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BBenenue

[Toutn 100 nmer Hazang H.Tecna mpoaeMOHCTpUpOBad MHUPY W 3aMaTEHTOBAT CBOM
Oecrpelie/IeHTHBIE JKCIIEPUMEHTHl 10 OECHpOBOIHOW M OJHONPOBOJHON mepenaue
anektposHeprun  [8,10]. OpHako m0 cux mop oduIHManbHas TeopeThdyeckas (usnka,
BKJIIOYAsl CTAaHJApTHYI0 MOJENIb M TEOPHUIO CYNEpPCTPyH, HE B COCTOSHUU OOBACHUTH
HaOmo/laeMble  (aHOMaJbHBIE C TOYKM 3pEHHs DSIeKTpoauHamuku Maxkcsesa-Jlopenia)
AJIEKTPOAMHAMHUYECKHE TPOLECCH], O(UIIMATBFHO 3apErHCTPUPOBAHHBIE B MHOTOYMCIICHHBIX
nateHtax H. Tecna. [losToMy «cepbe3Hble TEOPETHUKW» MO0 HHYEro HE 3HAIOT 00 3THUX
HKCIEPUMEHTaX, JHOO0 CO3HATEIHHO YMATYMBAIOT 00 MX CYIIECTBOBAHWH, IOCKOJBKY HE B
COCTOSIHHM OOBSCHUTH UX.

Eme omHo#l 3arankoif, He pelmIeHHOW OQHIMANIBHOW HAYKOW 1O CHX TOp, SBISETCS
KBaHTOBas MEXaHWKa C €€ MHOTOYHUCIEHHBIMHM MapajokcaMu U mpoTuBopeunsmMu. OmHO
ToJibKO 3ameuanue I1./lupaka o TOM, 4TO OCHOBHBIE YPAaBHEHUSI KBAHTOBOM 3JIEKTPOJUHAMUKHI
(ypaBHenust Jlupaka) HEBEpHbI M TpPeOYIOT NPUHIMIHAIBLHOTO H3MEHEHHUS, TOBOPUT O
riiyOOKOM KpHU3ucCe B MOHMMAaHMM HM3ydaeMoW HaMu peanbHOocTH. CraHgapTHas MOJEIb U
TEOpHsl CYNEepPCTPyH HE KacaroTCs OCHOB COBpEMEHHOU (M3HKH, a, HA00OPOT, UCIOJB3YIOT
CTaphble MPEACTaBICHUS O KBaHTOBOM Teopuu, pa3BuThie B 30-50 rogax mpousioro cToyieTusl.

B Hacrosimieit paboTe mokasaHo, 4To Teopusi GU3NIECKOr0 BaKyyMa, OCHOBHBIE IPUHIIHUITHI
Y ypaBHEHHUs KOTOPOW OBLIM cO37aHbl aBTOpoM B 1988 r. [3], maeT mpuHIMIUAIBHO HOBOE
onucaHue KBaHTOBOH Teopuu. BonHoBas QyHKIMS B HOBOM KBAaHTOBOM TEOpHUU CBs3aHA C
TOPCUOHHBIM  TIOJIEM, HHTEPIPETHPYEMBIM Kak I[0JIe HMHEpUUH (TpaBUTALMOHHOM,
ANEKTPOMArHUTHOM...).

B Teopun pusznueckoro Bakyyma KBaHTOBasi MEXaHWKA PAacCMAaTPUBAETCS KaK OObIYHAsS
KJIacCHUYecKasl TeOpHsi, KOTOpasl OMUCHIBAET AMHAMUKY IOJEH HHEPIUH B MHKPO U MakKpo
macmTabax. Okazanock, HarpuMep, 4to skcnepumMenTsl H. Tecna (a Tak ke 3KCIIepUMEHTHI
MO0 CBEPXIPOBOAMUMOCTH M CBEPXTEKYyUECTH) MPEICTaBISAIOT COOO0H Ppa3HOBUAHOCTh
MaKpOKBAaHTOBBIX SBJIEHMH, B KOTOpPBIX KBAHTOBBbIE (B CMBICIE CTapoil Teopuu) u
KJIACCMYECKHE TMPOLIECChl OMHCHIBAIOTCA YHUBEPCATbHBIMU  YPaBHEHHSIMH (DU3HMUECKOTO
BaKyyMa.

Pemenue ypaBHeHMI (U3MUECKOTO BaKyyma JUIsi HCTOYHHMKA C IEPEMEHHON Maccoi (Uiu
3apsA70M ) ONHKCHIBAET MOHOIIOJBHOE H3IYyYEHUE WCTOYHUKA, KOTOPOE, C OJAHOM CTOpPOHBI,
MOPOXKJIAET CKAaJSpHbIE TPaBUTAMOHHBIE (WJIM DSJIEKTPOMArHUTHbBIE) TOJSA, a C JPYrow,
MO3BOJIIIOT BBOJUTH B «KJIACCHUYECKHE» YPABHEHMS JBH)KEHUS BOJHOBYIO (PYHKIMIO (I0JIE
WHEpLIUK) «KBaHTOBOI» Teopuu. H.Tecna mepBbIii dKCHIEPUMEHTATBHO OOHAPYKUI



MOHOIOJIBHOE ~M3JIyu€HHE CHCTEMBbl 3apsJ0oB U CONPOBOXKJIAIOIIEE €ro CKaspHOE
AJIEKTPOMArHUTHOE Tojie. B paboTe mpuBeIeHBI pe3ylbTaThl SKCIEPUMEHTOB, MOJOOHBIX
HKCHEPUMEHTOM H.Tecna, HOJTBEPKIAIOIINE CYIIECTBOBaHUE CKaJIIpHOTO
AJIEKTPOMAarHUTHOTO TOJIS

1. KBanTtoBas ;kuakoctb MajgeinyHra

Co BpeMeHHU cO3/1aHUS KBAHTOBOM MEXaHMKH (HU3MKAa HAXOAUTCA B KPU3UCHOM
COCTOSIHMM, IOCKOJIBKY JI0 CHX IOp MEXAY BIyMUUBBIMH TEOPETHMKaMH HAYT CIOpBI O
(U3UYECKON TPHUPOJEC KBAHTOBBIX SIBJICHHI. Ve B 1927 romy Bemyliue TEOPETUKU
pa3eNnInch Ha B Tpynibl Bo riiase ¢ A.JHmreliHoM 1 H.bopom (cm. puc.l) .

