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IIpuBeneH 0030p FIKCIEPUMEHTOB 110 CBEPXCBETOBOMY
pacnpoCTpPaHEHUIO AIEKTPOMArHUTHOW BOJIHBI B Cpeiax U B
BaKyyMe, a, TAK)KE 10 CBEPXCBETOBOMY PaclpOCTPAHEHUIO
HE3JICKTPOMAarHUTHBIX Bo3aenucTBU. [loka3ano, 4To
pe3yJIbTaThl JaHHBIX SKCIIEPUMEHTOB OIHO3HAUHO
CBUJETEIBCTBYIOT O TOM, YTO CKOPOCTb PaCIpOCTPaHEHUs
3JIEKTPOMArHUTHOM BOJIHBI B CTAH/IAPTHBIX YCIOBUSX
(cxopoctb cBeta C) HE SIBISETCS MIPEAEIIOM, a MOXKET OBITh BO
MHOTHX CIIy4yasiX CyLIECTBEHHO IIPEBbIIICHA, IPUYEM, B
HEKOTOPBIX CITy4YasiX BIUIOTH JI0 MPAKTUYECKH OECKOHEYHO
6onboi. Tak Kak MocTyaaT O HEBO3MOYKHOCTH MPEBBIIIEHUS
C saBnsiercst oqHUM U3 ocHOBHBIX B CTO, TO pe3ynbTaThl
JAHHBIX 3KCIIEPUMEHTOB yOEIUTEIbHO CBUJIETENBCTBYIOT O €€
JKeHaydyHocTH. Kpome Toro, skcepuMeHThI ¢ KBa3H-
CBEPXCBETOBBIM JIBUYKEHHEM HABEJCHHOT'O 3apsja
CBUJETEIBCTBYIOT O TOM, YTO CKOPOCTb PaCIpOCTPaHEHUs
NEKTPUYECKOTO TOJISI IPH HEKOTOPBIX YCIOBUAX TAKKE
mpeBbIIaeT “‘ckopocth cBeta’” C.

Experiments with superluminal propagation of electromagnetic
wave in condensed media and vacuum have been reviewed and
analyzed. It was shown that the results of said experiments are
the firm evidence of propagation speed of electromagnetic
wave exceeding “speed of light” C. Such facts obviously
contradict with Special Relativity Theory (SRT) postulate
about C as the fundamental limit of speed of any propagation
and motion. Therefore, it is just one of evidences, which shows
that Special Relativity is the false theory.

Moreover, experiments with quasi—superluminal motion of
induced charged reveal that speed of propagation of electric
field in some conditions also exceeds C.
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1. BBenenue
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Kak u3BectHo, DWHIITENH 1TpH BbIBOJI€ ClielIMaIbHON TEOPUH OTHOCUTEILHOCTH
(CTO) BBen B Hee psijl MOCYJIATOB (MMEHHO MOCTYJIATOB), HA KOTOPBIX OHA, COOCTBEHHO,
u O6bpu1a ocHOBaHa. U o U3 ocHOBHBIX MocTy1aToB CTO ObLT 0 HEBO3MOKHOCTH
NpeBbILIEHUS] CKOPOCTH CBETA MATEPUAJILHBIMH TeJIaMHU (K HUM OH OTHOCHJI H
3J1IeKTPOMATHUTHYIO BOJIHY) H HEBO3MOKHOCTH NepeHoca nHGopMauum co
CKOPOCTHIO 00JIbIIIe CKOPOCTH CBeTA. 371€Ch HY>)KHO OTMETHUTh, UTO DUHILITEHH, 10
BUJUMOMY, HE UMEJI MIOHATHUS O Mpollecce nepeHoca nH(OpMaLUU, U O TOM, 4TO TaKoe
unpopmanus BooOie. [lanee 3ToT moctynat takxke Bomren u B OTO (rpaBuTamus
pacnpocTpaHsieTcsi co ckopocTbio cBeTa C).

Bnauane Hazo oTACNIUTH pacpoOCTPaHEHUE FIEKTPOMArHUTHOM BOJTHBI U
JIBUKEHHUE 3apsA0oB OT BHKEHUS HEMTpaIbHBIX MaTepuaibHbIX Tell. [IpeobpazoBanue
Jlopenua (na HeM ocHoBaHa CTO) onuChIBaIOT B3aUMOICUCTBUE 3aPSiA0B (3apssKeHHBIX
MAaTepHAJIbHBIX TeJ) P OOJIBIINX CKOPOCTAX. JIOpEeHI] cuuTal ux SMIUPUYECKUMU
dbopMytamMu, HO DWHINTEHH U €ro TOCIIEA0BATEIH PACTIPOCTPAHUIIH 3TH MPeoOpa3oBaHUs
Ha JIBIDKEHUE HE3apsHKEHHBIX TN U Ha 3JIEKTPOMArHUTHBIE BOJHBI, YTO ObLIO
HENPABUJIbHBIM C caMOro Havana. Hanpumep, camo Ha3BaHHE OCHOBOIOJIAraroIIei
cTarbe DitHiTeitHa “K snexTpoauHamMuke ABMKYIIUXCS Tel COBEPILIEHHO 0e3rpaMOTHOE
— He OBIBACT AIICKTPOAMHAMUKHY HEe3apsHKCHHBIX Tel. TeMm He MeHee, DWHIITEeHH 1 ero
MOCIIeZI0BATENN YCMOTPENH B Ipeodpa3oBanusx JIopeHiia «BeNUKHi BCEICHCKUN 3aKOH»,
CBSA3BIBAIOIIUHN JBUKEHNE CO BPEMEHEM.

Boo01ie-To, moctynaT 0 HEBO3MOKHOCTH MPEBBILICHHS] CKOPOCTH CBETA MAaTePUAIbHBIMU
TeJIaMU U AJICKTPOMATrHUTHON BOJIHOW, BBEICHHBIA DUHIITEHHOM, COOTBETCTBOBAI
Hay4HbIM 3HaHUsIM KoHLA 19 Beka. Ho yxe B Hayane 20-ro Beka MOSABUINCH
CBU/JICTEIHCTBA, OMPOBEPTAIOIINE 3TOT MOCTYJaT. TeM He MeHee, OKOJIOHAYYHBIM U
KOHBIOKTYPHBIM IMHAPOM, HE UMEIOLIUM HUKAKOTO OTHOLIEHUSI K HAYYHOU UCTUHE, OH
OBLIT IPEBPAILIEH B PEIMTUO3HYIO JIOTMY, COMHEBATHCSI B KOTOPOI OBLIIO €PEChI0 U MOTJIO
HMMETh CEpPhE3HBIE MOCIIEACTBUS JJIsI COMHEBAIOIIETOC.

2. KopoTko 0 nucnepcun, (poToHEe U CKOPOCTH CBETA

3/1ech HY’)KHO HaIllOMHUTB, YTO BCE CYIIECTBYIOIINE BU/IBI BOJIH
(3;mekpOMarHUTHYIO IMOKa HEe pacCMaTpUBaeM), HalTPUMEP, aKyCTUIECKHE U
MOBEPXHOCTHBIE, HE SIBISIOTCS MaTepHabHBIME 00beKTaMu ((hopMaMK MaTepUun) — 3TO
nedopMaIuu cpepl, B KOTOPOH OHH PACIIPOCTPAHSIOTCS, M KX CKOPOCTh
pacipocTpaHeHHs 3aBUCUT OT XapaKTEPUCTUK 3TOM Cpe/Ibl M HUKAaK HE CBsI3aHa C
BO3MOXHOM CKOPOCTBIO JBH)KEHUSI MaTepHAIbHBIX TEJI B TaHHOU cpeae. Hanpumep,
CKOPOCTh pPaCIpOCTPaHEHHUs aKyCTHUECKON BOJIHBI (CKOPOCTh 3ByKa) B IaHHOM cpeie
OJTHO3HAYHO 3aBHCHUT OT €€ MapaMeTPOB COTIIACHO (opMyJIe:
a=+kRT , rae Kk — koHCTaHTa H303HTpPOMBI JanHOTO Ta3a (1,1 — 1,7 1 pa3HbIX ra3oB),
R - razoBas moctosiHHast anHoro ra3za u T — ero temmneparypa B K. A pu HEKOTOPBIX
YCIIOBUSAX CKOPOCTh aKyCTHYECKOW BOJIHBI B CPEIaX MOXKET JIaXKe IMPEBHINIATh a
(KyMyJISTUBHBIC CTPYH, IETOHAIINSA).
Kpome Toro, ckopocTh 3ByKa HE CKIIQIBIBAETCS CO CKOPOCTHIO UCTOYHHUKA, HO
CKJIQJIBIBAETCS CO CKOPOCThIO TpueMHuKa. Hampumep, Ha kopabie, TBUKYITUMCS
OTHOCHUTEIILHO CUCTEMBI KOOPJAMHAT, CBI3aHHBIX C MOPEM (BETpa HET), HAOIIOJaTENb



CTOSIIIIMI HA HOCY WJIK KOPME KOpaOJisi He TOYyBCTBYET H3MEHEHHS TOHA T'Y/IKa, HIYIIErO
OT UCTOYHUKA, HAXOJISIIETOCs B cepeauHe kopabis (3ddext Jlomiepa oTyTcTBYET), HO,
3aTO 3ByKOBas BOJIHA TOMIET OBICTpPee 10 KOPMBI, 4eM 10 Hoca. Eciu kopabiib CTOHT, TO
TaKUM CIIOCOOOM MOYKHO M3MEPHUTh CKOPOCTh BeTpa. Ha 3ToM npuHIuie padoTaroT
yIIBTPa3ByKOBbIC H3MEPUTEIN CKOPOCTH MOTOKA ra3a B TPyOOIPOBOIaX.

B To e Bpems, MaTepraabHOE TEJIO0 B BO3IyXE MOXKET JABUTaThCs C JIFOOOH CKOPOCTHIO,
BKJIFOYAs U CBEPX3BYKOBbIC. 1 HUKAKMX OrpaHUYCHHIA Ha 3Ty CKOPOCTh HE
HakJIabIBaeTcs. [Ipy 9TOM, CKOPOCTH CKJIAABIBAIOTCS COTIIACHO TEOPHH
OTHOCHTEIBbHOCTH [ 'ajiuies, TO €CTh, €CIIM C HEKOTO Teja, IBUKYILETr0oCs CO CKOPOCThIO

V, OTHOCHUTEIBHO HEKOM CUCTEMBI KOOPAMHAT, BBICTPEIIMBAETCS CO CKOPOCTBIO V, Ipyroe

T€JI0, TO CKOPOCTH B IaHHOM CHCTEME KOOPAMHAT CKJIAaIbIBAIOTCSl BEKTOPHO, TO €CTh
CKOpPOCTb BTOPOT'O T€J1a OTHOCUTEJIBHO IIEPBOM CUCTEMbI KOOPAMHAT OyET paBHa!
V, =V, +V,.

Taxum 00pa3oM, IBUXKEHHE BOJIHBI M MAaTEPUAIBHOTO TEJIa — 3TO COBEPILIEHHO
pa3HbIC BEIU U OMUCHIBAIOTCS pa3HbiMu 3akoHamu! Ho DitHiureitn Ha cTp. 4 [35]
NpeacTaBjsieT JIMHY MAaTePHaIbHOI0 TeJia (HEKOro CTEePKHSA) KaK “IyTh JIy4a
cBeTa” U MyCcKaeT ATOT “IIy4” BJIOJIb CTEPKHS B JiBa HallpaBiIeHUs (Y HETO OH OTPaXKaeTcsl
OT 3epKaJla U BO3Bpalaercs Ha3aa). BoT TyT-To 1 HaXoauTCsi IPUHIHINAIBHO
B3/10pPHOE M HellPaBUJIbHOE J0NylIeHue, HAa KoTopoM ocHoBaHa Best CTO. Ho “xuiia
OKa3zazach 3070701 ”. OHa 03BOJINIIA IOCPEICTBOM KPAaliHE HECIIOKHBIX
apu(METHIECKUX MAHUITYJISIIUI COBEPIIUTH OYATO OBI “BEIMKOE OTKPHITHE, CBA3AB
IIPOCTPAHCTBO U BPEMH.

