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BBE,U:EHHE 

CJroBo «BceneHHrui» HMeeT .n;Ba 3Ha'IeHIUI. ComacHo nepBOM)' 3TO BecL c~e
CTByiDUIHH MaTepHaJibHhiH MHp, 6e3rpaHH'IHhiH H e.IJ;HHCTBeHHhiH. ComaCHO BTO

pOM)', npHIDITOMy B KOCMOJIOlliH, T. e. HaYKe 0 Bcen:eHHOH KaK U.eJIOM, H .n;pyrnx 

acTpOHOMH'IeCKHX HaYKaX (a COOTBeTCTBeHHO, H B .IJ;aHHOH KHHXKe), 3TO CJIOBO 

o603HaqaeT o6JiaCTh. MHpa, .IJ;OCTynHyro .IJ;Jlli Ha6JIIO)J;eHIDI. B TaKOM UOHHMaHHH 

3TOrO CJIOBa He HCKJIIO'IeHa B03MOXHOCTb CYUieCTBOBaHIDI H .npyrnx BCeJieHHhiX 

KpOMe «HarneH» *. 

B 3TOH KHH)I(Ke paCCKa3aHO 0 nopaxaiOUieH B006paxeHHe paHHeH HCTOpHH 

BceJieHHOll, .06 ee CaMhiX HpKHX (KaK B nepeHOCHOM, TaK H B npHMOM CMbiCJie 

3TOrO CJIOBa) MOMeHTax H 0 TOM, KaK OHa H36exana CaMOYHH'ITOXeHHH. 

HaqHeM c MacrnTa6oB, o KOTOphiX u.neT pe'IL. 

Pa3M:ep BceneHHOli (T. e.· paccTOHHHe .no caMhiX )J;aJihHHX H3 Ha6mo.neHHhiX 

KOCMOJIOlli'IeCKHX 06neKTOB) UpH6JIH3HTeJILHO 13 MHJIJIHap)J;OB CBeTOBhiX JieT**. 

IIpe.ncTaBHTh ce6e 3TO Mhi He M.oxeM. YKaxeM JIHrnh .IJ;IDI cpaBHeHIDI, 'ITO paccTo

HHHe oT 3eMJIH .no CoJIHU.a cocTaBmieT ~ 8 «CBeTOBhiX MHHYT». 

H eme o Macnna6ax. B «Barnell:» BceneHHOli npn6JIH3HTeJihHo 100 MHJIJIHap

.noB rnraHTCKHX 3Be3)J;HhiX CHCTeM, Ha3!>IBaeMLIX ranaKTHKaMH, Kax)J;rui H3 KOTOpbiX 

HMeeT )1;0 COTeH MHJIJIHap)J;OB 3Be3)J; (B 'IaCTHOCTH, B Barnell: ranaKTHKe, Ha3bJBae

MOll MJie'IHhiM fiYTeM, HX ~ 100 MHJIJIHap)J;OB). IlpH 3TOM, KaK 6y.neT paCCKa3aHO 

)J;aJihrne, BceJieHHrui HBJIHeTCH HeKHM e)J;HHLIM IJ.eJibiM, HMeiOmHM o6myro HCTOpHIO 

pa3BHTIDI. 

TaKHM o6pa30M, KOCMOJIOriDI - 3TO HaYKa 0 CaMOM rpaH)J;H03HOM TBOpeHHH 

MHp03)J;aHIDI. . 

B TO xe BpeMH, XOTH Ha nepBblll B3rJIH)J; 3TO MOXeT UOKa3aTbCH napa.noK

CaJihHbiM, KOCMOJIOriDI TeCHO CBH3aHa C HaYKOll 0 caMblX MaJieHbKHX «OfueK.Tax» 

npHpO)J;bl, T. e. 0 'IaCTHU.ax MHKpOMHpa. 

3TH 'IaCTHIJ.bl, paHhrne Ha3hiBaBrnHeCH 3JieMeHTapHbiMH, Tenepb 06hi'IHO Ha-

3blBaiOT npOCTO 'IaCTHU.aMH, llOCKOJlbKY 3Ha'IHTeJILHa5I HX )J;OM OKa3aJiaCb He 3Jie

MeHTapHLIMH, a cocraBHhiMH. Pa3Mepbi 3THX 'l:aCTHU. He npeBbirnaiOT 10-13 eM. 

• Cs~en:nhCTBa CYilleCTBOBaHIDI npyrnx sceneHHhiX He Hatmronannch (noKa?). 
•• Cserosoii ron - paccrmnrne, KOTopoe cseT npoxoniiT Ja 1 ron. OnnH cseToBoii ron paseH 

9,46·1012 KM. 
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Ee3 JHaHIDI npoQeccoB, nponcxoMmnx B MHKpoMnpe n nccneeyeMLIX HayKoii, 

HaJbiBaeMOH cpH3HKOH lJaCTHQ, HeB03MO)l(HQ TIOJ.lliTb TipHpO.Izy MHOniX BIDimeiirnHX 

~mneHHH, nponcxo.n;nBmnx BO BceneHHOH, oco6eHHO B ee nepBbie MmoBeHIDI. 

IJ03TOM)' B 3TOH KHH)l(Ke 6y.IzyT TipHBe.n;eHbl .H HeKOTOpbie CBe.n;eHIDI H3 cpH3HKH · 

qaCTHQ. 

_ 3aKaH'IHBM 3TO BBe.n;eHne, Heo6xo.n;HMO no.n;qepKHJTb, 'ITO paccKaJ o caMbiX 

~p~i MOMeHTaX B HCTOpHH Hameii BceneHHOH - 3TO paCCKaJ 0 HeKOTOpbiX H3 

~pqaiimnx HaytJHbiX n.n;eii, KOTOpbiMH 6nm TaK 6oraT XX BeK. 

1. CAMOE I'PAH,!J:H03HOE H3 SIBJIEHHH 

B 1905 r. 26-neTHHii AJIL6epT 3iiHmTeiiH, Tor.n;a eme COTPY.D:HHK mBeiiQa:p

cKoro TiaTeHTHOro 6ropo, C03.D:aJI TeOpHIO TipOCTpaHCTBa H BpeMeHH, BTIOCJie.n;CTBHH 

HaJBaHHJIO cneQIIaJibHOH (HJIH tJaCTHOH) Teopneii OTHOCIITeJibHOCTII. liJ 3TOH Te

opiiH (TO'IHOH BHe rpaBHTaQIIOHHOro nom II npn6JIH)l(eHHOH, KOr.n;a 3TIIM TIOJieM 

MO)l(HO npeHe6petib) BbiTeKaJIO MHO)l(eCTBO Ba)l(HeHilliiX CJie.D:CTBHH. YKa)l(eM He

KOTOpbie Il3 HHX: 

• CKopocTb cBeTa B BaKJYMe c = 300000 KM!c ~ameTc~ MaKCHMaJibHO BOJ

MO)l(HOii . CKOpOCTbiO .D:BII)l(eHIDI H pacnpocTpaHeHIDI CHlliaJIOB H He JaBIICIIT OT 

CHCTeMbl OTC'leTa. 

, ~ B Macce m JaKJiro'leHa 3Hep~ Eo = mc2 (3Ta cpopMyna cTana cBoero 

po.n;a CHMBOJIOM nocne.n;oBaBmeii aTOMHoii 3noxn, ee .n;ocTH)l(eHnii n yrp03). Eo 
HaJbiBaiOT 3Heprneii TIOK051. 

e Bpe~ -BeJIII'IHHa· He a6COJIIOTHrui, a OTHOCIITeJibHrui II TetJeT TIO-pa3HOMY 

B pa3HbiX CHCTeMax OTC'leTa, .D:BH)l(yniHXC~ OTHOCIITeJibHO .n;pyr .n;pyra. 

B.ce. 3TH npe.n;CKaJaHIDI CTieQHaJibHOH TeOpiiH OTHOCHTeJibHOCTH 6LmH BTIO

CJie.D:CTBHH npOBepeHbl C BbiCOKOH T<)lJHOCTbiO (npe~e BCero B 3KCTiepHMeHTaJib

HOH cpi13IIKe 'laCTHQ) H TIOJIHOCTbiO TIO.n;TBep~eHbl. 

CneQIIaJibHrui TeOpiDI OTHOCHTeJibHOCTH 6nma O.D:HOH H3 OCHOB KOJIOCCaJibHOro 

nporpecca cpH3IIKII B XX B.*. 

*B TOM )l(e 1905 r. 3il:Hl!lTeHH C03,!\aJI TaiOKe TeOpHIO 6pO)'HOBCKOrO ,!\BIDKeHIDI __:_ 6ecnOpll

.!\OqHoro .!\BIDKeHID! MeJIKHX qaCTHI:I, B3Bel!leHmix B JKII.IUCOCTH rum raJe, o6D»cmm ero KaK C.IIe,n:cnme 

y,n:apoB MOneK)'JI OKp)'lKaiOI[(eH Cpe,n:bl; HaxO,n:JII[(HXCJI B TennOBOM ,!\BIDKeHHI! (3KCnepHMeiiTaJibHOe ITO.!I

TBep)I(Jl:eHI!e 3TOH TeOpHH JIBifJIOCb pel!laiOI[(IIM )10Ka3aTeJibCTBOM cymeCTBOBaHID! MOneK)'JI). 

-~-TOM )l(e ro.zzy HM 6Lma pa3pa6oTaiJa 11 TecipiD! cpoTOacpcpeKTa (llcnycKaiJI!e Bel[(eCTBOM aneK

TpOHOB ITO,n: ,!\eHCTBIIeM aneKTpOMarHI!THOro 11wyqeHID1), B KOTOpOH OH, B qaCTHOCTII, BnepBbie pac

CMaTpi!BaJI CBeT KaK ITOTOK KBaiiTOB' CBeTa, BITOC.IIe,n:CTBIIII Ha3Bai!HbiX cpOTOHaMII, II 3a KOTOpYJO OH 

nonyq~~n Ho6erreBCKyiO npeMniD. 

CTOnen1e 3Toro ~<ro,n:a ~I!TeJihmiX OTKphiTnH>>, T.e. 2005 ro,n:, no pellleHIIIO IOHECKO 

OTMeqarrocb KaK BceMIIpmiil: ro,n: · cp11311K11. 
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A. A. <l>pH.AMaH 
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B 1915 r. 3iiHIIITeiin 3asepiiiiUI MHoroneTHIOIO pa6ory no C03.L\aHHIO cso.:. 

ero rJiaBHOro ,1:\eTlllna - o6rneii: TeOpHH OTHOCHTeJibHOCTll (0T0) - HaYJCH 0 

rpaBHTai.J:llll, npoCTpaHCTBe II BpeMeHIJ. 

lhJIO:lKeHIIe :noll: TeOpHH He BXO,L\llT B 3a,n:aqii ,1:\aHHOH KHll:lKKII (K TOM)' :lKe, 

3aMeqy B CK06Kax, OHa He MO:lKeT 6niTb ll3JIO:lKeHa ,1:\0CTaToqHQ nonyJllipHO, 6e3 

llCllOJlb30BaHllil MaTeMaTIJqeCKOro annapaTa). IJpHBe.Izy Jllliiib O.L\HH ll3 BbiBO,I:\OB 

OTO - nepBDiii; KOTopnlli 6nm no,L\TBep:lK,L\eH 3KcnepHMeHTanbHO. 

rpasHTanllil onpe,I:\eJllieT reoMeTPHIO npoCTpaHCTBa-BpeMeHH*, KOTOprui MO:lKeT .. 
6niTb II HeeBKJIII):{OBOH (T. e. OTJIIJqaTbC51 OT TOll, KOTOpoii: HaC yqiDIH B IIIKOJie). 

3To npHBO.L\HT, B qacTHOCTII, K OTKJIOHeHHIO rpasHTaniiOHHbiM noneM ConHUa 

npoXOMIUHX 6nH3KO OT Hero nyqeii: cseTa (pHc. 1). Ha6niO,I:\eHHe 3Toro 51BJieHllil 

s 1919 r. so speM51 nonHoro conHeqHoro 3aTMeHllil 51BIUIOCb nepBDIM TPIJYM<lJOM 

OTO**. Koop,I:\HHaTDI 3Be3,!:\, BimHMDIX.BO speM51 3aTMeHllil s6nH3H 3aKpnrroro 

JlYHOIO ConHna, OTJIIJqaJIIJCb OT KOOp.L\HHaT 3THX :lKe 3Be3,!:\, H3MepeHHDIX, KOr,I:\a 

OHM 6nmH BimHDI B.L\aJIII OT ConHna . ( aTo pa3JIIJqiJe He3aMeTHO .L\Jlli ma3a, II ero 

o6HapY:lKeHHe noTpe6osano ToqHDIX H3MepenHii). 

3eMIDI 

Conm~e 

Pnc. 1. OrKJioHeHne nyqeii cseTa rpasHTallHOHHLIM rroneM CoJIHQa 

Ho erne 3a ,1:\Ba ro,I:\a ,1:\0 3TOro 3ifHIIITeHH, B COOTBeTCTBllll C Macnrra60M 

csoero MLmmeHllil, Haqan pa3pa6aThiBaTb HOBYJO, ocHoBaHHYJO na OTO, KOCMo

JIOriJqeCKYJO MO,I:\eJib BcenenHoii:. 

B TO speM51 cqiJTanii caMo co6oii: pa3)'MeiOIUHMC51, qTo BceneHHrui scer,I:\a 

6nma, eCTb II 6y,I:\eT 0,1:\HHa:KOBOH. IJ03TOM)' 3ii:HIIITeHH llblTaJIC51 peiiiHTb ypaBHe

Hllil OTO .L\Jlli BceneHnoii:, paccMaTpiiBrui ee KaK HeH3MeHHYJO so speMeHH, T. e. 

cTanHoHapHYJO. Ho 3a,n:aqa He peiiianacb 11 B03HIIKIIIHe TeopeTIIqecKIIe TPY.L\HOCTII 

Ka3aJIIICb HenpeO,[\OJIIIMbiMII. 

IIpo6neM)' peiiiiDI pocciiii:CKIIii yqeHbiii: A. A. <llpii.L\MaH. 06 aToM Caxapos 

B CBOIIX «BOCllOMIIHaHlliiX» *** Haniican: «IJpOCTOH II reHIIaJibHbiH BbiXO,I:\ 6bm 

*Bpewi B Teopuu OTHOCUTeJJbHOCTH paCCMaTpHBaeTCll KaK qeTBepTaH KOOp)l;HHaTa. 
**llo 3TOM)' llOBO.IIY 3furnrreiiH B llHCbMe M. llmuncy HanHCaJJ: <<C)')U>6a OKalaJJa MHe MHJJOCTb, 

ll03BOJJHB )IOJKUTb )10 3TOI'O )IHH>>,· · 

***A. CaxapoB <<BocnoMHHaHIIll» (HbiO-HopK: H3)l;-BO HM. qexoBa, 1990). B pocculicKoe H3)l;a
nne 3Toli K1llii1f cooTBeTCTB)'IOmaH masa (<<Hay<maH pa60Ta B 60-x ro)l;ax») He 6bllla BKJJJOqeHa. 
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Haii:AeH .ll>piiAMaHOM B 1922-1924 rr. OH snepBbie paccMOTPen HeCTaunoHapHbie 

peUieHIDI, B qacTHOCTII pacUinpHIOmyiOCH BceneHHYIO, OTKpbiB Ta.KIIM o6pa30M «Ha 

KOWIIIKe nepa» CaMOe rpaH)J;ll03HOe HBJieHne ll3 BCeX II3BeCTHbiX ceii:qac JIIO)J;51M. J 

TiepsoHaqanbiiO 3ii:HUITeii:H cqen pa6ory ll>piiAMaHa OUIII6o~oii:. TIIIIllb He

CKOJibKO. MeCHIJ;eB cnyCT51 OH IlOH51JI, qTO OUIII6aJIC51 OH CaM, II ony6JIIIKOBaJI 06 

3TOM CIIeiJ;IIaJibHYlO 3aMeTKY - em:e O)UIO CBll)J;eTeJibCTBO qenoseqecKoii: He3aypM-

HOCTII II HayqHOH qecTHOCTII reHIDI. . 

