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F_lh^bdZ�h[jZ[hldb� 
>ey�ijbf_jZ�jZkkfhljbf�lZd�gZau\Z_fu_�k_ckfh�

]jZ\blZpbhggu_�imevkZpbb��JZg__�>2±4@�m`_�qZklbqgh�

jZkkfZljb\Zebkv�j_amevlZlu�\u^_e_gby�b�bgl_jij_lZ�

pbb� k_ckfh]jZ\blZpbhgguo� imevkZpbc�� GZqg_f� jZk�

kfhlj_gb_�k�k_ckfbq_kdbo�imevkZpbc��GZ�jbk����ijb\_-

^_gu� imevkZpbb� gZ� jZaebqguo� dhglbg_glZo� a_fgh]h�

rZjZ� \� q_luj_o� imgdlZo�� BFO �R\Zjp\Zev^�� =_jfZ�

gby���:jlb� �?dZl_jbg[mj]�� Jhkkby���:DD� �]��;brd_d��

Dbj]baby���b�FFC �DZgZ^Z�� AZ[_]Zy�g_kdhevdh�\i_j_^��

hlf_lbf��qlh�dZkZ_lky�k_ckfhf_ljbb�\�hlebqb_�hl�]jZ�

\bf_ljbb� fh`gh�ijb\_klb�hq_gv [hevrbc�kibkhd h[�

k_j\Zlhjbc� 

 

 

 

 

 

 

 

 

 
Jbk�����ImevkZpbb�k_ckfbq_kdh]h�

ihe_c�gZ�dhglbg_glZo���-���fZjlZ�

2019 ]���Z ± BFO �R\Zjp\Zev^��=_j�

fZgby��� b ± :AK �;brd_d��Dbj]b�

aby���c ± ARTI �?dZl_jbg[mj]��Jhk�

kby��d ± FFC �DZgZ^Z�� 

[Fig. 1. Pulsations of seismic fields 

on the continents 21-31 March 2019: 
a ± BFO (black forest, Germany); b ± 

AAK (Bishkek, Kyrgyzstan); c ± 

ARTI (Yekaterinburg, Russia); d ± 

FFC (Canada).] 

 
G_kfhljy�gZ�lh��qlh�^Zggu_�ihemq_gu�jZaebqgufb�

lbiZfb�ijb[hjh\�b�gZ�jZaebqguo�dhglbg_glZo��imevkZ�

pbb�q_ldh�kh\iZ^Zxl�f_`^m�kh[hc��LZdb_�kh\iZ^_gby�

imevkZpbc� k_ckfheh]b� qZs_� \k_]h� g_� aZf_qZxl� beb��

kdhj__�\k_]h� g_�ohlyl�bo aZf_qZlv��KqblZ_lky��qlh�k_c�

kfbq_kdb_�imevkZpbb�\hagbdZxl� aZ kq_l�m^Zjh\�fhj�

kdbo�\heg�h�ih[_j_`v_�>2, 5]. =^_�jZkiheh`_gu�imgdlu��

ij_^klZ\e_ggu_� gZ� jbk� ��� hlghkbl_evgh� hd_Zgh\" 

KlZgpby�FFC jZkiheh`_gZ�[eb`_�\k_]h�d�Lbohfm�hd_�

Zgm��BFO ± d�:leZglbq_kdhfm��:jlb�- d�K_\_jghfm�E_�

^h\blhfm�� Z�::D� ± d�Bg^bckdhfm�� Ljm^gh� ij_^klZ�

\blv��qlh�\k_�hd_Zgu�kbgojhggh�dhe_[Zebkv��\uau\Zy�

imevkZpbb� Ihwlhfm, kbgojhgghklv� imevkZpbc� Z\lhj�

kdehg_g�h[tykgylv�dhkfbq_kdbfb�ijbqbgZfb�>3, 4].  

