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ANOMALOUS VARIATION IN GPS TEC PRIOR TO THE 26 MAY 2013 BULUN G0 UR
EARTHQUAKE

H. E. Eshkuvatov*

Ynstitute of Nuclear Physics, Ulughbéldlugh Beg Astronomical Institute,
e-mail: husan@astrin.uz

We investigate the morphological characteristics of anomalous variations in Global Positioning
System Total Electron Content (GPS TEC) prior to the local earthquakes occurred in year 20&3 by
method of the statistical analysis using data of Kitab stafiith Geographic Latitude (N) 3908,
Longitude (E) 6653". To identify the anomalous values of TEC we calculate the differential TEC (dTEC)
which is obtained by subtracting monthly averaged diurnal vTEC from the values of observed vTEC at each
epoch of he day. This procedure removes normal diurnal variations of vTEC.

The results show anomalous

Kitab GPS station May 2013
T Rt s S 2 enhancements before the local earthquakes, for

In our preceding study [1] we produced
Time (DOY) Total Electron Content (TEC) time series
Fig.1. Vertical and Differential TEC variations Kitab for ~Tashkent and Kitab and applied them to detect
Bo'lung'ur, Uzbekistan M=5.7 EQ occurred on-B&y-2013  anomalous TEC signals preceding or
in comparison with the monthly mean. P character denote: accompanying the local earthquakes occurred in
precursorday. years 2006- 2012. For example, [2] also
reported a TEC decrease the day preceding the
December 2003, M6.6, San Simeon earthquake in the central California and [3] on 11 April 2012,an Ms8.6
earthquake struck the west coast of Northern Sumatra, Indonesia, (Geographic lat.02.311.N, Lon. 93.063.E,
depth 22.9 km) as a result of strgkp fauling within the oceanic lithosphere of the Iréastralia plate.
Earthquakes are [4] one of the most destructive and harmful natural disasters, especially in recent years, the
2008/5/12 Wenchuan M7.9 earthquake, the 2011/3/11 Tohoku M9.0 earthquake 28ti2H¢11 Sumatra
M8.6 earthquake have caused a significant impact to the human life.
On 26May-2013, at 11:08 (LT), the M = 5.7 Bulung'ur earthquake occurred in Uzbekistan. The
epicenter with Geographic Latitude (N)"82' and Longitude (E) 639' was loated in the territory of the

i EO
§ =1 i ] example, before strong earthquake of magnitude
£ 0| ] of 5.7 occurred on 26 May 2013 near the north
E ,, ’W\ AWMN\AM\/\ east of Samarkand, Uzbekistan. Anomalies are
U R N R occurred 34 days before the local ¢agquakes
_"'n' 3713913514014 1421431441451 4614 1451491501 511521 53154155156 and we regard them as an ionospheric

SRlBSBERE = HE R ‘ electromagnetic precursors. The present results
g 1 R i are in good agreement with the previous
S ' VJAM Ww observations on ionospheric  earthquake
g-‘ ' : 1 precursors reported by various researchers.

" ! i i "
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Bulung'ur district of Samarkand region at the distance less than one hundred kms from the GPS station
operating in Kitab. Earthquake was not deep and had a local character. This favorable setting allowed us to
test the capabtly of the GPS system to detect the ionospheric perturbations produced by a moderate size

earthquakeHigh magnitude local earthquake have ionospheric precursors (the sample result is shown in Fig.

1).
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IONOSPHERIC EARTHQUA KE PRECURSORS OBSERMED USING TASHKENT AND
KITAB GPS STATIONS DATA

H.E. Eshkuvatov'? Y.A. Tillayev®

!Institute of Nuclear Physics, UlughbélJlugh Beg Astronomical Institute
e-mail: husan@astrin.uzyusuf@astrin.uz

Anomalous variations of ionospheric toeé¢ctron content (TEC) a few days before local earthquakes
can be regarded as a precursory signdlks.analyze data from two GPS stations operating in Tashkent and
Kitab for the possible earthquake ionospheric precur$@eshave studied GPS derived TEGtdrbances
related to the earthquakes which occurred in and around Uzbekistan h2@0D&ears from two GNSS
stations located in Tashkent and Kitdthe obtained results have revealed a fine agreement with the TEC
anomalies observed during the strongleguakes and we demonstrate the capabilities of the GPS technique
to detect ionospheric perturbations caused by a local earthquake.

The Global Navigation Satellite System (GNSS) data can be used to measure the ionospheric TEC, the
technique has receivemlr attention as a potential tool to detect ionospheric perturbations related to the
earthquakes. We have studied TEC disturbances which occurred 2@00&round Uzbekistan using two
Uzbekistan GNSS stations located in Tashkent and Kitab.

TEC is a frguently used quantity in ionospheric science. Since the number of electrons approximately
equals to the number of positive ions, the TEC represents a suitable parameter for the degree of ionization.
The TEC is defined as the integral over the electronityedistribution Ne along a defined path s:

TEC=fiN.ds. (@H)

Since N, is a volumetric density and TEC is defined by the integral over a path, the TEC can be
thought as the total number oketrons that is contained in a volume with a cross section area being equal to
1 nf and length being equal to the path length. The common unit used for measuring the TEC is called Total
Electron Content unit (TECU) and 1 TECU is equivalent t& ®8n?. Depending on local time, Solar
activity, geomagnetic conditions, region of the Earth, etc., the vTEC can vary from about 1 to 180 TECU.

We have analyzed GPS derived TEC disturbances from two GPS stations located in Tashkent
and Kitab, for possibl earthquake ionospheric precursors from year 2006 to year 2010 which occurred
mostly in and around Uzbekistan in seismically active zones. We study TEC anomalies in the light of the
earthquakes that occurred within 1000 km from the observing statiwimg) dhe period of observation. We
produce TEC time series over both sites and apply them to detect anomalous TEC signals accompanying the
earthquakes.

To identify the anomalous values of TEC we calculated differential TEC (dTEC). dTEC is obtained by
subiracting 15 days backward running mean of vTEC from the values of observed VTEC at each epoch. It
removes normal variations in TEC. A thorough analysis of the data shows abnormal variations in TEC in the
form of enhancements. For a detail study ofdata, we have calculated dTEC values for all the months and
examined the anomalous TEC variations before the earthquakes (the sample results are shown in Fig. 1 and
Fig. 2).

The results show anomalous enhancements which odcurddys before the earthquesk The
obtained results have revealed a fine agreement with the TEC anomalies observed during the strong
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earthquake in Tashkent and we demonstrate the capabilities of the GPS technique to detect ionospheric
perturbations caused by a local earthquake. GR& based TEC measurements have been discussed in a
number of recent papers as ionospheric precursors correlated with the earthgéhkes [1

Concluding the Tashkent and Kitab GPS data analysis for years 2006 we can state that
ionospheric data in-Ryer obtained on ground based navigation stations in Tashkent and Kitab are used for
analysis of earthquake precursors. In general the anomalies occtbreldy® before the earthquakes as
precursors. The similar anomalies were detected in Kitab GPS stdtioh is at the distance of about 350
kms from the epicentre.

M/\f W\ J\J\ \/\J \J J\
; ww__ T W

Fig.1. Tashkent station TEC and DTEC data for the 6.5 M Kyrgyzstan EQ occurred in October 5, 2008

il||! T ’
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Fig.2. Kitab station TEC and DTEC data for the 6.5 M Kyrgyzstan EQ occurred in Octol@d&, 2
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[ dzv  Mmtej Hdzj ydo @hdlf ARG dBPpdisisg 10 MielssCdze so)dolzézy - HE .
fizls Tkl Etshe= 30 Hdzj 2. [dzv  dLdsj tej dedW dz@o j H j dzdats? G
COMBHO,] S Istots d3j ICANBERRSE &3 s dzOM j dzdz’ 2 G jtoBOdzdjo’ o8 HjlsjCls
5Bl j WsldR OOd Midsdzj 66 j sduj MSdd3 wOL tgjded ddfpp108 310 8C 1Sl (5 @

1t {2 &jbBH]S) ftetejh dsfls: dLdBjtejddy shdase dzr
sftejHjdzjddy Btd hddhlse® 1 dzj di3j dzlstse OBdets e s dad Y 4
ZO2Hjdats MBHjtey Oded 27 &dddyy mSHiRdz { digjjdgjbodls HoQls F 1§ I
OQdzOdzd L ts9 .
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[ i HEdz0 cisdpitizDe j &1 6o wOdzjdEiEof L qSjt dzd ui MSsets d dzfisd s
tjLbkd 5O’ OdzOdzdL © d MteOo dzj ZRYS d = ( ) Hdzbies Y dB il st s B O dz

hetkls)
- RUS . RUS

¢ dzj dgj ( UZB KAZ 5o gy § @ &) UZB | KAZ | —pr e
Ag 0.037 | 0.029 La 0.019 | 0.025
Au 0.0034 | 0.0048 Mg 1320 | 1260 | 1080 | 1140
Ba 2.9 10 Mn 39 47 | 38 | 37
Br 0.53 3.6 Mo 0.99 | 0.79 | 0,24 | 0,42
Ca 470 580 | 540 | 620 Na 68 68 | 80 | 80
Cl 490 450 | 290 | 300 Ni <10 | 3.7 |0,428]/0,216
Co 0.025 | 0.042 | 0,054]| 0,0054] Rb 1.1 | 14
Cr 0.27 0.21 0,055| Sb | 0.0 | 0.012
Cs <0.005 | <0.005 Sc | 0.0062] 0.0042
Cu 2.1 24 | 47 | 53 Se | 0.073 | <0.01| 0,29
Fe 63 52 | 54 | 53 Sr 15 11 | 1,93 | 2,03
Hf <0.001 | 0.0049 Th | <0.005| 0.0087
Hg <0.005 | <0.005 Zn 22 31 | 27,9 281
K 4400 | 3300 | 3370| 3250

vtcOQodzdIlsj dz' dzr 2 OdzOdzdL HOdzder = fBBLOBAYjIs MdzjHEE M J

1. [ ilkbH R1 ¢ HBftdddlsj d ds BJ M i uude -Gy lBu, BrOdzdz J
Ba, Cr, S¢ Sb Rb, La, Cs Hg, Hf, Th, s Bdtd&tedyj MeE s2 tesdzd CBIstster A
HsMIsOIs sy dzts .

