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BBenenue

Korga 31.12.1982 r. s 6b11 yBOoieH 3 MI'Y 3a dreHHMe JEKIHi, B KOTOPHIX Pa3BUBAINCH
TEOPETHUUECKHUE TOIXOAbl JJIsl PEIICHUs IEPBOM (FreoMeTpr3alus YpaBHEHUHN JIEKTPOIUHAMUKH )
[1] u BTOpOIi (reomMeTpH3alKs TCH30pa SHEPTHUHA-UMITYJIbCA MATEPHH B YPaBHCHHUSIX DHHIITCHHA)
[2] mpoGiiem A. DiiHmireiiHa, TO s 3ayMalicsi, UTO BCE JIM B MOPSIKE C HAyUYHBIM MUpom? 3a
napy MecsIeB 0 MOEro yBOJIbHEHHS, ObIBIINI B TO Bpems pektopom MI'Y, akagemuk PAH,
JloryHoB AHaTonMil ANleKceeBHY MPUIIIACKII MEHS Ha Oecelly B cTapoe 31aHue AKaJeMUuu HayK
U B CBOeM KaOuHeTe Buiie mpesumenta AkageMun TpeIoKu MHE Ha4aTh 00pbOy ¢ ommboy-
HBIMU (110 €r0 MHEHHIO) pabotamu A. DiiHiTeiiHa [3]. S, KoHe4HO, OTKa3aJcs 3a uTOo, BCKOpE, U
Obu1 yBOJIEH U3 MI'Y.

JanpHeiiee pazputue uae OiHIITelHa npuBeno MeHs B 1984 k ypaBHeHusimu duznue-
ckoro Bakyywma [4]. Dt ypaBHEeHUs OCHOBaHbI Ha BeeoOieM (B OTJIMYKE OT OOIIET0) MPUHITUIIS
OTHOCHUTENIbHOCTH, KOTOPBIM 00bEeINHUI TPAHCISILIMOHHYIO OTHOCUTEIBLHOCTh C BpallaTeIbHOMH,
OTCYTCTBYIOILIEH B Teopur DUHINTEHHA. B 3TON T€OpUM HET HETOJIOHOMHBIX BpPAaIATEIbHBIX KO-
OpJMHAT M, COOTBETCTBCHHO, HET BpalaTeIbHON METPHKH [5].

Teopuss @usnueckoro Bakyyma — 310 coBpemenHas teopust agupa. [Ipu cozganum creunu-
QJbHOW TEOPUU OTHOCHUTEIIBHOCTH A. DUHIITEHH YTBEpP)KIall, YTO «BBEICHUE CBETOHOCHOTO
adupa SBISETCS UBTHIIHUMY [6], ¥ 4TO «HENb3s CO3AaTh yJOBICTBOPUTEIBHYIO TEOPHIO, HE OT-
Ka3aBIIUCh OT 3upax» [7], HO B, MOCAESACTBHUHU, OH TPHIILE] K TPOTHBOMOJIIOKHOMY BBIBOIY, CUHU-
Tas, 4TO «MbI HE MOKEM B TEOPETUUECKOW (u3uke o0oiTruch 6e3 adupa» [8,9]. Y nuBurensHo,
YTO 3a HECKOJIBKO JIET 0 paboThl DitHiTelHa [6] reHuanpHbIi skcriepumenTarop Hukoma Tec-
Jla HE CMOT OOBSICHUTH PE3YJIbTATHI LIETIOTO Psa BIEYATISIONINX ICKTPOAMHAMUYECKUX IKCIIe-
PUMEHTOB Oe3 npuBjieucHus moHsThs 3¢upa [10].

B ornnume ot obmenpusHaHHBIX ypaBHeHHMH MakcBesuia-JlopeHa, 3alMCaHHbIX 7S BEK-

TopHeiXx noteit £ u H |  ypaBHeHms BakyymHO# (3(MPHOI) SMEKTPOIMHAMHUKH, KOTOPAs
cremyer w3 ypaBHeHuit ®u3ndeckoro Bakyyma, —CoOfepiKaT JOTONHHUTENBHO CKANSAPHBIE MO

SE [11,12], npencrasistomue coO0H MOHOIOIBHOE M3JIYUCHUE CUCTEMBI 3apsaa0B. B oTiu-

YUC OT AUIIOJIBHOTO U3JIYUCHUS, MOPOKIAAOIICTO BCKTOPHBIC ITOJIA E u H y CKaJISIPHBIC
IIOJIsA BO3HUKAIOT Ka)KHBIﬁ pas3, Korjga npoucxoguT U3MCHCHHUC TINIOTHOCTU 3apia0B, T.C. KOT'la B
N

HeKOoTOopoi oOnmactu D Bo3HUKaeT HapylIeHue 3aK0Ha coxpaHenus mnonHoro 3apsaa Q(t) = Zqi
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Pucl. 3apspkennas cdepa: a) 3apsin chepsl moctostueH; b) 3apsa chepbl MeHsieTcs co Bpeme-
HEM

Ha puc.1 npencraBnena 3apsokenHast cdepa (cdepa Tecna), B 1ByX COCTOSHUSIX, KOT/a: TOJI-

N
ubiii 3apsag Q(t) = Zqi cdepsl mocrosiHeH ( Kiroya K pa3soMKHYT) W Ul YAaJIEHHOTO HaOIIio-
i1

JaTeNs CTaTHYecKoe KyloHOBCKoe moie E =Q/r? Mamo oTimyaercs oT mojis TOYEdHOTO 3apsa
Q; b) xorma chepa paspsokaercs Ha «3emitto» ( Kiroda K 3aMKHYT) TIOJTHBIN 3apsiy] chepbl MEHS-
eTcsl CO BpPEMEHEM, a YAaJIeHHbIM HabmojgaTeNs HU3MEpsAeT MEePEMEHHOE KYJIOHOBCKOE II0Jie
E =Q(t)/r? u ckansproe moe [11,12]
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VY3ke U3 caMoro Ha3BaHUSI «MOHOIIOJIBHOE M3JIy4E€HHUE» CIEAYeT, UTO MoJje (2) JOIKHO OMUCHI-
BaTh 3apsHKEHHbIC YacTHllbl, KoTopble H. Tecna npeanoxui Ha3bIBaTh «CUSIIOIIUM H3ITYYCHHEM)
WM «XOJIOJHBIM 3JieKTpudecTBoM» [13]. AHanu3upysh MHOTOYHCIICHHBIE SKCIIEPHUMEHTHI C TI0-
nem (2), H. Tecna nmpuiien K BEIBOAY, YTO «CUSIOIEE U3IYICHUE)» CBSI3aHO CO CBOMCTBAMHU 3(Pu-
pa-BakyyMa 3a/I0JITO 10 OTKPBITHSI HYJIEBBIX KoJjeOaHMI BakyymMa B KBaHTOBOH TEOpPHH Bellle-
cTBa. Y BEAYIIMX TEOPETUKOB Hayajia MPOILJIOrO BeKa, TaKuX Kak A. DitHmreitH, I'. Jlopen, I1.
Hupak u np. sxcriepuMeHTsl H. Tecia BbI3bIBanu HEIOYMEHHE, ITOCKOJIBKY B YPABHEHUSAX KakK
KJIACCHUYECKOM, TaK U KBAHTOBOI 3JEKTPOJMHAMHUK MOHOIOJIbHOE U3TyyeHHUE (2) OTCYTCTBYET B
CHJIy 3aKOHAa COXPaHEHMs 3apsiia ¥ WHBApPUAHTHOCTH 3apsijia OTHOCUTEIHHO MpeoOpa3oBaHUMA
Jlopenma. A. DiiHmTeiH 3Han o padorax H. Tecna u maxke Bcrpedancs ¢ HuMm. O0 3TOM CBUjIE-
TeNbCTBYET Qororpadus Ha puc.2, caenannas B Heio-/[xepcu 23 anpenst 1921 roga, Ha KoTO-
poif 00a yueHBIX CTOSIT PSIIOM BO BpeMsSl OTKPBITHS HOBOM 3JieKTpocTaHIUU. JlecsaThio rogamMu
nozxe, B 1931 r. A. Diinmreiin nocnan H. Tecna no3apaBuTeNnbHYIO TENETpaMMYy B CBSI3U €TI0
75-TH JICTHUM FOOMJIEEM CIICYIOIIETO CONECPKAHUS:



Puc.2 . A. Oitniureiin 1 H. Tecna cToAT BMecTe Ha OTKPBITUY 3JIEKTpocTaHuu B 1921 .

« YBaxkaewmslii r. Tecina!

Sl ¢ pagocThio y3HAI O TOM, 4TO BBI Iipazanyere cBoe 75-netue u uto Bel, Kak MI1010TBOPHBIN
MUOHEP B 00J1ACTH TOKOB BBICOKOW YaCTOTHI, JOCTUTIIN UCKITIOYUTEILHOTO Pa3BUTHS ATON 00ma-
ctu TexHuku. [Tozapasmsito Bac ¢ Benmukum ycriexom Beeli Barreid paGoThl.

Anvbepm Diinwmetiny.

A. DUHIITEH HE MOT He 3HaTh O TOM, Kak nepea 3TuM H. Tecna nmoctaBui 31eKTpoMOTOp, MOII-
HOCTBIO 80 KBT ¥ «0COOBIN reHepaTop SHEPTHI», UCIIONB3YIONINNA, BO3MOXKHO, YHEPTUIO TOJIS
(2), Ha aBTOMOOMIIL «Pierce-Arrow», ¢ KOTOporo ObLI CHAT OObIYHBINA OCH3WHOBBII JBUTATEIb.
B npucyrcTtBuum MHOro4yuciaeHHbx penoptepoB, H. Tecna, BKIIOYMB TeHEpaTOp €311 Ha 3TOM
aBTOMOOMIIE CO CKOPOCThIO A0 150 KM/4, HETOCTYITHOMW /sl IBUTaTeNieii BHYTPEHHETO CrOpaHus

Toro BpemMeHu. Ha ucneiTanus Obl1a motpadyeHa ogHa Hezaens. Heckonbko razer B T. Byddano

mrata Heto-Mopk, Tie mpoXoamino ucmsitanue, coobmums 06 3rom codsrrun. Korna permoprepst

crpammBany: «OTKyma 0epeTcst SHepTHsl A ABKeHus aBromoomia?», H. Tecna orBeuan: « 13

adupa BOKpYr Hac». Peakuus Ha 3TOT oTBeT Obuta - H. Tecna 6e3yMeH U CBsI3aH ¢ HEUUCTOU

cunoit. [Tocne wero H. Tecna oOumencss 1 yHUUTOXIII CBOIO BEChMa MEPCIEKTHBHYIO TEXHUYE-

CKYIO pa3paboTKy.

Mo>kHO BBICKa3aTh CJIEIYIOIINE MPEINOJIOKEHUS O TOM, MOYEMY BEIYyIIHE TEOPETUKH TOTO

BPEMEHU MMPOUTHOPUPOBAIIU PE3YJIbTAThI ONBITOB Teca:

1. Onseitel Tecna BbIHYKJIAMU OKa3aThCS B AJIEKTPOJUHAMUKE OT 3aKOHA COXPaHEHUSs 3apsiia,
9TO HapYHIHJIO Obl MHBAPUAHTHOCTHh YPABHEHHH SJEKTPOJUHAMHUKH OTHOCHUTEIBLHO MPeod-
pazoBanuii JlopeHua.

2. Hcrounuk sHepruu Tecia, HCTIONB3YIOMUNA dHEPTrHio ddupa (Bakyyma) OompoBepraeT Haiu
MIpPE/ICTaBICHHs] O 3aKOHE COXPAHEHMsI YHEPIrHH, MOABEpras COMHEHHUIO aBTOPUTET T'OCIHOJ-
CTBYIOIIEH B TO BpEMsSI HAYKH.

3. Ecnm ObI OBUTO TOCTOBEPHO JI0OKA3aHO, YTO SHEPTHUI0 MOKHO MOJy4YaTh, HAIPUMED, U3 DIICK-
TPOH-TIO3UTPOHHOTO Bakyyma [lupaka, TO 3TO BBI3BAIO OBl COIMANBHBIC MOTPSCEHUS, CBS-
3aHHBIE C JEUIEBU3HON 3TOM SHEPIUU.



VY4eHble TOTO BPEMEHU U KPYIHbIE OM3HECMEHbI HE JOMYCTHIN (M, BUIUMO, ceidyac He JIOMyc-
KAalOT) pa3BUTHE HAYYHBIX OTKPBITMHA M TexHojorui Huxonbr Tecnma, MOCKOIBKY 10 CHX TOp
OJHH IMPOJOJDKAIOT 3alUINATh YeCTh MYHAUPA, @ APYrUe CBOU JOXOJBI.