DitHITelHH (0COOCHHO €ro MOCiIeI0BaTe M) YyBCTBOBAIIM, YTO BOJIHA HE €CTh
YacTulla U, 4ToObl U30€KaTh HEHYKHBIX BOIIPOCOB, BBEIIU “‘YaCTULLy” JIEKTPOMarHUTHON
BOJIHBI «(DOTOH», p€aHUMHUPOBAB HEIOTOHOBY KOPITYCKYJIy ¥ OOBSBHIN
3JIEKTPOMArHUTHYIO BOJIHY HEKOW «(popMoil MaTepuu», JeTAIel B IPOCTPaHCTBE caMa
o cebe (B CpenHue BeKka ee Obl Ha3BAIM «CTUXUEH» W «IJIEMEHTOM»). Tak, uTo
MaTepHalIbHOE TEJIO U 3JIEKTPOMArHUTHAs BOJIHA OBUIM KaK Obl «IIPUBEJCHBI K 00IEMY
3HaMeHareno». TyT UM yJauHo noABepHyIuCch BoIHbI Jebpoiins u TyT ke Obiun
MIPOBE/ICHBI AHAJIOTUM MEX/1y YacTULEH 37I€KTPOHOM U KBaHTOM (TIOpLMeil) BOTHBI
nMeHnyemon «poronom». M, okazagock, 4TO y 3TUX YacTHUI HAOTIOJAETCS «AyaTu3M) -
KOTJIa HaJl0, OHU YaCTHUIIBI, @ KOT'/1a HaJl0 — BOJIHBL. TYT (M3UKU HAa BpeMs yCIIOKOUIIHCh.
Ho B 60-€ roasl KOMy-TO MPUIIIO B FOJIOBY: «A 4eM aKyCcTHuYecKas BOJIHA Xyxke?». U
Obula MpUAyMaHa KBa3uyacTula «(hOHOH», B3aUMOACHUCTBYIONIAs ¢ «(POTOHOM» B aKyCTO-
ONTUYECKUX B3auMojieicTBuUsAX. Celuac KBa3MUacTHI] MPUIYMaHo MHOTO. OKa3bIBaeTcs,
YTO HEKOTOpPBIE MPOLECCH (OCOOEHHO, YHEPTeTUUECKOE B3aUMO/IEHCTBHE) XOPOILO
OIMCHIBAIOTCS C MOMOIIBIO (PUKTUBHBIX KBa3UYACTHUIl, HO 3TH «4aCTULBD) SBJISIOTCS
OUYEBUHON XMMEPOU U HE B COCTOSIHMM ONUCATh, B YACTHOCTH, BOJIHOBBIE ITPOLIECCHI U
BOT TOTI'/la TEOPETHKAM MPUXOJUTCS 00paaThCsi K KBOJTHOBOM CYITHOCTU» 3TUX
«uacTtuiy. TaTepecHo, mpuxoanso U B FOJIOBY TEOPETHKAM Jyalu3Ma TO, YTO
3apshKeHHas yacTHIa (3apsi) MOKET BbI3BaBATh MPH JIBUYKEHUH BOJIHY, OETYIIYIO
BIIEPENIN 3apsija U B3aUMOJIEHCTBYIOIIYIO ¢ HUM. Hanmpumep, 103ByK0oBO#l caMoiieT
BBI3bIBACT aKyCTHYECKYIO BOJIHY BIIEpean ceOsl, BIUSIONIYIO Ha JBUKEHHE caMolieTa. DTO
BJIMSIHME JIOBOJIBHO Cllaboe, YTOOBI MacCaXUphbl €€ MOYyBCTBOBAJIM, HO BIIOJIHE
U3MEpUMOE.



Boo01iem, aBTOp JaHHOM CTaThbU CYUTAET, YTO «(POTOH» BHE BCAKOT'O COMHEHHUS
SIBJISIETCS KBAa3UYaCTHIIEH, HE UMEIOIIEH HUKAKOM MacChl, HA ABUKEHUS, HA IIOKOS. DTO
nopuus (KBaHT) 3JIEKTPOMAarHUTHOM BOJIHBI, KOTOpasi MaTepUaIbHBIM TeloM ((hopmoit
Matepun) He aBisierca. Ho ¢opmoii Mmatepun siBisieTcs: “CBETOHOCHAs cpefia, B KOTOPOi
AJIEKTPOMArHUTHAs BOJIHA PACIIPOCTPAHSIETCS 3a CUET MEePEU3TyUCHHUSI.

Ha sToM 0CHOBaHMY JIOTUYHO MPEATIONIOXKUTH, YTO CBOMCTBA (DOTOHA KaK
KBa3U4acTULIbI OOBSICHSIOTCS CBOMCTBAMU MaTepuaibHOU cpelibl (3¢upa), B KOTOPOH
AJIEKTpOMarHuTHas BOJIHA paclpocTpansercs (nepensiydaercs). To ecTh, 4eM Kopoue
HMITYJIbCBI, TEM OHU UMEIOT O0Jjiee BbIpayKeHHBIN 3(h(HEKT YaCTHIIbI, TAK KaK OHU
3aXBaThIBAIOT MEHBIIYIO YaCTh CpeJibl (OOBIYHBIN 1yT BUAMMOTO U3ITyUCHHS
pacrpoCcTpaHsAeTCs B JIIMHY Ha MPUMEPHO 5 METPOB — “IUTMHA KOrepeHTHOCTH ). Bpemst
U3JIy4EHUs TaMMa-KBaHTOB IIPU SJIEPHBIX pEaKLUAX HAMHOTI'O KOpO4Y€ BpEMEHU
m3nyuenus myra (1x107° cek) u cocrasnser nopsnka 4x107° cex [38].
CooTBeTCTBEHHO, JTMHA “(POTOHA” TaMMa H3JIy4eHHs COCTABIISIET OPsIKa
4x10%° x3x10" =1.2x10™° MM 1 oH BezeT cebs KaK YacTUIA, OCTABASACH MOPIHEit
ANEKTPOMArHUTHOM BOTHBI. OUeBUHO, UTO AJisl 60JIee JUIMHHBIX UMITYJIbCOB 3TOT
s ekt “paciuibiBacTCS’” ¥ OHH TEPSIFOT CBOWCTBA YaCTHUIIBI. DTO, B YaCTHOCTH,
MPUMEHUMO K U3ITyYEHUIO, BBI3BAHHOMY HCKYCCTBEHHBIMH UCTOYHUKAMHM, KOT/Ia JUTMHA
HMITYJIbCA MOKET OBIThH JIt00asl.

Brusiaue cpenpt (3¢gupa) 0053aHO TaKKe pacpoOCTPaHIEThCS Ha BCE
KBaHTOMEXAaHUYECKUE SIBJICHUS, U BCSI KBAaHTOBAs MEXaHHKA, 110 BCEil BUAMMOCTH,
SIBJICTCSI CJICZICTBUEM BIIMSIHUS 3TOU cpeibl. O HaMIuu 3T0# cpeapl (3dupa)
JIOTIOJIHUTEIHLHO TOBOPUT, B YACTHOCTHU, TO, UTO “‘opuninanbHas pu3nka” nmorepsia OaHy
U3 COCTABJIAIOIINX 3JIEKTPOMAarHUTHON BOJIHBI — HEKYIO “TIDY’KHUHY”’, B SHEPTHUIO
nedopManuy KOTOpOi MepeXoAUT SHEPTUsl BOJHBI B MOMEHT BpeMeHH, Korja Bektopa E
u B onHoBpemMeHHO oOHystoTCs. [Ipruem, “o0bscHeHne” 3Toro napajokca (0O4€BUIHOE
HapyIlleHHe COXpaHeHHsI SHeprun) “odurranbHas Gu3nka” IPUBOAUT KpaifHe B310PHOE
U pacYMTaHHOE Ha UJIMOTOB - MOJI, B CPEJIHEM, B 00BEME, HUYETO HE HapyIIaeTCs.

K coxaneHuto, HUKTO U HE NBITAETCA 3aHATHCSI U3YYEHUEM 3TOU Cpelibl IOTOMY, YTO
cornacHo CTO npocTpaHCTBO ABIISETCS MYCTHIM, a JJIEKTPOMArHUTHAs BOJIHA JIBUYKETCS
B IIyCTOTE camMa Mo ce0e Kak CTUpalibHas JI0CKa.

Tax iy nHave, HO NEKTPOMArHUTHAs BOJIHA — 3TO BOJIHOBOE BO3MYIICHHE
IBUXKYLIEECS B HEKOU CPEJIE U €€ CKOPOCTh 3aBUCUT OT ITapaMeTpoB 3Toi cpensbl. [Ipu
3TOM, ABM)KEHHE MaTepUaIbHOIO TeJa B 3TOU Cpelie HUKAaK He OTPAaHUYEHO CKOPOCTHIO
JBUKEHMSI BOJIHBI M HUKaK C HEM He cBA3aHO. M3BeCTHO, YTO CKOPOCTH pacIipOCTPaHEHUS
AJIEKTPOMAarHUTHOM BOJIHBI B BaKyyM€ 3aBHUCUT OT XapaKTEPUCTHK CPEbl —
IUDJIEKTPUUECKON «IIPOHULIAEMOCTH» BaKyyMa &, U €r0 MarHUTHOM «IIPOHHUIIAEMOCTH»

M, corimacHo Gopmyiie
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HpI/I JBHXXCHHUH 3HeKTpOMarHI/ITHOI‘;I BOJIHBI B HEKOM cpeac, B IOAKOPCHHOC BbIPpAKCHUA
100aBNAIOTCA KOOPOUIMEHTH AUDIEKTPUYECKOW U MATHUTHOM IIPOHMIIAEMOCTH JIAHHOTO
BCIICCTBA:



vo_ 1 Q).

\EHE

OLIGBI/I,I[HO, YTO BCIWYHHBI &€ U 4 XAPAKTCPHU3YIOT U3MCHCHHUEC XapaKTCPUCTUK

«CBETOHOCHOI» Cpe/ibl B TaHHOM TeJie, HAaloA0OHe TOro, Kak M3MEHEHUE TeMIepaTyphbl
rasa BIMsET Ha CKOPOCTb 3BYKa B JAHHOM cpejie. DTO MPeIoI0kKEeHUe, KCTaTH, ObLI0
BBejieHO enie @penenem u Komwm B Havane 19 Beka [1]. Tak uinu nHaye, HO CKOPOCTh
pacrpocTpaHeHUsI JEKTPOMArHUTHON BOJIHBI 3aBUCHUT OT XapaKTEPUCTUK CPEIbl, B

KOTOpOii OHa pacripocTpansiercs. Benuunna N = \/gu HasbiBaeTcs koddduumentom
C
MPEJIOMJICHUS BOJHBI M, B OOJIbIICHCTBE ciiyyaeB N >1 u, Tak kak V = —, TO CKOPOCTb
n

pacpoCTpaHEHUs 3JIEKTPOMAarHUTHOM BOJIHBI B CPEZIE MEHBILIE, YEM B BAKyyMe. JTOT
Clly4yall Ha3blBaeTCs HOpMalbHOM nucnepcueid. Ho, ecinu cpena nMeer auHun
MIOTJIOIEHUS, TO 3aKOH U3MEHeus KoppUuLmeHTa npeaoMIeHUs OT JUTMHbI BOJIHBI
HapyllaeTcs U nosiBisgercs o0aacTh JUIMH BOJIH C aHOMAJIbHOM nucnepcuelt, rae n<1,
IIpUYEM, PaCIIPOCTPAHSIOIIASACA HA BECh 00BEM JJAHHOM Cpeibl.

B stom cnyuae BennunHa —— >1, u, cootBercTBeHHO, V >C.

Neu
3. O cBepxcBEeTOBbIEX CKOPOCTAX

3.1 CkopocTh pacnpocTpaHeHHs 3J1eKTPOMATHUTHOM BOJIHbBI

DddexT pacpocTpaHSHUS AIEKTPOMArHUTHON BOJTHBI CO CBEPXCBETOBBIMH
CKOPOCTSIMH TPOSIBIISIETCS U B BaKyyMe U B KOHJCHCHUPOBAHHBIX CPEIax, B YaCTHOCTH, B
cpeaax ¢ aHOMaJIbHOM JUCIIEPCHEH, B Cpeax C UICKYCCTBEHHO HABEJIECHHBIMU
ANEKTPOMArHUTHBIM HU3ITy4YE€HUEM JIMHUAMHU TOTJIOMICHHUS], C AYTIJIETOM KOHTYpa YCUJICHUS
B crienn(PUIECKUX MaTepraax, B Cpeaax ¢ KOTePeHTHBIMU OCHMIIIATOPaMH, (POTOHHHBIX
CTPYKTypax, cOpMHUPOBAHHBIX IBYMS B3aUMOACHCTBYIONTUMH ONTHYECKIUMHU
pe3oHaTopami (Tak Ha3zbiBaeMble (POTOHHBIE KpUCTalIbl). Bo Bcex 3THX cpenax
3aperuCTPUPOBAHO CBEPXCBETOBOE PACIIPOCTPAHEHUE ONTHYCCKUX UMITYIILCOB [18].
[Tpudem, CKOPOCTh PaCIPOCTPAHSHHS UMITYJIbca MOKET OBITh peryiupyema [18]. Eme B
1938-m roxy (!) OBUTO OTKPBITO CBEPXCBETOBOE PACIIPOCTPAHECHUE IIEKTPOMATrHUTHON
BOJIHBI B BAKyyM€ MEXIy METAJUTMUECKUMH TJIaCTUHAMHU, KOTOPOE HAIIJIO MTPAKTUYECKOe
MIPUMEHEHHE B CBEPXCBETOBBIX BOJIHOBOJIAX M CBEPXCBETOBBIX paauonuu3ax [19] [29].
Kpome Toro, ckopocTs pacrpocTpaHeHHs peHTreHa B kBaplie Oosblie C (mpaBzia, COBCeM
HemHoro) [1].

