ABNEHUVE KOMIMTOHA.
J1. AmlTpyMm.

1. BectynneHme. — 2. OcHoBbl Teopun [eb6as-KomnToHa.— 3. CmeleHne cnek-
TpasibHbIX NIMHUIA. — 4. ABneHne KoM N TOHa 418 CBA3aHHbIX 3/1IEKTPOHOB. — 5. BosHoBas
Teopusi sasneHNs KomnToHa. — 6. [BuKeHWe 3/1eKTPOHOB. — 7. VIHTEHCMBHOCTb BTO-

PUYHbIX Nly4Yeil.

1. CorflacHo Teopun CBETOBbIX KBAHTOB B Toli ¢hopme, Kakas 6bina
npugaHa eii dWHwWTeHom fI], uanyyeHme pacnpocTpaHseTcs B Mpo-
CTpaHCTBE He B BM/E BOJIH, & B BUAE OFpaHUYeHHbIX OUCKPETHbIX KO/TMYECTB
3Heprun, KBAHTOB, 3aKJ/IIOYEHHbIX BHYTPWU Heb6onbloro o6bema U o6na-
JalnLWnx onpefesieHHbIM KO/TMUYECTBOM [ABUXEHUS. DHEprusi Takoro KBaHTa-

7 b
paBHa T, a KO/M4YeCcTBO ABWMXKEHUA pPaBHO , rae i — nocTtosiHHas

MnaHkKa, "— uncno KonebaHWii B CeKYHAY, C— CKOpPOCTb cBeTa. B3aumo-
[eNCcTBUe KBAHTOB C MaTepuasibHbIMWU YacTMuaMn NPOUCXOAUT Ha OCHOBaHUM
3aKOHOB COXpPaHeHMUS 3HEePrMu U COXPaHEHUS KOMIMYECTBA [BUXKEHUS.

JTa Teopusa oKasasiacb 4pe3BblYaliHO MOSIE3HOW MPU 06bACHEHUM pas-
NINYHBLIX  ABNEeHWA. [NnA HeKOTOpPbiX SBMEHWU B3aMMOLENCTBMA  Mexay
mMaTepuein M Ny4yucToil 3Heprueih oHa fJaeT eAWMHCTBEHHOE paluoHasbHoe
o6bsicHeHne. Ciofa OTHOCATCA SABNEHUA (DOTO3NEKTPUYeCcTBa, NMPU KOTOPbIX
3HEeprus KBaHTa, MOrfoWeHHas LEeNMKoM, 3aTpayMBaeTcss Ha coobuieHue
3HEpPrnn 3NeKTPOHY, N — B M3BECTHOM CMbic/le o6paTHoe MnepBOMY — siBfe-
HMe o06pa3oBaHUSA PEHTreHOBCKUX JNydeldi MNpuM  OCTAHOBKE ABUXKYLLIMXCS
3/1EKTPOHOB, KOrja KuWHeTuyeckasi 3Heprus OCTaHOBMBLUErocs 3/1eKTPOHa
NposiBNsieTca B BUAE SHEPTUW KBaHTa PEHTreHOBCKOro M3ny4veHus. Mcxoas
U3 3TON Teopuu, BMWHWTEWH MOMAYYUS MPOCTON M Ype3BblHaAHO U3SALLHbIN
BbIBOA hopMynbl lMnaHKa Afs YepHOro WM3sy4eHWUs, a, NPUHSAB BO BHWU-
MaHVe 3aKOH CcMeleHMA BwuHa, BbIBeN TakXe KBaHTOBOe YC/0BME 4a-
cToThl (BTOpOW noctynat Bopa)[d. Ha ocHoBaHMM nocTynarta o Ko/sinde-
CTBe [ABMXXEHUS KBaHTa, LWWpeAWHrep noayyun BblpaXkeHUe npuHumna
Aonagnepald.

Mpu Bcex ycnexax TeopuM KBaHTOB, oOcTaeTca ob6bwwupHasa o6nactb
SABJIEHWUI, CBSAI3aHHbIX C pacnpocTpaHeHUeM flyye cBeTa U B3aUMOLENCTBUEM
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UX MexXay Co60M, KOTOopble MOTYyT OblTb 006bSICHEHbl TO/IbKO HA OCHOBAHWUU
BO/THOBOW Teopuu. TakoBbl SABMEHUS OTpPa>KeHWsA, NpesioMAeHuns, LHTepde-
‘peHuunmn, nondpusayun. K yucny sBAeHUN, HEOOBSACHUMbIX Teopuer KBaH-
TOB, OTHOCM/I0Cb A0 MOC/IeAHEr0 BPEMEHU TaKXe SIB/ieHMe paccesHUs cBeTa.
Knaccuyeckasa Teopus gasasna nosiHoe 06bACHEHWE He TO/bKO paccessHUI0
ny4yer ¢ ONTUYECKOW ANWMHOW BOAHbL: AX. [O>X. TOMCOH pfgan 3/eKTpo-
MarHUTHYI0O Teopuilo paccessHUs PEeHTreHOBCKUX ny4ein [*], Ha ocHoBaHWUWM
KOTOpPOM eMy yjanocb pacyuMTaTb YWUCAO 3/1eEKTPOHOB B aTtome. OpfHako
nccnefoBaHUs, MNpousBefeHHble B TeyeHuWe nocriegHux netr [feb6aem
KoMnToHOM w1 Agp., nokasanau, YTO TeOpuMs KBAHTOB fgaeT 60/siee MosiHOe
N corslacHoe C onbiTaMu 06bSICHEHUE ABNEHNAM, CBA3aHHbIM C pacCeaHUem
PEHTreHOBCKMX ny4deil. Takmm o6pa3om o061acTb SABAEHWUNA, 06bACHAEMbIX
Teopueln KBaHTOB, pacwiuvpsaeTcs.

CornacHo Teopun ToMCcCOHa, 3/1EKTPOMarHMUTHas BOJIHA PEHTrEHOB-
CKMX ny4en, najass Ha Kakoe-HMbyab Teno, coobuwaeT YCKOpPeHUe 3nekK-
TpoHam*, BXOoASLWMM B COCTaB aTOMOB 3TOr0 Tesia, a 3/1IEKTPOHbI, MONy-
YMBLUNE YCKOpPEeHWe, B CBO ouepelb W3/y4valT 3HEPrui0 B BUAE BTOPUUHbIX
paccesHHbIX peHTreHoBCKMX ny4ein. Knaccuyeckans Teopns TomMCcOoHa
npuBOAUT K crefylLlWunm pesynbTatam:

1) Mpn paccessHUM PeHTFEeHOBCKUX Jiydyeln, KaK U Mpu paccessHUu
CBETOBbIX Jly4yel, ANINHA BOJIHbl OCTaeTcsd HEU3MeHHO.

2) DHeprmva BTOPUYHBLIX JNy4yer, WUCNyCKaeMblX KaXAbIM 3/1eKTPOHOM,
He 3aBUCUT OT [A/INHbI BOJIHbl MEPBUYHbLIX /Iy4eldl N paBHa BeSINHUHE

roe e— 3apsif 3/71eKTpoHa, T — Macca 3/fleKTpoHa ¢ — CKOpocTb cBeTa, P —
3Heprns MNepBUYHbIX Nyder, najawwmx B eAVHULY BpPeMeHW Ha efuHuUY
*M0BEPXHOCTN Tesia, UCMNyCKalLWero BTOPUYHbIE J1y4n.

3) VNIHTEHCMBHOCTb BTOPWUYHbLIX JNly4yeli 3aBUCUT OT Yyrjaa paccesiHus
N Bblpaxkaetcsa opmynoi

D= i+ COSH e, .

TAe | — WHTEHCMBHOCTb BTOPUYHbLIX JNy4yelli MO Harnpas/leHWI0, COCTaB/IA0-
wemy yros 6 ¢ HarnpaB/ieHMeM MepBUYHbLIX Jfiyder, 10— MHTEHCUBHOCTb
ny4yein, paccesiHHbIX B HamnpaB/iEHUW MNEepPBUYHbIX Jly4yen, T.-e. Apu 6 = 0.
M3 dopmynbl (2) cnegyet, uto npm 0= 1,1 =10 3T0 3HaAuWUT, 4TO Korga
PEHTreHOBCKME MyyYM MPOXOAAT 4epe3 TOHKWIA C/0A KaKoro-HMbyab Belle-
CTBA, TO WHTEHCUMBHOCTb pacCesHHbIX ny4yeir [Ao/MHKHA 6bITb 0AMHAKOBOMN
o o6e CTOpPOHbI cfios.

Teopusas ToMCOHAa HaxoAWTCA B XOpowWweM coraacuMm C ONbITOM A4S
PEHTFEHOBCKUX /y4yell 06bIYHOM >KeCcTKocTU. Ho npm wuccnegoBaHuu pac-
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CessHUS 04YeHb D>KECTKUX Jlyyen, T.-e. Jy4del C Mano [A/IMHOW BOJIHBbI,,
a TakXe y-nydeii, O/iMHa BOJIHbl KOTOPbIX €lle MeHblle, 0Ka3asoCb, 4YTO
HabnwpalwTca A0BOMIbHO 3aMeTHble OTCTYNJ/IeHWS OT pe3ynbTaTos, NpeAcka-
3blBaeMbIX Teopveid TomMcoHa. Tak, Hanpumep, 6bIJI0 3aMeYeHO, YTO Mpu
paccessHUM XXEeCTKUX PEHTreHOBCKUX JNly4ell BTOPUUHbIE Ny4YU O0KasblBalTCH;
6osiee MATKUMMK, T.-e. OTNM4YawTCA 6onbweid AMUMHOW BonHbl B56>7. Ewe
paHblwe 3To sABMeHWe 6blN0 HabnwgeHo gnsa y-nydein [§. WNHTeHcuB-
HOCTb pacCesiHHbIX >XECTKUX Jly4yeldl NpuHUMaeT 3HadeHusd, oTcTynawuwue
oT nonyvawuwmxcs n3 dopmynbl (2) [910. NHTEHCMBHOCTb BTOPUYHbLIX Y-
yeil 60/blUe APM OCTPbIX yraax, 4em npu Tynbix yrnax fi. O6was WHTeH-
CUBHOCTb BTOPUYHbIX Jy4ell OKa3biBaeTCsd MeHbLIel, 4YeM MosiyyaetTcs Ha
Teopun TomMcoHa.

OTn oTCcTynneHUs HabnwpaemMblx sABEHUI 0T NpeAcKasaHUW Knaccu-
YecKOli TeopuM MPUBENUN K MNOMNbITKE 060BACHUTbL paccesiHMe PEeHTreHOBCKUX
Nny4den Npu NOMOLLN Teopuu KBaHTOB. KBaAHTOBY TEOPUIOD pacCesHUsS pPeHT-
reHOBCKUX Jly4yell NpeanioXXusv noyTu OLHOBPEMEHHO W He3aBUCUMO APYT
oT gpyra M. Oe6ann [M] m A. KomnToH [i2,13,14,16})* CywHOCTb Teopwui
Nebad-Kom NnToHa 3ak/l4vaeTcad B C/efyHOLLEM.

