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B cOopHuKe mocineaoBaTenbHo, Mar 3a aroM paccKa3blBaeTcesl, Kak
yu€Hble MOCTUTATU TallHBI MHUKPOMHpA, CBETa, DPAJUOBOJIH, U Kakue
TUNOTE3bl OHM CTPOWIHM, MBITasICh pasrajaTh SIBICHHE «IIOJIApU3aLUU
cBeTay. B mporecce ero HamcaHus aBTOpP YBUEN, YTO BBEJICHUE B (PU3HUKY
npencrasieaus o «[IOIIEPEUHOCTU BOJIH CBETA» mis o0bscHeHHS
9TOH camoll «monspuzauuu ceeray bbIJIO M3JIMIIHUMI!!! 310
(u3nyeckoe CBOMCTBO CBETa NPEKPACHO OOBSCHAETCS B COBPEMEHHOM
«KBaHTOBOW MEXaHHUKE» YK€ OJHUM TOJBKO BpamieHueM «(HOTOHOBY BOKPYT
CBOEH OCH, W KOrja OCH «(pOTOHOB» OJMHAKOBO OPHEHTHPOBAHBI B
IIPOCTPAHCTBE, TAKOW CBET U SIBIIAETCS «IIOJIApU30BaHHBIMY. KcraTh, aTOT
TEpMHH MIPOUCXOAUT OT IPEUECKOro cioBa «Polosy — «ocky», «moitocy, u
BBEN ero B Hayky emé B 1808 rony ¢paniysckuii yuéuslii 3then Maimtoc,
TOra K€ W OOBSCHUBIINKI «SBJICHHE MOJSIPH3ALMHU» BPAIICHHEM YacTHIL
cBeTta BOKpYyr cBoeid ocu. Ho Her xe, k MHeHuo J.Maioca Torna He
IpUCTYIIATUCh, U BCE BEAyLIUE Y4YEHBIE CTalM CTPOUTh THIOTE3Bl O
«T10IepeYHBIX BoJIHaX cBeTay! Celdac y)ke 04EBHIHO, YTO HA MPOTKEHUU
OoJtee yeM NOJTyTOpa BEKOB BeyIine Gpu3nku ommdanics!
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HPEAUCJIOBHE:

[IpencraBpTe cebe yMTaTENh, YTO ABTOP ITOM KHUIKHIIBI
OJIMHAKOBO XOpOIIO pa3dupaercs u B (U3UKE, U B PEITUTHH, U
3HaHHWE ATUX JBYX JIMIIb Ha TEPBbI B3IV HECBOAMMBIX
BOCJMHO JHCLUHIUIMH TIO3BOJIMJIO €My OJHAXKIbl CJHelaTh
CEHCALIMOHHBIN BBIBOJ: CTAPBIA HAYYHBIA TEPMHH «MHUPOBOH
3(up» HIN «CBETOHOCHBIN 3(UP» U PEJMTHO3HBIA TEPMHH
«apcTBue HebecHoe» cyrb oqno u 10 :xke! U ecnu
BEIMYECKass 4acTb ydeHMss Xpucra pacckassiBaer o Jlyxe,
KOTOpPBIM  MMeeT CBOWCTBO ucxoautbh u3  «llapcTBus
Hebecnoroy», ot «Otia CBeTOBY», 1 MOXKET 10 Bojie YenoBeka,
OOy4EHHOI0 «CBSILIIEHCTBY», TBOPUTb MHOTHE YYyjAeca, TO
HEKOTOpbIe Y4YE€HBIC-PU3UKN BIUIOTH 70 Havyaia XX Beka
pacckasplBalM B CBOMX HAYYHBIX TPAaKTaTax O TOM, KaK OHU
MOCTUTAJIM TalHbI AQHpa, MUPOBOW MEPBOPOIHON CPEAbI, a 1O
CyTH, TaliHbl TOoro xe «J/lyxa CBsaToro», paccMarpuBas €ro c
€CTECTBEHHOHAY4YHOM CTOPOHBI KaK pasziauuHble  (OpMbI
«IBWKEHUS 3(hrpa» — a 3TO U AEKTPHUUECTBO, U MArHETU3M, U
BOJIHBI CBETA Pa3JIM4YHON 4aCTOTBI, B TOM YUCJIE U HEBUIUMOTO
HallleMy Tja3y CBeTa, M, KOHEYHO e, 3TO T «OHOIOIA»,
KOTOpBIE B PAHHEXPUCTUAHCKOW Tpagulluu <<py1<0r10J10>1<eH1/151»1
nepeaaBainl OT YUUTeNnsl — Y4YEHHUKY, CTAHOBSLIEMYCS «aroc-
tosiom CriacuTens», Tak Ha3biBaeMyto «cuiry Coznarensi».

B omimume OT paHHEXPUCTUAHCKUX CBSLICHHOCIYKH-
TeJled, KOTOPbIE UMEJIM KAKOE-TO IIPEICTABICHUE U 3HAHUE O
cujie Jlyxa (CBATOro) ¥ MOIJIM HEMOCPEACTBEHHO YIPABIISATH
€10, MPUYEM TOJIBKO CHJIOK) CBOEH MBICIAM M JABUKEHHEM

! https://ru.wikipedia.org/wiki/CssaweHcTBO
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CBOUX PYK, Y4YEHbIC-€CTECTBOMCIBITATENN, IO CYTH Jiefa,
CTPEMWINCh  IIO3HAaTh BC€ TaiiHble cuiabl  I[Ipupossl
MOCPEICTBOM MHTEIIJIEKTA, YTOOBI 3aT€M HAyYUThCS YIPABIAThH
MU € TOMOUIHI0 TEXHUYECKHUX CPe/ICTB.

bnarogaps OTKpHITHUAM ¥ TEXHUYECKHM DEILICHUSM,
HalJEHHBIM MHOTHMHU COTHSIMH Y4YE€HBIX-€CTECTBOMCIIBITATE-
Jeil, Mbl IMEEM CETOAHS B CBOEM IOBCEAHEBHOM I10JIb30BaHUU
JIBa BOMCTHUHY BEJIMKMX PYKOTBOPHBIX 4yJla — PaJAMOCBI3b U
TeqeBuaeHue. [Ipyuém B o0oux ciyyasx OecrnpoBoHAs
nepenaya WHGOPMAlMM Ha PACCTOSHHE OCYILIECTBISIETCS B
npsiMmoM cMmebiciie uepes3 «llapctBue HebecHoe» — adup.

Onnako, ecTb B A3TOM Jejie U OOOpOTHasi CTOpPOHA
«venanm». Kak Tonbko TeM, KTO IMpaBUT MHUPOM U KypUPYET
HayKy, CTajo SICHO, YTO C pa3BUTHEM TEXHHUUYECKOTO Iporpecca
MOXKET CTaTh OOIIEIOCTYNHBIM 3HAHHMe «0 bore, koropbli
ectb Jlyx» (3T0 paza u3 yuenus Xpucra), B pusmke, 1adbl
npeceds «BOTOMCKATETBCTBOY CO CTOPOHBI YUSHBIX, TYT XKe
Obula COBEpIIEHA PEBOJIIOLUS, KapIWHAIBLHO M3MEHUBILIAs €&
napaaurMy. Takum o0pa3oM, TMPEACTABUTEISIMU «BIACTH
TbMBI» (ynmomsiHyTol B EBanrenusx) mupoBoii 3¢gup c ero
(aHTaCTMUECKUM COYETAaHUEM CBOMCTB OBLI NIpedaH Xyje U
JUCKPEIUTUPOBAH B TJla3aXx MHUPOBOTO COOOIIECTBA, a €ro
MECTO B MOZeIN Mupo3iaHus 3aHsIa abCONIOTHAS MTyCTOTa —
«puzmuecknit Bakyym». [lamee 3a KOpOTKOe Bpems Bce
yueOHUKN (U3MKH OBLIM TepemnucaHbl, KaKk 3TO yKe He pa3
MIPOUCXOJWIO C HCTOPUYECKUMHU KHUramu. M sTa BHOBB
obOpa3oBaHHas B Hadaie XX Beka «0e3d(upHasi Hayka o

2 https://ru.wikipedia.org/wiki/Boronckatenbcrtso
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npupoae» crana OoQUIMAILHO HA3BIBAaThCA «COBPEeMeHHOIt
puznkoin».

BubGauomexa yvumess @uiuxu

CoBpeMeHHasA
busura

B CpefHen
IIKOJIe

B oroii cBA3M mas Hac OOJDKHO OBITH IIEHHO MHEHHE
OJHOTO W3 MOIMYJNSPU3aTOPOB ATOM CaMOW «COBPEMEHHOM
¢usukn» — amepukanckoro yuénoro J[l:kona Ilumpca,
KOTOpPBIM B IPEIUCIOBUU K CBOEH KHHUIe «JJIEKTPOHBI,
BOJIHBI M COOOIIEHMS» HAIIUCANT:

«Cospemennas Qusuxa umeem 0e10 ¢ O0CPOMHBIM
pazHoodpaszuem GONH. BONHbI 3eMACMPACEHUS, U3yudemble
celcMon02amu, 8OIHbL U 3bl0b 6 OKeaHax, 03épax u npyoax,
80JIHbI 38YKA, PACNPOCMPAHAIOWUECS 8 8030VXe, MeXAHUYecKue
BOJIHbL 68 HAMAHYMOU CMpYHe UIU 6 Kpucmaiie Keapuyd,
cmaounuzupylouem 4acmomy paouonepeoamuyurd, 31eKmpo-
MacHumHule GOJHbL c8ema UlU paouo, uziyiaemvle nepeoan-
YUKOM U NPUHUMAEMbLE NPUEMHUKOM...

Ymo oice makoe 60aHbL? Dmo He 3eMmis, He 600d, He
6030yX, 3MO He CMAlb UIU HCULA HAMAHYMOU CMPYHbL U He
Kkeapy. Bcé nepeuucnennoe npedcmaensem coOOU MONLKO
cpeovl, 8 KOMOPLIX BOIHbL PACNPOCMPAHAIOMCAL.



Qu3suKu 0e6AMHAOYAMo20 Cmoiemus He MbICIUIU 80IH
0e3 cpedvl, 8 Komopou 6oaHvl pacnpocmpansitomcs. OHu
cuumanu HeoOX0O0UMbIM 3ANOIHUMb 6AKYYM HPOCMPAHCMBA
agupom 6 Kauecmee 00sa3amenbHOU Cpedvl Ol PACHPO-
cmpaneHusi 601H ceema. Oma HAOYMAHHAA CYOCMAHYUSL
oxazanace 6onee nooxooawell Oisl YCNOKOeHUs ymMd, 4eM OJis
OeticmeumenbHo20 00BACHEHUsL CAMO20 PUULECKO20 ABNEHUSL.
Ecnu oce obpamumscs k KBAHMOBO-MEXAHULECKUM 8OJIHAM, MO
mym @uauku oadce U He NpPeonasardm HAM KAaKy-1ubo
€OUHYIO KaApMUHY MUX 60JIH, C KOMOpbIMU oHu pabomarom. B
mo owce 6pema y (QUUKO8 Hem HUKAKUX PA3HO2NACUU 8
OMHOWEeHUY MO20, KAK IMUMU BOTHAMU NOIb30BAMbCS, YMOObl
NPAasUIbHO NPEOCKA3ams pe3yibmamsl IKCHEPUMEHMA.

Ilo-suoumomy, emecmo moeo, umMoObL CHPAWUBAND,
«YMoO Makxoe BOAHbL?», C1e008aN0 Obl CHAPOCUMb, YHIO Mbl
MoxceM cKazamy 0 eonnax? B smom ciyuae nem HeodoyMeHull.
Uszeecmubl  6nonne onpeoenénuvie CEOUCMBA BOH. OMmu
ceoticmea mo2ym Oblmb ONUCAHBL MAMEMAMUYECKU 8 00uem
sude, 0OUHAKOBOM Ol PA3IUYHBIX DUIUUECKUX CUCTEM.
Buisicnue, umo 6 Hexomopom seneHuu Mvl umeem 0eio ¢
6OJIHAMU, MOMNCHO YJHCe MHO20€ YMBEPHCOamb U MHO20€
npedckasvieams, Oaxce ecau y uac u HET ACHOIO
IHHOHUMAHUA  MEXAHU3MA  BO3BFVJKIEHUA U
ITEPEJ[IAYH BOJIH.

Bonnoeas npupooa ceema 6vina nosnana u 3amem Ha eé
OCHOBE ObLIO COENAHO MHO20 BANCHLIX 3AKNIOYeHUll, NPUYEM
3a007120 00 MO0, KAK NOABUNACL UOes O MOM, YMO C6em —
INEKMPOMAZHUMHbBIE 80JIHbL, PACNPOCMPAHAIOWUECS HeNno-
CcpedcmeeHHo 8 npocmpancmee, 6e3 Kaxkou aubo IQupHoi
cpeovl. bonee moco, Koeoa ObLIO NPeOdlONHCEHO MO BePHOE
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00vsiCHeHUe Qu3uueckou npupoovl ceema, MHo2ue uauku,
Xopowio 3Haswiue, Ymo ceem AGNAEMCs HEKOMOPbIM BUOOM
60JIH, OMKA3ANUCL NPUHAMb MAKYI) MPAKMOGKY CEemOBblX
6onr...» (Llutata m3 kHUTH «DIEKTPOHBI, BOJHBI M COOOIIE-
Hus» Jlxona Ilupca. IlepeBon ¢ anrimiickoro M.J[.Kapacésa,
I'OCYAAPCTBEHHOE  U3AATEJIBCTBO  ®U3UKO-
MATEMATHYECKOM JIUTEPATYPBI, Mocksa, 1961, c.
83-84).

[Ipounta Tekct Jlxona Ilupca, Mbl yBUIEIH €rO0
YTBEp)KIEHHE, COOTBETCTBYIOUIEEC JEHCTBUTEILHOCTH: OTO
npaBaa, 4YTO «Qu3uku O0eeaAmHaAOyamoz20 Cmonemus He
Mylcaunu 60aH 0e3 cpedvl, 8 KOMOPOU GOIHbL pACnpoOCmpa-
Haromesy. To ecTb, OHU OBLIN 3APABOMBIC/ISIIIMMH JHOAbMH.
[Ipu 5TOM MBI TaKKe BHIUM, YTO B yroJay KypaTopaMm HayKd
JlxoH I[Tupc Ha3bIBa peabHO CYIIECTBYIOLIUN MUPOBOM 3pup
HE MHA4Ye KaK «HAOYMAHHOU cybcmanyuetl, 6onee nooxoosiueti
0Jis1 YCNOKOCHUSL YMa, Yem O 0eliC8UumenbHo20 00biACHeHUs
Qusuueckux aenenutiy. IIpu 3TOM, crenaB Takoe 3asiBICHUE, OH
cinenom npmsHancs: «Y HAC HET ACHOI'O IIOHUMAHWUA
MEXAHHU3MA BO3BY)K/IEHUA U IIEPEJIAYU BOJIH». U
nanee Jlxon Ilupc OBLT CHOBa HEJNOTHMYEH B CBOEM
YTBEPXKICHUU: «K020a OblIO HPEONoNHCEeHO IMO GEPHOE
00vACHenue ¢usuyeckou npupoosbl ceema, MHozue QuUKL,
Xopowio 3Haswiue, Yymo ceem AGNAEMcs HEKOMOPbIM SUOOM
60/IH, OMKA3AAUCL NPUHAMbL MAKYI0 MPAKMOBKY CEEmO8blX
B0OJIH...»

To ecTp, moiy4yaercsi, YTO «COBpPEMEHHas (puU3MKa» Taku
He umeeT (!) ICHOTO MOHUMaHUS MeXaHU3Ma BO30Y:KIeHUS U
nepeaavd paguoBOJIH WJIM BOJH CBeTa, y HEE €CTh TOJBKO
o0pa3, IpeACTaBICHNE, YTO CBET — ITO «DIEKMPOMACHUMHbIE
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B0JIHbL, PACNPOCMPAHAIOWUECS HENOCPEOCHIBEHHO 8 NPOCMPAH-
cmee, npuuém 6e3 Kaxou aubo 3¢pupHol cpedvl», T.e. B
abcomoTHoM myctote! M stor ob6pa3, HE PACKPBIBAIO-
IHI/II71 CaMOro MeXaHW3Ma BO30YXKIEHHUs DSJIEKTPOHAMHU BOJIH
cBeTa, Bolaércs uenoseuecTBy 3a «BEPHOE OB BbACHEHUE
¢bu3nveckoit mpupo sl cBeTan?!

Torga mpaBWIBHO, YTO MHOTHME YUYEHBIE «OMKA3AMUCDH
RpUHAmMb MAKyl0 mMpaKkmoexy ceemoevix e6oany»! Hammno
JIOBKAasi MAaHUIYJSALUS CIOBAaMH M YMO3PUTEIbHBIMU KapTHH-
KaMH CO CTOPOHBI MPEAICTaBUTENEH «COBpEMEHHOW (pU3MKN» B
IIONBITKE CO3/1aTh Yy 4MTATENsl WM CIYyLIATeNs JIOXKHOE
npeacTasiaeHue 06 ycrpoicte [Ipuposabl U cBolicTBaxX HaIlIero
mupa!

DTy Opomropy s X04y MOCBATUTH KaK pa3 OOBSICHEHUIO
MeXaHu3Ma BO30Yy:KIeHHSl PaJIUOBOJIH B PaJHOAHTEHHAX,
SICHOTO TIOHHMMAaHHUSI KOTOPOT'O COBpEeMEHHas (Qu3MKa He HaéT
CerOJHAIIHUM cTyneHTaM. M ecnau MHe ynactcs OOBSICHUTH
YUTATEI0 HAa YPOBHE HAIVIAJHOM OYEBHJHOCTU, KaK MMEHHO
3TO TMPOMCXOJIUT, U em€ TmoKazaTb TMpPU ITOM, YTO
CYLIECTBYIOIIAsl «AJIEKTPOMArHUTHAsl TEOpUsl CBETa» B CBOEH
OCHOBE HEBEpHA, 51 0YCHb HAJCIOCh, YTO MHUPOBOii 3(UP BHOBb
3aliMET cBOE 0coboe MecTo B Mojenu Mupo3gaHus U B ymax
paHee J1e3uH(POPMHUPOBAHHBIX JIFOJEH, HO TOJBKO BOCIPUHUMA-
ThCS OH Temnepb OyAeT emé U Kak peajbHas «obutenb boray,
MO3HaTh KOTOPYIO 1O KOHIIA, JIOAM pa3yMeeTcsl, HUKOrJa He
CMOTYT.

W ecnu 3TO 3HaHME «O BBICIIEM» YCHJIIEHHO CKPBIBAJIIOCH
OT 4€JI0BEYECTBA, TO 1 X0y CIIeJIaTh €ro 00LIEeJOCTYIHBIM /IS
Bcex. HampaBnenne s 0003Hauni, Temepb IJaBHOE — HE
CIellla, U3JI0KUTh CBOE BUJICHHUE. .
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IHose, ¢ KOTOPBIM (PU3UKHU pa3BesId JUPUKOB
KaK JI0XO0B...

Jns Hayana KOMMEHTapui, TOJBKO YTO MOJYYEHHBIH OT
YHUTaTEINsl HA MO0 CTaThiO, TEKCT KOTOPOH OyAeT mpeicTaBicH
HUXKE!

«Cnacubo, Aumon! Mou coin uoém 1 cenmsaops 8 WKOY.
Mos obecnoxkoennocms no noooy uHgopmayuu, KOmMopyo
noayuarom 8 wKojle, He Npouiia no ceu OeHb. Y MeHs
npeoyyscmeue, 4mo, eciu MOI000MY Hel08eKy He 0amb 8
Hauane nymu npasuibHoe NOHUMAaHue 0 Mupe u o Mamepuu, mo
NOMOM OH He O0UOEM 8 CBOUX PACCYHCOEHUAX OaTblue, Yem 00
osepeti yepksu. [[ymaro, umo 6 oOaudicaiiuee epemsi OAHHAS
mema 0odcHa cmams ocHoeHou 6 cghepe «OBPA3OBAHUE»
U 3aHAMb Mecmo Hy Munumym «Hayuonanenozo npoexmay.
Bo-nepswvix, nomomy, umo 6e3 3mo2o yusUIU3AYUIO 0HcUdaem
eubenv. Bo-emopwix, nomomy, umo cama Hcu3Hb omceugaem
6cé nuwHee u ocmaegnaem o0HO. TONbKO 2nynyvl, mpycvl u
NOOXANUMbBL IMO20 He BUOSAM, KOMOPBIX, K COHCANEHUID, 04eHb
mHoeo. bBnacooapro, 3a Baw mpyo. C unemepnenuem icoy
cmameti. [loxooce, umo ma epynna nooeti, Komopas cousaem
Hac ¢ nymu Hcmumuvl, oueHnb He Xxouem, 4modOvl y Kakou-mo
yacmu HaceneHusi omkpuliuce 2nasa. Cama sma 2cpynna He
Modxcem  paszsueamvcsi  Oalvule, y  Hee  AGHO  Opyeue
npuopumemul u yeunocmu. Ham s¢pup Hysrcen, umobwi He
MONILKO nepecmMompems 6CI0 JHCU3Hb, HO U PACUUUPUMb IMmu
2panuybl 3a npedevl 0OUMAaHUA Ha Haulell NiaHemey.

Huxe cama CTaTbs, Ha KOTOPYIO ObLI HaAmMCaH JTOT

KOMMEHTapHI:
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CrnpaBka W3 CJIOBAapHOW CTaThH, ONMYOJIMKOBAHHOH B
3JIEKTPOHHOW SHIMKIIONEUN

«Ilone 6 c60ém nepeoHayanLHOM 3HAYEHUU & PYCCKOM
A3bIKe — 0OWUpHOe 00HOPOOHOe npocmpancmeo. B paznuy-
HbIX  001ACMAX YeN08eYeCKOU IHCUHeOeaMEeNbHOCU  ClO60
«nojiey UCNONbL3Yemcs 8 Kauecmee mepmund, 0003Hauanuezo
A6NIEHUSA, CBA3AHHbIE UNU CPABHUMbIE C NPOMANCEHHOCDBIO 8
npocmpancmee:

llone 6 cenbckom xossiticmee — OOHO U3 Mecm
BLIPAWYUBAHUS CENLCKOXO3AUCMBEHHBIX KVIbIYD.

Tone 6 gusuxe — Gpopma mamepuu: RPOMUEONOCMAGIs-
emcsi seujecmay.

dnekmpuueckoe none

Maznummnoe none

Dnekmpomaznumnoe noine

Ilone 6 cnopme — niowadka Oas NPoOBeOeHUs.
CNOPMUBHBIX uep, Hanpumep ymoboavhoe noie.
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Heposoe none waxmamuou O00CKU — uHaA4e 2080ps,
KaemKa.

Ilone 6 munozpaghuke — omcmyn om Kpas cmpaHuyvl 00
CO0ePIAHCUMO20 (Nycmoe NPOCMPAHCMEBO, BO3MONCHO UCHOIIb-
3yemoe 0Jisl 3aMemoK Ha NOJISIX — MAPSUHATULL).

Ilone 6 uxononucu — obpamienue cpeowetl, 0ObIYHO
VenyoOnéHHOU uacmu UKouvl (kogueaa).

Ilone 6 ucmopuu — cy0ebHbIlI NOEOUHOK Yy OpeBHUX
CaBsH.

Ilone 6 paduo (awmennoe nore) — KOMNAKMHO
PACNONONCEHHAsI  2PYANA  NPUEMHBIX — U/ULU  Nepedarujux
AHMEHHO-PUOEPHBIX YCMPOUCS.

Ilone 6 menesuoenuu — uacmv yYeno02o Kaopa npu
nepeoaue uzobpasicenus cnocobom yepeccmpoyHoll
paseépmku..."”

U tak panee...
Hcrtounuxk: https://ru.wikipedia.org/wiki/ITose

Yro YAUBUTECIIBHO, JaHHas CJIOBapHas CTaThA B
«Bukunenuu» HE B 4éM He oOMaHbiBaeT. OHa TNpeaesbHO
YyecTHa B IMPEJCTaBICHHBIX ompenaeneHusx. Obpature ocoboe
BHUMAHHC BOT HA 3THU ONIPCACIICHUS:

1. Ilose B CBOéM MNepBOHAYAJIBLHOM 3HAYEHUH B
PYCCKOM fi3bIKe — OOLIMPHOEe OJHOPOJAHOE MPOCTPAHCTBO.
31ech CI0BO «OJHOPOAHOE» 03HAYAET, YTO HEYTO OIHHAKOBOE
[0 CBOEMY €CTECTBY WJIM COCTaBy M NPEJICTaBICHHOE B
HEUCUYHMCIUMOM MHOXECTBE CO3JaéT y Hac IMpEACTaBICHUE O
npocrpanctBe. («Ilore — obmupHOE OAHOPOAHOE MPOCTPaH-
CTBO»).
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https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B5

HerpynHo moragaTthcsi, 4TO TEpBOHAYAIBHOE MPEICTAB-

JEHHE O TOJIe KaK OJHOPOJHOM IPOCTPAHCTBE HAIU MPEIKH
oOpenu Onarofapsi TAKUM KapTHHAM HPUPOJIbL:

- ;—-wv—'* v 3

2. Ilone B ¢uzuke — ¢opMa maTepuu: NPOTUBO-
MOCTABJISAETCA BelleCTBY: (3JIeKTPpHYECKOe IO0Jie, MArHUT-
HOe 10J1e, JIEKTPOMATHUTHOE 10J1e).
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Bor Ta mnpaBma, KOTOpYIO, YBBI, TPYOHO HAWTH B
COBpPEMEHHOM (u3nke!

Ha moit B3rmsia, Bo Beex yueOHMKAX «DU3UKKU» AOHKHO
ObITh HanucaHo Tak: «Ilone — ¢hopma mamepuu, xomopas He
mo umodvl NPOMUBONOCMABNAEMC 6E€U|eCmEy, HO OHA
(Mamepusi) MOUHO He ABNAEMCS BeUeCmB8OM, HNOCKOAbKY
BeUIECMBO _eCMb __ U36ECMIHbIE _HAM __AMOMblL _ XUMUYECKUX

JNIeMEeHmMo8, OopMieHHble 8 pa3luyHble meid, d Mamepus
ecmoy ma MmoHuauan u 6e30ecyuias nepeopoonHas cpeod, u3
KOmopoiu u 6eHympu Komopoii o00pa3oeanvl 6ce amomol
Xumuyeckux nemenmos. Ilosmomy, kcmamu, camo noHsamue

«NPOCMPAHCMB0» OMHOCUMCS K Mamepuu, a 6eujecmso,
Komopoe ecmv 60 Bcenennou, 6ceeda 3anumaem mMoOALKO
02PaHUYeHHY0 Yacms NPOCMpPancmaad.

Taxum obpazom, no0 mepmuHoM «3leKmpuieckoe noiey,
KOmMopblll  UCnoNb3yemcs: 8 (pusuke, pasHo Kak U Noo
MEPMUHOM «MASHUMHOE NOJe», Mbl OO0IHCHbL NPEOCMABIAMb
cebe mamepurlo, NPUHABWYIO 8 CUTY mMex UIU UHBIX
obcmosamenbcme my UiU UHYIO «0CO0YI0 opmy» & 6uoe
JIOKAIbHOU ~ 00HOpOOHOCMU  (Mm.e.  Haxooaweucs 8
02PAHUYEHHOU Yacmu NpoOCMpPAaHcmea), Komopas 6 OaHHbllL
MOMeHm  6peMeHu  OMmauuyHa  Oom  8cell  OCMANbHOU
00HOPOOHOCMU DeCcKpatine20 Nosa Mamepuuy.

BoT yemy AOKHBI yduTeNdsl y4uTh JAETel, HauyuHAs CO
IIKOJIBHBIX YpOKOB (hu3uku! Bot 3Toit popmynupoBke.

Buepa Ha Bompoc oHOrO M3 MOUX ToBapulleil: « Ymo 3a
cpeda  Haxooumcsi  MedHcoy  INEeKMPOHOM, NPOMOHOM U
HeUmpoHOM (8 amome 6ewecmea), CnocooOCmeyVIowas ux
e3aumooeticmeuto? », OAUH U3 ONMOHEHTOB Mo uMeHu Cepreit
3asiBUl: «Ha smom eonpoc omeemunu ewé 100 nem naszao!
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Oma cpeda Hasvigaemcsi nonem, uiu 0COObIM COCHOAHUEM
npocmpancmea. Cmasums makxou 60Npoc, MO 6CE pPAGHO,
4mo cnpawmueamy, a KaKo2o yeema nekmpon? A kaxoeo exyca
anekmpon? A cmoum U HA HEM 3HAYOK «MUHYCY» UIU OH
npocmo max sapsdicennvili. Ha ece smu eonpocul yoce oambvi
omeemul... »

Moii toBapui, JKopa Illanos, oTtBeTnsi emMy: «Xopouio.
Ilone unu ocoboe cocmosnue npocmpancmea, a oanvuse?
Mexanuzm xax pabomaem? »

S He ynepxancs W OTBeTWI: Bawe ymeepowcoenue,
Cepeeui, umo «none — 3mo ocoboe cocmosanue NPOCMPAaH-
cmeay (a ne mamepuu!), cooepaicum 6orvuLOe TYKABCME0!

Bot uto roBopuT HaMm ucTopusi HU3KUKU:

1820 ronq — Xanc Opcren, nponyckas TOK oT BoiasToBa
cTonba depe3 TMPOBOJOKY, OOHAPYKWUJ JUCTAHIIMOHHOE
BIUSHUE TOKAa HAa MArHUTHYIO CTpenKy. TeM cambiM ObLia
OTKPBITA CBS3b MEXTY YIEKTPUIECTBOM U MarHETH3MOM.

Cnenom Opcrten MpoBEN MPOCTEHIINE HCCIEAOBAHMS.
[Ipn momoImM MarHUTHOM CTPENKH OH M3Y4YWJI XapaKTep TOro
«MarHATHOTO  BO3JIEHCTBHSA», KOTOpoe  oOpasyeTcs B
MPOCTPAHCTBE OKOJO MPOBOJA IMPH MPOTEKAHUU 4Yepe3 HEero
AJIEKTPUYECKOTO TOKA, W MPHUILENT K BBIBOJY, UTO JIBHXKCHHE
TOKA II0 IIPOBOAY «00paszyem 6uxpb 60Kpyz npo6ooa.

DIeKTpHYeCKHH TOK

OTKpbITEI OpCTeioM BUXPb! ,\/

IIposoa
N Hanpasiienue BpalieHus

BUXPEBOIO MArHMTHOIO
W O nof — =

DueKTpHYeCKHit ok < «— MarnuTHas cTpeaxa
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[ToTom, korma DpcTen pa3ocial BO BCE YHUBEPCUTETHI
EBponbl muchbmMa ¢ ONUCAaHMEM CBOETO OTKPBITHSA, cOOpaics
«y4EHBII COBET» U 3a CaMO OTKPBITHE To0Iaronapui Jpcrena,
a Bc€ ero «oOBbsSCHEHHE OTKPBITUS» OBLIO MPU3HAHO
omu604yHbIM! MoOJ, HUKAKOTO BHXPSl BOKPYT MPOBOJIOKH C
TOKOM He Bo3HHKaeT! 1 He MokeT BO3HUKATh!

1831 rogq — Maiikn ®dapaneit moBTOpHJI ONBIT DpcTeaa,
HO TONBKO I8 WCCIEIOBAHWS MATHHTHOIO BO3JAelcTBHSA
TOKA (JIEKTPOMAarHeTHU3Ma) OH B3sJ HE MATHUTHYIO CTPEJIKY, a
Kene3Hbple omwikd. Papajeld Hachlal UX POBHBIM CIIOEM Ha
JIUCT KapTOHAa C JBIPOYKOM TOCPEAMHE, MOJYYUB TaKUM
00pa3oM Ha KapTOHE «IOJIe KeJe3HbIX OMUIOKY, a B IBIPOUKY
B KapTOHE NPOIYCTWJ MPOBOJA U MYCTHJI N0 Hemy Tok. Ilpu
MPOTEKAaHUU TOKa IO MPOBOAY BO3HHK MArHUTHBIN 3(deKT,
KOTOPBIN MEePErpynnupoBal *KeJle3Hble OMIIKA Ha KapToHE (He
BCE, a TOJBKO B IIEHTPAJbHON YacTH) W TOJYUMJICS Y HEro
CIEAYIONIUN PUCYHOK U3 HKEJITE3HBIX OMUIIOK:

:‘;

M N

NS

a) 6)

Takum o6pazom, apangeil yBupen W MOHAN, YTO
YMO3PUTENBbHBIA «OPCTEAOB BHUXPH» COCTOMT W3 TOHKUX
3aMKHYTBIX B  KOJIBLIO CHJIOBBIX JIMHHMHA, MarHuTHOE
HallpaBJI€HUE KOTOPBIX 3aBHCUT OT HAIpPaBJICHUS TOKa,
IPOTEKAIOIero IO HpPOBOJY, a TyCcTOTa (IJIOTHOCTh)
PacIoOJIOKEHUsT CWIOBBIX JIMHUM 00/bIIE TaM, IAC CHJIbHee
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MATrHUTHOeE JIeifiCTBHEe, TO €CTh, HEIIOCPEICTBEHHO Y IPOBOJA.
A Ha HEKOTOPOM OTAAJIEHUU OT IIPOBOJA MAarHUTHOE JIEHCTBUE
CTOJIb CJ1a00, YTO COBEPIICHHO HE OIIYIIAeTCs.

Hcxonss w3 toro, uto y @Dapanes Ha KapToHE OBUIO
M3HAYaAJIbHO OJHOPOJHOE II0JIe >XEJIE3HbIX ONWIOK, a MOJA
JEMCTBUEM TOKA B LEHTPAJIBHON YaCTH 3TOrO IIMPOKOTO MOJIS
o0pa3oBaJioch HEOOJBIIOE MOJIe, COCTOsAIIee U3 KOHIEHTPH-
YeCKUX JIMHMH, B KOTOpPBHIC BBICTPOMIUCH HaMarHWYCHHBIC
TOKOM JKEJIe3HbIE€ ONWJIKH, OH Ha3Bajl 3TOT HauepTaHHBII
ONMHWJIKAMH Ha KapTOHE <OPCTEAOB BUXPHb» MATHHUTHBIM
MoJieM, IIOTOMY 4YTO B HEM IpOSBIAIACH MarHUTHas cuiua. U
4YTO YAMBHUTEIBHO, BCE eBpoIeiickue mnpodeccopa-pusnku
OBUTH BBIHYKICHBI 3TO HOBOE 3HAHHE MPHUHATH, IOTOMY UYTO Y
@apanes B 00acTU JJIEKTpOMAarHeTu3Ma TOTJa CJeI0Bajo
OIHO OTKpbITUE 3a Jpyrum! A 3areM eBpoOIEHCKHE
npodeccopa-pu3nKku ObUTH BBIHYXICHBI IPU3HATH M TOT (DAKT,
9TO MOJyYyaeMoe TaJbBAHUYECKMMH H HHAYKUHMOHHBIMH
TOKAMH «MarHuTHOe TM0Jie» BCerga HMeeT BHXPeBO
xapakrep!

To ecth, OpcTeny namu oTBOpOT-moBopoT B 1820 rony,
Mo, Bel ommbnucek, cIp, KakoW Takol BUXpb Bbl mMorim
OTKPBITh BOKPYT mpoBoja ¢ TokoM?! A otkpbitTus Papanes u
MPUAYMaHHbIE UM TE€PMHUHBI IPULUIOCH TPU3HATH, IOTOMY YTO
dapaneii, He BIaiest CKOJIbKO-HUOYIb CEPhEZHO MaTEMATHKOI,
B CBOMX OJKCIIEPUMEHTAX, MPUBOASLIMX K OTKPBITHSIM, BCE
Jefagl Ha YpPOBHE HarysiAHOM odYeBHAHOCTH! A TPOTUB
HArJIJHOW OYE€BUIHOCTH HUYETO BO3PAa3UTh HE MoayyaeTcs!

U BoT cMoTpuTe, uTo MBI HMeeM cerofHs. Hekuit Ceprei,
YTBEPKIAIOMINI, YTO Y HETO BhICIIee (PU3UKO-MAaTEMaTHIECKOE
o0Opa3oBaHue, HAMCAJT MHE: «Hn0J1e — IMO 0C0D0e COCmOoANUE
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npocmpancmeay». A Hekas Aama o UMeHU MapuHa Tam ke Ha
cairte «SAmMK HaHnopm»?’ Hanucana: «1eKmpomazHumnoe
none 8OKpyz u éHympu npeomemada, 3mo eud nPoOCMpPaHcmaed,
00pazyemozo npeomemom 4acmupio C60UX CE0IICME...)

S He ynepkancs M CapKaCTMYHO 3aMETHJI JTOM Jame:
«Buo npocmpancmeda) — 3mo Hoe60¢€ Cl060 6 HaYyKe U mexnuke!

Bepnémcs, omnako, k Papazaero. OTO OH Hpuayman
Ha3BaTh «MAarHUTHBIM IIOJIEM» Ty O00JIaCTh INPOCTPAHCTBA
(BOKpyr mpoBOAa WM BOKPYr MOCTOSHHOT'O MarHWTa WIH
BOKPYT 2JIEKTPOMArHuTa), B KOTOPOM MPOSIBISETCS MarHUTHOE
BO3JICHCTBUE HA JKEJIE3HBIC OIWIKH.

PI/IC}’HOK MAarHuTHOTO IPOABJICHUS, HapI/ICOBaHHHﬁ JKCIIC3HBIMU
OIMMJIKAMH U Ha3BaHHBII (Dapa)leeM «MArHMTHBIM ITIOJIEM).

Urak, nekuit Cepreil yTBEp)KIaeT, 4YTO 6uUXpesoe
MAZHUMHOE noJle — MO 0coDoe COCMOAHUE NPOCMPAHCINEA.

® https://pandoraopen.ru/2019-08-11/svet-i-radiovolny-porozhdayut-
dvizhushhiesya-elektrony-odnako-kak-oni-eto-delayut/comment-page-
1/#comment-423457
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Hekas MapuHa B yHHCOH €My T'OBOPUT, UTO «noJle 80KpYe U
6HYMPU NpeoMema, 3mo U0 HPOCMPAHCIMEA ).

I'maBHBIN BOIPOC B TOM, 4TO MOAPA3yMEBATH M0 CIOBOM
«npoctpaHcTBo»?! Wnm kakod ¢u3NYECKUid CMBICT €My
npuaaBathb?!

Bor 3mech MOIIEHHMKM Kak pa3 M I[opaboTaiu ¢
IOJIMEHOHU CJIOB U ITOHSITHH!

Briote 10 Hawana XX Beka BCE 3IPaBOMBICIISIINE
¢bu3uku ObUTM yOeXJEeHBI U 00 3TOM MHCAIOCh B Y4eOHHKAxX
(M3HKH, 9TO NMPOCTPAHCTBO — 3TO GecKoHedHbIii up’,
NepBOPOIHAasi MaTepHsl, a BCe TeJ1a MOrPyKeHbl B Heé Kak B
MATEPHHCKYIO Cpeqy.

N ecim B 3TOM Marepud BO3HHUKAIOT KAaKUE-TO
HanpsOKeHUs WIM JIBUKEHUS, WIN KoJeOaHMs, TO UX MOXHO
CUMTaTh B IIEPBOM Cllyda€ — OJJIEKTPUYECKUM IIOJIEM, BO
BTOPOM CJlydyae — MarHuTHBIM I10JIEM, a B cilyyae KojeOaHHi
— TEIUIOM, CBETOM WJIM PaJHUOBOJIHAMH, TO €CTh SBIICHUSMU,
PacIpoCTPaHSAIOIIMMUCS B MPOCTPAHCTBE 3(uUpa C OrPOMHOI
ckopocTthio — moutu 300000 km/cex.

Hy a xorma B Hawane XX Beka B Poccum mosBuiioch
HOBOE HampaBieHue B ¢unocodpun — «boromckareabcTBo»,
npudeM MHoOrue Quiuocodsl ctanu uckate bora He rae-to Ha
HeGe, a B riryounax Mukpomupa, B 3¢upe (rae bory n némxno
ObITh TIO JIOTHKe Beleii!), koe-kTo Ha 3amajge pelua Temy
s¢upa B pusmke, Hayke o [Ipupose, HaBcera 3aKpbITh!

['pynmoit  yuéHbIX  3amagHOW  dopMamuu  OBLIO
IPUIYMaHO, Kak MJE 3(Hupa MOXHO IJUCKPEIUTHPOBATH.
[ToTom ObuTa TpOBEIEHA OTIEpALIHS IO TUCKPEaUTAIIMU ddupa C

* https://ru.wikipedia.org/wiki/3dup_(dn3uka)

20



MIOMOUIbIO TCEBJOHAYYHOI'O SKCIIEPUMEHTA TMOJ KOJOBBIM
Ha3BaHueM «Ilouck 3¢upHoro Berpa». Berep, KOHEUHO ke,
HE HalUIM, HO IIOCJII€ JTOr0 BOCXOAANIAs 3BE3l4a HOBOU
¢usnueckoil Hayku AnbOepT OHWHIITEHH BbIpazuia obluee
MHEHHME TOJAABISIONIEr0 OOJBIIMHCTBA 3aMajJHBIX Mpodec-
COPOB: «88€0€HUE C8EMOHOCHO20 IPuUpa 6 HAYKY... AGIACMCA
uznumwnumy. Takoe 3asBiaenue o caenan B 1905 rogy. (Cobp.
Hayd. Tp. M.: Hayka. 1965. T.1. C. 7-8. Zur Elektrodynamik
der bewegter Korper. Ann. Phys., 1905, 17, 891-921).

Takum oOpa3zoMm, »3Gup ©3 COBPEeMEHHOW (PHU3UKH
BEIOPOCHITH, 2 O MPOCTPaHCTBe Oe3 3(dupa CTaM MHUCATh |
TOBOPUTH Kak 00 a0COJIIOTHOH mycToTe, /Ui KOTOPOH aaxe
HAayKOEMKHUM TEPMUH HMPUAYMAIN — «(PU3HYECKHH BaAKYyM»,
YTO B IMEPEeBOAE C JIATBIHM TaK M 3BYYHUT «IPUPOIHASI
nycrora». Korma ke y4€HbIM CTalo sSCHO, YTO MATHUTHOE
noJse, Oyny4u BUXPEBbIM, HAKAIUIMBAET B c€0€ KMHETHYECKYI0
JHEPIuI0 U B SBJICHUM «CAMOUWHIYKIMM» OHO MPOSBISET
HHEPUHOHHOCTD, B 0e33(upHOI Pu3nke BHOBL 3aroBOPHIIN 00
«ocoboii popmMe martepun», TOIBKO YUYEHBIE CTAIA MPU STOM
MaJIOCTh JYypKOBaTh M KaK MOIICHHUKH CTald OYKBaJbHO
3a0anThIBaTh M 3aMyThIBATH CTYJACHTOB B TEPMHHOJIOTHH U
TIOHSITHSIX.

Bor narnsassiii npumep u3 "Bukunenuu": «Macnumnoe
nojie MOJMCHO HA38aMb 0COOLIM 6UOOM MAMEPUU, OOHAKO HAOO
XOpOouto noHUMAamv, 4mo psao OYHOAMEHMAIbHLIX CEOUCE
9MOU «Mamepuu» 6 KOpHe OMIAUYAemcs Om CBOUCME MO20
00bIYHO20 B8UOA «Mamepuuy, KOMOPbIL MONICHO Obll0 0Obl
0603HAYUMb MEPMUHOM «Beuyecmoy. VICTOUHNK .

> https://ru.wikipedia.org/wiki/MarHuTHoe_nonetcite_ref-6
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S ckaxy mo »TOoMy moBoay Tak. Pasymeertcs, psa
(GyHIaMEHTAJIBHBIX CBOWCTB 93TOM MaTepuM B KOpHE
OTJIMYAeTCs OT CBOMCTB TOTO OOBIYHOTO BHJIA «MaTEpUNY,
KOTOPBII MOKHO ObLIIO OBl 0003HAYUTH TEPMUHOM BelIeCTBO.
IIpocTo HE HagO KOMY-TO QYypKOBaThb M IBITaThCS Ha3bIBaTh
BEIIECTBO — MaTepueil, eciu MaTepusi 0 JIpeBHEHIIEMY
OTIpEJICTICHUIO SBJISIETCS OyKBaJbHO MAaTepbld BelnecTnal
CnoBo «matepusi» MOTOMY M NPOUCXOJUT OT CJIOBA «MaThy,
«POXKJAIOIIASD.

Panee 51 y)ke MOSICHSUI 3TO, HO MOBTOPIO €IIE pa3, 4TOObI
BCE€ MOHSIN:

[lone B ¢usuke — 3TO HE CTOJIBKO MPOCTPAHCTBO,
CKOJIBKO MaTepHsl, KOTopas NpU JBHKEHUM CKBO3b HEE, K
pUMEPY, JEKTPOHOB, MOXKET MEHSTHh CBOIO CTPYKTYPY (MM
KaK IPUHSATO TOBOPUTH «(HOPMY») U MOXKET camMa IMPUXOAUTH B
IBWKEHHE. Y MaTepuM MOXKET ObITh MHOXKECTBO CTPYKTYpH-
poBaHHBIX cocTosTHUM. ([laske y OOBIKHOBEHHON BOJBI €CTh TPU
arperaTHBIX COCTOSIHUS: JKUIKOE, TBEPIOE M Ta3000pa3HOE).
OnHO W3 TakuxX CTPYKTYpPUPOBAHHBIX COCTOSIHUM MaTepuu
CBSI3aHHO C 00pa3oBaHMEM B KaKOM TO MECTE€ MPOCTpPaHCTBA
«MarHUTHBIX CHUJIOBBIX JIMHUI», KOTOPBIE AK€ «COBPEMEHHAS
¢u3uka» npu3HAET peaNbHBIMH, a HE BooOpakaeMbiMU. Ty
0o0acTh MPOCTPAHCTBA, B KOTOPOH B Tele MaTepuu
00pa3yroTCsl KMarHUTHBIE CUJIOBBIE JIMHUM», Mbl U Ha3bIBAEM C
HEKOTOPBIX MOP «MAarHUTHBIM mojem». Jlpyroe cTpykry-
PUPOBAHHOE COCTOSIHUE MATEpHH, CBS3aHHOE ¢ 00pa30BaHUEM
B IIPOCTPAHCTBE <«AJIEKTPUYECKUX CHJIOBBIX JIMHHUI», MBI
HA3bIBA€M C HEKOTOPBIX IOP «AJIEKTpuyeckuM mnosiemy». Korma
CWJIOBOE BO3JCHCTBHE HAa MaTEpUI0 CO CTOPOHBI TEX IKE
JBUKYIIUXCS DJIEKTPOHOB IIPEKPAILAETCsl, OHA BO3BPAILAET
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CBOIO IIEPBOHAYAIBHYIO CTPYKTYpY, NIpPHUCYIIyl0 €Hi B
COCTOSIHUH IIOKOSI.

Taxk Bc& oOcTouT B peanbHOCTH!

CpaBHUTE TenEph TH MOU CJIOBA C YTBEPKACHUEM HEKOMN
Mapunsl, KoTopas 3asBuia: « NeKMpoMacHUMHOE Nojae 80KpY2
U eHympu npeomema, 3mo U0 HPOCMPAHCMEA, 00PA3YEMO20
npeoMemoMm 4acmolo C8OUX C8OUCMS...»

Bpose Obl eCTh B 3TOM YTBEPKACHUH UYTO-TO MOXO0XKEE Ha
TO, YTO s paccKa3ajl BbIIIE, HO HAa CaMOM [Ejle 3TO
KOHIJIMPOBAHME TEPMHMHAMU U HArjoe HaJlyBaTEIbCTBO
JTUPUKOB (pu3rKamu!

13 aBrycra 2019 r. Mypmanck. AnToH Baarun
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CsBer 1 PAaaAuOBOJJIHBI MNOPOKIAAIOT IBUKYIIIHCCSH
IJNICKTPOHBbI, OJHAKO0, KAK OHHA 3TO0 nenamT?

B «IIPEJUCIIOBUN» s cooOmma YuTaTearo, dYTO
HayuHaI paboTy HAJ KHUTOM, B KOTOPOW XOUYy pacckaszaTh O
MexaHu3Me BO30Yy:KIAeHHsI PaJMOBOJH B PAJIHOAHTEHHAX,
SICHOTO TOHMMAaHHsI KOTOPOTO coBpeMeHHas (u3mka He MagT
CEroJHAIIHUM CTyaeHTaM. KoHe4YHO, 3TO O4YeHb CIOXKHas AJIs
MEHs 3ajava. 37ech Majo TOrO, YTO HAaJI0 OYEHb JOXOJYHBO
JIOHECTH JI0 APYTUX JIoJel 3HaHHe Mo 00O3HAYEHHOU Teme,
TaK HaJo el yMyApPUTHCSA OYKBAJIBHO MepeJaBUTh CHITYy TOMN
ne3nH(opManny, KOTopas YK€ BJIOKEHa B MO3TM MUJUIMOHOB
MoAed  co3daTelsiMM  TaK  Ha3bIBAEMOM  «COBPEMEHHOM
buzUKM».

UToOBI MOMBITATHCS OTBETUTH HAa BOIMPOC, KaK WMEHHO
JBIKYIIUECS 3JIEKTPOHBI MOPOXKIAIOT PATUOBOJIHBI U CBET, S
X0uy Il Hayaja MPOLMTHUPOBATH MPEKPACHYI0 HAy4HO-
nonynspHyto kaury «9JIEKTPOHBI» (ccpuika Ha ckaunBa-
HI/IGG), HANMCaHHYI0 W U3JaHHYI0O B
1949 roay HalIMM COOTEYECTBEHHUKOM, i HAYHHO-NONYAS PHAS

MM BAMOTEKA
KaHauaaTomM TEXHUYCCKHUX HayK —- -

Buxropom HBanoBuyeM I'anoHOBBIM BATATONOB
AJIEKTPOHbI

(cTaBmIMM  BIIOCJICJICTBUU  JTOKTOPOM
(U3MKO-MaTEeMAaTHYECKUX  HAYK), C
MBICIISIMA KOTOPOTO 51 3/1eCh MOJIHOCTHIO
coryiaceH (a rIe He COIJIaCeH, CKaxy
OTJETHHO B KOMMEHTAPHSX ):

6 http://en.bookfi.net/book/332685
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«B BO3ayXe, BozE U 3eMJI€, HAa JAEKUX 3BE3/1aX U B Telax
BCEX JKMBBIX CYILIECTB — B KaXKJOM aTOMeE JI000ro BElIeCTBa
€CTh 3JIEKTPOHBI, TJIABHBIC «JICHCTBYIOLIUE JIUIA» HAIETO
pacckaza. JJIeKTPOHbI — 3TO MOJABHKHbIE YACTHIbI KpaliHe
MaJIbIX pa3MepoB, KOTOPbIe CO3IAIOT BCe JJIEKTPUYECKHE
siBjenusi. Ceifuac Hayka JOCTOBEPHO 3HAET, YTO BMECTE C
IPYrUMU  CyOaTOMHBIMH  4acTUllaMH  (MMPOTOHaMH |
HEUTPOHAMH, HATIPUMEP) AJIEKTPOHBI BXOMIST B COCTaB aTOMOB
BEIIECTBA, U3 KOTOPHIX COCTOST BCE OKPYKAIOIIME HAC Teja H
MbI cam. [1oaToMy MOKHO CKa3aTh, YTO AJIEKTPOHBI, IPOTOHBI
U HEUTPOHBI SBISIIOTCA TEMH «KUPIHYAMH», W3 KOTOPBIX
MIOCTPOEH BECh BellleCTBEHHbIH MUP.

VYxe B TIIyOOKOW IPEBHOCTH IOIW OBbLTH 3HAKOMBI C
anekTpuueckuMu sBieHussMu. C cepeaunbl X1X Beka Hauaaoch
UCIOJIb30BaHUE JJIEKTpUUecTBa B TexHUKe. OIHAKO TOIBKO B
nocneaHen yerepTu Toro ke XIX Beka Hayka Jokaszala, 4To B
JT000M DJIEKTPUYECKOM SIBJICHHU YYacCTBYIOT JJICKTPOHBI, U
AIEKTPUIECKUNA TOK TPEACTABISICT COOOW HE YTO HMHOE, Kak
MMOTOK JJICKTPOHOB (NMPUBOJMMBIN B JBHKCHUE BHEIIHEH
cuinoil. Kommenrtapuit — A.B).

C Tex mop yu€Hble MOAPOOHO M3YYMIM CBOMCTBA 3THX
MeNbYalIINX YacTHI] BEIIECTBA M JOBEIM YMEHHUE YIPaBISAThH
HMMH JI0 BBICOKOW CTENEHU COBEPUICHCTBA.

Tenepb Mbl Ha KaXIOM IMIary MOJb3yeMcs CIIykO00it
ANEeKTpOHOB. HampaBmsisi siekTpuueckuid TOK K Jammam u
MOTOpaM, Mbl 3aCTaBlIIeM 3JEKTPOHBI OCBELIATh YIUIBI U
JI0Ma, IPUBOJUTH B IBUKEHHUE Pa3IUUYHbIC MAILIUHBL.

[TocTpoensl 3amedarenbHbIE MPUOOPHI, KOTOPHIE TAIOT
BO3MOKHOCTh CJIBIIIATh TOJOC YEJIOBEKa, HAXOJAIIErocs 3a
TBICSIYM  KWJIOMETPOB OT Hac (paguo), IMepeaaBaTh Ha
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paccTossHue  u300pakeHus  (TENEBUACHME),  OIpPEAEIATh
MECTOIOJIOKEHUE HEBUAUMOM 1enH (paJnosioKalis) U MHOTOE
IpyTroe.

DIEKTPUYECTBO MPOYHO BOILUIO B KHU3Hb COBPEMEHHOTO
o01ecTBa.

Yo ke Takoe j1eKTpoHbI? KakoBa ux npupona?

CBOBOIHBLIE SJIEKTPOHbI

B MeTtamie, kak 1 BO BCeX TBEPJBIX TeJaX, KaXIbIil aTOM
3aHUMaeT onpeaencHHoe mecto. lIpaBma, mpu HEKOTOPBIX
YCJIOBUAX aTOMbI TBEPABIX TEJI MOTYT MOKHJATh CBOM MECTAa,
HO BO BCAKOM ClIy4ya€ OHH JIOJIO€ BpEMS OCTarOTCA
«IPUBA3aHHBIMUY K ONPEAECIEHHOMY MECTY. B 3aBUCMMOCTH OT
TEMIIEpPATypbl KaXIblii aToOM OOJiee WM MEHEe CHIBHO
KOJIe0JIeTCsI OKOJIO ATOT0 MECTa, He YAAMssACh OT HETO CKOJBKO-
HUOYIb naneko. B omnuuue ot Apyrux TBEPIABIX TEN METaJIbI
00J1a1aI0T OJTHOM MHTEPECHOM OCOOCHHOCTHIO: B IPOCTPAHCTBE
MEXIy  aTOMaMH  METa/UIOB  JIBIDKYTCSI  «CBOOOJIHBIE
BJIEKTPOHBI», TO €CThb DJJEKTPOHbI, HE CBSI3aHHBIE C
OIPEIEIIEHHBIMU aTOMAMHU.

CBsi3aHHbIE 3N1EeKTPOHbI / lNMpoBoaHUK
/ /

ATOM

Cso6oaHble 3lleKTp0Hbl/

T"anmpBaHMYECKUH TOK B METaJIJIC.
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Otkyna 6epyTcst Takue CBOOOIHBIC SJIEKTPOHBI?

Jleno B TOM, 4TO B aTOMax HE BCE AJIEKTPOHBI OJIMHAKOBO
MPOYHO YAEP)KUBAIOTCSA SAPOM. B 3JEKTPOHHBIX 00070YKax
aTOMOB METAJIJIOB BCETJa €CTh OJMH, JIBa UJIU TPHU DIIEKTPOHA,
O4YeHb C€1a00 CBA3aHHBIX ¢ sApoM. [loaTomy, Hanmpumep, mpu
PacTBOPEHUH PA3NUYHBIX COJICH BXOJSIINE B UX COCTAB aTOMBI
METAJJIOB JIETKO OTAAIOT ATH JJIEKTPOHBI JPYTMM aToMaM, a
caMH TIPEBPAlIAlOTCS B TMOJOXHUTEIbHbIE HOHBL OTpHIB
ANIEKTPOHOB OT AaTOMOB IPOUCXOAUT U B KYyCKe JHO00ro
MeTajula, HO BCE DIIEKTPOHBI, YTEPSBIIAE CBSI3b C aTOMaMH,
OCTalOTCSI B CaMOM MeTaUle MEXAy O0Opa30BaBUIMMHUCS
MOHaMU.

Yucno cBOOOAHBIX 3JEKTPOHOB B MeTaijie orpomMHo. Mx
IPUMEPHO CTOJIBKO K€, CKOJIbKO CaMHUX aTOMOB. TeM He MeHee,
BECh KYCOK MeTalllla OCTa&Tcsi, KOHEYHO, HE3apsKEHHBIM, TaK
KaK TIOJIOKUTENIbHBIM 3apsii BCEX HMOHOB B TOYHOCTH paBEH
OTPHUIATENILHOMY 3apsily BCEX JIEKTPOHOB.

Takum 00pa3oM, CTpoeHHE MeTallla MBI MOXET cebe
MPEJCTaBUThH B TAKOM BHJIE:

ATOMBI MeTajula, MOTEPSIBIINE MO 1-2 3yeKTpoHa, cTalu
noHamMu. OHU CPAaBHUTEIHHO MPOYHO CUIAT Ha CBOMX MECTax M
00pa3yroT, MOXKHO CKa3aTh, )KECTKHI «CKeJIeT» KycKa MeTajuia.
Mexay voHaMH OBICTPO ABHMIKYTCS IO BCEM HAIpPaBICHUAM
ANEeKTpOoHBl. HekoTopble U3 SJIEKTPOHOB TMpHU ABHUKEHUU
TOPMO3ATCA, IPYrHe YCKOPSIOTCSA, TaK YTO CPEOu HUX BCerjaa
€CTh U OBICTpBIC U MEJICHHBIC.

JIBm>xeHrne CBOOOIHBIX JIEKTPOHOB BIIOJHE OeCTopsiaoU-
HO. Henmp3s ynoBUTH B HEM HHMKAKHX CTPYEK WM TIOTOKOB,
HUKAKOH coryiacoBanHOCTH. CBOOOIHBIE 3JICKTPOHBI JIBIKYTCS
B MeTajule NPUOIU3UTEIBHO TaK, KaK MEUYyTCS MOIIKH B
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TEMJIOM BO3JyXE JIETHUM BEUYEPOM: B POE€ KakJaash U3 MOIIEK
JetaeT cama 1o cebe, To ObICTpee, TO MeIJIEHHEe, a BECh PO
CTOUT Ha MECTE.

Cpenn OecropsiIOuHO ABMKYIIUXCS AJIEKTPOHOB BCErIa
€CTh TaKu€, KOTOpBIE JIETAT 10 HAIPABIEHUIO K MOBEPXHOCTU
MeTtama. byayt nu onu BbuleTaTh M3 Metaina? Benp ecnu
OCTaBUThb OTKPBITBIM COCYA C Ta30M, MOJEKYJIbl KOTOPOIo
TaK)K€ HaXOAATCs B OECHOPSIOYHOM JIBJKEHUH, KaK H
AJIEKTPOHBI B METaJLIE, TO MOJIEKYJIbI Ta3a OBICTPO pacceroTcs B
Bo3ayxe. OAHAKO DJIEKTPOHbI B OOBIYHBIX YCJIOBMSIX HE
BBUIETAIOT U3 MeTaiuta. Urto ke ux ynepxkusaet? [lpursxenue
HNOHAMH.

Korma  a1exkTpoH  NOJHMMAETCST  HEMHOIO  Haj
MIOBEPXHOCTBIO METAJlIa, HAJl HUM YK€ HET MOHOB, & BHU3Y, Ha
MOBEPXHOCTH, €CTh. DTH WOHBI MPHUTATUBAIOT IOAHSBIIUKCS
AJIEKTPOH, U OH IaJaeT 0OpaTHO Ha MOBEPXHOCTh METaIa, KaKk
najiaeT Ha 3eMJII0 OpOILIEHHBIN BBEPX KAMEHb.

Ecau 661 kKameHb UMEN T0CTaTOYHO OOJIBIITYIO HAYaIbHYIO
CKOpPOCTb, OH MOT OBl TPEOJOJIETh MPHUTSHKCHHE 3eMJIU U
yJIeTeTh B MEXIUIAHETHOE IPOCTPAHCTBO, KaK yJeTaeT
nymieyHoe sapo B pomane JKromp Bepna. (OGpatute
BHUMaHHE, 3TOT NpHUMEp M3 (AaHTACTUUYECKOTO pOMaHa ObuI
B3IT asTopoM B 1949 roxy motoMy, d4ro IEpBBIH
HMCKYCCTBEHHBIN CITYTHUK 3€MJIM OBLI 3amyIieH ToJIbko B 1957
rogy. A 0 3TOr0 BpEMEHU JIOAM TOJBKO MeuTadu o
nokopeHnu Kocmoca. Kommenrtapuii — A.B.).

Odyenb OBbICTpBIE B3JEKTPOHBI TOXKE MOTYT MPEOIOJETh
CHWJIBI 3JIEKTPUUECKOT0 IPUTSKEHUS M IOKUHYTh METall. JTO U
IIPOMCXOOUT Ipu HarpeBaHuu. IIpum HarpeBaHuM MeTaiia
YCWJINBAETCs JBUKEHHE HE TOJBKO aTOMOB, HO U 3JIEKTPOHOB,
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U TpU BBICOKOW TeMIepaType U3 METajula BbUIETAET CTOJIBKO
AJIEKTPOHOB, YTO MX MOTOK MOXHO 0OHapyxuth. [locMoTpuTe
Ha puc. 7.

Puc. 7. DBelpBaHHBIE W3 pacKaJI€HHOrO KaToJa D3IEKTPOHEI
YCTPEMJISIFOTCA K aHOY TOJBKO TOT'/1a, KOT/1a aHO 3apsKeH MOJIOKHUTEIBHO.

3nech nM300pakeHa HE COBCEM OOBIYHASI AJIEKTpUYECKast
namriouka. B e€ OamioHe Ha HEKOTOPOM PAaCCTOSIHMU OT HUTH
HaKaja yKperuieHa MeTaJIMueckas IulacThHKa. l[lmactuHka
Ha3bIBACTCS AHOAOM, a HUTh — KaTogoM. K omHOMY KOHITY
HUTH (BCE paBHO K KakoMy) M K aHOAY IIpHUCOEIUHEHA
ayieKTpuueckas Oartapesi, a MeXay OaTapeeil W aHOJOM B Tak
Ha3bIBAEMYI0 «AHOJHYIO LEMb» BKIIOUYEH H3MEPHUTEIbHBIN
npubop, TMOKAa3bIBAIOMIMKA HAJIUYME DSJIEKTPUYECKOrO TOKa.
ITpubop 3T0T Ha3bIBaeTCs rajgbBaHoMeTpoM. CaMa HUTh JIaMIIbI
BKJIIOYEHA B JJIEKTPUYECKYIO CeThb M packaieHa. Eciu aHon
COCIMHEH C OTPHULATEJBHBIM IOIIOCOM OaTapeu, a HUTb C
MOJIOKUTENBHBIM, TO TOKa B aHOJHOU 1enu He Oynet (puc. 7
CJIeBa).
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Tenepp nonpoOyeM MOMEHSTH IMOJIIOCHI U MPUCOEIUHUM
IUTACTUHKY K «ILTIOCY» OaTapeu. B nenm ceivac e MOSIBUTCS
AJIEKTPUYECKUI TOK (puc. 7 cmpaBa). DTOT ONBIT MOKA3bIBAET,
9YTO pacKaJ€HHAs HUTh JIAMIIBI JIEHCTBUTENBHO HCITYCKaeT
OTpULIATENbHBIE  3apsAdpl  —  DJJEKTPOHBL,  KOTOpBIE
OTTAJKUBAIOTCA OT aHOJA, €CIM OH 3apsHKEH OTPUIATENBHO
(puc. 7 cnema), W YBJICKAIOTCS SJEKTPUUYECKUMH CHJIAMU K
aHOJMly, €CIIM OH TPHUCOEIUHEH K MOJIONKHUTEIBHOMY IMOJIIOCY
Oatapew (puc. 7 cripasa).

Hcnyckanue 3J1eKTPOHOB HAKAJEHHBIMHM MeTANJIAMM
HMeeT OIPOMHOe NpaKTHYecKoe 3HaveHHe. JloctaTouHO
CKa3aTb, 4YTO OHO UCIIOJIb3YETCSl BO BCEX PaJMOJIaMIIaX.

VYBEIUUNUTh DSHEPIUI0 JJIEKTPOHOB U  3aCTaBUTh HX
BBUIETaTh U3 METAJJIa MOXKHO HE TOJIbKO HarpeBaHUEM, HO U
ocBenieHueM. Takue sBiaeHuss u3yumn B 1888-1890 romax
pycckuii pusuk, npodeccop Mockockoro yausepcuteta A. I
CroneroB. IIoTOK CBETOBBIX JIy4ell HECET DHEPIUIO, U ECIH
CBET MaJlaeT Ha METaJul, TO YacTh 3TOW SHEPTUU MOIJIOIIAETCS
METaJUIOM U mepenaércst nekrpoHam. [lomyunB nob6aBouYHYyIO
SHEPTUI0, HEKOTOPBIE 3JIEKTPOHBI MPEO0JIEBAIOT MPUTSHKEHNE
MOHOB M BBUICTAIOT W3 MeETalla. JTO SIBJICHHE Ha3bIBACTCS
¢porozaexrpuueckum s¢pdexrTom. DoTorpdexT HCIoNB3Y-
eTcs B OYEeHb BaXHOM s TEXHUKM npubope —
(dhoTod7IEMEHTE.

HTak, Mbl 3HaeM, 4TO JeKTPOHbI MOKHO W3BJIeYb U3
atomoB. I[locMOoTpuM Temepb, KaK MOXKHO YNpaBJIsATH
3JIEKTPOHAMH, MOKMHYBIIUMH ATOMBI...)».

MBI TOJIBKO YTO MPOWIM NPEKPACHBIA pACCKa3 y4EHOTO.
Oro nydmiee OOBICHEHHE Ha TEMY, «KAK Mbl JIOJKHBI
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NpeICcTaABIATh cede 3IEeKTPOHbI, 00pa3ylolmue 3JIeKTpPH-
YeCKHil TOK», U3 TOro, YTO JHMYHO sI BCTpEYaJ B HAYYHO-
MONYJISIPHOM TUTEpaType.

Hanee B atoii kaure B.M.I'atoHoBa MBI cpa3y nepexoaum
K IJ1aBe «DJIEKTPUYECKUH TOK»!

«MBl yXe 3HaeM, 4TO B METaulaX €CTh CBOOOIHBIE
3JIEKTPOHbI, ¥  4YTO OHHU  JIBUJKYTCH  COBEpUIEHHO
Oecnopsimouro. OJHAKO OTO JABMKCHHE MOXXHO OTYACTH
YHOPSAIOYUTH: C TIOMOIIBI0 JJIEKTPUYECKOTr0 MMOJISA MOXXHO
3aCTaBUTh CBOOOJIHBIE DJIEKTPOHBI TE€Yh MO METAILTy OOIIUM
MMOTOKOM B HYXHOM HampaBJI€HUH, TO €CTh, MOJYYUTH
3JIEKTPUYEeCKHH TOK.

Ecte mpocToil OmbIT, [MOKa3bIBaIOLIMK, 4YTO TOK B
MeTajulax — 93TO JCHCTBUTEIBHO TMOTOK 3JIEKTPOHOB
(oTpULIaTENBHBIX 3aps/IOB), a HE TOJOXKHUTEIbHBIX 3apsOB.
DTOT ONBIT BIEPBBIE MOCTAaBUIM COBeTCKHE yuéHble JI. M.
Mangensmram u H. J1. ITananexcny.

(Onucanme HTOro OMBITa S TOKA TMPOMYCKAK, W MBI
YUTAaeM JAIbHEHIIUMKA TEKCT 3TOW IiaBbl. KoMMmeHTapuii —
A.B.).

«Mexy 3JEKTPUYECKUM TOKOM B IMPOBOJE M IMOTOKOM
BOJbI B TpyOe ecThb OOJIBIIOE CXOJCTBO, KOTOPBIM MOKHO
BOCIIOJIb30BAThCS, YTOOBI Jy4Ille TOHSATh, KaK AIEKTPUUYECCKUI
TOK TeuéT mo nposofy. [IpencraBum cebe TeueHune BOABI HE B
nycTtoil Tpybe, a B TpyOe, IUIOTHO 3alOJHEHHOW KaMHSIMHU.
KamHu monoxeHsl Tak TECHO OJUH K JIPyroMy, 4TO
COCTABJISIIOT KaK ObI OJTHO IIEJI0€ CO CTEHKaMH TPYObI, 00pazys
HACTOSAIIMN «KaMEHHBIH ckeneT» B TpyoOe. [IpomexyTku
MEXy KaMHSIMH 3aII0JIHeHBI BOjIoH (puc. 15).
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Puc. 15. TIoTOK 37IEKTPOHOB B MPOBOJIC MOJOOCH TCUCHHIO BOJBI B
3aIl0JIHEHHOW KaMHSIMH TpyOe.

Wrak, Hama TpyOa ¢ ynOKEHHBIMH B HEM KaMHSIMHU YXKe
3aroIHeHa BOJOM, HO TOKa KpaH 3aKphIT, BOJAA B HEMl HUKyAa
He Te4y€T. Het Hamopa BoJbl — HET U T€UEHHs BOJABI B IIPaBbIil
pesepByap. BeicTpbIM MOBOPOTOM KpaHa co3aaauM Hamop. OH
pacnpocTpaHUTCs MO TpyOe, KOHEYHO, HE MTHOBEHHO, HO BCE
XKe ¢ OONBIIOW CKOPOCTBIO — OKOJIO OJHOTO KWIIOMETpa B
CEKyHZly (TOYHEE, CO CKOPOCTBIO pacIpOCTPAHEHHUS 3ByKa B
BOJE). OTa CKOPOCTh  OINpEHENSeTCs IUIOTHOCTBIO |
YIIPYTOCTBIO BOJBI.

[Toxoxum oOpa3oM MOXHO cO34aThb B  IPOBOJE
(QNEKTPUYECKUN  HAMop», KOTOpbIM OyneT moOyxnath
AIEKTPOHBI IBUTATHCS YIIOPSIOUEHHO B TY UM UHYIO CTOPOHY
BIOJb TMpoBoja. Korma 53TOT «3IEKTPUYECKH  HAMop»
BO3HHMKAET B IIPOBOJIE, OH pACIPOCTpaHsIeTCs B HEM CO
CKOpPOCTBIO CBETA.

OTO OuYeHb BAXKHO 3aIOMHUTH, YTOOBI TOTOM 3a7aThCs
BOIIPOCOM: YIPYTrOCTbIO M IUIOTHOCTBIO YETO OIpPEIEsIeTCs
CKOPOCTb  PACIIPOCTPAHEHMs <QIEKTPUYECKOTO IMOJsA» B
npoBogax?! Kommenrapuii — A.B.).
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3HauuT, ecau Tpyda HE OYEHb JUIMHHA, TO MOYTH Cpa3y
BoMa MOTEeU€T mo Bced TpyOe. OTnaenbHBIE MOJEKYIbI BOIBI
BCerJla HAaXOIATCS B HENPEpPHIBHOM M OecropsiouHOM
IBUKEHUU. B MOTOKe BOIBI OecHOpsSAOYHOE IBHKEHHE, MpPU
KOTOPOM KakK/1asi MOJIEKYJa JBHXKETCS cama 1o ceOe, BOBCE He
npekpaturcsi. Ho 3To coBepiieHHO He MemIaeT BOJAE Bcei
Maccoi, 00IUM MTOTOKOM, TeUb 1Mo Tpyoe. CpaBHEHHE MOJIEKYIT
C pO€M MOIIEK MPUTOJHO U 31eCh. Eciu poil MOIIEK YHOCUTCS
MNOTSHYBUIMM HUX BETEPKOM, OECHOps0YHOE JBUKECHHE
OTJENbHBIX MOILIEK HE MpeKpallaercs, a BeCh POl LEIMKOM
JIETUT IO BETPY.

Bona Teuér mexnay kaMHSAMH, IIpEOoJeBas TpeHHe. A
TaM, TJl€ €CThb TpEeHue, BblIeNseTcd Temao. Harpesanue
C/IeJIaeTcsl BIOJHE 3aMETHBIM, €Clid N0 TpyOe Mmpoiaér MHOro
BOJIBI TIOJ] OOJIBIIUM HATIOPOM.

[ToTOK 371€KTPOHOB B MPOBOJIHUKE OUEHb IMOX0XK Ha MOTOK
Boasl B TpyoOe. IlpeactaBum cebGe BMECTO MOJIEKYJT BOJIBI
cBO0OJHBIE JIEKTPOHBI, 4 BMECTO «KaMEHHOI'O CKeJeTa» B
TpyOE€ «CKeleT» W3 HOHOB MeTajula. OJEKTPOHBI, Kak U
MOJIEKYJIBl BOJBI, TEKYT IO MPOBOAY OOIIMM MOTOKOM, HE
npeKpalas Ipu 3TOM CBOETO OECTIOPSA0YHOTO JIBUKECHUS.

JIBuKeHME TOTOKA 3JIEKTPOHOB HE MPOXOAMUT OEcCIeTHO
U1 IpoBoJia. MexXly MOHAaMU U JIEKTPOHAMU TOXKE CO31acTcs
CBOETO  poJla  «TPEHHEe», KOTOpOE€ HOCHT  Ha3BaHHE
3JIeKTPUYECKOI0 COMPOTUBJICHHUS.

CrneAcTBUEM «TPEHUSD» MEXIY dJIEKTPOHHBIM MOTOKOM U
MOHAMM  SIBJISIETCS. HENPEPHIBHOE  BBIJCJIICEHHWE Telia B
npoBoaHMKe. HarpeBaHue NpoBOJHUKOB TOKOM IMPUMEHSETCS
OYKBaJIbHO Ha KaXXIOM IIAary: B CaMbIX OTAAJIEHHBIX YTOJIKaxX
Hallle CTpaHbl CBETUT <JlaMmnouyka HMibuya», MHIUTHOHBI
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JIOJEN  TOJB3YIOTCSl  DJEKTPOIUIUTKAMM, 4YalHUKaMu U
yTIOTaMH; HET HU OJHOIO 3aBOJIa MJIH J1abopaTopuu, rae Obl HU
OBbUIO CaMBIX Pa3JIMYHBIX IEKTPOIICUEH.

Bona no tpybe Teuér nox Hamopom. DTO 3HAYUT, YTO BO
BcéM o00BEME BOJBI 1O Bceil Tpybe JelcTBYyeT cuJa,
HOJrOHSIOIIAsE MOJIEKYJIbI BOJIBI.

Ho kak co3mate cuity, IBUXKYIIYIO CBOOOIHBIE 3JIEKTPOHbI
o npoBoy? Kak ocylecTBUTh «3J1eKTpUUECKHU Harop»?

BooOpa3uMm, 4To MBI cymenu co3faThb Ha KOHLAX KycKa
IpoBOJAa JIBa CJOS 3apsA0B pa3HbIX 3HakoB. Hampuwmep,
«CHAJM» C MPaBOrO KOHIA MPOBOAA HEKOTOPOE KOJUYECTBO
CBOOOJHBIX 3JIEKTPOHOB (CO3JalM B 3TOM MeCTe HX
pa3peKeHHe, 4TO PAaBHO3HAYHO IIOJIOKUTENBHOMY 3apsly) U
«TIEPEHECIIN» UX Ha JIEBbIM KOHeI] (Co3Jajli B 3TOM MeCTe HMX
MOBBIIIEHHYIO KOHIIEHTPALUIO, YTO PaBHO3HAYHO OTpHUIIATENb-
HOMY 3apsfy). Toraa Mexzy closIMHU 3apsJ0B pa3HbIX 3HAKOB
BHYTpU TIpOBOJIa BO3HUKHET JJeKkTpuyeckoe moJe. (Ero
aHaJIOr — HAmop BOJbI, BO3HUKIINK HM3-3a MEpernaa ypoBHEU
Bogbl h, cmoTpute prucynok 15. Kommenrtapuit — A.B.). Tlpu
9TOM Ha KaXAbId JJEKTpoH Oyner JeHCTBOBaTh CHIIA,
TOJIKAIOUIAsi €ro K MOJOXHUTEIbHOMY ciior. Bce cBoOOmHBIE
AJIEKTPOHBI JBUHYTCSA cJieBa HampaBo (OT OO0JIACTH, TZI€ MBI
UCKYCCTBEHHO CO3[aJM MX IOBBILICHHYIO KOHLIEHTPALHIO, B
o0acTh, IZle Mbl HMCKYCCTBEHHO CO3JaJM HUX pa3pexeHue).
Takum 006pa3oM, B MPOBOAE MOTEUET «AIEKTPUUECKUI TOK».

