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E6°

x R T LR

J -

18. 2. *"1812%&"4 . %<9Q91/ 1V, 5" y = fi | foF2 %" (1$* "%:"6#,513 5%— 1%+1:%5"%2:
1,2-<.8),+12,5"*$456, -*556,
3,4 —+,:($47%76 +%88, %" -$3 YS(<2) 1+18,8.%7 2%-,$! 1$%?7*$45%7 1%5%&9,+6

*:(2,,783, -$3 5*-,>5%1% %)+,-,$,513 .%<991/1,5"* p Yp-",+>,55%1% &, :%5562 1 &("%8562
TREDR/132, % TR >0 1E3=,1% % %%+-15*" @, "+,2(,"&3 "+,23, ),+,.+6"*0=,, 1%-%"%7 /!.$
1:2,+,517.
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32. - . / - 2 3/1 4ymF2

&I$( -18),+&1%556; &"%h7&"" 1%5%€9,+5%7 )$*:26 1+())%"*3 &.%+%&"4 <$,."+%2*151"56;
&UI5*$%", +*&)+%&"+*530=1;&3 " 5,7, )*-*," & )+12$1>,51,2 8*"%"6 &115*$%" . )$*:2,55%7
8*& %", — foF2. ?$1:1 <"%7 +,:%5*5&5%7 8*&%"6 "+,23 :*)*:-6'*513 &I15*$%", )*-*O=1I; 5*
1%5%89,+( ", +"1.*$45% IS )%- 5,.%"%+62 (1$%2 , -%&"11*," 300-1200 2.& 5,:*"1&12% %" %1%,
)+%1&;%-1" 15 )%$5%, "5("+,55,, %"+*>,51, IS1 %51 )+%;0%-3" 1%5%&9,+( 5*&."%:4.  +!
YHEUSN8,&.%7  *))+%.&12*/11 &$%U3 F2 1 UL+TD*$AE%2  )*- 511 Y+.23  *- 4> 1 -$3
"+*581%5%89,+56 ; 8*& %" fi %)+,-,$3,"&3 "6+*>,51,2 [10]:

-, — &4 8", "%, *IGY2UETT %' :5%8,513 ymF2 "+,23 *= +>.1 " 1U5UEO,+, 1 QW& *"$3,"
%" 100 -% 800 2.& :2,+33 A ti 5* +3-, YU&S$,-%"*", $456; 8*&"%", 2%>5% "%a&" *5%" 14 Ne(h)-)+%9 1$4
"_TR)*05 ) "GE%” £100 + 200 .2, %"&81"6"*3 %" "68H"6 2%.&12(2* hmF2. $3 )%"6#,513 "U85%8" !
U)+,-,$,513 ymF2 Y "V-( 8*& W SUT +1UT *— 4> (1)) V; >, $*" $45% %/, 514 %rSug 1" $45Y
&15;+%55% 1:$(8*,26; & 512! YISH -QUIS*GU".  +,23 %= +>.1 Yu$,-51; " 1%5%89,+,
808" *"$3," 5,8.%%4.% -, 83" %2 2.&

33. 5 / -6 374 . / /7 7/ / 8

V.&1+%"*55%, 1$! 2,-$,55% ),+,2,=*0=,,&3 "?2$I:1 *)%1,3 )%$%=>,5T, D%:"%$3, "
1:2,+3"4 1%5%89,+5%, )%1$%=,51, Li "+*5&1%5%&9,+56; &115*$%" fi Y% 1; *2)$1"(-5%-8*& %" 5%7
JRAFOTL AT R L $1815* )%I$%=,513 )+l <*%2 %/,51M*,%%3 R >, K0t 1M &TE%2
+1%2,"+18,&.%2 2, "%-, [11] )% &%%"5%#,5! O:

Li=101g (Ri) /(Ri) , -A,

1-, 5I>51, 15—, 86 « » I « » %"5%&3"&3 . 5%8562 ! -5,"562 (&$%"132, &%%"","&"",55%. @, "%- 5,
"+,2(," :5*513 *U$0*56; )*+*2,"+%" 1:$(8*0=,1% 1 )+!,25%1% &1&*,2 (".$08*3 *5*,55%-
9I-,+56, (&"+%7&""*).