1. OTKprTl/Ie H IKCIICPHUMCHTAJbHDBIC CBOMCTBA «CHSIOILErO U3JIYyYCHUA»

Pazpsin chepsl, moka3aHHbIi Ha pUC. 1, HE €TUHCTBEHHBIH UCTOYHHUK CKATSIPHOTO MO (2).
Oto nosie 6p110 0OHapykeHo H. Tecna mpu ObICTPOM 3aMBbIKAHUM WITH Pa3MbIKaHUH PYyOUIIEHUKA
B BBICOKOBOJIBTHOM CETH MOCTOSIHHOTO TOKa. OH 3aMeTHII, 9TO OBICTPOE 3aMbIKaHHUE PYOHIIbLHUKA
(v TIepekIIIoYaTess Ha puc. 1) MOpoXaaio B 1a00paTOpUu yAapHYIO BOJIHY, KOTOPYIO MOYKHO
OBLJIO IOYYBCTBOBATH IO JJICKTPHUECKOMY pa3ApakeHHIo Ha nuie u pykax. Chauana H. Tecna
ObLT yOEXKIEH, UTO 3TO YACTHIIBI METAJUTMYECKUX YacTel pyOnIbHUKA, IEPEIIeANINe B Mapoo0-
pa3HOE COCTOSIHHE, BBIPHIBAIOTCS M3 TIPOBOIOB BO BCEX HANpaBleHUsAX. [k U3ydeHHs] ITOTO SB-
JICHUsI, OH HCIIOJIb30BaJl CTEKJISIHHBIN 3KpaH, AJi TOT0, YTOOBI OTCeYb 3TH YacTullbl. Hecmotps
HA DKpaH, yJapHbIC BOJHBI, MMOKAIBIBAOIINIA 3()()EKT Ha JIUIIC U PyKaX MPOJIOJDKAIH OIIYIIATh-
cs. H. Tecna moHsi, 4To HUKTO HE HAOJIIO1al1 HUYEro moio0Horo panbme. OH 3aMeTHII, 9TO
YKOIIBI [UTHJIMCh Ha TPOTSHDKEHUN MAJION JOJIH CEKYH/Ibl, B MOMEHT 3aMbIKaHus pyounsHuka. Ho,
Kak u Bce yuenble, H. Tecna 0b11 yOexa&H, 4To 3TH cTpaHHble 3P (HEKTHI 00BSICHIUCH TPOCTHIM
pacnpocTpaHeHUEM HOHU3UPOBAHHBIX YAAPHBIX BOJH B BO3/IyX€E, BPOJIe CHIIBHO HOHU3UPOBAH-
HOTO y/apa MOJHUH.

H. Tecna nmpoBEn ceprio SKCIEPUMEHTOB, C IEJIbI0 U3MEPUTD JTABJICHUE YAAPHOUN BOJTHBI HA
OOJBIINX PACCTOSIHHSIX. J[JIs1 9TOTO OH UCTIOTB30BAT ABTOMATHUECKHUIA «Pa3MBIKAIOIINN BBIKITIO-
yatenb». KOHTpoIb 3a HanpsHKeHUeM MPOU3BOAUIICS U3MEHEHHEM CKOPOCTH BpallleHUs BHICOKO-
BOJIFTHOT'O INHAMO, KOTOPOE SIBJISIOCH HCTOYHUKOM TOCTOSIHHOTO TOKa B 1iend. OH 00HapyXuiI,
YTO OBICTPO MPEPHIBAEMBbI HCTOUHUK IMOCTOSIHHOTO TOKA BHICOKOT'O HANPSKEHUS MIPUBOJIUT K
U3JTY4EHUI0, KOTOPOE MOKHO OBUIO MOYYBCTBOBATh HA OOJIBIINX PACCTOSHUAX OT UX UCKPOBOTO
uctoyHuka. To u3nydeHue, KOTOPOe BHICBOOOKIATIOCH U3 TPOBOOB MPH 3aMbIKAHUU BBIKITIOYA-
TeJIsA, JIETKO MPOHUKAJIO Yepe3 SKpaHbl U3 cTekia U Menu. He Obu10 pa3HUIb, U3 Yero OHU ObUIH
W3TOTOBJICHBL; YQPEKT MPOHUKANT Yepe3 J00e BEMIECTBO, KaKk OyaTo ObI 2KpaHa He OBIJIO BOBCE.
31ech SBHO HAOIIOANICS SNIEKTPUYECKH 3P PEKT, KOTOPBIN MPOHUKAT Yepe3 MPOCTPaHCTBO 0e3
MaTepUalibHbIX MocpeaHUKOB. [ToaTromy H. Tecna Ha3zBasl 3TO U3IIyYEHUE «CUSIIOIIEE AIIEKTPUYe-
ctBo». H. Tecna moHAN, YTO 3TO HOBOE IEKTPOANHAMUYECKOE siBJIeHHE. OH U3Yy4usl UMEIO-
HIYIOCS B TO BpeMsl JIMTEpaTypy U Hallled CChUIKH TOJIBKO Ha ABYX SKCIEPHUMEHTATOPOB.

Iepsorit u3 Hux Jxozed ['enpu HaOmOgaM MarHeTH3alMIO CTAIBHBIX MIJT MOIIHBIM HMCKpPO-
BBIM pa3psaaoM. HeoObIYHOCTh TaHHOTO SKCIIEPUMEHTA, TpoBenEHHOTO B 1842 1., 3aKimovyaeTcs B
TOM, YTO JIeWeHCKast O0aHKa, UCKPBl KOTOPOH M MPOM3BOAMIM MarHeTU3alUIo, CTOsIa Ha BEpX-
HEM ATa)Ke 3/1aHus, OOBIYHO HEMPOHUIIAEMOT0 JJIsl AIeKTpuyecTBa. Mribl ObUH pa3MeIieHbl Mo
CBOJIOM IoJIBaia. bbTO HEACHO, KaKMM 00pa3oM MCKPBI MOTJIM MOJEHCTBOBATh HA UTIJIBI Yepe3
HEIMPOHMITAEMBIE JIJIs AIeKTprudecTBa 6aphepbl? [[xo3ed ['enpu Ob11 yOKIEH, UYTO HUCKpa CO3/a-
€T ocoOble «Iy4yH, MOX0XKHE Ha CBET», U UMEHHO 3TH NMPOHUKAIOIINE areHThl U OTBETCTBEHHBI 32
MarHeTu3aluio.

Bropoii monoOHsIii ciryyait mpousomén B 1872 r. B 31aHuu BeIciel mkoubl B @unagenshuu.
Onuxy ToMcoH, npenogaBaTens PU3NKHU, UCKAJ CIIOCO0 caeiaTh UCKPBI OOIBIION MCKPOBOM Ka-
Tymku Pymkoppda Oosee BUIUMBIMU IpU AEMOHCTPALMU Ha JeKIuu. [IpucoeMHuB ouH MO-
JIIOC KaTyIIKU K TpyOe ¢ X010qHOH Bo0M, ToMCOH ObUT HalyraH TeM, YTO IIBET UCKP CMEHUIICS
¢ ronyboro Ha Oenbril. JXKenast ycunutek 3T0T 3hdext, TOMCOH MOACOeAMHUI APYrOi MOJIOC K
00JBIIOMY METAIIMYECKOMY JHUCTY cTojia. Ilocnme BKIIOYEHMsI KAaTyIIKH, BO3HHKIIA OIJIYILIH-
TEJILHO TPEeIlaBIlasi OCICIHUTEIbHO Oeast NCKpa, BUHAS NaXe ¢ 3aJHUX pAaoB. XKenas mokas3arb
3TOT AKCIEPUMEHT Koyuiere, DABUHY XaycToHy, TOMCOH MOomén K ABEpH U ObLI BHE3AITHO
ocraHoBJeH. [IpukocHyBIIMCh K OpOH30BOM JBEpHON pydke Ha JyOOBOW ABEpPH, OH MOIYYHII
pe3kuii snexktpudeckuid yaap. BeixmounB Karymky Pymkoppda, Tomcon oGHapyx)um, 9to 3¢-
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¢exT npexpartmiics. OOCyAUB CIIyduBIIeeCs BMECTe C DIBUHOM, OHH CHOBA 3aIlyCTHJIM YCTPOWA-
ctBo. Komommii a3dpdexr moBropuncsa. Torma oda mKEHTIBMEHa CTaau OeraTh IO OTPOMHOMY
3/IaHUIO U3 KaMHs, y0a ¥ jKelie3a ¢ MIEKTPUISCKH N30IHPOBAHHBIMU METAILTUIECKUMHE TIpeMe-
tamu. Kaxxnoe npukocHOBeHHE MEPOYNMHHBIM HOXKOM MM OTBEPTKON K JIIOOOMY METaJUIMYECKO-
My OOBEKTY, HE3aBHCUMO OT PACCTOSHHUSA JO KATYIIKH M CTENEHH W30JMPOBAHHOCTH OT IOJA,
MOPOKJANO0 JIUHHBIE TPOAOKUTEIbHBIE Oelble UCKPBL. Pe3ynbrar uccienoBanus OblT ONMUCaH
B KOPOTKO# 3ameTke B xkypHaiue Scientific American B Tom xe roay [13]. H. Tecna onryrui, 4ro
00a onucaHHBIX HAOIIOJEHHS CXOXKHU C €ro OTKpbITHeM. Kaxablii U3 3TUX ciay4yaeB ObUT BbI3BaH
HEOOJIBIIMMH BapUAIUSIMU OJTHOTO M TOTO JKe siBeHus. XoTs Tecma clienan 3TO OTKPBITHE B
1889 r., mpenBaputenbHbIii 0630p 3¢ dexTa ObUT OIMyOJIUKOBAH TOJBKO TOCIIE MPOIOKUTEIBHON
cepuu 3KcrepuMeHToB. Pabora «PaccesHue anekTpuuecTBa», onyoiukoBaHHOe nepen Poxne-
ctBoM 1892 r., cTtano noBopotHoii crathéld H. Tecna.

JIyist aBTOMAaTH3aIMy MPOoIecca CO3IaHms «CUSIOIIero u3nydeHus», H. Tecma nzobpen «aB-
TOMaTI/I‘IeCKHﬁ BBIKJIFOYATCJIb)» B BUJIC CIICIIUAJIBbHBIX I[YTOBBIX BJIeKTpI/I‘{eCKI/IX paBpH,Z[HI/IKOB

(puc.3).

Puc.3. MarauTHbIi ipepbIBaTENb AIEKTPUUECKOTO paspsiaa

BBICOKOBOJIBTHBIM BBIXOJ I'€HEpaTopa MOCTOSIHHOTO TOKa ObUI NMPHCOEIUHEH K CIIAPEHHBIM
IPOBOJHUKAM Yepe3 HOBBINA JYroBOW MEXaHHM3M, IPEACTABISBIINN U3 ceOs1 OYeHb MOUIHBIH IMO-
CTOSIHHBII MarHuT, yCTaHOBJICHHBIN MONEPEK IyTU IyroBOro paspsaa. [lyra paspsna aBToMaTH-
YECKH U NPOJOJLKUTENIEHO BO3HUKAJA U racia Mo JEMCTBUEM MarHUTHOIO IIOJIS.

(¢ ) comecan
- anTenna E

L

—{

Nepauunan ofmotia A

BriconOBONBTHHIA Temepatop &

NOCTORKKOTO Toka B Tpaucdopmatop

Tecna Gea cepgeuHnHa

Bropuaman ofimorra C

. g — Jasemnenmne £
MarkuTHbIA npepisaTent

Puc.4. I'enepatop cusromiero uznyuenus Tecna

H. Tecna coznaBai Takue JIEKTPUUECKUE LETTH, KOTOPbIE OBUTH IMTOXO0XKH Ha ITyIbCHPYIOIIYIO

AIIEKTPUUYECKYIO CTPYIO. DIEKTPOCTATHUECKUH 3apsi Ha KoHaeHcaTope C yBeIMYUBAJICS 10 CBO-
€ro MaKCMMyMa U pa3pspKaics O4eHb OBICTPO BO BpeMs palOTHI pa3psAHUKA, IT0/1aBasi MOIIHBIH
UMITYJIbC TOKA Ha MEPBHYHYI0 0OMOTKY TpaHcdopmaropa Tecna ¢ MaabIM 4KUCIOM BUTKOB (2-6
BUTKOB). B kauecTBe mcTouyHMKa mocTossHHOTO Toka H. Tecna mcmoip30Ban BEICOKOBOJIBTHOE
nuHamo (puc.4). Bo BTOpHYHOII OOMOTKE C OOJBIIMM YUCIOM BHUTKOB BO3HUKAET BBICOKOE
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HaNpsDKCHUE M CHUSIOIIee HM3JIydeHHe. DKCIEPUMEHTHPYS C TaKUM OTHOCHUTEIHHO MPOCTHIM
ycTpoiictBoM, H. Tecma oOHapyXui1, 4TO CHUSAOIIEE U3TYICHHE MOXKET HABOAUTH MOIITHBIC DJICK-
Tpuyeckre 3PPeKTs Ha PaCCTOSIHUU. DTO M3IyYeHHE HE ObIJI0 OOBIYHBIMU IMONEPEYHBIMU DIICK-
TPOMAarHUTHBIMHM BOJIHAMH. DTO ObUIM MPOJOJIbHBIE BOJHBI, KOTOpbIE OBUIM CIIOCOOHBI BO3/EH-
CTBOBAaTh Ha 3aps/bl B HAPaBJICHUHU CBOEro pacnpoctpanenus. H. Tecna Haydnscst MEHATh AJH-
TEJIBHOCTh UMITYNbCOB. OKa3aJI0Ch, YTO MPU UMITYJIbCAX JUIMTEIBHOCTBIO B OIHY MUKPOCEKYH]Y,
OLIYIIAJICSl CUJIBHBIN (pU3MOJIOTHYeCKHil HarpeB. [lanbHeilee yMeHbIICHHE JUIMTEIHOCTH HM-
IyJbCca MPUBEIO K CaMOIPOU3BOJILHOMY CBEYEHMIO, HAIOIHABIIEMY ITOMEIEHUS U BaKyyMHBbIE
KoJIOBI OenbiM cBeToM. [IpHu Takux yactorax UMIyNbcoB Tecia nobuscs nossiaeHus 3PPEKToB,
KOTOpPbIE OOBIYHO OBIIM CBOMCTBEHHBI YHEPTUHU HJIEKTPOMArHUTHBIX BOJH BHJIUMOIO cBeTa. bo-
Jee KOpPOTKHE MUMIYJIbCHI MOPOXKIAIM TEUCHUS, HAMOIHSBIINEG KOMHATY MPOXJIQAHBIMU MOTOKA-
MH, U CONPOBOXKJABIINECS IOSABICHUEM OLIYIIEHUS TPEBOTM M OECHOKOMCTBA. YMEHBIICHUIO
JUTUTENILHOCTU UMIYJIbCOB HE ObLIO mpezaena. Hukakue u3 3TUX 3HEPreTHYECKHX MMITYJIbCOB HE
MOTJIN OBITh TOBTOPEHBI IPU MOMOIIY FAPMOHUUYECKUX KOJICOAHUH BBICOKON YacCTOTHI.