Kpuauc B Pusuke

IRHLITEMH
l_'_.! REEH . 4

Topob

Puc.1
VYuactauku 5-ro ConBerickoro koHrpecca B 1927.

Touka 3peHus DWHIITENHA CBOAWIACH K TOMY, YTO KBaHTOBAasl MEXaHUKA B COBPEMEHHOM
€€ COCTOSIHUM HE ABJsAeTCS (yHIaMEHTAIbHOM TEOpHUEHl, MOCKOJIbKY B HEW MOTEepsSHO
o0pa3HOe MBIIUIEHUE, TaK HEOOXOAUMOe JUIsl IOHUMaHUs IPUPOABI U, KPOME TOrO, OHa He
coryiacyercsi ¢ OOMMM NPUHIMIIOM OTHOCUTENBbHOCTH. I[lo3TOMYy KBaHTOBasi MEXaHHUKa HE
MOJKET CIIY’KUTh OTIPABHOM TOYKOH Ui JajbHeWIero pasButus Qusukd. EcTh mpocTo
¢Gu3nka M  CyIIECTBYIOLIEE pa3/eJICHUE €€ Ha KBAaHTOBYIO U KJIACCHUYECKYI) HOCHT
BPEMEHHBIX XapaKTep.



CylecTBYIOT pa3iHyHbIE MOAXOABI pPacCMaTpUBaTh KBAHTOBYIO (U3HKY KaK 4YacTh
kinaccuueckod  Teopuu. Cpeam  HUX — HauOOJIbIIEE  PACHpPOCTpPAaHEHHE — MOJTydyusa
ruipoanHamMuyeckas monaenbs Manenynra [1], BnoxnosuBmas JI. ne bpoiinsg u J{.boma Ha
ITIOMCKHA JETEPMUHUCTUYECKOM KBAaHTOBOM Teopuu. B Mozenn ManenyHra ypaBHEHHE
[Ipenunrepa

2

n 9 e -
lnal/} +%Dt[/ uy =0, (*)

MOCJIE TTOJICTAHOBKM BOJTHOBOM (DYHKITMH, 3aITUCAHHON B BUAE ¥ = +/p exp( iS /),
U NIPUPABHUBAHMS PEAJbHON M MHUMBIX YacCTEH MOJIyUEHHOIO YPAaBHEHHUS K HYJIO, MOXET
OBbITh MPEJCTABIICHO B BHJIE ypaBHEHUS HENPEPBHIBHOCTHU U ypaBHEeHUH ['amMmuibTOHa-AKOOU

0_,0_'_ DHEH: 0’ (**)
ot O m [

S  (0S)>

—+——7 + U+ = 0, *kk
dt 2m Q %)

rae S - MexaHuueckoe jeiicteue, Q= -0°0°./p /2m./p = -0°0°y|/2mly| - xBaHTOBBIH
MOTEHIMAI U P = W *. Takum obOpa3om, B mojenu MajenyHra OQHO JHHEWHOE IO W
ypaBHeHHE (*) DKBUBAJIGHTHO ABYM HeNUHEWHBIM (**) m (***). CkopocTh uacTHIBI B
ypaBHeHHsX ['amunbToHa-SIkoou (***) mpeacraBimsieTcs kak v = US/m | 103TOMY MOKHO
3amucathb cucremy (*¥*), (***) kak

ap )
£ =0
S +0(ev)=o,

m(g—‘;+ va):m%:—D(U+ 0)

WY B BUJE YPABHECHHUU TMAPOJUHAMUKH [ 1]

-

op
—/ + [ :O’
5, +0(ov) (1)
pﬂ:—ﬂg(]_ﬁgQ, )
dt m m

rae P = my *§ - WIOTHOCTh XKHUAKOCTH U Q = —2s 07|/ mly| - kBaHTOBBII MOTEHIHAI,
3aNnMCcaHHBI Yepe3 cruH dektpona s = /2. VYpasuenns (2) mepexomsr B KIacCHYECKHE
ypaBHEHHs THAPOAMHAMHKHM Diliepa B mpenene, korma s= 0/2- 0 mosromy KBaHTOBBIE
ypaBHeHus (1) u (2) MOXHO HMHTEPOPETUPOBATH Kak JIBM)KCHHE KJIACCHMYECKOM Karuiu
KHUJIKOCTU C COOCTBEHHBIM MOMEHTOM BpaIleHHs S .

VYpaBuenus (1) u (2) MOKHO HCIIONB30BATh JIJISI OIMMMCAHMS JTIOOBIX KBAHTOBBIX CHCTEM,
HampuMep, IJI aToMa BOAOPOJa, P 3TOM IMOJyYAIOTCS TaKUE Ke Pe3yIbTaThl, KaK U MPHU
BBIYUCIICHHH C MoMolbio ypaBHeHus lpemunrepa [2]. U3 (2) ciaemyeT, 4yTo IIEHTP Macc
KaIlJTi KBAHTOBOW KHUJIKOCTH JABMKETCS COTIIACHO YPaBHEHUSIM

m = -0+ )



rme vV - ckopocTh mentpa macc. Ipu s= 0/2 - 0 >tu ypaBHeHHs mepexonsaT B ypaBHEHHS
MexaHuku HproToHa.