4. # #

88,76 $(8,"6; +*,.UUH17 -$3 &VISFGU"  +r-10)+%E" 81"F5I3, )4 %-3=1; )("4 %
1,087/ 165*+5%1% % )%™, +;5%8" 1 1,281, "6)%$53$184 Y% %2?151+%"*55%2( Ne(h)-)+%91$0. %
"68%"6 2000 .2 :5%8,513 Ne(h) 2+*$184 1: 20—, $1 IRI [2] | -*$,, «&#1"*$184» & 2%-,$40 NeQuick
[12] "*., 8*%?6 . 36000 .2 .%5/,5"+*/13 <$,."+%5W" &;%-1$* . 5($0. +12,+ "*.%l%h -"(2,+5%-
5, %-5%+%-5%1% &,8,513 ~% "68%"6 1000 .2 )%.*:*5 5* +1& 3 -$3 1200 LT 09.07.2010 L., * **.>,
Y+1",-,56 )+12,+6 $(8,"6; "+*,."Uh+17 -$3 8% %" " 2$V:.07 %+, & 5%&" T 8*6"%"6 %'E,8.1 ()
&15", 149556 1%5%1+*22 (515141 8%8"%", 1:(8*,26; & +"* 1 )+1512% 26; 5+
-, 25%7 YU, +;5%8" 1 ~*55%7 "%8. ).

*48,"6 "6)U$53$184 & (8, %2 89,+185U&" Y 1U5%LD,+6 -$3 "US,. )+1,2%, +*6)%$%>,556;
"_U$4 2, +1-TX5* 0 4588 %3513 " 7000 .2 % <."RU* & #*1%2 500 2. 1-5%, 8% " &I$( &9, +185%&"

281, & (",$18,51,2 +*68 U353 U <."FUx U5 Mg, 2U$,, 14.+1"$30783 "1 2% &12(2* &$U3
F2, %" .$%53384 %" 2$1:.%7 . )+32%$15,75%7 (."*:1%)"18,8&.%7) "+*,. U+l 5% <"+ Y%8'1 5,
18)6°6"*0=,7 +,0+*. /11 B )+1"%-1" _ "%2(, 8"% & (", $18,51,2 +*8& %3513 %" <."*"Uf+* :5%8 513

"8, US4, )+, "BH0" $%.*$456, 15+8,513 8L U6 foF2 " "US.*; )+1,2% (+1& 4).  %'5%#,51,
K= [foF22,53,"83%" ~1 5% 51 1; #145"%; % 1,6-2,0 5* #1+%"*; ~50° 1 2%$, ,.
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A1 |
A\
| ’m\
5 =] H_—’“.m\“\ :
e = ———— —
T 3_/ Y -\
SEEER S i
= SN
ool S — L s T T W . w—— N ——
) . W W W WS W N
Q 1000 2000 3000 4000 5000 6000 7000
X, KM

18.3. +12,+6 -"(2,+5%-5, %h-5%+%-5%1% &, 8,513 Ne(h)-)+%91$,7
1$(8,"6; "+*,. 17

6 —_—

0 1000 2000 3000 4000 5000 6000 7000
X,

1&.4. *&;%>-,51, :5*8,517 foF2 | & (', $18,51,2 +*&" %3513 %" <. 04pt*

0 1000 2000 3000 4000 5000 6000 7000

1&. 5. *&8,"6 :5*8,517 foF2 ! )+ )US%>1",$456; "%:2(=,513; Ne

5*8, 1%"%+3, 1:%?+*>,51, 105%89,+6 " )*+*2,"+*; -, 9%+21+(, "&3 — %5% +*&*311"*,"&3 .
"68%. 12 #1+%™*2.  <"h7 &"3:1 )+, -&7*F"$38% 157, +,8 )+N&$,-174, F &.*16"*, 83 <"%" <99, .7 )+]
5*1811 _+()5%2*&#"*?56; 5,%-5%+%-5%&",7 1%5%89,+6. $3 *5*§1:* 1; "$13513 5* )+%;%>-,51,
"+*56105%89,+56 ; &115*$%" +*&)+,-,$,51, Ne "-%$4 -%$1%"6 *-*""*$%&4 " "1-, N = No(1+ ), 1-, No
— ?*:%"*3, 5,"%:2(=,55*3 8*& 4 <$, . "+%55%7 .%5/,5%+*/ 11, * -0%)%$51 ", $45%, "%:2(=,51, *-*,"¢3 "
oy -