H. Tecna Gopomcsi ¢ Heonmpenen€HHOCThIO, TPEAIoaras, 4ro ero SBJICHUE pa3psaa MOTJIO
OBITH OOBIYHBIM HJIEKTPUYECTBOM, BeIyIIUM ceOsi HeOObIUHBIM 00pa3zoM. Ho Morio jin anekTpu-
YeCTBO UMETh TaKYIO IJIABHYIO, MSTKYIO, H3BHBAIOIIYIOCS TPUPOAY? DICKTPUIECTBO, K KOTOPO-
My MBI BCE MPUBBIKIHN, OKAa3bIBACTCS TOPSYUM, CXKHUTAIONIUM, CMEPTEIbHBIM, MPOHU3BIBAOIINM,
kourronM. Bee ero atpuOyTel ObUIH pasznpaxkaromuMu. Ho 3To sSiBIEHHE CUSIONIETO H3ITydeHHs,
OBLJIO JIM OHO XOJIOJHBIM WJIM TEMIIBIM MPU MPUKOCHOBEHHUH, OCTABAJIOCh «MSITKHUM U HEXHBIM.
Ono He moryio youts. H. Tecia He ycTaBail HOBTOPSTh, YTO €20 MPAHCHOPMamopsbl npou3800sm
MowHble 08udceHus 6 d¢upe. B 0JHOM NEHCTBUTENBHO yIUBUTEIHLHOM SKCIIEPUMEHTE, MTOKa3bI-
BAIOMIEM JTO SIBJICHHE, OH OMHCAJ IMOJyYeHUE OYCHb OBICTPBIX UMITYJIBCOB, C MIOCIEAYIOIINM I10-
SIBJICHUEM «XOJIOJITHBIX TYMaHHBIX OEBIX MOTOKOB, MPOHUKAIOIINUX HA SPI B OKPYKAIOIIEE MPO-
ctpadcTBO». OHM OBLIM MPOXJAAHBIMHM Ha ONIYyIb, U Oe30macHbIMH. Eciii Obl OHM OBUTH SJIEK-
TPUYECKUMH TI0 TPHUPOJC, TO WX MOTCHIMAN JODKEH OBbLT JOCTUTATh HECKOJIbKO MUJUIMOHOB
BOJIBT. MIX 6€300MIHOCTH CBSI3aHA C KX BOJTHOOOPAa3HOM MPHUPOIO0MA, COBEPIIIEHHO HEOOBIYHOM IS
DIIEKTPUIECKUX TOKOB.

Tecna BueI, 4TO ANEKTPUISCKUNA TOK OBLIT HA CAMOM JIeJie CJI0KHON KoMOMHanuen supa u
a5IeKTpoHOB. Korna aekTpuiecTBo mpoXoAuiIo Yepe3 pa3psAHUK, HAYNHAIICS OCHOBHOM pasjie-
JMTEIBHBIN MPOIecC. DIEKTPOHBI C CHIIONW BHITATKHUBAIUCH U3 Pa3psTHOTO IPOMEKYTKA CHITh-
HBIM MarHUTHBIM T0JieM. [1o ero MHeHHIO, TTOTOKU dupa, HEUTpaIbHBIC TIO 3apsTy, TPOAOKA-
JIM TIPOTEKATh Yepe3 1elb. MarHUTHBINA Pa3psIHUK ObLI ITaBHBIM B OTICIICHUH AJIEKTPOHOB OT
gactuil d¢upa. DupHbIe YaCTUIIBI OBUTA 0Y€Hb TIOIBUYKHBIMU, TIOUTH HEBECOMBIMH B CpaBHE-
HUH C DJIEKTPOHAMH, ¥ MOTJIH, TIOATOMY, IIPOHUKATH Yepe3 BEUIECTBO C OUYCHb MaJICHBKHM yCH-
aueM. DIIEKTPOHEBI K€ HE MOTJIH «CPABHATHCS ¢ 3(QUPOM B CKOPOCTHU M MPOHUKAIOMICH CITOCO0-
HOCTH. COTJIaCHO 3TOM TOUYKE 3PEHUS, YaCTUIIBI APrpa ObLTH OECKOHEYHO MaIbIMUA, HAMHOTO
MEHBIIIMH T10 pa3Mepy, YeM IICKTPOHBI.

[TomBost UTOTH, MOXHO BBIICITUTH CICTYIONIUE CBOMCTBa HOBOTO 3JICKTPOIMHAMHYECKOTO
s dexTa, 0OHapyKeHHOTO U uccieaoBanHoro Hukomoit Tecna [13]:

1. DddexT cusronero nu3mydeHus MOSBISETCS, KOTJa BBICOKOBOJIBTHBIN MTOCTOSTHHBINA TOK

paspsiKaeTcs B MCKPOBOM MTPOMEKYTKE U OBICTPO MPEPHIBACTCS, TTOKA HE BOSHUKHET Ka-
KOW-TM00 pEeBEPCUBHBIN (0OpaTHBIN) TOK.

2. OTOoT 3P PEeKT 3HAYNTETHHO YBEINIHBACTCS, KOT/1a ICTOYHUKOM ITOCTOSTHHOTO TOKa
CITY’)KUT 3apsDKCHHBIA KOH/ICHCATOP.

3. Cusromee n3mydeHre OKAIACT IPOBOIA U APYrUe KOMIOHEHTHI IIETH TEPIICHINKY-
JSIPHO K TEUYCHUIO TOKA.



4. Cusrolee u3nydeHre oopazyeT MPOCTPAHCTBEHHO paciipeieI€HHOe HalpsyKeHUE, KO-
TOPOE MOKET MPEBBIIIATH HAYAIbHOE HAIIPSYKEHNUE HA UCKPOBOM PA3PSAHUKE B THICSYH
pas.

5. OHO pacrpocTpaHsieTcs B BUAE MPOAOIBHOTO IEKTPOCTATUYECKOTO “‘CBETOMOA00HOTO
JTy4a”, KOTOPBIHA BeAET ceOst MoJOOHO HECKUMAEMOMY ra3y MO/ AaBICHHEM.

6. Cusroliee U3Iy4eHNE MOKHO MOJTHOCTHIO OXapaKTepU30BaTh JIIUTEIbHOCTHIO UMITYJIb-
ca 1 HallpsHKeHHEM Ha MICKPOBOM pa3psIHUKE.

7. Cusroriee u3aydeHrne MPOHHUKAST Yepe3 BCE MaTePHAIIbl M CO3AET “DJIEKTPOHHBIC OT-
KJIMKW B METaJJIax, HAampuMep, Meu U cepedpe. B qanHHOM ciiydae “aJIeKTpoHHBIE OT-
KJIUKK® O3HAYaeT, YTO Ha MEJIHBIX MOBEPXHOCTSIX, MOJABEPTHYTHIX «CUSIFOLIEH IMUC-
cUM», OyJIeT pacTu dIEKTPUUYECKHMA 3apsil.

8. MMmynbChl CHSIONIET0 M3ITydeHHs! [UIUTENbHOCThI0 MeHee 100 MUKpOCeKyH T aOCOTIOT-
HO 0€30macHbI AJIs PYK U He OyAyT BBI3BIBATH IIOKOBBIN YAap WM IPYTOi Bpel.

9. HMmynbChl CUSAIOMIETO U3TYyUYCHUSI IITUTEIbHOCThIO MeHee 100 HaHOCEKYH I XOJIOIHBI U
JIETKO CO3/Iaf0T CBETOBBIC 3(P(HEKTHI B BAKYYMHBIX TPYOKax.

2. IloBTOopenne 3xkcnepumentoB H. Tecaa

B nacrosiee BpeMs IIOBTOPEHUN HKCIIEPUMEHTOB Tecina B pasjM4HbIX BapuaHTaX TaK MHOTO,
YTO UX MEpEeUrcieHre 3aiiMeT MHOTO BpeMeHHU U Mecta. [1oaromy s pacckaxy o0 sKcrepuMeH-
TaX, NPOBEOEHHbIX JUYHO MHOU U KOTOPbIE UMEIOT aHATUTUYECKOE OMHCAHUE CHUSIOIIETO H3IIy-
Yaromero B Bujae mois (2).

1.1.becnipoBoHas nepeaaya 3JIeKTPOIHEPIHH CKAISIPHBIM NOJIeM S.

B kauecTBe MCTOYHMKA WMITYJILCOB TOKa ¢ 4acToToW ciemoBanus 10 MI'1y Obu1 miconb30BaH
reHepatop bpoBuHa, cxema KOTOpOro mpeacraBieHa Ha puc. 5. ['eHepaTop muTaucs oT UCTOU-
HHKA TIOCTOSIHHOTO Toka 12-50 B. Bo Bropuunoii o6motke L, Tpanchopmaropa Tecna (3a cuer

PE30HAHCHBIX CBOMCTB CHCTEMBI) MBI TMOJIYYaad CHHYCOHAAIbHOE HAMPSHKEHUE C aMIUIMTY/I0M
5000 BosbT.

Lz = 1500 purkos

L, = 6 surkos

Puc.5.Pennmnka reneparopa Tecia, reHepupyIOIEro ckaIsipHoe moje S¢
Ecnu cpaBHuBath reneparop Tecna Ha puc.4 ¢ reHepaTtopoM Ha pUC.S, TO BUIHO, UTO T€HEPATOP
IMMOCTOAHHOI'O TOKa Ha pHUC. 4 3aMeHeH MCTOYHHUKOM IIOCTOSIHHOTO TOKa - AKKYMYJIITOPOM HIIN
BBITIPpAMUTENIEM Ha puc. 5. Posib pa3psaHuka Ha puc. 4 BBINOJHIET TeHepaTop bpoBuHa Ha puc.S,
HO3BOJI$IIOLLIHI>'I peryiupoBatb MJJIWTCIBHOCTh UMITYJIbCA TOKA, IMOJAaBACMOI'0 Ha NCPBUYHYIO 06-
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motky L, Tpamcdopmaropa Tecna. Ecmm 3apsa cepsl MEHSETCS 1O CHHYCOMJANEHOMY 3aKO-
Hy Q =Q,sin@t, To M3nyueHHoe cKaJIIpHOE MoJie chepbl ONUCHIBACTCS HOPMYIIOi

_10Q oV
rcot orc

rie R - pamuyc chepsl, V - HampspkeHHe Ha MOBEPXHOCTH cepbl, () - 4AaCTOTA KoaeGaHHil
3apsiia cepsl, &, - JUINEKTpUUECKas MPOHUIAEMOCTh BakyyMma (3¢upa). Eciiu  nmomectuTs B

4re,RCOS Wt )

E

noJie u3nydeHus (3) JiaMmmy JTHEBHOTO cBeTa (CM. pHcC. 6), TO OHAa CBETUTHCS, IPUYEM SIPKOCTh
CBEUCHUS YBEITMYNBACTCS C YBEIMUEHHEM JTMOO 4acTOTHl (), TNOO C YBEIWYCHUEM HaNPSIKCHUS

V| mi6o paamyca chepbl R. He 3Has dopmymnsl (3), H. Tecna onpITHBIM ITyTeM OIPEIEIHII,
YTO «CHAIOIIEE M3TyUeHHEe» ero TeHepaTopa yBelnuuuBaeTcs ¢ ypenuuennem R, V u @.