2. CornacHo npeacTtaB/leHUSAM TeOpUKW CBETOBbIX KBaHTOB, paccesHue
PEHTreHOBCKNX Jlyyeii 06yc/n0BNEHO CTO/IKHOBEHUSAMUW KBAHTOB W3Ny4YeHUS
C 3fieKTpoHamMn. 3TU CTO/IKHOBEHWUSA COBEPLIEHHO aHasloru4YHbl SBJIEHUIO
ynpyroro ygapa. [1on0Xum, 4T0 KBaHT PEHTreHOBCKUX Jlyyell, KOTOpOMY
npucyuia yactorta V0, ABUrasacb no HanpasneHutwo AB (puc. 1), cTankumBaeTcs
B TOYKe B ¢ HeNoABMXKHbIM 31€KTpOHOM. B pesynbTate CTO/IKHOBEHUS
3N1eKTPOH MPUXOANT B ABUXKEHUE C HEKOTOPOI CKOPOCTbI V B Hanpas/ieHUN,
cocTaBfidwowem yron < c HanpasneHnem AB, T.-e. C HanpaBJieHUEM
MEPBUYHOI0 Ny4va. SHePrnsa ABVIKYLLErocsa 3fieKTpoHa paBHa (B npennosio-
XKEHWU, 4TO Macca 3/1IeKTpOHa 3aBUCUT OT CKOPOCTU) BeIMYMHE

(3>

roe E — aHeprusi afeKTpoHa, M — macca HenoABWXKHOro 3/eKTpoHa, C—
v
CKOpOCTb cBeTa, p= — . TakK KaK K CTO/IKHOBEHMI0O KBaHTa C 3/1IEKTPOHOM

NMPUMEHSAITCA 3aKOHbl COXPaHEHWUA 3HEPrum uU CcoxXxpaHeHUsA KonuyecTBa
OBVDKEHUA, TO Npu COO06GLLEHUM 3HEPTUN 3MEKTPOHY YMEHbLUUTCA 3HEeprus
KBaHTa. Ecnn nepBoHayanbHasa 3Heprma KeBaHTa paBHa bl0,To aHepru4a
KBaHTa nocsie CTONIKHOBEHUA paBHa b, rge HoBasa uvactoTa KonebaHui
V MeHblle, 4yem V,. M3 3aKoHa COXpaHeHUs 3Heprum MNMeem:

Iryo= b -\-E. . 4>

MoactaBmB 3HaveHue E wn3 (3), nonyymm:

()
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Mocne CTONKHOBEHUS C 3M1EKTPOHOM M3MEHUTCS He TOJIbKO yYacToTa
KBaHTa, HO W HanpaB/ieHWe ABUXXeHUs. MMycTb HOBOe HamnpaB/ieHUe KBaHTa
«0CTaBNAET C MepBOHaYas/ibHbIM HanpasfieHWeM ero yron 6. A6conw0T-
Hasi Be/fMYMHa KOJIMYECTBA [ABWXKEHUA KBaHTa [0 CTO/IKHOBEHUS pasBHa

, nocsie CTOZIKHOBEHWNA-—- — e AGconiloTHaA BeIM4nHa Kosin4yecrtea
C

T
OBMXXEHNA 3/IeKTpOHa paBHa—"===- . laK KaK KO0/IM4eCTBO [ABUXEHUS

NMNepBnNYHOIro KBaHTa paBHO BeKTOpVIaI'IbHOVI CyMMe KO/TNM4YecCcTB ABUXEHUA
BTOPUYHOIo KBaHTa W 3/1IEKTPOHa, TO

Tpc \2 ( BO\N3 (b\r, 9 b, b
Vi—pj \c ; \cJ c c

YpaBHeHus (5) n (6) ABMAAKTCA OCHOBHbIMU B KBaHTOBOW Teopuu pac-
CeAHUNA PEHTreHOBCKUX nNy4yein. TPpUHAB 3a He3aBUCMMble MNepPeMeHHbIe

BE/INYNHBI V N 6 N pa3pewinBs 3TWU pABa YpPaBHEHUA OTHOCUTENIbHO V N P,
nonyvynm:

1-]-a (1—cos6) ™

2asm-s
r I+2(a-fa2)sini

O/ *+(2«'~4-«’)S-in?x2
B— ,

roe

Ycenexu msgoecex Hayk. T. VI. Bbin. % 1926 r.
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[MocToAHHaA a Bblpa)kaeT OTHOLWIEHWe MacCbl KBaHTa”2Kk macce sjek-

TpoHa wW.

PaBeHCTBO (7) MokasbiBaeT, UTO 4YacTtoTa KosiebaHU pPeHTreHOBCKUX
Nlyyeil He ocTaeTcs MOCTOAHHOIMA nMNpW paccesHUU, KaK 3To creayeT u3
KNacCMUecKoi Teopun, a YyMeHbllaeTcsa B 3aBUCMMOCTM OT Yyrjaa pac-
cessHUS 6.

Bbipa3uB 4yacToTy KosiebaHWii KBaHTa 4Yepe3 [JINHY BOJIHbI, WMEEM:

C

*.=R

c
\E=T
n dopmyny (7) MOXKeM rnepenucatb crefyowmm o6pasom:

X— X,= _;_’g-sinz g e

dopmyna (10) HarnAgHO NokasbiBaeT, UYTO CNeKTpasibHasA JIMHUA O4HO-
POAHbIX PEHTreHOBCKMX Ny4yell cMmew,aeTcs Mof BAUSHWEM paccessHUs B CTO-
poHY 60/ee ANMHHBLIX BOMH. 3ameyaTesibHO TO, YTO 3TO CMELLEHWE OfUHa-
KOBO [ANA BCEX A/IMH BOAH M 3aBUCUT TOMIbKO OT yrna paccesaHusa. log-
CTaBMB UUC/IEHHble 3HayeHWsa Benn4yuMH h,m,c B dopmyny (10), MONAYUYUM:

n

X— 0= 0,0486SIN2  ooocooveeereeeereeeeeeeeee. (10 a)

Mpn paccesHUM PEHTreHOBCKMX Nly4yeil noj MNpsMbIM Yr/I0OM Befin4nHa
CMelLeHNa, oguHaKoBas A/19 Bcex fyden, paBHa 0,0243 a .

3. KakK Mbl yrnoMuHanu, y>e CpaBHWUTE/IbHO AaBHO 6bIN10 3aMeyeHo,
UTO D>KeCcTKUe Jlyyn CTaHOBATCA nNpu pacceaHUm 60siee MATKUMU, T.-€.
OVHa BOJTHbI NX yBennumsaeTCcA. TO4YHble KOJINYECTBEHHbIe WU3MeEpPeHUd,
noaTBepxpgawwue gopmyny (10), 6binm BrnepBble npomsBedeHbl A. Komn-
TOHOM [I2m3f. Tak Kak 0Xugaemoe M3MeHeHWe [OJ/INHbI BOJIHbl [OBOJIbHO
Masno, NnopsafKa HeCKO/IbKMX COTbIX OHrcTpema, To s HabnwaeHuii Heobxo-
AnMO 6b1/10 BbIAENUTb OAHY OMpefeneHHY CneKTpasbHY AnWHUID. B Ka-
YyecTBe WCTOYHMKA nAydYed KOMATOH B3A1 MOMNGAEHOBbLIM aHTMKAaTO[
N NpoM3BOAUA U3MepeHUs Hag AunHuen Ka monmbgeHa. Pagumatopom (T.-e.
TenoMm, paccemBawWMM PEHTFEHOBCKUE Jy4YMn) CAYXWUN KYCOK rpadura.
naBHaa TpyAHOCTb OMbiTa 3aksjw4yanacb B TOM, YTO MHTEHCUBHOCTb OAHO-
pPOAHbLIX Jfly4yeid, paccesHHbIX B OMNpeAesIeHHOM Harnpas/ieHUW, O4YeHb Mana,
OHa cocTaBnseT BCero O4HY ABaAuaTUMATUTBLICAYHYK L0110 MOSHOW NHTEH-
CMBHOCTM MEPBUYHbIX ny4el. [o3ToMy Heob6xoAMMO 6bI/1I0 MOAYYUTbL BO3-
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MOXHO 60/71ee MHTEHCUMBHbLIA MYy4YoK Jfydei. Ha puc. 2, 3aMmMcTBOBaHHOM
n3 ctatbM KoMNnTOHa, npeAcTaB/eHa cxemMa onbiTa. VICTOYHUKOM Ny4yen
CNY>XUT MONNGAEHOBbINA aHTUKaToh 1 peHTreHOBCKOW TPy6KM 0CO60M KOH-
CTPYKLWUKN, KOTOopash MO3BONSIET MOMECTUTb WCTOYHUK BTOPUYHbLIX Jly4eil
BO3MOXXHO 6/M>Xe K aHTuKaTtogy. BTopuuHbie nyuum oT rpacdmuta B, npoinasn
yepes paAfn Wwenei, nonajalwT Ha Kpuctana cnekTpomeTpa v jasee B NOHWU-
3aUnoHHY0 Kamepy. Ha puc. 3 Bocrnpom3BefeHbl KpWBble, MOMYYEHHbIE MO
MeToay Bparra. Kpuasd A nokasbiBaeT HEU3MEHEHHYO NMEPBUYHYIO JINHULIO
Ka monnégeHa. Kpusble B,
C n B wun3sobpaxkalT cnekTp
nyyeil, paccessHHbIX Nopg
yrnamu B 45°, 90° n 135°.
PasHnuya wmexay npasbiMuU
M NIeBbIMW KPUBLIMU NULWb
B TOM, 4TO B nNocrefHeM
cnydyae wenb Oblna ;yxe.
Kpome nepBUYHOW NUHUK,
Ha KPUBbIX ICHO BUAHA eLe
apyras nuHuA, cmelLeHHas
B CTOPOHY 6osiee A/IUHHbLIX
BOJIH, NPU 4YeM CMelleHue

7°30*

Psc. 2. Puc. 3.

Tem 6osiblie, yeM 6o0/sblle Yroa paccesHUsa, Kak 3T1o cnegyetr u3 dop-
Mynbl (10). ToyHocTb HabnwaeHwt cootBeTcTByeT 0,001 A. [nnHa BOJHbI
nmHun  Ka monunbgeHa = 0.708 A. [nvHa BOSIHbl CMELLEHHOW JINHUK
npn yrne pacceaHna B 90° paBHa 0,730 A. Takum o6pa3om, Habnwo-
fnaemoe cMmelweHune paBHO 0,022 Ao. TeopeTnyecku oXXmpgaemoe cMmelleHUe

(o]
no copmyne (10 a) coctasnseT 0,023 A. CoBnajeHwe ¢ ONbITOM MOJIHOE.
M3mMeHeHMe AJINHBbI BOJIHbI B 3aBUCUMOCTU OT Yyrjaa paccesiHus 6blo

npocnexxeHo KoMNTOHOM TakxXe n Ana y-nydeih [1447, [OnuHa BOJHbI
30*
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onpefensinacb B MOC/eAHEM C/lydae Y>Ke KOCBEHHbIM MyTeM, M0 Mokasa-
Tenw nornoweHus. Ha npunoxeHHoli Tabnuuke pesynbTaTbl HaGNOAEHWUIA
(TpeTuin ctonGel) cpaBHeHbl C BbIYMC/IEHHBLIMU BENUYMHAMMU.

