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LZd�dZd�v0x = AO, vx = BC, t = OB �kf��jbk�����Z��mq_[gbdZ���lh�fuihemqZ_f��qlh�ijh_dpby�\_dlhjZ�i_j_f_s_gby� OB
BCAO

sx ⋅+=
2jZ\gZ�iehsZ^b�nb]mju�OACB ²�ijyfhm]hevghc�ljZi_pbb�khkgh\Zgbyfb�AO, BC b \ukhlhc�OB.
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1. Ih�nhjfme_�
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2at
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3. 2
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2
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nta
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n == .

4. DZd�jy^�ihke_^h\Zl_evguo�g_q_lguo�qbk_e�
5. >ey�hij_^_e_gby�jZ\ghmkdhj_ggh]h�^\b`_gby�

§9.
1. < jZaguo�kbkl_fZo�hlq_lZ�wlb�\_ebqbgu�bf_xl�jZagu_�agZq_gby�bih�jZaghfm�hjb_glbjh\Zggu�
2. RZjbd�� iZ^Zxsbc� gZ� ihe� ^\b`ms_]hky� Z\lhfh[bey�� g_� bf__l]hjbahglZevghc� kdhjhklb� hlghkbl_evgh� g_]h��Hlghkbl_evgh� A_febhg�bf__l�kdhjhklv��jZ\gmx�kdhjhklb�Z\lhfh[bey�
3. Kdhjhklv�� imlv�� ljZ_dlhjby� b l�^�� jZaebqgu� \ jZaguo� kbkl_fZohlkq_lZ�
4. =_ebhp_gljbq_kdZy�kbkl_fZ�k\yaZgZ�k Khegp_f�� ]_hp_gljbq_kdZy²�k A_fe_c�
5. Kf_gZ�^gy�b ghqb�h[tykgy_lky�\jZs_gb_f�A_feb�\hdjm]�k\h_c�hkb�

§10.
1. JZ\ghf_jgh�b ijyfhebg_cgh��beb�ihdhblky�
2. G_l�
3. L_hjby�:jbklhl_ey�� aZdexqZxsZyky� \ lhf�� qlh� ijb� hlkmlkl\bb\g_rg_]h�\ha^_ckl\by�l_eh�fh`_l�lhevdh�ihdhblvky�
4. L_f�� qlh� ih� =Zebe_x�� l_eZ� fh]ml� jZ\ghf_jgh� ^\b]Zlvky� \hlkmlkl\bb�\g_rgbo�kbe�
5. Hiul�� bah[jZ`_gguc� gZ� jbk�� ��� mq_[gbdZ�� ^hdZau\Z_l� lh�� qlhihfbfh� bg_jpbZevguo� kbkl_f� hlkq_lZ� �\ dhlhjuo� \uihegy_lkyi_j\uc� aZdhg� GvxlhgZ�� kms_kl\mxl� kbkl_fu� bgh]h� oZjZdl_jZ�� Hg
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khklhbl� \ ke_^mxs_f�� GZ� l_e_`d_� h^bg� rZjbd� e_`bl� gZ]hjbahglZevghc� ih\_joghklb�� Z \lhjhc� ih^\_rb\Z_lky� gZ� gblb�KgZqZeZ� l_e_`dZ� ^\b`_lky� ijyfhebg_cgh� b jZ\ghf_jgh�� b \� wlhfkemqZ_�h[Z�rZjbdZ�gZoh^ylky� \ ihdh_�hlghkbl_evgh� l_e_`db��Klhbllhevdh� ijb^Zlv� l_e_`d_� mkdhj_gb_� �eb[h� __ ijblhjfhablv�� eb[hih^lhedgmlv��� dZd� rZjbdb� ijb^ml� \ ^\b`_gb_� k mkdhj_gb_fhlghkbl_evgh�l_e_`db��LZdbf�h[jZahf��hlghkbl_evgh�l_e_`db�i_j\ucaZdhg�GvxlhgZ�g_�\uihegy_lky�
6. Kms_kl\mxl� kbkl_fu� hlkq_lZ�� hlghkbl_evgh� dhlhjuo� l_eZkhojZgyxl� k\hx� kdhjhklv� g_baf_gghc�� _keb� gZ� gbo� g_� ^_ckl\mxl\g_rgb_� kbeu� beb� bo� ^_ckl\b_� kdhfi_gkbjh\Zgh�� LZdb_� kbkl_fugZau\Zxlky�bg_jpbZevgufb�
7. Bg_jpbZevgu_�kbkl_fu�m^h\e_l\hjyxl�i_j\hfm�aZdhgm�GvxlhgZ�g_bg_jpbZevgu_�²�g_l�
8. Fh`gh�
9. G_l�

§11.

1. Ijbeh`_ggZy�d l_em�kbeZ�
2. Q_f� [hevr_� fhsghklv� Z\lhfh[bey�� Z khhl\_lkl\_ggh� _]h� kbeZly]b��l_f�[uklj__�hg�m\_ebqb\Z_l�k\hx�kdhjhklv�
3. Hiul�� bah[jZ`_gguc� gZ� jbk�� ��� mq_[gbdZ�� ^hdZau\Z_l� lh�� qlhijbeh`_ggZy� d l_em� kbeZ� y\ey_lky� ijbqbghc� mkdhj_gby�� >eyijh\_^_gby�^Zggh]h�hiulZ�gZ^h�\aylv�l_e_`dm��mklZgh\blv�gZ�g_c�^\Zh^bgZdh\h�jZ[hlZxsbo�\_glbeylhjZ�b dZi_evgbpm��>ey�dhfi_gkZpbbkbeu�lj_gby�ijbdj_ibf�d l_e_`d_�h^bg�ba�dhgph\�gblb��i_j_dbgmlhcq_j_a� [ehd�� Z d� ^jm]hfm� dhgpm� gblb� ih^\_kbf� ]jma�� AZl_f� hldjh_fdjZg� dZi_evgbpu�b \dexqbf�h[Z� \_glbeylhjZ��Ih^� ^_ckl\b_f� kbeu\_glbeylhjh\� l_e_`dZ� ijb^_l� \ ^\b`_gb_��Ijb� wlhf� gZ� klhe� [m^mliZ^Zlv� dZieb� q_j_a� h^bgZdh\u_� ijhf_`mldb� \j_f_gb�� L_i_jv�� _kebbaf_jylv�jZkklhygby�f_`^m�khk_^gbfb�dZieyfb��lh�fh`gh�m[_^blvky�qlh� wlb� jZkklhygby� [m^ml� hlghkblvky� dZd� jy^� ihke_^h\Zl_evguog_q_lguo� qbk_e�� LZdbf� h[jZahf�� fh`gh� aZdexqblv�� qlh� l_e_`dZ^\b]ZeZkv�jZ\ghmkdhj_ggh��kf��§����IhkqblZ_f�mkdhj_gb_�ih�nhjfme_

2

2

t

s
a = �� aZf_jb\� ijhc^_ggh_� l_e_`dhc� jZkklhygb_� s b \j_fy� __^\b`_gby� t��?keb�mf_gvrblv� kbem��^_ckl\mxsmx�gZ� l_e_`dm�� \ ^\ZjZaZ� �\udexq_gb_f� h^gh]h� ba� \_glbeylhjh\��� b kgh\Z� ihkqblZlvmkdhj_gb_�� lh� hgh� ihemqblky� \ ^\Z� jZaZ�f_gvrbf�� q_f� i_j\uc� jZa�?keb� l_i_jv� m\_ebqblv� fZkkm� l_e_`db� \ ^\Z� jZaZ� �^h[Z\e_gb_f� dl_e_`d_� ]jmaZ� fZkkhc�� jZ\ghc� fZkk_� l_e_`db��� b kgh\Z� ihkqblZlv



11

mkdhj_gb_�� lh� hgh� ihemqblky� \ ^\Z� jZaZ�f_gvrbf�� q_f� i_j\uc� jZa�LZdbf� h[jZahf�� aZdexqZ_f�� qlh� mkdhj_gb_� l_e_`db� ijyfhijhihjpbhgZevgh� ijbeh`_gghc� d g_c� kbe_� b h[jZlghijhihjpbhgZevgh�__ fZkk_�
4. Mkdhj_gb_� l_eZ� ijyfh� ijhihjpbhgZevgh� jZ\gh^_ckl\mxs_cijbeh`_gguo� d g_fm� kbe� b h[jZlgh� ijhihjpbhgZevgh� _]h� fZkk_�

m

F
a

UU
= .

5. Hgb�khgZijZ\e_gu� 6. ��G  
2k fd]

1
⋅

.

§12.

1. Hiulu��bah[jZ`_ggu_�gZ�jbk�������������mq_[gbdZ��ih^l\_j`^Zxllj_lbc� aZdhg� GvxlhgZ�� <h� \k_o� wlbo� hiulZo� ijb� ihfhsb� ^\mo^bgZfhf_ljh\� baf_jyxlky� kbeu�� k dhlhjufb� ^\Z� l_eZ� ^_ckl\mxl^jm]�gZ�^jm]Z��< i_j\hf�hiul_�\aZbfh^_ckl\b_�l_e�ijhbkoh^bl�ijbbo� g_ihkj_^kl\_gghf� dhglZdl_�� \h� \lhjhf� ²� gZ� jZkklhygbb�� \lj_lv_f� ²� \ ijhp_kk_� ^\b`_gby�� Ijb� wlhf� \ dZ`^hf� kemqZ_ihdZaZgby� ^bgZfhf_ljh\� hdZau\Zxlky� h^bgZdh\ufb�� LZdbfh[jZahf�� fh`gh� k^_eZlv� \u\h^�� qlh� ^\Z� l_eZ� ^_ckl\mxl� ^jm]� gZ^jm]Z� k kbeZfb�� jZ\gufb� ih� fh^mex� b ijhlb\hiheh`gufb� ihgZijZ\e_gbx�
2. Kbeu��k dhlhjufb�\aZbfh^_ckl\mxl�^\Z�l_eZ��jZ\gu�ih�fh^mex�bijhlb\hiheh`gu�ih�gZijZ\e_gbx�
3. Wlh�mkdhj_gb_�\\b^m�[hevrhc�fZkku�A_feb�ij_g_[j_`bl_evgh�fZeh�
4. GZijbf_j�� Khegp_� b EmgZ� \aZbfh^_ckl\mxl� ihkj_^kl\hf]jZ\blZpbhgguo�kbe�
5. Wlb�kbeu�ijbeh`_gu�d jZaguf�l_eZf�

§13.
1. >\b`_gb_�ih^�^_ckl\b_f�kbeu�ly`_klb�
2. GZ^h� baf_jblv� jZkklhygby�� dhlhju_� rZjbd� ijhoh^bl� aZihke_^h\Zl_evgu_� h^bgZdh\u_� ijhf_`mldb� \j_f_gb� b m[_^blvky� \lhf�� qlh� ^Zggu_� jZkklhygby� hlghkylky� dZd� jy^� ihke_^h\Zl_evguog_q_lguo� qbk_e�� Wlh� b [m^_l� y\eylvky� ^hdZaZl_evkl\hf� lh]h�� qlhk\h[h^gh_�iZ^_gb_�l_eZ�y\ey_lky�jZ\ghmkdhj_gguf�^\b`_gb_f� �kf�
§8).
3. K p_evx�ihdZaZlv��qlh�mkdhj_gb_�k\h[h^gh]h�iZ^_gby�h^bgZdh\h^ey�\k_o�l_e�
4. Mkdhj_gb_��\ua\Zggh_�^_ckl\b_f�kbeu�ly`_klb�
5. Ba�aZ�kbeu�khijhlb\e_gby�\ha^moZ�
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6. =Zebe_c�
§14.

1. >Z��hgZ�ij_iylkl\m_l�_]h�ih^t_fm�
2. K mkdhj_gb_f� g�� Ijb� ^\b`_gbb� l_eZ� \\_jo� _]h� kdhjhklvmf_gvrZ_lky�ih� aZdhgm� v(t) = v0 – gt��< \_jog_c� lhqdb� ljZ_dlhjbbkdhjhklv� l_eZ� jZ\gZ� gmex�� b hgh� gZqbgZ_l� ^\b]Zlvky� \gba�m\_ebqb\Zy�kdhjhklv�ih�aZdhgm�v(t) = gt��^h�l_o�ihj��ihdZ�g_�miZ^_lgZ�a_fex�
3. Hl�\_ebqbgu�gZqZevghc�kdhjhklb�
4. ?keb�gZijZ\blv�hkv�\\_jo�� lh�ijh_dpby� \_dlhjZ� kdhjhklb� gZ� wlmhkv� iheh`bl_evgZ�� Z ijh_dpby� mkdhj_gby� k\h[h^gh]h� iZ^_gby� ²hljbpZl_evgZ�

§15.

1. <aZbfgh_� ijbly`_gb_� \k_o� l_e� <k_e_gghc� �]jZ\blZpbhggh_\aZbfh^_ckl\b_�l_e��
2. =jZ\blZpbhggufb�
3. BkZZd�Gvxlhg�\ ;9,,�\_d_�
4. >\Z� l_eZ� ijbly]b\Zxlky� ^jm]� d ^jm]m� k kbehc�� ijyfhijhihjpbhgZevghc� ijhba\_^_gbx� bo� fZkk� b h[jZlghijhihjpbhgZevghc�d\Z^jZlm�jZkklhygby�f_`^m�gbfb�
5.

2
21

r

mm
GF = �� ]^_�F ²�fh^mev� ]jZ\blZpbhgghc� kbeu��m1, m2 —fZkku�\aZbfh^_ckl\mxsbo�l_e��r ²�jZkklhygb_�f_`^m�gbfb��G —]jZ\blZpbhggZy�ihklhyggZy��jZ\gZy ����⋅10-11 G⋅f2�d]2.

6. AZdhg�\k_fbjgh]h�ly]hl_gby�kijZ\_^eb\�\ ke_^mxsbo�kemqZyo����^ey�^\mo�l_e��jZaf_ju�dhlhjuo�ij_g_[j_`bfh�fZeu�k jZkklhygb_f�rf_`^m�gbfb�����_keb�h^gh�ba�l_e�bf__l�nhjfm�rZjZ��jZ^bmk�b fZkkZdhlhjh]h� \h�fgh]h� jZa� [hevr_�� q_f� m \lhjh]h� l_eZ� �ijhba\hevghcnhjfu��� ��� ^ey� ^\mo� h^ghjh^guo� l_e� rZjhh[jZaghc� nhjfu� ijbex[uo�bo�jZaf_jZo�
7. >Z�

§16.
1. <_jgh�� 2. Mf_gvrZ_lky������3. Fl = mg.
4. KbeZ�ly`_klb�[hevr_�gZ�ihexkZo��l�d��A_fey�g_fgh]h�kiexkgmlZm ihexkh\�
5. Hgh�ijb[ebabl_evgh�\ ��jZa�f_gvr_�a_fgh]h�
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§18.
1. RZjbd� ^\b`_lky� hl� lhqdb� : d lhqd_� < ih^� ^_ckl\b_f� kbeumijm]hklb� F

U ��WlZ� kbeZ� \hagbdeZ� \ j_amevlZl_� jZkly`_gby�rgmjZ�Kdhjhklv�� mkdhj_gb_� rZjbdZ� b ^_ckl\mxsZy� gZ� g_]h� kbeZgZijZ\e_gu�hl�lhqdb�A d lhqd_�B��RZjbd�^\b`_lky�ijyfhebg_cgh�l�_��_]h�ljZ_dlhjby�²�ijyfZy�ebgby�
2. KbeZ�mijm]hklb�\ rgmj_�\hagbdeZ�\ j_amevlZl_�_]h�jZkly`_gby��bhgZ�gZijZ\e_gZ�d lhqd_�O��Kdhjhklv�rZjbdZ�b ^_ckl\mxsZy�gZ�g_]hkbeZ� gZijZ\e_gu� ih� ijyfuf�� i_j_k_dZxsbfky� ih^� m]ehf� �� R .LjZ_dlhjby� rZjbdZ� ij_^klZ\ey_l� kh[hc� hdjm`ghklv�� l�_�� rZjbd^\b`_lky�djb\hebg_cgh�
3. ?keb� kdhjhklv� l_eZ� b ^_ckl\mxsZy� gZ� g_]h� kbeZ� gZijZ\e_gu\^hev� i_j_k_dZxsboky� ijyfuo�� lh� l_eh� ^\b`_lky� djb\hebg_cgh�_keb�\^hev�h^ghc�ijyfhc��lh�l_eh�^\b`_lky�ijyfhebg_cgh�

§19.
1. Hiul�ih�\uk_dZgbx�bkdju�ba�lhqbevgh]h�dZfgy�
2. Mkdhj_gb_� gZijZ\e_gh� ih� jZ^bmkm� d p_gljm� hdjm`ghklb�� b hghgZau\Z_lky�p_gljhklj_fbl_evguf�
3. Ih�nhjfme_��Zp =

r

v2

.

4. Ih� jZ^bmkm� d p_gljm� hdjm`ghklb�� ?_� fh^mev� hij_^_ey_lky� ihnhjfme_��Fp =
r

mv2

.

§20.

1. H[jZs_gb_�ieZg_l�\hdjm]�KhegpZ�b kimlgbdh\�\hdjm]�ieZg_l�
2. L�d�� hg� h[eZ^Z_l� ^hklZlhqgh� [hevrhc� kdhjhklvx�� gZijZ\e_gghcih�dZkZl_evghc�d ljZ_dlhjbb�^\b`_gby�
3. >Z�� l�d�� lZdh_�^\b`_gb_�ijhbkoh^bl� lhevdh�ih^�^_ckl\b_f� kbeuly`_klb�
4. Khh[sblv�_fm�i_j\mx�dhkfbq_kdmx�kdhjhklv�
5. Zp =

r

v2

; g =
r

v2

; 2v = gr grv =⇒ . IheZ]Zy�r ≈ RA��lh�ihemqZ_f�qlh� AgRv = ≈ ����df�k�
6. Ih�weebilbq_kdhc�hj[bl_�\hdjm]�A_feb��ih�weebilbq_kdhc�hj[bl_\hdjm]�KhegpZ�
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§21.

1. Bfimevkhf� l_eZ� gZau\Z_lky� nbabq_kdZy� \_ebqbgZ�� jZ\gZyijhba\_^_gbx�fZkku�l_eZ�gZ�_]h�kdhjhklv�
2. Bfimevk�b kdhjhklv�^\b`ms_]hky�l_eZ�\k_]^Z�khgZijZ\e_gu�
3. < kbkl_f_�KB����d]⋅f�k�

§22.

1. Hiul�� bah[jZ`_gguc� gZ� jbkmgd_� ��� mq_[gbdZ�� ijh\h^blkyke_^mxsbf�h[jZahf��;_jmlky�^\Z�rZjbdZ��ih^\_r_ggu_�gZ�gblyo�lZd�qlh[u� hgb� dZkZebkv� ^jm]� ^jm]Z�� H^bg� ba� rZjbdh\� hldehgyxl� gZg_dhlhjuc� m]he� b hlimkdZxl�� RZjbd�� ^hklb]gm\� k\h_]h� ij_`g_]hiheh`_gby��m^Zjy_lky�h \lhjhc�b hklZgZ\eb\Z_lky��Ijb�wlhf�\lhjhcrZjbd� hldehgy_lky� gZ� lhl� `_� m]he�� LZdbf� h[jZahf�� ijb\aZbfh^_ckl\bb�bfimevk�i_j\h]h�rZjbdZ�mf_gvrbeky�gZ�klhevdh��gZkdhevdh�m\_ebqbeky�bfimevk�\lhjh]h��Wlhl�hiul�ih^l\_j`^Z_l�aZdhgkhojZg_gby�bfimevkZ�
2. Kbkl_fZ�l_e�gZau\Z_lky�aZfdgmlhc��_keb�gZ�wlb�l_eZ�g_�^_ckl\mxl\g_rgb_�kbeu�
3. <_dlhjgZy�kmffZ�bfimevkh\�l_e�aZfdgmlhc�kbkl_fu�ihklhyggZ�\h\j_f_gb�ijb�ex[uo�^\b`_gbyo�b \aZbfh^_ckl\byo�wlbo�l_e�
4. 22112211 vmvmvmvm

UUUU
+=′+′ ��]^_�m1, m2 ²�fZkku�l_e�� 1v

U
, 2v
U ²�bokdhjhklb� ^h� \aZbfh^_ckl\by�� 1v ′U , 2v ′U ²� bo� kdhjhklb� ihke_\aZbfh^_ckl\by�

§23.
1. >\b`msbcky�\ha^mo�h[eZ^Z_l�g_dhlhjuf�bfimevkhf��Ih� aZdhgmkhojZg_gby� bfimevkZ� rZjbd� h[eZ^Z_l� lZdbf� `_� ih� fh^mex�� ghijhlb\hiheh`guf� ih� gZijZ\e_gbx� bfimevkhf�� < j_amevlZl_� hg^\b`_lky�ijhlb\hiheh`gh�kljm_�\uoh^ys_]h�ba�rZjbdZ�\ha^moZ�
2. >\b`_gb_� \h^hf_lguo� ]b^jhfhlhpbdeh\�� j_Zdlb\guo� kZfhe_lh\b jZd_l�
3. <h_ggh_��gZmqgh�bkke_^h\Zl_evkdh_��ljZgkihjlgh_�b l�^�
4. =jmah\hc� hlk_d� ihe_aghc� gZ]jmadb� �\ kemqZ_�� bah[jZ`_gghf� gZjbkmgd_�� wlh� dhkfbq_kdbc� dhjZ[ev��� ijb[hjguc� hlk_d�� [Zd� khdbkebl_e_f��[Zd�k ]hjxqbf��gZkhku��dZf_jZ�k]hjZgby��khieh�
5. JZkkfhljbf� ijbgpbi� ^_ckl\by� jZd_lu� gZ� ijbf_j_h^ghklmi_gqZlhc�� K ihfhsvx� gZkhkh\� lhieb\h� b hdbkebl_evih^Zxlky�\ dZf_jm�k]hjZgby��]^_�hgb��k]hjZy��h[jZamxl�]Za�\ukhdhcl_fi_jZlmju� b \ukhdh]h� ^Z\e_gby�� < j_amevlZl_� \hagbdgh\_gby[hevrhc� jZaghklb� ^Z\e_gbc� \ dZf_j_� k]hjZgby� b \� dhkfbq_kdhf



15

ijhkljZgkl\_�]Zau�ba�dZf_ju�k]hjZgby�\ulZedb\Zxlky�gZjm`m�q_j_akhieh� k h]jhfghc� kdhjhklvx��< kbem� aZdhgZ� khojZg_gby� bfimevkZjZd_lZ� ihemqZ_l� bfimevk�� jZ\guc� ih� fh^mex� b ijhlb\hiheh`ghgZijZ\e_gguc�bfimevkm�\ue_l_\r_c�kljmb�]ZaZ�
6. Hl�kdhjhklb�bkl_q_gby�]ZaZ��fZkku�lhieb\Z��lbiZ�lhieb\Z�b l�^�
7. Kihkh[ghklv�jZa\b\Zlv�[hevrmx�kdhjhklv�
8. Khiehf�\gba��l�d��\ lZdhf�kemqZ_�j_Zdlb\gZy�kljmy�]Zkbl�kdhjhklvjZd_lu�

§24.
1. Dhe_[Zgb_�fZylgbdZ�qZkh\��kljmgu�]blZju�
2. >\b`_gb_�ih\lhjy_lky�q_j_a�hij_^_e_gguc�ijhf_`mlhd�\j_f_gb�
3. I_jbh^hf� dhe_[Zgbc� gZau\Z_lky� ijhf_`mlhd� \j_f_gb�� q_j_adhlhjuc� ^\b`_gb_� ih\lhjy_lky� �\j_fy� kh\_jr_gby� h^gh]hdhe_[Zgby��
4. AZ�\j_fy��jZ\gh_�i_jbh^m�dhe_[Zgbc��dZ`^h_�ba�bah[jZ`_gguo�gZjbkmgd_� ��� mq_[gbdZ� l_e�� ^\Z`^u� ijhoh^bl� q_j_a� iheh`_gb_jZ\gh\_kby��^\b]Zykv�\ ijhlb\hiheh`guo�gZijZ\e_gbyo��

§25.