— — 1)

*+*¥2,°+6 dN = + 25%, Lx = 500 .2, Lz = 100 .2 %&"*"*$18&4 Y%&"%35562, z, "6?1+*$%&4 5*
(+%"5, "6&%*6 2*.&12(2* &$%3, * xo 3"$3$N&4 ),+,2,55%7 ",$1815%7. ,:($4"*"6 +*&8,"%" !
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-5%8,513 41718, 8.1 8%&0" -$3 "+, 7 SFUHE" YEHR2 T+ (xo, 20): (0 -2, 325 .2): (2000 .2, 400 .2);
(4000 .2, 300 .2) )+1",~,56 5* +1¢. 5.
5*$011856, -*556, -$3 *,; >, :5*8,517 Lx 1 Lz, 5% dN= —25%, )+, -&"*"$,56 5* +1&. 6.

13 —

12 —

11 —

0 1000 2000 3000 4000 5000 6000 7000

1&. 6. *&8,76 :5*8,517 foF2 1 D+ %*+1/7*" $456; "%:2(=,513; Ne

JH(-5% "1-,%4, 8% *. )uSu>1",$456,, "*. 1 %T+1/*",$456, "%:2(=,5!3 )+!
5,%-5%+%-5%&"3; N, (.*:*556; 2*&#"*?%" %8, $!1"% )+%3"$30°&3 5* I; 5,"%:2(=,55%2 U5, -*>,
5% &+,-51; #1+%"*;, 1-, .%<9Q91/1,5" k :*2,"5% )+,"6#*," ,-151/(. 2,8, & ",2, 5,%-5%+%-5%&" !
2%8H ", &+*"'5126; & 2*H*?*21 ),+,2,=*0=1;&3 1U5%89,+56; "%h:2(=,517 ( ) &$*?%
&.*:6"*0"&3 5* )+U&"+*5&"",55%7 &"+(." (+, =F>0U BN #IHNTR; &R 2%2 -8, )+, 8T

M-, 142%518,8.%7 "%$56 -%$4 &, 1% &,8,513

Iy sU# % 1 & Sagh e (2)

& *1)18562 "h:2(=,51,2 5 = 10%, G = 250 .2 1 2*.&12(2%2 5* "6&%", 300 .2, .%5" (+6 )+%91$,7 fin
118926, "+, "UH1T YUS(BI2 " UI-, 418 7. +1 <02 §$,-(," %2," 174, 8% #V+%"567 ;%-
Y+*.T18,8.1 5, %rSIS* 83 %" T* Ul 1: +18.4. *2, "5k, "$1351, bh.*:6", " US4 % 5* %2$*8"4,
2)%$%>,55(0 Y- &) ("51.%2.

1000 \\
800 |
Sis 1\ \
Z 00 [ ([ H‘.\‘ B
“ -t 11
= e o e —
400 E 7 L\,\ m‘ ‘\“‘ |
S EEaMa S S -
SIN . I W L W W W
0 1000 2000 3000 4000 5000 6000 7000
X, km

18, 7. C14+%"567 ;%- $(8,"6; "+*, . "W+17  -$38$(8*3 "%:2(=,517 Ne(h)-)+%91$3 1: +1&. 3
), +,2,=*0=12183 1%5%89,+5621 "h:2(=,51321 & -$15%7 "%$56 250 .2 1 HNe = 10%
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X 12 WRHRU2, R L0456,  +%88,°6  )W.*:6™0%, 8%  2,%%-  25%1%8*& %" 5%1%
FEN) 408 BIFEIZ (@ ) )%:U$3,T %8S, >1RT4 1 (U, +,55% +, 118"+ )48 458" 55
5,%-50+%-5(0 &"+(." (+( 1%5%89,+6, 8-, +>*=(0 5,%-5%+U-5%&" ! & L0%+1:%5"*$45621 +*:2, ++21 4"
500 .2 1 "6#,, | "%:2(=,51321 <$, . "+US5H7 .%5/,5"+*/11 %" 250 1 "6#,.

