VY napusie BoaHBI Hukoner Tecia
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Jhxelime Knepk-MakcBen npeackas3biBail BO3SMOXKHOCTD CYIIECTBOBAHUS 3JIEKTPOMAarHUTHBIX BOJIH.
B Teopetndeckux IuCKyccusx, IpOBOJUMBIX Il O0JIee TIOJTHOTO Pa3bsCHEHUS €r0 TEOPETUYECKUX
BBIKJIAJIOK, MaKCBEJT IIPOCUIT CBOMX YUTATEJIEH IIOPACCYKAATh O ABYX Pa3IMYHBIX BUAX
JNEKTPUYECKUX BOJIH, KOTOPBIE, BO3MOKHO, CYLIECTBYIOT B ipupoze. llepsoe paccyxxnenue
KacaJoCh MPOJIOIbHBIX IEKTPUUECKUX BOJIH, SBJICHHUS, KOTOPOE TPeOOBAIO HATMYHUS TIEPEMEHHOM
KOHIEHTPALUU CHJIOBBIX JIMHUAM 3JIEKTPOCTaTUYECKOrO mouisd. Takas myJsibcanus yIJIOTHEHHOCTU U
Pa3pEKEHHOCTH IEKTPOCTATUYECKUX T10JIEH MOTIJIa BOSHUKHYTh TOJBKO IIPH YCIOBUU
CYLIIECTBOBaHMS OJIHOHAIIPABICHHOTO I10JIs, BEKTOP KOTOPOTro ObUT ObI 3a()MKCUPOBAH B OJTHOM
HarpaBjieHuU. ENMHCTBEHHAs TepeMeHHas, JOIycKaeMas IIPU BOZHUKHOBEHUU IIPOJIOJIBHBIX BOJIH,
Obu1a KOHLIeHTpalus noiis. [locienyromiee pacpocTpaHeHNe BAOJIb JIMHUHN 3JEKTPOCTaTHUECKOTO
TI0JIs IIPUBOJIUIIO K IYJIBCUPYIOLIUM JABJICHUAM 3apsI0B, U 3TH IIyJIbCalMU NIEPEMEIIAINCH B OJJHOM
HaIpaBJICHUU. DTHU «3JIEKTPUUECKUE 3BYKOBBIE BOIHBD) ObLIN OTKIOHEHB MakcBemiom. OH
3aKJII0YUII, YTO TAKUE COCTOSHUSI HEBO3MOXKHO JJOCTUYb.

Ero BTOPOC PACCYKACHUC KAaCAJIOCh CYHICCTBOBAHUSA IMONCPCYHLIX 3JICKTPOMAIrHUTHBIX BOJIH. Oun
TpeOOBaIM OBICTPOTO U3MEHEHUS AIEKTPUUECKOTO TIOJIS BJIOJIb (PUKCUPOBAHHOM OCH.
DJeKTpUUecKue JTMHUH, PACIPOCTPAHSBIIUECS B IPOCTPAHCTBE, BO3MOXKHO JTOJKHBI OBLITH
«paCKaYMBaThCA B3aad U Bnepén» mona HeﬁCTBHCM CBOETr0 COOCTBEHHOI'O HUMITYJIbCa, B TO K€ BpEMs
yAAJSSACh OT UX UCTOYHUKA CO CKOPOCTHIO cBeTa. COOTBETCTBYIOIINE UM CHIIBI, KOTOPBIE SIBISUIUCH
TOYHBIMH KOITUSIMH KOJIEOAaHUI B HCTOYHHUKE, NOJI?KHBI ObLIH 6I>ITI) ACTCKTUPOBAHLI HA
3HAYHUTENBHBIX PACCTOSHUAX. MaKCBEIUT BIOXHOBWII DKCIICPUMEHTATOPOB HA IMOMCK TAaKUX BOJIH,
IPpCAJIOKUB BO3MOKHBIC ITYTHU JOCTUIKCHHA PE3YyJIbTaTa. Tak HagayCcs BEIUKUU II10X0J1 3a
AJIEKTPOMATrHUTHBIMH BOJTHAMH.

B 1887 r. I'enpux I'ep1r cooOmuim1, 4T0 OH OTKPBUT 3JIEKTPOMATHUTHBIE BOJIHBI, UTO SBJISUIOCH JAJIEKO
HE MaJIbIM JIOCTHKeHUeM i1 Toro BpemeHu. B 1889 r. Huxona Tecna nomneitancs BOCIpOU3BECTH
skcnepuMenTsl ['epria. B cBoeit uzsmnoil mabopatopun Ha FOsxHoii [TsTolt ABeHro OH ¢
a0COJIIOTHON TOYHOCTBIO TOBTOPUII BCE YCIIOBHUS OIbITa 'epia, HO 0OHAPyY KU1, YTO HE MOKET
NOJy4YUTh 3P PEKTHI, 0 KOTOPBIX coolmianock. Tem He MeHee, 000pyJ0BaHUE TPOU3BOAUIIO

3¢ exThI, KoTophie TpeboBanmuch I'epuem. Tecna Havam SKCIIEPUMEHTUPOBATH C KOPOTKHMHU U
MOILHBIMH 3JIEKTPUUECKUMH Pa3psiiaMu, UCTIONb3YsI KOHIEHCATOPBI, 3apPSKEHHBIE 10 OYCHb
BBICOKHMX HanpspkeHud. OH 00HapY KU, YTO C TIOMOIIBIO TAKUX PE3KUX Pa3psA0B BOZMOKHO
B3pbIBaTh TOHKHE IPOBOJIOYKH. CMYTHO OlIylIas, YTO OH HAaTKHYJICS Ha 4TO-TO BaxHoe, Tecna
OCTaBWJI 3TH IKCIIEPUMEHTHI, COCPEJOTOYMBILINCH HAJl 3araJKoM, o103peBas, 4yTo ['epi kak-To
OLIMOOYHO MPUHSIT ANEKTPOCTATUYECKY IO HHAYKIUIO UK 3JIEKTPUUECKUE YAapHbIE BOJIHBI B
BO3JyX€, BOSHUKABIIME BCIEACTBUE DJICKTPHUECKOTO Pa3psa, 3a HACTOSIINE HIEKTPOMArHUTHBIE
BosHbl. Daktuuecku, Tecna gaxke mocernn ['epra u mMYHO 10Ka3an cBoM HabmoaeHus [epiy,
KOTOPBIH Oy ryun yOe:x 1€HHBIM 4TO Teciia ObUT TpaB, 3aKITFOUMIL, YTO €T0 BBIBOJIBI OBLIIH BEPHBIMH,
1 OBbII TOTOB OTOWTH OT cBOEro Te3uca. ['epiy OblI eficTBUTENBHO pa3oyapoBaH, U Tecia rimy06oko
CO’KaJIeN, YTO €My IPUIUIOCH TaK ITOCTYIUTh C YBAKAEMBIM aKaJIEeMUKOM, IIPH JTI0KA3aTEIIbCTBE
VCTHUHBI.

Ho, nponomxast coOCTBEHHbIE SKCIIEPUMEHTSHI 110 UICHTU(UKALIUY 3JEKTPUUECKUX BOJH, Tecna
clienan ciyJaiiHoe HaOJII0JeHUe, KOTOPOE HaBCETAa U3MEHHUIIO X0/ €0 AKCIIEPUMEHTAIBHBIX
uccieioBaHuii. B cBoMxX cOOCTBEHHBIX MOMBITKAX MOCTHKEHUS JIEKTPUUECKUX BOJIH, I'/1€ OH
4yBCTBOBaJ, 4yTo ['epll He HaXOIUT UCTUHY, Tecaa pazpaboTall MOIIHBIM METO/I, C TOMOILBIO
KOTOpOT'O OH HaJEsAJICSl CTEHEPUPOBATh U YJIOBUTH HACTOSLIUE DJIEKTPOMArHUTHBIE BOJIHBI.

Yacts ero anmnapara TpedoBaaa MIPUMEHEHHs O4€Hb MOIIHON OaTapen KOHIEHCATOPOB.

Ota KOHJEHCcaTOpHas 6aTapes OblLIa 3apsbkKeHa 10 OUYeHb BHICOKOTO HAIPSDKEHHS U HEMEUIEHHO
paspsiKeHa yepe3 KOPOTKYI0 MeIHYI0 muHy. [loyueHHble B3pbIBHBIE pa3psabl IPOU3BOIMIN
HEKOTOpBIE SBJICHUS, KOTOPbIE OYEHb BIIEYATIHIN Teciy, MOCKOIbKY JaJeKO MPEBOCXOAMIH 000



ANMEKTPUICCKUH 3PPEKT, KOTOPHIH OH KOTIa-JIn00 BHIEN. 3/1eCh OblIa Kakas-To TaifHa, U OH JOJDKCH
OBLIT PACKPHITH €.

MrHOBEeHHO BO3HHUKABIIINE UCKPBI, KOTOPHIE OH Ha3BaJl «B3PBIBHBIMU Pa3psiilaMm», CIOCOOHBI ObUTH
ucHapuTh poBoa. OHU MPUBOIWIN K OYSHb MOIIHBIM YJapHBIM BOJHAM, KOTOpPbIE OMIIU €T0 C
OOJIBIIION CHJION TI0 BCEH MOBEPXHOCTH TeJa. Teca OblT Ype3BbIYaAHO 3aMHTPUTOBAH ATUM
yIUBUTEIbHBIM pu3ndeckuM 3¢dexrom. TouHee, OH ObUT TOTHOCTHIO MOTJIOMIEH U3yUYECHHEM ITUX
BBICTPEJIOB SKCTPAOPIMHAPHON YHEPTHH, YEM HIEKTPUIECKUMH UCKpaMH. DTH 3JIEKTPHUYECKHE
UMITYJIbCHI IPUBOIMIN K 3(pekTaM, KOTopbie OOBIYHO CBSI3BIBATIHM TOJBKO C MOJTHHSIMHU.

B3peiBHbIE 3()(heKThI HATOMHWIN €My CXOKHE CIIy4daH, KOTOpble OH HAaOII0Aal C BHICOKOBOJIBTHBIMH
reHepaTopaMu MOCTOSIHHOTO TOKa. 3HAKOMBIN OTIBIT CpeA pabouyrnX U MHKEHEPOB MPOUCXOIMII IPU
OOBIKHOBEHHOM 3aMbIKaHUH PYOMIIBHUKA BBICOKOBOJIBTHOTO AMHAMO; 3TO YaCTO MPUBOAMIO K
YyBCTBUTEJIBHOMY 3JIEKTPOILIOKOBOMY yAapy, IPUHUMAEMOMY KaK JOJDKHOE, IPUITMCHIBAEMOMY
OCTaTOYHOMY CTaTHUECKOMY 3apsfy.

Takoe onmacHO€ COCTOSTHUE BO3HUKAJIO TOJILKO MPU BHE3AMHBIX BKIIOYEHUSAX OCTOSSHHOTO TOKa
BBICOKOTO HampspbkeHus. KopoHa cMepTebHOro CTaTUYECKOTo 3apsiia BEIPhIBAIACh MPSMO U3
BBICOKOBOJIBTHBIX ITPOBOJTHUKOB, M YaCTO UCKala IMyTh K 3eMJI€, KOTOPBIN BKIIIOUal B ce0s pabounx
U orepaTopoB. B MIMHHBIX Ka0emsX 3TOT BHE3AIHBIN 3apaaHbli 3¢ (EKT Mopoxkaa mEeTHHY
roay0OBaThIX UIJT, UCXOAUBIIHNX U3 JIMHUU B OKPYXKAIOIIEE MPOCTPAHCTBO. ITO COCTOSHUE
MIPOMCXOIMIIO HETIOCPEICTBEHHO B MOMEHT 3aMblKaHUsI pyOuibHUKA. ['omyOoBaTas ucKpsIascs
KOpOHa HcYe3aja yepe3 HECKOIbKO MUJLTUCEKYH I, BMECTE C JKU3HBIO JIF000T0 HEYaCTHOT0, KOTOPOTO
oHa «ynapsuiay. [locie okoHuaHMs 3TOro KOpoTKOro 3dexTa, cucTeMbl BeTH ce0s KaK MOI0KEHO.
DTO sIBJIEHUE MPOIIa/1aio, KOTJa 3aps bl MEJIJICHHO HACBIIAIM JIMHUU U cucTeMbl. [locie sToit
KOPOTKOM BCHBIIIKY TOKH IJI1aJIKO TEKJIHM Ty, KyJa UM U ObUIO IpeIHA3HAYEHO.

O10T 3P PeKT 0Ka3bIBal BPEIHOE BO3/IEHCTBHE TONBKO B MalleHbKUX cucTeMax. Ho B Oonbmmx
PErMOHANBHBIX YHEPTOCUCTEMAX, B KOTOPBIX MCIOIB30BAJIOCH BICUATIISAIONIEE HATIPSIKEHNE, OH OBLIT
cMmepTeneH. JIroau yMupaau oT 3Toro 3¢ @exra, KoTopblid pacpoCcTpaHsl CBOIO HIMPOKYIO
CMEPTENBHYIO DJIEKTPOCTATUYECKYIO0 KOPOHY UCKP YEPE3 KOMIIOHEHTBI SJHEProCUCTEM. XOTs
TeHepaTophl OBUIM PACCUUTAHBI HA HECKOJIBKO ThICAY BOJIBT, 3TU TAUHCTBEHHbIE BHIOPOCHI
MIOPOKAATIM HAIPSHKEHUS B COTHH ThICAY, JakKe MIJUTMOHBI BOJIT. [Ipobiema Oblia pemieHa, Kkoraa
Ha4aJId IPUMEHATh XOPOLIO N30IMPOBaHHBIE U 3a36MJIEHHBIE PEICHHBIC BBIKIFOYATEIIH.
IIpoBen€HHBIE K TOMY BPEMEHH MH)KEHEPHBIE U3BICKAHUS KaCAIIMCh TOJIBKO TEX CBOMCTB
9HEProCUCTEM, KOTOPBIE KaCaJIUCh YCTAHOBHUBILETOCS peXHUMa MPOU3BOCTBA U MOTPEOICHUS
sHepruu. Tenepsp ke BBISICHUIOCH, YTO OOJIBIINE CHCTEMBI TPEOYIOT IPU CBOEM MPOSKTUPOBAHUN
yuéTa Kak HOpMaJIbHOT0, TaK 1 MEPEXOJHOI0 PEKUMOB pabOTBHI.

