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30090900, 03M9m39 domn 16000900 gdg90900m 30dmb39ymo 36m3gLgonl
396mbBmdngrgogol.

306390 9b-0b - gmgdhermbol - 36OLYOMOd 1897 odaNbs 2. 2. HMAbmbds. 1932-00ab,
bgodyrmbol oedmhgbolb d9dgz, 0bygos d o @ m 30 b 3 0 d o 3 0 b (0g3), Gmgmbi dgib.
00dMY3000909em0  ©oMRaL, 3dob3znmabgds. . 0300903mLd o 3. 300096096zl dogh
390000300907¢0 0465 006HmM30L 9390780 930b bgodhrmbyem- dhm@mbymo dmgmo - dobmzal
hM. (by3mmmbytn) dmeagmoa. dgdpamddo dbndzbgemmazsbo gobwd dohgcool ydotdoggbo
d900003969em0  bobogmoggdol dogos, dsmo 3009090000 O YOmoghmddggonl 3obmbgdol
00003960. 9dob dggae hadmysemndd mobodgdmzg 030d. ghm-ghmo doboman akgn -
gmgdgbhobygmo bobomaoggdolb odo 3o (9603). XX . 50-00b0 bemgdnob
3bygdymo  smdmhgbomos Godwgbndyg osbgymmo gb. d3oLmob o3d3d00gd0m, dgn39
Boédmagbs dhmdonbmzal 93g09emgdal dgbobgdogs.

96 dmbobogmgmdl  mmbo  Labol  Phmogbhmgddggdsdo - ghozohozonemdo,  Lybhdo,
9gmadhermdagbohydbs o dgmoghdo. gb-g0b, Mg0Log dmogho Yhmoghmddgwgos oM
0bobodmgol, m g3 h m b g 0 b PBmgdgb, demoghow Hhmoghmddgo bobogmazgol 3o - 3 o ©
b o b g o L. gb-0d doMomoo 3dababnomgdgmn  ®a300909M 9000  domo
16O009hmaohaddby, ®-bog obobo gobozwndb oadmabsol o Yhmoghmddgwogdolbol. gb
36mEgbgon  dndnbobgmdlb  dndngzmdol  3obmbgool  (gbgbgns  0ddymbol, 0ddyembob
dmdgbhnl, gmgdhGnemo dybhol, cmgddhmbybo o d0Mombymao Gogbgzgonlo o bbg.) oE30m.



9603-0b @obgnmakgonbomgal dghow dbndzbgemm3zsbo ngm XX b. 60-00b0 Bemgdn, Mmgbys
30dmotm3zs, Gmd Jobdmbgdn dgoagbomod ymhm  0gnbrodgbhnbno  bobogozgdol -
3306390000300, mo30LyRemo  bobom 33063900 OdBgbngmn ok  dMal; mobodgbmag
boGdmagbgonm, Bogddg 33093L 9. 6. 3 M b 3 d0bd gb h ol dnzgmgbsbmab - 330639000
»000(H)9393900000b6" 3oMmbgdal dogbom. 8d dmzmgbal Momgbmodnzn sbbbo 2ghzgtmdnm
06 36LYOMOL. 3bmdngmns 33063900b gg3bo Ldbgmd (,,06mMmddH0"). mommgyemo domaobo bado
»93960000". gb ob. 3390h7yMo Mogbzn doMzgmo ( 1965) dgdmomgl b.dmameoydmazds, o.
mo3bgemndgd o 9. bhbdabbznd (LLMZ) o d.- 0. 306ds S 0. bdddyd (0dd). od dgganbamzal,
3396390 m3emob B3bgdmab ghmo, o. magbgemadgl dogboado ggbobyba 30gdos (1988).

»93960" dobmdomo (Hgkdobos. shbgdomo, ,0396M0" mo30b90960 Tybdhod. 0gn 339639000
16m0ghmddggool byobms. ,m39Mom"  odmb3gymo  ybhmoghmgdgogdol mgmboal -
3390700 ghrmadmenbadnzol (3dc) dgddbs gb03-0b 13bnd3bgemm30b9L0 dmbodmzatns. ddzgodo
3bmongm  03nbodgbhnm  bobogmojms  bLodMogzemg (ab. gbbogma) dmogoghb 6 339603
(0009l bod ,,039M0") 8 6 gg3hmbL. 8ddb Y6 ogdohmbdyom gy Mo dmB m
b 9 0 0, ®-000 39d39m000 bmbEogmEgds YOmghmddgwgds 33bddgbhné bobogmszgol
dmab. gbgbns: gmHmbo (y-3390¢)0, gemgdhtrmdagb. yhmoghmddggdal goodiabn), W+ ©d
Z0 3mBmbgon  (bybpo 3OMgEmIdggdel  3ewsdhobn) ©s 8 awymbo  (,5396m"
1600096hmJdggdol aoadhobn 0mBmbgon). gobs odolby, mgmMos dmombmglb 3093
odgbndg bobogmagol 96bgomool, G-gdo3 3J00m 29M2gMmonm smdmhgbagma o dMal,
393., 3 @ 3030 H ™ b o (3Ma30hoEnnmo yhmoghmgdgogdol gosdhobo 0mBmba), 30g b o b
L3 omd®mgdo (9. 6 LEbIOHIMO dmEgmol mobobdo, gb bobogmogn dbezgggl
3996003069090 gemgdhem-bybho yhmoghmddgogdolb bodgheosl o Bd6dmddbol gb-mo
dobgdl) o ULbz. by, dbhnbobogmozgdol gom3zamalbobgonm, 33093b  60-89 dgho
033b0dgbdhnMo bobogmogo.

39000690000 3000 gbghangdol  dobmdgddn, MmEs  d90dgmgod  PaNMIdgT3YMo
3hmHmbgdobs o bgohtrmbgdol (by3emmbgdol) dmdgdo o LHG®YIDyM, dhmdonbmzal
dgbbogems  ony30bgds  Bgbhogmmazdb  bydmmmbms  yhmoghmddgogdol  (dnbhm3ymo
16009600 Jdgg00b dogmgdnl) o 98 30009 mJdg90000 o b3y3embmo dobsbnomgdmgdom
(9egdbénemo dybho, dobs, L3nbo, dogb. dmdgbpn) aobdnbmdgdyema dobm3znl m30b90900l
000039b08g. 006m39089 dodobotg Mgod3ngdol dgbbogemol od ™ doMomo  dndobl
9dbobytgos.

d0bmzgymo dogmgdo d0696god mbo (Hodob dmEgmom: 0396mdgbmmmmaonbo o 3gmab
3390096 0gm©H0ddg (3300) odygotgdyemo dmgmgonm. ngo ndob dgbabgd, Gmd dobm3nmm
dogmgolb  adbdadnmmogol oMmabymmmzabn  dobol boboozgdol aopgme byiwmmbms dogM,
Bodmoyggbo o oodydogs 3. 0930308 1935, 003-0b g3obznmatgdal sMnbo. ghoddg. gb n@go
99639603906 YoE EOEILHYMPS dbmemmeo m-dgdmbgool (3ombgdal, 1947-48) o ddndg



dgdmbgonl, @oblLogymbgoom, 399HmMyma d90mbgdal omdmhgbol d9dwga (XX L. 60-00bo
Bomgdal obobyabn). 335030 003-do doMmzymo dogmgdal mGozg dmgmb 0ggbgogb. dtMab
0dob 300900, O™J 94 dogmgdo O7303d06OMb by3embm 3306 3-aembye Lhbddhncsb. 0dab
3ddm, Gmd dHmdol d0bmzn TMO30bdbomo3Mm3ebo  330b¢H-dgdeb. LobEgddd o dobo
dgbbo3emabob hbggds doom.

bobnomal  Lodbgegmggon, o0bm3zal mgmtdnsdn oboboozgb obgm dmEgmgdl, M-90d03
00090¢m08903em00 bob@Hgdol obodngalb gbs oy ob dbotg. dog., B3g0mc o6 dnhmenbod.
dogmdo Bob o6l Bodmbgyma dobhmznbdos dmdMomdol jmemgdhonbo dbobyg, goblym
dmgmdo 3o - 3ol 30nbsndnm gobdnbmogonmo ghmbobogmogmzsabo  dmdémomdobo.
d0bmzolb Lb3s dmgmagol (gobdmasgdyma, B8909bonMn, admyzngdgmma byzngmgdanl,
3mabhgbymo) 89dmblgbgdyem ™6 330003960l doamdol dmbolb dyomgEnMn SO
139300. 30bnbogmgod 0g3Mgm3g dobmzgymo Mgodingdol dmogmgdn. dobmzymo Mgedzngdal
3063zgem dmegmdo (1935) dobhm3ol dmgdgogds dobdy oEgdnmm dnbmzgy bobogmaidy
3ddmbognmo agm dobpHnzn dmbgbgnogymo mMdmma. dgdoga b. 0memds dgddbo d g g gb o
wmo 00bm3zolb dmEgmo. 8d mbo dmgmob ghmazsbo dgbedgoss dobmgob m 3 ¢ o 3
16 o0dmogmo. bdd. gbghgngdal dbgdo nggbgdgb dnbrmzymmo Mgadzngoob d oM o3 0 G
IPORMIJoygmdm@gwm g0b. 003-0b 3ob30m3tg0d bddMZdPMYdNL Yytowmgdal
396hGdo dmagde, MmEabyg omdmahnbgl o obbbgb ddodg dnbm3zgdal gogmaal dmzemgbs
(1939, 03. dh®obAdbn, ™. 30bo; em. donghbgton, m. ogtndn; 1940, 3. YMombOM®30, 3. 390MJo30)
0 d0bym dnbmzymo gbghznal dtsgdhogyemo (bodbgbm o badgycbgm) godmygbgds. XX
L. 40-00b0 Bgmgdol dmEMESb onbym mgthdmonbmzgymmo bobmgdol Mgodzngdol dgbbogemo
0 @ddmygbgos Mmambi Loadbghm, obg3g dobmzon mghdmonbmaznmmo  bobamgdol
33bbmM309ego0l doBbom. Lo Jo G m 3 9 m ™ d 0 96-0bd O 303-0b MmgMmbosdo 33¢m930b
booyydzgemn  hoygoato 3. dodobobgmobmgds XX b. 30-006 bgmgddo. dab  Lobgemoboo
003030069090 0d  bOmobomzal dgho  @d0gImo  0gd  bodobigmopn  dobmzymo
3mhgbznogoly o  dobhm3zol  dogbom  by3mmbmd  0benznEyomym  dEamadotgmodmos
0Mbgdmdnl dgbobgd, Moy 9hmazsdna bobodmMmdgpns obbymo o 9. 6. 3mabhghnemo
dmgmagonbs. dodsbobgmabm3zal ngs d0bm3do by3emmbms sbmEndgngdol (3eabhgtgdal)
36Lgomonlb dgbobgd @odmnygbgl o gobaznmotgl 1943 m30mmb 3. dodobabemobm3zds o
dobdo dmbomyggods (0. 30d030dg, m. 3m3omgndzngmn, g. $oemodzngmon, M. 2003h0 ©o Lb3.).
d90003m3 ob30matd Mddwgbndgbyizmmmbaoba Lobhgdgdalb dgbbozemal dgmmegdn, G-gdog
BoG3ohgo0m 0gbs godmygbgdyemo dg3-dn, 396dmeE, 39099300 obhmemgdems mgmasdo (3.
dgombono, 8. $omadznmmao, o. bgmadznma); dobpEo-0minl mgmbosdo (0. 30d030dg o bb3.);
HMobbemoENY&o 0630Mm03bhnma mbgnwohmdyma doBobolb mgmMasbs (0. dodabodg o
bb3.) o 303gEb3gMymn 0bdEngdal 6380LOL MgMENddn [d993900 dgrodEs M. 2009hHobY Y
6. 367139603M30L dmbmahoognoda ,,303960L03gMY 031bg3ndmd dgmmemn Medgbandg Lbgyemal
33906 dg9obogodn" (mo., 1984, Myb. 9b08g)]. dgoddbs ,3006Mnymoa" dgmmeo s dobo
30dmygbgdnm dgbbogemaem 04bd adgmal hodalb dobmzymo Mgadizngdo (M. 20070H0 o bb3.).



