dt
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bodommzgmmb dggbogMmgdoms g m3zb3ma d3909d0d
JoGmymo gbgoimmigoonl 0. 300d0dob babgemmdab dmogzamo badgybogdm Ggoadpns

3bdmbyMmo bbnggdo

30bdmbymo bboggdo, s L G M b o B oo 3900, domomo gbghanal babogmszmd
bogon, Mmdgmog dmgnbgdd d8nsb, hzgbo omodhnidnwob o dmbgymo 3mbdmbosb
(30639emon  bbnggdn), daMgmzg o0 bobogmozgdal dogh ©aadabal  dhdmboygbhmdn
dh™dd0O390m0 YOhm0ghmddggdnbol Botdmddbogn gemgdgbhotyem bobogmoims bogon
(@gmbgyemo  bboggdn). 3mbdmbydo Lbozgdal 0308030 dgabbogemal 3mLAmbyMo Baédmdmonl
domomgbghanymmn g330b(hgonl o bgod®mabmgonl bo3ogdbog. 3mbdmbnsb ywodnbodwg
0mbg3l dbmemme  LEvoomybdo bobogmoigdn - dobomoEoE, dhmbpmbgon (92%) o «
bobogmo3gdn (6%), 036M9m39 gegdhembgdo (1%). dbydydo (Li, Be, B), bodyoemm (C-F), ddodg
(dobybn Gogbgnm A>10) o 69ddodg (A>20) d¢h™mdoncm3900 (1%). ddsbmabegg, Li, Be, B
bobogmo3gal 3mbggbdh™mopnd 3. b-do GodEgbodg smabzgh dmgdohgds dom ZmbEgbhtsinob
306b33em3mdmtmal bogMEgdo. gogmadhogyto 3. L-ob dodomo Byotme doohbg3zgb Bgobogmo
306133ema39000  0039mg9g0g0L, obg3g demogho dogb. 39eal dgmbg LBEMOGd doMbo3
bgohGmbyem  300b33ea390L  (3ebotgol o 3ogbghadgdl) o gomagdhnzgonl odhoyd
006 390L. adybohnema babogmozqgon dgdamd hdobgdd 3mbdmbyka poMdydoma ¢ogmemgdal
393m9bom o  306L33mogmdmbal  dogb.  39emgdmeb  Yhmogbhmddgwgonm. 3. b-ab
BoBogmaggdol 3oowgbo BsBogmol g9696a0s (1 393) momgdob 100-296 smgdopgde
306133tM0390000300  dobobnomgdgem Lomdyd gbghgosl (1 393); o0 3. b-ob bogoo
899003960 104 326971, 1016 93 5696300 3. b-0bd go - 10778 3726371, dowmBg 0830008
03306090086 1029-1021 g3 9696300L 63B0ES350b0E. d(hMbEgOML dmenggyemgddy 3. b-ab
3000930008 Botwdmddbogma dgmbgnemo 3. L. bdobow ohgbl gabmm shdmbozghymm m3zo6b
(030). 330l ogdHn3mds (3dab Jokolb o dobmab o3a3dnMgdymmo dogb. 39emal godgmnghgds)
abybAHIOL omoghnidnmoa 3. b-ob 0bhgbbogmdsl (9. 6. a3mEod-g39dho).



bodobmggemmdn 3. b-0b  dgbbogems onbygm 1934. mby-0b  0308030-30m. 0V3-HBY
Hodmyognod madmbapmmos (bgemddmg. 6. yndogmdsdn), booy dgnddbs gemgddemmbyemo
bdgdgon 3. UL-83g @ongagM-donmgbol dmzmgmgdom ©O330039090000300 O 30¢LMbAL
30sm0bGnmo 30dgho.

1936 dgnbzotmbzghmdg (6. . 3950 d) Bobbmbingmes dotzgmmo Ladgsb. gjudgnizns (O.
godogmoodn, . 3gmomodg o by dob hobn), G-dog @odmngzmns bobogmozmo m30Mgdab
0omEgbmdnl adm3nwgdnmgod dhmadonmmzal dybhdg o dgobbogmagl 3. b-0b g. b. Mdogmo
0 bobho 3md3mbgbdgdo.

