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Fh`_l eb ihwl g_ hljZablvky \ k\h_f
ijhba\_^_gbb dZd q_eh\_d/ dZd oZjZdl_j/
dZd gZlmjZ ² keh\hf/ dZd ebqghklv$
JZamf__lky/ g_l/ ihlhfm qlh b kZfZ
kihkh[ghklv bah[jZ`Zlv y\e_gby
^_ckl\bl_evghklb [_a \kydh]h hlghr_gby d
kZfhfm k_[_² _klv hiylv0lZdb \ujZ`_gb_
gZlmju ihwlZ1

(<1 =1 ;_ebgkdbc %<a]ey^ gZ jmkkdmx
ebl_jZlmjm 4;7: ]h^Z%,

<ureb \ k\_l \hk_fv lhfh\ kh[jZgby ljm^h\ <_jg_jZ =_ca_g[_j]Z ² h^gh]h
ba \_ebdbo _kl_kl\hbkiulZl_e_c/ dhlhju_ \ dhjg_ baf_gbeb nbabq_kdmx dZj0
lbgm fbjZ1 G_e_]dmx jZ[hlm ih kh[bjZgbx b j_^Zdlbjh\Zgbx wlh]h kh[jZgby
ijh^_eZeb gZmqgu_ khljm^gbdb BgklblmlZ nbabdb b Zkljhnbabdb bf1 FZdkZ
IeZgdZ \ Fxgo_g_ ² ]1 >xjj/ fgh]h e_l jZ[hlZ\rbc k =_ca_g[_j]hf b _]h
ijb_fgbd gZ ihklm ^bj_dlhjZ bgklblmlZ/ =1 J_o_g[_j](1* ) ² lZeZgleb\uc bk-
lhjbd gZmdb b E1 ;exf1

AZ^mfZggh_ b ihqlb aZ\_jr_ggh_ kh[jZgb_ jZa[blh gZ ljb k_jbb1 K_jby
: ² gZmqgu_ ljm^u/ k_jby < ² h[ahju/ ^hdeZ^u b dgb]b/ k_jby K ² ihim0
eyjgu_ klZlvb1 < k_jbb : \ureb ba i_qZlb ^\Z lhfZ $, b :II +ihke_^gbc/
ih0\b^bfhfm/ lhf AIII _s_ \ i_qZlb,1 K_jby < khklhbl ba h^gh]h +\ur_^r_]h,
lhfZ1 < k_jbx K \oh^yl iylv lhfh\ +\k_ \ureb,/ ba^Zgguo ba^Zl_evkl\hf
Ibi_jZ (Piper Verlag).

< wlhc j_p_gabb j_qv [m^_l b^lb h i_j\uo lhfZo +$,/ :II / <,1 K_jby K
aZkem`b\Z_l hl^_evgh]h h[km`^_gby (2* )1 >ey l_o/ dlh ke_^be aZ im[ebdZpbyfb
=_ca_g[_j]Z/ hlf_lbf/ qlh \ kh[jZgb_ ihf_s_g +</ k1 679 ² 68;, g_him[eb-
dh\Zgguc jZg__ ^hdeZ^/ ij_^gZagZq_gguc ^ey Khev\__\kdh]h dhg]j_kkZ
4<6< ]1/ dhlhjuc g_ [ue kha\Zg ba0aZ gZqZ\r_cky \hcgu1 Djhf_ lh]h/ \ lhf
:II \dexq_gu 53 gbdh]^Z g_ im[ebdh\Z\rboky jZ[hl/ k\yaZgguo k nbabdhc
j_ZdlhjZ1 Wlb jZ[hlu ojZgbebkv \ k_dj_lguo nhg^Zo b ihke_ ihjZ`_gby =_j-
fZgbb [ueb \u\_a_gu \ KR:1 L_i_jv hgb +\f_kl_ k ^jm]bfb fZl_jbZeZfb,
\ha\jZs_gu =_jfZgbb1 Ihke_^gyy ba wlbo jZ[hl ^Zlbjh\ZgZ 6 yg\Zjy 4<78 ]1
HklZ_lky _s_ gZ^_`^Z/ qlh klZgml ba\_klgufb b ^jm]b_ jZ[hlu/ k\yaZggu_ k
mjZgh\uf ijh_dlhf1
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< `bagb b l\hjq_kl\_ =_ca_g[_j]Z \hcgZ hklZ\beZ ]em[hdbc b \_kvfZ [h-
e_ag_gguc ke_^1 ?x jhev \ %ijh_dl_%/ _]h ihabpby \ gZmqghc `bagb gZpb0
klkdhc =_jfZgbb klZ\beb i_j_^ gbf g_h[uqZcgh ljm^gu_ fhjZevgu_ ijh[e_0
fu1 :gZebam wlbo e_l _]h `bagb ihk\ys_gu dgb]b b klZlvb(3* )1 Gh wlh/ _k-
l_kl\_ggh/ \uoh^bl aZ jZfdb j_p_gabb1