KonmndaecTBo skcriepuMeHTAIbHBIX CBUIETENBLCTB PACIIPOCTPAHCHHUS
AJIEKTPOMArHUTHON BOJIHBI CO CBEPXCBETOBBIMH CKOPOCTSIMH PACTET C Ka)IbIM TOJIOM,
HO PEJISITUBHUCTHI 3TO KakK Obl He 3aMedaroT. OT HEKOTOPHIX SKCIIEPUMEHTAIBLHBIX JTaHHBIX
OHH TIPOCTO OTMAXHMBAKOTCS, & JUIS APYTUX MBITAIOTCS HAWTH HEKne (B3IOPHBIC)
00BSICHEHUS, B YACTHOCTH, ITPHUBJICKAIOT MOHATHS “TPYyNIOBOi U (pa3oBoii” ckopocTeit
AJIEKTPOMArHUTHOM BOJHBI M, TAKUM 00pa3oM, MbITAIOTCS 000CHOBATh OyATO ObI
HEBO3MOXHOCTb Iepegaun HHpopMaruu co ckopoctbio 6ombie C. Knaccuueckumu
oOpasmamu Takux “o0BsICHEHU SBISIOTCS aHruiickas [32] u pycckas [20] cratbu B
Bukuneauu, B KOTOPBIX BHUIMATEIFHO PACCMATPUBAIOTCS U KPUTHKYIOTCS] ONITUYECKUE



WJUTIO3UH, OyITO ObI CBUJETENILCTBYIOIINE O CBEPXCBETOBBIX CKOPOCTSX, HO TIIATEIBHO
00XO0/ATCS MHOTOUHCIIEHHBIE PE3YJIbTaThl PEAbHBIX KCIIEPUMEHTOB, TOKA3bIBAIOIINX
CBEPXCBETOBOE PACIPOCTPAHEHHUE FJIEKTPOMArHUTHOM BoJHBL. Oco00e BHUMaHKe
BUKOIEINYECKHUE aBTOPHI YACISAIOT YIOMSHYTHIM “IPYIIIOBBIM U ()a30BBIM” CKOPOCTSIM.

371ech HY)KHO BCIIOMHHUTD, YTO B CBOE BpeMs aHTJIMICKUA Pu3uk Peneit
nepernyTal OMeH’e JByX BOJIH C HECKOJIBKO OTIMYAIOLIMMUCS JJIMHHAMU BOJIH C
MOIYJISIIUEH HEKOM HeCyIel BOIHBI Apyroi BoaHo# [33]. B npuHIuIe, 3TO MOHATHO -
Ha/I0 BCIIOMHHTD, YTO BO BpeMeHa Pasest mpo 0COOEHHOCTH MOIYJISIUN
ANEKTPOMArHUTHOM BOJHBI CUTHAJIOM OBLIO MaJIO YTO U3BECTHO (HE cuuTas
MEXaHMYECKUX JJAOOPaTOPHBIX MOAYJISITOPOB-TIPEPHIBATENIEH, IPUMEHSBILIUXCS IIPU
M3MEpPEHUH CKOPOCTHU cBeTa). MolyIMpoBaTh CUTHAJI CTalld TOJIBKO B Havane XX Beka,
TOT/Ia K€ TIOABUJICSI U MaTeMaTHUECKuil anmapat. /leno 31eck B ToM, 4TO Mpu OMeHUN
oOpa3zyercs pe3yJbTUPYIOLIasi BOJIHA, PACIIPOCTPAHSIONIASCS CKOJIb YTOJHO JOJTO, HO C
apyroi ckopocthio [1]. [Ipu Moay sy HEKON CHHYCOUAATBHOW BOJHBI JPYToi
CHUHYCOHM/IAJIbHOM BOJTHOM, MMEIOIIIEH MEHBIIIYIO YacTOTY (OOIbIIYIO ATUHY BOJHBI)
obpa3yrorcst TPU BonHBI - Hecymias U iBe OOKOBBIE (3TO OYCHB XOPOIIIO H3BECTHO
paauoTexHukam). B HequcniepcHbIX cpefax (Hampumep, B BaKyyMe), CKOPOCTh
pacrpocTpaHeHHsI THX BOJIH OJMHAKOBA U UMITYJIbC COXpaHseT CBOIO (hopMy Ha 000M
PAcCTOSIHUM OT UCTOYHUKA. B THCIIEpCHBIX K€ cpelax pa3HULA B TUCIIEPCUU IS
OOKOBBIX U HECYIIIEH CTAHOBHUTCS CYIIECTBEHHON M UMITYJILC HA HEKOTOPOM PaCCTOSTHUH
OT UCTOYHUKA KaK ObI pacIUIBIBAETCS] U CTAHOBUTCS Hepacmno3HaBaeMbIM. KcraTu,

dn
CKOPOCTh PacCIpOCTpaHEHHUs UMITYJIbCa (LIEHTpa UMITYJIbCa) IpU a =const Ha maHHOM

yuactke A4 coBmanaer ¢ (a30BOi CKOPOCTHIO HEYIIEeH BOTHBI! DTOT 3P deKT oueHb
XOPOIIO 3HAKOM CIIEUaINCTaM, pabOTaOIUM C ONTUKO-BOJIOKOHHBIMU JIMHUSIMU,
JUCTIEPCHBIMU «II0 ompezAeneHno». OH OrpaHUYMBaET AJIUHY UM NMPOIYCKaHNUE ITHX
JIMHUH U3 32 YIIOMSIHYTOT'O pacIulbIBaHUs UMITYJIbCOB. [Ipudem, nnpopmanus ¢ Majoi
CKOPOCTBIO (B OUT B CEKYH]Ly, HE MyTaTh C (PU3MUECKON CKOPOCTHIO PACIPOCTPAHEHUS
HMITYJIbCa) MOXKET PACTIPOCTPAHATHCA Ha OOJIbIIINE PACCTOSIHUS, YeM UH(pOopMaIus,
umeroInast 6oupinyto ckopocts [33]. K coxanenuto, 3Toro He HOHUMAIOT (M HE XOTSAT
MTOHUMATh) «O0JIbLINE PUIUKU-TEOPETUKN», UCIIOJIB3YS PEJICEBCKYIO OIINOKY B
JOIMAaTUYECKUX LENSIX s CIACeHUS SHHIITEHHOTO «IIOCTYIATay O «HE3BIOTUMOCTHI
CKOpPOCTH CBETA.

Tem He MeHee, MPAKTUKU yKe MBITAI0TCS UCTIOJIb30BaTh 3TOT APQEKT Il KOMIIEHCAIIMH
«pa3MbIBaHUS UMITYJIbCa», BEI3BAHHOTO HOPMaJIbHOM qucnepcuu. J[eno B ToM, YTO IpH
HOpMaJIbHOW AMCIIepCHUU OOKOBBIE C MEHBIIEH 1 O0bIIel JUIMHHAMU BOJIH
«pacroi3alTcs» B OJHY CTOPOHY, a PU aHOMaJIbHOU — B ipyryto. [Ipu sTom,

dn
MPOU3BOAHAS a1 JUTst 001aCTH aHOMAJTBHON AUCTIEPCUHM HAMHOTO KpyUe, 4eM JIJIst

o0acTu ¢ HopMallbHOM auctiepcueid. Takum oOpa3oM, KOPOTKUM JIEMEHT C aHOMaJIbHON
JUCTIEPCUEN MOXKET CKOMIIEHCUPOBATh NCKAKEHUS, BbI3BAHHbIE IJIMHHOW JIMHUEN C
HOPMAaJIbHOW JUCIIEPCHUEM.

A BOT B CBEpXCBETOBBIX PaIUOIMH3aX U BOJIHOBOMAX [29] co CBEpXCBETOBBIMU
CKOPOCTSIMH TEpEAAI0TCs BCE COCTABJIAIOIINE AJIEKTPOMArHUTHOW BOJIHBI (U,
€CTEeCTBEHHO, HH(pOpMaIMs), IPUYEM, B IIMPOKOH MOJI0Ce YacToT. Bee 3To pensiTHBUCTHI
(mpodeccopa u akageMuKH ), BOOOIIe-T0, 00s13aHBI 3HATH.



3.2 CkopocTh pacnpocTpaHeHusi Bo3ieiicTBUS

KcraTtn, HacueT CBEpXCBETOBOM CKOPOCTH PACIPOCTpaHens BO3ACUCTBUS (HE
00s13aTeNbHO, ANEKTPOMArHuTHOTO0). B HacTosIIee BpeMsi ObLIIN OTKPBITHI TaK
Ha3bIBa€MbIE CITyTaHHBIE CUCTEMBbI, B KOTOPBIX U3MEHEHNE XapaKTEPUCTUK (HAIIpUMep,
CIIMHA) OJIHOM CITyTaHHOW YaCTHUIbI HEMEJIEHHO MepeaeTCs APYroil yacTuile,
HaxXoJAIeHcs Ha pacCTOSIHUU OT epBoi. [Ipudem, aTa nepenada oCcymecTBIsACTCS
MTHOBEHHO [31]. DTO yXe UCIOIb3yeTCs Ha MTPAKTUKE B TaK HA3bIBAEMOU KBAaHTOBOM
cBs13u. CKOPOCTh TENEeMOPTAIMH YaCTUIIBI 33 CUET TyHEIbHOTo 3(pdexra Taxke
OeckoHeYHa. YBEpSIOT, UTO 3T0 3(PPEeKT — YMCTO KBAaHTOMEXaHUYECKHI, HO OH UTpaeT
OYEHb BXXHYIO POJIb U B MakpoMupe. Harpumep, 31€eKTpoH IPOBOIUMOCTH
“nepeckakuBacT”’ [Be AUAJIEKTPUUECKHE IIJICHKU OKHCH aTIOMUHUS IIPU COCIMHEHUU
QIIFOMUHHUEBBIX MPOBOJIOB (!).

Kpowme Toro, pacnioctpaneHue rpaBUTaluy MPOUCXOAUT MPAKTUUECKH MTHOBEHHO
(Bommpexn OTO). D1o ObUTO TOKa3aHO emie JarmacoM u Ha 3TOM CTOWT BCs HEOSCHAs
MEXaHHKa.

N 31oro Bnosane nocrarouno 4Todsl “ypoith” CTO u OTO c¢ ee nocryaarom o C,
KAK MAKCMMAJIbHO BO3MOKHOM “cBepX(pyHIaMeHTANbHOI” (U3MUECKOil BeJIUUHHE.
Ho, HECMOTpst HA OTPOMHOE KOJIMYECTBO IKCIIEPUMEHTAIBHBIX CBUIETENHCTB, TO
0J1arornoy4Ho CyIIecTBYeT Kak Obl B MapajuIeIbHOM MUP, €€ aJeNThl padoTaloT Ha
Kadenpax yHUBEpCUTETOB U Ha IIOJHOM cepbe3e npenojart TO Ha gusdakax
YHUBEPCUTETOB. Toraa, COBEpIICHHO HE YIUBUTEIBHO, YTO 3TH YHUBEPCUTETHI TOTOBST
30MOMPOBAaHHBIX JOTMATUKOB-IEOMIIOB, U3 KOTOPHIX TOJBKO MAJIBIA MPOIEHT
BIIOCJIEJICTBUU CMOXET MPEO0JIETh 3TO 30MOUPOBAHUE U CTATh HACTOSIIIUMU
uccnenoBarensimu. Co3naercst BliedaTlIeHHE, YTO KTO-TO CIIEIIHAIEHO MTOCTABUII ATY
HCKYCCTBEHHYIO IIperpaay Ha IyTH Iporpecca.

4. CBepXxcBeTOBbIE CKOPOCTH PACIIOCTPAHEHM S
3J1eKTPOMATrHUTHOM BOJIHBI B BAKYYMe M cpeiax

4.1 CBepxcBeTOBOE PACIIOCTPAHEHHUE JJIEKTPOMATHUTHOM BOJIHBI B

cpeaax ¢ aHOMAJIbHOM AucIepcHen

I/ISBCCTHO, 4To IIpu aHOMaJILHOU JUCTICPCUHN BOJIM3H 1I0JIOC MOTJIOICHHUA MMPOUCXOONUT
pa3pbIB 3aBUCUIMOCTH KOd(PPUITEHTA MTPETOMIICHHUS OT JUTMHBI BOJTHBI, HATTOMUHAIOIIUI
¢dbyukuuto Tanredca. [Ipu sTom, B 001acTH, KOpOU€ JITTUHBI BOJHBI TOTJIOMIEHUS,
HaOIo1aeTcsl yMeHbleHne koddduiinenta, a B 001acTH, BbIIIE JJIWHBI BOJTHBI
TOTJIONIeHUS — ero Bo3pactanue (Puc. 1).
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Puc. 1

D¢ dext anomanbHON AUCTIEpCHH OBLT OTKPHIT B cepeanne 19 Bexa. B pananx
U3MEPEHUsX 3TOro 3PpQeKTa NCHoIb30BATUCH CIEKTPOMETPHI CO cIa0bIM pa3peIIeHueM U
OTHOCHUTEIIBHO BBICOKOTEMITEPATYPHBIE CPEJIbI, B CICACTBUN €0 dPPEKT «CMa3bIBAIICS.
Ho ¢ Bo3pacTanuem TOUHOCTHU CIIEKTPOMETPOB, a, TAKXKE MPH 3aX0JIAXKUBAHUU CPEJIbI,
00HAPYXKWIOCH, 4TO KOA(D(HUIIMEHT MPEITOMIICHHSI B IIEPBOM 00JIACTH CTAHOBUTCSI MCHBIIIC
€IMHUIIBI. DTO 3HAYUT, YTO CKOPOCTh CBETA B JAHHOM Cpejie BhIlIE CKOPOCTH CBETA B
BaKkyyme!

