QJIEKTPOIUHAMUKA TECJIA

B TEOPUU OPUSNYECKOI'O BAKYYMA
HIunos I'.N.

BBeaenune

Huxona Tecna 6s1 8" nermuM nompocTkoMm, korga MakcBemn Hamucal CBOM
3HAMEHUTHIC YPaBHEHHSI dJEKTPOJUHAMUKH, a depe3 25 JeT OCyIIEeCTBIII OAHOIPOBOIHYIO Mepeaavy
asiekTpodHeprun [1], pusuueckue OCHOBBI KOTOPOW O CHUX IMOP OCTAIOTCS HEOmpeaeicHHbIMU. 10
JIaHHBIM U3 pa3HbIX UCTOYHUKOB, H. Tecina, B TedeHue cBOEH TBOPYECKOW JKM3HH, 3apPETUCTPUPOBAII

ot 80010 1000marenToB. [Ipu co3nanny NaTEeHTOB, OH UCIOJB30Bal OCOOBI METOI,
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Craiin 1
KOTOPBI MBI CeiYac ompenensieM KaK <«MBICIEHHBIA 3KcrepuMeHT». O0anas HezaypsIHOMl
MHTYULIMEH, OH MBICIICHHO cO3/laBaji OyJyllee yCTPOWCTBO, MBICIIEHHO SKCIIEPUMEHTHPOBAN C HUM H,
3aTeM, NEPEeHOCH]I BooOpakaeMoe YCTpoHcTBO Ha Oymary. IIpm 3TOM BOIUIOIIEHHOE B <OKEle3e»
YCTPOMCTBO paboTamo MMEHHO Tak, Kak mpeacraBisui cebe H.Tecma. B uHTepHETE CYyIIECTBYIOT
WUCTOYHUKH, KOTOphie cooOmaroT, uro H.Tecma Obum BeiABMHYT Ha HoOeneBckyro mpemuro, HO
otkazasics ot He€. Hayuno-texnmueckue mnpoektsl H.Tecma B ocHOBHOM  ()MHAHCHPOBAIHCH

aMEepUKAHCKUM MYJIbTUMHJUIMOHEPOM Mopranom, KOTOpbI mnpekpaTusl (UHAHCHPOBAHUE IIOCIIE



AKCIIEPUMEHTOB MO OECHpPOBOJHON pPE30HAHCHOW Meperadye 3IEKTPOIHEPrHuu OOJIBIION MOIIHOCTH C
nomotipio Oamrau, noctpoenHoi B Komopamo Crnpunrc. B oTimuume oT Apyrux wccleaoBarenei
navana 20% Beka, H.Tecna paboran ¢ ycTpoicTBaMM, B KOTOPBIX OH HCIIOJIb30BaJ SKCTPEMANIBHO
BBICOKHE HaNpsDKeHUs (MUUIHOHBI BOJIBT), BBICOKHE YacTOThl (mecsitku MIn) wu  sBiIcHHE
anekTpoMarHuTHOro pezonanca O.Xwusucaiina. Ilo odunmansubiM qokyMeHTaM nBa rexus - H.Tecna
u A.DWHIITENH HUKOTAa HEe cOTpyaHnYanu Bmecte. bonee Toro, H.Tecna mpoTecToBan npoTuB OTKa3a
A.Ditamreitna B 1905r. ot adupa (pusnyeckoro Bakyyma), cuutast 310 omnokoit. Co cBoeH CTOPOHBI,
A.Ditnmreitn nosapasun H.Tecna ¢ 75" nernum FO6uneem, xorma H.Tecna mpoaeMOHCTPHPOBAL

xypHanuctaM B 1931 r.aBTOMOOMIIb, KOTOPBIA HCIIONB30BAN IS CBOETO TEPEABIKEHHS YHEPTHIO

adupa (Bakyyma).

1. MoHomoJibHOE (CKAJISIPHOE) N3JIyueHne chepbl

U Katymka Teciaa

Haubonpmmii uaTepec mist pusznuku B skcriepuMentax H.Tecna npeacrasiser cepudeckuit

~19Q)
re ot

Coaiin 2

KoHJeHcaTop  (cmaiim  2), eMKOCTh ~ KOTOPOTO  BBIUHCIAETCS 10 (opmyle
C=4rE,,RR, /(R +R,). B sroit dopmyne R -pammyc Buyrpenneii obkmanxu, R,-pammyc

BHEITHEW 00KIanku, &,- IUAIEKTpUYecKas MPOHUIAeMOCTh BakyyMa (3¢upa Bo BpemeHa Tecna), &, -



JIUDJIEKTpUYEcKasi TMPOHUIIAEMOCTh CpeIbl MeXAy OOKJIaJKaMH. U3 »sroit  popmynsl B

npenene R, — © cnenyer emxocts coheprt C =47EE, R . Coorsercrsenno, 3apsan cheps Q

seruncisgerca o gopmyne Q =CV =47 £, RV | raeV - nanpsxenne mexny obkmagkamu. Ecim
3apshkeHHas cepa paspsKaeTcs, To BHE paguyca cepbl JOIKHO HAOI0IaThCs BEKTOPHOE T10JIe
. P
E(t)=QM)r/r°|F| (ypaBmenms MaxkcBenna) U  CKalspHOE noite  Tecna