dyomaEyMo 9b9Mangd, 339930 Logotmzgemmadn 60-00b0 Bemgdal obobyobdo honboby d03-0b
ob. athgn - 319G s domammoa gbghangdnl 603. ngn dgobbogemal dnbm3zdg dndwnbatg
0bgo 36mEgLgol, G-mo EhOhmLbIE 00bm3gy bobhgdol dgadmgds goegegb 100 dgags-8g dgho
9696300. 3936. gb OMRN 30000gdIMEY HGOE. 003-0bd o 9b03-0b dnbobyg, dyomgoyco
9696309000 003-0b 99b3gk. dodod 9. b. ,,398mMbyG0 RVOGN3900", 0-9003 dmddgwgdgb 8dd-do,
3060000dn, GLgmdn o Lb3. badebmzgmmdn 33emg30 dgogEytn gbgézngdal 003-0b okado
o0bym dobo habobzol dmdgbihnab3y, mozednd3zgmar Loadobms. dgeb. d3o. 93080300
0bboodydhdo (doggn, 2006-00000 - 9. dbEMMbN3d330em0l 03080300 0b-(hn) o dgdamd, YRGm
bobdHgdoMOE, MbY-0b Bd030L RV3-HOL M9ME. 130d030l 3dmgEMsdy, dgdwaa 30 dobm3ymo
03000300  LOT9ED.-33. madmbdhmbasdn [dgdamd dowon  9bgkhgngdal  dobm3nmo
03000300 36MOgdyn M0MmMIH™MM0d, 1974-00000 - mbY-0b domoema 9bghrangdol 030dnznl
0bboodyho (dgmn), ohmddnbm3zgdal doglh dyomgoytdn gbghangdal a-3300dh900bd O
3000900l dmobmddol 36mEgbgdolb dgbbogemom. gl godmazmgzgdn, M-90ds3 00dgo dobEd
dbommanym 3odmzzmg3zgol Lodmzahaskgm, ghm-ghma do0zgemo agm o3 dodobmNo0m.
30639mo oym bohggbgdn, ©m3 by3mmmbbyimmbol ybhmoghmnddgwgdaobsl gobddogogn
dnognmal  obbgomdnm  odmbzgnmo  ByzoemyMo  3mbgmogondo  99399hHgdn  930MO©
dgodmgod  dgbomdymmo  ob  hobdymo  ogmb  Mgogdanol  dgage  dhmddntrm3nwab
30dmbhygmmEbogo by3mmbgdal yhmoghmddgogool 9:399dhgd00 Bddmemmm dpamdstgmaosdn
(0. 3m3agmgndzngmo, 6. 200300). 335Lmob, baBnboLBIMAgHY39emgdo ngm 30mbgdal dmsebmddaly
mMby3mmboodb Ggodangddo dobmzgalb LhGydhnbol 9039dho (m.3m3semgodzngma, 0.dshsdgema
o bb3.), d-03 99b3g60dgbhyoE OELHYMES 936M. dobhm3ym ddm33emg30ms 39bdMdo
(CERN). d6mdomo od @gogmb dogbods 3. dgmmododzogmal  Lob. 36gdos (1973, o.
3m30emgnd3nemn). d0M39moE d0od3ngb guMomgds 0d goatgdmgosh, Mmd o6 dgodwmgde
aoHmInbOmzyme  ©godngdob  33080g0hMmbyme  dmgmolb  ydyemm  3edmygbgod
b335mm™bg0dg 30mbgdal aymbmaddgdal Beykommal dgbsdsdaol gbghgnadg Nn3km sdsagmo
969630900b  3-3306(hg00bm30L, O  Bobaz0mAtglh  330Bngohtmbymmn  bobgdgrzemomo
dmgmo, 6-do3 ombyho  gdudgh. dmboggdgdn. gl démdgon  dg30s  dntm3gdnb
amdmasbemghol  ©god3ngdabodn dodmgbogn dbmdomo Eodemdo, 6M-bdg dogbods bLLEM
bobgemdb. 36gdnd (1977, m. Zmdsgmgndzogmo, 6. 2003h0, LL3gdMSb ghmow). dgdramd,
00600390000 30mbgdol yhmoghmgdgogdal dgbbogms Babndotms domo oogobhzoly o
300300()39-00006mgdnl baghmm b300bgoal Mmgmb. ddyds3900L dodabmymgdom.

00613900000 30mbgoal Ybhmoghmgddgwgdol 33mgze m.3m3semgndzagmal dogbh gogdgmd
©9006OmbBg (5. d030306030m3b ghmoE) o Hed dobhmzdg (3. Lbobhhmadgbmab ghmo),
3003006(h30L 3GrmEgbgodo dombgdabomzal Ggmabhnzabhndo 99399hHgdolb dgbbogmal dndboom.
3ot3zgem dgdmbggzadn godmygbgdymo oym 33m-do d93ndo390nmn mmanbma-masbgemadal
330003mHgbgnogmybo  dgmmeon, bmemem  dgmbg  dgdmbzggzodo - 9. b, dobodobo
1000900 ddg09000  Mgmehozobhyco mgmbdos. dobomopo dgogan dpgamdsbgmol odsdo,
hmd Mhgmohngobndo 30bgdodogol 3om3zdmolbobgos 03039 ®0golb 9o39ddhL odgmgge, MLy
d6og30mzgMopn  3oxwsbhzob  g®gdho. o8  33wg3goob  dggagde  dg3odgoywos  o.



3m30emgnd3zoemal  dmbmakmongnadn  ,,3-d90mbgdol  d(h™MAd0Mm3g0m0b Yo moghmgdgogdal
0gmmoob bdznmbgon”, M-bog dogbods b. dybbgemndzngmal bob. 36gdos (1988). dglbszemagmo
09bo 936 gm3g 30mbgdol mMdogn goadyb®mzal Mgodangdo 33ncgbyzcmmbosb d0bm3gddg (6.
20030 o bbg.).

XX L. 80-00b0 bmgoosb  Lodobmzgemmdo  dodobdbgmdlb  doMmbgdabs o
d3069300mmboobo  bobRgdgool 330m3yma  bHGYJHOab dgbbogems, mo3wadnM3zgmo,
360 gmahn30LbhyG0 doamdom, 2330me mgmMool dgmmEgdol godmyggbgdom (dbmdgol
dogbodo Lodoms. ydomemgbo s B3gE. bod. obosmengdal LodobabhGmb | 36gdos, 1983, o.
d0dy30dg, . Jmdsgmgndzogmo, o. dohodgemo, d. hohbybsdzogmon). dgdamddo  33063-
ob(hn330bm3nmo  Lobhgdgoal  (dgdmbgoal)  dgbbogms  gogtdgmms  dghg-bmednhgtal
3obhmmgonl aodmygbgdnm; 3o39ms ©ob33b900 33063-33003m0 Yhmnghmddggdgdnl
306030063960 babogmal emGgbi-bihGndhytal dgbobgd (o. 3mdsgmgndznmma, o. dMhgodg,
0. 00093049, o. Mybgsin, d. hohbybodznema). dogmgdnymo dggagdo d9damaddn oEILHNMOEY
0 0304bncgonemo 0gbs bbgoabbge Ybmgma d3¢hmMal dérmdgodo.

XX b. 70-006 Bgmgdab obobyobdo dobmgnem 3odm3izmgzoms 3oghmnsbgonem 0b-hdo (3330 -
©00d, GYbgma)  0bnbsbBoMdghy3gemgl o  dmdmohobgl  bobomozmo  3dymogoyto
0000007000  90399hn  dogogmn  9bgMangonl 006m3900L  o2obgdabol. od Fddm33em9390dd
booyydzgema hoygots ob. dndobmyegodl - Mgmonhn3obhycd 003-b, Modoy @obodnbmods
d06m390do  dodoboby  3mEglgdol  Mgmobhozobpnbo  m30emLadMobom  gobbogmzal
0330eMg0emMOd. o3 dodobmmygmgdnm dbndzbgemmgobn dGmdgdo dgoddbs o. GMaddodol Lob.
domgdohngolb 0b-0do, ©-9003 o203 3. BoMLY3db0d30emal o 8. dgbomgdsadzngmaly
dmbmamogznadn ,,mgmahnz0bhyto d0bm3nmo i3ndngs Bobsmemal a3hmbhol s3médsemndddn”
(003, 1993, abgmm. gbddg). dbmdgdal Eogemabomzal 39eal 339006 mgmGosby o
gmahngabinéd 003-do bobsmeal 3Gmbhdg o3dhmbms 23303L dogbods Ladobmz. Lobgemdb.
369dnd (9. bggmadznemn, 3. 3okLg30b0d30ema, d.bombodyg, 8. dgbmgdodzngmn, 2009).

33930 9b6-0b mgmbool ©oMado dodobotgmol dGo3demo  dodotmymmgdnm (339639000
0gmbool  LBd30mbgdn, 23YRMe  MmgMMool  godmygbgds  IEMHV39em 33060 300bn  bobgdgdnl
dgbobbogemog, dnbogabo Lodghtngdo, doMHmbyma dmEgmal gobznmotgds o godmygbgdo,
3900, Lb3oolbzy dobmbymo dmEgbol godmzzemgzs o bbg.). nbzemydoyta 30mEgbgdal
dobddodymo  m30090900L  3odm3m0bgodme  ghmnsbo  dmbBgMobmzal  hadmysagmndgdyemno
03hmdmEgmmonl 360bgndn (0. mo3bgemadg Lb3gdmob ghmo), oagbogmns domammo
9696309000 dobO™bgdol o ymbggodg 3se0bg30L 3obmbBmdnghgds - 33003gmo mzmab
Bgbgdn, G-9003 30EOHMbyoaL 330037 LEHGYIHMIL PdgommmE sbadMgAL (o. mogbgemady
bb3gdmab ghmo; gb dggan GMgzaabhmoMgdymns, Gmambdy smdmhgbs, N343, 1987).
©oanbey, GMmd gb-ob PO®M0ghmddywogdol mebsdgodmsg  mgmMool  gabawmmgddo
dgbodmgdgmnd  ghdombymo  Gogbzal dgbobgzol  3obmbal  obggzs, dgagddbs  Lod.