MoxHO cKa3aTh, YTO Mbl HOJIYYWJIH B IPOBOJE
JIEKTPUYeCKHil  Hamop. DIJEKTPOTEXHUKH U (PU3UKHK
Ha3bIBAIOT €0 JIeKTPHYECKUM HaNpPsiKeHHeM.

Ho uro e Oyzmer nanpme? OJIEKTPOHBI BOWIYT B
MOJIOKHUTEIbHBIM  cla0M (B o0jacTe  paspexkeHus) u

34



HEUTpaIU3ylOT 3apsaia. HampsbkeHue HCYE3HET, W TOK
IIPEKPATUTCH.

W3 sToro cinepyet, 4yTo ISl MOJIYYEHHs IIOCTOSIHHOTO, HE
IIPEPBIBAIOLIETOCS IEKTPUUECKOIO TOKA B IPOBOJE HYKHO BCE
BpEMs MOJACPKHUBaTh CYILECTBOBAHUE IJIEKTPHYECKOIr0
NoJisl, IPUAYMaTh YTO-TO BPOJE HENPEPHIBHO INEHCTBYIOLIETO
(QIEKTPOHHOTO HAacOCa», IEPEKAYMBAOIIErO DJJIEKTPOHBI C
OJIHOT'O KOHIIA MPOBO/IA HA IPYIOM. .. »

31eck s TpepBY paccka3z COBETCKOTO yu€Horo Bukropa
WBanoBuua I'anonoBa, aBTopa kHuru «JIEKTPOHBI» 1949
rojia U31aHus, 4ToObl 3a/1aTh YUTATEIIO Psii BOIPOCOB IO YXKE
IIPOYMTAHHOMY MaTepuady: Kak Bbl AyMaere, 4TO C000I0
NPEACTABJIACT «QJEKTPHYECKOe I0JIe», OKa3blBalollee Ha
3JIEKTPOHBI CHJIOBOE BO3JCHCTBHE, 0 KOTOPOM H3BECTHO,
YTO BHYTPM IIPOBOJOB J3TO CHJIOBOE BO3JCHCTBHE
PACIPOCTPAHSACTCH CO CKOPOCTBIO CBeTa?

DTa CKOpPOCTh O4YeHBb OoJibIasi, HO He OeckoHeuHas. UTo
orpaHn4mBaer €€? A 4TO OrpaHMYMBAET ITOW K€ BEIWYUHOMN
CKOpPOCTH JBW)KEHHE CBETOBBIX BOJH B TaK Ha3bIBAEMOM
«cB0OOHOM MpocTpaHcTBe»? Toxe oueHb Xxopouuii Bornpoc!

N3 »tOoro pacckaza BaM YK€ IOHATHO, 4TO
«QIEKTPUYECKOE TI0JIE» B IIPOBOJIE — ATO HE CAMM JIEKTPOHBI.
OTO TO, YTO OKa3bIBAE€T Ha HUX CWJIOBOE BO3JEHCTBUE, WIH TO,
4YTO MOXKET NPUHUMATh Ha ce0s CHJIOBOE BO3JEHCTBHE CO
CTOPOHBI JIEKTPOHOB, KOTJa OHU NPUXOAIT B IBHKEHUE IO
JNEHUCTBUEM BHEIIHEr0 MarHUTHOTO mojs. [pyrumu cioBamu,
CYIIECTBYEeT HEKas B OyKBaJbHOM CMBbICIIC IHepeJaToYHast
cpeaa, oOJyamaroniasi YHUKaJIbHBIMA CBOWMCTBAMH, B KOTOPOM
MOTYT BO3HUKaTh MEXaHUYECKHE HANpPSHKEHUS, Ha3bIBa€Mble
HaMH  «QJIEKTpUYecKkuM  nosem».  [Ipuuém  coryacHo

35



BO33PCHHSAM «COBPEMEHHOW (DU3UKW», W ITO JICKUT B OCHOBE
«OnekrpomarHuTHo  Teopun  ceeray  JI.K.Makcsema,
AJIEKTPUUYECKOE T0JIe KaK CHIIOBOE JABJICHHE WIM pa3pekeHHe
MOXET CYIIECTBOBaTh B  MPOCTPAHCTBE OTIEIBHO  OT
3JIEKTPOHOB, HO B CBS3KE C MAarHUTHBIM IIOJIEM, KOTZla MMEEeT
MECTO PaclpOCTpaHEHHE PAJAUOBOIH. [[UTHPYIO MHOTOKpATHO
nepeusnanabii B CCCP m Poccum yueOnuk st BY3os:
«llepemennvie 21eKMpOMACHUMHbIE NOASL MO2YM, 63AUMHO
NOPOAHCOAACH, CYWECMB08aAMb HE3ABUCUMO OM  3apso08 U
mokos. Takumu noaamu, NOPOHCOEHHLIMU 3aPAOAMU U
MOKAMU, HO PACNPOCMPAHAIOWUMUCI 3aMeM 8 NPOCMPAHCIEE
He3asUCUMO Om 3MUXx MNOCIeOHUX, ABIAIOMCA PAOUOBOJIHY,
ceem, PpEeHM2eHO8CKUe JyuU, 2aMMa-uziydeHue amoMHbIX
sa0epy. (3ucman I'.A. Kypc oGmieit ¢pusuku T.2, n3natenbcTBo
«HAVYKA», Mocksa, 1974).

Mpbl yBUJEIN B pACCMOTPEHHOW HAMH aHAJIOTHH «MEKITY
AIIEKTPHYECKUM TOKOM B TIPOBOJIE M TOTOKOM BOIIBI B TpyOe
€CTh OOJIBIIIOE CXONICTBO», W YTO JEHCTBUE (DIEKTPHUYECKOTO
MOJIS1», BO3HHUKAIOIIETO W PACIPOCTPAHSIONIETOCS B MPOBOJIE,
ananmoruuno (1) meficTBuro naBieHus (Hamopa) B KUAKOCTIX. U
€ClIi COBpEMEHHas HayKa yTBep)kaaeT (IIyCTh Ja)Ke TOJIBKO B
OJHOM  CIly4ae), YTO  DJEKTPUYECKOE I0JIe  MOXKET
pacmnpocTpaHsATbCSl B NPOCTPAHCTBE B TECHOM CBSI3KE C
MarHUTHBIM TI0JIeM 0e3 MPUBSI3KU K JICKTPUICCKUM 3apsiiaM U
TOKaMm, TO Ha OSTOM OCHOBaHHUM MBI MOXEM MBICICHHO
HapUCOBaTh ce0e CIIEAYIOIIYI0 KapTHHKY: BHYTPH MpPOBOJA
CpeIy aTOMOB BeHIeCTBa HAXOIATCS TaK Ha3bIBaeMbIe
«CBOOONIHBIE DJIEKTPOHBI», TPU STOM BCS 3Ta CHCTEMa U3
aTOMOB U «CBOOOJHBIX JJIEKTPOHOB» IOTPYKEHA B HEKYIO
TAaUHCTBEHHYIO HEC)KUMAEMYIO JKHIKOCTb, B KOTOPOW MOTYT
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BO3HHUKATh OOJIACTH HAmpsDKEHUs (COKAaTHS W Pa3peKeHus),
BOCIIPUHHUMAEMbIE€ HAMM KaK CHUJIOBOE «3JIEKTPUUECKOE I10JIEM.
N TOoT ¢hakT, YTO OSTH OOJIACTH HAIpsDKEHUS (CKaTuig u
MOCTIEIYIOLIET0 Pa3peKeHus) PacpoOCTPaHIIOTCA B MPOBOJE C
TOH K€ CaMOM CKOPOCTBIO, C KAKOH CBET paclpOCTpaHAETCs B
CBOOOJTHOM MPOCTPAHCTBE, MOOYXKIAET MEHS JIMYHO AyMarThb,
YTO «COBpEMEHHAs (PU3HMKA» HUYETO HE MOXKET OOBACHHUTH 0e3
a¢upa, KOTOPHII OHA OTBEPIJa, U MO3TOMY-TO YUEHBIE HOBOM
dopManuu  CTOJb  TINATENBHO 3aMacKUpOBaJd €ro  3a
pa3IMYHBIMM ~ HaJyMaHHBIMM M  OYE€Hb  BUTUEBAaTHIMU
OIIpECIICHUSIMU.

Tenepb NpoAOIKUM UNTATh PACCKA3 COBETCKOTO YUYEHOTO
Bukropa MBanoBuua ['annonoBa 00 3y1eKTpoHax:

«B IEHCTBUTENBHOCTH pOJIb <«AJIEKTPOHHOIO HAacoca»
UCIOJIHAIOT TaJIbBAHUYECKUE DIIEMEHTBI, AKKYMYJISTOPBl U
AuHaMo-MaluHbel. OcoOEHHO 0O0JbIIOE 3HAYEHUE B TEXHUKE
UMEIOT JAWHAMO-MalluHbl. JleiicTBHe Bcex JIMHAMO-MAalluH
OCHOBAaHO Ha OJHOM 3aMeyaTelIbHOM SIBICHHUU: KOIAa
MeTAJUINYeCKUH IPOBOJA JABHKETCH INMONEPEK MATHHUTHBIX
CUJIOBBIX JIMHHH, B HEM BO3HUKAET JJIEKTPUYECKUH TOK».

Cwuna JlopeHua,
Bbl3blBAIOLLAsN Hanpagnenue 1
MHAYKUMOHHBIA TOK CKOPOCTb ABUKEHUA

NPOBOAHMKA
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S yTouHIO: KOrja METaJUIMYECKUH NPOBOJ JABMXKETCS
NONEPEK MarHUTHBIX CUJIOBBIX JIMHUM, B HEM (IPUYEM HUMEHHO
Ha TOM YYacTKE€ IPOBOJA, KOTOPBI NEPECEKAET MarHUTHbHIE
CWJIOBBIE JIMHUM) HAYMHAIOT YIHOPSAJOYEHHO JIBUTaThCS
AJIEKTPOHBI, a YK€ HX JABMKeHHe (TMOZOOHO JBHKECHHUIO
MOPUIHS B HUJIUHAPE KOMIpPEccopa) cOo3AaéT HampsiKeHHe B
TOW TIOXOXKEW Ha >KUAKOCTh YHHMKAJbHOW Cpene, KoTopas
3alojHsieT B TeJle MpOoBOJA BCE  MEXKATOMHbIE U
BHYTPUATOMHBIE IIYCTOTBL. JTO JIOKAJbHOE HANpsKeHHe,
KOTOPOE€ MBIl HAa3bIBa€M «3JIEKTPUUYECKUM HaAIpPSLDKEHUEM»,
pacnpocTpaHseTcss BHYTPU IPOBOJIa CO CKOPOCTBIO CBETA Kak
ynpyrasi BOJIHA U TOYTH MIHOBEHHO BBI3BIBAET CMEILEHUE
BCEX  OCTaJbHBIX CBOOOJHBIX  DJEKTPOHOB BO  BCEi
NEKTPUYECKON LIEeNH, KOTOpas MOAKJIIYEHA K IPOBOAY,
nepecexkapiieMy MarauTHoe nosue. Kommenrapuii — A.b.

Kak 310 npoucxoaut? — crnpammuBaeT untatens Bukrop
WBanoBud I'armoroB B cBoewt kaure «JIEKTPOHbI», nmes B
BUJy BOBHUKHOBEHHUE JIEKTPUUYECKOTO TOKA B METaJNINYECKOM
IIPOBOJIE, KOT/Ia OH JIBMJKETCS MOMNEPEK MArHUTHBIX CHUJIOBBIX
nuHui. M OH caM ke OTBe4aeT Ha HeTo:

«Yro0bl OTBETUTH Ha H3TOT BONPOC, PACCMOTPUM
YIPOIIEHHYIO MOJEIb JUHAMO-MAaIINHBI.

Ha pucynke 16 Mexnay mnoirocaMd MarHuTa IO JBYM
TOKOCHEMHBIM METAJUIMYECKUM JIEHTaM JIBHXKETCS OTPE30K
npoBosia (oH obo3HaueH OykBamu ADB). Cam OH aBUTATHCH,
KOHEYHO, He OY/eT, ero Hy)XHO JIBUTaThb PYKO; HO U SIKODb,
BpaALAIOIIAsACA YacTh HACTOSALIEH JMHAMO-MAILNHBI, IBHUKETCS
HE caM — €ro BpalaeT TypOMHA WIM KaKOW-HUOYyIb Apyroiu
JIBUTATEIb.
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Puc. 16. B mpoBoae, KOTOPEIH ABMKETCS TOJ ACHCTBHEM BHEITHEH
CHITBI MEX/Ty TIOJIFOCAMH MarHUTOB, BO3HHKAET TOK.

K TOKOCBEMHBIM METAIIIMYECKUM JIEHTaM MPUCOEIUHEHA
JaMIIOYKa, TaK YTO AJIEKTPUYECKas Lenb BCE BpEMs 3aMKHYTA.
B otpe3ke mpoBona Ab, kak M BO BCSKOM KYyCKE MeETajula,
HaXOJATCSl CBOOOHBIE JIEKTPOHBI, KOTOPbIE IBUXKYTCSI BMECTE
¢ mpoBoJioM. Bce BMecTe OHM ABMXKYTCA MO MPSIMBIM YTJIOM K
MarHUTHBIM CHJIOBBIM JIMHUSIM (3TO HampaBieHHE IBHKECHUS
OTMEUYEHO cTpenkoi). [Ipu 3ToM Ha 3JIEKTPOHBI CO CTOPOHBI
MarHUTHOTO TIOJSl JAEMCTBYIOT CHJIBL, MMOOYXIAIOLIUE HX
JIBUTATbCST BAOJIL TIpoBoJa OT koHma b k koHmy A (310
HaIpaBJICHUE JBW)KEHUS 3JIEKTPOHOB OTMEUEHO HAa PUCYHKE
MaJICHBKUMU CTpEJIKaMH). [Ipnuém 3JIEKTPOHAM,
HaKaIUIMBAIOIIUMCS B A, OTKpBIT MyTh yepe3 Jammouky. Ilo
ATOMY ITyTH OHU U YCTPEMJIISIOTCS.
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Kornma otpe3ok mpoBoga IOWAET 10 Kpas MarHUTHOTO
nojii (Ha PpHUCYHKE OTO IIOJIOKEHHE IIPOBOJa OTMEUYEHO
IMYHKTUPOM), TOK MpeKpaTtutcs. UToObl 3TOr0 HE CIIy4HIOCh,
HY)KHO cpa3y ke JIBUHYTH OTpe30K mpoBoja obOpaTHo. Ilpu
3TOM TOK, KOHEYHO, M3MEHUT HallpaBJI€HUE, HO JamIlouKa
ropeTb HE MEPECTaHeT, MOTOMY YTO TEIUI0O B IPOBOJHUKE
BBIJICJISIETCS] HE3aBUCUMO OT HarlpaBiieHus1 Toka. Ecnu nBurartsb
oTpe30k nmposoaa Ab Brepén u Hazax Mexay ABYMs KpalHUMU
MOJIOKEHUSIMHU, TO 4Yepe3 JIaMIIOUKy OyAeT Tedyb TOK, MEHSII0-
LM CBO¢ HANIPaBJICHHE.

Ha s3bIKE DJIEKTPOTEXHUKH TOK, MEHSIOIMMN CBOE
HaIpaBJI€HUE, HOCUT Ha3BAHUE «IIEPEMEHHOTO TOKa».

B Hacrosmux nuHamo-MallMHax MpoBOJAA BPAIllalOTCS B
MarHuTHoM mnodje. [Ipu 3ToM Takke mosyyaercs nmepeMeHHbI
TOK. Eciu HyXHO MOJYy4YUTh TOK MOCTOSSHHOTO HalpaBJIeHUS,
MEPEeMEeHHbII TOK C  TOMOHIIbIO  OCOOBIX  YCTPOMHCTB
«BBIIPAMIIIOT?.

Takum 00pa3oMm, B JIWHAMO-MAalIMHE «IJIEKTPOHHBIM
HACOCOM» CJIY’KHT MArHHTHoe moJje, (KOTopoe Hermocpen-
CTBEHHO BO3JIEHCTBYET Ha AIeKTpoHbl. KommeHnTapuit — A.b.).
OHO meperoHsieT MeKTPOHbI BHYTpU npoBoAa oT b k A, u Ha
KOHI[aX  OTpe3Ka, KOTOpblE  HA3bIBAIOTCA  IIOJIIOCAMH,
HaKaIUIMBAIOTCS 3apsbl Pa3HbIX 3HAKOB. 3HAYUT, B IIPOBOJAX
«BHEIIHEHN 1Lenu» OyneT NeHCTBOBATH dJIEKTpUYecKoe IoJe,
TO €CTb, OY/IET CYIIECTBOBATh «IJIEKTPUUECKUI HATOP»!

Tenepb mocMoTpuM Ha pucyHOK 17. OH OYEHb MOXO0XK HA
pucyHok 16. Pa3Huma TOJBKO B TOM, YTO B LI€Mb BMECTO
JaMIOYKY BKJIIOYEHA rajJibBaHMveckas 0arapes. E€ HasHaue-
HUE 37eCb — CO03[aBaTb B IPOBOAHHUKAX «DIJIEKTPUYECKUN
HATop», KOTOPBI OyJeT THaTh 3JEKTPOHBI MO0 KYCKY MPOBOAA,
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JIeKaIllleMy Ha TOKOCHhEMHBIX IUJIACTUHAX, B HAMNPABJICHUH,
OTMEUYEHHOM Ha pHUCYHKE MAJICHbKUMH CTpEIKaMH. ITO
HalpABJIEHUE MEPHEHAUKYISIPHO K MArHUTHBIM CHUJIOBBIM
nuHusAM. [Ipy 3TOM Ha KaKIblil AJEKTPOH JEWCTBYET CHIIA,
HalpaBJIE€HHAs NOJ NPSAMBIM YIJIOM KakK K CHJIOBBIM JIMHHUSIM,
TaK U K HaIpPaBICHUIO ABWKCHHS SJEKTPOHOB. OTU CHIIBI
TaK)K€ TMOKa3aHbl HA PHUCYHKE CTpPEJIKaMH. OJEKTPOHBI HE
MOTYT BBIPBAThCS M3 TPOBOJHUKA. DTOMY, KaK MBI 3HAeM,
MPEMSITCTBYIOT CHJIBI NPUTSKEHUST MOHOB Metaiia. Ho 3T
MQJICHBKHE CHJIbI, JICMCTBYIOIIME HA KaXIbld AJIEKTPOH, B
CyMME JaroT BIIOJHE 3aMETHYIO CHJIY, KOTOpas YBJIEKaeT C
co0o0il Bech MPOBOJ M TEpEeMENIaeT ero Mo TOKOCHEMHBIM
MJIACTUHKAM.

Takoe nBHKEHHE NPOBOJA C TOKOM B MAarHUTHOM IIOJIE
HCIIONB3YETCS B AIEKTPOMOTOPAX.

Puc. 17. IlpoBoa, N0 KOTOPOMY TEKYT NMEKTPOHBI, NEPEMEILAETCS B
MarHUTHOM IIOJIE.
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Ocraérca em€ oauH Bompoc (K PUCYHKY 16): 4depe3
CKOJIbKO BpeMeHH 3aropurcs JIaMIO4YKa, BKJIIYEHHAsA B
3JeKTPUYECKYI0 LeMNb, IOCIE TOro, Kak JAWHaAMO-MallluHa
IyILEHA B XOJI, TO €CTh, IBUHYJICA ¢ MecTa ipoBox AB?

3apsabpl  Ha MOMOcax  JAMHAMO-MAIIMH — CO3JAal0T B
MPUCOETMHEHHOM K HUM IPOBOJHUKE JJIEKTpHYecKoe IoJie.
[IpoBoAHHMK MOXKET OBITh OYEHBb JJIMHHBIM U Pa3BETBIEHHBIM;
TaKoBa, HampuUMep, ropojckas 3nekrpocerb. Ho anexTpuuec-
KO€ II0JIE PaclpOoCTpaHSETCs C OTPOMHOM CKOpPOCThIO. OTa
ckopocTh npumepHo paBHa 300000 KWJIOMETpPOB B CEKYHAY.
[TosToMy BO Bceil cetm — OyIb OHa JUIMHOW XOTh B COTHHU
KMJIOMETPOB — DJIEKTPUYECKOE TMOJI€ TOABUTCA IOYTH
MIHOBEHHO: Cpa3y BO BCEX NPOBOJAX, BO BCEX JAMIIOUYKax H
MOTOpax CBOOOJAHBbIE 3JEKTPOHbI HAYHYT JABHIAThCH TY[a,
KyJa HMX TOHHMT JJeKTpuyeckoe mose. Cpa3y 3zaropsrcs
JIAMITOYKH, 3apab0TarOT MOTOPHI U T. JI.

Ho He Hamo nymartb, 4TO MOTOK 3JEKTPOHOB B MPOBOJE
TEYeT C TOM JK€ OrPOMHOM CKOpPOCTBIO, C Kakou
pacnpocTpaHseTcsl BAOJIb IPOBOJIA IeKTPHUYECKoe NoJe.

CkopocTh NOTOKa JJIEKTPOHOB (HE IyTaTh CO
CKOPOCTBIO OecropsIOYHOTO  JIBH)KECHUS OTJIEIBbHBIX
3JIEKTPOHOB!), BOOOILE TOBOPS, 3aBUCUT OT HAIPSDKEHUS —
«QJIEKTPUUYECKOT0 Hamopa» (Tak ke, KaKk CKOpPOCTb BOJbI B
TpyO€ 3aBUCHT OT Hamopa BOJbl). DTa CKOPOCTb HeBeJIHKA.
Hanpumep, B cBetrsuielics HUTH 3JEKTPUUECKOM JaMIIOUKH
IIPOXOJAUMBIN 3JIEKTPOHHBIM ITOTOKOM IIyTh 33 OJHY CEKYHIY
usmepsiercss MuimMerpamu. (Bcero mwmimmerpamu! Ipu-
TOM, 4YTO DJIEKTPUYECKOE TIO0J€, NPUBOJSIIECE B JBHKECHUE
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ANEKTPOHBI, PACHpPOCTPAHSAETCS B IPOBOAAX CO CKOPOCTHIO
cBeta, a 3to moutu 300000 km/cex. KommenTtapuii — A.B.).

HUrak, npakTuyeckoe HCMOJIb30BaHHE YJIEKTPUYECTBA
OCHOBaHO, Ipexae BCero, Ha TOM, YTO B META/LIAX €CTh
CBOOOIHBIE 3JIEKTPOHBI, KOTOPHIMH MbI MOXKEM JIErKO
YIPABJIATH € HOMOIIBIO 3JIEKTPHYECKOI0 IOJIs.

DJIEKTPOHHBINA TMOTOK B MPOBOJAE MOKHO B HEKOTOPOM
OTHOIIECHUU CPaBHUTh C TIOE3[I0M, JBI)KCHHE KOTOPOTO
HaIpaBJsieTCs pelibcaMu. MaIMHUCT HE HYXKIAeTCs B pyJe;
€ro eJMHCTBEHHAas 3a00Ta — YCKOPSATh WM TOPMO3UTH MOE3I.
[IpoBox mist 3MEKTPOHHOTO MOTOKA TO K€, YTO M PEIbCOBBIM
MyTh AJIA TI0€3/1a. DJICKTPOHBI B OOBIYHBIX YCIOBUSX HE MOTYT
BBIMTH M3 NMPOBOJHUKA. Hy)XKHO TOJIBKO cO371aTh HEOOX0AUMOE
HampsDKeHWE Ha KOHIAX, M MO MPOBOAHHKY TH000M (Gopmbl
MOTEYET IIEKTPUUECKUN TOK.

[TogBeném HexkoTopblid uTOr. M3 HaydyHO-TIOMYJSIPHOM
kaurn «OJIEKTPOHBI», nanmncanHoit M u3gaHHoM B 1949
roJly HalllUM COOTEYECTBEHHUKOM, KaHIMIATOM TEXHHUYECKUX
Hayk Bukropom MBanoBuYeM ['anlOHOBBIM, MBI y3HaJIM MHOTO
uHTepecHoro. Ho MHoOro BompocoB ocTajniock 0€3 OTBeTa.
[lomMHuTe, s cHopammBad: YTO €000 TMpPeaCcTaABJIsSIET
«JIEKTPHYECKOe I0JIe», 0 KOTOPOM H3BECTHO, YTO BHYTPH
NPOBOOB OHO PACHPOCTPAHSAETCH CO CKOPOCTHIO cBeTa?
OTa CKOpOCTh OYeHb Oonblias, HO He OeckoHeuHas. YTo
OrpaHU4YMBaeT €€? A 4YTO OrpaHUYMBAECT BEIIMUYUHOU ATOM XKe
CKOPOCTH JBWXKEHHUS CBETOBBIX BOJIH B TaK Ha3bIBAEMOM
«CBOOOJHOM MPOCTPAHCTBE» IJi€ HET HU MPOBOJOB, HU JaKe
Kakoro-inoo BemiecTna?

BcnomHuute ceiyac U mpo TO, 4TO «MEXKIY DJICKTPUYEC-
KHM TOKOM B IPOBOJIE U TTOTOKOM BOJIBI B TPYOE €CTh OO0JIBIIIOE

43



cxonctBoy». Korma B TpyOe, MOTHOCTHIO 3alOJIHEHHON BOJOM,
co3aéTcs HaIop, JaBJICHUE BOJBI PACIpPOCTpaHAETCs B TpyOe
CO CKOpPOCTBIO pAaclpoCTpaHEHHsI 3ByKa B Boje. CKOpPOCTb
pacmpocTpaHeHus 3ByKa B BOJE W Hamopa BOIbI B TpyOe
OINIPEAEIIAETCS HCKIIOUUTENIBHO IUIOTHOCTBIO U YIPYTOCTBIO
BOJIBI U COCTaBIISET MpuMepHO 1,5 KM/cek. «DNeKTpUUeCKHid
Harop» B MPOBOAE, KOTOPBIA  NPHHATO  HA3bIBATH
(QIEKTPUYECKUM TOJEM», pacHpoCTpaHsieTcs B HEM CO
CKOpocThio cBeTa — 0koj10 300000 xm/cek. [Tpu aTom rnaBHas
XapaKTePUCTHKA <QJIEKTPUYECKOTO TOJSA» — «HANPAKEH-
HOCTb» — B AaHAJOTUU C JBIJKCHHEM BOJbI B TpyOe
COOTBETCTBYET «HAmMoOpy BoAbD». W eciu oT Hamopa BOJbI
(maBneHus1) 3aBUCUT CKOPOCTh TEUEHHUs BOJABI B Tpybe, TO OT
AJEKTPUUYECKOTO  «HANOpa»  3aBUCUT  CKOPOCTh  IOTOKA
3JIEKTPOHOB B IPOBOJIE.

Bnopy 3aaymarbcesi, ciay4ailHO JIM Takoe CXOACTBO
MEeKIy PpacnpocTpaHeHHMeM Hamopa BOAbI B Tpy0ax H
pacnpocTpaHeHHeM «3JIeKTPUYEeCKOro noJjis»» B NpoBogax?

Kak Toipko Mbl 3amymaeMcst 00 3TOM, y Hac HEBOJIBHO
MOSIBUTCSL  BOMpPOC: a BeAb JACHCTBUTEIBHO, YTO TaKoOe
Ype3BBIYAITHO TeKydee, 00IaaaroIiee TMraHTCKOM YIPYTroCThIO
(ecu cyauTh IO CKOPOCTH PacIpOCTPAaHEHUS JIEKTPUUECKOIO
MoJii 1O TMPOBOJaM) M MOTYIIEe OKa3blBaTh CHIIOBOE
BO3JICMCTBUE Ha 3JIEKTPOHBI, CKPBIBAETCS 32 ITUM HAyYHBIM
TEPMUHOM <QJIEKTPHYECKOE 10JIe»?

S HamoMHIO cefiyac YHMTaTeNlt0 MCTOPUYECKUU (akT: B
CTapUHy  JJIEKTPUYECTBO  HAa3bIBAIH «QIEKTPUYECKON
KHUIKOCTBIO», «(mrouaoM» (ot nar. fluidus — Tekyuuit).
[Torom, xorma Maiikn @Papageil OTpPHUI  CYILIECTBOBAHUE
CWJIOBBIX JIMHUW MarHUTHOTO W DJIEKTPUYECKOrO TOJIS, a
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Jlxo3edp TOMCOH OTKpPBUT YaCTHUIBI JJICKTPHUUECTBA —
3JIeKTPOHBI, I[OYEMY-TO JHIIb €IUHUIAM YYEHBIX CTaJIo
MOHATHO, M OXHUM u3 HUX Obu1 Hukoma Tecna, uto
3JIEKTPOHBI — J3TO He BCE 3JieKTpu4ecTBO! J[pyras HeoThb-
emyleMasg 4YacTb D3JEKTPUYeCTBA — TO, YTO HUX IUIOTHO
OKpY»XaeT 1 4To 00Ja7aeT HeOObIYaitHO BBICOKOM TEKYUEeCThIO.
DTa Apyras 4acTh JIEKTPUUYECTBA — U €CTh CAMBIN HACTOAIIMMI
«prouay, CrocoOHBIA MPOSBIATH Ce0sS B CaMBIX pPa3HBIX
KadecTBax, WHOTIA Jaxke (PaHTACTHUYECKUX. ODTOT «puroumy
€CTh BE€3J/le, OH BE3JIECYIl, OH 3amoJyiHgeT Bcé Muposnanue, u
OH K€ 3aIOJIHSET B TeJie Ka)JI0ro ImpoBojaa Bce MycToThl. U
KOTJla MBI cO371aéM B ITOM «(Ironsie» B 3aMKHYTOM OOBEME
IIPOBOJIA  «OJIEKTPUYECKYIO HAINPSKEHHOCTb»  ITOCTOSTHHOU
CHJIBI, 3TO TIOPOKAAET XOPOIIO MU3BECTHBIM HaM «IOCTOSIHHBIN
AIEKTPUUECKUN TOK».

Opnako, Hauboliee MHTEpPECHas] CUTyalllsi BO3HUKAET C
«MIEpEMEHHBIM JJIEKTpUYECKUM Tokom». Korma reneparop
ANEKTPOCTAHIIMM,  COCTOSIIIMA U3  DJIEKTPOMAarHuTa W
IIPOBOJIOYHOM KATYLIKH, B KOTOPOW IOPOKIAETCS IEPBUYHOE
JIBUKEHHE DJIEKTPOHOB, pAacKayMBaeT € MX IOMOIIBIO C
gactoroit 50 ['ep1y 3T0T camblil «durona» B 3aMKHYTOM 00bEME
BCEH JIEKTPOCETH OOJBILIOTO rOpoJa WK AaXKe IeNI0W CTPaHBI,
a 3TO MHOT'ME COTHU U JIaX€e THICAYN KUJIOMETPOB IIPOBOJIOB, TO
caMH DJIEKTPOHBI, KOTOpbIE, KaK MBI CUHMTaeM, U OOpazyroT
«AIEKTPUYECKUNA TOK», TPOU3BOASAIINI MHOTHE 3JIEKTPUUECKUE
yyzeca, (Bbl TOJBKO MpeACTaBbTe!) MepeMemarTcsi OTHOCH-
TEJIbHO KaXI0W TOYKU MPOBOAA BHEpEN-HA3a] ¢ yacToTol 50
I'epu (B CIHA npunsat crangapt 60 I'm) B aydimieM ciiydae
BCEr0 Ha HECKOJIbKO MuuiuMmeTpoB! W TO, 3TH cMemeHus
3JIEKTPOHOB BIIEpE/-Ha3a/l Ha HECKOJIbKO MUJUIMMETPOB UMEIOT
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MECTO TOJIBKO B BHICOKOBOJIBTHBIX JIMHHAX AJIEKTpoIepesad. A
B OBITOBOM 3yekTpoceTH ¢ HampspkeHueM 220 BoabeT 3T0
BO3BPATHO-TIOCTYIATENFHOE JBUKEHUE JIIEKTPOHOB BHYTpPHU
MUTAIONIUX IPOBOJIOB COCTABIISIET BCETO IOJIM MUJLITUMeETpa!

Komy-To 3TO MOXET MOKa3aTbCsi HEBEPOSTHBIM, HO 3TO
¢dakr!

BcnoMHuTe 0 TOM, 4TO pacckazai KaHIuIaT TEXHUIECKUX
Hayk Bukrop WBanoBuu IanmonoB: «Ckopocms nomoxa
NIeKMPOHO8 (He Nymams co CKOpOCmbl0 0ecnopsioo4HO20
08UdCEHUsL  OMOENbHBIX — 9NeKMpOHO8!),  60006we  2060ps,
3a8uUcum om HaNpANCeHUs — «INEeKMPUIecKko20 Hanopay (max
Jrce, Kak cKopocms 600bl 6 mpybde 3a8ucum om Hanopa 800bul).
Oma ckopocmo neeenuka. Hanpumep, 6 ceemsweticsi numu
INEeKMPUUECKOU  NAMNOYKU — NPOXOOUMBLU  DNIEKMPOHHBIM
NOMOKOM NYyMb 3d OO0H)Y CEKVHOY U3IMepAemcsa MUJLIU-
mempamuy.

[Tpu4ém 3TO crIipaBeAITUBO AJIs CITydasi IIOCTOSTHHOTO TOKA.
A eciy MBI IMEEM JIeNI0 C TIEPEMEHHBIM TOKOM TTPOMBIIIIICH-
HOM 4YacTOThl, MEHSIOIUM CBOE HampaBienue 50 pa3 B
CeKyHIY, TO IyTh JEKTPOHOB BIIEPEN-HA3a]l BHYTPU MPOBOJA
COCTaBJISIET BCETO J0JIH MUJIJTUMETpa!

B cuiny 3TOro MOXXHO TOBOPHTH O TOM, YTO TI'€HEpaTop
AJIEKTPOCTAHLIMU  CO31aéT B MPOBOJAAX  DIIEKTPOCETH
«IIPOAOJIbHBbIE YIIPYTHe BOJIHBI 3JIeKTPHYECKOH HANPSKEH -
HOCTH» (IO CYTH 3TO MPOAOJIbHBIEC BOJIHBI B 3Qupe, HO HE B
CBOOOJHOM, a 3aKJIIOYEHHOM B 00BbEME NPOBOOB!), U BOT 3TH
TO BOJIHBI M PACIPOCTPAHSIOTCS 10 MPOBOJAM CO CKOPOCTBIO
npumepHo 300000 km/cekyHIy M BBI3BIBAIOT B IPOBOJAX
(coBmazaroriee MO HAMPABICHUIO ABHKECHUS 3TUX MPOJIOIbHBIX
BOJIH) BO3BPaTHO-NIOCTYIATEIbHOE JBU)KCHHE «CBOOOIHBIX
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3JEKTPOHOB». [Ipu4yéM yBIEKaeMble «3IEKTPUUYECKUM IOJIEM)
TaK Ha3bIBAEMbIC «CBOOOIHBIC JJICKTPOHBI» JBUXKYTCS HE
IPOCTO KAaK YAaCTUYKH BELIECTBA, HAXOMSIIUECS B IOTOKE
abupa, a OHH TMpPU OITOM €mE€ U OPUCHTUPYIOTCS B
MPOCTPAHCTBE TMOAOOHO (hrorepy, KOTOPOMY CBOHCTBEHHO
pearupoBaTh Ha HallpaBJIEHUE BETpa. DTy MPOCTPAHCTBEHHYIO
OPHEHTANUI0 «CBOOOJHBIM DJIEKTPOHAM» 3a7al0T CHJIOBbIE
JIMHMHU HANIPSKEHHOCTH «QJIEKTPUYECKOTO OIS,

B cBiI3m ¢ TakuM MOWMM BHJIEHUEM IIPOIIECCOB,
BO3HUKAIOIIMX B MPOBOJAX, MO KOTOPBIM TEUET MEPEMEHHBIN
TOK, S X049y paccKa3aTh YHTATEII0 00 WHTEPECHOM PEaIbHOM
¢dakTe, UMEBIIEM MECTO B UCTOPUU (DU3HKH.

Ectp Takoit Koncrantun IletpoBuu XapueHKO, pycCKHid
n3o0peraTenb U y4EHBIH, MOCBATUBIIUN JECSITKU JIET CBOEH
KU3HU Pa3BUTHIO BOGHHOUW pajiMolNIeKTpOHUKHU. Bpone Obl, OH
KUB JI0 CUX IOpP, B 3TOM T'OJly €My JOJIDKHO MCIOJHUTHCS 88
net, u gai bor emy 310poBbsi!
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Emé B nan€kume cCOBETCKHE BpEMEHA, SKCIEPUMEHTHUPYH,
OH HW300p€n  KOPOTKOBOJHOBYIO  paJHONEpPEAAONIyl0 U
npuéMHyto aHTeHHy «ObBb-E» nns Boensbix. Ilpu »TOM OH
OTKpBUI, W3ydyas NPUHLUI €€ paboThl, YTO PAAMOBOJHBI, O
KOTOpBIX BO Bcex BY3ax Mupa 10 cux nop pacckasblBaroT, YTO
3TO «TIONIEPEYHbIE 3JIEKTPOMArHUTHBIE KoJeOaHus»,
OKa3bIBaeTCsi, MOryT ObITb M npoaodabHbiMuU! Yero
napajaurMa COBpeMeHHON HayKHU HUKaK He MpeaycMaTpuBaeT!

Korna K.I1.Xapuenko, nHxeHep, n300peraTesb U yUEHbIH
MOHSUI 3TO, OH HAIKCal IMpPHU3bIB K COOTEYECTBEHHUKAM:
«Poccusane, 6vi umeeme ¢popy.. He mepaiime epemenu.
Du3uKy nHaoo oenamo 3ano06o!»’

Bot HEkOTOpBIE BBIIEPIKKH U3 €TI0 paccKasa.

«..Konery 1979-ro. Odopmunuce mnpeacraBieHus IO
HOBOW OJHOMPOBOAHOM aHTeHHe Oerymieil BoimHbL. B eé
KOHCTPYKTHUBHYIO OCHOBY ObllIa MOJIO’KE€HA XOPOLIO W3BECTHAS
MpakTUKaM H 0co00 mo0uMasi TEOpeTHKaMH — «cTapasi»
npuéMHasi aHTeHHa beBepemka, Mapkupyemasi y Hac ¢ JIETKOH

pyku I'. 3.AlizenbOepra kak «OBb» — «ogHOIpOBOAHAS
oerymei.
iy
PN AN £
R R
Ry

Puc. 2. Axrennn Geeywjeli 80aHbL

’ https://cont.ws/@antonblagin/1111212
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CBoro anTeHHy g 0003Ha4um1 kak «Ob-Ex:

—
—
14wave 1dwave 3-6wave _1hwave 14 wave
CBY-rexepatop FESETEp
3emns

/A /A /A A/ /A A /A 4

Jo6asnenue nutepsl E K Ha3BaHMIO OTIIMYATIO «HOBYIO»
AHTEHHY OT «CTapoW» W IOKa3bIBaJIO, YTO HA €€ IIPOBOJHUKE
Hapsaay c¢ Oerymiell BOJHON (2JEKTPOHOB) NMPHUCYTCTBYET eI
olHa BoJiHA. BonHa, moxokas MO CTPyKType Ha BOJIHY B
KPYIJIOM BOJIHOBOJIE, €CJIA CMOTPETh B TOPEL ITPOBOHMKA.

Sop,

Mposop,

aAuoBoOnHa

k\/ Dapg=2Psp,

L=300m

AurenHa OB-E — pynop 63 BUANMBIX CTEHOK
Juarpamma  u3nydenus — aHTeHHl  «OB-E»  kxoHcTpykiuu

K.II.Xapuenko. PucyHok cienan ero pykoi.

Celiuac 3Ty «IOIOJHUTEIBHYIO» BOJHY YK€ HUMEHYIOT
«IPOAOJIBLHOI», a B Te JaleKHe BpeMEeHa TaKoi TepMHH He
osu1 MogueM. ComocrtaBurensHble ucnbiTanuss Ob ¢ OB-E
ITOKa3aJIM CKa304YHbIe pe3ynbTaThl. Tak, HalpuMmep, B3ATHINA 110
BO3MOXKHOMY MakcuMyMmy ko3¢ durmment ycunenus (KVY)
«HOBO» aHTeHHBbI npesbiman KY «crapoi» B 40 pa3 (!) npu
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OJIMHAKOBBIX JIJIMHAX W JUaMeTpax MPOBOJHUKOB C Oeryleu
BOJIHOM 00eWX aHTCHH, pa3MENICHHBIX HaJ OJHOW M TOU XKe
«3EeMIIEIM.

VY KoJuier HeMeAJIEHHO BO3HUK KECTKHUM BOIPOC: «OTKYyAa
u noueMy?» W Takke HEMEIJIEHHO MOCJIEAOBal MPUTOBOP:
«2Mo20 He Modicem Ovlmb, MaxK Kaxk ypasHenus Makceenna —
TI'epya paznuyvt mescoy Ob u Ob-E «ue suosamy!

Tem He Mmenee, (3T0 ye MOE aBTOPCKOE JIOMOIHEHHE,
koMMeHTapuil — A.B.), ati pannoantennsl «Ob-E», nznyuato-
Fie IMCHHO MPOA0JdbHbIE€ PATHOBOJHBI (2 HE TIONEPEYHEIC,
KaK MHOTHUM KaXKETCs), HECMOTps HHU Ha 4YTO, ObLUIH
usrotoBieHsl K.IL.XapueHko A/is HalmMX BOEHHBIX, W OHU
OTJIMYHO 3apEKOMEHIOBaIM ceOsi KakK OCTpOHAIpaBliEHHBIC
aHTCHHBI, U3Jy4alolle ¢ MNPUHUMAIOIINE CHUTHAIBl B
HaIpaBJICHUH PACIIOJIOKEHHS TTPOBOJIOB AHTEHHBI.

B cBoeit kuure «Jlyumcrass sHeprus..» (2009 r.,
uznatensctBo  "Pagmocodr”, ISBN  978-5-93037-202-1),
Koncrantun IletpoBnu XapuyeHKO CUY€ll HYXKHBIM I10Ka3aTh,
KTO AKTHBHO NPOTHUBOAEHCTBOBAJ €My H KTO 3aThIKAJ eMy
POT, HE TO3BOJISIS aXe MyOIMKOBATh MaTEPHAbl IO JTaHHON
AHTEHHE B COBETCKMX HAyYHbIX M HAYYHO-TIOMYJISIPHBIX
W3JaHusIX, Npu ToMm, 4To ero anTeHHbl OBb-E B 310 camoe
BpeMSl aKTUBHO MHCIIOJIb30BAJIMCh HAa BOEHHBIX OO0BEKTaX
Munucrtepcta o6oporsr CCCP!

Ccebuika Ha ckaumBanue kHurm KIl.Xapuyenko B
Wurepnere: https://booksee.org/dl/1342205/7¢9176
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«Mamepuaro m. Xapueuxo K. Il. nocesuennt aonpocam no-
ovituenus sgpgexmuenocmu ... anmenn ... muna OB.». IIped-
AdzaeMoe UM MEXHUMECKOe PEWEHUE NO3IGOAU, NO €20 MHEeHUIO,
ygeruuumy KoIppuyuenm YcureHus AHMEHH 3IMOZ0 MUNd...
Bausasa na pexum pabomvt aunuu, nodsem 3d3eMIeHUN HE UIMC
HAEM CAMOll cucmembl <npoeod-zeman». B mupoeou aumepamy-
pe u npakmuxe na cez00HRWHUIL JeHb Cyuecmayent nPoOsepen
HOE IKCNEPUMEHMANBHO CMPOZOL peuleHue INeKMPOOUHAMUNEC
kol 3adawu o cucmeme «nposod-semasn» (Jaepos I. A. Jloxm.
oucc. 1958, Mumuwu; Jaspoe I'.A., Kuazee A.C. <Ilpusen-
nvle u nodsemuvie gumennsis, «Cos. paduos, M. 1965)...

B c6a3u ¢ usnoxennvim eviwe ne mozym Gwoimv npuumamol x
PACCHOMPENUIO NPeIOCMABIEHHbE ABMOPOM Pe3YAbMAmblL IKC-
NEPUMCHMAIOHBLY UCNBIMANNI. ..

Hanvuettwee paccmompenue mamepuaros _m. Xapuenxo K.I1.
HEOOXO0UMO _npexpamums. ..»

K.1.u. Cadponos I1.M.

«Ilo MHOHWIO CROUUAAUCIOB HACTIU, NPUMCHENUE HA Paouo-
uenmpax awmenr muna OBb-E u ux ananoz06 — <ayueeux am
MeHH» He 1;8.[100006])(!3"0».

K.r.n. ®egopos B./I.

«lly6ruxayus mamepuanroe no anwmennam muna OB-E... ne-
donycmuma, max_Kax _Ona_0e30puenmupyem_uumameneli u Mo-
XKem npusecmiu ux K owubounvim PEWEHUAM. .. HAHeCmU Mame-
puarvnviil yuweps u samemuuiil yuepb npecmuiky Co8emCKoll
HaAYyKu @ 06MCmM aANmMmeHHbLX ycmpoﬁcme KOpOMKUX GO,

A.r.u. Tponmu T.H.

«Onucarinvii 6 cmamve eapuanm anwmennvi Gezywernr 8oanvt
OMAUNACTNCA OM RPUMCHAEMBIY 6 HACHIOAUWEE BPCMA UCNOAB3O-
GaMueM... NPUROOHAMBIY HAD 3eMAeU NPOMUBOBRECOE, HUNO, MO
MHeNuo aemopa, nogvuuaem ee hgdexkmusnocmy. Taroe ym-
BCPKOICHUE ABAACMCA OWUOOUHBIM... CIMAMBIO HCAbIA PEKOMEN-
dosamy 0A1 nybAUKAUUU».

IIpo¢. Kysnenos B./{.
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«Idaexmpuneckue xapakmepucmuxu awmennvi OB-E ne Mo
2Yym 3aMEMHO OMAUNAIMBCA OM INCKMPULCCKUX XAPAKINEPUCINUK
Kaaccuneckoit anmennvt OB... cuumaw neuerecoobpaswvy nyo-

AUKAQUK) ... »

K.r.n. Benoycos C.II.

<... Hcnoavzoeanue anumennwt OBb-E @ peaivhulx ycaogusx
He daem HUKAKNX RPeuMYuecms nNo CPASHeHUINO ¢ alumeHHol
Beeepedxa... Cuumaio nybauxauynwy 3moi cmamoil HeG03MOX-
HOU>. '

Mpod. Avmoanckmii B.T.

A Beap Bech ATOT «BOoM» »nuta PAH, cocrosmas u3
aKaJeMUKOB M TmpodeccopoB, TMOAHANA HUCKIIOYHTEIHHO
noToMy, 4To mpuHUUI paboTel aHTeHHBI «Ob-E», xotopyio
noctpomwn K.IL.XapueHko W c1aim BOCHHBIM B HKCIUTyaTalMIO,
HEBO3MOXXHO OOBSICHUTH O€3 MCIIOJIb30BAHUS IPEJICTABICHUS
00 3¢dupe, ToM caMOM, KOTOPbI ObUT BHIOPOLIEH M3 HayKH B
Hayasie XX Beka rpynmnoil «A.JiHmeiH u Koy.

Hrak, Mbl y:Ke 3HAeM, 4YTO PAJAUOBOJHBI U CBeET
NMOPOKIAITCHA JBHKEHHEM JJICEKTPOHOB, HO BCE Ke, KakK
OHM JTO aeaaT?!

IToka MBI paccMOTpe/IM TOJBKO MpoLecc 00pa3oBaHUNA
3JIeKTPUYECKUX TOKOB, IOCTOSIHHOT0 M nepemMenHoro. U o,
He MOJHOCTBIO.

UtoObI MpUOIM3UTHCS K pasrajake 3To TaiHbl [Ipuposr,
s Tpenjaral0 COBEPLIUTh 3KCKYpC B HCTOPUIO (U3UKU U
y3HaTh, K€M, KaK M KOIJa COBEPUIAIINCH BEIUKUE OTKPBITHS,
IIPUBE/AIIME B KOHEYHOM HTOIE YEJIOBEYECTBO K CO3AAHUIO
paauvoBenianus U TeneBuaeHus. Ho 3To s pacckaxy yxe B
clIeyIomIel myOIuKaIHH. ..

11 aBrycra 2019 r. MypmaHnck. AHTOH Baarun
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KpaTkas ucTopusi HaQyKy, paccKa3blBamias 06
Y4€HBIX M UX OTKPBITHSX, KOTOPbIE€ NPUYACTHBI
K MOSABJIEHUIO PAJUOCBA3H.

[Iponoimkaro UKI cTaTed, MOCBALIEHHBIX CTAHOBIICHUIO
TaK Ha3bIBAEMOW COBpPeMEeHHOM (PM3UKHU, CKPBIBAIOLIEH OT HAC
MHOTHE UCTHHBI 00 ycTpoiicTe [Ipuposs.

CerofHs yMTaTeN0 Ipeularaercss Kparkas HCTOpHs
HayKH, pacckaspiBarolas o0 Y4YEHBIX M MX OTKPBITHSAX,
KOTOPbIE IPUYACTHBI K MOSIBIICHUIO PAHOCBS3H.

Benpxkamun Ppankiaun (rogsr xu3Hu  1706-1790),
aMEepUKaHCKUH MOJIUTUYECKUI JesATeNb, TUIIOMAT, MUCATENb,
KYPHAJIUCT, M3AaTelb, HU300perarenb MU Y4YEHBIH. DTO €ro
MOPTPET NOMELIEH HAa aMEPUKAHCKYI0 OaHKHOTY JOCTOMHCT-
BoMm 100 $.

LB2327727

BankuoTa 100$ HOBOTO 0Opasma.

N3yyas rpo30BOE AIEKTPUYECTBO M AJIEKTPOCTATUYECKHE
3apsaael, B 1747 romy OH caenan BbIBOJ, YTO BO BCEM MHUPE
CYIIECTBYET JIMIIb OJIMH-CUHCTBEHHBIA <«OJECKTPUUCCKUNA
bmouny, comepkammiicss Bo Bcex Tenax. Kaxmprii mporecc
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3JIEKTPU3AllUM COCTOUT B M3BJIEUEHUU W3 OJIHOTO TEJla YacTH
HAXOJSIIETOCSI B HEM (OJCKTPUUECKOTO (QUIIOWIa» U €ro
nepexofge B apyroe teno. [lomywarommiics npu  3TOM
HEJOCTATOK UM U30BITOK <QJIEKTPUYECKOro (Irouga» B Teie
MPOSIBIISIETCS. B XapAKTEPHBIX IJTEKTPHUYECKUX ABJICHUSX.

Takum o0pa3om, meno HalieKmpu3z08ano 1UbGo HOmMomy,
Ymo y Heco umeemcs uzovlmok 3J1eKmpuueckozo awouoa no
CPAGHEHUI0 C HOPMAILHbLIM COCHIOAHUEM, JUOO NOMOMY),
umo y He20 OKa3bleaemcs MeHbuie INEeKMPUUecKozo
¢nrouoa, nexcenu ¢ nopmanvhom cocmoanuu. B niepBom
cllydae TeJIO SBISETCS TOJOKUTEIBHO 3JEKTPU30BAHHBIM
(rutroc), BO  BTOPOM ciyyae  —  OTpPHULATEIBHO
ANEKTPU30BAHHBIM (MUHYC). JTa TEPMHUHOJOTHSI COXPAHUIACH
JI0 HAlIUX JHEH.

Nzyyas B 1745 B ropone Jleiinen croiicTBa «JlelaeHckoit
OaHKU», MEPBOTO B MUPE HAKOMHUTEJS AJIEKTPOCTATUYECKUX
3apsAa0B, U300pPETEHHOTO TOJIAHJICKUM Y4€HbIM [IutepoM Ban
MymenOpykom u ero ydeHukoM Kroneycom, ®DpaHKIMH
YCTAHOBWJI, YTO CHJIA DJIEKTPUYECKOro yaapa <«JleiaeHckoi
OaHKW» 3aKIIF0UeHa HE B JIBYX €€ MPOBOJAIINX OOKIAJKaX, a B
cTekie OaHKH, TO €CTh B JUDIEKTPUKE (UCKIIOUYCHUE
COCTaBJISIET TOJBKO KOHAEHCATOP C «BO3JYIIHBIM JAUAJIEKTPU-
KOM»). DTO OTKpbITHE MO3BONII0 benmkamuny @paHKIUHY
CO3/1aTh MEPBBIM B MUPE MJIOCKUNA KOHAEHCATOP.




Aseccanapo BoabTa (Alessandro Volta, rompl *)u3HU
1745-1827) — wranbsHCKUl QU3KK, XUMHUK ¥ (H3HOJIOT, OUH
U3 OCHOBOIIOJIOKHUKOB YYEHHS 00 3JIEKTPUUYECTBE.

B 1800 romy on omycTun B 0aHKy C KHCIOTOH JBE
IUIACTUHKM — [HMHKOBYK0O M MEJHYK0 — U COEAMHMI HX
npoBosiokoi. Ilocime 3TOoro 1nuHKOBas IUIACTMHA Hadasa
pPacTBOPATHCS, @ HA METHOM CTaJIU BBIIEIATHCS ITy3bIPBKH T'a3a.
Bonbra mpenmonoxkun M J0Kazajg, 4YTO IO IPOBOJIOKE
MpoTEeKaeT JjekTpudeckuii Tok. Tak Obu1  HM300peTEH
«oneMeHT BonbTa» — mepBbIl B MUPE TajJbBaHUYECKUI
9JIEMEHT, BBIPAOATHIBAIOUINIA AIEKTPHUECTBO XMMHYECKUM
MYyTEM.

FKig. 283. — Pile de Volta.

Aneccanyipo Bonbra u ero neppast Xumudeckast oarapeiika,
«BobTOB CTONIOY.

Jns ynobctBa BonpTa mpuman TraabBaHUYECKOMY
3MeMeHTy (opMy BEPTUKAIBLHOTO HMUIUHAPA (cTOs0a), COCTOS -
IIETO0 U3 COCAMHEHHBIX MEXIY COOOH IUIaCTUH (AMCKOB) W3
IHMHKA, MEAM W CYKHA, MPOMUTAHHOTO KHUCJIOTOW. BoibTOB
CTOJI0 BBICOTOIO B TIOJIMETpa CO3AaBall  HANpPSDKEHHE,
9YBCTBHUTEIBHOE JIJIS YESITOBEKA.
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W3Bemenne 06 otkpeitiu Bonbra ObUTO OTmpaBieno 20
mapta 1800 roma B mnHchbMe mnpe3uaeHTyY JIOHAOHCKOTO
Koponesckoro o6mectsa. [TuceMo ObIIO T070%KEHO 26 HIOHS
TOTO K€ T0Jla U MPOU3BEJIO CEHCALMI0 HE TOJBKO B HAYYHOM
mupe. Aneccannpo Bonbra 6bu1 npurnamén B [lapux camum
Hanoneonom, KOTOpBIH JIMYHO HMPUCYTCTBOBAI HA JI€MOHCTpa-
LUK OIbITA, IOCJIE Yero Ochlan Y4EHOrO HarpagamMu u
nouectssMu.  brmarogaps 3TUM  NEepBHIM  XMMH4YEeCKHUM
O0aTapesiM, BbIpaOaTHIBAIOIIUM MOCTOSIHHBIN JIEeKTPUYeCKU
TOK, OBIJTM HEMEJICHHO CJEJIaHbl JIBAa BBIAAIOIINXCS OTKPBITHS:
ANEKTPOJIN3 U ANEKTPUUYECKas Ayra.

Xance Kpucruan Iperen (Hans Christian Orsted; rozst
xu3Hu 1777-1851) — nmarckuit yu€Hblid, Gusnk, ucciaeqoBa-
TEJb SBJICHUN 3JICKTPOMAarHeTH3MA.

['maBHOE OTKpBITHUE Dpcrega — BIEPBBIE HKCIEPU-
MEHTAJIbHO YCTaHOBJIEHA CBSI3b MEXKIY OJJIEKTPUUYECKUMU U
MarHUTHBIMU SIBICHUSMH.

Hctopust 3TOro OTKphITHSA, COBEPUIEHHOTO 3UMOM 1819—
1820 yueOGHOTO TONa (B OMHUX MCTOYHUKAX — 15 ¢eBpas, B

57



npyrux — emé B Jekaldpe) BK/IoYaeT B ceOs JBa BapuaHTa
COOBITHII:

Opcrel TEeMOHCTPUPOBAI HA JIEKIUU B YHHBEPCHUTETE
HarpeB MPOBOJIOKU JIEKTPUUECTBOM OT BonbpToBa cTonba, s
YEero OH COCTABWJI 3JIEKTPUYECKYIO, WM, KaK TOT/1a TOBOPHIIH,
rajlbBaHMYeCKyl0 menb. Ha J1eMOHCTpallMOHHOM cCTOJE
HaxOJIMWJICA MOPCKOM KOMIIAC, MOBEPX CTEKISHHOM KPBIIIKH
KOTOPOTO TMPOXOAWJI OAWH W3 MPOBOAOB. Brpyr kro-to u3
CTYICHTOB (37€Ch IIOKa3aHWUsA CBUAETENEH pacxomsaTcs —
TOBOpAT, YTO ATO OBUI acmWpaHT, a TO U BOBCE
YHUBEPCUTETCKUN IIBEHMLap) cily4dailHO 3aMeTui, 4TO, Koraa
Opcren  3aMKHYJA 1ellb, MAarHUTHasE CTpeJKa KoMIlaca
OTKJIOHUJIaCh B CTOpoHY. OJHAKO CYIIECTBYET MHEHHE, YTO
DpcTen 3aMeTUIT OTKIIOHEHHE CTPEJIKU CaM.

BrionHe BO3MOKHO, YTO UCTOpPHUSA IPO 30PKOr0 CTYAEHTA
WM YHHUBEPCUTETCKOTO IIBEHIIapa — YHUCTBIM BBIMBICED,
MIPU3BaHHBIN NIPUHU3UTH poib I X.9Opcrena KakK
MEPBOOTKPHIBATENSI  CBSI3M  MEXKAY  DJICKTPUYECTBOM |
MarHeTHU3MOM.

ITocne nexkuuu DOpcTel MOBTOPUII OMBIT, a 3aTEM CTajl
MEHSTh €r0 YyCIOBHs, B pe3yldbTaTe OH OOHAPYKHI
crenytomee: «Ecau paccmosanue om npogonoku 00 cmpenku He
npesocxooum 3/4 owiima, omrioneHue cocmasisiem 45°. Ecau
paccmosiHue  ygeaudyueams, Mo Y201  NPONOPYUOHATLHO
yMmenvuuaemcs. Abconromuas eruyuna OmMKIOHEeHUs U3MeHs-
emcsl 8 3a8UCUMOCIU OM MOWHOCIU ANNApamay.

BriocnencTBuu, ucnonp3ys JaHHOE COOOIIEHHE DpcTena,
npyro yu€Hsiid, ¢paniy3 A. M. Ammep co3gal Ha 3TOM
MPUHIUIIE MATHUTOIJIEKTPUYECKHH TajJbBaHOMETP, pOJb
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KOTOPOTO B  Pa3BUTUU  JJICKTPUUYSCKOW HAYKH  TPYIHO
MIEPEOICHUTD.

B nmanmpHeiimiem OpcTen  pemmsi  IPOBEPUTH, KaKoe
BO3JICHCTBUE OyAyT OKa3blBaTh HAa MATrHUTHYIO CTPEIKY
MPOBOJHUKU W3 Pa3IUYHBIX MeTauioB. J[ns sToro oH Opan
MIPOBOJIOKM W3 IUIATHHBI, 30JI0Ta, cepeOpa, JTaTyHU, CBHUHIIA,
xeneza. bbUI0  ynuBUTENBEHO HaOMIOAATh, YTO MeETaJLIbI,
KOTOpBhIC HHKOT/Ia HE OOHAPY)KWBAJIM MAarHUTHBIX CBOWCTB,
BIPYr TpPHOOpETaTu WX, KOIJla 4Yepe3 HHUX TMPOTeKaT
AJIEKTPUYECKUI TOK.

DpcTen cTai 3KpaHUPOBATh CTPEIIKY KoMIIaca OT MPOBOAA
CTEKJIOM, JIEPEBOM, CMOJIOW, TOHYApHOW TJIMHOW, KaMHSMHU,
JTUCKOM  3JeKTpodopa. DKpaHHUPOBAHUE HE COCTOSIIOCH!
Crpenka ymopHO OTKJIOHsIAach. OTKIOHANACH Jaxe TOrAa,
Korja e€ MmoMecTHiIu B cocyl ¢ Boaou. IlocrmemoBanm BBIBOI:
«Takas nepedaua Oelicmsus cK803b paziuiHble 8eUecmsed He
Haobn00anacy y 00bIuHO20 IIeKmpudecmsa U d1eKmpuyecmed
B0ILIMAHUYECKO20).

Korma coequHUTENbHYIO TPOBOJIOKY OpCTEN CTaBUI
BEePTHKAIBHO, TO MATHUTHASI CTPEJIKA COBCEM HE yKa3bIBaJia Ha
He€, a pacroiarajiach Kak OblI 110 KacaTeIbHON K OKPYKHOCTHU C
[IEHTPOM TI0 OCH MTPOBOJIOKH.

Buxpesoe maruuTHoOE none

—~ BOKpYr NpoBOAA C TOKOM

D ©
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Opcreql MpeyIoKUI CUYUTATh BHXPEBBIM TO HE3PUMOE
rya3y sBJeHUE (JeMCTBUE), KOTOpPOE BO3HUKAET BOKPYT
MPOBOJIOKM C TOKOM M OKAa3bIBa€T BIHUSHHE HA MarHUTHYIO
CTpENKy, MaK KaKk UMEHHO GUXDPAM  CEOIICHEEHHO
0elicmeosams 8 NPOMUBONONOHCHBIX HANPABICHUAX HA 08YX
KOHUAax 00H020 ouamempa.

VYxe B utone 1820 roma Dpcren neyataer Ha JJATUHCKOM
SI3bIKe  HEOOJIBIIYI0 PaboTy mMOJ 3aroioBKOM: «OmnbITHI,
OTHOCSIIIIUECH K JelCTBUIO 3JIEKTPUYECKOr0 KOH(PIUKTA HA
MATHUTHYIO CTPeJIKY». B Hell y4€HbI NUIIET CIeayrolee:
«OcHo6HOU 6b1600 U3 DMUX ONBLINMOE COCMOUM 6 MOM, UMO
MACHUMHASL CIMPENKA OMKIOHACMCS OM C80€20 NOJ0NCEHUs
pasHogecusi noo Oelicmeuem ONbIMAHUYECKO20 annapamd, u
umo samom 3¢ppexm npossisemcs, K020a KOHMYP 3AMKHYM, U
OH He NposAsiiemcs, Ko20ad KOHMYp pa3oMKHym. Hmenno
nomomy, UYmo KOHMYp OCMABAICA PASOMKHYMbIM, He
VBEHUANUCL YCNEXOM NONbIMKU MAK020 Jice pood, cOelaHHble
HEeCKOIbKO Jlem oMYy HA3A0 U38eCMHbIMU (DUSUKAMUY.

Ho nan6osbIiryro 11eHHOCTh TSl HAyKU TIPECTaBIISUTH BOT
3TH cl0Ba DpcTefia, HallMCaHHbIE UM B TOM ke paboTe:

«...U3 COENAHHBIX HAOMOOEHUU MOJNCHO 3AKTIOUUMb, YN0
omom [anekmpureckuti] KoH@auxm oépazyem uxpb 60Kpy2
npoeonoku. Muaue 6v110 Ob1 HENOHAMHO, KAK OOUH U MOM Jice
V4acmox npogonoKu, 0yOoyuu NoMewéH noo MAaASHUMHbIM
nonocom [cmpenku xomnacal omuocum e2o0 K 80CMOKY, a,
Haxo05Cb HAO NOAOCOM Yelekaem e20 K 3anady. HMmenuo
BUXPAM CBOUCMBEHHO O0elcmB8o8amy 8 HNPOMUBONOJIOHNCHBIX
Hanpaeienusix  Ha  08YX  KOHYAX O0O0HO20  ouamempad.
Bpawamenvnoe Osudcenue eoxkpyz ocu, couemaroweecs ¢
NOCMYNAMeNbHbIM 08UNCEHUEM B00Ib dMOU OCU, 00A3AMENLHO
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oaém eunmoeoe oOeudxcenue...» (IlepeBox ¢ JTaATUHCKOTO
paboter I'.X.DOpcrena Bemonuen S.I.Jopdmanom. Bocmpo-
M3BOJUTCS 1O nM3naHuto: AMrep A.-M. DnekrponnHamuka, M.,
1954).

Ilocne OTKpBITHSA CBA3M MEXKAY DIIEKTPUYECTBOM M
MarHeTU3MoM, DpCTe] CTajl BCEMUPHO NPHU3HAHHBIM YYEHBIM.
On Opl1 W30paH 4YJIEHOM MHOTHUX HambOOJee aBTOPUTETHBIX
HaydHbIX oOmectB: JIonmoHnckoro Koponesckoro obmectBa u
[Tapmxckont Akagemun. B uyactHoctn B 1830 romy ero
n30panu noyeTHsIM ujieHoM lletepOyprckoil akagemMuii Hayk.
Anrnnyane npucyaunn emy Menans Komim 3a HayuHble
noctmxkeHus, a u3 ®Opanuun oH noayuun npemuro B 3000
30JI0THIX ()PAHKOB, KOI/Ia-TO Ha3HaueHHyr0 Hamoneonom s
aBTOPOB CaMbIX KPYIHBIX OTKPBITHI B 00JIACTH JIEKTPUUECTBA.

Maiika ®apajgeii (Michael Faraday, roasr sxusuu 1791-
1867) — anrnuiickuii pU3MK-IKCIIEPUMEHTATOP ¥ XUMHK, YICH
Jlonnonckoro koposesckoro obmiectBa (1824) u MHOXecTBa
APYTruX HAYYHBIX OpraHW3allfii, B TOM YHCJE WHOCTPAHHBIN
nou€tHbIN wieH [lerepOyprckoit akanemun Hayk (1830).

@apazeil OTKpbUI JIEKTPOMATHUTHYI0 HHAYKIIHUIO,
JEXKAIIYI0 B  OCHOBE COBPEMEHHOIO  MPOMBIIUICHHOTO
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MPOU3BOJCTBA DJIEKTPUYECTBA M MHOTUX €r0 MPUMEHEHHUH.
Co3znan nepByro Mozelb ekTpoasurarens. Cpeau Ipyrux ero
OTKPBITUN — TIEPBBII TpaHCHOPMATOP, XUMUIECKOE JCHCTBHE
TOKa, 3aKOHBI 3JIEKTPOJIN3a, TUAMAarHEeTU3M M Jaxe JCHCTBUE
MarHuTHOTO TOJs Ha cBeT!

dapageii nepBbIM  MpeaAcKa3agd  CylleCTBOBaHHeE
PaauoBOIH JJeKTpuueckoii mpupoabl! OH Takxke BBEN B
HAay4YHBIH OOWXOJ TEPMHHBI «HOH», «KaTOH», «aHOIY,
(QIEKTPOJIUT», «IUIIEKTPUK», «IUaMarHeTu3M», «mapa-
Mar"HeTusm» u apyrue. Maiikn @apajieii — OCHOBOIIOJI0KHUK
ydeHus 00 JIJeKTPOMATHHUTHOM M0Jie, KOTOpOE 3aTeM
MaTeMaTH4eCcKu 0(OpMUI U pa3BuUi MaKcBeILI.

OcHoBHOM  MJeHHBIH  (MHUPOBO33PEHUECKMI!)  BKIAJ
@dapajes B QU3UKY IIEKTPOMATHUTHBIX SIBICHUN 3aKITIOYAICS
B OTKa3e OT «IPHUHIUIA AAIbHOJACUCTBUS», MPEHJIOKEHHOTO
Hcaakom HproTOHOM, U BO BBEJIEHUHU MOHATHS «(HU3MUECKOTrO
MoJIsl» — HEMPEPBIBHOW 00JaCTH TPOCTPAHCTBA, CIUIONIH
3alIOJTHEHHOM CHWJIOBBIMHM JIMHUSMHU W B3aMMOJICHCTBYIOIIEH C
BEIIECTBOM.

C 1820 roma dapayess 4pe3BbIYAWHO yBJICKJIa TpoOIeMa
HCCIIEAOBAHUS CBSI3M MEXKIY SJIEKTPUUECTBOM U MarHeTHU3MOM,
KOTOPYIO OTKPBUT DpcTea B ToM ke roay. K stomy momeHTy
y)Ke CYIIECTBOBaJla HayKa 3JIEKTPOCTATHKA, pa3paboTaHHAs
K. T'ayccom m JIx. I'punom, u B Helt ObuT pasfen ydeHus o0
AJIEKTPUYECTBE, M3Y4AIOIINN B3aUMOJACHCTBUE HEMOJBHKHBIX
AIEKTPUYECKUX 3apsI0B.

B 1821 rony mocne cepumn omnbitoB Dapaneit omyomKo-
Ball CcTaThl0o «(O HEKOTOPBIX HOBBIX 3JI€KTPOMATHUTHBIX
ABHKEHMSX U O TEOPHMUM MATHEeTH3May», TJe TOKasal, Kak
3aCTaBUTh HAMArHWYEHHYIO CTPEJIKY HENPEPHIBHO BPAIIATHCS
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BOKPYI' OJHOTO W3 MarHUTHbBIX MouitocoB. Ilo cymecTBy 3Ta
KOHCTPYKLUS TPEACTaBisIa coO0 enié HeCOBEPIICHHBIH, HO
BIIOJIHE PabOTOCHOCOOHBIN 3JIEKTPOJIBUTATENb, BIEPBHIE B
MHUpPE OCYUIECTBUBILNN HENPEPBIBHOE MPEBPAIICHUE AIEKTPU-
4EeCKOM Heprun B MexaHuudeckyro. Mmsa Papanes cTaHOBUTCA
BCEMUPHO U3BECTHBIM.

B 1822 romy B naGopatopHoMm sgHeBHHMKe Dapanes
MOSIBUIIACH 3amuCh: «[Ipespamums macnemusm 6 2nekmpuyec-
meoy. apaneit ObUT yBEpEeH, YTO BCE CHJIBI B3aUMO-
IpeBpaliaemMbl, a 3HA4uT, €clu B OIbITe JpcTena
INMEKTPUYCCKUN TOK o00JaJaeT MAarHUTHOW CHIIOH, TO U
JBMKEHUE MAarHUTA JTOJKHO BO30YXK/AaTh JIEKTPUYECKHM TOK.

Opnako, myTh K 3JEKTPOIE€HEPATOPY OKa3aJCs JOJITHUM,
tosibko B 1831 ronmy, Papaneil Hamén, HaKOHEL, pPELICHHUE
MOCTaBJICHHOW 3a7aud, OOHApPYKUB 3JIEKTPOMATHHUTHYIO
HHIYKIHIO.

C D2TOro OTKpBITHS Hayajlcs CaMbld IUIOAOTBOPHBIN
nepuoj ucciaeaoBanuii @apajes, JaBIIM HAYYHOMY MHPY €T0
3HAMEHUTYI0O  CepHi0  craTell  «IKCIHepUMeHTAJIbHbIe
HCCIIeIOBAHMSA 0 YJIEKTPUYECTBY» (BCEro OH OMyOJIMKOBAII B
«Philosophical Transactions» 30 BBIIYCKOB, BBIXOAMBIINX C
1831 mo 1835 ron). Yxe B 1832 rogy ®apaneii 3a OTKpbITHE
MHAYKIMH ObUT HAarpaxkJeH Meaanbio Ko,

Coobmenne 06 onbiTax Papanes HEMEUIEHHO BbI3BAJIO
CEHCAllMI0 B HaydyHOM MHpe EBpombl, MaccoBblE€ Tra3eTbl U
KYpPHAJIbI TAKXKE YACIAJIN UM HEMaJIO BHUMaHUsA. MHOXECTBO
Hay4HbIX opranusauuil n3opamu Papaznes CBOMM MOYETHBIM
YWICHOM (BCETO OH MOY4HJI 97 TUTIIIOMOB).

Ecou  otkpertue snekrpoasurarens (B 1821 rony)
[I0Ka3aJl0, KaK MOXHO HCIIOJIb30BaTh JJIEKTPUYECTBO, TO
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OTBITHI 110 MHAYKUMHU (HavaTeie B 1831 roay) yka3biBamu, Kak
CO3/1aTh €r0 MOIIHBIA UCTOYHUK (3JIEKTPOre€HEPATOP).

C »TOro MOMEHTa TpPYAHOCTM Ha NyTH MIIMPOKOTrO
BHEJIPEHUS DIIEKTPOIHEPTUU CTAIM YHUCTO TEXHUYECKUMHU.
@U3MKM M MHXKEHEPbl AaKTHBHO 3aHSUIMNCh MCCIIEIOBAHUEM
HHIYKIMOHHBIX TOKOB U KOHCTpyHpOBaHUEM BcE Oolee
COBEpUICHHBIX 3JEKTPOTEXHUUYECKUX ycTpoucTB. IlepBbie
MIPOMBIIIIEHHBIE MOJIETN MOSIBIIINCH enl€ npu xku3Hu Dapanes
(rereparop nepemennoro toka Mmnmonwura [lukcu, 1832), a B
1872 rony ®punpux ¢on XedpHep-ANbTEHEK MpPeICTaBUI
BBICOK03()(DEeKTUBHBIN TeHEPaTOp, BIOCIEICTBUH YIyUIIICHHBINA
DIUCOHOM.

B 1832 rony ®apaneii uccienoBai emé oAHy BaKHYIO B
Te Troabl mpobsemy. Ha TOT MOMEHT OBIIM H3BECTHBI
HECKOJIbKO HMCTOYHHKOB JJICKTPUYECTBA: TPEHHUE, BOJBTOB
CTOJ0, HEKOTOpbIE >KUBOTHBIC (HApPUMEp, SJICKTPUUECKUN
ckar), (apameeBckas MHIYKIWSA, TEPMODJIEMEHT, Mpeoldpasy-
IOIUI  Tero B anekTpudecTBO (OTKpHIT B 1821 rony,
cmotpute «3ddext 3eedekar). OTaenbHbIC YUEHBIC BRIPAKAIN
COMHEHHE B TOM, YTO BCE€ 3TH J(PQPEKTHl HMEIT EIUHYIO
IpUpONY, W JaXe HCIOJIb30BAJIM  pPa3HbIE  TEPMUHBI:
«TaJIbBAaHU3M», <GKUBOTHOE JIEKTPUYECTBOY» U T. II.

®apaseit TpoBEN COTHU OIBITOB M 3aKPbUI 3TY poliemy,
MOKa3aB, 4TO BCe MPOSIBJIEHHUS IJIEKTpUYecTBa (TEIJIOBBIE,
CBETOBBIC, XHMHUYECKHE, (UZUOJIOTHMYECKHUE, MArHUTHBIE U
MEXaHHYECKHE) COBEPIIeHHO OJAMHAKOBBI, HE3aBHCHUMO OT
MCTOYHUKA €0 MOJyYESHHUS.

OcHoBHble omnbITel Dapazest coCTOSAIUCH B Mepuoj ¢ 29
aBrycra 1no 4 Hosiops 1831 roga, riaBHbBIMU U3 HUX CTaJIM JBa!
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1. Ilpu nBWMKEHUM MATHUTHOTO CEpPACYHHKA BHYTPH
MIPOBOJIOYHOU KaTyLIKU B MOCIETHEN BO3HUKAJI
AJIEKTPUYECKUM TOK.

2. BxiroueHue wiIM BBIKIIIOUEHHE TOKA B MPOBOJIOYHOM
KaTylIKe IMPUBOJWIIO K TOSABJICHUIO TOKA BO BTOPUYHOMU
KaTyILKE, YbM BUTKH YEPEIYIOTCS C BUTKAMU IIEPBOM.

Takum 00pa3oM, MEepeMEIIArONINICS BO3JI€ MPOBOHUKA
MarHuT paBHO KaK U BKJIIOYEHHUE/BBIKIIIOUEHHE TOKa B
COCEIHEM TMPOBOJAHUKE BBI3BIBAET B JAHHOM IPOBOJHUKE
nosiBiienue BoyiHbl (1) anekrpuyeckoro Toka. ®apajneit HazBal
9TO SIBJICHUE IJIEKTPOMATHUTHOM MHIYKIHEH.
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28 okTs10ps 1831 rona o coOpait nepBblil MOJTHOLIEHHBII
reHepaTop MOCTOSIHHOIO TOKA, Ha3BaHHBIN «uckoM Dapanes».
Ero cyre paboTbl 3akimoyanach B OTKpbITOM B 1824 romy
s¢dexTe: Ipu BpalleHUH MEIHOTO JNUCKA PsSIOM C MarHUTOM
Ha JUCKE BO3HMKAET DJIEKTPUYECKHH IMOTEHIMAN, KOTOPBIN
MOKHO CHHMaTh C IOMOIIbIO IIETOYHOIO TOKOCHUMATEJI.
Takum o6pazom, Dapazneil mokazana, KaK MEXaHHYECKYHO
SHEPTUIO BpallleHHs MOKHO Mpeo0pa3oBaTh B AJEKTPUUYECKYIO.

