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TTaMRTH lfropR EareHbeBHqa TaMMa 

C Tex. nop, KaK 6bma ony6nnKoaaua ( B 1937 r.) cTaTbSI "KorepeHT-
111 xl 

Hoe Hany'IeHHe 6biCTporo 9neKTpoHa a cpelle" , npomno y)l{e cBhiiiie 

30 neT. Tenepb lll'ISI 60nbiiiHHCTBa 'IHTaTeneii OHa y)l{e OllHH na 9llH30JlOB 

HCTOPHH ~H3HKH. To, 'ITO ceii'Iac anonue O'IeBHllHO, TOI'Jla eme He npell

cTaBnSinocb CTOnb npocThiM H caMo co6oii paayMeiOIIIHMCSI. KaK scer)la, nep

BOHa'IanbHhie TO'IKH 3peHHSI 1 onpeJleRSIBIIIHe TpyJlHOCTH pa60Tbl 1 BllOCneJlCT

BHH MeHSinHCb 1 He OCTaBnSISI 38MeTHblX cne)lOB B nHTepaType, Co BpeMeHeM 

0 HHX 386b!B8!0T, Ob!Tb MO)I{eT 1 CTOHT llOllbiT8TbCSI. BCllOMHHTb 060 BCeM, 

'ITO CBSI38HO C 9THM 1 H paCCK838Tb, 

.fi OTJl8!0 ce6e nonllhlii OTtieT B TOM, 'ITO T8KOii p8CCK83 BOnpeKH MOe

My )l{enaliH!O 6yJleT B K8KOii-TO Mepe cy6'beKTHBHbiM H OllHOCTOpOHHHM, Me

liS! cMymaeT n TO o6cTOSITenb~Tao, 'ITO 9Ta cTaTbSI, nocaSimeuuaSI l1.E. TaM

MY,, s ueKoTopoii cTeneun oKa)l{eTcSI aaTo6norpa~H'Iec~oii. B caoe onpasJla-

. nne xoqy cKa3aTb cneJlyromee. AuannaupySI caoii nyTb a uayKe s I'Ollhi, Kor

Jla OH y)l{e i:locTaTO'IHO JlnHUHhlii 1 H~'IHUaelllb ll011HM8Tb, KaKyiO ponb B UeM 

nrpana npeeMCTBeuuocTb.no oTuomeunro K npomnoMy H oco6euuo K Toii 

uay'IHoii cpelle, a KOTopoii pa6oTan. BnnSIHHe, oKaaanHoe ua MeHSI l1.E. TaM

MOM, Jl8)Ke ecnH 6bi Ue. 6'binO COBMeCTHOii C HHM pa60Tbl 1 0 KOTOpoii SI llHIIIy 

3JleCb 1 O'Iellb aennKo. B JleiicTBHTenb~OCTH )l{e 9Ta coaMecTHaSI pa6oTa on-

. peJlennna OllHO na uanpaaneHHii Moeii uay'Iuoii JleSITenbUOCTH c Tex nop H 

JlO li8CTOSIIllei'O BpeMeHH, 

xl III 
AurnniicKHii TeKCT cTaTbH , ony6nnKoBaHHhiii BMecTe c pyccKHM, 

oaarnaaneu uecKonbKo nuaqe: "'Coherent Visible Radiation of Fast 
Electrons Passing through Matter". 
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B MOnOAOCTH MHe IIOC'IBCTnHBHnOCb B TOM OTHOllleHHH, 'ITO y:me B CTy

AeH'IeCKHe rOAhl H IIOIIan B CpeAy, B KOTOpOH HCTHHHOe Hay'IHOe BnHHHHe 

BOCIIpHHHManOCb oco6eHHO HHTeHCHBHO H pa3HOCTOpOHHe, H HMeiD B BRAY , 
Hay'IHYID lliKOny n,M, MaHAenblliTaMa, K KOTOpofi IIpHHaAne:mann H MOM He-

rrocpeACTBeHHbie Y'IHTens, H BbiABIDlliHeCSI «<JH3HKH C.l1. BaBHnOB, r.c. naHA

c6epr H I1,E, TaMM - y'IeHbie CTOnb paanH'!Hbie 110. CBOeH HHAHBHAyanbHOCTH, 

Bbma, onHaKo, oco6eHHOCTb; xapaKTepHas nnSI Bcell sTofi lliKOnbi, - sTo He

rrpepbiBHoe Hay'!Hoe o6llleHne. BorrpOCbi Teopnn n peaynbTaTbi sKcrrepnMeH-
. ' 

TOB HeH3MeHHO H IIOCTOSIHHO o6cy:mAanHCb,··-H 9TH paaroBOpbl (OHM IIpOHCXO-

AHnH n BHe nay'!HbiX ceMHHapoB), qacTbie n nnnTenbHbie, HHKTO He C'IHTan 

IIOTepefi BpeMeHH, OepBOe BpeMH MHe Ka3anOCb YAHBHTenbHbiM, 'ITO CTOnb 

BbiAaromnecs nroAH 'IaCbi CBoero AparoueHHoro BpeMeHn, B KOTOpbie Mornn · 

6bi cnenaTb He'ITO aaMe'IaTenbHoe, TpaTsT Ha paaroBopbi, B KOTOpbiX HeM&

noe BHHMaHne yAenSieTcs ToMy, 'ITO He rronyqnnocb nnn oKaaanocb epyHnofi, 

B TO BpeMH H He IIOHHMan H Toro, 'ITO B 9THX 6ecenax '!aCTO nanaranHCb 

HOBbie HAeM aaAonro no nx orry6nnKoBaHHSI n, paayMeeTCSI, 6ea orraceHHSI, 

'ITO HX orry6nnKyeT KTQ-TO Apyrofi, 0pHTOM HHKTO He :manen ycnnnfi, 'ITo-

6bi IIOMO'Ib c1JopMHpOB8HHID HOBOI"O B IIOHHMB~HH, COBepllleHHO He AYMBSI 0 

COBBTOpCTBe, B TOH MOpanbHOH aTMOCciJepe, KOTOpag 6bma CBOHCTBeHHa 

lliKOne n.M. MaHAenblliTaMa, 9TO 6bJnO 6onee '!eM ecTeCTBeHHO. 

HenpepbiBHoe o6cy:mAeHne HOBbiX pa6oT n coo6pa:meHnfi, CBSI3aHHbiX c 

HHMH, B 6ecenax c KonneraMH n y'IeHHKaMH 6bmo xapaKTepHo nns C.l1. Ba

Bnnoaa no KOHUa ero :mnaHn. BrronHe ecTeCTBeHHo, 'ITO s sHan o pa6oTe 

n.A. l.JepeHKOBa c caMoro ee Haqana n no Bcex rronpo6HOCTHX, BcKope 

C.l1. BaBnnoB noaHaKOMHn MeHSI c l.JepeHKOBbiM, a nocne Moero nepexona 

Ha pa6oTy B <PI1AH Ha'!anocb H Hallie TecHoe Hay'IHOe o6meHne. Oocne ne

pee3Aa B 1934 r. AKaAeMHH HayK B MocKBY C.l1. BaBnnoB He pas roBopnn 

06 9TOH rrpo6neMe C 11.E. TaMMOM , IIOCTOHHHO o6mancSI C HHM H g, .Eea 

9T~X MHOI"OKpaTHbiX COBMeCTHbiX o6cy:mAeHHti He pOAHnaCb 6bi pa6oTa, KOTO

pofi IIOCBSIIIleHa 9Ta CTaTbH. 
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HeCKOnbKO cnoa COBCeM 8BT06HOI"'paljJH'IeCKHX 0 MOHX 38HSITHSIX sneK

TpOJlHH8MHKOH, BcKope nocne nocTynneuns:r a MocKOBCKHii yunaepcnTeT, T.e. 
' . 

a 1926 nnn 1927 !"'!"',, s:r o6paTnncs:r K I1.E. TaMMy c npocb6oii nocoaeToaaTb 

MHe, 'ITO 'IHTaTb no !f>nsnKe, On peKoMeHJloaan Teopmo aneKTpnqecTaa A6-

pa!"'aMa, Ha pyCCKOM SI3hiKe ee ewe He 6binO (nnn SI ee He JlOCTan), H SI 

-ass:rncs:r .'IHTaTb HeMeuKoe H3JlaHne, BosMoMHo, 'ITO coseT I1.E. TaMMa. 6hm 

cnyqafinhiM H CBSI3an C TeM1 'ITO on pa6oTan TOI"'Jla H8Jl pyKOnHCbiO CBOeii 

Tenepb lUHpOKO H3BeCTHOH KnHI"'H "0CH0Bbl TeOpHH aneKTI:JH'IeCTB8 11
1 HO JlnSI 

MeHSI on HMen 60nbWOe 3Ha'Ienne. 0T CBOe!"'O OTUa - MaTeMaTHK81 OKa3aB

We!"'O na Mens:r 6onbwoe anns:rnne, - s:r yuacneJlosan HHTepec n nro6osb K !"'eo

MeTpnH, Bepos:rTno noaToMy Teopns:r nons:r Mens:r ysneKna. floJlnnHHhiM OTKphi

THeM 6hma Jlns:r MeHs:r He6onbwas:r KHHMKa MaKcsenna o !f>apaJleeBhiX cnnoabiX 

nHHHSIX1 KOTopyiO SI HaliJen B CTyJleH'IeC~Oll 6n6nHOTeKe ljJH3HKO-MaTeMaTH'IeC

KOI"'O !f>aKynbTeTa MrY. 

B yunsepcnTeTe s:r cnywan Kypc neKunii no Teopnn aneKTpH'Iec:r_sa.y 

I1.E. TaMMa H CJlasan eMy aK3aMeH no aToMy npeJlMeTy, OJlnaKo aTo ue 

Jlano TOn'IKa K KaKHM-nH6o caMOCTOSITenbHhiM saHSITHSIM, HH'Iel"'o, KpoMe 

06bi'IHhiX JlnSI B38HMOOTHOWennii CTyJleHTa C npoljJeccopoM yqe6HbiX 1:1HeKJlO

TOB1 SI B CBSI3H C 9.THM ~CnoMnHTb He MO!"'y, 3aTeM npo6neMbi aneKTpOJlH

HBMHKH ywnn Ha JlnHTenbHhlll CpOK H3 MOe!"'O nonSI 3peHHSI, nnnTenbHhlll -

9TO 3H8'IHT neT 6-7, 'ITO HeMano JlnSI H8'IHH8IOIUe!"'O ljJH3HKa B B03pacTe, e)l

Ba JlDCTHI"'WeM 20 neT, 

BosspameHne K HHM CBSI38HO C pa60TOH IT .A. lfepeHKOBa B 1934 ~"'.• U 

C HCCJleJlOB8HHSIMH B o6naCTH SI)lepHOH ljJH3HKH 1 KOTOpbie SI Haqan no COBeTy 

C.I1. Basnnoaa. C.l1. Basnnoa yaneK MeHs:r csonM HHTepecoM K pa6oTe 

IT.A. lfepeHKosa, HanoM:uro, 'ITo nsMepeuns:r nposoJlnnncb YepeHKOBhiM ansy

anbHhiM MeTOJlOM, flpn a·TOM He TOnbKO Cna60CTb CBe'IeHI:ISI1 HO II MOTOJl 

ljJoTOMeTpHH no nopo!"'y spnTenbHOI"'o omymeuns:r ( "MeTOJl l"'aweuns:r") Tpe6oaa

nn JlnnTenbHofi aJlanTaunn l"'nas K TeMHOTe, Bhmonns:rTb aTn 1131\lepenuil 6es 
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nOMOlllHHKa 6bii10 TpyJIH01 H cny'lallOCb1 XOTSI H He O'leHb 'laCT01 'ITO TaKHM 

noMOlllHHKOM 6bm g, B peaynbTaTe y MeHSI 6bmH caMbie Henocpe/lCTBeHHbie 

npeacTaane~HSI o pa6oTe, BnonHe ecTeCTBeHHO noaTOMY1 'ITO B o6cy*lleHH-

51X H nony'leHHbiX peaynbTaTOB 1 H nnaHHpyeMofi nOCTaHOBKH OnbiTOB He TOilb

KO C.H. Baannoa, Ho H g o6hi'IHO npHHHMan yqacTne. 

nonpo6yro aaecb pearoMnpoaaTb nono*eHne aonpoca K Ha'!any 1936 r., 

CTaBIIIei'O peiiiaiOlllHM B nOHHMaHHH S!BileHHSI1 , npH'leM MHOI'Oe 6bJI10 BbiSICHeHO 
/2/ /4/ 

Y*e B nepaofi ny6nHKaUHH n.A. '4epeHKOBa 1934 I', (eM. TaK*e ) • 

llpH H3y'leHHH lliOMHHeCUeHUHH paCTBOpOB conefi ypaHa 1 B036Y*IlaeMOfi •y -' - ' 

ny'laMH, ll.A, '4epeHKOB o6Hapy*Hil cna6oe BHilHMOe CBe'leHHe CaMHX paCT

BOpHTenefi1 npHpOJla KOTOpOI'O BO. MHOI'OM npeJlCTaBilSIJlaCb HeRCHOfi, 3TO 

noCilY*HilO Ha'lallOM HCCJlellOBaHHfi CBe'leHHR 'IHCThlX *HilKOCTefi. nOll JlefiCT

~HeM y -nyqefi palliiR ( B TBepllbiX aemecTBax HenbaR 6bino IICKiliO'IIITb ponb o6bi'l

Hofi lliOMIIHecueHUIIII). CaeqeHIIe OKaaanOCb YHIIBepcanbHbiM: CBeTIIIliiCb BCe 

6e3 HCKilro'leHHR HCCilellOBaHHhle *HilKOCTH H npHTOM npaKTH'leCKH OllHHaKOBO 

sipKO (B npeaenaX 30%), l13MepeHHR.CO CBeTO!j!HilbTpaMH nOKa3allH 1 'ITO 

cneKTp H311Y'leHHR pa311H'IHbJX *HilKOCTefi B npellellaX OIIJH60K 0/liiHaKOB, 

0H OXBaTbJBaeT IIIHpOKYIO o6naCTb 'laCTOT1 H ecnH 6bi MO*HO 6bi110 YBHileTb 

ei'O UBeT (npH Mallb!X HHTeHCHBHOCTRX UBeTHOe 3peHHe OTCYTCTByeT) 1 TO 

CBe'leHHe npellCTaBilRilOCb 6bJ CHHHM, I1 XOTR YBHileTb UBeT TOI'Il8 eme 6bJ-

' . /3/ 
no HeB03MO*H01 C.H. Baannoa yaepeHHO oaarnaann caoro pa6oTy1 ony6-

11HKOBaHHyro BMeCTe C nepaofi CTaTbefi '4epeHKOBa1 TaK: "0 B03MO*HOfi npH-
x/ . . 

'IHRe CHHei'O •Y -CBe'leHHR *HilKOCTefi" , 

x/ /2/ /3/ 
CTaTbH H , MHe Ka*eTCR1 cneayeT paCCMaTpHBaTb KaK JIBe 

'laCTH OllHOfi o6mefi pa60Tbl - 3KCnepHMeHTallbHYIO H TeopeTH'leCKyiO, 'LITo 

KaCaeTCR UBeTa CBe'leHHR1 TO KaK BblstCHHilOCb n03*e1 cneKTp CBe'leHHR Y*e 

6bi11 H3BeCTeH1 XOTR HHKTO H3 HaC 06 3TOM He 3Han,; <l>oTOI'pa!j!HH cneKTpa 

6hmH nony'leHbl B pa6oTaX Manne (1926-29 I'I',) 
15 

I Ha6niOJlaBIIIei'O CBe

'leHHe pRila *HilKOCTefi H oTMeTHBIIIero Heo6bi'IHOCTb ero caoficTa. Tenepb 

*e I'Oily6oe CBe'leHHe BOilbl 06bi'IHO noKa3bJBaiOT 3KCKypcaHTaM, 3HaKOMR

lllHMCR C aTOMHbiMH peaKTOpaMH, 
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Oco6eaao YllHBKTem.HbiM Kasanocb To, 'ITO caetieHue HMeno saMeTHYIO 

nonHpusauuro, npu'leM npeHMymecTaeHHoe HanpaaneHHe sneKTpH'IeCKoro BeK

Topa coanallano c HanpaBneHHeM ·r -ny'Ieii:. TaKoii: 3HaK nonHpusauuu, HapH-:: 

· llY C HeB03MOlKHOCTblO DOBnHHTb Ha HPKOCTb CBe'IeHHH HH H3MeHeHHeM TeM

nepaTypb!1 HH ll06aaneHBeM TYIIIHTe.JIH .JllOMHHecueUUHH1 6bi.JIH Ha]lelKHO ycTa-
. · n1 

HOB.JieUbl yJKe B nepao:li pa6oTe n.A. LJepeHKOBa • OTO npuaeno C.l1. Ba-

/3/ A 6 u 

BH.JIOBa K BalKHenlll9MY BbiBOily: STO He MOJKeT b!Tb .JllOMHHeCUeHUHeH 

B036yJKileHHbiX MOneKY'n lKBilKOCTH - H3.Jiy'IaeT KOMDTOHOBCKHH S.JieKTpOH B 

pesynbTaTe caoero aaa&MOileii:cTBHSI co cpelloii:. EllHHCTBeHHbiH MeXaHH3.M 

H3.Jiy'IeHHH1 KOTOp~IH 1 K8K Ka3a.JIOCb 1 6bi.JI B03MO:l!WH1 - STO ·TOPM?3HOe H3.Jiy

'IeHHe, noaTOMY TaKoe npellDO.JIO:JKeHHe H 6binO C]lenaHo BaBH.JIOBbiM. Llony

meHHe cpasy o6~HCHSI.JIO yHHBepCa.JlbHOCTb CBe'IeHHSI H nongpH3aUH101 IIOCKO.Jlb

KY IlpH KOMIITOU-s4J4JexTe aneKTpOH BbineTaeT npeHMymeCTBeHHO DOll OCTpb!M 

yrnoM K HanpasneHHIO nytiKa 4JoTOHOB, He Bbl3biBa.JIO COMHeHHH H CXOilCTBO 

. CIIeKTpOB H3.Jiy'leHHH pa3HbiX :JKHiliWCTeii: : CIIeKTp, O'IeBHilH01 onpelle.JISI.JICSI 

MeXaHH3MOM TOpMO:JKeHBSI. Ecnu CTaTb Ha STy TO'lKY apeHHS11 TO ~bi.JIH HeH3-

6elKHbi H llpyrue BbiBO.llhl. HanH'IHe nonHpusauuu caeTa yKa3biBaeT He Tonb

KO Jla CBH3b H3.Jiy'IeliRSI CBeTa C ~neKTpOHaMH, 0TCIOila C.JiellyeT1 'ITO H3.JIY-: 

'IeHHe onpelle.JIHeTCSI, Ha'la.JibUOii: 'laCTbiO npo6era H npu .~oM rnaBHbiM o6pa-. 

