opn0e ¢ mkeHaykoil. Panee ee
BO3IJIABIIsT akaaeMuk Burammii JlazapeBuu ['mn3Oypr. Ceifuac — akazemMuk Dayapn
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[TaBnoBuu KpyrnsikoB. Moxer OblTh, U HyXHAa Takas KOMMCCHUS, KOTJa peub HAET 00
aBaHTIOPUCTAX, KOTOpble IMOJ  HAayKoOOpa3Hble IPOEKTbl  CTPEMATCS  MOJIY4YHUThb
¢unancupoBanue. Ho ectb MHOrouucieHHas apMusi yYEHBIX, KOTOPbIX HE YJIOBIIETBOPSET
HbIHEIIHEE COCTOSHUE (PU3MKHM, OCTAaHOBMBILEICS Ha IEpBOM M HEOOXOAWMOM 3Tare
MO3HAHUS — MaTEeMaTHYEeCKOM OINMCAHUU SKCIEPUMEHTAJIbHBIX SIBJICHUM — M HE CTaBALICH
nepesa coboil 3a1a4y BbISICHEHUS! MEXaHU3MOB, IPUPO/IbI ITUX SBICHUH. DTOT 3TaIl CIUIIKOM
3arsHyscs Bo BpeMeHH — mouty Ha 100 ner. Jlo cux mop ocraroTcs 3araikaMu:

1) npuposa rpaBUTaluM U HHEPLUH;

2) IpUpoa cpedsl, «IyCTOro» MpocTpaHcTa (PU3NUECKOro Bakyyma);

3) npupoja pacpoCTpaHEeHUs IEKTPOMATrHUTHOM BOJTHBI,

4) npupoja MaraeTuzma BoooOie. J[o Cux mop UIyT TEOPETUICCKU

«OTKPBITHIE» MAarHUTHBIE MOHOIIOJIH;

5) nmpupoa orpaHUYCHUS] CKOPOCTH CBETA B Cpede U B BELICCTBE;

6) mpupoaa KBAaHTOBAHUS OPOHT HIICKTPOHOB B aTOMax;

7) npupoa SIBJICHHS «BOJIHA—YACTHIIAY,

8) mpupoaa CTpoeHHUS «AIIEMEHTaPHBIX>» YaCTHII;

9) nmpupoja SAESPHBIX CUIT;

10) npupozaa MEKTPUUECKOTo 3apsiia U MacChl.

11)O6benuneHue Beex B3auMoeiicteuii B [Ipupone, aukryemoe Equncteom [pupomsr.

BeposiTHO, cnucok MOXXKHO HPOAOIKUTH. OrpeneraeHue NpUpObl 3JIEKTPUUECKOTo 3apsia
MOXET OBITh OTHECEHO Ha HeompezeleHHOoe BpeMs B Oynyiee. OcTalbHbIE 3arajiku yxXe
celluac MOTyT HaWTH CBOM pPEIIEHMs, €CIM y4deHble OyayT IOoJaraTbCsi Ha YXe XOpOILIO
U3BECTHBIC JaHHBIE SKCIIEPUMEHTOB U... Ha Kiaccudyeckyro ¢pusuky. Ho oTcyTcTBHE 0TBETOB
Ha TIOCTaBJICHHbIE BOMPOCHI U MOPOKJAET HENPEPHIBHBIA MOMCK B HayKe, KOTOPBIHA 4acTo
COIIPOBOKIAETCS «AQHTHHAYYHBIMU» WM <«IICEBJOHAYYHBIMU» DPa3pabOTKaMH, YHCIIO
KOTOPBIX HENpPephIBHO MHOXHUTCA. [ToaTomy nestenbHocTh KoMuccuu no jmxeHayke, npexae
BCEro, JOJDKHA OBbITh HampaBlieHa Ha KPUTUKY WM CAaMOKPHUTUKY CYILIECTBYIOIIEH
TEOPETUUECKON (PU3UKU, KOTOpasi caMa MOXKET ObITh MO/IBEPrHyTa 00JIbIIOMY COMHEHUIO. 3a
IpUMepaMu HE NIPUXOIAUTCS JAJIEKO XOIUTh!

I/ICKpI/IBHGHI/Ie «IIYCTOT0>» NPOCTPAHCTBA B KAUCCTBC MOJCIN I'PAaBUTALIMHU U NHCPIIUU BOO6I_I_IC
HEMBICIIMMO U AaHTHHAY4HO.

CoenuHeHHe B OJHO LEJIOE MPOCTPAHCTBA U BPEMEHM IMOPOJWIO WIUIIO3MIO BO3MOXKHOCTU
CYLIECTBOBaHMSI MHOIOMEPHBIX IPOCTPAHCTB M JaXXe€ BO3MOXXHOCTb CYLIECTBOBAHMS
«TapajjIeNbHbIX HENEPEeCEeKaloIuXcsi MHpPOB» — Osied, KOTOpbIH B3AT (aHTaCTaMH Ha
BoopyxeHue. OpHako MaTeMaTuKa JIETKO YyOexX/JaeT B pealbHOM CYIIECTBOBAaHUU
MHOTOMEPHBIX IIPOCTPAHCTB.

3aMeaIeHre BPEMEHH MOPOJMIIO WILIIO3UI0 BO3MOKHOCTH CO3JAaHUS «MAllUH BPEMEHU», U
ux uzobperator y Hac, B Poccun, B CIIA u B apyrux mecrax. B nanHom mnpumepe
TOPXKECTBYET MPUHIUI BEPOATHOCTH U Tepnut ¢uacko xaerepmuHusMm B I[Ipupone.
[locnennuii 3akpbpiBaeT MyTh K CTPOUTENBCTBY «MAIIMH BpEMEHH», HOO MpOILIoe,
HacToslee U Oyayliee sIBISIOTCS KECTKO MPUUYUHHO—CIIEICTBEHHO CBSA3aHHBIMU M HE MOTYT
OBbITH NepEeCTaBICHHBIMU BO BPEMEHU MECTAMH.

3aMe[UIeHUE BPEMEHM TaKXKE IOPOAMUIIO MBICICHHYIO BO3MOJKHOCTb IIPEBPALCHUS
IIPOCTPAHCTBA BO BpeMs U, HA0OOPOT, BpEMEHH B IIPOCTPAHCTBO.

Wnmroctpanyiel  HECOCTOSITENIBHOCTH — TEOPETHYECKOM  (U3MKK  CIYy)KUT M TEOpHs
«CynepcTpyH», B GyHIAMEHT KOTOPOM MOJIOKeHa HepU3UUecKass KaTeropusi MpoCTpaHCTBa—
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BpeMeHu (Spacet+time).

Ecin ¢usuka pemuT BbllIeyKa3aHHbIE MNPOOJEMBbI MPOCTONH MapagurMoil CBETOHOCHOM
cpedbl, TO chepa ACATENBHOCTH S TaK HA3bIBAEMBIX <TICEBJOTEOPUI» 3HAYUTEIHHO
COKPATUTCA.

[Moctynar A. DiiHiiTeliHa Ha aHTJIMICKOM sI3bIKE 3ByYMT Tak: «...light is always propagated
in empty space with a definite velocity [¢] which is independent of the state of motion of the
emitting body». CeeT Bcerzma pacnpocTpaHsSeTcs B IyCTOM IMPOCTPAHCTBE ¢ OrPaHUYCHHON
(ompeneneHHO) CKOPOCTBIO, KOTOpast HE 3aBHCUT OT COCTOSIHUS JIBHJKECHHS H3JIy4arollero
Tena. Bce ckaszaHO TmpenenbHO HaydyHbIM 00pa3oM, MPETEHIYIOIIMM Ha TIyOOKui
buznYeCKuil CMBICI.

I'myOokuii puznyecKuii CMBICI 3aKII0YaeTCS B TOM, YTO TAKUM CBOMCTBOM MOKET 00JIaJaTh
TOJIBKO HeKas pusnueckas cpeda. JIeiCTBUTEIHHO, €CIIM CKOPOCTh CBETA, U3TyUYeHHAs TEJIOM,
Jlajiee HE 3aBHUCUT OT CKOPOCTH Te€Ja, TO 3TO BO3MOXHO TOJIbKO B OIpPENENICHHON cpere.
Tako#, kak, HampuMep, BO3MyX, B KOTOPOM 3BYK pPacCIpOCTPAHSAETCS C OMPEISICHHOMN
CKOPOCTbIO, HE 3aBUCALIEH OT CKOPOCTU MCTOUYHHUKA, U ONPEIENSIETCS TOIbKO MIOTHOCTHIO U
00BbEMHOW YIPYrocThl0 BO3Ayxa. Takum oOpa3oM, MOJYATIMBO TMOCTYyJaT OWHINTEHHA
YTBEpXKAAeT HAIMYUE BMECTO IYCTOTHI (PU3WYECKOU cpedsl, TapaMmeTpbl KOTOPOH U
OTIPENIETISIIOT CKOPOCTh CBETA, PABHYIO, KaK M3BECTHO, KOPHIO KBAJPATHOMY M3 MMPOU3BEICHUS
0OpaTHBIX BEIIMYUH AIEKTPUUIECKON U MarHUTHOW MpOHUIIaeMocTel Bakyyma. UTo maeT yuet
cpeodbl KaK MecTa CyIIeCTBOBaHHMS BellecTBa BeeneHHON?

O®uznyeckoe OOOCHOBAHUE ISl <«POXKACHUA» MApbl AJIEKTPOH—IIO3UTPOH IPU DSHEPIHUH,
HE0O0X0MMOM /17151 BO3JICUCTBUS HAa CTPYKTYPY cpedsl U il 00pa30BaHUsl «CTYCTKa» MaccChl
JBYX 3THUX yacTull. PoxneHue macchl JOHKHO MMETh CBOKO MOJEINb, KOTOpasl MOKa elle
HEsICHA, HO MOXET ObITh Mpe/ACTaBleHa KaK HEKUH BUXPh B MOTOKE MAarHUTHOW MHIYKLIUU
BHYTPH 3aps110BOH 000JIOUKHU 3JIEKTPOHA U TIO3UTPOHA.

Ecii BBICKa3aTh TUIIOTE3Y, YTO BEIMYHHEI 3apsioB (+) u (=) oTnmuarorcs Ha 7,848981¢10°*
Kynon, 1o 3TOW pa3HUIBI TOCTAaTOYHO, YTOOBI cpeda ObUIa MUCTOYHHKOM T'PABUTALUU H
uHepuuu. CnaOblil 37eKTpUYECKUN 3aps] cpedsvl, B KOTOPOH HAXOJIATCS BCE MaTepHalIbHbIE
Tena, MPUTIATHBAET BCE Tela JIPYr K ApYyry mo 3akoHy Kyrona, B corjmacuu ¢ 3aKOHOM
taroteHus: Hptorona. C apyroid CTOpPOHBI, CIIaObIN 3apsii cpedsl OTHOTO 3HAKa o0pa3yeT
CHJIBI OTTAJIKUBAHUS, KOTOPbIE MOT'YT MPOSIBISATHCS B BUJIEC paclupstonieiicss Becenenno nmm
oTAebHBIX € obOnacteil. TakuM 00pa3oM, CHUMAETCs 3arajKa yAMBUTEIBHOTO €IMHCTBA
CHJI TSATOTEHHSI M CHJI «OTPHIIATEIILHOTO» JaBlieHHs JUis BceneHHoW. Yka3aHHas pa3HOCTh
BEJIMYMH 3apsizioB (+) U (=) cpedst TOTHYHO CICIYeT U3 €€ MEKTPUUYCCKOI CTPYKTYpPHI, a HE
BBE/ICHA KaK IPOM3BOJIbHBIN Mapamerp.

l'mnore3a mpuponxpl TIpaBUTAlUMU  MOATBEPXKACHA  pacyeTaMM  yrjia  OTKJIOHEHU:A
3JIeKTpOMarHuTHOM BosiHbl ConHIeM. PacueTHbli yron pacXoquTcsl ¢ 3KCIEPUMEHTATbHBIM
3HaYEHHUEM TOJBKO B MATOM 3HAKE, KOTOPBIM 3aBUCUT OT TOUHOCTHU 3HAHUS psfa pU3NUECKUX
BEJIMYMH, BXOASIUX B (popMyiy pacuera. CoBmnajieHue ¢ oOuieil Teopueil OTHOCUTENbHOCTH
Ounmreiina (OTO) mpaktudecku monHoe. OTiauuue cocraBisgeT To, yto B Teopun OTO
npeobiiaiaeT KOHIICTIHMS IPOCTPAHCTBA U BpeMeHU (reoMeTpHsi), a B MPUPOJIE TPaBUTALINU
JAeKUT ¢usnueckoe obocHoBaHMEe. CKOPOCTh CBeTa HEMOCTOSIHHA U Ompejaessercs
COCTOSTHUEM Cpeodbl, KOTOPOE 3aBHCHUT OT 3JIEKTPUUYECKHUX, MATHUTHBIX, PABUTALMOHHBIX
NOTEHLINAJIOB.

J5 3 yCTpOﬁCTBa Cpedbl 1 CBSI3aHHOM C HUM l'IpI/IpOI[OI\/’I T'paBUTalU CICAYCT CYHICCTBOBAHUC
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«JIEePHBIX JBIP», HA Kpaw (IpaHuIle) KOTOPBIX peaU3yeTcs MpeebHOE YCKOPSHHE OT CHJI
TAroreHus. OHO NPUBOAMUT K Pa3pyLICHUIO CBSI3€H B DJIEKTPUUYECKON cpede, POKICHUIO
BEIECTBA M AHTUBEINECTBA (TaK HA3bIBAEMOE «UCIIAPCHUE» YEPHBIX JbIP, TEOPETUUCCKU
Ipe/ICKa3aHHOEe HBIHE 3[PABCTBYIOIIUM aHIIIMHCKUM y4eHbIM J. XoykuHrom). OJHako Ha
Kparo YEepHOIl JABIPbI CKOPOCTh CBETa B CHIIy MCUE3HOBEHHUS Cpedbl €ro paclpoCTpaHEHUs
paBHa HYJII0. A B TeOpuu DUHIITEHHA FOBOPUTCS, YTO BpEMS 3aMEUIETCS HAaCTOJBKO, YTO
4acTOTa 3JEKTPOMAarHUTHBIX KOJIEOAHUN CTAHOBUTCS HYJIEBOH.

Camo coboii ciemyer, 4To cpeda SBISICTCSI HOCHTEIIEM BCEX BHJIOB JJEKTPOMArHUTHOTO
W3JIyYEHHs, HAuMHAsd OT CTAUMOHAPHOIO OJJIEKTPUYECKOTO HAIPSIKEHHS W KOHYAs
CBEPXBBICOKOYACTOTHBIMH  «(DOTOHAMH», KOTOpPhIE MOTYT OBITHh OIKUCAHBl HE Kak
JJIEKTPOMArHUTHOE, a KaK MAarHUTOJJIEKTPUYECKOE sBJIEHHWE. B mocienHem ciydae
pELIAONIyI0 pOJb WIPACT MArHUTHAs WHIAYKLHS Cpeodwl, ONPEIETAoNas CTOJIb Mallble
pa3sMepbsl MarHUTOAIEKTPUUECKOTO BO3MYLIEHHUsI, KOTOPBIE B THICSYU Pa3 MEHBIIE Pa3MEPOB
aroMa BojaopoAa. EcTecTBEHHO, YTO CTOJIb Majble pa3Mepbl MOPOKAAIOT HILIO3HIO, YTO
doton obnamaer coiicTBamu yactuil. Kpome TOro, B CBEpXBHICOKOYACTOTHOM JUAIa30HE
MCYE3al0T KBAHTHI U3JIyYEHUs, U CTIICKTP U3JTYUYCHHs TPUOOPETACT XapaKTep HEMPEPHIBHOCTH.
DTO BHOBb CTaBUT MPOOIEMY «HEPreTUYECKON KaTacTpodbI», KOTOpas OTPHUIAET OCHOBBI
KBAaHTOBOM MEXaHHUKH.

CtpyKTypa cpedst npsiMO BEJET K NOHITHSIM KBAHTOBOW MEXaHUKHU B OTPaHHMYEHHOU 00J1acTH
¢u3uKy, HaYMHAsE C KBAHTOBAHUS 3JEKTPOHHBIX «OpOUT» B aTOMax. JTO cpeda OIpeienseT
«pa3pelICHHBIE» MECTa PACIOJIOKEHUS HIEKTPOHOB BOKPYT sIEP.

Takum 00pa3oM, cpeda ecTb HEOOXOIMMOE MECTO CYIIECTBOBAHHS BCETO BEIIECTBA, MATEPUHU
Bcenennoii. OqHUM U3 CBUAETENBCTB UM OOOCHOBAHHUEM 3TOTO IOJIOKEHHS SBISIETCS TaK
Ha3pIBaeMass KoMmnToHOBCKas AJIMHAa BOJIHBI 3JICKTPOHA, KOTOpPAsA IMPsAMO paCCUUTBIBACTCA C
00JIBIIION TOYHOCTBIO COTIIACHO JIEKTPUUECKON CTPYKTYpE cpeobl.

Oka3spiBaercsi, 4Tro nocrosHHas [l1aHka He ecTh 3araJlouHbld «KBAaHT JACUCTBUSA», a
MIOJTHOCTBIO OTIPEENIAETCS TTapaMeTPaMy Cpedsl, BOCTIPUHIUMAIOIIEH H3TydeHHE C YaCTOTaMU
10 2,484.10%° I'y tomsko kBauTamu. TeM CaMbIM, TOT KpHU3HC, KOTOPBI CTaBSIT B BUHY
KJIacCU4YecKor (U3HMKe, JIOTHYHO TPEojojieBaeTcsi BBeAcHUEM cpedst. Koncranta [lnanka
HEM3MEHHO TNPUCYTCTBYET BO BCEX KBAHTOBBIX MOAXOJAaX. OITO JIOMOJHUTEIBHOE
CBHUJICTEIILCTBO B TIOJB3y HEOOXOAMMOCTH YdYeTa Cpedbl KaK €CTECTBEHHOTO MecTa
CYIIECTBOBaHMS BCEro BEILECTBa B npupojie. Cpeda conepKuT /1Ba KBAHTA: JIEKTPUUESCKUN
3apsiji OIMH Ha BCE M3BECTHBIE MUKPOYACTHUIIHI M TIOTOK MAarHUTHON WHAYKIIUH.

Eme HCHU3BCCTHO, KaKHUC TIPOLUECChI IMPOHUCXOOAT B MLCHTPAX TIaJIaKTHK. Ha6J'IIO)IeHI/I$[
MOKA3bIBAIOT, YTO IIEHTPHl TalaKTUK POXJIAT BemecTBO 3Be3d. OHHM 4YacTo BeepoM
UCTCKAIOT W3 IICHTPOB M PACIOJIATalOTCS MPUMEPHO B OJHOH IUIOCKOCTH, HYTO
CBUJICTENLCTBYET O TOM, YTO LIEHTPHI TaJaKTUK OBICTPO BPAIIAIOTCS, U B SKBATOPHAIBHOM
00J1aCTH CO3/1at0TCs OJIArOMPUSITHBIC YCIOBHS JJI BRIOpOca BemiecTBa yist 3Be3/1. [10100HbIM
o0pa3oMm, BUAMMO, O0Opa3yrOTCS IUJIAHETHBIE CHUCTEMBl BOKPYT BpAIAIONINXCA 3BE3I.
CT-II/ITaCTCﬂ, YTO OCHTPBI TAJIAKTUK — 3TO T'MIAaHTCKHUEC YCPHBIC ABIPHI. B KOHUICIIIIUN cpedbz
CYIIIECTBOBAHMS BEIIECTBA MOXKHO BBICKa3aTh THIOTE3Y, YTO cpeda B OCOOOM COCTOSTHUHU
POXAACT 3BE3AHBIC CUCTEMBI — I'aJIaKTHKH.

B acrpodusuke Bce Oounbllie CKIOHAIOTCS K MOHMMAHUIO, YTO CYIIECTBYET HEU3BECTHAas
«TEeMHasi» MaTepus U «TEeMHas» SHEPrus, KOTOpble 3aHUMAIOT mpumepHo 96% 6e3 Bcero
BenlecTBa. BemectBo 3anumaer meHee 4% Bo Bcell Beenennoil. ['oBopsT, uyTo 3Ta TEeMHas
CYIIHOCTh OTBETCTBEHHA 3a paciuupenue Beenennoii 61aronaps cBONCTBY aHTHIPABUTALMH.
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['unore3a o mpupoje IpaBUTALUU OTBEYAET IMOJOKUTEIBHO Ha TAaKUE MPEANOJIOKEHHUS:
pacuiperre BceneHHOW NpPOMCXOAMT M3-3a CJIAOOT0 3JIEKTPUYECKOro 3apsijia cpeowt, a
pacnpeneneHHas «Macca» B (opMe MOTOKOB MarHUTHOW HMHAYKLIMH M €CThb Ta TEMHas
MaTepus.

Bce anemenTapHble yacTullbl (31€KTPOHBI, TO3UTPOHBI, ME30HBI, IPOTOHBI, HEUTPOHBI U T.1I.)
HaXOJATCS B c¢pede U C HEW B3aUMOJIEHCTBYIOT. DTO B3aUMOJICHCTBUE MPHUBOJIUT B Cilydae
JJIEKTPOHOB M IO3UTPOHOB K CHJIBHOMY BO3JCHCTBUIO Ha cpedy, NPUMBIKAOLIYIO
HEMOCPEACTBEHHO K IPAaHULAM YacTHILl, KOTOpPOE 00Jerdaer poxJIEHUE Iap BELIECTBA U
aHTuBeniectBa (otoHamu. B ciydyae NpOTOHOB Ha HUX TpaHULAX cpeda Da3pylaeTcs
HACTOJIbKO, YTO IPOTOHBI OKA3bIBAIOTCS OJCTHIMH B «IIIYObI» U3 BUPTYaJbHBIX JEKTPOHOB U
no3utpoHoB. W Tonbko K mepBoil BopoBckoil opbute cpeda oxazpiBaeTcs B I1IEITOCTHOM
COCTOSIHUU. DTO B3aUMOJECHUCTBUE cpedsbl U YaCTULl IPUBOJIUT K (aKkTopaM, ONpeaesstonum
BpeMsl KM3HM HEKOTOPbIX M3 HHMX. Tak, HEMTpoH umeeT Bpems ku3HU A0 30 MHUHYT B
3aBUCHMOCTH OT COCTOSIHUS, B KOTOPOM OH MOKHUHYJ s1po. 1T ME30HOB «pa3auparomue»
KynoHoBckue cuibl MEXNy cpedoil W YacTULAMU CTOJb MOIIHBIE, YTO BpEMS >KU3HU
ME30HOB 4Ype3BbIYaiiHO KOpoTkoe. OJHako IBM)KEHHE YacTUL[ C OOJbIIONH CKOPOCTBHIO
OTHOCHUTEIIBHO Cpedbl TPUBOAUT K TOMY, YTO 3THU CHJIBI 3aMETHO YMEHBIIAIOTCSA, W IIPU
CKOPOCTSIX, OJIM3KUX K CKOPOCTH CBETA, OHU Majibl. Bpems *KU3HU TaKuX YacTHI] YIJIMHSAETCS.
B teopum OiiHmITElHA NOBOPUTCS O <«3aMEUIEHUN» BPEMEHU. B KOHEUHOM cuere, Bpems
JKU3HU 4YacTHUL ONpPENENsAeTCS BHYTPEHHEM YCTOWYMBOCTBIO M BHEIIHMM BO3JIEHCTBUEM
cpeowt. IIpoToHbl 0071a1a10T (haHTACTUUECKOM 3HEPruel CBsA3H, U OHU HACTOJIBKO pa3pyllaloT
BHEIIHEE BO3JEHCTBUE, YTO BPEMsI KU3HHU IMPOTOHOB OrpoMHO. Ilpu GonblInX CKOpPOCTAX
JBIDKEHUS YacTHIl B cpede 00pa3yeTcs CrylleHHe OTOKOB MarHUTHOM MHIYKIHMU, KOTOPOe
IIPUHUMAIOT 32 POCT MAcCChl YACTHULL ITPH POCTE UX CKOPOCTH.

BepositHOo, cnucok (U3MYECKHX SBJIEHUN, CBA3aHHBIX C HaJIMYUEM cpedsl OOWUTaHUS
BEIIIECTBA, MOXET OBbITh MpoJoibkeH. Ho yxke 3Toro BIOJHE JAOCTATOYHO, YTOOBI MPHU3HATH
BEIIMKYIO POJIb cpedwt ((hu3mueckoro Bakyyma, 3¢upa) B caMOM CyIIECTBOBaHMH BceneHHOM
U B mpolieccax, B Heil npoucxosamux. Ocoboe MecTo 3aHUMAeT «MEXaHU3M» T'PaBUTALUU U
uHepuuu. V60 TONBKO OH CHOCOOEH «OTKpPBITH IJla3a» Ha JCHCTBUTENBHOE YCTPONCTBO
[Ipuponsl. Ilpunsaras B Qu3MKe METOAONOIUS, BO3MOXKHO, U SIBISETCS HEOOXOIUMOM, HO
HEeJ0CTaTOYHa JUIsl MOHMMAaHHUS CYHUIHOCTH <IIpOCTpaHCTBa» U BemiecTBa. Paccmorpenue
cpedbl OOMTaHUS BELIECTBA CMOXET BBINOJHUTh YCIOBHSI JOCTAaTOYHOCTH B JIIOOOH
(dyHIaMEHTaJIbHON TEOPHH.

3HaHUE YCTPOMCTBA CTPYKTYpPBI Cpeodsbl, OOPa30BAHHOW DJIEKTPUUYECKOW pEIIETKOW U3
JJIEMEHTAPHBIX IEKTPUYECKUX 3aps/iOB, MOIPYKEHHBIX B NOTOKM MAarHUTHOW MHIYKLUH,
MOKET JaTb BO3MOXKHOCTb JUJISl yIpaBJIE€HHUs CHJIAMU TpaBUTAUMUd U  UHEPLHUU.
Bo3znelicTBoBaTh Ha cpedy MOKHO:

a) M3JIy4EHHWEM C 4YacTOTaMHM, NMPHONMKAIOMUMUCA K 4acToTe (POTOHOB, SHEPTUsl KOTOPHIX
u7eT Ha o0pa3oBaHUe Map <AJIEKTPOH—TIO3UTPOH;

0) DJIEKTPUYECKUMH HANpSHKEHUSIMH B Cpede, YTO MaJIONEPCIEKTUBHO H3-32 PEaTbHOTO
po0os BelecTBa U ¢1ad0il 3aBUCUMOCTU CTPYKTYPbI OT 3JIEKTPUUECKUX HANPSKEHUH;

B) MarHUTHBIMH HAaNpPsHKEHHOCTSIMU (ITOTOKaMWM MAarHUTHOM WHAYKIMHU). DTO Hamboiee
NEPCICKTUBHBINA CIIOCOO BO3JCHCTBHS, JOCTHXXHMBIH B 3eMHBIX ycioBusx (1-10 Tecna
JOCTaTOYHO Il KOMIICHCAIIMU 3€MHOTO TATOTEHHS);

r) mpeoOpa3oBaHHeM CJIa0bIX YCKOPEHHH B CHJIbHBIE YCKOPCHHS YAAapHOTO THIIA,
peanuzaiyel BpamaTeabHbIX (LIEeHTPOOEKHBIX) YCKOPEHHH.

[ToreHunanbpHas 3JIeKTpUUEcKasi 1 MarHUTHAs SHEPrus B ¢pede orpomHa. Ee oneHka, ucxozs
13 DHEPTUU OJHOTO JUIOJS, PABHOTO 1,6¢107" Jore, maer BEJIMUNHY 3JIEKTPUUECKON IHEPTUU
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+31

B OJIHOM KyOHMYecKOM MeTpe cpedwt mopsjaka 10 3 /J[o#c, 9TO SKBHUBAJIEHTHO AHHUTHWIISIUU
+

maccal B 107 k2!

Jns runores3sl 00 3JIEKTPOHHOM CTPYKTYpe cpedst HEOOXOIUMO MO3HAKOMHUTHCS B CaMbIX
o0UIMX YepTax C JJIEMEHTAPHBIMU 3apsiaMH pPEabHO CYILECTBYIOIIMX JJIEKTPOHOB U
no3uTpoHOB. Hike npuBeseH KpaTkuii 0030p 1o TeMe.

[Topsiaxa 2000 net Hazax JleMokpuT BBen noHsTHe «atom». CoBpeMeHHas (Gpu3MKa MpUHsIa
9TOT TEPMUH, U OH 00O3HAYaeT OJIHY U3 OCHOBOIIOJIATAIOUINX SUEEK CTPOCHMS BEIIEeCTBA —
IIOJIO’KUTENIBHO 3apsyKEHHOE PO, OKOJIO KOTOPOIO B HENPEPHIBHOM JIBUKEHUU HAXOIATCS
JJIEKTPOHBI, KOMIIEHCUPYIOIIUE €ro IOJIOKHUTENbHbIN 3aps] OTpULIATEIbHBIMU 3apsiiaMu
97eKTpoHOB. DaKT yCTOMYMBOIO paBHOBECHs sApa U oO0Jlaka DSJIEKTPOHOB HAyKOU
OOBSACHSETCS TOJIBKO C IMOMOIIBIO CHMBOJIOB KBAaHTOBOM MexaHUKU M 3ampeta [laynu. B
IOPOTHBHOM CIIy4yae, <«COTJIACHO» KJIACCHYECKOH (u3MKe, SJIEKTPOHBbI ObLIM Obl 0O0sS3aHBI
«ynacTh» Ha s1po. B oJJHOM 3TOM 3aKirodaercs ycrex KBaHTOBBIX IIPEJICTaBICHUN B (hU3HKE.
O¢upy «cMepTenbHO HE MMOBE3JI0» [0 CPABHEHUIO ¢ aTOMOM, HECMOTPS Ha TO, YTO MOHATHEM
«dup» moap3oBanuch co BpemeH U. Heiotona u no ®penens, Makcsemia, ®uzo, Jlopena.
Ja u DUHIITEHH Mo/l KOHELl TBOPUECKOM KHU3HHU COXKaJeNd, YTO HE BOCIOJIb30BAICA 3(PUPOM
KaK cpeooil, 3amoJIHAIONICH T™ycToTy mpocTpancTtBa Bceenennoit. IloxcmymHo »s¢up
CyllecTByeT B ero moctynarax. Ho cymectBoBaHue 3¢pupa HECOBMECTHMO C TEOPUSIMHU
OWHIITeHA U € JAPYrMMH TeopusiMd B (usuke. YIUBUTEIbHOE JeN0, 4YTo (hU3MKH,
3a4apoOBaHHbIE  JIOCTMIJKEHUSMU  TEH30PHOM  MaTeMaTHKH, OIMCBIBAIOIIEH  IyCTOE
MPOCTPAHCTBO ITUTFOC BpeMs, TaK HEB3MIOOWIN 3(Up, YTO Jaxe BBEIM HOBOE IMOHATHE —
¢usnueckuif BakyymMm — BMecTo 3¢upa. Ho Ha KakoM OCHOBAaHUU BBEJIEH HOBBIA U
HEYKJIIO)KUH TEPMUH THIA OapoKaMepbl WK IbLJIECOCA BMECTO UCTOPHUUECKH 3aCTyKEHHOTO
TepMuHa «(up»? OCHOBaHUH A TAKOUW 3aMEeHbI a0COIIOTHO HET!

Passutrie B XIX Beke mpenacraBieHuii 06 aTOMapHOM CTPOCHHMH BEHIECTBA U JAUCKPETHOCTH
DIIEKTPUYECKOrO 3apsia MPHBEIO K OTKPBHITHIO JJEMEHTAPHOW YaCTHIBI — 3JEKTpOHA —
HOCHTEJS 3JIEMEHTAPHOTO U OTPHUIATEIBLHOTO HEICTMMOTO 3JEKTPHUYCCKOro 3apsiia. Jupak
npeackasajl CymeCTBOBAHUC AHTHYACTHUL, W IMO3UTPOH KAaK aHTHYAaCTHUIA JJICKTpOHA OBLI
O0OHapy)XeH B KOCMHUYECKHX JIydaX aMEPUKAHCKUMH YYeHbIMH AHJIepceHoM, biskeTtom u
Oxkunanuad B 1932 rogay. OcHOBHBIC TapaMeTphl 31eKTpoHa (O3UTPOHA) CIICAYIOIIHUE:

Macea Mey=9,10038188(72)+10 ke,
-19
3apsaa €p=1,602176462(63)*10 Kn

KBaHTOBON MEXaHMKOM [Jsi 3JIEKTPOHA YCTAHOBJIEHBl IapaMeTphl: CIHMH, MAarHUTHBIN
MOMCHT W T.II., KOTOPBIC HC HMMCIOT OTHOLICHHA K PCAJILHBIM BpAalICHUAM MHKPOYACTHLI.
KBaHTOBBIX BOMPOCOB 3/1€Ch HE OyAeM KacaTbCs, XOTS JIEMEHTAPHBIN 3apsa eCTb HE UTO
MHOE, KaKk KBaHT 3apsaa. BoT peanbHBII BOIpOC: 3apsipl JIEKTPOHA M IO3UTPOHA
o1uHaKoBbI? OMBIT MOKA3bIBAET, YTO C HE OUYEHb OONbIIONH TOYHOCTHIO A0 10-ro 3Haka mocie
3anmATo OHW oxuMHaKoBBI. Ho Tak ynm 3T0, ecnm mpearnonarate 0ojiee BBICOKYIO TOYHOCTH?
ITockonpKy Ha 3TOT BOIPOC ITOKA HEBO3MOKHO OTBETUTH € ITOMOILBIO 9KCIIEPUMEHTA, TO €CTh
BO3MOXHOCTD IMPECAIIOJIOKNUTE, YTO B JAHHOM CJIydac CUMMCTPHA HAICro MUpa HApYIICHA U
3aps/ibl 3JEKTPOHA U MO3UTPOHA He paBHBI B 21-M 3Hake. YTo 310 naer? OAMH U3 IJIaBHBIX
pe3yJIBTaTOB 3aKIIOYACTCs B TOM, 4YTO, COIJIACHO 3aKOHY COXPAaHEHHUA 3apsia, OTKPBITOMY
®dapaneeM, 3apsaabl SJIEKTPOHA U MO3UTPOHA, DJIEKTPOHA U IPOTOHA HE MOT'YT YHUYTOXUTh
Ipyr apyra. MHeIMH CiI0BaMH, 3JEKTPOHBI HE MOTYT YIACThb Ha PO aTOMa, 3JIEKTPOH U
IIO3UTPOH HE MOI'YT AHHUTWIMPOBATb MHA4Ye, KaK IPU YHUUYTOXKCHUU HUX MacCC, a 3apssl
OCTaloTCs U 00pa3yroT CBS3aHHBIE 3apsi/ibl CTPYKTYpPHI cpedst. Kak OyneT moka3zaHO HUXKE B
pa3znene 00 HMCTOYHHMKE TPAaBUTAIMM, HEPABEHCTBO 3apsAOB DJEKTPOHA M IO3UTPOHA
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MOopoKAACT CHUJIbI I'PaBUTALIUU.

ONEKTPOH M TO3UTPOH SBJSIIOTCS WCTUHHO 3JIEMEHTApHBIMM YacTULAMHU. OJTO HEIJIAaCHO
MOATBEP>KIAETCSI KBAHTOBOM XPOMOAMHAMMKOM, KOTOpasi OCHOBaHA Ha TEOPUHU KBAPKOB, IO
KOTOpPOW BCE YACTHIIBI TsDKEJIee DJICKTpOHa ([O3MTPOHA) COCTOST U3 KBAapKOB C IPOOHBIM
3apsI0M 110 OTHOUICHHIO K LEJIOMY 3apsaay 2JIeKTpoHa. B 3ToM ciabocTh Mo3uiuu
KBAaHTOBOI XpOMOJMHAMMKU: Jiesiasi 3asiBKy Ha 0ojiee MeJKOoe CTPOEHUE TaKWX YacTHUll, Kak
IOPOTOH, HEUTPOH U T.J., OHA MAacyeT nepej NpoOIeMoil CTpOeHHs IEKTPOHA U MO3UTPOHA.
Ho naxonut BbIX0, 00BSBIISA MOCIEIHUE «[TapTHEPAMU» KBapKOB!

B ¢usuke cumraercs, u, BEpOATHO, HE 0€3 HEKOTOPOrO OCHOBAaHHUS, YTO YACTUIBI HE
SIBJIIFOTCA COCTaBHBIMM, KPOME TE€OPUM KBApKOB, KOTOpas OCHOBaHa Ha TOM, YTO KBapKHu
SIBISIOTCS] € TUHCTBEHHBIMU COCTABHLIMH YACTSIMH YaCTHIIL.

OpnHako HEMTPOH IEMOHCTPUPYET CBOU COCTaBHBIE YACTH. IPOTOH U 3JeKTpoH. HesicHa poib
HEUTPUHO: KaK OHO POXJAeTCsl U pojb €ro oOpa3oBaHUs B HEHTpPOHE, €CIM OHO TaM
CyLIeCTBYeT. MOXKHO TakXe MPeANooKUTh, YTO HEUTPOH B sIIpe TakKe HECTAaOWIIEH, KaK U
Ha cBoboje. Toraa Bce peakiiuu oOMeHa HEUTPOHOB U IMIPOTOHOB AIEKTPOHAMHU CYILECTBYIOT
IIOCTOSIHHO BHYTPHM sjpa. KOHKpETHBIMI HEUTPOH CTAaHOBHUTCS IPOTOHOM, a IPOTOH —
HEUTPOHOM IIPH TaKOM OOMEHE. DTO MOJIOKEHHE MOKET OBbITh MOATBEPKACHO CIEAYIOIIUM
U3BECTHBIM (DAKTOM — OCBOOOKIACHHBIE U3 siJIpa HEUTPOHBI UMEIOT «CIEKTP» BPEMEH >KU3HU
¢ HamOonblIeH NpoAOKUTENbHOCThIO XU3HU 10 30 MuHyT. CpeaHee BpeMs >KU3HU
COCTaBJISIET MPUMEPHO 15 MUHYT. DTO 3HAYUT, YTO HEUTPOHBI MOKUIAIOT SJIPO HA Pa3HBIX
CTagusX 0OMEeHa 3JIEKTPOHAMHU € MIPOTOHAMH. M HUYero He U3BECTHO OTHOCUTEIBHO JAPYroro
pacnaza HEWTpOHA, MHAue KaK Ha MPOTOH U 3JEKTpoH. B (u3uke He3HaHuWe HCTUHHOU
IIPUPOJIBI pacaia MPUKPbIBAETCS TEOPUEH BEPOSITHOCTH.

3.TeopeTnueckas ¢pusuka XX Beka
O,ZLI/IH TOJIBKO B3IJIA4 C BHEIIIHEH CTOPOHBI, oe3 ACTAJIBHOI'O 3HAHUSA, HA TCOPCTUICCKYTO
(GU3UKy HAaBOJIUT Ha PsAJ pa3MBILIUICHHIA:

CoOpy)KeHO <«3lIaHHe» HEUMOBEPHOW BBIIIMHBI W cojepkaHus. [lpu 3TOM 3arpaveH
KOJIOCCAJIbHBIA TPYJ TaJaHTJIMBBIX Y4YeHBIX. B moctpoeHun Tteopuit mpeycnenu Benukue
co3aareny PU3NYECKUX TEOPHUil:

3ommepdenna(1868-1951), Illlpénunrep(1887—1961), I'eiizen6epr(1900-1976),
Jdupax(1902-1984), Jitnmreiin (1879-1955), ®eitnman(1918-1988).

Bonnosoe ypaBHenue LlIpéauHrepa TouHo onucaio BOJIHOBBIE CBOWCTBA MUKPOYACTHI] O€3
yKa3aHus HpUpoAbl yacTula—BoaHa. KBanToBass MexaHuka HUYEro HE peluiia ¢ Npupoaon
rpaBUTALM{, HHEPLUUH, C POXKIECHUEM Macc MuKpoyacTull. OTKpbITHE acTpodu3uKamu
«TEMHBIX» CYLIHOCTEH BCEIeHHON MOCTaBUIIO B TYNHK BCE NPEABIIYIIUE TCOPUU, BKIHOYAs
KM. HckpuBieHUsT HEMOHATHON (u3u4Yeckoil abcTpakuuu Spacettime Hu Ha Iar He
npuOJIM3KIO K MOHMMAHUIO TpaBUTAMM W MHepuUud. OOMEHHbIE HOJS WIM YacTHUIIbl HE
BCKPBUIM TIPUPOAY CHIOBBIX B3auMoaeWcTBuM. W Tak Be3ne ¢ NPUHLIKIIOM CTPOroro
MaTE€MaTU4YeCKOro OMMUCAHUs SBJICHUH, KOTOPOE CMEJI0 MOKHO OTHECTH K HCI0/1b30BAHUIO
meronoJioruu Iltosemes.
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B Teopernueckoil ¢usnke MPUMEHEHO CIOKHOE MaTeMaTHYeCKOe OIMCaHUE SBIICHUH,
U3BECTHBIX 110 HAOMIONEHHSM M SKCIEPUMEHTaM, HO HEW3BECTHBIX [0 NpUpoAe, IO
«MexaHu3MaMm» peanuzanuu. K TakuMm (yHIaMeHTalbHBIM SIBICHHUSM, B IIEPBYIO OUY€pE.lb,
OTHOCSTCS PACIPOCTPAHEHUE CBETA U OIPAHUYEHUE €TI0 CKOPOCTH B BEILECTBE U B «IIyCTOTE>
(8 Bakyyme, B (Qu3MYeCKOM BakyymMe, B OJ(Hpe H TPOCTO B MNPOCTPAHCTBE).
@yH1aMeHTaIbHON MPOOIeMOl HEM3BECTHOM MPHUPOJIBI ABISIOTCS TPaBUTALUS M MHEPLHUS
BEIIIECTBEHHBIX Macc.

B kauecTBe riaBHOro KpuTepus OLIEHKH JIH000H CyliecTByroued pyHIaMeHTaIbHON Teopun
MOXXHO IPHUHATh HAIM4ME€ B HEW INPEICTaBICHUNW O IPUPOJE TIpaBUTALUU U HHEPLUU
o0Hoepemenno. OOmIas TeOopus OTHOCUTEIHHOCTH JWHINTEHHA M TEOpUS KBAHTOBOM
MEXaHUKU HE YAOBJIETBOPAIOT 3TOMY OYEBUIHOMY TpeOoBaHuIO. B Teopuu DiiHmITElHa
MHEpLUS IOHUMAETCS KaK SKBUBAJICHT I'PABUTALMH, B KBAHTOBOM MEXAHHMKE HET CONPSIKEHUS
OOMEHHBIX YaCTHIl TPABUTOHOB B KAYECTBE «MEXaHU3Ma» IPaBUTALUH C SIBICHHUEM HHEPLHUU
BELIECTBEHHBIX Macc. PacipocTpaneHue cBeta BOOOIIE OTCYTCTBYET B 3TUX TEOPHUSX.

OmnpeneneHHbl UHTEpEC BBI3BIBAIOT ONbITEI ®Pu30 1 CaHbsIKa, HO MX MHTEpHpETaLUs
OCTaBJIIET JKelaTh MHoro Jydumiero. HauOonee mnpuemiaeMoe TOJKOBAaHHE HAXOAUM Y
MakcBeJuia: pacnpocTpaHEHHE CBETa OOYCJIOBJIEHO HAJUYMEM JJIEKTPUUYECKUX 3apsiioB U
TOKOB OT UX CMELIECHHUS IIPH BO3/AEHCTBUN MIEKTPOMATHUTHBIX HaNpshKeHHocTel £ u H.

BriBog HampammBaercst caM cOOON: MHepLHUs 3apsfoB OrpaHMYUBAET CKOPOCTh cBeTa. U
HUYTO OoJiee HE OrpaHMYMBAET 3Ty CKOpPOCTh. B mycroTre — 3TO CTpyKTypa Bakyyma u3
3apsiIOB M TIOTOKOB MarHUTHOW WMHAYKIHMM (uMHepiwms!), B BemIeCTBE — 3TO HWHEPIHSA
JJIEKTPOHOB U sAJI€P BEILECTBA.

HpOHI/IHaeMOCTI/I ONMpeCaACIIAIOTCA UMCHHO CIIOCOOHOCTEIO 3apsAa0B ABUIaTbCs, CMCIIATHCA.
HpI/I MI'HOBEHHOM CKOpPOCTH CMCUICHUA ObL1a ObI 1 MTHOBEHHAS CKOPOCTB CBCTA.

B ombitax ®u3o—CaHbsiKa CBET YBIICKACTCS JBW)KEHHUEM 3apsJoB BemiecTBa (BOIBI,
CTEKJIOBOJIOKHA B JIA3ePHBIX TUPOCKOINAX). YMy HEIMOCTH)KUMO, 10 KakuX mop dusuka Oymer
OCTaBaTbCid Ha CPEIHEBEKOBOM YPOBHE IOHMMAHUS SIBIEHUS paclpocTpaHeHHs cBeTa?!
Ceiiuac yxe XXI| Bek... Y Bce 00bACHATH peNATUBUCTCKUMHU 3P (HEKTaMU yKe HENPUIUYHO.

Ot cooOpakeHHsI CTaBAT II0JI COMHEHUE IIPaBOTYy TEOPETUUYECKOW GU3UKH U €€
cooTBeTcTBUE ycTpoiicTBY Ilpuponsl. Tak yTo ke JenaTh B TaKOH 3amyTaHHON CHUTYaluu?
BepositHo, Haf0 nckaTh 0O00CHOBaHHUE M PACIIPOCTPAHEHUIO CBETA, U SIBJICHUSM IpaBUTaLlMU—
uHepuuK. B ¢u3uke HakomjaeH rpomMaaHblii MacCHB JAaHHBIX HAOMIOJNEHUH U (PU3MUECKUX
ONBITOB, KOTOPBIM M CeHWYyac MO3BOJSET HAa MX OCHOBE OCYIIECTBUTH IMOMNBITKY PELICHHS
yKa3aHHBIX NpoOJeM B IOJIOKUTEILHOM BHJIE. PELICHHE JJO0JDKHO OBITh BCEOOLIMM U
BceoObeMimromuM. [loueMy MEHHO Tak?

Heno B toMm, uro Hama [Ipupona, npupona BceneHHoH, sBAsSE€TCS €OUHOW M HEICTUMOM.
Henp3s co3maBath kiaccuueckyr (QU3MKY, TeOpud JWHINTEliHA, KBAHTOBYIO (HU3HKY,
TEOPUI0 CTPYH WJIM CYNEPCTPyH, MHQIIALNIO BcelneHHON NmpakTHYecKu B IMOJHOM OTpPbIBE
JpYT OT Apyra ¥ yrnoBaTh Ha TO, YTO B MIPEAEIbHBIX EPEX0Aax OHU AOJKHBI JOMOJIHATH IPYyT
npyra. @usuka XX BeKa «3acTpsijia» Ha 3Tare aHajau3a SBJICHUH, HA pACWICHEHUHN SBJICHUN
[Ipupoas! Ha oTAETBHBIE 00JIACTH. DTO, €CTECTBEHHO, HEOOXOAMMBIN ATAIl MO3HAHUS MHPA,
HO OH HE JIOJDKEH BO3BOJAUTHCS B JorMy. HykeH cunrte3 Qusmueckux 3HaHuil. Kirou k
TaKOMY CHUHTE3y JISKUT B MPUPOJIE TpaBUTALUU—MHEPLIUU U paclpocTpaHeHust cBera. Ho
TeopeTudeckas (pu3MKa JOMyCTHIa IPyOyI0 OMIMOKY, UCKIIIOUMB U3 MPEIMETa UCCIIeI0BAaHUS
a¢up. be3 adpupa He ObLTO MOHMMAHUS pacmpocTpaHeHus cBera B XIX Beke. MakcBelln
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OTIPEICIMI MEXaHH3M PAaCIPOCTPAHEHHUs CBETa C MOMOIIbI0 ero Bektopos E u H(B) u TokoB
cmemenus B 3¢upe. Ceituac 3t coobpakenus Maxkcsenna 06JaronoayyHo UTHOPUPYIOTCS B
TeopeTnueckoil ¢usznke. MHoOTHE SBIEHUS, OOBSICHHUMBIC C TIOMOIIBIO TOKOB CMEIICHUS,
ceryac HaXOoJAT TOJKOBAaHUE B PEIIATUBU3ME.