—  HHTKA

JIAMITA

NMOTOK CKATAPHOT'O MOJISA
TECJIA MEPES MPOCTAHCTBCG

+— BTOPHMHAS
KATYIIKA L,

NMEPEMEHHEIT TOK

S_L@_@-tﬁ,cosw:
re ot re

. ¥ —
J=J sinant i

= +— NEPBHYHAS
KATVIIKAL |

(vl = YACTOTA MNEPESAPHIKH CPEPBL
| 2 TOTEHIHAT CPEPBL

R -ramve coerm

Puc.6. Ilepenaua 31neKTpOIHEPTUU CKATSAPHBIM HOIEM S;

[TyOnukanus o nepefayde JI€KTPOIHEPTUHU C HUCIOJIb30BAHUEM U3TyYeHUS! S¢ MOSIBUIACH B
1919 r [14], noaToMy cripaBeIJIMBO Ha3BaTh MOHOIOJIBHOE CKAJIAPHOE H3NyueHue (3) uznyuenu-
em Tecna. Hapuc. 7 mpuBenensl Gpororpaduu, Ha KOTOPBIX JEMOHCTPUPYETCST OECIPOBOTHAS
nepeaayda YHEPTUU € MOMOIIBIO CKAJSIPHOTO U3nyueHus (3).

Puc.7. JlemoHcTpauuu 6ecpoBOAHON Hepeiauu 3JIEKTPOIHEPIHH CKAIIPHBIM ITOJIeM S¢

Ha puc.8 mpencraBrneHbl 3KCIEpUMEHTHI, KOTOpbIe MoKa3biBaioT, yTo H. Tecna Obu1 mpas,
KOI'Jla YTBEpKAaJl, YTO OTKPBITOE UM H3ITy4YEHUE HE SBIISETCS MOMEPEYHBIMU IEKTPOMArHUTHBI-
MU BonmHamu. Hampumep, Ha puc.6 0) B 1enu mymna ociuriorpada BOZHHKAET IEKTPUUSCKUN
TOK, XOTSI LIeTIb He 3aMKHyTa. OOBSICHUTH 3aMKHYTOCTb 1I€TIH OOBIYHBIM TOKOM CMEILICHUSI He



a 7]

Puc.8. a) ceeuenue nammsl Hakanusanus 220 BoabT 40 BaTT B ojie S; B pyKax HccieaoBare-
ast; ©) ocumiiorpad mokasbIBaeT HaIpsDKEHUE, CO3JJAHHOE T0JIEM S. B IPOCTPAHCTBE, IIPU
3TOM KOHIIBI LIIyTa OcLuuIorpaga pasHeceHbl Ha 5 ¢M, He 00pa3ys 3aMKHYTOH 1ienu

yaercsi u3-3a O0IBIIOTO eMKOCTHOTO conpoTtuBienus mnenu. Cam H. Tecna cumran, 9ro BTO-
puyHas KaTylika TpaHcpopMaropa moJisspusyeT Gpuznueckuii Bakyym BOu3m ee. Takas WHTEp-
MpeTalys BIOJIHE COMNIACYeTCs C MPEJCTaBICHUEM O MOHOMOIBHOM 3JIEKTPOMArHUTHOM H3JIy4e-
HHM, TIEPEHOCUMOM CKaJSIpHBIM nojieM S.. Eciu HanpsKeHHOCTb MO Sp 3HAUUTENIbHA, TO
BOKPYT CBOOO/IHOTO KOHI[A BTOPUYHONW OOMOTKY BO3HHUKAET KOPOHHBIN pa3ps]l CUSIOMIETO HU3ITY-
yeHus Tecna.

Jis mpoBepku dopmysl (3) OblT coznan Oosiee MOUTHBIN reHepaTop Teciaa Ha OCHOBE JIaMIIbI
I'K-71 (puc.9.). Ha dhotorpaduu ciea BuaeH daken customiero usnyderust Tecima. CripaBa BH/I-
Ha cdepudeckas aHTEHHA, KOTOpas yCHUIMBAET BEIUYUHY IOJISI U3TYYEHHOTO MO Sg B COOT-
BeTCTBUU ¢ opMmyioii (3). Ha 3agHeM muiaHe CBETSATCS JaMITbl JHEBHOTO CBETA, HA KOTOPHIC T1e-
penaercs SHEPrusi CKAISIPHOTO MOJIS: a) Ha JIAMITy

s E—
C¢epu_u ecKast

___aHTeHHa

J | Namna MK-71
" / N

Puc.9. MomHslii reHepaTop CUSIOLIETO U3TyYeHHS
Oospiiero nuaMerpa 6e3 mpoBOIOB; 0) HA JJaMITy MEHBIIIETO JHAMETpa 1O OJJHOMY MpoBoay. bo-
jJee TOro, JamIia ropejia u 3a OETOHHOM CTEHKOH B cocelHell KOMHATE, YTO YKa3bIBaeT Ha BBICO-
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KYI0 MPOHHUKAIOIIYI0 CIIOCOOHOCTh CKAISIPHOTO W3IydyeHUs. BHU3Y BHJIEH Maru4eckuii map
Tecna 6e3 BHyTpeHHel HauMHKA. OCTaJCs TONBKO CTEKJISHHAS KOJ0a, HAITOJTHEHHAs apTrOHOM C
[EHTPATbHOW METAITUYEeCKON chepoil. BHYTpH CTEKISSHHON KOJIOBI BHUIHBI CBETSIIHECS HUTH
CKJIIPHOTO M3JTY4EHUsI, KOTOPOE TIPOHUKIIO CKBO3b CTEKIIO BHYTPH KOJIOBI.

1.2.Ilepenaya 31eKTPOIHEPrHHU CKAJISPHBIM I0JIeM S. IO 0JHOMY IPOBOIY

Ha puc. 10. npencrasiieHa cxema nepeaayu 3JICKTPOIHEPTHH MO0 OJHOMY ITPOBOJIY, aHAJIO-
ruyHas 3anateHtoBaHHoi H. Tecna eme B 1897 r.[10].

SHEPrETHYECKWW MNOTOK
CKANAPHOMO NONA YEPE3
MPOCTPAHCTEO

[ e—

Namna

MeHepaTop

U= S\

Puc.10. Cxema nepenauu 3J1€KTPO3HEPIUU MOJAEM S U3 TOUKU A B TOuKy b mo ogHomy mpo-

BOLY
Ha puc.11 a) npeacraBiieHa 3KcIiepUMEHTaIbHAs OJHOIPOBOIHAS JIMHUS, IEPEIAIOIIast SJIeK-
TPORHEPTUIO Ha paccTosiHUE 2 MeTpa, coOpanHas 1o cxeme Ha puc. 10. [Ipu usmepenuu c mo-

MOIIBIO JIaMIIbl IHCBHOI'O CBETA PACHPCACICHUC ITOJIA SE BJIOJIb KAaTYIICK U OI[HOHpOBOI[HOfI
JIMHHUH, ObLIN 06Hapy}KeHBI CTOSYHE BOJIHBI I10JISA SE , T.€. KCTOAYHMEC BOJIHEI 3apAJ0B», U3TYUYCH-
HBIX UICTOYHHUKOM.

Namna |
=, BONMIW KOHTAKTa
WynNbl PasHeceHbI

Ha 5 cM

MpuBop NoKalbIBRET

1000 BOALT
nNepemMeHHoro ToxKa

Puc.11. a)skcnepuMeHTaNbHAsI OAHOMPOBOAHAS TUHUS; 0) B MECT€ KOHTAKTa OJIHOTO MPOBOJIA
¢ tammoi nmpu6op nmokaszeiBaet 1000 BOIBT, XOTS M3MEpPUTEIbHAS 1IETIb HE 3aMKHYTA M IIIYITbI
npubopa pasHeceHbl Ha 5 cM

H. Tecna yTBepxkian, 4To CKaJsIpHOE IoJE€  S; HE MOAYUHSETCS TeserpadHbIM ypaBHEHUSIM,
KOTOpbIE CIIPABEJIMBBI JJIs LIeTel IEPEeMEHHOI0 TOKa, YTO TaKHe 3aKOHBI Kak 3akoH Oma u 3a-

10



koH Kupxroda B nanHOM cimyyae He mpuMeHUMBL. OJAWH MPOBOA SBJISETCS HAMPABISIOLIMM
AJIEMEHTOM, a He MPOBOJHUKOM TOKa, TIOCKOJIBKY OH HE HAarpeBaeTcs MpU mepeaade dIeKTPo-
SHEpruu. B KauecTBe «HAMPABISIONIETO AJIEMEHTa» MOXKHO HCIOJB30BaTh, BOIY, TUAICKTPUK
WK Jaxe jgasepHoe uznydenue [15]. Ha puc. 12 mpeacraBieH 3KCIIEPUMEHT, B KOTOPOM B Kaue-
CTBC HAITPABJIAIOUICTO 3JICMCHTA UCIIOJIb30BAH JIYY Jia3€pa. Hukrto n HUKOIrga HE CMOT

fs laser

i

4 kv
60 Hz
AC

L

3
3
3
3

Puc.12. JIBuxeHue CKaaspHOTO MOl Sp BAOJB JIyda Ja3epa: a) ClieBa CXeMa 3KCIIEpUMEHTa; 0)
«cusoniee uznydenue» Tecna, mmuHHON 80 cM, IBUXKETCSA BAOJIb JIA3€PHOTO Jyda

nepesaTh TakuM 00pa3oM 3HAUUTEIbHYIO AIEKTPOMAarHUTHYIO SHEPIHIO, UCTIONb3Ys TONEpPEeYHbIe
3JIEKTPOMAarHuTHbIE BOJHBL. Pa3zHooOpa3Hble YyCTpOilcTBa, OCHOBaHHBIE Ha METOJE Mepenauu
ANIEKTPOIHEPTHH 0 OJHOMY TPOBOAY, IIMPOKO MpeAcTaBleHbl B paboTre akagemuka PACXH
J.C. Ctpebkona [16].

2. «HapyuieHnue» 3aKOHA COXPaHEHHUSs] JHEPIUH B CKAJSIPHOM MoJe S;

Yreepxaenue H. Tecna o Tom, uro pusndeckuii Bakyym (3¢pup) obagaet sHEPTUEH, KOTOPYIO
MO>XHO HCIIOJIb30BaTh, OCHOBBIBAETCS HAa MpUMEHEHUH UM B 1931 r. B KauecTBe MCTOYHUKA
9JIEKTPOIHEPTHHU TS TIOE3/I0K B TCUECHUE HEIenu Ha aBTomMoOmie «Pierce-Arrow» reHeparopa
«a¢hupHOil sHeprun». B 3TO Bpemsi B KBAaHTOBOM AJIEKTPOAMHAMUKE YK€ OBLITH W3BECTHBI YpaB-
Henus Jupaka (1929 r.), U3 KOTOPBIX CIEAOBANIO CYIIECTBOBAHUE YACTHUI] aHTUMATEPUU — TTO3H-
TpoHOB. KpoMe TOro, okazanaoch, 4TO 3JIEKTPOH-TIO3UTPOHHBIA BakyyM OONafaeT CIIOXKHOU
CTPYKTYpO#, KOTOpasi AOIMYCKAaeT «OTPULATENIbHBIE)» YPOBHU DHEPIHH, a, 3HAUUT, CYIIECTBOBA-
HUE HETOAHTPONUU (OTpULATENBHON SHTponuu). M3BecTHO, 4TO TepMOAMHAMUKA, KOTOpas CO-

ACPKUT OTPULATCIIBHBIC DHEPIrun, HE 3alpeIIacT CO3JaHUE BCYHOI'O ABUIATCIIA BTOPOro poaa
[17].

Puc.13. I'eneparop II. bBaymana
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Bo BceM Mupe MUPOKO U3BECTHBI T'eHEPATOPHI MIBeinapckoro u3oodperarens [layns baymana
[18], xoropsie paboTarot ¢ 1980-x rogos (puc.13). CymiecTByIOT pa3Hbie TeHeparopsl baymana,
BeipabateiBatontie ot 200 Bt. 1o 30 KBt snekrposHeprun ansi ObITOBBIX HY¥a. CymMMmapHas
MOIIHOCTh BCEX CHUCTeM cocTaBisieT yxe Oosiee 750 KBt. Tecraruka siBisieTcs epBOi B MHpE
MAIlIMHOM, KOTOpasi MOBTOPSIET B HECKOJBKO M3MEHEHHOM BHje reHepatop Tecna, mpou3Bos-
el «CBOOOIHYIO SHEPTHIO» W3 BaKyyma, (pIyKTyamuu KOTOPOTO, MO TPEICTABICHUSM COBpE-
MEHHOW HayKH, 00JIaIal0T OECKOHEYHBIM KOJIMYECTBOM SHEPTUU.