<_jg_fky d nbabd_1 < kh[jZgbb ljm^h\ <1 =_ca_g[_j]Z klZlvb jZa[blu ih
l_fZf> \gmljb l_fu ihjy^hd klZl_c ojhgheh]bq_kdbc1

K_jbx : ij_^\hjy_l gZmqgZy [bh]jZnby/ gZibkZggZy DZkkb^b b =1 J_0
o_g[_j]hf +hgZ `_ ih\lhj_gZ \ lhf_ <,1 Djhf_ lh]h/ i_j_^ dZ`^hc l_fZlb-
q_kdhc ]jmiihc jZ[hl ihf_s_gh \\_^_gb_1 <ukhdbc mjh\_gv Z\lhjh\ \\_^_gby
h[_ki_qb\Z_l hibkZgb_ gm`gh]h bklhjbq_kdh]h nhgZ/ gZ dhlhjhf ihy\bebkv
klZlvb =_ca_g[_j]Z b _]h khZ\lhjh\1

GZ a_fe_ g_l/ gZ\_jgh_/ nbabdZ/ dhlhjuc ohly [u \ h[sbo q_jlZo g_
agZe h jheb =_ca_g[_j]Z1 FZdkbfmfu nmg^Zf_glZevghc Zdlb\ghklb =_ca_g-
[_j]Z +\j_fy _]h fZdkbfZevgh]h \ebygby, ijboh^ylky gZ 4<58 ]1 +d\Zglh\Zy
f_oZgbdZ/ Ze]_[jZ =_ca_g[_j]Z²Bhj^ZgZ, b 4<5< ² 4<63 ]]1 +d\Zglh\Zy we_d0
ljh^bgZfbdZ,1 Gh b ^jm]b_ _]h jZ[hlu khklZ\beb [u ij_^f_l ]hj^hklb ^ey
ex[h]h nbabdZ1

A^_kv/ gZ\_jgh_/ g_ f_klh +lhqg__/ g_l f_klZ, ^ey h[ahjZ gZmqghc `bagb
=_ca_g[_j]Z/ gh h[jZlblv \gbfZgb_ gZ __ gZqZeh ihe_agh1