969630900b d69dn by3emmbgddg d0mbgdol BMEHMEL0SEgdnl aldghboymo mgmos (bt
bobgemdb. 36r9dny, 1973, o. mo3zbgemadg bb3gdmab 9MMA®), OEENBEO JoMITNN Y OB
969630900b 86 gdo dodnbabg 3mEgLg00L 03Ybdgbhytn 3obmbdmadnggds - gemdsgyMo
030mMAs, -0l dmE0x3n3d30900 gdddmoyggbgds obgmo g3gdhgdnl godmbomzgmgmop, M-mo
3003060606900 dgdemgdgens d9dnmmgdnl mgmmaal a3ohgmgddn. JoMowyka bodghconl
3km3930lb ghom-gbhma dgbodemm d990b08dob Loxyd3zgemdg Jobms. a3ndozmbms dogh (o.
bgemodzngmn) domgdymons byemmazabo B3nbal dgdmbgdaly S MIHabyto docombgdal dobomo
b3gdhHEnbs o dgdmbgdal odwmal ®300909000 M3000d9m0bbdgdmn dMbgky; a39tdomb-
0bh0xghdombol  0dyemo  dgamdotgmdnbomzal  JLbobbymmo  Bso  d3mdgbinagmal
d93mb3930d0 393Mm0308907e0s Mgmahngzobhyto dobhmemgds o sdmbbbopn dmegmmgdo,
6-90L03 09969096 3306 3mbo1dal b3gdhembimanoda (o. bgemadzommoa s bbg.), 3306390008 O
™930hmbgdal momdsmd ghmnobo oxmbgMabmzal 3o - ob. mmzamybo SU(8) Lndghtne.
©9ghHowMo ool dgbbBogmmagma od LodgHE0nEOb odmdnbabyg 030d. dggagdn: 3306 3900bd
0  mgdhmbgdol dobybo  moboggabrmdgdn, 33003900l  dghg3zol  Jymbggon o CP-
00306000h™00L aMM3930L 03088, bgodhEnbmlb dobgdo o Lbg. (8. d96ggnobo, 2. hdobgyma
o bbg.).

30006mbymo 0b3emBonmo 3hmEgLgdabomzal gobgnmotgdnmns nagkmadymo thgdbnzs, M-03
30006mbyem 0308. dmgmgboms qdbmm BMal dmbgtal Lodyomgosl ndmggs. dgnddbs LEM30
30006mbgdal d0hm3g0mob Yhmoghmddgogdolb Mgmodnzobnd Lykomdy oxydbgdymo
3obhmbyemn dmEgmo o domomgbyhaghndymo 3obmbymo dMogmmmdnma d0hmEgbgdal
dmegmo, G-dog Jhmdmnbddognbo dogmgool @obyzghol dgwgase 0dsgod dgmgyemo
300060mbgdn (M. 3. ygobhgemo o Ubb3.). adb3z0mabgdymas gb-0b obsbeanzn 330630
mgmMns o bohzgbgdny, Gmd domo YOHmoghmJdggdgdo dgadgmgdd Y3900  0gbob
330639000 963b6M303 YOMghmddgwgdody (. nMomgmasndg). manbma-mazbgemadal
339003m(H9b3nool  dgmmen  godmygbgonemo 0gbs  dowogmn  gbghgngdal  docpbmbgdal
6930000 30069300 dmbObghdm, dnbghd PN o NN 30030bh30b gdbdgé. dmboigdgdo dzntg
0 ©0E0 3Nmbggoal otgdo (3. dotbgzebodzngmn, . bemgdhgbim o ULb3.); 330bhyto
Jérmdmnbadngnl g3obaemgddo dgbbogemaemo 0dbs doMmMmbgdalby o do3emgdal bacdmddbal
063180700 o GOHTSE dGMdEMY3900 3OmEgLgoal 3390900l dLEA3HmAHG J3939, dnblbbs Pt
00dmM3000907eg0d0Lmob  o3ogdotmgdymo  LBodbgemg  doMmbyem  oobgdgddo  3odbgzal
69d0bdngho 3ymbggdal dgdmbsgzodo (gm. bemgdhgbim LBb3gdmab gbrmo). dgdmmogzedgdyemns
bgodtrogmytn K°-d90mbgdal doboms bb3damdal bodbalb goblodggtal dgmmeon (b. dosdhnboobo),
-0 3odmygbgdnemo agm LLGZ-bo o 8dd-do hogbgonem 99b3960dqbhgddn. dgdydozgdnemnd
by3mmbgdnle o 3ombgool gmgdhmmdagh. gmMdgsghmemgonl gobbabmzkol dgmmen
3900039030  0d3ymbgdal bOmabdog3zstd obagdn; dgbbBogmoamas m®mdsagn dgdmodmdgdal
30090900, doggdymos gmbmdyms domo Logmabeol bobgédemazmonl godmbsmzmgmor,
0gmbogmoe  dgbbogmomos  d90mbgdol  0d3znomo  ©idggool  Bmaongbhmo  sbbo,  Mab
bogyyd3zgemdg adbobodmzty dgdmbgdal gmgdhermdsgb. Moonbo (03. hygdyhogzs Lb3gomob
90mo). 393909390308 00bdMYemo  3mEgLbgdal 0bod. sddmmobygdal ©39d0b bgbbo



6900b3096ML30b0dbo bobogms3goabmzal (3. hogmgndzogmn).

9.33000b0d93d (0ymaotgmm . LEHMNSbM3mMAb ghmop) Lodo GMgmabhozabpydo bobogmasznl
0dm3obs  ony30bs o930l Hdol FobHMEgoddyg, M-03 Jobgo obal  dgbbszgmogmo
3636 gmMdh030bh Mo LobEHgdgoobomzgnl. dsbzg (93bHMamge 0. dgMdb3MdNEIMMb ghmow)
30dmny3sbs  gobhmemgdgdn, G-90d03 @bowo  9bal  omzomabbobgdnmmo  babogmogmo
00000090000 3  godbmdal 9x399hgon. gb  3-a3abdmdogmgdnobo  obhmemgdgdo  dgoiosl
39306m9000 y3O® dodd 0bym®ddsgnsl, 3oy bgdobdogho Ebmodogmo dbsgmmanyka
30bhmemgdgon, d8dobmob, domo  8dmbLby  dmombmzl  3bmoogmn  dgommegdol  dzntg
dmEon3o3ntgdsl.  0do3g  030™mMgdds  gdadmnygzobgh  dbdgmmaoyto  4-3dbbmdogmgdnsbo
30bhmg0900 o BoodMgl oo bbol Ebmoogma 9.6, mMdsgn m3zmal 3mogmgdo.
d90390039L 306000 0630603bhEn gbgdal 8g900b dmasn dgmmwon, M-03 3bmdngma
a3obo ,gauging equations" bLobgmom. gb dgmmeo o o. 330bobodol dogé dogwgdyemo
09mMoymo godmbabyemgdgdo 0bhgbboyMop godmoyggbgds dbmaymomlb bodyzebo 23yo39d0b
d0g6, 396dm, 330639000 O bygzemmbgonl 0308030d0.

1967-73 Bgmgddo bgbdybmgzol (3Gmb3z0bm, GMybgmo) dowemo gbgbgngdolb 930d. 0b-hdo
300030006l sbogma dogamds domamm 9b96angddg dndwnbatg gb dMd3cMO0mn 08 JdNL
36mEgbgool Mmambi mgmboymo, b3y 9Ju3gendgbhyema  dgbbsgemabomaznl. od 3. b.
0b3mnboym  doamdadn,  3mEgbdo  od0IOYE  dmgYEmonm  babogmazmo  dmMab
03306090000 dbmemme ghom ob Modgbodg aoM3399% bobogmoglh, bmemm obathgbo
bobngmo 39000 bogds gobodndagmmmgds. dbgmo doamadd YR3km dggbodedgds domamm gbgthangddy
dodeonbobg  30mEgbgdol  mo30090969090L o Y@bm  d3oRomE  godmozemgbl
1600960mJdgg00m0 dmadm  3obmbdmdnghgdgdl. 0bzemybontdo d0mEgbgoal  dgbbogemal
39009890 00anbd d b dHhodym@oonbgzobdodbhmdoigmobagn) gb
bbgogalbzs  Yhmoghmddgogdoms  Laghmm  doboboomgoemgdn, JdMOmMbmy  3306M3yemo
LAOYIHYMS O O30 3396039000 ™M30B90900. 0bznBoyMa doamdal dgdydogzgdal,
0b3mnboyto  3hmEgbgool mgmboymo s ggbdghndgbhymo  dgbbogmabomgal, obg39
dobadhodyto 0b30Mm00bHmonl sgmdmhgbabsmzal 3. dgbhzntndznemlb bb3gomab ghmow dngbodos
mqbnbybn 36gdns  (1986). mobodgomsg gboz-alb  33em.  Logsbns  93bdgbhyto
bobogmo3gdal Lagbhmm Labyobgool dogds, Lbgoobbzs dogmgdal @oghmnsbgds o ghm
dotnmo 1Om0ghmddgogdedy oyg3sby, LozbEg-ehmal ULym yubhm dgobg dsMggddo
dodenbobg dmzmgbgdal 33emg3s. 9dudgM. addm3zmgzoms dadoman dnddMmmymgdos by
1036 m dogogmo 9696 a0g00L babogmo3md o20bgog00L dgbbogme, Moy LnghEg-hmal dgnty
06990l dggbodedgds. 8dobmzal asabznmabgonem 939ybgddo 8dgbgdgb bobagmazmo gnadbhyt
0dhgobgoemgdl.  3o3., bybohe POmogbhmddggdalb gooeddhobn W o Z  dmdmbgdo
00300300390  mgmboyme  0gdbd  babobolbobdghyzgemgdn;  domo  gdLdgh.
omdmhgbobomgnl CERN-do dgogddbs dbogmo 36rmpmb-obdodtrmpmbymo 3mmongbo, M-bog
bogdobabo g9bghand 3Jmbd od dMBMbgdNL O0SEYONLm3al. 1983 gl  bobogmogzgdo
omdmohobglb (L. 306 gl dggbo, 3. GPO0S, bmdgemal Jdgdos, 1984). Lhobosb o