F_l_hjgu_�ihlhdb�m^Zjyxl�ih�a_fghc�Zlfhkn_j_��

dhlhjZy�gZqbgZ_l�dhe_[Zlvky� Iehlghklv�ihlhdZ�f_gy�

_lky�\h�\j_f_gb��ihwlhfm� Zfieblm^u�dhe_[Zgbc� k_c�

kfbq_kdh]h�ihey lh`_�f_gy_lky��Gh, ]eZ\gh_��qlh�imev�

kZpbb�fh`gh�h[tykgblv�m^ZjZfb�f_l_hjguo�ihlhdh\ ± 

wlh�i_jbh^bqghklvx�ihy\e_gby imevkZpbc��GZijbf_j��

imevkZpbb�f_l_hjgh]h�ihlhdZ�D\Z^jZglb^u�_`_]h^gh�

ijhy\eyxlky�\�ihke_^gbo�qbkeZo�^_dZ[jy�b�gZqZe_�yg�

\Zjy�beb�:d\Zjb^u� \h� \lhjhc�iheh\bg_� Zij_ey� JZk�

kfZljb\Z_fu_�imevkZpbb�gZ�jbk����k\yaZgu�k�ihlhdhf�

<bj]bgb^u��ImevkZpby����fZjlZ fh`_l�[ulv�k\yaZgZ�k�

>_evlZ IZ\hgb^Zfb��Gh�^Zgguc�ihlhd�hq_gv�keZ[uc��

<hafh`gh� gZeh`_gb_�wlbo�ihlhdh\�kh\f_klgh��lZd�dZd�

<bj]bgb^u�^_ckl\mxl�\_kv�fZjl�b�i_j\mx�iheh\bgm�

Zij_ey� DklZlb�� Z\lhj� kh]eZkblky� k� ^jm]bf� h[tykg_�

gb_f�ijbqbgu� ihy\e_gby�imevkZpbc�� _keb�hgh� [m^_l�

m[_^bl_evguf��Ljm^gh�ij_^klZ\blv��qlh�\ebygb_�ijb�

[j_`guo�m^Zjh\�\heg�[m^ml�bf_lv lZdb_� Zfieblm^u��

mqblu\Zy�dhwnnbpb_gl�aZlmoZgby�a_fghc�dhju��mijm�

]b_�iZjZf_lju�dhlhjhc�^hklZlhqgh�ohjhrh�ba\_klgu�b�

bamq_gu� 

Ihke_�dhgklZlZpbb�nZdlZ�kbgojhgghklb�k_ckfbq_�

kdbo�imevkZpbc�mf_klgh hklZgh\blvky�gZ�kihkh[Zo�\u�

y\e_gby� ^Zgguo� imevkZpbc��Bkoh^gu_� ^Zggu_� ij_^�

klZ\e_gu�gZ[ex^_ggufb�agZq_gbyfb�jZaf_jghklvx�\�

�� beb �� _^bgbp��Baf_g_gb_ ihey� \h� \j_f_gb�fh`gh�

ij_^klZ\blv�\�\b^_ 

Vbab(t) = Vek\(t)+ Vgi(t����K�           (1) 