2. KBaHTOBas1 MeXaHUKA, CJICYIOIIAA U3 YPABHECHUH
(pu3nyeckoro Bakyyma

Ou3nyeckuii BakyyM MOXXHO pacCMaTpuUBaTh KaK CIHHOBYIO KHJKOCTb, MPU ITOM
POXIACHHBIC M3 BaKyyMa 4YacCTUIbl CO CIIMHOM, IPCACTAaBJIAIOT CO6OI>1 Karumm BaKYYMHOfI
KHUAKOCTH, OONajgaroniie COOCTBEHHBIM MOMEHTOM BpallleHHs.  YPaBHEHHS BaKyyma
MIPEJICTaBIISIIOT COOON CaMOCOTIaCOBAaHHYIO CUCTEMY HEJIMHEMHBIX CIMHOPHBIX YPaBHEHMM, B
KOTOPYIO BXOZST IMOJHOCTHIO TE€OMETPU3UPOBAHHBIE (BKJIIOYAs HCTOYHUKU) YpaBHEHHUS,
noaoOHbIe ypaBHEeHUsIM | etizenoepra [3]
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ITpu uccnenoBanuu mpobaeMbl IBUKEHUSI MaTEpUU B YpaBHEHUSAX DHHINTEHHA C MOJIHOCTBIO
r€OMETPU3UPOBAHHBIM ~ TEH30POM  DHEPTUH-UMIYJIbCA 1 ¢ sp U3  ypaBHEHUH

2

¢usnueckoro Bakyyma (A), (B) ciemyior 00oOIieHHbIe ypaBHEHMS THAPOIMHAMUKU IS
HEC)KMMaeMOMU JKHIKOCTH [3]



0 j(puj): aj(puj)+ pukr jkj = 0, 3)

du” m i
Jo + T "pu'u” = 0, (4)
iajak"' = 09192939
1 .
rme p = - E H o aH >0 - CIIMHOpPHAS TJIOTHOCTh MaTepuu, M ,; - COUHOP, MOJOOHBIN

cnunopy Hupaka [3], [ "4, - cumBosnsl Kpucroddens, V - Muoxkurens, sapucsmmii ot
THIIa B3aUMOJCHCTBUIN YaCTHI], POKJICHHBIX U3 BaKyyMa.

Baxxno ormetuth, uTto cnimHOp M 45 SABIAETCS OMHOW (M3 TpeX) HENMPHBOIUMOU
KOMIIOHCHTOM TOPCHOHHOTO moyis 7 ,; , KOTOpOe (PH3MUYSCKU MHTEPIPETUPYETCS Kak IMoJIe
unepuuu [3]. Tlostomy ypaBHenus (3) u (4), a Tak Ke CIEAyIOUIHME M3 HUX YpPaBHEHUS
KBaHTOBOM MEXaHUKH, OMMMCHIBAIOT JHHAMUKY TOJICH MHEPITUH.

Cy1iecTByeT HECKOJIBKO CIIOCOOOB MPEICTaBUTh CBSI3b HEPEISITUBUCTCKUX ypaBHeHUH (3) U

(4) ¢ ypaBuenusmu Ilpeannrepa mist & I/Iw *

1. Hopmupyem cnmHOpHOe nmose marepuu M ,; B ypaBHeHusix (3) u (4) Ha
eIMHHUILY, 3alIMCaB IUIOTHOCTh MaTepun P Kak

Ezfpypar=n, )

e ¥ - JMPAKOBCKUM ClIMHOP. lIpencrasiigss B HEPEIATUBUCTCKOM IIPEEIE
nmone ¥ B BHUJIE€ TUIOCKOM BOJIHBI A€ bpoiins, MOXKHO 3anucaTh HEJIWHEMHOE
otHocutensho ¥ ypaBHeHue (3) B BUJE ABYX JIMHEWHBIX YpaBHEHUN

Ipemunrepa s ¥ u w * [4]. OTOT NpuMeEM, IPEATIOKEHHBIN .

ManenyHrom, crenaH 0e3 HCIOJIb30BaHUs KBAHTOBOTO MMoTeHnuana <,
MOCKOJIbKY HE YUUTBHIBAET YpaBHEHHUS (2).

2. Hcnoab3yeM penieHue ypaBHeHHIT BAaKyyMa CO CITUHUPYIOIIAM HCTOYHUKOM
(Tuna pemenus Keppa) momus (Maccoit Uiy 3apsiioM) U CO3aI0IIUM
MOTSHITMATBHYIO YHEPTUio BUuaAa [3]

2 0
U*:_mc Y r ©6)

b
2 r?+ a’cos’f

rae Y ° = comst - Qynkumsa ucrounuka, @ - mapamerp Keppa [3],

ONHMCHIBAIOIINH BPAIlEHHE UCTOYHUKA, € - yroJl HakJIOHa OCH BPALIEHHUS K OCH

Z . Ha 6onbmmx paccrosuusax (7> W) umnpu 8 = 0 moTennumansuyro
sHepruio (6) MOXKHO TPEACTABUTH B BUJIE CYMMBI

2 0 2 0 2

mec- VY , me Y°-a
- __’

r 2 r o7t

Ut=U+Q= - (7)

B sTtom cnyyae HepenstuBucTcKue ypaBHeHUs (3) u (4) Ans Karu
BAKyYMHOM XKHUIKOCTH C COOCTBEHHBIM BpAIICHUEM TPUHUMAIOT BH/T



ypaBHenuit (1) u (2), ecnu mapametp Keppa coBmagaer ¢ KOMOTOHOBCKO
JUTMHHOM BOJIHBI KBAaHTOBOM yacTuuel @ = A = 0/mc | a |44 ynosnerBopsier
YpaBHEHHIO