30.;; aneprH'IIIbiX sneKTpOHOB, ( CH.JlbHOe p~cceHUHe S.JieKTpOHOB B :JKHilKOCTH 

llOBO.JibHO 6biCTpo yHH'ITOlKaeT HanpasneanocTb llBHlKeHHSI). Mo:JKHO 6bmo 

npelliiO.JIOlKHTb 1 'ITO B006me s4J4JeKT CBSI3aH C MOMeHTOM Bb!6paCbiBaHBSI S.JieK-
, ' ., . 

' ~ 
TpOHa H3 aTOMa DOll B.JIRsiJIHeM raMMa-ny'leii: (llBOHHOH KOMIITOH-s4J4JeKT}, 

C K.JiaCCH'IeCKOH TO'IKH 3peHHH TaKOH s4J4JeKT on~elle.JISieTCSI BHe3aDHbiM ycKo

peHHeM S.JieKTpOHa B MOMeHT ero BbineTa. EcnH SHeprHSI BTOporo 4JoTOHa 

npeHe6pelKHMO Mana DO cpaBHeHHIO C sueprHeii: sneKTpoua, TO HHTeHCHBHOCTb 

STOrO H3.Jiy~eHHH nerKO paCC'IHTaTb B paMKaX K.Jl8CCH'IeCKOH S.JieKTpO,ll~HaMH

KH H OHa, KaK Mbl TeDepb .3_HaeM1 MHOrO• MeHbllle. Ha6nro,naallleHCSI, 0,nHaKO 

y~e TOrlla SKCnepHMeHT OllH03Ha'IHO yKa3biBan Ha TO, 'ITO H3.Jiy'I9HHe npo-
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HCXOAHT rnaBHbiM o6pa30M Ha KaKOH-TO qaCTH npo6era sneKTP?HB nocne 

BbipbiBaHnsr ero ns aToMa. B, caMoM Aene, qncno KoMnToHOBCKHX sneKTpo

HOB, o6pasyiOIIIHXCSI B )KHAKOCTH, AOn)KHO 6biTb nponopUHOHanbHO nnOTHOCTH, 

a nx npo6er coKpamaeTcsr o6paTHO nponopunoHanbHO ee aennqnHe. Ecnn 6hi 

nsnyqeHne B03HHKanoa MOMeHT Bbi6pacbiBaHHH sneKTpoHa, To OHO onpeAenH-
"-v~ 

nocb 6bi qifcnoM sneKTpoHoB, T.e. aospacTano, KaK nnoTHOCTb. 3To sa~eAo-
MO He HMeeT MeCTa, Hao6opoT, H3 llOCTOSIHCTBa HpKOCTH, He aaBHCHmefi OT 

nnoTHOCTH, cneAyeT, qTo cymeCTBeHHO He TOnbKO qncno sneKTpOHOB, HO 

TaK)Ke ll HX npo6er. 11TaK, nsnyqaeT caM sneKTpOH Ha nrTn caoero ABH>Ke-

HHH, H HaAO 6binO nOHSITb, KaK 3aBHCHT STO H3nyqeHHe OT SHepi"HH sneKTpO

Ha. nriH KOMllTOHOBCKHX sneKTpOHOB KaK c SHeprnefi B MHnnnoH sneKTpOH

BOnbT, TaK H B AeCSITKH KHnosneKTpOH-BOnbT nx' SHepi"HH eme oqeHb B~nH

Ka no cpaBHeHHIO C <PoTOHaMH BHAHMOI"O CBeTa ( sneKTpOH-BOnbTbl) • TiosTo

MY He 6hlnO OCHOBaHHH cqnTaTb, qTo BepOHTHOCTb nsnyqeHHH Ha eAHHHIIY 

AnHHhi npo6era y 6biCTpbiX sneKTponoa 6onbllle, qeM y MeAneH!IhiX. CKopee 

MO~HO 6hinO 0)KHA8Tb o6paTHOI"O, noC~OnbKY BepOHTHOCTb pacceHHHSI, a 

cneAOBaTenbHO, H TOpMO)Ke!IHSI paCTeT C yMeHbllleHHeM CKOpOCTH. Me)KAY 

TeM OllbiT OAH03HaqHO I"OBOpHn B nonb3y, 6hiCTpbiX sneKTpOIIOB, Y)Ke B nep

BOH pa6oTe TI.A.LJepeHKOBa ( 1934 r.) npHBeAeHbl pesynbTaTbl SKCnepHMeHTOB 

C peHTreHOBCKHMH nyqaMH, npnqeM 6binO AOKa3a!IO, qTo npH ·Hanpst)Ke!IHH 

Ha pe!ITreHOBCKOH Tpy6Ke 32-34 KB yHHBepcanbHOe CaeqeHHe OTCyTCTByeT, 

MHe Ka)KeTcsr, SI He OIIIH6aiOCb, HO B 1936 I"~ HMenHCb y6eAHTenbHbie AOKa3a

TenbCTBa Toro, qTo n B cnyqae raMMa-nyqefi <PoTOHhi He6onbiiiHX sHeprnfi, 

no KpafiHefi, Mepe, He BHOCSIT 3aMeTHOI"O BKnaAa B nsnyqeHHe. B CaMOM Ae

ne, OKasanocb, qTo npn <PnnbTpaunn ·y -nyqefi CBHHIIOM ocna6neHne cae

qeHHst npOHCXOAHT no TOMY )Ke 3aKOHy, KaK ocna6neHHe )KeCTKOH KOMnOHeH

Tbl ·Y -nyqefi paAHSI, XOTSI liHTeHCHBHOCTH ( T,e, nornomaeMhie B CpeAe SHep

I"HH, npHMepHO nponopUHOHanbHhie cyMMap!IOMy npo6ery sneKTpOHO,B) 
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y )KeCTKOH If MSII"KOH KOMUOHeHTbl OTHOCSITCSI1 KaK 1 x/ 
K 3 Kouequo, 6bi-

no npe*aeapeMeuuo aenaTb oTciOaa BbiBoa o nop~re anSI nany'IeHHSI (::no 

KaaanOCb 6b! napaaOKCanbHb!M) 1 HO npeHMyiUeCTBO 6b!CTpb!X aneKTpOHOB 

anSI B036y)KaeHHSI CBe'IeHHSI 6bino HeCOMHeHHb!M, D.nSI I"HUOTe3b! 0 TOpM03-

HOM nanyqenun aTo npeacTaBnSinocb TpyaHoCTbiO, D.pyroii: TpyaHOCTbiO 6bmo 

OTCYTCTBiie 3aMeTHOH 3aBHCiiMOCTH OT aTOMt{OI"O HOMepa -z aTOMOB )KHa

I<OCTH, HanpnMep, o6'beKTOM uaMepeunii: 6bmH 6C [ 17 C/]4 n [ 7 H ]1 4 [ 6C l 
6 

, 

/2/ . 
a SipKOCTH CBe'IeHHSI anSI HHX OKaaanHCb npaKTH'leCKH oanHaKOBhlMH (B 

~THOCHTenbHbiX eanunuax: 1 ,04 n 1,09). CaM C,l1. Baannoa 
171 

aoaonbHO 

6nH3KO noaoruen K 06'bSICHeHHIO -SIBneHHSI1 C'IHTaSI, ·qTO aneKTpOH UpH aBH:lKe

Hiili liCUb!TbiBaeT He6onbiUHe B03MyiUeHHSI OT B3aHMOaeii:CTBHSI C aTOMaMH
1

• 

1i TaK KaK paCCTOSIHHSI Me)Kay HHMH B cpeaHeM UOCTOSIHHb! 1 TO B03MyiUeHHSI 

KBaai:mepuoaH'IHb!, 3TOT nepnoa llj)H llOllXOllSIIUeii CKOpOCTH MOmeT ·aaTb. BH

lllfMb!H caeT: Tenepb. Mbi ana eM, 'ITO nany'IeHHe TaKoro polla a caMOM Ilene 

HMeeT MeCTO UpH TOpM03HOM H3ny'IeHHH B KpHCTannax (9TOT a~~eKT He3a

BHCHMO OT Baannoaa 6bm TeopeTu'IeCKH paccMoTpeH M.n. Tep- MHKaenSI-
/8/ 

HOM ) , Bee *e runoTeaa C.l1. Baannoaa o TOpMo3HOM nanytieHHH co-

llep:lKana MHOI"O HeSICHOI"O H Bb!3b!Bana COMHeHHSI1 OllHaKO ero TO'IKa 3peHHSI 

0 TOM 1 'ITO H3nyqaeT aneKTpOH 1 a He niOMHHeCUHpyeT )KHaKOCTb
1 

MHe npell

CTaBnSinacb HeCOMHeHHOii:, 3TO llaneKO He 6bJnO o6ruenpH3H£1HHb!M
1 

H
1 

BHaliM0
1 

noaToMy HH y Korp, KpoMe yaKoro Kpyra nnu, CBSI3aHHbiX c C.l1. Baanno-

x/ 
K CO)KaneHHI0 1 fl,A, lJepeHKOB 1 TBK :ll\e KaK II SI1 UOMHliT aOCTOBepH0

1 

Koraa 6bm caenan 9TOT OUblT, OanaKO rr A. lJepeHKOB B pa6oTe /6/' 3aKOH

'IeHHOH B aeKa6pe 1936 I", If ony6miKOB£1HIIOfi B TOM )Ke HOl\lepe"D.oKnaaoB 

AH CCCP; .KaK nama c TaM MOM pa6oTa, cci>InlleTcll 1m ueony6nnKoBai!Hbie 

aKcnepnMeHTbi, . B KOTOpbiX n 6bma ycTanoaneua ponb :ll\eCTKOCTn y -nyqefi, 

o. KOTOpbiX aaecb CKaaaHo. TaKuM o6paaoM, no-ananMoMy, aTn peaynhTa-

- Tb! Y*e. 6binlf paHbiUe ll TOnbKO npno6penu llKTyanbHOCTb B CBSI311 C Haruefi 
pa6oToii:. 
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BbiM, OnbiTbl '4:epeHKOBa He Bb!3biBanH HHTepeca. BcnOMHH810 B CBSI3H C 

STHM Bb!CK83biB8HHe O)lHOI'O BHJlHOI'O <iJH3HKa: " 8 <IJI1AHe 38HHM810TCSI CBe

'IeHHeM KaKoii-To I'pgsu". BnonHe noHSITHO, 'ITO JlnSI JlanbHeiiwei'o npOJlBH

>KeHHH snepeJl H8Jl0 6bJnO nony'IHTb npSIMOe Jl9!<83aTenbCTBO CBSI3H H3Jly'Ie

HHSI C 6biCTpb!MH aneKTpOH8Mif, KoHe'IHO, C8Mblft npSIMOfi nyTb COCTOSin .B . 

TOM, 'IT06bi Ha6niOJl8Tb CBe'IeHHe OT HCTO'IHHK8 {3 -'IaCTifU, Tenepb Ka>KeTCSr· 

CTpaHHbiM, HO TOI'Jl8 B HHCTHTyTe, He HMeBWeM paJlHOXHMH'IeCKOfi na6opa,

J'OpHH, aTo 6hmo He o'IeHb npocTo. TaKofi onbiT 6bm c)lenaH B 1936 I'. 

/6/ 
( CM, y>Ke UHTHpOBaHHyiO pa6oTy ) , H B HeM HCnOl'Ib30B8H npenapaT pa-

JlHSI B TOHKOCTeHHOfi CTeKnSIHHOfi aMnyne, BbmO UOK838HO, 'ITO CBe'IeHHe 

o6na)laeT BCeMH CBOfiCTB8MH, y>Ke Bb!SICHeHHb!MH )lnSI CBe'IeHHSI nOJl )lefiCTBH

eM ·y -nyqefi. Dpu aToM, KaK H O>KHJlanocb, SipKO<?Tb cse'IeHHSI JlnSI f3 -qacTHU 

OKasanacb o6paTHO nponopuHoHanbHOfi nnoTHOCTH. B aTofi pa6o:re y>Ke Jle

naeTcg nonbiTKa conocTaBHTb pesynhTaThi c TeopHefi, H3 KOTopofi cne)losa-

no, 'ITO JlOn>KHa npOSIBnSITbCSI H 38BHCHMOCTb OT noKa3aTeng npenOMl'IeHHSI, 

K STOMY aonpocy g ewe aepaycb. 

Bonhwon yJla'Iefi 6bmo To, 'ITO JlO aToi'o B aaqane 1936 I'. 6bm CJle

naH KOCBeHHblfi onbiT )lnSI nposepKH ponH' aneKTP?HOB, 6nai'OJl.apg KOTOpOMY 

cnyqafiao 6hmo o6aapy>KeHo nali6onee xapaKTepuoe · caoficTso HsnyqenHSI -

ei'o uanpasneuuocTb. B onbiTax c aneKTpoHaMH, ecnu 6bi HanpaaneuuocTb 

He 6hin8 H3BeCTHa, ee nei'KO 6binO 6bl nponyCTHTb, TaK K8K He06XOJllfMOfi 
·" 

KOnnHMaUHii ny'IKa aneKTpouos TOI'Jla JlOCTH'Ib 6bmo ue npocTo. Kocs'euubifi 

onbiT COCTOSin B TOM, 'IT06b! noKa38Tb, 'ITO npH CBe'Jel!HH nOJl )lefiCTBHeM 

·Y -nyqefi nongpHsauHSI s caMoM )lene cagsaua c uanpaanenHeM JlBH>KeUHSI 

aneKTpOUOB, QqesH)lliO, 'ITO B 9TOM MO>Kl!O 6binO y6eJlHTbCSI, noMeCTHB CBe

TSilliYIOCSI >KHJlKOCTb B UaCTOnbKO CHnbUOe Mai'liHTUOe none, 'IT06b! npSIMOnH

HefiHyiO 'IaCTb npo6ei'a aneKTpOHOB npespaTHTb B 38MeTUO HCKpHsneuuyiO JlY-. 

I'Y oKpy>KHOCTH, Toi'Jla pesynhTHpyiOIUaSI nnocKoCTb nongpHsauHH JlOn>Kua 

6b!~8 nosepllyTbCSI Ua K8KOii-TO yi'on B CTOpOlly OTKnOUel!HSI aneKTpOUOB, 

H nOMHIO, 'ITO nocTaHOBKY onbiTa, a 3aTeM H ei'O pesynbT8Tbl Mbl BHHMa-
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-. 
• '.1 . ~-· 

TenbHO o6Cy)KJ:(81IH q n.A. t.IepeHKOBb!Mo CoMHCHHSI'Bb!3biBano TO, 'ITO ~liB'IH-
H .; -~ 

• TelibHOC pacceSIHHe aneKTpOHOB MOI'IIO CJ:(enaTb HX HeynpaBnsieMbiMH MBI'HH'r-.. . ,. . 

-Hb!M ·noneM:,' 0AH8KO 'oiibiT'_.BOBCe He 6bJn 6eCCMb!CileHeH, H· OH yJ:tancsr,' HO . . ~ . ' . '. .. - .. ( 

peaynbTBT OI~aaancsr. HeO)KHJ:tBHHbiM, Te.nepb HH sr, HH n.A, l.JepeHKo'B He llOM

H~T caMoii: nepB?H~'ia~bHOil: cxeMbl onbtTa, HO aaTo xopowo naMsrTeH peaynb.;. 

'FBT, fnaBHbiM npH BKnJO'IJ:eHHH MBI'HH!HOI'O nonsr OKa3ancsr He nOBOpOT nnoc- _ 

.KO~TH n~n~H38UHH (no~BHAHMOMy, OH npO~CXOAHII), a H3MeHeHHe SlpKOCTH 

CBe'IJ:eHHSI, KOTopoe 6bJnO 3H8'iHT~IlbHbiM, MO)KHO 6blno nbiT8TbCSI 06'bSICHHTb 

a TO paanH'IJ:HbiMH I'HnOTe38MH ( o npeAnono)KeHHSIX, KOTOpbie 6bJnH paccMOT-
- '• ' ' . ' /9/ '' 

peHbi, n,A, l.JepeHKOB" nHWeT'B pa6oTe 1936 I', · ), 0AH8KO y)Ke B nepBb!X 

Ha6niOJ!ElHHSIX _ o6pama~o Ha. ce6sr ~HHMaHHe ClleAyiOwee: H3MeHeHJte SlpKOCTH 
... 

KB~- no· BeiiH'iHHe, .Ta·K H no 3HaKy 38BHCeno OT TOI'O, nOA KBKHM YI'IIOM no 

oTiioine~HIO K ny'IKY ·y -ny'leil 11 aanP,.aaneHHIO Mai'HHTHoro nonsr npoaoAunocb· 
. ·-~ . 