]^_� Vbab(t) ± baf_j_ggu_ agZq_gby� k_ckfbq_kdbo�

^Zgguo��V^k\(t) ± agZq_gby� \ebygby� ]jZ^b_glZ�emggh-

kheg_qguo�\ZjbZpbc�kbeu�ly`_klb��K ± ihklhyggZy� 

HklZgh\bfky�[he__�ih^jh[gh�gZ�aZ\bkbfhklb�k_c�

kfbq_kdbo�dhe_[Zgbc�hl�emggh-kheg_qguo�\ZjbZpbc, Z�

lhqg__�hl�bo ]jZ^b_glZ��H[jZlbfky�d�jbk. ���GZ�jbkmg�

dZo����Z��c ij_^klZ\e_gu�bkoh^gu_�k_ckfbq_kdb_�^Zg�

gu_�b�emggh-kheg_qgu_�\ZjbZpbb�kbeu�ly`_klb� <Zjb�

Zpbb�kbeu�ly`_klb�ihemq_gu�k�ihfhsvx�ijh]jZffu�

[6@��JZaf_jghklv�\ZjbZpbc�^ZgZ�\�fbeeb]ZeZo��dhlhju_�

m\_ebq_gu�gZ�q_luj_�ihjy^dZ��DZd�\b^bf��kh\iZ^_gby�

nhjf�k_ckfbq_kdbo�dhe_[Zgbc�b�\ZjbZpbc�kbeu�ly`_�

klb�g_�gZ[ex^Z_lky��jbk�����Z��c). :�\hl�]jZ^b_gl�\Zjb�

Zpbc��jbk�����b��ih�fhjnheh]bb�iheghklvx�kh\iZ^Z_l�k�

k_ckfbq_kdbfb� ^Zggufb� Ihkdhevdm� ih� Zfieblm^_�

k_ckfbq_kdb_�dhe_[Zgby��\ua\Zggu_�Emghc ± Khegp_f 

ihqlb�gZ�ihjy^hd�[hevr_��q_f�Zfieblm^u�g_ijbeb\�

guo� \ZjbZpbc�� lh� \ebygb_� ihke_^gbo� g_� lZd� kbevgh�

kdZau\Z_lky� gZ� fhjnheh]bb� bkoh^guo� ^Zgguo�� Ih�

wlhfm� ijZdlbq_kdbf� iml_f� e_]dh� ih^h[jZlv� ^ey� ex�

[h]h�k_ckfh]jZnZ�i_j_oh^ghc�dhwnnbpb_gl ^ey�i_j_-
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\h^Z�agZq_gbc�\ZjbZpbc�kbeu�ly`_klb�k�i_j_f_gguf�

dhwnnbpb_glhf�D� 

ûV(t) = Vbaf(t) - D
�ògek\(t)/òP;1�ËÊÏ:�; FD
 

*(gek\(t+1) -�� ek\(t))  (2), 

]^_� ûV(t ) ± hklZlhqgZy� k_ckfbq_kdZy� \ZjbZpby� 

ògek\(t)/òP; b�*(gek\(t+1) -��ek\(t)) ± khhl\_lkl\_ggh�]jZ�

^b_gl�emggh-kheg_qguo�\ZjbZpbc�kbeu�ly`_klb�b�_]h�

qbke_gguc�ZgZeh]� 

F_gyy� \_ebqbgm� dhwnnbpb_glZ D� e_]dh�ihemqblv�

hilbfZevguc�j_amevlZl�� 

Ijbf_jgh�lZd`_�h[klhbl�k�]jZ\bf_ljbq_kdbfb

gZ[ex^_gbyfb��A^_kv�bkoh^gu_�^Zggu_�b�emggh-khe�

g_qgu_�\ZjbZpbb�\�h^ghc�jZaf_jghklb� L_f�g_�f_g__��

ihemq_ggZy�hklZlhqgZy�g_ijbeb\gZy�\ZjbZpby�k�hilb�

fZevguf�agZq_gb_f�D hkeh`g_gZ��jbk�����Z) ^ebggh�

i_jbh^ghc� ZghfZeb_c�� Ijbjh^Z ^ebgghi_jbh^ghc�

ihf_ob�e_]dh�h[tykgbfZ��H[jZlbfky�d jbk�����b��gZ�dh�

lhjhf ijb\_^_gu�]jZnbdb�gZ[ex^_gguo�agZq_gbc�Zl�

fhkn_jgh]h�^Z\e_gby�b�^g_\ghc�l_fi_jZlmju� Baf_�

g_gb_�^Z\e_gby �^bkdj_lbaZpby���qZk� ohjhrh�dhjj_�

ebjm_lky�k�baf_g_gb_f�g_ijbeb\ghc�imevkZpbb��jbk��

3, Z���M\_ebq_gb_�^Z\e_gby�\_^_l�d�m\_ebq_gbx� Zf�

ieblm^u� k_ckfbq_kdbo� dhe_[Zgbc� (khhl\_lkl\_ggh�

kbeu�ly`_klb��b�gZh[hjhl� 

 