B Hacrosimiee BpeMsi €CThb BO3MOKHOCTh HAaWTH peabHYIO CTPYKTYpY 3(¢Hpa, paBHYIO
CTpYKType (U3HUECKOr0 BaKyyMma, CTPYKType cpedst Bcenennoil. Bce 3t umocracu
TOKJIECTBEHHBI APYT APYTY, noauuHsorcs Eouncmey Ilpupoowr.

Ocoboe nosiokeHue B TEOPETUUECKOH (hr3KKe 3aHMMAaeT KBaHTOBas MexaHuka. Haunnanach
oHa MakcoMm [l;maHKOM, KOTOpBIM BBEJ KBAaHTOBBIM XapakTep HM3JIYUYCHHUS «UEPHOrO TEJa»,
IIOATBEP>KJIEHHOI0 Ha onblTte. Jlamee OrpoMHBIM BKJIaX B TEOPHUIO KBAHTOBOW MEXaHWKHU
cnenanu 3ommepdeana (1868-1951) u INeiizendepr (1900-1976). BeposiTHO, MOCTOSHHYIO
IInanka MOXHO CUMTATh CTEPIKHEM, KOTOPBHII MOMOTI CO3JaHHUI0 KBAHTOBOW MEXAHMKH. BCS

h -
KJIacCH(UKAIUS M3BECTHBIX MHUKPOYACTHIl COACPKUT ATy IMOCTOSHHYKO h :2—, KOTOpast
Y

IMPUMCHCHA B KAa4YCCTBC COCTaBJ'ISIIOH_ICI‘/JI CIIMHA 49aCTHII. IloHsTre cimHa HE UMEET HUKAKOTO
OTHOILICHHUA K PCaJIbHOMY BpPAIICHHUIO MHUKPOYACTHIL, IPUMCHACTCA KaK 4YUCTO @OpMaﬂLHaﬂ
XapaKTCPUCTHUKA U, KaK YTBCPIKAACTCSA, COOTBCTCTBYCT HpI/IpOI[G. OTOT (bOpMaJ'II/BM B
KBAaHTOBOM MEXaHHKE AOJIKCH BOCIIPMHUMATBCA B KAYECTBEC KPUTHUCCKOT'O OTHOIICHUA K HEl
CaMOﬁ, HapsAaay € OTCYTCTBUECM B HEll NOHUMAaHU T'paBUTallMul U NHCPLIUHU BCIICCTBA.

Crnenyer OTMETUTHh BBIAAIOUIYIOCS pOJIb TaKUX CTOJIOB COBPEMEHHOH (U3MKH, Kak
Ipenunrep (1887-1961), Jqupax (1902-1984), ®eiinman (1918-1988). B 1926 roay
¢usuk-reopetnk 1mo uMeHun JpBuH LlpeamHrep BbicTyman Ha HaydYHOM CEMUHape B
Lropuxckom yHuBepcutere. OH pacckasblBall O CTPAHHBIX HOBBIX HJEAX, BUTAMONIMX B
BO3JlyX€, O TOM, YTO OOBEKTHI MUKPOMHpA YacTO BEAYT ce0si CKOpee KaK BOJHBI, HEXENN KaK
gacTHibl. TyT clI0Ba MOMPOCKII MOKUIONW mpenoaaBaTenb u ckaszan: «lllpexuHrep, BBl 4TO,
HE BHIHTE, YTO BCE 3TO UylIb? MM MBI TyT BCe HE 3HaEM, YTO BOJIHBI — OHM Ha TO M BOJIHBI,
94TOOBI OMUCHIBATHCSI BOJHOBBIMU ypaBHEHUsMEU P [lIpeanHrep BOCOPUHSIT 3TO KaK JTHMYHYIO
o0HIly 1 3aJaics 1ebI0 pa3padoTaTh BOJIHOBOE YPaBHEHUE ISl ONMCAHUS YaCTHIl B paMKax
KBaHTOBOI MEXaHUKHU — U € OJIECKOM CIIPaBUJICS C ITOW 3a/1adyei.

[yanbpHass  KOpPIYCKYJISIPHO-BOJIHOBAas IPUpPOAA KBAaHTOBBIX  YacCTUI[  ONMCBIBAECTCS
muddepeHaIbHbIM ypaBHEHHEM. biieck pelieHus 3ajaud KOpPIYCKYJSIPHOTO JTyanu3ma
YacTUI OyThIM, TaK KaK HE pelieHa caMa IMPUpOJa WIA MPOUCXOKIEHUE ITHUX BOJIHOBBIX
IIPOSIBIICHUM.

®eitHmMaH pa3paboTal METOJ| MHTEIPUPOBAHUS IO TPAEKTOPHUSIM B KBAHTOBOM MEXaHHMKE
(1938), a Takke Tak Ha3piBaeMblii MeTo quarpamMm @Deifamana (1949) B kBaHTOBOI Teopuu
1oJis, C MOMOHIIbIO KOTOPBIX MOKHO OOBSCHSATH NIPEBPAIICHUS 3JIEMEHTAPHBIX YaCTHII.
VYdeHblil MpeUIoKUI MapTOHHYI Mozeb HykiIoHa (1969), Teopuio KBaHTOBAaHHBIX BHXPEH.
Jli1s Hac npeACTaBIsAIOT UHTEpEC OOMEHHbBIE YaCTULIbI WIIM JuarpamMmbl deiiHMaHa, KOTOpbIE
UCKYCCTBEHHO OOBSCHSIOT ONMKHeNAeiicTBUe B 00XOJ pealnbHOM NPUPOAbI CHUIIOBBIX
B3aumozeiicTBuil. [lpakTUuecku STH JuarpaMMbl «CHSUIU» B TEOPETUYECKOW (u3HKe
npo0JeMy BcexX U3BECTHBIX CHJIOBBIX B3auMoeicTauii B [Ipupoze.

CrpykTypa BakyyMa OTBETCTBEHHA 3a PpOXKIEHUE Iap JJIEKTPOH-NIO3UTPOH B IOJIHOM
coryiacuu ¢ uaesmu «mopsi» Jlupaka u onsitamu JIamba. Ypasaenue Ilupaka — KBaHTOBOE
ypaBHEHHE  JBMJKCHUS  OJIGKTPOHA,  YAOBJIETBOpsiollee  TpeOOBaHUAM  TEOPHUH
oTHOcHTeNbHOCTH, yctanoBieHo I1. Jlupakom B 1928. U3 ypaBHenus Jdupaka ciemyer, 4To
9JIEKTPOH 0071a7aeT COOCTBEHHBIM MEXAaHHMUYECKUM MOMEHTOM KOJIMYECTBA JABMKEHHUS —
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CIIMHOM, paBHbIM h :Z—p, a TakkKe COOCTBEHHbIM MAarHUTHbIM MOMEHTOM, pPaBHBIM
MarHeToHy bopa, XapakrepHas oCOOEHHOCTh ypaBHEHUs JlMpaka — Halu4yue Cpeau €ro
pelmeHui TakuX, KOTOPbIE COOTBETCTBYIOT COCTOSIHUSIM C OTPHULATEIBHBIMHA 3HAYEHUSIMU
SHEPruM Ui CBOOOJHOTO JBM)KEHHS YacTHIBI (YTO COOTBETCTBYET OTPHILATENIBHON Macce
YaCTHIIbI). DTO MPEACTABIISUIO TPYJHOCTh Ul TEOPHUHU, TaK KaK BCE MEXAHUYECKUE 3aKOHBI
JUIS 4aCTHIIBI B TAKUX COCTOSHUSX ObUIM Obl HEBEPHBIMHM, MEPEXO/bI KE B 3TH COCTOSIHUS B
KBaHTOBOI TEOPUH BO3MOXKHBI. JIefiCTBUTENbHBIN (U3NYECKUI CMBICT IEPEXO/I0B HA YPOBHU
C OTPHLIATEJILHOM SHEpruel BBISICHUIICS B JalibHEHIeM, Koria Oblia JoKka3aHa BO3MOXKHOCTb
B3auMoNpeBpameHuss 4vactul. M3 ypaBHenus [lupaka ciegoBajlo, 4YTO JOJDKHA
CYIIECTBOBaTh HOBas yacTula (aHTUYACTHIA IO OTHOLICHUIO K 3JEKTPOHY) C Maccoi
JJIEKTPOHA M JJIEKTPUYECKUM 3apsiioM IPOTUBOIOJIOKHOTO 3HAaKa; Takas dacTuua Oblia
neiicrButenbHO OTKpbITa B 1932 K. AHIEpCOHOM U Ha3BaHa MO3UTPOHOM. JTO SIBUJIOCH
OTPOMHBIM YCIIEXOM TeopHuH 3eKTpoHa Jlupaka. M3 oTtkpeitoro JMpakoM ypaBHEHHs
CJIE€NOBANIO, 4YTO JOJDKHBI CYIIECTBOBATH W AHTUAJIEKTPOHBI. Ilpudem DIEKTpOH U
AHTUDJIEKTPOH POKIAIOTCS W MCYE3A0T TOJIBKO MOIMApHO. /{MpaK mpearonokui, 4To BECh
MHUp 0 OTKa3a 3a0MT MOpPEM 3JIEKTPOHOB, KOTOpble HeHaOmonaembl. Ho MOXHO BBIOMTH
JNIEKTPOH W3 Mopsi. Ha mpekHemM MecTe ocraHeTcs He3aHsAToe (IIyCTOE) COCTOSHHE —
aHTUa1eKTpoH. Korna anexTpoH, Oayx/ias, HaTKHETCs Ha MMOJ00HYIO JBIPKY, OH NMPOBAJIUTCA
B HEe M CTaHeT CHOBa HeHaOmonaeMbiM. [lo3gHee mope [lupaka oTBepriid, Tak Kak y
He(EepPMHUOHOB TOKE HALIUIUCh AHTUYACTHUILIBI.

Bee sT10 xopomast uctopus (usMkM, KoTopas ceiddyac HaxoauTcs yxe B XXI| Beke u
HyX1aercs B nepecMmotpe. [ maBHoe y Aupaka u JIamba — 370 BakyyM, Ha KOTOPBIN paHbIIe
CIIMCBHIBAJIN BCE HEMOHSATHIC sIBICHUS. Mexa1y TeM B BakyyMme pacrnpoctpansercs cser (OMB,
«(hOTOHBI»), PACHPOCTPAHICTCS TPABUTALIMS, 00PA3yIOTCS MacChl BELIECTBA, AaHTUBEIECTBA U
OPOMCXOIUT MHOTO JPYrMX (U3MUECKUX SBJICHUH, BKIIOYas pPAcIpOCTpaHEHUs BCeX
M3BECTHBIX (PM3NYECKHUX «I1oiel». Tak 4To ke MpeAcTaBiIsieT COO0H BaKyyM B PEabHOCTH?
Ha sToT BOmpoC ecTh JOCTaTOYHO JIETKUI OTBEeT. BakyyMm pokgaeT 3J€KTpPOH U MO3UTPOH
IIPY BHECEHUM B HEro JOCTAaTOYHOW DSHEPruM, yNOMsSHyTOM Belme. Kpome Toro, mpu
BHECEHUU B COTHH pa3 OOJbILICH 3HEPrUHM POXKAAIOTCS BCE ME30HBI, IPOTOH M aHTUIIPOTOH.
Pe3koe TOpMOKEHHE BEIIECTBEHHBIX IYYKOB ITOCIIE YCKOPUTEIS BBI3BIBACT IMOTOK YACTHUI] H
aHTHyacTUll. TakoB Hall BakyyM. YTBEpXKIaTh, YTO HHEPrus MpsSMO MpeBpaliacTcs B
MaTepHIo BellecTBa Helerno. Macca cymiecTByeT cama 1o ce0e, SHeprusi TOJIBKO HYXHA IS
0o0pa30BaHUsl MacC M HE MOXET IPOCTO MPEeBpaIlaThCS B Maccy. JTO OUYEBUAHO U B
JI0Ka3aTeNbCcTBE HE HYyXjaaercs. Bakupiil pesynbraT «vmops» [Aupaka u HaOmoaeHui
HNO3UTPOHOB B KOCMHYECKHX JIydaX TOT, YTO €CTh O3JEKTPOH U IO3UTPOH, KOTOpHIE
BO3HHUKAIOT U3 BaKyyma IpH BHECEHUH B Hero sHepruu 6osee 1,022 M»>B=1,64936940e-13
Jlocoyneri. Oqnako Gopmyina Jupaka iuimb npuOImKEHHO AaBaia JUMHUU U3TYyYEHUs aToOMa
Bojtoposia. JIamo u Puzepdopna B 1947 rony (06a amepuKkaHCKUE YUEHBIC) TOUHO U3MEPUIIN
paciierieHie JIMHUI BOIOpoJIa: MIPH Tepexoie 3— 2 pacuierieHue paBHO Pa3HOCTH YacTOT:
df=1,05777et9 [y nHa uactore usnyuenus f=4,5692e+14 [7y. JIsmMO6 OOBSICHWI TakKoe
paciierieHle JIMHUM W3Iy4eHUsT HEeKUMH (IyKTyanusMu Bakyyma. W3 Buay omymeH
BaXHbI (hakT Monenu aroma Bopa, B KOTOpol MO AJMMHE KaxXI0M pa3pelieHHOW OpOUTHI

. h
3JIEKTPOHA YyKiaabiBaeTcs 1enoe uncio BoiaH /e bpoiias L :—V. B cuny moco, umo
m

cmpykmypa eaxyyma umeem 3apaovt (+) u (=), anexmporn modicem 08U2amvcsi MOALKO <HOO»
3apsioamu (-), umo npueooum K 6UHMOOOPAZHOU MPAEKMOPUU OBUNCEHUs INEKMPOHA HA
opoume. (Y3HaeTe HeoNnpeIeIecHHOCTh TpaekTopuii o I'eiizendepry?).

Hoscnenue k_evlderennomy Kypcusom mexcmy. Jlanee OyneT IOKa3aHO, YTO CTPYKTypa BaKyymMa COCTOMT HU3
0€3MacCOBBIX 3apsoB +/-, 00pa3yloNIMX KyOMYECKYHO DPEMIETKY. 3apsiapl BOCIPUHMMAIOTCA KaK 3JeMEHTapHbBIE
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YaCTHIBI JICKTPOH WM TO3UTPOH, TOJIBKO B COBOKYIHOCTH CO CBOEH Maccoil. Macchl 3apsioB IPEICTaBIISIOT
co00lf OuYeHp IUIOTHBIE, OYEHb KOMIIAKTHBIC, OYEHb OBICTPO BpalafoOLIMecsi MarHUTHBIC BHXpH. Buxpw,
COOTBETCTBYIOLIME 3apsaaM +/-, 3aKpy4eHbl B MPOTUBOIOJIOKHBIE CTOPOHBI. TakuM 00pa3oM, Macchl 3apsaoB +/-
Oymy4H paBHBIMH I10 BEJIMYMHE, IO CYTH pa3Hble. Ka)plif THII Macchbl IMEET CPOJICTBO TOJBKO K 3apsiiaM «CBOETO»
3Haka. [10aToMy Macca 3JeKkTpoHa OyAeT IBHIraThcs OT OJHOrO 3apsza (-) K apyromy 3apsny (-), 4To W co3mact
BUHTOOOPA3HYIO TPACKTOPHIO JIBHXKECHUSI HJICKTPOHA.

OO0O0CHOBaHHYIO KPHUTHKY TEOPETUUECKOW (M3UKUA MOXKHO MPOIOIIKATH 10 OECKOHEYHOCTH.
Slpkuii mpumep: BbIIE NMPUBEACHHBINA 3JIEKTPUUECKUM 3apsii CO 3HAKaMU IUTIOC U MHUHYC B
MIPUPOJIE MUCIIOJIb3YeTCsI a0COOTHO ISl BCEX M3BECTHBIX MUKPOYACTHI] U HE 3aBUCHUT OT UX
Macc. OTOT (akT B (U3HKE HUKAK HE HHTEPIPETUPYETCS, KpoMe JPOOHBIX 3apsioB
daHTacTUUECKNX KBApPKOB. Hike mokakem BBIXO U3 CO3/IaBIIETOCS IMOJI0KECHMUS.

I'JIABA |I. CTPYKTYPA BAKYYMA BCEJIEHHOJ.
PACITPOCTPAHEHME 2JIEKTPOMATI'HUTHBIX BOJIH

1. KpaTkoe cogep:kanue rjaasbi | |

Crpykrypa Bakyyma (cpeda) wuMeeT DICKTPOMArHUTHBIA  Xapakrep W oOpa3oBaHa
KPHCTAJUIMYECKOW PEIIETKONH C 3JIEMEHTapHBIMH 3apsgaMu B €€ y3Jax BelIWYuHOU (+.-)
+1,602176462-10*° Kkyion. Pasmep peméTky snementa cpeowt pasen 1,3987631-10"°u, uro B
37832 pa3 MeHblne paauyca aroma Bojopona. IlpenenbHas pedopmanus cpensl, Hpu
[IPEBBILICHAH KOTOPOH pa3pyluaetcst ed CrpykTypa, papia  1,020726744-10Y y. Ceer oGnagaer
npeaenbHOH MUHHUMAJIBHOM JUIMHOW BOJHBI, KOoTopas B 861 pa3 mpeBblIaeT pa3Mep CTOPOHBI
peméTku. BcenepcTBue 3TOTO pacnpocTpaHEHUE SJICKTPOMATHUTHOTO W3ITYYCHHS SIBIISICTCS
U30TPOITHBIM, HEB3UPAsk HA KPUCTATUIMYECKYIO CTPYKTYPY BaKyyMa.

Tok cmemieHus: SABIseTCS 00S3aTENBHBIM ISl CBA3U aMIUIUTY]l CBETOBOUW BOJHBI Eu B. s
HOJICPIKaHUS DJIEKTPUYECKON W MarHUTHON HampspkéHHocTeil cBera (DMB) HeoOXomum TOK
CMEUICHUs1 D3JIEMEHTApHBIX 3apsSJ0B CTPYKTYphl cpenbl. OTHOIIEHUE JJIEKTPUYECKON U
MarHUTHOW HaIpsKEHHOCTEH CBETA MOCTOSIHHO M HE 3aBUCHUT OT COCTOSIHHUSI CTPYKTYPBI CPEIIbI.
OHO paBHO BOJHOBOMY CONPOTHBIICHHIO BaKyyMa. AMIUIUTY/IbI HanpspkEHHOCTeH cBeta (OMB)
HE 3aBHUCAIT OT YaCTOTHI.

[IpencraBinenue cnocoba pacHpOCTpaHEHUS CBETa, BO3MOXHOIO TOJIBKO B Cpele, HAaXOIUT
MOJTBEPXKJICHUE B Cllyuyae CBETa B BemlecTBe. [[09TOMy CBET B BelIeCTBE OONBIIYIO YaCTh MyTH
MPOXOJUT MEXAY 4YacTUIlaMU BEIIECTBA W TOJBKO 4YacThb IYTH CBETa B BEIIECTBE
«IOAACP)KUBACTCSA» 3apsA/laMU SJICKTPOHOB U SIep, KOTOPhIE 001a1al0T 3aMETHBIMUA HHEPTHBIMU
cBoiicTBaMH. MHEPTHOCTHh BEIIECTBA CHHKAET CKOPOCTh PacHpoCTpaHEHUsi cBeta. B wurore
s dexTrBHAs CKOPOCTH CBETa B BEIIECTBE HUIKE CKOPOCTH B CpEJIe.

2. Kongencarop

Konpnencarop cmnocoOeH HE TOJIBKO MPOBOJIUTH MEPEMEHHBIM TOK, HO WM JUIMTEIHLHOE BpeMs
COXpaHATh 3aps. Kak mpoucxoasat Takue ¢puszndeckue spicHus? OOIYHO MEXTY IPOBOISIIAMHU
IUTACTHHAMHU KOHJIEHCATOpa MOMEIIAIT JudJieKTpuk (puc. 1). B mpocteitmem ciaydae mpocTo
BO3JYX — 3TO BO3YIIHBIN KOHIEHCATOP.
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Puc. 1

YeM IUAIIEKTPUK OTIIMYAETCS OT MPOBOAHUKA? TeM, uTo B HEM HET CBOOOAHBIX 3apsiioB. EcTh
TOJIKO CBSI3aHHBIE 3apsi/ibl B CAMOM CTPYKTYype nudiekTpuka. Kak MoKHO OOBSICHUTH SIBJICHUS B
KoHieHcaTope? TobKO C MOMOIIBIO TOKOB CMEILIEHHs, BIIEPBbIC BBEJICHHBIC B TECOPHIO
MakcgesioM. Tok cMelieHust TOBOPUT caM 3a ce0si: OH 00pa3yeTcst IPU MOBOPOTaX-CMEIIEHUIX
CBSI3aHHBIX B aTOMaxX WJIM MOJIEKYJAX AIEKTPUUYECKUX 3apSA0B.
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Puc. 2

IIpu 3apsine KOHAEHCATOpPA U CHATUU C €r0 MPOBOASIIMX IUIACTHH JIEKTPUYECKOr0 HAIPSHKEHUS
COXpaHsAETCSd CMEIICHHOE COCTOSIHUE DIEKTpUYeCKUX 3apsnoB. Ilosromy koHaeHcaTop
COXpaHsieT 3JeKTpruuecKuii 3apsa. CTOUT 3aMKHYTh IUIACTUHBI, KaK TYT K€ WHIYLIUPOBAHHBIN Ha
IUTACTUHAX 3aps] U3 CBOOOJHBIX 3apsA0B MPOBOJHMKA, 00pa3ys €CTeCTBEHHBIH TOK, pa3pspKaer
KOH/JIEHCATOpP, U 3JEKTPOMATHUTHBIEC CUJIBI JUAJIEKTPUKA BO3BPAIAIOT CBOM CMEILEHHBIE 3apsibl
B COCTOSHME IIEpBOHAYaJIbHOIO paBHOBecHsA. HO He 10 KOHLA, HE 10 IPEKHEr0 COCTOSHUSA
paBHOBeCHs. DTO SBJIEHUE XOPOIIO M3BECTHO MPAKTHKAaM: KOHJIEHCATOp €llle J0JIroe BpeMms
COXpaHsEeT YacThb IOJIy4YEHHOI'O PaHEE U Pa3psKEHHOIO 3aps/a.

MoxHO cpaenaTh CIEOYIOIIMA BBIBOA. 0€3 CBA3aHHBIX 3apsiioB U TOKOB CMEIICHHS,
00pa30BaHHBIX STUMHU 3apsgaMH, KOHIEHCATOp HEBO3MOXKEH. Tenepb MOMECTUM BO3AYLIHBIN
KOHJCHCATOp B TNyOokui BakyyM. CrpaminBaeTcs: KOHACHCATOp MEepPECTaHeT ObITh TaAKOBBIM?
Her. Otcrozia ectb TOJIBKO OJIMH BBIBOJ: JIF0OOM BaKkyyM MMEET CBS3aHHbBIE 3apsi/ibl, CIOCOOHbBIE
0o0pa3oBbBIBaTh TOKM CMelleHus. Teopernueckas (uU3MKa HUTHOPUPYET OSTO ECTECTBEHHOE
npupoaHoe sBieHue. 3a nocieaane S50 et B yueOHUKAX MOSBUIACH KOCBEHHAS TUCKPEAUTALINS
TOKOB CMENICHHs. YK€ ceiiuac MHOTHE (PM3UKH HE MPHU3HAIOT TOKU CMEIIEHUS 3a PeaJbHOCTh
npupoabl. Haxonsres takue cinoBecHble (POPMYIHPOBKU, KOTOPbIE CTPAHHON 3KBUIMOPUCTUKON
OOBSCHSIIOT CYIIHOCTh KOHJEHCATOpa U MPOTUBOpEYAT caMOi MpUpojie KoHIeHcaTopa. Haunnas
¢ u300peTeHMs JieHaeHCKOW OaHkM, (M3MKa JOJKHA ObUTa HCCIEoBaTh TEOPETUYECKUE U
MIPAKTUYECKHE SBICHUS B KOHACHCATOPE.

AnanornyHas jaedopMainus HayKM KacaeTcs U pacrnpocTpaHeHus cBera. CBeT MOXKeT
pacipoCTpaHATbCA TOJILKO B Cpejle, HMEIOLIEH CBsI3aHHbIE 3apsi/ibl, 00pa3ylollle TOKU
CMEIEHMs JJIsl CBSI3U 3JIEKTpoMarHuTHBIX BekTopoB cBera E m H. K sromy namo noGaButh
paboty anekrpomarHuTHeIX BOJMH (DMB) B MHKpPOBOJNHOBBIX Te4yax. HarpeB mpoaykToB, B
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KOTOPBIX €CTh BjIara, OOBSCHIETCS pacKauyMBaHHEM aTOMOB (3apsI0B AJIEKTPOHOB W SIEpP) IpU
uX OOJy4eHHH MHKPOBOJIHOBBIMU M3IYYCHUSIMH. 3JE€Chb HAIVSIAHO JEMOHCTPUPYETCS
B3aumonercrtesue DMB ¢ atromamu BeliecTsa.

3. BbIBOJ CTPYKTYpPBI BaKyymMa

OcHoBaHMeM Uil CO3JJaHUsI TEOPUH CTPYKTYPbI BaKyyMa IOCITY>KUJIH JIBa OTBITHBIX (aKTa:

1. IIpu oGsyueHnH BaKyyMa SHEPIUYHBIMU F'aMMa—KBaHTAMU IIPH OINPEEIEHHBIX YCIOBUAX
U3 HEro MpPOMCXOJUT BbIOMBAaHUE Mapbl MAacc YacTULl. ITO MpeBpallleHUEe raMMa-KBaHTa C
sHeprueir 1,022 M»>B B mapy 3iekTpoH u mo3uTpoH (puc. 3). PoxkaeHue 3yeKTpoH-
HO3UTPOHHBIX Map raMMa—KBaHTamMu BriepBble HaOmonanu Vpen u ®@penepux Konno-Kropu
B 1933 roay B kamepe BuibcoHa, TOMEMMEHHOW B MAarHUTHOE TIOJIE ISl pa3zelieHHsI TPEKOB
3JIEKTPOHA M MO3UTpOHA, a Takke Ilarpuk bmskert, nmomyuusmuii B 1948 3a 310 u npyrue
oTkpbITHs HoGeneBckyro npemuto no (usuke.

e” et

A

y-K eaHm

Puc. 3

["amMa-kBaHTBI ¢ OOJbLICH PHEPrueil poXkIar0T ME30HbI, IPOTOHBI W AHTUIIPOTOHBI. [lpu
ynape (pe3KoM TOPMOXXEHUH) TIOTOKOB YCKOPEHHBIX YaCTHLl BOSHUKAIOT LEITbIC IMBHH HOBBIX
YaCTHULl U aHTUYACTHLI.

2. Bo3gymHblii  KOHIEHCATOp, NOMEIIEHHBIH B  TIJIIYOOKMH  BakyyM, OCTaércs
paboTOCIIOCOOHBIM.

W3 mepBoro onbITHOTO (hakTa HEM30EKHO CIIE0BANI BBIBOJ, YTO 0 OOJyUYEeHHs] BaKyyMa raMMa—
KBAaHTAMHU  JJIEKTPOMAarHuTHAas CTPYKTypa BaKyyma CYLIECTBOBajga M BEYHO CYLIECTBYET BO
Bcenennoii. 160 u3 mycTOTHI BRIOUTH HUUETO HEMb3s. Jake SHEpruYHBIMU TraMMa—KBaHTaAMU.

N3 BToporo ombiTHOro ¢hakra CTOJIb K€ HEU30EKHO CIeAOBaJl BBIBOJ, YTO B BaKyyMme
anekTpuueckue 3apsasl (+) U (-) BCeX M3BECTHBIX YACTHUI[ M AHTUYACTHI[ ObLIM B CBS3aHHOM
coctossHUH. V100 TOMBKO CBS3aHHBIC 3apsijibl, CIOCOOHBI CO3/1aBaTh TOKH CMEIICHHsI, KOTOPBIE U
JIENIal0T KOHJEHCATOp paboTOCIIOCOOHBIM.

W3 ompITHBIX JaHHBIX CIENYeT, YTO BakyyM (cpena) 3amojHEH SJISKTPHYSCKHMHU 3apsgaMu -
yacTULIAMU M aHTUYACTULAMH, HaxXOJIIMMHUCA B CBSI3aHHOM  cocTOsHUU. Jlumonu,
o0Opa3oBaHHbIE 3apsJaMH IPOTHBOIIOJOXKHBIX 3HAKOB, BEAYyT ce0s He TOJIbKO Kak
3JIEKTPOHENTpaIbHbIE, HO U 0€3MaCcCOBBIE, MPOSIBIISIS CBOE MPUCYTCTBUE MPU B3aUMOJICHCTBUH C
raMMa-KBaHTaMU.

Benencreue monmspuzanuu  AMNONEH, 3apsabl, 3aloNHSIONME Cpely, BBICTPAHBAIOTCS B
KyOHUYECKYIO KPUCTAJUTUYECKYIO petéTKy (puc. 4).
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H3BecTHO, 4TO CBO6OI[HBII>1 QJICKTPOH CIIoco0eH C03JIaTh C MOMOIIbI0 BBEICOKOM YaCTOTHI CBOEIrO
KOJICOaHMS YCIOBUEC TJIA B036Y)K)1€HI/I$I B CpC€ BaKyyMa raMMa-KBaHTa, paClIpOCTPaHAIOIIETOCA
B BaKyyMC€. 341 HaO60pOT, nponeTa}omHﬁ pAAOM C BJICKTPOHOM I'aMMa-KBAHT BbI3BIBACT B HEM
BBICOKOYAaCTOTHBIC KOJ'I€6aHI/I$I, TO €CThb JHCPrusgd raMMa-KBaHTa YaCTHUYHO HJIM ITOJIHOCTBIO
pacceuBacTCA Maccoi JJICKTPOHA. Tak OCYHICCTBJIACTCA B3aMMOJCHCTBHE CBETA U BEIIECTRA.

-30 T T T | T | :I L | l T
-0.2 0.0 02 0.4 06 08 1.0 1.2 1.4 16

Puc. 5

Ha pucynke 5 mpuBeneH YCIOBHBIH MeXaHU3M BO30YXIEHHS M PaclpOCTPAHEHUS CBETA B
cTpyKType cpeabl. Konebanus 37eKTpoHa B UCTOUHKKE (KPYITHBINA YePHBIH KPY)KOK) MepeIatoTCs
cornacHo 3akoHy KynoHa 3apsigam cpenbl. YUepHble Kpy:KKH 0003HA4aIOT 3apspl (=), CBETIbIe
KPY)XKH 0003HauaroT 3apsabl (+). AMIUTUTyHa KOJIeOaHWil CBSI3aHHBIX 3apsIOB CTPYKTYPBI
MHOI'O MEHBLIE PACCTOSHUSA [, MEXKAY y3JIaMU 3apszoB, U B IIPEJeIe ¢ HEKOTOPOH aMIUIUTYOU

DreM CO3MaAyTCs YCJIOBHA IJIA paspbiBa CBA3U B JUIIOJIC U IIPCBPALICHUA SHCPIrUU 'aMMa-KBaHTa

B [1apy <QJICKTPOH— IIO3UTPOH.
3ameuanue: pasymeeTcs, pacCTOSIHUSI HA pUCYHKE UCKaXkeHbl U Dr <<r,.

CuuTaercs, 4TO Kak MpPaBUIIO, TPEBpAIICHHE TaMMa-KBaHTa B Mapy <«AJIEKTPOH—TIO3UTPOH»
POUCXOJUT B HEMOCPEACTBEHHOM MPHCYTCTBUU ITOCTOPOHHEH YacCTHIBI (dJIEKTPOH, SAPO
Jr000Tr0 aroma) MOTOMY YTO raMMa-KBaHT JIOJDKEH OTIaTh CBOM HMMITYJIbC TOW MOCTOPOHHEH
yactuie. OJHaKo, BO3MOXKHO U IPYroe 00bsICHEHHE — IPUCYTCTBHE 3JIEKTPOHA (CBOOOIHOTO WK
CBSI3aHHOTO B aTOME) HEOOXOJMMO JUIs TOro, 4YTOOBl TaMMa-KBaHT BBbI3BAI B HEM
BBICOKOYACTOTHBIE  KOJeOaHus, KOTOpBIE 3aTeéM YyxXe BO30yIAT paclnpocTpaHEHHE
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3J'I€KTpOMaFHI/ITHOI\/’I BOJIHBI B CpCJC. HpI/I YCJIOBHH, YTO SQHCPIUU raMMa-KBaHTa JOCTATOYHO IJIA
pa3pbiBa ﬂHHOHBHOﬁ CBs3U, MOT'YT OBITh CO3aHbl YCIOBUA IJIA IIPEBPALICHUA SHCPIruu raMma-
KBAaHTa B Mapy <QJICKTPOH — IMO3UTPOH. Hy6J'II/IKy€MI)I€ K€ B HCKOTOPLIX MNCYATHBIX HU3JAHUAX
CBUICTCIILCTBA O TOM, YUTO IMPCBPALICHUEC I'aMMa-KBAaHTAa B I1apy 4YaCTHUILL Ha6J'IIO)13.J'IOCB B 4MCTOM
BaKyyMe, CJIICAYCT B34Th 11O COMHCHUC.

JIns BBISICHEHUs CTPYKTYpBl Cpelbl BaKyyMa pPacCMOTPHM B3aMMOJEHCTBHE TI'aMMa-KBaHTA C
aunoneM. Eciii raMMa-KBaHT pa3pbIBaeT JUITOJIBHYIO CBSA3b MEXKIY DJIEKTPOHOM U IIO3UTPOHOM,
TO 9TO 3HAYUT, 4TO ero ’ueprus, paBHas hn (h — koncranta IlnaHka, V — 4acToTa ramMma-
KBaHTAa) PACXOJyeTCsl Ha YBEIIMYEHHS PACCTOSHUS MEXKIY DJIEKTPOHOM U MO3UTpoHOM. Eciu E -
HaIIPSOKEHHOCTh  JJIEKTPUYECKOTO MOJSA MEXAY 3JIEKTPOHOM M IO3UTPOHOM, a JUIIOJIBHOE

paccTOsIHUE MEKAY HUMHU PAaBHO I, , TO paboTa, 3aTpaueHHasl Ha YBEIUYEHUE PACCTOSHUS MEXKIY
JIEKTPOHOM U HO3UTPOHOM Ha BeIM4MHY Dr,, JOCTaTOUHYIO Il pa3pblBa CBSI3U MEX]y HUMH,
paBHa € EDr,, (eg — 3apsn snextpoHa). Eciu pa3pbIB CBSI3M HPOU30MLIEN, TO 3TO 3HAYHUT, UYTO
hn 3 e EDr,. Paccmotpum ciydaii, korjna sHeprus raMMa-KBaHTa B TOYHOCTH paBHa padore Io
pa3pbIBY CBSI3HU:

hn = e, EDr.. (1)

HanpskeHHOCTB 3JIEKTPHYECKOTO TOJIS MeKAY 3apsaamu (+) u (—) B qurosie paBHa

E=k>, )
r

e
riae K — ko3¢ ¢uimeHT nponopuruoHaIbHOCTH.

[lpr npoXOoKICHUM BOJHBI TaMMa-KBaHTa oOpasyercss aedopMmarst cpeost, KOTopas u
00yCJIOBUT yBEJIMUEHHE paccTOsTHUS Mex Ty 3apsaaamMu (+) u (-) (3JEKTPOHOM U MO3UTPOHOM) Ha
BenmmunHy Dr,. Jlehpopmanusi, BbI3BaHHAs NPOXOXJICHUEM BOJHBI, 3aBUCHT OT LUKIMYECKOH

YacTOTHI BOJIHBI W = 2PN U BpeMeHHU [ MPOXOXKACHUS PACCTOSIHUS MEXKY 3apsAaMH.
Ilpy  TOpOXOXKAEHHM BOJIHBI PACCTOSHUE [ MEXIy 3apsJaMd M3MEHAETCA 10 3aKOHY
r =r,sin(2pn t) . [pupamenue paccTosSHUS PaBHO
dr = 2pnr.dt cos(2p nt)
OO6o3HaunM BpeMsi HPOXOXKICHUS BONHBI 4epe3 aunonb t . Torma B momeHt t,, Koraa

IPOUCXOAUT pa3pbB qumoins, dr =Dr,; dt=t; cos(2pnt, ) =1, yro naér

Dr, = 2pvr,t, 3
[MoacraBum HanpspkeHHOCTH U3 (2) 1 nedopmaruio u3 (3) B (1):
h=2p ke’ 1
r./t,
Tak kak raMMa-KBaHT MEPEMEIIIACTCS CO CKOPOCTBIO CBETA, TO
r,/t, =c.
CrnenoBarenbHO
_2pke
h=——"2. 4
c
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Ckopocth cBeta MOXeT ObITh mnpencraBieHa Qopmynoi (Kapskun H.M. u ap. Kpatkwit
CIpaBOYHUK 10 ¢usuke. M.: Bricul. mkona, 1964)

c=4hx, (5)

TAC MAarHvuTHadg U 3JICKTPUYCCKAAd KOHCTAHTBI CPC/bI

h = % =1,0000000040" [a?n” ke 1e?];

1

X =" =8,98755179 x10%[a” 2nBke e 4],

14 U € - BCJIWYMHBI, INPONOPLUHOHAJIbHBIC MarHuTHON H 3JICKTpH‘I€CKOI>i IMPOHULACMOCTH

BakyymMa: m=m,/4p, e=e,xp.

Takas dopma 3anucu and ¢ yno6Ha mpu pabote ¢ hopMmylnamMu, B KOTOpPbIE BXOAUT CKOPOCTb
CBETa, TaK KakK IIO3BOJIIET JIETYC BBIABUTH (H3HYECKYIO CYThb MCCICAYEMOTO SBICHHUS.
ITponeMOHCTpUpyeM 3TO Ul PACCMaTPUBAEMOTO CIIydas.

[IpencraBum k03 duireHT nponoproHabHOCTH K cienyronmm o0pa3oMm:

k=Nx, (6)
rae rae N — moka HeM3BECTHBI MHOXKHTEIb.
[Moacrasnss (5) u (6) B bopmyiy (4), naxoaum ortyaa N

h i

N = —————=137.03599815=a . (7)
2pe\x/h

HewussectHoe yncino N oka3anoch 0OpaTHON BETMYMHON KOHCTAHTBI TOHKON CTPYKTYPBHI.

Takum 00pa3oM, HAMPSHKEHHOCTh AJIEKTPUYECKOrO MoJisi Mexay 3apsaamu (+) u () B aumone

MOXeT OBITh NPECTAaBICHA B BUIC

E=a'x—2 : (8)

CocTaBuM ypaBHEHHE JJIsl OTIPENICIICHUSI KPACHOM IPaHUIIbI FAaMMa-KBaHTa TO €CTh HAaMMEHBIIICH
YaCTOTHI V = Vyp, IPH KOTOPOH raMMa-KBaHT €IIe CIIOCOOCH Pa3opBaTh TUMOJILHYIO CBSI3b MEXKIY
JJIEKTPOHOM U MO3UTPOHOM. DTO Cllydaid, Korja 3Heprus W ramMma-KBaHTa B TOYHOCTH paBHA
pabote 1o pa3pbIBY CBsI3H, UTO cOOTBeTCTBYeT ypaBHeHuto (1). C yuérom 3aBucumocteii (3)-(8),
ypaBaenue (1) mpuHUMAaET BU/

w=hn,=2pa‘en, x/h. 9)

OueBunHo, sHeprust  (9) paBHa MOTEHIMATBHOW 3JIEKTPHUYECKOH DHEPIHU Maphbl <QIIEKTPOH—
MO3UTPOH» MO HANPABJICHUIO OCU JAUIIOJSL:

2
w=hn, =x % . (10)

®opmynbr (9) u (10) comepxaT HEU3BECTHbIC BEIMYMHBI — YacTOTY raMMa-KBaHTa JUIs
«KPAaCHOM TpaHHLBI»V,, M IUIOJIbHOE pacCTosiHuE I,. YTOOBI HAHTHU 3TH BEIMYHMHBI, HYXXHO

BOCIIOJIb30BAThCsl 3HAUCHUEM SHEpruu W, OINpeNeIEHHON HEe3aBHCUMO. DHEPTUsi MacChl Maphl
<QIIEKTPOH—TIO3UTPOH paBHA 2mec?=1,63742083+10""2 /. Tounoe BomonHeHKE yciIoBUs W =
1,63742083+10°*2 J{oic mpuBendT K pOXKICHHMIO Mapbl U3 CBOGOIHBIX HIEKTPOHA W ITO3HTPOHA C
HYJIEBOW CKOpOCTBIO pasnéra. TpeOyercst Heckoibko Oounblias SHeprusi (oroHa (ero yacrora)
JUI TIPUIAHUS HEHYJIEBOH CKOPOCTH pasziera mapbl dacTwil. [loaToMy sHeprus ramma-KBaHTa
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JUISL 9acTOTBHI YCIIOBHOW «KPACHOW TpaHMIIBI» JOJDKHA MPEBOCXOJUTH DHEPTHIO MACCHI IMaphl
<OQICKTPOH—TIO3UTPOH» HA HEKOTOPYIO HEOONBINYI0 BEIWYMHY. bbUIO TpHHITO W =
1.64936940-10-13 Ik, 9TO TPEBOCXOIUT BEIUIHHY 2meC? = 1,63742083:10% /i na 0,73%. B

3TOM CJIy4ae IoJIy4acM.

1. YacroTra ramMmma-KBaHTa AJsl «KpacHOH rpaHusi» N, = 2,489213 X0% I Y,
2. Pa3mep CTpyKTypHOTro 251eMEHTa cpedbt [, = % =1.398763140 " u;
pa v, (11)
2
3. [IpenensHas nedhopmanus cpedwvt Dr,, = V”’Trea =1.020726744X10" u .
ex

Takum 06pa30M, BCIIMUMHA 4YaCTOThI «KpaCHOﬁ T'paHULIbI>»> Vrb (I)aKTI/ILIeCKI/I MOXKET
paccMaTpuBaTHCA B KAYECTBC OCHOBBI JIS1 BBIBOJA CTPYKTYPbI CPCIBI.

MOXHO Takke OTMETHTh, YTO B 3TOM CIIyyae pasMep CTPYKTYPHOIO 3JIEMEHTa cpedwul I, Oyner

CBs3aH C KJIIACCUYUCCKUM PAAUyCOM 3JICKTPOHA Re COOTHOUIICHHUECM
R, =2r (1+a) = 28179402840 1 . (12)

Knaccuueckuit paamyc snektpoHa ¢usndecku Ob1 00OCHOBaH B Mojenu aroma bopa,
ONpEeNeNAIONICH KBAHTOBOE pPACCTOSIHME [} DJIEKTpOHa OT TMPOTOHAa JUIsl BOAOPOJA!

r,=a’R =5291771946X10™" u.  ®opmyny (8a)  MOXKHO CUMTAaTh aTbTEPHATHBHBIM

OIIPEJICTICHUEM pajJnyca 3JIeKTpoHa. [IpM HOBOM OIpENEICHMH  COXPAHSIOTCS BCE TPH
cootHoteHus (8).

BbiBOAbI.

1. Crpykrypa Bakyyma (cpeda) wWMeeT »SIIEKTPOMAarHWUTHBIA XapakTep W oOpa3oBaHa
KPHUCTAJUTMYECKOW PEHIETKON C 3JIEMEHTApHBIMU 3apsijiaMu B €€ y3i1ax BEIHYHHOH (+.—)
+1,602176462:10"" kynon.

Pasmep peméTky seMenTa cpedst pasen 1,3987631-10 %y

[Ipenenvhas nedopmauust cpeabl, NpPU NPEBBILIEHUH KOTOPOI paspymaercs ed
CTPYKTYpa, paBHa 1,020726744-10 M.

w N

4. Pacnpocrpanenune JMB (cBeTa) B BaKyyme

B mpenpinymiem pasjene OTMEUEHO, YTO 3apsijibl, 3alOJHSIOIIME CPEIy, BBICTPAMBAIOTCS B
KyOMYeCKyl KpUCTAUIMYeCKYylo pemérky. Ho kyOuueckas suelika JOKHA 00J1a/1aTh
AQHM30TPOITHOCTHIO TI0 OTHOIIECHHIO K PACIPOCTPAHEHHIO CBETa — CKOPOCTh CBETa JIOJKHA
3aBHCETh OT HAIpPABIICHHUS PACHPOCTPAHCHUs C IOMOIIBID 3apsiioB Kyba. OpjHako, mpu
pacrnpocTpaHEeHHH CBETa aHU30TPOITHOCTh HHUKOIJA HE HAOJrogaeTcss. OTOMY CIeAyeT IaTh
00BsACHEHHE.
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Yacrore «kpacHOW» rpaHuubl V.,  «poTodddexra» COOTBETCTBYET JUIMHA  BOJIHBI

| =1.2043666X10"” MeTpa. B pasmene «BbiBog CTPYKTyphl BaKyymMa» ObUIa IONydeHa
3aBUCHMOCTB MEXKJy 9YaCTOTOH V,, U pa3MepoM pemeTKH I :
_ Cc
e T o 1.
patv,

3 »sroit (I)OpMYJ'H:I CJICAYCT, YTO OTHOHICHUC MIJIMHBI BOJIHBI K MIary peI_HéTKI/I re paBHO

r =1.3987631X10 " u

2pa *=861.02. Takum 00pa3oM, JJIMHA BOJHBl TaMMa-KBaHTA, CIOCOOHOTO Pa3pyIIMTH

3JIEKTPOHHO-TIO3UTPOHHBIN JUIONb, 0XBaThiBaeT 861 paccTosiHuil B pemerke cpenbl. CTpoeHue
BaKyyMa Ha pAacCTOSHHUAX, paBHBIX 861 enuWHUWI] [UIMHBI CTOPOHBI Ky0a, CTaHOBHTCS
U30TPOIHBIM, O€3pa3IMUHBIM K HANpPaBJICHUIO PACIPOCTPaHEHUs cBeTa. [[1g MeHee sHepruYHbIX
ramMma-KBaHTOB C YaCTOTOM, MEHbILIEH KpacHOW I'paHUIlbl, a TeM OoJsiee JJid BCEX M3IYYEHUU OT
PaIUOBOJIH 10 PEHTTEHOBCKOTO W3Jy4YeHHMs, JUIMHA BOJHBI Ha MHOTO MOPSJIKOB OOJIbIIE IlAra
pemérkn Bakyyma. [lodToMy mnpu pacnpoCTpaHEHHH CBETa AHW30TPOIHOCTH HHUKOTJA HE
HaOro1aeTcs.

Bepuémcss k puC.5, WIUIIOCTPUPYIOIIEMY pacHpOCTpaHEHHWE CBETa B CTPYKTYpe Cpelbl.
HanpsokeHHOCTh  3JEKTpUYECKOro IMoJisi OT CBOOOJHOIO 3JIEKTPOHA OKa3bIBae€TCs BIIOJIHE
JOCTaTOYHOM ISl CO3JaHUsl CMeIIeHHs 3apsaoB (+) M (—) Ha pacCTOSIHUM JJIMHBI BOJIHBL
[TonyBosHA CIBUTAET B OJHY CTOPOHY Bce 3apsibl (+), a B IPOTUBOIOJIOKHYIO CTOPOHY — BCE
3apsinel (—). [Ipm sToM cMmemieHuu 3apsgoB 00pa3yrOTCs COTIACOBAaHHBIE TOKHM CMEIICHHS,

KOTOpHIE OTBEYAIOT CBA3M BEKTOPOB JJIEKTPHUECKOH HampskéHHOCTM E m  MaramTHOl

uHyKuuH B w1 BonH cBeta. CMeleHne CTPYKTypbl IPUOGpeTaeT XapaxkTep ae(opMaLuu npu
JEMCTBUU CHJI TPAaBUTALMU. JJISI OJHOHN TIOIYBOJHBI, TIPOXOJSIICH JaHHOE MECTO CTPYKTYPHI,
negopMaluu BaKyyMa HampaBlIeHbl B OJHY CTOPOHY; AJS CJEIyIOIIEH TIOJIyBOJIHBI — B
IPOTHBOIOJIOXKHYIO CTOPOHY. B MTOTre BHElIHEe rpaBUTAIIMOHHOE CBOMCTBO CBETA OKa3hIBACTCS
CKOMIIEHCUPOBAHHBIM, HPOSBIAETCS c1ab0 U MOXKET BBIpAXaTbCs B JIABJICHUU CBETa WM Kak
UMITYJIbC TaMMa-KBaHTA.

