CnpaBouHble JaHHbIE

OcHoOBHBIE (l)PBPI‘lECKI/Ie MMOCTOSAHHBIC

CKOpOoCTh CBETa B BaKyyMe
['paBuTanIOHHAs TOCTOSIHHASA
[Toctosnnas bonpumMana

3aps] JJIEKTpoHa

Macca anekTpoHa

OHeprus MOoKos 3JIeKTPOHa

Macca npotoHa

DHeprus NoKos MPOTOHA

OTHoOILIEHHE Macc TPOTOHA U JIEKTPOHA
[Tocrostanas Credana-bonpivana
[Tocrosinnas ITnanka

[Toctosinnas PunGepra

Pun6epr

Boposckuit pagunyc

Knaccuueckuii paguyc 35eKTpoHa
KoMITOHOBCKas JUIMHA BOJIHBI AJIEKTPOHA
[TocTosiHHASI TOHKOM CTPYKTYPbI
Marneton bopa

S nepHbIil MarHeTOH

€=2.998-10" cm/c
G=6.67-10" em/r.c?

k =1.381-10""° spr/rpan
e=4.803-10"" abe. en.
m=0911-10"r

mc® =0.511 M»B

M =1.673-10> r

Mc’® = 938.28 MsB

M/m =1836.15

6=5.67-10" spr/(c.cm’.rpax’)

7 =1.0546-10" spr.c

R =109737 cm’

Ry = me*/2h* =13.606 5B

a, =h’/me* =0.529-10" cm
r,=e’/mc*>=2.82-10" cm

A =2mh/me =2.426-10"° cm

a =e’/hc =1/137.06

Wy =eh/2me = 0.927 10 spr/Ic

Iy, =eh/2Mc =5.051-10 spr/Tc
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HexoTopbie nHTErpaJibl

n’/6, n=1,
i ]3 x"dx B 2405, n=2,
' e -1 |n*/15, n=3,
249, n=4.
2. J.X” exp(—x)dx =n!, n>0 - uenoe.
0
3. Unrerpan [lyaccona Iexp(—xz)dx =r.
4, I -dpyskiust Diinepa 1(p) = J‘Xp’le’xdx .
0

r(p+)=pr(p), I Q=rM=1, r2=Jn.

Paguansabie BOTHOBBIE (DYHKIIMHM aTOMa BOJIOPO/IA.

Rjo () = 2 exp(=5),
1 1
Rzo (g) - ﬁ(l - 5 gj eXP(-i / 2)>

1
R, () = méexp(—ém),
2 (2, 2.
Rso(i)—m(l—ggﬁﬁé ]exp( £/3),
8 1
R; (&) = m ﬁ(l "% @j exp(=&/3),

4 ) 3
R, (&) —mi exp(=§/3).
3nmech & =27r/a, .
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CTPYKTYpa SHEPreTHYecKOro CIeKTPa aToMa BOIOPOJA .

Ha npunaraeMoMm pucyHke NMpHUBEAEHBI SKCIEPUMEHTAJIBHBIE JAHHBIE 110 MOJIOKEHHIO 1S,
2S u 2P ypoBHEM aToMa BOJIOPOJia C YUETOM UX TOHKOTO U CBEPXTOHKOTO PACHICTUICHUS a TaKKe

JI>M00BCKOTO cBUTA.

2 F=2
e N YT
e 9910 MHz b
a9
HSIM—<“— ClismE b -
z
1058 MHz
F=1

F=0 2P )
243 nm

F=0

2466 THz

243 nm

YT Pr—

8173 MHz

i 710 7 /2 from Dirac theory

' o naumsv M.1.Eides, H.Grotch, V.A.Shelyuto // Physics Reports, V.342, P.63-261, (2001)
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ATOMHBIE MaccChl, pa3Mepbl, NOTEHIHAJIbI HOHU3AINH, CTIEKTPOCKONMYeCKHe
XapaKTePUCTHKH 3JIEMEHTOB NMePHOAUYECKON CHCTEMBI.

AToM- DieMeHT CuMm- | AToM- | DIeKTpoH- OcHo- Cpennuit | IloTeHunambl

HBIN BOJ Has Hast KoH(pH- BHOM panuyc, voHu3zanuu, (3B)

HOMED macca rypanus TEPM en. a, 1 11
1 Bozxopox H |1.008 Is ’S 1.5 13599 | -
2 Tenmii He |4.003 1s® Is 0.927 |24.588 | 54.418
3 Juruii Li |6.940 2s ’S 3.874 | 5.392 | 75.641
4 Bepuuii Be [9.013 2s° ’s 2.649 | 9323 | 18211
5 Bop B |10.81 2p ’p 2205 | 8298 |25.155
6 Yriepox C |12.011 2p° p 1.743 | 11.260 | 24.384
7 Asor N | 14.007 2p° ‘s 1.447 | 14.534 | 29.602
8 Kucnopox 0 |16.00 2p* °p 1.239 [ 13.618 | 35.118
9 drop F |19.00 2p° ’p 1.085 | 17.423 | 34.971
10 | Heon Ne |20.179 2p° Is 0.965 | 21.565 | 40.964
11 | Harpwuii Na |22.990 3s ’S 4209 | 5.139 | 47.287
12 | Maruwuit Mg | 24.305 3s° Is 3253 | 7.646 | 15.035
13 | Anromunnuii Al |26.98 3p ’p 3.434 | 5.986 | 18.829
14 | Kpemuuii Si |28.09 3p? °p 2.788 | 8.152 | 16.346
15 | ®ocdop P |30.974 3p° s 2369 | 10.487 | 19.726
16 | Cepa S |32.06 3p? p 2.069 | 10.360 | 23.338
17 | Xnop Cl |35.453 3p° P 1.842 | 12.968 | 23.814
18 | Apron Ar |39.948 3p° Is 1.663 | 15.760 | 27.630
19 | Kanuit K [39.10 4s ’S 5244 | 4341 |31.626
20 | Kanmbmwuit Cf |40.08 4s° ’s 4218 | 6.113 | 11.872
21 | Cxanmwit Sc | 44.96 3d4s” D 396 | 6.562 | 12.800
22 | Turan Ti |47.90 3d°4s” °F 3766 | 6.74 | 13.58
23 | Banamuii VvV 5094 3d4s? F 3.607 | 6.74 | 14.66
24 | Xpom Cr |51.996 3d°4s ’s 3.843 | 6.767 | 16.498
25 | Maprauen Mn | 54.94 3d°4s °S 3349 | 7.434 | 15.640
26 | Keneso Fe |55.85 3d%s? °D 3242 | 7.870 | 16.188
27 | KoGanet Co |58.93 3d"4s” 'F 3.144 | 7.864 | 17.083
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28 | Hukems Ni |58.70 3d%s” °F 3.055 | 7.637 | 18.169
29 | Mexs Cu | 63.55 3d'%s ’S 3331 | 7.726 |20.292
30 | Lusx Zn | 65.38 3d'%s” ’s 2.898 | 9.394 | 17.965
31 | Tammit Ga |69.72 4s°4p P 3.424 | 5.999 |20.515
32 | Fepmanuit Ge |72.59 4s%4p* p 2.904 | 7.899 | 15.934
33 | Mbuubsx As | 74.92 4s5%4p° S 2.561 | 9.789 | 18.589
34 | Cenen Se | 78.96 45%4p* °p 2309 | 9.752 | 21.16
35 | Bpom Br | 79.904 4s%4p° ’p 2.112 [ 11.814 | 21.81
36 | Kpunton Kr | 83.80 4s°4p° Is 1.952 | 14.000 | 24.359
37 | Pybunmii Rb | 8547 55 ’S 5632 | 4177 | 27.28
38 | Crponumii Sr | 87.62 55° ’s 4.633 | 5.695 | 11.030
39 | Urrpwit Y |88.91 4d5s” D 4300 | 6217 | 12.24
40 | Iupxonuii Zr |91.22 4d%5s° °F 4.078 | 6.634 | 13.13
41 | Huobwuit Nb | 9291 4d*ss °D 4207 | 6.759 | 14.32
42 | Momu6aen Mo | 95.94 4d°5s 'S 4.079 | 7.092 | 16.16
43 | Texueumii Tc | [98] 4d°55° eg 3.650 | 7.28 | 15.26
44 | Pyrenuit Ru | 101.1 4d"5s °F 3.877 | 7.366 | 16.76
45 | Ponwmit Ro | 10291 4d%ss 'F 3795 | 7.46 | 18.08
46 | Mammaauii Pd | 106.4 4d™ Is 1.533 | 8.336 | 19.43
47 | Cepe6po Ag | 107.88 4d"95s ’S 3.656 | 7.576 | 21.484
48 | Kagmuit Cd | 11241 ] 4d"¥5s° Is 3237 | 8.994 | 16.908
49 | Vnamit In |114.82 55°5p ’p 3778 | 5.786 | 18.870
50 | Omoso Sn | 118.69 55%5p° °p 3.286 | 7.344 | 14.632
51 | Cypsma Sb | 121.75 55°5p° ‘s 2952 | 8.608 | 16.53
52 | Temnyp Te |127.60 55%5p* p 2701 | 9.010 | 186
53 | Hox I |126.90 55%5p° °p 2.502 | 10.451 | 19.131
54 | KceHon Xe |131.30 55%5p° Is 2338 [ 12.130 | 21.21
55 | Llesnit Cs | 13291 65 ’s 630 | 3.894 | 25.08
56 | Bapuii Ba |137.33 65° Is 525 | 5212 | 10.004
57 | Janran La | 13891 5d6s° D 493 | 5577 | 11.06
58 | Llepnit Ce |140.12 | 4f5d6s G 488 | 5.539 | 10.85
59 | Ipaseomnm Pr | 140.9 4f%65° A 506 | 5473 | 10.55
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60 | Heommm Nd | 144.24 4f'6s° | 5.01 5.526 | 10.73
61 | Ipomernuii Pm | [145] 4f°65° °H 496 | 5582 | 109

62 | Camapnii Sm | 150.4 4f°6s° F 491 5.644 | 11.07
63 | EBpormii Eu | 151.96 4f'65° ’s 486 | 5.670 | 11.24
64 | Tagonunuit Gd | 15725 4f'5d6s °D 458 | 6.150 | 12.09
65 | Tepbuit Tb | 158.93 4%65° °H 477 | 5864 | 11.52
66 | Jluctposuit Dy |162.50 | 4f%s* | 473 | 5939 | 11.67
67 | Tonbmuii Ho | 164.93 4t 6s? A 469 | 6.022 | 11.80
68 | Dp6wuit Er | 16726 | 4f%6s° *H 465 | 6.108 | 11.93
69 | Tynmii Tm | 168.93 4f565° °F 4.61 6.184 | 12.05
70 | Urrep6uit Yb | 173.04 |  4f*%s Is 457 | 6254 | 12.76
71 | Mrorermit Lu |174.97 | 4f*5d6s® D 427 | 5426 | 12.97
72 | Fadnuii Hf |178.49 5d°6s° °F 408 | 6.454 | 13.78
73 | Tamran Ta | 180.95 5d%s” 'F 3.94 7.89 | 14.47
74 | Bomsthpam W | 183.85 5d%6s °D 3.82 7.98 | 15.08
75 | Pennit Re |186.21 5d°6s” °S 3.72 7.88 | 15.73

76 | Ocmuit Os | 190.2 5d%s” °D 3.62 8.73 | 16.34
77 | Upunuit Ir |1922 5d76s? ‘F 3.53 9.05 | 16.91