dmegmmal  dgbbogmme  oghdgmms  gmgdhemmb-dmdohtmbymm  3mmonghdy LEP, -0
b3gznoyMo od dodbobom3znl dgnddbs CERN-do. o3 odhgotgdgemdg dgbbnemgdyemds
99639603906(hg0ds dogogmo LOBdYLHN EOdEILHYMS MgmEoal bedocmeNdbmds. ddz0doE
1o09b0 ddhgotgdemgdns CERN-do, dohognsdo (8dd, 9396dol bogombogmyton sdhgocmgogemo
30MmMIHMM0Y, FNAL),  30ddybado  (3gtdobny,  3ghdobymo  gmagdhembyem-
bobgbrmpGOmbymo 39bhén DESY) o bb3. Jobm3. 930d03mbms dowbgzgdo ohmdngboy-ab
996396. 30d03odn d3hJoMgdmgdal godmygbgdnm dm3M3907e0d, dodomoEs, baghmod.
396(hE900L ddhgotgoemgddg dmdydegzg o Loghmod. 3megdhn390000 Mbsddemdgnmdnl
hoGhmgddo. Ladobrmzgmmm ool 00bOm3YE 3odM33em930m8 3aghmnsabgdyemo nbbdhodyhob
(con0bs, GYbgmn) bg36r0-939940bd (2010-00006 daa0n-do  bogotmzgemb  bmamgdnsbo
bobdmdogagbgemns  o.  bzgggmodg). 1958  0gan-ob  odhgotrgdgmdy  dgbtryemgdnm
9963960396(hg0dn  bgodhmbgody dMmHmbgonl aodbg3znl 339m0bL yHITYG0 Fddm3zemgzal
bogyyd3zgemdg ob. dgmmenm oo LEBybAHNm obabodmams 9b93-0b ghm-gthmn 03ybsdgbdyMo
306ddghe0 - 30mb-b33emmbol ybhmoghmddgwgdol 3mbbhobde (b. dddmemmdgmo Lb3gdmob
9605¢0).

XX b. 50-0060 bBemgdalb dobybnemb 8. dobzogzndal o 3. hogm3zabal bgemddm3zabgemmonm dogzo-
do 393730300 o d03M db. dokmgaabhmatgdgemn bgembabymgdn. bbggdnbasb odmyznwgdmam
dgngddbo badghbimmmzgobo  30d9Mo (3. hodmzobo, 3. dobsogmmszn, 3. Gmobodgogo).
dbodgbgmmmzabn  dobmzymmn Ggodhmbo  (dgbgmo). 1981. dombgzs  ogm  gb-gdab
930bHGOENAL 0d db. 360bEndnl d9dyndeggos, M-ob Logyyd3zgmdgi d0gm bHMmodghyma 30dgMo
[emgbobybo 36gdod, 1970, g. hogmzsbo, 3. Gmabodzomo, 0. sbomosbo, o. dgmabsbosbo
(bmdbgmon), ULbggdmob ghmow]. a. hogmzobol bgmddmzsbgemmdnm  39b930d0  d0gm
abhommemmghmnsbo dogbohmbhtodizonmo 30d9Mgda, M-bog Botdshgdom nygbgdbgb CERN-
do o Ubgh3dybmzol (3mpzobm, GYLgmn) odhdotgogmbdyg. 1976 dox30-do LMY
1b030emybo  5-dghMoobo  LHGEdghymo 30dghalb 0390s, G®-bog dodomoE ©EIHIIHMMI
099690000696  BOg™mdd. ™dbddIOMImMOnl  gdb3ghndgbdy ,ab3-d0"  (Ggmmabhnzobdno
0mbodogonba LhGodghymo 30dgMos). aboastmall dgddbals o od ggbdgtadgbhdo dabo
obgthaznbomzgnl 8. dobzogzndgb (bb3gdmob ghmow) dogboado Logotms. Labgemdb. 36gdnos
(1983). dbnd3zbgemmazabn badydomgon hohabms doMmbydnl LB3gdhbmbimdnnl abadn, GMal
39009890 ddgbngmn ngm H1, A3 o bb3d Mgdmboblbgdn (3. hodmazobo bb3gdmsb ghmao).
bo3e3d. ®3bdddeOrMAmAnl hotmhmgddn doo3n dmbobogmgmds bgthdybmanl ddhdoabgdgmby
006m39000 ymmbyc 39emdo 30mbgdol GoosEoymo 3exdbhzal dgbbogemodn. od (godo
30639mo 0gbs dgdhbgymmo 3ombal 3macmndgoomod s gondmds odgmal dnwdnzs (3.
mobndzngmo 1bb3gomob 9hmo). byhdybmazal ddhgdoMgdgemdg mby-ab dgoznal o30dozmbmo
237030 1978-85 000330600000 030030 33bdn6hmdnbs o 1,96 3g3 dobol dgmbg yh3gnemmeo
30660m ob. doM0ombyem Ggdmbobbl (bodobmg. bLobgmdb. 30gdns, 1986, b. sdogmmdgma, o.
36M030mod30mm0, 3. 3939emndg, 3. bogmadadyg, 3. 2mModg o Lb3.). 93039 2319305 Lb3gdmMob
96moE dgobbogms Lc+ 00Mnmbol odogos, XX L. 90-006 Bgmgodo 3o ,,EXCHARM"
bOgMed. M3b8ddrMTeMANL hathmgddo gobsgdm L c+ o sh cO hacmdnsbo Grgdmbabligdnl



odemab bbgoaalbzs otbgonl dgbbogmea. by3emmbgdal gots, sMbgdmol bbgs Bodzz0M3nobo
bo6dmboddbgdn. ghm-gbhomo obgmo  Botdmbogdbol, 0dmdsbolb  bzemommo  ga@pmH™bda
9963960390 ymoE dob3zgmow dgobbogmmgl mUby-0b dgozn-do (3. bomGodg o Lbs.) d3an-0b
bobgermMaRBMHEOMBBg, 09dhm3db0 Jodghal godmygbgdom, yObddo dmdydazy bogbhmodmbabm
30™99hH03m8b ghma. dgobbozmgdmes goadybhzal Mgodingdn gaheOmbdg, dobmaznmo
690930900b 399060030 O 93dMA0ZYM0 damToMgmdgdn (addMombymmo Mgdmboblgonl
0bmdogmogdn)  dobmzgyw  3hmoghmddgwogdgddn. 03039  23yR0  dmbsbogmgmdcod
99b3960396(hg0d0 07gmabol (g0dsbns) 33em930m 39bHEEL 8dhdakgdgodg dmematndgdymo
bo3000900L 8 dmemacnbdgdyemo bedodbol gedmygbgdoom.

XX 1. 90-006 bgmgodo dgo3n-0b 3nBozmbms mba 23n930b dogh (0. 09380dg bb3zgdmMOb ghmo
©d . hbondg Lb3gdmeb gbhmoE) ydbal ddhdokgoemgddg dogmgdyemo 99bdgh. dobogmab
00030039000 LO03d39eBy  hodots  Mgmahnzabhndo  by3mmbgdals o  dnbm39d0b
bbgoolb3s  d06m390m0b  ordbgoal  dgdobnddgool  33emg3e  (dnbm3znema  dodgMoal
300909000 dgbbogeme oo LNd336n30bd O dogoman Hgddghonytol dobmdgddn) o
0000300000 06 EadYLHY 0dz300h0 3OMEgLgdal doboboomygogmgda. bemgmbodoblzalb (Gybgmn)
dobmzymmo 30d0z30b 0b-hdo . Jytsdal ndyoemm dmbsbogmgmonm XX b. 70-00b Bgmgddo
doggonemns dbndzbgemmzobo d99a900: dnotzgema 99b396m0dgbhymoe d9dmbds 339bdhnMo
999hMm0bsadnzol bodobmenabmdnl gabamgdn 3.1 g3 969Ma0NddwEg S RNbEY,
md doymbo 6x10-17 3 dobdogmgdodg 296 3093 bgbhoemmazabo bobogmogns (1971);
3063gmo  99L39Mndgbhymo  dgdmbds  330b¢nMo  Jhmdmonbadnial  dmangbmo
B0bobbocdghyzgemgds 2 393 9bg6angdodpyg (1972-79); tgzmboymo Lodbhoo gondmds p,
W O @-090mbgool odogdol @obn33d3gmo gmgdhembym-3mbohémbyma dbndogmognal
36mEgbgodn, p-w, P-@ O W-¢ 0bhghygmgbzool dmzmgbs o domn ademal nd3nomo
36bg0n; odomgbgthaghndnem shgdo 2E<1.4 393 30mgEndoyeo bodybhom gondmds m, K ©o
K-dg0mbgodnl gemgdhermadogbodnmo aambmdnsdhmMmgdo o bb3. 83839 233930L dogt dydogs
30monEghdo  gmgdhembymo  (3mdohGmbymn)  3mbgdol  sdbmeyhbo  gbghgnal
30bbodm3kol  dgmmeo  dmmadmndqgonmo  bogoal  GHgdmboblyma  gdmemaMadoignal
bodyoggonm. gl dgmmen 2-3 Gogoo 8dzmIgLbgds 3mbgdol gbgbgnal goblLobdmztal
9963960396y LEdYLEHIL. o3 dgmmeal godmygbgdom hogabs 9b-ab - K, @, g, ¢y ', Y o Y’
dobgdol 36gznboyemo  @odmdzgon. dgdpamddo gl dgommo onbghrs o BaMdodhgdom
30dmnyggbgde dbmayemomlb g3gems body30b 39bhtda. gb-ob dobol 3GgEndoyemo gdadmdzal
dgomEgodolb dgdydogzgdnbom3zol . dJutodgl Lb3zgomob ghmop dogbods LLGZ Lbobgemdb.
36gdno (1989). mby-0b domomo gbghangonl d03-0b 3rmdmgdnc gmadmbohmbasdo XX 1. 70-
000  Bgmgodo  dgogddbs  odybiyemo  Bobogmagzgdol  BHtg3zgool  dodgzabhdomgdgemo
036003009000 domgdyemo nbgymMdsznol odydegzgdal 39bdMo, bowsg dgdwoamddn hodsboo
30dm33m93900 ddMmbymo 03080300 Lb3dobbzd  dodobmymgdom. of dgbbogemogmno
domogmn  9696mzngdalb  3oMmb-3obmbal  o2dbgoaldl ghmbmymop dhogowmo gb-ab
boGdmgdbol 3bmEgbgdn, dgdhbgymmos dgmbgnemo bobogmoigdal gebsbogmgdol vMgymmo
030™M3MEIMN©OH0 93939, 080a900eM0d dbmdogns bgohtrsgmnha yboyto gb-900b 08N