[IpucnocobneHne kK OnacHOMY HadaJdbHOMY «CBEpX3apsiay» ObLJIO HOBOW OCOOEHHOCTBIO.
HccnenoBanue 31oro 3pdexra crano Ha TOJITHE TOAbl OCHOBHOM IENBI0 YHEPTETHUECKUX
KOMITaHUH, a IPEJOXPAHUTEIH U UCKPOBBIC PA3PSTHUKU CTAJTH TEMOW MHOTHX ITaTEHTOB M CTaTEH.
Tecna 3Ham, 4TO CTpaHHBINA CBepX3apaaHbIi 3P PeKT HabI0AAICS TOIBKO B MOMEHT, KOT/1a JMHAMO
MOJIKITFOYAJIOCh K JUTHHHBIM TIEPEIarOuM JIMHUSIM, IMEHHO TaK, KaK B CIIydae ero B3PBIBHBIX
pa3psI0B KOHAEHCATOpa. XOTSA 00a 3THX ciiydasi ObLTH aOCOTIOTHO pa3HbIMU, OHHU ITPOU3BOIMIIH
cxoaHble 3¢ dekTsl. MTHOBEHHBIN BHIOPOC, 00€CTICUCHHBIN JUHAMO Ha KOPOTKUN MTPOMEKYTOK
BPEMEHU MOSBIISIICS CBEPXKOHIICHTPHUPOBAHHBIM B POTSHKEHHBIX JIMHUAX. Tecaa BBIYUCINI, YTO
3Ta ANMEKTPOCTATUIECCKast KOHIICHTPAIUS HAMPsDKEHUS ObLIa 110 BETMYMHE Ha HECKOJIBKO MOPSIIKOB
OosblIIe, YeM MOTJIO MPOU3BOAMTS JII000€ JUHAMO TOTO BpeMeHU. DakTuueckas IHEPrusi KaKuM-To
o0paszoM ycuimBanachk win Tpaachopmuponaiack. Ho kak?

WuxeHepsl MPUIIUTH K BBIBOAY, YTO 3TO ObUT 3((PEKT AMEKTPOCTATUYECKOTO «OJIOKHPOBAHUS.
MHorue cuuTtaiu, 4To 3TO ACWCTBHUE «CKAITUTMBAHUS 3apsiia, KOT1a MOIIHBIA UCTOYHUK HE MOT
nepeaaTs 3apsij Mo CUCTEME JIOCTATOYHO OBICTPO. 3aragkoi ObLUIO TO, YTO MOJIHOE COMPOTUBIICHUE
MOOOHBIX CUCTEM, Ka3aJ0Ch, OKA3bIBAJIO BIMSHUE HA MIEPEHOCYUKH 3apsia MPexie, YeM OHU MOTIIN
YHTH OT BBIBOJOB JUHAMO! ITO OBLIO IMOX0KE HA TO, KOTIa OBICTPO NUIEMAETs PyKOH 110 BOJIE, TO



MOBEPXHOCTh KaxkeTcsl TBEPoN. Tak ske ObLIIO U C BIEKTPUUECKOM CUIIOH, 3aps/ibl CKAIJIUBAINCh
niepe; 6apbepoM, KOTOPBIN Kazajcs TBEpAoM cTreHol. Ho 3ToT 3¢ dekT aumcs ToIbKo BO BpeMs
yaapa. Kak ToJbKO MepeHOCUHKH 3apsiia «I1OXBATHIBAIKCHY MPOU3BOJIUMBIM 3JIEKTPUUECKUM
T0JIeM, 3apsi/ibl MPBITAIH 110 JIMHUU BO Beex HampaBieHusX. Kopotkuit a¢dekt cBepx3apsana
HaOJI01aJICSI BO BPEMSI pacIipeie]ICHUS 3apsI0B, OBICTPO 3aMOIHSIOIIUX BCIO JIMHUIO U CUCTEMY.
Taxum 06pa3om, TMHAMO CTAHOBUJIOCH MECTOM BO3HUKHOBEHHS HEOOJIBIIION yAapHOW BOTHBL. Tecia
Havall pPa3MBIIUIATh, TOUYEMY JIEKTPOCTATHUECKUE TIOJISI MOTYT PacpOCTPaHAThLCS Oosee ObICTpo,
4yeM caM 1o ce0e 3apsij; 9Ta 3arajka ero o3ajayuia. beuio iu moje cynHoCThI0, KOTOpas TOJIBKO
CITyKHJIa IPUBOJOM OoJiee MaccuBHBIX Yactuil? Eciu Ob1 3TO OBLIO Tak, TO U3 YETO JKe TOr/Aa
«cocToso» camo mosie? bpuio u nosue u3 Menpyaiiimux yactul? Boznukano Bcé 60sbie u Oonblie
BOIIPOCOB.

HeCMOTpH Ha YAUBUTCIIBHBIC UACHU, KOTOPBIC MOPOANUIIO €TI0 UCCIICAOBAHNUC, Tecna YBUIOCT U
MPAKTUYECKOE MPUIIOKEHNE, O KOTOPOM OH paHbIle He ayMai. PasMeinuienne o6 agdexre
CBepX3apsaa IMHAMO JJAJI0 MICI0 HOBOTO SKCIIEPUMEHTAILHOTO anmapaTta. OH CHIIBHO TPEBOCXOIHIT
M0 JTMHAMUYECKUM XapaKTePUCTUKaM OaTapero KOHIEHCATOPOB, KOTOpast ObliIa MCTIOIh30BaHa TIPU
MIOTIBITKaX OOHAPYKUTh AIEKTPUUECKUE BOIHBL. VICTOUHHKOM 3JEKTPUUECKOTO TMOJIsi ObLT IPOCTO
BBICOKOBOJITHBIN T€HEPATOP TOCTOSIHHOTO TOKA. Tecia MoHUMal, 4TO COMPOTUBIICHUE JIMHUHA WITH
KOMITOHEHTOB CO CTOPOHBI ITMHAMO OBLIO HETIPEOIOIMMBIM «0apbepoM», MIEPECKOUUTh Yepe3
KOTOPBII HOCHTENH 3apsiia He MOTJIH. DTOT Oapbep co3aBall K HAKOUTENbHBIN» 3D dEKT.
9HCKTpOCTaTI/I‘-IeCKI/I€ 3apAAbl MPAKTUYCCKU OCTaHABJIMBAJIUCh, U HA MTHOBCHUC YACPKHUBAJINCH
COIPOTHBIICHUEM JIMHUH; Oaphep 3TOT CYIIECTBOBA HA MPOTSHKEHUH KOPOTKOTO MUJLTUCEKYHIHOTO
HWHTCpBaJIa BpCMCHU IIPU 3aMbIKaAHWU BBIKJIFOYATCIIA. Mruosennoe MPUITOKCHUC CUJI ITPOTHUB 3TOT'O
BOOOpakaeMoro 6apbepa COKUMAIIO 3apsiy] 10 TAaKOW TUIOTHOCTH, KOTOPYIO HEBO3MOYKHO TOJTYYHTh
IIpH UCII0JIb30BAaHUU OGBI‘IHBIX KOHACHCATOPOB. KOpOTKOG IMMPUITIOKCHUC CUJIBI, YAAp YacCTHUIl O
0apbep COMPOTHBIICHHSI, BBI3BIBA B UTOT'€ ATO HEOOBIYHOE COCTOSIHHE DIICKTPUYECKOTO CTYIICHHS.
Bot nmo4yemMy npoBoaa B €ro NpoOUUIbIX SKCIICPUMCHTAX YaCTO B3PbIBAJIUCH.

be3ommbo4yHO yrapiBagach aHaJIOTUS C TAPOBBIMU JABUTATEISIMH: OOJIBILINE TAPOBBIE ABUTATEIN
JIOJKHBI OBUIN 3aITyCKAThCS C OOJIBIION OCTOPOKHOCTHIO. TpeboBanach KOHCYJIbTALUS CO CTAPbIMU
Y MHOTOOIIBITHBIMHU OIIEPATOPaMH, KOTOPbIE 3HAIH, KaK «Pa30TrpeTby» JIBUTATENb, U IPH STOM He
CJIOMATh KJIaNaHbl, 4YTO MPUBOAMIIO K CMEPTEIBHO ONTAaCHOMY B3phIBY. IIpy ciauIIKoM pe3kom
3aITyCcKe Ja)ke MapoBbIe IBUTATENN OYEHb 00JbIIOro 00bEMa Moriu B3opBarkes. Hano 66110
3aITycKaTh Iap B CUCTEMY OCTOPO’KHO, TIOKA OH IUIABHO U MOCTENEHHO HE 3aMOJIHAI KaKI0e COILIO,
TpyOOIPOBOJ U KOMIIOHEHT. 371eCh TaKXKe HAOII0AaCsl TAMHCTBEHHBINA APPEKT «CKATUTMBAHUI,
Korja cucTema 00JbIIoro 00bEMa Besa cedst Kak HeOOBIYHO O0JIBIIIOE CONMPOTUBIICHUE JTI000H CHIe,
MIPUJIOKEHHOHN BHE3AIIHO.

AKaeMU4ecKuil MUp SKCIIEPUMEHTATOPOB BCE €ILE 3aHUMAJICS ITPOLIBIM €T0 OTKPBITHEM
IIEPEMEHHBIX TOKOB BBICOKOM 4aCTOTHI. DTO 3HAYMIIO, 4TO Teciia — eIMHCTBEHHBIN, KTO UCCIIEN0BAI
UMIYJIbCHBIE pa3paasl. OH moyyal B3pbIBHBIE UMITYJICHI, paHee He HaOIro1aeMble B
naboparopusax. Kaxxpiif KOMIIOHEHT ObLT TIIATEIBHO 3aU30JIMPOBAH, CaM K€ OH MPUMEHSIT
M30JIMPOBAHHBIE POBOHUKHU U MIPOPE3UHEHHYIO OJICKIY JUISl JOCTHXKEHUS TTOJIHOM Oe30MacHOCTH.
Tecna MHOTO HabMIOAT 32 BEKTPOCTATUYECKUMH MallTMHAMMU, CIIOCOOHBIMU CHIIBHO 3apsiKaTh
M30JIMPOBaHHbIE METAIIMYECKHUE TPOBOAHMUKH, HO 3Ta JEMOHCTPALUS IPEB30IIIIA IPOCTO 3apsi
MIPOBOJHHUKOB MPHU BHE3AITHOM 3aMbIKAHUU MEpEKIodaTens. ITOT 3PPEKT HOPOIUI «CKAUYIITUII»
3apsij, MOA0OHOrO Mo cujie KoTopoMmy Tecina Hukorna He HaOmrogan. Kakue Obl ycloBHUs OH HE
WCIIOJIb30BAJ 7Sl MPEIbIAYIIUX CUCTEM, ceyac OH Hay4YHIICS MaKCUMU3UPOBATh 3(PPEeKT.
banancupys HanpsKeHUE U CONPOTUBIICHUE TIPU ITIOCTOSIHHOM €MKOCTH, Teciia Hayuuiics
HEIPEPBIBHO CO3/1aBATh COCTOSTHUE CBEPX3apsga TAKOM CHIIbI, KOTOPOM HE MOIJIO MMOPOJUTH HU OJTHO
CYLIECTBYIOLIEE YCTPOUCTBO.

OnpITHBIE HAOMIOICHUS TTOKA3aJIHM, YTO OOBIUHBIN pa3psi KOHIEHCATOPa MOPOKAAT KOJICOMIOIUACS
TOK, KOTOPBIN, MOKHO CKa3aTh, «METAJICS» MEXAY OOKIaJKaMU KaKI0TO KOHJEHCATOpa, TTOKa
MOJIHOCTHIO HE TPATHJI CBOIO SHEPTHI0. BhIcOKOE HaMpshKeHHe JUHAMO CO3/1aBalio TAKOE MOIIIHOE
OJIHOHAIIPABJICHHOE JIaBJICHUE HA YIUIOTHEHHBIC YACTUIIBI, YTO U3MEHEHUE UX COCTOSTHUS



CTaHOBHJIOCH HEBO3MOKHBIM. ETMHCTBEHHBIM BO3MOKHBIM BBIXOJIOM OBUTH KoJieOaHus. B aTom
ClIy4ae 3apsipl CO3/1aBaJIA JUIMHHBIE CEPUU ABUKEHUN U OCTAHOBOK JI0 T€X IOP, MOKA CBEPX3aps.l HE
ucuesain. JIroobie mapaMeTphl, KOTOpbIE YCHIUBAIN TaKHe KOJIeOaHUs, OTPAaHMYUBAIIN TPOSIBIICHUE
MIOJIHOTO 3HepreTuyeckoro 3dexra cepx3apsiia OT UCTOUHUKA SHEPTUH; a MOITYYSHHUS] UMEHHO
TaKoro cocTostHus U noduBancs Tecna. HecomHeHHO, OH TPOBEN OrpOMHOE KOJTMYECTBO BPEMEHH,
CO03/1aBasi pa3IUYHbIE CTIIOCOOBI OJIOKUPOBKHU Ka)A0Tr0 KOJIeOaHUs U IPYTUX CIOKHBIX TOKOBBIX
SIBJIGHUH, KOTOPBIE MOIVIM YCKOPUTH IIOTEPIO CBEPX3aPsA0M €TI0 CKOHIIEHTPUPOBAHHOW SHEPTUH.
Emy TpeboBasicsi e TMHCTBEHHBIN CYTIEPUMITYJIBC, UIYIIHA B OJJHOM HamnpasieHun. Koraa Bce
KoJIeOaHUs ¥ YTEUKU ObUIM YCTPaHEHBI, IPOSBUIIMCH HOBBIE CTPAHHBIC APPEKTHI. DTH MOITHBIE
SIBJICHHSI C BBICOKOW TTPOHMKAIOIIEH CHUJION HUKOT/Ia He HAOII0AAIUCh MPU paboTe ¢ TOKaMu
BBICOKOM YaCTOTBHI.

BricTpoe 3amMbIkaHue MEPEKITI0YATENs Teeph MOPOKAAIO B TaOOPATOPHH MPOHUKAIOIIYIO yIaPHYIO
BOJIHY, KOTOPYIO MOXHO OBLIIO TOYYBCTBOBATH IO PE3KOMY YIapy U MPOHUKAIOIIEMY
ANEKTPUIECKOMY Pa3APAKCHHIO. « YKOIy». JIMIIO ¥ pyKu ObUTH OCOOCHHO YyBCTBUTEIHHBI K
B3pPBIBOOOPA3HBIM YAaPHBIM BOJIHAM, KOTOPBIC TAKKE MIPOM3BOIMIN 3a0aBHBIN «ITOKAIBIBAOIIIHI
a¢ ekt Ha OM3KUX paccTOsSHUAX. Tecia OblT yOeKIEH, YTO YACTHUIIBI MATEPHAIIOB, TOCTHTAIOIITUE
MapooOpa3HOTo COCTOSIHUS, OYKBaIbHO BBIPBIBAIOTCS U3 MIPOBOJIOB BO BCEX HANpaBIICHHUIX. UTOOBI
Jy4IIe U3YIUTh 3TH 3(PPEKThI, OH PACTIOTOKHUIICS 32 CTEKIISTHHBIM SKPAHOM U TIPOIOIKHI
uccrenoBanus. HecMOTpst Ha 9KkpaH, ¥ yAapHbIE BOJIHBI, U TIOKAJIBIBAIOIIHNA YPPEKT MPOIOIIKAIN
OIIYIATHCS, YTO HEMAJIO 03aJauniI0 UCCIIeOBATENsl. JTa aHOMAIHS MTOATOJIKHYJIA €To
JO0OTBITCTBO, BEIb PaHBIIC HUKTO HE HAOJI01a]1 HUYETO T0I00HOT0. DTO sSBJICHHE, 00JIee CUITbHOE
U ¢ OOJIbILEH MPOHUKAIOUIEH CIOCOOHOCTHIO, YEM Y OOBIYHOTO 3JIEKTPOCTATHYECKOTO 3apsiia
METaJUIOB, OYKBAJILHO MPOTAIKUABAIIO 3apsi/] BBICOKOTO HANPSDKEHUS B OKPYXKAFOIIee MMPOCTPAHCTBO,
YTO U TIOPOXKAATIO ONIYIIICHUE MOKATBIBAHUS. Y KOJBI [UTHIUCH HA MPOTSHKEHUN MAJIOW TOJTH
CEKYHIIbI, B MOMEHT 3aMbIKaHus pyounsHrka. Ho Tecna Obu1 yOeka€H, 94To 3TH cTpaHHbIC 3D PEKTHI
OOBSICHSUTHCH MTPOCTHIM PACIIPOCTPAHEHUEM HOHU3UPOBAHHBIX yAaPHBIX BOJH B BO3AYXE, BPOJIE
CHJIbHO MOHU3UPOBAHHOTO y1apa TpoMa.