!l>pii.IJ;MaH 3a nonTopa ro)l;a AO cMepTII npoqiiTan 3aMeTKY 3ii:HlllTeii:Ha, 1Io, K 

CO:lKaJieHIIIO, He )l;O)KIIJI )1;0 Ha6JIIO)l;aTeJibHOfO OTKpbiTIDI «pa36eraHIDI» faJiaKTIIK. 

Oa yMep B 1925 r. B B03paCTe 37 neT»*. 

!l>piiAMaH IIOJI)"'IIJI )l;eHCTBIITeJibHO nopa3IITeJibHbiH pe3yJibTaT, CTaBillllH OCHO

BOH KOCMonornii: oKaJanoch, qTo BceneHHIDI o6H3aTeJibHo nomKHa asoniOui!oHII

posaTh. 'Ee pa3BIITIIe onpeAeJI51eTc51 OTHOUieHIIeM ee cpeAHeii: nnoTHOCTll p II 

aeKOTOporo KpllTWieCKOro 3HaqeHIDI Pc II MO:lKeT IlpOllCXO)l;llTb IIO O)l;HOH ll3 MO

):(eJieii:, cxeMaTWiecKII npe)l;cTaBJieHHbiX Ha. pnc. 2. 

R(t) 

p<pc 

----P=Pc 

p> Pc 

to 

Pnc. 2. BapnaiiTbi pa3BHTIDI BceneHHOii: B 3aBHCHMOCTII OT ee cpenHeii: IIJIOTHOCTII p. 
R(t) - paccToaHIIe Me)KJI)' nponJBOJibHbiMII KocMonornqecKIIMII o6'beKTaMJ:I; p- cpeAH515I 

IIJIOTHOCTb · BCIIIecrna so BceneHHoil:; t - speMH. OT EonbiiiOro B3pbrsa; Pc - KpiiTII'!CCKaa 

llJIOTHOCTb; to - HaCT05IlllCC BpeM51 

Ecnii p < Pc• TO BceneHHrui AOJI)KHa HeorpaHWieHHO pacUinpHTbCH ( «OTKpbi

Trui BceneHHrui» ); ecnii p > Pc• 3a pacUIIIpeHneM BceneHHOii: AOmKHo nocne)l;oBaTb 

*<l>pHAMaey npima.AJieJKaT TaKJKe secLMa BaJKHbie pa6oTbl no AHHaMH'lecKoii MeTeopononm H 

nmpO,Il;HHaMHKe. 0H JKe BO BpeM.II riepBOll MllpOBOii BOiiHbi OpraHH30BaJI 33pOHaBHrai.(IIOHHYJO CiiYJK6y 

Ha scex ¢pOHTax poccHiicKoii apMHH, nonyqrm 3BaHHe JieT'lHKa-Ha6.rrro,IJ;aTemi, 6Lm reoprneBCKHM 

KaBarrepOM H HarpaJKAeH 30JIOTbiM OpYJKHeM. K COJKaJieHIHO, HM.11 3TOI'O 3aMe'!aTeJibHOI'O }"'eHOI'O H 

'leJioBeKa H3BecrHo B Poccnn ropa3,Il;O MeHI>IIIe, '!eM oH 3aCIIYJKHJI. 

8 

ee c:lKaTIIe ( «3a.KpbiTIDI BceneHHrui» ). ECJIII :lKe p = Pc. To pacumpeHIIe BceneHHOii: 

)l;OJI)KHO CO BpeMeHeM yMeHblllaTbC51, IlOCTeneHHO npn6JIII)Kru1Cb K CTaiJ;llOHapHOM)' 

COCTOHHIDO. 

BeJIWIIIHbi p n Pc MemiOTCH B xo)l;e pa3BIITIDI BceneHHoii:, HO 66Jiblllrui II3 

Hnx scer)l;a ocTaeTcH 6oJibUieii:, II noaToM)' cym,6a BceneHHoii: onpe)l;eJI51eTCH )')Ke 

B ee paHHeM )l;eTCTBe. 

B HacToHmee speMH, Ka.K BHAHO n3 pnc. 2, HaUia BceneHHrui -HaXOAIITCH B. 

CTaAllll pacUinpeHIDI. • 

qepe3 qeTbipe ro)l;a nocne cMepTII ll>piiAMaHa KocMonornqecKoe pacUinpeHne 

BceneHHoii: 6bmo oTKpbrro aMepiiKaHcKHM acTpoHoMOM 3. Xa66noM. OH o6Ha

p)')Knn, qTO faJiaKTIIKll )'Ll,aJI51IOTC51 OT HaC, npllTOM CO CKOpOCT51MII, nponopu;no

HaJibHbiMII paccToHHlliO Ao Hnx. Taxoe «pa36eraHne» rana.KTIIK so sceii: BHAIIMOii: 

BceneHHoii: CBll)J;eTeJibCTByeT, qTo oHa «pa36yxaen>. 3To qacTo noHCH51IOT Ha 

AByMepHoii: Mo)l;enn: ecnii pa3)J;yBaTb pe3IIHOBbiii: Uiap, Ha nosepxHOCTII KOToporo 

HaHeceHO MHO:lKeCTBO TOqeK, TO paCCT051HIIe Me)K)J;y JII06biMII )l;ByMH ToqKaMll 6)'Ll,eT 

ysennqiiBaTbC51 CO CKOpOCTbiO, nponopuiiOHaJibHOH 3TOM)' paCCT051HIIIO. 

llpn 3TOM, ecJIII Ha6JIIO)l;aTb 3TO pacUinpeHne, «HaXOMCb» B HeKOTOpoii: npo

II3BOJibHOH TOqKe Ha IlOBepXHOCTll Uiapa, 6y)l;eT Ka3aTbC51, qTo 3Ta TOqKa 51BJI51eTC51 

HeilO)J;Bll:lKHbiM IJ;eHTpm.I, OTHOCIITeJibHO KOTOporo II npOllCXO)l;llT «pa36eraHIIe» 

OCTaJibHbiX ToqeK. 0)l;Ha.KO oqeBll)J;HO, qTO Ta.Krul )l(e KapTIIHa 6y)l;eT Ha6JIIO)l;aTbC51 

B JII06oii: Apyroii: TOqKe Ha 3TOH IlOBepXHOCTII. 

AHanornqHo, Ha6niOAeHne Xa66na OTHIOAb m! 03HaqaeT, qTo Mbi Haxo,D,IIMC>I B 

HeKOTOpOM ueHTpe BceJieHHOii:: 1'aKOe Ha6JIIO)l;eHne MOrJIO 6bi 6biTb, B IlpiiHIJ;IIIle, 

C)l;eJiaHO B JII06oii: ee TOqKe. 

Csoe OTKpbiTlle Xa66n C)l;eJiaJI, conocTaBJI5151 :icpacHoe CMeiUeHIIe* B cneKTpax 

)l;aJieKllX raJiaKTllK C paCCTOHHIIeM )1;0 HIIX, KOTOpoe OIJ;eHIIBaJI IlO IIX Bll)J;llMOH 

CBeTllMOCTll**, 

BeJIWIIIHa 3TOfO CMeiiJ;eHIDI, T. e. Ha6JIIO)l;eHHOe II3MeHeHIIe MIIHbl BOJIIIbl il)., 
IlpOilOpll;IIOHaJibHa CKOpOCTII OTHOCIITeJibHOro )J;Bll)KeHIDI llCTOqHIIKa B HanpaBne

HIIII nyqa 3peHIDI. ll03TOM)' CKOpOCTb )'Ll,aJieHIDI raJiaKTIIK MO:lKeT 6biTb )l;OBOJibHO 

TOqHo II3MepeHa cneKTPOMeTPnqecKIIM MeTO)l;OM. MeHee TOqHbiM 51BJI51eTC51 onpe

)l;eJieHne paccTOHHIIii AO AaJieiSnx ranaxTnK:. nepsoHaqanbHrui oueHKa 3TllX se

JIWIIIH Xa66noM oKa3anacb 3HaqiiTeJibHO MeHbUie nonyqeHHOii: B 6onee no3)l;Hnx 

llCCJie)l;OBaHIDIX. 

*KpacHoe cMemeHHe - cMemelille cneKTparrLHbiX JIHHHii B cropoey KpacHoii qacru cne~crpa -

npOHCXO,IJ;HT npH ynarreHHH HCIO'lHHKa H3Jl}"'eHllil OT Ha6JIJO,IJ;3Temi BCIIe,IJ;CIBHe 3¢¢eKTa ,ll;ormepa. 

3TOT 3¢¢eKT 3aKJIIO'l3eTC.II B H3MeHelillH HafirrJO,IJ;aeMOll 'l3Cf0Tbl ll3Jl}"'eHH.II npH ynarrelillH HJIH HpH-

6JIICKeHIIH ero HCIO'!HHKa OTHOCHTeJibHO npHeM!illKa. 

**Xa66JI 3KCipaHOJIHp0BaJI )1)1.11. ,IJ;aJieKHX 3Be3)J; COOTHOIIIelille CBeTHMOCIH H paCCIO.IIHH.II, nOJiy

'!eHHoe )1)1.11. 6JIH3KHX 3Be3)J; HeKOTOpbiX THHOB, paCCIO.IIHllil AO KOTOpbiX 6wm onpeAeJieHbi no I'O,IJ;OBOMY 

H3MeHeHIHO HX BH)J;HMOI'O nOJIOJKeHH.II, o6yCIIOBJieHHOMY ,IJ;BicKelilleM 3eMJIH BOKpyr COJIHIIa. 
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3.Xa66n 

10 

TaKIIM o6pa3oM, paccTO}{HUe R Me)K)zy mo6hiMU ~)'WI )')J:aJieHHbiMU ran:ax:Tu

KaMU )'BenWIHBaeTC}f CO CKOpOCTbiO 

v=HR, (1) 

me H HaJhiBaiOT noCTO}{HHOll Xa66na. Ee Benll'!una cooTBeTCTByeT cKopocTu v = 
20-25 KM/c npu paccTO}{HUU R, paBHOM Mnnnuony cBeTOBbiX neT, u, Ka.K BII,[(HO 

U3 puc. 2, .n:oiDKHa co BpeMeHeM nocTeneHHo MeH}{TbCH*. 

PerneHUe BOnpoca 0 TOM, no Ka.KOMY U3 BapuaHTOB, npe.n;CTaBneHHbiX Ha 

puc. 2, pa3BUBaeTC}f nama BceneHHM, noTPe6oBano MHornx neT. Macca Bcex 

3Be3,[( U .n;pyroll Bil,[(UMOll MaTepuu OKaJaJiaCb cyrneCTBeHHO MeHbiiie He06XO,[(U

MOll ,[(n}f Toro, tiTo6bi cpe.n:HH}f nnoTHOCTb BceneHHOll p .n:ocTuran:a Kpmll'!ecKoro 

3HaqeHil}f Pc· IlmlTOMY nepBonaqanbHO rocno.n:cTBOBaJIO npe.n:cTaBnenue, qTo Bce

neHHM neorpanuqenno pacrnup}feTC}f. ·o.n:nax:o co BpeMeHeM 6bmo ycTaHoBneHo 

cyrneCTBOBaHUe HeBil,[(UMOll «TeMHOll MaTepUU» ** U HeKOTOpbiX .n;pyrnx !lJax:TOpOB, 

)'BMli'IUBaromux cpe.n:nroro nnoTHOCTb BceneHHOll npu6nuJmenhHO .n:o Kpmuqe

cKoro 3HaqeHil}f Pc• qTo npuBeno K 3aKnroqenuro, qTo Harna BceneHHM He ~Bn}f
eTC}f OTKpbiTOll U HaH6oJj:ee BepO}{THO ee pa3BUTUe B COOTBeTCTBUU CO cpe.n;Hell 

KpUBOll puc. 2. 
0TMeTHM, qTo B STOM cnyqae reoMeTpll}f BceneHHOll .n:on:lKHa 6biTb eBKnil.II:O

BOll (C noKaJibHbiMU OTKnOHeHil}{Mil B o6naCT}{X CHnbHOro rpaBilTaiJ;UOHHOrO llOn}f, 

nanpuMep, B «qepHbiX ,[(bipax» ). 

Ilo.n;Be,[(eM KpaTKUe UTOili CKa3aHHOMY B STOll rnaBe: 

1. Harna BceneHHM paczuup.Reincll. 
2. 3To rpaH,[(U03Hoe }{Bnenue 6blJw npeocKa3aHo na ocnoBe o6mell Teopuu 

OTHOCUTMbHOCTU (u, Ta.KUM o6pa30M, }{Bn}feTC}f llO,[(TBep)l(,[(eHUeM OCHOBHbiX llO

nO)!(eHUll STOll Teopuu)*** ~ 

2. HA qAJIQ HA qAJI 

llTaK, Harna BceneHHM pacrnup}feTC}f. 

Ecnu npocne.n:uTb ee ucTopuro, .n;BurMcb HaJa.n; BO BpeMenu, Ka.K B !lJnnbMe, 

npoKpyquBaeMOM B o6paTHOM HanpaBneHUU, TO oqeBil,[(HO, qTO raJia.KTUKil 6)')J:YT 

*Ha 3TO I'li06aJihHOe <<pa36eraHI!e>> ramtKTIIK HaKJIMb!BaiOTCJl: HX JIOKaJihHbie nepeMemeHHJI, CKO

pOCTh KOTOpbiX 11p11 MaJibiX R MOlKeT rrpeBOCXO)IIITh Orrpe)leJIJieM}'IO COOTHOIIIeHIIeM (1 ), HO KOTOpble 

CTaHOBliTCJl: HecymeCTBeHHhiMII 11p11 60JihiiiHX B3aHMHbiX pacCTOl!HIIll:X. 

** IJp11p011a TeMHOH MaTep!lll )10 CHX 110p He BIIOJIHe JICHa. 

***C03i1aHIIe rryreM pa3MbiiiiJieHIIH TeOp1111 TaKOH rno6aJibHOCTII II TaKOH npe)ICKa3aTeJihHOH 

CIIJihl Jl:B1IlleTCll O)IHIIM 113 Bb!CIIIIIX (a B03MOJKHO II HanBhiCIIIIIM) B IICTOpllll 'leJIOBe'leCTBa rrpol!BJieHIIeM 

HayqHoro reHHJI. 
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e6JIIDKaTbe~ ,n:pyr e .n:pyroM, npiiTOM e TOll 2Ke eKopoeTbiO, e KaKOll OHII pa31Ie

TaJIIIeb. IJoeKOJibKY eKopoeTb IIX pa31IeTa nponoprriiOHaJibHa paeeTO~HIIIO Me)K.IJ:y 

HHMII, TO Bpe~ .IJ:O nOJIHOrD C6JIIDKeH~ JII060ll napbl raJiaKTIIK O.IJ:IIHaKOBO II j3 

KaKOll-TO MOMeHT BpeMeHII B npoUDIOM Bee Bem;eeTBO BeeJieHHOll .IJ:OJI2KHO 6bill0 

Haxo.IJ:HTbe~ B o,n:Holl II TOll 2Ke «TO'IKe». CooTBeTCTBeHHO II ero pa31IeT uaqane~ 

O.IJ:HOBpeMeHHO. 

ECJIII 6bl CKOpOCTb pa31IeTa 6bma Heii3MeHHOll II eOOTBeTeTBOBaJia nOCTO~HHOll 

Xa66na, TO 3TO .n:on2KHO 6bmo 6hi npoii30IITII OKOJIO 20 MIIJIJIIIap.n:oB neT Ha3a.n:. 

Ho nOCKOJibKJ CIIJibl T~roTeH~ TOpM03~T 3TOT pa31IeT, ero Ha'IaJibHM CKOpOeTb 

.n:on2KHa 6bma 6hiTb 6oJibiiie, '!eM Ha6nro.n:aeMM Tenepb, II o6bl'IHO npiiHHMaroT, 

'ITO B03paCT BceJieHHOll OKOJIO 15 MIIJIJIIIap,n:OB JieT. 

O.n:HoBpeMeHHOeTb Haqana pa31IeTa Bem;eCTBa BceneHHOll 03Ha'IaeT, 'ITO 3TOT 

pa31IeT B03HIIK B pe3yJibTaTe HeKOTOporo B3pbiBHOrD nporrecca. 

liTo 2Ke npoHcxo.n:IIJio Tor.n:a, KaKOll po,n:IIJiacb Hallla BeeneHHM? 