.. 2U T
-0 ®

3. Pemenune BakyymHubIX ypaBuenuii (A), (B) c ¢pynkuwmeit ucrounnka Y °
MOYET OBITh MPEICTABICHO B BUJIC HEIMHEHHBIX CIMHOPHBIX YPAaBHEHUH

['eiizendepra (:4s Hu (:49 .2) B BHJIE

. po 1
b T 520000 e = 7 el 0 )
0 po o _ 200 -y _
BX * 2},2011%‘ a ~ 2,2 a0yl (10)
a,B.. =01, X.,T,. =0,1.

rae ©p u !, - IByXKOMIIOHEHTHBIE CIIMHOPBI, 00pa3yrolue 0000IEHHbIE MaTPULIBI
[Taynu, yxxe conepkar HHPOPMAIIHMIO O CIIMHE. DTO MO3BOJISIET MPEACTABUTH
(YHKLHIO HCTOYHUKA KaK

wozalzaﬁ, (11)
mc mc

rae 0 - Ge3pasmepHasi KOHCTaHTa, XapaKTEPHU3YIOIIasi B3aUMOJICHCTBHE
BAKYYMHOM XUAKOCTH. Hanpumep, uisi BaKyyMHOW 4acCTUIbl C IPaBUTALMOHHBIM

Bsaumogeiicteuem [3] ¥ '=mG/c*=a U/me  orkyna

a, = . (12)

2 I:l eZ
po-_¢ =g —, 0,7 —, 13
>0, < o (13)

Ecnu 3apsin € pasen Hymio B ypaBHeHusix (9) u (10), To 3TH ypaBHEHHS] ONHUCHIBAIOT
pacnpoCTpaHEHHUE TOJIBKO CIIMHA, T.€. CTAHOBSATCS YPaBHEHUSAMU I10JI1 HEUTPUHO.

3. KBaHTOBasi TMIPOAMHAMHUKA C IEPEMEHHON (PyHKIIHEH
HCTOYHHUKA

3akoH COXPAaHCHUA MACChI U 3apsAada ABJIACTCA OJHUM M3 OCHOBHBIX 3aKOHOB COXPaHCHHA
COBpeMeHHOP’I TCOPpHUU II0JIA. O,Z[HaKO, OKCIICPUMCHTBI € 3JICMCHTAPHBIMHU YaCTUIlAMHU, B



KOTOPBIX IMPOUCXOAUT POXKICHHE YacTUI] M3 BaKyyMa WIM MX B3aUMHOE IpeBpallleHHe,
MOKa3bIBAIOT, YTO 3TOT 3aKOH HE BCEr/la BHINOJHAETCS. B TeopeTrueckoM Iu1aHe HapylIeHHe
3aKOHA COXpPAHEHMs MacChl WIM 3apsjia O3HAuyaeT, YTO HE BBINOJIHACTCS YpaBHEHUE
HenpepbIBHOCTH (1). B BakyyMHO# ruppoinHaMuKke, Kak 3To cliefyeT u3 ypaBHeHus (3), (B
o0111eM cityyae), Mbl IMEEM JIEJI0 C IEPEMEHHBIMU MAacCaMH U 3apsiiaMH.

Hcnonp3yem penieHne ypaBHEHHH BaKyyMa C TIEPEMEHHBIM C(DepHUECKH CUMMETPUIHBIM
UCTOYHUKOM Tojas (Maccod wmnm 3apsaom) [3]. B stom ciyuae HEPEJSATUBUCTCKHE
ypaBHeHUs1 (3) u (4) U1 Karuid BaKyyMHOM KUIKOCTH C MEPEMEHHOW Maccou (3apsiiaoMm)
NPUHUMAIOT BUJ

1aw°_0
e 0t (14)

O,(pu’)=0 ,(pu’)+p

a 0 0 a
p dL: chLlJ_3xa - pczlwdi

, 15
dt r rc 0t cdt (15)

a =1,2,3,

e Y°@)=m@)G/c® - (QyHKUMS HCTOYHHMKA C TIEPEMEHHOM Maccod 72(Z) wmim
W (@)= eq(r)/mec? - pyHKUMA UCTOUHMKA C IEpeMeHHBIM 3apsiaom ¢(Z) . U3 ypasHeHus (6)
BUJHO, 4TO JJIsi MEPEeMEHHOM Macchl (3apsiia) OObIYHOE ypaBHEHHME HEMPEPBIBHOCTU (MM
3aKOH COXpaHEHUs Macchl (3apsia)) He BBIIIOJIHAETCS.

Jlnst perieHus ¢ mepeMeHHo# GpyHKIMei ucTouHnKa TeH3op Puuun Ry OTIAMYEH OT HYJIS
Y TUIOTHOCTH CEePHUECKU-CUMMETPUIHON KaIUTH KUAKOCTA UMEET BUJ [3]

2 Y °»)
Hn=-—21 Wy 1
p(©) velrt it (16)

B mpenene, xorna ¥ °(t) - ¥ ° = const , mnoTHOCT McTO4HUKA (16), ¢ yueTom (5),
MOKET OBITh HpeicTaBieHa Kak p = 81 °5 (r)/ve’> =my Y, npu stom v = 81G/c*.
COOTBCTCTBCHHO, JIIL SaprKeHHOI\/II KUOKOCTHU B IPECACIT , Mbl HMECM

p.=q¥ Y =qd(r), (17)
npu 3Tom V , = 8me/mc”.

