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2= lS…C!%мC%лS2,*, 2!еK= CSдг%23"=2, …е%K.Sд…S 
3! д%"S !Sше……  2= ƒ=KеƒCеч,2, _. ",*%…=…… . 
q= ме ц  -%!м= дS ль…%“2, bmg ƒм%›е “*%!%2,-
2, …="ч=ль…е …="=…2=›е……  ",*л=д=чS" ",шS" 
2= ƒ% !SG…23"=2, _. …= CSдг%2%"*3 …="ч=ль…%_ лS-
2е!=23!, дл  цSG_ *=2ег%!S_ “л3.=чS" 3 “,“2емS 
CS“л д,Cл%м…%_ %“"S2,.

y% “2%“3G2ь“  CSдг%2%"*, м=TS“2!S", 2% 232, …= 
…=ш C%гл д, 2!еK= 3 C!=*2,*3 _. …="ч=……  ""е“2, 
2е%!е2,ч…S *3!“, ƒ Cе"…,. !%ƒдSлS" м=2ем=2,*,, 
-Sƒ,*,,  *S “2%“3ю2ь“  _. м=LK32…ь%_ !%K%2, " 
…=3*%"%-д%“лSд…,. л=K%!=2%!S .. dл  “CецS лS“2S" 
ƒ K3!S……  “"е!дл%",…, ",д%K3"=……  …=-2, S г=ƒ3, 
_. 2!=…“C%!23"=……  "=!2% K ""е“2, …%"S *3!“, ƒ 
2е%!S_ C!3›…%“2,, Cл=“2,ч…%“2,, !е%л%гS_ “*л=д-
…,. “3“Cе…ƒSL, “CецS ль…S !%ƒдSл, ƒ гSд!="лS *,, 
2еCл%-Sƒ,*, 2%?%. Š32 "=!2% CSдSL2, д% …="ч=……  
м=TS“2!S" …= S…д,"Sд3=ль…SL %“…%"S.

b 3…S"е!“,2е2=. (=*=демS .) ƒ%“е!ед›е…% …=L-
KSльш C%23›…,L …=3*%",L C%2е…цS л. Š32 мS“-
2 2ь“  “CецS лSƒ%"=…S !=д, ƒ ƒ=.,“23 д,“е!2=цSL. 
aSльш3 ч=“2,…3 *=-ед! %ч%люю2ь д%*2%!, …=3*. 
o!%2е 3 K=г=2ь%. ",C=д*=. цеL …=3*%",L C%2е…цS л 
!е=лSƒ3G2ь“  л,ше 3 …=3*%",. “2=22 ., 3 *!=?%м3 
!=ƒS # м%…%г!=-S .. q2"%!е……  …%",. 2е.…%л%гSL, 
%Kл=д…=…… , …%!м=2,"…,. д%*3ме…2S" …е G ƒ="-
д=…… м 3…S"е!“,2е2S", K% цS !%K%2, …е -S…=…“3G 
г=л3ƒь. b%д…%ч=“ “=ме 3…S"е!“,2е2, м%›32ь “2=-
2, м%г32…Sм, ге…е!=2%!=м, …%",. 2е.…%л%гSL, =ле 
дл  ць%г% *%мC=…S_ де!›="…%_ ч, C!,"=2 …%_ -%!м, 
"л=“…%“2, м=ю2ь “2=",2, Cе!ед 3…S"е!“,2е2=м, 
*%… *!е2…S 2ем=2,ч…S ƒ="д=……  Sƒ "“2=…%"ле…,-
м, 2е!мS…=м, _. !%ƒ!%K*,, ƒ=KеƒCеч3"=2, -S…=…-
“3"=……  ц,. !%KS2, .%ч= K, " C%ч=2*%",. %K“ г=., 
= C%"…,L !%ƒ!=.3…%* ƒдSL“…ю"=2, C% ",*%…=……ю 

