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®U3NYECKHNI BAKYYM, TOPCUOHHBIE I10JISI, KBAHTOBASI
MEXAHHUKA U OKCIIEPUMEHTbBI HTECJIA

BBenenue

[Tourn 100 ner nazam H.Tecma mpoaeMOHCTpUpOBa MUPY M 3alaTEHTOBAJ CBOM OECTpEICICHTHBIC
IKCIIEPUMEHTHI 10 OECIPOBOIHON ¥ OJHOMPOBOAHOM nepenaue snekrposneprun [8,10]. Oxnako 1o cux
nop oduuuanbHas TeopeTudeckas (PU3MKa, BKIIOYas CTaHAAPTHYIO MOJIENb U TEOPUIO CYNIEPCTPYH, HE B
COCTOSIHMM OOBSICHUTh HaOiroJacMble (aHOMalbHBIC C TOYKM 3pPEHHUsS IJIEKTPOJAMHAMUKU MakcBesia-
JlopeHnia) 9JeKTpOAMHAMUYECKHE MPOLECCH, O(HUIMAIBFHO 3aperuCTPUPOBAHHBIC B MHOTOYMCIICHHBIX
narentax H. Tecna. [ToaTomMy «cepbe3HbIE TEOPETHKU» IUOO HUYETro HE 3HAIOT 00 ATUX 3KCIIEPUMEHTAX,
a100 CO3HATEIbHO YMATYMBAIOT 00 UX CYIIECTBOBAHUH, IOCKOJIBKY HE B COCTOSSHUM OOBSICHUTH HX.

Eme omHo#l 3araakoil, He pPEHICHHOW O(HUIMANBHOM HAyKOH 10 CUX TOp, SBISETCS KBAaHTOBas
MEXaHMKa C €€ MHOTOYHCICHHBIMU IapaJoKcaMd M NpoTHBOpeursMH. OOHO TOJIBKO 3aMe4yaHHe
I1.lupaka 0 TOM, YTO OCHOBHBIC YpaBHEHUS KBaHTOBOW JJIeKTponuHaMUKH (ypaBHeHus Jlupaka)
HEBEpHBbl U TPeOYIOT NPUHIMMHAIBHOIO M3MEHEHUs, TOBOPUT O INIyOOKOM KpHU3UCE B MOHHUMAaHUU
u3ydaeMoil Hamu peanbHOcTH. CTaHzapTHasE MOJAEIb W TEOpHUS CYNEPCTPYH HE KacaroTcs OCHOB
COBPEMEHHOM (M3MKM, a, HAOOOPOT, MCIHOJB3YIOT CTapble NPEJCTABICHHS O KBaHTOBOW TEOpHUH,
pa3Buthie B 30-50romax mpomuioro CToiaeTus.

B Hactosmeil paboTe moOKa3aHO, 4TO Teopus (PU3MUECKOro BaKyyMa, OCHOBHbIE NPHHLMIBI U
ypaBHEHUsI KOTOPOH ObUIM co3maHbl  aBropoM B 1988r. [3], maeT mpuHIMIMAIBLHO HOBOE ONMCAHUE
KBaHTOBOW Teopuu. BosHoBas (QyHKIMS B HOBOM KBAaHTOBOW TEOPWUHU CBSI3aHA C TOPCHOHHBIM IOJIEM,
UHTEPIIPETUPYEMBIM KaK I0Jie HHEepIHU (rpaBUTAIMOHHOM, SIEKTPOMarHUTHOM. .. ).

B Teopum ¢usmueckoro BakyyMa KBaHTOBas MEXaHMKa  pacCMaTpHUBaeTCsl Kak OObIUHAas
KJIacCUYecKas TeOpUs, KOTOpasi OMHCHIBACT JAWHAMHKY TOJEeH MHEPIMH B MUKPO M Makpo macuiradax.
Oxka3zaiock, HanpuMep, 4to dKkcriepuMenTsl H. Tecna (a Tak jxe 9KCIepUMEHTHI 110 CBEPXIIPOBOIUMOCTH U
CBEPXTEKYYECTH) MPEACTABISIOT CO00H pa3HOBUAHOCTh MAaKPOKBAHTOBBIX SIBICHHH, B KOTOPBIX
KBAaHTOBBIC (B CMBICIIE CTapOil TEOPHH) U KIACCHYECKHE IIPOIECCHl OMUCHIBAIOTCS YHHBEPCAIbHBIMU
ypaBHEHHUSIMU (PU3UYECKOTO BaKyyMma.

Perrenne ypaBHeHH# (DU3MYECKOTO BaKyyMma Ui HCTOYHHKA C MEPEMEHHON Maccoi (MK 3apsaoM )
ONMCHIBAET MOHOIIOJIBHOE U3IyYEHHE UCTOYHHKA, KOTOPOE, C OJHOW CTOPOHBI, MOPOXKIAET CKAJISIPHBIE
IpaBUTALMOHHBIC (MM AJIEKTPOMArHUTHBIC) MOJS, @ C JPYroil, MO3BOJSIOT BBOJUTh B «KJIACCHYCCKUE
ypaBHEHUS JIBWKCHUs BOJHOBYIO (yHKIMIO (TTOJie MHEpLUH) <«KBaHTOBOI» Teopuu. H.Tecma mepsbiit
9KCHEPUMEHTAJIbHO OOHAPYKUJI MOHOIIOJBHOE M3JIydYEHHE CHCTEMBI 3apsZ0B M COIPOBOKAAIONIEE €ro
CKaJIIPHOE JJIEKTPOMAarHuTHOEe mose. B pabore mpuBeNeHBI pe3ylbTaThl 3KCIEPHUMEHTOB, MOJOOHBIX
skcriepumenToM H.Tecna, moarsepxaaromuye CyneCTBOBAHAE CKAISIPHOTIO MIEKTPOMArHUTHOTO TTOJIS