B Ha'IaJibHOM eoeTO~HIIII OHa 6hma HeKHM cryCTKOM MaTepiiii OrpOMHOll IlJIOT

HOCTII. 

A Ha'IaJIOM pa3JieTa 3Toro eryeTKa, Ha'IaJIOM Haqan B IICTOpiiii Haiiiell Bee

nenHOll 6bm TaK Ha3biBaeMbill EoJihiiiOll B3pbiB (Big Bang). 

Ho 3TO em;e He Bee. Cornacno rnnoTe3e faMoBa, pa3pa6oTaHHOll IIM B 1946-
1948 rr., MaTep~, eOCTa~BIIIM BceJieHHYJO B Ha'IaJibHOM COeT051HIIII, 6hma He 

TOJibKO CBepXITJIOTHOll, HO II CBepxropx'Iell. IJ03TOMy, no faMoBy, DOJiblliOll B3pbiB 

.IJ:OJI)KeH 6bm eonpOBO)K.IJ:aTbe51 II31IJ'leHIIeM KOJIOCCaJibHOll IIHTeHCIIBHOeTII II 3Hep

riiii II 3TO II31IyqeHii:e, Tep5151 B nporrecee OeTblBaH~ BeeJieHHOll IIHTeHCIIBHOCTb II 

OXJia)K.IJ:MCb, MOrJIO COXpaHHTbe51 .IJ:O Halllero BpeMeHII, paBHOMepHO 3aiiOJIH5151 BCe 

npocTPaHCTBO BeeneHHoii. 3Hep~ 3Toro II3nyqeH~ B naeToxm;ee Bpe~ .n:on2Kna, 

eornaCHO TeopeTII'IeeKIIM OQeHKaM faMOBa II era KOJIJier, eOOTBeTCTBOBaTb TeM

nepaType OKOJIO 3-5 K*. O,n:HaKO, HeeMOTp5i Ha BnonHe 'IeTKIIe npe.ileKa3aH~, 
rreneHanpaBJieHHhie noiiCKII 3TOro u3JiyqeH~ no'IeMJ-TO He 6bmu npe.n:npu~Tbi. 

B 1965 r. aMepuKaiirrhi A. IleH3uae uP. BIIJibCOH, 3aHHMaBIIIuec~ pa.n:uoaeTpo

HoMu'IeCKIIMH IICCJie,n:OBaH~Mll, He02KU.IJ:aHHO . o6HapJ)l(IIJIII CJia6oe ll3IIJ'leHue B 

MIIKpOBOJIHOBOll 06JiaCTII, KOTOpOe 6hill0 6JIU3KO K ll30TpOnHOMY (T. e. ero HHTeH

eHBIIOeTb 6bma npn6JIH3UTeJibHO O.D:HHaKOBa, B KaKOll 6bl yqacTOK He6a He 6bm 

HarrpaBJieH ux pa.n:noTeneeKon), a TeMnepaTypa eooTBeTCTBOBana 2,7 K. M3oTpo

n~ 3TOrO ll3JIJ'leH~ II ero TeMnepaTypa CBII,n:eTeJibCTBOBaJIII, 'ITO 3TO TO CaMOe 

Il:3JiyqeHIIe, KOTOpoe, no faMOBy, B03HHKJIO npH DOJiblliOM B3pbiBe ll KOTOpoe 

Ha3BaJiu pennKTOBbiM. Teop~ ropx'Iell BeeneHHOll nonyqiiJia npxMoe 3Kenepu

MeHTaJihHoe no,n:TBep)K.IJ:eHUe ll eTaJia OeHOBOll eoBpeMeHHblX npe,n:eTaBJieHHll 0 

«COTBOpeHIIII MIIpa». 
!i . 

. ~Cm.rnon K (oT Keni>BHH) 03HaqaeT ,TeMIIeparypy, oTcqnTI>maeMJIO OT T.H. a6comoTHoro HJllii 
(-273,2 °C}. 
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lleH3IIac II BIDihCOH 3a cBoe OTKpbiTIIe 6num B 1978 r. y.n;ocToeHbi Ho6eneB

cxoii rrpeMIIII. iaMoB K TOM)' BpeMeHII )')Ke )'Mep*. 

lhax, 6nmo ycraHOBJieHO, 'ITO npii po)K)J;eHIIII Hama BceneHHrui 6nma «CBepx

rop5I'Ieii»: ee Ha'IaJihHrui TeMrrepaTYPa He rro.n.n;aeTCH pacqery II ee ycnoBHO xapax_

Tepii3YJOT KaK «KBa3II6eCKOHe'IHyro». JJ:anee IIpOIICXO,I:UUIO OCThiBaHIIe, IIpii KOTO

pOM comacHO 3aKOHaM TepMO.D:IIHaMIIKII TeMrrepaTYPa (T) )'MeHbiiiaJiaCb o6paTHO 

IIpOIIOpUIIOHaJibHO KOpHIO KBa.n;paTHOM)' H3 BpeMeHII (t), OTC'IliTbiBaeMOM)' OT MO

MeHTa po)K)J;eHII51: T rv r 112• 

Jb :noii 6e306II.n;HOH Ha BII.n; 3aBIICIIMOCTII CJie.n;yeT HeBep051THO 6biCTPbiH 

TeMII pa3BIITII51 paHHeii BceneHHOH. HarrpiiMep, 3a BpeM51 OT t = w-40 c (a 

rrpiiMeHIITeJihHO K paHHeii BceneHHoii paccMaTpiiBaiOTCH II TaKHe BpeMeHa) .n;o 

t = 10-4 C (B03MO)KHO, 3aBeprnaiOIUero Te «rrepBbie MlliOBeHII51», 0 KOTOpbiX 

paCCKa3biBaeTCH B :'lTOH KHII)!(Ke ), T. e. 3a O.D:HY . .n;eCHTIITbiCH'IHYJO .D:OJIIO CeKYH.ll:bl,. 

TeMrrepaTYPa BceneHHoii )'MeHbiiiiDiacb rrpii6JIII3IITeJihHO B MliJIJIIIap.n; MliJIJIIIap.n;oB 

pa3! II 3a STOT rrpoMe)K)'fox BpeMeHII B IICTopiiii BceneHHoii rrpoii3ornen UeJILiii 

pH.D: Ba)!(HeHIIIIIX C06biTIIH II MeHHJiaCb IIpiipo.n;a Be{UeCTBa, II3 KOTOporo OHa TOr.n;a 

COCTOHJia. 

llpe.n;cTaBJieHIIe o TOM, KaK MeHHJiacb TeMrrepaTYPa BceneHHoii 3a speM51 ee 

CYJ:UeCTBOBaHII51, .n;aeT piic. 3. Ha 3TOM piiCYHKe rnxane TeMm!paTyp (B KeJibBIIHax) 

COIIOCTaBJieHa IIIKaJia COOTBeTCTBYJOIUIIX cpe.n;HIIX 3Heprnii (B 3JieKTpOHBOJlbTax) 

qacTIIU MIIKpoMIIpa, II3 KOTopbiX . Tor.n;a cocToMa BceneHHrui. 3To II03BomeT 

rrepeKIIHYTb MOCT OT rrpoueCCOB KOCMII'IeCKOro MaCIIITa6a K COOTBeTCTBYJOIUIIM 

IIM rrpoueccaM MIIKpOMIIpa, 'ITO neo6xo.n;IIMo .n;m IIOHIIMaHII51 paHneii IICTOpiiii 

narneii Bcenennoii • .D:eno B TOM, 'ITO .rrpoueccbi, rrpoiicxo.n;IIBIIIIIe BO Bcenennoii 

B ee rrepBYJO .n;eCHTIITbiCH'IHYJO .D:OJIIO CeKYH.ll:bl, - 3TO rrpoueccbl, OTHOCHIUIIeCH 

B 3HatiiiTeJibHOii Mepe K cpii3IIKe qacTIIU. C03.n;aBrui ycxopiiTeJIH Bee 6oJibiiiiiX 

3Heprnfi, 3KCIIepiiMeHTaJibHrui cpii3IIKa 'IaCTIIU IIOCJie.n;OBaTeJibHO rrpOHIIKaeT. BO 

Bee 6onee paHHIIe 3Tarrbi pa3BIITII51 BceneHHoii.II B HaCTOHIUee BpeM51 «.D:OIIIJla» .n;o 

. *Q raMOBe CJieJzyeT paCCKll3aTh UOi1p06Hee. raMOB reoprnii AHTOHOBif'I (1904-1968), TaJlaH· 

TJIIIBLiii pocciiHCKIIH <j:JmiiK·TeopeTHK, KOToporo Pocclli! JIIIIIIIIJlacL. P0.111IJIC& B 0.11ecce. 0KOH'IIIJI 

JleHIIH!pa)1CKnH )'HIIBepCIITeT (1926). 'Pa60Tan B !lJII31IKO·TeXHif'IeCKOM IIHCTIIT)'fe (JleHIIH!pa)1). B 

1928-31 IT.- 3apy6e)KHa& KOMaH)11IpOBKa B Esporry, r)1e COTp)'.11Hif'IaJI C BeJzyiiiHMII yqeHLIMII, BKJIIOqa& 

H. Eopa. 3aTeM np0.110JI)KaJI pa6ory B .!JeHHHrpa)1e. CosMeCTHO c JI. JlaH.11ay npe)1JIO)KIIJI C03.11aTh B Co

BeTCKOM Co103e HilcTHTYT TeopeTif'IecKoii <j:JII31IKII (npe)1JIO)KeHIIe He 6w10 rrpmu!To). B 1933 r., rrony

qJm OTKll3 B rrpe)10CTaBJieHIIII eMY BTOpoii )1JIIITeJibHOH 3apy6e)KHOH Ha)"'HOH KOMal!i11IpOBKII (KaKIIMII 

Terrepb IIOJIL3yeTC11 60JibiiiOe KOJIIf'IeCTBO pOCCIIHCKIIX yqeHb!X CYIIIeCTBeHHO Mellbiiiero MaCIIITa6a), He 

Bepii)'JIC& 113 KpaTKOH 3arpaHKOMaH.111IpOBKII II B 1934 r. IIp1IH11JI aMepHKaHCKOe lpa)K)1aHCTBO (noCJie 

qero ero CTaJIII Hll3biBaTh aMepiiKaHCKI!M yqeHLIM ,[{)Kop)1)KeM raMOBb!M )1a)Ke B pOCCIIHCKIIX Ha)"'HbiX 

113)13flii11X). raMOB He TOJibKO Bbi.11BIIII)'JIII pa3pa60TaJI H)1eii 0 rop&qeM HaqaJibHOM COCTO&HIIII BceneH· 

HOH II 0 B03ffiiKIIIeM TOI')1a II COXpaHI!BIIIeMC& )10 l!aiiiero BpeMel!II li3Jl)"'eHllll, Hli3BaHliOM penHKTOBb!M. 

OH TaK)Ke aBTop Teop1I1I n-pacrra.11a 11.11ep aTOMOB (T. e. pacna)1a nx c ncrrycKaHneM 11.11ep renllil) II BHec 

CYIIIeCTBeHHLn1 BKJia)1 B Teopl!IO /1-pacna)1a (T. e. IIcrrycKaHllil aTOMHLIMII MPaMII ::meKTpoHoB). OH )Ke 
Ci1eJiaJI nepBbiii pacqeT reHeTif'IeCKoro Ko)1a. · 
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1027 = 1018 r3B 

1024 = 1015 r3B 

1021 = 1012 r3B 

1018 = 109 r3B . 

1015 = 106 r3B 
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103 = 1 10B 
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Pnc. 3. Kax OCTbiBaJia Barna Bce.rreHHru! 

BpeMeH t rv w-10 - w-n c. Coop)')KaeMDIH B EBporreiiCKOM ueHTpe H.n;epHbiX 

IIccne.n;oBaHIIii (UEPH) rnraHTCKIIii ycxopiiTenb LHC (Large Hadron Collider), 

KOTOpbiH .D:OJI)KeH HatiaTb pa6oTaTb B 2007 r., 1103BOJIIIT .D:OCTII'Ib 3Heprnii, COOT

BeTCTBYJOIUIIX cpe.n;Heii TeMrrepaTYPe BceneHHOH KO BpeMeHII ee· CYJ:UeCTBOBaHII51 

t ~ w-12 c . 

B CYJ:UeCTBenno 6onee paHHIIe BpeMeHa rrpoHIIKaeT MbiCJib cpii3IIKOB-Teope

TIIKOB. CIIHTe3IIpyx cpii3IIKY qacni.u II KOCMOJIOrniO, OHII ncxo.n;HT II3 Heo6xo.n;IIMO

CTII COOTBeTCTBII51 lliiiOTe3 06 :meMeHTapHbiX rrpoueccax IIpii CBepXBbiCOKHX ~mep
rll51X Ba)!(HeHIIIIIM xapaKTepiiCTIIKaM BceneHHOH, KOTOpble orrpe.n;eJIMIICb HBJieHII

HMII Ha CaMOH paHHeH CTa.n;IIII ee pa3BIITII51. 

EIUe 6onee paHHee BpeM51, COOTBeTCTBYJOIUee 3Heprll51M OT 1019 I3B II Bbiiiie 

II sxcTpeManbHO 6onnrnoii IIJIOTHOCTII BceneHHoii, noxa He.n;OCTYflHO JJ.a)Ke .n;m 
TeopeTII'IeCKOH MbiCJIII. 

EcTeCTBeHHO, q-fo 'IeM 6nll)Ke K . naqany Eonnrnoro B3pnma, TeM 6onnrnyro 

pOJib IIpii BOCC03.D:aHIIII KapTIIHbl rrpOIICXO.D:IIBIIIIIX C06biTIIH IIrpaiOT lliiiOTe3bl II 

TeM MeHee TO'IHblMII CTaHOBHTCH 'IIICJieHHbie OUeHKII. 
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O,u;HaKO ocHosoll: MHomx BhiBo,u;os II npe.u;cTaBJieHIIH .HBIDIIOTC.H cp)'H.!I:aMeH

TaJihHhie cpii3WieCKIIe 3aKOHhl (B qaCTHOCTII, 3aKOHhl TepMO)l;IIHaMIIKII), KOTOphie 

npe,u;noJiaraiOTC.H cnpaBe)J;JIIIBhiMII H B !3KCTpeMaJihHhiX YCJIOBH.HX nepBbiX MrHOBe-
1 

HIIH, HaqiiHa.H c t = 0. 
B HallieM paCCKa3e Mhl 6y.u;eM IICXO)l;llTh II3 HeKOTOpOH CTaH,[J;apTHOH MO)l;eJIII 

paHHeii BceneHHoii, .HBIDIIO!lleilc.H Haii6onee sepmiTHhiM ee oniicaHIIeM )J;J1.H o6na

CTII !3Hepmll:, He)l;OCTYfiHOH )J;J1.H llp.HMOro !3KCnepHMeHTaJihHOro IICCJie)l;OBaHH.H, II 

)l;OCTaTOqHO )l;OCTOBepHOii )J;J1.H !3Hepmll:, IICCJie)l;OBaHHbiX !3KCnepiiMeHTaJihHOH cpii-

3IIKOH qaCTIIU. 

CooTBeTCTBYJOilliie CBe,u;eHH.H, OTHOC.HilliieC.H K !3TOH HaYKe, npiiBe,u;eHbl B CJie

,[J;YJOilleH mase. 

IJo,u;se,u;eM:KpaTKIIe IITOrH CKa3aHHOMY B !3TOH mase: 

1. B IIcxo.u;HoM COCTO.HHIIII Hauta BceJleHHaJl 6buta cBepxruwmHoii u cBepxzo

p1!1Jeii. 
2. B IIccne.u;osamm «rrepBhiX MrnoseHIIH» Hawell: BceneHHoii o6oeOUH1!JOmc1! 

KOCMOJlOZUJ! U pu3UKQ IJQCfflUlf MUKpOMUpa. 

3. BEK qACTHU: MHKPOMHPA 

XX BeK B cpii3IIKe Haqanc.H )l;OCpoqno, C OTKpbiTH.H B 1897 r. !3JieKTpOHa, KaK 

6bi npe)J;Be!llaBlliero, qTQ rp.H,[J;eT BeK qacTIIU. 3TOT BeK MIIKpOMIIpa IIOCJie)l;OBa

TeJihHO IIpOHIIKaJI B my6h MaTepHII: CIIepBa llO.HBllJiaCh cpii3IIKa aTOMa, 3aTeM -. . 
aTOMHOro .H,u;pa II, HaKOneu, cpii3IIKa qacTIIU*. 