1949-0000b bogobmzgemmdn 3. L-ob 3393900 3odgdH0ycd. 030780l i3ghmddg (8. (o.
3900 d) g. obMmbngzodzomal bgmmddmzsbgmmdnm dgeddbs 3. bB-ob  m30L909000L
d9dbbogemgman dydngdmddgwn LdwRMa, LdwSE dndomowbab 3. hodmaoba, 8. dobzozndg, .
3900930b0330em0. ™. gmEotdodg, 9. 393oMgmo o bb3. dgdamd dom dgnghmebgb d.
d0dngmodzogmo, b. Mmabodzngmo, 6. dodogyMo, m. o. gobhgemo, 0. boayzabgmady, 3. 30biodyg
0 bbg.

030003mbmo 2390330 (3. hogmgobo, 8. dobzogndg, d. dndogmodgzogmo, . ggg3sbodzngmo,
1952) 8903A600 9. B. V 330emg00, G-9003 8980030330 096hngz0306s Gmammy AC s KO
bobogmaggdnl 330emgoo.

3. hogmgobal 0bogoohngnm (1954) 00gmondol dbogm dgddbogn Loway®dg (8. . 1800 4d)
000dmbHo379L gemgdhermadogbodo. 3. hodm3zobds o 8. dobzogndgd dgddbgl 30embmbal 30dgMo
m63dogn d9ds dmEYmmO0m o 3dbdmogbgh dogb. 39emdn. 1957 Lodobmz. dgab. d30009dnab
0308. 0b-hdo d03m MmM0 dbdgmo bdEaYOO 0S 3939603bLY (8. . 1700 3d) o 3bMsbysbrmb
Nm9mbgboemdg (8. . 2500 3), LOEYE ©EOAMbEHSIES 100-H™Mbosbo (1959) o 3bozomyka
1000-hmbosbo (1960) gemgdhemdagbacgoo.

0039603b0L 3. b-ob Loaytho 839do3we 1960. dogbogd 39emdn 8dMbieggonemo 1 d-00bo
30embmbol 3odghd. 80 dbdadMm (,0033600000", 1036, 0. 3k0aamad3ngmn) 033¢93c00090
3. b-ab 969639M0gnm b3ggdh®L 5-1010-1012 g3 0bhgMz88N.

3b6dbysbmb 3. B-ob LoanMo 8d9dozs 1964 dmemmb. 0f admbhoge mMa 2 d-nsbo
30mbmbal 30dg6ro dogboagné 39emdn. (aboaskmal yukmbo o. dgbhzncodznemn, 1965-0080

- 0. 30hm0otg3L30).

3o6dmgemyto, 1960-64 3. hogmazobo, 3. dobongmmzgn o 3. Gmobodgomo oM gdbgb
33993900 b03ghbigmmagoba 3odghol doMmodghtrgdal aoboyndzmogLgdmom, M3 EILMYMEY



bhGdghyo odgbal dgddbom (cmgbabyko 36gdns, 1970).

1968-00006 3mbdmbybo  bobogozdgonl  ©oboddghon  30d9Mgdalb  dgddbs  aobogtdgl  o.
dobz030d9d, 3. Mm0bod3z0emds O 0. 2036M0d30¢Mdd. OdBIES obdyb@H3own 3mbgblsinyo
300960 (1969), M-03 (bmdo domoegm 3akhg30L1b36MH00bMASLMSE ghmo) dobrm3zoEns O
bdyogosl ndgmg3s ax3ngboMEgl dbmemme gawabmhgyemoa 330¢mgdo.

3b6oBgoMml domomdmnod Loaytdo 1972-000b (3. dobsngmm3zn, ®. mmdmody ©o 3.
30300960dg; bgmaddes. . 3mH™NdMI3L30) INBYM EBdEAGNL oEszgmgds 1011-1013
93 969639h0gne 0bhghzommdo Lodydome. 1977 d39do3w0 oboadahoa ,,3bbobgotrm-2“
33993900 o¢hoMgds dgEboghms 233930 . 30hH03693Lb30L bggmmdoom.