1. KBanToBas xkuakocts MajgeayHra

Co BpeMeHH CO3/1aHUS KBAaHTOBOW MEXaHWKHM (HU3UKAa HAXOIUTCS B KPU3UCHOM COCTOSIHUH,
MOCKOJIBKY JI0 CHX IOP MEXIy BIYMYUBBIMH TEOPETHKAMHU HIYT CIOPBHl O (DU3UYECKOW MpUpoie
KBaHTOBBIX sBJICHHH. Yxe B 1927roay Bemylue TEOPETUKH Pa3ACIMINCh HA JIBE TPYIIIBI BO TJaBe C
A .Ditamrreitnom u H.bopom (cm. puc.1) .
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Puc.1 Yyactauku 5-ro Conserickoro konrpecca B 1927.

Touka 3peHuss OHHIITEHHA CBOAMJIACh K TOMY, YTO KBAaHTOBas MEXaHUKAa B COBPEMEHHOM €€
COCTOSTHUU He fABIIAeTCS (PyHIAMEHTAIbHOU TEOpHel, MOCKOIbKY B HEH MOTEPSIHO 00pa3HOe MBIIIICHHE,
TaKk HEOOXOAMMOE ISl TOHUMAaHUS TPUPOJBI U, KPOME TOTO, OHA HE COTJIACYeTCs ¢ OOIIMM MPHUHIIUIIOM
OTHOCHUTENBHOCTU.  [lo3TOMY KBaHTOBas MEXaHHWKa HE MOXET CIYXUTb OTHPABHOM TOYKOM s
JMaIbHEUIEro pa3BuTHs QUK. EcTh mpocTo Qu3uKka U CyIIECTBYIOIIEE pa3JeliecHne €€ Ha KBAHTOBYIO
Y KJIACCUYECKYIO HOCUT BPEMEHHBIX XapakTep.

CyliecTBYIOT pa3IMYHBIC MOAXOMABI PAacCMaTPUBATh KBAHTOBYIO (DHM3MKY KaK YacTh KJIACCHYECKOU
teopun. Cpeau HUX HauOOJbIIee pacIpoCcTpaHeHHE MOyunia THAPOIMHAMUYecKast Mojiesb MajenyHra
[1], BnoxHoBuBmias JI. ne bpoiuis u J[.boma Ha MOUCKU NETEPMUHHCTUYECCKON KBAHTOBOW Teopuu. B
Mozaenu Manenynra ypaBHenue [lIpeaunrepa

i h_z 2,0 = *
|hat¢/+2mD¢/ Uy =0, *)

MoCJie MOJCTAHOBKYM BOJHOBOHN (DYHKIIMH, 3alIMCAHHOW B BUJE W=.\p eprS/ h) , ¥ IpPUpPaBHUBAHUSA

pearbHOW M MHHUMBIX YacTeil MOJYYEHHOTO YpaBHEHHS K HYJIO, MOKET OBITh IPEICTAaBICHO B BUJE
ypaBHEHUS HETIPEPBHIBHOCTU U ypaBHeHUH ['ammibToHa- SIK00M

a_p + |:| &S —_ 0’ (**)
ot m
S (00S)?
—+—7 +U+0= 01 *kk
ot 2m Q )



rme S - MexaHWueckoe JeiCTBHE, Q = —FIZDZ\/; / Zm\/; = —hZD 2‘1// ‘ / ZFdI// ‘ - KBaHTOBBII

2
noreHmman u P = ‘lﬂ‘ . Takum oOpaszoMm, B Mopenu MajenyHra OJHO JIMHEWHOE TI0 l// ypaBHeHue (*)
OKBUBAJICHTHO JABYM HeluHeWHbIM (**) m (***). CkopocTh yacTullbl B ypaBHeHUsX [ amuibToHa- k00U
(***) npencrasisiercs kak V = DS/ M, nosToMy MOXKHO 3amucarh cucremy (**), (***) kak

0_,0 N ) =
ot +0(ev) =0

m(a—t+va) m;ﬂ =-0U +Q)

WIA B BHUJIC YPaBHEHUH rUAPOIUHAMUKH [1]

0p _
—/ +[] =0, 1
ot (ov) )
N__p P
—=—=0U - D 2
P Q ()
Tae ,0 = méﬂ*éﬂ - IUIOTHOCTh JXHUIKOCTH H Q = _ZSZDZ‘I/I‘/ n"l//‘ - KBaHTOBBEIM ITOTEHIIMAI,

3aNMCaHHBIA Yepe3 CIMH dIeKTpoHa S =71 /2. VYpaBHeHUst (2) MepexoaaT B KIACCHUCCKUE YPaBHEHUS
rHApoIMHaMuKH Ditnepa B mpexene, korna S=//2 - 0 mostomy kBanToBsle ypasrenus (1) u (2)
MOYKHO MHTEPIPETUPOBATh KaK JBIKCHHE KJIACCHYECKOW KAaIUIM JKUAKOCTH C COOCTBEHHBIM MOMEHTOM
BpallleHus S.
VYpaBuenus (1) u (2) MOKHO MCIOJIB30BATH ISl ONMCAHMS JIFOOBIX KBAHTOBBIX CHCTEM, HaIpUMEp,
TSl aTOMa BOJIOPO/IA, TIPH 3TOM TOJTyYar0TCs TAKKE JK€ PE3yIbTaThl, KAK M MPU BBIYUCICHUH C TIOMOIIBIO
ypaBaenus Illpemunrepa [2]. U3 (2) ciaenyer, 4To HEHTP MacC Karuld KBaHTOBOW YKUIAKOCTH JBHIKETCS
COTJIACHO ypaBHEHHSIM
d\7
d
rae V - ckopocts nentpa Mace. Ipu S=7/2 — O >ti ypaBHeHns nepexonst B ypaBHEHHsS MEXaHHKH
Herorona.

=-0U +Q),

2. KBaHTOBasi MeXaHNKa, cJIeyI0Nas U3 YPaBHeHHIT (PU3N1ecKOro BaKyyma

dusnyeckuii BAKYyM MOKHO pPacCMaTpUBATh KaK CIUHOBYIO JKUAKOCTB, TIPH 3TOM POXKICHHBIC H3
BaKyyMa YacCTHIBl CO CIHHOM, IPEACTABIAIOT COOOI Kaluli BaKyyMHOW >KHJIKOCTH, OOJaJaioriue
COOCTBEHHBIM MOMEHTOM BpAIlleHHs. YPaBHEHHs BaKyyMa IPEICTABISIOT cO0O0W caMOCOTIIacOBaHHYIO
CHCTEMY HEJIMHEWHBIX CIIMHOPHBIX YPaBHEHWil, B KOTOPYIO BXOMSAT IOJHOCTHIO I€OMETPU3MPOBAHHBIC
(BKJIFOUAs ICTOYHUKH) ypaBHEHMsI, TOA0OHBIC ypaBHeHUsM [ 'elizenoOepra [3]

Ol =V0,050, =A0,040, = HO, 1,0, + T 4T, =

a

N
—W,050, + 1,040, + Pl ,1,0, =&, (Ast D)

04,0, = ¥0,050, =000, — 30,1 ,0, +EO,I 4, —

.
= 11,050, + Pl,0gl, + 01,150, =Kl (As .2)
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n Slara-Mumica
F + F
Crocs “0coTas t0psTen * (TCD )A T t (T ble )B T —
F + . F _ +
- (TAB )C TFD - (T BA )D TCF - [TABTCD'] =~V JACBD ) (Bs* 2)

AB..=01, B,D..=01

[Ipu wuccnenoBaHuM mMPOOJIEMBl JBIKCHHS MaT€pUU B YpaBHEHUSAX OUWHIITEHHA C TMOJHOCTHIO
IE€OMETPU3UPOBAHHBIM TEH30POM SHEPIUH-UMITYJILCA | . o , M3 YPaBHEHHMH (U3MYECKOTO BaKyyma
(A), (B) cremyroT 0000IIIEHHBIE YPAaBHCHHS THIPOAMHAMHUKY JIJISI HEC)KUMAEMOM JKUIKOCTH [3]

O;(pu’) =0, (ou’) +pu'T "4 =0, 3)
dum m k,,n
+ n =0,
Jo, a4 A autu” =0 (4)
I j,k..= 01,23
e P = _P Mg >0 . CITMHOpPHAs IUIOTHOCTh MaTepuu, M,z - COMHOp, IOJOOHBIN CIIMHOPY

m o o o
Hupaka [3], I "kn - cumBomsr Kpucroddens, V - MEHOXHTeNb, 3aBUCAIIMI OT THIIA B3aHMOEHCTBHIl
YacTHUL, POXKICHHBIX U3 BaKyyMa.

BaxHo oTMerHTh, uTO cnmHOp M,y sABmAeTcs OAHOM (M3 TpeX) HENMPUBOAMMON KOMIIOHEHTOM

TOPCUOHHOI'O MOJIS TAB’ KOTOpOe (pU3MUYECKH MHTEpIpeTHpyeTcs kak nosne uHepuuu [3]. [losromy

ypaBaeHus (3) u (4), a Tak e CIEAYIOIIME M3 HUX YPaBHEHHS KBAHTOBOM MEXaHHKH, OIMHCBHIBAIOT
JIMHAMUKY TTOJIeH HHEPIHH.
CymiecTByeT HECKOJIBKO CIIOCOOOB TPEICTaBHUTh CBSI3b HEPENATUBHCTCKUX ypaBHeHuit (3) u (4) ¢

ypasuenusamu penuarepa st ¢ n Y .
1. Hopmupyem cnuHopHoe nmoie wmarepun M,z B ypaBHeHusx (3) u (4) Ha eauHUIly, 3aIHCaB

IUIOTHOCTh MaTepun O Kak

Lzlypav=1 ©)

rae Y - nupaxosckuii ciHop. IlpeicTapisis B HepensTMBUCTCKOM mpejene mone {J B Buje
TIJI0CKOM BOMHBI fie Bpoiis, MOKHO 3amucaTh HenuHeiftHoe oTHocuTenbHO (Y ypasHenme (3)B Bue
ABYyX nuHeHHBIX ypaBHeHuit Illpenumrepa mns ¢ u ¢* [4]. DTOT npuMeM, TIpeNOKEHHBIH
D.MagenyHrom, cienaH 6e3 MCIIONB30BAHHS KBaHTOBOro moTennuana Q, mockonbky He yuuThIBaeT
ypaBHeHwus (2).



2. Hcmoap3yeMm pelieHHe YpaBHEHUI BaKyymMa CO CIHHHPYIOIIAM HCTOYHHKOM (THIIA PEIICHHS
Keppa) mosnst (Maccoii wiin 3apsiioM) U CO3JAIONIMM TOTCHIMAIBHYIO SHEPrHio Buaa [3]

mc? PO
U*=- ,
2 r?+a’cos’d ©)

0 _ .

rie W =const - ¢pynxius ucrounnka, @ - mapamerp Keppa [3], omuchiBaromuii BpamieHue

ucTouHMKa, O- yroj HakJoOHa OCH BpamieHus: K ocu 2. Ha Gonpmmx paccrosuusix (I >>a) u npu
6 =0 norennmansuyo sHepruio (6) MOXKHO HPEICTABHTH B BHIE CyMMbI

rr1c2LIJ°+rnc2kIJ°a2
2 r 2 r r?’

U*=U+Q=- ()

B astom ciyuae HepenstuBucTckue ypaBHeHHs (3) u (4) Ui Karuid  BaKyyMHOW YKHIKOCTHU C
COOCTBEHHBIM BpallleHHEM MpuHUMaT Bua ypaBHenwmii (1) u (2), ecnu mapametp Keppa coBmamaer ¢

KOMIITOHOBCKOI JJIMHHON BOJHBI KBAHTOBOM YaCTHUIIBI a=A1 :h/ mCc, a ‘lﬂ‘ YIAOBIIETBOPSIET

YPaBHEHHIO
U
(52‘5557)¢V=Q (8)

3. Pemenue BakyymHbIX ypaBHenmii (A),(B) ¢ QyHKiueid nucTtouHuka WO yower 6bITH

+ +
MPEJCTABICHO B BH/IC HEJTMHEWHBIX CIIMHOPHBIX ypaBHeHuil ['eizenbepra (Ast 1) u (As' .2) B BuIE

we Y1
DBX _?0,@0){ 0, = _?Ial)'(oﬁ’ 9
e R i
B +?0ﬂ0){ (e =7 "2 0y0yl g (10)

a,B,..=01, x.t..= O1.

rie Oy U [, - JIByXKOMIIOHCHTHBIC CIUHODBI, oOpasyromue obobuentbie Marpuipl [laynu, yxe

coJiepKat HHPOPMALIUIO O CIUHE. DTO MO3BOJISIET MPEACTABUTh (DYHKIIMIO HCTOYHHMKA KaK

h 2s
W=ag—=a—, (11)
mc - mc

rie d - Oe3pa3MepHas KOHCTAHTA, XapaKTEPU3YIOIIas B3aWMOJCHCTBHE BaKYyMHOM >KHUJIKOCTH.
Hanpumep, mns BAKYYMHOM  4acCTHULBI C TpaBUTAUMOHHBIM  B3aUMOJECUCTBHEM [3]

Yo =mG/c? =a, h/rnC,OTKy,Z[a



a, = : (12)

COOTBETCTBEHHO, JUIS 3JICKTPOH-TIO3UTPOHHOTO BaKyyMa Mbl nuMeeM [3]

h
e eme T he (13)
Ecmu 3apsny € paBen uHymo B ypaBHeHusx (9) m (10), To 3TH ypaBHEHHS OIHCHIBAIOT

pacnnpoCTpaHCHUC TOJIBKO CIIMHA, T.C. CTAHOBATCA YPAaBHCHUAMMU I10JIA HCﬁTpHHO.

3. KBaHTOBasl rHAPOAMHAMHUKA C TlepeMeHHO PyHKIMel HCTOYHHKA

3aKOH COXPaHCHHS MacChl M 3apsiia sBISICTCA OJHMM M3  OCHOBHBIX  3aKOHOB COXPaHEHHS
COBpeMeHHOW Teopur Toiss. OJHAKO, KCIEPUMEHTHI C DJICMEHTAPHBIMU YacTUI[AMH, B KOTOPBIX
MPOKMCXOAUT POXKICHHUE YAaCTHIl W3 BaKyyMa WM HX B3aHMHOE MpEBpAIlCHHE, MMOKAa3bIBAIOT, YTO 3TOT
3aKOH HE BCEr/ia BBIMOJHSACTCS. B TeopeTHueckoM IjiaHe HapyIIeHHE 3aKOHA COXPaHCHHS MacChl WU
3apsia 03HAYACT, YTO HE BBIMOJIHACTCS ypaBHEHHE HenpepbiBHOCTH (1). B BakyyMHO# ruapoMHaMuKe,
KaK 3TO cieayer u3 ypaBHeHus (3), (B oOmieM ciaydae), Mbl HMEEM JIEJIO C MIEPEMEHHBIMH MacCaMH U
3apsiIaMu.
Hcnonp3yeM pelieHHe ypaBHEHUH BakyyMa C TIEPEMEHHBIM C(EepUYecKu- CHUMMETPUYHBIM
HUCTOYHUKOM ToJ1s (Maccoit uiu 3apsaom) [3]. B aTom ciiyuae HepessituBuctckue ypaBHenus (3)u (4)
JUTS KaIUTA BaKyyMHOM JKHKOCTH C TIEPEMEHHON Maccoi (3apsoM) MPHUHUMAIOT BH]T

- - 1 W°
[]. N=09. N+ p———=0,
() =0,(pu’) prc T (1%

AV’ _ e ¥ o e 10900 OX°

- = _X ,
P dt P r3 rc ot cdt (15)

a=123

rie PO(t) =m(t)G/c” - dyHKIHs BeTounKKa ¢ mepemenHoit Maccoit M(t) wm WO(t) = eq(t) / mc?

- yHkuus ucrounnka ¢ mnepemenneM apsimoM ((t) . M3 ypasrenust (6) BugHO, 9TO IS EPEMEHHOI

Macchl (3apsiza) OOBIYHOE ypaBHEHHE HENPEPHIBHOCTH (MM 3aKOH COXpaHEHWsS Macchl (3apsaa)) He
BBITIOJTHSICTCSL.

Jlasi pemieHHs ¢ TepeMeHHON (yHKuMeld ncrounmka Temsop Puuunm R, ormimden or mymst u
IUIOTHOCTH C(EPUICCKU-CUMMETPUYHON KarlIn )KUAKOCTH UMeeT Buj [3]



2 W)

pt) =——= >0.
e cot

B mpenene, korma lPO('[) - Yo =Const, nnornocts ucrounuka (16), ¢ yuerom (5), MOXkeT OBITH

— 0 x/+ 2 _ * _ 4
npencrabinena kak O =87HO(I)/ve” =my ¢, npu stom V =876G/C". Coorsercrsenno, mus
3apSHKEHHOM JKUIKOCTH B TIPEIEN , MBI HMEEM

(16)

Pe =y ¢ =qo(r), (17)
mpu srom V, =878/ mc”.
Jlns pacnpeneneHus 3apsga ONM3KOro K TodeyHoMmy ypaBHeHHs — (15) npuOImMKeHHO MOYKHO
MPEJICTAaBUTh KaK

av P p .edx
—=-=0U -=S——,
dt m m c dt (18)

rae U =eq(t)/ I - n[$oreHuManbHas SHEpPrusi B3auMoAeMcTBUsA 3apsiioB € wu q(t),

S=1/rcloq(t)/0t - ckansproe mome, mopoxaennoe mepemennsim 3apsimom (f)  (MomomomsHOE
U3JTydCHHE 3apsiia).
C apyrotii croponsl, u3 (16)u (17)caenyer

S=-4mqt)y ¢, (19)
ITosromy (18) MoxHO 3amucaTh Kak
av Yo, o . dX
= =-Fou+am £ =
p dt m m we cdt (20)

rne Y(t) - BomuoBas byHKIUS  3apsa q(t). Coorsercraento, YPAaBHEHUS JBWKEHHS LIEHTpPA Macc

3apsKEHHOM Kallli KBAHTOBOM JKUJIKOCTH B IOJI€ IEPEMEHHOTO 3apsiaa CI(t) , IMEIOT BUJT

av e dx
m—=-0JU - S——,
ot c dt (21)
dv . dX
m— =-0U +47er —.
at WY & (22)

W3 3Tux ypaBHEHHI BUIHO, YTO BOJHOBAs ()YHKIHS HCTOYHHKA C MEPEMEHHBIM 3apsIOoM BXOIUT B
KJIACCUYECKHUE YPABHEHHUsI IBUKCHHUS MMOI00HO TOMY, KaK 3TO UMEET MeCTO B ypaBHeHusx (2). [Toxoxue

YpaBHEHUsT MO>KHO HAIMCATh JUUII KBAHTOBOMW KUIKOCTHU C IIEPEMEHHOU MacCcon m(t) .
B  oOme# Teopur OTHOCHTENBHOCTH JUIsl OMHCAHHUS TEPEMEHHON MacChl m(t) HCTIOJIb3YETCS

KoH(popMHas Metpuka [5,6], mpum >ToM KBaHTOBEIH moTeHmuan Q mosBiseTcs B KIACCHYECKHX
YpaBHEHHUAX B pe3yibTaTe KOH(OOPMHBIX (DIIOKTYaIil METPUKHU TJIOCKOTO MPOCTPAHCTBA.



4. CBs13b CKAJSIPHOIO JIEKTPOMATHUTHOIO MOJIS ¢ 3KcnepumMenTtamu Tecua

VpaBuenuss (21) u (22) He cueaylOT W3 YpaBHEHUH JieKTpoauHaMuku Makcsesa-JlopeHia,
MOCKOJIBKY B HEW BBIMOJHIETCSA 3aKOH COXPAHEHHS 3apsijia U MOHOIOJBHOE H3JIy4eHHE OTCYTCTBYET.
[TosToMy, Ui 3KCIEPUMEHTAIBHOTO HCClieAoBaHus ypaBHeHui (21) u (22), HEoOX0aUMO CO3/1aTh
¢busnueckrue yciaoBHs, B KOTOPBIX ypaBHEHHE HENpepbIBHOCTH (1) HE BBIMOIHACTCS, T.€. CYIIECCTBYET
MOHOTIOJIBHOE M3Jy4YCHUE 3apsaa. B MakpoMupe 3TO MOXHO CIeNaTh HE JUIsl OJHOTO 3apsijia, a JJis
CHCTEMBI 3apsiioB. JlelCTBUTEIBHO, ITYyTh MBI KMEEM 3apsukeHHYI0 chepy (puc.l)

0]

2
¥

E=

10Q()

{2

Puc.1

— -1

¥ mycTh 3aps chepsl pasen + Q.
Ecnu 3aMkHyTs K04 K, 3apsi cdepsl GyeT MeHAThCS U B pe3ylIbTaTe, KaK 9TO CIEAYET 3 ypaBHEHMI
(21), BHe chepsl moSBHTHCs cKamspHoe snextpomarautoe mome S=1/rcloQ(t)/0t. 3Bapsn € ¢

maccoi M Oymer aBuratecss B 3TOM Iojie coriacHo ypaBHeHusim  (21). IlpenBapurenbHbie
9KCIIEPUMEHTHI TI0 OOHAPYKEHUIO CKASIPHOTO 3JIEKTPOMArHUTHOTO IMOJIsE OBLIH MPO/IeiiaHbl B padote [7].
B pesynbprare sKcreprMEHTOB ObLIO OOHApY)KEHO AaHOMAaJbHOE, C TOYKH 3PEHHUS AJIEKTPOJMHAMUKU
Makcsemnna-JlopeHiia, BpalieHue JaTyHHOTO KOJIbIla, MOJBEIIEHHOTO B IMJIOCKOCTH 3KBAaTOpa CEpHI.