. Ha6niOAElHHe, HoaTOMY 6binO ecTeC.TBeHHb!M npeJ:tnOIIO)KHTb, 'ITO HMeeTCSI yr-

IIOB8SI 8HH30TpOIIHSI H3nytJeHHSI -~ 'ITO il:pH noaopoTe HanpaaneHHSI ABH)KeHHSI 

aneKTpOHOB nOA J:teii:CTBHCM MBI'HHTl_IOI'O noJisr nOBOpa'iHBBeTCSI H. K8pTHH8 yr-

"' IIOBOI'O pacnpeJ:teneHH~, Ka'ieCTBeHHO STOI'O MO)KHO.Gb!IIO. aapaaee 0)KHA8Tb, 

T,K,· B~·SIKOe nonsrp~30B8HHOe H31Iy'ieHHe (J:tHnOIIbHOe imH MyllbTHIIOnhHOe) . l_le 

'.-. 

' .. ~-.. ' 
• ' ·• ' . , .. .' • I ' • ,• 

·. H.BnsreTcsr c«fJepH'_IeCKH naoTponHbiM, 0J:tHaKo KOIIH'ieCTBeHHo aenH'iHHa aclJ¢eK-

·:a · O)KHJ:tariacb. a~cTonbKo Mimoii:, 'ITo apsrA nu MoPn~ ~biXOAHTb 'aa · npe:O~nbi 
T()'IHOCTH. SKCnepHMeHTa, npH aTOM AnSI ni060I'.O TO~e'IHOI'O MYIIbTHnoJisr no

TOK H3l_IY'leHHH ilOmKeH 6bm' i5biTb CHM~eTpuqea OT_HOCHTenbHO UeHTpa Myn~-: 

. THHOIISI ( T,e.'. He AOII)K9H. MeHSITbCSI npH ~OBOpOTe. BOIIHO~OI'O Be~TOpa k 
' : ,7' I. 0 ~ •'' •· ' '.,.,, . •' ' ' ''. · .. ' ' . , • ~. ' • • : 

Ha -180 ), · 0J:(H8KO BHHMSTellbHOe ·paCCMOTpCHHe _peaynbTBTOB SKCnepHMeHTOB 
. ·~ ( .. . . . . . . . - -··. . . 

npHBOAHIIO K HHOMY H npHTOM napaAOKCallbHOMY BbiBOAy:. ABa npoTHBOnono)K-

. ·abiX · ilanpaaneimsr linsr uany'ieHHSI ae paaaonpaBHbi, npH'ieM B nepeAHIOIO nony..;. 
. . . . . . ~· 

c«iJe}JY no OTHOWeHHIO K c~opOCTH a~eKTpOHa H3ny-'iaeTCSI. CBeTa 6onbwe,. '19M 

B 3ai:lHKliO, H TaKaSI HanpaBneHHOCTb AOII)KH8 6bma 6biTb O'ieHb .3Ha'iHTenh.:.. 

Hofi, T,K, npH OTKIIOHeHHH aneKTpOHa M8I'HHTHbiM noneM B CTOpOHy H~6n10_; 
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AeHHH gpKOCTb oq~Hb SaMeTHO B03paCTana, a npH OTKnoHeHUU B npOTUBQ

nonO.lKHylO'CTOpOHy - y6biBana. llOMH10 1 qTo ll.A. t.{epe,HKOB 1 TaK me' KaK U 
' ' 

H1 _ 6bin ·nonHOCTblO .COt'naceH C STUM' BbiBOJlOM. ilo-I}UAUMOMY 1 Mbi 1'8K net'KO 

ero npuHHnu .a cuny Haiiiefi HeaocTaToqHofi oceeaoMneHHocTu a onTuKe. Hao-
6opo~, ~ cuny rey6oKUX 3HaHufi ~e C.l1.- B.aeunoe CHaqana C'IU,Tan; qTo STOT 

BbiBOA He MO.lKeT 6biTb npaeuneH. 0AH8.KO BCKOpe npHMOft OnbiT. OAH03Ha'IHO 

JlOKasan,· qTo acuMMeTpuH usnyqeHuH aeficTeuTenbH·o uMeeT Me,cTo,- Tpy6Ka 

- C .lKHJlKOCTblO 6bina SaKpbiTa C TOpUOB nnOCKUMU OKOIIIK8MU 1 noseonHBIIIUMU 
• ./ • •• ' •. , "I •• • • 

~a6n10aaTb cee:'IeHue a aeyx esauMHO npoTueonono.lKHbiX Hanpaen~HuHx •. Cee-

qeHue, Ha6niDaaeMoe np~ noMemeHuu npenapaTa paausi c6oK?' npoTuB _ ueHTpa

Tpy6KH, 6bmo B .o6oux · OKHaX oauHaKoeo gpKuM. Ho Iipu BKniDqeHuu MarHuT

Horo nonH B TOM OKHe, B CTOpOHy KOTOpOI'O OTKnOHHnUCb aneKTpOHbi 1· Hp-
.. . . . /9/ 

KOCTb • CTaHOBllnaCb 6onbiiie 1 a B· npOTHBOnonO.lKHOM 1- Ha060pOT 1 MeHbiiie 

PasyMeeTCH1 -y.lKe Toraa Hanpa~neHHOCTb enepea TOpMOSHoro usnyqe

HuH penHTUBUCTCKUX aneKTpOHOB . 6hina XOpOIIIO U3B,eC:rHa1 U1 llO.lKanyfi, eCTeCT

BeHHO 6binO cquTaTb 1 qTo STO CBOftCTBO npOHBnHeTCH U 3AeCb {o6.aHanOI'UU 
. . . ' ' . ' ' /9/ . 

c TopMoSHbiM usnyqeHueM CKaSaHo a pa6oTe t.{epeHKOBa ) • OaHaKo 

C.l1. Baeunoe yreep.lKaan {ccbma~cb, ecnu He oiiiu6aiDcb, Ha 3oMMep!jJenbaa), 

qTO TOp~03HOe usnyqeHHe AnH ManbiX SH~pt'Ull !jJOTOHOB_ Hanpaen~H~OCTU 
enepea HMeTb He aon.lKHO • .lleficTeuTenbHO, Toraa He 6bmo usee~THo ~u· oa

Horo .HanpaeneHHOI'O usnyqaTenH BUAUMOrO cBeTa U nonaranu, qTO STO He 

cnyqafiHO. Cefiqac y.lKe TpyAHO BbiHCHUTb OCHOBbi aToro. OIIIu6o'IHOt'O MHeHUH1 

KOTopoe, no-BHAUMOMY, 6~mo 6onee. unu · MeHee o6m~ripuHHTb;t.f •. Ecnu ceit

qac o6Hapy.lKeHue Hanpae.neHHOCT~ -~anyqeHHH,: eepoHTHo, nocny.lKu~o 6bi JlOBO

JlOM B nonb3Y t'UllOTe3bi 0 TOpM03HOM- usnyqeHUU 1 TO TOt' A a OHO aano TOn

'IOK K llOUCKaM UHOI'O 06'bHCHeHUH1 KOTOpoe H. npueeno K npaBUnbHOMy no

HUMaHHIO HBneHUH. B CaMOM aene, eJlHHCTBeHHO qTo ~orno ~6ecne'IUTb Han

paeneHHOCTb usnyqeHHH - STO npOTH.lKeHHC?CTb usnyqaTenSt1 Cp8BHUM8H C 

JlnUHOfi BOnHbi, TaKOH usnyqaTenb MO.lKHO paccMaTpuBaTb KaK COBOKYllHOCTb 

12 
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.·.·:: 

1-oti'e~Hbl~ MynbTIIn'oneil, iorepeHTHbiX M"e>KAY co6oil 11 pacnpeAeneHHbiX no · ' 

HeKOTOpOil AriiiHe, "l1MeliHo TaK 1 KaK 113B9CTH01 nony'laeTC51 HanpaaneHHOe 

113ny'leHIIe paA~OBO~H. no:inoM:y; KOI';a 5I paccxaaan 11.E. Ta~MY 0 BbiBO-· .. < 
A8X

1 
no.hy'II'UOlllHX.C51 .. H3 .O.llblTOB ll,A,.l.JepeHKOBa,;.OH Cpasy :iKe CKaaan·: "'3TO_·· .. · . . .. ~ . . 

3H8'liiT
1 

'ITO llpOIICXOAHT KOI'epeHTHOe H3ny'leHH9 Ha An~He nyTH aneKTpOHa, 

cpaBHH;_fOH C ·--AliHHOH CB9TOBOH BOnHbl", llpiiHSIB 3TY TO'IKY 3p9HH51, 6binO 

_y>Ke cpaBHHTenbHO npOCTO nony'IIITb TY KapTHHy 1 KOTOpaSI Tenepb 06bl'IHO 
. ·' 

. npiiBOAHT,CSI llpll nonynSipHblX TIOSICH9HIIHX M9X8H113Ma 113ny'leHHSI BaBIInOB8-

·l.JepeHKOBa, 

XoTH 3TO Haf'nRnHOe 06bRCH9HII9 Tenepb o6weii3BeCTH01 HO AnSI Aanb

Heilwef'O 11ano>KeH11~ HY~Ho o_HeM cKaaaTb. OcHOBHbiM, KaK H3BeCTHo,· 6blno 

IICTIOnb30B8HII9 llpiiHUIITia fJOHI'_eHca: K8>KA8SI TO'IK8 Ha nyTH aapana, ABH>Ky

. merocSI paaHoMepHo 11 npRMOniiHeiiHo co cKcipocTbJO v , _cny>KHT HCTO'IHH.:. 

KOM c!jlep11'19CKOH B~ltHbl 1 IICTIYCK89MOH B MOM9HT npoXO>KA9HHH 'lepea· Hee 

'IBCTIIUbl, B ·TOM cny'lae, KOI'Aa 

c . 
v>--' n 

T,e, f3 n > l , (L) 

· . 3TH. ~<I>7P,bl IIM910T o6wy10 OJ:'II6SJOWYID - KOHyC . C aepWIIHOil; COBTiaAaJOweil 

C. M~~oa'eHHbiM .nonO>K9HH9M aapana. llpH 3TOM HOpManH K o6pa3yJOWHM KO-

Hyca, T,e, HanpaaneHHH aonHOBbiX aeKTopoa, o6paay10T co. CKopocTb~ yron · .• 
t'"'· ' '.:~ '1"~ • 

(2) 

llpH '.IIOSICHeHHII MeXaHH3Ma a!jJ!jleKTa. BaaHnoaa-l.J epeHKOBa t{BCTO. orpaHH'IH-
. •. . .• '1 ' 

B810TCH TaKHM ynpOilt9HHbiM npeACTaaneHHeM, OllH8K01 H 3TO. 6binO CllenaHO .. . ~ . . . 

C C8MOI'O Ha'lana, KapTHHY Heo6XOAHMO CTpOH'rb AnSI MO.HOXpOM8TII'I9CKHX 
w ~ • • 

BOriH. PaccMaTpiiBtl9TCSI paano>KeHHe B cneKTp CB9TOBOI',O. HMnynb~;;.· T,e, 

·npellnonaraeTCH1 'ITO KamllaSI TO'IKa TpaeKTOPHH - sTo HCTO'IHHK MoHoxpo--
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c._, 

MSTH'IeCKHX. BOnH .'18CTOTbi cu .1 Ha'lanbH851 !fla3a KOTOpb!X cut' 38Jl8eTC51 MO

MeHTOM .. t' npoxomJleHHR qepe3 Hee 'laCTHUbi, Ec~IH oTMeTHTb ·BonHOBbie 

noBepxHoCTH, cooTBeTCTBYIOiliHe JlSHHOMY t 
·, ' ~ ~ ' • • < 

, . TO. On51Tb nony'IUM OI'HOSJO-

lliHe HX KOHYCbl - noBepXHOCTH OJlHHSKOBOH !fla3bl - H BHOBb npHXOJlHM. K yc~ · 

noBHIO (2) Jing n = n ( cu) ~ 

l13 9TOH KS'IeCTBeHHOH KapTHHbl cnomeHH51 BOnH nonyqHnOCb O'leHb 

MHOI'Oe, B CSMOM Ilene, H3Jzy'I8Tb JlOnmHbl Ton.bKO Obictpb!e imeKTpOHbl 1 Jlng 

KOTOpbiX v I> ..£.._ • l13nyqeHHe aneKTPOHa JlOnmHO Ob!Tb nponopUHOHanbHO' ei'O 
n . .· 

npooepy, T,e, oi5paTHO nponopUHOHSnbHO nnOTHOCTH/ )I{HJlKOCTH, IloaTOMy B 

COI'~SCHH C OnbJT.OM CyMMapHa51 .HHTeHCHBHOCTb ~Be'leHH51 Jlng aneKTpOHOB 

OT Y -nyqeti: He JlOnmHa ~aBHCeTb OT nnOTHOCTH, (HanOMHI01 'ITO 'IHCno K~Mn

TOHOBCKHX aneKTpOHOB 1 B03HHK8101liHX B eJlHHHUe OO'beMa1 npHMepHO nponop-

UHOHanbHO nnOTHOCTH), H SKOHeU, 9Ta KapTHHS Jl8Bana HanpaBneHHOCTb H.3- " 

ny'leHHR. B To BpeMR 113 onbJTOB IT.A. '4epeHKOBa cneJlOBano TOnbKo, 'ITO 

BnepeJl H3nyqaeTC51 CBeTa t5onbme, 'leM Ha3aJl, Tenepb Mano KoMy H3BecT-

Ho, 'ITO BenH'IHHa yi'na 00 BOBCe He Obin8 cneJlCTBHeM 9KCnepHMeHTa, Hao

oopoT, aTo obmo npeJlCKa3aHHeM TeopHH,· KOTopoe ·3aTeM nonHoCTbiO nollTBep-. . 
JlHnocb Ha onbiTe, 

l13 Ka'leCTBeHHOI'O paCCMOTpeHH51 O'leBHJlH01 'ITO cneKTp H3nyqeHH51 JlOn

meH obm obiTb cnnowHbiM, T.K. eJlHHCTBeHHoe OI'paHH'IeHHe JlnR qacTOTbi on- " 

peJlenMOCb BenH'IHHOti: n ( cu) B ycnOBHII ( 1) 1 npH'IeM B .np03p8'1HOH )KHJlKOC-

TH Jlng BHJlHMOI'O CBeTa n( CU) Cnaoo 38BHCHT OT CU Ka3anocb Bepo~THbiM 

TaKme, 'ITO aneKTpH'IeCKHH BeKTOp BOnH onpeJlengeTC51 HanpaBneHHeM CKO~ 

pOCTH 1aneKTpOHa ·~ JlaeT, cneJlOBa.TenbHO,· np~BHnbHbiti: 3Ha~ n'onRpH38UHH, 

H. e~nH TOru.Ko B03HHKHOBeH.He BOnH, cno*eHH~. KOTOpb!X paccMaTp~Banocb, 
obmo peanbHbiM, To He B03HHKano coMHeHHti: Ji B yHHBepcaribHOCTH · RBneHHR • 

.. 
14 



·r, :, 

TaKaS! Ka'leCTBeHHaSI KapTHHa o6'bSICHSina, cneJloBaTenhHo, ace, 'ITO 6'bl-

no H3BeCTHO 06 s¢¢eKTe BaBHnoaa-qepeHKOBa, KpOMe HHTeHCHBHOCTH H3ny

'leHHSI, l1MeHHo sTo 11 Jlenano ee Kpaitae YSI3BHMoii:. Mae npHXOilHnocb Jle

nHThCSI 9THMH C006pameHHSIMH C HeCKOnhKHMH TeopeTHKaMH, Ha'laBlliHMH 

npOS!BnSITb HHTepec K OIThiTaM qepeHKOBa ( OC06eHHO nocne TOI"01 KaK 6hma 

BhiRCHeHa HanpaBneHHOCTb H3ny'leHHS1), HO KaKOI"O-nH60 ITOHHMaHHSI Sl He 

BCTpeTHn, fnaBHaSI npli'IHHa .STOMY 6hma, BepOSITHO, B HellOCTaTO'IHOii: OCBe

llOMneHHOCTH o caoii:cTaax SIBneHHSI, KaK l1.E. TaMM, TaK H S!, aHanM 3/leCh 
, . . x/ 

6onhllle • llpH STOM l1.E. TaMM Jlame npellnaran ny6nHKOBaTb CTaThiO, 

He llOmHilaSICb 6onee lleTanbHOI'O paCCMOTpeHHSI, 3TO 6binO 6b!1 OllHaK01 

npemaeapeMeHHhiM. He TonbKO aonpoc o6 HHTeHCHBHOCTH He 6hm paccMoTpea, 

HO CaMa B03MOmHOCTb B03HHKHOBeHHSI H3ny'leHHSI Cpaay me CTana npeAMe

TOM COMHeHHii:, l1.E. TaMM paCCKaaan 0 Ka'leCTBeHHOii: KapTHHe, IT03BOnSIIO

IUeii: HHTepnpeTHpOB,aTb H3ny'leHHe, n.H. MaHJl9nhlliTaMy, 3aMe'laHHe Maa

JlenblllTaMa COCTOSinO B cneJlyiOIU9M, l13BeCTHO, 'ITO npH paBHOMepHOM H 

npSIMOnHHeii:HOM llBHmeHHH sneKTpoH He H3nyqaeT. PeaynhTaT He H3MeHHTcsr, 

ecn11 B BOnHOBOM ypaBHeHHH 38MeHHTb CKOpOCTb CBeTa C Ha __£_ 1 TBK 
n 

KaK OllHO ypaBHeHHe Cpaay me npHBOilHTCSI K llPYI"OMY1 ecnH·COOTBeTCTBeH

HO .H3MeHHTb CKOpOCTb 'laCTHUhl, s:J He npHCyTCTBOBan npH STOlt 6eceJle, HO, 

ITO-BHilHMOMy, OHa 6bma MHMOneTHOii:, H BO BCSIKOM cnyqae He 6binO o6pa

IUeHO BHHM8HHe Ha .TO, 'ITO STO He OTHOCHTCSI K CKOpOCTH, npeBbllli810IUeii: 

x/ 
PaayMeeTcSI, sTo OTHOCHTcsr H K C;l1. BaBHnoay. llpH 

CTBeHHoii: eMY ¢H3H'IeCKOii: HHTyHUHeii: C.l1, BaBHnOB OTHeCCSI 

pecoM K sToii: Hllee, omHJlaSI ee · nan&Heii:niero pa3BHTHSI. 