PaccTosHUs MeKLy COCEIHMMH 3apsiaMH JOJKHO ObITh paBHO I, =1.3987631X10 °nx 10

BCEM HAlpaBJICHUSM, a CMEIICHHE B ITOH CTPYKType MakCUMyM cocrtaBiseT Tosnbko 1/137,036
9acTh OT 3TOrO PACCTOSIHUS. PacCTOsIHMS N0 BepTHKAIM (CM. PHCYHOK) MEXAY 3apsiaaMu
IPONIOPIIMOHATIBHBI TOKY CMELICHUS |.

YpaBHeHue MakcBeria UMeeT BUA!
rotH = j ==— (13)

B ypaBHenue BBeaeHa miomaas S. OHa HeoOXoauMa i COOTIOICHUS Pa3MEPHOCTH B opMyIie
MakcBema: rotH =i+ | — 3mech mioTHOCT Toka. PopMaiibHO MOXHO B ypaBHeHHH (13)
UCKJTIOUUTh TOK CMeEIIeHHs. MaTeMaTHUecKu K 3TOMy HeT mnpensarcTBuii. Ho mpaBas wactb
YPaBHEHMsI OKa)KeTCsl PaBHOM HYJIIO, U HApYIIMTCSA CaMO SIBJICHHWE paclpocTpaHeHus cBeTa. B
AJNIEKTPOMATHUTHBIX MAIIMHAX U MPUOOpax AIIEKTPUYECKOE HANPSHKCHUE CBA3aHO C MArHUTHOM
UHAYKIMEH TOJNBKO Yepe3 TOKU MPOBOAUMOCTU U cMelleHus. VICKIIouuB TOK, Mbl MCKIIIOYaeM
BaKyyM, B KOTOPOM IpPOUCXOAUT siBieHHe DMB 1 mcue3aer 3aBUCMMOCTH IMOTOKAa MarHUTHOU

naaykiun O ¢ Bu E. Moxuo CKa3aTh, 4YTO OJTO PABHOCWIBHO WTIHOPUPOBAHUIO
IEKTPUYECKOH IPOHUIIAEMOCTH Bakyyma €,. ['oBops TepMHHaMH CyLIECTBYIOIIEH (QU3HKY,

6y,Z[eT YCTPAHCHO NPOCTPAHCTBO, B KOTOPOM JOJI’KHA PACTIPOCTPAHATHCA BOJIHA CBETA.

30



BbIBOADI.

1. Cger o0Onamaer mpeneIbHOM MHHHMAIBHOW JTMHOW BOJHBI, KoTOopas B 861 pa3
NPEBBIIIAET pa3Mep CTOPOHBI peETKH. BceleacrBue 3TOro  pacnpocTpaHEeHUe
AJICKTPOMArHUTHOTO M3JIyYCHHS SIBJISIETCS H30TPOITHBIM, HEB3Upask HA KPUCTALITUICCKYIO

CTPYKTYpPY Bakyyma.

—  —

2. Tok CMCIICHHUA ABJIACTCA 00s13aTeNIbHBIM AJI1 CBA3U aMIUIATY CBETOBOM BOJIHBI E u B .

5. Tok cMemenus AJisi pacnpoctpanenust OMB (cBera) B cpene

OOwenpuHATO, YTO  pacCHpOCTpaHeHHE JIOOBIX  (U3MYECKUX  MOJIed, TMPU3HAHHBIX
MaTCpHAJIbHBIMH, MOXCET IMPOUCXOJUTH B a0COIIOTHOM ITyCTOTC. B T0 *xe BpEMA U3BCCTHO, 4YTO
ao0oe  Qu3MyYeckoe TOJ€ POXKAACTCS MAaTepUANbHBIMH  HOCUTEISIMHU  (dJIEKTPHUECKHMU
3apsiiaMd, JBHXKCHHEM 3apsiioB u Maccamu). OOHapyxuTh J000e (PU3NYECKOE MOJIEe MOMKHO
TOKE TOJIBKO C IOMOILBIO TIEPEUNCIIEHHBIX HOCUTENEH. A pacpoCTpaHsAThes (GU3NYECKHUE OIS
MoryT B abcomoTHoi mycrore! Takoe mpencraBieHne OTHOCUTCSA K PAacIPOCTPAHEHHIO CBETA U
Jr0OBIX AMeKTpoMarHuTHEIX BOJIH (OMB). 3neck HapylieHa nmpocTtasi JOruKa (GU3UKH.

Hocurensamu cBeta MOTyT OBITH TOJIBKO 3JIEKTPUYECKHE 3apsiabl — Kak B BEIIECTBE, TaK U B
cpede. B BeniecTBe 3aps/ibl HAXOIATCA B HEIPEPHIBHOM JBUXKEHHH, B KojeOaHusx. Iloaromy
IPOMCXOIUT PAacCeMBaHUE CBETAa, a TAK)XKe Macca 3apsa]0B, oOjajarolias MHEpLMEH, CHUXKAeT
CKOPOCTh cBeTa. B ¢pede rnexkrpuyeckue 3apsapl 3aHUMAIOT KECTKYIO MO3UINIO, HE IBUTAIOTCS
U He KoJeOmoTcs ¢ OOoNbLION aMIUIMTYJOH, He UMEIOT 3aMeTHYI0 uHepiuio. [losTomy cBer B
cpede HE pacceuBaeTcs, a CKOpOCTb CBETa MMEET MaKcUMallbHOoe 3HauyeHue. llpu
pacpoCTpaHEHUH CBETa JJIEKTPUUECKHE 3apsAibl  UCHBITBIBAIOT  CMEILEHUE, KOTOpOe
COIPOBOXkKAAETCA TOKaMU cMelleHus: MakcBesuia. Tok cMelleHus sIBIsieTcs 00s13aTeNbHbIM IS
cBsA3M amIuuTyq £ u H B cBeroBoi BoiHe. «llomynars» Halnyue CBSI3aHHBIX 3apsfOB Cpedbl
MO’KHO C IOMOIIbIO OOBIYHOIO KOHJIEHCATOpa € «BAaKyyMOM>» MEXIY €ro ImjacTuHamu. Takoi
KOHJIEHCATOp OCTaeTcs paboTOCHOCOOHBIM, HECMOTPS HAa BUAMMOE OTCYTCTBUE TUAJICKTPUKA
MEXJly €ro IJacTMHaMU. B To ke BpeMsi U3BECTHO, 4TO /ISl padOThl KOHJIEHCATOpa MEXIY €ro
IUIACTUHAMU HEOO0XOJMMO HMETh JAUIEKTPUK CO CBA3aHHBIMU 3apsijiaMd, KOTOpPbIE MOTYT
CMEIATbCsl TOJ BO3JCHCTBHEM 3JIEKTPUUYECKOrO HANpsHKEHUS Ha OOKIagKax KOHIEHCATopa.
Otcrona cinenyer BbIBOJ, UTO «BaKyyM>» TaKXKe UMEET CBA3aHHbIE 3apPSAbI.

HaiineM cBs3b 2JIEKTPUYECKOM U MarHUTHOM HANPsKEHHOCTEW £ U [ ¢ TOKaMU CMELICHUS IIPU
pacrpocTpaHeHUH CBeTa B cpede. B coorBercTBUM ¢ 3akoHOM KynoHa mpu Kojie0aHUSX
CBOOOJHBIX 3apsi/I0OB NPOUCXOAUT BOBJEUCHHE B JIBUKCHUE CBS3aHHBIX 3aps/IOB cpeoddbl, UTO
oOpasyer siBiienue ceera (OMB).

Toxk cMmemieHus
_ & éd(Dr)u
Dr,& dt H

o0pa3yercsi CMeIIEHHEM OJJIeMEHTapHbIX 3apsuoB (+) wim (-) € Ha paccrosaue Dr, co

éd(Dr)u
( ) i AMHJ’II/ITy,Z[a CKOPOCTHU CMCUICHUA 3apsdla OIPCACIACTCA U3 BOJIHOBOI'O

& o B

CHHYCOHMJIAIILHOTO XapakTepa ceera Dr = Dr,Sn(2pvx):

(14)

a

CKOPOCTBIO
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@Oy _pvor, (15)

g dt H
BeinonauB noacranoBky (15) B popmyny (14), monydaem aMILTUTYy TOKa CMEIICHHS B BHIE

. (S

J.=2p DravD—0 =2peyV. (16)

U3 (16) BHOHO, YTO aMILUTUTY/Ja TOKA CMEIICHUS 3aBUCUT TOJBKO OT DJIEMEHTApHOTO 3apsiia € |

qacToThl cBeTa V (OMB).

Creryer 0HIaTh, 4TO K TOKY CMEIICHHUS B Cpelie MOKHO IPUMEHHTh 3akoH Oma: U, = j.R u

U, = E,Dr,. Torna snexTprdeckasi HanpspkEHHOCTH BOJIHBI cBeta (OMB) Oyner paBHa

E, = j, Rue gy (17)
Dr,
31ech €MMHCTBEHHO BO3MOXKHOE COIPOTHMBIICHHUE — 3TO BOJHOBOE CONPOTHBIICHHE «BaKyyma»
E
(nmmenanc «Bakyyma») R . = % = ) =29,9792458[Om] .

B wucnonp3yemol cucTeMe €IWHMII OIYIIEH MHOXWUTENb 4P, KOTOphI HapymiaeT Bce
¢yHIaMeHTallbHble KOHCTaHTHl B MEXKIYHAapOJHOW CHCTEME €IUHUI], BKJIOYas MOCTOSHHYIO
[Tnanka. [ToaTOMy BOJIHOBOE CONPOTUBIIEHUE Cpeibl B 4P pa3 MEHbIIIE, IPUHATOTO B (PU3HKE.

[TogcraHoBKa BOJIHOBOTO CONpOTHUBIICHUS B hopmyiy (17) maér

=P8 X _ &CR  =7.350755X107 Bl (18)
Dr, \h

e

E

Takum 00pa3oM, HANPsHKEHHOCTh OKa3bIBAETCS MOCTOSIHHOW JiJIsi BceX vacToT cBera (OMB) u
3aBHUCHT OT CKOPOCTH CBETA, BEIMYMHA KOTOPO# Onpeensercs rpapuTanueil (OTKJIOHSHUE JTydei
ceera CoJIHLIEM M MHUKPOJIMH3UPOBAaHME B KOcMOce MO mnpuHiuny [rolireHca, HEBUIUMOCTb
«IEPHBIX» JIBID).

MaruutHas HAIps>KCHHOCTh CBETA, C YUYCTOM BBIPAXKCHUA JIsI BOJHOBOI'O COIIPOTHBIICHUA,
OyZIeT ciemyrouiei:

h . h _ec
H,= |~E, = JaM — =22 =2.45495006X10"° A/m.

X Dr, \x 1.
[IpencTaBisitOT HHTEPEC COOTHOUIEHUS aMILJIUTY T SJIEKTPUYECKON M MarHUTHOM HANPSKEHHOCTH
B 3J'IeKTpOMaFHI/ITHOI71 BOJIHC, BBIPAXKCHHBIC YCPC3 aMIUIUTYJAbl TOKa CMCHICHUA U z(e(bopMauHH
CTPYKTYPHI BaKyyMa, [IOPOXKICHHBIE PACIPOCTPAHEHUEM CBETA.

. Ra .1
_ Ve -« —_ . -
Ea_Ja ) Ha_Ja , Ea_RwaveHa'
Dr, Dr,

MosxeT yauBuTh OrpomMHas BenuuuHa (5) aMuuTyn HanpsbkeHHocTei. Ho Hago MOMHHTE, 4TO
BCC DJJICKTPOMAIHUTHBIC BOJIHBI T'CHCPUPYROTCA SJIICKTPUYCCKUMU 3apsiJaMHu H, B OCHOBHOM,
QJICKTpOHaMHU. 3J‘I€KTpI/I‘-I€CKa$I XKe HAIps>KCHHOCTD caMoro OJICKTpOHA paBHa:

E, =X =7.3507584>10% Blu.

e
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OTa BeIWYMHA COBMAJaeT C JJeKTpUueckoil Hampspk€HHocThbio B OMB. OrtHomenue
HanpspkeHHocTed OMB M HanpsbkeHHOCTH Cpelibl paBHO IIOCTOSIHHOM TOHKOM CTPYKTYPBI:

Ea
E
BrIBOABI

1. Jlnsa nojnmepaHusi 3JCKTPUYECKOM M MarHUTHOW HampspkéHHocteir cBera (OMB)
HE00XO0/IUM TOK CMEICHHS SJIEMEHTAPHBIX 3aPs10B CTPYKTYPhI CPEIBL.

2. OTHOUIICHHE DIIEKTPUYECKOW W MarHUTHOM HampsHDKEHHOCTEH CBeTa IMOCTOSIHHO U He
3aBUCUT OT COCTOSIHMSI CTPYKTYpbl cpenbl. OHO paBHO BOJIHOBOMY COIIPOTHBIIEHHUIO
BaKyyMa.

3. Ammurtynsl Hanpspk€HHOCTel cBeta (OMB) He 3aBUCAT OT 4acTOTHI.

4. llpencraBneHue crnoco0a pacHpOCTpPaHEHHUs CBETAa, BO3MOXKHOTO TOJIBKO B Cpeje,
HaxOJUT NOATBEP)KIACHUE B Clly4ae cBeTa B BelecTse. IloaToMy cBeT B BeliecTBe
OOJIBIIYI0 YacCTh MYTH HPOXOAUT MEX]Y YacTULAMHU BELIECTBA U TOJBKO YacTh ITYyTH
CBETa B BEILIECTBE «IIOJICPKHUBACTCS» 3apsAaMHU AJIEKTPOHOB U si7iep, KOTOpbIE 00J1aaioT
3aMETHBIMU UHEPTHBIMU CBOMCTBAMH.

5. MHepTHOCTh BellecTBa CHHUXKAET CKOPOCTh paclpOCTPAaHEHHs CBeTa. B wurore
s pexTrBHAST CKOPOCTH CBETA B BEIIECTBE HUKE CKOPOCTH B CpEJIE.

6. CkopocTh CBeTa B BAKYyMe KOCMOca

CkopocThb cBera B BaKyyMe OIpeACISIeTCSI o bopmyie [1]

c= /;n = [xh =2.997927619565888e + 8 w/c.

OTa CKOpPOCTh OTIMYAETCS OT CKOPOCTH, ONpeaeiEéHHON Ha 3emie, Ha BEIMYMHY He Oolee
0,0000004 wm/c. Hama 3amadya HaWTH 3aBHCUMOCTh CKOPOCTH CBETa OT psia NapameTpoB
Bakyyma. COCTABMM ypaBHEHHE CHII U3 paBeHcTBa 110 Heiotony i Kymony):

GmC =xe’ =hF? . DTo ypaBHeHHe CjeyeT M3 PAaBEHCTBA CHJ MPU PABHBIX PACCTOSHMSIX

2 2
mm, _ & _,F

R2 R2 h? '

3JIEMEHTOB B3anMoaencreusa. F =G

3/1ech BEIIMUMHBI TaKHE:

m, =185944722x10°° =m,_,vJa «r,

e, =(+/-)1,60217646263 x10°* KYJIOH, €IMHCTBEHHBIN 3aps]l HA BCE MAaCChl MUKPOYACTHII,
F = (+/-)4,8032042 x10 *® geGep,

X =8,98755179x10°,

h =1,00000000 x10",

G =6.672575705372305%.0 **. Bce BeTMUMHBI B CHCTEME KT, METp, CEKYH/IA.

M3 paBeHCTBa CHJI HAXOIUM CKOpPOCTh cBeTa C=-/Xh = hE =2.997927619565887e+8 wu
(S

yepe3 DIIEKTPUUECKUI 3apsn C:XIe:O =2.997927619565888e+ 8. Ilomyunnu upe3BbIUaiiHO

MaJIyHO pasHUIY B CKOPOCTAX CBCTa 4YCPC3 O6paTHLIC COOTHOHMICHUS JJICKTPUYCCKOr'o 3apdaa u
IMOTOKA MarHUTHOM HHAYKIUA BaKyyMa.
HOJ'IyLII/IJ'II/I IMOJIHOC COBIIAACHHUEC CO CKOPOCTBIO YCPE3 NPOHHULIAEMOCTU BaKyyMa. TenepL
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BBIPa3UM CKOPOCTH Yepe3 MOCTOSHHYIO rpaBuTanuu G:

C=X he_ 2.997924581324356e + 8 =

G m,
X F
=h, / — — =2.997924581324356¢e + 8
G m,

EcrecTBeHHO, 371€Ch B CHITy TOTO, YTO MPUMEHEHO 0OJibIlIee KOJUYSCTBO MapaMeTPOB BaKyyMa,
CKOPOCTb OIPEAEIISIETCS C MEHbIIIEH TOYHOCTHIO.

BriBo.
OmnpeneneHre CKOPOCTH CBETa B BaKyymMe Hambosee TOYHOE 4epe3 DIICKTPUUYECKYI0 U
MarHUTHYIO IPOHUILIAEMOCTH BaKyyMa.
DTy K€ TOYHOCTh COXpaHSET ONpeaelieHne CKOPOCTH CBETa Yepe3 OTHOIIEHUS
3JIEKTPUYECKOTO 3aps/ia U OTOKAa MAarHUTHOW MHIYKIMU BaKyyMa.
[IpuMeHEeHHEe BEIWYMHBI ITOCTOSHHOM TpaButarmu G B ¢opMynax oOnpeaeiacHus
CKOPOCTH CBETa BHOCHUT HE3HAYUTEIBHYIO PA3HUIY C PEaTbHOCTHIO M COBMAMAET CO
3eMHOM BEJTUYHHOH.
OmpenerieHne CKOPOCTH CBETa B KOCMOCE HEOMPOBEPKHMO JOKA3bIBAET PEATbHOCTH
3JICKTPOMArHUTHOU CTPYKTYPHI BaKyyMma.
DJeKTpuyecKas 1 MarHUTHasi MPOHULIAEMOCTH BaKyyMa YTBEP>K/IaeT HaJIU4he CTPOCHUS
BaKyyMa M3 BIOJHE XOPOIIO U3BECTHBIX B (PU3UKE BETUUYHH DJIEKTPHUUECKOTO 3apsjia €, U
KBaHTA MOTOKOB MarHUTHOW UHAYKIHUH D.

_eMmmo_ & _,F
R TR TR

BCIIMYHH mx u F MpEACTaBIACTCA BECbMa TYMaHHBIM. HOCKOHLKy N3BCCTHO, YTO DHEPTHUA MOXKET NNEPEXOAUTH

1 .
) Ddusnyecknii CMBICT UCIIOJIB30BaHMS LCIIOYKH PABCHCTB F JJIA OTIPEACIICHUS

nus3 OHHOﬁ (1)0pr1 B JPYTYIO, 0oJlee €CTECTBECHHBIM Ka)KETCS noAaxoa, Koraa NpUpPaBHUBAKOTCA HE CWIIBL, a

suepruu. E,, = E,, = E,4,. Uucnennoe snadenue M, wu F pu 3TOM OyIeT TMOJy4aThCS TaKUM IKe.

2p
Ioapo6uee 06 atom http://www.astrogalaxy.ru/851.html . —7Ipum. peo.

I'JIABA |1l. TPABUTAIUA U UHEPLUSA. POXKIEHUE YACTHUI U
AHTHUYACTHUIL

1. KparTkoe coaep:kanue riaasbi |||

CTpykTypa BakyymMa UHMeeT BJIEKTPOMAarHUTHBIM  Xapakrep Uu  oOpa3oBaHa
KPUCTAJJINYECKOU PEIIETKON ¢ 371eMeHTapHBIMU 3apsaaaMu (+/—) B y3Jlax PeIeTKU.
CTpyKTypHas pelléTKa cpejibl IOTPYy>KeHa B MAarHUTHBIM KOHTUHYYM, 3alOJIHSAIONIUN
BCE MHpPOBOe MpocTpaHcTBO, C 3apAfaMu CBA3aHbI MOTOKWM MAarHUTHOW WHAYKIIWU,
paBHbIe ®=4,8032042-10-18 Bebep.

I'paBuTanigd IPOUCXOAUT U3 CTPYKTYPhI BakyyMa. VICTOUHMKOM TpaBUTAllUU ABJIAETCA
HapylleHre CHMMETPUU B BeJIMUNHE 3JIeKTprUUecTBa 3apazioB (+) u (—).Ecin B 6obminx
o0bEéMax MaTepuasJibHble Tejla  OTCYTCTBYIOT, TO BO3HHKHET KYJIOHOBCKOE
CaMOOTTaJIKUBaHUe (AHTUTPABUTALMA). ). AHTUTPABUTAIIUA MOXKET IPOABUTHCA U IPU
60JIBPIIION pa3peKeHHOCTU MPOCTPAHCTBA, TO €CTh KOI/la MaTepHuasbHbIE Tejla ecTh, HO
HX HEJIOCTaTOYHO.
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Kaxzmoe wmarepuasibHOE TeJO CO34AaCT PAJUAJIBHYI0O I[OJIAPU3ALMI0  BakyyMa.
I'paBUTAlIMOHHBIN CUTHAJ TMEPENAETCA OT Tejda MO PafuaJIbHBIM HaIMPaBJIEHUIM.
CkopocTtb pacripoctpaneHus rpaButanuu B 3576,055 pa3 mipeBbiliiaeT CKOPOCTh CBETA.

Bce macchl MHKPOUYACTHI[ POXKAEHBI, POXKIAIOTCA W AHHUTWJINPYIOT MHPU ITOMOIIHN
MarHUTHOW KOMIIOHEHTBHI CTPYKTYPHI BaKyyMa. Y3ke caM (paKkT poKAeHUs MacChl YACTHI]
MIPAKTHYECKH JIFOOOU BEJTMYMHBI U3 MOTOKA MAaTHUTHOW WHAYKIIUH TOBOPUT O TOM, UTO
Macca yHacjIeayeT THEPIIMOHHOCTh MarHUTHBIX SIBJIEHUU.

Macchl Bcerjia poKZalOTCA ITapaMHd — Macchbl BelllecTBAa U aHTHUBeIllecTBA. Macchl
BelllecTBA M AaHTHUBEIeCTBA PaBHbl 10 BeJUYMHE UM UMEIOT pa3Hble 3HaKU,
TIO3BOJIAIONIE UM POXKJAATHCA ¥ aHHUTUINPOBATh. DJIEKTPUUYECKUE 3aPs/Ibl OCTAIOTCS B
CTPYKType BaKyyMa HeM3MeHHBIMHU U roAHbIMH 71 JIOBOM Macchl MUKpOYACTHII,

Bce maccel ecTh BUXpH BaKyyma, €ro poTophl. Macchl M aHTHU-MAcChl HMEIOT
MIPOTUBOIIOJIOKHbBIE HAapPaBJeHUs BUXPEHN, KOTOPble IPU AHHUTUJIAIUU YHUUTOXKAIOT
ZIpYyT ApyTa, o0pamiasch B TaMMa-KBaHThl U B HEHAPYIIEHHYI0 MarHUTHYIO CTPYKTYpPYy

BaKyyMa.
2. MarHuTHbBI KOHTHHYYM. KBaHT MATHMTHOT 0 MOTOKA

CTpyKTypa cpedst He OTpaHHYMBACTCS «peIIeTKoN» ¢ 3apsgamu (+) u (—) B ee y3max. 3apssl
HOTPY>KEHbI B MATHUTHBIH KOHTHHYYM, 3aITOJHSOLIHIA BCE MHPOBOE IPOCTPAaHCTBO (puc. 6).

T —

Puc. 6

C 3apsgaaMu  CBA3aHBI JJICMCHTAPHBIC ITOTOKH MarHUTHOM HHAYKOWH, BCJIMYUHY KOTOPLIX
OmnpeacirsicM U3 COOTHOLICHUA

G =x€& =hF?, (19)
000CHOBaHHE KOTOPOMY JIaHO B pasjerie 6 riassr 1.

Ecnn B KkauecTBe 3JEKTPUYECKOTO 3apsiia MPUHATH 3apsi] AJIEKTpOHA (IO3UTPOHA, MPOTOHA,
AHTHUIIPOTOHA), PABHOrO TaOJIMYHOW €ro BEJIHYHMHE &=1,602176462:10"° Kz, 10 m3

cootHomenus (19) HaxoauTcs Macca M, M TMOTOK MarHUTHOH MHAYKIMU @ Ui CTPYKTYpHOTO

aneMeHTa cpenpl. [lpu 3TOM oka3bIBaeTcsi, YTO Macca CTPYKTYPHOIO 3JIEMEHTAa BbIpa)kaeTcs
yepes maccy [Inanka M, M IOCTOSHHYIO TOHKOM CTPYKTYpBI & !

m, =1,85944722X0°° = m,va xe.
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[Torok MarHuTHOW MHAYKIMK @ TakKe OKa3bIBAETCS HE CIyYalHOW BEJIWYMHOW CTPYKTYpHI, a
BBIPAXKAETCSI YePe3 IOCTOSHHYIO TOHKOM CTPYKTYpPhl & W KBaHT MarHUTHOIO NMOTOKa F :

F :iaFo =24 h/e, = 4,8032042X10"*° Bé,

p p

(KBaHT MarguTtHoro Ioroka F o PaBCH 3HAYCHHUIO MArHUTHOI'O IIOTOKAa 4YEpe3 KOJIbLO

CBEPXIIPOBOJHHUKA C TOKOM, 00YCIIOBJICHHBIM JABM)KEHUEM KYIIEPOBCKUX Iap 3JIEKTPOHOB,;
F, =h/2e =2,06783363680 *° Bo).

DJIEMEHTapHbIN MOTOK MarHMUTHOW MHAYKIIMHU, BEPOSITHO, 3aBEPIIAECT MOCTPOEHUE CTPYKTYpPbI
cpeobl  (Bakyyma), U3 KOTOPOH JIOJDKHBI CIICJIOBaTh BaXKHBIE BBIBOJBI  KacaTEIbHO
pacmpocTpaHEHHS CBETa U MPHUPOJIBI TPABUTALIMU U UHEPIIUU.

Takum obpa3zom, Macca, 3apsii U MOTOK MarHUTHON MHIYKIIMU CTPYKTYPHOTO 3JIEMEHTa Cpedbl
BBIPAXKAIOTCSL Yepe3 IOCTOSHHYIO IUIaHKa h, MOCTOSHHYIO TOHKOW CTPYKTYphl & U 3apsf
JJIEKTPOHA €.

BriBOA.

CtpykTypa BakyymMa HMMEET 3JIEKTPOMArHUTHBIA XapakTep U oOpa3oBaHa KpUCTAILIMYECKOU
pPEeIETKON ¢ DIIEMEHTAPHBIMH 3apsaamu (+/—) B y3iax peméTkd BETUYMHON 1,602176462-10™°
kynon. CTpYKTYpHasl penIéTka cpelbl IorpyKeHa B MATHUTHBIA KOHTUHYYM, 3aIOJTHSIOIINN BCE
MupoBoe mpoctpanctBo, C 3apsAfaMu  CBA3aHbI IOTOKW MArHUTHOW MHAYKIIMHU, PaBHbIE
©=4,8032042-10"2 Betep.

3. 'paBuTanUA

'paBuTtaniis  OPOUCXOAUT U3  CTPYKTypbl  Bakyyma. Cpena, umewoomas
BJIEKTPOMATHUTHYIO CTPYKTYPY, MOKET ObITh MCTOYHHUKOM TPABUTAIMN U WHEPIIHU.
JlocTaTOYHO MPEATIOI0KUTb, UTO Cpeia UMeeT U30bITOK 3apsaa co 3HaKoM (+) win (—).
3apskeHHas cpefa ¢ MoMolbio uHAYKIuu ®apajges crocoOHa MOJISAPU30BaTh JiI0ObIe
MaTepuasibHble Teja U NPUTATUBATH IIOJIAPU30BAHHBIE Teja JpYyr K Apyry. MoxKHO
MIPEJINOJIOKUTD, UTO 3apsAj cpefbl o0pa3yeTcss HapylleHHeM CUMMETPUU B BeJIMYUHE
aJIeKTpuUecTBa 3apA/oB (+) u (—). BepoATHO, pa3HUIlAa BEJITUUUH 3aPAJ0B OIIpe/lesIAeTCsA
u3 paBeHcTBa cuwil HpioroHa u KyjoHa mHpu paBHBIX PacCCTOAHUAX I MAacChl

2JICKTPOHA:
Jx De* =/Gm: =hDF;

(20)
+ G . -41 ’

De” = |—m; =7.8490194X40" Kynon

X

[Tpu HegocTaTke Bo BeesreHHON MaTepHaIbHBIX 00BEKTOB, CHIbI KysioHa 3apskeHHOM
cpefbl CO3JAI0T «OTPUIATEJIbHOE JaBJeHHe», OTBETCTBEHHOe 3a paclIupeHue
Bcenennoit. CrpykTypa o00safaeT crnocoOHOCThIO K mosjsgpusdanuu.  OO6iee
IpeJicTaBjieHre O 3akoHe HpIOTOHAa B TepMHHAaX MOJApPU3AIUN JAI0T CcJefyoliue
paccyxknenusa. W3  ¢dopmysnsr (20) mnosydaem  cBA3b  MacChl € 3apAiOM

G .
r = |— =8.616416130™ Kynon/xr. Chepuueckas mondpusanusa OT  3apsAja
X
Ce
omnpezessAeTcd COOTHOLIEHWEM: S, = DR IJKBUBAJIEHT 3apsjga Maccel M
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paccuuThiBaeTcsa Kak 3apsaa =rM. 3aBUCHUMOCTb YCKOPEHHUS OT CHJI TATOTEHUS:
g= G? =4p /GXS . DOpMaATIBHO BCE 3TO BEPHO U He JIOJIKHO BBI3BIBATH BO3PAKEHUM.

Kpome rs1aBHOrO: COOTBETCTBYET JIM AQHAJOTUA MACC U 3JJIEKTPUUYECKUX 3apAL0B
peasnibHOCTU? ®OopMmysia TaroreHus HploToHA mpruoOpeTaeT BU/L:

F=G—= M MZ _X(4pR) Si:Sx

nin
F =x (4p R)*S*(Dr,,)*(Dry,)*

[Tonapusanusa S,,co3maeTcsa IIepBOM Maccou B TOYKE BTOPOM MAacChl, a IOJISApU3AUA
S ,, CO3/laeTcs BTOPOU Maccol B TOuke mepBou. IlponsBeneHue monapusanuii MOXXKHO
Ha3BaTh B3aUMHOU mnossspusauueid. Jlebopmanusa cpexapl Dr, cospmaercs mnepBoit
Maccol B IIeHTpe BTOpOU Macchl, a iedopMmarius cpesibl Dr,, co3zaercs BTOpOH mMaccoit
B IIEHTpe IepBoi Macchl. TakuM 06pa3oM, OJIApU3aIUs CTPYKTYPHI BaKyyMa oOpasyer
cwiy HpioToHa (rpaBurtanun!).

MakcUMaJIbHO BO3MOKHAsA CWJa WHEPIUM II03BOJIAET ONpefesnTb KO3(pQPUINEHT
YIPYrOCTH TIPOJOJIBHOU Jedopmanuu cpeasl f . = bg(Drrb)z. Cuna wuHepnuU

ompejiesAeTca KBaZpaToM AedopManuu cpe/ibl
f=b,,(Dr)*=ma

Jedopmarus onpeseseTcss yCKOpeHNeM MacChl:

ag
Haiinem xoaddunuent b,
2

2
o =h (Dr)? =x 2% _=m g =117.888954, Hyioton,

(D rb)
DT0 MaKCHMMaJbHas CHJIa TAXKECTH Ha MOBEPXHOCTU MUHHMMAJIbHOM «4EPHON» JIBIPHI
[29], Mmacca koTopoit m, =1.85944722X0° =m,+a «r,

TIpezieIbHOE YCKOpeHue g, = 6.34146875140' m/c2.
B pesysibraTe umeeM, 4To
2.2
g TX o =113176086:00% [kr*m-1*c-2).
(Drrb)
I[TosryyeHHas BeJMYMHA YIIPYTOCTH CPEAbl MMeeT B (PU3HKe HazBaHHe Kod(pQHIeHTa

IIPpOAOJIPHOTO PACTAXEHUA—CKATUA NJIU MOAYJIA IOnra.

b,

CKOpOCTb IrpaBUTAallU  OIIPEACIIAECTCA BbI60pOM IDIOTHOCTHU  Cpedbl C, = = .

“\p

HaHpHMep, MaccCa 9JIEKTPOHA-IIO3UTPOHA MOZKET O6paSOBbIBaTbCH u3 obJiacTu Cpeabl

4
gp R’ ¢ pasMepoM KJIacCHYeCcKOro pazauyca. ILIOTHOCTD — cpefsl  Oyzer

= 3mes =9.718627610" . CKOpOCTb IPO/IOJIBHBIX BOJIH B JIIOGOH CpeJie OIpe/iesiaeTcs

P

MOJYyJIEM IOnra bg 1 IIVIOTHOCTDBIO. Tor/:[a CKOPOCTb IIpOAOJIBHBIX BOJIH B Cp€Je
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¢, =1.0720744X0", uro B 3576,055 pa3 IpeBBIIIAET CKOPOCTH CBETA.

[IpuHIUIIUAIPHO TaK W JOJDKHO OBITh 1 BceneHHOU, OObeTWHEHHOH B OJHY
CBSI3aHHYIO CUCTEMY.

OcTtaéres HarIsIHO MPOMILIIOCTPUPOBATH, IOYEMY CKOPOCTh CBETa OrpaHUYeHa BEJIUYUHOU C,
a CKOpOCTh I'PAaBUTAIIMM HAa HECKOJIBKO MOpsAAKOB Oosbiie. Jleno B TOM, 4YTO MarHUTHOE MOJe,
IpU PacHpOCTPAHEHUHU AJIEKTPOMArHUTHOM BOJHBI U MAarHUTHOE I0JI€ MPH PACIPOCTPaHEHUU
IpaBUTAllUM HE UACGHTUYHBL. M3BECTHO, 4YTO MarHuTHOE Ioje 00JaJaeT CBOWCTBAMHU
MHEPLHUOHHOCTH, AHAJOTMYHBIMH MHEPTHOCTH IPH YCKOPEHHOM JBHKEHHM T B MEXaHUKE.
TUNWYHBIN NpUMEP MHEPLUHUOHHOCTU MAarHUTHOIO MOJsI — 3KCTpaToku. [Ipm 3amblkanuu u
pa3MbIKaHUU LEMIM MarHUTHOE I0JIe MEHSAETCS TaK, YTOOBI MPENsATCTBOBaTh M3MEHEHUSM TOKa B
LICIIHU.

Bo30Oyxnenue curHana B BakyyMe, Kak 3JEKTPOMarHMTHOIO, TaK M TIPaBUTAllMOHHOIO,
oOycioBiaeHo  aedopmanuei  aumoned B KPUCTAIMYECKOM — pemérke  Bakyyma.
DJIeKTPOMArHUTHBIN CHTHAT BO30YXKAaeTCs MBM)KEHHEM dJIeKTpoHa (puc.7, OOJbInon 4&pHbI
KPYXOK).

« II7eqo JHIT0I9

Puc.7

Bo30yx1€HHBIA 37I€KTPOMarHUTHBIA CUTHAJ PACIpPOCTPAHSETCS] IO HANPaBICHUIO KpacHOU
cTpenku. Jledopmanus Tunoss NpUBOAUT K M3MEHEHUIO JUIMHBI €ro Ijieda. OJTO CO3JaET TOK
CMEUICHUs, TEPIECHINKYJSPHBIM HaAIIPaBICHUIO PACIpPOCTPAHEHMs curHana. TokKy cmenieHus
COIlyTCTBYET MArHUTHOE Ioyie [1, KOTOpOE M OrPaHUYUBAET CKOPOCTb PAaCIpPOCTPaHEHUS
CBETOBOT'O CUTHAJIA BEJINYNHOH C.

PacripocTtpaneHne rpaBUTAllMOHHOIO CHUTHAla IPOUCXOJUT B HHBIX YCIOBMsX. Ecimu 3apsn
AJIEKTPOHA MPEBOCXOAUT 3apsijl IO3UTPOHA, TO BAKYyM BHE MaTepHAIBHBIX Tel 1 M 2 OKaKeTCs
orpunarenbHo 3apsbkeHHbIM  (puc. 8). [lon BiaMsHMEM OTPHLIATENBHOTO 3apsia BaKyyma Ha
MOBEPXHOCTH KaXIOr0 Tejla BO3HUKHYT CBSI3aHHBIC 3apsiibl  oOpaTHOro 3Haka (+).
[ToBepxHOCTHBIE 3apsbl (+) TeNa MOMAPU3YIOT JHUIIONH BaKyyMa M T€ CTaHYT pacrojlaraTbCsi Ha
panuaNbHO PacXOoIIMXCS OT TEJI JIydax Tak, Kak IMoKa3aHo Ha puc.8.
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Puc.8

CooTBercTBeHHO, aedopmanusi AMIONS MAET TOK CMEIICHHS, HANpaBICHHBIA TaKXke 10
pamuanbHOMYy Iy4y (puc. 9).

-
Ilrevo qrmmoaq H

Puc. 9

Kak BuaHO M3 pucyHka 9, MarHuTHbIE MOJIs, Ha OJIM3KUX IO HAIPABJICHUIO JIyyaX, B3aMMHO
YHUYTOXKAKOTCA. 9t0 3HA4YUT, 4YTO B o0jacTu paﬂHaﬂbHOﬁ noJjrsipu3aliu BaKyymMa MAarHuTHOC
1ojJie OTCYTCTBYET, W BO3HMKIIMI T'paBUTALIMOHHBIM CHTHaI OyIeT paclpOoCTPaHAThCS IO
pamuanbHOMY Jy4y OecrpensTcTBeHHO. [103TOMy CKOPOCTh paclpoOCTpaHEHHs CHTHAJIA 3aBHCUT
TOJILKO OT BEJIMUMH YNPYTOCTH M IUNIOTHOCTU cpelibl. [IpoBesieHHbIe BbIlIe pacuéThl U MOKA3aJIH,
YTO CKOpPOCTH rpaButaryu B 3576,055 pa3 npessimaer CKOpOCTh CBETA.

4. O0 ycTOHYHUBOCTH CTPYKTYPbI BAKyyMa

CornacHo paspa0aTbiBaeMOM TEOpUM BaKyyMa U BelllecTBa BceleHHOH, CTPOUTEIbHBIM
MaTepuajIoM BCEro CYILEro SBJSAIOTCA 3JEKTPOHBl U MO3UTPOHBI, BaKYyM HMMEET IUIOJIbHO-
KPHUCTAJUIMYECKYIO CTPYKTYpY (puc. 4), a rpaBUTaIMs BBI3BIBACTCS HECUMMETpUEH 3apsinoB (+/-).
[IpenmoioxkeHre o TOM, YTO MPUPOAA FPABUTALIUU JIEKTPOMATrHUTHAsI, BIIOJIHE €CTECTBEHHO, TaK
KaK BEChb OKPY)KAIOIIMKA HAac MHUP HMMEET DJIEKTPOMAarHUTHBIM XapakTep. ATOMHOE CTPOEHHE
BEILIECTBA OCHOBAHO Ha 3JIEKTPOHAX U IIPOTOHAX, 00NAJAIOIIUX 3JIEMEHTAPHBIM 3JIEKTPUUYECKUM
3apsaoM. [laxe saepHble CHIIBI UMEIOT MIPSIMOE OTHOILEHUE K 3JIEKTpOMarHeTusMy. Heltpons! B
AIpax CIOXKHBIX aTOMOB OOECIEeYMBAalOT KOMIIOHOBKY IIPOTOHOB B sipaX C MOUIHOU
NEKTPUUECKON HANPSHKEHHOCTHIO Onaroapsi NOJspU3aluil HEUTPOHOB CO CTOPOHBI IIPOTOHOB.
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D10 oTpHIIAaeTCs B CyIECTBYoIeH (usuke. [Ipu 3TOM MpakTUYECKH HUKAaK HE OrOBapHBACTCSI
pOJIb HEWTPOHOB B aTOMax, XOTsI CIIOKHOCTh 3apsJJ0BOTO yCTPOWCTBA HEHTPOHOB Opocaercs B
rjla3a. B €ro CTpykType ecthb 3apsinl (+) u (). Oka3aaock, 4TO €CIId MEKIY BEIIECTBECHHBIMU
TEJIlaMH TIOMECTHTBH Clab0 3apsHKEHHYIO Cpedy, TO 3TOro OyaeT JOCTAaTOYHO ISl MPUTSKESHUN
9TOM Cpelnol Bcex Ten APYr K Apyry. Pemenue 3Toit mpoOjemMbl OJHOBPEMEHHO MPHUBOIUT K
MOHUMAHHUIO PACIPOCTPAHCHUSI CBETA M MHOTHX JAPYrMX (DU3MUYECKUX SIBICHHU. DTO OYCHB
BOXHOE TIOJIOKEHHE, TOCKOJIBKY pa3jin4Hble (U3MUSCKHE SIBJICHHS MOJIYYalOT OIHOPOTHOEC
TOJKOBaHHE, 4TO, B CBOIO Ouepe/b, 0€3 BCAKUX TEOPETUUECKHX <«HATSHKEK» jaaeT Bemmkoe
OO0benuHeHne BCeX CUIIOBBIX B3aMMOJEHCTBUI B IPUPOJE.

Ecnu omuu u3 3apsaoB, Oe3pasnuuHo (+) win (—), OTIMYAETCS OT JAPYroro Mo BEIWYMHE Ha
7,8489697. 107+ Kyinon (To ects B 21 3HaKe BEIMYMHBI 3aps/IOB 3JCKTPOHA U MO3UTPOHA), TO
9TOM pasHUIIBI JOCTATOYHO Ui OOBSICHEHHs BCEOOIIEro 3aKoHA TATOTCHHS. B 3TOM ciydae
rpaBUTalMsS €CTh 0co0as ¢GopmMa OOBIYHOTO AJICKTPUYECKOTO B3aUMOJCHCTBHUS IO 3aKOHY
Kymona. Cxema, MOSICHSIONMAS BO3HHKHOBEHHE KYJOHOBCKOTO MPHUTSDKCHHS MEXAY TEIaMH,
JlaHa Ha puc. 2. JlomycTuM, 4To 3apsi/ JIEKTPOHA MPEBOCXOAUT 3apsij MO3UTPOoHA. Toraa Bakyym
BHE MaTepHAIbHBIX Tel 1 M 2 OKaXeTcs OTPUIATEIbHO 3apsuKeHHBIM. [loja BiIUsSHHEM
OTPHIIATEIILHOTO 3apsijia BaKyyMa Ha MOBEPXHOCTU KAXKIOTO Telia BOSHUKHYT CBSI3aHHBIC 3apsi/IbI
obparnoro 3uaka (+). [ToBepxHOCTHBIC 3apsapl (+) Tena MOMAPHU3YIOT AMIIONN BaKyyma H Te
CTaHyT pAacCIoJIaraThCs HA PAIUAIBLHO PACXOAIINXCS OT TEJ JIydaX Tak, Kak MOKa3aHo Ha pHc.8.
Kaxmoe MmaTepuanpHOE TENO CO3/1aCT PaUAIbHYIO TOSPU3AINIO BAKYyMa.

[Tonsipu3zanus, co3naBaeMasi MepBOMl  Maccoif, jgocturaer BTOopod waccel. W Haobopor,
HoJIIpU3anus, co3/laBaeMasl BTOPOM Maccod, JIOCTHraeT IepBoil Maccel. B pesynbrare Ha
MOBEPXHOCTU KaXJ0ro Teya OyneT AeicTBOBaTh CHJIA, HAIPaBJIEHHAs K IMPOTUBOMNOJIOKHOMY
Tely. OTO NPUBEAET K NPUTKEHUIO IBYX Tel 10 3akoHy Kyinona. [lpuTsxkenue, HallleHHOE II0
3akony KyInoHa, 1 nputshkeHue, HailJleHHoe 10 3akoHy HbroToHa, OyAyT paBHBI MEX]Y COOOM.

Jlist Kakao0ro, KTO CTAKMBAICA C KPHCTALIMYECKUMH CTPYKTYpaMu, MpH B3IISIAEC HAa PHUC.2
CTAHOBUTCS OYEBUAHBIM, YTO B JMUIOJbHO-KPUCTAINIMYECKON CTPYKTYpPE HPHU PaCIONOKEHUU
JUTIONICH Ha paJuaibHO PACXOIAIIUXCS JIydaX Hen30eKHO 00pa3oBaHUE KPACBbIX TUCIOKAIUH.
Kpaesas oucnoxkayus upenctaBisier coOOH JHMHHIO, BIOJb KOTOPOH OOpBIBAaeTCS BHYTPHU
KPHUCTAJUIMYECKOW CTPYKTYpbl Kpai “mumuen” mnomyriockoctd  (puc. 10) (http://nwpi-
fsap.narod.ru/lists/materialovedenie_lect/2.html).

Puc. 10

CxeMaTHuecKu COCTOSIHHE PEIIETKH BaKyyMa MEXIY JBYMs TATOTCIOIIMMU TeJIaMu IOcClie
00pa3oBaHus KpaeBhIX IMUCIOKAIUN MOKa3aHo Ha puc. 11.
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Puc. 11

Tak kak KOCMHUYECKHE TeJla HaXOJATCS B MOCTOSSHHOM JABM)KEHUU JIPYr OTHOCUTENIBHO JPYra, TO
o0pa3oBaHUEM KpaeBbIX AMCIOKALMN €0 HE OrpaHMYMUTCA. 3a 3TUM JODKHO MOCIEN0BaTh
o0pa3oBaHME€ BHUHTOBBIX JHUCJIOKAllMM, a 3areM O0Opa3oBaHUE JABYMEPHBIX U TPEXMEPHBIX
Ne(QeKTOB CTPYKTYpbI BaKyyMa.

CTaHOBUTCS OYEBHMJHBIM, YTO ISl MOAJEPN aHUS MPABUIBHOM CTPYKTYpPhl Bakyyma JOJIKEH
paboTaTh KakoH-TO MEXaHU3M, AaBTOMATHYECKH YCTPAHSIOUIMI BO3HHUKAIOUIHE JE(EKThI
PELIETKMU.

OnvH 13 BO3MOKHBIX MEXaHU3MOB BOCCTaHOBJICHMS HApyIIEHHON CTPYKTYpbI 3¢upa omucaH B
pabore A.JI. ansnuna u B.M. CtykanoBa «BBeneHne B KJIACCHYECKYIO JICKTPOIUHAMUKY H
atomMHyto ¢usuky, 2006. 490 c.» ABTOpHl HUCXOAAT U3 CYLIECTBOBaHMS 3JEKTPOHHO-
MO3UTOHHOTO 3(upa. UTo Kacaercsi pealbHOW CTPYKTYpPHI 3(upa, TO aBTOPHI BO3ICPKUBAIOTCS
OT KOHKPETHBIX MIIOTE3.