Tecna npoBE&n HOBYIO CEPUIO IKCIIEPUMEHTOB, YTOOBI U3MEPUTH AABJICHHUE yIapPHOM BOJIHBI HA
6onpIIMX paccTosHUSAX. OH UCTIONB30Bal aBTOMAaTHYECKUHN «Pa3MBIKAIOUINIA BBIKIIOYaTeIby. [1pu
IIPaBUIIBHOM €ro HaCTPOMKE CTAJIO0 BO3MOXHBIM MOJIydeHHe 00Jiee KOHTPOJIUPYEMOT0 TOBTOPEHUS
s¢dexTa npu BKIIOYSHUU. B 1omonHeHne K 3ToMy, OH MO3BOJISUT IPOBOJAUTD yIAIEHHBIE
U3MEpPEHUs, KOTOpBIE MPOJMBAJIN CBET Ha SIBIEHHE IPOHUKHOBEHUS uepe3 skpaH. KoHTpob 3a
HaNpsHKEHUEM MPOU3BOJUIICS H3MEHEHUEM CKOPOCTH BpAIlleHHUs BEICOKOBOJIBTHOTO quHamo. [locne
HACTPOMKH ITUX KOMIIOHEHTOB Tecia Mor cBOOOJHO NIepeABUraThCs MO MOMELICHUIO U IPOBOANUTH
nu3Mepenus. XKenas takxke n30exaTh MPOJOHKUTEIILHOTO ACHCTBUS IaBICHUS YIapOB U YKOJIOB
uckpamu, Tecna 3amurTuin ceds cnenuaibHbIMU MaTepuanamu. [IpuMeneHue 6bICTPO MpepbIBaEMOro
MOCTOSTHHOT'O TOKA BBICOKOTO HAIPSKEHHSI TPUBEJIO K U3TYUYCHUIO KOJIIOLIHUX JIydei, KOTOpbIe
MO’KHO OBLIO MOYYyBCTBOBATh HA OOJIBIINX PACCTOSHUAX OT UX CYNEPUCKPOBOIO MCTOUHHKA.
daxrtuyecku, Tecna 4yBCTBOBAJI YKOJIBI JaXKe Yepe3 IUT U3 crermarepuanal Ytoosl HUI
BBICBOO0XK/1aJ10Ch U3 ITPOBOJIOB MPH 3aMbIKAHUH BBIKJIIOUATENS, OHO JIETKO IPOHUKAJIO Yepes
9KpaHbl U3 cTekna U Meau. Kaszanock, He ObUIO pa3HUIIB, U3 YeTO0 OHU OBUIHM U3rOTOBJIEHBI; 3 dekT
MIPOHMKAJ Yepe3 Jt000e BEIIeCTBO, Kak OyATO ObI SKpaHa He ObLIO BOBCE. 371€Ch SIBHO HAOIIOAICs
NIEKTpHUYECKUH 3((HeKT, KOTOPBINA MPOHUKAI MPSMO Yepe3 MPOCTPAHCTBO O€3 MaTepratbHbIX
MOCPETHUKOB. PaiiaHTHOE AIEKTPUYECTBO!

Habmonaemoe siBieHre HapyIIaao MPUHIMIIBI JIEKTPOCTaTUYECKOTO 3apsaa, SKCIEPUMEHTAIBHO
Haiinennpie ®apaneem. Mcnyckarommecs 31EKTPOCTATHUECKUE YaCTULIBI OOBIYHO PACTEKAIOTCS T10
MOBEPXHOCTU METAJIIMUYECKOI0 AKpaHa; OHU He MPOHUKAIOT BriyOb MeTaiia. HoBelil ke a3 dext
MMeEIl HedJIeKTPUUECKUE XapaKTepucTuku. Tecna Obul MCKPEHHE 3aMHTPUTOBAH ATUM HOBBIM
CTpaHHBIM SIBJICHUEM, U CTaJl U3y4aTh JIUTEPATypy B MOUCKAX CCHUIOK Ha ero cBoiicTBa. OH HE
Hamén noJoOHBIX CCBIJIOK, 32 UCKIIFOUEHUEM TOTY3a0bITHIX HCCIeI0BAHUMN IBYX
sKcTiepuMeHTaTopoB. B mepBom ciyuae, [[xo3ed ['eHpu HaOI01a1 MAarHeTU3AIUIO CTATBLHBIX UIJT
MOIIIHBIM UCKPOBBIM pa3psaoM. HeoObIYHOCTh JAaHHOTO AKCIIEPUMEHTA, MPOBEAEHHOTO B 1842 1.,
3aKJII0YAETCSl B TOM, UTO JICHIEHCKasi OaHKa, UCKPhI KOTOPOU M MPOU3BOIUIN MarHeTU3aIlnIo,



CTOsJIa Ha BEPXHEM OTAXKC 3JaHHA, O6I>I‘-IHO HCITPOHUIACMOTI'0 AJId SJICKTPUYCCTBA. KI/IpHI/I‘IHBIe
CTEHBI, TOJICTbIE TyOOBbIE IBEPH, MOIIIHAsA OOJUIIOBKA M3 KaMHS U jKeJie3a, OJOBSIHHbBIE TIOTOJIKH.
Bornee Toro, uriel ObUIM pa3MELICHBI O/ CBOJIOM Mo1Baia. Kakum 00pa3oM HCKPBI MOTJIN TaK
MOACHCTBOBATH HA UTJIBI Uepe3 ecTecTBeHHbIC Oaphephl? JlokTop ['eHpu ObuT yOSKIEH, UTO HCKpa
CO3I[aéT OCO6BI€ «Iy4dH, MOXOKHEC Ha CBCT», © UMCHHO 3TH MPOHUKAIOIINEC arCHThI 1 OTBECTCTBCHHBI
3a MarHeTH3aluio.

BTtopoii mogo6ubIi ciayuait mpousomén B 1872 r. B 3manuu BeIciiel mKoibl B unanenbdum.
Onuxy ToMcoH, npenogaBarenb (PU3UKH, UCKaJl CIIOCO0 caenaTh UCKpBI Oonbion MckpoBoit
Karymku Pymkoppda Gonee BuauMbIMu 1 JeKIMU. [IpucoeAMHNB OJUH MOJIIOC KaTyLIKH K TpyOe
¢ X0JI0JHOH BoJ0M, TOMCOH OBLIT HAaITyraH Te€M, YTO IIBET UCKP CMEHMJICS C TOIyOOTo Ha OebIi.
XKenas ycunuts 3101 3@ hekT, TOMCOH MOACOSAMHII JPYTOM MOJIOC K O0JIBIIOMY METAJUINYECKOMY
aucty crona. [locie BKiItoUeHUs KaTyIIKH, BO3HUKIIA ONVIYIIMTEIbHO TPEIaBLiasi OCIENUTEIbHO
Oenast UCKpa, BUIHAA JaxKe C 3aJHUX pAnoB. JKenas mokaszaTh 3TOT SKCIEPUMEHT KoJulere, DIBUHY
Xaycrony, TOMCOH moomIEn K ABEpH U ObUT BHE3AITHO OCTaHOBJEH. [ [puKOCHYBIINCH K OPOH30BOM
JIBEPHOU pydKe Ha AyOOBOU IBEpH, OH MOTYUNIT BHE3AMHBIA PE3KUH JICKTPUUCCKUH yap.
Brixmouus Katymky Pymkoppda, Tomcon obnapy:xui, uto 3¢ dexr npekpatuics. O6cyaus
CITy4YHUBIIIEECs BMECTE C DIBHHOM, OHM CHOBA 3allyCTHIIN yCTpoicTBO. Komromuii agdext
nosropwics. Torna o6a JpkeHTIBMEHA cTalld Oerath 0 OTPOMHOMY 3[IaHHIO U3 KaMH, 1y0a u
AKeJie3a C AMEKTPUUECKU U30JIMPOBAHHBIMU METAJUIMYECKUMU peaMeTamu. Kaxioe mpuKoCHOBEHHE
MIEPOYMHHBIM HOKOM HJIH OTBEPTKOM K JTH0O0OMY METAJUINYECKOMY OOBEKTY, HE3aBHCUMO OT
paccTosiHUA A0 KaTYLIKH U CTENIEHU U30JIMPOBAHHOCTH OT I10J1a, MOPOKIANIO JUINHHBIE
MIPOJOIDKUTEIbHBIE Oesble UCKPBI. Pe3ynbTaT neciaenoBanus ObLT ONMUMCaH B KOPOTKON 3aMETKE B
)KypHaie Scientific American B TOM e TOTy.

[Ipu n3yueHnn KaXka0ro U3 3TUX PaHHUX HAOIIONEHUH, pa3ieNnEHHBIX TPUALATUIETHUM IIEPUOJIOM,
Tecna omryTHs, 4T0 OHU CXOXKH € €r0 OTKpbITHEM. Kakplii 13 3TUX CilydaeB ObLI BBI3BaH
HEeOOJIBIIMMHU BapHalUsIMK OJTHOTO U TOTO ke siBjIeHUs. COBEPIICHHO CIyYalHO KayKIbIi
sKCHepuMeHTaTop noluics nposiBieHus 3¢ dexra cepx3apsana. B cinydae nokropa ['enpu, siBieHne
B3pbIBa IPOSIBUIOCH €JMHCTBEHHOM BCIIBIIIKOM, TaK KaK I HAKOIJIEHUs IIEpBOHAYAIILHOTO 3apsiia
UCIOJIb30BAJIACh AIEKTPOCTaTHYECKas MaluHa. BTopoil ciydaii 6611 0cOOEHHBIM, IIOTOMY YTO B
HEM HaOJII01AI0Ch HETIPEPBIBHOE U MPOIOJDKUTENLHOE SIBJIEHHE cBepx3apsaa. Takoi 3¢ ekt Obut
PENoK, MOTOMY 4YTO OOBIYHO OH TPeOOBaJl OYEHb TOYHOTO COOIOACHNUS HIIEKTPUIECKHUX TapaMETPOB.
Tecna BBIBEI 3TO MOJOKEHHUE U3 TOTO MPOCTOTO akTa, YTO JaHHBIN YPPEKT KpaitHe peaKo
Habmroxancs B nabopaTopusix Bcero Mupa. Ho eMy moBessno ObICTPO 3aMETHTh aHOMAJIbHBIE
aTpuOyTHI 3TOrO sABICHUA. Tecia 3Hai, 4To, HECMOTPS Ha CUJIbHBII NPOHUKAIOMINN YPPEKT B
KaX/I0M cly4ae, TOJIbKO €My YJaJIOCh JOOUTHCS TOJTHOTO M MAaKCUMAIBHOTO MIPOSIBICHUS
cBepx3apsaja. Ero annapaty He ObIJIO paBHBIX, OH FapaHTUPOBAHHO MOT BBICBOOOXKIATh TY
CYLIHOCTb JIEKTPOCTATUYECKOT0 TOJIsI, KOTOpasi ObUIa HEOCTHKUMA JJIS IPYTHX arIapaTos.

Hecmotps Ha To, uto Tecna caenan 3to otkpbitue B 1889 r., npeaBaputenbHbiil 0030p 3¢ dekra
ObLT Oy OIMKOBaH TOJIBKO IMOCIIE TPOAOKUTEIBHON CEpUr IKCIIEPUMEHTOB. «Paccesnue
JIEKTPUUYECTBAY, OMyOIuKoBaHHOE nepen PoxnectBoMm 1892 r., cTamo moBopoTHOH cTaThEl Tecmbl.
HMeHHO ¢ 3TOr0 MOMEHTa OH MOJHOCTBIO 3a0pPOCHUIT UCCIEeI0BAaHUS TIEPEMEHHBIX TOKOB BHICOKOM
gacToThl. [T0THOCTBIO OTOUIS OT HccienoBaHus 1o, Tecna Hadal OMUChIBATh yIapHBIE BOJIHBI U
npyrue 3¢dexter UMITYJIBCOB. Bno6aBok k TeM (pu3nyeckum ceHcarusM, KOTOphIe OH
OTIMCBIBAJI C XapaKTEPHOM JJIsl HETO CAEPKaHHOCTHIO, Teca Takke 0OpaTHil BHUMAaHUE HA
«razoBbIe» acnekThl (heHoMeHa. OH 00HAPYKHII, UTO PE3KO 3apsKEHHbIE TPOBO/IA B €r0
HKCHEPUMEHTaX MPOU3BOAAT CTPAHHbIE ra3000pa3Hble OTOKH MIPU NOTPYKEHUH B MACIISHYO
BaHHYy. CHauasa OH MOJHOCTBIO MIPUIMCHIBAI 3TO SBJIEHUE Ta3y, NOMIOMEHHOMY TPOBOJHUKOM, HO
BCKOpE 00HAPY XU, 4TO 3TOT 3P(HEKT MPOJ0IKAESTCS UTUTETFHOE BPEMS OT OJTHOTO M TOTO JKe
MPOBOJIa, U HUKAKON 00BEM OOBIYHOTO MOTJIOMIEHHOTO Ta3a HE MOXKET 3TO OOBSICHUTD.
OmnpenenéHHo, MPU 3TOM B Maciie BO3HUKAJIHN MOTOKH, HACTOJIBKO CHIIBHO CPBIBaBIIHECS C KOHIIOB
3apsHKEHHOT0 TIPOBO/IA, YTO OHH 3PUTENIFHO COKUMAIIH Maciio, 00pa3ys MOJIOCTH, MHOT A JI0 MSATH
caHTUMeTpoB rinyOouHoi! Tecna Hauan u3y4aTb UCTUHHYIO PUPOY JETKOTO «Tazay,
BBIPBIBABIIETOCS ¢ KOHIIOB IIPOBOJA, TIOTPYKEHHOTO B MACJIO.