0TMeTIIM JIIIllih neKOTOpbie II3 C06biTIIH !3TOro BeKa, IIMeiO!lliiX OTHOllieHIIe K 

TeMe ,u;annoll: KHillKKII, II paCCKa:lKeM JIIIllih 0 HeKOTOpbiX II3 MnO:lKeCTBa qaCTIIU 

MIIKpOMIIpa. 

. B 1911 r. 3. Pe3epcpop.u; OTKphm aTOMHoe .H)J;po II pa3pa6oTan ImaHeT.apHYJO 

MO,[J;eJib aTOMa, COrJiaCHO KOTOpOH aTOM COCTOIIT II3 llOJIO:lKHTeJihnO 3ap.HiKeHHOro 

.H)J;pa II OKp)'iKaiOilliiXero !3JieKTpOHOB, IIMeiO!lliiX OTpiiUaTeJibHhiH 3JieKTpiiqecKIIH 

3ap.H,[J;, TaK qTo 061lliiH 3JieKTpWieCKIIH 3ap.H,[J; aTOMa paBeH nynro. qaCTIIUa, .H:BIDIIO

Illa.HC.H .H)J;pOM aTOMa BO)l;Opo,u;a II BXOMilla.H B COCTaB .H,[J;ep BCeX ,u;pymx !3JieMeHTOB, . 

6bill0 BIIOCJie)l;CTBIIII na3BaHa 1IpOTOHOM. 

B 1932 r: 6bm ~TKpbiT HeHTpOH- qacTIIUa C MaCCOH II MnOrHMII ,u;pymMII 

csoiicTBaMII, 6nii3KIIMII K rrpoTonnhiM, no He IIMeiOilla.H sneKTpWiecKoro 3ap.H,u;a. 

,J::lillr IIpOTOHO~ II neHTpOnOB 6bmO BBe,u;eno 0606!llaiO!llee IIOH.HTIIe - nYKJIOnhi**. 

*Ee H<l3LIB3JIII ¢1131IKOll sneMeHTapHbiX 'qaC'flll[, HO BhlliCHIInOCh; q-fo MHOrne 113 IICCne,zzyeMhiX 

ero qacrm~ He sneMemapHhie, a cocTaBmie, 11 cnoBo «SJieMemapHhie>> 6hmo onymeHo. 

**YKa3aHHhie Bhlille OTKphiTIIll ::meKTPOHa, IIpOTOHa, HellTPOHa II Uenhlll pll,ll Jlp)TIIX 6hiDII C)1e

naHh! B KaBeH)111IIICKOll na6opaTOp1111 (.AIU'niill), BHeciiiefi Ha!I60Jibiiiiiii: BKJ!a)1 B pa3BIITIIe aTOMHOll II 

ll,llepHOll ¢113IIKII. Il03AHee B STOll na6opaTOp1111 6hm C)1enaH pll,ll KpYJIHelllliiiX OTKph!TIIll B CaMhiX 

pa3HhiX o6nacrxx. Ha}'KII, oT MoneK)'JlllpHoii: 6norronm 110 PaJliiOaC'TPOHOMHII n· aC'TPo¢II3IIKII. Porrh 
KaseimiiiiiCKoii: na6opaTopim B IIC'Iopnn Ha)'Kn YJIIIKaJihHa. 
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Ilepsoll: qacTIIUeii, CY!lleCTBOBaHIIe KOTopoll: 6bmo npe,u;cKa3ano TeopeTWieCKII 

(see TeM iKe 3iiHwTeilnoM B 1905 r.) II B .u;anhHeilweM no.zusep:lK)J;eno sKcnepii

MeHTanhno, 6bm cpOTOH - KBaHT CBeTa, o6Jia,u;aiO!lliiH O)l;HOBpeMeHHO II KOprrycKy-

11.H:pnhiMII, II sonnoBhiMII csoiicTBaMU. (3THM 6hm peweH .u;asnilll: crrop HhroTona, 

cqHTaswero cseT noTOKOM Koprryceyn, II froll:renca, .u;aswero csery sonnOBYJO 

IIHTepnpeTaUIIIO, o,u;epiKaBlliYJO,. Ka3aJIOCh, OKOWiaTeJibHYJO no6eey .llOCJie 06Ha

p)'iKeHH.H ero IIHTepcpepenUIIII II .u;IIcppaKUIIII.) Ho 3Haqen1Ie npe.D:CKa3aHH.H cpo

TOHa !3THM )l;aJieKO He IIcqepnhiBaeTCX: B ,!l;aJihnell:weM 6bma llOH.HTa .D:BOHCTBeHHa.H 

np1Ipo,u;a {eyaJIII3M) BOJIH II qaCTUU MIIKpOMIIpa, COCTO.HIIJ;a.H B TOM, qTo !3TII. qa

CTIII.(hl o6Jia,u;aiOT TaK:lKe BOJinOBhiMII. CBOHCTBaMII, a BOJinhi npO.HBlliiiOTC5! TaK iKe, 

KaK llOTOK qacTIIU (HanpHMep, BOJinhi CBeTa .HBIDIIOTC5! O)l;HOBpeMeHHO llOTOKOM 

qaCTIIU-cpOTOnOB). 3TOT )J;yaJIII3M 6bm pa3BIIT II Jier B OCHOBY cp)'H.!I:aMeHTaJihnhiX 

pa3.D:enos cospeMeHHoii cpii3IIKII - KBan~osoll: MexaHIIKII, a 3aTeM II KBaHTosou 

TeOpiiii llOJI.H:, .HBlliiiO!lleHC5! · TeopeTWieCKUM anrrapaTOM cpii3IIKII qaCTIIU. 

Ba:lKnhiM 3TaiiOM Ha rryTII OTKpbiTH.H qaCTIIU MIIKpOMIIpa .HBllJIOCh IICCJie)l;O

BaHIIe KOCMWieCKIIX nyqell:, npiiXO)J;.HilliiX na 3eMJIIO II3Bne («nepBWinOe KOCMII

qeCKOe IIJJiyqeHIIe») II B3aiiMO)l;eHCTBYJOilliiX C Be!lleCTBOM aTMOCcpepbi,; C03JJ:aBa.H 

BTOpiiqnoe II3Jiyqeniie, IIMeJ.9!llee 6onee CJIO:lKnhiH COCTaB. · )J;o C03JJ:aHH.H COOTBeT

CTBYJOilliiX ycKOpiiTeJieH KOCMWieCKIIe Jiyqii 6bmii e)J;IInCTBennhiM IICTOqHIIKOM 

qacTIIU BhiCOKOH !3Hepmii. 

IJepBOH qacTIIUeH, OTKpbiTOH B KOCMWieCKIIX nyqax, 6hm ll03IITpOH - qa

CTIIUa C MaCCOH !3JieKTpona, no C llOJIO:lKIITeJibHhiM !3JieKTpWieCKIIM 3ap.H,[J;OM. 

3To OTKphiTIIe, c.u;enannoe B 1932 r., 6hmo y,u;IIBIITeJihno csoespeMenHhiM. 

JJ:eno B TOM, qTo B 1928-:--1931 rr; aHmiiilcKIIii cpii3IIK II. )J;IIpaK BhiBeJI ypasneniie 

!3JieKTpona, KOTOpOe OKa3aJIOCh. CIIMMeTpWIHhiM OTHOCIITeJibHO 3naKa !3JieKTpnqe

CKOro 3apx,u;a II II3 KOTOporo CJie)l;OBaJIO · CY!lleCTBOBaniie nap.H:ey C !3JieKTpOnOM 

TaK:lKe II ero aHTWiaCTIIUhl, T. e. qacTIIUhl C TOM iKe MaCCOH, no C npOTIIBOIIOJIO:lK

nhiM !3JieKTpWieCKUM 3ap.H,[J;OM • 

0TKpbiTIIe nepBOH aHTWiaCTIIUhl - 1103llTpOna llMeJIO cp)'H.!I:aMenTaJihnOe 3na

qeliiie: OHO llOJJ:TBep)l;ll110 TeOpiiiO )J;IIpaKa (KOTOpa.H IIMeeT np.HMOe OTnoweniie ne 

TOJihKO K cpH3IIKe MIIKpOMIIpa, HO II K BceJiennOH B UeJIOM, 0 qeM 6y.D:eT paCCKa-

3aHO ,u;anbwe). 

B. 1937 r. B · KOCMWieCKIIX nyqax 6hmii OTKphiThi 3ap.HiKennhie qacTIIUhi c 

Maceo~. a ~ 200 pa3 6onowe, .qeM Mace a .. sneKTpona., 3TII . qacTIIUhi, Ha3Bannhie 

MIOOHaMII, llO MnOrHM CBOHCTBaM 5!BlliiiO!lliieC.H KaK 6bi T.H:lKeJihiMII !3JieKTp0HaMII, 

OKa3aJIIICh HeCTa6llJibHhiMII: cpe.D:H.H5!. npOJJ:OJI:lKIITeJihHOCTb .HX :lKII3nii ~ 2 MIIKpO

CeK)'H.!I:hl. 3a TaKOe BpeM.H, )J;BIIra.HCh CO CKOpOCThiO CBeTa (300000 KMfc), MO:lKnO 

1IpOJieTeTh ~ 0,6 KM. Q,u;naKO 3aMeTna.H )l;OJI.H: MIOOnOB, )J;BIIra.HCh CO CKOpOCThiO 

3aBe)l;OMO Menhrnell:, ripoJieTaeT OT BepxniiX CJIOeB aTMOCcpephi, r;:ie Onii o6pa3y

IOTC.H, )1;0 3e1.illii, T. e. Mnome KliJIOMeT.phi! )J;eno B TOM, i:ITo B COOTBeTCTBIIII C 

TeOpiieH OTnOCIITeJihHOCTII BpeM.H · B CIICTeMe OTcqeTa, · CB.H3anHOH C MIOOHOM ( T. e. 

B KOTOpOH OH llOKOIITC.H!) II B «HallieH» CIICTeMe OTcqeTa, B KOTOpOH OH )l;BII-

j 06•r,e;nme;=Hfff,l1 HHC'l'UTYT 

ls:gepH1IX nccrre,JJ;oBannH 
! Bl/lSJliiOTEF A L___ ~--- 1:.._ ~ -~-·~-~-



JKeTC~ CO CKOpOCTbiO V, COCTaB.illiiOIUeH 3aMeTH)'IO .[IOJIIO CKOpOCTll CBeTa, TeqeT 

IIO-pa3HOM)'. 

11 B «HailieH» CliCTeMe OTCqeTa cpe.n;~ npo.n;omKHTeJibHOCTb )J(li3Hll MIOOHa
7 

COCTaB.illleT )')Ke 2 · 10-6 
• 1/ J1- (vjc) 2 C, me V- CKOpOCTb IIOJieTa MIOOHa B 

HailieH CliCTeMe OTcqeTa, a C - CKOpOCTb CBeTa. 

He.n;apoM Teop~, C03,Z:IaHH~ · 3HHiliTeHHOM, 6hma Ha3BaHa TeOpHeH OTHOCli

TeJibHOCTH! 

0TMeTliM eme O.[IHO OTKpbiTlle ll3 MHOillX; C.[leJiaHHbiX npll liCCJie,Z:IOBaHllll 

KOCM~eCKHX nyqeH:. B 1947 r. C IIOMOIUbiD cneQllaJibHOH cpOT03M)'JibCllll, 3KCllO

HllpOBaHHOH B ropax Ha BbiCOTe .[10 5500 MeTPOB, 6bmll OTKpbiTbl qaCTliQbl, Ha-

3BaHHbie 7r-Me30Ha.Mll (llliOHaMll). 3TH qaCTliO:bl HeCTa6liJibHbi, liX Cpe.n;Hee Bpe~ 

)J(li3Hll ::::::! 3 ·1 o-s C, OHM MO:ryi' liMeTb KaK llOJIO)J(liTeJibHbiH, TaK II OTPHO:aTeJibHbiH 

3JieKTpHqecKHH 3apM* II 06Jia.[laiOT He TOJibKO 3JieKTpOMarHHTHbiM, HO II CliJibHbiM 

(T. e. «MepHbiM») B3aliMO.[IeHCTBlleM. lJ03TOM)' liX BMeCTe C H)'KJIOHaMll II QeJibiM 

pMOM .n;pymx qacTHU:, o6na.n;amrn:Hx CliJibHbiM B3aHMo.n;eH:cTBHeM, o6ne.n;H~IDT no

~THeM «a,!:lpOHbl». 

CJie.lzyiOIUlle ,Z:IBe qaCTliQbl, 0 KOTOpbiX Mbl paCCKa)J(eM, 6bmll npe,Z:ICKa3aHbl Bbl

.n;aiOIUliMliC~ TeopeTHKaMll, a ~ liX o6Hap)')KeH~ llOTpe60BaJiliCb )')Ke Kp)'IIHbie 

sKciiepHMeHTaJibHbie ycTaHOBKH BTopoH: nonoBHHbi XX B. 

B 1930 r. rnseH:n:apcKHH cpH3HK B. IlaynH Bbl.z:IBHHYJI mnoTe3y o cymecTBOBa

HHH HOBOH qaCTliO:bl, KOTOp~ liCIIYCKaeTC~ B pa.n;HOaKTliBHOM ,8-pacna.n;e BMeCTe C 

3JieKTpOHOM. 3Ta qaCTHQa COrJiaCHO illiiOTe3e He HMeeT 3JieKTp~eCKOro 3ap~.n;a, 

oqeHb JierK~ II CIIOC06Ha IIpOHHKaTb CKB03b OrpOMH)'IO TOJimy BeiUeCTBa. 

CaM IIaynH no IIOBO.z:IY csoero BbiCT)'IIJieH~ c SToll: miiOTe3oH: CKa3aJI: «Ce

. ro.n;~ ~ COBepililiJI CTpailiHbiH IIOCT)'IIOK, KOTOpbiH HliKaK He CJie,Z:IOBaJIO 6bl CO

BeprnaTb cpi13liKY-TeOpeTHKy: ·~ IIpe.[IJIO)J(liJI HeqTQ TaKOe, qTo HliKOr.n;a He CMO)J(eT 

6biTb · 3KCIIepHMeHTaJibHO llO,Z:ITBep)J(.z:leHO». 

B 1953 r. aMepHKaHcKHe cpH3HKH <1>. PeH:Hec II K. Koy:m HaqaJIH IIOHCK STHX 

qacTHU:, Ha3BaHHbiX HeHTpliHO (ToqHee, liX aHT~aCTliO: - aHTHHeHTpliHO), Ha 

MOIUHhiX ~.n;epHbiX peaKTopax. B npo.n;OJI)J(aBrneMc~ rnecTh neT sKcnepHMeHTe 

cymecTBoBaHHe HeH:TpHHO 6hmo .n;oKa3aHo**. 

,l:(.Jui o6Hap)')KeH~ CJie.lzyiOmeH: qacTHO:bl, 0 KOTOpOH Mbl paCCKa)J(eM, DOTPe6o

BaJiaCb )')Ke .n;pyr~ Kp)'IIH~ ycTaHOBKa - YCKOpliTCJib qacTHU: Bb!COKOH 3Hepmll. 

B cooTBeTCTBHH c TeopHeH: .D:HpaKa cne.n;osano O)J(ll.[laTb, ~o .[IOJI)J(Hbl cyme

CTBOBaTb aHTHDpOTOHbl - qacTHU:bl C MaCCOH npOTOHa II OTPHQaTeJibHbiM 3JieK

TP~eCKliM 3apMOM. O.riHaKO o6Hap)')Kl1Th HX B KOCMHqecKHX nyqax He y.n;asanocb 

(•B AaJILHeiirneM 6b!ll0 ycraHOBlleHO, 'ITO HX 3ap.sm MOJKeT 6hlTb T310Ke paBeH H)'JIIO. 

