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Pemmmx pga ce omndraMm [Ja Hanviia [OMOy/sipHA KHUra 3a
IIPOCTPAaHCTBOTO Y BPEMETO CJieJ, JIeKLIUMTe, KOUTO W3HeCOoX B XapBap[
rpe3 1982 r. 3a panHaTa BcesieHa Beue MMa 3HauUMTe/IeH OpOii KHUTH — OT
MHOTO /106pH, KaTo KHUrata Ha CTUBBH YauHOBpT ,,ITbpBUTE TPY MUHYTH®,
[0 MHOTO JIOIIH, KOUTO HsIMa fla mocoda. Ctopu MU ce obaue, ye HUKOS OT
TSIX BCBI[HOCT He ce 0Opbiljla KbM BBIIPOCHTE, KOUTO Me [0Befoxa [0
v3Cie[BaHus B KOCMOJIOTMATA U KBaHTOBara Teopus: OTKbAe wuzBa
Bcenenara? Kak u 3ai11o e 3arnovuHasna? Ille uma i1 Kpal ¥ ako JjJa — KaKbB?
Te3u BBIIPOCU WHTepecyBaT BCUYKU Hac. Ho cbBpemMeHHaTa Hayka Taka ce
TEeXHW3Wpa, 4Ye  CIIelUaJUCTUTe, CIOoCOOHM Ja  YChbBBHPIIEHCTBAT
MaTeMaTHhKara, HeobxoJuMa 3a OMMCAHWeTO UM, Ca TBbpAe Masko. U Bce
Mak OCHOBHHMTe WJied 3a Mpousxofa u chabara Ha Bcesnenata morar ga ce
n3sokat 6e3 momoiiiTa Ha MaTemMaTHKaTa BbB BU/], KOWTO U Xopa 6e3 HayuHa
TOATOTOBKA Morar jia pa3bepar. ViMeHHO TOBa Ce OMUTaXx /la HarpaBsi B Ta3u
KHUra. YuraresdT 11je TpeLieHy JOKOIKO CbM YCIIsIL.

Hsikoit My Ka3a, ue BCSIKO ypaBHeHUe, KOeTO OMX BK/IFOUM/ B KHUTarTa,
IIle HaMa/ M HaroJIoBMHa ThpceHeTo . [Topaau ToBa pelmmx 300110 Aa

HAMA YPdBHEHUH. HaKpaH obaue BMBKHAX €0HO — 3HAMEHHNTOTO YpdBHEHHE

Ha AiHmaiin E = mc®. HagsBam ce 7a He yIjlalid TOJIOBMHAaTa OT

TIOTEeHL[Ma/IHUTEe YUTATEeJN.

KaTo u3K/ItounM peikusi KbCMeT fla 3a0osiest OT TphOHaUHa MYCKY/THA
arpocdusi, “Haue CbM KbCMET/IUsI [IOYTU BbB BCSIKO OTHOLlleHWe. [ToMolTa u
MoJIKperiata Ha Mosita celipyra [keiiH ¥ Ha ferjata Mu Pobwpt, Jlycu m
TuMHU MU flafj0Xa Bb3MOKHOCT Jla BOZSl CPaBHUTE/THO HOpMaJieH XKUBOT U [Jia
HarmpaBsl ycrelHa Kapuepa. W mak 065X KbCMeTnusi, KaTo H30pax
TeopeTUYHaTa (hM3MKa, 3all[0TO BCUUKO 3a Hesl e B I[VlaBaTa MM. Taka de
HeALI'BT He Oellle cepro3Ha Tipeuyka. BcUUKM MoW KojleTM yuyeHW 0Oe3
W3K/IF0OUeHre MU Osixa Oe3KpaifHO IT0/Ie3HH.

B mepBara, ,kmnacuuecka“ ¢asa Ha Kapuepara Haii-0/M3KM KOJeru u
CbTpyAHULIM MU Osixa Pomxkbp IleHpoy3, PoobpT I'epok, bpanabsH KapTep u
Ixopapk Emumc. biaromapeH CbM 3a OMOILLTA, KOATO MU OKas3axa B
CbBMecTHaTa HuU paborta. Ta3u ¢asa Oeme 006061IeHa B KHUTara
,EApomairiabHa CTpyKTypa Ha TPOCTPAaHCTBO — BpeMeTO”, KOSITO
HarnicaxMme ¢ Enuc npe3 1973 r. He 6ux chbBeTBa/i uMTaTe/vMTe Aa ThPCIT B
Hesl IOITb/THUTE/IHa UH(OPMal[Ysi: TSI € MHOTO Creljda/iHa U TBbp/e TPyAHa
3a uerteHe. HajsiBam ce BHOoc/ieACTBME [la CbM Ceé HayuWl [la MMila 0
HauyuH, M0-/ieceH 3a pa3bupaxe.



BbB BTOpara, ,,KkBaHTOBa“ (Pa3a Ha AeuMHOCTTa cH, cien 1974 r., Mmou
Hali-6nmm3ku cbTpyaHuLu 6sixa I'apu T'nbsHC, JoH IMetlimk u [)kum XapThJl.
MHoOro gb/ka Ha TIX M Ha aclMpaHTUTe CU, KOUTO MHOIO MU ITIOMOrHaxa
KakTO BbB (DU3MUECKUsi, Taka U B TEeOPeTUUYHHUSI CMHUCBHI Ha [ymara.
HeobxogumocTTa [ja MoAAbP)KaM HUBO 3apajid CTY/leHTUTe cU Oellie TOJSAM
CTMMYJI 3@ MEeH U MU Ce CTPYyBa, ue Me Ipe/riasy OT 3aTbBaHe B KOJIOBO3UTE.

[osiAmMa momoll; 3a Ta3W KHUMra MM OKa3a MOSIT CTyieHT bpalibH YuT.
[Tpe3 1985 r. ce pa3bosissXx OT TTHEBMOHUS, C/efi Karo OsiX HaXBbPJISI
IbpBaTa uepHoBa. TpsiOBallle /a ce MOAJIOKAa HAa TPaXeoCTOMHsS, C KOETO
3ary0Mx roBopa CU M CTaHa TOYTH HEBb3MOXKHO Jia oOIfyBaM. Mucnex, ue
HAMa fAa mora fAa s goebpuia. Ho bpaibH He camo MU TMOMOrHa fa s
KOpUTMpaM U [OMb/IHSA, HO U Me HayuyMu Kak [la M3I0/I3BaM [porpamara 3a
KOMYHUKAalluM, HapeueHa ,JJIUBUHT CeHTBDP“, KOATO MM MOAapu YOIT
Yontowr ot ,,¥wpAac mabc WMHK.“ B CbHuBeis, Kamudopausi. C HeliHa
TIOMOII] MOTa Jia MUllla KHUTU U TyO/IMKaliuK, a U Jja pa3roBapsiM C Xopara,
KaTO WM3I0/I3BaM TOBOPHHUS CUHTE3aToOp, KOWUTO MM mojapuxa OT ,,Criind
nabC”, cbijo B CbHuBenn, KamupopHus. CHUHTe3aTOPBT U €IWH MaslbK
KOMITIOTBP Os1Xa MOHTHPAHU Ha UHBAUAHUS MU CTOJT OT [leiiBuj; MelChH.

ToBa Beue Gelile CbBCeM JIpyro: cera (hakTuecku mora ja obryBam
110-7100pe, OTKOJIKOTO TIpe/iu /1a 3ary0s raaca cu. ITomyunx npeajokeHus: OT
MHOTO XOpa, KOUTO Osixa BHe/U TpeAUIIIHUTe BapHaHTH, KakK /ia Harpass
Ta3u KHWra To-fjobpa. Haii-Beue Ilutbp ['y3apau, MosT pefakTop OT
,BeHTBM OyKC*, KOUTO MU MU3MPaTH MHOTO CTPAaHULIY C Oene)KKu 1 BhITPOCU
3a HellljaTa, KOUTO Criopesi Hero He CbM 00sicHWN f00pe. TpsibBa Aja nmpu3Has,
ye KOraTo TMOJIyYMX Jb/ITUSI CIIMCHK 3a KOPEKI[MH, MHOTO Ce si/I0CaxX, HO TOU
ce oka3a abcomoTHO TpaB. CHUTypeH CbM, uUe KHWTraTa CTaHa I10-A00pa
GrarofjapeHvie Ha TOBa, Ye MU HaTpPH HOCA.

MHoOro cbM 3aAb/DKeH Ha acucTteHTuUTe cu KomvH Ywnsamc, [deuBup
Tombc 1 PembHp Jladnam, Ha cekpetapkute cu bxynu dena, AH Pand,
Yepun bunmnHrteH 1 Cro Macu 4 Ha ekuna OT MeJULMHCKUA cecTpu. Huio
HsiMalle Jla TOCTUrHA 0e3 TMOMOIMTe 3a HayyHUTe W3C/Ie[iBaHUS WU
pa3xoAuTe TI0 JIeUeHUeTO MU, OCUTypsiBaHU OT ,,l'oHBUN eHp, Kau Kok,
CbBeTa 3a HayKa ¥ TeXHWYeCKU U3C/eiBaHUs U OT (PoHAALMHTe JINBbPXIOM,
MakkapTsp, Heduiing u Pang Cmut. be3kpaiiHo cbM UM GarofiapeH.

CTuBBbH XOKHHT
20 oktomBpH 1987 .



BLBEJEHHE OT K. CEUI'BH

Harieto BcekwaHeBHe MMHABa, 0e3 ja pa3bupamMe MOUTH HUIIO OT
CBeTa, B KOMTO >KMBeeM. MaJiko ce 3aMUC/IsIMe 3a MeXaHW3Ma, MOopa’k/alll
CTbHYEBaTa CBeT/IMHA, KOSTO TpaBU >KWBOTA Bb3MOXKEH, 3a I'DaBUTALIUATA,
KOSTO HHM IIpMKOBaBa KbM 3eMsTa M 0e3 KOSTO OmxMe OOMKasiivd B
KOCMHYECKOTO MPOCTPAaHCTBO, UM 3@ aTOMUTE, OT KOUTO CMe CbCTaBeHU U
OT UHATO CTaOUIHOCT M3Is/I0 3aBUcHM. C M3K/IIOUeHue Ha fierjaTa KOUTO He
3HasT JI0CTaThbUHO, 3a Jla He 3ajlaBaT BajieHW BBIIPOCH) MaJl[MHA Ca Te3H,
KOMTO Ce TMMTaT 3allj0 Npupojara € TakKaBa, KaKBaTO e€; OTKble WUJe
KocMOChT WM 3al1j0 e BUHArk e TyK; Jalyd e[UH [eH BpPeMeTO HsAMa /a
TpbrHe Has3aJ W CAeJCTBUETO Ja W3IMpeBapu IpAYMHATA; [Jaidi  He
CbILIeCTBYBAT I'PaHULIUA 3a YOBELIKOTO Mo3HaHue. MiMa Jaxe zela, U a3 CbM
cpellja/l TaKMBa, KOMTO UCKAT [la 3HAsAT KakK M3IVIeXX7a eHa YepHa AyIIKa;
KOS € HaW-MaJsIkaTa 4yacTHvlla BellleCcTBO; 3alll0 MOMHHWM MWHA/I0TO, a He
OB/eIeTo; Kak e Bb3MOXKHO, CJie] KaTo B MMHA/IOTO € MMaJlo Xaoc, cera Ja
¥Ma peJi; W 3aI10 Coeljecmaysa BceneHara.

B Hamrero o01iecTBo e Helo 0O0WUYaliHO POAMTENd W YUHMTENd Ja
OTrOBapsIT Ha MOBEUeTO OT Te3W BBIIPOCH ChC CBHBAaHE Ha paMeHe WU
1030BaBallKM Ceé Ha CMBbTHMUSI CIIOMEH OT PpeJIMTMO3HUTe MpeAnrCaHusl.
Hsikon ce uyBCTBaT HeEyOOHO TIPH BBITPOCH, KOMTO TaKa SBHO ITOKa3BaT
OrpaHUYEHUSITA B YOBEIIKOTO TT03HAHUE.

Ho mMeHHO Te3W BBIIPOCH ca OWIM B rosisMa CTeTleH JBUTraTes 3a
pa3BUTHETO Ha (punocodusTa U HayKaTa. Bce roBeue ca U Bb3pacTHUTE,
Kesaelly /ia 3ajaziaT mofobHU BBIIPOCH, U YeCTO Te CTUTaT /10 U3yMUTeTHU
OTrOBOpU. EAHAKBO oOTjgajsieueHM I OT aroma, W OT 3Be3AuTe, HUE
pasiiipsiBaMe CBOWTE H3C/IeZIOBAaTe/ICKM XOPH30HTH, 3a Jia OOXBaHEM H
MHOT'O MaJIKOTO, U MHOI'O TOJIIMOTO.

ITpe3 mponerra Ha 1974 1., NpUOMM3UTENHO J[Be TOAWHH TIPeaU
,,BUKUHT“ ma KaijHe Ha Mapc, 05X Ha cpeiija B AHIIMS, CIIOHCOPHPAHa OT
JIOHJJOHCKOTO KpaJICKO APY’KeCTBO, Ha KOSTO TpsiOBaiiie Jja pa3vcKBaMe
BBIIPOCA, KAK Jla Cé ThbPCU U3BbH3eMeH >XMBOT. [I0 BpeMe Ha MOUMBKa 3a
Kade 3abessi3ax, ye B ChCe/IHA 3a/ia Ce MPOBeXKJa eHa MHOTO IO-TOJsIMa



cpellja M B/sA30X OT 0bonuTcTBo. CKopo pa3bpax, ye CbM CBUJETEN Ha
cTapa Tpajulys — LiepeMOHHATa [0 [pUeMaHe Ha HOBM UIEHOBE Ha
Kpa/sicKoTo Apy>KeCcTBO — eflHa OT Hal-CTapuTe HayYHU WHCTUTYLMA Ha
rylaHetara. Ha mbpBusi pel eAvH MJaJ MBbX B HUHBaJMJHA KOJIWYKA
3amucBaiie MHOro 6aBHO WMeTO CHM B eJHAa KHWra, Ha UWWUTO ITbpPBU
cTpanuiiy Geitte moamuckT Ha Mcak HroToH. Koraro Hali-ceTHe TPUK/IIOUH,
nocsiegBaxa OypHu oBaijuu. CTUBBH XOKHUHT Oellie jiereH/a ollje Toraga.

Cera XokuHr e JIykacoB mpodecop 1o MaTeMaTHKa B KeMMOpUIKKust
YHUBEPCUTET — II0CT, 3aeMaH Hskora ot HrotoH, a mo-kbcHO ot II. A. M.
[Jvipak — fnBaMa 3HaMeHWUTH U3CJie[joBaTe/d Ha MHOIO IOJIIMOTO U MHOIO
MaJjIKoTo. Tol e TexeH JOCTOeH HaC/leJHUK.

Ta3su mbpBa KHUra Ha XOKWHI 3a HeCIeljMa/liCTU UMa MHOIO
JOCTOMHCTBA 3a IMpoKara nmybka. TonkoBa MHTepecHa, KOMKOTO € IITUPOK
o0cerpT Ha CbBP)KAHUETO W, TS HU BbBEXKJAa B CHKPOBEHUTE MHUC/IU Ha
CBOsI aBTOp. B Ta3u kHWUra Ie HaMmepuTe O/ecTsil[UTe OTKPUTHUS OT
rpeJJHUTe TpaHULIM Ha (U3MKaTa, aCTPOHOMMUSITA, KOCMOJIOTUSITA, a U
Kypax.

ToBa e cwijo kHura 3a bora... wim moxke 6u 3a nurcara Ha bor.
Hymara bor u3rib/iBa Te3u CTpaHULIM. XOKUHI Ce BIyCKa B ThbPCEHETO Ha
OTTOBOP Ha W3BECTHHUS BBIIPOC Ha AWHINAWH Jaad bor e vman HSIKakbB
n300p Mpu ch3faBaHeTo Ha BceneHara. KakTo oTKpUTO 3asiBsiBa, XOKUHT Ce
ornuTBa Aia pa3bepe boxkusita MUCBH/I. A TOBa, TIOHe 3acera, MpaBU Ollle T0-
HeouakBaH pe3y/iTaTta OT Te3d ycunus: BcesneHa 06e3 rpaHulM B
TIPOCTPAHCTBOTO, Oe3 Hauasio u 6e3 Kpaii BbB BpeMeTO 1 HHWKakKBa paboTa 3a
Cwb3paaresis.

Kapn CeiirsH, KopHencku yausepcuteT, Mtaka, Hio Mopk



1. HAIITATA ITPEJJCTABA 3A BCEJIEHATA

Benubx enuH Ao00pe u3BecTeH yueH (cropes; HAKOM bBbpTpans
Pwcen) u3Hacsin mybmvuHa JieKius 1o acTpoHomusi. OmnurcBaia Kak 3eMsita
obukassi okoso CibHIETO U Kak C/IBHIIETO OT CBOSI CTpaHa 0OMKassi OKOJIOo
LIeHThbpa Ha e/iHa OrpOMHa Ipyra 3Be3/u, HapuuaHa Haiara ['anaktuka. B
Kpas Ha JieKL[MgTa e/jHa Bb3paCTHa JaMa OT I0C/IeJHUTe pefjoBe CTaHasa U
3asBW/a: ,l0Ba, KOETO HM pa3KasaxTe, e uucTa Oe3cmuciviia. B
JeCTBUTE/THOCT CBETHT € IUIMTKa YWHHUSA BbPXY I'bpba Ha THUraHTCKa
KOCTeHypKa.“ YUeHUsT ce yCMUXHa/l HaJMeHHO, TpeJu [a 3anura: ,,A Ha
KaKBO Ce Kperu KOoCTeHypkaTta?“ ,,MHOro cre ymeH, mjaJd 4yoBeue, MHOIO
3HaeTe“ — OTBbpPHAaJ/a Bb3pacTHaTa jjama, — ,,HO T10/], Ta3u KOCTEeHYPKa uMa
TaK KOCTeHYPKHU.“

[ToBeueto oT Hac Ouxa Ipueau TpeAcTaBaTa, ye Haiiata BcemneHa e
Ge3KpaiiHa Ky/jia OT KOCTeHYPKH KaTo TBbp/ie Heslera, HO 3alllo CMsTame, ue
3HaeM roBeue? KakBo 3HaeM 3a BcesieHara ¥ kKak ro 3Haem? OTKble e
noiia BceneHata u Hakbe OTUBA? ViMa JiM HAYa/io U akO UMa — KakBO e
6uno npedu toea? KakBo mpezcraBnsiBa Bpemero? Ille mMa /m Hskora
Kpa'? CbBpeMeHHUTe TMOCTW)XXEeHUsI BbB (PU3MKaTa U (paHTaCTUYHUTE HOBU
TeXHOJIOTUM HU [1afioXxa Bb3MOKHOCT [a TIPeAIOIOKUM OTUaCTh KaKbB €
OTTOBOPBT HA Te3W OTKOJIEIIHU BbIPOCU. HSIKOW [ieH Te3u OTrOBOpU MOrar
Jla HA Ce CTOPSIT Taka OYeBU/HM, KAaKTO OOUKa/lssHeTO Ha 3eMsATa OKOJIO
C/nbHL[eTO, WIM Taka HEeBEepOATHH, KAaKTO Ky/jara OT KOCTeHypku. Camo
BpeMeTO (KaKBOTO U /la 03HauaBa TO) I1le HU KaKe.

Omie npe3 340 1. mp.H.e. B CBosTa KHWTa ,,3a HEOETO“ TPBIKUAT
dunocod ApuctoTen /jaBa [jBa CepHO3HU aprymeHTa B MoJi3a Ha TOBa, ue
3eMATa e KpbIVIa, a He IUIOCKa. IIbpBO, ToW Pas3bupas, ue JyHHUTE
3aTbMHEHMS1 HaCThIIBAT, Koratro 3emsAra 3acrtaHe Mexay CIIbHLETO U
JlyHata. 3emHara csiHKa BbpXy JlyHara Owia BUHaru KpbIvia, KOETO e
BB3MOYKHO CaMo ako 3emsTa e chepuuHa. Ako 3emsiTa Gelle MI0CHK JIUCK,
csiHKaTa Ou TpsibBajsio /a e yAb/DKeHa W eNUNTUYHA, OCBEH akKo
3aTbMHEHUATA HACTBIIBAaT CaMO ToraBsa, Korato C/IbHLIETO e TOYHO 3af
LIeHTbpa Ha AUCKa. BTOpo, OT mbTelecTBUATa CM I'bPLIMTE 3Hae/d, ye OT



IOKHUTe paiionn [losspHaTa 3Be3/ja Ce BWXKJA HO-HUCKO Ha Hebeto,
OTKOJIKOTO OT ceBepHuTe. Thi Karo IlosspHara 3Be3ga e B CeBepHuUs
HebeceH montoc, Habmomaten ot CeBepHusi reorpadcku momoc 6u o
BIDKZA/I TOYHO Haf, cebe cu, HO ako I/iefla OT eKBaTopa, TOW Ou s BUAS
TOYHO Ha xopu3oHTa. OT pa3nuKata BbB BUAUMUTE TMOJIOKEHUSI Ha
[TonsgpHara 3Be3ma B Erurmer u B ['bpumss ApucToTes AOpU CIIOMeHasl
orjeHKa 3a obukonkara Ha 3emsita — 400 000 craaus. TouHaTa Ab/DKMHA Ha
CTaZiusl He e U3BeCTHa, HO BeposTHO e 6uma okosio 200 spzia, a ako e Taka,
TO OLleHKaTa Ha ApucToTen 6u Ouia IpUOIKM3UTETHO /IBA ITBTH TO-TO/sIMA
OT cera Bb3IpHeTaTa CTOMHOCT. ['bpIuTe pasrnosiarajv U C TpeTU apryMeHT
3a TOBa, ye 3eMdATa e KpbIVia, 3all0TO KaK MHAuye MbPBO Ie Ce BWXK/JAT
TJlaTHaTa Ha TIpubmKaBalusi Kopabd HaJi XOpHU30HTAa, a €/lBa MO-KbCHO
HeroBUST KOPITyC?

Apucrtoren cmsitana, 4ve 3emsta e HernoABwkHa U ye CIIbHLETO,
JlyHaTa, TilaHeTUTe U 3Be3/IUTe Ce JIBWXKAT M0 KPBroBU OPOUTU OKOJIO Hesl.
Toi1 BsIpBaJI, Ue e Taka, 3all[0OTO CMATAJI 110 HeOOSICHUMH TIPUUYMHM 3eMsiTa 3a
1leHTbp Ha BceneHara, a KpbroBOTO /IBM)KEHUE 3a Hal-ChBBPIIEHOTO. Ta3u
unes Ouma gopaseuta oT Iltosmemeii mpe3 II B. c/i.H.e. B 3aBbpIlleH
KOCMOJIOTUYEeH Mojie/l. 3eMsiTa e B 1leHThpa, obrpajieHa oT ocemte chepw,
Hocelu Jlynara, CibHLeTO, 3Be3[uTe U IeTTe TOoraBa WM3BeCTHU IJIaHeTU
Mepkypuii, Benepa, Mapc, FOnutep u CarypH (¢ur. 1.1). Camure nyiaHeTu
ce IBWKAT BbPXy MO-MaJKWA OKPBXHOCTH, MPUKPENIeHW KbM ChbOTBETHHUTE
uM cdepuy, 3a ia ce OOSICHIT TeXHUTe TBbP/e CA0XKHU MbTUI[a Ha HebeTo.
Bbpxy Hali-BbHIIIHaTa cdepa OWIM T.Hap. HENOABWKHU 3Be3[d, KOUTO
BUHArd 3aemMar e[HW W CbIU OTHOCUTE/IHU TMOJIOXKEHHUS, HO 3aelHO Ce
BBPTAT 10 HebeTo. KakBo uMa 3a rnocieqHara cepa, HUKOra He e CTaHaso0
T0-5ICHO, HO CUTYDHO He e O6usia uacT oT Habsofaemara BeeseHa.

MogensT Ha [lTonemelr mipeAcTaB/siBan efHa [AOCTaTbUHO TOYHA
CUCTeMa 3a Tpeficka3BaHe Ha TI0JIOKeHUsiTa Ha HebecHute Tena. Ho 3a
TOYHOTO Tpe/icka3BaHe Ha Te3H ToJioykeHus [ITonemeit TpssbBasio Jja mpreMe
Jl0TlyCKaHeTo, ye JlyHaTa CjiefjBa ITbT, 110 KOWTO MOHSIKOTA W/BA [IBa ITbTU
no-6m3o g0 3emsta. A ToBa [lTosemeili pa3bupas TO3U HeAOCTAaThK Ha
Mo/lefla CH, HO BBIIPEKH TOBa HErOBHST Mojes OW/ IIMPOKO, Makap W He
BCceoOI[0 mpueT. Toli 6w Bb3MpHUET OT XPUCTUSHCKATa IIbPKBAa KaTo
KapTuHa Ha BceseHara, KosiTo 0TroBapsi Ha CBeTOTO MucaHue, 3al0To UMall
ro/IsIMOTO TIPeIMMCTBO, Ue OCTaBs/l W3BbH cCdepaTa Ha HEMOJBUKHUTE
3Be3/I1 JOCTaThYHO MSCTO 3a Hebecara U ajia.



CHERA HA KIMMTER
GCOEPA HMA WMAPRG
CPERA HA CALHUETD
CHEPA HA BEHEPA
CHEAA HA MEPEY PU
CHREPA HA AYHATA

TATYFA 1.1

[Tpe3 1514 1. obaue TO/NICKUAT CBellleHWK Hukomaii KomepHuk
TIPe/IJIOXKUJT TIO-TIPOCT Mojiesl. B Hauasmoto, Mo)ke O6U OT cTpax Jja He Obze
3aK/eiMeH OT CBOsITa IIbpKBa Karo epeTuK, KorepHWK pa3npoCTpaHuI
aHOHMMHO CBosI Mofiesl. Mzesara My Ouma, ye CIBHIIETO € HEeIOJBWKHO B
1[eHThpa, a 3eMsiTa U IUlaHeTUTe ce [IBKaT Mo KPbroBU OPOUTU OKOJIO
Hero. VI3MurHaJ1 1ouTH eIUH BeK, Mpeu Tasu Ujes Ja ce rprueMe Karo Helo
cepuosHo. ToraBa fiBaMa acTpoHOMHM — TrepMmaHelbT MoxaH Kemep u
utanianebT ['amvneo T'amvnerd — 3anoyHaId OTKPUTO [a TIOAKPEIsT
TeopusitTa Ha KomepHMK, Makap 4e TipeJCKa3aHUTe OT Hero OpOWUTH He
ChBIIAJaMu ChbBCEM TOUHO C HaOsofiaBaHUTe. CMBPTOHOCHUSAT y/lap BbPXY
Teopusita Ha Apuctoten — IITonemeit 6un HaHeceH mpe3 1609 r —
Cwoirjata roguHa ['ammsedt 3arouHan a HaO/mofaBa HOITHOTO Hebe C TOKY-
o0 u300peTeHusi Temeckorl. HabmogaBaliku IlaHeTara CITbTHUKA WA
JIyHW, KOUTO KPBbXKaT OKOJIO Hesl. A TOBa 3Hauesio, ue He e 3aJb/DKUTE/IHO
BCHUUKO /]a Ceé BbPTHU OKOJIO 3eMsITa, KakTo cMaTanu Apuctoren u [ltonemein.
Pa30bupa ce, Bb3MOXKHO OUJIO MaK /ia Ce CMATa, Ue 3eMsATa e HeTloJBMKHA U e
B LleHTbpa Ha Bcenenara, a /JiyHWTe ce ABWXKaT IO W3BbHPEAHO CJI0KHU
IIBTUINIA OKOJIO 3eMmsiTa, Ch3ZlaBalllyd 6uouMocm, ue OOMKaJIsAT OKOJIO
FOnurep. U Bce mak Teopusita Ha KomepHuk Ousa mMHoro no-mpocra. Ilo



cbijoTo BpeMe MoxaH Kerep BUjoM3MeHH Teopusita Ha KomepHUK u
TBbP/S/I, Ye IJIaHeTUTe Ce [ABWKAT He MO0 OKPBXHOCTH, a IO eJIUIICU
(esiumcara Tipe/CTaB/siBa yAb/DKeHa OKPBXKHOCT). Hati-ceTHe
TIpe/ICKa3BaHUsATa ChBIaiHA/IN C HabroeHUsATA.

Kosnkoto g0 Kerninep, enmrnruuanTe opouTtr 6mmm npocto efra ad hoc
XUIIOTe3a Y MPY TOBA TBbP/e HeNPUEeMJ/IMBa, Thbi KaTO HECbMHEHO eJIUTICUTE
He Ca Taka CbBBPILIEHU, KAKTO OKPBKHOCTTA. OTKpPWJI MOUTU HACIYKH, Yye
eIMITUYHUTE OPOUTH Ce ChITIaCyBaT C HabrofeHUsiTa, TOW He yCIisiBa Jia
I'M TIOMMPU C HJeATa CH, 4e TijlaHeTHUTe 00uKajisAT okosio CIbHIIETO TOf
JEeNCTBHETO Ha MarHUTHU cuiu. OOsicHeHHe ce SIBUWIO e/[Ba MHOTO TIO-
KbCHO, Tipe3 1687 r., koraro Mcak HioToH mny6auKyBan CBOSI TpY/
,MareMaTHuyeCKyd TIPUHLIUIIKA Ha Hatypduiocodpusita“ — Moxe Ou Haii-
BaXHUS TPYH, MyO/JMKyBaH HsKora B oOmacTra Ha (u3nueckuTe Hayku. B
Hero HIOTOH He caMO M3/araji Teopusi 3a TOBa, KaK Tejara Ce JBWXKAT B
MIPOCTPaHCTBOTO ¥ BpeMeTO, HO 1 pa3BUBaJ/l HOBa MaTeMaTHKa, HeobxoaumMa
3a aHa/M3a Ha Te3u ABwkeHus. OcBeH ToBa HIOTOH mocCTy/nupan 3akoH 3a
BCEMUPHOTO MpUB/MYAHe, CIOpes, KOUTO BCUUYKU Tesra BbB BceseHara ce
TpUB/IMYAT TIOMEXAY CH, Karo Cwiara Ha TIpyMB/JMYaHE HapacTBa C
yBe/IMuaBaHe Ha Macara UM KM C HaMaJisiBaHe Ha Pa3CTOSIHUETO MEeXAY THX.
ToBa e cbljaTta CWia, KOSTO MPUUYMHSBA MazaHeTo Ha Ttenara. ([loutm
CUTYPHO e, 4e uctopusita ¢ HioToH u siObikaTa e maMucauiia. Bcuuko,
Ka3aHo OT camusg HIOTOH mo BbIpOCa, e, ye ujedTa 3a rpaBUTAL[MAITa MY
XpyMHaja, MJ0Karo, ,O0TAaZieH Ha Ch3epllaHue”, e ,0OW/I CrOXoJeH OT
najilaHeTo Ha efHa s0baKa“.) HIOTOH Mokasas, ye criopefi HETOBHs 3aKOH
rpaBUTalUATa Kapa JIyHata /a ce [ABWD)KUA TI0 eJIMITWYHA OpOWTa OKOJ/I0
3emsTa, a 3eMsTa U [JIaHeTUTE — [0 eJIMIITUYHU ITbTULLA 0KOJIO CITBHLETO.

MopensT Ha KomepHuk ce ocBoboaun ot HebecHuTe cdepu Ha
[ITonemel, a ¢ TAX WU OT mpe[cTaBaTa, ye BceseHara MMa ecTeCTBeHU
rpanui. Cren Kato ,,HEeroABWKHUTE 3Be3JuW BUAWMO He TIPOMEHSIU
TI0/I0JKeHUATA CH, KaTO U3KJ/IFOUUM BUAMMOTO UM BbPTEHe M0[ B/IUSHUE Ha
NBIKEeHUeTO Ha 3eMsiTa OKOJI0 COOCTBeHaTa ¥l oc, OM/I0 eCTeCTBEHO fla ce
TIPe/ITIONIOXKH, Ue HeroABWKHUTE 3Be3U ca 00eKkTH KaTo Haiieto CbHIIE,
HO MHOTO TI0-0T/a/IeueHHU.

HroTOH 3Haes1, ye criope/ HeroBara TeOpUs 3a IPaBUTALIUATA 3BE3[IUTE
6u TpsibBano Jja ce NMpHUBAMYAT B3aMMHO, Taka ue He OWxa MOIVIM Jia ca
HernoJBWXHU. A HAMa JiM Te /A Tajar 3aeJHO KbM HSKOS TOUKa? B mucmo
or 1691 r. go Puuapn bentin, Apyr BoZeL MUC/IUTE/ Ha CBOETO BpeMe,



HroToH pa3chX/aBa, Ue TOBa HaWCTWHA OW Ce CIyUuW/IO, aKO 3Be3Te ca
KpaeH Opeit 1 ca pa3npe/iesieHd B orpaHUuUeHa 00/1acT OT MPOCTPaHCTBOTO.
Ho, ot Apyra cTpaHa, pa3ChX/AaBa TOH, ako OposiT UM e Oe3KpaeH U Te ca
pasmpe/ie/leHM TIOBeue WM TI0-MajKO paBHOMEpPHO B  6e3KpaiitHO
TPOCTPAHCTBO, TOBA HsIMa /ia Ce CJIyuH, 3alll0TO HsMa Ja UMa LeHTbpP, KbM
KOMTO Jia Ta/iar.

To3u aprymeHT e mpuMep 3a KaraHuTe, B KOUTO MOKeM /[ia ToTaJHeM,
Korato ToBOpUM 3a Oe3kpaiiHocTTa. B emHa Ge3kpaiiHa BceseHa Bcsika
TOUKa MO)Ke Jla Ce pasIjie)k/la KaTo 1IeHTbp, Thil KaTo Ma Oe3kpaeH Opoii
3Be3U OT BCUUKUTE CU CTpaHU. KakTo cTaHa SICHO e[jBa MHOIO TO-KbCHO,
TIPaBWIHUSAT MOAXOJ € [ia Ce pas3riex/ja KPauHUAT Cydyaid, KOraTo BCUUKHU
3Be3u Majar eJHa KbM Jipyra, WU (jeJ, ToOBa [a Ce 3anuTamMe Kak ce
IIPOMEHST HelljaTa, ako TIpubaBHUM oOIfe  3Be3Ad, NPUOIU3UTETHO
pPaBHOMEPHO pasIipefieieHn u3BbH Ta3u obsact. Criopen 3akoHa Ha HroToH
nobaBeHUTe 3Be3IU CPeJHO HsAMa Jia TpeAN3BUKAT HUKAKBa pa3/vKa, Taka
ye 3Be3/iuUTe IIle TMaZiaT ChbC Chll[aTa CKOPOCT. Mo)keM /la 100aBUM KOKOTO
3Be3/M MCKaMe U Te TakK 1ije NPOoAb/DKaT BUHAru fAa rnajar. Cera Beue 3Haew,
Yye e HEBB3MOKHO Jla MMaMe Oe3KpaeH cTaTMueH Mojienl Ha BceneHarta, B
KOMTO rpaBUTallsTa [jla 03HayaBa BUHAru MpuBJIAYaHe.

E/IHO MHTepeCcHO oTpa)keHHWe BbpPXy OOIIUs yX Ha MUCIU Tipeau XX
B. €, Ue HUKOM He CU e 3a/laBajl BbIIpOCa, Jaiu BcesieHaTta ce pasiivpsiBa
umu cBuBa. OOmornpreTo 6mio, ye BceneHara e ChileCcTByBasia BEUHO B
HEeTIPOMEHSIIII0 Ce ChCTOsSIHWE WK e Ouia cbh3/ajieHa B orpefereH MOMEHT
OT MMHAJIOTO TIOBeYe /M TI0-Ma/lKO BbB BHjla, B KOMTO s Hab/ogaBame
aHec. OTyacTh TOBa MOKe OM ce JB/DKM Ha CKJIOHHOCTTA Ha YOBeKa Ja
BSpBa BbB BEUHUTE UCTHWHM, KaKTO M Ha yTexara, KOITO HaMUpa B MUCBHJITA,
ye IOpY TOM Jia ocTapee U ympe, BcenieHaTa e BeuHa ¥ HEU3MEHHa.

Iopu Te3u, KOUTO pa3dupany, ue criope] Teopusita Ha HroToH 3a
rpaBuTaluATa BceneHata He O6M MoIvia Zia € CTaTWU4YHA, He Ce 3aMHCISIH
Jla/in He ce pasiuupsiBa. BmecTto TOBa Te ce ornuTBa/iv /la BHUIOU3MEHST
TeopusTa, MPUEeMalKu MPU MHOIO TOJIEMM PAa3CTOSHUS I'PaBUTAllMOHHATA
cua 3a oTObCKBailla. ToBa He MPOMEHSIO 3HAUUMO Tpe/icKa3aHusATa UM 3a
NBIDKEHHWSITA Ha IUIaHeTWTe, HO TIO3BOJISIBAJIO  eAHO  0Oe3KpaiiHo
pasrpefie/ieHle Ha 3Be3JUTe [1a OCTaBa B paBHOBeCHe, KaTo CUJIUTe Ha
NIPUB/IMYaHE MeXKAYy OnMM3KUTe 3Be3Au Ce KOMIIeHCHpaT ChC CUJIMTE Ha
oTO/IbCKBaHe OT AlasieuHuTe. Ho Hue Beue 3HaeM, ue TakOBa pPaBHOBeCHe IIie
e HecTaOWIHO: aKo 3Be3fiuTe OT efHa 00/IacT ce COMDKAT TIOMEXIY CH
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Makap Y He3HauWTeJIHO, CUJIMTe Ha IpUBIWYaHe MeXAy TdX 1je HapacHaT U
e HajjenesT HaJ CUIUTe Ha OTO/MIbCKBaHe, Taka ue 3Be3fiUTe IIie
NpOABb/DKAT @ Majar efHa KbM Apyra. OT gpyra cTpaHa, ako 3Be3fjuTe ce
pa3jasneyar Makap M Majiko, CUJIMTe Ha OTOTbCKBaHe Ille HafJesesT U ollle
ToBeye 111e TW pa3faseyar.