78 | Inaruna Pt | 195.09 50d%s D 3.72 8.96 | 18.563
79 | 3omoto Au | 196.97 5d"%s ‘s 370 | 9.226 | 20.56
80 | Pryms Hg |200.59 | 5d"%s? Is 333 | 10.438 | 18.756
81 | Tammmii Tl |204.37 65°6p ’p 392 | 6.108 |20.428
82 | Ceumern Pb |207.21 6s°6p” °p 342 | 7.417 | 15.032
83 | Bucmyr Bi |208.98 6s°6p° ‘s 3.08 | 7.285 | 16.69
84 | MMonounii Po |[209] 6s°6p* p - 8.417 | 17.18
85 | Acrar At | [210] 65°6p° °p - 9.224 | 19.10
86 | Pagon Rn | [222] 65°6p° Is 2.54 ]10.749 | 20.99
87 | ®panmuii Fr |[223] 7s ’s - 4.073 | 20.02
88 | Pammii Ra |226.03 7% Is - 5279 | 10.147
89 | AkTHHHii Ac |227.03 6d7s” D - 517 | 11.04
90 | Topwii To |232.04 6d°7s °F 5.00 6.08 | 11.90
91 | Hporakrummii | Pa |231.04 | 5f6d7s° K 5.35 589 | 11.46
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92 | Vpan U [238.03 | 5f6d7s L 508 | 6.194 | 11.63
93 | Henrynuii Np [237.05| 5f'6d7s° oL - 6.266 | 11.80
94 | [myToHuiA Pu | [244] 5f°75° F 5.18 6.06 | 11.19
95 | Ameprwmit Am | [243] 5f'75° 83 599 | 12.15
96 | Kropui Cm | [245] 5f'6d7s° °D 6.02 | 12.36
97 | Bepxuuii Bk | [247] 5£°7s° ®H 6.23 | 12.57
98 | Kamudopuuit | Cf | [249] 5f975° | 6.30 | 11.83
99 | Ditnwrreitnnii | Es | [254] 51757 4 6.42 | 11.98
100 | ®epwmuit Fm | [253] 5f1%75° °H 6.50 | 12.14
101 | MenmeneBuit | Md | [255] 5£1975° °F 6.58 | 12.29
102 | Hobennit No | [255] 5f1475° Is 6.65 | 12.45
103 | Jloypencuii Lr |[257] 5f%6d7s° D 4312 | 14.00
104 | Pesepdopamii | Rf | [261] 6d°7s”
105 | JdyOHuit Db | [262] 6d°7s°
106 | Cubopruit Sg | [263] 6d*7s
107 | Bopuit Bh | [262] 6d°7s
108 | Xaccuii Hs | [264] 6d°7s
109 | Meiitaepuii Mt | [266] 6d"7s

[Ipumeuanus.

1) B kBajpaTHBIX CKOOKaX yKa3aHbl MacCOBBIC YHCIIa HAaOOJIee YCTOMUMBBIX U30TOIMOB JaHHOTO
AIIEMEHTA.

2) OcHOBHBIE TEPMBI BCEX IJIEMEHTOB 3aJaHbl B npuOmmxeHnu LS cBs3u. Oto mpubmmkeHue
HApYyIIAETCs Ul TSOHKENBIX aTOMOB, MOSTOMY IPEACTABICHHBIC TaHHBIC ISl TSKEIBIX aTOMOB
JIOCTATOYHO YCJIOBHBI.

3) Ilox cpeaHuM paguycoM aTroma MOHUMAETCS CpeHEE yIaleHNe BAJIEHTHOTO JIEKTPOHA OT
aTOMHOTO sJIpa. JTa BEJINYMHA PACCUUTHIBAIACH IO (hopMmyiie

-
(r)= I r3|\y|2dr ,
0
rac OHHO:')HCKTPOHHaH pa)]I/IaJ'H)HaSI BOJIHOBas ¢)yHKHI/I$[ 6I)IHa Honyqua HyTeM pa3JIO)KeHI/I$I B pf[[[
10 Ga3uCy CIITEPOBCKUX aTOMHBIX OpOUTAJIE.