ONVHA BOJIHbl MEPBUUYHBLIX N BTOPUYHbIX -{-NYUEW.

ygngS:f;_ 1 Habnop, /. BbIUYUC.
MepBUYHBIE NIYUN .o 0° 0,022 A B
45° 0,030 A 0,029 A
o° 0,043 A 0,047 A
i 135° 0,068 A 0,063 A

MpoTNB WM3N0XXEHHOr0 HamMuM WCTO/IKOBaHUA onbiToB KomMnToHa
HanpaBu/i CBOK KPUTUKY [ 03H, KOTOpPbI B psAge paboT, npon3BeAeHHbIX
BMECTE C HECKO/IbKUMU COTPpyAHUKaMW, MoBTOpus onbiTbl KoMNTOHa
M 3awumuian Ty TOUYKY 3peHUs, YTO NOsABJIEHWEe HOBOW CNeKTpasbHOW NUHUK
06bACHAETCA BO3HMKHOBEHMEM TaK HasblBaeMblX ,TPeTUUHbIX" nyuyeii
[18 18, 20, 21]. Mo MHeHuo [ 3Ha, PEeHTreHOBCKWE Jy4u, nNajas Ha pacceu-
Balollee MX TeNo, BbI3blBAT BblAeneHUe (POTO3NEeKTPOHOB. KuHeTn4yeckas
3HEPrna KaxXpgoro (oTo3/1IeKTPOHA HEeCKO/IbKO MeHbLUe 3HEPruMm KBaHTa,
TakK KakK 4yacTb 3TOW 3Heprum 3aTpavmBaetrcsa Ha paboTy OTAeNeHUsA 3fek-
TpoHa. Ypapsasacb 06 atombl Tena, 3TU (OTO3/IEKTPOHLI B CBOIO O0Yepepnb
BbI3bIBAOT MOSAB/IEHME HEMPEPbLIBHONO PEHTreHOBCKOro CrekTpa, U Tak Kak
3HEPrnsa 3/1eKTPOHOB COOTBETCTBYEeT MeHblUe 4acToTe, YeM uvacToTa nep-
BUYHbIX Jly4en, TO rpaHuua 3TOoro cnekTpa CABUHYTaA B CTOPOHY AJIMHHBIX
BO/IH. B KauecTBe BTOPWUYHbIX pagmatopoB [ W3HOM U ero COTPYyAHWU-
KaMmy MPUMEHANNCL pas3/InyHble BeliecTBa; rpaduT, sed, anlOMUHUIA, NoBa-
peHHas conb, cepa. BennumHa cmewieHus, B cornacum ¢ Teopueid [lo3sHa,.
BO3pacTaeT BMecTe C aTOMHbIM BecoM. A TaK KakK Ans rpaduta pesynb-
Tatel J3Ha coBnagawT ¢ pesynbtatamu KomMnTtoHa, 70 LW3H npu-
XOAUT K 3aK/IIYEHWU, 4YTO TpeTUYHble ydn He T[peactaBnawT coboto
ABNEHNSA, NWWb CONPOBOXAawlero sABaeHMs KomnToHa, a B HUX-TO>
M 3aK/iloyaeTcs NpUYUHAa CMeLeHUs CrneKTpasibHOW NUHUWN.

HecmoTpsa Ha 10, 4YTO HabsogaemMoe CMelleHWe YUC/IEHHO He MNpoTu-
BOpeYnT Teopunm [lo3Ha, OHa He B COCTOAHUU O0O6BACHUTb HEKOTOPbIX
ocobeHHoOCTel ABNeHus. lpexae BCero, PeHTreHOBCKME Jly4u, Bbl3BaHHble-
ygapamm 3/1eKTPOHOB W cocTaBnswwme yron B 90° ¢ Hanpas/ieHMeM NoToKa
3/1eKTPOHOB, ObIBAlT MoNApmM3oBaHbl He 6onble, Yyem Ha 25°/0[**]. B paH-
HOM cfny4yae CcTeneHb MoMsApM3aLMn A0/DKHA ObiThb elle MeHblle, TaK Kak
(hboTO3NMEKTPOHBI ABMXXYTCA B pa3Hble CTOPOHbI. Ha camom >e pene BTO-



ABNEHWME KOMITOHA 149

PpUYHbIE Ny4Yn OT NerkKux 3fieMeHToB noj yrnom B 90° K NepBUYHbIM MONA-
pn3oBaHbl NOYTU LENNKOM, He MeHblle, yem Ha 98 % [23.

Kpome TOro, aHeprus BTOPUUHbLIX Jy4el, BbI3BaHHbLIX B rpadurte
n B napaphuHe nunHmenn Ka monmnbaeHa, coctaBnsetr 24% asHepruun nep-
BUUHbLIX ny4elt [, mexay Tem Kak Ans (oTo3/IeKTPOHOB COOTBETCTBYHOLLEN
CKOpOCTM nuwb 1°/03Hepruun obpauiaeTcsa B 3HEPTUO PEHTIEHOBCKUX Ny4eil.

B o6pa3oBaHMWN TPeTUYUHbLIX /yYeill BUAHYK POSib UTpakwT, N0 MHEHU
AaHa, (GoTo3NEKTPOHbI, BblAeNAWMECA U3 AEPEBAHHOINO AWNMKa, OKPYr
)atuwero npubop. NMpoBepoyHble ONbITbl € ALWMKOM, BbIJIOKEHHBIM CBUHL,0M,
1 BOBCe 6e3 Awmnka npomssenn Pocc n BebecTep [H, Takxke KomMNTOH,
BupaeH n By[2X]. Pe3dynbtaTbl NOYYUINUCL Te e, YTO U paHbLUe B CO-
rnacnn c¢ Teopueih KomnTtoHa.

Hawnb6onee yb6eauTenbHbiM NoATBepXXAeHUeM Teopuun febaa—Komn-
TOHa cnyXaT TOYHble CNEKTPOCKONMUYECKUE HabNwAeHUA, NPon3BefeHHble
psagAoM uccneposatenen [272829,30,31,32,a3,34,35,36,37,38,38,]  CMelLeHMe CneKTpasib-
HOW NWHUN N3MEPANOCb He TO/IbKO MPW MOMOLWW MOHU3ALMOHHOW Kamepsbl,
HO n doTorpauyeckmm nytem. Kak Mbl y>XXe ynommHasan, WHTEHCUBHOCTb
BTOPUYHbIX fly4eid No onpefesieHHOMY HanpaB/IEHWIO OYeHb He3HauYUTesbHa,
nosTomy npu gortorpaupoBaHUN cNekKTpasbHbIX JINHUIA 3KCAO3MLMA MNpo-
fosikaeTcss AOBO/IbHO MHOFO, He MeHblle cTa 4acoB Mpu MOLWHOW Tpybke [Z7].
B kauyecTBe MNEePBUYHbLIX /Iy4Yell MPUMEHSANNCL 06bIYHO fyuyn nAuMHUKM Ka mo-

nnépeHa (anvHa BonHbl 0,708 AO) unn nuHuun JT Bonbdpama (41MHa BOSHbI
0,209A). Ha doTorpacusax, nonydyeHHolx Poccom, Beb6cTtepom, bek-
Kepom, KannbmaHoM wu Mapkom, LWapnom, 0oT4eT/IMBO BUAHbI
KaK MepBMYHas, HecMelleHHasl, TaK W CMeWweHHas JIMHUW, NpUu  4YeMm
BE/INUMHA CMELLeHNA HaxoAuTcA B TOYHOM KOJSIMYECTBEHHOM COOTBET-
cTtBun ¢ Teopuen KomnToHa. B To BpemMsas Kak Mo Teopuu TpeTuu-
HbIX fly4yeii Ha MeCTe CMEeLLeHHOM JIMHUK [0/IXKHA HaXoAUTbCHA LIKNpoKas
rnosioca, pe3Ko OrpaHW4YeHHas TOJIbKO CO CTOPOHbI KOPOTKMX BOJIH, Ha
'60NbWINHCTBE hoTorpadpuii cMeweHHass NUHUA Mony4daeTcd [O0BOSIbHO pes-
KOl (MeHee BCe >Xe pe3Koi, yeM rMepBUYHaAA NuUHUA). Tak, Hanpumep, Ha
toTtorpadhmm Pocca[J)], KoTopblii Habnwgan nuHuto K monnbaeHa, pac-
-CessHHYy napaddunHoMm nog yrnom B 55°, MOXHO 6bl/10 OT/IMUUTL Ha CMe-
LWeHHOW IMHNM faXke cocTaBiAlWmMe ar n a2 ansa KoTopbixX pasHuua B Aau-

Hax BoJiH pasHa 0,004 AO OueHb O0TYeT/NIMBaAsA CcrnekTporpamma, MnoJsiy4yeH-
Had BeKKepoM BMecTe C 4YeTblpbMsA coTpyaHuUKamu [34], nsobpaxkeHa Ha
puc. 4. doTorpagupoBanncb nyum mMonunbaeHa, paccessHHble aalOMUHUEM
nog yrsiom B 100°. Ha pucyHKe SACHO BWUAHbI KaK HeCMEeLWEeHHble NNHUNU
aunp, TaK MU CMeleHHble NMHUK, 0603HAYEHHbIe ac U ~ . BenimunHa cme-

ueHud paBHa0,027AO. Ha opurmHanbHbIX CcrekTporpaMmmax MOXHO pasge-
NUTb Jaxke cocTaBnfAwLWmMe ay U ar.

Haunbonee ToYHble A0 MOcCAefHEr0 BPEMEHU U3MEpPEeHUSA MpPOU3BEAEHbI,
HeBugnmomy, LWapnom, B nabopatopum KomntoHa [3F (B pekabpe
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1925 ropa). ®oTorpacmposanacb nuHua KamonubaeHa, paccedsHHasa napad-

Puc. 4.

dunHOM nog yrnom B 169,°7.
Ha pwuc. 5, Bocnpounsso-
AAwWwem cnekTporpammy
Wapna, BWAHbI CMeLleH-
Hasgs W HeCMeLWeHHaa nu-
HUKU MonmnopeHa. [Ana*
CpaBHeHUs rMoMelleHa u-
Hua Ka uyupkoHa ¢ 60/1b-
el A/INHOW BOMHbI. JKcne-
puMeHTanbHO HabngeHHas!
Be/INYNHA CMELLLeHUsa cocTaT-
BnseT(0,04825+0,00017)A,,
TEopeTUYecKun BbIYMC/IEH-

Haa no opmyne (10), pasHa (0,04798 + 0,00009) A. Jlio6onbITHO ToO,

yto LWapn, BOCMNONb30BaBLINCH
CBOMMW pe3ynbTaTamun W NoAcCTaBuB
ux B opmyny (10), BbluMcnsAeT
BE/IMUNHY MacCbl 3/1IeKTpoOHa T, He-

3aBNCUMO OT OTHOLWLEHUA ; Mony-

yaeTca T= (8,99 + 0,034). 10~28T.
M3 HabnwpeHnii Hag OTKIOHEHUEM
ABVDKYLLMXCA  3/IEKTPOHOB  MONy-
yaetca T = 8,98. 10-28 r. {B. T.
Bridge, Phys. Rev. 14, 369, 1919.)