1. KbeZ�mijm]hklb�^_ckl\m_l�gZ�rZjbd�\ lhqdZo�<, K, D, :��l�d��dh]^ZrZjbd�gZoh^blky�\ wlbo�lhqdZo��ijm`bgZ�^_nhjfbjh\ZgZ��jZklygmlZbeb� k`ZlZ���< lhqd_�O kbeZ�mijm]hklb�gZ�rZjbd� g_�^_ckl\m_l�� l�d�dh]^Z�rZjbd� gZoh^blky� \ wlhc� lhqd_�� ijm`bgZ� g_� ^_nhjfbjh\ZgZ�LhqdZ�O gZau\Z_lky�iheh`_gb_f�jZ\gh\_kby�rZjbdZ�
2. Ih� f_j_� ijb[eb`_gby� rZjbdZ� d lhqd_� O kdhjhklv� l_eZm\_ebqb\Z_lky�� l�d�� kbeZ� mijm]hklb� b mkdhj_gb_� kh\iZ^Zxl� ihgZijZ\e_gbx� kh� kdhjhklvx��Ih�f_j_� m^Ze_gby�rZjbdZ� hl� lhqdb�Okdhjhklv� l_eZ� mf_gvrZ_lky�� l�d�� kbeZ� mijm]hklb� b mkdhj_gb_ijhlb\hiheh`gh�gZijZ\e_gu�kdhjhklb�
3. L�d�� ex[h_� l_eh� h[eZ^Z_l� k\hckl\hf� khojZgylv� k\hx� kdhjhklv�_keb�gZ�g_]h�g_�^_ckl\mxl�kbeu�beb�^_ckl\b_�kbe�kdhfi_gkbjh\Zgh�Ijb� ijhoh`^_gbb� iheh`_gby� jZ\gh\_kby� gZ� rZjbd� g_� ^_ckl\m_lkbeZ� mijm]hklb�� Z _]h� kdhjhklv� g_� jZ\gZ� gmex� b khojZgy_l� k\h_agZq_gb_�b gZijZ\e_gb_�
4. Dhe_[Zgby�gZau\Zxlky�k\h[h^gufb��_keb�hgb�ijhbkoh^yl�lhevdhaZ�kq_l�gZqZevgh]h�aZiZkZ�wg_j]bb�kbkl_fu�
5. Dhe_[Zl_evgufb�kbkl_fZfb�gZau\Zxlky�kbkl_fu�l_e��kihkh[guokh\_jrZlv�k\h[h^gu_�dhe_[Zgby�
6. FZylgbdhf� gZau\Z_lky� l\_j^h_� l_eh�� kh\_jrZxs__� ih^^_ckl\b_f� ijbeh`_gguo� kbe� dhe_[Zgby� hdheh� g_ih^\b`ghc� lhqdbbeb�\hdjm]�hkb�
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7. Ijm`bgguc�fZylgbd�khklhbl�ba�l_eZ��aZdj_ie_ggh]h�gZ�ijm`bg_�Gblyghc�fZylgbd�khklhbl�ba�l_eZ��ih^\_r_ggh]h�gZ�gblb�
§26.

1. :fieblm^Z� ²� fZdkbfZevgh_� kf_s_gb_� dhe_[exs_]hky� l_eZ� hliheh`_gby�jZ\gh\_kby��:fieblm^Z�h[hagZqZ_lky�[md\hc�©:ª�b \�KBbaf_jy_lky�\ f_ljZo��f��I_jbh^� ²� \j_fy� kh\_jr_gby� h^gh]h� dhe_[Zgby�� I_jbh^h[hagZqZ_lky�[md\hc�©Tª�b \�KB�baf_jy_lky�\ k_dmg^Zo��k��QZklhlZ� ²� dhebq_kl\h� dhe_[Zgbc� \ _^bgbpm� \j_f_gb�� QZklhlZh[hagZqZ_lky�[md\hc�©νª�b \�KB�baf_jy_lky�\ ]_jpZo��=p��
2. H^gh�ihegh_�dhe_[Zgb_�_klv�dhe_[Zgb_�aZ�i_jbh^�
3. K\yav�f_`^m�i_jbh^hf�b qZklhlhc�\ujZ`Z_lky�nhjfmehc�L = 1/νbeb�ν = 1/L.
4. Z��Q_f�[hevr_�^ebgZ�gblb�fZylgbdZ��l_f�f_gvr_�qZklhlZ��[��q_f[hevr_�^ebgZ�gblb�fZylgbdZ��l_f�[hevr_�i_jbh^�
5. Kh[kl\_gghc�qZklhlhc�dhe_[Zl_evghc�kbkl_fu�gZau\Z_lky�qZklhlZk\h[h^guo�dhe_[Zgbc�kbkl_fu�
6. ?keb� fZylgbdb� dhe_[exlky� \ ijhlb\hiheh`guo� nZaZo�� lh� bokdhjhklb� ijhlb\hiheh`gh� gZijZ\e_gu�� _keb� \ h^bgZdh\uo�� lh� bokdhjhklb�khgZijZ\e_gu�

§27.

1. Hiul� klZ\beky� k p_evx� ihdZaZlv�� qlh� dhe_[Zgby� ijm`bggh]hfZylgbdZ�y\eyxlky�]Zjfhgbq_kdbfb��Hg�aZdexqZ_lky�\ lhf��qlh�]jma�gZijbf_j��\hjhgdZ�k gZeblhc�djZkys_c�`b^dhklvx���mdj_ie_ggucgZ� ijm`bg_�� ijb� k\h_f� dhe_[Zl_evghf� ^\b`_gbb� hklZ\ey_l� ke_^ljZ_dlhjbb� gZ� ^\b`ms_cky� k ihklhygghc� kdhjhklvx� [mfZ`ghce_gl_�� Ihemq_ggZy� lZdbf� kihkh[hf� ljZ_dlhjby� y\ey_lkykbgmkhb^hc�
2. Kbgmkhb^hc��Hlj_ahd�OA khhl\_lkl\m_l� Zfieblm^_� dhe_[Zgbc�� Zhlj_ahd�OB ²�i_jbh^m�
3. =Zjfhgbq_kdbfb�dhe_[Zgbyfb�gZau\Zxlky�dhe_[Zgby��\ dhlhjuobaf_g_gb_�dZdhc�eb[h�nbabq_kdhc�\_ebqbgu�ijhbkoh^bl�ih�aZdhgmkbgmkZ�beb�dhkbgmkZ�
4. Qlh�dhe_[Zgby�gbl_\h]h�fZylgbdZ�y\eyxlky�]Zjfhgbq_kdbfb�
5. FZl_jbZevgZy� lhqdZ�� h[eZ^ZxsZy� fZkkhc� b dhe_[exsZyky� gZihklhygghf� jZkklhygbb� hl� lhqdb� ih^\_kZ�� gZau\Z_lkyfZl_fZlbq_kdbf�fZylgbdhf�



17

6. Dhe_[Zgby� gblygh]h� fZylgbdZ� fh`gh� kqblZlv� ]Zjfhgbq_kdbfb�_keb�^ebgZ�gblb�fgh]h�[hevr_�jZaf_jh\�ih^\_r_ggh]h�gZ�g_c�l_eZ�gZijbf_j�� rZjbdZ��� gblv� hq_gv� e_]dZy� b fZehjZkly`bfZy�� kbeulj_gby�\ kbkl_f_�hlkmlkl\mxl��Zfieblm^Z�dhe_[Zgbc�fZeZ�
7. F_gyxlky�ih�aZdhgm�kbgmkZ�beb�dhkbgmkZ�

§28.

1. Ijb�mkeh\bb�hlkmlkl\by�ihl_jv�wg_j]bb�
2. KmffZ� dbg_lbq_kdhc� b ihl_gpbZevghc� wg_j]bc� ihklhyggZkh]eZkgh� aZdhgm� khojZg_gby� wg_j]bb� b jZ\gZ� i_j\hgZqZevghfmaZiZkm�ihl_gpbZevghc�wg_j]bb�dhe_[Zl_evghc�kbkl_fu�
3. G_l�
4. Mf_gvrZ_lky�
5. < \h^_�� l�d�� \ g_c� gZ� fZylgbd� ^_ckl\m_l� [hevrZy� kbeZkhijhlb\e_gby��q_f�\ \ha^mo_�

§29.

1. G_l��ba�aZ�khijhlb\e_gby�kj_^u�
2. Ijbeh`blv�d dhe_[exs_fm�l_em�i_jbh^bq_kdmx�\g_rgxx�kbem�
3. Dhe_[Zgby�gZau\Zxlky�\ugm`^_ggufb��_keb�hgb�ijhbkoh^yl�ih^^_ckl\b_f�i_jbh^bq_kdb�baf_gyxs_cky�\g_rg_c�kbeu�
4. <ugm`^Zxs_c� kbehc� gZau\Z_lky� i_jbh^bq_kdb� baf_gyxsZyky\g_rgyy�kbeZ��\uau\ZxsZy�dhe_[Zgby�
5. Dh]^Z� Zfieblm^Z� b qZklhlZ� \ugm`^_gguo� dhe_[Zgbc� i_j_klZxlf_gylvky�
6. Wlb�qZklhlu�jZ\gu�
7. Fh]ml��gZijbf_j��ihjr_gv�ihfih\h]h�gZkhkZ�
8. >h�l_o�ihj��ihdZ�^_ckl\m_l�\ugm`^ZxsZy�kbeZ�

§30.

1. Hiul�ijh\h^blky�k p_evx�^_fhgkljZpbb�y\e_gby�j_ahgZgkZ��>eywlh]h� [_jml� ^\Z� fZylgbdZ�� \bkysb_� gZ� h[s_f� rgmj_�� >ebgZfZylgbdZ� �� g_baf_ggZ� b�� ke_^h\Zl_evgh�� _fm� khhl\_lkl\m_lhij_^_e_ggZy�qZklhlZ� k\h[h^guo� dhe_[Zgbc� �kh[kl\_ggZy�qZklhlZ��>ebgm� fZylgbdZ� �� fh`gh� f_gylv� ijb� ihfhsb� k\h[h^guo� dhgph\gbl_c��Ijb�wlhf�f_gy_lky�_]h�kh[kl\_ggZy�qZklhlZ��?keb�hldehgblvfZylgbd���hl�iheh`_gby�jZ\gh\_kby�b ij_^hklZ\blv�kZfhfm�k_[_��lhhg�gZqg_l�kh\_jrZlv�k\h[h^gu_�dhe_[Zgby��Wlh�\uah\_l�dhe_[ZgbyrgmjZ�� \ j_amevlZl_� q_]h� gZ� fZylgbd� �� [m^_l� ^_ckl\h\Zlv\ugm`^ZxsZy� kbeZ� k qZklhlhc�� jZ\ghc� kh[kl\_gghc� qZklhl_



18

fZylgbdZ����Ih^�^_ckl\b_f�wlhc�kbeu�fZylgbd���gZqg_l�kh\_jrZlv\ugm`^_ggu_�dhe_[Zgby��?keb�l_i_jv�mf_gvrZlv�^ebgm�fZylgbdZ���lh� _]h� qZklhlZ� b qZklhlZ� \ugm`^Zxs_c� kbeu�� ^_ckl\mxs_c� gZfZylgbd� ��� [m^ml� m\_ebqb\Zlvky�� Ijb� wlhf� Zfieblm^ZmklZgh\b\rboky� \ugm`^_gguo� dhe_[Zgbc� fZylgbdZ� �� [m^_l\hajZklZlv��HgZ� ^hklb]g_l� fZdkbfZevgh]h� agZq_gby� ijb� jZ\_gkl\_^ebg� fZylgbdh\�� Z khhl\_lkl\_ggh� ijb� jZ\_gkl\_� qZklhlu\ugm`^Zxs_c� kbeu� b kh[kl\_gghc� qZklhlu�fZylgbdZ� ���< wlhf� bkhklhbl�kmlv�y\e_gby�j_ahgZgkZ�
2. Y\e_gb_� j_ahgZgkZ� aZdexqZ_lky� \ j_adhf� m\_ebq_gbbZfieblm^u� mklZgh\b\rboky� \ugm`^_gguo� dhe_[Zgbc� ijbkh\iZ^_gbb�qZklhlu�kh[kl\_gguo�dhe_[Zgbc�kbkl_fu�k qZklhlhc\ugm`^Zxs_c�kbeu�
3. ���l�d��bo�^ebgu�Z��ke_^h\Zl_evgh��b qZklhlu�jZ\gu�
4. Lhevdh�d \ugm`^_gguf�
5. Ihe_agh_� y\e_gb_�� \ fmaudZevguo� bgkljmf_glZo�� <j_^gh_y\e_gb_�� ijb� ijhoh`^_gbb� khe^Zl� ih� fhklm� \ gh]m�� \ j_amevlZl_j_ahgZgkZ�fhkl�fh`_l�jZajmrblvky�

§31.
1. <hafms_gby��jZkijhkljZgyxsb_�\ ijhkljZgkl\_�b m^Zeyxsb_kyhl�f_klZ�bo�\hagbdgh\_gby��gZau\Zxlky�\hegZfb�
2. < gbo�ijhbkoh^bl�i_j_ghk�wg_j]bb�[_a�i_j_ghkZ�\_s_kl\Z�
3. G_l��g_�ijhbkoh^bl�
4. Mijm]bfb� \hegZfb� gZau\Zxlky� \hegu�� jZkijhkljZgyxsb_ky� \mijm]bo�kj_^Zo�
5. We_dljhfZ]gblgu_�\hegu�

§32.
1. Ijh^hevgu_�\hegu�²�wlh�lZdb_�\hegu��\ dhlhjuo�dhe_[Zgby�qZklbpkj_^u� kh\_jrZxlky� \^hev� gZijZ\e_gby� jZkijhkljZg_gby� \heg�gZijbf_j��a\mdh\u_�\hegu��Ihi_j_qgu_�\hegu�²�wlh�lZdb_�\hegu��ijbdhlhjuo� dhe_[Zgby� qZklbp� kj_^u� kh\_jrZxlky� i_ji_g^bdmeyjghgZijZ\e_gbx�jZkijhkljZg_gby�\heg��gZijbf_j��\hegu�gZ�ih\_joghklb\h^u�
2. <hegZfb� k^\b]Z� y\eyxlky� ihi_j_qgu_�� \hegZfb� k`Zlby� ²ijh^hevgu_�
3. Ihi_j_qgu_� \hegu� fh]ml� jZkijhkljZgylvky� lhevdh� \ l\_j^hckj_^_��ijh^hevgu_�²�\ l\_j^hc��`b^dhc�beb�]Zahh[jZaghc�kj_^_�
4. L�d��\ ]ZaZo�b `b^dhklyo�g_�\hagbdZ_l�mijm]bo�kbe�ijb�k^\b]_�
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§33.

1. >ebghc�\hegu�gZau\Z_lky�jZkklhygb_�f_`^m�^\mfy�[eb`ZcrbfblhqdZfb�\hegu��dhe_[exsbfky�\ h^bgZdh\uo�nZaZo�
2. ;md\hc�©λª�qblZ_lky�©eZf[^Zª��
3. AZ�i_jbh^�L h^gh]h�ihegh]h�dhe_[Zgby�
4. Ih�nhjfmeZf��λ = vL b v = λ/L = λν.
5. F_`^m�lhqdZfb���b �����b ��

§34.
1. Wlb� hiulu� ^_fhgkljbjmxl� dhe_[Zl_evguc� oZjZdl_j\hagbdgh\_gby� a\mdZ��< i_j\hf� hiul_� \ dZq_kl\_� bklhqgbdZ� a\mdZ[_j_lky� h[uqgZy� ebg_cdZ�� aZ`ZlZy� \ lbkdZo�� \h� \lhjhf� ²� kljmgZ�dhgpu�dhlhjhc�aZdj_ie_gu��\ lj_lv_f�²�dZf_jlhg��?keb�dZ`^mx�ba\ur_� i_j_qbke_gguo� kbkl_f� \u\_klb� ba� iheh`_gby� jZ\gh\_kby� b^Zlv� _c� kh\_jrZlv� k\h[h^gu_� dhe_[Zgby�� lh� fu� mkeurbf� a\md�LZdbf� h[jZahf�� bklhqgbdZfb� a\mdZ� y\eyxlky� dhe_[Zl_evgu_kbkl_fu�
2. Ex[hc�bklhqgbd�a\mdZ�y\ey_lky�dhe_[Zl_evghc�kbkl_fhc�
3. Dhe_[Zgby� k qZklhlhc� hl� ��� =p� ^h� ������ =p� gZau\Zxlkya\mdh\ufb��ihkdhevdm�\hkijbgbfZxlky�q_eh\_dhf�
4. BgnjZa\mdh\ufb�gZau\Zxlky�dhe_[Zgby�k qZklhlhc�gb`_� ���=p�mevljZa\mdh\ufb�²�k qZklhlhc�\ur_�������=p�

§35.
1. Hiul�ijh\h^blky�k p_evx�\uykgblv�aZ\bkbfhklv�\ukhlu�a\mdZ�hlqZklhlu� dhe_[Zgbc�� >ey� ijh\_^_gby� ^Zggh]h� hiulZ� [_jml� ijb[hj�khklhysbc�ba�g_kdhevdbo�am[qZluo�f_lZeebq_kdbo�^bkdh\��bf_xsbojZaebqgh_� qbkeh� am[v_\� b aZdj_ie_gguo� gZ� h^ghc� hkb�� AZl_f� \k_^bkdb� ijb\h^yl� \h� \jZs_gb_� b lhgdhc� dZjlhgghc� ieZklbgdhcihhq_j_^gh� dZkZxlky� am[v_\� dZ`^h]h� ba� ^bkdZ�� Ijb� wlhf� fumkeurbf�jZagu_�ih�\ukhl_�a\mdb��Fh`gh�aZf_lblv��qlh�q_f�[hevr_qbkeh� am[v_\� gZ� ^bkd_� b khhl\_lkl\_ggh� [hevr_� qZklhlZ� dhe_[ZgbcdZjlhgghc�ieZklbgdb��l_f�[hevr_�[m^_l�\ukhlZ�a\mdZ��:gZeh]bqgmxaZ\bkbfhklv�fh`gh�\uy\blv��bkihevamy�\k_]h�lhevdh�h^bg�^bkd��>eywlh]h�gZ^h�m\_ebqb\Zlv�kdhjhklv�^bkdZ��Q_f�[hevr_�kdhjhklv�^bkdZ�l_f� [hevr_� qZklhlZ� dhe_[Zgbc� dZjlhgghc� ieZklbgdb� b l_f� \ur_[m^_l�ba^Z\Z_fuc�a\md�
2. Hiul�ijh\h^blky�k p_evx�\uykgblv�aZ\bkbfhklv�\ukhlu�a\mdZ�hlqZklhlu� dhe_[Zgbc�� >ey� ijh\_^_gby� ^Zggh]h� hiulZ� [_jml� ^\ZdZf_jlhgZ�� ba^Zxsbo� a\mdb� jZaghc� \ukhlu�� H[Z� dZf_jlhgZijb\h^yl� \ dhe_[Zl_evgh_� ^\b`_gb_�� Ijb� wlhf� hkljby�
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aZdj_ie_ggu_� gZ� gbo�� hklZ\eyxl� gZ� ^\b`ms_cky� kl_deygghcieZklbgd_�ke_^u��?keb�kjZ\gblv�wlb�ke_^u��lh�fh`gh�m[_^blvky��qlhqZklhlZ�dhe_[Zgbc�[hevr_�m dZf_jlhgZ�k [he__�\ukhdbf�a\mdhf�
3. Hl�qZklhlu�dhe_[Zgby�
4. Qbkluf� lhghf� gZau\Z_lky� a\md� bklhqgbdZ�� kh\_jrZxs_]h]Zjfhgbq_kdb_�dhe_[Zgby�kljh]h�hij_^_e_gghc�qZklhlu�
5. A\md� hij_^_e_gghc� \ukhlu�� khhl\_lkl\mxsbc� kZfhc� gbadhcqZklhl_� keh`gh]h� a\mdZ� �kh\hdmighklb� g_kdhevdbo� qbkluo� lhgh\��gZau\Z_lky�hkgh\guf�lhghf��h[_jlhgu�beb�\ukrb_� ]Zjfhgbq_kdb_lhgu�²�\k_�hklZevgu_�lhgu�keh`gh]h�a\mdZ�
6. DZq_kl\h� a\mdZ�� hij_^_ey_fh_� kh\hdmighklvx� h[_jlhgh\keh`gh]h�a\mdZ��gZau\Z_lky�l_f[jhf�
7. <ukhlZ�a\mdZ�hij_^_ey_lky�qZklhlhc�hkgh\gh]h�lhgZ�
8. L_f[j�a\mdZ�hij_^_ey_lky�kh\hdmighklvx�_]h�h[_jlhgh\�

§36.
1. Hiul�ijh\h^blky�k p_evx�\uykgblv�aZ\bkbfhklv�]jhfdhklb�a\mdZhl� Zfieblm^u� dhe_[Zgbc�� >ey� ijh\_^_gby� ^Zggh]h� hiulZ� [_jmldZf_jlhg�� AZl_f� _]h� ijb� ihfhsb� fhehlhqdZ� ijb\h^yl� \dhe_[Zl_evgh_� ^\b`_gb_� kgZqZeZ� k h^ghc� Zfieblm^hc�� ihke_� k[hevr_c�� Ijb� wlhf� dZf_jlhg�� dh]^Z� dhe_[e_lky� k [hevr_cZfieblm^hc��a\mqbl�]jhfq_�
2. =jhfdhklv�lZd`_�mf_gvrblky�
3. A\md�qZklhlu������=p�]jhfq_�
4. Hl�\_ebqbgu�Zfieblm^u�dhe_[Zgbc�
5. < kbkl_f_�KB����^;������ 6. Kemo�q_eh\_dZ�mom^rZ_lky�

§37.

1. Hiul� ijh\h^blky� k p_evx� ihdZaZlv�� qlh� \ \Zdmmf_� a\md� g_jZkijhkljZgy_lky�� >ey� wlh]h� a\hghd� ihf_sZxl� ih^� dhehdhe\ha^mrgh]h� gZkhkZ� b \dexqZxl� _]h�� AZl_f� ba�ih^� dhehdheZgZqbgZxl� hldZqb\Zlv� \ha^mo�� Ih� f_j_� jZaj_`_gby� \ha^moZ� a\mdkeur_g�\k_�lbr_�b lbr_��b��gZdhg_p��ij_djZsZ_lky�kh\k_f��?keb�`_\ha^mo� gZqZlv� \gh\v� \imkdZlv�� lh� a\md� klZgh\blky� keur_g� \k_]jhfq_�b ]jhfq_��LZdbf�h[jZahf��a\md�\ [_a\ha^mrghf�ijhkljZgkl\_g_�jZkijhkljZgy_lky�
2. >Z��fh`_l��Ijbf_ju�jZkijhkljZg_gby�a\mdZ��\ l\_j^uo� l_eZo�²jZkijhkljZg_gb_�a\mdZ�ih�`_e_agh^hjh`guf�j_evkZf��\ `b^dhklyo²�[jhr_gguc�ih^�\h^m�dZf_gv��\ ]ZaZo�²�]jhf�
3. Mijm]b_� l_eZ� y\eyxlky� emqrbfb� ijh\h^gbdZfb� a\mdZ�� q_fihjbklu_�� D mijm]bf� l_eZf� hlghkylky� [hevrbgkl\h� f_lZeeh\�
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^_j_\vy�� ]Zau�� `b^dhklb�� d ihjbkluf� ²� \hcehd�� ihjhehg�i_ghieZkl�
4. Iml_f�hl^_edb�ihf_s_gbc�a\mdhbaheypbhggufb�fZl_jbZeZfb�

§38.
1. K qZklhlhc��khhl\_lkl\mxs_c�a\mdm�
2. Ijh^hevgmx�\hegm�\ h[hbo�kemqZyo�
3. Q_j_a�g_kdhevdh�k_dmg^�ihke_�\kiurdb�fhegbb�fu�keurbf�]jhf�
4. < ���f \_d_� njZgpmakdbfb� mq_gufb� [ueZ� baf_j_gZ� kdhjhklva\mdZ��< ^\mo�imgdlZo��jZkklhygb_�f_`^m�dhlhjufb�[ueh�ba\_klgh�ijhba\h^beb� \uklj_eu� ba� imr_d�� < h[hbo� imgdlZo� baf_jyebhlj_adb�\j_f_gb�f_`^m�\kiurdhc�h]gy�ijb�\uklj_e_�b fhf_glhf�dh]^Z� [ue� keurZg� a\md� \uklj_eZ��Kdhjhklv� a\mdZ� hij_^_eyeb� dZdhlghr_gb_� jZkklhygby� f_`^m� imgdlZfb� d baf_j_gghfm� hlj_adm\j_f_gb�
5. v  ����f�k�
6. >Z��aZ\bkbl�

§39.
1. < j_amevlZl_�hljZ`_gby�a\mdZ�hl�jZaebqguo�ij_]jZ^�
2. < fZe_gvdhc� dhfgZl_� hljZ`_gguc� a\md�� \h�i_j\uo�� keb\Z_lky� khkgh\guf�b��\h�\lhjuo��ohjhrh�ih]ehsZ_lky�f_[_evx�
3. Kl_gu�aZeZ�ke_^m_l�hl^_eZlv�a\mdhih]ehsZxsbf�fZl_jbZehf�
4. L�d��a\mdh\u_�\hegu�\ jmihj_�h[jZamxl�madhgZijZ\e_gguc�imqhd�

§40.
1. DhjimkZ�]blZju��[ZeZeZcdb�
2. >ey�m\_ebq_gby�]jhfdhklb�
3. Bo�gZagZq_gb_�²�mkbe_gb_�a\mdZ�b kha^Zgby�l_f[jZ�
4. =hehkh\u_�k\yadb�
5. Hl�nhjfu��jZaf_jZ��fZl_jbZeZ�j_ahgZlhjZ�

§42.
1. Hiul�ih�keh`_gbx�a\mdh\uo�\heg�hl�^\mo�bklhqgbdh\�ijh\h^blkyke_^mxsbf� h[jZahf�� < dZq_kl\_� bklhqgbdh\� a\mdZ� [_jml� ^\Z]jhfdh]h\hjbl_ey�=j��b =j���ih^dexq_ggu_�d a\mdh\hfm�]_g_jZlhjmA=�� BaemqZ_fuc� bfb� a\md� ihiZ^Z_l� \ fbdjhnhg� F�� ]^_� ihke_ij_h[jZam_lky� \ we_dljbq_kdb_� dhe_[Zgby�� Wlb� dhe_[Zgbymkbeb\Zxlky� mkbebl_e_f� gbadhc� qZklhlu� MGQ� b j_]bkljbjmxlky]Zev\Zghf_ljhf� =��GZkljhbf� ]_g_jZlhj� gZ� qZklhlm� ����� =p�� l�_�� gZ^ebgm� \hegu�� ijb[ebabl_evgh� jZ\gmx� ��� kf�� =jhfdh]h\hjbl_ebmklZgh\bf�gZ�jZkklhygbb�������f hl�fbdjhnhgZ��?keb�l_i_jv�dZ`^uc
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]jhfdh]h\hjbl_ev� ihhq_j_^gh� ih^dexqblv� d ]_g_jZlhjm�� lh� fh`ghaZf_lblv�� qlh� ihdZaZgby� ]Zev\Zghf_ljZ� = \� h[hbo� kemqZyo� [m^mlh^bgZdh\u�� LZdbf� h[jZahf�� a\mdh\u_� \hegu� h^bgZdh\hc� qZklhlu[m^ml� bf_lv� h^bgZdh\u_� Zfieblm^u�� ?keb� l_i_jv� ih^dexqblv� ^\Z]jhfdh]h\hjbl_ey� h^gh\j_f_ggh�� lh� ihdZaZgby� ]Zev\Zghf_ljZm\_ebqZlky� ijbf_jgh� \ ^\Z� jZaZ� ih� kjZ\g_gbx� kh� kemqZyfb�� dh]^ZdZ`^uc�ba�gbo�ih^dexqZeky�\ hl^_evghklb��Wlh� ]h\hjbl�h lhf��qlh\hegu��kdeZ^u\Zykv��mkbeb\Zxl�^jm]�^jm]Z��l�_��Zfieblm^Z�dhe_[Zgbc\ kmffZjghc�a\mdh\hc�\heg_�[hevr_��q_f�\ h^ghc��?keb�l_i_jv�h^bgba� ]jhfdh]h\hjbl_e_c� ihkl_i_ggh� ijb[eb`Zlv� d fbdjhnhgm�� lhfh`gh� gZclb� lZdb_� _]h� iheh`_gby�� dh]^Z� ihdZaZgby� ]Zev\Zghf_ljZ[m^ml� jZ\gu� gmex� �\hegu� ]Zkyl� ^jm]� ^jm]Z��� b dh]^Z� hgb� [m^mlfZdkbfZevgu� �\hegu� mkbeb\Zxl� ^jm]� ^jm]Z��� < i_j\hf� kemqZ_� wlbiheh`_gby� [m^ml� khhl\_lkl\h\Zlv� jZkklhygbyf� f_`^mi_j_^\b]Z_fuf� ]jhfdh]h\hjbl_e_f� b fbdjhnhghf�ijhihjpbhgZevguf����kf��iheh\bg_�^ebgu�\hegu���\h�\lhjhf�kemqZ_wlh�jZkklhygb_�ijhihjpbhgZevgh����kf��^ebg_�\hegu��
2. JZaghklv�jZkklhygbc��ijhc^_gguo�^\mfy�\hegZfb�hl�bklhqgbdh\^h�dhgdj_lghc�lhqdb��gZau\Z_lky�jZaghklvx�oh^Z�^\mo�\heg�
3. < aZ\bkbfhklb�hl�jZaghklb�oh^Z�\heg�j_amevlbjmxsb_�dhe_[Zgbyeb[h�mkbeb\Zxlky��eb[h�hkeZ[_\Zxl�
4. <hegu� gZau\Zxlky� dh]_j_glgufb�� _keb� hgb� bf_xl� h^bgZdh\mxqZklhlm�b ihklhyggmx�\h�\j_f_gb�jZaghklv�nZa�
5. G_� f_gyxsZyky� \h� \j_f_gb� dZjlbgZ� jZkij_^_e_gby� \ijhkljZgkl\_�fbgbfmfh\�b fZdkbfmfh\�Zfieblm^�j_amevlbjmxsbodhe_[Zgbc�� gZau\Z_lky� bgl_jn_j_gpbhgghc� dZjlbghc�Bgl_jn_j_gpbhggZy� dZjlbgZ� ihemqZ_lky� lhevdh� hl� dh]_j_glguobklhqgbdh\�
6. Y\e_gb_�keh`_gby�\ ijhkljZgkl\_�\heg��ijb�dhlhjhf�ihemqZ_lkyihklhyggh_� \h� \j_f_gb� jZkij_^_e_gb_� Zfieblm^� j_amevlbjmxsbodhe_[Zgbc��gZau\Z_lky�bgl_jn_j_gpb_c�
7. GZ^h�� ijbdju\� h^gh� moh�� gZdehgylvky� \ jZagu_� klhjhgu�� <aZ\bkbfhklb� hl� lh]h�� ihiZ^_l� moh� \ h[eZklv� bgl_jn_j_gpbhggh]hfZdkbfmfZ� beb� fbgbfmfZ�� fu� [m^_f� khhl\_lkl\_ggh� keurZlvmkbe_gb_�beb�hkeZ[e_gb_�]jhfdhklb�a\mdZ�
8. >ey�\k_o�\b^h\�\heg�

§43.

1. >\b`msbfbky�we_dljbq_kdbfb�aZjy^Zfb�
2. <gmlj_ggbfb�we_dljbq_kdbfb�lhdZfb�fZ]gblZ�
3. FZ]gblgufb� ebgbyfb� gZau\Zxlky� \hh[jZ`Z_fu_� ebgbb�� \^hevdhlhjuo� jZkiheh`bebkv� [u� fZ]gblgu_� klj_edb�� ihf_s_ggu_� \fZ]gblgh_�ihe_�
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4. Khhl\_lkl\_ggh�ijyfhebg_cgh�b djb\hebg_cgh�
5. AZ�gZijZ\e_gb_�fZ]gblghc�ebgbb�\ dZdhc�eb[h�lhqd_�ijbgbfZxlgZijZ\e_gb_� k_\_jgh]h� ihexkZ� fZ]gblghc� klj_edb�� ihf_s_gghc� \wlm�lhqdm�
6. Q_f�kbevg__�ihe_��l_f�]ms_�jZkiheh`_gu�\ g_f�fZ]gblgu_�ebgbb�
7. H gZijZ\e_gbb�b \_ebqbg_�fZ]gblgh]h�ihey�

§44.

1. FZ]gblgu_� ebgbb� ihehkh\h]h� fZ]gblZ� \uoh^yl� ba� k_\_jgh]hihexkZ� \oh^yl� \ x`guc�� <gmljb� fZ]gblZ� hgb� gZijZ\e_gu� hlx`gh]h�ihexkZ�d k_\_jghfm��M fZ]gblguo�ebgbc�g_l�gb�gZqZeZ��gbdhgpZ�� hgb� eb[h� aZfdgmlu�� eb[h� b^ml� ba� [_kdhg_qghklb� \[_kdhg_qghklv�� Ebgbb� ihey� ihehkh\h]h� fZ]gblZ� bkdjb\e_gu�� Mihexkh\�fZ]gblZ�hgb�jZkiheh`_gu�[he__�]mklh��q_f�\^Zeb�hl�gbo�
2. <hdjm]� fZ]gblZ� b ijh\h^gbdZ� h[jZam_lky� g_h^ghjh^gh_fZ]gblgh_�ihe_��\gmljb�khe_ghb^Z�²�h^ghjh^gh_�
3. < h^ghjh^ghf� fZ]gblghf� ihe_� wlZ� kbeZ� \ dZ`^hc� lhqd_� iheyihklhyggZ� b ih� fh^mex�� b ih� gZijZ\e_gbx�� < g_h^ghjh^ghffZ]gblghf�ihe_�hgZ�\ jZaguo�lhqdZo�ihey�fh`_l�[ulv�jZaebqghc�bih�fh^mex��b ih�gZijZ\e_gbx�
4. < h^ghjh^ghf� fZ]gblghf� ihe_� fZ]gblgu_� ebgbb� iZjZee_evgu� bjZkiheh`_gu�k h^bgZdh\hc�]mklhlhc��< g_h^ghjh^ghf�fZ]gblghf�ihe_fZ]gblgu_�ebgbb�bkdjb\e_gu�b jZkiheh`_gu�k jZaebqghc�]mklhlhc�
5. Dj_klbdZfb�b lhqdZfb�

§45.
1. GZ^h�\aylv�ijh\h^gbd�b ijhimklblv�ih�g_fm�lhd�kgZqZeZ�\ h^ghfgZijZ\e_gbb��Z aZl_f�\ ^jm]hf��Ijb�baf_g_gbb�gZijZ\e_gby�lhdZ�gZijhlb\hiheh`gh_� jy^hf� jZkiheh`_ggZy� k ijh\h^gbdhf�fZ]gblgZyklj_edZ�ih\_jg_lky�gZ����°��LZdbf�h[jZahf��gZijZ\e_gb_�fZ]gblguoebgbc�k\yaZgh�k gZijZ\e_gb_f�lhdZ�
2. ?keb� gZijZ\e_gb_� ihklmiZl_evgh]h� ^\b`_gby� [mjZ\qbdZkh\iZ^Z_l� k gZijZ\e_gb_f� lhdZ� \ ijh\h^gbd_�� lh� gZijZ\e_gb_\jZs_gby� jmqdb� [mjZ\qbdZ� kh\iZ^Z_l� k gZijZ\e_gb_f� ebgbcfZ]gblgh]h�ihey��kha^Zggh]h�wlbf�lhdhf�
3. AgZy� gZijZ\e_gb_� lhdZ�� fh`gh� hij_^_eblv� gZijZ\e_gb_� ebgbcfZ]gblgh]h� ihey� b gZh[hjhl�� agZy� gZijZ\e_gb_� fZ]gblguo� ebgbc�fh`gh�hij_^_eblv�gZijZ\e_gb_�lhdZ�
4. ?keb� h[o\Zlblv� khe_ghb^� eZ^hgvx� ijZ\hc� jmdb� b gZijZ\blvq_luj_�iZevpZ�ih�gZijZ\e_gbx�lhdZ�\ g_f��lh�hlklZ\e_gguc�gZ���°
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[hevrhc� iZe_p� [m^_l� mdZau\Zlv� gZijZ\e_gb_� ebgbc� fZ]gblgh]hihey�\gmljb�khe_ghb^Z�
5. AgZy� gZijZ\e_gb_� lhdZ� \ khe_ghb^_�� fh`gh� hij_^_eblvgZijZ\e_gb_�ebgbc�fZ]gblgh]h�ihey� \gmljb� g_]h�b gZh[hjhl�� agZygZijZ\e_gb_� fZ]gblguo� ebgbc� \gmljb� khe_ghb^Z�� fh`ghhij_^_eblv�gZijZ\e_gb_�lhdZ�

§46.

1. ;_j_lky�ijh\h^gbd�b ih^\_rb\Z_lky�gZ�]b[dbo�ijh\h^Zo��dhlhju_q_j_a�j_hklZl�ih^dexq_gu�d bklhqgbdm�lhdZ��Ijh\h^gbd�ihf_sZxl\ fZ]gblgh_� ihe_� ih^dh\hh[jZagh]h�fZ]gblZ��?keb� aZfdgmlv� p_iv�lh�ijh\h^gbd�k lhdhf�ijb^_l�\ ^\b`_gb_��?keb�`_�fZ]gbl�m[jZlv�baZfdgmlv� p_iv�� lh� k ijh\h^gbdhf� ijhbkoh^blv� gbq_]h� g_� [m^_l�LZdbf� h[jZahf�� gZ� ijh\h^gbd� k lhdhf�� ihf_s_gguf� \ fZ]gblgh_ihe_��^_ckl\m_l�kbeZ�
2. FZ]gblgh_�ihe_�h[gZjm`b\Z_lky�k\hbf�^_ckl\b_f�gZ�ijh\h^gbd�klhdhf�
3. GZijZ\e_gb_� wlhc� kbeu� aZ\bkbl� hl� gZijZ\e_gby� lhdZ� \ijh\h^gbd_�b gZijZ\e_gby�fZ]gblguo�ebgbc�
4. >ey�ijh\h^gbdZ��_keb�e_\Zy�jmdZ�jZkiheh`_gZ�lZd��qlh�__ q_luj_iZevpZ�gZijZ\e_gu�ih�gZijZ\e_gbx�lhdZ��Z fZ]gblgu_�ebgbb�\oh^yl\ eZ^hgv� i_ji_g^bdmeyjgh� d g_c�� lh� hlklZ\e_gguc� [hevrhc� iZe_pmdZ`_l�gZijZ\e_gb_�^_ckl\mxs_c�gZ�ijh\h^gbd�kbeu�>ey�^\b`ms_cky�aZjy`_gghc�qZklbpu��_keb�e_\Zy�jmdZ�jZkiheh`_gZlZd�� qlh� __ q_luj_� iZevpZ� jZkiheh`_gu� ijhlb\� gZijZ\e_gby^\b`_gby� hljbpZl_evghc� qZklbpu� �ih� gZijZ\e_gbx� ^\b`_gbyiheh`bl_evghc��� Z fZ]gblgu_� ebgbb� \oh^yl� \ eZ^hgvi_ji_g^bdmeyjgh� d g_c�� lh� hlklZ\e_gguc� [hevrhc� iZe_p� mdZ`_lgZijZ\e_gb_�^_ckl\mxs_c�gZ�wlm�qZklbpm�kbeu�
5. AZ� gZijZ\e_gb_� lhdZ� \h� \g_rg_c� qZklb� p_ib� ijbgbfZxlgZijZ\e_gb_�^\b`_gby�hl�iheh`bl_evgh]h�ihexkZ�bklhqgbdZ�lhdZ�dhljbpZl_evghfm�
6. Ih� ijZ\bem� e_\hc� jmdb� fh`gh� hij_^_eblv� gZijZ\e_gb_� kbeu�^_ckl\mxs_c� gZ� ijh\h^gbd� k lhdhf� \ fZ]gblghf� ihe_� bebgZijZ\e_gb_� kbeu�� ^_ckl\mxs_c� gZ� aZjy`_ggmx� qZklbpm�^\b`msmxky� \ fZ]gblghf� ihe_��LZd`_�� ihevamykv� wlbf� ijZ\behf�fh`gh�hij_^_eblv�gZijZ\e_gb_�lhdZ�\ ijh\h^gbd_� �_keb�agZ_f��dZdgZijZ\e_gu�fZ]gblgu_�ebgbb�b kbeZ��^_ckl\mxsZy�gZ�ijh\h^gbd��gZijZ\e_gb_� fZ]gblguo� ebgbc� �_keb� agZ_f�� dZd� gZijZ\e_g� lhd� \ijh\h^gbd_�b kbeZ��^_ckl\mxsZy�gZ�g_]h���agZd�aZjy^Z�^\b`ms_ckyqZklbpu� �_keb� agZ_f�� dZd� gZijZ\e_gu� fZ]gblgu_� ebgbb�� kdhjhklv^\b`_gby�qZklbpu�b kbeZ��^_ckl\mxsZy�gZ�g__��b l�^�
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7. < kemqZ_��dh]^Z�gZijZ\e_gb_�lhdZ�\ ijh\h^gbd_�eb[h�gZijZ\e_gb_kdhjhklb�qZklbpu�kh\iZ^Zxl�k gZijZ\e_gb_f�fZ]gblghc�ebgbb�bebiZjZee_evgu�_c�
§47.

1. FZ]gblgZy� bg^mdpby� ²� wlh� \_dlhjgZy� nbabq_kdZy� \_ebqbgZ�oZjZdl_jbamxsZy�fZ]gblgh_�ihe_��HgZ�h[hagZqZ_lky�kbf\hehf� <U .
2. Fh^mev� \_dlhjZ� fZ]gblghc� bg^mdpbb� hij_^_ey_lky� dZdhlghr_gb_� fh^mey� kbeu�� ^_ckl\mxs_c� gZ� jZkiheh`_gguci_ji_g^bdmeyjgh�fZ]gblguf�ebgbyf�ijh\h^gbd�k lhdhf�d kbe_�lhdZb _]h�^ebg_��

Il

F
B = .

3. < kbkl_f_�KB����Le���qblZ_lky�©l_keZª��
4. Ebgbyfb�fZ]gblghc�bg^mdpbb�gZau\Zxlky�ebgbb��dZkZl_evgu_�ddhlhjuf� \ dZ`^hc� lhqd_� ihey� kh\iZ^Zxl� k gZijZ\e_gb_f� \_dlhjZfZ]gblghc�bg^mdpbb�
5. FZ]gblgh_� ihe_� h^ghjh^gh�� _keb� \h� \k_o� _]h� lhqdZo�fZ]gblgZybg^mdpby� <U ihklhyggZ�� < ijhlb\ghf� kemqZ_� fZ]gblgh_� ihe_g_h^ghjh^gh�
6. KbeZ��^_ckl\mxsZy�gZ�fZ]gblgmx�klj_edm�beb�^\b`msbcky�aZjy^\ fZ]gblghf� ihe_�� [m^_l� l_f� [hevr_�� q_f� [hevr_�fh^mev� \_dlhjZfZ]gblghc�bg^mdpbb�\ ^Zgghc�lhqd_�ihey�

§48.

1. FZ]gblguc�ihlhd��ijhgbau\Zxsbc�iehkdbc�dhglmj�\ fZ]gblghfihe_�� aZ\bkbl� hl� fh^mey� \_dlhjZ� fZ]gblghc� bg^mdpbb�� iehsZ^bdhglmjZ� b hjb_glZpbb� dhglmjZ� ih� hlghr_gbx� d gZijZ\e_gbxfZ]gblguo�ebgbc�
2. M\_ebqb\Z_lky� \ n jZa�� ihkdhevdm� fZ]gblguc� ihlhd� ijyfhijhihjpbhgZe_g�fh^mex�\_dlhjZ�fZ]gblghc�bg^mdpbb�
3. FZ]gblguc� ihlhd� fZdkbfZe_g�� _keb� iehkdhklv� dhglmjZi_ji_g^bdmeyjgZ� d gZijZ\e_gbx�fZ]gblguo� ebgbc� b jZ\_g� gmex�_keb�iehkdhklv�dhglmjZ�iZjZee_evgZ�fZ]gblguf�ebgbyf�
4. >Z��f_gy_lky�

§49.

1. <k_� hiulu� ^_fhgkljbjmxl� y\e_gb_� we_dljhfZ]gblghc� bg^mdpbb�aZdexqZxs__ky� \ \hagbdgh\_gb_� lhdZ� \ aZfdgmlhf� ijh\h^gbd_� ijbbaf_g_gbb� fZ]gblgh]h� ihlhdZ�� ijhgbau\Zxs_]h� ho\Zq_ggmx
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ijh\h^gbdhf� iehsZ^v��< i_j\hf� hiul_� ]Zev\Zghf_lj� j_]bkljbjm_lihy\e_gb_� lhdZ� \ aZfdgmlhc� gZ� g_]h� dZlmrd_� ijb� \klZ\e_gbb� \ g__fZ]gblZ�� <h� \lhjhf� hiul_� dZlmrdZ�� \dexq_ggZy� \ p_iv� bklhqgbdZlhdZ�� \klZ\ey_lky� \h� \lhjmx� dZlmrdm�� aZfdgmlmx� gZ� ]Zev\Zghf_lj�Ijb�aZfudZgbb�b jZafudZgbb�p_ib�]Zev\Zghf_lj�kgh\Z�j_]bkljbjm_llhd�
2. Ijb�baf_g_gbb�fZ]gblgh]h�ihlhdZ�q_j_a�dZlmrdm�
3. Y\e_gb_�we_dljhfZ]gblghc�bg^mdpbb�aZdexqZ_lky�\ \hagbdgh\_gbbwe_dljbq_kdh]h� lhdZ� \ aZfdgmlhf� ijh\h^gbd_� ijb� baf_g_gbbfZ]gblgh]h� ihlhdZ�� ijhgbau\Zxs_]h� ho\Zq_ggmx� ijh\h^gbdhfiehsZ^v�
4. Y\e_gb_� we_dljhfZ]gblghc� bg^mdpbb� bkihevam_lky� \we_dljh]_g_jZlhjZo��ihemqb\rbo�rbjhdh_�jZkijhkljZg_gb_�

§50.

1. We_dljbq_kdbc� lhd�� i_jbh^bq_kdb� f_gyxsbcky� \h� \j_f_gb ihfh^mex� b ih� gZijZ\e_gbx�� gZau\Z_lky� i_j_f_gguf� lhdhf�I_j_f_gguc� lhd� fh`gh� ihemqblv�� _keb� \ dZlmrd_�� aZfdgmlhc� gZ]Zev\Zghf_lj��i_jbh^bq_kdb�^\b]Zlv�fZ]gbl�\\_jo�b \gba��Ijb�wlhfklj_edZ� ]Zev\Zghf_ljZ�[m^_l�i_jbh^bq_kdb�hldehgylvky�hl�gme_\h]hagZq_gby� lh� \ h^gm� klhjhgm�� lh� \ ^jm]mx�� Wlh� [m^_lk\b^_l_evkl\h\Zlv�h lhf��qlh�b fh^mev�kbeu�bg^mdpbhggh]h� lhdZ��b_]h�gZijZ\e_gb_�i_jbh^bq_kdb�f_gyxlky�\h�\j_f_gb�� l�_��\ dZlmrd_h[jZam_lky�i_j_f_gguc�lhd�
2. < we_dljhk_lyo�
3. GZ�y\e_gb_�we_dljhfZ]gblghc�bg^mdpbb�
4. =_g_jZlhj� khklhbl� ba� klZlhjZ� ²� g_ih^\b`ghc� qZklb�\uihegyxs_c�nmgdpbx�aZfdgmlh]h�dhglmjZ��jhlhjZ�²�\jZsZxs_ckyqZklb�� \uihegyxsbc� nmgdpbx� fZ]gblZ� �\ ijhfure_gguo]_g_jZlhjZo� bkihevamxlky� h[uqgh� we_dljhfZ]gblu��� Ijbgpbi^_ckl\by� ]_g_jZlhjZ� hkgh\Zg� gZ� y\e_gbb� we_dljhfZ]gblghcbg^mdpbb��Ijb�\jZs_gbb�jhlhjZ�\g_rg_c�kbehc�f_gy_lky�fZ]gblgucihlhd��ijhgbau\Zxsbc�klZlhj��\ j_amevlZl_�q_]h�\ g_f�bg^mpbjm_lkyi_j_f_gguc�lhd�
5. GZ� l_ieh\hc� we_dljhklZgpbb� jhlhj� ]_g_jZlhjZ� ijb\h^blky� \h\jZs_gb_� iZjh\hc� lmj[bghc�� gZ� ]b^jhwe_dljhklZgpbb� ²� \h^yghclmj[bghc�
6. LZd� dZd� kdhjhklv� \jZs_gby� \h^yguo� lmj[bg� hlghkbl_evghg_\ukhdZ�� lh� ^ey� kha^Zgby� lhdZ� klZg^Zjlghc� qZklhlu� ijbf_gyxlfgh]hihexkgu_�jhlhju�
7. ���=p�
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§51.

1. :g]ebckdbf�mq_guf�>��D��FZdk\_eehf�������������\ �����]��WlZl_hjby� \djZlp_� k\h^blky� d lhfm�� qlh� f_gyxs__ky� \h� \j_f_gbwe_dljbq_kdh_� ihe_� ihjh`^Z_l� i_j_f_ggh_� fZ]gblgh_� ihe_�� b�gZh[hjhl�� f_gyxs__ky� \h� \j_f_gb� fZ]gblgh_� ihe_� ihjh`^Z_li_j_f_ggh_�we_dljbq_kdh_�ihe_�
2. Bklhqgbdhf�we_dljhfZ]gblgh]h�ihey�kem`Zl�aZjy^u��^\b`msb_kyk mkdhj_gb_f�
3. Kbeh\u_� ebgbb� \boj_\h]h� we_dljbq_kdh]h� ihey� aZfdgmlu�� Zkbeh\u_� ebgbb� we_dljhklZlbq_kdh]h� ihey� gZqbgZxlky� gZiheh`bl_evguo�aZjy^Zo�b aZdZgqb\Zxlky�gZ�hljbpZl_evguo�

§52.