 
Jbk�����KjZ\g_gb_�emggh-kheg_qguo�\ZjbZpbc�kbeu�ly`_klb�b�k_ckfbq_kdhc�aZibkb�gZ�h[k_j\Zlhjbb�FFC: Z ± k_ckfbq_kdZy�

aZibkv��b ± emggh-kheg_qgu_�\ZjbZpbb�kbeu�ly`_klb�c ± ]jZ^b_gl�emggh-kheg_qguo�\ZjbZpbc�kbeu�ly`_klb��d ± imevkZpby�kbeu�

ly`_klb� 

[Fig. 2. Comparison of lunar-solar variations of gravity and seismic recording at the FFC Observatory: a ± seismic recording; b t lunar-

solar variations of gravity; c ± gradient of lunar-solar variations of gravity; d ± pulsation of gravity.] 

 

 
Jbk���� KjZ\g_gb_�klZg^Zjlghc�h[jZ[hldb�b�f_lh^hf�hkj_^g_gby��h[k_j\Zlhjby�DFO): Z�±bkoh^gu_�gZ[ex^_gby��djb\Zy�1��b�̂ Zggu_�
ihke_�mq_lZ�emggh-kheg_qguo�\ZjbZpbc��djb\Zy�2), b ± baf_g_gb_�l_fi_jZlmju�\ha^moZ��djb\Zy�1��b�Zlfhkn_jgh]h�^Z\e_gby��djb\Zy�2), 

c ± hklZlhqgZy�ZghfZeby��imevkZpby���ihemq_ggZy�f_lh^hf�hkj_^g_gby�ih�^Zgguf�gZ�jbk�����Z �djb\Zy�1); d ± hklZlhqgZy�ZghfZeby��imev�

kZpby���ihemq_ggZy�f_lh^hf�hkj_^g_gby�ih�^Zgguf�gZ�jbk�����Z �djb\Zy�2).  
[Fig. 3. Comparison of standard processing and averaging method (BFO Observatory) a ±initial observations (curve 1) and data after 

accounting for lunar-solar variations (curve 2), b ± changes in air temperature (curve 1) and atmospheric pressure (curve 2), c ± residual 

anomaly (ripple) obtained by averaging data in figure 1, a (curve 1); d ± residual anomaly (ripple) obtained by averaging data in figure 1, a 

(curve 2).]  
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J_amevlZlu�b�h[km`^_gb_ 

K \ebygb_f l_fi_jZlmju gZ k_ckfbq_kdb_ dhe_[Z�

gby b ]jZ\bf_ljbq_kdb_ baf_j_gby ^_eh h[klhbl g_�

kdhevdh bgZq_�>7]. Ohly� _keb�\aylv�kj_^g_kmlhqgu_�ba�

f_g_gby�l_fi_jZlmju�\ha^moZ��lh�__�oh^�gZoh^blky�gZ�

^Zgghf�hlj_ad_�\j_f_gb�\�ijhlb\hnZa_�k�^Z\e_gb_f��<�

p_ehf�`_�wlh�ijZ\beh�ijhlb\hnZaghklb f_`^m kj_^g_�

kmlhqguf�oh^hf l_fi_jZlmju�b�^Z\e_gb_f�qZs_�\k_]h�

kh[ex^Z_lky��Kj_^g_kmlhqguc�oh^�l_fi_jZlmju�hij_�

^_ey_lky� fgh]hdbehf_ljh\hc� lhes_c� Zlfhkn_ju [7] 