[pyro Bb3pakeHHe KbM ChIIleCTBYBaHeTO Ha Oe3KpaiiHa CTaTHYHa
BcesneHa 0OWMKHOBEHO ce TIpUIIMCBAa Ha HeMcKusi (unocod XalHpux
Onbepc, mycan 3a Tasu Teopus mpe3 1823 1. BebiHOCT npob6sieMbT e Oun
TOCTaBsSIH OT Pa3/IMyHU ChBpeMeHHHWIM Ha HioToH, a crtatusara Ha Onbepc
JIOpU He e MbpBaTa, ChbpiKallla MPaBAoIo00HN apryMeHTU TPOTHB. Ts
obaue e mbpBara, MoJiyunsaa MIMPOKa W3BeCTHOCT. TpyAHOTO e, ue B efiHA
Oe3kpaiiHa cTaTMyHa BcesieHa MoYTH BCeKU 3puTesieH Jib4 OW 3aBbPLUIWI
BBbPXY MOBbPXHOCTTA Ha 3Be37a. [Topajy ToBa OMXMe MOIIM /la OuaKBaMme,
ye Jopu HomleM 1syioTo Hebe 1je e sApko KkKarto CibHIETO.
KonTtpaaprymeHTsT Ha Onbepc 6w, ue cBeT/IMHAaTa OT Ja/ieUHUTe 3Be3[u
oTciabBa Tmopaju TOMTbIaHe OT MeX/Ay3Be3ZHOTO BellecTBO. AKO e Taka
obaue, ToBa BellecTBO Ou TpsOBaso /a ce HarpsiBa U Hakpas Jla 3aCBeTU
Taka sIpKO, KakTo 3Be3auTe. ETUHCTBEeHUAT HauuH Jja u30erHemM uU3BOfa, ye
ISI7IOTO HOIIHO Hebe TpsibBa Jja e TOJIKOBA SIPKO, KOJKOTO C/obHYeBara
IIOBLPXHOCT, € Jja [IpremMeM, ue 3Be3juTe He Ca CBeTW/IM BeYHO, a CaMo CJle[
HSKaKbB MOMEHT OT MHUHA/JIOTO. B TakbB C/lyyald MOMTBLIALOTO BeL[eCTBO
MOXKe OLle [la He Ce e Harpsyio WM CBeT/IMHATa OT JAaJIeUHUTe 3Be3[y OILe
/la He e CTUTHaia A0 Hac. A TOBa HU HaBeXK[a Ha BBIIPOCA, NpeJr BCUUKO
KaKBO € HaKapasio 3Be3/juTe /Jja 3aCBeTHT.

Hauanoto Ha Bcenenara, pa3bupa ce, e BBIIPOC, KOUTO Ce pa3ucKBa
or MHoOro Bpeme. Criopej, HSKOW [pEBHU KOCMOJIOTUM W €BPEHCKO-
XPUCTUSIHCKO-MIOCIHO/IMAHCKUTe TpefaHuss BceseHara ce e TmosiBUiIa B
omnpefiejieH, He TBbpPJe OTJaBHALIeH MOMEHT OT MWHAI0TO. EauH oT
apryMeHTHTe 3a TaKoBa Hadasio e 6uio pa3dbupaHeTo, ye e HEOOXOAMMO [1a
uMa ,IIbpBOonpuurHa“, C KOATO [Ja ce OOSICHM CBIIeCTByBaHETO Ha
Bcenenara. (BbTpe BbB BceneHara BUHard MoykeTe Jia OOSCHUTE eIHO
cbOWTHe KaTro C/elCTBUe OT HSAKAaKBO TMpeAMILIHO ChOUTHE, HO
CBHII[eCTBYBaHETO Ha camara BcesieHa Moxe fia ce 00OsICHM TI0 TO3U HAUMH
caMO ako TS e HMaja HSKakBO Hauajno.) CB. ABryCTHH wW3/ara JApyr
apryMeHT B KHUTaTa cu ,,boxxusit rpag“. Toii oTbensi3Ba, ue 1[UBAIM3ALMATA
Ce pa3BvBa Y HHe IIOMHHM YMe e TOBA [le/I0 WX KOW e Cb3/ia/l TO3U METOZ,.
Taka ye 4YOBEKbT, a BEPOATHO U BceneHara, efjBa /1 ChIeCTBYBAT OTJaBHa.
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CsB. ABrycTMH TIIp¥emMa Jarara Ha CbTBOpeHUeTO Ha BceseHara
npubm3uTenHo 5000 . mp.H.e. criopen , butne®. (MIHTepecHo, ue He e Taka
Jlajied OT Kpasl Ha Ioc/eHaTa jJeJHUKOBa eroxa — okosio 10000 r. mip.H.e.,
KOTaTo CIopeJi apXeoJI03UTe e Haua/loTO Ha [IUBUIN3aLUsITA. )

Ot pgpyra crtpaHa, ApUCTOTeN, a U TMOBEYETO OT APYTUTe TPBLKHU
dunocodpu He TipueManu UjesATa 3a CbTBOPEHUETO, Thid KaTO TBbP/le MHOTO
MM HaMHpHCBasa Ha 6oxusi Hameca. Criope/i TSX YOBelllKaTa paca U CBeThT
Kpal Hesl Ca ChIECTBYBa/IM U 11je ChIIECTBYBaT BeUHO. [[peBHUTE ydeHU
Beue OWIM pa3ChbXK/JaBajd BbPXy aprymMeHTa 3a OIKMCAHOTO T[O-TOpe
pa3sBUTHE U HaMUpa/d OTrOBOPa B TBbP/JEHUETO, Ue e MMajlo MepUuoUUHU
HaBOJHEHUSI WIW JApyru OeAcTBUs, KOWTO HEMpPeCTaHHO BpBIIaIU
YOBEUYeCTBOTO MaK B HAUa/JIOTO Ha LIUBU/IU3ALUATA.

Bwrnpocute, nanmu BceneHaTta MMa Hauajio BbB BpeMeTO U [a/id e
orpaHUueHa B MPOCTPAHCTBOTO, OWIM BMOC/IEACTBHE LIMPOKO HM3yYeHU OT
dunocoda VMimanyen KaHT B HeroBusi MOHyMeHTasieH (M TBbPZie MBIJISIB)
TPy, ,KpuTHKa Ha uucTtusi pa3ym”, nybmmkyBaH npe3 1781 r. Toli Hapuua
Te3U BbIIPOCU aHTUHOMUU (T.e. TIPOTUBOPEUMs) Ha UYUCTUSL pa3yM, 3alljoTo
CTiopej;, Hero MMasio eJHaKBO CUJIHM apryMeHTH Jja Ce BipBa Ha Te3ara, ye
BceneHara vimMa Hauaso, KaKTO Y Ha aHTUTe3ara, ye e ChblleCTByBasia BeUHO.
HeroBusiT aprymeHT 3a Te3ara 0w, ue ako BcesieHaTa He e MMajia Hadaso,
6u TpsiOBasIo Aa ChINleCcTBYBa Oe3KpaeH Mepuo OT BpemMe Mpear KOeTo U /ia
e crOuTHe, a TOBa Criope], Hero e abcypA. ApryMeHTBT 3a aHTUTe3aTa Ouil,
ye ako BceseHara e umasna Hadaso, 6u TpsiOBasio Jia ChllleCTByBa Oe3kpaeH
Tepuo/;, OT BpeMe Tpe/id TOBa Hauasio, Taka ue 3aIlj0 TpPsiOBa /la UMa Hauasio
B HSKakbB oOrpefiesieH MOMeHT? B [elCTBUTENHOCT CaydauTe KakTo C
Te3ara, Taka U C aHTUTe3aTa Ca HauCTUHA €[JVH U Cbll| aprymeHT. 1 gBara ce
Ga3upar Ha HerJiaCHOTO MY JIOMyCKaHe, Ue BPEMETO MO)Ke BEUHO Ja Obie
MPOAL/DKEHO Ha3aJ, He3aBUCMMO Janu Bcesnenara e, wid He e
ChbIeCTBYBa/sia BeyHO. KakTo 1ie BUAWM, KOHLEMLUSITA 3a BPEMETO HsAMa
CMUCBJI TIpeId HauajsoTo Ha BceneHara. ToBa e oTOesisi3aHO 3a MbPBU ITHT
oT CB. ABryctuH. Koraro ro 3arnuranu: , KakBo e mpaBui bor, nipegu ga
cb3naze Bceenmenara?“, ABryCTuH He OTBbpHas ,Ilogroresa e aja 3a xopa,
KOUTO 3aZlaBaT TakKWBa BBIIPOCM®, a Kas3aj, 4ye BpPeMeTO € CBOMCTBO Ha
Bcenenara, cw3gazeHa ot bor, u ue BpeMeTO He CbIIeCTByBa Mpeau
HayasioTo Ha BceneHara.

KoraTto noBeueto cmsitanu, ye BcesieHata e cTaTUyHa U HEHM3MEHHa,
BBIPOCHT, /I € UMaja Hauyajo, BCBIIHOCT OMI OT MeTa-) (pu3mKaTa wWiu
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Teosiorusita. YoBeK MOXKesl efHAaKBO J00pe Ja cu 00sicHM Hab/IroZaBaHOTO
KakTo C TeopusiTa, ue BceseHata e cCbllleCcTByBajla BeUYHO, Taka U C
TEOpHsITa, Ue Ce e MOsiBUIa B HIKAaKbB OIpeZie/ieH MOMEHT T10 TaKbB HAUMH,
KaTo [la U3IVIeXKJa, ue e ChbljecTByBajsia BeuyHo. Ho mipe3 1929 r. Eayun
Xb0bJT HAITpaBWI €M0Xa/THOTO Hab/IofieHNe, e HaKbeTo U Jla ce oObpHeM,
JaneuyHuTe TajJakKTMKA Obp30 ce pa3bsreBar or Hac. C [Apyru AyMH,
BceneHara ce pa3mmpsiBa. A TOBa 3Haul, Ue B I0-pPaHHH BpeMeHa 00eKTUTe
ca 6umn mo-6sm30 eauH A0 Apyr. @aKTUUECKH, U3ITIEXK/a, € UMajl0 BPEME,
nipeiy okosio 10—20 mMIpA. TOAMHM, KOTaTo BCUUKU Te ca OM/IM TOYHO B €JHO
W CBIO0 MSCTO M KOTaTo Topajii TOBa IUTbTHOCTTA Ha BceseHaTta e Ouia
6e3kpaitHa. ToBa OTKpUTHe Hali-CeTHe TOCTaBU/IO BBIIPOCA 3a HAuasj0TO Ha
BceneHara npes HayKara.

Habmogenusara Ha XbOB MOICKA3BaT, e e UMaj0 BpeMe, HapeueHo
[onemusiT B3puB, Korato BceseHara e 6uia 6e3kpaiiHO Maika B 6e3KparHO
nabTHa. [Ipy TakvBa yC/I0BUSI BCUUKM HayYHHM 3aKOHM, a CJIe[JOBaTe/IHO U
1[si71aTa Bb3MOXKHOCT /ia Ce TIpeiBUIM ObeleTo O1xa ce IpoBaiuad. AKo e
MMasio CbOUTHS TIpeai TOBa BpeMe, TO Te He OMXa OKa3ajM BUSHUE BbPXY
TOBa, KOETO Ce C/yuBa B HACTOSII[MST MOMEHT. TSXHOTO CBII[eCTBYBaHEe MOXKe
na ce mipeHeOperHe, 3amjoto He O6u uMano HabromaeMu TIOC/IeACTBUS.
Buxme MoOmIM [la KakeM, ye BpPeMeTO € HMMaji0 Hayajo B MOMEHTa Ha
['onemusi B3pUB B CMUCHJI, Ue TPOCTO He MOXKEM Jia JeuHHPaMe BpeMeHa
npeau ToBa. TpsibBa ma orbenexxuM, ue TOBa Hayuajo BbB BPEMETO € TBLp/ie
pas/iMyHO OT pasmiexgaHuTe npegd. B Heusmensia ce BcemeHa egHO
Hauajio BbB BPEMETO € HeIlo, KOeTo TpsiOBa /la ce BbBe/le OT HAKOW M3BbH
BcesneHara; dbu3nuecka Heo6X0JUMOCT OT Hauaao HaMa. YoBeK MoXKe /1a CH
npefictaBy, ye bor e cw3gan BceneHara GykBanHO B KOW Jla € MOMEHT B
muHanoto. OT Apyra cTpaHa, ako BceseHara e pasivpsiBaiiia ce, MOXKe /ia
uMa (pu3nUecKy MPUUYMHU 32 He0OX0IMMOCTTA Jla ChIIleCTBYBa Hadaso. [1ak
MOXXeM [a CU TipeacTtaBuM, ye bor e cb3man BceneHara B MOMeHTa Ha
[onemust B3pUB, a Ja)ke Cjefl TOBA, M TO TI0 TaKbB HAuWH, Ue /a M3I/IeXIa
KaTto 7ia e umMaso ['onsim B3puB, HO 6M 60 HGe3CcMHUC/IeHO [ja CMsITaMe, ue e
buna cv3mazeHa npedu [onemus B3puB. EfiHa pa3mmpsiaiiia ce BeceneHa He
W3K/TIOUBA HA/IMUMETO Ha Ch3ZaTes1, HO TIOCTABs TPAaHUIM BbPXY TOBa, KOra
61 MOT'b/T 1a CH CBBPIIM paborara:

3a Ja TOBOpMM 3a eCcTeCcTBOTO Ha BceseHaTa W /a 00CHKIame
BBIIPOCH KaTO TO3M Ja/iv TS UMa Hadyasio WK Kpaii, TpsiOBa /la CMe HasiCHO C
BBITPOCA, KAaKBO 3HAUM HayyHa Teopus. A3 Iije TpHeMa e/ieMeHTapHOTO
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rlefuile, 4ye efHa Teopus e IIPOCTO Mojen Ha BceneHata wid Ha
orpaHMueHa HelHa yacT, Habop OT TpaBH/Ia, KOUTO CBbP3BAaT BEJIMUNHUTE B
Mofiesia C HampaBeHUTe HabOstomeHusi. TS ChbIleCTByBa CaMO B HallleTo
Ch3HaHME U HsMAa HUKaKBa JIpyra peaqHOCT (KaKBOTO W Jia 3Haud TOBA).
EnHa Teopusi e mobpa, ako y[OB/eTBOpsiBa [[Be W3UCKBaHUS: TS TpsiOBa
TOYHO /la OTTMCBA ro/isiM KJlac HabmofeHust Ha 0a3ara Ha Mofiesl, ChbpKalil
CaMO HSKOJIKO TIPOU3BOJIHM eJIeMEeHTa, U [la MOXKe Jia TIpaBU Orpejie/leHU
Tpe/iCKa3BaHusi 3a pe3y/araTtuTe OT Objelu HabmogeHusi. Haripumep
TeopusTa Ha APUCTOTE/, Ue BCUYKO € CbCTaBeHO OT YETHPU e/leMeHTa —
3eMsl, Bb3/]yX, OI'bH U BO/ZIA, € J0CTaThUHO MPOCTA 3a KaueCTBeHa OLleHKa, HO
TS He TpaBU HUKaKBU OImpejesieHd TMpeackasBaHus. OT Apyra CTpaHa,
HroToHOBaTa Teopus 3a rpaBUTaLUsATa ce Oas3vpa Ha oOllle TO-TIPOCT MOoJer,
B KOMTO TeJiaTa Ce MPUBINYAT TIOMEXY CU CbC CHUJIA, MPOIMOPLIMOHATHA Ha
Be/MUMHATa, HapeueHa TsAXHAa Maca, W OOpaTHOMPOMOpPI[MOHA/HA Ha
KBaZlpara OT pa3CTOSHUETO MexAy Tax. VI BeIpeku ToBa TS mpejckasBa C
BUCOKA TOYHOCT ABWKeHusATa Ha CbHLETO, JIyHaTa U njiaHeTuTe.

Bcesika ¢usruHa Teopusi e BUHaru yC/aOBHA, B CMUCH/ Ue TS € CaMO
XWIOTe3a: HUKOTa He MOXKell Jla s JoKaxkell. HsiMa 3HaueHue KOJIKO ITbTU
eKCIIepUMeHTa/IHUTe pe3y/lTaTu Ce CbIvIaCyBaT C JajieHa Teopus, 4YOBeK
HUKOra He e CUIr'ypeH [Jaju cJiefBaljus ITbT pe3yiTarbT HAMa [a
IpOTHMBOpeurd Ha TeopuaTa. OT Apyra CTpaHa, MOXeM Jila OTpeueM HSIKOs
Teopusi, KaTo OTKpHEM U eJHO-eHUUKO HaO/moJeHue, KOeTo He ce
CbIVIaCyBa C TipeJBWKAaHusTa . Kakto oTbensizBa pumocodbT Ha HayKaTa
Kapn Ilombp, efnHa fobpa Teopusi ce xapakTepusupa C (pakTa, ye TipaBU
MHOKECTBO  TIpe/iCKa3aHHs, KOWTO MOraT TMpUHLMIIHO JAa Obzar
OTIpOBepraHu OT HabromeHusATa. BUHAaru Koraro HOBUTe €KCIIEPUMEHTH Ce
CBIVIACYBaT C TpeJBWXKJaHUATa, TeOpUATa OLe/IsiBa U HallleTo J0Bepue KbM
Hesi HapacTBa; HO KOTraTo U caMo e/IHO HOBO HaOJtofieHre He ce ChIVIaCyBa,
TpsibBa /a M30CTaBUM WIM BHAOW3MEHUM Teopusita. [loHe Taka 6u
TpsibBasio /la e, HO YOBEK BMHAru MOXKe Jla Cé YChbMHHU B KOMITETEHTHOCTTA
Ha JIMLIeTO, TPOBeJI0 HabMIo/|eHUeTO.

Ha mpakTvka Han-yeCTO CTaBa Taka, ye Ce Cb3/laBa HOBa TeEOpUH,
KOSITO BCBIIHOCT € pa3livMpeHre Ha rnpeauinHata. Hanpumep MHOro
TOUHHUTe HaO/IrofleHysT Ha TijlaHeTata MepKypui ToKa3axa MajKu pa3/uKu
MeXXy HeroBOTO JBW)KeHHe U TipefcKa3aHusTa Ha HroToHOBara Teopus 3a
rpaButanusaTa. OO6imiata Teopusi Ha OTHOCUTETHOCTTa Ha AWHIIAMH
TpeAiBK/Ia MaJjIkO T0-pa3/iIMyHO [BWXKeHHWe B cpaBHeHWe ¢ HroToHOBaTa
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Teopus. PakTbT, ye AMWHILIAWHOBUTE TMPEABWKIAHUS Ce ChIVIACyBaT C
HabmogeHusTa, AoKaro HIOTOHOBUTe — He, e eOHO OT pelllaBalluTe
TOTBbPJKJEHUSI Ha HOBara TeOopus. BbIIpeKd TOBa HHe CU CIYXKUM C
Teopusita Ha HIOTOH B TpakKTWKaTa, 3alllOTO pa3/jvKaTa MeXAy HeWHUTE
TIPe/IBIKIAaHUST U Te3u Ha o0Iljata Teopusi Ha OTHOCHUTETHOCTTAa € MHOTO
MajKa B C/lyuyauTe, C KOUTO OOMKHOBEHO cu mMame pabota. (HroToHOBaTa
TeOpUsi UMa roISIMOTO TIPeAUMCTBO Jila € MHOIO IO-TIPOCTa 3a pas/jivkKa OT
AWHIIaiiHOBaTa!)

KpaliHara Lies1 Ha Haykara e Jia fjajie e[iHa-eJMHCTBEHAa TeOpHUsi, KOSITO
fJa omucea Lsiara BceneHa. Ho moaxoabT Ha 1oBeyeTo yueHU e [Ja
paszenaT 3azadara Ha ABe. [IbpBO, CbllleCTBYBaT 3aKOHU, KOUTO HU Ka3Bar
Kak BceneHara ce n3meHsi ¢ BpeMeTo. (AKO 3HaeM KakBa e BcesieHaTta BbB
BCEKM MOMEHT, Te3u (pr3nuecKy 3aKOHM HU Ka3BaT KakBa Iije Ob/ie B KoM Ja
e MO-KbCeH MOMeHT.) BTopo, ocTtaBa BBIIPOCHT 3a HAYATHOTO ChCTOSTHUE HA
Bcenenara. Criope[; HIKOM HayKaTta OW TpsibBa/lio /la ce 3aHMMaBa CaMoO C
ITbpBaTa 3a/ava; Te IViefaT Ha BbIIPOCA 34 HAYa/THOTO CBhCTOSTHME Karo Ha
npegMeT OT MeTadu3uKaTa U penurusara. Criopes TsaX, OUJeHKU BCeMOT'BIII,
bor e morsn fja cb3nazse BeeseHara KakTo cv Ucka. Moxe U Taka Jja e, HO B
TakbB C/yuail ToW Ou TpsibBasio Zla s Hakapa Ja ce pa3BHMBa CbBCEM
IIPOU3BOJIHO. A, u3IVIexxzaa, e Ipejriodesl T Ja Ce pasBuBa TBBbpZe
TIPaBUIHO, CbOOPA3HO C orpeiesieH 3akoHU. [lopa/iv TOBa e ChI[0 TOTKOBa
JIOTUYHO [a MPEeJIOoNOoKHAM, Ye UMa W 3aKOHW, YIpaB/isBalld HauyaJTHOTO
CBbCTOSTHUE.

N3mv3a, ye Cb3ZaBaHeTO Ha Teopus, KOSATO Ja omnvcBa BceneHara
u3LsAn0, e TpyaHa pabora. ETo 3aijo Hue pasgensiMe TO3u rpoOsieM Ha
YyaCTU U U3MUCJIAIMe MHOTO YaCTHU Teopuu. Bcsika OT Te3u yaCTHU Teopuu
OMMCBa W TIPeJIBIKJAa HSIKAKbB OrpaHUueH Kjaac HabmrogeHus, KaTo
npeHeOperBa edeKTUTe OT APYTUTe BeMWMUMHA WIM TH TPEACTaBs Karo
MPOCTA MHOXKECTBA OT 4Yucjia. A Mo)ke OM TOBa e HaITh/JIHO TIOTpellleH
noaxoZ . AKO BCHMYKO BbB BceneHata 3aBHCHM OT BCMYKO OCTaHAaJIO II0
HSIKaKbB (PyH/laMeHTa/leH HauWlH, MOXKe Jila Ce OKake HEBb3MOXKHO Jla Ce
NpUOIMKUM KbM €IHO IThJTHO pellleHue, U3Ce/IBalKA U30/IMpaHO YaCTUTe
Ha 3ajayata. BbOpeku TOBa MMEHHO II0 TO3W HAUMH CMe TIOCTUTHAIU
HarpeAbK B MHUHANOTO. Knacuueckuat npumMep OTHOBO e HroTOHOBara
TeOopus 3a rpaBUTALUATA, CIIOPe KOSITO PaBUTALIMOHHATA CUjla MeXAY /JBe
Tejla 3aBUCKM CaMO OT eJHO UYKCJIO, CBbP3aHO C BCSKO TAJI0 — HeroBaTa
Maca, HO MHaue e He3aBMCHMMa OT MarepusTa Ha Te3u Tesa. ETo 3aio He ce
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Hajara /ia pasroJjiaraMe C Teopusi 3a CTpoeXxa U cbcTaBa Ha C/TbHLIETO U
TIJIaHEeTUTe, 3a la U3UMC/TUM TeXHUTE OPOUTH.

[Hec yueHWTe omnMcBaT BcejeHaTa B TePMWHU OT JIBeTe OCHOBHHM
YacTHU TeopuM — oOIjaTa Teopusi Ha OTHOCUTETHOCTTAa M KBaHTOBATa
MexaHWKa. Te ca rosieMuTe WHTENEKTyaJHU TIOCTHXKEHUs] OT IThpBaTa
MoJIOBMHA Ha Haivs BeK. OOljata Teopusi HA OTHOCHUTETHOCTTA OIKCBa
cuiaTa Ha rpaBUTal[usi U egpoMalliabHaTa CTPyKTypa Ha BcesneHara, T.e.
CTpyKTypaTa B Mamjab OT HAKONKO MUIM o 10°* mMunm, pasmepuTe Ha
Habmonaemata Bcenena. OT fpyra cTpaHa, KBaHTOBaTa MeXaHMKa Ce
3aHMMaBa C sIBJeHUs B W3K/TIOUMTEe/THO MajKU Malabu, Takusa Karto 10712
MHYa. 3a Cb)KajeHWe, KaKTO 3HaeM, Te3u [Be TeOPUM Ca HeCbBMeCTUMHU
e/lHa C Ipyra; JBeTe He MoraT Zia ObJjaT KOPEKTHU eqHOBpeMeHHO. EfnH ot
OCHOBHHTE CTPEMEXU BbB (hM3MKaTa JHEC, a W IJIaBHAaTa TemMa Ha Ta3u
KHWTa € ThPCEHeTO Ha HOBa Teopus, KOSTO Jia BK/IIOUM W JBeTe, eHa
KBAaHTOBAa TeOpHUsl 3a TpaBUTal[UsTa. 3acera He pasfojarame C TakaBa
Teopusi U Mo)ke OU CMe TBBp/ie Zajied OT Hes, HO Beue 3HaeM MHOTO OT
CBOMCTBATa, KOUTO TS TpsiOBa Jja ©Ma. A B C/ie[[Ball[UTe IJIaBU 1ije BUUM, Ue
Beye 3HaeM U I0CTa OT Tpe/icKa3aHusiTa, KOUTO e/lHa KBAaHTOBA TeOpHUs Ha
rpaBUTaLIUsATA TPsiIOBa /ia HarlpaBH.

1 Hakpasi, ako BspBaMe, ue BcejieHaTa He e TPOM3BO/HA, a Ce
yrpaB/isiBa OT OIpe/ie/ieHH 3aKOHU, TPSIOBa /la ChUeTaeM YaCTHUTE TeOPHH B
e/lHa 3aBbpIlleHa eIMHHA TeOpHsi, KOSITO /la OMMCBA BCMUKO BbB BceseHara.
Ho B ThpceHeTO Ha TakaBa 3aBbpIlieHa e[IMHHA TeOpUsl UMa e[JUH OCHOBEH
napajZiokc. MenTe 3a orvcaHuTe TMO-rOpe HayYHU TEOPUM Mpejriosarar jia
CMe pa3yMHU ChbIIleCcTBa, CBOOOAHM Ja HabOsmofaBaMe BceeHara KakTo
)KejlaeM W Jla TIpaBUM JIOTUUeCKW W3BOJY OT BUASHOTO. B egHa TakaBa
cxema e JIOTUYHO /la TIPe/ITI0/IOKKM, e GruxMe MOIJIM /la CTUTHEM Olile TI0-
6u3ko [0 3aKOHUTe, yrpab/siBaiiu Bcenenara. Ho ako ToBa HaucTuHa e
3aBbpIlleHa e[WHHA TeOopHs, TS BEpOSTHO OW orpejenwia W HaIIATe
neiictBus. M3nu3a, ue camara Teopus TpsibBa fia ompefiesisi pe3ysiTara OT
TbpceHeTo ! A 3aiio Ts1 Ou ompeziesisiia Aaiyd CMe CTUTHAIU 10 TIPaBUTHU
M3BOJIM OT JlOKasaTesicTBaTa? He moxxe /iu egHakBo f00pe Aa oripefienst U
norpeiHuTe u3Boau? v ye BboOIIe HsIMa U3BO/?

EAWHCTBEHUST OTTOBOp, KOWTO MoOra fia /JlaM Ha TO3U BBIIPOC, Ce
6a3upa Ha JlapBUHOBHS TIPUHLIUI 3a eCcTecTBeHus ogoop. VesiTa e, ue BbB
BCSIKA TIOMY/IAl[si OT CaMOBB3IIPOU3BEXK/AII[A Ce OPTaHU3MHU IIe HACTBIIST
W3MeHeHHsT B TeHEeTHUHWsS MaTepydal W Ppa3BUTHETO 3a pa3MUHUTE
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WHAWBYUIA. Te3u pasiuKU Iije O3HadyaBaT, ue HSKOM WHAMBUAW ca TIo-
CIOCOOHHM [Jla HaMMpaT TIPaBUIHUTE HW3BOAM 3a CBeTa OKOJO TAX U [Ja
JleHiCTByBaT IO CBHOTBETHHUs HauuH. [10-BeposiTHO e Te3u WHAUBUIU [a
oLle/iedAT U /ia Ce Bb3MPOM3BE/AT, TakKa Ue TeXHUST MOJie/l Ha MOoBe/leHre U
MHC/ieHe 1Irje  Hazagesnee. HecbMHeHO Taka HapeueHHWTe OT Hac
WHTeJTMTeHTHOCT W HAayuyHO OTKPHWBATE/JICTBO B MHMHA/JIOTO Ca W3pa3sBa/d
e/IHO TIpeIMMCTBO 3a orje/isiBaHe. He e CchBCceM SICHO /a/ivd M Ccera e Taka:
HaIlIMTe HayYHHU OTKPUTHS MOTaT Jla IoBeZiaT /10 YHUIIIOXKEeHUEeTO HU, a IOpU
TOBa /la He CTaHe, eJJHa 3aBbpIlieHa e/[MHHA TeOpHUsi MOXKe OU HsIMa KOl 3Hae
KOJIKO /ia [IOTIpHHecCe 3a 111aHca HU Jia oijesieeM. Ho ciien kato BeeneHara ce
e pa3BHBasia IO TPaBU/IeH HauWH, MOKEM Jla OuaKBame, ue CIIOCOOHOCTTa
7la pa3chXKaBame, JjaZieHa HA OT eCTeCTBeHUs IoA00p, Iile e BaJuHa U 3a
HaIlleTO ThpPCeHe Ha 3aBbpIlieHa eIMHHA TeopHs, Taka ue HsiMa Jla HU JioBejie
J10 TIOTPelIHU U3BOJU.

Cren KaToO YaCTHUTE TeOpHH, KOMTO Beue WMaMe, Ca JJOCTaThbuHM, 3a
Jla TIpaBUM TOYHM TIpe/icKa3aHusl BbB BCHYKU CAyuyad C M3K/IIOUeHWe Ha
eKCTpeMHHTe, ThPCeHeTO Ha OKOHYaTe/iHa Teopus 3a BcesieHara usrnexsia
3a/laua, TPy/AHa 3a orpaB/aHue OT MpakTHUecKa riefHa Touka. CTpyBa cH Ja
orOesie)kKuM, ye TIpU BCe ue IMOA00HM apryMeHTH Ca W3TMO/3BaHUd U CPeIy
TeopusiTa Ha OTHOCUTETHOCTTa, M Cpelly KBaHTOBaTa MeXaHUKa, Te3u
TEOpUM Ca HU [JaJd ¥ sApeHaTa eHeprus, W peBO/oLusTa B
MHUKpoOeJieKTpoHHKara! ETo 3a1fo OTKpWMBaHeTO Ha 3aBbpIlieHa eAuHHA
Teopysi MOXKe U Jia A He TIOMOT'He 3a Orje/isiBaHeTO HU. Bb3MOXKHO e 0pH ia
He OKake BJMsIHME BbpPXy HauMHa Ha >XMBOT. Ho oillle oT 30para Ha
I[UBU/IM3al[MATAa XOpaTa He ca Ce 3a/|0BOJISIBA/IM Jla IJieflaT Ha ChOWUTHATA
KaTo Ha Helljo HeoOscHUMO U 6e3 B3avMHa Bpb3Ka. Te ca OwmM >kafgHu 7
pa3bepaT cKpUTHs peji B cBeTa. U iHeC HYe rOPUM OT >KeJlaHue /ia pa3bepeM
3all[0 CMe TyK W OTKbJe CMe JOLLIA. A Hal-CbKPOBEHUSIT CTpeMeX Ha
XopaTa KbM II03HaHHE € [OCTaTbUHO OIpaBJaHue [la IPOJb/DKUM
ThpCceHeTo. V Halmara 1je/1 e He APyTo, a ITbJIHOTO OIMMCcaHve Ha BceseHara,
B KOSITO JKHBEEM.
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2. ITIPOCTPAHCTBO 11 BPEME

CeraiiHuTe HU MpeACTaBU 3a [IBW)KEHHWETO Ha Tejara JaThpar OT
BpemMeTo Ha [l'anuneldi u HrotoH. Ilpegu TaX XxopaTa ca BspBaiM Ha
ApucToTe/, criopej; KOTOTO eCTeCTBEHOTO ChCTOSIHUE Ha €JHO TSJIO e TTOKOSIT,
OT KOMTO MoXe Jla Ob/ie u3BeeHo upe3 cuia Wi umimysac. OTTyK cefBasio,
ye TeXKKOTO TsJI0 TPSAOBA /ia IMa/ia Mo-0bp30 OT JIEKOTO, 3aIIl0TO MTO-CHJIHO IIje
ce MpUTer/id OT 3eMsTa.

OcBeH TOBa yueHHWeTO Ha ApUCTOTeN TBBP/M, Ue UYOBEK MOXKe [ia
13Be/le BCUUKU 3aKOHM, Ha KOUTO Ce TOAuUMHSIBa BceseHara, upe3 MpoCTO
pasMHIIUIeHHe: HsIMa HYy)KJa OT HabsromarenHa TMpoBepka. M Taka HUKOM
npeau ["annieit He cu e fan TP/ Aa MPOBepH Aaiu Teja C pa3/IMuyHO Tersio
JNeWCTBUTE/NIHO MaAaT C pas3/duHa CKOpocT. TBbpau ce, ue [anunen
JIeMOHCTpUpa/ MOrPellHOCTTa B CXBalllaHeTO Ha APUCTOTeJI, KaTo IycCKasl
Te)XeCTH OT Hak/JOHeHaTa Kysna B Ilu3a. Ta3u ucTopusi 1ouTH CUTYpPHO He e
BspHa, HO ['ayy/eli HaWCTWHA e TIPABWJ/ HeIlo MoZ00HO: ThPKAJISAI TOMKU C
pa3/IMuHO Tersio M0 HaK/IoHeHa paBHHMHA. CUTyalusiTa e CX0[Ha C OTBeCHOTO
rajilaHe Ha TeJiaTa, HO TI0-JIeCHO ce Hab/oaBa, 3aIjoTO CKOPOCTUTE ca TIo-
MaJsiky. VI3MepBaHusiTa Ha ['ansien okasa/iy, 4e He3aBUCUMO OT TerJIOTO CU
BCSIKO TSJIO YBeJiiuaBa CKOPOCTTA CH C eJHa U Chllja CTereH. AKO HarpruMep
MyCHeTe TOMKa M0 HAK/IOH OT e/[UH MeThp Ha BCEKHU JleceT MeTpa, TOMKaTa
11ie ce ABW)KY HAJ[0/1y TI0 HAaK/IOHA ChC CKOPOCT OKOJIO e/IUH MeThP B CEKyH/ia
c/iel MbpBaTa CeKyH7Zia, iBa MeTpa B CeKyH/jla CJie] BTopaTa CeKyH/ia U T.H.
HE3aBHCUMO KOJIKO € Te)KKa. Pa3bupa ce, 0/I0BOTO Ire TlaZia To-0bp30 OT
MeprieTo, HO TOBAa € TakKa CaMO 3amoTo rmepijeTo OwBa 3abaBsSHO OT
CBIIPOTUB/IEHWETO Ha Bb3/yXa. AKO MyCHEM /IBe TeJia, 3a KOUTO Bb3AYIIIHOTO
CBIIPOTUB/IEHHE HE € MHOT'O ro/IiMO, HarlpyuMep /iBe pa3/IM4Hu OJIOBHU TeJla,
Te I1je Ta/laT C eJHaKBU CKOPOCTH.

HioToH u3mos3Ban M3uMc/ieHusTa Ha [anuneit kato 6a3a 3a cBouTe
3aKOHM 3a JBkeHue. [Ipy ekcmepuMeHTUTe Ha ['anusien, Korato eJHO TS/IO0
ce TbpKa/s 0 HaK/JOHeHa paBHMHA, BbPXY Hero [eiicTBa BHMHAru efiHa U
Chbllla cuia (HEroBOTO TeIVIO), KOATO T'O Kapa IIOCTOSIHHO Jia yBejauyaBa
ckopocTTa cu. ToBa TOKa3Ba, ue MCTHUHCKUAT edeKT Ha elHa CHIa ce
r3pa3sBa BUHArd B MPOMsSHA Ha CKOPOCTTa Ha /a/leHO Ts/10, a He TMPOCTO B
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TIPUBEKJAHETO MYy B JBW)KEHHe, KaKTO Ce MMCJ/Ie/io JoToraBa. ToBa 3Hauu
CBII]0, Ue aKO BbPXY e[HO TS/I0 He JIeMCTBa CWa, TO IIje MpoJb/bKaBa /la ce
[BWKY 110 TIpaBa JIMHUSA C e/IHa U Chllja CKOPOCT. Ta3u ujies e u3paseHa siCHO
328 ObpPBUM NOBT B KHUrara Ha HOTOH ,MaremaThueCKd TIPUHLIMIIAS,
nybnvkyBaHa mipe3 1687 I, U e M3BeCTHa KaTo IbPBU 3akKoH Ha HIOTOH.
KakBo cTaBa C Ts1/I0, KOraTo BbPXy HeEro /JeucTBa CWJia, OCOYBA BTOPUST
3akoH Ha HroroH. Criopej Hero Ts/10TO 1ije Ce YCKOpsBa WU lie MPOMeHs
CKOPOCTTa CH TPOMOPLMOHAJHO Ha cuiara. (Hampumep yckopeHUeTo 1ie e
IBA MbTU MO-TOMSIMO TNPW JBa NObTU Mo-rosisiMa cuna.) OcBeH TOBa
YCKODEHHETO € TOJIKOBA I0-MajKO, KOJIKOTO TO-TO/siMa e macara (Wiu
KOJIMUeCTBOTO BEIeCTBO) Ha TsyI0TO. EfHa M Cbllla cyla mpeAu3BUKBa JiBa
ITbTH TIO-MaJIKO YCKOPEeHHe TIpH /iBa MbTH M0-ro/siMa Maca. ([To3Hat npumep
e aBTOMOOH/TBT: KOJKOTO TIO-MOII[eH € JBUTaTe/IsIT, TOJKOBA IO-TO/IIMO €
YCKOPEHMEeTO, HO KOJIKOTO TIO-T€XKa € KoJjiaTa, TOJIKOBa I10-Majiko e
YCKOPEeHHeTO TIPY e[JMH U CblIl IBUTATeJl. )

OcBeH Te3U 3aKOHU 3a JBWKeHUeTO HIOTOH OTKPUJI 3aKOH 3a OMMCBaHe
Ha rpaBUTallMOHHATA CUJ/a, CIIope/i KOMTO BCSIKO TS/I0 TIPUBJIAYA BCSIKO APYTO
TAJIO CbC CWJIa, MPOMNOPLMOHA/IHA HAa Macara My. Taka cuiara Mexzay [Be
Tera e Ob/Je JBa IMbTH TMO-TO/MsSIMA, aKO yJABOMM MacaTra Ha eJHOTO
(HaripuMmep Ha Ts10TO A). ToBa MOXKe [ja ce OyakBa, 3al[OTO MOXEM Jla CU
TpeJICTaBUM HOBOTO Ts/I0 A KaTO CbCTaBeHO OT /JiBe TeJia C ITbpBOHAayaHara
Maca. Bcsko ot Tax 11je npusivya b ¢ mbpBoHauasiHaTa cuiia. M Taka obirjara
cuia Mexxay A u b 1ie Ob/ie iBa ITBTH 10-TOJISIMA OT ITbPBOHaua HaTa. A ako,
[la KakeM, macara Ha eJHOTO OT TejiaTa CTaHe JBa ITbTU II0-TOJISIMa, a Ha
PYTrOTO TPU IBbTH, TO CWJIATa 1ije HapacHe 1iecT ImbTU. Cera Beue MOXeM Ja
pa3bepeM 3all[0 BCUUKH TeJia TaZiaT C eJHakKBa CKOPOCT: BbPXY €HO TSJIO C
[IBa TbTU TIO-TO/ISIMO TerVIO 11ie ZIeHiCTBa [jBa ITbTU MO-T0JisiMa I'PaBUTAL[MOHHA
CWIa, HO M Macara My e Ob/ie ABa MbTU no-rosiMa. Criopes; BTOPHS 3aKOH
Ha HroToH Te3u ABa edekTa Iije Ce YHHUIL[OXKAT B3aMMHO, TaKa 4e TIph BCUUKU
C/Iy4yau YCKOpPeHUeTo 11je e eJHaKBO.

