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Paspen 1. lonHaa KMHeTUYECKaA IHeprusa

MoNHaA KMHETUYECKAn SHEPrUs pPenaTUBUCTCKOrO 3/1EeKTPOHA CKNAAbIBAeTCA U3
KMHETUYECKOM 3HePrnmn NOCTynaTeIbHOro ABUMKEHUA U PENATUBUCTCKOM SHEPTUM
CO6CTBEHHOTO BpaALLEHMUA:
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PenATMBUCTCKaA aHepPrnsa sNeKTPOHA MOXKET M31y4yaTbCA B BUAE OTAE/bHbIX OTOHOB
(cnoHTaHHOE WM  TOpMO3HOE WM3/ydeHue). MoKeT y4yacTBoBaTb B YNPyrux
CTONKHOBEHMUAX 3/IEKTPOHOB C BHEWHUMU POTOHAMMK (NpsiMoi U 0bpaTHbIN 3ddeKTbl
KomnToHa). MosHaA KMHEeTMYEeCKas 3Heprua 4acTuubl U3MEHAETCA onpeneneHHbIMU
nopumamm (KBaHTamm):

E, = mc? — &2 . (2)
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Mpouecc KBAHTOBaHMA 3HEPrMM 334AET ISHEPreTUYECKME YPOBHU COCTOAHUM

3NEKTPOHA B BaKyyme.

Paspen 2. PenaTMBucTckumn napamerp
MosHas KMHETUYECKas SHePra 3NEKTPOHA B COCEAHUX COCTOAHUSAX:
Eyi =Es; + Ej; — WCXOZHOE COCTOsHMeE. (3)

Exi+1 = Egit1 + Erj+1; — cocenHee cocTosHue.

B 3aBMCMMOCTM OT CUTyauuu, SHEPrus PenaTUBMUCTCKOrO KBaHTa OTHMMAETCa WM
npubaBnAeTca K NOMHOM 3HEPrMM UCXOAHOro COCTOAHMA. Macca 3/1eKTpoHa ABAseTcA
WHBAPUWaHTHOW BEeAMYMHON. B InemeHTapHOM Teopum oOTHOocUTenbHocTn (I3TO)
MCNONb3YeTCA PeNATUBUCTCKUIA NapameTp — OTHOLWIEHWE CKOPOCTUM 3/IeKTPOHA K
CKOPOCTU CcBETa B KBagpaTe (KBagpaT OTHOCUTE/IbHOM CKOPOCTH):

2 2
xX;: = L. X; — Yit1 . _ (4)
i = sz Xiv1 = g cocefiHMe COCTOAHUA.

<

NHaeKc i — nopaaoK ciefioBaHUA AUCKPETHbIX 3HAaYEHUN JEeNCTBYIOLLLEN CKOPOCTH
aNekTpoHa. UNHaeKkc npoberaet pag HaTypanbHbix yucen, i =0,1,2,3,..n—1, n.
Hynesoe 3HayeHMe WHAEKCA COOTBETCTBYET MAaKCMMaJIbHO BO3MOMKHOMY WU
MWUHMMANbHO BO3MOXHOMY 3HAYEHUIO PENATUBUCTCKOM CKOPOCTM 3/IEKTPOHA B
BaKyyme.



Paspen 3. Topmo3HOe usnyyeHue

PaccmoTpm  TOopmo3Hoe  u3nydeHMe (GOTOHOB C  BOJIHOBOM  MOBEPXHOCTM
YNbTPAPENsaTUBUCTCKOrO 3NEKTPOHA. PenaTMBUCTCKAn 3Heprua MHTEpPnpeTUpyeTca Kak
BHYTPEHHWI GOTOH. 33 HAYaIbHYH CKOPOCTb 3/IEKTPOHA NMPUHUMAETCA CKOPOCTb CBETA,
Vo =C.

Brg | = | By Egiv1 + Erjsa

Puc. 1

Ha pucyHke 1, v/ — yactota usnyyaemoro ¢poTtoHa, h — noctoaHHan MnaHka. Mocne
M3/1ly4eHMa BHYTPEHHero GpoToHa NPoUCXoAnT peKoMbuHaLUs NMOJHON KMHETUYECKOM
sHeprmn. OCTaBLIAACA SHEPrMA 3N1EeKTPOHA CHOBA pas/iaraeTca Ha MOCTYMaTebHYH U
PeNATUBUCTCKYHO COCTaBAALWME No opmyne:
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Hafo oTMeTuTb, YTO ABUMKEHME 3/IEKTPOHA B MJIOTHYIO K CKOPOCTM CBETA He ABNAETCA
MeTacTabnabHbIM COCTOAHUEM anA MaTepmaanoﬁ 4acCTuLbl.