Pewalouiee 3HayeHue gn1a Teo-
pum KomnToHa WMeWT WuU3Me-
peHUs CMeWeHnss CcnekTpasbHOWN
NNHUM B 3@aBUCMMOCTM OT Yyrna
paccesHus, TakK Kak Mo Teopuu
TPETUYHbIX /Iy4eii BeJIMUNHA CMeLLe-
HUA He 3aBucuT ot yrna. Pocc [3]
Habnwjan cMmelieHVe nog yrniamu
B 110° n 160°. BennynHa cmeLleHuUA

npn 110° pasHa (0,035+0,002) A
[¢]
(TeopeTnyeckaa 0,0345 A); npu

160°— paBHa (0,047+0,002 A (Teo-
petndeckaa 0,0469). KannbmaH
n Map K [3] nonyuyunn dotorpammsl
nmHun  2la monubaeHa, paccesiH-
HOW rpagwuTtomM nog yrnamm B

90° wn 72° (puc. 6). HabnwgeHHble

MoKEB Mokx Zr K

Puc. 5.

BE/TMYNHDbI cMelleHnA cocTa-
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BnawT 0,0241 A wn 0,0170 A, Bbluuc/ieHHble no d¢opmyne (10), paBHbI

.0,0243 A wn 0,0168 A.

MHTepecHo To, 4TOo [ 103H, KOTOPbI fonroe Bpems 6bls1 MPOTUBHU-
KoM Teopun KomnTtoHa, onyb6amkosan B KoHUe 1925 roga pesynbrathl
cMcTeMaTUyeCcKnx OnbIToB (COB-

MECTHO ¢ AN/IMNCOHOM) Hapg

paccessHMEM pPEHTIFeHOBCKUX Jfy-

Yel anlOMUHUEM, NUTUEM U ApPY- h
rMMU 3/ieMeHTamu, Mpu 4Yem pe-

3ynbTaTbl OMNbITOB MOATBEPXKAA-

0T, MO MHeHuMw [Owa3Ha, Teo- W w w sw aa3pg '6 —40°
puto KomntoHa [3¥. O3IToi |

ctatbeh [l03Ha 3aKaHuun- g

BaeTCsA, NOBUAMMOMY, AUCKYCCUA B

0 ,TEOpUN TPETUYHBbIX /I y 4 e #n }j& |§§|

4. Kak Mbl BUAENKN, Teopus Il 18
Je6aa—KomntoHa ¢ 60/b- |eP- |b?

Lol TOYHOCTLIO NoATBEPXKAaeTcA Puc. 6.
3KCMepUMeHTaIbHbIMW AaHHbIMU.

Haunbonbluee coBnajieHne AaHHbIX OMbiTa C MpefckasaHUAMU TEOPUWU MNOosy-
YaeTcA B Tex cayvyasx (0 HUX Yy Hac NPeMMyLLecTBEHHO Lla Mnoka peyb),
Korga peHTreHOBCKME NyYn paccemBaroTCs 3/1eMeHTaMu ¢ Hebo/bWwnM aToMm-
HbIM BECOM— Yrnepogom, nnutuem, 6opom u ap.

Ho ecnu ocBelweHN0 PeHTreHOBCKMMMW Nydamu MofABepraeTcs afleMeHT
C CpaBHWUTE/IbHO 60/bWIMM aTOMHbIM BECOM, TO BeJIMYMHA CMELW,eHUSA Crek-
TpasibHOW JIMHUW He Bcerga cooTBeTcTBYeT opmyne (10) [40. C ppyron
CTOPOHbI, HA BCeEX CMeKTporpammax Moslyyaetcsi, KpoMe CMeLWeHHOW NUHUN,
Tak)Xe M OCHOBHAasA, He CMelWeHHasi, NMPM 4YeM MHTEHCUBHOCTb MocAeaHeln
B O4HMX cny4dasax 6onblie, B APYTUX — MEHbLUE, YEM WMHTEHCUMBHOCTb CMe-
WeHHOW NuHUK. MNepBoHavanbHasa Teopmua Aeb6as—KomnToHa He gaer
HUKaKuX YyKasaHuil Ha cylecTBOBaHMEe HECMELWeHHOW /NMHUW, He roBops
y>Xe 06 OTHOCUTENbHOW WHTEHCUBHOCTU 06eMx nNuMHUN. Kpome TOro, ecam
CPaBHUTb CTPOEHWE I3TUX JIMHWUIA, TO CMeLLeHHas JIMHUA 00blYHO OKa3sbl-
BAeTCA HEeCKO/IbKO 60see WIMPOKOW M pasmbiToli. Ha 3To 06CTOATENLCTBO
N3N0XeHHasA HaMW Teopusa TakXKe He faeT yKasaHui. /13 Bcero aToro cne-
AyeT, 4yTo Teopus, B obWemM NpaBuU/ibHO M306paxkawwas CyLWHOCTb sBJe-
HWSA, HO He ocBeljallias HeKOTOpPblIX JAeTasneil, Hy>X[aeTcs B HEKOTOPbIX
[OMONHEHNAX UAn B 0606LWeHNN.

JelicTBMTENbHO, KOrga Mbl 06Cy>Kganu pacrnpefeneHne sHeprun mexay
KBAHTOM U 3neKTpoHom [ypaBHeHue (5)], To npegnonarasocb, 4YTO0 BCA
3Heprus, coobu,eHHass KBAHTOM 3/1eKTPOHY, MMeeT (OopMy KUHEeTU4YecKomn
3Heprun. [Apyrumu cnosamu, Mbl MpegnosiaraeMm, 4to [0 CTO/IKHOBEHUA
C KBAHTOM 3/1eKTPOH Obl/1 HenogBM>XeH U He OBA3aH 3aMeTHbIMW CcuNamm
c aromamu BeuecTBa. lNepBoHayanbHasA Teopua KomMnToHa ecTb Teopusd

72°
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paccesHUs PeHTreHOBCKUX Nyyelhn cBO6GOAHBIMW 3neKTpoHamu. Ho, Kak
N3BECTHO, 3/1IEKTPOHbI HaxoAATCA BHYTPM aroMa Ha CTauMoHapHbIX opbuTax
C pas’fIMYHbIMM YPOBHAMWU 3HEPrnn, M ANa Toro, 4Tobbl TONbKO YyAANIUTb
3M1EKTPOH W13 cdepbl NPUTSXEHUSA OCTasibHOW 4YacTu aToma, HYXXHO 3aTpa-
TUTb HEKOTOpOe KO/IMYEecTBO 3HEPruu, paBHOe 3HEPrvuM MoHU3auum aToma
ONs COOTBETCTBYHLWEro ypoBHA. Ecnum aTa sHeprnsa wMOHM3aLMu HeBesnKa,
TO el MOXHO npeHebpeyb, HO AN 3/IEMEHTOB C 60MblIMM 3apsAoM aToMm-
HOro fAgpa Heo6XoAMMO MPWUHATL ee BO BHUMaHue. Kpome ToOro, npu
CTO/IKHOBEHUWN KBaHTa C 3/IEKTPOHOM, KOTOpPbIA CBA3aH C aToOMOM, 4acTb
SHEPIrNUM M KoNu4yecTBa [ABMXKEHUSA coobliaeTcss M ocTaNbHOW 4YacTu artoma.
Bce 3Ty 06cTOATENIBLCTBA HEOOXOAUMMO Y4YecTb MPU MOCTPOEHWUU 0606LLeHHO
Teopun sasBneHua KomnTtoHa.

O6o6ueHHass KBaHTOBas Teopus paccessHUA PEeHTreHOBCKUX Ny4yen
6bina npepnoxkeHa camum KoMnToOHOM [41>48] 1, HECKONIbKO MO3Xe,
A>xaHcwn

CornacHo o6o6uieHHoOW Teopunm KomMnToHa, 3Heprua KBaHTa npwu
CTO/IKHOBEHUWN CO CBAA3aHHbIM 3/IEKTPOHOM pacrnpegenserca CcreAyloLwmnm
obpasom. YacTb 3Heprum 3atpadmsaeTcs Ha yAaneHue 3neKTpoHa M3 aToma.
JTa 4yacTb paBHa hvs, rge v,— KpuTMyeckas u4acTtoTa WOHM3AUUN, T.-e.
HanmMeHblUIAaa 4yacToTa Tex Jiyyel, KOTOpble B COCTOSAHWM BbipBaTb 3/1EKTPOH
n3 aroma. YacTb 3Heprum ugetr Ha coobuieHMe KUHETMYECKOW 3Hepruun
3/1EKTPOHY, elle oAgHa 4acTb — Ha coobLWieHWe 3IHEePrnm aTtomy M, HaKoHel,
nocrnefHAA 4yacTb OCTaeTcA B BUAE 3HEPTMU M3MEHEeHHOro keaHTa. Konwu-
YecTBO [BMXKEHUS MEPBUYHOI0 KBaHTa TakXXe paBHO CymMme (BeKTopuasb-
HOM) KONWYeCTB [ABMXKEHUS BTOPMYHOIO KBaHTa, 3JIeKTpoHa W aToma.
OTciofa ypaBHEHWe 3Hepruun nonyvaet BUA;

he he , he , w | 1

raoe \ — AnvHa BOJIHbl MOHU3yKOWWMX nyyeirn, M m V— macca U CKOpPOCTb
aToma, ocTtasibHble 0603HAYeHUSA — NpeXKHue.

MoNnoXXmm, 4TO MNepPBUYHbLIA KBaHT ABUXXETCA BAONb KOOPAUHATHOWM
ocnm X. HanpasneHue ocn [ BblbepeM Takum o6pas3om, 4Tobbl MyTb OTK/IO-
HEHHOro KBaHTa fiexkan B nnockoctn X Y. OBMXKeHMe 3MeKTpoHa Mpoucxo-
anT, B obuwem cnyyae, BHe 3TOW nsiockocTn. KocuMHYyCbl Yr/i0B, cocTaB/leH-
Hble OTK/IOHEHHbLIM KBAHTOM C OCAMW KoopAuHaT, 0603Hauum: 11, mv 0.
CooTBeTCTBYHOWMEe KOCUHYCbl ANA NYTW 3feKTpoHa: 12, T2, n2Z gna nytu
atoma: hi T3 n3- Konn4yectBo ABUXKEHWUA 3/1eKTpoHa

T Pc In
T (11a

p_
/1-E *2

KonuuecTso ABveHus atoma: P = MV (12)
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YpaBHEHUA KOMUYECTB [ABMXKEHUS (B MPOEKLUMAX Ha KOOpPAWHATHbIE OCWU):

(13)

- (14)

0 — 0-\-pn2-j- Py (15)

Tak Kak M BefIMKO MO CpaBHEHU C T, TO CKOpOCTb atoma V mana v

1
BE/INYMNHOW % I F 2 B ypaBHeHun (11) mMo>kHO npeHebpeyb. Pewasn ypaBHe-

nna (11), (13), (14) wn (15), mony4ymm, 4TO WU3MEHEHMWE ANINHbI BOJIHbI

bl= 1—\ =
a— + y as) + 5 (M3+ % w3 ;o (L

roe BBefAeHbl COKpalweHHble 0603HaYeHUs:

< -

ONs KNHEeTUYeCKOW 3HEepPrum 3/IeKTPOHa MosiyvyaeTcs BbipaXKeHUe:

1 a(l—Th—s) B {LI3-+~T1TY -(18)

Ecnn 3nekTpoHbl cB060AHLI, To vs= 0; \= ao; P —0 (nmnynbc
coobuiaeTcsd TONbKO 3/1IeKTPOHY). B 3tom cnyuae BbipaxkeHus (16) u (18)
ynpowarkwTca n obpawatTca B ypaBHeHMa Jebas—KomMnToHa ana ceo-
604 HbIX 3/TEKTPOHOB:

. (16 a)
E = . (18 a)

YpaBHeHusa (16 a) m (18 a), ogHo3Hauvaw e c ypaBHeHussmm (10) n (8).