'' 
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!flasosyro CKopocTh cseTa, T.e. K cny'!aiO soo6me HeocymecTsHMOMy s sa
x/ 

KyyMe 

PasyMeeTcSI, onbiTbi Maxa c nyneii, neTSimeii co csepxssyKosoii CKo

poCThi01 6bmH. ussecTHbi He TOnhKO l1.E. TaMMY, HO II MHe, He Mory scnoM

HIITh1 TO n!I He B03HIIKana MbJCnh 06 aHanorHII C BOnHaMII Maxa, TO nil OWH-

60'IHO C'IHTanOCb 1 'ITO K aneKTpOAIIHaMIIKe 9Ta aHanoriiSI He npiiM8HIIMa, 

06a 9TH npeAnono)l{eHHSI Ten'epb Ka)l{yTCSI 6onee '!eM CTpaHHbiMH. TaK llnll 

IIHa'le, HO 3aMe'!aHIIe MaHAenbWTaMa, CAenaHHOe "na XOAY" CIInbHO pac

XOnOAHno ysne'!eHHOCTb narnSIAIIOH TO'IKOH speHIISI, H. E. ·TaMM C'IHTan nocne 

aToro, 'ITO rrpe)l{ne '!eM pass!IsaTh ee Aanbwe, cnenyeT BbiSICHIITh ,!leT n11 

IIHbiX nyTeii AnSI 06'bSICHeHHSI SIBneHIISI. 4TO KacaeTCSI MeHSI, TO SI llbJTanCSI 

UOAnpaBIITh STY KapTIIHY1 'IT06bi ycTpaHHTh necymeCTBYIOIIlee Ha CaMOM Ae

ne npoTusope'!IIe. B npoMe)l{yTKe Me)I{AY secnoii II oceHhiO 1936 r. sonpoc 
) 

OCTasanCSI OTKpbiTbiM, 

B Te rOllbl npeo6naAaiOIIlHM 6hm KBaHTOBbiH UOAXOA K 'peweHIIIO npo6neM 

IIsny'!eHHSI 6biCTpbiX 'laCTHU. HapSIAY c 9THM BHHMaHIIe np!IsneKna II o6cy)l{-

x/ 
llBII)I{eHHe aneKTpOHa CO CKOpOCThl01 6onhweii CKOpOCTII CBeTa B nyc

TOTe, 6bmo paccMoTpeuo 3oMMep!flenbAOM eme s 1904-1905 rr/10/, Ehmo 
UOKa3aH01 'ITO ecnH fib! fibinO B03MO)I{H0 V > C 1 TO aneKTpOH HenpepbiBIIO 
IISny'lan 6bi CBeT, 0AHaKO HeB03MO)I{HOCTb V > C npnsena K TOMy1 'ITO pa6o
Tbl 30MMep!flenbAa OKasanHCb sa6biTbiMH, 0 HIIX BCUOMHHn A.¢, l1o!fl!fle npH 
o6cy)I{AeHHII naweii pa6oTbi eme AO ee ony6nnKosaHH SI ( CM, I 1 I). n 03)1{e 
aHanornSI Haweii Teopnn c 3oMMep!flenbAOBCKOii 6bma paccMoTpena TaM
MOM /11 I. CaM 3oMMep!flenbA 6bm pan aToMy HeO)I{HAaHHOMY AnSI Hero pas_: 
BHTHIO Teopnn n OTKnHKHyncSI na Hawy CTaThiO /1 I UIIChMOM, npncnaHHbiM 
l1.E. TaMMy. 

0Kasanoch, KaK o6Ha;:>Y)I{Hn C,l1. Basnnos (eM. /121), eme AO 3oMMep
!flenhna nopn KenhBHH /13 s 1901 r, OTMeTnn, 'ITO a.TOM 'npu csepxcseTo
sofi CKopocTH non)l{eH nsny'laTh cseT 1131• Dpn aToM OH nonhsosancSI aua
norlleii c sonHaMn Maxa. B neiic.TsnTenhHOCTH anSI aTOMa, s oTnn'!ne OT 
sapSI)I{eHHoii 'laCTHUbi1 Aeno o6cronT HecKonhKO cnO)I{Hee, Dpn v > _£_ aToM 
non)l{eH caMosos6y}:<J:laThCSI, usny'laSI npn aTOM 'laCTOTbi aHO!\tanbuJ'ro ac\J1JeK
Ta ilonnnepa H TepSISI KIIH8TII'IeCKYIO 9Hepr1IIO /1 4 ,15/, 

Hi 



/16/ 
nanacb cpenn TeopeTHKOB pa6oTa BnnbSIMCa , B KOTopoii o6ocHOBbiBan-

cSJ 1\teron, "'acTo na3hiBaeMhiri Tenepb MeTonoM nceBno<jloToHoB. Oaa SIBH-
. /17/ /18/ 
nacb pa3BHTHeM npeKpaCHhiX . pa6oT c!>epMn ( 1924 I'.) n Bop a 

(1915 I'.), U MOe BHHM8HUe H8 Hee o6paTUn n.B. CKo6enbUhiH. B MeTOlle 

BunbSJMCa paccMaTpnBanacb BpeMeHHaSI 38BHCHMOCTb aneKTpU"'eCKOI'O nonSI 

kaneTaJOmeii "18CTHUhi B KaKoii-nn6o TO"'Ke, xapaKTepnayeMoii Benn"'nHoii 

npnuenbHOI'O IIapaMeTpa. 3aBHCUMOCTb IIOnSI 01' BpeMeHU IIpellCTaBnSJnaCb B 

BUlle paanO>KeHUSI B CIInOUIHOH CIIeKl'p "18CTOT, U 38TeM OIIpenenSinOCb )leH-

·CTBUe IIOnSI Ka>KllOH U3 "18CTOT W 9l'OI'O CIIeKTpa Ha 8TOM nnn MpO, ·II8XO

llHUieecg B 9TOH TO"'Ke. npuMeHHTenbHO K p8CCM8TpUB8eMOMy HBneHUJO BOil

poe COCl'OHn B TOM, K8KHM o6pa30M none, KOTOpoe IIepeHOCHTCH "18CTUUeit, 

Cl'8HOBHTCH HCTO"'HUKOM paCXOllHUlllXCH H3 K8>Kll0H TO"'KU TpaeKTOp!Ill BOnJI. 

Cnenyg BnnbSJMcy, nng 9TOI'o Tpe6oBanocb HaiiTn Manoe aaanMoneiicTBne 

nonS! "18CTUUhl C 8l'OM8MII H Hllp8MH, pacnono>KeHHhiMII BllOnb ee nyTH; KO-. 
ne6aHHSJ KOTOphiX n ·HBnHJOTCSI HCTO"'HIIKOM BOnH, Mou nonhiTKH o6ocHoBaTb 

I 
K8"1eCTBeHHyJO K8pTHHY C C8MOI'O H8"1ana COCTOS!nH B IIOUCK8X MeX8HH3M8 

T8KOH Tp81IC<jJOpM8UHU IIOnSJ "18CTHUbl B paCXOllHUllleCH BOnHhlo fOBOpS! COBpe

MeUHhiM H3biKOM, 9TO 6bin8 Il0Ilb!TK8 IIOCTpOHTb MHKpOCKOIIH"'eCKYIO TeOpHIO 

a!fl!jleKTa BaBnnoBa-4epeHKOBa, B "'eM He 6hwo nano6aocTn. 

3ro 6binO X8p8KTepHbiM )lnSJ TOI'O BpeMeHH, npu paCCMOTpeJIHU B38HMO

neiiCTBUSI 6biCTpb!X "18CTHU C BeUieCTBOM C"'HT8nOCb HeCOMHeHJibiM, "'TO He

B03MO>KeH HHKaKoii uaoii nonxon, KpoMe MHKpocKonu"'ecKoi'o. 3 Hepi'HSJ qac

THUhi (!floTOH8 -y -nyqeii unn ,8-"18CTIIUbJ) 38BellOMO BenuKa IIO cpaBHeHUJO 

C 9Hepi'Ueii CBSJ3U aneKTpOHOB B 8TOM8X, 8TOMOB B MOneKynaX unn B >KHll

KOCTU U TBepllOM Tene. 0TCJOJ18 0 K83anOCb C HeCOMHeHHOCTbiO, cnenoBano, 

"'TO CTpyKTypoii BeUleCTB8 npn B38UMOlleHCTBUU C HUM 6biCTpbiX "18CTUU 

MO>KHO npeJie6pe"'bo nonyUieHne 0 CyUleCTBOB8HHH K8KOI'O-nu6o a<jJ<jleKT8, 38-

BHCHuiei'O OT .. IIOK838Teng npenoMneHusr, C 9TOH TO"'KH 3peHHH npellCTaBnH

nOCb Il8p8JlOKC8nbHhiMo BepOS!TIIO, OT"'8CTU II09TOMY HarnSJa!IaSI UIITepnpeTa-
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uust on&ITOB YepeHKOBa, cywecTBeHHhiM o6pasoM coaepx<awast noKasaTenb 

npenoMneHHSI, Cpasy }l{e Bhi3Bana HellOBepue. YTO KaCaeTCSI MeHSI1 TO SI 

TBepao B aee Bepun, ao Bee }Ke u st, B KaKofi-To Mepe, oTaan aaHh. o6wuM 

sa6ny}l{/leHHSIM 1 llhiTBSICb HafiTH MHKpOCKOllH'IeCKHfi MeXaHH3M B03HHKHOBe

HHSI BOnH, Ecnu B OllTH'IeCKH 0/lHOpO/lHOfi Cpeae npu paBHOMepHOM llBH}I{e

HHH usny'leHHe He B03HHKaeT, TO MHKpOCKOllH'IeCKHfi MeXaHH3M1 Ka3anOCh 1 

6&m aeo6xoauM. TpyaaocTbiO anst Teopuu, KaK MHe npeacTaBnstnoch, Toraa 

6binO TO, 'ITO LJ:epeHKOB He o6Hapy}I{Hn 3aMeTHOfi 3aBHCHMOCTH stpKOCTH CBe

'leHHSI HH OT Z , HH OT llOKa3aTenSI npenOMneHHSI, XOTSI COI'naC.HO (2) yron 

usny'leHHSI onpeaenstnCSI __ J_ , B TO BpeMSI KaK MOSI )leSITenhHOCTb B Te-. 
f3n 

qeaue aecKonbKHX MecstueB oKasanacb 6ecnnoaaofi, H.E. TaMM, BHilHMo, 

.He saauMancst aTHM BonpocoM. Me}l{ay TeM aKcnepuMe.HTanhHhie uccneaoBa

HHSI ll,A, LJ:epeHKOBa, KOl'Opb!e llOilTOnKHyno npeanonO}I{eiJHe 0 HanpaBneHIJOC

TH usny'lellust, 6hiCTpo npoaBuranocb, HanpaBneaaoCTh crana y}l{e sKcnepu

~e.HTanbllhiM <jlaKroM, Teneph aa}l{e Tpya.Ho ce6e npeacTaBHTh, .HacKonhKO 

YllHBHTenhHOfi OHa TOI')la KasanaCb, H BCllOMHHaiO, 'ITO KOI'Ila B 1937 r, 

npuexan B MocKBY )!(onuo-KIOpH, eMy 6hm npoaeMOHCTpupoBaH onhiT Yepea- . 

KOBa, Tenepb BOWSilWHH B nonymipfibie KHHI'H. BepTHKanbHO llOCTaBneHHhJH 

creKnstHHhill: uunuaapuqecKufi cocyauK c }l{llllKOCThiO c 6oKOB. 6bm oKpy}l{eH 

KOHH'IeCKHM sepKanoM, Ecnu CMOTperh aa sepKano CBepxy, TO MO}I{HO 

6hmo Buaerh yrnoBoe pacnpeaeneaue usny'leHHSI, BhiXOilHBwero B ropusoa

Tanhaoll: nnocKoCTH 'lepes cTeKnstHHhie cTeHKH uunuaapa. Koraa npenapaT 

paaust noMewancst c6oKy oT uunuaapa, To or'leTnHBO 6hmH BHilHhi aBa MaK

cuMyMa usny'leHust noa ocTphiM yrnoM K aanpaBneHHIO y -nyqell:. Caenaa

.Hhle YepeHKOBhiM <jloTorpa<jluu raKux Kone'leK c llepaBHOMepHhTM noqeplleau

eM B pasnu'IHhiX asli:MyTax Tenepb o6weusBecTHhi, a caM onhiT aarnstaea 

u 6esynpe'IHO y6eaurenea, ecnu, KOHe'IHO, He sanoaospuTh sneMeHTapaofi 

OWH6KH, rpaHH'IaWeH C }l{ynhHH'IeCTBOM, l1 MeHHO TaKaSI MbiCnb, · BHilHMO, B03-

HHKna y )!(onuo-KIOpH, KOTOpbiH HeMeaneHHO CTan llOBOpa'IHBal'h ~OCYilHK H 
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aepK8liO . BOKPYI' . 09_11_!. 'IT06bl y6enRTbCSI, 'ITO npoapa'IHOCTb CTeKll8 COCyi!-a 

Rllll Ka'IeCTBO cepe6peH;;-a-epKana.._gaeC!:: .. He iii'paroTJiOiiu:-B-oocyJKneHlm 

x/ 
JKe onbiTa RM 6hin cnenaa HaMeK Ha aaanormo c 'N -ny'IaMn BnaHnno • 

3ToMy ·He cnenyeT ynnBliSIThCSI • .UeMOHCTpaumo onhiTa npnxonnnocb npoBo

nnTh B nOliHOft .TeMHOTe, npn'IeM naJKe npn HeKOTOpOH ananTaURR 1'11838 

CBa'IeHRe 6hlll0 Ha npenene BRnHMOCTR. Bcsr o6CT8HOBKa, B C8MOM nene, 

6blll8 He06bi'IH8 nnsr iPH3R'IeCKOI'O SKCnepnMeHTa H HanOMHH8ll8 He'ITO Bpone 

cnnpRTR'IeCKOI'O Ce8HC8 RliR .PoKyCa C npRMeHeHReM "liOBKOCTR pyK". ~eJK

ny .TeM TeOpHSI SIBlleHHSI B TO BpeMSI He TOllbKO yJKe CyiUeCTBOBalla, .HO ll8-

JKe yJKe 6blll8 ony6liHKOB8Ha. 3TOMY, onHaKO, npej:(lli~CTBOB8ll nepnon, KOI'na 

·-- ~------
Teopnsr erue He 6blll8 38KOH'IeHa, B TO BpeMSI K8K 8KTY8llbHOCTb. sana'IR yJKe 

CT8ll8 O'IeBHn.Hofi. 3TO npHBeliO K .HOBOMY o6cyJKneHRIO BOnpoca COBMSCTHO 

-
c H.E. TaMMOM. BhinH paccMoTpeHhi pasnn'IHhie rnnoTeShi, o KOTOphiX Te-

nepb yJKe H9B03MOJKHO BCnOMHHTb, H BC9 OHH OK838liHCb 6ecnnonHhlMH. 

BhiSIC.HHliOCh, 'ITO HarnsrnHasr KapTHHa, ncnonhsyroruasr npRHURn. fronreaca, 

a To enRHCTBeHHasr, naroruasr Ka'IecTBeHHo, npaBHllhHhiH pesynhTaT. H BaliH'IIf

Ha {3 ,. ...:!_ , H 'npo6er · H81f60llee 9H9pi'H'IHhlX KOMnOTOHOBCKHX SlleKTpOHOB, 
c 

neHCTBRT9llbHO, MOI'liH naTb Tpe6yeMyiO HanpaBliSHHOCTb BOliH non OCTpblM 

YI'liOM K CKOpOCTH SlleKTpOH8, nocne STOI'O HliR, BepOHTHO, STRX 06CyJK

neHRH ( Tenepb yJKe He noMHIO, CKOllbKO RX 6blll0) K8K-TO Be'lepOM H.E.TaMM 

nosBoHnn MHe no Te~e.poay n nonpocnn aeMenneaao npnexaTh K aeMy no

Moft • .H sacTan H.E. TaMMa sa CTOliOM, yBlle'IeHHoro pa6oTon H yJKe ncnn

caBmero MHoro liHCTOB 6yMai'H .PopMynaMH-. OH cpasy JKe npnHsrncsr paccKa-

3hiB8Tb MHe 0 cnenaHHOM RM no MOei'O npnxoJia. CeH'I8C SI yJKe He MOI'Y 

acnoMHHTb B TO'IHOCTR, 'ITO 6hmo npenMeToM coBMecTHoro o6cyJKneansr B 

x/ 
Omn6o'IHhie onhiTa BnaHnno, nonaraBmero, 'ITO oa OTKphlll HOBhiH 

BRn lf3lly'IeHHSI, Tenepb COBepmeHHO sa6b!Tb!, OnHaKO. B TO BpeMSI 'N -lly'IH 

cnyJKRliR noHSITReM aapnuaTellhHhlM, Korlla B cnny K8KRX-nH6o aKcnepHMeH

TallbHhiX Ollilf60K Ha6ll!Oll8ll8Cb 
6

MHCTHK8" BMeCTO peallbHb!X SIBlleHHH, I'OBO

plllllf0 'ITO STO 'N -ny'IH. 
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Ty HO'Ib, nyMal0 1 'ITO- o6cy)KJ:tancg II XOJ:I pemeHHSI aaaa'IH 1 npeano)l{eHHhiH 
-·- . 