1. We_dljhfZ]gblgZy� \hegZ� ij_^klZ\ey_l� kh[hc� kbkl_fmihjh`^Zxsbo� ^jm]� ^jm]Z� b jZkijhkljZgyxsboky� \ ijhkljZgkl\_i_j_f_gguo� we_dljbq_kdh]h� b fZ]gblgh]h� ihe_c�i_ji_g^bdmeyjguo�^jm]�^jm]m��We_dljhfZ]gblgu_�\hegu�y\eyxlkyihi_j_qgufb�� lZd� dZd� iehkdhklv�� \ dhlhjhc� e_`Zl� dhe_[exsb_ky\_dlhju� B
U b E

U �� i_ji_g^bdmeyjgZ� gZijZ\e_gbx� jZkijhkljZg_gby\hegu�� Bklhqgbdhf� we_dljhfZ]gblguo� \heg� y\eyxlky� mkdhj_ggh^\b`msb_ky� we_dljbq_kdb_� aZjy^u�� Kdhjhklv� jZkijhkljZg_gbywe_dljhfZ]gblguo�\heg�\ \Zdmmf_�jZ\gZ�kdhjhklb�k\_lZ��l�_��������df�k�
2. <_dlhj� gZijy`_gghklb� we_dljbq_kdh]h� ihey� E

U b \_dlhjfZ]gblghc�bg^mdpbb� B
U

.
3. λ = cT = k/ν.

4. >ey�wlh]h�g_h[oh^bfh��qlh[u�qZklhlZ�ν dhe_[Zgbc�\_dlhjh\� B
U b

E
U [ueZ�^hklZlhqgh�[hevrhc�

5. We_dljhfZ]gblgu_�\hegu� \i_j\u_�m^Zehkv�h[gZjm`blv�=_gjbom=_jpm�\ �����]�
6. <b^bfuc�k\_l��mevljZnbhe_l��jZ^bh\hegu�
7. JZ^bhk\yav��jZ^bhehdZpby��jZ^bhZkljhghfby��j_gl]_g�b ^j�

§53.
1. GZ� kq_l� k\_lZ� kms_kl\h\Zeb� ^\_� hkgh\guo� l_hjbb�dhjimkdmeyjgZy�b \hegh\Zy��< hkgh\_�i_j\hc�e_`Zeh�ml\_j`^_gb_�hlhf��qlh�k\_l�²�wlh�ihlhd�qZklbp��\ hkgh\_�\lhjhc�ml\_j`^_gb_�hlhf��qlh�k\_l�²�wlh�\hegZ�
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2. < ����� ]�� Zg]ebckdbc� mq_guc� LhfZk� Xg]� ihdZaZe�� qlh� k\_lmijbkms_� k\hckl\h� bgl_jn_j_gpbb�� Wlh� ^hdZau\Zeh� lh�� qlh� k\_lh[eZ^Z_l�\hegh\ufb�k\hckl\Zfb�
3. GZ�ijh\hehqgh_�dhevph�k jmqdhc��aZlygmlh_�fuevghc�ie_gdhc��\aZl_fg_gghc� dhfgZl_� gZijZ\eyeky� k\_l�� gZijbf_j�� `_elh]h� p\_lZ�Ijb� wlhf� gZ� ie_gd_� h[jZah\u\Zebkv� q_j_^mxsb_ky� `_elu_� bl_fgu_�ihehku�
4. K\_l�� iZ^Zy� gZ� ie_gdm�� qZklbqgh� hljZ`Z_lky� hl� i_j_^g_cih\_joghklb� \ lhqd_� :�� Z qZklbqgh� ijhoh^bl� \gmljv� ie_gdb� bhljZ`Z_lky�hl�aZ^g_c�ih\_joghklb�\ lhqd_�<��ihke_�q_]h�\uoh^bl�baie_gdb� \ lhqd_� K�� <hegu�� \uoh^ysb_� ba� lhq_d� : b K�� y\eyxlkydh]_j_glgufb�� l�d�� hgb� h[jZamxlky� hl� h^gh]h� b lh]h�`_� bklhqgbdZ�JZaghklv� oh^Z� ^ebg� \heg� aZ\bkbl� hl� lhesbgu� ie_gdb�� dhlhjZy� \jZaguo� lhqdZo�jZaebqgZ��?keb� lhesbgZ�ie_gdb�hdZ`_lky� lZdhc�� qlh\hegu�[m^ml�\uoh^blv�ba�lhq_d�: b K��bf_y�h^bgZdh\u_�nZau��lh�wlb\hegu� ijb� keh`_gbb� mkbeyl� ^jm]� ^jm]Z�� < j_amevlZl_� \hagbdg_lfZdkbfmf� bgl_jn_j_gpbhgghc� dZjlbgu� ²� `_elZy� ihehkZ�� ?keblhesbgZ�ie_gdb�hdZ`_lky�lZdhc��qlh�\hegu�[m^ml�\uoh^blv�ba�lhq_d: b K \ ijhlb\hiheh`guo�nZaZo��lh�wlb�\hegu�ijb�keh`_gbb�[m^ml]Zkblv� ^jm]� ^jm]Z�� < j_amevlZl_� \hagbdg_l� fbgbfmfbgl_jn_j_gpbhgghc�dZjlbgu�²�l_fgZy�ihehkZ�
5. Wlhl�hiul�^hdZau\Z_l�lh��qlh�k\_l�h[eZ^Z_l�\hegh\ufb�k\hckl\Zfb�
6. QZklhlu��beb�^ebgu��k\_lh\uo�\heg�jZaguo�p\_lh\�jZaebqgu�

§54.

1. < \b^_�mijm]bo�\heg��ih^h[gh�a\mdh\uf�
2. L_f��qlh�k\_l�jZkijhkljZgy_lky�b \�\Zdmmf_�
3. FZdk\_ee� ij_^iheh`be�� qlh� k\_l� ²� wlh� qZklguc� kemqZcwe_dljhfZ]gblguo� \heg��Hkgh\Zgb_f� ^ey� wlh]h� ihkem`beh� lh�� qlhk\_lh\u_� b we_dljhfZ]gblgu_� \hegu� y\eyxlky� ihi_j_qgufb� bh[eZ^Zxl�h^bgZdh\hc�kdhjhklvx�jZkijhkljZg_gby�
4. QZklbpZ�we_dljhfZ]gblgh]h�baemq_gby�gZau\Z_lky�nhlhghf�

§55.

1. Hldjulb_� ;_dd_j_ey� khklhyeh� \ lhf�� qlh� g_dhlhju_� \_s_kl\ZkZfhijhba\hevgh� baemqZxl� g_\b^bfu_� emqb�� gZa\Zggu_\ihke_^kl\bb�jZ^bhZdlb\guf�baemq_gb_f�
2. JZ^bhZdlb\ghklvx�
3. < ����� ]�� Wjg_kl� J_a_jnhj^� hiulguf� iml_f� h[gZjm`be�� qlhjZ^bhZdlb\gh_� baemq_gb_� jZ^by� g_h^ghjh^gh� b bf__l� keh`guckhklZ\�� < lheklhkl_gguc� k\bgph\uc� khkm^� hg� ihf_sZe� djmibgdm
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jZ^by�� Imqhd� jZ^bhZdlb\gh]h� baemq_gby� jZ^by� ijhoh^be� kd\havmadh_� hl\_jklb_� b ihiZ^Ze� gZ� nhlhieZklbgdm�� Ihke_� ijhy\e_gbynhlhieZklbgdb� gZ� g_c� h[gZjm`behkv� h^gh� iylgh�� AZl_f� hiul\b^hbaf_gyeb�� L_i_jv� imqhd� baemq_gby� ijhoh^be� q_j_a� h[eZklvfZ]gblgh]h� ihey�� ij_`^_� q_f� ihiZklv� gZ� nhlhieZklbgdm�� <j_amevlZl_� fZ]gblgh_� ihe_� jZa^_eyeh� wlhl� imqhd� gZ� ljb�� b gZnhlhieZklbgd_� ihke_� ijhy\e_gby� h[gZjm`b\Zehkv� ljb� iylgZ� ²h^gh� ih� p_gljm�� ^\Z� k[hdm� hl� g_]h��Wlh� ]h\hjbl� h lhf�� qlh� imqhdbaemq_gby� khklZ\eyeb� iheh`bl_evgh� aZjy`_ggu_� �α�qZklbpu��hljbpZl_evgh� aZjy`_ggu_� �β�qZklbpu�� b g_cljZevgu_� �γ�qZklbpu�qZklbpu�
4. α�qZklbpZ� ij_^klZ\ey_l� kh[hc� iheghklvx� bhgbabjh\Zgguc� Zlhf]_eby� k aZjy^hf�� jZ\guf�fh^mex� m^\h_ggh]h� aZjy^Z� we_dljhgZ�� β-qZklbpZ� ²� we_dljhg�� γ�qZklbpZ� ²� h^bg� ba� ^bZiZahgh\we_dljhfZ]gblgh]h�baemq_gby�
5. H keh`ghf�kljh_gbb�ZlhfZ�

§56.

1. Kh]eZkgh� fh^_eb�� ij_^eh`_gghc� Lhfkhghf�� Zlhf� ij_^klZ\eyerZj�� ih� \k_fm� h[t_fm� dhlhjh]h� jZ\ghf_jgh� jZkij_^_e_giheh`bl_evguc� aZjy^��<gmljb� wlh]h�gZoh^ylky� we_dljhgu��dZ`^ucba�dhlhjuo�dhe_[e_lky�hdheh�k\h_]h�iheh`_gby�jZ\gh\_kby�
2. < k\bgph\uc� khkm^� K ihf_sZeky� jZ^bhZdlb\guc� we_f_gl� J�baemqZxsbc� α�qZklbpu�� Ba� wlh]h� khkm^Z� α�qZklbpu� \ue_lZeb� khkdhjhklvx� ������ df�k b� ihke_� ihiZ^Zeb� gZ� wdjZg� W�� ]^_� hgbj_]bkljbjh\Zebkv�� WdjZg� [ue� ihdjul� ki_pbZevguf� \_s_kl\hf�[eZ]h^Zjy� q_fm� \ f_klZo� ihiZ^Zgby� gZ� g_]h� α�qZklbp� \hagbdZeb\kiurdb�� dhlhju_� j_]bkljbjh\Zebkv� ijb� ihfhsb� fbdjhkdhiZ�F�LZdhc� kihkh[� j_]bkljZpbb� gZau\Z_lky� f_lh^hf� kpbglbeeypbc�\kiur_d��� Ihke_� \ky� wlZ� mklZgh\dZ� ihf_sZeZkv� \ khkm^�� badhlhjh]h�[ue�hldZqZg�\ha^mo��b ijh\h^beky�hiul��?keb�gZ�imlb�α-qZklbp�g_l�gbdZdbo�ij_]jZ^��lh�hgb�ihiZ^Zeb�gZ�wdjZg�madbf��ke_]dZjZkrbjyxsbfky� imqdhf�� Ijb� wlhf� gZ� wdjZg_� gZ[ex^Z_lkyg_[hevrh_� k\_lh\h_� iylgh�� ?keb� `_� l_i_jv� ihklZ\blv� gZ� imlb� α-qZklbp�lhgdmx�nhev]m�N��lh�ijb�\aZbfh^_ckl\bb�k \_s_kl\hf�hgb[m^ml�jZkk_b\Zlvky�ih�\k_f�gZijZ\e_gbyf�gZ�jZagu_�m]eu��Hkgh\gZyqZklv� α�qZklbp� ijhreZ� kd\hav� nhev]m�� fZeh� baf_gb\� k\h_]hi_j\hgZqZevgh]h� gZijZ\e_gby�� Gh� g_[hevrZy� qZklv� α�qZklbpjZkk_yeZkv�gZ�m]eu�ihjy^dZ���°��Z g_dhlhju_�^Z`_�gZ�m]eu�ihjy^dZ
180°.
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3. J_a_jnhj^� ijbr_e� d \u\h^m�� qlh� klhev� kbevgh_� hldehg_gb_� α-qZklbp� \hafh`gh� lhevdh� lh]^Z�� dh]^Z� \gmljb� ZlhfZ� bf__lky� hq_gvkbevgh_�we_dljbq_kdh_�ihe_��LZdh_�kbevgh_�ihe_�lhevdh�fh]eh�[ulvkha^Zgh� aZjy^hf�� kdhgp_gljbjh\Zgguf� \ hq_gv� fZehf� h[t_f_� ihkjZ\g_gbx� k h[t_fhf� ZlhfZ�� Bkoh^y� ba� \k_]h� wlh]h�� J_a_jnhj^ij_^eh`be� ieZg_lZjgmx� fh^_ev� ZlhfZ�� Kh]eZkgh� wlhc� fh^_eb�� \p_glj_�ZlhfZ�gZoh^blky�iheh`bl_evgh� aZjy`_ggh_�y^jh��dhlhjh_�b[ueh� ijbqbghc� kbevgh]h� hldehg_gby� α�qZklbp�� <hdjm]� y^jZ^\b`mlky�we_dljhgu��fZkkZ�dhlhjuo�fgh]h�f_gvr_�fZkku�y^jZ�
4. Kh]eZkgh� y^_jghc� fh^_eb�� \ p_glj_� ZlhfZ� gZoh^blkyiheh`bl_evgh� aZjy`_ggh_� y^jh��<hdjm]� y^jZ� ^\b`mlky� we_dljhgu�fZkkZ�dhlhjuo�fgh]h�f_gvr_�fZkku�y^jZ�
5. ?keb� α�qZklbpZ� ijhe_lZ_l� hq_gv� [ebadh� d y^jm�� lh� hgZ� kbevghhldehgy_lky� hl� i_j\hgZqZevgh]h� gZijZ\e_gby� ^\b`_gbydmehgh\kdhc�kbehc��L�d��jZaf_ju�y^jZ�hq_gv�fZeu�ih� kjZ\g_gbx� kjZaf_jZfb�ZlhfZ��lh�hkgh\gZy�qZklv�α�qZklbp�ijhe_lZ_l�^hklZlhqgh^Ze_dh�hl�y^jZ�b g_�bkiulu\Z_l�kbevgh]h�hldehg_gby�

§57.

1. JZ^bc�ij_\jZsZ_lky�\ jZ^hg�
2. Ijhbkoh^bl�ij_\jZs_gb_�h^gh]h�obfbq_kdh]h�we_f_glZ�\ ^jm]hc�
3. Y^jh�
4. HeRnRd 4

2
222
86

226
88 +→ �� ]^_� He4

2  — α�qZklbpZ�� Rd226
88 ²� y^jhjZ^by�� Rn222

86 ²�y^jh�jZ^hgZ�
5. <_jog__�qbkeh�²�fZkkh\h_�qbkeh��gb`g__�²�aZjy^h\h_�qbkeh�
6. FZkkh\h_�qbkeh�y^jZ�ZlhfZ�^Zggh]h�obfbq_kdh]h�we_f_glZ�jZ\ghk lhqghklvx�^h�p_euo�qbkem�Zlhfguo�_^bgbp�fZkku��kh^_j`Zsboky\ fZkk_� wlh]h� y^jZ�� AZjy^h\h_� qbkeh� y^jZ� ZlhfZ� ^Zggh]hobfbq_kdh]h� we_f_glZ� jZ\gh� aZjy^m� y^jZ�� \ujZ`_gghfm� \we_f_glZjguo�we_dljbq_kdbo�aZjy^Zo�
7. HeRnRd 4

2
222
86

226
88 +→ ��Ba�^Zgghc�j_Zdpbb�\b^gh��qlh�\uihegyxlkyaZdhgu� khojZg_gby� fZkkh\h]h� qbkeZ� b aZjy^Z�� >_ckl\bl_evgh�fZkkh\h_�qbkeh�������b aZjy^������jZkiZ^Zxs_]hky�y^jZ�ZlhfZ�jZ^byjZ\gu� khhl\_lkl\_ggh� kmff_� fZkkh\uo� qbk_e ����� �� ��  � ����� bkmff_� aZjy^h\� ���� �� ��  � ����h[jZah\Z\rboky� \ j_amevlZl_� jZkiZ^ZZlhfh\�jZ^hgZ�b ]_eby�

8. Y^jZ�Zlhfh\�bf__l�keh`gh_�kljh_gb_�
9. JZ^bhZdlb\ghklvx�gZau\Zxl�kihkh[ghklv�y^_j�Zlhfh\�g_dhlhjuoobfbq_kdbo� we_f_glh\� kZfhijhba\hevgh� ij_\jZsZlvky� \ ^jm]b_y^jZ�k bkimkdZgb_f�qZklbp�
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§58.

1. Kq_lqbd� =_c]_jZ� khklhbl� ba� ]_jf_lbqghc� kl_deygghc� ljm[db�aZiheg_gghc� jZaj_`_gguf� ]Zahf�� gZijbf_j�� Zj]hghf�� < g__� \iZyguwe_dljh^u� �dZlh^� b Zgh^��� ih^dexq_ggu_� q_j_a� khijhlb\e_gb_� R dbklhqgbdm� \ukhdh]h� gZijy`_gby�� Ijbgpbi� kq_lqbdZ� =_c]_jZke_^mxsbc�� Ijb� ijhe_l_� \gmljb� ljm[db� dZdhc�gb[m^v� [ukljhcqZklbpu�� kihkh[ghc� bhgbabjh\Zlv� Zlhfu� ]ZaZ�� h[jZam_lky� g_dhlhjh_qbkeh�we_dljhg�bhgguo�iZj��We_dljhgu�gZqbgZxl�^\b]Zlvky�d Zgh^m��Ziheh`bl_evgu_� bhgu� ²� d dZlh^m�� ?keb� gZijy`_gghklv� ihey^hklZlhqgh�\_ebdZ��lh�we_dljhg��mkdhjyykv��fh`_l�ijbh[j_klb�wg_j]bx�^hklZlhqgmx� ^ey� bhgbaZpbb� Zlhfh\� ]ZaZ�� <gh\v� h[jZah\Z\rb_we_dljhgu�mkdhjyxlky�ihe_f�b \�k\hx�hq_j_^v�ijhba\h^yl�bhgbaZpbx�^Z\Zy� gZqZeZ� gh\uf� we_dljhgZf� b bhgZf�� < ljm[d_� h[jZam_lky� lZdgZau\Z_fZy� we_dljhggh�bhggZy� eZ\bgZ�� < j_amevlZl_� wlh]h� \ ljm[d_\hagbdZ_l� jZajy^�� b \� p_ib� kq_lqbdZ� ijhbkoh^bl� djZldh\j_f_ggh_� bj_adh_� \hajZklZgb_� kbeu� lhdZ�� dhlhjh_� j_]bkljbjm_lky� ki_pbZevgufmkljhckl\hf�� JZajy^� ^eblky� ijbf_jgh� fbdjhk_dmg^m� b aZl_fij_djZsZ_lky�� l�d�� hkgh\gZy� qZklv� gZijy`_gby� iZ^Z_l� gZkhijhlb\e_gbb�R��b \�j_amevlZl_� wlh]h�gZijy`_gb_�f_`^m� dZlh^hf�bZgh^hf�j_adh�mf_gvrZ_lky�
2. >ey�j_]bkljZpbb�we_dljhgh\�b γ�d\Zglh\�
3. DZf_jZ� <bevkhgZ� khklhbl� ba� pbebg^jZ� KK kh� kl_deygghcdjurdhc�LL��<gmljb�pbebg^jZ�fh`_l�i_j_f_sZlvky�ihjr_gv�P��GZ^g_� dZf_ju� e_`bl� q_jgZy� ijhiblZggZy� kf_kvx� \h^u� kh� kibjlhfldZgv� FF�� [eZ]h^Zjy� dhlhjhc� \ dZf_j_� \ha^mo� gZkus_g��< dZf_j_hlkmlkl\mxl� y^jZ� dhg^_gkZpbb�� Ijbgpbi� ^_ckl\by� dZf_ju<bevkhgZ�ke_^mxsbc��< j_amevlZl_�j_adh]h�^\b`_gby�ihjrgy�\gbal_fi_jZlmjZ� \ g_c� iZ^Z_l�� b iZju� \gmljb� klZgh\ylkyi_j_kus_ggufb�� l�_��hgb� l_i_jv�fh]ml� e_]dh� dhg^_gkbjh\Zlvky� gZy^jZo� dhg^_gkZpbb�� gZijbf_j� gZ� bhgZo�� Q_j_a� lhgdh_� hdhrdhdZf_ju� \imkdZ_lky� imqhd� bkke_^m_fuo� qZklbp�� dhlhjuc�� ijhe_lZyq_j_a� ]Za�� kha^Z_l� gZ� k\h_f� imlb� bhgu� �y^jZ� dhg^_gkZpbb��� IZjudhg^_gkbjmxlky� gZ� bhgZo�� b \� blh]_� \^hev� ljZ_dlhjbb� ^\b`_gbyqZklbpu� h[jZam_lky� \b^bfuc� ke_^� ba� dZi_e_d� iZjZ� �lj_d��� LZdbfh[jZahf�� k ihfhsvx� dZf_ju� <bevkhgZ� fu� fh`_f� magZlvljZ_dlhjbx�^\b`_gby�qZklbpu�
4. ?keb�dZf_jm�<bevkhgZ�ihf_klblv�\ fZ]gblgh_�ihe_��lh��hij_^_eb\ljZ_dlhjbx�^\b`_gby�qZklbpu��fu�fh`_f�hij_^_eblv� agZd� aZjy^ZqZklbpu� �ih� gZijZ\e_gbx� ba]b[Z��� __ fZkkm�� wg_j]bx�� aZjy^� �ihjZ^bmkm�djb\bagu�ljZ_dlhjbb��
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5. Imaujvdh\Zy� dZf_jZ� h[eZ^Z_l� [hevrbf� [ukljh^_ckl\b_f� \hlebqb_� hl� dZf_ju� <bevkhgZ�� Imaujvdh\Zy� dZf_jZ� hlebqZ_lky� hldZf_ju� <bevkhgZ� l_f�� qlh� \ g_c� \f_klh� i_j_kus_ggh]h� iZjZijbf_gy_lky�i_j_]j_lZy�\ur_�lhqdb�dbi_gby�`b^dhklv�
§59.

1. Hiul� aZdexqZ_lky� \ bkke_^h\Zgbb� \aZbfh^_ckl\by� α�qZklbp� ky^jZfb�Zlhfh\�ZahlZ��E_lysZy�k [hevrhc�kdhjhklvx�α�qZklbpZ�ijbihiZ^Zgbb� \ y^jh� ZlhfZ� ZahlZ� \u[b\ZeZ� ba� g_]h� y^jh� ZlhfZ\h^hjh^Z��dhlhjh_�J_a_jnhj^�gZa\Ze�ijhlhghf�
2. H lhf��qlh�\ j_amevlZl_�\aZbfh^_ckl\by�α�qZklbp�k y^jZfb�Zlhfh\ZahlZ�h[jZah\Zebkv�y^jZ�dbkehjh^Z�b \h^hjh^Z�
3. Y^jh� ZlhfZ� \h^hjh^Z� G1

1 bgZq_� gZau\Z_lky� ijhlhghf� bh[hagZqZ_lky�kbf\hehf� p1
1 beb�p.

4. Ij_^iheh`_gb_�h lhf��qlh�ijhlhgu�\oh^yl�\ khklZ\�y^jZ�ex[h]hZlhfZ�
§60.

1. Y^jZ�Zlhfh\�bf_xl�[hevrmx�fZkkm��q_f�kmfZ�fZkk�khklZ\eyxsbobo�ijhlhgh\��Wlh�[ueh�mklZgh\e_gh�hiulguf�iml_f�b ^Z_l�iheZ]Zlv�qlh�ihfbfh�ijhlhgh\�\ khklZ\�y^jZ�\oh^yl�dZdb_�lh�^jm]b_�qZklbpu�
2. Wlh�ij_^iheh`_gb_�[ueh�\ukdZaZgh�Wjg_klhf�J_a_jnhj^hf�\ �����]�
3. >`_cfk�Q_^\bd�\ �����]�
4. M g_cljhgh\� hlkmlkl\m_l� aZjy^�� ihkdhevdm� hg� g_� hldehgy_lkywe_dljbq_kdbf� b fZ]gblguf� ihe_f�� FZkkm� hij_^_ebeb� badhebq_kl\_gguo� oZjZdl_jbklbd� \aZbfh^_ckl\by� g_cljhgZ� k ^jm]bfbqZklbpZfb�
5. G_cljhg�h[hagZqZ_lky�kbf\hehf� n1

0 beb�n��_]h�fZkkZ�ihqlb�jZ\gZ�g_fgh]h�[hevr_��fZkk_�ijhlhgZ�
§61.

1. Gmdehgu�
2. FZkkh\uf� qbkehf� gZau\Z_lky� qbkeh� gmdehgh\� \ y^j_� ZlhfZ�FZkkh\h_�qbkeh�h[hagZqZ_lky�[md\hc�:.
3. FZkkh\h_� qbkeh� jZ\gh� k lhqghklvx� ^h� p_euo� qbkem� Zlhfguo_^bgbp�fZkku��kh^_j`Zsboky�\ fZkk_�ZlhfZ�
4. Qbkeh� ijhlhgh\� \ Zlhf_� h[hagZqZ_lky� [md\hc� Z b gZau\Z_lkyaZjy^h\uf�qbkehf�
5. I_j_^�kbf\hehf�kgbam�
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6. AZjy^h\h_�qbkeh�jZ\gh�aZjy^m�y^jZ��\ujZ`_gghfm�\ we_f_glZjguowe_dljbq_kdbo� aZjy^Zo�� AZjy^h\h_� qbkeh� ZlhfZ� jZ\gh� _]hihjy^dh\hfm�ghf_jm�\ lZ[ebp_�F_g^_e__\Z�
7. XA

Z ��a^_kv�O²�kbf\he�obfbq_kdh]h�we_f_glZ�
8. Qbkeh�g_cljhgh\�\ y^j_�h[hagZqZxl�[md\hc�N.
9. A = Z + N.