3akOHBT Ha HIOTOH 3a rpaBUTalMgTa HU Kas3Ba Ollle, ue KOJIKOTO I10-
paszasieyeHu ca TeJjiara, TOJIKOBa [10-MaJiKa e Cusara.

HIOTOHOBUAIT 3aKOH 3a rpaBUTAL[MSTA COYM, Ye TPaBUTALMOHHOTO
TIpYMB/IMYaHe Ha e[jHa 3Be3/ia e TOUHO e/lHa YeTBbPT OT TOBA 3a ChlljaTa 3Be3/a
Ha TIOJIOBUHATa pa3ctosiHue. To3u 3akoH TIpe/icKa3Ba opbutuTe Ha 3eMmsTa,
JlyHaTa YW T[UIaHeTUTe C TroJigMa TOYHOCT. AKO 3aKOHBT TBBpJelle, ue
I'PAaBUTALIMOHHOTO TIPUB/IMYaHe Ha eJHa 3Be3Zla HamassBa M0-0bpP30 C
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HapacTBaHe Ha pa3CTOsSIHUETO, OpOWUTHTe Ha IIaHETHUTE HAMAIlle /Ja ca
eUIITUYHN U Te OMXa ce ABWKWIM MO crvpaia KbM CiabHIETO. AKO TO
HaMassiBaIlle 1o-0aBHO, FPABUTAI[MOHHUTE CHU/IHM OT JA/IEUHUTE 3BEe3/H II[sXa
na ripeobraiaBaT Ha/l 3eMHaTa I'PaBUTALIS.

[ongmara pasnvka Mexay uaeute Ha ApuUctoten u Ha [amvnen u
HioToH ce cbcTOoM B TOBa, ue criopel APpHUCTOTea CblLeCTBYBa €JHO
TIPe/ITIOUNTAaHO ChCTOSTHUE Ha TOKOM, KOeTO BCSKO TS/IO 3aeMa, ako He Obe
TIPYBEJIEHO B IBMJKEHUE OT HSKaKBa CUjia WIA UMITY/C. [10-KOHKPEeTHO TOu
cMmsTan, ye 3eMsTa e B mokoru. Ho oT 3akoHuTe Ha HIOTOH CiiefiBa, ue HsMa
eIVH eJMHCTBEH KPUTEPHH 3a NMOKOM. Mo)XeM eJHaKBO yBEepPEHO [la TBbPJUM,
ye TSAJIOTO A e B TMOKOW, a TSI/0TO b ce ABWKU C TOCTOSIHHA CKOPOCT MO
OTHOILIEHHe Ha A, KakTO M ue TS/0TO b e B TIOKOM, a TS/I0TO A ce JBHXKM.
Taka Hampumep, akO 3a MOMEHT H3K/JKOUMM BbPTEHETO Ha 3emsita U
obuKasnsaHeTo i 0kosio CITBHIIETO, MOXKEM Jla KaykeM, ue 3eMsTa e B TTIOKOU U
ye BbPXY Hesl B OCOKa CeBep ITbTyBa B/IaK CbC CKOpOCT 90 MWIM B yac, Wiv
ye B/AaKbT € B IOKOM, a 3eMsiTa ce ABWKU Ha tor ¢ 90 muau B yac. Ako
eKCriepuMeHTUpaMe C [JBWXKeIU Ce Tejla BbB BjlaKa, BCUUKWA 3aKOHU Ha
HroToH 1ie ca B cuna. Taka Haripumep, ako UrpaeM MMUHT-TIOHT BbB BJlaKa, Lie
yCTaHOBMM, Ye TOIKAaTa Cria3Ba 3akOHWTe Ha HIOTOH CBIJO KakTO TOIKA
BBPXY Maca Ha pesicute. Taka ue He GUXMe MOI/IM /la TBHP/IUM KOe Ce IBWXU
— BJIaKbT WM 3eMsTa.

Jlumicata Ha abCOJIIOTeH KpPUTEpUM 3a MOKOM O3HayaBa, ue He CMe B
CBbCTOSTHHE Jla KaXKeM Jla/iid [iBe ChOWTHS, HAaCTHITBAII[M B pa3/IMuyHO BpeMe, Ca
CTaHa/IM Ha €[HO Y CBIO0 MSCTO B MNPOCTPAHCTBOTO. [la TpeAmnoiokum
HaripuMep, ye Halllata TOIKa 3a MUHI-TIOHT BbB BJlaKa OTCKaya IpaBO Harope
Y HaJl0/Ty, KaTo JOKOCBAa Macara Ha eJHO U CbhIL0 MSCTO /Ba ITbTHU Tpe3 eJHa
cekyHma. YoBek Ha pesicuTe OW BBb3MpUes [[BeTe OTCKAYaHHWS KaTo
pa3gasieueHd Ha 40 MeTpa, ThM KaTO 3a TOBa BpeMe BJIAKbT Ilile € W3MHUHAI
TOBAa PA3CTOSIHUWE TIO pejicuTe. AOCOJIIOTEH TOKOM He CBIeCTBYBa M TOBA
O3HauaBa, Ye Ha eJHO CbOUTHME He MO)KeM jla TpUIKIIeM abCOoIHTHO
TOJIOXKEeHKe B MPOCTPAHCTBOTO, KaKTO e mucjaen Apucroresn. [lonoxenusra
Ha CbOUTUSITA U PA3CTOSIHUSITA MEX/Y TSAX I1le ObAaT pa3/iiyHU 3a UOBEK BHB
B/laKa U YOBEK Ha peJICUTe U HsIMA [la MMaMe OCHOBaHWe [ia TipeAroueTemM
TIOJIOXKEHWETO Ha eIUHUS CIIPSAMO JPYTUSL.

HioroH 6w TBbpZie 3arpkeH OT Ta3W JIMNICa Ha abCOMIOTHO
T10JI0’KeHHEe WM abCOJTFOTHO TIPOCTPAHCTBO, KAKTO Ce Hapuya, 3aIlf0oTO TOBa
He OWIO B CbIvIacMe C HjesTa My 3a abcosoreH bor. ®akThuecku TOM

20



OTKa3aJsl fia IpreMe OTChCTBHETO Ha abCOMIOTHO TIPOCTPAHCTBO, MaKap TO /ia
e C/IefICTBHe OT COOCTBEHUTe My 3aKOHH. 3a TOBa CU MPALIMOHAHO CXBalllaHe
TOW OWJT )KeCTOKO KPUTHMKYBaH OT MHO3WHA W Hali-Beue OT eNMCKON Bbpkiu
— ¢unocod, KOUTO BsIpBas, ye KaKTO BCUUKM MaTepuasHA 00eKTH, Taka U
MPOCTPAHCTBOTO U BpeMeTo ca wito3usi. Korato Ka3anu Ha M3BeCTHUS TOraBa
O-p [IKOHCBH KakBO MHWC/IAU bBbpKIM, TOM BUKHAl Bb3MyTeH: ,,A3
OrpoBepraBaM TOBA Taka!“ ¥ puUTHaJ/I eIuH ro/isiM KaMbK.

1 Apuctoten, u HioToH BsipBasii B abCO/IFOTHOTO BpeMe, T.e. BSIpBaJH,
ye UHTEPBA/BT OT BpeMe MeXAy ABe ChOUTUS MO)Ke HeJByCMHC/IEHO Zia Ce
M3MEpHU U TOU I € e[JMH ChIl] He3aBUCUMO KOU T'O € U3MEepW/I, IPU YCJIOBUE
ye e M3M0/3BaH TOYEH YaCOBHUK. BpemeTo e Hamb/JHO OTAENeHO U e
HEe3aBUCHMMO OT TIPOCTPAHCTBOTO. [ToBeueTo GuUxMe ce ChIVIAaCW/IH, Ue TOBA
CxBalljaHe e pa3yMHO. /1 Bce mak ce HaJiOXH /i@ IPOMEeHUM IIpeJCTaBUTe CU
3a IIPOCTPAHCTBO U BpeMe. Makap HalllUTe OUeBU/HU TIpe/iCTaBu 3a 37paBus
CMHCB/ [ia HU BbpIaT paboTa, Koraro cTaBa AyMa 3a 00eKTH Kato sibbjikara
WU TUTaHEeTUTe, KOUTO Ce JIBVP)KAaT CPaBHUTE/NHO 0aBHO, Te M300110 He HU
CJIy>KaT, KOraTo CTaBa Jyma 3a O0eKTH, [BUJKeIM Ce ChC CKOPOCTTa Ha
CBeT/IMHATa.

@akThT, Ue CBeT/IMHATA Ce [JBWXKU C KpalHa, HO TBbpZE BUCOKa
CKOpOCT, OM/1 yCTaHOBEH 3a ITbPBU MbT mpe3 1676 I. OT JaTCKUsi aCTPOHOM
One KpucrteHcen Poomep. Toii 3ab6esisi3an, ue MOMEHTHTE, B KOUTO JIYHUTE
Ha FOnmTep ce nosiBsaBat u33az FOnvrep, He ca paBHOOTAa/e4eHu Mo BpeMe,
KakTo Ou TpsibBaso fAa ouakBaMe, ako Te OOWKansT okoso HOmwurtep c
MOCTOSIHHa CKopocT. ThiM kKarto 3emsata u HOmuTep 0OUKAIsAT OKOJIO
C/TbHILIETO, TO pa3CTOSHUETO MeXAy TsX ce MeHW. Promep 3abensizan, ue
3aTbMHEHHUsATA Ha JiyHuTe Ha HOmuTep ce HabmroaBaT TOJKOBA IMO-KbCHO,
KOJIKOTO T0-0TAasedueHu cMme oT FOmmrep. Criopes; Hero Toea e Taka, 3aloTo
KOraTo CMe TI0-0OT/la/leueHy, Ha CBeT/IMHATa OT JIyHUTe e HeoOX0AUMO TMoBeye
BpeMe Jia CTWrHe [0 Hac. HeroBure wusMepBaHWs Ha I[IPOMEHUTE B
pa3cTosiHreTo Mexay 3emsita U FOnuTep obaue He 6UIM TBbP/e TOUHU, TaKa
ye Criopefi HET0 CKOpPOCTTa Ha cBeT/iMHara Ouna 140 000 mMumm B ceKyH[a,
nokato cera ce npuema 186 000 muiu B cekyHja. HezaBucumMo OT TOBa
MOCTW)XKEHUEeTO Ha PboMep He caMO B [JOKa3BaHETO, Ue CBeT/IMHATA Ce JBUXU
C KpaiilHa CKOpPOCT, HO M B HM3MepBaHeTO ¥ e 3abene>XuTesHO, 0COOEHO
npeBU/ (akTa, ue ce sBSIBA eMHAZieCeT TOAWHU TIpeid MyO/rKalusITa Ha
,MaremMarrueCcky NpUHUUANKU Ha HIOTOH.
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VicTHCKa Teopus 3a pa3npoCTpPaHEeHWEeTO Ha CBeT/IMHATa Ce MOSBUJIa
enBa mipe3 1865 r., korato aHrmuuckusT ¢usuk bxeimc Knapk Makcyen
ycrisi ja 06eIMHA YaCTHUTE TeOPUH, U3TI0/I3BaHM J0TOTraBa 3a OIMMCaHHe Ha
e/leKTpUUeCKUTe U MarHuTHUTe CWIM. YpaBHeHusiTa Ha Makcyen
TIpe/IBW)KJav, ye B KOMOWHMDAHOTO e/leKTPOMarHUTHO Mose TpsibBa fa
ChILIeCTBYBaT BBJIHOMOAOOHN CMYIIIeHUs, KOUTO /la Ce pa3lpOCTpaHsiBaT C
MOCTOSIHHA CKOPOCT KAaKTO BbJIHUUKUTE B e3epo. Korato gb/oKUHATA Ha Te3u
BBJIHA (pa3CTOSIHMETO MekAy rpebeHa Ha efiHa BbJIHA U CJiefiBaillaTa) e
MeTbp WM [OBeYe, TOBA Ca TaKa HAapeueHWTe OT HAaC paAuoBbIHM. [lo-
KbCUTE Ca W3BECTHU KaTO MUKPOBBJIHU (HSKOIKO CM) WM UH(bpauepBeHU
(moBeye OT JeceT XWISAHU OT CM). Buaumara cBeT/iMHA € C AB/DKMHA Ha
BbHaTa Mexay 40x107% 11 80x107° cm. Ourle Mo-KbCUTe BBIHY Ca U3BECTHHU
Karo y/JITPaBUOJIETOBU, PEHTTEHOBU U raMa JIbUM.

Crniopef, TeopuaTa Ha Makcyes paJJMOBbJIHUTE Y CBETJIMHHUTE Bb/IHU
TpsibBa Jla ce JBWKAT C HsKAKBa IOCTOSiHHa CKOpocT. Ho Teopusita Ha
HioTtoH ce Oumma m3b6aBuIa OT mpefcTaBaTa 3a abCOMIOTEeH ITOKOM, Taka ue,
ako TIpyeMeM CKOpPOCTTa Ha CBeT/IMHATa 3a IOCTOsSHHa, Ou TpsibBaso fa
KakeM OTHOCHO KakBO ILie s u3MmepBaMme. [lopaau ToBa ce mpuesio, ye
ChllleCTByBa CyOCTaHI[Ws, HapeueHa ,eTep”, KOSTO e HaBCsAKbJe, JOpY B
,IIPa3HOTO* KOCMUYECKO MPOCTPAHCTBO. CBETVIMHHUTE BBJIHU IIpeMUHaBarT
rpe3 eTepa, KakTO 3BYKOBUTE Ipe3 Bb3AyXa, U MOPa/Ii TOBA TSXHATa CKOPOCT
ce ompefesisi MO OTHOLIeHWe Ha eTepa. [IBW)KEWKM Ce OTHOCHO eTepa,
pa3MuHUTe HaOJrofaTeNu 1ije BWKAAT CBeT/IMHATA /la Ce MpUO/KaBa KbM
TAX C Pas/IMUHU CKOPOCTU, HO CKOPOCTTA Ha CBeT/IMHAaTa OTHOCHO eTepa 1ije
OCTaBa MOCTOsTHHA. B 4aCTHOCT Mpu JBUWKeHHeTO Ha 3eMsTa Iipe3 eTepa I10
opburara ¥ okono C/BHIIETO CKOPOCTTA Ha CBeT/IMHATa, M3MepeHa B TI0COKa
Ha 3eMHOTO [BIDKeHUe Tipe3 eTepa (kKorato ce mpub/iMKaBaMe KbM
CBeT/IMHHUS W3TOUHUK), TpsibBa /Ja e TI0-BUCOKAa OT CKOpPOCTTa Ha
CBeT/IMHATa, MepIieHIUKY/sipHa Ha TOBa [IB)KeHUe (KOrato He ce ABWKUM
KbM H3TOUHUKA). [Ipe3 1887 r. Anb6bpT Maiike/ichbH (KOWTO BIIOC/E/ICTBUE
CTaHa IIBPBUSAT aMepuKaHel], HocuTes Ha HobenoBa Harpazia 3a gusvka) u
Enyapag M opnu nipoBejjoxa euH MHOI'O TOYeH ekcriepuMeHT B I1Ikosara 1o
NpUWIOXKHU Hayku ,Keusz“ B KnuBnanzg. Te cpaBHMXa CKOpPOCTUTE Ha
CBeT/IMHATA B MOCOKAa Ha 3€MHOTO [IBW)KEHHE Y MO/] MPaB bI'bJl KbM 3€MHOTO
[BIKEeHMe U 3a CBOe roJiAMO yuy/BaHe yCTaHOBMXa, ue Ca CbBCeM eJJHaKBU!

Mexay 1887 1. m 1905 1 0Osxa HampaBeHW OINMUATHA (Hau-
3abenieXxuTeTHUAT Oellle Ha XOmaHACKWsA ¢u3uK XeHApWK JlopeHI) fga ce
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00sICHM pe3y/TaThT OT eKcriepuMeHTa Ha MatikenchbH—MOp/U C MOMOIITa
Ha CBMBaHe Ha Tejara U 3abaBsHe Ha YAaCOBHWIIUTE TIPU [BWKEHHETO UM
ripe3 erepa. [Ipe3 1905 r. B efuH U3BeCTeH TPy Ha HeM3BeCTHUS [OTOraBa
ynHOBHUK B llIBeiiljapckoTo mareHTHO Oropo AsibepT AibHIIaH Ge
orbensizaHo, ue UjesTa 3a eTepa BboOIIe He e HeoOX0ArMa, aKO YOBEK pelir
Ja U30CTaBU wu7esita 3a abcomoTHO Bpeme. IlomoOHa 3abene)xkka Oe
HaripaBeHa HSKOJKO CeAMULIU MO-KbCHO U OT BoJelusl (D)peHCKU MaTeMaTUK
Anpu Iloankape. AprymeHTUTe Ha AMUHIAMH ca TOBedye OT (U3UYECKU
xapakTep, Aokaro Te3u Ha [loaHkape ca MareMaruuecku. Haili-uecto Ha
AVHILIaH Ce MPUMNKMCBa HOBaTa Teopus, a [loaHKape ce MOMHM KaTO YOBEK,
YHeTO UMe e CBbP3aHO C BakHa YacT OT Hefl.

OCHOBHMST TMOCTyJaT Ha TeOpUsiTa Ha OTHOCUTEJTHOCTTAa e, ue
HayUHHTe 3aKOHU TPsiOBa /la ca e/IHM U ChILY 32 BCUUKWA CBOOOIHO /BYKEIN
ce HabsmoaTes He3aBUCMMO OT TSXHaTa CKOpOCT. ToBa e BfIPHO 3a
HroToHOBHUTe 3aKOHU 3a [IBM>KEeHHE, HO cera ujesTa be pasiivpeHa U BK/IIOUH
MakcyenioBaTa TeOpHsi M1 CKOPOCTTAa Ha CBET/IMHATA: BCUUKHW HalOsofarenu
6u TpsibBasio /a U3MepBar eJjHa U ChIlla CKOPOCT Ha CBeT/IMHATa He3aBUCUMO
OT TOBa, KOMKO Obp30 ce aBWkKar. Ta3u TMpocTa ufess uMa HSKOJKO
3a0e/1eXKUTeTHU CleICTBUSL. Moske ou Hal-U3BECTHUTE ca
eKBMBAJIEHTHOCTTA MEXAY Maca W eHeprusi, 0000IeHa B 3HAMEHHTOTO
ypaBHeHMe Ha Aitnmaiin E = mc? (kbgeto E e eHeprusita, m e Macara, a C e
CKOpPOCTTAa Ha CBeT/IMHATA), U 3aKOHBT, Ue HUIL[0 He MOyKe /la Ce JABWXU ChC
CKOPOCT, MO-ToJisiMa OT Ta3u Ha CBeT/IMHAaTa. T'bi KaTo Macara U eHeprusra
ca eKBUBAJeHTHM, €Heprusira Ha eAHO TS0, Ab/DKallla Cceé Ha HEeroBOTO
[BIDKeHWe, Ile yBesnuaBa Macara my. C Ipyrd Aymu, T Ie 3aTpyAHsSBa
HapaCTBaHETO Ha CKOPOCTTa My. 103U e(deKT e HAMCTHMHA 3HAYMM CaMO MpHU
00€eKTH, JBWKEIU Cce ChC CKOPOCTH, O/IM3KK [0 CKOPOCTTa Ha CBeT/IMHaTa.
Taka Haripumep, nipu 10% OT CKOpPOCTTa Ha CBeT/IMHAaTa MacaTa Ha o0eKTa e
ensa 0,5% Hag HopmasiHaTa, Jokaro rpu 90% T4 1ije e mmoBeye OT ABa MIbTU
HOpManHata My Maca. KoraTo ckopocTta Ha oOekTa ce [JOOMMKU [0
CKOpPOCTTa Ha CBeT/JIMHaTa, Macara My HapacTBa ollje T0-0bp30 U 3a [a
yBe/IMUHM Ollje TI0BeYe CKOPOCTTa CH, ue My e HeoOxoqvMa olije TOo-ToJisiMa
eHeprusi. PaKTUUeCKd TOW HUKOra HsMa Jla [JOCTUTHe CKOpOCTTa Ha
CBeT/IMHATa, 3alll0TO ToraBa Macara My Ou TpsibBaso fia ctaHe Ge3KpaiiHa, a
Mopajii eKBUBAJIEHTHOCTTA HAa Maca W eHeprus TsA0TOo Ou TpsibBano Aa
nonyun 6e3KpaiiHO KOMUeCTBO eHeprus, 3a fja s gocturHe. CriefoBaTeTHO
TeopusTa Ha OTHOCUTE/THOCTTA 3aBUHAarM OrpaHuWyaBa JBWKEHUETO Ha
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BCUYKM HOPMa/IHM Tejla /10 CKOPOCTU, MO-HUCKU OT CBeT/iMHHaTa. CamMo
CBET/IMHHUTE WIX APYTU BBJIHU, KOUTO HAMaT coOCTBeHa Maca, Morar fia ce
JBIDKAT ChC CKOPOCTTA Ha CBeT/IMHATA.

EnHO cbIllo ToMKoBa 3abesieXXHUTeNHO C/e[CTBHME OT TeopusiTa Ha
OTHOCUTEJIHOCTTA € pPEBOJIIOL[MOHHATa TMpPOMsiHA B TIpe/CTaBUTe HU 3a
TPOCTPAHCTBO U Bpeme. Cniopej TeopusAta Ha HrOTOH, KOraro usnpaTum
CBET/IMHEH WMITYJIC OT e[JHO MSICTO Ha [JPyro, pa3IhuyHuTe Habsromarenu
buxa ce ChIIACUIU 3a BpeMeTo, He06X0MMO 3a U3MHHABaHETO Ha TO3U MbT
(3a1110TO BpeMeTo e abCoJIIOTHO), HO HEBHHATH I1je Ce ChIVIACAT 3a U3MHHATUS
OT CBeT/IMHaTa IThT (3al[0TO IMPOCTPAHCTBOTO He e abcomoTHO). [ToHexe
CKOpPOCTTa Ha CBeT/IMHaTa € TBbKMO W3MMHATOTO OT Hes Ppa3CTOsiHUe,
paszesieHo Ha U3TEK/I0TO BpeMe, 3a pa3/InuyHuTe HaO/IoiaTe/ i CKOPOCTTa Ha
CBeT/IMHATA I1fe e pa3inuHa. Criopes; TeopusiTa Ha OTHOCHTE/THOCTTa oOaue
CKOpPOCTTa Ha CBeT/IMHaTa mpsabea ha e eAHAKBA 3a BCUUKW HaOJrofaTesu.
Ho 1 3a TX U3MUHATOTO OT CBeT/IMHATa Pa3CTOsSIHUE 11je e pa3/IMYHo, Taka ye
B C/ly4yasi ¥ MHEHHMEeTO UM 3a TOBa, KOJIKO BpeMe e U3TeKJIO, Iile e pa3InudHo.
(M3TeknoTo BpeMe Mpe/cTaB/isiBa USMUHATOTO OT CBET/IMHATA Pa3CTOsIHUE —
3a KOeTO MHeHUsiTa Ha Hab/rofarenuTe ce pas3/idyaBaT, pasfie/ieHO Ha
CKOPOCTTa Ha CBeT/IMHAaTa — 3a KOeTO MHeHusiTa UM CbBmazar.) C Apyru
OyMU, TeOpHsATAa Ha OTHOCHUTETHOCTTA CJlara Kpal Ha ujesita 3a abCOFOTHO
BpeMe! M3nm3a, ue Bceku Habsromaresn TpsibBa Ja MMa cobCTBeHa MspKa 3a
BpEMETO, OTUETeHO 10 YaCOBHMKA, KOMTO HOCU ChC cebe cu, ¥ ue eHU U
CBII[ YaCOBHWIIM HA pa3/IdyHU HabrozaTeM HsIMa HeNpeMeHHO [ia
ChBIIA/AT.

Bceku Hab/rofiaTes1 Moke Jja M3M0/3Ba paziap, 3a a Kaxke Kb/ie U Kora
e HaCTBITWIO /1aJIeHO0 ChOWTHe, KaTo U3MpaTH CBeTIMHEH WIHM PaJIMOBBIHOB
ummysc. YacT oT umIysca ce oTpas3sBa OT CbOWTHETO, a HaOJomaressT
r3MepBa BpeMeTO, KOraTo eX0TO CTUTHe [0 Hero. B TakuBa ciiyuau Ka3Bame,
ye MOMEHTa Ha ChHOWUTHETO e BpeMeTO II0 CpejlaTra MeXKAy MOMEHTa Ha
u3fpalljaHe Ha WMITyJiCa MU MOMEHTa Ha TPUCTUMraHe Ha OTpaKeHUeTo:
pa3CTOSIHMETO Ha ChOUTHUETO e TMOJIOBUHATA OT BPEMETO 3a TOBA ITbTyBaHe B
JlBeTe MOCOKHM, YMHOXXEHO T0 CKOPOCTTa Ha cBeT/iMHara. (B To3u cMUCHI
cbOUTHeTO € Hello, KOeTo CTaBa B e/Ha-eJUHCTBEHAa TOYKAa B
MIPOCTPAHCTBOTO B KOHKPeTeH MOMeHT BpeMe.) Ta3u ujes e WIHOCTpHMpaHa
Ha ¢ur. 2.1, KogTO e TipUMep 3a JuarpaMa IIPOCTPaHCTBO-BpeMe.
V3rmon3Baiiki Ta3u TipoijeAypa, HabmogaTeMre, KOUTO Ce IBMXKAT OTHOCHO
e/IUH [IPYT, I1ije TIPUCBOSIT pa3/IMUHU BpeMeHa U MeCTOIO0/I0)KeH!s Ha efJHO U
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CBII0 CHOMTHeE. I3MepBaHHsATa HA HUKOM OT /[BaMaTta HaO/mojaTe/nd HaMa fia
ca TO-TOYHM OT Te3W Ha JPYrus, HO MeXAy Te3W H3MepBaHus Iije HUMa
Bpb3Ka. Bceku HabmromaTesl Mo)Ke TOUHO /la OIpeZie/id KakBO BpemMe H
TOJIOKeHWe BCEKHW JApyr HabJiofiaTes1 Iije TIPUITMINE Ha eHO CbOWUTHe, ako
3Hae OTHOCUTeJTHaTa CKOPOCT Ha HabsirofiaTesisi.

APUEMAHE HA PAJTAPHUA UMITYAC

-~

mHE-—-T
f.{

N CLEUTHE, OT KDETC
[MOAGBAHATA OT ‘*\. GE OTPAZABA W3MPA~

BPEMETO JA DTHBAHE s { Y] TEHUAT PANAPEH
-

W BPLIWARE WMNYAC
. AYHA

BPEME 3A UTUBAMHE U BPB

BPEME L
£ i :
&HEHP#.LLMHE HA PALAPEH MMN¥AC

PAZCTOAHWE OT HABAKOATEAR

CHUVYPA 2.1

KbM durypara: Bpememo ce uszmepga 8epmukaiHo, a pazcmosiHuemo
om Habaodamens ce usmeped XopuzoHmanaHo. ITemsam Ha Habaodoamens
npe3 npocmpaHcmeomo U epeMemo e NOKA3dH C 8epmukaaHama AuHUsA
omaseo. Ilemsm HaA ceemAUHHUMeE A®BUU KoM U Om Cosbumuemo

npedcmaensieam oudzoHaaume
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B Halv JHU npuiaraMe UMeHHO TO3W MeTOJ, 3a TOYHO M3MepBaHe Ha
pa3CTOSIHUSI, 3alllOTO K3MepBaMeé MHOIO [0-TOYHO BPEMETO, OTKOJIKOTO
Ob/okMHaTa. PakThuecKd Je(@UHULMSATA 3a MeTbp € pa3CTOSHUETO,
M3MMHATO OT CBeT/MHaTa 3a 3,335640952x10° ceKyHau, U3MepeHH C 1je31eB
yacoBHUK. ([IprurHaTa 4nC/I0TO @ € TOYHO TAaKOBa €, ue TO ChbOTBETCTBYBA
Ha WCTOpUYecKara Je(UHUIMS Ha MeTbpa — pPa3CTOSTHUETO MeXAy [iBe
YEepTUUKKA BbPXy T[IpbUKa OT [UIaTUHOBO-UPUJMeEBa CIUIaB, KOATO Ce
cbxpaHsBa B [Tapwk.) MoxeM fia u3rioi3BamMe 1 1o-yo0HaTa HOBa e[MHHULIA
3a 'b/DKWHA, HapeueHa CBeT/IMHHA ceKyHjia. HeliHata JeduHuIMs e TIpOoCTO
pa3CTOSTHUETO, U3MMHATO OT CBeT/IMHAaTa 3a eJHa CeKyHJa. B Teopusita Ha
OTHOCUTEJTHOCTTa Beue OripejessiMe pa3CTOSHUETO Ype3 BpeMeTO U
CKOpPOCTTa Ha CBeT/IMHAaTa, OTKBJAETO CJielBa aBTOMAaTH4YHO, Ye 3a BCEKHU
HaOJTroaTesl U3MepeHaTa CKOPOCT Ha CBeT/IMHATA IIfe e efAHa W Cbima (1Mo
nepununms 1 Mmersp 3a 3,335640952x10° cekynau). Hsima Hykjga fa
BbBeXK/amMme Ipe/cTaBaTa 3a eTep, YMeTO IPUCHCTBUE Taka WIU UHaye He
MOXe [la Ce YCTaHOBH, KAaKTO TOKa3a eKCIepUMeHThT Ha MaukenchbH —
Mopmu. TeopusTa Ha OTHOCUTE/THOCTTa 0Oaue HU MIPUHY>K/IaBa Zia U3MEeHUM
KODEHHO HaIlliTe TpeACTaBd 3a TPOCTPAaHCTBO U Bpeme. Tpsibea Ja
rpveMeM, 4Ye BpeMeTO He € Hallb/JHO OTAeJHO UM He3aBUCMMO OT
MIPOCTPAHCTBOTO, a € 00egWHEHO C Hero W obpa3syBa Thil HapeueHOTO
TIPOCTPAHCTBO-BpEMe.

KakTo 3HaeMm, MoJIo)KeHUeTO Ha TOYKA B MPOCTPAHCTBOTO Ce OIMMCBA C
TOMOILLITa HAa TPU YKCJIa UM KOOPAWHATU. Taka HarpuMep MOXXeM [la KaKeM,
ye TOUKA B CTasiTa e Ha cefjeM (hyTa OT elHaTa CTeHa, Ha TP OT ApyraTa 1 Ha
neT Haj noga. Viny ga mocoumm, ye efjHa TOUKa e Ha orpeZiesieHa reorpadcka
LIMpYHA U JB/DKMHA U Ha ompe/iesieHa BUCOYMHA HaJ, MOPCKOTO paBHMUILIE.
YoBek e cBOOOZIEH /a M3M0/3Ba KOU Jla Ca TPU MOAXOASIIM KOOPAWHATH,
Makap Te Ja MMaT camMO OorpaHuyeHa BaqauaHOCT. [lomoxeHueTo Ha JlyHata
He MOXe Ja Ce JaJe B TePMUHU MW/IU CEBEPHO WIM MWIM 3aragHO OT
,IIUKaJiuii CbPKbC“ M (yTOBe HaJ MOPCKOTO paBHHIlle. BmecTto TOBa
TpsiOBa /la TO OMMIIIEM B TePMUHU pa3cTosiiye oT CIbHIETO, pa3CTOSTHUE OT
opOuWTanHaTa paBHMHA Ha TIAHETHUTE W BI'bJI MEXKAY IpaBaTa, CBbp3Balla
Jlynara u CopHLeTO, ¥ nipaBara Mexzay CiTbHLIETO M e[lHa CbCeHa 3Be3[a,
HaripuMmep Asia ot LleHTaBbp. HO 0pU U Te3u KOOpAWHATH HSIMAa MHOTO [ia
HU TIOMOTHAT /ia OMullieM To/10)KeHreTo Ha CIIbHLeTO B Hamara ['amakTvka
WM T0JIOXKEHUEeTO Ha HaiaTa ['ajakTMka B MeCTHaTa rpyra rajaktukd. Ha
TpaKTHKa YOBEK MO)Ke Jja OIuILle LjsiylaTa BceneHa ¢ momoITa Ha KOJIeKLUs
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OT TIPUIIOKPUBALM Ce KPBIIKWA. BBB BCSIKa OT TIX MOXeM Jja U3I0/13Bame
pas/IMuHO MHOKeCTBO OT TPU KOOPZMHATH, 3a Za 3a/ajeM I0JI0KeHWeTO Ha
elHa TOYKa.

CbOuTHETO € Hello, KOeTo ce CayyBa B KOHKpeTHa TOYKa B
IPOCTPAHCTBOTO B KOHKpeTeH MOMeHT. [Iopaau ToBa MoKeM fia ro 3ajazem C
yeTUpPU YMC/Ia WIM KOOpAUHaTU. VI B TO3u ciyuaii n300pbT Ha KOOPAUHATH
rMak e TIPpOM3BOJIEH; MOXKEM Jia WU3MoJi3BaMe KOM Ja ca Tpu [Jobpe
neduHUpaHU MPOCTPaHCTBEHW KOOPAMHATH U KakBa /la e MspKa 3a BpeMe. B
TeopUsiTa Ha OTHOCUTE/IHOCTTA HsMa (paKTUUeCKO pasrpaHuyeHue Mexuy
TPOCTPAaHCTBEHUTE W BpEMeBUTEe KOODAWHATH, CbIO KAaKTO HsAMa
dakTUUecka pa3vMKa MeXJy KOW /la ca JBe TPOCTPAHCTBEHU KOOpZMHATH.
MoxxkeM fa u3zbepeM U Jpyra KOOpAWHATHa CUCTeMa, B KOSITO, /la KaKeM,
TbpBaTa MPOCTPAaHCTBeHa KOOpJWHAaTa e KOMOWHAIMs OT CTapuTe MbpBa U
BTOpa IPOCTPAHCTBEHU KOOpAuHaTWh. Hariprimep BmecTO Ja u3MepBaMme
TI0JIOXKEHKWeTO Ha e/lHa TOUKa BbpPXy 3eMsTa B MUJIM CeBepHO OT ,,[Iukagumi‘
Y MWIM 3aragHo ot ,[lvkagunu®, na v3mosisBame MUIM CeBEPOM3TOYHO OT
I IMKagumu“ 1 MuId ceBeposariafiHo ot ,Ilukagumu®. Ilo Ccbiyus HauMH B
TeopusiTa Ha OTHOCUTEJTHOCTTAa MOXKeM [Jia W3II0/13BaMe HOBa BpeMeBa
KOOpZHaTa, KOSTO fa e crapaTa (B CeKyHAu) IUIIOC pa3CTosiHUeTO (B
CBET/IMHHU CEeKYH/IN) CEBEPHO OT ,, [ Inukagumm®.