339000 9b9Maghndye odminwgdnmgosdn (3. dgemogodgogmal Lob. 3d6gdns, 1976, b.
ddomemmogmon, M. bogmydzady, 0. mg30adg, d. hobggndzngmn); gbghangdol dbnd3bgemmodmo
bhmm  0bhghzomdn  godmizmgnmod p o K-dgdmbgdol  d6rmpmbgdmob
1600090 mJdg0900b0b dodnbdbg Mgodz0g00l dszdoemo 99b3mnBoMo o 0b3emydoyko sbbo
©d @obmdogmns  domo  339mgdn;  dgbbozemoagmns  dombgdol  gop3mmomo  go3dbh3o
033mM 907 3hmAHmbgddy; oddgtammns L3nbyMo 93399¢hgon PO-398mbgdnl nbzemnBoyMo
030000900b8L.  mby-0b 08030l RV3-Hdy BMAHMTIboyho  dgomeom  dgbbogzgmomod
300bg00L 1000 30639000 IOrMAHMbgdNL o2obgdabol, 3g9édme, sadsema gbgezgngdal
9.6. ,,2900693930" 30mbgool gohgbo (4. 3mbEHObA30emn o bb3.). mgdhmbgonl 836dogmyemo
©d 0830000 36HmEgLgdal godmzzmg3godn, doywm dgkghol 0b-hmab (d390306008) ghmoc,
0000a30bs ob. B9d d¢mzhgdn doymbol odgal Bmangbhma dGbobom3al o doymboydal
3bdhndoymboydo 3mb3zgmboobomzal (. 370300 o Lb3.). 2009 dmemmlb d31dd3d ©ENEN
3ommbymo  3mmongho (LHC). 3mmonghdy odmbhozgogm mmb ©op 339300
oboaoMdg (ALICE, ATLAS, CMS da LHCb) dmdydogg ©odgbndg smol 0abdddémdgenl
dombob bbgoolbgo hmb dydemds 50-dg Jobmzggmo 30803mU0.

XX L. 1 bobggotdo oo ddhgebrgdemgdnl 83900309 (1953, d633903960L bog. emaso., odd;
1955, mmytgbbol bog. so., 8dd; 1957, 0330, LLGZ) domomgbghannman babogms3gonl
960moghmnn bygobhm ogm Zmbdmbybdo bboggd-o. gb-mo gb bgodm mgdg 0boMhybgdl
dbndzbgmmdsl - 3mbdmbyé Lbozgddo 9b-md 9bgtand bdoMo 09300 domomns, 30Mg
0dhgobgoemgdnm  dgodemgds 0gbol  dogmgdnmo.  bogobmazgemdo  3mbdmbyéo  bboggdol
dg9bBogmmolb obygds (1936) dgndgmgod honmzammmb hggbl d39ysbodn 9b93-0b gobgomakgdal
obobynboco.

1949-50 bgmgodo 0007889 dxm30L mbogob 3900 d Londogmengdg doo30-0b SbdgMBMY
0sb0ddbmdgmms dogh g. dbtmbogzodzngmal bgemddmzsabgemmonm (3. dndogmsdzngma, O.
dobzo30dg, 3. hodmgobo, 3. 3obndg, 3. 30b3godg o bb3.) v0gm ,gnbyemm3zabo dods". 1950 of
©o0bym 033060390900 20 LA 0odghtnl 30embmbal 3odgbom. LLMZ-do 30039
omdmhgbogmo 0dbd 9. 6. 3 3 b 0 1y & 0 gb-g0ab (K-398mbgdn, L-30dghmbgdn) ,mM 3030
3304000".

1953-60 03300390900 adoatdgemes 1800 d Lodowegdg (nogmodydn), dgbyzngmgdnema
30mbmbol 30dghgdom, 10 393 gbghansdy. dbmayemomdn dotmzgemac dgdhbgyemo odbs d =-
30396mbgdal 330mo.

1956-59 dog3n-0b  0oboddbmdmgdds  LEMeRdmJdgon  gbhmdghnsbo  3mbogbbsinyto
39096ab d9d39m000 dgabbogemgly KL 0-dgdmbgdnl 030890900 o 30639¢Md© N0l domo
3demab Bmangmmn dmEob 9gndsmmds (. 3Mbemnatgsbin, 8. dobzogndg o bbg.).



1965 b6obgobmlb Imgmbgboemdg dmzol ©mboeb 2500 3 Lodowemgdg, doogn-ob
300 dm0db BoaYMdg (1968-0008b 3. hodmzobal Lob. bawayta ,3bMsbgodmm ") sdmgdgoEo
obagoton ,3bMobyobm" - 1000 ¢ gmgdddmdagbopol mghmdo dmmazbgoyemo mMo
300mbmbob 3odghs (2 d x 1 3 x 0,4 3 6xmdgdnl), o 0mbadogoyco JogmmMoadgho - Modsg
dgbodemgdgmo gobos 1012 g3 9bgbgool dm3zmgbgool dgbbogems. adhioEos, Gmd
mMbobogmozmzebo 3mMgmsngdo 9L gdl dobmbol dymbodghoaghonm 3emabhghnem
dmegmb. bohzgbgdn ngdbs, Grmd dobdmbolb LhGYIHYEOEL Hodmbogomndgdma Lagobm phm
0093d(h900 YOm0ghmddggdnl babgdemngmadsl.

1957-59 Lodobmzgemmdn 0bggod  godmygbgoomo  093-0b  gobznmotgds. J.  dgbgmal
dobgmmomo, bmey. dybomazghal dndwgdakg dhgbapmmnsdg, 8dgbs MPT-2000 ¢Hndob
bogotms. doa30-0b 3393000 dobrmzgyemo Ggadhmbo (06).

1960 00b6360©ob onbym 33093900 mmb  gobygmaynemgdedn:  ,bgohtrmbmabocgnal”
(bgemddms. o. dobzozndyg), ,dgotn  Hobolb  Moosgoymo  o3080gob" (8.  bLotogmoady),
,0000emh9d39GdhGNmn  GdENdENYo  dobommdzmEbgmanls” (0. bobynodzngma) o
»399m49b90000 006m3nmmo 130dogzol" (0. 39Ebadg). dog3nol 06-89 dbmaemomdn doczgemoE
o0Byg4gb bga@hembgdal dobmzymmo 36g3gboal 99b3gh. 330m93900. d083M boastn (1988,
d. bywmond o ULb3.) ™mdMo dmamodgdymo bgahmmbgdal @odbgzal aodmbozzmgzoE
3makndgdym  odomhgddghopndye  Lodndbggddg. o0 33939000  HobodoMgdmo
Hodmydgmndgod 3mak08907m-m3hgnko bgodhmbyemo 339939000 bo3osd.
00b0dd6Omdgmmds  ,3mba", M-0b gobamgodo 0339300090 bgohErmbgdol dobmznm
domogmbobdobyem  3G93gbogdl, dnbmgnmm  dbmigbgddo  dnbpnbLozbymo  bodgdhoob
0 mM3930L, bob) o sbababe 3GmEgbgdlb dmematndgdnmmo bgapGmbgdols s dntmzgdal
1600090 mJdgogdabolb. oM-0b  gohghgool dgdwgg, 03an-0b  dobzgzom, gl 33em93900
393Mdgems ydbodn 0. 3Mobzal Lob. bgohGmbyeo i3ndozol medmbogpmdmnsdn nddybnm
0gogdhmmdg 006-2. o aoon(hobgl o dmghbndognol dgdwmag ©9dmgdgwglb obsgato
»3mmbod" (0. Bymons, 2010). dgobo (Hobob @oby-00do  Lbzgoobbzs dgommegdom
d90Lb03em90mEs  MBENSEYMo  ©99399hg00l gda3emgbs dobomams ™m3¢ndnc, 3069h03n6,
000306 o dgdebogyt m30b909009. abbnggdal dnbmdgddo bozmoghgool LbhHMHIHycab
dg3emol 3309300 yongbo  dbodgbgemmds  9g3b  dnbmgymo  gbghggdhnglol
300630000900bm30L, 3gbdme, dmdszamn  mghdmdnbmmzyma  GgogdHmmgdal  sbeggoo.
obbnggdal gogemgbal dgbbogems Bgasadhotgonl m3nbgdgddy, M-9003 03 bdIMgodn 1bo
0gbol  @odmygbgdymon,  dgbodgmgdgmmos  dbmemmE  sdsgmo  (mbgzoo  dgemoydol)
0933960 y6al  dobhmdgddn. o0  3otmogddo  bo3zm0ghgosdy  Gowodgnol  dmddggdnl
dgbobbogmo doxn-do dgngddbo o dM-0b ghm-9Mhm 3mEHdmbhommyd sbbdo admbiHds
bbG3-do  d0G3zgmn  EodOHgddghopnbymmo  (85-100 K) dobgygn. o6-ob  ggLdg.
dgbodmydgmog0n PRMM  BoRdbmm3Es, MmEd dob 008087 dgnddbd 0bwoydzownydal
o053070 3mbhnho, G-03 botdmoagbod ,bynms" (bgapembgdabogsd maznlnnom) a-
30dmbboggool  ddmogt  byobmb. 099300, 03 H9d3ghohytnmo  GHOENOENYMO



doboomdmEbgmonl aMadn Ladobms. dogn dwnatgoyem 0gdbs LLGZ dobdgoonm Bodygzeb
0690909 gdo. o0 33993900L dggagol dbmoyemom bodgpb. LOdMEdMgds bojmmgdow
03bmos  06-09 dodobotg  bLodydomgool  @oLoNEHAEMgdal  godm. . EgEbwmodg
bgemddmzebgemmos  dobhmzym-dodonbo  3mEgbgdol  33emg3el  9bodghommyé  dgod
bbgyegddn. dgobbogmgdmms dnbmzgym Mgodngddo botdmddbogma BHbabhondol GOmam
00360, 31939 30dmbLbazgdnl 39emdn d0dNbaMg ahdamgdmo ©na3Bns. g3abolodmztgomo
300bhomymo dgbtmal gn3gdhgoal Gmemo 83 3MmEgbgdda. 3ebymayngngosdn dgnddbs modyMo
o bLBGMR0 bgohtrmbgdol d9Hn3530M0 ghgdhmegon, G-gddog, mBodghtyw 3Mogdhngodo
306390, 3odmygbgonm 0dbs 3 gbm m g m M dom g3 oy 6 o xgobgdo; dgogdbo
89000306 o dobobdzqgds bymgddo HEodondalb dgodg  30bgbhEoEngdal  gobadmadn
03063 My, -0 @odmoyggbgomo bogotmmzgmmmb bagmmonl LdoddEMYoal ©odndsa3gonbsl
dobobggzgds o @obgob hopndogmo  Bymgdol  dogMopgoal  3mbihGmemal  dobbom,
30b0L0dm3hgomes  (bogondol  dgdpzgemds  dhdmboghyem  bogmgdgddn.  1967-68
0gogdhmMalb Loddgmozhg godoabogb 2 39330 -000b 5 dgaszd - dwg, dghoynéd dmbodo
00madoEgdol 30mEgbol 0bhgbboxgogn®gdom. odsl doowboglh 9.6. ™mGEsbdmdogngdosba
bgemmgbybn  bomoobmdol godmygbgdom, -03 dgoddbd momasdmdymain  gemgdgbigdnl
890003069089 (3.amdgmoynMn). 1973-75 G73mbLbHMYJ00bal dgmydobal o380 dg330maL
3060mB00dg930 17063030 RMNbogob addogdymn  d380m; db. mOmasdmdymazn
demm3gdal 3odmygbgdom dé-ab Loddmogthg aodotmglb 8 d9a3(h-dg; Mgodhm™dg dgnddby
ddmogho d0dmhgddghonytnmo 3mddmgdbo sbomoa 300omagbymo ibdwaatgonls o
0000em(H9d39Modytymo  dobygyggool  00008g; idmbhoge  dmdopgdymo  boddgmagab
0o0o30Ymo  3mbiybo;  gondobs G-l @odoEnggdgma  bobegdolb  Botdomds;
30bbmMngmy  3homagbnymo  boaayMalb  Mg3mbbhdndgns, ®M-03, mbgzdo  dBmbab
BoGdmgdal godkmol gots, dndbag nbobozs mbgzdwn dgemondal Botmdmgdol odbalyg.
39009300, d0930-0b 36 RoongdEd ddmazk  dobm3ymhHgdbmmmannd  99bdgtndgbhyem
3033emgqLoc, M-093 HotgomEs badgbhyto 33mg3zgon 10-400 K dgddghobytym
dnogmgeodo 0bhgbboyto bgohrmbyemn bo3ogdnbs o 3-gadmbboggonl dotmadgddo.