B campix 00ImKX YepTax MEXaHW3M MNPUTSHKEHUS W OTTAJKMBAHUS 4acTUI[ (WM JIOKAJTbHBIX
HEOoJHOpoAHOCTel) onuckiBacMblii A.Jl. [lansanuHbIM BBIMISAUT Tak (Hgajnee HUTHPYHOTCS
BBIJICP)KKH M3 KHHUTH):

W3BEeCTHO, YTO PAa3IMYHOTO pPOJA YacTHLbBl (WM JIOKAIbHBIE HEOTHOPOIHOCTH), HAXOASIIUECS B HEKOTOPOM
HETIPEpBIBHOM Cpene, pacceMBaloT Majalolllie Ha HHUX BOJHBEI Jitoboro Tuma. Ecnm paccrosiHme, ¢ KOTOpOro
MIPUXOUT BOJIHA, 3HAYUTEILHO OOJBIIE XapaKTEPHBIX Pa3MepOB YAacTHIBI, TO IAJAIOIIYI0 BOJHY C JOCTAaTOYHOMN
CTCIICHBIO TOYHOCTHU MOXHO CUHTATh HHOCKOI\/'I, a BOJIHY, PaCCCAHHYIO IL’:lCTI/II_IeI\/'I, Ha 3HAYUTCIIBHOM YAAJICHUH OT
nocnenHei — cepuueckoid. [l TaHHOTO mpolecca He SIBISIFOTCS 0CO00 CYIIECTBEHHBIMH HHU TPHPOAA BOJH, HU
npupoJa 4aCTullbl, BaXKHO JIMIIb HAJIUYUC MCKAY HUMU CKOHLKO-HI/I6yI[I) 3aMCTHOTO B3ﬁI/IMO)I€I>iCTBI/I$[. HO)I BOJIHOH
B HEKOTOPOW MaTepHaNbHOM Cpejie CIeayeT MOHNMATh JTI0060e H3MEHEeHHEe (DU3UIECKOM BETMYHMHBI /1 (BO3MYIIICHHE),
pacnpocTpaHsoIIeecs B MIPOCTPAHCTBE C TEUEHHEM BPEMEHH C OINpPEIEICHHON CKOPOCTBIO V, XapaKTepHOW I
nauuoii cpenpt (C. 269).

B kaudecTBe KBa3HMHENPEPBIBHOM Cpeabl, B KOTOPOHl pacHpOCTPAHAIOTCS pAa3JIMYHbIE CIy4alHbIE BOJIHBI,
paccmarpuBaercst 3GUp, a B POJIM YACTHUI], PACCEHUBAIONIMX BOJHBI, HPUHUMAIOTCS OTHOCHUTEIBHO CBOOOIHEIE,
JIICKPETHbIE, KOMIAKTHO JIOKAaJIM30BaHHbIE dYacTHibl. OTAenbHas MHKpPOYACTHIA SIBJSIETCS HpeoOpasoBareneM
Cily4aiHbIX (QIyKTyanuid 3¢upa Bo BTOpUYHBIE CPepUUeCKUE BOJHBI PACCESIHUS C TEM )K€ YaCTOTHBIM CIHEKTPOM
(T.e. BBICTYHAaeT B POJNIM TOYCYHOW NMPHHUMAIOLICH M OJHOBPEMEHHO H3JTy4alolleid aHTeHHBI). [Ipu 3TOM SHeprus
cepruuecKuX BOJIH PACCEsHUs MOCTOSHHO MOIOIHACTCS 3a cueT (uykryanuid a¢upa. (C. 276).
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CuoBoe B3aUMOJICHCTBUE MEXKIY YACTHLAMHU OCYIIECTBILIETCS MOCPEACTBOM PACCEsHHBIX cepHYECKUX BOJH. B
KauecTBe MHUKPOYACTHUI[ ... NPHHATHl KOMIIAKTHBIC OOBEKTHI KOHEYHBIX Pa3MEpOB, SBISIOIIMECS IO CYTH Jena
JIOKAJILHBIMH HEOTHOPOAHOCTSIMU B ddupe. (C. 293).

AJL. HlananuHeIM IIOKa3aHo, 4TO ONMCAHHBIM MEXaHN3M BBI3BIBACT IMPUTKCHUEC PA3HOTUIIHBIX
HaCTHUIl U OTTaJIKUBAHUEC YaCTHUIL] OJHOTUIIHBIX.

[Tockonpky B HacTosmeld paboTe pedb BEAETCS, MPEXKAE BCETO, O KPAECBBIX AMCIOKALUSIX, TO
Cpa3y OTMETHM, YTO TOJ Pa3HOTUIHBIMH YacTUIAMU MbI OyAeM MOJpa3yMeBaTh KpaeBbIE
JUCJIOKAIIMU TIPOTUBOIIOJIOKHBIX 3HAKOB, TO €CTh JUCIOKallUM, CO CTOpOHBI Tenma 1 u
JUCIIOKAIMI CO CTOPOHEHI Tema 2.

B ortimnume ot pabotst A.JL. Hlansnuna u B.M. CtykanoBa B naHHOi paboTe paccMaTpuBaeTcs
KOHKpeTHasi cTpykrypa 3¢upa. IlosTomMy crenyer yToO4HMTH, Kakue MaJaiollde BOJHBI B
JIAHHOM CJly4ac UMEIOTCA B BUAY.

To, 4Tro »SIEKTpOMAarHUTHas BOJIHA MOXET BO30YXIaTbCs H3MEHEHHEM MarHUTHOU
HAIpPSDKEHHOCTH WJIM MAarHUTHOM HWHAYKLUMH, XOpouo u3BecTHO. CyIIecTBYIOT MAarHUTHBIE
AQHTEHHBI U3JIy4eHUs U npuema. Ho mpu mmMHax BOJH, NPEBOCXOIAIIUX B IECATKH, COTHU pa3
[IOCTOSIHHYIO KPUCTAJUIMYECKOW PELICTKH, DPAaBHYK JBOMHOMY IHUIIOJIBHOMY pPaCCTOSHUIO,
npobsiem Her. [IpoGnembl BO3HMKaKOT, KOrJa JUIMHA BOJHBI CpaBHUMa C BEJIMYMHOU
3JIEMEHTAapPHOU AYEUKHU BaKyyMma.

Jns m3naydeHus ¢ MajbIMH 4YacToTamMu oOpasyercst cdepuueckas BoiHa. OAHAKO C pOCTOM
4acTOThl c(pepuyecKuil WM IJIOCKHI BOJHOBOW (DPOHT HE MOXKET OOpa30BBIBATHCS B CUILY
OTPaHUYEHHUS CKOPOCTH Tepelayd 3JIEeKTPUUYECKOM M MarHUTHOW HANpsHKEHHOCTEH IO
MOBEPXHOCTH (PPOHTA CKOPOCTHIO CBeTa. Tak, Hampumep, IS 4aCTOTHI 2.410° Ty MEepUO
kosiebanus Oyner nopsaaka 4.10-21 c. Ecnu noBepxHOCTh ppoHTa 0Opazyercss He ObIcTpee, YeM
CO CKOPOCTBIO CBETA, TO PAINYC MOBEPXHOCTH 32 YKa3aHHBII ITEPHOJ COCTABUT BCETO
4.10-21*3.10° = 1,2.10-12 m, uro CpPaBHMMO C pa3MmepaMu aTtoMoB. IIpu BBICOKMX 3HEprusx
(GpOHT BOJHBI HACTOJBKO Majl, YTO €ro JIETKO HPUHATH 3a PacHpOCTpaHEeHUE YacTHIbl. Jlis
pasmepa (poHTa, pPaBHOIO JIBOMHOMY pacCTOSIHMIO Cpelbl, OyJIeT COOTBETCTBOBAaTh 4acToTa
ramMa m3mydeHuss 1025 I'n. Yka3aHHBIC OIEHKH COOTBETCTBYIOT ONPEACIICHUIO JTUHBI BOJIHEI
U3JIydeHus, T.e. Hcmoib3oBaHa (opmymna | =r =c/n. Takum o0pa3om, JIMHA BOJHBI
(aKTHUECKH eIle CBUETEIhCTBYET U O pa3Mepax BOJTHOBOTO (ppoHTA.

Pacu€rpl mMoOKa3bpIBaOT, UYTO JUIS KOCMHYECKMX (-KBAaHTOB C 4YacToToi £ 10° I Y
3JIEKTPOMArHUTHOE W3JIyYEHHE, BBI3BAHHOE BO3JEHCTBMEM ( -KBaHTAa Ha DJJIEMEHT PEUIETKHU
U30TponHO. Bpanm oT Touku BO3JAEHCTBUS (-KBaHTa (PPOHT BOJHBI MPAKTUYECKU TUIOCKUM.

CrnenoBarenbHO, KOCMUYECKUI BaKyyM 3allOJIHEH IUIOCKMMH BOJIHAMH, OPUEHTALUs KOTOPBIX
[POU3BOJbHA. OTH BOJIHBI BCTYHNAIOT BO B3aMMOJEHCTBHE C YacTHUIAMH M JIOKaJbHBIMU
HeoaHOpoAHOCTsIME  (qucinokanusamu). Vccnenoanwe A.JI. Hlansnuua mokasano, 4To 3TO
IPUBOAUT K OTTAIKMBAHMIO OJHOTUIIHBIX DJIEMEHTOB W  INPUTSHKEHHUIO  DJIEMEHTOB
IIPOTHUBOIIOJIOKHOIO THIA. B ucciaenyeMoM ciydae 3TO HMPUBEAET K IPUTSHKCHUIO KPACBBIX
JUCIIOKALMI MPOTHUBOIOJIOKHBIX THUIIOB, TO €CTh JUCIOKALUN cO CTOPOHBI Tena 1 u nucnokanuit
co cropoHsl Tena 2. Ilocne cOMMKEHUs 3THX AUCIOKAIMM, HENOJHbIC KPUCTAJUINYECKHE
IJIOCKOCTH BOCCTAHOBSITCS J10 MOJHBIX U JEPEKT CTPYKTYPhl HCUE3HET.

TakuM 00pa3oM, BaKyyM COAEPKHUT B ce0€ KaKk MEXaHU3M HapyIlEHUs HJI€albHONU CTPYKTYpbI

pPELIETKY, TaK U MEXaHU3M aBTOMATUYECKOI'0 CAMOBOCCTAHOBIICHUS UJ€aIbHOM CTPYKTYPBI, YTO
1 o0ecrieurnBaeT BEYHOE CYLIECTBOBAHHE [TOUTH IPABUIILHOM CTPYKTYpPbI BaKyyMa.
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5. BJIGKTpOMaFHI/ITHaﬂ BOJIHA M MATHUTHBIN KOHTHUHYYM

To, 4TO »SJIEKTpOMAarHUTHasE BOJHA MOXET BO30YKIaTbCsl H3MEHEHHEM MAarHUTHOU
HAIpPsDKEHHOCTH WJIM MAarHMTHOM WHAYKLHH, XOpowo H3BecTHO. CyIIECTBYIOT MAarHUTHBIE
AHTEHHBI W3JlydyeHus U npuema. Ho mpu JymMHax BOJIH, NPEBOCXOASIIUX B JECSITKU, COTHU pa3
IIOCTOSIHHYIO KPHUCTaUIMYECKOW PEIIETKH, DPABHYIO [BOMHOMY JHUIIOJIBHOMY DPAacCTOSHHUIO,
npobsiem Her. [IpoGnembl BO3HMKAKOT, KOTJa JJIMHA BOJHBI CpaBHHMa C BEJIMYMHOU
JJIEMEHTApPHOM siueiiku BakyyMma. Pemienue npoGieMsl BO30YKICHHS 3JIEKTPOMArHUTHON BOJIHBI
nyTéM MarHUTHOM MHAYKIIMU MOXKHO OKUJATh TOJBKO 3a CYET 00pa3oBaHUs BUXPS MAarHUTHOU
HaIPSKEHHOCTH.

Jis u3nydeHUs € MajbIMH YacTOTaMU B pEIIEHHMM BOJHOBOIO YpaBHEHHs oOpasyercs
cepuueckas BoiHa. OJHAKO C POCTOM YacTOThl c(hepuuecKril WM MIOCKUM BOJIHOBOM (POHT
HE MOXKET O0Opa30BbIBaTbCSA B CHUJYy OIpaHMUYEHHUS CKOPOCTHU Iepelauyd >JIEKTPUYECKOH U
MarHUTHON Hamps>KEHHOCTEH IO MOBEPXHOCTH (PPOHTA CKOPOCTHIO CBeTa. Tak, Hampumep, AJs
qacrorsl 2.4-10° Iy nepuoa Kojebanus OyaeT mopsiaka 4.10% ¢. Eciu MOBEPXHOCTh (hpOHTA
oOpa3zyeTcs He ObICTpee, 4eM CO CKOPOCTbIO CBETa, TO PajJuyc MOBEPXHOCTH 3a YKa3aHHBINA
nepron cocrasut Beero 4.10%%3.108 = 1,2.10™ 4, uro cpaBHEMO ¢ pasmepamu atomoB. Ilpu
BBICOKUX PHEPrusiX (pOHT BOJIHBI HACTOJIBKO Majl, YTO €ro JIETKO MPHHATH 32 PACIpPOCTpaHEHUE

gactunpl. Jlna  pasmepa ¢GpoHTa, pPABHOTO JIBOWHOMY PAaCCTOSIHHIO cpeowvl, Oyner
COOTBETCTBOBaTh YAaCTOTAa TaMma H3JIy4YEHUs 10®°I'y. YKa3aHHbIE OLCHKHU COOTBETCTBYIOT
OTPENICIICHUIO JUIMHBI BOJIHBI HM3JIyueHHs, T.€. HCIoJib3oBaHa ¢opmyna | =r =c/n. Takum

06pa30M, JJIMHA BOJIHBI (I)aKTI/I‘leCKI/I CIIC CBUACTCIILCTBYCT U O pa3MCpax BOJIHOBOI'O (I)pOHTa.

. 1,E*> H? E? H?
OO0bemHas sHEprust JEKTPOMAarHUTHOW BOJIHBI W = > (—+—)V=—V= TV . B xauecTBe
X X

h

4
pa3Mepa s BbIUMCICHHS 00beMa MOXHO B3STh JJIMHY BOJHBI U Torma V =§pl *. Dueprus

raMMa-kBagra W=hn .

OnHako Bce OIICHKH, MPOW3BEICHHBIC MCXOJ M3 TAKOTO ONPEACICHUS 00beMa, MPUBOIAT K
HEIOCTaTOYHO BPA3yMHTENBHBIM pe3ysibTaTaM. Bo-mepBbIx, Ham0, BUAUMO, OpaTh 3a OCHOBY
| =1,@ g npoBepkn pabOTOCIOCOOHOCTH IpHEMa HA YaCTOTE «KPACHOW I'PAHULIBI» Cpeobl.
Bo-BTOpHIX, npeacTaBicHre o0beMa B Bujae chepsl HE MMeeT HeoOX0auMOro ooocHoBaHus. B
MOCJIEIHEM Clydae JIOTHYHEE MPUHATh MWJIUHIP, HANPAaBJICHHBIA BIOJb PACIPOCTPAHEHHUS

- 2 o .
BoiHbl. Mmeem V., =p (I ,,a)°d, . Dnexrpuueckas HanpsHKEHHOCTb JUISI KPAaCHOW I'PAHHIIBL:

E, =bDr, /e =7,32936746530% B/u. DuHeprus pOXJeHWs TNapbl 3JICKTPOH M TO3UTPOH
OIpeJieJieHa BBIIIE Kak W, = 1 ELV, =163742243X40 " =2m,c®. Orciona HaxomuM 00beM
X

,Zle(bOpMaI_lI/II/I, BBI3BaHHBIM (bOTOHOM-BOJIHOfI " MPOU3BOAUM OLCHKY ,He(bOpMaLlI/II/I KaK OJINMHBbI
Vrb
p (l rba)
CTPYKTYPBI 3(pra. OI.IeHKa HaxXoAUuTCd B paMKaX HNPHUEMIICMOCTH. Hrak, MoJIy4um KOHEUHBIN
PE3YIbTAT OLICHKU SHCPIruu raMMa-KBaHTa

w=hn :F;—d(al E)> =phd(@E/n)>.

mwmHapa d, = > =111975547 B0 M, 4TO cmerka NpeBHIIAET TIpedeN] IPOYHOCTH

[TosiBneHue, B KOHEYHOM CUYETE, MAarHUTHOW MOCTOSIHHOM Cpedst TOBOPUT O TOM, YTO ramma-
KBaHT M €ro paciopoCTpaHEHUE CBS3aHO C IOTOKOM  MAarHUTHOM WHAYKLHH Cpeodbl U
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OTPAaHUYEHUE PACIPOCTPAHECHUS BJIEKTPOMATHUTHON BOJHBI BEJIMYUHOW MOCTOSIHHOM PEIIECTKH
¢dboToHHOTO adupa OTHAJAET. HNmnynsc 3JIEKTPOMATHUTHOMN BOJIHBI Oyner

Yo Pod@ e
C X

[lo BenmuurHE OH COBMAJAaeT ¢ UMIYIbCOM (OTOHA. DTO €lle OJAHO 3aMeyaTeNIbHOE COIJIacHe C
(bU3UKOI, KOTOPOE ONPaBILIBACT HATUCAHUE JAaHHOU paOOTHI.

BaxHo npaBuibHOE NMOHMMaHUE TOro (hakra, 4to y (JOTOHA KaK Yy 3JIEKTPOMArHUTHOW BOJIHBI,
Her Mmaccel [OkyHb U ap., 1999]. Beskue pasroBopsl 0 TOM, YTO (POTOHBI HMPUTITHBAIOTCS K
IPAaBUTHPYIOLIUM OOBEKTaM, JMIIEHbl (U3MYECKOro oOcHOBaHUA. OAHAKO, TOJIHOCTHIO

UCKJIIIOYUTh BpeMEHHOe oOpa3oBaHME B MarHUTHOM KOHTHHYyMe Buxps ot B npu

MaKCHUMaJILHOU €ro AMIUIMUTYAC BO BpPEMA MPOXOKACHUA 3J'I€KTpOMaFHI/ITHOI\/II BOJIHBI HCJIB34.
Takoil BUXpb pOKIAET BPEMEHHO MaccCy, KOTOpasi MOXKeT ObITh IPUHATA 32 UPMYANbHYIO MAacCy
dboToHa.

[ToueMy KOHTMHYYM Ha3BaH MarHUTHBIM? BeimenpuBeneHnHbie Gpopmynbl gJaHHOTO maparpada
BBIHY)KJAIOT 3TO chenath. Huke mpuBeneM emie IOMONHUTENbHOE oOocHOBaHWe. Ha3oBém

X
BENMIHHY M, = h q=29.9792458 Omxy w™arHuTHOW Maccoil 3apsima. Hamo ckaszarh, dTO

CYITHOCTh MArHMUTHOM MacChl MOXET OKa3aThCsl HE HUMEIoIEH (PU3NYECKOro CMBbICTa.
JIro0onBITHO OTNpeieTIeHne MarHUTHOTO MOMEHTA
MaccChl 3JIEMEHTAPHOTO 3aps/a:

Mg =a ?téo = \/;::eo =4.8032068-10 18, B6. MarautHas Macca (QUIrypupyeT B H3BECTHOM

MMo
(2
06IHI/IpHO€ U CaMOCTOSTCIIBHOC HCCIICOOBAHUC HpO6J’I€MBI Mal"HI/ITHOI\/’I MAaCChl U MAar"duTHOTIO
KOHTI/IHyYMa. HpI/IBeI{eM HCKOTOpHe (bOpMy'J'H:I Marietmusma, M3BCCTHHIC B HACTOSIIICC BpeMﬂ.

HaHpﬂ)KCHHOCTB MAaroiMTHOIrO II0JIsI IOCTOAHHOI'O MarHuTa, BBIPpAKCHHAsA 4YCpPE3 MArHUTHYIO

dopmyne Kyiaona: F =h . Ona ocraeTcsi moka «Bembl0 B cebe», mbo HeoOXOoauMO

M
Maccy H =h —z,a/M.
R

e2 2

M . .
f, =X R_OZ =f,=h R—; - 00beauHeHHbIl 3akoH Ky/ioHa 11 3apsioB U MarHUTHOM <«MacchI».

Pewienne  ypaBHeHus — gaer  m, = ie =29.979244785 m’kec *a’? -

X

* \h h

QJICKTPHUICCKOC COIIPOTHUBIICHUC. QHCMGHTapHaﬂ MarouTHas «Macca>» paBHaA 3JJICKTPUYCCKOMY
COIIPOTUBJICHUIO, YMHOXCHHOMY Ha BHGMCHTapHBIﬁ 3apsna, qTo COOTBCTCTBYCT

rac rq =

Mg =T,€, =4.8032140 ", B6 - 3J€MEHTapHbI TOTOK MAarHUTHOM WHAYKIUMU B cpede,

HCXOIAIIUA U3 QJICMCHTApHOTO 3apsada C€ro 3HeKTpH‘I€CKOI‘;I CTPYKTYPHI. I/I306paBI/IM

F.=m,=4.80321040 ", B6 B NpuHATHIX PU3MUIECKUX 0O03HAYEHUSAX I OTOKA MATHUTHOM

UHAYKIUH. «K6éanm MazHumuozo nomoka — MuH. 3Ha4enue MacHumnozo nomoxa @, uepes
KOIbY0 C8EPXNPOGOOHUKA C MOKOM, O00YCI061IEHHBIM O0GUMCEHUEM KYNEPOBCKUX nap
anekmponoe (cm. Kynepa s3¢ppexm, Cesepxnposooumocms), oona u3 ¢ynoam. @us.

Koncmanm. F | =h/2e, =2,067833636(80) 40 *° B6»

[[urara B3sTa M3 «@U3NYECKOW HHUMKIONEAUW». Pa3nenuM yKa3aHHBIM KBAaHT Ha IOTOK
MarHUTHOW MHAYKIMH 3yeMeHTapHoro 3apsga: N=F /F =430,51129 . CpaBHuM nomydeHHOE

YKCJIO ¢ OTHOLIEHUEM JUIMHBI BOJIHBI FaMMa-KBAaHTA, POKAAOILET0 Mapy 3JIEKTPOH-IIO3UTPOH, C
IIOCTOSITHHOW KPUCTAJUIMYECKOM PEIIETKH dJIEKTPUYECKON CTPYKTYPBI CPEIbL:
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= i/ 2r, =1,2043666120° 12 1254398763240 % =
nrb

=430,511

Emte 0oaHO M3 yIMBUTENBHBIX COBMageHU. HO OHO yAMBHUTENIBHO TOJNBKO C TOYKH 3PEHUS, UTO
2

dopmyna Kynona cnpasemiiBa u it MUKpoMupa: hn =X % . Ucnionp3ys nannyio hopmyity
e

JUISL TIPENICIBHOTO TaMMa-KBaHTa, MOJYyYMM KBAaHT MAarHUTHOTO MOToka. Kpyr, Takum oOpasom,

3aMBIKACTCSl €CTECTBECHHBIM 00pa3oM.

SIBJIeHUE PKCTPATOKOB 3aMBIKAHUS — Pa3MbIKAHHS YPE3BBIYAHO MOX0XKE HA SBJICHUE WHEPIUH

0OBIYHOTO BemecTBa. J[eHCTBUTEIBHO, TOPMOXKEHHE WM PAa3rOH JJIEKTPOHOB YK€ JTaBHO

CBSI3BIBACTCS C HMHEPIMOHHBIMH CBOWCTBAMHM TaKHUX YAaCTHIl KaK 3JIEKTPOH, KOTOPBIA €CTh

€CTECTBEHHBI HOCHTEIb TOKA BO BCEX HAIIMX 3JCKTPUUYECKUX YCTPOHUCTBAX. ITO CBOHCTBO

JJIGKTPOHOB B CBOE BpEMsS HCIOJIB30BAJIIOCH IS ONpEACICHHS €ro Macchl. Mepoii

WUHEPIMOHHOCTH B SBJICHHUSX KCTPATOKOB MOXKET CIYKHTh KOA(POHUIIMEHT CAMOWHIYKIIHH.

Bo3bmem 3akon buo—Capapa—Jlamiaca, ycTaHaBIWBAIOIIMKA CBSI3b TOKA B IMPOBOJHUKE C

HANPSDKEHHOCTHEO MarHuTHOro moist: DH = k—I D |r>ZS|na ® H = d(—l ’D Ir;sna da

Crnenyer nenb mpeoOdpa3oBaHU ¢ TOMOIIBIO BBEJICHUS MOTOKAa MAarHUTHOW MHAYKIINH D:

2
H:4p$l; F:NF':rTHSN:4pmNTIS;$:n;

F=4pmn®V1; L=4p mn?V
1 . .
Koadpouuuent camoungykuuu L =4p ﬁnz\/ ONpEIENAETC MArHUTHOM KOHCTAaHTOW cpeodwt,

YHCJIOM BUTKOB Ha €UHMILY JUIMHBI, 3aHUMAEMbIM 00BEMOM.
Mpumep. 1 =05 S=10"° N =3000; n=6000; L=0,0226, ['n. Torna

Vf =0,022105 m*/'n. Wi VE = 45,239 I'ulm®. Ho o0 ¢ yuerom 4p.

be3 yuera VI =0.27778 [m*m %ke"*c?a®] MIn  wmm VL =3.599976 » 3.6 [m’ke ¢ %a *m’ 7]

Tulv®.
BoiBoj 11t 01HOTO BUTKA. HanpskeHHOCTH MMOJIS Ha OCH BUTKA OT 3JIEMEHTA JIJTMHBI POBOIHUKA

dH =KLZ-sinb) =k -5 sin(b) =
r r .

2
2p3R | . s

r

Wurerpan or dl maer mmny Butrka 2P R. IloxcraBmsem um mmeem H =K

2 .
MAarouTHOM HAIPSOKCHHOCTU B OCH OAHOI'O BHUTKa HMMCCM H :kal . IloTox MarHuTHOM

uHayknua F,=mH S=mp R°H = 2mp ’R| = L, ¥ . Orcrona Ko3pGUIMEHT UHAYKLIMH OJHOTO
sutka Oyner L, =2p*R/h =1.97392140°R, I'n. Ecnu npuHAT, BO BHMMAHHE pasMep

CTPYKTYpBI, TO
L, =1.973921x40 °r, = 2.76104157 40 *, I'u.

MomeHT uHepuuu s sneMeHTapHoro Butka K, =L >€ =7,08594830 %, ke m*. Tornma

ClIeAyeT dYacToTa KOJIeOaHWH DIIEMCHTAPHOIO MArHMTHOTO KPYroBOI'O IOTOKAa  Kak
w? =b/ K. =1,6302968 40" f, =1,339736 0%, I Y . Macca KOJbIa

m, =K, /pr2=115282140%, =.
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L _4p 1
Ecnu mpencraButh, 4To N=1, TO MOIYIUM, YTO I_Z

v X— . JIMMHY MOKHO COKpaTUTh U TOTJa

h

cienyer, uto h = 4Lp>18 =4p LS>’4 ; L=4p %, m?kec?a’?, UHBIMH CJIOBAMH, CaMOMHAYKIUS

WJIM TIPOCTO MHIYKTUBHOCTBH OMpPEACNAETCS TUIONIAAbI0 CeUeHUsI 00bheMa COJICHOMA, JACIICHHON
Ha JUIMHY (IPUXOJIAIICHCS HAa CIUHUILY JUIMHBI), U MAHUTHOM TIOCTOSIHHOU cpeodwt. Paccuntaem
«HYJIEBYI0» HUHAYKTUBHOCTh, MPUXOJAIIYIOCS HAa €AWHUILY IUIOLIAAW IS y4acTKa COJICHOWAA
JUIMHOM eauHUIa

1
|_O = 4p ﬁ =
TokoM F =1, %.

1.2566371:0 ° T'H. «HymeBoii» IOTOK MATHUTHOM MHIYKIIMH OTPENETUTCS TOTbKO

OOHapyXrUBaeMbIE€ CBONCTBA Cpedbl KOHTHHYyMa COBMECTHO C €ro YKECTKOW JIIEKTPHUYECKOU
CTPYKTYPOU COCTaBJISIOT €AUHYIO OCHOBY JUISl TPABUTALIMU, JIEKTPOMArHUTHBIX BOJH U APYTUX
3JIEKTPOMArHUTHBIX CBOMCTB MAaTE€pUU. DJIEKTPUUECKUH 3aps]l, MHEPTHAsL U TATOTEIoas Macca
OTPENETSIOT TOTOKM MAarHUTHOW WHIYKIIMKU B cpede Wi, HA00OPOT, MOTOKM MarHUTHOU
UHIYKIUU Cpedbl ONIPENIETSIOT MacCy Tel, SJIEKTPUUECKUM 3apsi.

[Tpumep. [Ipenenvuas cuiia MarHUTHOTO B3aUMOJICVCTBHUS B CTPYKTYpE:

2
(Ir: ;2 , Dr, :%K%)Z =1.020673540 . DrToT  pe3ymbTaT  COBEPUICHHO

€CTCCTBCHCH, TaK KaK 31€Ch 3JICKTpH‘I€CKHfI 3aKOH Ky.J'IOHa 3aMCHCH €I'0 MarHuTHbBIM aHaJIOT'OM.

f =bDr,, =h

6. Macca u nHepI U
OO6paTtumcs K onpeeseHuI0 MacChl U MHEPLUUHU B (PU3UYECKUX CIIPABOYHHUKAX.

«Macca ecmv mepa unepmuocmu men u ux epagumayuonnsix ceovcme». [H.M.Kapsikun u ap.
Kparkuii cipaBounuk no ¢usuke //U3n.BIL, M.,1964 r. 574 c.]

«llepeviii 3akon Hviomona noxasvieaem, umo COCMOSHUE NOKOS UIU PABHOMEPHO2O U
NPAMOJIUHEUH020 OBUMNCEHUsI He mpeOyem O C€80e20 NO00epIHCAHUS KAKUX-TUOO BHEeUHUX
so30elicmauil. B smom nposignsemcsi ocoboe Ounamuyeckoe ce0UCME0 Mmell, HA3bIBAeMOE UX
unepmuocmoio. Coomeemcmeenno nepewviti 3akon Hvlomona nazvlearom 3aKOHOM uHepyuu, a
0BUdICEHUEe meNa 8 OMCYMCMBUU B030€liCMEUsl CO CMOPOHbL OPYeUx mei — OBUICEHUEM NO
unepyuu» . [b.M.SBopckuii, A.A.Jletnad . CnpaBounuk no ¢usuke // Hayka, pusmarmur, M.,
1996 . 619 c.]

Yausun JI. 1. Manaensmram [1946 Venexu ¢pusnyeckux Hayk T. XXVIII, Boim. 1.]

«Tpyonocmu, Komopvle 803HUKAIOM 8 8ONPOCEe O MAK HA3bIBAEMbIX CUNAX UHEPYUU, CEA3AHbL
2nasubim 0bpasom ¢ 08ymst momenmamu. 1. Paccmampusarom cniowHvle mend, Hanpumep:.
MAxosuk, Humo u m. 0. (Npu 3MoM u 653U OCYWeCmeIIOMCs MoNce CNIOWHBIMU MeLamuL), d
NPUMEHSIIOM — MEPMUHONO2UI)  <MOYeuHOU» Mexanuku. 2. Paccmampusarom ceésa3u  kak
abcontomuo scécmrue. Ilo cywecmsy, KOHEUHO, HUKAKUX CUNl UHEPYUU Hem, HU PeasbHblX, HU
@uxmuenvix. OOHAKO, 66UV YCMAHOBUBULE2OCS 00BIYASL HYHCHO CKA3AMb U O MOM, KAK MOXNCHO
0e38pedHo noHumMams dmom mepmun. HyxicHo ommemumsb, 4umo 8600uUi0 8 3a0aydlcOeHUe mo
obcmosimenvcmeo, umo y Hotomona ¢ «Principia» ecmo credyrowee mecmo: «Onpedenenue |11,
Bpooicoénnas cuna mamepuu ecmov npucywas eti cCnocoOHOCMb CONPOMUBILeHUsl, N0 KOMOpPOL
8CAKOE OMOENbHO 835Mmoe Mmejlo, NOCKOIbKY OHO NPeoO0CMABNIeHO camomy cebde, yoepacusaem
CB0€ cocmosHuUe NOKOSL UNU PABHOMEPHO20 NPAMOJUHEUHO020 O08UdNCeHus. Oma cuia 8ce2oa
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NPONOPYUOHANbHA MACCe U eCIU OMIUYAemcss Om UHepYuu MAaccbl, Mo pasee MmMoIbKO
6033peHuem Ha Heé». «Om uHepyuu Maccvl NPOUCXOOUM, YMO BCAKOe MeNo JUllb C MpyooM
8b1800UMCSL U3 CB0€20 NOKOSL UINU OBUNCEHUsI, NOIMOM) BPONHCOEHHASL Cuia moeia Ovl Obimb
8eCoMa BPA3YMUMENbHO HA36AHA CUNOU U H e P Y U U . . . ) . Bcé amo mano umo 2osopum.
Hackonvro s nommnro, Makcsenn ¢ «Mamepuu u osudiceHuu» noogepe smo mecmo kpumuxe. Bo
8CAKOM Clyyae, 8bl8OOUMb OMCI0A YMO-HUOYOb O «PealbHOCIUY» UIU <OUKMUBHOCTNUY» CUTL
unepyuu Henwv3s. Io-euoumomy, 0Onako, Hawano ece2o cnopa — amo mecmo y Hoiomona.»

[lepsiii 3akoH HploTona (3akon Wueprmu). M3o01upoBaHHOE OT BO3JICHCTBUS BHEIIHUX CHII
TEJIO COXPAHSAET COCTOSHUE MOKOSI WJIM PABHOMEPHOI'O MPSIMOJIMHENHOIO JBHXKEHUS 10 TEX IOp,
MOKa NPUJIOKEHHBIE CHUJIBI HE 3aCTaBAT €ro HM3MEHUThb 3TO cocTosHue. [IpsamonnHeiHoe
JBU)KEHUE, COBEpILIAEMOE TEJIOM MPU OTCYTCTBUHM CWJI, HA3bIBAETCSA IPSAMOJUHEHHBIM
JIB>KEHUEM MO MHEpIMU. Macca sIBIseTCs KOJTMYECTBEHHOM MEpOM MHEPILIMH Tejla MPU ACHCTBUU
Ha HETO CHUJIBL.

Huepyuss (om aam. inertia — 6esdeiicmeue), unepmuocmov (6 Mexanuxe), C60UCMEO
MamepuanbHvlx mei, Haxoosuee ompadicenue 6 1-w u 2-m 3axonax mexanuxu. Koeoa enewnue
6030eticmeust Ha meno (cuivbl) OmMcymcmeyiom uiu G3auUMHO YPAGHOBCUWUBAIOMCS, UHEPYUs]
NPOAGIAEMC 6 MOM, YMO MEN0 COXPAHAEM HEeUSMEHHbIM COCMOAHUE CB80e20 OBUNCEHUs UNU
NOKOsL N0 OMHOWEHUIO K MAK HA3bI8AeMOU UHEPUUATbHOU cucmeme omcuéma. Ecau sice na meno
oeticmeyem HeypaBHOBEULeHHAsL CUCTEMA CUL, MO CEOUCMBO UHEPYUU CKAZbIBACMCSL 8 MOM, YO
UBMEHEHUe COCMOSIHUSL NOKOsL UIU OBUICEHUs meld, M. e. UBSMEHEHUe CKOpOCmell e20 MOouex,
APOUCX00UM NOCMENEHHO, A He MCHOBEHHO, NPU dMOM O8UNCEHUe USMEHAemCs mem MedleHHee,
yem Oonvue unepyuu mena. Mepoi unepyuu mena seisiemcs e2o macca. [3enpaosuu S. b.,
Hogrukos U. [I., PenstuBucrckas actpodusuka, M., 1967; I'paBuTanuisi 1 OTHOCHTEIHLHOCTD, MOJT
penakuueit X. 130 u B. I'opdmana, mepeBon ¢ anrnmiickoro, M., 1965; Reinhard M., Mach's
Principle— a Critical Review, «Zeitschrift fiir Naturforschung», 1973, B. 28a, Ne 3—4.]

[TogBonst uTOor KpaTkoMy 0030py CYHIECTBYIOIIUX MHEHHUM O MPHUPOJE MACChl M €€ HHEPIINH,
OPUXOJUM K HEYTEIIUTEIHHOMY BBIBOJY. B TEOPETHUECKOH (pU3uMKe HET TMOHMMAaHUs HHU O
HpOI/ICXO)K)IeHI/II/I MacCChbl BEIIECTBA, HU O CBOI\/IICTBaX MacCChbl B FpaBI/ITaHI/II/I nu I/IHCpIII/II/I.
CTpyKTypa KOCMUYECKOU cpedbl (BakyyMa, F(upa) 1aeT BO3MOXKHOCTH JJIsi TOMCKA O0BbICHECHHUN
CBOMCTB MAacCCHI.

Koe-uTto OTHOCHTCS M K ABUKEHUIO MACChl YAaCTHUI] B CTPYKTYpE Cpeosl, K TNPOSBICHUIO €€
CBOMCTB MHepuuu. Macca BellecTBa M aHTHUBEIECTBA 00pa3yeTcs MpU BHECEHUM HYKHOIO
KOJIMYECTBA SHEPIHMU B CTPYKTYPY cpeodwvl. 1'0CHOACTBYIOIIEE MHEHHE O TOM, YTO SHEprus
MpPEBpAIIACTCS B MACCy JIOKHO. DHEPrusi HeoOXoauma Jjisi 00pa30oBaHUsI MAacChl, HO HE MOKET
npousBectu €€. Jlaxke mnpu <«GKBUBAJIEHTE» SHEPrUM M MAcChbl B M3BECTHOM COOTHOLIEHUU
E=mc’. Dra opMmyna ykassIBaeT Ha TO, YTO caMa IO cebe YHEPrus He POXKIaeT Maccy, a
TOJIBKO TpeanaraeT ycimoBue ansi e€ oOpasoBaHusi B (opMe KBaapaTa CKOPOCTH cBeTra. B
dbopMyIe HET MPSAMOro yKa3aHHs Ha «IIpeBpalleHHe» SHePTUU B Maccy M. B cTpykType cpedwt
UMEETCsl «pelIéTKa» M3 0e3MacCOBBIX AJIEMEHTAPHBIX 3apsaoB (+) U (—), HEOOXOAMMBIX IS
paCHPOCTpaHeHI/IFI CBCTAa, U 3J'I€M€HTapHI>IX IIOTOKOB MaFHHTHOfI HHAYKIIUA

F q -18
F = ap =4.8032042 X1L0" *° Bebep,

H€06XOI[I/IMBIX Al MHCPUHUH, OFpaHH‘IHBaIOHIGfI CKOpOCTb CB€Ta, U HpOTHBOI[GﬁCTBHSI
N3MCHCHUIO CKOPOCTHU BCHICCTBCHHBIX MACC.

Macca obpa3syercs elie HEM3BECTHBIM CIIOCOOOM M3 3TOr0 MOTOKAa MarHUTHOM MHIYKIHMH. YTO
39TO TaK, IMOKaXeM C IMoMolLIpl0 o0benuHeHHoW cuibl Hbptorona—Kynona. Ha paBHBIX
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PACCTOSTHUAX BBITIOJIHSETCSI PABEHCTBO:
JGm, =./hF, roe G=6.67258923x0" u rge h= rln =1,00000000%0" [a?n ke 1c?] -
MarHuTHasi KOHCTaHTa cpeapl. Halinem U3 ypaBHEHUsI MacCcy

m, :\/glz =1.858518584 X0 k2. DTa Macca He sBIseTCA ciydaitHoil. OHa ecTh B Macce

IInanka: m =+/am,, a €CTh  IOCTOSIHHas  TOHKOM  CTPYKTYphl  W3JIy4EHHH,
a’t =137,0359998 . HemusBecTHas Macca yKasbIBaeT HA TO, YTO BECh >JIEMEHTAPHHIH IIOTOK
MarHuTHOM MHAYKIMHM F Mo)keT 00pa3oBaTh Maccy MaKCUMallbHOU BeIMuuHBI M, . Bce Maccsl

MHUKpPO YacTHI] MOTyT 0€3 OrpaHM4eHUil 00pa3oBaThCS  JAHHBIM AJIEMEHTAapPHBIM MOTOKOM
MarHUTHOM MHIYKLIMH, BKJIIOYasi THIOTETHYECKUI 0030H Xwurrea.

[lo nmpuuymHe KBaHTOBOIrO XapakTepa HW3IydeHus, corjacHo Makcy Ilnanky, Bce macchl
MHUKpPOYACTHIl, POXKICHHBIC C TMOMOIIBIO SHEPTHH HU3JIYUYCHHs, TAKKE OTBEYAIOT KBAaHTOBOMY
MpaBUILY.

Macca »nekTpoHa, HampuMmep, 00pa3yeTcsl MPHU HCIOJIb30BAHMM HHUYTOXXHOW YacTH TIOTOKA
MarHUTHON WHTYKITUH:

m, = \EDF =0.1093818850 X103

DF =2.35076812 X10"*°

Bebep.

VYxe cam (akT poKIECHUS MACChl YACTHI] MPAKTHUECKU JTF000M BEIMYUHBI U3 TOTOKA MAarHUTHOU
WHAYKIIHA TOBOPUT O TOM, YTO MAacca YHacJeayeT MHEPIHUOHHOCTh MATHUTHBIX SIBJIEHMIA.
Cuna umnepmuu f, =m,a onpenensercs mpu yckopeHuu. BepHemcs K NOTOKY MarHUTHOH

UHAYKIHUH JUI 3JIEKTPOHA, 00pa3yIoLIeMy CUITy MHEPIUH:

f, = h—XDF><a: 1 DF xa
xXG Req

Req =29.9792458 Om — conporusienue Bakyyma, I = \E =8.6164161X10™"" Kynonlxe.

DF = 9.109381886X10* ke.

Macca anexTpona m, =
aqr

Vcekopenne a=4pE.S(Dr,)* mopoxnaer  jgedopmanuio  cpedst  Dr, u  cuiy:

f,= L DF »xa= !

Rl Rl

Cpeda CTpyKTyphl BakyymMa oOjamaeT ympyrocteio b,  ompemensiemoit  aedopmanueit

crpycrypi: T =b(Dr)* =ma (Dr)*="+%u (Or,) :4p1Ess :“S‘-

DF x4p E,S(Dr,)>.

m, = tI)ES = 1.859429541x10° xe.

DF =Lg — mOTOK MarHUTHOM WHIYKIMH, HEOOXOIMMBIH JUIi MacChl JJICKTPOHA, DPaBeH

IMPOU3BCACHUIO CAMOHMHIAYKIHWHN L BHTKA TOKa ¢ KIACCUYECCKUM paanycoM D3JICKTPOHA,
YMHO>KCHHOMY Ha TOK B 9TOM BUTKC. OKaSLIBaeTCH, 9TO CAMOUMHAYKIHA OTHOCUTCA K BCIIMYUHC
KJIaCCHUYECKOT0 paanyca 3JICKTPOHA KaK:
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L./ R, =p/h=31415926536 X10"" [pao.ke.m.(a.c)?).

Bemuunna kosdurmenta caMOMHAYKITMK OJTHOTO BUTKA C TOKOM:

L, = p—R =8.8528205X10 % I enpu. COOTBETCTBEHHO, TOK B BUTKE CAMOMHAYKIIUU OYIeT:

I = [EF =2.65799675X10"° Amnep.

R

Macca snektpona; m, = L, % = 9.109381886 X10* ke.

aq
Utor — wmacca, Hampumep, SJI€KTPOHA PACCUUTHIBAETCS CAMOMHJyKIMEH BHTKA C TOKOM
KJIACCHYECKOTO paliyca, W e€ MHepIHus onpelesieTcsi HHepuueii camounaykuuu. Ipupoaa
MHEPUMH Macc BellecTBA MNOJHOCTHI0 AHAJOTMYHA MHEPUMHM WHIYKTHBHOCTEl B

JICKTPOMATrHUTHBIX ABJICHUSAX.

Huyero ynuBHTEIRHOTO HET, KOO HAIl MUP MMEET 3JICKTPOMAarHUTHOE YCTPOWCTBO. [ paBuTaIus
U MHEPIHs CISAYIOT M3 3JICKTPOMAarHUTHOM CTPYKTYphI Bakyyma (3¢dupa), Macchl pOXKICHBI U3
AJIEMEHTAPHOTO TMOTOKA MAarHWUTHON HMHJIYKIIUH, JJCKTPOMArHeTU3M IMUPOKO HCIIONB3YeTCsS B
MPAKTUKE YeIOBEYEeCTBa, ATOMHOE CTPOSHHUE BEIIECTBA, SJEPHBIE CHIIBI 00ECIeYHBAIOTCS
HAJIMYUEM HEUTPOHOB, KOTOPHIC TOJSPH3YIOTCS MOIIHCUITUM 3JICKTPHUYSCKUM HaIpsHKEHUEM
npotoHoB E=6.3998e+26 B/m W 31eKTpUYECKON CHUJIOW TOJSPU3AIUN COCTUHSIOTCS B sapa
CIIOXKHBIX aTOMOB.

3necy mompoOyeM HaWTH CBSI3U MapaMeTpPOB CPedbl C BETUYMHON MAacCChl 3JIEKTPOHA, KOTOPYIO
IIPUMEM 32 JICMEHTaAPHYIO0 Maccy.

Jlerko u3 ¢gopmyn Herorona u KyjoHa MOXHO TONYy4YUTh CIEAYIONIAE COOTHOIICHUS IJis
3JIEMEHTapPHOUN MacCChI:

2
M =— 1 =910038188500 *[kg]
2(r,+Dr,)x
e2
-0 =0.1093818845 %10k
™ 2, +Dryh Hal
m = %F" 910938188610 ko]
2(r,+Dr,)c
. h h '
m = 2pca*2(r,+Dr,) ) 2pRca’ = 9109315850 ko]
e rb
F2 X

—- = =28.987551790 X10? [\/\/2] — ONpelensieT AIEeMEHTAapHbIA MOTOK MAarHUTHOM WHIYKLUH,

(]
KOTOPBIN CBSA3aH C MPUHSATHIM B (U3UKE KBAHTOM MIOTOKA IO Gopmyie:

F =F,/a'p=4.8032042X10" Betep.

a1 |X a F :

h=2pefa* |~ =2pelat— =2peFa™
h €,

Takum o0Opa3om, nmoctosinHas [laHka MPOYHO CBs3aHa Yepe3 AIEMEHTApPHBINA 3apsii U KBaHT
MMOTOKAa MATrHUTHOH HHAYKIOWH, a 4Y€pe3 HUX U C 3HeMeHTapHOﬁ MaccoH. TCpHCT CMBICJI
HaMeHOBaHMs KOHCTaHTHl Ilnmanka kBanTOM pAeicTBUA. CBS3b KOHCTAHTHI CO CTPYKTYpOH
cpeowt Topazno riyoxke n 3HaunMmee. DAaKTUYECKU pedb MOXET UATH O CHOCOOHOCTU Cpeodbl
BOCIIPUHMMATh M TPAHCIMPOBATH M3JIyueHHE YEPHOTO Teia, 00pa30BBIBATh MACChl BELIECTBA U

AHTUBCIICCTBA.

Kitaccuueckuii paauyc npoToHa
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e2

R, =Xx—5 =1,53469685 X107* .
m.C
P
Jli1g Maccel MPOTOHA-aHTUIIPOTOHA CIIPABEIINB IOTOK MAarHUTHOM MHIYKIIUH:

2
£ = : = 1672623110 *[Kg]

o X

DJIeMEHTapHBIN MOTOK MarHUTHON MHAYKIIMU D sBisieTcss 00muM i1t BceX (QyHIaMeHTaIbHBIX
YacTHII.

Baumanus tpeOyeT mHTEpecHOEe 00CTOATENHCTBO. B NMBYX mepBbIX (opMysax aBTOMaTUYECKH
CBSA3BIBAETCS [MOTOK MArHUTHOM HWHAYKUUMU C DBJEKTPUYECKOM KOHCTAHTOM cpeodwbl, a
AJIEMEHTAPHBIN 3apsi/i CBSI3BIBAETCS C MArHUTHOW KOHCTaHTOU cpedvl. B popmyiie coBMeCTHOTO
MPUCYTCTBHUS W MOTOKA, W 3apsijia Mbl HAOJIO/1aeM CBsI3b ¢ OOCHMMH KOHCTaHTaMU CPEAbl CBA3b
MEXAy 00€MMH KOHCTaHTaMHU CpPEIIbl U CKOPOCTBIO CBETAa. DTO CBUIETEIBCTBYET TOJIBKO 00
OJIHOM: Macca MPOYHO CBA3aHA C BJEKTPUYECKOW M MAarHUTHOM CTPYKTypamu cpeodst. B 3TOoM
nposiBisieTcs: eAMHCTBO [Ipupoasl. EAMHCTBO 3MeKTpruYecTBa U MACCHhI.