OH MoArOTOBUII CEPUIO MPOAOIKUTENBHBIX IKCIIEPUMEHTOB, YTOOBI BBIAICHUTH HACTOSIIYI0 IPUUUHY
U IIPUPOY STUX MOPA3UTEIIBHBIX I'a30BBIX UMITYJILCOB. B cBOEH cTathe Teciia onuceIBaeT BOJIHEL,
MIPOHMKAIOIINE Yepe3 SKPaH, KaK «3BYKOBbIE BOJIHBI AEKTPUPHULIMPOBAHHOTO BO3AyXa». TeM He
MEHEE, OH CJIeJIall IIOPa3UTEIbHOE ONMCAaHUE 3ByKa, HATPEBA, CBETA, JABJIICHUS U 1I0KA, KOTOPbIE OH
qyBCTBOBAJI IIPU NMPOX0XKAEeHUH 3P (eKTa uepe3 MeaAHbIe I1acTUHBI. Bece BMecTe, OHM «SABIsUIN
MIPUCYTCTBHUE MEPEHOCUNKA Ta3000pa3HOI CTPYKTYPHI, TO €CTh TAKOT0, KOTOPBIA COCTOUT U3
HE3aBUCHMBIX IEPEHOCYUKOB, CIIOCOOHBIX K CBOOOHOMY JIBHKEHHIO». Tak Kak BO3AYX
OTpeIeIEHHO He OBLII TAKUM «IIEPEHOCUYUKOM», 0 UéM ke OH ropopui? Huxe B TOM ke cTaThe OH
4ETKO (OPMYIHPYET, UTO KKPOME BO3/1yXa, CYIIECTBYET APYrOi MEPEHOCUUK.

C nomo1IbIo y1a4HOTr0 SKCIIEPUMEHTAIBLHOI0 000pyJ0BaHUs, Teciia OTKPbUT HECKOJIBKO (DaKTOB,
Kacarmuxcs o0pa3oBanus ero s ¢exra. Bo-mepBbix, mpuynHa ero, 63 COMHEHUS, 3aKITI0YaIach B
MpepbIBAHUM TOKA. IMEHHO NpY 3aMbIKAaHUH BBIKIIOYATENS,, B MOMEHT €T0 «3aMbIKaHUS U Pa3pbiBay,
3¢ ekt nmpopsIBaliCs B OKpykaromiee mpocTpancTBo. OH ObLT OJHO3HAYHO MPUBS3aH K BPEMEHH,
mutenbHocTd UMITYJIBCA. Bo-BTOpsix, Tecna 00Hapy I, 4To 00513aTeTbHBIM YCIIOBUEM OBLIO
TO, YTOOBI IPOIIECC TMPOUCXOAUI B BUIC SAUHCTBEHHOTO UMMyJbca. [loBTOpeHune paspsaa Obu10
HEJ0MyCcTUMO, YG(}EKT He MPOSBIISIICS BO BTOpoi pa3. [1o atomy nmoBoxy Tecna caenan kpatkue
3aMETKH, OIIMCHIBAsI POJIb EMKOCTHU B I[ENH, U3Tydarormei uckpy. OH Hamén, 9to 3G ekt
3HAUYUTEJIBHO YCUIIMBAETCS, €CIIA MEXKIY Pa3psAIHUKOM U JUHAMO Pa3MECTUTh KOHJEHCATOP.
JIM3IeKTpUK KOHICHCATOpa OJTHOBPEMEHHO 00eCTIeunBal BHYIIUTEILHYIO SHEPTUIO JIJISI Oy YCHHSI
s dexTa u CITyKUI 3aIUTON 711 0OMOTOK JUHAMO.

DddexT Taxke MOKHO ObUIO 3HAUUTEIHHO YCHIINTh YBEIMUEHUEM HAMPSDKEHUS, YCKOPEHHEM
pa3MbIKaHus, 1 YKOPOUEHHEM BPEMEHU 3aMbIKaHMs epekitoyarens. Jlo cux nop ais noiaydeHus
CBOMX OJJTHOHANPABJICHHBIX UMITYJIbCOB Tecia NCIOJIb30BaIl MEPEKIIIOYATENHN C BPAILIAOIIUMUCS
KoHTakTaMu. Korja 3Tu MeXaHn4ecKue UMITYJIbCHBIE CUCTEMBI IIEPECTANINA CIPABIISATHCS C
yBenuueHueMm nerctBus apdekrta, Tecna cran uckath 0osiee «aBTOMaTHYECKHE» U MOLIHbIE
ycTpoiicTBa. OH HaléN 3TOT «aBTOMATUYECKUI BBIKJIIOUATENb)» B BUJE CIIELUATIBHBIX TyTOBBIX
ANEKTPUUYECKUX Pa3psAHUKOB. BHICOKOBOJIBTHBIN BBIXO/ F€HEpATOPa MOCTOSIHHOTO TOKa ObLI
IIPUCOECIUHEH K CIIAPEHHBIM IIPOBOJIHMKAM YE€PE3 HOBBIM yTrOBOM MEXaHU3M, IIPEJCTaBIIABIINN U3
ce0s1 OYeHb MOITHBIN MOCTOSTHHBIM MarHUT, yCTAaHOBJICHHBIN MONIEPEK My TH IyroBOro paspsna. Jlyra
paspsiia aBTOMaTHYECKH U IPOAODKUTEIBHO BO3HUKAJIA U Faciia MoJA JEHCTBUEM MarHUTHOIO MOJIS.

st noctrxeHus TpedyemMoro peakoro s dexra, TpedoBaIoCk, YTOOBI KOHIEHCATOP U JIMHUU
COEIMHHUTENIFHBIX POBOIOB OBLIM BHIOPAHbBI TAKUM 00Pa30oM, U4TO HOIyUEHHE U Pa3psiz
HE00XOIUMOTO AIIEKTPOCTATUYECKOT0 3aps/ia MPOUCXOAMUIO B IPEPHIBUCTON OTHOHANIPABICHHOM
manepe. Takoi koHTyp Tecina co3aaBan MOX0KUM Ha MyJILCUPYIOLIYIO CTPYIO, KOT/1a HUKAKOE
o0paTHOE JAaBJICHUE HE MEIIAET MOIIHOMY MOTOKY. DJIEKTPOCTATUUECKUIN 3aps]l YBETHUUBAIICS 10
CBOETO MaKCHMyMa U pa3psiKaics o4eHb ObicTpo. [TocTostHHOE TPUMEHEHNE BHICOKOBOIETHOTO
JIMHaMO OKa3bIBaJIO JAaBJICHHE HA IIETb, KOTOPOE YCIIEIIHO MOPOKIaIo HEMPEPhIBHBIN MPOLIece
«3apsina — OsicTporo paspaga». Dddext Tecma MOr BOSHUKHYTH ITPH 3TOM, M TOJIBKO IIPH ATOM
ycnoBud. VIMITyibChl OyKBaJIbHO TEKIIM uepe3 anmnapaT u3 fuHamo. KongeHncaTtop, pa3psaHuK, U €ro
MPUCOEIMHUTENBHBIE TPOBO/IA BEIH Ce0s KaK BUOPUPYIONIHIA KITanaH.

BBICOKOBOJIBTHOE TMHAMO OCTABAJIOCh UCTUHHBIM 3JIEKTPOCTATUYECKUM MCTOUHUKOM B ammapare.
Tecna xopo11o oneHus 3ToT (HakT, YyBCTBYS Oosie3HEHHbIE 3()(HEKThI, U3TyqaoLIHecs B
IIPOCTPAHCTBO. BbUIO 0YEBUHO, UTO AMHAMO KAK-TO H3MEHWIOCH ITPU J0OABICHUH K HEMY 3THX
Henel — «IyJIbCUPYIONIMX KJIaraHoBy». JIMHaMo, KOTOpbIe OH HCIOJIb30BaJl, 00eceunBaIn
CMepTENbHOE HaNpsDKEHUE, ClocoOHoe yOuTh uenoBeka. KiananHele KOHTYpbI yCUIIMBAIN CTPAHHOE
U3Iy4YeHHEe CMEPTEIbHON 3HepruM 3Toro nojs. KakuM-To 00pa3om 3Heprusi IMHaAMO H3BEpraaach B
MPOCTPAHCTBO C OMacHOU M GoJsie3HeHHOM critoi. Ho kak? KakuM TamHCTBEHHBIM CTIOCOOOM
JOCTUraJIoCh 10100HOe cocTosiHUe? Pe3ynbTaT cepun SKCepuMeHTOB nopoani y Tecia HoBy1o
KoHrenuuio. OH, KOHEYHO, OOHAPYKUJI, UYTO OBLIO MPUYACTHO K €r0 TANHCTBEHHOMY 3P QeKTy
YIApHOTO M0JIsl. DTO ObUIO palMaHTHOE IEKTPUUYECTBO.



B niepByto ouepenp Tecna npoBEN TIIATENBHO pa3padoTaHHBIE MPOJOKUTENFHBIC UCCIISIOBAHMUS
JUTSt TOHUMaHUSI UCTHHHOW TIPUPOBI 3TOTO HOBOTO 3JIeKTprudeckoro 3¢ dekra. OH moHsII, 9TO
CTpaHHOE «yJIapHOE IOJIe» Ha CaMOM JIeJie M3JTy4aeTcs B IPOCTPAHCTBO U3 UMITYJIBCHOTO arlnapara.
Ecnu 570 1 ObL1a 351eKTpOoCTaTHYECKast SHEPTHSI, TO OHA Obli1a 6oJiee MOIIHOM 1 00J1amana OobIIeH
MIPOHMKAIOIIEH CTIOCOOHOCTHIO, YeM JTI000€ ANEKTPOCTATUIECKOE T10JIe, KOTOPOE OH KOTJa-TH00
HaOmoaan. Ecim 370 OBIIIO BCETO JUIIB «ITPEPHIBAIOLITIMCS» SJICKTPOCTATHUECKUM II0JIEM, TI0YEMY
TOT/1a ero cuia Obuta Takoi 6onbmoi? Tecna Hauan yOexxIaThes, 4YTO OH OTKPBLT HOBYIO
ANEKTPHUYECKYIO CHITY, @ HE CTOPOHHUH 3((HEeKT yiKe U3BECTHBIX cril. IMEHHO 110 3TOi MpUYHHE OH
94acTO OMMCHIBAJ CBOM 3(P(PEKT KaK «dIEKTPOANHAMHUYECKHUI, UITH «O0JIee SIEKTPOCTATHUECKUII.

[TyTrém TOUYHOTO MOIOOPa CONPSHKEHHBIX MMAPAMETPOB 1IeTH, Tecna HaydHuiICs IPOU3BOANUTE B Cllyyae
He00XO0IMMOCTH KpaiiHe ObICTphIE CepUH OJHOHAIPABIEHHBIX UMITYJIbCOB. Korna uMnynbcel ObLIn
KOPOTKHUMH, TIPEPHIBUCTHIMH, ¥ 00J1a/1aJTM TOYHOH MOCIIe0BaTEIbHOCTHIO, Tecna oOHapy K1, 4To
yaapHbIH 3G(HEKT MOKET paCIIpOCTPAHATHCS 110 OUYCHb OOJIBIIOMY MPOCTPAHCTBY MPAKTHYECKU O€3
MOTEPU UHTEHCUBHOCTH. OH Tak)Ke OOHAPYKHUII, YTO MOPAKAIOMINN APPEKT ¢ JIErKOCTHIO0 IPOHUKAI
yepe3 00bEMHBIE METATUTMYECKHIE SKPAHbl U OOJBITUHCTBO U30JISTOPOB. PaspabaTeiBast criocoObl
KOHTPOJIS YMCJIa UMITYJICOB B CEKYH]Iy U BPEMEHHBIX HHTEPBAIOB MEKIY MOCIE0BATEIbHBIMU
HMITYJIbCaMH, OH HadaJl OTKPBIBATh BCE HOBBIE U HOBBIE AP (GEKThI. [MUTEeTbHOCTD KaXKA0Tr0
UMIIyJIbca JaBajla CBOM 0COOCHHBIE 3P heKThl. UyBCTBYsI KOMIONIUE YAAPHI, TaXKe PU HAXOXKACHUU
3a SKpaHOM Ha PACCTOSIHUM B MATHAAIATh (PyTOB OT ammapaTta, Tecna cpa3y nogayman 0o
OTKPBIBAIOLIMXCS TMEPCIIEKTUBAX MEepeaun EKTPUIECKOl 3Heprun 6e3 mpoBooB. Tecia BrepBbIe
0CO3HAaJI, YTO AJIEKTPOILIOKOBBIE BOIHBI MPEJOCTABISIOT TOPa3 a0 O0IbIINE BOZMOKHOCTH JIsSt
M3MEHEHHS MUPA, YeM JIaXKe UCTOJIb30BaHue ero MHoroga3Hoi CUCTeMbl IEPEMEHHOTO TOKA.

Tecna NoJHOCTHIO MTPEIHAa3HAYAl CBOM OTKPBITHS BCEMY MUPY. PasinaHTHOE JIEKTpUYECTBO UMENIO
0COOCHHBIE XapaKTePUCTUKN HEU3BECTHbIE MUPOBOM Hayke. PaboTast ¢ mpoCThIM, HO MOIIIHBIM
BOILIOLIIEHHEM CBOETO ammapara, Tecina oOHapy KW, 4TO paJuaHTHOE FIEKTPHUECTBO MOXKET
HaBOJUTh MOIIHBIC AMEKTpUIecKue Y3 (HEKThI Ha paccTOSTHUU. ITH Y (PEKTH HE ObUTH
YepeayIoIUMUCS, He ObTH OOBIYHBIMU TIONIEPEYHBIMH BOJIHAMHU. DTO OBLIHM MPOAOIbHbIE BOJIHBL,
COCTOSIIIIME U3 MOCIIE0BATEIbHBIX YAapHbIX BOJH. [IpoxoxaeHne kax a0l y1apHOil BOJHBI €
MIOCJIENYIOLIEH KOPOTKOM HEUTPAIILHON 30HOM MOPOXK A0 paJuaHTHOE 110je. BekTopHbIe
KOMITOHEHTHI 3TUX YAAapHBIX BOJIH OBUIH BCETJa OAHOHAMpPaBIeHHBIMU. [IpepbIBUCTBIE yIapHbIE
BOJIHBI OBUTH CLIOCOOHBI BO3/IEHCTBOBATH HA 3apsi/ibl B HAIIPABJICHUN CBOETO PACIPOCTPAHEHUSI.