>g_\gZy� l_fi_jZlmjZ� baf_gy_lky� \� rbjhdhf� ^bZiZ�

ahg_��gh�wlh�g_�\eby_l�gZ�baf_j_ggu_�agZq_gby��>_eh�\�

lhf�� qlh� l_fi_jZlmjZ� baf_jy_lky� gZ� ih\_joghklb�

A_feb�b�hljZ`Z_l�khklhygb_� lhevdh�ijba_fgh]h� kehy�

\ha^moZ��Qlh[u�m[jZlv�\ebygb_�^Z\e_gby�Zlfhkn_ju�b�

l_fi_jZlmju��\hkihevam_fky�f_lh^hf�hkj_^g_gby��lZd�

dZd�i_jbh^�baf_g_gby�f_l_hmkeh\bc� \�g_kdhevdh�jZa�

ij_\urZ_l�i_jbh^bqghklv�imevkZpbc�>7]� 

/ C:�;=�CËÊÏ:�; -�Ã CËÊÏ:�;�á
?á �(3), 

]^_ /�C:�; ±bkijZ\e_ggZy�hklZlhqgZy \ZjbZpby kbeu�

ly`_klb� aZ ^Z\e_gb_� b� l_fi_jZlmjm��Ã �CËÊÏ:�; F�á
?á  

kj_^g__�agZq_gb_ \ZjbZpbb gZ�bgl_j\Ze_�hkj_^g_gby��-

n,n���Bgl_j\Ze�hkj_^g_gby�khklZ\ey_l�g_kdhevdh�fbgml�

(5±�����:�gZ�jbk���� d ij_^klZ\e_gZ�lZdZy�`_�hklZlhqgZy 

\ZjbZpby kbeu�ly`_klb��dZd b�g�jbk�����c, \uqbke_ggZy�

k�ihfhsvx�f_lh^Z�g_ihkj_^kl\_ggh�ih�bkoh^guf�^Zg�

guf�� bkdexqZy� \k_� ijhf_`mlhqgu_� hi_jZpbb�� qlh�

gZfgh]h�h[e_]qZ_l�h[jZ[hldm�>8]. 