**B ::noM llKcnepHMeHTe 6hllla T310Ke mMepeHa npoHHKaiO!llall cnoco6HOCTh <<peaKTOpHh!X 3HTII· 

HeH1JlHHO». 0Ka3aJIOCh, 'ITO 3TH 'IaCTHW>I B cpeAUeM llODIO!llaiOTCll B CJIOe BerneCTBa, B MHJIJIHap)l pa3 

60JIL!lle KOnll'IeCTsa semeCTBa no AHaMelJlY 3eMnn. If cymeCTBOBaHHe TaKoro csepxpeAKOIU npouecca 

6Lmo HaJieJKHo yCTaHOBlleHo! 
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(06 3TOM ll0,!:1po6Hee paCCKa3biBaeTC~ B CJie.lzyiOIUeH rJiaBe), II y HeKOTOpbiX cpi13li

KOB B03HliKJIO ,[la)J(e COMHeHHe B liX cymeCTBOBaHllll. l:lepe3 HeCKOJibKO JieT IIOCJie 

oKoHqaH~ BTopoH: MHposoH: BOHHbi B CiliA II CoseTcKoM Com3e (a .D:y6He) 

HaqaJill C03.[1aBaTb MOIUHbie ycKOpliTeJill qaCTHU, 3Hep~ KOTOpbiX 6bma .[IOCTa

TOqHOH ~ o6pa30BaH~ aHTHnpoTOHOB. B CiliA TaKOH ycKopHTeJib 3apa6oTan 

paHbilie, II TaM aHTHDpOTOH Ha6JIIO.[IaJIC~, COOTBeTCTseHHO, paHbilie. 

CHaqana B KOCM~ecKHx nyqax, a 3aTeM IIpeHMYIUeCTBeHHo Ha ycKopHTe~x 

6biDO 06Hap)')KeHO eme MHOro pa3HbiX tfaCTliQ, TaK qTo liX o6mee qliCJIO Dpli6JIH

)J(aJI0Cb K qHcny sneMeHTOB B Ta6nHn:e MeH.[IeJieesa. CTano ~cHo, ~o He see OHM 

~B.illiiOTC~ 3JieMeHTapHb!Mll*. 

11 Tor.n;a B 1964 r • .[IBa TeopeTHKa, M. reJIJI-MaHH II He3aBHCliMO .n:)J(. I.l,seH:r, 

Bhl.z:IBHHYJIH cMenym mnoTe3y, qTo see a.n;poHbl (T. e. qacTHU:bi, o6na.n;amrn:He CliJib

HbiM B3aHMo.n;eH:cTBHeM) cocTo~T H3 6onee sneMeHTapHbiX CTPYKTYPHhlx sneMeH

TOB, Ha3BaHHbiX KBapKaMll. Bee 6apHOHbl COCTO~T ll3 Tpex KBapKOB, Me30Hbl -

ll3 KBapKa II aHTliKBapKa. 

HaH60Jiee He06bNHOe B CBOHCTBaX KBapKOB TO, qTo y HliX (II TOJibKO y HHX!) 

.n;po6Hble 3JieKTp~eCKIIe 3apMbl -l/3(e) II +2/3(e), r.n;e e- e,Z:IHHHU:a 3JieKTpllqe

CKOro 3apMa, paBH~ 3ap~ npOTOHa II ll03liTpOHa. 

l:IT06bl 06'b~CHliTb IIpOqH)'IO CB~3b KBapKOB B a.n;poHaX, 6bm IIpll.z:IYMaH eme 

O.[lllll Bll.[l qaCTliQ, KOTOpbie KaK 6bi CKJieHBaiOT KBapKll Me)J(.z:ly C060H. 3TH qacTHO:bl 

6billll Ha3BaHbl rJIIOOHaMll ( OT aHrJiliHCKOro «glue» - KJieH). 

B .n;anbHeH:rneM cymecTBosaHHe KBapKoB II mmoHOB 6bmo y6e.n;HTeJibHO .n;o

Ka3aHo, II eme .n;o KOHU:a XX B. 61,ma c03.n;aHa TaK Ha3biBaeM~ CTaH,Z:~apTH~ 

MO,Z:IeJib, CliHTe3HpyiDIU~ :npe.n;cTaBJieHHe 060 BCeX 3JieMeHTapHb1X qaCTHU:ax II liX 

B3aliMO,Z:IeHCTB~X - CliJibHOM, 3JieKTpOMamHTHOM II CJia6oM**. 

YKa)J(eM HeKOTOpble ll3 OCHOBHbiX DOJIO)J(eHHH 3TOH MO.[IeJIH. 

CymeCTByeT BCero 6 pa3HbiX KBapKOB II 6 JieiiTOHOB (a TaK)J(e COOTBeTCTByiD

IUlle aHTHqacTHU:bi). 

MexaHII3M CliJibHoro B3aHMo.n;eH:cTB~ 3aKJIIOqaeTc~ B o6MeHe KBapKoB mmo

HaMH, 3JieKTpOMalliliTHOro - B 06MeHe cpOTOHaMll, CJia6orO - B 06MeHe T~)J(e

Jib!Mll HeCTa6liJibHbiMll qaCTliQaMll, 0603HaqaeMb1Mll w+, w- II Z 0 , cymeCTBO-• . 

*0TMeTHM, 'ITO CTa6llJibHhiMH (B npe)lenax cymeCTByiO!llHX TOqHoCTeii H3MepeHHll) liBJUIIOTCll 

TOllhKO npOTOHhl, :meKTpOHhl, <PoTOHhl H HeiiTpHHO, a T310Ke HeiiTpOHhi B CBll3aHHOM COCTOliHHII. Bee 

OCTaJihHbie qaCTUW>I 6biCTpO pacna.ilaioTCll (JVI!I 60JibllliiHCTBa .113 HHX. cpenHllll llpOAOflJKHTCJihHOCTh 

JKH3HII He npeBbi!llaeT CTOMHJIJIIIOHHOH · )lOflll CeKJHAbl). · KoHeqHbie COCTOliHHll paCllaJIOB (llliH Ue

noqKif pacnano8) cocroliT TOnLKO 113 cra6llJILHLix qacrnu. 06 IIMeiOmeii npiiHIIHnllanLHoe 3HaqeHne 

nillOTe3e 0 HeCTa6llJihliOCTll npOTOH08, cpeAHllll npO)lOJIJKHTCJihHOCTh JKH3HH KOTOphiX, llO cymeCT8y

IO!llHM H3MepeHHliM, 60Jib!lle 1031 (llliH )laJKe 1033) ReT, T.e. Ha MHOIU llOpliAK08 llpe8biiiiaeT 803paCT 

Harneii BceneHHoii, 6y,u;eT paccKa3aHO 8 llliTOii rnaBe. 

**qeTBepTOe H3 83aiiMO)leiiCTBHii, rpaB!IT<IUIIOHHOe, MOACJih He paccMa1Jlll8aeT, llOCKOJihKY ern 

BliHliHne 8 npoueccax, nceneeyeMhiX <Pn31IKOii qacrnu, npeHe6peJKIIMO Mano. 
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BaHIIe KOTOpbiX 6biDO CHa'laJia npe)l.CKa3aHO TeOpiieM, a 3aTeM )l,OKa3aHO 3KCnepii

MeHTaJibHO. 

CnrrbHOe II arreKTPOMarHIITHoe B3aiiMOAeMCTB~ AITH qacTIIU II aHTII'laCTIIU 

O)l,IIHaKOBbl no BeiTIJqiiHe, a crra6oe B3aiiMO)l,eMCTBIIe OTJIIJqHO. 3TO CBOMCTBO CIT~-
6oro B3aiiMOAeiicTBIDI Ha3biBaiOT 3ap~osoii aciiMMeTpiieii. B npoueccax crra6oro 

B3aiiMO)l,eMCTBIDI HapyrnaiOTC~ TaiOKe HeKOTOpbie 3aKOHbi COXpaHeHIDI cpii3IJtieCKIIX 

BeiTII'IIIH, TO'IHbie )l.ITH CHITbHbiX II 3ITeKTpOMarHHTHbiX B3aiiMO)l,eMCTBIIM. llo)l.po6-

Hee o6 3THX oco6eHHOCT~X crra6oro B3aiiMO)l,eMCTBIDI 6y)l.eT paCCKa3aHO B IDITOM 

mane. TioKa :lKe, 3a6erM snepeA, OTMeTIIM, 'ITO, He 6yAb IIX, BcerreHHM 6bma 6bl 

cosceM Apyroii (Haii6orree sepo~THO - coseprnenno nycToii, 6e3 3Be3A II nrraneT 

II, KOHe'IHO, 6e3 HaC C BaMn, ysa:lKaeMbiM 'IIITaTeiTb). 

3rreMeHTapHbie qacTIIUbi u ux B3anMOAeiicTBIDI npeACTasrreHbl na puc. 4. KaK 

BII)l,HO U3 3TOM CXeMbi, KBapKII yqaCTBYIQT BO B3aiiMO)l,eMCTBIDIX BCeX BII)l,OB, 3a

pRlKeHHbie rrenTOHbl - B 3ITeKTpOMalliUTHOM H crra60M, HeMTPUHO - TOITbKO B 

crra6oM. 

3apj!A 

~ 
~ 
<!) 

~ 

0 

-1 

:= +2/3 
:..: 
~ 
~ -1/3 

Macca, 
M::~B/c2 

• 0? 

3rreKipnqecKoe 
HClllJlllHO 

• 0,511 

3rreKipOH 

• 5 

U-KBapK 

•s 

d-KBapK 

Macca, 
M::~B/c2 

• 0? 

M!OOHHOC 
HClllJlllHO 

• 105,7 

M!OOH 

• 1270 
C-KBapK 

• 175 
S-KBapK 

tia~hl MaTepim 

Mace a, 
M::~B/c2 

• 0? 

Tay-
HClllJlllHO 

3JIEKTP 

• 1,784 

Tay 

.174 
t-KBapK 

• 4,25 

b-KBapK 

Macca, 
M::~B/c2 

fPABHTAIJ,llil 
0 0? 
fpaBIITOH 

CJIAEbiE 

Mso,2 
w+w-

• 91,2 
zo 

~ J/J rHIITHhlE 

"-"A 0 

<l>OTOH 

CIIJibHbiE 

• 0 

fJIJOOH 

3apM 

0 

±1 

0 

0 

0 

IIepenocqnm B3al!MOAeHCTBI!ji 
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KsapKU II ITellTOHbl COCTa~IOT TpU rpynnbi ( «nOKOITeHIDI» ), Ka:lK)l.M U3 KO

TOpbiX CO)l,ep:lKUT no )l,Ba KBapKa (c 3ITeKTPIJqeCKIIMII 3ap~ru.m -1/3 II +2/3) II )l,Ba 

rremona (c 3ap~aMII -1 u 0) .. 
Onpe)l.e~IOIUYIO porrb IIrpaiOT 'laCTIIUbi nepsoro noKorreHIDI, B qacTHOCTU, U3 

KBapKOB nepsoro nOKOITeHIDI COCTaBITeHbi ~pa BCeX 3ITeMeHTOB, II 3TH KBapKU 

~~IOTC~ ocHOBHbiM CTPOHTeiTbHbiM MaTepua.rioM Bcerrennoii. 

Ho II cymeCTBeHHO 6orree pe)l,KUe 'laCTUUbl BTOporo II TpeTbero nOKOITeHIIM 

BbiiiOITIDIIOT CBOII Cneuucpn'Ie<;KIIe cpynKUUII. 

0)l.HaKO npu CBepXBbiCOKOM TeMnepaType HITII(U) )l,aBITeHUUr«nOBe)l,eHIIe» ~ep

HOro BeiQeCTBa )l,OIT:lKHO MeiDITbC~ II OHO nepeXO)l.UT B COCTO~HUe KnapK-miOOHHOM 

lliTa3Mbi, T. e. KBapKU II miOOHbi nepecTaiOT 6biTb 3aKITIO'leHHbiMU BnyTpU a)l.pOHOB 

H CB060)l.HO nepeMeiQaiOTC~ II B3aiiMO)l,eMCTBYIQT Apyr C ApyroM no BCeMY 061>eMY 

lliTa3Mbi. 

B COCTO~HIIU KBapK-miOOHHOM nrra3Mbl, nO-BII)l,UMOMY, HaXO.I(HITaCb Harna 

BcerreHHM B nepBbie MrnoneHIDI (MaJibie . .n:orru ceKynAbi) nocrre Eorrbrnoro B3pbiBa, 

)1,0 TOro KaK CTaJIII B03HIIKaTb aApOHbi. BcerreHHM B TO Bpe~ ~~aCb lliTOT

HbiM II qpe3Bbi'laMHO rop~'IUM MeCUBOM II3 KBapKOB II aHTIIKBapKOB, rrenTOHOB II 

aHTnrrenTOHOB, miOOHOB, i:j:loTOHOB u, B03MO:lKHO, neKOTOpbiX APyriiX cpynAaMeH

TaJibHbiX 'laCTIIU. 

B ucxo)l,HOM cocT01!HIIH qncrro KBapKoB so Bceiiennoii 6hmo · pasno qucrry 

aHTUKBapKOB, a 'IIICITO rrenTOHOB - 'IUCITY aHTHITenTOHOB*. 

0 TOM, KaKOBo cooTHorneniie Me:lK.D:y qucrroM KBapKOB II aHTIIKBapKoB B cy

IQeCTBYIOIUeii Bcerrennoii, Mbi paccka:lKeM B crre)l.YIOIQeii mane. 

3aKaWIIIBM KpaTKIIM paCCKa3 0 'laCTmiax MIIKpOMIIpa, crreeyeT nO)l.'lepKHYTb, 

'ITO 3a)l,a'la cpn3IIKII 'laCTIIU OTHIO)l,b He CBO;iiiTC~ K IIX «KOITITeKQIIOHIIpOBaHiiiO» • 

3TO HaYKa 0 CBOMCTBa~ ~aTepiiii Ha cy6n~epHOM ypOBHe - II B. TO :lKe Bpe~ 
aTo HaYKa o CaMbiX o6IUIIX npiinunnax II 3aKonax narnero MIIpa. 3TII ABa acneKTa 

cpii3IIKII 'laCTIIU CB1!3aHbl ecTeCTBeHHbiM o6pa30~, IIfio qeM npoiQe IICCJie)l,yeMbie 

061>eKTbl II ·~BITeHIDI, TeM 'leT'le np011~IOTC~ B HIIX Haii6orree 06IQIIe 3aKOHbi, 

nOCKOITbKY 3aKOHOMepHOCTII 6orree CITO:lKHbiX CIICTeM Ha HIIX He )l,eMCTBYIQT. Ha 

ypOBHe ,'laCTIIU MIIKpOMIIpa OCTaeTC1! )l,eMCTBIIe ITIIIIIb CaMbiX OCHOBHbiX 3aKOHOB, 

6orree TOro - CBOMCTBa 3TIIX 'laCTIIU 1!~10TC1! npo~srreimeM TaKIIX 3llKOHOB. 

M nocrre)l.nee, 'ITO xo'leTc~ CKa3aTb B 3aKJIIOqenne · maBbi o qacinuax MIIKpo

MIIpa, - KaK MHOro OTKpbiTII~ B 3TOM o6rraCTII HaYKU 6biDO C.I(eiTaHO B Te'leHne 

O)l,Horo XX BeKa! 

llO)l.Be)l,eM KpaTKUe IITOlli CKa3aHHOMY B 3TOM mane: 

1. qacTIIUaM neiQec~sa (KpOMe cpOToHoB II 1r0 ) cocnseTc~BYIOT aHTIJqaCTIIUbi. 

2. A,npOHbl COCTO~T II3 KBapKOB. 

* 0TMCTIIM, qTo ::meKipll'ICCKIIH 3apM BcerreHHoii pasen H)'iliO •. 
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3. llpii CBepXBbiCOKIIX TeMrrepaT)'pe IDIII(II) ,[(aBJieHIIII KBapKII II rJIIOOHbl 

uaxo,[(HTC51 B COCT051HIIII KBapK-rJIIOOHHOll IU13.3Mbl. 

4. B cna6oM BJaiiMo.u:eiicTBIIII HapymaiOTC51 HeKoTopDie JaKOHbl coxpaHeHII51, 

BbiiiOJIH5110IIIIIeC51 B CIIJibHOM II :;meKTpOMaTIIIITHOM B3aJIMO,[(eHCTBII51X. 