NMOTOK CKAIIPHOT O IIOJIA
TECJIA YEPE3 ITPOCTAHCTBO

«— BTOPHUHAS
KATYUIKA L

120 oIR

rc Bt re

NEPEMEHHBII TOK

S

dmg,coswt

«+«— IIEPBHUHAA

J=J sinwt
! KATVIIRAL |

(0 -YACTOTA IEPE3APSJIKH CBEPBI
|/  -TOTEHIJAT COEPHI
R -rammvc coEPE

Puc.2 becipoBoiHast mepeaya 3IIEKTPOIHEPTUH CKATISIPHBIM TOJIEM S



Ha crnenyromem srtame SKCHEPHMMEHTOB MBI HMCHOJB30BAIM IS 3apsiia M paspsaaa cdepsl
tpancdopmarop Tecna, cocTosmuMil U3 MEPBUYHOM KaTymku Tosictoro (d=5vm) anroMUHHEBOrO MPOBOJA
(6 BUTKOB) W BTOPHYHOW KaTylIKH, KOTOpyio o0paszyioT 1500 ButkoM meanoro mposoaa (d= 0.35mm),
HaMOTaHHbIC Ha NOJIMATHICHOBYIO TpyOy (d=50Mm). Ha nepBuuHyt0 0OMOTKY (CM. pucC.2) IMOaBAIUCH
uMnyabesl ¢ ammmrygod V =175 pomsr ¢ uwacroroii mopsaka 10 MI' ot reneparopa bBposuna

http://rutube.ru/tracks/1889979.html?v=e617cdbf®BRb0ce89074b0faacl cxema KOTOPOT'O
npejcTaBicHa Ha puc. 3. Bo BTopuuHON 00MOTKE (32 CUET PE30HAHCHBIX CBOWCTB CHUCTEMBI) MBI
MOJTyYaJTl CHHYCOUaJIbHOE HanpspkeHue ¢ ammumatyaoid 5000 BombT.

LZ = 1500 eutroR

R
) oy ] .
+° A o c, »

Ll = 6 purkos

BLI508A4

4000 22 100 7

Puc.3

Ecnu 3apsn  cdepbl MEHSETCS 10 3aKOHY Q= QO sinat , TO M3JIyYEHHOE CKAJIAPHOE Toyie Chepsl
MCHSICTCH 110 3aKOHY
S_laQ_aV

rc ot rc
Ecnu B mone MOHOMOJBHOTO M3nydeHHs (23) HAXOMUTCS JIaMIla JTHEBHOTO cBeTa (CM. puc. 2), TO OHa
CBETHTHCSI, MPUYEM SPKOCTh CBEYEHHS YBEIWYHUBACTCS C YBEIMYEHHEM JHOO 9acToThl (L, JHOO C

4re,Rcoswt (23)

yBenndeHneM Hanpsxenus V .

BriepBbie ONBITHI 1O Tepeiade 3IEKTPOIHEPTUU € UCHOIB30BAHUEM MOHOIOJIBHOTO M3Iy4YeHHs OBbLIH
npozaenansl H.Tecna B 1919t [8]. OH mepBbIM, Ha OCHOBE MHOTOYHCIICHHBIX OIBITOB, YCTAHOBUII, YTO
3¢ ¢deKTUBHOCTh OECHpPOBOJHON TMepenayn 3JIEKTPOIHEPIHH BO3PACTACT C YBEIMYCHHEM YacTOTHl U
HaNpsDKeHWsT  CHTHajJa Ha TIepefaromield anTeHHe. [losToMy crpaBeyinBO Ha3BaTh MOHOIIOJIBHOE
ckansipHoe u3nydenue (23)nonem Tecna. Ha puc. 4 npuBenenst pororpaduu, Ha KOTOPBIX

Puc.4. JJabopaTopHbIe 3KCIIEPUMEHTHI 110 O€CIIPOBOJHON Mepenade AEeKTPOIHEPTUN



JCMOHCTPHUPYETCSL  Tepeaya dHEPrHH C IOMOIIbI0  CcKamsapHoro mons (23) (@I MOHOMOJIBHOTO
AJIEKTPOMAarHuTHOro wu3nydeHus). M3 popmynsl (19) cnemyer, 4To CKansipHOE AIIEKTPOMArHUTHOE MOJIE —
0030H, KOTOPBI MOYXHO MHTEPIPETHPOBATh KaK Mapy (HEpMHOHOB C HMPOTHBOIOJIOKHBIMH CIHHAMHU,
NOZ00HO KYIIEPOBCKMM HapaM B TEOPHH CBEPXIIPOBOIMMOCTH [9)].

C y4eToM CKaJSIpHOTO TIOJIsl ypaBHEHHs JIOpeHIIa IPHHUMAIOT BH/
m% =eE +§{[ VH]-Sv} =eE +§{[ VH]+ 477Q(,ll*l//\7}. (24)

OTCIOIa BHIHO, UTO TI0JIE S TI0 CBOEH npupoae Ommke Kk MarauTHOMY monst H |, mostomy ero mMoxHo
Ha3bIBaTh TAKXKE CKAJSPHBIM MArHUTHBIM TosieM. OTHOBPEMEHHO 3TO TOJIE - MOHOIIOJIBHOE H3TyUeHUe

HCTOYHHUKA I10JIA Q,

Puc.5. a) cBeueHme nmammsl HakamuBauus 220 BonsT 40 BaTT B mode S B pyKax HcCIenoBaTens; 0)

ocumnorpad MoKasblBaeT HANPSKEHHE, CO3JAHHOE TMONeM O, IPH ATOM KOHIIE! IIyMa ocHuiiorpada
pa3HECeHBI B TPOCTPAHCTBE HAa 5 cM

BLIPQKEHHOE Yepe3 KBaJpaT HOPMHUPOBAHHOIO II0JIs dIeKTpoMarauTHoi unepiuu /. Kornga H.Tecna
CIIPOCHWIIH, KaKO€ T0JIE OH U3Ty4aeT U MPUHUMAET CBOMMH MPUOOpPaMH, OH OTBETHII, YTO €ro MOJS — 3TO
HE AJIeKTpOMarHuTHeIe BoHEI ['epria. Ha puc.5 mpencraBieHbl SKCIEPUMEHTHI, KOTOPBIE TOKA3bIBAIOT,
yro H.Tecna Obu1 mpaB. Hampumep, Ha puc.5 6) B 1ienu miyna ocipuiorpaga BO3HHUKACT SJICKTPUICCKUAN

TOK, XOTs OCIb HC 3aMKHYTA. OOBIACHUTD 3aMKHYTOCTb LICITN OOBIYHBEIM TOKOM CMCLICHUA aH/Cat HC

yaaeTcsi u3-3a OOJIBIIOr0 eMKOCTHOro compotusienus rend. Cam H.Tecma cumrai, 9ro BTOpUYHASA
KaTyIika TpaHchopMaropa mosipu3yeT (pU3MIeCKHii BaKyyM BOJMM3U ee. Takash MHTEpIpeTanus BIIOJHE
COrJIacyeTcsi C TPEACTABICHHEM O MOHOIOIBHOM 3JIEKTPOMArHUTHOM W3JIYYCHUH, TMEPEHOCHMOM
CKalApHEIM MojeM . FEciy HanmpskKeHHOCTb MONA O 3HAYMTENbHA, TO BOKPYT CBOOOJHOTO KOHIIA
BTOPUYHOM OOMOTKH BO3HHMKAET KOPOHHBIA pas3psi, MPHPOLY KOTOPOrO OOBSCHAT MOCIEAYIOIINE
skcriepuMeHThI. CKopee Beero, 3To (CrapeHHbIC) 3JCKTPOHBI, H3ay4aeMble (M MOTIONAEMbIC) KOHI[OM
BTOPUYHON OOMOTKH.
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5. TopcuoHHas siMa ¥ CIAPMBAaHHE YJIEKTPOHOB

[MorennuansHas sueprus (6), (7)mpu a= h/ MC omuchIBa€T CIMHOBBIE CBOWCTBA MCTOYHKKA. [ paduk
NOTEHIMATBHON 3Hepruu (7) st ABYX 3JCKTPOHOB

a O
U (r,8) U*(r, &)

< cosf =1

DReEKmpOH-INEK PO
’ DneKmp or-IAeKmp o

Kyaonoeckasn
— nomeéHUuUaJIbHas

aHepzus

0
Topcuon-rKynonoécrKasn Topcuon-rKyaonosckan
NOMEeHYUANbHAAL IHEPIUS ROMEARUATOHAA IHEPZUA
(cos 8 =1)

Puc. 6. IloTreHimanbHas SHEPTUS B3aUMOACHCTBHS BYX DJIEKTPOHOB

0 —
pu ‘LP ‘/ a=3/2u IIPU PA3JIMYHBIX OPUEHTALUAX CIIMHA UCTOYHUKA

npezcTaBieH Ha puc. 6. ITocKonbKy ISl 3JIEKTPOHOB Z‘WO‘ = 292/ me’ y a= h/ MC, To wu3 3Toro

— 11 12
rpaduka ciemyer, uto npu COSH =1 na paccrosmmu nopsagka 10 —107° cm mexay smexrponamu
BO3HHUKACT MPHUTHKCHHE 3a CYEeT TOPCHOHHOro (crmuHOBOro) B3ammozehcTBus (puc.la). Ecmam ke

C0Sf=0um COSH=-1, 1o KymOHOBCKHii Gapbep OTTAIKMBAHHS 3HAYNTEIHHO MOHIDKACTCS M

-5 4
TOPCHOHHOE MPUTSHKEHHUE MOXKeET BO3HUKHYTH Ha paccrosamsx 10° =107 cm,

[TomoOHBIE pe3ynbTaThl MOXKHO TMOJYYHTh, pelias ypaBHEHUS KBAaHTOBOH MEXaHHKHU JUTSt
B3auMoieicTBus yacTuil co cuaoM [10]. TlomydeHHOe pelieHre MoKa3bIBaeT, YTO OCHOBHOE COCTOSIHUE
(BakyyMm) CBEpXITPOBO/ISIICH IEKTPOHHOW KHUIKOCTH SBJSIETCSI KOHAGHCATOM ABYX copToB map Kymepa ¢
JBYMS pasIHUHBIME dHepreTideckumu menamu, A, , @ =12, npuuem nmaper Kynepa xaxmoro copra

COZIePKAT JIMIIIb HIEKTPOHBI C OJHOMN 3aaHHOI CIUPATLHOCTHIO (IIpOeKIHell criuHa Ha ummyisce): +1/2
wma  —1/2, T.e. dmexTpoHBI ¢ ONHOW W TOH e CIHPATbHOCTBIO (HO C IIPOTHBOIONOKHBIMH
UMITyJIbCAMH) CIIAPUBAIOTCS. BBIBOA O CYIIECTBOBAaHHM JBYX JHEPreTHUCCKHI INENeH HAaXOIUTCS B
KauyeCTBEHHOM COTJIACHU C JKCIIEPUMEHTAIbHBIM OOHApYKEHHEM JIBYX TeMIIepaTyp CBEPXIIPOBOJSIIETO
¢azoBoro nepexona [11].
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6. [lepenaya 3J1eKTPOIHEPTHH 110 OJTHOMY MPOBOIY M PE30HAHCHI CKAJISIPHOTO MOJS S

Ha puc. 7. mpeacrasieHa cxema Iepeaadd SJIEKTPOIHEPTHU M0 OJHOMY IPOBOIY, aHAJOTHYHAsS
3armateHroBanHoii H.Tecma eme 8 1897r.[11]!

SHEPMETUHYECKWA NOTOK
CKANAPHOIO Nond 4YEPE3
MPOCTPAHCTEO

o

A B Nawmna

18 V
= 1 28] a)—47r€0Rcos @t

rc Of rc

FeHepaTop

CToAuKne BOMHbI

Puc.7. Tlepenada 37aeKTPOIHEPTUH TOJIeM S TI0 OJTHOMY ITPOBOJY M3 TOYKH A B Touky b, a, 3atem, uepes
Tparncopmarop Ha amy. Bropoii koHen kaTymku b u moHMKaromei KaTylIky BUCSAT B BO3/yXe€.

[lpu wu3MepeHHWH  pachpeileieHUuss TOJss S BAOJNb KaTYIIeK W OJHOMPOBOIHON JIMHUU OBLIO
OoOHapy)KEHbBI, CTOSYNE BOJHBI MOJIST S, T.€. CTOSIYUE BOJIHBI 3apA0B, U3IYyUCHHBIX HCTOYHUKOM. Ha puc.
8 a) mpencraBieHa SKCICPUMEHTAIbHAs OIHOMPOBOIHAS JIMHUS, TEPEIArONasi AJICKTPOIHEPIHI0 Ha
paccrosinue 2 MeTpa, coOpaHHasi o cxeme Ha puc. 7.

. BONM3M KoHTaKTa
IWyNbl pazHeceHbl
Ha 5 cMm

MpuGop noKasbiBaeT
1000 BONLT
nepemMeHHOro ToKa

\

. T~ Tpascdop- &
2 MaTop
Tecna 2
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Puc. 8. a) akcriepuMeHTaNbHas OJHOIPOBOHAS JIMHUS; 0) B MECTEe KOHTAKTa OJHOTO IPOBOJA C JIAMIION
npubop nokaseiaeT 1000BoNBT pH pa30MKHYTHIX HA 5 ¢M IIynax 6€3 COMPUKOCHOBEHUS C TPOBOJIOM.

Habmiogaemsblii crioco6 mepenauyu 3J1€KTPOIHEPTHMH HEBO3MOXKHO OMMCATh YPaBHEHUSMHU BEKTOPHON
anexkTpoauHamuku MakcBemna-Jlopenna. ImerHo mo 3toit mpuumnae 3kcniepumenThl H.Tecna He Obun
BOCTIPUHATHI HAYYHON OOIIECTBEHHOCTHIO B Hayaye Mpouuioro Beka. Tem He meHee, B 1931r., korma
H.Tecnma mpoaeMOHCTpHpOBAI >KypHAIUCTaM aBTOMOOWIIb, pabOTArOMIMii Ha SHEPrUM (PU3UYECKOTO
BaKyyMa, BOCXMILEHHbIH A.DWHINTEHH MO3JpaBUJ €ro C CeMHACCATHUISATUICTHEM. Buaumo, rexus
MO>KET MPU3HATh TOJBKO F€HUM.

B Hacrosimee Bpemsi cuUTyanus HM3MEHWIACh, TOCKOJBKY CO3/1aHa Teopus (PU3MYECKOro BaKyyMma,
Jaroniasi KJIfo4Y K HaydHOMY OOOCHOBaHUIO BOCXUTHUTENbHBIX 3kcriepuMeHToB Tecna. Kak u npeamonaran
paHee BENMKUI M300peTarenb, ero 3KCIEPUMEHTHI JIOKa3bIBAIOT CBSI3b JJICKTPOMATHUTHBIX SIBICHUN C
(bu3MKOI BaKkyyma, T.€. CO CTPYKTYPOM MPOCTPAHCTRA.

3ak/jIoueHue

[Ipocreitimme SKCIEpUMEHTBI, TOBTOPSIONTNE MHOHEpckue paboTsl H.Tecnma, yka3piBaroT Ha ypaBHEHUS
AIIEKTPOAMHAMHUKY, 0000IIAIOMe AJIEKTPOAMHAMUKYy MakcBema-Jlopenma-/lupaka. Kak ©Obu10
M0Ka3aHo BBIIIE, U3 ypaBHEHMH (usndeckoro Bakyyma (A) u (B) cienyer BakyymHas 3JIEKTPOJHHAMUKA,
CrocoOHasi omucath HAOIIOaeMbIe YKCIIEPUMEHTHI 10 MOHOTIOJFHOMY H3JIYYCHHIO CHCTEMBI 3apsIOB U
CBS3aTh KBAHTOBBIE M KJIACCHYECKHE SIBJICHHUS B DJIEKTPOJMHAMUKE. DTO yAaeTcsd chaeiarh Oyaromaps
TOMY, YTO BOJHOBas (yHKIUS B JETEPMHHHPOBAHHOW KBAHTOBOW TEOPUHU MPEACTABISAET COOOM Toie
WMHEPLUHU — YHHMBEpCaJIbHOE I0JIe, CBs3bIBarollee Bce (U3MUECKHE IMPOLECChl, U MO MpaBy HAa3BaHHOE
Enuneiv Tlonem. /IBa renust — A.DiHmrerin u H.Tecna, kaxapiil mo-cBoeMy, MBITATUCh OOHAPYKUTH U
ommucaTh 3TO TOJIe, HO TOJBKO, MpuMmepHo, dyepe3 70 yner ObUIM HaWJEHBI ypaBHEHUS (DU3UUECKOTO
BaKyyMa, MTO3BOJISIFOIINE OOBEAMHUTD UX YCHIIHS.

OcHoBHas 1elb HACTOSAMIEHW  paboOThl — OOpaTUTh BHUMAaHHE HAYYHOW OOIIECTBEHHOCTH Ha
aneKkTpoanHamuueckue paborsl H.Tecma w Ha mpeickasaTenbHYIO CHIIy YpaBHEHHH (DU3MYECKOTO
BaKyyMa.
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