IapameTpbl HEKOTOPBIX ABYXaTOMHBIX MOJIEKY.JI.

Mone- | OcnoBHoit | [lotenmman | PaBHoBecHoe | Konebare- | Bpamatens- | DHeprus

KyJa | 2JEKTPOH- | MOHM3ALUHU, | MEXbIJIEPHOE JILHBIN Has MOCTO- | JIUCCOIU-

HBI TEPM 5B paccTosiHHe, | KBaHT, 5B SIHHaSI(*), 5B | amuu, 5B

A
H," y 29.9 1.06 0.285 3.70(-3) 2.649
H, 'y 15.426 0.741 0.545 7.55(-3) 4.48
N» ly 15.580 1.098 0.293 2.48(-4) 9.76
0, 3y 12.077 1.207 0.196 1.79(-4) 5.12
F» 'y 15.686 1.417 0.141 1.10(-4) 1.38
Cl, 'y 11.48 1.988 0.069 2.08(-5) 2.50
Br, ly 10.56 2.281 0.040 1.01(-5) 1.97
I ly 9.4 2.666 0.027 4.64(-6) 1.54
Li, ly 5.15 2.67 0.044 8.35(-5) 1.03
HCl 'y 12.74 1.275 0.371 1.30(-3) 4.43
HBr 'y 11.62 1.414 0.329 1.04(-3) 3.75
HI ly 10.38 1.609 0.287 7.98(-4) 3.06
LiH ly 7.85 1.595 0.174 9.34(-4) 243
Na, ly 4.90 3.077 0.020 1.92(-5) 0.75
NaCl 'y 8.92 2.361 0.045 2.71(-5) 4.3

CO ly 14.014 1.128 0.269 2.40(-4) 11.09
NO 217 9.264 1.151 0.237 2.12(-4) 6.50
OH 217 13.18 0.971 0.464 2.34(-3) 4.40
CN y 14.20 1.172 0.257 2.36(-4) 7.75
CH 27 10.9 1.120 0.355 1.76(-3) 3.45

) Ypeno 7.55(-3) cleyeT uuTaTh Kak 7.55-107 .
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I[JIP[HLI BOJIH M1 CWJIbI OCHUIJIATOPOB IMEPE€X010B HEKOTOPLIX ATOMHBIX IIE€PEX010B.