Kak BugHo n3 ¢opmynbl (16), cmeweHue cnekTpasibHOW NUHUWN 3aBU-
CUT OT BEJINYMHBI S, T.-€. OT OTHOLWIEHMSA BOJIHblI MEPBUYHbIX Jly4ei K BOJIHE
MOHU3YyLWKNX ny4veid. MNpu onpegeneHHOM 3HAYEHUN S CMELLEHUE creKTpasb-
HOW NWHUKM ByaeT HaMMeHbWKUM. ITO 6ygeT B TOM ciy4yae, Korga sHeprus
MOHM3aLMN HaACcTONbKO BesiIMKa, UYTO BCS 3HEpPrusi, coobuwieHHass 3/1eKTPOHY,
3aTpayMBaeTca Ha oTAeneHue ero oT atoma. KuHeTuuyeckas 3HEPrusa anek-
TpOHa paBHa HY/, U BeCb WMMNY/IbC COOOLLEH WMOHWU3VMPOBAHHOMY aToMYy.
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BennunHy cmeweHus (o6o3Haumm ee OykBoii D) nonyuyum w3 ypaBHe-

HUA (11), NPUPaBHSAB HYJ/0 B 3TOM YypaBHEHUW TPeTUN W YETBEPTbIA UsEH.
Nimeem:

Camblii npouecc coobLLeHUA UMMNYSbCa 3N1EKTPOHY N MOHU3MPOBAHHOMY
atomy KoMnToH npeactaBnsieT cebe cnegywlwmum obpasom. [ns Toro,
UTOObI yaainTb 3NEKTPOH M3 artoma, 3aTpadymBaeTcAaA 3Heprund wMoHuU3a-

Jig o
umn - . le/l COO6LLI|eH|/||/| 3TON 3HEPTNN INEKTPOH OCTaeTcAaA HEeNnoaABUXXHBLIM

K
BHE aTtoMa, N COOTBETCTBYHLLEE KO/IMYECTBO ABUXEHUA C006|.L|,aETCF| ocTaTkKy
atoma. Kak TO/bKO 3MeKTPOH ocBo6oguncs, AanbHelillee pgelicTBue W3y-
yeHnA COO6UJ|a€TCF| y>Xe He aTtomMy, a TOJIbKO 3J/IEKTPOHY, KaK N B TOM
cny4yae, Korpa 3J/1EKTPOH CBOﬁO,ﬂ,eH C camoro Havana. Takum 06pa30M,

Tl A
K KOHLY 3TOro npouecca atom Monay4vyaeT KOJ/IMYECTBO [ABUMXKEHUS P = —

#
B Hanpas/ieHUU MepBUYHOro syya. B ypaBHeHuUM (16) mmeem:

B — —— —=as;, 4= 1;m —0.

MopctaBMB 3TW 3HAYeHUA B ypaBHeHue (16), nonydum:

B npaBoii 4yactn ypaBHeHus (20) nepBblii 4nieH paBeH BennumHe D
B ypaBHeHun (19), T.-e. Be/IMUNHE HaWMEHbLIEro CMel,eHUs, a BTOpPOW
YneH paBeH CMeLWEeHW0 B C/lyyae CBO6GOAHOrO 3/IEKTPOHA, COracHoO ypaBHe-
Husam (16 a) n (10). O6o3HauYMB MNOCAEAHIO BeNMYMHY 4vepe3 F, nmeem:

= T+ D (20 a)

roe
Ve (21)
nzgzg ...................... - <19>

dopmynbl (20) n (20a) noaTBepxpatTcda onblTamm KomnToHa [*°].
B npwunaraemoii Tabsnue BbiNUCaHbl pe3ysibTaTbl HEKOTOPbIX OMbITOB.
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MNepBUYHbIE Yron 8Xx 8X

Paguarop. Ha6nogeH.  gpluncnen. n
nyun. pacceaHus. B A’ (D+ 20.
Mo Ka Li 135° 0,035 0,041 o P
Mo Ka 0 90° 0,030 0,024 0
Mo K, nep, 90° 0,025 0,024 °
Mo Ka Al 90° 0,094 a,093 0,069
Mo Kx Nacl 90° 0,137 0,130 0,106
W K? Cn 90° 0,053 0,051 0,027
w E Mo 90° 0,106 0,130 0,106
W o« - Mo 90° 0,081 0,103 0,079

B nepsom cTonbue Tabnuubl yKasaHbl CNeKTpasibHbie NNHUWN NepPBUY-
HbIX nydyen (MNHUK n LW monmbaeHa n Bonbgpama), BO BTOPOM cTON6LE —
pagunatop (Teno, paccemBatliee Jyuyn), B TpeTbeM — yros paccesHust
B YeTBEPTOM — HabMOAEHHAas BeIMYMHA CMELEeHW, B MATOM — BblYUC/IEHHAs
no copmyne (20), B WeCTOM — NpeaesibHass BesIMUMHA cMelleHnss D, Bblumnc-
neHHasa no copmyne (19). N3 Tabnuuybl BUAHO, 4TO B Tex caydasaX, Korga
Ny4yn paccemBalwTCcsa JIerKMMUK BelwecTBamu (MepBble TPU CTPOKW), A1 KOTO-
pbIX 3HEprmein WNOHU3ALUN MOXHO MpeHebpeyb, HabMIOAEHHOE CMeleHue
COOTBETCTBYET c/iyyakw CBO6GOAHbIX 3/1eKTPOHOB, 1 B = 0. Ana 6onee Taxe-
NbIX BeLWecTB BennunHa D cocTaBnseT yXe 3HauyuTeNbHYH [0 Habniwo-
Jaemoro cmeweHus. HakoHel, B TOM cfiydyae, Korga aTOMHbIi Bec pagmartopa
3HauyuTeneH (iyuym Bonb(pama paccemBarTCad MOMNOAEHOM), 3HEPTrUs NOHU-
3auMm HacToNbKO BesiMKa, YTO MOYTU BCA 3Heprus, coobuwieHHas KBaHTam
3aTpaynBaeTCsa Ha OTAe/NlbHble 3/1IEKTPOHbLI, N BCe CMELLeHWe ucyeprbiBaeTca
BeNMYMHoOW D.

MonoXXmm, 4YTO 3NeKTPOH 3aHMMaeT Takoe Mo/0XKeHne =Ha opbuTa
B MOMEHT CTO/IKHOBEHWUHA, 4YTO BCHA 3Heprus, coobwieHHas emMy KBaHTOM,
OKasblBaeTCsd HeAoCTaTOUHOW ANnA ypaseHUs ero m3 atoma. B Takom cnydae-
3/IeKTPOH OCTaeTcsa BHYTpPU aTtoma, K Macce 3/IeKTpoHa npucoeguHseTcs
Macca Bcero atoma; B cdopmyne (10) HYy>XHO 3aMeHUTb T BeAMYMHOW XK, u:
Be/IMYMHA CMelleHUS O0Ka3blBaeTCd HWUUYTOXKHO Masoi. ITUM M 06bscHAeTCS
CylUleCcTBOBAHUE HECMELLEHHOW NUHUN.

Teopusa [>kaH CcW cxogHa MO cywecTBy c Teopueidr KomnToHa,,
HO naeT fanblle, gaBas noAcyeT A1 LWUPUHBLI CMELWEHHOW /IMHUW 1 ANns
OTHOWEHNS MHTEHCMBHOCTEN CMELLEHHON W HECMEWEHHOW NuHMKU. B oTnu-
yne ot KomnToHa, [>aHCW BBOAUT, rfnaBHbIM 06pa3om, B ypaBHEHUSA
JHEepPrMm U Konm4yecTBa [ABWKEHUSA He 3HEepruw uoHm3auumm, a CKOpoCTb
aneKTpoHa (KoTopas, B CBOIO o4epelb, MOXET ObITb Bblpa)keHa B 3aBUCUMOCTU
OT 3HEPrUM noHM3aunun). B pesynbrate BblUMUCNAEHWI A/IMHA BOJIHbI CMELLLEH-
HO i NMHWMK BblpaXkaeTcs B BUAe DYHKLUUM OT yria MeXxAay Hanpas/ieHueM nep-



n. WTPYM

ANYHOI0 KBaHTa W HanpaB/IEHWEM CKOPOCTU 3/1IEKTPOHA B MOMEHT CTO/IKHO-
BEHUs, Bblumcnme maximum v minimum 3ToW (QYHKUUW, MOXHO HaihTm
Hanbosnblliee N HauMeHbllee 3HA4YeHUS [ANMHbI BOJIHbl CMELWeHHOW NNHUN.
Pa3HocTb mMexay 3TUMW BenAndYnHamu onpegenseTr WUPUHY CMELLEHHON nn-
wuB. Ecnm o0603HauynTb uXx 4depe3 1T n Imin, To no [>xaHe u

(22)

e(ocTasibHble 0603HAYEHNA MpPeXXHue).

Takum ob6pas3om, M3 Teopuwu crnepyet, UYTO CMeLWeHHas /NMHUA JO/DKHAa
MMEeTb KOHEYHYK LWUPUHY. ITOT BbIBOA HaxoguTca B cOrflacuMm ¢ Ofbl-
Tamu p ' 4.

Mpunarasa cBOW BbIYUCAEHUA K paccesaHuio naydyen Kx monubgeHa
3/1eKTPOHaMN Yr/epoagHOro atoma Héi ypoBHe L, [>aH cu nony4yaetr gns

WNPUHbI CMeLLeHHOW nuHumM 0,021 A. OnbiTel KomnToHa gatT 0,027 A [16].