Ilobpe e fa cu TipeficTaBsiMe UeTUPUTe KOOPAWHATH Ha eJHO ChOuTHe
KaTo KOOpJAWHATH, 3a/aBallli T[I0JIO)KEHWETO My B  UYeTUPU-MEpPHO
TIPOCTPAHCTBO, HApeuyeHO TIPOCTPAHCTBO-BpemMe. HeBB3MOXHO e Ja Cu
NpefCTaBUM €JHO YeTUPUMEPHO TIPOCTPAaHCTBO. Ha MeH camust Mu e
[OCTaTbUHO TPYZAHO Ja CU TpefcTaBs Aopyu TpuMepHo-To! Ho MoxeM siecHO
/la HauepTaeM CXeMH Ha JIByMepHMU IPOCTPAaHCTBA — Hallp¥Mep Ha 3eMHara
MOBBPXHOCT. (3eMHara MOBBPXHOCT € [IByMEPHA, MOHeXe IMOJI0KEeHUeTO Ha
elHa TOYKa MOJKe Jla ce 3aZiafie C Be KOOPAUHATU — reorpadcka [MUprHa U
OBJDKUHA.) A3 Ije U3M0J/i3BaM CXeMH, B KOUTO BpeMeTO HapacTBa Harope, a
eJHO OT MPOCTPaHCTBEHUTE U3MepeHUs e 0Ka3aHO XOPU30HTa/lIHO. [Ipyrure
[iBeé TPOCTPAHCTBEHU M3MepeHHsl ca TMpeHeOperHaTu WM TIOHSKOTa eJHOTO
OT TAX € JjaJleHo B nepcriektuBa. (Te ce HapyuuaT MPOCTPaHCTBEHO-BPEMEBU
auarpamu, KakBato e Hanpumep ¢wur. 2.1). Ha dwur. 2.2 Haripumep BpeMeTO
Cce U3MepBa Harope B IOAVHU, a PAa3CTOSHHWETO Mo rpasara OT CIBbHLETO [0
Anda ot LleHTaBBp Ce U3MepBa XOpU30HTATHO B MWIU. [IbTST Ha CABHIETO
M Ha Anda ot lleHTaBbp Ipe3 TIIPOCTPAaHCTBO-BpEMETO € TI0Ka3aH C
BePTUKA/IHU JIMHUU OTJISIBO M OTJSACHO Ha Auarpamara. EJVH CBeT/IMHEeH JbY
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ot CTBHLIETO Ce JABW)KHU 0 haroHasa v 3a Ja cturie ot CobHLeTo 0 Anda
ot lleHTaBBp, Ca My HeOOXOMMHU UETHUPU TOIUHU.
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KOHYC "~ 3

SHTVPA L3

NPOCTPAHCTRO

MPOCIPAACTER
JHOYPA 2.4

KakTo BUAsiXmMe, ypaBHeHUsITa Ha Makcyes mpeficka3BaT CKOpPOCTTa Ha
CBeT/IMHATa Jja € elHa U Chlljla He3aBUCUMO OT CKOPOCTTa Ha MU3TOYHHWKA U
TOBa € TIOTBbPJIEHO C TOYHM u3MepBaHusl. OTTyK cC/iefBa, ue ako B-
ornpezie/ieH MOMEHT OT OrpefiejieHa TOUKa B MPOCTPAHCTBOTO Ce U3IpaTv
CBeT/IMHEH UMIIYJIC, C TeUeHHe Ha BpeMeTO TOM Iile Ce pa3CTesie Karto cdepa
OT CBeT/IMHa, UMMTO pa3Mep U TMOJOXKeHWe IIfe ObJaT He3aBUCUMHU OT
CKOPOCTTa Ha u3TO4yHWKa. Cei MUIMOHHA 4acT OT CEeKyHJaTa CBeT/IMHATa
Ile ce e pascT/iana u ije obpa3yBa cepa c paguyc 300 meTpa; cieq 1Be
MW/IMOHHU OT CeKyHJiaTa pasuycsT Lie e 600 MeTpa M T.H. — CBILI0 KakKTO
HaOpBUKBAHETO TIO TIOBLPXHOCTTA Ha €3ep0, KOraTo XBBPJIUM KaMBbK.
BbyiHUTE ce pa3npoCTpaHsiBaT B KPbI, KOUTO CTaBa BCE TMO-TO/SIM C TeUeHHe
Ha BpeMeTO. AKO CH MpPeACTaBUM €IUH TPUMEPEH MOjes, ChCTaBe€H OT
JIByMepHaTa MOBbPXHOCT Ha €3epOTO M KaTo TPeTO M3MepeHHe BpeMeTo,
Pa3IIMpSBAIAAT Ce KPbI BBJAHHU Ije oOpa3yBa KOHYC, UHMWTO BPBHX € B
MSICTOTO U BpeMeTO, B KOeTO KaMBbKbT e JOKOoCHa/n Bogara (¢ur. 2.3). Ilo
CBIIIUSI HAUMH CBeT/MHATa, KOSATO Ce pa3lpoCTpaHsiBa OT eAHO ChOUTHe,
oOpa3yBa Tpu-MepeH KOHYC B UeTUPUMEpPHOTO TPOCTpPaHCTBO-BpeMe. To3u
KOHyC ce Hapuya Objell] CBeTJMHEH KOHyC Ha chbutuero. I[lak 1o To3u
HauWH MOXKEM [la HauepTaeM e[IuH BTOPU KOHYC, HapeueH MUHaJ/l CBeT/IMHEH
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KOHYC, TIpe/ICTaB/IsIBall] MHO)KECTBOTO OT CbOWTHS, CBET/TMHHUAT UMITYJIC, OT
KOWTO € B CbCTOSIHHE /la CTUTHE [I0 JafieHo crouThe (ur. 2.4).

MuHamuaT W OBJAENUAT CBET/IMHEH KOHYC Ha e[Ho Cchouthe P
paszesisiT MPOCTPaHCTBO-BpeMeTO Ha TpU obsactu (¢ur. 2.5). AGCOMHOTHOTO
Obgellle Ha cCbOUTHETO e o0siacTTa BBHB BBTPEIIHOCTTa Ha Objerius
CBeT/IMHeH KOHYC Ha P. To e MHO)KeCTBOTO OT BCUUKU CHOUTUSI, KOUTO MOTaT
eBeHTYa/THO Jla Ce TIOB/IUSISAT OT TOBa, KoeTo cTaBa B P. ChbuTHATa M3BBH
CBeT/IMHHUS KOHYC Ha P He morar fja O6b/aT AJOCTUTHATU ChC CUTHAJU OT P,
3all[0TO HUIII0O He MOXe Jla Ce [BWKU TM0-0bp30 OT CBeT/WHAaTa.
CremoBaTe/lHO Te He MoraT Jila Ce TOBJMSSAT OT TOBa, KOETO ce cjiyuBa B P.
AbcomoTHOTO MMHAJIO Ha P e 06/1acTTa BTpPe B MUHAJIWS CBET/TMHEH KOHYC.
To e MHO)XeCTBOTO OT BCMUKHM CbOWTHS, OT KOUTO CUTHAJIUTEe, BIKEIIH Ce
ChC WJIW MO/ CBeT/IMHHATa CKOPOCT, Morar jia AocturHar P. [Topaau ToBa TO
e MHO>KeCTBOTO OT BCMUKH CHOWTHSI, KOUTO MOTaT €BEHTYyaJ/IHO [ja BJIUSAT Ha
TOBa, KOeTo cTaBa B P. AKO 3HaeM KakBO CTaBa B eIMH KOHKpPeTeH MOMEHT
HaBCsAKBJE B 00/lacTTa OT MPOCTPAHCTBOTO, KOSITO JIE)KW BBTPE B MUHAJIUS
CBeT/IMHEH KOHyC P, lijle MOXeM Ja MpeABUAUM KaKBO Iije CTaHe B P.
HaBcsikbiie apyrazie e o6s1acTTa OT MPOCTPaHCTBO-BPEMETO, KOSITO He JIeXKU
HUTO B Objellusi, HUITO B MUHA/IUs CBeT/IMHEeH KOHyC Ha P. Cbbutusra B
o0/iacTTa HaBCSIKB/E pyrafie He MOrar /ia OKa3BaT B/IUsSHUe BbPXY WIH fia Ce
BIUSIAT OT ChOuTHsATAa B P. Ako Hampumep CIIbHIIETO TIpeCcTaHe Ja CBeTU
TOYHO B TO3M MOMEHT, TOBa HsIMa /la OKa)ke BJIMsSHUE BbPXYy ChOMTHSTA Ha
3eMsATa B HaCTOSIIIETO, 3aI[OTO Te Iife ca B 00/lacTTa HaBCsAKbB/E Apyraje 3a
cpbuTtreTo, Koraro CibHIleTO n3desHe (¢dwur. 2.6). Hue 1mie y3Haem 3a ToBa
elBa C/iefi OCeM MHHYTH, KOETO TIpe/CTaB/ssBa BpeMeTo, HeobOXoquMo
cBeT/iMHaTa Ja cturde ot CiopHIETO 40 Hae. EfBa ToraBa chOMTHATA Ha
3eMsATa Iije TIOMaAHAT B ObJEIUs CBET/IMHEH KOHYC Ha CHOWTHETO, TpU
koeto CibHIIETO H3ue3Ba. [1o ChIl[MA HaUMH HUe He 3HaeM KaKBO CTaBa B
TO3W MOMEHT Hajlajied BbB BceneHaTa: CBeT/IIMHaTa, KOSTO BWKJame OT
Jla/ieyHUTe Ta/llaKTUKK, TU e HallyCHasa Mpeau MUJIMOHU TOAWHM, a 3a Hali-
oTZasieueHUTe 00eKTH, KOUTO BI>K/aMe, CBeT/IMHATA TW e HallyCHasa Mpeau
okosio 8 myipA. roauHu. ETo 3aiio, Korato miefjame BceneHarta, Hue s
BIK/IaMe TaKaBa, KaKBaTo e Onja B MMHAJIOTO.
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Axo TipeHeOperHeM rpaBUTALMOHHUTE edeKTH, KAaKTO Ca HarpaBU/IH
AviHaviH u ITloankape npe3 1905 r, ile CTUrHEeM [0 T.Hap. CIeLiMa/Ha
TeopHysi Ha OTHOCUTETHOCTTA. 3a BCSKO ChOWTHEe B MPOCTPaHCTBO-BPEMETO
MOXKEM [1a IOCTPOUM CBET/IMHEH KOHYC (MHOXEeCTBOTO OT BCUUYKU Bb3MOKHU
MIbTHILIA Ha CBeT/IMHATa B IIPOCTPAaHCTBO-BPEMETO, M3/IbUeHa OT TOBa
cbOUTHE), @ Th KaTO CKOPOCTTA Ha CBeT/IMHATa € e/[Ha U ChIlja TIPU BCSIKO
cbOWTHE U 3a BCsAKA TTOCOKA, BCUUKK CBETIMHHU KOHYCH IIle Ca UAEHTUUHU U
I1]e Ca HACOYEeHM B e/lHa M Chllja NTOCOKa. TeoprsaTa HY Ka3Ba CbIL0, Ye HHULLO
He MO)Ke /la ce ZBM)XM I0-O0Bbp30 OT cBeT/MHaTa. ToBa 3HauM, Ue MBTAT Ha
KOWTO U /la e 06eKT B MPOCTPAHCTBOTO M BPeMeTo TpsiOBa Jia ce TIPeICTaBU C
MpaBa, KOSITO JieXKM B TPaHUIIUTe Ha CBETVIMHHHUS KOHYC 3a BCSIKO ChOWTHE
BbPXY Hero (ur. 2.7).

CrierjiasiHaTa Teopysi Ha OTHOCHUTETHOCTTa MHOTO YCIIeIIHO OOsSICHU
¢hakTa, Ue CKOPOCTTA Ha CBET/IMHATA € e/[Ha M Chllja 3a BCUUKH HaO/roaTe/
(KakTo MOKa3za eKCrnepumMeHTBhT Ha MaiikencbH — Mopnam), U Ja Onuilie
KaKBO CTaBa, KOrato 00eKTuTe ce JBW)KaT CbC CKOPOCT, O/13Ka 40 CKOPOCTTa
Ha cBeT/ivMHaTa. Ts obaue He ce cbiviacyBaile ¢ HroToHOBara Teopus 3a
rpaBUTaLMATa, CIIOpes, KOSITO Tejara Ce IPUBJIAYAT IOMEXAY CU CbC CUJIA,
3aBMCell|a OT pa3CTOSIHUeTO MeXXy TaX. ToBa 3HauM, 4ye ako IIpeMeCTUM eIHO
OT TeJjiaTa, CWiara BbPXY JAPYrOTO TS/IO BefJHara Ie ce mpomMeHd. Mmm c
Opyryd AyMH, TpaBUTalMOHHUTe edeKTH OuU TpsbBano Aa ce ABWKAT C
Ge3KpaifHa CKOPOCT, a He CbC CKOPOCTTa Ha CBeT/IMHAaTa WX T0-Majka OT
Hesl, KaKTO M3WCKBa CreluaaHaTa Teopusi Ha OTHOCUTeNHOCTTa. Mexay
1908 r. 1 1914 1. AliHITalH Ha HSKOJIKO ITBTH C€ OINMWTBa Oe3yCrelHo [a
HaMepHy TeOopUsi Ha TPaBUTALMATA, KOSITO [la Ce ChIVIaCyBa ChC CleljdaHaTa
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Teopusi Ha OTHOocuTenHocTTa. Hakpad, mpe3 1915 r., ToM mpeayjioxku TOBa,
KOeTO cera Hapruame Teopusi Ha OTHOCUTe/THOCTTA.

DUTYPA 2.8

AVHIIIAaMH  HafpaByd  PEBO/IOLMOHHOTO  TPEAIO/I0KEeHWe,  4ye
rpaBUTALIUSTA HE e CWla KaTto Jpyrure, a e C/eJCTBUe OT (pakra, dye
MPOCTPaHCTBO-BPEMETO He € IIJIOCKO, KaKTO Ce CMsiTalle [0ToraBa: TO €
W3KPUBEHO WU ,,U3BUTO“ OT paslipe/ie/ieHMeTo Ha MacaTa U eHeprusra B
Hero. Tena kaTo 3emsiTa He ca Cb3[JaJeHU 3a [BU)KEHHEe T0 W3KPUBEHU
opbuTH ToA, Bh3AEMCTBUETO Ha CUJiaTa, HapeueHa rpaBUTALlVs]; BMECTO TOBA
Te CJIeIBaT Haii-OJIM3KKS TIpaB MbT B U3KPHUBEHOTO MPOCTPAHCTBO, KOWTO Ce
Hapuya reofiesmyHa JvHus. ['eofe3snyHaTa JIMHUS € HaW-KbCOTO (WM Hau-
ABITOTO) PA3CTOSTHUE MeXAy [JBe CbCeJHU TOYKWA. Taka Hamnpumep
MOBbLPXHOCTTAa Ha  3emsiTa  TIpe[CTaB/jsiBa  ABYMEPHO  U3KPUBEHO
MPOCTPAaHCTBO. ['eofje3nyHaTa MMHUS BbPXY 3€MHAaTa MOBbPXHOCT Ce Hapyuya
TO/ISIM KPBI' ¥ € Hal-KbCOTO pa3CTOsiHhe MeXAy [Be Touku (cur. 2.8). Twi
KaTo reojie3uyHaTa JMHUSI € Hal-KbCUAT MbT MEXAy /JBe JIeTHIla, TOBa e
MapIIPyThT, KOUTO HaBUraTOPHT Iije TIOKa)ke Ha TuoTa. B obirjara Teopus
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Ha OTHOCHTE/THOCTTA TejlaTa BWHAru ce [ABWXKAT IO TIpaBU JIMHUM B
YeTUPUMEPHOTO TTPOCTPAHCTBO-BPeMe, HO Ha HaC BUHAru HU Ce CTPYyBa, ye
ce JIBYJKAT T10 KpUBOJIMHEEeH IThT B HaIlleTO TPUMEPHO MPOCTpaHCTBO. (ChIIo
KaKTO ako HabstofilaBame camoJieT, KOWTO JIeTH Haj, XbJIMHUCTa MeCTHOCT.
Bbrpeku ye TOM Ce IBU)KU MO MpaBa B TPUMEPHOTO NPOCTPAHCTBO, HeroBaTa
CSIHKA OTNKCBA U3KPUBEH ITbT BbPXY [IByMepHaTa 3¢eMHa MOBbPXHOCT.)

Macara Ha C/bHLIETO W3KpHBSIBAa MPOCTPAaHCTBO-BpEMETO Tara, ue
Makap 3emsiTa /[a Ce ABWKHU MO TpaBa B YeTUPUMEPHOTO TPOCTPaHCTBO-
BpeMe, CTpyBa HHU Ce, Ue Ce JBWKHU TI0 KpbroBa opbura B TPHMEPHOTO
mpocTpaHcTBO. Ha mpakTvka opbutuTe Ha TUIaHETWUTe, TIpe/CKa3aHH OT
o0O1rjata Teopusi Ha OTHOCHUTE/THOCTTA, Ca TOUTH ChBCEM CBHIUTE KAaTo Te3u
ot HioroHOoBara Teopus 3a rpaButanusta. Ho Mepkypuii, Ta3u Haii-0/13Ka
no ChbHIETO T[UlaHeTa, M3IMWTBA HAW-CU/IHM TpPaBUTAI[MOHHU edeKTH;
opbuTara My e TBBpPAe VAB/DKEHa M Criopej oOijaTta Teopus Ha
OTHOCHUTETHOCTTA TrojisiMaTa OC Ha ejmricara TpsOBa Jia ce 3aBbpTa OKOJIO
CIBHIIETO C OKOJIO e[WH TpajyC 3a JeceT XWIAAu roguHu. Makap U c/a0,
To3u edeKT e 3abesnsizaH nipeau 1915 . ¥ e MOCTYKU KaTo eHO OT ITbPBUTE
MOTBbPXKAEHNA Ha AMHILAKWHOBaTa Teopus. B mocieqHure roguHu € pajap
6sixa M3MepeHU M OIlle TI0-Ma/IKu OTK/JIOHEeHHs B OpOUTUTe Ha [IpyruTe
rjiaHeTy OT HIOTOHOBHUTE Mpe/jCcKa3aHus U Ce yCTaHOBU, Ue Te Ce ChIViacyBar
C MpeABMXAAHUSITa Ha 00111aTa TeopHsi Ha OTHOCHUTETHOCTTA.

CBeT/IMHHUTE JIbYM CBII[O TPsAOBa Jja ciejBaT reo/ile3UUYHUTE JTUHUU B
MIPOCTPAHCTBO-BpeMeTo. VI B TO3M cjiyuyail (paKThbT, 4ye TMPOCTPAHCTBOTO €
M3KPUBEHO, O3HauaBa, ye MPUBHUHO CBET/JMHATa He Ce [IBW)KM I10 TpaBa B
npocTpaHCcTBOTO. O6ITaTa TeOpHUsl Ha OTHOCUTETHOCTTA TIpe/icKa3Ba CI'bBaHe
Ha CBeT/IMHaTa OT TrpaBUTAI[MOHHUTE TMojeTa. Taka HarpuMep TeopusiTa
Mpe/iCKa3Ba, ue CBeTIMHHUTE KOHYCH Ha TOUKH, Omu3ku g0 CpHIIETo,
TpPsOBa /la ca JIeKO Or'bHATU HaBBTpe Topazu macata Ha CibHIero. Toa
3HauM, Ye aKo MHHaBa 0130 m0 C/IBHIIETO, CBET/IMHATA OT e/IHa JajeuHa
3Be3/ja Ille ce M3KPUBM HAa MalbK BI'bJI U 3Be3/ara Iile 3aemMe Jpyro
MoJIo>KeHHe 3a 3eMeH Habmrozmaren (dwur. 2.9). Pa36upa ce, ako cBeT/IMHATa OT
3Be3flaTa MUHaBa BuHaru 6mm3o o CibHIETO, HUE He OuxXMe MOITM Ja
Ka)keM [la/id CBeT/IMHAaTa Cce OTKJIOHSIBa, WM 3Be3/laTa € HaWCTUHA TaM,
KbjeTo 51 Bwkaame. C oOukansgHero Ha 3emsATa okoio CapHIETO oOaue
pa3MyHu 3Be3au momnagaT 3aj C/IbHIETO ¥ CBeT/IMHaTa UM Ce OTKJ/IOHSIBa.
[Topagu TOBa Te MPOMEHAT BUJMMOTO CH TI0JI0)KEHHWE OTHOCHO [IpyTUTe
3Be3/IN.

34



3HEIAA

W
BMIMMO NOACGKEHWAE HA 3BE3AATA
’-¢
”
s
i
CBETAMHA OT JBE3LA 7
’
7
v
”
s
’
Fa
7
-
CABHLE f’
3EMA
OHTVPA 2.9

OOUKHOBEeHO TO3M e(eKT MHOTO TPYZAHO ce 3abess3Ba, THUMl Karo
cBeT/MHara Ha C/TBHIIETO He TI03BOJIsIBa Jja ce Hab/ro/jaBaT 3Be3/1, KOUTO Ce
sBaBat O30 A0 CoabHilero. Ho ToBa craBa BB3MOXKHO [0 BpemMe Ha
C/TbHUYEBO 3aTbMHeHue, Korato JlyHara 3akpue cBemivHarta OT CiIbHLIETO.
[Tpeacka3zaHoTo oT AMHINANWH OTK/IOHEHHEe Ha CBeT/IMHAaTa He Moyka /la Obe
rpoBepeHo oirle npe3 1915 1., 3amjoto 3anoyHa [IbpBaTra cBeTOBHa BOWHA, U
enBa rnpe3 1919 r., HabmomaBaliku 3aTbMHeHHe OT 3aragHa Adpuka, efjHa
aHIVIMKMCKA eKCreJuLvsl TI0Kas3a, 4ye CBeT/IMHaTa HauCTUHA Ce OTKJ/IOHSIBa
TOUHO TI0 TpeJBWXKAAHUATA Ha TeopusATa. ToBa TMOTBBPXK[EHHWE Ha elHa
HEMCKa Teopusi OT aHIVIMMCKU yuyeHU Oe MPHBETCTBAHO KAaTO BakeH aKT Ha
MOMUPEHUe MeXAY JBeTe CTPaHW Cjiefl BOMHATa. 3a 371a y4acCT MO-KbCHUTE
M3C/ie[JBaHUs Ha Te3u (pororpaduu, HaripaBeHU T10 BpeMe Ha eKCIleIULIUsITa,
MoKa3axa, ue IPellKUTe Ca TOJIKOBa ToJieMU, KOJIKOTO U e(peKThT, KOMTO ca ce
CTpeMU/IU Jia u3MepsT. TexHuTe W3MepBaHUs Ce 0Kasaxa IPOCTO KbCMeT WU
ITbK CJydyal, KOrato 3HaeM TMpeJBapuUTeTHO pe3y/lTara, KOMTO HCKame Ja
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TIOJTyYMM — HeIIl0, KOeTo He e HeoOWYaiiHO B HayKaTa. JIeKOTO U3KpUBSIBaHe
obaue 6e TOUHO MOTBBP/IEHO BIOC/IE/ICTBHE OT HSIKOJKO HabmoeHus.

[pyro mpeaBwkiaHe Ha oOlllaTa TeopHsi Ha OTHOCUTETHOCTTA e, ye
671130 [0 TakOBa MaCHMBHO TsJIO KaTro 3eMsiTa BpemeTo ce 3abaBs. ToBa ce
00siCHSIBa C Bpb3KaTa MeXK/ly eHeprusita Ha CBeT/IMHaTa U HellHaTa uecToTa
(T.e. OpPOAT CBET/IMHHU BB/JHU 3a CE€KYH/IA): KOJKOTO TO-TojisiMa € eHeprusiTa,
TOJIKOBAa TO-BHCOKA € uyecToTara. Korato cBeT/iMHAra Ce [BW)XU Harope B
3eMHOTO T'PaBUTAL[MOHHO T07Ie, TS TyOW eHeprusi U uecTtoTaTa ¥ HamassBa.
(ToBa 3Haum, ue WHTEPBaJTbT OT BpeMe MeXJy rpebeHa Ha eqHa BbJIHA U
crefBaljaTa ce yBenuyaBa.) Ha HSIKOW, pasnojio)keH OTrope, Ije My ce
CTOpY, Ue 3a BCMUKO, KOETO Ce C/iyuBa OTZOMY, lije e HeoOXOAMMO ToBede
Bpeme. ToBa Tipesicka3BaHe Oe ripoBepeHO Tpe3 1962 r. ¢ momMoIrTa Ha /JjBa
MHOTO TOYHU YaCOBHMKA, MOHTHPaHU Ha BbpXa M B OCHOBATa Ha e/lHa BOAHA
Kysa. bere ycTraHOBeHO, ue 3a 4aCOBHMKA, KOWTO € B OCHOBAaTra U e TIO-
6m3Ko 7o 3eMsTa, BpeMeTo Tede 10-0aBHO, B TOUHO ChOTBETCTBHE C o0IrjaTa
Teopusi Ha OTHOcUTeqHOCTTa. C BBBEXJAHETO HAa MHOTO TOYHUTE
HaBUTaLIMOHHU CUCTEMH, OCHOBAHU BbPXY CUTHA/IU OT CITBTHULIM, pa3/iMKaTa
B XOZla HA YaCOBHMIMTE TIPU pa3/iMyHa BUCOUMHA HaJl 3eMHAaTa MOBbPXHOCT
npugo0u To/sIMO TpaKTUYeCKO 3HaueHue. 3allloTo, ako MpeHeOperHem
TIpe/IBWKJaHUsATa Ha oOlljaTa Teopusi Ha OTHOCUTETHOCTTA, U3UMC/IE€HOTO
TI0JIOJKEHUE MOXKE /la Ce OKa)ke CIPeLLeHO C HAKOIKO MUIH!

HioToHOBHTE 3aKOHM 3a [ABWKEHHEe CJI0KWXa Kpall Ha ujesita 3a
abCo/IIOTHO TMOJIO’KeHHe B TIPOCTPAHCTBOTO. TeopusiTa Ha OTHOCUTETHOCTTA
ce ocBoboau oT abcomoTHOTO Bpeme. [la pasriesame aBama Omm3Hai. [la
MIPe/ITIO/IOKAM, Ue eJUHUST OTU/e [la >KMBee Ha HSIKOW TIJIAHUHCKU BPbBX,
JIOKaTo JIPYTUST OCTaHe Ha MOPCKOTO paBHUIle. [IbpBUSAT Iije ocTapsiBa Mo-
6Bp30 oT BTOpUs. W Taka, KOraTo ce CpelijHaT OTHOBO, eIUHUSAT Iiie Obe To-
cTap OT Apyrusi. B To3u ciyuaii pas3nvkata MeXKAy Bb3pacTuTe Iie Obie
MHOTO MaJika, HO 06U OWla MHOTO TO-TOjisiMa, akKo eJUHUSIT TpeArprueMe
OBJITO TTbTEelIeCcTBHe C KOCMUUeCKU Kopab C TOUTH CBeT/IMHHA CKOPOCT.
Korato ce BbpHe, TOW lije € MHOrO To-Mjaj OT O/iM3HaKa, OCTaHald Ha
3emsita. ToBa e WM3BeCTHUST MapaZiloKC Ha OIM3HALUTe, HO TOW e TapajoKC
CamMO ako TOACH3HATE/IHO Ce BOJUM OT Hjesita 3a abCcoMtoTHO Bpeme. B
TeopusiTa Ha OTHOCUTETHOCTTA HsIMa e[HO-eJMHCTBEHO abCOIOTHO BpeMe, a
BCEKM WHIVBHJ, CU UMa COOCTBeHa MsIpKa 3a BpeMeTO, KOSITO 3aBHCH OT TOBa,
Kb/le Ce HAaMMPa U KaK Ce JIBUXKU.
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[Ipe3 1915 r. 3a mpoCTpaHCTBOTO ¥ BpeMeTO Ce MUC/elle Karo 3a
¢duKcupaHa apeHa, Ha KOSITO CTaBaT ChbOUTHSI, HO KOATO He Ce B/Msie OT TOBa,
KOETO CTaBa Ha Hes. ToBa e BSIDHO [JOpM 3a CHeluMagHaTa Teopus Ha
OTHOCUTe/NHOCTTa. Tesara ce [JBWXKAT, CWIWTe Ca M[OpPUBIMYALU U
OTO/TbCKBAILM, a BpPeMETO U TIPOCTPAHCTBOTO TMPOCTO TIPOABL/KAaBaT
HeToB/IMsIHU. EcTecTBeHO OGUJIO ia ce cMsTa, ue MPOCTPAHCTBOTO U BpeMeTO
oTUBar 70 6e3KpaifHOCT.

B obiiata Teopusi Ha OTHOCUTE/IHOCTTA OOaue CHTyalusiTa € ChBCEM
pasimuHa. Cera MpPOCTPAHCTBOTO W BpPEMETO Ca [AWHAMWUYHU BETUUYWHU:
KOTaTo e[HO TS0 Ce ABVWD)KU WM e[jHa CWJa [IelCTBa, TOBA OKa3Ba B/MSHUE
Ha KpUBMHATAa Ha MPOCTPAHCTBOTO U BPEMETO, a OT CBOSI CTPaHa CTPYKTypara
Ha TIPOCTPAHCTBO-BPEMETO B/IMsie BbPXY HaUMHA, M0 KOMTO TeJaTa Ce JBUKAaT
Y cuuTe AeucTBar. [IpocTpaHCTBOTO M BpEMETO He Camo IOBJIMSBAT, HO U Ce
MOB/MSIBAT OT BCUUKO, KOeTO cTaBa BbB BcesneHarta. ChI[0 KaKTO HE MOXKEM
7la TOBOPUM 3a chOuTHs BB BeesieHata 6e3 mipe/icTaBuTe 3a MPOCTPAHCTBO U
BpeMe, Taka ¥ B oOIrjata Teopusi HA OTHOCHUTETHOCTTa e Ge3CMUCIeHO Aa
rOBOPHMM 3a MPOCTPAHCTBO Y BpeMe M3BbH I'paHuLIUTe Ha BceneHara.

B cnesBaiiiite eceTyUneTUs TOBa HOBO pa3bupaHe 3a MPOCTPAHCTBOTO
Y BpeMeTO HarpaBU PeBOJIIOLMS B IpefcTaBuTe HU 3a BceneHara. Crapara
yjes 3a NPUHLMITHO Heu3MeHHa BceseHa, KOSITO e ChbleCTBYBaja U Iiie
TIPOAL/DKY la ChIIeCTBYBa, Oe 3aBUHAryk u3MecTeHa OT TIpe/icTaBara 3a eJHa
JVHAMUWYHA, pa3luvpsiBaila ce BcesieHa, KOSITO BEpOSITHO Ce e TOsIBU/ia B
omnpeieJ;ieH MOMEHT B MUHA/IOTO M BEPOSITHO 11je 3aBbPIIN ChI[eCTBYBaHETO
CM B ompefileieH MOMeHT B ObjerrieTo. Ta3u peBo/onys e TipeiMeT Ha
C/lefiBalliaTa rjaBa. A rOJVHU MO-KbCHO TA Lelle [ia CTaHe U3XOJHUST MYHKT
3a MosiTa pabora 1o TeopeTuuHa (usmka. Pomkbp [leHpoy3 U a3 mokazaxme,
ye AMHII[aiiHOBaTa 00Illa Teopysi Ha OTHOCUTE/IHOCTTA Haslara BcesieHata fia
e uMaJjia Hauasio, a BepOsITHO U /la UMa Kpaw.

37



3. PASIITNUPABAIIIATA CE BCEJ/IEHA

Axo morniefiHeM HebGeTo B sicHa Oe37yHHA HOII, Hall-IpKUTe OOEKTH,
KOWTO I1je BUAMM, Iile Ob/aT BeposSTHO TilaHeTuTe BeHepa, Mapc, FOnutep
v CarypH. llle BuAMM U TBbpP/€ MHOTO 3Be3/jd, KOUTO Ca ChLLO KaTO HallleTo
CnbHLje, HO Ca MHOTO M0-OTJajieueHu OT Hac. HKOU OT Te3u HeroJBUKHU
3Be3l1 B [IeICTBUTETHOCT MHOTrO C7ab0 TIPOMEHSIT OTHOCUTEeTHUTE CU
T0JI0)KeHUs C 0OuKasisi-HeTo Ha 3eMsiTa okoso CbHIIETO: Te u300I110 He ca
HernoABKHU! ToBa e Taka, 3al]0TO ca cpaBHUTeNHO O/M3Ko A0 Hac. [lpu
3aBbpTaHeTO Ha 3emsATa OKOJIO C/ABHLETO HUe 'Y BWKAaMe OT pas3/IMyHU
TI0JIO’KEHUS 110 OTHOIIIeHHe Ha (poHa OT Mo-zAaneuHu 3Be3au. U mobpe, ue e
Taka, 3alj0TO TOBAa HU I03BOJIABA /a U3MEPUM JUPEKTHO pa3CTOSAHUeTO Ha
Te3U 3Be3/j1 OT HacC: KOJKOTO 10-0/1130 ca, CTpyBa HU Ce, ue TOJKOBa MoBeue
ce mpuaBwkBat. Hatli-6/m3kara, HapeueHa I[Ipokcuma ot LleHTaBBp, € Ha
OKOJI0 YeTUPU CBETIMHHM TOAWHM OT HAac (Ha HeWHaTa CBeT/MHA Ca
HeoOX0JUMHU OKOJIO YeTHPHU TOJMHH, 3a /A JOCTUTHe 0 3eMsiTa) Wid Ha
okono 2,13x10'3 munu. IToBeueTo OT OCTaHa/NUTe 3Be3/, BUJAUMU C IIPOCTO
OKO, Ca paslo/IoKeHU [0 HEKOJKOCTOTWH CBeT/IMHHM TOJAUHU OT Hac. 3a
cpaBHeHue Hauetro C/bHLIE e CaMO Ha OCeM CBeT/IMHHU MUHYTH!
BugumuTe 3Be311 M3IIeXKAAT pa3npbCHATH IO IS7I0TO HOIIHO Hebe, HO ca
oco0eHO KOHIIeHTPHPaHM B e/lHa UBHI]a, HapeueHa Mieunus ribT. Otile Tipe3
1750 r. HIKOM aCTPOHOMM Ca TpeArnoJaraayv, ye BUABT Ha MJIeUHUS] TTbT
MO)Ke Jla ce 0OsICHM, aKO IOBeYeTO OT BUMMHTE 3Be3[d Jie)kaT B e/lHa
nofo0Ha Ha UCK KOoH(UTrypalys — TIpUMep 3a TOBa, KOETO cera Hapuuame
criipasiHa rajaktuka. CaMo HSAKOJIKO [eCeTW1eTHs MO-KbCHO aCTPOHOMBT
Cbp Yuiam Xepiiiesa NOTBbPAWI UZesATa CA Upe3 yCbpPAHO KarajorusvpaHe
Ha TO/I0YKeHHUsITa U Pa3CTOSTHUSITA Ha OTpoMeH Opoii 3Be3au. BrIipeku ToBa,
3a Jja Ob/ie HaITb/JIHO MpHeTa, Ta3u Hjesl TPAOBa/Io Zja M34aka Hauajo0To Ha
Halllus Bek.

CerammHara kapTuHa Ha BcesieHara gatupa enBa ot 1924 r., koraro
aMepUKaHCKUAT acTpoHoM EaynH XB0b 1oKa3sa, ue Haiata ['aakTHKa He
e e[IMHCTBeHa, ue ChIIIeCTBYBAaT U MHOTO APYTU rajJakTUKU C HeoOsiTHA IIUP
OT Ipa3HOo MPOCTPAHCTBO MEXAY TsX. 3a Jja JoOKa)ke TOBa, TOW TpsibBasio fa
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oripefie/li Pa3CTOSIHUSITA /10 APYruTe TaJlaKTUKU, KOWTO Ca TOJIKOBa jajied,
ye 3a pa3/vKa OT ChCeHUTe 3Be3/U Te HaUCTHWHA M3IVIeXKaT HellOoABMXHHU.
[Topagu ToBa XBOBA OWI TIPUHYZEH [a M3M0/I3Ba KOCBEHW MeTOAU 3a
M3MepBaHe Ha pa3CTosHMATa. M Taka BUAMMUAT O/ICHK Ha e/lHa 3Be3a
3aBMCH OT /iBa (haKTOpa: KOJIKO CBeT/IMHA M3/buBa (HelHaTa CBETUMOCT) U
KOJIKO /lajied e oT Hac. Hue cMe B ChbCTOsTHUME Jla U3MEePUM BUAUMUS O/ISICHK
W pPa3CTOsSIHMeTO 3a Onu3KUTe 3Be3[M, Taka uye MOXeM Ja OmpeJenuMm
CcBeTUMOCTTa MM. Wi oOpaTHO, ako 3HaeM CBeTMMOCTTAa Ha 3Be3/uUTe B
JpyruTe Ta/llaKTUK{A, MOXXeM /[la OfpeJenuM TSIXHOTO pa3CTOosiHUe, Karo
M3MepUM BUIUMUS UM OJIICBK. XBOBJT 3a0e/1sg3a1, ue HIKOU BHOBE 3Be3IU
BMHAru UMaT e/lHa U Chilla CBETUMOCT M KOraTO Ca JIOCTaTbuHO O/IM30 70
Hac, HUe s U3MepBaMe; eTo 3alll0, TBbP/IM TOM, aKo HaMepUM TaKKBa 3Be3U
B /Ipyra rajiakThka, MO>KeM Jia TIpreMeM, de U Te UMaT ChIllaTa CBeTUMOCT, U
Taka /la MpecMeTHeM pAa3CTOSIHUETO /0 Ta3W rajakThuKa. AKO MOXKeM ja
HarpaBUM TOBA 3a HSKOJKO 3Be3[d OT e[Ha M Chllla TaJlaKTHKa W HalluTe
IpecMsTaHusl CouaT BHMHArd eAHO W CBIO0 pa3CTOsiHWe, MOXKEeM Jla ce
JIOBEPUM Ha HalllaTa Ol[eHKa.