BuiBoOg.

Bce maccer MUKPOYACTHULl POKACHBI, POKIAAOTCA WU aHHUTHWIMPYIOT IIPHU IOMOIIHA MAarHuTHOM
KOMITIOHEHTHI CTPYKTYphl Bakyyma. 1lo mprumHe KBaHTOBOIO XapakTepa M3Jy4EHHs COIVIACHO
MaKcy HJ'IaHKy, BCC MACChl MUKPO YaCTULl, POKACHHLIC C TIOMOLIIBIO SHCPTHUU U3ITYYCHUSA, TAKIKC
OTBEYAXOT KBAHTOBOMY IIPaBUILY.

Macca QJICKTpOHA, HAIpHUMCED, 06pa3yeTC${ IIprU HCIOJIb30BAHHUU HUYTOXXKHOM YacTU MOTOKa
MarHUTHOW UHIYKIIHUH:

m; = \/g D' F =9.10938188500" *;

D' F =2.35076812X0 * Be6ep

Ve cam GakT pOKICHUS MACCHl YACTHUIl MPAKTUYECKHU JTF000H BEIMYUHBI U3 TTOTOKA MAarHUTHOM
WHIYKIUA TOBOPUT O TOM, UYTO MAcCCa yHacJeAyeT MHEPUHOHHOCTh MATHUTHBIX SIBJICHMIA.
Macchl Beerja pokIawTces NapaMi, HallpuMep, Macchl 3J1eKTPOHA U MO3WTPOHA, MACChI
NMPOTOHA M AHTUIPOTOHA. AHHMUTWIHMPYIOT Tak:Ke 3TUMH ke nmapamu. IloaTtomy, mMaccel
BellleCTBA U AHTHBELIECTBA MOMe4YeHbI 3HaKaMH (+/-). DTo 03HAYaeT, YTO MacChl BellleCTBA
U AHTHBENIeCTBA PABHbI N0 BeJWYMHE W HMEKT pa3Hble 3HAKHM, MO3BOJSKOIIHE HM
POKIATHCSH U AHHUTWIMPOBATH. JJIeKTPUUYECKHUE 3apsi/ibl 0OCTAIOTCS B CTPYKTYpe BaKyymMa
HeM3MeHHbIMH H roaubiMu st JJFOBOM macchl MEKpOYACTHII.

Bonpoc — nodyemy B peaibHOCTH MacChl aHTUBEIIECTBA HE CYIIECTBYIOT? MakcuMallbHOE BpeMs
UX CyIecTBOBaHUS B (usuke onpeaeneHo kak 0,2 cexyHapl. OO 3TOM eCTh IKCIIEPUMEHTAIBHBIC
uccienoBanus. OkaspIBaeTcs, YTO MAacChl aHTUBEIECTBA UAYT HA CTPOUTENIBCTBO U3BECTHOIO
BElIeCTBa: HEUTPOHA U3 JBYX Macc MO3UTPOHA U aHTUIIpoTOoHA. Ha cBoOoe OT yuacTus B sjpax
BEIIECTBA HEHUTPOH HEYCTOMYMB M MaKCUMyM depe3 15 MHUHYT OH pacragaercs Ha
BEILECTBEHHBIC YACTH JIEKTPOHA U IIPOTOHA.

7. Poskaenye 4acTHIl 1 AaHTHYACTHII

Kak Opl10 OTMEUeHO B MpenblaylieM pasjese, Macca MPOYHO CBS3aHA C DJICKTPUYECKOH U
MarHuTHOM CTPYKTypaMH cpelibl Bakyyma. B atom npossisiercs equnctso pupoast. EnunacTBO
3JIEKTPUYECTBA U MACCHI.
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Hpe,ZLHOJ'IO)KI/ITeJ'IBHO

m = %5 (0tB =9.1093818872X0°%
2pvre

rae I —pajguyc BUXps,

V—4acToTa BpalleHusl BUXPA,
B —moTox MarHMTHOM MHIYKIIMU B BUXPE UYepe3 OBEPXHOCTH S,

. n
Tok i, =—5 =1.1678953833 X0°4 He MaJeHBKHI W JOJDKCH MOPOJUTH CUJIbHOE MAarHUTHOE

1oJjie, KOTOpoe 00s13aHO CKaTh TOK 10 (popme Topa. [loaToMy MBI MOKEM clienaTh 3aKII0UYEHHUE,
4TO 3JIEKTPOH UMeeT (opMy TOPa C KIACCUUECKUM PATNYCOM

R.=2.817940284.10" u.

HpI/I6JII/I)KéHHO ONpeaACIMM pPaanyC MACCBhI JJICKTPOHA, KOTOpas HAXOAUTCA B LCHTPC paauyca
TOpPA. HOBTOMy MBI MOKEM TOJIBKO OOCHHUTD paJuyC IIOIaAn AJId MAaroHuTHOT'O
IIOTOKA, POKIAAIICTO MACCY DJICKTPOHA.

r- = h ZR%F =1,47931385x10"*° .
o]

Otot paanyc B 19.03742 MeHbIEe KIACCHYECKOTO paauyca 3apsjia 3JeKTpoHa. BeposTHo, 4To
IIpU pacyere yepe3 HHTErpal, paanyc MOXKET el 3aMETHO YMEHBIIHTCSI.

YIpocTin 3az2y, IPHEAR, 4T0 M = % F =9.109381887240% ke.
pvre
Paguyc BUXpA I U3BECTEH, @ 4aCTOTA paBHa V = S 5 F ;= 1,822293 x10% Hz.
Pre

AHaJIOr14HO AJId IIPOTOHA-aHTHUIIPOTOHA TOK Ha 3ap51)10130171 IIOBEPXHOCTH IIPOTOHA.

P, = &N =5,050778569 X10" ¥ [a.1?] — MATHUTHBIA MOMEHT TIPOTOHA,
p
I eoh — 9 — ZRDF — -19
I, =——5 =2,444362X0" 4 ur, = |h——— =1,385588039X10"" m.
4p m,Ry pi

YacToTa NpOTOHHOTO BUXPA

v=" F  -3814127308x07 Hz.
m, 2prg,
Jluist ynoOCTBa CpaBHEHHMS: YaCcTOTa BUXPS DJIEKTPOHA
v="% F  -180220274x0 Hz.
m, 2pr;
BuiBoOg.

1. Bce macchl eCTh BUXpU BaKyyMa, €ro poTOphl.
2. Macchl U aHTH-MacChl UMEIOT MPOTHBOIIOJIOKHBIE HANPABJICHUS BUXPEH, KOTOPBIE MPH
AHHUTWIALUM ~ YHUYTOXAOT Jpyr JApyra, oOpam@ascb B TraMMa-KBaHThl U B

HEHApYIIEHHYI0 MAarHUTHYIO CTPYKTYpPYy BaKyyma.
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'JIABA |V. HEKOTOPBIE PE3YJIBTATHDI, IIOJITYYEHHBIE C
YUYETOM CTPYKTYPbhI BAKYYMA

1. Kpartkoe conepskanue rijaasbl V.

CtpykTypa Bakyyma pemiaeT mpoosieMbl acTpoOU3UKH U (PU3UKHU: HATMYNE TEMHBIX CYIIHOCTEH
B0 Bceenennoii, BonH [le bpoiinis, nmpupos! siAepHBIX CUJl, OTCYTCTBUSI aHTUBEILIECTBA, IPUPOBI
rpaBUTALMU U UHEPLUHU. 3aBUCUMOCTbh CKOPOCTH CBETA B KOCMOCE OT rpaBuTaiuu. Oka3bpIBaercs,
4TO CTPYKTypa BaKyyma MMEET PE30HAHCHI, ONPENECIIAIONINE CBOWCTBA BCEX SBJICHMS NPUPOJB,
BKJIIOYasi CBOWCTBO PEJIMKTOBOIO M3JIydeHHs. Mozenb aroma BOAOpOJa CIEAYEeT U3 OCHOBHBIX
CBOWCTB CTPYKTYpbl Bakyyma. Bce cuioBble B3auMoJEHCTBUS B (U3MKE HUMEIOT OOLui
CIIEHApUH, TUKTYEeMbI BakyyMOM. CBOMCTBAa«UEpPHBIX»IBIP U JAPYTUX OOBEKTOB BceneHHon
CIIEYIOT U3 CTPYKTYpBI BaKyyMa.

2. HemocTHsKHMOCTD JIOTMKH BeesleHHOM

B ¢wusuke u B actpodusuke UILYT U COCTABISIOT TEOPUH BO3HUKHOBEHMS, pa3BUTHs BCeeHHOM.
O4eBHIHO, YTO U MHOTHUX JIIOJIEH Ha 3eMile MHTEpEeCcyeT JIFOOUTENbCKOE 3HaHWE U MOHMMAaHUE
Bcenennoi, u MecTo Halen )XU3HUA B Hel. B 3ToM OTHOIIEHMHU aBTOp HE ONMHOK. B camoMm nerne,
nare (Harre!) CosHIle SBIsCT cO00# YAMBHUTEIBHOE 3PEJIHIIE M YAUBUTEIHOE HAYYHOE 3HAHUE.
DTO OrpOMHBIN IAp, COCTOSIIMIA TNIaBHBIM 00pa3oM M3 BOAOpona (IIPOTOHOB, 3JIEKTPOHOB H
MHOTHUX JIPYTUX «IpUMecer» u3 MUKPO 4acTuil). CONHIE OTCTOUT OT OJIMKAMIIKNX «COPOAMYCH >
Ha TBICSIYU CBETOBLIX JIET, uTO Oosiee 365* 3600* 24* 3000000 = 9.4608e+13 xn!

Orto B 9.4608e+013/1.392e+6 =8 muH. pa3 Oosbmie auamerpa (pasmepa) Comnia. B atom
cMmbiciie CoJIHIIE OJUHOKO HE TOJbKO BO BceneHHOM, HO U B cBOel pojHOM ranaktuke. Ham
HEU3BECTHA UCTOPHUS TAKOro OJMHOYECTBa, OTKyAa npubbuio ColHlle, TOUYeMy OHO Bpallaercs
BOKpPYT LIEHTpa TaJakTHUKU U coBepmiaer oauH obopot 3a 200-300 mun. ner. Bpems xuznu
Connua ouenuBaercs yu€usiMu B 4,5 mupa. net. HoBas ucropus CosiHLA B €ro TenepemHeM
COCTOSIHUM COBNAJaeT ¢ JaTodl BbIOpOca NPOTO—COJHIEM BEIIECTBa, JOCTATOYHOIO s
00pa30BaHMs IJIAHET U BCEX JAPYTUX KOMIIOHEHTOB COJIHEYHON CHUCTEMBI.

Ilepen y4€HbIMM BO3HHKAeT BONpoc O mpoucxoxjeHuu nporo—Conxna. Kakum obpaszom B
raJlakTUKE KOHIIGHTPUPYETCS BOIOPOA, 0Opa3ys mporo3Be3asl? (CoCTaBHBIE YacTH BOAOPOAA
U3BECTHBI. 3TO NPOTOH KaK IMPOCTEHIIEE sApO aToMa U EKTpoH. Kak OHM MOSBUINMCH BO
Bcenennoit?  Beimie moka3aHO, YTO BEMIECTBO MHUKPOYACTHUI[ POKIACTCS TPH BHECEHUH
JIOCTaTOYHOM PHEPIHMM B CTPYKTYPY Cpeodbl. ITO TOJOKEHUE MOMKET KOE-4TO Pa3bsCHUTh B
npobiieMe pOXKIAEHHsI 3B€3J, TaJlakKTUK. [JIaBHBIM CIIOCOOOM BHECEHHs] HYXHOW 3HEpruu
SIBJIAETCSA DJIEKTPOMAarHUTHOE U3JyYEHHE TIaMMa-KBaHTOB. B  KOCMOJIOTMYECKHX TEOpHUsX
yTBepxkaaeTcs, uTo BeeneHHas nepexkuia 310Xy U3IydeHHs, KOTOPOE 3aIloJHAIO0 0e3pa3iebHO
BCE IpPOCTpaHCTBO paHHEl Bcenennoi. Ilpupoma 3Toro musiyueHuss aBTOpY HEU3BECTHA.
Opnaxo, U3JIy4eHUE ecTh B HacTosiee BpeMs. [Ipexie Bcero, OHO OCYIIECTBICHO BHYTPHU 3BE3]T
u Connua. M3myyeHune NpoucxXoanuT IPpU CTOJIKHOBEHUHU IEKTPOHOB, IPOTOHOB U APYTUX KPATKO
KUBYILIUX YaCTUL, IPU aHHUTWISALUU YaCTULl BELIECTBA M aHTHUBEILECTBA. DHEPIus U3JIydeHUs
JaeT >KM3Hb HOBBIM  MHKpoOYacTHUllaM. Takol MpoIEecC MNPAKTUYECKH HEMPEPHIBEH, IOKA
CYIIECTBYET BOJOPO/] PY BBICOKHMX TeMIIepaTypax U JaBieHuU. BemnecTBo ciocoOHO poxkaaThes
BHYTpHU 3Be3a U ConHua 6iaronapst TOMy, 4TO, HalpuMep, MO3UTPOHBI HE TOJIBKO CHOCOOHBI K
QHHUTWISIUU C 3JIEKTPOHAMH, HO U K OOpa30BaHUIO TAaKUX YaCTHUL, KaK ME30HBI, POTOHHI.
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WHBIMU cI0BaMH, BHYTPH 3Be3/1 00pa3yeTcss BEIIECTBO, KOTOPOE COCTABIISET CYIIHOCTh 3BE3[ U
Connna. YacTb BelIECTBA «CrOpaeT» B AJACPHBIX peakiUsaX ¢ 00pa3oBaHUEM Teus, TPUTHUS U
npyrux Oomnee THKENBIX d7eMeHTOB. CONHIIE HAXOIUTCS B CTAJAMHA PABHOBECHS H3ITyUCHHS,
pOXJIeHUsl BellecTBa M cOpoca BemiecTBa B (OpMe IOTOKOB YAcTHIl B COJHEYHOM BETpe,
KOTOPBI YCHJIMBAeTCSA TPH MOIIHBIX COJHEYHBIX BCIIBIIEK, KOTOpble Ha (oHe ero
«CIIOKOWHOT0» M3JIy4€HUS COCTABIISAET JIOJIU MPOLIEHTa U HEBUIHBI «Ha Ti1a3». M3-3a coiaHeyHoro
BeTpa CoJHIIE TepseT €XKEeCEeKYHTHO OKOJIO OAHOTO MWJUTMOHA TOHH BemecTBa. COHEUHBIN
BETEP COCTOMT B OCHOBHOM M3 3JICKTPOHOB, MPOTOHOB W siaep Tenus (anbga-yacTui); sapa
JPYrUX 3JEMEHTOB U HEMOHU3UPOBAHHBIX YACTHUI (DICKTPUUCCKH HEHTPATBbHBIX) COACPIKATCS B
OYCHb HE3HauuTeIbHOM KosimdyectBe. llpm paBHoBecunm B Henpax ConHIA —JOIKHO
00pa30BBIBATHCS PUMEPHO MUJTMOH TOHH HOBOTO BEILIECTBA.

VIHTEeHCHBHOCTh COJIHEYHOTO BETpa 3aBUCUT OT WM3MEHEHWH COJIHEYHOH aKTUBHOCTU M €ro
HCTOYHUKOB. B 3aBHCHMOCTH OT CKOPOCTH MOTOKH COJTHEYHOTO BETpa EISATCS Ha J[Ba Kiacca:
meieHHble (mpumepHo 300-400 km/c oxono opoutsr 3emin) u ObicTpbie (600—700 km/c okoIo
opoutsl 3emun). CylecTBYIOT U cHopajuyeckue BbicOKockopocTHbie (10 1200 kwm/c)
KpPaTKOBPEMEHHbBIE TIOTOKH.

He nckimodeno, 4to «4€pHbIe» ABIPHI UTPAIOT 0COO0 BaKHYIO POJIb B 00Pa30BAHUU BEIECTBA U
aHTHUBELIECTBA, HEOOXOIMMOIro Uil BO3HMKHOBEHMs 3B€3[l M MOIIHOTO HM3JIY4YEHHS B CBEpX
BBICOKOYACTOTHOH 00JIACTH YaCTOT.

«OTKpBITHE OIPOMHOI HAay4YHOM Ba)KHOCTH CJeJalld aMEpUKAHCKUE acTpO(U3UKH: BIEpBbIC
yIAIOCh TIOJYYUTh AIKCIIEPUMEHTAIBHOE IOATBEP)KACHNE HHQIISAIIMOHHOW TEOPHH SBOJIOIUH
Bcenennoii. CornacHo Teopuu, nocie bonbiioro B3psiBa, AaBIIEro Havajao Hauell BceneHHOH,
OHa 3a HEMBICIUMO KOPOTKHH MPOMEXKYTOK BpPEMEHH - TPHIUIMOHHYIO IOJI0 CEKYHIBI -
npeBpaTuiack M3 MHMKPOCKOIMYECKOT0 OOBEKTa B HEYTO KOJIOCCAIbHOE, MHOTOKPAaTHO
NPEBBIMIAIOIIEE BCIO HAOIIOIAEMYIO 4aCcTh KOCMOCA, TO €CTh TpeTeprena HH(ISIHIO.

OO0 oTtkpbiTHH ObUTO 00BsIBIIEHO Ha Hpecc-koHpepeHu B HACA. Undopmanus, no3BoauBIIas
€ro cienarh, ObUIA MOJyYeHa C TOMOIIbI0 KOCMHUYECKOTO 30HAA «YHWJIKHHCOH» 110 M3YYECHHUIO
AQHU30TPOIMHM MUKPOBOJHOBOI'O U3JTy4eHUs, KOTopbli Obu1 3anymieH B 2001 roxy.

HoBplil aHanmm3 JaHHBIX MO3BOJMII YCTaHOBHTH, YTO BapHAIlMH B SPKOCTH 3TOTO H3IIy4EHHS Ha
«HEOONBIINX» Yy4YacTKaX KOCMHYECKOTO0 MPOCTPAHCTBA, NPOTSHKEHHOCTbIO B MUJUIHMAP/IBI
CBETOBBIX JIET, PA3WUTEIBHO OTIMYAIOTCS OT TakKWX QIyKTyalwid Ha OOJBIIMX YyYacTKax,
HOPOTSDKEHHOCThIO B COTHU MUJUIMAPJIOB CBETOBBIX JieT. Ecnu Obl MHQIAMOHHOIO mepuoja B
pasButuu BeeneHnHoil He ObLI0, TO HE OBLIO ObI U 3TOTO PACXOXKACHUS, YTBEPKAAIOT yueHble. [1o
UX CJIOBaM, KPOXOTHbIE (IYKTyallUH B PEIMKTOBOM H3IyYEHMHM Hayajdd BO3HHKAaTh elle B
nepro T MHQISAIIH, a B KOHEYHOM UTOTE JAJIM HAYallo 3Be3aM, TaTaKTHKaM, TUIAHETaM.»

OT0 CcOOOLIEHHE MOXXHO KOMMEHTHPOBaTh C MO3MIMU 3APaBOrO CMbICIA: HEBO3MOXKHO
MIHOBEHHOE poxaeHue Bcenennoit B mo0Oom Bujge. HeBosmokHa Teopuss HHQUISILINY,
OCHOBaHHasl Ha (PAHTACTMYECKUX IPEJICTaBICHUSAX O pealbHOCTH Beenennoii. Bepostho, yuér
cpeowvl BeenenHnol cnocoOeH MpUMHUPUTH (DaHTa3uio ¢ peasibHOCThI0. KakoB oMKeH OBITh ATOT
y4yeT, MOKa HEBO3MOXHO MpeAacTaBuTh. (CKopee BCero, CMepTh HPEIbLAYIIEr0 COCTOSHHS
Bcenennoii, mpuBenmeii k oOpa3oBaHUIO TMTaHTCKOM «4€pHOW» NbIpbI, Bpallarolieics Ha
IpeenbHON CKOPOCTH, OblUla HapyllleHa YBEIUMYEHUEM 3TON CKOPOCTH BPALEHUS 1101 BIUSHUEM
«TMaZicHus» Ha €€ MOBEPXHOCTh OCTATKOB BEIIECTBA NMPOTO—BCeNeHHO# 1 BHE3AITHOTO pa3phiBa
«4EpHOM» JBIPBl  KOJOCCAIBHBIM IEHTPOOSKHBIM yCKOpeHHEM. OJTa KapTuHa OoJjee
peamucTuyHa, 4eM WHQISIHOHHAS TEOpHs, CTPaJarolas TEOPETUYECKOH OrpaHUYEHHOCTHIO.
Ona nmoruMHsAEeTCs BCeoOILIeMy 3aKOHY POXKACHUS, )KU3HU U CMEPTH.
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3.CTpykTypa Bakyyma peuiaet npoojaeMbl ACTPOPU3UKH U
Du3uKku

B nacrosimiem paszesne npuBeIEHbI, UCXOJ U3 CTPYKTYpPbl BaKyyMa, BO3MOKHBIE OObSICHEHUS
HEKOTOPHIX (PM3MUECKUX SIBIICHUI, a TaKXKe CHEeNaHbl KpPaTKhe COOOMICHHS O pe3yibTarax,
noiy4eHHbIX B rinasax Il u |1l nanHO#M paboTHLI.

1). Actpodusuku noarBepauiu  nociae 1998 roxa, uro Bcenennas oGnamaer ckpeithiMu (0e3
U3JIydeHHs]) <«TEMHBIMU» OJHeprued u wmarepueil. OTKpbITHE CTPYKTYpbl BaKyyMa JaeT
BO3MOXHOCTh TOHMMAHHUSl YKa3aHHBIX «TEMHBIX» CcylHocTed Bcenennoii. OcHoBaHMeM [yis
TAKOTO YTBEP)KICHHS SBIISICTCS HEpa3pblBHAS CBS3p TPAaBUTAIMA W AHTUTPABUTALUH,
OTBETCTBEHHON 3a «TéMHYI0» dHepruio. CTpyKTypa BakyymMa HUMEET 3JIEKTPOMAarHUTHBIN
XapakTep U 00pa3oBaHa KPUCTALUTUIECKON PEHIETKON C 3JIeMEHTapHBIMHU 3apsiiaMu B e€ y3lax
BenmunHO (+.—)1,602176462e-19 kyjnoH M MOTOKAMU MArHUTHOW WHAYKIUH, CBS3aHHBIMH C
3apsiamu, BenmanHon ®=4,8032042¢-18 Bebep. Pemérka ¢ pazmepom snementa 1,3987631e-15
M  BBIIOJHSET (DYHKIUIO «TEMHON» HSHEPrUH, IMOTOK MAarHUTHOW WHAYKUIUHU BBIOJHSET
(GYHKIUIO «TEMHOM» MaTepuHu.

BennuumHa nmoTroka MarHUTHOW MHAYKLIMH HMEET CBSI3b C H3BECTHBIM IOTOKOM MAarHUTHOM
WHIYKIUH [T KYTIEPOBCKHX T1ap 3JIEKTPOHA B SIBJICHUU CBEPXITPOBOINMOCTH:

F=F,/a'p=4,8032042x10"* Bebep. (21)

OTOT (DaKT MPHUBEAEH TOJBKO JJISl WUTFOCTPALMU HECIy4YailHOW CBSI3M CBEPXIIPOBOAMMOCTH CO
CTPYKTYpOH Bakyyma.

2). lar crpykrypsl Bakyyma B 37832 MeHblle paadyca aTromMa BOJIOPOAA, YTO OOBSICHSET
HEBO3MOXKHOCTh ~ JKPaHMPOBaHHsI TPABUTAIlMM W JPYTUX TOAOOHBIX JEHCTBUN (CHATHSI
AIIEKTPUYECKOW HANPSHDKEHHOCTHU C 3apsI0B CTPYKTYphl). OHa HEMOABMKHA U KECTKO CBS3aHA C
BaKyymMoM BceneHHOI, B KOTOPOU pacrpoCTpaHsAeTCsl CBET coryiacCHO MakcBely, U JBHXKYTCS
BCE MUKPO YacTUIbl. J[BHKEHHE MHUKPO YaCTHUILl MOJUUHAETCS YCTPOHCTBY BaKkyyma. DJIEKTpPOH,
OTPULATEIbHBIA ~ MIOOH, AQHTUIPOTOH JIBUTAIOTCS — «moI» 3apsgamud (=), TO3UTPOH,
TIOJIOXKUTEIIBHBIA MIOOH, NMPOTOH ABHUTAIOTCS «mo1» 3apsaamu (+). B pesynbrate Tpaekropuu

JIBIDKCHHUS YaCTUI] KIMEIOT BUHTOOOpa3Hyto Gpopmy ¢ marom Bojubl [e bpois: | = eyl Takoe
m

JBUKCHHE HAXOJUTCS B COIVIACHH C TOHKUM PacCIleIUIEHUEM JIMHANM U31y4eHUs1 aTOMa BOJOPOAa,
uccienoBaHHbIM JIsMOOM. DTo paciueruieHue OoOBACHSAETCS HEKMMHU (QIIYKTyallMsIMU BakyyMma.
Ha camom nene BuHTOOOpa3Has TpaeKTOpWsl BIOJb OPOUTAIBLHOTO JBIXKCHHS SJIEKTPOHA,
co3laBasi HEOOJbIIME OTKIOHEHMsS OJJIEKTpOHA OT CyLIeCTBYIOIIEH oOpOuThl, o0Opasyer
(Gu3NYECKYI0 OCHOBY Ul Pa3MbITUS JMHHUM B CIEKTpe U3inydyeHus atoma. Bonubl [le Bpoitns
YKJIQJIBIBAIOTCS LIEJIBIM YMCIIOM JIJIMH BOJIH B OJITHOW opOuTe 3nekrpoHa. KomMnToHOBCKas AmuHa
3JIEKTPOHA ONPEAEIISIETCS CTPYKTYPOH BaKyyMa.:

L(K)=4pi.1,3987631e-15 (1+1/137.03998)= 2.4261764e-12 .

3). HeitTpoH MMeeT JiBeé MacChl: MPOTOHA U JJIEKTPOHA, Ka)Jash U3 KOTOPBIX JBHTACTCS <TI0
cBouMH 3apsiaamu. [Ipm 3TOM cO3maeTcsi HEYCTOMYMBOCTH HEUTPOHA, a €ro «raHTelb»
pacTsIruBaeTcs moj JeHCTBUEM MPOTOHA B AAPax BEIIECTBA, 00pasys CHIIbI IJII0OHA Hamoao0ue
pacTsHKEHUs pE3UHBI WU TTPYKUHBI.

4). Jlrobass macca MHKPOYACTHI[BI OOpa3yeTcss NMPH BHECCHHH HEOOXOIMMOI0 KOJIMYECTBA
SHEPruu B CTPYKTypy B mio0oii (opme, BkiItouas Koimaiinepel. BHecenue sHepruum B
MarHuTHBIN MOTOK @ BBI3BIBACT POKACHHE JTIOOOH MAacCChl, U3BECTHBIX W €II€ HE M3BECTHBIX
MHUKpPOYACTHLL!



h
*= [—DF*®. 22
m | ( )

Kak npaBuiio, Bce Macchl 00pa3yroTcs Mapamu: 3JIeKTPOH U MO3UTPOH, (+) MIOOH U (—) MIOOH,
IOPOTOH W aHTHIPOTOH. BUIUMO, TakOBO CBOMCTBO CTPYKTYphl. B Qusuke ectb ¢anTazus o
IpUYMHAX OTCYTCTBUSI aHTHBellecTBa BO Bceenennoil.  CtpykTypa Bakyyma IIO3BOJISIET
o0xoautkest 6e3 Takol ¢antazuu. HeiTpon oOpasyercs M3 MapHOro aHTUIIPOTOHA, OCTaBIISS
IIPOTOH CYIIECTBOBATH JUJI BELIECTBA, M M3 IAPHOIO IO3UTPOHA, OCTABIISAs JJEKTPOH IS
BemiecTBa. Heiftpon HeoOxonum [yt 00Opa3oBaHUsS BCEX sep BEIecTBa, CI0XHee Bojopoaa. B
Aapax HEUTPOH, SBJSSCH B NMPHUHLMIIE MCTOYHUKOM JJIEKTPUYECKUX CHJI TJIFOOHA, CKpEIUISIeT
IIPOTOHBl B  CIIOXKHBIE A7pA. B cBoOOgHOM COCTOSHMM B HEHUTPOHE MPOUCXOIUT
«IIepPEBOILIOIIECHNE» MAcChl aHTUIIPOTOHA B MAacCy 3JIEKTPOHA, a MAacChl MO3UTPOHA — B MACCy
nporoHa. HeWTtpoH pacnagaercss Ha NHPOTOH, IEKTPOH M aHTUHEWTpuHO. llo Takoi cxeme
MPOUCXOJUT TpaHC(HOpMAIUs YaCTUI aHTUBEILIECTBA B YACTHUILIbI BEIIECTBA ITYTEM 3aMEHbBI MacChl
AQHTUIPOTOHA HAa MAacCy 3JIEKTPOHA M MAacChl IIO3UTPOHA HA MACCy IIPOTOHA, COXPAHSs IPU ATOM
MECTO IIOJIOKEHHUS B 3apanoBoi pemérke. CreayeT NpuU3HATH CBOMCTBO CTPYKTYphI B
00pa30BaHUM U TPAaHCPOPMALIUU MACC YHUKAIBHBIM CBOMCTBOM.

5). OmuH akT BHeceHHus OrpomHOi »sHepruum 1.6712e+8 mkoyseir crocoOeH co3aaTh
MaKCHMAJIbHYI0 MacCy MHHUMAJIbHOM 10 pa3Mepy «4EpHO» abipbl [1]:

m., = \/EF =Jam, =1.859429541x10° kg. (23)

I'me m, —macca [Inanka, a =1/137.035998 — nocTosiHHAs TOHKOH CTPYKTYPBHI.

Orta Macca MNPEBOCXOJUT HA MHOTO MOPSIKOB JIIOOYIH0O Maccy MHMKpPOYAcTHIL, BKIHOYas
runoreTudeckuii 60301 Xurrca. Muepuus 1000 MUKpOYACTULIBI YHACIEYET UHEPIUIO YacTu
[IOTOKa MAarHUTHOW MHIYKIMH, U3 KOTOPOH mpousouuio e€ odpazoBaHue. MIHEpLHOHHOCTh BCeX
MarHUTHBIX SIBJEHMHM Xopouio u3BecTHa B ¢u3uke. CTpykTypa Bakyyma pelaeT Mnpoliemy
pPOXJIEHUS BCEX Macc MHUKpOYacTULl M HHepuuu. HeT HE0OXOoOMMOCTM B ONBITaX IO
CTOJIKHOBEHHUIO MMUKPOYACTHUIL B KOJIITAUAEPAX.

6). CTpyKkTypa Bakyyma OIpEIeNIsieT BCE SBJICHUS 3JCKTPOMAarHeTU3Ma, HAuWHAas OT TOKOB M
3aBepIlas BCEMHU MAarHUTHBIMH SBICHUSMU. be3 CTpyKTyphl BakyyMa »3IIEKTPOMarHeTHsM,
M3BECTHBIN JIFOJIIM, HEBO3MOKeH. [Ipeien pacTsHkeHus CTPYKTYPHI TI0J] BHEITHUM BO3/ICHCTBHEM
onpenenéH kak 1,020726744e-17 M. OTHOIIEHUE 3JIEMEHTA CTPYKTYPBI K MpeieNly pacTsKEeHUs
touHO paBHO 137.035998. TakoB 3akon [Ipuposl.

7). OnHo# U3 rIaBHBIX (PYHKIUH CTPYKTYpHI €CTh rpaBuTanus. OHa MOPOKIACTCS HAPYIICHUEM
cuMMeTpuH 3apsiioB (+) u (—), mpu KoTopoil BenmuunHa 3apsiaa (+) OoJble 1o BeNWYHHE 3apsiia
(-) Ha 7.8490194e-41 kymoH. Hamuume Macchl B CTPYKTypEe MPOU3BOAUT €€ MOJSAPU3AIIHIO,
KOTOpasi TPHUTATHBAET BCE MacChl Apyr K apyry. OTCyTrcTBHE Macc WM WX OoJbIuas
yIAIEHHOCTh CO3aeT «OTPHUIIATEILHOE» JABJICHUE, HM3BECTHOE M0 SIBJICHUIO PACIIMPCHUS
Bcenennoii (e€ «rémuyro» snepruo). @opmyna HbroTOHA AJIs1 CHITBI TPAaBUTAIMK IPUOOpPETAET
BUJI

F=GIEE =X (4p RS 5, (24
/e NOJISIPU3alHsl CTPYKTYPBI BaKyyMa OT OJJHOI Macchl Oy/eT:
S = G_m 5 KyJ10H/M2. (25)
X 4R

OTta MIoJIIprU3alMs CO31a€T YCKOPCHUE OT CUJIBI I'PABUTALIMH.

g=4p./Gxs w/c?, (26)

rac
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BHCKTpI/I‘IeCKOI\/’I IMPOHUIIACMOCTH.

X =-— =8.98755179X10° — »sieKkTpuueckas KOHCTaHTAa BaKyyMa, OOpaTHas BEJIMYMHA €ToO

8). [Nocrostnnas [Tnanka ©MeeT HOBOE HAIIMCAHUE:!
h=2peFa- ! = 6.6260687652 %0 * JOKOYIIB* CeK.

HoBoe Hamucanue TOYHO COBIAJAET C HAHJACHHBIMH OCHOBHBIMM KOMIIOHEHTAMU CTPYKTYpBI
BaKyyMa: JJIEKTPUYECKHUM 3apsioM, MOTOKOM MAarHUTHOM HMHAYKUMHM M KOHCTAHThl TOHKOMU
cTpyktypbl 137,035996. D10 03HauaeT HE TOJBKO KBAHTOBOE H3IyYEHUE <«HUEPHOI0O» Teja C
pPOCTOM TeMmIiepaTypbl, HO ¥ HOBBIN B3rsin Ha KBantoByro Mexanuky, B kKotopoil h wurpaer
KIIIOUEBYIO POJIb.

Cocrosnoch yTouHeHHe cMbIciia KoHCTaHThl Makca [1nanka.

BbIBOADLI.

JIrobas cpela U B TOM UHMCIE Cpelja BAKyyMa UMEET CUTHAJIbI C MONEPEYHbIMU U IIPOAOIbHBIMU
aMIUIUTYlaMH,  CKOPOCTH PAacCHpOCTPAHEHUsI KOTOPBIX Ppa3JIMYHbL. CKOPOCTH IIONEPEYHOIO
CUT'HaJIa MEHbILIE CKOPOCTH MPOJI0JILHOTO CUTHAA.

[Tonepeunslit curHai B cpefie BakyyMa OTHOCHUTCS K CBETY. DTO TBEPJO YCTAaHOBJIECHO B (pU3HKE.
[TpoonbpHBINM CUTHATT MOKET ObITh OTHECEH TOJIBKO K IPaBUTALIMU U HE K ueMy OoJiee.

Ckopoctb rpaButanuu B 3576,055 pa3 0oJ1b111e CKOPOCTH CBETA.

Ouznyeckux nonei B [lpupone HeT, oHu nmpuaymansl GU3NKAMHU AJ11 00BSICHEHUS MPUPOIHBIX
SIBJICHUH, NIPUYMHA KOTOPBIX HEU3BECTHA. Bce cuilOBbIE B3aMMOAECHUCTBUSA Hapsly CO CBETOM
TPAHCIUPYIOTCS MAaTEPUAIIBHOM CTPYKTYPOU Cpe/ibl BaKyyMma.

Tak kak cpefa BaKyyMa UMEET 3JIEKTPOMarHUTHOE CTPOEHHE, TO CBET UMEET MIEKTPOMAarHUTHBIN
xapaktep ¢ HanpsbkeHHocTssMU E u H co cBsI3pio uepes TOKM cMeleHHs 3apsiioB Cpelibl BaKyyMa
U OTBEYaeT IpencTaBicHusIM Makcsema. I'paBuranus, pacpocTpaHssach B CTPYKType BaKyyMa,
UMEeT TaKKe J3JIEKTPUUECKYI0 OCHOBY IO NPUHIUIY MOJIAPU3ALUU CTPYKTYpPbl CO CTOPOHBI
711000 Macchl.

B 3TOM cMbIce Bech Mup BceeneHHON MMeeT 3JIEKTPOMATHUTHOE CTPOEHUE, HAUMHAs OT CPEelbl
BaKyyMa 4epe3 NPUpOJy I'PaBUTALMU U MHEPLUU O IEKTPUUYECKOW CTPYKTYpBI aTOMOB U MX
KOMITOHEHT.

HcrouHuk rpaBUTalMM 3JIEKTpUYECKass KOMIIOHEHTa CpeAbl BaKyyMa, WCTOYHUK HWHEPLHU
MarHuTHasg KOMIIOHEHTa Cpeabl BaKyyMma, HacjeIylollass XOpoOILIO U3BECTHYIO B (usuke
MHEPLMOHHOCTh MarHUTHBIX SIBJICHUM.

DneKTpuueckas KOMIIOHEHTa CTPYKTYpbl Bakyyma oOHapyXeHa B (opMe «TEMHOI» 3HEepruu,
MarHuTHas KOMIIOHEHTa OTHOCUTCA K «IEMHON» MaTepuu BceseHHOM.

OnekTpuueckas KOMIIOHEHTa CTPYKTYpbl BakyyMmMa oOecreuyuBaeT aOCOJIIOTHO BCE MaccChl
MUKpOYACTHL] BEJINYMHOMU 3apsaa

(+.-)1,602176462e-19 kynon. 10T hakT ocraecTcs B GU3MKe 0€3 BCIKOW MHTEPIPETAIIUH. XOTS
SIBJIIETCSL HEOCIIOPUMBIM J10Ka3aTeJIbCTBOM PEAIIBHOCTH CPEABI CTPYKTYpBI BaKyyMma.

Hano 3nate 3akonsl Herorona, Kysona, Oma, teoputo Makcpesuia, I'epua, XeBucaiiga, u
OTKPBITHE CTPYKTYpPBI BaKyyMa, koTopas ynpasisger BCEM.

4. 3aBUCMMOCTDH CKOPOCTH CBETAa B KOCMOCE OT (PU3MYECKHUX «I0JIeH»

Pacmipoctpanenue cBeta B cpede obecrieunBaeTCs MONepeuHoi nedopmaliieit CTpyKTyphI
cpeowt. Jlepopmanysi IpUBOIUT K BOSHUKHOBEHHIO TOKOB CMEIICHUS. TOKH CMEIICHHS CITyKaT
(GYHKIIMOHATBHOU CBA3BIO MEX]Ty TOTOKOM MAarHUTHON MHIYKIIUU U SJIEKTPHUECKON
HaIPSKEHHOCTHI0. AHAJIOTUYHO OOBIYHBIC YCKOPEHUS U TPABUTAIMOHHBIC YCKOPEHHS BEAYT K
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IPOJOJIBHON JedopManu CTpyKTYphl. Cpena oka3bIBa€TCs €IMHOM JIJIsl COBEPILIEHHO Pa3HbIX
ssiieHui [Tpuponsl. B aTom nposiBiisiercss HecoMHEHHOE equHCeTBO [Ipuponst. [lonarasce Ha 310
CBOMCTBO, JIOTMYHO MTPOU3BECTH MOUCK OOLIETO BIUSIHUS HA ¢pedy CO CTOPOHBI U3BECTHBIX
dusnueckux «onei». [louarue nons 6epercs B KaBbIYKHU M0 IPUYHMHE TOTO, YTO B HACTOSALIEE
BpeMsl 110]] TEPMUHOM «I10JI€>» TOHUMAETCS HEKasl CYIIHOCTb, Y KOTOPOH MOCTYIUPYETCs
CBOWCTBO HEMATEPHAIBLHOCTH 0€3 BCSIKOT0 SKCIEPUMEHTAIBHOTO JlI0Ka3aTeabcTBa. Ha camom
JIeTie He CYLIECTBYET IMoJiei 0e3 X MaTepuallbHOrO UCTOYHUKA MIIH HOCHTEIs (Macchl,
AIIEKTPUYECKHUE 3apsiIbl U UX TOKH). [[pHHIUT OJIMKHEIEHCTBUS TUKTYET YCIOBHS B BHJIE
CYIIIECTBOBAHUS CPEIbl I nepeaadn «moiieli». Ilomaraem, 4To CKOPOCTh CBETa MOXKET
3aBHUCETh OT JleopMaluu cCpeabl 1o Gpopmyie:

(27)

[IpuBeneHHas 3aBUCUMOCTBH ITOKA TOJIBKO MPEANOJIAraeTcs U He cIelyeT U3 Kakux-I10o
TEOPETUYECKUX M3BICKaHUI KpoMe aHaJIOTHH rpeodpa3osanuto Jlopenna. Ho nomkHa ObITh
HOJTBEPIK/IeHa SKCIIEPUMEHTAIbHO. [[1s e€ HanucaHus CyecTBYIOT psii 000CHOBaHMIA:
OO6Hapyx€HHbIE «dE€PHBIE» JIBIPHI B KOCMOCE.

SIBiieHUE KPaCHOT'O CMELICHUS MTPU U3TYYEHUH TKENBIX 3BE3/I.

MukponuH3upoBaHue B kocMoce. OTkiaoHeHne ceta ComHIeM.

«AHOMaJbHOE yCKOpeHHe» KocMuueckux anmnapaTtoB «[Inonep-10,11». U3mepeno B HACA no

\ N
dopmyne Df =f—. OueBumHo, 4TO MPU HEM3MEHHOW CKOpOCTH V CMEIICHHE YacTOTHI
C

PaZIMOBOJH OTPEACISIETCS TOIBKO YBEITHUEHHUEM CKOPOCTH CBETA C B OTKPBHITOM KOCMOCE.
“Uépuple” nbIppl HEBUAMMBI [0 MPUYMHE TOTO, YTO HAa MX TIpaHule AedopMmaius Cpesl
JIOCTUTAET CBOETO TPE/eNia, U CBET TepsAeT CIOCOOHOCTh K pacmpocTpaneHnto. ®opManbHO 3TO
O3HayaeT PaBEHCTBO HYJIO CKOPOCTH CBETa. Y MEHBLIEHHE CKOPOCTU CBeTa BOJM3M TSDKENBIX
3Be3/1 MPUBOJUT K OTKIOHEHHIO JIyded CBETa, MpOoXomsmux MuMo. OHO BeNeT K CMEUICHHIO
CHEKTpa U3Iy4YeHUs 3BE31aMU CBETa B OTKPBITHIA KOCMOC, B KOTOPOM CKOPOCThH OOJIbIIIE, YEM Ha
MOBEPXHOCTH H3Iydaromiero oobekra. [loacranoska B (27) nepopmanuu cpedwt 1act:

1.1 9
2

@r) 4ES

®opmyny MOXHO NpPOBEpUTH Ha mpuMepe oTkiIoHeHus cBera ConnHuem. Bocnombszyemcs

npuHiunoMm [roifreHca, koropelii ompenenuwsn Kod(Q(UUIUEHT MpeJOMICHHUs CBEeTa Kak

sin(90°) 1 c
= . - = (BI/II[I/IMO, (bI/ISI/IKI/I «3a0BLIN» OCHOBBI
sini) sin(i) c

cC.=C

(28)

OTHOLLIEHHUE  CKOpPOCTEWU: N

IPEJIOMJICHUST CBETAa, 3aMCHHMB €ro HCKPHBICHHEM IMPOCTPAHCTBA). [IpOXOIsmii JTyd MHMO
nosepxHoctu CojiHia o0pasyer ¢ HopMaibio 1oBepxHOCTH yroa 90°, a OTKIOHEHHBIH J1yd
NPOXOJMUT TOJ YIJIOM | K KacaTedbHOH Ui MoBepxXHOCTH. Tak ompeneneH KoddduimeHt
npesnomienus [roiirencom. [lonydaem Gpopmyty s yria OTKIOHEHHUS:

I =arcS n& 1- ;LQ OpHako, NpsIMO UCMOJB30BaTh JaHHYIO (opMyny Henb3s. B
§ @r) 4 ESjy ’

dopmyne moapasymMeBaeTcs, YTO YCKOPEHHE OT CHJIbI TSDKECTH Hajlaraercsi Ha BCio cpedy. Her
TaK)K€ yKazaHud, JUIsl Kakoro pasmepa oObeKTa NMPUXOIUTCS JaHHOEe yckopeHue. Koppekuus

1T
o

3HaMEHaTese y)Ke BCTpedalach BBIIIE U OHA HE SIBIsIeTCs cliydaiiHoi. OHa Tak)Ke MCIONb3yeTcs
B KommnroHoBckoil mimHe »siekTpoHa. BBemem paamyc ob6bekta R, ®dopmyna pacuera
oTkioHeHus ceeta ConHieM OyeT:

y ®1 0
HanJ€Ha SMIIMPUYCCKUM IIYTEM, U OHaA 3aKIHOYaCTCId B MHOKHUTCIIC g T . Benuunna B
a
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X2,062648X.0° yen.cexyno.

B Ttabmuiy BHeceM jaaHHbIe, TodydeHHbie u3 (28) u paccumrtanueie 1o Gopmyne OTO:

i = 4GM /C*R, *2,062648 X.0° .

Tab6muna 1.

Kocmuuec | Yckopenue Yron JlaHHbIe
KHH CHUIBI OTKJIOHEHHS, mo OTO
00BEKT Tspkectd, M/c? | yruLCek.

Comnie 271 1.74803 1.744277
KOnmrep 25,1 0.01478 0.016437
Semis 9,81 0.00225 0.000574
Jlyna 1,62 0.00006 0.000026

Otknonenne OMB Comnnnewm, yri. c.

T T—T—TT T T—T—T-TTTTT

it - 1! iy e

PAETAARL A 4ETATE S 6T B 4n KT FITF 0 R,

Puc. 12

VYron orkiioHeHust CoJIHIIEM COBMAJIAeT C JAHHBIMU U3MEPEHHI, U MaJlo OTJIMYAIOTCS OT IaHHBIX
O6me#t Teopun OtHocutensHOcTH (OTO). [Ina FOnwurepa paznuuue TakKe HE3HAYUTEIBHO.
Jannslie s 3emiau v JIyHbl He TpoBepseMbl 110 IPUYUHE HETOYHOCTH U3MEPEHUH.

Ha rpaduxe puc. 12 npuBesieHa 3aBUCUMOCTb OTKJIOHEHHS JIyda 3J€KTPOMAarHUTHOW BOJIHBI OT
paccTosiHUA MCTOYHMK—HaOoaTenb. BUAHO, YTO ¢ pOCTOM pacCTOSHUS YToJl OTKJIOHEHMS
MeHsieTcs cnabo u nposisisiercs s CoiHIa TOJIbKO B 4 U 5—TOM 3HaKaXx.

OcCHOBHOE OTKJIOHEHHE MPOUCXOTUT HEMOCPEACTBEHHO y noBepxHocTu ConHua. M3BectHo, 4TO
CKOPOCTb CBETa B BaKyyMe€ OIPEAEISAETCS JJIEKTPUYECKOW M MarHUTHOM IPOHULAEMOCTSMU

Bakyyma: C=./Xh. 3aBHUCHMOCTb cBeTa OT Ie(pOPMAIIHIOHHOTO COCTOSIHUSI CTPYKTYpbI (27)

OPUBOAUT K MPU3HAHUIO, YTO MPOMU3BEJICHUE IMPOHMIIAEMOCTEH Takke yMeHbluaercs. Kakum
o0pa3om? BeposiTHO, HEM3MEHHOCTh (DPM3UKH PacCIpOCTpaHEHUs cBeTa 00s3aHa COXpaHATHCSA. B
MPOTUBHOM Ciiy4ae ObIJI0 ObI HEBO3MOXKHBIM CYIIECTBOBaHHWE cBeTa BO BceneHHOW. IT0
IMPUBOJAUT K BBIBOAY, YTO OTHOLICHHUC HpOHI/IHaeMOCTGI\/'I OCTa€TCd HCEU3MCHHBIM BIIJIIOTH 10
MPUHSITHSI CKOPOCTHIO CBETA HYJIEBOTO 3HA4YCHHUA. I3BECTHO, YTO YCTAHOBJICHO KaK (PaKT
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| m
N

~=8.987552x10°[W], Ile JaHO OTHOLICHHC KBAAPATOB SJICKTPUYECKOH M MAarHUTHOH

> | X
I

HanpsOKEHHOCTEH B 3JIEKTPOMAarHUTHOW BOJIHE. OJTO COOTHOLICHHE CJelyeT U3 O0bEMHOU
SHEPruM IEKTPOMArHUTHOW BOJHBI U JIOJDKHO COXPAHSTHCS MPU JHOOBIX BEJIMYUHAX CKOPOCTHU

ceera. OTHOLIEHME E =29.9792458 Om omnpenensieT BOJIHOBOE COIPOTHBIEHUE Bakyyma. B

E
¢u3uke NPUHATO Jpyras BeJIWYMHA BOJHOBOTO CONPOTHUBIECHMA: R, =4pﬁ~376.7.

[TocTosiHHAs TOHKOM CTPYKTYpBl pacCCUUTHIBAETCA 110 (hopMyJiam:

a’= 2phxce2 = 2phe2 n =137.03599979. Ecnm CKOpPOCTh CBETa 3aBUCUT OT JaehopMaIiuu

cpeowt, To Afa He 3aBucUT OT cocrosiHMs cpeabl. [Ipu HemsmeHHOCTH mocTostHHOW [TnaHka u
aNIeMEHTapHOTro 3apsina, alfa omnpenensercss BOJHOBBIM CONPOTHBIEHHEM Bakyyma. KoHcranTa
TOHKOM CTPYKTYpPbl OKa3bIBAaeTCs, BEPOSATHO, E€IMHCTBEHHON peaabHO (yHIAMEHTAIbHOM
KoHCTaHTOM Hameld Bceenennoil. Ctonb ke (pyHIaMEHTAIbHOW CIEAYyeT CUUTAaTh KOHCTaHTY
IInanka, Tak Kak OHa 3aBUCUT OT OTHOLICHWS IIPOHULAEMOCTEH WJIM OT COOTHOLLEHHUS
EKTPUYECKON U MarHUTHOM HanpshkéHHocTel B OMB u He 3aBucHT OT

CKOPOCTH CBETAa!

h=2pefa % = 2pe§a'15 = 2pefa "1 x29.9792458.

JIOTIOTHUTENBHBIM  JTOKA3aTeICTBOM 3aBHCHMOCTH OT TPABUTALMU CKOPOCTH CBETa WJIH
paguoBoiH siBisercs onbit HACA ¢ anmaparamu «[Imonep-10 u 11» ( J.D. Anderson). Ilo

. \
addexry Homuepa, KoTopslii paccumthiBaics mo ¢opmyne Df = f —, OGbuto omnpeneneno
C

MOCTOSIHHOE «@HOMAaJIbHOE» YCKOPEHHE alnapaTroB, HAMPABIECHHOE K 3eMJI€ YK€ Ha pacCTOSHUAX
2,5 pamnycoB CoHEYHOH CHCTEMBI, T.€. JAJIeKo OT BiusHUs rpaButanuu ConHna. Ha camom
nene HeT HukKakoro s¢dekra Jlomnepa M aHOMATbHOTO YCKOPEHHUS, €CIH TMOJIOXKHTh, YTO
CKOPOCTh paIiOBOJIH B 0T COJIHEYHON CUCTEMBI YBEIIMYUBACTCA /10 HOPMAIBHOTO 3HAYEHUS
B OTKPBITOM KOCMOCE, & CKOPOCTh V OCTaeTCsl HEM3MEHHON. DTOT OMBIT MO3BOJSET ONPEICIUTh
MONPABKY K KOCMHYECKOW CKOPOCTH CBETA.

s npeieIbHOTO TPaBUTALIMOHHOTO YCKOPEHUS

O, = 4P E, S(Dr.,)? = 6.341445%10" n/c?.

MarunuTHoOe «I10JIe» TaKXKe OKa3bIBACT BIMSHUE HA CTPYKTYPY BaKyyma M U3MEHSET CKOPOCTH
cBeta. Pacuer BIMSHUS MarHUTHOTO TOJIS HAa CKOPOCTh CBETa MPOM3BOAMTCA MO (hopmyIe,
aHajorn4Hoi (27):

1 Gh B
Cg = Cyy[1- G202 e (29)
r. " 4pES
B — MaraurHasg WHAYKIHUA MAaroHuTHOI'O «I10JISI».

Ha rpadukax ¢wur.3 npuBeaeHsl 3aBUCMIMOCTH yIila OTKJIOHEHUS Jy4ell CBeTa MPH MPOXO0XKIECHUH
CBETa Yepe3 IPaBHTANMOHHYIO M MaTHUTHYIO «arpu3mMy». [1Ikansl uisi YCKOPSHHS ¥ MarHATHOU
MHAYKIIMY YUCIIEHHO COBIAAAOT.

I'padux 1 oTHOCHTCS K OTKIIOHEHUIO JIyueil cBeTa rpaBuTanueii. HrxHmii rpaduk 2 OTHOCHTCS K
OTKJIOHEHMIO JIy4eil CBETa MarHUTHBIM «I10JIEM». PacueTsl 171 31eKTPUUYECKOTO M0JIs OKA3aJIH,
YTO €ro BIMSHHUE Ha CTPYKTYPY 3HAUUTEIbHO MEHbIIIE BIMSAHUSA MarHeTU3Ma U rpaBUTALUU. DTO
YIUBUTENBHBINA (AaKT, KOTOPBIA HE COBMAJAET C COOTHOIIEHUEM I'PAaBUTALMOHHBIX, MATHUTHBIX U
JIeKTpUUecKuX cuil. IIpencraBieHHOe 3/1eCh UCCIIE0BAaHUE UMEET CEPhE3HBINA OPOK.
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LG THIEE AT I, neil eeE

1 wiEanme g
2 ArnET T mdyEuea L leona

Puc. 13
YpaBHeHue CI/IJ'I Herorona u Kynona (20) naér:

G= nge T =6.6725892340™ 1 c& 3aBuCHMOCTE!
m g

.2
x 0
G=x gki: = 6.67258923x0™;

_ 1
(1,01355000>a )'°
Tak kak O0XKHNOACTCA, YTO JJICKTPUYCCKad IMOCTOAHHAA CpeObl C YMCHBUICHUECM CKOPOCTH CBETA

YMCHBIIACTCA, TO, CIACAOBATCIBHO, 'PAaBUTAIIUA JOJI’KHA TAKKC YMCHbIIATHCA.
MOoXHO CBS3aTh rpaBUTallii0O CO CKOPOCTBIO CBETA U OHpe)IGJ'II/ITB YMCHBIICHUEC KOHCTAHTBI

= 2.0412441174322 410

e 21
e&Dr o
rpaBUTalMU ¢ yBeauueHueM aedopmannu cpeast: G =G, él g = 0.

a re g H

WnmocTtpanus npencrasiena Ha puc. 14., eciu z(e(bopMaumI cpeobl TPOUCXOAUT IOMHUMO
neiictBus rpasutauuu. [loaToMy Henb3s paccMaTpuBaTh BCe NMPUBEIACHHBIE BBIIIE PE3YJIbTaThl
pacu€ToB U rpaduKH KaK OKOHYATeNbHYIO UCTHHY. CoBNajieHne oTKIIoOHeHHus JTy4da cBera (OMB)

IIRES
IIAE
-m-l:;. R

||.|1"-

e = e e . .
I TS Tl e E L 1 o AT | S PO it

| [0 2R S JHOIEEAL R el e M2 s Mk (44, S

Puc. 14
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CounieMm ¢ manHbiMU omnbiTa 1998 rona u apyrue HaOroaeMble siBICHUS (KPacHOE CMEICHHUE,
4yEpHBIC JBIPHI) Kak OyATO Obl CBHICTENBCTBYIOT B IOJb3Y NPHBEIACHHBIX PACCYKACHUH, HO
COMHEHHMSI OCTAOTCSI.

['paduk nedopmanuu cpedst TOMUMO JAEHCTBHS TpaBUTALIMM IIpe/icTaBieH Ha pucyHke 14. Bee
IpPUBEJICHHbIE BBINIE pE3YJNbTaThl pPACYeTOB M TIpadUKU HeNb3sl paccMaTpuUBaTh Kak
OKOHYATENIbHYI0 HCTHHY. HeoOxonuMm panpHelmmii mnouck Hambojee MpaBAooI00HOro
peuieHus. B cBsi3u ¢ npuBe1eHHBIMU HECOMHEHHBIMU (PU3NUYECKUMHU COOTHOLICHUSIMUA BO3HUKAET
npo0sieMa COOTBETCTBUSI TEOPUU TIpaBUTALMU OWHIITEHHA €€ (U3NYECKON HHTEepIpeTalty.
Hanpumep, MHKpOJIMH3UpOBaHME B KOCMOCE I03BOJIIET MPOU3BOAMTH C IOMOUIbIO OOIIEH
TEOPUU OTHOCHUTEJIBHOCTU OLIEHKY paclpeiesieHusi MacC 0ObEKTOB, BbI3bIBAIOIIMX ATO SIBJICHHE.

Hackonpko 3Ta onieHka CHpaBe,ZlJII/IBa?

Bo MHOTHX COOTHOMIEHHSX HEOJHOKPATHO IIPHCYTCTBYeT YAMBHUTENbHAs BeIMYMHA —Pa ',

KOTOPYIO HaJI0 BCET/1a UMETh B BUIY.

5. Pe3oHaHCBHI CTPYKTYPBI BAKYyMa

WzBecten daxt TpaTsl 3Hepruu 1,022 M»>B ramMma u3inydeHUs Ha OOpa3oBaHME JIEKTPOHA U
HO3UTPOHA. DTOT (aKT HCIOJIB30BaH Uil OOHApYXKCHHs CTPYKTYpbl Bakyyma [29]. MoxHO
HPENONI0XKUTE, YTO TaMMa U3JydeHHE MONaJaeT Ha OJWH U3 TJaBHBIX PE30HAHCOB CTPYKTYPHI.
DTO cieyeT U3 COMOCTABICHUS YaCTOTH TaMMa H3JIydeHHsl, KOTOpast €CTh B TAOJIUIIEe N3ITyYeHUN
B «Du3ruecKoi DHIUKIONEIUN»]:

Tabmuna 2.

2.48935e+20 | 1.2043e-12 m. | Msirkoe Bo30yxnenHbie
Ty Juna H3JIy4EHHUE a5pa, SAepHbIC
Yacrora BOJIHBI peakuuun
H3Jy4YeHUs H3Jy4YeHUs

ABTOpPOM HEOJHOKPATHO OTMEYajlach pOJb MPOU3BEACHMS YHCIA «IIM» Ha KOHCTAHTY TOHKOM
ctpykrypbl m3iydeHust 137,0359998 B pasHbix (u3HUecKMX SBICHUSAX, a TakKKe B CaMOU
CTpYKType Bakyyma. Hampumep, ecnu BO3bMEM JUIMHY BOJIHBI M3 TaOJMIBI W pa3jesiuM Ha
IpoM3BeieHre 2P a ', TO MOTy4HM OCHOBHYIO JUTMHY CTPYKTYPHI BakyyMa I¢=1.39876288e-15
Mempa. DTO COBNAJCHUE IMO3BOJSET HAWTH IIyTh HCCIENIOBAHHS PE30HAHCOB CTPYKTYPHI,
rojarasi 4acTOTy raMMa M3Jy4eHHUs IEepBbIM PE30HAHCOM B CTpYKType. [J1aBHBIM (hakTOpoM B
JIAHHOM HCCIIeIOBAHNH IPUHIMAEM BeTHUHHY 2pa " .

[ocTynum (opManbHO, TIoNarasi, 4To AeIUTeNb ONpeensercs crenenso «n» (2pa )" . Croms

«pe3K0oe» pa3MEIICHUE PE30HAHCOB II0JICKA3bIBACTCA OIPOMHBIM pPa3Iu4MeM KOCMHUYECKHX
CTPYKTYp. Pe3ynbpTaT momereH B Ta0IuILy:

Tabmuna 3.

n | denurens Pasmep, m Yacrora, [y

0| (2pa™)°=1| 1.39868e-15 2.14339%e+23 | clre =2.1433%e+23

1| @pa™ 1.2043e-012 2.48935e+20 | Msrkoe u3iydeHue

2| (2pah)? 1.0369296e-9 | 2.891155e+1 | Buaumsiii cBeT
7

3| (pah)® |89281982e7 |335782e+14
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4| (2pah)? 7.687380e-4 3.89980e+11 | Tak Ha3LIBaEMOE
«PEIUKTOBOE» U3ITyUCHUE
5 (2pa™) o 0.661901 4.529266e+8 | Paguousnyyenue
6| (pa?) 6 5.69912e+2 5.260333et+5
7 (2pa™) 7 4,907067et5 6.109402e+2 | SIBnenus Ha 3emMiie
8 (2pa™) 8 4,2250955e+8 | 0.709552 Bonna rpaButanun?
9 (2pa™) 9 3.63790261e+ | 8.240805e-4 | Bonna rpaBuUTaniuu?
011
1 (2pa™) 10| 3.132316e+14 | 9.5709510e- | SIsnenus B ComHeuHoM
0 7 cucremMe
1| (2pat)yt |2696995e+17 | 1.111598e-9 | fBnenus B ConneyHoi
1 CHCTEME
Tabnuna 4 pesonancoB B COJIHEYHOU CUCTEME!
UYacrora Bpamienusi, | OTHOIIEHHE YaCTOThI
IImaneTsl Iy BpalleHUd IUVIAHET K
4YacToTe pUTMa KOCMOCa
B CoJiHe4YHOM cucTeme
9.5709510e-7 u
1.111579561e-009 [ y.
Mepxkypuii | 1.31568422e-007 0.13747
Benepa 5.083036484e-008 | 0.05311
3emJisn 3.1683751e-008 0.03310
Mapc 1.68477599e-008 0.01760
KOnurep 1.488435452e-008 | 13.390333
CarypH 8.116461e-009 7.30174
Ypan 4.0351686e-009 3.63012
Hentyn 2.5752785e-009 2.31677

KommenTapuii k Tadimue 4. 3eMHas rpyma 1o 4acToTe BpauieHus BOKpyr CollHIIa TATOTeeT K
pE30HAaHCY CTPYKTyphl Bakyyma c¢ dyactotod 9.5709510e-7 [y wu pacmomnaraercss Ha
HHU3KOYaCTOTHOM CKJIOHE pe30HaHca. ['pynma ra3oBBIX THTAaHTOB TATOTEET K PE30HAHCY C
gacrotoi 1.111579561e-009 [y, HO pacmoyiaraeTcs Ha ero 0oJjiee BBICOKO YaCTHOM CKIIOHE.
Hwxe popmanbHblil BEIBOA WILTFOCTPALMIA JJIS OTPEIeNICHHS JIMHUIA Pe30HaHCA.

AMNOWTYOS pE3cHaHT0R CTRYETYRE

WA

1

T T T T T T T T
-1 1 2 b 4 B =] ’ -1 R O ]

n - <Teng-b rpw 22iM157.025

Puc.15 Pe3oHaHCBI CTPYKTYpbI BaKyyma coryiacHo Tabmuue 3.
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[Ipobnema cymHocTu pe3oHaHcoB He npocta. K coxaneHuio, B (pU3MKe OTCYTCTBYIOT JaHHbIE
it e€ penieHus. ECTh OmBITHI, KOTOPBIE MOTYT OBITH HMCIIOJIB30BaHBI B Ka4eCTBE KOCBEHHOTO
HOJATBEPXKJICHUST HAINYMA pPE30HAHCOB. Yike Oonee 15 ner mpoBoisaTcs paboOThl MO CXeMe
«auckoB [xona Cepaa» C.M. IN'ogunbiM 1 B.B. PormabiM (DkcriepuMeHTaIbHOE UCCIISIOBAHUE
buznueckux 3(pPexToB B TUHAMHYECKONH MarHUTHOU cucteme, nucbMa B XKTD, Tom 26, Ne 24,
2000, ¢.70-75). B ycranoBke Pomuna—I0/MHa TUIaBHBIM YBEIWYEHHUEM CKOPOCTH BpPAIICHUSI
poTOopa M POJMKOB CTaropa JOCTHraeTcs MOMEHT, KOI/la BpallleHHe He TpeOyeT 3aTpatsl
AJIEKTPOIHEPTHU M BPAILICHHE aBTOMATUYECKH IPOJIODKACTCS C HE3HAYUTEIBHBIM YCKOPEHUEM.
[Iponiecc HanoMUHAET PE30HAHCHOE ABJICHUE. ABTOPBI CUUTAIOT €0 MPOSIBIEHUEM HEU3BECTHBIX
MarHuTHBIX sBlIeHuH. YTo Takoe yactora 6.10940219e+2 [y nis siBiaeHuii Ha 3emie? B omHoMm
U3 BapuaHToB crateil Pomna—lonuna B MHTepHeTe momanack ¢paza O TOM, 4TO AMAMETP
POJIMKOB B MEPBOHAYAILHOM OTBITe ObUT KpaTHbIM 4. Ecim paspenum gacrory 6.10940219¢+2
Iy nHa 4 1o MOJIyYUM 4YacTOTy OOOpOTOB poTopa kKak 9.1667 [y, paBHYIO NPUHSATOMY
UCcUnCIIeHUI0 00opoToB B MuHyTy 550, nenennomy na 60. B Hacrosimee Bpemsi pa3HHIIA
MaMeTpa poTopa W posika cocrtaBiger 15, a He, Hanpumep, 16. HoBas ycraHoBka moka He
3amylieHa B palorTy.

[IpuBeneHHble NaHHBIE KaK OYyATO CBHUICTEILCTBYIOT B MOJb3Yy CYLIECTBOBAHHS PE30HAHCHBIX
94acTOT CTPYKTYpPHI BaKyyma, HO 0e3 «MeXaHU3Ma» ITHX PE30HAHCOB OCTAIOTCS TOJIBKO IUIOIOM
BOOOpaXEHUS UJIM UHTYULIUH.

b

Ckopocts cBera C~ % =299792458[ms ]

b, =8,79591x10%

Cros

Monaynbs caBura CTPYKTyphl Bakyyma

. AHaJIOT MJIOTHOCTU CTPYKTYPHI BaKyyMa P=9,78679610" . C nomonipro
9THX XapaKTEPUCTUK CTPYKTYphl BaKkyyma OOHApyKMBaeM TIJIABHYIO YacTOTYy, IOKAa3aHHYIO B
Tabymie 2, mepBas CTPOKa, TJIe CKOPOCTh CBETa JCIUTCSA HAa TJABHBIA JIMHEHHBIA JJICMEHT
CTPYKTYphl. BEpoATHO, ¢ aHAJIOrOM IUIOTHOCTH M MOAYJIEM CABUra U CKOPOCTBIO CBETAa CBS3aH
BECh «MEXaHH3M» CIEKTpa IVIaBHBIX YacTOT CTPYKTYphl BakyyMa. CaMa CTPYKTypa NmoJayqduJia
ele OHH HeOKUJAAHHBIN APTYMEHT B €€ HCTHHHOCTH.

6. Moaejib atoma BoJ0opoaa

CtpykTypa cpeabl onpenenser crpoeHre 000yo4ek atoMoB. ClI0KHbBIE aTOMBI TPEOYIOT ISl X
OMKCAaHUS MHOTO TEXHOJOrm4eckux ycwiuil. [loaromy moboe omucaHue aroma HauyMHAeTCs C
aToMa BOJIOPO/Ia, COCTOSIILIETO M3 OJHOTO MPOTOHA U AJIEKTpoHa. Paauyc mepBoit opOUTHI atoma
BOJIOPOJIa TOYHO OMPEACIISIETCS CTPYKTYPOH cpeobt.

r,=2a"%(r,+Dr,) =5,29177246 40 " u.

Macca 25IeKTpOHa TPU CBOEM «POXKACHUM» U3 II0TOKA MarHUTHOM MHAYKIUU CPEIBbl
«pa3ayBaeT» IEMEHTAPHBIN 3apsA] €€ CTPYKTYPBI 10 pa3MEPOB KJIACCUYECKOr0 paauyca

R, =2(r,+Dr,)=2r (l+a) = 2.8179402839X0"° mempa. Tlostomy mnepByro opOUTY I
BOJIOPOJIa MOHO 3amucaTh Gojiee kpatko: I, =a °R, =5.291771946X0™". Tpernii nocrynar
Bopa YTBCPXKIAACT, YTO MOMCHT KOJHWYCCTBA JABUKCHHA J3JICKTPOHA HA CTALMOHAPHBIX Op6I/ITaX

h

BoJgOpoja paseH M =r mV, :nz—. 3nece N=12,3,...ecTb HOMepa OpOUT MO Mepe HuX
p

yaaneHus oT mporoHa. V3 mocTymaTta ciemyer, 94TO AJMHA OpPOUTHI 3JIEKTPOHA ONpPEIEIseTCs

h
IIOJIHOM OJIMHOM BOJIHBI I[e BpOI/I.TIﬂ: 2p h=N—/—. Kunernueckas OHCPIrusa JABUKCHUA

mVv,
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mv?

OJICKTpOHA Ha Op6I/ITe OIIPCACIIACTCA, KakK Wn = B (I)I/I3I/IKC IPUHATO 3Ty 3SHEPTHUIO

OPUBOJIUTH K 3JEKTPOHO-BONbTaM. [[ist 3TOro Hamo pasnenuth SHepruto B eaunHunax CHU Ha

1.630 ® Jocoyneii nns monmydenms 1 M»>B. Torma ¢opmyna mms  pacdera  OyeT
mv?

= —”_13106 9B.
24,640

B Ta6n1/1ue 5 IMPUBCACHLI JAHHBIC PACUYCTOB.

Pamnyc  opOutsl,CKOpOCTh Kunernueck |/{anHbie
r(i), m NBIDKEHUS Vi, ast SHEprusl, CIPaBOYHU
m/c hB Ka

5.291772e-11 2.18769131e+6 13.6242 -13,5
1.058354e-10 1.09384565e+6 3.40605 -3,38
1.587532e-10 7.29230436e+5 1.51380 -1,50

JlaHHBIE CBHIETEILCTBYIOT O MPaBUIIBHON Mojend. Pe3ynbTraThl MOKa3hIBAIOT, YTO MPHPOIHAS
ocHoBa KBaHTOBOWI MeXaHUKH 3aJ0KEHAa B CTPYKType cpenbl. OJHAKO, COBPEMEHHBIC
Ipe/ICTaBICHUS, HECMOTPsI Ha OJiecTsiiee NOATBEpKaAeHHe Mojean bopa s aToma Bomoposa
Ha CIIEKTpaxX €ro M3JIy4YeHHs, CYHICCTBEHHO OTJIMYAIOTCA. BMECTO OpOMT B aromax HMpPHHSTHI
MecTa HaXOXKICHUSI JIEKTPOHOB B (hopMe HEKOoero obJiaka Haj sApamMy CIOXKHBIX aTOMOB. Emie
OJTHUM OOCTOSITEIICTBOM, TOTPEOOBABIIMM BHECEHHsI JOIMOJHEHHUN B Mojeib bopa, sBusercs
TOHKOE DACIICIUICHUE JIMHHUN CIEKTpa B W3JIyYCHHH. DHEPrHsl W3JIyYeHHs OIpPEICIsIeTCs He
KUHETHYECKOW YHEPTHHU JBMXKCHUS, a OTPUIIATEIIBHOM 3JICKTPUYECKOM MOTCHIIUAIBHOMN SHEprHeh
9JIGKTPOHA Ha BBICOKMX opOuTax. Bonna Jle Bpoiias onpenensercs TOIbKO JABHKEHHEM MacChl
M HHUKaK HE CBs3aHa C DJICKTPUYCCKUMH 3apsilaMH. OJTO [MOJOXKEHUE Mpeyiaract
«CyMacCHIeNIIYI0» WIS O HEMOABIKHOCTU <IIOJISI» 3apsfoB Cpelbl, B KOTOPOH MAaccChl
MHKPOYACTHIL JBIKYTCS TOJIBKO O 3apsilaMK CBOETO 3HaKa. M3 3TOro cieayer BaKHbIN BBIBO/,
YTO MAcChl YacCTHII ¢ 3apsiamu (+) u (—) Mexay co00it 4eM-TO OTIUYAIOTCS.
Mogens bopa Obuta MOATBEPKACHA CIEKTPOM H3IY4YEHUST BO30YXKICHHOTO COCTOSHUS
Bojoposa. bop wucxomun W3 ypaBHeHUs KuHeTwuecko E wu moreHumaneHOl U sHeprum
JJIEKTPOHA HA «KEM-TO» Pa3pPEUICHHBIX OpOMTAX 3JCKTPOHA BOKPYT sapa aroMa. YpaBHCHUE
IIOJIHOM SHEPTUU
2 2
w=g-U="o & (30)
2 r

n

rne
m=9.1093818872e-31 — ke, Mmacca dIIEKTPOHa,
¢=1.60217646263e-19— Ky10H, 3apsiz DIIEKTPOHA,
Vn — cKOpoCTh JBMKEHUS 1Mo opbute Homep N=1,2,3,4....— 1m0 MOPSAKY yJaJeHus OpOUTHI OT
aapa,
X =8.98755179%0° — o6parHas BeIMUKMHA 3IEKTPHUECKOI MPOHMIIAEMOCTH BaKyyMa,
I'n — paauyc opOuTsI ¢ Homepom N=1,2,34....—.
[TocnenoBanu otkpeiTus H.bopa BenuuuH cKOpocTH IBUKEHHS Ha OpOUTAX:
Cc
V, =

na*

C = 299792458 m/cex — cKOPOCTD CBETa B BaKyyMe.

U pagunyc kpyroBoit OpOUTHI:

r.=n’a’’R,

VYpaBHeHHe s TOJHOM HHEPruM JOINOJIHUM YCIOBUEM pPaBHOBECHS JEMCTBYIOLIUX CHII
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. . . V2 e2
(uenTpoOexnoit cunoit u cunoit Kynowna): F = MVn. =X—. Cruemyer, 4TO KMHETHYECKas
n rn
_myy_1oe 1 N
sHeprua E, = 5 = EX — = EU . paBHa TIOJIOBMHE IOTCHLUUAIbHOW DSHEPruu WU
r

n
NOTEHIMAJIbHAs SHEPTHs Ha N—HOW opOuTe pOBHO B 2 paza OOJbIe KWHETHYECKOW SHEPTHU
3JIEKTPOHA. DTO BBIBOJ KJIACCMYECKUH M OH XOpomio u3BecTeH B (usuke. [Ipunaro, uro
NOTEHUMAIbHAS HDHEPIus OTpHULATENbHA MO IPUYMHE OTPULATEIBHOTO 3apsAla JJIEKTPOHA,

norennuan koroporo U =-eU ... B dopmyne napymena pasmepuocts suepruu. Cxopee

BCEro, Jto0as HSHEpPrusi MOJDKHA OBITh TOJIOKHUTEIbHOW BenmnunHOW. IlomcranoBka Bceex
yKa3aHHBIX 3aBUCUMOCTEH OT yKciia N B 0OLIYI0 SHEPTrUIo JaeT (opMyily HOTHON SHEPTHH:

rmZ

282 (31)
[lonHasg oHeprus »I€KTpOHAa OKas3ajlach OTpuUATeNbHON. lloTeHuumanbHas 3HEpPrUs HMeEET
OTPULIATENIbHYIO BEJIMYMHY M IPH IEPEX0j€ JJIEKTPOHA Ha HIKHIOK OpOUTY, IOJIOBHHA
NOTEHLMAJIbHON SHEPruM TPAaTUTCS Ha TraMMa-u3JIy4yeHHE, II0JIOBUHA — HA YBEIMUYEHUE
KMHETUYECKOM SHEpPruu 3JIEKTpOHAa Ha HIDKHEH opOute. BrpimonHsercs 3akoH COXpaHEHUs
sHepruu. Maremarnyecku Bce BepHO. HO HAcKOJIIBKO IOHATHE OTPHULATEIBHOW SHEPruu
COOTBETCTBYET peaslbHOCTU? B pamKkax IperonokeHus: CylecTBOBaHMS CBETOHOCHOU cpedsl 1
cpeobl, KaK WCTOYHMKA IpaBUTALMM-WHEPLMM, MOXKHO HMHA4Ye HHTEPIPETUPOBATH H3JIy4YECHHUE
aToma BOJIOPOJIa.
[lonHasg sHeprusi M NOTEHUMAIbHAs SHEPIUs HE ONPEACIAI0T U3IydeHue Bopopona. s
yOeIUTEeNIbHOCTH HHKE MPUBEACHBI 0003HAYEHUSI TIEPEX0JI0B C OPOUTHI HA HUKHIO OpOUTY U
Pa3HOCTH KMHETUYECKUX SHEPTUM U JUIMHBI U31y4acMbIX BOJIH.

Tab6muna 6.

n | mepexon Paznocth JnuHa  BOIHBI
AJIEKTPOHA Ha | KWHETUYECKON U3JIy4eHUS TpU
COCEIHIOI0 sHepruu, [Ix. nepexoae, M
opouTty

1 |2—>1 1.634904e-18 1.2150e-7

2 | 3—>2 3.0276e-19 6.5611e-7

3 | 4—>3 1.05966e-19 1.8746e-6

4 |5—>4 4.9047e-020 4.0501e-6

5 | 6—>5 2.6643e-020 7.4559e-6

6 | —>6 1.6065e-020 1.2365e-5

ch

. m
Pa3noctb kuHeTndeckoit sueprun: DE = B (\/n2 - Vnz). JHa BonHel L = Tk

Eme omHo coBmageHuwe. MMesi CKOPOCTh JBIDKCHHS MO OpOWTaM, MOXKHO OIPECIHUTh JTHHY
BouIHEI [le Bpoiiis 71 3JeKTpoHa MO XOPOIIO U3BECTHOM GopmyIe:

| os = L : h=6,626068765230* /lxc.cex —nocrosnnas Ilnanka.
mv

n

OkxkasbIBaeTcs, YTO Ha OJIHOM LIMKJIE JIBUYKEHUS 3JIEKTPOHA BOKPYT sJipa YKJIaIbIBA€TCSI TOYHO N
BoiH e Bpoitns: 2pr, =nl .

OnHako TPYAHOCTH MOJENIM HAYaJUCh IMOCIE TOTO, YTO OBLIO OTKPBITO TOHKOE paclUIeleHHUe
CTPOTO OIpE/EICHHbIX JUHUM H3JydyeHUs Ha CHEKTpPe aToMa BOAOPOJa. DKCHEPHUMEHTaTbHO
pacuieruieHue JHHUE oOHapyxeHo B ombite JIamba m Pusepdopma (0oba amepukanckue
yueHble). Pacierienne oaHON THHUK BOIOPO/IA IIPH IIEPEX 01

3——>2 paBHO Pa3HOCTH YaCTOT:
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Dv =1,05777%0° I'y Ha yacToTe n3nydenus V = 4,5692x10" I'y.

JI>bM0 00BsICHWI Takoe paclleIUIeHWe JUHUM HM3JIy4eHHUs HEKHMMH (QUIYKTyallusMH Bakyyma. B
HACTOSALIEE BPEMsI 11l TEOPETUUECKON OLIEHKU ITOrO SIBJIIEHUS UCIIOJIB3YIOT ypaBHeHHE /{upaka,
PENSTUBUCTCKYIO 3aBUCHMOCTh MAacChl 3JIEKTPOHA OT CKOPOCTH, HaJIM4KWe KBAaHTOBOTO CIIMHA Yy
JJIEKTPOHA, BIWSHUS HAa MAarHUTHBI MOMEHT 3JIEKTPOHA CO CTOPOHBI 3JIEKTPUYECKOIO IOJIs
IpOTOHA. Bce ATH MONBITKYU SIBISIOTCS IPEENIbHO CIOKHBIMU U HE 00€CIIeYNBAIOIIMMH TOYHBIN
pe3yiabTar. Oco00 HeNenbIM BBIMIIUT oOpallleHHe K peIsTUBUCTCKOMY 3(@eKTy pocTa mMace ¢
YBEJIMYEHUEM CKOPOCTHU:

Jlero B TOM, 94TO CKOPOCTH JIEKTPOHA HA TIEPBOM OpOUTE MeHbIe ckopocth cBeta B 137,036 pas,
Ha BTOpoil opbOute B 274,072 wMeHblle CKOPOCTHM CBeTa M Tak janee. A 3aMeTHBIE
penstuBucTckue A(M(EKTHl MPOUCXOAIT, HAYMHAS TOJIBKO cO ckopoctel mopsaka 0,8 ot
CKOpOCTH CBETa.

Hawm kaxercst ectectBeHHBIM 00paTuThcs K BosiHe [le Bpoiins. Jlo cux mop Her ¢pusmueckoro
OoOBsICHEHUsI [Jyanu3Ma duacTull. B Hacrosiiee BpeMs NpOJODKAIOT CUYUTATh BOJHOBBIE U
KOPITYCKYJISIpHBIE CBOMCTBAa YacTHI HEKUM MHUCTUYECKHM CBOWCTBOM BCEX YACTHII. B OJHUX
OIBITaX YacTUIA MPOSBIISIET CIIOCOOHOCTh K audpakiuu u uHTrepdepenimu (BonHa!), B 1pyrux
BBICTYIIA€T Kak MarepuayibHas Macca. Bonna /le Bpoiisi o0beuHsAET 3TH CBOWCTBAa B OIHO
nenoe. CTpyKTypa BakyyMa COIJIaCHO HJie€ aBTOpa 00pazoBaHa B KPUCTAJUI U3 3apsI0B

(+) u (-). EcrectBenHo, uro mobas mMacca HE MOXET IBHTaThCS MPSMOJHMHEWHO, TaK Kak
IPSMOJIMHEHHBINA MyTh MIPOJIETaeT yepe3 uepenyronecs 3apsaasl (+) u (-). [loaromy, Hanpumep ,
Macca 3JIeKTPOHa MOXET JIBUTAThCs TOJBKO 10 3apsiiaM (—), a TO3UTPOH — TOJIBKO IO 3apsiiam
(+), oOpa3ys BHHTOOOpa3HYIO TpaeKTOpHIO C ImaroMm iuHbl BonHbl Jle bpoitnsa. Mmenno
MIOTOMY TPOSIBISIETCS CIOCOOHOCTh MAaCCHI, JIBHTAIOIICHCS I10 BHUHTOBOW TPAEKTOPHH, K
SABICHUAM TU(pakuuu-uHTepdepeHunu. MucTika yaau3mMa MNpu TaKOM NOHUMAaHUM HCYE3aeT,
¥ BCE CTAHOBUTCS HA CBOM MECTa.

ToHkoe pacierieHue B JUHUAX U3IYyYeHUs] aTOMOB IIPOCTO OOBSCHSETCS TEM, UTO 3JEKTPOH Ha
opOuTe HE JABIKETCS CTPOTO MO KPYrOBOW OpOWTE, a 3TO JBMIKEHHE COYETACTCS C BUHTOBBIM
JIBIDKEHUEM BJIOJIb OPOUTHI, MEHSAS HEMHOT'O PACCTOSHUS 3JIEKTPOHOB OT siipa. DTO U3MEHEHUE
PacCTOSIHUS ¥ TIPUBOJUT K «Pa3MBITHIO» YACTOTHOM JIMHUU H3ITyYSHHS B MIpEesiaX aMILTHTY/IbI
BoJiHbI Jle Bpoiiasi. Ouenka aMIIUTyAbl TPAGKTOPUHU AJIEKTPOHA HAa OpOUTE MPH MEepexo/ie

3—>2 naer BemumuuHy Dr =1,676 ﬂO'llmempa. OHa BBINOJHEHA HAa OCHOBAHWM TAHHBIX

omnbiTa JIamba—Puzepgopaa.

Takum o0Opa3om, pemiaercs HapaJokc Ayaln3Ma dvacTull. Bropoil mapamokc umeer Oosee
CephE3HYI0 OCHOBY. DHEPIus M3Iy4eHHS CJEIyeT COTJIACHO NMPHUBEICHHBIM B TaOIHIlE JAHHBIM
U3 Pa3HOCTU KMHETUYECKOM »Hepruu. [lpuyem, nepexo ocyiiecTBiseTcss ¢ OpOUTH ¢ MEHbLIECH
sHeprueit Ha opouty ¢ 00mbmeit sueprueii. Honcenc! Ilomydaercs, 94To sHEprus ramMmma-KBaHTa
U3IY4YEeHUs BO3HUKACT IMPH OJAHOBPEMEHHOM YBEIMUYEHUHM SHEPruM 3JEKTpoHa Ha opoOute!
Hapymaetcs 3akoH coxpaHeHus sHepruu. B TeopeTtuueckoil ¢pusnke BHIHYKIEHBI 00XOIUTh 3Ty
HETPUSATHYI0 OCOOEHHOCTH TE€M, YTO MOJHOW PHEPTUH NMPHUIHCHIBAIOT OTPHUIIATEIHHOE 3HAYCHHE
WIN OTpULIATEIbHBIN 3HaK. BpluMTaHUE U3 OTPULIATENBHON SHEPrUH BEJIMYMHBI OTPULIATEIIbHON
sHepruu ¢ OOmbiIeld aOCOMIOTHOM BEIWYMHON JAaeT HYKHYIO IIOJIOKUTENbHYIO HSHEPTHUIO
u3nydenus. [lonpoOyiiTe y6enuTh KOro-mubo B peabHOCTH CYHIECTBOBAHMS OTPHULIATEIbHON
sHepruu!

Ho BbIxom wu3 3TOro mapagokca Takke ecTh. [l 3TOro HYXHO TOJIBKO IpU3HaHUE
CYIIIECTBOBAHHS CBETOHOCHOI'O BaKyyMma, UMEIOIIECT0 CTPYKTYpPY U3 peméTku 3apsaoB (+) u (-),
OKpY)KEHHBIX TOTOKaMHM MAarHuTHOM wuHAyKIuu P. DTa CTpyKTypa Bakyyma obusagaer
KOJIOCCAJIbHOM BHYTpeHHeH sHeprueil. [Ipu m3nmydeHun atoMa BakyyM Kak Obl «OJaKMBAaeT»
SHEPruIo Ui raMMa-KBaHTA U JIJIs1 YBEJIIMUCHUSI KUHETUUECKOW SHEPTUH 3JIEKTPOHA 1O (hopmyIie
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W:hv+mv =mv?

Hama Bcenennas mMoxeT OBITh 3aMKHYTOH CHCTEMOH, YTO NPUBOJUT K TOMY, YTO B 3TOM
CUCTEME HHMYEro HEe BO3HUKAET M HE HCYE3aeT. DHEPrusi cpedvl 0OECIeuuBaACT U3JyuyeHUE U
U3MEHEHUE COCTOSIHUSA aTOMa OJHOBPEMEHHO, HE M3MEHsAs CBOCH DHEPIMM, — BCE OCTACTCS B
cpede, U TOJBKO MeHsET (QopMy MNpOsSBICHHsS CBOEl sHepruu. Takoe eIWHCTBO BELIECTBA U
cpednt B Ilpupone oOecrieunBaeT BCe 3aKOHBI COXPaHEHMs: PHEPruu, 3apsja, mMaccel. Macca
obpazyercs B  Tmpolieccax IOTOKa MarHUTHOM  wHAyKuu. Cpeda  obecriednBaeT
pacIpocTpaHEeHUe CBETa, CYLECTBOBAHUE BELIECTBA U U3JIyYCHUS, TPABUTALIUIO U UHEPLIMIO.
PeanbHblii HOHCEHC B (u3MKE OTHOCHUTCA K OTpulaHrnio B XX BeKe CBETOHOCHOU cpeodwt,
U3HAYaJIbHO HA3BaHHOU 3(UPOM. YUeT peabHOW CTPYKTYphI cpedsbt 0OeCleuuBaeT pelIeHHe
MHOTUX TEOPETUYECKUX U IMPAKTUUECKUX MpodieM no3Hanus Mupa.

Monens Bopa ucxonuna u3 NOHATHH Kiaccudyeckoi ¢pu3uku. OHa «Oe3HaI&XHO» ycTapena 1o
cpaBHenuto ¢ KBantoBoii Mexanukoi (KM). Tak npunsito cuurath. Takoe cocTosiHHE HUIUKH
KQ)KETCSl CTPAHHBIM, KaK M CTPaHHBIM SBIAIOTCA pAn nonoxeHuit KM. Urto moxer caenars
BBEJICHUE Cpedbl BCeNeHHOU Ut «IIpUMHUpPEHUS» KIACCHKH M COBpeMeHHOCTH? UyTh BbIIIE
BBICKA3aHO MPEATNOJI0KEHUE, YTO HE 3apspl IEPEMELIAIOTCS B IPOCTPAHCTBE, & UX MAaCChl. DTO
MOJIO’KEHUE CYIIECTBEHHBIM 00pa3oM MEHSIET OTHOLIEHHUE K Ay dKCIEPUMEHTAIbHbBIX JaHHBIX.
B 20-¢ roxpl ObUIM MOMNBITKM PACCMOTPETh BIMSHUE MAarHUTHOTO IIOJII Ha H3JIyueHHeE.
HBamuatunetnuii tonoma Paabg Kpoumr, a Bcien 3a HuM u HezaBucuMo JI:k.YiaenOex u
C.TayncMuT OpeinpuHsUIM HOIMBITKY Ha OCHOBE KJIACCHKU PELIMTh MPOoOJieMy C TMOMOIIbIO
BpalIalOLIErocs BOKPYI CBOEH OCH 3J€KTpoHa. lIpu 3TOM HMCHOIB30BAIMCH KIACCUYECKUI
paguyc D3JIEKTpOHa W MarHeroH bopa. bbumM IONMy4eHBl OLIEIOMIISIOLIUE PpE3YJIbTaThl,
CBUJICTENLCTBYIOIIME O TOM, 4YTO JIMHEHHAss CKOpPOCTh BpalleHus chepuuyeckoi 0007I0YKU
3JIEKTPOHA HAMHOI'O COTEH MPEBBILIAET CKOPOCTh CBETAa. BTOpoe mpoTuBopeune ObUIO B OINBITAX
[0 PacCEHBAHUIO AJIEKTPOHOB, B KOTOPHIX KJIACCHYECKHI paguyc HE MOT OBbITh MPUHATHIM:
panuyc pacceuBaHMs ObLT ' < 10" x. Yro na 4 IOPsIIKA MEHBILE KJIACCUYECKOr0 paauyca.
Tperbe mpensaTCTBHE 3aKI0YaIOCh B HENPUMEHUMOCTH 3akoHa Ky/ioHa Ha paccTosHMAX [~
10" m. D10 ma 2 IOpsIIKa MEHBLIE DJIEKTPUYECKONM CTPYKTYphl cpeasl. YerBeproe
HECOBIa/IeHUE OBUIO B pe3yibTaTax, OTJIMYAaBIINXCS POBHO B 2 pa3a. [locienHee HecoBmaaeHne
MO>KHO HE IPUHUMATh KaK OYEHb CTPOro€, T.K. B pacuerax 4acTO IIPOIAJaeT MHOXKUTEIb WU
JeUTeNh PpOBHO 2. BTOpoe mpoTHBOpeune Mcue3aeT MpH JBIKCHHHM MAacC 4acTWIl, a HE UX
3aps10B, KOTOPBIE PACIIOJIOKEHBI HEMOABUKHO B n7pez(enax JIONYCTUMBIX JAedopMaiii cpeowvt.
3akoH KysnoHa npuMeHHM Ha pacCTOSIHMSIX 10™ mempog. IlpakTHdecKu Bce BO3PAKEHUS
OKa3bIBAIOTCA  HecmpaBeUMBbIMHU. [lodTOMy mHOBTOpMM INOAXOL K  DIEKTPOHY  Kak
BpamiarmemMycs O0ObeKTy.

eh

Marneron bopa: m, = 4p— =9.2740089953X40% 4 x/°,
m,

PaBMepHOCTL HaM Jac€T IpaBO OHNPCACIUTH 3H€KTqueCKHﬁ TOK IIpHU BpPAIICHHUU <OKBATOpa>»

. n
DIEKTPOHA. I, =—5 =1.1678953833%0° 4. Tok HEe MaJeHbKHH W JOJDKCH MOPOJUTh CHIIBHOE

e

MarHMTHOE TOJIe, KOTOpoe 0053aHO CxaTh TOK Mo ¢opme Topa. [loaToMy MBI MOXKEM cHenaTh
3aKJTFOYCHHE, YTO JICKTPOH UMeeT (hOpMy TOpa ¢ KJIACCUYECKUM paanycoMm R.= 2.817940284.10°
15 (],

Bpemsi ogHOro 000OpOTa CBSI3aHO C 3apsAIOM M TOKOM II0 HM3BECTHOM B (u3uke Qopmyie

t=-2=1.371849340* cex. Ortciona momy4yaeM HEOOXOAMMYIO JHHEHHYI CKOPOCTh

|
PR

BPALLCHUS <OKBAaTOpa» 3JIEKTpoHa: Vg :T:1.29064O4>§LO11 mlcex. O4eBHIHO, YTO 3Ta

CKOPOCTh Ha MHOTO TIPEBBIIAET CKOPOCTh CBeTa B cpede. OmpenenuM WX OTHOIICHUE!
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L’i:l.OOOOOOOlBl! [Tomy4ywsu, 9TO OTHOIIEHHE WMEET pa3HHUIy B MHOXKHTENE
pa'c

pa*=430,5113. Oxa3anock, YTO Pa3sHUIA B CKOPOCTSX OMpEENSeTCS yXKe BCTPEYABIIMMCA
HaM MHOXHTEJIEM, KOTOPBIA Haao mpu3HaTh (QyHmaameHTanbHBIM. CKOPOCTh BpalICHUS
«9KBaropa» aekTpoHa B 430,5 pa3 npeBblIIaeT CKOPOCTh cBeTa. [ CoBpeMEeHHON (PU3UKHU 3TOT
pe3yabTaT BHITJSIAUT HempuemiaeMbiM. CTpYKTypa cpedsl HE 3ampeliaeT BpamieHHe JITH00To
00BEKTa CO CKOPOCTBIO, NPEBBIIAIOIIEH CKOPOCTh JIIOOOro OO0BEKTa NpU IepeceyeHUu
CTPYKTYPBI cpeodbl. YCTPAaHEHO MNPOTHUBOPEUHE KIACCUYECKOW M COBPEMEHHOM KBAHTOBOM
¢u3uku B mnpumepe c MarHeToHoM bopa. BBenenue B coBpeMeHHYIO (DU3MKY Cpeabl
CYIIIECTBOBAHHS BEIIECTBA BCeleHHOI eCTeCTBEHHBIM ITyTEM CBSI3BIBACT HEpa3phIBHBIC pa3eiibl
¢u3uku B Enqunoe onucanue [puposnsl.

n=

7. OcHOBaHUS NJIfl OTKPBITHS <TEMHOW» IJHEPrUM U KTEMHOH»
MaTepuu

Uurarenss HACTOPOXKUT O0JIbIIAS TUIOTHOCTh Macchl cpedst. OHA KaXKeTCsl IPOTUBOECTECTBEHHOM.
31ech HAJO YYWTHIBaTh, YTO 3Ta IIOTHOCTb HE COBNAJAcT C HAIIUMU IPUBBIYHBIMU
npejacTaBieHusMU. [ITOTHOCT OTIMYAETCS OT BEIIECTBEHHOM INIOTHOCTH TEM, UTO Macca cpeodvl
«HE 0JIeTa» B 3JICKTPUUYECKH 3apsa U He MpUoOpea TEM CaMbIM CBOMCTBO OOBIYHOTO BEILLIECTBA.
Macca cpedst 06pa3yeT coBceM IPyroe MOHATHE, OHA HAXOJIUTCS BE3JIe: MPOHU3BIBACT OOBITHOE
BELIECTBO, 3E€MJII0, HAC — JKMUBBIX CYILECTB, HaXOAWTCA HE TOJBKO B CAMUX BEIIECTBEHHBIX
oOwvektax Bcenennoii. Ilpsmo 3Ta macca oOHapyXuBaeTcsi B JIOCTaTOYHO TOHKUX 3(ddexTax
Bcenennoil B kauecTBe «TEMHON» MaTepuM, OKa3blBas TIPaBUTALMOHHOE BO3JEHCTBUSA Ha
JIBIDKCHHUE 3Be3]l B rajaktukax. Ha nuarpamme ¢ur./ mokaszana mpeanojaraemas 0e3 ydera
TEMHOM MaTepuM 3aBUCHUMOCTb CKOPOCTH 3BE€3]l C POCTOM pacCTOSHMsS OT LIEHTpa Macc
TaJIaKTUKH W MPHUBEJCHA 3aBUCHUMOCTb, ONpENesIEHHAs M3 acTpOopU3UYECKUX HaOIIOJCHUI.
Juarpamma B3sita U3 Jekuuu akaja. B.A.PyOakoBa «TémHas sHeprus u TEMHas Marepus
Bcenennoit” // Jlekuus 8 ®PUAH, PAH, anpens 2005». «KakoBbl CBOWCTBA TEMHOW MaTepUH U
TeMHOH 3Heprun? Kakue KocMOJIOrH4ecKre JaHHbIe CBUJCTEIbCTBYIOT 00 UX CYLIECTBOBAaHUM?
O 4YeM OHO TOBOPHUT C TOYKM 3peHHs (pu3uky Mukpomupa? KakoBbI MEepCIEKTUBBI H3yYCHUS
TEMHON MaTepUu U TEMHON SHEPTUH B 3eMHBIX YCIOBUSIX?