XX b. 80-006 bmgodo o308. 0b-ho dgngbms Lgbhmod. 3bmgddh ,.30d00L", G-dog
dmbobogmgmobgb dmbLimzal 3. wgdgg3ol bob. ognBogol 0b-ho (PUAH, dmmozg
m6aobndoins), Mybgmoal dg3b. 9300. dnbmaznma 33939000, dmbzmgal bobgemdb. 1b-¢ob 003
1Od930.-33%0. (HUNAD MIY), godsbgmoal dgi3b. d40c. domagma gbghangool o30d., Hor03gmalo
0 180939m0b dg3b. 9300. 308030-hgd. 0b-¢hg00, gmdalb (3mem.) 1b-hob 93ndozal 0b-¢o, d.
39mE39b  (3mem.) pdomemgbo Jdg. Limemo. 8. . 4370 d-89 ©G9bdhagbym-9dymboyba
300960gdnm  dogmogmn gbghgnol 3. L-0b bobogmozme PMmoghmddggdgdl shdmbayghHmb
30600390000 033093000 d93609MmM 237930 b. mnbod3zngmal bgemdm3zsbgemmdnm dgdogamddo
360m99ho 091960000 033mMb7M-06080¢06 3MeadmEdENsb.

300 dmndb odmbdhmMagddo Babdmgdymo 33emg3900L 3obmdgmgmydmar bodobms. dgsb.
03900. 03000300 0b-hdo Hobgomes 3. L-0b dobobd3gds 33¢939003. 1953-00006 oNBym Yo
a3odsmemo  (bobhn)  3md3mbgbpol  Loghmm  m30b90900L  dgbbogems  (bgwddmz. 9.
0bmbnjodzngmn). ooanbgl, Mmd 3. L-0b gow-0b doymbyto 3md3mbgbdhol Lozt
330060gmgdsl 396yt babogndn 093b 3066m dogmomn 3030. 83 33939000 obabodemzMo
dmogh 1hmngbhmddgogdgddo gsebnzn 0ddymbol dgdmyoymmmds, Moy Logydzmom 1og3L
mobodgobmzg  Babdmeagbgdl  dwmogho  ybhmoghmddgwogdol  dybgdalb  dgbobgd (9.
dbbmbngodzngmoa, d. dndngmdd3ngmn). 1956-57 g. dsbtmbogzadznmal, 8. byiodzomoabls o
d. 0000gmod3nemal byemdmzebgmmonm ddgbs b3gs. dobobdzgds odmbMsdmtons Bygmal
933030egbhol 200 d ULow®dgdg. 33:9390dn  dmbobogmgmobgb 0. bommggzy, 3.
mbyogmad3nmn, o. 00Mboggmo, . ghobmogn, b. ghobomogn o ULb3. (bgemddyms. 4.
d000emad30eman).

dgm©g 2319330 (M. 3odobm3zn, m. Jytoady, 3. Jgdgemadsnemn) dobol J39d Byggmal g33030emgbhnb
130 d Low®dgdg dgddbd 0mbodogoybo gommbodghto o godmoggmos 3. L-do doymbgdnl
390by6n 3obsbomgds 1011-1012 93 969630900b 0bhgG30mA0.



XX U. 90-00bo Bgmgdnl dgdga mdngmabolb dobobg3zgds a30600Ld o . hogmzabal Lob.
3b6oBgohml domommdmnsbn LoEaY®dy g9db3gkndgbhyema 33emg3900 dgbyo. odz0dsc, 9.
dbbmbngodzngmal bob. 0308. 0b-@do dndnboGgmdL 3. b-0b Qom-0b ndgnomo jmbgmaEngdal
gaobhmoMgds. 3bmgdho (bgmddmg. d. L3sbodg) doBbo obobogl Loayngdal Jugemal
d99absl o domgdnymmo  dgaagoom  Loghmod.  dmbopgdmd  d0dal  dg3Lgosl. 1339
033b69d30mbotgdl o308030L 0b-hobo s mgemazal 36-hob bagnhgdo.