OHeprusa Ha
BbIX0fEe Nnamnbl
32Wx2 =64 W

MoTpebnexue aHeprun

namnamu 50 BT

MCTOMHUK 3HEpruu1
barapeitka 1.7B1

OnHonposoa-
Has NUHUA

Kn=2.1

OHeprus Ha Broge
10Vx3A=30W

Puc.14. HapymeHnue 3akoHa COXpaHEHHs B CKaJLIPHOM IoJie Sg: cjeBa B OJHONPOBOAHOH JIH-
Huu KII =2.1; cipaBa GecnipoBoanas nepeaaya suepruu KI1=29.4

Ha puc. 14 reneparop Tecna notpe6nsier 30 BaTT 31€KTPOIHEPTHH TOCTOSTHHOTO TOKA, a K
OJTHOIIPOBO/IHOM JINHHUH TIO/AKIIIOUEHBI 2 JIAMITBI THEBHOTO CBETa, NOTpedsrone 64 BarTa sJek-
TpodHepruu. [Ipy MoAKIIOUEHUH TOTIOJIHUTENBHBIX HCTOYHUKOB SHEPTUHU MOTPEOICHHE YHEPTUN
reHepaTopoMm Tecia mo4Tu He MeHsAeTcs. BrIxoauT, 4To B yCTaHOBKE IPOUCXOIUT ITpeoOpa3zoBa-
HUE JIIEKTPOIHEPTuu ¢ Kodppunmernrom npeodpasopanus (KIT) 6onbire equaniel. Ha puc. 14
cieBa KI1=2.1. Ha puc. 14 cnpaBa reaepatop Tecna muraercs oT OaTapelku ¢ HaMpPsHKEHUEM
1.7 BonbT. B ckansipHoM mone S; reHeparopa Tecna B KauecTBe Harpy3KH HCIONB3YIOTCS 2

JIaMIIbI THEBHOTO CBETA, MOTpedIsionue B cymme 3Hepruto 50 BatT. B pesynbrare, koadum-
€HT Ipeobpa3oBaHus oka3biBaeTcs paBHbIM: KI1=29.4.

Puc. 15. I[TonoxxutensHas oOpaTHas CBs3b B reHepaTope Tecna: ciieBa - Harpy3Ka Ha TeHepaTope
OTCYTCTBYET; CIIpaBa MOTPEOISIEMBbI TOK YMEHBIINJICSA, XOTS Ha TI0JIe S TeHepaTopa Harpyxe-
Ha jamna HakaivBaHus 20 BaTT
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Ha puc. 15. npencraBieH 3KCIEPUMEHT, KOTOPBIM MOKA3bIBAET CYIIECTBOBAHUE MOJIOXKUTEINb-
HOM 00OpaTHOM CBSI3U B CKAJSIPHOM IoJie S reHepartopa Tecna. B kauecTBe Harpy3ku HCHOIb30-

BajJlach JIaMIla HakKaJMBaHUs MOINHOCTHIO 20 Barrt. Jlamiia Obl1a moacoenrHeHa K KOHI[AM Ka-
TYILIKH, HAMOTaHHOHM Ha (eppuToBOe KoJblo. [lepemernias KoIbI0 BepX U BHU3 BJOJIb BTOPHY-
HOIl 0OMOTKH TpaHchopmaTopa Tecna, MOKHO YBHUIIETh, YTO JiaMIla TacHET (TIOJIOKEHHUE y3I1a),
IPU 3TOM TOK, OTPEOIIEMBIN TEHEPATOPOM, yBEIHUMBaeTCs. B monoxkeHun mny4HocTH (cepe-
JIMHA BTOPUYHONM OOMOTKH) JIaMIIa 3aropaeTcsi, MPU TOM MOTPEOIISIEMBI TOK YMEHBIIASTCSI.

B I[GI‘/JICTBI/ITG.HBHOCTI/I, B OKCIICPUMCHTAX, KOTOPBIC MbI 31€Ch NPCACTABUIIN, HUKAKOI'O HApPYy-
[ICHUs] 3aKOHA COXPaHEHMs HET, MOCKOIbKY reHeparop Tecna mpenctaBisieT co00M OTKPBITYIO
cucremy. Ecnu ydecTsh, 4TO TeHEpaTOp MOTPYKEH B «MOPE» BAKyyMHOM SHEPTUU U CIIOCOOEH 3Ty
SHEPTUI0 YaCTUYHO HMCIIOIb30BaTh, TO MOKHO yYTBEPXkAATh, UTO OallaHC SHEPTUU CHCTEMBI I'eHe-
paTop-BaKyyM Bcerja coOmoaeTcs.

3. CaepxxosioaHas mjia3zma

JlJ1s TeoOpeTHYecKoro ONMMcaHus CKaISPHBIX AIEKTPOMArHUTHBIX MOJIel B HAyYHOU JUTepaType
CYIIECTBYET JOCTATOYHOE KOJUYeCTBO padort [5,19-22]. OnHako omnucaHue CKaISPHBIX MOJICH B
JNEKTPOANHAMUKE C HCIOIb30BAaHUEM MaTEMaTHYECKOro amrnapaTa TMIepKOMITIEKCHBIX (YHK-
WA CIUIITKOM (OpMajbHO M, HAIPUMEP, HE JAaeT 3aBUCUMOCTH  Buaa (2). Hwmxe Oyner moka-
3aHO, 4TO B cKaisipHoM mone Tecna ypaBHenue JlopeHia npuHHMaeT OOOOIIEHHBIH BUJ

[11,12,23]
Z—E’:eé+3{[\7ﬁ]+sE\7}=K, (4)
C

rne cmia F =S_V neiictByer Ha mMpOOHBIA 3aps] € ¢ Maccoil 4 B HaNpaBICHHH CKOPOCTH

IBUKEHUS 3apsna V. B BemecTse, riae ecth CBOOOJHBIE 3apsiibl, TEepBas CHIa B MPABOW 4acTH
(4) BBI3BIBAET TOKH MPOBOJUMOCTH, BTOpas Toku Dyko, a TpeThsi — Toku Teca. U3 (4) BuaHO,

YTO II0JIC SE HUMECT pa3sMCPHOCTb MAarHUTHOI'O I1IOJIA H , OJHAKO, KaK MbI ITOKa>X€M HHIKEC, B

KBaTCPHUOHHOM ITOJIXOJIE TIoJIe S OKa3bIBaeTCs CKAJIAPHOM YacThlo KBarepHuoHa F =S; +iE,

rae E - Bekrop anmekTpomarnuTHOro moist. O6pasys ckamsipHoe npousseaeHue (KdX) u mome-

JIMB IIOJIYYCHHOC COOTHOIICHHUE Ha dt, MMOJIYYUM CJICAYIOMIECC COOTHOIICHHUE IJII MOIIHOCTH
OJICKTPOMAriuTHBIX CHUJI

K, = e(EV) + %sE (V)2. (5)

N3 3TOr0 COOTHOIICHUS BUAHO, YTO TOKH Tecia MOTyT 00JjiajaTh 3HAYUTEIBHON DHEpTrUeh u
MOIIIHOCTBIO. /{7151 OLIEHKH dHEeprun TOKOB Tecna ObLIN MpoAelaHbl SKCIIEPUMEHTHI [0 U3Mepe-
HHUIO Temreparyphl ¢akena reaepatopa Tecia (puc.16). s 3T0oro ObUTH HCIOIB30BAHBI WH-
b pakpacHble TEPMOMETPBI PA3TUIHOTO TEMIIEpaTypHOTro nuanazoHa. Hanpumep, nundpakpacHsiit
tepmomeTp AR300+ wu3mepsier 6€CKOHTAKTHO TemIeparypy B npeaenax — 32~ +400 rpamycos
no Ienscuto. Takoi TepMomeTp 00Ia1aeT MOBBIIIICHHBIM YPOBHEM TOYHOCTH JUIsl CBOETO KJlac-
ca. YtoObl u3MepuTh TeMIeparypy (axena, Mbl yCTaHaBIMBAIN MUPOMETP Ha paccTossHUU D =
90 cM ot 1eHTpa Uikl (cM. puc. 16). M3mepennas Temreparypa BapbUpOBaiach B JAHANa30HE
temneparyp —90° ++351°C B 3aBUCHMMOCTH OT MOJIOKEHHs TOYKU M3MepeHUs Ha (akese (M.
puc.15). U3 skcnepuMeHTa clieyeT, 4To Mo Mepe ynajeHus OT KOHIla UTJIbl TeMIeparypa u3iy-
YEHUs TaJaceT U CTAaHOBUTCS oTpunareabHoi (1o Llenbcuio) B o0macTsax, yaaleHHbIX Ha 4-6 cM.
OT KOHIIa UTIibl. Hajgo oTMEeTHUTh, 94TO TaKo# CIIOCOOHOCTHIO O0IalaeT SJEKTPOHHAS IUTa3Ma Mmpu
HU3KHUX TeMIIepaTypax, 0Opa3oBaHHas KyIEpOBCKHUMHM MapaMu [24], mpaBaa B MeTauiax IpH-
TSOKEHUE 3JIEKTPOHOB OOBSACHIETCS MX B3aUMOCHCTBUEM C MOHHOH pemeTkoi. Bo3mMoxkHO, 4TO
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B reHeparope Tecna Tak jxe oOpasyrorcs napsl Kynepa, o6pa3ys npu 3ToM oTpulaTeabHyko (10
Llenscuto) Temriepatypy.

Puc.16. Temneparypa pakena mensercs B auanazone —90° ++351°C

3amMeTuM, 4TO CKaJSIPHOE MoJie Sg BBI3BIBACT HE TOJIBKO HApYIICHHE 3aKOHA COXPAHEHHS
sHepru. [IporcxoauT HapyIIeHHE 3aKOHa coXpaHeHus 3apsa [23]

P 1 ivi=-pEs,, (6)
ot U

a TaK e Ky/noHOBCKoit divA # 0 u TOpeHI0BOl laa_gt” +divA # 0 kamubpoBoK.
C

4. TeoMeTpHU3alMs YJIEKTPOAUHAMUKHU B Teopuu Pusnyeckoro Bakyyma

Jlnst 0OBsICHEHUSI SKCIEPUMEHTOB Tecna sl MpeJIoKUII HCIOJb30BaTh TeOpuio DPU3NUECKOTo
Bakyyma, ocHOBaHHYI0 Ha BceoOmiem npuHIIUIe OTHOCUTEILHOCTH U 10-TH MEpHOM MPOCTpPaH-
CTBE COOBITHH, HAaJEIICHHOM reoMeTpuell abcosoTHOro napamienusma A,(6) [24]. BexropHom
Oasuce ypaBHeHHs Pusmueckoro Bakyyma MOXHO 3amucath B BUJE PACHIMPEHHOW CHCTEMBI
MOJIHOCTBIO T€OMETPU3UPOBAHHBIX YpaBHEHUH DWHINTEHA-IHra-Muica

V[keam] +e°wT %pm =0, (A)

1
Rik_Egiksz T (B.1)
C' o + 2V 1 + 2TspcT iy = =9 jm» (B.2)
i jk..=0123, ab.c.=0123,

B KOTOPOM BAXKHYIO POJIb UTPAIOT TOPCUOHHBIE MO Puyum T]-'k, ONKMCHIBAOLINE TOJISI U CUJIBI

UHepIK B pusudeckux teopusix [25]. YpaBuenus (4),(B) He TOIBKO 0000IIAIOT TECOPUIO TPABH-
taruu DitHmTelHa [26], HO U 06Bedunsiom Kanubposounvie nois ¢ obwell meopuel OMHOCU-
menvHocmu U Keanmoeou snekmpoounamukoti [27-30] . BakyymHble ypaBHEHHs pEIIAIOT
nepsyio [1] u BTopyio [2] mpoGiemsl DiiHIITEiHA U YKa3bIBAIOT Ha CBSI3b BOJHOBOM (DYHKIHH
KBaHTOBOUM TECOPHH C MOJISIMH WHEPIIUH, CBOJSI TEM CaMbIM KBAaHTOBYIO (DU3UKY K JMHAMUKE I10-
JIel UHEPIMH, IPU TOM TOJISI UHEPLUHUH TPAKTYIOTCS KaK ynpyrue cBoiictBa @usznyeckoro Baky-
yMma.

[TosIHOCTBIO TE€OMETPU3UPOBAHHBIX YPABHEHUAX DUHIITEWHA (B.]) TEH30p SHEPTUU-UMITYJIbCA
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2 - : 1 i :
T o=—2dv.T +T' 75 |-Zg g™ Vv T +7 15 |\, 7
m v{( i [im] sl |j|m1J 29imd ( i |pjn] i pn]j} 0

Ten30p ToKa Jy =200 Tjm —ngi[mgk]j Y IIJIOTHOCTh MAaTEPUH

g™t Zgjm

_T jm _ i iTs
PR T2 2 {V[ilelm]”s[ilelm]} ®)

i
OIPEACIAIOTCS YepPe3 MOisk UHepLuu T j, .

[Tockonbky B ypaBHeHHsIX (4),(B) mepBoHAYaIbHO MHOXKHTEb V HE ONPEesICH, TO YPaBHEHHS
(A4),(B) u (7),(8) ommchIBalOT CTPYKTYPY BUPTYaJIbHBIX YacTUI MaTepuu. [ mepexo/a K ypas-
HEHVSIM, ONMCHIBAIOIINM PEalTbHbIC YaCTHIIBI, HEOOXOIMMO HAIOKHUTH Ha ypaBHeHuUs (4),(B)
¢pusmueckue orpannuenus. [Ipoueaypa orpaHuueHus CBOJUTHCS K:
1. Pemenuto ypaBuenuii (4),(B) , Hanpumep, METOIOM CIIMHOBBIX K03 puunenToB HpromeHa-
[enpoy3a [31,32].
2. 3arnucu MoJIyueHHBIX pelieHuid U caMmux ypaBHenuii (4), (B) B (kBa3u) HHEPIHMATLHON CH-
CTeMe OTCcUeTa, B KOTOPOU CUJIBI (HO HE TOJIs!) HHEPIIUHA 00paIIatoTCs B HYJIb.