Paspen 4. PacceaHune aHepruyHbix ¢oToHOB

PaCCMOTpMM pacceaHne BHEWHUX 3SHEPTrnYHbIX (I)OTOHOB Ha PENATUBUCTCKUX
91IEKTPOHAX. 3a Ha4a/IbHYHO CKOPOCTb 3/1EKTPOHA MNPUHMMAETCA MUHUMAJIbHOE
BO3MOXHO€E pPenaTMBuCTCKoe 3HadYeHue CKOPOCTU, Vg = Vpyin. bonee TO4YHO 3Ta
Be€/IMYNHa onpeaenAaeTca HMU>e no TeKCTy.

Es,i i Er,i i Er,i+1 ‘ - Es,i+1+Er,i+1
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DNeKTPOH NoJ/Iy4aeT OT BHeLWHero GoToHa NOPLMIO PENATUBUCTCKOM Heprun, Ey. ;4.
Mocne nepefayn KBAHTA 3HEPruu, BbIMNONHAETCA PEKOMOMHALMA MONHOW 3Hepruu
3NeKTpOHa no popmyne:

2 2 2
mviyq _ muv; 2 mc . _ ]
— = tmet ———; E.iv1 = hv. (6)
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MpexHee 3HaYeHUA NOCTynaTeibHON U PEeNATUBUCTCKON 3HEPrun obbeguHAaTCA B
HOBOEe 3HayeHue nocTynatesbHoW 3Heprum, Eg;. ;. MeHAaeTca nopagok cneaosaHus
WHOEKCOB OTHOCUTE/IbHOM CKOPOCTW.

Pasaen 5. YpaBHeHMA peKOMbBUHaAL UK PeNAaTUBUCTCKUX NapameTpoB

PeKON\6MHaLI,Mﬂ nonaHowm SHEprmn npumeoauUT K OBYM OTAE/IbHbIM YPaABHEHUNAM
OTHOCUTENbHO PENATUBUCTCKUX NAPaMETPOB!

A) (xjp1 —x; +2)2(1+ x;41) — 4 = 0, ymeHbwenne ckopocti. (7)
B) (x;—xj41+2)>(1+x;)—4=0, yseamuenue ckopocTu.

Ocb cobcTBEHHOTO BpaweHNA 3/1eKTPOHa B aTOMeE COBepPLUAET npeueccuto. 3Heprl4$|

NPeLLeccMmn xapakTepusyeTca NOCTOAHHOM TOHKOW CTPYKTYpPbI, O :
a? mc?

Eni =—

y 8 2
l

Mpn nepexoge 3NEKTPOHa M3 CBA3AHHOIO COCTOAHMA B cBOBOAHOE, 3Heprua
NnpeLeccun NpakTUYeckn He meHseTca. OT noBepxHOCTM Pepmu BHYTPU METaNN0OB [0
CKOPOCTM CBETA B BaKyyMe, AMAMNa30H M3MEHEHWUI 3TOM 3Heprum coctasnset 3,4+
2,4 eV. B obuee ypaBHeHWE MNOJIHOM 3HEPTMU SNEKTPOHA, MPELECccUs BXOAMT Kak
NnocToAHHaA fobaBKa C OTpuLUATE/IbHbIM 3HAaKOM. TOYHble ypaBHEHUA peKoMbUHauum
PenATUBUCTCKUX NapamMeTpoB ( X; , X;,1) 3aMMCbIBAIOTCA KakK:

A (xppr —x + 221+ x541) —4 = —a? = (@)~ (8)
B) (x; —xip1 +2)2(1+x) —4 =—a* = (aj)>

PeleHna ypaBHEHUI ULLYT OTHOCMTENbHO MapameTpa X;,q. lpeueccua asnaertca
PEAKTUBHOI IHEPrueit, Mo 3ToMy MUCMoNb3yeTcs MHUMasA eanHuua j . CylecTBeHHOro
BAUAHUA HA PEKOMBMHALMIO SHEPTUM B BaKyyMe KOHCTaHTa (X He oka3biBaeT. OaHaKo,

eé y4yeT B ypaBHeHuAX Tvna A nos3BosifeT BbIYMCAIUTD MUHUMAbHYIO PENATUBUCTCKYHO
CKOPOCTb 3/1IEKTPOHA B BaKyyme.