[To To3u HauvH XbOBJI OTNIpe/IeNT/I Pa3CTOSTHUATA IO ZIEBET Pa3/IMuHU
rasiakTuku. Beue 3Haem, ue HaiaTta ['ajakTvka e camo egHa oT okosio 100
MJIp[l. Ta/aKTUKKU, KOUTO MOTaT Jja Ce BUJSAT CbC ChbBPEMEHHUTE TeJieCKOIH,
KaTo BCSIKa OT Te3W TajlaKTUKU Chbp)Ka CTOTHLMA MWUIMApAY 3Be3au. Ha
¢ur. 3.1 e mokazaHa gororpadusi Ha e[[Ha CTIMpasHa rajakTHKa, 1oJo0Ha Ha
HalllaTa, KaKTo Tpe/rosiarame, ue TpsibBa Jja U3I/iex/1a 3a HSKOM, >KrBeell]| B
Jpyra ranaktvka. Hue >kuBeeM B TajlakKTHKa C pa3Mep OKOJIO CTO XHJISIAU
CBeT/IMHHU TOJMHU, 0aBHO BBPTAIla Ce; 3Be3/WTe B HEWHUTe CIMpa/HU
PbKaBU OOMKA/ST OKOJIO LIEHThpa 1 3a HAKOIKO CTOTULIA MUJIMOHU TOZMHM.
Hamero CrbHIle e TIPOCTO efiHa OOMKHOBEHa, CpefiHa TI0 pPa3MeHH JKbJITa
3Be3na OnM30 /[0 BBTPEIIHMsS Kpakl Ha €AWH OT CIMpaJHUTe pPBbKaBU.
OueBUIHO Beye CMe W3MMHA/IM ABJLI MbT OT Apucrtoren u Iltonemeit
Hacam, Korato cMe MUCJ/IeJid, ye 3eMsTa e LieHTbp Ha BceseHara!
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TUCYPA 31

3Be3/Te ca TOJIKOBA Ziajied, ue HU ce CTPyBaT KaTro CBET/IU TOUMIIY.
Hue He MO)keM [la BUZJUM HUTO pa3Mepa, HUTO popmaTa uM. ToraBa Kak ja
pa3rpaHWYMM pa3IMYHUTE 3Be3qu? 3a OrpOMHaTa 4acT OT 3Be3[uTe HMa
caMO eHO XapaKTepHO CBOMCTBO, KOETO MO)keM Jia HabmromaBamMe —
LIBETHT Ha CBeT/IMHaTa UM. HIOTOH OTKpH/I, e KOraTto C/TbHUeBaTa CBeT/IMHA
ripeMyHe Mpe3 TPUBI'b/HO Mapye CThK/0, HapeueHo Mpu3Ma, TS ce pasJara
Ha CbCTaBHUTE CU LIBETOBE (HEWHMS CIIEKThP) CBIO KAKTO MNP Abrara.
doKycrpalikKu TejecKola BbpPXY €/lHa OT[e/lHa 3Be3la WM Ta/laKTHKa,
MOJKeM T10 CBIIMSI HAUMH /la Hab/tofaBamMe CrieKTbpa Ha CBeT/IMHATa OT Ta3u
3Be3/la WM TajakTHuKa. Pa3ivuHuTe 3Be3AM HMMaT pa3/IMuHU CIIeKTPH, HO
OTHOCHTe/IHaTa SIPKOCT Ha pas3/IMuHUTe [[BeTOBe e BUHArk TOYHO TaKaga,
KaKBaTO OuakBaMe 3a CBeT/IMHATa, H3/’lbUeHa OT O00eKT, HaropeieH 0
yepBeHo. (PakTHUeCcKW CBeT/IMHATa, W3/TbUeHa OT Herpo3paueH 00eKT,
HaropeiileH /10 UepBeHO, UMa XapaKTepHUCTUUeH CIeKTbp, KOWTO 3aBHUCU
caMO OT TeMIlepaTypara My — TOIJIMHEH CHeKThp. ToBa 3Hauu, ue I10
CreKThpa Ha CBeT/IMHAaTa MOXKeM /ia Orpe/ie/TMM KakBa e TeMIiepaTypara Ha
Ta3u 3Be3/1a.) OCBeH TOBa HUe YCTAaHOBSIBAME, Ue B CIIEKTPUTE Ha 3BE3[UTE
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JIMTICBAT HSKOM MHOTO XapaKTepHU 1[BeTOBe U Te3W JIUICBALLM I[BETOBE
Morar fa ce pa3/ivyaBar OT 3Be3/la KbM 3Be37a. Tbil KaTo 3HaeM, ue BCEKU
XUMUYECKH eJIeMeHT TMOIVIbIlla XapaKTepHa uyacT OT Orpefie/ieHU LIBeTOBe,
KaTo CBIIOCTAaBUM Te3W LIBETOBE C JIWIICBALLMTE OT 3BE3/HHUS CIIEeKTHD,
MOKEM /[l Orpe/ielMM TOYHO KOW e/IeMeHTHM TIPUCHCTBAaT B 3Be3JHarTa
arMocdepa.

[Ipe3 pBaseceTTe TroAMHM, KOrato acTpPOHOMHWTE 3arioyHaxa Ja
pasryexgaT CIeKTpUTe Ha 3Be3[i OT ApPYrd TajakTUKH, Te yCTaHOBHUXa
Helllo MHOro CTpaHHO: 3abefsi3Baxa Ce ChIIUTe XapaKTepUCTUUHU
JIMTICBAILIY LJBETOBE, KAKTO MPU 3Be3/IUTe OT Hallata ['ajakTuka, HO BCUUKU
Te Gsixa OTMeCTeHH B e[JHA U ChIlla OTHOCHTE/HA CTeTleH KbM UepBeHUs
Kpail Ha crieKTbpa. 3a /ia pa3bepeM cJieICTBUsATA OT TOBa, TPsibBa MbPBO J1a
cu ussacHuM JonepoBusi eekT. Kakto Beye 3HaeM, BU/jMaTa CBeT/IMHA Ce
CbCTOM OT (UIYKTyallMd WIN BbJIHU B €/IeKTPOMarHUTHOTO nose. Yectorara
(W1 OpOSAT Ha BBJIHM 3a CeKyH/la) Ha CBET/IMHATa e U3KJIIOUMTEeHO BUCOKa
— or 400x10™ o0 700%10'? BLIHM 3a cekyHja. UOBEeLIKOTO OKO BHIK/aA
KaTo pa3/IMyHU LIBeTOBe UMEHHO pa3/IMYHUTE YeCTOTH Ha CBeT/IMHATa, KaTo
HaW-HUCKWUTE YeCTOTH Ca B UepBeHUs Kpau Ha CIIeKTbpPa, a Hal-BUCOKUTE —
B cuHus. Cera fJa Cd TIpeJCTaBUM eJWH HW3TOUHMK Ha CBETJIMHA Ha
MOCTOSIHHO Pa3CTOsiHWe OT Hac, Harpumep 3Be3/a, U3/TbuBallla CBETIMHHU
BBJIHU C MOCTOSIHHA yecToTa. OueBU/IHO UecToTara Ha BbJIHUTE, KOATO HUe
Bb3npueMame, Ije Obje CblljaTa KaTo 4YecToTara, C KOSTO Ca U3TbUYeHU
(rpaBUTALMOHHOTO 10/ Ha rajaKTUKaTa HiMa Jja e OCTaTbYyHO CHJ/IHO, 3a
[la OKa3Ba 3HAUMTE/HO BiWsHUE). [la MpeArnonoXum cera, ye U3TOYHUKBT
3aroyBa Jia Cce JBWKWA KbM Hac. Korarto usabuu ciefBaijusi rpebeH Ha
Bb/IHa, TOU I1le Ob/e mo-6/1M30 [0 Hac, Taka ye BpeMeTo, HeoOXOAMMO Ha
rpebeHa Ha BbJIHATa Jla CTUTHE 710 HAC, I1e ObJie M0-MajKko, OTKOJIKOTO aKo
3Be3/aTa Oellle HerojBwKHa. ToBa 3HauM, 4Ye BpeMeTO MeXAy [iBa
JOCTUTAllM /10 Hac rpebeHa Ha BBJIHU IIje € T0-MajKo, a OTTaM OposT
BBJIHW, KOUTO MO/yyaBaMe BCsiKa CeKyH/a (T.e. 4yecToTarta), lije e MOo-ToJisM,
OTKOJIKOTO TP HeMnojBWKHa 3Be3Zla. CBHOTBETHO aKO HW3TOUHMKBT Ha
CBeT/IMHA Ce OTJajieyaBa OT Hac, 4YeCTOTaTra Ha Bb/IHUTE, KOATO T0/IyuaBaMe,
e Obge} mo-Hucka. Korato craBa Zjyma 3a CBeT/IMHA, TOBA lje O3HAuyaBa,
ye: CIIEKTPUTe Ha 3Be3/Y, OT[ajieyaBallld Ce OT Hac, e ObJaT OTMeCTeHU
KbM UepBeHMs Kpaii (UuepBeHO OTMeCTBaHe), a Ha Te3u, NMpUO/IKaBally ce
KbM HaC — CUHBO OTMeCTeHU. Ta3y 3aBUCUMOCT MeX/y YeCToTa U CKOPOCT,
HapeueHa [JoryiepoB eekT, e Hello, C KoeTo ce cObCKBaMe BCEKU/THEBHO.
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BcnyiaiiTe ce B KojlaTa Ha ITbTs: KOraTo MPUO/IMKABA, ABUTATeIAT U 3ByUU
MO-BHUCOKO (KOeTO OTroBapsi Ha MO-BMCOKA YeCTOTa Ha 3BYKOBUTE BbJIHU), a
KOraTO MMHaBa W Ce OTZajieyaBa, 3BYKbT € IO-HUCHK. [loBeseHMeTO Ha
CBeTJINHHWTE W/IW paJyuOBBbJHUTE e CbloTo. Ha mnpaktuka nonvuusiTa
n3no/3Ba JloriepoBusi epekT 3a orpejiesisiHe Ha CKOPOCTTa Ha KOJIUTe, KaTo
vi3MepBa yeCcToTara Ha PaJjiOBbJIHUTE, OTPa3eH! OT THX.

B roguvHuTe C/ej Karo [OKasal CblIeCTBYBaHeTO Ha [pyru
rajlakTUKd, XbObJ TMpekapBaJl BpeMeTO CU, KaTO ChCTaBs/ KaTajor Ha
TEeXHWTe Pa3CTOsHUS W HabmrogaBan criekTpute uM. [lo ToBa Bpeme
MOBEUETO OYaKBa/ M Ta/JlaKTUKUTE Ja Ce [ABWKAT ChbBCEM CJIy4yalHO U
Tipe/rio/iarajiyd 1a HaMepsT TOJIKOBA CUHbO OTMECTeHU CIIeKTPH, KOJIKOTO U
yepBeHO OTMecTeHU. [lopasiu ToBa OMIM TBbp/le U3HEHAZAHU /la YCTAHOBSIT,
ye TII0BeYeTO Tla/JlaKTUKU Ca YepBeHO OTMeCTeHU: IIOUTM BCUYKU Ce
oTAanedyaBamu oT Hac! Orle To-M3HeHa/Ball[0 OWIO OTKPUTHETO, KOeTO
Xb0b/1 mybmukyBan Tipe3 1929 1. gopu ToleMuHaTa Ha UepBEHOTO
OTMeCTBaHe Ha rajakTUKUTe He OW/I0 CayuyaiiHO, a MPaBOIPOIOPLIMOHATHO
Ha pasCTosHueTo 0 Hac. Vv ¢ Jpyru Aymu, KOJIKOTO MO-OTJajsiedyeHa e
e/lHa raJlakTHKa, TOJIKOBa M0-0bp30 Ts ce oTjaneyaBa!l A ToBa 03HauyaBa, ue
Bcenenara He 61 MoIJia [ja € CTaTUYHA, KAKTO BCUUKWA MUC/Ie/U [0TOraBa, a
B JIEMCTBUTETHOCT Ce pa3llIvpsiBa; Ppa3CTOSTHUETO MeXAYy pa3/IMuHUTE
rajlakTUK1 HapacTBa C BpeMeTo.

Otkputrero, ue Bcesenata ce pasuvpsiBa, € eHa OT TOJeMUTe
WHTeIeKTya/IHU peBosiroriuu Ha XX B. Karo ce oO0bpHeM Hazaji, HU e JIeCHO
/la Ce yyZiuM 3all[0 HUKOW He e TIOMUC/IWII 3a TOBa I0-paHo. HIOTOH u Jpyru
BEpOSITHO ca pa3dupanu, ye efHa CTaTuyHa BceneHa ckopo Ou 3ariouHana
Jla ce CBUBA MOJ JeUCTBUe Ha rpaBuraiusta. Ho ma npeamnonoxum, ue
Bcenenara ce pa3iiupsiBa. AKO ce e paslMpsiBajia CpaBHUTeTHO 0OaBHO,
rpaBUTAllMOHHATa cWaa OW s Hakapaja B KpallHa CMeTKa Ja CIipe
pa3IIMpsiBaHeTO U Jla 3arouHe cBUBaHe. AKO obaue TS ce pa3iivpsiBa CbC
CKOPOCT Ha/i oripefiejieHa KpUTHYHA CTOMHOCT, IPaBUTALUsITa HUKOra He 61
Ousa JOCTaTbYHO MOIIHA, ue Ja s Cripe, U BceneHara O6u Tpoab/KUIA
BEeYHO Jla Ce pas3iuupsiBa. ToBa e Hello TMogoOHO Ha U3CTpe/iBaHETO Ha
pakeTa oT 3eMsTa. AKO Ts Ce JBIKH CPaBHHUTE/HO 06aBHO, rpaBUTALMATA IIe
51 CTIpe U T4 1ije 3aroyHe /ia rajia oopatHo kKbM 3emsita. Ho ako pakerarta ce
JBWXU CbC CKOPOCT HaJ, KpUTHMYHaTa (OKOJIO CeleM MWIM B CEeKYH[a),
rpaBUTALIUATA HAMA [1a e JOCTaThbYHO MOLLHA /1A g TPUTEIVIA KbM 3emsTa U
pakeraTta Ie TMPOAB/DKA BEYHO Ja Ce OTAajneyaBa. 10oBa IOBefeHHe Ha
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Bcenenara ce e npezackassasio or HrotoHoBarta Teopus mnpe3 nenus XIX,
XVIII, a nopu u B Kpast Ha X VII B. Cbl1]0 TO/IKOBa yIriopuTa O1a U BspaTa B
cratuyHara BcesieHa, KoATO ce 3amasuia U B Hauasoto Ha XX B. Koraro
rmpe3 1915 1. ¢opmysupan obijaTa Teopyuss Ha OTHOCHUTE/THOCTTA, CAMHST
AtiHiaiiH Oun To/IKOBa curypeH, ue BceneHara TpsibBa Zila e cTaTWuHa,
1I[OTO BUJJOM3MEHU/I TeOpUATA CH, 3a [ja CTaHe TOBa Bb3MOKHO, KaTO BbBeJI B
CBOWTE ypaBHEHUs T.Hap. KOCMOJIOTUYHA KOHCTaHTa. AWHILAMH BbBeJI e/JHa
HOBA ,,aHTUTPAaBUTALIMOHHA® CWJ/Ia, KOATO 3a pas3/iMka OT JpyruTe HsMasa
KOHKpeTeH M3TOUHUK, a Oula BCTpoeHa B caMmara ThKaH Ha MPOCTPaHCTBO-
BpeMeTO. TOM TBBPAS/, 4Ye TMPOCTPAaHCTBO-BPEMETO WMMa CBOMCTBEHaTa
TEeHAEHLIUS Ja Ce pasliupsBa, a TOBa TOYHO OH ypaBHOBECUJIO
TIPUB/IMYAHETO OT IjsijlaTa MaTtepus Ha BcesieHaTta v Gu ZjoBeJo [0 CTaTUYHA
Bcenena. M3rnex/a, caMo eiiH YOBEK T0OXKesasl /la TipyuemMe o0I1jata Teopus
Ha OTHOCUTETHOCTTA 3a UCTUHA M JOKaTo AMWHIAMH U OCTaHaauTe (pU3nLy
ThpCeMM HauuH Jla u3berHar mMpejicka3BaHeTO Ha HecTaTMyHa BceseHa
criopef, ofijaTa Teopusi, PYCKMAT GU3MK W MaTeMaTHMK AJjeKCaHIbp
dpuMaH ce onuTat fia ro 00siCHU.

®pugMaH HamnpaBWwl JBe MHOIO TIPOCTU TPEANONIOKEHUs: Ye
BceneHara usmiexza efHakBa HaKbeTO W Ja IleJjaMe U ue TOBa e e
BSIDHO, aKo sl HaO/roflaBamMe OT KoeTo U fla 6uso Apyro Mscto. Camo C Te3u
ABe vaen dpuaMaH rokKasaj, ye He MOXKeM /1a ouakBaMme BcesieHara fja e
cratnuyHa. dakTryecku ripe3 1922 r., HAKOIKO FOAUHU TpeAu OTKPUTUETO
Ha Eaynn Xv0bna, ®pugmaH mnpeacka3al TOYHO TOBA, KOeTO XbObI
ycTaHoBuI1!

[IpenmnonokeHvero, ye BceseHata u3Ijie)xJa eJHaKBa BbB BCHUUKU
TOCOKH, pa3bupa ce, B ZIGMCTBUTEIHOCT He e BApHO. KakTo Beue BUJSAXME,
OCTaHaJ/IMTe 3Be3JH B Halllata ['aakTvKa obpa3yBar ejHa OTUeT/IMBa CBeT/Ia
WBHIla TI0 HOIIHOTO Hebe, HapeueHa MieueH mbT. Ho ako morneaHem
Ja7ieyHuTe rajlakKTUKW, U3ITIeX/a, ue OposT UM e TIOUTH euH U Chill. Taka
ye BceneHata usrnexxja npuOIM3UTeTHO e/lHA U Chllja BbB BCUUKU TTOCOKH,
MpU YyCJIOBUME 4Ye s pasriexJaMe B eobp Maijab B CpaBHeHUe C
Pa3CTOSIHUSITA MEXAY Ta/JlaKTUKWTe W ue TpeHeOpersaMe pas3nuuusiTa B
ManbK Maijab. [Iwjiro Bpeme ToOBa Oellle JOCTaThUHO OIpaBAaHue 3a
nperoniokeHneTo Ha PpuamMaH — Karo rpybo TMpuOIKeHWe KbM
peanHata Bcenena. Ho efHa mjacTivBa C/y4allHOCT OT TO-HOBO BpeMe
paskpu (akTa, ue TIpeArnonoKeHWeTo Ha PpuAMaH e HaWCTUHA
3abesie)KUTETHO TOUHO OIMMCAaHKe Ha Halllata BceseHa.
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[Tpe3 1965 r. 1BamMa amepuKaHCKH (u3mI OT yaboparopuuTte ,besn
tenedon“ B Hio [xepcm — ApHO Ilenswmac u PoObpT YWIceH —
u3npobBasd eIuH MHOTO UYBCTBUTEJIEH MUKDPOBB/IHOB TIPUEMHUK.
(MUKpDOBB/IHHTE Ca KaTo CBET/JIMHHWTE BBJIHMU, HO YeCcToTara UM € OT

nopsisbka camo Ha 10x10'° Beauu B cexynpa.) TMeHsuwac ¥ YuachH ce
CMYTW/IH, KOTaTO YCTAHOBU/IM, Ue TeXHUST NMPUEMHHUK Y/iaBs IOBeue LIyM OT
ouakBaHOTO. IIlyMbT csIKall He WABaqA OT HSKOS OMpeJeieHa IMOCOKa.
[IbpBOHAYa/IHO OTKPW/IM NTUYM TOP B NPUEMHHWKA CU Y TPOBEPUWIMA 34
€BEeHTya/IHA JPYT¥ HeW3IPaBHOCTH, HO CKOPO T'Ml U3K/IKOUYWIHU. 3Haesu, 4e
BCeKM aTMoc(epeH ILIyM Ce YCW/IBa, KOrato NMPUEMHUKBT He e HaCoueH
1paBO Harope, Thil KaTO CBETJIMHHUTE JITbUM TpeMUHABaT Mpe3 MHOrO To-
neben armocdepeH C/ol, Koraro ce MpuemMaT OT OKOJO XOpPHW30HTa,
OTKOJIKOTO KOraTo ce rpuemar TOYHO orrope. Ho AONBJIHUTENHUAT IIyM
OW elvH ¥ CBIIl He3aBHCHMMO HaKb/e € HacOueH NPUeMHMKBT, Taka ue Ou
TpsibBasio /la uzBa u3esH atMocdepara. Toli 6w efHAKBB ZieH U HOIIT U TIpe3
1[si7laTa To/[MHa, Makap 3eMsiTa /la ce BbPTH OKOJIO OCTa CH U ZAa obuKass
okosio CbHileTo. TOBa TMOKa3Basio, ue U3TbUBaHETO TPsiOBa Jia U/iBa U3BLH
CirpHUeBaTa cucreMa, Jake M3BbH ['ajlakTHKara, 3aj0To B IPOTUB CJydau
O6u ce W3MEHs/IO, KOTaTo TIPW /BW)KEHHETO Ha 3emsTa NPUEeMHUKBT e
HacoO4yeH B pas3/MyHU MOCOKU. PakTUUyeCKy HUe 3HaeM, ye H3/1bUBAHeTO
TpsibBa /la e MUHAJIO Tpe3 Mo-ToJisiMaTa 4acT oT HabsofaeMara BceneHa, a
CJiefl KaTo M3I7IeXKJa eQHO U ChIL0 B pa3/UyHUTe TOCOKU, BceneHnara Ou
TpsibBasio CBHINO /la € e[Ha U Chllja BbB BCUUKHU TTOCOKH, aKO 51 pasriexaame
B rosieMu Maiijabu. Beue 3HaeM, de B KOSITO M TIOCOKaA [ia T/iefjame, TO3U IITyM
HUKora He ce usMmeHs c noseye ot 1/10 000. Taka IleHnsuac u YunceH
HEBOJIHO TIOMafiHa/M Ha 3abene)XUTeTHO TOYHO TIOTBBbP)KJEHUe Ha
@pyMaHOBOTO MPeAIIoIOKeHHe.

[TouT MO CHIIOTO BpeMe JBaMa aMePUKAHCKU (DU3ULU OT ChCeIHUS
yHuBepcuteT B [IpuHcTbH — B06 [duke u xkum [Iniitbwiac — cbirjo ce
VMHTepeCyBaii OT MUKPOBbJIHUTe. Te paboTesnu 1o eHO NPeATonoKeHre Ha
Ixopmxk I'amoB (6uBII CTyfeHT Ha Anekcanabpp Ppuaman), criopesi KOeTo
paHHara BcesieHa TpsiOBa /ia e Ovla MHOTO ropellla ¥ ITbTHA, HaXKeXKeHa 10
6si10. Criopep, [uke u IuiiObyic HUe u cera 6u TpsibBaso /Aa BIDKIame
CBeTeHeTO Ha paHHara BceseHa, 3all0oTO CBeT/iMHATa OT TBBbpPZAE
OTJa/leueHUTe U yuaCTbLM e[Ba cera ctura [0 Hac. Ho pa3mmpeHueTo Ha
Bcesenata o3HauaBa Ta3u CBeT/IMHA Ja € C TakoBa TIO/SIMO YepBEHO
OTMeCTBaHe, ye cera Ja g Bb3lpYeMaMe KaTo MUKPOBB/IIHOBO W3/bYBaHe.
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Muke u ITuiOBAC ce roTBe/NM [a TOTHPCAT TaKoBa H3/bUBaHe, KOraro
[TeH3wac ¥ YWICHH uyau 3a TsxHara pabora u pa3bpasu, ue Beue ca To
OTKpU/IU. 3a OTKpUTHETO cu [leH3nwac W YWichH monyunxa HobGemnoBa
Harpaja 3a 1978 r. (koeTo Gellle MalKoO TeXKUUBK yaap 3a [Iuke u [TuitobIc,
Jia He roBopuM 3a ['amoB!).

Ha npbpB normien fokasaTencTBOTO, ue BeeseHara u3riexx/ja ejHaKBa
HaKbJEeTO U Ja MOIVIeJHeM, KaTo ue Mpezjrosara MsCTOTO HU B Hes 71 e
MaJIKo To-crelfdaaHo. [10-KOHKpeTHO, ako HaO/ro/jaBaMe BCUUKH OCTaHa/ M
raJIakTUKM Jla ce pa3dsareaT OT Hac, OM TpsIOBaso HUE Jja CMe B IIeHThpa Ha
Bcenenara. Mima obaue u fpyro obsicHeHue: BceneHaTa CbI0 U3Miexzaa
eZlHa U Cbllja BbB BCUUKHU [TOCOKU U aKO Ce IJiefa OT Apyra rajaktvka. ToBa,
KaKTO BUJAXMe, e BTOPOTO IpeArionoxeHre Ha @puaman. [loka3aresiCcTBO B
ToJi3a WY TIPOTUB TOBa TIpPEeATNOJIOKeHMe BCe olle Hama. Hue BsipBame B
HEr0 CaMO OT CbhOOpakeHMs] 3a CKPOMHOCT: OM OWIO W3K/IHOUUTETHO
cTpaHHO BceneHara fja u3rnexza efjHa U Cblja BbB BCUUKH ITOCOKH OKOJIO
Hac, a Jla He e Taka Y 3a Apyru mecrta or Hes! B mozgena Ha PpuamaH
BCUUKU Ta/JIaKTUKU Ce OTAasiedaBar efHa OT Apyra. Curyauusita HarlOMHS
6a/loH C MHO>KeCTBO HapUCYBaHU BbPXY HETO MeThHIIA, KOUTO MOCTOSTHHO Ce
HazyBa. [Ipu pasivpeHreTo Ha 6ajloHa pa3CTOSTHUETO MEXAy BCEKH [IBe
TeThHL[A Ce yBe/ruyaBa, HO He MOXKeM Jla KakeM, 4ye HSIKOe OT IeThbHLaTa e
LIEHTbD Ha pa3lupeHneTo. Helqo rmoBeue, KOMKOTO MO-OTAA/JeUeHU cCa
neThHIIaTa MOMEX/y CH, TOJIKOBa M0-0bp30 I1je ce pa3zaseuvanar. [1o cbiius
HauuH B Mogena Ha PpuamaH CKOpPOCTTa, C KOSITO [Be Ta/llaKTUKU Ce
paszajieyasar, e TIpONoOpLMOHaIHA Ha Pa3CTOSIHUETO Mexay TAxX. ETo 3amjo
TOM Tpe/CKa3Ba UEpPBeHOTO OTMeCTBaHe Ha e[Ha Ta/JakThKa Ja e
MPOMOPLIMOHA/THO Ha pa3CTOSSHUeTO M OT HAac — TOYHO TOBA, KOETO
ycraHoBu XbOBa. HesaBucMMo OT ycrexa Ha Mofela CA M OT
Tipe/iCKa3BaHeTo Ha HabmogeHusiTa Ha XbOb/ TPyAbT Ha PpuMaH OCTaHa
B TOJIIMa CTelleH Heu3BeCTeH Ha 3araji A0 OTKPUBAHETO Ha To00HU
MOJilefIM OT amMepUKaHCKusi (u3uk Xaybps PoOBPTCHH W aHIIMMCKUSA
MaTeMaTHK ApPTbp YOKBP mpe3 1935 I. B OTTOBOP Ha OTKPHUTOTO OT XBbOBJI
eJHOPOZHO pa3lmpeHve Ha BceseHara.

Makap ue ®puMaH yCTaHOBU CaMO eUH MO/eJl, ChIIeCTBYBaT TPU
pa3/iMuHd  MOJe/a, KOWTO y[OBJeTBOpsIBAaT JABeTe (yHAAaMeHTaIHU
nipeanoniokenuss Ha Gpuaman. B mepBust mogen (ycrtaHoBeH oT PpujMaH)
BceneHara ce pa3mmpsiBa JoCTaTbyHO 0aBHO, KOeTO TI03BOJIsSIBA Ha
I'PaBUTALIMOHHOTO TIPMBIMYAHe MEXKIYy pa3TMUHUTE TallaKTUKU fa 3abaBu
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paslIMpeHneTo U Hakpas ja ro crpe. Csiel TOBa raJlakTUKUTE 3ariouBaT /a
ce mpuO/MmKaBaT eHa KbM Apyra U BcenmeHata ce ceuBa. Ha ¢ur. 3.2 e
TI0KAa3aHO KakK Pa3CTOSAHUETO MeXAY [IBé CbCeJHU rajlaKTUKU Ce TIPOMEHS C
BpemeTO. 3arioyBa OT Hy/la, yBejMuyaBa Ce [0 eAUH MakCMMyM U OTHOBO
HaMasisiBa A0 Hyna. [Ipy BTOpus BUA pelleHde pa3livMpsBaHeTO Ha
BceeHnara e To/ikoBa Obp30, Ue TPaBUTAJMOHHOTO MPUB/IMUYAaHEe HUKOTA He
MO)Ke /la TO CIipe, Makap ue Maiko ro 3abaes. Ha ¢wur. 3.3 e moka3aHo
pPa3CTOSTHUETO MEXAY CbCeAHU Ta/laKTUKHW 10 TO3u Mogen. To 3armoyBa OT
HyJla U HaKpas rajlakTUKWTe Ce pa3zasiedaBar C MOCTOsSIHHA CKOPOCT. Mima u
TPeTU BUJ, pellleHre, Py KoeTo BcesieHaTta ce pasiiupsiBa TOUHO C TakaBa
CKOPOCT, KOSITO TI03BOJIsSIBA /ia ce W3berHe TMOBTOPHO CBuBaHe. [Ipu ToBa
pas3ziajieuaBaHeTo, TOKa3aHo Ha ¢ur. 3.4, 3amouBa OT HyJla U HelpecTaHHO
pacte. CKOpOCTTa Ha pa3jajiedaBaHe Ha Ta/JlaKTHKUTe obaue CcTaBa Bce TIO-
MaJiKa U T0-MaJjlka, MaKap ue HUKOra He JOCTWra HyJia.

46



PAICTORHHE MESXAY LEE MAAARTHKH
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EnHo 3abene)KWTemHO CBOWCTBO Ha MbpBUS PpHaMaHOB MOJen e
TOoBa, ue BceseHara He e Oe3kpaiiHa B MPOCTPAHCTBOTO, HO CaMOTO
TPOCTPAHCTBO HsAMA rpaHUld. [paBuTalusiTa e TOJAKOBa CW/IHA, Ye
TIPOCTPAHCTBOTO € Or'bHAaTO OKOJI0 cebe CM M CTaBa Hell[0 KaTo 3eMHaTa
TOBbPXHOCT. AKO TpPBrHEM B [aZleHa MOCOKa MO 3eMHara IOBBPXHOCT,
HUKOTa He [JOCTMTraMe HsKaKBa Hempeojo/sviMa Oapuepa, HUTO MajlaMe OT
pbba, a MaKk ce BpbIlaMe TaM, OTKBAETO CMe TpPbrHa/u. B mbpBUsA
@®pyAMaHOB MOJE/ TMPOCTPAHCTBOTO € TOYHO TaKOBa, HO 3a pa3/iMKa OT
3eMHAara IOBBPXHOCT € TpUMepHO. UeTBBPTOTO U3MepeHHe, BpeMeTo, e
CBIJO KpalHO, HO € KaTo MpaBa C [Be TPaHUYHU TOYKU — Hayajao U Kpawu.
[To-KbCHO 1Ile BUAWM, 4Ye Koraro obeauHUM oOlljata Teopus Ha
OTHOCUTE/THOCTTa C TIPUHLWINA 3a Heomnpe/eseHOCTTa OT KBaHTOBaTa
MeXaHHWKa, TOBA I1le HU T103BOJIA MTPOCTPAHCTBOTO U BPEMETO Jla Ca KPauHH,
HO 6e3 rpaHuIIy.

Wnesita, ye MoxkeM Ja 06uKonuM BcesieHata U ia JOCTUTHEM TaM,
OTKb/IETO CMe TPbrHa/H, e Zo0pa TeMa 3a HayuHa (paHTaCTHKa, HO HsIMa KOk
3Hae KakBa MpaKTUuUeCcKa CTOMHOCT, 3allJ0TO MOXKEM Jla JOKaKeM, 4ue Tpeiu
na cMe s obukomu, BeeneHara 11ie ce e CBW/Ia OTHOBO /IO HYJ/IEB pa3Mep.
3a [a CTAUTHEM TaM, OTKbJETO CMe TpbrHa/ad, Tpeau BceseHara ga e
3aruHasa, Ire TpsiOBa /la ce ABWKUM T10-0Bbp30 OT CBeT/IMHATa, a TOBa He e
I103B0JICHO!

B nbpBusi, @®pugMaHoB MojeJs, TIpU KOWTO BceseHaTa ce pasiuivpsiBa
1 OTHOBO Ce CBHMBA, MMPOCTPAHCTBOTO € Or'bHATO OKOJIO cebe cu 1ofo6HO Ha
3eMHaTa NOBbPXHOCT. [Topagy ToBa TO e C KpaviHu pa3mepu. [Ipu BTOpUS
MOJiesl, KOUTO BEYHO Ce pas3lliUpsiBa, MTPOCTPAHCTBOTO € Or'bHATO IO ApPYr
HaYWH — KaTo MOBbPXHOCT Ha ceyio. Taka B TO3M C/ydau IIPOCTPaHCTBOTO
e Ge3kpaiiHo. I Hakpasi B TpeTuss PpuiMaHOB MOJiesl, C TOUHO KPUTHUHA
CKOPOCT Ha pasllvpsiBaHe, MPOCTPAHCTBOTO € TUIOCKO (M CJieJOBaTeTHO
Chbi1j0 6e3KpaiiHo).

Ho kout ®pugmMaHoB Mozen onucBa Hamata Bcenena? Ille cripe su
HsKora BcesieHara Jja ce pa3iuvpsiBa U 1ije 3arioyHe JiM [ja ce CBUBA, WU 11je
TPOAB/DKM BEYHO Jla Ce pasiuMpsiBa? 3a [a OTTOBOPMM Ha TO3U BBIIPOC,
TpsiOBa [la 3HaeM ceraiiHaTa CKOPOCT Ha pa3lidpeHWe Ha BceseHara u
ceramrHata W CpelHa TIUTBTHOCT. AKO IUTbTHOCTTa € TIO-Majka OT
onpejie/ieHa KPUTUYHA CTOMHOCT, 3aBUCeIa OT CKOPOCTTA Ha pa3llupeHue,
I'PaBUTALIMOHHOTO TIpUB/IWYaHe Ie ObAe TBbpAe cyabo, 3a Ja cCrpe
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pasivpeHreTo. AKO IUTbTHOCTTAa € HaJ, KpUTHMYHaTa CTOMHOCT,
rpaBUTALIUSATA IIle CTpe pa3liMPeHUeTO B HSKOW ObJel] MOMEHT U IIie
Hakapa BcesieHara Jja ce cBUe OTHOBO.

CeramHara CKOPOCT Ha pasllivpeHVe MO)KeM Ja OIlpefe/ivM, Karo
M3MepUM CKOPOCTHUTe, C KOUTO JAPYTHTe Ta/JaKTUKU ce pa3bsreaT OT Hac,
n3nona3Baviky JloriepoBusi eekt. ToBa MOXXKe MHOTO TOUHO /la Ce HarpaBH.
Pa3cTosiHUsITa 10 Ta/lakTUKUTe o0aue He ca MHOTO /100pe M3BeCTHH, 3allj0TO
MOXKEM Jia TM U3MepUM CaMO KOCBEeHO. BCMUKO, KOeTo 3Haem, e, ue 3a BCeKU
MunMap/ roguHu BceneHara ce pasmupsBa ot 5 10 10%. HeyBepeHoctTa
HU TI0 OTHOLLIEHMe ceralliHara CpeJHa IUTbTHOCT Ha BcesieHara e oie mo-
rojisiMa. AKo Cymrpame MaCHTe Ha BCUUKU 3Be3/1, KOUTO MOXKeM /1a BUJUM
B Hallara ['ajjakTvka U B [pyruTe rajakTUKH, CymMara e I0o-MajiKa OT eJHa
CTOTHa OT BeJIMUMHATA, HeOOXOAMMa Zia CTipe pas3liupeHHeTo Ha BceneHara
Jlake 3a Ha-HMCKAara OLleHKa Ha CKOPOCTTAa Ha pasmmpeHuve. B Hamara, a u
B JpyruTe Ta/JaKTUKU obaue ce ChAbpKa TrOAsIMO KOJIMYECTBO ,, ThMHA
Marepusi, KOSTO HeNOCPeJCTBEHO He MOXXEM Ja BUJWM, HO 3HaeM, 4e
TpsiOBa i@ CBIECTBYBa, OT BJMSHUETO Ha HEWHOTO TIpaBUTAIL[IOHHO
NIPUB/IMYaHe BbPXY OpOMTHTE Ha 3Be3auTe B rajakTHUKuATe. OCBeH TOBa
TI0BEeUeTO rajlaKTUKKU Ca B KYIIOBE U M0 ChLIUS HAaUUH MOXKEM [1a 3aK/TFOUUM
3a Ha/MuMeTo Ha Olje TbMHA Marepusi B IIPOCTPAHCTBOTO MeXAY
rajlakTUKWTE B Te3W KYIIOBe upe3 HEMHOTO B/IMSIHME BbPXY JBWKEHHUETO Ha
rajiaktTukute. Korato cnbepem IisylaTa Ta3d TbMHA Marepus, BCe Ollle
CcTMraMe efjBa [10 efjHa Jieceta OT KOIMYeCTBOTO, M3UCKBAIO CMPaHe Ha
pasiiipeHueTo. He MokeM [Ja WU3K/IIOUMM oO0aue BepoOSTHOCTTa /[ia
CBI|eCTBYBa HsKakBa Jpyra (opMa Ha MaTepusita, pasmpeje/ieHa
puOIM3UTETHO PABHOMEPHO BbB BcesieHara, KOSITO Ollle He CMe OTKPW/IU U
KOSITO [la YBe/IWud CpeAHara IUIbTHOCT Ha BceneHara [0 KpuTH4YHAara
CTOMHOCT, HY)KHa Ja crpe pasmupeHretro. CriefoBaTe/HO CeraliHuTe
JJaHHU TIpeArosarar, ye BceseHara BepOSITHO 11je Ce paslliUpsBa BEUHO, HO
eJUHCTBEHOTO, B KOETO MOXKEM Jla CMe CUT'YDHH, €, Uue JJOPU U [ NPeSCTOn
TIOBTOPHO CBYBaHe Ha BceseHara, ToBa HsiMa Jja cTaHe 1o-paHo ot 10 mupg.
TOAVHM, C/ie[, KaTO TS Beue Ce e pas3luupsiBaja MOHe TOJKOBa BpeMe. He
ObuBa obaue W3MMIIHO Ja Ce TPEBOKWM: II0 TOBAa BpeMe, akKo
MPOCTPAHCTBOTO M3BbH (C/rbHUEBaTa CUCTEMAa He e KOJIOHW3UPAHO,
YOBEUYeCTBOTO OT/IaBHA Liie e U3MPS/I0, 3aruHaJ/Io 3aeHO C HauieTo CiabHLe!