S(t) =1/rcloQ(t)/dt (ypapmenus dusmueckoro Bakyyma [2-4]). CkanspHoe u3IyueHHe S

CHEE C(DEDIH

e

TOTOK CRATSPHOTO IO
TECJIA UEPE3 ITPOCTAHCTBO

MEPEMEHHBI TOK

= ) +UYACTOTA MEPEIAPSLIICH COEPEI
V = MOTEHLHAJ COEPBI
L R -ramive corrb

Craiing 3
OTCYTCTBYET B JJIEKTpoauHaMuke Makcsemia-JIopeHiia. 9TO MOHOMOIBHOE H3Iy4eHHE CHCTEMBI
3apsIoB ClleAyeT W3 pemicHus ypaBHeHuit ®dusmueckoro Bakyyma (cmaiig 7) [2]. B BakyymHoi
ANEKTPOTUHAMHUKE HEPEISATUBUCTCKUE YPaBHEHUS IBW)KCHHS H3JIydYarollero 3apsijae ¢ maccoit M

HNMEET BU]T e oe?
[VH]-—SV+ V.
C 3c

3nece €SV/C - mMoHOMONBHOE H3JTydeHHE MCTOYHMKA mons (Hampumep, chepsl Tecma) u

2%V /3c° i
ev — JMITOJIbHOE M3JIYYCHHE YCKOPEHHO JBIDKYIIETrocs 3apsja. Ha craiize 3 mpencraBieHa
cxema skcrepuMeHTa Tecna mo OecrnpoBOIHOHN mepeaade >Hepruu [14], B KOTOPOM HCIOJIB3YeTCsI

ckanspaoe none Tecna S. Ha nepsuunyio o6MoTKy TpaHchopmaTopa Tecna mojaercs nepeMeHHbIH
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TOK ¢ yacToTo G . OOMH KOHEI BTOPUYHOW OOMOTKH 3a3eMJIEH, a BTOPOW MPHUCOEIUHEH K cdepe ¢

pamuycom R . B osrom cmywae ckamsgpHoe mone Tecnma  ompexpensercs  Gopmyiioin
S= 47EOaVRCOSC<I/ IC. TIIoTOK CKaJIIPHOTO IOJISi PacIpOCTPAHSAETCS OT IMOBEPXHOCTH Cephl B
OKpY’Kalolllee MPOCTPAHCTBO U NPOU3BOIUT 3((DEKThI, KOTOpbIE HE OOBSICHAIOTCS YpPaBHEHUSMHU

Makcsenna-Jlopenna. Hanpumep, mojie S BbI3bIBa€T cBeYeHHE JaMI JHEBHOTO CBeTa BOIM3H

karymku Tecna (crnaiin 4) .

2. BectipoBoaHas nepenaya djaektpodHepruu u Tecia-

KynepoBckue napsol

MoHonoIbHOE II0JIE S MMpEaACTaBJIACT c000i1 MOTOK 3apsAKCHHBIX YaCTHI — 3JICKTPOHOB,

Cmatig 4

IIPYU 3TOM I10JIE MOYKHO NPEACTABUTDH B BUJIE

_ _ 2_
S=-4mQM)Y* ¢ =-4mQM) |¢ |'=-471 0,4 (1), (1)
raey) -BonuoBas GpyHKIMSA H3ITYYEHHBIX 3apsOkeHHbIX yactul. CoortHomenue (1) MHTEpECcHO

TEM, YTO OIMUCBIBACT «CIAPCHHBIC 3JICKTPOHLI», HOI[O6HBI€ KYIICPOBCKUM IIapaM B BKIII TCOoOpUun

ceepxmpoBoaumoct [5-7] (cm. Crmaitn 5). Hamo OTMETHTB, YTO <«CHApUBaHHE»  3JCKTPOHOB,



00NaJaonIuX KYJIOHOBCKUM OTTaJIKHBaHUEM, HE MMeeT (DyHJaMEHTAIBHOTO ONMMCAaHHs HU B TCOPHH
I'mu30ypra-Jlanmay [8], au B Teopum BKUI [5-7]. HMHoe monoxeHHe Nell MBI UMEEM B TEOPHH

dusnueckoro Bakyyma [2,3]. Ha crnaiine 5 npencraBiena noTeHnuanbHas sueprus [3]

2 _ 2
mc aAlr e /]_h

U=- , =—,
2 r’+cofld ¢ hc mc

B3aMMOJEICTBUS JABYX 3JEKTPOHOB ¢ MaccaMu M U 3apspamMu €, OAMH U3 KOTOPHIX HMMEET CIMH
S=7/2. Dra sHeprus GbUla MONydeHAa M3 TOYHOTO pPEIIEHMs ypaBHeHmii dusnmdyeckoro Bakyyma
(cmatim 7). CoracHO MONy4YeHHO#H (opMyiie, SHEPTHs KYJIOHOBCKOI'O OTTAJKUBAaHHUS 3JCKTPOHOB