Jlns pacnpenenenus 3apsaa OJM3KOro K TOYedHOMY ypaBHeHMs (15) mpuOmamkeHHO
MO>KHO MPEACTaBUTh KaK

dv p p edx
L Ppy-LsfE, 18
P dt m m cdt (18)
rne U = eq(t)/r - norennmanehas sHeprus B3amMoneiictus 3apsgo € u q(f),
S=1/rc@q(?)/0t - ckanapHOE TOJE, IMOPOKICHHOE TIEPEMEHHBIM 3apsaoM ¢ (7)
(MOHOTIOIEHOE U3TyYCHHUE 3apsifia).
C npyroii croponsl, u3 (16) u (17) cnexgyer
S=-4mg (WY, (19)

[TosTomy (18) MOKHO 3amucarh Kak



dv Joj 0 « dx
Do Pousana P @

P dt m mqw v cdt (20)
rae ¥ () - ponnosas Qynkums sapana (). COOTBETCTBEHHO, YPABHEHHUS JBMIKCHUS

[ICHTPa MacC 3apsDKCHHOM Karuid KBaHTOBOW YKHIKOCTH B TMOJIE IEpeMeHHOTro 3apsima (7)),
UMEIOT BUJ

dv e dx
m—=-QU-8——,
17/3 c dt (2D
dv « dx
—=-0U+ 4n —_—.
mdt erqy Y ” (22)

W3 5Tix ypaBHEHUI BUAHO, YTO BOJHOBAs (DYHKIIMSI HCTOYHUKA C IEPEMEHHBIM 3apsiIOM BXOJHT B
KJIACCHYECKUE YpAaBHEHHMs ABHXKCHHS MOAOOHO TOMY, KaK 3TO MMEET MECTO B ypaBHeHMsX (2).
[ToxosKre ypaBHEHUsT MOXKHO HAIMCATh ISl KBAHTOBOM JKHIKOCTH C IepeMEHHOM Maccoi 772(Z) .

B oOmieil TeopuH OTHOCHTEIBHOCTH [UISl ONUCAHUS TIEPEMEHHON Macchl 772(Z) HCIONb3yeTcs
KoH(OpMHas MeTpuKa [5,6], Hpu 2TOM KBaHTOBHIH moTeHrman < MOSABJISAETCA B KIACCHYECKUX
YpaBHEHUSX B Pe3yibTaTe KOH(MOPMHBIX (DIFOKTYAIMii METPUKHU TUIOCKOTO TIPOCTPAHCTBRA.

4. CBAI3b CKAJISIPHOI0 3JIEKTPOMATHUTHOTO TOJISI C
Ikcnepumentamm TecJia

VpaBuenus (21) m (22) He CIEQyIOT W3 YpaBHEHUM 3JIEKTPOJAMHAMHUKH MakcBelia-
JlopeHnia, TOCKOJIBKY B HEH BBINIOJHSETCS 3aKOH COXPAaHEHHs 3apsga M MOHOIIOJIBHOE
U3JIy4YCHUE OTCYTCTBYET. [103TOMY, ISl SKCIIEPUMEHTAIBHOTO MCCIIeI0BaHus ypaBHeHHH (21)
u (22), HeoOX0IUMO €03/1aTh (HPU3UYECKHE YCIOBHSA, B KOTOPBHIX YPaBHEHUE HETPEPHIBHOCTU
(1) He BBIMONHAETCA, T.€. CYIIECTBYET MOHOIIOJBHOE M3ITydeHHE 3apsjaa. B makpomwupe 310
MOJKHO cJIeflaTh HE JUIS OJHOTO 3apsja, a Ul CUCTEMBI 3apsiioB. JleHCTBUTENBHO, MTyCTh MBI
nMeeM 3apsbkeHHyro cdepy (puc.l)

-9 £-20
a L r
19Q(t)

Q = const = re Ot

+ +
K .
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—1 -1
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u mycTb 3apsan chepsl pasen + O . Ecmm 3amkHyTh Ko A,  3apsag cdepsl Oyaer
MEHATBCS U B pe3ynbTare, Kak 3TO cieayer U3 ypaBHeHHH (21), BHe cdepbl MOSBUTHCS
CKaJSIPHOE 3JIeKTpoMarHutHoe none S = 1/rc@QO()/0¢. 3apsx € c¢ maccoit M Gymer
JBUTATbCA B 3TOM II0JIe coriacHo ypaBHeHusM (21). IIpenBaputenbHble 3KCIEPUMEHTHI 110
OOHApYXEHHUIO CKAJSIPHOTO 3JIEKTPOMArHUTHOrO MMoJsi ObLIM HpojenaHsl B padore [7]. B
pe3yibTate  IKCIIEPUMEHTOB OBIJIO  OOHApY)KEHO aHOMalbHOE, C TOYKH 3pEHHS
aJIeKTpoAMHaMUKU MakcBesuta-JlopeHiia, BpaleHue

NMOTOK CKAIAPHOTO IIOJIS
TECJIA YEPE3 IIPOCTAHCTBO

KATYLIKA L, 15 R
i @
NEPEMEHHBII TOK o aQ _ Ame, cos
. rc ot rc
J=J sinwt «— NEPBHYHAS
! KATVIIRAL |
() -YACTOTA NEPE3APSKH COEPEI
[/ -TOTEHLMAI COEPBI
1 R -ramrve coEPH
Puc.2

becnipoBoHas nepeaaya 3JI€KTPOIHEPTUU CKASIPHBIM MOJIEM S

JATYHHOTO KOJIbLIA, IMOJBEIIEHHOTO B IJIOCKOCTH IKBAaTOpa Chephl.