Kak yxXe 6bl/10 yKasaHo, HecMmelleHHas NnHuUA obsi3aHa CBOMM Cylie-
CTBOBaHMEM TeM KBaHTaM, KOTOpPble He Bbl3Basin MNPU CTO/IKHOBEHUMU OTLLe-
naeHna anekTpoHa. MNMonoXum, 4YTo BEPOATHOCTbL CTO/IKHOBEHUA TaKoro poja
paBHa PO a BepOATHOCTb CTO/IKHOBEHWS, MPW KOTOPOM 3HEpPrus, coobuieH-
Has KBaHTOM 3/1EKTPOHY, OKa3blBaeTCHA AOCTATOYHOW 4719 MOHM3aLMK aTtoma,
paBHa P (. Torga OTHOWeEHWE 4ucna KBAHTOB, BbI3BaBLIMX CTO/IKHOBEHUE
CMELLEHHOW JINHUM K YNC/Yy KBAHTOB, MPOU3BEALUINX HECMELLEHHYIO JIMHUIO,

p
PaBHO OTHOLWIEHWUIO TakoBO >Xe OTHOWEHMEe U MHTEHCUBHOCTU CMELLeH-

HOW JIMHUN K MHTEHCUBHOCTWU HECMeLWeHHOW fIMHWK (To4Hee, cnepfoBasio 6bl
MPUHATbL B pacyeT TakKXXe pas/INYHYl 3HEPruio camMux KBaHTOB). Mbl He cTa-
HeM ocTaHaB/MBAaTbCHA Ha X04e He BMOJIHE CTPOrMX BblYMCAEHUA [>KaH cu,
a YKaKeM /Wb Ha MofyyYeHHble pe3ynbTaTbl: 1) OTHOCUTENbHAS WHTEH-
CMBHOCTb BO3pacTaeT C YBe/IMYeHUEM Yyrna paccesHus. 3TO MOXHO Mo-
ACHUTbL cnegywowum ob6pasom: 4Yem 60NblUe yron paccesHus, TeMm 6osblie
3Heprus, cooblieHHass KBAHTOM 3/1eKTPOHY [cM. HMXXe dopmyny (27)] u Tem
6onble BEepPOATHOCTb TOrO0, YTO 3Ta 3IHEPIrMsA OKaXKeTca AOCTaTOYHOW Ans
OoTAeNeHUA 3/1eKTPOHA, T.-e. KBAHT M3MEHMUT CBOK 4acToTy. JDTOT pe3ynbTaT
noaTeep>kpaetca onbiTamu [1654] (cp., Hanp., puc. 3). 2) OTHoCcUTEeNbHAA WH-
TEHCMBHOCTb CMELLEHHOW NIMHUM NpPW JaHHOM Yyr/le paccesHUSA yMeHbluaeTcs
C BO3pacTaHMem aTOMHOro Homepa pacceuBaloLlLero 3jieMeHTa: 4em 6osiblue
aTOMHbI HOMep, TeM, Boo6LW e roBops, CU/IbHEe CBA3a@Hbl 3/1EKTPOHbI, N TEM
60/blle BEPOATHOCTb TOr0, YTO 3Heprus, coobwieHHas KBaHTOM, OKaXeTcs
HeJOCTaTOYHOMW ANs uoHM3aumum artoma. JTOT pe3ynbTaT NoATBepXKAaeTcs
onbiTamMn Oassuca [48, Pocca [283m, BebcTepa [T, AwaHa u
AnnvcoH a [3]. 3) OTHocMTesibHass WHTEHCMBHOCTb CMELLEHHOW MHUK
YBE/INYMBAETCA C YMeHbLUEHVWEeM [ANMNHbl BOJIHbl PEHTFEeHOBCKUX Jy4eii: 4em
MeHbLUEe [ANMHA BOJIHbI, TeMm .00/blUe 3HEPrnsa KBaHTa, W TeM 6o/sblle Be-
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POATHOCTb OTLWEN/IEHUS 3/IeKTpOHa. 3Ta 3aBUCMMOCTb TakKXXe OTMe4dYeHa Ha
onbiTe [49. WVIHTepecHO OTMeTUTb, B CBA3M 3TUM, NonblITKy Pocca [49
nonyynTb sABfeHne KoMNnToOHAa A1 CBETOBbIX Jly4Yel, UMEHHO, ANns 3e-
NeHoi nuHuu pTyTuU. OTpuuaTesibHbIA pe3ynbTaT 3TOW MNOMNbITKM MOXET
6bITb 06bACHEH HEeAO0CTATOYHOW 3JHeprmven KBaHTa CBETOBbIX Ny4yell BUAU-
MOro crekTpa.

5. [0 cnx Nop Mbl FOBOPUAN 06 MCTONTKOBaAHUKM siBleHWA KoMAOTOHa
TONBKO C TOYKU 3PEHUS Teopuu CBETOBbIX KBaHTOB. OfHako cyuw,ecTByeT
pAg MonbITOK COBMeCTUTb sABMeHMe KomMnToHa C CyuwecTBOBaAaHUWEM WU3My-
YeHUSA, KOTOpPOe pacnpocTpaHAeTcAa B MpPOCTpaHCTBE B BUAe BOJIH, HO
ncrnyckaetTca W nNorfouiaeTcsa UesbIMW  KBaHTaMu 3Heprunm b. TakoBbl
Jnonyknaccnyeckue" teopum PepctepnumHra [n], NanbnepHa [H],
A. N. dpeHkena [5], O9kkepTta [, bBayepa~, Mu [6>5]. Cyuie-
CTBEHHAs 0COOEHHOCTb 3TUX TEOPWUI COCTOUT B TOM, YTO OHU O06BACHSAT
CMeLLeHne CcnekTpasnbHOW NUHWKM sBNeHnmem Jonnnepa, KoTopoe 06-
YCNIOBMIEHO ABV>KEHVEM paccemBakL X 3/IEKTPOHOB. KOM N TOH eule B 04HON,
M3 CBOMX MepBbiXx paboT ykasan, 4TO0 Takas >e BeIMYuHa CMeleHns,
Kakas nonyvaetcsa u3 gopmynbl (10), moxeT ObITb MojsiydeHa Ha OCHOBa-
HUM NpuHumMna Jonnnepa, ecnu MNPeanonoXuTb,, 4YTO uU3ayyawuwume
3/IEKTPOHbI ABMIKYTCA B HamnpaB/eHWM MNEePBUYHbIX Niyyein ¢,30PeKTUBHOR"
CKOpOCTbI pc, rae

CornacHo ,nonyknaccnyeckum" Teopusdam, afieKTpoMarHMTHas BOJ/IHA PeHTre-
HOBCKUX fly4yen, nagas Ha 3/eKTPOH, coobuiaeT emMy YCKOPEHHOEe [ABUXKEHUe.
Ecnn KonnMyecTtBO 3HEpPrumn, NorAoWeHHONW 3N1E€KTPOHOM U3 NMEePBUYHON BOJHbI,
paBHO AVO, TO cpeAHsIi CKOPOCTb 3/IEKTPOHa COOTBEeTCTBYeT chopmyne (23).
OKKapT, OCHOBbIBasACb Ha 00W,ei Teopunm OTHOCUTE/IbHOCTWU, BbLIBOAUT
U3 ypaBHEHUSA BOMHbI N U3 AuddepeHUNanbHOro ypaBHEHUA CBETOBOro'
nyya, KakK reofe3vyeckor J/IMHUU, — YpaBHEHUS, aHa/Nl0TMYHble YpPaBHEHUIO
KomntoHa—/[le6asa. Mwu BbiCKasbiBaeT OpPUTMHa/IbHYK TruUnoTesy, cOo-
rnacHo KOTOpPOW He TO/bKO LeNnble aTtoMbl, HO WU 3M1EeKTPOHbl MOryT nepe-
XOAUTb B pas/inyHbie CTalMoHapHble COCTOAHWA, TaK 4YTO0 paccedHue
PEHTreHOBCKMX Jlyyer npeactaBnsetr cobori B HeKOoTOopoM poge datopec-
uupytoutee wn3nyvyeHme 3neKTpoHos. CBow Teoputo Mwu couyeTaeT C Teo-
pueii BupTyanbHbiXx BubpatopoB bopa, Kpamepca un Cnatepa [,
Ha KoTopo Bop [H, noBngumomy, yXe He HacTamBaeT B HacTosuiee
Bpems.

Mbl He ocTaHaB/MBaemcsa NOAPO6GHO Ha 3TUX TeopusaX He TOJIbKO
no HepoctaTtky Mecta, HO U B BuUAYy HeAOCTATOYHOCTWU WX ANA NOJZIHOro-
06bAcHeHNA aBneHMsas KomMnToHAa: BbIBOAA MNpPU MOMOLLM TeX WIN MHbIX
AonyweHun dopmyny CcMmeweHUs AN CBOOOAHbLIX 3/1EKTPOHOB, OHW He
B COCTOSSHUM OOBACHUTbL Te ABN1eHNA, KOTOpPble CcBA3aHbl C ABUXXEHWEM.
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~3/IEKTPOHOB 0oTAaun" (T.-e. 3/IEKTPOHOB, CTO/IKHYBLUUXCS C KBAHTAMWU W3/1y-
yeHus). K paccmMoTpeHUD 3TUX SIBJIEHUIA Mbl U nepelijem.

6. Mpu CTONIKHOBEHMW KBaHTa C 3/IEKTPOHOM, mociegHemy coobuiaeTcs
HeKoTopasi 4YacTb 3HepruMm U KOJIMYEecTBA ABVMXKEHMWS MEepBUYHOr0 KBaHTA.
Ecnyv KBaHT OTKJ/IOHSIETCS Ha yroa 6 oT nmepBoHa4ya/ibHOro HanpasfeHus,

TO CKOpPOCTb 3/1IEKTPOHA, B 3aBUCUMMOCTM OT yrna 0, BblpaxkaeTcsa ¢op-

. v
Mynoi (8), rae P= — T[1oM0XuUM, 4TO HanpaB/fieHWE CKOPOCTU 3/IeKTPOHa
c

COCTaB/IAET Yro/l ® C Harnpas/lieHWeM MepBUYHOro KBaHTa. HeTpyaHO HalTu
3aBucuMocTb Mexay yrnamm $p v 0. Hanuwem ypaBHEHUs KOJM4YecTBa fBU-
XEHUSI B MNpOeKUMsAX Ha HanpasneHne AB (puc. 1) n Ha HanpasfeHue,
.NepneHAnKynsipHoe K Moc/efHeMy:

bn wsc . b 0 /0.4
—5= . T coSW4-— C0S 0 .oereeereeeeeeeeenn, (24}
c /1T — r‘c
8 . . b .
o= " W2 S (25)
/ 1_p c
M3 nocnegHNx ABYX YpaBHEHWI Haigem:
tgf-T - \ e D (26)
KuHeTnyeckasa aHeprusa afieKTpoHa, Ha ocHoBaHuum copmyn (3) n (8),
A
2a sin2 ¢
E=h v — - [0 TR (27)
1-]-2asin2

S

Mpn nomowin copmysbl (26) MOXHO Bbipa3nTb 3Heprut E B 3aBucu-
MOCTU OT yrna (g
2a bOcos tf
(1-f a)2— a2cos2<f£>eee’': ... n

Ha puc. 7, 3aMmcTBOoBaHHOM Wn3 cTtatb [febasda, HarnagHo wnsobpa-
XKeHbl cTpesikaMmun BesimvunHbl bl no cpaBHeHntoo ¢ b0 gna pasnuyHbix yrnos O.
CTpenikn, OT/I0KEHHble BHU3, NOKa3bliBalOT HanpaB/feHWE [BUXKEHUA N Besu-
YNHY 3SHEPrun 3NeKTpPoHa Mnpu Tex e 3HayeHuax O (0603HayeHbl oAuHa-
KOBbIMU UUdpamn).