IIPEOJIONEBACTCS TOPCHOHHON SHeprueil mpuTskeHnms Ha paccrosHuaXx QA ST <A um
13 11
28110 cm <r <10 “cm . CnenoarensHo, no Gopmyinam Teopun dusuueckoro Bakyyma, pazmep

y 11
KyIepoBCKoi mapsi He jomked mnpesbimarsl0"cv . HaGmomate ysppparommiics moTokx

KYIIEPOBCKHX Iap B PEKUME pPEATbHOTO BPEMEHH MOKHO C TIOMOIIBI0 «BoJIIeOHOro miapa»,

MIPEACTABICHHOTO Ha cllaijie 4 cieBa u crpaBa OT (JOPMYJIHI.

TopcmoRmAT MPEPOND CREPXMPOROIITMID
M OOPAICBARME KYMEPOBCIKERRITE

DRermp on-IRERMPont

Kyaonoscrasn
namenyuaLbHan
aHepzun

Topcuon-KYyAOHOSCKAR
NOMCHUUAAGHAR IHEPIUA
fcos@ =)

Cmatig 5
OKCHEpUMEHTBI CO CKaJSIPHBIM H3JIydeHHeM Teciaa IOKa3bIBAIOT, YTO CKAJISAPHBIA TOK
CBEPXITPOBOAMMOCTH BO3HUKAET HE TOJIBKO B MPOBOJAHHUKAX, HO U B JIUAJICKTPUKAX, IPHUEM HE TOJIEKO

IpU HHU3KUX TeMIlepaTypax, HO M NpHU KOMHATHOM Temmeparype. Ha cmaiine 5 crneBa BHHBY
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npenacraBieHa Qororpadgusi SKCIEPUMEHTa, KOTJa TOK CBEPXIPOBOAMMOCTH TEUeT IO OIHOMY
MPOBOAY, IPH 3TOM YY9acTOK JUTMHHON 8 cM ImpejcTaBisieT co0oii uucTas Bona. Ha dororpaduu BugHO
KaK CJIeBa TOPST JIBE JIAaMITbI, TOJKIIOUYEHHBIC K BTOPUYHONU 0OMOTKE JieBoro Tpanchopmaropa Tecna,
MepBUYHAsE OOMOTKa KOTOPOTO MHUTAeTCs OT OJHOTO MPOBOJA. DTO OYCHH MOXOXe Ha 3Apdekt
Jlxozedcona [9] B Teopuu CBEpXIIPOBOJMMOCTH, KOT/Ia MEXKIY IBYMs MPOBOJHUKAMU MOMEIIACTCS
IUDJIEKTPUK, HO CBEPXIPOBOMASIIMKA TOK BCE paBHO mpoxomuT. JlimHHas mKo3edCOHOBCKas
POBOAMMOCTh HAOIIOAAeTCsl B dKCIepUMeHTax ¢ Tpanchopmaropom Tecna mocrarouno aasuo [10],
HO €€ TeOpeTHYeCKoe OOOCHOBAaHHE B paMKaxX TPAIUIIMOHHOM KBAHTOBOW TEOPHH OTCYTCTBYeT. Ha
cmaiine 6 mpexacraBineH skcnepuMeHT rpymnmsl J[.C. CtpeOkoBa MO OJHONPOBOJHON Tepenade
ANEKTPOIHEPTHH, B KOTOPOM [UTHHA JUAJICKTPUUECKOTO BOJHOTO MPOMEKYTKA COCTABIISICT BEIMUUHY
or 0.1 no 2 merpoB [9]. DxkcnepumeHT BKItoyaeT B ceOs Tpanchopmatop Tecna 1, u3 KOTOPOro
BeIXOAMT ouH npoBoj (Craiin 6). Ha koHIe mpoBo/a, OMYIIEHHOTO B BOAY, PACIOI0KEH H3I1y4areib
3 anextponHbIxX nap Tecna-Kymnepa. [ToTok criapeHHBIX 3JIEKTPOHOB IMPOXOJUT Yepe3 BOAY, IMOMaaaeT
Ha MPUEMHBIN JIEKTPO] 6 U IO OJJHOMY MPOBOY NOaeTCs Ha BIpsAMUTeNsb 8. [Tocie BeImpsaMuTes
MOCTOSIHHBIA TOK MOJAETCS Ha DJICKTPOJBHUTaTENlb MOCTOSHHOTO TOKa 9, Bpalaromiero rpe0Hoi BUHT

10.