Ha cnemyromiem stane KCIepMMEHTOB MBI MCIIOJIB30BAIH JUIS 3apsa U paspsiaa chepbl
tpanchopmatop Tecnma, cocTosimMiA W3 TEPBUYHOM KATymIKHM ToyicToro  (d=5Mm)
ATFOMUHHEBOTO TPOBOAA (6 BUTKOB) M BTOPUYHON KaTYIIKH, KOTOpy oOpasyrT 1500
BUTKOM MeaHoro mpoBoja (d= 0.35 M), HaMOTaHHbBIE Ha TMOJUATHICHOBYIO TpyoOy (d=50
MM). Ha mepBuunyio 0OMOTKY (CM. prc.2) MOAABAIUCH UMITYJILCHI ¢ ammmutynoi ¥ = 17.5
BOJIBT ¢ yacrorod mopsaka 10 MIm ot reHepaTopa bpoBuna
http://rutube.ru/tracks/1889979.html?v=e617cdbf946eb042b0ce89074b0faacl, cxema
KOTOpOTO TpeJcTaBieHa Ha puc. 3. Bo BropuyHON 00MOTKe (3a cueT pe30HaHCHBIX CBOMCTB
CUCTEMBI) MBI OJTY4aJId CHHYCOMIaJIbHOE HalpsbKeHne ¢ ammutyaoi 5000
BOJIBT.



http://rutube.ru/tracks/1889979.html?v=e617cdbf946eb042b0ce89074b0faac1

L2 = 1500 eurkor

R
R ]
" @ . . 50k

L = 6 Burkor

BLI508A4
4000 p2 100 1

Puc.3

Ecnu 3apsan cdepsl MeHsieTcst 1o 3akoHy € = Qo sin W 7 | 10 y3aydeHHOE CKATAPHOE 110J1e
cepbl MEHSETCA 10 3aKOHY

S:La_Q:ﬂmTeoRcoswt, (23)
rc 0t rc

Ecnu B mosie MOHOIIONIBHOTO M3TydeHus (23) HaXOJUTCS JIaMIla THEBHOTO cBeTa (CM. puc. 2),
TO OHA CBETHUTHCS, IPHUYEM SPKOCTh CBEUCHUS YBEIMUUBACTCS C YBEIUUYCHUEM JTHOO YaCTOTHI
W , mubo ¢ yBenuyeHHEM HanpspkeHus V.

BriepBbie OmBITBI 1O Tepefade dJIEKTPOIHEPTHH C HCIOJIB30BaHUEM MOHOMOJIHHOTO
n3nydeHuss Oblmn mponenansl H.Tecma B 1919 r [8]. OH mnepBeIM, Ha OCHOBE
MHOTOYHCJICHHBIX OIBITOB, YCTAaHOBWJI, 4YTO 3(()EeKTUBHOCTH OECHpOBOIHON mepenadn
JIEKTPO’HEPTUU BO3PACTaE€T C YBEIMYEHHWEM YACTOThl M HANpsHKEHWs  CUTHaJa Ha
nepenaromneii antenne. [loaTtoMy cnpaBeyinBO Ha3BaTh MOHOIMOJIBHOE CKAISIPHOE M3ITyYeHHE
(23) nonem Tecna. Ha puc. 4 npusenens! ¢pororpaduu, Ha KOTOPHIX

Puc.4.
JIabopaTopHbie SKCIIEPUMEHTHI TI0 OSCIIPOBOJTHOM Iepeadue JIEKTPOIHEPTHU

JNIEMOHCTPHUPYETCSl  Tepenada JHEPrud ¢ TOMOIIbI0  CKaisipHoro  momst (23)  (wim
MOHOIIOJILHOTO AJIEKTPOMAarHUTHOTO wu3nydeHus). U3 popmynst (19) cnenyer, 4to ckansipHoe
AJIEKTPOMArHUTHOE ToJie — OO030H, KOTOPBI MOXHO HWHTEPIPETHPOBATH KAk  Mapy
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(EepMUOHOB C TPOTHUBOMOJOXKHBIMH CIIMHAMM, MOJOOHO KYHNEpOBCKHUM IlapaM B TEOPHUHU
CBEPXIIPOBOAUMOCTH [9].
C y4eToMm cKaJsipHOTO 10Jisl ypaBHeHus JIopeHIa MpUHUMAIOT BUJ

— —_ —_ —_
— —_ —

m% = B+ S{[vH]- Svi= eE+ S{vH]+ 4Oy Y v (24)
c c

Orcroa BUIHO, uTO Hojie S 1Mo cBOel Ipupoje OJmKe K MarHMTHOMY nosis H , mostomy
€ro MOXHO HAa3bIBATb TAKKC CKAJIAPHBIM MArHuTHBIM ITOJICM. O)IHOBPCMCHHO 9TO IIOJIE -
MOHOTIOJIBHOE M3ITy4eHUE HCTOYHUKA monsi O ,

Puc.5.
a) cBeueHue JaMnbl HakanuBanus 220 BoasT 40 BarT B osie S B pyKax HCCIIeI0BaTENS;
0) ocuutorpad MoKa3bpIBAET HANPSHKEHUE, CO3IAHHOE TOJEM S , IIPH 3TOM KOHIIBI IIyIa
ocumyutorpada pasHeCeHbI B IPOCTPAHCTBE HA 5 CM