Ihke_ [e_klys_]h hdhgqZgby ]bfgZabb \ 4<53 ]1 =_ca_g[_j] ihklmiZ_l \
Fxgo_gkdbc mgb\_jkbl_l b hq_gv kdhjh \dexqZ_lky \ jZ[hlm k_fbgZjZ :j0
ghev^Z Ahff_jn_ev^Z/ ]^_ agZdhfblky/ \ qZklghklb/ k <_gp_e_f b IZmeb1 H[0
km`^_gby gZ k_fbgZj_ ijb\_eb _]h d jZ[hl_ gZ^ d\Zglh\hc l_hjb_c ZghfZev0
gh]h a__fZg 0 wnn_dlZ/ j_amevlZlu dhlhjhc hg ij_^klZ\be m`_ 4: ^_dZ[jy
4<54 ]1 \ "Zeitschrift für Physik(4* ). K wlhc jZ[hlu b gZqbgZ_lky gZmqgZy
`bagv =_ca_g[_j]Z1 Gh bgl_j_k d a__fZg 0 wnn_dlm g_ h]jZgbqbe Zdlb\ghklv
fheh^h]h q_eh\_dZ1 D ke_^mxs_fm/ 4<55 ]1 +\ k_gly[j_,/ hg gZijZ\ey_l \lhjmx
jZ[hlm ih \bojyf DZjfZgZ (5* )1 < wlhf `_ ]h^m khklhyehkv _]h i_j\h_ \uklmi0
e_gb_ gZ dhgn_j_gpbb \ Bgk[jmd_/ Z _s_ f_g__ q_f q_j_a ]h^/ \ k_gly[j_
4<56 ]1/ =_ca_g[_j] aZdZgqb\Z_l k\hx ^bkk_jlZpbx1

LZd \hr_e \ nbabdm <_jg_j =_ca_g[_j]/ \hr_e/ qlh[u jZa^_eblv k Gbev-
khf ;hjhf/ <hevn]Zg]hf IZmeb b Ihe_f >bjZdhf eb^_jkl\h \ jZa\blbb nb0
abdb gh\h]h \j_f_gb1

GZdhie_ggu_ ^Zggu_ h ki_dljZo/ g_ mdeZ^u\Zxsb_ky \ iZjZ^hdkZevgmx
+dZd hgZ dZaZeZkv kh\j_f_ggbdZf, fh^_ev ;hjZ/ klZeb _kl_kl\_ggufb \ gh\hc
+_s_ [he__ iZjZ^hdkZevghc, d\Zglh\hc f_oZgbd_1

< gZqZe_ gZr_]h \_dZ jZa\blb_ nbabdb Zlhfh\ ihreh g_ ih imlb eh]bdb1
Eh]bdm gZjmrbe ;hj k\hbfb %\u^mfZggufb% ijZ\beZfb ^ey we_dljhgh\ \
ZlhfZo1 Ihke_ ;hjZ wlh k^_eZe =_ca_g[_j]/ hldju\ g_dhffmlZlb\ghklv +ih
l_jfbgheh]b >bjZdZ, dhhj^bgZl b bfimevkZ1 M^b\bl_evgh/ dZd [ukljh/ ihqlb
[_a [hjv[u wlb %kmfZkr_^rb_% b^_b aZ\h_\Zeb fbj b dZd hgb gZreb ]_gb-
Zevguo ihke_^h\Zl_e_c1 Wlh ihy\e_gb_ %qm^Z% \ gZmd_1 Ijboh^bl \j_fy/ dh]^Z
%kmfZkr_^rb_% b^_b klZgh\ylky nmg^Zf_glZevgufb1 H[yaZgh eb wlh ij_\jZ-
s_gb_ g_dh_fm keh`ghfm Ze]hjblfm/ dhlhjhfm ih^qbgy_lky fure_gb_ q_0
eh\_dZ/ beb a^_kv gZ^h kkueZlvky gZ g_qlh/ qlh fu gZau\Z_f [_kkhagZl_evguf"

JZ[hlZ 4<55 ]1 hldju\Z_l gh\mx \_l\v \ l\hjq_kl\_ =_ca_g[_j]Z1 Wlh \_-
ebdhe_igu_ jZ[hlu ih ]b^jh^bgZfbq_kdhc mklhcqb\hklb b lmj[me_glghklb
+\\_^_gb_ d wlbf jZ[hlZf gZibkZgh K1 QZg^jZk_dZjhf,1 JZ[hlu ih klZlbklb-
q_kdhc lmj[me_glghklb ku]jZeb [u g_khfg_ggh [hevrmx jhev/ _keb [u +dZd
hg magZe m`_ ihke_ \hcgu, hgb g_ [ueb i_j_djulu jZ[hlZfb :1G1 Dhefh]h0
jh\Z1
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GZqZeZ d\Zglh\hc f_oZgbdb b lmj[me_glghklb bkq_jiu\Zxl kh^_j`Zgb_
lhfZ AI.