=

[MDOBOIIAMOCTHH S

Cnaiig 6



3. YpaBHenus ®usznueckoro Bakyyma

OcHoBHBIMU TIONISIMH B Teopun Pusmueckoro Bakyyma Oka3bIBalOTCSl TOPCHOHHBIE ITOJIS C
pa3Ho0Opa3HbIMU (PU3MUECKUMH CBOWCTBAMH. JTH TOJIA KaK MpeAMET M3y4YCHUs B HayKe BO3HUKIIH B
koH1e 19 Beka B paboTax uTanmbsHCKoro maremaruka I .Puuum. CymiecTByeT orpoMHOE KOJIMYECTBO
MaTeMaTu4eckux pabor mpoBeneHHBIX KapranoM, CxoyTeHOM © Jp. MaTreMaTHKaMH 110
MCCIIEJOBAaHHUIO CBOMCTB TOPCHOHHBIX IMOJIEH, HO TonbKo B KoHIle 20 Beka B Poccun yueHbIM ynanoch
OOHApPYXKUTh CBS3b THUX MOJCH ¢ (U3NUECKUMHU dKcrepuMmeHTamu. B padore [11] B 1984 r. Obutn
BIIEpBBIC ONMyOJMKOBaHBI ypaBHeHUss Pusnyeckoro Bakyyma, a B 1988 r. mHo#i Oblna 3aBepiieHa

nporpamma BceoOlieit OTHOCHTEIBHOCTH M OKOHYATEIBHO MPEACTaBICHBI ypaBHeHHS Bakyyma (A) u

. i
(B) (cmaiin 2) xak HOBble (DyHIAMEHTanbHbIEe ypaBHeHHs (u3uku. TopcHoHHBIE mons | jk B
YH y

ypaBHeHUAX Puznueckoro Bakyyma urpatot posib Toro camoro Enunoro Ilosist, Ha moucku KOToporo

A.DuHmreitH notpatun 6onee 30eT.

U SHIA — MHJUICA (B.2) L=y

Coaiin 7
VpaBuenust (A) mpeacTaBisioT COO0OW TOPCHOHHBIC YPaBHEHHS, IOCKOJBKY COJIEp)KaT
i a o o
TOPCHOHHOE Tole | jk M BekTopa €°k  4YeTHIPeXMEpHOH IIPOM3BOILHO YCKOPEHHOU CHCTEMBI

orcuera. YpaBHeHus (B) pacmamaroTcs Ha TMOJHOCTBIO T'€OMETPU3UPOBAHHBIC (BKJIIOYAs IMPABYIO
7



yacTh) ypaBHeHus DiHmTelHa (B.1) ¥ MoJHOCTBIO TeOMETPU3UpPOBaHHbIE ypaBHeHHs SIHra-Muinica
a a
(B.2). TeH30p SHEPrHU-MMITYIILCA T°n B ypaBHenusx (B.1) m TeH3op TOKa J “bkm

i
OTIPENIEIAIOTCS Yepe3 KBaJpaTHYHbIE KOMOWHAIIUM TOPCHOHHOTO TIOJIS T ik A HUX

npousBoHbIe. [l03TOMY TOpCHOHHOE ToNie B ypaBHeHUsiXx Pusudeckoro Bakyyma urpaer ponb no/is
mamepuu. 3HadeHue KOHCTaHTHI (wiu GyHkiuu) VB ypaBHenusx (B.1) u (B.2) ompenensercs
Moclie TOro, Kak HAWIEHO peIlleHWe 3TUX YpPaBHEHUU, KOTOPOE 3aTeM CPABHHUBACTCS C PEIICHHEM
OJTHOTO U3 (PyH/IaMEHTAJIbHBIX YpaBHEHUU (DU3UKH.

[ToHOCTRIO TEOMETPU3MPOBAaHHOE ypaBHeHHe OiHiTeiiHa (B.1) mpeackasbiBaeT HOBBIE
MIPEJICTABJICHHS O CTPYKTYpE MPOCTpaHCTBa-BpeMeHrn. COrIacHO 3TUM MPEACTABICHUSM MBI JKUBEE B

10 mepHOM KOOPIMHATHOM MPOCTPAHCTBE, KOTOPOE BKIIFOYACT B CeOsI 4 TPAHCISIIIMOHHBIX KOOPMHATHI

X,¥,2,¢t  u 6 BpamarensHbix KoopauHar @, @, ,@s, 6,, 6,, 6;. Vmenno 6 BpamareabHbIX

i
KOOpAuHAT OHnpCACIAOT TOPCHUOHHBLIC I10JIA T jK o« B HCPCIATUBUCTCKOM HpI/IGHH)KCHI/II/I n B

(kBa3su)MHEPHHAIBHBIX CHCTEMaxX OTCYETa IJIOTHOCTh MaTepuu L0 JH000ro 00bEeKTa, POKIACHHOTO H3
—_ h *
BaKyyma, ornpenensercs kak 0 = Wy *Y  rne - HOPMHUPOBAaHHOE HA E€AWHULY I10JI€ UHEPLIUU