§62.

1. Bahlhiu� ²� we_f_glu� k h^bgZdh\ufb� aZjy^Zfb� y^_j�� ghjZaebqgufb�fZkkZfb�
2. Y^jZ�bahlhih\�h^gh]h�we_f_glZ�bf_xl�h^bgZdh\uc�aZjy^�
3. JZagu_� bahlhiu� h^gh]h� we_f_glZ� kh^_j`Zl� jZagh_� dhebq_kl\hg_cljhgh\�
4. M \h^hjh^Z� _klv� ljb� bahlhiZ�� ijhlbc� � G1

1 ��� ^_cl_jbc� � G2
1 ),ljblbc�� G3

1 ).

5. Ihlhfm��qlh�fZkkZ�Zlhfh\�\uqbkey_lky�dZd�kj_^g__�agZq_gb_�fZkk\k_o�_]h�bahlhih\�
§63.

1. FZkkZ�ZlhfZ�mf_gvrZ_lky�gZ����Z aZjy^�_]h�y^jZ�²�gZ���
2. GZijbf_j�� HeRnRd 4

2
222
86

226
88 +→ .

3. Y^jh�jZ^hgZ�kh^_j`bl�gZ���ijhlhgZ�f_gvr_��q_f�y^jh�jZ^by�
4. Ijb� α�jZkiZ^_� h[jZam_lky� gh\uc� obfbq_kdbc� we_f_gl�ihjy^dh\uc� ghf_j� dhlhjh]h� \ lZ[ebp_� F_g^_e__\Z� f_gvr_bkoh^gh]h�gZ���
5. Ijb� β�jZkiZ^_� baemqZ_lky� we_dljhg� b Zglbg_cljbgh�� H^bgg_cljhg�\ y^j_�ijb�lZdhf�jZkiZ^_�ij_\jZsZ_lky�\ ijhlhg��we_dljhgb Zglbg_cljbgh�
6. Ijb� β�jZkiZ^_� h[jZam_lky� gh\uc� obfbq_kdbc� we_f_gl�ihjy^dh\uc� ghf_j� dhlhjh]h� \ lZ[ebp_� F_g^_e__\Z� [hevr_bkoh^gh]h�gZ���
7. G_l�� ihlhfm� qlh� fZkkh\h_� qbkeh� jZ\gh� qbkem� gmdehgh\�� Z wlhqbkeh�ijb�β�jZkiZ^_�g_�f_gy_lky�
8. >ey�α�jZkiZ^Z�� HeYX 4

2
4
2 +→ −

−
A
Z

A
Z .>ey�β�jZkiZ^Z�� �~YX 0

0
0
11 ++→ −+ eA

Z
A
Z .

9. α��b β�jZkiZ^�qZklh�khijh\h`^Z_lky�γ�baemq_gb_f�
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§64.

1. <hagbdZe�\hijhk�h lhf��ihq_fm�y^jZ�g_�jZkiZ^Zxlky�gZ�hl^_evgu_gmdehgu� ih^� ^_ckl\b_f� we_dljhklZlbq_kdbo� kbe� hllZedb\Zgbyf_`^m� iheh`bl_evgh� aZjy`_ggufb� gmdehgZfb�� Bkoh^y� ba� wlh]h�mq_gu_� ijbreb� d aZdexq_gbx�� qlh� f_`^m� gmdehgZfb� y^jZ^_ckl\mxl�kbeu�ijbly`_gby�^jm]hc�ijbjh^u�
2. Kbeu�ijbly`_gby�f_`^m�gmdehgZfb�\ y^j_�gZau\Zxlky�y^_jgufb�Bo� hkh[_gghklv� khklhbl� \ lhf�� qlh� bo� ^_ckl\b_� agZqbl_evghijhy\ey_lky� gZ� jZkklhygbyo�� kjZ\gbfuo� k jZaf_jZfb� y^jZ� �ihjy^dZ
10-15 f���M`_�gZ�jZkklhygbb�ihjy^dZ���-14 bo�^_ckl\b_�gbqlh`gh�fZeh�

§65.

1. Wg_j]b_c� k\yab� y^jZ�gZau\Z_lky�fbgbfZevgZy� wg_j]by�� dhlhjmxg_h[oh^bfh�aZljZlblv�gZ�jZks_ie_gb_�y^jZ�gZ�hl^_evgu_�gmdehgu�
2. ∆m = (Zmp + Nmn) – My�� ]^_�∆m ²�^_n_dl�fZkk��Z b N ²�qbkehijhlhgh\� b g_cljhgh\� \ y^j_� khhl\_lkl\_ggh�� mn b mp ²� fZkkuihdhy�g_cljhgZ�b ijhlhgZ�khhl\_lkl\_ggh��My ²�fZkkZ�y^jZ�
3. ∆E0 = ∆mc2��]^_�∆E0 ²�wg_j]by�k\yab�y^jZ��∆m ²�^_n_dl�fZkk��k²�kdhjhklv�k\_lZ�\ \Zdmmf_�

§66.

1. >_e_gb_� y^_j� mjZgZ� ijb� [hf[Zj^bjh\d_� bo� g_cljhgZfb� [uehhldjulh�\ �����]��Hllh�=Zghf�b Njbp_f�RljZkkfZghf�
2. Ijb� ih]ehs_gbb� y^jhf� g_cljhgZ� hgh� ^_nhjfbjm_lky� bijbh[j_lZ_l� \ulygmlmx� nhjfm�� L�d�� y^_jgu_� kbeu� ²dhjhldh^_ckl\mxsb_��lh�gZ�gmdehgu�\ \ulygmlhf�y^j_�bo�^_ckl\b_hkeZ[_\Z_l�� b gmdehgu� jZae_lZxlky� ih^� ^_ckl\b_fwe_dljhklZlbq_kdbo� kbe�� LZdbf� h[jZahf�� ^_e_gb_� y^jZ� fh`_lgZqZlvky� lhevdh� lh]^Z�� dh]^Z� hgh� ^_nhjfbjm_lky� ih^� ^_ckl\b_fih]ehs_ggh]h�nhlhgZ�
3. < j_amevlZl_� ^_e_gby� y^jZ� h[jZamxlky� ^\Z� hkdhedZ� �jZgg__khklZ\eyxsb_�y^jh��b ����g_cljhgZ�
4. QZklv� \gmlj_gg_c� wg_j]bb� y^jZ� ijb� _]h� ^_e_gbb� i_j_oh^bl� \dbg_lbq_kdmx�wg_j]bx�h[jZah\Z\rboky�hkdhedh\�b g_cljhgh\�
5. Dbg_lbq_kdZy� wg_j]by� hkdhedh\� ijb� bo� lhjfh`_gbbij_h[jZam_lky�\h�\gmlj_ggxx�wg_j]bx�hdjm`Zxs_c�kj_^u�
6. J_Zdpby� ^_e_gb_� y^_j� mjZgZ� b^_l� k \u^_e_gb_f� wg_j]bb� \hdjm`Zxsmx�kj_^m�
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§67.

1. JZkkfhljbf�f_oZgbaf�ijhl_dZgby�p_ighc�j_Zdpbb� ^_e_gby� y^jZgZ�ijbf_j_�bahlhiZ� mjZgZ� U235
92 �jbk�� ���� mq_[gbdZ���Ijb� ^_e_gbby^jZ� ZlhfZ� mjZgZ� \ j_amevlZl_� aZo\ZlZ� g_cljhgZ� h[jZamxlky� ljbg_cljhgZ�� >\Z� ba� gbo� \ua\Zeb� j_Zdpbx� ^_e_gby� _s_� ^\mo� y^_jmjZgZ��ijb�wlhf�h[jZah\Zehkv�q_luj_�g_cljhgZ��<gh\v�h[jZah\Z\rb_g_cljhgu� \ua\Zeb� ^_e_gb_� q_luj_o� y^_j� mjZgZ�� ijb� wlhfh[jZah\Zehkv� ^_\ylv� g_cljhgh\� b l�^�� LZdbf� h[jZahf�� qbkehg_cljhgh\�\ dmkd_�mjZgZ�eZ\bghh[jZagh�jZkl_l�k l_q_gb_f�\j_f_gb�Z�� ke_^h\Zl_evgh�� j_adh� \hajZklZ_l� qbkeh� ^_e_gbc� y^_j� mjZgZ� bwg_j]by��\u^_eyxsZyky�\ _^bgbpm�\j_f_gb�

2. Djblbq_kdhc� fZkkhc� mjZgZ� gZau\Z_lky� gZbf_gvrZy� fZkkZ�� ijbdhlhjhc� g_cljhgh\�� ihy\b\rboky� ijb� ^_e_gbb� y^_j�� jZ\gh� qbkemihl_jygguo� g_cljhgh\� �aZo\Zq_gguo� y^jZfb� [_a� ^_e_gby� b\ue_l_\rbo�aZ�ij_^_eu�dmkdZ�mjZgZ��
3. ?keb� fZkkZ� mjZgZ� f_gvr_� djblbq_kdhc�� lh� j_Zdpby� ^_e_gby� g_ijhl_dZ_l�ba�aZ�g_^hklZldZ�g_cljhgh\�
4. ?keb� fZkkZ� mjZgZ� [hevr_� djblbq_kdhc�� lh� p_igZy� j_Zdpbyijb\h^bl� d \aju\m� ba�aZ� j_adh]h� m\_ebq_gby� qbkeZ� k\h[h^guog_cljhgh\�
5. FZkkZ�mjZgZ��gZebqb_�hljZ`Zxs_c�h[hehqdb��gZebqb_�ijbf_k_c�aZf_^ebl_ev�g_cljhgh\�

§68.
1. Y^_jguc� j_Zdlhj� ²� wlh� mkljhckl\h�� kihkh[gh_� hkms_kl\eylvmijZ\ey_fmx�y^_jgmx�j_Zdpbx�
2. MijZ\e_gb_� y^_jghc� j_Zdpb_c� aZdexqZ_lky� \ j_]mebjh\Zgbbkdhjhklb� h[jZah\Zgby� g_cljhgh\� lZdbf� h[jZahf�� qlh[u� bo� qbkehhklZ\Zehkv�g_baf_gguf�
3. Hkgh\gu_�qZklb�j_ZdlhjZ��^_eys__ky�\_s_kl\h��y^_jgh_�lhieb\h��aZsblgZy� h[hehqdZ�� Zdlb\gZy� ahgZ�� hljZ`Zl_ev�� j_]mebjmxsb_kl_j`gb��l_iehh[f_ggbd�
4. < Zdlb\ghc� ahg_� j_ZdlhjZ� gZoh^ylky� mjZgh\u_� kl_j`gb�y\eyxsb_ky� y^_jguf� lhieb\hf�� j_]mebjmxsb_� kl_j`gb�ih]ehsZxsb_�g_cljhgu��\h^Z��kem`ZsZy�aZf_^ebl_e_f�g_cljhgh\�bl_iehghkbl_e_f�
5. >ey� lh]h�� qlh[u� \ h^ghf� kl_j`g_� p_ighc� j_Zdpbb� g_ijhbkoh^beh��Wlh�^_eZ_lky�jZ^b�[_ahiZkghklb�
6. J_]mebjmxsb_� kl_j`gb�� gZoh^ykv� iheghklvx� \ Zdlb\ghc� ahg_�ih]ehsZxl�g_cljhgu��b p_igZy�j_Zdpby�b^lb�g_�fh`_l��>ey�aZimkdZ
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j_Zdpbb�j_]mebjmxsb_� kl_j`gb� \u\h^yl�ba� Zdlb\ghc� ahgu�^h� l_oihj��ihdZ�g_�gZqg_lky�p_igZy�j_Zdpby�
7. <lhjZy� nmgdpby� \h^u� �ihfbfh� aZf_^e_gby� g_cljhgh\�� ²l_iehghkbl_ev��hl\h^ysbc�l_ieh�
8. <h� \lhjhf� dhglmj_� iZj�� h[jZah\Z\rbc� \ af__\bd_�� \jZsZ_llmj[bgm�� dhlhjZy� ijb\h^bl� d \jZs_gbx� jhlhjZ� ]_g_jZlhjZwe_dljbq_kdh]h� lhdZ�� AZl_f� hljZ[hlZgguc� iZj� ihklmiZ_l� \dhg^_gkZlhj�� ]^_� ij_\jZsZ_lky� \ \h^m�� AZl_f� pbde� ih\lhjy_lky�LZdbf�h[jZahf��g_ij_ju\gh�\ujZ[Zlu\Z_lky�we_dljbq_kdbc�lhd�
9. Ijb� ihemq_gbb� we_dljbq_kdh]h� lhdZ� gZ� Zlhfguo� we_dljhklZgpbyoijhbkoh^yl� ke_^mxsb_� ij_h[jZah\Zgby� wg_j]bb��<gmlj_ggyy� wg_j]byZlhfguo�y^_j�mjZgZ�ijb�^_e_gbb�qZklbqgh�i_j_oh^bl�\ dbg_lbq_kdmxwg_j]bx� g_cljhgh\� b hkdhedh\�� G_cljhgu� b hkdhedb�� jZae_lZykv� k[hevrhc� kdhjhklvx�� ihiZ^Zxl� \ \h^m�� Ijb� wlhf� bo� dbg_lbq_kdZywg_j]by�qZklbqgh�i_j_oh^bl�\h�\gmlj_ggxx�wg_j]bx�\h^u��Ijb�wlhf\h^Z� gZ]j_\Z_lky� b�� ijhoh^y� q_j_a� l_iehh[f_ggbd�� i_j_^Z_l� wg_j]bx\h^_�� gZoh^ys_cky� \ af__\bd_�� ij_\jZsZy� __ \� iZj�� l�_�� \gmlj_ggyywg_j]by�\h^u�i_j_oh^bl�\h�\gmlj_ggxx� wg_j]bx�iZjZ�� Z aZl_f� \ _]hdbg_lbq_kdmx�� AZl_f� iZj� \jZsZ_l� lmj[bgm�� dhlhjZy� ijb\h^bl� d\jZs_gbx� jhlhjZ� ]_g_jZlhjZ� we_dljbq_kdh]h� lhdZ�� l�_�� dbg_lbq_kdZywg_j]by� iZjZ� i_j_oh^bl� \ dbg_lbq_kdmx� wg_j]bx� jhlhjZ� lmj[bgu� bjhlhjZ� ]_g_jZlhjZ�� dhlhjZy�� \ k\hx� hq_j_^v�� i_j_oh^bl� \we_dljbq_kdmx�

§69.

1. < k\yab�k [hevrbf�jhklhf�ihlj_[e_gby�we_dljhwg_j]bb�
2. <h�i_j\uo��:WK�lj_[m_lky�gZfgh]h�f_gvr__�dhebq_kl\h�lhieb\Z�q_f� LWK�� <h�\lhjuo�� :WK� \ f_gvr_c� kl_i_gb� aZ]jyagyxlhdjm`Zxsmx�kj_^m��ijb�ijZ\bevghc�wdkiemZlZpbb���q_f�LWK�
3. :lhfgZy�wg_j]_lbdZ�lj_[m_l�j_r_gby�ke_^mxsbo�lj_o�hkgh\guoijh[e_f�� ��� kh\_jr_gkl\h\Zgb_� l_ogheh]bc� k p_evx� mf_gvr_gbyh[jZah\Zgby� hloh^h\�� ��� i_j_jZ[hldZ� hloh^h\� b mf_gvr_gb_hiZkghklb� hl� jZkijhkljZg_gby� \ hdjm`Zxs_c� kj_^_�� ��� gZ^_`gZybaheypby�hloh^h\�hl�hdjm`Zxs_c�kj_^u�
4. Hl\_j`^_gb_�`b^dbo�hloh^h\��hkl_deh\Zgb_�hloh^h\�

§70.
1. < lhf�� qlh� \ha^_ckl\b_� α- β�� b γ�emq_c� gZ� `b\mx� ldZgv�ijhbkoh^bl� __ bhgbaZpby�� gZjmrZ_l� `bag_^_yl_evghklv� de_lhd^Zgghc� ldZgb�� qlh� hljbpZl_evgh� kdZau\Z_lky� gZ� a^hjh\v_� `b\h]hhj]ZgbafZ�
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2. Ih]ehs_gghc� ^hahc� baemq_gby� gZau\Z_lky� ih]ehs_ggZy\_s_kl\hf� wg_j]by� bhgbabjmxs_]h� baemq_gby�� jZkkqblZggZy� gZ_^bgbpm� fZkku�� Ih]ehs_ggZy� ^haZ� baemq_gby� D hij_^_ey_lky� ihnhjfme_��
m

E
D = �� ]^_�? ²�ih]ehs_ggZy� \_s_kl\hf� wg_j]by��m —fZkkZ�\_s_kl\Z��?^bgbp_c�baf_j_gby�ih]ehs_gghc�^hau�baemq_gby\ kbkl_f_�KB�y\ey_lky���]j_c����=j�����=j� � d]1

>`1
.

3. Ijb�[hevr_c�^ha_�baemq_gby�
4. JZagu_� \b^u� bhgbabjmxsbo� baemq_gbc� ijb� h^bgZdh\hcih]ehs_gghc� ^ha_� h[emq_gby� hdZau\Zxl� jZaebqgu_� ih� \_ebqbg_[bheh]bq_kdb_� wnn_dlu� \ `b\hf� hj]Zgbaf_�� GZijbf_j�� ijbh^bgZdh\hc� ih]ehs_gghc� ^ha_� [bheh]bq_kdbc� wnn_dl� hl� α-baemq_gby�ijbf_jgh�\ ���jZa�[hevr_��q_f�hl�γ�baemq_gby�
5. Dhwnnbpb_gl� dZq_kl\Z� baemq_gby� ihdZau\Z_l� \h� kdhevdh� jZa[hevr_�jZ^bZpbhggZy�hiZkghklv�hl�\ha^_ckl\by�gZ�`b\hc�hj]Zgbaf^Zggh]h� \b^Z� baemq_gby� ih� kjZ\g_gbx� k γ�baemq_gb_f� ijbh^bgZdh\uo�ih]ehs_gguo�^haZo��Dhwnnbpb_gl�dZq_kl\Z�baemq_gby^ey�α�baemq_gby�jZ\_g�����^ey�β- γ��b j_gl]_gh\kdh]h�baemq_gby�²
1.
6. Wd\b\Ze_glgZy� ^haZ� baemq_gby� [ueZ� \\_^_gZ� \ k\yab� k l_f�� qlhijb� h^bgZdh\hc� ih]ehs_gghc� ^ha_� baemq_gby� jZaebqgu_� \b^ubaemq_gbc� \uau\Zxl� jZaebqgu_� [bheh]bq_kdb_� wnn_dlu�Wd\b\Ze_glgZy� ^haZ� baemq_gby� H \uqbkey_lky� dZd� ijhba\_^_gb_ih]ehs_gghc� ^hau� D gZ� dhwnnbpb_gl� dZq_kl\Z� D: H = DK�� ?__^bgbp_c�baf_j_gby�y\ey_lky�ab\_jl��A\��
7. Qm\kl\bl_evghklv� jZaebqguo� ldZg_c� `b\h]h� hj]ZgbafZ�hij_^_ey_lky� dhwnnbpb_glhf� jZ^bZpbhggh]h� jbkdZ��� \j_fyh[emq_gby�
8. Hl� \ha^_ckl\by� gZ� `b\hc� hj]Zgbaf� jZ^bhZdlb\guo� baemq_gbcijbf_gyxlky� ki_pbZevgZy� h^_`^Z�� jZaebqgu_� aZsblgu_� m[_`bsZ�JZ^bhZdlb\gu_� ij_iZjZlu� ke_^m_l� ojZgblv� \ ki_pbZevguoaZsblguo�dhgl_cg_jZo��h[uqgh�k\bgph\uo�

§72.

1. L_jfhy^_jghc�j_Zdpb_c� gZau\Z_lky�j_Zdpby� kebygby� e_]dbo� y^_jijb�hq_gv�\ukhdhc�l_fi_jZlmj_��ihjy^dZ�khl_g�fbeebhgh\�]jZ^mkh\��
2. Ijhl_dZgb_� l_jfhy^_jguo� j_Zdpbc� \hafh`gh� lhevdh� ijb� hq_gv\ukhdbo� l_fi_jZlmjZo�� l�d�� g_h[oh^bfh� ijb^Zlv� y^jZf� ^hklZlhqgh[hevrmx�dbg_lbq_kdmx�wg_j]bx�^ey�bo�k[eb`_gby�gZ�hq_gv�fZeu_jZkklhygby��ijb�dhlhjuo�\hafh`gh�bo�kebygb_�
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3. Kebygb_�e_]dbo�y^_j�
4. n1

0
4
2

3
1

2
1 HeHH +→+ .

5. Hkgh\gZy� ljm^ghklv� ijb� hkms_kl\e_gbb� l_jfhy^_jghc� j_ZdpbbaZdexqZ_lky� \ lhf�� qlh[u� m^_j`Zlv� \ukhdhl_fi_jZlmjgmx� ieZafm\gmljb� mklZgh\db�� ?keb� ieZafZ� dhkg_lky� kl_ghd� mklZgh\db�� \dhlhjhc�hgZ�gZoh^blky��lh�hgb�jZkieZ\ylky�b ij_\jZlylky�\ iZj�
6. < j_amevlZl_� l_jfhy^_jguo� j_Zdpbc�� ijhl_dZxsbo� gZ� Khegp_�\u^_ey_lky�wg_j]by��g_h[oh^bfZy�^ey�`bagb�gZ�A_fe_�
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MijZ`g_gby�MijZ`g_gb_ ��
1. Fh`gh�\ h[hbo�kemqZyo��l�d��jZaf_jZfb�Z\lhfh[bey�ijb�^ZgguogZqZevguo�mkeh\byo�fh`gh�ij_g_[j_qv�
2. <k_�aZ\bkbl�hl�mkeh\bc�aZ^Zq��dhlhju_�gm`gh�j_rblv�^bki_lq_jmb iZkkZ`bjm�
3. Ih\_joghklv�A_feb�
4. IjZ\� b fZevqbd�� b ^_\hqdZ��FZevqbd� \u[jZe� kbkl_fm� hlkq_lZ�k\yaZggmx�k a_fe_c��^_\hqdZ�²�k dj_kehf�dZjmk_eb�
5. Z�� hlghkbl_evgh� A_feb�� [�� hlghkbl_evgh� \h^u�� \�� hlghkbl_evghA_feb��]��hlghkbl_evgh�hkb�dhe_kZ��^��hlghkbl_evgh�A_feb�MijZ`g_gb_ ��
1. Ijhc^_gguc�imlv�������2. Ijyfhebg_cgh�

MijZ`g_gb_ ��
1.

O xcx\ xf
fs
U\s

U

x\ = xk + s\o = 10 df + (–2 df) = 8 df;
xf = xk + sfo  ����df�����df� ���df�
2. Z��o0  ���f��[��sto = s1o + s2o  �����f ���±�����f�� �����f�\��xt = o0 + sto  ���f �������f  ������f�MijZ`g_gb_ ��
1. =jZnbd�fh^mey�\_dlhjZ�kdhjhklb�g_�fh`_l�gZoh^blvky�ih^�hkvx
Ot��ihkdhevdm�fh^mev�\_dlhjZ�kdhjhklb�\k_]^Z�iheh`bl_e_g��=jZnbdijh_dpbb� \_dlhjZ� kdhjhklb� fh`_l� gZoh^blvky� ih^� hkvx� Ot,ihkdhevdm� agZd� aZ\bkbl� ijh_dpbb� \_dlhjZ� kdhjhklb� hl� \u[hjZkbkl_fu�dhhj^bgZl�
2.

80
60

–90

vx, df�q

t��q
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MijZ`g_gb_ ��
1. I_j\uc� Z\lhfh[bev� ^\b]Zeky� k [hevrbf� mkdhj_gb_f�� ihkdhevdm_]h�kdhjhklv�aZ�h^bgZdh\u_�ijhf_`mldb�\j_f_gb�\hajZklZeZ�[uklj__�
2.>Zgh�
t = 30 c
v1  ����f�k
v2  ����f�k

J_r_gb_�
.f�k5,1k30

f�k10f�k55 212 =−=−=
t

vv
a

GZclb�Z. Hl\_l��a  �����f�k2.
3.>Zgh�
t = 12 c
v2 – v1  ���f�k

J_r_gb_�
.f�k5,0k12

f�k6 212 ==−=
t

vv
a

GZclb�Z. Hl\_l��a  �����f�k2.