Paspen 6. MMHMmanbHasa penaTMBUCTCKaA CKOPOCTb

MUHUMaNbHYIO PENATUBUCTCKYIO CKOPOCTb MOMKHO BbIYUCIUTD, €C/IU NPeobpa3oBaTth
BblpaskeHue Tuna A K suay:

x21 4+ 271 (5 = 2x) + x41(8 — 6x; + x7) + (x7 — 4x; + a®) = 0. (9)

370 BblparkeHMe obpasyeT cucTemy nNociefoBaTebHbIX YPaBHEHUW MO MHAEKCY
i + 1. Kaxkpoe pelweHune npegblaywiero ypaBHeHMA ABAAETCA HaYaibHbIM YC/IOBUEM 1A
peweHnsa nocsaeayolero ypasHeHuna. 3a HavyanbHOe yCa10BME MPUHMMALOT 3HAYeHue
Xy =& 1 (cKopocTb cBeTa). YpaBHEHWSs WMMET MNONOXKUTENbHbIE AEUCTBUTENbHbIE
peleHnn ecnu, cBobOAHbIN YneH BbiparkeHua (9) meHblle, PpaBHO HONb UAK H6onblue,
paBHO MWHYC Tpu. OcTanbHble peleHMAa KOMMIeKcHble. Bcero obpasyetca 16
ypaBHEHWUM UK 16 ANCKPETHbIX 3HAYEHUI PENATUBMUCTCKOrO NapameTpa.

Mcnonb3osaTb BblpaxkeHne Tuna A, ana onpeaneneHnAa saHepreTn4yecknx ypOBHel;’I
31EKTPOHA, HEBO3MOKHO NO cneayrouwmm Npu4nHam:

1) [BuKeHWe MaTepuanbHOW 4YacTuubl BMJIOTHYIO K CKOPOCTM CBeTa ABAAETCH
HeyCTOMYMBbLIM COCTOSIHMEM, MAaKCUMA/IbHasi CKOPOCTb TOYHO He onpeaensercs.

2) MocnepoBaTesnbHOE BblYMCAEHME KBAAPATOB OTHOCUTENbLHOM CKOPOCTU CO3AaeT
CUCTEMHYIO OLLIMBKY, KOTOPas HaKanIMBaeTCs No mepe pocTa MHaekca i + 1.

Haxo,a,wv\ CKOPOCTb 3/1EKTPOHaA npu KOTOpOl‘;I BbIMNO/IHAETCA PaBEHCTBO:
xZ —4x;+a?=0; (10)
xmin=2— v4—a2;
~ 1 6 -1
Umin = Cyf Ximin = 50C = 1.09385-10° ms™".

Ons BbIMUCNEHUS MUHMMANBbHOW PENATUBUCTCKON CKOPOCTU MPUMEHAIOTCA TOYHOE
3HayeHMe cKopocTM cBeTa, ¢ = 299.792458-10° ms™! M TOYHOEe 3HauyeHue
NOCTOAHHOW TOHKOW CTPYKTYpbl, @ = 7.297 352 569 - 1073.

Pasaen 7. KBaHTOBaHUe KMHETUYECKOM SHEPTrumn

MocnenoBaTeNbHO MPUXOAMM K HEOBXOAMMOCTU aHasnM3a ypasHeHua Tuna B. I1o
BblpaXKEHME TaK¥Ke 0b6pasyeT cMcTeMy NoCnef0BaTe/IbHbIX YPaBHEHWUIN BUAA:

(11)

3a HayaNbHOe 3HayeHWe PensaTUBUCTCKOrO MapameTpa MPUHUMAKT Xy = Xpmin U3
Pasgena 6. KonnyectBo sHepreTUYecknx COCTOSIHMIA YacTuubl paBHO 16. MpuHUMaem

yncamTenb apobu V4 — a? =~ 2. Monyyaem 3anuncb ypaBHEHUSA B BUIE:

2

J1+x; )

Xiy1 = X + 2 — (12)



BbipaxkeHne ans aApobu pasnaraetca B paAgn Tennopa. [MOCKONbKY HavasibHoe
3HauyeHune x5 K 1, npuHMMaem B Pa3NoXKEHMM TONIbKO NepBble ABa YNeHa:

1
1+x;

1
~ 1 —Exi.