(TopcroHHOE TOJIE), YAOBJIETBOPSIONIEE TeOMETPU3UPOBaHHOMY ypaBHeHHto LllpeamHrepa, hoo-
KBaHTOBas KOHCTaHTAa I JAHHOTO OOBEKTa, (L - 9acTOTa TOPCHOHHOTO Toiisi. TakuM obOpazom,
TOPCHOHHOE T0JIE UMEET KBAaHTOBYIO MPUPOAY, YTO YKa3blBaeT Ha KBaHTOBYIO mpupoxay 10 mepHoro
MPOCTPAHCTBA, B KOTOPOM MBI JXKMBEeM. JlOKa3aTeNbCTBOM STOTO CIYXXHT KBAHTOBBIM 3(hdexT
JlxanubOekoBa (cmaiin 8). Ha crmaiine mpeacraBieHbl 5 KaapoB JBMIKCHHS BpAINAIONICHCS TalKH,
KOTOpasi KBaHTOBBIM 0OOpa3oM MEHSET HamNpaBJICHUE OCH BpameHus dYepe3 Kaxkapie 40 cM.
MPOUJEHHOTO TYTH B COCTOSIHMM HEBECOMOCTH. JTO MOXKHO YBHJIETh B JUHAMHKE B (UIBME

http://www.youtube.com/watch?v=dL6Pt10 gSE&NR=1 CHATOM B KaOMHE KOCMHMYECKOTO KOpPaOIs.

Habmtomaembiii 3¢ddexkr He oOBSICHAETCS TeopHeW TrpaBUTAlMM OWHINTEHHA. MaKpOKBaHTOBas
CTPYKTYpa MPOCTPAHCTBA HAOMIOACTCA U B KBAaHTOBAHUH CPEAHUX paccTossHUil oT CoNHIA 10 IIaHeT

¥ B HAKJIOHE OCeH Bpall€HU: IJIAHET K INIOCKOCTH 3KBaTOpa COJ'IHI_[a.



r =r,,(rx+%), r, =02851 AU

n=4 n=6 n=9 n=18
n=1 n=2 Nn=3 n=% p=g n=1 n=20 n=33 n=67 n=105n=138
i : T i i ;

?#‘.9 243 iQ‘A{I.S'

Ha cnaiine 8 BHu3y cieBa IOKa3aH SKCHEPHUMEHT IO KBAaHTOBAHUIO HAMpPaBICHUS OCH

Bpall€HUA THPOCKOIIa P U3SMCHCHUHU YaCTOTEI €TI0 BPAILICHUS.



TEOPHA
PEAJALIIOW
OTHOCHTEILHOCTH

Cnaiin 9
Ha cnaitne 9 mpencraBiieHbl OCHOBHBIC OMYOJIMKOBAaHHBIC CTaThU M MOHOTpauH IO
teopun Pusndeckoro Bakyyma. bosee onepatnBHO ¥ OAPOOHO MOYKHO MO3HAKOMHTCS ¢ paboTaMu

o Teopun Bakyyma Ha caiitax Www.Shipov.comu Www.trinitas.ru . Ha 3Tux caiitax pacroyioXeHbI

CTaThU aBTOpa, HamucaHHble B mocieanue 10-12 net m TpyaHO NOCTYNMHBIE B APYIHX MCTOYHHUKAX
nHopmanuu. B kaure moero mocnenosarens E.A.I'ybapeBa «Teopusi peaibHOW OTHOCHUTEIHLHOCTH

JIOCTATOYHO TMOAPOOHO H3IOKEHBl OCHOBbI BCeOoOIIel OTHOCHUTENBHOCTH, KOTOPas HCMOJb3YET
Bpamiarenbusle  KoopauHatel @, @, @5, 6, 6,, 0;. xax snementsr 10 MepHOro NpOCTpaHCTBa-

BPEMEHH.

4.  Jueprus ®usnyeckoro Bakyyma u reneparopsl

CBOOOHOI SHEPTrUHU

N3 coBpeMeHHOI KBAaHTOBOW TEOPHH ClieyeT, uTo Pusznueckuii Bakyym, Oymydn OCHOBHBIM
COCTOSIHUEM BCEX BHUJOB MaTepuu, B CpPEIHEM o0nanaer HYJIEBBIMH  (PU3NYECKUMU

XxapaktepucTukamu. TeM He MeHee, Bakyym oOnagaeT O€CKOHEUHOM dHepruel HyaeBbIX KoneOaHui.
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S. K. Lamoreaux, PRL 78, 5 (1997).