MijZ`g_gb_ ��
1.>Zgh�
v1  ���f�k
t = 4 c
a = –20 f�k2

J_r_gb_�
t

vv
a 12 −= ⇒ v2 = v1 + at = ���f�k ���±�����f�k2) ⋅ ��k  ���f�k�GZclb v2. Hl\_l��v2  ���f�k�

2.>Zgh�
a  �����f�k2

v1 = 0
v2  ���f�k

J_r_gb_� k�10f�k0,2

f�k2
2

2212 ===⇒=−=
a

v
t

t

v

t

vv
a

GZclb�t. Hl\_l��t  ����k�
3. Y[

W� ��
�

��
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4.
vx

t5 10

5

-5

5. >ey�l_eZ�,��Z  �����f�k2��^ey�l_eZ�,,��Z  ���f�k2.MijZ`g_gb_ ��
1.>Zgh�
t = 5 cZo  �����f�k2

v0o  ����df�q  ���f�k
J_r_gb_�
sx =

2

2

0
ta

tv xo +  ��f�k ⋅ ��k� ( )
2

k5f�k0,5 22 ⋅
= �������fGZclb�sx. Hl\_l��sx  �������f�

2.>Zgh�
t = 20 cZo  �����f�k2

v0o  ����f�k
J_r_gb_�
sx =

2

2

0
ta

tv xo + ; ao =
t

v x0− ⇒ sx =
t

tv
tv xo 2

2
0

0 − =
2
0 tv x = ����f�k ⋅ ���k ��� �����f�GZclb�sx. Hl\_l��sx  �����f�MijZ`g_gb_ ��

1.>Zgh�
s3  ���f
t1  ���k

J_r_gb_�
s1 : s2 : s3 = 1 : 3 : 5; s1 : 2 f = 1 : 5 ⇒ s1 = 5f2 = 0,4 f;

s1 =
2

2
1at ⇒ a =

2
1

12

t

s
=

( )2k1

f0,42 ⋅
= 0,8 f/k2.

GZclb s1, a. Hl\_l��s1  �����f��a  �����f�k2.
2.>Zgh�
s5  �����f
t1  ���k
t5  ���k

J_r_gb_�
s1 : s2 : s3 : s4 : s5 = 1 : 3 : 5 : 7 : 9; s1 : 6,3 f = 1 : 9 ⇒
⇒ s1 = 5f6,3 = 0,7 f;

s1 =
2

2
1at ⇒ a =

2
1

12

t

s
=

( )2k1

f0,72 ⋅
= 1,4 f/k2;

v5 = at5  �����f�k2 ⋅ ��k  ���f�k�GZclb�v5. Hl\_l��v5  ���f�k�
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MijZ`g_gb_ ��
1. ��f�k����
2. G_l�� ihkdhevdm� b ^_j_\h�� b \hdaZe� `_kldh� k\yaZgu� k ^jm]hckbkl_fhc�hlkq_lZ�²�A_fe_c�
3. Ijb�mkeh\bb�g_ih^\b`ghklb�wlbo�l_e�hlghkbl_evgh�^jm]�^jm]Z�
4. ����df�q ����f�k�
5*.>Zgh�
v1  ����df�q  ����f�k
v2  �����f�k

J_r_gb_�
v\ = v1 + v2  ����f�k ������f�k  �����f�k�
va = v2 – v1  �����f�k ±����f�k  �����f�kGZclb�v\, va. Hl\_l��v\  �����f�k��va  �����f�k�MijZ`g_gb_ ���AZdhg�bg_jpbb�\uihegy_lky�\ kbkl_f_�hlkq_lZ��k\yaZgghc�k A_fe_c�b\ kbkl_f_� hlkq_lZ�� k\yaZgghc� k ih_a^hf� \h� \j_fy� _]hijyfhebg_cgh]h� b jZ\ghf_jgh]h� ^\b`_gby�� g_� \uihegy_lky� \kbkl_f_� hlkq_lZ�� k\yaZgghc� k ih_a^hf� \h� \j_fy� _]h� lhjfh`_gby�Bg_jpbZevghc�kbkl_fhc�fh`gh�kqblZlv�a_fex��Z ih_a^�²�g_evay�
MijZ`g_gb_����

1.>Zgh�Z  �����f�k2

m  ����d]
J_r_gb_�Ih���hfm�aZdhgm�GvxlhgZ�
F = ma  ����d]�⋅ ����f�k2  ����G�GZclb�F. Hl\_l��F  ����G�

2.>Zgh�
t = 20 c
v  ���f�k
m  �����l  �����⋅105 d]

J_r_gb_�
F = ma ²���hc�aZdhg�GvxlhgZ�
a =

t

v ⇒ F =
t

mv
= k20

f�k4d]10841 5 ⋅⋅,
= �������G  ������dG�GZclb�F. Hl\_l��F  ������dG�

3.>Zgh�
m1 = m2

a1  ������f�k2

a2  ������f�k2

F1 = 1,2 H

J_r_gb_�Ih���hfm�aZdhgm�GvxlhgZ�
F1 = m1a1; F2 = m2a2. L�d��m1 = m2��lh�ihemqZ_f�

==⇒=
1

12
2

2

2

1

1

a

Fa
F

a

F

a

F =⋅
2

2f�k0,08

G1,2f�k0,64
9,6 H.

GZclb�F2. Hl\_l��F2  �����G�
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4.>Zgh�
m = 0,5 d]
FA = 10 H
FL = 5 H
FC = 2 H

J_r_gb_�Ih���hfm�aZdhgm�GvxlhgZ��F = ma.
F = FA – FL – FC ⇒ FA – FL – FC = ma ⇒

⇒a = d]0,5

H2H5H10 −−=
−−

m

FFF CLA  ���f�k2.

GZclb�F2. Hl\_l��a  ���f�k2.
5. Ijb� ^\b`_gbb� \\_jo� kdhjhklv� b i_j_f_s_gb_� ijhlb\hiheh`ghgZijZ\e_gu� k kbehc� ly`_klb�� mkdhj_gb_� ²� khgZijZ\e_gh�� Ijb^\b`_gbb�\gba�kdhjhklv��i_j_f_s_gb_�b mkdhj_gb_�khgZijZ\e_gu�kkbehc�ly`_klb�
6. Mkdhj_gb_� \k_]^Z� khgZijZ\e_gh� k jZ\gh^_ckl\mxs_cijbeh`_gguo�d l_em�kbe��Kdhjhklv�b i_j_f_s_gb_�fh]ml�[ulv�dZdkhgZijZ\e_gu�k jZ\gh^_ckl\mxs_c�ijbeh`_gguo�d l_em�kbe��lZd�bijhlb\hiheh`gh�gZijZ\e_gu�MijZ`g_gb_����
1. GZ� l_eh� ^_ckl\mxl� kbeZ� ly`_klb� lF

U b kbeZ� j_Zdpbb� hihju� N
U

�kf��jbk���

lF
U
N
U

2. G_� ij_\ukbl�� l�d�� jZ\gh^_ckl\mxsZy� ijbeh`_gguo� kbe� gZ^bgZfhf_lj�jZ\gZ���
3.>Zgh�
m1  �����d]
m2  �����d]
a  �����f�k2

J_r_gb_����Ih���hfm�aZdhgm�GvxlhgZ�
F2x = m2ax  �����d]�⋅ ����f�k2  �����G�Ih���fm�aZdhgm�GvxlhgZ��F1x = –F2x  �±����G����Ih���hfm�aZdhgm�GvxlhgZ�
F1x = m1ax  �����d]�⋅ ����f�k2  �����G�Ih���fm�aZdhgm�GvxlhgZ��F2x = –F1x  �±����G����< i_j\hf� kemqZ_�gblv�f_`^m� l_e_`dZfb�gZlygmlZkbevg__����Ih���hfm�aZdhgm�GvxlhgZ�
Fx = (m1 + m2)ax  ������d]������d]��⋅ ����f�k2  �����G�GZclb� F1x,

F2x, Fx.
Hl\_l�����F1x  �±����G��F2x  �����G�����F1x  �����G��F2x = �±����G�����\ i_j\hf�kemqZ_�����Fx  �����G�
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MijZ`g_gb_����
1.>Zgh�
g ≈ ���f�k2

t = 2 c

J_r_gb_�
h =

2

2gt
=

( )
2

k2f�k10 22 ⋅  ����f�GZclb�h. Hl\_l��h  ����f�
2.>Zgh�
g ≈ ���f�k2

h = 80 cf  �����f
J_r_gb_�
h =

2

2gt ⇒ t =
2f�k10

f0,822 ⋅=
g

h
= 0,4 k.

GZclb�t. Hl\_l��t  �����k�
3.>Zgh�
g ≈ ���f�k2

h = 45 f
t1 = 1 c
∆t = 1 c

J_r_gb_�
h =

2

2gt ⇒ t =
2f�k10

f4522 ⋅=
g

h  ���k�
s1 = 

2

2
1gt

=
( )

2

k1f�k10 22 ⋅
= 5 f;

s2 = 
( )

2

û
2

22 ttggt −− =

=
( ) ( )

2

c1c3f�k10

2

k3f�k10 2222 −⋅−⋅
= 5 fGZclb t, s1, s2. Hl\_l��t  ���k��s1  ���f��s2  ����f�MijZ`g_gb_����>Zgh�

v  �����f�k
v1 = 0
g  �����f�k2

J_r_gb_�
g =

t

v

t

vv =− 1 ⇒ t =
2f�k9,8

f�k9,8=
g

v
=1 c;

s =
2

2gt
vt −  �����f�k ⋅ ��k ±� ( )

2

1kf�k9,8 22 ⋅  �����f�GZclb�t, s. Hl\_l��t  ���k��s  �����f�MijZ`g_gb_����
1. <k_�l_eZ�iZ^Zxl�gZ�a_fex�ih^�^_ckl\b_f�kbeu�ly`_klb�
2. KlZgpby� m^Zey_lky� hl� A_feb�� ijb[eb`Zykv� d Emg_�� Ba�aZbaf_g_gbc� jZkklhygbc� f_`^m� ieZg_lZfb� b klZgpb_c� kbeZ� __ijbly`_gby� d A_fe_� mf_gvrZ_lky�� Z kbeZ� ijbly`_gby� d Emg_
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m\_ebqb\Z_lky��Dh]^Z� klZgpby� gZoh^blky� gZ� k_j_^bg_�� hgZ� kbevg__ijbly]b\Z_lky�d A_fe_��l�d��fZkkZ�A_feb�[hevr_�fZkku�Emgu�
3. G_l�
4. Z��^_ckl\h\ZeZ��[��ijbly`_gb_�A_feb��\��ba�aZ�^_ckl\by�kbeu�ly`_klb�
5. >Z��ijbly]b\Z_lky��gh�wlZ�kbeZ�]hjZa^h�f_gvr_�kbeu�ly`_klb�ba�aZ�jZkklhygbc��EmgZ�lZd`_�ijbly]b\Z_lky�d wlhfm�q_eh\_dm�MijZ`g_gb_����
1.>Zgh�
g ≈ ���f�k2

m1  �����d]
m2  �����]  �����d]
m3  �����l  ������d]
m4  ����l  �������d]

J_r_gb_�
Fl = mg ⇒
Fl�  ����f�k2 ⋅ ����d]� ����G�
Fl�  ����f�k2 ⋅ ����d]� ���G�
Fl�  ����f�k2 ⋅ �����d]� �������G  ����dG�
Fl�  ����f�k2 ⋅ ������d]� ��⋅105 G  �����dG�GZclb Fl1, Fl2, Fl3, Fl4. Hl\_l�����G����G�����dG������dG�

2.>Zgh�
g ≈ ���f�k2;  m  ����d] J_r_gb_�

Fl = mg  ����d]�⋅ ���f�k2  �����G�GZclb�Fl. Hl\_l��Fl  �����G�
3.>Zgh�
g ≈ ���f�k2;
Fl  �������G

J_r_gb_�
Fl = mg ⇒ m =

2
l f�k10

G819,3=
g

F  �������d]�GZclb�Fl. Hl\_l��m  �������d]�
4. G_l��ihkdhevdm�\ukhlZ�ihe_lZ�kjZ\gbfZ�k jZaf_jZfb�A_feb��Kbemly`_klb�fh`gh� jZkkqblZlv� ih�nhjfme_��Fl =

2a
ja
)( hR

mF
G

+
�� ]^_� h —

\ukhlZ�gZ^�A_fe_c�
5. GZ�yklj_[Z�^_ckl\m_l�kbeZ�ly`_klb��b _keb�hg�keh`bl�djuevy��lhhg�miZ^_l�gZ�A_fex�
6. GZ�jZkklhygbb��Ra; 3Ra (Ra ²�jZ^bmk�A_feb���ihkdhevdm�Fl~ 2a )(

1

hR +MijZ`g_gb_����
1. KbeZ� F

U fh]eZ�^_ckl\h\Zlv�lhevdh�\ gZijZ\e_gbb���
2. KbeZ� ^_ckl\h\ZeZ� gZ�rZjbd� gZ� mqZkldZo� ����� ����� ������� ������RZjbd�ih\hjZqb\Zeky�ih^�^_ckl\b_f�\g_rgbo�kbe�
3. KbeZ�^_ckl\h\ZeZ�gZ�l_eh�gZ\_jgydZ�gZ�mqZkldZo�:<��&'��GZ�l_ehfh]eZ�^_ckl\h\Zlv�kbeZ�b gZ�hklZevguo�mqZkldZo�
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MijZ`g_gb_����
1.>Zgh�
r  ����kf� ������f
v  ����f�k

J_r_gb_�Z =
r

v2

=
( )f21,0

f�k20 2

≈ ���f�k2.GZclb�a. Hl\_l��Z ≈ ���f�k2.
2.>Zgh�
R  ���kf� ������f
T  ����k

J_r_gb_�Z =
R

v2

; v =
T

R

T

l π= 2 ⇒ Z =
RT

R
2

224π
=

2

24

T

Rπ
=

=
( )

( )2

2k60

f02,014,34 ⋅⋅ ≈ 2⋅10-4 f�k2.

GZclb�a. Hl\_l��Z ≈ 2⋅10-4 f�k2.

3. Z1 =
r

v2

; Z2 =
r

v

r

v 22

2
2/

⋅= = 2a1 ⇒ ml\_j`^_gb_�\_jgh�
4.>Zgh�
T1  ������k
T2  ����k

J_r_gb_�
( )

.
4:gZeh]bqgh.

42
2

2

2

22
1

22
1

2
1

1
T

R
a

T

R

R

TR

R

v
a

π=π=π==

.3600
c60

c3600vgh�Ke_^h\Zl_e 22

2

1

2

1 =




=





=

T

T

a

a

GZclb�
2

1

a

a
. Hl\_l��

2

1

a

a
= 3600.

5.>Zgh�Fa = 6⋅1024 d]Fe = 6⋅1022 d]
G=6,67⋅10-11

2

2d]fG ⋅

r = �������df� 
= 3,84⋅108 f

J_r_gb_�Z��F]j =
2

ea
r

FF
G = 6,67⋅10-11

2

2d]fG ⋅ ×

28

2224 f�10(3,84

d]107d]106

⋅
⋅⋅⋅× ≈ 1,9⋅1020 G�

[��Zp = a
]jFF = d]106

G109,1
24

20

⋅
⋅ ≈ 3,17⋅10-5 f�k2;

\�v = rap = f1084,3f�k1017,3 825 ⋅⋅⋅ − ≈������f�k�GZclb�F]j, Zp, v. Hl\_l��F]j ≈ 1,9⋅1020 G��v ≈ ������f�k�Zp = 3,17⋅10-5 f�k2.
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MijZ`g_gb_����
1.>Zgh�
h  �����df ���⋅106 fFa = 6⋅1024 d]
Ra = 6,4⋅106 f
G = 6,67⋅10-11

2

2d]fG ⋅

J_r_gb_�
=

+
≈

hR

M
Gv aa

=
⋅+⋅

⋅⋅⋅⋅= − f�106,4f10(2,6

d]106d]fG
106,67

66

24

2

2
11

 ������f�k  ������df�k�GZclb�v. Hl\_l��v  ������df�k�
2.>Zgh�
v  ������df�k  �����⋅103 f�k
ge ≈ ����f�k2

J_r_gb_�
==⇒= ee g

v
r

r

v
r

2

e
2e ( )

2

23f�k1,6

f�k101,67 ⋅
=

= 1,7⋅106 f  ����⋅103 df�GZclb re. Hl\_l��re = 1,7⋅103 df�
MijZ`g_gb_����

1.>Zgh�
v1x = –v2x  �����f�k
m = 0,2 d]

J_r_gb_�
p1x = mv1x  �����d]�⋅ ����f�k  ������d]⋅f�k�
p2x = – p1x  �±�����d]⋅f�k�<_dlhju�bfimevkh\�fZrbg�g_�jZ\gu��l�d��hgbijhlb\hiheh`gh� gZijZ\e_gu�� Fh^meb\_dlhjh\�bfimevkh\�jZ\gu�GZclb p1x, p2x. Hl\_l��p1x  ������d]⋅f�k��p2x  �±�����d]⋅f�k�

2.>Zgh�
v1  ����df�q  ����f�k
v2  ����df�q  ����f�k
m  ���l  ������d]

J_r_gb_�
∆j = m∆v = m(v2 – v1) = ������d]�⋅ ����f�k ±��� f�k�� ������d]⋅f�k�

GZclb ∆p. Hl\_l��∆p  ������d]⋅f�k�
MijZ`g_gb_����

1. Ih� aZdhgm� khojZg_gby� bfimevkZ�� eh^dZ� gZqg_l� ^\b]Zlvky� \klhjhgm��ijhlb\hiheh`gmx�^\b`_gbx�q_eh\_dZ�
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2.>Zgh�
m1  ����l
m2  ����l
v2  �����f�k

J_r_gb_�AZibr_f�aZdhg�khojZg_gby�bfimevkZ�
m1v1 = (m1 + m2)v2 ⇒ v1 = 2

1

21 v
m

mm +
=

= f�k0,5
35l l28l35 ⋅+  �����f�k�GZclb v1. Hl\_l��v1  �����f�k�MijZ`g_gb_����

1.>Zgh�
ve  ���f�k
m\  ���d]
v\  ���f�k
me  �����d]

J_r_gb_�AZibr_f�aZdhg�khojZg_gby�bfimevkZ�
(me + m\)ve + m\v\ = mev ⇒ v = e \\e\e )(

m

vmvmm ++
=

=
( ) d]200

f�k8d]5f�k2d]5d]200 ⋅+⋅+  ������f�k�
GZclb v. Hl\_l��v  ������f�k�
2.>Zgh�
mj  �����]  �����d]
mi  �����]  �����d]
vi  �����f�k

J_r_gb_�AZibr_f�aZdhg�khojZg_gby�bfimevkZ�
mjvj=mivi⇒vj= jii

m

vm
= ≈⋅ d]0,3

f�k100d]0,1 �����f�k
GZclb vj. Hl\_l��vj ≈ �����f�k�MijZ`g_gb_����
1. Dhe_[Zl_evgufb� kbkl_fZfb� y\eyxlky� [�� ]�� _�� G_� y\eyxlkydhe_[Zl_evgufb�Z��\��^�
2. Z��Ih^�^_ckl\b_f�kbe�mijm]hklb�rgmjh\��[��g_l��\��rgmju��^bkd�]��^Z��y\ey_lky� MijZ`g_gb_����
1. :fieblm^Z� :�� qZklhlZ� ν�� i_jbh^� L ²� ihklhyggu_�� F, v —i_j_f_ggu_�
2.>Zgh�
ν = ��=p J_r_gb_�

T = k�5,0=p2

11 ==
νGZclb T. Hl\_l��T  �����k�
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3.>Zgh�
T  �����k J_r_gb_�

ν = =p�2
c5,0

11 ==
TGZclb ν. Hl\_l��ν  ���=p�

4.>Zgh�
n = 600
t  ���fbg� ����k

J_r_gb_�
ν = ;

1

T
=p�10

c60

600 ===ν⇒=
t

n

n

t
TGZclb ν. Hl\_l��ν  ����=p�

5. ��kf����kf����kf�����kf�
6.>Zgh�
A = 10 kf
ν = 0,5 =p
t  ���k

J_r_gb_�
T = =p5,0

11 =
ν

= 2 c�� AZ� �� k l_eh� kh\_jrZ_l� ihegh_dhe_[Zgb_�b ijhc^_l�imlv�S = 4:  ����kf�GZclb S. Hl\_l��S  ����kf�
7. Dhe_[exlky�\ h^bgZdh\uo�nZaZo�\ kemqZyo�[���^���Dhe_[exlky�\ijhlb\hiheh`guo�nZaZo�\ kemqZyo�Z���\���]���_��

MijZ`g_gb_����
1. ?iheGZijZ\�e_gb_^\b`_gbyfZylgbdZ

Fmij� v ?i ?d K lj_�gb_f ;_a� lj_�gby
Hl�< d H mf_gv� m\_e� mf_gv� m\_e� mf_gv� g_baf_g�Hl�H d : m\_e� mf_gv

.
m\_e� mf_gv� mf_gv� g_baf_g�Hl�: d H mf_gv� m\_e� mf_gv� m\_e� mf_gv� g_baf_g�Hl�H d < m\_e� mf_gv

.
m\_e� mf_gv� mf_gv� g_baf_g�

2. Z�� �����>`�� ��>`�� [�� ��>`�� �����>`�� ��>`�� \�� �����>`� \h� \k_okemqZyo� MijZ`g_gb_����
1. Kihkh[gu� kh\_jrZlv� k\h[h^gu_� dhe_[Zgby� l_eZ� [��� _��\ugm`^_ggu_�dhe_[Zgby�²�\k_�l_eZ�
2. Z��^Z��gZijbf_j��kljmgZ�fmaudZevgh]h�bgkljmf_glZ��[��g_l�
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MijZ`g_gb_����
1. Z��<ugm`^_ggu_��[��[eZ]h^Zjy�dhe_[Zgbx�fZylgbdZ����\��qZklhlZfZylgbdZ�jZ\gZ�qZklhl_�fZylgbdZ� ��� m fZylgbdZ� ��qZklhlZ� [hevr_�q_f�m fZylgbdZ����m fZylgbdZ���qZklhlZ�f_gvr_��q_f�m fZylgbdZ����]�l�d��bo�^ebgu�b khhl\_lkl\_ggh�kh[kl\_ggu_�qZklhlu�kh\iZ^Zxl�
2. FZevqbd�b \h^Z�gZqbgZxl�dhe_[Zlvky�\ ijhlb\hnZa_�
3. Q_j_a���k �L = 1/ν  ���k��MijZ`g_gb_����
1.>Zgh�
λ  �����f
T  ������k

J_r_gb_� f�k�20k13,5

f270 ==λ=
T

vGZclb v. Hl\_l��v  ����f�k�
2.>Zgh�
ν  �����=p
v  �����f�k

J_r_gb_� f�7,1=p200

f�k340 ==
ν

=λ v

GZclb λ. Hl\_l��λ  �����f�
3.
2.>Zgh�
v  �����f�k
λ  ���f

J_r_gb_� k�4f�k1,5

f6 ==λ=
T

vGZclb�T. Hl\_l��T = 4 c.MijZ`g_gb_����E_lysZy�ilbpZ�kha^Z_l�bgnjZa\mdh\u_�\hegu�MijZ`g_gb_����
1. DhfZj��A\md��kha^Z\Z_fuc�bf��kZfuc�\ukhdbc�
2. Mf_gvrblky��ihkdhevdm�qZklhlZ�__ \jZs_gby�lZd`_�mf_gvrblky�
3. Ijb� ih\ur_gbb� l_fi_jZlmju� kljmgZ� jZkly]b\Z_lky�� i_jbh^� __dhe_[Zgbc� m\_ebqb\Z_lky�� qZklhlZ� b�� khhl\_lkl\_ggh�� \ukhlZa\mqZgby�mf_gvrZ_lky� MijZ`g_gb_����
1. G_l��f_`^m�A_fe_c�b Emghc�g_l�mijm]hc�kj_^u��ih�dhlhjhc�fh`_ljZkijhkljZgylvky�a\md�
2. A\mdh\u_�\hegu�jZkijhkljZgyxlky�ih�gblb�
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MijZ`g_gb_����
1.>Zgh�
λ  �����f
T  �������k

J_r_gb_� f�k�1450k0,002

f9,2 ==λ=
T

vGZclb v. Hl\_l��v  ������f�k�
2.>Zgh�
v1  �����f�k
v2  ������f�k
v3  ������f�k
ν  �����=p

J_r_gb_�
;f47,0=p725

f�k3401
1 ≈=

ν
=λ

v
;f05,2=p725

f�k14832
2 ≈=

ν
=λ

v

.f59,7=p725

f�k55003
3 ≈=

ν
=λ

v

GZclb�λ1, λ2, λ3. Hl\_l��λ1 ≈ �����f��λ2 ≈ �����f��λ3 ≈ �����f�
3. A\md� [m^_l� jZkijhkljZgylvky� b ih� f_lZeem�� b ih� \ha^mom�� bq_eh\_d�mkeurbl�^\Z�m^ZjZ�
4.>Zgh�
ta\  ���k
va\  �����f�k
tiZj  ����k
Sa\ = SiZj

J_r_gb_�
Sa\ = va\ta\; SiZj = viZjtiZj; Sa\ = SiZj; va\ta\ = viZjtiZj ⇒

⇒ f�k�20k34

k2f�k340

iZja\a\iZj =⋅==
t

tv
v

GZclb�viZj. Hl\_l��viZj  ����f�k�
5. Dh]^Z�\b^bfu_�b keurbfu_�m^Zju�gZqbgZxl�kh\iZ^Zlv�kgh\Z��lhwlh�agZqbl��qlh�q_eh\_d�keurbl�ij_^u^msbc�i_j_^�\b^bfuf�m^Zj�MijZ`g_gb_����
1. Kms_kl\m_l�
2. FZ]gblgh_� ihe_� [m^_l� ^_ckl\h\Zlv� gZ� klj_edm� k gZb[hevr_ckbehc� \ lhqd_� N�� k gZbf_gvr_c� ²� \ lhqd_� F�� K jZkklhygb_ffZ]gblgh_�ihe_�hkeZ[_\Z_l�MijZ`g_gb_����
1. Z��?klv��wlh�lhqdb�D b K��[��\ lhqd_�:.
2.GZ� iZju� lhq_d� P − Q, X − Y khklhjhgu� g_h^ghjh^gh]h� fZ]gblgh]hihey� ^_ckl\mxl� kbeu�� h^bgZdh\u_dZd� ih� fh^mex�� lZd� b ihgZijZ\e_gbx�� l�d�� PO = QO, XO =
YO.