2. 1jdgite MmjtlsdW dydtelzj di3" ~ ZriTozSuzAldzB, 5 |, § d3j € Sister j
ftoddgj dv j &3¥ i3 d2ORBd o OttdOdalstsds R OO of oW dBlze dzj st
dzj sBrtsHdBs M sdz! L so Ols-¥ Juirng i B Oty Bkls so W H | tc dzls

3. utMmisOer &j Misde®2 §d j fatftfuts to I dste & jJdzCaAgiife HdzMn, dzj d3j «
Mo, Na, Rb,Cl,Cs Cu,La,Hgeo ftcjHj d&ZOR 20% fsctejhdetsisd fteOCIsdyJ f

4.1 0d]) IsdzOv tcOL ddyO® (BtSdZjj 20%) o € tdzy] AelsBs,OYyd W
Ba, Co, K, Sb, Sc, Zn, Ni.

5.tdLEzd IsOIs" 6 IsEaSHY, i, Srids dzd @O C O&OYJIsj dz' dzts.
tojLEzdz IsOlIsT i & Moz d Jd&Yf tcSrddeddh) s ddznw i) totc Is @ 6
fsetcj N desmisd OdzOdzd L O, dzts sls HOdzdz = diff 5 Of) s By dzdg ss@zij &
dzO 8 0 %.

1 0B ttOLtOBBISOd BIjIsSHdECO RGO HAEY ftcj HJ dzj dzd W
Mg dz MCtsaLWwW2Mmlse jdedgr 7 S kdzt sktcOR (9 Itsdz ydmdzyj o '
Bj IstsH O, sMmdzso Odzdz 2 dz0 P igdfs i @i L Qesotduiddrts cWsH | eldyOri 2fc Olisfitpldc
Ry " IsOdedj BjlssHdSd hmih jMsodzjdz fklsy @3 MtcOo dzj dzd W
(smf), ftoddwlstsects ots ofpjds dBdtcj o COyYjMmlseoj MisOdzH Otcl
stcd &34 Misdzr 7 MEdEsd® W fjodgd ssc» MstelsO, 5 C(Slssesiz +
ftoj HMlsOQoa dzw s Isfypw o h j .

v ved mev | LSIFENCE fSTECU
pLisls | 4 jdzse| gLk |4 jdse gusls | ajdse gLk |t
211 12,02 228 13,00 0,46 153 017 | 098
{jLbkd 5O, fdbyjdd | Hobdw &jlssHOB], MEof OHC

%. lwdu & ¢¢11 BBiMfjudeOjls dzzyh kz¥ MrreddeE 4 6m |
 fOf OLtsdz dqL d3j tej dzgdw MtsH j oy Odedv OL 5ls @O tizls dz8 tc j B dz1 @
LdzOyjdedWvds Bj dzC O o L jtedaj. 1 tsetejh desfyls! wsftejHjdzj dadW
fsetey " detsfyls d sBh jfteddaw stse s 9 Bdteso 52 ftcOCIsd ¢ | n
dmMf sdzr L tso OdzO Hdzv s toj H J dzjLdgdtedztBej (A d2f o ts Bilfg &£ risds tsQelz d2! 19t
[ dlsj tOIskztcO
ILAatOdasOMm: joO [ . 1. 1j2btesdedz” 2 OSIsdeo Oydsdzdz 2 Od2@dzdL o
2011.
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RYUVY[1R[ [Rst[@GAUdAd vfuouvdld nymswsfft sf] r1roves 1]
l1Rud L RC o 1TtRIfA1RLBBOBLI VS (Voo P el 111
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[ dzv sftejHjdzjddy MoMsOea O ftesHEZSCIstse fdlsOdedy (9o Is
ftod dgj dv s lsfw  tOL dzd ydz' § d3j IstsHd L qOudgAiRddLj O . 33 figrtsoriEOf, ® ety
o0 dgr 3d ftod tojh jdedd ftesBdzj dB3' SftcjHjdzj dedw dR.Ctetst dzj
ddzj HEzjls wldijlsdls’ , Yysts o tojcdzOBj dzZlsdtekzs h drn HEBEC kB d
®q S tetsi dzj d3j dzls O .

Ajdz2 deOMmlstswh j2 tcOBBIls’ LdEydzsfiPszO Mf tc o d3 jdde,zdedj vdzddfdzfplst
dzj 2 stc®Uddatpo Oyd sdzdetsé s OdzgOdzdL © (R1 O ¢9) HdzW tsyjdeCd Ml
Mcclstse di3f stelsdtelzj d3r = 111 HOdedz dF6f 5 HBf EfMisd d3r &3 ¢ 5da

[ dzv ftetso jHjdedY OdzOdzdL tso BtcOdzg d istBdc OH Y 'Is fry) O Ezdf tis tc I d L
HEINZ - L j todzgts 0 OV -diistetiasQsizOgvts € Oh € O  Cd B FeaZd)ls;0d2f)dzts  ¢fd u s ¢
Bts dzts ydzOw g M HdzW Hjlkj?2 lIs 0 HEts 6 d&jMwvyjoe; 3) .
sdzsd [RYUVGYoiMwd j - st BhyRremuthh dzj 2 ; BB jzsydzOv ¢ Oh O f
YJ tedetsmdzd o ts 3.

[BGOL Y" BOMME?2 50 (o]l Ef OCtsear o Odzqd ) ROt dtot
] SsHEBIstso dzj dzgdz" § tSBKGOL YT fsHo jtccOdzd R ¢ ¢, d MmtsHj oy C
R1 0. 1 COyjmbej dMmlstsy dzfCipdite]iplstais dzttoo Oiplzdl tvisits Stttk 26
#f RCA ¢1 tor. 1t d3j dzdzlede td4 N GRS )B Odid YA dzdz(§ © L Od
s fjtedsHtse §HErEONEEH O (R & ©OHJsRES dJHss, B &
CteslsC ) dipezD @ Relhdd) Stefgl 0 B3 dz; B) [ dzv  fyte Jupddj frplzolsiXhdd) -
tseml5tsgg, 10 MElC; o) 1 d2v Tk i B ArHEL2 MEzlsE e d
dzOo j H j dedets?2 OCIsdo desfylsd tsE QLS Usticats difj BB BRRAcERY tOHED 'Qj0 &30
Cjte3Oddjo’ &5 HilsjCltisd fiy= 1R 6%t Hasdds jodzj de'dd3j 6 id fEBE@ L to
(S fts -cffdafffo 1330 G4, 10 MfjCltesdzj Istcj] tBteOBSISE C
f tc ts ¢ tc GENYE 2000.

[ ilbH fLotdzddz EMlsOdse dIs@ d dy tsifndz O dzls @ d3 {f (tsls @6 dz.~ I )dzd

I dHdets, ylsts dzy(rf sdsEief).jAs, Cq Se Sr, Hg, SbtsB dzOtslzy d o O Isfyw  dzd
SBtOL YyoOn. 1 02Hjdets MsHjtey Odedd L dz2Oydlsg dz' dzse sMgyd mdzO©
CaFezZnd Hts.

O dzOdzdL tjLbd Oy Ho SEYSHJEEsd (5 SBLOL YO
fMtsH j toy Oded W ~nd BB ud MSdna L dzj d3j dzlstso ) teOL dzd ydz' ~ 11}
fMtsH j oy Odedj] BOCGdedwY dORtsHdlMw o dJdasjteco Odzj SCtdayj dalstc O
Tdkste® 35, NiS5d80 QL OwddiECdOBE BE ) sl Ists SBEMdtse dzj dzts fts
M sdz’ L so Odzgdzr 7 HdW fedetslssodjddy 1r). stk ktd
fsCOLOdts, ybts OS] wOMftwjHjdjddj o ndddujmcds Mt
o L ORifjdd tls tojedtsdzd dr ftosttOmisOddw, MtMisOo O fsyo-’

g Issycd Lwjddw ftedetsHdetsMmisd 1711 HdzWv ff slstej B dzj dzd"
toJ G dzOd3d dals dz" d3d H Odzdz’ o3( .
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[ i HE dz0 tetsazitizPe j &) 6o wO-dp im0 L 6_SjER dzd Uj MS sets  d dzfls d s

vsOBd&ZdYyO 1

HtSHjtey Odedj HBStetst dzj d3gj dzlsse & HilbMmEdna
md dsd yg fi RIMMdzPHztizd | tsBtoOL yr 1711
' dzd & 1 2 3 4 5
Mg 578 638 947 2210 310
Cl 4650 1940 2860 9190 144
Mn 8.0 0.51 1.6 22 6.0
Na 3070 1930 1800 6590 54.6
K 6350 4820 7120 1820 870
Mo 0.32 0.27 0.38 1.0 0.57
Au 0.0033 0.0021 0.0017 0.0028 0.0033
Br 7.9 4.0 8.5 1.6 0.18
Ca 6100 3990 6040 <100 160
Sm <0.001 <0.001 <0.001 <0.001 0.0035
As <0.01 <0.01 <0.01 <0.01 0.086
La <0.01 <0.01 <0.01 <0.01 0.014
Se <0.1 0.16 0.11 <0.1 <0.1
Hg <0.001 <0.001 0.0093 <0.001 <0.001
Cr 0.29 0.24 0.23 0.50 0.26
Hf 0.016 <0.01 <0.01 <001 <0.01
Sr 10.5 8.5 <1.0 <1.0 <1.0
Ag <0.01 0.041 <0.01 0.014 0.036
Cs 0.026 <0.01 0.020 <0.01 <0.01
Sc 0.0049 0.0045 0.0043 0.0034 0.0043
Rb 6.7 3.1 10.2 2.6 0.25
Fe 117 74.9 90.4 31.4 97.6
Zn 45.1 38.1 38.9 10.0 11.3
Co 0.021 0.012 0.017 0.011 0.010
Eu 0.0033 0.0034 0.0042 0.036 <0.001
Sh 0.018 0.018 <0.01 <0.01 <0.01
v OB d&Zd YO 2
dtcOQodzj dzdj toj e dzOd3j dzlsdz" = HOdzdzr = (1) M Sy jtcd dzgj dzls ©

dZzO tshdetseo j L jtodetso 52

[ € 4 Na K Ca Mg Fe
td1SS It d|lCS|td|CSEMt TSIt J|CCH

d

9

Bz < d

ms| - 193 |50 [482|20 |399 |30 [63.8/1.3]|74,9
mw ]| - 659 | 180|182 |56 | <100]110]|221 [1.5)|3.14

l dHdes, vyl MtsedzOmMdy dhiddlsmw Issd ¢ fts5 COdzdE,
tojLEzdz IsOIsr HBMIsOlssydzts Md dz' dztso dfisEfEtfALO 81 sy digds) didtg] GIBO ¢
Yybsts o MmMmlsOe dhMmdzj Hise Odadz" = 1 1} 9 ¢ dzs yJ dz d Htekze
cfddzzlsC 0é Ctotsdzy toMmMwdz » ~dzsf' jo HBBOodzj dzO o dh daw .

I sftesBlzjdd MtcOoadedls! 1+ CMf jteddzj dzelsOdz? dz" | tej L zdz IsOL
mMdz@wy §sltejBdzj dzgdw 1000 ¢ 111 o MmMEkSd). 1 ©OBddYJ 3

1 dHdets, Yls s ) Bisdz' h ddzMmlise J dMmidzj Hiso Odzdz = 5B 6 (
toj CBd3] dzgH 59 Odzdets?2 MElstsydes?2 (s J B dztsfyls’ s 9 dBJCtotst o
HOdzdsg B dzd yr MmdzjHizjls, ylst tjtsq’dzq’dz,o Bz MEzlstsyddze HBL

vO0Cddy tsBtOL 543, BB sBH R1 OO dMtsd LsoOdz Hdzw dL
dzi Sslsste’' 7 fsHeEff ftoHEZCIsBSe HJjlMEters fdlsOddw. |
d3d St dzj d3j dzlsts o . tdLEzd sOIsT MicOo dzj dz’ fl tj ¢ dzOd3j dzls dz'
Yd zso j O o9 dBdCtetst dzj o3 dzelsOr. 1 s5COL Odets, ybsts dMmmdzd H s
ofmj Az B S tetst dzj dzj dzls desdsz MEsMisOo 2.
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[ 4 HEdOisdatizDwe | &) 6o WO-dzjdisigOd'L dECitss dzd  J dififldsoeldsz IO
v OB dzdyo 3
dstcOodzj ded i + S MY J tod dzjsdels @ydzmdzisds Ydzs2 2 dzsls®I$ B dets s+ & yJ dzts
B/ €6
mddizd yd mM€dj ¢4 Co Fe | Mn Mo Zn
g lzlstsydzOw  tsl§0.1-:0.2| 1520| 56 | 0.2-0.3 | 10-12
0.021 | 117 | 80 | 0.32 | 451
0.012 | 749 | 051| 0.27 | 381
0.017 | 904 | 1.6 | 0.38 | 389
0.011| 314 | 22 | 0.10 | 100
0.010 | 976 | 6 0.57 | 113
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ASYMPTOTIC NORMALIZA TION COEFFICIENTS AN D THEIR NUCLEAR -
ASTROPHYSICAL APPLIC ATION

R. Yarmukhamedov andO. R. Tojiboev
Institute of Nuclear Physs, Uzbekistan Academy of Sciences

A reliable estimation of rates of different nuclear astrophysical processes responsible for the light
element abundance via thg-chain and the CNO cycle is one of most important problems of modern
nuclear astrophysic# solution of this problem is in turn impossible without obtain eatow energy cross
s e ¢t i@&)(cs equiivalently the astrophysicafactorsSA(E)) for these reactions, whekeis the relative
kinetic energy of colliding particles.

One of the possible solutions of this problem is based on the idea that owitignigp Soulomb
repulsion of colliding particlesa(andA) and rather low value of the binding energy of the captured particles
(f or examp |-particle)pat siellan energies thedamplitude of the direct caplare)B reaction of
astrophysical irgrest proceeds through the tail of the overlap integral for the niBlieuthe binary A+a)-
channel, and, hence, is completely determined by the Coulomb interaction, binding energy and the respective
asymptotic normalization coefficient (ANC) fane nudeusB in the binary(A+a )-channel (or denoted by
A+a- B everywhere below).

In the present review workkhe basicmodernmethods of determination &ANCs for the overlap
integral for the nucleuB in the binary(A+a )-channel of astrophysical interesegpresentede.g., see
review [1] in detail and references thereiHgre, he results of the application of the specific asymptotic
normalization coefficients both for the extrapolation of the astrophySi€attors to solar energy regions
(E¢ 25 keV, ircluding E=0) and for the calculations of the rates at stellar temperatures for some specific
radiative capturé\(a,o)B reactions of th@p-chain and the CNO cycle are presented and discussed.

For example, in [2,3] the AN@alues for'Be+p- °B, U #He - 'Be(g.s.JandU #He - 'Be(E*=0.429
MeV) were obtained from the analysis of the nuckstrophysicalBe (p,2) ®B and®*He (Uo) ‘Bereactions,
which are one of the main links in tig-chain of solar hydrogen burning and their rates determine how
much the’Be and ®B branches of theéhe pp-chain contribute to solar hydrogen burning. Note that the
aforementioned AN&@alues aren a good agreement with those obtained independently from the analysis of
the peripheralBe(d,n)®B, *2C(d,°Li)®Be and **C(®He,B€)®Be reactions.The obtained ANGralues, which
really determine the absolute normalization of the direct astrophySitadtors for the aforementioned
reactions at solar energies [4], includikgrO, were used for the extrapolation of the experimental

47



http://base.garant.ru/12160959/5/
http://www.znaytovar.ru/new557.html

[ d ) HEdOisdetizpw j di e vO-dpjdipOfL dicjtss dzd uj MEse s ddzmisd

astrophysicab factors,S;7(E) and Si3(E), in the pointE=0. The result of this extrapolation led to the values
of S/ 0) =R.BeVhIR]ands;( 0) =0. 61 3N0. 045 keV b [ 3]. These
data for a correct estimation of the neutrino flux [5].

Reference

1.R. Yarmukhamedov and Q. |. Tursunmahatov. Universe Evolution: Astrophysics and Nuclear Astrophysics
(NOVA,USA), to be published (2013).

2.S. B. Ilgamov and R. Yarmukhamedov. Phys.At.Nucl. 71(2008)1740.

3. Q. I. Tursunmahatov and R. Yarmukhamedov. Phys.Rev. C85(2012)045807.

4. S. B. Igamov and R. Yarmukhamedov. Nucl.Phys.A781(2007)247.

5.J. N. Bahcall et al. Astrops. J.1256(1969)559.

PARTICLE MOTION AROU ND HORAVA -LIFSHITZ BLACK HOLE

A. Hakimov'“and S. ShaymatoV
'Ulugh Begh Astronomical InstitutBnstitute of Nuclear Physics

Recentl vy, Petr HoSava s u digdetseonea graity with alynandcald i d a

critical exponentequal to z= 3 in the UV (ultraviolet). This thegris a nonrelativistic powerounting
renormalizable theorin four dimensions, which admits the Lifshitz scadeariancein time and space that
reduces tgenemlielativity atilargd® scales [1,2Here we will study the particle motion around
bl ack hole i mmersed external a s y dhifshitotheore al | 'y uni f

The static and spherical symmetric spacetime metrfic t he bl ack hol e -with
Lifshitz gravitytakes form (see e.g3])

ds? = —e??(dt? + 24 dr? + r2d0? + r?sin?6de? (1)

where the metric functiongg and A depend on the radial coordinatenly.We consider the Kehagias and
Sfetsoss asymptotically flat solution [4], given by

e2?() = ¢7240) = 1 + wr? — \[r(w?r? + 4oM) 2
The 4vedor potentiald , of the electromagnetic field will take a form [5]:
. . . T 3M?
AU_AI_AZ_OAS_ZBT S1I 6(1"‘10@?4 (3)

The orthonormal components of the electromagnetic fields measured by fixed observer with-the four
velocity componentéu®) ., = exp(—¢@) {1,0,0,0}; (ug) ops = —exp(¢) {1,0,0,0} are given

expressions
([ 3M% )
B’:B(1+ coso )
1owr~_J‘°5

BE — e*()p (1 sM7 ) sin 8(9)

10w r*
which depend on the lapse function of the metric (1). In the limit of flat spacetime, i@rfor> ooand
2M/r Y 0, expressions (4) (5) gives )
lim 2 o0 201 /r—0 B'=Bcos 8 (6)

im 2 Lo 201 /r—0 Bf=Bsin@ (7

As expected, expressions {6]7) coincides with the solutions for the homogeneous magnetic field in
the Newtonian spacetime.lt is very important to study in detail the motion of charged particles around a
bl ack h o l-lgfshitzgravityanSheensetn a uniform magnetic field given by-vector potential (3)
with the aim to find astrophysical evidence for the existence of KS paraméfershall study the motion of
the charged test par ti-ldfshigzgravy usingthd Habtibnalacdbi equatiore i n

as as
0* (5 +ed,) (25 + ed,) = —m? ®)
wheree and m are the charge and the mass of a test particle, respectively.tSindgi are the Killing
variables one can write the action in the form
S=Et + Lo+ Syg(r,0) )

where the conserved quantitiesand L are the energy and the angular momentum of a test particle at
infinity. Substituting it into equation (8) one can get the equation for inseparable part of the action
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[ i HEdOtsdeWzpPe j d&if o vO-drjdisof L d&Cjtss dzd y 4 dEfiflssfeldsz I9fO
Co2 L 2A(r) o2 4 ,-2(r) (95r8 2, 1 OSrey 2 ek 2 2 2
m = —e#Mg2 4 o200 P8 2, L ey 2y 2 ppy o2y g g S nzg) 210)
One can easilyseparate variables in this equation in the equatorial plhnelz and obtain the
equation for radial motion
dr
(E)z =£2 — Verr(L,7,€6,w) (11)
wheresis the proper time along the trajectory of a particle and
L r
Verp (£7,6,0) = [1+ wr? — \[r(@?r + 40l Hir+Gy + a0l + 11 (12)

where the dimensionless parametee= wM?is introduced. ldre we have changedly &/mandC Y L/m .

The effective potential besides the energy, the angular momentum, the KS pasaaretahe radius of the
motion also depends on the dimensionless paranetereBM /m which characterizes the relative
influence of a uniform magnetic field on the motion of the charged particles. In Fig. 1 the radial dependence
of the effective potential of the radial motion of the charged particle around black hole for the different
values of the dimensionless paraméider= wM? and magnetic parameteare shown.

0.95F |/ |
]

L=
(¥ ]

2 3 4 2 & L 8 2 3 4 5 6 7 &
/M r/M
Fig. 1. Radial dependence of the effective potential of the radial motion of the charged particle around black hole
immersed in a uniform magnetic field in fdo alLifshitz gravity.
In the left graph the effective potential of the radial motion of the charged particle around black hole
has been shown for the different values of the dimensionless parathetiee values of the momentum

L/mM= 4.3 andthe magnetic paramete= 0.03 are fixed. For comparison we have also plotted this
dependence in the case of the Schwarzschild black hole, correspondii¥rio In the right graph the
effective potential of the radial motion ofetlcharged particle around black hole has been shown for the
different values of the the magnetic paramederthe values of the momentubymM= 4.3 and the
dimensionless paramet&i= 1 are fixed.

In order to find solution for the IST radius ofr;scp We assume that the external magnetic field is
absent.The expression (11) can now be written as

d L2
(é) 2 =f(nN=E% — [1+ wr? — Jr(ewr?+ 4oM))(z+1) (13)
Using the equation (13) and the condition of occurrence of circular difjts: 0, f K§j) = 0, one can

easily find expressions for ener§and angular momentum &fa circular orbit of radiusc, which are given

as
M- (Z-1)w
e =1+ 22 1 —rPeE - 1) (14)
M-wr¥(z-1)
Lz =7’ IM—1E (15)

where notatiorf = (1 + %)“2 has been used. For the &g circular orbits the expression for angular

momentum (15) of the test particle requires, in particular, tBat3M O0. Consequently, one can easily
find minimum radius for circular orbitis = 1y, /M :
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fme= 1 2331 2.3 (16)
243 cos[g arc cos(— TZ)]’ 0=~

whereA= (4@* — 27©%)1/2 . The obtained equation (16) is the original one.

As it was expected in the limiting case wh@r> 1, i.e. when metric (1) coincides with the well
known Schwarzschild metric, one can easily obtain the known resumifomal radius of circular orbits
around the Schwarzschild black holefgs = 3.

The minimum radius for a stable circular orbit will occur at point of inflexion of the funtfiror in
other words where the supplement conditit{rs=fij) = 0

with the relationfNjiNJO O are satisfied. The numerical results for the values of ISCO radii for the
different values of the paramet@in the case cé000.5 are given in the table | (the second line). From the

results oe can easily get in the limit of Schwarzschild spacetimié — oo the standard value for ISCO

radius asscp= 6M.

Table 1
The innermost stable circular orbits around black hole and the critic values of the momentum of the particles
fallingdown to the central black holei H o gLifshitz gravity.

05 1 ) 4 6 ~ 10 12

———— 5. 23655 5.60305 5.54024 5.92193 5.04834 5.0614 506015 50740

Cs 14.77 15.454 15.7395 15.8725 15.915¢ 15,9369 15.9496 15.9581

Constraints for the KS parameter from the Solar system tests were found666 {33.1)

x1072¢ ¢m~2.The similar constraints for the paramates 1.25 - 10725 em™2 have been found from the

guantum interference effect©ne can easily compare the obtained numerical results with observational data
for ISCO radius for some candidates of rotating black holes. One can obtain the lower value for the

parameter am =~ 3.6 - 1072* cm 2.

Reference
1.P.H o S aJWEP 03, 020 (2009).
2.P.H 0 SaaPhys. Rev. D 79, 084008 (2009).
3.R. A. Konoplya, Phys. Lett. B 679, 499 (2009).
4. A. Kehagias and K. Sfetsos, Phys. Lett. B678, 123(2009).
5. A.Abdujabbarov,B. Ahmedov,and A. Hakimov Phys Rev D 83, 044053 (2011).

IMAGE OF ROTATING KE RR-LIKE BLACK HOLE

Atamurotov F.Sh. and Toshmatov B.A.
Institute of Nuclear Physic

Being apparently the simplest geometric theorgrakitation, in Einsteins general relativity, a number
of fundamentaproblems regarding the nature of singularities, @smrgy and dark mattemea quantization
of gravitationalinteractions is appearing. To solve the mentioned problé&msyists are forced to use
alternative theories of gravityRecently a number of works has been devoted to the siugptentially
observable processes aroundismas nonKerr black holes 1]. Therefore, a unified description of analagfs
the Schwarzschild and Kerr solutions in various theasfegravity would be most useful for testing the
alternativedo general relativity. Such a model was suggestedomanisen and Psalti®], who considered
deviations fromthe Schwarzschild and Kerr solutions and found a regpacetime outside the event
horizon, which reduces to th&err one, when the deformation parameters vanish.Johannsen and Psaltis
metric is nota vacuum solution othe Einstein equations but is obtained in a kind of perturbatasein
order to include various possible deviations fritve Kerr solution in alternative theories of gravity

Here we will study massless particles motion in the iticiof a black hole of mads! in the presence
of deformation parameter described by the sp@oe metric ([2]):

5C




[ X HEdOkisditizpDe | & 6o v0djdigofL it dzd y J defildsislastz 19O

2
2My gehyarz+—S G ey qge
S D+a‘hsin“g

ds? =- (1-
1)

. 2 2/2 in2
-—4"’"\"?” 9 1+n)drdt+sin?g(s?+ 25 +28'\2’")5” 9 1+ h)dF

3
D =% & 2Mr, S % &cos’g, h(r,g)= el\:—: (2)

Here a is angular momentum per total mass of black Hdlend is the U deformation parameter.
Adopting the celestial coordinates is very convenient to describe the image(shadow) [3]:

a=lim(- rozsinzqo%) ©)
fo- r
, dg

b=Ilimr?=—= 4
o= dr “

since here an observer far away from the black hole is consiggred , g, is the angular coordinate of

the observer, i.e. the inclination angle between the rotation axis of the black hole and the line of sight of the
observer.

Q0 o , V|
/l
2 W\ 4 2r
2 ) / )
/ /
N\ / \.
—4 N e -4 S
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-6 1 -6F
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@ a
.
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—‘6 —‘4 —‘Z [] ‘2 Jt ; _‘s -‘4 —‘z 0 ‘2 j4 ‘6
Fig. 1. Silhouette of thenageghadowy cast by a notKerr black hole situated at the origiof coordinates with
inclinationa n g | &2, lthvirg a rotation parameterand a deformation parametér

Upper row, left:a/M =045 , & 0 (solid line), -5 (dashed line), and (:-10 (dasheetotted line).
Upper row, righta/M =0.5, 3:0 (solid line), &&-5 (dashed line), ant:-10 (dasheedotted line). Lower row,
left: a/M =0.55, (:0 (solid line), 5 (dashed line), antE10 (dasheedotted line). Lowerow, right: a/M
=0.6 , -0 (solid line), &5 (dashed line), anti=10 (dasheedotted line). The shadv corresponds to each
curve and the region inside it.
Fig.1 Silhouette of the image(shadow) cast by black hole situated at the origin of coordinates with

inclination angleg,= " / t#aving a black hole angular momentuav0.5 and for the different value of
deformation parametdl We have analyzed how the shadow of the black halésisrted by the presence of

the deformation parameterWe have shown that with increasing deformation parantgtae radius bthe
image(shadow of the black holelecreasd4].
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Reference
1.T. Johannsen and D. Psaltis, Astrophys. J. 716, 187 (2010)
2.T. Johannsen and D. Psaltis, Phys. Rev. D 83, 124015(2011)
3.S. E. Vazquez and E. P. Esteban, Nuovo Cimento Soc. Ital. Fis. 11980€88).
4. Atamurotov F. S., Abdujabbarov A. A., Ahmedov B. J., Phys. Rev. D 88, 062Q0D3).

SPIN DOWN OF ROTATIN G COMPACT MAGNETIZED STARS

J. RayimbayeV and B.A. Toshmatov
YUlugh Begh Astronomical Instituté|nstitute of Nuclear Physics

Neutron $ars provide a natural laboratory to study extremely dense matter. In the interiors of such
stars, the density can reach up to several times the nuclear saturation d@ﬁsmyLGfrn'3. At such high
densities quarks could be squeezed outuafaons to form quark matter. It has been suggested that strange
quark matter that consists of comparable numbers of u, d, and s quarks may be the stable ground state o
normal quark matter.

Here we will be concerned with the possibility to distinguishtoa star from the strange star from
the spin down of pulsar.

Assume that the oblique rotating magnetized star is observed as radio pulsar through magnetic dipole
radiation. Then the luminosity of the relativistic star in the case of a purely dipoilatioadand the power
radiated in the form of dipolar electromagnetic radiation, is given by [1]

em 6c3 ¢ 1)
where tilde denotes the general relativistic value of the corresponding quantity, subsagnotesthe
value of the corresponding quantity at=R and c¢ is the inclination angle between magnetic and
rotational axes. In this report we will use the spacetime of slowly rotating relativistic star which in a
coordinate systenft,r,q, /) has the following form:
d= €O dt €O df RAd? rsin®gd 7 2 (-wrisin? dig (2
where metric functionsF (r) and L (r) are completely known for outside of the star and given as:
2M
=01 -"—") & (3)
r
w=2J/r*, J=1(M,R) Vis the total angular momentum of the star with total mélssand moment of
inertia 1 (M ,R)W is the angular velocity of theast
The equivalent Newtonian expression for the rate of electromagnetic energy loss through dipolar
radiation [2]
WLR°B?
(Lem) Newt:R6—3B)S|n2 ¢ (4)
C

it is easy to realize that the general relativistic corrections emerging in expression (1) are due thartly to
magnetic field amplification at the stellar surface

1 n 3
BoBR 4 s R M My )
B, 2m 8M R r
and partly to the increase in the effective rotational angular velocity produced by the gravitational redshift
R-2M, r
r) = R = — 6

Expression (1) could be used to investigate the rotational evolution of magnetized neutron stars with
predominant dipolar magnetic field anchored in the crust which converts its rotational energy into
electromagnetic radiation.

Following the simple arguments proposed more than forty years ago [3], it is possible to relate the

electromagnetic energy lods,, directly to the loss of rotational kinetic enerfy,, defined as
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where r is the stellar energy density and factpiis defined as follow

du b’fll/z

g=[ 9ol &

d u=dx / dt is the three veloty of conducting medlum defined by [1], , is the components of the

spacetime metric (2), Greek indices run from 0 to 3, Latin indices from 1 to 3, and hatted qL(en‘\tﬁbes
are defined in the orthonormahkfne carried by the static observers in the stellar interior. One can introduce
the general relativistic moment of the inertia of the star as [1],[4]:

= d x\fge 'rrtsin®g (8)
whose Newtonian limit gives the weédhown expression] = (I")Newt =§—)MR2 the energy budget is then

readily written as

¢ = E(ii'vv?):-l_em ©)
ExpreSS|on (9) can also be written in a more usef.
the periodP and its time derivate #= dP/ dt. Using expression (1) and (9), it is not difficult to show that
f2
(P'#)ss R ss(_) NS" S(PF)# (10)

Also in this case |t is not dn‘ﬁcult to realize that general relativistic corrections will be introduced
through the amplificédn of the magnetic field and of the stellar angular velocity, as well as of the stellar
moment of inertia.For a given compact star, the effects of general relativity on electromagnetic luminosity
can be characterized only by the single compactness paraetR which is different for the neutron and
strange star. Let us mention so called canonical neutron star model used by many authors. This artificial

model does not imply any specific EOS, but just assumes the typical valbdsanl R: M =14M

R =10 km. Using the data for the mass, the radius, the moment of inertia of neutron stars and strange stars
from the recent paper [5] we have calculated the ratio of spin down of neutron star to one of the strange star
on the base of formula (10) for the compact stars of the different masses. Results are summarized in the
Table 1 from where one can see that the gastar is spinning down approximately 5 times faster than that

of the neutron star. According to the astrophysical observations the majority of pulsars have the periods of 1

s and period derivatives df0 *® to 10 ™. Since period derivatives are in the range of about two orders one
may conclude that the neutron stars have less period derivative with compare to the strange stars.
Table 1
The dependence of the raiﬁﬁ’I#)SS/( PF)*f\,Sfrom the differenparameters of the compact object: mass (in
units of solar mass), radii and moment of inertia of the Streifiye, | ;) and Neutron(R, I stars.
Data for strange and neutron stars are obtained from the recent papef.by [5

(plﬁ)ss/( pF)#'f\IS 4,34463 4.53723 5.1094 6.16863

M /M 1.2 1.3 1.4 1.5

R, kir 7.48 7.62 7.69 7.68

Ry, km 11.75 11.72 11.7 11.68

l.,® 10° gm cnf 0.65 0.74 0.825 0.9

.2 10° gm cn? 1.08 1.2 1.36 1.72
Reference

1. Rezzolla, L., Ahmedov, B.J.: Mon. Not. R. Astron. Soc. 352, 1161 (2004)
2. Landau, L.D., Lifshitz, E.M.: The Classical Theory of Fields, 4th edn..
3. Oxford, Pergamon Press (1987)
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svtuvsvut ¢ wuvzrgusfrulrsvit ¢ RV RWsersuvt [Idrt duf
CLIT4RR 1 lumCysmiyRe rl I ltwiftenc/ R Mmoo 10t r ¢
gR1LJruv1{f wJeulC1RR

o [. vOhfEdkOltse,

RCA ¢1 tuvr., wvOhCjdzs, vuvLBjCdMmlsOdg,

E-mail: sadullatashpulato@yandexru, toshpul@inp.uz

] ZOMmistswh jj oty &3Ww B H j dz MOBBOtGHO WwWodw jlsfqpw s
Bdetsc ts1 dzj Clstetsdedz » BSH Jdzd 2 B sOdzdzO [ 1] . J HAdZOK BlsBd |
HdzZw M jStc® d etdzdsesr 7 WEdEyd?2 CttdmhlsOdzdzo, sftdmr o
ftcj HMlsOoadzw jIs Btsdz 82 ddesjtejm  tsdzzyd dzd j ssydz - toj
dL zyd d&zO My jCiste d o Bdzdztso T j WikdC yqddodigaffiyls j &3 d fiH @O
GO dz! stsded Odzsds mOB B OtcH O.

1 ZOMmistswh j2 tOBBIs] ttOMMdB3Otcds Oj smw o st totsifyr s
s H j dzd , o C(bttets?2 d&O tjhjlk¢j towodwjlsmw f§teddzj M+ .
mMd Misj d3c d alzj frjidzts 2 B H j dzd MmOB B OtH O md dzc dzj Is dzts 3z s fr]
mMh jMmse j dedese s M j Cstc® d §sdzEyojlsmw dadydaww d o] te
M jSIstcO 1 Ists?2 MmMdMmilsj d3r . 1 OMSsdzr €8 d2Od3 L o j Mis dats, ISOQ
1Od3dd1f08d5dm(?_fr]fr]d3®lst6d904d3ts? mMdMmisd &3 dd&zddls odH
H = Aaamg mg+Baa:n,gam+tg+Uaa a, 8 68ne ¥ (A - A)aaOgaOg

m,g.t
1)
(B, - B)a(ao;,al +a ,8,,)+Uy-U)a;_a,_a;.a,,

G‘HA(A))-idZJtGG‘dW Ldzj Chtetsdz0 o 18] &b dzv to Bes(B)-( f delsf jisg th @zt
fjtc] sMORZO &fHCscb " tdscts (foddj Mdses) kL &0 &0 fef
B>0,7- 90 jClstste Bdzdy 02N j &t jipsfisifpvO , i) ek djie s o0z j Y & B dzc
U,)- { OOk lste CkdsdsomMCtsets oL OddsHj2Msady HokR 1 dz

g- My ddetser 2 ~ddkM) § w00 a,, hsslse jIsflse j dzdzs, fjLOstE tofs
L dzj Clstetsdn® Z8, by gz Puse sL dzOyj dzr fntstslsscjlsfr]ls;—aqj-%dzts, L dzO .

LOBd dz sdzef Q&Misblzjls o Odasdfddsdsi sted EFME s ABCsof
1 Mgl 0 0C g 2 o j ClststE™s 1 if ez kit B delg sz j M tsls 5w dzd ©

Mstske jlsMisokzjls MosBHMGEREZ @otdjh ¢ | He 8 L ©dakS is joslgds
Coltstets] ftcdoasHW IS BBtGOLtsaOdzq’J Mow L Odzdzgr = MsMmistsW dzd 2

Snn = —=(@ a, -a a’
"= . Vo

) SHY esf)ls B dfffssotds 0 § Ishlso ¥ h j Bz fd dac dzj Is dzts dslze fipjsls &
9 j Clstyiosbyo= J f(mn)s,,, fI 1™ dHT-fsshseOdhlss s fd Bk sted

qu,(z"32").

v t5tej B3O et ls tc O dFf) Ischase Ote d Odzls dats tEfzSHIEHE WO dz2f 1) . |
H~§:H/E§SWadeJlsan ScteOdd Uj dede’ &5 MOBEMESYT tewy j dede’ o5 54 j toC
MOBsMEsf oWy j A2 HEF NEOBEEI2 o IFREHS 6 ik dzj

(H;f)(p:a) =2A4 f(pa)+BA[f(p+¢; q)+f(p,q+z‘)]+Ua oa F(PO)+

p.q p.a.t

54



mailto:sadullatashpulatov@yandex.ru
mailto:toshpul@inp.uz

[ § 2 HEdOctisdelizpPw | daff) 6o WO jdigOd'L qiCjtss dzd y J dEfifldsielasz I9{O
ad (@, +d,)f(pa)+e, & @, f(t;q) +d, f(p;t)+d,, f(0,0)+d,, f(p0)+
p.q

p.q.f

(2) )
+ e3a dp,Odq,O f (p’ q)!

p.q

CHE, - Mddobdz stz PO Is MzdBBdtse Oddj 5 & @YY 02" dd
e=A-A 6=B,-B, 6=U,-U. v0d sHjd®lasipiEitwj 2Msokjls 5 ¥t
Hsy = (H3 )(p:0)S,,,.

1 EmMB: o] SBOL 50 GAAf(Z" 3ZB)e ! Lp(T"3T") E,, ¢ v - 7- Bj oz 2
stste, MdzOBY j dzdz’ 2 (dzstc Rdéthg @z j ets? [ jBj 6O

vjttej BOl P BOL 59 Odzd j Azt j f JHSJ o S H & tc O dad ts|ff fladat
MOBsMEY vy | ddzHD tSisjissdd@iso z s o Ebtst st ©uaRlsdj

(I—~|§f)(/;n) :[2An+28é ((cos/; +cosm)f(/;m+U pf (s;/ + m- s)ds+ ¢ 3

i=1 T"

*[Af (s mds+{f (/;1)dt] +2¢,[ ﬁé cos/, +coss | f (s, mds+
7 b T7 i=l

+ ﬁé cosm +cost; ] f (/;t)dt] + &; Aif (s t)dsdt

77 0=l T

3)

RLo jMisdats, ybt M jSkOod dj fMot2Mkso O ©f jOststed !
BsHjdzd mOBBOtHO 9o fddze dzj Is dzets Bz Is ig @ dizds dz™ dgff & o ts3 finldzis © dge
Ldzjtecdd BHS: dzj Ctetsdzdz & Mdflsj 3 o ftod dgj Mdes?2 BsH j dzd
IsCtsd des ftedd3j e 7 Misfistswdd?2 ©f jcOlstste® 1 dzjtecdd st
MOBBOKGHO. | OdBddz stsded @dgHidMB i 3" OS] d&jjls

| ddz Bjtelstse 15 tjtstsﬁqlsts@dzfnlsats,ym@s(m)m;z/lg,sssmmzomﬁmjsmtg‘rte

p

E,.

vttt O OENE a0 Odzs dzts shdsmdlsj dz dats 4§ j Olst
wodzw j sy ¢ te O dadiug dadg dlizr 2f) O digfinjsts O'ls s 16 s 3. [z Gy H
MOBEMEY Wy § dzdzHR H ST fj) D sied 2 o |28 ktnts s ¢j

(H.F)(p) = A4 f(p)+BaA f(p+1)+(A - AA d,of(P)+(By - B)A[d,,T(t)+d,, T (O],

p p.f p p.t
4
) CHE,,-Mddo sdz § totsdejotijHigids WO fftsdsdtetseo Oded§ 5 Bdzdy O2 N
z", vOd S jHpOBfERMkakjls Oy =Af@Rbl s ¥skdEzd
p

Hy =& (H,f)(Pa} /.
p
vitte] BB BBLOL S Odzdj Alkzts! jH, $j 155 Oz ls j Saizi @0 )OS it
5 j O sten j 2Miso ze h g2 &, st & fiplctedtfy s o |
(I:|1f)(/) =[A+ ZBé cos/ 11 (/) + e [if (5)ds+ 2e, A [cos/, +coss ] f(s)ds (5)

i=1

RLo jMisdets, vyt dzj §tcj teHpdlg 2L Orpls] igRRezS g O s ts g O

55



[ § ) HEdOtcisdetizpw j di o vO-dpjdipOfL dicjtss dzd ud MEse s ddzmisd s

hl(/;s)=el+262'aq_[cos/i+coss], d L Of sdzdgv j Is 9 j M
i=1

[m,;M, ]1=[A- 2Bn; A+2Bn],
GHI = m|n h(x),M, —maxh(x) L H jH¥) =A+ 2Ba COSX .

1 s dzsDf@ = (d, - &) {ald, +(7- De]-/bcl ¢ va =1+ FES)-di

b = 20, ;508 SPOUS)S 4 o (s)dS (s )ds

_Zezm, Cl W TW,QZZEZW,LHJMJ

T T

h(s) = A+ ZBa COSS - Z, p(s)=¢ +2e a coss, q(s) =coss.

i=1 i=1
[ § BBOY diffdzsz,1 [A- 2B A+2Bn] w o dzv j sfyw  Mse Mise j dzdzg” o5 L dzO1
HisscHO ¢ Istsdz Stisdzts e j I€Te @z)dzj o5 W Iz dzS y d d
HtcOo dzdo OV WtstedBzdr (3) d (5) d dfmftd LEw IsjdiL St
lsjdeL stedzr | ftsdLo jHjdedw fjtcObbtstess ©® cddz Bjtlstse
sfjtc@®Sesy s o HMisddTHSA | 4l AHJ+K, s Hlj- j Hdded ydzr 2 17 j o

ftesmistcOdfylse j O s j KO ®® Az j Isfyw ddzls j Oz dzr 2 s
Kf(st) =K, f(st) +K,f(st) =U pf (s;/ + m+ s)ds+ e, A (s;t)dsdt AdSidtelzw f ts dzc
™ TT"

CoOLdddfzdz i HokA{ dzj Clstetsdzdzts? 1 tsH Mo Mlsj BK,w o dzy ¢ Btyw
Csdgj yesdsj tedz’ 2 ©f jOsste. I tod wqgmqtesaOdzdztscg L dzOyj d
fsHfmdmisd &3* tcKdaiz) pHEBHOBEE 2. ovydlsreov, vyt Mkhjh
H: d HAI+IAH, fsefonos ks (HJAI+IA AH)=s_ (H)+s(H,),

s(H AL +I1AH)={/+m /i s(H),m s(H)}, d dmfsd Lkv tjLEd kO’

Ny jSkicO tf,j toldsysde® s§ MO Hhf j Skt 5§ jicOltsEo

vt ®@nE! ©OL &) teEhE0os e 3 CYEEHO M j Mise j dda
H; mMsmissdls dL Bl jHJdzj dad W  dzj B § bpgrp Istej ~ Y Odrjdstafjud
H

(Hobkri dzj Clstesdzde” » feddsd Mder = MMBENAEH2) ddjjls & Mmist
RiMMdzj Hse Odzr 1SOC Y] Htkedd Mdzzyod.
[ dlsj tOIskztcO
1. 1. sOwfjdSts, 1. 1. -A986dgteds 6 1u4f.. 700RH tcd dzO. A [ .
2.0 . tdH, af.] irB3Eyse to] d3j dedets 2 3O IS JsdgO 4 d y jr figWasS 2y d s dlaOdiA dfiz

[ ) CiofQf 61977.
es{tfouvrR [[OSARWRETHA O Juol{RrRYLIM 1wyl [
rrrrtrtorfam ondgleguvcslry ufpief UMRI RR ([ luys [/
resot fuvdd & Crdp t4SRIp B

R. ¢HOdtcL Odzsof@ 1'Poftcf O 50w SR ORBjwsel totsdziC d
. 0. ubdW."RC.ddls) c @2 dse uvtlsy dzdzd § 5,0 Zric.dzOmiz M OC Istso
1. [ . AdzdfI€dsd'S sb. 1 .3 v d Oy

Bl juHdds dzdzr 2 RdzMisdlskls ¢ HJ todz AR ezilEds H (s Pzt 2 £ & B dZD]
0SCOHjBdd 1 0EC %A delyte, mufiyBdeu MC IR 1 tesjClstse colsdst dgj to
t shifrldzisdlskzls cHjwds?2 AdLdSd o1 tuviL, sOhMCjdals, viBjSdM

¢ Cfy Jthd34dZ|S Br dz orf ftsdzdej dz dz@ [z fls Odaets 9°Uj~5 @ 8 o § dzls P
dzO IJ’Iz Cj Hj2bttsdses 1 k¢ dsls BBEHB0MMO ¢ sfte@RrRYO B @OL

5€



[ X HEdOkisditizpDe | & 6o v0djdigofL it dzd y J defildsislastz 19O

EflsOdztso dzj dz o dzklsted MBtsteS B @Y dzdls 5 M 5O 1 O dze3d ¢z dag o ) .
fl {dejteddj?2 4 441 HAJddsh! 744 &dddsed d0s kY ¢ disj ot
otej BBY tBdkzyjddy MtmisOesdd o j ddyddkz ttos®™dErzdle BT @dfYy
dL kfMbOdso Cd d Isotc Ofdzgiif sfeisgiciso © ctfPGely j B BB O HBdatse 5C t
teOL dzd ydz' &3 o tej d3j dzdz’ B3d  ( dzls jota edg) e dgEd-M § JjCelte QPte 5D B ezl g
My jSClter BtOBOIST 9 Odzd M)! DHEMOEGR Pefls 208 |  BBc IO g D dz! dzr
Cobtste’ j] BiMfjudoOdd §ftd®o Odidstadsd omMOEBEOE tpfph j dddQ)
HjlbjClttt®, &0 dzjkmists2 qdolsimisu. fEyeQL Eg k@ iizs s r dzd
Me stefflyng o h2n)-d Hekzedn 6 OSyd2. 1 kOsBddyd 1 fttdojH,
HdzZw Shdseodsr » fsHEZCIstse, sBteOLEZshdafmw o tjLizd IsOL
PTnr dzv d W dals J e[S OYlef o FHNdaRE] wB * dzd o yd Mmdzj dzF tslsdatsh
6j OCYyd?2 SbkEdvisdods & o' n BEFBak,f.92L.WIsr 7 dL BdBdZdtlj §C

Target sections 1o 1000 UOBdZCf
\ 7 uCttesmisd t6j OCyd2 Hdw
I! = Sl 5@ ¥ h dafqw o tjLizd O] o

_ dzj 2 stettEm e M

: t 4 0SY R,[*07]
5 (n,9) 149(16)
(n,2n) 63(17)
(n,f) 240(24)

té[fr]. 1. 1 dets y 57K méﬁ
B dZEYj ddv o0 kfls odat

Fission products

Kr-85m  1-135

Kr-88  Xe135 | 1E16
sr-91  Ba-139 | 1E17
sr-02  Ba-140 | 1E-18
Y92 =141 | 1F19

Spallation products.
Mn-56  Sb-120m
Zn-69m Sh-122
Ga-72 Te-127
As-78 Sh-128
\|  Br-B2 1-130

1E-01
1E-02
1E-03
1E-04
1E-05
1E-06
1E-07
1E-08
1E-09
1E-10
1E-11
1E-12

¥-03 La-142 1E-20 . * | ¥-90m 132
Zr-97 Ce-143 1E-21 X 7r-95 Cs-132
1E-22 * 2
Mo-99 - “| SNb95  La-140

Cd-115 \ 1E-23 * ’_J_F_,_Frr-’i g

Cd-117 ~1E-24 e — Ru-103

5b-129 1E25, e Ru-105

1-131 1626 ] Rh-105

Te-132 1827 Pd-111m
1E-28

1-133 Vickds Ag-113

1E-29
I-134 Cd-117m

tdm. 2. [bdshjdd] Missmisj?2 t©jO0¢ydFTE dr'shEzresistdo wa §dap? &
JEFFo j tofyd dE=31.41f.12],) .

57



[ § ) HEdOtcisdetizpw j di o vO-dpjdipOfL dicjtss dzd ud MEse s ddzmisd s

HArRTRrRSO VI JJoudp Ll frirsl) rR vwlrptrldad v
RM 1 {Rs[OrwELSD3

s ALYt fwawv [+ QUES LA rr 1 RR FARISROM[ 88 RM
1ot ofrot ) of [Rturgud[ [ ['B 10 [1] ¢8R L R)SRM
srflrtouvut

dbBHdetso, 0L QB OFL 00 O HBHsDO uw. R.

Looddmsd?2 |tsmMkzuOwmlse jdedz” 2 vdedo jtemdlsjls,

L jweBO2HYOdEMSd?2 | MEHOkmise jdzdzr 2 CCsdesaBd uj MSd2 vded
$z1145, €. 10CEk, Ed 1. mOdegubsadnovagreé@yarmndgxdr. : (994 1
abdinov axmed@yahoacom BabaevaRend@yandexu

[ sdsCtedflsOdd 1§ sdzf oo SR dkS pdey fistsi2H ddsjtedzd As s s 2
tjls ddzsj dgmdo dzts, O OCYj M BSd hdd dOEhge Y iy d GddE
COL ddudesets s ddy. Sk, f§iojyHj EONdgtss  add 5 O detszy
hqesSCsdLo jMisd & §odkf tse sH deddfdslo  oiBL Q26 Codz3Lof) €35 ztf |
Lisdn BOIl j ted Odzts o H dzW drizuj fesd yjesME®n, ity My
& B3 daj Myj delsdzr & Wodzj ded?2 o IS toHif s d Ejs®@O T . ) lsust £ sk is®
MSLHOI! GBtOL Yyr M tOL ddigdits2z’ B tsdfizg s &zt ( Ofsdas St 2 H L
fso jtondzgsiis’ ¥ fklsjds fosmissets MCOd o Oded™ dL Sty dzr -

Frhjfjtejuddj dder j tfhtsej ddasilsd Hj d&zOs IS"BY ifdziste fyls '

85
2]

My dSlsdodz dsd BOIsJ ted OdzOd3d  daj stsdz €5 Hdzw dL Esygd ded w
Ldzj §ggem S dnrn, dz¢ d3ddei Myd dalsdz" =, L dzj Slsted ud MSE fB6 tc s dpdz’'oAs ts
wodzj dzd?2 o fYtodzEfttsotHddOn, O OS] HA&YW ML HOd]W
sfmdse ] HEY sfBBtsls] d dats?2 1 dzj € Istetsdadizd » ( €3O dizg & O €z iz
AnbzsHd 7 dMtsydzdStse Mo jIlsO, B fnidstdstsHgidsfiplspemi#fsp todprg B Ote
sflsdud Médnm Wdd stetse, W tslstsf@@dglsad@dsd ) d - @Y @Dl pae ¢ fif3s
JHBOSC s dzj Mdislstew dzO@ IsOCdJj Btsdz hdj HotdsL fgsa dztf figlsd
fsdzzf tetso tsH dzd € dz4 dzOh dzd hdJetsC 5§ i ted d3j dzj dzd § H
WizdeC ydtsdzOdz! dgr n { dzj o3 delstso . lfr)dztsadzOW ftedyd@zg v § smdz
sfmtse j dzdztsmisw i d L dzOydlsj dz dzr 2 tcOL B tots ¥ d piffcipdz] dfdd 0 dg jdis
(1 dzj Sstetsf totso sH d d3tsfyls d fsHo dy dzsfmis fn o Js Het®OHHZz dZts 2
Wslssykzemlse dlilsj dz detsmis d, fstesetso tse 5 dzOdoleg Wippyid ddefurd d H dfw
H dzw tcOL dzd ydz' = sBtcOL Yytse, Micj L Odzdz" 7 SEHOY Jd dsLsG i

BedsC tedMis Odzdzd yd MEtsets Mdzd s ¢ O; L O d Md dfgdhdzd dzj dzld ty gizolzg
ftetsdmnm sy Hj dzd W, O OECY] I ftjH Mststedd dMmMmdzji HEj BB
ftesotsuWisw 4+ Cif jtod d3j dals Odz! dz" § 'L d3j e fsdzg ' j o dzdSH " ]
sB dzOtclzy j dzde' = Odes BOzd 2 fls Oo @alzddy'. daj o' W fdej dede” &3 ¢

oo j Hj dede’ § 2 dzOBd Ctdsfdzj Shder j 2L S jtddsj dzs Oz d
f OOk stese d RO©OCjtdMsdsS ECOLOdd &= {(sdbfisse SH
fodzyj dd =~ ftod drizyjddd dr 6fisdu hshdkdls dé sils shaigg T
fsLotddds fjHdsydls! 1djtejlsdyuj NSky dfspdjdz 1§ teddzyd
5B dzOtclzy j dzgdz’ B OdgsBOdkd?2 d t©OL dese &zOMmd 2 .

I yOfmlsdesflsd, o hdqesssd jHeYOesd s L BT dzj dedsW 616
Ldzj CtedujMStsets fsdvy (ks fijHjd ds NezOsset, of d
jcdteso Odzgd ™ tjHSSL j B dz' dz' a3 + dzj Bj dels Okd  ( fpl§ g 4 ¢
L dzj Ctosf oo SHdSMIsd, § i Widsyld j dzls © & datp ot O ftifts sty optsz
LOWHO o ydmlsr A d djicdttse Odzdz = € ( ¢ Qefuddef B J «
fMHjtey OB Y'ODIS( %) o9 jH ] ddets?2 fteddzj Md. s @LOdegd Milyr,J G
&jcdeso Odedzr j (16 fip'B oL Yyt Om&Puxizo D&z yOMISC 50 H dzsE &
COL &z ydz' 7 BsdsCtedmlsOddd yj MSdr Mdadlss o .

[COLOdEsM , ybt fttd o MsSdh IsjdifjtOlkztton (ftd
dzj ¢ Jetso Odzdz’ 7 N 161°0ds). %BisiHEOL YyOR L dzG WS dfy trje & s to & W
gqn Isj & j cOktedts? L Oodmddistsmisd Hdv HgOL dzd ydzd™ o Hete[O
OB d&zs HOj sfw OS] LOoadmddsmis!  djChtesftess sH dsmlsd

{
C
L

58


mailto:abdinov-axmed@yandex.ru
mailto:abdinov_axmed@yahoo.com
mailto:Babaeva-Rena@yandex.ru

[ X HEdOkisditizpDe | & 6o v0djdigofL it dzd y J defildsislastz 19O

] sBdzOMIsd dzedL Cdr Isj B jtcObk®tsL zBd I8 £ @ daifg,dbafiz) @ts & f
LdzOyj dedwv 1 dzj Clstetstf tetso sH dzgsflsd, ff sH o dydapsidzdr Misise BH das &

LMlsOdets 0 dzj dzts, Ylsts B dzOtclzy j dedetsy teOfMn 5y H jHdgddpdatsdz] L
fted dizd md, dzs L dzOydIsj dz' dav, ¢k @BWQUBD'EB Yoty ot | J wiseEidts dgdza3? J Is
R OOy I tas s s 5 d3 1) dzO y Ol 17 i %) t©OMmR syde Pgetf v o PdzdnP
b d3j dz " OYNpyQ,1 0 d% § sylsd ﬂ]BSﬂ]JOB dimud L Ojls.

I ®©B&OMId ddLSdn kjBfjteOsktt ¢ OB todzijd IFBOISR., % s OF
sBtOL YyOn ftod U fderipy jralmPylecw 3 j dzdj § sdzdesets L @f weadfdzj dzd
Ldzj ChtesfesosHdzsfisd (G) d § SHo dy ddbtinds fdedpa tseter dz 7 dats f
1 sB®OMmld ddLCdR ] &Y j 60tz & o d(ind)dsts @ §f Is@asH s ¢ts les
jhdzgjots 1 dzjSbtedyj MStsets fsdzw () daj §sHyddaws smw
qmsowmqqgmcq: fsdzzf teso sHdd S s d taipiki ¢ O Is O G5 d
LOCIsjte. u tothistsd dBjs " j ey ddy Mk Bdtsats27 KHj d' dzt
COo
Is

LOIjd Mmbsjfjdd o L Osdiiishissy ntsls daj Cdstesi da ffwmdeins c
doOydd 1 dzj ClstesftcsosHdetsMmisd  §ftsHoedy dsmisd ko j dzd yc
lted 1 lsd3 LOosdMmd dktsMmis: C st W el Jy dels 20 §d dw ts fipezPRia] RHjd2d~
tW"WHO) ®ls IsjdifjtcOlskzter , Isj dsdatso §2 Zziem 9 dav dztdp) )G ff dizjs © B Hz
Bdz¢ HOJ Isfyw .

bdzOdzdL HtsdzEyjdedzr » S MY jtedd3j delsOdzr dz" =t fJu jzig® D Is ¢
HiNlsOo dzj dzd?2 B2 i OB cfimEinfdBoiwdkd e, O kOS] M
j 3 ded dJdzV sted3OYd 2 s MtekzClklkzte] d 'BRj§ts tc thdaizd &) ls
FPCliztes? ftLotdvjls MCOLOL!, ybkbt ojff dose Ol da
Odzj stese , 5, g By dzwaidpjcder M dzOdzd ydj d3 o dadrm Stolzt datst
s, 9 fnstsBISHdzr” Ldzjtecjbdyud MSd@ Is L @ As d3is ¢ 6z ozd Haizd
) J BOt! jtor . 1 jtoar § gL dgy § ts dipdptsl 5 g Y O Y datsizEs
Y O gtwBhlislstst dzj Slstcdud MEd= Wsdzjodedsed dzof , yBMmli o
1 Bd, CcdzOesdzr d3 tsBOL tsd3yJ ML= O de'O tc@digg ds@dzcdd 1 dzj € Lk
toj Hdzsy) J dgO s JtcOs h OwW fpw ZO HolkrBOWK' jtoddgtlzt 8 dzj to
Gts Ctodipsdrdadcy JSHWEHE® ¢ s5deC o] Is dzOW L ezj oG d s
hddsd + dzj Slstetsdzdz™ &3 f J t6J -~ SH Od3d, JlIS sstistsdelOf dz/ o dftas
! oMmj ~©BAROLEYJddz § o LCMYJddygdalsy MYJy
g;du; M6 df sDE Bty Steted ¢ OF  Is Gld@ " Bty ¢ f) @atzdfthds 8

W T 2SS O g_"
OFF— OGS 0O
B "0 SO0 §—
N©o =37

ST oes
Bgwe =

SJRIAfThwur 14 wlrpdrt dafouf
Ul NR dvhtffse sf1odUGABASRNI [t m 1 [
{.

., brdBI HBOO 1. ¢. 1 O0dzdjio ¢. u. , r
dlsjls ddz¥ tste ROy s dzdz’ R IsJ:dztsdzlqu’
v Oh C j dzls

Oydzer 8 ftoejddszh jmsotsds CjilsjtesWslstsftcj sBteOL 59 Olsj dzj
LWWJiCIlsdoe dgts ftc] sBtcOL 50" 8 Ols! Ctsdzyj dzlsted tots o O dzdats § ft
UthSUtstGudde(DdZJ dets ¢ Misj | gy §wdsyYPebtcdo QG BRaeEY O 161
ftcj sBtcOL ts0 Odzd § Csdzy) dzstcdtoso Odzdzsets Mo jlsO o 2 fndzts o
MtcOoa dzd Is j dz! dets BOdzs dL zyjde [ 2] .

J H O dzdats 2 tcOB 5ls j dzO dzq dmmdzj Hise Odg 1A
pAly Gay ,As/pGaAsnGaAsnAlGaAGaP ( e d . G )s dzkz yJ dzdzr § By ssHsdZ Y dHSC W
U s dzh d Z@GAASEES Y0 , 56 1 nBAAR (22Z)3, BEIBAIGBR,5 &S (1, 4) . s 5da
Ldzj Chtesdzse d ndpls§ Oo f gz im d BsMmis d , BaEdy &y i) i sz y kigd:
GaAdAIGaAs| A ) . [ dddiySisCzls OC IsT  ff ts dkipNij dzs 2@ H tizfg oe@pGaAS ) M
(1), B" dzZd CdgOdzj Mj dz@r Ct5dzOCl’' oMt Wttd (6, 7) ,
COYHEB2 fdsfr ~ 100 &CHE. wlstezChlizttd® A} EMksOdiss dzj
s d= 2z Msstesdy GaB@)mnls OdzdzO d L

59