Coarig 10

Orta sHeprus crnocoOHa JCHCTBOBATh KaK Ha aTOMHbIE YpOBHH (leMOoBckuii casur [12]), Tak u
Ha MakpooObekThl (3ddekr Kasumupa [13]). Ha cnaiine 10 cipaBa BBepxy NMpeICTaBieHbI HYJCBbIC

KosebaHus sHepruu Bakyyma, KOTOpbIe MOXKHO YBHJETh Ha PACCTOSHUAX Mopsaka MIUHHBI [lnanka
| =(nG/c®)"? =16007% 10%
b =( c’)" =1 M. Ecnu Obl MBI MMeTH NpUOOp C YBEIWYCHUEM , TO MBI ObI

YBHUJIEIH AUHAMHUYECKYIO KapTHHY, IpeAcTaBieHnyo Ha ciaiine 9. B 1948r. X.Kasumup npenckazan
CYIIIECTBOBAHHME CHIIbI MPHUTSHKECHHUS MEXAY IBYMS HE3apsUKEHHBIMH IUTACTHHKamH (CM. ciaig 9) B
3aBUCUMOCTH OT TUIONIAM TIJIACTHH U PACCTOSHHS MeXay HuMu. B 1996r. aT0 mpeackazanue ObuI1o
MOATBEPIKICHO JKCIEPUMEHTAIbHO. OTOT MAKpPOKBAHTOBBIM OKCIIEPUMEHT TOKA3bIBACT, UTO
CYHIECTBYeT MPHUHIMIMATBHAS  BO3MOXXHOCTH IOCTPOUTH  MaKpOIpHOOp, KOTOphIA  Oymer
PeoOpPa3OBhIBATh HEJICTCPMHHHPOBAHHYIO BaKYYMHYIO 3HEPTHIO B OOBIYHYIO JIETEPMHHHUPOBAHHYIO
9HEeprui0. Bo MHOrMX 1abopaTopusx MHpa BOT YK€ HECKOJIBKO JCCATKOB JICT YUCHBIC IBITAIOTCS
MPEBPATUTD 3Ty <HEIACTCPMHUHHUPOBAHHYIO» DHEPIHIO B JSHEPTUIO0 JIETCPMHHHPOBAHHYIO, KOTOPYIO
MOKHO HCIIOJIb30BaTh ISl MONB36I mroael. Onuako [Ipupona mroOUT MOMIYTUTE HAA YICHBIM MHPOM,
MIPETOHOCS €My, BpeMsi OT BPEMEHHU, HEOXKHIAaHHBIC OTKPBITHS, CACTAaHHBIC JIIOJIbMHU, NATCKUMHU OT
HaykH. [IppuMepoM MamiuHbl, KOTOpas MOJydaeT SHEPrHI0 M3 Bakyyma sBisiercs Tecratuka [layms

baymana.
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2. TOPCUOHMHASA SHIERPHEIN
p =2 hoP*IF

lemepaTop [l bayMaHs IO

Cmarig 11

I'enepatop TecraTuka ObuT co3man B 1978T. u cmacTepmit ero 4acoBbIX aen mactep Ilayins
bayman Ha 4eTBepTOM IOy 3aKJIIOUCHHS B IIBEHIIAPCKOW TIOPbME M3 KOHCEPBHBIX 0aHOK, KOTOpBIC
BBITIOJTHSUTH POJIb KOH/IEHCATOPOB, OOPBHIBKOB IPOBOJIOB U J€TalICH, COOpaHHBIX U3 XJaMa B TEOPEMHOU
MacTepcKoi. B co3maHHON MM XPpUCTHAHCKO-PEIUTHO3HOW KoMMyHe «MetepHuta» B [lIBeitnapuu c
1980x romor pabotaroT ycrpoiicta, reHepupyromme ot 200 Bt. 1o 30 KBt anexrposnepruu st
OBITOBBIX HYX[ mocenka. CyMMapHasi MOLTHOCTbh BCEX CUCTEM cocTaBiseT yxe O6oinee 750 Kumosarr
(cmaiim 11). Takum obOpasom, B 1980 rogy B Mupe MOsIBUICS HACEICHHBIN IYyHKT, KOTOPBIH pa3 H
HaBcerga pelIMi  JHepreTuueckue mpoOsiembl. Ero skutenu (Oyaydd AuWjIeTaHTaMH B Hayke)
OTKa3aJIUCh OT TPAIWIMOHHBIX BHJIOB TOIUTMBA W  pa3pyllwid MUPB 00 yrpoxKaromeM HaMm
«QHEPreTH4eckoM Kpusuce». Cekper reHeparopa KOMMYHOW HE pacKpbIBAeTCs MO NPUYMHE HEBEPUS
YJICHOB KOMMYHBI B MUPHOE HCIIOJIb30BAaHUE YEIOBEYECTBOM HOBOTO MCTOYHUKA YHEPTrUH. DuibM o

pabote reneparopa TecTaTrka MOKHO TIOCMOTPETh Ha caiite http://www.youtube.com/watch?v=AJgMSjGo3Ig

TecraTuka sBI€TCS MEPBO B MUPE MAIIMHOW, TPOU3BOJSIICH «CBOOOIHYIO SHEPTHIO» U3
Ousznyeckoro Bakyyma,  ¢aykryanuum KOTOpPOro, IO MPEACTABICHUSM COBPEMEHHON HayKH,

001aa0T OECKOHEUHBIM KOJTMYECTBOM SHEPTHH.
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MNepeomavya aneKrPoHEPHAY
MO OOHOMY MPOEE)]