,,
;

<3

4
2
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MijZ`g_gb_����
1.

2.

3. K_\_jguc� ihexk� gZoh^blky� kijZ\Z�� Z x`guc� ke_\Z�� Boiheh`_gb_�fh`gh�baf_gblv��ihf_gy\�iheyjghklv�khe_ghb^Z�
4. Lhd�[m^_l�l_qv�hl�lhqdb�S d lhqd_�N.
5. KijZ\Z�²� k_\_jguc�ihexk�� ke_\Z� ±�x`guc� �ih�ijZ\bem� ijZ\hcjmdb��
6. < i_j\hf� kemqZ_� \aZbfh^_ckl\b_� h[mkeh\e_gh� fZ]gblgufbkbeZfb��\h�\lhjhf�±�dmehgh\kdbfb�

MijZ`g_gb_����
1. Ih�ijZ\bem�e_\hc�jmdb�hij_^_ey_f��qlh�\ijZ\h�
2. Ih�ijZ\bem� e_\hc�jmdb�hij_^_ey_f��qlh� lhd� l_q_l�hl� lhqdb�B dlhqd_� A�� b�� ke_^h\Zl_evgh�� \_jogbc� ihexk� bklhqgbdZ� lhdZih^dexq_g� d hljbpZl_evghfm� ihexkm�� Z gb`gbc� ²� diheh`bl_evghfm�
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3. GZ� e_\hf� jbkmgd_�� e_\uc� ijh\h^gbd� ^\b`_lky� \\_jo�� ijZ\ucijh\h^gbd�²�\gba��GZ�ijZ\hf�jbkmgd_��e_\uc�ijh\h^gbd�^\b`_lky\gba��ijZ\uc�ijh\h^gbd�²�\\_jo�
4.

v
U

F
U

5. Ih� ijZ\bem� e_\hc� jmdb� hij_^_ey_f�� qlh� wlh� iheh`bl_evghaZjy`_ggZy�qZklbpZ�
MijZ`g_gb_����

1.>Zgh�
I = 4 A;  F = 0,2 H
l  ����kf� �����f

J_r_gb_� Le�5,0:4f0,1

G2,0 =
⋅

==
Il

F
BGZclb�B. Hl\_l��B  �����Le�

2. FZ]gblgZy� bg^mdpby� g_� baf_gy_lky�� hgZ� ihklhyggZy� \_ebqbgZ�Baf_gy_lky�lhevdh�kbeZ��^_ckl\mxsZy�gZ�ijh\h^gbd�²�hgZ�lZd�`_�dZd�b lhd��mf_gvrZ_lky�\ ��jZaZ�
MijZ`g_gb_����FZ]gblguc� ihlhd�� ijhgbau\Zxsbc� dZlmrdm� D2�� fh`gh� f_gylviml_f�baf_g_gby�\aZbfghc�hjb_glZpbb�dZlmr_d�b baf_g_gb_f�kbeulhdZ�j_hklZlhf�R beb�aZfudZgb_f�jZafudZgb_f�dexqZ�D�
MijZ`g_gb_����

1. Baf_gblv�fZ]gblguc�ihlhd�q_j_a�dZlmrdm�D2 iml_f��hibkZgguf�\mijZ`g_gbb����
2. Bg^mdpbhgguc�lhd�\hagbdZ_l�\ kemqZ_�]���g_�\hagbdZ_l�\ kemqZyoZ���[���\���^��

MijZ`g_gb_����
1.>Zgh� J_r_gb_�
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ν  ����=p
T = k�02,0=p50

11 ==
νGZclb T. Hl\_l��T  ������k�

2. Ih�]jZnbdm�gZoh^bf��qlh�T= k
60

1
,    ν= ( )c601

11 =
T

 ����=p�
:  ���f:�

MijZ`g_gb_����Wlb�ihey�gbq_f�g_�hlebqZxlky�b kms_kl\h\Zeb�[u�[_a�dZlmrdb�K�
MijZ`g_gb_����

1.>Zgh�
T = 10-7 c

J_r_gb_�
ν = =p�10

c10

11 7
7

== −TGZclb�ν. Hl\_l��ν = 107 =p�
2.>Zgh�
t = 8,3⋅10-7 c
c = 3⋅108 f�k

J_r_gb_�
S = ct = 3⋅108 f�k ⋅ 8,3⋅10-7 k  �����f�

GZclb S. Hl\_l��S = 249 f�
3.>Zgh�
λ  �����f
c = 3⋅108 f�k

J_r_gb_�
ν = =p�105f600

f�k103 5
8

⋅=⋅=
λ
c

GZclb�ν. Hl\_l��ν = 5⋅105 =p�
4. AgZy� kdhjhklv� jZkijhkljZg_gby� kb]gZeZ� k �hgZ� jZ\gZ� kdhjhklbk\_lZ�� b \j_fy� _]h� jZkijhkljZg_gby� t�� g_ljm^gh� jZkkqblZlvijhc^_ggh_� jZkklhygb_� S�� AZ� \j_fy� t kb]gZe� ijhc^_l� jZkklhygb_� Slm^Z�b h[jZlgh��b��ke_^h\Zl_evgh��S = ct/2.
5. G_l��a\mdh\u_�\hegu�g_�jZkijhkljZgy_lky�\ \Zdmmf_�

MijZ`g_gb_����
1. K12

6 ²����Z�_�f����� Li6
3 ²���Z�_�f������ Ca40

20 ²����Z�_�f������
2. 6, 3, 20.
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3. < n = Z�_�f�1

Z�_�f�6  ���jZa�
4. Z�����[����Z�_�f���\��\ ��jZa��]�����^�����_�����`����
5. NOOK 14

7
14
7

0
1

014
16

14
6 =⇒+→ −

−
+ _ ²�Zahl�

MijZ`g_gb_����
HOHeN 1

1
17

8
4
2

14
7 +→+ ��Bf__f�� �� �� ��  � �� �� ��� ��  � ���Ke_^h\Zl_evgh�aZdhg�khojZg_gby�aZjy^Z�\uihegy_lky�

MijZ`g_gb_����
1. < y^j_� ZlhfZ� [_jbeeby� Be9

4 gmdehgh\� ²� ��� ijhlhgh\� ²� ��g_cljhgh\�²�N = A + Z = 9 – 4 = 5.

2. D39
19 �� Z�� Z  � ���� [�� Np = Z  � ���� \�� Q  � ��� �\ we_f_glZjguowe_dljbq_kdbo�aZjy^Zo���]��Ne = Np  �����^������_������`��:  �����a��N =

A – Z = ����± ��� �����b��m  ����Z�_�f�
3. Qbkeh�ijhlhgh\� �khhl\_lkl\_ggh�� we_dljhgh\��\ Zlhf_�jZ\gh� _]hihjy^dh\hfm� ghf_jm� \ lZ[ebp_� F_g^_e__\Z�� ke_^h\Zl_evgh�� Z�eblbc��[��nlhj�

MijZ`g_gb_����Wlb� Zlhfu� bf_xl� h^bgZdh\u_� fZkku�� gh� bo� obfbq_kdb_� k\hckl\ZjZaebqgu��Wlh�h[tykgy_lky�l_f��qlh�m gbo�jZagu_�aZjy^h\u_�qbkeZ�Z��agZqbl��b dhebq_kl\h�we_dljhgh\�MijZ`g_gb_����
1. HeThU 4

2
234

90
238
92 +→ .

2. �~UPa;�~PaTh 0
0

0
1

234
92

234
91

0
0

0
1

234
91

234
90 ++→++→ −− ee �� Ke_^h\Zl_evgh�� \j_amevlZl_�^\mo�β�jZkiZ^h\�MijZ`g_gb_����L�d�� gmdehgu� bf_xl� fZkkm�� lh� f_`^m� gbfb� ^_ckl\mxl� kbeu]jZ\blZpbhggh]h�ijbly`_gby�
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AZ^Zqb��ij_^eZ]Z_fu_�^ey�ih\lhj_gbyb ijb���qZkZo�nbabdb�\ g_^_ex�
1. >ey�\_dlhjZ� aU bf__f��Z��������������������[��Zy  ���±��� �±���\��_Zy| = ����]�� 22 )52()5,05,0(|| −+−=a

U
= 3.>ey�\_dlhjZ� bU bf__f��Z����������������[��by  ���± �� ����\��_by_� ����]�

22 )04()14(|| −+−=b
U

= 5.>ey�\_dlhjZ� c
U bf__f��Z����������������[��cy  ���±��� ����\�� _cy_� ����]�

22 )11()46(|| −−−=c
U

= 2.>ey�\_dlhjZ� dU bf__f��Z������������±����[��dy  �±��±��� �±���\��_dy_� ����]�
22 )04()63(|| −−+−=d

U
= 5

>ey�\_dlhjZ� →
e bf__f��Z�������±��������������[��ey  �±��±��±��� ����\�

|ey_� ����]�� 22 ))4(1()5,05,0(|| −−−+−=e
U

= 3.

2. ax = 0, bx = || b
U

, cx = 0, dx = || d
U

− .

3. Z��A (0;2), B ����±����[��sx = 12 – 0 = 12, sy  �±��± � �±���\��_sx| = 12,

|sy| = 5; ]�� 22 )23()012(|| −−+−=s
U

= 13.

4.

����
��
�

��� �� � � x

y

B

A

sAB = 22 ))2(3())8(4( −−+−−  �����LZd�dZd�imlv�g_�fh`_l�ij_\ukblvi_j_f_s_gby��fh^mev�dhlhjh]h�_klv�gZbf_gvr__�jZkklhygb_�f_`^mgZqZevghc�b dhg_qghc�lhqdZfb�imlb���lh�hg�fh`_l�[ulv�eb[h�jZ\_g�eb[h�[hevr_�i_j_f_s_gby��gh�gb \�dh_f�kemqZ_�g_�f_gvr_�_]h�
5. Ijyfhebg_cguf� jZ\ghf_jguf� ^\b`_gb_f� gZau\Z_lky� lZdh_^\b`_gb_�� ijb� dhlhjhf� aZ� h^bgZdh\u_� ijhf_`mldb� \j_f_gb� l_ehkh\_jrZ_l�h^bgZdh\u_�i_j_f_s_gby� \^hev� g_dhlhjhc�hkb� �lZd� dZd^\b`_gb_� ijyfhebg_cgh_���Ihwlhfm� sx = vxt�� ]^_� vx ²� ihklhyggZy
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\_ebqbgZ�� oZjZdl_jbamxsZy� kdhjhklv� i_j_f_s_gby�� Bkoh^y� bamjZ\g_gby�o = o0 + sx��ihemqbf�x = x0 + vxt.
6.>Zgh�
vx  ���f�k���x0  ���f J_r_gb_�

x(t) = x0 + vxt ⇒ x(t) = 3 + 5t.GZclb�x(t). Hl\_l��x(t) = (3 + 5t��f�
7.

���� ���� � ��� ��� ���
xi�xl� x\

X

<hdaZe
>Zgh�
xi = 260 – 10t
xl = –100 + 8t

J_r_gb_�< gZqZevguc�fhf_gl�gZ[ex^_gby�
xi� = 260 – 10 ⋅ 0 = 260; xl� = –100 + 8 ⋅ 0 = –100.< fhf_gl�\klj_qb��xi = xl beb�����±���t = –100 + 8t.Hlkx^Z�gZoh^bf�fhf_gl�\j_f_gb�\klj_qb��t = 20 c.
x\ = 260 – 10 ⋅ 20 = –100 + 8 ⋅ ��� ����f�GZclb� xi�,

xl�, t, x\. Hl\_l��xi� = 260, xl� = –100, t = 20 c, x\  ����f�
8. Kh]eZkgh�]jZnbdm��iehl�[ue�kims_g�gb`_�klhygdb�gZ����f_ljh\�Ih�]jZnbdm�hij_^_ebf�o0 = –10; vx  ����f���k  ���f�k��o = –10 + 2t.
9.>Zgh�
t = 2 c
v0 = 0
v  ���f�k
v1  �����f�k

J_r_gb_�
a =

t

v

t

vv
=

− 0 ; t1 = f�k3

k2f�k4,511 ⋅==
v

tv

a

v
= 3 c;

s =
( )f�k32

k2f�k4,5

222

22
1

2

22
1

2
1

⋅
⋅===

v

tv

tv

tvvat
= 6,75 f�GZclb�t1, s. Hl\_l: t1 = 3 c, s = 6,75 f.

10. ( )( ) t
vv

tavv
tta

vt
ta

tvs
2222

0
000

2

0

UUUUUUUUUU +=++=




 +=+= .

11.
2

2

0
ta

tvs
UUU

+= ; 
t

vv
a 0

UUU −
= ; t

vv

t

tvv
tvs

22

)( 0
2

0
0

UUUUUU +
=

−
+= ;

( ) ( ) ( )( ) ⇒
−

=−−+⋅=




 +−

=
2

,,
2

1

2
,,

2
0

2

0
2
0

2
0

00 vv
vvvvvvt

vv

t

vv
sa

UUUUUUUUUUUUUU
s

vv
a UUUU

2

2
0

2 −
=⇒ .

12.>Zgh�
tx = 0,3 k J_r_gb_�
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s  ������f
vkj = f�k�43,1k0,3

f,430 ≈=
t

s

a = ;
2

2t

s
v = at = k3,0

f43,022 ⋅=
t

s ≈ 2,87 f/k.GZclb�vkj, v. Hl\_l��vkj ≈ �����f�k��v ≈ �����f�k�
13. so[ =

2

2
o[ta

; sFd =
2

3

2

2
o[2

cd tata
= = 3sh[. ⇒ < ��jZaZ�[hevr_�

vkd = acdt = 3ah[t = 3vh[. ⇒ < ��jZaZ�[hevr_�
14.

0

vx

t

>ey�h[uqgh]h�ebnlZ

>ey�kdhjhklgh]h�ebnlZ

15.>Zgh�
vx(t) = 10 + 0,5t

J_r_gb_�
v0x = vx(0) = 10 + 0,5 ⋅ �� ����f�k��a  �����f�k2.K l_q_gb_f� \j_f_gb� fh^mev� \_dlhjZ� kdhjhklbZ\lhfh[bey�\hajZklZ_l��lZd�dZd�Z!��b v0>0).GZclb�v0x. Hl\_l��v0x  ����f�k�

16. Ihke_� m^ZjZ� mkdhj_gb_� rZc[u� gZijZ\e_gh� ijhlb\� kdhjhklb�Dh]^Z� kdhjhklv� h[jZsZ_lky� \ gmev�� mkdhj_gb_� lh`_� klZgh\blkyjZ\guf�gmex���




>
≤≤−

=
.5f�k�0

;50f�k�)5(
|)(|

t

tt
tvx

��
��
��
�

� � � � � � �

vx

t
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17. o = o0 + sx�� JZg__� [ueh� ^hdZaZgh�� qlh� ijb� jZ\ghmkdhj_gghf^\b`_gbb�k mkdhj_gb_f�Zo b gZqZevghc�kdhjhklvx�v0x i_j_f_s_gb_jZ\gh��sx = v0xt +
2

tax ��ihwlhfm�o = o0+ v0xt +
2

tax .

18.>Zgh�
ax  �����f�k2

v0x = 0
x0 = 0

J_r_gb_�
vx(t) = v0x + axt = 0,1t �\ f�k2).

x(t) = x0 + v0xt +
2

2tax = 
2

1,0 2t⋅
= 0,05t2.GZclb�vx(t), x(t). Hl\_l��v0x  ����f�k�

19.>Zgh�
|v\_� ����df�qZ��|vhlg| = 0[��|vhlg_� ����df�q\��|vhlg_� ����df�q]��|vhlg_� ����df�q

J_r_gb_�
|vf| = ||v\| – |v\|| ijb v\ ↑↑ vf beb |vf| = ||v\| + |v\||ijb v\ ↑↓ vf.Z) v\ ↑↑ vf b v\ ↑↓ vf ⇒ |vf| = |40 df/q ± 0 df/q| =
= 40 df/q.[) v\ ↑↑ vf ⇒ |vf| = |40 df/q – 10 df/q| = 30 df/q.
v\ ↑↓ vf ⇒ |vf| = |40 df/q + 10 df/q| = 50 df/q.\��v\ ↑↑ vf ⇒ |vf_� �_���df�q ±����df�q_� ���
v\ ↑↓ vf ⇒ |vf_� �_���df�q �����df�q_� ����df�q�]��v\ ↑↑ vf ⇒ |vf_� �_���df�q �����df�q_� �����df�q�
v\ ↑↓ vf ⇒ |vf_� �_���df�q ±����df�q_� ����df�q�GZclb�vf. Hl\_l�� Z�� ��� df�q�� [�� ��� df�q beb� ��� df�q�� \�� �beb����df�q��[������df�q beb����df�q�

20. Kdhjhklv�dZl_jZ�hlghkbl_evgh�[_j_]Z�ih�l_q_gbx��vd� =
= vd + vl = 6vl �a^_kv�vd ²�kdhjhklv�dZl_jZ�hlghkbl_evgh�\h^u��vl —kdhjhklv� l_q_gby� \h^u� hlghkbl_evgh� [_j_]Z��� kdhjhklv� dZl_jZhlghkbl_evgh� [_j_]Z� ijhlb\� l_q_gby�� vd� = vd – vl = 4vl�� LZdbfh[jZahf��

4

6

dd =
−

+

v

v
= 1,5.

21.
33

3f103

d]103,87
−

−

⋅
⋅==ρ

V

m  ����� d]�f3�� Fu� \b^bf�� qlh� iehlghklvrZjbdZ�jZ\gZ�iehlghklb�\ha^moZ��Z��ke_^h\Zl_evgh��\ulZedb\ZxsZykbeZ�� ^_ckl\mxsZy� gZ�rZjbd� jZ\gZ� _]h� kbe_� ly`_klb�� AgZqbl�� ihi_j\hfm� aZdhgm�GvxlhgZ�rZjbd� hklZg_lky� \ khklhygbb� ihdhy�� l�d�_]h�hlimklbeb�[_a�gZqZevghc� kdhjhklb� �bgZq_�[u�hg�jZ\ghf_jgh�bijyfhebg_cgh�i_j_f_sZeky��
22. Kh]eZkgh�lj_lv_fm�aZdhgm�GvxlhgZ�kbeu��^_ckl\mxsb_�gZ�rZjujZ\gu��Kh]eZkgh�\lhjhfm�aZdhgm�GvxlhgZ�bo�mkdhj_gby�jZ\gu�
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Zk =
cm

F
, ZZ =

am

F �� Hlkx^Z��
c

a

a

c

m

m

a

a
= �� < j_Zevguo� nbabq_kdbo

aZ^ZqZo� �dh]^Z� fZkku� rZjh\� g_� jZ\gu� gmex�� fh^mev� mkdhj_gbyklZevgh]h� rZjZ� g_� fh`_l� jZ\gylvky� gmex�� Hg� fh`_l� [ulv� dZd[hevr_�� lZd� b f_gvr_�fh^mey� mkdhj_gby� Zexfbgb_\h]h�rZjZ�� qlhaZ\bkbl�ebrv�hl�khhlghr_gby�fZkk�rZjh\�
23. Ba� nhjfmeu� ^ey� g0 ihemqZ_f�� GM3 = 2

30Rg �� Ih^klZ\eyy� \
nhjfmem�^ey�g��ihemqZ_f��g =

2
3

2
30

)( hR

Rg

+
.

24.
r

v
a

2

1 = ; 1

2

1 2

1

2
a

r

v
a == ; L1 = 1ma ; L2 = 112 2

1

2

1 Lmama == .DZd�mkdhj_gb_��lZd�b kbeZ��^_ckl\mxsZy�gZ�\lhjhc�rZjbd��\ ��jZaZf_gvr_�ZgZeh]bqguo�\_ebqbg�^ey�\lhjh]h�rZjbdZ�
25. GZ� \ukhl_� h hlghkbl_evgh� a_feb� r = R3 + h; mapk = mg;

2
3

2
30

3

2

)()( hR

Rg

hR

v

+
=

+
⇒

hR

Rg
v

+
=

3

2
30

26.>Zgh�
R  ������df� �����⋅ 106 f
g0  �����f�k2

h  ������df� �����⋅ 106 f
J_r_gb_�<hkihevam_fky�nhjfmehc��ihemq_gghc�\ij_^u^ms_c�aZ^Zq_�

≈
⋅+⋅

⋅⋅=
+

== f103,6f106,4

f�10(6,4f�k9,8
66

26

3

2
30

hR

Rg
vv

≈ �����f�k�GZclb�v. Hl\_l��v ≈ �����f�k�
27. vx = gt.

���
����
����

� � � � � �

vx, f�k

t, c

28.>Zgh�l  �����d] J_r_gb_�
∆p = m∆v = mg∆t.
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v0 = 0
t  ���k
∆t = 1c

L�d��∆v1 = ∆v2 �jZ\ghmkdhj_ggh_�^\b`_gb_���lh
∆p1 = ∆p2 = ∆p  �����d]�⋅����f�k2 ⋅ 1 c  ������d]⋅f�k�

GZclb�v. Hl\_l��∆p1 = ∆p2 = ∆p  ������d]⋅f�k�
29. L�d��m ²� ihklhyggZy� \_ebqbgZ�� lh� baf_g_gb_� bfimevkZ� [m^_lhij_^_eylvky�lhevdh�baf_g_gb_f�kdhjhklb��Ih�]jZnbdm� �kf��aZ^Zqm����\b^gh��qlh�_keb�∆t1 = ∆t2��lh�b ∆v1 = ∆v2��b��agZqbl��∆p1 = ∆p2.
30. < mkeh\byo� k\h[h^gh]h� iZ^_gby� kdhjhklb� h[hbo� rZjbdh\� \ex[hc� fhf_gl� \j_f_gb� [m^ml� h^bgZdh\u�� b�� ke_^h\Zl_evgh�hlghr_gb_� bo� bfimevkh\� [m^_l� aZ\bk_lv� ebrv� hl� hlghr_gby� bofZkk�� LZd� dZd� ih� mkeh\bx� h[t_fu� h^bgZdh\u�� hgh� [m^_l� jZ\ghhlghr_gbx�iehlghkl_c�f_^b�b Zexfbgby��

33

33

Zf d]�f102,7

d]�f108,9

⋅
⋅=

ρ
ρ ≈ 3,3.

BlZd�� \ ex[hc� fhf_gl� \j_f_gb� f_^guc� rZjbd� bf__l� bfimevkijbf_jgh�\ ����jZaZ�[hevr_��q_f�Zexfbgb_\uc�
31.

1

2

X2
^h�klhedgh\_gby

1
ihke_�klhedgh\_gby

X

>Zgh�
v1x  �����f�k
v2x  �����f�k

xv1′  �����f�k
J_r_gb_�Ih� aZdhgm� khojZg_gby� bfimevkZ� �gZ� hkv� O):

xxxx vmvmmvmv 2121 ′+′=+ ⇒ xxxx vvvv 1212 ′−+=′ = �����f�k ������f�k ±�����f�k  �����f�k�GZclb�v. Hl\_l�� xv2′  �����f�k�
32.

1

2

X2
^h�klhedgh\_gby

1
ihke_�klhedgh\_gby

X

>Zgh�
v1x  �����f�k
v2x  �±����f�k

xv1′ = –����f�k
J_r_gb_�Ih� aZdhgm� khojZg_gby� bfimevkZ� �gZ� hkv� O):

xxxx vmvmmvmv 2121 ′+′=+ ⇒ xxxx vvvv 1212 ′−+=′ = �����f�k ���±����f�k��±��±����f�k�� �����f�k�GZclb�v. Hl\_l�� xv2′  �����f�k�
33.

( )2
2

2
1

2
2

2
1

222 xx
xx vv

mmvmv
E +⋅=+= ; ( )2

2
2

1

2
2

2
1

222 xx
xx vv

mvmvm
E ′+′⋅=

′
+

′
=′ ;
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2
2

2
1 xx vv +  ������f�k�2 + �±����f�k�2 = 0,05 f2�k2; 2

2
2

1 xx vv ′+′  ��±����f�k�2 +

+ �����f�k�2 = 0,05 f2�k2 ⇒ 2
2

2
1 xx vv + = 2

2
2

1 xx vv ′+′ ⇒ E = E′.