OOBEKTHI, MOMEIIEHHBIE OKOJIO YCTPOUCTBA, TPUOOPETATHN CHIIBHBINA AJIEKTPUUYECKUH 3apsi,
COXPAHSIOIINN CBON 3HAK HA HECKOJIbKO MUHYT IIOCJIE€ TOTO, KAK MAarHUTHBIN pa3psIHUK ObLI
BbIKITIOUEH. Tecna Hamén cnocod yCumuTh 3TH 3¢ (HEKThI 3apsiia 0OJHOT0 3HaKa C MOMOIIBIO BCEro
JMIIb ACUMMETPUYHOTO PACIIONIOKEHHUSI MATHUTHOTO pa3psaHuKa. [Ipu pazMerieHun MarHuTHOro
paspsaHuKa OJvKe K TOW WU IPYTOi CTOPOHE 3apsDKAIOIIET0 TMHAMO, MOKHO OBLIO BRIOPATh U
CIPOEKTUPOBATh CUILY C MOJIOKUTEIBHBIM WIIM OTPULIATEIbHBIM BEKTOPOM 3apsaja. Takum oOpazoM,
CTaJI0 BO3MOYKHBIM TI€peiaTh UIIH MOyUUTh 3apsj OT JF000T0 00bEKTa B IPOCTPAHCTBE,
OXBa4YE€HHOM I0JIeM. DTO OblIa HOBas AIeKTpUUeckas cuia. Tecna cuibHee, yeM Korja Obl TO HU
ObLI10, TOHSAJ, YTO HAXOJUTCS Ha HEU3y4YeHHOH TeppuTopuu. TOT PpakT, 4To ITH paJuaHTHbIE CHUIIBI
pacnpoCTpaHsIIMCh OJO0HO JIydyaM CBETa, OTJIMYAJIO UX OT 3JIEKTPOMArHUTHBIX BOJH MakcBera.

Tecna xenan onpenenauts 3PPEKT MOCTENEHHOTO YMEHbILIEHHS JUINTEILHOCTH UMITYJIbCOB; 3Ta
pabota TpeboBaia OrpoOMHOTIO OIBITA U MpeaocTOpoXkHOCTeH. Tecna 3Ham, 4To moaBepraeT ceds
CMEPTEIbHON OMACHOCTH. KOHTpONMMpys CKOPOCTh MPOTEKAHUs ITPOLECCa UCKPOTAIIEHUS B
MarHuTHOH JIyTe MOCTOSIHHOTO TOKa, Tecia BhITyCTHI HOBBIN CIIEKTP CBETOINOI00HOM SHEPrUn B
MPOCTPAHCTBO CBOEH OTpoMHOM J1aboparopun. [10100HOH pa3HOBUIHOCTH SHEPTHUU MU €IIIE HE
Buzen. Tecna oGHApYKuII, 4TO MPOAOIDKUTEIHLHOCTh UMITYJIbCa cama 1o cede onpenensiia 3¢ dexr
KaX/10r0 HEOOJIBIIOro OTPe3Ka CIeKTpa. DTU 3(P(EKTHI MOIHOCTHIO OTIMYAINCH APYT OT ApyTa, U
ObUIN HaJleJIeHbl CTPAHHBIMU JIOTIOJIHUTEILHBIMU KaueCTBaMHU, paHee He BUIaHHbIMU B [Ipupose.
Cepun UMITYJIbCOB, KaX /bl U3 KOTOPBIX MPEBOCXOANI IO MPOAOHKUTEIBHOCTH OJIHY JECATYIO
MUJITUCEKYH/IbI, TOPOKAAIN 00JIb U MEXaHUYECKOE JaBieHue. B 3ToM pagnanTHOM 1nose 00BbEeKThI
3aMETHO BUOPUPOBAJIM U AK€ JBUTAIIMCH, KOTJa CUJIOBOE ToJie 100Kpanock A0 HUX. ToHkue



MIPOBOJIA, TTOABEPTaBIINECS KPATKUM BCILIECKAM PaJMaHTHOTO TOJISI, UCTIAPSTUCH. boib 1
(u3nueckre nepeMeneHus MPOUCXOAUIH MPHU ACUCTBUN UMITYJIHCOB MPOJIOJKUTEIBHOCTHIO
PaBHOM WJIM MEHEE CTa MUKPOCEKYH/I.

[Ipu ummynbcax UIUTENBHOCTHIO B OJJHY MUKPOCEKYH/IY, OIIYIIAICs CHIIbHBIA (PU3NOTOTHUECKUI
HarpeB. JlanmpHeiilee yMEHBIICHNE ITTUTEIBHOCTH UMITYJIbCA TIPUBENIO K CAMOTIPOU3BOIBHOMY
CBEUCHUIO, HATIOJHSBIIEMY [TOMEIICHUS U BaKyyMHbIe KOJIObI OenbiM cBeToM. [IpH Takux yactoTax
uMITyJIcoB Tecia moouscs nosiseHus 3pPeKkToB, KOTOpbIe OOBIYHO OBLTH CBOMCTBEHHBI YHEPTUU
3JIEKTPOMArHUTHBIX BOJIH BUIUMOTO CBeTa. boliee KOpoTKre UMITyJIbChI TOPOXK AT TEUCHUS,
HATIOJTHSBIINE KOMHATY TPOXJIAHBIMH ITOTOKAMH, U CONPOBOYKIABIITHECS MOSBICHHEM OIYIIICHHUS
TPEBOTHU M OECIIOKOMCTBA. Y MEHBIICHUIO ITTUTEIBHOCTH UMITYJIbCOB HE ObLIO mpenena. Hukakue u3
ATHX SHEPTreTHYECKUX UMITYJIECOB HE MOTJIM OBITh TOBTOPEHBI TIPU TIOMOIIM TAPMOHUIECKHX
KosieOaHU BBICOKON 4acToThl. HekoTophie uccaenoBaTe s CMOTIIM BOCTIPOU3BECTH 3TH 3()(EKTHI,
MOTOMY YTO MOHUMAJIH a0COTIOTHYIO HEOOXO0IUMOCTh U3yUeHHS ITapaMeTPOB, 3aJaHHbBIX Teciou.
OTH (pakThl ObLIN pa3bsiCHEHBI DpuKoM JlonmapaoM, KOTOPBIN TakKe YCHEIIHO MOTYYHI CTPaHHbIE
U paznudHbie 3O PEKThI, KOTOPBIE OTKPBLT Teca.

K 1890-my romy, mocie nepruoaa HanmpsHKEHHBIX SKCIEPUMEHTOB M IPOSKTUPOBAHUS 000PYI0BaHMS,
Tecna omucan COBOKyIHOCTh KOMIIOHEHTOB, HEOOXOIUMBIX JJIsI IPAKTHUECKOTO IPUMEHEHUS
CHUCTEMBI paclpeiesICHUs] paAuaHTHON JIEKTPUUECKOM sHeprun. OH y’Ke OTKPbUI TOT
M3YMUTENBHBIN (PaKT, 4TO UMITYJIbCHI ITTUTEIFHOCTHIO MEHEE CTa MUKPOCEKYHI MOTYT HE
OIYIATHCS M HE IPUHOCUTH (PU3HO0IOrHYecKoro Bpeaa. OH MIaHUpOBa UCIOIb30BaTh ATO
00CTOSITETLCTBO B CBOEH CHCTEME paclpeielieHus JIEKTPOIHEpruu. bonee Toro, yiapHbie BOJHBI
MPOJOIKUTEIHLHOCTBIO B CTO MUKPOCEKYH/I IPOHUKAIIN Yepe3 JTF000e BEIIECTBO, UTO JIEIali0 UX
UaeabHOM POPMOIi IS IEPeHOCa YPHEPTHH B TOPOJIaX, TPEOYIOMIMX OOIBIIOTO KOJTUIECTBA
SHEpPTUH.

B Tom xe rogy Tecna caenan emé Oosee yAMBUTENBHOE OTKPHITHE, KOT'/1a IOMECTHUII OKOJIO
MarHUTHOTO Pa3psAHUKA JITUHHYIO OJHOCIONHYIO IIMIUHAPHUYECKYIO MEIHYI0 KaTymKy. KaTyika,
MMEBILIasi OKOJIO IECTHIECITH CAHTUMETPOB B JUIMHY, BENa ceOs HE Tak, KaK IpsMble ME/IHbIE
TpyOKH Win Apyrue oobekThl. KaTyIika u3 TOHKOH MeTHON IMPOBOJIOKK 00pOCiia BEHIIOM OEIIbIX
UCKp. 3aBUXPEHUS KOPOHBI ObUIM OYEHb JUIMHHBIMU U IUIBUIN CepeOpsiHO-0eIbIMU TOTOKAMH,
MSATKHUMH pa3psaMH, KOTOpbIe, Ka3aJ0Ch, ObLIM 3HAYUTEIHHO 00Jiee BBICOKMMHU MO HANPSKEHUIO.
OTH 3(p(HEKThI CUIIBHO yBEJINYUBAIUCH, KOTJJAa OAHOCIOWHYIO IMIMHIPUYECKYIO KaTyLIKy
pPa3MECTWIH B BUTKE IIPOBOJIA, UAYILEM OT pa3psIHUKA. BHyTpH 5TON «yJapHOU 30HBD)
LWIMHAPUYECKas KaTylIKka Obljla OKpYy»KeHa B3pbIBOOOPA3HOM BCIBIIIKOM, KOTOpas oOOHMMasa €
MOBEPXHOCTH M BBIPHIBAJIACH C OTKPHITOTO KOHIIA KaTymku. Ka3anoch, kak OyaTo yJapHasi BOJIHA
OTTAJIKMBAJIACh OT OKPY>KAIOLIET0 IPOCTPAHCTBA, YTOOBI COEJMHUTHCS C KaTyIIKOM, B CTPAaHHOM
MPUTATUBAIOLIEM MIPEINOYTCHUH. Y JapHasi BOJIHA BTEKaJla B KaTYIIKY IO MPSIMBIM YIJIOM K
00MOTKeE, 4TO OBLIO HEBEPOATHO. SIBHAS UIMHA Pa3psAA0B NPHIraloIINX U3 BEHIA LHIMHIPUIECKON
KaTyIIKy OblU1a HEMMOBEpHOU. EciM B MarHUTHOM pa3psiIHUKE MPOCKaKMBaJla MCKpa B JIBa C
MIOJIOBUHOM CaHTHMETpa, TO OeJible MepLAIoIMe pa3psaabl CTEKAIN ¢ KaTyLIKH 0oJiee yeM Ha
HIECTBAECAT CAHTUMETPOB. DTH pa3psi/ibl ObUIM CPaBHUMBI C pa3MepoM caMoid KaTymiku! 1o Oblia
HEOXHUJIaHHAsl U HEU3BECTHAs TpaHCHOopMaLusl.

3neck HaOIIOJAIOCH IEUCTBHE, TIOUYTH «IJIEKTPOCTATUYECKOE» IO MPUPOJIE, XOTS OH U 3HAJ, YTO
aKaJIeMUYECKHE KPYTU HE MO3BOJIAT UCIOJB30BaTh 3TOT TEPMUH IPUMEHUTENIBHO K IaHHOU
CUTyallMu. DNEeKTPOCTaTUYECKasl IHEPTHsI HE KOeOIeTcsl, Kak 3TO JIelat0T yJapHbIe BOIHBI.
B3peiBo0Opa3HbIe yIapHbIe BOJHBI UIMEIOT XapaKTePUCTHKHU, HECXOXKUE C TAKOBBIMU JIJIS JTFOOBIX
CYILLECTBYIOIINX JIEKTPHUUECKUX MaliuH. Beé sxe Tecna BEIABUHYI NPEANON0KEHHE, YTO yIapHast
BOJTHA Ha KOPOTKOE MTHOBEHHE CBOETO B3PHIBOOOPA3HOTO MPOSBICHHMS 00Jiee TOXOIUT Ha
AEKTPOCTATUYECKOE T10JIe, YEM JIF000€e APYyTroe U3BECTHOE AJIEKTpUUecKoe siBjieHue. B
ANEKTPOCTATUYECKUX (PPUKIIMOHHBIX MAIlIMHAX, TJIe TOKH U MarHeTU3M MHU3EPHBI, OYCHb
SHEPTETUYHOE TI0JIE 3aMOIHSAET MPOCTPAHCTBO MEXKIY PAAMAHTHBIMU JTUHUAMH. DTO
«JIUDJIEKTPUIECKOE» TI0JIE OOBIYHO MPOXOIUT Uepe3 MPOCTPAHCTBO, MEUIEHHO BBIpAcTasi, MOKa
3aps/ibl HAKAITMBAIOTCS. 3/1€Ch YK€ OB CiTydai, KOT/la TeHEPaToOp MOCTOSTHHOTO TOKA TTPOU3BOIHII



CHUJIbHOC HAITPS’KCHUC. 910 HAIPSAXKCHUEC 3apsKacT HSOHHpOBaHHBIﬁ MCI[HI)II\/'I BUTOK, BbIpacTas o0
MaKCUMAaJILHOTO 3Ha4eHUs. Ecii Bce BETMYMHBI B KOHTYPE HAXOIWIUCH B ONIPEACIEHHOM
COUCTaHNU, YCTAHOBJICHHOM Tecna, TO 3apsa BHC3AITHO CXJIOTIBIBAJICA. BpeMﬂ 9TOI'0 KOoJIJ1arica
JOJDKHO OBLIO OBITH 00JIEE KOPOTKHUM, YeM TPeOOBaJICS MHTEPBAJ s 3apsna BUTKa. CXJIONbIBaHUE
MIPOUCXOIUIIO, KOTJIa MArHUTHBINA Pa3psAHUK MpepbiBai AyTry. Eciau KOHTYp ObLT HACTPOCH
MPaBUIBHO, TO KOJIeOaHHId B 0OpaTHOM HarpaBJICHUH HE BO3HUKAJIO HUKOT/IA.

OpHoHampaBlieHHas! IOCIIE0BATENbHOCTh UMITYJILCOB 3apsia — pa3psiia 3acTaBisiia
PacIpoOCTPaHATHCS Hapy>Ky OUEHb CTPAHHOE I10JIe, KOTOPOE CJIETKa MOXOMJIO0 Ha «3aUKaIOIIEeCs)
WIHN «IIPEPBIBUCTOEY ANEKTpOCTaTUYeCcKoe 1nose. Ho 3Tu TepMUHBI HE MOTYT yCHENIHO OMUCATh
COCTOSIHUSI, pealIbHO U3MEPEHHOT0 BOKPYT ammapaTa MOITHOTO PaJHaHTHOTO YQQeKTa,
MIPEBOCXOIAIIETO BCE OXKHIaeMble 3JIEKTpOCTaTHUeCKre BeanurHbl. [101cuéT cooTHOMEHNH ATHX
pa3psI0B MOATBEPKAAT UX HEBO3MOKHOCTh. BBINIOMHSS cTaHAApTHBINA pacdéT kKoddduunenTa
Tpanchopmaruu, Teciia He MOT BBIYUCIUTH OTPOMHBIN 2 (DeKT ycrnenus HanpspokeHus. OObIYHbIC
COOTHOILICHUSI HE TIOMOTaJIY, U Tecia BBIABUHYIJI TUIIOTE3Y, YTO 3(P(PEKT MOTHOCTHIO MOAUUHSIICS
paAMaHTHOMY MPaBHITy TpaHC(HOpPMAIUH, OUEBHIHO TPEOYIOILIETO OMBITHOIO ONpeACICHUSI.
[Tocnenyromue n3MepeHyst JUIMHBI pa3psaia U IapaMeTpPOB BUHTOBOM KaTYyILIKH MIPELOCTaBUIIA EMY
HE00X0IMMOE MaTeMaTHUYEeCKHE COOTHOIIIECHUSI.