Lhf :II hldju\Z_lky ^\mfy agZf_gblufb klZlvyfb/ gZibkZggufb kh\f_-
klgh k <1 IZmeb/ dhlhju_ e_]eb \ hkgh\Zgb_ d\Zglh\hc we_dljh^bgZfbdb1

Wlb ^\_ jZ[hlu +khijh\h`^_ggu_ \\_^_gb_f J1 OZZ]Z,/ k\yaZggu_ k d\Zg-
lh\Zgb_f we_dljhfZ]gblgh]h ihey +\lhjbqguf d\Zglh\Zgb_f,/ aZ\_jrbeb
i_j\uc wlZi d\Zglh\hc l_hjbb1 Ij_^r_kl\_ggbdZfb wlbo jZ[hl [ueb I1 Bhj-
^Zg/ ?1 <b]g_j/ gh lhevdh ihke_ =_ca_g[_j]Z b IZmeb aZ^Zqm fh`gh [ueh
kqblZlv j_r_gghc1

< ke_^mxs_f jZa^_e_ +\\_^_gb_ gZibkZgh :1 IZckhf, kh[jZgu klZlvb/
k\yaZggu_ k mjZ\g_gb_f >bjZdZ b ijh[e_fhc ihabljhgZ1 < ihke_^g_c ba jZ[hl/
gZibkZgghc \ 4<68 ]1 \f_kl_ kh k\hbf mq_gbdhf Wce_jhf +:II / k1 :47,/ hg
h[km`^Z_l lZdb_ gh\u_ wnn_dlu/ dZd jZkk_ygb_ k\_lZ k\_lhf1 Wlhl wnn_dl
[ue jZkkqblZg Wce_jhf b Dhd_e_f +lZd `_ mq_gbdhf =_ca_g[_j]Z, \ lhf `_
4<68 ]1 < jZ[hl_ k Wce_jhf hlf_q_gu jZkoh^bfhklb \ \ukrbo ihjy^dZo +q_l-
\_jlhf \ dhfilhg0wnn_dl_ b r_klhf² \ jZkk_ygbb k\_lhf,1

Ihkljh_gb_ wnn_dlb\gh]h eZ]jZg`bZgZ ^ey we_dljhfZ]gblgh]h ihey gZ^h
kqblZlv ]eZ\guf j_amevlZlhf \ wlhc jZ[hl_1 WlZ [ueZ i_j\Zy \klj_qZ k g_-
ebg_cguf mjZ\g_gb_f \ d\Zglh\hc l_hjbb1 IZck hlf_qZ_l/ qlh \ ibkvfZo d
IZmeb 4<69 ]1 =_ca_g[_j] h[km`^Z_l mjZ\g_gb_ ψλψψψ ∗= / gZ dhlhjh_ hg \ha-
eZ]Ze [hevrb_ gZ^_`^u +a^_kv gZ^h khkeZlvky gZ _s_ g_ \ur_^rbc l1 AIII).

Ke_^mxsZy ]jmiiZ ihk\ys_gZ kljmdlmj_ b k\hckl\Zf y^jZ +^\Z \\_^_gby
gZibkZgu D1 <_cpa_d_jhf/ E1 ;jhmghf b =1 J_o_g[_j]hf,1 A^_kv ihy\ey_lky
hi_jZlhj i_j_oh^Z ijhlhg ² g_cljhg= i_j\uc rZ] \ l_hjbb bahlhibq_kdh]h
kibgZ1