Craiig 12
114 et Tomy Hazax H.recma mpeatouin OJHOMPOBOAHYIO Mepeaauy 3aeKTpoduepruu [15].
Ha cnaiine 12 »skcrmepumenT Teciia 1o OJHOTPOBOJHOM Iepeaaye 3JICKTPOIHEPTHH MPEICTABICH B

MUHHATIOpE. DKCIIEPUMEHTHI TIOKA3aJIH, YTO MPH TAKOH repegayue 3JIeKTPOIHEPTru He paboTaroT:

1) 3akoH OMa JJis JABYXIIPOBOJIHOM JINHUMY,
2) 3akoHbl Kupxrodda mj1s 1ByXmpoBOIHOHN JTMHUH,
3) 3aKOH COXPaHEHUs DIIEKTPUICCKON SHEPTHH.

Ha cnaiine 12 xarymka Tecna morpebnsier 30 BaTT 3JIEKTPOIHEPIUH, & K OJHOMPOBOIHOMN
JMHUY TIOJIKJIOYEHBl 2 JIaMITbl JTHEBHOTO CBeTa, morpedisitomme 64 Barra snekTposHepruu. [Ipu
MOJIKJIFOYCHUH  JIOTIOJTHUTENILHBIX HMCTOYHHUKOB SHEPrMU MNOTpeOiicHHe sHepruu Kartymikoi Tecna
OCTaeTCsI TEM XK€E CaMbIM. BBIXOHT, 4TO B YCTaHOBKE MPOMCXOAUT MPEOOPa30BaHUE FJICKTPOIHEPTHH C
koddunmentom npeodpasoBanus (KIT) Oonbine equaunbl. Ha cmavine 14 KI1=2.1, xots npyrue
KOHCTPYKIIMM  KaTyIIKd Tecia TO3BOJSIIOT —MOJNYYHTh TOpa3fgo  OoNbIIMii  KOA(PPHUIUCHT

npeoOpa3oBaHMs.
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IHEPrUM B KaTYIKENIEEE]
| sz

Cnaiig 13
Ha cmaiine 13 mpencraBnena kaTymika Tecna, reHepaTOp UMITYJIbCOB KOTOPOW IMUTAeTCs
Oarapeiikoii. IToTpebisieMas reHEPAaTOPOM MOIIHOCTH Beero 1.7 Br. B ckanspHOM mmoje S kaTyiuku
Tecna ropsaT nse namnbl ¢ obmeit momuocts 50 Br. CrneBa nammna B pyKe HCCII€IOBATENs SBISIETCS
o0bruHOM mammoi HakamuBanus 110 v u momHOocThio 25 Br.  CmpaBa Ha crosie JIGXKHUT JIaMIia
JTHEBHOTO CBETa, MOIIHOCTHIO 25 BT. Y 3Tol ycranoBku KI1=29.4. ®uiapM 00 SKCIIEpUMEHTE MOYKHO

MOCMOTPETH Ha caiite http://www.youtube.com/watch?v=0zGwb0glcXg

HeBonpHO HampammpaeTcsi BOIPOC, a Mo4YeMy Obl MOCJIE 3alycka CUCTEMbI HE B3STh 4acTh
U30BITOYHON SHEpPruM, TeHepupyemMou karymikod Teciaa, W HampaBUTh €€ Ha BXOJ, HCKJIIOYUB
MyCKOBYIO OaTtapeiiky? B aTom ciryuae cucrema J0JDKHA TeHEpUPOBATh CBOOOIHYIO SHEPTHUIO cama 110

cebe, Hamogobue Tecraruku Iayns baymana.
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3.2 with 1200 Werrs thalogenlamps ot the outpdt
0 V halogen lamps and six 150 W 220 V light bulbs

A Kopanodze gemerator replication by Jean-Louis Noudin

June 5, 2010 - JLM Labs - wws jintabs org

Cmatig 14

Ora wupes Oba peanm3oBaHa H.Tecma eme B 1931 r., korma H.Tecma mnocraBun
SHEPreTHYECKYI0 YCTAaHOBKY HAa aBTOMOOWIIb M HCIIONH30BAN MOTYYCHHYIO 3JIEKTPUYECKYIO SHEPTHUIO
JUIS TIepeIBUKEHUSI aBTOMOOMIIS ¢ TIOMOIIBIO 3JIEKTPOMOTOPA.