OH OTKpBUI HOBBIM 3aKOH MHIYKIMH, B KOTOPOM PAaJUAHTHBIE yJIapHbIE BOJIHBI (PaKTUUYECKU
YCUJIMBAJIM CaMU ceOsl TIPU CTAIKHUBAHUU C CETMEHTUPOBaHHBIMH 00bekTamMu. CermMeHTanus Obuia
KIII0YOM K BO3HMKHOBEHMIO TaKOT0 BO3JeicTBUA. PafnaHTHbIE y1apHbIE BOJIHBI BXOJWIIH B
BHUHTOBYIO KaTYIIKY U «BBIOPACHIBATIMCH» Yepe3 €€ MOBEPXHOCTh, OT OJHOTO KOHIIA JI0 APYroro. JTa
yZapHas BoJIHa BOOOIIIe HE POXOAuiIa yepe3 0OMOTKY KaTyIIKH, BeZsl ce0sl Ha €€ MOBEPXHOCTH, KaK
BO3JyX Ha Kpbule caMoiiéta. [locTeneHHOe yBeInUeHHE ANEKTPUIECKOTO TABICHUS U3MEPSIIOCH
BJI0JIb BCEM MIOBEPXHOCTH KaTyIIKH. Tecnaa 4€TKO yCTaHOBUII, YTO HANIPSIKEHUE MOXKET OBITh
yBenuueHo 70 Bredamsomei uugpst B 10 000 BonbT Ha 110iM BBICOTHI KaTYIIKU. DTO 3HAYUIIO,
410 24-110iIMOBas KaTyIIKa MOXKET coOpaTh paJluaHTHBIE yIapHbIE BOJIHBI C IEPBOHAYATIBHO
M3MEpEHHBIM BXOIHBIM HampspkeHueM B 10000 BosbT, 1 MOAHSATH €ro 0 MaKCUMaJIbHOW BETMYMHBI
B 240 000 BoawT! [TomobHOE COOTHOIIIEHNE HATTPSHKEHHUI OBIIIO paHee HEBO3MOIKHO JIJIs allllapaToB
1oI00HON BeNIMYHMHBI U IPOcTOTHL. BriocneactBun Tecna oOHapy Kui1, 4TO BHIXOHOE HANPSHKEHHE
OBUIO CBSI3aHO C CONPOTUBIIEHUEM BUTKOB KaTyLIKH. bosee BBICOKOE CONTPOTHBIICHUE KATYILIKU
MIPUBOAMIIO K OOJbIIIEMY HANPSKEHUIO HA HEH.

OH Ha3bIBaJl CBOM NPEPHIBATEIND (IIEPBUYHBIMY», a HIUIMHIPUUECKYIO OJHOCIIONHYIO KaTylIKy,
MOMEIEHHYIO BHYTPH YAapHOM 30HBI — «BTOpUYHON». HO OH HUKOT1a HE CpaBHUBAI 3TU TEPMUHBI
C TCMHU, KOTOPBIC UCTIOJIL3YIOTCA B O6BI‘IHBIX DJICKTPOMArHUTHBIX TDaHC(bODMaTODaX. Ero OTKPBITUC
OBLIO MOJTHOCTHIO OTJIMYHBIM OT MarHUTHOM MHAYKUUU. 11 TOMy OB pe30H - BBOJUTH pealbHYIO
JTMKOBUHHYIO (hopMyTupoBKY. BbUIO 0/1HO sIBIIEHHE, KOTOpOe BpeMeHaMu pacctpanBaiio Tecmy. OH
M3MepsT HyJIEBOM TOK B 3TUX JUTMHHBIX METHBIX BTOPUUHBIX KaTymikax. OH ompeneiu, 4To TOK,
KOTOPBII TOJKEH ObUT ObI MOSIBUTHCSA, TIOJTHOCTBIO OTCYTCTBOBAIL. YHCTOE HANpsKEHHE
YBEJIMYUBAJIOCH C KaX/IbIM CAHTUMETPOM MOBEPXHOCTH KaTyIIKH. Teclia MOCTOSHHO CChLIaCs Ha
CBOM «3aKOHBI 3JIEKTPOCTATUYECKON MHAYKIIUN», KOTOPbIE MOCTUT A HeMHOrue. OH Ha3Bal
KOMOWHAIIMIO CBOETO MIPEPhIBATENsI U BTOPUYHOHN IIMIHHAPUIECKON OTHOCTIOMHON KaTyIIKH
«TpancdopmaTopomy.

Tpancdopmarops! Tecna He ObUIN SJEKTPOMATHUTHBIMU YCTPOHCTBAMU; B HUX HCIIOJIb30BAINCH
pazMaHTHBIC yAapHbBIC BOJHBI U TIPOU3BOIMIIN YMCTOE HANIPsDKEeHUE 0e3 Toka. Kaskprit
TpancdopmaTop MPOBOAMI TONBKO CIEUU(PUUHYIO JUTUTEIBHOCTD UMITYJIbCA C 0COOON CHIION.
OTcrona creoBaio, 4YTo Kbl U3 HUX JTOJHKEH OBLT OBITh «HACTPOEH» PETYIMPOBKON pa3psIHUKa
Ha ONpeAenEHHYI0 JITUTEIHHOCTh UMITYJIbca. MI3MeHeHne AIMHbI yTH 00eCreurnBaIo TaKyko
perynupoBky. Korna kaxprii TpancopmMaTop OblUT HACTPOCH HAa CBOM COOCTBEHHBIM
XapaKTEPUCTHYCCKUI OTKIIMK (TIOJOOHO PE30HAHCY ), HMITYJILChI MOTJIM CIIOKOMHO T€4b Yepe3
cucTemy, mojo0Ho ra3zy B Tpyde. OOHapYKUB ra30IMHAMUYECKIC aHAJIOTHH, KOTOPHIC
COTJIACOBBIBAIUCH C UMEIOIIUMUCS TAaHHBIMH, U ObLTH YAa4yHOM OIIEHKOW B 3TOM OTHOIIIEHUH, Tecna
HayvaJ U3y4aTh, SBISETCS JIM OElloe TUIaMs pa3psAaoB, HACTOIBKO OTIUYHOE OT TOTO, YTO OH MPEXK/IC



BU/JIEJ, Ta3000pa3HbIM MPOSBICHUEM AJIEKTPOCTATUYECKOM cuiibl. MiMenock Hemalioe KOJIM4eCcTBO
OIIBITOB, B KOTOPBIX SCHO MPOSBIISLIACh HCTUHHO ra3000pa3Has UX MPUPO/ia, HACTOIBKO HEMOX0XKas
Ha yTO-1100 3ekTpudeckoe. Crocod, KOTOPBIM paJuaHTHBIC YAApHBIE BOJIHBI IPOTEKAIH MO
MIPOBOJAIIIMM OOMOTKaM O€IbIMU MEPLIAIOIUMHU JAMUHAPHBIMU CTPYSIMU, IIPUHECITIH HOBYIO
PEBOIIOLHUIO B MbIC/IU Tecibl. FIMITy IbChbI HANIPSKEHUS [IEPECEKAIA IOBEPXHOCTh BTOPUYHOU
KaTyIIKU OA00HO ra30BbIM UMITYJIbCAM 107 yBEIN4YHUBaroLMMes AaBieHreM. [1oka ra3oo0pasHble
UMITYJIbCHI HE JOCTHUTaJIi CBOOOJHOIO KOHIA KaTYIIKH, OHU TEKJIU TI0 €€ MEHOM MOBEpXHOCTH, HE
IIpOHMKas BHyTpb. Tecia Ha3BaJl 3TO crieupUUHOE sBJIEHUE «CKUH-3(dexkTom». B aTom
OTHOIICHUHU Pa3psi BET ceOsl 0UeHb MOX0KE Ha ra3, IBUKYIIMNACS HaJl TOBEPXHOCTHIO TPYOBI.

Bonee Toro, korna K BEepXHeMy BBIBOJLy 0JHOTO U3 ero TpancdopmaTopoB ObUIO MPUCOEAUHEHO
METAJUTMYECKOE OCTPHE, MOTOK cTaji Oosee HampaBiieHHBIM. OH BEN ceOs TOI00HO MOTOKY BOJIBI B
TpyOe. Korma 6emnblif M3BUBAIOIIMICS MOTOK OBUT HANIPaBJIeH HA OTAAJIEHHBIE METAJUINYECKHE
IUTACTUHBI, OH HABOJWJI B HUX JIEKTPUUYECKHE 3apsi/ibl. DTO MOSIBIEHHUE 3apsiia MOTJIO OBbITh
M3MEpPEHO KaK CUJIa TOKA, «TOK», Ha IPUEMHOM CTOpOHE. B nepenaroniemM npocTpaHCTBE, OAHAKO,
HUKaKas CHJjla TOKa He BO3HHMKaJIA. TOK MOSBIISUICS TOJIBKO B MpUEMHUKE. Dpuk Jlomnap] yCTaHOBUI,
YTO B IPOCTPAHCTBO, OKpYy»Katomee MmmynscHble Tpancdopmartops! Tecna, BeIOpackiBaics Takoi
MOTOK, YTO «IIPUHATBIA TOK» MOT JOCTUTaTh COTEH U Jlaxke Thics4 amnep. Ho u3 uero cocrost 3ToT
TaMHCTBEHHBIN MOTOK? Tecna 6opoJics ¢ HeonpeaenEHHOCThIO, YTO €T0 SBJICHHUE Pa3psiaa MOTJIO
OBITH OOBIYHBIM DJIEKTPUYECTBOM, BEIYIIUM ce0si HEOOBIYHBIM 0Opa3zoM. Ho morio i
NEKTPUYECTBO UMETH TAKYIO IJIaBHYIO, MSTKYI0, U3BUBAIOILYIOCS IPUPOAY? DINEKTPUUECTBO, K
KOTOPOMY OH IIPUBBIK, OBIJIO yIapSAIOLINM, TOPSIYUM, CXKUIAIOIUM, CMEPTEIbHBIM,
MIPOHU3BIBAIOIINM, KOJIIOLINM, BCE €ro aTpuOyThl ObUTH pazapaxaromumi. Ho 3To siBienue paspsina,
OBUIO JIM OHO XOJIOJHBIM WX TEMJIBIM MPU NPUKOCHOBEHNH, OCTABAJIOCH MATKUM U HEXHbIM. OHO He
MOTJIO YOUTb.

Jlaxxe crioco0, KOTOPbIM UMITYJIbC B3pPbIBAJICS, 00pa3ys ApKuil Oelblii pa3psi HEMMOBEPHO
YCHJICHHOTO HalPsDKEHHSI, OBLT TIOX0X Ha TIOBEJCHUE Ta3a, BBIPBIBAIOIICTOCS M3 TPYOBI IO
JaBJieHUEeM. DTH pa3MbIIUICHHs TOABUTIIN Teciy Ha BBIBO, YTO 3TOT APPEKT HE UMET YUCTO
AIEKTPUIECKYIO TTpupoy. bonee moapodHo nzyuas 6emnoe miams, Teciia 00HAPY W, TOYEMY
KOpoHa pafoTaromiei KaTyIIKi He UMella H3MEPUMOT0 «3JIEKTPHUECKOro Toka». OObIYHbIE TKETbIC
MIEPEHOCYHKH 3apsija, HJICKTPOHBI, HE MOTJIM TIEpEMEIaThCs TakK jke OBICTPO, KaK caM PaJIuaHTHBINA
UMIYJbC. 3aCTPSB B KPUCTALNTMYECKOM PeIIETKE KaTyIIKH, JICKTPOHBI CTAHOBUJIMCh
HETIOJBIKHBIMU. HU OZTMH M3 AJIEKTPOHOB BOOOIIIE HE IMepeMenialcs 1mo Karymke. M3nydaronmiics
UMITYJIbC, KOTOPBIM JBUTAJICS MO MOBEPXHOCTH KAaTYUIKH HE ObUI, IOATOMY, 3JICKTPOHHBIM I10

IPHUPOJIE.

B nononnenue ko Bcemy, Tecna OTKpbUT yIUBUTEIBHOE SIBIEHUE, KOTOPOE PA3PELINIIO BCE
COMHEHMS KacaTeJIbHO IIPUPO/IbI IEPEHOCUUKOB SHEPIUU B €r0 arrmapare. Teciia yCTaHOBUII OUYE€Hb
Tsoxényto U-00pa3Hyto MEHYIO IIMHY, TOICOEAUHNUB 00€ €€ HOTH HETIOCPEICTBEHHO K Pa3psSAHUKY.
Mesxny Hor U-00pa3Hoiil MIMHBI OBLITN PaCMONIOKEHBI HECKOJIBKO JIaMIT HakanuBaHus. Ux
pacnosokeHue 00pa3oBbIBaI0 KOPOTKO3aMKHYTYIO I1eTb. JIaMIbl CBETHIINCH CBEPKAIOLITUM
XOJIOJTHBIM OCJIBIM CBETOM, B TO BPeMsI KaK CaMU ObUIH 3aKOPOUYEHBI TOJICTBIM METHBIM IITYHTOM. DTO
OBLIO HEXapaKTEPHO AJIsi OOBIYHOTO JIEKTPUUECTBA; IPKO CBETSAIIUECS, HO TIPU ATOM XOJIOJHbIE
JaMIIbl TIOKA3aJIH, YTO YePe3 «KOPOTKO3AMKHYTYIO» IIeTIh MPoOeraeT qpyroi 3HePreTUIecKuil TOK.

HabmrogaBime 3TOT 3KCIIEPUMEHT 0XKHJIAJIM, YTO IIPU €T0 BBITIOJIHEHUH LIETb MPEPhIBATENS, a TO U
camo JuHamo, cropsat. Bmecto atoro, oHn yBuaenu 4yo0. Jlamrbl 3aCBETUIINCH ¢ HEOOBIKHOBEHHOMN
SAPKOCTBIO. DTa MPOCTast JEMOHCTpalys ObUIa JIUIIH OAHUM U3 I0Ka3aTeNbCTB MPABOTHI TEOPUIA
Tecnbl. DneKTPOHHBIE 3apsibl IPEANOYUTAIOT KOHTYP C MEHBIIUM COITPOTHUBIIEHUEM, U TOJIKHBI
oru0aTh JTamIIbl HaKaJIMBaHUS 110 MEHOMY ITYHTY. PainaHTHBIN e TOK B ATOH CUTyalluu
MIPeAnoyYEn MPOTUBOIOJIOKHBIN NPpUHIUI. BeposTHO, Tak OHO U ObLIO, Be/lb TOKH HE OBLIN
aneKTpudecKuMu. Tecaa MOCTOSHHO MCTIONIb30BAll ATY AEMOHCTPAIIUIO, YTOOBI TTOKa3aTh
«pazzIelIeHNEe» TOKOB AJIEKTPOHHBIX OT TOKOB HEMUTpAIbHbIX.