Hcnone3ys yciioBue 2 B ypaBHEHHUSIX €0I€3UUECKUX MpocTpaHcTBa A,(6), comepxkalux cu-
JIbl MHEPIMH, MOJTyduM Juist BeiuuuH (7) u (8) Oosee mpocthie cooTHOIEHUS [32]

1) aias 1 iy
Tejm) = v {Qstji 2 gijs jS } ()
1, 1
P = ——ZQ"ISmQ“Sji = ——2T JIsTJ-i , (10)
ve ve

rae Ty =—Tj =Ty = - - 10NE HHEPUMH AHTUCUMMETPUIHOE TI0 BCEM TPEM MHJIEKCAM.

VYpaBHeHUs IBU)KEHUS TEH30pa SPHEPTUU-UMITYJIbca MaTepuu (7) caeayioT u3 ToxaecTBa buanku

ViPlikim =0, Pljm = ZV[kTi|j|m] + 2T s TSiim) (11)
¥ UMEIOT BHUJI 3aKOHA coXpaHeHus TeH3zopa (7)
ViT* =0. (12)
B (11) u (12) V, - koBapraHTHasl IPOU3BOAHAsI OTHOCUTEIBHO cuMBOIOB Kpucroddemns F}k u
V*, - KOBapHAHTHAs TIPOM3BOJIHAS OTHOCHTEIBHO CBA3HOCTH abCONOTHOTO Mapaienusma A i
y i
B obwem ciydae, kpydenue 7 jm = A[j npocrpanctsa A,(6) mmeer 24 HE3aBUCHMBIX KOM-

MIOHEHTHI M pa3jiaraercs Ha CyMMY TpeX HEMpUBOIUMBIX yacted [32]. B (kBa3u)uHepUUATbHON
CHUCTEME OTCYETA JABE U3 HUX OKa3bIBAIOTCS PaBHBIMU HYJIO, C OCTaBIIEHCS 4aCTHIO MOYKHO CBS-

3aTh TicesnoBekTop h;, h; —h . =04epes kotopsiil Ten3op (9) BbIpakaioTCs Kak

1 1 i
Tin =;(hjhm—5gjmh hi). (13)

Beipakas mceBoBekTop Bektop h; uepes mcepnockamsip ¥ kak h, =y
IPEJCTaBUM TEH30p SHEpruu-umIryisca Mmarepuu (13) B Bume

1 1
T Z;(Wm—ggjmw l//ij- (14)
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B kBaHTOBOIi Teopun moiis cootHotmieHue (14) mpeacrapnser co00il TEH30p YHEPTUU-UMITYIIbCA
0e3MaccoBoro IceBnockasipHoro mois. Eciam BekTop h,, BpeMeHHIIONOOEH, TO €ro MOXHO

MMpEaACTaBUTL B BUIC

Mo =W = (X )y (15)

rae U U™ =1 u o(x') — ckamapuas gpyskmus. ITogcrapnsas (15) B (14), moydum TeH30p

1 i 1
ij:;(pz(x )(ujum_agjm):pczujum—l_ pgjm’ (16)
rae
1 o 1 .
p=—7¢ (X)>0, p=—ZpC". A7)
vc 2

I[To cBoeii cTpykType Ten3op (16) HamoMHHAET TEH30p YHEPTUU-UMITYIIbCA «UICATBHON KU~
KOCTH», OJTHAKO MBI 3/16Ch UMEEM JI€JIO C MOJIEBbIM MPOTSHKEHHBIM OOBEKTOM — CTYCTKOM MOJISt
UHEPIUH C TUIOTHOCTHIO (17).

4.1 O0bennHeHHe rPABUTALMHU € FIEKTPOMATHETH3MOM M AYaJHM3M BOJHA-YACTHIA B
Teopuu Puznveckoro Bakyyma

Tenepp ucnonb3yem ycinoBue | u Haiiziem perieHue ypaBHeHuit (4), (B), KOTOpoe OMHMCHIBACT
cheprueckd CHUMMETPUYHOE 4YacTHUIIETIOA00HOEe oOpa3oBaHue 0Oe3 COOCTBEHHOrO BpallleHUs
(cniHA) ¢ TIepeMeHHBIMU (PYHKIIMEH HCTOYHUKA B Bue [32]

-1
0 0
ds? = {1—2\10)]czdt2 —[1—2%“)} dr? —r?(d@” +sin” 6dep?) , (18)

rne WO(t)- mepemennas dyHKups ucrounmnka. TeH30p SHEPrHH-UMIYIbCa (16) WIS pemeHus
(18) 3amumercst kak [32]
290 |

0
1, W0, 11m=0  prn=-2YO_ g
Vr2 Jjm m 2,2

vCer

T =pc?ll =

n i (19)

Jlns Toro uro0Osr meTpuka (18) omuceiBana nmepemennyio maccy M (t) ¢ mepeMeHHBIM 3apsioM
Ze(t), Z =1,2,3... HaZIO MOJIOKHUTh

29°(t) =1, (1) + 1 (t) = 2MC

MG 27¢(t)
2 2z Z=123.., (20)

rae I (t) - mepeMeHHBIN TPAaBUTALMOHHBINA pamnyc UcTouHnKa, I,(t)- mepeMeHHbIH 371eKTpo-
MarHuTHBIA pamuyc [1, 31] k=e/u - ynenbHBIA 3apsg npoOHOW 4vacTuubl. [Ipu ycioBum

r,>>1, ypaBHeHus (4), (B) ONMCHIBAIOT YMCTO TPABUTALMOHHBIE B3aMMOJIEHCTBHS U B TIPE/IETE

PO(t) » ¥ = const merprka (18) mepexoaut B Merprky IlIBapimmmbia

C2

-1
r r
ds? ={1—S]czdt2 {1-?} dr? —r?2(d6? +sin? 6d¢p?) , r = 2MG (21)

Ecmu ske r,>> T, , T0 ypaBHeHus (4), (B) omuCHIBAIOT TOJIBKO 3JIEKTPOMArHUTHBIE B3aUMOJIEH-

cTBUsA U MeTpuKa (18) nmepexoaut B METPUKY

-1
r r

ds® =|1——L |c?dt®? —|1-—=| dr®—r?(d6*+sin®6de?), r =k@, (22)
r r e C2
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reoMeTpU3UpPOBaHHOM 3ekTpoauHamMukH [1]. B mepBom cinyuae miotHocTs (17) B ipenene

‘I’O(t) — ¥° = const NEePEXOIUT B IIIOTHOCTh TOUEYHON MacChl
p,, =Ms(r), (23)

IpUYEM HEONPEIENCHHbIN JO 3TOr0 MOMEHTa MHOXKUTENb V B ypaBHEHMsX (B.1) oka3bIBaeTcs
paBHBIM

V=g (24)
a camu ypaBHeHHs (B.l) ONMCBHIBaIOT TPaBUTALMOHHBIC TOJIA U COBMAAIOT ((opMaibHO) ¢
ypaBHEHHUAMHU DiHIITENHA. Bo BTOpOM citydae npenenbHas JI0THOCTh NEPEXOIUT B IJIOTHOCTD
TOYEYHOTO 3apsiia

p,=2e5(F), Z=123.. (25)

a MHOXUTeNb V B ypaBHeHUsx (B.1) paseH
y =878 (26)

e ,uC4

[TpencraBum mioTHOCTH MaTepuu (17) yepe3 KOMITJIEKCHOE T0JI€ |/ , HOPMUPOBAHHOE Ha €~
HUITY, TOTJa JUIT MaCCUBHOM YacThIlbl MbI uMeeM [11,12]

12
2

C .
v =| | o explik x7), Jw*w(-g)"2dv =1, p =Ms(F)= My *y, (27)

a JUIsl 3apsKEHHOM
1/2

pexp(ik x), [y *y(-9)'%dV =1, p =zes()=Zey*y.  (29)

2
Lc

87Ze>

w(x") =

CootHorenus (27) u (28) onuCHIBaIOT U3BECTHBIN B KBAHTOBOW MEXaHHUKE JTyaJli3M BOJHA-
YaCcTHIIA, OJTHAKO B 3THX COOTHOIICHHSIX |/ MPEACTABISET CO00M peaibHOe PU3NIECKOE TOJIe —
10JI€ UHEPLIUU, HOPMUPOBAHHOE Ha €IUHUILY

4.2 . IlpubanskeHrue BEKTOPHOT0 MOTEHIMAJIA U NOJIsl MHEPUHMHU B (KBa3H)UHEPIHAIbHOMN
cucTemMe oTcyeTa

[Toacrasmnsst Tenzop (17) B (12), mosrydum ciieyroniue yHUBEpCAIbHbBIC ypaBHEHUS JBUKECHUS
JUTSE CTAa0MITBHBIX 3apsKCHHBIX U MACCHUBHBIX YaCTHI] C IJIOTHOCTHIO (27) u (28):
1. T'eoMeTpu3upoOBaHHOE YpaBHEHHUE HEMPEPHIBHOCTH

Vi(pu')=0,(pu') + pu"T e + pu"T 1y =0. (29)
2. TeoMeTpu3MPOBAHHBIE YPABHEHUS, TIOAO00HbIE TUIPOIMHAMUYECKUM YpaBHEHUAM Diiepa

k
pddi+pl—‘kmnumun +kamnumun =0. (30)
S

3. 'eomeTpu3upoBaHHOE ypaBHEHHUE TSI HEC)KUMACMOU «UACATBHON KUKOCTH)
Vip=0,p=0. (31)
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3nech

p=y*y =W (32)
- IJIOTHOCTh BEPOSITHOCTH HAWTH 3apsHKCHHYIO (MM MAaCCHUBHYIO) YaCTHIY B TOUYKE X B MOMEHT
BpeMeHH t. IMEHHO B 3TOM MPOSBIISIETCS YHUBEPCATBHOCTH ypaBHeHH (29)-(31).

VYpasaenus (29) u (30) ONMUCHIBAIOT JBMXKEHHUE KITyOKa MOJISI MHEPIMH, TUIOTHOCTh KOTOPOTO
ompenensercs (B o0mem cirydae) cootHomenusMu (27), (28). B (kBa3u)uHEpIHATBHBIX CHCTE-
Max OTcYeTa IMoJjie MHEPLUHUHU T “mn AHTHCHMMMETPHYHO MO BCEM TPEM HHJEKCAM, OITOMY ypaB-
Herus (29) u (30) B (kBa3u)MHEPUUATBHBIX CHCTEMAaxX YIPOIIAIOTCS U MIPUHUMAIOT BT

V.(pu')=0,(pu')+ pu'Tiy =0, (33)

k
p%mrkmnumu" 0. (34)

B npuGmmxenun ‘Po(t) — 0 = const ypaBHeHus (B.1) A YMCTO SIEKTPOMArHUTHBIX B3au-

MojeicTBuil 3amumryrtest kak [11,12]

1 87e 87e 87e _ 87e

Ry _EgikR = FTik = Epeczuiuk = EZeé(r)czuiuk :EZGW*‘/’CZUiUk ) (35)

rje Ten3op Puuun R, omnpenensercs yepes CHIIBHOE SI€KTPOMArHUTHOE MOJIE E'i

i e i e ¢ im i e
Nik=—7%Ekx=—3 ?g (@ T A —Qjem) s G (X' K) =17 +;aik (36)
Kak
€ i e’ s
Ry =—2—50;E"jim +2—5—E'sii E¥jim . (37)
HC uc

Cdepudeckun CHMMETPUYHOE PEIICHHE YpaBHEeHUM (35) BHE HCTOUYHUKA, 3alIMCAHHOE B KBa3U-
JIEKapTOBBIX KOOpAWHATaX, UMEET BU/I

2¢ 2¢
ds? =[1+ & e |o2qez {1 © e (g2 4 )2 4 dz2), (38)
U oc? U g2
rne ¢. =—-2elr,Z =1,2,3... - KyIOHOBCKHI IIOTEHIINAJ HICTOYHHKA. DTa METPHKA 3alicaHa

B CHCTEME OTCUETa, B KOTOPOI HCTOYHHK ITOJISI TOKOUTCS. B crcTeme oTcueTa, OTHOCHTEIBHO
KOTOPOI MCTOYHHK JBHYKETCS CO CKOPOCTBIO V , MeTpuKa (38) 3ammmercs kak [33]

20 29
ds? = (1+ E—Cchdtz - [1—E—CJ(dx2 s +dz?) B (Adx+ Ady+ Adzft (39)
y7¢

#oc? Hoc? 2
OTKyaa, B HEPECIATUBUCTCKOM HpI/I6JII/I>KeHI/II/I nopsaka V/C NMEEM
20, 2 4 20, 2
aOO:C_ZCZC_ZAb’ aaO:C_ZAa:A\)Va’ aaﬂ :C_Zcé‘aﬂ:FAbé‘aﬂ' (40)