B namie Bpems mogo0Hast yctaHOBKa Oblaa mpemnoxkeHa Tapuanem Kamanamze (MOIIHOCTH
or 5 KBt no 100 KBt) wu, 3arem, moBropeHa apyrumu uccienoparensimu. Ha cmaiine 14 crpasa
MpeJicTaBlIeHa dHepreTudeckas ycraHoBka Kamananse momHocthio 1.2 KBT, co3nannas XKanom-Jlyn
Honnnom. YcranoBka uMeeT OJIMH BHEUIHWN MPOBOJ, UAYIIMNA HA 3a3eMiIeHUE. B kauecTBe Harpys3ku
WCIIONBb30BaHbl 6 mamn HakaiauBaHus MomrHOCThI0 150 BT nanpspkenuem 220 BonbT. B mHTEpHETE
MOKHO HaWTH HECKOJIBKO pETUTHK YCTaHOBKH Kanananse

http://www.youtube.com/watch?v=uxQ99R4gOWY &featurdated CMOTpH,  Hampumep,

http://www.youtube.com/watch?v=PgorlWIkhWI&featuretated

B pesynbrare HenmpuATHA 3TUX SBJICHUN aKaJIeMUYECKOW HAyKOM, MPOILIECC Pa3BUTHUS UIIET B
TAKOM HAalpaBJICHUH, YTO Ka)XIbli HYXTAIOIIUNACSA B PHEPTUU OyleT BBIHY)XKICH IOKYIaTh JCTaIH
YCTAaHOBKH HA PBIHKC U CAMOCTOATCIILHO IO CXEMaM, MpcajiaraCMbiM B HHTCPHETC, CO31aBaTh HY)KHOI\/'I
MOIIIHOCTH HMCTOYHHKHU JJIEKTPUYECKON HHEPIHH. DHepreTuyeckue YCTAaHOBKH, CJeJIaHHBIE

Kanananze, umerotr momuocth oT 3 10 100KBT 1 310 nmaneko we npexaen. [1o maenuto H.Tecna atu

15



yCTaHOBKHM, Kak W MammHa Il.baymana, ucmonb3yror sHepruio s¢upa (Pusuueckoro Bakyyma),

npeBpaimiad €€ B 3JICKTPUICCKYIO SHCPTHIO.

3aK/JII0YeHue

Onnaxnasl HeroTOH ckazan Takue cioBa: «J/Iubo HEe HaAO TOBOPUTH HUYETO HOBOTO, JINOO
BCIO JKM3Hb HaJ0 MOTPATUTh Ha 3alIUTy CBOEro OTKpbITHsS». Ha 3amuty oT koro? OT 3aBUCTHUKOB?
Ot xonkypentoB? Ot nypakoB? Ho Beab OTKpBITHS Takoro kjacca, Kak 3JekTpoauHamuka Tecna,
reHepaTopsl baymana nnu Kananzasze naroT 4enoBedecTBY HEBEPOSITHbIE BO3MOKHOCTH. M, BHUAMMO,
MMEHHO 3TO SIBJISIETCS] OCHOBHBIM ITPENSATCTBUEM K UX BHEJIPEHUIO.

Bo Bpemena JIxopmaHo BpyHO 3a OTKpBITHSI JIOJACH CXKUTrajdd Ha KOCTpax, BO BpEeMEHa
lanunes ux cynunu, a H.Tecna B Haganme XX Beka 3a €ro HEBEPOSTHbIE M300PETEHHUS OOBHHSIIN B
CBsI3M ¢ HeuncTol cuioil! Bo Bropoit nonoBune XX B. TomunHa nocaguiu B CyMacIIeIIINI JOM 3a
n300peTeHne M JEMOHCTpaluio HHepuuounoB. bopb0a Bemach M BeAeTCs MPOTHB OTIEIbHBIX
TBOPLOB HAyKHM BCEMM, KTO YIOpaBIs€T HAIIUM CO3HAHUEM - LEPKOBBIO, aKAJAEMHSIMU U
IIPaBUTEIBCTBAMU HEKOTOPBIX FOCYAAPCTB.

Ceituac nmeno OoppOBI C  HOBAaTOpaMHM HAayKd NPUHUMAET KAaue€CTBEHHO HOBBIH 000pOT.
BoproTcs yxe He ¢ OTAENbHBIMU JUYHOCTSIMH, a C LIEJBIMA HAIPaBJICHUSMHU, HAlpUMEpP, TakK ObLIO C
TCHETUKOW W KHMOEpHEeTUKOM. J[ypak TuUIaTHT ABaXXIbl, a 3aBUCTIWBBIA TypaK — TPHUXKIBI, MOATOMY
CkonkoBo co3naercs B Poccun Ha 50 71et no3sxe CuiinkoHoBoi [lonuHbl B AMepuke.

Bor u Teopus ®dusnueckoro Bakyyma, a Takke CBSA3aHHBIE ¢ HEH HKCIEPUMEHTAJIbHBIE U
TEXHOJIOTHYECKHE HapabOTKH, pa3BUBAaEMble COTHSIMHU JIOJIEH, moutd 20 ner «CHOOATCSI»
Poccuiickoil akagemuil Hayk ¢ MoJidyanuBoro cornacusi Poccuiickoro rocymapctBa. CoH pasyma
POX/IaeT YyJOBHII, U YXKE CKOPO MbI YBUAUM, YEeM 3aKOHUYHUTCS 3TO «MEHTAIbHOE MpaKoOecue».

11.03.2011.
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