BBIPA)KEHHOE 4epe3 KBaJpaT HOPMUPOBAHHOI'O IOJIsI 3JEKTpOMarHuTHoU uHepuuu v . Korga
H.Tecna cipocwiin, Kakoe 1ojie OH W3Iy4aeT U MPUHUMAET CBOUMH NpUOOpaMu, OH OTBETHII,
YTO €ro moJisi — 3TO HE JJEKTpoMarHuTHbie BOJHBI ['epma. Ha puc.5 npencraBieHbl
HKCHEPUMEHTHI, KOTOpble Moka3biBatoT, yTto H.Tecna Obu1 mpaB. Hanpumep, Ha puc.5 6) B
Henu Iryna ociwuiorpada BO3HUKAET D3JIEKTPHYECKHH TOK, XOTA IIeNb HE 3aMKHYTA.
OGBACHATH 3aMKHYTOCTh LMH OOBIYHBIM TOKOM CMelleHHs O H/cOf He ymaercss u3-3a
OosblIOro eMkocTHoro compotusieHuss nenu. Cam H.Tecna cumran, 4ro  BTOpUYHas
KaTymka TpaHcdopmaropa moysipusyeT (¢u3ndyeckuid BakyyMm BOmm3um ee. Takas
MHTEPIPETALNS BIIOJIHE COTIacyeTcs ¢ NPeACTaBICHUEM O MOHOMOIBHOM 3JI€KTPOMAarHUTHOM
W3Jy4EHHH, TIEPEHOCHMOM CKAISPHBIM TojeM S . EciM HanpsKeHHOCTh Mot S
3HAQYUTENbHA, TO BOKPYI CBOOOJHOTO KOHIIA BTOPUYHON OOMOTKM BO3HUKACT KOPOHHBIN
paspsan, NpUpoy KOTOPOro OOBSCHAT HOCIENyrole 3KcrnepuMeHTbl. Ckopee BCero, 3To
(criapeHHBI€) 3JEKTPOHBI, M3JTydaeMble (M MOTJIOMAeMbIe) KOHIIOM BTOPUYHONW OOMOTKH.
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5. TopcuoHHad siMa U CIAPMBAHUE JICKTPOHOB

[MorennumansHas sueprus (6), (7) npu a=7#/mc onuceBaeT CIMHOBBIE CBOWCTBA HCTOYHMKA.
I'padux moTeHManbHOM SHEprHUH (7) A7 ABYX JIEKTPOHOB

a o
U (r.®) U*(r, )

< cosf =1

Dnermpor-a1exmpon
‘ DRermpor-11eKMpoH

Kyanonoscrkasn [
— nomeHuuUaIbHAaA

aHepzus

cos@ = —1
0
Topcuon-kKyaonosckas Tepcuon-xyaonoecran
nomeHyualbHas IHepaus ROMCHNUATOHAA FHEPZUR

(cos @ =1)

Puc. 6. TToTeHuuaabHas SHEPIHs B3aUMOAENHCTBHS IBYX DJIEKTPOHOB
npu |¥°|/a=3/2 ¥ pu pazTMYHBIX OPUEHTAIHMSX CITMHA UCTOYHUKA

npencTaBieH Ha puc. 6. ITockonbpKy A 2JIEKTPOHOB 2|‘P0|=2ez/ mc® u a=hlmec , TO U3
sTOro rpaduka cieayer, 4To mpu cos=1 Ha paccrosHMM mopsmka 107 —107"% cm
MEXIYy OJEKTPOHAMH BO3HMKAET NPUTSHDKEHUE 3@ CUET TOPCHOHHOIO (CIMHOBOIO)
B3aumoyeiictus (puc.la). Ecim ke €0s 0=0 unmu cosf=—1, 1o xynoHoBckuii Gapbep
OTTAJIKUBAHUS 3HAYUTEIHHO MOHWKAETCSI U TOPCUOHHOE MPUTSKEHUE MOXKET BOZHUKHYTh Ha
paccTossHUAX 107°=10"* cm.

ITooOHBIE pe3ynbTaThl MOXKHO MOIYYUTh, peIllasi YPABHEHUSI KBAHTOBOM MEXAHUKH JJIs
B3auMoiecTBus yactull co cnuHoM [10]. TlomydyeHHOE peleHne MoKa3bIBaeT, YTO OCHOBHOE
COCTOSIHUE (BaKyyM) CBEPXIPOBOISAMICH 3IEKTPOHHON JKUAKOCTH SIBISAETCS KOHIEHCATOM
nByX coproB map Kymepa ¢ AByms pasiu4HBIME dHepreTudeckumu mensmu, 4, a=1,2,
npuueM napbl Kymepa KaXaoro copra cojaepkaT JMILIb 3JIEKTPOHBI C OJHOM 3aJaHHOMN
CIIUPALHOCTBIO (MTPOEKIIMEN CrMHa Ha uMIyabe): +1/2  wmm  —1/2 | T.e. SIeKTPOHBI C
OJIHOM M TOW € CIHUPAIBHOCTHIO (HO C MPOTHUBOIIOJIOKHBIMU HMITYJILCAMM) CHAPUBAIOTCS.
BbeiBog 0 cyliecTBOBaHMM JIByX SHEpPreTHUECKU Iejaed HaXOAWTCS B KayeCTBEHHOM
COIJIACHU C AKCIIEPUMEHTAJIbHBIM OOHApPYKEHUEM JBYX TEMIIEpaTyp CBEPXIPOBOJSIIETO
¢azoBoro nepexona [11].
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6. Ilepenaya 31eKTPOIHEPTUH MO OTHOMY MPOBOAY U
Pe30HAHCHI CKAJSIPHOIO MOJIs S

Ha puc. 7. npencraBieHa cxema Iepeqadd 3JESKTPOIHEPTHH IO OJHOMY IPOBOJY,
aHajornyHasi 3anateHtoBaHHoil H.Tecna eme B 1897 r.[11]!

SHEPMETUMECKWA MOTOK

CKANAPHOMO Nonsd YEPE3
NPOCTPAHCTBO
 —
A B Nawmna
18 oV
S= ——Q = ——dne, Rcos
rc Ot ¥c
%

Puc.7.
[lepenaya saeKTpOIHEPrUM MOJEM S MO OJJHOMY IIPOBOAY U3 TOUYKK A B TOUKYy b, a, 3arewm,
gyepe3 TpaHchopmarop Ha amy. BTopoii KoHel KaTymkud b v mOHMKaroel KaTyKu

BHUCAT B BO3YyX€.