4. BCEJIEHHMI HAPYIIIAET 3AKOHLI, YCTAHOBJIEHHLIE 
<I>H3HKAMH? 

YmDI<:aeMDiii qiiTaTeJib! 

BLI, .u:on:arno 6biTb, )')Ke JaMeTIIJIII, qTo B rrpe,[(bJ:J.zymeii maBe co.u:ep:lKIITC51 rro

noxeHHe, IIpOTIIBOpeqamee ,[(eHCTBIITeJibHOCTII: roBOpllTC51 0 CIIMMeTPIIII BemecTBa 

II aHTIIBeiiieCTBa, TOr,[(a KaK BOKpyr BCe IIOCTpOeHO TOJibKO II3 BeiiieCTBa (a aHTII

BeiiieCTBO B HmTO:lKHbiX KOJimeCTBax C03,[(aiOT qJIIJIIKII B CBOIIX Jia6opaTOpii51X C 

rroM:omLID crreiiiiaJibHbiX II CJIO:lKHbiX ycTaHoBoK). 

BLI coBeprneHHO rrpaBbi II BLI He rrepBDiii, KTO JaMeTIIJI HecooTBeTCTBIIe 

:nora HayqHO apryMeHTIIpOBaHHOro rrpe,[(CKa3aHII51 II TOrO, qTO..IIpOIICXO,[(IIT B ,[(ell

CTBIITeJibHOCTII, KaK 6bi IUIJIIOCTpiipYfOIIIee O,[(HO H3 cpiiJIOCOcpCKIIX BbiCKa3biBaHIIll 

rrpexiiero BpeMeHII: «MIIp cymero oTnmaeTc51 OT MIIpa ,[(OJI)KHOro». 

B CaMOM ,[(eJie, BCe BeiiieCTBO Ha 3eMJie IIOCTpOeHO TOJibKO II3 6apiiOHOB 

(II ::meKTpOHOB), a BemecTBa, IIOCTpOeHHOro H3 aHTH6apiiOHOB, HeT, qTQ 51BHO 

IIpOTIIBOpeqiiT TeOpeTmeCKII Ha,[(e:lKHO o60CHOBaHHOll CIIMMeTpiiii qaCTIIII II aH

~aCTIIII. qT06bi CllaCTII TeOpiiiO, 6Lma, Ha pa,[(OCTb IIIICaTeJ151M-cpaHTaCTaM, IIpii

.u:yMaHa riiiiOTe3a 06 aHTIIMIIpax, IIOCTpOeHHbiX II3 aHTIIBeiiieCTBa II HeiiOH51THbiM 

o6pa30M OT,[(eJieHHbiX OT MIIpa BeiiieCTBa (3Ta riiiiOTe3a IIpOCQqiiJiaCb II3 HaYKII 

.u:axe B II033IIIO II TeaTp - 3HaMeHII~biii MOCKOBCKIIii TeaTp Ha TaraHKe rrocTa

BIIJI CIIeKTaKJib «AHTIIMHpbl», B KOTOpOM 6biiiO IICIIOJ1b30Ba.HO TOro :lKe Ha3BaHII51 

CTIIXOTBopeHIIe A. BoJHeceHcKoro). 

3KcrrepiiMeHTOM, KOTOpbiH MOr ,[(aTb Ba:lKHYIO IIHcpOpMaiiiiiO 0 cymeCTBOiJaHIIII 

aHTIIMIIpoB, 6nmo IIJMepeHIIe 3HaKa 3JieKTpiNecKoro 3ap5I,[(a qacTIIII rrepBmHoro 

KOCMIIqecKoro innyqeHII51. EcTeCTBeHHbiM a.HaJIIIJaTopoM J,[(ecb CJI)')KIIT MarHIIT

Ho.e IIOJie 3eMJIII, KOTOpoe OTKJIOH51eT BepTiiKaJibHO IIa,[(aiOIIIIIe IIOJIO:lKIITeJibHble 

qacTIIIIbl K BOCTOKy, a OTpiiiiaTeJibHbie - K 3aiia.[(y. 

llepBblll ycrreiiiHblll 3KCIIepiiMeHT ITO IIOIICKY BOCTQqHo-Jaiia,[(HOll aCIIMMe

TPIIH rroToKa rrepBmHLix KOCMmecKIIx qacTIIII 6Lm ocymecTBJieH B 1949 r. co

BeTCKIIMII cpii3IIKaMII rro.u: PYKOBO,[(CTBOM C. H. BepHOBa. H3MepeHII51 rrpoBO,[(IIJIIICb 

B paiioHe reoMaTIIIITHOro 3KBaTopa, r,[(e 3TOT 3cpcpeKT ,[(OJI:lKeH 6biTb MaKCIIMaJib

HhThf, HJMepiiTeJibHYIO aiiiiapaT)'py, aBTOMaTmecKII coxpaH51BIIIYIO orrpe.u:eneHHYIO ,, 
a31IMYfaJibHYIO OpiieHTIIpOBKy, IIO,[(HIIMaJIII Ha 3HllqiiTeJibHYIO BbiCOTY C IIOMO-

lllbiO rnapoB-30H.D;OB. B 3TOM 3KcrrepiiMeHTe 6Lma ycraHoBJieHa BocroqHo-Jarra,[(Ha51 

aCIIMMeTPII51, ,[(0Ka3biBaiOIIIa51, qTo IIOJIO:lKIITeJibHbiX rrepBmHbiX qaCTIIII cyme

CTBeHHO 60Jibiiie, qeM OTPIIIIaTeJibHbiX (eCJIII IIOCJie,[(HIIe B006me cymeCTBYfOT). 
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.I(anLHeiirniie IICCJie,[(oBaHII51 yroqHIIJIII 3TOT. peJyJILTaT, ycTaHOBIIB rrpaKTme

CKoe OTCYfCTBIIe B IIepBIIqHbiX KOCMmeCKIIX Jiyqax aHTIIIIpOTOHOB II aHTII51,[(ep*. 

TaKIIM o6prooM 6Lmo .u:oKaJaHO, qTQ .u:ocryrrHa51 ,[(J15I rrp51Moro IIccne.u:oBaHII51 

qacTb BceJieHHOH co.u:ep:lKIIT T(JJibKO BemecTBO II He co.u:ep:lKIIT aHTIIBemecTBa. 

AcTponoMmecKIIe Ha6JIIO,[(eHII51 cymecTBeHHO pacrniipiiJIII o6JiaCTb Bcenen

noii, ,[(J15I KOTOpOH Ha,[(e:arno YCTaHOBJieHO OTCYfCTBIIe aHTIIBeiiieCTBa. 3TO. IIpe:lK,[(e 

BCero Haiiia ranaKTIIKa, IIeJIIIKo'M COCT05Illla51 H3 BeiiieCTBa (B IIpOTIIBHOM CJiy

qae rrpoiicxo,[(IIJia 6bi aHHIIriiJ151IIII51 BemecTBa II aHTnBemecTBa, KOTOpa51 6Lma 6LI 

JaMeTHa), a TaK:lKe II rro Toil xe rrpnimHe n neKOTopbie coce,[(HIIe ranaKTIIKII, 

CTaJIKHBaiOIIIHeC51 raJiaKTIIKH H T. ,[(. llpOIIeCCOB aHHIIriiJ151IIIIH BeiiieCTBa U aHTH

BeiiieCTBa BO BceneHHoii He o6Hap)')KeHo. Bee 3To rrpnBeno K BbiBo.u:y, qTo Bo 

BceneHHOii aHTnBemecTBO rrpaKTmecKII oTcyrcTByeT. 

Mncp 06 aHTIIMHpax pacce5IJIC51, HO JI.erqe OT 3TOro He CTaJIO: CO BCeii OCTpO

TOll BCTaJI Borrpoc, rroqeMY BO BceJieHHoii HeT aHTnBemecTBa, KoToporo, no cyme

CTBOBaBIIIIIM. HayqHO 060CHOBaHHbiM IIpe,[(CTaBJieHII51M, ,[(OJI:lKHO 6LIIIO 6biTb. rrpn-

6JIH3IITeJibHO CTOJibKO :lKe; CKOJibKO H BeiiieCTBa (3TOT BOIIpOC Ha3biBaiOT rrpo6Jie

MOH 6apnoHHoii aciiMMeTpiin BceneHHoii). 

llO,[(Be,[(eM HTOr CKa3aH~OMY B 3TOH maBe: BOrrpeKII O:lKII,[(aBIIIeMyC51 Ha OCHOBe 

CII!'.fMeTpiiii qacTIIII II aHTII'IaCTIIII rrpn6JIII3IITeJibHOMY paBeHCTBY BO BceneHHoii 

KOJIH'IeCTBa BeiiieCTBa H aHTIIBeiiieCTBa OKa3aJIOCb, qTQ . OHa COCTOIIT TOJibKO 113 

BemecTBa. 

5. KAK BCEJIEHHMI QqHCTHJIACb OT AHTHBEII(ECTBA 

On3eT Ha norrpoc, Kor.u:a n KaK IIc<le3Jio aHTIIBemecTBo, BOJIHOBaBrniiii cpii

JIIKOB n · KocMonoroB Bcero MIIpa, .u:an A. ,I(. CaxapoB B · 1967 r. Ero cTaTb51 na 

3TY TeMy**, ofueMOM BCero B 3 CTpaHIIIIbl, CO,[(epxana rrpe,[(JIO:lKeHHOe aBTOpOM 

o6'b51CHeHIIe 6apUOHIIOH aCHMMeTpHII BceJieHHOH, . CTaBrnee OCHOBOIIOJiaraiOIIIIIM 

,[(J15I 3TOH . o6JiaCTII HaYKH (XOT51 HeKOTOpbie H3 ee ,[(eTaJieii 6biiiii BIIOCJie,[(CTBIIII 

yroqHeHbl KaK CaMIIM aBTOpOM, TaK H ,[(pyrHMH yqeHbfMH)***. 

B 3TOii maBe paccKaJaHo o6 ocHOBHbiX rronoxeHII51X n II,[(e51x YKaJaHHoii 

pa6oTbi, 6Lmrneii (KaK cqiiTaJI CaM ~axapoB) Haii6.onee JHaqnTeJibHoii II3 Bcex ero 

qiicTo nayqHLIX pa6oT. · 

*EoJiee 90% qaCTHU nepBII'IHOH KOMIIOHe!ITbl COCTaBlli!IOT npOTOHhi, nplfMepHO 7% -
a-qacrHUbr, OKOJIO 1 % - 6oJiee TliJKeJJ~>re »onpa (BnJIOTh JJ;o ypana), "' 1 % - 3JieKTpoHbi II rro-

31ITPOHbi, a TaJOKe He3naqiiTeJibHOe KOJinqeCTBO <IJOTOHOB II. HeiiTpiiHO Bh!COKIIX 3Heprnii (IIMeiOTC51 

TaJOKe PeJIIIKTOBhie neiiTpnno, B03HIIKIII!fe npii IiOJihiiiOM B3pbiBe, 3Heprna KOTOpbiX B naCTOl!Illee 

BpeMl! IIIIJKe nopora q)'BCTBIITeJihHOCTII COBpeMeliiiOH annapaTYPbi). 

* * Ca:xapo6 A.Jl.. Hapynremre CP-IIHBapnaiiTHOCTif, C-aCiiMMeTprrn II 6ap1IOllllal! ac!fMM~Illl 
Bcerrennoii II IllfCbMa B 2K3Til>. 1967. T. 5, Bhiii. 1. C. 32-35. 

***Ilo3,!J;nee no 3TOM)' Bonpocy 6biJIII BbiCK:Oanhi II JJ;pyrne nmoTe3hi, KOTop~>re, OJJ;HaKO, npeJJ;

CTaBlli!IOTca aBTOpy )l;allliOH KHIIJKKII MeHee y6eJJ;IITeJihHbiMII. 
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A. ,[(. Caxapon 
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B Hatiane o6pa30BaHIDI Bcerrennoii se~ecTBa n aHTHBe~ecTBa, 6apnoHOB n 

aHTH6apHOHOB 6biDO O,!J;HHaKOBOe KOJIH'IeCTBO. IJpn 3TOM «Ha TeX CTa,!I;IDIX, KOr,!l;a 

sHepriDI cpoTOHOB npesocxo)J.HJla sHeprmo, TPe6yeM)'IO )liDI: o6pa3oBaHIDI napbi 

6apHOH+aHTH6apHOH» *, KOJIH'IeCTBO cpOTOHOB ,!I;OJI:IKHO 6biDO 6biTb 6JIH3KHM K 

KOJIH'IeCTBY 3THX nap. 

0AHaKO «B HaCTo.a~ee BpeM.ll. . • B Ha6rrro,!l;aeMoii tiaCTH BcerreHHoii ropa3,!1;0 

60Jibiiie cpOTOHOB perrHKTOBOro H3JIY'IeHIDI (HX OKOJIO 400 B 1 CM3 ); 'leM 6apHOHOB 

(B cpe,!I;HeM 10-5 - tQ-6 B 1 CM3 ), H •• ." HeT aHTH6ap1IOHOB». 

06n.acHeHne, ,!l;aHHoe ·caxapoBhiM nponciiie,!I;IIIeMJ pMHKaJibHOMJ H3MeHeHIIIO 

COCTaBa 'laCTHU BceJieHHOH, MO:lKHO B IIOIIJAApHOM H3JIO:lKeHHH- CBeCTH K CJie,!I;JIO

~eMJ. 

Kor,!l;a BcerreHHaH 6bma rop.atieii H CBepXIIJIOTHOii, B MeCHBe COCTaBJI.liBIIIHX 

ee tiacTHU npoiicxo)J.HJlo nocrre,!l;cmaTe.ilhHO ,!I;Ba npouecca: 

1. CHatiana, npn CBepXBbiCOKOii TeMneparype, 3a C'leT rrpoueccoil crra6oro 

B3aHMO,!I;eHCTBIDI Ha'laJIO HapjiiiaTbC.ll paBeHCTBO 'IIICJia 6apHOHOB II aHTH6apHOHOB 

(6apnoHoB CTano HeCKOJibKO 6orrbiiie, "'eM ilx aHTW!acTnu;). · · 

2. 3aTeM B IIJIOTHOH H J:lKe MeHee rop.atieii CMeCH 6ap1IOHOB II aHTII6ap1IOHOB 

1IpOHCXO)J.HJ10 HX TOTaJibHOe B3aHMOJHH'ITO:lKeHIIe (aHHHiliJUiQIDI), B pe3JJibTaTe 

tiero 6biDH JHH~ITO:lKeHbl 8Ce. aiiTH6apHOllbl H paBHOe liM K()JIH'IeCTBO 6apHOHOB. 

Yu;errerra JIHIIIb MaJia.ll tiaCTb 6apHOHOB**, )liDI KOTOpbiX He OCTaJIOCb «IIapTHepOB»~ 
aHTII6ap1IOHOB .lliDI aHHHrHJI.liUHH: ·3TH ocTaBIIIIIec.a 6ap1IOHhi II cocTaBJI.liiOT 6apn~ 
OHHoe Be~ecTBO. BcerieHHoii. · 

TaKIIM o6pa3oM, ecrrn 6bi He HapYIIIeHIIe paseHCTBa KOJIH'IeCTBa 6apnoHoB n 

aHTH6apHOHOB, IIpOHCXO,!I;HBIIIee 6rraro,!l;ap.a. npou;eccaM CJia6oro B3aHMO,!I;eHCTBIDI, 

Bee 6apnOHhi n aHTH.6apnOHbl B3aiiMH:o JHH'ITO:lKIIJIII . 6bi Apyr. Apyra n BO Bce

rreHHoii He ocTanoch 6bi Toro, 'ITO Mbi Ha3hiBaeM se~ecTBOM. IlosTOMJ MO:IKHO 

CKaJaTb, 'ITO CYIIIeCTBOBaHIIeM Haiiiero Mnpa, a 3Ha'IIIT, ysa:lKaeMbiii tiHTaTeJib, n 

TeM He6e3pa3JIH'1HhiM .lliDI Hac c BaMH o6cTO.liTeJibCTBOM, 'ITO Mbi :lKIIBeM Ha 6e

rroM cBeTe, Mhi o6.a3aHbi npe:lK,!I;e 8cero MlliOBeHIDIM, B KOTOpbie 6nmo HapYIIIeHo 

paBeHC;BO KOJIH'IeCTBa 6~p1IOHOB II aHTII6apHOHOB, MlliOBeHIDIM, CllaCIIIHM HaiiiY 

BcerreHHJIO. 