Juck @apanes, nepBblii yHUNOJISAPHBII T€HEpaTop.

TomaukoM K 3TOMY M300pETEHUIO TOCITY>KHUI OIBIT Aparo
(1824 ropn): kpyTsAlIMiics MarHUT yBJEKal B CBOE BpalleHHE
PacIoyIOKEHHBI HUXKE MEAHbIM JUCK, XOTS MeJb B MIPUHIMIIE
HECIocOOHa HaMarHW4YMBaThCA. Aparo oocyxaan 3ToT 3P dext
¢ Amniepom, IlyaccoHoM U IpyruMu 3HaMEHUTBIMU (PU3MKAMHU,
HO OOBSICHUTB €70 UM HE yJaJI0Ch.

B oTuéTe 0 mony4eHHBIX pe3ynbTaTax, 00HAPOJOBAHHOM
@apaneem 24 wHos0pst 1831 roma mepen KoponeBckum
O0IIEeCTBOM, OH BIEpPBbIE YHNOTPEOWJI KIIOUYEBOW TEPMHH
«MarHuTHbIe CHJIOBble JIMHUM», CYIIECTBOBAHHUE KOTOPBIX
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TOJIBKO M MOXET OOBSCHUTH MHOTHE paHee HEOOBSICHUMEBIC
3¢ PEeKTHI

Jist dpu3uky 3TO OBLT MEPEeXo] OT JUCKPETHON KapTUHBI
«3apAIbI/MarHUTBDY TPEKHUX TEOPUi, TMOCTPOCHHBIX IO
o0pa3ily 1aibHOAEHCTBYIOLIETO HbIOTOHOBCKOIO TATOTEHUS, K
COBEPIICHHO HOBOMY HEIMPEPHIBHOMY U OJIM3KOACHCTBEHHOMY
¢buznyeckoMy 00bEKTY, KOTOPOE MBI TENIEPh HA3bIBAEM IOJIEM.
Heckonbko mno3xke Papaneid aHAJOTMYHO BBEJI TOHSTHE
«JIeKTpUYecKHe CHJIOBbIe JJMHHUN.

[Tocne otkpeiTnii dapaness crajmo SCHO, YTO CTapble
Mozaenu anektpomarHetusma (Ammep, Ilyaccon u ap.)
HETIOJHBI U JOJDKHBI OBITh CYIIIECTBEHHO MepepadoTaHBbl.

Cam Dapaneit OOBSICHAT 3JIEKTPOMATrHHUTHYIO
HHIYKIHUI0 CcIeayrommM obpazoMm: « OKpecmHOCmb B8CAKO20
3apsAACEeHH020 meld NPOHU3AHA INEKMPUUECKUMU CUTOGLIMU
JUHUAMU, KOMOpble nepeoarm «Cuiy» (no co8peMeHHOU
MEePMUHONO2UY,  JHepeUuio), U  AaHANO2UYHO  IHep2us
maznumnozo nona TEYET (1) 6001b MAZHUMHBIX CUTLOGBIX
aunuinn®. V3 storo (bapageeBCKOro MpeaCTaBICHUS IMTOTOM
BO3HMK HAy4dHbIi TEpPMHMH «MArHUTHBIA 1OTOK». ErO
CKOpOCTh (CWja, MOIIHOCTb) BBIIE TaM, TrJ€ Trylle
pacroyiaraloTcsi MArHUTHbIe CcHJI0Bble JuHuUM. @Dapajneit
TOBOPWJI, YTO 3TH JHHHHM HE CJEAyeT paccMaTpUBaTh Kak
yCIIOBHBIE  aOCTpaklMM, OHU  MPEACTABIAIOT  co00it
¢pusuyeckyo peanbHOCTh. [Ipy 3TOM UM OBLIO YCTAaHOBIIEHO,
4TO BCAKOE U3BMEHEeHUe 6 NpoBooe INeKMPUUecKo2o MNoJis
nopocoaem GOKpye He20 MacHumHoe nole, d B6CAKOe

8
Ledmnun 3. Bruorpadusa M. ®apapes // M. ®apagei. N3bpaHHble paboTbl no anekrpuyectsy. — M.—
J1.: TOHTW, 1939. — (Knaccukn ecTeCcTBO3HaHUS).
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UsMeHeHue MASHUMHO20 NOJA  Nopoxcoaem 8 Npo8ooe
aneKmpuyeckoe noe.

Ha ocHoBaHuM 53TOro OTKpBHITHS M BBIBOJOB Malikia
@apanes, cnycts 30 ner aHrIMCKUI (UMK MIOTIAHICKOTO
npoucxoxaenus J.K.MakcBenn crnenan mareMaTH4ecKyro
MoO/1eJIb 3JIEKTPOMArHeTH3MA.

B onucaHum K OTKPBITHIO 3JIEKTPOMATHUTHON HHIYK-
nun M.®@apaneil ykazan, 4TO «8eIUdUHaA BO3HUKANOULE20 6
npoBOOHUKe MOKA meM Oonbule, yem OO0blUle MACHUMHBIX
CUNIOBBIX JIUHUL 30 eOUHUY)y 6pemMenu 6 Xooe USMEeHeHUs.
COCMOSIHUsL nepecekaem 3mom NpoBOOHUK». B cBeTe 3TOro
otkpbiToro dapajgeeM 3aKOHA MPUYMHA JBUKEHUS MEIHOTO
JIMCKa B OMKMCAHHOM BBIILIE ONBITE Aparo craja IMOHsATHA: KOrjaa
Marepuan JUCKAa TEepeceKanl MarHUTHbIE CUJIOBBIE JIMHUH, B
HEM CO3JaBAJUCh MHAYKIIMOHHBIE TOKH, MAarHUTHOE II0Je
KOTOPBIX B3aUMOJICUCTBOBAIO ¢ UCXOHBIM. [To3nHee dapaneit
MOBTOpUJT OMBIT ¢ «auckoMm dapanes», HCHOIb3ysS BMECTO
71a00paTOPHOTO MarHUTA 3€MHOI MarHeTH3M.

MoXHO cKa3aTb, YTO MHUpP 3JE€KTPOMArHUTHBIX siBJIe-
HUH, KakuM €ro MNpeacTaBisul M onuchkiBan Papaneu,
PEIIUTETHHO OTIUYAIICS OT BCET0, 4TO ObUTO B (PH3UKE MPEKIIE.

MoXHO cKa3aTb M HO-APYyroMy: Ha (OHE APYrux y4EHBIX
Maiixn ®apazeit Obu1 kak OynTo scHoBuAALMM. OH BHIEN U
OOBSICHST TO, YTO JIpyrue yd€Hble B TO BpeMsi MPOCTO HE
BUJIENIM HU CBOMMMU TJ1a3aMU, HU CBOMM YMOM.

B 3amucu cBoero gHeBHHMKa oT 7 HOs0ps 1845 roma
@dapajneil BrepBbIE YHIOTPEOWIT TEPMHUH «IJIEKTPOMATHUTHOE
nose» (anri. field), 3TOT TepMHUH MO3/1HEE MepeHsuT U BBEN B
mmpokoe ynorpebnenue J[.K.Makcsemn. Ilo ®@apanero, mosie
— 3T0 00J1aCTh NPOCTPAHCTBA, CILUIONIb HPOHW3aHHAS
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CHJIOBBIMM JINHUSAMHU (MATHUTHBIMU WJIH 3JIEKTPHYECKHMHU,
WJIN ¥ TeMHU U APYTMMH OJHOBPEMEHHO).

CunoBble JJUHUH MAarHUTHOTO ITOJIS IIOCTOSSHHOTO MarHUTa.

Cuiibl  B3aUMOJICMCTBUSL  TOKOB, BBEJEHHBIE paHee
AMIEpPOM, CUHTAINCH JajdbHOACHCTBYIOIMMU. Dapanei
pPEIIUTEIBHO OCHOPHII 3TO TMOJIOKEHHE U chopmynupoBal
(cIOBECHO)  CBOMCTBA  3JIEKTPOMATHMTHOIO TOJSl  Kak
CYIIECTBEHHO OJM3KOJIEUCTBEHHBIE, TO €CTh HEMPEPHIBHO
nepefarouecss OT KaXKJI0M TOYKM K COCEIHUM TOYKaM C
KOHEYHOU CKOPOCTBIO.

Ho ®apazness sneKTpUYECKHE CHJIbI MOHUMAIUCh Kak
B3aUMOJICIICTBUE 3aps0B Ha PACCTOSIHUU — T/I€ HET 3aps/I0B,
HeT U cui. Dapaaedl U3MEHUJ ATy CXEMY: 3apsii CO3AAéT
NPOTSKEHHOE JJIEKTPUYECKoe Tiojie, U YyKe ¢ HHUM
B3anMMoJeiicTByeT aApyrou 3apsa. Hukakoro nanbHOIEHCTBUA
(uepe3 mycToTty) HET!

Beckum ocHOBaHMeM 1 OTKa3a OT JCWCTBUA Ha
paccrossHud ObLTM  ombIThl Dapajges ¢ AUAICKTPUKAMU U
JMaMarHeTUKaMl — OHM SICHO IOKa3ajlM, YTO Cpela MEXIy
3apslaMM  aKTMBHO  Y4acTBYeT B 3JIEKTPOMArHUTHBIX
nporeccax. bonee Toro, ®apaneii yoequTenbHO MOKa3al, 4YToO B
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psie CUTyaluid »SJIEKTPUYECKHUE CUJIOBBIC JIMHUU HWCKPHB-
JSFOTCSI, TOOOHO MarHUTHBIM — HANPUMED, SKPAHUPOBAB JBa
M30JIMPOBAHHBIX IIApa APYT OT JIpyra M 3apsAauB OJUH U3 HHX,
MO>KHO HaOJII0AaTh MHAYKTUBHBIE 3aps/ibl Ha BTOpoM mmape. 13
MOJIyYEeHHBIX pe3ynbTaToB Dapajeit cienan BEIBOJ, «umo cama
00bIUHAsL UHOVKYUSL 80 BCeX CAYUAAX ABNAemCs Oelcmseuem
CMEMNCHBIX YACMUY, U 4mo dJeKmpuieckoe Oelcmeue Ha pac-
cmosiHuu (mo ecmv 0ObLIKHOBEHHOe UHOYKMUBHOe oOelicmaue)
NPOUCX00UM MONbKO 011a200aps GIUAHUIO HPOMENCYMOUHOU
mMamepuuy.

ITocnenosarens @apanes — xeitmc Kiiepk Makcsem B
cBoéM «Tpakrare 00 3JIEKTpUUYECTBE U MAarHETH3Me» yKas3all Ha
cyTh npenctaBieHuii @apazest 00 AIEKTpoMarHeTu3Me:

«Dapadeii c60UM MbICIEHHbIM 630POM GUOEL NPOHU3bL-
sarowue B6cé NPOCMPAHCMEO CUIOGble JIUHUU MAM, 20€
MamemMamuxku 6udenu Yewmpvl Cull, npumsacusaowue Ha
paccmosinuu. Dapadeti suden cpedy mam, e0e OHU He GUOeU
Huuezo, Kpome paccmosinusa. Papadeti ycmampusan mecmo-
HaxooicoeHue AGNeHUll 8 mex pearbHblX Npoyeccax, Komopule
npoucxooam 6 cpeode, a OHU O0B0IbCMBOBANUCL MEM, YMO
Hauwiiu e2o 6 cule Oelucmeus Ha paccmosHul, Komopas
NPUKIAObIBAEMCSL K INNEKMPUHECKUM — HCUOKOCTAM».
«...Hexomopvie u3 naubonee nio0omeopuvix Memooos
UCCTe008AHUS, OMKPLIMbIX MAMEMAMUKAMY, MO2TU Obl OblMb
BbIPAICEHBL 8 MEPMUHAX NPEeOCABNIEeHU, 3AUMCIEOBAHNBIX Y
Dapades, 3nauumenvrHo nyuuie, Yem OHU BbIPAICAIUCL 6 UX
OpUSUHATLHOU popmey.

Haunnas ¢ 11-ro Beimycka cepuu «KCIEPUMEHTAIbHbIE
UCCIEAOBaHUS IO dJeKTpuuyecTBy», Dapagedl nocuuran
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BO3MOXHBIM ~ OOOOIIUTH W  TEOPETUYECKH  OCMBICIHTH
OTrPOMHBIM HakoIUleHHbIH MaTtepuan. Cucrema mupa Papanes
OTJIMYaNach OOJBIIONW OPUTHHAIBHOCTHIO. OH He NMpHU3HABAJ
CYlLIeCTBOBAHMS B NMPHUPOAEe MYCTOThl KAK NMOHATHSA, AaxKe
3anmoJiHeHHOH 3¢upom. Mup NOJHOCTHIO 3aNOJHEH
NpoHMIIaeMoii MmaTepueii (HET MycTOTHI!), U BIUSHUE KaKIOU
MaTepUAJIbHON 4YacTHIbI OJW3KOJCHCTBEHHO, TO €CTh
pacnpocTpaHsieTcs Ha BCE MTPOCTPAHCTBO C  KOHEYHOM
ckopocThto. HaOmiomaTenb BOCHPUHMMAET 3TO BIMSHUE Kak
pa3HOro poaa Cwibl, HO, Kak nucain dapajaei, HeIb3s CKa3aTh,
YTO OJ{HA U3 CWJI IEPBUYHA U SBJISIETCS IPUUMHOM IPYTHUX, «8Ce
OHU HAXOOAMCA 80 G3AUMHOU MeHcOy cobOU 3a8UCUMOCTU U
umerom oouyio npuUpooy».

B 1832 rony ®apazaeil oTBE3 3amedaTaHHbI KOHBEPT B
Koponesckoe obmectBo. Cro net cnyers (1938 ron) koHsept
BCKpBUIM U OOHApYXWUJIM Tam (OPMYJIUPOBKY THIIOTE3BI:
«HMnoykmusHvle sa61eHUs pacnpocmpaHsiomes 6 NpoCmpaH-
cmee ¢ HeKOMOopoU KOHEeUHOU CKOPOCMbIO, NPUUEM 8 8UOE BOJIH.
Omu  60aHBI  makdce AGNAIOMCA  Haubolee  8eposmMHbIM
00BACHEHUEM CEENLOBBIX AGIEHUILY.

Jzko3e¢ I'enpu (Joseph Henry; ronsr sxu3nu 1797-1878)
— amepukaHckuil pusuk. [lepBblii CKOHCTPYHPOBAT MOIIIHBIE
MOAKOBOOOpa3Hble  ANeKTpoMarHuthl  (1828), mnpumeHUB
MHOTOCJIONHBIE OOMOTKH M3 HM30JUPOBAHHOW MPOBOJOKHU (MX
IPy30NOABbEMHOCTh JocTurana ofHoil ToHHBI!). Co3naBas
MarauTel, I'eHpu OTkpbl1 B 1832 rOMy HOBOE SIBICHUE B
JNIEKTpOMarHeTusMe — caMouHAyknuwo. HesaBucumo ot
@apaness T'empu  oOHapyxkun B 1931 romy wm
B3aUMOMHAYKIMIO, HO Dapajeil paHblle OMyOJIUKOBal CBOU

71



pesyaprathl. B 1831 romy I'eHpu mocTtpoun mepBbli
aNeKTpoABUrarenb. Ero paboThl 10 3J€KTPOMarHUTHBIM pelie
ObUIM OCHOBOH Ui 3JieKTpUdeckoro Tteierpada, u300peTeéH-
Horo CamioaneM Mop3se u Yapiab3oM YHUTCTOHOM HE3aBUCHUMO
or I'enpu. B 1842 rogy oH oOHapyxXui1 KoJedaTeJbHbIN
XapakTep pa3psiia koHaeHcaropa. B dects J[xo3eda ['enpu
BIIOCJIE/ICTBUM ObllIa Ha3BaHAa eAMHUIIA HWHIYKTUBHOCTH B
Mexnynapoanoii cucreme enunuil (C1) — «rerpuy».

Cnenaem celiyac may3y B IEPEIUCTBIBAHUU HCTOPUHU
¢bu3uku. Mbl y3Hanu ceifyac npo oTkpeITyio J[xo3edom I'enpu
B JJICKTPOTEXHUKE CAMOMHAYKIHIO. OTO HHTEpECHEHIee
SIBJICHUE W3BECTHO YyXe 88 JieT, a BOT MEXaHHMKY 3TOro
SBJIGHUS 0 CUX MOp He 00bsAcHUI HUKTO! ECTh TOIBKO OUYEHD
XOpolllee ONMCAHUE CIIEACTBUM U 3aKOHOMEPHOCTH, U JaxKe
eCThb TO4YHAas MaremaTthyeckas ¢opmyna pacuéra camo-
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MHAYKIWH, OJTHAKO, HUKTO J0 CUX MOp HE PAaCKpbUl MEXaHU3M
3TOrO sABJICHU!

Uro xe 3TO Takoe, CAaMOMHAYKLIMS, U B 4E€M OHa
nposiBisiercs’?

YroOsl noHsATh, Kak Jxo3ed ['enpu npuién Kk OTKPHITHIO
CaMOMHAYKIMH, HAJI0 BCIIOMHUTb, YTO TaKOE€ 3JIEKTPOMATHUT,
na eré 00IbIION MOIITHOCTH.

OnvH U3 IEPBBIX MEKTPOMATHUTOB OOJIBIIION MOIITHOCTH,
Co3nannbix /Ixozedom I'enpu.
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DJIeKTPOMATHUT, KAaK NPaBWJIO, 3TO MHOIOBUTKOBAasl
NPOBOJIOYHAS KATYNIKA, HAMOTAaHHAsI HAa MAaCCHBHOM
JKeJIe3HOM CepAevYHHKe.

[lpy mOOKIIOYEHUH TaKOW KaTyIIKd K HUCTOYHHKY
MOCTOSIHHOTO  3JIEKTPUYECKOTO TOKa, KaK O0Ka3aloCh, TOK
HapacTaeT 0 HOMHUHAJIBHOTO YPOBHSI HE CKAYKOM, a IJIaBHO. A
KOTrJla KaTylmKy »JJIeKTPOMarHuta pe3Ko OTKIIOYalT OT
HMCTOYHHMKA TOCTOSHHOTO TOKa PyOMJIBHUKOM, Ha €€ KOHIIax
BCET/Ia BO3HUKAECT UMITYJILC BHICOKOTO HAIPSHKEHUS, BETNIMHA
KOTOPOT'O 4Yallle BCEro 3HAYMTEIIbHO MPEBOCXOAUT BEIHUYUHY
HaIPSHKEHUs UCTOYHUKA MTUTAHUS.

14
Iy 1

Y

ol .

I'padvkn m3MeHeHHs TOKa B KaTylIKe JJIEKTPOMAarHuTa
MIPU 3aMBIKAHUU KJTIOYA U MIPH pa3MbIKaHUs KITI0Ya.

briio IMOHATHO, YTO TOK B KaTYHIKE J3JICKTPOMArHuTa
IJIaBHO HapacTta€T HMMCHHO B TOT MOMCHT, KOTAa BOKpPYT
KaTylIK{ BO3HHUKACT U BO3PACTACT OO0 MAaKCUMyMa BHUXPEBOE
MAarHuTHoe moJje. To CCTh, MarHuTHas CuJjia 3JICKTPOMArHuTa
HC BO3HHMKACT MI'HOBCHHO, OHa paCTéT INOCTCIICHHO B TCUCHUC
KaKoOro-To0 BpEMCHHU, KOTOPOC 3aBUCUT OT Pa3MEpPOB KATYIIKU
QJICKTpOMAruuTa, OT KOJIHNYCCTBaA eé BUTKOB, n OoT
MOoABOAMMOTO K KATYIIKE 3JICKTPUYCCKOI'O HAIIPSAKCHUSA. Korz[a
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K€ MarHUTHOE I0JI€ NPEKpallaeT pacTh M JOCTUTAET CBOEH
MAaKCHUMaJIbHON CHWJIbL, IPOTEKAKOIIMKA MO KaTYyLIKE 3JIEKTPO-
MarHuTa TOK TaKXe JOCTUIaeT CBOEr0 MaKCHMaJbHOTO
3Ha4YeHus1 (JIeBbl rpaduK, FOPU3OHTAJIbHAS JHHUA). A BOT
KOTJa C IMOMOIIBI0 PYOWJIBHHMKA 3TOT TOK PE3KO OTPYyOaroT,
paspbiBasi JIEKTPUYECKYIO IIE€Nb, BOT TOIJAa M BO3HUKAET B
Pa30MKHYTOM II€MIM MHTEPECHEUIIee SABICHUE CAMOMHIYKINH
(mpaBbIii rpaduk).

3amacéHHas B KaTyLIKe »3JIEKTPOMarHuTa MAarHMTHAasl
Heprusi umeT Bbixoga. [lorepsB omopy B BuUAE
ANEKTPUYECKOTO TOKA, OHA CTPEMMTCS OINATH MPEBPATHTHCS B
JJIEKTPUYECKUN TOK, KOTOPBIA MU CO34all €€, HO, IIOCKOJIbKY
AJIEKTPUYECKasl IeMb YXKe pPa30OMKHYTa pYOWJIBHUKOM, TO
MEKTPUYECKUN TOK CO3JAETCS TOJIBKO B NPENENax IJIUHBI
IIPOBOZIA NMPOBOJOYHOU Karymku. IIpnyém HampaBieHue ToOka
CaMOMHIAYKIMHM OyJeT TO XK€ caMoe, 4YTo ObUI0 y TOKa,
KOTOPBIN MPOTEKAI MO KaTyIIKe, KOrJa oHa Oblia MOJKI0YeHa
yepe3 pyOMIbHHUK K HCTOUYHUKY OCTOSIHHOTO TOKa. [losiBnenue
TOKA CAMOMHIYKIMH B POBOJIE KATYILIKH, U30JIMPOBAHHON OT
ANEKTpUYECKON 1enu, oOpa3yeT B HEM Ha KaKOE-TO BpeMs
MOIIHOE JJIEKTPHYecKoe 1oJie, B Pe3yIbTaTe YEro Ha KOHLAX
ATON KaTYIIKM BO3HHUKAET BBICOKOE HAIPSKEHHe, KOTOPOE B
psie ciydaeB MOXKET JaXke BbI3BaTh MpoOoi Bozayxa. Ecnu
JIEKTpUYECKUl  mpoOoi  Bo3ayxa He obOpasyercs, TO
COOCTBEHHOE BHYTPEHHEE aKTUBHOE COINPOTUBICHUE KATYLIKU
LIYHTUPYET TOK CAMOMHAYKLIUU, U €r0 DHEPIUs IpeBpalacTcs
B TEILIO.

Jlxozed ['enpu 3ameTwmii, 4to Jaxe B HEOONBIIUX pelle,
KOTOpbIE OH M3TOTABIMBAJI JJIsi DIIEKTPUUYECKOTO Tenerpada,
SBJICHUE CAMOMHAYKLUU MPOSIBISUIOCH BECbMA  CHJIBHO.
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BriociienictBuun 1uist 60phOBI ¢ 3TUM SIBIICHUEM OBLJIO HAWIEHO
MPOCTOE TEXHUYECKOE peIIeHUEe, H300paKEHHOE HA OTOU
CXeMe: MapajyIeIbHO KaTylIKe JIEKTPOMAarHuTa CTajaud BO BCEX
ANEKTPUYECKUX  CXeMax [MOAKIIoYaTh BEHTUIb  (IUON),
myHtupytoumii 3/IC caMOMHOYKIMHM W HE OMYCKAIOIIHUMA
TakuM  o0pa3oM  TMOSBICHHSA HAa  KOHIAX  KaTYIIKH
KOMMYTAllMOHHBIX PEJi€ BCIJIECKOB BBICOKOI'0 HAINPSKEHUS
IIPOTHUBOIIOIOKHOM MOJIIPHOCTH.

o

+

EcTecTBeHHO, YTO CTONKHYBIIHCH C ITHM SIBICHHEM Ha
MPAKTUKE, TEXHAPU U YYEHBIE CTAIM MBITAThCS TMOHATH U
OIHCATh €r0 IPUPOTY.

BoT ocHoBHOW BapuaHT OOBSCHEHHS ATOrO SIBJICHUS,
KOTOPBIA MOKHO BCTPETUTH B KaXI0M y4EOHUKE (PUINKHU:

«Camoundykyus — 2mo seneHue 6o3HukHogenus I/C
UHOYKYUU 8  NpOo8oOAweM  KOHmype npu  UMeHeHuu
npomexalouje2o uepe3 KOHmyp moxa.

Ilpu usmenenuu moxa 6 Kowmype NPONOPYUOHATLHO
MeHAemcs U MASHUMHbLIL NOMOK  4epe3  NOBepXHOCb,
02DAHUYEHHYI0  dMUM  KOHMYpoMm.  H3menenue — smoco
MASHUMHO20 NOMOKA, 8 CUNLY 3AKOHA 91eKMPOMASHUMHOU
UHOYKYUU, NPUBOOUM K B030YIHCOCHUIO 6 DMOM KOHMYpe
unoykmusnoti I/{C. DOmo senrenue u Hazvl8AEMCs CAMO-
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unoyxkyueu. ([lonamue poOocmeeHHO NOHAMUIO 63AUMOUHOYK-
yuu, A671A5Ch KaK Obl €20 YACHbIM CIy4aem).

Hanpasnenue 3/[C camounoykyuu 6écez0a oxasviéaemcs
maxum, umo npu eospacmanuu moxa 6 uenu 3/[C camo-
UHOYKYUU Npensimcmeyenm 3momy 603pacmanuio (Hanpasienda
npomue moxa), a npu yovleaHuu moka — NPEensmcmeyem e2o
yobl8anulo (conanpasiena ¢ moxkom). Aenenue camounoykyuu
Npos6IAemcs: 6 3aMeONeHUU NpPOYecco8 UCUE3HOGEeHUS U
VCMAHOBIEHUsL MOKA.

Ilpu conocmaenieHuu CUAbL INEKMPUYECKO2O MOKA CO
CKOpOCIMbl0 8 MeXaHuke U CONOCMABIeHUU JeKmpUiecKou
uHoykmusHocmu ¢ maccot 6 mou oce mexanuke I/[C
CamMourOyKyuu cxo0Ha ¢ cunoii uxepyuuy. Uetounnk’.

BcnoMHMM Temepbh YNOMSHYTBHIM paHee HCTOPUYECKHI
¢dakT: B yecth [[xo3eda I'eHpH, KOTOPBIM OTKPHLI sIBJIEHHE
CaMOMHIYKUMH, BIIOCJIEJCTBUM ObUIa Ha3BaHa ero aMuinen
enuaniia MHAYKTUBHOCTU B MexnyHapoaHoH cucteme
equnul (CU) — «renpm».

[TountepecyeMcsi Temepb, YTO Ha3bIBaeTCs B (HU3HKE
HHAYKTHBHOCTBIO, U KaK €€ IOHUMAIOT YYEHBIE.

Cnpaska: «Hudykmuenocms (om nam. inductio —
HaeeOoeHue, nooysxcoenue), seruvuna (L), xapaxmepusyrowas
MacHumHsle ce8oUcmea nekmpuyeckou yenu. Tox, mexkywuu 6
nposoosiyem  KOHmype,  c030aém 6  OKpydcaroujem
NpOCMpPAHCMEe MASHUMHOE Noje, NPUYeém MASHUMHbIL NOMOK
@D, nponusvleaOWUL KOHMYP (CYENIeHHbIll C HUM), NPAMO

9 https://ru.wikipedia.org/wiki/CamonHaykums
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nponopyuonanen anekmpuyeckomy moxy [I: @=LI. Ecau
npogecmu aHAnIO2UI0 MeNHCcOy INEKMPUUECKUMU U MeXAHU-
yecKumMu aeneHuaAmMu, mo macHumuyio nepzuio (T) cnedyem

2

o o mv

conocmagums ¢ Kuhemuueckoul nepzuein mena T = 5
(m — wmacca mena, v — e2o ckopocms), npu mMom

UHOYKMUGHOCMb Oy0em uzpamov poab Maccol, @ MOK —
ckopocmu. Taxum o00pazom, UHOYKMUBHOCMb ONpeoessem

. 10
UHEePpUUOHHbBIE ceoucmea moka...» HcTouHuk .

Ocrasiocy Tenepp IMOUHTEPECOBATHCS, YTO HMMEHHO
AKKYMYJHpPYeT B BUXPEBOM MATHUTHOM I10Ji¢ KHHETH4YeC-
KYI0 Hepruio (3HEpruo ABUKCHUS, CBSI3aHHYIO C ABM)KEHHUEM
HEKOTOpPOW Macchl, Pa30THAHHOW TOJOOHO MaxXOBUKY 0
onpeneaEHHON CKOPOCTH BpalieHMs )?

OnHako, Ha ATOT BONPOC HayKa BOT yxe 88 JeT He MaéT
oreral He naér motomMy, 4to gaTh €ro — 3HAYUT NPU3HATD,
9TO BCS TaK Ha3blBaeMas «COBPEMEHHas (PU3UKa» MOCTPOCHA
Ha JIO)KHOM (pyHIaMeHTe!

Hy a nockoJibKy #1 paTyio 3a Bo3BpallieHHe UCTHHBI B
Hayky o Ilpupone m 3a u3bdaBjieHMe HAYKM OT BCSKOM
Ae3uH(OpMALMU, S TOTOB PACCKa3aTb YHUTATENH M CaM
MeXaHHM3M 00pa30BAHUSI MATHUTHOIO IOJIA NPH JABUKEHHUU
CBOOOJHBIX JJIEKTPOHOB IO TeJy IPOBOAa M OOpaTHBIN
MeXaHu3M INpeo0pa3oBaHUsl MAarHUTHON JHEPrMU B TOK
CAMOMHIAYKIHH.

Ho cnenatro 3710 4 yxe B ClIeIyrolen craTee. ..

10 https://dic.academic.ru/dic.nsf/enc_physics/1101/MHOYKTUBHOCTb
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B 3aBepmieHue cerogHsIIHEH MyOIMKAIMHA CKaXy, 4TO
HEKUH KOHTO-Osiorep ¢ HUKOM KpuTHK Hammcan yHUYMKH-
TEJNbHBIA KOMMEHTApHUil 1MoJ1 MOl MpeablayIel myoauKauei
«Ilone, ¢ KOTOPBHIM (PU3UKH Ppa3BeJd JHUPUKOB Kak
JOXOB...». «Kaxoti ocymkuii Oped nonyuaemcs, Ko2od
2ymManumapuil, UMeHyrowull cebsi «HApPOOHLIM nucamenem u
ynenom Corwsza nucameneti Poccuuy», bepémcs noyuamo
Qusuxos u mexuapetl... 4¢ mam ckasano 6 nucanuu? «llucapio
— nucapeso, a Ky3Heyy — Ky3Heyogo!».

Sl Becbma ckpomHo otBeTHs1 dToMy Kputuky: C moeii
CMOpoHbl  HUKakoeo «bpeda» wnem! Ilpocmo 6vl  He
pazbupaemecs 8 Mol HAyKe, MAl0 4mMo NOHUMAaeme 6 Hell, U
NOOMOMY 6aM KANCEMCS HENOUYHLIM, 4MO OOUH (3pAuULL)
4en08eK Modcem 8UOems 20pazoo yyule, Yem mulcadu u oaxce
MUTUOHBL Opyeux Jaroell (OCIenIEHHbIX JI0JHCbI0, KOMOPYIO
HeKue Cuibl 6036elU 6 CMmamyc UCMUHbI U AKMUGHO
npONazanoupyom).

Most cerogHsIHsAsS CUTyaIus MoJ00Ha TOH, YTO ONMHMCaHa
B nibece EBrenus [lIBapna «l osblil Koponby. B TOM ckazo4HON
CUTYyallMl BCE€ B3pPOCIHbIE, BUAS TOJOr0 KOPOJs, BCIyX Jrajiu
ApYT OpYry, TOBOpPs O TOM, YTO Ha OJIOM KOpPOJIE OAET OYEHb
KpacuBblil Hapsg. OHM oYeMy-TO OOSUTUCH CKa3aTh MpaBIy. A
MaJIeHbKMI MaJlbuMK, HE NOHMMaroumMi 3Tod  "urpsr"
B3POCJIBIX, HO OKa3aBIIMWCS CPEIU HUX, B3sJI U CKa3aj BCIyX:
«a KOpPOJIb TO roJiblii!» 1 uto Toraa Ha4anocs. ..

[lo cyru, cerogHs s Aenar TO K€, YTO CHENAI B TOU
CKa304YHOM CHUTyalluM MAJICHBbKHII MaJb4MK. TOJBKO s He
MaJeHbKUI MajbuMK, U J€Jal0 3TO OCO3HAHHO COBCEM HE B
CKAa304YHOU CUTYaIHH.
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A IPpEKpacHO MOHUMAr0, KTO UMCHHO HAJIOXKHWJI CTOII-KpaH
Ha HaNl MPOTPecC M KTO HAMPABJISLCT BCIO MUPOBYIO HayKy Ha
CO3MaHHe BCE HOBBIX M HOBBIX BHJOB OPYXHS MacCOBOTO
YHUYTOXKEHUs Jrojed. [locemy miist MeHS MOE CTpEeMIJICHHUE TI0
BO3BpallCHUIO  (U3MYECKOW  HAayKh K  HCTUHHOMY
MHUPOBO33PECHUIO0 — JICJIO U TPABEIHOE, U BeChMa IOJIE3HOE, U
cyrybo MupoTBopueckoe!

14 aBrycra 2019 r. Mypmanck. AHTOH biarun
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Pa3zoupaemcs no mnoHaTusim!

Uurarento Tmpennaraercs YyHHUKandbHas uHbopMarus!
BriepBbie B Mupe pacKpbIBaeTCs MEXaHU3M CaMOMHAY KM !

[Ipopomxkaro UK cTaTed, MOCBAIIEHHBIX CTAaHOBJIEHUIO
TaK Ha3bIBAEMOUN COBpPeMeHHOM (PU3MKM, CKPBIBAIOIIEH OT HAC
MHOTHE UCTHUHBI 00 ycTpoiicTBe [Ipupoasl. CeromHst yuTaTeno
npeaiaraercst pazooparscs ¢ spiaeanem CAMOUWHIYKIINNA.
Pazobpatbcs B OyKBaJIbHOM CMBICIIE MO MOHATUSIM!

CBoli npenpInyluii paccka3 s 3aBepIIWI UCTOpUEH PO
OTKPBITUE SIBJICHHUS CAMOMHAYKIMU AMEPUKAHCKUM YYEHBIM
Jlxozepom I'eHpu, a B camMOM KOHIIE S TaM HaIHUCAI:
«oCmanocy — menepb  NOUHMEPECO8AMbCs,  YMO  UMEHHO
AKKYMYAupyem 6 UXpesom MACHUMHOM nojie KUHEMUYECKyro
IHepzul0 (FHepeurd  OBUICEHUS, CBA3AHHYI0 C  OBUJCEHUEM
HeKOmopoll  MAccyl, Npucywjeti MAcHUMHOMY Nou, U
PA302HAHHOU NOOOOHO MAXO0BUKY 00 ONpeOenréHHOl CKOpoCmu
spawenus)? OOHako, Ha Smom 80npoc Hayka som yoice 88 nem
He 0aém omeema. He 0aém nomomy, umo oams e2o — 3navum
NPU3HAMb, YMO 8CSL MAK HA3bI8AEMASl «COBPEMEHHAS PUUKAY
NOCMPOEHA HA JIOHCHOM yHOamenme!»

Ipuuém 3Ta JI0KL He CJAYy4YailHO 3aKpajachb B Heé.
IMocTpoenne nayku o Ilpupome Ha J10:)KHOM (yHIAaMeHTe
ObLJIO CIEJIAHO 3JIOHAMEPEHHO ¢ €JIMHCTBEHHON LeJbI —
CKPBITH OT Jojeil «raiiny bora, koropbiii ectb 1yx» (MH.
4: 24).

Kak g u oOeman ynuTaTelto, CEroiHs s pacCKaxy U IMpo
caM MEXaHU3M 00pa30BaHMsS MAarHUTHOTO TOJISI TIPU JIBHXKEHUU
CBOOOJHBIX AJIEKTPOHOB TIO TEIy MPOBOJAA M MPO OOpaTHBIN
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MEXaHW3M MpeoOpa3oBaHUs MAarHUTHOH OSHEPTHH B TOK
CAMOMH/IYKIHMH.

JaBaiiTe s My4Iiero MOHUMAaHUS MOHUX CJIOB OTKPOEM
yueOHOe Tocobue Ayt aOUTYpHEHTOB M CTapUICKIACCHUKOB
«OU3NUKA DJIIEKTPOOMHAMUKA U KBAHTOBASA
OU3UKA» aBropa U. A. ConoBeluuk.

Tam nHammcano: «Kozda  HenooBudCHuIlL  MAXo8UK
«NOOKIIOUAOM» K UCMOYHUKY JHep2uu, Hanpumep, Ko20a
PVKOU HAYUHAIOM PA320HAMb MAX0BUK, MO GHaudle pyKa
pacxoodyem 3Hep2ul0 He MoJbKO HA NPeoodoNeHUue MmpeHus, Ho U
HA yeenuyeHue KUHemudeckou snepeuu maxosuxa. Ilomom 3a
C4ém HAKONJIEHHOU OSHEepeUuu Maxo8uK MOdiCem HeKOmopoe
8peMs 8pAUAMBCA «CAM», 0MOABAs HAKONIEHHYIO IHEPIUIO...
(HammpuMep, B BUJI€ 3BYKa CUPEHBI).

Py‘IHa}I MEXaHU4YECKas CUpCHaA.

Ananocuyno npu HapacmdahHuu mokKa npomexkaroueco
uepes Kamyuwky, 4acmsb dHepcuu UCmovYHuxKa pacxodyemc;z HAa
Cc030aHUe MAZHUMHO20 NOJIA KamyuiKu, a nocje 6blKJIo4YeHUs
UCMOYHUKA 3A CUEM MACHUMHOUL IHEpZUuU Moaucent Hekomopoe
epemsl BbIOCTISIMbCS. MENJION (I/IJZM 3AACUAMbCS NOOKTIOYEHHAS
K Kamyuike Jla.MI’lOLlKa).
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JlaBaliTe ciegoM OTKpoeM JApyrol ydyeOHUK (QU3UKH,
Hanpumep «OnemeHTapHbiil yueOHuk DOU3WUKW», Tom II,
«OJIEKTPUYECTBO U MArHeTU3M», HAIMCAHHBIA KOJUIEKTMBOM
aBTOpoB moj penakuued akagemuka I'. C. JlanmcGepra, u
IIPOUYTEM TaM:

«Bo3bmém kamywky J ¢ HeCKOIbKUMU COMHAMU BUMKOS,
HA0emyo Ha 3aMKHYMbIU HCeNe3Hbll CepOeyHUK.

K 3aocccumam a — a npucoedumena uecmusonbmosas
namnouxka L. Kamywxy moocno ¢ nomowpwro xnwoua K
npucoeouHums K axkkymyaamopy B ¢ nanpsscenuem 1,5-2
Bonvma. Taxum ob6pazom, xoeda kawou K samxmym, mo «k
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AKKYMYIAMOpY NPUCOeOUHeHbl  NApAlIelbHO  Kamywka U
namnouka. Kozoa stce Koy pazomMkHym, mo Mvl umeem moabKo
OO0HY 3aAMKHYMYIO YeNnb, COCMOAWYIO U3 BUMKOE KAMYUWIKU U
namnouku. Tax Kak Hawa J1AMROYKA PACCYUMAHA HA
HanpsoiceHue (6 B), sHauumenvHo 6o1vuiee, uem Hanpsjicetue,
oasaemoe akkymyaamopom (1,5-2 B), mo noka xnou 3aMKHym,
OHa ecopum OYeHb C1ab0, MEMHO-KPACHLIM HAKAIOM. B
MomeHm oice pazmvikanus kmoua K ona Ha meHoseHue
BCNBIXUBAEM OUEHb APKUM OENbIM CEemOoM.

Iouemy smo npoucxooum? ...Omkyoa bepémcs sHepeus,
noziowjaemas J1AMNOYKOU 6 MOMeHm e€ BCHblUKU U
npespawjaemas 6 Heu 6 menio u ceem? Bedv ecnviuika
npoucxooum moeda, ro2oa kmou K yoce pazomkuym.
CnedoséamenvHo,  3Hepeusi He  Modcem — Opamvcs — om
AKKyMysmopa.

Benvliwka  namnouku  nmpoucxooum npu  UCYe3HOGEHULU
MmoKka 8 Kamywke, a Cle008ameibHO U NPU UCHE3HOBEHUU
MACHUMHO20 NOJsL 9Moll Kamywiku. Mvl npuxooum, maxum
obpazom, K 3aKIIOYEHUl0, YMO dHepeus, Nnoaioujaemas
JIAMNOYKOU 6 MOMEHM PA3MbIKAHUA MOKA, 0blia panvuie
3anacena 6 Guoe IHEPeUU MACHUMHO20 hoaa. Kocoa mvl
NOOKNIOUANYU KAMYWKY K AKKYMYIAMOpY, Mbl C03048a1U
MACHUMHOE Nojle, HA YMO MpPAmMuics ONPeoeléHHbLL 3anac
9HepeuuU, 3aUMCMBEO8AGUIUIICS OM aKKymyasimopa. A koeda mvl
BBIKIIOYACM MOK, MACHUMHOE NOJe CMPEMUMbCS UCYE3HYMb, U
3anacénuas 6 HEéM dHepeus Npespaujaemcs 6 IHepIUro
NEKMPULECKO20 MOKA 8 TAMNOUKEY.

[IpeBpareHre SHEPTHH BUXPEBOTO MArHUTHOTO ITOJIS
00paTHO B PHEPTHUIO DJIEKTPUYECKOTO TOKA, NMPOTEKAIOIIETO B
TOM K€ CaMOM KaTyIlIKe, KOTOpas MOPOAMIIA 3TOT BUXPb, CTAIU
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Ha3blBaTh caMOMHAYKHHUeid. Kak yaanoce BBISICHUTH U3
OIBITOB, TpPU HMCUE3HOBEHWH W3 IPOCTPAHCTBA BUXPEBOI0
MATHUTHOIO T0JIs1, 00J1a/Ial0IIero KHHETUYECKON dHEprueH, B
MIPOBOJIOYHON KATYIIKE BO3HUKAET JJIEKTPUUYECKUI TOK TOTO
’Ke HampaBIEHUS, 9TO OBUIO y TOKA, KOTOPBIM 0 TOTO TEK U3
Oarapem W pacKpyTHJI BOKPYT KaTyIIKH 3TO BHXPEBOE
MarHuTHOE ToJe.

CnpamuBaercs, ecjii BCé Tak 00CTOMT, YTO Ke TOrjAa
TaKoe, ITO KBUXPeBOe MATHUTHOE TOJe»?

[TonbITaemcst y3HaTh 00 3TOM B JHOOOM CIIPaBOYHHUKE IO
dusuke.

Uurtaem: «Buxpeeoii xapakmep MazHUmMHO20 noas
3aKn04aemca 6 HenpepbléHOCMU JTUHWI UHOYKUUU 1100020
MAZHUMHO20 NONA NPU OMCYMCMEUU HAYANA U KOHUA, MAaK
KaK OHU JUOO0 3aMKHYmbl, 1U0O0 YX00am 6 0eCKOHEYHOCHLD.
Bexmopnvie nons, obnadarowue HenpepvlBHbLIMU CUTOBLIMU
JUHUAMU, HA3LIBAIOMCS. GUXPEBLIMU hOAAMU. Maenummuoe
noje maxdHce MONACHO CUUMAams 8UXpesbIM. JIuHuu macHumuoz2o
nOsL 3AMKHYmMbl. DMo 2060pum 00 OmMcymcmeuu Ma2HUmHbLX
3aps008 8 npupode. DleKmpudeckull MoK 00pazyemcs
bnazooaps  0gudcenulo dnekmpudeckux 3apsoos. Tak kak
MACHUMHBIX  3apA008 Hem, 2MO 00bACHAem OmCYmcmeue
MacHumHno2o moka. MarHuTHOe 1moJie CYUTAETCs] BUXPEBBIM
NpH HAJIMYMH TOKOB. JJIeKTPUYeCKHEe TOKH SIBJISIOTCS
HCTOYHUKAMHU NoasA. Maecnummuoe none cuumaemcs euxpe-
8bIM, MAK KAK e20 ougepeenyus ezoe pasHa Hyao. Eeo makaice

11
HA3bI8AIOM CONEHOUOANbHBIM...» VICTOUHUK .

1 https://zaochnik.com/spravochnik/fizika/magnitnoe-pole/vihrevoj-
harakter-magnitnogo-polja/
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Sl nuYHO BWXKY, YTO B 3TOM TEKCT€ MHOTO€ CKa3aHO
«330T0BBIM ~ SI3BIKOM». A TpPO TO, YTO MArHUTHOE IIOJIE
o0yajaeT KakoK-TO pacnpeenEéHHON B MPOCTPAHCTBE MAaCCOM
M 4TO OHO pEeajbHO BPAlIAeTCsi KAK MAaXOBHK M 3alacaer B
ceOe KMHETHYECKYI0 SHEprui0 — He CKa3aHo Hu ciosa! Her
naxxe Ham€ka! OcoOeHHO yABIOHYTO B 3TOM  TEKCTe
OOBSICHEHUE, YTO 6 Npupooe OmCymcmeyem «MAacHUmMHbl
MOK» N0 NPUYUHE OMCYMCMBUL «MASHUMHbBIX 3aps006». Takoe
MOT HaIlMCaTh YEJIOBEK, KOTOPBI COBEPILIEHHO HE MOHUMAeT
MpUPOJALl MarHUTHOro moiisi! M 4To MHTEpecHO, TOHSITHE
«MATHHTHBIIi TOTOK» ™ (He TOK, HO TIOTOK — CyTbh oAHa!) B
HAayKe W B PaJMOTEXHHUKE €CTh, U OH U3MepsieTcss B Bebepax
(Bo)!

[loaTOoMy, ecnu Mbl cedyac BUAMM U IOHMMAaeM, 4TO B
Hayke o Ilpupome wumeercs aesumHpopmManus, IaBanTe
nonpoOyem pa3zo0paThCs U, HAKOHEI, BBISICHUTD, YTO K€ TaKoe
«MarHMTHOe MoJie», o0Jajarollee BUXPEBBIM XapaKTepoM,
KOTOpBIA  mposiBisgeTcs  (O4eBMIHBIM  oOpasom!)  mpu
BO3HUKHOBEHUU CAMOMHIYKIIUH.

ITockoabKy MArHMTHOE 10JIe TTOPOXKIAETCs IBUKEHUEM
ANEKTPUYECKUX  3apsA0B, TO €CTh, MPU MPOTEKAHUU
JIEKTPUYECKOr0 TOKAa, JaBaiiTe el pa3 BCIOMHHUM, 4YTO
IPEJCTABISAET COOO00 Mpouece MPOTeKAHUSA JIeKTPUYECKOro
TOKA 110 MPOBOAY.

OOpaTuMcsi K TPEKpPacHOW aHaJOTWH, TPHBEIACHHON B
kaure Bukropa MBanoBuua ["anmonosa «9JIEKTPOHBI», 1949
rojla W3JaHUA: «HOMOK 3I71eKMPOHOE 6 Npoeoode No00DeH
meueHur0 600bl 6 3aN0JTHEHHOU KAMHAMU mpyodey .

12 https://ru.wikipedia.org/wiki/MarHuTHbIn_noTok
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«Hawa mpyba c yrodxiceHHblMU 6 Hel KAMHAMU Yoice
3anoaHena 60001, HO NOKA KPAH 3aKpbim, 8004 6 Hell HUKYOd
He meuém. Hem nanopa 600vi — Hem u meyeHus 8oovl 8
npasvlii pezepgyap. bvlcmpviv nogopomom Kpauma co30a0um
Hanop. OH pacnpocmpanumcs no mpyde, KOHEYHO, He
MEHOBEHHO, HO BCE dice ¢ OONLUIOL CKOPOCMbIO — OKOJO
00H020  KUlomMempa 8  CeKVHOY  (co  CKopocmbvlo
pacnpocmpanenus — 36yka 6  8ode.  Oma  CKOPOCHIb
onpedensiemcs — NIOMHOCMbIO U YAPY2OCMbIO  B0O0b.
Kommenmapuii — A.B.).

3uavum, ecau mpyba He oyeHb OIUHHA, MO NOYMU CPA3Y
600a nomeuém no eceti mpybe. Omoenvhble MONEKYIbl 800bl
6ce20a HAX00AMCA 6 HENpepul8HOM U  0ecnops00YHOM
osudiceHuu. B nomoxe 600vl becnopsoouHoe 08udceHue, npu
KOMOPOM KaHCOask MONEKYIA OBUNCEMCsL cama no cebe, 8o8ce
He npexpamumcs. Ho smo cosepuenno ne mewaem 6ode 6cell
maccou, odbwum nomokom, meuv no mpybe. Jleudsicenue
MOEKYNl 800bl MONCHO CPA6HUMb C poem moutex. Ecau poii
MOUeK YHOCUMCSL NOMAHYSULUM UX 8eePKOM, becnopsdoutoe
08UdICEHUE OMOCTbHBIX MOUEK He NpeKpawaemcs, a 6ecb pou
YeNUKOM JIemum no 6empy...»

[ToTOK 3JEKTPOHOB B MPOBOAHUKE (DICKTPUUSCKHHA TOK)
OYEHb MOXO0X Ha MOTOK BOABI B TpyOe. Ilpnuém ecnu motok
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BOJBI B TpyOe cO3/MaéTcsi HAMOPOM BOJBI (JIaBICHHEM), TO
AJEKTPUYECKUNA TOK B IMPOBOJE CO3MAETCA «IIJIEKTPUUYECKUM
HaropoM» B BHUAE JJEKTPHYECKOr0 MOJsl, OCHOBHOM
XapaKTePUCTHUKOM KOTOPOro  SBJISETCS TaKk Has3bIBaeMas
«HANPSIKEHHOCTHY (aHAJIOT AaBJIEHUs BOJBI B TpyOe).

CBA3aHHbBIE 3NeKTPOHbI / MpoBOAHMK
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CsoboaHbie anex‘rponu,

l'anpBaHMUYECKUIl TOK B IPOBOJIE.
EH.IC N3 OIIBITOB IMPOHUJIBIX BEKOB M3BECTHO, YTO
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JJIEKTPHYECKOe IoJie B Telax U B MPOCTPAHCTBE MOMKHO
co3/1aBaTh pa3HbIMHU NyTsMU. Hanmpumep, sseKTpudeckoe mnose
(MOTEHIMAIBHO ~ CIMIOCOOHOE TPHUBECTH B YIOPSIOYCHHOE
JBIDKEHUE DJIEKTPOHBI B KAKOM-JTHMOO TMPOBOJAHHUKE) MOXKHO
co3/1aTh, MPOCTO  3apAAHMB  BJIEKTPUYECTBOM  IJIOCKHMM
KOHJeHcaTop, u300peréuublii emé B 1745  roay
benmxamMmuaom  @paHKIMHBIM W COCTOSIIMHA M3 JBYX
MapayIEIbHO PACIIONIOKEHHBIX METAJUIMYECKUX TIIIACTHH.
DNEeKTPOEMKOCTb NJIOCKOrO
KOHAeHcaTopa
Lpyroi AUaneKkTpuK

* B pe3ynbraTe BBEAEHUA AUINEKTPUKA MeX Ay
NNacTUHaMM KOHAEHCaTopa 3N1eKTPOEMKOCTb
KOHAEHcaTopa yBennymsaerca
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3apspkaHue IIOCKOTO  KOHICHCATOpa AJIEKTPHYECTBOM
COCTOHUT B TOM, YTO C OZHOHM €ro METAUIMYECKOH OOKIaIKu
CHUMAIOTCSI TeM WJIM WHBIM MyTEM CBOOOIHBIE JIEKTPOHBI (B
MeTalie Cco3laéTcsi WX pa3pekeHue), a Ha  JIpYryko
METAJUTHYECKYI0 OOKIaIKy OHU TEpeHocsATcs (B MeTaie
co3maércs MOBBIIIICHHAS KOHIICHTpAIUs CBOOOIHBIX
AJIEKTPOHOB).

DTO aHaJOTMYHO TOMY, YTO B3STh JIBA BO3IYITHBIX
0ayuToHa-pecuBepa, B3SATh HACOC M C €ro MOMOIIBIO BO3IYX M3
omHOro OayyioHa TepekadaTb B JPYrod, CO37aB B OJHOM
OayuIoHe-pecuBepe — BaKyyM, a B APYrOM — CHKATBhIA BO3IYX.
N ecnu 1as  3akynopkd  OasIOHOB-PECHBEPOB  CIIYXKAT
CHelHallbHbIe MEXaHWYeCKHEe BEHTHIM (KIamaHbl), TO JUIS
«BaKyMOPKU» OTKPBITON JIEKTPUUYECKOH éMKOCTH TpeOyercs
BCEO0 JIMIIb  pa3MbIKaTeNlb  ANEKTPUYECKOM  Lemu —
BBIKJTIOYATEIIb.

JlaBaliTe BCIOMHHM cei4ac, 4TO HaM pacckaszaj paHee
Buxrop MBanoBnu I'anonoB B cBoet kaure «JIEKTPOHDBI»
10 TIOBOJTY TOTO, MOYeMY 3JI€KTPOHbI O0LIYHO He MOKUAAIOT
MOBEPXHOCTh METAJIOB, ¥ B KaKUX CIIy4asX OHH BCE-TaKH
ITOKUJIAIOT €€:

«...Cpedu  6ecnopsaooynHo  OBUINCYWUXCS  DIIEKMPOHOB
6ce20a ecmbv makxue, KOmMopwvle Jlemsm No HANPAGIeHUI K
nosepxnocmu memania. byoym au  onu eviiemams u3
memanna? Beov eciu ocmasums omkpolmuim cocyo ¢ eazom,
MOJIEKYIbl KOMOPO20 MAKice HAX00AMCs 8 0ecnopsaooyHOM
08UdICeHUU, KAK U 2NIeKMPOHbL 8 Memaiie, mo MOAeKyIbl 2a3d
ovicmpo pacceromcsi 8 6030yxe. OOHAKO 68 OOBIYHBIX YCAOBUAX
J/IeKMPOHbl  He @vlaemarom u3 memania. Ymo oce ux
voeporcueaem?  Ilpumsadgxcenue uonamu. Koeoa s1ekmpoH
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NOOHUMAEMCsL HEMHO20 HAO NOBEPXHOCMbIO MEeMAad, HAO HUM
yorce Hem UOHO8, a GHU3Y, HA NOBEPXHOCMU, eCMb. IMu UOHbL
npumszueaom RnOOHABUWIUIICA IJIEKMPOH, U OH naoaem
00pamuo Ha NOGEPXHOCMb Memana, KaK nadaem Ha 3emjio
OpouwLenHbLIL 66€PX KAMEHD.

Tonvko ouenv bvicmpbvie 1eKMPOHbL MO2YM NPeodolems
CUTIbL  DNIeKMPULECKO20 NPUMSICEHUS U HOKUHYMb Memall.
Omo u npoucxooum npu Hacpesanuu. Ilpu wnacpesanuu
Memania yCunueaemcs: 08UlCeHUe He MOIbKO amomMo8, HO U
9IeKMPOHO8, U NPU BbICOKOU memnepamype u3 memauid
gvliemaenm CMmoJbKO JNeKMPOHO8, YMO UX HOMOK MOINCHO
0OHapycumb.

Yeenuuumo (kunemuueckyro) suepauio 31eKmMpoHOE U
3acmasums Ux 6vlIemams U3 Memaiid MONCHO He MONbKO
Hazcpesanuem, HO U oceeujenuem. Taxue s61eHUs U3VUUL 8
1888-1890 zooax pycckuii gusux, npogeccop Mockoeckoco
yuugepcumema A. I. Cmonemos. I[lomox ceemogvix iayueli
Hecém 3Hepaulo, U eciu céem naoaem HAa Memail, mo Yachbo
9MOU  OHepeUuu No2NoWAemcs. Memaniom u nepeoaémcs
anekmponam. Ilonyuus 000a6ounyio suepeuto, HeKomopbvie
NEKMPOHbL NPE0OONE8AION NPUMANCEHUE UOHOB U BbLIEMAIOm
u3z memanna. Omo sA6NeHUe Ha3vleaemcs omodnekmpu-
yeckum Ipghexmom...»

B ciaysae ¢ HammM  3apsOKCHHBIM  MJIOCKHM
KOHJIEHCATOPOM Oy/lieM CUuTaTh, YTO €r0 METAJUTMYCCKHE
OOKJIaIKu WMEIOT HeOOoNbIIyI0 TemiepaTypy (OHa paBHa
TEeMIepaType OKPYXKAIOIIEro BO3AyXa), U HA HUX HE IajaeT
CBET YNbTPaUOJICTOBOM JaMIIbl, OONANAIOIMNNA BBICOKUM
pazpsixarormm dhdexTom.
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ITpu 3TOM 0J1HA OOKIIA KA MJIOCKOTO KOHJIEHCATOpa Mocie
€ro 3apsiIKK COACPXKUT B cebe H30BITOYHOE KOJIHMYECTBO
CBOOOMHBIX AIEKTPOHOB, U MEXKIY HHMH U MOHAMU MeETallja,
U3 KOTOPOTO c/eNiaHa 3Ta 00KIJIaJKa KOHAEHCaTopa, U3-3a 3TOr0
BO3HUKAET HEYTO BPOJE «IJIEKTPHYECKOr0 JaBJICHUA», A
apyras oOKiajgka CcoIepKUT B cebe  HeJ0CTaTOYHOE
KOJIMYECTBO CBOOOJHBIX JJEKTPOHOB, M MEXKAYy HUMHU U
MOHAMM METajula, U3 KOTOPOIo CJlieJaHa 3Ta BTopas OOKiIajika
KOHJIEHCAaTOpa, W3-3a 3TOr0 BO3HHMKAET HEYTO BpOJE
«JIEKTPUYECKOr0 BaKyyMa». A B II€JIOM, ITOCKOJIbKY 00€
OOKJIaIKU TIIOCKOTO KOHJEHCATOpa — 3TO €AMHAs AJIEKTPH-
YyecKas CUCTEMA, MEXIYy HUMH BO3HHUKAET <QJIEKTPUYECKOe
noJsie», 00Ja1aroiee NOTeHIUATBHON YHEPTUEH.

[Tpu 3TOM JIeKTpHUYEcKOe MoJie 007a1aeT MOIIPHOCTHIO
B BHUJAE <OJEKTPUYECKOIO MABJICHUS» C OJHOM CTOPOHBI M
«AIIEKTPUYECKOI0 BAKYyMa» C APYrOl CTOPOHBI.

Hanomunato, 94To Mbl pazdbupaeMcs 1Mo MmoHsATHsIM!

[looToMy s pgomxkeH emé HANOMHHUTb, 4YTO TEPMUH
«JIEKTPUYECKOe M0JIe» BMECTE C TEPMHUHOM «MATHUTHOE
1oJIe» IPUAYMajl 3HAMEHUTBIA JKCIEPUMEHTATOP U Y4EHBIN
Maiikn ®apaneii (Michael Faraday, roasr xuzau 1791-1867),
KOTOPBIN J0JTr0€ BpeMsi M OYEHb YCIENIHO U3ydall SBICHUS
3JIeKTPOMAarHeTu3Ma.

B 1831 rony M.Dapaneid OTKpbUI SIBICHHE 3JIEKTPO-
MATHUTHOH MHAYKIUM, MPUPOAY KOTOPOrO OH OOBSCHUI
CJIeIYIOIIUM 00pa3oM.
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KaTymxka sseKTpoMaraura.
Hcrounux JIEKTPOMAarHMTHOIO
moas \

TanbpBaHOMET]P X

«OKpecmnocmb 8CAKO20 3aPAHCEHHO20 Mend NPOHU3AHA
INEKMPUUECKUMU CUNOGLIMU JTUHUAMU, KOMOpble nepeoarm
«cunyy (no  Cco8peMeHHOU MepMUHONIOUU, OHEpP2uio), U
AHAN02UHYHO IHEp2usl MACHUMHO20 NOJiA meuém 600Jib
Maznumnsix cunosvix aunuinn'®. V3 storo dapaneeBckoro
NPEJCTABICHHUS IOTOM BO3HUK HAYYHBI TEPMHH «MarHHT-
HBII MOTOK». ETO cKoOpocTh (CHiia, MOIITHOCTB) BBIIIE TaM, T/I¢
rylie pacIoJiararoTcsi MArHUTHBIE CHJIOBBIe JimHun. Dapajeit
TOBOPWJI, YTO 3TH JIMHHM HE CJEIyeT paccMaTpuBaTh Kak
yCIOBHbIE  a0CTpakuuMu, OHHM  TPEICTaBISIOT  COOOH
¢pusnyeckyw peanbHocTh. Ilpu 3TOM, GcAkoe usmenenue 6
npo6ooe HANPANCEHHOCMU IIIEKMPULECKO20 N0 NOPOAHCOaem
BOKpye He20 MdacHUMmMHOe noJjie, a 6CAAKOe U3MEHEeHUe
HANPANCEHHOCMU MAZHUMHO20 NOJIL NOPOAHCOAen 8 NPOoBooe
eKmpuyecKkoe noie.

13
LedimnuH 3. Buorpadmsi M. ®apapes // M. ®apaneit. N3bpaHHble paboTbl No anekTpuyectsy. — M.—
J1.: TOHTW, 1939. — (Knaccuku ecTeCTBO3HaHUS).
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Wtak, BoOopykaeMcs 3TUM 3HAHUEM U BO3BpALIAEMCSl K
HalleMY 3apsyKEHHOMY IVIOCKOMY KOHJ/IEHCATOPY, Y KOTOPOro
oJHa OOKJaJKa COAEPKUT B cebe M30BITOUHOE KOJIMYECTBO
CBOOOJHBIX  DJIGKTPOHOB, HAXOMAIIUXCA TOJ  BBICOKUM
(QIEKTPUYECKUM JIaBICHUEM», a Jpyras — COACPKUT
HEJ0CTATOYHOE KOJIMYECTBO CBOOOJHBIX DJIEKTPOHOB, B CHUITY
YEero TaM UMEETCA «IJIEKTPUUYECKHUM BaKyyM».

Tenepp  Hamo 033/1a4UThCSl  BOIPOCOM: eciau
IIPOCTPAHCTBO,  OKpYyXKallllee  OOKIagKU  3apsyKEHHOTO
KOHJEHCATOPa, TPOHU3aHO JJIEKTPUYECKUMH CHJIOBBIMHU
JIMHUSAIMM, KOTOpbIE IEPEAAT CHUIy», TOrZa 4YTO IpeacTa-
BJISIIOT €000 3TH CHJIOBBIE JIMHUM, KOTOPBIE Mbl JIOJIKHBI
BOCIIPUHUMATh KaK (PM3UUECKYIO PEaIbHOCTh?

51 00s13aH ceifuac HaIIOMHUTB YMUTaTENIO, 4To A0 Papases
B EBpPOIEHCKON HayKe TIJIaBEHCTBOBaJa «TeOpHs JAJIbHO-
ACHCTBHUSA», KOTOPOW NPHUIECPKUBAIUCH MHOTHME HW3BECTHbBIE
eBpoIneiickue yd€Hble TOro BpeMeHu. OHU Tmoyiarajiu, 4To
«aneKkmpudeckoe oelicmsue nepeoaemcsi MCHOBEHHO HA CKO.b
V20OHO Oonbuiue paccmosHusl, npu 3MOoM RPOMEHCYnmoyHas
cpeoa modxicem omcymcmeosams 6oecey. TouHee, OHU OBLIU
nake yOex/eHbl B OTCYTCTBMHM OHOM. [lo ux MHEHHIO, «00uH
3aps0 MCHOBEHHO Owywaem npucymcmesue opyeo20 Henocpeo-
CMBEHHO ... »

XoTs, 3amedy, W3JpEBJIE MPOCBEUIEHHBIM JIOASM ObLia
u3BecTHa Maest 3¢upa, NMpPOMeKYTOYHOW MHMPOBOH Cpeabl,
Marepu (mpapoauTebHHUIBI!) Besikoro BemecrBa. Ho sto
MHUPOBO33pEHUE BCera ObLIO KaK TECT Ha «apHICKOCTb», Ha
MPUHAJJIEKHOCTh K  «AQHTUYHOW KYJIbType», CO3/1aHHOMN
apusMM, U OHO HE NpUBETCTBOBaJOCHh B EBporne! He Tak naBHO
JaKe  «reJIMOLEHTPUYecKass CcHCTeMa», 000CHOBaHHAs
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aHTUYHBIM «apuiiem» Apucrapxom CaMOCCKUM, JKUBLIUM B
Onnazne (I'peuunn) emé 10 HOBOU 3pbl, ObLIA O] CTPOKANIIIUM
zarperom! W oHa Obu1a OBl €1I€ 0T MO/ 3alIPETOM CO CBOUM
yTIBEpXkKAEHHUEM, 4TO 3emJuisi oOpamaerca Bokpyr Coanna, a
HE HA00OpOT, eciau Obl HE MOJILCKUN ACTPOHOM, MAaTE€MaTHUK U
MexaHuk Hukonaii KomepHuk co cBoedl kHuxkkod «O
BpalieHun HeOeCHBIX cdep» W ecau Obl HEe HTaATbIHCKUN
yuénpiii [amuneo Tamuneit co cBouM  yOeaUTENbHBIM

14
«MPUHIHUIIOM OTHOCUTECIIbHOCTH !

Bor Takoe MpakoOecue Bcerga HMMEIO MECTO B
nocyienoronHoit Espore!

Apuctapx Camocckun B |l Beke
A0 Halwewn B8pbl  Npeanoxun
renMOLeHTPUUYECKYHO
CUCTEMY, BO3POXAEHHYIO

H. Konepxukom B 1514 r.

WTanbsHCKUn Pr3nK u aCTPOHOM
Manuneo MNanunen (1564-1642),
BMNEPBbIE HANPaBWBLLWIA Ha HeBo
Teneckon, caenan OTKpbITUS,
noaTeepAuBLIME yueHne KonepHuka

Bor u Maiikn ®apaneii (mogobno ["anmunero) cBoumu
yOeIUTENbHBIMU ~ OMBITAMH W OTKPBITUSIMH  3aCTaBUJI
CIIOKMBIIYIOCS B EBpOIIE MOPOYHYIO CUCTEMY MUPOIIOHUMAHHUS
XOT$ OBl ClIeTKa U3MEHUTHCS !

14 https://dic.academic.ru/dic.nsf/ruwiki/1106828
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Q@apaneli J0Kazaja, 4TO 3apsil CO3MaéT NMPOTHAKEHHOE
JJeKTpUYecKoe TMoje, M Yy:Ke ¢ HHM B3auMoJeicTByeT
apyroii 3apsin. Hukakoro HemocpeacTBeHHOro (MesKay
3apsiiaMu) JajibHoJdeiicTBUS (Yepe3 mycToTy) HeT!

«Beckum ocHoganuem 071 OmKa3a om 20CnNoOcmayruell
meopuu  oanbHoOeticmeus  oOvlaiu  onvimul  Papades ¢
OUBNIEKMPUKAMU U OUAMACHEMUKAMU — OHU SICHO NOKA3ATU,
YUMo mexcoy 3apaoamu ecmb RPOMEICYMOYHas cpeod, U oHa
AKMUBHO YYACMBYem 8 2NeKMpOMAacHUmMHbIX npoyeccax. bonee
moeo, Dapaodeti yoeoumenbHO NOKA3AL, YMO 8 psoe CUmyayull
JIeKmpuiecKue cunogvle JUHUU UCKPUGTAIOMCA, NOOOOHO
maznumuvim. Hanpumep, 5KkpaHupogas 06a u30onupo8aHHbiX
wapa oOpye om oOpyea U 3apaou8 OOUH U3 HUX, MOINCHO
Habnodams UHOYKMUGHble 3apsobl HA 6mopom uiape. U3
noayyeHHvlx pesyavmamos Dapadeil coenan 8aN’CHLIU GblEOO:
«cama 00OblYHas UHOYKYUS B0 6CeX CIAVUASX —AGIAemCs
oeticmeuem CMEMCHbBIX YACMUY U UYMo JJ1eKMpUuiecKoe
Oelicmeue Ha paccmosHuu (Mo ecmv  O0ObIKHOBEHHOE
UHOYKMUBHOE Oelicmeue) Npoucxooum moabko 0aazooaps

. 15
GIUAHUIO RPOMENHCYMOUHOU Mamepuu ). HcTouHuK .

OW, kto TaM BpET B yueOHMKaX (pusuku, uto Papazeit
aK0o0bl HE TpU3HaBal cyiecTBoBanue 3¢upa?! Bor oHO,
paszobiadenne Bame Joku! dapaneit mucan gake 0 YacTHIIAX
3¢upa, Ha3pBasg >PUpP — «IPOMEKYTOUHOM MaTepuen», a
gacTULIbI 3(pupa — «CMEKHBIMU YaCTULIAMU.

Takum o0pazom, Omaromaps M.Dapanero u pazdupasch
M0 TOHSATHSAM, MBI TMPUXOJUM K TOHUMAHUIO, YTO

1 https://lektsia.com/3x5a5.html
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JJIeKTpHYecKHe W MATHUTHbIE CHJIOBbIE JIMHMH — HE
npocto (u3MYecKass peaJbHOCTh, a 3TO OINpPeIeIEHHBIM
00pa3oM CTPYKTYpPHPOBAHHAS «IPOMEKYTOUYHASI MATEPHUs», O
KOTOPOI B CBOEM MOHYMEHTAJILHOM TpYyHe «IDKCIEPUMEHTATb-
Hbl€ HCCIIEIOBaHUs MO 3yekTpuuectBy» apaneit Hanucan:
«Mup uenukom 3anonHen RNPOHUUAEMOU Mmamepuei, U
GIUAHUE — KAXMCOOU — MAmMepuanbHou  dYacmuyvl  OAU3KO-
OelicmeeHHo, Mo  ecmb  pacnpocmpaHsemcsi Ha — 8cé
NPOCMPAHCIBO C KOHEYHOU CKOPOCMbIO (a4 He ¢ OeCKOHeUHOl,
KaK yeepsiu CMOPOHHUKU «meopuu  OalbHOOeUCEUs ).
Kommenmapuii — A.B.) Habawooamenv socnpunHumaem 3mo
GIUAHUE KAK PA3HO20 poOd CUIbl, HO HENb3s CKA3amb, Ymo
00HA U3 CUN NEePBUYHA U ABNAEMCA NPUYUHOU OPYeUX, 6Ce OHU
HAX00AMCA 60 63AUMHOU MeHcOy COo00U 3a6UCUMOCHMU U
UMernm 00Uy npupooy ».

W3 cka3aHHOTO BBIIIE CIEAYET, YTO MOJ TEPMHUHOM
«JIEKTPUYECKOe  T0Jie», KOTOPBIA  HWCIONB3YyeTCS B
COBpPEMEHHOW (u3MKe, paBHO Kak ¥ TOJ TEPMHHOM
«MATHUTHOE TOJe», Mbl JOJDKHBI TPEJCTaBIATh cede
OECKOHEUHYI0O 10 CBOCH  TPOTHKEHHOCTH  MATEpHIo,
OYKBaJIbHO MHPOBYIO Cpeay, MPUHUMAOIIYIO B CHIIy TE€X HIIU
UHBIX 00CTOSTENHCTB (IO MPUYMHE CHIIOBOTO BO3JCHCTBHUS HA
He€¢ B KaKOM-TO KOHKPETHOM MECTE) Ty WU HHYIO «0COOYIO
¢opmy» B BUJIe TOKATBLHON OJTHOPOAHOCTH, OTIIMYHOM OT BCEH
OCTaJIbHOW OJTHOPOJAHOCTH OECKpalHEro MoJist MaTepPHH.

3arnmsHem s uWHTEepeca B yueOHuk [.S.Mskwuimiea
«Duszuka — y4eOHuK a1 11 kmaccay u mpouTém: «rnekmpu-
yeckue u MacHummubvle nojisa — NposieleHue eouHo20 Yeno2o —
NEeKMPOMACHUMHO20 NOJA. IDNeKMpPOMASHUMHOe hnoae —
ocobasa ¢hopma mamepuu, ocywecmenaoOwas 83aumMooetcm-
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sue medxncoy sapsaxcennvimu uacmuyamu. OHO cywecmeyem
PeanrbHO, Mo eCmb, He3a8UCUMO OM HAC U HAWUX 3HAHUU O
Hém. Ho 6 3asucumocmu om mozo, 8 Kakou cucmeme omcuéma
PACCMAMPUBAIOMCSL INEKMPOMASHUNMHbBLE NPOYECChl, NPOSGISSL-
romesi me iU UHvle CMOPOHLL eOUHO20 Uel020 — JJeKmpo-
MacHumHo2o nois. Bce umepyuanvhvie cucmemvl omcuéma
pasnonpasHuvl. [103momy HU O0OHOMY U3 OOHAPYIHCUBAIOUUX
NPOsGIEeHUU INEeKMPOMACHUMHO20 NOASA He Modcem Oblmb
OmMOano npeonoumenue.

Bpoxge Obl, 37ech HammcaHO TO JK€ camoe, 4YTO H
M.®apaneir  Hammcan B CBOEM  BEIIMKOM  Tpyne
«OKCIEPUMEHTAJIbHBIE MCCIIEOBAHUS II0 3JIEKTPUUECTBY», U
€CTb B ATOM y4yeOHUKE (PU3MKH AJI CTapUICKIACCHUKOB Kak
Oyaro Obl fdaxke TMpPU3HAHWE CYIIECTBOBAHUS MAaTepHH,
MHPOBOM cpebl! Bellb 3J1eKTPOMArHUTHOE 10JIe TOHUMAETCS
CeroJHs Kak «ocodasi popma Mmarepum»! Bot TonapKO cTporas
HayyHas joruka apanes 4yIOBUIIHBIM 00pa3oM HapylleHa
COBPEMEHHOM (hM3MYeCcKOr mapaaurmMoi!

Benukuii ecrectBoucneirarens @apageit cuuTa, 4To MUp
LIEJIMKOM 3aIl0JIHEH NPOHUIAEMOH MaTepHel, U 3Ta MaTepus
IIpU JIBUKEHUM 3apsiioB CKBO3b HEE WM IPU CTATHUYECKOM
PacIOJIOKEHUH 3apsioB B HEM MOXKET JIOKAJIbHO MEHATh CBOU
dbu3nveckue KadecTtBa, CTPYKTYypy (miam «bpopmy»). B Heid
MOIYT BO3HHUKATh 00JIaCTH, «IOJIsD», IPOHU3AHHBIE
peajibHbIMHM CHJIOBBIMH JUHUAMM. [[pruém, Kak BBIICHWIOCH
U3 ONBITOB, CHUJIOBBIE JIMHUM MAarHWTHOTO TOJISI HECYT B cebe
KMHETHYECKYI0 JHePIrui0, a CUJIOBBIC JINHUU 3JIEKTPUUECKOI0
mojisi HecyT B cebc¢ MOTeHUMAJbHYW JHepruw. U
COOTBETCTBEHHO, OHU IPUHLIUIIMAIBHO pPa3HbIE.
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[loHsATH CTPYKTYpYy W caMy MPUPOAY ITHX CHIIOBBIX
TUHUA 0e3 TOHMMAaHHS TOTO, YTO CYIIECTBYET eIHMHAs
MHPOBasi cpeAa, B KOTOPOM M BO3HUKAIOT BCE 3TU SBJICHMUS,
KOHEYHO e, HeBO3MOkHO. Ho coBpeMeHHass Hayka,
chopmupoBanHas B EBporie, U He X04eT, 4TOOBI KTO-TO 3TO
nouuMall! Bor B uém Oepa!l

[TosToMy coBpeMeHHasi TeopHusi 3JIeKTPOMATHMTHOIO
MoJIsl TIPU3HAET KaK peajbHO CYLIECTBYIOIIUE 3JIEKTPUUECKUE
W MarHUTHBIC CUJIOBBIC JIMHUHM 0€3 OOBSACHEHHS] UX MPUPOJIBI,
npU3HAET JIEKTPOMATHUTHBIE BOJHBI KaK «0coOyro (opmy
MaTepHUn», HO TONBKO (BHMMaHUE!) Kak JIOKAaJbHOe SIBJIEHHE,
BO3HHMKAIOIIEE B MYCTOTE M MOTYIIEE pPacHpOCTPaHSATHCA B
MyCTOTE CO CKOPOCTBIO CBE€Ta Kak CaMOJOCTaTOYHAas
cymHocTh! Ilpm 3TOM B 3TOM NpUAYMaHHOW MMyCTOTE, IS
KOTOpPOH MpHUAyMaH Jaxe HaYKOEMKHUU TepMUH «(pU3MUYeCKHI
BaKyyM», COBpPEMEHHasi HayKa HE BHUJIUT HHUKAKHX JIPYTUX
MoJIel, KpoOME€ MAarHuTHOrO M 3jekTpuueckoro! beckpaitHero
noJst aupa it He€ He cymecTByeT!