OcTaBasics 0AMH IPOCTOM BOIIPOC, OTBET Ha KOTOPBIH /1aBajl Obl HEOOXOAUMYIO HH(OPMALIUIO JUISI



CO3/1aHHS HOBOW TE€XHOJIOIMH. YTO UMEHHO pa3lensiio, Ui «(QpaKkHOHUPOBAIIO» pa3IHyuHbIe
MIEPEHOCUYHKH B ero TpaHchopmaTtope? ITo Oblia reoMeTpruiecKas KOHPUTryparus KaTyku,
KOTOpasi HEOCTOPOKHO pa3/iessiia KaKIbld KOMIIOHEHT. DIEKTPOHBI OJIOKHPOBAIUCH B TIPOBOJIE, B
TO BpeMs KaK paJHaHTHBIN UMITyJIbC BHICBOOOXK/1AJICS HA/l TOBEPXHOCTHIO KATYIIKU B BUJE
ra3000pa3HOro UMITYJIbCa. DIEKTPOHBI JOJKHBI ObI OBLIH MIPOXOAUTH Yepe3 MPOBOJI, HO, BO BpEeMs
Ka)KJI0T0 Meprojia UMITyJIbca, OJIOKHPOBAIUCH COMTPOTUBICHUEM JTUHUH. TakuM oOpa3om,
ra3000pa3Hble TOIBUKHBIC IEPEHOCUYUKHI OCBOOOKIATNCH U TEKIU HAJl TPOBOIOM, HMITYJIHC

My TEeIIECTBOBAJ BJIOJIb HAPYKHON OBEPXHOCTHIO KAaTyIIKH OT OJHOTO KOHIIA 10 APYroro. 910 ObuIo
CBHUJIETEJILCTBOM TOT'O, UTO AJIEKTPHUUYECKUE Pa3ps/Ibl ONPENEIEHHO COCTOSITN OAHOBPEMEHHO U3
HECKOJIbKUX MOJABIKHBIX yacTull. Tenepr Tecna moHuman, moueMy ero nepeMeHHbIE 3apsiibl
BBICOKOW 9aCTOTHI U3 MIEPBBIX OIMBITOB HUKOT/IA HE BHIKA3BIBAIM TAKUX MOIIHBIX MTPOSBICHUH.
VIMeHHO MpephIBUCTOCTD, IPOCTHBIA UMIYJILCHBINA pa3psij, IpHUIaBaj 3TOMY HEOKUTAaHHOMY
«ra3000pa3zHOMY» KOMIIOHEHTY BO3MOKHOCTh CBOOOHO MepeMenarbes. MIMITynbehl,
OJIHOHAIPABJICHHbIE UMITYJIbChI, ObUIH €JUHCTBEHHON MPUYUHOMN, C IIOMOIIIbIO KOTOPOIl MOT OBIThH
BBICBOOOJKIEH ATOT nmoTeHIal. CHHYCOUJAIbHBIE KOJIEOAHUS B 9TOM OTHOIICHHH ObLITU aOCOIIOTHO
Oecnonie3Hsl. bosee Toro, mockoabKy KojaeOaHusi HE MOTJIM BHICBOOOIUTH BTOPOM
ra30IMHAMUYECKUI KOMITOHEHT, OHU OCTaBAIMCh OECTIONE3HBIMHA U UMENH KAJIKYIO MOIITHOCTb.
Tecna HaBcera cTaja OTHOCUTHCSA K CBOMM YCTPOMCTBAM KOJIeOaHMI BRICOKOM YaCTOTHI, KaK K
HEYyJIa4YHOMY TPOEKTY. DTO U OBLJIO MPUYMHON €To KpailHe KPUTHYECKUX OT3BIBOB O paboTax
MapkoHHU U APYTUX HCCIEA0BATENSIX, pa3padaThIBaBIINX PaJM0 Ha BOJIHAX BHICOKON YaCTOTHI.
Tecna nauyan paboTars B 00J1aCTH, B KOTOPOIi ceifuac mMmeeTcst 00JIbIle BparoB U KPUTHUKOB, YEM B
Kakou-1m0o0 npyroi obimactu B HareM Beke. Teneps Tecna ¢ G0JIbIIUM HHTEPECOM Havall
UCCIIEI0BATH «3(PHPH.

Tecna Bepui1, YTO AUINEKTPUUECKHUE TIOJIS HA CAMOM JIeJIE COCTOSUIN U3 IIOTOKOB 3dupa.
TeopeTnueckn 3aTeM MOKHO IOJIYyYUTh HEOTPAHUUYEHHOE KOJIUYECTBO SHEPTHUH, YJIOBUB U 3aTHAB B
MIPOBOJTHUK €CTECTBEHHYIO JIMHUIO TUAJIEKTprudeckoro noss. [Ipobiaema Obuia B TOM, YTO HU OJTUH
13 OOBIYHBIX JOCTYITHBIX MAaTEPUAIOB HE MOKET JOCTATOYHO COMPOTUBIATHCSA IPUPY, YTOOBI
IIOJIYYUThb U3 HETO MAJICUIIUN CUII0BOU UMITYJIbC. IIpy MOTOKE, HACTOJIBKO pa3peKEHHOM, YTO OH
IIPOHMKAET Yyepe3 JII000H U3BECTHBIM MaTepuall, KHHETUYECKas SHEPIHsl, 3aKI0UYEHHAs B IMHUAX
JUDJIEKTPUYECKOTO T0JIs OCTaBajaach HEAOCTYIIHBIM YHEPreTUYECKUM UCTOYHUKOM. Tecia Bepuil,
YTO OH MOXKET HAUTU CEKPET, KaK YJIOBUTh 3Ty SHEPTHUIO, HO 3TO NOTPeOyeT HEOOBIYHOTO COpTa
MaTepuasioB. Tecia paccMaTpuBall HaMPsDKEHHE KaK MMOTOKU 3(Hpa 1Mo pa3IuyHbIMU COCTOSTHUAMHU
nasnieHus. [1oBblmas 3T0 1aBieHne, MOXKHO OBLJIO IIPOM3BECTH OTPOMHYIO SHEPTHI0o U3 3upa, rae
Ha0JII01aeMoe HATPsDHKEHHE CTajIo Obl KpaifHe BHICOKUM U JIIOMUHECHUPYIOMIMM. JTO ObUIO UIMEHHO
TO COCTOSIHUE, KOTOpOE, Kak Bepui Tecna, OH U noayvan B cBoux TpaHcopmaropax.

daktruecku, Tecna HE ycTaBasl MOBTOPSITH, UTO €ro TpanchopMaTopsl MPOU3BOAAT MOIIIHEIE
JBIDKEHUS B 3¢upe. B 0JTHOM 1eHCTBUTENBHO YAUBUTEIHHOM SKCIIEPUMEHTE, TTOKA3bIBAIOIIEM 3TO
SIBJIEHUE, OH OIKCAJ MOJIyYeHHE MOCIeA0BATEIbHOCTH OYEHb OBICTPBIX UMITYJIBCOB, C
NOCICAYIOIINUM MOSABJICHUCM «XOJIOAHBIX TYMAHHBIX 66JII>IX IIOTOKOB, MTPOHUKAIOIINUX HA API B
OKpy2Karoliee MpocTpancTBoy». OHU ObUIH MPOXJIATHBIMU HA OLIYTIb, U Oe30macHbIMU. Eciin Ob1 OHM
GBIHI/I SJICKTPUYCCKUMHU 110 IPUPOJALC, TO UX MOTCHIHAI JOJIZKCH 6]31.]'[ JOCTUTI'aTh HECKOJIBKO
MUJUTHOHOB BOJIBT. MIX 6€300MIHOCTH CBsI3aHA C MX BOJTHOOOPA3HOM MPUPOIOH, COBEPIICHHO
HEOOBIYHOH ISl AJIEKTPHUUECKUX TOKOB.

Koneuno, a5 moHnManus TexHonoruu Teciaa Heo0X0AUMO OTOPOCUTD UACI0, YTO IEKTPOHBI OBLIH
«paboyeil )KUIKOCTHIO» B €T0 YCTPOMCTBAX, M3JIydaronuX dHepruto. Koraa HIKHUM KOHET] KaTyIIKH
noACOCANHAIN HCTOCPECACTBCHHO K JTUHAMO, ITOTOK 3(1)Hpa BBICOKOI'O HAIIPSAXKCHUSA U3JTydaJICAa U3
BepxHero BbiBoja. Korna Tecna onuckiBall CBOIO HOBYIO TEXHOJIOTHIO B CBOMX MAaTEHTaX, OH
TOBOPHJI O «CBETOIOJAOOHBIX TyUax» U «eCTECTBEHHOU cpeniey. [IepBblii TEpMUH OTHOCUTCS K TYTO
CKaTBIM CTPYSM 3Hupa, KOTOPBIE UCITYCKATUCH U3 ero TpanchopMaTopoB BAOIL OECKOHEYHO
MaJbIX JTy4eH, a MOCIeTHUI OTHOCUIICS K 3pUpy aTMOochepbl, HCTIOIb30BAaHHEM KOTOPOTO ObLIa
IpOoIUTaHa BCA €T0 TCXHOJIOT'UA. Heso3moxuo nouste Texaonoruro Tecisl 63 MMPOTHUBOIIOJIOKHBIX
TOueK 3peHus Ha 3pup. MHOTHE aHATUTUKH OTBEPTalOT €ro KOHIIETIIHIO 0€3 MpeIBapUTeIbHbIX
IIOUCKOB U HCCJICI[OBaHHﬁ, KOTOPBIC ObLIN IMOJIYYCHBI BO MHOKXCCTBC OKCIICPUMCHTOB, HAIIPUMCED,



Opukom Jlomnapaom. Tecna BRIABUTAN HACIO, YTO MTOTOKHU 3(Hpa MPOTAIKUBAIOTCS Y€pe3 ero
Tpanchopmaropsl moj 1eHCTBUEM €CTECTBEHHOTO MOBBIIIEHHOTO AaBIICHUS, U YCKOPSIOTCS B BHJIE
OCTPOTO AIEKTPUUYECKOTO paspsaa. Anmapar Tecina Helnb3st HOTHOCTHIO MOHATH WU OOBSICHUTH KaK
anekTpuieckyto cucreMy. Ha Texnonoruto Teciasl HEOOXOIUMO CMOTPETH, KaK Ha TEXHOJIOTHIO
3(UPHOTO Ta3a, KOTOPII MOXKHO OOBSCHUTH TOIBKO Yepe3 ra30AMHAMHYECKIE aHAIOTHH.

Teneps cTaNo IETKO MOHATH, KaK MOJOOHBIE HCITyCKAEeMBbIE Ty4YH, IIOTOKH 3()UPHOTO ra3a Mo
BBICOKUM JIaBJICHUEM, MOTYT IIPOHHUKATh KaK Yepe3 METAILIbI, TaK U YE€PE3 U30IATOPBL. DTU MOITHBIE
Jy4H 4acTO MOTYT MPOHHUKATH Yepe3 pa3InIHbIe MAaTePUAITBl C HEOOBICHUMOM MPOCTOTOM.
DIEKTPUYECTBO HE CTIOCOOHO MOPOKIAThH MO00H0E Uy 0. Tecna Takke MOHs TENePh, MOYeMy 3TH
pa3psiHbIe TOTOKH MPOU3BOJIAT TUXUE IIUISIIINE 3BYKH, KaK T'a3, BEIXOASAIINMI M0 BEICOKUM
naBieHueM. DPUPHBIN Ta3 1o naBieHueM. Tecia Obut 3auHTpuroBad. OH yCHENTHO BBICBOOOIHIT
TAaMHCTBEHHBIN PaJIMaHTHBII TOK, OOBIYHO CBS3aHHBINA U CKATHIM B IEPEHOCYMKAX AJIEKTPHUUYECKOTO
3apsna. Ero BEICBOOOKIAIOT OHOHANPABIICHHBIE UMITYJIBCHBIC Pa3psiIbl BBICOKOTO HAMPSHKEHUS U
Majoi JuTenbHOCTH. Kakue ke enié BO3MOKHOCTH MOXKET MPUHECTH TEXHOJIOTHUs 23PUPHOTO raza?

[lepBoHauanbHbBIe MWIMHAPUYECKUE KATYIIKH OBLTH OBICTPO 3aMEHEHBI KOHYCOOOPa3HBIMH.
Hcnons3ys Takyto cTpaHHYIO TeoMeTpuio, Tecna Mor cpoKycHpoBaTh ra30AMHAMUYCCKUN
KOMITOHEHT, KOTOPBIN TeTeph BBIPACTANT U3 OCTPUS KATYIIKU KaK BCIUIECK IIUIIAIIETO OETI0To CBETa.
Tecna pacrno3Hai, 4To 3TH pa3psabl, 3aXBaThIBaloOLIE OeJble U BHYIIAIOUINE TPENET, Ha cCaMOM Jlelie
SIBJISUIMCH IIOTEPSAMU SHEPTUU. MOIHbBIE CTAaHLIUN PACIIPENEICHUS SHEPTUH TEIIEph PACIIPOCTPaHAIN
OBl 3TO PHEPreTUYECKOE U3JTyUEeHHE BO BCe CTOPOHBI. [lnaMsanono6Hbie pa3psibl JaBaiu SHEPTUU
BO3MOXHOCTbH 06pa3OBI>IBaTB BOJIHEBI B IPOCTPAHCTBC. DTO MOTJIO IMMPUBCCTHU K HCIKCIIATCIIbHBIM
MOTEPSIM PHEPTUHU Ha OOJBIINX paccTostHUAX. [loTpeduTenu He monydunn Obl TpeOyemMoro u
MOCTOSIHHOTO MOTOKA dHepruu. Ecnu oH coOuparcs ucnoiab3oBaTh cBou Tpanchopmaropsl JHEprun
JUTs TIepeiadu ¢ 601bI10H 3 (PEKTUBHOCTHIO, €My HEOOXOAMMO ObLIO TTO/IaBUTh 3TH
IaMsno100HbIe paspsabl. Ho monasieHne 3TuX 4Ype3MepHBIX BBIIUIECKOB 3(Hpa 0Kazaioch
poOJIeMaTUIHBIM.

Tecna BbIsICHUI, YTO O€nble MepLAOLIe MOTOKH MOTJIOUIATUCH OOJIBIINMU 00bEMAMU U MaccaMH, B
KOTOPBIX MOTOKH BSI3JIU, PUIBTPOBAINCH U YHUUYTOXAIKUCh. crionb30Bane MEeAHbBIX cdep CBEpXy
TpancopmaropoB MpHHYkJaJI0 TOTOKU 3HAUYUTENIBLHO MOMIOIATh Oesoe miaaMs. Tenepb sHeprus
pacrpocTpaHsIach B MPOCTPAHCTBE TakK, Kak U ObLIO 3ayMaHo. Ho nmosiBuiack HoBast mpobiema.
MenHsle cdepbl, 0 KOTOPBIM YAAPsUIN BBICOKOBOJIBTHBIE TIOTOKH, CTAHOBHJIUCH MPOBOASIIIUMHU U
pa3pylIaiy AIEKTPOHHBIE KOMIIOHEHTHI. DTO SIBIEHUE OBLJIO HEOTAETUMO OT M3IIy4eHUs, U
MIOPO’KAAJI0 BeChbMa OMacHble siBjieHus. [Ipobiema Bo3HMKaIA U3-32 IPOBOJIUMOCTH, B Cllydae, Korjaa
cepruueckuil MeTHBIN IIap CKUMAJICS 10 BceMy 00bEMy. bernble Mepriatomnye NoTOKH MPOHUKAIN B
Me/Ib 1 BBIPBIBAIIN U3 HEE DIIEKTPOHBI. JTH 3arpA3HUTENIN KOHLICHTPUPOBAINCH U BEIPBAIIUCH B BUJIC
OTIAaCHBIX CHHUX KOJIIOIIMX CTpenok. 1t cpaBHEHHS, O€IIbIi MIIaMsAnog00HbIN pa3ps ObUT MATKUM
1 0€30IaCHBIM TOTOKOM.