5. % 9 (. - ") 9% 9

SR$1: +,%. /11 )48 +*58"" 55%7 &"+(."(+6  5* 5*$I81, " 1%5UEO,+, 5,%-5%+%-5%8",7 &
Yh$%>1",$45621 1 % +1/%* $45621 "h:2(=,51321 Ne )h.*:6"%,", 8% 2, "%h- (", +,55% +,118"+1+(,"
"h:2(=,513 & %'.$%5,51321 INe=£25%, 1h+1:%5"*$45621 +%:2 +%21 [x=1+500.2 !
"L R$A5621 Lz = 100 .2, 0", 4. ( Ui 2%>5UET T UGS NS, 513 )48 +¥58" ", 55%7 )*5%+*26

Y41 US4 ; WH1/* $456; "h:2(=,513; foF2 )+, -%& <" I$Y ~*556, 1U5H:%5-* 5°, +.0%82%&-19,
STHGT xH, LI&THIHNG " 2(=,513 foF2 5%- U2$*6"40 1%°0%"3=,1%83 +*:+(#1",$45%1% (@=7,3)
,2$,"+38,513 5% %& %", %"*3 15,3, 5% 12 $% 2,8"% 16.07.1980 1. " "%8., & .Wk+-15%"*21 Lat =
3,2° S, Long = 143,3° E [13].

* 418(5., 8 )HI",-,56 *+ 11ET+14"*556, %' $%5,513 .+1T18,6.0; 8%&'%T 4"
5,"0h:2(=,556; (&$%"17 &h1$*&5% 2%-,$1 IRI :* -"* -53 (14.07), :* -,54 (15.07) 1 8,+,: &(*.1 (17.07)
YhES, ©,28,7+38,513. *. .*. 2% QI2*$456, "%:2(=,513 foF2 ?6$1 *+,11&"+14%"*56 15.07, "%
FRRE2* 1RS84 )+ 1856, —*556, "5, #5,1% ", +" 1. *$45%1% %5-1+%"*513 12 550 * <"%" - 54 -$3
8™, "8 (0=, 1% +, 11%5* (2,&"5%, "+,23 5.30 LT) — +1&. 9* (foF2).

MHz

120 1256 130 136 140 145 56 Long

-0.3
-0.8
-1.3
-1.8

-2.3

-2.8

-3.3
-3.8
-4.3

10 115 120 125 130 135 140 145 150 15656 160 165 Long
- MONIOXeHWe 3INMUeHTpPa

29

16.8. *+"1+%"*51, :5%8,517 foF2 5*- :%5%7 :,2$,"+3&,51316.07.1980 1. " %"%7 "15,,
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k% 2 1*REBITG"FSIR4 (558,513 | U6, &N, T8RS 26 —*B5%2( )G ++58"", 55%2(
#48)+,-,$,510 foF2 — +1&. 9b () )+1 )+U&",81"*511 & 1 %&**/1%5*+5%1% &)(*51.*. ( *&8,"6
Y%= 15184 -$3 1:$(8*",$3, (&"*5U"$,55%1% 5%, +*&)USK>,55%2 5* -%$1%", 140° E). *$,,
+*4881°6"*$184 158,513 (foF2), ' () -$3 5,"%:2(=,556; (&$¥"17 &w1$*&5% 2%-,$! IRI.

(S4B 4788, 0" )+, -8 F"$,56, &A™, T8, 55%, " M-, (foF2), 1 (), 5* +1&(5.*; 9c ! 9d.
1-50, % 1 §$,-%"*$% %>1-*"4, 8% 2%-,$4 %8,54 -*$, .* %" + *$45%1% %)1&*513 1%5%89,+6 "
(.*:*5567 -,54 5%~ —*5562 +,1145%2. *.%5,/, 5* +1&. 9e (foF2) ' 9f () )%.*:*56 .%5"(+56,
*¥4'6 :5%8,517 1foF2 = (foF2) — (foF2), ' 1 =( )= ( o ,1.55"1-,"4, 8"% )+%&"+*58™" 556,
8 +(."(+6 LfoF2 1 1 )+*."18 8.1 8%")*-*0" —+(L & -+(1%2. B0 +,:($4"*"6 &"1-,",$48""(0" %
W2, 8 Y+, -$*1*,267 2, % &)UE%?,5 *-,." "5 "UE)+Hh:"%-1"4 HV+%"5%--%$1%"5(0 &"+(." (+(
foF2 *. " &)W.%756;, <. 1" "%h:2(=,556; (&$%"13; [14] )+! 5*$I8TT —U& *"U85% )$h"5H7 &," !
@.