Bo  cBugerenbcTBO  CBOMX  CJIOB  IPOLUTHPYIO
«Dusznyeckyto sHuukionenuioo» (Mzmana B 5-TH  TOMax,
Mocksa, «CoBeTckasi SHIUKIONeAUs». [ 1aBHbIM pegakTop A.
M. IIpoxopos. 1988):

«OnekmpomacHummuble GONHbI — MO INeKMPOMASHUN-
Hble Koebanus, pacnpoCmpausawuuecs 8 NpocmpaHcmee C
KoHeuHou ckopocmouio. Cyuecmeosanue 31eKmpoMAacHUNMHbBIX
6011 OvL10 npedckazano M. Dapaodeem 6 1832. [lxceiimc
Maxcsenn 6 1865 200y meopemuuecku HnOKA3an, 4mo
INIEKMPOMACHUMHbIE — KONeDAHUsL  PACNPOCMPAHAIOMCA 8
6aKyyMe CO CKOPOCMbIO CEEMAY.
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Bunute, onm (!) mumyr, 4YTO AIEKTPOMATHHUTHBIC
KOJIeOaHUsl pacIpOCTPAHSIOTCS «B BaKyyMme» (B IYCTOTE), a HE
B TOW e cpele, B KaKOM BO3HHMKAIOT JIJIEKTPUYECKUE W
MarHUTHBIE MOJISA, CTUIONIb POHU3AaHHBIE CUIIOBBIMU JIMHUSIMHU!

[Tputom onu (!) Harmo nryTt npo MakcBeia, KOTOpbIA Ha
caMOM JIeJie HWIJIC W HUKOTJa HE IHUcall TaKoro, 4YTO
«INEKMPOMACHUMHbLE — KOJeOaHUus — paAcnpoCmMpaHsiomcs 8
eaxyyme...»

Bor kakuM ObUT B3IVISIA HA TPHPOAY CBeTa Yy
OpUTaHCKOTO buzuka, MaremaTuKa u MEXaHUKa
JI.K.MakcBema (roast sxu3nu 1831-1879):

«...HMcxo0a u3 saerenuul menna u ceema, Mvl UMeeM
OCHOBaHUe NOoA2amyb, UMO UMEemcs Kakas-mo IQupHasn
cpeoa, 3anonHAWAsL NPOCMPAHCMEO U NPOHU3LIEAIOWAS BCe
mena, Komopas o001adaem CHOCOOHOCMbIO NPUBOOUMBC 8
o0sudiceHue, nepeodasamv Mo O08UdCEHUEe Om OOHOU C80ell
yacmu K Opyeou u coobwamv 3mMo O8UNCEHUEe NIOMHOU
mamepuu [eewecmsy — A.b.], nacpesas e€é u 6030elicmeys Ha
Heé pazuuHbiMU Ccnocobamu. OHepeus, COOOWEHHAs meny
Hazpesanuem, OOJHCHA Ovlla panee CYuecmeosamsv 8
ogudicywelicss  cpede, UOO BOJHOBblE OBUINCEHUS. OCMAGUIU
UCMOYHUK Menia 3a HeKomopoe 6pems 00 Mmo20, KAK OHU
0oCmu2nu camozo Hazpesaemozo meid, U 6 medeHue Mmoo
8peMeHU IHepeusl QONHCHA ObLIA CYUWeCmB08amb HANOIOBUHY 6
Gopme Osudicenus cpedvl U HANONOBUHY 8 (opme YNpy202o
Hanpsixcenusi. Mcxoos uz smux coobpasxcenutl, npogheccop B.
Tomcon Ookazan, umo sma cpeda O0aHCHA 0061a0amb
NIOMHOCMbIO, CPABHUMOU C NIOMHOCHbIO 00bIYHOU Mamepuu,
U Oadice onpeoenusl HUNCHIOW 2SPAHUYY SMOU HJIOMHOCMU.
Tloomomy mbl modrcem Kak OAHHOe, 8bl8eOeHHOEe U3 OMPACiu

99



HAVKY, He3a8ucumol om mou, ¢ Komopou Mmbl [8
paccmampusaemom ciyuael umeem Oeno, RPUHAMb Cyuie-
cmeoeanue npoHuKawouwiell cpeovl, odaaoarouieii Maioi, Ho
PeanvHoll NIOMHOCMbIO U CROCOOHOCHIbIO NPUBOOUMDBCA 6
osudiceHUue U nepeoasamsv O0BUNCEHUA Om O0OHOU Yacmu K
opyzoit ¢ 001bW0N, HO HE OECKOHEYHOU CKOPOCHMDbIO.
Credosamenvho, yacmu 3moi cpeobl O0JHCHbI OblMb MAK
CBA3aHbL, YMO O08UMNCEHUE OOHOU YaACMU KAKUM-TO CHOCOOOM
3a8ucum om 08UINCEHUsL OCMATILHBIX Yacmell, U 8 Mo JHce 8pemsl
MU CBA3U OO0JIHCHBL ObIMb CHOCOOHBL K ONPEOeNEHHOMY POOy
VIpY2020 cmewjenus, NOCKOIbKY COOOujeHUue OBUINCEHUSI He
ABNAEMCS MCHOBEHHbIM, a mpeOyem epemenu. Ilosmomy ma
cpeoda obraoaem cnocoOHOCMbIO NOAYYAMb U COXPAHAMb 084
6uda JHepauu, A UMEHHO. «AKMYAIbHYI» IHEPIUlo,
3a8uUcAWYI0 OM 08UdICeHUs eé yacmel, U «NOMeHYUATbHYI0»
IHEPUI, NPeOCmasianwyo cobol pabomy, KOmMopyio cpeod
BLINOIHUM  8CIEOCHEUE CBOell YNPY2OCMU, 6036PaUdsict K
NEepBOHAYANILHOMY  COCMOAHUIO, NOCIe MO20  CMeujeHus,
komopoe ona ucnoimana...» (.M. T'onun u C.P. ®unonoBuy.
«Knaccuku ¢gusnueckoit Haykn», MockBa, «Bbiciias mKkomay,
1989, c. 479-480. Tpyn H.K. Makcemna «J/luHamuueckas
TEOpHUs DIIEKTPOMAarHUTHOro mnoss», 4dacte I IlepeBom c
aHTJIMICKOTO BhINoJiHEH 3.A. LledTauHbIM).

Urak, ecnu Bc€ 0OCTOUT TaKUM 0Opa3oM, UTO HaM HArjo
aryr B Hayke o Ilpuponme, moamensii 3dup mycToTOH, s
Npejjiaral0 BEpHYTbCSI K JIOTUKE W MUPOBO33peHHI0 Malikiia
@apajes, KOTOpbIi COOCTBEHHO U  MNOJAPWJ  MHUPY
NpeAcTaBJIeHHEe 00 3JIEeKTPHYECKHX M MATHHUTHBIX MOJIAX,
CILIOLIb NTPOHU3AHHBIX CHJIOBBIMM JIMHUSIMHU, U IIOTBITATHCA
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pa3o0paTeCsi ¥ TOHITH, YTO K€ TNPEJCTABISET COOOit
MATHHTHOE I0JIe C €r0 «aKTyaJbHOI» JHEpPrueil, KoTopoe
BO3HUKAET BOKPYT IPOBOJIA C TOKOM.
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BI/I3yaJ'II/I3aHI/I$[ MAaravTHOTO 1OJIA, BOSHUKAIOMIETO BOKPYT IMIPAMOI0
ImpoBoaa ¢ TOKOM.

S Hageroch, Y4TO MBI TakXKe JIETKO IOWMEM CIIEIOM,
[I0YEMY  BO3HUKAET  SBJICHME CAMOMHIAYKLIMH, KOIJa
MPOTEKaHWE TOKAa IO MPOBOAY IMpEKpalaeTcs Mo MIETYKY
BBIKJTFOYATEJIS.

Kcratn, s wmory 3abexaTh BHepén U Yyxke celdac
HAaMEKHYThb UYWTATENI0, KaK 3Ta CAMOMHAYKLHMS BO3HUKAET B
IIPOBO/AX U B MPOBOJIOYHBIX KATYIIKAX.

HemaBHO MBI paccMaTpuBalld — AHAJIOTHIO  «IOTOK
3JIEKTPOHOB B IPOBOJE NMOA00CH TEYCHHIO BOAbLI B TPyOe».
IIpu sToM Tpyba paccmaTpuBangach HaMH 10 YMOJIYAaHHIO Kak
KECTKash METAJUIMYeCKas KOHCTPYKLMs, HE MEHSIoHas CBOIO
FeOMETPHUIO, Ja €lE M 3aroJIHEHHas M0 BCEH CBOEH JJIMHE
KaMHSIMH, CO3JaIOLIMMH Pe3MCTHBHOCTh IOTOKY BOJBI (3TO
aHAJIOI BHYTPEHHEIO0 AKTHUBHOIO CONPOTHUBJIEHUSI TOKY,
MIPOTEKAIOIIEMY 110 MPOBOY).

Buumanue, Bompoc: a eciu Mbl BO3BMEM BMECTO
METaJNINYEeCKOW TpyObl Pe3MHOBBIM LLIAT, U /Ul Hayajla TaK
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KE 3aIloJIHUM ero Bojoi (0e3 JaBleHHs), a TOTOM PE3KO
co3laauM B HEM Hanop BoAbl. UTo OyaeT mpoucxXoauTh?
[ToTok BOABI Ha €ro yJaJ€HHOM KOHIIE MOSIBUTCS cpasy,
HO B CaMbIil TIepBbIli MOMEHT OH Oyzmer cnalbbiM. HapacTtanue
€ro CHJIbl OyJeT MPOUCXOANUThH aKKypaT B COOTBETCTBUU C 3TUM
rpaduKoM, COCTaBIEHHBIM Ji MPOTEKAHUS AIIEKTPUUYECKOTO
TOKa 4epe3 MPOBOJIOYHYIO KATYIIIKY:
.\
Iy 1

i .

[Touemy tax? Ilpu cozmanum Hamopa BOJbI B PE3MHOBOM
NUIAaHTe, TIOCIEAHWA B CHJIy CBOEH DSJIACTUYHOCTH HAYHET
pacumpsThcs B 00béMe. Boma Oyaer B Ooibllei cTeneHU
YXOJHWTh Ha 3aIllOJHEHHE 3TOrO A00aBOYHOr0 00bEMA, U B
MEHBIIICH CTETICHH TIOCTYIAaTh Ha BBIXOJ U3 muianra. Korma xe
HACTYMUT OalaHC CHUJI — HAmop BOJABI YPaBHOBECHUTCS
MEXaHMYECKUM HANpsHKEHHEM, BO3HHUKIIMM B MaTepuaie
[iaHra, ero oO0bEM 3aUKCUpYeTCs, W PE3UHOBBIM IILJIaHT
cTaHeT paboTaTh Kak OObIYHAs KECTKASA METAJITHYEeCKas Tpyoa,
HO JI0 T€X IOp, MOKa Mbl HE CHHM3UM HANoOp BOJbI WU HE
MOBBICUM €r0, WK HE MEPEKPOEM I10/1a4y BOJbI COBCEM.

Korna ke mMbl, HanpuMep, pe3Ko MepeKpoeM Mo1ady BOJIbl
B PE3UHOBBIM IUIAHT, Mbl CTOJKHEMCS C SIBJIEHUEM, OYEHb
II0OX0’KMM Ha sIBJIECHUE CAMOMHAYKIMH B rpoBoje. M3 nuianra
BOJa T€4Yb HE IEPECTAaHET €IlE€ KaKoe-TO BpEeMs, XOTS KpaH
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nojayu BOAbl Yy Hac yxe mnepekpsiT! Ilpuuém mnoHmxeHue
JaBIICHUS] BOABI B PE3WHOBOM IIUIAHTE OyAET MPOUCXOAHTH B
COOTBETCTBHUM BOT C O3THUM TIpadUKOM, OUYEHb IOXOXKHUM Ha
rpaduK  TPOTEKAHUS  DJEKTPUYECKOro  TOKa  yepes
IIPOBOJIOYHYIO KATYIIKY TP CAMOMHAYKIIHH:

Il\

I

>
>

0 t

Otkyna ke Oepé€rcs BoJa B PE3WHOBOM IIUIAHTE, €CIIU
KpaH M0Ja4M BOABI yXKE 1aBHO 3aKpbIT?

Bona 6epércs u3 Toro 106aBOYHOro 00bémMa, KOTOPHIi
BO3HHMK B PE€3MHOBOM HLUIAHTE IO MPUYMHE €r0 AIACTUYHOCTH
P CO3JaHMM B HEM Hamopa BOJBI. EciIM HCTOYHMK Haropa
BOJIbI MBI IIEPEKPBUIN, & CIIMBHOE OTBEPCTHE HAa BTOPOM KOHIIE
PE3MHOBOr0 IUIAHTAa OCTAJIOCh OTKPBITBIM, BOJA M3 HETO
IIPOJOJKAT BBITEKATh 10 IPUYMHE TOTO, YTO PE3UHOBBIN
IUIaHT B CHJIy CBOEH OHJIACTUYHOCTH W YIPYrocTu Oyzer
CKUMaTbcs M COKpalllaTb CBOW  BHYTPEHHHH  00BEM,
BBI/IaBIINBasl U3 HETO BOAY.

C »3/leKTpHYeCKMM TOKOM B IIPOBOJe IPOMCXOIHUT
NPUMEPHO TO ke camoe. IIpuyém npu caMOMHAYKIUHM TOK
TeY€T B Ty 7K€ CTOPOHY, B KOTOPYIO OH TEK M paHblle, H B
cly4yae C Pe3MHOBBIM IIJAHIOM BOAa M3 «100aBOYHOIO
00b€éMa» HUIAHra Te4€T B Ty ’Ke CTOPOHY, B KAaKyl0 OHa
TEeKJ/Ia PaHbIIe 10 3aKPbITHA KPaHa.
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Tenepp, Korga MBI HMEEM TaKoe MNPUMeEPHOe
npeAcTaABJIeHHE O MEXaHHW3ME CAMOMHAYKUHMHU, HaMm OyaeT
mpolie TMOHATh (PU3UYECKUH CMBICT «MAarHUTHOTO TIOJISD,
BO3HHUKAIOIIETO BOKPYT POBO/IA C TOKOM.

Wrak, xorja mo mpoBOy MPOTEKAET AJIEKTPUUECKHI TOK,
BOKPYI HEro BO3HHKaeT MArHUTHOe T0Jie, KOTOpOe
(GyHKIIMOHATBHO BenET ceOs MO0 OTHOMICHHIO K MOTOKY
3JIEKTPOHOB OJIMH-B-OJIMH C T€M, KaK 3JaCTUYHBIN PE3NHOBBIN
IUTaHT BeAET ce0sl MO OTHOIICHHUIO K HAMOPY BOJABI M K TTIOTOKY
BOJIBI, MPUYEM «MArHUTHAs CHJIa» MATHUTHOTO MOJSl TEM
Oonpiie, YeM OOJNbIIE CHJIA CO3JaHHOTO B  TIPOBOJIE
«JIEKTPUYECKOr0 HAMopa» W 4YeM MEHbIIE BeINYMHA
AKTUBHOI'O COIPOTUBJICHHUA ITPOBO/IA SJICKTPUICCKOMY TOKY.

HanomHio, 4TO BHepBbIE 3J1€KTPOMArHeTH3M OTKPHLI B
1820 romy natckuii yuénbiii Xanc Dpcren (roasl xu3Hu 1777-
1851).

N3yunB ¢ mNOMOIIBI0 MAarHUTHOM CTPEIKU XapakKTep
MAarHeTU3Ma, BO3HHKAIOMIETO TIPU MPOXOXKICHHUS TOKA TIO
MIPOBOJIOKE, DPCTEA COOOMIMI B CBOEM ONMUCAHUH OTKPBITHUS:
«...U3 COCNAHHBIX HAOIIO0EHUTI MONCHO 3aKAI0UUMb, YO IMOM
[anexmpuyeckuii] — Kougauxm  obpazyem  6UXPb  BOKpYZ
npogonoxu. Muave 6v110 661 HENOHAMHO, KAK OOUH U MOM Jice
V4acmox npoonoKu, 0yOyuu NomMewéH mnoo MAaSHUMHbIM
nonocom [cmpenku xomnacal omuocum e2o0 K 80CMOKY, a,
HAxXo005Cb HAO NOAOCOM Yelekaem e20 K 3anady. Hmenno
BUXPAM CBOUCMBEHHO O0elcmB8o8amy 8 HNPOMUBONOJIOHNCHBIX
Hanpaeienusix Ha 08YX KOHYAx 00H020 Ouamempa. Bpawa-
mebHoe 08UdICEeHUe BOKpY2 OCU, codemaroweecs ¢ noCmyna-
MENbHLIM OBUNCEHUEM 6001b IMOU OCU, 0053amenbHO 0aém
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eunmoeoe oeudicenue...» (IlepeBon ¢ JTAaTHHCKOTO pPabOTHI
I'.X. Opcrena BemounneH f. I'. loppmanom. BocipousBoaurcs
no u3ganuio: Amnep A.-M. DnexTpo-aguHamuka, M., 1954).

OTo o00bBsAcHeHHEe OpcTena, HW3HAYAIbHO NPU3HAHHOE
BCEMHU €BPOIEHCKUMHU YYEHBIMU OIIMOOYHBIM, CETOHS OYCHb
XOpOILIO BIUCBHIBAETCS B Ty MOJEIb MArHHTHOIO IMOJISA, B
KOTOpPO OHO YNoaoOJsiseTcs BpalawueMycsi MaxXoBHKY,
MpEICTaBIAONIEMy COOOM  aKKyMyJSITOp  KHHETHYECKOU
SHEPTHH.

[IpyHUMaeM 3T0 B pacuéT U UAEM JalblIe.

Ms! 3HaeM, 4TO NPOCTEHINMH HCTOYHHMK TOKA — 3TO
3apsOKCHHBIA MJIOCKUI KOHAeHCATOp, OJHa u3 OOKIAgoK
KOTOPOTO COAEpPKUT B ce0e M3OBITOYHOE KOJMUYECTBO
CBOOOJHBIX JIEKTPOHOB, M MEXJIYy HUMU M MOHAMHU MeETallia,
U3 KOTOPOT'o clieaHa 3Ta 00KJIaka KOH/IeHCAaTopa, U3-3a 3TOro
BO3HMKA€T HEYTO BPOJE <QJIEKTPUYECKOTO JABICHHS», a
apyras oOKIajaka colepkuT B cebe  HeIOoCTaTOYHOe
KOJIMYECTBO CBOOOJHBIX 3JEKTPOHOB, M MEXKAYy HUMHU U
MOHAMM METajula, U3 KOTOPOIo CJieJaHa 3Ta BTopas OOKiajika
KOHJIEHCATOpa, M3-3a OJTOr0 BO3HMKAET HEUYTO BpOAE
(QIIEKTPUYECKOTO BaKyyMa». A B LEJIOM, IOCKOJBbKY o00e
OOKJaJKU IUIOCKOTO  KOHJAEHcaTopa — 3TO  €IuHas
NEKTPUYECKAsT CUCTEMA, MEKAY HUMH BO3HUKAET «JIEKTPH-
yeckoe 1moJjie», o01agarolee NOTeHIUAIbHOW YHEPTUeH.

Ecnu MBI MOAKIIIOUMM 4epe3 BBIKIIOYATEIb K 3apsyKEH-
HOMY IIJIOCKOMY KOHACHCATOPY IIPOBOJIOYHYIO KAaTyIIKY, TO
4yepe3 CBUTHIN B CIIMPAJIb IIPOBOJ] MTOTEYET JIEKTPUUECKUH TOK,
a BOKpPYr IIpOBOJAa HA4YHET paCKpPy4dMBaTbCi MAaXOBHK
BHXPEBOI'0 MATHUTHOIO I1OJIS.
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CoenvHEHHE TPOBOJIOYHON KaTYIIKH C KOHJIEHCATOPOM
o0pa3yeT cucTemy, Ha3bIBAEMYIO «3aKPBITBIM KOJIE€OATEIbHBIM
KOHTYPOM):!

/ Korndewncamop

Il
|

Kamywra undyxmuswoemu

Sl nmomkeH Takke 3aMETUTh YWTaTeNo, 4To (Qopma
BHXPEBOIr0 MATHUTHOIO MOJSI MOXET UMETh Pa3HyK T€o-
METpPHIO, B 3aBUCUMOCTH OT ()OPMBI POBOTHUKA, TTO KOTOPOMY

TEYET TOK.

VY npsimoro npoBoja opma BUXPEBOT0 MarHUTHOTO TIOJIS
BOT TaKasi:

Toxa Hem

Mazrumugle
o cunofois

Hanpalbnenue moxa
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Y nmnpoBoma, CBUTOTO B KOJbIO, (GopMa BUXPEBOTO
MAar"HuTHOTI'O I10JIA TaKas:

v IMpoBOJa, CBUTOI'O0 B HUJIIMHAPUYCCKYIO KAaTYIIKY cbopMa
BHUXPEBOI'O MAroHiTHOT'O IIOJIAA TaKas:

iy
<UD

UMD

i
(0
U\

Kak Buaum, Bo Bcex TpEX NpPEICTaBICHHBIX CIIydasx
oOpasyroieecss MArHUTHOE T0JIe SBISIETCS BUXPEBBIM. A UTO
KacaeTcs HHAYKTHBHOCTH IPSIMOI0 IPOBOJIA, ONpPEAEIAIOnEen
BeJIMYMHY CAMOMHAYKIHH, WIM HHIYKTMBHOCTH IIPOBOJA,
CBUTOIO B CIHUpalb, TO BO BTOPOM Ciydae, KaK IMOKa3ald
OIIBITHI, OHA MHOTOKPATHO BBIIIIE.

HanoMmH!0, 4TO Ha3bIBacTCSI HHAYKTHBHOCTBIO!
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Cnpaska: «Huoykmuenocmev (om 1nam. inductio —
HasedeHue, nobysicoenue), eeauyuna (L), xapaxmepusyowas
MazHumHule ceolicmea snekmpudeckol yenu. Tox, mexkyujuil 6
npogoosiuieM KOHmype, co30aém 6 OKpydcaouem npocmpar-
cmee MAZHUMHOe nojae, NpPUYém MacHUmHull nomox @,
NPOHU3BIBAIOWUL  KOHMYD  (CYENJIeHHbI C  HUM), HNpAMO
nponopyuonanen anekmpuveckomy moxky [I: DP=LI. Ecau
npogecmu aHanIO2Uul0 Mexcoy INeKMpPUUecKuUMu U MexaHu-
yecKuMu AGAEHUAMU, MO Maznummyio nepeuio (T) cnedyem

2
o o mv
conocmaeumb ¢ KUHemu4eCcKou 3nepzueu meia T= T (m

— Mmacca mena, vV — €20 CKOpOCMb), HpU IMOM
UHOYKMUBHOCMb 0y0em ucpamov pojlb MAccvl, @ MOK —
ckopocmu. Taxum o006pazom, UHOYKMUBHOCMb ONpeoensem

. 16
UHEPpUUOHHbBIE ceoucmea moka...». Hctounuk .

Hy d4ro, nmaBaiiTe Tenepp BBIACHATH, 4YTO 3a Macca B
OyKBaJIbHOM  CMBICIIC  HAYMHAET  BpAIIAThCS  IOJO0HO
MaXOBHMKY BOKpPYr KaTymku L, korma mo Hel HauumHaer
IpOoTeKaTh AJIEKTPUYECKHH TOK, 0O0pa3yeMblil pa3psaoM
koHzeHcatopa C!

il
Q

+

16 https://dic.academic.ru/dic.nsf/enc_physics/1101/MUHAYKTUBHOCTb
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Wrak, onuH BBIBOJ 3apsDKEHHOTO KoHzaeHcatopa C yxe
MOJKIIIOUEH K Karymke L, BTopoil BbIBOJ KoHmeHcaTopa C
MOJIKIIIOUAETCsl uepe3 mnepexirovareab K ko BTOpoMy KOHITY
Karymku L.

Cyns mo cxeme, HIDKHUHM BBIBOJ KoHAeHcatopa C mmeer
MOJIOKUTEIbHBI ~ TMOTEHLMANA, a BEpPXHUH  BBIBOJ —
oTpunaTeabHbld. OTpUIATETbHBIA MOTEHIHAT — 3TO KOIJAa
oOKIazKka KOHJEHCATOpa COACPKUT B cebe M30BITOYHOE
KOJIMYECTBO CBOOOJHBIX JJICKTPOHOB, M KOTJa MEXKIYy HUMHU U
MOHAMHU MeTala, M3 KOTOpPOro CJelaHa 3Ta OOKIaaka
KOHICHCATOPa, BO3HHKACT W3-3a JTOTO HEYTO  BPOJE
«JIeKTpuYecKoro aaBjieHusn». Yepes nepekiouatens K Mol
MOJKIIIOYaeM  TPOBOA  C  BBICOKUM  <OJICKTPUUYECKUM
JaBJICHHEM» KO BTOPOMY KOHIy KaTymku L, u cBOOOAHBIE
ANEKTPOHBl €  OTPUIATENFHO  3apsDKEHHOM — OOKJIaaKu
KOHJICHCATOPa MOJIY4YaroT BO3MOXKHOCTh HAa4aTh MepeMeEIIaThCs
yepe3 CBUTHIM B CHupalb NpoBOJ (KaTywmky L) B HUXKHIOIO
oOkmanaky koHjeHcaTopa C, HMEIOIIYIO ITOJOXHTEIbHBINA
MOTEHIMAJ, TIO0 TMNPUYMHE TOTO, YTO TaM HMEETCS
HEJ0CTATOYHOE KOJMYECTBO CBOOOJHBIX 3JIEKTPOHOB, H3-3a
4ero MeXAy HAUMU M MOHAMU METallla, U3 KOTOPOro claejaHa
3Ta O0OKJIagKka KOHACHCATOpPA, BO3HHMKAET HEYTO BpOJE
«JIEKTPHYECKOr0 BAKYYMa).

Emé pa3 BcmoMuHaeM aHajOrMI0 C TEYEHHWEM BOJbI B
TpyOe. «Ipyba yorce 3anoanena 6000il, HO 800a 6 Hell HUKYOA
He meuém, NOMmoMy Umo Hem Hanopa 600vl. bvicmpbim
nOBOPOMOM KpaHa mwul co3oaoum uanop. OH pacnpocmpa-
Humcsa no mpybe, KOHEUHO, He M2SHOBEHHO, HO 6CE e C
OONLUIOU CKOPOCIBIO — OKOJI0 00OHO20 KULOMEMpPAa 8 CeKyHOY
(co ckopocmvlo pacnpocmpaumenus 36yKa 8 8ode. IOma
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cKOpocmb  onpeodensemcss  NIOMHOCMbIO U YAPY20CMbIO
8000l....»

Tak >xe ¥ MbI 1enTykoM nepekiouarens K noaxmouaem
kouzaeHcarop C k karymke L u cozmaém B 3aMKHYTOH 1enu
«ANEKTpUYeCKuid Hamop». EMy CcBOWCTBEHHO pacmpocTpa-
HATHCS 110 BCEH JJIMHE MPOBOJOYHOM KATYIIKHM HE MTHOBEHHO,
HO CO CKOpPOCTBIO cBeTa, 310 mpuMepHo 300000 km/cek.

Ho MBI yxe 3Haem, 4To caMu «CBOOOJHBIE DJIEKTPOHBD) C
TaKOW CKOPOCTBHIO TIO TPOBOJAM HE JBHUTAIOTCS, Taxe I0
CIUpaJii  TOpSAIIEH JIaMIbl  HAKaJMBaHUS  «CBOOOJHBIC
AJIEKTPOHBI» YMOPSAOUYEHHO IBUXKYTCS CO CKOPOCTBHIO BCETO
HECKOJIbKO MWJIITMMETpOB B cekyHay! Ilpum sTOoM B3aumo-
JEUCTBUE MEX]Y DJIEKTPOHAMU U CaM <«AJIEKTPUUYECKHUM HATIOp»
Ha BCEW JUIMHE TIPOBOJIOYHOM KaTyIIKH CO3MAaET Ta
NMPOMEKYTOYHAsA Cpeda, B KOTOPOW BO3HHMKAIOT CHJIOBBIE
JIMHUM MAarHUTHOTO W DJJIEKTpUYEcKoro mnoss. BcnomHum
cioBa Benukoro Maiikima ®apanes: «arekmpuueckoe oelicmaue
NPOUCX00UmM MONbKO 011a200aps GIUAHUIO HPOMENCYMOUHOU
mamepuuy. «Mup yenukom  3anonHen  NPOHUUAEMOU
mamepueu, u 6GIUAHUE KAHCOOU MAMEPUaIbHOU Yacmuybl
OIU3KOOCUCMBEHHO, MO ecmb PACHPOCMPAHAEMCs HA B8CE
npOCMPAHCMBO C KOHEYHOU CKOPOCMbIO ... »

Takum 00pa3zoM, 3JeKTPHYECKHHl TOK 3TO HE IPOCTO
YHOPAJI0YEHHOE JIBUKEHHUE AJIEKTPOHOB, 3TO €UIE U CO3/1aHHE B
ONpeNeNEHHOM HAIPABIEHUHU CBOEr0 PoOJia AABJEHHUSl B TOU
Be3/IeCyIlell TOHKOM MaTepuu, KOTopas 3aroiHsIeT co00k0 Bce
0e3 MCKIIIOYEeHHsI IYCTOThl B MUKPOMHPE U B MPOBOJAX TOXKE.
W ecnu Tak Ha3bIBaeMble «CBOOOHBIE AIEKTPOHBI» U3 MPOBOJIA
BBIPBATHCS HE MOTYT... (HaACIOCh, YUTATEIb, IOMHUT, MIOYEMY
tak?!) Kak pacckazan Buxrtop lBanoBuu ['arioHOB B cBoe€il
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kaure «QJIEKTPOHbI»: «Onexmpounnsiii nomox 6 nposode
MOJICHO 6 HEeKOMOPOM OMHOWEHUU CPABHUMb C NOe300M,
o8udiCeHIe KOmopo2o Hanpasisiemcs peavcamu. Mawunucm e
HYJlcOaemcs 6 pyie, e20 eOUHCMBeHHAs: 3a00ma — YCKOpPAmMb
unu mopmosums noeso. IIposoo onsa InekmpoHHozo nomoka
mo dice, YUMo u penvcosvlii nymoy 014 noe3oa. INeKmponsl 8
O0ObIYHBIX YCIOBUAX HE MO2YM Gbllmu U3 NPOGOOHUKA. HyswcHo
MONILKO €030amb HeoOX00UMoe HANpsXCeHue Ha KOHYAx, u no
NPOBOOHUKY 1H0O0L YOPMbL NOMEUEM MOK ... »

Tak BOT, €clii TaK Ha3bIBAEMbIE «CBOOOIHBIE ITIEKTPOHBI»
W3 TPOBOJa BBIPBATHCS HE MOTYT, TO «IPOMEKYTOUYHASA
MaTepusD», Ha KOTOPYIO OHHU OKa3blBAIOT B ONPEICIEHHOM
HAaINpPABJIEHUUA CUJIOBOE BO3JECHCTBUE U B KOTOPOM BO3HHMKAET
«QIEKTPUYECKOE TI0JIe», TAKM MOXKeT MO0 [aBJIeHHEM
3JIeKTPOHOB YaCTH4YHO BbITEKaTh M3 IMPOBOJAa 3a €ro
npeaejibl, PABHO KaK M MOTOM BO3BpPalIaThCsi 00PaTHO
BHYTPb NpoBoaa! ITo BO3MOXKHO ITOTOMY, YTO JIFOOOH IPOBOJL
B KAKOW-TO CTENEHW MPOHHUIAEM Ui «IPOMEXKYTOUYHOU
MaTepum», KaK TpOHHUIAeMa I BOJbBI IepdOoprupOBaHHAS
TpyOa ¢ OYeHb MAJICHBKUMHU OTBEPCTUSIMU B €€ CTEHKAX.
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Takum o0pa3om, MBI ceHdyac BHUAUM, UYTO MEXKIY
AJIEKTPUYECKUM IPOBOJOM C TOKOM, C OJHOW CTOPOHBI, U
YOPYTUM PE3UHOBBIM IIJIAHTOM HAIMOJHEHHBIM BOJIOM, C
JIPYroil CTOPOHBI, HET MOJHON AHAJOTHHU, KOTOpas MO3BOJIAIIA
HaM paHee JIETKO MPEACTaBUTh MEXAHN3M CAMOUHIYKIUH.

PeanbHbIii MEXaHM3M CaMOMHAYKIIMM W  MEXaHU3M
BO3HHMKHOBEHHSI MarHUTHOTO TOJISI BOKPYT MPOBOJAa C TOKOM
3HAYUTEILHO CI0KHEE.

K Tomy e MBI TpeacTaBisid  paHee, YTO
JIEKTPUUYECKHMH TOK — 3TO HCKJIIOYMTEIBHO JBUIKEHUE
CBOOOIHBIX JIEKTPOHOB. A TIOTOM Mbl BBISICHWIH, 4YTO
AJIEKTPUYECKUM TOK — OTO HE TOJBKO YHOPAJIOYECHHOE
JBH)KEHUE DJIEKTPOHOB, HO 3TO €LIE M CO3JAaHHE B MPOBOJE
CBOEr0 poJa JAaBJeHMS B TOM BE3JECYLIEM TOHKOH
«IIPOMEKYTOYHON MaTepUU», KOTOpasi 3amoiiHseT co000 Bce
0€3 MCKJIF0YCHUS MyCTOTHl B MUKPOMHPE M B MPOBOJIAX TOXKE.
N duro mo00mbITHO, OTO  JJIEKTPUUYECKOE JaBjIeHHe
ONpeAeEHHON HAIMPaBICHHOCTH, KOTOPOE CKpBIBAETCS 3a
a0CTPAaKTHBIM TEPMHUHOM IJIEKTPHUYECKOE MOoJie, UMEET Ty Ke
CKOpPOCTb PAaCIpOCTPaHEHHUs] MO MPOBOJAAM, C KaKOW CBET
pacipocTpaHseTcsi B CBOOOTHOM MPOCTPAHCTBE.

TenepL K€ Mbl I[pUIUIA K HOHUMAHWUIO, YTO IOMHUMO
QIECKTPUIECCKOro» JaBJICHUA B «nepeﬂaTquoﬁ MaTCprun» B
HEH TaKxke MOI'yT BO3HHMKAaTb W JIaAMHUHApPHbIE TE‘leHI/Iﬂ17,
CBA3aHHBIC C HCTCUYCHUCM «nepenaTquoﬁ MaTCpUumn» U3HYTPHU

IIPOBOJIOB HApPYKy M MOTOM OOpaTHO BHYTPb IPOBOJOB Yepe3
UX «TIOPUCTYIO» CTPYKTYPY.

Y https://ru.wikipedia.org/wiki/flamuHapHoe_Teuenme
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UToOBI MOHATH ceivac riaaBHOE, KaK UMEHHO O0pasyeTcs
BOKPYI IPOBOJA TaK Ha3blBAEMOE «MAarHUTHOE II0JIE»
BHXPEBOI'0 XapaKTepa, KOTOpPOE B Ciy4dae C SBJICHHEM
CaMOMHJYKIIMM HaKaluluBaeT B ce0e SHEpruro MoJ00HO
PACKPYYE€HHOMY MAaXOBHKY, HaM HaJ0 BOOPYKUTHCS
IPEJCTaBICHUEM 00 3JIeKTPOHaX, Ojaroiapsi CyIecTBOBAHUIO
KOTOPBIX COOCTBEHHO M BO3HMKAIOT BCE IJIEKTPOMATHUTHBIE
SIBJICHUS.

DIIEKTPOHBI, TOMUMO TOTO, YTO OHMU 00JIAAI0T MaCCOM U
MOTYT JIBUTaThCsl BOKPYI aTOMOB MO OpOUTaM, a HEKOTOPBIX
ClIydasX M HOPSIMOJIMHEMHO (B AJIEKTPOBAaKYyMHBIX TpyOKax,
HarnpuMmep), OHU BIOOABOK K 3TOMY BO BCEX CIydasx €Iié u
BPALIAIOTCHA BOKPYI cBoeil ocu. 1 xorjga nmpu moaKkIro4eHun
3apspbkeHHoro konjaeHcatopa C k karymke L «cBoOojaHbIE
AJIEKTPOHBI» HAUMHAIOT ¢ BepXxHEW oOKiIagku koHaeHcaTopa C
YIOPSAIOYEHHO NEPEXOAUTh B TEJIO MPOBO/A KaTyIKH L...

°

—t—
—————
—er
—————
——

—&—

...BO3HHUKAroIasa B mpoBOAC KaTylIKH L BOJIHA
CJICKTPHUYCCKOI'0 JAABJICHHA», PACIIPOCTPAHAACH CO CKOPOCTBIO
CBC€Ta, OPUCHTUPYET BCC OCTAJIbHBIC ((CBOGO,Z[HBIG DJICKTPOHBID»
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0 TEUCHHIO TOKa (IO HANPABJICHUIO CHJIOBBIX JIMHHIA
JIEKTPUYECKOT0 TMOJIsl), Jenas 5TO TaK JKe, KaK BeTep
OpHEHTHUpYeT ¢uIrorep.

ITpu sTOM Bce CBOOOIHBIE AJIEKTPOHBI B TeJe MPOBOJA
KaTylku L 1py>KHO OPUEHTUPYIOTCSI CBOUMU OCSIMH BpaleHUS
[0 HANpPaBIICHUIO JABW)KEHHS TOKA, U CBOUM BpalleHHEM
BOKPYI' COOCTBEHHOM OCH OHH HAuMHAIOT pPACKpy4HBaTh
BOKpPYT ce0sl BCE Ty jK€ CaMyl0 BE3JIECYIIYIO «IIPOMEKYTOUHYIO
Cpenly», KOTopas €CTh U BHYTPH IIPOBOJIA, U CHAPYXH IIPOBOJA.

N

oTOK dupa =
(rone E)
+ JIBUKCHHE
HIEKTPOHOB

TOK

MarHUTHOE \/ \/

noie B
Pucynok B3sar u3z "OOUPOANHAMMKN" B. 5. AlitokoBcKOTO.

[TockosbKy  MUIMApABl  MEJbYANIIMX  DJIEKTPOHOB
JIeNalT 9TO CUHXPOHHO, MMEsI OJIMHAKOBYIO MPOCTPAHCTBEH-
HYI0O OpHEHTAaIMI0, TO Mbl M TIOJly4aeM BOKpYr MpoBoja
TUTAaHTCKUWA 1O pa3MepaM BHUXPb MAaTepUHM, KOTOPBIU
Ha3bIBACM «BUXPCBBIM MAT'HUTHBIM IIOJICM». EMy npucyuia
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HEKOTOpasi pacrpenenéHHass B IPOCTPAHCTBE Macca U,
COOTBETCTBEHHO, KPYroBasi CKOPOCTh KaK y MaxOBHKa.

Bc€ 310 CcTpOro COOTBETCTBYET TOMY, UTO HAIIMCAaHO B
onpenenenuu MHIAYKTUBHOCTUN.

«Ecnu npoeecmu ananocuto mexncoy 1eKmpuiecKkumu u
MEXAHUYeCKUMU AGIeHUAMU, MO mazHumuyio suepeuro (1)

cnedyem COnOCmMasumv ¢ KUHemuuyeckou sHepeueu mena T
mv?

== (M — macca mena, v — eco ckopocms), npu smom

UHOYKIMUGHOCIMYb Oyoem ucpamv poib MACChbl, d MOK —

cKopocmu...».

A TIOCKOJIBKY MBI UMEEM BHMXpeBOe IBM:KeHHMe HE Te-
HUOYb, @ BO BCE B TOH K€ «IIPOMEKYTOUYHOI cpee», IpuiéM
9TO BHUXPEBOE JIBWKEHUE BBIXOAUT JAJIEKO 32 IIPEIEIIbI
IpoBOJa U OHO (UKCUPYETCSs HaMU B MPOCTPAHCTBE Kak
«MarHuTHOE TOJIe», a pACKpyuMBalOT €ro cBOOOAHBIE
3J1eKTPOHBI, YIIOPSIOUYEHHO ABMKYIIHECS BHYTPH IIPOBOAA, TO
HaJ0 MOHUMATh, YTO BHYTPHU 3TOTO «MAarHUTHOTO BUXPS», KaK
U BHYTPH JI000OTO BUXPS, BO3HUKAET 00JIACTH NMOHMKEHHOTO
AaBJIeHUs (TEM MEHbILEro, 4yeM OOJIbIlIe CKOPOCTh BpALICHUS
«MarHUTHOTO BUXPS.

OTy 001acTh MOHMKEHHOTO [AaBJICHUS B IPOBOJE MBI
MO)XEM paccMaTpuUBaTh KakK TIOSBJIEHUE BHYTPU IIPOBOAA
HEKOTOPOTO IOMOJHHUTEJbHOr0o 00béMa (EMKOCTH) IS
KOHIIEHTPAaLlMd CBOOOJHBIX 3JIEKTPOHOB, YYacTBYIOIIHUX B
00pa30BaHUM NEKTPHUUECKOTO TOKA.

A nanee BCIIOMHUHAEM OISTh NPO AHAJIOTHIO ¢ THOKHUM
Pe3MHOBBIM ILIJIAHIOM, KOTOPBIHA pa3/lyBaeTcs IOJ HAIOPOM
BOJIbI M BHOBb CXKMMAETCs, KOTJa Harop BOJAbl YMEHBIIAETCs
WIM Tpekpamaercs BoBce. Ponb aHajora 3Toro rulOKoro

PE3MHOBOTO IIJIAHTa, U3MEHSIOLIETO CBOM BHYTPEHHUH 00BEM
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B 3aBUCUMOCTH OT Hamopa BOJAbl, Kak pa3 U HUIpaeT
pPacCMOTPEHHBI HAMH «MATHUTHBINH BHUXPb», 00pa3yroLuiics
BOKpPYT' IIPOBOJA MPH MIPOTEKAHUN YEPE3 HETO EKTPUUECKOTO
toka. [lpuuém ero KuHHeTH4YecKass JHeprust (a 9T0
pacnpenenéHHas B MPOCTPAHCTBE Macca MaTEpUU, NIPUHHUMA-
IOlas y4yacTUE BO BpPAILLEHWHM, YMHOXECHHAs Ha KBajapaT eé
CKOPOCTH BpamieHus1) (akKTHUECKH MPONOpIHOHATBHA CHJIe
TOKA, POTEKAIOIIETO 110 IPOBOY.

DIeKTpHYECKHI TOK

OTKpBITHIA DpCTEOM BUXPB! v ..

IIposoxa

N Hanparienue Bpaienus

BUXPEBOIO MACHHTHOIO 7 —
w O not — K

OnekrpayecKni ok’ <P« MarnuTHas CTpeaka

CoOcTBEeHHO, COBpEMEHHAasi HayKa HE OTpHUIAET, 4YTO
«BUXpPEBOEC MAarHUTHOE TIOJIe» KATYIIKH WMEHHO TakK u
MIPOSIBIISIET ce0si: OHO 3aracaeT B ce0e KUHETUYECKYIO YHEPTHUIO
M0JI00HO pPacKpy4eHHOMY MaxOBHKYy, a IIOTOM OTHAaET eé
0o0paTHO CBOOOJHBIM 3JIEKTPOHAM, IOPOXKAAas B IPOBOJE
BCIUIECK TOKA, YTO U Ha3bIBAETCS SBJICHUEM CAMOMH/YKLMH.

Bor TOnBKO CcOBpeMeHHas Hayka He OOBSCHSIET U He
X04eT OOBSACHATH HUKOMY, YTO €CTh 3TO CaMO€ «BUXPEBOE
MarHuTHOE T0Je», KOTOPOE B PealbHOCTU NPECTABISET CO00M
pacnpesieiéHHYI0 B IPOCTPAHCTBE MACCY «IIE€pPeIaTOYHON
MaTepU», KOTOpas BBIHYXKIEHHO YYacTBYeT B BHXPEeBOM
BpameHnu. Bc€, 9To 10 cux mop pacckasblBaeTCs CTyIACHTaM
YUUTEISIMH M aKaIeMHKaMHd Tpo (PHU3UYECKYI0 CYIIHOCTH
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«MarHATHOTO TIOJISH», 3TO BOT OTH IYCThIE, HE JAIOIIHNE
HUKAaKOM MMM Ui yMa CJIOBA: (IUHUU MASHUMHO20 NOJIA
3aMKHYmbl, a 3MO0 2080pum 00 OMCYMCMEUU MASHUMHBIX
3aps0086 8 npupooey.

Hcxons U3 TOro, 4TO MBI y’K€ 3HAeM, YTO MPEACTaBIsIeT
CO000 «MAarHUTHOE TOJIe», ceyac MOXKHO CMEJIO 3asiBUTh, UYTO
TOCIIOJICTBYIOIIAsE B HACTOAIICE BpPEMs TeOpHsl H3JIy4YeHHsi
3JEeKTPOMATHUTHBIX BOJH «OTKPBITBIM KoJedaTeJbHbIM
KouTypom» sensercs HEBEPHOU. Jlaxe camo monsTue 06
«OTKpPBITOM KOJIeOAaTeIbHOM KOHTYpe», KOTOpoe maércsi B
yueOHMKaX (U3UKUA MOCPEJCTBOM BOT 3TOM MIUIIOCTPALIUH,
HEBEPHOE!

YMo3puTensHoe mpeodpazoBaHue 3aKPBITOr0 KOJIeOaTeIbHOTO
KOHTYpa B OTKPBITBIH.

Teopust yTBepXkaaer, 4YTO MPU TAKOM BHPTYaJIbHOM
«PaCKpBITUM» IIJIOCKOI'O KOHAEHCATOPAa Mbl UIMEEM NMPUHIIUIIH-
aJIbHO TOT >K€ KOHJIEHCATOp, HO MHOW KOH(UTypanmuu. A Ha
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caMOM Jiejle Ha HM3JIy4eHHe PaIHOBOJH B «OTKPBITOM
Koyie0aTeIbHOM — KOHTYpe»  paboTaloT JBe  OTAeJbHBIX
JJIEKTPOCTATHYECKHUX EMKOCTH, Pa3HECEHHBIE B IPOCTpaH-
CTBE TaK, YTOOBl MEXAy HHMMHU ObuUla MHUHMMAJbHOM Ta
(mapazuTHas B JAaHHOM cilydae!) €MKOCTb, Kakas BO3HUKAET
MEXy INIACTUHAMM IIJIOCKOTO KOHJEHCATOopa.

B or1oii cBsi3u HapucoBanubie ['eHpuxom ['epriem (romasl
xu3Hu 1857-1894) «@nekTpoMarHuTHBIE BOJHBDY, MPEICTaB-
JsieMble UM B €r0 BOOOpPa)KEHUH, HE OTPAXaroT JACHCTBUTEIb-
HOcTU. PeanbHOCTB coBceM apyras!

BounHbI 251€KTpUYECKOro Nmois, Kak UX MPeACTaBIISLI
I'.I'epw, co3matens nepBOro B MUpE paguonepe1aTdnka.

l 1/2 pnvHbI BONHBI !

Mposoaa unu Tpybkm,
urpatrolme ponb AByX
9/1EKTPOCTATUHECKUX
émKocTeil

I'opuzoHTaNBHO pactoNoKeHHBIN «BHOpaTop ['epray.
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Oto monstn emé Bo BpemeHa CCCP KoHcTaHTHH
IlerpoBnuy XapuyeHKO, WHKEHEpP, KAHAMAAT TEXHUYECKUX
HayK M wu300peraTeNb CKaHAAJbHO HW3BECTHOW, HO OYEHb
LIEHHOM B MPaKTUYECKOM IUIAHE NEepelaroniel aHTEHHBI
oerymieit BomHbl «OB-E».

7
AnTenHa “Ob-E”

OTKpBIB B CBOEH aHTEHHE JOMOTHUTEIBHYIO KOMIOHEHTY
(MOMUMO  DNIEKTPUYECKOW U MArHUTHOW KOMIIOHEHT) —
NPOIOJbLHYI0 BOJIHY, pAaclIpOCTPAaHAIONIIYIOCS B TOH ke
«TIepelaTOuHoM cpelie», HO He MPEAYyCMOTPEHHYIO COBPEMEH-
HOW TeopHeil 3JIEKTPOMATHUTHOIO MOJISA, OH MPSMO TaK M
Hanucan oJHaxIbl: «Poccuane, 6vi umeeme ¢hopy... He
mepsaiime epemenu. Qu3uxky Haoo denamsp 3an060!»™

17 aBrycra 2019 r. Mypmanck. AHTOH Baarun

18 https://cont.ws/@antonblagin/1111212
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3HAHHE NIKOJILHUKAM: ITI00A/ILHAS OIIIMOKA
B TeOPUU U3JTyYeHUsl PaIIOBOJIH!

[Ipomomkaro UK cTaTel, MOCBAIIEHHBIX CTAHOBJICHUIO
TaK Ha3bIBAEMOW COBpPeMEeHHOM (M3UKHU, CKPBIBAIOLIEH OT HaC
MHOTHE UCTUHBI 00 ycTpoiictBe [Ipuponbl. CeroHs ynTaTelto
Ipeajaraercsi y3Harb O IJ100aJbHOW OMMOKe B TeOpHHU
U3JIy4eHHs] PaJHOBOJIH!

Ota ommbKa crana A MEHs OYEBHJHOW TOJIBKO IOCIIEe
TOr0, Kak 5 CMOI IIOHATb MEXaHU3M BO3HUKHOBEHMS
NEKTPUYECKOTO W MAarHUTHOTO TIIOJIEW. YBEpeH, 4To BCe
Apyrue CHEelMaIMCThl JaBHO Obl YBHJENIU 3Ty INIOOATIBHYIO
OmUOKY B TEOPUH H3ITYYEHUS PaJAMOBOJIH, €CIU Obl OHU
IIOHMMAJIM ~ MX  [pUPOAY Ha  YpPOBHe  IIPOLECCOB,
NpPOTEeKAIIUX B MaTepuM, a HE CJENo OlepUPOBAIH
TEPMUHAMHM «MarHUTHOE TI0JIE», <BJIEKTPUUECKOE I0JIey,
«QIEKTPOMArHUTHOE 0JIE» KAK J0rMaMM (KaK 3TO IPUHATO B
penurum).

Htak, B ué€M e COCTOMT 3Ta riobajgbHas omHOKa B
TEOPUU U3ITYyYEHUsI paJUOBOIIH?

Sl BBIHYXZIEH CHauaja IepeckasaTb IPONUCHBIE HCTUHBL,
YTOOBI YUTATENb IPABUIBHO MEHS MOHSII.

B 1831 roay Bequkui aHTIUUCKUA SKCIEPUMEHTATOP
Maiikn ®apaneil  OTKpbUT SIBICHHE 3JEKTPOMATHUTHOM
UHAYKIUH, TPUPOLY KOTOPOTO OH OOBSCHUI CIETYIOIIUM
obpa3zom.

OKpecTHOCTh BCSIKOTO 3apsDKEHHOTO Tejla IPOHU3aHa
3JIeKTPUYECKUMHU CHJIOBBIMHM JTHHUSIMHU, KOTOpBIE MIEPENAIOT
«CUITY» JJIEKTPHYECKOro I0JIsl, a YHEPIHsl MATHUTHOI'O IOJIst
OyKBaJIbHO TeYET BIOJb MATHMUTHBIX CHJIOBBIX JimHHUi. (M3
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3TOro (hapageeBCKOr0O MUPOBO33PEHUS TOTOM BO3HUK HAYUHBIH
TEPMUH «MAarHUTHBINA MOTOK», CKOPOCTb KOTOPOTO BHIIIE TaM,
TJIe TylIe PacroJiaraloTCs MATHUTHbBIE CHJIOBBIE JIMHUH). DTH
JUHUH HE CJeyeT paccMaTpuBaTh KaK yCIOBHBIE a0CTpaKIUH,
OHH TNPEICTABJAKT €000 (HU3MYECKYI0 PpPeaJbHOCTD,
rosopust dapazeil. B coBpemeHHOl Gu3MKe MPUHITO CUUTATD,
YTO IyCTOTA CHJIOBBIX JIMHUI MAarHUTHOTO IOJSI MPOIOPIIHO-
HajpHas BennuuHe H («HanmpsHKEHHOCTH MAarHUTHOTO TIOJIS»), a
ryCcTOTa CHJIOBBIX JUHUN SJCKTPUUYCCKOTO IOJS MPOMOPIHO-
HanpHa BenuunHe E  («HanpsHKEHHOCTH  AIEKTPUUYECKOTO
nosisiy). Ilpu 3TOM, 8csikoe usmenenue 6 nposooe Hanps€HCEéH-
HOCMU  J]1eKMPUYECKo20 NOJA  NOpoNcOaem 60OKpye He2o
MazHumuoe noie, a 6CAKOe UIMEHEHUe HAaNnpANCEHHOCMU
MASHUMHO20 NOJISl NOpodcoaem 6 Nposode IleKmpuiecKoe
no’e.

C momaum Maiikia @apazges sta uHbOpMAIUs TPSIMO
TOTJa >K€ IIUPOKO paszjieTenach MO MHUpPY, a TMOcCjelHee U3
HAIMMCAHHOTO BBIIIE CTAJI0 BOCIIPUHUMATHCS BCEMH OYKBaJIBHO
KaK OYeBHHOE, TIOTOMY YTO JFO0O0H YesoBeK MOT HAOIIOIaTh
SIBJICHUE JJIEKTPOMATHUTHOH MHAYKIUM B MPOCTEHIINX
ONBITaAX C MArHUTOM U MPOBOJIOYHON KATYIIKOM.
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Tak  BBIVILAUT  (PUCYHOK  BBEPXY)  HPOCTEHIIUI
MATHUTHBIA MHAYKTOP TOKA, U TaK BBIIVIAAUT IPOCTEHIINI
3JIeKTPOMATHUTHBIH HHAYKTOP TOKA!

i

i i / t

B 1865 romy npyroil aHTIUHCKAN y4Y€HBIM, QUMK U
matemaTuk JhkeliMmc Kiiepk MakcBemn, H3y4uB TpyAbl
@apanes, co3gal «TEOPHUIO0 CBETa», B KOTOPYIO B KayeCTBE
noctysiara ObUTHM BBEACHBI (hapaZeeBCKHe CIIOBA, OMMCHIBAIO-
pe CyTh paboThl (MPUBEACHHOTO BBINIE) IEKTPHUUYECKOTrO
TPAHC(OPMATOPA.  «BCAKOE USMEHEHUe  HANPAICEHHOCU
BUXPEBO2O  DNIEKMPUUECKO20 NOAA  NOPOACOAen  BUXPEBOe
Ma2HUmHoOe noje, a 6CAKOe U3MEeHeHUue HANPANCEHHOCmU
BUXPEBO20  MACHUMHO20 — NOJA  NOPOAICOAem  BUXPEBOe
aleKkmpudecKoe noiey.

Tonpko JI.K.MakcBemn B CBOUMX NPEICTaBICHMAX
MBICJIEHHO OTOPBAJI SIBJICHUE 3JIEKTPOMATHUTHOM WHIYKIIUH
OT DJJEKTPOMAarHUTOB, MAarHUTOB M IIPOBOJOB U TaKXe
MBICJIEHHO TepeHEC STOT (eHOMEH Ha MHMpPOBOH 3¢up, B
CYHIECTBOBAHME KOTOPOro OH Bepwl. B HEM OH cmor
IIPEICTAaBUTh INPOLIECC NPEBPALICHUs BUXPEBOIO MAarHUTHOTO
IOJII B BHUXPEBOE  JJIEKTPUYECKOE, 3aTEM  BUXPEBOIO

ANEKTPUYECKOT0 TOJsI 00paTHO B BUXPEBOE MAarHUTHOE, M TaK
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nanee 710 OeCKOHeYyHOCTH... VIMeHHO B TakuxX B3auMoO-
[IPEBPALCHUSAX JBYX CHUJIOBBIX IIOJIEH OH YBHMJEN pas3raaxky
IIPUPOJIBI CBETA.

B 1887 rogy Hemeuxuil yuénbiii I'enpux ['epu pemmn
IIPOBEPUTH HA MPAKTUKE «AJIEKTPOMArHUTHYIO TEOPHIO CBETa»
J.K.MaxkcBenna, Juii 4ero co3Jiajl OIBITHYIO YCTaHOBKY, B
KOTOPOI MCKpOBBIE pa3psiibl BbI3bIBAJIM MMITYJIBChl TOKAa B
METAJUNIMYECKUX CTEPXKHAX U JCUCTBUTEIBHO MOPOXKIAIH
HeBuauMbIe (!) pPaAMoOBOJIHBI, KOTOpbIE (PUKCHUPOBAINUCH C
MOMOILBIO  CIIELUAJIBHOIO METAJUIMYECKOTO pe30HaTopa H
BTOPUYHBIX MCKPOBBIX pa3psg0B HAa PaCCTOSHUU HECKOJIbKUX
METPOB OT U3JIy4aTesl.

VYcranoska ['epuia st u3nydeHust U U3y4eHHUs! paIiOBOJIH.

OTKpbITHE  PAJHMOBONH, pa3yMmeercs, MOTpedoBalo
TEOPETUUYECKOT0 OOBSICHEHHUS X CYIIECTBOBAHMS, BOT TOTJa U
BcmoMHWIM Tmipo Teoputo JI.K.MakcBemia, B KOTOpod ObLIO
JaHO MAaTeMaTH4YecKoe ONMCAHUe SIBJICHUS JIEKTPOMarHuT-
HOM MHAYKIMU U JaHO €€ HOBOE IMOHUMAaHUE: «U3MeHsAoujeecs
80 6peMeHU Buxpegoe JNIeKmpuyeckoe noie Nopoicodenm 8
Cc80000HOM NpOCmMpancmee GuUXpegoe MAacHUmMHoe noie, d
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sUXpesoe MazHumHoe noie, yovieas, nopoxcoaem 6 c60600HOM
npocmpancmee Guxpegoe dleKmpuieckoe noiae, KOmopbie
nepemewaromcs. 8 c60600HOM NPOCMPAHCIMEE CO CKOPOCMbIO
ceemay. CMBbICH OB TaKOM.

Cam T'enpux I'epu momsitancss 0ObSICHUTD MPOUCXOXKIIE-
HUE HEBHJIUMBIX BOJH D3JIEKTPOMATHUTHOW MpPUPOABI C
MIOMOUIBI0 CEPUM WIUTIOCTPALUM, IMO3BOJIAIOIIMX BOT TaKUM
0o0pa3oM MpeACTaBUTh CKPBITBIM OT HAIUMX IJ1a3 Mpolecc
BOJIHOOOPa30BaHUS «II0JTYBOJIHOBBIM BUOPATOPOMY:

I'wnoTeTuvecive “sanHbl Mepua” siko6el BoaHukalowpe npu pabote ubparopa Mepua

\
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DieKTpuLeCKne CHIOBKIE TNHEK: ¢ ~— OKONO DIICKTPH'IECKOTO LUN0N1 (npn yeaoend
HOCTOIICTEA Bapanal; ¢ 2 — OTACAUBIIHECA OT Juuaisn: i — wepea !/, nepuoaa xm:c?amm
(1/,) T nociieé NORCUEAVHEENH rencpa1opa (zapan Ha RHIONE OTCYTCTBYCT): ¢ — uepes ( /s) T

(maciTa® BaMeuen); ¢ — ycpes (/) T (MacwTal usmenes).

~—

[locne I'epua BIJIOTH O CErOMHSIIHErO AHS B paMKax
CYLIECTBYIOILIEH T€OPHUH 3JIeKTPOMATHUTHOI'O MOJISl BCE TaK U
MBITAOTCA NPCACTABUTH MPOLECCC O6p8.30BaHI/I$I BOJIH B aHTCHHC
nepefaTyuka Kak Ipouecc KojeOaHWM JByX mosiel  —
3JIEKTpUUYECKOro M marHutHoro. M ecnu ¢opma BHXpeBOro
MArHUTHOTO MOJIsI BOKPYT «aumoiisi I'epia» He BBIXOIUT 3a
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npenenabl  HalMX — OPEACTaBICHUH O  BO3MOXHOM, TO
BoOOpaxkaemasi (GopmMa BHXPEBOr0 3JIEKTPHYECKOI0 IOJIs
BOKPYI' «IUNOJA ['epia» HaXonnuTCsl yKe 3a TPAHBIO JIOTHKU U
pasyma.

Hy xak MOKHO HaBEpTETh TAKHE «BUXPEBBIE DJIEKTPUUEC-
KM€ TIOJIS» Jake B BOOOpa)KEHUH, 3HAs O TOM, YTO BHXPEBOE
ANEKTPUYECKOE TO0Je, MOPOKAEHHOE IBM)KEHHUE DSJIEKTPOHOB,
SBIIAETCA TUHAMUYECKUM M OHO JIBUXKETCS (XOTh B CBOOOJIHOM
MIPOCTPAHCTBE, XOTh B TIPOBOJIC) CO CKOPOCTHIO cBeTa?!

Ha pucynke I'epuna mnpoTssK€HHOCTH TPaeKTOPHIA
BUXPEBBIX OJCKTPUUECKUX TIIOJIEH, YOeraloummx Mpoyb OT
U3JIYYaOLIETo JAUIIONS, YXKE Jake Ha HEOOJbIIOM YIaJCHUU OT
HEro MHOTOKPAaTHO NPeBbIIAET JJIMHY CaMOW paguOBOJIHBGI!
JT0 )K€ HOHCEeHC!

Ectb m  emé€ OOHO «HEOoOpa3yMEHHE», KOTOpPOe
OOBSICHSIETCST B COBPEMEHHOW (U3HMKE OYEHb HEYKIIIOKE.
[lepemeHHbIE TOK U HANpPsiKeHHe B H3TyYarolleM «BUOpaTope
I'epua», paBHO Kak M B3aMMOCBSI3aHHBIE C HUIMU MarHUTHOE
1oJie ¥ 3JIeKTPUYecKoe IMoJie CABUHYTHl OTHOCUTEIBHO APYT
pyra Ha 4eTBepTh nepuoaa (Ha 90 rpaaycos), a B IpUEMHOM
aHTEHHE OHU (HUKCHPYIOTCS NPUOOpPaMU Kak IOJHOCTHIO
conagawinue no pase! Kak rakoe moxer ObITh?!
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[To »TOMy TOBOAYy OJHAXIBI ObLIAa MPHIyMaHA
«CKa304Ka» ISl CTYJAEHTOB, YTO pPAOUOGONHA (hopmupyemcs
He ¢ camom «euopamope I'epuya», a na Hekomopom yoanenuu
om uznyyamens. Bot Tak BoT!

Korga s moutn 30 ner Ha3zajx ydusics Ha paauCTa, MHE
TaKyI0 «CKa304Ky» TOXKE paccKa3biBaiu!

Huxe m300pak€H ropu3oHTANbHBIN «BHOpaTtop [epra»
(«moTyBOTHOBOM BHOpaTOp») a Takke IOKa3aHbl TpaduKu
TOKA W JJIEKTPHYECKOr0 HANpsiKeHUs1 B ero 1wiedax. OHuU
CABUHYTBI OTHOCUTEIIBHO JIpYT Jipyra Ha 90 rpaaycos:

Tok

Hanpsxenve

1/4 wave L/UVJ\ 1/4 wave

MonysonHosow gunons lepua
(LUBETHBIMY NMHUAMYU NOKA3AHO PACPAETIeHIe TOKA W HANPKEHNA)

Cnenyroumii rpaduk MOXHO YBUAETh Ha OJKpaHe
JBYXJIY4eBOr0 ocuuiuiorpada npu MHCTPYMEHTAIbHOM 3aMepe
HaIpPsHKEHHOCTEH JIEKTPUYECKOr0 1 MATHUTHOIO MoJieil B
MIPUHUMAIOIIIECH BOJHBI AaHTEHHE.

I\
M, £ /)/

Hawm roBopst, 9T0 SIKOOBI Tak BEITVIIANT PaIHOBOIHA B BaKyyMe.

E
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OTOT peasibHbI KojledaTebHbIN Mpouece, MPOUCXOs-
Ui B Teje Jr000H paavonpuEMHON aHTEHHBI, YK€ MHOTHE
JECSITKY JIET BBIAAETCS YYEHBIMH 32 PeaJbHYI0 PAIOBOJIHY,
JIETAINYIO B CBOOOJHOM IIPOCTPAHCTBE CO CKOPOCTBIO CBeTA.
IIpu 3TOM HUKTO, pazyMmeercs, HE XO4eT OOBACHUTH OeIHBIM
CTYIEHTaM, Yy KOTOPbIX YM 3a pa3yM 3aXxOAMT OT TaKUX
KAPTUHOK M TaKUX YTBEPKIEHUH, KaK XK€ JTOT CHHXPOHHO
MPOUCXOJAIIMM  HpoOLecC  HapacTaHWs U YObIBaHUS
HaIpsDKEHHOCTEN  AJIEKTPUYECKOTO W MArHUTHOIO  MOJEH,
MOXKET MPOUCXOAUTH I/IE-TO €lE, KpoMe KakK B IPOBOJE
IIPUEMHOMN aHTCHHBI.

Ecnu takoil konebarenbHbI MpoLecC U B CaMOM Jieje
IIPOUCXOJUT B BaKyyMe (COBEpIIEHHO IIyCTOM IIPOCTPAHCTBE),
KaKk yYTBEp)KIaeT COBpeMeHHas (u3uka, (4TO HEBO3MOXKHO
OPEICTaBUTh B BOOOPaXEHHH), TO KAKUM YYyJOM MOCIE
nepexoia 3Hepruil o0eux BHUJOB MOJNEH B HOJb, OHM MOIYT
OTOM M3 HuU4Yero OykBanbHO BOCKpecHyTh? W  uToO,
CIPAILIMBAETCs, BBIHYXK/ae€T TaKyl0 pPaJUOBOJIHY JBUTAaThCS B
BaKyyMe BIIEpEN, na €mE W CO CKOPOCTBIO CBETa, €CIHU
KoneOaHus  JIByX  BHJAOB  DBHEPrMM  (MAarHUTHOW W
ANEKTPUYECKON) MPOUCXOAAT B IUIOCKOCTSIX, NEPIEHIUKYISP-
HBIX HaIlpaBJIIEHHIO pacnpocTtpaHeHus?! I kakas cuia
OTrPaHMUYMBAET CKOPOCTb TAaKOM paJMOBOJHBI TpEeMsACTaMU
TBICSIYaMU KHJIOMETPOB B CEKYHAY?

CoBpeMeHHast HayKa HUYEro 3TOr0 He OOBSACHSET, IPOCTO
3acTaBjsieT BCeX BEPHThb, YTO PAaJUOBOJIHBI MMEHHO TaK M
BBITJIAAAT U Tak pacnpocrpanstorcs! Ilpsamo penurus xaxas-
TO TIoJTydaeTcs!

S ke ckaxy crieayroliee: BCE 3TH, MITKO TOBOpS,
He/I0Opa3yMeHUsl HMMEIOT MECTO B COBPEMEHHOW (u3uke
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UCKJIIOYUTENIHO OTTOTO, YTO NPUHATHIM JOrMaT 3JIEKTPo-
MATHMUTHOIO IIOJSI HE INPEIyCMaTpUBaeT B pPaJHOBOJIHE
HUKAaKMX JIpyrUX TOJ€H, KpOME JJEKTPHYECKOro U
MArHUTHOI0, MHCTPYMEHTAJIbHO HaOJI0JaeMbIX IMpH paboTte
3aKPBITOr0 K0J1e0aTeJbLHOI0 KOHTypa* wiu npu pabote
OOBIKHOBEHHOT'0 TpaHc(opmMaTopa.

1

Ly Vo
2L

*3akpbiTblii KonebarensHslii KOHTYP V=

Katywka U3oBpaxeHme
KoHpeHcaTop VHAYKTUBHOCTM  4a NpMHUMNMAnbHbIX CXeMax

Huxkro, mouemy-To, Aake HE JOMYCKAET MBICIH, YTO B TaK
HA3bIBAEMOM  «OTKPBITOM  K0J1€0aTeJIbHOM  KOHTYpe»,
KOTOPBIM sIBJIsieTCsl «BUOpaTop ['epuay», 3Tu ABa mossi, BbI3bIBaAs
B CTEpXKHSIX WU3Iydarenss «CKUH-3G(deKT» (MOBEepXHOCTHBIE
CKOPOCTHBIE 3JIEKTPUUECKHUE TOKH), MOPOKIAIT elé OIHY
«oco0yr0 (popMy MaTepun», pacpoOCTPAHAIIIYIOCH B BH/Ie
BOJIHBI C NMPOJOJBHBIM CMEIIEeHHEeM YaCTHIl CPeAbl, KaK 3TO
UMEET MECTO B 3BYKOBOM BOJIHE, pacIpOCTPaHSOLIEHCS,
HaIpuMep, B BO3AYXE.

Ota TpeThsi (opMa 3IEKTPOMATHMUTHOIO TOJS €
NMPOJAOJbHOM KOMIIOHEHTOH, MOpPOoXkAaeMasi ObICTPLIMH
3J1eKTPOHAMH, COOCTBEHHO H eCTh H3JIy4aeMasi Paauo-
BOJIHA, KOTOpYyIO0 cpenactBa KoHTposisi OMII paznuuaror u
¢ukcupyror Ha (oHe JBYX JpYrux ImojJeil OObIYHO Ha
HEKOTOPOM YJaJIECHUH OT MOBEPXHOCTH «aAunoss I'epuay!
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Bot mouemy npunsto rosoputh, uro PAJIMOBOJIHA
OOPMUPYETCS Ha HEKOTOpOM OTAAJEHHH OT Tela
«TIOJTYBOJIHOBOT'O BUOpaTopa!

Pebsra, rae noruka?! PaguoBonna ¢gopmupyercs cpasy,
HEINOCPEACTBEHHO B aHTEHHE, €€ MOPOKAAIOT HEMOCPEICTBEH-
HO DJIEKTPOHBI, IPOCTO OHA MAaCKHpPYeTCs IBYMsl ApPYTUMU
dbopmMamMM  3JEKTPOMAarHUTHOIO IMOJS, O4YEHb CHJIBHBIMHU
MMEHHO BOJIM3U aHTCHHBI!

DTO KaXeTcsl HEBEPOSTHBIM, OJTHAKO, 5 IOJKEH 3aMETUTh,
YTO Ha 3ape CTAHOBJIEHHS «COBPEMEHHOW (U3UKH» YUEHBIMU
ObUT COBEPIIEHHO BBINMYIIEH M3 BHUMaHUS (2 MOXET OBITh U
MPOCTO MPOUTHOPUPOBAH!) TOT (aAKT, YTO IIEKTPUUECKUN TOK
(KOTOpBIN MBI IPEICTABISIEM KaK YIOPSJIOYEHHOE IBUKECHUE
3NIEKTPOHOB), PACIPOCTPAHSIETCS MO MPOBOJAM CO CKOPOCTHIO
CBETa He caM 1o cele, a Onarojaps 3JeKTPHYeCKOMY MOJII0,
KOTOpPO€ B CBOI O4Y€pelb MMEET CBOMCTBO PAaCIpPOCTPAHSITCA
10 MPOBOJIaM B BHJI€ MPOAOJIbHOI BOJIHbBI!

[IpuBeny mpocToOi, HO OYEHb HAIVIIIHBIA IPUMEP: IPHU
MOCTYIUIEHUU MePEeMEeHHOr0 3J1eKTPUYeCKOro TOKa 4YacTOTOM
50 'y ot anekTpocTanIuu A0 Onuxaiero ropojaa uepes JIDII
(BBICOKOBOJIBTHYIO  JIMHHMIO 3JIEKTpPONEpENayd) caMH Tak
Ha3bIBaEMbIE «CBOOOHBIC AIEKTPOHBI» HUKY/IA He 0eryT, OHU
JUIIb TEPEMEUIAlOTCs BJIOJIb IPOBOJOB BCETO HA HECKOJBKO
MUJUINMETPOB TO BIEPEN, TO Ha3ak, Jejas TaKHe BO3BPATHO—
nocrynarenpHele nepememieHus 50 pa3 B CEKyHOy, a BOT
JJIEKTPUYECKOe IMOoJIe, IIOPOKIAEMOE T€HEPATOPOM 3IIEKTPO-
CTAaHLUUHU U CHUHXPOHM3UPYIOLIEE ABHKECHHE BCEX CBOOOIHBIX
AJIEKTPOHOB, YYacCTBYIOIIMX B 0Opa30BaHUM 3JIEKTPHUUECKOIO
TOKa BO BCEH JJIEKTPOCETH, JBMIKETCS 10 IPOBOJAM CO
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CKOPOCTBIO CB€Ta, NPUYEM B BUAEC NPOAOJBHON BOJIHBI,
HEMOKUJAIOUIEN MTPEAETIOB ITPOBOIOB.

Coznanue 1OM00HON MNPOAOJIBLHOW BOJHBI B Tak
HA3bIBAEMOM  «CBOOOJHOM TPOCTPAHCTBE», KakK MOKa3al
skcnepuMeHT ['empuxa I'epua, BO3MOXKHO C  ITOMOILBIO
«OTKPBITOr0 KO0J1e0aTeJIbHOr0 KOHTYpPa», COCTOAILErO B
uaeasne u3 AByX METAJUIMYECKUX CTEPKHEN JUTMHOKO B YETBEPTh
BOJHBI Kaxabld. IIpu 3TOM cTep:kHM ciieyeT pacronaratb B
IIPOCTPAHCTBE TAK, YTOOBI MeKAy HUMHM OblIa CBeleHa K
MHMHHUMYMY €MKOCTb, NpUCYIIAsl MJIOCKOMY KOHJAEHCATOPY.
B srom ciiyuae 3TH ABa CTepKHS OyIyT MrpaTh pojb ABYX
3JIEKTPOCTATHYECKHUX KOHJAEHCATOPOB, Ha IIOBEPXHOCTH
KOTOpBIX, IpU MOAKIIOYEHHH K HUM  IIEPEMEHHOrO
HampsDKeHUsT BBICOKOW  YacTOThl, OyAeT MMETb MeCTO
CKOPOCTHOE JIBMKEHHE 3JIEKTPOHOB, KaK pa3 M CO3[aI0Ilee
«TPeThbi0 (OpPMY DIIEKTPOMATHUTHOTO TMOJII C MPOAOIHHOU
KOMITOHEHTON», KOTOPAsl U SIBISAETCS PaJUOBOIHOM.

! 1/2 pnuvHbl BONHbI !
ﬂ\ MpoBoaa unm Tpy6bKu,
- Wrpaiolyue ponb ABYX
9N1EKTPOCTATUHECKUX
EmKocTel

3aBepmaH OTy CTaTblO, CKaXy, 4YTO s IIOCTapaliCid I9TY

mpo0JieMy COBPEMEHHON Hayku 0003HAYHTh COBCEM KOPOTKO,
HO Tak, YToObl MEHS IOHMJIM JaXKe€ IIKOJbHUKHA CcaMoM
OOBIYHOM IITKOJIBI.

[TouemMy 1 3aueMm s 3TOTO 100MBAOCH?

Henmo B ToM, uto Poccuiickas Axanemuss Hayk B nune
TUTYJOBAaHHBIX aKaJIEMUKOB M TMPO(eccopoB yKe HECKOIHKO
JIECSATKOB JIET HArjo WMTHOPHUPYET BOCIPOU3BEJCHHYIO BBIIIE
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HAay4YHYI0 UCTUHY, XOTS 000 BCEM ATOM €M JIOKJIaAbIBajl Halll
3HAMEHUTBHIM aKaJeMHUK, CO3JaTelb IUIa3MEHHOIO OpYXKUs
Poccun, Pummiamii dénopoBuy ABpPaMEHKO — JOKTOp
TEXHUYECKUX HayK, Npodeccop, 3aMEeCTUTENIb T€HEpalIbHOrO
koHCTpykTopa HWUM pammompubopocTpoeHus, aBTop Oomee
100 Hay4yHBIX TPYIOB, B TOM 4YHCJIE OTKpHITHS W Oosee 40
n3obperenuit u mnareHtoB. bonee Bcero P.D.ABpamenko
M3BECTEH HAy4yHOW OOLIECTBEHHOCTH KakK CIELHAJIUCT [0
CUCTEMaM MPOTUBOPAKETHONH OOOPOHBI W aBTOP CHCTEMbI
FapaHTHPOBAHHON 3aIMTBI HA HOBBIX (U3HYECKHX
NPUHIUIAX.