!%KS2. P цS !еƒ3ль2=2, C%",……S *%!елю"=2,“  ƒS 
“"S2%",м, д%“ г…е…… м, г=л3ƒS.

y%д% “=м%_ “,“2ем, *е!S"…,ц2"= bmg, 2%,  * 
"S д%м%, "C!%д%"› м=L›е “2= !%*S" (д% 1944 !.) !е*-
2%! kь"S"“ь*%_ C%лS2е.…S*, %K,!="“  л,ше …= !S*. 
gмS…= !е*2%!S" …е "Cл,"=л= …=  *S“2ь 3C!="лS……  
bmg. yе ƒ !=д …“ь*,. ч=“S" 3 *!=_…=.-“=2елS2=. 
qpqp (a%лг=!S_, o%ль?S, rг%!?,…S) !е*2%! %K,-
!="“  л,ше …= %д,… ч%2,!,!Sч…,L 2е!мS…, CS“л  
ч%г% L%г% ƒ=мS…ю"=" …%",L %K!=…ець bче…%_ !=д,. 
d% !ечS, 3 a!=ƒ,лS_ !е*2%!, ",?,. ƒ= “"S2%",м 
",мS!%м 3…S"е!“,2е2S" (ш2=23 pS% де f=…еL!% =K% 
j=2%л,ць*%г% 3…S"е!“,2е23 Sм. jе……едS) %K,!=ю2ь-
“  л,ше …= 2!,!Sч…,L 2е!мS…. P "Sд ць%г%  *S“2ь 
*е!S"…,ц2"= "ел,*,м, *%ле*2,"=м, …е “2!=›д=G.

m=ш= C!=*2,*=, *%л, !е*2%!, C!=цюю2ь C% 
10#20 !%*S" =K% L д%"ше, 3“C=д*%"=…= ƒ ч=“S" 
qpqp S K=ƒ3G2ь“  …= цSл*%м S…ш,. C!,…ц,C=., 
…S› 3 Cе!ед%",. *!=_…=. “"S23. b …=ш,. 3м%"=. 
"=!2% K …%!м=2,"…% %Kме›,2, %K!=……  !е*2%!S" 
…= %д,… =K% д"= 2е!мS…,. d% !ечS, !е*2%! (S C!%-
!е*2%!,) G ",*%…="цем !Sше……  "че…,. !=д, = …е 
_. *е!S"…,*%м. o%г%д›е……  *=…д,д=23! …= C%“=д3 
!е*2%!= ƒ lS…S“2е!“2"%м %“"S2, 2= *е!S"…,ц2"%м 
(це…2!=ль…,м ч, мS“це",м) …еC!,C3“2,ме. 0е C!е-
!%г=2,"= bче…%_ !=д,,  *= ƒ=ƒ",ч=L %K,!=G !е*2%-
!= …= %д,…#д"= 2е!мS…, C% 2!, =K% ч%2,!, !%*, 
*%›е….

b,?= ш*%л= " r*!=_…S ""SLшл= " …%"3 -=ƒ3, 
%2›е, …е "!=.%"3"=2, ƒмS… 3 !%ƒ",2*3 “3“CSль“2"= 
"›е …ем%›л,"%. m=д2% д!SK’ ƒ*%"S Kю!%*!=2,ч…S 
",м%г, lnmr …е м%›32ь ",!Sш,2, “*л=д…%г% 
",д3 дS ль…%“2, 3…S"е!“,2е2S" 3 …%",. 3м%"=..