;

YpaBHeHue 3anuweTca B Buae:
Xit+1 le+2—2+xl = 2Xi.
Torga:
=1- — 20 .
Xo=1"x9=2"xg;
=2 — 21 .
X1 =4 Xp = 47 Xp

X2=2'2'x0=22x0,'

x16=2'2'2'____ '2'X0=216X0;

3ameHsaem nocnenoBaTe/IbHOCTb ONCKPETHbIX 3HaAYEHU PenaTUuBUCTCKOro
napameTpa Ha KO/Z1In4eCcTBO KBAHTOBbIX COCTOAHUN SHEpPrmnn aneKTpoHa.

n=i+1 rpe: n=0,1,2,3, ....... 16. (13)

3HayeHune i = —1, Ha40 NOHMMATb KaK KNaccuyeckoe CocTofHMe YacTuubl (V < Upin)
npeAwecTByoWee PensTUBUCTCKOMY COCTOSIHMIO. KONMYECTBO KBAHTOBbLIX COCTOAHUM
OO/IKHO POBHATLCA KONMYECTBY YypaBHEHUIM u3 Pasgena 6. [nAa meTacTabunbHbIX
COCTOSIHUI, PENATUBUCTCKNIA NapameTp onpeaenseTcs CTeneHHOoM GyHKUMEN:

X, = 2", . (14)

MonyyeHHas 3aBMCMMOCTb XOpowo paboTaeT Ha cKopocTAx ABwKeHua v < 10 -
10° ms~1. Mpu ckopocTax 6onblue AaHHOTO 3HaYeHUs, GYHKLMA HAYMHAET PacXoauTCA
C pacyeTHbIMM 3HaYeHUsMU no ¢opmyne (12). HeobxogmMma KoppeKuma nokasatena
CTENeHU AN HECTabUNbHbIX COCTOAHMIA. B CKanApHOM Mnose AWCKPETHbIX CKOPOCTEMN,
XOPOLUYIO anMPOKCMMALMIO AaeT BapUaHT CTeneHHOoM GyHKUUKM BUAA:

X, = X+ 2"+ 28 (15)

3pecb §(n) < 1, nokasaTesib OTBEYAIOLMIA 33 YLIMPEHME SHEPTETUYECKUX YPOBHEWN
3/1IeKTPOHOB B BaKyyMe MW AMana3oHbl Pa3pelleHHbIX SHepruit. MpuHumaem, yto 6(n)
NPAMO NPONOPLMOHA/IbHA HOMEPY KBAHTOBOIrO COCTOAHUA 3NEKTPOHA. Toraa:

6(n) =k, n+b.
IMNUPUYECKMM METOAO0M MOJyYeHbl Cheaytowme 3Hadenuna k, u b :

k, =8.71471657-10"*; b =—16.42943314-10"*,



MocnepoBaTesibHbIN pacyeT PensiTUBMCTCKOro napametpa no ¢opmyne (15) paet
Xxopolwlee coBnageHue pes3ynbTatoB. [NA BbICOKO 3HeEpreTUyYecKMx 4Yactul, He
CYLLEeCTBYeT CTPOro onpeaefieHHbIX SHepreTuyecknx yposHen. ObpasyoTca AManasoHbl
pa3pelleHHbIX  3HEeprum. Hu)XHee  3HayeHWe  AuanasoHa  COOTBETCTBYeT
MeTacTabuibHOMY  COCTOAHMIO  4YacTuubl. BepxHee 3HayeHMe cooTBeTCTByeT
HeCcTabUNbHOMY COCTOAHMIO. BHYTpM AMANa3oHOB BO3MOMKHO  MCMyCKaHuE M
nornoweHne sHeprun GoToHoB He3 M3MeHEHNA OCHOBHOTO SHEPreTUYECKOro COCTOAHMA
yacTuupbl. Bo Bcex cocToaHMAX, MOHAA KMHETUYECKasA IHEePrna afneKTpoHa B BaKyyme
paccynTbiBaeTCA N0 0OA4MHAKOBbIM GOpMynam:

1
Eg, = Emczxn; (16)

1
E..=mc*(1—-—]);
rn J1+xn
a? mc?

8

Nk
Exn= Es,n + Er,n - Eh,n )

X = xp 2™+ 2™+ _ \ecrabunbhoe coctosmue;
— o 2N :
Xp = Xo* 2™ meTacTabuabHOe COCTOAHME;
az
Xo = —
0 4’
Vg = L ac
0 =3ac;
!
Uy, = C{/Xj,; — HecTabunbHoe coCToAHME;
Vp = Cy/Xy; — meTacTabunbHoe cocTosiHMe.

Paspen 8. dHepreTuyeckue ypoBHU B BaKyyme

Bce pacyeTbl aHEpruii U CKOPOCTU NOKa3aTb B CTaTbe HEBO3MOXKHO. OpHaKo pacyeT
LWMPUHBI SHEPreTUYECKMX YPOoBHEN (A1Mana3oHbl) NpeacTaBAseT UHTEPEC.

AE = E;, — Ej .
3pech:
Ej; — nonHaa KMHeTU4Yeckaa sHeprusa 31eKTPOHA B MeTacTabuabHOM COCTOAHUN;
E,, — NONHas KMHETUYECKasA SHEPrus 3/1eKTPOHA B HECTaBUAbHOM COCTOAHUM.

Pe3ynbTaTbl pacyeToB 1 gnarpamma ypOBHeVI SHEPrnn npeacraBsieHbl HUXKeE.



n|vx10ms™! | vx10°ms™! | EeV E, eV AE eV

0 1.09385 1.09385 03.402 03.402 =0

1 1.54694 1.54694 10.204 10.204 =~ 0

2 2.18772 2.18770 23.811 23.812 =~ 0

3 3.09700 3.09387 51.133 51.023 00.110
4 4.38659 4.37540 106.000 105.442 00.558
5 6.21692 6.18775 216.325 214.268 02.057
6 8.81630 8.75080 438.408 431.868 06.540
7 12.51005 12.37550 885.877 866.868 19.014
8 17.76210 17.50160 1788.117 1736.020 52.097
9 25.23434 24.75100 3607.689 3471.027 136.662
10 35.87169 35.00320 7 273.933 6927.956 345.977
11 51.02395 49.50200 14 642.634 13 669.288 973.346
12 72.62041 70.00640 29 353.598 27 317.738 2 035.86
13| 103.42027 99.00400 58 341.903 53 638933 4702.97
14| 147.37199 140.01280 114 158.219 103 737.020 10421.20
15| 210.12928 198.00800 218 083.754 196 075.537 22 008.22
16| 299.792 350 280.025600 405 186.442 360500.517 44 685.93

Ey16 = 405 186.442 eV

n=16

AE =44 685.93 eV, v, = 299 792 350 ms 1.

AE =22 008.22 eV, v,5 = 210129 280 ms™1.

Vacuum

n= AE = 6.540 eV, vy = 8.81630-10°ms™1,

n= AE = 2.057 eV, vs = 6.21692- 105 ms™1,

n= ———————————  AE = 0.558 eV, v, = 4.38659 10® ms™1.
n=3 AE = 0.110 eV, v; = 3.09700 105 ms™2,
n=2 AE = 0, v, = 2.18772-10° ms ™1
n=1 AE = 0, v; = 1.54694 - 10°ms 1.
n= Epo-=+34eV AE ~ 0, v, = 1.09385 - 106 ms 1.
T )
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Ha guarpamme:

Ep

npegenax ot 3 ao 10 eV. MNoBepXxHOCTb NOTEHLMANbHOM AMbI MPUHUMAETCA 3@ TOUKY
OoTCcYETa KMHETUYECKOMN SHEPTUM KNACCUUYECKUX INEKTPOHOB B BaKyyMme.