1990 LadMmRdEMgdnlb babogmal Bgbmemom dogn-0b 36 ANbyES. Maomadhoynmo dsbogngonls
o 3odmyygbgdgma dotmzymmo bob330L babogmn dgndnbs o LagoMm3zgmmEab gonhobo
16093900b dg3b. 0300090000 ™mo30L0 33wg930m0 OG-0l Lagnbmgdgdabomazal; abhgbogna
bobogmo dgodabs 8dghnzol dgghmgdyemds ddoggods. gohgtgonmo dé-ab nbagtrsbhydbnab
100030 mbmgonl  P8Gb3gmbogmao  doxe-do,  dHmdgbo  9bghzoal  Logbmddmbobm
bOdggbdh™b  (09LL) H9dbodnbn o 930bdblyba dbobodgbom, dgdydogos dbmgdho (0.
006modndg, 8. Loabowndg, 6. Jomodadg), M-0b dgbododabog, 2002 dgbmymes 06-ab 0380l
939000 Moomagdhoydo bobogol o oghmzama dogmagmn dgHn3monl dgmbg babhgbgdal
©009h™bgos. d9LL  Mg3mdgboznnm, gobabogmgds dbmoygmomdn dmddgn  Lb3oobbge
30bLHEYJ300bd O Hodolb oboaatgddg Ladobms. d6-8g godmygbgdyemo o3mbLgMzgdal
bdgdob Obghazal dgbodmmgdemds. dndEnbotgmdl dmeaddaMoigds bBybdtn mzgobalb htr.-
0ob. bdE. modmbMsbhmdnsbmsb ( 8dd-0b gbghaghniolb wgdsbhedgbhn, The Pacific Northwest



National Laboratory, PNNL, Richland, Washington, USA) bogbhom bsdggbogbhmzzmgzomo
bodydomgoal hopamgdol dgbodmgdemosdy. Jobmzgmo 030d0gmbgdal dogh 9603 o 003
okadn  dogmgdymds  dg9ag0dd (bmambi  mgmb., b3y 9dLdgh. 3393900l
d0dotmmymgdnm) gobadnbmads ab oghmbdobgdo, M-03 3Jmbs Lbadobmzgmmmdn hodhotrgdymm
LOgMSd. o 1B303d. 3Mbaygtgbingdl, LEddmB0ydgdls o bb3. mmbabdngdgol. goedmhgyemo
3m3)mabmdnm bakZgdemds dadmMal Limengdo domagmo gbghzngdal 9b03-0bd o 003-do,
domogm gbghangddg dMomglom 3hmEgbgddn, dbg3g LM MSENSENYE 030803000, G-
9003 LoLHgd. HOMIOMES o300 FoedmNb 300389 (8ds d83960dbn). 1976 mongmabdo
hohobrs XVII Boghmod. 3mbagghgbins domammo gbgbgngdal 930dogodo (9. 6. dmhgbhgbal
300633960gbi300), M-03 mb Bgmmabadn gbhmbgmm Hotgds 0d J399b96da, booy dgbogtgdal
9b 30dobmyemgds 3abboymgdom dstnl gobgnmotrgdymma.

o O mobodgzomo b, 9. 9bbOmbnzadznemal 03080300 0bbho¢ho, mo., 2009; b g
03300 o, gmgdgbhotmyw babogms3md i30d030L gabznmotgdal doMoman ghodgdo, 36M.:
we « . 00 04O Mg 030003000", 0., 2005 AHAPOHMUKALWBUAKN I, HaunHato ¢
Inbbpyca, T6., 1980.

6. odo@menmdgemn

0. 3m39engnd3z0emn

6. ®m0bodzoemo

6. 200300

9em9d96¢hoMmymao 636039000 O d0Mm30b R30dn3zab 3obznmamgdal doGomogo
9hodgo0

d3.6. V U. 096dgbds 3oemmbmaymbds ©gdmibohgd 030607 @obygmagema bobogmozgdal
(0(h™3g00bL) 36bgomoo.

* 1887 3ghdobgmds 930803mbds 3. 3gbdd owmdmohoby oty gympmgwgdho. * 1895
396 30bgmdd 30B03mbdd 3. ©gbhagbds dmdmashnbs Mgbhagbol Lboggdn. * 1896 ykdbady
030003mbdd o. 393960gmadd dmdmashabs d7bgdMnz0 Moomaghozmos. * 1897 nbgmobgmmds
00003mb3dd 2. 2. O®ALMBTY dmdmahabs gemgddhmba. * 1898 9ytsbads 030dn3mbLyods d.



309603 o d. bmmEM3Lad-309Mnd donegl o dgobbogemgh dmemmboydo o Mogoydo. *
1899 nbgmolbgmads 030803m0bdd §. Mgdghraymbdds dedmahnbs d- s 0-gadmbbaggds. * 1900
03636330 130003mbAY 3. 30gdMds dedmahabs gbbnggdn. 3gthdsbgemds 030803mbAs 3. dgmobgdo
bodmoyggbo 3306¢900L d0dmmygbo. * 1902-03 3. GydghnymMods s nbggmabgemds dgibogads
03. bENd EVEENbIL Maomadhonmn otoddbgonl 3obmba (Bobogzmmgoal 30bmbn). * 1908
396 30bgmadd 30d03mbds 3. 3ongghdd g. MBIMRMMOEMIL ghmoe odmoambs 3o 3gymo
odybdhnmn doghmbobogmazgonl dmzgmgmon. * 1928 dob3g aghdobgem 930dozmbmsb 3.
domgmmab 9hmom @oondzmogby gl bgmbobygm (oL onggh - doyggbolb dm3zgmgemo
16megl). * 1909 3. 3ongghds o nbgmabgemds 030803mbdd §. dabbgbds dsmdmohobgl o-
bobogmo 3900l oo ymbom goobMs mbgem ggmemgaodn gozmabol. g. Mgdghambods o
0bgmobgemds 30Bozmbds (). Gmobds ©oddh30Egl, Mmd o-bobogmsgn dgemondol mbgh
0mbndgonmn dhmdnd. * 1911 5. Mgdgbhoymbds 030Moys dhmdol dogbom ONMOE
od3bdhnmo d0bhm3zal d3MbgdmMds. * 1912 0bgmabgedd 030803mbdd h. 30mbmbds godmogmbo
,000EmM3560 30dgMs" (30embmbal 30d96Md). 93bHM0gemds 3ndozmbds 3. 3gbds dedmahnby
30b3mbybo bboggdo. * 1913 obngmds 30804mLAS b. dmEMds bddmaygbd d@hmdal 339bhyca
dmgmon. 8dg6n39emdd 030803mbds &. dognnzgbds godmds gemgdhrmbal dybho. nbgemabgemds
0308030030 3. dmdemnd 99b3gemndgbhyoE OdEENbs, Mmd dntmaznl dybho gobobodmahgds
9m9dgbphol  Gogomo bmdMoom. * 1919 o0bgwobgmdd dgsboghds 3. SLHMBIS  dOzM
dobbdgdhmamonn o dobo dgd3gmdnm 3obogomigze 9mgdgbhgdal 0dmbm3dgon (dsb-
b3gdHErmacdn30l dmddgwgdal 3Gnbindn 1907 Bodmoyggbo 2. 2. HmALMbAY). g. GYdghamMds
30b3bmmE09md bgemmzbyton dobmzgymo Mgodgns N14 + a » p + 017 o ©dddH3039, Gmd
dhmdol dobmzn dgoEo3l 3hmdmbgol (dobgg 1914 030603y dobmzdo Ihmbmbgdal
0690M0OY). * 1922 ddg6m0n3gemds 030803mbds o. 3mddhmbds godmngzemns Mgbhagbol bboggonl
3000930 b03m0nghgonl gemgdhrmbgddg o oddh303d BMBHMH0dYbal sMbgdmos (Hghdanbo
dgdmomm 8dghoggmds 030803mbds 3. moyoldd 1929). * 1924 s3b(hG0gmds 30803mLdd 3.
309e0d hodmogogmnod 0369d0L ghm-gbhmo 033bsdgbdnto 3obmbo, 9. b. doemal 36nbindo.
396 30bgemdd 030803mbdd 3. 0MmM9d ©o8d1dd3d 0d3000 dm3mgbamo GMgaabhtsiznal dbogmo
dgmm0n - sdmbggzoms dgmmeon. * 1925 dmmobpngmmds 030803mbgddd L. gonwbdomds o
2. 99609330 dgdmamgl b3nbolb 3bgdd. * 1926 ndhogogeds 030803mLdd 9. 039Mdnd OVEENDY
b30babo o bHIHOELHNZOL dgbodedobmos. * 1927 03. SLhMbIS deBgts dnbmazal 6dal gbghgnal
©00dm30009079eg0d  bygmmmbms  Momgbmdsdg. * 1930 osdghozgmds 930003mbdds 9.
wmyhgblbds o b. omEgnlghds 039 Bogmmddmbo. * 1931 3. Jdoywod 06-ddgmab
9madhermbgonl  L3ggheal sboblbgemo Bodmoyggbs bgodnbmlb sMbgdmdnl dodmmgdo.
03960039 dd 530803m0L3d 6. 306 g 3Mooxds dggdbs gmmgdhbmbdonnldnma sdhdoMgdgema (300
9 3Mooxgnl ggbgbophmdn). * 1932 abgmobgmds 030803mbds 2. hgoz03dd ogmdmohabo
bgodrmbo, Gmdgal 96bgdmos 1920 0306d e MgdghamMeds. Laddmms 030d03mbds (.
030096303 o 3gcdobgemds 930803mLdd 3. 3000960960add 03069L, GmAd shmdonbmzo
93909m0s  3hmAmbgdnm o bgohbmbgdom. ©8dghnigmdd 930d0gmbds 3. 9bghbmbds
omdmahnbs  dmBogbmba, by dsbhogmadhrmbao  (0b0bobBIGTgHY39md  0bgemabgemds
0308030030 3. 06o3dd 1931). 0bgmoabgmdd 930dn3mbgodd 2. ©. 3m3zOmahds o 9.