p%м=… “pelPi)rj 

n“2=……Sм, де“ 2,лS22 м, !%ƒ",…3л,“ь …%"S ме-
2%д, =“2!%…%мSч…,. ",мS!ю"=…ь, *%2!S ",2S“…,л, 
*л=“,ч…S ме2%д, “C%“2е!е›е…ь S д=ю2ь м%›л,"S“2ь 
",!Sш3"=2, …,ƒ*3 ƒ=д=ч  ƒ =“2!%…%мS_, ге%деƒS_ 2= 
ге%д,…=мS*, …= ",?%м3 !S"…S 2%ч…%“2,. g%*!ем=, ƒ 
1 “Sч…  1988 !%*3 lS›…=!%д…= “л3›K= %Kе!2=……  
gемлS Cе!еLшл= …= …%"S ме2%д, “C%“2е!е›е…ь дл  
",ƒ…=че……  C=!=ме2!S" %Kе!2=……  gемлS # л=ƒе!-
…3 л%*=цSю ш23ч…,. “3C32…,*S" gемлS 2= lS“ ц , 
!=дS%S…2е!-е!%ме2!Sю …= …=дд%"г,. K=ƒ=.. k=ƒе!-
…= л%*=цS  “3C32…,*S" (kkq) # “ь%г%д…S %д…= ƒ 
",“%*%2%ч…,. ме2%д,* д%“лSд›е……  "л=“2,"%“2еL 
! д3 ге%д,…=мSч…,.  ",?.

o!,…ц,C дS_ kkq-“2=…цS_1 C%л г=G 3 2%м3, ?% 
*%!%2*,L “"S2л%",L SмC3ль“,  *,L ге…е!3G2ь“  л=-
ƒе! …,м Cе!ед="=чем, че!еƒ %C2,ч…3 “,“2ем3 C%-
2!=Cл G " 2еле“*%C,  *,L *%лSм3G л=ƒе!…,L C3ч%* 
S …=C!="л G L%г% …= л%*%"=…,L %K’G*2 (м=“," *32,-
*%",. "SдK,"=чS" …= “3C32…,*3 =K% lS“ цS) (Pл. 1). 

ËAÇÅPHI CÏÎCTÅPÅÆÅHHËAÇÅPHI CÏÎCTÅPÅÆÅHHß ØÒÓ ØÒÓ×H×HÈX ÈX 
CÓÏÓÒHÈKIÂ ÇÅMËI TA MICCÓÏÓÒHÈKIÂ ÇÅMËI TA MICßÖß

1 ̀ “2!%…%мSч…,L е…ц,*л%Cед,ч…,L “л%"…,* / g= ƒ=г=ль…%ю !ед=*цSGю P .  ` . jл,м,ш,…= 2= `. n. j%!“3…ь .# 
kь"S", 2003.# 548 “.

)=“2,…= SмC3ль“3 л=ƒе!=,  *= …=C!="л G2ь“  …= 
*%=*“S=ль…,L -%2%елеме…2, Cе!е2"%!юG2ь“  " 
еле*2!,ч…,L SмC3ль“ q2=!2. bSдK,2,L "Sд “3C32-
…,*= “"S2л%",L SмC3ль“,  *,L C!,Lм=G2ь“  2,м 
›е 2еле“*%C%м, че!еƒ "SдC%"Sд…3 %C2,ч…3 “,“2ем3 
…=д.%д,2ь 3 -%2%C!,Lм=ч, ?% Cе!е2"%!юG L%г% " 
еле*2!,ч…,L SмC3ль“ q2%C. o!, K=г=2%*!=2…%-
м3 C%"2%!е……S л=ƒе!…,. SмC3ль“S" 32"%!юG2ь“  
C%“лSд%"…S“2ь q2=!2 q2%C’%",. “,T…=лS",  *S 
Cе!ед=ю2ь“  …= *%мC’ю2е!…,L лSч,ль…,* C%дSL. 
r *%мC’ю2е!S C!%"%д,2ь“  ",дSле……  "SдK,2%г% 
л%*=цSL…%г% “,г…=л3 ƒ ш3м3, ",ƒ…=ч=G2ь“  ч=“ 
C%ш,!е……  л=ƒе!…%г% SмC3ль“3 д% цSлS 2= …=ƒ=д 
(л%*=цSL…е ƒ=CSƒ…е…… ), C!%"%д,2ь“  *%…2!%ль 2= 
3C!="лS……  “,“2ем=м, “2=…цS_, = 2=*%› !еG“2!=цS  
S…-%!м=цS_ C!% !еƒ3ль2=2, ",мS!ю"=…… . k%*=цSL…е 
ƒ=CSƒ…е……  C%м…%›е…е …= ш",д*S“2ь “"S2л= G м,2-
2G"%ю 2%C%це…2!,ч…%ю "Sд“2=……ю д% “3C32…,*=. 
Š= *S …е%K!%Kле…S д=…S kkq-“2=…цS  %Cе!=2,"…% 