Ho\Zlb\ \ k\h_f l\hjq_kl\_ \k_ klhjhgu d\Zglh\hc l_hjbb/ =_ca_g[_j]
g_ h[hr_e b \klj_lb\rb_ky gZ imlb ljm^ghklb1 < k\yab k l_hjb_c >bjZdZ hg
h[km`^Z_l ijh[e_fm fZkku1 Ihiuldb ijbibkZlv fZkk_ we_dljhfZ]gblgmx ijb-
jh^m ijb\h^yl _]h d g_h[oh^bfhklb \\_klb %h[j_aZgb_% ² we_f_glZjgmx ^eb-
gm1 LZdh_ j_r_gb_ _]h g_ m^h\e_l\hjyeh/ b hg iulZ_lky bkdZlv \uoh^ \ g_-
ebg_cghf mjZ\g_gbb1 =em[hdb_ fukeb =_ca_g[_j]Z g_ kfh]eb ij_\jZlblvky
\ gZklhysmx l_hjbx> nbabdb _s_ agZeb kebrdhf fZeh/ qlh[u fh`gh [ueh
ijb^mfZlv ih^oh^ysmx fh^_ev1 =_ca_g[_j] \aye fh^_ev kebrdhf ijhklmx/
qlh[u hgZ fh]eZ ij_l_g^h\Zlv gZ hibkZgb_ j_Zevguo y\e_gbc1

Ihke_^gb_ ^\Z h[ahjZ =_ca_g[_j]Z +</ k1 <4: ² <5:, %H ijbjh^_ we_f_g-
lZjguo qZklbp (6* ) b %Dhkfbq_kdb_ emqb b nmg^Zf_glZevgu_ ijh[e_fu nb-
abdb (7* ) hljZ`Zxl dZd fm^jhklv/ lZd b jZkl_jygghklv klZj_xs_]h ]_gby1

>ey =_ca_g[_j]Z ^he]h_ \j_fy [ueh aZ]Z^dhc fgh`_kl\_gghklv jh`^_gby
qZklbp \ dhkfbq_kdbo emqZo1 < klZlvyo jZa^_eZ %Y\e_gby \ dhkfbq_kdbo emqZo
b ij_^_eu d\Zglh\hc l_hjbb ihey% +\\_^_gb_ gZibkZgh W1 ;Zg_, hg h[km`^Z_l
ijbjh^m lZdh]h jh`^_gby1 H[ahj =_ca_g[_j]Z²Wce_jZ +</ k1 594 ² 663,/ dh-
lhjuc fh`gh kqblZlv blh]h\uf/ ^he]h_ \j_fy bamqZeky \k_fb/ dlh bf_e ^_eh
k nbabdhc \ukhdbo wg_j]bc (8* )1 LZd dZd \ 4<6; ]1 g_ [ueb hldjulu ibhgu
+ebrv fxhg [_amki_rgh b]jZe jhev i_j_^ZlqbdZ y^_jguo kbe,/ lh jZ[hlu
wlhc ]jmiiu mreb \ bklhjbx1

GZdhg_p/ fu ih^hreb d klZlvyf h[ mjZgh\hf ijh_dl_ +\\_^_gb_ gZibkZgh
<bjphf,/ h dhlhjuo [ueZ m`_ j_qv1 HklZ_lky \i_qZle_gb_/ qlh g_ \k_/ qlh
^_eZehkv \ =_jfZgbb \h \j_fy \hcgu/ hljZ`_gh \ him[ebdh\Zgguo jZ[hlZo
b qlh g_f_pdb_ ki_pbZebklu agZeb [hevr_1 Wlh/ gZ\_jgh_/ \uykgblky \ g_-
^Ze_dhf [m^ms_f1 GZ^h hlf_lblv/ qlh bklhjby Zlhfguo bkke_^h\Zgbc \ gZ0
pbklkdhc =_jfZgbb ba\_klgZ m gZk iehoh1 LZd`_ fgh]h g_\_jgh]h ]h\hjbehkv
h jheb =_ca_g[_j]Z1 G_khfg_ggh/ qlh hg g_ mqZkl\h\Ze \ gZpbklkdhf ^\b`_gbb/
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gh/ klZjZykv khojZgblv +b ^Z`_ mkbeblv, jhev =_jfZgbb \ gZmd_ [m^ms_c
ihke_\h_gghc ?\jhiu/ qZklh hdZau\Zykv \ ^\mkfuke_gghf iheh`_gbb1 L_fZ
wlZ/ dZd fu hlf_qZeb/ lj_[m_l hl^_evgh]h ZgZebaZ1