Bcuukn @puaMaHOBU pelleHUs] UMaT CBOWCTBOTO, Ye B HSAKAaKbB
MOMEHT OT MUHa/NOTO (npeau 10—-20 mspA. roAWHM) Pa3CTOSSHUETO MEXIY
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ChCeHUTE Ta/JaKTUKH TPsiOBa /la e OMIo Hysna. B TO3uM MOMeEHT, KOWTO Hue
Hapuuame [oneMusi B3pUB, TUIBTHOCTTA Ha BceneHara ¥ KpvBMHATa Ha
MIPOCTPaHCTBO-BpeMeT0 0Ou TpsibBasio ga ca Oe3kpaitHu. [loHexe
MaTeMaTHKaTa He MoXe fAa 6opaBu C 6Ge3KpaliHM 4YMC/ia, TOBA 3HauW, ue
obI1jaTa Teoprs Ha OTHOCHUTETHOCTTA (Ha KOSATO ce Oa3vpaTr pellieHusATa Ha
®pyaMaH) TpeABWXKIA ChbIeCTBYBAaHETO Ha €lHa TOYKAa BbB BceneHara,
KbJeTO CamMara TeOpys He BaKU. Ta3u TOUKa e MpuMep 3a TOBa, KOETO
MaremMaTHULIUTe HapuyaT CHUHTY/SIDHOCT. B [eMCTBUTENTHOCT BCUUKW Hallv
Teopur ca (OpPMYIMpaHd TIpU TIPEANOJIOKEeHUeTO, ue TIPOCTPaHCTBO-
BpeMeTO € [JIaJAK0O U TIOYTH IUIOCKO, Taka 4Ye Te He Ba)KkarT IIpu
CUHTY/ISIDHOCTTA Ha ['osieMust B3pUB, KbJIeTO KPUBUHATA Ha TMPOCTPAHCTBO-
BpemeTo e Ge3kpaitHa. ToBa 3Hauu, 4e JOpH /ia € UMajo HSKaKBU ChOUTHSA
ripeau ['onemus B3pUB, He MOXKeM Jia T U3M0JI3BaMe, 3a Jia Orpeje/inm
KaKBO Ille CTaHe TI0-HaTaTbK, 3allloTO MpeiCKa3yemMOoCTTa Ije U3ue3He B
MoMeHTa Ha ['onemusi B3puB. ChOTBETHO, aKO KaKTO B TO3W C/Iyuyal 3HaeM
CaMO KakKBO e CTaHa/Io0 CJjie[, MOMeHTa Ha [osiemus B3puB, He MOXeM [a
ornpenenMM KakBO Ce e CIyuywlio npeau Hero. KoskoTto mo camure Hac,
cbbuTHsATa ripeay ['onemust B3pyB He MOTaT Zia UMarT TIOC/IeUIH, TaKa Ue He
Ouxa mpezCTaB/IsIBa/A YacT OT HaydyeH Mozes 3a Bcenenara. [Topaau ToBa
MOXKeM Jja KakeM, ye BpeMeTo 3arouBa OT ['osiemusi B3puB. Ha MHO31Ha He
YMM XapecBa UzesiTa BpeMeTo /ia UMa Hauyasio, BePOSATHO 3alll0TO HAarlOMHS 3a
bokectBeHa Hameca. (Ot gpyra crpaHa, Katonmueckara I[bpKBa Bb3TIpHe
Mozesa 3a ['omemust B3puB u mipe3 1951 1. odwuimanHo o0siBU, Ue TOU e B
cbriacue ¢ bubsnusra.) [Topagu ToBa Osixa HarlpaBeHW OTMTH Jja ce u30erHe
W3BO/bT, Ue e uMasio ['osism B3puB. Hali-lmpoka nogkpera mojiyyu T.Hap.
Teopus 3a CrauuoHapHarta BcesieHa. Ta e npemsiokeHa mpe3 1948 r. ot
nBamMaTa OeXXaHIIM OT OKyInHupaHaTa OT HalucThuTe ABCTpUSI — XepMaH
Bonau u Tomac oz, 3aemHO ¢ aHrmnuanyrHa @pes Xois, paboTwiI ¢ TAX 110
pa3BUTHMETO Ha pajapa I0 BpeMe Ha BouHara. Wpesta ¥ e, ue C
pa30saTBaHETO Ha rajJakKTUKUTE efjHa OT JIpyra B MMPOCTPAHCTBOTO MEXY TSIX
HerpecTaHHO ce oOpa3yBaT HOBW TajlaKTUKM OT MarTepus, KOSITO
HerpeKbCHATO ce cb3zaBa. [Topaau ToBa BceneHara TpsibBa Zia M3riexza
NpUOIM3UTETHO €Ha U ChIlla 10 BCSIKO BPEME W OT BCUYKU TOUKUA OT
MPOCTPAHCTBOTO. Teopusita 3a CraluoHapHara BceneHa W3uCKBa
BUJOU3MeHsIHEe Ha oOIjaTa Teopusi Ha OTHOCHUTETHOCTTA, 3a Zia T03BOJIU
HelpeKbCHaTO Chb3/laBaHe Ha Marepusi, HO C MHOIO MaJjiKa CKOpPOCT
(MpubMM3UTETHO T10 eJHA YacTHIla Ha KyOHUueH KUJIOMETHP 3a e/JHa TOMHA),
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Taka ue /la He TIPOTUBOPEUN Ha ekcriepuMeHTa. ToBa e efHa f06pa HayyHa
Teopusi B CMUCh/Ia Ha OTMKCAHOTO B IVIaBa 1: MpOCTa e U MpaBu KOHKPETHU
npe/icKa3aHusi, KOUTO MOTraT Jia ce TpOBepsAT upe3 Habmogenus. EaHo ot
Te3U TIpe/iCKa3aHus e, ue OposAT Ha rajakTUKWUTEe WK Ha ToJo0HHTe Ha TSIX
00eKTH B KOWTO W Jja e MpOCTpaHCTBeH obeM TpsibBa Zja € eqWH U CBII]
HaKb/IeTO U KoraTo U jia mornefiHeM BbB BcesieHata. B kpasi Ha neTjjeceTte
ro/IMHY U Haya/I0TO Ha IlIeCTAeceTTe rpyrna acTpOHOMU oT KelMOpumx mnog
PBKOBOZACTBOTO Ha MaptuH Paiin (koiiTo cbiijo 6e pabotus ¢ bouau, [ong u
XoWn BBPXy pajapa Mo BpeMe Ha BOMHAaTa) IpoBele U3C/e[iBaHe Ha
W3TOUHUI[MTE Ha PaAdOBbJHU. [pymara ot KeWmOpumpK TmoKasza, ue
TIOBEUEeTO OT Te3U PaJUOU3TOUHMIIM TPsiOBa /la ca U3BBH Halllara ['ajakTvka
(HaMCTHWHA MHOTO OT TSIX MOTaT Jja Ce OThXKZAECTBSIBAT C APYTY TaJlaKTHUKH),
KakToO M ue 1abuTe W3TOUHWIIA Ca MHOTO TIOBeYe OT MOIIHUTE.
AcTpoHOMUTe WHTepIipeTHUpaxa CjJabuTe WM3TOUHUI[M KaTo T0-7ajieuHd, a
MOIITHUTe — KaTo mo-6/m3ku. OCBeH TOBa Ce OKa3a, ue 3a eJMHUIla 00eM OT
ITPOCTPAHCTBOTO O/IM3KUTE U3TOUHHUIIU Ca TI0-MaJjKo OT AianeuHuTe. ToBa 6u
MOIJIO [Jla 3Haud, Ye Ce Hamupame B I[eHTbpa Ha rojsma o0067acT oOT
BceneHara, KbZIeTO U3TOYHUIIUTE Ca TI0-MasKo OT Apyraze. Ho 6u Morio u
Jla 3Haud, ue W3TOUHMIUTEe ca OWIM MOo-mMasoOpOHM B MWHAJIOTO, TIO
BpeMeTO, KOraTo paJJMOBbJIHATE Ca TPbrHaJu KbM Hac, OTKOJKOTO cera. U
nBeTe OOsiCHEHMS TIPOTMBOpeYaT Ha TMpeJicKa3aHWsATa Ha TeopHusATa 3a
cTaijoHapHata BcesneHa. Helrlo rnoBede, OTKpMBaHETO HA MUKPOBBITHOBOTO
n3puBaHe OT [leH3uac u YuicwH 1ipe3 1965 1. CbI1jo oKasa, ye BceneHara
TpsibBa /a e Oua MHOrO TO-TUTbTHA B MHHA/IOTO. ETO 3amjo Teopusita 3a
cTarjoHapHata BceneHa TpsiOBariie fja 6b/ie M30CTaBeHa.

Opyr omuT Aa ce u3berHe W3BOJBT, Uue TpsiOBa Za e umasno [omsam
B3pMB, a OTTaM W Hauajo BbB BpeMeTo, Oe mpeArpyeT OT JijBaMa PYCKH
yueHu — EBrenu Jludumiy u Wcak XanatHukoB rmpe3 1963 1. Te
TpeAronoXxuxa, 4ye l[omeMusaT B3pUB MOKe OM e ocobeHOCT camo 3a
MojienuTe Ha PpuIMaH, KOUTO B KpaiiHa CMeTKa Mpe/iCTaB/IsBaT CaMO eHO
npubmkeHre KbM peanHaTta BceseHa. Moke Ov cpefi BCUUKU MOje/H,
rpy6o npubnkeHu KbM AieiicTBuTe/HaTa BeesieHa, camo Te3u Ha @puamaH
Morar Jia Chbp)KaT CUHTY/ASpHOCTTa Ha [osemus B3puB. B MozenuTe Ha
@dpuiMaH BCUUKM ra/laKTUKM Ce pa3fiajsiedaBaT e[jHa OT JIpyra, Taka ue He e
YyHO TI0 HSIKOe BpeMe B MUHAJ/IOTO BCUUKHU Te /la ca OW/IM Ha eJHO U CBIII0
msicto. B pelictButennata BceseHa obGade rasakTUKWTe He camMo ce
pa3zasievyaBar JUPEKTHO efHa OT Apyra, a Te UMaT U MajJKd CTPaHWUYHU
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ckopocTu. Taka ye B /IeliCTBUTE/IHOCT He Ce Hajiara u30011[0 B MMHAJIOTO Jja
ca 3aeMaJjii TOUYHO eJTHO U CBII0 MSICTO, a /la ca Oumm MHOro 67130 effHa 10
npyra. Moske 6u B TakbB C/y4all ceraiiHaTa pas3iiMpsiBaiija ce BceneHa e
pe3y/iTar He OT CUHIY/sipHOCTTa Ha [osiemus B3puB, a OT efHa IO-paHHA
¢da3a Ha cBUBaHe; KoraTo BcesieHaTa e Kojarcupasia, He BCUUYKWA HeWHHU
YaCTULIU ca ce cObCKaIM, a ca MUHA/IU e[JHa Kpall Zipyra U cJiefi ToBa ca ce
pasfjajieynsii TIOMeXAy CH, BOJEWKH [0 CeramHOoTO paslipeHue Ha
Bcenenara. Kak fja kakem ToraBa Jasu peasHara BceneHa e 3amouHasa OT
T'onemus B3puB? JIndumi u XanaTHUKOB MPOCTO M3C/Ie[Baxa MoJe/uTe Ha
BceneHata, KOUTO ca TIpUOMM3UTENHO KaTo Mojenutre Ha PpuamaH, HO
B3€exa MpeJBUJ, HENPAaBU/IHWUTE W CAyYalHU CKOPOCTH Ha TajlakKTUKUTE B
peanHara BceseHa. Te moka3saxa, ye TakuBa MOZe/d Morar ja 3aro4Har C
['onsim B3pUB, Makap rajakTUKWATe Beue Jila He Ce pa3fjasiedaBarT JUPEKTHO
eqHa OT Jpyra, HO Te TBBPAAT, Ye TOBAa € Bb3MOKHO CamMO B HSIKOU
V3KJIIOUMTE/IHU MOJe/Id, B KOWTO TajlaKTUKWTe Ce [BWXaT IOApeJeHO.
Criopen, TsX, C/iefi KaTo, W3IVIeXJa, CBIIeCTBYBaT 0Oe3kKpailHO ToBeue
®puamMaHOBU Moziesid 6e3 CUHTYISIpHOCT B ['o/ieMust B3pHB, OTKOJIKOTO ChC
CUHTYJISIPHOCT, OW TpsibBasio /a 3aK/IOuMM, 4Ye B JAeMCTBUTETTHOCT He e
vMasno l'onsim B3puB. BriocsefcTBue Te OChb3Haxa, ue ChIIECTBYBa eUH
MHOTO T10-00111 K/1lac @prgMaHOBU MOJe/H, KOUTO UMaT CUHTY/ISIPHOCT U B
KOWUTO ra/laKTUKWTE He e 3ab/DKUTETHO /la Ce JIBWPKAT M0 HSIKAaKbB 0C0beH
HauuH. [Topaau ToBa ripe3 1970 r. Te oTTeryinxa U3UCKBaHETO CHU.

TpyasT Ha JIudiuiy 1 XanaTHUKOB Oelile 1ieHeH, 3alljoTO M0oKa3a, ue
Bcenenara 6u mozna ja viMa cuHrynspHocT, [onsiMm B3puB, ako obiijara
TEOpHs Ha OTHOCHUTE/THOCTTa e KopeKTHa. ToBa obaue He peIly K/THOUOBUS
BBIIPOC: TIpe[CcKa3Ba /M obljaTa Teopysi Ha OTHOCUTETHOCTTA, Ye Halllara
Bcenena 6u mpsbeairo da uma TonsiM B3pUB, Haualo BbB BpeEMeTO?
OTroBopsT [0KMJe OT CbBCEM pa3/iiueH MOJXOZ, BbBeJeH OT aHIVIMUCKUS
MateMaTUK M (u3uk Pomxbp IleHpoy3 mpe3 1965 1. Karo wu3nosnsBa
MOBe/IeHNeTO Ha CBeTVIMHHUTE KOHyCcM B oOljata Teopus Ha
OTHOCUTE/IHOCTTA, 3aegHO C (¢akra, Ye TrpaBUTALUsITa € BHUHAru
TIpYMB/MYAlLla, TOU MOKa3a, ue KOraTo ejHa 3Be3/ja KoJaricupa noj JerCcTBUe
Ha coOCTBeHaTa CU rpaBUTAl[Ws, TS T0Ma/a B 00/1aCT, UMATO IMOBbPXHHHA B
KpallHa CMeTKa Ce CBHBA [0 HyJieB pa3mep. A MOHeXe MOBbPXHWHATa Ha
obsacTTa ce CBUBA /0 Hy/a, TOBa TpsibBa Zia ce OTHacs W 3a obema ii.
LIsinara MaTepusi Ha 3Be3jarta Iile Ob/ie MpecoBaHa B 00/1acT ¢ Hy/eB 06eM,
Taka ye TUTbTHOCTTA Ha MaTrepusiTa U KpUBUHATa Ha MIPOCTPaHCTBO-BPEMETO
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me craHaT Oe3kpaiiiu. C Apyrd AyMH, Ije Ce TIO/Iy9d CHHTY/ISPHOCT,
ChAbpIKallla ce B egHa 00/IaCT OT MPOCTPAHCTBO-BPEMETO, M3BECTHA KAaTo
yepHa JyriKa.

Ha npbB mornes pesynarareT Ha [leHpoy3 e MpWIOKWM caMoO 3a
3Be3/Id; TOM He Ka3Ba HUILO 10 BBIPOCA, Aanu Lsiara BceseHa e vmana
CUHTYJIIPHOCT B ['0n1emMus B3pUB OT CBOETO MUHAJIO.

[To Bpemeto, korato IleHpoy3 u3BeZie CBosTa Teopema, a3 Osx
acTIpaHT, KOWUTO Oe3HaJeXAHO ThPCU Tpo0/ieM 3a Aucepraijusita cu. [Ise
TOJJMHU TI0-PaHO MU Osixa TOCTAaBWIM JMarHo3a Ha 0OosieH oT GosecTTa Ha
Jly Tepur — 3abonsiBaHe Ha JBUTATe/HUS HEpPB, U MU Oellle mazeHO fa
pa3bepa, ue MU OCTaBaT Ollje e/Ha-/Be ToAWHU. [Ipu Te3u obCTosITeNCTBA
enBa jii Oellle ocobeHO CMHCIEHO Aa paboTs IO AMcepTanusaTa CM — He
OYaKBax fia ollesiesi TOJIKOBA AbJIT0. M BbIIPeKH TOBa Beue Osixa MUHA/IU /iBe
ro/IiHH, a a3 He OSX MHOTO I0-371e. BCBII[HOCT HelljaTa Ce pa3Buxa TBbp/e
no0pe 3a MeH U ce OsIX CroAu/I 3a [HO MHOTO CUMITaTUUHO MoMuue, [)KeitH
Yaiina. Ho 3a 1a ce oxkeHs1, ce Hy»K/laex OT paboTa, a 3a Jja roy4a pabora,
ce Hy)KJlaex OT JuCepTaLus.

IIpe3 1965 r. mpoueTox 3a Teopemara Ha IleHpoy3, ue BCAKO TAJIO,
KOeTO TMpeThPIIsiBa I'PABUTAI[MOHEH KoJjarc, TpsiOBa Hakpas Ja oOpa3yBa
cunHryssipHoct. CKOpo MM CTaHa sICHO, 4Ye ako oObpHeM IIOCOKaTa Ha
BpeMeTO B Teopemara Ha I[leHpoy3, Taka 4e KOJanchT Ja CTaHe
paslIMpeHne, yCIOBUATA HA Ta3W TeopeMa Iie OCTaHaT B CUa, B CIydau ye
Bcenenara cera rpybo Hariomo6siea ®@puamMaHOB MOZe/n B eApu Malijadw.
Teopemata Ha IleHpoy3 T0Ka3a, ue BCsIKa KoJiarichpaiiija 3Beszia mpsibea fa
3aBBbPIIM B CHUHTY/ISPHOCT, apryMeHThT C OOBPHATOTO BpeMe II0Kasa, ue
BCsAKa GpuaMaHornofobHa pasmvpsBaiia ce BcemeHa mpsbea ga e
3aroyHasia OT CUHTY/IAPHOCT. [lo TexHWuUeCckuM MNPUUYMHKA TeopeMara Ha
[Tenpoy3 m3ucksaiie BceneHara fia e 6e3KpaiiHa B IMPOCTpPaHCTBOTO. Taka
ye aKTHUECKU a3 MOXKeX Jla U3M0J3BaM Teopemara, 3a Jia JioKaka, ue 6u
TpsibBa/io Zla MMa CHUHTY/ISPHOCT CaMO ako BceneHara ce pa3iMpsiBa
JocTaTbyHO OBp30, 3a Zia M30erHe OTHOBO KoJjaric (3allloTO CaMO Te3!
dpuamaHoBU Mojienu 6sixa 6e3KpaiiHu B IPOCTPAHCTBOTO).

[Ipe3 csiegBaluUTe HSKOJIKO TOAWHUA pa3BUX HOBAa MaTeMaTruyecka
TeXHUKa, 3a /ia u30erHa ToBa W Py TeXHUUECKH YCJIOBUSI B TEOPEMMTE,
JloKa3BaIly, ue TpsibBa /Jla HACTBIAT CHUHTYASIPHOCTH. OKOHYATeTHUSIT
pesyaTar Oellle eguH TP/, CbBMecTeH c IleHpoy3 mpe3 1970 r., KoiTO
HaKpasi /loKa3a, ue TpsibBa /la e UMaJio CUHTY/ISIPHOCT B ['oieMusi B3pUB, HO
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MpyU yC/IoBHMEe 4Ye oOljaTa Teopusi HAa OTHOCUTENTHOCTTa € KOpeKTHa |
BceneHara cbAbpKa TOJKOBAa Marepuisi, KOJKOTO HabmromaBame. Harwmst
TPYZ, CpeLHa [OCTa OMOHEHTH, OTYACTU CpeJ, pyCHALUTe MOopaju TIXHOTO
MapKCHCTKO CXBalllaHe 3a HayuyHHUs [eTepMUHH3bM, OTYaCTH CpeJ X0pa,
criopefi KOWTO IfsijlaTa Wjes 3a CUHTYISIPHOCTHTe e OTO/MbCKBallla U
ornopoyaBa KpacoTara Ha AWHIaMHOBara Teopus. VI Bce mak HUKOU He
MOJKe /ia CIIOpU C ejHa MaTeMaTuyecka TeopeMa. Hakpasi HamusT Tpyz Oe
BCeoO011][0 TIpUeT U IHeC MOoYTH BCUUKU TIpUeMar, ye BceseHarta e 3arovyHasa
CbC CUHTY/ISIPHOCT B T'osieMusi B3puB. Moxe 6U e KOMHUHO, ue Cjie]] KaTo
MPOMEHUX MHEHWeTO CH, Cera Ce ONMUTBaM fa yOedst ApyruTe (u3ulv, ye
(akTUUeCKM He e UMajl0 CHHTY/ISIPHOCT B HauajaoTo Ha BcesneHara, Ho,
KaKTO Ille BHJVM IMO-KbCHO, T MOXe /la M3ue3He, akO B3eMeM IIpe/iBU[
KBaHTOBUTe e(eKTH.

B Ta3u rnaBa BUZSXMe Kak 3a M0-MaJIKO OT IMOJIOBMH BeK MpejcTaBara
HU 3a Bcenenara, ¢opMupaHa B TIPOAB/DKEHHWE Ha XW/IS[0J/IeTHs, Ce e
npomeHsina. M3xomHa Touka 3a TOBa Osixa OTKpUTHETO Ha XbObJ, e
BceneHara ce pa3mmpsiBa, U OCb3HAaBaHETO HAa HE3HAUUTE/JHOCTTA Ha
HallaTa coOcTBeHa TlaHeTa B Oe3kpasi Ha Bcesienata. C HaTpymnBaHeTO Ha
eKCIIepUMEeHTa/IHA U TEOPETUYHM [l0Ka3aTesICTBa CTaBallle BCe I0-ICHO, Ye
Bcenenara TpsibBa /ja e IMasia Hauaso BbB BPEMETO, I0KaTo Haii-ceTHe Tpe3
1970 r. aBamara c IleHpoy3 ro Joka3axMme Ha 6a3arta Ha obiljaTa Teopus Ha
OTHOCHUTE/NIHOCTTA Ha AiHIIaiH. ToBa /J0Ka3aTe/CTBO TOKasa, ye obirara
TeOpUs1 Ha OTHOCUTETHOCTTA € MPOCTO e€[jHAa HelbJIHA TeOpPUsl: TS He MOXKe
Jla HA Kake KakBO € HauajJoTo Ha BcesneHara, 3alloTOo nNpeaBuKia, ye
BCUUKH (PU3WUHU TEOPHH, BK/IFOUMTETHO M CamMara Ts, Ca HerpuIOKUMU 3a
HauasioTo Ha Bcenenata. Ho ofiiara Teopust Ha OTHOCUTE/THOCTTA TBBPAU
Jla e CcaMO eJHa yYyaCTHa Teopus, Taka ue TOBa, KOETO TeopeMHuTe 3a
CUHTYJIIDHOCT HauCTWHA II0Ka3BaT, e, ye B TBbpJe paHHara Bcenena e
MMasio Tiepuofi, korato BceneHara e Owia TOMKOBa Masika, dye IOBede He
buxMe MorM fAa TipeHeOperHeM apeOHoMaijabHHTe edeKTW OT JApyra
Ba)KHA YaCTHA TeOpHs Ha [IBaZleCeTOTO CTOJIeTHe — KBAaHTOBAaTa MeXaHUKaA.
B HauanoTo Ha ocemzeceTTe roAuHU OsiXMe TIPUHYZIeH! Jja ceé HaCOYMM KbM
pa3bupaHeTo Ha BceseHaTa, mpeMrUHaBaliKu OT TeOpUSITa 38 U3KJTFOUUTETHO
rO/IIMOTO KbM TEOpHUATA 3a HUILOXKHO MasKoTo. Ta3u Teopus, KBaHTOBAaTa
MeXaHUKa, 1] OMUILIeM T0-HaTaThK, Mpeiu /ja ce 00bpHEM KbM yCUIUSTA
3a 00equHsiBaHe Ha /iBeTe YaCTHU TeOpUM B e/lHa-eJMHCTBEHAa KBaHTOBA
Teopusl 3a rpaBUTALIUSTA.
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4. ITPUHIINITI HA HEOITPEJAE/JIEHOCTTA

YcriexuTe Ha HayuyHUTe TeOpyur U 0cobeHo Ha HioToHOBaTa Teopus 3a
rpaBUTaLUsiTa Hakapaju ()peHCKUs ydeH Mapku3 [Ivo Jlarac B HauaaoTo
Ha XIX B. fja mokaxe, ue BcesieHaTa e Halb/IHO JeTePMUHUCTUYHA. Jlariac
TIPe/ITIONIOKK/, Ye TpsibBa /a ChllleCTByBa CHCTeMa OT HAy4yHM 3aKOHH,
KOUTO TI03BOJISIBAT i@ TIPeJBUAUM BCHUUKO, KOeTO IIle Ce C/Jyud BbB
BceneHara, ako 3HaeM C TOUHOCT CbCTOSSHUETO Ha BcesieHara B JazeH
MOMEHT. AKO HarippuMep 3HaeM TOo/IoKeHUsiTa U CKopocTuTe Ha CBHIETO U
TJIaHeTUTe B JlaJleH MOMEHT, MOKeM /Jla U3M0/13BaMe 3aKoHuTe Ha HioToH u
Jla ompefesuM CbCTOSSHUeTO Ha CJbHUeBaTa CUCTeMa BbB BCEKU [IPYT
MOMEHT. B To3u cjlyuail leTepMUHU3MBT U3ITIEX/Aa TBbP/e OueBUeH, HO
Jlarinac He CrHpsil [AOTYK, a JOMyCHald, 4Ye BCHUYKO, BK/IFOUMTETHO U
TIOBe/IeHHeTO Ha YoBeKa, Ce yrpaBJisiBa OT MOJ00HU 3aKOHHU.

[JoKTpuHaTa 3a HayuyeH [JeTepMUHU3BbM CpelllHa/ja yropuTara
CBIIPOTHBA Ha MHO3WHA, CTIOpe/i KOUTO Ts mocsira Ha cBobozara Ha bor za
ce HaMeCBa B CBeTa, HO e OCTaHaJia KaTo CTaHJapTHO J0MyCKaHe B HayKaTa
YyaK /I0 HauaJ0TO Ha HallleTo cTojeTHe. EAWH OT MbpBUTe MpU3HAIlY, Ue
TOBa CXBalllaHe TpsibBa /la ce W30CTaBW, [OWe OT H3UMC/IEHWATAa Ha
aHIJIMACKWUTEe ydyeHU Joph Pevimu u cbp  Dkeumc DxunHc.  Te
TIPe/ITI0/IOKKXA, Ue eJHO TOpello TAA0 Wid 00eKT, KaTo HarpyuMep efHa
3Be3/a, TpsAOBa Jla u3mbuBa Oe3kpaiiHa eHeprus. Criope]| 3aKOHHTE, B KOUTO
TOraBa BsIpBaxme, eAHO TOpel[0 TA7A0 TpssbBa [Ja ocBoOOXKIaBa
€/IeKTPOMarHWTHA BbJIHU (HaripuMep paJvOBBJIHU, BUIMMA CBET/IMHA WU
PEHTTeHOBU JIbUM) PAaBHOMEPHO I10 BCUUKH 4UeCTOTU. EHO roperro Tsio
HampyMep TPsIOBa Zla M3/bUBa €JHO W CBINO KOJWYECTBO E€HEPrusl BbB
BB/JIHU C UECTOTU MeXKJy e[lMH U JBa MJP/. BbJHU B CEeKyH/ia, KAKTO U TIPU
YeCTOTH MEXKY /iBa U TPX MJIPJI. BbJIHU B CeKyH/a. A 1110M OpOSIT Bb/THU B
CeKyH/la e HeorpaHWYeH, TOBa 3HauH, ye OOII[OTO KOJMUYECTBO H3/bUeHa
eHeprus 11ie e 6e3KpaiiHo.

3a ga us3berHe TO3U SIBHO HeJiell pe3y/TaT, HEMCKUAT yueH Makc
[Inank mipeanosiokun tipe3 1900 r., ye CBET/IMHHWUTE, PEHTIE€HOBUTE U
JpyruTe BbJIHM He MoraT Jila Ce W3/7byBaT IIPOM3BOJIHO, a CaMO Ha
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ornpejieJieHU MOPLIUM, KOUTO TOM Hapyuya KBaHTU. OCBeH TOBAa BCEKU KBAHT
TIpUTe’KaBa OIpe/ie/IeHO KOJIMYeCTBO eHeprus, KOeTo e TOJIKOBa I10-TO/sIMO,
KOJIKOTO TI0-BHMCOKAa € YeCToTaTa Ha Bb/IHWTe, Taka 4e TIPpyh [J0CTaTbyHO
BHCOKa YeCToTa W3/TbUBAHETO HA e[WH-eJUHCTBEH KBAHT OW M3UCKBAsIO
Ti0Beue eHeprys OT Ha/lIMyHara. Taka U3/1bUBaHeTO PU BUCOKU UeCTOTH 1ije
HaMassiBa, OTKB/IETO C/e/iBa, Ue M3TbueHaTa OT TSAJO0TO eHeprus ie Obae
KpauHa.

KBaHTOBaTa xunore3a 06siCHA Hab/tolaBaHaTa CTereH Ha U3/TbuBaHe
OT TOpeLLH Tejla MHOTO /J00pe, HO HelfHUTe MOC/IeAULIU 3a leTePMUHU3MA He
6sixa ocb3HaTH A0 1926 1., KOraTo APyr HEMCKHU yueH, BepHep XaiizeHOepr,
dopMmynvpa CBOSI 3HaMEHUT TIPDUHLMII Ha HeoIlpe/e/ieHOCTTa. 3a [Ja
npe/icka>keM OB/IEI0TO TIO/IOXKEeHHe U CKOPOCTTa Ha e[jHa 4yacTulia, TpsibBa
[la MO>KeM TOYHO Jila U3MEepUM CeralHOTO ¥ MOJIOKeHue W CKopocT. Hau-
IPOCTUAT HAUMWH Jja HalpaBUM TOBa € Ja OCBeTUM yvactulara. Hsakou ot
CBeT/IMHHWTE BBLJIHU I1je Ce pa3cedaT OT YaCTUL|aTa U Taka Lie OorpezessT
HEWHOTO TMonokeHre. Ho HMe HsAMa Ja cMe B CbCTOSIHME [ia OIpelenum
TI0JIOKEHMETO Ha YaCTULIATa I0-TOYHO, OTKOJIKOTO € Pa3CTOSIHUETO MeXIy
rpebeHUTe Ha CBETIMHHWTE BBJIHM, Taka de Ije TpsOBa Zia M3Mo/3BaMe
CBeTJIMHA C Majika JAb/DKMHA Ha BbJHATa, 3a Ja U3MEepPUM [10-TOYHO
nosiokeHreTo Ha uacrtuuara. Criopes KBaHTOBara Xxumoresa Ha IlmaHk
obaue He MOXXeM /la U3T0/13BaMe MPOM3BOTHO MAJTKO KOTMUeCTBO CBET/INHA;
TO TpsibBa /ia e TOHe euH KBaHT. HO TO3W KBaHT Iije HAapyIli ChbCTOSHUETO
Ha yaCTWLIATa U 11je TIPOMEeHU CKOPOCTTa U 0 HenpecKasyeM HaurH. OCBeH
TOBA, KOJIKOTO MO-TOUHO U3MepBaMe MOJI0KeHUeTo, TOJIKOBa Mo-Kbca TpsibBa
/la e IOb/DKUHATa Ha CBeT/IMHHAaTa Bb/HA, a C/1efl0BaTeJIHO TOJIKOBA I10-
BHCOKa TPsiOBa /la € eHeprusAra Ha eJUHUYHUS KBaHT. A ToraBa CKOPOCTTA
Ha yacTuLiara e ce MPOMeHU B To-To/1siMa crerneH. C Ipyru JyMH, KOJIKOTO
II0-TOYHO Ce ONuTBaMe Ja U3MepUM I0JIOKeHUEeTO Ha YacCTuliaTa, TOJIKOBa
MO-HEeTOYHO IIje MOXeM Ja W3MepuM HeliHaTa CKOpPOCT W 0OparHo.
XatizeHOepr 1oka3sa, ye Heorlpe/le/IeHOCTTa B MOJIOXKeHWeTO Ha uacTHullaTa,
YMHOXXeHa [0 Heorpe/esieHOCTTa B HeMHara CKOPOCT W II0 MacaTra Ha
yacTullaTa HUKOra He Mo)ke fa Objle BelWuMHA, MO-MajKa OT efHa
orpejeneHa CTOMHOCT, U3BeCTHA KaTto [1naHkoBa koHcTaHTa. Helo rnoseue,
TOBa OrpaHWYeHVe He 3aBUCHM OT HauuHa, 0 KOMTO Ce OINuTBame /[a
V3MEepUM T[I0JIOKEHUETO WIM CKOPOCTTA HAa yYacTulara, HUTO OT BUZA
yacTulja: TIPUHLMITBT Ha HeorpeJesieHOCTTa Ha  XaiizeHbepr e
dbyHaMeHTaHO, HeM30e>KHO CBOMCTBO Ha CBeTa.
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[IpUHUMITBT Ha HeorlpeJe/ieHOCTTa MMa ChIeCTBeHU CJIe[CTBUSA 3a
HauyuWHa, 110 KOUTO IJieJlaMe Ha cBeTa. U cef moBeye OT MeTAeceT FOJUHU Te
Ollle He Ca HAaMbJHO OLIEHEHW OT MHOro (uaocody M MpPOAb/IKABAT Ja ca
00eKT Ha MHOTO TMpOTHUBOpeunsi. [IpUHIMITBET Ha HeorpezeneHoCTTa bensiza
Kpasgi Ha Meuyrara Ha Jlaruiac 3a efHa HayuyHa TeOpuvs, €JWH MOJesl Ha
BceneHara, KOWTO Zla ca HAITbJHO /IeTEPMUHUCTUUHU: YOBeK, pa3bupa ce,
He MOyKe Jia TIpeJIBUu Ob/ellin CbOUTHSI TOUHO, aKO He e B CbCTOSIHUE 10U
TOYHO Jla U3MepU CeraliHoTO CbCTossHUe Ha Bcesenarta! U Bce mak MoxkeM
la CU TpefCTaBuUM, ue CbIeCTByBa CHUCTeMa OT 3aKOHH, HalbjIHO
orpeiesisiiiia ChOUTHATA 3a HIKOE CBPBbXECTECTBEHO ChIIECTBO, KOETO MOXKe
na Hab/rozlaBa cerariHOTO ChCTOsiHME Ha BceseHara, 6e3 fa ro HapyiiaBa.
Ho TakuBa Mofenu Ha BceneHara He ca ocobeHO WHTepeCHM 3a Hac,
MPOCTOCMBPTHUTE. Mali e mo-#obpe [Ja wu3Mo/j3BaMe TIPUHIIAIIA Ha
MecTe/IMBOCTTA, W3BeCTeH KaTo OpbcHaua Ha OkaM, U Zia OTPe)KeM BCUUKU
CBOMCTBAa Ha TeopusiTa, KOUTO He Morar fAa ce HabsmtomaBatr. To3u moaxof
Hakapa XatizeHb6epr, Epeun IlIpsogunrep u Ilon [Iupak ripe3 ABajeceTTte
roAvuHu fAa npedopMynupar MeXaHWKaTa B €/lHA HOBa TeOpHs, HapeueHa
KBaHTOBAa MeXaHWKa, OCHOBaHa BbpPXY IPUHLIUIIA HA HeorpezaeneHoCcTTa. B
Ta3d TeOpUs UYaCTUIUTe Beue HsSMaT OTAeNHH, A00pe AedbUHUPAHU
TI0JIO’KEHUSI ¥ CKOPOCTH, KOWTO Jla MOTarT fia ce Hab/rozmaBar. BmecTo ToBa
Te WMaT KBAaHTOBO ChCTOSTHHME, KOETO e KOMOWHAlMs OT TIO/Io)KeHHe U
CKOPOCT.

OOGUKHOBEHO KBaHTOBAaTa MeXaHWKa He Tpe/cKa3Ba e/[UH-eIMHCTBEeH
KOHKpeTeH pe3ylTaT OT eAHO HalmwojeHue, a MHOKeCTBO Ppa3Iu4HU
Bb3MOKHU U3XO[IU Y HU Ka3Ba KOJIKO BepOSITeH e BCeKU OT TAX. Vv ¢ gpyru
JYMU, aKO TPOBE/IEM €/IHO U ChII[0 W3MepBaHe BbPXY To/isiM Opoi 1moso0HU
CACTeMM, BCUYKM C e[JHAKBO U3XOAHO CBbCTOSHHWe, Illle YCTaHOBUM, Ye
vM3MepBaHeTOo Iile Jajze A B ompejeneH ciaydav, b B Apyr ciydyal U T.H.
YoBek MoyKe fia TIpeJIBUIY TIPUOIM3UTeTHUS OpOil ITbTH, KOraTo Pe3yaTaTbT
e Obze A win b, HO He MOXKe /la TIpe/ICKa)ke KOHKPeTHHSI pe3yaTar OT eJHO
oTze/HO u3MepBaHe. [lopasu ToBa KBaHTOBaTa MeXaHUKa BbBeXK[a eVH
Her30e)keH efleMeHT Ha Herpe/CKa3yeMOCT WM CAyuyaliHOCT B HayKara.
AViHILIaiH Ce MPOTUBOMOCTaBA MHOIO €HEePrMYyHO Ha TOBA HE3aBUCHUMO OT
BaKHAaTa CUA pOJid B pasBUTUETO Ha Te3u HJeu. 3a CBOS TMPUHOC KbM
KBaHTOBaTa Teopus AiHiaiH rosyur HobenoBa Harpazia. 1 BeIipeky ToBa
TOM HUKOra He Tmipue, ue BceneHara ce yrmpap/jsiBa OT CJIy4alHOCTTa:
HEeroBOTO OTHOLLIEHWe e CUHTEe3UPaHO B U3BECTHOTO My TBbpZeHue: , bor He
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urpae Ha 3apoBe.” [loBeueTo OT ocTaHa/iMTe yueHH oOaue Osixa TOTOBU Jia
rpyueMaT KBaHTOBaTa MeXaHWKa, 3alll0TO T OTJMYHO Ce ChbIViacyBaule C
eKcriepuMeHTa. BCbIIHOCT ToBa Oellle efHa W3K/IFOUUTETHO CIIOMy4/IMBa
Teopys M e 3ajlerHajia B OCHOBWTEe Ha MOYTH LisgjlaTa CbBPeMeHHa HayKa U
TeXHONOrus. Td ympaBisiBa TMOBeJleHWETO Ha TPaH3UCTOPUTE U
VHTErpaJIHATe CXeMH, Te3W ChbIIeCTBeHU KOMIIOHEHTHM Ha eJleKTPOHHU
YCTPOMCTBA KaTo TeJeBU3UOHHUTE CUCTEMU U KOMIIOTPUTE, a OCBEH TOBA €
OCHOBa Ha ChbBpeMeHHaTa xumusi U 6uonorusi. EquHcTBeHuTe obnactu ot
¢ur3uKaTa, B KOMTO KBaHTOBaTa MeXaHMKa BCe Olle He € HaMmepuia
TIOAXOASIO0 MSICTO, Ca TpaBUTAlUATa U e[po-MailjabHaTa CTPYKTypa Ha
Bcenenara.