Haubosnee cuiabHO 3TOT 3G GEKT NpOosBISETCS IPU CHIIBHOM 3aX0JIaKUBAaHUU CPEbI 10
TeMIeparyp OJM3KUX K a0COJIFOTHOMY HYJIIO, KOT/1a IPAKTUUECKHU OTCYTCTBYET TEIJIOBOE
IBM>KEeHUE MoJieKyJl. TakuM o6pa3om, B 001aCTH aHOMAJIbHON AUCHIEPCUN MOKHO
MOJTyYUTh KaK OY€Hb MaJIble CKOPOCTH PAcIpOCTPAHEHUS SJICKTPOMAarHUTHOW BOJTHBI, TaK
U O4YeHb OOJIbIINe, IPEBBIIIAIOIINE CKOPOCTh CBETa» B JIECATKH pa3. B nmocnennue
JECATUIIETHUS 3TOT APPEKT ObIIT MHOTOKPATHO MOATBEPIKICH SKCIIEPUMEHTAIFHO B
pasHbIX 1adoparopusix mupa [2-5, 11, 12]. B yactHocTH B pabote [4] Obun monyyeHa
CKOPOCTbH pacIpoCTpaHEHUs dIEeKTpoMarHuTHO! BoIHBI B 310C.

O0bsicHeHHe 3TOMY 3P PEeKTY MOKeT ObITH ClIeAyloLee:

C 60mb110} YBEPEHHOCTHIO MOXKHO IPEIIIOJI0KUTh, YTO PAaCpOCTpPaHEHUE
3JIEKTPOMArHUTHOM BOJIHBI B JIFOOOH cperie ( B TOM YHCIIE U B BAKyyMe) SIBIISETCS ee
Nepen3IydeHUEM dJIEMEHTaMH CTPYKTYPBI 3TOH cpensl. [Ipu nmepensiryueHnn
Nepen3Iyvaronuil 3JIeMEHT MOTJIoLIaeT MOPLHUIO BOJIHBI (KBAHT), BO30Yy KaaeTcs,
M3ITy4aeT KBaHT M OIAThH TIEPEXOIUT B HEBO30YKIeHHOE cocTosiHIEe. OYeBUIHO, YTO ITOT
MIpOoIeCC UIET C HEKOTOPOIl 3a/1ep’KKOM, KOTOpast U 0OBACHAET KOHEUHYIO CKOPOCTh
pacnpocTpaHeHHs BOJIHBI B cpeie (B 4acTHOCTH, B Bakyyme). Kpome Toro,
Nepen3IydeHrne aToOMaMy U MOJIEKYJIaMU COIPOBOXKIAETCS MOTEPSIMU U TIEPEHU3ITydeHHBIN
KBAaHT MMeeT OOJIBIIYIO JTMHY BOJHBI, YeM MOTJIOMEHHBIN. B ycumuBaromumx cpemax
Nepen3IydeHne UIeT ¢ TOU JKe ATMHON BOJIHBI U NOoJspu3anueil (3TOT MeXaHU3M ObL,
KCTaTH, NpeuiokeH DUHITetHOM). Bee atu adexThl, cBI3aHHbIE C TEpEU3TydYeHUEM
aTOMaMM U MOJIEKYJIaMHU OIMCBIBAET «COBPEMEHHAs AJIEKTPOHHAs TEOPHS TUCTIEPCHH,
KOTOpasi CBOJIUT AUCTIEPCHUIO K MHTep(EepEeHINH MajaroIiei BOIHbI C IePEeU3TyYeHHON
aromami [1]. Yto ke mepensaydaeT BOJHY B BAKYyMe, HUKTO HE 3HAeT (2 COBpEMEHHasI



¢bu3nKa ¥ 3HaTh HE XOYET), HO 3TO TOYHO HE AIEKTPOHHBIE 000IOYKH, KOTOPHIX B
BaKyyMe HeT.

Temnepb, eciiu BoJTHA TIepen3IydaeTcsi HEKOH KOHJCHCUPOBAHHOM Cpejioil (Takxke, u
ra3o00pa3Hoii), TO B mpolecc nepensinyueHus (coraacHo Openento) BOBIEKAIOTCS aTOMBI
Y MOJICKYJIBI JAaHHOW CpeJibl, MEHSFOIINE (MCKaXarOIUe) CBOMCTBO MEPEn3ITydaroei
cpenbl (KO3PPUIUEHTHI KIIPOHUIIAEMOCTH» & U A , 3aBUCSIIINAE OT IJIOTHOCTU CPEJIbI) —

JUISl TA30B B MEHBIIICH CTEMEHH, JJIsl TBEPABIX TeJ — B OOJIbIIEH. DTO BIUSHKE HA CpEy,
TOYHEE Ha €€ 3JIEMCHTBI, IPU HOPMAJILHOMN JTUCIICPCHH TPUBOIMT K €Iile OOJIbIIIeMY
3ama3/IbIBAHUIO IEPEU3ITYUCHHUS, IPHUYEM JIJIS IUTOTHBIX cpefl TOT 3PHEKT OCPETHEHHO
pacnocTpaHseTcst Ha BCIO CPELy, XOTS MOXKET OBITh IPOCTPAHCTBEHHO JIOKATN30BaH
BOJIM3U aTOMOB (B ra3000pa3HbIX Pa3psHKEHHBIX Cpelax Tak, M0 BUIUMOMY, U €CTh).
Kcraru, 3aBucuMocTb KO3 (OUIIMEHTOB & U 4 OT IJIOTHOCTH JIOTIOTHUTEIHHO

CBHUJICTEIILCTBYET O JIOKAIBHOM JICHCTBUU BO3MYILCHUS TS Pa3psKCHHBIX CPEI.
BOnu3u TMHUN TOTIIOMICHHSI 3TO UCKAKEHUE PE3KO BO3PACTACT, TIPHU ATOM IMOSBIISIFOTCS
o0yacTu (JUTMHBI BOJIH) JUISI KOTOPBIX &1 <1, TO €CTh B 3TOM 00J1aCTH JJIMH BOJIH

3aras/ibIBaHuEe YMEHBUIAETCA U CKOPOCTh PaCpOCTPAHEHHUS AIEKTPOMArHuTHOW BOJTHBI
npesbimaet C. Kak, 1 3a cueT 4ero 3To IpOUCXOAMT, HUKTO HE 3HAET, HO ITO, TaK WIN
MHAaue, CBA3aHO C MEXaHU3MOM PE30HAHCHOT'O B3aMMOAEHCTBUS 2JIEKTPOHHBIX 0001049€K
CO cpeioi (BakyyMOM, TEXHUYECKUM BaKyyMoM, 3(pupoM, TEMHOI MaTepuel — Ha30BUTE
KaK BaM HPaBUTCH).

4.2 CBepxcBeTOBOE pacpocTpaHeHne 3JIeKTPOMATHUTHOM BOJIHBI B

YCHIIMBAKOIIINX Cpeaax

B npunnmne, 0coOCHHOCTH PacIpOCTPpaHEHHUS BOJIHBI B YCHIMBatOIMX cpeaax [6 - 10, 13
— 15] aHaMOTMYHBI PACIIPOCTPAHCHUIO B 00JTACTH AHOMAJIBHOM JUCIIECPCHHU, TaK KaK 3TOT
a¢ ekt HabmoaaeTcss BOJIN3H MOJIOC YCUIIEHUS cpeibl. DTOT 3P (GEKT ObLII OTKPHIT B
Havase 60-X, Korjia Hauaiuu padoTaTh C JIa3epHBIMU YCHIIUTENAMU. BriepBbie 3T0T 3 dexT
ObLT OTKPBIT B JJaboparopuu bacosa B 60-rogax [6]. Toraa B cTeprkHe 1a3epHOTO
yCHUJIUTENs ObllIa U3MEPEHa CKOPOCTh PACIIPOCTPAHEHUS HMITYJIbCa HAMHOTO
MPEBBIIIAONIAs KCKOPOCTh CBETA».

[MpuBoxy nuraty u3 [21] (aBTOp AaHHOM CTAThbU CYMTAET, YTO AHATIHU3 «OCOOEHHOCTEN
i «mapanokco» TO, npuBeneHHBIX B [21], coBepIlleHHO 3aMe4aTeNbHbII, HO aBTOP
JIAHHOM CTaThU HE COBCEM COTJIACEH C BBIBOJAMH, MPUBEACHHBIMU B [21]): «B 1966 2.
Bacoe ¢ compyonuxamu coodwunu o pesynbmamax uccie0o8anull 6DEeMeHHbIX 3a0eprHceK
Ha O8UdICEHUe IA3ePHO20 UMNYIbCA 8 CUCTEMe 2eHepamop-ycuiumeis. Medicoy
PYOUHOBBIM 1A3EPOM-2eHEPAMOPOM U NAPOLL PYOUHOBLIX CIEPICHEU-YcuLumeneli Obiio
paccmosnue okono 2.5 m. [lenumenvras niacmunka 0eaana uz 00H020 1a3epHo20
UMNYTIbCA 08a, KAXCOBLU U3 KOMOPLIX 8 Umoze NONAoadl Ha 80l (homooemexmop, Ho
pazHuya ovlia 8 mom, 4mo 0OUH NYymsv NPOXOOUT CKEO3b YCUuaumens, a opyeou — vem. Hy,
a cueHanwvl ¢ homooemekmopos nodasaIUCh Had CKOPOCMHOU 08YXKAHANbHbLIL
ocyunnoepagh. 1 eom, npedcmasvme. Ilpu gvikniouennom ycunumene, m.e. npu
OMKIIOUEHHBIX IAMNAX €20 «HAKAYKUY, CO2NLACOBbIBANU 3A0EPAHCKU 6 ITIeKMPULECKUX
cxemax 08yX KaHanio08 max, ymoobwl Ha IKpaue ocyuniozpagha oba ecniecka pomomoxa
NPOUCXOOUNU CUHXPOHHO. A NOMOM — 8ce2o Tub GKI0YAIU ycunumens. M — npuxoounu 6
KpauHior cmenens usymienus. Benneck gpomomora om umnynvca, npoxoousuie2o uepes
ycuiumenv, menepb ONePedrtcal 0 peMerU OpPY2oll 6CNIECK, KOMOPbIUL CLYHCUT ONOPHBIM.
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Hszymnana eenuuuna smozo onepesiceHus: ona dwvlia 3anpedenvHo geauxa. Kaszanoco ovl:
U3MeHeHUsl, KOmopble MO2TU CKA3aMbCsl HA 3A0epiiCcKe, 0eNaIUCh TUlUb HA NPOMANCEHUU
yeunumens. Ecau donycmums nemviciumyro cumyayuio, npu Komopotl 1a3epHblil UMNYIbC
nPOXOOUmM No BKIOYEHHOMY YCUTUMENI0 MCHOBEHHO, MO 0adice Mo20a 8blUSPbIUL 60
8pemeHu cocmasun bvl 8cezo 1.6 HanocekyHObl. A ocyunnozpagh eceno noxasvieaem: He
1.6, a yenvix 9 nanocexyno! Kemamu, onumenbHocms camo2o-mo uMnyibca cocmasising
4Mo-mo OKOoN0 MPEX HAHOCEKYHO, m.e. d¢hgheKkm 8bIpUCOBbIBAICS OUEHb YBEPEHHO.
Bnocnedcmeuu 6cé noomeepounocs 6 pade opyeux 1a6opamopuii — ¢ UCHOLb308AHUEM
PA3TUYHBIX 1A3€PO8 U PA3IUYHBIX HETUHENHbIX UeeK. He MOAbKO YCUTUBAIOUWUX, HO U
noenowarowux. I nasgnoe — cnekmpanvhvie IUHUU 2eHEPAMOpPa U HeTUHEUHOU AYetKU
00/19iCHbL ObLIU coénadams. M mozoa pe3yibmam Obll HeU3MEHHO NPEBOCX00EH, NPUUEM
«3anpeoenbHOCHbY ONEPEeNHCEHUs UCYUCTALACh YoHce 0eCAMKAMU U COMHAMU PaA3...