< ]h^u \hcgu/ gZoh^ykv ijZdlbq_kdb \ baheypbb/ =_ca_g[_j] \ha\jZsZ_lky
d k\h_c klZjhc b^__/ dhlhjZy ijb\_eZ _]h d fZljbqghc f_oZgbd_1 B^_y khklhyeZ
\ lhf/ qlh l_hjby ^he`gZ bf_lv ^_eh k \_ebqbgZfb/ fZdkbfZevgh ijb[eb`Z-
xsbfbky d baf_jbfuf gZ hiul_1 Ljm^ghklb \ l_hjbb ihey +jZkoh^bfhklb
bgl_]jZeh\, =_ca_g[_j] iulZeky k\yaZlv kh kebrdhf ^_lZevguf hibkZgb_f
nbabq_kdbo ijhp_kkh\ k ihfhsvx \hegh\h]h mjZ\g_gby1 JZa\b\Zy lZdmx b^_x/
=_ca_g[_j] \\_e gh\uc h[t_dl ² 60fZljbpm/ dhlhjZy hibku\Z_l i_j_oh^ hl
gZqZevgh]h khklhygby d dhg_qghfm/ himkdZy %bklhjbx% wlh]h i_j_oh^Z1

L_hjbb 60fZljbpu +beb __ nZau η0fZljbpu, ihk\ys_gu jZ[hlu ih l_hjbb
fZljbpu jZkk_ygby +\\_^_gb_ gZibkZgh J1 Wf_,1 Kx^Z \hreb ljb jZ[hlu +%GZ-
[ex^Z_fu_ \_ebqbgu \ l_hjbb we_f_glZjguo qZklbp%,/ dhlhju_ \ k\h_ \j_fy
m\e_deb fgh]bo nbabdh\ (9* ).

L_hjby 60fZljbpu \ lhf \b^_/ \ dhlhjhf __ ohl_e ihkljhblv =_ca_g[_j]/
g_ ihemqbeZkv1 Gh 60fZljbpZ \hreZ \Z`guf we_f_glhf \ kh\j_f_ggmx l_hjbx
ihey1

M \_ebdh]h Z\lhjZ ^Z`_ g_m^Zqb kihkh[kl\mxl ijh]j_kkm$
AZdexqZy jZkkdZa h lhf_ :II +jZ[hlu ^h 4<79 ]1,/ fh`gh kdZaZlv/ qlh

=_ca_g[_j] ihke_ ihjZ`_gby =_jfZgbb \ \hcg_ kjZam `_ \dexqbeky \ fbjh\h_
jZa\blb_ nbabdb fbdjhfbjZ b ijh^he`Ze k\hb ihiuldb ij_h^he_lv __ ljm^-
ghklb1 >\_ b^_b dZaZebkv _fm kiZkbl_evgufb ² l_hjby 60fZljbpu b g_eb-
g_cgu_ mjZ\g_gby1 Bklhjby ihdZaZeZ +bklhjby ihqlb \k_]^Z `_klhdZ$,/ qlh
h[_ b^_b kebrdhf ijbfblb\gu1 Fbdjhfbj hdZaZeky [he__ [h]Zl k\hbfb h[b-
lZl_eyfb/ Z l_hjby hdZaZeZkv agZqbl_evgh [he__ keh`ghc b [he__ %Zjbklhd-
jZlbqghc% k fZl_fZlbq_kdhc lhqdb aj_gby1 Gh h[ wlhc %ihke_^g_c ]eZ\_ jh-
fZgZ% mf_klgh [m^_l jZkkdZaZlv lh]^Z/ dh]^Z \uc^_l lhf AIII.