[Tpumenss k ypaBHeHHsAM T10J1s (35) 1 ypaBHeHUSAM ABMKeHUs (34) ycrmoBue ¢1aboCTH mMoItst

e dx' dx“
_a‘ik

u - ds ds
U pasiaras 3TH YpaBHEHHUS 110 OOpaTHBIM CTEIEHSIM CKOPOCTH CBETA, MOJYYHM B MPHOIMKECHUH
BeKTOpHOFO HoTCHIMAajIa, CHe,Z[yIOH_[I/Ie ypaBHeHI/IH

<1, (41)
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16%),; OF* 4 . dx’ )
A-—2 |A = =——j, j=(pc,pV)=p,—, a=1,2,3,1=012,3 (42
( c? atzJ ox* c . 1= ) dt (42)

0 E E E

FE.=A —A, =—Xx_Z1_ 44
ik A(,I A,k axk _ Ey HZ 0 _ HX 1 ( )
~-H, H, O

HO,I[O6HBIC YpaBHCHHUAM MaKCBeJ'IJ'Ia, HO C TCOMCTPU3UPOBAHHBIMHU 3JICKTPOMAarouTHBIMU ITOJIA-

X

mu E u H . B 3ToM xe npubamkennn ypasaenus apmkenns (33) u (34) IIOTHOCTH BEPOSTHO-
cty (32) NMpUHUMAIOT BUJ

%—’t’+dinv“=o, a=12,3, p=y*y =0, (45)
du' e .
p—=p—F*u,, ds;=cdtv1-v?/c?, i=0,123. (46)
ds, = uc
HOCH@)IHCC YpaBHCHUEC, TOCJIC COKpAlICHUA HA © , NMEPEXOAUT B 4D 3amuce YpaBHCHUA HopeHua
W_® ERy, 20,123, (47)
ds, uc

KOTOpOE, KaK U3BECTHO, OIHKCHIBACT JBUKEHHE TOUEUHOU (IPOOHOMN) KIaCCUYECKOM YaCTHIIBI BO
BHEIIHUX JIEKTPOMArHUTHBIX NoJsiX. C Apyroil cropoHsl, ypaBHeHus (45) u (46) onucsIBaroT
JBUKEHHE HOPMUPOBAHHOTO HA €IMHUILY I0JI HHEPLHH (28) HCTOYHHKA 3JI€KTPOMAarHUTHOTO

MOJIAL C INIOTHOCTBIO 3apsiia p, = ZeS(F) ~ Zey *y , a He BIKEHUE MPOOHOM "acTuisl. [1oaro-
My ypaBHeHus (45) u (46) Hazo0 paccMaTpUBaTh Kak 0000IICHNE KIaCCHUYECKOTO YPAaBHEHHSI
(47). B HepensTuBUCTCKOM IpubIMKeHun g MeTpuki (38) (wm (39)) 3D uvacts ypaBHEeHUs
(46) 3anuChIBAETCS B BUJIC

p Ly, (48)
0|

rne Ug = €y, - ~Ze? It - KyJIOHOBCKHIi ITOTEHIMA (3HAK — BEIOPAH JUISL CITydasi paSHONMEHHbIX
3apsnoB). Hamomanm, uto ypaBHeHus (48) 3anucanbl B (KBa3H )MHEPIIMATILHON CUCTEME OTCUETA,
B KOTOPOI1 CHJIBI HHEPLIMU OTCYTCTBYIOT,  MIOJI€ MHEPLUU OTIMYHO OT HYJSI U aHTUCUMMETPHYHO
10 BCeM TpeM uHaekcam Ty =—Ty =T, = -y, . B yCKOpeHHOH cucTeme 0TCYETa, CBI3aHHOM ¢
3apsAoM e, ypaBHeHHS (48) colepkaT CHIIy MHEPIUH, IPUYEM MIPH IBHXKEHUH 3apsiia o opOu-
Te YpaBHEHHS JBIKCHHS COJCPIKAT IIOTHOCTh CHIIBI MHepid pW M IPUHUMAIOT BH]I

PPy, - pW, (49)
dt U

rne W - mone unepruu. O4eBUAHO, UTO YpaBHEHUs ABIKeHUs (45) u (49) HenuHEWHHI (B CHITy
cooTtHoueHus (32)) oTHOCUTENBHO oS i . O6a ITUX ypaBHEHUS MOXKHO 3aMEHUTh JTMHEIHBIN

ypaBHeHueM llIpeaunrepa

ihﬁ +h—2v2 -Uy=0 (50)
P 2 w—-Uy =0,

€CJIN MIPEJINOJIOKUTh, YTO HOPMUPOBAHHOE Ha €AMHMUILY 110JI€ UHEPIIUH |/ SIBISIETCS BOJHOM /e
Bbpoiins
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h h

w(X,t) =y, exp{i(ﬂ—ﬂj} =,/ p(X,t) exp(iS(X,t)/n) , (51)
rae h - nocrosiHHas Ilnmanka, E=hew , pP= 7K w3BecTHBIC cooTHOmeHHs Ilnanka n DiH-
nITeiiHa, xapakrtepusytoue nose unepuuu (51), S(X,t) - mexanudeckoe neiictue. B camom
nene, noactanisis (51) B ypaBaenue (50) 1 UCTIOIB3YsT COOTHOIICHUE

V=VS/u, (52)
noxyuuM u3 ypasaenus Llpeaunrepa (50) ypaBuenue (45) u ypaBHenue Diinepa B Buje [28]
W oo, P
p—=—=VU.-=VV, (53)

dt p H
rac

_n (V_PJZ_Q __K(A_P_(VP)ZJZ_h_Zi L R
2ull2p) 2p | 4ulp 2p° 2u Jp  2u ]

V - KBaHTOBas MOTEHIIMAIbHAS YHEPT U, OJTy4YeHHas BriepBbie Manenynrom [34].

4.3 Cujibl MHEPUUH M CTAIHOHAPHbIE COCTOSIHUSI B KBAHTOBOH reoMeTPU3HMPOBAHHOM
3JIeKTPOAUHAMHKE

VYpaBHeHUs IBHKEHUST TOYCUHON TPOOHOM YaCTHIII B (KBa3W )MHEPIIHAIIBHONW CUCTEME OTCUETa
cienytot u3 (34), kotopsie, ¢ yueroM (36), 3anunIyTcs Kak

d’x' ] dxJ dx e £ dx’ dx*
ds? ““ds ds ycz ds ds

(55)

OTH ypaBHEHHsI SBJSIOTCS PEISTHUBUCTCKUM 00001IeHneM ypaBHeHUH (47), KoTopble, BOOOIIE
TOBODSI, HE SIBISIIOTCS PEATHBUCTCKU MHBapHaHTHbIME [12]. VHTerprpoBanue ypaBHEHH JBHU-
xeHus (55) B metpuke (38) mpUBOAWT K IBYM HWHTErpajiaM JIBIKEHUS 3apsija —€ B IOJe IIeH-
TpaJIbHBIX CUJI 3apsifa Ze:

1) K 3aKOHY COXpaHEHHS MOJHOW YHEPTHH ABHKYILETOCS 3apsia —€ (IJIeKTPOHA)

2262 1)"" dx’ 22621 o
E= ycz(l— - —] —= ycz(l— : —] (1——} = const; (56)
uce r ds uce r C
2) K 3aKOHY COXpaHECHHUsI OpOMTAIILHOIO MOMEHTA
dg
L = ur’ == = const, 57
M (57)

rne ¢ - asumyrtanbHblid yroi. CootHorrenus (56) u (57) MOKa3bIBAIOT, YTO B OOLIEPENATUBUCT-
CKOM 3JIEKTPOJMHAMMKE CYIIECTBYET YCKOPEHHOE JIBMKEHHE 3apsia C COXPAHEHHWEM DHEPIUH,
T.e. 0€3 M3JIy4eHHUS SJICKTPOMATHUTHBIX BOJH. DTOT PE3yJIbTaT MOXKHO OOBSICHUTH TaK: YCKO-
PEHHOE JBIDKCHHE 3apsija MPOUCXOTUT B COOTBETCTBHM C YPaBHEHUSIMH reojae3ndeckux (55),
KOTOpPbI€ B HCKPUBJIEHHOM MapamMeTpU3UPOBAHHOM PUMAaHOBOM MPOCTPAHCTBE SBIISIIOTCS OIHO-
BPEMEHHO KpaT4alimuMmu B TnpsMermMu. CBOOOIHBIN 3apsi P PAaBHOMEPHOM U MPSMOJIH-
HEWHOM JIBUWKEHUHM HE U3JIy4aeT IO TOW € NpUuYuHE. Ero TpaekTtopus €cTh reofe3ndecKast
MJIOCKOTO MPOCTPAHCTBA, B KOTOPOM KpaTyallei sBISETCS mpsMasi JUHUSA (OHA Ke MPsSMEi-
masi). C Ipyrodl CTOpPOHBI, MOCTYyMATENbHBIC YPaBHEHHS ABMKCHUSI TIPOOHOTO 3apsia B yCKO-
pPEHHOM cucTeMe oTcuera cieayroT u3 ypaBHeHui (30) 1 UMEIOT BUT

d’' e _; dx!dx* _, dx'dx*

= E' i T k——— (58)

ds®>  uc? ds ds ds ds
[Tpu awkennn 3apsina B merpuke (38), 3D HepensTuBucTckas 4acth ypaBHenui (58) sammrer-
sl Kak
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dZXa € a a Ze2 a Ze2 a a a
/u dt2 :EE OO_ﬂCZT 00 :r—3X — r—3X :F e—lLlWe :O (59)
@ f..=123.

Ot YpaBHCHUS OIMUCBIBAIOT JIOKANbHYIO KOMNEHCAUUIO 9ﬂekmp0Ma2HumH011 CUJjibl KyJZOHa

Ze®
=——X
3
r
JIEHCTBYIOIIEH Ha «IPOOHYIO» 3apsDKCHHYIO YaCTHUIy B YCKOPEHHOM CHCTEME OTCYUETa , CULOU
uHepyuu

F% (60)

2

F %iner = _Zrisxa = —ﬂWea,
KOTOpas JIOKaNbHO paBHa cuie Kynona (58), HO IPOTUBONOJIOXKHO €l HalpaBiieHa. Y paBHEHUs
(59) cripaBeTUBBI IS SIEKTPOHA, ABMKYIIETOCS M0 CTAllMOHAPHOW OpOUTE B aToMe, obecrie-
YUBas JJOKAJIBHO BHITIOJHEHHE TPUHIIUIIA CIICIIUATBHON OTHOCUTEIILHOCTH. JJIEKTPOH JIBUKETCS
B KaXJOW MaJioil 00J1aCTH CBOEW MCKPHUBJICHHOW TPACKTOPUU IO MHEPIIMH» HE M3JTydas dJIeK-
TPOMAarHUTHBIX BOJIH. DmMom meopemuyecKull 8bl600 00BACHAEM IKCNEePUMEHMANbHbIL akm
CYUWiecmeo8aHus CmayuOHApHsbIX opoum 31eKmponos ¢ amomax (nocmyaram bopa) na ananumu-
yeckom yposre [1]. Takum 00pa3oM, 3JICKTPOMATHUTHBIC CUJIBI HHEPIIUH UTPAIOT B BAKYYMHOMN
3JIEKTPOIMHAMHKE POJIb CTaOMmIM3upyromero (Gakropa, o0paszyst CTallMOHAPHBIE COCTOSHUS TTPH
YCKOPEHHOM JIBMKEHUH 3apsoB. [IJis BOJAOPOIOMOAOOHOTO aToMa C TOTEHIIMATBHON YHEPTHEH

U, =-Ze*/r mna cranuoHapHbIx opout Bopa BbinosHsercs cootHonienue [35]

(61)

E,=m’h*12ur?—Ze’ Ir+V = —uZ%e* | 2h°n* = const, (62)
rae |m| =0,1,2..,n>1+1,1=0,1,2... HdugocuoBHoro cocrosauss M=_0, moaromy
E, = —Ze*/r+V =—puZ%"/2h*n* = const, (63)

OTKY/Ia CJIEZyeT, YTO Ha CTAllMOHAPHBIX OPOUTAaX CyMMa KBAHTOBOM MOTEHLUUANBHOM s3Heprun V
¥ KyJTOHOBCKO# MOTEHIHATbHOM dHeprul — Z€° /I TI0CTOSHHA U KBaHTOBaHa (puc. 17).