2 2
75 8
, 75
1 1 7
6.5
6.5
6
6
55
55
5
5
-1 +° 1 45
4 4
3.5 35
-2 3 -2 3
100 110 120 130 140 150 160 170 100 110 120 130 140 150 160 170
a b

-2

100 110 120 130

140 150 160 170 ) 140 -
e f

18.9. B.&),+12,5"*$456, :5*8,513 foE 1 +*48,'56, :5*8,513
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6. * #

+(.U(+5%3 §;,2% 818,26, ".$08*0=*3 A @ ! &4 1: k @, )+!",-,5% 5* +1& 10 [15].
Yheh? %)+,-,$,513 3D +*8)+,-,$,513 <$,."+US5%7 U%5/,5"+*/11 %&(=,&""$3,"83 &$,-(0=12
U++:062, A+ %7 ), +,-*O=17 2%-($4 SU&™WIT Vi V% 0)USUESUI% (3-30 @ /) ),+,-*"81.* &
*5% B5%-O1-,+562 (&"+%78""%2 (), %+1,5"1+%"*5562 5* YU$3+5(0 %?$*&'4. :$(8,5!,
515D, +56 5 &1 15*SH" )+%18;%-1" &, *¥58*21 " 5-10 215 )% %2*5-, & 1, 2$1.

18 10. "+(."(+5*3&;,2* 5*:,25%-.%&218,&.%7 &18",26 « +."1.%»,
&%h-,+>*=*3%-15A @ 1&,"4!: @

@,-$,55%, 1:2,5,51, )U$%>,513 "68%.%<$$1)"18,8. %1%  5*- 1%+1:%5"%2 5, &%:-*," %e%?6;
Y42$,2 -$3 )+1,2% QIIS*GH" )40g" 8153, "x. k. _I*4*D2% 5X) 4R B5UET T £ 145 5h)%SE56 ]
S UFYRIUEE GUETFI$3, T + 60° %' L+ L. FST. B )% %$3," )+I512%"4 §115%$6, 1:$(8*,26,

A @, & PSAHE,T 846" T " ++ 11T 2,1 %2 "5l 1:2 5 513 (1$* 5* $U5* .

+1,2567 20-($4 "*.>, Q& %1" 111 *) )+, 250%1% (&' +%78"" I - 1¥)*Y5* 9) "G8I14-
$17,$45%1% %2)$, .&*, %), +*" 1"'5% %2+*2*" 6" 0=, 1% ) ,+"185(0 159%+2*/10. +1 <"%2 +*8881"6"*-
83 $%.*$4567 Ne(h)-)+%O1$4 "% 8,2 &'U$?, 145%89,+6 " *,.(=,2 &,*58, 1:2,+,517 1
),+,86$%,783 " &18",2( ), +,-*81 150%+2%/11 —+(112  @. +1 5*$1811 25%> &""* Ne(h)- )+%91-
$,7 VU589, +6, &)+ "%-126; " %"=, $456; @, %51 «&H1"0"83» " . *>-%2 —*5562 &, *5&, 1:-
2,+,517, %2+*:(3 3D &"+(."(+( Ne 5*- +,11%5%2 +*)%$%>,513 &,"1  @. ,:($4"*"6 U2+*7%" .1
~*556; &S, -"*" , $45%7 &, +11 1:2 + 517 Yh:"%$30" %"&$,>1"*"4 ~15%21 ( 1:2,581"%8" 1 +, .%5-
8" +(1+(, 27 %23, 25%7 .*+*6 Ne 1, *,2 8*262, +,11%5*$45(0 4D &"+(." (+( 1U5%89,+6 " —1*)*:%5,
"68%" 80-500 . 2.