GZf hklZ_lky kdZaZlv _s_ g_kdhevdh keh\ h lhf_ <1 < wlhf h[t_fbklhf
lhf_ kh[jZgu 9; jZ[hl/ dhlhju_ \ nhjf_ h[ahjh\ b dgb] kmffbjmxl dZd lh/
qlh k^_eZgh =_ca_g[_j]hf +b _]h rdhehc,/ lZd b h[sb_ \a]ey^u gZ jZa\blb_
nbabdb +^h k_j_^bgu :30o ]h^h\,1 Ih wlbf klZlvyf fh`gh ijhclb bklhjbx
jZa\blby ij_^klZ\e_gby h kljh_gbb fZl_jbb/ m\b^_\ __ ]eZaZfb =_ca_g[_j]Z
\ _]h kh[kl\_gghc khimlkl\mxs_c kbkl_f_ dhhj^bgZl1

G_ iulZykv i_j_kdZau\Zlv klZlvb b h[ahju/ mihfyg_f lhevdh dgb]b/ \dex-
q_ggu_ \ wlhl lhf1 Wlh ij_`^_ \k_]h %Nbabq_kdb_ ijbgpbiu d\Zglh\hc f_-
oZgbdb%/ i_j_\h^ dhlhjhc >1 >1 B\Zg_gdh ba^Ze \ 4<65 ]1 K l_o ihj dgb]Z g_
i_j_ba^Z\ZeZkv/ b fZeh dlh k_cqZk __ qblZe +Z `Zev$, (10* ).

<lhjZy hkgh\ZgZ gZ e_dpbyo \ QbdZ]h/ \ kh[jZgb_ \dexq_g __ Zg]ebckdbc
i_j_\h^1 >Ze__ \ wlhf lhf_ fu gZoh^bf klZlvb ba k[hjgbdZ %Dhkfbq_kdb_
emqb%/ ba^Zggh]h ih^ j_^Zdpb_c =_ca_g[_j]Z1 >Ze__ b^ml %>\_ e_dpbb% +we_-
f_glZjgu_ qZklbpu b k\_joijh\h^bfhklv,1 B/ gZdhg_p/ dgb]Z h g_ebg_cguo
mjZ\g_gbyo/ i_j_\h^ dhlhjhc [ue ba^Zg m gZk (11).

?s_ h^gZ dgb]Z ih l_hjbb y^jZ i_j_g_k_gZ \ iylblhfgmx k_jbx K1 Ih0
\b^bfhfm/ hgZ [ueZ kemqZcgh ijhims_gZ khklZ\bl_eyfb1

JZa\blb_ nbabdb klj_fbl_evgh1 ;ukljh klZj_xl klZlvb b fhgh]jZnbb1
Fheh^u_ _kl_kl\hbkiulZl_eb mqZlky ih \k_ [he__ gh\uf dgb]Zf1 Gh iZfyl-
gbdb gZmdb g_ bkq_aZxl/ ^ey gbo ijboh^bl k\h_ \j_fy/ b bo [m^ml qblZlv b
bamqZlv/ dZd fu qblZ_f ^g_\gbdb klZjuo iml_r_kl\_ggbdh\1 Dgb]b0iZfyl-
gbdb g_ ]b[gml/ dZd g_ ih]b[eb Zglbqgu_ ljZ]_^bb/ hgb hklZgmlky wlZehgZfb
djZkhlu gZ keh`ghf imlb ihagZgby q_eh\_dhf ijbjh^u1 %< lhqguo gZmdZo/
dZd b \ bkdmkkl\_/ djZkhlZ _klv \Z`g_crbc bklhqgbd k\_lZ b ykghklb(12*).
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AZdhgqbf wlb aZf_ldb _s_ h^ghc pblZlhc (CI, k1 <9 ² 434,= %GZ imlb
d gh\hfm agZgbx gZ^h \_jgmlvky d ihabpbb Dhemf[Z/ h[eZ^Z\r_]h ^hklZlhqghc
kf_ehklvx/ qlh[u/ hklZ\b\ [_a \gbfZgby klZju_ a_feb/ hlijZ\blvky k g_md-
jhlbfhc gZ^_`^hc gZ ihbkd gh\uo a_f_ev/ e_`Zsbo ]^_0lh lZf aZ hd_Zghf%1
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IJBF?Q:GBY