Makap cBeT/IMHATa /la Ce CbCTOU OT Bb/IHM, KBAHTOBAaTa XUIIOTe3a Ha
[TnaHK HU Ka3Ba, ue TOHSIKOTa TS UMa MOBeJeHUeTO Ha YaCTULIU: MOXe Ja
ce W3/MbYBa WIM TOI/Tblla CaMO Ha MOPLMU WM KBAaHTU. ChbllleBpeMeHHO
MIPUHLIUITBT Ha HeoTpe/ie/IeHOCTTa Ha Xali3eHOepr Hasara roBeZieHUeTO Ha
YaCTULIUTE B HSKOW OTHOLLIEHUs /la e KAaTro TOBa Ha BBJAHU: Te HSMar
orpefesieHO TI0JIOKeHHe, a Ca ,,pa3MUTH“ C OMpeJe/leHO BepOSITHOCTHO
pasrpeziesieHre. TeopusiTa Ha KBaHTOBAaTa MeXaHWKa Cé OCHOBAaBa BBPXY
CbBCEM HOBA MaTeMaTHKa, KOSITO Beue He OMMCBa peasHus CBAT C [TOMOLLTA
Ha YaCTULM U BbJIHU; eUHCTBEHO HaO/II[ileHUsTa BbPXY TO3U CBSIT MOTaT
Jla ce OMMUILAT IO TO3U HauuH. VM Taka B KBaHTOBAaTa MeXaHUKa Ce sIBsiBa
Ayaqu3bM MeXIy BbJIHU M YaCTHUI[M: B HSKOW C/yyad e 1jesiecbobpasHo fa
MUC/IUM 3a YaCTULIMTe KaTo 3a BbJIHU, a B IPYTH e Mo-Ao0pe Zla MUCIUM 3a
BB/JIHUTE KaTo 3a yacTUUU. EJHO BaXKHO C/ieACTBUE OT TOBa €, ue He CMe B
CbCTOsSIHME Zla HaOsrolaBaMe Taka HapeueHaTa WHTep(depeHIUsT MeXay /iBe
Tpyny BbJHU win uvactuiu. C Apyru Aymu, rpebeHWTe Ha efHa Tpyria
Bb/JIHM MOrar Ja CbBMajar C MaJWHWUTe Ha Apyrara rpyna. lToraBa [BeTe
TPyNy BBJIHU Ce YHUIL0)KaBaT B3aMMHO, a He Ce CymupaT B I0O-TO/IsIMa
Bb/IHa, KakKTO MOXeMm jfa ouakBame (c¢wur. 4.1). IlosHat npumep 3a
vHTepdepeHMsATa Ha CBeT/IMHaTa Ca 1[BeTOBeTe, KOWTO UeCcTo Ce
HabJ/toflaBaT B cariyHeHU MeXypu. bsijata cBeT/MHa ce CbCTOM OT BBJHU C
BCUUKU Bb3MOXXHU [b/DKMHM Ha Bb/HAaTa WM LiBETOBe. 3a Orpe/eseHd
OBb/DKUHA TpebeHWTe Ha BBJIHUTE, OTpa3eHW OT e[HaTa CTpaHa Ha
canmyHeHus1 (WM, ChbBIAJAT C MaJWHWATE, OTPa3eHU OT Jpyrara CTpaHa.
lIBeToBeTe, OTroBapsilji Ha Te3W [JB/DKWHU Ha BbJIHATaA, JIAIICBAT B
OTpa3eHara CBeT/IMHA U [T0PaJiv TOBa TS M3IVIeXK/a OLIBETeHa.
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[Topagyu [yanUCTUUHUTE Tpe[CTaBU, BbBeAEHUM OT KBaHTOBAaTa
MexaHWKa, MHTepdepeHLysi MOXKe [la HaCThIlM Y TNpU uyacTtuliv. V3BecTeH
TpUMep B TOBa OTHOLIIEHUE € eKCIIePUMEHTHT C /iBa Tpouena (¢ur. 4.2). [la
pasryie[laMe e/lHa Iperpaja C JBa TeCHU ycriopeAHu Tipoinerna. OT egHaTa

59



CTpaHa Ha mperpajiata e MoCTaBeH W3TOUHUK Ha CBET/IMHA C OrpefieseH
UBAT (T.e. C ompefe/seHa [Ib/DKMHA Ha BbjHara). Ilo-rossiMata 4acT OT
CBeT/IMHATA IIle TornajHe B MperpajiaTa, HO MaJjKa 4acT Iie TpeMUHe Tipe3
npouenure. /la ippeMem cera, ye CMe TOCTaBW/IM €KpaH 3aJl mperpajara.
[lo Bcsika TOUKa OT eKpaHa Iile IOCTUraT BbJIHU OT iBaTa rpotierna. B o6rus
ciydyai obade pa3CTOsSIHMETO, KOeTO CBeT/MHAra TpsibBa /Ja W3MUHE OT
M3TOYHWKA /0 eKpaHa mpe3 JBaTa Tipolierna, Iije Obje pa3inuHo. ToBa
03HauaBa, ue (ha3uTe Ha BbLAHUTE OT JiBaTa Ipoljera HsMa /ia ca e/IHaKBH,
KOraTo CTUTHAT [0 eKpaHa: B HIKOM MeCTa BbJIHUTE I1le Ce YHUILIOXKaBarT, a B
JPYrd B3aMMHO IIle Ce yCWIBaT. B pe3ynTaT Ilije ce MOJiyuyd XapaKTepHO
n300pakeHWe OT CBET/IM U ThMHU UBULIY.

3abeie)KUTeTHOTO B C/iydas €, ue aKo 3aMeHMM H3TOYHMKA Ha
CBeT/IMHA C W3TOYHUK Ha YaCTULW, HaripuMmep eIeKTPOHU C OIlpejiesieHa
CKOpOCT (KOETO O3HauaBa, 4Ye CbOTBETHUTE BBJHU Ca C OlpefeseHa
A'BJDKAHA), 11 TIOTYYUM MaK ChIIUs TUI UBULM. Olle 1o-CTPaHHO e, ue ako
“MaMe CcamO eJIMH TIpoLier], HsiMa K300I1[0 /la TOyYHMM HBUIM, a MPOCTO
PaBHOMEPHO pa3mpejiejieHue Ha e/leKTPOHUTe BbpPXy ekpaHa. [lopagu ToBa
MOXeM [la TIpUeMeM, Ye C OTBapsSHEeTO Ha Olje eWH TpOLel MPOCTO Ce
yBe/siMuaBa OpOSIT €/IeKTPOHHU, [OCTHTrall[d BCsKa TOYKa OT €KpaHa, a B
pe3yaTaT Ha MHTepdepeHLYs TOM (PaKTHUeCKU HaMasisiBa Ha HSIKOM MecTa.
AKO TmycKame eJIeKTPOHUTe elWH MO eJWH KbM MpOLeNiTe, MOXeM Ja
OyakBame BCEKHU eJIeKTPOH /la MpeMUHe Mpe3 eVuHUSI WK APYTrus TpoLer,
Taka ue MOBe/[eHUeTO MY /la € TOUHO TaKOBa, KaKBOTO Ou Ou/I0, ako MMaiiie
caMO eJuH TIpoljell — Jla Ce MOoJIyyd PaBHOMEpPHO pasripe/ie/ieHe BbpPXY
eKpaHa. B geficTBUTe/THOCT 06aue 0P KOTraTo MycKaMme eJIeKTPOHHUTE e/[UH
10 e/IMH, UBULIATE T1aK ce HaOsomapar. M31m3a, ue BCeKH e/IeKTPOH MUHAaBa
Y TIpe3 08ama mnpolierna eJHOBPeMeHHO!

sSIBneHvero uHTepdepeHLUss MeXAy uacTuid Oe OT pelllaBaiilo
3HaueHMWe 3a U3sSCHSIBaHe Ha CTPOe)Ka Ha aToMa — TO3U OCHOBEH I'DajIiBeH
eJieMeHT B XUMUSATA U OMOJIOrusiTa, rpajiiBHATA TyXJ/IMUKa 3a CaMUTe Hac U
3a BCUUKO OKOJIO Hac.

B HauanoTO Ha HaIllMsl BEK Ce CMsiTallle, ye T000HO Ha IIaHeTUTe,
KOUTO 0OMKamAT okoyio C/IBHIETO, e/IeKTPOHUTE (YaCTHIM C OTpHUllaTe/IeH
eJIEKTpPUYEH 3apsi/l) B aTOMa OOMKa/IAT OKOJIO e/IHO LIeHTPasHO SpO, KOeTOo
HOCUA TIOJIOKUTeJIeH  ejieKTpuueH  3apsif.  [lpexamonarame ce, de
TIPUBJ/IMUAHETO MEXIY TMOJIOKUTETHUS W OTPULAaTeTHUs 3apsif 3agbpika
e/IeKTPOHUTE 110 TeXHWTe OpOUTH, CBI0 KaKTO TpPaBUTALIMOHHOTO
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ripuBiyaHe Mexay CIIbHLETO W TlaHeTUTe 3aJbp)Ka IIaHeTUTEe TI0
TexHuTe opbutn. TpygHOTO TYK €, ue CIlope[, 3aKOHHWTe Ha MeXaHWKaTra U
eJIEKTPUUYEeCTBOTO, MPeAX0XKAall[d KBAHTOBaTa MeXaHHWKa, eJIeKTPOHUTe Ouxa
ryowii eHeprusi U 6uxa ce JBWKU/M TI0 CIMpasa, A0KaTo ce cOmbckar C
sapoto. ToBa 3Hauu, ue aTOMbT, a (haKTUUeCKH LisiyilaTa MaTtepusi, 6bp30 Onxa
KOJIATICUPaZ 10 CbCTOSSHME C MHOTO BHCOKAa IUTBTHOCT. ENHO yacTHO
pelilieHre Ha To3u Mpobsem Oe HamepeHO OT JaTckusi yueH Husic Bop mipe3
1913 r. Criopesi Hero eIeKTPOHUTE He MOTAT Jla Ce ABW)KAT 10 OpOMTH Ha
BCSIKAKBO PAa3CTOsiHME OT SiPOTO, a CaMO Ha OIpe/e/ieHu XapaKTepHU
pa3CTOsIHUS. AKO TIPeATIONIOKUM, Ue Ha BCIKO OT Te3U Pa3CTOSTHUS MOorar Ja
ce ABWXKAT IO opOWTa camMO equH WX [[Ba eJIeKTPOHAa, TOBa OW peIlusio
npo6sieMa 3a CBMBaHETO Ha aTOMa, ThU KaTO e/IeKTPOHUTEe HsMa /ia Morat
TIPY IBW)KEHUEeTO CH MO Crrpasa Jja MPOHUKHAT MO-HaBbTPe U 11je 3aITb/IHSAT
opObUTUTe C Hali-Ma/IKu pa3CTOSTHUSI U eHepruM.

To3u Mofen OOSICHM CbBCEM 3a[OBOJIMTE/IHO CTpOeXka Ha Haii-
TIPOCTUSI aTOM — BOZIOPO/IHUSI, KOUTO MMa CaMO e[JiH eJIeKTPOH, 0OUKaIsII]
OK0JIO #ApoTo. HO He CcTaHa SICHO Kak Jila TO MPUJIOKUM KbM I0-CJIOXKHU
aromd. OcCBeH TOBa WjedTa 3a oOrpaHdueH Opoil pasperieHu OpOUTH
v3I/le)KJalle TBbpJe IIpOM3BO/IHA. HoBara Teopusi KBaHTOBa MeXaHUKA
peiii To3u nipob6sieM. Ts pa3kpH, ue e/leKTPOHBT, 0OMKAJISII OKOJIO SIPOTO,
MOXKe Jla Ce pasryiexJa KaTO BbJHA, YMSATO Jb/DKAHA 3aBUCHM OT HeromaTa
CKOPOCT. 3a HAKOM OpOMTH Ab/DKUHATA 11je OTToBaps Ha Lisiyio (a He Apo6OHO)
YKUC/I0 AB/DKMHU Ha BbJHAaTa Ha eleKTpoHa. 3a Te3u opbutu rpebeHBT Ha
Bb/IHaTa Iije Ob/le Ha eHO W CBIIJ0 MSCTO TIPH BCsKa OOMKOJIKA, Taka ue
BBJIHATE IIle Ce CyMHpaT: Te3d OpPOMTH IIje OTroBapsT Ha pa3pelleHuTe
opobutn Ha Bop. [Ipu opbuTHTe, AB/DKUHUTE HAa KOUTO HE Ca IIS/I0 YHCTI0
OBJDKUHU Ha Bb/IHATa, BCEKU TpebeH B KpaliHa CMeTKa Iije Ce YHUIIOKU OT
TaZIiHa TPH IBW)KeHHUEeTO Ha eJIeKTPOHUTeE; Te3d OpOMTH He Cca pa3pellleHH!.

EQVH M3UCKaH HauvH Jla Ce OHamieJyd [yaqu3MbT BbJIHA/4acTvLA €
Taka Hape4yeHOTO CyMHpaHe MO TPAeKTOPWH, BbBEJEHO OT aMepUKAHCKUS
yueH Pruuapg ®avinmaH. [1py TO3M MOAXo[ He ce Mpejro/ara yacTuiara aa
¥Ma e/lHa eIMHCTBEeHA WCTOPUS WM NbT B MPOCTPAHCTBO-BPEMETO, KAKTO €
CTiope/;, KjlacuueckaTra HeKBaHTOBa TeOpHs, a Ce MpeJro/ara a MMHaBa OT
A B b 10 BCUUKH Bb3MOKHU ITbTHUILLA. C BCEKU OT Te€3U ITTUILLA Ca CBbP3aHU
[lBé 4yuC/ia: eQHOTO TIpejCTaB/siBa pa3Mepa Ha BbJHATA, a [JpPyroTo
TIpe/ICTaB/IsiBa TI0/I0’KEHUETO B 1IMKbJIa (T.e. Janu e B rpebeH WM B Ma/ivHA).
BepositHOCTTa 3a MrHaBaHe OT A B b ce Hamupa, Karo ce CyMUpaT BbJIHUTE

61



M0 BCHYKM IbTHIA. BboOIle, ak0 CpaBHUM MHOXXECTBO OT ChCEIHU
ObTUIA, (asuTe WIM TI0JIOKEHUATA B LMKbJAA 3HAUMUTEJHO IIle Ce
pa3ivuapar. ToBa 3HauM, ue BBIHWTE, CBbP3aHH C Te3W ITBTHUIIA, TOUTU
TOYHO II[e Ceé YHHUII[OXKABAT MMOMEXKY CH. 3a HSIKOW MHOXXECTBA T10 ChCeTHU
mbTUllla obaue (a3uTe HSIMA /[a Ce MEHST 3HAUWUTENHO 3a pa3/MUHUTE
MbTUIlA. BBIHWTE 3a Te3u ITbTHINA HsAMA Jla Ce YHUIo)KaBaT. TakuBa
ITBTHUIIA OTTOBAPAT Ha pa3peliieHuTe opouty Ha bop.

C Te3u MpeACTaBd, M3pa3eHU B KOHKPETEH MaTeMaTUueCKH B/,
MOKEM CPAaBHMTEHO MPOCTO Ja M3UMCAMM pa3pelleHnTe OpOUTH B IIO-
CJIOKHH aTOMH, a JIOpU M B MOJIEKY/IM, KOUTO Ca WU3rPaJieHH OT WU3BeCTeH
Opoii aToMH, CBbP3aHU 3aeJHO Upe3 eJIeKTPOHU, OOUKAJISIIN OKOJIO TTOBeYe
OT egHo s7Apo. IIoHeXe CTPOEXXBT HA MOJEKY/JIUTe U TEXHHUTe
B3aMMO/IeHICTBHUS Ca B OCHOBAaTa Ha IisylaTa XUMUSI M OMO/IOTHsI, KBaHTOBaTa
MeXaHWKa HY TI03BOJISIBA 110 TIPUHIIUII Jia TIPEICKa’KeM TIOUTU BCUYKO, KOETO
BIDK/IaMe OKOjllo cebe CH, B TpaHUIMTEe, HA/JIOKE€HW OT TMPHUHIMIA Ha
HeorpeziesieHocTTa. (Ha mpakTMKa o0aue W3YMC/IEHUSITA 3@ CHUCTEMHU C
ToBeUe OT HSKOJIKO e/IeKTPOHA Ca TOJIKOBA CJIOXKHU, Ue He MOXKEM Jia TH
OCBIIEeCTBUM. )

ErpomartiabHusT CTpoek Ha BceseHara, u3riexk/a, ce yrpasiisiBa OT
oOmjaTa Teopusi Ha OTHOCHUTEJIHOCTTa Ha AbHIaWH. ToBa e efHa
K/JacMuecka Teopus, T.e. T He B3WMa TMpeJBUJ TPUHIMIIA Ha
HeoTIpe/ie/IeHOCTTa OT KBaHTOBaTa MeXaHWKa, KakTo Ou TpsibBaso, 3a /ja ce
ChIVIaCyBa C AAPyruTe Teopuu. [IpyunHaTa ToBa Jja He BOAM /10 KaKBOTO U /ia
e HechbIVIacHe C HaO/Io[eHUsTa e, Ye BCMUKMA TPABUTALIMOHHM TI0/IeTa, C
KOUTO OOMKHOBEHO ce cObCKBaMe, ca TBbpAe cyabu. Ho Teopemute 3a
CHHTY/ISIPHOCT, KOUTO Beue pasriefiaxme, MOKAa3BaT, ue TPaBHUTAJMOHHUTE
T0JIeTa CTaBaT MHOTO CHUJTHH TTOHE B /[Ba C/Tydast: YUepHUTe AyNKU U ['oemust
B3pUB. B TakuBa CUIHM To/ieTa eeKTHTe Ha KBaHTOBaTa MeXaHHKa Ca
ChljecTBeHW. U Taka B M3BeCTeH CMHCHJI Kacuuyeckata oOIrja Teopusi Ha
OTHOCHUTEJTHOCTTa TIpe/icKa3Ba TOUKM C Oe3KpaiiHa TUTBTHOCT, Tpe/iCcKa3Ba
COOCTBeHUsI CU TIPOBaji, CBIJ0 KAaKTO Kjaacuueckara (T.e. HEKBAHTOBATa)
MeXaHMKa TIpeZicKa3Ba MpoBajia CH C MPe/IoI0KeHNeTo, e aTOMUTE TPsIOBa
7a Komaricupatr Ao Oe3KkpaiiHa TITBTHOCT. [locera HsiMame 3aBbpIlieHa
CTpOIiHa Teopusi, KOSTO ia 0beiMHsIBa 00IIlaTa TeOpHUsi HA OTHOCUTETHOCTTA
W KBAaHTOBaTa MeXaHHKa, HO 3HAeM HSIKOU OT CBOMCTBAaTa, KOUTO Ts TPsiOBa
na nputexkaBa. CjieICTBUSATA, KOUTO OMXa MMa/d BbPXy UEpHUTE MYMKH U
lomemust B3pWB, Ije ObJaT OMMCAHW B CJIeABAII[MTE IJIaBH. 3a MOMEHTa
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obaue 111e ce 0ObpHEM KBbM ChbBPEMEHHUTE OIHUTH Jla ce 00O0OIIAT HalmTe
NPe/ICTAaBM 3a OCTaHA/JWUTe TIPUPOAHU CUIW B €Ha-eUHCTBEHA, eMHHA
KBaHTOBA TEOPMUS.
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5. EJIEMEHTAPHU YACTHUIIN A ITPUPOJHNA
cnim

Cniopeg, ApucToTen Lgjara mMaTepvsi BbB BcesieHara ce CbCTOU OT
YeTMpU OCHOBHM ejleMeHTa: 3eMsl, Bb3AyX, Or'bH W BojAa. Bbpxy Te3m
e/leMeHTH [euCTBaT [iBe CWU/IW: TPABUTALMATA, TEHJEHLMATA Ha 3eMsTa U
BOZaTa /la MOTHBAT, U JIEBUTALIUSATA, TEHJEHLMUATA Ha Bb3/lyXa U OT'bHS Jja Ce
v3aurar. ToBa pasjesieHue Ha CbAbpXKaHUETO Ha BcesieHara Ha marepusi U
CU/IM Ce W3II0JI3Ba U [JHeC.

Cnopen ApucToTesl Marepusita € HelpeKbCHaTa, T.e. MOXeM [a
JelMM eIiH KbC MaTepHsi Ha BCe MO-MaJIKu U M0-MaJIKu TapueHija 6e3kpaii
Y MakK HsMa Jjla CTUTHEM 10 3pBbHLIe MaTepusi, KOeTO Zia He MOXe Jja ce [1e/iv
no-HataTbk. Hskou repuu obade, Hampumep [leMOKpUT, TBbpAe/IH, ue Ha
MarepusiTa € TIPUCHILA 3bPHUCTOCTTA U Y€ BCUUKO € U3rPajieHO OT TOJisiM
Opoit pa3nuuHu no Buj, atoMu. (['pblikaTa AyMa amom o3HauaBa HeJ|eiM. )
BekoBe Hape[| CIIOpPBT MPOAB/IKUI O6e3 HSKAaKBO peayiHO Z0Ka3aTe/ICTBO 3a
e[HaTa WM Jpyrara CTpaHa, Aokaro mpe3 1803 r. aHVIMUCKUST XUMUK U
¢u3uk I>xoH JanTtoH orbensizan dakra, 4e XUMUUHUTE CheJJUHEHUs] BUHATU
ce CBBP3BaT B OIpejle/ieHH TIPOTIOPLIMM, KOeTO MOXKe Ja ce OOsICHH C
rpyNypaHeTo Ha aTOMM U obpa3yBaHeTO Ha T.Hap. Monekynu. Ho cropbt
Mexay aBeTe GUI0COMCKU IIKOMM He OW OKOHYATe/THO pellieH B I0Ji3a Ha
aTOMMCTUTE YakK /10 HAUa/IOTO Ha HAlluUs BeK.

EfHO oT chiljecTBeHUTe (U3MUECKHM Jl0Ka3arejcTBa Oe JaZieHO OT
AunnmaviH. B cBost Tpy, HanvcaH nipe3 1905 T., HSIKOMKO CeqMULIM Mpey
3HAMEHUTHUS TPY/, 3a CrieljuajHaTa Teopusi Ha OTHOCUTETHOCTTa, AWHILIANH
orbesisi3Ba, ue T.Hap. bpayHOBO [BW>XeHWe — HEINPABU/IHOTO, C/IyYaliHO
[BIDKEHMEe Ha MpallVHKWATe, CyCMeHJWpPaHu B TEYHOCT — MOXe Ja ce
00siCHU KaTo cO/TbCKBaHe Ha aTOMUTe Ha TeUHOCTTA C YaCTUI[MTe Ha Ipaxa.

[Io TOBa Bpeme Beuye CbLIECTBYBalM TMOJO3PEHUs, Ue aTOMMUTE
BbIIDEKM BCUYKO He ca HeaenuMud. HSEKOMKO TOAWHU — TO-paHo
uscnenoBarensat or Tpunut Komumk B KetimOpumk [Ix. k. ToMcwbH
JIeMOHCTpYpa/s CbL[eCTBYBAHETO HA MarepvajHa YacTHvlla, HapeueHa
efeKTpPoH, uusiTo Maca e nof 1/1000 ot macata Ha Hal-/ieKus aroM. Tou
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M3M10/13BaJl CUCTeMa, 1o/lobHa Ha ChbBpeMeHHUsI KUHeCKOTT: HaropeleHa [0
yepBeHO MeTajiHa >KMYKa OCBOOOXK/aBa eJIeKTPOHWTE, a TIOHeXXe Te ca
3ape/ieHU OTpULIaTe/HO, MOXKe [ja Ce M3II0JI3Ba e/IeKTPUYHO I10/1e, KOeTo Ja
M ycKopsiBa KbM ekpaH C ¢ocdopHo mnokputue. Korato ce ynapsatr B
eKpaHa, Ce TeHepupaT CBeTJMHHM TpoOsschiid. CKOpPO Ce yCTaHOBWJIO, ue
Te3U eJIeKTPOHU OW TpsiOBaso fAa WABAT OT camMuTe aToMu U Tipe3 1911 1.
aQHIMUUCKUAT (pu3rk bpHecT Puabpdopy Hall-ceTHe IMOKas3as, ye aTOMUTe
Ha BeL[eCTBOTO HAaWCTWUHA WMAT BBbTPELLIeH CTPOeX: Te Ca W3rpajieHu OT
CbBCEM MBHUUKO, TIOJIOKUTEIHO 3ape/ileHO SIZIPO, OKOJI0 KOeTo OOWKassT
esleKTpoHU. ToM CTUTHaM [0 TOBA 3aK/IOUeHHe, KaTo aHa/u3vpasl HauuHa,
M0 KOMTO anga-yaCcTULUTe, KOUTO Ca TIOJIOKUTETHO 3apelleHd U Ce
0CBOOOXK/IaBaT OT paZiMOaKTUBHU aTOMH, Ce OTKJIOHSIBAT MpU COTBCKBAHETO
CU C aTOMHU.

[IbpBOHAUa/IHO Ce CMATa0, Ye aTrOMHOTO SIPO € W3rpPaZjleHO OT
eJIeKTPOHU U pa3juueH Opoil MOJ0XKUTENHO 3apeieHU YacTULY, HapeueHu
IIPOTOHM OT TPBLKOTO ,IIBPBU®, 3allloTO Ce Ipy¥emaso, 4ye TOBa Ca
dbyHIaMeHTaTHUTe TPa/IMBHU e/ieMeHTU Ha MatepusiTa. [1pe3 1932 r. obaue
eluH Kojiera Ha Pwabpdopg ot Keiimbpumk, Iketimc Yaayuk, OTKpuI, ue
IpOTO ChAbpXKAa Jpyra 4acTHLja, HapeyeHa HEYTPOH, KOWTO KWMa IOYTH
e[HaKBa Maca C MPOTOHA, HO e 0e3 efleKTpUUeH 3apsifi. 3a TOBa OTKPUTHeE
Yaayuk ronyurn HobenoBa Harpaza v 6un u3bpaH 3a Maructbp B TOHBUI
ers; Ku3z Komumk — KeitmOpypk (KOMeXXbT, B KOUTO cera CbM ChTPY/IHUK).
BniocnencrtBre ToM ce OTKasas OT CTeNeHTa MaruCThbp MOpajy pa3HOI/Iacys
CbC ChTPyAHULIUTE. B KO/exxa ce BoZe/iM 0)keCTOUeHU CIIOPOBe OT BPEMETO,
KOraTto 3aBbpHa/u Ce OT BOWHAaTa M/aJy ChTPYAHULM I7acyBajid BOT Ha
He/loBepre Ha MHOTO OT CTapuTe CBHTPYAHULIA, KOUTO OT/aBHa Owid B
Kosnexxa. ToBa e OW/IO mpeAu MOETO BpeMe; a3 IMOCTHIIUX B Kojiexka rpe3
1965 r. ¥ xBaHaX Kpasi Ha OXKeCTOUeHMsiTa, KOraTo ToJ00HU HeCbIlacus
3acTaBUXa JApPyr maructbp, HobOesnoB snaypear — cbp HedBun Mor, ga
HarlyCcHe.

Horipenyu fnBajeceTvHa TOAWHU Ce CMdTallle, 4ye TIPOTOHUTE U
HEeyTPOHUTE Ca ,e/leMeHTapHU® 4YaCTULM, HO eKCIIepPUMEeHTUTe, B KOWUTO
MIPOTOHU Ce cOMbCKBaxa C JIPYT¥ TIPOTOHU WM C e/IeKTPOHU TIPU BUCOKH
CKOpPOCTH, TOKa3axa, 4ye (PaKTUYeCKH Te Ce ChCTOST OT MO-MaJIKU YaCTULIU.
Te3u uactui Osixa HapeueHW KBapku OT ¢u3nka Mriopaii T'en-Man
(KamopHUIMCKY TeXHOIOTUUEH WHCTUTYT), KohTo rmomyun HobGesnoBa
Harpazia 3a 1969 r. 3a paborara cu BepxXy TsX. Ha3BaHMeTO HjjBa OT HeTOUeH
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'“

yuTar Ha (pasara ,,Ipu kBapka 3a MbcTep Mapk!“ Ha Dxeimc [Ixouc.
[Ipenmnoniara ce gymara K8apk jJa Ce TPOU3HACs KaTo Keapm, Hakpas C K
BMeCTO m, HO OOMKHOBEHO Ce CBbP3Ba C /dpK (Uyuynura).

ChlleCTBYBaT HSAKOJIKO PAa3sHOBHUIHOCTM Ha KBapKa: BepOSATHO HMMa
TIOHe 1IeCT ,,apoMara‘“, KaTo BCeKHU ,apoMaT® ce siBsiBa B TPU L[BSITa —
yepBeH, 3e/ieH U cuH. (TpsibBa ja oT6Gesie)kuM, ye TOBa ca TIPOCTO Ha3BaHUS:
KBapKUTe Ca MHOIO I10-MaJIKU OT Jb/DKUHATA Ha BU/JMMaTa CBeT/IMHA, TakKa
ye HsAMAT LBSIT B 0OMKHOBEHUsS] CMUCHJI.) V3r/exk1a, MpoCTO ChbBpeMEeHHUTe
bu3uIM MpOosiBABAT TMOBeue BhoOpakeHHe U TP HaWMeHOBaHETO Ha HOBU
YaCTULY U SIBJIEHUSI Beue He Ce OrpaHuyaBar C rpbUKUs! EQUH MPOTOH Win
HeYTPOH Ce CbCTOU OT TPU KBapKa, 0 eJvuH OT BCeKU LIBAT.

Beue 3Haem, ue HUTO aTOMUTe, HUTO MPOTOHUTE U HEYTPOHUTE B TAX
ca HemenuMu. Cera BBIIPOCHT €: KakBO IIPe/CTaB/ABaT WMCTUHCKUTE
e/leMeHTapHU YacCTULM, Te3d OCHOBHU TPaJUBHU TYXJIMUKW, OT KOUTO e
HaripaBeHO BCUYKO? (e, KaTo Ab/DKUHATA Ha CBeT/IMHHATA BbJIHA € MHOIO
10-roJjisiMa OT pa3MepuTe Ha e[MH aTOM, HUe He MOXKeM Jja Ce HajsBame [a
,BUIUM“ 4YacTUTe Ha eJuWH aToOM II0 OOMKHOBeH HauumH. Hamara ce ja
W3I10/13BaMe Helllo C MHOIO T0-MaJiKa Ab/DKMHA Ha BbjiHaTta. KakTo BUasgxme
B IIOC/IejHaTa I[ViaBa, KBAHTOBATa MeXaHUKAa HU Ka3Ba, Ye BCUYKU YaCTHULIU
Ca BCBIIIHOCT BB/IHU U Ue KOJIKOTO I10-T0/IIMa e eHeprysTa Ha e/lHa yacTulia,
TOJIKOBA T10-KbCa € Ib/DKWUHATa Ha ChbOTBETHATA BbJ/IHA.

U Taka Hali-100pUAT Bb3MOXKeH OTTOBOP Ha Halllksl BBITPOC 3aBUCH OT
TOBa, KOJIKO rO/isiMa € eHeprusita Ha 4YacCTuliaTa, C KOSITO pasrosiarame,
3al]0TO TOBa OIMpejesis KOJKO Majlka e CKajara Ha Ab/DKUHUTE, KOATO Liie
usromsBame. Te3d eHeprMM Ha YacCTHI[UTe OOWKHOBEHO Ce H3MepBaT B
eUHULIA, HapeueHU eneKTpoHBONTOBe (eY). (Ilpu ekcnepumeHTUTE Ha
TOMCBHH C e/IeKTPOHU BU/SIXMe, Ue TOM M3M0J13Ba e/IeKTPUYHO T10J1e, 3a [ja TH
yckopu. EHeprusita, Kosito npuio01Ba eJuH eIeKTPOH OT eJIeKTPUYHO I10J1e
eIUH BOJT e W3BeCcTHa Karo eneKTpoHBoJT.) Ilpe3 XIX B., koraro
eJUHCTBEHUTe eHeprud Ha YaCTULM, KOUTO XOpara 3Haexa Kak /[a
U3Mo/3BaT, 0Osixa MaJKuTe eHeprud OT TopsiAbKa Ha  HAKOJIKO
e/IeKTPOHBOJITA, TTOJTyYeHU B Pe3y/ITaT Ha XMMUYHU peakLud KaTo TOpeHeTo
Harp¥Mep, ce cMsTallle, ye aTOMUTEe Ca Hah-MaJIKuTe rpaJJuBHU YaCTHUIIU.
I1pu ekcriepumenTa Ha Pbpabpdopy anda-yacTudTe ripuTe)KaBaxa eHeprusi
OT MW/IMOH eJIeKTPOHBOJITOBe. HeoTiaBHa ce HayyuMxMe Kak /ia U3MoJi3BaMe
e/IeKTPOMarHuTHU T0jleTa 3a [pyJiaBaHe eHeprus Ha 4YaCTULUTe
ITbPBOHAYA/IHO OT MW/IMOHH, a I0-KbCHO OT MUW/IMApAy e/IeKTPOHBOJITOBe.
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Taka pa3bpaxme, ue uyaCTHI[M, KOUTO CMe CMATa/JM TIpeu ABajleCeTHHA
rOAVUHU 3a ,ejleMeHTapHu“, ca (aKTUYeCKu CbhCTaBeHU OT T0-MaJIKU
yacTuid. A Moke OW, CTWralku [0 Ollle TI0-BUCOKA €Hepruu, IIe
yCTaHOBUM, 4e OT CBOs CTpaHa U Te Ca CbCTaBeHW OT Ollje I0-MaKu
yactui? ToBa, pa3bupa ce, e BB3MOXXHO, HO HHe pasrojiarame C
TeOPeTUYHW OCHOBAaHMS /la BsApBaMe, ye CMe CTUTHA/M WU CMe TBBbpJe
671130 [10 MMO03HAaBaHeTO Ha KpalHWTe TPaJuBHU TYX/JIMUKU Ha TIpUpojiaTa.
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Karo r3rnosn3Bame fyannsma Bb/iHA/UacTULIa, pasryie[iad B Moc/iejHaTa
I7laBa, MOXeM Jia ONuilleM BCUUKM BbB BceneHara, BK/IHOUUTETHO
CBeT/IMHATa Y rPaBUTALMsATa, C TIOMOILTA Ha YacTULM. Te rpuTe)kaBaT eJHO
CBOWCTBO, HapeueHO COWH. EAMH Bb3MOXKeH HAuMH Jla CU TpeACTaBUM
CMMHA € Zia MUC/UM 3a YaCTULIMTe KaTo 3a MyMIlajyeTa, KOUTO Ce BBPTST
okosio efHa oc. ToBa obaue O6u HU 3abmyaWIO, THU Karo KBaHTOBATa
MexXaHWKa HU Ka3Ba, ue YacTuiuTe Hsamar qobpe gedunupana oc. Toga,
KOeTO CIUHBT AeWCTBUTENIHO HU Ka3Ba, € KaK M3IJIe)KJa uacTuiiata OT
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pa3nyHu TOCOKU. Yactuiia ¢bC cnivH 0 e Kato Touuua: TS U3IVIeXAa
eHaKBa OT BCUYKU MOCOKU ((pur. 5.1-1). A yactuua cbC cnuH 1 e Karto
CTpeJIKWUKa: TS W3I/Ie)K[Ja pa3lMyHO OT pa3/iMuHu TOoCOoKU (dur. 5.1-2).
YacruiiaTa U3riexza efjHa U Chllla CaMO aKo s 3aBbPTHUM Ha IThJieH 000pOT
(360°). YacTtuiia cbC CruH 2 e KaTto AByNocoyHa crpenka (¢dur. 5.1-3): 14
M3rIeX/1a 10 CBIUS HauWH, ako s 3aBbPTHUM Ha T0yioBUH o6opot (180°).
[Togo6HO YacTULIUTE C TIO-TOJISIM CITMH U3ITIeXKJAT 10 ChllMs HAUMH, aKo TH
3aBbPTUM Ha T10-MaJIK{ YaCTH OT eIuH IThjieH 000pOoT. Bcruko ToBa csKari e
MHOTO TIPOCTO, HO 3abenekuTeneH (akT e, ye MMa YaCTHUIM, KOUTO He
W3IVIeXKJAT IO ChIIUS HAuWH, akKO T 3aBbPTUM CaMO Ha e[uH ITbJieH
000poT: c TAx TpsbBa i@ HarpaBMM JiBa MbJHU obOopoTa! 3a TakuBa
yaCTULIM Ka3BaMe, ye UMar crvH 1/2.