O,!J;HaKO, KaK 6hmo JKa3aHo B pa6oTe Caxaposa, TaKHe npoueccbi ,!I;OJI:lKHbi 

6biDH IIp01I30HTII TO.JibKO IIpii OIIpe,!l;eJieHHbiX JCJIOBIDIX. 

O,!J;HHM II3 3THX ycrroBnii .aBJl.liJIOCh HeCTaQIIOHapHoe (T. e. CYIIIec;rBenno Hepas

HOBecHoe) COCTO.liHHe BcerreHHOH. B TO BpeM.ll, KOr,!l;a 1Ip01ICXO,!I;IIJIH o6CJ:lK,!I;aeMbie 

*Kasbi'IKaMH Bbi,IJ;erreHbl UHTaTLI HJ «BocrroMHHailliH» Caxapona (mana «HayqmtJI pa6oTa B 60-x 
I'O,IJ;ax>>, CM. CCbJJIK)' HaC. 7). . 

**IlpHMH311Tel!bHO IQ-8-IQ-9. 
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npoueccbl. 3TO ycJIOBIIe, HeCOMHeHHO, BblllOJIIDIJIOCb; nOCKOJII>Ky, KaK CJie;::cyeT 

II3 aHa.TIII3a COBOKyiTHOCTII IIMeiOIUIIXC51 ,n:aHHbiX, BceJieHHa51 TOr,n:a pacrniip51JlaCb 

c orpOMHOH CKOpOCTbiO, necpaBHeHHO 60JibllleH CKOpOCTII. ee paCUIIIpeHII51 B no

CJie.n:yiDIUIIe BpeMena. 

)lBa ,n:pymx ycnoBII51, neo6xo.D:IIMI>IX ,nru1 ocymecTBJieHII51 rnnoTe3bi CaxapoBa 

o npoiiCXO)K,!(eHIIII 6apiiOHHOH aciiMMeTpiiii BceJieHHOH, OTHOC5ITC51, KaK HII na

pa,n:oKCa.TibHO 3TO MO)KeT nOKa3aTDC51, K cpii3IIKe lJaCTIIU MIIKpOMIIpa. 

0,n:HO II3 STIIX ycJIOBIIH - cymeCTBOBaHIIe pe,n:KOrO II SKCIIepiiMeHTa.TibHO 

TP)'WIO na6nro,n:aeMoro npouecca, Ha3I>IBaeMoro CP-HecoxpaHeHIIeM*. 

,I(pyroe ycnoBIIe, comacHo rniiOTe3e CaxapoBa Heo6xo,n:IIMOe ,nru1 B03HIIKHO

BeHII51 6apiiOHHOH aCIIMMeTpiiii BceneHHOH (II, 3aMeqy B CK06Kax, CBII.D:eTeJibCTBy

IOIUee 0 HayqHOH CMeJIOCTII aBTOpa rnnOTe3bi), - STO HeCTa6IIJibHOCTb IIpOTOHOB, 

5IBJ15IIOIUIIXC51 CBOero po,n:a KIIpiiuqaMII MIIp03,ll;aHII51. 

IJoCKOJlbKY · STII ycJIOBII51, B HaCTOHIUee BpeMH npiiH51Tble IlliipOKIIM KpyroM 

CIIeQIIa.TIIICTOB, 6I>mii · OIIpe,n:eJI5IIOIUIIMII Ha HalJa.TibHOH CTa,I(IIII pa3BIITII51 Harneii 

BceneHHOii, Mbi paccKa)KeM o HIIX 6onee no,n:po6Ho. 

HaqHeM c CP-HecoxpaHeHII51. 

K xapaKTepHbiM CBOHCTBaM lJaCTIIU MIIKpOMIIpa OTHOC5ITC51 CIIMMeTpiiii, KOTO

pbiM OHII y,n:oBJieTBOp5110T (IIJIII He y.n:oBJieTBOp5110T). YKa)KeM ,li;Be II3 STIIX CIIMMe

TpiiH, IIMerom;IIx npiiHUIIniiarri>Hoe 3HalJeHIIe ,nru~ o6cy:JK.!(aeMoro BOIIpoca. O,n:Ha 

II3 HIIX - CIIMMeTpii51 OTHOCIITeJibHO 3epKa.TibHOro OTpa)KeHII51 . BCeX KOOp,li;IIHaT 

(X --+ -X, y --+ -y, Z --;+ -z), Ha3biBaeMa51 IIpOCTpaHCTBeiiHOH lJeTHOCTbiO (lillii 

· P-lJeTHOCTI>ro). BenuqiiHDI, coxpaH5Irom;IIe npii STOM npeo6pa3oBaHIIII 3HaK, Ha3bi

BaroT P~iJ:eTHbiMII, MeH5Irom;IIe 3HaK - P-HelJeTHbiMII. ,I(pyrax CIIMMeTpiDI, OTHO

cxmaxcx B OCHOBHOM K lJaCTIIUaM; 06Jia,n:arom;IIM SJieKTpuqecKIIM 3apH,li;OM, __:.:.. STO 

CIIMMeTpii51 OTHOCIITeJII>HO II3MeHeHII51 3HaKa STOro 3ap5I,ll;a (C-lJeTHOCTb). 

IJpe,n:cTaBJieHllii 0 TOM, KaK np051BJ15IIOTC51 STII CIIMMeTPIIII, B03HIIKJIII He Cpa3y, 

a nporrmii px.n: cTyneHeii pa3BIITII51. ,I(o 1956 r. cqnniJioci>, lJTO BO Bcex · B3a

IIMo,n:eiicTBII5IX - CIIJibHOM, :meKTpOMarHIITHOM II CJia60M - COXpaH5IeTC51 npo

CTpaHCTBeHHa51 qeTHOCTb (P-lJeTHOCTb), T. e. co6I>ITII51 .D:OJI)I(Hbl 6I>ITb o,n:IIHaKOBDIMII 

,nru~ ,n:Byx CIICTeM, HBJI5IIDIUIIXCH · 3epKarrbHbiM oTpa)KeHIIeM ,n:pyr ,n:pyra. • O,n:naKo B 

1956 r. 61>mo nOH5ITO, lJTO B npoueccax CJia6oro (II TomKo cna6oro!) B3aiiMo,n:eii

CTBII51 P-lJeTHOCTb HapyrnaeTC51, T. e. B )l;Byx CIICTeMaX, 51BJ151101UIIXC51 3epKa.TibHbiM 

OTPa)KeHIIeM .n:pyr .n:pyra, npoueccbi cna6oro B3aiiMo,n:eiicTBII51 ne II.D:eHTuqHbi. 

O,n:HaKo B TelJeHIIe pMa neT ClJIITarrocb ycTaHoBJieHHDIM, ~o npii o,n:HoBpe

MeHHOM II3MeHeHIIII npOCTpaHCTBeHHOH II 3ap5I,li;OBOH lJeTHOCTII (T. e. npii 3ep

K<qbHOM OTpa)KeHIIII II II3MeHeHIIII 3HaKa SJieKTpuqecKOro 3ap5I,ll;a) IIX COBOKyiTHOe 

.n:eiicTBIIe He MeH5IeT 3HaKa (sTo Ha3biBa.TIOCI> CP-coxpaHeHIIeM). 

*()r aHI'JUtiicKHX CJIOB charge (3ap_sm) H parity ('ICTHOCTb). 
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Ho B 1964 r. rpyn11a aMepuKaHCKIIX cpii3IIKOB-sKcnepiiMeHTaTopoB OTKpi>ma, 

lJTO BOnpeKII ClJIITaBineMyCH TBep,n:o ycTaHOBJieHHbiM npe,n:CTaBJieHIIIO BeJIIIlJIIHa 

CP B cna6blx B3auMo,n:eiicTBII5IX He coxpaH5IeTcx*. 

CP-HecoxpaHeHue - 3TO HapyrneHIIe ciiMMeTPIIII Bem;ecTBa II aHTIIBem;eerna, 

pe,n:Koe II SKCIIepiiMeHTarrbHO TP)'WIO Ha6nro,n:aeMoe HBJieHue. O,n:HaKo BCKope no

cne ero OTKPDITII51 CaxapoB Bbi.D:BIIHYJI riiiiOTe3y o B03HIIKHoBeHIIII 6apiiOHHoii 

aciiMMeTPIIII BceJieHHOH, O,li;HIIM II3 He06XO,li;IIMbiX ycJIOBIIH KOTOporo OH ClJIITa.TI 

CP-HecoxpaHeHIIe. 

riinOTe3a CaxapoBa 6bma npiiH51Ta rniipOKIIM KpyroM yqeHbiX. 

B TO )Ke BpeMH ,n:arri>Heiillliiii TeopeTuqecKIIii aHa.TIII3 noKa3arr, lJTO TaKOii 

11pouecc CP-HecoxpaHeHII51, KaK OTKpbiTI>Iii B 1964 r., He MOr npiiBeCTII K B03-

HIIKHOBeHuro BO BceJieHHOH HepaBeHCTBa KOJiuqecTBa 6apiiOHOB II aHTII6apiiOHOB, 

lJTO STO .Mor 6bl c.n:enaTb ,n:pyroii, eme He _o6Hap~eHHI>Iii npouecc ( «npxMoe» CP

HecoxpaHeHue), BepOHTHOCTb KOTOpOrO, eCJIII OH cymeCTByeT, ,li;OJI)I(Ha 6DITb Ha 

HeCKOJibKO nOp5I,li;KOB .MeHbllle. 

IloiicK npxMoro CP-HecoxpaHeHirn, npoxBJieHIIeM KOToporo ,n:OJI)KHO 6MTb 

OTJIIIlJIIe OT HYJI5I COOTBeTCTByrom;ero napa.MeTpa, 0603HaqaeMOro c 1
, npOII3BO,li;IIJIC51 

o,n:HoBpeMeHHO B IJ.EPH B )KeHeBe II B na6opaTopiiii <I>HA.IT B CiliA. 

Ilo ,n:aHHbi.M, nonyqeHHDIM B IJ.EPH B 1988 r., c' #0 (lJTO YKa3I>IBarro Ha 

cymecTBOBaHIIe npxMoro CP-HecoxpaHeHII51), o,n:HaKO ,n:aHHI>Ie rpynni>I <I>HA.IT co

OTBeTCTBOBa.TIII c 1 = 0, II 06JUIIM pe3yJII>TaTOM )l;Byx SKCnepiiMeHTOB 6I>ma Heonpe

,[(eJieHHOCTb. 

Ilporrmo OKOJIO 10 JieT Hanp51)KeHHOH pa60Tbl, nOKa 6bmii C03,ll;aHbl HOBble, 6o

Jiee COBeprneHHbie SKCnepiiMeHTa.TII>Hble ycTaHOBKII II B TeX )Ke IJ.EPH** II <l>HA.IT 

6I>mii ocymecTBJieHI>I sKcnepiiMeHTbl HOBoro noKoJieHII51. Ha 3TOT pa3 ,[(aHHble, no~ 

nyqeHHDie no o6e cTopoHbl ATJiaHTw'IecKoro oKeaHa, 3aCBII.D:eTeJII>CTBOBa.TIII, lJTO 

11pouecc IIpxMoro CP-HecoxpaHeHII51, HBJI5IIDIUIIiicx comacHo Teopiiii CaxapaBa 

o,n:HIIM II3 Heo6xo,n:IIMI>IX ycnoBuii B03HIIKHOBeHII51 6apiiOHHOii aciiMMeTpiiii Bce

JieHHOii, ,[(eiiCTBIITeJibHO cymecTByeT. A Tor.n:a He Bbi3I>IBaeT co.MHeHII51, lJTO o6-

Hap~eHHax peaKilii51 npxMoro CP-HecoxpaHeHII51 He HBJ15IeTcx e.[(IIHCTBeHHoii II 

lJTO B HalJa.TibHbie MOMeHTbl cymeCTBOBaHII51 narneii BceJieHHOH B03HliKHOBeHIIe 

6apuonnoii acii.MMeTpiiii oiipe,[(eJI5IJIII n .[(pyrne peaKiliiii. 

IlosTOMY aKTYarri>noii 3a,n:aqeii cTarro nccJie,[(oBaniie Hapyrnenii51 CP-CIIMMeTpiiii 

B 11poueccax c yqacTIIeM .[(pyrnx; 6onee TH)KeJII>IX KBapKOB. 

3aKalllJIIBax o6cy:JK.!(eniie ponii CP-necoxpaHeHII51 Ha paHHeM STaiie 11pouecca 

co3,[(aHII51 narneii Bcenennoii, 3a,I(a,n:IIMcx BOIIpoco.M: · HY a ~o 61>mo 61>1, ecJIII 61>1 

*llepnoe coo6menne o6 STOM OTKphiTHH, nrroCJie,nCTBHH y.nocroeHHOM Ho6enencKoii rrpeMHH, 

6bmO C)leJlaHO Ha MC)!(]I)'Hapo,nHOH KOHtjJepemum IIO tjJH3HKC 'laCTHq B ):{y6He JICTOM 1964 r. 
**CymeCTBCHHhiH BKJla)l B COJ,naHHC 3TOH YCTaHOBKH H IIpOBC)ICHHC 3KCIICpHMCHTa BHeCJia Jla-

6opaTOpHll tjJH3HKH 'laCTH~ 06beJUmennoro HHcrmyTa .smepHbiX HCCJie,noBaHHii ():{y6Ha). 
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CP-cm.IMeTJJIDI 61>ma TO'IHoii:? KonWieCTBO KBapKoB I:I aHTI:IKBapKoB B paHHeii: 

BceneHHbii: ·61>mo 61>1 o;wHaKOBI>IM, l:l OHI:I B3al:IMHO )'HII'ITO:lKaJII:ICI> 61>1 B aKTax 

aHHIII1IlliiUI:Il:l ~0 TeX rrop, IIOKa BO BceJieHHOH l:IX COBCeM He OCTaJIOCb. TaK 

'ITO MI:Ip, B KOTOpOM Mbl :lKIIBeM, o6~3aH CBOI:IM cymeCTBOBaHI:IeM He60JibiiiOM)' 

Hap)'IIIeHI:IIO CP-I:IHBapiiaHTHOCTI:I. · 

· TpeTI>l:IM Heo6xo~l:IMI>IM ycnoBIIeM .IliDI B03Hl:IKHOBeHIDI BO BceneHHoii: acm.f

MeTJJI:Il:l BeiUeCTBa l:l aHTI:IBeiUeCTBa CaxapoB C'IIITaJI HecoxpaHeHI:Ie 6apiiOHHoro 

'll:ICJia, KOTOpoe ~OJI:lKHO IIpO~~TbC~ B pacna)J,aX IIpOTOHOB*. 3TO Ba:lKHeii:IIIee 

ycJIOBIIe npOTI:IBOpe'Il:IJIO cymeCTBOBaBIIII:IM rrpe~CTaBJieHIDIM l:l B3r~aM l:l 6bill0 

CBOero po~a Bbi30BOM. BnoCJie~CTBIIII CaM CaxapOB Hanl:ICaJI B CBOIIX BOCnOMI:IHa

HIDIX: «JJ:o He~aBHero BpeMeHII C'IIITaJIOCb, 'ITO npl:l Bcex rrpoueccax B rrpi:Ipo~e 

6apiioHHI>Iii: 3apM coxp~eTc~. 3aKOH coxpaHeHIDI sHeprni:I l:l 3aKOH coxpaHe

HIDI SJieKTpWieCKOrD 3apMa ~OnyCKaiOT pacna.n. npOTOHa ••• Ho BeCb nOBCe~HeB

HbiH OnbiT CB~eTeJibCTByeT 0 TOM, 'ITO STOro He IIpOIICXO~IIT (l:IJIII npOHCXO~llT 

Kpaii:He pe~o). 3Kcnepi:IMeHTaJII>HI>Iii: npe~en .IliDI Bepo~THOCTI:I sToro rrpouecca 

oqeni> Hll30K. B TOHHe BemecTBa co~ep:)[mTc~ rrpi:IMepHo 1030 6apHOHOB. Mo:lKHO 

YTBep~aTI>, 'ITO 3a ro~ B o~Hoii: TOHne pacna.n.aeTc~ . MeHI>Uie o~noro 6apHona. 