„Â³ñíèê ÍÒØ”, ÷èñëî 44 43

5) д%“лSд›е……  е-е*2S" ƒ=г=ль…%_ 2е% !S_ "Sд-
…%“…%“2,, C%"’ ƒ=…,. Sƒ ",*!,"ле…… м C!%“ 2%!3#
ч=“3 C%Kл,ƒ3 gемлS2.

kkq …е %Kме›3G2ь“  м=*“,м=ль…%ю "Sд“2=……ю 
3 20000 *м дл  …="Sг=цSL…,. “3C32…,*S". o!%"%-
д 2ь“  2=*%› л=ƒе!…S “C%“2е!е›е……  lS“ ц , 2%K 2% 
"SдK,"=чS", ƒ=л,ше…,. мS“S м, ̀ C%л%… 2= k3…%.%д, 
= 2=*%› 3 2009 !%цS S “3C32…,*= lS“ ц  # *%“мSч-
…,L =C=!=2 LRO. g="д=……  kkq-“C%“2е!е›е…ь 
LRO # C!ец,ƒSL…% ",ƒ…=ч,2, %!KS2, “3C32…,-
*=. a%!2%"= “,“2ем= “3C32…,*= “*л=д=G2ь“  Sƒ 
C!,Lм=ль…%г% 2еле“*%C=, ?% ƒ=.%CлюG л=ƒе!…,L 
SмC3ль“ …=ƒем…%_ kkq-“2=…цS_, 2= %C2%"%л%*%……%г% 
*=Kел , ?% Cе!ед=G L%г% д% л=ƒе!…%г% ",“%2%мS!=. 
b›е "S… !еG“2!3G ч=“ C!,.%д3 л=ƒе!…%г% “,г…=л3, 

ƒ=C,“3G цю S…-%!м=цSю 2= Cе!ед=G __ 3 K%!2%"3 “,-
“2ем3 %K!%K*, д=…,. дл  ƒKе!е›е……  =K% Cе!ед=чS 
…= gемлю C% !=дS%ƒ"’ ƒ*3.

j%%!д,…=цSю дS ль…%“2, kkq-“2=…цSL, 3 2%м3 
ч,“лS ",ƒ…=че……  C!S%!,2е2S" л=ƒе!…%_ л%*=цS_ “3-
C32…,*S", ƒдSL“…юG lS›…=!%д…= “л3›K= л=ƒе!…%_ 
л%*=цS_ ш23ч…,. “3C32…,*S" gемлS (International 
Laser Ranging Service # ILRS3). n“2=……S !%*, 
.= !=*2е!,ƒ3ю2ь“  ƒ…=ч…,м CSд",?е…… м =*2,"-
…%“2, " !=м*=. ILRS. o!%2 г%м %“2=……S. *Sль*%. 
!%*S" ILRS CSд2!,м=л= 28 …%",. “3C32…,*%",. 
мS“SL, "*люч=юч, C=“,"…S ге%деƒ,ч…S (ге%д,…=мSч…S) 
ш23ч …S “3C32…,*,, …="Sг=цSL…S “3C32…,*,, 2е.…Sч…S 

мS“S_ 2= “3C32…,*, д,“2=…цSL…%г% ƒ%…-
д3"=……  gемлS.