Y meopemuxoe unmepec xk amoti npobneme kak-mo cam coboti yeac. He xkopume 6wt ux,
He bpaHume — ux MyueHusi Mo#CHO noHamo. Eciu 3a0aua cmasumcsa mak: «Kakum
00pa3zom 1a3epHblll UMNYILC NPOXOOUM NO HeNUHEUHOU sAuelike bbicmpee yem
MEHOBEHHO? U, OPY2UMU CIOBAMU, KAKUM 00PA30M 2PYNNOBAsi CKOPOCHb C8ema
Modicem Obimb OobULE YeM OeCKOHeUHas?y - mym oadice camas OyuHas ¢anmasus
3aenoxnem. Ho 3auem sce cmasumo 3a6e00mo nepeuraemole 3adauu? Moocem, 30eco
0e10 8Cé-maKu He MOJIbKO 8 HeluHeliHou ayelike? Bom umo 3acnyocusaem sHuManus: 60
8cex NOOOOHBIX IKCNEPUMEHMAX, «BLINAOAIOWAS» 3A0EPIHCKA — IMO KAK pa3 MO 8peMs,
3a KOMopoe 1a3epHblil UMNYIbC NPOJiemaen NPOMeiCymoK om 2eHepamopa 00
HenunetHou ayetiku! Yem menvuie npomaicEHHOCMb HeNUHEUHOU AYeUKU, mem
«3anpedenvbHeey okazvigaemcs onepedicerue! Camvlil 02nyuumenbHolil pe3yibmam Obvll
NOyYeH ¢ MOHKOU no2nowarowet naéukou!». KommeHTapuu 3/1eCh U3IUIIHU!

4.3 CBepxcBeTOBOE PACNIPOCTPAHEHHE YJIEKTPOMATHUTHO BOJIHBI B
CBOOOJHOM NPOCTPAHCTBE (BaKyyMme)

Kak Obu10 0T™Me4eHo, 3pPeKT pacripocTpaHEHUs AIEKTPOMArHUTHOM BOJIHBI CO
CKOPOCTBIO, MPEBBIIIAIOIIEH «CKOPOCTh CBETa» OB OTKPBIT U HCCIEN0BaH eie B 30—x
rozax [19]. bBeuio ycraHOBIEHO, YTO MEXIY METAITMISCKUMU IITACTHHAMHE C

paccTosHUEM, NPEBBIIAIOIIUM % (b> % ) CKOPOCTB pacnpOCTPaHEHHUS

3JIEKTPOMArHUTHON BOJIHBI ITPEBBIIIAET «CKOPOCTh CBETa». Tak BOT, CKOPOCTh
pacrpocTpaHeHHUs dIEKTPOMArHUTHON BOJTHBI B 9TOM ciiydae OyeT paBHa:

Ve 3),

2]

rzae V, - CKopocTb paclpoCTpaHEHHsI JIEKTPOMAarHUTHI BOJIHBI B CBOOOTHOM
npocTpaHcTse, To ectb V, =C . Bennunna V,, koTopas «11o onpezneneHnio» pasHa C

Ha3BaHa TaK «H3 CKPOMHOCTHY, Tak Kak V > C - 3To yke epech, «Ipecienyemast 1o
3aKOHY». B HEKOTOpBIX UCTOYHHKAX, B YaCTHOCTH B pycckom Bapuante Wikipedia,
MPUBE/ICHBI PUCYHKH, YTBEP)K/IAOIIHE, YTO TAKOE CBEPXCBETOBOE PACIIPOCTPAHCHHUE
CBSI3aHO C «KOCBIM» BOJIHOBBIM ()POHTOM B BOJIHOBOAAX. TO €CTh, €M HalpaBlIeHNE
pacrocTpaHeH!sI BOJHBI HE COBITAIaeT C OCHIO BOJTHOBOJA, TO CKOPOCTH BOJIHEI B
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HaIpaBJIeHUU BOJIHOBOJIa OyeT paBHa V = %OS (> TAE @ - YTOIl MEKJIy OChIO

BOJIHOBOJIA U TIEPIICHIUKYJISIPOM K BOJTHOBOMY QpoHTY. [IpriHUMAas BO BHUMaHUE, 4TO B
dopmyity (3) HE BXOIMT YroJi ¢, ¥ TO, YTO BEKTOP CKOPOCTU PACIIPOCTPAHECHUS BOJIHBI
«I10 OTIPEICTICHHUIOY TIEPIICHIUKYJIISIPEH BOTHOBOMY (POHTY, a B0 (PpOHTA

BOJIHBL, TQJKE «IIO OTIPENICICHUIO», HE MOTYT PAcIpOCTPAHATHCS HUKAKUE BOSMYILIECHUS,
TO MOI00HBIC «OOBSCHEHHS» CBUICTEIBCTBYIOT O TITy0OYalIlieM HEBEKECTBE TAHHON
nepcoHsl, momectusiiel ceon kommentapuu B Wikipedia [20], u ero Henonumanuu
(bU3UKH pactipoCTpaHEHUs AICKTPOMArHUTHOM BOJIHBI (M JTF000# BOJHBI). U, BooOIIIE-TO,
Ha nanHoi anumanuu B Wikipedia n3o0paxkeHa 4acTh IyTH MONEPEYHON MOJIBI B
BOJIHOBOJIE. Tak Wiy nuHayve, 3TOT AIPPEKT UCIOIB3YETCSI B METATMYECKUX JTMH30BBIX
antennax (E-plain metal plain lens antennas [29]) npu ¢popmupoBaHuyM HaNPaBICHOCTH
aHTeHHBI. [Ipu 3TOM MoJIb30BaTENH HE 33lyMBIBAIOTCS, KaKasi CKOPOCTb MepeaaeTcs,
TOJIBKO «(ha30Bash» WM YK€ «TPYIIOBasH; JTMH3a paboTaeT 1, COOTBETCTBEHHO, ITEPEIACT
curHai (uH(opMaINIo) CO BCEMU CKOPOCTAMU, U «(ha30BOil» U «TPyHIOBO» (TOBTOPSIO,
3TH «CKOPOCTH» OCHOBAHBI HA OIMIMOKE Parest 1 HCIOMB3YIOTCS PEISTUBUCTCKUMHU
HIapJiaTaHaMu JIJISl TUCKPEIUTALINN «Teopun dpupa» u nomuepxkke TO).

Hanee, 3pdexT cBEpXCBETOBOTO pacpoCTpaHEHUS JIEKTPOMATHUTHON BOJIHBI OBLIT
3aperuCTPUPOBaH B OJNMKHEH 30HE pagroaHTeHHBI [16].

HeckonbKko OTBIIEKAsICh M HE B/IaBAsICh B TEOPUIO AaHTEHH, BOOOIIIE-TO, MOKHO OTMETHUTD,
4TO OJIMXKHSISI 30HA MEepearoliell aHTEHHBI, 3TO 00J1acTh BEChMa UHTEPEeCHas1. B Hel
BekTopa E u B Haxoxsrcs B mpotuBodase (4To, OmsTh ke, COOTBETCTBYET MPUHIIHUITY

COXPaHEHUsI YHEPTUH), M TOJIBKO IOTOM, B laJIbHEH 30HE, BekTopa B =Dbf (t) u

E =&f,(t)) cranoBsATCS CHH(A3HBIMU H, TOJIBKO TOrAa, coriacHo [TofHTHHTY, BoIHA

MEPEHOCHUT dHEPrUr0, nHaue BeKTop [loiiHTHHTa «pacceimaercs». Ho, Torna oueBuaHbIM
CTaHOBUTCSI HAapyIICHUE IPUHIIMIIA COXPAHEHUS SHEPTUH B 2JIEKTPOMATrHUTHON BOJIHE B
nanpHel 30He (E u B oqHOBpeMEHHO MPUXOAT B MAKCHUMYM U OJJHOBPEMEHHO
obnymstrorest! Kyna sxe neBaercst sueprus?). CoBpeMeHHasi GU3UKa BOIPOC ITOT
oTOpocuia, 00bSBUB 3J1-Mar BOJHY OTAEIbHOW cTUXUEN (M3BUHUTE, «(HOpMOI
MaTeprm»). — BOT Takasi, MOJI, OHa, 0coOeHHas1. Tak, 4To BOIPOC O COXPAHECHUHU IHEPTHU
B JIEKTPOMAarHUTHOM BOJIHE OCTAETCS OTKPBITHIM (Kak ObLIO OTMEUEHO BBILIE, 3/1€CH
“ounmansHas Gusnka” norepsia “rnipyxuny’’). Ho uzBectHo, uto a¢up (Bakyym)
SIBJIIETCS MOJISAPU3YIOIIMMCS JTUJIEKTPUKOM U, OUEBUIHO, UTO JJIs MOJIAPU3ALUU
(“pacrackuBanus 3apsAn0B”) TpeOyercs sHeprus. UTo e Moysspu3yercs: B BAKyyMe
(adupe) coBpeMeHHOM HayKe HE U3BECTHO (7]a OHA U 3HATh 3TO He XoueT!). B pabore [25]
OBbUIO MPENIOI0KEHO, YTO TOHM “NIPYyKMHON” (AUIIEKTPUUECKON Cpeioi), B
nedopmariio KoTopoi rnepexoaut dHeprus BoaHsl pu B = 0 u E = 0, sBnstoroTcs
AHHUTHJIMPOBABILKE 3JIEKTPOH-TIO3UTPOHHBIE Maphl (MX HA3BIBAIOT “‘BUPTYAIbHBIMU ).
Kcrartu, nonspusanus “BUpTyanbHBIX Hap” ObUIa HEJABHO SKCIIEPUMEHTAILHO
MOJITBEPXK/IEHA BO BPEeMs IKCIIEPUMEHTOB Ha simoHcKoM yckoputene TRISTAN B 1997-m
roxy [34]

Kpome Toro, BO3HUKAET BOIIPOC, @ YEMY paBHA CKOPOCTb PaCIPOCTPaHEHUS
AIEKTPUUYECKOTO U MAarHUTHOTO MoJIs1?. He 3JIeKTpOMarHuTHOM BOJIHBI, @ UMEHHO 3THUX
nosiel. «Ilo yMosrgyaHuio» Mpenrnonoraercs, 4To OHU PaclpoOCTPAHSIIOTCS CO «CKOPOCTBHIO
cBeTa». Ho kto-HuOyab 310 n3mepsn? C 31eKTpOMarHUTHON BOJIHOM MOHSATHO (CM BBIIIIE)
— 3TO MEPEU3ITyUEHUE C 3aMa3AblBaHuEM, KOTOPOE, KaK pa3, 1 OTBETCTBEHHO 33 BEJIMUNHY
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C. B o ke Bpemsl, SKCIIEPUMEHTHI C KBa3H-CBEPXCBETOBBIM JIBI)KEHHEM HABEACHHBIX
3apsi/10B, 0030p KOTOPBIX MIPHUBEJICH HUXKE B pa3ziene 5 JaHHOH CTaTbU, CBUIETEILCTBYIOT
0 CKOPOCTSAX PacIpOCTPaHEHUS HIIEKTPHUECKOTO OIS TaKke MpeBbimatomux C.

B sTOM cnyuae nmonmyyaercs 000nBITHBIN 3 (EeKT: Tpu IBUKECHUN
AIIEKTPOMArHUTHOM BOJIHBI MEX/y METAIUIMYECKUMHU TUTACTHHAMH B HUX HaBOJUTCS
«Oerymuii» 3apsi, mojie KOTOporo onepesxaeT BoIHY. OHO BBI3BIBAET TOKM CMEIICHUS B
cpene Brepeau (poHTa UCXOAHOW BOJIHBI U, COOTBETCTBEHHO, BHI3BIBACT BOJIHY,
OTIEPEKAOILYI0 HCXOAHYI0. IHTepdepeHIrs STUX BOJIH U PUBOIUT K (heHOMEHY
YBEIMUYCHUSI CKOPOCTHU 3JIEKTPOMArHUTHON BOJIHBI B BOJTHOBOAAX (MEX/Ty IUTACTHHAMM)
[29]. Kpome Toro, Tak Kak eMKOCTHBIC aHTEHHBI (MMEIOIINE EMKOCTHON MMIICHIAHC) «II0
OIPEIEIICHUIO» U3ITYUYAIOT MIEKTPUIECKOE TT0JIe (MAarHUTHOE TIOJIE KIPULICTUIIETCS» K
HEMY Jajbllie), TO, €CJIH 3TO MOJIE IBUKETCS «OBICTpEE CBETa», TO M U3ITyUYCHHE aHTCHHBI
B OIDKHEW 30HE JIBMKETCS «OBICTpee CBETa», YTO M HAOII0JaeTCs B OKCIIepUMeHTax. TyT
Hag10 OBLIO OBI OCTAHOBUTLCS HA «KBA3U-CBCPXCBETOBBLIX» NUCTOYHHUKAX U3JTYUCHUA.