1300003090 Bemgodn 3bnd3bgemmazobo 3393900 bmMEngmogds §. dbMmbnzdadzngmal Lab.
00d. 0b-hobo o PUAH-0b 0obsddbmdemmdnm, d3ydezgos XX b. 70-80- nsb bemgddo
H00b30b0b o0 dm0db obogsatdn Ggzabihtotgdymmo dmboigdgdn. adndazgonl dodbgdo,
doamds o dgmmenzs 393100390308 9. dbohmbozadzngmal bob. 0308. ab-¢hob doymbgdal
md0mMohmMonodn  (bgemddems. . d06Mboggmn). 33mg3gddo  dmbobogmgmdgh  mgodyod
006mbo3gemn, b. 9M0bma3n, 0. bagmggzs (mdngabn) o o. Adgbim, b. bgbhgbrmzs (dmbzman).

XX b. 60-0000 bgmgdnob mUY-0b 0308. 0303-h0g T0dENbIMIMOS 33¢93900 TOMOO
96963000 doymbgonl m3z0bgdgd0l dgbsbbogmmac. 0. Boggzotgemadabs o . 3gg30b0d30emals
bgemddemgoebgemmonm dobob J39d Byemol g933030em9bdhol 200 d Low®dgdg doowgl doymbybo
303d3mbgbdhol 0d3ymbol gobngn dagbgmmal gogsebogthgdal dbnwmo o 9bghagholnmo
b3gdhtn. 1964-70 bodydomgdn HokEgdmEs Lodobmz. dgeb. o3000. 0d. 0b-hoby o
dmbzmzob bdnbzgnbém 03nd. 0b-hob Moboddtrmdggdmab ghmoE 3mddmmgdbyMo oboasknm.
39360969038 8g0bBs3emgl Bam-0b Fodsmemn 3mB3mbgbRHdaL JoGdghegd doymbgonl 1011
-1012 g3 9696309089, 3. UL-0b Boymbgoal 8GO NOMNgOMIIIgds B 30bab

0060390m00b, Bod. 9b96gangoal dJmby drmHMbgdal dogh 30mbgool EoddgdNLY S dobm3ab
bAGYIHYOL bLogzombyoo.

3. b-0b 3393900 dghoycow d0dEnbotgmows 3. bmoasl bob. ggmazndozol 0b-hdog. 1952
©0336OLd 3. B-0b 0bghgbbogmdalb 3byzgho GgaabEHmoEnal Lowaytho (bgmmddms. 3. gbnagy).
1969-00006 3. U-0b @oby-00b bgemddm3zdbgemmose d. owobos. 1970 dob dgndydezos
mMognbogmybo  3mbbhbydsool  2306g00bo  Hgmgbimadn  dobobgzgds o  dobobBgoo
00330639090000m300, GM-03 1972-00000 0dydo3s. 1973-75 dg0ddbs  mGognbsagmyto
39mdghtnnl 23060g0bs Hgemgbimdgdo MT-12 o T-16.

LM ,,m00emabobo” o 3. L-ab Laay™gdal Loaghmed. Jugemal dmboggdms 058089 .
mMdobo o . domodzomo dMogzoma bemal aobdozgmmosdo 033w9300bgb ddal Jotab
0d0d3hye obodgH®obl. d. 9¢mobnod, . EME36Td S . ddmodzngmdd dgon3dbgl 27-mnsbo
30600309000 3mEOdoMgdal 9039dbycn Mowoybo, M-03 odm3ngdyemas 3dob dgH3zmdsdy
30000 SbhOMbmdnymo ghmgymol MHogol demdmhbo.



0033063900m0 dmboEgdgool oboddy oghbmonm d. oobndd o . MmMdsbds
300030m06gl  Batdmeagbs  ddal oMol  dgemomgaobgydo  dbodgheooby o  dobmob
00303d069079e0 3. L-0b 3060030900L dgbobgo. 3. L-ob 3060530gd0 3MMgematgdl dm3zatmab
030090000, ©0303b60h907e™ godnboldntMs 3emoddedg dmzotol dmdigzgdol gozmmgboom (0.
bobynodzogmn, . domod3ngmn) 33609390000 b NGOS 3. b-do sdsmn gbgtgnal
(<1009393 ) 3rmHmbyemo 3m33mbgbhnl gomodhnidnho Batdmdmoo.