M .E •. TaMMOM,:-w·npaBHnbHOCTb BhiKnaaoK, cH··ljJHa·nqeCKHe .OCHOBhl TeOpHH, 
1"--~~ ' 

B KOTOphlX MHOI'Oe 6hinO ewe He SICHO, flOMHIO TOnbK0 1 'ITO npOCHJ:tenH Mhl 

aonro. noMOH g B03BpaTHnCSI non YTPO neWKOM, T.K. I'OpOJ:ICKOH TpaHcnopT 

( ) x/ . 
y)l{e aaKOH'IHn HnH ewe He Ha'Ian CBOJO pa6oTy • Y MeHSI 6hmo owywe-

HHe, 'ITO B MOeif )l{!i3HH npOH30WnO HeManoBa)I{HOe C06hiTHe, Bep~SITH01 

I'naBHhlM o6pa30M nOTOMy, 'iTO g BnepBbie CTan y'IaCTHHKOM TeOpeTH'Iec

KOH pa6oThi H npHTOM coBMeCTHO c H.E. TaMMOM, 

Co6HpaSICb K H.E. TaMMy, SI 3aXBaTHn c co6oif w~onhHYJO. TeTpaaKy, 

H B Hee pyKoif H.E. TaMMa 6bm 3anHcaH BhiBOJ:I ljlopMynhi anst aHepi'HH H3-

ny'IeHHSI aneKTpOHa:He 3Hal0 1 B CHny KaKOH ,cny'IaHHOCTH 1 HO 9Ta TeTpaaKa 

COXpaHHnacb, 3anHCb B Heif 3aHHMaeT nstTb C nonOBiiHOH CTpaHHU1 caenaHa 

ToponnHBOif pyKoif co MHOI'HMH nonpaBKaMH, Bee )l{e, cyast no TOMy, 'ITO 

HeKOTOph!e npoMe)l{yTO'IHhle BhiKnaJ:tKH onyweHhi1 9TO y>Ke lie CaMhiH nepBO

Ha'IanbHhiH Bh!BOJ:1 1 a nonhiTKa CHCTeMaTH31ipOBaTb nony'IeHHhle pe3ynbTaTbl, 

<lloToKonnro oaHoif H3 cTpaHH'IeK aanHceif M .E .. T aMMa, coaep)l{awyro oKon

'IaTenbayro ,ljlopMyny, g aaecb BocnpoH3BO)I{y ( CM, pncyHoK), Ha cneayrowHx 

CTpaHHUaX TeTpaaKH 1 BepOSITH01 n03)1{e1 6onee aKKypaTHO II CO BCeMH noa

po6HOCTSIMH TOT )l{e Bhmoa 3anncaH Moeif pyKoif. 0KOH'IaTenbHast ljlopMyna 

B 9TOH TeTpaaKe npaBHnbHa ( 3a. HCKnlO'IeHHeM. npeaenoB HHTei'p!ipOBai!HSI) 1 

110 BhiBOJ:I ee cywe,CTBeHHO OTnH'IaeTCSI OT coaep)l{awei'OCSI B ony6nHKOBaH

HOH HaMH n03)1{e CTaTbe, 

B COOTBeTCTBHH C OnhiTOM C'IHTanOCb 1 'ITO npo6ei' 'IaCTHUhl OI'paHH'IeH1 . 

npn 9TOM CKOpOCTb 'IaCTHUhl B.QOnb npo6era npHHHManacb HeH3MeHHOH 1 a 

npo6ei' npSIMOnHHeHHhiM, IT one paCC'IHThiBanocb B BOnHOBOH 30He, 

x/ 
3To 6blna npHSITHaSI nocne HanpSI)I{eHHoif pa6oThi nporynKa no Caao

BOMY Konhuy, BepostTHO, KHnoMeTpa 3":"4, H.E. TaMM )!{lin y 3eMnSIHoro Ba

na, a SI aenaneKo oT nnowaaH MaSIKOBCKOI'O, 
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Pac'!eT /ln>I orpaHH'IeHHOil TpaeKTOpl!H no3aomm o6,oii:TH Ka*YlllYIOCSI 

TPYilHOCTb: "sneKTPOH npn paBHOMepnoM /lBH;>KeHHH He H3ny'laeT". OnHaKo 

nony'leHHhiil pe3ynbTaT He conep;>Kan HHKaKHX yKa3aHHil Ha To, 'ITO Ha'!ano 

u KoHeu TpaeKTopHH cymecTBeHHhi, Eonee Toro, pe3ynbTaT noKa3biBan, 'ITo 

B HanpaBneHl!l! 1 COOTBeTCTBYIOIUeM yrny e
0 

(ypaBHeHHe (2) ), He TOnbKO 

npol!CXO/ll!T KOI'epeUTHOe Cno;>KeHHe BonH 1 HO 'ITO 9TH BOnHbl B CaMOM Ilene 

HecyT sHeprHIO, TaKHM o6pa3oM, ao3HHKana SIBHaSI Hecypa3l!Ua. Oponmo, 

O/lHaKo, eme HeKoTopoe apeMSI, noKa He 6hmo BbiSICHeHo, no'leMy sneKTpoH 

B 0/lHOpO/lHOii: Cpe/le npl! paBHOMepHOM /lBH;>KeHl!l! B CaMOM Ilene /lOmi<eH 

H3ny'laTb CBeT BCeX '18CTOT 1 nnSI KOTOpb!X BbiOOn!IeHO ( 1 ) 1 

B 
. 

6 
• ll I ( 

CTaTbe,ony nHKOBaHHOH H8Ml! OHa /l8THpoBaHa 

xl 
T,e. npn {3 n1> l • 

2 SIHBapSI 1937r.), 

Y*e 6hmo paccMoTpeHo H3ny'leHHe sneKTpoHa c npo6eroM HeorpaHH'IeUHoil 

nnHHbl l! ycTpaHeHa B03Ul!K8IOIU8S! npl! STOM HeCTpOI'OCTb Bb!BO/la !lnSI ManbiX 

e ( yKa3aHUaS! MannenbiU~aMOM). nos TO MY B CTaTbe CO/lep;>Kl!TCS! paC'!eT 

llOTOKa snepi'HH 'lepe3 enHUHUY /lnl!Hbl 60KOBOil llOBepXUOCTl! Ul!nl!H/lpa C 

OCbiO, coananaiOmeii: c TpaeKTopueii: 'laCTHUbi, 

Y MeHS! OCTanoCb_CpaBHHTenbHO Mano BOCllOMHII8Hl!il 06 STOM 3aBep

IUaiOIUeM STane pa3BHTHS! TeopHH 1 a T8K;>Ke 0 H8llHC8Ul!H ·H penaKTHpOB81Il!H 

xl 
3To YTBep;>K/leHHe npaBHnbHO TOnbKO nnSI OllTH'IeCKl! H30TpOOHOil cpe

/lbl, B aUH30TponHoil cpe/le HanpaaneHHe ¢a3oaoii: cKopocTH ne coana!laeT 
c nanpaanenueM ny'la, Ycnoaue (2) nnSI ¢a3oaoii:. CKopocTH BbmonHSieTcSI, Ho 

MHHl!ManbHbifi: yr()n eO 1 B006IUe I'OBOpS!1 6onbllle HynSI1 l! ycnOBHe nopora 
( 1) Tpe6yeT nonpaBKl!, .QnSI B03Ul!KHOBeHHS! H3ny'leHHS! Heo6XO/ll!M01 'IT06bi 
CKopoCTb '!aCTHUhi npeBbiiUana CKopocTb pacnpocTpaHeHHSI ¢a3bi anonb ny'la, 
nanpaaneHnoro no v • XoTSI s¢¢eKT Baaunoaa-t.IepeHKOBa .s KpHCTannax 
6bm BnepBbie paccMoTpen fHH36yproM eme B 1940 r. 1211, oco6enHoCTH 
nopora He 6bml! 3aMe'leHhi eme MHoro neT. OpnMenenne npnnunna fiOii:reHca 
K Kpl!CTannaM ll03BOnHnO BbiS!CHHTb l!X BeCbMa OpOCTO 114,201 • 
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CT8TbH 1 BepOSITHO JIOTOMYr 'ITO 3TO 6bina 06bi'IH8SI1 6yllHH'IH8SI pa6oTa, 

HCKliiD'IeHHeM SIBliSieTCSI BOCJIOMHHaHHe 0 CeMHHape HHCTHTyTa, Ha KOTOpOM 

cpa3y )Ke nocne nony'leHHSI nepBbiX pe3ynbTaTOB pa6oTy llOKllallbiBan 

H.E. TaMM, npn o6cy)KlleHnu HaM o6onM cTano y)Ke coaeprneuuo oqeauauo, 

'ITO Tpe60B8HUe orpaHH'IeHHOH TpaeKTOpHU aneKTpOHa 6ecCMb!ClleHHO 11 'ITO 

nu6o uaao npu3HaTb uannqne nany'leHHSI aneKTpoHa Ha aceM ero nyTu ueaa

ancnMo oT Ha'lana n KoHua, nn6o aoo6rue ace ornu6oquo, 'ITO Kaaanocb ue

aepoSITHbiM, 3TO H ll8110 TOli'IOK K rrpaBHllbHOMY JIOHUM8Hl1ID rrpo6neMbJ, 

(11.E. TaMM acnoMnHaeT o6 aToM ceMnHape a caoeu uo6eneacKoi1 neK-

unu 
1191

). 

PaccMoTpeuue nonSI B aonuoaou aoue, coaep)KaarneecSI B nepaoHa'Janb-
xl 

HOM aapuauTe Teopnu anSI orpaHu'leHHoro npo6era, OKaaanocb noneaHbil\1 

B 'IUClle MHOI'UX HHTepeCHbiX peaynbT8TOB T8KOe paCCMOTpeune, C YCTf'&He

HHeM nepBOH8'18llbHbiX rrorperuHOCTeH ll 8H8llli30M o6naCTil npnMeHJIMOCTil 

peaynhTaToB, npuaeaeuo H .E. TaM MOM B cTaTbe, nocaSirueuuoH .11.11.. MaH-
1111 

aenbrnTaMy • AaTop aToM CTaTbll T8K)Ke nonbaoaancSJ TBKIJJ.: paccMoT-

peHHeM HeOllHOKp8TH01 11 OHO 6yaeT 11CJIOllb30B8HO II 3):1eCb, 
Ill 

TeopuSI OKaaanacb B nonuoM cornacnn c 3KcnepnMeHTanbHbJMll 

ll8HHbiMH 1 JIOliY'IeHHbiMll l.JepeHKOBbiM K CepeanHe 1936 r, llonOliHilTellbHl.H? 

sKcrrepnMeHTbJ, npoaeaeHHbie HM a 1936-37 rr., JIOllTBepannn 11 Konn'Ie<:'T

aenuyro CTOpOHY TeOpliU, C HCJIOllb30B811HeM KOIIII'JeCKOro 3epK8Jl8 1 0 KC'TC-

poM y)Ke ynoMHnanocb, 6hm rrpH6nnmeuuo naMepeH yron () 0 , a TBKiKe 

ero 38Bl1Cl1MOCTb OT JIOK838TeliSI npenOMlleHHSI 1 JIOLITBeplli!BW85l COOTHOlll€-
. ' 1221 . . 

HUe ( 2) , noa)Ke 6bin OrrpeaeneH ll SHepreTU'JeCKIIM BblXOll 1131IY'IeHIISl, 

B npeaenax TO'IHOCTH 113MepeHHil COBJI8BJIJHfi C 0)KII)l8eMbiM JIO TeOpllH/23 ,24!. 

CTpaHHbJM o6paaoM, KaK peaynbTaTbJ l.JepeuKoaa, TaK u ux Teopern'Iec

KaH llHTepnpeT8UIISI rrepBOH8'18llbHO 6blllll 38Me'leHbl niiJIJb COBeTCKilMll 4'11311-

x/ 
C HeKOTOpb!MII orpaHJl'leHUSIMil ero MO)KHO o6o6JIJIITb II Ha Clly'Iafi 

TpaeKTOpllll 6eCKOHe'JHOil llliHHbl, 
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K8MH, BHllHM01 HHOCTpaHHbie y'leHbie Mano 'IHTanH B TO BpeMSI H8lliH IKyp

Hilnbi ( XOTSI II noKnallbl AKalleMHH HayK
11 

ne'laTanHCb Ha llBYX SI3biKax: . Ha 

pyCCKOM H Ha HHOCTpaHHOM),. YIKe nocne TOrO, KaK B HCCnellOBaHHe SIBne

HHSI 6bma BHeceHa nonHaSI SICHOCTb 1 C.l1. BaBHnOB B 1937 r, uanpaBIIn ue-

6onblliYIO CT8Tbl0 n.A. qepeHKOBa 1 cyMMHpOB8BlliYIO nony'leHHbie pe3ynbT8Thl 

H HX cpaBHeHHe c TeopHeil: B "Nature " • He noMHIO yiKe, non KaKHM 

6narOBHllHbiM npellnOrOM1 HO CT8TbSI 6bJna OTKnOHeHa, l1CTHHH8Sl IKe npH'III-
.. ) 

Ha He Bbl3biBana COMHeHHil:: CTOnb COnHllHbiil: IKypHan,. K8K 
11 Nature 

He C'IHTan B03MOIKHbiM ny6nHKOB8Tb pe3ynhT8Thl 1 npell<:;TaBnSIBWUeCSI· no 

Kpail:Heil: Mepe COMHHTenbHbiMH, B 3TOM CMhiCne MeHee pa360p'111Bh!M OKa-

3anCSI " Physical Review " , Kylla H 6hma HanpaBneHa Ta IKe CTaTbSI 
. , /25/ 

nocne Heyna'IH c "Nature • BcKope nosrBHnocb nepBoe aKcnepHMeu-

/26/ 
TanbHoe nollTBep1KlleHHe TeopHH. KonnHH3 H Peil:nHHr B CWA, Hcnonh-

3YSI nyqqK penSITHBHCTCKHX aneKTpOHOB H3 yCKOpHTensr, npoBepunH Ua TOH-

KOM pallH8TOpe COOTHOllleHHe cos (} = _J__ , 803MOIKHO, 'ITO 8BT0phi 
f3n 

3TOil: CTaTbH OTHeCnHCb K pa6oTe n,A, qepeHKOBa 6e3 xapaKTepHOrO B TO 

BpeMSI HellOBepHSI1 nOCKOnbKY OHH nonaranH 1 'ITO npH'IHHOil: H3ny'leHHSI SIB-

nsreTCSI nocTeneHHOe TOpMOIKeHHe aneKTpOHa 38 C'leT HOHH38UHOHHbiX noTepb 1 

KoTopoe H naeT B cyMMe HanpaBneHHoe H3ny'lelme. 8Ta omH6Ka Bnonue 

ecTeCTBeUHa, ecnH npHHSITb BO BHHM8HHe CK838HHOe 0 H8WHX C06CTBeHHbiX 

3a6nyiKlleHHSIX H To, 'ITO c TeopHeil: srBneHHSI KonnHH3 H PeiinHHr, no-BHllH-

/25/ 
MOMY 1 6bJnH 3H8KOMbl nHlllb no CT8Tbe qepeHKOBa ( B Heii COllepiKanaCb . . 
TOnbKO CChJnKa Ha TeOpHI0 1 pe3ynbT8Tbl KOTOpOii 6binH npHBelleHbl nHllib B 

TOil: Mepe, KaK 3TO 6bin0 He06XOllHMO llnSI cpaBHeHHSI C OnbiTOM), 8TH IKe 

aBTOpbi, no-BHllHMOMY, BnepBbie Ha3BanH H3ny'leHHe 
11

P8llH8UHeil: qepeHKOBa",-

H83B8UHe 1 CTaBmee 38TeM 06lllenpHHSITbiM, 

qTO KacaeTCSI TeopHH 1 TO nepBOe pa3BHTHe OHa nony'IHna B pa6oTaX 

/27/ B.n. fHH36ypra, naBlllero KBaHTOBoe paccMoTpeHHe srBneHHSI H pac.;. 

npocTpauHBlllero TeopHIO Ha cnyqaii onTH'IeCKH aHH30TponHoil: cpellbi 
121 1

: 1 
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/28/ 
CyruecTBeHHOe o6o6menue 6bJnO C)lenano ¢epMU , paccMoTpeamero cny-

. qai! cpeJlbi c nornomenueM caeTa u noKaaaamero cymecTBeHHOCTb nonSJPu

aauuu cpeJlbl Ami BenU'IUHhl UOHU38UHOHHb!X noTepb, 

OrnSLUhiBasrcb naaaA, no)l{anyil, He nHmHe acnoMHUTb, 'ITO uanytreHue 

- 6biCTporo aneKTpona B cpeAe 6brno nepBbiM cnytraeM KorepeHTHoro caMo-

caeTsrruerocsr UCTO'IHHKa CBeTa C AnUHOH, 3H8'IUTenbHO 6onbrueil )lnUHbl 

BOnHbl CBeTa, Tenepb B KatreCTBe OTKpb!TUSI TaKOH KOf'epeHTHOCTU 06bi'IHO 

yKa3biB8IOT Ha llPYf'OH npuMep - Ha naaepbi, B KOTOpb!X OHa, )leHCTBHTenbHO, 

o'!eHh narnSLUHa. Me)KJlY TeM aTa KorepeHTHOCTb 6hrna noAtrepKHyTa Jla)Ke 

/1/ 
caMUM aarnaaueM CTaTbll TaMMa u cllpaHKa • noa)l{e ona 6bJna Hcnonh-

aoaana npU paCCMOTpeHUU UHTep~epeHUUU CBeTa OT JlBYX TOHKUX pa)lU8TOpOB, 

/29/ 
qepea KOTOphre nponeTaeT 6hiCTpasr aapsr)l{eHHasr tracTuua • He MeHee 

CyiUeCTBeHHO U TO, 'ITO 3)leCh BnepBbl~ BbiSICHHnOCh, 'ITO AnSI npouecca U3-

ny'leHUSI OnTU'!eCKUe CBOiiCTBa cpeJlbl MOf'yT UMeTh TaKOe )l{e npHHUHnuanh

HOe 3Ha'leHue, KaK U aenU'IUHbi 1 XapaKTepH3yiOIUUe 6biCTpyiO '18CTHUY (aapSLU, 

CKOpOCTh), B JlanhHeitiUeM OKa3anOCh 1 'ITO HMeeTCSI lUHpOKHH Knacc sraneHUH, 

CBSI38HHbiX C paJlH8UUeii: 6biCTpOH traCTHilbi, KOTOpb!e onpe)lensriOTCSI OnTH

'!eCKUMU CBOHCTB8MH CpeJlbl HnU AnSI KOTOpbiX OHH CyiUeCTBeHHbi, 

3aKOH'IUBVHa 8TOM UCTOpHtreCKHH o6aop 1 XO'Iy OCTaHOBHThCSI Ha HeKO

TOpbiX BOnpocax, aaTpOHYTb!X 'no XOAY CTaThH, TotrHO nH B )leHCTBHTenhHOC

_TH yTBep)l{)leHue; 'ITO HanpaaneHHOCTh H3ny'!eHHSI BCef')la 03Ha'laeT RanH'IHe 

KOf'epeHTHbiX HCTO'IHH;KOB CBeTa Ha )lnHHe, CpaBHHMOH C JlnHHOH, CBeTOBOH 

aonHbi HnH 6onhme ee? Mo)l{eT nu uany'laTh caeT 'laCTHua, paanoMepno ABH

)I{ylUasrcsr.B onTU'IeCKU OJlHOpOJlHOit Cpe)le npH CKOpOCTSIX1 MeHhlUHX ~a30BOH 

CKOpOCTH CBeTa? B cylUHOCTH, OTBeTbl Ha 8TH BOnpOCbi y)l{e COJlep)l{anHCh 

B Ka'leCTBeHHOM HarnSIJlHOM paCCMOTpeHHH HBneHHSI, 0JlH8KO OHH He 6bJnH. 