5. «KBa3u-cBepXxXcBeTOBbIE» HCTOYHUKHU U3JTy4YeHU S

B cBoe Bpemst (B cepenube 30-X To0B) UepeHKOB OTKPBUT (hEeHOMEH
CBEPXCBETOBOI'O JIBIKEHHSI YacTHUIL B cpenie. To ecTh 00Hapyk i 3P deKTl,
COIPOBOKIAOIINE ABMKCHHE 3aSIPSHKEHHBIX TEJ CO CKOPOCTSIMHU, MPEBBIMIAIONTUMHI

. . C
CKOPOCTb PacIpOCTPaHEHUs AIEKTPOMArHUTHOM BOJHBI B JanHOU cpene (V > —). [Ipu
n

JBUKEHUM B TAKUX Cpeiax 3apsj TOPMO3ZUTCS U UCITYyCKAeT U3IyUeHUE, Ha3BaHHOE
yepeHKOBCKUM. [lo-Havaiy, (PM3MKK UCITYTaliCh, TaK KaK ObLIO 3aperuCTPUPOBAHO
«CBEPXCBETOBOE» JBUKEHHE, a 3TOI0 HE MOXKET OBbITh, TaK KaK 3alpelieH0 DUHIITEHHOM.
Ho nmorom, pa3o0paBiimck, OHU YCIOKOMINCH, TaK KaK «CBEPXCBETOBBIE» CKOPOCTH
3apsoB B cpene He npebimany C. IToToM, naxe HEKOTOPBIE OPTOIOKCATILHBIE
penaTUBHUCTHI (Hanpumep, akagemuku M. M. @pank u B. JI. T'unzoypr [26]) 6anoBanucek
(MaTeMaTH4ecKu) ¢ TAKUMHU «KBa3H-CBEPXCBETOBBIMI CKOPOCTSIMU. A 4ero Obl He
MIOUTPAThCsl, BeJb HUKAKUX HapyIIeHUH «(yHIaMEHTAIbHBIX TEOpuil» He HabIoaaeTcs.
Ho panoBanuce oHu, 1O BUAUMOMY, paHO, TaK KaK B IPOIIECCE IKCIEPUMEHTOB ObLIN
oOHapy>KeHbl HEKTOPbIe HHTEpecHbIE () (HEKTHI.

Boo01e-To, «kBa3u-CBEPXCBETOBBIEY) CKOPOCTHU MOIYYar0TCs JOCTATOYHO MPOCTO,
U He 00513aTeIbHO UMETh 3apsbl, IBUTAIOLINECS C «KBa3H-CBEPXCBETOBOW» CKOPOCTHIO B
cpeae ¢ N > 1. JIns 5Toro He0OX0IMMO NOIYYUTh HEUTO BPOJE COTHEUHOIO 3al4MKa,
JBMDKYILIETOCS IO HEKOM MOBEPXHOCTH (3KpaHy) CO CKOPOCTHIO OOJIbIIIE «CKOPOCTH
cBeTa». CKopocTh 3aiiunka (Mpu OTpakKeHUU OT 3epKaja) onpezaensercs no Gopmyse
V =2wr, T1Ie ® — yriioBast CKOpOCTb BpallleHHsI 3epKaa (3epKajio y/IBauBaeT yriIOBYIO
CKOPOCTB), I — pacCCTOSIHME MEKY 3€pKaJloM U 3aiiunkoM. [IpH 1oCTaTOUHBIX BETMUMHAX
® U I', CKOPOCTh €ro JBHKEHUS 10 IKpaHy MOXeT npeBblcuTh C. Tak Kak 3aliuuK — Belllb
HeMaTepuaabHast, TO HUKaKUX HapyIIeHUN «BETUKUX 3aKOHOB» HeT. Eciu skpaH mOKpHIT
MaTepuaIoM, B KOTOPOM CBET HABOJUT 3apsij, TO Ha IKpaHe MOSBISETCs OeryIiuii 3aps.
OueBUAHO, YTO ITOT 3apsijl, Ha CAMOM Jieje, He O€XKMUT, a MOSBIISETCS B OCBEIICHHBIX
MecTax, TO €CTb, Kak «Oerymue oran». BmecTo jtyda BUAMMOro cBeTa Jyylle
MCMOJIb30BATH JIy4 YIbTPa(HOIETOBOIO JIa3epa, BI3bIBAIOLINI HOHU3ALUIO Y MHOTHX
MaTepHualoB; a elle JIy4ylle — UCITOIb30BaTh 3JIEKTPOHHBIN JTy4, CKAHUPYEMBIH,



13

HaIrpuMep, JIEKTPUUECKUM ToJIeM (Kak B TpyOke ocimtorpada). Kazamoce Ob1, HY 1
410? 3aifuuK KaK 3ai4MK, U KaKue TYT MOTYT ObITh 3¢ (ekThi? OKa3bIBaeTCs, YTO €CTh.
[Ipu skcriepuMeHTax ¢ TAKUMU «3aYUKaMU» YIIOMSIHYTBIM JTBUKYIIUICS
«BUPTYaJbHBI» 3apsi]] BRI3bIBACT U3nydeHue Yepenkosa [24 - 28]. Dto uznydeHue
nocturaet 4actothl nopsaka 10 reparepi (30 mukpon — ganbanii MK), 3aBucut ot
CKOPCTH «3ailunKay W 3HEPTUH JIyya U XOPOIIOo perynupyercsa. To ecTs, momydaeTcs, 4To
JBUKYUIUICS «BUPTYaJIbHBIN» 3aps]l BBI3bIBACT TOT ke 3PQEKT, UTO U peasibHbIH 3aps/ B
ciyuae Yepenkosa! [Ipuuem B pabote [27] 4epeHKOBCKOE M3ITyUCHHUE MTOJIyYacTCs Ha
IpaHulIe ABYX JUAIEKTPUYECKUX Cpell, B TO BpeMs KakK B IPYruX paboTax OTMEYEHO
usnydyenue B Bakyyme. B padore [30] usyuanuch pe3yabTaThl HaOIIOACHHS OBICTPO
BpAIlAIOIIErocs MyJibcapa, Ybe U3IyUCHHUE BBI3bIBAJIO MOSBICHUE CBEPXCBETOBOIO
«3aitunka» B Maraurocdepe mynbcapa. B Hell maercs 00630p XapakTepUCTUK
YepEeHKOBCKOT'O U3ITyUeHUs OT KBa3U-CBEPXCBETOBBIX HCTOYHUKOB U MTPUBOTUTCS
MOJITBEPK/ICHUE TAKUX YK€ XapaKTEPUCTHK YEPEHKOBCKOTO U3ITyUeHHs y ImysibcapoB. [Ipu
3TOM, €CJI ABMKCHUE «3alUMKa)» - YCKOPEHHOE, TO YePEHKOBCKOE U3ITy4YEeHHE TAKOTO
MCTOYHHUKA UMEET OYCHD CHEIH(PHUECKIE OCOOCHHOCTH, ‘“HE BCTPEYAIOLIHECS Y APYTUX
UCTOYHHMKOB H3myueHus [30]”: usnyueHune cocTouT 13 Habopa MyYKOB, KOTOPBIE

cxomsares (I'. U.!) mo 3akonam ot % u %

IMaKCTOB U3JTY4YCHUSA, KOTOPBIC TOCTOAHHO PACCCUBAIOTCA U CHOBA CO6I/IpaIOTC$I, HEC

I[I/I(l)pal"l/lpyﬁ M HC PaCIllaiatOTCsA KaK OOBIYHEIE ITY4YKH U3JTy4YCHUA. HaHpH)I(eHHOCTB I10JIA
1

B K2)XJIOM TIaKETe yMEHbIIAeTCs, Kak R 2 BMecTo R™ IIpH yBelIHYeHHH PAacCTOSHHS OT
ucrounuka [30]” (mepeox I'. 1.). Onnaxo!
Tak unu nHave, HO Oerymui, KaK «Oeryie orHI 3apsi (MM HOHU3HOPBAHHBIN

3, COCTOS M3 CHJIbHO C)OKYCHPOBAHHBIX

({pPOHT) BBI3BIBAET YEPEHKOBCKOE M3TYUEHHE MO/ «UEPEHKOBCKUM yriioM» COS'Y = R

rae ¥ - yros Mexay HampaBiIeHHEM U3ITydyeHHs 1 HopMaitto. O4eBHIHO, UTO €CIU
CKOPOCTh PaCIpOCTPAHEHUS SJEKTPUIECKOTO TOJISI HE MPEBBIIIAET «CKOPOCTh CBETa», TO,
COI'JIACHO COBPEMEHHOM 3JIEKTPOAMHAMUKE, HUKAKHX 3(PPEKTOB (Kpome, moKamyi,
KoHyca Maxa) HaOnrogaThcsl He OyJIeT; U, COOTBETCTBEHHO, HUKAKOT'O YEPEHKOBCKOTO
n3ny4yeHus Het! Hy nosiBisieTcs aneKkTpuyecke moJie B pa3HbIX MecTax (Kak «Oeryuue
OTHU») M, COOTBETCTBEHHO, (COrIacHO MaKCBeIlTy ) U3MECHSETCS B JAHHOW TOYKE
MarHuTHOE 1ose (MOSBISIETCS, €CIIU €ro TaM HET), HO 3JIEKTPOMArHuTHasi BOJIHA TaM He
BO3HUKHET.

31ech HY)KHO OTMETHTh, 4TO B pabote [28] ucmnosp30Baics UMITYJIbCHBIH HCTOYHHK (He
Bparmiaronuics) co cgepuaeckum GpoHTOoM n3nydeHust. CoriiacHo aBTopam, OH
BBI3BIBACT MOsIBIEHUE Oeryiiero ppoHTa sekTpuyeckoro 3apsna. [Ipeanonoxum, 4ro
3TO TaK, HO TOT/Ia TOYKH Ha TIOBEPXHOCTH SKpaHa C MAKCHMAIBHBIM 3asIpsI0M
COBIIAAI0T C TOYKAMU MaKCUMyMa HaIlpsKEHHOCTH ITOJIS B MaJIatoIIel BOJIHE, KOTOPbIe
MOTYT SIBJISITbCSL UICXOTHBIMU Toukamu EM m3nydenns. Toraa ciokeHne 3TUX BOJIH
JOJHKHO AaBath ppoHT EM BONHBI, HAalIpaBIeHHBINA B TOUHOCTH IO/ YTIIOM OTPAXKCHHSI,
4TO U HaOIoAaeTcs B akcnepumente [28]. BooOiem, 3TOT 3KCIIEpUMEHT He HMeeT
OTHOIIEHMS K «KBA3UCBEPXCBETOBBIM HCTOUHUKAMY, a OOJIbIIIE OTHOCUTCS K HaBEJACHUIO
EM BoOJIHBI UMITYJTLCHBIMH KOPOTKOBOJIHOBBIMH ITyYKaMH (YTO, BOOIIEM-TO, TOXKE
SABIISICTCS UHTEPECHBIM (pr3nueckuM 3¢ hexTom).
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HJ’I?I BpamarIimeroCs OTHOCUTEIIPHO MUIMHAPUYCCKOI'O SKpaHa KCTOYHHUKA BCC, BPOJE,
IIOHATHO: 3JICKTPOMarHuTHas BOJIHA HABOAMT 3apsd B TOUKAX, COBIAAAIOIIUX C
MaKCUMyMaMHu MOJYJISA BEKTOpPa E B BostHE. TO €CTb, HAIIPSIXKCHHOCTD DJICKTPHYCCKOI'O
IMOJIA CMCIIACT 3apsAAbl HA 9KpAaHC U HAa HEM IOCJICAOBATCIIBHO ITOABATCA IMOJIOKUTCIBHBIC
" OTPHULATCIIBHBIC 3apsSKCHHBIC obnacTH B TOYKaX, pa3aCJICHHBIX paCCTOSHUEM

oR
AX = T . COOTBETCTBEHHO, JUTMHA BOJIHBI OCT'YIIEro 3apsiIHOTro ppoHTa OyaAeT paBHa

oR
j’E = T . HpI/Iqu HaHpaBHeHI/IC CMCIICHUA SapHI[OB JOJI’)KHO 3aBUCUTH OT HOHﬁpHSaL{HH

najaromeit BoiaHsl (cM. Puc. 1).

+E E+ E+

P v f+

Puc. 1
Ecnn Bektop E HanpasiieH nonepek ABMKEHUS 3alUUKa, TO 3apsabl CMEILAIOTCS MONEPEK
HaIlpaBJICHUs JBUKEHUs, U, COOTBETCTBEHHO, /Ul BeKTOpa E, OpueHTHpOBaHHOTO BJI0JIb
IIyTH 3ali4nKa, 3aps/Ibl, TAKXKE, CMEIIAI0TCS BAOJb NyTU. TakuM o6paszom, 1o myTu
JBUKEHMSI JTyda (MEXIy 00pa30BaBLUIMMHUCS 3apsilaMi) HAYMHAET T€4Yb TOK, BbI3BAIOIINN
MIOSIBJIECHWE MarHUTHOTO 10Jis. [lomyyaercs, 4To IMHUA ABUKEHUS 1y4a CTAHOBUTCS
MarHMTHOH (C MHAYKTUBHBIM UMIIEH/IaHCOM) aHTEHHOM, U3JTy4arolle IeKTOPMarHuTHYIO
BOJIHY. DTOT MEXaHHU3M JIOJDKEH paboTaTh Ul METAJUIMYECKON U TUAIIEKTPUIECKOM
IIOBEPXHOCTEN. B mocneanem cityyae Ha MOBEPXHOCTH MOSABIISIFOTCSA TOKK cMeleHus. B
YaCTHOCTH, MEXaHU3M BO3HUKHOBEHUS JIEKTPOMATHUTHOIO U3JIyYEHUS HA TPAHUILIE IBYX
TUBJIEKTPUUECKUX Cpell (TO €CTh, HAa TOBEPXHOCTH IUAIEKTPUKA) ObLT NMPEIIIOKEH ellie
N.M. ®panxom B 1942-m rony. [IpaBna, 31€Ch Hy’)KHO OTMETUTD, YTO ONHMCAHHBIN BBIIIE
MEXaHMU3M «HaBEJEHUS 3JIEKTPOMAarHUTHOIO MOJIs» (HAZ0 OTOBOPUTHCS — IIPU CKOPOCTHU

. oR
3alynKa T < C) cCHIIbHO HAIIOMUHAET TPEBUAIBHOE OTPAKEHUE OT METalIa U

TUDJIEKTPHKA.

Jpyroit MexaHu3M, BbI3BIBAIOIINIA MTOSBICHHUE HIEKTPOMArHUTHOTO U3IyYEeHUS
TIPH IBIKEHUH «3aYUKa» - TO HOHHU3AIHS ITOBEPXHOCTH MaTepHalia 3KpaHa.
WNonwnzamusi, B 4aCTHOCTH, MOXKET OBITH MOJIyY€HA HA IIE3UEBOM KATOJIe BUAUMBIM UITU
YO m3nydeHneM, a Ha JPyruX MaTepuanax — My9KOM PEeHTTEHOBCKOTO H3Iy4eHus. Tormaa
B TOYKAX C MAKCUMAJIbHON HAMPSKEHHOCTHIO MIEKTPUIECKOTO MOJISI HOHU3UPYIOTCS
aTOMBI [I€3Hs1, HAYMHACTCS JIICKTPOHAS SMHUCCHS U 3TO MECTO Ha dKpaHe 3apsHKaeTcs
MOJIOKUTENbHO. [Ipu MBMKEHNH «3aliUrKay HOHU3UPOBAHHBIN (PPOHT JBUIKETCS CO
CKOPOCTBIO «3aiiunKay, XOTs, He HAJI0 3a0BIBATh O MATAIONICH JICKTPOMArHUTHON BOJTHE
(Y® u pentren — 310 Toxkxe DM BoiHa). Bobuiem, kapTuHa (puszndeckas MOJIENb)
MOJTy4YaeTCs Takasl Jke, KaK TPH JIBIKCHUH (poHTa najaroneir DM BOJHBI O
METATUIECKOMY (WJTH TUIJIEKTPUYECKOMY) 3Kpany. [Ipu 3TOM 1o myTH JBUKEHUS
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«3ailurka» BO3HUKAIOT TOKH, HAlpaBJICHHbIE BAOJIb TPACKTOPUH «3aitunka». Bee, Bpone
Obl, MOHATHO (Ha ypoBHE (hU3UYECKON MOEINH), eciii Obl He 0JJHO HO. Eciu ckopocTh
nBukeHus pponta npespimaet C, a CKOPOCTh PaCPOCTPAHEHUS ANEKTPUIECKOTO MOJIS
He npesblaer C, To TOK HE JOJDKEH «yCIIeBaThy» 3a 3apsiaaMu. Toraa, KOHEUHO, HUKaKuX
TOKOB He OyJIeT ¥, HUKAKOTO 3JI€KTPOMarHUTHOTO U3JIy4eHHsI, COOTBETCTBEHHO. A OHO
Habmomaercs. Urto xe nomyyaerca? A mosydaeTcs TO, 4TO M0Jie HaBeICHHOTO 3apsaa
pacnpocTpaHsieTcsi ObICTpee CKOPOCTH IBUKEHUS «3ailunKa» U, COOTBETCTBEHHO,
«ckopoctu cBetay C. [Ipuuem cymecTBeHHO ObicTpee. B To jxe BpeMsi H3BECTHO, YTO
CKOPOCTh paCIpOCTPaHEHUsI UMITYJIbCa TOKA 10 MPOBOJHUKY (JIMHUK) Beera MeHble C.
3TO CBA3aHO C TEM, UTO MPOLECC MPOXOXKICHHUS CUTHANA IO JJMHUU SBIAETCS (PaKTUYECKH
MEePEeU3IyYeHUEM - OTPE30K JIMHUU (MIPOBOJIa) UMEET UAYKTUBHOCTh U €MKOCTh
OTHOCHUTEIBHO 3¢MJIM U SIBISICTCSA TUHUCH 3aCPIKKHU. AB JaHHOM K€ CJIydac «3aUIuK»
«moAroHseT» GpoHT 3apsiaa. Ecinu jke mpeanonokuTh, YTO Ha KOPOTKUX PACCTOSTHUSIX
TOK PacIpOCTPAHSIETCS CO CKOPOCTHIO PaCIPOCTPAHEHUS AEKTPUUYECKOTO T10JIS, U TO, UTO
ANEKTPUYECKOE T0JIE PACTIPOCTPAHSIETCS ObICTPEE «CKOPOCTH CBETA», TOT1a BO3MOXKEH
TOK, TEKYIIUH OBICTPEE KCKOPOCTU CBETA.

Takum 00pa3zoM, IKCIIEPUMEHTHI ¢ KBa3U-CBEPXCBETOBBIM IBH:KEHUEM
HABeJCHHOI'0 3apsiia CBUAETEJbCTBYIOT 0 TOM, YTO CKOPOCTH PacpoCTPaHeHH
3JIEKTPU4Y€CKOr0 MoJisl IPH HEKOTOPBIX YCJIOBHUAX NpeBbIIIaeT “cKkopocThb cBeta” C.

6. KopoTko 0 BO3MOKHOCTH CBEPXCBETOBOI0 JIBUKEHHUS

MaTepHaAJbHBIX TEJ

B npunnune, Ha CBEpXCBETOBOE ABM)KEHUE MAaTEPUAJIbHBIX TEJl OTPAHUYEHUI HET.
Opnako, Ipy IBUKEHUH CO «CKOPOCThIO cBeTa» C U BbIIIE MOKET HAOII01aThCs
HenpusATHBIN 3¢ ekt — 0OHyJIeHre U UHBEepTUpOBaHUe cuilbl KyjoHa Ha aTOMHOM
ypoBae [39]. Jleno B TOM, 4TO Ipu ABUKEHUH 3aPsJ0B OTHOCHTEIBHO KTOHKOM
cocraBisirome 3¢upa» (KTeMHON SHEPTHU») 3apsiIbl CTAHOBSATCS Takxke U Tokamu. [Ipu
9TOM KYJIOHOBA CHJIa M BO3HUKIIAs cuila JIopeHna AeMCTBYIOT B IPOTUBOMOJIOKHBIX
HaIPaBJICHUSAX U IIPU CKOPOCTH 3apsiioB, paBHbIX C OHU CPaBHUBAIOTCS U B3aUMHO
KOMITEHCUPYIOT ApyT Apyra. Takum o6paszom, ipu V > C oT aapa yJIeTaroT JJIEKTPOHbI U
aTOM CTQHOBMTCS MOJHOCTBIO HOHU3UPOBAHHBIM (HO SIIPO OCTAETCsl CBSI3aHHBIM
CHJIBHBIM B3aUMOJIEUCTBHUEM).

IToTOoKM TaKMX CBEPXCBETOBBIX aTOMOB 3aMETUTH CII0KHO — OHU HE U3JIy4aroT B
BUIUMOM 1 YD auana3zoHax TaK KaK MOJHOCTBIO HOHU3UPOBAHBL. ENMHCTBEHHO, 3TN
MOTOKU MOTYT M37Ty4aTh FaMMa JIy4d U3 3a KaKuX-HUOY1b BHYTPUATUMHBIX IEPEX0/10B.

Kpome Toro, no aHajaoruu co CBEpXCBETOBBIM JBHKEHHEM YaCTUIL B
JHMJIEKTPUIECKON CpeJie, MOXKET BOSHUKHYTh YEPEHKOBCKOE U3JTy4eHHe (BaKyyM, OH XKe
noJsipusytonmiicst quanektpuk!) [40]. MexaHu3M 4epeHKOBCKOTO HU3JTy4CHHSI
OIMCHIBAETCS KaK MOJIIPU3aLMs aTOMa (B BAKyyMe 3TO MOJISIPU3aLUs «CBETOHOCHON
CTPYKTYPBI» - KBUPTYaJbHBIX Map»), MUMO KOTOPOTO MPOJIETACT YACTHUIIA, C €T
MOCIIEAYIOLIEN peraKcaueil, BbI3bIBAOLIE U3nyueHrne. CIIeKTp TaKOro U3JIydeHus
criomHoi. Yncno GoToHOB, UCITyCKaEMBIX B AUaNa3oHe A, - A, IpHU IBIKECHUU

3apsHKEHHON YacTUIII MOKHO ONIpeAeNuTh Mo ¢hopMyiie, mpuBeneHHOM B [40]:

N =27lz?| -1 sin’ @ (4),
L A
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rje 2¢ — yroj KoHyca u3JIydeHus, L — JyinHa My TH 9acTHIlbl, Z — 3apsi1 YaCTHUIIBI, o —

«IOCTOSIHHAS TOHKOW CTPYKTYPBI» & = 37

MosxHo mojcuuTaTh o hopMmyiie (4), KaKyro YJHEPTHIO TOTEPSIET YaCTUIIA 33 CUET
YEpPEHKOBCKOI'0 M3JIy4€HUs MPH MPOJIETE CO CBEPXCBETOBON CKOPOCTHIO OJJHOIO METpa B
npoctpanctse. IIpeanonoxum, 4To ckopocTsb 31eKkTpoHa (3apan Z = 1) pasna 2C. Torga
yroi KoHyca 0ynet paseH 60 rpal. Berurciaum norepro sHEpruu 3a cueT U3J1yuyeHus B
muarnazone 0.3 — 0.6 MkM. Torga KoIMYecTBO HCIYIIEHHBIX (DOTOHOB YEPEHKOBCKOTO
U3Iy4YeHus OyAeT IPUMEPHO PaBHO!

N =27alZ? %—i sinp ~ 3278 x10°x1.7x10°x 0.5~ 3.8x10" . Dueprus poTtoHa ¢

A
JuHO# BonHBI B 0.4 MKM mpuMepHO paBHa E ~1x107* x4.7x10% ~ 4.7x107™"° JIx.
Torna noTeps SHEPTHH SIEKTPOHA HA Iy TH B OJIMH METP COCTABHT
E, =3.8x10" x4.7x107"° =1.8x10™" Jlx uu 0.11 M»B. [ToHATHO, 4TO 3TOT 3EKTPOH

JJAJIEKO HE YJIETHUT.

[Tomy4daercs, 4To 3apsKEHHBIE YACTUILIBI B JII000H cpesie (1ake B Bakyyme) He
MOTYT JIaJIEKO YJIETETh CO CBEPXCBETOBOM CKOPOCTHIO, B YACTHOCTH, U3 3a IIOTEPU
SHEPTUU 32 CUeT U3MydeHHs. TakuM 00pa3oM, UePEHKOBCKOE U3ITyUYeHUE SBISIETCS
JIOTIOJIHUTEIbHBIM OTPAHUYEHUEM ISl CBEPXCBETOBBIX CKOPOCTEN MaTepUalIbHbBIX TE.
Ho 3T0 He OTHOCHTCS K HEe3apsuKEHHBIM TelaM (Hanpumep, K yactuiiam ¢ Z = 0), y
KOTOPBIX 3apsii CKOMIIEHCUPOBaH, HallpuMep, K HEUTPUHO.

7. MrHOBEeHHOE pacnpocTpaHeHHue Bo3/AelicTBUSA
(maabHOElicTBHE)

Kak 6b110 oT™MeueHO B paszene 3.2, B Ipupoe CYLIECTBYET PacpOCTPOHEHUE
BO3ICHCTBUS CO CKOPOCTSMH, TipeBbImetomuMu C Ha MHOTO TIOpsiAKoB. OTHUM U3 HUX
ABJISICTCS I'PAaBUTALIMOHHOE B3aMOIEHCTBHE.

3T0, B 4aCTHOCTH, OBLIO YCTaHOBIIEHO ele JlarracoM Ha OCHOBaHUH U3MEPEHUN
IB>KeHUs JIyHBI, COTIacHO KOTOPOMY CKOpPOCTh TpaBUTallUM npeBbliaeT C, Kak
MUHHMYM, B 7 MUJUTHOHOB pa3. [lero B TOM, 4TO eciii ObI CKOPOCTh I'paBUTALIAU ObLIa
paBHa C, TO 3T0 OBI U COIIIO, HO TOJIBKO B TOM Clly4ae, €clid Obl OpOUTHI OBLIN CTPOTO
KkpyroBele. Ho Bce opOuTHI anmunTruaeckue (mapadoandeckue), Ha KOTOPbIX PU
JBY>KEHUH TeJla PACCTOSTHUE MEX/Ty IPaBUTHPYIOIUMHU 00bEKTaMU MEHSETCS, M €CIU
CKOpOCTh TpaBHuTaIuy paBHa C, TO TPaBUTAIMOHHOE BO3MYIIICHHE JIOMIET JI0 T C
3aJIepKKOMH, UTO JIOJKHO OBLIO ObI MPUBECTH K CTPAHHBIM 3 (dEeKTaM U He MOTJIO ObI
OBbITh HE3aMEUECHHBIM.

OCOo0EHHO 3TO OTHOCUTCS K JIBUKEHHUIO 3BE3]1 B TalaKTUKaX. B HUX paccrosiHue
MEXy 3BE3/IaMU COCTABIISIOT IECATKU M 00JIee CBETOBBIX JIET, & TPABUTAIMOHHOE TI0JIE
raJlakTUKU 00pa3yeTcs 3a cYeT CYNepIo3ULIUH MoJIeH OTAETbHBIX 3Be3. Tak Kak
CKOPOCTH JIBHKCHHS 3BE3]l COCTABIISIOT COTHH KM/CEK, TO TPAaBUTAIIMOHHBIA CUTHAI OT
coce/iHel 3Be3/Ibl I0MIET 10 TOro MecTa, Te Oblia 3Be3/a TOT/1a, KOT/Ia ee yKe TaM HeT.
B pesynbrare nBrKeHHE 3B€3]1 B TAIAKTHKE IPEBPATHIIOCH OB B Xa0C, 4YeTO He
HaOI0JaeTcsl.
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HenaBno amepukanckuii actponoM Tom Ban ®@nanaepH npoaHaau3upoBail
MOCTIe/ICTBHS TPABUTAIIMOHHON abeppamuu A MIaHeThl 3eMJIsl, TP yCIOBUH, YTO
CKOpPOCTh IpaBUTALIMK PaBHA CKOPOCTHU cBeTa. B pe3ynbTare ananusa noiaydaercs, 4YTo
eclii OBl CKOPOCTh pacIpOCTpaHeHUs TpaBUTauu Obuia paBHa C, To 3emMitst Obl
Bpaliaiach Mo pacCKpy4uBaroUIeHcs CIUpaIy U paguyc ee opoutsl 3a 1200 et qoipkeH
ObLT OBI YABOUTCS, YETO, ECTECTBEHHO, HE MMPOU30ILIO0. B pesynbrare 3TOro aHaimsa
MOJIy4YUJIOCh, YTO CKOPOCTh IPaBUTALIMU JOJDKHA MpeBbiaTh C Kak MUHUMYM Ha BOCEMb
nopsimkos V >1x10°C .

Kpowme Toro, ypaBHeHus1 HEOECHOM MEXaHUKU OCHOBaHbl HA MTHOBEHHOM
neicTBuu: “Bcea Hebecnas mexanuka, mouHeuulas u3z HayK, ONUpaemcs 8 C8oUx
pacuemax Ha cmamuyeckue opmynvl. Imu hopmynvl cOBNAOAIOM ¢ OUHAMUYECKUMU
MONILKO 8 MOM Cydae, eciu CKOpOCmb paAcnpoCmMpanerus 63auMo0eucmsus pasia
beckoneunocmu. Taxum obpazom, u ecob Onvim HeOECHOU MeXAHUKU NoOmeepacoaen
mom ¢akm, Yymo CKOpoCms pacnpocmpanerus 2pasumayul MHO20 8blule CKOpoCcmu
ceemay.

Janee, eciu eciiu CKOPOCTb paclpoCcTpaHeHus rpaBuTaluu pasHa C, To 'y
“4qepHBIX JbIp” HE MOXET ObITh HU I'PAaBUTAIIMHU, HU UHEPIIMH, HU 3apsijia — BCE UCUE3aeT
3a “TOPU30HTOM COOBITHI” ¥ HUKAK HE MPOSBIISETCS CHapyku. “UepHas ApIpa” MOXKET
MIPOIJIOTUTH BCIO BCeNeHHyI0 U 3TO HUKAaK He MO4YyBCcTByeTCsl. OueBUIHO, UTO Y TaKUX
“4qepHBIX JIbIp” HE MOXET OBbITh “‘Macchl B MUJUIMOHBI COJIHEUHBIX U OHA (COTJIACHO
OTO) nomxHa MpeAcTaBIsATh COOO0M My3bIPh, BOKPYT KOTOPOTO HUYETO HE MOXKET
Bpamiatbces [37]. COOTBETCTBEHHO, HUKAKHX “TPaBUTAI[MOHHBIX BOJIH” HE CYIIECTBYET, B
YaCTHOCTH IOTOMY, UYTO B 3TOM CiIy4ae JUIMHA TaKOH ‘“BOJHBI” MOJIydaeTcsi 0ECKOHEUHOU
(A — o0) u HenoHsATHO, 4To “noBsT” Ha LIGO.

Caenyromum 3(h(peKToM ¢ MTHOBEHHBIM B3aUMO/ICHCTBUEM SIBIISIETCS] HEJAaBHO
OTKpbITasi KBAHTOBAsI TE€JIEMOPTALIMSL, IPH KOTOPOIl U3MEHEHHE XapaKTEPUCTHK
(HammpuMep, CIIMHA) OJHOM CITyTaHHOW YaCTHIIbI MTHOBEHHO IEpeaeTcs Ipyroi YacTHIIE,
HaxoJAIIeNcs Ha pacCTOsTHUU OT nepBoi [31]. DToT apdexT OpuT FIKCTIEPUMEHTATEHO
IIPOBEPEH Ha 3emile U B KocMoce. PensaTuBUCTEL, NbITasgch ouepenHoil pas “cnactu” CTO,
YTBEP’KIAIOT, YTO ITH CITyTaHHBIE YaCTHUIIbl HY>KHO BHa4aje pa3HECTH U CKOPOCTh
“pazHecenus” He MOXxeT ObITh Oonbiie C. Ho, oHak b1 pa3HeceHHbIe, OHU OYIyT
B3aMMO/JICIICTBOBATH (IIepeaBaTh HHPOPMAIMIO) B peaIbHOM BPEMEHH CO CKOPOCTHIO >>
C.

Crnenyroumm 3QPexToMm SBIISIETCS YIIOMSHYTHIN BbILLE TYHHEIbHBIN 3P QEKT, npu
KOTOPOM OCYIIECTBIISIETCS MTHOBEHHBIH NepeHoC (TeIenopTanus) yke MaTepuaibHOTro
Tena.

Jlanee, kak ObUIO OTMEUEHO BBIIIE, CKOPOCTh PACIPOCTPAHEHUS HIIEKTPUIECKOTO
Y MarHUTHOTO MOJIeH (He 3JIeKTPOMAarHUTHOT0) HAMHOTO BhIle C, 4TO MOATBEpKIAAeTCS
sKcnepuMeHTaMu. B aupe 311 nmosst cpasy xe (B 1anbHEN 30He aHTEHHBI)
MePEXBATHIBAIOTCS TUAICKTPUIECKOMN Cpe1oit apupa u peTPaHCIUPYIOTCS C 3aJICPKKOH.
Ho ecnu 1atp 3TUM nosisiM CBOOOTHO PaCIpOCTPAHATHCS, TO X CKOPOCTh
pacnpoctpaneHus npesbiiaer C. MoXHO NepeAnonokKuTh, YTO 3Ta CKOPOCTh MOKET
npeBbicuTh C Ha MHOTO MOPSAKOB, TO €CTh, ObITh MTHOBEHHOM Kak y IT'paBUTAIUH.
Kcraru, ypaBHenue 3akona KysoHa sSIBIsieTCSl CTATUYECKUM U MIOX0KUM Ha 3aKOH
BCEMHPHOTO TATOTEHUS (3a1€P>KKU TyJa HE BXOJAT).



18

371ech HY’)KHO OTMETHUTbh, YTO MTHOBEHHAsI CKOPOCTh PACIPOCTPAHEHUS
BO3JICHCTBUS TIPOTHBOPEUHT KUTCHCKOW JIOTUKE, HO, BOOOIIIE-TO, OHA HE TIPOTHBOPEUHT
MPUHLIMITY TPUYMHHOCTH — CJIEJICTBUE HE JOJKHO ONepekaTh MPUUUHY (PEIITUBUCTCKOE
olpeziesieHUe IPUYMHHOCTH HE PACCMaTPUBAETCS 110 IPUYMHE OTKPOBEHHOMN
B3JIOPHOCTH). 3a/IepKKa 110 BPEMEHU MKy MPUYMHON U CIIEACTBUEM B Ty
(OpMYIHPOBKY HE BXOJUT.

Torpa, kak e 3T0 MOXKEeT NPOUCXOAUTh? OTBET: IO MPUYUHE MTOJHOI'O HE3HAHUS
peanbHOro CTpoeHus npoctpancTa u Beenennoii. Ceituac 10CTOBEPHO U3BECTHO, YTO
Bcenennas 3anonHeHna “TeMHON Matepueil’” U “TEeMHOM HEPrueii’”’, Mmacca KOTOPhIX
MHOTOKPATHO MPEBBIIIAET MacCy MaTepualibHbIX Ted. KpoMe Toro, Bce moaenu s¢gupa (u
MEXaHUYECKHE U DIEKTPOJUHAMHYECKHE) TOKA3bIBAIOT OFPOMHYIO TNIOTHOCTh CTPYKTYPHI
a¢upa (BUPTYaIbHBIX MMap), HEOOXOTUMYIO JIJISl PETPAHCIISAIINN JIEKTPOMArHUTHON
BOJIHBI [36]. Jlanee, MOKHO MpeACTaBUTh, YTO BeenleHHast sIBIsIETCS CBEPXILIOTHBIM
o0pa3oBaHMEM, a TPABUTAIMS HE YyBCTBYETCS TOTOMY, YTO OHA CKOMIIEHCHPOBAHa, KaK
JTaBJICHUE HAa JIHE OKEaHa.

A BOT Temnepb NpeAcTaBbTe, UTO BCs BeeneHHas sBisercss 0ECKOHEYHO Maion
TOYKON ¢ OECKOHEYHO OOJBIION MITOTHOCTHIO (TaK HA3bIBAEMOH “‘CHHTYISIPHOCTHIO”, KaK
10 “bonbioro B3peiBa”). Toraa 00bEKT, HAXOAAIIUNUCA HA PACCTOSTHUN MUJUTOHOB
CBETOBBIX JIET, HA CAMOM JIEJI€ HAXOJAUTCSI COBCEM PSIZIOM U PACCTOSIHUE MEXI1Y HUMU
orcytcTByeT. O4eBHIHO, YTO STO MPOTHBOPEYUT MATEMATHKE — HA JIMHUH MOXET OBITh
0ECKOHEYHO OOJIBIIOE KOJIIMYECTBO OECKOHEYHO MaJbIX To4YeK. Ha miockoctu -
0eCKOHEeYHOEe KOJIMYECTBO JIMHUH, B 00beMe - 0ECKOHEYHOE KOJMIECTBO TUIOCKOCTEH, a
He HaoOopoT. Ho MatemaTnku Takue mryTHUKU! B uX ke pacnopsikeHHH O€CKOHEUHOe
MHO>KECTBO N-MEPHBIX MpocTpaHcTB. ITyckail Bce 3T0 “BbIBEpHYT HaU3HAHKY  (HaWIyT
COOTBETCTBYIOIIEE MPOCTPAHCTBO, KAK MUHKOBCKHI B CBOE BpeMs ‘‘HaIIel
MIPOCTPAHCTBO” 17151 DUHIITEHHA).

Ho, BooO11e-To, mocnennue 1Ba adb3ara SBIsSIOTCS TPOJTUHTOM (TIPOITy U3BUHUTH aBTOPa
3a 3T0). ABTOpY M3JI0’KEHHAs UJesl HE OY€Hb HPABUTCS — IPOTUBHO KUTh HA JIHE OKEaHa,
Jia emie ¥ B 0ECKOHEYHO MaJIoi TOYKe.

8. 3ak/oueHue

B nanHoii cTaThe nMpuBeAeH 0030p IKCIEPUMEHTANTBHBIX CBUJICTEILCTB MPEBBIICHUS
“ckopoctu cBera” C Kak 3JI€eKTPOMAarHUTHON BOJIHOM, TaKk U APYTUMHU BO3JEHCTBUSIMH.
Tak, kak “nocrynar” o “CKOpPOCTH CBETA”, KAK MAKCHMAJIbHO BO3MOKHOMH
“cBepx(yHaaMeHTAIbHONH” (U3HYeCKOH BeJTUYUHE, SBIISIETCA OJHIUM U3 OCHOBHBIX B
TO (CTO u OTO) u Ha HEM OCHOBAaHBI MHOTHE €€ BBIBOJIbI, TO OTPOMHOE KOJIUYECTBO €T0
AKCIIEPUMEHTAILHBIX OMPOBEPKEHUIM OHO3HAYHO CBHAETEJILCTBYET O JIKEHAYYHOCTH
TO. U Tonbko MaHeBpamu, He UMEIOIINUMH K (PU3UKE HUKAKOTO OTHOIICHUS, U YCUTUSIMU
OTPOMHOTO KOJIMYECTBA MIApIaTaHOB-PENSATUBUCTOB, CUSAIINX B YIOTHBIX
aKaJEMUYECKHX KpECllax, MOKHO Ha HEKOTOPOE BPEMs 3aTSHYTh €€ OTIPABICHUE U3
HayKH Ha CBaJIKy, KaKk 3TO B CBOE BpeMs CIIy4YHIIOCh ¢ Teopuel ¢uioructona. Ho uem
paHbIlIe 3TO IPOU30MIET, TEM JIydlle. A 3aja4ya peaJlbHON HaAyKH YCKOPUTH 3TOT
poLecc.

9. JIutepaTypa
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