2015-0006 3bgombotgol  bgohGmbyemo  bydgh-dmbohmbo;  dowgoymo  dmboggdgon

093maMma© 0380306900 (0. BHyb3ns, m. 089dModg, ¢. ghgmdsndzomo, . mbgoedzomao, 3.
y3039dg, 6. bodokmadyg) dmbimzal dmboggdms baghmasd. 39b¢h&do.

30bdmby6do LoaMgdal Loghmad. Jugmmal 1965-2002 dmboEgdgody oybhbmonm, d.
0Mdb0od, dmemmbgem 3mgz90mob ghma ohzgbs, Gmd 3. B-0b EEgmedyMo 306005309000
000360 3md3mbgbhn 933003690l 22-6gmnab 3060030906, M3 ©O3o3dntgoxmns 3. L-ab
6500300 dndobrmyego0l 33¢dbmob ddab og@hnzmdal bbgoobbgs dgtomedo.

dd0b oghozmdnl dmagngbhmn Gganmbo 063930 27-mosba 30Mnsingdal dobgge (27-9 ®y),
dgmbg (dg-13, dg-14 mg) o d9bodg (dg- 9 my) 300dmboggdl. 3. sgmsbodd (3memmbgem
3093900006 ghmo) oh3968, Gmd I, 1l o Il 306dmbnggdal sddgmobnwd 36ab d9hnzmadnb
A>0 3gbomedo (Mmogbsg ddob dogb. 39emal dogmbodmgon dodotmymons htre. dmenybnab
boadb&-396) onemgdnm ©oENY, 30Mhg A < 0 dgbomedn. bb3s doMadghtgdn 3o 30 93emgbl
0M9g3mMm 33000 g090L. 869 27-@nsbo 3060530900l vddmapd o 0bhgblogmds
1390 m 303d06dnd ddob Jokob bohgotmal 27-m0sb 300003090000, 83 390939008 Ldghmad.
00036900 dmndmzgo (2005 d. sgmobos sobhogl g3émdnl dgsb. 8300. bg3zho).

000bmyadbol SLhOMANd. mobghzshmbasdo domagmgbgbgogmo Mgbhagbal godmbboggdal
Byotrmgddg 003306390900 ©bm-500b bodyoemgdom dodnbotgmos (bgemddms. 3. 3obadg).
1963-66 3. 3obndg dmbobogmgmadgs bm-900L (,3MmbHmb-1*, ,30m@Hmb-2“, ,3Mmbhmb-3 o
»30mbHMb-4“) 39339Md00 3. b-0b dgbbogal 3Gmakodgddo.

1987 ogndbobs 3. L-0b  bgopbobymo  3md3mbgbdo.  Godgbody  ghgddHmdds
(Kamiokande IlI, IMB, 0609bdbal bnbhomaogonbo Hgmgbimdn) 13 63-do osggndboby 24
bgodrobm o sbhnbgohtnbm. bgahEnbm, gsabbbgoggdom 3. b-ob gmgdheymop adybdhnmo
bobngmo3900badb, o6 goonb&mgos dogb. 39mgdom o dobo Bozk(Eggdal dndaMmyemgde
doymomgol 3. b-0b bogzekdE® Byotmb dgodMgmosl. 2006-008b 3. b-do Eonbygl domamo -
6odgbodg dbgymo smabo 393 9bghanal - bgohnbmgdal oggngdbotgos bodbé. dmenylLdg.
3bhobghowob yobyemdo, 2,5 33 bogmdgdy 03909 30390hy60 ©9hgdhmEBg - IceCube, M-0b
dndomoodn dmbsabogmgmol g. 200306adg. 2020-dg o oggndbobes 100-dg dgdmbzgze
969630000 >30 000 333 (8800306 3 859mb393e 9696M3000 >10° 333).



ood.: @9 bododzomo  © 3Jobdmbybo ULbozgool o0dols, d., 2015;
AHOpPpOHUMKawBwWuAKM . JI., HaduHato ¢ SDnbbpyca..., T6., 1982;
Oopm™madH JI. N. OKCnepuMeHTasbHble N TeopeTUYeCKne OCHOBbl acTPOPU3INKK
KOCMUYeCckux nyyen, M., 1975.
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