JlOBe)leHbl JlO nonHoit HCHOCTH 1 nOCKOnhKY B TO BpeMSI He npe)lCTaansrnHCh 
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BepHeMcg BHOBb K 9TOMY HarngAHOMY paCCMOTpeHUID U npoBeAeM 
. ,. ,-

ero H9CKOnbKO AeTanbHee, 'i9M 9TO 6bJnO CAenaHO nepBOHa'ianbHO ( C y'ie

/1/ 
TOM peaynbTaTOB KaK pa6oTbi , TaK H nocneAyroxuux pa6oT). ByAeM C'iH-

TaTb,' 'iTO 'illCTHUa C aap~OM e ABH)I{eTCg BAOnb OCH Z CO CKOpOCTbiD 

V H B MOMeHT t ' HaXOAUTCg B TO'iKe z = V t ' , onpeAengg TeM ca

Mb!M nnOTHOCTb TOKa B TO'iKe Z , paBHYID j= evo(z- V t)O(x)o(y) , 3Ty, 

nnoTHOCTb TOKa, KllK $yHKUHID BpeMeHH, MO)I{HO npeACTllBHTb B BRAe paano;_ . 

)1{9HHg B HHTerpan ~ypbe 

i (} z) = 
__ e __ e 

2rr 

z, 
IcuCt--;o(x)o(y) 

/1/ 
H aaTeM, KllK 9TO 6bJnO CAenaHO B , peiUllTb 38All'iY AnSI KOMnOHeHT 

nong E w H Hw qacTOThi w • PeaynbTaTbi paccMoTpeHHSI noKOSbiBaroT, 

'iTO Kll)I{AYID TO'iKY Z TpaeKTOpHH, B CaMOM Aene ,MO)I{HO C'iUTllTb HCTO'i

HHKOM c$epH'i9CKOH BOnHbi, 3TH BOnHhl HMeiDT npOCTOH $HSU'i9CKHH CMhiCn, 

KOTOpb!H HeTpyAHO Bb!HCHHTb, ecnu OT KOMnOHeHTbl nnOTHOCTH TOKll j 
' (<) 

nepefiTH K nnoTHOCTH AHnOnbHhiX MOMeHTOB p cu , nOnb3YS!Cb COOTHOW9HH-

eM 

P =iwp =i 
(<) (<) (<) 

(3) 

... 
(AHnOnbHb!H MOMeHT Pw TaK )1{9, KaK H j w , HanpaBneH no CKopocTH 

v , T,e. no z ) • TorAa B npocTeiixueM cnyqae npgMonHHeiiHoro H 

paBHOMepHoro ABU)I{9HHg aap~a e nony'iHM, 'iTO 9neMeHTY AnHHbl TpaeK-
, u /14/ 

TOpHU J£ cneAyeT npHnHCllTb AHnonbHb!H MOMeHT 

( ) 
/(<) t • 

pwze J£=- te 
2rr w 

_.!, 
/cu(t- v Je. e (4) 
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3THM npHeMoM onpeAeneHHe nonH ABHmymerocH sapHAa B caMOM Aene 

CBOAHTCH K 38A8'Je 06 HHTepciJepeHUHH nonH BOnH HeiTO!lBHmHbiX llHIToneii, 
xl · . 

pacnonomeHHbiX no BceMy nyTH tJaCTHUbi , CnenoBaTenhHO, ecnn B Bonno-

BOii soHe B penynhTaTe HHTepciJepeHUHH oKameTCH nenorameHHhlM none BOnH 

'J8CTOTbl CtJ OT K8KOrO-nH60 ytJaCTKa TpaeKTOpHH 'JaCTHUbl1 TO ST01 neiicT

BHTenhH01 6yneT 03H8'18Tb HanH'JHe nsny'leHHH STOH 'JaCTOTbi, 

PaccMOTpHM none nunoneii, pacnonomeHHbiX na ytJacTKe TpaeKTOpH~ 

J( OKOnO TO'JKH Z 
1 1 H onpenenHM BenH'IIfHY KOMITOHeHTbl sneKTpH'19CKOrO 

BeKTopa E w B ynanenHoii TO'IKe A , PaccToHHHe oT z 1 no A o6osna-

'IHM R
1 

, a yron Memny R1 H ocbiO z , T.e, Memny R
1 

H ocbiO 

nunoneii, - 'Iepes () • EcnH MomHo C'IHTaTh, 'ITO A nemHT B BonnoBoii 

1 TO 
ZJ nRJ Z J nRJ 

IW(t----J IW(t----J 
v c . v c IWt+ 1cp7 2 

E, .• e Je=-~P ·sinOe 
~ 2R w 

J & --.!.!!..~sin () e 
2rrc2R1 

T8KifM o6pa30M 1 

c 1 

E = 
(Ll 

i e w sin () . 

npn STOM BeKTOp MarHHTHoro nonH H (Ll paBeH 

Jf. (5) 

(6) 

(7) 

x/ 
3TOT Me TOll npHM9HHM He TOnbKO K 38pSIAY 1 HO II K llBIDKYlli9:'-IYCH 

nnnon10 114/, OH o'lJeBII!lHbiM o5paaoM o5o5maeTcSJ u na cny'IaJ1 llbt:n-:eHIISJ L 

nej:.eMeHHOJ1 cKopocTbiO no ngonsBonbHOii TpaeKTOJJIIH. (3anaqa niKoro poaa 
paCCMOTpeHa naciJOMOBbiM /3 I). 
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PaccMoTpHM Teneph none oT tmnonefi, pacnono)!{eHHbiX y TO'IKH TpaeK-

TOpHH .i , yJlaneHHOfi OT z 1 Ha £= z'- Z I , npu'leM 

£ 2 
= ( z' - z 1 ) 

2 .« R : • 

PaccToSIHHe oT z' JlO A paBHO 

2 2 1/2 2 sin 
2 e 

R=[R 1+£ ..,.2R1£cos8] =Rr£cos8+£ -
2
R-

1 

(8) 

(9) 

npu STOM 1 Y'IHTbiBaSI. (8) B paanmKeHHH no CTeneHSIM £ 1 MO)!{HO OI'paHH-

'IHTbCSI qneHOM co BTopofi cTeneHhiO. TorJla ¢aaa nonu B A, O'leBHJlHO, nony

'IHTCSI 3aMeHOfi cp I B ( 6) Ha 

2 e vn . 11£ 2 
¢ (0=- w- (l- -.-cos 8)-- sin 8+ ¢ 

v c ARI I 

(10) 

(aJleCh y'ITeHo, 'ITO ~ = -~ ) , a aMnnHTyJla Ew no-npe)!{HeMy paa-
c ,\ 

ua "(6). l1cnonhaySI sTH ana'leHHSI Ew H ¢ , nony'IHM, 'ITO cyMMapuaSI 

nenH'IHHa sneKTpH'IecKoro neKTopa nonSI oT JlHnonefi, pacnono)!{eiiHbiX ~a 

y'laCTKe L = e 2- el , paBHa 

E (e e > rwt 
w 2' 1 e 

£2 
I 

el 

IW t +lcp (£) 
E e cl£. (11) 

w 

BenH'IHHa Ew noll HHTerpanoM -. sTo, paayMeeTCSI, neKTop, uanpaaneuue ... ... ... 
KOTOporo coana}laeT c BeKTopoM [ R [ R 1 , p w ] • Ecnu, OJlHaKo, KaK 

sTo 6yJleT a }lanbuefiweM, BKnaJl B none B A onpe}lenSieTCSI orpaHH'IeHHbiM 

y'laCTKOM TpaeKTOpHH L 1 npH'IeM £ 1 U £ 2 YllOBneTBOpSIIOT ( 8 ) 1 TO 

MO)!{HO C'IHTaTh HanpaaneHHe E w noll HHTerpanOM nOCTOSIHHbiM (yron 

Me)!(Jly R H R 1 npeue6pe)!{HMO Man, H, KpoMe Toro, <?THoweuue R/R 1 -

npaKTH'IeCKH eJlHHHUa ) •. 
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LlonyCTHM Tenepb 1 'ITO (J = 00 H3 (2) 1 T.e. {3 n cos (J = 1 • Tor-na a 

( 10) cp = cp 1 H He 38BHCHT OT e 1 IIOKB 

e 2 sin 2 (J ------« 1, 
AR 1 

(12) 

Ecnn _el "e2 ynoaneTBOp.suoT (12), TO (11) 9KBHBaneHTHO npOCTOMY cyM-

MHpOBBHIIIO aMnnnTy!lhl nonSI no BCeMy Y'IBCTKY nyTII L = e 2- el 
/Wt+lcpl 

E(e e)e lwt E( )L 

, T.e. 

w 2 • I = w zl e 

3T01 KOHe'IH0 1 He 'ITO HHOe 1 KBK npOCTO aanHCb npHHUHna fiOHI'eHCa !lnSI 

cnoiKeHnSI aonH B HanpaaneHnn (J 0 • 

Kor-na nnSI HanpaaneHHSI (J ycnoaue (2) He BhmonHeHo, TO ¢aaa 

aonH B A 6yneT tPYHKUHeil e H npn e 1 ynoaneTaopSIIOliiiiX (12) 1 6y.JeT 

MeHSITbCSI HB ± 17 Ha 0Tpe3Ke nyTII 'IBCTliUhl ( CM. (1 0)) 

17V 
f ' (13) 

w 1 1 - {3 n ( w ) cos 6 ! 

npn je 1 I paBHOM 2 e' I ¢aaa ll3MeHHTCSI Ha 2 17 II T.n. TaKII:I! o6pa30:I!I 

TpaeKTOpii!O 'IBCTHUhl MQ)!(HO pa36UTb Ha nocne!lOBaTenbHhie Y'IBCTKII .:tni!Hiol 

e ' , KBIK!lOMY H3 KOTOpbiX COOTBeTCTByeT H3MeHeHlle tP83hi B A Ha Benu-

'IIII!y 77 • LlmiHa e , 
I 1 B006lUe I'OBOpSI1 MOHOTOHIIO 38BUCIIT OT IIO:I!epa 

i 1 IIOCKOnbKY ( 10 )' CO!lep1KliT 1 Kp~Me e B nepaoil creneHII 1 TaKJKe 11 

KB8!lp8Tll'lllblll no e 'lneH (unn, 'ITO TO IKe, YI'On (J B ( 13) - B neiiCT-

, BliTenbHOCTH tPYHKUli.II e ) • TaKne 0Tpe3Kll e', MO}I(IIO, O'leBII.QHOI pace :o-w T-

p!IB8Tb KBK 30Hbl <flpeHenSI, C HX nOMOliiblO MOIKHO HBXO.QIITb none 113Hy'IOIII!H 

B TO'IKe A 1 nocrynaSI TaK IKe, KBK aro nenaiOT a onTHKe, npu~Iell5151 npu11-

Ulln fiOili'eHca-<Ppeuen51. YlcnonbaoaaH!Ie aou <PpeuenSI c cai\IOI'O H£PI11na pac

cMaTp!Iaanocb I'naBHhiM 06pa30M KBK !InniOCTp8UIIH1 nOCKOnbKY 13hl'lllt'ne!IUe 

IIHTer-pana ( 11) o6bi'IHO ne npencraanHeT rpynuocreii.. OnHaKo TaK IK0 1 KHK 
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B OIITHKe, rrpnMeHeHne rrpnHunrra c:t>peHensr.:..riOfii'eHca · o6nanaeT rrpenMywecT-
xl 

BOM Hai'nSIJlHOCTH 1 '<ITO MHe IIpeJlCTaBnSieTCSI HeManoBa>KHblM , .fi 6yny 

IIOnb30BaTbCSI 8THM MeTOJlOM 3)leCb nnsr Bb!SICHeHHSI ycnOBilH B03HHKH~BeHHSI 

n HarrpaaneHHOCTH nany"<IeHnsr • .llnsr nnniOcTpaunn aepHeMcsr K cny"<IaiO, KOI'Jla 

{3n( Ct.l·)cos0 ,j,. l 1 T,e, ycnoane (2) He BbiiiOnHeHO, Jlng JlOCTaTO'<IHO 60nbWHX 

R nnnHa' 30Hbl 4>peHensr e; MeHSieTCSI OT 30Hbl K 30He, KaK ljlyHKUHSI 

HOMepa I , nnHefiHo, (B aTOM HeTpyJlHO y6eJlHTbCSI, llCIIOnb3YSI (10) ll. 

JlOIIYCTilB BbiiiOnHeHile (12), ecnn B HeM IIOJl f IIOHHMaTb JlnHHY 30Hbl £
1 

), 

ToPna o"<IeBHJlHO: 

l l 0 
TKt-1 -K; +lK1+1= , ( 13a) 

I'Jle K 1_ 1 , K 1 , K 1 + 1 - aMrrnHTYJlhi rronSI B TO"<IKe A ·, coanaaaeMbie 

nnrronsrMil; pacrrono>KeHHhiMil Ha Tpex rrocnenoaaTenbHbiX aoHax 4>peHensr 

( K
1 

~ a6coniOTHaSI aenn"<IHHa nHTePpana (11), B3SITOI'o rro nnnHe i -ofi 

30Hbi c:l>peHensr). TaKoe paccy>KneHHe rrpaannbHO nnsr n106oi'o y"<IaCTKa TpaeK-
c 

V .< n , T,e, H3ny"<IeHHe, KaK H )lOn>K-Topnn ( T,e, nnsr n106opo 0 ) , ecnn 
xxl 

HO 6b!Tb 1 OTCyTCTByeT , 3TO He BCIOJlY C 
rrpaannbHO, ecnn v •> n . B ca-

MOM nene, TOI'Jla HafineTCSI TaKaS! TO'<JKa Z 
1 

, nnsr KOTOpOfi R'1 o6paayeT 

co CKopocTbiO yPon 0 0 , ynoaneTBopsriOWHH (2). B aTofi TO"<IKe, KaK ann-

Ho na ( 10) , ljlaaa ¢ HMeeT 8KCTpeMYM . J¢_) =0. 
(~df f=O 

xl Ill 
B pa6oTe 0 TaKOM paCCMOTpeHHH He YIIOMSIHYTO, HO B JlOKnane 

Ha BTopofi BCeCOI03HOH KOH!jlepeHUilH IIO aTOMHOMy srnpy B CeHTsi6pe 1937 I',, 
IlpO'<IHTaHHOM MHOIO OT HMeHH Tpex aBTOpOB (l1,E, TaMMa, ll,A, l.fepeHKOBa 
H MOei'O), OHO 6bJnO HCIIOnb30BaHO ( IIOnHblH TeKCT JlOKnana orry6nllKOBaH 
He 6bm), 0"<JeHb KOpOTKO, 6e3 YIIOMHHaHHSI cnoB "30Hbl c:l>peHensr" 1 6bJnO 
CKa3aHO o6 8TOM B pa6oTe I 31 I. npaKTil'<IeCKil rrcine3HOCTb MeTO!~t 6bma 
nnniOcTpnpoaaHa rrpn paccMoTpeHHil aljlljleKTa .llorrrrnepa B cpene ll 1, 
xxl 

3necb Mbi rroKa He paccMaTpnaaeM aoH 4>peHensr, rrpnnePaiOWHX K 
KOHUaM TpaeKTOpHH, ecnn ee nnnHa OI'paHH'<JeHa, 
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Tio o6e CTOpOHbl OT STOH TO'IKR 1 T,e, npR OTpRUaTenbHOM R nonmKRTenbHOM 

e I dlaaa 6yaeT y6biB8Tb, KaK. e 2 I R senH'IRHa ¢ -¢1 CTaHeT paBHOH - 11 I 

Koraa ; e I . ( CM~ (10) ) llOCTR~HeT senR'IRHbl 

e'=v>..R (14) sin 0 0 
·: 0ARHaKOBOCTb ~aa·sonH OT ARnoneii: DO o6e CTOpOHhl OT z 1 npRBOART 

·~· K TOMY1 'ITO nonst llBYX nepBblX 30H <f>peHenst1 £1 R £_1 1 npRneraiOillRX 

· '(: o6eRX CTOpOH K STOH TO'IK91 He racstT llpyr .llpyra 1 a CKnallblB8JOTCSl1 J{H

Tep~epHpyst c nonstMR cneJlyronmx aoH <l>peHenst, TipRMeHstst npRHURn <l>peHe-

nst-:-froii:rellc~ 1 Haxol:tRM~ 'ITO none ·Rany'leHRst a TO'IKe A 

0Tpe3KOM llnRHbl £' C UeHTpOM B · Z 1 

onpeAensteTcst 

01:Cl0l18 nonyqaeMI 'ITO aonHa;·. npRXOllstmast B A I RMeeT HanpasneH-

HOCTbl aanonHstromyro HHTepsan yrnos oT 00 -llO ao 00 +1l0 • OH onpeJlenst-

eTcst yrnoM1 noa KOTOpbiM na A BHlleH oTpeaoK £' 1 ·T,e, 

. ( 15) 

· liTo KacaeTcst ~onst B TO'IKe A 1 To cpaay nony'laeM 

(16) 

, rae c/J2 - HeKOTOpoe CpeaHee 3H8'19HRe cp B ,HHTepsane H3MeHeHHSl £ 

OT 0 llO £. '.. , Tioc~.on~KY ~aaa MeHsteTCSl npH STOM OT cp 1 . JlO cp 1 -11. 