(JJ:o6aBJieHI:Ie 1987 r. Tenepb STOT npe~en eme YMeHI>IIII:IJIC~ B nec~Tb pa3.) Ecni:I 

61>1 pacna)J,aJIC~ pOBHO O)J,l:IH 6apHOH B ron, TO 3a BCe Bpe~ cymeCTBOBaHIDI Bce

JieHHOH ••• B Ky6e CO CTOpOHOH O)J,l:IH Kl:IJIOMeTp pacnanaCb 61>1 KpyrrHHKa B 1,4 
MllJIJII:IMeTpa )J,l:laMeTpOM - ene B~llM~ rJia30M. 3KCTpaiiOJII:Ipy~ STY noTp~caiO

IUYIO cTa6l:IJII>HOCTI>, tPH3l:IKH cnenanl:l BI>IBOA, 'ITO cymecTByeT a6coJIIOTHI>Iii: 3aKOH 

coxpaHeHIDI 6api:IOHHOro 3ap~na. 
IfMeHHO na STOT 3aKOH, Ka3aBIIIllHC~ nO'ITI:I He3I>I6JieMbiM, l:l nOC~rHYJI ~ B 

cBoeii: pa6oTe». 

CMen~. MO:lKHO cKa3aTI>, peBOJIIOIUIOHH~ rnnoTe3a CaxapoBa o HecoxpaHe

Hlll:l 6apl:IOHHOrO 3ap~)J,a, npOTI:IBOpe'IllBIII~ cymeCTBOBaBIIII:IM npe)J,CTaBJieHIDIM, 

61>ma CO BpeMeHeM IIplliDITa IIII:IpOKI:IM KpyrOM cneUllaJII:ICTOB. 

OnHaKo pacna.n. npoTOHOB ne Ha6nro~anc~ ~o nacTo~mero BpeMeHH, necMOTJJ~ 

Ha UeJiyro cepHIO KpyrrHOMaCIIITa6HbiX SKCnepi:IMeHTOB no ero nOHCKy. B STIIX 

SKcnepnMeHTax, npoBOAHBIIIIIXC~ my6oKo no~ 3eMJieii: .IliDI YMellbiiieHIDI <iJoHa, 

Bbi3BaHHOro B3aiiMO)J,eHCTBHeM C )J,eTeKTOpaMH 'laCTHU KOCMWieCKHX nyqeii:, 6I>IDO 

YCTaHOBJieHO, 'ITO cpe)J,Hee Bpe~ :lKH3HH npOTOHOB COCTa~eT He MeHee 1032 
JieT 

(Arm cpaBHeHIDI - naiiia BceneHH~ cymecTByeT He 6onee 2·1010 neT). B03-
. ' 
MO:lKHOCTH )J,aJII>Heii:IIIero npO)J,BH:lKeHIDI B SKCnepi:IMeHTax no np~MOMY IIOHCKY 

pacrra.n.a npOTOHOB B HaCTO~IUee Bpe~, K CO:lKaJieHHIO, nO'ITH IIC'IepiiaHbi. TeM 

He MeHee 3Ha'IHTeJibH~ (II, IIO-BII)WMOM)', 60Jibiii~) 'laCTb CIIeUllaJIIICTOB, KaK 

*B rrepBbie MrnoBeHnll BcerreHHOii:, Koma e~e He 6bmo rrpOTOHOB, 3TOT rrpo~ecc AOJIJKeH 6bm 
IlpliBOAUTb K paCIIa.IIJ ~ecTBOBaBIIIHX TOI'):Ia Apyrnx HOCJITeJieii: 6apUOHHOI'O 3apl!Aa (KBapKOB? Iirru 
UHbiX, rnrroTerli'lecKUX qacr~?). 
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tPll3llKOB, TaK l:l KOCMOJIOroB, CKJIOIDieTC~ BCJie~ 3a. CaxapOBbiM K TOMy, 'ITO rrpo

TOHbi ~oJI:lKHbl (l:IJin Moryr B onpe~enenHI>IX ycnoBIDIX) pacna.n.aTI>C~. IIosToMy 

MO:lKHO Ha)J,e~TbC~, 'ITO cymeCTBOBaHHe pacna.n.a IIpOTOHa 6yneT paHO l:IJill II03~HO 

IIO)J,TBep~eHO, XOT~ He IICKJIIO'leHO, 'ITO OKOH'laTeJibHblii: BbiBO~ 0 cymeCTBOBaHnn 

STOrO npouecca IIp~eTC~ ~eJiaTb TOJibKO Ha OCHOBaHllll KOCBeHHbiX ~aHHbiX. 

lJO)J,Be)J,eM KpaTKHe IITOrii CKa3aHHOM)' B STOll maBe IIO IIOBOey · riiiiOTe3bl 

CaxapoBa o rrpoHcxo~eHHll 6apHOHHoii: acHMMeTpHH BceneHnoii:. 

1. B na'laJII>Hble MO~enTI>I CBoero c.YmecTBOBaniDI Haiiia BceneHH~ cocToAAa 

ll3 O)J,IIHaKOBOro KOJIWieCTBa BeiUeCTBa II aHTHBeiUeCTBa. 

2. Eme Ha caMoii: paHHeii: CTa.lJ.llll pa3BIITIDI BcenenHoii: BcnencTBIIe rrpoueccoB 

cna6oro B3ai:IMoneii:cTBIDI BemecTBa CTaJIO HeMHoro 6oJII>IIIe, qeM aHTIIBemecTBa. 

3. Bene~ 3a STHM B rrpoueccax B3aiiMnoii: aHHH~Ullll 61>mo )'HWITO:lKeno 

(II npeBpameno B tPOTOHbl ll napbl neii:TpllHO-aHTHHeii:TpllHO) 8Ce aHTIIBeiUeCTBO 

H paBHoe KOJIWieCTBO BemecTBa. BemecTBO Haiiieii: Bcenennoii:, ocTaBIIIeec~ rro

cne rJI06aJibHOH aHHll~UHll, COCTa~eT Jlllllib MaJiyro ~OJIIO ero Ha'laJibHOrO 

KOJill'leCTBa. 

4. CamacHo rnnoTe3e CaxapoBa npoTOHbl ~OJI:lKHbl 61>IT1> HecTa6l:IJII>HbiMH. 

IIosTOMY IIOHCK HX pacrra.n.oB ocTaeTc~ 33,l),aqeii: rrpHHUHIIllaJII>Horo 3Ha'leHIDI. 

BMECTO 3AKJIIOqEHIDI 

IIpoHIIKHOBenHe B Taii:Hbl rrepBI>IX MrHOBenHii: Haiiieii: BceneHnoii: :- onHo H3 

BeJIHKIIX nocTn:lKeHHii: HaYKH XX BeKa.. 0Ho cTano B03MO:lKHI>IM 6naronap~ co-

3)J,aHHIO 3ii:HIIITeii:HOM o6meii: TeOpiill OTHOCHTeJibHOCTII, pa3pa60TKe <l>p~aHOM 
Ha ocHoBe OTO MO)J,eJIH pa3BIITIDI Bc·eneHHoii: KaK uenoro, oTKpi>ITHIO Xa66noM 

paCIIIHpeHIDI BceJieHHOii:, pa3pa60TKe raMOBbiM MO)J,eJIH rop~qeii: BceJieHHOii:, co-

3)J,aHIIIO l:IJie~)J,OH TaJiaHTJillBbiX tPll3IIKOB, TeopeTllKOB II SKCIIepHMeHTaTOpOB, tPll-

3llKll qacTHU MHKpm.mpa, pa3pa6oTKe CaxapOBI>IM MonenH npouecca O'IHIUeHIDI 

paHHeii: BceneHHoii: OT aHTHBemecTBa, a TaloKe p~ npyrnx Menee 3Ha'IHTeJII>HhiX 

OTKpbiTllH. 

Boo6me cnenyeT OTMeTHTI>, 'ITO HaYKa B XX BeKe pa3BHBanacb IIHTeHCIIBHO, 

HeCMOTJJ~ Ha )),Be MllpOBble BOHHbi II TOpM03llBIIIlle HaYKY pe:lKIIMbl B HeKOTOpbiX 
) 

CTpaHaX. lJo:lKeJiaeM :lKe HaCTyrrllBIIIeM)' XXI BeKJ BHeCTII B pa3BIITlle HaYKII He 

MeHbiiillH BKJia)J,, 'leM )'IIIe)J,IIIllH )J,B~aThiH. 

ABTop 6naronapen aKa)J,eMHKY JI. E. 0KYHIO n · ~OKTopy tPH3llKO-MaTeMaTH

qecKHX HaYK B.JI.Jiro6oiiiHuy 3a ueHHI>Ie 3aMe'laHIDI H coBeTI>I, C. C. lliHMancKOMY 

3a IIOMOIUb B Iio~6ope IIJIJIIOCTpaunii: II IIO)J,rDTOBKe pa60Tbi K ll3)J,aHIIIO, B. H. rop-

6)'HOBOH 3a IIOMOIUb, 6e3 KOTOpoii: STa KHII:lKKa He YB~eJia 61>1 CBeT. 
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KPATKHfi: CJIOBAPbTEPMHHOB 

A):J;pOHLI - 'laCTHU:hl, yqaCTByroiQHe B CHJILHOM B3aHMO,!I;eHCTBHH H COCTO

.HIQHe H3 KBapKOB. A.IJ:pOHhl ll0,!1;pa3,!1;eJUIIOTC.H Ha 6apU01lbl, COCTO.HIQHe H3 Tpex 

KBapKOB, H .Me301lbl, COCTO.HIQHe H3 KBapKa H aHTIIICBapKa. 

AHHHniJI.HQH.H- npou:ecc, B KOTOpOM 'laCTHU:a H ee aHTuqacTHU:a, CTa.TIKH

Ba.HCh, B3aHMHO )'HuqTo)l(aiOT .IJ:pyr .IJ:pyra, po)I()J;a.a npn 3TOM .IJ:pyrue qacTHU:LI. 

AHTH'13CTHU:a (no OTHomeHHIO K .IJ:aHHoii qacTnu:e) - qacTnu:a, o6na.IJ:aiO

ma.a TOM :lKe MaCCOH, BpeMeHeM :lKH3HH H HeKOTOpbiMH .IJ:pyrHMH napaMeTpaMH, HO 

c aneKTpuqecKHM n .D:PyrHMH 3ap.II,ll;aMH npoTnBonoJIO)I(HOro 3HaKa. HanpnMep, 

aHtuqaCTHU:eH 3JieKTpOHa .HBJUieTC.H ll03HTpOH, a aHTH'IaCTHU:eH ll03HTpOHa -

aneKTpoH. TaKyro :lKe napy o6pa3yroT npoToH n aHTHnpoToH. Bee aneMeHTap

HLie 'laCTHU:hl, KpOMe a6COJIIOTHO HeHTPa.TihHhiX, HMeiOT CBOH aHTuqacTHU:hl. llpH 

CTOJIKHOBeHHH 'laCTHU:hl H aHTuqacTHU:hl npOHCXO)J;HT HX B3aHMHOe )'HuqTO)I(eHHe 

( aHHHillJUIU:H.H). 

IiapnoHLI - eM. MPOHLI. 

rmooHLI - 6e3MaCCOBLie qacTHU:hi, o6MeH KOTOpbiMH Me)I(.IJ:y KBapKaMH Jie

:lKHT B OCHOBe CHJihHOro B3aHMO,!I;eHCTBH.H. 

I'paBHT3U:H.H - TO )l(e, 'ITO H T.HroTeHHe. 

KsapKn - aneMeHTapHLie qacTHU:LI c .IJ:po6HLIMH aneKTpnqecKnMn 3ap.~I.D:aMH 

(-1/3 H + 2/3), .HBJUIIOIQHeC.H COCTaBHhiMU 3JieMeHTaMH a,!l;pOHOB. 

KOCMH'IeCKHe JIY'Jll - llOTOK 'laCTHU: BhiCOKOH 3Hepnm, B OCHOBHOM npo

TOHOB, lla,!l;aiOIQHX Ha 3el\IJIIO H3 KOCMuqecKOro npOCTpaHCTBa (nepBuqHoe H3-

JiytieHne), a TaK)I(e llOTOK BTOpH'IHhiX 'laCTHU:, po)I()J;eHHhiX npn CTOJIKHOBeHHH 

nepBH'IHhiX 'laCTHU: C BeiQeCTBOM aTMoc¢epbi. Jlp C03,!1;aHH.H YCKOpHTeJieii KOC

MuqecKHe nyqn 6Lmn e.IJ:HHCTBeHHLIM HCTO'IHHKOM qacTIIU: BLICOKoii 3Hepnm. B 

KOCMH'IeCKIIX nyqax 6Lmii OTKpLITLI noJIITpOHLI, MIOOHLI, 7r-Me30HLI II p.a.IJ: .IJ:py

rnx 'laCTIIU:, a TaK)I(e MHO)I(eCTBeHHOe po)I()J;eHIIe 'laCTIIU: II HeKOTOpLie ,!l;pyrHe 

llpOU:eCCbl ¢II3IIKII 'laCTIIU: BhiCOKIIX 3Heprnii. 

JleiTTOHLI - 3JieMeHTapHLie 'laCTIIU:hl, He yqaCTByroiQHe B CHJILHOM B3a

IIMO,!I;eHCTBIIII. CymecTByroT JapH)I(eHHLie nemoHLI Tpex TIInoB: aneKTpOHLI (e), 

MIOOHhl (J-L), Tay-nenTOHbl (T) H COOTBeTCTByroiQIIe HM Tpii THlla HeiiTpiiHO. 

Me30HLI - a.IJ:pOHLI, cocTo.amiie H3 KBapKa n aHTHKBapKa. Bee Me30HLI He 

CTa6IIJILHhl, HX BpeMeHa :lKII3HII MeHbille 10-9 C. 

HeiiTPHHO - cTa6IIJILHLie nemoHLI, He nMeiOmne aneKTpii'IecKoro 3apH.IJ:a. 

CymecTByeT Tpn THna HeiiTpHHO - aneKTpOHHOe, MIOOHHoe n Tay-nenTOHHoe. 

': HeiiTPoHLI - 6apiiOHLI, He nMeiOmne aneKTpuqecKoro Jap.II,ll;a. HeiiTPOHLI 
" BXOMT B COCTaB .II,ll;ep BCeX 3JieMeHTOB, KpOMe BO,!I;OpO,!I;a. 

llo3HTPOH - aHTuqaCTnu:a am;KTpoHa. 

llpoToH - JiePiaiimnii II3 6apiiOHOB, .II.D:PO aToMa BO.IJ:opo.IJ:a. BMecTe c Heii

TPOHaMII COCTaBJUIIOT .II,ll;pa BCeX OCTa.TihHhiX 3JieMeHTOB. 
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fllOToH - 3JieMeHTapHa.a 'laCTHUa c Maccoii n aJieKTPuqecKHM 3ap.II,ll;oM, 

paBHbiMH H}'JIIO, nepeHOC'IHK 3JleKTPOManiiiTHOro B3aHMO,!I;eHCTBIDI Me)I(.IJ:y 3apH

:lKt:JiHLIMH 'laCTHQaMH. 

3JICKTJ)OH - CTa6HJILHa.H 3JieMeHTapHa.H 'laCTHQa C OTpUU:3TeJILHhiM 3JieK

TPuqecKHM 3apH.IJ:OM, OTHOCHTCH K JieiiTOHaM. 3JieKTPOHhl COCTaBJijiJOT o60JIO'IKH 

aTOMOB H jiBJUIIQTCH O,!I;HHM H3 CTpYJITYPHhiX 3JleMeHTOB BeiQeCTBa. llOTOK 3JieK

TPOHOB o6pa3yeT 3JieKTPuqecKIIii TOK. 

3JieKrpOHBOJILT - e.IJ:IIHHu:a 3Hepmu ¢mHKH qaCTHQ. 1 3B - 3HepriDI, 

KOTopyro npuo6peTaeT aJieKTPOH, npoXO.IJ:5! pa3HOCTL noTeuu:uanoB B 1 B. : 
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