Ij_^klZ\e_ggu_� k_ckfbq_kdb_�imevkZpbb� �jbk�� ���

ih^l\_j`^Zxlky� ]jZ\bf_ljbq_kdbfb� imevkZpbyfb�

�jbk. 4) gZ� h[k_j\Zlhjbyo�BFO �R\Zjp\Zev^��=_jfZ�

gby��b :jlb��?dZl_jbg[mj]��Jhkkby���D kh`Ze_gbx��]jZ�

\bf_ljbq_kdb_�baf_j_gby�gZ�^jm]bo�h[k_j\Zlhjbyo�hl�

kmlkl\mxl�� Fh`gh� ^hihegbl_evgh� ijb\e_qv� ^Zggu_�

h[k_j\Zlhjbb� k�fukZ�Rmevp�\�Ijbfhjkdhf�djZ_ [9], 

dhlhjZy� jZkiheh`_gZ� gZ� ]jZgbp_� Lboh]h� hd_ZgZ� k�

:ab_c��jbk��5). <�ijb[j_`ghc�qZklb�imevkZpbb�\hagb�

dZxl�g_�lhevdh�aZ�kq_l�f_l_hjguo�ihlhdh\��ImevkZpbb�

aZ�kq_l�f_l_hjguo�ihlhdh\��jbk��5, Z��iheghklvx�kh\�

iZ^Zxl� k� k_ckfbq_kdbfb�imevkZpbyfb�gZ�jbk�� �. >h�

ihegbl_evgh�gZ (jbk��5, Z) \�gZqZe_�ihke_^g_c�^_dZ^u�

^_dZ[jy ijhy\ey_lky�imevkZpby��\ua\ZggZy�f_l_hmkeh�

\byfb� 21±���^_dZ[jy� \h�<eZ^b\hklhd_�r_e� kbevguc�

kg_]��ihju\u� \_ljZ�ij_\urZeb� ���f�k��[ueZ�hljbpZ�

l_evgZy�l_fi_jZlmjZ��dhlhjZy�q_j_a ^_gv�kf_gbeZkv�gZ�

iheh`bl_evgmx�^h����]jZ^mkh\ F_l_hjguo�ihlhdh\�\�

wlh�\j_fy�g_�[ueh��DklZlb��gZ�jbk��5, bijb\_^_gu�^Zg�

gu_� Zdk_e_jhf_ljZ�� dhlhju_� iheghklvx� ih\lhjyxl�

]jZ\bf_ljbq_kdmx�aZibkv��jbk��5, Z���:dk_e_jhf_lj�y\�

ey_lky�khklZ\ghc�qZklvx�ijbeb\gh]h� ]jZ\bf_ljZ��bk�

ihevam_fh]h�gZ�fuk_�RmevpZ� Fh`gh�ml\_j`^Zlv��qlh�

bkihevah\Zgb_� Zdk_e_jhf_ljZ� p_e_khh[jZagh� bkihev�

ah\Zlv�\�kbkl_f_�]jZ\bf_lj±\_ehkbf_lj� 

ImevkZpbb�k_ckfbq_kdh]h�ihey��kha^Z\Z_fu_�Zlfh�

kn_jgufb�rlhjfZfb�� mjZ]ZgZfb� b� l�^��fh]ml� \hagb�

dZlv�gZ�dhglbg_glZo�>�@��gh�hgb�ih�\j_f_gb�g_ijh^he�

`bl_evgu��>jm]h_�^_eh�ihy\e_gb_�imevkZpbc�\�ijb[-

          

Jbk�����KjZ\g_gb_�imevkZpbc�kbeu�ly`_klb�\�BFO (Z� b�:jlb�

(b�������]�� 

[Fig. 4. Comparison of gravity ripples in BFO (a) and Arti (b) 

2019.] 

 

 

 

Jbk�����KjZ\g_gb_�imevkZpbc�kbeu�ly`_klb��Z��b�k_ckfbq_�

kdh]h�ihey��b��\h�<eZ^b\hklhd_� 

[Fig. 5. Comparison of gravity ripples (a) and seismic field (b) in 

Vladivostok.] 
 

j_`guo�ahgZo�b�hd_ZgZo��A^_kv�kbeZ�ijbjh^guo�klbobc�

\�jZau�[hevr_��q_f�gZ�kmr_� 

Ijb\_^_f� ijbf_j� imevkZpbc� \� hldjulhf� hd_Zg_�

�jbk�� 6). K_ckfbq_kdb_� aZibkb� hlebqZxlky� ^jm]� hl�

^jm]Z��Bkoh^gu_�^Zggu_�ijb\h^ylky�k�^bkdj_lghklvx�

\���k��<�LZkfZgbb��jbk�����Z��gZ[ex^Z_lky�hq_gv�\ujZ�

abl_evgZy�imevkZpby��dhlhjZy�k\yaZgZ�k�kbevguf�\_l�

jhf� kh� kg_]hf� gZ�nhg_� iheh`bl_evghc� l_fi_jZlmju�

���� ]jZ^mkh\��:fieblm^Z� k_ckfbq_kdhc� imevkZpbb� \�

g_kdhevdh�jZa�ij_\urZ_l�Zfieblm^u�gZ�dhglbg_glZo�

�jbk�����  <�ih^h[guo� kemqZyo  \u^_eblv� imevkZpbx�
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Jbk�����OZjZdl_j imevkZpbc�k_ckfbq_kdh]h�ihey�\�hd_Zgkdbo�Zd\Zlhjbyo����± ���fZjlZ������]�� Z�± LZkfZgby��TAU); b ± hkljh\Z�

DZ[h�± <_j^_��SACV); c ± hkljh\Z�X`gZy�>`hj^`by��HOPE); d ± hkljh\�K\ylhc�?e_gu��SHEL). 
[Fig. 6. The Nature of seismic field pulsations in ocean waters on March 21±31, 2019: a ± Tasmania (TAU); b ± Cape Verde Islands 

(SACV); c ± South Georgia Islands (HOPE); d ± Saint Helena (SHEL).] 
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