- I'ﬂy6MHa I'IOTeHLI,MEBﬂbHOﬁ AMbl OANA 3N1EKTPOHOB B MeTa/1ax. Konebnetca B

E;, — nonHas KMHeTMYecKaa sHeprus penaTMBUCTCKOro 3NeKTpoHa. OTcumTbiBaeTCA
oT aHeprun +3.4 eV, 4To cooTBETCTBYET HaYa/lbHOMY YPOBHIO PENATUBUCTCKUX SHEPTUI
aneKkTpoHa B Bakyyme (n = 0). 3HauyeHWsas CKOPOCTU Ha AMarpamme NpuBeAeHbl Ans
HeCTabUNbHbIX COCTOAHWN.

Paspen 9. CBA3b 3HEeprumn ¢ UMNyaAbCOM 3/1I€KTPOHA

MpeanonoXum, YTo Ha BOJIHOBOW MOBEPXHOCTU 3/1EKTPOHA AEeNCcTByeT YacTuua ¢
HeM3BEeCTHOW CTPYKTYpoil. ITa yacTuua onpegenser PenaTUBUCTCKYIO 3SHEpPruo u
PenAaTUBUCTCKMIA umnynsc (E;. ;; py ;). MoCToAHHaA macca 3n1eKTpoHa cocpeoToyeHa B
cpepe KomnToHa. Mpn M3MEHEHUN KMHETUYECKOW 3HEPruu 3N1EeKTPOHa, HeM3BecTHanA
4yacTuua NepexoamuT B COCTOAHME BHYTPeHHero GpoToHa.

= hv'. (17)

3anuiiem OCHOBHOE YpaBHEHME CBSA3M IHEPTUU U UMMYAbCa ANS PESIATUBUCTCKOM
yactuupl, [cTaTba M3 KHurn “BEPCCUA SnemeHTapHOM Teopun OTHOCUTENIbHOCTKU”,
Paspen 3,4].

2 _ 2 2 2
Em- = ZEH-mC — pric”.

3ameHaeM PenaTUBUCTCKYIO 3SHEPruio 4YacTULbl Ha 3KBWBAJIEHTHbIA (OTOH, Erz’i =

pﬁ,icz. Macca Heu3BeCTHOM 4YacTuubl paBHa Hyato, m = 0. Monyyaem cneaytoume
COOTHOLWEeHHuA:

2 _ .2,

py,i - pr,i ,

- a2

py,i - ]pr,i ,

- I -4

|Py.t| = |Pr.i|-

BeKTopbl PENATUBMCTCKOrO MMMY/IbCa U UMMNYNbCa BHYTPEHHEro ¢OTOHA CABUHYTLI B
npoctpaHcTee nog, yrnom 90°. PaBHbl MO MOAYNIO U He AeICTBYIOT OAHOBPEMEHHO. B
naeanbHOM  CAyvyan, MMMYAbC BHYTPEeHHero ¢oToHa B MOMEHT W3MEHeHMUA
KMHETMYeCKOoW 3Heprum, ByAeT HanpasieH BAONb TPAEKTOPUM ABUNKEHUA, Dy ;||Ds,;-
NpeanbHble ciydyaM BO3MOMKHbI B MpAMOM wuau obpaTHom 3ddekte KomnrtoHa. B
HenaeanbHOM Cy4an, HEOBXOAMMO y4nTbIBaTb Yron O mexay paccesHHbIM GOTOHOM U
TpaeKTopuen aABusKeHua anexktTpoHa [1].



Paspen 10. UMmnynbcbl aneKTpoHa u ¢OToHA

PaCCMOTpMM M,Cl,eafleblﬁ cnyqaﬁ M3IMEHEHNA MMNYyNbCa 4YacCTuupbl. KnHeTnyeckan
JHEPrnA 3SNEeKTPOHa MEHAETCA OT WUCXOA4HOro COCTOAHMA K KOHEeYHOoMy. Huxe
NPUBOAATCA BEKTOPHbIE AMArPaMMbl UMMNY/IbCOB B COCEAHUX COCTOAHUAX (B MO,D,YI'IFIX).
3pecb X, O3Hauvaet KOOPAMNHATHYKO OCb BAOJIb TPAEKTOPUU ABUXEHUA S1EKTPOHA.
Onpep,enﬂetv\ MMNYbCbl SNEKTPOHA BAOJ/Ib TPAEKTOPUN ABUKEHNUA.