& )+h/,-(+6 1:"$,8,513, %2+**.1 1 U422 5% -*55621 1:2 + 517 Q" +#*0"83
KRG 6N Dt K LRSI )RTHUSES* Q) /1RGIRTE K. %L <5 +1%)%'+, 28,51, )+!1,256;
20-($,7 2*$h, &%"+,2,556, )+1,256, *5°,556  --1*)*:05* 48 *"%85% %2)*."56, 5, 51.*%.1;
W+*518,517 5% "t 8'U26 (&*5F'$I™*'4 1; 5* $0?6; &"*/1W5*+56; %2J,."*;, ".$08*3
1,%01:08,8.1, 1 2" Wt%$%118,&. 1, %28, +™*" %11 * "% > 5% D5RI1; Y-"1>56; )$*"OU+2%;,
" $08*3 —+,79(0=1, YU$3+56, &"*5/11, $,-%.%$6, ?2(1 1 *.-.

7. * : "% * b !

B5,+1,"18,&.%3 )+%?$, 2% 1$*"5*3 -$3 &h:-*513 (&"%781"%7 &"3:1 5* "+*8&, "6&%.%*)%1,7567

— 283, 2,"%-, @ 5% +,#*,"838$,-(0=12 W2+*:h2. *. % )U$%>,51, "6&%.%*) %L, 75%1%

2,-$,55% 2,53,°83 5*- 1h+1:05°%2, 25%1%.+*"5%, (-$15,51, "+*&6 " &+*"5,511 & 5

J02),581+(, "83 "h: 2%>5%&"40: *) &(=,&"",55%1% &(>,513 YUSUEE )+1, 25%1% (& +h7&""* (=% ,-151/

18%",5 /), ?) 55.%)$,513 &II5*$U" — +¥2%"6 " +,>12 0)+ -, $3,2%2 -15*21 %7 1%5%89,+6, ...
~% 510 215,

“QE2UTHI2 B(UETIT,BABUL A )+*2, "+ = SIN . +*:$18562 O*. "Wt 2 1 #(2%"62
ERET HIRTE %2 b -6 +RE)HUE"HY5, 513 &IIB*GF M KUIGI2UETT BT )RH*2, T4 )+, -*0=,1% !
Y+1,25010% (&' +%78™" -$3 (&$%"17 (2,+,55%7 (W = 100) & foF2 = 8@ / ! "68%.%7 &%$5,85%7
X IMBRETT (W = 200) & f, = 12@ /. *68,"6 ",-("&3 -$3 8%&'W" 2$I:.1; . 1451/,
X 1) 40 +*B5%8" T, T, -$3 £, =85@ / 1 f, = 125@ /. +1 +%88,", Y0',5/1F$* +*- 106" +*886 1
F*RE2% 4,513 18.$08*$184 15-(&'+1%$456, #(26 ! HU2,;1 %' 2%=56; ",=*",$456;
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PR+, —*TBE 0" YhELUSA. ( )USIHE*3 U5* —U%&*'UBS5% -*$,.% (-*+,5*% %' 1(&"%5*&,$,556;
FLLNUET. )T, THE,2 RHIAET ) 1R)U$5,513 )+1,20-) +,-*0=,1% .%2)$, &% +*8E2*"+1"* 83
18)%$4: %51 ,:

1. 12)($4856; &115*$%" & 12) ($485%7 2%=5%E"40 1:$(8,513 ),+=1000 °;

2.),+,-*0=,7 *5" 556 " 1)* "U$5%"%7 -1)%$4 (G),+ = 2 -A);

3. #14h.0)USUESHT )+, 25%7 *5°,556 " )(5.", )+1,2* & .%<991/1,5'%2 (&!$,5!3
G)+=10-A" -1%)*:%5,3+30@ /;

1588, "% 18)USAN 56 *+'6 2% QI2*$A5N1% (+%"53 *"2%89,+56; Ih2,; ! .%8218,4.1;
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MFRT METHOD - THE BASIS FOR REMOTE MONITORING
THE IONOSPHERE OF THE RF POLAR ZONE IN OPERATIVE MODE

G. V. Givishvili

Alternative method of multi-frequency radio translucence of ionosphere with the use of geostationary or high-elliptic
satellites and the ground-based autonomous receiving modules is considered. It is shown that the method has a potential
to provide 3D current time cards of the ionosphere (with updating at rate of 5 — 10 min) in the height range of 80 —
500 km. Realization of the method, as supposed, may considerably improve the quality of operating control of the
ionosphere in the Arctic region of RF.

KEYWORDS: IONOSPHERE, METHOD, RADIO TRANSLUCENCE, SATELLITE, BOARD TRANSMITTER, SURFACE RECEIVER