CpaBuuB o0a ciyydasi, Tecia yBuaen pa3HHIly B IepeHocuuKax 3apsiaa. OQHaKabpl OH YyTh HE TIOTHO,
KOTJla OJTHA U3 TaKUX CTPEJIOK BBIMPBITHYJIA HA METP B BO3YyX U yJlapuia €ro npsmo B CEp/LIE.
Mennble cepbl HyKHO ObLJIO 3aMEHUTH APYTUMHU PACCEUBAIOIIMMU KOMIOHEHTaMU. MeTasuibl
3]1eCh HE TOJIUIINCH, IOCKOJIbKY OHH OBLITH €CTeCTBEHHBIMH XPAaHUJIUIIAMHU JJIEKTPOHOB. Tecna
MPUILET K BBIBOJY, YTO METAJUIBI IPOU3BOISAT JEKTPOHBI ITPH BO3IEHCTBUU HA HUX 3TUX
O0COOCHHBIX OTHEHHO-0EJBIX MMOTOKOB, KOT/1a IEPEHOCUMKH O€JIOT0 TUIAMEHH HAYUHAIOT
KOHIEHTPUPOBATHCA B KPUCTAIIINUECKON pPelIEéTKe MeTalla.

Teneps oH KM3yyal, Kak caM BO3yX OKOJIO TpaHC(OPMATOPOB MPOU3BOJUT CTPAHHOE CAMOCBEUCHUE.
[TooOHBII CBET BEICOKOYACTOTHBIE KAaTYIIKU HE MPOU3BOAMIN HUKOTA: IPKO-OeIblii BEHEll,
KOTOPBIN Jake yBenuuuBaics B nuamerpe. Ceeuenne u3 Tpancdopmaropos Tecna mocTeneHHO
yBEIMYUBAIOCh. Tecna onucan pacTylIyto KOJOHHY CBETa, KOTOpasi OKpy’Kaja KaXIyro
BOCXOJISIIYIO IPOBOJSIIY IO JIMHUIO B BO3JTyX€, IPUCOEINHSIONIYIOCS K €ro TpaHcdopmartopy. B
OTIIUYME OT OOBIYHBIX KOJIeOaHUN BHICOKON 4acTOThI, 3P PeKThl paiuanTHON sHEprun Tecs
YBEIMYMBAIUCH BO BpeMeHU. Teciia Hamén npuynHy npouecca ux pocra. XoTs B AICTOYHUKE



paspsna He ObUIO HUKAKUX H3MEHEHUH, paluaHTHAs SHEPTUsl HUKOTIa He yMEHbIIaia padory,
BBITIOJTHSIEMYIO HaJl JTIFOOBIM MPOCTPAHCTBOM UJIM MAaT€pPUAJIOM, MOABEPTHYTOM 3Kcrno3unuu. Kak u
OJTHOHATIPABJICHHBIE UMITYJIbCHBIEC Pa3ps/bl, paJAUPAHTHBIC dNIEKTpUYecKre F(PPEKThI CKIAIbIBATHIC
1 aKKyMYJIHPOBAIKCh. B 3TOM oTHOImIEHNH Tecna yBuaen yMHOKEHUE SHEPrUU, KOTOpas Ka3ajaach
MIOJTHOCTHIO AaHOMAJIbHOM /17151 OOBIYHBIX MHKEHEPHBIX PACUETOB.

Bb110 71€TKO KOHTPOJIMPOBATH OCBEIIEHUE B KOMHATE PETYJIHMPOBAHUEM BBIXOJHOTO HANIPSIKCHUS
TpaHcdopmaropa. CBET OT ITOTO THIA WUTIOMUHAIINH ObUT BECbMa SPKUM ISl 4eJIOBEYECKOTO
BOCTIPHUSTHSA, HO €0 OBLJIO MOYTH HEBO3MOXKHO choTorpaduposars. UToOs! crenats 310, Tecna
MPUMEHSUT JUTUTEIbHBIC BBIACPKKH, U TOJIBKO TOT/IA MOSIBIISUIOCH criabeiiee n300paxkeHue MoTOKOB.
Ota cTpaHHas HEBO3MOXKHOCTH (poTorpaduyeckoro 3aneyaTieHus Oblia MoJTHON
MPOTHUBOIIOJIOKHOCTBIO CHSHHIO, OLTYIIAeMOMY TJ1a30M, KOTOpOE TPeOOBaIo JETUKaTHOTO
KoHTpouts. Tecna Takke pa3padoTai, caeNail i UCIOb30Ball OOJbIINE Mapo0Opa3HbIEC TAMIIBL,
KOTOpBIE TPeOOBAIM €IMHCTBEHHOTO BHEIITHETO BBOJA JJIS ITOJYYCHUSI UIMHU PaIHaHTHON SHEPTUH.
HecmoTps Ha pa3nuyHble pacCTOSHUA 10 UCTOYHUKA PAHAHTHON SHEPTUH, JaMITbl BCETIa SIPKO
cBeTmnCh. 1o sipkocTH OHM PUOIMKATIMCH K yTOBBIM JIaMIIaM, ¥ IPEBOCXOANIIHN JIIO0YIO
CTaHJApPTHYIO JIAMITOYKY HaKaJHBaHUs DJIMCOHA OJIMHAKOBBIX pa3mMepoB. Taxxke serko Tecia Mor
KOHTPOJIUPOBATH HAarpeB JI000ro MpocTpaHcTBa. VI3MeHeHHEeM HaNpsDKeHUS B JTTUTEIbHOCTH
UMIIYJIbCOB ero TpaHchopMaTopoB, OH MOT HarpeTb KOMHaTy. [IpoxiagHble MOTOKHU TOXKE MOTIIH
OBITh BBI3BAaHBI ONPEACIEHHBIMH yCTAHOBKAMH T TEIEHOCTH UMITYJIHCOB.

KitrouoM k mpou3BoICTBY JH000TO AEHCTBUS HaA 3PUpoM ObLT CEKPET MOAX0/1a K N3MEHEHHIO
HEOJTHOPOAHOCTEH 3upa, mporecc, KOTOPbIM 3aHUMacs Tonbko Tecma. Cap Onusep Jlomx
BBICKA3aJl MHEHHE, YTO €IMHCTBEHHBIM CIIOCOOOM «IOIYUUTh dPUP» ObLT «IEKTPUUECKUN Ty THY,
HO HU 0JIvH U3 WwieHoB KoponeBckoro O0miecTBa He MOT BOCIIPOM3BECTH ITOT MPOILIECC, 32
€MHCTBEHHBIM UCKItoueHneM B Jimie Capa Yunssama Kpykca. Merop ke Tecna ucnonb3oBai 3¢up
i u3MeHeHus agupal CekpeToMm ObLTO OTIENEeHUE 3arpsi3HUTENCH Apupa OT 3QUPHBIX TOKOB B
CaMOM HCTOYHUKE, 0COOCHHOCTh, KOTOPYIO OH MOJTy4ns B cBoux TpaHchopmaTopax u
MarHMTOAYTOBBIX MIPEPHIBATEIISX.

Tecna UCIOMB30BAN CUITY JYTOBBIX Pa3psaoB, MPEPHIBAEMBIX MATHUTOM, JJIsI XaOTHU3AIIUU
ANEKTPOHHBIX U A3(UPHBIX HOCUTENEH 3apsi10B B METAINIMYECKUX TPpoBoAHMKaX. [Ipu pazdouBanuu
CBSI3€H, COCIMHSIOMINX UX, KaX/Iblii KOMIIOHEHT OCBOOOXKIAJICS AJISi COPTUPOBKU. DTO COCTOSIHUE HE
MOTJIO OBITH MOJTYYEHO B IyTOBBIX Pa3psIHUKAX, [€ 3apsIbl MOTJIHU KOJIeOaThCs B
MIPOTHBOIOJIOXKHBIE CTOPOHBI. B M0100HBIX anmapaTax 3JeKTPOHHbIE HOCUTENN TOJaBIISIIH
BBICBOOOXKIeHUE A(upa, U, moka 3pup NPUCyTCTBOBAI B pa3psijie, OH HE MOT OBITh OTACIIEH OT
cMelaHHoro Toka. HeBepositHas 3¢ (EeKTUBHOCTh MArHUTO-YTOBOTO pa3psIHUKA JUIs
MIPOM3BOJICTBA dPUPHBIX TOKOB CJIeI0Bajla U3 HECKOJIbKUX MPUHIUIOB. Tecna BUeN, 4To
AJIEKTPUUYECKUI TOK OBLIT HA CaMOM JIeJIe CI0KHOM KoMOuHaIuen a¢upa u anekrpoHos. Kornga
ANEKTPUYECTBO MIPOXOUIIO Yepe3 Pa3psIHUK, HAUMHAJICS OCHOBHOW pa3AeNuTeNbHbIHN mpolecc.
DNEKTPOHBI C CUIION BBITATKUBAIUCH U3 PA3PSTHOTO MPOMEKYTKA CHIIbHBIM MAaTHUTHBIM TIOJIEM.
Onnako moTOKM dupa, HEUTPAIBHBIE 110 3aPsTy, MPOAOHKAIN MPOTEKATh Yepe3 1enb. MarHUTHBIN
pa3psIHUK ObUT TJIABHBIM B OT/IEJICHUH 3JIEKTPOHOB OT YacTHIL A(Hpa.

D¢upHbie YacTUIB ObUTN KpaliHE MOABMKHBIMH, TOYTH HEBECOMBIMU B CPAaBHEHHH C 3JICKTPOHAMH,
U MOI'JIU, TI03TOMY, IPOHUKATh YepPe3 BEIIECTBO C OYEHb MAJIIEHBKUM YCHIINEM. DJIEKTPOHBI JK€ HE
MOTJIH «CPABHATHCS» € 3PUPOM B CKOPOCTH U MPOHHUKAIOIIEH clTocOOHOCTH. COracHo 3TON TOUKe
3peHMsl, 4YaCTHULBI d(hrpa ObLIM OECKOHEUHO MaJbIMKM, HAMHOTO MEHBIIMMU II0 pa3Mepy, 4eM
JJIEKTPOHBI.

Yacruip! 3¢pupa Hecnu ¢ coboit ummysbe. X orpoMHast CKOpOCTh COTTIACOBBIBAJIACH C UX
0e3MaccoBOM MTPUPOION, COBOKYITHOCTh ITHX CBOMCTB HAOJI01aIach IPH UX OOJIBIIIOM KOJIMYECTBE.
OHU IBUTAHCH CO CKOPOCTHIO, MPEBBIIIABIIEH CKOPOCTh CBETA, YTO OBLIIO PE3yJILTATOM UX
HEC)KMMAEMOCTH M OTCYTCTBUS Macchl. Korjja Obl HM BO3HUKAJ HalpaBJICHHBINA paluaHTHBIN
HMMITYJIbC PHEPTHH, HEMEIJIEHHO BO3HUKAJIO HEC)KUMAEMOE IBUKEHHE B IPOCTPAHCTBE KO BCEM
TOUYKaM, PaclookKeHHbIM Ha €€ myTH. [lo100HOe 1BHKEHNE MPOSBISUIOCH B TBEPIOM JIyye,



KOTOPBII Opocall BEI30B COBPEMEHHBIM MPECTABICHHUSAM O 33JIePXKKaX CUTHAJIA B TIPOCTPAHCTBE.
Hecxumaemsble J1yuu MOTJIM MIHOBEHHO IepeMelaThes Ha Jiroboe paccrosiHue. [lycts naxe
Briepeau Opita quctaniys B 300 000 KMIOMETPOB ATHMHOM, UMITYJIBC JOCTUTA 3TON TOUKH TaK ke
OBICTPO, KaK JH000H IPyroi. ITO CBEPXCBETOBAsI CKOPOCTh, MTHOBEHHAs Tiepeaada. PaquanTHas
MaTepus Be€T cedst HecxknMaeMo. I(P(HEeKTOM 3TOTO SIBJISETCS TO, YTO 3TOT MOTOK JTyYUCTOM
MaTepuH, MOYTH HE UMEIOLINH MacChl U THIPOAMHAMUYECKN HECKMMAEMBIH, SIBIIAETCS YUCTON
sHeprueit! PaguantHoii sHeprueit (cBoOOIHOM SHEpruei).

310 onpenenéHHo ObLI0 EHOMEHOM, KOTOPBIN HUKAK HE COTJIACOBBIBAJICS C IPYTUMHU
IIPOSIBICHUSIMHU MUMITyJIbCa. Tecia B IPOTHUBOIOI0KHOCTh Ha3BaJl 3TU YUCThIE 3(hpUPHBIE BHIOPOCHI
«paZlMaHTHOM MaTepueil» U «paJuaHnTHOU >Heprueil». HelTpanbpHas mo 3apsiny 1 O€CKOHEUHO Maast
10 Macce U pasMepy, Paguantnas DHeprus He Oblia 10X0Ka HU Ha 4To. Eciau BbI clIpocuTe, MOXKHO
JM CpaBHUTH PammanTHy10 DHEPTHUIO C TIOOBIM APYTHM (PU3NYECKUM SIBJICHUEM, U3BECTHBIM
CEeroJiHs, OTBET OyJeT OTPULIATEIbHBIM. MBI HE MOXKEM IIPOBECTH Mapajuienu Mexy PaauanTHoi
DHepruei u 3Hepruei cBeTa, Kak paHblile cyuTana Hayka. Jlaxe Oyydn oueHb MOX0XKEH Ha CBET,
PannantHast Dueprus o0amaeT CBOWCTBAMH, KOTOPBIE HE UMEET CBET, KOTOPBIA MBI MOKEM
noiy4atb. B aTom u 3akimtouaercs npobiema. Texnonorust Tecna — sto UmnynbscHas TexHomorus.
bes npepriBucroro, onnonamnpasiaeHHoro MMITYJIBCA, HEBO3MOXHO MOTYUUTh 3D PEKTHI
PagnanTtHo# OHepruu. [IpousBoactBo PannantHoit DHeprun TpedyeT crennanbHOro
9HEPIreTUYECKOro 000pyA0BaHMs, 000PYI0BAHNUS, IPOU3BOASILIETO KOPOTKUE OBICTPHIE UMITYJIbCHI.
OTH UMITYJIBCHI JIOJDKHBI TOJTY4aThCS IIOCPEACTBOM B3PbIBOOOPA3YIOMIETO Pa3MBIKAIOIIETO
IIpephIBaTells, Kak u npeanucan Teca.