N3 ero kuuru «bynymee OTKpBIBA€TCd KBaHTOBBIM
KIIFOUOM», U3BECTHO, YTO:

VIIK 530; 533; 537; 539 Knuza avnywena
npu unancosoi noddepmcxe

Haywno-uccaedosameckoen

uncmumyma paduonpuGopocmpoenus

BYAYHIEE OTKPBIBAETCS
KBAHTOBBIM KJIIIOYOM

Byaymee iouom/P.D.A "
ap. Tloa pea. B Huxomenoi, A.C.Mauuius. ~ M. Xisons.
. - 352 c.
ISBN 5-7245-1193-2

Wy Colpani CTaTh, BMCTYIICHIS, IAMCTKH aKAIEMNKs P.DABPAMCHXD ~ YHEHOTO,
TOCKATHMIIETD CBOKO KNtk IPOGIEME OOOPOROCIICOGHOCTI KACH CTPRNN W QIO

EPEMEMHO OTIAMIIEI0 MKOTO CHA GYNAMMCHTATSHOK GIKXE. EXO PaGama ~ Teoper
M IKCHCPHMOUTATLHIG — OTKDAIAXTT HORME 11yTH AUIA PEICKHA MACYNOIDX
MPOGAEM  NeTCRCNECTRS, TAKKX, KAK PCOAOACHME  INEPIETHUCCKORO  KpHIMEA

emc

W, =3.73 k38 CATIH (VP KICKTPOMATHHTHIO IKPaNI) H T.1.

KHMIS MPEANAIMANCHA AW HAYHMX PAGOTHHKOB B HIKEHCPOR, CTYRCHTON QM
NECKMX M TEXHMYOCKMX cricipabiocTelt BY3on, & racke scew,
TIYTAMM pasETHS HayKH.

2302030400 - 032
050(01)- 00

B Bes ofnana.

ISBN 5-7245-1193-2  © HayHO-HCCACAOBATEALCKII MHCTHTYT
pazonpubopocTpochitsi, 2000

© Cocrasirenn B.H.Hukonacsa,

A.C.Maumna, 2000

«Oxcnepumenmor 6 1973-1975 2o0ax noxaszanu, umo
UHOYKUUOHHOe 3JN1eKmpuyeckoe none 6 eakyyme HE
cywecmeyem: Euno = 0, 6 mo 8pems kak no coépemeHHuIM
npeocmasieHusM, Kazaiocb oOvl, 6 eaxkyyme Euno onpeodens-
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emcs uzeecmuovimM ouggepenyuanvrvim ypasHenuem Makceen-
na (8 I'ayccosoti cucmeme eounuy).

Y

VYpasnenusa Maxkceenna ne onucwiearom nabr00aemyio
peanvuocmu! [looduepkném, umo onvimsi, O KOMOPLIX ULIA
peub,  ceuoemenbCmeyrom 00  OMCYmcmeuu - UMEHHO
6uUxXpe6o20 (UHOYKUUOHHO20) INEKMPUUECKO20 hnoasa U,
KOHEeUYHO, NOOMBEePHCOAION CYUWEeCmBO8aAHUe INeKMPUUECKO20
noJisl C60O0OHBIX 3aPs008.

-

Exy'" =—gad(p > 20e @ —

CKANAPHBIU NOMEHYUA
noJs.

Tem He menee, ¢haxm omcymcmeus UHOYKYUOHHO2O
NEKMPUYECKO20 NOAA NPUBOOUM K HeoOX00UMOCIU HOTHO20
nepecMompa OCHO8 COBPEMEHHOU Mmeopemuyeckou Qu3uK,
HA4YUHAas OM UCXOOHLIX NOHAMUL — OBUICEHUE MAMEPUATIbHBIX
mei, cuna, IHep2usi u m.n.

Tpedyemca nonnasa peeusus 0CHO8 31eKMPOOUHAMUKU,
K8AHMOBBIX (80JIHOGBIX) Meopuil, A0ePHOU Qu3uku u
duzuxu InemenmapHvIX Yacmuu) . (I/ICTqunlclg. Crp. 127).

To ectb, BoT 9310 YyTrBep)KAeHue J[.K.Makcpenna
0KAa3aJIoCh HE COCTOSATEIbHBIM: (UBMEHAIOujeecst 60 6pPeMeHuU
suUxXpegoe d1eKmpuyecKoe nojie nopoxcoaem 6 c80000HOM

1% Ckavatb KHUry P.®. ABpameHKO MOXKHO 34ech:
http://www.vixri.com/d/Avramenko%20R.F.%20_Budushee%20otkryvaetsj
a%20kvantovym%20kljuchom.pdf
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npocmpancmee  Guxpegoe MdASHUMHOe noje, d BUXpesoe
MazHumuoe noie, yovieas, onsamv Nopodcoaem 8 c80000HOM
npocmpancmee 8uxpegoe dleKmpuieckoe noie, U maxk oaiee,
Komopbvle nepemewjaromcsi 8 C80000HOM NPOCMPAHCIGE CO
CKOpOCmbIO C8emay.

Kak moka3anu SKCHEpUMEHTbl COBETCKMX YUYEHBIX,
npooguMblie eme€ B 1973-1975 romax, B Bakyyme MOpu
OTCYTCTBUHU JJICKTPUUECKHUX 3apsI0B HE BO3HHUKAET BUXPEBOE
JJIeKTpUYeckoe 1MoJie, a, CTajo ObITh, OMHCAHHOTO
MakcBesuioM mporiecca TaM He MPOUCXOAHUT, HO UMEET MECTO
COBCEM MHOMU mporiecc!

Dro ObwI0 3asBieHo PAH HammM  BBLIAOMIUMCS
akagemuxoM emié jger 30 Ha3zad, a M3MaHO OTO OBLIO B BHIE
MOCMEPTHOTO  COOpHUKA  JIEKIUH, cTaTell ©W  3aMEeTOK
P.®.ABpamenko 14 net Hazan. OnHAaKO, KaK TOBOPUTCS, «BO3 U
HBIHE TaM!».

Bot movemy s cu€n CBOMM JTOJITOM HAIUCATh 3TY KHUTY O
paanMoBOJIHAX, PACCUMTAHHYIO HE Ha akajeMukoB u3 PAH, a Ha
CaMbIX OOBIYHBIX IIKOJIBHUKOB U CTyAeHTOB! OHM — Harie
OymyIee, 1 OHA UMEIOT TIPABO 3HATH HAYYHYIO UCTUHY!

N na, He mory emé He yNOMSHYTb U 3HAMEHUTOIO
skcnepuMmenTtaropa Hukomy Tecma. Tak kxak oH Buzmen u
MIOHUMAJ MPUPOJY, HE BUIEN TOT1a, HaBepHOe, HUKTO. B 1898
roJy OH TOCTPOWUJI TIEPBYID B MHUPE PaTUOYIPABIIEMYIO
MOJieNb cyaHa, a B 1932 rogy Ha OJHOM W3 CBOMX JICKIUA
Tecna cnenan 3asBieHue: «f nokaszan, umo YHUGEPCATbHAA
cpeoa Aensiemcs 2a3000PA3HbLIM MENOM, 8 KOMOPOM MO2Yym
pacnpocmpanamoscs. ~ MoabKO  HPOOOJbHbIE  UMRYIbLCHL,
€030a6as nepemeHHoe cycamue U pacuiupenue, N00O0OHO mem,
KOmopbvie Npou38o0smMcsi 38YKOBbIMU BOJIHAMU 8 6030)Xe.

133



Taxum obpazom, 6ecnpo8oOHbLIl nepedamyuuK He NPOU3BOOUM
eéonnwt I'epya, komopwie asnarwmcesa mugom! Ho on npouseo-
oum 36yKogvle 8OJHbl 8 dpupe, noseoeHue KOMopuvlx NOXoxHce
Ha nosedenue 38YKOBbIX 60JH 8 6030yXe, 3d UCKIUeHUueM
mo2o, Ymo 02POMHAs YRPY20CMb U KpatHe Maids naOmMHOCHb
O0aHHOU Ccpedbl Oelaem UX CKOPpOCMb PABHOU CKOPOCMU
ceemay. «Pioneer Radio Engineer Gives Views on Powery,
New York Herald Tribune, 11 cenrssops 1932 rona.

Crnycts MHOTO JIET NPOAOJbHYI0O KOMIIOHEHTY B
ANEKTPOMArHUTHOM TM0JI€, OYKBaJIbHO «Ha OIIYMb», OTKPOET
Halll MHXKEHEp, KOHCTPYKTOpP aHTEHH W y4€Hblii KOHCTaHTHH
[leTtpoBuy XapdeHKO, cO3/aTeldb AHTEHHBI OETYIIeH BOIHBI
«OB-E». Ilocne 3Toro OTKpbITHS OH BBIHEC TAKOH K€ BEPAMKT,
kak P.D.ABpamenko: «Poccusane, evt umeeme ¢opy... He
mepaiime epemenu. Duzuky Haoo oenamv 3aH060!» Bor
TOJIBKO TOKa HEKOMY Y Hac jenaTh (Gu3uKy 3aHoBO. {151 3TOrO
HYXHBI CMeJIbuaku ypoBHs ['anmneo 'ammnes nimm [xopaano
bpyno. Jla u mnpoTHBOIEWCTBHE «CBEPXY» HAET OYEHb
cuibHOE!

18 aBrycra 2019 r. Mypmanck. AHTOH Baarun

KomMmenTapuu, nHamucannele B HMHTepHeTe Ha caiiTe
KOHT:

babaii: kak ’xe yJIamoch HCIOJIB30BATh PaJUOBOIHBI
MMOBCEMECTHO, €CJIH JIFOJU WUMEIOT OIMMOOYHOE MPEICTABICHHE
o Hux? Pacu€Tel yu€HbBIX Bcera ObUTH 0€30IIMO0YHBI, 2 HHAYC
3TO OBLI OBI BCEIEHCKUI cCKaHaa!

AntonBlagin: oii kakoii xopommii Bonpoc Bel 3amanu!
bnarogapro! Bechb ¢okyc B TOM, YTO Bce pa3paboTUMKH
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paaronepesaluX U paJuonpuéMHBIX YCTPOICTB BUIAT B UX
paboTe TOJIBKO AJIEKTPHUYECKUE U MAarHUTHBIC TIOJISA, CBSA3aHHBIC
MeXy o000 B eIMHYI0 KOJIeOaTeNbHYI0 CHCTEMY TPUHLIUIIOM
ANEKTPOMAarHUTHOW MHAYKIIHH.

[Tpuuém oOHM BUIAT WX JHIIL B TOW (opMe M B TexX
KauecTBaxX,  KOTOpble  JOCKOHAJbHO  M3y4eHbl  IpHU
HCCIIeIOBAaHUU PabOTHI JIFOOOTO 3aKPBITOr0 K0J1€0aTe1bHOr0
KOHTYpa WIH TpaHcpopmaTopa nepeMeHHoro Toka. Ha ocHoBe
pacuy€ToB ATOrO0  XOpOIIO HM3YYEHHOrO0  KOJIEOATEIbHOTO
nporecca coOOCTBEHHO U CTPOSITCS Bce pajauonepenardyuku. 1
3TO TMpPaBWIBHO, IOTOMY 4YTO OTH IEPEeMEHHBIC TIOJIs
(MarHuTHOE M BJEKTPUYECKOE) JECHCTBUTEIBHO YECTHO
TPYAATCS B JII0OON paguorepearoneii aHTeHHE.

BOT TONBKO HHMKTO MOYEMY-TO HE MOHHUMAET, YTO OHU
TPYIATCS B paguornepeaoneld aHTeHHe 0C000i KOHCTPYKITUN
KaK «Mamay M «Iamay, jKeJarolue 3adaTh JuTsa! A «Iuts» B
HalleM ciydyae — 3TO PaJMOBOJIHA, BOJHOBOW IMpolecc,
KOTOPBIA pPOXKIAeTCs M CTapTyeT C MECTa CBOEro POXKICHUS
TONIBKO OJylarofiapsi TpyAy «Mambl» U «Harmb», KOTOpbIE 00a
OCTalOTCsl HA MECTE, TO €CTh B AaHTCHHE U BOJIM3U aHTCHHBI.
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Takum 00pa3oM, Bce pacu€Thl YUEHBIX, pa3padaThIBaro-
IUX pajMolepearolue yCTPOUCTBA, OKA3BIBAIOTCH BEPHBI
KacaTeJbHO PadoThl JJIEKTPHYECKOr0 M MAarHUTHOIO
MoJIei, IOPOXKAAEMBIX B PaAUOIIEPENAIOINX AHTEHHAX TOKAMHU
BBICOKOM  4acCTOTHI, IIOCTYNAKOIIMMU B  AHTEHHY W3
CIELIMAJIBHOTO T€HEPATOPA.

Cnenora ’k€ BCeX HAIIMX YYEHBIX-(DU3UKOB COCTOMT
TOJIBKO B TOM, YTO OHHM HE [0 KOHIIA IOHUMAIOT, YTO XK€
MPOUCXOAUT B aHTeHHe! OHHM He NOHMMAKT C€aMoro
MeXaHU3Ma pOKAeHMs PaAuO0BOJHbI B aHTeHHe! OTTOro oHu
BUJAT TaM TOJIbKO PabOTy MarHUTHOIO U 3JIEKTPUYECKOTO
[oJIe, M HE BHUAAT, 4YTO OTU IO HPH IOCPeACTBe
3JIEKTPOHOB IIOPOXKAAIOT B TOM K€ CaMOM «JJIEKTPO-
MAarHuTHOM IIOJIE» CBO€ 3aKOHHOPOXKIEHHOE «IHUTA» —
pasMoOBOJIHY, PacpoCTPaHSAIOIIYIOCS B CBOOOTHOM
IIPOCTPAHCTBE CO CKOPOCTBIO CBETA MCKIIFOUHUTEIBHO 3a CYET
CBOUX MPOAOJbHBIX KOJeOaAHUIA.

[anbiie s MOy yke€ HUYEro HE pacCKas3blBaTb, BBIIIE B
TEKCT€ MOEH CTaTbl €CTh MO0 3TOMY IIOBOAY OOBSICHEHHE
3HameHuToro Hukoubsl Tecisia, KOTOpsIi ICHO CKa3an emé B
1932 roxy, 4Tto BCsAKas pPagUOBOJIHA MPEACTABISAET COOOMU
NPOA0JIbHbIE UMITYIbChI.

Benukuii skcriepuMeHTatop ObLT aOCONIOTHO IpaB, HO
€My HUKTO HE MOBEPHII!
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00 3TOM HeJib3s1 OBLIO MPOCTO A0raAATHCH!
(BTO MO>KHO OBLIO TOJIBKO YBUIACTH BCIICACTBUC BHE3AITHOT'O
03apeHHUs ¥ TIIYOOKUX 3HAHUH MPHUPOIbI!)

[Tpomgomkaro UK cTaTeid, MOCBSIIEHHBIX CTAHOBICHHUIO
TaK Ha3bIBAEMON «COBPEMEHHON (U3UKHU», CKPBIBAIOIICH OT
Hac MHOTHE UCTHHBI 00 ycTporicTtBe [Ipuposl.

[Tpodeccop reonorun Yuusepcurera Cankr-IlerepOypra
Anexcannp MHocTpanueB Obul o4eHb ApyXeH ¢ JIMuTpuem
MenjgeneeBbiM, co3gareneM [lepuonnveckoit  TaOIHIBI
XUMHMUYECKHX 3JIEMEHTOB. B 0THOM U3 CBOMX MHOTOUYHCIIEHHBIX
nuceM A.JHoCTpaHLIEB pacckaszal, KakK «XHMHUK OJHaK[bl
OTKPBUI YTy T€0JIOTY», TOBe1aB OYKBaJIbHO CIIEAYIOIIEE:

«A yeuoen 6o cne madauyy, 6 KOmopoi rnemenmasl
Ovl1u pacnonoxcensvt no mepe neooxooumocmu. A npocuynca
u cpasy xce 3anucan OaHHble HA Aucme OymMazu U CHO8A
3acuyn. U monvko ¢ 00Hom mecme nompeboganace 3amem
npagxay.

i Tafamna 11 M

lepuoznsecsas ucrena viewexTos o rpyBEIN B PRI
(L Measeaeen. Oceonss xivun. VI maanme, (T, 1906 1)
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3Ty HCTOPUIO A.HHOCTpaHI_IeB BIIOCJICACTBHUU YaCTO

MepeCKasbiBajl CBOUM CTYACHTAM, KOTOPBIM OYCHbL HMIIOHU-
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poBaja MBICIIb O TOM, YTO [JIi COBEPIICHUS BEJIMKOTO
OTKPBITHS JIOCTATOYHO BCETO JIMINb MOTIy0Oxe 3acHyTh. Cam
MeHneneeB K 3TOH MBICIU  «00CMAMOYHO 6Ce20  IUllb
noenyboice  3acHymvy  OTHOCWICS Kak K CTYAEHUYECKOM
riynoctd. O cBOel mepuoIndeckoi TabuIe OH TOBOPUT TaK:
«A nao neit, moswcem oOvimov, 0eaoyamsp nem Oyman, a OHU
oymarom: cuoes u e0pye ... 20mo6oy.

Buepa co MHOI TMYHO TPOM30MIEN CIydail, MOXO0XKUN HA
T0T, uro npomusomeén ¢ J[.M.Menneneesbm. Iloatomy s u
BCIIOMHMJI Cpa3y TMpO HaIIero BEJIUKOro XHUMHKA. B
MOCJICTHIOI0 HEJIENI0, KaK TOJIBKO s MPOCKINAIOCh, S CTapaloCh
BCIIOMHUTb, HE BCTaBasi C IMOCTENIM, YEM I 3aHUMAJICA Buepa.
[Ipy »>TOM y MeHS Cay4yaroTcs HSTaKUE MHUKPOCEAHCHI
«SICHOBUJICHUS». S1 BAPYr HAUMHAIO BUJETh TOTOBBIE PEIICHUS
TE€X MHMKpPO3aJad, KOTOPbIE HAKAHYHE MHE HE YJaJIOCh PELIUTh.
Buepa xe s yBUzaeNn U MOHSAJI TO, YETO B CBOE BpEMsI HE CMOT
MOHATh 3HaMeHuThIN ¢u3uk [[.K.MakcBem, aBTop «3J1eKTpo-
MATHMTHOM TEOPUM CBeTa», YaCTUYHO BEPHOH, YACTHYHO
HEBEPHOH, HO IIUMPOKO paACIHAPEHHOM B COBPEMEHHBIX
yueOHUKAX (PU3UKH.

OO0 3TOM CBOEM BHACHHH 51 M X04Yy PaccKa3aTh cerdyac
YU TATEJIIO0.

Tak BoT, mommanAckuii yu€neii Jhxeimc Kiepk
MaxkcBemn OJHaXbl B3AJICS PEIIUTh 3a]ady dYpe3BblYailHON
CJI0)KHOCTH, KOTOpasi BOJIHOBaJIa yMbl OY€Hb MHOTUX YUEHBIX
EBporbl ¥ Mupa: yCTaHOBUTH NPHPOAY CBeTa U 3a0]IHO
OOBSCHUTH SIBJICHUE MOJISIPU3ALUM CBETA.

K Tomy Bpemenu yxe ObUIO SICHO, YTO CBET — 3TO
BOJIHBI, XOTSI MHOTO€ YyKa3bIBajJO TaKXe U Ha TO, YTO CBET

138



MOKHO pacCMaTpUBaTh KaK JBM)KCHHE Melbyaimux gactuil. C
IIOMOILBIO «KOPIIYCKYJIIPDHOM TEOpUW», IpPEeIIeCTBOBABIIECH
«BOJIHOBOM TEOpPUHM CBETa», HAMpHUMEp, OYEHb XOPOIIO
OOBSICHSIOCH  MPOUCXOXAeHHEe  paayru. (PpaHiry3ckuid
cpenHeBeKoBbI yuéHblii Pene JlekapT oObsicHmn e€ B 1627
rony Tak: «llpupoda yeema 3aknouaemcs 8 mMoM, UMO
yacmuysvl MOHKOU Mamepuu, nepeoaiouieil deiicmeaue ceema,
cmpemamesn ¢ 0oavuieil cunoil epauwiamvca (60Kpy2 ceoei
ocu), uem oguzamuvcs no npamou aunuu. Taxum obpazom,
me, KOMopvle 8pawjaomcsi ¢ 2o0pazoo Ooavuel cuiou (uem
08uarOmcst N0 NPSAMOU JUHULY), OAlOM KPACHBIU ysem, a me,
KOmopbule 8pawyaomcs iulb HeMHO20 CUlbHee (yem me, 4mo
oarom Kpacuwlii ygem), oarom océnmolii ysem...» (Pene
Hexapt. «Meteopsi», rnasa VI, ¢ 333-334. IIporurupoBano
no kaure Mapuo Jlboumn <«MCTOPUA DOU3UKNy,
usznarenbetBo «MUP», Mocksa, 1970, c. 117).

—
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Ecam Ob1 Ha TOT MOMEHT CYIIECTBOBajla «BOJIHOBAs

TEOpHUsl CBETa», TO ATO 3HAHHE MOKHO OBbUIO OBI ¢ OONBIINM
yCIIEXOM COEIMHUTH C BOJHOBOM Teopuel, U He ObUIO ObI TOTO
«He/I0pa3yMeHHUs1», KOTOpOe Mbl MMeeM B (PU3UKE CETrOIHS.
Tem Oomee, uro Pene JlexkapT ObUT TpPUBEPKCHIIEM HIEH
MHPOBOro 3¢pupa. A TaKk CMOTPUTE, YTO HaAM CETrOJHS
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JEMOHCTPHUPYIOT «PEJIITUBUCTBD, Y KOTOPBIX B POJIA MEPEHOC-
YyyMKa CBETa BMECTO 4YaCTHL J(Hupa BHICTYNAOT HEKUE
«KBAHTBI» Pa3HbIX FTEOMETPUUECKUX Pa3MEPOB U Pa3HbIX Macc,

OpUYEM y DTUX «PEIIATUBUTOB» JHEPIrHsl — DKBUBAJICHT
MAaCChI.
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A Benapb, Kazanoch Obl, YTO MPOILE MPEACTaBUTh, TaKue
«KBaHTBI» Pa3HbIX Pa3MEPOB U Pa3HbIX IHEPro-mMacce, Wiu To,
yto yBuuen emeé B 1627 romy Pene [exapt: «Hacmuuywt
moukou mamepuu (3¢pupa), nepeoaroweni oeiicmeue ceema,
cmpemamcesn ¢ 0onvuienl cunoil epauyamoca (60Kpyz ceoeil
ocu), uem 08U2amMbCs RO NPAMOU TUHUUY.

COOTBETCTBEHHO, TE€ YaCTUI[Bl MaTepuu, KOTOpbIE
ObICTpEe BpalIalOTCsl BOKPYI CBOEH OCH, UMesl OJAMHAKOBYIO C
OpYTMMH YacTULIAMU MaTepUU MOCTYMNATENbHYI0 CKOpPOCTH B
npoctpaHcTBe (orpaHndeHHyro BennuuHod 300000 kwm/cek)
UMEIOT OOJIBIIYIO CYMMAapHYIO KHHETHYECKYIO IHEPruio!

Opnaxo nepBas IONbITKA IIPEICTABUTh CBET B BU/IE BOJIH
Obuta crienana Toibko B 1678 rony Xpuctuanom [roiirencom.
A ybenuTenbHO JJ0Ka3aTh, YTO CBeT — BOJHBI, CMOT JIUIIb B
1801 roxy Opuranckuii yuéHsiii Tomac FOHr. OH mocTaBui
OTBIT, KOTOPBIA MOKa3blBaJl, YTO IPH HAJOKEHUU [Pyl Ha
Ipyra JABYX KOIepeHTHBIX CBETOBBIX Jiyded (KMMeromux
OJIMHAKOBYIO 4acToTy U (¢a3zy) MPOUCXOIUT HX MHTep-
(epeHMsA, XOPOIIO WM3BECTHAsI AJI BOJH, BO3HHMKAIOUIMX Ha
noBepxHocTu BoAabl. [lockonbky 3ToT ombiT FOHra obGmanan
HATJISIAHOM O04eBHIHOCTBIO, OH JOKa3blBaJl JAXE CKEITHUKY,
YTO CBeT — TOYHO BOJIHBI.

screen with wave  destructive pattern
double slits front  interference on screen  distribution curve
|

i
X

light source,

' bt n >
destructive interference Xmmo
interference

constructive interference
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K tomy Bpemenu, B 1849 roay, Obuia Takke U3MepeHa C
IIPWIMYHON TOYHOCTBIO CKOPOCThL cBeTa. [3Mepenue nposén
Hnnonut 130 ¢ moMoIIbIo Bpalaroierocs 3y04aroro koieca
U IJIOCKOTO 3epKalia, yaajaéHHOro Ha 8633 Merpa, Ha KOTOpoe
HaNpaB/UICS  CBETOBOM  JIyd, M  KOTOpBIM  Onaromaps
OTPAKEHMIO OT 3epKajia Bo3Bpaujaics oOpatHo. M3mepeHus
CKOPOCTH JBIDKEHUS Jyda ToKazaim pesynbrar 313274,3
KM/ceK.

B 1850 rony ckopocTh cBeTa B BO3/1yX€ M BOJIE 3aMEPHII C
MOMOIIIBIO  BpalIalomerocss 3epkajia apyro ¢GpaHIly3CKHiA
¢usuk Jleon ®Pyko. [lo nmanabiM Dyko CKOpOCTH CBeTa B
Bo3nyxe cocraBuiia 298000 km/cek.

A ewmé pasblle, Lenod yepenol yuéHeIX (Dpasm
bapronun, Xpuctuan [toilirenc, Dtben Mamoc, JloMeHUK
Aparo, Ortoct @peHenb) OBUIO YCTAaHOBJIEHO, 4YTO IIpH
OIpENIeNIEHHBIX  OOCTOSITENBCTBAX BHUIUMBIA CBET MOXET
npuodperaTh OCOOEHHBbIE CBOWCTBA. OTheH Maitoc HasBall
Tako OCOOCHHBI CBET MOJSIPU30BAHHBIM. A 000CHOBAI
SBJICHUE MOJSIPM3AMM OH TakuM o0O0pa3oM: «uacmuusvl 6
COJIHeYHOM c6eme OPUEeHMUPOBAHbL NO 6CeM HANPABIEHUAM,
npu npoxoxcoeHuu dyce 060AKONPENIOMIAIOUE20 KPUCMANLA
Ulu npu OMPAMCEHUU Om NAOCKOU NO6EPXHOCMU OHU
OpUEHMUPYIOMCA ORPEOEEHHBIM 00PA3OM. . .»

Kpucmann ucnandckozo wnama

Jlyy, umerowjud
/eepmuxaanyfo
y ronepeyHyo
KOMMOHeHmy
badudn . e .

7 i Jlyy, umerowull
Henonspu3sosanHbill L - f - - -1 lMonspusosaHHbIll SN 2opusoHmankHyo
ceem S ceem ronepeyHyro

KOMMOHeHmy

B 1816 romy Orioct ®peHenb MONBITANCA OOBICHHUTH
SBJICHHE NOJISAPU3ALMU CBeTa Yepe3 BOJHOBYIO TEOPHIO:
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«BOJIHA, CBA3AHHASL CO C8EMOM, HOCUM XAPAKmep CMeujeHus,
NepneHOUKYIAPHO20 HANPAGIEeHUI0 PACNPOCMPAHEHUS CEEemay .

B 1817 rony Tomac FOHT, KOTOpBIIi BHUMATENBHO CIEIUI
3a ycnexamu @penens u Aparo, B NUCbME, aJpecOBAaHHOM
Aparo, mpsMO CKa3al O TOM, YTO «C8em, UCXOOAWUL U3
KpUCmaiia uciaHocko2o wnama, ciedyem paccmampusams He
KaK npooosibHble, a KAK NONEPeYHble 80TIHbL Y.

BnoGaBok k 3tomy B 1820 roay marckuil yuéHsiii XaHc
DpcTen OTKPBUT MAarHUTHOE AeHCTBHE YJIEKTPHYECKOr0 TOKA,
OOHapyXHMB y MarHeTU3Ma, IMOPOXKIAEMOTO JICKTPUICCKUM
TOKOM, BUXPeBO# XapakTep.

B omucanum k cBoeMy OTKPBITHUIO OH YKa3all: «CO2NACHO
U3NIOJCEHHBIM (DAKmMam, d1eKmpuiecKull KoOHGaukm (max yué-
HbIU HA36AT INEKMPOMAZHEMU3M, NOPOAHCOAEMbIU IIeKMpPU-
YeCKUM MoOKoM) NO GUOUMOMY He 02PaAHUYEeH MOKONPO8oosaulell
NPOBOJIOKOU, HO  umeem  O00BOIbHO  OOWUPHYIO  cghepy
akmueHocmu 8okpyz 2motl npogonoku. Kpome mozo, u3
COENIAHHBIX  3AKNIOYEHUL MOXNCHO 3AKII0YUMb, 4mo 3Mmom
KOH@IUKM 00pazyem euUXpb 0Kpye Npososioku. <...> HmeHHO
BUXDSAM CBOUCMBEHHO OelCmEo8ams 6 HNPOMUBONOJIONCHBIX
Hanpaenenusx Ha  08YX  KOHYAX 0O0HO20  ouamempad.
Bpawamenvnoe oOsudicenue 6oxpye ocu, couemaioujeecs ¢
NOCMYNAmMeNbHbIM O8UdNCEHUEM 80016 IMOLL OCU, 0053AMeNbHO
oaém eunmosoe osudicenue. <...> A 0obaeno ewé moabko
00HO C0BO: «8 pabome, ONYOIUKOBAHHOU CeMb Jiem momy
Hazao (6 1813 200y, peub uoém o cmamve Ipcmeda
«Hccnedosanusi mooicoecmea d1eKMPUUECKUX U XUMUYECKUX
cun), s Ookazan, umo menioma U ceem  AGIAIOMCA
Pe3yIbmamom dneKmpuiecko2o Kougaukma. Mz nabriodenutl,
Komopbvie s NpUuGén, MOJCHO 3aKII0YUMb, UYMO IMOm
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KOHGhuKm co3zoaém, Kpome mozo, uxpegvlie OBUIHCEHUA; 5
y0excoén, umo 6 Imux OeuNCeHUAX Oyoem HAUOEHO
00vACHeHue  AGNEeHUIl, U3BECHIHbIX NOO  HA36AHUEM
nonapuzayuu ceema...». (I'M. I'omun u C.P. dunoHosuny.
«Knaccuku Qusndeckoil Hayku», MockBa, «BpIciias MIKoiay,
1989, c. 311. Crares I'.X. Opctena «OnbIThl, OTHOCSIIIHECA K
NEUCTBUIO  BJIEKTPUYECKOTO KOH(MDIMKTA HAa MarHUTHYIO
CTpEeJKYy», TI€peBOJl C JAaTUHCKOro BbimoiaHeHn . T
Hopdmanom).

W BoT mpexncraBpTe TENEpPh, YTO YIOMSHYTHI MHOIO
JlxeliMc MakcBeT OHAXKIBI pemaeT 000OIUTh BCE ITH
pa3po3HEHHbBIE 3HAHUS, TOOBITHIC APYTUMHU YYEHBIMH, a TAKXKE
WX CMeNIble TPEIINOJIOKEHUS O TMPHUPOJEe CBETa, YTOOBI
COCTaBUTH €IMHYI0 TEOPHIO CBETA.

Oco0eHHO B co3HaHne MakcBela 3anaiu cjaoBa Dpcreaa
PO BUXpeBble JABU:KEHUS] BOKPYI NMPOBOAHHKA C TOKOM,
KoTopble BriocieacTsun Maliki @apaneil Ha3Bal «BHXPEBbIM
MArHUTHBIM MoJieM». Opcten Obul YOSXKIEH, YTO «8 3mux
BUXPEBBIX 0BUNCECHUAX OyOem HAUOeHO 00bsACHeHUe sA8NeHUl,
U38ECMHBIX NOO HA36AHUEM ROJAPUSAUUU CEEMA).

MaxkcBeIut cTai MpoBOJUTH CBOU UCCIICIOBAHUS HIMEHHO B
3TOM HampaBieHuu. CHadaza OH CMOT pacCYMTATh MaTeMaTH-
YECKMUM IHYyTEM CKOPOCTb, C KOTOPOW DJIEKTPUUYECKHI TOK
pacnpocTpansercss mo npooay. M o uymo! Ona coBmana co
CKOPOCTBIO PAaCIPOCTPaHEHUs CBETa B CBOOOJIHOM MPOCTPAHC-
TBE!

Kak MakcBemn 3T0 chenaj, OH paccka3al B CBOEM
(byHIaMEHTaIbHOM TpyJie «DNEKTPOMarHuTHasi TEOPUS CBETa»:
«3HaueHue ckopocmu Obll0 ONpedeleH0 NYMEM UsMepeHUs
IMEKMPOOBUICYWEll  CUTbL,  UCNOTb3YeMOU Ol 3apsoKu
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KOHOEHCamopa u3eecmuol EMKOCmuU, KOMopblli 3amem paspsi-
Jcaemces uepes 2anb8aHoOMemp, Ymoosl GblPA3UMb KOAULECEO
NeKmpuyecmed 6 HEM 6 IIeKMPOMASHUMHBIX eOUHUYAX ...
Cosnaodenue pesynbmamos, no-euOUMOMY, NOKA3bIGAEN, UMO
ceem u MacHemu3m A6IA0MCs NPOSAGIEHUAMU CE8OUCTE OOHOU U
moti Jice cyocmanyuu U, 4mo ceem ABNAEMCA INeKmpo-
MACHUMHBIM  6O3MYWEHUEM, PACNPOCMPAHAIOWUMCS  Yepe3
none 8 coomeemcmeuu ¢ 3aKOHAMU DJIEeKMPOMASHEMUIMAY.
(I'M. T'onmua u C.P. ®unonosuu. «Knaccuku Qusnyeckoi
HayKkn», MockBa, «Bsicmias mkonay», 1989, c. 488. Tpya J.K.
MaxkcBemna «/luHamuueckast Teopus AIIEKTPOMArHUTHOTO
noJis», 4actb VI, «OnekrpoMarHuTHasi Teopus cBeTa», 1. 96.
[lepeBoa ¢ anrnuiickoro BoinonHeH 3.A. LleHTinHbIM).
MakxkcBesut Buiesl MMEHHO B IIPUPOJE MarHeTH3Ma, Kak 1
Opcren, oOBSICHEHUE BCEX SIBICHHUM, M3BECTHBIX IOJ Ha3Ba-
HUEM moJsipu3anuu ceera. Ho OH cMOr BBIUMCINTH JHUILb
CKOPOCTH IBM/KE€HHS 3JIEKTPUYECKOro MOoJs Mo MpPoBOAY, a
He ckopocth V1, V2, V3 (kak moOKa3aHO Ha pPHUCYHKE)
paauanbHOrO PACIIUPEHHUS MATHMTHOrO BHUXPS, HadyuHAas C

MOMEHTa, KOTJa OJJIEKTPUYECKUH TOK
HayMHAaeT OeXkaTh IO MPOBOAY. ITO o ‘,J
ObuIa ero neppast cepbE3Has omMnoKa. s

Ho nmenHo sTta Teopermueckast t L=5A
ommmoOka (!) mosBommima Makcsemny A

IMOBEPUTH B CYHICCTBOBAHHUEC IJIEKTPO- w‘

MArHMTHBIX BOJIH U TEOPETHYECKUA  L=9A
000CHOBaTh UX BO3MOXXHOCTh CYIIIe- Vi .- M\
CTBOBaHHMS 3a 23 roma J0 NPAKTH- (o Br/:‘
YECKOT0 OTKPBITHS PaIMOBOIH o 1 -

I'enpuxom I'epuem!
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B Toit xe cBoeit pabore MaxkcBenn Hammcan: «/[pyeue
VpasHeHus 0aoym mo dice camoe 3HAYeHue CKOpOCmuU, Mmak
umo 601Ha OyOem pacnpocmpansmvbCs 6 1000M HANPasieHuU
€O cKopocmvlo ceéema. Ima 60JIHA COCHOUM NOJTHOCMbIO U3
MAZHUMHBIX 6O3MYW{EHUT, NPUYEM HANPABTIEHUE HAMASHU-
YeHus Haxooumcs 8 njiockocmu 60.1nvl. Hukakoe macnummoe
803MYlWeHUe, HANpasleHue HAMASHUYeHUs KOmopo20 He
Haxooumcsi 8 NIOCKOCMU BOJHbl, 6000Ule He Modicem
PACnpoCcCmpansamecs Kak niaockasa eonna™. Omcrooa mazHum-
Hble GO3MYUWIEHUA ... CXO00AMCA CO C6EMOM 6 mMOM
OMHOWIEHUU, YMO 603MYU{E€HUA 6 110001l MOYKe nonepeyHsl
K HANpAaenenHuio pacnpoCmpaneHus u makue 60JIHbl MO2Ym
obnaoamep ecemu CEOUCMEAMU NONAPUIOEAHHO20 CEEMA).
(Mcrounuk toT *e€, yacte VI, «OieKTpomMarHuTHas Teopus
cBetay, maparpad 95, c. 487-488).

*  JI.LK.MakcBem, TOBOpSI O «IJIOCKMX BOJHAaX»,
OYEBHUHO, UMEJT B BUAY BOJIHBI C JINHEHHOW MOJISIpU3aLUeii.

-7 Hampasienns BpameHmii
.°% ABYX MarHUTHBIX BO3MYIII€HHUIT

I'padux
H3MEHEHHA
TOKa
B IIPOBOZIE

"Mnockasa BonHa"

KommenTtapuii k pucyHky. Ilokasana «miockas»
(JTMHEeWHO MOJSPU30BaHHAs) MArHUTHAs BOJIHA, MOPOKIAEHHAS

B MPOCTPAHCTBEC OAWMHOYHBIM HMITYJILCOM IIEPEMCHHOTO TOKA,
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OJIMH-B-OJIMH C TeM, Kak 3To oObsicHua B 1820 romy Opcren:
«INEeKMPUYECKUll MoK Nopoxcoaem 60Kpy2 NpPOBOOHUKA C
MOKOM 8UXPEBble OBUNCEHULY .

Tonpko B 3TONM TEOpUHM M B 3TOM BHUJECHMM Makcseruia
OblTa HECTHIKOBKA C MPAKTUYECKUMH 3HAHUSIMH, JOOBITBIMU
amepukaHckuM y4u€HbiM J[xozepom I'enpu B 1832 rony:
TEKYIIUI MO MPOBOAY IJEKTPHMUYECKHH TOK CO3/1a€T BOKPYT
HEro BHXpeBOe MATHHMTHOE II0Jie, KOTOpOE /[AaJieKo He
yberaer OT TMpoBOJa, IIOCKOJbKY OHO MMEET CBOMHCTBO
BO3BpamiaTtbcs B Hero obOpatrHo u co3naBate JJC
caMOMHAYKI MM !

Yro-To OBUIO SBHO HE Tak B Teopuu MakcBeia, HO UTO
MMEHHO, OH HE BHJEN, a OTOMY W He MOT MOHATh. OH ObLI
MPOCTO YBEpEH (WM, KaK TOBOPAT, «OH ObUT yOexnaéH!»), Ha
3TO YKa3blBAIM €r0 MaTeMAaTHYECKUE pPacyYEThl, YTO MMEHHO
TAKOB MeXaHHU3M 00pa30BaHMs B NPUPOJE «IJIOCKHX» BOJH
CBeTa, KOTOpbIE TMPHUHATO HA3bIBATh MOJISIPU30BAHHBIM
CBETOM.

Yepes 11 ner mocne co3panuss MakcBeIsIOM «3JIEKTPO-
MAarHuTHOM TEOpHUM CBeTa» HeMeUkui yd€Hblii ['enpux I'epu
MPUCTYNUIT K U3YYCHHIO COBEPILIEHHO HOBOI'O HAIpaBJICHUS B
HayKe: HHAYKIMH He3aMKHYTBIX 3JIEKTPHYeCKUX TOKOB. OH
cpa3y e JO00WUICsS B 3TOM HOBOM HANpPaBICHUU OONBIINX
YCIIEXOB.

13 HOs10pst 1886 roma I'epir cmenman B CBOEM JHEBHUKE
clenyrolmy  3anuck:  «llocuacmausunoce  ycmanoeumo
UHOYKYUOHHOE Oeticmaue Opye Ha Opyea He3aMKHYMbLX yenelu ¢
mokom. /[nuna yenetl 3 M, paccmosinue mexcoy Humu 1,5 my.
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PezoHatop

Bubpatop lNepua

HI/HH‘
(LT YT

5 nexabps 1886 roma B mmceme [enmpmronsily [epi
Hanucan: «Mue yoanoce coeepuieHHo onpeodenénHo ycmano-
eumv UHOYKUYUOHHOE Oelicmeue 00OHOU He3AMKHYM O RPAMO-
JIUHENHOU Yenu Ha Opy2yl0 HEe3AMKHYMYI0 NPAMOTUHECHUHYIO
yenvy.

OmnbiTHas yctaHoBka ['epiia, mo3BojuBIIas €My CHAeNaTh
9TH HaONIOICHUS, COCTOsUIa W3 AByX uactedl. [lepBas vacthb
colepkaia  HMHIYKTHUBHO-EMKOCTHOM BBICOKOYACTOTHBIN
TeHEpaToOp SJEKTPOMArHUTHBIX KoJieOaHUW (MO3Ke Apyrue
yu€HBIE HA30BYT ero BHOpaTopom I['epua), cocrosmmii u3
IBYX NPOBOJAIIMX CTEpPKHEH C MNPUCOCAMHEHHBIMH K HHUM
METAJUTMYECKUMHU IIapamMu  (JIEKTPOCTATUYECKUMH EMKOCTS-
MH), Jajee OHa CcoJepkaja TalbBaHMYECKyI0 OaTtapeio u
MHIYKIMOHHYIO KaTyIIKy C IpepbiBateneM Toka. biaropaps
MpEPHIBATENI0  KaTylKa MOTJa HHIYUUPOBATh BBICOKOE
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ANEKTPUYECKOE HAIPSKEHHE, KOTOPOE IMPOBOJAAMM IOABOJIU-
JIOCh K CTEPKHAM reHeparopa. Bropas yacte yctaHoBKkH ['epua
NpeJCTaBisIa co00M MOYTH 3aMKHYTBIH KOHTYp U3 TOJICTOH
MPOBOJIOKU C JBYMsI HEOONBUIMMH IMIAPUKAMU Ha KOHIIAX —
pe3oHaTop. ENMHCTBEHHBIM IPOMEXYTKOM B LIENIU PE30HATOPA
OBLT UCKPOBOM MTPOMEKYTOK MEX]TY IIapUKaAMHU.

B xonme cBoero ombiTa ['epiy 3amMeTui: e€cim MEXAy
CTEPXKHSIMU  MHIYKTUBHO-EMKOCTHOI'O  BBICOKOYAaCTOTHOI'O
reHepatopa («BuOparopa ['epria») BOZHMKAT BRICOKOBOJIBTHBIN
paspsija, TO MeXAy HIapuKaMH CTOSLIEr0 MOoJallb pe3oHaTopa
TOKE MPOCKAKWBaIa MCKpa, TONbKO Oojee ciabas. Ilpu stom,
pPacCTOssHUE MEXKIY I'€HEPATOpPOM U PE30HATOPOM PaBHSUIOCH
I10JIyTOpa METPaM.

Kak moToM HamumieT momynsipu3aTop HCTOPUH (U3HKH
B.IL.KapueB B cBoeil kHure «IIpukjI0OYeHNs] BeJHKHX
ypaBHeHMI». «Dakm ocmasancsi akmom — ¢ NOMOWBIO
KaK020-mo MeXaHusmMa 91eKMpUudecKuti umMnyioc Ovll 0e3
npoeoo08 nepedan u3z O0OHOU Yenu 8 Opyeyr, 0d ewé Ha
paccmosanue noamopa mempa. Ocmasanoco pazobpamucs,
umo oce 3mo 6wl 3a mexanusm. lepy, max dce Kak u e2o
yuumenv [ envmeonvy cuuman, 4mo NPUYUHA AGNEHUA —
«nexmpuveckas — uHOykyusy, no  Makceenny,  maxoe
6030elicmgue  MO2N0  nepeoamvCsi UL ¢ HOMOUDBIO
IIEKMPOMAZHUMHOU BOJIHbL, CXOJicell N0 CBoell NPupooe co
c8emom.

B nnanax I'epya oOwvino Ookazamv coeécem obpamHoe.
Yepes neckonbko nem on Hanuuiem 6 nucvme I envmeonvyy:
«Mou pabompul 603HUKIU HE CMOILKO HENOCPEOCHIBEHHO U3
U3YUEHUA MAKCEEI06CKUX MPYO08, KAK A CIAblULYy CO 6cex
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CMOpPOH, CKOJIbKO 6 20pa3z0o 0onvuiell mepe u3 Uu3y4eHus
paoom Bawezo npesocxooumenvcmeay.

Oonaxo sxcnepumenm ynpamo nasooun I'epya na muvicio
0 npasunvHocmu mouxu spenusi Maxceenna. Cobcmeenno, 6cs
meopusi NOOMBEPHCOANACH UNU PYUIULACL 8 3A8UCUMOCHIU OM
moeo, Kax 6yoym eecmu cebsi 6H08b omKpvimble 60Hbl I epya.
Ecnu onu 6yoym eecmu cebs kax ceem, mo Maxceenn npas,
eciu Hem... M Iepy ocywecmensem cmpocyio NpoGepKy.
Iloumu cpasy oce emy yoanocb OOHAPYHCUMb «MEHbY.
Memannuyeckuii aucm He NPONYCKANL HOBbIX 8OJIH, 3AMO 08epu
KOMHAMbl OblLIU 0N He20 NpO3pPAuHbl, KAK 01 ceéema —
cmexno... C nexomopvim yscacom Habarooan Iepy, kak e2o
pesonamop peazupyem Ha KOIeOAHUA, podxcoasuiuecs 3d
ogepvio. «He 0e3 yousnenus, — nucan l'epy, — a nabmooan
UCKDYbL 8 3aKPbLIMOU KOMHAME ).

Ecnu 6v1 Ovin npae [envmeonvy, Huueco nooooOHo20 He
00/191cHO OvLIO0 Obimb. Takum obpazom, eonnvl I'epya 6 s3mom
OMHOWEHUY 8NOHE ObLIU NOOOOHbBL CEEMOBLIM.

A uemy pasna ckopocme HOBbIX 60H?

Ilo Makcsenny, ona Oondxcma Oblmb pagua cKOPOCMU
ceema. I'epy npogén bonvuioe Yucio 0cmpoymMHbIX UsMepeHull,
U 8 bonvwuncmee cayiaes noayuul O0jisl HO8bIX GOJH 3HAYEHUe,
OUeHb OIU3KOe K CKOpOCmU c8emd.

Hoeguvlii 6onpoc: 6yoym iu HOBvle GONHbI NPELOMISAMbCAL
Kax ceemosvie, Hanpumep 8 npusme?

Iepy useomasnueaem eueanmcKyro npusmy, 6ecom 4ymo
He 6 06e mouuwl (!) uz ...acgpanema. U noevle n1yuu nociyuno
OMKIOHUIUCL 8 NpU3ME OMm  C80e20  NePBOHAUATLHOZO
Hanpasnenuss. OMKIOHUAUCL NOYMU MOYHO HA CMOIbKO, HA
CKOIbKO 00IXCHO ObLI0 Obl npousoumu no meopuu Maxceenia.
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Touno max oce cobpan I'epy OanmHvie 00 ompadzxiceHuu
HOBbIX BOJIH, BbIAAICHUNIOCH, YMO OHU NPEKPACHO OMPANCATUCD,
Hanpumep, YuHKosviMu dKpanamu. Ilepyy yoanoce Oadice
coenamsv napabonuyeckue 3eprana OJisk HO8bIX GOJIH.

e

i

Touno maxum sHce 0Opazom O0nisi HOBbIX JIyyell OKA3ANUCDH
CNpPAgeonUbIMU U CYWECMBVIOWUMU 8Ce ABNeHUS, NpUcyujue
ceemy, Hanpumep, 0adxce makoe MmoHKoe, KaK ROAAPUAUUA.

Ilocne smozo He ocmasanocb npakmuiecKu HUKAKUX
COMHEHUl 8 MOM, 4mo omkpuvlmsle «80Hbl I epya» — He umo
uHoe, Kaxk npeockasaunvie Maxceenrnom s1eKmpomacHumHble
80JIHbI, NPUYEM COBNAOEHUE ObLIO He MONbKO Ka4eCmeeHHbIM,
HO U KOJIU4eCmeeHHbiM — no meopuu Makceenna Mox#cHO 6bi10
3apauee paccuumamv NPAKMUYECKU 6Ce XAPAKMEPUCMUKU
HOBUIX BOJIH...

Ecnu 2coeopums o ['envmeonvye, mo ¢ 00HOU CMOPOHbBL
POJIb RPOMENHCYMOUHOU cPedbl, noduepkusasuiascs Maxceen-
oM, Oblla emy ouesuoHd, ¢ Opyeou — HPUHAMDb CAMY
NPOMENCYMOUHYIO CPedy, KHUUMOY, 8 Kauecmee Quzuueckoi
peanvnocmu I'envmeonsvy ne moe. He moe npedxcoe 6ceco
nomomy, u4mo OH Obll nocieodogamenem 3HAMEHUMO20
Hemeykoeo ¢hunocoga-udearucma, acnocmuxa H. Kanma,
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ompuyasuiezo B803MONCHOCMb no3Hanus mupa...» (B. IL
Kapues «lIpukitoueHusi BEIMKUX  YPaBHEHHW», CEpUs
«KU3Hb 3AMEYATEJIBHBIX I/II[EI71», HU31aTEJILCTBO
«3Hanue», Mocksa, 1970, c. 182).

Buaumo mo To# ke caMoll IpUYMHE, HE )KeJlas HaBlleUb
Ha ce0sl THEB M3BECTHEHIINX HEMELKHUX Y4YEHBIX, MCIOBEIO-
BaBIIMX (UI0CO(UIO MAeaTU3Ma, aKTUBHO TOIIEP)KHBAEMOTO
KaTOJUMUM3MOM W BIOCIEICTBUM  PACKPUTUKOBAHHYIO
B.M.Jlenunpim B ero kHure «MarTepuanusmMm M 3MIUPHO-
Kputunusmy, ['enpux ['epiy nuiier Hay4dHblld TPaKTaT O CBOEM
HKCHEPUMEHTAJIBHOM OTKPBITHH, TJ€ OOBSACHIET IMpolece
pacrpoCTpaHEHUss HEBUAUMBIX BOJIH B IIPOCTPAHCTBE C
MOMOILBIO  (haHTACTHYECKOH KAPTHHBLI CHJIOBBIX JIMHUH
3JIEKTPUYECKOr0 MOJIS.

IIpu stom I'epr cIOBHO Jenaer BHI, YTO OH HE YMTaJ
TpyaoB  MakcBemna 10 OOBACHEHUIO UM SIBJICHUS
NMOJISIPU3allUM CBETa, U O MATHUTHOM I10JIe €My HHUYErO HE
U3BECTHO.

N3o0paxkeHne BUXPEBBIX MEKTPHUUECKUX MOJIEH BOKPYT «IHIIOJSL
I'epma».
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Hwmwke momaroBoe o0OBSCHEHHE, Kak 3apOXKIaroTCs
«BONHBI ['epua» (BUXpEBBbIE D3JIEKTPUUYECKUE II0JII) B €r0

BI/I6paT0pe moa JAeWCTBHEM MNEPpEMCHHOI'0O TOKa BBICOKOH
YaCTOThI:

‘.
 hod
ies

PO

-~

duznku u CCroJHA BOT TakK I/I306pa)KaIOT 3apOKACHUC

BHXPEBBIX JJIeKTPHMYECKHX MoJiell BOKpPYr «BUOpaTopa
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'epua», mnpencrtaBnsis, YTO OHM BOT TaK JBIXKYTCS B
MIPOCTPAHCTBE CO CKOPOCTHIO CBETA.

Mexny Ttem, (BHUMaHHe!) MTPOBOAMMBIE COBETCKUMHU
yu€HbiMU B 1973-1975 romax 3KCHEPUMEHTHI MO CO3AaHUIO
«IJIA3MEHHOTO  OPYXHS» TOJ PYKOBOJCTBOM aKajeMHUKa
Pumunns ®EnopoBuya ABpaMEHKO MOKA3alu, YTO MHAYKIMU-
OHHOe JJIeKTpHYecKoe MmoJjie B BakyyMme He cyuiectByer! To
caMoe «I10JIe», KOTOpOe U300paKeHO Ha PUCYHKaX BhITIIE!

Eunpg = 0, B TO BpeMs Kak 110 COBPEMEHHBIM MpPEICTaBIIe-
HUSAM, Ka3aJloch Obl, B BakyyMe E-MHIyKuIuM ornpesensieTcs
M3BECTHBIM AH(QepeHnrnanbHbIM ypaBHeHHeM MakcBemna (B
I"ayccoBoli cucteMe eUHUIL):

L.

c ot

Tak ObLIO BBISICHEHO, CHYCTA MHOI0 JieT, 4YTO
MaTeMaTH4YecKHe ypaBHeHMs MakcBe/lla He ONMCBHIBAIOT
Ha0/01aeMy10 peajibHOCTH! B ero teopum 310 ObLIA yiKe
BTOpasi cepbé3Has omuoKa!l

Kak Hamucan B oJHON M3 CBOUX NMYyOJIMKalUWN aKaJeMHUK
P.®.ABpamenko, «gakm omcymcmeus UHOYKUUOHHO20
INEKMPUUECKO20 NOAA  NPUEOOUm K HeodXooumocmu
NOJIHO20 nepecMompa OCHOG COBPEMEHHOU MeopemuyecKoll
Qusuxku, Hauunas om UCXOOHLIX NOHAMUN — OBUICEHUE
MamepuaibHulX me, cuid, sHepeus u m.n. Tpedyemcs noinas
pesususi OCHO8 3IeKMPOOUHAMUKY, KBAHMOBHIX (B0JIHOBHIX)
meopuil, 10epHoU u3UKU U PUIUKU IIEMEHMAPHBIX YACTIUYY .

(Kuura  A.Sl.ABpamenko, «byayiiee — OTKpbIBacTCs
KBaHTOBBIM KJIFOUOM», CTp. 127).
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W Bot Buepa yrpom, 20 aBrycra 2019 roga, kak s yxe
Halyucajl BHA4aJle 9TOW CTaTbU, CO MHOM IMPOMU3OILIEIN CIIydail,
MOXO0XKHMK Ha TOT, yto mnpousowen ¢ J.M.Menneneesbim. S
BJIPYT YBUJIEJ, HO HE BO CHE, a HAasBY B CBOEM 03apEHUU BCE
TH HECTHIKOBKM B (u3nyeckoil TeOopuM B OTHOUICHUU
MIPUPOJBI CBETA U PaANOBOJH. U s cpa3y MOHAI TO, YTO B CBOE
BpeMsi HE cMOr TNOHATH 3HaMmeHuThIn J[.K.MakcBemn, mexmay
IPOYMM, TPAaBUIBHO OOBSACHSABIIMN MOJSPU3ALMIO  BOJH
ANEKTPOMArHUTHOM  MPUPOJBl  «IUIOCKUMH  MarHUTHBIMH
BO3MYILIEHUSMW.

IIpoBox -

7 Hanpasmenns BpameHmii

N
/ ABYX MarHHTHBIX BO3MYIIEHIIT

N7

T'paux
H3MCHEHHA o
TOKa
B IPOBOJIE

"lMnockan BonHa"

UroObl pazobpatbess B 3TOM OYKBalIbHO JETEKTHBHON
UCTOpUU (DU3HKH, TIPEKIE BCEro, HAO MPUHATH K CBEICHHUIO,
4YTO BHXPeBOe MATHUTHOE MOJe BO3HUKAET BOKPYT IPOBOJA
npu OOBIYHOM, T.€. MEIJIEHHOM YIOPSJIOYCHHOM JBMKCHUH
AJIEKTPOHOB IO TEJTY MPOBOA, HAIPUMED MIPU TATbBAHHYECKOM
TOKE.

Toxa nem

MazHumnee
T cunobsie
=) unuu




Ecnu paccmartpuBath nmepeMeHHBbIN TOK, TO IIPU HU3KOU
94acTOTEe U KOPOTKOM MPOBOJIE MbI OyneM HabmoaaTh BOJIU3U
9TOro IMPOBOJIAa CHAayYaja BBIXOASIINN U3 NIPOBOAA «MATHUTHBIN
BUXPB», 3aT€M OH OyzeT 00paTHO yXOAMThH B HETO M CO3JaBaTh
3pdexT caMOMHAYKIUK. B cienyroniyio moaoBuHy nepuoaa
KoJIe0aHMIi TOka Mbl OyleM CHOBA HAaOJII0OJaTh BBIXOISALINNA U3
IIPOBOAA «MAarHUTHBIM BHXPb» YK€ IPOTHBOIIOJIOKHOIO
HaIlpaBJICHUs BPALEHUs, 3aT€M OH TaK)Ke BEPHETCS B IPOBOJ,
9YTOOBl OMNATH MOPOAWTH B HEM SIBICHHE CAMOMHAYKIUH
IIPOTHUBOIIOJNOKHON MOisApHOCTH. M Tak nanee, moka uMmeer
MECTO NIEPEMEHHBIN TOK.

Hukakoil pagMoOBOIHBI IIPU OTOM HE BO3HUKAECT U HE
MOXET BO3HUKHYTB!

[Touemy?

3amaM BCTPEUHBIN BONPOC: a MPU KAKKX 0OCTOATENbCTBAX
B ycTaHOBKe ['epua BO3HMKanM BOJIHBI 3JI€KTPOMATHUTHOM
npupoasbl, Ber nomuuTe?!

I'epu n3yyan HHAYKIMIO HE3aMKHYThIX JIEKTPHYECKHX
TOKOB, TEKYUIMX [0 He3aMKHYThIM mnpoBoaam! A B
HE3aMKHYTBIX IIPOBOJAX IPOTEKAIOT COBCEM JApPYyrue TOKH,
HEXEJIN B 3aMKHYTBIX 3JIEKTPUUECKHUX CUCTEMaXx!

OTO 3JIeKTPOCTATHYeCKHe TOKH, TEKYIIHE HCKIIOYU-
TEJIBHO II0 IMOBEPXHOCTH METANIMYECKUX TeEJ, NPUYEM He
o0s13aTeNIbHO MPOBOJAOB. VM OHM OTIMYarOTCs OT TajbBaHU-
YECKOI0 TOKa 0YE€Hb BBICOKOH CKOPOCTBIO YIOPSJOYEHHOIO
IBUKCHHS DJIEKTPOHOB!

Paspsikast 3apsiKeHHBIN KOHAEHCATOP U3BECTHOM EMKOCTH
yepe3  TajJbBaHOMETP, 4YTOOBI  BBIPA3UTh  KOJIUYECTBO
JJIEKTpUYECTBA B HEM B DJJIEKTPOMArHUTHBIX E€IMHHLAX, U
nenas cBou MareMarnueckue pacuérel, JI.K.Makcsemn
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OYKBaJIbHO Ha 03apPEHUU YBUEI ATy CAMyI0 KapTUHKY BOJIHBI
ANEKTPOMAarHUTHOM MPHUPOJBI, KOTOPYIK OIKUCAT CJIOBAMM
COBEPULIECHHO IIPABUJIBHO:

1L
pOBON

e 7 Hampasienns BpammeHnit
3 /% IBYX MarHUTHBIX BO3MYIICHMIT

I'paduk
H3MEHEHHA o
TOKa
B IIPOBOJIE

"lMnockas BonHa"

«... oma eonna Oyoem pacnpoCmpaHAmvCs 6 J000M
HanpasieHuu co CKOpOCMblo ceemd. ma 60JHA coCHOum
HOJIHOCIbIO U3 MAZHUMHBIX 603MYULEHUIl, NPUYEM HANPAG-
JIeHUe HAMAZHUYEHU HAXO0OUMCA 6 NJIOCKOCHIU GOJIHbI.
Huxaxoe macnumnoe 6o03mywjenue, Hanpasienue HAMACHU-
YeHusi KOMopo2o He HAXOOUMCS 8 NIOCKOCMU BOJIHbl, 8000We
He MOodicem pacnpocmpanamscs Kak niockas éonna. Omciooa
MASHUMHbBLE BO3MYWEHUS ... CXOOAMCA CO CBEMOM 6 MOM
OMHOWEHUU, YMO 603MYU4EHUA 6 11000Il MOYKe NOnePeUHbl K
HANPAaeIeHul PACNPOCMPAHEHUA U MAKUe B0JIHbL MOZYMm
oonaoams ecemu ce0UCMEAMU NOJIAPUZOBAHHOZ0 CBEMA ).

KirodueBoe CII0BO 37€Ch «IOJTHOCTBIO», KOTOPOE HAJI0
MOHUMATh KaK «HCKIFOYUTEIBHO» HIIH «TOJIBKO». «Ima 601na
COCHOUM MOIbKO U3 MAZHUMHBIX 603MYULEHUIL. . .»

WHTyniss B TOT MOMEHT He mojBena MakcBemia |
nojgapuia €My HCTHHHoe 3HaHue! OjHaKo, NOTOM OH
HNEepeMyIPUI C «TOKOM CMELICHHUS», YBHJENI €ro B IUIOCKOM
KOHJIeHCaTope, a Hajo Obuio Obl yBUAETh (!) TOK cMeleHuUst
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Ha MTOBEPXHOCTH JIEKTPOCTATHYEeCKOH éMKkocTH. Tem cambiM
BEJIMKHIA TEOPETUK 3aITyTal ceOs.

Wtak, 3T0 €mé OJHO BaKHOE 3HAHME: TOK CMeEILICHHSs,
MOPOKIAIIIMH PAIHOBOIHbI, BOSHHKAET HA MOBEPXHOCTH
TeJ, 00/1aJAI0IIHX JJIEKTPOCTATHYECKO éMKOCTBIO. ['eHpHx
I'epiy OTKpBII pafgMOBOJIHBL TOJIBKO IIOTOMY, 4YTO H3ydYall
«HE3aMKHYTBIE NPOBOAHMKN»! W 53TOT TOK cMeleHHs,
BO3HUKAIOIINNA B «HE3aMKHYTBIX MPOBOJHMKAX, 00JalaroIIuX
ANEKTPOCTATUYECKOM €MKOCTBIO, B OTIINYNE oT
raJIbBAHUYECKOTO TOKA SIBJISIETCS] BBICOKOCKOPOCTHBIM!

I[Ba BUIa KOHACHCATOPOB: IJIOCKHH 1 3J1€KTp0€TaTPI‘leCKI/Iﬁ.

KomMmeHTapuii k IpaBoil KapTUHKE: 3JIEKTPUUECKUN 3apsi]
C pacy€ckH, Ha’JIEKTPU30BAHHON O BOJIOCHI, NPU MOJIHECEHUU
€€ K DJIEKTPOCTATUYECKOM EMKOCTH KaK yKa3aHO Ha PHUCYHKE,
BBI3BIBAET HAa €€ IOBEPXHOCTU KOPOTKHMH HMITYJIBC «TOKA
CMELIEHUs», KOTOPBIA U MOPOKIAAET PAAUOBOIHY «COCMOAULYIO
NOJIHOCMbIO U3 MACHUMHBIX 803MYWeHUll», KaK €€ yYBUJIEN BO
BpeMs o3apenus J[.K.Maxkcse.
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Tenepp cMmoTpuTe, Kak B Y4YEOHHMKaX «COBPEMEHHOM
¢bu3ukn» n300pakaeTcst IMEKTPOMArHUTHAST BOJIHA, JICTSIIAs B
BaKyyMe:

«B anexmpomaznumHou 8onne, pacnpocmpaHaouelics 8
€80000HOM — NMpOCMpaHcmee,  8eKMOPbl  HANPANCEHHOCMU
NEKMPUUECKO20 U  MASHUMHO20 NOJAA  KOJNeOnomcs 6
00UHAKOBOUL (haze — OHU OOHOBPEMEHHO 00OPAUAIOMCSL 8 HY b
U OOHOBPEMEHHO OOCMU2AIOM MAKCUMATbHBIX 3HAUEHULLY .

E

[ i
H

HanpaBneHwue pacnpocTpaHeHUs BO/HbI

CnpammBaercs, Kak B «CBOOOJHOM IPOCTPAHCTBEY,
CBOOOJTHOM OT BCSIKOTO BEILECTBA, TO €CTh, B BaAKyyMe€, MOTYT
KonebaTbcss B OAMHAKOBOW  (pase 1Be CuiIbl, JBeE
HaIpsOKEHHOCTH, €CIM MO0 MaTeMaTUYeCKUM pacyétaM u
npeactaBieHussM  J[.K.MakcBemia, MarHuTHoe moje U
AIEKTPUUECKOE MOJIE JTOJKHBI MONMEPEMEHHO «IepPeTeKaTh» B
apyr apyra! A Tyr Kkoiie0aHHMS JABYX HanpsHKEHHOCTEH
IIPOUCXOJIST O/AHOBPEMEHHO!

OT0, MATKO TOBOpS, «HEJAOPa3yMEHHE» HUKOTO U3
co3naTeneil «coBpeMeHHON (U3UKN» HE CMYTHII0?!

N Botr, moBtoproch, B 1973-1975 romax coBetckue
YYEHBIE  JOCKOHAJIBHO  BBIICHWJIM, 4YTO B  peajibHOM
PaaAuOBOJIHE, JBUXKYILEHCS B «CBOOOJHOM IPOCTPAHCTBEY,
3JIEKTPHYECKOro nojsi Boodme Her! To ectb, «yma 6o1na
cocmoum ROJHOCHMbIO U3 MAHUMHBIX 603MYU{€HUI), KAaK U
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Hanucanl B cBoed «DJIEKTPOMArHUTHOW TEOpUM CBETa»
JI.K.MaxcBen, 0OBbsCHsIS BJICHHE MOJASPU3ALMH CBETA.

Tenepp caeayromee, 4To s yBHAe]1 BYepa yTPOM B
CBOEM 03apeHHUH.

PanuoBonHa, cocrosiuas «noIHOCmMbIO U3 MACHUMHBIX
603MyWeHul», TIepeceKass IpPOBOJA NPUEMHOM  AHTEHHBI,
HABOJMT (MHAYLUPYET) B aHTEHHE NMEPEMEHHOE 3JIEKTPUUECKOE
1oJie, HANPSIKEHHOCTh KOTOPOTO KOJIEOJIETCS B OAMHAKOBOM
(aze ¢ nepeMeHHBIM MarHUTHBIM TIOJIEM PAJMOBOIHBI! A Belb
3TO TOYb-B-TOYh KaK Ha TpauKe BBIIIE, KOTOPBIH BBIIAETCA
HaM 3a paJluoOBOJIHY!

CMoTpuTe camu, 4YTO IIOJy4YaeTcsl U Kak nojydyaercs!

PaguoBosiHa, coCTOAIIAs «IIOJHOCTBIO W3 MarHUTHBIX
BO3MYIICHUI», OKa3bIBa€T HA MPOBOJ (JIEBBII PUCYHOK) TaKoe
K€ TOYHO BO3JCHCTBHE, KaKO€ OKa3blBA€T Ha IPOBOJ
00bIKHOBEHHBbI MarHuT (rpaBblii pucyHok)! I B ToM, u B
IpYroM ciy4ae B TPOBOJIE HHIYLUPYETCS 3JIeKTpHYecKoe
noJie.

P.

i

e oo o o - -

&

To ecTb, B 000UX 3TUX Clly4asX B IPOBOJIE, €CIU B3STh
JBYXJIy4eBOU ocuMUIOrpad U OJHOBPEMEHHO U3MEPSTh HA €ro
IIOBEPXHOCTU HAIPSHKEHHOCTh MAarHUTHOT'O U JIEKTPUYECKOTO
MOJIEH C TMOMOILIBI CHEUUAIBHBIX JaTYUKOB IIOJIEH, MBI
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yBUAUM cuHGa3HbIii npouecc! OH NpoTeKaeT TOUb-B-TOYb KaK
Ha 9TOU KapTHHKE:

E
Ve

Tonpko 3TOT Mponecc Habmonaercs B nposoje! A He B
TaK Ha3bIBA€MOM «CBOOOJHOM IPOCTPAHCTBEN!

Teneps cieayommuii HIVAHC, KOTOPLIX 51 YBH/E] BYepa
YTPOM BO BpeMsi 03apeHHs.

[Touemy cOOCTBEHHO MAarHMTHOe TI0Jie HaBOJUT B
IIPOBOZIEC JJIEKTPHMYECKOe I0JIe, €CIIM BO3JIE HEro [BUTaTh
MarHuT BOT TaKUM o0Opa3oM?

"
)
—————————

PaccMoTpuM mobOnuke MArHMUTHOE TOJie DIEKTPO-
Mar"ura (B BHJE IPOBOJIOYHOIN KATYIIKH C TOKOM), KOTOPBIH
MBI MO’KEM paccMaTpUBaTh KaK «IIPO3PavHbIil MATHUT.
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HOCMOTpI/ITC, KakKk pacrnojararorcsa CHJI0oBbI€ JIMHHUU
MATrHUTHOI'O IMOJIs.

Huxe kpyroBoe MarHuTHoe Iojie IpsIMOroO IIPOBOJA, IO
KOTOPOMY TE€YET 3JIEKTPUUECKUN TOK:

Ber Buaute, uTo rycrora (T.e. IJIOTHOCTH) MATHHTHBIX
JMHUI rae-To Oonblie, rae-to MeHblie. OTKpoeM yueOHMK
«Dusukn» U npouTéM Tam: «Hanpasxcennocmos macHumnoz20
nOIA, MO ecmb CUlLy MAZHUMHO20 NOJSL OYEHUBAOM NO
2ycmome MA2HUMHBIX CULOBbIX TUHULL 6 OAHHOU MOYKe NOJ.
Hanpsisicennocme macnummnoeo nojsi 0bo3navarom 6 opmynax
oykeot H. HanpsoiceHHOCMb MACHUMHO20 N0 NOKA3bI8Aem
YUCTIO CULOBBIX TUHULL MACHUMHO20 NOJS, NPOX0O0auux yepes 1
K6AOpAMHBIL  CAHMUMEMDP  NONEPEYHO20  CeYeHuUs  NOJA.
Maenumnvle cunogvle IUHUY, NPOHU3BIBAIOUUE KAKVIO-TUOO
NI0WAOKY, HA3bI8AIOMCA MAZHUMHBIM NOMOKOM 4Yepe3 5my
niowaoxy. Maenumubslti nomok uepe3 OAHHYIO NIOUWAOKY
bydem, cnedogamenvHo, mem Oolbule, YeM 00bULe CUNOBLIX
JIUHUL BPOXOOUM Yepe3 Heéy.
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Cam cekpeT BO3HUKHOBEHHS IJIEKTPUUYECKOro MOJis B
Pa30MKHYTOM TIPOBOJIHUKE M COOTBETCTBEHHO 3JIEKTPH-
YeCKOro HAMNPSKEHUs] HA €r0 KOHIAX WU JIeKTPHYECKOro
TOKA B 3aMKHYTOM MPOBOJHHUKE OOBACHAETCA TeM, YTO IPHU
M3MEHEHUH MATHUTHOIO0 MOTOKA (TO €CTh, NPU HU3MEHEHUU
YHCJa CWIOBBIX JIMHUHM MAarHUTHOTO TIOJISI, ITPOXOJISIIHX)
yepe3 CEe4YeHUEe IMPOBOJHUKA B HEM BO3HHMKAET 3JJIEKTPO-
asukymas cuaa (9/1C). BenuunHa 31eKTpoIBUXKYILEH CHITBI
3aBUCUT OT CKOPOCTH HM3MEHEHMS MAarHUTHOTO TOTOKAa, U HE
3aBUCUT OT TOTO, YTO SBJSIETCS TPUYMHOW H3MEHEHUS
MardHuTHOTO IIOTOKAa — HM3MEHCHHE JM CaMOr0 MarHUTHOTO
TIOJIsI WJTH IBMIKEHHE KOHTYypa (MPOBOJIa) B MATHUTHOM IIOJIE.

Takum o0Opa3oMm, Korja MbI TOJHOCUM TOCTOSTHHBIN
MarHuT K MpPOBOAY, KaK Ha 3TOM PUCYHKE, U3MEHSETCS YMCJIO
(TyCTOTa, TUIOTHOCTH) CHJIOBBIX JIMHUM, TPOHU3BIBAIOIINAX
MpoBOJ, 3TO M BbI3bIBaeT Bciwieck JDJ[C B mpoBoge. DTOT
BCIUIECK TEM BBIIIE, YeM OBbICTpee MeHsAeTCs (B EIUHUILY
BPEMEHH ) TJIOTHOCTh MAarHUTHOTO TIOTOKA.

Tenepp camoe wuHTepecHOoe. B MOMEHT BuepaliHero
03apeHus sl YBUIENI U TO, OYeMy B y4eOHHMKAX COBPEMEHHOMN
¢busukyM, Korjga pacckaspiBaeTca 00 ombiTax ['epua, BceM
YIOPHO OYKBaJIbHO HABSI3bIBAETCSl COBEPLICHHO (PAHTACTH-
YyecKasi KAPTHHA JIEKTPUYECKOro MmoJsi, SKoObl BO3HUKAIO-
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mas BOKpyr «BuOparopa ['eprma», a MarHuTHOe MoJie darie
BCEro He n3o0pakaeTcs, Kak OyATo ero u Her!

Tak BOT, pa3ragka 5Toi 3arakd B TOM, YTO, €CIIHU
HapUCOBAaTh NPAaBWIbHYI0 KapTUHY «MarHUTHOTO TOJS» B
panuoBOiHE, M3IydaeMod «aumosieM ['epma»  (cTporo
COOTBETCTBYIOUIYIO ONPEACICHUIO: «CUAY MASHUMHO20 NOJs
oyeHugarom no zycmome (Ni0mMHOCMU) MACHUMHBIX CUTOBLIX
JUHULL 8 OAHHOU MOYKe NojiA»), TO CTaHEeT OYKBAJIbHO
OYEBUJIHBIM koe-uto 3anpeTHoe!

YTo Ke CKpPbIBAETCsl OH Bcex Hac 1e3nHGOPMATHBHBIM
MOKa30M BO BcexX y4deOHuUKax (usukum ¢uryp 3j1eKTpu-
YEeCKOro moJis?

A naBaiite nocMoTpum!

BoT Tak BBIMIAIAT CH/I0BbIE JIMHUM MATHUTHOIO MOJIS B
peanpHOil pagnMoBoIHe (B MOMEHT € 3apOXICHHUS), €CIH
CMOTpPETh CBEPXY Ha BEPTHKAJIBHO PACIIOJIOKEHHBIN «IUIIOIb
epuax:

= - - ’
<. = .

KpacHpIM 11BeTOM 37€Ch HapucOBaHa KBa3U-TIONEpEeYHAas
(BooOpakaemasi) BOJIHA, KOTOPOM B pEaJbHOW KapTHHE
MarHuTHOTO TOJI B paJINOBOJIHE HET!

164



OTa KpacHas cuHycouaa — (opMa BOJIHBI IEPEMEHHOTO
TOKa B @aHTEHHE, KOTOpas BbI3BaJla POXKJIEHHUE B IIPOCTPAHCTBE
JAaHHOMW PaINOBOJIHBI C KPYTOBBIM (DPOHTOM.

CusnoBble JIMHMM MarHMTHOTO TIOJSA  3J€Ch  SCHO
[IOKAa3bIBAlOT, 4YTO OT TejJa aHTEHHbl BO BCE CTOPOHBI
pacxoAuTcs PpaaMOBOJHA € KPYIroBbIM (ponTom! Oty
pazuoBOIHY 00pa3yloT CWJIOBBIE JIMHMM MAarHUTHOIO TOJIS,
rycrora (IUIOTHOCTb) KOTOPBIX H3MEHSIETCSl IO 3aKOHY
CUHYCOH/Ibl B HAMIPABJIEHUM PACIIPOCTPAHEHHUs 3TOI BOJIHBI.

Ha pucyHke Huwke MpencTaBlIeHAa  PaJMOBOJIHA,
BBIXOJSIAs W3 BOJHOBOJAA, BHYTPH KOTOPOI'O YCTAHOBIIEH
IIOJIYBOJIHOBOW MJIM YETBEPTHBOJIHOBOM U3JIy4aTelb.

[inuHa pagnoBonHbI Manyuatens
pacnonoxex
BepTHKansHO
BonHosopa ¢ pynopom
« ° ° ° EEEY TXr)
3 ° ® a
2 P 2 I
o o ® CEEY ETE
® 06000 o © ) pacnpocTpaHesus
&' 6o o o o ./7 ecoevooe
Manysarens pacnonoxen | MarHuTHbIe CHNOBLIE NTUHUK t BUA PagMOBONHLI C TOpUa
BEpTMKANLHO /—\
Cunoskle NMHUK MarkUTHOTO NONA He
Oopma TOKa B aHTeHHe nepeaaTynka 3aMKkHyTeI. Mone He ABNRETCA BUXPeBbLIM!

OO6paruTe BHUMaHHE, YTO B ATOW paJHMOBOJIHE, KOTOpas
pacrpocTpaHsaeTcs Kak Y3KHH JIyd CBETa, MAarHMTHOe I0JIe
YK€ He SIBJIIETCS BUXPEBBIM. BCE yka3bIBaeT Ha TO, 4YTO OHO U
HEe MoxeT ObiTh BHXpeBbIM! Benb cuiI0oBble JHMHUH
Pa30MKHYTBI, OHHM IPEJICTAaBIAIOT COOON MpsSMbIE LENOYKH, a
UX JUIMHA paBHA IIMPUHE PAAMOIIy4da, BEIXOASIIETO U3 pynopa
BoJHOBOAA. Ilpm 3ToM rycrora (IJIOTHOCTH) Pa30OMKHYTBIX
CWJIOBBIX JINHUM MAarHUTHOTO IOJIA BCE TaK K€ U3MEHAETCS 110
3aKOHY CHHYCOMJIBI B HPOAOJIBHOM HampaBjieHUu (B
HAINpPaBJICHUU PACTIPOCTPAHCHHS PAIMOBOJIHBI).
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Briopy omATe 3amaTtbcs  BONMPOCOM: Tak dYTO JKe
MPEJCTABISIOT COO0I0 «CHIIOBBIE JIMHUM MAarHUTHOTO IOJISD», O
KOTOPOM MBI 3HAaeM H3 JJIEKTPOTEXHUKH, UTO «MACHUMHOE
none 6cezoa saensemcs euxpesvim»?! IIputom, 4To BCe yuéHbIE
COIJIACWIIUCh C yTBepkaeHueM Maiikina Dapazes: «cunosvie
JUHUYU MACHUMHO20 MO He Cledyem paccmMampusams Kax
ycnoguvle  abcmpakyuu,  OHU  HPEOCmAgnAIOm  coOoi
Quszuueckyio peanvHocms .

Sl TUYHO MOMBITAJICS OTBETUTH Ha 3TOT Bompoc emé 2002
roJy, Korjga O4YeHb CTapaTelIbHO H3Yy4Yall HCTOPHIO (DHU3UKH,
CBSA3aHHYIO C U3YYECHUEM CBETA.

Bor Mo0€ TtorpamHee BUIEHHE PAAUOBOJIHBI, PACIPO-
CTpaHSIOLIEHCS B NMPOCTPAHCTBE B BUAE Yy3KOro Jjy4a. OHo
COBNAJO C MOHMM CETOAHSIIHUM BHUACHUEM, MPUILEIIINM KO
MHE B BHJI€ BHE3AITHOT'O O3apECHUS.
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I’pa(pm( HU3MEHEHHS BETHYHUHBI MATHHTHOI CHJIbI B BOJIHE CBETA

Cunycounga BHHM3Y 3TOro rpaduka (kak Obl morepeuHoe
KosnebaHue) — 3To (GopMa NEpEeMEHHOr0 TOKa B aHTEHHE.
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3amedy, 4dYTO Ha O3TOM TpadUUecKkoM  HU300paKkeHUH
PaAMOBOJIHBI, PACIPOCTPAHAIOMICHCS Y3KMM Jy4OM, HET
HUYETO IMOXOXKEro Ha «BUXPEBOE MArHUTHOE II0JIe», MOTOMY

4ToO €ro0 TaM IpOCTO HeT!
EFO, KakK BbI IIOHAJIM, HCT U B prFOBOﬁ paanoBOJIHE,

nopokaaemoit «sudbpatopom ['epiay.

[louemy Het?
[Totomy uTO BOJHOBasi (opMa «MATHUTHOTO TIOJISI,

KOTOpass HMeeTcs B PaJHOBOJIHe, U JAMCKpeTHas ¢opma
«MarHMTHOIO MOJISI», KOTOpask UMEET MECTO BOKPYI 3aMKHY-
TBIX LeNed, MO0 KOTOPbIM MPOTEKAeT IOCTOSHHBIM WM
[EPEMEHHBIN TOK, Ka4eCTBEHHO pa3Hble!

Toxa Hem
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Ecaim kxomMy-TO HENOHATHO, 4YTO S UMEK TYT BBHIY,
JaBaiite mompoOyeMm paccyxnaTh. Benmukuii y4ué€nbiii Maiikn
@apaneil nanm MUpy 3HAHHE, KOTOPOE 3a JiBa BEKa HUKTO HE
OCIIOPHJI, YTO TOBOPUT O €ro UCTUHHOCTH. Ero cyTh cocTout B
TOM, 4YTO «OKPEeCMmHOCMb BCAKO20 3APANCEHHO20 mena
NPOHU3AHA INEKMPUUECKUMU CUTOELIMU TUHUAMU, KOMOPble
nepeoairom  «cuny» (N0 COBPEMEHHOU  MEPMUHONO2UMU,
SHepeUro), U AHANIOSUYHO IHEPZUA MAZHUNIHO20 NOJA Meyém
60071 MAZHUMHBIX CUTOGHIX TUHUIIN. (M3 aroro dapanees-
CKOrO0 TIPEJICTABICHHsS] IIOTOM BO3HHMK HAy4HbIH TEpMHH
«MarHUTHBIA TOTOK». Ero ckopocts (cuia, MOIIHOCTB)
BBIILIE TaM, IJIE€ T'yIe PaclojaraloTcsi MATHMUTHBIE CHJIOBBIE
Junun). dDapaneil roBopwi, 4TO 3TU JIHMHHH HE CIEAYET
paccMaTpuBaTh ~ Kak  YCIIOBHBIE abcTpakuuy, OHH
MPEJICTABISAIOT CO00M PU3NYECKYIO PeaIbHOCTD.

OTO0 3HaHME — KJIACCUKA «DJIEKTPOJAUHAMUKW.

C HEeKOTOpBIX IMOp TOXOXXKUM OOpa3oM, KaK MbI
o0o3HayaeM Ha rpaukax MAarHMTHOe 10Jie UM MAarHUTHBIH
MOTOK, TPUHATO PUCOBATh HAa KapTaxX MOrO/bl CHJYy BeTPOB,
MOPO’KJAEMBIX [IUKIIOHAMHU ¥ AaHTULUKIOHAMH.

CpaBHure:

1. Cuna «MarHMTHOrO MOTOKa» BBILIE TaMm, IA€ Trylle

pacrosiaraloTcsi MArHUTHbIE CHJIOBbIE JINHHM.

2. Cuna BeTpa BbIIIE TaM, I TyIIe pPacIoyiararoTcs
JIMHUHU 1300ap.

20
Letimnu+ 3. Buorpadms M. ®apapes // M. ®apapaeir. M3bpaHHbie paboTbl no anektpuyectsy. — M.—
J1.: TOHTW, 1939. — (Knaccukn ecTeCTBO3HaHUS).
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B yxa3zanHoil Touke BeTep uMeeT HanpasieHue 240 rpagycoB U CUILy
75 km/gac (~20,8 m/c).

Ota aHanorus enié cuibHee yOexaaeT MEHs B TOM, YTO
XOpOILIO 3HAKOMOE HaM «MarHUTHOE I0JIe» €CTh HE UTO MHOE,
KaK BHUXpPEBOC JBIWKEGHHME J(upa, YacTUIAM KOTOPOTO
CBOMCTBEHHO npu yrnopsaao4cHHOM IABWIKXCHHUU BbICTPAUBATLCS
B CBOETO POJia IIEMOYKH, KOTOPhIE MBI U HAa3bIBaeM C TOJa4H
dapajes: «CUIOBBIMH TUHUSMUIY.

Opnako, 5Ta K€ aHajorus yOeXJaeT MEHs B TOM, HHU
BUXPEBOE MarHUTHOE Toje, HH TeM Oojee BUXPEBOE
ANEKTPUYECKOE TIOJIE HE MOTYT OBITh COCTaBHOW YaCThIO
PaAHOBOJIHBI, KOTOPOW K TOMY K€ CBOMCTBEHHA MOJISIpU3aIus!

B BO3mymiHOW WM XKUIKOCTHOM Cpele BO3MOMXHO Kak
BUXpeoOpa3oBaHue, TaK U BOJIHOOOpa3oBaHUE, HO 3TO
COBEpUIECHHO pa3HbIE SBJICHUS, HE CBA3aHHbIE IPYT C Apyrom!

A MBI, BOOPYXMBIIMCH HAaIlUM HE [0 KOHLA
MPOSICHEHHBIM TPEJICTABICHHEM O «BUXPEBOM MAarHUTHOM
MoJIe», BO3HHUKAIOLIEM BOKPYT IMPOBOJA, MO KOTOPOMY TEYET
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ITOCTOSIHHBIA WJIM NIEPEMEHHBIN 3JIEKTPUYECKUNA TOK, IBITAEMCS
C €ro MOMOIIIBIO Pa3rajiaTh MPUPOY PAIUOBOJIHEI WK cBeTa!!!

ITpu sToM moOble rpaduyuecKu-NpaBUIIbHBIE HU300pake-
HUSL PagMBOJIHBI (OCOOCHHO pPAaMOBOJIHBI, PACIPOCTPAHSIO-
IIEHCs B IPOCTPAHCTBE B BUE JTyda) YKa3bIBAIOT HAM, YTO CBET
U PaauOBOJHBI — 3TO em€ onHa «ocobas (hopma MaTepumny,
POJICTBEHHAsl 3JEKTPUYECKOMY M MAarHUTHOMY TMOJISIM, HO HE
TOKIAECTBEHHAS UM!

[innHa pagnoBOsHbI
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®opma ToKa B aHTEHHe nepeaaTynka

I'paduueckoe npeacTaBieHue pajiloOBOIHBL, Yepe3 JTUHUU
MarHuTHOT'O TOJIsL, KOTOpask paclpOCTPAHSIETCS Y3KUM JIyUOM.

25 aBrycta 2019 r. Mypmanck. AnToH baarun
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MollleHHHYEeCTBO HMEET MeCTO JIaKe B
(pusuke!

Yurarenu yxe NPUBBIKIU, YTO S YTO-TO MYOJIMKYIO B
WHuTepHeTe uyTh JIM HE Ka)XAbl J€Hb, a TYT Iponan OoJblie
4yeM Ha Helenro. A s pasoupancs ¢ ¢usukoi! UyTs MO3TH cBOM
HE CBUXHYI, JyMall, 4YTO HE OCUJIIO 51 BCEX XUTPOCILIETCHHUU
9TOW HAayKH O paguoBOJIHAaX U cBere. [IpuToM, uTo paHblIe A
y)K€ MpeANpUHUMAal HECKOJIbKO Takux nombITok. Ho Torma
MOJHATYIO BBICOKO «IUIAHKY» MHE B3Th HE yJanock. B stor
pa3 koe B uéMm 5 BcE ke pazoopaics (1) u moHs1, 4To AJbOepT
DIHIITEH MOMUMO TOr0, YTO ObLT 0OJIbIIMM Y4EHBIM, ObLI
emé u OoabmmM MomeHHuMkoM. JlagHo ¢ «Teopueit
OTHOCUTENBHOCTH» OH BCEX 3alyTaj, TaKk OH emé U Cco
«CBETOBBIMM KBaHTaMM» Bcex oOMaHyn!

Bot npo BCE 3TO 4 U X041y CCroaHsl pacCkKkas3aTb B 3TOM
OYCHb JJMHHOM CTaThe.

Hrak, moexaim...

HHoraa y4€HBIM BBINIAAAET CYACTHE HE TOJIBKO OTKPBITH
KaKoe-TO HOBOE SBJIEHHE, HO WU OOBSICHUTh HPUPOAY YXKe
XOpOoILI0 M3BECTHOIO sIBJIeHHUs. B peauaiimx ciydasx Takoe
00BsICHEHHE OOIIEU3BECTHOTO MOXET TPHBECTH K CO3AHUIO
HOBOW HAYKH.

VIMEeHHO Tak CIy4mIoCh C OOBSICHEHHEM CBETHMOCTH
CHJIBHO HarpeToro rejaa, koropoe aai B 1900 rogy Hemenxuit
yuénbli Maxkc IDmank. W temeps ums Ilnanka HaBcerna
CBSI3aHO C HOBBIM pa3fesioM (QU3UKH — «KBAHTOBOWM
MEXaHHUKOI.
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Radiation

Visible

Maxca laanka

1000 2000 3000
Cnekmp uanyeHus 8 HaHoMempax.

Sl oOHApYKW B 3JIEKTPOHHOM SHIIUKIIONECIUNA BOT TAKYIO
MHPOPMALIHIO:

«B cepedune 1890-x 20006 Ilnanx 3ausncsa npobaemou
mennosoco uznyueHuss u 6 kKouye 1900 eo0a odocmue
pewaiowe2o ycnexa: NOIVYUL NPABUILHYIO  opmyny O
pacnpeoeneHus 3Hepeuu 6 Cnekxmpe u3iyuyeHus adCconOMHO
uépHo20 mena a maxaice 0all eé meopemuueckoe 0O60CHo8aHUe,
66e0s1  sHameHumvlil «kéanm Oevicmeusy h. Keanmosas
2unomesza HemeykKo2o0 YYEH020, 2NYOOKUU CMbIC KOMOpOU
BCKPBLICA UL MHO20 NO03JiCe, O3HAMEHO8ANA POHCOEHUEe
K6aHmogou ¢husuxu. B nocnedyrowue 200vt [lnank npunosxcun
MHO20 YCUMUL, NbIMAACL CO2NACO8AMb CEOU Pe3VIbmamvl C
Kaaccuyeckou — usukou; OH  KpailHe  HACMOPOIHCEHHO
OmMHOCUNICA K OQIbHEUWUM Wazam, Y00OAUUM 6 CHIOPOHY
om cmapevlx npeocmaegienuil, Hanpumep, K meopuu
""ceemosbix keanmos' Iunwmeiina. Oonaxo éce e2o ycuaus
oKazaIUCh HANPAcHbLMiL...» VICTOUHIK

2 https://ru.wikipedia.org/wiki/MnaHK,_Makc
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To ecTh, W3 3TOr0 TEKCTa, KOTOPbIA 5 HAIIEN B
«Bukunenuun», cieayer, 4To YCWIMS KOMaHbl « DUHIITEHH U
Ko» oxazamucek ropaszno Oomnee pe3yabTaTUBHBIMU 1O YBOAY
o0miecTBa OT MPEKHUX HAYYHBIX MPEICTAaBICHUM, YeM YCHIIUS
[Inanka, HampaBJEHHBIE HA COIVIACOBAHME HOBBIX 3HAHUU C
pe3yabTaTaMy «KIACCUUYECKOU (DU3HKI.

Xwm. Oguako!

B sTOM MecTe cBOEro MOBECTBOBAHUS S JOJDKEH CKa3aTh,
yro g0 Makca IInanka, B 1879-1884 romax, aBcTpuiicko-
CIOBEHCKMM (u3ukoM M MatematukoM W.Credanom u
aBcTpuiickuM (puzukom-reopetrkoM JI.bonbiiManoM yke Obuia
YCTAQHOBJICHA 3aBUCUMOCTh JHEPreTUYECKOH  CBETUMOCTH
a0COJIOTHO YEPHOTO TeJla OT TEMIIEpaTyphI Teja:

R, =7 i

DHepreTuyeckas CBeTUMOCTh R abcoI0THO 4€pHOTO Tena
OpsIMO  IPONOpPLUOHAJIbHA  YETBEPTOM  CTENEHU  €ro
TEPMOJMHAMHUYECKON TemrnepaTypbl 1. DTO O3HAuYaeT, 4YTo Mpu
YBEJIMYEHUH TEPMOJUHAMHYECKONH TeMiepaTypbl | B 2 pasa
sHepreTudeckas cBeTUMOCTh R Bo3pactaet B 16 pa3.

A B 1893 rony Hemeukuid yu€nslii Bunbsrensm Bun
YCTQHOBMJI 3aBUCHMOCTb MEXJy TeMIepaTypoil abCOJIOTHO
4EPHOIo Teja U AJUHOM BOJHBI, HA KOTOPOM MOTOK SHEPIUU
U3Iy4eHUus: aOCOIIOTHO 4YEPHOro Tejna JOCTHraeT CBOEro
MaKcUMyMa.

CyTb 3TOi 3aBUCUMOCTH OTpa)XaeT 3TOT Ipaduk:
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T>6000°%

T=6000 K

T=4000 °K
T=3500 K
T=1000 °X

Ha ocHoBanunu ycranosieHHor B.BuHoM 3aBucumocTtu
OBLT BBIBEJCH «3aKOH CMEMNICHUS» YaCTOThI JJEKTPOMArHUT-
HOTO M3JIy4eHUs, Ha KOTOPOM MOTOK SHEPrUuM H3ITy4YCHUS
a0COJIFOTHO YEPHOTO TejIa JOCTUTAaeT CBOET0 MAaKCHMyMa. DTOT
OTKPBITHIM 3aKOH T03kKe ObUT HAa3BaH MO (paMUIUU YIEHOTO —
«3aKOHOM CMeleHus Buaay:

. b

A —
max
I

F'ae b — noctoAaHHasa BuHa:

h=289-10"uk

«3akoH cMmemieHus Buna» oTpaxaeT TOT (akT, yTO C
pPOCTOM TeMIlepaTypbl Tejla — JJIMHA BOJHBI, Ha KOTOPOWM
MOTOK M3JIY4CHHs DOSHEpPruu abCOJIOTHO YEPHOTO Tena
JOCTUTaeT CBOEro MAaKCUMyMa, IUIaBHO CMEMIAaeTcsl U3
nH(ppakpacHOW 00JIACTU CIEKTpa H3IYYCHUS B BHUIUMYIO
KpacHyl0 00JIacTh, a MPH JaTbHEHIIEM POCTe TeMIepaTyphl
OHa CMEIaeTcs B 30HY (PUOJIETOBOTO LIBETA.
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Kaxnprit u3 Hac He pa3 HaAOmIO#am 3TO cMellleHHe
TeMIEePaTypbl MAaKCHUMAJIbHOM CBETHMMOCTH, KOIJA IIJIABHO
peryiaupoBaJl OT HyJIsS [0 MaKCUMyma SpKOCTb JIAMIIbI
HaKaJMBaHUS 4Yepe3 CBETOPErYNIATOp, UMEHYEeMbI B OBITY Ha
AQHTVIMMCKUN MaHEp «IUMMEPOM».

CHavana HWUTH JaMIIbl HAKaJUBaHHUSA €BAa CBETHTCS
KPACHO-OpPaHKeBbIM CBETOM, MOTOM, MO MEpE YBEJIWYCHUS
HaNpsOKEHUs M TOKa, MPOTEKAIOIIEro 1Mo BOJIb(h)PaMOBOW HUTH,
e€ APKOCTh BO3PACTAET C OJJHOBPEMEHHBIM U3MEHEHUEM IIBETA
CBETMMOCTH, OH CTAaHOBUTCS KEATHIM. [loToM, Korga Mmbl
BHOBB YBEJIMYMBAEM HaIpspKeHUE (M TOK, TEKYIIUI depe3 HUTh
JIaMIIbl), IO Mepe MOSIBICHUS B CIIEKTPE U3JTy4EHUs 3eJIEHOTO U
roqyooro, 3areM CHHEro U ()HOJETOBOrO CBEUCHHM, JamIia
HAKaJMBaHUS HAaYMHAET CBETUTH 0eJbIM CBETOM WJIM IOYTH
OeJIbIM CBETOM.

Bcenomuute ceituac npo paayry (3To BaxkHo!) u mpo To,
4TO OEJbIii CBET — 3TO CIOXKHBII CBET, 3TO CyMMa M3JTy4eHHUN
KpPacHOT'0, OPAH)KEBOTO, JKENTOr0, 3€JIEHOT0, FOJIy00r0, CHHErO
U (HOJIETOBOT'O IIBETOB.
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Bcniomuure ceituac u nmpo oOBsICHEHHE Paiyrd, KOTOPOe
nan emé B 1627 rony ¢dpanmysckuii yuéHeiii Pene Jlexaprt:
«Ilpupooa ysema 3axnouaemcs 6 mMoM, UMO HACHUUbL
MOHKOIU Mamepuu, nepedaioujeli oeticmaue ceema, CHpemsam-
ca ¢ Oonvbwienl cunoul epawiamuvca (60Kpye ceoeli ocu), uem
ogueamuvcs no npamou aunuu. Takum obpazom, me, Komopwvie
spawaromcsi ¢ 20paz0o Oonvuel cuilol (yem 08u2aromcsi no
npAMOll IUHUU), Oarom KpPACHBLL ueem, a me, KOmMopbvle
spawjaromcs Ul HEMHO20 CullbHee (Yem me, 4mo 0aom
KpacHulli yeem), Ooarom xcéamutii ueem...» (Pene [lexapr.
«Meteopsi», rnaBa VIII, ¢ 333-334. [IpouuTupoBaHO MO KHUTE
Mapuo Jlvouuu «MCTOPUA OUSUKN», wuznarenbcTBO
«MWP», Mocksa, 1970, c. 117).

[lonpoOyiiTe MBICIIEHHO NPUMEHUTh 3TO 3HAHUE K
VBUJICHHOMY TIPOLIECCY B JIaMIle HaKaJMBaHWS, TIOJOTPEB
KOTOPOH IUIaBHO YBENWYHMBAIOT aAuMMepoMm: «Cuauana Humb
JIaMnbl HAKAIUBAHUs ele-ele C8emumcs KPacHOo-0paHICeEbiM
ceemom, nomom, no mepe yeeiuyeHus HanpsafceHus u mokd,
npomexaowezo Nno  B01bPPAMOBOU  HUMU, €€ APKOCMb
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go3pacmaem ¢ 0OHOBPEMEHHBIM USMEHEHUeM Yeema Ceemumo-
Ccmu, OH CIMAHOBUMCSL HCETIMBIM ... »

BcnomuuTe ceiiyac o0 MUKpoOTMpoIieccax, MPOUCXOASIINX B
HUTH JIaMIIbl HAKalMBaHUS M  ONUCAaHHBIX B  KHUTE
B.M.I'anonoBa  «3JIEKTPOHBI»:  «Cxopocmv  nomoka
91eKMPOHO8 (He nymamsv CO CKOPOCHbI0 0ecnopsiooyH020
08UdICeHUsL  OMOENbHbIX  JJeKmpOHo8!),  3asucum  om
HANpAXCEeHUs. — «NeKMPUYecKo20 Hanopay» (maxk odice, Kax
CcKopocmb 600bl 8 mpybe 3asucum om Hanopa 600vl). Oma
ckopocmb  Hesenuxka. Hanpumep, 6 ceemawieiica Humu
INEKMPUYECKOU J1AMNOYKU NPOXOOUMDbLIL  IIEKMPOHHBIM
HOMOKOM nymv 3a OOHY CEKYHOY U3MEPAEemCcA MUiu-
mempamu! [Ipumom, umo snekmpuueckoe noie, npugoosaujee 8
ogudicene eKMpPOHbL, PACNPOCMPAHAEMC 8 NPOo800aAX CO
ckopocmbio ceema, a smo noumu 300000 km/cex...»

3nech BaxkHAsl Ui HAC MBICHIb BOT 3Ta: «He NYymamb CO
cKopocmblo  0eCnopsi0oOuH020  OBUJCEHUSI  OMOENbHbLIX
anekmponos!»

NmeHHo 5T OecHOpsAIOYHO JBIDKYIIHECS OBICTPbIE
JJIEKTPOHBI, BBUICTAIONINE W3 TOBEPXHOCTH pPA30TPETOi
BOJIb()PAMOBOM HUTH M OOpaTHO BO3BpalaloIIuecs B HeE, U
reHepupytot cseT temnosoro (MK) u BuauMoro auana3zoHoB!

BcriomHute ceiivac W 0  TOM, 4YTO  TaKoe
HEMOJISIPU30BaHHBI (€CTECTBEHHBI) CBET, M UYTO TaKoe
NMOJISIPU30BAHHBbIH !

. nonsplisauuu

N !

ecmecmeeHHbill N NOARPU308.
ceem noAsRpusamop ceem

och
noaspusayuu

noaspusamop
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EcTtecTBeHHBbIN CBET (HEMOJISIPU30BAHHBIN) MPEJCTABIAET
co00il MHOXECTBO MOJIIPU30BAHHBIX BOJH (OJHOBPEMEHHO
PacTpoCTPaHSIONIMXCST B IMPOCTPAHCTBE), HO y HHUX CaMoe
pa3zHoe (OecropsaOoYHOE) HAIpaBICHUE MONSPHU3ALUU. ITO
BEJIMKOE MHOKECTBO IMOJIIPU30BAHHBIX BOJIH (HAKeT BOJIH)
MOPOXKAAIT  (€CTeCTBEHHBIM  oOpa3om!)  OecropsgouHO
JBUKYIIHECS B Pa30TPEThIX METAJUIaX OBICTPhIE SJEKTPOHBI!

]
-]

NPOTON <~

: \HEATPOH e
AR
2 A

MEXTROH (). )

JloGaBbTe K 3TOMYy emi€ Takoe BaXKHOE 3HAHUE, YTO
ANEKTPOHBI, MOPOXKIAIONIME CBET B JIaMIle HaKaJdMBaHHS 3a
C4€T CHJIIBHOTO pa3orpeBa BoJb(hpaMoBOii HUTH, CKAUyT MO HEl
Kak 0s0xu 1o 010xacToi cobake, HO HUKY/Aa HE YJIETaloT, eCIH
HE CO3/aHbI JUIA 3TOro ocoObie ycioBus. LluTupyro emé pas
3ameuatenbHyto KHury B.W.I'anonosa « 3JIEKTPOHbI»:

«Cpeodu 6ecnopsa00uno 08UNCYWUXCA DNEKMPOHO8 8Ce20d
ecmb makue, Komopwvie Jiemsam no HaAnpasieHuio K no8epxHo-
cmu memanna. bByoym au onu eviiemamv u3z memanna? Beow
eciu ocmagums OMKPLIMbIM COCYO C 2A30M, MOJIEK)Jibl
KOMOpOo20 MaKdice HAX00amcsi 6 OecnopsioO4HOM OBUIICEHUU,
KaK U 91eKMpOoHbl 8 Memaiie, mo MONeKyIvl 2asa OblCmpo
paccetomes 8 8030yxe. (QOHAKO IIeKMPOHLL 8 OObIYHBIX
ycnoeusx He  gvliemarom u3z  memaina. 4mo e  ux
yoeporcusaem?  Ilpumsocenue uonamu. Koeoa anexmpon
NOOHUMAEMCsL HEMHO20 HAO NOBEPXHOCMbIO MEeMANd, HAO HUM
Ve Hem UOHO8, a 6HU3Y, HA NOBEPXHOCMU, eCcmb. DMmu UOHDbI
NpUMASUBAIOM  NOOHABWIULICS  DNeKMPOH, U OH  naoaem
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00pamHoO HA NOBEPXHOCMb Memaild, KAk nadaem HaA 3emiio
OpoulenHblll 86ePX KAMEHD ... »

[IpouytutTe BHUMATENHHO TOCIEAHIOKO (pasy emé pa3 u
MOMPOOYHTE TMPEICTaBUTh, KaK OJJIGKTPOHBI BBUICTAIOT U3
MOBEPXHOCTH METajla Hapy>Ky, TOPMO3STCS MOHAMH U BHOBb
BO3BpAIAIOTCS 00paTHO. DTO BaXHO /IS JIaJbHEUIIEro
NMOHWMaHUS WHPOPMAIMK, IOTOMY 4YTO jJajiee 1 XO4Uy
paccka3atb BaM 0 TOM, KAaK HMMEHHO 3JIEKTPOHBI
MOPOKIAIOT CBET.

[MpuuéMm 53TOT MexaHW3M, O KOTOPOM S PaCCKaxKYy,
paboTaeT pu 00pa3oBaHUU BCeX 0€3 MCKITIOYCHHS U3TYICHUN:
paaroBONIH, WHQPAKPACHBIX HW3IIy4YeHUH, BUAMMOIO CBETa,
ynpTpaduoneTa, peHTT€HOBCKUX JIy4yeil, ramma-iyueit!

Kakum ke  OJWHAKOBBIM  CIOCOOOM  DIIEKTPOHBI
MOPOXIAT BCE BHIBI M3nydeHus? JlaBaiite pa3OupathCs ¢
3TUM!

DJIEKTPOHbI, J3TH KPOXOTHbIe YACTHI[I aTOMOB
XUMHYECKHX JJIEMEHTOB, KaK YAAJ0Ch JIOMOAJIHHHO
BBISICHUTDH Y4€HBIM, 00J121a10T Maccoii!

«DneKkmpoH — cmabuIbHAsi OMPUYAMENbHO 3aPAHCEHHAS
NeMeHmapHas yacmuya, o06aadaowas Mmaccou, O0O0HA U3
OCHOBHLIX ~ CMPYKMYPHbIX — edunuy eewecmea. Coenacho
nPeOCmasieHUsIM QU3UKU DTIEMEHMAPHBIX YACTUY, 1eKMpPOH
cuumaemcsi HeOenuMblM U OecCmpyKmypHbviM (KaK MUHUMYM
00 paccmosiHuil 10 cM)».

Kak yuéHble cMmorim noka3aTh TOT (DakT, 4TO 3JIEKTPOH
o0Jaaet peaabHONU Maccoii?

B 1913 roay nBoe poccuiickux yuéneix: JI.M.Mannaeins-
ITaM, OCHOBATENb MIKOJIbI paanodpusukos, u H.J[.ITamanexcw,
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BITOCJICJICTBUM KPYITHEHUIINKA COBETCKUN (U3HK, aKaJeMUK,
npencenarens  Bcecoro3HOro - HaydyHOro  coBeTa IO
pannodpusuke u paguorexuuke npu AH CCCP, mnpocto
NPENOI0KUIN, YTO 3JEKTPOH JOJDKEH 00JIafaTh MAaccoi, a
IIOTOM OHHM PEIIMWIM IOCTABUTh NPOCTOM, HO OPUTMHAIBHBIN
OTIBIT, YTOOBI YOCIUTHCS B STOM.

OHM B3sUIM  KaTyIIKy C MPOBOJOM, CcHaOaumu eé
TOKOChEMHUKAMHU, KaK€ €CTh Ha aBTOMOOWJIBHOM T€HEpaTope,
U CTaqu KpyTUTh €€ B pas3Hble CTOpOHBIL. Packpytir, K
IIpUMEpY, M0 YaCOBOM CTpeJKe, HOTOM PE3KO OCTAHOBAT U —
Hazal. Paccyxnanu oHM NpHUMEpPHO TakK: €CJIM AJIEKTPOHBI U
BIIPaBIy OOJaJalOT MAaccoil, TO B Cilydae, KOIJa KaTyllKa
BHE3AIIHO OCTAHABIIMBAETCS, JIEKTPOHBI €11I€ HEKOTOPOE BPEMs
JOJDKHBI IPY’KHO JIBUTaThCsl MO MHEPHMHM. A, KaK H3BECTHO,
YIOPSAOYEHHOE ABW)KEHHE JJIEKTPOHOB IO MPOBOLY — 3TO
anekTpuueckuil Tok. Ecnm 3ToT TOK Oyner ¢ukcupoBaThes,
3HAYUT, DJEKTPOHBI UCTBITHIBAIOT CHUJIY WHEPIHMH, & WHEPLHS
— MPU3HAK MACCHI.

K koHIlaM 1mpoBoja KaTylIKM, KOTOPYK Y4YEHbIE
pacKpyuMBaJli ¥ pE3KO TOPMO3WIHM, OHM MOJICOEAMHUIIN
OOBIYHBII TUHAMMK OT Tele(OHHOro ammapara, U Ipu pe3KoM
TOPMOKEHHH BpalIalOLIENCs IPOBOJOYHOM KATyIIKH B
TenedoHe OBUT SICHO CIHBILIEH IIETYOK, [OATBEPKAAIOIIUI
HOSIBIICHAE HMITyIbca MHepuuoHHOro (!) sJjeKTpmyeckoro
TOKA.

B 1916 romy omneir Mangensimitama u Ilananexcu
MOBTOPWJIM amMepukaHckue yud€nble Tonmen u Crtroapt. OHu
TOKE€ KPYTHJIM KaTyIIKy, HO BMECTO TejedoHa K €€ KOHIaM
MOJICOCAMHIIM TPUOOP JIJIsl UI3MEPEHHUS 3apsa.
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Tonmeny u CrroapTy yAanoch HE TOJBKO MOATBEPAUTH
CYLIECTBOBAHHME Y DJIEKTPOHA MAacCChl, HO Jake U3MEpUTh e¢!
Jannbie Tonmmena u CTroapTa IOTOM MHOI'O pa3 MPOBEPSIIUCH
U YTOUHSJIUCH JPYTUMHU YYEHBIMHU, U TENEpb BCE 3HAIOT, YTO
MaccaaneKTpOHapaBHa5%109x1061Kr»QHCT0qHHKﬂ.

Hrak, 31eKTpOoHBI 00J1a1aK0T MacCoOi.

Kax cBsi3aTh 3TO Ba)XKHOE 3HAHHE C TEM, YTO FJIEKTPOHBI,
ABUTAsACh MOCTYHNATCIBHO C YCKOPCHUSAMH PpPa3HbIX 3HAKOB,
MOT'YT U3JIy4aTh 3JI€eKTPOMATHUTHBbIE BOJHbI BCEBO3MOKHBIX

yacToT?!
lllkana 1eKTPOMArHHTHLIX BOMAH
Uonuanpyrolee
Henoumupylou(ee Hinyvyexue H3INYYeHMO
g z z = ;
- 3 = ® 3 s § E -
P:dz.33:3:8§3|3:%8:¢8
- - - - -~ - - - - = - \ 2 \32 o o O}"
ST T 9 |
[ = | = I
g — 4 - = = - - 3 =
SeE g g E ElE - -
38 » 9 ¢ ® 8§ 8 o| e Famma
= ® S ® 8 A nanyuve-
= x| |z Hue
H - ”
Panuo;mywenue Pentrenoeckoe

A g AIMYUOHUO

WndpakpacHoe u:nywleuue I anbrpadauoneroaoe
Buaumesii ceer WnyHeHne

2 http://electrik.info/main/fakty/1357-inerciya-elektrona-
eksperimenty.html
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Xody oOpaTHTh BHHMAaHHE YUTATENs HA TaKOW Ba)KHBIN
HIOQHC: IIOYTHM BO BCEX CIy4yasX 3JIEKTPOHBI MOPOKAAIOT
BOJIHBI CBeTA, PAJAMOBOJIHBI U PEHTI€HOBCKOE U3JIyYE€HUE HE B
HAIpPAaBIEHUU COOCTBEHHOTO MOCTYNATENLHOTO JABMKEHUS, a B
HANPABJICHNH MEPHEHAUKYJISAPHOM CBOEMY MNOCTyNaTe/b-
HOMY /IBH:K€HHIO!

OT0 0COOCHHO HAIJSIIHO BHAHO 1O KOHCTPYKIIMH
PEHTTeHOBCKOM TPYyOKH U MO IPUHLUITY €€ pabOThI:

CxemMaTuuyeckoe usobpaxeHue
PEeHTreHOBCKOW TPYOKM

/B
83{ "/

0 L e )
NN \‘i\ NN = - B e ;
& 2 6
1 — aHOmHBIN cTakaH, 3JEKTPUYECKH COEIUHEHHBIH C TUTIOCOM
WCTOYHHMKA BBICOKOTO HANpsDKeHWs, 2 — OKHO W3 Marepuaia,
mpomyckaromero X-mydd, 3 — HUTh Hakana (karon), 4 — CTeKIsHHas

K0J10a, U3 KOTOPOH OTKa4YaH BO3/AYyX, 5 — IOJBOJ MUTaHHUS K HUTH Hakaja,
crofa xe (K 1F000My U3 IBYX IPOBOJIOB) IOJBOJUTCS BRICOKOE HANIPSHKCHUE
OTPHUIIATEIBHON TOJSIPHOCTH, pasrOHAOMIee [0 OONBIION CKOPOCTH
AIIEKTPOHBI, UCITyCKaeMbIe KaTOA0M. 7 — aHOJHOE 3epKajio (MHIICHB). 8§ —
TpYOKH KOHTYpa BOASHOTO OXJIAX/ICHUS aHOA.

KpacHbIM niBeTOM 0003HaU€HA TPACKTOPHS IBIKCHHUS 3JI€KTPOHOB,
roJyobIM 1BeTOM O0003HAUCHA TPACKTOPHUS IBIDKCHUS X-Jydeil (BOIH
PEHTI€HOBCKOT'O IMAIa3oHa).
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B nonyBonHOBOM «BHOpaTope I'epma» 3IIEKTpOHBI,
YHOOPSAJIOYEHHO  JBIKYIIHUECS 1O €ro  MEeTaUIM4eCKUM
CTEP)KHSIM, TOXE CO3[AI0T PAaJMOBOJIHBI HE B HAMNPABICHHUU
CBOEro TMOCTYNATEJIbHOTO JIBI)KEHHsS, a B HAlpaBICHUH,
MEePHEHIUKYJIIPHOM CBOEMY MOCTYNATEIbHOMY ABUKEHUIO!

BcnoMHuTE KapTHHKY, WUIIOCTPUPYIOUIYIO TIPEICTaB-
nenune J[.K.MakcBeinia 0 «IJI0CKHX» MarHUTHBIX BOJIHAX:

e 7 HampasneHnsa spameHmii
3 ¢/ IByX MarHATHBIX BO3MYIIEHHIT

I'padux
H3MEHEHHA o
TOKa
B IIPOBOJIE

"lNnockas BonHa"

O 4ém rosopur 310 H300paKeHHe?

O TOM, YTO 2IEKTPOH CO3MaéT BOKPYr ce0s MMEHHO B
STOM HaIpaBJICHUU MATHUTHOE 1oJje?

A B PEHTTEHOBCKOW TpyOKe TMOmajaroniue B MUIICHb
aHoJla pa3orHaHHbIE 1O OOJIBIION CKOPOCTU AJIEKTPOHBI
CO3/al0T BOKpYr ce0si, IoJy4yaeTcs, 3Takoe B3pPbIBHOE
«varautHoe mnoJse»? Ilpud€mM ¢  COBEpIIEHHO KYTKOU
Hanpspk€HHOCTHIO? Tak?

Hert, ne tax!

[TomuuTe, g nucan panee. « Hukmo, nouemy-mo, oasice He
odonyckaem MulCaU, 4MO 8 MAK HA3bIBAEMOM «OMKDPLINOM
KOeOamenbHOM KOHMYpe», KOMOPLIM ABNIAEMC «8UOPAmMop
L'epya», smu o0ea nons (21exkmpuueckoe U MAcHUMHOE),
8bI3bIBASL 68  CMEPICHAX — usiyyamens  «CKUH-2¢hhexmy
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(nosepxHoCmHble CKOPOCMHble 2NeKMPOCmamuiecKue moxu),
noposcoarom ewé 00Hy opmy I1eKmpoOMAZHUMHOZ0 RO/,
UMEIOWYI0 NPOOONbHOE cMeujenue, (Kakoe umeem 38yK08as
UU YOApHas 80IHA, PACNPOCMPAHAIOWAACS 8 8030YXe).

1/2 paviHbI BONHbI

. Mposoaa unu Tpybku,

urpatoume posab AByx
3/1eKTPOCTaTUHECKUX
émKocTeit

Oma mpemvsa opma d1eKMpomMacHUMHO20 NOAsA  C
NPOOOSILHOIL  KOMNOHEHMOU,  NopodcoaeMas  Oblcmpuimu
anekmponamu, coocmeenno u ecmv uznyuaemas PAHO-
BOJIHA, komopyto cpeocmea xoumpons IMII paznuuarom u
Quxcupyrom wHa ¢pone 08yx Opyeux noiaeu O0ObIYHO HA
HeKomopom yoaneHuu om nogepxrHocmu «ounons Iepyay!
Ilosmomy u npunamo eosopums, umo PA/JHOBOJIHA
DOOPMHUPYETCA na paccmosanuu HeCKOJAbKUX OJUH 60JIH
om mena «nojye0aH08020 eUOpamopay!

Pebsama, 2oe nocuxa?! Paouosonna ghopmupyemcs cpasy,
HeNnocpeocmeeHHO 8 aHMeHHe, e€ NopoHCOalom Henocpeo-
CMBEHHO INIeKMPOHbBL, NPOCMO OHA MACKUPYemcs O08YyMs
opyeumu  popmamu  31eKMPOMACHUMHO20 — NOJS,  OYeHb
CUNbHBIMU UMEHHO 80IU3U AHMEHHbL!»

Beco  ¢okyc 6  mowm, umo  paspabomuuxu
paouonepedarowux u paouonpuémMHuIX YCmpoucme UOsm 8 ux
pabome MOIbKO  9NeKMpuyecKue U MASHUMHble —NOJs,
ces3anHble MedcOy o0l 8 eOUHYIO KOleOamelbHy0 Cucmemy
NPUHYUNOM ITNEKMPOMAZHUMHOU UHOYKUUU.
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Ilpuyém onu eudsam ux auwb 8 mou @opme u 6 mex
Kauecmeax, = Komopvle  OOCKOHANIbHO  U3VYEHbl  Npu
uccredosanuu pabomsl 100020 3AKPLIMO20 KOJ1eO0amenbHo20
KOHmypa unu mparcgopmamopa nepemeHHo20 mokKa.

Ha ocnoge pacuémos smoco Xxopouio u3yueHHO20
KolebamenvHo20 npouecca coOOCMBEHHO U CMPOAMCs 6ce
paouonepedamuuxu. M smo npasuibHo, NOMOMY 4YmoO 2mu
nepemeHHvle Nojisi (MacHUMHOe U dleKmpuieckoe) Oelcmeu-
MENbHO YeCmHO MmMpYyosamcs 8 JaOou  paduonepeoarowyelt
anmenHe.

Bom monvko Hukmo nouemy-mo He nonumaem, 4mo OHU
mpyoamcsa 6  paduonepeoaroujeri  awmeHme  0COOOU
KOHCMPYKYUU KAK «MamMa» U «nanay, sjiceiaruue 3auamo
oumsa! A «oumsay 6 Hawem ciyyae — 5mMO PAoUOBOJIHA,
B0JIHOBOU NpoOYecc, KOMOPLIU poHcoaemcs u cmapmyem c
Mecma c80e20 podrHcOeHUs MOAbKO 011a200aps mpyoy «Mambvly U
«nanely, Komopwvle 00a OCMAlOMcs HA Mecme, MO ecmb 8
anmenme!

Taxum obpazom, ece pacuémvl YYEHbIX, paspadbamoi-
salowux paouonepeoaiowjue YCmMpoucmeda, OKa3vbl8aAOMCs
6€PHbL KacamenbHO pabomsl U38eCMHbIX Nojel (dneKkmpuyec-
K020 U MAZHUMHOZ20), NOPONCOAEMbIX 8 PAOUOnepedarouux
AHMEHHAX MOKAMU BbICOKOU YACMOMmbl, NOCMYNAIOWUMU 8
AHMEHHY U3 CNeYUaIbHO20 2eHepamopa.
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Cnenoma oice 6cex HAWUX YYEHbIX-(UUKOE COCTMOUM
MONILKO 6 MOM, YMO OHU He 00 KOHYA NOHUMAIOM, YMO dce
npoucxooum 6 anmenne! OHU He NOHUMAIOM  CAMO2O
MexXaunuzma postcoeHusi paouosoinsl ¢ anmenue! OHu dadice He
0CO3HAIOM NPUHYUNUATILHBIX DA3TUYUL MeHCOY «3AKPbIMbIM
KOJIeOamebHblM KOHMYPOM» U «OMKPBIMbIM KOJlebamenbHbiM
koumypom»! Ommoeo oHu 6udsam mam MmoabKO pabomy
«MACHUMHO20 U INeKMPUYECKO20 NOoJely, U He GUOAM, YUMo
MU NoOJA NPU NOCPeOCmae INEeKMPOHO8 NOPOHCOAIOM 8 MOM
JHce  camom  «INeKMPOMASHUMHOM —NOJe» C80€  3aKOHO-
POdHCOEHHOE «OUMSLY — PAOUOBOTHY, PACNPOCMPAHAIOUWYVIOC 8
€80000HOM NPOCMPAHCINGE CO CKOPOCMbIO C8eMm.

YnoMsHy ceilyac U3BECTHBIN MapagoKe: B MEpeaarolen 1
MPUEMHON aHTEHHAaX MPOUCXOAAT acCCHMETPHYHBbIEe IMpoluec-
col! B mepenamwmeii aHTeHHe DSJEKTPUUYECKOE II0JIE |
MarHuTHOe cABHMHYTBI Ha 90 rpaaycoB (Ha ueTBepTb
Mepro/ia) OTHOCUTEILHO JAPYT Apyra:

B npuéMHOI aHTEHHE JIEKTPUYECKOE 0JI€ U MarHUTHOE
nojie CMH(pa3HbI IPYT IPYTY:
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3neKTpomaer'Haa BOJIHa

E - anekTpuyeckoe nose
H - marHuTtHoe nose

VMIMEeHHO TO03TOMY TPHUHATO TOBOPUTb, YTO IPH
n3nyyeHun paauoBosiHa POPMUPVYETCS Ha HekoTopom
OTIAJICHUH OT Tella «II0JIyBOJHOBOrO BHOpaTtopa», W Tam
KoJIe0aHHsl BEKTOPOB 3JIEKTPUYECKOI0 U MAarHUTHOTO TOJIeH Yy
He€ cTaHOBATCS cMH(pa3HbIMMu!

Mexay TeM 3TOT MapajoKC JErKo OOBSICHUM TEM, YTO
HENB3sl OTOXKIECTBISITh TO «BHXPEBOE MArHHTHOE TIOJE»,
KOTOpOE HaOIII0JaeTCsi BOKPYT 3aMKHYTBIX JJIEKTPHYECKHX
Heneil ¢ TIOCTOSHHBIM WJIM TIEPEMEHHBIM TOKOM, TOMY
NEPEMEHHOMY «MarHUTHOMY TIOJIO», KOTOpOE MOPOXKIAETCS B
«HE3aMKHYTBIX  LEMAX»  ANEKTPOCTATHUYECKUMH  TOKAMHU
CMEILEHUIH U KOTOPOE PacHpOCTpaHSETCsl B MPOCTPAHCTBE KaK
pasMoOBOJIHA, CBET WM KaK PEHTIT€HOBCKOE M3Ty4yeHue!

[TomHuTe, KOrma MBI  paccMaTpuUBajIM  SIBJIEHHE
CAaMOMHIYKLUMHM, Mbl MpPHIUIM K BBIBOJY, YTO XOpPOLIO
U3BECTHOE HAaM «BUXPEBOE MAarHUTHOE I0jie», oOpa3yemoe
raJlbBAHUYECKUM TOKOM, TIPEJACTaBIsieT co00i OyKBaJbHO
UCTEUCHHE «IIPOMEKYTOUYHOW MaTepum» M3 mposojaa. M 3To
UCTCUCHHE «IIPOMEKYTOUYHOW MaTepuu» W3 TPOBOJA HMEET
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dbopMy BHXps, Kak 3T0 BepHO 3ameTmi B 1820 romy Xanc
OpcTen, TEpBBIM OTKPBIBIIMA «MarHETH3M JJIEKTPHUYCCKHIX
TOKOBY.

Toxa nem

MazHamuse
cunoboie
numu

Hanpabrenue moxa

Bropoli BaKHBIII MOMEHT: IIPU CO3[aHHHU B 3aMKHYTBIX
ANEKTPUUYECKUX LEMAX «BUXPEBOIO MArHUTHOTO TOJIS» TakK
HA3bIBAEMBIE  «CBOOOIHBIC  DJEKTPOHBI»  JIBUIXKYTCA  TIO
IIPOBOIAM C OYEHb MEJUIEHHOH MOCTYNaTeIbHOW CKOPOCTHIO,
KOTOpasi COCTABIIAET Il MOCTOSIHHOTO TOKA BCETO HECKOJIbKO
MHJUIEMETPOB B ceKYHAy. lIpu nepemMeHHOM TOKE CKOpPOCTb
AJNIEKTPOHOB B  MPOBOJAAX, BKIIOYEHHBIX B  3aMKHYTYIO
JJEKTPUYECKYIO0 Ielb, CTOJIb K€ Maja, a JUHEHHOe
TEPEMEIIECHHE JIEKTPOHOB BIEPEN-HA3a ] BIOJIb ITPOBOJIOB €IIE
MEHbIIIE — A0JM MHJIMMeTpa. [lo3ToMy MOKHO CUuTaTh,
4YTO, HauyuHas CBOE YNOPSIAOYEHHOE JBMKEHHUE M IOTOM
TOPMO35ICb,  JJIEKTPOHBI, YYacTBYIOIIME B 00pa30BaHUU
IIOCTOSIHHOT'O WJIM IIEPEMEHHOr0 TOKA B 3aMKHYTBIX LIETISX, He
HCIBITBIBAKOT 0OJbIINX CHJI HHepuuH (10 MPUINHE HATTHIHS
y HHX Macchl) U MOTOMY He MEHSIIOT CBoeii reomerpuu (T.c.
HE TTOABEPTaIOTCSI MEXaHUIECKOH JeopMaliun).

N coBcem apyras kapruHa HaOJI01aeTcsl B TOM
cIydae, KOIrJa 3JIeKTPOHbI JBHMKYTCH C BBICOKOH CKOpO-
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CTbI0, K NPUMeEpPY, OT KATOAA K aHOAY B PEHTIreHOBCKOM
TpyOKe.

Bo-mepBbix, o0mamas Maccoii a Takke BpallleHHeM
BOKpPYI' CBOEW OcCH (CHI/IHOM23), OHM MCHBITHIBAIOT MOLIHOE
YCKOpPeHHe II0J JEHCTBUEM PA3rOHHOTO JSJIEKTPUUYECKOrO
HalpsDKEHUsT B JECATKM KWIOBOJBT. BenmnumHa CKOpoCTH,
KOTOPYIO  IpHOOpeTaeT AJIeKTPOH TpU  JIBIDKEHUH B
YCKOPSIIOILIEM  JJIEKTPUYECKOM IIOJIE, 3aBUCUT TOJBKO OT
MPOMICHHON UM Pa3HOCTH MOTEeHIHAIOB. M3BecTHast popmyrna:

V ~ 600yU MOKa3bIBACT, YTO CKOPOCTH JJEKTPOHOB JaXKe
MPU  CPAaBHUTEIIBHO HEOOJBIION Pa3HOCTU TMOTEHIIMAIOB
MoJIy4aeTcsl BecbMa 3HauuTeabHOU, a npu U = 50 KUIOBOJIBT,
MPUMEHSEMOM B PEHTTCHOBCKUX armapaTax, OHa M BOBCE
nocturaet BennuuHbl 134000 km/c. D10 cocraBiser Ooyee yeM
1/3 ot ckopocTH cBeTa!

Bo-BTOpBIX, B pEHTT€HOBCKUX TPYyOKax pa3orHaHHbIE /10
OI'POMHBIX CKOpOCTeﬁ IJICEKTPOHLI B KOHIIE nmyTH
BCTPEYAITCsl ¢ MUIIIEHBIO aHO/IA B BUJIC BOJIB(PPAMOBON WIIH
M€)IHOI>'I IJIaCTUHBI W 34 MHUAJJIHAPAHBIEC J0JH CEKYH/IbI
«mmomarcs» o He€. [Ipumure 3To Kak 00pas!

Jns KpOXOTHOTO 3JIEKTPOHA BCS MOBEPXHOCTH METallIa
paszienieHa Ha MOYTH MPO3PAYHbIE «COThI» — aTOMBI, B LIEHTPE
KOTOPBIX HAxXOJATCS KPOXOTHBIE «aTOMHBIE sapa». Ecim
3JIEKTPOH TOYHO MONAajaeT B S/IPO aToMa, BOT TOrjJAa OH
OYKBAJIbHO MPeBPAIIAETCS B «IbLIb», MOPOKIAsi MPH I3TOM
OrPOMHOI CHJIBI TaK Ha3bIBaeMoe <«IJIeKTPOMArHUTHOE
U3JIyuYeHHe», a €CJIM DJEKTPOH 3aJeBaeT sapO aroMa IIo

23 .
CnuH (oT aHrn. spin, bykBanbHO — BpalleHune, BpalaTb(-c)) —
COBCTBEHHbII MOMEHT MMMYNbCca 3fIeMEHTapHbIX YacTuL,.
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KacaTeJIpbHOW, W TEpsAeT CKOPOCTh 3a OoJsbliee  TIO
MPOJIOJKUTENIBHOCTH  BpeMs, OH MOPOXKAACT  3JIEKTPO-
MarHMTHOE HU3JyY€HHE C MEHBIIEH >Heprued U ¢ MEHbIIeH
4acTOoTOM (C OONbIIeH ATUHOM BOJHBI).

[TosicHiO BhINIECKAa3aHHOE TaK. YUYHUTHIBAsA TOT (aKT, 4TO y
3JIEKTPOHOB €CTh peajibHasi Macca, CIEAYeT MPEIIOIOKHUTh,
YTO Yy AJIEKTPOHOB TaK)K€ MMEETCS] KaKON-TO HE PaBHBIN HYIIIO
00bEM, KOTOPHI OHU 3aHUMAIOT B MPOCTPAHCTBE, a UX TEIam
MIPUCYIIA Kakas-TO YHPYrocrb. Torga mpu TOPMOKEHUH,
Kakoi OBl MaJlOW dYacTHIed OJJCKTPOH HHU ObLI, U3-3a
BO3HHMKAIOIIEH  HMHEPUMH €ro HE paBHas HYIIO AJHHA
COKpAIaeTcs, a €ro He paBHAs HYJIO IIMPHHA yBeJIUMYH-
BaeTcsl, NpUUEM IPONOPLHOHAILHO cHJie TopMo:keHus. Hamo
moiaratb, 4YTO OCOOEHHO CHJBHO COKpallaercs JIuHa
JNEKTPOHA, a €ero TreoMeTpuYeckas I[IUpUHA HA00OpOT
YBEJIMUYMBAETCS IPU €r0 CTOJIKHOBEHUU C SIAPOM aTOMa.

UroObl MpeacTaBUTh, KaK 3TO MPOUCXOAUT, TOCMOTPUTE,
KaK IUTIOLIUTCS O CTEHY U YBEIMYMBAETCS B IIUPHHY OBICTPO
JBKYTITUICS PE3MHOBBIN MsT4 1T TOJb(a.

Hano mnonarath, Takoe paclIUpeHHE 3JIEKTPOHOB B
norepeyHrKe (TIPU TOPMOKCHHIH) COMPOBOKAAETCH BBIX0O0M

00JILIIOT0  KOJIMYECTBA KHHETHYECKOW JHEepruu B
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HANMPABJIEHWH TONEPEYHOr0 PACIIMPEHUs] IJIEKTPOHOB.
brnaromapss 3TOMy 3JEKTpOH H MOXET TOpPOXIaThb B
PEHTTEHOBCKOM TpyOKe yIapHYI0 JIEKTPOMATHUTHYIO BOJIHY
¢ KpyroBbiM (pPOHTOM, KOTOpas pacHpoOCTpaHSETCS B
HANIPABJIE€HHHU, NEPHEHTUKYISIPHOM TPACKTOPUHU ABUKEHUSI
3JIEKTPOHA.

B cumy Toro, 4YTo DQJIEKTPOH  pa3roHAETCS B
PEHTICHOBCKOM TPYOKE OJJICKTPHYECKUM TIOJIEM 10 OKOJIO-
CBETOBBIX CKOPOCTEii, MpH PE3KOM TOPMOKEHUU 00 aHOI OH
MOPOKIAEeT YAAPHYI0 BOJHY C TIMIAaHTCKOW »JHeprueit,
COCPEOTOUYCHHON B MaJIOM 00bEéMe MPOCTPaHCTBA, TIyOHHA
KOTOPOT'O OMPEAEISIETCS BpEMEHEM TOPMOXKEHUS SJICKTPOHOB U
KOHEUYHOH CKOPOCTBIO pACHpPOCTPAHEHUs] B MPOCTPAHCTBE
KpYTOBOM yAapHOW BOJIHBI. JTa KOHEYHAasl CKOPOCTh M3BECTHA
HaM KaK «CKOpPOCTh CBETa».

[TockonmbKy 5Ta CKOpPOCTh — MPHUPOAHAsS KOHCTAHTA
(oxomo 300000 km/cek, U OHA HEW3MEHHA MJIsi «CBOOOJIHOTO
MPOCTPAHCTBA»), TO  BeJUYUHA  JHEPruUM  YJAapHOU
AIIEKTPOMArHUTHOM BOJIHBI, COCPEIOTOYCHHOH B 00BEME
3aHUMAEMOro €l MPOCTPAHCTBA, OOpPaTHO MPOMOPIMOHATIbHA
BPEeMEHM TOPMOXKEHHSI JJIEKTPOHOB, a C 3THUM BpPEMEHEM
HalpsIMyl0 ~ CBSI3aHO  TAaKO€ IMOHATHE KaK  «4acTora
U3JIyYEeHUsD», JaXe €eCld 3TO BCEro OJNH-EIMHCTBEHHBIN
UMIYJbC!

Bor Ttemepr mnocine Takod JOATOM BBOAHOM JICKIIMH
JaBalTe OMNATH BEepHEMCS K HEMEUKoMy yd€HoMy Makcy
[Inanky. OH He CTaBWJI CBOEH IIEJbI0 CO3/1aTh HOBYIO HAayKYy.
«llnank pewan 6nonne KOHKpemMHYI0, HACMHYIO 3a0ayy:
meopemu4ecky UCCIe008al U3LYYeHUue abCONOMHO YEPHO2O0
mena (mMoodenu meépooco eeujecmed, KOmMopoe 8 XON0OHOM
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sude noenowaem 6cé naoaroujee Ha He20 UuiyyeHue, a OyOyuu
Hazpemo, usnydaem 60 6CEmM OUANa3oHe ONUH BOJIH).

Teoputo «uépHo20» U3NYUEHUs NbIMANUCL HOCHPOUMDb
HEOOHOKPAMHO, HO 8Ce NONbIMKU OKAHYUBAIUCL De3)CNEeuHO.
Vpasuenus, eeprno onucwvisaiowjue KOpomKo8OIHOBYIO YACb
usnyyenus (Hanpumep, gopmyna Bumna), Oasana 0O0nbuLyo
ouuobKy 8 oonacmu OnuHublX 60aH. A hopmyna Panes-/[cunca,
npekpacho  pabomarwowas 68 OIUHHOBOJHOBOU  00IACMU,
COBEPUIEHHO He 200UNACD O]l KOPOMKOBOIHOBOU.

IToimasce evigecmu obwee ypaenenue, Ilnanx nowén
IMAUPUYECKUM NYMEM, CBA3bIBAS USMEPEHHYI0 C 0OO0NbULOU
MOYHOCBIO 3A6UCUMOCTIL BENUYUHBL DHEPISUU UZTYYUEHUS OMm
ONUHBL 8ONIHBL O/ PO KOHKDEMHbIX MeMnepamyp 8 OOH)
Gopmyny. Takyro opmyny emy yoanoce nonyuums, HO
MONbKO NPU  YCOGUU, YMO U3JIYUeHUe HYEPHO20 menda
npoucxooum He HenpepviéHo, d OUCKPEMHO, ROpYU-
mu. Ilnank evraucaunr eOUHUYHYIO NOPYUIO UZTYYEHUS U HA36A]
eé keammom Oeiicmeus, ou obosnawaemcs oOykeou h. (B
nepegooe ¢ 1amMuHCK020 «qUANtumy» — CKOIbKO).

Ceo10 uoero Ilnank 00K1a0bIBAN KONIE2AM C OUYUEeHUEM,
umo coeepuiaem «aKm OMUAAHUA» — HACMONBLKO OHA
NPOMuUBOpe ULa 6CeM NPUHYUNAM KIACCUHECKOU (DU3UKU.
Hoero xkeanma oH paccmampuean mMoJIbKo KaK mamemamu-
yeckuit npuém. OH Max u NUCAI U3BECMHOMY AMEPUKAHCKOMY
¢uzuxy Pobepmy Byody: «Omo 6viia uucmo @opmanrvHas
aunomesd ...4moowvl 10001 YeHOU NOTYUULCA NOTOHCUMENbHBIU
pesyavmamy. U dasxce cnycms Oecamo nem Iliank npusviean
c80e20 MON00020 poccutickoeo yueHuka A. @. Hoghghe «ne
nocsaeamv HA CAMbLU c8emy» U «He UOmu oanvuie, yem Mo
Kpatine HeoOX00UMO ).
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Oounaxo yoce 6 1905 200y Anvbepm Dunwmenn
ucnonwvzosan uoeio Ilnanka onsa odvicuenus gpomosgpgpexma. B
Hauane XX 6exa Oviia 0OHAPYICEHA CMPAHHASL 3AKOHO-
MEPHOCMb: CKOPOCHb 8bIPHIEAEMBIX U3 6EUECMBA INIEKIMPOHO8
onpeoensemcs MoabKo YACHMOMmMOU naoarue2o ceema U He
3asucum om e2o0 unmencuenocmu. C MOYKU 3PEHUs.
KAACCUHECKOU  9NeKMPOOUHAMUKY — OOBACHUMb MO OblLILO
MpYOHO, HO C K8AHMOBOU NOUYUU SGIEeHUe CMAHOBUNIOCD
COBEPUIEHHO NOHAMHBIM. JUHWMEUH NPeONnoN0NCUL, 4MO He
MONLKO UCHYCKAHUEe U NO2IoujeHue ceema Npoucxoosam
NOpYUAMY, HO U CAMO U3JIYHeHUe CYU{ecCmaeyen MmoabKo 6
euoe OomoenbHbIX 00beKmoe — Keanmoe ceéemad...» (CtaThbs

«KBaHTOBO# MexaHuke — 100 net»??).

Wrak, mpoBons cBou wuccienoBanus, Ilmank npexnae
BCEro OOHApYXWJ 3aBUCHUMOCTb: H3J1y4YaeMas HarpeTbiM
TEJIOM  JJIEKTPOMATHUTHAsl JHEPrusl  YBEJIHYHBACTCHA
NPONOPUMOHAIILHO YaCTOTe M3JyYeHHsl (UM MPOIOPLHUO-
HaJIbHO YKOPOUYEHUIO JJIMHBI BOJIHBI U3TyUYEHUS).

To ecTb, ¢ YKOpPOYEHMEM JUIMHBI BOJIHBI <OJEKTPO-
MAarHuTHOTO M3JIy4€HUsD» €ro DHEpPrus MPONOPLIUOHATIBHO
yBenuuuBaercs! Iloyemy Tak, MBI YK€ paccMOTpenu Ha
npuMepe paboThl PEHTT€HOBCKON TPYOKH.

JaBaiire paccMOTpuM 5TO emé pa3, HO MOmpodyem
NPEJCTaBUTh 3aBHCUMOCTb MEXAY HHEpruei Hu3Iyd4eHus Hu
YJaCcTOTOU HATJISITHO.

[TocMmoTpuTe Ha 3TH OKPYKHOCTH ¢ paanycamu R1 u R2.

** https://www.nkj.ru/archive/articles/5347/
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[IpencraBpTe, 4TO 3TO JBE TOJBKO YTO 3apPOAMBIIMXCA
BOJIHBI C KPYTOBBIM ()POHTOM, TIOXOKHE HA T€, YTO BO3HUKAIOT
Ha MMOBEPXHOCTHU BOJBI, KOTAa UAET TOXKIb.

Hamm nBe BOJIHBI (BepXHHU PHCYHOK) 0O0pa30BalUCh
OTTOI'0, 4YTO JBa JJICKTPOHA [ABUTAIUCH IIOCTYIIATCIIBHO,
napaiesIbHO IPYT IPYTY, C OJHOW CKOPOCTHIO U B OJHOM (ha3ze,

a [TIOTOM OHH PE3KO 3aTOPMO3UJIUCE. Camn 9JICKTPOHEI 31€Ch —
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MAJICHBKHE TOYKH B LEHTPE KAXKIOW OKPYKHOCTH. Y MEHS HE
NOJYyYMJIOCH  TOKa3aTh  rpaUuecKkd  caMoO  JIBHKCHHE
AJIEKTPOHOB, MO3TOMY I OOBSICHIO CIIOBaMHU: 00a 3JIEKTPOHA
ABHUTAJIMCh B HAINPABJIECHHMH OT HAC IEPIEHAUKYJISIPHO
Jucry Oymaru, 3areM 3aTOopMoO3WJHMchb. B pesynbrate
TOPMOKEHHS OHM IOPOAWINA JBE OJUHOYHBIE BOJIHBI C
KpyroBbiM (poHTOM. JIeBbIit Manbrii kpyr ¢ R1 (Bomna A1) —
YKa3bIBaeT Ha TO, YTO JIEBBIM 3JIEKTPOH 3aTOPMO3MIICA ObICcTpee
[paBoro, Hy a MpaBblil Kpyr Oosbliero pazmepa ¢ R2 (Bonna
A2) — yKa3bpIBaeT Ha TO, YTO IPaBbIN JIEKTPOH 3aTOPMO3UJIICS
MeIJICHHEE, YeM JICBBIM.

IlpencraBuM, 4To 10 Haydajga TOPMOXKEHMS 3JIEKTPOHOB
OHU JIBUTATIUCH NapaJIeNIbHO APYT JAPYry, @ UX SHEPTUuu (U Ux
MOCTYIAaTeNbHbIE CKOPOCTH, COOTBETCTBEHHO) ObUTM B 000MX
CJIy4asX OJMHAKOBBIMH.

Eciu Gbl MBI MOIJIM M3MEPUTh IVIOTHOCTH JHEPrHMU B
ATUX OJJIEKTPOMATHUTHBIX MJIOCKHUX BOJHAX C KPYrOBBIM
(GbpoHTOM, TO MBI OBl OOHAPYKUIIH, YTO B BOJIHE Al ¢ panuycom
R1 nnotHOCTH 3HEpruu 6oJib1Ie, a B BoJHE A2 ¢ paguycoMm R2,
IUIOTHOCTh SHEPTUU MEHbIIIe.

JlaBaiiTe BHUKATh, IOYEMY TaK.

BoT peanpHas (crneBa) U cXxeMaTUYHO W300pak€HHas (B
LIEHTPE) PEHTreHOBCKas TpyOKa, a cmpaBa OT HUX — TpHU
pa3HbIX (pa3pl IBMKEHHUS PE3UHOBOTO MSYHMKA, YAAPSIIOMIETOCS
o nperpany. CuMTaiiTe 3TO MOJENBIO MOBEICHUS 3JIEKTPOHA
MIPU TOPMOKEHUH, KOTOPBIM 00J1ajaeT Maccoii, pacrpeaeiéu-
HOH B 00BEME, HE PaBHOM HYJIIO.
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AsneHue

MIMH BUHBLUU RINWaU)

BUHEXBAUBH 0JON0DRE U

ToLiey|
goHodLIBUE ONELQO

4
exgAds senwAixeg )

UHH

Ha pucynke Humxe rpaduk yCKOpeHHs JJIeKTPOHOB B
PEHTI€HOBCKOM TpyOKe Ha MEpPHOM OTpe3Ke (MEeX1y KaToloM U
aHO/IOM) — JTO JJIMHHAS MEUIEHHO BOCXOASIIAas BBEpX
npsimasi TuHUS. Hucxonsmas BHU3 mpsiMasi JIMHUS CIIpaBa —
3TO TpaUK TOPMOKEHHS] PA3OTHAHHBIX JIEKTPOHOB TEIOM
aHosa.

\4 VYdacTok  yCKOpeHUs
(CKOPOCTH)

N

t (Bpems).

—

VIaCcTOK TOPMOKECHIA
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Yem kopoue Bpemsi { TOpPMOXXEHHsS 3JEKTPOHA, TEM
OONBLIYI0 Meperpy3Ky OH HCIBITBIBAET KaK «MaTepHaIbHOE
TeNnoy, TeM Oounblie ero AegopManus (YKOpOUeHHE B JUIMHY U
paciupeHue B NONEPEeYHHUKE), TEM MEHBIINN MyTh A IPOXOJIUT
B IIPOCTPAHCTBE CO CKOPOCTbIO CBeTa (POHT yHapHOU
KPYroBol Kak OBl «3JEKTPOMAarHUTHOW BOJIHBD», COOTBETC-
TBEHHO, TeM OO0JIblIas MJIOTHOCTh IHepruu B BosiHe W, 1 Tem
Oompmmii UMIynabc P UMEroT MarepuaibHBIE YacTHIBL, €€
COCTaBJIAIOLIHE.

Ecnu Bpemsi t TOpMOXeHHsI 3JIEKTpoHa OyAeT OoJblle,
TO, COOTBETCTBEHHO, OH HCIIBITHIBAET MEHBIIYIO Neperpy3Ky
KaK «MaTepHalIbHOE TeJo», ero Aedopmanus (yKOpoueHHE B
JUIMHY ¥ pacIIUpeHue B MONepeuHuKe) OyJaeT MeHbIlne, PpoHT
yIapHOil KpyroBoil Kak OBl «3JEKTPOMArHUTHOM BOJHBI»
OpoiIET B MPOCTPAHCTBE CO CKOPOCTbIO CBeTa Oouibliee
paccTosiHME A, Hy U Kak pe3yabTar, IUI0THOCTh 3Heprun W B
yZapHOH BoJiHE Oy/leT MEHbIEe, U MEHBIIUN UMITyJIbe P OynyT
UMETh MaTepHaIbHbBIC YAaCTHIIbI, YIaCTBYIOIINE B 00pa30BaHUN
BOJTHBI.

To ecTh, KOT/Ia MBI TOBOPHM, YTO «QHEPIHS H3ITyUCHUS)
HANpsSMYIO 3aBHCHUT OT «4acTOTBD» V, TO, MPEXIE BCETO, MbI
JOJDKHBI IOHUMATh, YTO 4acToTa V — 3T0 oOpaTHas (QyHKUHUS
BpeMeHu t nelcTBUS cuiibl (TOKa, HAIpPSDKEHUS, IaBJICHUS,
HaNpsHKEHHOCTU MArHUTHOTO IOJIS WJIM YETO0 YrOJIHO APYroro.
Yem Bpems t neiicTBUS CHIIBI KOPOYe, TEM 4acTOoTa V — BbIIIIe.

M3 BblIECKA3aHHOIO cJeIyeT MPOCTOM BBIBOXA, 4TO
oOHapyxeHHass Makcom I[lmaHKOM 3aBHCHMOCTB: «IHEPrus
U3JIy4eHHs MPSAMO MPONOPHHOHATbHA YACTOTe U3IYYeHH»
— 3TO, PEXKJIE BCETO, XapaKTEPUCTHKA M3TYYaIOUINX CBOMCTB
3JIEKTPOHA, KOTOPBIH, KOT/Ia HCIIBITHIBAET CHaYala YCKOPEHHE,
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a IMOTOM TOPMOKEHHE, HUCHBIThIBaeT AedopManuio (Kak B
HAIIPaBJICHUU JIBW)KEHUS, TaK U B HaIIpaBJICHUHU, MEPIEHIU-
KyJISIpHOM JIBUKEHHIO) M TE€M CaMbIM OH IOpOXKIAaeT B
OKpY’KaloIlleM €ro MaTepUalbHOM IPOCTPAHCTBE BOJIHY,
KOTOPYIO MBI Ha3bIBa€M «3JIEKTPOMAarHUTHOW» IIO CBOEMY
HEeBe/leHUI0. (XOoTd IO CBOEMY IIPOMCXOXAECHUIO OHa, [a,
anexkTpoMarautHas!). M Tonpko MmMoTOM Yyxe oOHapyKeHHas
Makcom IlnaHkoM 3aBHCHUMOCTb MEXAY DHEPTHEU H3IIy4EHHUs
W 4YacCTOTOM W3ITyYECHUS SBISIETCS XapaKTEPUCTHKOW CaMou
«QNEKTPOMArHUTHOM BOJHBI», OPOXKIEHHOM FIEKTPOHOM!

Ha nmpumepe paboTsl BCE TOM e PEHTI€HOBCKOH TPYOKH
3TO OYEHb HArJIsAHO BUIHO!

OTO CIEKTP TOPMO3HOI'0 PEHTTeHOBCKOIO0 M3JIy4YeHHS.
® — NOTOK U3ITy4YeHUs, A — JUITMHA BOJIHBI.

Dp A

>
»

Amin A

HpO‘lTéM JJId  Haydalla, KaK OIIMChIBACTCA pa60Ta

PEHTI€HOBCKOM TPYOKH B yUeOHHKAX (PU3HUKHU:

«Co cmopoHbvl OTUHHBIX 80JIH CNEKMP 0SPAHUYEH OIUHOU
eonnvl 100 mum, xomopas seisemcs YCI08HOU cpaHuyer
penmeenosckoeo usnyyenus. Co CcmopoHvl KOPOMKUX B01H
cnekmp oepanuden Oaunou eoanvl A min. Coenacno gopmyne
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(npeocmasnena  Hudce)  MUHUMAILHOU  ONUHE  BOJIHbLL
coomeemcmgyem cayyau Q = 0 (kunemuueckasn dHepeus
9NEKMPOHA NOTHOCMbBIO NEPEXOOUM 8 IHEPeUI0 KBAHMA):

= 1,23/U. 3gecs |2 HM: [U] — kB.

Pacuémur nokasvigarom, umo nomok (®) mopmosnozo

/‘min ’mn]
PEHMEEHOBCKO20 U3TLYYeHUs NPAMO NPONOPYUOHANEH KEAOpamy
nanpsixcenuss U medcoy anooom u kamooom, cuire moka 1 6
mpyoKe u amomMHoMy Homep) Z eujecmea aHood.

Cnexkmpuvl MmopmMo3HO20 pPEeHmM2eHOBCKO20 U3NYYeHUs npu
PA3MUYHBIX HANPAACCHUSAX, PA3TUYHBIX MEeMNepamypax Kamood
U PazuuHbIX 8eUiecCmeax aHo0a NOKA3AHbl HUMNCE:

@y, L2
¢1 U3 U_-;’ U2> U, T2> T, ZJ> 22>Z,
T2 .
Uz 4
Uy
/\ Z;
0 0
Xm 3 | l"‘"' A 0 A'mlt'\ A A
" lmln2
a 6 B

Cnexmp mopmo3H020 penmeeH08cKk020 usnyyeHus (DP1)

a - npu pasnuunom Hanpaxcenuu U 6 mpyoke;

6 - npu paznuunoi memnepamype T kamooa;

8 - NPU PA3TUYHBIX BeU4ECBAX AHO0A OMIULAIOUIUXCS
napamempom Z.

Ilpu ysenuuenuu anoOH020 HanpsdiceHus (Ha Mo o4eHb
sadicho obpamumov  eHumanue. Kommenmapuii — A.bB.)
3Hauenue A MIN cmewaemcs: 8 CMoOpoHy KOPOMKUX ONUH GOJIH
(nomomy umo yeenuuueaemcs CKOpoCmb 3JIeKMpPOHO8 U
yeeauuusaemcs ux Kunemuueckas suepaus. Kommenmapuu —
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A.B.) OonospemenHno c ysenuyenuem AHOOHO20 HANPANCEHUS
so3pacmaem u 8b1COMA CNEKMPAILHOU KPUBOU.

Ilpu ysenuuenuu memnepamypuvl Kamooa 603pacmaem
omuccus 21ekmpornos. CoomeemcmeeHHo y8eauyugaemcs u
mox 1 @ mpybke. Bvicoma cnexmpanvHOU Kpusou yseenudu-
8aemcsi, HO CHeKMPANIbHbLIL COCMAB UTYYEHUS. HE USMEHSIeMCSl.

Ilpu usmenenuu mamepuaia aHooda 8vlCoOma CHeKmpaib-

HOU KpUBOT UBMEHAeMCs NPONOPYUOHANLHO AMOMHOMY HOMeEPY

25
Z...» HeTouHUK™.

Tenepp oOparure BHUMaHHE Ha TO, YTO BCE KpUBBIE,
KOTOpBIE TPEACTABIECHBI BBILIE U KOTOPBIE XAPAKTEPHU3YIOT
padoTy peHTIreHOBCKOW TpPyOKHM, Hy O4YEHb IIOXOXKM Ha
KPHMBYIO H3/Iy4eHHs] CHWJIBHO HATPETOro 4€pHOro TeJa.

B o6oux ciay4asx Mbl BUAUM, YTO CO CTOPOHBI KOPOTKHX
BOJIH (CJIeBa) CIEKTP M3Ty4YEeHUW OTpaHWYECH JJIMHON BOJIHBI A
min.

D) A

u(}) [kinm]

o { 1 N
0 500 1000 1500 2000
Amin A lnm]

CneKTp PEHTTEHOBCKOrO UaryyeHust CnexT uanyyeHusi HarpeToro Tena

>vY

25

http://vmede.org/sait/?page=34&id=Medbiofizika_fedorov_2008&menu=
Medbiofizika_fedorov_2008
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HccnenoBaHneM M3Iy4eHHs] CHJIBHO HArpeToro 4€pHOro
TeJla, Kak Mbl 3HAaeM, ychnemHo 3aHuMaics Makc Iliank,
CHCNaBIIMMA B UTOTE BBIBOJ, 4YTO BelIECTBO He MOXKeT
HCIIYCKATh JHEPrHI0 U3JIYYECHUS] MHAYe KaK KOHEYHBIMH
NOopuusiMi (KBAaHTAMH).

JlaBaiiTe BBIICHUM ceidac, 4eM OOYCJIOBJICH HEMPEpPHIB-
HBIIl CHEKTP PEHTT€HOBCKOTO W3JIyYEHHsS B HIMPOKOM JHa-
ma3oHe PHEPruii Ha YacToTax oT A Min g0 A max?

Kak Mbl mpowiu panee, «4 MiN — camasa Kopomkas
OJIUHA 6OJIHBL, U3Tyuaemas peHmeeHosckou mpyokou. Ona
coomeemcmagyem cayyaio Q = 0, koeda kunemuueckas sHepaus
9NEeKMPOHA NOTHOCIbIO nepexooum 8 «duepeuto keanmay. (To
€CTh, PA30rHAHHBIA 10 0O0JBIIOH CKOPOCTH JIEKTPOH NPH
CTOJIKHOBEHUH € HEMpeoa0JUMOM nperpaaoii pacmmodaercs
OYKBAJIbHO B «IbLIb», W BCS MaTepusi, U3 KOTOPOd OH
COCTOSI]I, BMeECTE€ C 3alacéHHOM B Heill KHHETHYECKOM
JHeprueil mepexoAMT B YAAPHYID Kak OblI <QJIeKTpo-
MATrHUTHYI0 BOJIHY» € KpPYroBbIM (POHTOM, pacmpocTpa-
HSIONIYIOCS B HAMPABJICHUH, TIEPIECHIUKYISIPHOM TPACKTOPUU
JBIKEHUU AJIEKTPOHA).

Cnydaif, Korjma »5JIEKTpPOH IMpEeBpallacTCs B «HUYTOY,
BO3MOKEH TOJIBKO TOTJIa, KOIJla OH IMOMaJacT TOYHO B LIEHTP
anpa atoMa (Ha aHoONE), NpU OSTOM OH B3pHIBAETCA 3a
MUJUTHAPJIHBIE JTOJIM CEKYHAbL. JTOT CIydall U COOTBETCTBYET
TOYKe Ha rpaduke — A Min.

B nmponeHTHOM OTHONIEHMM TaKMX TOYHBIX NOMaJaHUI
COBCEM HEMHOI'0, II03TOMY MaKCUMYM IOTOKA PEHTT€HOBCKOTO
U3ITy4eHUs] TNPUXOJUTCS Ha Oojee [JIMHHBIE BOJHBI, YTO
XOpOIIIO BHJHO Ha TpaduKe BbIIIEC (IHEPTETHUCCKHUU TroOpod).
Wznyuenus ¢ emé 6osee JIMHHBIMUA BOJTHAMHU PEHTICHOBCKOTO

201



IUana3oHa BO3HUKAIOT, KOTJa DJJCKTPOH, IONajnas B aHOJ
PEHTI'€HOBCKOM TpYOKH, 3aIeBaeT sApO aToMa 10 KacaTeIbHOM.

CpaBuure 3TOT TpaduK C MHUIOIEHBIO B  THpeE.
CpennectaTucTuyeckass Ky4HOCTb CTPEIbObl M3 HApE3HOI'O
CTBOJIa 10 MUIIEHU Takas xke. ['opd Ha rpaduke ¢ HaAMHUCHIO
«CHEeKTp  pEHTT€HOBCKOIO  H3JIyUYEHHUS»  COOTBETCTBYET
o01actTH HamOoJblIedl KYYHOCTH TONAJaHUI MyJb B
MHUIIIeHb (Kpyru 5-8).

D) 4

>v

Amin

Amnasior A Min Ha MUIIEHU TOXKE €CTh — OJHO MONAJAHHE I[T0OYTHU
TOYHO B JAECATKY!

IIpumeuaTensHo, 4uro B 99% cilyuyaeB 3JIEKTPOHBI HE
IIONAJAI0T B sJipa aTOMOB, JIETAT, KaK FOBOPAT CHAMIeEpHl, «B
MOJIOKO», IOTOMY «B MOJIOKE» AaHOJA OHHM TOPMO3STCS
ropaso MeJUIeHHee, 4YeM eciau Obl Momaiu B AIpo aroma, U
COOTBETCTBEHHO, OHU M3JIy4alOT SHEPTHIO HE B PEHTT€HOBCKOM
JUala3oHe, a yXe B HMH(PaAKpacHOM [Mala3oHe, 4TO
BBI3BIBACT CUJIBHBIM HAarpeB aHoO/a PEHTTEHOBCKOW TpyOku. B
ATOH CBSI3M MOIIHBIE PEHTTEHOBCKHE TPYOKH M3TOTaBIMBAIOT C
BOJSIHBIM OXJIJKJEHUEM aHOAA.

Wrak, 3J1eKTpOH, pa30rHaHHBIN JIEKTPUYECKUM I10JIEM 10
O0MBLION CKOPOCTH, OJU3KOM K CKOPOCTH CBETa, MPU TOYHOM
[IONAJaHNUHU B AIpO aToMa XMMHMUYECKOTO JIEMEHTa MpEeBpalla-
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eTCS B «HUYTOY, IIPU 3TOM MAaTepHs, U3 KOTOPOW OH COCTOUT U
HAKOIJICHHAass B HEW KUHETWYECKas ODHEPrus IOJHOCTHIO
NEPEXOST B BHEPTHUIO «AJIIEKTPOMATHUTHOT0» U3ITyYSHHS.

PenaTuBUCTBI B 3TOM Cilyyae rOBOPAT, YTO KMHETHUYECKAs
SHEpPrus HSJCKTPOHA TOJHOCTHIO MEPEeXOAUT B HHEPrHUI0
«¢oToHa» (AMHIITEHHOBCKOIO «KBaHTa»), A e I'OBOPIO, UTO
SHEpPrus HJEKTPOHA TOJTHOCTBIO MEPEeXOAUT B HHEPIHUIO
YIapHOii BOJIHBI ¢ KPYTOBbIM (ppoHTOM!

BHuMaHue BONpPOC: KTO FTOBOPHUT npaBay?

Kcrat, MBI MOXeM TMpeICTaBUTH cebe 3IJIEKTPOH,
MOMABINMKA B aHOJA PEHTTEHOBCKOM TPYOKH, Kak MYJIIo,
BBINYILEHHYI0O M3 HApe3HOro CTBOJA U TMOMABIIYID B
O6ponectexio. Paccmorpure npunaraemyro ¢otorpaduto!

DTOT mpuMep 4€TKO cOOTBETCTBYET ciaydaro Q = 0, mpo
KOTOPBIM  CKa3aHO: «KUHEMUYeCKdas OSHepeusi I1eKmpoHa
NOTHOCIBIO NEPEXOOUN 8 IHEPSUID KEAHMAN.

Cyns mo TpemHaM B OpOHECTEKJe, NP TONaJaHuu B
HEro mynu, B HEM BO3HHUKJIA MOIIHAS yAapHas ynpyras
BOJIHA, pPAaCIpoCTpaHMWBHIAACA B HaAlpaBJICHUH, NCPICHIAU-
KYJSIPHOM HAITPaBJICHUIO ABWIKCHUIO ITYJIH.
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BBIXOTUT, «KBaHT» 3JIeKTPOMATHUTHOTO W3JIy4eHUsl
(oH ke «(OTOH») BBIIVISIUT MOXO0KHM 00pPa3oM W ero
(¢uznyeckasi NpUpPoaa NPUMEPHO TaKas ke?

JlaBaliTe BHUKATh!

Besikuid  OTAENBHO B3ATHIA  3JEKTPOH KaK TOYEYHBIN
OCHWJIIISITOP UMEET CBOMCTBO MOPOXKIATh BOKPYT ce0sl BOJHBI
TOJIBKO €O c(hepuuecKuM PpOHTOM.

Benomunm em€ pa3, kak Makce [Inank npumén m maee
CYILIECTBOBAHMS «KBAHTOB YHEPTHUM.

Crpemsich BBIBECTH YpaBHEHME, OMMCHIBAIOIIEE SHEPrUU
Cpa3y BCEX 4aCTOT U3JIy4E€HMs CWJIBHO Harperoro rena, [lnank
mén sMnupuyeckum mnyréM. Emy ypanoch cOCTaBUTBH 3TO
YPAaBHEHUE TOJBKO IPU IPUHATUU YCIOBUSA, YTO HU3IIYYCHHE
4EPHOTO Tejla IMPOMCXOAUT HE HENPEPBIBHO, a AMCKPETHO,
MEJIKUMU MOPLMSMH.

2

w hw

U(w, T) — 7r2c3 . = :
ek —

B monwiTke IOHATHL, KaKUMH KOHKPCTHO MMOPUHUAMU
HU3ITYy4acTCsA JJICKTPOMArnuTHass SHCPrus CUJIbHO HArpCTbhIM
TesioM, [lmaHk B3s1  W3MEPEHHBIE BEIWYUHBI  SHEPTUU
M3JIyYEHHUs 110 4aCTOTaM M IIPOCTO Pa3JENIAil 3TU BEJIMYMHBI HA
COOTBETCTBYIOIIIUE UM YacTOTHI, TO €cThb, E OH pa3genui Ha V.
W uT0 mopazuTenpHO, y HEro MoJIy4miiach KOHCTAHTA JJIs BCEX
4acToT.

DTy O4YeHb MaJeHbKYI0, OYKBAJIbHO MHKPOCKOIMUYECKYIO
«QJIEMEHTAPHYIO» MOPUHUIO AIEKTPOMArHUTHOM 3HEpruu [Inank
Ha3BajJ «KBAHTOM JelicTBus» — h.
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A nanpie B pU3MUECKON HayKe, OKa3bIBACTCS, CITyUHIICS
LEJIBIA IETEKTUB!

Maxkc [lnank BBEN B GU3UKY MMOHATUE «KBAHT JIEHCTBHS»
B 3HAYCHUM «HAUMEHbIIAs TOPIHS  SHEPrUmW». ITy
«HANMEHBIIYIO MOPLUI0 3HEPTrUU» OH BBIBEJI U3 OTHOLICHUS
E/V. To ects Bestmunna 3neprun h = 4010 ° 5Bec wm 6010~
JIkec, KOTOpPyHO Bce€ (U3MKH HA3BIBAIOT <«ITOCTOSITHHOM
[Inankay, U ecTh MIIAHKOBCKUI «KBAHT JeHCTBHD» !

Bot uto s Hamén B uctopuun puzuku: «B ceoux «Jlexyusax
no meopuu meniogozo usnydenus» (6 1906 2ody), onupasce na
Memoo pazoeozo npocmpancmaa, pazpabomannuiii 1'ubocom,
IInank oOan HO6YIW uHmMepnpemayuilo NOCMOAHHOU, KAaK
INNEMEHMAPHO20 YHUACMKA 08YMEPHO20 (Pa308020 nPoOCMpPan-
cmea (013 cayuaa 00HOMEPHO20 ocyunnamopa). Hesasu-
CUMOCTb BEIUYUHBL DMO20 YHACMKA OM YACMOMmMbl 00YCAA8U-
6aem pagHOBEPOAMHOCIL KOMNIEKCUL, UCNOIb3YeMblX OJis
ebluUCIeHus sHmponuu. 3amemus, umo koncmanwma h umeem
PAasmMepHoCmy OelCmEUs, YYEHbulll HA36AN MY NOCMOSHHYIO
«xeanmom oeiicmeusn. (Mehra J. Max Planck and the Law of
Blackbody Radiation // J. Mehra. The Golden Age of
Theoretical Physics. — World Scientific, 2001. — P. 19—55).

Takum o0pa3oM, MOATBEPKIACTCA MOSI HHPOPMALIUS, YTO
[Inank Ha3Banm «KBAaHTOM JIEUCTBHUS» HAMMEHBIIYI) HeH3Me-
HAEMYI0 TOPHHI0 <QJIEKTPOMATHUTHON J3Heprum». ITa
HAaUMEHbBIAass HEU3MEHsAeMas TOPIUS «IIEKTPOMArHUTHOU
SHEPrUm» U cTajga HOBOM (U3MYeCKOH MOCTOSTHHOM.

Tenepb cMoOTpUTE, YTO CErOJHS MULIETCS B PA3IUYHBIX
SHIUKIONEIUIX:

«..Ilhauk  nmpunodxcun — MHO20  ycuaui, — NbLIMAACH
€02Naco8ams c8oU pe3yIbmamol ¢ KIACCUYECKOU PUIUKOU, OH
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Kpaiine HACMOPONCEHHO OMHOCUNCA ...K Meopuu C8emosblx
K8AHmM 08 JUnuimerinay.

«Domon usHauanbHo 6wl Hasean Anrvbepmom Dunwimer-
HOM «ceemosbim kganmomy. CoepemeHHoe Ha38anue, KOMmopoe
Gomon nonayuun om 2cpeueckoz2o cio8a Qa¢ («ceemy), OvLIO
66edeno 6 1926 200y xumuxom I'unbepmom H. Jlvroucom. B
XUMUU U ONMUYECKOU uHXMCeHepuu Ol (HOmMOHO8 4Yacmo
ucnoawvsyrom obosnauenue hv, 20e h — nocmosinnas Ihanka u
v (epeueckas Oykea Hio) — wacmoma gomonos. Ilpoussede-
HUe IMUX 08yX GeTUYUH eCMb IHEPUA POmOHa...»

«..Ilnauk me npeononazan, umo 21€KMPOMASHUMMHOE
U3nyuenue UCNycKaemcs 6 eude OmoeibHbIX NOPYUU SHepuu
(k6anmos), GenUUUHA KOMOPLIX C6A3AHA C  HACHMOMOU
uznyuenus evipadxcenuem: E = hvy. (Bce Tpu nuTaThl B3ATHI U3
ANEKTPOHHON «BUKuneanm»).

Mens oco6eHHO «yOumnay nociensss ppasa «...[Lianx He
npeononazain, 4mo 3NeKmpOMASHUMHOE U3NY4eHue UCHYCKA-
emcsa 6 eude OmOeNbHbIX NOPUUIl IHEpeUU  (K8AHMOS),
BeIUYUHA  KOMOPBIX CBA3AHA C  4ACMOMOU  U3NYYeHUs
svipadicenuem: E = hvy.

To ectp, Makc Ilmank pasgenun E Ha vV (3HEpruio
JNEKTPOMArHUTHOTO M3IY4YCHHUS OIHOW YacTOThl Ha ITY
4acToOTy), U TaKUM 00pa3oM OH OTKPBUI HOBYIO (DH3MUYECKYIO
MOCTOSHHYIO N. DTy 3JIeMEHTApHYIO IIOPIIUIO» SHEPTHU OH U
Ha3BaJl KKBAHTOM JIeifiCTBHS.

AnpOepT DHHIMTEHH C TPYNNOW MOAACPKKH TOMIENT
Jajblle U MpUayMall «CBeTOBbIe KBaHTbI» Cc 3Hepruei E = hv,
a xumuk ['un6ept H. JIptouc gan um Ha3zBaHue «(OTOHBD).

Yro TyT HeE Tak?
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Hy, fIBHO K€, 4YTO I3TO KaKasi-TO Jaka, HMCIoIIasi
«BTOPO€ THO0», KOTOPOC OT HAC MBITAIOTCHA CKprTb!

YuraeM nHGOpMALIMIO U3 aKaIEMUYECKOTO CIIOBAPS:

«Domon (om Op.-epeu. Ppas, poo. nao. PWTog, «ceemy) —
INEMEHmAaApHan  Yacmuya, KEawm  INeKMpPOMASHUMHO20
u3nyyeHus (8 ysKom cmwvicie — ceema). Omo Oe3maccoeasn
yacmuuya, cnocooHdas cyujecmeos8amsv MONbKO O08UAACL CO
cKopocmbvlo ceéema. 3apsao Gomona makxdce paseH HYIro.
Domon  modcem HAXOOUMbCS MONLKO 6 O08YX CHUHOBLIX
COCMOAHUAX ¢ NpoeKyuel CNUHA HA HANpasleHue O8UINCEeHUs
(cnupanvhocmoio) +£1. Omomy ceoucmey 6 Kiaccuyeckoll
INEKMPOOUHAMUKE COOMBEMCMEYem Kpy208as npasas U 1eeas
noaapuzayus  21eKmpoMacHuUmuoln  8oansl. Domony  Kax
NeMEeHMAapHOU  Yacmuye  CEOLUCMEEHeH  KOPNYCKVIAPHO-
B0IHOBOU 0yanuUsM, OH NpPOsAGIem O0OHOBPEMEHHO C80UCMEa
yacmuysl U 601Hbl. Pomonsl 0O03HaAUaOMcA OYKeoU gamma,
NO3MOMY UX 4ACMO HA3bIBAIOM 2AMMA-K8aAHmMamu (0co6eHHO
@homoHbl  BbICOKUX DHepeull), MU MepMUHvl NPAKMUYecKu
cunonumuunol. C mouxku 3penusi CmanoapmHou Mooenu
Gomon sasngemca Kamobposounvim 06030HOM. Bupmyanvhbie
Gdomonsl  AGNAIOMCA  NEPEHOCUUKAMU  INIEKIMPOMASHUMHO20
63aUMOOCUCMBUSL, maxkum obpazom obecneuusas
83aumooeticmsue, Hanpumep, mMexcoy 08YMs deKMpUYecKUMU
3apaoamuy.

«Hccnedosanusn ceolicme uznyueruss adCOIOMHO YEPHO2O
mena, npoxoousuiue 6 meueHue noumu copoka jaem (1860—
1900), 3asepwunuce eviosudicenuem eunomesvl Maxca I[lhanka
0 moMm, umo dHepeus n000U cucmemvl NPU UZTYHEHUU UTU
nocnowjeHuy  INeKMPOMASHUMHO20 — U3YYEHUs — YACOmbl
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MOdHCem UBMEHUMbCS MONbKO HA 8eIUYUHY, KPAMHYIO IHep2UU
keanma E = hv (mo ecmv ouckpemno), 2c0e h — nocmosinnas
lInanxa, a Vv — uacmoma usny4enus.

Anvbepmom DiinwimeriHom ObLIO NOKA3AHO, YMO MAKOe
npedcmasieHue O KEAHMOBAHUU DHEPeUU OOJHCHO Obimb
NPUHAMO, 4mooObl  00BACHUMb  HaOM0OAaeMoe  MmMenyosoe
pasHogecue MedxHcoy 8euecmeom U 2NeKMpOMASHUMHBIM
usnyuenuem. Ha smoti dce ocnose um 0wl meopemuyecku
onucan Gomosnekmpuyeckuil ¢pgexm, 3a smy pabomy
Ouinwmetin nonyuun ¢ 1921 200y Hobenesckyro npemuto no
Qusuxe...

Mmnoeue  ¢husuku  npeononazanu  UHAYANLHO,  UMO
K8AHMOBAHUE IHEPSUU eCMb Pe3yTbmam KaKko2o-mo Heuzeecm-
HO20 ceolicmea mamepuu, noz2iowaouel U usryyaouel
anexmpomazHummusie 60aHvl. B 1905 200y Junwmetin npeono-
JIOJICUTL, UYMO KBAHMOBAHUE IHepeUu — CBOUCMBO CaAMO20
NEKMPOMASHUMHO20 U3TYUECHUSL.

Ilpusnasas  cnpageonusocmv  «I1€KMPOMACHUMHOU
meopuu ceemar» Makceenna, Junwimerin yKazai, 4mo MHo2Uue
AHOMAIbHBIE 8 MO 8PEeMsl pe3yIbmambl IKCHEPUMEHMOE MOV
Oblmb  00BACHEHbl,  eClu  DHEpeUro  C8emoBoU  GOJIHbL
JIOKAIU308amMb 8 NOO00OHble YACUYAM KE8AHMbI, KOMOopble
08UICYMCAL He3asucumo oOpye om opyea, oadce eciu B60HA
HenpepvieHo pacnpocmpansemcs 6 npocmparncmee. B 1909 u
1916 2o00ax, DiiHwmetin nokasau, UCXo0s U3 CNpasedIusoCmu
3aKOHA U3NYyYeHUs abCONOMHO YepHO20 meid, 4mo KEaHm
IHepzuU 001HCEH MaKice 001a0amy UMRYILCOM, 0CIAIOULUM
€20 NOJHONPABHOU 3JjleMeHmapHou uacmuyeil. Hmvnynsc
gomona Ovil  0OHApYIHCEH IKCHNEPUMEHMANTbHO Apmypom
Komnmonom, 3a smy pabomy on nonyyun Hobenesckyio
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npemuto  no @Qusuxke 6 1927 200y. QOomnako, eonpoc
coenacosanus 601H080U meopuu Maxceenia ¢ dKcnepumeH-
MANbHLIM ~— 000CHOBAHUEM  OUCKPEemHOU  Npupoosvl  céema
ocmasancs omkpolmuiM. Pewenue 6vin0 Hatioeno 6 pamkax
K8AHMOBOU INeKMPOOUHAMUKY (CM. pa3zoel KOPHYCKYISAPHO-
601HO60U Oyanuzm Hudice) u eé npeemuuyvlt CmaHOapmHou
mooenu...»

«B sakyyme sHepaus u uMnyibc YOMOHa 3a8UCAM MOTLKO
om e2o wacmomsl (UU, YMO OIKEUBAIEHMHO, OM  ONUHbBL

26
60JIHblY. VICTOUHHUK .

Ot cnoBa B «Bukuneauw» u B NOPOUYMX APYTHX
SHUUKIIONEAUSAX YUTAIU MPO (POTOHBI, HABEPHOE, MUJUTMOHBI
JIOJEN, U 5 TOXKE YATAJ, U 1aKe HE OAMH pa3, a HEJABHO Yaphl
KOJIJIOBCKOTO 0OMaHa BAPYT MepecTalyu Ha MEHS JIeHCTBOBATh,
U 5 YBUJEI, YTO BOT B 3TUX CJIOBAX COJEPKHUTCS YHUKAIbHBIN
UIsT HayKd OOMaH: «DiHwimelin nokaszaia, 4mo Keanm
IHepzuu 001HCEH MaKice 001a0ams UMNYIbCOM, 0e1AI0UUM
€20 NOJIHONPAGHOUL IJIEMEHMAPHOI Yacmuyeil. . .»

Bo-miepBrix, nr00as sneMeHTapHas uacThia oOyajgaer
Maccoii, a GOTOH XapaKTepu3yeTcs B «KBAHTOBON MEXaHHKE)
Kak 0e3MaccoBasi YaCTHIIA, CIOCOOHAs CYIIECTBOBATH, TOJIBKO
JIBUTAsICh CO CKOPOCTBIO CBETA.

Bo-BTOpBIX, BBl TOJNIBKO BIyMaiTech U MpeAcTaBbTe cede
gutatenab!  Adepuctsl OT Haykd — OpenjiaraloT  Ham
paccMaTpuBaTh CBOMCTBA «IIyJHW», CaMOM MaJEHbKOMW, Kakas
TOJIBKO CYIIECTBYET B MpuUpoze, 0e3 camoi «myJam»! To ecTs,
KOI'Jla UMEET MECTO JIBU)KEHUE DJIEMEHTApHBIX YacCTHUI] CBETa,

%% https://dic.academic.ru/dic.nsf/ruwiki/1169116#cite_note-1
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qactul] 3(upa, «KBaHTOBasS MEXaHUKA» Mpe/uiaraeT HaMm He
BUJETh UX M HHUYEro HE 3HaTb O HUX, @ BUIETb TOJBKO
IHEPruI0, NEPEHOCUMYIO ATUMH YacTHIIaMHu B ipocTpaHncTie!!!

YroObl BBl MOHSJIM CYTh JTOr0 OOMaHa, MpPUBEIY
HarJIIHBIA IPUMED: €CTh KAaK JAaHHOCTh MyJIsA Kajauopa 7,62
MM, KOTOpPYIO COJJAT BBIIYCKAaeT U3 HApEe3HOro CTBOJIA
apromata Kamnamnukosa. Ilpm anune ctBona 415 MM, oHa
HaOMpaeT NMOCTYyNaTeIbHYI0 CKOPOCTh 715 MeTpoB B CeKYHIy
M BpallaTtelbHyl0 CKOpocTh 2981 00OpOTOB B CEKyHIy, UTO
paBHO KpyroBoil ckopoctu e€ nosepxHoctu 71 m/c. CoryiacHo
dopmyn pacuéra, SHEprus MOCTYNATEIBHOTO IBMXKECHUS ITyTH
IIPEBOCXOJUT SHEPruto BpameHus myau B 200 pa3, nmostomy
BpAlllaTEIbHYI0 SHEPrUI0 IYJIH IPU PACUETE CTPEIKOBOTO
OpYXKHUS M NIaTPOHOB K HEMY IIPAKTUYECKH HE pacCMaTpUBAIOT,
a PaCCUUTHIBAIOT TOJBKO YAeJbHYK) KHHETHYECKYI0 JHePIruIo
nyJIN.

atepuan
uenu
uen
= LULTE]
| nonéra nynu
nynaj|
SRWEC PRI LE i =
( p -cKopocmb nynu
J_ M- macca
* nnowaab nonepevyHoro I_ s
ceyeHust nynuﬂnz/ -
—
— - nnowaab nonepe4yHoro
4 ceyenus nynu, cm2
- -
"
YOEINIbHASA KUHETUYECKAS 3HEPIUS MYJIA - amo kuHemuy4eckas aHepausi nynu E ,
npuxodauasacsa Ha eQUHUYY rnowadu nornepeyHo2o cevyeHus nynu S Mev2
Eyd=E/s ,,Q)K/CMz E= 2

3mo Kosiuyecmeo aHepauu nysu, KomopbiM OHa 6o30elicmeyem Ha Kaxdyro eQuHUYY niowadu
30HbI KOHMakKkma ¢ yesnblo.

Mpo6usHas cnocob6Hocmb Mynu - MPONOPYUUOHanbHa yOenbHOU sHepauu nynu.
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Korga xe HaM roBopAT, YTO KMHETHYECKAasl IHEPrus
«(porona» paBua E = mc?, To Hac 0GMAHBIBAIOT ABAXIbi!

Bo-nepseix: Bo3Bpamaemcsi cHoBa K Pene Jlekapry,
KOTOpBIH B 1627 TOMy OOBSCHWI SBICHHE PAIyrd TEM, UYTO
«uacmuyvl MOHKOU mMamepuu, nepeoarowell oeticmaue ceema,
cmpemamesa ¢ 0oavuieil Cunou epawiamoca (60Kpyz ceoeil
ocu), yem 08uUcamvbCsi NO NPSAMOU JUHUU...», TIPU TOM, 4TO BCE
YaCTUIIBl TOHKOW MAaTepHH, TMepeaaroled IeHCTBUE CBETa
pPa3HBIX IIBETOB, JIBHUTAIOTCS B JIy4€ CBETa MOCTYMATEIBHO C
OHOM M TOW K€ CKOpPOCTBIO, KOTOpas SBJISIETCA JJIA
«CBOOOTHOTO MPOCTPAHCTBAY KOHCTAHTOIA.

N3 »Toro cnemyer, 4TO CyMMapHas KHHeTH4YeCKas
JHeprusi «(OTOHOBY» paA3HBIX YacTOT CKJIAJbIBACTCA U3
SHEpPrMM  BpalleHus  vactul 3Qupa U DHEPruu
NMOCTYNATEJbHOI0 IBMKCHUSI YaCTHL I(HUpPa, a 3TO 3HAYUT,
yro ¢opmyna E = mc’> — He Gonee yeM MaTeMaTHYECKas
¢bukuug, He oTpaxkarom@as AeilctButensHOCTH. [Ipruém
OunHmTeH 3HaI 310! Benp, Korma OH 3asBIISI, YTO «KBAHM
9Hepeuu 00aNCeH Makdice 001adams UMRYILCOM, OeNarouWUM
€20 NOJHONPABHOU 2NeMeHMAaPHOU Yacmuyel», OH 3Haj, 4To
«MOMEHMmM UMRYIbCA XapaKkmepusyem KoIu4ecmeo epauia-
menvrozo dgurcenus...». Ucrounnx® .

A 3TO KOJIMYECTBO BpalIaTEJIbHOTO JBM)KEHMSI HUKAK HE
oTpakeHO B (opmyre E=mc®. 3xech 3a MHOXHTENEM M
CKpbITa ¢(opMyJia KUHETUYECKOW SHEPruU BPallaTeJIbHOI0
apuskenusi! Tak YTo MHOXUTENb M B 3TOH IIUPOKO
pacrirapeHHo# ¢popmyie — He macca!

%’ https://ru.wikipedia.org/wiki/MomeHT_mmnysibca
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IIpnuém, eciii 4acTULbI TOHKOW MaTepuu, NEPEeNAroIei
JICVCTBUE CBETa, CTPEMATCH ¢ 0OJIbIIel CUJIOI BpamaTbes,
YeM JABHIraThbCs M0 NPAMOM JHHUH, TO JHEPIrus BpalleHHUsA
YacTUIl MAaTEPUU NMPEBOCXOAMT SHEPTHUIO UX MOCTYNATEIbHOIO
JIBHKEHUSI IPOTIOPIIMOHAIBHO YacTOTe U3a1ydeHus!

OT0 (aKTHUECKH COOTBETCTBYET (OopMyJe HEMEUIKOTo
yuénoro Makca Ilnanka: E = hv, rne E — 3Heprus u3inydeHus,
V — gacToTa M3Iy4eHHs, a h — OTKpbITas UM MOCTOSHHAS,
«KBaHT JEHUCTBUA».

To ectb, ecnu uHOpPaKpacHble Jy4yd OTIMYAIOTCA OT
KOCMUYECKHUX JIy4el IJIUHOW BOJHBI U YaCTOTOM B MMJIJIMOH
pa3, CIIE0BATEIBHO, BO CTOJIBKO K€ Pa3 IHEPrus BpallleHUs!
YacTUIl MaTepHUH, IMEpelaloluX [IeHCTBHE «KOCMHYECKHX
ay4ei» OoJipllle JHEPruM BpalleHHs YacTULl MaTepHH,
nepearonux 1ecTBIe «MH(PAKPACHBIX JTydeii»!

Bo-BTOpBIX, KakK 5 y’Ke cKa3al BbIIe, aQepucTbl OT HAYKH
IpeJUlaraloT HaM paccMaTpHBaTh IHEPruI0 cBeTta 0e3 caMoro
HocuTeJis1 YHepruu csera! To ecTh, 63 YacTULl MaTepHH.

«KBaHTOBasi MexaHMKa» YTBEPKIAET, YTO DHEPrus
Pa3HBIX YaCTOT U3JIYYEHHUs, YIIAKOBAHHAsI B PA3HBIC 110 Pa3MeEpPy
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«nopuun» (Ha3BaHHbIE «(OTOHAMHY), ITO €CTh MOJIHONPABHBIC
3JIeMeHTapHbIe YacTHIIbI cBeTa!

Ho MBI ¢ BamMu yXe TOHSUIM, YHUTaTelb, YTO
paccMaTpuBaTh KHHETUYECKYIO JHEpPrui0 Mynu 0e3 caMmoit
yny, a emé U Ha3bIBaTh 3Ty KHMHETUYECKYIO 3Hepruwo (6e3
nynu!) «3JeMEHTApHOW YacTHUIEH» — 3TO HeObIBAJBINA JIs1
HAYKHM cJay4aii MoleHHu4ecTBa!

N Benp Ha STOM MoOlIeHHWYECKOW Hayke o I[lpupone
BOCIIMTBIBAKOTCA YXKC ITOUTU BCK BCE HOBBIC M HOBEIC MOJIOObIC
nokosieHus1! M 3To ypoayeTt ux MupoBo33peHue!

W Beaw Te, KTO co3aaBall 3Ty MOIICHHHUYECKYIO HAYKYy O
[Ipupone, mpecienoBald MMEHHO 3Ty Lenb — Je3uHGOp-
MHUPOBATh YEIIOBEUYECTBO U JIepP>KaTh €ro B oOMaHe!

[Tony4aercsi, 4TO «KBAHTOBasi MEXaHMKa» — CBOe-
00pa3HbIil «<HAYYHBIN caTaHU3M!»

31 aBrycta 2019 r. Mypmanck. AHTOH Biiarun
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D®OTOHBI — 3TO UMILYJIbChI, IEPEHOCUMbIE
yactuuamu 3¢upal

Hctopust ¢u3uku HHOTJa HAllOMHUHAET MHE KapTOYHYIO
UTpy LIYJIEPOB, B KOTOPOH KTO cIA&T KapThl, TYT U MyXJoeT!
A 10-4ECTHOMY OHH IPOCTO HE MOTYT UIpaTh!

Hy, BoT cmotpuTe, HanpuMep, ecjid ayeT BeTep, Mbl Bce
NMOHHMAaeM, 4TO 3TO JABHAKYTCS YacTHLbI BO3AyXa. A Korjaa
BETEp NepecTaéT NyThb, Mbl IOHMMAEM, YTO JABUKCHHUE YaCTHL]
BO3JlyXa IIPEKPaTUJIOCh, HO CaM BO3AYyX HHUKYyJa HE HENCs, OH
IIPOCTO MEPECTANl HAMM OIIYILATHCs !

A 4r0o MBI HMeeM B (u3MKe, H3ydalolledl CBeT H
3JIEKTPOMArHeTu3M?

Ecam Bokpyr mpoBoJa € TOKOM BO3HMKaeT Tak
Ha3bIBAEMOE «BUXPEBOE MArHUTHOE I10JIE», KOTOPOE IPOSBIIAECT

ce0si KaK 3JIEKTPOMArHeTU3M, HaM TOBOPAT: «Omo GO3HUKIA
ocobas gopma mamepuuy»! Korma dsIeKTpUUYEeCKHd TOK
NpeKpalaeT Teub Mo MPOBOAY, W BCIEA 32 HUM HCUE3aeT 3TO
camoe «BUXPEBOE MAarHUTHOE ITOJIE», HAM TOBOPSIT, YTO JaHHAS
«ocobas popma mamepuu ucuesnay!
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CrpammBaercsi: Hy, TaK €CIId McYe3sia «ocobas dopmar
ABHKEHMSI MaTE€pUH, TO cama MaTepusi ocraiack Benb?! Ham
roBopsT: «Hem! W mamepus moowce ucuesna! E€ u ne 6Ovino!
Hawe npedocmasnenue o weii — unnosus! be3sozdyunoe
npOCMpPAHCmMeo — Mo nycmoma, 6axyym!y

Berpeuaercss u apyroit oOMaH B €CTECTBO3HAHHMHM, KOTJa
OJIHOTO YYE€HOTO TMpeNarT 3a0BEHHI0, a Jpyroro (cBoero!)
MUAPSAT 10 HEMPWINYHUS U J1a)Ke TIOJITACOBBIBAIOT B €0 TOJIb3Y
ucropuueckue ¢dakrel! Hwke HArasgHBI TpUMEp TaKOTro
mynepctBa ¢ uctopuedl ¢usuku. Crates B IHTepHere
HasbiBaeTcs «Kopmyckyjsipuasi Teopusi: NMOHfITHE, aBTOP,
OCHOBHBIE MPUHIUIIBI H PACYETHD».

«Hekxomopvle coxpanuswiuecs 00 Haueco 8pemeHu
ceUOemenbecmea 2080psAm, 4mMo NPUPOOOUl C8ema HAYAIU
unmepecosamuvcs ewé 6 Opesnem Eeunme u anmuunou I peyuu.
CHauana nonazanu, 4mo npeomemvl UCNYCKAIOM U300PAAHCEHUS
camux ceba. Tlocneonue, nonaoas 6 2nas uenogexkda, co3o0arnm
sneuamienue SUOUMOCMU 00beKmos. 3amem, 60 8pems
cmanosnenus gunocogpckoii mvicau 6 I peyuu, nosasunacs
Ho8as1 meopus. Apucmomens, KOMopwll NOIA2AT, YMO KAHCObLU
yelo06eK U3 21a3 UCNYCcKaem HeKomopvle ayuu, 01a200aps
Komopvim on modcem "owgynvieams" npeomemvr. Cpednue
6eKA He 6HeCIU HUKAKOU SCHOCMU 8 pacCMampuéaemvlii
80NPOC, HOBBIE OOCHIUNCEHUA NPUWLIU MOJIKO C INOXOIL
Bo3poowcoenus u pesonroyueir 6 nayke. B uacmuocmu, 60
emopoti nonosurne XVII eexa nossunuco 06e COBEPUICHHO
NPOMUBONOJIONCHBIE — Meopuu,  KOmopvle  CMPeMUIUCDH
00BscCHUMb henomensl, ceéasannvle co ceemom. Peuv uoém o
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60n1n060u meopuu Xpucmuana I'oiicenca u KOpnycKyaapHou
meopuu Hcaaxa Holomona... »2

Oil, TyT Hario yTBEP)KAAETCS, YTO «KOPHYCKYIAPHYIO
meopuito ceema npuoyman Hviomony, xotopsiit Obu1 Mcaak,
KaK U OAMH U3 Oubneiickux nepcoHaxeil. B obmemM, e€ siko0bI
npuaymal Tot camelii HeroToH, KOoTOpBIN poauics B 1642 rogy
B AHIJINU.

Ho kak >xe 310 MOXxeT ObITh, eciii B 1627 roay (3amoiro
1o poxxnenust Herotona!) Benmkwii GppaHity3ckuii yaéHblin Pere
Jexapt (ronsl xu3Hu 1596-1649) ¢ mnoMoOIIBbI0 «KOPILYCKYJD»
NMPEKPACHO O0BSICHU MPOMCXOKIeHUE pagyru?!

Hexapt Torma, Oymydd yKe 3peibIM  YEIOBEKOM,
ydyacTBOBal B BoWHe Mexny OPpanuued u AHIIMEH, B
YaCTHOCTH, OH MpUHUMAaJ ydactue B ocazae Jla-Pomenu (1627-
1629), u Torga *e OH OObACHUJ NPUYMHY BO3ZHMKHOBEHUS

%8 https://fb.ru/article/431524/korpuskulyarnaya-teoriya-ponyatie-avtor-
osnovnyie-printsipyi-i-raschetyi
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pa3HOLBETHOW ayru Ha HeOe BO BpeMs A0XKIsA: «[Ipupooa
yeema 3aKaOYAemMcs 6 MOM, UYMO HACHMUUbL MOHKOU
mMamepuu, nepedarowel oelicmseue ceemad, CMPEMAMCs C
Oonvlell cunol epawamsca  (80Kkpye ceoell  ocu), uem
ogueamvcsi no npsamou aunuu. Takum oopazom, me, Komopbvie
epawiaromes ¢ 20pazoo 0oavuwiell cunoil (vem 0euzaromca no
npAMON JTUHUU), O0alOm KpPACHbLIU yeem, a me, KOMopbie
e8pawjaromcs Iuulb HEeMHO20 CulbHee (Yem me, 4mo 0arom
KpacHulli ysem), oarom owcénmoii yeem...» (Pene [lekapr.
«Meteops», rnasa VIII, ¢ 333-334. [IpounutupoBaHo 1O KHUTE
Mapuo Jlvommmu «MCTOPUA OU3UKMN», wu3gaTenbcTBO
«MUP», Mocksa, 1970, c. 117).

N Bor B TONl *e cTathe «KopmyckyiasipHasi Teopus:
MOHAITHE, ABTOP, OCHOBHbIE NMPUHLMIIBI H PACYéTHD) 51 CHOBA
gyutaio npo HeioTona, kotopsiii Mcaak: «Cozdamens meopuu
cuumai, Ymo Kaxcoomy HA0OI100aAemMoMy UGenty COOmeent-
cmeyem ceon "weemnan' Kopnyckyna...».

Ecnu pacckasblBaTh HCTOPUIO HAYKH YECTHO, O€3 0OMaHa,
To HamHoro panbme HMcaaka HproToHa Tak cuurai,
MOBTOPIOCh, PeHe JlekapT, KOTOpBIM OYEHb JaXe IIOHATHO
00BsICHUI B cBOel cTaThe «Meteops» (1627), OT uero 3aBUCUT
LBET «KOPIYCKYII»!

IIpyunHa pasHouBeTbSI — B Pa3HO CKOPOCTH
BpamieHus Yactul 3¢pupa (TOHKO MaTepuu) BOKPYT CBOei
ocu (IpU HMX OJAUHAKOBOH MNOCTYNATEJILHONH CKOPOCTH
aBukenus)! Ilox »stum Jlekapt moapa3symeBasi, 4TO
BpallalolHecsi ¢ Pa3HOH CKOPOCTHI 4YACTHIBI CBeTa
HMET Ppa3sHyl0 KHHeTHYecKyl »JHepruw! M B 3TOM
COCTOUT HX «Pa3HOLBeTHE»!
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O6uaHO, ogHako, 3a Jlekapra! OcoOeHHO, KOT/1a 3HACHIh
€0 UCTOPHIO KU3HH.

Korna [exapt Bo3Bpatwics Bo ®paHlMiO C BOWHBI, OH
y3HaJlI, YTO €ro Hay4yHoe U (¢uiIocopckoe CcBOOOIOMBICTHE
CTaJI0 U3BECTHO HE3yWTaM-KaTOJIWKaM, U T€ OOBUHWIHM €TO B
«epecu»! Utobbl He paszgenuth cyanOy [xopmano bpyHo
(romer xu3an 1548-1600), coxxénnoro karoaukamu B 1600
rony B Pume xuBbém, [lexkapty mpunuioce B 1628 romy
oexatp B ['ommanmguio, roe oH npoBén 20 JeT B yeOIUHEHHBIX
Hay4YHBIX 3aHATHAX. He mor mo-gpyromy. Takoro ckmama yma
ObLT yesoBek!

/

Coorcorcenue [ocopoano bpyno unkeuzumopamu.

Haxomsice B Tommanmuum, Jlekapt BEN oOOMHPHYIO
MEPenucKy ¢ MydmuMu yudéHpiMu EBporibl (depes BEpHOTO eMy
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npyra MepceHHa), nM3ydajl caMble pas3jM4Hble HaAyKM — OT
MEIUIMHBl A0 MeTreoposiorud. B 1634 romy oH 3akoHUmMI
IIMCaTh CBOIO IEPBYIO, NPOTPAMMHYIO KHUTY IIOJl Ha3BaHHEM
«Mup» (Le Monde), cocrosimiyto u3 aByx uacreit: « Tpakrar o
ceere» U «Tpakrar o 4enoBeke». Ho MOMEHT nis u3gaHus
ObUl HEyJayHbIM — TOJIOM paHee Manckas WHKBU3MLUSA
ocynwia HTanbsiHCKOro ydéHoro [amwmnes. Iloatomy [ekapt
pelms, YTo Mpu KU3HU OH He OyAeT meyaratb CBOM Tpya,
MyCTh 3TO CJENaeT KTO-TO JIPYroi, OTOM, MOCJE €T0 CMEPTH. ..
Ucrounnk®.

BoT Takue ObuTH TOT/IAa CTPACTU-MOPIACTH!

®unocoda xopaano BpyHo xatonuku coxriu B 1600
roJly JKUBbEM 3a HAY4YHYIO «EPECH» O MHOKECTBEHHOCTH
CouHn 1 MUPOB BO BeennenHol, X0Ts Hapoy BO BpeMsl Ka3HU
¢mtocoda ckazanu, 4To Ka3HAT €ro 3a TO, YTO OH HE BEPUT B
HEINOPOYHOe 3ayaTHe AeBbl Mapuu.

Vuénoro I'anuneo I'anmies B 1633 roay 4yth ObUIO HE
MOCTUIJIA Ta € YYacThb 3a «Epechb», 4YTO ILIaHeTa 3eMiifl
O/JTHOBPEMEHHO BpalaeTcs U BOKPYI CBOeil OCH, H BOKPYT
Coanna. Ot wMmyuuTenbHOM cmeptu ['anmunes cmac  ero
«IPHHIHUI OTHOCUTEJIbHOCTH». YUEHBIN cMoT Toraa copmy-
JMPOBATH €TO U C €ro MOMOUIbI0 OOBSICHUTH KypaTopaMm HayKu
— CBSILICHHUKAM, [IOYEMY HM JIIOAH, HU NPEAMETHI HUKAK HE
pearupyloT HM Ha OpOMTaNbHOE JBHXKEHUE 3eMJIM BOKPYT
ConHma, HM Ha CyTOYHOE BpamieHue 3emud. A ¢GpaHITy3CKHMA
yuéHblli PeHe JlekapTt B Ty mopy OOBSCHSIT M IOKAa3bIBAJI BCEM,
YTO MUPOBasi cpelia MojJ Ha3BaHHeM «3(pup», cocToAIAs U3
HAUMEHbIINX YaCcTHL-KOPIYCKYJ M ynomsiHyras B EBan-

*? https://ru.wikipedia.org/wiki/[ekapt,_PeHe
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reausix kak «Ilapcreue HeGecHoe», peanbHO cyliecTByeT.
W 3Ta MupoBas cpefa CIUIONIb 3all0JHEHa BUXpsIMU. Bpamienue
IUIaHeT ¥ uX chnyTHUKOB B 3ToM «llapctBuu HebecrHom»
c(hOpMHUPOBANIOCH UCKITIOYUTENHHO O] BO3/ICHCTBUEM BUXPEl,
BO3HHKAIOIIUX B A(Hpe.

Pucynox Buxpeit s¢upa Bo Bcenennoit w3 xkHurm Jlekapra
«[Tpuanmnen (Amcrepaam: JIstonc Elzevirium, 1644).
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Vke 3a 0THO 3TO MHUPOBO33PEHHE BIACTh UMYIIHUE MOTIHU
Torja 3anpocto auuTh Pene [lexkapra xusHu! A Bc€ noromy,
4TO ¢ HEKOTOPHIX Mop EBpomoii ympassiia 6anmga Mpakobecos-
najayeil, KOTOpble TOBOPUJIM BCEM, YTO OHM ciykaT bory, a
caMU OTKPBITO TBOPUJIU bSIBOJIbCKUE Aenal

T Mpako0echl OCBeIIAJH TOrAA NMYTh YeJ0BeYeCTBY
KOCTPaMHM M3 CrOpPaBUIINX KMBbEM repoes!

Taxkke OHM ThICSYAMHU JKIVIM YHUKAJIBHBIX JIOAEH C
Japamu Kak y Xpucra-CriacuTesns, Ha3blBas UX «KOJITyHaMU»,

«BEIbMaMU»!

- A...- i o L}

CosxoxeHHne KaTOJIMKaMH JKeHIIWH B cpeIHeBeKoBoil EBpore.

ITorom, Bpome Obl, HACTYNWJIHN JApPyrHe BpeMeHa, HO
JKeJJaHHe CKpPbIBaTh OT 001ecTBAa HMCTHHY «0 BBICHIMX
NpeJMeTax» y BJACTh HMYIIUX 0CTAJOCH MO-TIPeKHEMY...
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Hanee s xouy pacckaszath 4yuTaTento, kak B 1887 romy
HeMelKHM y4€HbIM ['eHpuxom ['epiieM ObUT OTKPHIT BHEIIHHU T
doroddpdexT, Kak ero MOTOM HCCIECAOBAI PYCCKUN YUYEHBIN
Anexkcanap CToneToB, M Kak MOTOM HEMELKUH eBpei Anb0epT
OWHIITEWH 3a1ypui BCEM MO3TU CBOMMH «KBAaHTaMHU CBETa» C
HYJIEBOM MacCOM IOKOS, HAaJEKHO CKPBIB 10 3aJaHUIO BJIACTb
UMYIIUX HCTUHHOE 3HAHHE O NPUPOJEC CBETA.

Utak, BHemHuil gorodddext 6611 OTKpHIT B 1887 roay
I'enpuxom ['epueM. OH Torga u3ydana 3JeKTPOMATHUTHYIO
HHIYKIMK B  «HE3aMKHYTBIX IPOBOJHHKAX», U  €ro
WCCIICIOBAaHMs OBLIM CBSI3aHBI C HCIIOJNB30BAHUEM 3JIEKTPH-
YeCKHX Pa3spsAHHUKOB B BHUAEC METAIIMYECKHX I[IAPUKOB.
Korna BuOparop I'epuna usinydan paguoBoJIHBbI, B IPUEMHOM
pE30HATOPE UEPE3 pa3psAAHUK IPOCKAKUBAJIA HCKPA, IPUMEPHO
KaK Ha 9TOM PUCYHKE.

Buépamop

Opnaxnael ['epu 3amermn, eciv OCBETUTH AJIEKTPOJIbI
paspsaHMKa YJbTPa(uOJeTOM, TO HCKpa MEXAy HUMH
BO3HUKAET NPU MEHBLIEM 3JIEKTpPUYECKOM HampsbkeHuu. Ha
OCHOBAaHMM YBUJCHHOI'O OH CJENlajl 3aKJIIOYeHue: yJbTpa-
(uosIeTOBBIN CBET CIMOCOOCTBYeT BOZHHKHOBEHHIO HMCKPO-
Boro mnpot6osi. HoBoe sBneHHe OBUIO OMUCAHO M TOJIYYUIIO
Ha3BaHue BHemHero ¢gorodgdexra.

B 1888 rony saBnenme BHemHero (dortodddexTa
MEPEOTKPhUIN M HCCIEeNOBAIM HeMeukuidl (usuk Bumbrenbm
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lanpBakc, wranbsHckuid ¢(usuk Ayrycro Purm m pycckuit
¢u3uk Anexcanap CToneToB.

Anekcannpy CToneToBy ynaioch OOHApYXHTb, YTO
BbICOKOE HanpsizkeHue 115 ¢poroddgdexra He CYLIeCTBEHHO,
TaK Kak OH BO3HUKAeT Ja)k€ NPU MAJICHbKOM HaIPsHKEHUH
MEXIy 9JeKTpoJaMH. Y4U€HbI co3nan  J1abopaTOpHYHO
YCTAHOBKY W NpOJE€aall OIBIT, B XOA€ KOTOPOro OJjaroaaps
dbotoapdekTy B BO3AYIIHOM  3a30p€  MEXKIYy JBYMS
anexkTpoaaMH (!) BO3HUKAI HEMPEPBIBHBIN AJIEKTPUUECKUI TOK,
Kak eciad Obl  Bo3ayX Obul  mpoBoAHMKOM. CTONETOB
UCCIIE0BaJI 3aBUCHMOCTh (POTOTOKA OT HHTEHCUBHOCTU H
JUITMHBI BOJHBI MAJAIONIIETO CBETOBOr0 M3JIYyYEeHHMS U OTKPbHUI
«mepBblil 3aK0H (poT03ddexTar.

VYcranoBka CroneToBa paloTana cieayromuM o00pa3oM.
CBeT OT 3JIEKTPOJYroBOr0 HMCTOYHHKA CBETa, CKOHIEHTPH-
pOBaHHBIH B Y3KMH Iy4OK, CBOOOJHO NPOXOAMJI CKBO3b
CeTYaThll AJIEKTPOJ U, Majas Ha IMHKOBYIO IUIACTHHY, Ha
MOBEPXHOCTU KOTOpPOW OBLI CO3/laH C TOMOIIbIO Oarapen
M30BITOK OTPHULATENIFHO 3apsSHKCHHBIX YaCTHUI], BBHIOWBAN W3

IJIAaCTUHBI HEKOTOPOC UX KOJIUYCCTBO.

= n'"llllll&!flllh\lﬁ
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OTpunaTeibHO 3apsOKCHHBIE YacTUIB (TOraa emié He
OBUIO M3BECTHO, YTO ATO «AJEKTPOHBD», UX CIYCTS TOJBKO &
JeT OTKpbUl aHrnuiickuit ¢usuk xo3ed TomcoH) yctpemis-
JUCh K CETYATOMY DJIEKTPOAY, 3apSKEHHOMY IOJIOKHUTEIBHO
(OH TWOAKNIIOUEH K IUIIOCY OaTapew), M TakUM 00pa3oM B
BO3AYIIHOM HpoMexyTke (!) MeXay 3/1eKTpoJaMH BO3HUKAJ
IEKTPUUYECKUII TOK, BEIMYMHY KOTOPOIO MOXHO OBLIO
ONpEIENATh, HAIPUMED, C OMOILBIO raJIbBAHOMETPA.

/S

P00 3 © o
5 00 0

Dotorddexr.

BeiBonbl, koTopele caenan Ausekcanap CToneroB U3
ucclieoBaHnii BHelrHero ¢orodgexra, ObUTH CIEIYIOMUMU
(BOT B 4éM COCTOMT paboTa YUEHOT0-eCTECTBOUCTIBITATENSA!):

1. Jlyuu eonvmosoti Oyeu, naoas HA HNOBEPXHOCMb
OMpUYAMENbHO 3APANCEHHO20 Meld, VHOCAmM C He20 3apso.
Cmompsa no momy, nonoamsemcs AU 3apso U HACKOIbKO
Ovicmpo, 2mo yoaneuue 3apsaod ModHCem CONPOBONCOAMbCSL
3aMemubiM nadeHuem NOMeHYuanNd uiu Hem.

2. Dmo Oelicmgue Jyueu ecmb CMpPO20 VHUNOIAPHOE;
NOJIONCUMETIbHBIL  3aPA0 He YHOCUMCS (VHOCAMCA MOJIbKO
anekmpoHvl. Kommenmapuii — A.b.).

3. Ilo eceii eeposmHocmu, Kadcywjeecs 3apsdicanue
HeUmpaibHulX mejl Iy4amu 00biACHAemcs Mot JHce NPUYUHO.

4. Jlna paspsoa ayyamu HeoOX00uUMo, 4moobwbl Jyyu
no2noWanucy nogepxHocmoio meia. Yem Oonvuie no2noujenue
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AKMUGHbIX JIy4el, memM HOBEPXHOCMb YY8CmeumesnbHee K
paspaxcaowemy 0eucmeauro.

5. Taxoti yyscmeumenbHOCmblo, 6€3 3HAYUMETbHBIX
pasznudutl, 061adarom ece Memaivl, HO 0COOEHHO 8bICOKA OHA
Y HeKOmopvbiX Kpacawux eewjecme (AHAIUHOBLIX KPACOK).
Booa, xopowo nponyckarowas axmusHvie yuu, aUlEHA
4Y8CMBUMETbHOCTI.

6. Paspsoicarowee Oeticmsue Jyuei 0OHAPYHICUBAECCS
odadxce npu 6ecbMda KpamKOBPEMEHHOM OC8eWeHUl, NpUu4ém
MedHcOy MOMEHMOM OC8eujenuss U MOMEHMOM COomeem-
CMBEHHO020 pa3ps0a He NpomeKaem 3amMemHo20 6peMeHuU.

7. Paspsoicaiowee Oeiicmeue npu  npouux pagHvix
VCA08UAX — NPONOPYUOHANILHO — dHEpeUuu  aKmMueHulX  Jyuel,
naoarwux Ha paspadceHHyo N08epXHOCHIb.

8. Paspsoicarowum Oeticmgeuem obraoarom, eciu He
UCKTIOUUMENbHO, MO C 2POMAOHBIM NPEeBOCXOOCMEOM Nepeo
npoyuUMU, TYYU CAMOL BbICOKOU NpeloMaseMocmu [yrvmpa-
@uonemosvle], Hedocmarowue 8  CONHEUHOM  CHeKmpe
(A<295+107° mm). Yem cnexmp obunvnee maKumu ryuami,
mem culbHee Oeticmaue.

9. Heticmsue obnapysicusaemcs oaxce npu HUYMONCHBIX
ompuYyamenbHulX HIOMHOCMAX 3apsa0a, NPUUUHA €20 3A8UCUMN
om 35moil NIOMHOCMU; C B803pACMAaHuem NJIOMHOCMU 00
HEeKomopo20 npedena OHO pacmém Ovicmpee, 4em NIOMHOCHb,
a nomom meosnenHee u mMeoieHHee.

10. [lee nnacmunku pazHopooHulx 6 psody Boavmul
Memannos, nomewéHHvle 6 6030yXe, NpPeOCmAassAom poo
2ANbBAHUYECKO20 JNeMEeHmd, KAK CKOpO 31eKmpoompuya-
mebHas NIACMUHKA 0C8eUjeHad AKMUBHbIMU JIyYaMU, (MaKyio
KOHCMPYKYU0 U3 08YX DPASHOPOOHLIX Memailo8 HblHe
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HA3bIB8AIOM  (POMOINEMEHMOM, Ce200HsL C NOMOWbIO MAKO20
YCmMpoUCmea usmepsiemcs, Hanpumep, 6eIUYUHA OCEEUWEH-
Hocmu obvekma npu homoepaguposanuu).

11.  ®omospgpexm  ycunusaemcs ¢  nosvlUeHUEM
memnepamypbi....

B 1891 rony yu€nsle DnbcTep u l'eliTens npu u3ydyeHuun
IIEJIOYHBIX METAJJIOB MPUILIM K BBIBOJY, YTO, Y€M BBHIIIE
3JIeKTPONOJIOKUTEJIBHOCTh MeTaJlla, TEM HIDKE IpaHUYHAas
yacToTra, Ipd KOTOPOM MeTaul CTaHOBUTCA  (pOTO-
YyBCTBUTEJIbHBIM.

B 1898 romy /[xo3zedp TomcoH 3KCrepUMEHTAIBHO
YCTQHOBMJI, YTO TOTOK 3JICKTPUYECKOTO 3apsja, BBIXOASIIHIA
U3 MeTajjia npu BHeHIHeM (poTorddexTe, npencraBiseT coOoi
IOTOK OTKPBITBIX MM paHee uvacTull (T03Ke Ha3BaHHbIX
anexkTpoHamu). [losTomy yBenmueHue ¢GOTOTOKa C POCTOM
OCBEIIEHHOCTH CTalld IOHUMAaTh KaK yBEJIMYCHHE dHCIIa
BBIOUTBIX AJIEKTPOHOB C POCTOM OCBEIIEHHOCTH.

B 1900—1902 romax wuccienoBaHusi BHeumiHero ¢oro-
3¢ dexra, kotopsie npoBoawn Oumnn Jlenapa, mokazanu, 4To
IHEPrus ICKTPOHA, BRUIETAOIIETO MPpHU GoTodddekTe, Bceraa
CTpOrO CBfi3aHA C YACTOTON TANalolMIero W3JIyYeHHUs U
MPAaKTUYECKH HE 3aBUCUT OT HHTEHCUBHOCTH OOTydeHUs.

Takum 00pazoM, YCUIUSMH Pa3HbIX YYEHBIX B KOPOTKOE
BpeMsl OBUTH OTKPBITHI Pa3HbIE «3aKOHBI (poTordpexTar:

1. Yucno ¢pomoanekmponos, svipvisaemovlx 3a 1 cexynoy
€ nogepxHocmu Kamood, nponopYUOHAILHO UHMEHCUBHOCHIU
ceema, naoarouie2o Ha 3mo 8euecmao.

2. Kunemuueckasa >mnepzus ¢omosnekmpoHo8 TUHEUHO
3asucum om Yacmomsl nNA0aWe2o ceema U He 3a8Ucum om
€20 UHMEHCUBHOCTU.
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3. Kpacnas epanuya gomosghghexma 3asucum moabko
om pooda eewecmea Kamood.

4. ®omosghghexm npaxmuuecxku b6e3uHepyuoHeH, max Kax
C MOMeHma OOnyYeHUss Memaila C8emom 00 6bliema
anexmponos npoxooum spems = 0,000000009 cexynout.

IIpakTnuecku B TO ke camoe Bpems, B 1900 rony,
Hemeukud yu€éHbld Makc [lmawk Ilnank, 3aHUMasiCh
HCCIIEIOBAaHUEM CBEUYCHHS CHJIBHO HATPETHIX TEJ, OOHAPYKHII
3aBUCUMOCTH: BeJMYMHA JHEPruM B CIEKTPE U3IIyYCHUS
abcomroTHO YEpHOrO Tela MNPsIMO MPONOPIHOHATIBLHA
4acToTe M3NydeHUs (Wi OOpaTHO MPOMOPLIHUOHANIBHA JAJHHE
BOJIHBI U3JTYy4CHUS).

Cwmotpute: npu ¢dotodddekre HaOIOTAETC ITOXO0XKA
3aBHCUMOCTh. KHHETHYeCKasi JHeprusi (HOTOAIEKTPOHOB
JMHEWHO 3aBHCUT OT YACTOTHI MA/IA0IIETO CBETA M HE 3aBUCUT
OT €r0 MHTEHCHUBHOCTH.

Crpemsce HalTH MaTeMaTH4YeCKyl0 (popmyiy, KOTOpas
ObI IPaBUIILHO OMHMCHIBAJIA PACTIPEICICHUE YHEPTHU B CIIEKTpPE
u3aydyeHus abcomoTHO uY€pHoro Tena, I[lmaHk pazgenu
BeJIMYMHY IHEPIruM U3JIY4YEHHUs, COOTBETCTBYIOILYIO KaKOKH-TO
OJHOW YacTOTe M3Iy4eHMs, Ha OTy 4YACTOTY W3Iy4YECHUsS
(u3mepsiemyto B Teparepuax — TII) U momxyduun pesynbrar
6°10>* Jikec.

UTo6BI [IPEACTABUTD, CKOJIb Manas 3T0 BennduHa 6210 >
JIxec, MOKHO nepeBecTH [[XKOyib B APYryrO CHCTEMY pacyéTa,
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rae 1 JIx = 0,101972 kunorpamMmm-cuiia-MeTp, ¥ BCIIOMHUTBH O
TOM, YTO M3MEpPEHHas Macca OJHOI0 3JEKTPOHA COCTABISAET
9,10938356(11)+10 " kunorpamma. CooTHecuTe 6°10 % u
6107 — pa3HuIla Ha TPU mopsiaka!

[locnenyromue Bbruucinenuss Makca [lnanka nokasanw,
4yTO OTHOIIeHue sHepruu E k uvactore V g Opyrux 4actoT
AIEKTPOMArHUTHBIX M3TYYEHHUH JAIOT Ty K€ CaMyl0 BEJMYHHY
ummyibea 60107 Jixec! Ha stom ocHoBamuu ILIaHK BbIBH-
HYJ TUIOTE3y, YTO 3JICKTPOMAarHUTHOE HW3JIy4YCHHE HCITyCKa-
€TCSl B BUJIC OT/ICJIbHBIX MOPUMIA SHEPTUU («KBAHTOBY).

Haiinennas Makcom IlmankoM HoOBas Qu3ndeckas
TOCTOSIHHAS ¢ BETMUMHON sHeprun 4+107"° 3Bec mm 64107
Jlxec Oblna Ha3BaHa «mocTostHHOW Ilmankay». E€ OykBeHHOE
o6o3Hayenue — h.

Torma »xe sBieHue BHemHEeTo (oTodhdexTa CHIBHO
3aMHTEpPEecOBali0  HAuMHaIero ydyéHoro wu3 ['epmanun
AnwOepra DuHIITEHHA, OBIBIIEr0 TaTeHToBema. OH yBHIET,
9TO «BTOpOM 3akoH (Qotodrddexra» MOXKHO TOMPOOOBATH
O0OBSICHHUTH C TTOMOIILIO Haeu Makca ITimanka o «kBaunTax». Ho,
ecnu IlnaHK mpennonoXun v JokKasai, 4To 3JIeKTPOMATHMT-
Hasl JHePrusi M3Jay4aercss AUCKPETHO, TO €CTh C POCTOM
yactoThl Ha | I'm (wnm ¢ ymenbuieHuem yactorsl Ha 1 I'1x)
DHEPrusl M3JIyYeHHUS M3MEHSIETCS Ha MHKPOCKOMUYECKYIO
(UKCUPOBAaHHYIO BEJIMYHMHY, paBHYIO h (4-10715 3Bec wnmm
610 JIxec), To DUHIITEHH cpa3y 3asiBUJI O TOM, YTO CBET H
CyHIECTBYEeT TOJIBKO B BHJAE «KBAaHTOBAHHBIX MOPIHI»
JHEPruil, BeIMYMHA KOTOPHIX He h, a TpousBeacHUE
KOHCTaHTHI [I1aHKa Ha 9acTOTy U3Iy4YEeHHUs, TO €CTh, V.

BrnocnenctBum 310 pazHoe moHMMaHue IDl1aHkoM U
OWHIITEMHOM  pa3MEPOB  «IIOPLUN»  3JIEKTPOMATHUTHOU
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SHEPruu NPUBEIO K TOMY, UYTO B DJHIMKJIONEAUSIX CTaJIU
nucath: «...Jlnank e npeononazan, ymo 1eKMPOMACHUMHOE
U3yyeHue UCNYCKAemcs 6 6U0e OMOEeNbHbIX NOPYULl SHepeuu
(keanmos), 6enUYUHA KOMOPLIX C6A3AHA C  HACHOMOU
uznyuenus evipadcenuem: E = hvy.

Takum o0pa3zomMm, cuuTaercs, 4TO Ipolecc 0Opa3oBaHUs
CBETa 3aKIKYAeTCi B TOM, YTO DJIEKTPOHBI HCITyCKAaKOT
ANIEKTPOMArHUTHOE M3JIy4YE€HUE B BHJIE «CBETOBBIX KBAaHTOB» C
sHepruei hv, mpu4éM 3TH «KBAHTBI YHEPTUU» BEIYT ceOs Kak
gacTullbl. A 1pu BHemHeM (orodpdexre, 00BICHUI
A.DUHIITEHH, ©IMEET MECTO OOpaTHBIN MPOLECC — HIIEKTPOHBI
NOTJIONIAIOT YaCTHIENOAOOHBIE «KBAaHTBD» C SHeprueit hv
(Ha3BaHHBIE ¢ mojgaunm xuMuka [ unbepra  Jlpromca
«(hoToHaMM»), U, MOJ, TIOATOMY IHEPrusl BBUICTAIOUIETO MpPU
doro3pdexre 3MeKTpOHA BCET/Aa CTPOro CBA3aHA C YACTOTOM
NaJaroLIero U3JIy4eHUs.

3a 3TO OOBSICHEHHE «BTOPOro 3akoHa (oTtorddexra» B
1921 romy Annbept OiHmTeitH nomyunmn HoOeneBckyro
npemuto 1o ¢usuke. Ilpu sTOM, BBens B HayKy IOHSATHE
«KBaHT €BeTa» OWHIITEHH (AaKTUYECKU 3aMOJIOHUI (UBHUKY
HOBBIMH  CYIIHOCTAMH, OOJaJalOIMMH  YHUKAJIbHBIMU
XapaKTepucTUKaMu!

Bno6aBok k 3TOMy cO3/1aTeNli «KBAHTOBON MEXaHUKH») —
«OWHIITENH U TPYyNIA NOAAECPKKN» — CTAJIN YTBEPKAATH, UTO
w3 GopMyisl E=mc?, KoTo- §Toressetessssssessssssessssee
pyto OUWHINITEHH BbIOAT 34
CBOI0O HAaXOAKy (XoTsa JTa
dbopmyna  ObUTa  BBIBEICHA
paHee AaHIJMHCKUM  YYEHBIM

100 JAHRE RELATIVITAT - ATOME - QUANTEN

"vveevevsTRIIIRIES
DEUTSCHLAND

Onusepom X3BucangoMm), etansssos
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cJeayeT, 4To 3jeKTpoMaruutHas sHeprus E paBHa macce m u
sKBHUBaJieHTa ei! Benp ckopocTh cBera — € — B 3TOH
(bopmyre KOHCTaHTA.

U3 popmyner Makca Ilnanka E=hv cnegoano, uyto npu
N3MEHEHHHM YacTOThl H3JIydeHUs V IPONOPLHUOHAIBHO
U3MEHseTCs BeJMYMHA JHeprum wusiydeHus E, a 310, 1O
YTBEPKJICHUIO DUHINTENHA, PABHOCHIIBHO M3MEHEHUI0 MACChI
«xkBaHTa»! E = m!

Paamepbl KBaHMoOB Takas

BeAuyuxa

\ . 3Hepezuu
ey

Bugumeni

COAHeuHbIl caem
Bt

.V/lbmpadzuoncmoouﬁ

N =
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aapuoc connye”

Penmeenoocrue nyuu

|/
&/, T Kcamnu GauuwKom
1

| monui gna nokasa

nepecopauucacm
cnuxoL! yacmu
amomos u
monexyn,

spauaem
monekyny
unu 3acmaensem|

ee .
Konebamoca,

UOHUSUpYem
amom,

paspywaem




Bor mouemy Ha 3TOM KapTHHKE, KOTOPYIO s HAIIENI B
OJTHOM W3 Y4COHHKOB COBPEMEHHOU (PH3UKH, UMEIOIIUE CaMYIO
KOPOTKYK0 JJIMHY BOJHBl TraMMa-Jy4HM IpEJCTaBJICHbI
pa3MepoM ¢ nyieuyHoe siapo! Pa3 Gomnblie sHEprUu — 3HAYUT
6onbuie mMacca! [lpu 3TOM co3aTenu «KBaHTOBON MEXaHMKID)
3asBUJIM, YTO, CO3JaB HOBYIO HAyKy, OHU NPHUMHPHIH H
00beUHNIN KOPNYCKYJISPHYIO H BOJIHOBYIO TeOpHuH cBeTa!

W neiictBuTenbHO, B (pU3MKE MOSIBUIICS HOBBIM TEPMUH:
«KOPIYCKYJISPHO-BOJHOBON Jayanau3sm» (UM «KBAaHTOBO-
BOJTHOBOM JyaliM3M»). 3a 3TUM TEPMHUHOM CTOHUT HJEs, YTO
MaTepHaAIbHbIE MUKPOCKOITMYECKHE OOBEKTHI MOTYT IIPU OJTHHX
YCIIOBUSIX IIPOSBIATH CBOWCTBA KJIACCHUUYECKHUX BOJH, a IIPU
ApPYrUX — CBOWCTBAa KJIACCHYECKMX dYacTul. [lutupyro
SHIMKIONEANIO:  «HMoes 0  «KOpPnYCKYIAPHO-80IHOBOM
oyanusmey jle2id 8 0OCHO8Y KBAHMOBOU MeXaAHUKU OJisi uHmep-
npemayuu A6NeHUll, HAOI0O0AeMbIX 8 MUKpOMUpe, C MOYKU
3penus Kuaccuyeckux Koumyenyuil. B OeticmeumenvHocmu
K68aHmMogvle 00beKmvl He AGNAIMCA HU  KIACCUYEeCKUMU
BOJIHAMU, HU KIACCUYECKUMU YACMUYAMU, NPOAGTIASL CEOUCMEA
nepevix Ul GMOPbIX JUWbL 6 3ABUCUMOCMU Om  YCIOBUL
9KCHNEPUMEHMO8,  KOmopble  HAO  HUMU  NPOBOOSMCA.
Kopnyckynapno-60onnoeoit oyanusm HeoObACHUM 6 PAMKAX
Knaccuueckou u3uku u modxcem Oblmb UCHOIKOBAH JIUULDL 8
KEAHMOBOT MEXAHUKEN ..

Tak BOT, yTBEpXKAECHUE, UYTO «KOPHYCKYIAPHO-BOIHOBOU
0yanu3m HeoOBACHUM 8 PAMKAX KIACCUHeCKOU (u3uKkuy», — 3TO
J0Xb! A yTBEpKIEHUE, UTO «IHep2usi IKBUBANEHMHA MAacce
(E=m)» — 3T0 4KCTO# BOJIBI MOIICHHHYECTBO!

30 https://ru.wikipedia.org/wiki/Kopnyckyaapno-60amno6ou_oyanuzm
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51 6epych moKazatTh ceifuac, 9TO KOPNYCKYJISPHO-BOJIHO-
BOH JyaJIM3M JIerKO O0BbSICHAETCS B PaMKaxX KJIaCCHYeCKOi
puzukn!

Kpome  Toro, OpITyromiee  yTBEpKIEHHE,  UTO
KOPIYCKYJIIPHO-BOJTHOBOM Tyanu3M SIBISIETCSI TOPOKICHHEM
«KBaHTOBOM MeXaHUKH» — 3TO emé oaHa Jioxb! C Tex mop,
Kak y ¢uinocohoB M €CTECTBOMUCHBITATEICH TMOSBUIOCH
npeacTaBieHue o0 »¢dupe, MUPOBOW cpeae, ¢ TeX MOp H
MOSIBUJIOCH TPEJCTABIECHWE O TOM, 4TO BCEé BO BcesieHHOM
COCTOUT M3 YACTHI[ MAaTE€PUH, KOTOPHIE MOTYT JIBHTaThCS B
MIPOCTPAHCTBE U KaK «KOPITYCKYJbD», M KaK BOJIHBI, H IPU 3TOM
MOT'YT elI€ BpalaThCsi BOKPYT CBOeH ocu!

OTkpbIBaeM TPYJ HAIIETO MEPBOTO aKaJeMHUKa, BETUKOTO
pycckoro yuéHoro Mmuxaitiio BacuabeBnua JlomoHOCOBa
(1711-1765) u unuraem ero «CJIOBO O ITPOUCXOXIAEHUN
CBETA...»:

«.J[n1  sAchHoco u  nOOpPOOHO2O0 NOHAMUS  OOJIHCHO
paccmompems 8ce 803MONCHbIE Mameputl 08UNCEHUs 8000U4e.
Hmax, nonodxcus HcuoKyl, mMoOHUAUUWIYIO U HEOCA3AEMYIO
mMamepuio céema, 0 4éM HbIHE yrHce HUKMO He COMHEBACHICA,
MPU  8O3MOJUCHBIE OBUIICEHUSL 8 OHOU HAXOOUM, KOMOpbvle
OeticmeumensHo ecmb UlU Hem — nocie oxadxcemcs. Ilepgoe
osudiceHue modcem Oblmb MmeKyuiee Uiu NPOXOOHOe, KAaK
Tacceno u Heemown Oymarom, komopvim s¢hup (Mamepuio
ceema ¢ OpeBHUMU U MHOSUMU HOBbIMU MAK HA3bIBAI))
osudicemcss om Connya u om Opyeux GeauKkux u Maiblx
ceemAwuUxcs mel 60 6Ce CHOPOHbI HANOO0OOUe peKu
becnpecmanno. Bmopoe osudicenue modxcem 6 s¢hupe Ovimo
3pt0ntouweeca (60anogoe), no Kapmeszuegy u [yeenuesy
MHEHUI0, KOMOPLIM OH HAN000OUe 8eCoMa MENKUX U 4acmbvlx
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6o 80 ece cmoponwvl om Connya Oeticmgyem, NPOCMUPAsL
OHble NO UCNOJHEHHOMY Mamepuer) OKeaHy BCeMUpHO20
npoOCMpaHcmeda, NOO0OHO KAK MuUxo cmosawds 600a om
6naoulec0 KAMHSL HA 6ce CMOPOHbL NAPANIETbHLIMU KPYeamu
80JIHLL NpOCMuUpaem, 6e3 mexkyuje2o ceoezo osgudicenust. Tpemoe
0sudiceHue Oblmb MOJicem KOJI08PAMHOe, K020d KAaHCOas.
HeYyeCmeumenbHas 4acmuya, up cocmasisaowas, O0KoIo
ceoezo yenmpa unu ocu oopawaemcs. Cusi mpu 803MONCHbIE
aghupa osudricenus mozym au Obimb 8 HEM OEUCMBUMENTbHO U
nPOU3800UMb CGEM U UBEMDBL, O MOM, HAYHEM NOPSOOUHO U

31
BHUKAMENbHO UCCTIe008AMb...» )

Kommenrapuii k Tekcty JlIomoHOCOBa:

Tacceno — Ilvep TI'accenou (1592-1655), gpanyysckuii gunocogh-
Mamepuanucm, Mamemamux u acmpoHOM;

Heemon — Ucaax Hviomon (1643-1727), anmenuiickuti mamemamux,
acmpoHom u Qusuk;

Kapme3suit — Pene /lexapm, eco umsa na aamvinu Penamyc Kapme-
suyc  (1596-1650), panyysckuti  guiocogp, @usuk, mamemamux u
dusuonoe.

TIyeenuii — Xpucmuan [oticenc (1629-1695), nudepranockuii
yuénviti. On YCcmanosun 3aKoubl KOAeOAHUL QU3UYECKO20 MAAMHUKA U
cozoan 6 1678 200y eonnogyo meopuio ceema.

B pamkxax »3TOoro HayyHoro HacrasieHus Muxaiina
JlomonocoBa: «Cus mpu e03modxcuvle Ipupa Oeurcenusn
Mozym iU Oblmb 6 HEM OelCHEUMENbHO U NPOU3BOOUMLD
ceem u yeemol, 0 MOM, HAYHEM NOPAOOYHO U 6HUKAMETbHO

31
«Cnoso o npoucxoafcdeuuu ceema, HO6YNO meopurd 0 ueemax

npeocmasnaiouiee, 6 NYOAUUHOM COOpaAHUU umnepamopckou Axkademuu
Hayk uiona 1 ona 1756 200a, 206opennoe Muxaiinom JIomonocogvimy.
[IpouutupoBano mo kuure: M.B. JlomoHocoB «O BoCHUTaHUU U
oOpazoBanumn», Mocksa, «Ilemaroruka», 1991, c. 125.
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uccinedoeams...» JAaBaiiTe W TNONPOOyeM OOBICHUTH <«2-U
3ak0H (QoTodddexray, KOTOpbId riacutr: «Kunemuueckas
IHepaua (HOomoINeKMPOHO8 He 3AGUCUM OM UHMEHCUBHOCTU
naoarowezo céema, a 3a8UCUM JUHEUHO OM €20 YACHIONbLY.
Bom monvko coenaem movl 9mo yoice 8 credyrowen 2aase...
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KoHTpoJsbHBI «BBICTPED)

CerogHs g1 X04y MOABECTH UTOTOBYIO YEpPTY MOJ Cepuei
cBoMX crTaredl Mo ¢usuke, OOBEAMHEHHBIX B KHHUTY O]
Ha3BaHueM «UTo ectb McTuHa B Hayke o Ilpupoge?»