M3 copmyn (26) n (28) n n3 yepTexka BUAHO, UYTO 3/IEKTPOHbI OT6pa-
CbiBAlOTCA BCerfa Brepef, nof OoCTPbIM YoM K HanpaB/leHUI0 MepBUYHOI0
«BaHTa. YeMm' mMeHbllue yros, .06pa3oBaHHbLIA CKOPOCTbI 3/IeKTPOHA C Ha-
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npaBneHNEM NepBNYHOrNo syya, Tem 6onbLIe JHEpPrmnAa aNeKTpoHa. Hawunbonbluee
3Ha4yYeHne 3HeprmAa 3/71EKTpoHa nonydaeTtr npwu 0. B atom cnyuyae:

Nz Fg.e 1l N me m(29)

Kak wn3BecTHO, nNpwu no-

rNOWeHUN PEHTIEHOBCKUX NYy-

yelli MNPoOUCXOAWUT BblAeNeHne

B(OTO3/MEKTPOHOB. Mexay 3Tu-

MU 3N1eKTpoHaMu U 3/1eKTpo-

HaMu, CONpPoOBOXAAKWUMN AB-

neHne KomnTtoHa, umeeTcs

CyLWecTBEHHOE pa3nnyve. B 1o

BpeMsi KaK npu BblgeneHuun

«(h0TO3NEKTPOHA MPOUCXOANT

rnorsnoueHe rnosIHOro PeHTreHOBCKOro KBaHTa, M 3Heprusa (oTo3sIeKTpoHa
m6M3Ka K aHeprnmn kBaHta, AN KoMNTOHOBC KO T 0 3/1eKTPOHA BeNMYNHa
-3Heprum nosiyyaeTcsa 3HaAUYUTENIbHO MeHblle, YeM BenuumHa bn (cm. dop-
Mynbl (28) n (29).

Pwuc. 8.

CyuiecTBoBaHMe TaKuX BbI3BaHHbIX 3aektom KomnToHa ,3nek-
TpoHoB oTgaumn” (recoil electrons, Riickstosselektronen) 6bi1s10 NOATBEPXAEHO
onbiTaMmn BumnbcoHa [6), KoTOpbIi BOCMNO/Ib30BAsICA CBOMM METOLOM KOH-
JeHCaUuWOHHOW Kamepbl W oTorpadgupoBan TPaeKTOPMM 3/IEKTPOHOB, Bblae-
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NBLINXCA B rase noj B/ANAHMEM MydykKa PEHTreHOBCKUX nAy4vyed. BunbcoH
yCTaHOBWJ/I, 4TO KpoMe ()OTO3/1IeKTPOHOB C 60/blWKMM Npoberom 1 60/bLUOWA
CKOPOCTb, COOTBETCTBYHOLEA MOr/OWEHNI0 KBaHTa, MMEKTCA TakXe 3sek-
TpoHbl ¢ Manbim npoberom (,fish tracks"), gBm>Xywmeca nop ocTpbiMU
yrnamMmm K Hanpas/leHUI0 PEHTFeHOBCKMX fy4del. Takume >Ke OonbiTbl C MNOJO-
XXUTENbHbIMU pe3ynbTaTtamu 6binm rnponssegeHbl MkeyTu [ uboTe [2 6.
MKeyTn nokasas, 4ToO BeNMyYMHa npobera 3NeKTpPOHOB, a 3HA4YUT, U CKO-
pocTb X Tem 60/iblle, YeM MEHbLUe Yros ¢ Harnpas/ieHUEM PEeHTreHOBCKUX
nydeil, B cootBeTcTBUK ¢ opmynoi KomnToHa (28). Ha puc. 8 Boe-
npomnssegeHa ogHa wu3 dortorpaduii, NonyyeHHblXx boTe.

Pwuc. 9.

O B. CkobenbublH [64865 wnccnegosan npu noMmowm metoga Bunsb-
COHa BblAgesieHNEe 3/1IEKTPOHOB Yy-/lydyamu, [ANMHA BOJIHbI KOTOpbIX eLe
MeHbLUe, YeM [A/IMHA BOJ/IHbl PEHTrEHOBCKUX Ny4eil. UTobbl yCTAHOBUTbL 3aBU-
CUMOCTb MeXAy npoberom (CKOPOCTbH) 3/IEKTPOHOB M yrnom @ A. B. Cko-
6enbyblH noABeprasl UX BO3AENCTBUID MarHMTHOrO MOASA, N0J4 BAVUAHUEM
KOTOpPOro TpaekTopuu 3armbanuce no Kpyry. KacatenbHas B Havasne Tpaek-
Topyn paet nNpubnusnMTenbHoe 3HayeHue < [Moslyuymnocb COOTBETCTBUE
c Teopuein KomnToHa. Ha puc. 9 BocnpousBegeHa ogHa u3 goTorpaduii
O. B. CkobenbuyblHa.

MoppobHoe TeopeTM4yeckoe W OMbITHOE wcc/efgoBaHWe 3/1EKTPOHOB,
oTgaun 6bis10 npomsBeaeHo KomnTtoHOM (BMecTe ¢ COTPYAHUKAMM), KOTO-
pbii cpaBHMN BbIBOAbI CBOE Teopuwu C BbIBOAAMMU ,MN0NYyKaCCUYeCKOn*®
Teopuun [65 67>Ng.



ABJTEHVME KOMIMTOHA 161

UTo 93/1eKTPOHbI C ManbiM Mpoberom [eACTBUTENIbHO Bbi3BaHbl pac-
cessHMEeM pPEeHTreHoBCKMX nydyeil, KoMNTOH MoATBEPXAAeT CpaBHEHUEM
yncna 93NeKTPoHoB. Ecm N& — 4mncnio 3NeKTPOHOB - C MasbiM  npoberom
(3NeKTpOHbI 0TAaun), a— KoaP(PUUUEHT paccesHUs (AoNA 3Heprum nep-
BUYHbIX Nyuyeli, obpaTuBLUAACA B 3HEPTMI0 paccessHHbIX ny4yei), NP — yuncno
3N1eKTPOHOB ¢ 6onbwmM npoberom (PoTO3NEKTPOHBbI), T— KOIPDPUUNEHT
nornoweHns, To Ao/HKHa 6biTb cobngeHa NPonopunMOHanbHOCTD:

NIt
NP - (BO)

MocneaHsis hopmyna He COBCEM TOYHA, TaK KaK He BCe PacCesiHHble
KBaHTbl BbI3blBAlOT OTAENIEHUE 3NIEKTPOHOB (CYLLeCTBOBAHWE HECMELLEHHOW
JIVHUM) U He BCe 3/IeKTPOHbI MOTYT AaTb 3aMeTHYK TpaekToputo. [loaTomy

B MpaBykw 4acTb paBeHcTBa (30) Hy>xHOo EBecTM nonpaBoYHbIA KO3hdU-
UMeHT, n paBeHcTBO (30) nNnpumeT BUA:

| * 2Jd-
NP (30a)

rae Bennunny K Bblumcnunu OxxaHcwm mn ge-do [@ M.
Ha npwnaraemoii Tabnuue pesynbtaTel HabnwgeHnin KomnToHa
conocTas/ieHbl C pe3ysbTaramu BbluncneHUin KomnToHa 1 [>XaHCcu:

[nvHa BOSHbI. 0 K K - Nr
T Np
0,71 A 0,27 0,36 0,097 0,10
0,44 1,2 0,62 0,75 0,9
0,29 3,8 0,82 31 2,7
0,20 10 0,90 9,0 9
0,17 17 0,92 15,6 17

CornacHo BOJTIHOBOW Teopun aBfieHUA KoMMNTOHa, BCE 3/IEKTPOHLI
OBVXKYTCA MO0 HanpaB/IEHUKO TMEepPBUYHOIO ny4da C O,EI,VIHaKOBOVI CKOPOCTbHO,

KoTopas onpegensieTcs no gopmyne (23). B TakoMm cnydae 3HEprus 3afek-
TPOHOB Bbipasunack 6bl BeNMUMHOIA:

+
E. =yQ .- 1+a 1 (31)
a /1 2a

Mexgy Tem, MO TeOpuMM KBAHTOB, IHEPrMsA 3/1IeKTpPOHA 3aBUCUT OT €ero Ha-
npasneHns [(cm. (28)]. Mpu HeboNblIMX 3HaYeHUAX a BenuumHa E, Bblunc-
neHHaa no dopmyne (31), B 4eTbipe pas3a MeHblLle MaKCUMasbHOro0 3Ha-
YyeHns E no dopmyne (29). Tak kak npob6er 3fieKTpoHa rnponopuunoHaneH
KBagpaTy KMHETMYeCKOW 3Heprum ero, To pasnuyuve nosaydaercsa ewe 60/b-

Yenexu ¢uanyeckux Hayk. T. VI. Bobia. 2. 1926 r. 11
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wee, B 16 pa3. Ha npunaraemoii Ta6nuue conocTaB/ieHbl pe3ysbTaTbl Ha-
6nofeHMA KoM nToHa C Be/NYMHONA HambGosnbliero npo6era 3/IeKTPOHOB,

thopmyne (29) n no ,BonHOBON" dopmyne (31).

BbIYMC/IEHHOW N0 ,KBAHTOBOW

[OnvHa BO/HbI Haun6onbwnii npo6er
B % 3/1IEKTPOHOB B MM. no (29) M (1)
0,71 0 0,06 0,004
0,44 0 0,3 0,02
0,29 25 18 0,1
0,20 6 6 04
0,17 9 12 0,7
0,13 24 25 15

Kak nokasbiBaeT Tabnuua, BeNIMUYUHbI, BblYUCNIEHHbIEe HA OCHOBAHUWN TEOPUU
KBaHTOB, 3HAUYUTeNIbHO 6MMXKe K HabnwogaembiM.

Hawn6onee HenocpeACTBEHHbIM MOATBEPXAEHMEM KBaHTOBOI Teopuu
ABrieHns KoM nToHa cnyXxat HabniogeHns Haj TpaekTopuasMn oThensb-
HbIX 3/IEKTPOHOB U BTOPWUYHBLIX KBAHTOB, BbI3BAHHbLIX YAAapoM O0LHOr0 U
TOro >e MepBUYHOro KBaHTa. IATU 3ameyaTtesibHble HabnwaeHNsa 6bliM Npo-
n3seaeHol KomnTtoHoM u CanmoHoOM [71<7] no meTogy BunbcoHa.
Ha nony4yeHHbIX UMK oTorpauax TPaeKTopuUu 3/IEKTPOHOB OTAayYn BUAHBLI
HENoCpeACTBEHHO: 4UTO KacaeTcA BTOPWYHOrNO KBaHTa, TO MOCAEAHWIA Bbl-
3blBAeT Ha CBOEM MNyTW MOsBAEHUe O6bICTPbIX p-Ay4ded (HOTOIIEKTPOHOB),
M npamMas, coeAuHAKLWAsa Hadano TPaekKToOpUW 3/1eKTpoHa C HayasoMm
p-nyya, faeT Hanpas/eHNne BTOPUYHOI0 KBaHTa. YTr/bl, COCTaB/IeHHbIE 3TUMWU
ABYMSA HanpaBfeHUAMU C HanpaB/ieHWeM MEePBUYHOr0 fy4ya, NOATBEPXKAANT
thopmyny (26) ¢ p[O0BOMLHO 60M1bLWOW TOYHOCTBIO (ECIU MPUHATL BO BHU-

MaHue TpyAHOCTb Hab6nwAeHWH). BepoATHOCTb C/y4YyaiiHOro CcoBMNajeHUs

1

cocTaBndeT, No BblyucaeHnam KomnToHa, O0KO0JO <50 OnbiTel Komn-

TOHa HEenocpeacTBEHHO MOATBEPXAAKT TO MOJIOXKEHUE, 4YTO 3HEPTUA W
KO/INYECTBO [ABMXKEHUSA COXPAHAKTCA MOCTOAHHbIMWU MNPU B3aMMOAENCTBUMK
MeXay W3NyYeHMeM W 3N1eKTPOHaMM W 4YTO pacCessHWUI0 KaXkAoro KsaHTa
COOTBETCTBYeT OTTaJIKmBaHue OL4HOr0 3/1IeKTPOHA.