Bcenennas pacmmpsieTcs: rajJakTUKH yIAIsSIOTCS Apyr oT apyra. [IpoctpancTBo pactsruBaercs
BO BCE CTOPOHBI, U YeM Jalbliie OT HAC HAXOJUTCS Ta WM MHAas TrajJlakTUKa, TeM ObICTpee OHa
ynansiercs: or Hac. CerojHs TEMIl 3TOTO PACIIMPEHHUs HEBEJIUK: BCE PACCTOSIHMS YBEIUYATCS
BIBOE MpPHMEPHO 3a 15 Mipz. JeT, OAHAKO paHblIe TEMI pacUIMpeHHst ObUT ropas3io Oosblie.
[TnoTHOCTH BemiecTBa BO BeenenHoil yObIBaeT ¢ TeueHHeM BpeMeHH, U B Oyayuiem Bceenennas
Oyner Bc€ Oosiee u Oosee paspexenHoil. Haobopot, pansine Beenennas Owbuia ropasmo Goiee
IUIOTHOM, 4eM ceiuac. O pacmpeHun BceneHHON NpsIMO CBUIETENBCTBYET <«IIOKPACHEHHE»
CBETa, HCHYLIEHHOIO YJIaJeHHbIMU TaJaKTUKaMU WM SpKUMU 3BE3/laMU: H3-3a O0OILero
pacTspKEHUs MTPOCTPAHCTBA JUIMHA BOJHBI CBETA YBEJIMUYMBAETCS 3a TO BPEMs, I10KA OH JIETUT K
Ham. VMeHHO 3TO sBiieHHWe ObUIO ycTaHOBJICHO O.XabOmom B 1927 romy W TOCTYXHUIO
HaOJr01aTeNIbHBIM JI0Ka3aTeIbCTBOM pacIIvpeHus BceleHHoM, npencka3anHoro 3a Tpu roja 1o
aToro Anekcanapom OpuamaHoMm.

CymHocTh TEMHOH DJHEPIMM SABIAETCA NPEIMETOM CHOpPOB. [3BEeCTHO, YTO OHAa OYEHb
PaBHOMEPHO pacipejieneHa, UMEeT HU3KYIO INIOTHOCTh, M HE B3aUMO/IEHCTBYET CKOJIBbKO-HUOYb
3aMETHO TIOCPEJCTBOM M3BECTHBIX (DYHJaMEHTANbHBIX THUIOB B3aUMOJCHCTBUS — 3a
UCKJIIOYEHHEM IPaBUTALIUU.>»
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Temnast maTepusi UMEETCS U B FaJIaKTUKAX. JTO CIELYET U3 U3MEPEHUI IPaBUTALMOHHOTO I0JI,
TEIEph YK€ B TAJAKTUKAX M HX OKPECTHOCTAX. UeM CHIIbHEEe I'paBUTALMOHHOE IIOJIE, TEM
ObICTpee BpAILlAalOTCSl BOKPYT TATAKTUKH 3BE37bl U 00JaKa rasa, Tak 4yTo U3MEpEeHHUs] CKOPOCTen
BpalleHUsI B 3aBHCHUMOCTH OT PAacCTOSHUSA 10 LEHTpa TAJAKTUKU I103BOJIAIOT BOCCTAHOBUTH
pacnpezesieHue Macchl B Hel. JTO MPOUJUIIOCTPUPOBAHO HA JUarpaMMme. IO Mepe yAaJIeHUs OT
LEHTpa TaJaKTUKU CKOPOCTH OOpallleHHs HE YMEHBIIAIOTCs, YTO TOBOPUT O TOM, 4YTO B
raJJaKTUKE, B TOM YHUCJIE BJAJEKE OT €€ CBETAILLEHCS 4YacTH, UMEETCSl HECBETAIAsACs, TEMHas
maTtepus. TakuM o00pa3oM, C HOMOUIbIO acTpo(U3MUECKUX HAOIIOJEHUH, MOIydeH ¢akT
IIPUCYTCTBUSI TEMHON MaTepuu BO BceneHHON. Yike BBIILIE OTMEYANOCh, YTO TEMHas MaTepus
MOJI03pPEBACTCSl KAaK KBaHThl IOTOKOB MAarHUTHOM HWHIYKIMHM cpenbl. B kadecTBe TeMHOMN
SHEepruM, KoTopas IMposiBisercs B (akre pacmupeHus BceneHHOH, MOXKHO —CUHTATbh
HECKOMIICHCUPOBAHHBIA  JJIEKTPUYECKUNA 3apsii Cpeabl, OTBETCTBEHHBIM HE TOJBKO 3a
IPAaBUTALMI0O MEXIy MarepuaibHbIMM oObekTamu Bceenennoi, Ho u 3a e KymnoHoBckoe
pacumpeHue.

8. O0muii cieHapuii CMJIOBBIX B3aUMO/I€ii CTBH A

Ha npumepe rpaBUTAllMOHHBIX CHJI YCTAHOBJIEHO, YTO HCTOYHMKOM TPaBUTALUU SIBJISETCS
JNEKTPUUECKUI 3apsijl cpedvl. ATOMapHOE CTPOEHUE BEIIECTBEHHBIX Tell, 001aJarolluX Maccoii,
CHOCOOCTBYET HMX TOJSpU3ALMU CO CTOPOHBI cpedsl W OOpa3oBaHHUIO MEXKIY TellaMu
HproToHOBCKOTO mpHTshKeHUs («cBetias» sHeprus). Cpeda, B KOTOPOW €CTh HENOCTATOK Tell,
o0Jaaromux Maccoi, NposBIsSET CUIIbI OTTAJIKUBAaHUSA, KOTOPbIE MOXHO MHTEPIPETUPOBATH KaK
OTKPBITYIO B acTpopu3UKe «TEMHYIO» SHEpPIrUi0, OTBETCTBEHHYIO 3a pacuiupeHue BceneHHOI.
HeBo3zmoxxHo cebe mpezncraButh, 4to [Ipupona HyXJIaeTcsi B COBEPIIEHHO APYTUX CLIEHAPHIX
IJEKTPUYECKOTO U AJIEPHOTO B3aUMOACUCTBUM.

Onektpuueckoe KyloHOBCKOE B3aMMOEHCTBHE TaKKE€ BOZMOXKHO C TTOMOIIBIO Cpedbl COTIIACHO
OpUHIUITY OIMKHEAEHCTBH. B cuily Toro, 4to ajaeMeHTapHbIe 3JIEKTPUYECKHUE 3apsiibl HA MHOTO
MOPSAJKOB IPEBOCXOJAT CJIA0BIA 3JIEKTPUUECKUN 3aps] cpedvl, TO B NEPBOM MNPHUOIMKEHUU
MOKHO IPHHATH, YTO IJI DJIEKTPUUECKUX CUJI cpeda SIBISIETCS DJIEKTPUYECKH HENTPaIbHOM.
JIro60it 3apsia (+) wiau (—) BRI3BIBACT MOJISIPHU3ALIUAIO CPEObl, KOTOPAsk CO3aeT CHIIBbI MPUTSHKCHUS
WIN OTTAIKMBAaHHS MEXKAY 3apslaMH BEIIECTBa B 3aBUCHUMOCTH OT WX 3HAKOB (aHAJIOTHS
KTEMHOW» U «CBETJION» YHEPTHIA).

CocraBuM MoJieb B3aMMOJEHCTBUS Macc U 3apsja 4epe3 MOCPEINCTBO CTPYKTYphl cpeabl. s
IpaBUTALMU CYHUIECTBEHHBIM CBOMCTBOM CpE/bl SIBJISIETCS MaJlo€ pa3jMuue B BEIMUMHE 3apsioB
(+) u (). DTO MPUBOAUT K TaKOM TPyOOi cXeMe rPaBUTAIIIOHHOTO B3aUMOICHCTBHS:
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...——(+maccal+)— ——cpeoa)— — —(+macca2+)——....

HarnsiHo mokaszaHo, Kak 3apsiKeHHasi cpeda ¢ n30bITKOM 3apsija (—) OCYIIECTRIISCT MPUTSHKCHUE
Macc. B oTcyTCTBHM Macc WIM IPU Pa3peKEHHOM IPOCTPAHCTBE BCeNeHHOW OCyNIeCTBIAETCS
KynonoBckoe oTrankuBaHue WM paciivpenre BcerneHHOH, KOTOpoe MOKHO Ha3BaTh «TEMHOIN»
SHEPrHueH, OTKPHITOM B acTtpodusmke. s peambHBIX JICKTPUYECKUX 3aps/ioB, BEIHMYUHA
KOTOpBIX B 10™ pa3 Oosbliie pa3HUIBI BeTU4MH 3apsaoB (+) u (—) cpendpl, B3aumojeiicTBre
IIPOUCXOAMT I10 CXEME!

.. t—(+3apsan+)—t+—t—cpena)+—+—(+3apsa+)—t.... — 370 OTTAJKUBAHUE 3apAIO0B OJHOTO 3HAKA
(MUHYCOB MEXy 3apsiiaMu OOJIbIIIE ITFOCOB),
...—H(Bapsn—)+—+—(cpena)+—+—(+3apsaa+)—t.... — 3TO NPUTSHKEHUE 3apsiOB Pa3HOTO 3HAKa

(MHHYCOB M TUTIOCOB MEX/1Y 3apsilaMHi PaBHOE KOJIHYECTBO).

Takum 00pa3oM, MEKTPHUUECKOE M IPAaBUTALIMOHHOE B3aMMOAEHCTBHS OCYILECTBIISIOTCS TOJIBKO
C TIOMOIIBIO CPedbl, HAXOISIICHCS MEXTy OOBEKTaMH B3aHMMOICHCTBHS.

Ha camom gene 3apsjgoBasi pelieTka cpedsl OCTAaeTCs HENOABIKHOM. llepeMemniaroTcss maccsl
3JIEMEHTApHBIX YacTHI] IOJ 3aps/aMHM CBOETO 3HaKa, NOpOXkaas BOJIHBI Jle bpoiisa, KoTtopsle
3aBUCSIT UIMEHHO OT Macc. 3apsiibl PELIETKN «pacIlyXarT>» B IPUCYTCTBUHM 110 HUIMHU Macc U B TO
K€ BpeMsl «BBIJIaBIMBAIOT» MAcChl M0J] cOceAHME 3apsAabl pu KynoHOBCKHX B3aMMOJEHCTBUSIX
COIVIACHO IIPUBENECHHBIM CXEMaM: 3apsAlbl OJMHAKOBOIO 3HAaKa BBITAJIKMUBAIOT Macchl B
IIPOTUBOINOJIOKHBIE CTOPOHBI, 3apsiibl Pa3HOIO 3HAKA BBITAJIKMBAIOT MAacChl HaBCTpeuy Jpyr
Ipyry. OTO cXema SIBJISIETCs ajlbTepHAaTUBON nuarpamMmaM P.DeilHMaHa, OCHOBBIBAETCS HE HaA
BUPTYAJIbHBIX YaCTUIAX B3aUMOJCHCTBHUSA, a HA MAaTEPHAIBHON cpede, B KOTOPOW HAXOIATCS
MAaccCBhl.

SnepHble cUIBl TaKKE MOXHO IMPEACTAaBUTh IO CLIEHAPHIO, KOTJa pOJib Cpedbl BBIMOJIHSIOT
IPOTOHBl C MOIIHBIM DJJIEKTPUYECKUM 3apsIoM, IOPOXKAAOIUM HaNpPsKEHHOCTh  I10JIA
6,3998.1026 Blm. Ponb Ten, COCOOHBIX K IMOJISIPH3AMA OT CTOJIb MOIIHOTO BO3JACHCTBHUS CO
CTOPOHBI IIPOTOHOB, BBINOJHAIOT HEUTPOHBl. OHM IpHU pacnaje NarT MPOTOH, BJEKTPOH U
ramMma-usinydenue. J[ns yzaep:kaHHs HECKOJIBKMX IIPOTOHOB B sijipe TpeOyercs Oosbliee
KOJINYECTBO HEUTpoHOB. Ilpum Takoil peanuzanuu OOLIETO CLEHApUs «CBETJIas» HHEPrus
IPUTSDKEHUS. HYKJIOHOB B sIp€ Ha MHOTO MPEBOCXOJUT «TEMHYIO» 3HEPTUIO OTTajkuBaHus. To,
4YTO 3aKOH HapacTaHus SAJIEPHBIX CHJI C YMEHBIIEHUEM PpACCTOSIHMS MEKIY HYKIOHaMH,
oTnuyaercs OT oO0blyHOro 3akoHa Kymona, He JomkeH cmymarth. W3BecTHo, 4TO
B3aUMO/ICHCTBHE 3aps/I0B 110 3aKOHAM MOJISIPH3aLUH ClieayeT coriacHo 1/ R® 1 naxe B Goublireii
crenern (N=3...5...9). DTOT BONPOC MOMJICKHUT JCTAILHOMY UccenoBaHui0. Kpome Toro, dakr,
4TO Macca IEKTPOHA U Macca MPOTOHA, 00pa3yrole HEUTPOH PACIONAralTCs B pa3HbIX y3jax
3apsA0BOM  PEIIETKH, NPUBOJUT K SBJICHHUIO YBEIMYEHHUS SJIEPHOrO NPUTSHKEHUS MpU
«pacTArMBaHUM» HEUTpOHA, 4YTO B (QU3UKE O0O0BACHACTCA (PAHTACTUUYECKUM TIJIFOOHHBIM
pPacTsLDKEHUEM.

OO6cTosATENnbCTBO, UYTO JJsl BCEX TIJIABHBIX CHUJIOBBIX B3aMMOJACHCTBUM JAeHCTBYeT oOmui
CLEHApul, SBISETCS XOPOIIMM AapryMEHTOM B TMOJb3y MOAPOOHO H3JI0KEHHOM MpPUPOIbI
IpaBUTALUU.

9. CBoiicTBa 4EPHBIX» ABIP

['panuna yepHoii bIpbl 0Opa3zoBaHa TON 00JIACTBIO Cpedsl, B KOTOPOH €€ nedopMaius JoCTUrIIa

cBoero npezena (8). MakcuManbHOE YCKOPEHHE O = 4PE,S(Dr,,)* = 6341445410 Ml

CKopocTh CBeTa MPH Takol Ae(opMaiiy WK MPH TAKOM YCKOPEHHUHU paBHA HYJIr0. UEépHas apipa
CTAHOBUTCS HeBI/I)II/IMOI\/’I, a eé T'paHuLa 06naz[aeT MaKCUMaJIbHbIM T'paBUTalMOHHBIM
npuTsokeHreM. CO371at0TCsl yCIOBHS U POXKICHHS BEIIECTBA M aHTHBEIIECTBA, KaK  IPH
COOTBCTCTBYIOIIHUX DHCPIUAX raMMa—KBAaHTOB. B HpOCTCI\/’IIHGM CJIydac poxXaar0TCAa SJICKTPOHBI U
MO3UTPOHBI. JTO sBJEHHWEC Ha3BaHO B (usuke «ucrmapenuem» u€pHbIX 1blp (C.XOyKHHT).
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Wuepuust HUXKe TpaHUIbl OTCYTCTBYET U CKOPOCTh BPAILLEHUS MOXKET ObITh JII00O0M, eciau Takoe
R, = GM
BpallieHne uMmeeTcs. Pasnyc 4€pHBIX IBIp Ompenessitorest mo gopmyne Herotona — ®h — g
max

1

=—e, =1.859447219%0"
r

MuHuManibHAs JIbIpa UMEET Maccy m, ke. E€ pammyc coBmagaer c

pasmepom pemerkn cpensl (8). IlpuBenennas ¢opmyna pe3ko oOTauyYaeTcsi OT (HopMyIibl
_2GM

[Bapimmneaa, HaligeHHOU u3 pemenus OTO: R c2 , 4TO NPUBOJMT K 3HAYMTEIBHON

pasHUIle B OICHKAX pamuyca «a&€pHbIx» apip. LlIBapimmnsnosckuii pagunyc ConHIa paBeH 3 ku
(R = 46 xm mo Teopuu CTPYKTYpHI cpedst), nnsi 3emin - 1 em (79 M mo Teopuu CTPYKTYpHI
cpeowt). Jlnst 4EpPHBIX JIBIP B IEHTPaX TaTaKTUK IUIOTHOCTH 1Mo LIIBapiimmibay MOKeT ObITh Ha
YPOBHE IUIOTHOCTH BOJIbI, IO CTPYKTYpPE CPeibl Ha 5-7 MOpsAIKoB OOJIbIIIE.

10. 3araaka «4epHBIX AbIP»

3arajgka «4epHBIX JIbIP» COCTOUT B TOM, YTO HEM3BECTHO, YTO MIPOUCXOAUT C BEILIECTBOM BHYTPHU
YEpPHBIX [bIP, a TaKXe HESCHO, CYIIECTBYET JIM CKAa4eK B KA4ye€CTBE YEPHBIX JAbIPp MPHU
KOJIMYECTBEHHOM pOCTe O0BbeMa YEepHBIX [bIp. Jpyrumu cioBamu: BC€ U YEpHBIC ABIPHI
OJIMHAKOBHI 110 CBOMM CBOWCTBaM BHE 3aBHCHMOCTH OT MX pa3MepoB? CKakeM, Mayible YepHbIC
IBIPBI C Maccoil mopsiika HecKobkuX CONMHEUHBIX Macc 00JalaloT JIM TAKUMHU K€ CBOMCTBaMH,
KaK YepHBIC JBIPHI B IeHTpax [ amakTuk?

BrlmmeckazanHoe MNPUBOAUT K BO3MOXKHOCTH CYIIECTBOBAaHUS THIIOTE3bI CBSI3U (DOTOHHOM,
ME30HHOW M HYKJIOHHOW CpeJl. DTH CPelibl U MX Ha3BaHHUE BBITIIAIAT HECKOIBKO UCKYCCTBEHHO B
pamMkax JaHHOW paboThl. XOTS © MOAKPEIUISIOTCS HM3BECTHBIMU  DHEPreTHUYECKUMU
COOTHOIIEHUSAMHU TIPU MPEBPALICHUH T'aMMa-KBAaHTOB B IMAapbl 3JIEKTPOH+IIO3UTPOH, ME30HBI
pPa3HOM NOJISIPHOCTH, MPOTOH+AHTUIIPOTOH, OCHOBAaHHBIMM Ha OIBITHBIX JaHHBIX. ['urmoresa
3aKJIIOYAETCS B TOM, YTO 9TU CPEObl MOTYT OBITh CBS3aHBI C KOHEYHOM CTaJMEH IBOIOINUN 3BE3/T
Bcenennoil B rnaBHOW mocienoBarenbHOCTH. DOTOHHASL cpeda — 3TO cpeda >KU3HU BCEX
KOCMHUYECKHX OOBEKTOB M WX B3aUMOJCUCTBUN. Me3oHHas cpeda MOXKET OTHOCHTHCS K
IPaBUTALIMOHHOMY KOJUIATCY, CBSI3aHHOMY ¢ OenbIMu Kapiaukamu. HykinoHHas cpeda poxaaercs
B HEUTPOHHBIX 3BE3/1aX, KOHEUHas (Pa3za KOTOPHIX MPUXOJUT K COCTOSTHUIO YEPHBIX JIBIP.

B kauectBe cripaBku NpUBEAEHBI BBIAEPKKU cTaTel B IHTEepHETE:

Yepnas ovipa

«Hmeemcs npeden 015 maccol 36e30bl, KOMOPAL MONCEN YOEPHCUBAMBCA 8 PABHOBECUU NIIOMHO
VNAKOBAHHLIMU HeUmpoHamMu. Omom npedeil HeBO03MOJCHO BbIYUCIUMb MOYHO, MAK KAaK
noseoenue 6ewecmea Npu NJIOMHOCMAX, CYWECMBEHHO NPesbluanwux NioOMHOCMb A0epHOl
mamepuu, HedOCmMamoyHo usydeno. OyeHKU Maccul 36e30bl, KOmMopas yice He MOodicem
CMadbUIU3UPOBAMbCS 34 CUem 8bIPOHCOCHHBIX HeLIMPOHO8, Oalom 3HaveHue ~ 3M.

Taxum obpazom, eciu npu 83pviee c8epxHo8oll coxpansemcs ocmamox maccol M > 3M | mo on
He Modicem Cywecmeosams 6 6uoe YCMOUUUBOU HeUMpPOHHOU 36e30bl. AoepHvie cuibi
OMMANKUBAHUS HA MANbIX PACCMOSHUAX HEe 6 COCMOAHUU NPOMUBOCMOAMb OdbHetemMy
2PABUMAYUOHHOMY CHCAMUIO 38e30bl. Bosnuxaem neoOvlunviti 00vbekm - uepnas Obipd.
OcHogHoe c801icm8o 4epHOU Oblpbl COCMOUM 8 MOM, YMO HUKAKUE CUSHATbL, He MO2Ym Bbliimu
3a eé npedenvl U 0OCMUSHYMb 6HeWlHe20 Habaroamens. 36e3oa maccvl M, komnancupys 6
yepHyIo Ovipy, docmuzaem cghepvl paouyca Iy (cghepor Lllsapywunvoa): 1y = 2GM/c?,
(Popmanvro Kk d5momy COOMHOWEHUIO MOJNCHO NPUUMU, NOJA2As 6 U38eCMHOU Gopmyne O/

o ¢ 12 .
emopou kocmuueckou ckopocmu Vi = (2GM/R)™ npedenvhoe 3nauenue smoii ckopocmu,
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PasHoe CKOPOCMU C8ema)».
Hna maccor 3M nonyuaem paouyc uepHou Obipbl

R =79.5ku. Ilo OTO R= 8.91 km. Pasnuya cywecmeennas.

Ilpu oocmudicenuu obwvekmom pasmepa cgepuvl [llsapywunvoa, e2o epasumayuornoe noie
CMAHOBUMCSL  CMONb  CUTbHbIM, UYMO NOKUHYMb  2MOmM  00beKm He Modxcem — oddice
NEKMPOMACHUMHOE U3TYYEHUE.

Yepnas owvipa [llsapywunboa omHocumcs K He8pawjarowyumcs obvekmam U Ae1siemcs
OCMAMKOM — MACCUBHOU — Hespawaiowelicsi  36e30bl.  Bpawarowascs  maccusnas — 36e30a
Komlancupyem 60  epawjarowyiocs — uepnyio  ovipy  (uepnyio  Owipy  Keppa).
YepHyto 0bipy MOJCHO OOHAPYHCUMb MOJLKO NO KOCBEHHbIM NPUSHAKAM, 6 YACMHOCMU, eClu
OHA 8X00UM 8 COCMAB 0BOUHOU 36€30HOU CUCHEMbl C BUOUMOLL 36€300U. B smom ciyuae yepHas
ovipa bydem 3amsacusams 2a3 36e30bl. Imom 2az byoem HaAcpesamuvcsi, CMAHOBACL UCTOYHUKOM
UHMEHCUBHO20 PEHMEeHOBCKO20 U3NYYeHUs, KOMopoe Modcem Oblmb 3apecucmpupo8amo.
B nacmoswee eépemsi Hem NpAMbIX IKCHEPUMEHMATLHLIX NOOMEEPIHCOCHUL CYUeCMBOBAHUSL
yepnvix Ovlp. Ecmb  HeckoOMbKo KOCMUYecKux o00beKmos, nogedeHue KOmopbix MONCHO
00bACHUMb npuUCymcmeuem uyepHuvix ovip. Tax umeemcs oovexm Jlebeow Xl, npeocmasnsaowuii
coboll 080UHYIO cucmemy ¢ nepuodom epawjenuss 5.6 cymok. B cocmas cucmemvl 6x00sm
eonyooul eueanm c¢ maccou 22M u HesUOUMDIL UCMOYHUK NYIbCUPYIOUE20 DEHMEEeHOBCKO20
usnywenuss ¢ maccoti 8M , Komopwlil 603MOXNCHO s6IsIeMCcss YepHoU Obipoil (00vekm makoil
bonbuiol maccol He Modicem OvImb HelmpoHHOU 36€30011).
Hapsaody ¢ uepnvimu Ovipamu, o0Opazosasuiumucs npu Kojiance 36e30, 860 Bcenennoi mozym
Obimb  uepHvle Oblpbl, GO3HUKWIUE 3A007120 00 NOAAGIEHU NEPBbIX 38e30 BCAe0CHmaue
HeooHnopoonocmu bonvwoco B3pwiea. I[lossuswiuecs npu d2mom ceycmKu 6ewecmsd Mociu
colcumMamscsi 00 COCMOSIHUAL  YePHBIX  Oblp, M0o20d KaK OCMANbHAS YACMb  Geujecmed
pacwupsnacs. Yepuvie Obvipvl, 00pazosaswiuecs Ha camom paunHem smane Bcenennoil,
Hazvleaom peauxkmosvimu. lIpednonazarom, umo pamep HEKOMOPbIX U3 HUX MOdiCem Obimb
3HauumenvHo menvuie pasmepa npomona. (Coenacno Ooannou pabome MUHUMATLHAS YepHAs

ovlpa umeem maccy My = Ja mpl =1,859459:07 ko).

B 1974 2. Xokune nokaszan, umo uephvle Oblpbl OOJICHbL UCHYCKAmMb yacmuysl. Mcmounukom
SMUX HACMUY ABTSLEMCsL NPOYecc 00paA308aHUsT BUPMYAILHBIX NAP 4aACMUYA-AHMUYACUYA 8
cpede. B 00bluHbIX noasx smu napel AHHUSUTUPYIOM CMONbL ObICMPO, 4MO Ux He yoaemcs
Habnooams. OOHAKO 6 0UeHb CUNbHBIX NOJIAX GUPMYATbHbIE YACMUYA U AHMUYACIUYA MO2YMm
pazoenumuvcs u cmamo peanvHvimu. Ha epanuye ueprotl 0bipbl 0eticmeyom MouHble NPUIUGHbLE
cunvl. 1100 deticmeuem smux cun Hekomopwvie uz wacmuy (aHmuuacmuy), 6X0OUSUUUX 8 COCMAG
BUPMYATILHBIX NAp, MO2YM 68bliemems 3a Nnpeoeivl 4epHoll Ovlpbl. Tax Kak MHO2ue U3 HUxX
AHHUSUTUPYIOM, YepHAs. Oblpa OOJNCHA CMAHOBUMBCA UCMOYHUKOM U3YYeHUs. OHepeus,
uznyuaemas 8 npoCmMpancmeo 4epHou Ovlpou, nocmynaem us eé Heop. Ilosmomy 6 npoyecce
MAKoeo UCNYCKAHUSL YACTUY, MACCA U pasmepbl 4epHOU Oblpbl OONINCHbL YMeHbuamscsi. 1akog
mexanuzm “ ucnapenus” uepHotl Obipvl. OyeHKU NOKA3bIBaom, Yymo memn ucnagenuﬂ" oueHb
meonennvltl. Yepuas ovipa maccoti ¢ 10 conneunvix macc ucnapumcs 3a 10% zem. Bpems
ucnapenust céepxmaccusHolx (munnuapowvt macc Connya) YepHwvix Oblp, KOMopblie MO2ym Obimb 8
yenmpe 6onbUUX 2anakmuk, moxcem cocmaeisimo 10% nem.
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TakoBbl COBpPEMEHHBIE IPEACTABIECHUS O UEpHBIX AbIpax, ocHoBaHHble Ha OTO. Onu
CYIIECTBEHHO PacCXOIATCs C MPEACTABICHUSMH O CTPYKType cpedwvt. Pammyc IlIBapunmmnbaa

G .
oIpeJiesieTcsl paBeHCTBOM Rg = 2—h M, , paauyc 4epHOH IbIPbI Ul CTPYKTYpBl CPEAbl IO
X

Herotony: R, = [G—2. OueBuaHo pasnu4ue, KOTOPOE 3aKIIOYAETCS B OOJNEE MATKOM
max

3aBUCUMOCTH pajiiyca YEpHOU ABIPBI OT MACChl B CIy4yac IPUHITON CTPYKTYpPbI CPENbI, YEM IS
aHasiornyHoi 3aBucumoctu B OTO. Ha puc. noka3zanbl 3aBUCUMOCTH IUIOTHOCTEH YEPHBIX JIbIP
JUIs 00erX MOJIeNIel TpaBUTALUH.

OueBunno, uro cxema OTO-IlBapimunpaa MeHee MpaBIONOJO00HA MO TOW MPHUYMHE, YTO C
POCTOM Pa3MEpPOB YEPHBIX JbIP MIIOTHOCTh JOCTATOUYHO OBICTPO YMEHBIIAETCS U, HAIPUMED, IS
4epHOil JBIPHI B LEHTPAX TATaKTHK ¢ paguycamu mopsaka 10°-10" u miotsocts cranosuTcs
HUYTOKHOHU, HE CIOCOOHOM 00pa30BbIBaTh «TpaHULly coObITUI». Hao60poT, Mosienb rpaBuTaliuu
C HCTOYHHKOM B CTPYKTYpe BAKyyMa JaeT PEaTHCTHUHYIO IIOTHOCTH Ha yposre 10'—10° kala’.
Touka «BcTpeun» rpapukoB i paguyca LlBapummibia U Uil TEOPUU CTPYKTYPBI CPEdbl

. 1. G
OMNpeIeNseTcs U3 paBeHCTBa IWIoTHocTel R, = =k—— =7.09140° M.

max

11. beablii KapJIUK

«/lna 36e30 ¢ Mmaccou Hudce HEKOMOPOU KPUMu4eckou 2pasumayuoHHoe — Coicamue
OCMAHABIUBAEMCs HA CMaduu maxk Hazvieaemozo ““ benoco kapauxa” . Ilnomumocms 6Oenoeo
Kapauka Oonvuie 10" keln®, memnepamypa nosepxnocmu ~ 10°K. Ilpu cmonw swicokoi
memnepamype amomvl OOJNCHbL OblMb NOIHOCMbBIO UOHU308AHbLL U GHYMPU 368€30bl 10pda
OO0JIICHBL ObIMb NOPYICEHBL 8 MOPE INEKMPOHO8, 0OPAZYIOWUX BbIPONCOCHHBII INEKMPOHHDL
easz. Jlasnenue smoeo 2aza npensmcmayem OdibHetuemy pasumayuOHHOM) KOIIANCY 36€30bl.
aesnenue 8bip0oicOeHHO20 INEKMPOHHO20 2a3a Umeem K8anHmogyio npupody. OHo 603HUKAem KaK
cieocmeue  npunyuna Ilaynu, xomopomy noouunsiomcs snekmponst. Ilpunyun Ilaynu
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yemauagnueaem npeoesbHblil  MUHUMATbHBIL  00beM NpOCMPAHCMEd, KOMOPGIL  MOXdCem
3aHUMamb KaxcOblll IeKMpoH. Buewnee dasnenue He 6 cocmosiHuy 5mom o6vem ymeHbuums. B
benom Kapauke 6ce 21eKmMpoHbl 00CMULIU MUHUMATILHO20 00beMa U epAsUMAayUoOHHoe cocamue
VPABHOBEUIEHO BHYMPEHHUM 0d8IeHUeM IIeKMPOHHO20 2a3a».

C Hamell TOYKM 3pEHHUS] PACCTOSIHUS MEXIY 3JEKTPOHAMU MNPHOIMKAIOTCS K XapaKTepPHBIM

o r, =1,398763188x0 * o
pasmepaM 3aps0BOM PELIETKH CTPYKTYPBI CpPEJbl M. Knaccuueckuit
paauyc 3JEKTpOHA MOYTH B 2 pasa mpeBbllIaeT 3Ty BenuuuHy. OTCro/a cielyeT BBIBOM, YTO
paccTosiHiE MEXKy YaCTULAMHU BBIPOXKACHHOIO 3JIEKTPOHHOTO ra3a B OJIOM KapJuKe HE MOXKET

ObITh MEHbIIIE, HAmpUMep, HECKOJIbKUX €IUHUIL fe. BoimenpuBenieHHasi MIOTHOCTh JaeT
JIMHEHOE pa3MeleHHe >MeKTPOHOB Ha paccrosaun 45407 M, uro naer pasmelnenue
AJIEKTPOHOB Ha PACCTOSHUAX B 16 pa3 OoNbIIMX JUTMHBI KOHCTAHTHI pemeTku. OTCioa BBIBOA
TaKOB. O€Jblii KapJuK B CBOEM YIUIOTHEHMU CYIIECTBEHHO HE HapylIaeT cpeay. ITOT OOBEKT
MOJKET CYIIECTBOBAaTh B paMmkax cpenbl. Ho Gosiee OnaronpusiTHBIMU YCJIOBUSMU MOTYT OBITH
XapaKTEepUCTUKU ME30HHOW Cpefbl, JUIIOIbHBIE PACCTOSHUSA KOTOPOM IUKTYIOTCS KBAaHTaMU

r =1.0315%0 17
p M. B 9TOM Cﬂyqae pa3MemeHI/Ie 3apﬂ)KeHHBIX qaCcTHul 60.]166 KOM(I)OpTHO u

cBO0OOTHO. MUHHMMAIBHBIE PACCTOSIHUS MEXIYy HHUMH yBelu4mBaroTcs no 16*137=2192 pasa.
ABTOp CKJIOHSIETCSI K MOCJIEHEMY BapHaHTy YIUIOTHEHMs BEILECTBA JAJs OeNbIX KapJIHMKOB, HO
YK€ B HyKJIOHHOH CpeJie.

OOpaTtuM BHUMaHUE Ha €11 OYeHb BaKHOE 00CTOATENBCTBO. COINIAaCHO M3JI0KEHUIO THIIOTE3bI O
IpUpPOJEe TPABUTAMH, OHA IOPOXKJICHA CIA0BIM 3apsAloM CpElbl, MMEIOIIEH CTPYKTYpY C

XAPAKTEPHBIM  PACCTOSTHUEM ro =1,398763188 <10 15M VYxe ceiiuac (uU3MKH 3a7ar0TCSA
BOIIPOCOM: HACKOJIBKO CITPaBEJIMBBI I'paBUTAlMOHHbBIE CHiIbl HploToHa Ui Mukpo mupa? Ha
KaKMX pAacCTOSIHUSAX TpaBUTAIlMs TEpPecTaeT ObITh HBIOTOHOBCKOW, a KyloHOBCKHE CHITBI
craHoBsTcs npeobnanatommmu [Randall, R.Sundrum, 1999]? OOmenpunsras ¢usnka moxa
TOJIBKO CTABHUT TMOJOOHBIC 33[]aU WM TBITACTCS PEIIUTh JaHHBI BONMPOC HA OCHOBE MPHHSATON
napagurMsbl, IPUXOsl K COMHHTEIIEHBIM PE3YJIbTaTaM.

Hama rumore3a gaet OTBET Ha 3aJlaHHBIA BOIPOC — TPABUTAIMS JUII KOCMHUYECKHX OOBEKTOB
OIIpeIeTIsIeTCSl CTPYKTYpPOH. A 3TO O3HA4YaeT, YTO CHJIbI TATOTEHUS JOJDKHBI HCYE3aTh HIIH
BUJIOM3MEHATCS IO Mepe NPHUOIMKEHUS K YKa3aHHOMY BBIIIEC JUIOJIBHOMY PACCTOSIHHUIO.

BepositHO, 4TO KIlacTep ¢ nuHeHHBIM pasmepom 137,036* fe MIPEJICTABIISCT COOOM TOCICTHIO
JUCTAaHLIMIO JJI CYIIECTBOBAaHUS IIPUBBIYHBIX Ul Hac cul  TAroreHus. JlanpHeimiee
YMEHbILIEHUE PACCTOSIHUSI MEXAY OOBEKTaMU I MHUKpPOUYacTHIIAaMH OyJIeT CONpPOBOXKIATHCS
MCYE3HOBEHHEM TIpaBUTAallUd M 3aMeHOW ee Ha KyJOHOBCKHME CHIIBI MEXIY 3apsKEHHBIMU
YaCTULAMHU U HapsAy C JJIEKTPUYECKON MOJsApU3alued HEWTpalbHbIMM yacTHUaMu. [losTomy
npu 00pa3oBaHUM CIIEAYIOUIETO BBIPOXKAAIOLIETOCS KJacca KOCMMYECKHUX OOBEKTOB CHJIBI
rpaBUTAIMK 3aMEHSIOTCS Ha KYJIOHOBCKHE WIIU sifiepHbIC (HYKJIOHHBIE) CHJIBI C MOMPABKOW Ha
HOBYIO TPAaKTOBKY BCEX CHJI B3aUMOJICHCTBUI B paMKaxX JaHHOM paOoThI.

12. HeiliTpoHHas1 3Be3/1a

«Pacuemvl nokasvigarom, umo npu e3pvise ceepxrosou ¢ M ~ 25M ocmaemcs niommoe
netimponnoe s10po (neumponnas 36e30a) ¢ maccou ~ 1.6M . B 36e30ax ¢ ocmamounou maccou M
> 1.4M |, ne docmuewiux cmaouu c8epxHOBol, 0dgleHUe BbIPOHCOCHHO20 NIeKMPOHHO20 2a3d
makoice He 8 COCMOAHUU YPABHOBECUMb 2PASUMAYUOHHBIE CUNbL U 36€30d CIHCUMAEMCS 00
COCMOSIHUAL SI0epHOU naomHocmu. Mexanuzm 3mo2o epasumayuoHHO20 KOIANCA mMOom dice, Ymo
U npu 63pviee C8epxHosoll. Jlasienue u memnepamypa 6Hympu 36e30bl 00CHUSAIOM MAKUX
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3HAYeHUll, NpU KOMOPbIX NEeKMPOHbL U NPOMOHbL KAk Obl “ 60asiusaromcs” Opye 6 opyea u 8
pesyrbmame peakyuu

pte+Vv

nocie 6blOpoca HelmpuHo 06pasyiOmcst HelmpOoHbl, 3aHUMAaKUWue 20paz00 MeHbUll (azosulil
obvem, uem d7eKkmponvl. Bosnuxaem max Hazvleaemas HeUMPOHHAA 36304, WIOMHOCHIb
komopoii docmuzaem 10" - 10" kalns®. Xapaxmepmuwiti pazmep netimponnot 36e30ur 10 - 15 k.
B Hexomopom cmbicie HelmpoHHAs 38e30a npedcmasisem coOol 2ueanmcKoe amomHoe sopo.
Hanvhetiwemy 2pasumayuoOHHOMY CHCAMUIO NPENIMcmeyem OdeieHue si0epHoll Mamepuu,
BO3HUKAIOWeEe 3a Cuem 83auMo0elcmeus HelimpoHo8. Dmo makaice 0asieHue 8blpOHCOeHUs, KAK
paunee 8 cayuae 61020 KAPAUKA, HO - OAGIEHUE BbIPOICOCHUS. CYWECMBEHHO DoJlee NIOMHO20
HeUMpPoOHHO20 2a3d. Dmo 0asileHue 6 COCMOSHUU YOeprcusams maccol enioms 00 3.2M
Heitimpuno, obpaszyowuecsi 6 MOMeHM KOLLANCA, 0080IbHO ObICIPO OXIANCOAIOM HEUMPOHHYIO
36e30y. Coenacho meopemuyeckum OYeHKam memnepamypa ee naoaem ¢ 10™ 00 10°K 34 epems
~ 100 c. Hanvuie memn ocmuleanus Heckoibko ymeHvuiaemcs. QOHAKo oH 00CMAMOYHO 8bICOK
nO ACMPOHOMUYECKUM Macuimabam. Ymenvuenue memnepamypul ¢ 10° 90 10° K npouUCxooum
3a 100 em u 0o 10° K - 3a munnuon nem. Obnapyscums HellmponHble 36e30bl ONMUYECKUMU
Memooamu 0080IbHO CIIONHCHO U3-3d MATI020 PA3MePA U HUZKOU MeMnepamypbi».

«CoenacHo co8pemMeHHbIM NpeOCmABIeHUsM, NYIbCaApbl - MO 8PAWAOWUecs HeUmpoHHble
36e30vl, umerwue maccy 1 - 3M u ouamemp 10 - 20 xm. Tonvko xomnaxmuvle 0Ovexkmul,
umerowue C80UCMEa HeUMpPOHHbIX 36€30, MO2YM COXPAHAMb C8OH0 (YOPMY, He pa3pyulascs npu
maxux ckopocmsax epawjerus. Cuumaemcs, ymo HeUmMpoOHHAs 38€30a uUMeem MazHumHoe noie,
0Cb KOMOpo2o He conadaem ¢ OCblo 6pawjeHusi 36e30bl. B smom crnyuae uznyuenue 36e30v
(paouosonnv u udumblil ceem) ckoavb3um no 3emne kak ayuu masxa. Koeoa nyu nepecexaem
3emnto, pecucmpupyemcs umnyivc. Camo uznyuenue HeumpoOHHOU 36€30bl BO3ZHUKAEN 3d CYUem
Mo20, YUMo 3apsNCEHHbIE YACMUYbL C NOBEPXHOCMU 36e30bl 08USAIOMCSL B06HE NO CULOBbIM
JIUHUAM MACHUMHO20 NOJISL, UCNYCKASL 9NeKMPOMACHUMHbLE BOJIHbL.

Hznyuenue nynvcapa 00diCHO npugooums K YMEHbUEHUIO CKOPOCMU BPAWEHUs. HeUMPOHHOU
36e3061. Taxoii aghghekm makoice Ovin ooHapycen. Helimpounas 36ezoa, 6xoosawas 6 cocmas
0BOUHOU cucmemvl, Modcem OblMb U UCMOYHUKOM UHMEHCUBHO20 PEHMEEHOBCKO20 U3LYYEHUSL.
PAacnoniodcenvl 8 8uoe 00bEMHO-YEHMPUPOBAHHOU KYyOuueckou peutemxu. emanu cmpoenus
HelmpOHHOU 36€30bl 8 HACMOosujee 8pemMs YMOUHSIOMCS.

JIis HYKJIOHHO#M Cpeibl siapa HMeeM pasmep peuietkd Iy =3,836819%10° 13 M. llpu

KJIACCHYECKOM pa3Mmepe mpoToHa (M, BEpOSATHO, HEHTPOHA) p = 1.5347 X10° 18M, MOJIYyYHM, YTO

HEHTPOHBI TOIDKHBI OBITh CKATHI 10 paccrosamii  1.2:107° M, uro cocrasut B 388 pa3s Gomblie
KOHCTaHTBhI HYKJIOHHOHM cpefibl. BEposTHO, 3TO HOCTATOYHO ISl «CIIOKOHMHOI0» CYIIECTBOBAHUS
HEUTPOHHOW 3Be€3/lbl B HYKJIOHHOW cpene. IlpencraBneHuss O HEHUTPOHHBIX 3BE3Jax He
IIPOTUBOpPEYAT YCTPOMCTBY HYKJIIOHHOW CPEJIbI.

13. Topmo3Hoe u3IyuyeHue

Macca m1:000ro MaTepuanbHOIO Tela CO3/1aeT BOKPYr ce0sl paauaibHOE «I10Je» AedopManuu
Cpelpl, OIpEAEIAIONIEE TPAaBUTALIMOHHOE B3auMOZEHcTBHE Mexay tenamu. [lpu nokoe u
PAaBHOMCPHOM HpﬂMOHHHeﬁHOM ABHXKCHUHW MACCbhl M3MCHCHHEC TI'PABUTAIIMOHHOTO <«IIOJIA>» HE
IPOUCXOJUT BILIOTH JI0 CBETOBBIX CKOpPOCTEH mopsiaka 2e+8 m/c. Y ckopeHHOe TBM)KEHHE MaCChI
HajaraeT JIONOJHUTENIbHYI0 JedopManuio, OTIWYHYHO OT paauvaibHoil. [ledopmanus
OPHEHTHPOBaHAa BJIOJIb BEKTOpPA YCKOPEHHUS. JTO TIIaBHOE OTIMYME OOBIYHOTO YCKOpeHus: (Ut
B Teopuu OTO) oT ycKOpeHUsl, pO’KIaeMOro 00l MacCoi BHE 3aBUCUMOCTH OT CKOPOCTH €€
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m o
NEpeMCIICHUS . FpaBHTaHHOHHoe YCKOPECHUC g = G— . 21)15{ OIMMCAaHUA JOIIOJHUTCIBHOU
RZ

. dg 1dm
I[e(I)OpMaI_[I/II/I Cpeabl HaAO0 MNPOU3ZBECTU IIPOU3BOAHYHO 110 BPEMCHH. —— :G_Z_'
dt R dt
JuddepenumpoBanue Macchl 0 BPEMEHU O3HAYACT TOJBKO OJHO. B MpOIECCEe YCKOPEHHOTO
JABU)XCHUA B IlaHHOﬁ a0COJIIOTHON TOYKE Cp€abl MPOUCXOAUT CO BPEMCHEM HM3MCHCHHEC MACChHL
0e3 M3MEHEHHsI CaMoM MacCChbl, KOTOpasA ABUKCTCA U MCHSCT CBOC IIOJIOKCHHUC B a0COIIOTHOM

MPOCTPAHCTBE Cpenibl BeeneHHou.