[Ipu u3mMepeHnn pacmpeneieHus mous S BAOJIb KaTylleK U OJHOINPOBOAHOM JHMHUHU OBLIO
OOHapyXeHbl, CTOAYHE BOJHBI MOJSA S, T.€. CTOSYUE BOJHBI 3aps/IOB, H3ITYYEHHBIX
uctouHukoM. Ha puc. 8 a) mpexncraBieHa SKCIEpPUMEHTaIbHAs OAHOIPOBOJHAS JIMHHUA,
nepearolast MEKTPOIHEPTHUIO HA PACCTOSIHUE 2 MeTpa, COOpaHHas 10 CXeMe Ha puc. 7.

HaGmromaemsplii croco® mepenauyd 3JEKTPOIHEPTHMH HEBO3MOXKHO ONKMCATh ypaBHEHHUSAMU
BEKTOPHON  3yIeKTpoauHaMuku  MakcBemia-Jlopenna. VMMeHHO 1O 3TOM  OpUYHMHE
skcnepumentsl H.Tecna He OBbUIM BOCHIPHHATHI HAay4HOH OOILIECTBEHHOCTHIO B Hauaie
nponuioro Beka. Tem He Menee, B 1931 1., korma H.Tecma mnpoaeMoHcTpupoBai
KYpHaJIMCTaM aBTOMOOMIIb, pabOTAIONINI HAa SHEPTUU (PU3UUECKOTO BaKyyMa, BOCXMIIICHHBIN
A.DUHIITEWH MO3APaBUI €r0 C CEMUACCATUMATUIECTHEM. BHIMMO, T€HUS MOXET NPU3HATh
TOJIBKO T'€HHI.

B nacrosimiee Bpemsi cuTyalus W3MEHWIACh, TOCKOJIBbKY CO3[aHa TeOpHs (PHU3MUECKOTO
BaKyyMa, JIalolias K04 K HAyYHOMY 0OOCHOBAaHHIO BOCXUTHUTEIBHBIX SKCIIEpUMEHTOB Tecna.
Kak u mpenmnonaran paHee BeTUKUN M300peTaTesnb, €ro SKCIEPUMEHTHI J0Ka3bIBAIOT CBSI3b
3JIEKTPOMArHUTHBIX SIBJICHUH C (PU3MKOHM Bakyyma, T.€. CO CTPYKTYpPOH MPOCTPAHCTBA.
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~ BOnM3K KOHTaKTa
Wy nbl pasHeceHbl
Ha 3 CM

MpuGop nokaskLIBasT

1000 BonbT
nepeMeHHOro ToKka

‘\ Tl TpaHcdop- l‘
@ marop
Tecna 2

Puc. 8.
a) SKCIIEpUMEHTAJIbHAS OJTHONPOBO/IHAS JIMHHUS;
0) B MecTe KOHTaKTa OJHOTO MPOBoja ¢ Jamnoi npudop nokassiBaet 1000 BoabT npu
Pa30MKHYTHIX Ha 5 CM OIynax 0e3 COIMPUKOCHOBEHHUS C TIPOBOIOM.

3aKJII0UYeHHEe

[Ipocreiimue SKCepUMEHTHI, TIOBTOpsIIOMIKUE MUOoHepckue pabotsl H.Tecna, yka3piBaioT
HA YpaBHCHHSI JJICKTPOJAMHAMHUKH, 0000IIAIONINe 3JICKTpoAMHAMUKY MakcBesuia-JlopeHia-
Hupaka. Kax 6pu10 oka3aHo BbIlIe, U3 ypaBHeHU pusndeckoro Bakyyma (A) u (B) cnexyet
BaKyyMHasl 3JICKTPOJMHAMHKA, CIIOCOOHAs  OMMcaTh HAOIIOJaeMble DKCIEPUMEHTHI I10
MOHOIIOJILHOMY HW3IyYEHHIO CHCTEMBI 3apsiioB M CBs3aTh KBAaHTOBBIE M KIIACCUYECKUE
SIBJICHUS B QJICKTPOIMHAMUKE. DTO YAACTCS CINATh OJiaroapsi TOMY, 9YTO BOJIHOBAsT (yHKITHS
B JETEPMUHUPOBAHHON KBAHTOBOM TEOpUM TMPEACTaBISET COOOW TMoJie WHEpPUUH —
VHHUBEPCATLHOE TIOJIE, CBSI3BIBAIONICE BCE (U3MYCCKUE IMPOIECCHI, W IO MPaBy Ha3BaHHOE
Enuneiv  Tlonem. JIBa renus — A.DiiHwreriH u H.Tecna, kaxaplii 1Mo-CBOEMY, MbITAINUCH
OOHApYXWTh M OIHKCATh ITO IOJE€, HO TOJHKO, MpUMEpHO, dYepe3 70 jer ObuIM HaWICHBI
ypaBHEHHUS (PU3NUECKOTrO BaKyyMa, MO3BOJISIFOIINE OOBEAMHUTD UX YCHIIHS.

OcHoBHas 11eJ1b HAacTOSIIEH PabOThl — 0OpaTHTh BHUMAHUE HAYIHON OOIICCTBCHHOCTH Ha
anekTpoauHamudeckue pabotel H.Tecma w Ha mnpenckasarenbHYIO CUTY YypaBHEHUM
(bU3NIECKOTO BaKyyMa.
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	При измерении  распределения поля S вдоль катушек и однопроводной линии было обнаружены, стоячие волны поля S, т.е. стоячие волны зарядов, излученных источником.  На рис. 8 а) представлена  экспериментальная однопроводная линия, передающая электроэнергию на расстояние 2 метра, собранная по схеме на рис. 7. 