Ecnu onbitTel KoMNTOHa [JoKa3biBalOT MPOCTPAHCTBEHHOE COOTHO-
LeHne wMexXAay Hanpas/ieHVMeM OTK/IOHEHHOrNo KBaHTa W Hanpas/ieHNeM
OTOPOLWIEHHOro 3/1eKTPOHa, To onbiTel BoTe wn leilirepa [7314,75 ykKa-
3blBalOT Ha coBMNajeHue BO BPEMEHWU MexXAay npoueccamMn oTtbpacbiBaHUA
3N1eKTPOHA M paccesiHMA PEeHTreHOBCKMX ny4deid. B 3Tux onbiTax peHTre-
HOBCKMWI Ny4 Mpoxogus MUMO [ABYX CUYeT4YMKOB [eWirepa, W3 KOTOPbIX
OAWH OTMeyasl MOMEHT MOSAB/IEHUSA 3/IeKTpoHa, BTOPOM — MOMEHT nosBre-
HUA BTOPUYHOI0 KBaHTa (C. TOYHOCTbLIO B OAHY AECATUTBICAYHYI CEKYHAbI).
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Uucno coBnajeHMin 3HAYNTENbHO MPEeBOCXOAUT MaTemMaTuU4YecKoe OXupaHue
ANA 4ducna cnydaliHbiX coBnajeHuin. BepoATHOCTb TOro, 4To 3TO pasnuyuve
oKasanocb cfny4ariHbIM, paBHa, Mo BbluucneHnsm boTe wn Tleiirepa,
-0,0000025. (MoppobHee cm. pethepat I'. C. JTaHpcbepra: ,Ycnexun ®dusny.
Hayk"“, cTtp. 252, 1925, Ne 3).

OnbiTelk KomnTtoHa wn CalimoHa, bBboTte wun lelirepa noka-
3bIBaAKOT, Kak npusHan bop [5H], HeyaOBMeTBOPUTE/IbLHOCTL TEOPUWN BUPTYyasib-
HbiX BubpatopoB Bbopa, Kpamepca wu Cnatepa, coOrfnacHo KOTOpOWM
3aKOHbl COXPaHEHWA 3HEPTUN K KOMM4YecTBa ABUMXKEHUS MMET TO/IbKO cTa-
TUCTMYECKOE 3Ha4veHwue.

7. B Hauane ctaTtbuM Mbl YMNOMSHY/AM O TOM, 4YTO B C/iydae >XeCTKUX
NepBUYHLIX JSly4yel pacnpefeneHme MHTEHCUBHOCTU BTOPUYHbLIX Nlyyel B 3aBU-
*CUMOCTM OT yrna paccessHUs He COOBeTCTBYET Kaccmueckoii ¢opmyne Tom-
coHa (2). OcobeHHO 3amMeTHO HeCMMMETPUYHOe pacrnpefesieHne MHTEHCUB-
HOCTU OTHOCUTE/IbHO MJIOCKOCTU, MNEPNeHAUKY/IAPHOW K MEePBUYHOMY Jydy.
-3afjlaya Teopun KBaHTOB — BbIBECTU He3aBUCMMbIM nyTeM opmyny, corsac-
HYI C ONbITOM,— OKa3blBaeTCA B AaHHOM csiyyae Hesnerko. CornacHo Teopum
KBaHTOB, MHTEHCUBHOCTb Jly4Yell, pacCessHHbIX B JaHHOM HanpaB/ieHUU, 3aBU-
CUT OT uYncna KBAHTOB, OTK/IOHEHHbIX B 3TOM Hanpas/ieHMU, a 3TO 4YMnCIIo,
B CBOI o4epefb, NPONOPLMOHANIBHO BEPOATHOCTU OTK/IOHEHWA KBaHTa Noj,
JaHHbIM yrnoMm. Ho 0 Takoii BEPOATHOCTU Mbl €LLLe HE MOXKeM BbiCKa3aTb ornpe-
[EeNEeHHOro KO/IMYEeCTBEHHOr0 CY)XXAeHUsA, TakKk KakK Masio 3Haem 0 caMOM Mexa-
HU3Me B3aMMOAEMCTBUA MeXAY KBaHTOM W 3/1eKTPOHOM. UYT06bI Nony4unTb
X0TA 6bl MpPMGIN3NTENbHOE paspelleHWe BOMPoOCa, COBPEMEHHble Teopuwm
Nonb3ylTCcA NpeanoxKeHHbIM Bopom mMeTogom (,MpUHLMMNOM") COOTBETCTBUA,
COrflacHoO KOTOPOMY BbIBOAbI, MOSlyYEeHHble HA OCHOBAHWUM TEOPUM KBAHTOB,
acMMNTOTUYECKM MPUOBAMKAKTCA K 3aK/IUYEHUSM KJ/lacCUYecKonm Teopum
Ana  KonebaHMM ¢ yMeHblakwuwenca 4yactoTon. [pu NoNb30BaHUU  3TUM
MeTodoM 6epeTcss KakKoe-HMOyAb Aonyuw,eHMe KnacCMYecKoil Teopuwn, Moa-
TBEpXAalwLeeca Ha onbiTe ANA MeA/IeHHbIX KosiebaHWii, 1 BHOCUTCA B pac-
CY)X[AEHNA Teopun KBaAHTOB. BbI6op 3TOro JgonyuieHusa u xapakTepusyeTt
pasnuune mexay TeopusaMu pasHbiX aBTOPOB.

Tak, Hanpumep, eb6an [n]j 3aknwyaeTr Ha oCHoBaHUWU copmMmynbl (2),
YTO BEPOATHOCTb OTKJ/IOHEHUSA KBaHTa Noj4 fAaHHbIM yrnom 0 nponopuywo-

i+_/QCEZ6

Ha/lbHa BeJ/IN4YnNHe e Tak Kak MHTEHCUBHOCTb n3nydyeHna nponop-

LVoHas lbHa, KpoMe TOro, 3Hepruu kKaxporo keaHTa hv, To Oe6an nony-

yaeT 0TCHOAa BblpaXkeHwue:
Jd__ b 1+ cos2f

70- b’ 2

MoacTtaBuB cioga 3HadyeHUsa v n dopmynbl (7), NoayyYmnm:
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KomnToH [3] npumeHsaeT cregylouiee paccyxgeHne. Kak mbl Bugenm,,
CMellleHMe CNeKTpanbHOW AWHUWM MNoayvyaeTcs Takoe e, Kak ecnm 6bl pac-
cessHMe MNPOM3BOAMIIOCL HA OCHOBAHUMW K/AaCCNYEeCKUX 3aKOHOB 3/IEKTPOHaMW,
ABvmXywmmuca ¢ 3P ekTUBHOMW ckopocTbto 0-v [(cm. (23)]. KomnToH
npegnonaraeTt, 4To U pacrnpefeneHne MHTEHCUBHOCTEN COOTBETCTBYeT Knac-
CMYECKOMY pacrnpefeneHnto, HO A7 3/1IeKTPOHOB, ABVKYLLUXCA C TaKoWh ke
3 HeKTUBHOM CKOPOCTbID. M3 3TOro HecTporo MOTUMBMPOBAHHOrO (Mo Mpwu-
3HaHU camoro KomnToHa) AONyWeHUsA OH BbIBOAWUT Takoe BblpadkeHue
ANA VMHTEHCUBHOCTM PacCessHHOro U3ny4vyeHus:

T T 1+ co326+ 2a (1-fa) (1 —eosf})2
[t + a (I — cost))]5

dopmyna KomnTtoHa (33) okasblBaeTCA B JydllemM COOTBETCTBUN
C pesynbTaTamMu HabnwaeHwWii Hapg paccesHuem 7 -Ay4veid non pasHbIMU
yrnamu [10, yem copmyna Lebasa (32).

Ecnn npovHTerpmpoBaTb BbIpaXXeHWe AN WHTEHCUBHOCTU BTOPUYHBIX
ny4yeil Mo BCEM 3HAYEHUAM Yyrfa 6 WU pasfe/inTb MOSYYUBLUYIOCA BETUUYUNHY
paccessHHOM 3HEpPrum Ha MoHYI MHTEHCUBHOCTb MEPBUYHbIX Ay4Yelr, TO Mbl
nosly4nm BeNNUYUHY Ko3ahdpuumeHTa paccedHnda. EcAnM MHTEHCUMBHOCTbL nep-
BUYHbIX Nyyein 0603HauyMm 4epe3 P, TO Mbl MOAYYUM TaKoe BblpakeHue Ans
Koah(puumeHTa paccesHUs:

271 [V esin 6 d6

3HayeHne KoahduumeHTa paccesHUs, MONYyYeHHOe W3 KacCuyeckon
Teopuu, ob6osHaumm a0. Kak BugHo n3 copmynbl (1),

8m N* [ ]
.............................................. (35>
roe N — 4ucno 3fleKTPoOHOB B efuHULE 06beMa.
MoactaBuB 3HaudeHue J u3 (32) B (34), Nebai nony4aert:
N= *ol43[C+ 2a+ 2a2)ln(l+ a)~ a (i+ Ja)] . . .(36}
B BbluucnieHna [e6asa Bkpanacb ownbka (B MHTErpupoBaHum).
WcnpaBneHHasa dgopmyna nMeeT BUA:
a9=a°'i "N [(i+22+2a2)In(1+20[)* 2a(l+a)]' *(36a>

KomnToH nonyyaet u3 (32) n (34) cnepyiouiee BbipaXkeHUe:

et e 4 T W e (37>
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MocnepgHAA GopMyna, LOBO/IbHO 6/IM3KO COOTBETCTBYS OMbITHbIM [aH-
HbIM ANA MasblX AJINH BOMH, AaeT 3HA4YUTE/IbHble OTCTYMNJ/IEHUS B cry4ae
BO/IH 6GOMbLUOA ANVHBbI.

Mcxoasa n3 paccy>XAeHWid, HecKo/sIbKO OT/IMYHbIX OT BbiBogoB Komn-

ToHa, By [ nonydyaeT pgpyroe BbipaXkeHne ANnNda KoapduuueHTa pac-
cesHUSA:

®= <V fzf2a

UKCcTo KBAHTOBY TEOPUIO MHTEHCUBHOCTY PacCesHHbIX PEHTreHOBCKUX
nydeii nbiTanca gate AxaHcu [78. Ho nonydeHHas vMm dopmyna, euie
6osiee criokHas, yem opmyna KomnToHa, BbiBefleHa TaKXe Ha O0CHO-
BaHWW HEAOCTAaTOYHO 060CHOBAHHbLIX AO0MYLLEHUIA.

Kak Mbl BUAUM, B BOMPOC3 06 WHTEHCUBHOCTU paccesiHHbIX ny4el
KBaHTOBas Teopus OKasbiBaeTCs fafieko He MojHOoW. [anbHeliwan pas-
pa6oTka 3TOro BOMpoca HEMocpejCTBEHHO CBA3aHa, NMoBUAMMOMY, ¢ 6onee
rny6oKMM M3yyeHMEM MexaHW3Ma B3aMMOAeNCTBUS MeXAy KBaHTamu U3Jy-
YEHUS U MaTepuasibHbIMM YacTULaMU.
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