H H3MeHeHHe ee ,.nponopU~OHanhHO. · · £.2 · 1,. TO MOX<HO npeanon;~HTb 1 'ITO 

cpeilHHii: cliaHr ~aabJ 6raeT ¢ 2 _=_¢1 _ .. ;- • Tor~a 1 ucn.onhayst "(5) u 

( 14 >; nonyqaeM ( nocKOnhKY · >.. = hE- ) : 
. ;: .. run 

''·:·· 

"·ie ru 
z 1 nRr 11 

/ru(r- ----1-1-
v . c 4 

e (17) = 
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ct>opMym.i (15) Ji ( 17), .neiicTBHTem>no, ilaiOT npaBH1IbHbiii pesynbTaT .nnsr 
· · · · · · · ·'' . · xl 

•BenHIJHHbi anei<TpH'IeCKoro BeKTopa Bonn B A H .nnsr' nanpaBneHHOCTH Borin • 
,,I • \ .. ~ 

___ ; 
x/ 

_ ct>'opMYna. ( 17), KOHeiJHo, cpasy -nony-.IaeTcsr BbiiJHcnenHeM HHTerpana • ,. 
(11) B npe.nenax OT f::-.oo AO f=+.oo, ecnH B (lO)·ciJHTaTb OT1IIfiJHbiM·OT Hy:_-
1IR T01IbKO. IJ1IeH c e 2 130/. B caM OM .nene, . . . . . . . 

00 . :· . . -~ 17tf 2 ' -- '177 .. 
. ICLlt +- 1cp(f) · . ICLlt.+ 1cp1 +oo --A-- sln

26 . y"AR
1

. ICLlt+l¢ 1 -~ 
.E e · f e · df .. Erue f e · R1 · df=--. -.E •· ·. (i8) 

CLl __ 00 -:-.oo • ·sm 6 0 CLl 

n OllCTaBnRR 3HaiJeH~e E(il ' H3 :(6), nonyiJaeM. ( 17). DpH 9T9M• _ecnH 3allaHO . 
. Rl • TO. neo6XO.AHMO, IJT06bi s~n Oo ne 6bl11' OIJeHb MBlibiM, T.e. pn(eu )·:> l I 

ToKo HHaiJe a!fl!fleKTHBHaH anlfHa, BHOCRUlBR, onpe.Ae11Rl0Ullfll BK1181l B ·.lfHTerpan 
(18) (~na nopMKa f'. H3 (14)), Y*e ne 6y.neT YllOBneTBOPRTb (8). 

llnH STOI'O, OIJeBHAHO, Heo6XO.AHM01 IJT06bi 

.. 2 ' l 
R 1 sin (} 

0 
= R1(1 -

2 2 
J ·» A • 

· .- , . · p n (ru} 
( 19) 

Do11bsyncb .(17), nerpy.nno onpe.nenHTb aneprHIO HSnyiJeHHR. B caMOM Ilene, 
cneKTpanbHaH n'nornocTb ·aueprHii B TOIJKe A paBna 

+oo 
f S dru = _c_ f· dt 

CLl 4 7T -.oo 

dru f ~; ,e'ru't+l¢,; _dru'. (20) f E Ae ICLlt+lcp 
()) . 2 

Bhmonnnsr HHTerpHpoBaHHe 'no If npHHHMaH BO BHHMaHHe, IJTO 
+.oo I(CLl+CLl ') t •· 
f e dt .. 2rrMru+ru '), (~1) 

nony.IJHM (c_M. (t7Y,H (7)) 
."''' ... 

A C. A A A .. A · . .e 2ru 
f ·S·dru=·-.....:f(E .H +E .H }d<J=f---dru. (22) 

ru • 2 · +ru · -ru -ru +ru . 2 11 c2 R 
1 

~ . ; 

lln.sr' TOI'O, IJT06bi nonyiJH,Tb aueprH~; 'H31IyiJaeMYID iia ·eillfHHUe' an~H~l 'nyTH 
'I!iCTHUb11 HY*fiO onpe.Ae1IHTb noTO_K 9Hepl'Hif 1Jepe:3: 60KOByio noBepXHOCTh · Ulf-
1IIfHilpa c OCb_IO, COBn_~.AaiOUleii C TpaeKTOpHeii IJaCTHUbi,'H pallHYCOM r 1 . .:R I ·sin(}, 
na KoropoM 'ne*HT TOIJKa A ·• BenHIJHHa rioaepxaocTH TaKor6 uHriHn.npa, 
cooraeTcTay~mero o6pasy10mea e.nHUHIJHOii A1IHHbi, paBila ·s = 2 rrR !'sin (} ·: YM:-
HO)I{asr noT~K S ! · · na s If yiJHTbiBasr; ·'ITo· rioToK nanpaanen 'lloll yrnoM · 

(} , ewe na sin (} , H3 ( 22) nony'IaeM H3BecrnyiO !flopMyny 

e 2 ru · e 2 ru . ·l 
W - dru = sin 2() dru = -- (l-~ J d ru • 

ru c2 . o c2 . . p n . . 
(23). 
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< > 

. 3necb He B03HHKaeT COMHeHHSI B TOM, 'ITO ecnH none .B TO'IKe A 

'-OnpenensteTCSI cno}l{eHHeM BOnH OT JlHnonefi Ha 0Tpe3Ke f' , TO 9TO He 

npOCTO MaTeMaTH'IeCKHH npHeM. :3TO 03Ha'laeT, 'ITO H3ny'leHHe '18CTHUbl B 
~ . . . ' 

~ C8MOM nene npOHCXOJlHT' Ha BCeM nyTH. ·H HanpaaneHHOCTb TaKOBa, 'ITO; B 

TO'IJKY A npHXOJlSIT BOnHbl OT' y'laCTKa f' 

Bcerna nn nnnHa e' · , onpenenstiOlllast a¢¢eKTHBHhifi BKnan· a none 

BOnH H TeM C8¥biM HX HanpaaneHHOCTb, paBHOCHnbHa npOTSJ}I{eHHOCTH HCTO'IJ

HHKB CBeTa? Bonpoc 9TOT ~e CTOnb· aneMeHTapeH, K8K KB}I{eTCSI, Ho BO BCSI

KOM cny'Jae cefi'lac cnenoaano 6bx HHa'le ¢opMynnpoaaTb HeKOTOpbie yTsep}l{-
/1/ 

JleHHst, conep»<amnecst B Hawefi CTaTbe , xoTst OHH n nocny}I{ItnH KniO'IOM 

K nocTpoeHHIO Te.opnn. B caMOM nene, OTMeTHB xapaKTepHyiO HanpaaneH

HOCTb H3ny'leHHSI, Mbl ·nnweM: " 0TC10Jl8 HenocpeJlCTBeHHO BbiTeKaeT,· 'ITO 

6oM6apnnpyel'1oe aneKTpo.HaMH semecTBO .~anyqaeT KOt'epeHTHO, no: KpafiHeii 

Mepe Ha npOTHlKeHHH, cpaBHHMOM no CBOHM pa3MepaM C nmiHoii BHJlHMOI'O 

caeTa. TaKHM o6paaoM;' a~o H3ey'IJeHne He MO}I{eT 6biTb Bbi3BaHo Hii paccest

'HHeM aneKTpOHOB Ha 8TOMHbiX SIJlpax, HH B38HMOJleHCTBHeM C OTJlenbHbiMH 

8TOM8MH~. 

YTaep}I{JleHne, cnenaHHOe B nepaoii ¢paae, B neiicTBHTenbHOCTH Tpe6y-

• • eT 060CHOB8HHSI, a BTOpOe YT~ep}I{JleHHe, ecnH C'IJHTaTb ero cneJlCTBHeM 

Hanpaane'HHOCTH -·H3ny'IJeHHSI1 - npOCTO OWH60'IJHO, :3TO CTano O'IJeBHJlHbiM no'IJ

,. -TH cpaay }l{e H Jllzst MeHst nonro · 6bmo · npeJlMeTOM orop'leHnfi. OnHaKO · 'nnst 

Teopnn a¢¢eKTa Baanhoaa-llepeHKOBa aTa ¢paaa cosepweHHO He cymecTaeH

Ha,• H noToMy He 6bmo ociioaaHHii ee ncnpaanstTb. BepostTHo, no aTofi }l{e 

''npH'IHHe 3a CTOnbKO neT HHKTO Jlpyrofi He o6paTHn Ha· Hee BHHMaHHSij XOTSI 

Hawa cTaTbst 6bma n'epenanaHa BHOBb B 1967 r. x/. 11 ecnn st acrioMHHaiO o6 

aToM Tenepb, TO TonbKO noToMy, 'ITO 9Ta cTaTbst nocastmeHa _ pa6oTe 
111 

11 

3]leCb OHa npstMO npOTHBOpe'IHT Jl8nbHefiweMy TeKCTy. 

x/ /1 2 3/ ' 
CTaTbH ' ' 6binH ony6nnKoBaHhi B 106nnefiHOM HOMepe Yci>H 

( T. 93, oKTst6pb 1967 r.). 
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. ·-

no cymeCTBY~. RMeHHO B CBH3R-c. 3TIIM B HaiiJeii: 6onee. II03}lHeii: 

CT8Tbe c vf.E. Ta~MOM (1944 I',) npRaoimTCH 6ea pa3'bslCHeHRH }leTaneif 
. . . ./3lJ ' . . . . 

cneJlyiOmee paccy:lKJleHRe · • PaccKaaaa o TOM, 'ITO npR cKopocTR, MeHb~ 

meii: '$a.~OBOH CKOpOCTil CBeTa, CyMMHpOB8Hile, BOnH Ilpll HeOI"pa~IR'IeHHOfi . . . . 
JlnHHe nyTH He Jl(leT OTnll'IHOI'O OT HynH peaynbTaTa,. Mbl BMeCTe C. ,TeM 

Me'laeM oco6eHHOCTb KOHe'IHOI"O npo6el"a '18CTHUbi H. nHmeM·: .. "0JlH8KO If B. - . 
aTOM cny'lae (T.~. npH ,Bn:<.l-11.<1>.) npH· ni06oM.KOHe'IHOM L 

·TaTbCSI He CKOMneHCilpOBaHHOH HeKOTOpaSI He6onbmasi 'laC!~> nonst, KOTOpaSI. 

npll aospacTaHHH L cTpeMHTCSI K HeKOTopoMy nocTOSIHHOMY SHa'leHHIO. 

3ToT ocTaToK onpe~enHeTcst peaKoii: ol"paHu'leHHOCTbiO. JlnHHbi_ · L , cooT;; 

Be!CT~YIOIIl~ii: B Hameii: MO~enll CKa'IKY CKOpOCTil aneKTPOHa B Ha'lanbHOii: 

KOHe'IHbiX .,TO'IKaX caoel"O nyT!l. Onpe}lenSieMoe 3THM CK8'IKOM · HSziy'leHHe 

paCCMOTpeHO. paHee OllHHM ll3 Hac" (3Jl9Cb npHBOJlllTCH CCbinKa Ha pa60Ty·. 

. . T /11/) . . 
I1.E. aMMa • 3TO !l3ny'leHHe, CBH3aHHOe. C pe3KIIM ycKopeHHeM Hnll 

TOpMO:lKeH!leM, paayMeeTCH, MO:lKeT 6biTb Bbi3B8HO B3!=illMO}leii:CTB!leM C 
' . . 

}lenbHOH '18CTHUeii: If npll penHTIIBIICTCKIIX CKOpOCTHX ( TO'IHee, npll ,8 n 
. . . . . . ' 

oqeHb ManoM. no cpaaHeHillO C e}lllHHUeii:), KOHe'IHO, HM13eT uanpaaneHHOCTb! 

3To npsiMO cne}lOBano ll3 pa6oTbl. T aMMa, 

TonbKO ¢opMyna }lnst nonHoii: aHepl"llll uany'leHHH (anonHe otieaHJlHbiii: 

*Y.TO'IHbiii: ·sTan Bbi'IHCneHHii:, onpe}lenHIOIIlllii: yl"noaoe pacnpeJleneuHe, 

onynieH) • HesaBHCIIMO Te: :lKe Bbi'IHCneHHSI 6binll C}lenaHbl If MHOIO,. HO st' ~e 
.ny6nRKoaan iix oTJlenbHo, nocKonbKY OHH nepeKphmHcb pa6oToii: TaMMa. _. 

I1nniOCTpllpyeM CK83SHHOe C .nOMOIIlblO SOH <l>peuenH, KOTOpb!e If liMe.,. . . . . 
· . • /31 I 

nHCb B BllllY B npHBe}leHHOil UHTaTe .. H3 pa60TJ;>_I : t KOI"ll8 l"OBOpllnOCb: 

0 H~KOMneHCilpOB8HHOM none, CBSI3aHHOM C KOHUaMil npo6el"a, 

· .llonyCTIIM, ':iTO '18CTIIU8 JlBH:lKeTCH paBHOMepHO If npHMOnHHeii:HO 

uaanHaaeTCSI Ml"HOBeHHO B TO'IKe z I. , PacCMOTpllM none ,Jlimoneii: Ha ·ny-
_... ' 

Til 'laCTRUbi, npe}lWeCTBYI91Il9M .e·e OCTaHOBKe, 3TOT nyTb pa306beTCH 

Hbi <l>peuensi, npH'IeM; o<leaHJlHO; ( cM. 13a) 
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fK 1 +l-}K 1 -K 2 ++K 3 )+··· = -f-K 1 , 

rAe K 1- aMnnnTylla nonSI aoHbi cf>peHenSI, npnne)Kameii: K TO"'Ke z 1 , K2 -

c.iieJlyiOmeii: n T.Jl, T aKHM o6paaoM, none B z 1 , onpeJlenSieMoe ocTaHOBKOii: 

.. aap5IIla B TO"'Ke z 
1 

, paBHO nonoBnae Benn"'HHhi HHTerpana { 11 ) no yqacT-

KY TpaeKTOpHH JlnllHhi £' , T,e, OT z '= Z J -£, llO z 1 n, cnellOBaTeJib-

, HO {eM, (iO) H {5) H {13) ), 

E A e 1 wt + 1 if> 1 = 
w 

IW'£ 0 IWt + 1rp·1-- (I -f3n!wlcos01 
J v ev 

=- f Ewe J£=-.---2-
2 -£~ 2TTc R1 

sin (J IW f+ lcp I 
e . . 

{24) 

J- f3 n cos 0 

0TCIOJla1 nOJib3Y5ICb <jlopMynaMH {2fD)-{22), HaXOilHM cneKTpanbHyiO nnoT

HOCTb SHepi'HH B TO"'Ke A { CM., HanpnMep, <PopMYnY { 11) B 
1331

): 

·s ----- {25) 
w 

· · HecMoTpSI aa To, 'ITO TOpMO)KeHiie "'aCTHUhi npouaomno Ha CKOnb yrollHO 

ManOM nyTH 1 B03HHKaeT HanpaBneHHOC~b H3ny"'eHHSI Bnepell1 ecnn TOnbKO 

, {3 n - Benn"'HHa He O"'eHb ManaS! no ,cpaBHeHHIO C eJlHHHUeii:. MO)KHO TaK)Ke 

HanHcaTb cneJlyiOUlee 6eapaaMepaoe COOTHOllleHHe, COJlep)KaUlee £' { CM, 

{13), na KOToporo cpaay cneJlyeT ycnoBne HanpaBneHHOCTH: 

2£' 
A 

wn(w}£' 

TTC 

f3n(w) 
{26) 

:1 J- f3 n ( w) cos 0 I 

' .TaKHM o6pa30M1 HanpaBneHHOCTb B03HHKaeT TOI'Jla, KOI'Jla BenH"'HHa £' 

nopSIJlKa nn11 6onhme >. , I'lle A - JlnHHa BOnHhi B cpelle. 