J J
ADri = Ip}’,il tDri+1 = lpy,i+1|
w py,i+1
;ps,i X =% ¢ —Py.i pyi’ ps,i; X
a) cxopHoe cocToAHMe b) KoHeyHoe cocTosHMe
Pe,i = Ds,i Deji+1 = Ps,i Pyi = Dsji+1
Pri = |py,i| Pri+1 = |py,i+1|

B KOHEYHOM COCTOAHMM BEKTOP P,; MOBOPAYMBAETCA MO YAaCOBOM WAM NPOTUB
4acoBOM CTPesikM W NpeBpallaeTcA B BEKTOP Py ; . BEKTOPbI Py i, Py jt1 — 3TO BEKTOPSI
PEeNATUBUCTCKUX MMMYNbCOB COBCTBEHHOIO BPALLEHUA 3NEKTPOHA W AeMncTByIOT
nepneHAMKYNAPHO TPAEKTOPUN ABUNKEHMUS.

3HaK NAKC COOTBETCTBYET YBEANYEHUIO KMHETUYECKON SHEPrMM 31eKTpoHa. HoBbil
KBAHT Pe/IATUBUCTCKOM 3SHEPrumn nepeaaerca OT BHELIHEro UCTOYHWMKa (ycKopstolime
nons, sHeprnyHbie ¢GoToHbl — npsamon 3ddekTt KomnToHa). INeKTpPoH nornouiaer
3HEpPruto CTPoro onpeaeneHHbIMM nopumnsamm. Umnyabcbl MSMEHSOTCA ANCKPETHbIMMU
3HaYeHUAMMN.

3HaK MUHYC COOTBETCTBYET YMEHbLUEHNIO KUNHETUYECKOM SHEPTUM SNEKTPOHA. HOBbIM
KBAHT PENATUBUCTCKON 3SHEPrUM 3aMELLAEeTCA U3 BHYTPEHHErO MCTOYHMKA (3Heprua
cobCTBEHHOrO noctynatenbHoro Aswxenua Eg;). dHeprua BHyTpeHHero ¢oToHa
n3ny4aetTcA B TOPMO3HOM MOAE WAM NepefaeTca Mano 3SHEepruyHbiIM GOToOHaM -
0bpaTHbIl 3pPekT KomnToHa. MMnynbCbl MSMEHSIOTCA AUCKPETHBIMW 3HAYEHUAMM.

BbiBOAbI:

1. [UCKpeTHble 3HAYeHUsA PeNATUBUCTCKOrO NapameTpa He 3aBUCAT OT BPEMEHU U
KOOPAMHAT B NpocTpaHcTee. ToNbKO KBaapaT OTHOCUTENIbHOM ckopocTy (x; = B7)
onpeaenaeT KBAHTOBblE COCTOAHMA YAaCTULLbI B BaKyyme. Bo3mMOXHO, 3Ta cuTyauma
CBA3aHa C NOHATUAMMW NOKANbHOCTU U HE NNOKANbHOCTU PU3NYECKMUX NPOLLECCOB B
OKpy’Katowem npocTpaHcTee. [loaTBepKAaeTcA NPUHLMN HeonpeaeneHHOCTU
lenseHbepra.

2. He WCKNOYEHO, YTO AManasoHbl Pa3peLlleHHbIX 3HEPrUi ABUMMKEHUA B BaKyyme

MMET AONO/HUTENbHbIE NMOAYPOBHM. MaTemaTtuyeckn, Takas 3a4a4a pellaeTca
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[0CTaTOYHO MPOCTO, Ha OCHOBaHUM BblpaxkeHus (15). Ho, He BUAHO nornyeckoro
060CHOBaHMA. KONMYecTBo KybMYeCKMX YpaBHEHWUI Ha OCHOBE BbipaxeHua (9) He
npesbiwaet 16.

3. lNepexon, sneKTpoHa B PeNATUBUCTCKOE COCTOSAHME MPOUCXOAUT CKA4YKOM, Mpwu
MUHUManbHOM ckopoctn 1.09385 ms~!. Bo3smoKHas nNpuyMHa, peasnbHoe
aenctene GU3NYECKOro Bakyyma.

4. YpaBHEHMA 3SHEpPrMm 3NeKTpoHa He TpebyT nepeHOpMUMpPOBKK. [lonHas
KMHETMYECKAA SIHEPIUA HE CTPEMUTCA K BECKOHEYHOCTM NPU AOCTUNKEHUN CKOPOCTU
cBeTa.
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