JomBmbdd  gabsbmmingmgl  dobhmzymo gohoddbs bgmmzbybo  shdobgdnemma
36mHm™mbgdom. 8dghnggemds dgabog®ads 3. 0tnd semdmahabs gohghondo - Byogmdsol ddody
0dmpmdo. * 1933 o3bobgds 3080jmbgdds .  Fmmom-3onbod @O Y. Hodmd
99639603906 ymoE A3H3039L gJgddhmboly o dmBodMmbol dbndngmopns. gghdsbgemds
00003mbdd ™. dhghbds o 0bgmobgmds 93ndozmbds ™. oytodds odmadgh dbmbpmbal
dogbothytn dmdgbthn. 9. MgBghmbEdd o 0bgmabgmds 030Boimbds d. Mmisbhds
9963960d9bhymoE  ovdH3nEgl  d0bdhenbal E=mc?2  moboggotmonl  dobrmgdmmos
3060030 3dMogdbgdobol. * 1934 0. gmemom-307600d o 036db3dd 030803mLds 0. Fmemom-
309600 00dmahnbgl bgemmzbybno Moomagdhozmos. 9. 0390dnd Hodmogognod 6-sdemal
0gmbhod o dgdmoemm odbogma, g. B. bybho ybhmoghmddgogds. 9. Mgdghambeods, d.
mm003dbhds o 3gthdobgmds 93ndozmbgndogmbds 3. 3dobg3ds omdmahnbgl Bgogmadsaconl
09ddodg 0Bmpmdn - BHGopoydo. bLoddmme 0dogmLds 3. hghgbimazds L. 3030¢m30l
bgemddmzebgemmonm 9gmdmohnbs bamgds dGdbENbhammaMgdo Lbombggddo Ggmabhnzabdno
bobogmo3gdnl goagzmmabsl (hgérgbizma-3ognemmzal 9o39ddn). * 1935 083mbgemdd 030803mbds 3.
03309300 000030030 d0OmM3NE  YOM0ghmddggodms mgmbod ©d bddmoyggbs 3ndmmgbo
d98mbal  0GLgdmonl  dgbobgd, Mmdmal  gop3mom  bmMEngmgds  Yhmoghmddgogds
6330m™bgdL dmbal (sedmohnbgl 1947). 8dgkn3geds 030803mbdd o. 9ddbhgeadd sgdmohnbo
1Mobolb  0Bmpmdn U235, * 1937 3. obghbmbds o 8dghngzgmdds dgboghds  Lab.
bgog®dong®ds  30embmbal  30dghal  LAdNIEgonm  dPdmohobgl  doymbo.  a¢dmogemds
030803009030 9. LY3®Mgd o 3. 396ngd dmndEgbal dnbmzalb gohHEmbgdom dMAdZ0bb
03L0bmgBgL dob3zgmo bgmmzbybo gemgdgbdo - B9dbgondo (0bnbsbbocdghyzgems Mybdo
9J0do3dmbdd . dgbgmmagq3ds, Mmamdz 930-dogboydn). * 1938 aghdobgemds dgsboghds 3.
09m9d o 0bgmabgmds dggboghds h. 3Modhogogds omdmohnbgl mgldmonmmsymmo
6909309006 3bmHMb-3bmpmbymo 3ogmo, GmambE 306L33w03m0 gbghgool byotm. 3.
09090 o 3ghdobgemdd 930803mLdd 3. 3003093960 ddmMahnbgl 306L33maz3ms gbghgnal
300093 9bmo bgo®mm - bobdomodE-0dmpMo gogemo. * 1939 gqghdobgmds dg3boghgods .
30030 o 0. dph®oLAsbds  omdmaohabgl  P&sbal  dobmzal  goymas  bgodhmbgdom
0bbn3qgoobsl. s 3 b @ M 0 g ¢ T & )d03mLds em. donhbgthds o ™. g3kndds oblbbgl ™.
3000b0 o . dHEsbdobal gdudgbndgbhn. . dongbgMds od dmzemgbal dbabLlbgmo
dgdmogmm 36900 0000300 adogmozs". abLoYmMgdNe 0gbs ogmaal 2043360 dnbmzymo
6390930006 dgbadgmgdemmod (20333600 0gogd300lb 0gd @ddmmd3s vdghnzgemds 030803mbdd .
bzogmabds 1934). 0dgholdgmmds 930d03mbgdds . omzebgbdd o 6. Jmhbmyads
00dmahnbgl 3gemoydolb dbydydo ndmbmdn He3 (0Bobobboédghyzgmes d. mmoagsebhds 1934). *
1940 od9M039emdd 0300030030 ©. 396OLAHTS dda3m dgdhohMmbo - gmgdhmbgdaol Eogyto
0dhgdotgdgmn (1928 godmogmbs bmbzggangmds dgboghds 6. 30ghmgd). 83960039emdd
030803009030 9. 30300emdb3d O 03. 900bmbdy ddmohobgl 93-g Jodoyto gemgdgbdo -
bgdhyboydo. vdghonzgmads 030803mbgdds . 3MMLbmbAY, 3. d93-396603 o 9. batgd 60LTNMBY
9-b060gmo 39000 obbnggdnm oobobmgdgl 85-3 dodoyndo gmgdgbpo - Sbhodhoyde. * 1941
0d960ngzgmds dg3boghdd 3. Lodmbads o 9. do3dogmobds ©adLNbmgdgl 94-5 dodoyto
9m9dgbpho - 3eyhmbondn. * 1942 9. 039@dnd obobmbEngms dabmzan doMm3ymo



20439600 Mg30J300 0300039 bgemaddmzebgemmdnm 8390w Ggoghmedmdn. * 1944 3. LodmMadd
bb390mMdb ghmoE dLNbmgds 95-9 O 96-g dJodoyto ggdgbhgdn - ddgMogondo O
30960ndo. * 1944-45 Loogmms 30803mbds 3. 399Lemghdo (1944) o 9. do3dogmobdo (1945)
bodmoyggbgl 93hma8d0gdalb 360bindn. * 1945 16 03¢abl dgmadmamMmomb wosdbmdo (04dd)
3obbmbngmes  gdu3ghndgbdhnemn dobmzymo 9039mdqg0d (ogma3nl 20333600 GgagiEnd).
0d96m039emds d93609690dd 2. dotnbbind, . ammgbgbnbds o A. 3mMogmds dLnbmgdgl
61-9 dodoybo gemgdgbdho - 3dMmdgmoyndo. * 1946 odghnggdd dgsbogtds a. addmzds
Bodmoyggbo 00000 0039mJgd0b" dmgmo o osdydess Jodoyt gemgdgbhms Lobmgdol
09mMns. * 1947-48 abgmobgmds dgboghgods h. emobgbds, 3. doyoc3gemady, 2. m3nsemnbod
o b. 3o99emds omdmahabgl 3-dgdmbo. 8dghnggmds 930doimbgdds 2. Gmhgbhghds o 3.
do(emghds dmdmohobgl K-dgdmbo. * 1948-50 odghnzgmmdd o930dogmbds o. bLbygdy,
300000gemads 030803mbds 2. G™MALMBIAS o LBdOSMMS 030B03mMLAS 3. 13030300 §PMA8bgmNLRD
00dM7300090e0 d¢dmahnbgl mezabyasmma bgapbmbal 6-sadems (060bsbbotdghyzgems o3.
Jommom-30300d 1934) o g3edmdglb bobgzabodmal dgtomeon. dgngddbs o 3obznmabo
306m30L oblbymo o 3mmgdhoybo dmgmmgon. * 1949 sdgbnggmds 930803mbds o. 3.
303096M3ds  Hddmogogmnds  03Gombyemn  Gogbgol  dgbobgol  3obmbo. 3. Lodmbads o
03960039 dd 030803mb3dd L. HeALbmb3dd osbnbmgdgl 97-9 Jodoyko gemgdgbho - dgt3emayda. *
1950 0d9M039mdd 030803mbgdds M. dombM3emybeds, 3. 309bognds, 8. dmoghds o Lbs.
omdmohabglb bgopGomybo 3-dgdmba. 3. LoomMads Lb3gomob ghmo aslbnbmgds 98-9
Jodoybo gmgdgbho - gowoggmMboydn. * 1951 0dgholgmdd 30dogmbds d. mohdd
00dmohnbo dmBdohtrmboyndn. * 1952 sedmashnbgl gmgdhmbyton Mogbzol dgbsbzol 3obmboa. 8dd-
do 3obobmbzngemgl mgthdmdntmymno bobmgdal bgemgbyhn Mgodins Ydobmszn dsa39mggdnl
bobom. * 1953 odgh03gmdd 30d03mbdd d. @g-dobds o 003mbgds o3ndozmbdy 3.
60dn2080d dgdmomgl 3300060 Gogbzo NEboymos o dmdmohabgl PEboydmonl dgbobgal
300mbo. 339M039mdd x30d03mbdd . amgdgkds dgddbs dyddm3zsba 30dgMs. byogmdoal
0mdonl 8339m9900L 3OrmEYJhgddo dedmshabgl 99-g (396d0ndn) o dg-100 (s0bddhonboydn)
Jodoybo  gmadgbhgool 0dmdmdgdn. * 1954 mdbobLzdo (LLGZ) odmddgos dok3zgemo
dhmadnmo  gmgdhbdmbopayto. * 1955 g. bgahgd o 0dghngzgmds o30bogmbds ™.
hgddgbregmgbds Lb3gdmob ghmo dedmahabgl dbhndbm@mba. * 1955-58 . bLodmEads
bb3g0mb ghrmoE oslnbmgds 101-g Jodoybo gemgdgbho - dgbgemggznyndo. 8396Mn3gemadd
dgboghds M. 3dmadhodghds godmds dhmpmbol (1957) o bgodMmbal (1958)
gemgdhemdegbopnbo aymbddnodhmbgde. * 1956 33960039emadd 030d03mbgodd ™. dohombad, 0.
3060300 o bbg. d3¢dmohabgl sbhnbgohtrmba. 3dghngzgmds i3ndoimbgdds 03. Ggobgbds o 3.
30719600 9963960396y o¢dmoahnbgl 9em9gdhemmbyemo 3bhnbgohGabm
(0B0boLBOMAgHY39emd 3. doyad 1931). 8d9M039mdd 030803mbodd ¢od o 00bgdy
0000a0bgL  bybh POmoghm]dggdgodo ybmdal dgbobzal 3obmbal obmzgzs, Mo
99639603906 YoE IH3030 9d96039edd 30803mLdd 3. 39d. . dgN3069LAd dMdmohabo
d06mznmo  bobmgdol P 3ohomodo  (060bsbbobBgHy3zgms  8dghnggmmds dgaboghds  03.
0360b3d0 1947) * 1958 39tdobgemdd 030803mbds 6. dgbdeygthds dedmashaby g. 6. dgbdeygcal
9939dho. * 1959 Loddmms 030803mbgods L. dgemnog3ds, 3. bLoemm3zomgds, o. d0g3oMdd