(1) KhZ\lhj fgh]hlhfghc bklhjbb d\Zglh\hc f_oZgbdb +\f_kl_ k F_jhc/ dhlhjh]h fu
g_ijZ\bevgh gZau\Zeb %F_ojZ%,= kf1 j_p_gabx \ %MNG% +4<;</ l1 48;/ k1 :7:,1

(2) Hlf_lbf a^_kv lhevdh gZa\Zgby lhfh\= &,²KIII ² %nbabdZ b ihagZgb_% +4<5: ²
4<88 ]]1/ 4<89² 4<9; ]]1,/ CIV ² %;bh]jZnbq_kdh_ b nbabdZ y^jZ%/ CV² %GZmdZ b iheblbdZ%1

(3) Hlf_lbf gZb[he__ gZ gZr \a]ey^ h[t_dlb\gu_= N_cg[_j] ?1E12/ AgZfy1 1990. � 3.
K1 124; Walker M. German National Socialism and Quest for Nuclear Power (1939 — 1949). —
Cambridge University Press4<;<> kj1 h[km`^_gb_ \= "Physics Today" (May 1991, p. 13); Weixsäcker
C.F., von//Bewusstseinswandel. — München: Deutsche Taschenbuch Verlag, 1991. — 6. Kapitel.

(4) Zur Quantumtheorie der Linienstruktur und der anomalen Zeemaneffekt//Zs. Phys.
1927. Bd. 8. S. 273 — 297.

(5) Die absolute Dimension der Karmanschen Wirbeloewegung//Phys. Zs. 1922. Bd. 23.
S. 363 — 366.

(6) Physics Today. March 1976. Pp.65 ² 6<1 ² KlZlvy gZi_qZlZgZ m`_ ihke_ 4 n_\jZey ²
^gy dhgqbgu Z\lhjZ1

(7) Naturwissenschaften. 1976. Bd. 63. S. 63 — 67.
(8) Erg. exakten Naturwiss. 1938. Bd 17 S.4 ² 9<> i_j_\h^=22MNG1 4<6<1 L1 541 K1 463/

261.
(9) Lj_lvy jZ[hlZ klZeZ ba\_klgZ \ gZr_c kljZg_ ebrv ihke_ \hcgu1
(10) LbjZ` __ [ue 8333 wda1 Wlh]h [ueh \iheg_ ^hklZlhqgh ^ey jugdZ/ gh p_gZ __ [ueZ

8 j1 :8 dhi1= lh]^Z wlh [ueh ^hjh]h1
(11) Kf.: =_ca_g[_j] <1 <\_^_gb_ \ _^bgmx ihe_\mx kbkl_fm we_f_glZjguo qZklbp1 ²

01=Fbj/ 4<9;1
(12) =_ca_g[_j] <1 AgZq_gb_ djZkhlu \ lhqguo gZmdZo1 ² >hdeZ^ \ ;Z\Zjkdhc ZdZ^_fbb

baysguo bkdmkkl\ 4: ghy[jy 4<86 ]1> kj1 i_j_\h^ \ dgb]_= =_ca_g[_j] <1 RZ]b aZ ]hjbahgl1 ²
01= Ijh]j_kk/ 4<;:1² K1 59;1