r*!=_…“ь*= ме!е›= “2=…цSL л=-
ƒе! …%_ л%*=цS_ “3C32…,*S" ".%д,2ь 
д% “*л=д3 мS›…=!%д…%_ ме!е›S, 
 *= *%%!д,…3G2ь“  “л3›K%ю ILRS. 
dS ль…S“2ь 3*!=_…“ь*%_ ме!е›S kkq- 
“2=…цSL,  *= G “*л=д%"%ю …= цS% …=ль…%_ 
r*!ге%*%“м%ме!е›S, 3ƒг% д›3G2ь“  
r*!=_…“ь*,м це…2!%м ",ƒ …=че……  
C=!=ме2!S" %Kе!2=……  gем лS4.

d% __ “*л=д3 ".%д 2ь ч%2,!, 
“2=…цS_ л=ƒе!…%_ л%*=цS_: „c%л%“S_"#
j,_"œ, „kь"S"œ, „qSме_ƒœ, „j=цS "елSœ, 

Cе!ед=G 3 "SдC%"Sд…S це…2!,, де д=…S *%!е*23ю2ь 
C!,"еде……  д% це…2!= м=“ “3C32…,*=, "Cл," =2м%-
“ -е!, (",*!,"ле……  2= “C%"Sль…е……  C%ш,!е……  

“"S2л%"%г% “,г…=л3 " “е!ед%",?S) 2= S…. “* …=“лSд%*, 
ƒ= д=…,м, “C%“2е!е›е…ь K=г=2ьм= kkq-“2=…цS м, 
м%›…= %2!,м=2, ",“%*%2%ч…S C=!=ме2!, %!KS2, “3-
C32…,*=.

k=ƒе!…= л%*=цS  …= мSлSме2!%"%м3 !S" …S 2%ч-
…%“ 2, м%›л, "= л,ше дл  “3 C32 …,*S", %Kл=д…=…,. 
“Cе цS ль …,м, (*32,*%", м,) "Sд K,"=ч=м,, *%2!S 
ƒ= Kеƒ  Cеч3ю2ь "SдK,"=……  ƒ…=ч …%_ ч=“2,…, C=-
д=юч%г% л=ƒе!…%г% SмC3ль“3 3 ƒ"%!%2…%м3 …=C! м-
*3,  *%_ G д%“2=2…ь% дл  !еG“2!=цS_ C!,Lм=ч=м, 
",C!%мS…ю"=……  (Pл. 2).

bSдK,"=ч м=G -%!м3 ƒ!Sƒ=…%г% *32= *3K=, г!=…S 
 *%г% =люмS…%"=…S, C%"е!…32%г% ƒ!Sƒ%м д% “C%-
“2е!Sг=ч=. b,г%2%"л ю2ь "SдK,"=ч Sƒ Cл="ле…%г% 
*"=!ц3, C%*=ƒ…,* ƒ=л%мле……   *%г% n(532 = ג …м) = 
1.4607. Š=*,L "SдK,"=ч C%"е!2=G %C2,ч…,L SмC3ль“ 
3 ƒ"%!%2…ь%м3 …=C! м*3 C!, *32=. C=дS……  =› 
д% 700. ),м д=лS “3C32…,* "Sд “C%“2е!Sг=ч=, 2,м 
KSльш,L м=G K32, м=“," "SдK,"=чS" # …,ƒь*%-
%!KS2=ль…S ~ 1000 *м # 4#9 "SдK,"=чS", 3 2%L 
ч=“  * …="Sг=цSL…S ~ 20000 *м # *Sль*= “%2е…ь 
"SдK,"=чS".

oе!",……,м ƒ="д=…… м kkq G ",мS!ю"=……  2%C%-
це…2!,ч…%_ "Sд“2=…S д% “3C32…,*= ƒ мSлS ме2!%"%ю 
2%ч…S“2ю. 0е “"%Gю че!г%ю д=G м%› л,"S“2ь ",ƒ…=-
ч=2, C=!=ме2!, %!KS2, “3C32…,*= 2= ",!Sш3"=2, 
…,ƒ*3 …=3*%",. C!,*л=д…,. 2= -3…-
д=ме…2=ль…,. ƒ=д=ч:

1) ",ƒ…=че……  ге%це…2!,ч…%_ "Sд-
“2= …S д% “3C32…,*=;

2) *=лSK!3"=……  S 32%ч…е……  еле-
ме…2S" %!KS2 …,ƒь*%%!KS2=ль…,. “3-
C32 …,*S" (%Kл=д…=…,. C!,Lм=ч=м, 
“,“2ем, GPS);

3) ",ƒ…=че……  …=L…,›ч%г% “23Cе…  
S C%! д*3 *%е-SцSG…2S" T!="S2=цSL…%г% 
C%л , 3 2%м3 ч,“лS _. ч=“%"S ƒмS…,;

4) CSд2"е!д›е……  ƒ…=че…ь C=!=-
ме2!S" T!="S2= цSL…%г% C%л , %2!,м=…,. 
ƒ д%C%м%г%ю …%",. *%“ мSч…,. мS“SL;

2 Ciufol in i P . , Pavl is e . q . A confirmation of the general relativistie prediction of the Lense-Thirring effect // 
Nature.# 2004.# Vol. 431.# P. 958#960.

3 Pearln ian M. R . , Degnan J .  J .  and Bosworth J .  M. The International Laser Ranging Service // Advances 
in Space Research.# 2002.# Vol. 30.# N 2.# P. 135#143.

4 r*!ге%*%“м%ме!е›=. r*!=_…“ь*= ме!е›= “2=…цSL *%“мSч…%_ ге%деƒS_ 2= ге%д,…=мS*,.# j., 2005.# 60 “.

2. uSд C!%ме…S" че!еƒ 
"SдK,"=ч 

1. k=ƒе!…= л%*=цS  lS“ ц 

3. LRO # ш23ч…,L “3C32…,* lS“ ц  
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*%2!S S…2ег!%"=…S " lS›…=!%д…3 “л3›K3 л=ƒе!…%_ 
л%*=цS_ S Kе!32ь 3ч=“2ь 3 ",*%…=……S мS›…=!%д…,. 
…=3*%",. C!%г!=м. j!Sм 2%г%, " е*“Cе!,ме…2=ль…%-
м3 !е›,мS " r*!=_…S C!=цюю2ь ?е ч%2,!, л=-
ƒе!…%-л%*=цSL…S “2=…цS_: „r›г%!%дœ, „`лче"“ь*œ, 
„d3…=_"цSœ 2= „J"C=2%!S œ.

pеƒ3ль2=2, “C%“2е!е›е…ь “3C32…,*S", %2!, м=…S 
3*!=_…“ь*,м, kkq-“2=…цS м,, C3KлS *3ю2ь“  " 
P…2е! …е 2S …= “=L2=. мS› …= !%д…%_ “л3›K, ILRS 2= 
r*!= _…“ь*%_ ме!е›S r0ong c̀ n m`mr5. r*!ге%-
*%“м%ме!е›= Kе!е =*2,"…3 3ч=“2ь 3 "SдC%"Sд…,. 
мS› …=!%д…,. “л3›K=., 3 ",*%…=……S …=цS% …=ль…,. 
C!%г!=м Sƒ "“2=…%"ле……  “,“2ем *%%!д,…=2 2= 

“л3› K, ч=“3. pеƒ3ль2=2, !%K%2, 3*!=_…“ь*,. 
“2=… цSL =*2,"…% ",*%!,“2%"3ю2ь де!›="…S …=3*%"S 
%!г= …Sƒ=цS_, …=C!,*л=д, r*!=_…“ь*,L це…2! ",ƒ…=-
че……  C=!=ме2!S" %!SG…2=цS_ gемлS (r0ong), мS›-
…=!%д…S …=3*%"S %!г=…Sƒ=цS_ дл  “2"%!е……  "=›л,-
",. !Sше…ь ге%д,…=мSч…,. ƒ=д=ч.
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",C!%K%"3"=……  *%“мSч…,. ƒ=“%KS" m=цS%…=ль…%г% 
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