Ha TOI'O <jlaKTa, 'ITO npn BHe3anHOii: OCTaHOBKe llBH)KYUlei'OCSI aap5IIla 

none nany"'eHHSI onpeAenSieTCSI JlnHHOii: nyTH nopSIJlKa £' n MO)KeT JlaTb Han-
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paaneHHOCTb, eme He cne)lyeT, 'ITO Ha STOM 0Tpe3Ke nyTH JleiiCTBHTenbHO 

npOHCXOJlHnO H3ny'l:eHHe, T.e. 'ITO OHO Ha'l:anOCb eme JlO OCTaHOBKH 38pHJla. 

'4To6br cneJlCTBHe He onepe:lKano npu'l:uuy, cneJlyeT yTaep:lKJlaTb, 'ITO pesynb

THpyromee none, cos)laBaeMoe TopMo:lKeHHeM sapMa B TO'l:Ke z 1 , cymecT

BeHHhiM o6pa30M onpe)lensreTCSI npeJlWeCTBYIOI!leii HCTOpHeii' JlBU:lKeHHH 'IBCTH

Ubl Ha nyTH nopMKa e, x/. B caMOM Jlene, no onpeneneHuro, e, - STO 

)lnUHa nyTH, C KOTOpoii B TO'IKY A BOnHbl npHXOJlHT C pa3HOCTbiO QJ83 He 

6onbweii " , T.e. c aonHoaoii TO'IKH speHusr OJlHOBPeMeHHo. TaKHM o6pa-

30M, XOTSI JlnHHa f ' H onpenensreT usny'l:eHHe, HO OHa He BCei'Jla TO:lKJleCT-

BeHHa nyTH1 Ha KOTOpOM OHO npOHCXOJlHTo 

LinuHa f' · urpaeT 6onbwyro ponb. B npoueccax usny'l:eHusr 6brCTpbrX 
/34/ . 

'18CTHU H HOCHT H83B8HHe )lnHHbl KOI'epeHTHOCTH, HnH JlnHHbl QJOpMHpO-

BaHHSI QJOTOHa. IloCKOnbKy OHa COJlep:lKHT noKa3aTeUb npenoMneHHH n ( (() ) , 

To, o'l:eaunao, cymecTaeuuoe sna'leHue nnsr usny'l:eHusr no~:lKHa HMeTb cpena, 

B KOTOpoii npOHCXOJlHT H3Uy'leUHe (cM.,HanpHMep, QJOpMyny (25) ). IlpHMe-' 

HHTenbHO K 6onbWHM aueprusrM <jloTouoa a<PQJeKT imoTHOCTH B TopMosnoM 
/35/ usny'leHHH 6bm npencKasau Tep-MuKaensrnoM • 

.QonyCTHM Tenepb, 'ITO 38pH)l e He OCTBHOBHncg B TO'l:Ke z 7 1 
a 

uao6opoT, noKosrmasrcsr 'l:acTuua BHesanuo npuo6pena a aT,ori TO'l:Ke c~opocTb 

v H saTeM ueorpann'leuuo nonro JlBHranacb anonb ocu z • Mbr, oqe-

BHJlHO, nony'laeM npH STOM TOT :lKe pesynbTaT, .'ITO H JlnH OCTaHOBKH . 'l:ac

THUb11 a HMeHHo: none onpe)lensreTcsr nonoauuoii nepaofi sonhr c!>peuensr. B 

pesynbTaTe BHOBb nony'IHM Ty :lKe <jlopMyny (25). TaKHM o6pasoM, none 

H3ny'leHHSI cymeCTBeHHbiM o6pa30M onpe)lensreTCSI He TOUbKO MOMeHTOM yc

KOpeHHH, no nocneJlyromHM JlBH:lKeHHeM 'l:aCTHUhr. Mo:lKuo, BHJlHMo, aro <jlopMy .. 

nupoaaTb TaK, 'ITO 'l:acTuua, na'l:aB caoe JlBH:lKeune, nponon:lKaeT usny'l:aTb 

Ua Jlnuue nyTH UOpSIJlKa )lnHHbl KOI'epeUTHOCTHo 

x/ 
Ilpu f ">>A MO:lKHO 060CHOB8Tb STO YTBep)!(JleHHe, paCCMOTpeB CHny 

peaKUHH nong Ha JlBH:lKYIIlHHCSI sapM. 
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06paTHMest Tenepb K eny'laiO, KOrAa TpaeKTOpHSI 'laeTHUhl orpaHH'IeHa 

e o6enx eTopou H npo6er paeeu L . npn neqeaaiOIIle ManoM 'L 110 epae

lle!IHIO e e~' none nany'leHHSI B A 6yAeT npaKTH'IeeKH OTeyTCTBOB8Tb. (3ua

'leHHS1 HIITerpana ( 11 ) llpH BepX!IeM H HH>KHeM rtpeAene 11p8KTH'IeeKH eoB

I18A8KlT): PeaynbTaT B A 6yAeT TaKOB, KaK eenn 6bi H3MeHeiiHSI eKopocTH 

eoo6me ue IIPOHeXOAHno. npn yeenH'IeiiHH L ' 110K8 L.<< e' ' peaynbTHpyiO

lU8SI aMnnnTyAa nonst B TO'IKe A 6yAeT eoapacTaTb nponopunouanb!IO L . 

. Mbi nony'laeM, eneAoBaTenbuo, Hany'leHHe paeuoMepuo ABH>Kymeii:eg qaeTH

Ubi, AnSI KoTopoii: yenoeHe (2) ue Bhmonueuo, npH'IeM aTo Hany'leHHe eymeeT

eeHIIbiM o6pa30M 38BHeHT OT UanH'IHSI H8'18nb!IOH H KO!Ie'IHOH .. TO'IKH ee 11p0-

6era. 3TOT cnyqaii: HMeeT 6onbmoe auaqeuHe B pae'leTax TOpMoauoro Hany

qeunst penstTHBHeTeKHX qaeTHU B nnoTuoii: epeAe. Eenn MUoroKpaTuoe pae

eestHHe HapymaeT KOrepe!ITIIOeTb nong 'laeTHUhl 118 AnH!Ie 'L.<< e' , TO TOp

M03HOe nanyqeune oKaabmaeTest eun>KellllhiM ( a<!J<!JeKT nauAay-n oMepauqy-

/37/ 
K8 ) • Ponb KOIIUOB TpaeKTOpHH 3Aeeb O'leBHAH81 H eenH He Bbii10nHeHO 

yenOBHe (2), TO B03paeT811He nong llpH yeenH'IeHHH L eTpeMHTest K npe
/31/ 

Aeny (eM. llpHBeAeiiHYIO Bhlllle UHTaTy H3 pa60Tbl ) • 

CyMMHpyst eKaaauuoe, Mhi MO>KeM yTeep>KA8Tb, 'ITO eenn B KaKoii:-To 

MOMeHT 11pOH30IIlnO H3Me!le!IHe BenH'IHIIbl {3 n , npH'IeM KOrepeiiTHOeTb 110-

ng OT ABH>KeHHSI AO H 110ene aToro MOMeHTa He HapymeHa, TO HMeiOT 3H8-

'IeHne AnHHhl £ _ J H e + J , 11pHner8IOIIlHe e o6eHX CTOpOH K TO'IKe eK8'1K8 

(3n • 3T0
1
B eaMOM Aene,XOpOIIlO H3BeeTHO AnSI nepeXOAHOrO H3ny'leHHS1 

. /36/ 
, (eM., H811pHMep, ), .B KOTOpOM eK8'10K Ha rpaHHUe p83Aena Hellb!Tbl-

eaeT n • CneAOBaTenbHo, Anst BbiAeneHHOii: 'laCTOThi (U H npH yenoeHH, 

'ITO e , He oqeHb Mana 110 epaBHeHHIO e A ' Henb3SI onpeAenHTb H3nyqe

HHe, 38A8B 38KOH ABH>KeHHSI 38pS1A8 B K8KOH-nH60 tPHKeHpOB8HHOH TO'IKe ero 

llyTH. !1any'leHHe OllpeAensteTCSI KOrepeHTHbiM eno>KeHHeM BOnH OT yqaeTK8 

nyTH, AnHHa KOToporo Mo>KeT 6biTb nopstAKa . ·e' . Dnst eonu, npnxoAstlllHX B 
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TO'iKY Ha6niOlleHHSI A t. STO COOTBeTCTByeT HeCKOnbKHM nepHOllaM KOne-

6aHHSI 
x/ 

B saK.ino'ieHne paccMoTpHM eme OllHH Bonpoc, ynoMSIHYTbiii no XOllY 

CTaTbH, a HMeHHO, BOnpoc 06 SHepreTH'ieCKOM BbiXOlle HSny'ieHHSI BaBH~OBa

qepeHKOBa, ITpu paspa6oTKe Teopuu, KaK y~e ynoMHHanocb, OH·npellCTaB

nSin HeKoTopyro TPYllHOCTb, B caMOM llene, llnSI llaHHoii· 'iaCTOTbi (t) - usny

'ieHue Ha ellHHHUY llnHHbi nponopunoHanbHO (eM. !jlopMyny (23) ) 

2 1 --. ·sin 00=- {32n2((t)) 

IT pH HSMeHeHHH n MeHSieTCSI H a!jl!jleKTHBHaSI BenH'iHHa ·sin 2 (} O , H pas-

nH'!He BbiXOlla llOn~HO 6binO 6biTb BnOnHe 06Hapy~HMO llnSI TeX ~HllKOCTeii, 

KOTOpbie uccnellOBan qepeHKOB, OllHaKo qepeHKOB He Ha6niOllan B npellenax 

SKCnepHMeHTanbHbiX OII!ll60K HSMeHeHHSI SipKOCTH CBe'!eHHSI pasnH'!HbiX ~Hll

KOCTeii, 06'bSICHeHne STOMy OKasanOCb npOCTbiM, B l{eHCTBHTenbHOCTH B ero 

I OnbiTaX HSMepSinCSI He BbiXOll HSny'ieHHSI, ·a ero SipKOCTb, Ha6niOllaeMaSI llnSI 

KaKoro-nu6o !jluKcupoBaHHoro HanpaBneHHSI. Me~llY TeM SIPKOCTb npu npe

noMneauu_ us ~HllKOCTH B BOSllyx MeHSieTcSI (aneMeHT TenecHoro yrna npu 

npenoMneHHH BospacTaeT B n 2 pas). 

Koa!jl!jluuneHT 7 , BBelleHHbiH IT.A. qepeHKOBbiM no MOeMy COBeTy 

B O~HllaeMyiO SaBHCHMOCTb BbiXOlla HSny'!eHHSI OT n Cllenan ee B caMOM 

llene Mano 'iYBCTBHTenbHOH .K BenH'!HHe noKaSaTenH npenOMneHHSI. llnSI 

HCCnellOBaHHbiX cny'!aeB, B lleHCTBHTenbHOCTH STOT a!jJ!jleKT HeCKOnbKO cnolK

Hee H SaBHCHT OT ycnOBHH HSMepeHHSI, B nanbHeiiweM BOnpoc 6bin 

x/ 
HHTepBany BpeMeHH llBH~eHHSI 'iaCTHUbi t' c nocTOSIHHoii,cKo

pocTbiO V B TO'!Ke A O'i9BH!f.HO COOTBeTCTByeT paSHOCTb BpeMeHH sanaSllbi-

BaHHSI BOnH r = _1_ t' 13 1, rlle a - "Koa!jl!jluuneHT KorepeHTHOCTH" . . .· a . . . 

a=-
1 - f3 n cos(} 
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BbH!CHeH 9KCnepHMeHTallbHO, ilpoapa'IHblft COCYllHK C CBeTS!llleHCS! :>KHllKOCTblO 

noMemallCS! BHyTpb ~OTOMeTpH'IeCKOrO mapa, ilpH 9TOM H3Jly'leHHe, cpaay 

HllH nocne HeCKOJlbKHX OTpa:>KeHHH1 noJlHOCTblO BbiXOllHllO H3 cocyna H ycpen

HS!JlOCb B mape, T aKHM o6pa30M, Ha6nronaeMaS! B ~·oToMeTpH'IeCKOM mape 

. . 
npKOCTb llOJl:>KHa 6bma 6biTb nponopUHOHallbHa BblXOllY H3Jly1JeHHS!, l13MepeH-

HblH TI,A, qepeHKOBbiM B <ITHX ycnOBHS!X BbiXOll1 AeHCTBHTellbH01 noKa3all 

. ~ /24/ 
.HallH'IHe O:>KHllaeMOH 3aBHCHMOCTH OT n , 

H ynoMnHyn anecb o ponH npenoMneHHS! CBeTa noToMy, 'ITO npH BH-

. ayanbHOM Ha6moneHHH CBetJeHHS! ( HanpHMep, H ceiitJac, Korna CMOTpS!T Ha 

CBe'leHHe BOllbl B. peaKTOpe) OHO BCerna Ha6llJOllaeTCS! BHe TOft CpeAhi, B 

KOTOpOft OHO B03HHKaeT, ilOCKOllbKY He 6biJ10 HHbiX MeTOllOB 1 KpOMe BH3yanb

HOro, TO B CBOe BpeMS! 9TO npellCTaBJlS!JlOCb cymeCTBeHHbiM, B CBS!3H C 

. . /12/ 
aTHM B MOeM o6aope 1946 r. HMeeTcn npHMetJaHHe, cnenanHoe Ha oc-

HOBe C06CTBeHHOrO OllbiTa1 KOTOpbtft, KaK S! Hallel0Cb 1 HHKTO y:>Ke He 6yneT 

noBTopS!Tb (no Kpaiineii Mepe YMbimneHno): 'HcKnrotJeHHeM nBnneTcn, no-

• :>Kanyi1
1 

TOJlbKO CBe'leHHe, B03HHKaJOmee B :>KHllKOCTH 1 HanOJlHS!JOmeii 1JeJlOBe-

1JeCKHH rnaa, 8TO CBe'leHHe OT'IeTJlHBO BHllH01 eCJlH ITOllHeCTH K rnaay B 

. TeMHOTe npenapaT, ucnycKaromHii raMMa-ny'IH'. 

B03MO:>KH0
1 

OllHaK01 'ITO TaKOH OITbiT, XOTS! H B 6onee 6eaonaCHOM Ba

pHaHTe, HeBOllbHO BocnpoH3BOllHllCS! Tenepb. KocMoHaBTbi Ha6nronaroT c aaK

pbiTbiMH rna3aMH MrHOBeHHbie BCnbililKH CBeTa, He S!BJlS!lOTCS! JlH 9TH BCITbllil

KH CBe'leHHeM BaBHllOBa-qepeHKOBa BHYTPH rnaaa OT tJaCTHU nnoTHbiX Koc

MH'IeCKHX JlHBH~li HJlH 'oT KOCMH'IeCKHX MHOroaapS!AHbiX tJaCTHU? 

BoaBpamancb K npomnoMy, n xoTen 6bi aaMeTHTb, 'ITO OllHHM H3 npen

'MeTOB MOHX orop'leHHii, KOTOpbiA o6cy:>Knancn c H.E. TaMMOM, 6hmo To, 'ITO n 

.He BHllell B03MO:>KHOCTH npHMeHeHHS! H3lly'leHHS!1 OTKpbiTOrO BaBHJlOBblM H qepeH

KOBbiM, Ebm, B 1JaCTHOCTH 1 paCCMOTpeH H BOnpoc 0 B03MO:>KHOCTH B03HHKHOBe

HHS! 9TOrO H3Jly'leHHS! B aTMOC~pe noll neftCTB~eM KOCMH'IeCKHX lly'leH, 0Ka3a

nOCbi'ITO BKJlall 9TOrO BHlla H3ny'leHHS! B Ha6nrollaeMoe CBe'leHHe HO'IHOrO He6a 
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(nccneJlOBaHHeM :9TOI'O CBe'IeHH.II .II B 1934 I', 38HHManC.II COBMeCTHO C TI,A, tfe

peHKOBbiM H H.A • .llo6poTHHhiM) o'IeHb neaHa'IHTenen, Ha6moaaTb BCIIhilliKH 

OT KOCMH'IeCKHX nnBHeii rrpn Manoii rrnomaan apa'IKa Pnaaa raK>Ke 6bmo 

6e3H8Jle>KHO ( B IlpHHUHile 1 B03MO>KH01 TBKHe BCilbllliKH BHilHbl B TeneCKOI1
1 

HO Ha6n!Oil8Tb HX MelllaeT CBeT 3Be3Jl, Oilpeaen.IIIOlliHH IlOCTO.IIHHYIO_ KOMIIO

HeHTy CBeTa), Tiono>KeHHe C IlpHMeHeHHeM H3MeHHnOCb TOnbKO MHOI'O neT. 

crrycTsr rrocne IlO.IIBneHH.II <f!oToyMHO>KHTeneii, o '!eM B To BpeMH eme nenh3.H 

fihJnO Me'IT8Tb, 

CoBpeMennoe rrono>KeHHe c rrpnMeHeHHSIMH nanytteHH.II BaBnnoBa-t.IepeH~ 

KOBa B pa3nH'IHbiX o6naCT.IIX <fJH3HKH, a TBK>Ke H 3H8'IHTenbHbiH BKnaa,_ BHe

CeHHb!H Il03>Ke B paanH'IHh!e o6o6meHH.II TeOpHH, . .II He 6yay paCCMaTpHB8Tb, 

3Ta CT8Tb.II IlOCB.IIllleHa HCTOpHH rrepBOH TeopeTH'IeCKOH pa60l'bl, H IIOCneJlyiO.:. 

llJHe pafiOTbl 3aTpoHyThl 3/leCb numb 'IBCTH'IHO H TOnbKO B CB.II3H C Heii, 
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