dggdbglb dom30l dggbon dmegmo (baddmms o30B03mbol b. dmgmemoydmzol 1958 6.
dggdbogmo dgmmeolb bogydzgemdg). 003mbgemds 030803mbgdds L. 03y3y0d o L. dosdm@md
303m0ambgl badghbzmybo 3odghs. * 1960 . dg306mgbdd dwdmohobs 0gdmbsoblgon -
3oc0bmbgdn, Gmdmgdog 3obognsb demogh odemobl. * 1961 d. ggem-dobds o vdgthnggemds
00003mbdd 3. 6993063  23yxRme  mgmGool  boogyd3zgmdg  dgdmogmal  gemgdgbiebem
bobogmo3me 3emobnagngoEns. * 1961-70 1obobs (bLMZ) s 090 3emadn (0dd) ddhdoMgdemgddy
©3L0bmyBgL 103-9 (gmmyMgbboydn) o 104-9 (0gdgbhaymbonyndn) Jodoybo gemgdgbhgdal
bbgogolbgs ndm@mdn. * 1962 d39M039mdd 030003mLAS . Mggkaddbdd AdLAGYMY
30bLb303900 gemgddhmbyem o doymbyd bgohE0bmgdl dmbal. * 1963 d. 3gem-dobds o
03960039 dd 030003003 2. 3300330 Bodmoygbgl doMmbgdal 33060 3ymo dmegma. * 1964 o
dgmogzgmado ig080gmbgdds 4. gemgdmyd o 2. 00mM396dd dgdmomalb 330bhytn Mogbzo
,dm3boogomos", 869 hokadn. 0bgmabgmds dg3bngtmds 3. 30gbds (8d96039e0 030803mbob o3.
0bgEOLmMb0L 00099009 ogMbmonm) Hhadmagondd 9egdgbhadynem babogmazmo dobob 6 o M
dmdadbob dgdoboddo enmzdagmybo 3o e 0 0 M 3y e o bodghEool b3MbHebytn © & & m 3 g
300bo0L,030moGmyw,303Lob 39mmMb" b mogh oddgogool dygadso s
060b0LBdGTghy39eme o3 39mal 339600 - 30gLbolb dmdmbo. 8dghnzgemds 930803mbgddy 3.
30mhdd o 2. 36O™b0bdd dmdmohnbgl CP 3m300bnMgdymmn wynbmdol (dgdmomm baddmmo
030803m0b3d . oboyd 1957) ©oMm3g3d KO -d90mbgdaol odgmabol. 06333903960l
bog0mbagmM idmGIHMEO0ddn (039600390 130803mL0 3. 30w gho o bb3.) smdmshobyl
dobmbo Q-, Mmdgmol sbgdmos 060bdbBdMAghHY39emd 3gem-dobds 1962.

* 1965 Loogmms 930803mLgodd b. d0MaMENYdM3dy, 0. LEYdoblbind, o. mogbgemadgd o
03960039mdd 30803mbgddd 0. boddynd o 3.-0. 306ds dgdmomgl 3306 yto Mogbzo ,039600". *
1966 . myEgMdobds osbnbmgds sbhngah®dmbgon. bLoddmmd i3ndozmbds 3. ByemomMmm3dy
bb3g0mMb grmoE OsLNbmgds 102-g Jodoybo gemgdgbio - bmogeoyndo. * 1967 839Mn3gemadd
0308030030 b. 3o0bdghado o 3030L(Hebgmds 930daidmbds o. LOdgMedds §hmdsbgmalbigob
00dmM7300090emo Bodmaygbgl bybd o gemgdhemdogbodyt ybmoghmddgwogdoms ghmnsbo
dmgmn. BBdSMMS 30d03MLAS o. bobotmzds gababogmy LBadysbrmlb dakombyema dbndgheanl
boédmddbol d99obnddn. LddSMMO 9BN3MLYOds o. MmRnbmazdd o d. dgbhgzntndzngnds
bb3gdmMdb  ghmo  Bobogznmatbgh  sbogma  doamds  gwgdgbghodym  boboozmo
16O009hmgdgogdalb dgbobbogemo; od doamdsl d8dgMngzgmds 930d03mbdds M. 93g0bdsbdy
dmgagnobgdnm (1969) abzempdoybo Nbmes. * 1968 ggbdghndgbhymmoe  dmdmahabgl
by3emmbgdnl dobogebo LEHGYIHYES. obhowogmds dgsboghds 3. 39693000md dgddbs 9. 6.
39693006mb dmgmo o hoyggots Loggndzgemn Lodms mgmMonl gobznmabgosl. * 1970 d.
amgdmyd o bbz. ,dmdbodemogn" 3306300 (369d0b dgdmbobom dmabwnbgl 3onbdghg -
bogmadal bybe o gemgdhtrmadogbodnd Phmoghmgdggdems mgmbanl dmEnagnEz0bgdd O
00390 9. B. bhobabhymo dmEgmn. baddmms 030803mLAs 0. 3m3mMmAd3nbdd bb3zgdmab ghmo
©03b0bmgBy db(Hndgeondal dnbmgn He3. 3. momOm3dd ©osbobmgds 105-5 Jodoybo
9e9d9b¢0b - ©3dboydol 0dmpmagdo. * 1971 Loosmms 9308030mLg0dd 0. FMEMa3ebds s 9.
mob®hdobdds dgdmogmgl  bydgbbodghtool 3mbggopns. * 1973 4. @gmdsobds o bbg.
Bodmoyggbgl aemymbgdnl dndmmgds o @obognmakgl demogho yhmoghmddgogdal 330bhy6k-



J6rmdmnbodngy®o(3go) dmwgmn. 083mbgemads 030803mbgods d. 3mdonodnd o @. dobygoged
030601090 dgbodyg momdnl 330639000 dMLIIMOS gemgdhmbybdh yhomoghmddgogosdo CP
bodghenol Eotem3zgzal dLObLBbymS. gdudgé0dgbiyma dsmdmohabglb bgapGommyba bybho
960, 0003 [CNUEMTONICICN 3mgdmy-100b0960a-bogmadol 9emgddembybho
16m09hmgdggdnl dmgmo. * 1974 3d9603gemds i30803mbgdds 8. Mobhghds o b. ¢Hnbads
0dmohabgl ,dmdbodmazn" 33060m3-0b¢hnizoMm3nl 0dmmo dpagmdotgmos - hoGdmboydo. 3.
RWomOhm3dd O ©. bLpomMads bb3gomab ghma asLnbmgdgl 106-5 Jodoybo gemgdgbho -
bodmbgoydn. * 1975 odgh03gmdd gndozmbds d. 3dgbheds dwdmahobd  @-mgddhmbo.
0dhgdo69dgemddg SPEAR (0dd) d0dmohbgl dopbmbymo do3magdn, Gog odmgge 3306039000
300909000  dgbbBoggmal  dgbodmmgogmmosl.  *  1976-89  3dboby  (bLbGZ) o
0tddpohdn(gghdabns) 8dhgotgdmgody asbnbmgdgl 107-9 dJodoybo gmgdgbho -
dmG0ydo. oMddhoondo adbonbmgdgl 108-gr0b 112-dg dodoybo gemgdgbhgon: 3soboydo,
dondbgtmoydo, omddhohoydo, G9bhagbondo o Jmdghbogoyde. * 1977 3. o39Mdab
modmbdhmMosdo (FNAL, 8dd) . gmgghdobds o bb3. omdmohabgl ,,ddggbogtma" 330603-
0bh03306 30l 0390 damdotgmds - dmbmboydo. * 1979 94639603960 7moE IEILEGHYMEY
aemymbol d6Lyomod (DESY, @ghdobnd). * 1980 dgdmogmagl sbogmo 333bhyto  Mogbzo
,00396096900". 9 d 9 G 0 3 9 ™ d O )do3mbgdds . dmmoahEghds, ©. 3MmLdy s 0.
10emhg3dd 0h3969L, GMA 390 9xbghl Mmamb 3306039000 sbndddhmbyd m o 30b g m god o
b 3oMmbdn, 81939 (M 3 0L gd M 0 30 ©) dMOmbdn 3306033000 ,,00(HY393900b" dm3zemgbal.
* 1983 e+e- 3mmonghdg (CESR, odd) omdmohabgl B-398mbn. CERN-d0 (3390306000) 3.
0000 o U. 306 gh 3gg9hds dmdmohobglb 39dhmbymo dmdmbgdo W + o Z0. * 1987
boddmms dgbngtgdds d. obogmmzds o bbg. smdmohobg BOd < BOd mbigogmogngdo. *
1989 Z0 dmBmbal Logabol dybho aedmdznm OENbEY, Mmd d3MbYIMAL mgdhmbgdal o
330639000 Bddn MmOmoBd. * 1995 dedmahnbgl t-3zoMm3zn (FNAL, odd). * 1998 ©oboasakdy
by3gr-30dnm3obg (003mb0nv) d¢mdmahnbgl dh3dmboyghemo bgohrnbmgdoly
mbEngdEngdn(nbobslbo®madghyzgms  Laddmms dgboghds o. Jdmbigimbzmd 1957). *
1998-2010 (30bodn g3gmomdmazal Labgemmdal modmbsbhmmosdn ©dLNbmgdgl 113-90086
118-gdog Jodonbo gmagdgbhgdn. * 2000 FNAL-do dodmohobgl t-bgohtrnbm. * 2001
bOOghNL bgohtnbyem ™ALghzshmGnodn (SNO, 30bdd) dedmahabgl dBol bgodhGabmgdal
mbEngoEngdn. * 2001-04 dedmashnbgl CP-bodgheoal abmzg3s bgadhMmowyma B-dgdmbgdal
bobhgdodn. * 2010 036339039600  bogombogmyl  dOMMIBhMG0sdn  dLNbmgBgl
0bdH0dgmondol dobmzn Hed. * 2011 CERN-do (339030600) doogglb 33063-3embyto
3emd06dd. * 2012 CERN-do ©90hgdhmEqgodg ATLAS o CMS sedmahabgl dogbol 0mBmbo.