2 2
Macca sneMeHTapHOl 4acTHIBL M = F = S =9.109381885010 *'[kg] .
2(r,+Dr)x  2(r,+Dr,)h
Orciona mpou3BoaHas  Oyner: dm =F dF 1 =€, de, 1 . Ilpome
dt dt x(r,+Dr,) dt h(r,+Dr,)

0

OIICPHPOBATH C 3apsIOM, TaK KaK |, = AT cpa3y TOK CMEIICHUS B CpeJie, TOPOKAEHHBIN B

pPe3yJIbTaTC YCKOPCHUA. Takum 06pa30M, YCKOPCHHOC IBUKCHHUEC MACCHI ITPOSBIISICTCSA B HaHHOﬁ
dm, _ g i = Fo i. T Jo:i&, R, =29,9792458
dt  h(r,+Dr,) c(r,+Dr,) R, dt
OM, BOJIHOBOC COIIPOTUBJICHUC BaKyyMa.
dg _ G 1 rm
dt R?h (r,+Dr,)
Tok cMmemieHus: cpedvt OOHAPYKUBACTCS TPU TOPMO3HOM (YCKOPEHHOM) IBM)KEHHHM MAcChl B
(I)OpMe HU3ITYyUYCHUSA JSJICKTPOMATHUTHBIX BOJIH B HPOJOJIbHOM HAIPABJICHUHU OTHOCHTCIBHO
BEeKTOpa ycKopeHus. Ero MO)KHO BHUIIETh Ha 3KpaHe ocumiorpada mpyu OTHOCUTEIHHO O0JIHIIIOM
YAapHOM YCKOpPCHUH. I[J'I)I 9TOro MCXKAY OJJICKTpOAaMH, IMOAKIIFOYCHHBIMU K OCI_II/IJ'IJ'IOFpa(I)y,
IIOMCIIAK0T HI/ISJ'IGKTpI/IK NN HpOBO)IHI/IK. BI{OJ‘IL MacCChbI 3TOTr O npeaMeTa HAHOCAT JICTKUC
yAapsbl, HanpuMmep, MCIULIHUHCKUM MOJIOTOYKOM. Honepequ PacCIIOJIOKCHHBIC 3JICKTPOAbI,
KOTOpBIE HE MPUKACAIOTCA K IMPEAMETY, BOCHPHUHUMAIOT 3JIEKTPOMarHuTHoe u3inydeHue. Ha
OKpaHC OCI_II/IJIJ'IOl“pa(I)a MOSABJIAKOTCA HUMITYJIbCBI. B cJIydac IOUIJICKTpUKAa HMITYJIbChI 6LICTpO
3aTyXAalOT, U UX CHEKTP COCTABISET HECKOJBKO AECATKOB k[ y. JlJig mpeamMeToB U3 MPOBOJHUKA
UMITYJIbChl UMEIOT YacTOTy Hopsiika M/ iy 1 00pa3yloT YT 3aTyXalouX KojaeOaHHi.
Ha ¢oro nokaszansl y4acTHMKM NpPOCMOTpa Ha ocuwuIiorpade UMIyIbCOB H3JIyUYEHUS NpU
YIapCHUH TUDJIEKTPUKA (cyxo.e JIepeBO) U NPOBOIHUKA (CTEPIKEHD U3 JIOpaIs):

TOYKE CpCJbl KaK

j aus 060k Macchl.

AR fovadan
L

U i

’ AR
s e R T T TR 1]
R N R T R

Anatosnuii BacuibeBud B 1abopaTopuu 3a ucciegoBaHueM 3 peKxTa yaapHbIX YCKOPEHUH,
COIPOBOXKAAEMBIX JIEKTPUUECKUM HanpsbkeHueM. CrieBa Halpaso:
Bukrtop BoJikoB, CT. Hayd. COTpYJHUK, CIELMAIUCT 110 I'PaBU- U HAKIIOHOMEpaM;
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Bajientun Mex0epr, Besl. ”HXKEHEP, MAacCTEpP «30JIOThIE PYKU»,
Hropsb YiI0MOB, CT. Hay4. COTPYAHUK, CIIELIUAIIUCT HA BCE PYKH, B TOM YUCJIE 10 KOMIIBIOTEPAM.

14.Bo3MoKxHbIE PAKTHYECKHE TEXHOJIOT U

B cnyuae, ecnu CTpykTypa cpedbt NENCTBUTEIBHO CYLIECTBYET IPHUMEPHO B TaKOM BHJE Kak
ONKMCAHO BBIILIE, TO BO3HHUKAIOT (DAaHTACTHUECKHE BO3MOXHOCTU JUIS YIPABJIEHUS COCTOSHUEM
cpeobl, KOTOPOE BIIMAET HA I'PABUTALMIO, PACIIPOCTPAHEHHUE CBeTa U T.II. Ha CTpykTypy MOXHO
OKa3bIBaTh BO3/CHCTBUE C MOMOIIBIO U3IYyYEHHUS] FaMMa-KBaHTOB, YCKOPEHUEM, IIOCTOSIHHBIM U
IIEPEMEHHBIM MarHUTHBIM «I10JIEM». Y CKOpPEHHS B LIEJIAX UX KOMIIAKTHOM peaau3aluu JOJIKHBI
OBITh BpaIIaTeIbHOTO TUMA (LIEHTPOOCIKHBIC YCKOPEHHUS).

W3nyyenne raMma-KBaHTOB HOposkaaeT aepopmanuio cpedvt hv=e EDr,. BeposrHo, BIOOp

4acTOThl OIpeneNseT creneHb naedopmanuu. JloBeeHHe [0 POXICHUS DIEKTPOHOB U
MO3UTPOHOB HEXKENATEIbHO MO MPUYKHE CIIY4YaeB UX aHHUTUIISILIUU.

BpamaTenbHbple yCKOpeHHsST MOTYT OBITh BBINOJIHEHBl KOMIAKTHBIM 00pa3oM, YyIOOHBIM JUIs
KOHCTPYKLMHU anmapara C I[epeMElleHUeM B IPOCTPaHCTBE 0€3 HCIIOJIb30BAHUSI OOBIYHOIO
peakTuBHOTO sBUrarensd. [Ipu 3ToM ymeHbIIarOTCs CUiibl HHEpLUH. Pa3ron MoxeT ObITh OYCHb

ObICTPBIM G€3 Bpesa [uisl xKuBbIX cymects. Popmymna pacuéra @, =4p E, S(Dr)?. Dot crocod

sBIsieTcs Haubonee F3PPEKTUBHBIM B BUAY OTHOCUTEIBHONW MPOCTOTHI peanu3anuu. Bo3MoKHbI
TEXHUYECKHUE 3aTpyJHEHUS B 3aJade IMpPHUAAaHUS BpAIICHUIO HECUMMETPHUYHOCTH, KOTOpas
BBIIIOJIHUMA BpALICHUEM YacTed YCTPOICTBAa B Ppa3HBIX IUIOCKOCTAX, PACIOJOKEHHBIX IOJ
BBIOPAHHBIM YIJIOM JPYT K APYTY.

Y 100HO NpUMEHUTH IEPEMEHHOE MarHUTHOE <«I10JIE», IIPU KOTOPOM COUYETAIOTCS BpallaTeabHble

Jen
PES

YCKOpeHHs U JieficTBIe MarHeTU3Ma Ha Aedopmaiuio cpedst Dre =

15. PacyeT yCKOpPEeHUA NPH HECUMMETPUYHOM BpPalleHUN

Tpernit 3akoH HproToHA: «JleiicTBHE BCEria BBI3BIBAET PABHOE U IIPOTUBOIOJIOKHOE IEUCTBUEY.

Ha ocHoBaHuuM 3TOr0 3aK0Ha BBEACHA LICHTPOCTPEMUTENbHAS CUJla U1 BpalaroLEerocs Teja.

«lenTpoOexHast cuia Mo BEIUYMHE PaBHA HEHTPOCTPEMUTENBHON CHJIE M ITPOTHUBOIOJIOKHA 110
: N VA _ 2 _V _V

Hamnpasienuto: F,, = mE =ma=mw°R.» a=(2p f)*R. a= ?t . 2pf= _I; Pe3onanchas

Vi
2p f

2

LlenTpoOexxHOe yCcKOpeHue: a,,, :VLR. a,=2p fV..V :% =4.0715e- 4 wm/cek.

yactoTa paBHa 6.1094021931e+2, R= =1.0607e-007 meTpal!
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2.5

1.5

0.5

Puc. 18. 3aBUCUMOCTb CKOPOCTH OT HEHTPOOESIKHOTO YCKOPEHUS a.

[Ipu yckopeHuu g CKOpocTh T0JKHA OBITH OKOJIO 2,25 MEeTpa B CEKYHIY.
2
R= W =0.5155 wmertpa.
g

Hnuna okpyxsocTtH 3.2390 metpa. O6opot 1.4396 cexyna. Uucno o6oporoB B munyty 41.6782.
31eckr M — Macca Bpamaromerocst Tena (Hanpumep, nucka), R — paguyc nucka, V, — ckopocTb

BpallleHus 00oja JucKa, a4, — LEHTPOOEKHOE YCKOPEHHE, HAlpaBICHHOE BJOJb paguyca B

HaIpaBJIEHUU OT LeHTpa. LleHTpocTpeMuTenbHON CUITBI HET; 3Ta CHJIa €CTh peaklys MaTepuaa,
U3 Yero cjejlaH BpAIlAIoLIUiics 00beKT. DTa peakiys cASpKHUBAET paclUIMpeHHe MaTepuaa o
HAMpaBJICHUIO OT IICGHTpa BpamieHus K nepudepuu (BIOIb LEHTPOOEIKHOTO YCKOPEHHS).
W3rotoBuMm cuctemMy JABYX BpalalOUIMXCAd OUCKOB, [UIsl IHPOCTOTHI  PAacHOJIOKEHHBIX
NepIeHINKYISIPHO IPYT K Ipyry. Cxema npuBeneHa Ha puc. 19

a, cymMmMa
YCKOpEHU

al
al

A

Huck2

Ocu BpareHus

W

a2

Puc. 19

CTpeJIKI/I IMMOKA3bIBAOT HAIIPABJICHUC BpallICHUA JUCKOB 1u 2. Touka 0 o6o3HayaeT COCOAUMHCHUC
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JUCKOB Yepe3 3JIEMEHTbl TPEHHs] WIM KOHMYECKOW pe3bOol Tak, YTOOBbl JMCKHU BpalIalIiCh
CUHXPOHHO U COIJVIACHO yKa3aHHBIM HampasileHUsAM. CJI0KEHHE YyCKOPEHUI BO3MOXHO TOJIBKO B
touke 0. O4eBHIHO, YTO CIIOKEHUE YCKOPEHHWI B MPOTHBOIOJIOXKHOM HAarpaBlIeHUH aOCypaHO,
TaK Kak TaKOe CIJOKEHHE MPUBENET K HYJIEBOMY 3HAUCHHMIO IEHTPOOEKHOTO YCKOPEHHS.
[ToaTomMy 3Ta cucTeMa UCIBITHIBAET YCKOPEHHE a KaK F€OMETPUUYECKYI0 CYMMY LEHTPOOEKHBIX

yckopennii al u a2 (a=+al® +a2® =1.4142>a,,,) Npy AUCKax PaBHOTO AUMAMeETpa. Y CKOpeHHe

a OpOXkAaeT Oe30MOPHYIO0 CUITY B IaHHOW CHCTEME BpAIlAIOLINXCsl JUCKOB. Bo3HuKaeT Bompoc:
4eM OTJIMYAeTCsl TPABUTALMOHHOE YCKOPEHHE OT OOBIYHOIO M, B YaCTHOCTH, YCKOpeHHE 00072
BpaIaroIerocs aucka? [ paBuTalioHHOE YCKOPEHHUE eCTh Pe3yabTaT ACUCTBUS TPABUTHPYIOMICH
Macchl, MepefaeTcss Ha pacCTOsSHUE. YCKOpeHHEe 0007a Bpallarollerocss IUCKa HHUKyJa He
NIEPEAAETCs], a «OLIYLIAeTCA» TOJIBKO Maccoi 00oa.

OnHako, MexaHMKa KJIacCMYecKOM (U3UKU TOBOpUT Jpyroe. Ocu BpalleHHs 3aMKHYTHI B
KOpIyCe OIHOM KOHCTpYKIMH. [lo3ToMy, ciiefysl MEXaHUKe, HY)KHO BCE YCKOPCHHUS (CHIIbI)
OTHECTH K MOJIIUITHUKAM 3TuX ocell. Cymma yckopeHuii B Touke O 1ODKHAa NpOSIBUTHCA B
YCKOPEHUU OCEW BpAaIleHMs JUCKOB, pa3felieHHbIX KOHCTPYKTUBHO B IPOCTPAaHCTBE, U OyjaeT
paBHA HYJIO IPU IIEPEHOCE YCKOPEHUN Ha OcH BpalleHus. IIpuyrHa B TOM, 4TO OCH AaBAT HA
HNOJUIMITHUKY PABHOMEPHO COTJIACHO BCEM ILIEHTPOOEKHBIM YCKOPEHUSAM 03 BIMAHUSA
YKa3aHHOM T'€OMETPUYECKON CYMMBI YCKOPEHHUU. TOJIBKO ONBIT MOXKET MOATBEPAUTH IIPABOTY
MEXaHUKH B BO3MOYKHOCTH IEPEHOCA T'€OMETPUYECKOM CYMMBI YCKOPEHHMM K IMOJIIMITHUKAM.
Cxema mepeHoca BEKTOPOB [ByX JHMCKOB  YCKOPEHUS K Y3Jy JABYX IOZIINIIHUKOB,
PAaCIIOJIOKEHHBIX ITIOYTH B OJIHOW TOYKE ITpUBeAeHa HUKeE. [1oka3aHo, 4To epeHoc yCKOpEeHU! U3
touek X1 u X2 npUBOAUT K IOJHOMY pPaBEHCTBY HYJIIO CYMMbI BEKTOPOB YCKOPEHHS,
JICUCTBYIOIIMX Ha OOIIMH y3eI MOANIMITHIUKOB (CBS3b C KOPITYCOM YCTPOWCTBA).

X2

Puc. 20

Ecnu Mmozaens rpaBuTaniu—MHEpIUH BepHa (a oHa BepHal):

F=G—L1-2 M MZ =X (4pR)’s ,,S ,, umn F =X (4p R)*S*(Dr,,)*(Dr,,)?.

s FpaBI/ITaIII/IOHHOFO YCKOPCHHUS.
g=4p E,S(Dr)?; E, =./Gx =0.774404859 [m°a™.c .
(S8

S=—=__ =6.25456357x0" Kymon/m".
dpa’r]
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Ji1st OOBIYHOTO YCKOPEHHSI 3TO BEPHO?:
f =ma=mxp E,S(Dr)> u a=4p E, S(Dr)* momyuaem, 4o JH060€ YCKOPEHHE MOPOXKIACT

a
BEJIMYMHY JedopMaluu CTPYKTyphl Bakyyma Dr = ’4p—ESS B stom ciydae B Touke O

V2 1 1
aTun:L H DrU :\/tU T o Y4 Drc :\/tc M oD
R 4p E R 4p E R

B a0l Touke nedopmanium Bakyyma CKJIaIbIBAIOTCSI TEOMETPUICCKU

Dr = /(Dr, )? +(Dr,)?

& 1 0
a=4p E.S(DrZ +Dr?)=4p E.S(V3 +V2)g————==
pEs ( U c) pEs (VtU t0)§4pESSQ5
_ Vo +Vie
R

HOJ'IyLII/IJ'II/I IIO4YTH yZ[BOCHHBIfI pe3yibTaT 1O CPABHECHUIO C OAHUM BpallatOIIUMCS JUCKOM.
OTOro Helb3s CACIaTh B IMTPOTUBOIIOJIOKHBIX TOYKAX o0enx JUCKOB 110 IPUYHHE paBHGCéHHOCTI/I
HX B HPOCTPAHCTBEC U 3aBUCHMOCTH AMIUIATYIbI ne(bopMauI/m CTPYKTYpPbBI BaKyyMa OT

paccrosiusg Dr » \/I :i R. Dr® =14142* R

R 42
2/sgrt(2) =1.4142
Wrak, knaccuka MEXaHMKH JlaeT HaM OTPHULATENbHBI OTBET HA BO3MOXHOCTb CXEMBI C
HECHUMMETPUYHBIM BpallleHUEeM JHCKOB JJIsi OCYLIECTBICHHUS O€30MOPHON TATM TAKMM CIIOCOOOM.
[Ipupona TpaBUTaMM W MHEPLUUOHHBIX YCKOPEHUM JaeT TMOJOXKHUTEIbHbI OTBET Ha
BO3MOXKHOCTh HCIOJIb30BaHUS JAHHOM cXeMbl /Ui 0e30MOpHOM Tsaru. Pacuer mokasbiBaeT, yTo
rpaBUTalys 3eMJIU BbI3BIBAET AeQOpMaIiIO BaKyyMa

r= 981 & —1.2695e-022 merpa.
4p 0.774405>6.2545636 40

AHaornuHyro nehopManrio BaKyymMa MOpOX/IaeT BpallleHHe JIUCKa CO CKOPOCThIO V U pajuyca

R:

Dr =0.5000 _t =1.2695e-022, T.e. npu paauyce nucka R=0,25 metpa u ckopoctu
4p E, Sx0.25

ero Bpamenus V=0,5 MeTtpa/cek. nocturaercs neopmaiisi CTpyKTYphbl BAKyyMa, COBIIaIaro1ast

C zelicTBHEM IpaBuTanuu 3emin. Yacrora BpalieHus V = % x60=19,0986 06/muH.

p

To, 4uro Ha 3KBaTOpe 3eMJIM YCKOPEHHE CHJIbl TSKECTH MEHbBIIE YCKOPCHHS Ha IOJIFOCaX,
JOKa3bIBACT, 4YTO YCKOPCHHUC BpPAILICHHA 3eMiIM BBIUMTAETCA U3 YCKOPCHUA CHJIbI TSAXKCCTH.
[TooToMy Hamo €O BCEW CEPbE3HOCTHIO OTHOCHUTCS K CYMMHPOBAHHUIO BEKTOPOB YCKOPCHHSI
BpalllCHUST M YCKOPEHHUS CHJIBI TSKECTH uepe3 aedopMmaiuio BakyymMa. 3aKOHEH BOIPOC:
CIIyTHHKH T10 3KBATOPy 3eMJIH <«3aMe4varoT» BpaiieHue 3emian? CKOpPOCTh BpaIlCHHUs 3KBATOpa
462.9630 metpal/cek. [Jehopmarust Bakyyma mpu BpallleHHd 3eMIId B pallOHE KBaTOPA:

Dr = 462,963 \/ L =7.4305e-024metpa. T.e B 17.0850 pa3 meHbie, 4eM OT

4dp E, S>x6378000

IpaBUTALIUU.
[Tpumeuanue. B ¢u3uke HET Teopuu rpaBUTALMU U MHEPLUU, HET coryacus ¢ MakcBeioMm,
I'epuem, JlopeHuem B mpobiieMe pacnpoOCTpaHEHUs CBETa M OrPAaHUYEHHs] €ro CKOPOCTH.
[IpuBeneHHOE MPENCTAaBICHUE €JUHCTBEHHOE, KOTOPOE OTBEYAET HKCIIEPUMEHTAM W PEIICHUIO
ykazaHHbIX npoOineM. [Ipemmaraemsiii onbT gact otBet: «Jla unu Her stoit Teopun? a umu
Her nonmy4yeHuto yckopeHus Jijisi 0€30IMOPHOMN CHITBI JTBUKCHHS 7%
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16. ITosicHUTE/ILHAA 3AMEeTKA

1.®dusndeckast CyIIHOCTD SIBICHUS (THIIOTE3a).

B Teopernueckoil ¢pu3nMke HET «MeXaHHW3Ma» PACHPOCTPAHEHHUS CBETa W OrPAHUYECHHS €ro
CKOPOCTH, KaKk B BEILECTBE, TaK U B KOCMHYECKOH CpEIE; HET <«MEXaHU3Ma» IPaBUTALUH—
uHepuuu. Ho B skcnepuMeHTanbHON obnactu gu3uku U B ¢usnke XX Beka CyLIeCTBYIO Bce
HPEANOChUIKH Uil TUIOTE3 OTHOCUTEIBHO cBeTa M rpaBuTanmu. [IpuHumn OmmxHeneicTBus
TpeOyeT Hamuuusi 0coO0M cpelbl AJIsl Mepeladll BCeX CHJIOBBIX B3aMMOJCHCTBUIl, U3BECTHBIX B
npupoze. B 30-e roapl yxe uMMenHCh BCe HEOOXOAMMBIE JaHHBIE JJIsi MCCIEJOBAaHUS STOU
cpenbl. B Hauane XX Beka TeopeTrdeckas (pu3rka oTKazanach OT MOJAO0HBIX UCCIEAOBaHUH, TaK
KaK OHU TIPOTUBOPEUHIIN IPUHATON MapagurMe OTCyTCTBHs d(hupa, Kak Cpelibl pacpoCTpaHeHUs
cBeTa. DQuUp OKazalcsa BPEIHBIM JUIsl TEOpUN DUHINTEHHA M BCEH MaibHEHIIEH TeOpeTHuYecKon
¢u3uku. Ho oT 3Toro cer He mepectan pacHpoCTpaHATHCS, a TpaBUTALUs HE Iepecrania
neiictBoBath. VccnenoBanus aBTopa 3TOM Cpelbl MOKa3aio, YTO cpefa UMEET HEBEIIECTBEHHYIO
CTPYKTYpY, 00pa30BaHHYI0 0€3MacCOBBIMH JJIEMEHTApHBIMH 3apsjamu (+) u (—), paBHbIMHU
3apsiiaM 3JICKTpOHA U Mo3uTpoHa. CBepxMmalioe OTIMYUE BEIUYMH ITUX 3apsnoB (+) ot (-)
o0ecreynBaeT UCTOYHUK I'paBUTAllMK BO BeeneHHOM.

BzaumopeiicTBie BpalaTebHBIX ABUKEHHIN TaKKe MPOUCXOAMUT C MOMOILIBIO 3TOW CPElibl, YTO
MIO3BOJIAET IIPENIoIaraTb MPOCTPAHCTBEHHOE PA3JIMUUE PE3y/bTaTa CIOXKEHHS BpPAIATENIbHBIX
yCKOpEeHU# AByX U 6ojiee GU3NYECKUX 0OBEKTOB.

2.JKCcIIepUMHTAJIbHOE TOATBEP K IeHHE THIIoTe3bl. Kputepun; copepikanue SKCIEpUMEHTA.
3.CTOMMOCTb dKCIIepUMeHTa (OLICHKA).

4.MpaKTHYECKOE UCIIOIB30BaHUE OE30MOPHOro ABUTraTeNIsi B KOCMHYECKOH O0Tpaciu (BOZMOKHBIE
BapUAHTHI).

CymiecTByeT BO3MOXXHOCTb BO3JICHCTBUS HA CTPYKTYPY Cpelibl NP IMOMOLIM CO3JaHUs 0COOBIX
XUMHUYECKHX BEIIECTB C MCIOJb30BAHUEM HAHOTEXHOJIOIMM, KOTOpbIE B HAaMOOJbIIEH CTEIEHU
MOTYT 1e(OpMHPOBATH Cpelly Tak, Kak 3TO MPOMCXOIUT IOJ| BIMSHHUEM OTJEIBHOTO MPOTOHA,
KOTOPBINA CIIOCOOEH pa3pyliaTh CBOU OKPECTHOCTH, pOKJasi 00NaKO U3 «BUPTYAIbHBIX» YaCTHULL
CTPYKTYpHI.

BexTop nedopmanuu naér BeIOOp HampaBlieHUs IBMKEHMs ammapaTta. B mpenenbHOM ciiyudae
anmnapar TepseT CBOMCTBO UHEPLUUHU U CTAHOBUTCS HEBUIUMBIM.

17. IlpumeyaHue MO MOBOAY
BECJIMYUH MPOHUIIAEMOCTEN B JAHHOU KHUIe

ABTOp He IpHUJIaBajl CYIIECTBEHHOIO 3HAYEHUs HCIIOJIb30BAHHBIM BEJIMYMHAM IIPOHULIAEMOCTEN
BaKyyMa.

h =L =1,00000000207 a2 k2" 2]
m - MarHUTHas KOHCTAHTa CPE.Ibl,
x =2 = 8987551794 0% 0" 23k % 4]
e - QIIEKTPUYECKAsi KOHCTAHTA CPEIbI.
CrnpaBounuk CODATA npuBOIUT Apyrue onpeaeaeHus NpOHUIIaeMOoCTell B BaKyyMe:

e, =1/mc” =8.854187817:40° m, =4p 20”7

OTCYTCTBI/IG ABTOPCKOI'0 IMOACHCHHA OTXO0da OT O6HI€HpI/IH$ITBIX BCIIMYHH HpOHHHaeMOCTeﬁ B
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MexnyHapoaHOHM cucTeMe eAUHUI] ObLIO Obl CYIIECTBEHHBIM TPOMAaXOM.

B paGore mnpuHATa KOHUENIMS TIJaBEHCTBA OHJIEKTpUYECTBa HajJ MarHeTu3MoM. CTaBUTH
MEKTPUYECKYIO TPOHMUIIAEMOCTh B 3aBHCHUMOCTH OT MAarHUTHOW MPOHMIIAEMOCTH ObLIO Obl
JIOTUYECKH HEBEPHO. A CBS3bIBaTh €€ CO CKOPOCTBIO CBETA, KOTOPAs MEHSAET CBOE 3HAUCHHUE B
KOCMOCE 10 MEpE pacIpOCTPAHEHUs OT 3BE€3/Ibl K IJIaHETaM, BOOOIIE HUYEM HE OIpaBaHo.
[Mpunsateie B ¢usuke mnpoHumaemMoctTu B cucremMe [KQ-m-S| mnporuBopedar MHOTUM
(GyHIaMeHTaJIbHBIM KOHCTaHTaM: MOCTOsHHOM [lnaHka, sneMeHTapHBIM MaccaM 3JIEKTPOHA U
IPOTOHA, KJIACCUYECKHM pajnycaM MHUKPOYACTHIl. YKa3aHHbIE (yHJaMEHTAIbHbIE KOHCTAHTHI
oIpeziesieHbl B TEKCTE MMEHHO C BBEJACHHBIMHU 37€Ch IMPOHULAEMOCTSAMU U C HEOOXOJUMBIM
BOJIHOBBIM COIIPOTHBIIEHMEM BakyyMma. [IpuBenem [uid HarIsiAHOCTH pPAcyeT IOCTOSHHOU
[Inanka:

h=2p €’a *x29.9792458 = 2p ea 'F =6.6260687652x.0"* TOK.C

BugHo, 4TO BOJIHOBOE CONPOTHUBIICHME, BXOAALIEe B ATy (QOPMYIy, HUKAK HE MOXKET ObITh
BenmunHON  376,7. TouHo Takoe JKe€ HEIOpasyMEHHE CYIIECTBYeT W C JAPYTHMH,
MCIIOJIb30BaHHBIMM 3/1€Ch, KOHCTAaHTaMU. Ba)kHO 3HAaTh NIPUUMHY OTMEYEHHOI'O IPOTHBOPEYNS.
KaxeTcsi, 0HO OCHOBaHO Ha OIPEJEICHUN CUJIbI B3aUMOJECUCTBUS JBYX IapauleIbHbIX TOKOB B
dopmyne Amnepa:

AMiiep — 93TO cuja IOCTOSHHOI'O TOKa, MPOXOJSAIIEro IO JBYM MapajljieIbHbIM
OPSAMOJIMHEHHBIM MTPOBOJIHUKAM OECKOHEYHOH JUIMHBI U HUYTOXXHO MAJIOH IJIOLIau KPyroBOro
MONIEPEYHOI0 CEUEHUs], PacIoO0KEHHbIM B BaKyyMe€ Ha pacCTOSIHMM 1 M OJMH OT ApPYyroro, u
BBI3BIBAIOIIETO HA KAKJIOM YYacTKe NMPOBOAHMKA JUIMHOM 1 M cuily B3auMOJeMCTBUS, PaBHYIO
2:10-7 HproTOH.

[IpennonoxurenpbHo, BEIUYMHA CUIIBI TOKAa M JAET, KaK CJIEICTBUE, 3HAUCHHE INPHUHATHIM B
CODATA npoHHIIaeMOCTSIM, @ MarHUTHAsI IPOHUIIAEMOCTh OKA3bIBACTCS TICPBUIHOM

dF =I1[dl,dB] =mI[dl,dH] B stoit §o 4p

: pMyJie 3ampsATaH MHOXUTEIb B CBSI3U C KPYTOBBIM
HaIpaBlIEHUEM MMOTOKAa MAarHUTHON MHAYKIMH B A1 IpSMOIMHEHHOTO MPOBOJHUKA ¢ TOKOM. C
OCTOPOYKHOCTBIO MOKHO YTBEPIKIIATh MMEIOMICECS] PACXOKICHHUE KIIACCHYECKOTO OTPE/ICICHUS
cunbl Toka 1A ¢ HoBelmmMmu (yHAaMEHTaIbHBIMU TMpelacTaBieHusMH. He wuckirodaercs
BO3MOXXHOCTh oOpaTHOro mepecuéra cwibl 2:10-7 HpOTOH, HCXOAS W3 MarHUTHOU
MPOHUIIAEMOCTH, CBSA3aHHOW C «(pyHIaMEHTAIbHBIM» 3HAYEHHEM CKOPOCTH CBETa B BaKyyMe.
Omnpenenenne BeIMUYUHBI AMIIEpa TEOPETUYECKOE, @ HE IKCIIEPUMEHTAIIBHOE.

18. BMECTO 3AKIIOYEHUA

CymectByeT 00JbII0€ KOJMYECTBO HAYYHBIX padoOT 1o TeopeTrueckoil ¢pusuke. [Ipaktnyecku 3a
0003pruMO€e BpeMsi HEBO3MOXHO MPOYECTh, OHATh CTaThH U KHUTH, IIOCBAIICHHBIE (PU3NYECKOMY
ycTtporictBy Ilpupoasi. OGHapyKHUBaeTCsl OJHO Ba)XHOE OOCTOATENHCTBO, MPHUCYIEE MHOTUM
TeopusiM. Ecniu B cTaThe OTCYTCTBYIOT TaKM€ MaTeMaTHMYeCKHE MPHEMBI, KAK MHOTOMEPHOCTb
IPOCTPAHCTBa—BPEMEHH, KaK MaTpHIbl, JaHrpawkuanel, (yHkuun Kpucropdens u um
noJ00HBIE, TO 3T CTaThsi PACCMATPUBAETCS KaK MMEIOIIAs HU3KUM Hay4dHBIH ypoBeHb. MHOrue
(Gu3MKYM, AOCTUTIIME MIMPOKOIO MPHU3HAHMS W 3aHUMAIOLIME AaBTOPUTETHOE IIOJIOKEHUE B
HaY4YHbIX Kpyrax, CYHMTalOT, YTO B OCHOBHOM CO3JlaHa HENPOTHBOpEYMBAs KapTHHA
MupoycTpoiicTBa. OcTanoch 10padoTaTh MEIKHE JETAIN U BCe Oy/IeT COBEPIICHHO 3aKOHYEHO B
noHnManuu ¢yHkunonupoBanus [Ipuponsl. Hagexapl Ha OnaronoiygyHoe 3aBeplICHHE STOU
MUCCHH BO3JIaraloTcsi Ha psiji SKCIIEPUMEHTOB C IPUMEHEHUEM CBEPXMOIIHBIX YCKOPUTEJIEH U Ha
Pa3sBUTYI0 MOIIHYI0 MaTeMaTHKy. 3HAKOMCTBO C TEOPETHYECKOM (PU3MKONW NPUBOIUT K
IIPOTUBONOJIOKHOMY 3aKJItoueHuto. U rinaBHas nmpuumHa JUist 3TOr0 ONpeaesieTcs TeM, YTo:
JIro6as maremaTHka OeccuiibHa 0e3 Xoporueil pusnueckoi MoJenu.

MaremaTtuueckas MOJEIb MOXET WIHOPUPOBATh BaXKHbIE OSKCIEPHUMEHTAIbHBIE JIaHHBIE.
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Hampumep, pacnpoctpaneHue cBeta B Bakyyme. VckiroueHue M3 3JIEKTPOMArHUTHBIX BOJIH
TOKOB CMEILLEHUS JINKBUAUPYET BO3MOKHOCTD UX PACIIPOCTPAHEHMUS.

Otka3 oT uccienoBanus 3¢Qgupa B Hayane XX BeKa HaHEC YPOH B MOHUMAHUM MHOTUX SIBICHUN
[Ipuponsl. Teopernueckas Qu3uka NposiBUIa B MOJHOW Mepe Oieck M Humery. bieck
3aMevaTesIbHbIX UMEH B ucrtopun ¢usuku XX Beka, oTMeueHHbIX HoOeneBckumu npemMusMu u
IIOJIHYIO HUMILETY B IOHUMaHUM peabHOCTH [Ipupompt.

Baxxnoe mecto 3anumaer KBantoBas Mexanuka. Tak nmpodeccop Anapeit Jlunae, BHecmuit
O0JbIION BKJIAJA B pa3BUTHE UHQIIALUMOHHONW Teopuu BceneHHoM, He cMor crenarh e€ BHATHOU
0e3 KBaHTOBBIX (IIyKTyaruii, 0e€3 CKaIsIpHBIX TMOJEH 3araJloYHoro MPOUCXOXKIACHHS, O0e€3
pasmepHocTH BceenenHoit 10 6 mopsaka. 3aKOH COXpaHEHHUS PHEPruu OOOCHOBaJ TEM, 4TO
nosiHasi sHeprus BceneHHoOW mpu €€ pacHIMpeHUM COXpaHSeTCsl — HOpMallbHas JHEeprust ¢
yBenu4eHueM e€ 00beMa YMEHbILAETCs IPU POCTE IHEPTUU BaKyyMa.

[IpocMoTp muTEpaTyphbl MOUTH HUYETO HE NAET NP UCCIEIOBAaHUM CBETOHOCHOU cpefbl. Cambie
BaYKHBIE CBEJICHUS U3BJIEKAIOTCSA U3 DKCIIEPUMEHTAIBHBIX JIaHHBIX, a HE U3 Teopuil. [loaToMy Ha
IICPBOM MECTE B CIHCKE JINTEPATyphl MMOCTABJICH 3aMeuaTelbHbI CpaBOYHUK [1] mo ¢usmke
1964 rona. B mocnennoro tpeth XX Beka B 00pa3oBaHUU MO (U3UKE INIABHOE MECTO 3aHSUIU
TeopeTUYecKue acrnekThl. JJaboparopHble paboThl, paHee TIIATEIbHO COMPOBOXKAABIINE JH000E
MaTeMaTHYeCKOe ONHCaHue B Yy4eOHMKAaX, COLUUIM Ha MHUHUMYM B TEOPETUYECKHX Kypcax
Jlannay—JInpmmna. JoctuxeHus skcnepuMeHTanbHON (u3uku Brevaristomue. Ho naHHbIE
OTIBITOB UCIOJIB3YIOTCS B TEOPHUSIX CTpaHHbIM oOpazoM. Hampumep, ceifuac n3BecTHbI BCErO /1Ba
JJIEMEHTAPHBIX 3JeKTprueckux 3apsima (+) u (-). B ux umcino mMoxHO (HOpMaabHO OTHECTH
HYJIEBOHM 3aps/], KOTOPBIA B NPHUHLUIIE MOXET ObITh 3aMEHEH Ha CyMMY YKa3aHHBIX 3apsiOB.
Y1no0HBI npuéM OMHMCaHHUS HAa OCHOBE KBAapKOB MOXHO HE NPUHUMATh B pacdér. ToJsbko
oOHapy’KeHHe KBAapKOB B CBOOOJHOM COCTOSIHUM MOXKET YCTPaHUTh COMHeHHe. OrpaHu4eHHOe
YHCIIO 3apsA0B, MPUXOAIIEe Ha YUCIO Macc OTKPHITHIX Oosiee 2000 gacTuIl, MOPOKIAACT IPYroe
COMHEHHUE. SBJISIETCS JIM Macca YacTHUL] HACTOJBKO OCHOBOIIOJIATAIOIIMM KPUTEPUEM, KaK 3TO
npunsto B Crangaptaoir Mogemu (CM)? Ilostomy mouck dacTtul] XwWrrca, HaXOXICHHUE
KOTOPBIX IIPUHATO B KAYECTBE OCHOBHOM NPOBEPKH BepHOCTH CM, CTOJIb K€ COMHUTENIEH.
[Tpo6Gsiema rpaBuTalMy, IO MHEHHUIO aBTOPA, OCTAETCS LIEHTPAIbHON U HE PELIEHHOM, Hapsay
3aaueil pacrpoCTpaHeHHsI CBeTa B IPOCTpaHCTBE. B 001elt Teopuu rpaBUTALMU UCTIOIb30BAHO
HOHSTHE MPOCTPAHCTBO—BPEMS B Kau€CTBE CaMOCTOSTEIbHON KAaTErOpUH B YCTPONCTBE MUpA.
OTO TMOJIOKEHUE NPOTUBOPEUUT MaTepuanbHOU cyumHocTH I[lpupoabl. OOBEKTHl Marepuu
OIIPEICTISIFOT TPOCTPAHCTBO, a Mpoliecchl (ABMKEeHUE) xo1 BpeMeHu. OJHAKO, B TCOPUHU BCE
BpeMsi (puUrypupyer 3Ta KaTreropus, mpsMo He cBsizaHHas ¢ BemiecTBoM. CraThs [2] sBisercs
OUYEHb M0KA3aTeIbHOM B KaueCTBE OTPULIATEILHOrO pruMepa. Teopun CTpyH U CyHepcTpyH, Kak
U TEOpUU KBAaHTOBOM TIpaBUTALUM, CYNEPIPABUTALUU JEMOHCTPUPYIOT IHPUMEPBI TOTO K€
nopsaka. I'maBHOe B HUX! CTpEMJIEHME ONUCATb M IO BO3MOKHOCTH TOYHO YJOBJIETBOPUTH
HaOII0AEHHBIM JAHHBIM C TIOMOIIBIO CJI0XKHON MaTeMaTHKH.

JIroOombiTHOE mpu3HaHue caenaHo B [31] B Tom, uro 3¢dexkt CaHbsika ¢ OIUHAKOBON
TOYHOCTBIO OIHUCHIBACTCA C MOMOUIbIO pensiTUBM3Ma U 3¢upa. Ho BeIBOA caenaH B MOJb3Y
HEPBOIO...

WuTepecHbl paboThl MO OTKJIOHEHHIO CBETa B KOCMOCE TI'PAaBUTHPYIOLIUMH OOBEKTaMH.
be3ycioBHO, HY)KHO y4YUTBIBaTh HaOmroAaeMble 3PGEKThl OTKIOHEHUH U MUKPOJIMH3UPOBAHUS.
IIpu oOcyxnenun Ha ¢opymax 3TOH NpoOJieMbl BBIACHWIOCH, YTO MPEICTABICHHASA 3/€Ch
dbu3nUecKas MOJIeTb OTKJIOHEHHsI HE BCera SK0oObl COOTBETCTBYeET HabmoaeHusM. OMHAKO, KaK
0Ka3aJoch, 3aJaya ONPEIENICHUs OTKJIOHEHus cBeTa IOmurTepoMm emie He pelieHa, a TOJBKO
COCTaBJIEHa cTpaTerusi OyAyIIero OmnbITa.

[IpuBenena TeopeTnueckas BEIUMYMHA 3a[EpKKHU CBeTa, npoxonsduiero Mumo IOnurepa. Ona
OlLICHUBAETCs KaK 1 MiCroarcseC. MojkHO OICHUTh BPEeMs 3a[ePXKKH CBETa, MPOXOISIIETO MUMO
IOnurepa. Ora 3axepxka paBHa 0,0100050 MukpocekyHI MO CPaBHEHUIO C MPOXOXKIAECHUEM
CBETa B CBOOOTHOM KOCMOCE.

B npuBeneHHoi nuTepaType €CTh OPUTHHAIBHBIE UAECU OTHOCHUTEIBHO MPHPOJIBI (PU3UUIECKOTO
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Bakyyma. Ho HM o1Ha U3 3THX uIel He mpeanonaraer onopsl Ha (akT NpeBpalleHUs TaMMa-
KBaHTa B [1apy 3JIEKTPOH—IIO3UTPOH.

Oco6o Hamo Beigenuts [27, 3. YUTTEKEP]. MWcropuss wunmeit s¢upa, roroBoro k
pacpoCTpaHEHUIO CBETA, OYEHb IIOKA3aTeJIbHA U JOJDKHA COCTaBUTh 3aMETHYIO 4acTh JaHHOMU
paboThl, KOTOpas ciykuiaa Obl HCTOPUYECKMM OOOCHOBAHHMEM HJAEU CTPYKTYpPbl CpEbl,
OTBETCTBEHHOH 3a pacnpocTpaHeHue ceera. OnpaBaaHueM OTCYTCTBHS 3TOH YacTH SIBISIETCA TO,
YTO Cpelia HeCeT OOJbIIYI0 (PU3MUECKYIO HArpy3KYy, YeM Jito0asi U3 MPOLUIbIX Teopuit agupa.
ABTOp Hajeercs, YTO JOCTAaTOYHO LIUPOKUI Kpyr (U3M4YecKux MpolseM, KOTOPBIA 31eCh
MPEJCTABIICH, SBUTCS XOPOIIEH HILTIOCTpAlUe BO3MOMXKHOCTEH, OTKPBIBAIOIIMXCA BBEICHHUEM
KOCMHUYECKOU cpefibl. [ TaBHBIM SBISETCA TO, YTO aOCOJIOTHO BEChb MHUpP, U Mbl BMECTE C HHM,
OCHOBaH Ha sJjiekTpoMarHetusme. MuHoe mnpencrasienue o [Ipupoae o06si3aTesibHO MpPUBEET K
JOXKHBIM TeopusiM. CaMbIM JIYYILIMM B 3TOM ciiyyae OyJeT OObIKHOBEHHBIN MH)KEHEPHBIN pacyer.

CrpykTypa (pU3UUECKOro BaKyyMa MpensaTCTBYET CO3/IaHUI0 YCTPOMCTB € TEPMOJMHAMUYECKUMU
nporeccaM C IEJIbI0 TMONYYUTh SHEPTHI0 Uil HYXI SKOHOMUKH M Haykd. Hampumep, B
Tpowurke 3amycTsT yHUKaNBHBINA TepMosiiepHbIii peaktop (2010):

http://global science.ru/article/read/17465/

OH o0pedeH Ha HeyJauy 10 IPUYMHE PEabHOrO CYLIECTBOBAHMS CTPYKTYpBI Cpellbl BakyyMma,
KOTOpas JHUKBUAMPYET JIOOYI0 IUIa3My. AHAJIOTHYHYIO HEyAady IIOCTUTHET 3apyOeKHBbIC
IPOEKTHI 0 00y3/1aHuI0 TpUTUs U Jeiitepus. Eme npumepsl - 3to Ha BBC.
http://www.bbc.co.uk/news/science-environment-11541383 ,

Ha odpunmansHoM caiite | TER (International Thermonuclear Experimental Reactor)
http://www.iter.org/ xotst 3amyctuth yxe B 2012r: HanuoHambHBIH KOMIUICKC Ja3epHBIX
TEPMOSIIEPHBIX peaKLuil

(NIF)

http://bigpi cture.ru/?p=106567 ,

MIOCTABJICH HOBBIN peKop. yaepkanus miazmbl (2006)

http://science.compul enta.ru/268602/ .

TakoBbI )KECTKHE CIEICTBUS OTKPBITUS CTPYKTYPhI BAKYyMa.

CnpaBo4YHUK

Haubonee pynnamenransHbie napamerpsl BeeneHHoM.
a =0.00729735308(33) _

a ! =137.0359895(61)

HOCTOSIHHAS! TOHKOW CTPYKTYPBI.

—¢€C o6paTHa${ BCJINYHHA.

x =2 = 808755179500%a” Zn e s 4]

% — JMDJIEKTPUYECKAs. IOCTOSHHAs BaKyyMma, paBHas
00paTHOM BEIMYMHE AUAIEKTPUUYECKOMN MMOCTOSIHHOM.
h =1 =10000000028x07 [a 2" ko™ 2e2]

"o — MarHuTHas MOCTOSIHHAS BaKyyMa, paBHas 00paTHO

BEJIMYNHE MarHUTHOH IMPOHUIIACMOCTH,

e, = (+/-)1.60217733(49) 40 *

Macce 000 MUKpOYacTHUIIe.
F =(+/-)4,803204210 *

HpOI/ISBOI[HBIC napamMceTphl.
h=2pea 'F =6.62606876(52) X0 *[ Jorc ]

Ki1, — eaunbIil 351eMeHTapHBIN 3apsi/l, KOTOPbII HyKeH JIF000i

Be6ep, MMOTOK MarHUTHOM HHAYKIHUH B BAKYyMC.

— nocrosHHag Ilmanka.
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m,” =9.1093897(54) 40>
KI' —Macca 3JICKTpOHA U MMO3UTPOHA C pa3HBIMU 3HAKaMH, KOTOPELIC

ONpCACIIAIIOT UX B3aMMHOC NPUTAKCHUC U AHHUTWIALUATO.
2

€ -
R =x—"_ =a’a, =2.81794092(38) X0 *

mc M - KJIACCUYECKUU paguyC IEKTPOHA CIEAYET U3
PaBEHCTBA €ro YIEKTPHUUECKON U MacCcOBOM (SIEpHON) SHEPTHA.

| . =h/mc=2.42631058(22) X0 ** » 2.42643612972 X0 **
e M — KoMIITOHOBCKas! I7IMHA BOJTHBI

IJId 3JICKTPOHA.

m? =1.6726231(10) 40
KI' —Macca MMpoToHa U aHTUIIPOTOHA, UX 3HAKHU IIO3BOJIAT UM

AHHUTHUIINPOBATD.
2
_ eo _ -18
R, =x—5 =1.5346985x10
m.C o
P M — KJIaCCUYCCKHU paJInyC IMPOTOHA U aHTUIIPOTOHA.

m, =1.001378404(9) X0 *’ y
KI' —MacCa HCUTPOHA.
— — -11
a, =a/4pR, =5.29177249(24)40° " paziye Bopa.
R, =ma’c/2h=hm,/4pefa ® =1.0973731551775%10’
» 1.0973731534(23) X0’ "

—nocrosiHHas PunGepra.
c = 2.99792458%.0° » 2.9979245804389 x0° mlc.

G =xé& /m} =6.67259(87) xL0™ ™

» 6.67260644 X10" " [a’ke e ?]
— rPaBUTAIMOHHAS TIOCTOSHHAS,

m, =+/am, =1.85944583x10"°
— -8
m, =2176711440°

Ctpykrypa cpeabl neopMupyercs mpH dIEKTPHUUESCKON HAMPSYKEHHOCTH:

kr, mPl - macca ITnanka.

E. ., =bDr, /e =7.35936346 X107
max b’ o B/M — nipenenbHOE HanpsHKEHUE «IIPOOOSI» CPEIIBI.

Dr=yal4pES _ 3aBUCHMOCTBH Ie(pOPMALIHH OT YCKOPCHUs, @ — yCKOPEHHE.

Dr :@w /4pS

br
2
4pR°S  _rpaBuranuonnas sHeprus aedopMaruu oHOro Aunos (+) u (<) ot
Maccel M Ha paccTosiHuu R.

—3aBUCUMOCTH JiehopMalinu oT Macchl Tesia M u ero paauyca.

w, =b(Dr)? =

® 4pE.S 2
PEs —3Heprus aedopMaluy OJHOTO TUIOJIS IPU YCKOPEHUH a.

Dr=,09/4pES, f =bDr =b,/g/4pE,S=mg

bDr,, -9
) ) m, = —2 =1.859459 10
gmax — 4pES S(Dl‘rb)z = 6.340858 >§|_010 M/C(+2)’ gmax KT,

HPEIIOIIOKHUTEIbHAS MAacCa MUKPO <«UEPHOIM» JIBIPHIL.
['paBuTAlIMOHHAS PA3HOCTH 3JIEMEHTAPHBIX 3apsiioB (—) u (+) onpenensercs

De. =rm, =7,8490272 x10"* m
0 e Kun. Min B Mmacce X cOmepKUTCS MacC 3JIEKTPOHA
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n., = = 20412408340

m
e . Torna, BO3BpallasACh K pa3HOCTU 3JICMCHTAPHBIX 3apA/10B,

De, =e, /n., =7,8490363:0 *

HOTYyYHM Ki1 — coBmaieHne ¢ npeapaynieil BeNuInHOil.
[ToTOK MarHUTHOW MHIYKIIMH OT PA3HOCTH 3aps/I0B (pa3HHUIa TOTOKOB OT 3apsija (—) u (+)
COCTaBHT BEIUYUHY

DF , = De,/x/h = 2353079067740

Ta e BeMuMHA, OTIPE/ICTICHHAs OTHOCUTEIIFHO AJIEMEHTAPHON MaCChI 3JIEKTPOHA—TIO3UTPOHA,
JaeT ciaenyrouryto uudpy
DF ., =m_/G/h =2,2530790677 X0 ¥ B

Cosrnazienue (KM TaBTOJIOTHS?) TIOJIHOE.

0.
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