HKeautoBsan
/,./ noTeHuHankbHanA 3HepPrua

\e” - r
O A
o CrayMoHapHoe
/,--""’ /,/"/ cocToaHMe
EI"I ................. ’/‘ _'s._/ _____________________________
=

~
f .
\ HynoHoBscKan

NoTEHUWaNbHaA IHEPTUA

Puc.17. Ha crammoHapHblx  opOMTax  cymMMa KYJIOHOBCKOM TNOTEHIMAIbHON SHEPrUH
U, =—Ze*/r v KBaHTOBOM MOTEHIMATIBHO SHeprur V MOCTOSHHA

Vpasuenus apwxenust (59) reoMeTpU3UPOBAHHON AIICKTPOJUHAMUKH MOXKHO 3arucaTh B
CJIEYIOILEM BUE

21



av

pg= U +U,) =0 (64)
rae U, = (FW,) - mOTeHIMaTbHAs SHEPTUSA TOJIS 3EKTPOMATHATHONH HHEPITHH
- Zet
W, =—=X. (65)
ur
HNuTerpupys npaByro 4acTh ypaBHeHHH (64) MMoTydaeM COOTHOIICHUE
U, +U,, =const (66)

aHaJoruyHoe (Mo (U3MYECKOMY CMBICIY) KBAaHTOBOMY PaBEHCTBY (63), clipaBeUIMBOMY ISt
CTALlMOHAPHBIX cOCTOAHUM. [lo3TOMY pa3yMHO MpPUPaBHATH KBAaHTOBYIO MOTEHIMAIBHYIO SHEP-
ruro VK noTeHmuany cuiibl uHepuud U, 3anmcaB cooTHOIIEHHE (63) Kak

E,= -Ze*Ir+U, =—uZ%"/2h’°n’ = const. (67)

W3 kiaccuveckoid MeXaHUKU HaM u3BecTHO [36], 4TO B YyCKOPEHHOMH CHCTEME OTCUeTa IOJIHAs
JHEPIUs CUCTEMBI MEHAETCS, MOIy4ast JONOJHUTENBHBIN BKIIAJ] B BUE OTCHIIMAIILHON YHEPIUH
CUJI MIHEPLIVM BUA

Ui = u(rW) = £ ([5T])" (68)

CBsI3b KBaHTOBOH NOTEHIMATIBHOMN 3Hepruu V ¢ noreHuuanpHou sHepruei U, u noiem uHep-

nu W o3Hagaer, uto ypaBuenus (63)-(67) 3amucaHbl B YCKOPEHHO! CHCTEME OTCUETa, a npo-
yeoypa Maoenynea coomeemcmeyem nepexooy u3 UHEPYUAILHOU CUCEMbl OMCYemd, 8 KOmo-
potl 3anucano ucxoonoe ypasnerue Lllpeounzepa (50), 6 ycxopennyto cucmemy, e0e oelcmayom
CUNbL UHepYUU U NOMeEHYUATbHble dHepauu (68) smux cu.

JIeWCTBUTEIBHO, JJIsI OJJHOMEPHOTO KBAaHTOBOTO OCHMJUIATOpPA M3 MPOLEAypbl MajenyHra cie-
yeT

E, :(n+%jhwzv +%yw2x2 =V+U, n=01 2. (69)

OTKYZa, AJid OCHOBHOI'O COCTOSIHUA n= O, T.C. KOrga X = 0, JJISL KBaHTOBOU HOTeHHHaﬂbHOﬁ
SHEPruH cieayeT cootTHomenne V =hwm/2 .
CraroHapHble COCTOSIHUSL OJJHOMEPHOTO OCLMIUIATOPA OMHICHIBAIOTCS BOJIHOBOW (pyHKIIMEH

iE t/h

W, = U, (x)e=" . (70)
qTO6BI MOJIYYUTh HNCPUOAUUCCKOC NBUIKCHUC TUIIA KITACCUUCCKOTO OCHUIIIATOPA, MbI JOJI?KHbBI
chopMupOBaTh BOJIHOBOM MAKET

w(x,1) =D Au, (x)e™" (72)
n=0
¢ pacnpenenenueM ["aycca [35]
An — (lua)h)nIZ an(2n n!)71/2efywa2/4h . (72)

B MmomenT Bpemenu t =0, Takoif makera cOCpeJOTOYEH B OKPECTHOCTH TOUKH X =a , IPUYEM
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WUJ):Qmﬂﬂﬁ“em{—@mﬂﬂﬂ@—aamdf—{HZH@+(thXb@ﬁmﬂ—%a%m2Mﬂ}

n
2 2
(%, 1) :‘z,//o(x—acosa)t) ‘ , (73)
IIPY TOM IMaKeT TAPMOHHYCCKHU OCIMUTHPYET 0¢3 u3MeHEeHHsT (OPMBI MEKIY TOUKAMH X =+ a
(puc. 18).

AN A

/AAVAL VAR

Puc.18. OpOuTHI KBaHTOBOTO TapPMOHHUYECKOTO OCIIMIUIATOPA BBIXOAT 32 MPEACIIbl AMILTHTY IbI
X = |a| KJIACCUYECKOI'0 OCLUILIATOpA

Oyukius aeictBus S, sHepruss £ ¥ BaKyyMHas MOTCHIMAIbHAS dHEpruss V U1 KBAHTOBOTO
OCHMILIATOpa UMEIOT BHT [35]

S(x,t):—%ha)t—%yw(Zxasina)t—%azsinZa)t), (74)

E(x(1),1) Z%ha)+%‘ua)za2 + 1w’ (x, —a)coswt. (75)
1 1, 2

V(x,t):zha)—gya) (x—acoswt)”. (76)

rne X, - HadasupHOe mosoxxeHue. M3 (70)-(76) B cranmoHapHOM COCTOSHUM AJIS OCLJLIATOPA

uMeeM cootHomieHue (69), rme U = ,ua)zxz /2 - xmaccuueckas mOTeHIMaNbHas sHeprus. Kormga

B (69) N =0 (ocHOBHOE COCTOSTHUE), TO
1
V==ho, (77)
2
T.e. KBAHTOBAs BaKyyMHasi IOTCHIMAIbHAS SHEPTUS OMPEILIIACTCS Yepe3 IHEPrHI0 HYJIEBBIX KO-
nebanuii Bakyyma. C Ipyroi CTOpOHBI B CTAIIHOHAPHOM COCTOSIHUU BBITIOJIHSACTCS ypaBHEHUE

pS=-U+U,) =0 (78)
OTKyJa
U+U, =0 (79)
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NI

U, =-U=-pua’x2/2, (80)

YTO COBNAJAET CO BTOPBIM WIEHOM B COOTHOILIEHUH (68). 31ech OnsTh Mbl IPUPABHUBAEM SHEP-
THIO HYJIEBBIX KOoJieOaHWi Bakyyma ocuwuisitopa (77) MOTEHIMATbHOW YHEPTUU CHUJT MHEPITUH
(80) (BTOpoMy witey B cooTHOIICHUH (68)).

5. CkaasipHoe noJie Tecjia B BAKYYMHO# 3J1eKTPOAMHAMMKE

B npenpinymux pasznenax mMbl ucnonb3oBaiu pemenue (18) ypaBuennit dusnueckoro Bakyy-

Ma B IPEIENbHOM clydae, Koraa dyrkims ucrodnnka WO (t) crpeMuThes K CTaMOHAPHOMY CO-

crosumio, korna P° (t) > ¥ =const . B pe3yJsibTaTe MbI IIOJIYYUIIM YPAaBHEHUS JIEKTPOAMHA-

MUKH, B KOTOPOH 3aps/ moctosiHeH. [1ycTh Tenepb GyHKINS UCTOYHHUKA IEPEMEHHA, TOT1a, BMe-
cto MeTpuK (38), (39) MbI UMeeM

2¢ (t) 2¢ (1)
ds? =| 1+ 2 e |c2gt? - 1- 2 e (dx2+dy2+d22), (81)
uooc? o2

2¢_(t) 2¢_(t)
ds? =1+ 57 g2 |- & Tc (dx2 +dy? + d22)+ 8e (A ®dx + A_dy + A (t)dz)dt. (82)
y7i CZ 7 C2 ”:.2 1 2 3

VYpaBuenus asuxeHus (45), (46) B MeTpuke 00001Iat0TCs, TPUHUMAsT B HEPEISATUBUCTCKOM TIPH-
OIMKEHUN BUI

1

op .. - e e
—+divpV=p—UE, (t)=—p—S_, S, = , t) = Ze(t), 83
ot P p,uCZ o,oo() p,u E £ e ot Q(t) (t) (83)

d?x” e ax® Y’ dx” dx° dx® dx® dx*
=p— —_— 2 —_—— —_— 84
r» ds,’ p,uc2 ‘”'O{dsoj “Pds, ds, % ds, ds, ds, (84)
[ockosbKy B HameM npubmwxenun dx°/ds, ~ 1, To u3 (84) cnenyer
dv e = € rr _
p =P E+p{[WH]+S. v}, (5)
t Y7, MC

rae Sg - CKaJsIpHOE TOJIe, SKCIIepUMEHTaNbHO oOHapyxeHHoe Tecna. YpaBHeHue (83) mokasbl-
BAET, 4YTO MpH U3IydeHnH Teciia NpONCXOUT HapyIICHHE 3aKOHa COXpaHeHus 3apsiia Q (wim
MIOJTHOTO 3apsa cucTeMbl 3apsaaoB). [lpu cokpamienuu Ha p ypaBHeHHE (85) epeXoauT B
ypaBHEHHE JABMKEHUS MPOOHON TOYEYHON YaCTHIIBI

—

ﬂz—‘t’:eé+e{[\7ﬁ]+sE v}, (86)
¢ yueroM ckansgpHoro nons Tecna S; . Cuna

F,=S.V, (87)
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JIEMCTBYIOIIAs HA CO CTOPOHBI CKAJIIPHOTO MOJIs S; Ha MPOOHYIO YacTHUIly, COBEpIIAeT paboTy u

HampaBJieHa BIOJIb CKOPOCTH, MOITOMY CHJIY Fg MOXHO HCHONB30BaTh BO MHOTHX (DH3HUECKUX
NPUIOXKECHHUS, HAPUMEP, KakK peakTuBHYIo cuity [37].

B citydae 4ucTo 31eKTpOMarHUTHBIX B3aUMOJICHCTBUN (DYyHKIIMS HICTOUHUKA O (t) B MeTpuke
(18) umeer BuA

wo(t) = ﬁ(:) : (88)
LC
a TNIOTHOCTH MaTepuu B (19) MoxkHO 3anucath (¢ yueTom (26)) Kak
0
p ==t 2 2RO L . )
velr arrc ot dnr E

B npubnmxeHnn KBaHTOBOTO Tyaiu3Ma, KOoraa pe(l’,t) =Q(r,t)y *y , u3 (89) cienyer
SE(r,t):—47zrpe(r,t)—47er(r,t)l//*://. (90)

DTO COOTHOIICHHE SICHO MMOKA3bIBACT, YTO CKASIPHOE MOJIC SE MOPOKICHO IIOTHOCTBIO M3ITY-

YEHHBIX HCTOYHHKOM 3aps/I0B, IPU 3TOM TI0JIE€ CBSI3aHO SE KaK ¢ TEOMETpHUeiH IPOCTPAHCTBA,

TaK ¥ ¢ (MaKpo)KBaHTOBBIMH CBOWCTBaMH BEIIIECTBA.

3akJIroueHue

[Ipomo Goinee cra net ¢ Tex nop, kak H. Tecna oOHapy»XWJ1 HOBBIM THUI M3JIy4EHHS B HJIEK-
TPOAMHAMUKE, KOTOPOE OH Ha3BaJl «cusmoliee n3nydeHue». OaHako OOJIBIIMHCTBO TEOPETUKOB,
3HaBmIMX 0 pabotax H. Tecna, mpourHopupoBagu 3TO OTKPBITUE, OMIMOOYHO IoJaras, 4yTo Bce
skcniepuMenThl H. Tecna MoXHO OOBSICHUTH B paMKax 3JeKTpoanHaMUKU Makcserta-JlopeHna.
Ha camom nene, skcriepuMeHTBI BEIMKOTO M300peTaTelis BBIXOAIT 3a PAMKHU JIEKTPOIUHAMUKI
Makcsesuta-JIopeHna, OCKOIbKY €€ YpaBHEHMS BBINOJIHSAIOTCS TOJIBKO JUIS IIOCTOSHHBIX 3apsi-
JI0B. OJTO YCJIOBHE HCKIIIOYAET CYIIECTBOBAHUE CKAISIPHOTO U3ITyYCHUS SE B DJIEKTPOAUHAMU-

Ke.

B Hactosiieit pabote O6b110 MOKazaHo, yTo B Teopun dusnueckoro Bakyyma mosBnsiercs mo-
clleloBaTeNbHAsl TEOPETHYECKAass MOJAEIb AJIs ONMCaHUs «cusmolero msnydeHus» Tecna. Oco-
OCHHO Ba)XHO OTMETUTH OJHOBPEMEHHYIO CBSI3b CKAJSIPHOIO HU3JIY4YEHHsS] C T€OMETpuei Impo-
CTpaHCTBA COOBITHI (COBpeMEeHHBIM 3(pupom), uro yrBepxkaan H. Tecna, u ¢ (Makpo)KBaHTOBOU
(bu3KKOMH, MO3BOJISISI pacCMaTpPUBaTh KBAHTOBBIE SIBJICHHS KaK 4acTh OoJiee MIUPOKON «Kiaccuye-
CKOM (hr3MK», 0 UeM MeUTall B cBoe BpeMsi A. DHHINTEHH.

24.05.2015
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