Ntak, MBI y’ke TOYHO 3HAEM, 4TO CBET — 3TO BOJHBI. C
HarJIIJHOW OYEBUIHOCTBIO 3TO JI0Ka3bIBA€T IMOCTABIICHHBIH B
1801 ronmy omnbIT aHrauickoro yuéHoro Tomaca IOHra,
KOTOPBIN IEMOHCTPUPYET SIBJICHHE HHTEeP(PEepeHH CBeTa, TO
€CThb HaJIOKEHHE JIBYX U OoJiee KOrepeHTHBIX BOJIH CBETa OJIHA
Ha JpYryl0, YTO INPUBOAUT B OJHUX MECTaX K YCHJIECHHIO
SHEpPIruU BOJH, a B JPYTUX MECTaX — K OCJIA0JIEHUIO SHEPTruu
BOJIH.

VYixe camo 1o ceOe siBJIeHHe MHTep(epeHHH SBISETCS
IIPU3HAKOM BOJIHOBOI'0 Ipolecca.

Haubonee HarnsnHas kKapTHHA HHTep(epeHUHH BOJIH,
KOHEYHO ke, HaOJIF01aeTCsl Ha TIOBEPXHOCTH BOJIBI:

Onnako, kak ycrtaHoBwi Tomac IOHT, aHamorudHas
HHTep(epPeHUIMOHHAS KAPTUHA BO3ZHUKACT U NIPU HAJIIOKEHUH
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JIpyr Ha JIpyra KOT€pEHTHbIX CBETOBBIX BOJH U IpHU
HAJIOKEHUH JPYT Ha JAPYyra 3BYKOBBIX BOJIH.

N
o
o Wi RN
S >

Takke Mbl y3HaJIU, YTO, HECMOTPSI Ha OOJIBIIOE CXOJICTBO
MCKY 3BYKOBBIMU BOJIHAMH M CBCTOBBIMH BOJIHAMH, MCKIY
HUMH €CTh W TPOMAJHOE pas3iNuue, KOTOpoe OOYCIIOBICHO
0COOEHHOCTBIO TOW Cpelbl, B KOTOPOH pPacHpOCTPaHSIOTCS
BOJIHBI CBETA.

K ToMy, kak pacnpocTpaHseTcs 3ByK B BO3AYyXE, B BOJE
WK B JII0OOM TBEPAOM Tele, Y (PU3UKOB JTaBHO HET BOMPOCOB.
OT0 ymnpyrue NpoaojibHble BOJHBI, TPEICTABISIONINE CO0O0M
YepeJOBaHUE CXKATUM M Pa3peKEHUN BO3AyXa, KOTOpHIE
MMPOUCXOIAT B HAIIPABJICHUHN ABUXCHUSA BOJHEI.

m———
{
| L

3BYKOBBIC BOJIHBI.
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Kaptuna paanoBosiH, KOTOpblE H3Iy4aeT «BHOpaToOp
I'epua», ecnm paccMaTpuBaTh HMX «MarHUTHYKO COCTaBJIs-
IOLIYIO», IO cBoell (popMe aOCOIIOTHO HUYEM HE OTIMYAETCS
OT KapTHHBI MPOJOJIbHBIX 3BYKOBBIX BOJIH. B Hamem ciyuae
3TO TaKHE K€ BOJIHBI CO cpeprnuecKuM (PPOHTOM.

i I "y

=

\ \\
PaZ[I/IOBOJIHLI, co3JaBacMbIC «BI/I6paTOp0M Fepua».
Korma Tomac IOur mnposomun B 1801 romy cBoit

3HAMEHUTHIM ONBIT, OH HaOIIOAal HWHTEP(EPEHIUI0 HMEHHO
TaKuX BOJIH CO c(pepuyeckuM (ppoOHTOM, TOIBKO ONTUUECKOTO

yara3oHa:
Jxpan B3saumHoe ociabieHHe BOH ngng::om
cBeTa

€O LeIAMH DpoHT BoH HUnTepdepeHnuonnble
| TI0JIOCH! Ha 3KpaHe

Hcrounuk
cBeTa

! { Pt al oA
< (PR .
Y 1
f «"' ey 410, ! § C X
/ / 4 ] f
J (" /1 dark
BsaumHoe ocniabienne BosH - Anm YCHIeHHe BOH
Baa.nMHoeym.nemlenonH-

@ 2006 Encyclopadia Britannica, Inc.

Uto unTepecHo, B 1803 rony Tomac FOHTr Hamién npoctoi
METOJl BBIYMCIICHUS IIMPHHBI CBETOBBIX BOJH, 00pa3yOLIUX
CBET pa3JIMYHBIX LBETOB. FOHI MOHAN, YTO HIMPUHY 3TUX
BOJIHOBBIX  KojieOaHMil (cefiuac yd€Hble MNPEANOYUTAIOT
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TFOBOPUTh O /WIMHAX BOJIH) OH MOXET OIpenesTh II0
II0JIO)KEHUIO TEMHBIX I10JI0C, BO3HUKAIOLIUX HA DKpPAHE B €ro
omnblte. FOHT HamEN, 9TO A1 BHIYMCIIEHUS IIMPHUHBI BOTHOBBIX
Kosie0aHui, 00pa3yroIiuX TOT WM HHOW LBET, HAJO BCEro
JMIIb W3MEPHUTh PACCTOSHUE MEXAY LEHTpaMH OTBEPCTUH B
9KpaHe ¢ JBYMs ILEISIMU M YTOJl, O/ KOTOPhIM Ha 3KpaHe JJis
HaOMIOJIEHUH BUJACH TMEpPBBIH MHUHUMYM (TEMHAsl II0JI0CA).
3HaueHUE WIMPUHBI BOJHOBBIX KO0JIeOaHHIl CBETOHOCHOM
cpenbl, 00pa3ylomX KOHKPETHbIH I[BeT, KaK YCTaHOBHII

FOur, MoxHO HaliTh o popmyne A = 2d sin .

Caetodim
| : O |

d¥
Jlamma | I |

DKpaHBI CO MEIAMI DkpaH 11s HabTroIeHIs
nHTepdepeHIm cBeTa

[To sromy moBomy FOHT Hammcan B cBoil pabore: «/3
CPABHEHUsI PA3TUYHBIX IKCHEPUMEHMOB NPeOCmABaAemcsl, Ymo
WUPUHA BOJIHOOOPA3HBIX OBUNCEHUL, COCMABIAIOWUX KPAUHULL
KPACHBLIL C8em, 00IICHA CUUMAMbCA PABHOU 8 8030YXe OKOJIO
00HOU 36-mblcAYHOU OMUMA, A BOJHOOOPA3HBIX OBUINCEHUL,
COCMaBAWUX KpauHull (uoaemoswlit céem, — 0K0a10 0OHOU
60-moicaunoll; cpeOHAs WUpUHaA NO 8CeMy CNeKmpy ¢ YYémom
UHMEHCUBHOCMU C8ema PABHA NPUMEPHO OOHOU 45-MmblCAYHOL
otma. M3 smux eenuuun credyem, eciu 8ecmu pacyém no
U38eCMHOU CKOpOCMU C8emd, 4mo 3a OOHY CeKYHOY 6 2143
doicHbl  nonadams  noumu 500 Muniuonoe MmuinuoHos
CAMBIX MEONCHHBIX U3 MAKUX KONCOAHUI ... »>2

.M. Tonus u C.P. ®unonosmny «Knacenkn (usngeckoit Hayku». PaboTa
T. IOnra «Kypc nexuuii mo HarypajibHOW (HiIocopun M MeXaHHYECKUM
peméciamy», neknusa XXXIX «O mpupone cBeta W MBETOB», MOCKBa,
«BpIcmas mkonay, 1989, c. 292-293
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Yacrora xonebanuit «500 MHUIUIMOHOB MWJIJIMOHOB» B
coBpemMeHHOM ncunciennn HaszbiBaetcs 500 Tepal epir. J[nuna
BOJIHBI (pMOJIETOBOrO0 CBeTa, paBHas OJHOM O0-TBICAYHOMN
nmoiima, kak ycranoBmwi HOHr, 3T0 416 HM. CoBpeMeHHbBIE

JnaHHble 10 puonetroBomy cBeTy — oT 380 10 440 HM.

Tinex Juanazon amn BosiH, || {nanason wacror,
HM Tlru

®uonerosblii 380—440 790—680
Cunuit 440—485 680—620
| 485500 620—600 ||

3enéHbiii

W o o
625—740 480— 41)~ w

Kak Bugute, Tomac HOHr He TOJIBKO OTKPBUI SIBIICHHE
HHTep(epeHIun CcBeTa, JIOTOIIHO UW3Y4YWJI €ro, HO |
JIOTaIalcs, Kak MOYKHO BBIUYHCIUTH C MPUEMIIEMON TOYHOCTHIO

AJMHBI cBeTOBbIX BOJIH!!! M eMy 3TO ynanoce.

OIHaKO, €CIU CBET — 3TO BOJIHBI, KaK TOIJa OOBSICHHUTH
JTAaBHO OTKPBITOE SIBJICHUE MOJISIPU3aI[iu cBeTa?!

CambIM TIEpBBIM 3TO sBJICHHE OTKphUI emé B 1669 rony
natckuil yu€éuoii Pacmyc bapronun. OH u3ydan KpucCTaslibl
W3BECTKOBOTO Mimara (KaJbI[MHUTA), KOTOpPbIC dYallle BCETO
UMEIOT (GOopMy MPaBHWIBHOTO pPOMOO3Apa, M OJHAXKIBI C
YAUBJIEHUEM OOHApYKWJI, YTO Jy4Y CBETAa NPU MPOXOKIECHUU
CKBO3b KPHUCTAJIJI paculeruiseTcs Ha JiBa Jy4a (Ha3bIBa€MBIX
Tenepb OOBIKHOBEHHBIM U HEOOBIKHOBEHHBIM).




baprosmH mpoBEN THIATEIbHBIE HCCIIEJOBAHUS OOHApY-
KEHHOI'O UM SIBJICHUS ABOWHOIO JIy4enpeJOMJIeHHs, OJTHAKO
OOBSICHEHUS €My JJaTh HE CMOT.

Kpucmann ucnaHdckozo wnama

Jlyy, umerowuii
‘8epmuKasnbHyo

¥~ nonepeuHyo
KOMMOHEeHMY
. i . | Jlyy, umerowull
0115pU308aHHbIL SN 2opusoHmanbHyto
ceem rnonepeyHyto
KOMIMOHEHMY

Henonspu3sosaHHsbil
ceem

Cnycts 20 et 3tum oTkpbiTHEM D. bapTonuna 3auHTepe-
coBaJicsl HuuepiaHiackui y4yéHbii Xpuctuan ['rolirenc. O
CTaJl UCCIIE0BAaTh CBOWCTBA KPHUCTAUIOB MCIAHACKOIO IIIara
U Jja11 00bSICHEHHE SBJICHUIO IBOIHOIO JIydelnpeJoMJIeHHsl Ha
OCHOBE CBOEH BOJTHOBOM TEOPUM CBETA.

W3 uctopun ¢usuku: «B ceoux onvimax Ioticenc nowén
Ooanvwe bBapmonuna, nponyckas oba Jyua, 6vlueouwiue u3
KpUCmManna ucianocko20 wnamad, CK603b 6Mmopou makou ice
kpucmann. Okazanoce, umo eciu OnmuyecKkue Ocu o00oux
KPUCMANI08 NApaiesbhbl, Mo OAlbHelue20 pa3iloHCeHus
amux jyyetl yce He npoucxooum. Ecnu swce emopoii pom6030p
nosepuyme Ha 180 epadycos 6okpye Hanpaenienus pacnpo-
cmpaneHusi 00bIKHOBEHHO20 JIy4d, MO NPU NPOXOHCOEHUU Yepe3
8MOpPOU Kpucmaii HeoObIKHOBEHHbIUL JIyY npemepnesaenm cogue
8 HanpasieHuu, NPOMUBONONONCHOM CO8USY 6 NepPEOM
Kpucmaiie, U U3 Makou cucmemvl 00a Jyua Gulli0ym
COeOUHEHHbIMU 6 OOUH NYYOK. Bulachunioce makawce, 4mo 8
3a6UCUMOCIU OM BEUUUHBL Yelld MeXCO) ONMUYECKUMU OCAMU
KPUCMANIO08 USMEHAEMCS UHMEHCUBHOCb 0ObIKHOBEHHO20 U
HeoObIKHOBEHHO20 TyUell .

Omu  uccredosanusi eéniomuyio nooseau Iioticenca
OMKPLIMUIO 561eHUs ROJIAPUSAUUU C8eMmd, OOHAKO peuaro-
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we2o uiaza ox coenamsv He CM02, HOCKOJIbKY C8enoeble GOIHbL 8
€20 meopuu npeonoaazaIucy npodoﬂbubtmu...))33

U Bort, mociae toro, kak B 1801-1804 romax Tomac FOHr
HarJSIIHO JTOKa3ayl Y4€HOMY COOOIIECTBY, YTO CBET 3TO BCE-
Takd BOJIHBI, (M3HMKH CTalM AyMaThb HaJ TEeM, Kak € UM
OOBSICHUTH SIBJICHUS, TIPOUCXOJISAIINE IPU MPOXOXKICHUH CBETA
yepe3 HEKOTOpbIe KPUCTaIIIbI?

B 1808 rony ¢panmysckuit yuéHblii OTheH Maimtoc
Ha3BaJl TAKOW «OCOOCHHBIN CBET» MOJISPU30BAHHBIM, 2 CaAMO
SBJICHUE MOJSAPU3ALMU OH BeCcbMa yOeAUTEeTbHO 000CHOBAI
TOTJa K€ C TIOMOIIbIO TMOMYISIPHOH B TO  BpeMs
«KOPIYCKYJISIPHON TEOpUHU CBETA»: «uacmuysbl 8 COJIHEYHOM
ceeme OpPUEHMUPOBAHBI NO 6CeM HANPAGNEHUAM, NpU
NPOX0ACOeHUU JHce 0BOAKONPENOMAAIOUE20 KPUCTNATA ULU NPU
ompasiceHuy om niO0CKOU NOBEPXHOCU OHU OPUEHMUDYIOMCS
OnpeoenénHnbviM 00pazom...»

och piay
_a—NoARpUSaYUU noaspusayuu
\V ¢ T
L
|
1
L,
ecmecmeeHHbll \ NOARPU30E.

ceem noaspusamop noaspusamop

ceem

B 1816 romy npyroit ¢panmysckuii ¢usuk Orioct
@®peHenb NOMBITAICS 00BIACHUTH SIBJICHUE MOJSPU3ALUN CBETA
yepe3 BOJHOBYIO Teoputo. OH BbICKa3an MpeanoIokKeHHe, YTo
«B0JIHA, CBA3AHHAS CO CBEMOM, HOCUM Xapakmep CMeujeHus,
NePNEeHOUKYNAPHO20 HANPAGIEHUIO PACHPOCMPAHEHUs C8e-
may.

B 1817 rony u cam Tomac HOHr, OoTKphIBIINI sIBIEHUE
UHTEepPEPEHIINH CBETa, BHICKA3al MMOJ00OHYIO THIIOTE3Y: «ceemt,

** https://ru.wikipedia.org/wiki/Monspu3aums_sonH

241



UCX00AWUIL U3 KPUCMANIa UCAAHOCKOZ0 winama, ciedyem
paccmampueams He KAK NPOOO0JibHblE, A KAK NOnepeuHsvle
60JIHBL...).

C TOoro MoMeHTa B HayKe, M3y4yalolleil CBET, HAyaloCh
enBa Ju He cymacmiectBue. DU3MKM CTamu CTPOUTH BCe-
BO3MOXKHbIE (DaHTACTHUECKHE TEOPUHM M JaKe JOAyMallucCh
MPENINONIOKUTh  CYIIECTBOBAaHHE  «d(QUPHBIX  CTPYH», B
KOTOPBIX, KaK UM Ka3aJlloch, 1 MOTYT BO3HUKATh Oeryuime co
CKOpPOCTHI0O CBeTa IONepeYHble BOJHBI, OOBICHSIONINE
SIBIICHUE TIOJISIPU3AIIHH.

N Bor nactymun 1820 ronm, nmatckuit yuéHblii XaHC
DpcTen coBepUIaeT JaBHO 0’KUJAEMOE BCEMU OTKPBITHE — OH
oOHapyXMBaeT MAarHUTHOE JieficTBHe 3J1eKTPUYECKOr0 TOKa,
U BMECTE C TEM B XOJ€ HCCJIEeIOBaHUS IJIeKTPOMAarHeTH3Ma
OH MPUXOJUT K BBIBOAY, UTO AJIEKTPUUYECKUN TOK «oOpazyem
6UXPb 60KPYZ NP060JI0OKU». B omrcaHnu K CBOEMY OTKPBITHIO
Opcten coodmun: «/meHHo BUXpPAM CBOUCHEEHHO Oelicmeo-
6ambv 8 NPOMUBONONIONCHBIX HANPABICHUAX HA O8YX KOHYUAX
00H020 Ouamempa. Bpawamenvhoe O8udcenue 60Kpye OCU,
covemaioujeecst ¢ NOCMYRamenbHblM O8UNCEHUEM 8001b IMOU
ocu, 00a3amenvHo 0aém 6UHNIOB0E OGUINCEHUE. .. )

DIeKTpHYeCKHH TOK

OTKpBITHIA DpCTEOM BUXPB! o,

ITposoa
N Hanpasiienue Bpaiienus

BHUXPEBOIO MArHUTHOIO
W <7Z>O NnoJIsik ———————————

S

DJIeKTPHYECKHH ok’ <——MarHHTHas CIpeKa

JanpHelmue cioBa DpcTena s HaC cedvyac Hamboliee
UHTEPECHBI: «f ybexcoén, umo 6 Imux 0GUICEHUAX Oydem
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HallOeno o0vACHenue A61eHUIl, U36ECHHbIX NOO HA36AHUEM
4
nonapuzayuu ceemd... »4
Cnyctss noutu 40 71eT mociie 3TOro0 OTKPBITUS DpcTeaa

anrmiickui yu€ueiii [[xeitmc MakcBemt pemaer 0000IIHUTH
BCE OTU pa3pO3HEHHBIC 3HAHUS O MPUPOJAE CBETA, JOOBITHIE 10
HEro JpYyruMH Y4€HBIMH, a TaKK€ BCE MX CMEJIble TMIIOTE3bI,
9TOOBl COCTABUTH €IMHYK Teopuio cBeTra. OcoOEHHO B
co3HaHMe MakcBeula 3anajiu cjaoBa JpcTela Ipo BHUXPeBble
JABUKEHHUS] BOKPYT MPOBOJHUKA € TOKOM, KOTOPbIE BIIOCIIE/I-
creun Mankn ®apaneil Ha3Ball «BHXPEBBIM MATrHHUTHBIM
nojem».

W ecnu Dpcren Obu1 yOexa€H, 4TO B ATHUX BHXPEBBIX
ABUKEHUSIX «OyOem Haul0eHO 00bsCHeHUe s61eHUll, U38eC-
HbIX MO0 HA36AHUEM RNOAAPU3AUUU céemay, TO U MakcBe
TOXE HMMEHHO B MPUPOJE 3JIEKTPOMATHETH3MA YBHJEI
OOBSICHEHHWE BCEX SBJICHUH, M3BECTHBIX II0J] Ha3BaHHEM
nojgspuzanuu cBera. B 1865 romy B cBoeil «OnekTpo-
MarHUTHOHN TeopHH cBeTa» MakcBeIul Hamucal, OOBSCHSS CBOE
BUJICHUE TIPOLIECCA: «...Oma ONHA COCMOUM ROJIHOCMbIO U3
MACHUMHBIX 603MYU{EHUUI, NPUYEM HANPABNEHUEe HAMASHU-
YeHUss HAxXooumcs 8 niockocmu 60aHvl. Hukakoe macnumnoe
B03MYWEHUe, HANpAGIeHUue HAMACHUYEHUs KOMOpo20 He
Haxooumcs 6 NI0CKOCMU B0JIHbl, 8000We He MOdHCem pacnpo-
CMPAaHAMbCS KAK RAOCKAA 60TIHA™ ...

* BosmoxkHo, [I.K.MakcBem, ToBOpsl 0 «IJIOCKHX BOJTHAX», UMEI B
BU/1Y BOJIHBI C JINHEHHO MOJIApU3anuei.

* I'M. Toman u C.P. ®unonosnd. «Kunaccuku ¢usnveckoil HayKm»,
Mocksa, «Bbicmiast mkona», 1989, c¢. 311. Crares I'.X. Dpcrena «OnbIThl,
OTHOCSIIUECS K ACWCTBHIO DIIEKTPUYECKOTO0 KOHQIMKTa HAa MAarHUTHYIO
CTpEJIKY», IEPEBOJI C TaTHHCKOTO BEIoHEH . I'. JlopdhmaHOM.
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IIpoBox s

7 Hanpasnenus spanrenuit o
7 IBYX MarHUTHBIX BO3MYIIEHIIT

T'padux
HM3MEHEHHA o
TOKa
B IIPOBOJIE

"Mnockas BonHa"

Wnmoctpanus k cinosam JI.K.Makcgeinna.

Hamee JI.K.MaxkcBemn Hamucai: «...Omcrooa mazhum-
Hble 603MYULeHUA CXO0AMCA CO C6EMOM 6 MOM OMHOWEHUU,
Ymo 603Myuienusa 6 11000U mouKe nonepeunsvl K Hanpaene-
HUI0 PACHPOCMPAHEHUA U MAKUe G0JHbl MOZym 001adambo
6cemMU CeOICMEAMU NONAPUIOCAHHOZO CEEMAY™".

B 1887 rongy nemenkwuii yuénerii ['enpux ['epir, padotas ¢
IEKTPUUECKUMH  Pa3psAAHMKAMH, KOTOpble  OOIydanauch
ynbTpaduoIeTOM, OTKPHLI sIBJICHHE BHelIHero ¢orodddexTta,
a B 1888 rogy oH OTKpbUI paAHOBOJIHBI.

B 1888-1890 rogax siBneHue BHemHero ¢poro3dgdgexra
uccienoBayl pycckuil yu€Hblil Anekcanap CTOJIETOB U OTPBLI
OJIMH U3 €0 3aKOHOB.

B 1900—1902 rogax nemeukuii ¢puzuk Oununn Jlenapn
OTKpBUT BTOPOH 3akoH (oTorddexra: «Kunemuueckan nep-
2ua  pomosneKmponos JUHENUHO 3A8UCUM OM  YaACHIOMbl
naoarowezo céema u He 3a8UCUm Om e20 UHMEHCUBHOCTUY.

1900 romy nemeukuit yu€neli Maxc Ilnank, uccnemys
TEIJIOBOE M CBETOBOE M3JIYYEHHE CHJIBHO HArpeTOro 4épHOro
TeNa, OTKPHUT HOBYIO (pu3uuecKkyio nmocrositnuyio (h), paBHyro
OTHOIICHHIO 3Heprun E n3nyueHus K 4acToTe V U3IydeHus —

E ..
h= 1—], H caciajl BBIBOA, YTO U3JIYYCHUC YCPHOI'O TCJIa IIPOUCXO0-

35 .

I'M. T'oniun u C.P. ®unonoBuy. «Kimaccuku GU3HUECKON HAYKHY,
Mockga, «Briciras mikoiay», 1989, yacte VI, «DieKTpoMarHuTHass TCOpHUs
cBeray, maparpad 95, c. 487-488.
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JUT HE HENPEPHIBHO, a I[I/ICerTHO MOPUHSIMH, 3paTHHMI/I h,
KOTOpBIE UMEIOT BETUUYHUHY 4010 *°5Bec mim 6210 Jikec.

B 1903 rony anrmmiickuii yuénbeii Jxosed JkoH
ToMCOH, TOT caMblii, KOTOPBIM OTKPELI B 1897 roay 3JeKkTpo-
HBbI, BBICKa3aJl HEOXXHIAHHYIO IS BCEX MBICIh 00 MIoJib-
4YaTOM CTPOEHMH PEHTT€HOBCKOro u3nydeHus. PaccmarpuBas
MIPOXOXK/ICHHE PEHTreHOBCKUX JIydell uepe3 ra3bl U ompene-
TS MX HMOHU3UPYIOUIYIO CHOCOOHOCTh, OH OTMETHJ, YTO
0OHapyKEHHBIE MPU 3TOM 3aKOHOMEPHOCTH MOXHO OOBSICHHUTH
JUIIb B OJHOM CIIy4ae, €CIU MPEANOoJIOKHUTb, YTO PeHTre-
HOBCKHE JIy4d 00/121aI0T BMeCTe ¢ BOJHOBBIMH CBOiiCcTBA-
MM, TaK:Ke SIPKO BbIPA:KEHHBIMH KOPMYCKYJISIPHBIMH
CBOMCTBaMM.

ToMcoH Hamuca, 4To TPYJHOCTU B OOBSICHEHUU SIBICHUS
MIPOXOXKJICHHS] PEHTICHOBCKUX JIydedl dYepe3 ras3 OTIaJaroT:
«eciu emecmo moeo, umobwvl paccmampusamsv  ponm
PEHMZEHOBCKOU 60JIHbL 00OHOOOPA3HBIM, Mbl NPEONOTIONHCUM,
Ymo OH COCMOUm U3 0YeHb APKUX NAMEH, PA30eaEéHHbIX
npomedcymKamu, 2oe apKochob 04eHb mana..»>*

“Dponm penimzeH08CKOLL BONHDL
COCIMOUM U3 04eHD APKUX NAMEH,
Pas0enéHHbIX NPoOMENYmKaMiL,
20e ApKocmy oueHv mana..”

Tomcon . . “Dnexmpuuecmeo u
mamepus”. M.—JI., 1928, c. 46—47.

Nyy

BonHoBoit q)P(’HT H)"lOM Ha3bpIBAETCA TMHUA, BIOITH KOTOpOﬁ pacrpocTpaHsaeTca
CBETOBasA SHEPTUA.

BomHoBoii GpoHT — MOBEPXHOCTD, OTAENAIIIAA YACTh IPOCTPAHCTBA YKe BOBNEUEH -
HOTO B BOTHOBOII ITPOIIeCC OT 06/1acTH, B KOTOPO KoNle6aHNA elllé He Haya/luch.

%® Tomcon JIx. Jix. Dnexrpruuectso u Matepus. M.—IJIL., 1928, c. 46—A47.
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Kazanocp Obl, HaKOHEN-TO, XOTs1 OBl OHOMY (HU3UKY B
Hadaje XX Beka MpHIUIA B IOJOBY 3JpaBasi Hjes, ClIocOOHas
YCTPaHUTh OCTPHIE NPOTHBOPEYHs] MeEXKAY BOJHOBOH U
KOPNYCKYJ/ISIDHOW TeopMsIMHM CcBeTa, U 0oJjiee TOro, crnocoo-
Hasl CBECTH 3TH /IBe TEOPUM BOEIMHO, 1A elIé COBCEM MHa4e
O0BSICHUTH SIBJICHHE MOJSIPU3ALMH CBeTa, 0e3 MpuBJeYe-
HHS W/1eH NoNepeYHbIX KoJieOaHuii!

Ecnu cBer pacnpocTpaHsieTcs B CBETOHOCHOM 3dupe, a
3¢uUp COCTOUT M3 YaCTUL-KOPIYCKYJ, MNPUYEM, BO3MOKHO,
caMbIX MaJeHbKMX oOpa3oBanuii B Ilpupome, To mnouemy
CJIEZIOM HelNb3s OBUIO MPEAINONIOKUTh, YTO UM CBOMCTBEHHO
BpaIIaThCs BOKPYT CBOCH ocu?!

A ecau yactunpbl 3¢pupa BpalAaTCs, TO BOT BaM H
[PUYHMHA, TIOYEMY CBET MOXKET ObITh MOJISIPU30BAHHbIM !

N BTOpO#t MOMEHT: eciii yacTUIaM 3¢pupa CBOMCTBEHHO
BpaIllaTbCs, TO OHU SIBISAIOTCA CaMbIMU IWIaBHbIMM B IIpupone
AKKyMYJISITOPAMH KHHETHYeCKOH JHepruu. JTakue MHKpO-
MUKPO-MUKPO MaXOBHKH.

W Tpetuit MOMEHT: €clTi CBETOHOCHBINA d(DUP COCTOUT W3
YacTHll, KOTOPblE MOT'YT IPUBOIUTHCS BO BpAICHHUE, HAINPH-
Mep, IpH B3aUMOJCHUCTBHM C DIJIEKTPOHAMM, TO DHEPrus
«QJIEKTPOMArHUTHBIX BOJIHY» €CTECTBEHHBIM OOpa3oOM CKJIaJlbl-
BAaeTCsi U3 TE€X MHMKPO-«IOPUHM» JIHEPrum («KBAaHTOBY),
KOTOpble HecyT B cebe dacTHlbl 3(upa, y4acTBYIOIIUE B
00pa30BaHUM  KaXJIOW KOHKPETHOM  «3JIEKTPOMArHUTHOMN
BOJIHBD).

Bor tak Bcé mpocto, Ha Mo B3rsA, yctpoeHo! Takoe
IIOHUMaHue ycrpoiictBa Ilpuponsl MokeT aaTh BceM Ham
COBEPUICHHO NHOE€ MUPOBO33PEHHE, HEXKEIU NAET COBPEMEHHAs
0e3dpupHas ¢u3MKa, ¥ MHE JUMYHO B ITOM CBSA3M HA yM
MPUXOJSAT e€BaHreIbckue cioBa Xpucra-Cnacutens npo «llap-
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ctBue HeOecHoe», KOTOpoe Bce MILYT B OKpPYXKAIOIIEM Hac
KocMmoce, u He MoOryr HalTH, MOTOMY 4YTO OHO COKPBHITO B
Mukpomupe! A Beap MeccHus Jail HamEK, TJ€ HaIo 3TO
«IlapcTBO» HicKaTh!

«llapcmeéo Hebecnoe noooono 3epHy 20pUUYHOMY),
Komopoe ... menvute écex ceman...» (Md. 13: 32-33)).

[TocneaHue Tpu ClOBa: «...MeHblUle 8CeX CeMsAH...» U €CTh
MoJICKa3ka K MOHMMaHHIO Toro, rae Haxoautcs «LlapctBo
Bbora-Tsopua»!

OpmHako, Toclie TOTO, KaK aHIMHUCKUN yu€HbIi J[ko3ed
Jxon ToMmMcoH mnoxemuncs € JOpYrUMU YYEHBIMU CBOEH
JIOTQJIKOM 0 JHCKPETHOCTH («UTOJIbYATOCTU») PEHTICHOB-
CKOTO MW3JIyY€HHUS, YBbI, OIHCAHHOTO BHIIIE HAYYHOIO
npo3pennsi He ciayuuiaock. B 1905 roay, HEOXHIAHHO ISt
Bcex, Benymum ¢uzukom Nel cranm AnpOepT DWHINTEHH,
KOTOPBI OMyOJMKOBaJl B HAy4YHOM JKypHalle CTaThio «Zur
Elektrodynamik der bewegter Korper», rie oH Bbipa3ui cBOE
BeIylllee MHEHHE, CTaBIIee TOrJa JOMHHHUPYIOIIUM HaJ
MHEHUEM BCEX JPYI'MX YUYEHBIX: «86€0C€HUE CBEMOHOCHO20
IuUpa 6 HAYKY... AGNACMCA USTUWHUMY'

892 4. Einstein.

Voraussetzung einfithren, daB sich das Licht im leeren Raume
stets mit einer bestimmten, vom Bewegungszustande des emit-
tierenden Korpers unabhingigen Geschwindigkeit 7 fortpflanze.
Diese beiden Voraussetzungen geniigen, um zu einer einfachen
und widerspruchsfreien Elektrodynamik bewegter Korper zu ge-
langen unter Zugrundelegung der Maxwellschen Theorie fiir
ruhende Korper. Die Einfiihrung eines ,,Lichtithers* wird sich
insofern als iiberfliissig erweisen, als nach der zu entwickelnden
Anuffassung weder ein mit besonderen Eigenschaften ausgestatteter
,;absolut ruhender Raum¢* eingefiihrt, noch einem Punkte des
leeren Raumes, in- welchem elektromagnetische Prozesse statt-
finden, ein Geschwindigkeitsvektor zugeordnet wird.

%7 Co6p. Hayu. Tp. M.: Hayka. 1965. T.1. C. 7-8. Zur Elektrodynamik der
bewegter Korper. Ann. Phys., 1905, 17, c. 891-921
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B ToM e Hay4HOM OJKypHalleé C TIOMOIIBIO HUJIEH
M.Ilnanka 0 «KBaHTOBAHHOCTH» CBETa U C MOMOIIBI HJIEH
JIx.JIx. TomcoHa 00 «uroap4aToM CTPOEHUE PEHTTEHOBCKOTO
u3nydeHus» AnpOepT DUHIITEHH OOBSCHUI «BTOPOH 3aKOH
dbotoaddexray, OTKpPHITBIA HeMelKuM (u3znkoMm Duaumnmom
Jlenapnom: «Kunemuueckan 3Inepzua  @homosnexmponos
JIUHEUHO 3a8Ucum oOm YAcmOombl naoarwe2o ceéema U He
3a8ucum om e20 UHMEHCUBHOCIULY.

OWHIITENH BBIABUHYJI TUIIOTE3Y, YTO HE TOJIBKO MCITYCKa-
HUE CBETa TMPOUCXOAUT MNOPUHUAMH (KaK MPEIMOIOKUIT
M.IInaHK), HO «u camo uznyueHue cywecmeayem moabKo 6 uoe
omoenbHbIX  00bekmos (kak npeononodcun Tomconm) —
Keanmos ceema c suepeuei hvy®. Bonee toro: «Cozcnacho
9MOMY COCNAHHOMY 30eCb NPeONnONONCEHUI), SHEPeUus Nyuka
ceema, 8vluedule20 U3 HeKOMopol MouKu, He pacnpeoeisiemcs
HenpepuleHO 80 8CE 8o3pacmaioujem oo6véme npocmpancmasa, a
CKIAobleaemcs U3 KOHEYHO020 YUCAA JIOKAIU30BAHHLIX 8
npoCmMpancmee HeoeIUMblX K8AHMO8 IHEPLUU, NO2TIOUAEMbIX
UNU BOZHUKAIOWUX MOTbKO YETUKOMY.

Oto Obuta coBepleHHO 3apaBas uaes! Ho tonbko, ecin
[0/Ipa3yMeBaTh, YTO «KBAHThI SHEPTUN» — 3TO BO30YKIICHHBIE
gacTullbl 3(upa, KOPMyCKyibl, Y4acTBYIOIIME B 0Opa30oBaHUU
«AIIEKTPOMArHUTHBIX BOJH». TOJBKO B 3TOM CIy4yae BOJHOBAasI
TeOpUs cBeTa 4YETKO YBA3BIBACTCA C KOPIYCKYJISIPHOH
Teopuei.

Onnako, A.DWUHIITEHH, KOTOPOTO CHUJIbHBIE MHpPA CEro
HA3HAYWINA BEIYLIUM YUEHBIM, HEOXKUJAHHO ISl BCEX JPYrHX
YUEHBIX OTOpPBaJ IHEPruio (M Kak MOHATHE, M KaK SBJICHHUE) OT

*® Cnacckuit b. U. Uctopus ¢puzuku. Y. I1. Yaeb. mocobue as By30B. M3,
2-¢, mepepad. u gon. M., «Beicm. mkonay, 1977, c.
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Kakoro Obl TO HH OBLIO MATEPUAJIBLHOT0 HOCUTEJSI, U JTaKe
Takoe TMOHSATHE KaK Macca YacTHIbl y HEro IMpeTepreso
u3MmeHeHus! Macca crajia BAPYr IKBHBAJEHTOM JHeprum!
Haneroch, unTaTellb MOMHHUT, YTO B HEMPaBUILHOU (opmyrie
E=mc2, KOTOpPOW DUMHIITEHH 3aaypuil BCEM MO3TH, CKOPOCTh
CBETa — € — KOHCTaHTa, a TNepeMeHHble Benu4yuHbl E
(oHeprus) 1 M (Macca) OKa3aauch SKBUBAJIICHTHBI IPYT Ipyry!
E=m!

Ha ocHoBe sToro maremarudeckoro ¢okyca, CEKper
KOTOPOTO KPOETCS B TOM, YTO 32 MHOKUTEJIEM M CKphITA emlé
OJlHa MaTeMaTHueckas (opMmyia, OMUCHIBAIONIAs BpalaTeb-
HYI0 JHEPrul 4actuubl 3¢upa ¢ Maccoil my, A.DWHIITEIH
npoaenan B Hayke o Ilpupome em€ OOUH  YUCTO
YMO3PUTENBbHBIN (POKYC, CMBICT KOTOPOTO OOBSCHSET BOT 3Ta
WJLTIOCTPAITHS:

ABJIAOTCA YaCTHIIAMU CBETOHOCHOII CPefIbL,
Hyll HaXOJIAIMMUCA B BO36Y>K/IEHHOM COCTOS -
HII. MBI JO/DKHBI CUMTATD UX “KBAHTaMIt
3Heprui”, KOTOpbIe IBIDKYTCA B mycToM (!)
HPOCTPAHCTBE CaMII TI0 cebe, He MMes
MaTepuanTbHOrO HOCUTeLs!

BonHogoii ¢pponT

CropammBaercs, ecinu 3¢GuUp Kak CBETOHOCHas cpefa
OTCYTCTBYET, a €CTh TOJIbKO «KBAHTBI» CaMbIX Pa3HBIX

249



3H€pFHI71, ABWIKYIIUCCA B ITYCTOTC, UCM TOI'/ld O6L$ICHI/ITI>, 4qTo
HUX CKOPOCTBb JId «KITYCTOT'O IIPOCTPAHCTBA» — KOHCTaHTa?!

Korga ¢wusuku mmenu mpencTaBieHHe O paclpocTpaHe-
HUU CBETAa W JIPYyruX paJuoM3IyyeHUH B Cpejae, BOIPOC O
MOCTOSIHCTBE CKOPOCTH CBETa He MOJABHCAJI B BO3AyXe, KaK
ceituac. B 1865 rony JI.K.MakcBenn B cBoell <«@IeKTpo-
MarHUTHON TEOpPUHU CBETa» Hamucal: «...Mcxo0s us AeneHutl
menia u ceema, Mbl UMeeM OCHO8aHUe NOAA2amy, YMO
umeemcsa  Kaxkaa-mo upuaa  cpeda,  3anoaHAIOWAA
npoCmMpancmeo U NPOHU3LIGAIOWAS 6ce mend, Komopas
obraoaem  cNOCOOHOCMbIO — NPUBOOUMBCA 6  OBUdNCEHUe,
nepeoasams Mo 08UICEHUE OM 0OHOU CB0el Yacmu K Opy2ou
U coobwams 2mo OsudCeHUue NIOMHOU Mamepuu, Hazpesas eé
U 6030elicmeysi HA Heé pazIuyHblMu cnocodoamu. OHepeus,
coobwénnas meny HacpegaHuem, OOJJHCHA Ovlia paHee
cyuecmeogams 8 osudicyujetici  cpede, UOO  BOJHOBbIE
08UICEHUsL OCMABUIU UCTNOYHUK MeNnd 3d HeKOmopoe 8peMs
00 Mo020, KaK OHU OOCMUNIU CAMO20 HA2pesaemoz20 mend, U 8
meyeHue MO0  BpeMeHU  dHepeus  O0NHCHA  Ovlia
cywecmeogams HANONOBUHY 6 popme O8udceHusi cpedvl U
Hano08uHy & ¢hopme ynpyeo2o nanpsaxcenus. Hcxoos uz smux
coobpaxcenuii, npogeccop B. Tomcon (nopo Kenveun)
00Kaszau, Ymo Ima cpeoa 00J1)HcHA 001a0amp HIOMHOCHIbIO,
CPAGHUMOU C NJIOMHOCMbIO O00bINHOU Mamepuu, U oajice
onpeoenusl HUMNCHIOW panuyy moi niomuocmu. 1losmomy
Mbl MOJCeM Kak OaHHOe, Bbl8eOeHHOe U3 OMpaciu HAyKu,
He3a8UCUMOLL Om MO, ¢ KOMOPOU Mbl UMeeM 0ello, HPUHANb
cyuiecmeoeanue npoHUKarouell cpeovl, odaoarouieli Maaoil,
HO peanbHOll NIOMHOCMbIO U CROCOOHOCHbIO NPUBOOUMbCA
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6 OsuiiceHue u nepeoasamsv O0BUNCEHUA OM OOHOU YaAcmu K
Opyzoii ¢ 601bWOoTL, HO He DeCKOHeUHOU cl<opocmblo...»39

HoBas ¢u3nyeckas Hayka — «KBaHTOBas MEXaHUKa», B
OCHOBY KOTOPOM TOJIOKEHBI Haeu A.DWHIITEHHA, BbICKa3aH-
Hele UM B 1905 rony, paBHO Kak U «COBpeMEHHas (hU3HKay,
y)ke 0OoJiee BeKa OTKAa3bIBAIOTCS JaBaThb OTBET HA BOIMPOC O
MpUYMHAX KOHEYHOH CKOpOCTH mpsiMoiuHeiHoro (!) nBuxke-
HUSl «KBaHTOB CB€Ta» B TaK Ha3bIBAEMOM «CBOOOJHOM
IIPOCTPAHCTBE». DTOT BONPOC OOIIECTBEHHOCTH UTHOPUPYETCS
MPECTABUTEIISIMHU JIBYX «COBPEMEHHBIX (DPU3UK» 10 CUX mop!

[Touemy Tak, s MOTY CKa3aTh.

Bcé neno MCKIIOUUTENBHO B TOM, UYTO TOT/Ia CUJIbHBIE
MHpa Cero MWCIyrajiuchb, 4YTO C Pa3BUTUEM HAyKu H
TEXHUYECKOTO Tporpecca MOXET CTaTh OOIIeTOCTYITHBIM
3HaHue «o boze, komopwiii ecmv /Jyx» (310 dpa3a U3 ydeHUs
Xpucra), moromy-to B (pusuke, Aa0bl mpecedb CO CTOPOHBI
HEKOTOPBIX Y4&HBIX «BOrOMCKaTeIbCTBOY  , GbUIA COBEpLICHA
HayyHas  pEBOJIIOIMS, KapAWHAJIbHO  HW3MEHMBIIAs €€
napagurmy. Takum o00pa3oMm, TPEACTAaBUTEISIMH «BJIACTH
TBMBD» (3TO, KCTaTH, OMOJICHCKUI TepMUH) MUPOBOIi 3¢up ¢
ero (paHTaCTUYECKUM COUYETaHHEM CBOWCTB ObUI IpeaH Xyie u
JUCKPEAUTUPOBAH B TIJla3aX MHUPOBOIO COOOLIECTBa, a €ro
MecTo B Mojenu Mupo3anus 3aHsiia adCOII0THAs MMycToTa —
«(u3nUecKuil BaKyym».

% T M. TFoman n C.P. ®uionosu. «Kiaccuku ¢usmueckoit Haykm», Mocksa,
«Bpicmas mkona», 1989, c. 479-480. Tpyn HA.K. MaxkcBemna «/luHamuueckas
TEOpHsI EKTPOMATHUTHOTO Moisi», dacte |. IlepeBox ¢ aHTTMICKOTO BBINIOIHEH
3.A. LleWTauHbIM.

0 https://ru.wikipedia.org/wiki/Boronckatenbcrso
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Janee 3a KopoTkoe BpeMsi Bce YUeOHUKH (DU3MKH ObUIH
Nepenucanbl, Kak »3TO YyKe HE pa3 MPOUCXOJUIO C
UCTOPUUYECKMMU KHUramu. M s5Ta BHOBH 00pa3oBaHHas B
Hayame XX Beka «0e3ddupHas Hayka O TPHUPOAE» CTaia
o(umabHO HA3BIBATHCS «COBPEMEHHOMN (PU3HKOI.

Bubruomexa yuumess @usuKu

CoBpemeHHas
(pus3ura

B CpefHen
IIKOJIe

Anp0epT DUHINTEHH KaK MpelCTaBUTEb «BJIACTH ThMBD»
BBICTYIIWJI TOT/A «3aCTPEIbIIUKOM 3(pupa». OH UCIIOIHUI 3TO
B OyKBaJbHOM CMBICJIE JbSBOJIBCKOE JI€J0, OCTAaBUIMCH B
HApOJHOW MaMSITH C BhIPAXKEHHUEM JIMIIA, KOTOPOE 3arevyaTiieHo
Ha 3TOW NoJIroOMBIIEHcS eMy GoTorpadun.

B neHTpe ¢ BEICYHYTHIM S3bIKOM 3amedaTsiéH Anp0epT DUHIITEHH.
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OnHako, CerojHs HUKTO HE MEIIAET HAaM BEPHYThCS K
TOMY MECTY B HCTOPMH (PM3UKHM, TJI€ NPOU3OLIENT YXOA OT
HCTHHBI, U TPUCIYIIATHCS K TOJIOCY YUYEHOIO, KOTOPBIM BHEC
OTPOMHBIM BKJaJ B Pa3BUTUE BCEM HAlleHd LUBHIM3ALMHU. S
nmero B Buny Hukoay Tecaa.

TpéxdazHbie reHepaTOpbl IMEPEMEHHOTO TOKa BCEX
AJIEKTPOCTAHIIMMA MHPA, BBICOKOBOJIbTHBIE JIMHUU JJIEKTPO-
nepeiad, KOTOpbIe MUTAIOT AJIEKTPUYECTBOM rOPOJIa U CTPAHBI,
TpEXdaszHbIe FIEKTPOJIBUTATEIN IEPEMEHHOTO TOKA Ha 3aBOJIaxX
U B HameM ObITy, — BC€ 3TO MBI UMeeM Ornaromaps ero
reHUAJIbHOMY HOBAaTOPCKOMY ymy!

Huxona Tecnma Taxke 3aHUMAancs
HCCIIEIOBAaHUSAMH B oOmactu  Oec-
MIPOBOJIHOM  Mepefayd SHEpruu  Ha
paccTosiHueE M MHOIO€ B 3TOM
HanpasieHun noctur. Kaxercs naxe
HEBEPOSITHBIM, YTO MEPBYID B MHpE
JEMOHCTPAIIMOHHYIO MOJIeNIb KOpalJs
[OJ PaguOYIpPABICHUEM OH CJeJall

emi€ B 1898 rony!

B 1932 rony, unras B CILIA nexuuu ctynenram, Tecna B
qucie MpOoYero ckasal. «f noxkaszan, umo YHUEEPCANbHAA
cpeda s6usemcs 2a3000PA3HbLIM MeNOM, 8 KOMOPOM MO2Ym
PACNPOCMPAHAMbC  MOALKO — NPOOOIbHbIE — UMHYIbCHL,
€030a6as nepemeHHoe cxcamue U pacuiupenue, noO0OHO
mem, Komopwvle NPOU3BOOAMCA 38YKOGLIMU BOTHAMU 6
6030yxe. Taxum obpazom, 6ecnpoBoOHbIN Nnepedamuux He
npoussooum eoanvl I epya, komopwvie asiaomesa mugom! Ho
OH NpoU3800UmM 36YK06ble BO0IHbL 8 3IPupe, nosedenue
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KOMOPbIX NOX0Jice HA NOGeOeHUe 38YKOBbIX BOH 8 8030yXe, 3d
UCKTIOYEeHUEeM MO020, UYMO O0ZPOMHAA YRPY20CMb U KpailiHe
Manas NJIOMHOCMb OAHHOU Cpedbl Oelaem ux CKoOpochib
pasnoii ckopocmu ceéema...». («Pioneer Radio Engineer Gives
Views on Power», New York Herald Tribune, 11 centsOps
1932 rona).

Uro MHTEpEeCHO, OJJUH U3 CaMbIX MPECTHKHBIX KYPHAJIOB
B obnactu ¢usuku «Physical Review Letters», mydnukyemslii
AwmepukaHckuM (uznueckumM obmiectBoM ¢ 1 urons 1958 rona,
B 2015 romy cooOmmiI CeHCAlMOHHYIO HOBOCTb: «AMEpPUKAH-
CKUM YUYEHBIM YO0anoce 3agukcuposamsv usjiyyeHue om
00H020-e0UHCMEEHHO20 INIEKMPOHA, 1emAuLe20 no Kpyzy 6
MazHUumuom nonely

J1eKTPOMATrHHTHOE
H3IYYeHHe

JIeKTPOMATHHTHOE
H3TyUeHHe

MaruuTHoe noJje

B coo0mieHnr TOBOpUTCS, YTO DJIEKTPOH B TaKOH
CUTYaIll WCTBITHIBACT Ha ce0e CTOPOHHUE CHUJIBI, KOTOPBIC
MPOMOPIMOHANILHEL CKOPOCTH €r0 JIBIDKECHUS U HampsOKEH-
HOCTU MarHUTHOTO TIOJISI.

«llocmosinnoe 6o30eticmeue cO CMOPOHbL 3ACMABAem
INEKMPOH 08U2AMbCSL NO KpYeYy, a NOBOPOMbL 8 MPAeKmopuu
yacmuysbl NPUBOOAM K NOSGIEHUIO INEKMPOMACHUMHBIX BOJIH.
Omom a¢hghexm modncHo cpasnums ¢ cumyayuetl, 8 KOMOpou
yeo6eK Kpymum HAoO 2071080U MOKPYIO MPANKY: CO8epulas
Kpy2osbie 08UdiCenus, mpanka O0ydem pazdopacvleams 60 Gce
CMOPOHBI CIMPYU UNU KANAU 800bl, 8 3A8UCUMOCIU OM MOZ20,
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Hackonvbko oHa Mmokpasa. To e camoe npoucxooum u c
08UAIOWUMCSL NO KPY2Y NeKMPOHOM, KOMOPbI UCHYCKaem
uznyuenue.. »

Kak MbI BUIUM, aMepUKaHCKHE UCCIEN0BATEIN MPHILUIH,
HAaKOHEl, K IIOHMMaHHIO, YTO HUKAKUX <IIONEPEUHBIX
KoJIEOaHUIH» B «3JIEKTPOMArHUTHBIX» BOJIHAX, MOPOKIAEMbIX
JBM)KEHUEM 3JIEKTPOHOB, HeT! B HMX HMMEIOT MeCTO TOJBKO
NPO0JbHbIe HMIYJIbChI, Kak U 00bsicHsT Hukona Tecna.

OneKTpOoHbI (YacTUIbl BEUIECTBA) MPUIAIOT KPOXOTHBIM
gacTuiaM »s¢upa (KOpPIYCKyJIaMm) TMPOAOIbHBIE HMITYJIbCHI,
BO3MOXXHO HMMEHHO TaK, KaK M HAalHCaHO B aMEPUKAHCKOM
JKypHaie, T.e. BbIOpachkiBasg ux u3 ce0s! CHavanma 3J1€KTPOHBI
BOMpPAIOT B ce0s yacTUIlbl 3(upa 1o MyTH CBOETO JBHKCHHS, a
3aTeM BBIOPACHIBAIOT MX, MOJOOHO LEHTpHUdyre, B Hampasie-
HUM, NEPIECHANKYJIIPHOM HAIIPAaBJICHUIO CBOETO JIBUKCHUS.

Takum 00pa3oM, «KBaHTbI SHEPTUU», OHU Ke «(POTOHBD»,
HE POXKIAKTCA «u3 HU4Yero»! I'0BOpsi HAydHBIM SI3BIKOM, 3TO
BO30Y K/I€HHbIe YACTHIbl MaTepuu, oO0JaJarolIue OJHO-
BPEMEHHO M MeXaHHYeCKHM UMITYJILCOM, KOTOPBIA COO0IIaeT
UM TIOCTYNAaTEIbHOE JABM)KEHHE, U MOMEHTOM MMILYJIbCA,
KOTOpPBIM CcOOOIIaeT KOPIYCKyJaM BpallleHHE BOKPYI CBOEH
ocH, MpuuéM TeM OoJIbIlee, YeM BhIlIe yacToTa u3nydenus! Ha
3TO yKa3bIBaeT oOHapyxeHHas Makcom [lnankom 3akoHOMEp-
HOCTb, YTO JHEPrusi M3JYy4YeHUS] JIMHEHHO 3aBHUCHUT OT
YacTOTHI.

Yro xacaeTcs sBJICHUS MOJASPU3ALMHU CBeTAa, OHA KaK pa3
OOBSACHSIETCS HATMYUEM Y «(POTOHOB» (T.. BO3OYXKICHHBIX B
BOJIHE CBETAa YacTHUIl A(upa) BpalaTeIbHOrO JBUKEHHS BOKPYT

! https://nauka.vesti.ru/article/1042455
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cBoel ocum. VX ocu BpalieHUs M CO3/al0T NOJAPH3ALHNIO
cBeTa. fl, KCTaTh, HECKa3aHHO YIUBIEH TOMY OOCTOSTEIBCTRY,
yro yu€Hble XIX-XX BekoB A0iroe BpeMsl YMO3PHUTEIHHO
UCKamu B dJ(QHUpe «IIONepeyHble KoJeOaHUs» M KaKue-TO
«CTPYHBD», MPEKPACHO 3HAsI O TOM, UYTO CIIOBO «IIOJISIPU3ALIMSI
MPOUCXOTUT OT TPeueckoro ciosa POl0S, koTopoe B CBOIO
ouepeab o3HavaeT «ochb»! Hy kak MOKHO OBLIO MPONUTH MHUMO
TaKkoOM TOACKa3ku, KoTtopyto nan em€ B 1808 romy
(bpaniy3ckuil yuéHbrii DTheH Mamtoc: «uacmuysvl 8 COTHEYHOM
ceeme OpPUEHMUPOBAHBI NO 6CeM HANPABIEHUAM, NPU NPO-
X0XHCOeHUU dHce OBOSAKONPENOMAAIOWE20 KPUCALIA UTU NPU
ompasiceHuy om Na0CKOU NOBEPXHOCMU OHU OPUEHMUDPYIOMCA
OnpeoenéHHbIM 00pa3oM...»

KomMmeHnTapuii K pUCYHKY, MPEACTaBIEHHOMY HHUXKE: B
€CTECTBEHHOM CBET€ OCH  BpAIAIOIIUXCS  KOPIYCKY.JI
OPUEHTHPOBaHbl  OecHoOpsSAOYHBIM  00pa3oM, Kak H
npeanonaran JO.Mamoc. [lpm npomyckanuum cBeta yepes
MOJISIPU3AIMOHHBIA  (PUIIBTP, W3 HETO BBIXOISIT TOJBKO T€
«(hOTOHBI», OCH BpALLEHUS KOTOPHIX COBMIAAAIOT C OCBIO
MOJIIpU3aTOopa.

[Iponomxuth CBOM paccka3 s Xody emeE OJIHOU
BU3yalH3alueii, K KOTopoil Ooiee BCEro MOAXOAMUT pyccKas
MOCTIOBULIA:  «/Iyuule OOUH pas yeuoems, uem Cmo pas
yeaviuamao!y.
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Hanerock, BBl moMHHUTE, YuTaTeNb, ciioBa J|.K.Makcpemna
U3 ero «OJIeKTPOMarHUTHON Teopuu cBeTa». OOBICHSSA TO, UTO
Ka3aJI0Ch €My OYEBHJHBIM, (2 MMEHHO TO, KaK B €ro OMbITaX
yOeraeT OT TPOBOJA pATUATBHO CO CKOPOCTBIO CBETa
BHXpeBOe MArHUTHOe ToJie), OH Hamucan: «Hukaxoe
MAZHUMHOE 603MYUleHUEe, HANPAGIeHUe HaMACHUYEeHUs KOMOo-
PO20 He Haxooumcs 6 NJIOCKOCHU 80JIHb, 8000Ule He MOJXCem
pacnpocmpariAmsCi KAK nJlOCKasa 60JiHA...»

CMoTpuTe Temeph, Kakas KapTHHA TIOJy4aeTcs, eCIu
n300pa3uTh rpaduueckd, Kak B JIaMIle HaKadUBaHHS OIUH
OTACNBHO B3ATHIA 3JEKTPOH BO30YKIAE€T CBETOBYIO BOJHY
ONTHYECKOTO Juana3zoHa (KOHKpETHO — (DHOJIETOBOTO IBETA).
[IpencraBisieM KapTUHKY, UCXOJs U3 MU3BECTHBIX MapaMeTpOB
MUKpPOMHPA:

3neKTpoH — 10 % cm

Q

A . \ -
_ ‘} 4
e V. Kapk — 106 cm
J ~ g
> " HyknoHbl — 102 ¢cm
-108
Arom=107cm MNpotoH—- 1013 cm

(HenTpoH)

1. 10 % cm — pasMep 2JIEKTPOHA, MPU KOTOPOM OH eIé
NPEJCTaBIsET OO0 OECCTPYKTYPHYIO TOUKY.

2. ~O,5°1078 CM — JUIMHA y4acTKa OpOUTHI 3JIEKTPOHA, Ha

KOTOPOM TPOUCXOJUT €ro TOPMOXKEHHE W BO3HHUKAET

U3JIy4YEeHUE «JIEKTPOMATrHUTHOM BOJHBI» C A = 4107

CM.

10 % cm — JUaMETp aTOMa XMMHUYECKOTO 3JIEMEHTA.

410 ° cM JIMHA BOJIHBI (rOoIeTOBOIO IBETA.

H~w
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Pucyem B cBoéM BOOOpakeHUH CBETOBYIO BOJIHY, KOTOpast
BO30Y>KIAaeT B HAIIMX TJ1a3ax (MOJICTOBBIN IIBET.

VYuuThiBasg, 4TO pa3Mep JJIEKTPOHA IO OTHOIICHUIO K
pasmMepy TIOpPOXKIAEMOW WM BOJIHBI SIBISIETCS KPOXOTHOM
TOYKOH, 3Ta BOJIHA UMEET KPYroBoi GpoHT, €CIM CMOTPETh Ha
He€ CBEpXY. A yUUTBIBas, YTO AJIEKTPOH MOPOXKAAET BOJIHY C A
= 4+10™° cM, 06palasch BOKPYT sApa aroMa U MPOXOLS IO
YEeTBEPTU 3SJUIUICHON OpOUTHI MyTh JIJIMHON BCEro ~0,5¢10°®
CM, 3Ta KpyroBasi BOJIHA HMeeT ILIOCKYI0 Kak OJMH
CTPYKTYpY. ToJInHa 3TOr0 BOJIHOBOTO «OJIMHAY) OTHOCUTCA K
ero auamerpy kak ~ 1: 8000.

vl

D=2\

Bun cboky

Bun csepxy

Tax BBIIIIUT OAUMHOYHAA TOJIBKO 4YTO C(l)OpMPIpOBaHHaH OTACIBHO
B3ATBIM DJIEKTPOHOM BOJIHA CBETA.

TouHO Tak k€ BBINVISIAUT BOJIHA, MEPEAaolias HalIuM
raasam kpacubiii uBer (A = 7+10° cm). B MOMEHT cBoero
POXKIECHHUSI OHa TMpPENCTaBIsieT coOOW «OnMH», IHUaMeTp
KOTOPOTO MPEBOCXOAUT JHAMETP (PHOJIETOBOIO «OJIMHA
NOYTH B JBa pa3a. U, 4To yIuBUTEIHHO, POBHO BO CTOJILKO
kKe KpaT, kak 3To yctaHoBwi B 1900 romy Maxkc IlnaHk,
JHeprusi M3Jy4YeHHsl, KOTOpyi0o HecéT B cebe (huosieToBbI
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uBeT (Eguon), O0abme (!) sHepruu u3IydeHus, KOTOpas
nepeaéT HallMM I71a3aM KpacHbiil uBeT (E,).

Makc [Inank caenan 5TO OTKpBITHE, KOT/Ia HCCIEAO0Bal
U3Iy4YEeHUE CHUIBHOTO HArpeToro alCONMIOTHO YEPHOTO Tena.
Torma oH BbiBen (OPMYITY SHEPrUU AIIEKTPOMATHUTHOIO
usnyudenus: E = hv, rnme h — nocrosuna Ilnanka, v — gacToTa.
[lockonpky nnMHa BONHBI A OOpaTHO MPOMOPLIHUOHATBHA
gactoTe V (OHU CBsi3aHbl (OPMYJIOi: A = %, r7ie ¢ — CKOPOCTh

CBETa, U ITO TOCTOSIHHAS BEJIIMYHMHA), TO JUISI TAKHX «IUIOCKUX
BOJIHY», MTOPOXKIAEMbIX JJICKTPOHAMHM, CIIPABEINBO yTBEPXKIE-
HHe: SHeprus uzinydenus E oOpaTHO mpomopiiroHaabHa A.

To ecTh, C yMeHbIIIEHHEM PaJNyca «BOJHOBOTO OJIMHA»
(R = 1) B 1Ba pa3a, Tak ke POBHO B JiBa pa3a Bo3pacTaer
OHCPIUA U3JTYyUCHUA.

Eciu paauychl KpyroBbIX BOJIH, TOPOXKTAEMBIX 3JICKTPO-
HaMH, pa3jinvyaroTCsa Ha 6 MOPAAKOB, TO SHCPIruHu 3THUX U3JTy4YC-
HUI pa3HATCS Ha T e 6 MopsaKoB!

W3 5TOM 7NOTrMKM ClexyeT, 4TO H3JIYy4YEHHs C CaMou
. . -12
KOPOTKOM JIJTMHOM BOJIHBI («KOCMHUEcKue ydr» ¢ A = 10 " m),
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obmamaroT TmpocTto  YymoBWINHOW dHepruei! IlpakTmka
MOKAa3bIBAET, YTO ITO TaK U €CTh!

Hanowmsro teneps, uyto B 1905 rogy Ansbept DiHIITEIHH
BBIIBUHYJI THIIOTE€3y, YTO HE TOJBKO HCIyCKaHHE CBETa
MPOUCXOIUT mopuusiMu (kak npeanonoxun M.ITnank), Ho «u
camo usnydenue cywecmeyem moabko 6 6ude OmOenibHblX
00vexkmos (kax npeononodxcun Tomcon) — Keanmoe ceema c
snepeueii hvy*. Jlamee, oOBsCHSIS «BTOPOHl 3aKOH (POTO-
addexray, DinmTeitn Hanucan: «Coeracho 3momy coenauo-
My 30eCb NpeOnoNoNCeHUro, IHEPIUs NYUKa ceéemd, Gululeo-
uie2o U3 HeKOmopou MouKu, He pacnpeoesiencs HenpepovleHo
60 6cé eo3pacmarouiem 00véme NPOCMPAHCMEA, A CKAA0bIEA-
emcsa u3 KOHEeYHO020 4ucia J10KATU306AHHBIX 6 NPOCMPAH-
cmee HeoenuMblX KEAHMOE IHEPZUU, NO2NOWAeMbIX UTU
BO3HUKAIOWUX MOTILKO YETUKOMY.

U s nomxkeH cka3aTh, YTO 3Ta MBICIIb a0CONIIOTHO BepHast!
Tonpko HE HaNO IPU 3TOM OTPHIBaTh HedeJMMble «IIOPLHU
SHEprum» (Tak Ha3blBaeMble «KBAHTHI») OT HOCHTeJ el 3THUX
«mopiuii  SHeprum»! OTH «HOPIMM HHEPrHM» IOTOMY U
HeJeJUMbI, YTO Ka)XIyI0 U3 HUX NEPEHOCUT B MPOCTPAHCTBE
oJHa Heaeaumasi yactuna >¢upa! IlpaBunsHo OyneT cka3aTh:
«OJTMH KOPIYCKYI 3¢upay. BoT Tak BC€ MpoCTO U JOrHYHO!

Cmpaska: «Kopnyckyn (om nam. corpusculum, ymenous. n1am. COrpus
— menbye, KpoOuleuHas Nniome, 4acmuya) — yCmapesuiuii. mepmur Ons
0003HaueHUsT Meabuaiuiell Yacmuybl Mamepuu uiu Igupa (6 omiuyue

om eoanvl). Cnoso uacmo ynompebnsemcsi ¢ mpyoax M. B. Jlomonocosa
43
(Hapsoy ¢ ynompe0OieHuem Cl08 «amom» U «MOIEKYIaA»)» .

*? Cnacckuit b. 1. Hctopus ¢pusuku. Y. I1. Yued. mocobue aist By30B. M3
2-¢, mepepad. u gon. M., «Beicm. mkonay, 1977, c.

* https://ru.wikipedia.org/wiki/Kopnyckyna

260



Teneprs cmoTpuTe, 4TO NOJydaercs. Uem MeHblle JUIMHa
BOJIHBI (B HAIleM ClIy4ae, Y€M MEHbBIIE paJuyC IJIOCKON
KPYTrOBOM BOJIHBI, TOJIBKO YTO MOPOKIAEHHOH 2JIEKTPOHOM), TEM
MeHbIIIe 33/IeHCTBOBaHO B €€ 00pa30BaHMM YacTHIl 3(pupa.
IIpu sTOM, TEM OOJBUIYI0 «IIOPLHIO» IHEPIHUU 3TO MEHBIIEE
KOJINYECTBO KOPIycKyJa Hec€T B ceOe! Eciu mepBoe BbITEKaeT
13 DJIEMEHTApHOMN JIOTUKHU (MEHBIIIE PagUyC ITOCKON KPYyroBOM
BOJIHBI — MEHBIIIE BO30YKJIEHHBIX KOPIYCKYJ €ro o0pasyer),
TO BTOpO€ — OOBACHMMO B TEPBYIO oudepelb paboToit
ANEKTPOHA, TEM, KaK OH TMOPOXAAET <«AJIEKTPOMAarHUTHBIE
BOJIHBI»!

Panee MbI paccmaTpuBaiy, Kak 3JIEKTPOHBI IOPOKIAIOT B
PEHTI'C€HOBCKOM TpyOKe M3JIy4eHHE PEHTTE€HOBCKOTO IUara3o-
Ha (BOJIHBI AJIMHOM MOpsJika | HaHOMeETpa).

HanomHio camyro BaykHYI0 HHPOPMALIHIO:

CxemaTunueckoe nsobpaxeHue
PEHTreHOBCKOMN TPYyOKu

1 — aHOmHBIN cTakaH, 3JEKTPUYECKH COCTMHEHHBIH C TUTIOCOM
HCTOYHMKA BBICOKOTO HANpsDKEHHWs, 2 — OKHO U3 MaTepuana,
MpOIyCKalomero X-iydu, 3 — HUTh Hakana (karon), 4 — CTEKJIsHHAs

261



K0JI0a, N3 KOTOPOH OTKa4daH BO3MYX, 5 — IOJABOJ MUTAHWS K HUTH Hakaja,
crozia e (K JII000My U3 IBYyX MPOBOJOB) MOJBOANTCS BEICOKOE HAIPSDKEHHE
OTPHULIATEIbHON MOJNSAPHOCTH, pas3TOHAIOMEE O OOJBIIONH CKOPOCTH
SIIEKTPOHBI, UCITyCKaeMBbIE KaToI0M. 7 — aHOJHOE 3epKajio (MHIICHB). 8§ —
TpYOKH KOHTYpa BOASHOTO OXJIQXJICHUS aHOIA.

KpacHbiM niBeToM 0003HaYeHa TPACKTOPHS JBIKEHUS JJIEKTPOHOB,
roaydsIM 1mBeToM 00O3HAa4YeHa TPACKTOpHs ABWXKEHHS X-Jydeld (BOJIH
PEHTIeHOBCKOTO JIAIIa30HA).

Huxe rpaguk ycKopeHUs 3JIEKTPOHOB B PEHTI'€HOBCKOM
TpyOKe Ha MEpHOM OTpe3Ke (MeXIy KaTOAOM M aHOAOM) —
3TO JUIMHHAs MEIUIEHHO BOCXOJSINAsi BBEPX NpsMasi JHHUSL.
Hucxomsamas BHH3 mpsiMasi — 3TO TpaduK TOPMOKEHHS
Pa30rHAaHHBIX JJIEKTPOHOB TEJIOM aHoxa. Bo Bpems 3Toro
TOPMOXECHHS DJIEKTPOHBI W HM3IIYYAIOT «IJIEKTPOMArHUTHEIE
BOJIHBI» PEHTTEHOBCKOTO JTMANa30Ha.

CMBICTT YCKOPEHHS 3JIEKTPOHOB B PEHTT€HOBCKON TPYyOKe
COCTOUT B TOM, YTO TakuM OOpa3oM OHHM HAKAYHBAIOTCS
KUHETHMYECKOW HHEepruer, KOTOPYH TMpPH  TOPMOKEHHH,
O6omOapaupyst MUILIEHb aHO/A, OHH JOJDKHEI COPOCHTb.

\4 Yyactok  yCKOpeHHs
(CKOpOCTh)

t (Bpems).

=

VIaCTOK TOPMOJKECHHUA

N3 »storo rpadmka yxke TMOHATHO, OTKynma Oepércs
OrPOMHAs 3HEPrus BOJH PEHTI€HOBCKOTO nuana3ona. Hakomn-
JIEHUE DJIEKTPOHOM KHHETUYECKOW HSHEPruu IMPOUCXOIUT B
T€YCHHE JIUTENBHOTO BpeMeHH (OH  pasroHsercs B
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AICKTPUYECKOM I10JI€ C HAMPSHKEHHOCTHIO 50-60 KUIOBOJBT), a
BbIOpOC ATOM HAKOIUIEHHOH B TEJE€ AJIEKTPOHA KMHETUYECKOU
DHEPTUU NPOUCXOAUT B TEUEHUE OYEHb KOPOTKOTO BPEMEHH.
[lonaTHO Tak e, 4YTO, YeM KOpoue BpeMS TOPMOKEHUS
3JIEKTpOHA MMIIEHBIO aHoJa (AIpaMu aToMoB), TeM Ooiee
KOPOTKYIO  <QJIEKTPOMAarHUTHYIO BOJHY» PEHTI€HOBCKOIO
Juarna3oHa OH MOPOXKIAeT, U, COOTBETCTBEHHO, TEM OOJIBIIHIA
UMITYJIEC SHEPTHH OHA B ce0e HeceT!

Hpyroit Bompoc: eciu B CBOOOJAHOM OT BeIlEeCTBa
IIPOCTPAHCTBE CKOPOCTh 3JIEKTPOMArHUTHBIX BOJIH MOCTOSTHHA

C, U OHa HE 3aBUCUT OT YacTOThl V, a OT YacTOThl V

HaAIpPSIMYIO 3aBUCHUT «IHEprus KBaHtoB» — E, TO, Kak MOXHO
OOBSICHUTh, 4YTO B 0OoJiee KOPOTKOW BOJHE MEHBbIIIEe
KOJINYECTBO KOPIYCKYJ HECET B cebe OOJIBIIYIO «ITOPIIUIO»
SHEPTUH, XOTA OHH JBUKYTCS MOCTYMATEIbHO BCEr/a ¢ OJHOU
U TOH K€ CKOPOCThIO — €7

Ha 3T0T Bompoc MOKHO OTBETUTh, €CIIU TOJIBKO MPU3HATH,
9TO BO30YKIIEHHBIE KOPITYCKYJIbI (OHU k€ «(pOTOHBI») o0aaa-
[OT BpallCHHEM ~ BOKPYT CBOGH OCH (He (HUIypaIbHBIM, a
peaNbHBIM), U CKOPOCTb 3TOT0 BpAILlEHUs HANIPSAMYIO CBs3aHa C
4acTOTOW M3Iy4EeHMsI, KaK 3TO Ipeanooxui emeé B 1627 rony
bpanmysckuii yuéusiii Pere Jlekapt npu 0ObSICHEHUHU LBETOB
panyru!

«Ilpupooa ysema 3axknouaemcs 6 mom, Yymo 4aACHIUUbL
MOHKOU Mmamepuu, nepeoarouieil oeiicmeue ceemada, cmpe-
mamea ¢ Oonvwen cunou epawiamscea (60Kpyz ceoeil ocu),

“ Come (or aHri. Spin, GyKBalbHO — BpalICHHE, BpamaTh(-cs)) —
COOCTBCHHBI MOMEHT HMIYJIbCA O3JICMCHTAPHBIX YaCTHUI, HMCIOIIUI
KBaHTOBYIO MHPHUPOJY W HE CBSI3aHHBIH C IEPEMEIICHUEM YaCTHUIIbI Kak
1eJI0TO.
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yem oeuzamvca no npamou aunuu. Taxum obpazom, me,
Komopbvie 8pawaromecs ¢ 2opazoo 0Ooavuiell cunoi  (uem
oguearomcsi o NPSAMOU JUHUU), OAOM KPACHBIU Yeem, a me,
KOmopble 8pawjaromcs iUl HeMHO20 CUlbHee (Yem me, Ymo
0arom KpacHulil yeem), 0arom Hceuimoli ysem..»®

B cBow ouepenr ¢ BpamieHHeM BO30Y)KJICHHBIX YaCTHI]
a¢upa (KOpPIycKyJsl) B BOJIHE CBETa, KaK MBI YK€ BBISICHUIIH,
CBSI3aHO U3BECTHOC SIBIICHUE — MOJISIPU3AIHUS CBETA.

B cBsi3u ¢ 3THM, YTBep:K/IeHHe COBPeMEeHHOH (PU3UKH 0
MOMEPeYHOCTH BOJH CBETA SIBJIAIETCS COBEPIIEHHO W3JIMIII-
HUM /171l 00bSICHEHUSI SIBJICHUSI OJIsIpU3anum!

Takum 006pa3zoM, Kpyr 3aMKHYJICS, ¥ BCE BCTAJIO Ha CBOU
mecta! B ToM dumcie Bam, 4MTaTenh, OJDKHO OBITH TEMEpPh
MOHSITHO M MOE paHHee YTBEPXKICHUE. 8 OMKpblmom Koaeda-
MEeNIbHOM  KOHMYpe NOMUMO  «INeKMPOMASHEeMU3IMay Mbl
CMANIKUBAEMCSL C HOBbIM ABJIEHUEM NO0O HA38AHUEM «pPaouo-
gonHay. Paduosonna sensiemcs Oumém snekmpomacHemusma,
HO cama OHa He AGNAEMCA JIeKMPOMASHUMHOU CIMPYKMYpoll,
ONUCHIBAEMOTL BbIPAdNCEHUEM . «INleKmpomacHumHoe noiey. Kax
yemanosunu ewé ¢ 1973-1975 cooax coeemckue yuémuvie, 6
PAaouoBoIHe OMCYmMcmeyem «8Uxpesoe NeKmpuiecKoe noiey.
Cetiuac mam cmano sACHO, 4mo 6 Heu omcymcmeyem u
«8UXpegoe MacHUmMHOe nojley, Kakoe o00pazyemcs 60Kpye
NPOBOOHUKA C MOKOM.

Uro kacaeTcst Uaeu «KOPIMYCKYJISIPHO-BOJIHOBOTO Tyaliu3-
May, KOTOPYIO MOAHSUIM «HA IIUT» W IIUPOKO pacHHapUIH

* Pene Hexapt. «Meteopsr», rmaBa VIII, ¢ 333-334. IIpountipoBano mo
kaure Mapuo Jlvoumu «MICTOPUSA OU3MKU», uznarensctBo «MUPy,
Mockaa, 1970, c. 117.
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CO3/IaTeNIl «KBAaHTOBOH (U3UKM», TO OHA HEMPOTHBOPEUYUBO
pacKpbIBaeTCs TOJIBKO C IIPUBJICYEHUEM IPEICTABICHUS O
MHUpPOBOH cpene — 3¢hupe u 0Opa3ylouMx ero yacTumuax —

Kopmyckynax!
Hy u He MeHee BaxXHbI M3 BCEro 3TOro0 Marepuana
BBIBOJI: Anb0OepT DUHIITEHH — MOUICHHHK, H3-3a KOTOPOTO

BCE YUEOHHUKHU (PU3UKH TENEPb HAJI0 3aHOBO MEPEMUCHIBATD.

10 HOs10ps 2019 r. Mypmanck. AHTOH Biarun
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3Ta KHHMra aZpecoBaHa BCeM JIIOGHTeNAM
€CTeCTBO3HAHMA, KTO XO4eT AOKONATLCA 10
MCTHHEI H Y3HATH, NoYeMy "coBpeMeHHast pu-
3uKa” ¥ “KDANTONAA MeXaHHKA"” NpOTHBOpeYyaT

APYT APYTY, H KAKOBA peasibHas npHpoaa
CHETA, PANHOBOJIH M (IPOYHX HANTYYeHMHAT
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