AToMm Ilepexon Jlnnna BoaHbl, A | Cuia ocuuisitopa

H Is—>2p 1215.7 0.416
Is—>3p 10025.7 0.079

Is—>4p 972.5 0.029

2s —>3p 6562.7 0.435
2p—>3s 6562.9 0.0136

2p — 3d 6562.8 0.696

25 > 4p 4861.29 0.103
2p —4s 4861.35 0.0030

2p—4d 4861.33 0.122

He 1s°('S) = 1s2p('P) 584.3 0.276
1s*('S) = 1s3p(' P) 537.0 0.0734

1s*('S) — I1s4p('P) 522.2 0.030

1s2s('S) = 1s2p('P) 20581.3 0.376

1s2s('S) = 1s3p(' P) 5015.7 0.151

1s2s('S) — 1s4p('P) 3964.7 0.14

1s2s(°S) = 1s2p(’ P) 10830 0.539
152s5(°S) — 1s3p( P) 3888.6 0.0645

1525(°S) — 1s4p(* P) 3187.7 0.023

Li 25,, = 2Py, 6707.91 0.251
25,, = 2Py, 6707.76 0.502

2p,, =3, 8126.23 0.115

2py, =35y, 8126.45 0.115

Na 3s,, =3Py, 5895.9 0.324
3s,, =3Py, 5889.9 0.648

35, > 4Py, 3303.9 0.051

35, = 4Dy, 3302.9 0.102

3p, > 45, 22084.0 0.167

3py, =45, 22057.0 0.335

K 4s,, > 4py, 7699.0 0.347
4s,, > 4p;), 7664.9 0.684

4p,, =55, 12434.3 0.051

4py, > 55, 12523.0 0.102
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Rb 58, > 5Py, 7947.6 0.363
55, = 5P 7800.23 0.726
5p,, = 65, 13237.3 0.187
5Py, — 65, 13667.0 0.364
Cs 65,, = 6D, , 8943.5 0.394
55,, = 6Py, 8521.2 0.814
6P, =75y, 4593.2 0.00284
6p,, = 7Py, 45554.4 0.0174
Be 2s? > 252p('P) 2348.61 1.36
252 p(' P) — 2s3s('S) 8254.1 0.13
2s2p('P) - 2s3d('D) 4572.7 0.19
252p(*P) — 2s3s(°S) 3321.2 0.034
252p(*P) — 2s3d(°D) 2494.6 0.16
2s2p(*P) = 2p*(’P) 2650.6 0.466
B 2522p — 25235 2497.4 0.11
2s*2p — 2s*3d 2089.3 0.24
25?35 — 2s%3p 11661 1.07
28*2p — 2s2p*(°D) 2089.3 0.24
2s*2p - 2s2p°(’S) 1573.5 0.16
Mg 3s* - 3s3p('P) 2852 1.2
3s* - 3s3p(’P) 4571.1 2.6-10°
Al 3s’3p(°R,,) - 3s’4s5(’S ) 3944.0 0.15
3s’3p(*Py,) = 35745(’S,),) 3962.0 0.15
3s’3p(*P,,) = 3574d(°D; , 5,) 3092.0 0.23
3s*3p(°*R,,) — 3s°4d(°D,,) 3089.0 0.22

Cuna ocruuistopa nepexona | — f (i, f - COBOKYNMHOCTM KBAaHTOBBIX YHCEJI HAYAIBHOTO H
KOHEYHOTO COCTOSIHUI aTOMa) OTPEIENISETCS C IIOMOIIIBIO CIIEIYIOIIETO BhIPayKCHHSI
1 2moy

fi = ‘ fi

g, 3ne’

TJ€ M4 - YacTOTa 1mepexona, d; - MaTpUYHBIA 3JIEMEHT AUIOIBHOTO MOMEHTa aToMa, §; =2J; +1

2

b

- KpaTHOCTb BBIPOXKIACHUA HAYAJIbHOI'O COCTOAHUSA (J - KBAHTOBOE€ YHMCJIO IIOJTHOI'O MEXaHUYCCKOI'O
MOMCHTA aTOMa). BepOHTHOCTB nepexoa B CAMHUIY BpEMCHU U3 COCTOAHUSA ||> B COCTOSAHHC | f >

ONPEIEISIETCS BBIPAKECHUEM
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2’0’
W= 3
mc

BperI KHU3HU OTHOCHUTCIIBHO CIIOHTAHHOI'O IIEPEX0Ja COCTOSIHUA ||> OIIPCACIIACTCA KaK

T, = (Z Wﬁjl ,

rae cymma 6epeTc>I 10 BCEM HMIKC JICXKAIIIUM COCTOSHUAM.

Fe.

MeTtacTaOUIbHbIE COCTOSIHNSI ATOMOB.

Atom CocrostHue DHeprus Bpewms xu3Hu, ¢
BO30Yy>K1IeHus, 7B
H 2S 10.20 0.142
He 1s2s(’S) 19.82 6-10°
1s2s('S) 20.61 0.038
N 2 p3(2D5/2) 2.384 6-10%
2p*(°Dy)) 2.385 1.4-10°
2 p3(2p) 3.58 13
O 2p*('D,) 1.97 110
2p*('S) 4.19 0.8
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