34. Ih� ]jZnbdm� hij_^_ey_f�� qlh� L  � �� k b� ν = 
c2

11 =
T

 � ���� =p�Ex[Zy�^jm]Zy�lhqdZ�baf_gy_l�kdhjhklv�k lhc�`_�kZfhc�qZklhlhc�
35. <havf_f� aZ� t  � �� fhf_gl�� dh]^Z� hldehg_gb_� kj_^g_c� lhqdbkljmgu�jZ\gh�gmex�=jZnbd�g_�]h^blky�^ey�^jm]bo�lhq_d�kljmgu��l��d��Zfieblm^Z�bo�hlebqgZhl�Zfieblm^u�kj_^g_c�lhqdb��>ey�kj_^gbo�lhq_d�kljmg�^jm]bo�Zjn�hgl_f�[he__�g_�]h^blky��lZd�dZd�hgb�bf_xl�bgu_�qZklhlu�dhe_[Zgbc�

����
���
��
�

� �� �� �� ���

;��ff
W��fF

36. GZ^h� ^\Z� h^bgZdh\uo� dZf_jlhgZ� jZkiheh`blv� gZ� g_dhlhjhfjZkklhygbb�^jm]�hl�^jm]Z�lZd��qlh[u�bo�j_ahgZlhjgu_�ysbdb�[uebh[jZs_gu� ^jm]� d ^jm]m��?keb� l_i_jv� m^Zjblv� ih� h^ghfm� ba� gbo� bq_j_a�g_dhlhjh_�\j_fy�aZ]emrblv��ijbdhkgm\rbkv�jmdhc�d g_fm��lhfu� mkeurbf� a\md� hl� \lhjh]h� dZf_jlhgZ��< hkgh\_� ^Zggh]h� hiulZe_`bl�y\e_gb_�a\mdh\h]h�j_ahgZgkZ�
37. Ihevamykv� ]jZnbdhf�� hij_^_ey_f�� Z�� ijb� �� =p� Zfieblm^ZmklZgh\b\rboky� dhe_[Zgbc�[m^_l� [hevr_�� q_f� ijb� ��=p�� [�� qlh[uZfieblm^Z� mklZgh\b\rboky� dhe_[Zgbc�[ueZ�fZdkbfZevghc�� dZq_ebgZ^h�ih^lZedb\Zlv�k qZklhlhc���=p��\��kh[kl\_ggZy�qZklhlZ�dZq_e_cjZ\gZ�qZklhl_�\ugm`^Zxs_c�kbeu��l�_����=p�
38.>Zgh:
l  ����kf� �����f
m  ���]  �������d]
B = 4 ⋅ 10-2 Le

J_r_gb_�
Fl = Ff; mg = BIl ⇒ I = f0,1Le104

f�k9,8d]002,0
2

2

⋅⋅
⋅= −Bl

mg
=

= 4,9 A.GZclb�I. Hl\_l: I = 4,9 A.
39. < ^Zgghf� kemqZ_� jhev� p_gljhklj_fbl_evghc� kbeu� \uihegy_lkbeZ�� k dhlhjhc� fZ]gblgh_� ihe_� ^_ckl\m_l� ^\b`msbcky� we_dljhg�Ihevamykv�ijZ\behf�e_\hc�jmdb��hij_^_ey_f��qlh�we_dljhg�\e_l_e�\dZf_jm�\ lhqd_�<.
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40.>Zgh�
v = 3 ⋅ 107 f�k
|_| = 1,6 ⋅ 10-19 De
m = 9,1 ⋅ 10-31 d]
B = 8,5 ⋅ 10-3 Le

J_r_gb_�
Fpk = Ff; 

r

mv2

= B|_|v ⇒ r = 
|| eB

mv
=

= De10,61Le105,8

f�k103d]101,9
19-3

731

⋅⋅⋅
⋅⋅⋅

−

−
= 2 ⋅ 10-2 f�

GZclb�r. Hl\_l��r = 2 ⋅ 10-2 f�
41. < j_amevlZl_�β�jZkiZ^Z�� e-

0
1

14
7

14
6 NC +→ .

42. HeNAl 4
2

24
11

1
0

27
13 +→+ n .

43. HeNXAl 4
2

7
3

1047
523

10
5 +→+ −+

−+ ⇒ X1047
523

−+
−+ = n1

0 ²��g_cljhg�
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EZ[hjZlhjgu_�jZ[hlu�
EZ[hjZlhjgZy�jZ[hlZ����Bkke_^h\Zgb_�jZ\ghmkdhj_ggh]h�^\b`_gby�[_a�gZqZevghc�kdhjhklb�<ZjbZgl���P_ev�jZ[hlu��m[_^blvky�\ jZ\ghmkdhj_gghf�oZjZdl_j_�^\b`_gby[jmkdZ�b hij_^_eblv�_]h�mkdhj_gb_�b f]gh\_ggmx�kdhjhklv�< ^Zgghf�\ZjbZgl_�jZ[hlu�bkke_^mxl�oZjZdl_j�^\b`_gby�[jmkdZih� gZdehgghc� iehkdhklb�� K ihfhsvx� ijb[hjZ�� bah[jZ`_ggh]h� gZjbk�� ���� Z�� mq_[gbdZ�� fh`gh� baf_jylv� fh^meb� \_dlhjh\i_j_f_s_gbc��kh\_jr_gguo�[jmkdhf�aZ�ijhf_`mldb�\j_f_gb�t1, t2 =

2t1, t3 =
= 3t1,…, tn = nt1��hlkqblu\Z_fuo�hl�fhf_glZ�gZqZeZ�^\b`_gby��?kebaZibkZlv�^ey�^Zgguo�fh^me_c�\_dlhjh\�i_j_f_s_gbc�bo�\ujZ`_gby�

2

2
1

1
at

s = , 
( )

1

22
1

2
2

2 2

2

2

2

2
s

taat
s ==== , 

( )
3

22
1

2
3

3 2

3

2

3

2
s

taat
s === ,…,

( )
1

22
1

2

222
s

nntaat
s n

n === ,lh�fh`gh�aZf_lblv�ke_^mxsmx�aZdhghf_jghklv�
s1 : s2 : s3 : … : sn = 12 : 22 : 32 :…: n2 = 1 : 4 : 9 :…: n2.?keb� wlZ� aZdhghf_jghklv� \uihegy_lky� ^ey� baf_j_gguo� \ jZ[hl_fh^me_c�\_dlhjh\�i_j_f_s_gbc��lh�wlh�b [m^_l�^hdZaZl_evkl\hf�lh]h�qlh� ^\b`_gb_� [jmkdZ� ih� gZdehgghc� iehkdhklb� y\ey_lkyjZ\ghmkdhj_gguf�Ijbf_j�\uiheg_gby�jZ[hlu.AZ^Zgb_ ���Bkke_^h\Zgb_�oZjZdl_jZ�^\b`_gby�[jmkdZ�ih�gZdehgghciehkdhklb�

t, 
c 0

0,
02

0,
04

0,
06

0,
08

0,
10

0,
12

0,
14

0,
16

0,
18

0,
20

0,
22

0,
24

0,
26

0,
28

0,
30

s��ff 0 1 3 7 15 24 36 50 65 82 10
2

12
6

14
6

17
0

19
8

22
7

<uqbke_gby.

1

2

s

s
= ff1

ff3
= 3, 

1

3

s

s
= ff1

ff7
= 7, 

1

4

s

s
= ff1

ff15
= 15, 

1

5

s

s
= ff1

ff24
= 24,



65

1

6

s

s
= ff1

ff36
= 36, 

1

7

s

s
= ff1

ff50
= 50, 

1

8

s

s
= ff1

ff65
= 65, 

1

9

s

s
= ff1

ff82
=82,

1

10

s

s
= ff1

ff102
= 102, 

1

11

s

s
= ff1

ff126
= 126, 

1

12

s

s
= ff1

ff146
= 146, 

1

13

s

s
=

= ff1

ff170
= 170, 

1

14

s

s
= ff1

ff198
= 198, 

1

15

s

s
= ff1

ff227
= 227.Hlkx^Z�gZoh^bf�

s1 : s2 : s3 : s4 : s5 : s6 : s7 : s8 : s9 : s10 : s11 : s12 : s13 : s14 : s15 =
= 1 : 3 : 7 : 15 : 24 : 36 : 50 : 65 : 82 : 102 : 126 : 146 : 170 : 198 : 227.WlZ� aZdhghf_jghklv� g_� hq_gv� kbevgh� hlebqZ_lky� hl� l_hj_lbq_kdhcaZdhghf_jghklb� ^ey� jZ\ghmkdhj_ggh]h� ^\b`_gby�� LZdbf� h[jZahf�fh`gh� kqblZlv�� qlh� ^\b`_gb_� [jmkdZ� ih� gZdehgghc� iehkdhklby\ey_lky�jZ\ghmkdhj_gguf�AZ^Zgb_ ���Hij_^_e_gb_�mkdhj_gby�^\b`_gby�[jmkdZ�Mkdhj_gb_�[m^_f�\uqbkeylv�ih�nhjfme_��a = 

2

2

t

s
.

t10 = 0,2 c; s10 = 102 ff = 0,102 f; a1 =
( )2k0,2

f102,02 ⋅
= 5,1 f/k2.

t15 = 0,3 c; s15 = 227 ff = 0,227 f; a1 =
( )2k0,3

f227,02 ⋅ ≈ 5,04 f/k2.

akj = 
2

f�k04,5f�k1,5

2

22
21 +=+ aa  ������f�k2.AZ^Zgb_ ��� Hij_^_e_gb_� f]gh\_gghc� kdhjhklb� [jmkdZ� \ jZagu_fhf_glu� \j_f_gb� b ihkljh_gb_� ]jZnbdZ� aZ\bkbfhklb� f]gh\_gghckdhjhklb�v hl�\j_f_gb�t.AgZq_gb_�f]gh\_gghc�kdhjhklb�[m^_f�\uqbkeylv�ih�nhjfme_��v = at.

t = 0,1 c; v  ������f�k2 ⋅ ����k  �������f�k�
t = 0,2 c; v  ������f�k2 ⋅ ����k  �������f�k�
t = 0,3 c; v  ������f�k2 ⋅ ����k  �������f�k�=jZnbd�aZ\bkbfhklb�f]gh\_gghc�kdhjhklb�v hl�\j_f_gb�t.
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�
����
���
�

� ��� ��� ��� ��� t, c

v, f�c

>hihegbl_evgh_� aZ^Zgb_�� Ihkljh_gb_� ]jZnbdZ� aZ\bkbfhklbdhhj^bgZlu� x [jmkdZ� hl� \j_f_gb� t.   x0 = 0, t0 = 0, xi(ti) = si, i =
1,2,3,…,15.

�
��

���
���
���
���

� ��� ��� ��� ���

x, ff

t, c<ZjbZgl���P_ev� jZ[hlu�� hij_^_eblv� mkdhj_gb_� ^\b`_gby� rZjbdZ� b _]hf]gh\_ggmx�kdhjhklv�i_j_^�m^Zjhf�h pbebg^j�>\b`_gb_� rZjbdZ� ih� gZdehgghfm� `_eh[m� y\ey_lkyjZ\ghmkdhj_gguf�� ?keb� fu� hlimklbf� [_a� gZqZevghc� kdhjhklbrZjbd� b baf_jbf� ijhc^_ggh_� bf� jZkklhygb_� s ^h� klhedgh\_gby� kpbebg^jhf�b \j_fy� t hl� gZqZeZ� ^\b`_gby� ^h� klhedgh\_gby�� lh�fufh`_f�jZkkqblZlv�_]h�mkdhj_gb_�ih�nhjfme_���a =
2

2

t

s
.AgZy�mkdhj_gb_�a��fu�fh`_f�hij_^_eblv�f]gh\_ggmx�kdhjhklv�v ihnhjfme_�

v = at.Ijbf_j�\uiheg_gby�jZ[hlu.Qbkehm^Zjh\f_ljhghfZ
n

JZkklhygb_
s��f <j_fy^\b`_gby

t, c

Mkdhj_gb_
a =

2

2

t

s ��f�k2

F]gh\_ggZykdhjhklv
v = at��f�k

3 0,9 1,5 0,8 1,2
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<uqbke_gby.

t = 0,5 c ⋅ 3 = 1,5 c; a =
( )2k1,5

f9,02 ⋅  �����f�k2; v  �����f�k2 ⋅ ����k  �����f�k�
EZ[hjZlhjgZy�jZ[hlZ����Baf_j_gb_�mkdhj_gby�k\h[h^gh]h�iZ^_gby�P_ev� jZ[hlu�� baf_jblv� mkdhj_gb_� k\h[h^gh]h� iZ^_gby� kihfhsvx�ijb[hjZ�^ey�bamq_gby�^\b`_gby�l_e�K\h[h^gh_� iZ^_gb_� l_eZ� y\ey_lky� jZ\ghmkdhj_gguf� ^\b`_gb_f�?keb� fu� hlimklbf� [_a� gZqZevghc� kdhjhklb� dZdhc�gb[m^v� ]jma� �gZmklZgh\d_�hk\h[h`^Z_f�aZ`bf��b baf_jbf�ijhc^_ggh_�bf�jZkklhygb_

s b \j_fy� t��aZ�dhlhjh_�[ueh�ijhc^_gh�wlh�jZkklhygb_��lh�fu�fh`_fjZkkqblZlv�mkdhj_gb_�k\h[h^gh]h�iZ^_gby�ih�nhjfme_���g =
2

2

t

s
.Ijbf_j�\uiheg_gby�jZ[hlu.<j_fy^\b`_gby�t =

nT, c
Imlv�s��ff Imlv�s��f Mkdhj_gb_�k\h[h^gh]hiZ^_gby�g = 2s/t2��f�k2

0,28 400 0,4<uqbke_gby.

n = 14; t = 14 ⋅ 0,02 c = 0,28 c; gwdki =
( )2k28,0

f0,42 ⋅ ≈�����f�k2.

∆g = |gwdki – gl_hj_� �_������f�k2 ±�����f�k2_� �����f�k2.

%100f�k8,9

f�k4,0
%100

2

2

⋅=⋅∆
g

g ≈ 4,1 %.

EZ[hjZlhjgZy�jZ[hlZ����Bkke_^h\Zgb_�aZ\bkbfhklb�i_jbh^Z�b qZklhlu�k\h[h^guodhe_[Zgbc�gblygh]h�fZylgbdZ�hl�_]h�^ebgu�P_ev�jZ[hlu��\uykgblv��dZd�aZ\bkyl�i_jbh^�b qZklhlZ�k\h[h^guodhe_[Zgbc�gblygh]h�fZylgbdZ�hl�_]h�^ebgu�Ijb�baf_g_gbb�^ebgu�gblygh]h�fZylgbdZ�f_gy_lky�_]h�qZklhlZ�bi_jbh^��< ^Zgghc�jZ[hl_�fu�^he`gu�hij_^_eblv� wlm� aZ\bkbfhklv�I_jbh^� b qZklhlm� hij_^_ey_f� ke_^mxsbf� h[jZahf�� HldehgbfrZjbd�fZylgbdZ�hl�iheh`_gby�jZ\gh\_kby�gZ�g_[hevrmx�Zfieblm^mb aZk_q_f� \j_fy� t�� \ l_q_gb_� dhlhjh]h� fZylgbd� kh\_jrbl� N .dhe_[Zgbc�� Lh]^Z� i_jbh^� b Zfieblm^m� fh`gh� ihkqblZlv� ihnhjfmeZf�
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.
T

1
,

t

N

N

t
T ==ν=Baf_jyy�i_jbh^�b qZklhlm� ijb�jZaguo� agZq_gbyo�^ebgu�fZylgbdZ�fu�l_f�kZfuf�ihemqZ_f�aZ\bkbfhklv�i_jbh^Z�b qZklhlu�hl�^ebgu�Ijbf_j�\uiheg_gby�jZ[hlu.� hiulZNba��\_e� 1 2 3 4 5

l��kf 5 20 45 80 125
N 30 30 30 30 30

t, c 13 27 40 53 67
T, c 0,43 0,9 1,33 1,77 2,23

ν, =p 2,31 1,11 0,75 0,57 0,45Ba� ^Zgguo� \ lZ[ebp_�fh`gh� aZf_lblv� lZdmx� aZdhghf_jghklv�� q_f[hevr_� ^ebgZ� fZylgbdZ�� l_f� [hevr_� i_jbh^� b f_gvr_� qZklhlZ�� bgZh[hjhl�>hihegbl_evgh_�aZ^Zgb_.P_ev� aZ^Zgby�� \uykgblv�� dZdZy� fZl_fZlbq_kdZy� aZ\bkbfhklvkms_kl\m_l�f_`^m�^ebghc�fZylgbdZ�b i_jbh^hf�_]h�dhe_[Zgbc�
1

2

T

T ≈ 2
1

3

T

T ≈ 3
1

4

T

T ≈ 4
1

5

T

T ≈ 5

1

2

l

l
= 4

1

3

l

l
= 9

1

4

l

l
= 16

1

2

l

l = 25

Ba� ^Zgguo� \ lZ[ebp_� ohjhrh� ijhkfZljb\Z_lky� k\yav� f_`^m� i_jbh^hf
dhe_[Zgbc�fZylgbdZ�b _]h�^ebghc��

11 l

l

T

T kk = ��]^_�k fh`_l�ijbgbfZlv������
b �� EZ[hjZlhjgZy�jZ[hlZ����Bamq_gb_�y\e_gby�we_dljhfZ]gblghc�bg^mdpbb�P_ev�jZ[hlu��bamqblv�y\e_gb_�we_dljhfZ]gblghc�bg^mdpbb�DZd�ba\_klgh��y\e_gb_�we_dljhfZ]gblghc�bg^mdpbb�aZdexqZ_lky\ \hagbdgh\_gbb�we_dljbq_kdh]h�lhdZ�\ aZfdgmlhf�ijh\h^gbd_�ijbbaf_g_gbb� fZ]gblgh]h� ihlhdZ�� ijhgbau\Zxs_]h� ho\Zq_ggmxijh\h^gbdhf�iehsZ^v�Ijbf_j�\uiheg_gby�jZ[hlu.
1. K[hjdZ�mklZgh\db��jbk������mq_[gbdZ��
2. < i_j\hf�hiul_�bg^mdpbhgguc�lhd�\hagbdZe�\ dZlmrd_�\ kemqZ_dh]^Z�� fZ]gbl� ^\b]Zeky� hlghkbl_evgh� dZlmrdb�� Ijb� lhjfh`_gbbfZ]gblZ� kbeZ� bg^mdpbhggh]h� lhdZ� j_adh� \hajZklZeZ� b iZ^ZeZ� ^hgmey��dh]^Z�fZ]gbl�hklZgZ\eb\Zeky��ihdhbeky��
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3. Baf_g_gb_� fZ]gblgh]h� ihlhdZ� y\ey_lky� ijbqbghc� \hagbdgh\_gbybg^mdpbhggh]h�lhdZ��L�_��fZ]gblguc�ihlhd�Φ��ijhgbau\Zxsbc�dZlmrdm�f_gyeky�\f_kl_�k bg^mdpbhgguf�lhdhf��l�_��\h�\j_fy�^\b`_gby�fZ]gblZ�
4. Bg^mdpbhgguc� lhd� \hagbdZe� \ dZlmrd_� ijb� baf_g_gbbfZ]gblgh]h�ihlhdZ��ijhgbau\Zxs_]h�wlm�dZlmrdm�
5. Ijb�ijb[eb`_gbb�fZ]gblZ�d dZlmrd_�fZ]gblguc�ihlhd�f_gyeky�l�d�� fZ]gblguc� ihlhd� aZ\bkbl� hl� fh^mey� \_dlhjZ� fZ]gblghcbg^mdpbb� B

U �fh^mev� wlh]h� \_dlhjZ� g_� ihklhyg_g�� l�d�� fZ]gblgh_ihe_�ihklhyggh]h�fZ]gblZ�g_h^ghjh^gh��
6. GZijZ\e_gb_� bg^mdpbhggh]h� lhdZ� [m^_l� jZaebqguf� ijbijb[eb`_gbb�fZ]gblZ�d dZlmrd_�b m^Ze_gbb�_]h�hl�g__�
7. Q_f�[hevr_� kdhjhklv�^\b`_gby�fZ]gblZ�hlghkbl_evgh� dZlmrdb�l_f� [hevr_� fZ]gblguc� ihlhd� Φ�� Z�� ke_^h\Zl_evgh�� b agZq_gb_bg^mdpbhggh]h�lhdZ�
8. K[hjdZ�mklZgh\db��jbk������mq_[gbdZ��
9. Bg^mdpbhgguc�lhd�\hagbdZ_l�\ kemqZyo�Z��b \��
10. FZ]gblguc�ihlhd�f_gy_lky�\ kemqZyo�Z��b \��
11. <hagbdgh\_gb_� we_dljbq_kdh]h� lhdZ� \ fh^_eb� ]_g_jZlhjZ� �jbk�����mq_[gbdZ���Bg^mdpbhgguc�lhd�\hagbdZ_l�\ jZfd_��\jZsZxs_cky\ fZ]gblghf� ihe_� \ke_^kl\b_� baf_g_gby� fZ]gblgh]h� ihlhdZ�y\e_gb_�we_dljhfZ]gblghc�bg^mdpbb��EZ[hjZlhjgZy�jZ[hlZ����Bamq_gb_�^_e_gby�y^_j�mjZgZ�ih�nhlh]jZnbyf�lj_dh\�P_ev� jZ[hlu�� m[_^blvky� \ kijZ\_^eb\hklb� aZdhgZ� khojZg_gbybfimevkZ�gZ�ijbf_j_�^_e_gby�y^_j�mjZgZ�Ijbf_j�\uiheg_gby�jZ[hlu.AZ^Zgb_����Y^jh�mjZgZ�ijb�aZo\Zl_�g_cljhgZ�jZa^_ey_lky�ijbf_jgh�gZ^\_�jZ\gu_�qZklb��dhlhju_�gZau\Zxlky�hkdhedZfb�^_e_gby��Ijb�wlhfhkdhedb� jZae_lZxlky� \ ijhlb\hiheh`gu_� klhjhgu�� Wlh� fh`ghh[tykgblv� gZ� hkgh\_� aZdhgZ� khojZg_gby� bfimevkZ�� Bfimevk� y^jZmjZgZ� ^h� aZo\ZlZ� g_cljhgZ� ijZdlbq_kdb� jZ\_g� gmex�� Ijb� aZo\Zl_g_cljhgZ�y^jh��ihemqZy�hl�g_]h�g_dhlhjuc�bfimevk��jZkdZeu\Z_lky�gZ^\_� jZae_lZxsboky� qZklb� fZkkZfb� m1 b m2�� ?keb� aZibkZlv� aZdhgkhojZg_gby�bfimevkZ�� 22110 vmvm
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EZ[hjZlhjgZy�jZ[hlZ����Bamq_gb_�lj_dh\�aZjy`_gguo�qZklbp�ih ]hlh\uf�nhlh]jZnbyf�P_ev�jZ[hlu��h[tykgbl�oZjZdl_j�^\b`_gby�aZjy`_gguo�qZklbp�Ijbf_j�\uiheg_gby�jZ[hlu.AZ^Zgb_� ��� Lj_db� qZklbp�� ^\b`msboky� \ fZ]gblghf� ihe_�bah[jZ`_gu�gZ�jbk�����������mq_[gbdZ��l�d��gZ�wlbo�nhlh]jZnbyo�boljZ_dlhjbb�djb\hebg_cgu�AZ^Zgb_� ��� Z�� α�qZklbpu� ^\b]Zebkv� ke_\Z� gZijZ\h�� [�� H^bgZdh\Zy^ebgZ� lj_dh\�α�qZklbp� ]h\hjbl� h lhf�� qlh� hgb� bf_eb� h^bgZdh\mxwg_j]bx�� \�� LhesbgZ� lj_dZ� mlhesZ_lky� aZ� kq_l� lh]h�� qlhmf_gvrZeZkv�kdhjhklv�ba�aZ�klhedgh\_gbc�k qZklbpZfb�kj_^u�AZ^Zgb_� ��� Z�� JZ^bmk� djb\bagu� f_gyeky� aZ� kq_l� lh]h�� qlhmf_gvrZeZkv� kdhjhklv� ba�aZ� klhedgh\_gbc� k fhe_dmeZfb� \h^u�� [�QZklbpu� ^\b]Zebkv� kijZ\Z� gZe_\h� ba�aZ� lh]h�� qlh� lhesbgZ� lj_dh\kijZ\Z�gZe_\h�m\_ebqb\Z_lky�AZ^Zgb_ ��� Z�� We_dljhg� ihklhyggh� l_jye� k\hx� kdhjhklv� aZ� kq_lkhm^Zj_gbc� k qZklbpZfb� kj_^u�� b ihwlhfm� lj_d� bf__l� nhjfmkibjZeb��[��We_dljhg�^\b]Zeky�\ gZijZ\e_gbb�k]ms_gby�kibjZeb�ihmdZaZgghc�\ur_�ijbqbg_��\��Lj_d�gZ�jbk�� ����^ebgg__��ihlhfm�qlhhg�\ f_gvr_c�kl_i_gb�\aZbfh^_ckl\m_l�k kj_^hc�


