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396590 mmo  MBLYMZoBHMM0gd0oL  3MI3wgdudo (B30l ©mbosb 4213 3), bmerm
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J399mm  dmygzsboos  0bxgm®Isgos e @G®o00bBIH  os3sHmbdo  dmddgo Moo
06593 B30Mgd0L dglobgd.

56503 bogo SOHO (Solar and Heliospheric Observatory, ESA) sgogbo®gdls dbol
399mlbogqdol  bbgoolbgs  3m33mbgb@l, dbBol Loe®mdolgMmwo ggbgdol Moozl
Bomgwom. gl bodmoegdsl 0dwg3s, dgbfiageroe 0gbsls 30ML33Es3ms Lbgoslbgs 539bgdls
FmMHob MOHM0gHNJqgdol d9dsboBbagdo.

L. 13 Jom3bgbs 939005 3Mmobgdo Babls
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93DM3sby@o.
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30L0mbM0 BHgwgbzm3o GALEX
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000mBYbsad 496339 fos® F9339es SLEMMBMAdOL FoMmBmpqbs 35MggwsgqdoLs ©s
2395d 303900l 93my300L dglobgd.
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14 50MLEGHMMBMT0s

d93b609M9gd5do b3oMs bgds, MM Mo0dg dmgzwgbols dgbfageol dm3yzgds dmwmwmebgeo
00dmbhgbs. g 0ym 3MLIMLMGO  MoEOMYSTMbOZxdOL Fgdmbggzsdos. 3md3s60s0 Bell
Telefon Laboratories 0530L 0065396030l 3ot 056b30L (Karl Guthe Jansky, 1905-1950)
59355 GMBLOGHWBEH0INO0  B50M3IHZF0MOL  gobbmME0gwgdol  dgbsdwrgdermdols
AgUHogams. 09bL30d s53m 14.5 gBH®oL BHowgdbg dmdwdsgg s6@&gbs, Mol dGmbzom
dgLsdergdgaro  ogm  doegdero  Logbserols B0dsMmMMEgdol  sAghs. gargol dog®
399039 MoombsmzgBgdl meol 3sb  smdmobobs dmdogo dodobo  (bTorm@o).
9e0feosbo 33930l Ggao 00630 03005 OL3Z650g, GMT 53 bAswGoL FystHrm
095300l 5EHIMLGBIOML 2o6gsb Imbvyeo godmlboggdss. 58 s0dmbgbol dglobgd gsmom
LoBMYoMYdsd GgoBym New York Times-8o 1933 (gl godmd399bgdmeo 3m3wmwstveo
L58936096H™ 656339300056. LsdHmboOME, 056130 0dMEGdMo 0ym 58 F0TsMIIEGOOM
153MTomgdo 8991Y303)S, M6 JoLo dMMIEMMOos Lsdg3boghm 33ag3gd0m 6 oym
506 M9LgdME0. F0vbgsgzo 980Ls, 0BLZoL BAoMs© MoEOMILEHOMbMIool ds3s
dmoblinbogdab.

1957 §gaob  30b3MbM0  G50MYsdmbboggdom ©s0bEHgMals SLEGOMbMTo Mm@y
M9d96M0 (Grote Reber, 1911-2002), Gm3gandsg §om0sGgdoom goog™Mdges 0sblzol 33wg3gdo.
M9d9Mds  50dMobobs, ®MT  0sbLIOL  MOOMASTMLHLOZYdOL  0bFEHBLOZMBds  F30MmEYdS
LobJoMmOL BOEILMD GOMOE, Gog gHobsswdgagds bgwo LbgMwgdol (Fsgowomo,
dbol) LomdMMO 9s8mbbogqdol MgmOmOslL. 356 sbggg 89s0hbos, ™I  45dmbboggdol
39600MEEMds §Imbgz93s 965 IHBoLI0YH EY-®sdgl (24 L), 5589 35MLIZW3096) WY~
0009 (23 b 56 fo). 93 Bmbo3gdgdby  WOYMHBbMBdOM  MYdYMTs  osL3zbs,  MHMI
500M5dmb03ggd0L Fys®ms oHdol bobGHmdo s 565 3By, Hrmame 3 9565009 gambso.

g9 Lo3960L 50-056 fiergddo 30@EHswo Q0bBdWMGYDs (Butanuit I'musbypr, 1916-2009)
99000535 LOBOMEMMbME0 458mlboggdol MgMEm0s, GMIgEdsg s0figms 3mbdmbvy®o
505300L  L3gdBH®mo. LobdOmEHMMmbmwo godmlbogqds Bbgds dogbo@mMo  39wob

b90mgdggdom ggd@®mHmbgdol 4s8MHvEIdME GHG9JBHMO0sDY IMdMsMdOL TYIRS.
B39bL  aowsd@Hogodo  Mbgoss  Bsgbo@ddo  39wgdo s  Fopowo  9bgtaool  dmbg
Bofoszgdo, oo mGob — gwgdd®mbgdo. LimMgo gwgd@®mbgdol Lobd®HmEmmbmen
2990bb0gqdsl Bmdsgzbgb 05B6L30 WS MgdgMoO.

0dmBbs, M3 ©sdofiol sGHIMLEBIH™ dEroghH 5dobobxgdl 3mbdmbosb el
500MLOBogdL. 20 LT-Bg 9GO GHowol boa®mdol dJmby Moombogbswo 30030050,
110-Bg bogewrgdo o 100-Bg TgBHo  GHoweol  bogMdggdobmgol 30  SEGHIMLBIOHM
365dBH03MWwo©  3odF30M35gs. by Mmd  ©gEdofol  Bysd3omBY  AsbwsygdMwo
50MEHIIL3M3900 30MMm0o LbgMwgdol Moomsdmbboggdols dglslfjogws Fbmemo
do0sb 933069, osbEmgdom 10 10-sb 20 1B-0y) O0s35BMbTo  Fgodergds  0dbsls
2990mg9gbgdemo. 98 5Mgdo  As0MLsbegdol  bos®olbo  sdMm30IdIEos  dbmerm
650MGIal3m3ol  BmIsby, b FoMGH035,  2o9mbboggdol  dodrgdo  mggdol
©009GMBY. IgLodsdolo, M9BsTYOMM3g MIOMEHIWIL3M3JO0 30RBGHWMHO HBmIgdom
39dm0MmbBg3s (0b. 53 fopabol 899ga0 ™s30).

50MbEHMMbMIo0L  4o630m00Mgd0l  Fggye  I93bogmgdl  goBhbom  sbogro
»0035900%, 8500 {f0bsdg HoMlas MoEoMm-Lsdgs®m, GMIgwos bowwwmsb dgstgdom
565653090 861535 BYMHM3960 0MmYs. ol Fogow0mo©, s0dmbgbowo 0dbs 3mLImbmeMo

00943900l 5bso 3esbO — MOIPOMYPSWS]EH03JdO.
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abs 330bo 9939bMmm HooMalEMHMbMA00L 3093 MO 5309 Fog 50dmMBYbL.

Bell Telefon Laboratories 300093 m®3s 09653900 Igends, 1978 Farol bmdgerol 36mgdool
W95@gdds s®bm 396B0slids (Arno Allan Penzias, 1933) s GmdgME »owlembds (Robert
Woodrow Wilson, 1936), 1964 (gl 500msPobgl 0BmGH®H™M3Mwo  803OMEIWOMGO
299mlboggds  3gddghodmeom 2.7 3gwgobo. sbgomo godmbboggds, GmIgwbsg Mmogl
(9wod@GMOo  3030MmEIWOMOH0  Bmbo, Bsfobolfo®dgByzgmwgdo ogm domMao  gsdmzol
(Teopruit T'amos, 1904-1968) dogt %96 3oz 9gmsg Lowzmbol 40-056 {ergddo,
239535M0MGd50 (3690 bsdgsMml MYl GoMAwgddo. 0dol dglobgd, vy Hgwod@m™o
gmbol  dglffogarom Mo BbEsdgbBHWIMO  ©ol3zbdOL  godm@Esbs dgodwrgds Ladgs®ml
93w9300Ls s dolo M30LgdgdOL Tgbobgd, ImmbOHMBOWo 0dbgds 53 Foabols dgmomby
05300.

50MLEOMBMI0sL 933608 300093 JOMNO BMBbsTI6EHWOHO 50BMmBYbs. 1967 gl
96&™bo 301000l (Antony Hewish, 1924) dmfjog3qd, Cavendish Laboratory-ols sb3o®sb@ds
XLgwob dgeds (Jocelyn Bell, 1943) sog0dbo®s 3mbdmbo@sh dnmfigmwo 3gGomoveo
5000mLoaboo. 53 Bogbsmgdol fystm — 3MwloMo, FomBmowygbl LHMsRs© ddMMbog
ByoGH®™bme  35ML33egl, MMdgwbsg od3lb dwogho dsgbo@Mo ggeo ©s sdo@mad
993AHOMb0GH MO GHomadl slboggdl FbmermE 3mEligdol Jobamdgwo sMHYgB0EIb.
000l 250m  2odmlboggdol Bs3so  ©YsdofoBy MJaoLAEHMOMPYds Mobsdo®  MHMOm
06¢9M35e80, OHMIgEog 90mbgz9g3s 3MwbsMol d3Mb3zol 3gMompl. 1974 Fgwb 3o6H3gwo
39bostol 50dmPgbobmzgol gbGHmbo 3090dl Bmdgwol 36Mgdos dogbos. ®gobmzol 30
36MB0E05 MO 535L58Y BrOEOMINLIMO. Mbmglio Jomysbo Bz9basb ssbermgdom 390
Lobsomwol  fHeromss MM GdIMYo.  s0Lsbodbsgos, MHMI  sOLYdIMOL  Lbgs  Bodol
39bs9d03, HMIgwms 30933080 g5dmi39os 0dom, HMAI ollobo Ggosb 35M33wWs3000
MOX Mo LobEHYgdT0, Loz JHM-gMmO F5MLIZWSZ0 3JMOMPIWSE FMHEOEISZL M30L
39MEBB60mML Job 256d9dm dMb3z0LLL.

J000002985: 399560280 35630005698:9¢m0 06r535¢0 a3¢79b5 93530000985 690G 2bw9em
3500U33075398b. 50 3565365500 9339 35bbgbgo  Fsomo  9k0r-9Hm0  bsotlsbygmds  —
3oerbsmgdo.  dgdogmddo  sd  mB8099598b  bloms  8o3:98(x9bgb00.  bgodtrmbeyero
390U3207530 P360ms@0890L Gsbory®o  350U33¢m530L  g302¢mey00L  9bsderer 3Hm©w7AL,
6909b960b356  d9dogstro Bommgoms ©s Jdody sHmd9boligsb  Fgdgsmo  obgero
Bgs30629cn0 I65000. bgodBmbrycr 35(U33e7330 302¢bsereyto bod336039 sbsbosorgdl,
dobo dsbs Gbols dsbsl Juo®go 509059985, 09035 Gsorgbo Gbeagrm 10 30 Gogobss.
35625365300 3.5 s@P9m0er0s 0029 Gs 306089880 L6098 690526900 2561330¢7530.

15 69632960 SLEGHOMbMT0s

963296990 SLEGHOMBMT0s 5Ol 33060390000 SLEHGMBMI0OL F0oToMMEGd, HMIgEos
LHo3wmdl 0G0 md09d@gdol BogH gsdmlboggdmer M9bEagbol boggdl. 3mbdmbv®o
309943Hq00l BMsgglmds M9bEagbol Lboggdol fgs®ml {omdmawaqbl. gbgbos sd@om®o
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690GHOMbMo 3501333900, 3)laMgdo, B39MEgdMO30 s BYsbswo 3oM3zws3900,
300 BoMB9bgdo s Lbg.

M96@2960L  Lboggdol 9dobos @sTsboLosMYGdgEos TbmEwmE 03 MdogdEgdob;m3zoL,
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00563500l 3965350l 33we39©T0, HMIgEoa 8gdsMYMdL 0mdol Bob@mdol 396&®ol
800500 gdom. 53 Mmd0gIGOL odmbboggds M9bGyIbMm ©0s35HBMbT0  M3G03MGDY
5005mbX G 9B 09, brenm dol Joge gbgMaool 3035 SL0sMILXIM 50gdo@Jds BOLLL. o0
503mbhgbolim3zolL ol 53GMOL — M035MEM K0530mboL (Riccardo Giacconi, 1931), 2002 {ierols
Bmdgol 30gdos dogboFs goHozol sdado.

OLEIMBd0m TBYHOWOos M9BGABOL  godmlboggdol dGMmsgzswo smsbo  ystm.
696G2960L gsdmlbogqdol Fysmms Bggbo dbgE. 0ol gbobgd dmpombOHmdoe dmdg3bm
”v30o.

M95@2960L 498mlboggdol Jods®mm d56Ls3MmMmYdEO 06EIMILO Jsdmf3gmEwos odom,
63 IoLm3oL  EsTsbolosmMYdIWo  Toowo  gbgMaool  gsdm  3MLAMLvmE  LogmEgdo
393039 gdolsl MHgbGHgbol Lboggdol GH®Mogd@m®mos Bo3zwgds 86Mvgds. B58sbosay,
boggdol GMmsgdEHmmool dobgzom, dglodergdgaos Mg6Egbol godmlboggdol §gsOml
90905M9Md0L gobloBZM (36BY. 58335605, M9BEYI60L godmliboggds ds30 bagMgwgdolbs s
B90GH®™MbMEo 35ML33E53900U ,,obsb30L* bodmswrgdsl odengge.

©qs3ofHol  sBHIMLBGOM  Fosbodogl  MgbGagbol  Lboggdl, sdoBmd  dsmo
69206GH5300LM3Z0L  535MBHMMs OE boTswgby ¥bEs oymb s@Bowo, 6 Fo@sbow
0gbsl  3mbImbdo.  FoOlEdo  sbgo  935MOGMEL  SIOMLEGHSGIOLS s ©93930DY
2965003L9d@bgb. 9075005  MIbBHYPMwo  SLEHMMbMIos  3MbIMLYOO  33¢939d0L
990509690 bsfowos s Iglsdsdolbo ©gBIIBHMOFd0 bgmzbme mobsdybogMadHgs
©53mbEog9do.

65394900

©939JEH™OJO0  053LIIMPS  B1539GHJOOL  390Mmby s 0aB3bdMEs  3MbdMbido. 53
890000l bs3wo ogm Ibg39wmdols sGob dgbevMEmds s gdudmbBoiool 8oy O™
— dbmemE Gdgbodyg ffymo.

L. 15 3039w M96¢g60L Lboggdo
BOMM0 Md099dBHgd0©sb Mga0LEHMOMYdMEO
0g65 1962 §geb;, Lryemombg aodmbobwero
9fgmdomdom, GMIgeoa M5393¢5Hg
Aerobee 150 oym ©s3mb@)s:190m90

390mLEsGd0
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20



L. 16 59OMLESGH0 Fo0ow0
390B930LbsM0s60 L3gd@HmIgEBHHom
HIREGS (High REsolution Gamma-ray and
hard x-ray Spectrometer) LodbMgo 3mgrwgliols
23903900 MO0 ™30l gobdogermdsdo

RM0b53000.

\
- i
bgamgzbry®o mbsdybogmgdo
bgrmgbm® bsdaBog3MmgdlL  ©BgIBHMMIO0 ool SGHIMLBIOHML 25690 ddoogd300.
56500250900 gdudE @30S §ergdol 396353 mdsdo d03E0bsMmgmdL.

L. 17 ESA-U 6963960
mdLYM3sGMM0s XMM-Newton (X-ray Multi-
Mirror Mission) 3mbdmlido gmbjgombomgdls

1999 farosb
© ESA/D. Ducros

5075050 mOMBOGESDY 00ymengds NASA-I 0sbsdabogdo Chandra (ob. @sbstmo V), ESA-b
953296990 MdLYMZsGHMM0s XMM-Newton s Ubg.

1.6 3°05-5LGHMMbMBos

B396L Lsdys®mdo 30dE0bseIgMdL M350 5dBH0IMHO 3OHMEILO, OMYMEAOES, BoFIWOMI,
9mgmgbgdo  2owod@03900L BoMmM390d0, b6 Bgoboero 3oML3IZWs39d0L  553gNJ)dgd0. 53
36m390900LoL A9FMOEYMM 36905 Boffos3zgdo (9egdBHMMbydo, 3OMEH™bYd0 s Lblgoolibgs
Jodom@o  gwgdgbBadol  d0MH™M3900), MMIIRLsE  JMLIMLYG  Lboggdl  MHmgdgb.
30bIMbMO bLogzM3900 FOWOSYOGBOLLL U Boffows3gdo MOHMOgMHMJdgEadab Lsdysmmdo
3L gdM FoBHgMoslmsb s gegd@BHMmMsgbod e 39wgdmsb. 98 WOHMOYHMNJIYddOL
9M0-gMm0 99ga0s doosh Jowowo 9bgmyool gwrgd@Emmdoabo@d o gsdmlboggdol —
29095-Ub0gqdol — 496gbs. BmaxgH 34585-b03gd0 Mozs© (0™ Md0GIEHJOT0 ForBmoddbgds.
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20580 IBOL MBBYMZoBHMMO0L LogPHmm bgwo

505L0dbol gdmsM9bds, MBggMwm {Ybotro sGHIMLEBYHMEO 306MHMdJBOL Fysewmdoom,
93b0gOH s gmeoMgds 3003yHm s 1930-1931 Fangddo gboba®maool sLEGOMbmdomwmo
0BLEOGHMGHOL, MBOEOLOL 29MB0BOZMMO MBLYIOZSGHMMO0LS s bb3s fglgdmwgdgdols
Lo 96390 9Ju390Eool Joge sbagro MmdLYM35EGHMOMOoLmZz0lL TgLsdsdolo sEEowo gocbhs —
39IOMME 50510360l JobErMdEs©, Yobmdool dmsby.

905 gsbmdowo sLEHOMbmIomwo  ©s33060390900LM30L  MbBoIs MO 30MHMBIdIOM
boloomgds. gb BogdBHo x9gM 3093 XIX Lsm3960L JofmOmel asbos bmdowo, Gmgbog
ABIOIMNWOMDOm ©935©IOMWO  Mrlgmol GHobGol 899330007 FomMa0 MHMIsbmgzo
530b0 LoEgMEbEol dmw® §ergdl 36mdow Lsdmm 3MOMMGHT0, 505LMBsbTo 5BIMGDS.
30MmM20  O®MIobmgol  Abfagzwgdgwo s FgmdoMo,  OHMLgomol  SbGHOMbmIomwo
Lobmysmgdol ©sdnwydbgdgwo, 3OmxgLmmo b. gmb awmsbgbsdo (Sergej von Glasenapp,
1848-1937), 99x30Lfimeol  dmfj39300m, 393gMIMMH00 0L Tsbdo  Bsdmzos. ol
SbEHOMbMI0sdo wgd3ogdl ©300b530s 30MMHA0 MHMTobmgl. dgz0Lfiero yomMao 0dwgbso
0Y4™ 358539090 SEGHOMbMIoom, HMP Tsb Lo3MMIMO LEbLMGdOM s93Mm 9.f. »gEsBgbsdol
30030%, GMIgedog aasbgbsdo 306y obbMmo EHguglzmdom 53300JdMEs 3F0OHM
MORIOQ 350b3Z0398L. Jglobodbsgo sEHIMLBIOHNEO 30HMBYGOOL {goemdoo dmbgMbs
olgmo  MOXIOOEO  35ML3IZ53930L 33063905, MMIwgdog bbgs ™mdLYMZsGHMM09dT0
396353930009 56 F6@BI6 ©s 9O ZOLIZLZIP ©0330M390MEBYE. VB Lo

154



30060 535LMYI6To 035, bmwm 3OMY. EsBYhs30 IdMWBES 393 gMdMMYTo,
Loosg 9m3erg bobdo 3073 odmadzgybs msgolio dggboghveo 33wg30L B9w9agdo.

3oHgbo3ol  Bogh  hoGoMgder 3306039090050  ©s353806M9d00m 0. d9MB3sTo
(Sherburne Wesley Burnham, 1838-1921) 1893 {9l (g6s: ... $ogwolbol dgdmyscgbo
(099@olbdgds 205y ds60) MoM9LO© 90Bsbdgfmboeros LbEH®MbmIomeo
153MFoMGOOLMZOL ... SOV 9gaMHM35d0 5O SOLGOIMBL OLYMNO SYOEPTEIOIMIMDY, ... , BOIE3
3060HMdgd0 SLgm0gzg FoBsbdghmbogros®.

L@, 109 sboeno bsdo® sLEHMMBOBOIWOO bme. 110 mBLYOm35EGHMOHO0L

MBLYHZ5GHMMOOLMZOL ool dqlathgzo 0650960 MIgerms xyMa30. 396G®do —
993900305 "Fasbgbodol 3nd3msb”, 9. 56599 o 9. 358530d7. 5dsLydsbo,
1931 §. 1939 §;.

1932 9ol @s0figm 350860l sbEHOMB0DB03MOHO MmdLYMHZSEGHMMO0l d09bgdermds s 59539
Do, 33-b0 MIRWIIGHMOOm, HMIGEoE 50550500 MBLYMZsEHMGOOL Lsdvbgdm gJudmbo@l
§omIMoybl, PoBsts 3003900 ©s33060390900. 1937 Fgul asdmoEs  sdsborydbols
AGHOMBoDBOZMNO0  MmdLYOZGHMMO0L  “Ddomwgdabol” 306M3gwo  bmdgMmo.  ssMLYdOL
306390039 0B MBLIMHZoGHMMO0L OMYJEHMM® ©0b0Tbs sbowrgsbMs dgsbogmo
933960 boMsdg (1907-2001), HGmIgerog 8ol 60 Herol 2563s3wmdsdo bywddm3zsbgemds,
boem 1992 (erosb 4oMo335¢q059g dobo LadsGHom ©oMgddm®mo oym. dqdymd
MdLYM35GMMO0L oMaJBHMMJd0 093bgb X. wmdobsdg (1992-2000), o. Bboggsdg (2000-2001),
6. 3osdg  (2001-2006), . 39OGEHB0dg  (2006-2007),  @. xs39bodzoo  (2007-2009),
3. 31bosbodg  (2010-2011). 2011 Gawol  dmeomEsb  MBLYHZSGMOOOL  OMYIEHMOMm0s
d. omEvys. 2007 ferosb  mdLgmzs@Gmemos  99mghom©s  0wosl  Lobgadjogm
MB0ggMLboGgAHL. 5L gfmEgds owosl Labgwdfogm MboggdLoGgEoL 933960 bomsdol
205L0ABOL SLEHOMBODBOIMOO MBLYIMZSGHME0S.
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™BLYHZ5GMOO0L JOOHOMOEO 0bLEHMWIGEHId0s 1.25 3 Mgzegd@m®o, 70 b3 dgbolzweo
39w9L3m30, 40 LT METsg0 SLAHOMYMSR0, 40 LI MYREOSJEHMEMO, 44 1O TdoEEOL GHIJIL3M30,
5310 9069 gdsReMgdg  3MOMbMAGmsR0,  Lsdbgm  3mGoBMbBH Mo  BHgwglzmso,
B0 GHMLBYOM-JOMINLRIOMo  GHgeglzm3o, ©bsysOms 3mI3wgdbo dobol s
0500 30 dqLabfogero s Lbg.

5035U0ABOL  SLBEBHOMBODBOIMOHO  MBLYOZoGMM0s FM353MHMFBOE0sbo  bsdgEboghHm-
3393000 HgLuYdIMYGdss.  MYMOOMEIO S ©HIZOMZNOP0M0 330930l JOMOMSO
000560 gdgd0s  39ML33Esgms  LB3gdBHOMo  3wsboxolszos;  Bggbo o Lbgs
3odJHo3900L LHGYIHUOS ©d JZNWE0d; MOXINIPO O (335LIBIQO ZOLIZ53900;
9%g; 3ol LolEgds: 3esbgBYd0, 35000 MBsTYHBIZMYd0 s F30MY 3esbyBgoo, 3mdgEgdo,
L3 obgEomadmemobm boghsy; dbg-gsdofoll 353006M900; 39MLIZE039d0L  TNZSGOM
©535M35; 3BoLS S INZMOL ELdDYGdIO0; ©YLTOHoL DY 5BHIMLBIOM 5393)Eqds;
35HINM0 sLEHMMB0BO3Is; SUEHOMBMIOOL OLEHMGOS.

305U MABol  MBLYMZOBMEM050  BoBoMgdmmo  ©s33060390930L  ©s  Bomo
0b@9gM3MHgBHo30ol  Fggpo®  3vdmdagybgd oy  sd@sgo  Lsdgibogmm  Bsdmmdo
L59OTMOHOLM FOBsEIGOLS O 3MBFYMIBE0gdOL IDMIGdT0. B3gb godmzymuo dbmem
0d 0603369m3s6  99009a90L, ®MIWgdoE  MIMOEIMEs  ©o3e3d0Mgdo  foabdo
2396boEen 59396980796 5 DM L0bEHIMILMs F389:369d0L MZoEbEBEOOLO.

-

| RN
L. 111 5dsbmwydbol sbEHMMBOBOIOHO MBLYMZSGHMOHOOL
©OMYJHMO0 5350. 9. bsM5dg s 3GIMA. 3. 35953009

©530(4900 JoBmvemo sbGO™bmdonwo dg3bogmgdol gem-ghmo 306M3gwo Hoddsdgdoom
L5gOTMOHOLM  Sb3oMGBDY. 1937 Fgaol, d5LMTBOL  MBLYMZSEBHMOOOL  doEgEIbol
306039wbogg bmIgHdo, ©o0LEBds JoMm3go  SbGHOHMBoHBoIMbOL dobgow  gs8s3odol
(1907-1956) @sGOM© AobTomGgdMEo  dMmds, GmIgedos 0o B3960  gowad@ozol
356033003 ILObEGOLL 0331030s. 3. 358530090 HoEb300 FgHMPO’ 5L IZMS
LAoGHOLE030L 8350330 EOL 0bEHIAMIMOHO ABEHMEGDS 5TMbLBs QowsdEHozol obgwol
B9doLdogMHo  JodsMmmEgdolbmgol. bsdMmddo sefigMowo  3sML3gwsgms  Logm Mo
1033360030L 46LSBOZMHOL bgMbO FoM33E03mMs SLEHMMBMT0OL JMHgLEMTs009d80 dgbwyeos
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35853009-mmOEoL dgmmEol Labgafimgdom (58 9900mEL 3M30IOWSE© T0533W0s
305b0gends sbGHMMbMITs 056 Mm@ EHTs — Jan Hendrik Oort, 1900-1992).

306039 Fo00s3¢gosl dm3ggs dmgwo Moyo dGMfYobzswrg FOHMIGO0LS, MMIEgdIss
RoMHNMO 2590 g39L Lobgeo MBLYMZOEGHMOOLS s Job 3¢ gdGHO3L. Fop®sd 430bs bobo
23939Lgom, GMmI bdoM Fgdmbgqzgddo SLGO™MbmTomwo Forfiggzgdo  ©s39300MYOME0s
3OO0 Md0gJBHJIOL — 3oMLIZE93900L, BYobeEgdols, dowsd@03qgdols mv) Gosmo AMM3gdOL,
doewdg OO MH3MEIBMBOL A EILdom  ©3306039090sb,  Fsmmo  Lbgoslibgs
Fobslosmgdgdol Fglfogesls s FgsMgdslmsb @ 30v9MHO MdOgIEHJOol M30LGdSM
3B obBob Loggdzge By 3500 JEWILOGOIoEOLMSD.

50 dbog  9d5LMIBOL  MBLYMZOBHMM05d  3600369cmzsbo  figowo  Fgo@sbo
LogOMsdmEObem  doqrolbdggzsdo.  b3doM0OLos  500bodbMb,  GMI  sdSLEIBOL
MdLYMZGMM0580 [egdol 2o63o3wmdsdo dm3Mm3zqdwo dmbsgdgdom 89oddbs sbowo o
29000M©s 99339  9OLYPIMO  30NOHO  MBOYIHIOOL  39GHOIWMAJOO,  OHMYMMHIOO3FSS
36M39396H0Mm©Osbo  (39890©IOIOLS 5 FIMGRdWJBH03MM0  Bobergmergdol  i3geol
9583969095 3539wMYgd0, 35M3ZWszms 139JGHOMWO JWsligdols s bsmmdol mmbo
39&5wm0 (1978-1992), 9.5. »3509653mb 39390L“ goMawmqddo 40 000-bg dgEo 35ML3zwsz30L
3wob0g035300Ls o BmAHMIYGGHOHo0oL  F9gaqd0L  LSTO  J9GHIWMP0,  FoWsdBHOZOL
9bBH0EgbGHMOL 96980 6037 3001330308 1B3gJBHMMEO Jeslgdols s BomMdOL 3wsligdol
39&oma0 (1988), aowad@ozol sbEHo3gb®®mol 90000 gd0o 50sbmw)dsbdo smdmpbgbogn
bow 9.0, 393t 300L33w03mMs  JoGowmao  (1990), 35ML33Ee3Ms  bd3MMIMIO
9d65mddoL 05330030 30L  JoGomaol 1236 5ol 3o®L3gwogms  b3gdEGHMmo
3@5L0g3035309 (1986) s Lbg.

505LABoL  MBLYMZBHMM0sdo  Fggbow0s sEHWSLo (1960), GMmIgwoi Tgoiegy
2395dBHo3MMo  0bgeo  BolErgmEgdol  4MmOR0ZME  FoBMLobugdgdl  JosdGHol3mMo
93353™60L  25LH3M03 Bmdo. SEGHWLLdo sxMgm3zg Ig@sbowos gdoloMo oxMBMGO
BolergmEgdo, os s LBIOYEO 35MLBIZES300 AMM3Z9d0, 3583585 oMLIZE3900 Jgmmby
bowmer  35033We30960  LOOEYJdsdEY. 4013  3goLbol  Ggawgbzm3ol  dgdzgmdoom
dogdmmo  Mbozomo 3300390900  Loxmdzgwby  dgagbowos  dmgscmol
999 HOM3MMODBIFOMO0 sGEabo (1982).

Dgoboero  35MLIZOZ00L  BMEHMAMIGOEO  35GHMHYWOMHGIOL  LgMHMSTMOOLM
36HMAGM590L BoMegddo d00gdMmo IEOEIMHO 53300390000 FoboeErol ©sdTsg9d0L
9909390 50dmPBgboos M35 Bgsbogro 350133530 (3. 0bslatody, @. JodgMody, o. F495dY).
bgobowo 35613303900l oM S0BMbgbowos G3body oty 3esbgde, 107 sboo
0bmMgds0o  35MI3ZZWs30, GO  ABTYMOGOIEO  sbowro  35ML33Ws30, 17 JwsbgBmeo
Boliergmero, bsdo 3560133300 FMHMZd s FMZ5¢0 gIoLOIMO FoOL3IZWs30, Foo JmEOL
M0 9.. 300g-MGo0gLb GHo3obs. 1942 gl Jotmzgmo sLEGHOMBMTOL gomeyo mg3bHsdol
(1914-1988) 3096 s0dmBgbo 0dbs mMo 3m39¢)s »1942 093%sdg 1% s ,1942 ;mgzboedy 2.

9l gOMOEIOMo  Fgdmbggzs  960s, OMEILSE  LIgOMSTMGOOLM  SEHOMMBbMToEds
LobmAsMgdsd  Jotmggeo  dg3bogMadol  3sfeol  oxgslgdol  bodbsw  JoBomveo
©3LObYEgdgd0 FosboFs (30096 MdOgIGIOL. 3067 3969 LogMHMITMGMOLM 3539w ™ATO
BmdMoom 4737 HgaoLbEHMoMdWE 3¢sbgEol 1996 (b, Jodmzggmo SLGOmMR0BogMLOL
b 30eodol (1931-2010) 3o303L5(3995, ghm©s ,30wodg* (4737Kiladze). 1970 §genb,
J. 86503Mbo (06y0lo), LogMHMsdMOOLM SLEGHOMBMIoWwo 35380600l XIV sbosddwgs®y,
360mg. dobgo  358530d0b  Labgo  gfims  FZsMHOL  gOHM-ghm  3GBGHIML, GMIol
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©0599&M0 50 30-b 50gToBgds. JoMmEo EILEbYWGdgd0 F0boFJdwo o300 AbMBEoml
Lbgoolibgs dg3bogdms dogh  smdmBgboe  sbiGgMmogdl: ,botsdg®, 399058300,
»30300509°%, ,4oBdgR0%, ,,bgMR060%, ,OHMLMOZ9W0%, 58500, ,,0b6EMMbogM30%, ,0dowolo,
»03bgms*, LLmbwdo, ,ox5bsbgmo®, ,0FoMs s bbg.

1986 (gl 905bvdbol  SLEHOMBODBOZMMO  MBLYMZoGHMO0s Mg  LEdFM™
MmOd0G Loaw® Mup-bg 30bIMLWEOHO 2sdmlboggdols dalsbfogaro s35ModMol 894dbol
L539TocgdL (bgErddM3z9bgEo ¢. 3obodg). 1988 gl 30 FoRMMIES byardg3Gewgds NASA-
Losb MmGdOGHWE BHgwgbzm3d Hubble-bg Jo®mggwo 13gEoswob@gdol dmbsffowmgmdoomn
3993600 535G MO0l gobmogligdols dglobgd. 0mdgs 1991-92 Hargddo LogsGmzgawmdo
3963000690 ds dmzergbgdds byaro 8gdorgl 53 36MmgdEHgdolL gobbm®mEogwgdsl.

3905d3H03IM0 S 35M935gB03Mo Boliemgmangdols gsdmlboggdol 3mws®obsgos
36Mmg. 35853000 3096 Fgbfogwrowo md09dEJd0Eb Yzgwobyg LoobGHgMglm mdogddo
300MBbOESL  bolewgMeos,  GMmdgwos 1054 gl 39O 065350l 33wez9©d0
3839900 Dgoboo 3033930 bbbl Fo®dmaagbl. XX bom 34960l 50-056 fergddo
300mOBbEsL  Bobengmedo  900msBobgl  deogmo  H5OMYsBMbbogads. gs8mbgbowds
LEHMMBOBOZMLTs 0. 33crmgaglzod (Mocud Mlxmosckuii, 1916-1985) gl 35J@o boLigrgmwol
dogM dogbo@™ 39edo LHMsxgo (Hws@030LEYIM0) 9gugdE®™bydol IMdMmsMdom SbLbS.
1953 §. 956 250m0g3s ImboBOHGds, Mmd bowwyeo 139JEMoL godmbboggds darogMo© Mbs
oymb  3mwomobgdmwo, o 3o b ofigg3l  0gogg  99dsbobdo,  HmIgwog
5000M©0535HMbdo dmddngdl.

s T

R A T st

bme. 112 300m6HBRbssl 6olengedo 3 sMoBoEool gobloBwg®s (35853009, 1954 §.)

0. 350530090 9d5LMw)3BOL  MBOLYHZOBHMMOOL FTOEEOL  9653gMS30MEY 35896l TMIMAM
3oMHMOEO @5 30dMmOMBbosl  bobemgmamols  o8mlboggdol  3mEsMoBoE0Io
©533060390900L domgero LgMos doomem. ds@oebsmobbmgsbo, »bozswwmo 33060390900l
509853900 Fg9po©  90IMABEs, MM UL3gd@BMmol bowrer wBsEdo  3odMMBbIEL
BobemgMol  gs0mlboggds  FoMmWs3 AWogMe®  0gm  3MmEoM0bgdmo. 5833505,
3. 35853000L, s ®0mMJol GOHNEOHMNYS, 3. EMIdOM3L30L (Buktop Jom6posckuii, 1913-
1972) 8096  BoGo®mgdmeds 033003909005 oh39bs, Mmd  30dMEBRboSl  bolengwmaro
Mm33039960  ©0535HMbdo  4s8msbboggdl 9y LoMdINMGO, Mg  LObIHMEHOMbMWOo
994560Bdom. 53 99930 SLEHOMbMI0IE0 LoBMYASMIBOL OO 0bEHIMLO JsBMmOofj305 s
300mMBbOESL  bobemgmmo  m3BHo3Me,  Moom s M96Gg6M  ©035BMmbyddo

06¢39bLoHo 533060390900 O MIMMHONEO 353MIZEG39d0L MBOJJEHO ASH..
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3sbgBgdol Fomdmdmdol dgdsbobdgdo

1966 ool H@sd 3owsdolb (1931-2010) doge dgddbogros 3¢rsbg@EHgool Ho®mdmdmdol
09MM0s, OHMIWol  boxymdzgwbdy dgbogMds 3 MEMbol  MsbsdyHogmol —  JoHmbol
20LYdMBS 0foboLFoMIgBHYzgws. OO Ferol G009 59gMH039wds SLEOMBMATs x. 3HOLEHOD
(James Walter Christy, 1938) dsGoresog 503msbobs 3er@mbol mobsdybogdmo. 3sdgols
Ggwgbgmdom 2006 gl mGo s 2011 gl ghoo 3goMg Dmdol msbsdaBogmols
000mbhgbsd 0lg3 LGOS 6. 30¢sdol MYMMO00EH dMBEObsMg 336900 0dol
dglobgd, GMI 3eBHMmbo LG BsIMYse0dgdol LEsosdos s dob qomdgdm mbwo
56LYIMBEIL M35 MHOEbM3Z960 306 Bafowszgdol yemmas.

L. 113 6. 3oErsdg s 9. botrody bme. 114 535009303mLgdo 0. 393499,
d9bob3mmo Bgwgbzm3ol dgdzgmdoom 9. bo65dg o 3. 53850380560 53510 IBOL
05330639000 Bo@otgdobsl (1957 §).) mdLgOZoGHMO0osdo (1976 §.)

6. 305d90  25BLoBEgMs FgMHI3MGOL dobs (1966), FMEHMIGEHOWWO IJOMPOo FJoxslo
Lo@M@bol  Mymeol  bobdg (1967), Gmdeol  360836gwmds  ©IILAEHMMES  FMbyo
396096M900L (1981) s 350¢0L GHIEglgmM30L 330603909800 (1995). G. 30ogrsdgd, dBol
©oL3MbBY TYMHIMMOL  2o3eolsl, 1977 gl sedmobobs gM3MOOL  5GIMLBgOM. Tob
5369039 P59MOgs0ds MYME0s 3esbgBHgdol msbsdgd™mgy dMB3ol dglabgd (1986).

Pluto

.
Charon

L@, 115 3eovBmbo, Jo@mbo s 2006 bme. 116 2011 Gl s@dmBgboero
09l 508mPgbowro Mo sHowro 3B ™bols dgmmbg 09b533BbogMo (HHom
056593bogzM0 399mbsbero)
© NASA/ESA, Weaver, Stern & HST Pluto © NASA/ESA & M.Showalter
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Ls633)-39GgM0mRg  3mgagdmsb  gOmo© M. 30eadgd dgddbs  ggmbiGsEombadano
06593D0309d0L  ImdMsmdOL  mgmeos  (2001) s s@dmsbobs domo  BadlbgMgzgdol
MM003 900l M9 s@0Bo3gool dmgwrgbs (2003). GMEsb 3owsdol doge dmdgdboer odbs
©OHMoL 3069 39M0MmEOL  gobdsgwrmdsdo ©s330M3900L LoxdzgwbBy ©ILToFolimsb
LGHIOMoEOL Jgxsbgdol Hobsljomdg@y3zgugdol 3Mo@gmomdo (2004). 1971 Fgub HmEb
30sdgl  BLGHo  LEGOMbMIomwo  bgwlsfiymmddghgdermdol  stydo  dowhgmero
00353 gd0bsm30l dogbo s LLM3 Labgwdfonm 3Ggdos.

3561330930 139 BHHMXO 3WLOBOISGOS

390L33ws3m  L3gd@OMe bsdMTomgdl  sdsLCMBBOL  MBLYMZsGHMM0sdo 40-056 Fangddo
Bo9gots Loxwydzgeo. MBLYMZSEGHMM05d0 S0EYS 50 JoBBOLOMZoL bogsbyadme dgjdbogo
70 b3 FgbobyMEO GHgglzm3o 8°, 4° s 2°-0560 MBOgdEHO30LF0bs 3GOBIJOOm, MMIgEms
©0L396L0gd0s gLsdsdols 166 A/mm, 660 A/mm ©s 1200 A/mm Fysedsol b3gdEEol Hy
bsB0sb. g. bo®sdol bganddngsbganmdom 6. 365058 8096 MmBLYMHZoGHMMH0sd0 J0MgdIo
139dBHMYo0L  Logwdzgebg  dgoddbs  sdsLEMIbOL  L3gdEBHwo  3M0EIOH0YIgdo s
505mwdbols  3aslogozoEos  LogMmMEdm®molem  MK-Lob@gdsdo dmgdas.  sdsLoabol
3sb0g0353050 IgBodergdgeo Aobss 393wIsMwar 35MLIZWSZMS BoLOIMO A53M3Egbo.

d9b0l3MMo  BHIWgL3M30L  2o0339Meds  FobolosmgdEgdTs  (BIGIOM 390, OO
99009350Mds) @  0dLMABOL 3oL Ybogoer®Ts  A50FZ0MZoMdT,  5dLIIBOL

dobmdMOZ3  MMABBMIoWgdosh  3wologozsosl  dbmawromdo  §sdyzsbo  syowo
59993300065 d0P0sbols s 93MM3ol LsdbGmgm MBLYMHZsGMMooL (ESO) 3wwslogozsool

- KN
bme. 117 505b09dbol MmdLYMZ5EHMMO0L M9bsTIOMIGEms X AB0: 0. B0I3M3,
6. 3560509, b. 35e0b5dY, . MIBAdY, ». I9AMIE0IZ30¢00 s b. Fos®owsdzoo,
HMIgd0E 95009MXMmd0m [egdol 496853 mdsdo suEGHMMbMIool Lbgswolibgs
680 3dsmdbgb

= -~
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3w5L0g3035300L L3N Fom MO oo’ FoMmodsMms: 1) 0MmTol bobEHMIol 3g3wg3zoL
3033wgdbm@o 9.0, ,3560gbsaml”  Ls3sgdomm  g9ads  (bgawddm3zabgwro 9. boModg,
390b6OHadEgdo  MmdLYMZGH™MMO0lL  TBOOEL L. 53005353300,  b. 3owsbsdy s
0. 993™939w0) s 2) 35ML3IZE03MS  SbMEFOSE0JOOLS S ORMBNMMO  BolirgmEgdol
MdbIdolL 33¢935 85000 BOD0ZMMO FobolosmgdEgdol Fgbfagerol doBboo (9. botrsdy,
6. 05OM09). 50bB0ABsg00, HMA 1967-2003 Fergddo Bo@e®gdveo bsdwydsmgdol G9gas©
d90g8bs 3561335305 139G JWSLYOOLS S BsNMBOL 01587 oGS MYO.

005 3MmM3g00L §g3Mrmdol gsblsBmazmOlL sbagro dgmmpo

396b3303900 bdoMo Jbosh aMms30@E0s© 9930w XAMRIOL — 39MLIZEIOZ300
363908 d0MH0MSEIE MO BHo30L Mm3zs sMLYIMBL: LEIOHEO, (MIJWLsE 93390
390mbsGwo LBIOML BMOTs oJ3l, @O ©0s, GMIYWLIE 9O gosBbos Mo00g FmOTs.
LBgIOMEO JHM3900, OHMyMOE Hobo, MBOHM sbE3MZ960s, 30EMY VL. AMM3Z9d0L 3300935l
0o 3603369 mds 53l 39ML3IZEegMs  HoMBMIMBOLs ©@s  g3mi300l  dgbfagerols
0350LsBOOLOM. 35MLIZIZM 3MMZ9d0 3MIMY30MHYd0D 35Bg Lbgs 35ML3IZ300Mb
9O, OHMIIooiE 5O 9093903693056 98 [o®BMbsgdbgdl. oo FmbmE 356133 s390L
Mfgd96. Bmyo BMbMOo 3oOLIZWz0 MBMM sberms B3gbmsb, 3oMg aMmgs, Bmao 30
MO InOb. sd0@™M3 gMm39d0L Iglfogerolioll oo 3608369 mds sd3l 0dol oygbals,
o) HMIGo 35ML3IZE30 MOl FOHM30L 9300 s OHMIJO — 965, 93IS0MZIISQ
30m30L 93090l M3owom  LobBP3Mogwbgb. dgdamd d9dMdoggde odbs FgzOmdol
50960l bbgsslbgs dgmmeo, MMIwgdog 989sMd0sb 3oML3gwWsgms LoWOYIOL, doo
90g05M9Md9dL, 153N FMIMMBJOL, Lbogmer LoBdsMgdls s bbg.

S— P ag

T T

L. 118 MdLYOZSGHMMO0L MbsdIMMIgerms X yma30. JoMEbboL Jotrx3bo3:
3. 3MOMEO, M. 305dg, §. Laerdzsdg o 3. yoymesdgzoo (1982 §.)

205L0¥ABOL  MBLYMZSEHMMOOL s653IMMAgdTs Fgodndogal ©os 4MM3gd0L FgzHmdol

296L5BEOZMOL  sbowo, .. 9310300l  IJOMPO (Y. Xo935b0dz00, 3. 3Mbosbody,

3. Mo, 4. 06sLaM0dy, 2006), HmIol dobggzom dglodwgdgwos Bmbwe 35M33Wsz30

9035600 MOHMOgMH 9YIMYMdJBOL (33¢0gdgdoL LOEOEOL OM™MZgdol dobggzom

005 3MHm3oL  §930mdoL  ©oygbs  (39W3gMWO  39MLIZEEZ0LMZOL.  53v9FMEIs(300L
9900mE0m MBOHM 9539dGHMM© BJds 3OHM30L 356ML3303930L JoBMEM 393900 BMBOLOYL.
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bbgs  3gmm@gdobash  gsblbgsggdom, gl 3OHMmE3gEMGs o6 Tmombmgl  dgliss@gdgeo
39Mb3303900Ls S FMbMH 350139300 J9BsFoEgdOl TMEIEOMYISL. FoMEs sdobo,
53999990300L 9900mEO bETMOEIGdL 0dErg3s 498M3w0bEgl obBsdowmo LEBMYIEMMIdO,
030 bgmMYdO ML FMM35do. gi Boh3zgbgdo 0465 bmdeol 4MHmz0oL Jogowomby, MHmdgwos
90g056M9MdL 379HML 056535Mb3Zs39000.

(335JBIRO 39M3ZEz)dO

(339WgOS0  39ML3IZO3900L 3393 90SLMYIbol  MBLGMZIGHMMO0L  HMOOEOVIEL
0005600 gdsl 3093036905, §engdol 256053 mdsT0  IFMMZOEO 330039000
doboerols o YA  0000bstg 9330603909006  Logmdzgwbg  (335¢gds©O
39Mb33e03900L 330093900  FoMdmgds o  [om3mMgdl 9. bo®sdol, b. owowrsdzowrol,
0. §mAbodz0ob, 0. 5¢sbosl, 0. Bbozzsdol, 9. Jmaliosdzowol s bbgs dgbogMms doge.

(3390905 35M33Ws390L 0932136905 35OL3ZZWs3900, OHMIgEwms 103583539 OHMOL
dobg300m 033wqds, 046985 gl MZ0m 3oMLIZE30L BsMBOL (33e0egdom Asdmfi3gmwro,
0¥ ORIOOO 3501330308 MO0 3MI3MBIBEOL WOMOIMHD FoOBIMZOLLL Tomo bygBo™
2900bbogqdol  99@-b53¢900 356M05300m. MBLGMZHGHMMO0L IsMLYOOEIL ghmo ol
9900093, 1933 §gb, ofiygds dos@ol RR  @Hodolb ™Mo  (335¢0g0500 35MU33megzol —
339wqds30l XZ (DraXZ) o 3963mewgbol DL (Her DL) 103583530L  (335¢0g0500mdob
3000 9gx30bgds. BoBoM©s oo ©omzol W (W UMa) @Godolb 0bgangdsco-
3359050 39013303900l RMEGHMYMOB0IE0 RGHMIGGHM0s 13 ©xg0dosbo
MH9RwgdBHmmol  09939mdom (9. botodg, 1936). 1936-37 {argddo, ULodFmos 3sg3docmol
bobofiymmddgbgdegdol  doge  ©sdboIdwo  30M39wo  ggdGHOMBMEMIYGHMOL
505L3sbTo  EITMBEHgdOL s 534983900l G909y, 3golb P (P Cyg) ©o330639d9d0
396bmM 309w ©s. B3gdBHOHmo ©s33060390900L Fgbfageol Logwdzgmby sdmBgbowos,
63 490l P 30013330 13gdGH®mdo bsBgdol abs33¢rgds, G®IgEoE sboliosmgdl o0
390133308 BYEI30M0EIB 5EGMTJOOL sTMEHYMOEBOL LobdsMggdl, ©edM30IdIME0s
Looobom  gawgdgb@Gol  ombobsogool  3mEHb30owby.  bs  500b0dbml,  GMI
MdLYMZGMMH 0530 FdoEEOL 9b5dYM30vo 3589M0m, 70 1O IgboLIMMO BHIEgLIM30MS
1.25 38 @gwgbzm3om gbstol RR @odol 100-Bg dg@EHo 300L33woeg0l dglfogans dmbgmbs
(0. 5¢05b005). 50 39ML3I3E03900LMZ30L  IEYJBowo  Lbgssbbgs  Fobobosmgdergdo
3980p™ddo gs8myqbgdemo 0dbs 3oML3zEsg30dmMol LogMmgdo 3MmLImLwGo BogmogMgdols
29bsfogdols as9mbisgargbo.

©53BgHgd0  G0dEoboMgmds  Lbgoslbgs  Lobol  335¢9ds©  396L33e390BY.
LoLEBYISGHO0 BMEHMIWIIHOMO 33060390900 Fgbfageroos 50-0g dbgEgdoo
335090500 30013330 (6. Bowoensdzowo, 0. §Mdlodzowo).  BMEHMYMIROICO
35GMmwomgdol 899y bmdwol (Pleiades) s69gdo s m®ombol (Ori) sbmgosgosdo
500mbhgboos 107 sbogro sbmgdso 35MI33Wsg0, MMIgEms 103sd358g, B3gMMgdMog,
930690 0(33gds, 853690 CMMPOIEOM 45b0E3EOL 333906, 533900Jgd0ol Abgegl 330 gdSL
(6. b533wodzoo).  sdsLbIBOL s  Ubgs  mdLYMZsGHMM0gddo  Im3M3gdEo
533003900000 d5Loeol bo3ryd3zgeBg LEIGOLEIWOO FgOMEO® FgxBsLGdWos, OHMI
mM0mbdo ssbemgdom 2000 sbmgdso 3oML33wag00, Mog 0By I9BY3gegdl, GmA 53
2bmE0s30sd0 MomJdob yzgws Homguo xMxs 39ML3IZE030 bMYBoOs. SOLEBbOTBsg0S
399393boL (Cepheus) 0565350L33¢0390000 s0dMBgboo MB3zgweErm Mmdogd@o, HMIgedsg
1970 §eool 29 03coll m3EH03M6 b3gdG®do FdWszM0 sbmMYds 2ob60Eds. sbMYds, MHMIol
dodubodnddo oMo Lbgmwo 3-4 3501330030900 LOOEOM 5350350, 65 Fsdob
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39605300md5d0  908@0bsMgmds. ™mdogddo dgglodsdgds B Bodol Eobygd 303963,
ol 3561335309600 LOOEY OSbEMGdOm 7.3-05 (0. Bbozzsdyg, 1970). Imaz0569d0m,
00 md09dBL 9635 KY Cep-ob (odol 335¢g0s0 300L33¢a30. dgbfageowos Be @odol
390b3303900L  B3gdBHOWWo  ©s  BMEHMIGHOMWO  53093MJOYO0  SBMToEEo
0590l Bob@mdol dgmby 35Mb3IZ03930LmM30L. Boh3zgbgdos, MMD 53 ZoMZ3Ws39d0L
2959mbboggdol L3gd@™mIo o GMEWL MsTodMBL 5000 50MM3560 FoMlgdo (0. Bboggzady,
1980). 3GH™M9gdGHOH0 330603909000 Fgolfogwrgds 3gMdogaol Ae/Be 356l33ee3900,
OIadog X9 30093 BIMYse0odgdol s 35MIZZWsgms Fmeg56 00EY3MMdLMSD
305bEmgdol bGoosdo dygmg A 6 B GHodol dsbom®  350L33wsgzgdol 3093090036905
(0. Bboggodg, 1990; 2002; 2004).

505L0¥Bs6do Bomob RY mdogd@EHobl 33engzs 1972 ferosb d08obstgmdl, beenem 1980-
056 fangddo  mdLgM3oBHMMOol  ©og3os 93 Mmd0gJGHOL  3M3gMHoMgdMwo  33eg30L
30mOEobsgos  (3mmOobs@meo 3. JMdbosdgowo).  2004-2006 Fergddo 53960390
(6. 39030, b6.LdoG0) @5 VLMMIBOL MILMZsGHMMool dggbogdms (3. JmdLosdgoo,
6. Bogge0dzowo, b. ymPosdzowo, J. Bstygodzowo, g. xsb0sdzowo) msbsddhmiwmdom,
MOLYMZBMM0530 MG BMEAMIIIBHOMEOo ToboErol bsg3d3zgeby, BOJGHOWMS©
OEILAMMES 539003900 SLEAHOMBOBOZMLIIOL 35M0mo 0dol Fglobgd, MMd gsmol RY
XIORIOMB00 JMHMOOIMN0 MOX MO LoLEHYIss, HMIWOolL 3mI3mbybEo dgodwgds oymlb
LBV &o3dol 3sMb3gesgo (Luminous Blue Variable). s0lobodbsg0s, Gmd rdxo 3003585
(335090500900  359M03w9bgb 103583500 bobyMdwog, by (3350 gdSMBL, HMIgEos
Degxge  dmemnEbywo  s0mgmd39390000 @ doLOL  35GHLGHOMBMEO  BsJIMYOM
bsoliosmgds. bLsdgs®mdo LBV (335¢00050930 d5¢r05b 003000000 23530999, ©0glmgmdom

9500 M®0o3bg0 20-b 56 50gdsBHgds.
LHOsx3aLOHIMMO 35GLIZs3900
ddodg  390L33egzgdL, MMIMIdoEg  395MLZZWs3MIMEOL  LogMiagdo oo  LoBdsMoom
39095P0 Y0056,  LEGOxILOdIME  (runaway) 35MIZ3WL390L  fmgdgb. g OB
U39dBHOMEo  JEobol  3oML3I3EO3gd0L  J3g3wslos.  dsmo  LoBdotggdo OB
39Mb,33053930LmM30L Y960 BLZs®L (30 30/(0) 5FoMdYOL s 200 39/H3 s>0fgal.

LHOox3dOdIM@o 3001330039008 BEAIGOLEGHOIMMO 33935 9dGHMOWIM0s  ToO
o00mdmdol  99doboBdol oAbl MZolyBOOLom.  GOHM-gOHMO  39MIMPOm,
LHOSxaLOdIMWo  Mmd0gddHo  290mo@YymmEbgds  ©os  3m33sdGHvIto  3mm30©sb  dob
303306963308 ImMol  ©obsdoMo MOMogMHmIddggdol F9wgye©. dgmMg 3565EOm,
23990m@YmOEboL  0fjggal mMogo  LoLEJIOL  g3mEEMEool  3OMEJLTo  YMOZ0ESFOIO
90B0MEMdol 93390000 35MEbs TsbomEo {iggdol dogh dobol doMomso Bsfoeols
LHOs30 030030l  godm.  LHMsxgdlmdmemo  35ML3zsggdol  dglfogarsd  9godergds
960033690 ™3560 M0 005859mb HBYa096EHJd0L, BYoEHOMbMO 35MZZWs39d0Ls s Fs30
bgMgegdol Homdmddbol 99dsbobagdol gosbMgdol baddgdo.

505mdbols  MBLYMZoGMEM0580  JgdMmmazsBgdIMwos  Igmmo,  Gmdgwoz OB
390b3303900L  1o3MMOG  FMIMOMdoms  IMbsEgIgdOL  bBHeGHOLE03MHO  sbsEobol
1553999390 BY b0 LHGSRALODdMEO 35M33e53900L 359Mm3e0B7dOL bodwswgdal 0derg3s
(0. 3d0bo60d300). 0sbsdybog Hipparcos (ESA) dmbsggdms 8sBosb dg@Bgmero O-
G030 275 3561330530056 259m3gboos 19 LGHsRALEdMEO 356013330, Jsm dmEol 9
— sboeno (0. 3dobsmodgzowo, 2004). d9dpmddo dabfiogeowo oym 2228 O-B5V Fosdol
39Mb33030 ©s O o B Bgy0396@¢g00 s d906bs LHiMoxgdlmdmmo 35Mb33wsgzgdol 61
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3960@oG0. oo dmMol 8 35M33ws305, GMIgwms bobdodg 90% Lobmmdol mbom
42 30/40 5090953905 (0. 3d0bsr0d3000 s J. ot godzowo, 2005).
%ol 33e93900 505109630
dbg Bggbo obwrmglio 3sML3IZs305. s80GH™MI FGLodwgdgEos MBOM  ELHIGOWIdOM
dg30Lfogmm MG E dobo HBgs3o6o, sbiggg IHBoL s@IMLBIMHML Lblzswslbgs 3gbgdo s
5J@omeo  (oMdmbsgdbgdo. dbg  Iglobodbsgo  BOBOZMMO  dMEIBHMEM055,  LOWSEG
39690939303 808@0bsMgmdl 5M5B39MwgdMH030 dmbgdeo30 9dldgModgb@gdo, Hmdgwoms
39093900L 56500 99bbS3MMNMYGOMs© o 36503369 mdSL 0dgbl bbgs 3oML33zws39d0L
db9d0b dgLfogerol Laddgdo.

dbob  dgbfogamsll  8d5LOMABOL  MBLYMZOBHMMOOL  IMLYdOLMBSZ) OO
9600369 mds  gboFgdmes. 339 1932 farosh  Fomdmgds dBol  FGmEHmLggHml
5330603905, bmm 1934 erosb 589853005 LsdBgm b3gd@OMHM3geomligmado. 1957 Fgwb
9%9-9sdofjol 363806900l dglolfoges dg0ddbs LogHmadm®mobm Jugwo, GMIgubsg
305 wydbols  SLEGHOMBOBOIMMO MBLYIOZIGHMO0S3 F9MIOHMNS. STVBMD  s39380MHGdBOM,
©53MmbEOIs  BMEGHMIRIOH-JOMINLBIOMOo  GHJgLim3o ©s  MIOMGHIgliM30,
903 Dol 3MOHMBOL MooMysdmliboggdsl 5330M©Yds. 5998530 ,dBOL Ladbsbmmol®
LogM05dmMOLM  3MMyMsds. 1964 Fgwl  mdLgHZsGHMM0sdo  IFymd®mTdo  Bops Lsdbgm
3mM0BMbGHMwo Ggaglizm3o, bmewm 1974 gl — 53 L3-0560 OO BBYEGdSRM9dg
30OHMbMyMsx30, GMIgwoi gdg 3ol 3nOHmbol 9glfogwobmgol 4s80bbmwo 59 Godol
M©oEgbo 0bLEGHMWIGbGH0s. F30oMg DBmol 0bLEMMIYBEHIO0B s50lsbodbogos saMgmag
@womb G030l sbdggdogsMgdg  3MOMBMAMmI0.  50sLmMBBOL  MBLYMZSGMOM05d0
©53MHM398905  FEOIMO 5330039000  Foboes  IBol  vdBHogzmdol  Msdpgbodg
303wobmzob.

505LmM¥Yds6do OO YMMIELYds 9J3gMEs dbol Fodmlboggdol bdgd@®ob Tglfsgemsl,
OHMIgeo3 906  0bxzm®mIszost odergzs dbolb  JodomMo  gdsabwrmdol, dbolb
5GIMbBgOMLs s dob HomImbogddbgddo BoBo3MMO 306MdJdOL Tglsbgd. 0bgmsfomgwo
299mlbogqdol  965¢0bom  ©oRbEs BMEHMLBIOML  Lb3g30B0MMO  dobslbosmgdwgdo
(@3- bg3mE0560, 1965). LsdBgm IMBOBMbGHMWwo  BHwgbim3ol d9dzgmdom FJowgdwEo
99000 bsHgdol 356M599FBHMJIOL 5b5¢E0Bol Loxmdzgwby Fglfogerowos dgdswmemo
36OMEGHO9OBEId0L  (3Bo@b  sBmEymOEboo  0mbobgdmo ool MBs®mBsBsGO
Fo3w0q00l) BoHoZMMo  FobsbosmgdEgdo (3. bggdosbo ©s 0. poamesdgzowo, 1975).
139d GO0 bsHgdol dgbffogaroom gsdm3zegwyeos 9.5. §ybseo 3OmEwdgMbEgdol godobo
LAHOMIGHOS,  gIMMH35DYPMos  303mm9Bs  Fomo  M3oMsHILI©  dMF3M3sbo
39095096mdol dgbobgd (3. oamesdzowo, 1978), domgdwymos 0bxm®dsgos dsmo dos
LogMEMEwo bLEGHMWIGHYOOL dgbobgd s 999Fo390w90s FYboo 3OHMEMBYMBEJdOL sboeo
990 (8. 03300, 0. YA, 1982; 1983).

50580Bol  MBLYMZGHMM05d0  QoBLLDBWIGMWos s sHBNMLEGHIOMW0s BMAOYHMNO
0030505 53306039090 Jo8oMmo gaergdgbGol FosMMdomo Jodommo dgoagbowmds
dbol 30MmEGHMBYMBEOL gdolommo bsbgdol 0bEgblogmdgdol dobggom. 898w98s539d0os
Dgbs6r 3B MdYMBEA0 Ysedsol sEGH™IgdOL OO MomEgbmdol Fgx3sligdol Jgmmo.
296L5BOZOHME0s 08300000 gargdghEJdol — 0@®m0oMdol, 30M3Mbomdols s b3sbomdol
RMHOMB000 Lo FoHIOL Y39 obY S5¢dsmMHo 3603369 mdYdO (3. poymersdzowo, 1984).
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dbob oggMgbzosmm®o dermbas
dbBob  mgmeomwo ImEgwol dglsddbgwo®, Mog dBoL 5gGH03MmdOL  Asdm3w0bgdgdoL
aboblbgwsss  LoFoMm, 9930 gdgos  dBol  Lbgsslbgs  939bols s  sd@Gom®o
§o68mboddbgdol oggM9biEoswwMo dMKbzol Ms30LgdMHYdJdOL gbfagwrs. 05L0MAbol
RMGHM39WomaM59900L  3mwgd300©sb 1950-1990 fergdol @s63sg3mdsdo  oyMmzowo
0533003900000 Foboerolb baggr)dzgu by dglfogerowos dBol wsdgdol oRgIMgbEoswMMmo
06mbgo dBoL  5dBHogzmdol  bbgoolbgs 303wrolm3zol (3. y0aMersdzowo, . 3396Mbsdy,
9. bmgodzowo, 1990; 2002). 9mbs3gdgdol sbsgrobol Fggys©  ©oagbowos, GmI
50MLYIMBL  bo3domE 93580ME  FoTMbOGWWO  JNOYWS30s 5Jgdol  OGBIMHIB30CME
06b35Ls d FBOL 5JBHO3MOOL (3030 IO (33¢0MGOJOL TMOU.

29000m300w0s  Hgomdsol  dmF3Mgdol  oRIMHIbEosMEmo  dMMB3zoL  feronm®
L5390 @bs s (303WM Lodroemgdls ImMmol Lbgomds, MMIgwlsg Bohgbo boBdstgqdo
9hms. bo®Bgbo LoBdo@ggdol Mmmdo (33e0wgdol  gomgawrobfjobgdom dbol mMogg
BobggzomLggmmdo s0dmbgbowos dBoL 3mEra®mdol 33wowgdol dmdgb@do dmF3mgdol
0037bol  Mgoxzo  dBob  domowo  gsbgadob  9335@MMOL  F0TsMIMEWIdOm
(0. 303Mmodz0owo, 3. 399bosbody,  ©. xoxo®odg,  1992;  2005). 9dbol  NeNe19-22
303w900Lm30L  Fyodool  dmF3mgdol  oxgMgbEosGmo  dEwbgol  dobggzom
LGoGobGH03MMo© o9boos d%bol 06mbz0l B&rom-lsdbMgommeo
sb0dgGHMOMEMdS. 9l 3030g0do dBol POOWwMmgm Bsbglzs®LGgH@ dHWbI3L MBOM
UHOons©, 300009 bsdbMHgm bsbgzomLRgem, 95906, HmEILsg LsdbMgo bobgzs®ligggHml
LoRdotg ©mIoboMadl 396¢) (03wgddo. gImmsgzsbgdMos  smdmbgboo  g89dEHoL
5dbLbgaro dgdsbobdo (9. poaMmersd30¢0, ©. XsxsM0dg s bbg., 2003-2013 §f.).
©090530f0b 5&3MbgzgmmL Bgos Bgbgdol Bgliffogers sdsLoMAsbdo
©9sdofjol  5GHIMLRIOML  Bgs  139bgdol  2sdmbboggdol  Fglfogws  ghm-ghmo
8608369 m3569L0 gaMmx30b03MMH0 5TMEIBss, HMIgwoa 9B9JGHWMS© Fodmoygbgds bgws
3GHIMLBIOML  BoBoZMM-Jodomo  ™M30LGIGOOL  ABLLLLDBPIMZs®.  SBLMABOL
mBLBYOZ9GHMO0580 ©sTofol SEMLGBIOML Fomswo 5gbgdol, OOl s Msdol (30L
00bolL, mbmbol 960l LobiEYTs@Ewmo ©s33003909d0L BMsgswHarosbo, wbozswmmo
©53bgMomo  Fsbogns  sG0OL  Im3Mm39d9wo. . Bodzmzgsl (1923-1996) dogém 1952-1979
fe0gddo  GowgdMEo 3306039000  Toborol  sboeroBol  Loggdzguby  dmbgdbo
09530{ol 5@GIMBRIOML sdol 3oL Bomgdol saBbgdoLs s 06EIBLOZMBOL oM0s309d0L
396mbBMIogMgdoms gobbmysgds bydwom 45690gd0Lmzob.

29903 gbo@0s goLd©mo 5JGH03Mds WSOl 0L Bomgdol 3oMsE0gddo (. godzmgs,
0. Headmdgeodg,  1989).  sdsLmIbOL  MBLYOZGHMMosdo  Fogdos  mbHmbol
©53300390900L M35 fiosbo  bgMos.  LAEAIGHOLE03WOO  sbs5Eobol  LEdMowgdom,
930900l BgEgdol dgmmEom, dowgdwwos, GmI dofjoldzmol mal, 6 gMmo ool
399099, mDB™bol LogMmM MomMmEYbMdS 0HBOEYdS (3. 0bIBMMZs, 1989).

205L¥dobdo 1978 Farol sa30LbEHMLs s 1979 fiewol 0g3woldo, gmbmmo sgMmmbmeErol
Agbobfogamo, BOGIM©S 3990056900 LsdFMmo-599M03Mwo  9du39gM0dgbdgdo
AFAEKS-78 @5 AFAEKS-79. 2500330905 51939 $06M0b Jodom®o 990agbowmds s
0gMmbemEol  999sagbgero  Boffoszgdol  qedbagol  ob3dgdlos (3. 3omgobo,
3. 0U396MM3s, 9. bgbgzso, 1982).

0. Hedmdgeodol (1936-2002) doge, sdsbowydsbdo dobeol 3ol Bsmgdol 630 69
gdoLbool  3oBMIzgd0L  Logwydgganbg, 1981-1986 (iergddo dgbfiogerowos gabmbiggg®ml
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G9939605GOOL  (330wgds s JoMgdol  LobdoMggdo. Fomgdmwos, Mmd  LsdwsEwm
239690909 Bgws  9GHIMLBIOHM  MBYds  MEddYO  sLLfyobol  dJmbg  Tspbod o
Jo60dbargdol doMoms BsBsdo Moo bs3ool  Fomswrgbgdaormwmo  Bafowszgdol
59930l 259m (. GHMOmMIgerody, 1989).

1957-1997  Qgddo  LEHOLGHMLBIOWWo  mbDmbol, g3y  VOE-9bgHO0Mo
LAHOSGHMLBIOMo  3ndmbrOo bboggdol Ubgssbbgs 4569006 Bmbgddo dofjolidots
239Bmdg900Ls s 3LIMLMGO  9bsdRBIZMGO0B  BoBHIMGOMEO 33003900000
9mbs(399900L  965¢oBol G, s0dmBgbowos mbmbol 0b6@EIbLlogmdol  10%-0560
399306905  EMdIWMMO  Lsdgowm  Loool dodsMo  bbgoslbgs asbgbg, dbol
m3965L369wo bsdo (3030l o6TogzePMdT0. PodMIZEGM0s JMOIESEOEOO 3953006Mqd0
3mbdmbyMo  bboggdol  0bFgblogmdsl, ®mbmbol 35M053090Ls  ©s  dbol  @odgdols
65m©9bMdSL MG (0. JoOE0bO, M. BHrOH™Igewodyg ©s bbg., 1999).

30MdIMO E0BMBS 5ETIMLGIMOMUL J39s Bgbsdo

3MBINMHO  IMBMBS  SGTMLGBIOML  J3gs  §gbsdo,  GHOM3MLggOmdo, ofj393L
$993965Gm0oL 3gdsl dol Bgs Bgb9gddo, dsm JmMmOL, 0MmbmbggHhmdo. 0m3wmgds, HMI
3EMBIWNO 5303905L BYEs 5EHBMLGIMMTo Jggas© by Im3yzgl ombmliggg®mlb ggbols
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MHmIeol  dobgbog  ©350900L  Fgdsagbgaro  bofowszgdol Moo  LEO®YIEMOs
500mPRBs. 1964 Farosh 3mbdmbomo bboggdol dommbmmo 3mddmbgb@ol dgdLfoganger

X398L 9999900 EbY6 MdoEwolol Labgwdfoxm Mboggdlodg@ol 3oBo3oL Bs3MWEIEHOL
565090MBwgdoi 0. LogzoMgeodols s . 3900939608300l bgeddmgsbgwmdoo.
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51399HgdoL  33¢93900. FoRIWIOMOE, M. d3MBs3gEBs MHBTIOMIWGIMb ghms Boowm
0mbo390900, MMIgwms msbsbds 10 93-Bg dgBHo gbghyool  3mLdmbme  boggddo
abwyddo gangdgbGgdol dBoMmmM39d0 (3OHMEHMBYd0) MmIoboMmgdL.

Lodommgzgwml gMm3bmeo LsdgEboghm gmbool si30656Lgdom, 2006 owl g3oBogol
0bLEoGMGH0 3MbdmLyymo Lboggdol dods0r019egd00 SOFYM SHOWO FoOMMTslidEsdosbo
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d9bHages Fomdmmagbgmos gangdgb@stvman bsfowszoms 3090900l (3oL Jocmgdg. 50
535390580  930bs IM3wg  dodmzobowmo  9wgdgb@omve  Boffomszms  dqliobgd
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1996©5996¢MO0s MO 3356030, JHO WY3EGHMbOLY s MO bxgoBHMObMUYE F9dysto
»0X 0 s 58 Mmpsbol 30 3 MMO, MGOM FsboEO Sbiero. sOLBOTBsZg0s, M LadgsGml
0539605 MM0  IM535¢0xgMM3bgdol dqladdbgws (Bggbo Bosmgwmom) 5bwsdgbdmmo
Bofoamszgdol Lsdo mxsbosb Fbmemo 3oM3zwos Ls3dsMmoLo. Lsdogg mxsbdo Fgdsgow
Bofoozqdl qooBbos magolo s6E0bsfoeszgoo — Lafiobsswdogam gugdd®mwo dmbEHob
dJmbg ,»BHYM3oLEowgdo®.

23905 BMbsdY6GHIMH0  BgMIombgdols, sMLYOMIL  dbgdsdo  3bmdowo  mombo
MOH0JO™MIIIIO0L 2500593b0 Boffos3zgdo, dmbmbydo. mmbo MHM0gHNgdgwgdowsb
MmOL,  3M530H30NMLs s gu9dEHMM-05260GHOL,  OHMIwgdoz  Tglodsdolo
3M5303MbgdLY* S FMEHMbIOL goosd3m, B3I ymzgeMon® 3bmgMgdsdo 3bzEadom.
©56sMBgbo M0 — dE0gMo (35053EB0 — 3embgdo) s LYbEO (3osd@Bo — W s Z
dmBMb9g00) bmemE Jozmhmbzmdwye mbyby dmddgwgdgb ©s B39 Tsm MImswwm 396
393036 dbMdm.

bbgo  gegdgb@otmamo  Bofioenszgooligeb  goblbgeggdom,  dmbgdsdo 33563900
05306Go0  Lobom o6 sMOLYdMBYD. oLobo gagdgb@stmo  boffoszgdol doabom
dwogho MO0 gHmddggdom 90056 FgdmIoo.  gzgws  96ox3bsdab@meo
99996GOmM@o bofowszo (ssbewmgdom 200) Homdmoygbl m®mo 96 Lsdo 33o6M30Ls @
9630339M30L  bbgoslbgs gOHMMIWOMdIL. Fomo 930 MEmds  MHBOHWB39wYymaBoEos
23mbgdol 25690y39¢ 9o dodmizeom, Mmdgeos HoMmodsdmgds MMmN0)OHmMIm]dgo
339M3900Ls o ambgdol  ,89M0LY Y  ©@s  FMBGHOL  BobsliosMPdIGOOL  I3SEMO©
296L5BOZOMEOo  3MABOBS30gOOL O3300. Y39Ws M9BMbLTIbBHWIMO gugdgbEstveo
Bofoawszo, 3OHMEMboL  AoM©s,  9MBLEOW MM, b 0dwgds LMLEGO s IO
MOH0OHJ0900909d0L F1YRO.

909996GHMmM@o  Boffoszgool LEobodGMwo dmEawo 35y bLboL 50755050
00LYdME  9Ju3gMHodgbEGHM  Tmbo3gdgdl.  MPEs  OLYOMBIL  Mogo  Lsgombgdols,
OMIwgdbBg3 3s5Lgbo 93 BMmEIEOl BIMAWGdTo 56 TM03Mm390s. 330b6s, Modgbody
050560 25350 dmm.

300390  3OHMOIMYT> 9393800 JPM0s  gEgdgbGIOmE  Bsfoamsgzms  Bslgdmb,
OHM3goms 139G  dogbg FoOmMo. Boffoeszgdol doligdol 93 I35 xgM™m3badol
aboblbgo  mgmMmosdo  dgdm@obowo  odbs  9.f.  3oglol  dmbmbo,  OMIGEb
MOH0JOMIJIIIO0MSE 439w Boffoeszo 0dgbl Tobsl. dmbmbo, GMIgwoi bsgsMomomo
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9mgol 59 ,0000350“ Bafowszl ggbedsdgds, dbmwme 2012 gl odbs swdmBgboero,
096 sdobmzgol Logo®Om gbgMyoqdo s35BJoMgdwgdby dsbsdg dowPgmwo s oygm.
5055050 900065MgMdL sboewo dMmBMbOlL Fobslinomgdwgdol gEswHo dgbfsges dobo
30pLoLb  dMBMBMB  WBHYMIMmO 2003039008  Jobboom.  Tsbsdg 3o Bofowszgdol
UEoboOEGHWWo Mo 56 90dwgds Bo0m3smml OGN MYMMOSQ.

J9meg 3OGMdM9ds MROM HOWEOos.  (36Mmdowos, O®MI  JogMHmbdysOm  3356EHMMo
0gMOHooL  396mbgdl  gdm®mBogds, bmerm  Fs3MMLsdysMml  spbsHgMo  s063GHs0bol
BoMEOMB00MIOL MgMO0sL 094g69096. dMs35¢0 Fg360geO, 500 FaMOlL Mz0m 5063F0b0g,
BOMBEs 53 MO0 JoEyMIoL 259M0056gdsL, Boa®sd ym39w0 IEEIEMBS XIOKIOMIOM
d99YR™ 50dmPBbs.

50559500 5MLYOMBL M09©yb0Tdg Im@YEo, HMIWYO0E OO FogHM05HxdOL” domfigzolL
009L 0dg3056. 9OMN-gHMO Tomysbos br3gdLOTgEHMos (SUSY), Gmdwol gatyawgddos
gmg9wo bsfowszobmgol Ggdm3gsgo dolo LvydgM3sm@bomMo. dmEawol msbsbdo, o0
>0 Bofloeszgdl doeosh oo dslgdo gosBbosm. dombgwsgs® Lwdgmliodg@Emoreo
80330l mgmMHowo JodHBoE33w™MdOLY, sOEF 9Hmo LY3gMH3sMHEGHBOMMO Mgl Mdom
50IMBYBOEO 56 sGOU.

339630 @5 3WOLogMMo BoBOIOL FobogMHm0s6gdEIE OO 039EYd0 TYsMHOYOdS
Lodgdol  MYMMH0sDY, GMIWOL Goygddog bofowszgdo FoHdmpagbowos MHmaMme3
296L53MNOIOMWo  MEYbBMTowgdosbo ™mdogdEgdo, Gbgzso Lbodgdo. o3 Tmyerol
05653 Lodys®m 36535 s6BMmT0gd0sb0s, MmEMbE ©sdsGJdomo  gobbmTowgdgdo
00965 359615 (B550mo, Bsb3gMwgdo 5M0s6 9300 ©0sdgEHMol §6M9gds), H™A
Pggb Bsm g  399Bbgzm.  Lodgdol  mgmEool  FobslfeMagEHY3z9wgdgd0sbac
993960096 KIM SBIE YOO 5O IBEIMIDS.

09L53g 3GNMBETs, OMIJEoE 03MM BoBoIoLmZ0L s 3MLIMEMACOLmZ0L LsgOMM.,
00580 9MdoMgmdl, G 6sfows3zgdol bGebodEHwwo dmgwo bsdgs®dmdo sGLgdMEo
Bofogozqdols s s6EH0bsfows3gdol Gom©abmdgdl dmemol sodgE®mool sblbol oliaegdl
396 0dwg3zs. LEHBIOEHMWO ImEIwo LodgBHMowos baffoszgdol sbEobsfowszgdom
39330l dodotm. Mg Bodbogl, HmI OO 9839mJgdolol MmMm03g GHodol boffows3gdols
05650500  GomEabmds  Mbs  goBgbowoym. Lsdgstm 30  3MmoBHogMwe©  dbmemo
Bofoas3900L96 d9pgds. Lo A9dMbIb sbEH0BFow 39007 3BMdOWY, ™A bsfowszgdo s
3bGobsflowszado MOM0gOHMJIggoolsl 96030 oMgdgb, by 296H0Jdb9d056
399mlbogqds. dglsdsdolo, Bsm0 Msbsdsmo MomEIbmdom sMLYdMdOL dgdmbgggzsdo,
Lodygsmb dmgero Bo@ghos, godmbboggdol §sMms, OO 38390dqd0L d9dymad 3gHomodo
90005650 Mbs goddMowoygm. 53 3o6MoMJLOL SLablbgwo@ LogzdoMolos ogwYdz5m, MHMI
5MLYdIMBL M0dg 3MM39L0, HMIYEOoE Bofowsz-sbGHobsfowszms LodgBHMoLl sOM393L s
Bofowozms ghmo 8380wosMHEom boFsmdgl ofj3g3l. 58 dg8mbgggzsdo sbodowsiogdol
3900092 96@0853H9M05 3odMs s LsdgsM™MAo MBS FbMEMmE Fo@gMH0os 08 MomEybmdom,
OMAMmOE 030 EOILEOIMB0MLS §oMdmygbowo. Bsffows3-sb@Eobsfiowszms bodgEmool
©536MHM3930 30OMm39Lgd0 ToOmsi 0gbs s0dmbgboo, Foa®sd o0 Fogh 5dmfi39w9wo
0oLBOWSBLO Fo@JMOOL LOFsMBOOL LObLBYEISE 56 SMOL bd3TsMOLO. LoFoMmms LodgBHMogdol
©MM3930L  sbogwo  dgdoboBdgdol dogds o, MMAMME  gBHYMds, LYoo  3MHMEgLYdO
L3006 LEObIOEGH BmEgb.

39360969080 0890m369%96, D 99dwqdab 3sLvbo gol3gb Bodmmgwow s FMsZo
Ubgo, %96 30093 39©0sFOHge bozombl, CERN-do 2010 gl $9mddgogdmeo oo
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2QMHMbMwo 3meoogmol LHC-ob (Large Hadron Collider) Lsdwgoegdoom. 9gasbligbgdm,
I 3MWs0EIM0 gbos 5356doMgdgeo, Mmdgedos begds bsfowszgdol mMo gmmdsbgmols
d90bggM0 Bs3ool dgxobgds. LHC-ob 9gdmbggzsdo qbgbos 3Mm@mbgdo (figowdsol
00MH™M3900) 96 Y300l ombydo.

LHC-ob 27 30 bog®dob g,
© CERN

L. 127 3Mb@wco

3065000
9m3wgo 33065 s03hgmmo LHC, MHmdgeog 89390350005 s bogg@sbagomol Labmgs® by
90g05M9MdL. 080 2obesgdwgeos dofjols J3gd, ssbermgdom 100 IgE®mol Low®dgby. 27 30
Log®dol §OHoMw 43065030 dMbEGEggdMwos 1624 Bgysd@omo dogbo@o, MmIwmgdoa
5693709896 3OHMEHMbgdOL 306900l IMIMHMBL s SBMIMLYdID Foo> 5Esd0sbol Mol
©gMol  BmdsdEg. 0sboGHdol  Lsdwdsm  BHgd3gmoGes  doerosh  sdswros (1.9K,
obrm 271 C).  Bofloenogzgdol  3dgag®o  Bogool  m®Mdo@sby  9glsbs@Pbgdema
030 g0gE05 9 Ggbersl Gmero dogbo@Mo 3guol 99Jadbs. 9gsMgdoliozol gasdofjols
9oaboBvmo 3g9eo 100 000-x96 bogargdos 8 bLooyHy. FMTomdol EMML JMEr0E Ol
QuoFommgds 180 099303530 9JE9dBHO™MYbgMR0s, B3 bW Mgdom Tmgwwo mdoEwolol
dmmbm3zboggdols bobgzs®l dgglodsdnds. 3s3b0Egddo BgasdEsmo 530w gdol boamdg 10-
XIO 5F5M0gOL Yoo FBYdg Fobdowls. sBJsMdo 3MMEHMBYdOL odbg3s MH™MI
56 dmbgl, dodo, MMmIgdog obobo dmdMHomdgb, Jowfgmwos 353790l dogBy oo
bamolbo, HmIgelbsg Ibmem 3mbdmbm®mo 0¢) dgg™gds.

3O0M@™bgdoLs s BHY300L 0Mmbgdol X IHYds BGds 430600008 Mmmb g EHowdo, Losa
2396oggdm@os  MboMIobomo 9@ gddmemgdo: ALICE, ATLAS, CMS o LHCb. dsmo
Bmdgd0 IH35¢BMMNY0sd Loberl 990dwgds 8935oMmMm, boerm domo fmbs somdom
0m3L0  BMbss. ®0MYMWo ©bsYIM0 500sb SLsdEY Fowomb gwgd@OHmby SGbBL
3903353U.

Bmdobogr® M970080 dmddggdolsl 3MM@GMbgdol dgxsbgdgdol bLobdomg Fsddo 800
doombl  dg5000bl. 9gao© bsYsMgdo sddo 100 GHgMmosdsod gdudgmodgbdwmer
0mbszgdl  9Ho®mBMgdgb. 20356@MMO  0bRMMIszool MY  OMTo  s3)Togzgds
9G93MmdM03000  bgds. 306Mg dmbs3gdgdo  96Jo30Mm900L  LOLEJIL Yo BOZ6gOs
d90oamdo  bsobpoMgdy ©s0wdaggdool doBbom, domo Mom@Ibmds  ssbEmgdom 25
doombxg®  930Mgds  LoobEghgbm  89dmbggzgdol  dobodsgr®mo  @obszaMagdom.
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dmbsgdms  9gMbhgzol  gbmegbh ddog®o ©s bBLbGo LobLEJds 9umdbgds MmO E
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50090Mds @5 9BseoBol LoMmvyeg dmomMbMZgL dmbsEgdms 383900l LodIEszMOLS
@5 bY0bBMGTs30m  LoblMdol  dMdOW D305l  9JudgM0dgb@gdol  dmbsfoery  yzgws
d39996s0o0.

50bob0odbog0s, MmI gbmab Moo 3GMgdBHol  FomdsBgdom  gbbmemEogwgds
d9L50gdgEo  aobs VLB J399bol  dgbogegdol, 0bgobgMadols s  BHgdbogmdo
396LMbsol dgfigmdowo mobsddhmdemdom. LHC-0b ©sbs@astgdol gebbmMEogargdsdo
f3wowo 90003000  JoOmM39e  BoBOIMBYdLYE,  OMIWGdOE 905505  306HZY0
9939600960 IMbs378900L s3Ts393000 5MH0B 353900,

306390s 09009390053 96 ooymgbs. 339 2011  fHerol  slalbmyemobmgol,
901bgs35 0d0Ly, MM IOMEGMBIdOL bs3oTo bofowszms Momgbmds dgwstgdom
9gomg ogm, bmm Jgxsbgdoms gbghaos Tsboms 3gbGH®oL  LoLEgdsdo 7 Bg3-l o6
009353HdMms, 30aLOL dBBMBOL dogdol BBy Tgbodwrgdgo obs o3 bBofowszol
©5b5339%0 ToboOL  E035BMbol 3609369 mzsb0  Fgz0(OMgds. 2012 gl Tgxsbgdsos
9bgergos Foboms 396GHO0L LobBHYdado 8 Fg3-20@g A90BMmEs. A0BIMEs 3OMEHMBYdOL
60300080 Boffoeszms Mom@gbmdsa. 99w9as, Lbodo ™30l obwfyzgdgwo dmddggdol
990099, ATLAS-obs @5 CMS-0b ©bsgotgdds dmodmgglb 08wgbogg LEs@GobEogmmo
dobos, Gog §obs Mo ool 9968530Mdsdo IRMMZPs. FogHmM0sbgdmo Imbszgdgdol
508539008 890009y,  ™M03g  3MadmGMsgool  9gEbogMgdds  9HmTsbgomoliasb
5301300090 s 503MaBobal sboewo Bafowszo, HGMIgol dsls ssbwwmgdom 126 y93-0s
5 OHMIJoE 303080 Fobsliosmgdwgdom 5459y bowosg 3oglol deaHMBL dggbodsdgds.
RO LobMmYsMgdsd s0dmPBgbols dgbobgd 2012 ferol 4 o0gwobl dgoBygm, GMmEgbog
CERN-3do ATLAS-obs s CMS-ob 9du3960896¢9d0l 2590000569039¢00 Logsbygdm Lgdobsto
Podods.  00vbgogo  Loghomm  gbowmbosHdobs,  dg3boghgdo  35@gamGm0Mo
3963bogdqdolgsb  XgM-xgOMdom  0o3b 03539096, 306506 30093  dg3®0°
2395390090900, Bams Bomgwro 3mgBobml sHsEro bsforszol Mamdsl: 00 LEbIMEHMwOo
9 gob 653w 300l dMBMbos 1) LOYEOLE SHawo, X6 M3bmdo boffoszo?t

2013 farol 0gdg»zsedo LHC-0b 693mbLbEmmdaos 2obsbers, Moms 2015 farobmgol
dmbgebgl LadMmgddem Loddws36Mggdol dowfgzs. ©IBsEEIMOL LMW IG30MM35DY
29L3wol 8999y, 3OMGHMbYd0L MomMmgwo bs3ool gbgMaos 7 Gg3-U doswfggl. sbgmo
9bgey00 dggLodsdgds bofowozms sBJotgdsl 3God@ozmms Lobsomeol Lokds®gdwoy -
obobo 0.999999991 Lobsmerol LoRJs®om 08MIMS39896. Lsbsd sbgm Lokdotgl doswfg39b,
36OMGHMbI0Ts  3MWs0EIMOL Homew mEmBoGIBY MBS 29056MMb dsbdowo, HmIgwos
L5IX O 509353 Jds ©JT0fioEsd Bgdg dsbdowls.

LHC-0b 30m5009Mol 89Lbsdegdemdsms BMos 300093 96Mo35¢ dmrem@biermdsls
ool 393609M90L wobemaglio 20 ferol 4o6dsgemdsdo.

¥ 2013 §ganl Bmdgols 369305 dogbods @. gbawg@Ls (Frangois Englert, 1932bs 3. 30pl (Peter W.
Higgs, 1929),6m8wwgddsg §obs Lormzmbol 60006 fergddo 6. dOMEmE (Robert Brout, 1928-2011)
905 BEABIOGHWOo dmgeol 3oxlol dgdsbobdo Tgodmdsggl.
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36500 IV 30903960 s sbGOHMbmdonmo ghmgmegdo

b @sbsmo 8gogogl fogbol  GHgdu@do sdmyabgdo 860d36g9wmgsbo  gobozmmo
100EY9d0L s 39ET039d0L 50b0d3z69d30Ls s 860369 MdYBOL (SHOOWYDL.

SI LobE9dol 7 o050 GOHMGMEO

B0B03MGo boowy 90O s0bodgbs
LbogMdg doBmo m
dobo 30MyMsdo kg
O™ §sdo s
&9939M5GH MG 39w3g0bo K
9JOOVwo ©gbo 583900
Lobsoarol 0bEgblogmds Lsbogaro cd
60300096900l MoMmEYbmds dmo mol

SI LobBgdol Bmyo MO EsTbTsMg s Gg9bowo ghmgmwo

530%03mM0 Loowg 9emgYmo s®b0dgbs
dMHBHYgwo 3Mombg 50560 Rad
Lg3gM o 3Mmbyg LBHYMS0s60 Sr
Lobdomy 39630 Hz =s!
dogd Bom@mbo N=Kgms?
$6935 35L35¢00 Pa=Nm?
03336039 kg m?3
969600 X0 J=Nm
9696a00L bLod 336039 Jm?3
Lboddesgz6y 3530 W=]s'!
99JHOYo ddbdo 3Owmbo C=As
99JOODwo 3mGbgoswwo 30QHO v=JcC!
0ogb0@Gmo bs3o0 300960 Wb=Vs
953600 Bszool bodzzmogy A9bs T=Wbm?
Lobsmerol Bozso wydgbo Im =cd sr
Boormd adbo Ix =1lm m?
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SI LobBYIoL YoM, DMAO0IOMO BHZS 930 EILJOMWO GOHMNYYO

130b031960 Loog 3603369@mdos swbodgbs
99dBHOMb3memEo 1.6x 10177 eV
bGHMMbmIomwo ghmgwwo 1.5x 10" m AU
390930 206 000 AU = 31 x 105 m pc
Lobsmerob fawofowo 0.3 pc=9.5%x105m Ly
3MMLo /180 rad °
3560 fymo (o63-006w30) /10 800 rad '
63560 §odo (560 3-U93bwo) /648 000 rad g
2baLEMgdo 10°m A
dozmhmbo 104 m U

33065 8m3094356Mm0m SLEHOMbMI0wwo ds6dowgdol s0dbodzbgaro bbgsalibgs gMmgayerol

96035690080 25005L5Y43560 GmMIMes:

1ps=3.261y=2.06 x 10° AU =3.09 x 10 m

5 83965396 &HwMO 30Bo3MMO dv©Iogs

©3bObYEgdS 3603369@mds smbodgbs
3ob30l 3mdogs 1.0x 1037 s h
BoBHMbBoL 3abLEHbES 6.7 x 101 m3 kg! 2 G
Lobsmeol Lobdstyg 35349380 299792 458 m s’! c
dmen3dsbols 89dogs 1.4x10B]K! ks
3mbols dmdogs 9.0 x 10° N m? C2 ke
3sb30L 8gagbowo ghmgmangdo
QLsbYEgdS 9603369¢rmds 50bodgbs
3@0ob3ol dsbs 2.2 x10%kg mp=h!2 c2 G2
3sb30b gbgtgoo 2x10%] Ep=mp c?
3@sb30L bog™dg 1.6 x 10 m Lb=hmp!c!
39b30L tm 5.4 x104s tp=1lp ¢!
3sb30L dmbEo 1.9x108C gp=h'2 cV2 k12
3ob30L 39d39Gmo@MMo 1.4x 102K Tp =mp c? ks'!

188




530b035d0 bdoMs 0ygbgdgb 9aMgom FmgdMw boGMmow® FoBOING JHMIMcS
LobLEgAsLoE, bosg

h=G=c=ks=ke=1.
50 bobBgdsdo LogMmdgls s EMML, 0lY3g MMYMOE Jobol, gbgMPOsLs s FHYIZYMOEHWOSU,

90065060 Jo6BMTomgds 5d3L. 3306 dmz0Yyzs6mm 53 LolBgdsdo gbgMaool Lbgsalibgs
999 gddo 2ooliayz5b0 G mens:

1eV =103keV =106 MeV = 10?9 GeV = 1012 TeV =
=11604K=16x10"°]=18x10"¥kg=2.0x 107 m*!=0.7 x 105 s

DMy0960 BoD03MOO 3565990

©3LObYEgdS 960033690mds >wb0dgbs
9999bGH oMo dbEo 1.6x10%c e
999 BHOMboL dobs 0.9 x 1030 kg Me
3Mm@Gmbol dobs 1.6 x 107 kg mp
P @9 € Aoboms FoMHmds 1836 mp/ me
056300 35w5gE030L 396Gt 3By 260 000 ly
LYol Moo 101y ~ 10%®m
09590fsbs s 3oL Fmeol dsbdogro 3.8 x108m
dBob b 2.0 x 10% kg. M
dbol Msombo 6.9 x 108 m Rs
dBobl Boonmds 3.8 x 10% Wt Ls
©gsdofjols dobss 6.0 x 10* kg. M.
95300l Hoomlo 6.4 x 10°m Re
0bg3m®8s300 M59qb0dg 3593595 3503330l Jqlobgd
LoMowbo o CMa 22.9
NO% o P o) o Boo 100
60QI0 B Ori 52 500
303 o Vir 1905
3bGoMglo o Sco 6310

189




D090 00b535M133e53900L Labgfimmgds s 50bodgbs, Bmosgml bodbol

9000myd00
g | I | s | boiste.
Aries Ari 396do Y
Bootes Boo 09bsbobrg
Canis Major CMa QOO JMxy530
Canis Minor CMi 353565 JMaxs30
Capricornus Cap obob s U
Centaurus Cen 39639360
Cepheus Cep 398393V0
Cygnus Cyg dJ©O
Draco Dra 24399330
Gemini Gem 0omhd030 gs
Herkules Her 396 399mglo
Libra Lib Lobfmeo a
Lira Lir dbotro
Orion Ori m®ombo
Pegasus Peg 399b0
Pisces Psc 093bgd0
Sagitarius Sgr dd30w@mbsbo
Scorpius Sco 0605635000
Virgo Vir Joerfaro

190




©36sOMmo V.  mdlgh3zs¢mMogdo

bEHMMbmdomwo  33e93900L  FoldFdgdbg  PoMdmagbol  dqloddbgro,  a30bcs
9309396mm ©9s30fobg s 3MbImMIdo 995535 dMmJdgo MmdLYMZGHMMOIOOL sMOlMYIO
SNGIRHEE

bme. 128 LBT (Large Binocular Telescope)
MBLYMZ5GMM05 EGIMYMOL SHOBMBL FEsGdo
(599); 3565990 @os 3300 9@ ol Lodswegby.
LBT 59558500 dbmgeromdo yzgarsbg oo
390h930L65(056mdOL FJmbg Mm3EHo3Meo
G9IgL303005. oL Fo9Bbos MG Fgfiyzowgdmeo
8.4 9 ©05dgBHEOL LoM3g. Lobsmols dogrobs s
2390bg30Lv656056Mmd0L dobggzom, LBT
d99L5050905 BHgEglizM39dL, dglsdsdols, 11.8 9
95 22.8 8 ©©05393HM0L Lo 3ggdom.

bm®. 129 GTC (Gran Telescopio Canarias)
A9gl3M30 3GdMYMBL 39BsMol 3Mbdmwgdby
(9L3969g™0); 2obeoggdyeos 2400 9B MOl
bodowegby.

GTC 53558500 AbmuEwomdo gOHm-9Mmm0 y3gusby
©OEO M330399IM0 Bgwgligm30s. dobo 10.4 3
©0539¢ M0 b 3g 9Pqds JOHTsbgmsb
LobdMMbobgdmo 36 35 39mewro LyadgbEobash.

L. 130 SALT (Southern African Large
Telescope)

G9gL3m30 BEYOIMYMBL Jowrsg LobgMeabmsb
(LodbMgo 5530039); 9BE53gdMEos 1800 dgBHmob
LodowegBy.

SALT mog0bo 11.1 8x9.8 3 bmdol bt 3o,
6H™Igog 91 9eHbsoMo gdalizmbgolasbss
3fymdoo, 5355950 LodbGgm bobgzsOLggO™Mdo

5OLYIONLO Y39waHY OO HYEglgm30s.

191



b, 131 McDonald Observatory
mBLYOHZoGMOM0s IEYOMYMBL BHgbobol d@o@do
(599). od 3mbJz0mboMgdl 4 BHowglzm3o,
09 m0bsg 9Bm-9gMmo, Hobby-Eberly
Telescope (HET), 30356@vM00s. dobo Lot zg SALT
39wqL3M30L LEMIoL 0EYbEHMMOS. J0HYPIZ©
©9530fol 3MBz00m gsdmfjggmaeo
§obo33w9d900Ls, HET-0b Lsdw)segdoo
89599 os 306 MBOYIGHIOYY Mfg3oGO
0533063905 2 Loom0ol 456353e0mdsd0.

Lbme. 132 APO (Apache Point Observatory)
MdLYMZoGHMM0s 3YdMYMdL Bovy dgduogml
33530 (638); 4bwsggdmemos 2780 9ol
LodsegBy.

30L560865305, ®MA 59 sOLYdIYO Mmmbo
991330096 JMH0-gMM0 Foblmmzbowros

SDSS-Logob (Sloan Digital Sky Survey).

© SDSS

Lbwy®. 133 CTIO (Cerro Tololo Inter-American
Observatory)
mBLYMZGHMOH0gd0L 3MI3gJlo dEgdIMYMOL
Josd co Lgegbsl (Boarg) sbermls;
239b@osg90m@os 2200 dg@®ob Lodswergby.
d06005©0 Bguglzm3gdos 4 dgGmosbo V.M.
Blanco o 4.1 3g&®Mosbo SOAR (Southern

Astrophysical Research).
© CTIO/NOAO

by, 134 CFHT (Canada-France-Hawaii
Telescope)
MBLYMZoGMM0s QbSO ME0s To9bs-3g0l
0005% (35350), 4200 9EHGOL LOTsEgbY.
A9wgl3m30L LM 3ol E0sdgEH™M0s 3.6 d.

192



be. 135 W. M. Keck Observatory
9L BLYOZoBHMO053 Fombo-39oL Fsbgs
(35350) 396Eop9dwo, 4200 dgEHeoL
Lodowegby.
00000M970 (Y930 Bgaerglbzm3ol La@zol

039G Mo 10 dg@®os.
© NASA

bme. 136 La Silla Observatory
3003gdLbo 8gdsMHGMBL 5353505l vYdBMmTo
(Boag); 35603989905 2400 39 @ol
bodswegby.
ESO-U (European Southern Observatory) 59
36099dBHdo dmbsfioangmdl g3¢m3ol 12 §3gysbe.
939w 5H9 0O BHgagbzm3ol LoMzol

0539360 3.6 AgBHE0s.
© ESO

Le®. 137 Paranal Observatory
000905MmgMBL 53)53595L @sdbmdo (Bowng);
2396529005 2635 dgEHEMmoL Lodswegby.

57 9mgddggdl ESO-U 4 3gamgbzm3obsgsb
3900095600 3m33cmgduo VLT (Very Large
Telescope). mommgo Ggagbzm3ol LoMzolb
©0589¢M0 8.2 893 M0s. 2011 gl 9500 ©ogdsds
VST (VLT Survey Telescope) — m3¢0329)6
©0535HMbdo ImdMdszg Abmxwomdo MoIlo

G9wgligm3o.
© ESO

900530l 3gwgbzm3900sb sbsbodbsgos E-ELT (European Extremely Large Telescope)
39.3 99¢®0s60 Lo 30m. 030 MBS F96MOgLEIL 5?3535 MdBMTo (Bowng). GHguglizm3ol
099690 mds ©s0fgm 2012 Fgarl s dobo alimyemgds Bogo®amwgzos 10-11 fgwofswdo.
3LIMLMOO0 056593 D0309d06 430bs 5036086Mmm ESA-U mGo s NASA-U mombo
5650560, Jom FnMOL BHgEglizm3900 ,,0EO MBLIMZEHMMOJOOL” LY.

193



Lbme. 138 Planck
ESA-U 3mbdmbwy®Ho mdlgmge@mMos. 359390v9¢0
0gbs 2009 {erols 14 dsobl. dmgddggds
5305670l L2 Hod@owdo. dobos
QLMY GINMOE A5TIM3ba©s 2013 ferols
™gGHmd9MHT0. Logobygdme 9998300
30LAMLMOO F03OMEICNMOO BMbol
399396053 MMOL 3560530900L FgboLFogzws® ©s
WMAP-0U 9mbs398900L slsbwligdes.
2903900l dmbs39dg00, MMIgEms
159v)5¢0gd0m FgLoAGdGLO 5B JOMOM SO
30bIMEMA0MMO 3560599FBHMJOIOL IBMLE DS,
299093996005 2013 Farob 21 dotr@b.
© ESA

bme. 139 Herschel
ESA-b 30bdmbo@o @gergbzmado 3.5 8 osdg@mol
LG Z0m. 253390990 065 2009 Farol 14 doobl.
206003L989905 @oga@obgol L2 §god@Eowdo,
39wom3gb GO MmMBOGDY. MmBLYMZoGHMMO0l
doM0m F0Bsbl 95009906 3933003900l
245B9bols s gosd@ogzgdol g3memizools
36391900l dgbfags 0bg®msfomgen
©0535Hmbd0. 2013 {ierob s3Gowdo sdmof®s
HILfgmb 3obag03IVOWIE SEFOWIOIWO
0b935000 39w0owdol JoMogo (2 500 ¢.) s dobos

QILOWGOMES A5TMEHOOS.
© ESA

L. 140 Kepler
NASA-U ¢gegbzmado 3mbdmlido 4983900 0gdbs
2007 §eools 7 8oL, 3gergbzm3ol §mbos 1 @.
2496003L989w05 ©9ToFol MOBOESDY.
24980Bbm@os B3960 yosd@Hozol 35Ml3gwsgqdol
24060dgdm ddMHwbs30 gEsdofols bmdol
3069 Bgdobs s Lbgs 9oty Bmdol mdogd@gdolb
50dmbsBgbsg. dobos JoaMdgegdyenos 2016

fis00g.
© NASA

194



LM, 141 HST (Hubble Space Telescope)
NASA-U 5 ESA-U ¢gegbzm3do 3ebdmlido
399390990 0gbs 1990 fgab. GHgwgbzm3ol fmbss
11 @, bs® 30l OsdgEHMO — 2.4 0. FTomdL
d0MH005©© Bow e os3sHmbdo. Hubble
JM05©IM00 Md0YJH0d, Mol 893900905
3b0mbdo dmbs (35651369 2009 Fgenbs).
993 MOES30S oR9d0w0s 2018 ersdwg, dobo
99933 9eol, JWST-b (James Webb Space

Telescope) g0939050007.
© NASA/ESA/Ruffnax

L@, 142 SST (Spitzer Space Telescope)
NASA-Ub gb @gargbzm3o 30bdmbdo godg9dvyeo
0465 2003 §9geob. dobo Hmbs 950 39-0s.
239035¢0bHobgdmEos 0bgMsffomgeo Lboggdols
doLomgde. 0bgmafomgeo Lboggdobmaols
3LIMbMo IBH3M0L OHMBEGdO, HMIXYdOEG
B9M5396 FoodBH03gool 395GMIOU,

2993306035¢090.
© NASA

bwy®. 143  Chandra X-ray Observatory
NASA-b 696¢339b0b ©00535%mbdo dmgddgo
G9gL30m30. 3MLBMLTO 533900 0gbs 1999
$9eb. Chandra-b doffollbgs sbsgrmyo 56
2499BB05, Moyob ©gsdofol s@EHImbigggMm
000gd0ob dn0sbs Gmsbmdsgl MgbEagbol
Lbboggdl. Chandra-U ffmbs osbermgdoom 23 Gmbos
5 Shuttle-9d0L dog® 3mbdmbdo yo@sbogo

439sg 9dodg md0gdEHos.

195



30L3MLYOHO  Bgaglzm3gdol dmbs3gdgdo gOHmMAsBmL 539096 s gurgd@O™IspboB Mo
399mLb0o39d0L MomJdol dmga b3gJGHOL BoMo39b.

L. 144 25wod@039d0lb NGC4038 oo NGC4039 9gxobgds
© NASA/CXC/JPL-Caltech/STScI

0550mo, 2010 ool bogbymdo NASA-I 459msd39gybs Mo aomad@ogol dgxsbgdol
Lm@omo,  OmIgeog  FoMdmoagblb  Lsdogg  3MLAMLYGOO  MBLYOZSGMOOOL  Joge
299mUbogqdol Lbgsalibgs 0s35BMbdo domgdvemo dmbs3gdgdol 3mddobsgosl (Chandra —
3obggco, Spitzer — fomgwo s Hubble — ygomgeo).

00053@0L  3mLAMLYOO  GHYEglzm3gdoEsh 86033bgemgsbos NASA-L, ESA-Ls o
39650l 3mbIMLMMO Looggb@mL gOHMdWo30 d3MMmgdEo: 6.5 3 ©0sdgEHMmOL Ladzol dJmbg
06g36m5fomgo  mdlgMzs@m®mos JWST (James Webb Space Telescope), Gmdgerdss 2018
fo@ob Mbs dg33o0wml Hubble (Lo63ol @osdgEHto 2.4 8). s0bsbodbsgos sa®gmag
69632960 MmdLYOZsG™G0s Athena (Advanced Telescope for High-Energy Astrophysics),
GM3Oob 25893900Ls3 ESA 2028 gl 53069dL. Athena-U 93Hdbmd0sHMdS s MZsebafogho
50558500 8mddgo MdLYMZSEGHMM0gOmb 8gscmgdoom 100-%xqgMH dg@Eo mbs oymb.

196



Executive Summary

M. Gigolashvili, M. Gogberashvili, N. Roinishvili
Subjects and Methods of
Astronomy, Astrophysics and Cosmology
(in Georgian)

About the Authors

This popular scientific book about modern methofdastronomy, astrophysics and cosmology is intended
for Georgian readers. The original idea belonggrtd. Nina Roinishvili who for decades has been a leading
scientist at Andronikashvili Institute of Physi&he is one of the co-authors of a popular booKlee"History
of the Universe Evolution: from the Big Bang to @ BRip?” (in Georgian, edited by “Sakartvelos Masn
2006). Prof.Marina Gigolashvili is a leading scientist at Kharadze Abastumani dWali Astrophysical
Observatory and at llya State University. She ésahthor of an astronomical encyclopaedia “Our B4lén
Georgian, edited by “Elphi”, 2006) and of a poputaok “The Sun and the Planets” (in Georgian, editg
“Sakartvelos Matsne”, 2007). Prdflerab Gogberashvili is a leading scientist at Javakhishvili Thilisatt
University and at Andronikashvili Institute of Plgs

The book has been revised by Dr. Irakli Mandjavidd® is a senior engineer at the Institute of Retea
into the Fundamental Laws of the Universe — IrfEACSaclay, Francde Since many years he participates in
CERN experiments, especially in those conductédHa.

The Goals

Undoubtedly, during the last decades, observatiasibnomy, theoretical and experimental astrojgisysi
and cosmology were extremely successful and olstaim@ny remarkable results. The technical advantes o
the 20" century gave an enormous acceleration to the faedgal sciences in quest of the origins of the
Universe and its evolution. On the eve of the tmmitlennium the enthusiasm of scientists remainshaken:
they unify efforts to devise even more ambitiousjgets on the surface of the Earth, deep undesehe and in
the profound Antarctic ice; at the same time theg planning and preparing farther and farther space
Odysseys.

This restless effort of scientists gave the biotthe standard cosmological model and continuesfioe it.
The model describes with great accuracy the presefgt have been taking place since the origithef
Universe. It is equally successful to explain anedprt various phenomena whether in the immediatiaity
of the Earth or within the celestial bodies outtyiny billions of light years from it. The scaletbe Universe is
so large, the size of the observable structuragithés so striking, the quantity thereof — so ewteelming, the
conditions in its tranquil and turbulent areas -ds@rse, that the success of the standard cosmealagodel
is simply surprising. But even more astonishinghis perpetual creativity of the scientists, whias brought
S0 many convincing victories to the ever satistiedosity of the mankind.

The authors aimed to explain in a popular way tb&erce of ingenious methods and of highly tailored
experimental facilities that allowed acquiring @nt knowledge. Yet another intention was to shoe th
evolution of the observational setups aiming at mkszoveries and at exploration of the unknown. Kég-
note of the book is the diversified nature of astroy, astrophysics and cosmology with their feature
interdisciplinary approach, meaning that frequetttly veracity of a scientific conclusion must beified by
several complementary approaches. With no resdme&yy mathematical equations, the authors mangeged
describe not only the fundamental tenets of thedstad cosmological model, but also the generalcjpies
and more or less complicated facilities of experitae

¥ Institut de Recherche sur les lois Fondamentakes'Uhivers (Irfu), Centre de Saclay, Commissagat
I'énergie atomique et aux énergies alternative\JCErance
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The book also discusses the future research directiThe palette is extremely colorful with a numbe
issues to be resolved, as well as a number of ¢tieal models to be verified. The authors use dhisrsity to
explain that a scientific model has to go throughgl and scrupulous procedures before it may becmme
successful and acknowledged theory; that a modeltbabear in itself a possibility of its experimaint
validation or refutation; that the models are canly improved with newer and newer experimentallts;
that if new observations contradict even a proved solid theory, the scientists do not hesitatédolare a
“crisis” and begin to work on new models and thwrifications.

Apart of international efforts, the book descrilttes contribution of Georgian scientists to the dgpment
of astronomy, astrophysics and cosmology. Follovérgmnall historical overview, the manuscript redabout
the enthusiast scientists of theé"a@ntury who, with their restless activity, manageestablish a high level
scientific school in Georgia. New projects, leathgdhe pupils of these enthusiasts and requirimjgization
of young scientists, are mentioned.

The manuscript is intended as a supporting textlfooktudents. The authors hope that the bookgaiih
attention of curious people, especially of the adoénts interested in science. With its essenceasgpidation
the book joins the assiduous efforts of the sciémiin the developed countries in promoting thesagured
occupation.

Structure and Short Description

The book is composed of foreword, five chaptereraford and five addendums. It comprises 183 pages,
140 figures and 10 tables. The main goal of the usenipt is to show the methods and facilities used
Astronomy, Astrophysics and Cosmology. The firsamtler is written as an introduction to differeniestific
fields. Chapters 2, 3 and 4 serve the main purpbgg; are focused on the methods and experimeetiahs.
Each of them is self-contained and can be readoemtiently. Yet another independent part is Chaptibat
an interested person can read without the needrtsutt the previous chapters.

In order to give a general idea about the bookrief lmnnotation for each chapter is provided in the
following.

. In the Foreword the main principles of the standard cosmologicatieh are briefly outlined and a
reference is made to the popular booklet “Histdrthe Universe Evolution: from the Big Bang to agBRip?”

(N. Roinishvili, M. Svanidze, 2006) written by ormé the authors of the manuscript. While the booldet
dedicated to the current cosmological knowledgépis not answer the question of how the sciertigte
managed to acquire it. That is how the originakideas born to write a book about the ways of wdrk o
astronomers, astrophysicists and cosmologist. At éhd of the Foreword, the structure of the book is
discussed.

. In Chapter Onethe main areas of astronomy are reviewed. Astransimvestigate celestial objects
based on the radiation emitted by them. The bramohastronomy are named according to the correpgn
radiation. The atmosphere absorbs electromagradiations of most types. In order to obtain infotiorain
the whole electromagnetic spectrum, in many caspsragmental facilities need to be carried out ie tuter
space.

Optical astronomy is one of the oldest sciences. In ancient timass svere grouped in constellations by
human imagination; the very first tables were @dateflecting the positions of stars and of thenels; the
difference between observable movements of the atadl the planets has been identified. The bootrithes
the main findings of the optical astronomy of eapochs. Despite of numerous discoveries made gltinie
following periods, the optical astronomy has nat liss importance. Since long, it has been exterimsdnd
the boundaries of the atmosphere and performs \adsam from the “cosmic heights”.

Infrared astronomy studies “cold” celestial objects based on théraired radiation. The objects with the
temperature less than a few hundred Kelvins aresidered cold. NASA's Spitzer Space Telescope, ESA's
Herschel Space Observatory and Swedish Space @bagnODIN are examples of the missions working in
the infrared range.
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Ultraviolet astronomy studies the radiation emitted by stars in thigeaof the electromagnetic spectrum.
Because of the atmospheric absorption, only a piawt of the ultraviolet waves attains the Earthr #eir
registration, detectors must be placed on satedlfaceships. Some examples are ESA’'s SOHO, French
COROT and NASA's GALEX.

Radio astronomy studies the radio signals that reach the Eartm ftbe space. The radio signals are
significantly distorted by the atmosphere. Thisvessaa small fraction of the radio range accessiblground
based telescopes. With the advent of the radior@stny the scientists become endowed with new “eytas”
whole new radio-universe opened in front of therhjolv turned out to be as colorful as the visibléverse.
The Cosmic Microwave Background (CMB) is one exagdlthe crucial findings in the radio astronomy.

X-ray astronomy is a branch of observational astronomy that studie X-ray radiation of celestial
bodies. Several thousands of X-ray sources haven lhaentified. As the atmosphere absorbs X-rays,
experimental facilities must either be placed oghhéltitudes or brought out in the outer spacdiallly, the
detectors positioned on the very tips of rocketsewesed. Nowadays the scientific setups are cabyeldng-
lived balloons as high in the altitude as 35 kmaog placed on the orbital stations. Examples ar&AA
satellite Chandra, ESA’s X-Ray observatory XMM-Newtetc.

Gamma-ray astronomymakes use of the most powerful part of the elewtignetic spectrum. The energy
of gamma-rays is at least 100 000 times higher tharenergy of visible light. The gamma-rays do suatter
on the incident matter and, like X-rays, they ttaalenost straightly from their sources towards ttserver.
Thus, they make it possible to localize and stimyjrtsources — such as pulsars, neutron starstecdiscs
of black holes and others. Yet another subjecheéstigations is the gamma-ray bursts that reptéeermost
powerful surges of energy in the Universe.

Neutrino astronomy originated from the studies of the solar neutridsutral, almost massless neutrinos
interact very little with the galactic fields. Asrasult, it is possible to pinpoint their sourclgutrinos are far
more numerous than any other known particles. e born in an enormous quantity during the Bigda
They had to create a cosmic neutrino backgroundasito the CMB. Neutrinos interact with the matser
rarely that current facilities are unable to detbetneutrino background. Compared to the reliatnos, it is
more realistic to register neutrinos produced dutime stellar thermonuclear reactions. Investigatiof the
solar neutrinos have revealed that their intensig few times lower than expected. This deficigxplained
by the oscillations that neutrinos undergo on theaty from the Sun to the Earth. Another subject of
investigations is the neutrinos produced duringetk@osions of supernovae.

Cosmic ray studiesalso belong to the corpuscular astronomy. Cos®ys mostly consist of protons,
electrons and nuclei of various chemical elemefite energy distribution of the cosmic ray partidesvell
known: with the increase of energy the number argetic particles drastically decreases. The maimisc
describes the primary energy spectrum highlightisgorominent features such as the knee, the 2ed knd
the ankle. There are two problems associated Wwihhtgh energy cosmic rays. Firstly, it is expedteat the
trajectory of ultra-high energy cosmic rays shoptnt to their sources. But observations show thatr
incoming directions are almost uniformly distribditever the celestial sphere. In addition, becalsebsmic
rays lose their energies in interactions with tihBC their energy cannot exceed certain estimatddeva the
so called GZK cutoff. But cosmic rays with energié®ve the theoretical limit have been registe@drently
cosmic rays are studied with a number of largeeseaperiments detecting extensive air showers (EQ8g
example is AGASA. Recently, a new facility becampemtional in Argentina, named Pierre Auger
Observatory in honor of the scientist having digred EAS.

Nuclear astronomy is probably the most interdisciplinary scientiffield that brings together the
competences of astronomy, astrophysics, nucleasiggand particle physics. The nuclear astronomgiss
the production of chemical elements in the proceshat take place under the conditions of extreme
temperatures and pressure in the vicinity of thesstAt various stages of star explosions, mangskiof non-
understood reactions take place such as, for exartiy@ fast capture of neutrons and protons byenaad the
production of various unstable isotopes. Severa¢roproblems of nuclear nature arise when attergptn
explain the collapses of the iron nuclei of massiees.
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Gravitational astronomy is one of the youngest scientific subjects ofrieée Any massive celestial body,
which happens to be sufficiently close to the ttyjey of radiation emitted from a star, bends il aim some
cases, acts like a lens. Astronomers have beeg ssith gravitational lenses since 1979 when the firest
double-imaged quasar was discovered. The manustegiribes three types of gravitational lense®rgtr
weak and micro) and the scopes of their applicatiime subject of investigations is the hypothetpzaticle —
graviton — the carrier of the gravitational forcEhe scientists hope to discover it by studying aasi
phenomena that take place in the space. Severafiments are oriented on the detection of grawitet
waves. In addition to pulsars, the sources of ¢gmHonal waves could be galactic collisions. Gatanuclei
host massive black holes and their interactiongdithe collisions can produce powerful waves veitiergies
that occur in the acceptance range of experiments.

Theoretical astronomyis oriented towards the development of analytcal computer models in order to
describe various astronomical phenomena. The filpplication is extremely vast: evolution and agics
of the planets, stars, galaxies and other celestigcts; distribution of large scale structureshia Universe;
nature and structure of cosmic radiation; cosmakiginodels; nature of the dark matter and the dascgy;
etc. In order to achieve its goals, modern astrgnomkes use of existing models of theoretical pty/sind
extensively employs computer modeling. Theoretical observational astronomies are complementaryleWh
the models seek to explain experimental data aedigircertain phenomena, observations are usedntirm
theoretical results.

. Chapter Two is dedicated to the experimental methods and itiasilused in astronomy and
astrophysics. In order to study the different typésadiation emitted by celestial objects, astropes use a
large variety of detection systems, such as tefes;dnterferometers, spectrometers, etc.

Optical telescopescollect the light produced by celestial bodies amaplify its intensity using lenses
and/or mirrors. The principles of their operatiome a@escribed using as examples the two main tgdesco
classes — refractors and reflectors. Basic chaisiits of telescopes are explained: light grasm an
magnification, angular resolution and definitiotc.€rhe manuscript relates about the evolutioret#fstopes
and their gradual performance growth, about thicdifies in further increase of their mirrors aabout the
methods to overcome these complications.

Radio telescopesnake use of large dish-like antennas to collepbriming radio waves. As in the case of
reflector mirrors, these antennas have parabolapehin general, radio telescopes consist of agmyim
parabolic reflector, a secondary reflector andcaiker-amplifier with feed horn. The manuscript kexps the
requirements that condition the huge sizes of raéelescopes making them look so haughty. The metfiod
radio interferometry is described. Combining ratktescopes in large networks allows for an impdrtan
increase of collected signals as well as for imprognt of combined resolution. Furthermore the soéle
observations is significantly enlarged. The cordiom details of VLA — one of the most powerful
observational setup — are given. Future projectsng at the investigation of the most distant otgjeare
outlined.

Interferometers are widely used in order to create high resolutiadio and optical facilities. Their
operation is based on well-known interference effimat takes place when two waves, with a certain
relationship of their frequencies and phases, paser The example of the two-telescope interferem@t2T
is used to explain the main principles of operatiBonstruction and functioning of interferometens@unter
certain difficulties. Nevertheless, interferometare extremely sensitive instruments. Bringing thienthe
outer space, outside the Earth’s atmosphere, isesetheir performance even further. Applicationaaref
interferometers are discussed.

Spectrometers are used to study the light emitted by celestiatlibs by splitting it in different
wavelengths. In modern spectrometers diffractiidsgare used to divide the incoming light waves ithiteir
component colours. Spectral lines indicate the gmes of the corresponding chemical elements in the
observed stars, while the intensities of the ligdge the possibility to estimate their quantiti€Ehe
spectroscopy allowed determining that hydrogen faldim are the two most abundant chemical elemiants
the Universe and that heavier elements are prodogéite thermonuclear processes within the stars.
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X-ray detectors make use of special photographic materials, sscplaes and films, modified Geiger—
Miiller counters, gaseous proportional countersytdlaitors, as well as X-ray telescopes with hymdidband
parabolic mirrors. X-Ray radiation outside the Ba&ratmosphere was first detected in 1948. It waareting
from the Sun. The very first X-Ray source outside solar system was discovered in 1962. Since tien
number of known sources in our Galaxy is of theeoxf 1.

Gamma-ray detectorshave a specific construction because, contratiigovisible light, the use of lenses
for wave collection and focusing is not possibldeTprinciples of gamma-ray detection rely on their
interaction with matter resulting in the productioh electron-positron pairs or to the Compton sraiy
effects. In order to achieve high spatial resohytiooded masks are used. Most of the cosmic garagna-r
radiation is absorbed by the atmosphere. In o@eletrease or avoid the atmospheric influence ctieteare
placed on high altitudes with balloons or spaceshil's compared to other types of the electromagneti
radiation, the flux of gamma-rays is much lower aaduires extremely long exposure times to getlnédi
statistics. Gamma-ray bursts raise a particularast. NASA has organised and operates dedicatellitsa
network to scrutinize and detect gamma-ray bunstsrapidly transmit their coordinates to the grotaded
optical and radio telescopes and facilities. THmes timely detection and investigation of theeafiow of the
gamma-ray bursts. Next, the acquired data are dhareng the scientific organizations for furthetailed
off-line analysis.

Neutrino detectors are used to study the atmospheric, solar and cosmitrinos. Interacting with the
matter of experimental facilities, most frequentigter, neutrinos give the birth to electrons andnsuthat
emit Cherenkov radiation. Detection of the Cerenkghit reveals the neutrino interactions and alldhsir
characterization. The solar neutrinos were deteictd®67 by means of a setup housed in the Homesgtakl
mines (South Dakota). Nowadays the solar neutrdgmesstudied by the following experiments: SNO (@inta
Canada); BOREXINO, ICARUS and GNO (Gran Sassoy)it&8AGE (North Caucasus, Russia); CHLORINE
(Homestake mines, USA). Atmospheric neutrinos aoelyced during the interactions of cosmic rays \aith
molecules and atoms. Knowing their directions afiadetermining the distances covered by the newtritio
neutrino oscillations exist, then there should l#fference between the intensities of neutrinxél coming
to the experimental setup from the opposite dioesti For given travel distance and energy, therimeut
deficit depends on the neutrino masses. Such effastfirst discovered by the Kamiokande experiment
Japan, thus giving the indication of the possilallies of neutrino masses. The cosmic neutrinognatig from
the processes that take place in the outer spagh. ¢hergy cosmic neutrinos traveling through tleettc
produce charged particles. These secondary parteidt Cherenkov light that can be detected byowvari
types of optical photo-detection modules. The dioacof the neutrino and its energy can be deteeghiftom
the direction of the Cherenkov light and its inignsBecause the neutrino interactions have veny lo
probability, detectors must have particularly bimensions in order to obtain significant statistiekreover,
they have to be protected against the backgrounduped by cosmic rays. For these purposes themast
and ice volumes in the depth of the seas and gfadiave been proposed as the detection matter of
experimental setups. ANTARES is an example of gelaarea water Cherenkov detector constructed in the
depth of the Mediterranean Sea, while AMANDA argisticcessor IceCube are the experiments held in the
Antarctic.

High energy cosmic ray detectorsely on a variety of techniques such as the Cheneand scintillating
counters, muon stations, Fly’'s Eye type setupspgepd with photomultipliers and others. High enecggmic
rays produce in the atmosphere the cascades afdagoparticles — the EAS. Reaching the Earthstivéace
of EAS is about 20 square kilometres. Obviouslis tequires the detection stations covering verydareas.
Combined use of different types of the complementietectors makes possible to acquire more complete
information about the nature of primary particleattconstitute high energy cosmic rays and to nreaswre
precisely their energies. The manuscript describesAGASA experiment and Pierre Auger Observatory a
outlines some of their most important results.

Gravitational wave detectiontechniques repose on extremely sensitive interfeters. The tremendous
weakness of the gravitational forces representsrtbst challenging obstacle for registration of gegional
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waves. This places particularly difficult requiremie on the sensitivity of experimental setups.ddigon, the
detectors must be able to accurately but strongppress the background noise of various origing. Si
gravitational interferometers operate currentlyhia world. Gravitational waves could not be discedeafter
the analysis of current observational data setsyeker, for certain types of events, high limit dieir
occurrences have been estimated.

. Chapter Three is dedicated to the following subjects of astrogondefinition of celestial
coordinates; measurement of brightness and luntinos$istars and other stellar objects; estimatibnheir
temperatures, masses and sizes; assessment afghsiand distance from the Earth.

Localization of celestial bodiess one of the main tasks of astronomy. Essentiallgelestial coordinate
system is based on a kind of spherical coordinaitstwo angular values defining the location cftar on the
celestial sphere, while the third, radial coordinatthe distance of the star from the Earth — isirahefined
entity. There are several coordinate systems tlzélyndiffer from one another by their fundamengédnes
and origins. The manuscript compares two frequemlyd coordinate systems — horizontal and equbteria
and explains various advantages of their variations

Defining the brightness, luminosities, temperaturaasses and radii of celestial objects is of paldr
interest in astronomy, because the knowledge akticharacteristics is necessary to apprehend thetiewn of
the Universe.

Classification of celestial object@according to their brightness and luminosity détesk to ancient times.
Already in 135 BC, Greek astronomer Hipparchus afala proposed a scale of star magnitudes covering
enormous range of brightness by virtue of its lagaric nature. For relatively bright stars, an exgeced
astronomer is capable to determine their magnitegies through naked eye observations, while fat fstiars
telescopes equipped with photo detectors are usstionomers distinguish between the apparent aed th
absolute magnitudes. The former is obtained by oreasents and corrections for atmospheric absorpliba
latter determines the apparent magnitude a statdwoave if it were at a standard luminosity distrf&0
parsecs) away from the Earth. Relationships betwbkenapparent and absolute magnitudes are given and
brightness measurement methods are described.

The apparent magnitude as seen from the EartH ispuose, biased. In fact, some stars are much more
powerful in light radiation than others. Luminosigythe total amount of electromagnetic energy theglestial
body emits in a unit of time. In order to determite luminosity of a body, its apparent magnitudel a
distance have to be known. Regardless of the diffes in distance measurements, in many cases the
estimation of luminosities is possible based orkith@vledge of electromagnetic radiation speciféstof some
stellar bodies. The manuscript describes the lusiiynaneasurement methods that exploit some paaticul
characteristics of Cepheids and Type la supernovae.

Determining temperatures of celestial objectss yet another task of extreme importance. Thédiids
the temperature of an object, the shorter are theew it radiates. The spectral classification nethllows
estimating the temperature of a star based onalsr.cMeasurements of color-indexes of stars give a
indication of their temperature. The temperatune aiso be determined with the Wien’s law. The marips
discusses the Harvard spectral classification systeit has been elaborated during the period fr880 o
1924. A newer classification from Yerkes is alscsatibed. This latter system takes into account the
luminosities of stellar bodies. For more claritprresponding characteristics of the Sun and of sother
well-known stars are enumerated.

The masses of celestial objectsan be estimated by their gravitational interactigth the other bodies.
Most of the stars belong to bound binary systentgofding to the Kepler's laws, the orbit of a binaystem
member is determined by the mass of its partnemlierving the binary systems astronomers canmdigter
the masses of member stars. Mass estimation mefloodgsible, spectral and eclipsing types of binar
systems are outlined.

The radii of celestial objectsare determined from their surface area. The lusiin®f a star is defined by
its temperature and surface area. Measuring thiés dteminosity and estimating the temperature méie
calculation of its radius possible.
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Tracing the evolution of starshas become possible by the accumulation and atioelof the above
described parameters obtained by measurements kesavations. Interdependence of absolute magnitudes
luminosity, spectral classes and surface tempestof stars is clearly visible on the Hertzsprungsell
Diagram (HRD). Depending on the specificities oéithevolution, stars form well-identifiable groupsd
sequences on this diagram. At various stages adldpment every star successively slides from ooegio
another. Most stars belong to the main sequencehdse stars the hydrogen to helium transformation
processes take place. In the entrails of red gtiuetstock of hydrogen is almost exhausted. Indidee stars
the thermonuclear fusion reactions produce healimments out of helium. The red giants become red o
yellow supergiant stars when their helium researesexhausted. White dwarfs are remnant coredbyethe
red giants after shedding their outer layers. Tisars are characterized by their small size agh tensity:
their volumes are of the order of the Earth voland their masses are comparable to the solar Bassd on
the Hertzsprung-Russell Diagram, the manuscriptrifesss all stages of star evolution.

Determining stellar distancesis one of the most ancient concerns of astrononMasly parameters of
stars and galaxies (size, mass, etc.) can be de€inly if their distance from the Earth is knowrhefe are
several methods with specific to them applicatiozaa and achievable limits: starting from the deéins of
distances to nearby stars and ending with the estns of the Universe radius. The book describgghe
parallax method with its ultimate limit of the ord& 10 thousand light years; b) the Cepheids nbthivh its
limits of 5 and 80 million light years respectivelyr the ground-based and space telescopes; ctdneard
candle method with its limits depending on the chaif the etalon stars and approaching 20, 30 @mdilfion
light years respectively for the supergiant statgernova-like stars and globular clusters; d)siygernova
luminosity method that allows distance measuremeptt several billion light years; e) the redshiféthod
that can be used to estimate distances of the ofdbe Universe radius.

Ages of stellar bodiesare estimated with several complementary methdtie. age of stars can be
determined from the model of nuclear synthesis gsses taking place within the stars. Accordinghi t
model, the heavier is a star the shorter is iddifife. The age of our Galaxy can be estimated pyyeyg this
relationship to the globular clusters located ther@he nuclear cosmochronology method is basedhen
measurements of quantities of radioactive isotopedtJranium and Thorium within the stellar bodies.
Regardless of some difficulties associated witls timiethod, the age of one of the oldest celestigctd
namely the CS 31082-001 star, could be determifieel.age of the oldest stars gives a hint of theémahage
of the Universe. Also, within General Relativitiagetlifetime of the Universe can be estimated framiubble
constant. The manuscript describes the above nmeatiage measurement methods and illustrates tipesco
of their applications with specific examples.

. In Chapter Four several topics of modern cosmology are discusshdt evolution the Universe has
undergone since its violent origin, what it is cased of, what density it has, what is the naturgpaice-time,
to what extent the features of the Universe haem befluenced by its evolution and by the mattedt anergy
contained therein.

Black holes: According to General Relativity, particular obgshould exist with the gravitational field so
powerful that nothing, even the light, could escépen their attraction. These objects are namedkbleles.
At present, there are indirect confirmations of éxstence of the so called supermassive and istabiak
holes. Because the black holes do not radiats, impossible to observe them directly. Thus, treelkblhole
studies require indirect methods. The book dessrgimveral of them, as well as the black hole feattinat
could be identified based on the theoretical carsiiions and on the analysis of experimental délte.
processes that might form and evolve black holesimcussed.

The discovery of th€osmic Microwave Backgroundhas played an invaluable role in comprehension of
the Universe development. Description of the meshagkd to study and interpret peculiar featureéSMB is
the Ariadne's threadof Chapter Four. It helps the authors to explairaipopular, comprehensive way the
evolution of the Universe and the formation offéatures. There is a large variety of ground-babatipon-
born and satellite experimental facilities intendedstudying CMB. It has been discovered that CMBches
Earth isotropically, that its spectrum correspotwshe black body radiation with an average tenmpegaof
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2.725 K and that it is extremely uniform. Georgen®a was the first who predicted the existence ahsu
radiation within the model of hot universe. Basedlwe discovered characteristics of CMB, scientist&lated
the model that has been established as the stacdsmblogical model since then. More accurate exestal
data revealed that CMB features extremely smatitfiations with an average of 1.8%1K, as well as the
polarization of photon oscillations. While the sjpem of the thermal fluctuations gives importarformation
about the geometry of the Universe and about thtrillition of matter therein, the polarization &rpally
associated to the birth of the first generationssta

Description of thestandard cosmological modelnaturally follows the discussion of the CMB
characteristics. According to the model: the Urdeetakes its origins from a violent process catlesl Big
Bang that started its expansion from an extremelysd and hot state; since then, the Universe am#ito
expand; it is nearly flat; the ordinary matter acdnites ~4% of its density, the dark matter — al®2%, while
the remaining 74% is attributed to the dark enetigg;Universe is extremely uniform and isotropies tlensity
of the Universe is close to a certain critical ealu

Inflationary expansion of the early Universe is yet another importanestific deduction that resulted
from the CMB studies and that consecutively endctiee standard cosmological model. According to the
inflationary model, the Universe went through artr&xely fast, exponential expansion within the time
interval of 10°-10° sec after its creation. Development of the Unigeafter the end of the inflation epoch
can be well described by the standard cosmologicalel. The manuscript enumerates the successiv@lper
of the Universe evolution as they are compreheriddedy based on our current knowledge: creatiorhef t
Universe as the result of the Big Bang; inflatisiowed expansion; the epoch of an almost uniforasmph
composed of hydrogen and helium ions and electrsgsaration of the matter and radiation; formatiéthe
first generation stars; development of large sestiectures. The book describes how the Universmumity
as well as the flatness of its space is explainetth® inflationary epoch.

Discussing the inflationary model, the book alsdlines the notion of th&niverse horizonand covers
the related paradox. Remote regions of the Univéraehave no causal relationship and should nezdrone
in the past, have nevertheless almost identicabéeature and other characteristics. The paradmsidved by
the inflationary expansion of the early Universe.addition to the casual horizon there is alsoghesalled
particle horizon. It delimits the area of the Umise from which information (particles, radiatiorguéd have
travelled toward the observer on Earth since teat@n of the Universe. Thus, the particle horidefines the
boundaries of the observable universe. Accordinthéomodern cosmological model, the casual horizon
within the visible universe: there are objects xgsbeyond the casual horizon but within the p#thorizon.

Existence oflarge scale structures(galaxies, clusters of galaxies) that can be ofesem the Universe
guestions the Einstein’'s cosmological principle tbé uniform and isotropic Universe. The manuscript
describes the precursor conditions and the prosagsponsible for the creation of the large scalecwires
from the first generation stars to the large wifiswn today. It is underlined that the thermal fiiations of
CMB are the manifests of the extremely small ihitieolations of uniformity, which became the sedds
growth of the local large scale structures.

Elaboration ofthree-dimensional mapsplayed decisive role in studying the distributiohmatter in the
Universe and its large scale fluctuations. The ¥esy 3D map of the Universe including some 11@0agies
was published in 1986 by the Harvard-Smithsoniant€efor Astrophysics (CfA). Current most accuratap
has been obtained within the Sloan Digital Sky 8ur(SDSS) project after a ten-year observationebge
The manuscript describes the 3D map analysis msttiwat are quite similar to those used in the stidif
CMB. This material helps to understand the notibthe Universe uniformity.

Dark matter and its distribution in the Universe can be stddig observing the large scale structures of
the ordinary visible matter. There are two hypoéisesbout the nature of the dark matter. Accordingrie of
the points of view, the dark matter can be madeeoy lightweight weakly interacting particles. Thige is
called hot dark matter. Another model foreseesttatdark matter is constituted from heavy parsicteoving
at low speeds. This type is referenced as cold daker. The distribution of large scale structureshe
Universe questions the existence of the hot dartemaDbservation of galactic clusters leads tocibreclusion
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that the dark matter is uniformly distributed ire tiniverse. Moreover, it is possible to estimatamount of
the dark matter contained within the galactic dustIn the manuscript the methods of evaluatiotot,
baryonic and dark masses of galactic clusters eseribed. They are based on the observations inptieal
and X-ray ranges of spectrum, on the gravitatiderasing and on the Sunyaev-Zeldovich effect. Expents
aiming at discovering hypothetic dark matter pétiare discussed.

The nature oflark energy is understood even less. It is expected thatntrimutes about 74% to the total
density of the Universe, and somehow, it shoulddbeted to the repulsion forces expanding the Us&eThe
CMB studies give the most accurate data about tt@uat of the dark energy in the Universe. But thexse
indirect observations and cosmologists are lookorgalternative research methods. It should be iplesso
estimate the amount of dark energy based on ttshifedata of extremely heavy galactic clustershwitore
than 700 trillion solar masses. The manuscript riless the principles of this method and the effdméng
taken in this direction. Scientists repose theipdwon the Type la supernovae studies that malréve
nature of the dark energy. Based on the redsHiftiseosupernovae, it is possible to trace changdisa rate of
the Universe expansion. Following the inflation efpothe speed of expansion used to decrease cabimg 7
billion years. Thereafter, the Universe began amlacated expansion that is still in progress. pégod when
the expansion rate changed from the deceleratidhet@cceleration should depend on the natureeofitink
energy. That is why cosmologists try to acquirgédastatistics of the supernova explosions: theytaiwerify
different dark energy models through more acculata.

. Chapter Five is mostly dedicated to the theoretical cosmologg 8 a number of actual questions
that currently preoccupy cosmologists: the Big Banfation, parallel universes, etc. An attemptriade to
demonstrate in relatively simple terms, especidtythe students interested in theory, how mucyeisto be
clarified. In certain cases the reader will lookotigh contradictive opinions and models wherebyrnmsgists

try to answer somewhat philosophical questions siscthe infinity of our Universe, its uniquenesdseence

of multiple universes and others. At the same tithe,material clearly shows that the presence oflicting
models is not a handicap to the science; on thdramyn as it has already repeatedly happened, such
contradictions are the motive power for its deveiept.

Discussing thesize of the Universeit is noted that for our intuitive imagination thoathe finite and the
infinite universe is difficult to accept. The “darkght sky paradox” and some CMB features are used
demonstrate arguments in favor of and against ttves@ossibilities.

Denying theuniqueness of our Universeis extremely difficult especially from an ordinarijuman
standpoint just because the Universe confinesaaitlitions that are necessary for our existence.vithen
discussing the strong and weak anthropic princjghes authors raise the question not about theuknty of
the Universe, but about the existence of a singieeuse or of multiple universes.

Discussion of theossible diversity of universedegins with a reminder that the horizon of thevdrie
delimits the area accessible for scientific redeasnod that having such “narrow view” it is diffitulo
unconditionally affirm the existence of a singleit#rse. Among the various possible scenarios ofistence
of universes, two options are detailed. Probabéy ¢implest option would be the existence of inddpan
Hubble volumes in meta-universe. Another possybilit associated with the chaotic inflation that vaonot
have finished simultaneously in all areas, thusngivthe birth to a multitude of independent uniesrsYet
another potential form derives from the string tlyetbat predicts the parallel coexistence of thdeeensional
universes in a multi-dimensional meta-universe.

Discussion concerning therigin of time also starts with contradictive considerations abfimite or
infinite existence of the Universe. Based on thamjum mechanics, James Hartle and Stephen Hawking
described the possibility of spontaneous birth lef tUniverse. This example shows that the physias la
encounter enormous problems when the time variefleals zero. Scientists have sufficiently accurdéa
about the processes that were taking place sirceetty first nano-nano-nano-nano seconds, buttresmand
especially negative time are really puzzling. Anagge from this uncomfortable situation might beoasged
with the loop quantum gravity model that attemptefrich the Einstein’s General Relativity with tigantum
laws. In order to explain the initial stages of thaiverse, the model predicts the process thabirast to the
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Big Bang is called the Big Bounce. In particuldne oop quantum gravity model envisages the unévérat
successively goes through the expansion and caeioimgthases.

Seeking for the “key-stone” of the Universe:What was before the Big Bang, what is beyond the
Universe? A frank answer to these questions isdevaot know. But the answer does not in any casafes
the weakness of the science; on the contrary,gtabably a step forward. The strength of sciesaeflected
in the fact that it does not hesitate to questimndlready established opinions and in the sedrahswers to
unsolved questions, it does not avoid underminigtlforities”. First of all, scientists check andheck the
accuracy of obtained experimental data. Then, #ia dre used to verify various theoretical modélthe
observations contradict the models, regardlesshef world-wide acknowledgement, the scientistsnid
hesitate to declare “crisis” and begin elaborattbmew models. The manuscript illustrates thesertieas
taking as an example the laborious process of ledtaient of the standard cosmological model. It is
underlined that scientists are never satisfied \hth theories that only enumerate the characesistf the
Universe but do not explain them. In addition, stig#s always distinguish metaphysical ideas froerhodels
based on strict logic and accurate mathematicabrapps. These theories must be strengthened by the
perspectives of their experimental validation gecton. The manuscript brings an example of thngt
theory with its tenets and experimental methodgHeir verification. The need of interdisciplinaapproach is
underlined.

. The Afterword is intended to demonstrate impressive advancéiseobbservational astronomy and
of spatial research techniques. It relates aboetafrthe most successful space odysseys of thatrgears —
the flight of NASA’s Cassini spacecraft with onbdadtiuygens probe towards the Saturn. The missiatesta
from Cape Canaveral on October 15, 1997. In oml@ctelerate the spacecraft and settle it on tigettarbit
around the Saturn, the gravitational fields of Wenus, the Earth and the Jupiter were used. Cassiched
the Saturn in 2004 — after 7 years of journey. @eddnber 25 of the same year, Huygens separatéfdriose
Cassini and on January 14, 2005 landed at the ceuidh Titan — the largest satellite of the Saturhe
scientific program of the mission is vast and nfiatteted. The research efforts are oriented onfttidies of
the Saturn, of its rings and satellites, of its metgsphere. The mission was originally scheduled 2808,
but thanks to its good technical conditions, it bagn extended several times. Current discussiongiaits
technical and financial support until 2017.

. Addendum One narrates about astronomical research in Georgistatts with a brief historical
overview. Preserved old manuscripts and astrondrfacdities indicate the level of astral thinkirg ancient
Georgia.

Thereafter Abastumani Astrophysical Observatoryis described. The observatory has been founded on
February 8, 1932. This is a multilateral researciyanization. Main orientations of theoretical and
observational studies are: galactic structurestiaeid evolution; binary and variable stars; the Sod the solar
system; the Sun-Earth couplings; solar and modpsed; the Earth’s atmosphere; plasma astrophysgtsry
of astronomy. The work performed in these directjaime methods and setups used and some of the most
important results obtained are briefly described.

Theoretical Astrophysical Center of Abastumani Astrophysical Observatory conducssrésearch in
various actual directions such as accretion digkislack holes, active galactic nuclei, dynamicsdehsity
waves within the spiral galaxies, dynamics of pulaénds, collective phenomena in the solar atmosphe
dynamics of solar winds, dynamic events in thelEatmosphere, modeling of laboratory plasma, etc.

At the end of the addendum, an excellent examptaeaxfelationship between astronomy and historyis
given. It is sometimes possible to refine the dafelsistorical events by confronting them with feserved
ancient manuscripts that refer to particular astnoical or meteorological events. The Miracle of ¢kiMirian,
described in Georgian chronicles, resembles théitons characteristic to solar eclipses. The nefeavork
performed at Abastumani Observatory has revealezkaat date of the solar eclipse that happeneadhgluhie
reign of King Mirian. After comparing this date tbe other historical events related in ancient Gieor
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records, it is likely that Christianity in Geordi@came the state religion during the period frony Ma319 to
April 17, 320,i.e. 6-7 years earlier than the date currently accepted

. Addendum Two describes the cosmic ray studies conducted byQGhergian scientists. The
astrophysical and nuclear research directions heeen widely represented in the cosmic ray actwitie
Georgia.

The astrophysical research is mainly ledNgdia Institute of Geophysics The studies began in 1953
when the first continuous registration station wasstructed in Thilisi under the leadership of \ti&va.
Since then more complex cosmic ray registratioilifiégs have been installed and cosmophysical olagery
has been founded at the Institute. The main resemea is the study of the neutron and muon comysraé
cosmic rays. Theoretical work is oriented towatus problems associated with the solar wind asynmynaetd
cosmic ray variations.

The nuclear research direction is mainly addresséhdronikashvili Institute of Physics. The studies
started in 1949 when under the leadership of Erémbashvili a high altitude cosmic ray station Hzesen
founded on Elbrus — the highest mountain in thec@saus chain. Probably the most important contidoudif
the Georgian physicists in the cosmic ray reseaahthe invention of the streamer chamber. Two neesnbf
the Institute, V. Roinisvili and G. Tchikovani, tebeen awarded the Lenin’s Prize — the highesnhtiige
distinction in the Soviet Union. Yet another groafpGeorgian researchers made a significant coritobuo
the international Pamir-Chacaltaya collaborationdér the leadership of this group a large scalenaosay
experiment GELATICA is being currently carried otihis effort is financially supported by Shota Rawsli
National Science Foundation (Georgia).

. In Addendum Three, in order to facilitate the reading of the bodie main tenets of the Elementary
Particle Physics are outlined. In addition, a bde$cription is given of the most powerful partiateelerator —
the Large Hadron Collider. Among the scientistarfrabout 100 countries, who routinely participatetie
LHC experiments, are also Georgian physicists argineers. Scientists hope that LHC will allow fingi
answers on many cosmological questions that rem@i@solved. Recently the hopes were strengthen#tkas
LHC experiments ATLAS and CMS announced a stunmiisgovery of a new particle resembling the long-
sought Higgs Boson.

. Addendum Four includes several tables with the fundamental @orist main physical quantities,
their units and symbols, as well as with the naared signs of constellations mentioned in the b&ikne
characteristics of a number of brightest starsaée given.

. In Addendum Five, a gallery of some ground-based and space obserais presented, showing
the scale of the worldwide effort of astronomicedearch. Characteristics and technical data aendor the
most elaborated telescopes and observational metits.

Conclusive Remarks

As it was already mentioned, the manuscript isnidéel as a supporting textbook for students. Thamks
the relatively simple, comprehensive languagehdutd be also useful for the senior pupils of sekeon
schools, who are interested in physics. It is dguriportant that the book is destined to a widdiance.

Regardless of the chosen specialization, readiagbtiok will allow the students from natural science
faculties, especially physics, to acquire basicvkkedge on the traditional and latest methods afoasimy,
astrophysics and cosmology. The manuscript givesyneaamples of ground based facilities, space omissi
and satellite observatories that are used for@hearch of various celestial objects and evenissd kxamples
make evident the necessity of multilateral approathorder to comprehend particular phenomenon.
Understanding the complex process of establishmktite standard cosmological model, students wikpg
the need of continuous refinement of already pravehwell acknowledged theories. This in turn sti@gsist
in development of such important features as tipalsiity of independent critical analysis of weditablished
opinions, and continuous search for new and origideas and methods. The students standing on the
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crossroad of choice of specialization might beueficed and oriented towards the astronomy, astsigzhgind
cosmology by the described list of yet unresohasliés that have to be tackled by the future geonsabf
scientists.

The authors hope that the book will facilitate gebther choice. Reading the manuscript may strength
even spring up the will to study physics in semopils interested in natural sciences. First oftak facts and
figures concerning the Universe are simply stagtlifhe quantifiable data, such as the size of thiedise, the
number of galactic clusters in the large scalecttines, the number of stars in the Milky Way, adl ae the
extreme conditions within the entrails of stars,tloe features of black holes, are naturally impvessBut
equally attractive are almost philosophical noticueh as the finite or infinite nature of the Umae
existence of a single universe or of multiverskes, future of the Universe. The book underlinesrtbeessity
of multidisciplinary attitude to approach such cos$ogical questions. Indeed, the latest advancéseimuclear
and particle physics have to be associated wittmgnods proper for astronomy and astrophysicsadhwith
the romantic greatness of the Universe, this natdiil approach and a broad choice of subjectatefdsts
might be additional stimuli for senior pupils tontimue their studies in physics at a high school.

Undoubtedly, the development of fundamental sciengeany country places an important burden on its
population and requires a strong governmental stippocordingly, a vital duty of scientists is theomotion
of their work within the population: they have taise interest in the field of their activities aexblain the
importance of the obtained results. In this regdrd,manuscript written in Georgian is certainlyadtempt to
popularize astronomy, astrophysics and cosmologyngnthe Georgian population. First of all, the bedgth
a vast panorama of modern astronomical researchaehigvements should be the strong support for the
secondary school teachers — probably the straigbédk to attain the very heart of the societys kxtremely
important that the manuscript clearly underlines diistematic scientific approach applied in ingegthg any
issue, big or small. The book clearly describesesmence of this approach: every hypothesis mugeitifed
and re-verified through observations; in order tisdg a new phenomenon, several complementary method
may be needed; validation of a theoretical modeuires experimental confirmation of its predictipns
scientific “certainties” are far from being dogntatind, if necessary, their veracity is retestec Bbok with
an abundance of amazing details about the Uniws#rsald be undoubtedly interesting for curious peoBut
just because the book gives a chance to undertanslays and efforts and the scientific methodstaining
these data, the information presented in the maipismust be more convincing. For the same reagon,
should help a wide audience to better grasp theitapce of fundamental sciences that may frequendlly
somewhat very abstract.

The authors hope that the exposure of unprecedentedhational scientific effort will be another
favourable factor contributing to the developmehtastronomy, astrophysics and cosmology in Georga
noble aim of generations of Georgian scientists.
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