Bcuuky nmo3Haty 4acTULM BbB BcesieHata Morar fja ce pasfesnsiT Ha
[iBe TPyNU: YaCTULIM CbC COMH 1/2, KOUTO CbCTaB/SABAT BelleCTBOTO BbHB
Bcenenara, u yactuii cbC criuH O, 1 ® 2, KOUTO, KaKTO 1€ BUIUM,
TIOpa’k/JaT B3auMOZENCTBHS MEX/1y MaTepuaJHUTe YaCTULIU.

MarepuasHiTe 4YacTULM Ce MOJUMHSBAT HAa T.HAp. MNPUHLUMN 3a
3abpanara Ha Ilaysnu. Tol e orkput mpe3 1925 I. OoT aBCTpUiACKUS (UMK
Bondranr INaynu, 3a koeto my 6e nipuchaeHa HobenoBa Harpazia 3a 1945 1.
[Taynu e MpOTOTUITBT Ha (PU3MKA-TeOPETUK: TOBOPU Ce, ue 0PU CaMOTO MY
TIPUCHCTBUE B HSKOW Tpaf, € JOCTaTbYHO [a MPOBaJd eKCcrepuMeHTuTe!
Criopef, ripuHIfUIa 3a 3a0paHara Ha [laysiv [Be e[HaKBU YaCTHUIM He MOTrar
/la ChILeCTBYBAT B €JHO U ChLLIO CbCTOSIHUE, T.e. Te He MOraT eJHOBPEMEHHO
Jla 3aeMaT e[HO M CbIO MSCTO M Ja WMaT edHa WU Cbilla CKOPOCT B
rpaHULIUTE, HAJIOXKEHU OT TIPUHLIYIIA Ha HeomnpeaeneHoCTTa. [IpuHIuTbT 3a
3abpaHaTta ¥Ma pelllaBall[0 3HaueHHWe, ThM KaTo TOW OOSICHSBa 3alljo
MarepuaHATe YaCTULM He KOJariCupar [0 CbCTOSHME Ha TBbpJEe roJisiMa
TUTBTHOCT T107, B/IMSIHYE Ha CUJIUTE, TIOPaXkJjaHu OT yacTyuLuTe CbC crivH 0, 1
M 2. aKo TIOJIOKEHHUSITa Ha MaTepua/iHiTe YaCTHId Ca MHOro Onm3Ku,
TeXHWTe CKOPOCTU TPsibBa [la ce pa3/iMyaBaTr, KOeTO 3Hauu, ue Te HsMA
I'BJITO /A Ce 3abpyKaT Ha eJHO U ChII[0 MSICTO. AKO CBeTHT Oe Cbh3/azieH be3
npuHiiunia Ha [laymm, kBapkuTe He OHxa oOpasyBanu OTAeldHH, [A00pe
nedyHUpaHU TTPOTOHM 1 HeyTpPOHU. HUTO MbK Te Guxa oOpa3yBaiu 3aeHO
C eJIeKTPOHUTEe OTAenHU, [00pe JeduHUpaHW artomu. Te Isxa Ja
KoJjlaricMpaT ¥ Jia Ce TIOAyud eAHa NpUOIM3UTE/NHO e[HOPO/HA, I'bCTa
,Cyra‘.
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M3sicHsIBaHeTO Ha Tpe/icTaBara 3a e/IeKTPOHA U OCTaHA/IUTe YaCTULU
cbC cnuH 1/2 crana enBa npe3 1928 r, korato Ilon [upak, KOWTO
BriocnencTeue Oe u3bpaH 3a JlykacoBa mpodecypa MO MareMaTWKa B
KeitmOpupx (chiriata ripodecypa, 3aeMaHa Hsikora oT HiOToH, a cera u or
MeH), TIpeJI/IoKU efiHa Teopusi. Teopusta Ha [Iupak Oeliie rbpBaTa, KOSITO €
B ChIVIaCHe KaKTO C KBAHTOBaTa MeXaHWKa, Taka U CbC CIeLanaHaTa Teopus
Ha OTHOCUTEeMHOCTTA. Ts1 06sCHY MO MaTeMaTUueCKH ITbT 3allj0 eJIeKTPOHBT
vMa crnuH 1/2, T.e. 3a10 He U3IVIe)KJa 10 eJWH W CbIl] HaYMH, KOrato ro
3aBbPTUM Ha €/IUH IThJieH 000pOT, a TpsiOBa /la TO 3aBbPTHMM Ha /IBa ITh/JIHU
obopora. OcBeH ToBa T TIpe[CKa3a, Ye eJeKTPOHBT TpsiOBa Ja HMa
TapTHLOP: aHTUEJIEKTPOH WM NO3UTPOH. OTKpHUBaHeTO Ha MO3UTPOHA Mpe3
1932 r. noTBBpAYM TeopusiTa Ha Jlupak u My AoHece HobGesoBa Harpazia 3a
¢uszuka 3a 1933 r. Hue Beue 3HaeM, ue BCsSKa 4YacCTHlla KMMa CBOS
AHTUYaCTULlA, C KOSTO MOXe Ja anuxwmpa. (B ciywas ¢ yactuny,
TpeHacsIM B3aWMOJENCTBUEe, aHTHUYAaCTHULMTe Ca ChbLIUTEe KaTro CaMuTe
yacTuli.) Bb3MOXKHO e /1a Chll[eCTBYBAT LieJI1 aHTUCBETOBE U aHTUXOpa OT
aHTAuacTulii. Ho ako cpelllHeTe CBOsI aHTH-a3, He MYy MojaBaunTe pbka! U
JIBaMara Iije u3ue3HeTe B OTPOMHO OT'HEHO KbJ100!

BBIpoCshT, 3alll0 YaCTULUTE Ca TOJIKOBA IOBeue OT aHTAYaCTULIUTE
OKOJIO HacC, e U3K/IFOUMTEe/IHO Ba)KeH U a3 11je Ce BbpHA Ha Hero I0-HaTaTbK B
Ta3u I71aBa.

B kBaHTOBaTa MexaHWKAa CU/IUTE WM B3aUMOJEUCTBUATA MEXIY
MaTepuaJHUTe YaCTUL[A Ce HOCAT OT YacTULuTe C Usa cruH — 0, 1 wm 2.
BCBIIHOCT MaTtepuasiHaTa yacTHlla — HalpUMepP eJIeKTPOH WA KBapK —
W3/TbUBa 4YacTUIla, TpeHacsina B3aumopencTtBrue. OTCKOKBT B pe3y/iTaT Ha
TOBa W3/TbYBaHe MPOMEHS CKOPOCTTAa Ha MaTepuajiHaTa yYacTuia. Torasa
yacTuliiaTa, MpeHacsila B3auMoieiicTBHe, ce cOMbCKBA C Apyra MaTepHaiHa
yacTuija ¥ OuBa TmorbjHata. ToBa cOTbCKBaHe IIPOMEHS CKOPOCTTa Ha
BTOpATa 4YaCTHLA, CBHIIO KAaKTO aKO MeXAy [BeTe MaTepUasHU YaCTULU
JlelCTBallle CUJa.

CpleCTBEHO CBOMCTBO Ha YaCTULIUTeE, TIPEHACSIIN B3aUMOZENCTBHE,
e, ue Te He ce TOJUMHSBAT HA MpUHIMMA 3a 3abpaHata Ha [laynu. ToBa
3HauM, ue TeXHUAT OpOH, KOUTO MOKe Jla Ob/le 0OMeHsH, He e OrpaHuYeH U
ropaZii TOBa Te MoraT Jia TOpPOAST CHU/IHO B3auMojelicTBue. AKo obaue
YaCTULIUTE, MpeHacslld B3auMOJeWCTBMEe, MMaT TojsiMa Maca, TOBa Iie
3aTpygHu obpa3yBaHeTo ¥ 0OMeHa UM Ha rojisiMo pa3ctosiiue. ITopaziu ToBa
B3aMMOJIEMCTBUSITA, KOUTO Te HOCHAT, IIle ca caMo C Maiabk obcer. OT apyra
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CTpaHa, aKO0 YaCTULIMTe, TIPeHACAIM B3auUMOZENCTBUe, HSIMAT COOCTBeHa
Maca, B3auMojeicTBusATa e O6bAar ¢ rosisM obcer. UacTuiure, HOCEIH
B3aUMO/lelicTBUe, OOMEeHSTHU MeXXAy MarephajHu YacTULM, Ce HapuuaTt
BUPTya/HU, Th{ KaTO 3a pa3/idKa OT ,peajHUTe” Te He MoraT Aa Obzar
HeIoCpeICTBEHO perucTpupanu C etekrop Ha yactuuy. Ho Hue 3HaeMm, ye
Te CbIIeCTBYBaT, 3aljoTO MWMaT u3MepsieM edeKT: Te TMopaKiaT
B3aMMOJEHCTBUS MeX/y MaTeprUaHUTe YaCTULIH.

Yactunure c¢bc ciuH 0, 1 wan 2 moHgKora ChlileCcTByBaT M KaTo
peayiHu YaCTULIA U MoraT Aa ObAaT JUPEKTHO PerucTpUpaHu C [IeTEKTOpP.
ToraBa Te ce siBABaT BbB BU/] HA HEII0, KOETO KIACUKbT-(OU3UK OU HapeKbT
Bb/lHA — HalpyUMep Karo CBeTJIMHWTe WU TIPaBUTALMOHHUTE BbJIHU.
[Tonsikora Te ce M3/7bYBAT IIPU B3aMMOJEUCTBUETO MKy MaTepuaHU
YaCTULIY, TIPU 0OMeH Ha BUPTYa/IHA YaCTUILM, PeHaCSIIN B3auMO/IeliCTBUE.
(Haripumep esiekTprueckata Cuja Ha OTOTbCKBaHE MeXKIY /iBa eleKTpPOHa
ce Ab/DKU Ha 0OMeH Ha BUPTya/siHA (DOTOHM, KOUTO HUKOra He moraT ja
ObJaT HerocpeACTBEHO perucTpUpaHd C [IeTeKTOp; HO KOraTo eiuH
eJIeKTPOH TIpeJiiTa Kpail Apyr, Morar ja ce 0ocBOOOAST peasHd (POTOHM,
KOUTO PErrucTprpamMe Karto CBETIMHHU BbJIHU.)

Yactuure, npeHacsiy B3avMOJENCTBHe, MOraT Jja ce rpynupar B
YeTUPU KaTeropuM B 3aBUCHMMOCT OT rojieMHHAara Ha B3auMOJelCTBUETO,
KOeTo HOCAT, W YacCTULIUTe, C KOWUTO B3auMojeiicTBar. TpsbBa fa
orbesie)kuM, ye TOBa JleJieHHe Ha YeTUPHU IPYIH e U3KYCTBEHO: TO e yI00HO
npu pa3paboTBaHeTO Ha UAaCTHU TEOpHH, HO MOXKe U /la He OTroBapsi Ha
Hell[0 TMOo-Cepro3HO. B KpaiiHa cmeTKa ToBeueTo (DU3WIM Ce HaJsBaT Ja
OTKpPUSAT €lHa eJWHHa TeOopHs, KOSATO /a OOSCHU YeTUPUTe CUIU KaTo
pa3/IMyHU TIPOSIBU Ha e/[Ha-eJUHCTBeHa cuia. BCbITHOCT MHO3MHaA Ouxa
Kasa/ii, ue TOBa e IVlaBHa 1ies1 Ha (pusukara qHec. Hackopo Osixa HarpaBeHU
yCIIelIHU OIUTH Jia ce 00eANHST TPU OT UeTHPUTE TPYNH B3auMO/IeHCTBHUS
M a3 Ile TU OMUIlla B Ta3u IVlaBa. BBOpochT 3a o0eAWHSBAaHETO Ha
OCTaHasara KaTeropusi — rpaBuTalysiTa — Iie OCTaBUM 3a [M0-HaTaTbK.

[IbpBaTa kaTeropuvsi e TrpaBUTal[MOHHATa CWia. Tasd cuna e
yHUBepCajHa, T.e. BCSIKA YaCTHLla W3MWTBAa CWjaTa Ha TIpaBUTalys B
3aBUCUMOCT OT CBOSITA Maca Wiu eHeprusi. ['paBuTalusiTa e Haii-cjiabara ot
YyeTHpDUTE CWIW; T € TOJKOBa cjaba, ue ako He TMpUTe)KaBallle [iBe
XapaKTepHU CBOWCTBa, K300110 He Ouxme s 3abessA3anu: T MOXKe Ja
[lefiCTBa Ha rojieMy pa3CTOSIHUS U e BUHAaru npurersisiia. ToBa o3Hauasa, ye
TBbPZE MaJKUTEe TPaBUTALMOHHU CUIM MEXJYy OT[e/THWUTE YaCTULM B JBe
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rosnemMu Teja Kato 3emsata U CIBHIETO MOraT /la ce CymupaT U Jia MopOAsT
e/lHa 3HauWTe/Ha CWa. JIpyruTe TPU CHIM Ca WIKM C MaldbK obcer, Ui B
HSIKOW CJTydau — CWJIM Ha TPUBJMYaHe, a B IPYyry Ha OTO/TbCKBaHe, Taka ye
MpOoSiBSIBAT TeHJAEHLMA [Ja ce YyHUIlokaBar. [Ipu pasrnexzaHe Ha
rpaBUTAlLMOHHOTO T1OJe OT [JeJulle Ha KBaHTOBaTa MeXaHHKa
B3aMMO/IEICTBUETO MEXAY [IBeé MaTepyha/HA YaCTULIA Ce TIpeCTaBsl upe3
YacTUlla ChC CITUH 2, HapeueH I'PaBUTOH. [ paBUTOHBT HsAMa COOCTBeHa Maca
W TIOpaii TOBa HOCH B3auUMOIEMCTBHE C rojisiM obcer. I'paBUTaI[MOHHATA
cuna Mexay CiabHIleTo U 3eMsATa ce o0sicHABa ¢ oOMeH Ha TpaBUTOHU
MEeX/ly YacTUI[MTe, OT KOUTO Ca W3rpajieHd Te3u [IBe Teja. Makap
oOMeHSIHHTe YaCTHIM Jila Cca BUPTyasHH, edeKTbT UM 0e3 CbMHEHHe e
M3MEepUM: Te 3acTaBsT 3emsiTa Aa ce BbPTH OKoio CibHueto! PeanHute
rPaBUTOHM 0Opa3yBaT TOBa, KOeTO KIAaCUKBT-PU3UK OW HapeKbi
rpaBUTALIMOHHU BBAHM. Te ca TonAKoBa 1abW M Taka TPYAHU 3a
perucTpupane, ye HUKora He ca 6w HabromaBaHy.

CrenpalllaTa KaTeropusita € e/leKTpOMarHUTHaTa CWja, KOSITO
B3aMMO/JIeHiCTBA C eJIeKTPUUeCKU 3ape/ieHuTe YacTULW, KaKBUTO cCa
e/IeKTPOHWUTE W KBapKUTe, HO He U C He3ape/leHuTe, KakBUTO Ca
rpaBuToOHUTEe. T € MHOro TmMo-rojisMa OT  TpaBUTALMOHHATA:
eNleKTpOMAarHUTHATa CU/a MeXJy /iBa eleKTpoHa e moutd 10%? meTu mo-
rojisMa OT rpaBUTal[MOHHaTa. Chl[eCTBYBaT oOaue /iBa BHUa e/leKTPUUEH
3aps[ — MOJIOKUTeeH U oTpuliatenieH. Cuiara MexXay [Ba MOJIOKUTETHU
3apsifia e Ha OTO/TbCKBaHe, KAaKBaTO € M MeX/y /IBa OTpPHUIaTe/HU 3apsija,
JIOKaTO CuiaTa MeXXAy elMH MOJIOKUTEe/IeH U eIUH OTpULiaTesieH 3apsi, e Ha
npuBaudaHe. EAHO TosikoBa rosisiMo Tsio Kato 3emsita wid ClTbHLIETO
Ch/bpyKa TIOUTH paBeH Opoi MO0KUTeTHN W OTpUllaTe/THu 3apsau. [Topaau
TOBa CU/IMTE Ha MpHB/HWYaHe U Ha OTOTbCKBaHe MeXAY OTAE/HUTe YaCTULU
TIOUTU Ce YHMII0)KABaT U OCTaTbuHAaTa eJleKTpPOMarHuTHa cuja e Majika. Ho
NMpyU  MajJKuTe Maljabu Ha aroMa U MoJieKysata Iipeo0OsiajiaBat
e/IeKTPOMarHuTHUTe CWIW. EJ/JeKTPOMarHUTHOTO TIpUBIMYAaHe MeXAY
OTpHLIATe/THO 3apefieHUTe e/IeKTPOHU U MOJI0KUTeTHO 3ape/ieHuTe MPOTOHU
B s/IPOTO KapaT eJleKTPOHUTe Aa OOMKansaT 1Mo opOWUTH OKOJO sIpOTO Ha
aroMa, CbIL[0 KAaKTO TIPAaBUTALMOHHOTO MpPUB/IMYAHe 3acTaBsi 3emsiTa Ja
obukasns okono CirbHIIeTO. EjIeKTpOMarHuTHOTO TIpUB/MYaHe ce 00siCHSIBA C
obMeHa Ha rosisiM Opoii BUpTyanHW 6e3MacoBM YaCTMIM CbC CIUH 1,
HapeueHH (oToHW. VI B TO3M ciayuaii ¢OTOHHTE, KOUTO Ce OOMeHST, ca
BUPTya/lHU dYacTtuud. Ho Korato eguH ejleKTpOH MpeMuHe OT e/Ha
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paspellieHa opbOWTa KbM JIpyra, mo-0/M3Ka [0 s/IpoTO, Ce OCBOOOXKIaBa
eHeprusi U ce MU3abYBa peasieH (POTOH, KOUTO, akO € CbC ChOTBETHATa
II'b/DKWHA Ha BbJIHATa, MOXKe /la ce Hab/rojaBa KaTo BUIMMa 3a YOBEIIIKOTO
OKO CBeT/IMHA WM Jia ce perucrpupa OT (OTOHeH MpPUeMHUK, KaKbBTO e
Haripumep (otorpadckusit ¢uam. [lo-cbiusi HaUMH, KOraTo eluH peasieH
dotoH ce cOmbcka C atom, ToW MoXKe [la TIPUABMXXKU €IUH €JIeKTPOH OT
opbuta, mo-6s13Ka /10 ApOTO, Ha Apyra, Mo-oTjaieueHa. ToBa U3pa3xo/Ba
eHeprusaTa Ha (JOTOHa, Taka ye TOH Ce MOI/TbLIA.

TpertaTta Kareropusi ce Hapuya C1ab0 si[peHO B3aWMOZEMCTBHE, Ha
KOETO Ce [Ob/DKA PaJMO0aKTUBHOCTTA U KOETO [euCTBa BBbPXY BCHUUKHU
MaTrepUaiHA YaCTULYM CbC CIUH 1/2, HO He U BbPXY YaCTULIM CbC CcrivH 0, 1
umm 2 kKato (oToHuTe U TpaBUTOHUTE. C1aboTO SiipeHO B3auMO/IeliCTBHe He
6e ceBceM sicHO 710 1967 r., korato A6ayc Camam ot Umrmipusa Kommk B
Jlongou 1 CTUBbH YalHOBPr oT XapBap/ MpeyIokKuxa CBOU TEOPHH, KOUTO
o0eIMHSIBAT TOBAa B3aMMO/IeliCTBUE C eJleKTPOMarHUTHATa Cra, ChI0 KaKTo
Makcyen Ge 06equHH/ eNeKTPUUECTBOTO W MarHeTW3Ma CTOTHHA TOJWHU
no-paHo. Te mpenooxuxa, ue 0CBeH (JOTOHA UMa TPU IPYTH YaCTHULIU ChC
cnuH 1, 1O3HaTH OOIN0 KAaTO Te)KKW BEKTOPHU 0030HM, HOCUTENIW Ha
cnaboro B3aumoericTeue. Te ce Hapuuatr W+, W’ 1 Z° 1 BCeKH OT TAX e C
maca nipubmusutento 100 GeV (1 GeV = 10° eV). TeopusTa Ha YaitHOBpr
— CaJslaM 1oKa3Ba eJHO CBOKMCTBO, U3BECTHO KaTO CIIOHTAHHO HapylllaBaHe
Ha cumetpusita. ToBa 3HauM, Ue akO IPU HUCKU €HEepPruu Bb3lpUeMame
HAKOJIKO YaCTHMLUM Karo HaIlb/IHO pas3MuyHd  efHa OT [Jpyra, B
JIeUCTBUTETHOCT Te Ca €WH W CBIM THUII, HO B Pa3/JIMuHU CbCTOAHUA. [Ipn
BHCOKM €HepruM Te3W UaCTUI[M Ce OTHacsAT Karto mofo0Hu. EdekTsT e
nofobeH Ha TIOBeJjeHHeTO Ha TOIMUeTO 3a py/JeTKa BbPXy /JUCKa Ha
pyneTkara. [Ipy BUCOKM eHepruu (KoraTo 3aBbPTHMM JiMCKa Obp30) TOMUETO
ce IbPXKU CaMo 10 e[IUH U Cbll] HAUWMH — TO TPOAb/DKaBa Jja ce BbpTu. Ho
KOTraTO /IBM)KeHHEeTO Ha /IKCKa ce 3a0aBU, eHeprusita Ha TOMYeTO HaMaJsisiBa
Y Hakpasd TO Maja B eJVH OT TpuJeceT U celeMTe mporera Ha aucka. C
APYTHA AyMH, TIPU HUCKU €Hepruv MMa 37 pas3/MyHdA CbCTOSIHUS, B KOUTO
TOIUYeTO MoXe /a Ob/e. AKO T0 HSKAaKbB HaUMH MOXKeM Jia Hab/romaBaMe
TOIMUYETO CaMO TIPU HUCKW eHepruu, buxme cMeTHa/Id, ue uMa 37 pas3/iuyHu
BU/a Toryera

B Teopusita Ha YaitHOBpr — CasiaM 1py eHepruu, MHOTO TI0-BUCOKH
or 100 GeV, Tpure HOBM 4YacCTHI[M W (OTOHBT OMxa HMaaHd MOA0OHO
rioBesieHre. Ho 1pu 1o-HUCKU eHepryuy Ha 4yaCTULIUTe, KOeTO € T0-YeCTUAT
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Clyya, Ta3u CUMeTpHUS MeXXJy YacTULUTe Iiie ce Hapymm. W+, W’ u Z° e
NpUIOOUST TOJIEMU MacH, C KOETO B3auMO/IeHiCTBUATA, KOUTO HOCHT, IIie
CTaHaT ¢ MHOTo ManbK obcer. ITo Bpemeto, korato Canam U YalHOBPT
TpeJiyioXKMxa CBOATA TeOpHs, MajllMHa UM TOBspBaxa, a YCKOPUTEeIUTe Ha
YacTHUIM He OsiXa J0CTaTbYHO MOIIHHM, Ta Ja pa3BusaT eHepruu ot 100 OeY,
HeoOXogUMU 3a TojyuaBaHeTO Ha peanmHu W+, W’ u Z° yactuim. Ilpe3
c/iefBallUTe JeceTMHa TOJuWHU o0baue oOCTaHa/lIWTe TMpefcKa3aHUs Ha
TeopusiTa 3a HUCKUTe eHepruM Taka 00pe ce ChIlacyBaxa C eKCIIepUMeHTa,
ye mipe3 1979 r. Camam u YauHOBpr nonyunxa HoOemoBa Harpaja 3a
¢usvka 3aegHo c IlenawH [namioy, cbijo or XapBapA, KoWTo Oe
npe/yIoXKuI 1ojobHN 00eiiHeHU TeOpUH 3a e/IeKTPOMarHUTHOTO U C/1aboTo
anpeHo B3aumogerictBue. Ha HoOemoBata &komucuss 6e criecTeHO
Heyl00CTBOTO [la e J[OMyCHasa rpeiiika, korato mnpe3 1983 r. 8 IIEPH
(EBporelickusi 1[eHTHP 3a ApeHH U3C/ieiBaHrs) 0siXa OTKPUTH TPUTE TEXKU
napTHbopa Ha ()OTOHA C TOUHO MpeJCcKa3aHW Macu W [Ipyrd CBOMCTBaA.
Kapno Pybua, KOWTO pBKOBOZeIlle KOJEKTHBA OT HEKOJKOCTOTHH (QH3UILIH,
aBTOPY Ha TOBa OTKpuTHe, nosyur HobenoBa Harpaza 3a 1984 r. 3aeqHo b
CumoH BaH Jep Meep — wumkeHep ot LIEPH, koiito Ge aBTOp Ha
M3M0/13BaHara CMCTeMa 3a HaTpyIBaHe Ha aHTUMarepusta. ([IHec e MHOro
TPYAHO Aa Obelln 3abensizaH B eKCriepuMeHTa/IHaTa U3KMKa, ako Beue He CU
0 BbpXOBeTe!)

YeTBbpTaTa KaTeropusi € CUIHOTO SIIPEHO B3auUMOJEUCTBHE, KOeTO
3a/bp>ka KBapKUTE B IPOTOHA U HEYTPOHA, a MPOTOHUTE U HEYTPOHUTE — B
ApoTo Ha atoMa. CMATa ce, ye HOCUTEJ Ha TOBa B3aUMOJENCTBUE e pyra
YyacTulla CbC CIUH 1, HapeueH I7TyOH, KOWUTO B3aUMO/eliCTBa caMo ChC cebe
cu U ¢ kBapkute. CWIHOTO SiZIpeHO B3aUMO/IefiCTBHe UMa eHO TH0OO0MUTHO
CBOMCTBO, HapeueHO 3aTBapsiHe (KOH(MaWHMBHT): TO BHWHAaru CBbp3Ba
YacTULIUTe B KOMOHWHAI[MM, KOMTO HAMaT 1BAT. He MoXe Ja vMa eauH-
eIMHCTBEH KBapK, 3all[0TO TOW 6u 6un C 1BAT (UepBeH, 3e/ieH WM CHH). B
3aMsiHa e[JH uepBeH KBapK Tpsi0Ba Jja ce MPUCHEJWHNA KbM €/IUH 3eJleH U
e/IMH CHH KBapK upe3 ,,CTPyHa” OT IVyOHU (uepBeH + CUH + 3esieH = 0sin).
TakbB TpUILIET Tpe/CTaB/isiBa MIPOTOH WM HeyTPOH. /Ipyra Bb3MOXHOCT €
na ce obpa3yBa [BOMKa, ChCTaBeHa OT KBApK U aHTUKBApK (UepBeH +
aHTUUEPBEH, WX 3e/leH + aHTH3e/IeH, WM CUH + aHTHUCHH = 6s11). TakuBa
KOMOWHAI[UK M3TpaKAaT YacTULIMTe, M3BECTHU KaTo Me30HH, KOWUTO Cca
HeCcTabu/IHU, TTOHeXXe KBapKbT M aHTUKBAapKbT MOTaT /la aHUXWUIUPAT, TIpU
KOETO Ce TIO/ydaBaT eJeKTPOHW W Jpyru 4vactuiu. [lo cbluyvs HauuH
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3aTBapsSIHETO TIPeIOTBPATSBA CBIIIECTBYBAHETO HAa CaMOCTOSITE/IeH TJTYOH,
ThbU KaTO TJIyOHWTE CBI[0 WMaT I[BAT. BMecTo ToBa MMa KOJIEKIUS OT
TJTyOHU, YAWUTO 1[BETOBE ce cymupar fo Osi1. Ta3u kosekiys obpa3yBa efHa
HecTabW/IHA YacTHI[a, HApeueHa I/TyOHHa TOIKa.

IV EA 52

®akTbT, ue CBONCTBOTO 3aTBapsiHe He I03BOJIsBa Jia ce HabmroJaBa
OT[eJieH KBapK WM IVIyOH, CsKalll Cb3/jaBa IpejcTaBaTa 3a KBapKuUTe U
I7TyOHUTe Karo MeTadusnuHu uactuid. ChillecTByBa obaue efHO [PYro
CBOMCTBO Ha CW/IHOTO SIPEHO B3aWMOJEWUCTBUEe, BHUCOKOEHEepreTUYHO
cOMbCKBaHe MeXKAy TPOTOH W aHTUIPOTOH, TIPU KOeTO ce TojiydaBar
HSIKOJIKO TIOYTH CBOOOJHM KBapkKa HapeueHO aCHMIITOTHYHa cBo0oja, C
KOETO KOHIIeMIMATa 3a KBapKM W [IyOHU ce JeduHupa TouHO. [lpu
HOPMaJ/THU eHePrUuM CUJIHOTO /IpPeHO B3aUMOJENCTBUE e HauCTUHA CUJIHO U
CBbp3Ba 3paBO KBapkuTe roMexzay uM. Ho ekcriepymeHTUTE C TOJIeMU
YCKODUTE/IX HAa YaCTUL|M [10Kas3BaT, 4Ye MPU BUCOKU €Hepruv CUIHOTO
B3aMMO/JeMCTBUE 3HAUUTE/THO HaMasisiBa U TIOBEJJEHUETO Ha KBapKUTE WU
TJTyOHUTE CTaBa MOYTH KaTo Ha cBoOoAHM vacTuiiu. Ha ¢ur. 5.2 e roka3aHa
dororpacdusi Ha CcOMBCKBaHe MeXKy BHCOKOeHepreTMUeH TIPOTOH U
aHTUTIPOTOH. IToslyyaBaT ce HSIKOJKO TOUTH CBOOOAHM KBapKa M Ce JaBa
Hauasio Ha ,,CTpyd* OT TpPeKoBe.
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YcrenHoTo 00efuHsIBaHe Ha e/IeKTPOMAarHUTHOTO U C/1ab0TO siIpeHO
B3aMMO/eMCTBUE Ji0Bele 0 MHOXXECTBO OIMUTU Jla Ce ChYeTasiT Te3U [IBe
B3aMMOJENCTBUSL ChC CUTHOTO SIIPEHO B3aUMO/IEUCTBHE B T.HAp. TEOPUS Ha
Benukoto ob6enuHeHve. Ha3BaHMeTO e Masnko TpPeCUsIeHO: TOyYeHUTe
TEOpUHU He Ca HUTO TOJIKOBA BeJIMKH, HUTO HAIThJHO 0OefuHEeHH, Thil KaTo
He BKJ/IFOYBAT rpaBUTalusTa. Te He ca U B JEUCTBUTENHOCT 3aBbpLIEHU
TeOPUH, 3al0TO ChAbP)KAT HIKOM IapaMeTpH, YUUTO CTOMHOCTH He Morar
Jla ce mpeAcKaXkaT OT TeopusiTa, a TpsibBa Taka fia ce mopbepar, ue fa ce
ChbITIaCyBaT C eKcrepuMeHTa. BbIipeku BCUUKO Te ca BepOSITHO CThITKA KbM
e/lHa 3aBbpIlIeHa, HAITbJIHO 00e[HeHa TeOpHS.

OcHoBHara ujies Ha TeopusitTa Ha Benmmkoro obeariHeHYe e cieHaTa:
KaKTO CIIOMeHaxMe T0-Tope, CHUHOTO SiIpeHO B3auMOZeicTBHe oTClabBa
NpU BUCOKW eHepruu. OT Jpyra CTpaHa, eJeKTPOMarHUTHOTO W C/1ab0To
B3aMMO/IeMCTBUe, KOUTO He Ca aCUMITOTUYHO CBOOOAHU, CTaBaT CUTHU TPU
BUCOKM eHepruu. [Ipy HsIKakBa MHOTO BHCOKa €Heprusi, HapeueHa eHeprus
Ha BenukoTo obeavHeHUWe, Te3u TPY B3aMMOJEMCTBHUS Ovxa MMa/M eiHa U
Chllla cvMiaa U OU ce oOKaszasno, ye ca TMPOCTO Pa3/IWUHU TIPOSIBU Ha €[JHO-
eIMHCTBEHO B3auMojelicTBue. Teopunte Ha Bemkoro o6eauHeHye
rpe/iCKa3Bar ChIL0, Ye TIPU Ta3u eHeprusi pa3InyHuTe MaTepruaJTHu YacTULU
CbC CUH 1/2, KaTo KBapKU U eJIeKTPOHM, Orxa OWIN CBIIO TIOUTH €HU U
CBIIH, C KOeTO O Ce MOCTUTHAJIO Olije eIHO 00eIMHEHHE.

CroliHOCTTa Ha eHeprusita Ha BenukoTo obenvHeHHe He e MHOIO
no0pe M3BeCTHa, HO BeposiTHO 6u TpsbBano ga e moHe 101° GeV.
CerairHoTO MOKOJIeHHe YCKOPUTe/HM Ha YaCTHUI[M TI03BOJIsiBa COMBCKBAHETO
Ha yaCTULU C eHeprud oT ropsabka Ha 100 GeV, a ce ripoekTupaTr MallvHH,
KOUTO IIje JOCTUTHaT [0 HsKoako xunsgau GeV. Ho engHa waivHa,
JOCTaTbUHO MOIIIHA Jla YCKOPU YaCTUIM [0 eHeprunte Ha Beanko
obenviHeHue, 1ije TPsiOBa Ja e c pa3mepure Ha CiobHUeBaTa crucTteMa U 6u
6110 HEeBepOSITHO /la ce hMHAHCHPA TIPU CeralTHusl UKOHOMHAYeCKU KIUMar.
[Topazgy TOBa e HEBBH3MOKHO TeOpUUTe Ha BenmuwkoTo obequHeHue ga ce
TIPOBEPSIT HerocpeACTBeHO B jaboparopusita. Ho KakTo U TMpu TeopusTa,
obeivHsIBaIlla e/IeKTPOMarHUTHOTO M C/IaboTO B3aWMO/leliCTBHe, U B TO3U
Clydyad Ma HUCKOEHepPreTUYHU CJIe[iICTBUS OT TeOpUsiTa, KOMTO Morar Ja
ObAaT pOBepeHH.

Hali-uHTepeCcHOTO OT TSX e Tpe/iCKa3BaHeTo, ue MPOTOHUTE, OT KOWUTO
e u3rpaZieHa TIOBeUYeTO OT MacaTta Ha OOWKHOBeHaTa MaTepus, Morat
CIIOHTAHHO [Jla Ce pas3najar Ha T[0-JIeKW YacTUIYM, KaKBUTO Ca
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antuesneKTpoHute. [IpyurHara ToBa /ja € Bb3MOXXHO €, e TIpU eHeprusra Ha
Benuko o0eguHeHVe HsMa ChIECTBEHA pa3/iiKa MeXKJy AaHTUKBapK U
aHTHe/IeKTpOH. TpuTe KBapka B MPOTOHAa OOMKHOBEHO HSAMAT Z0CTaThbYHO
eHeprus, 3a Jja ce MpeBbpPHAT B aHTHEJIEKTPOHHU, HO MHOI'O UeCTO e[VH OT
TSIX MOXKe fia TIpuiobue JlocTaThbuHO €Heprys, 3a [ja HalpaBu Ipexofa, Thid
Karo CIiopef; MPUHLMIIA Ha Heorlpe/ie/leHOCTTa eHeprusita Ha KBapKWUTEe B
MPOTOHA He MO)Ke TOYHO Ja ce ¢ukcdpa. ToraBa NpOTOHBT Ou ce
pasriajiHaji. BeposiTHOCTTa e/iiH KBapK Jia TIpuAo0re JoCcTaThuHa eHeprus e
TO/IKOBA MaJjKa, de Irfe ce Hanoxku Aa yakame roHe 1030 ropmmu. Tosa e
BpeMe, MHOT'O MO-ABJITO OT BPEMETO, U3MUHAJIO CJie[l TOJIEMUsT B3pUB, KOETO
e exBa 10'° roguan. YoBek 6M €M TIOMHCIMJ, 4e Bb3MOXKHOCTTA 3a
CTIOHTAaHHO TIPOTOHHO Ppas3fajjaHe He OW Morsa Jla ce TIPOBepU
ekcnepuMeHTasiHO. Ho 11aHCcOBeTe HM [a OTKpHMEM paslafiaHeTo 1ie
HapacHart, ako HabmroaBaMe rofsiMO KOJMUeCTBO BeI[eCTBO, ChAbPIKall|o
ronam 6poii mpoToHu. (Ako Hanpumep HabmojaBame 103! mportonu B
MpOJ’b/DKEHME Ha e/lHa FO/IMHA, CIIOpe/ Hau-nmpocTaTa Teopys Ha Benukoto
obefliHeHWe MOXKEM Jla OuakKBaMe J/la BHAMM pa3MaZlaHeTo Ha IoBede OT
eIuH TIPOTOH.)

[IpoBefjeHM Ca HSKOJIKO TaKMBa €KCIIEPUMEHTa, HO HUKOM OT TAX He
[l0BeJle 10 OrpeJe/ieHO [10Ka3are/CTBO 3a pasnajaHe Ha TPOTOH WU
HeyTpoH. [Ipu eauH OT ekciepuMeHTHTe Osixa u3mos3Bany 8000 ToHa Boza
1 Toi Oe TIpoBefieH B cosiHaTa MyHa ,,MopThH“ B Oxaiio (3a /a ce u3berxHe
HaCThIIBAHETO HA JPYTU CHOUTUS, TIPUUMHEHU OT KOCMHUYECKUTe JIbUM,
KOUTO TIOTPELIHO /la CMEeTHEM 3a pa3fajiaHe Ha MPOTOH). T'bi KaTO HUKAKBO
CTIOHTAHHO pa3rajlaHe Ha TPOTOHM He Oe Hab/IOZaBaHO MO BpeMe Ha
eKCIlepMMeHTa, MOKe [la Ce MpeCcMeTHe, Uue BepPOSATHHUAT KMBOT Ha MPOTOHA
TpsibBa ga e mo-Abaer oT 103! roguxu. ToBa e MO-TPOAB/DKUTEHO OT
BpEMETO, TIpeACKa3aHO MO0 HaW-mpocTaTa OT TeopuuTe Ha Beankoro
obefviHeHWe, HO KMa TIO-CHBBPIIIEHU TEOPUM, TIpe/CKa3Balllk TO-AbIbl
)KMBOT. 3a 7[ia TU TIPOBepHUM, Iije ca HeoOXOAWMH OIlle TI0-UyBCTBUTETHU
eKCITIePUMEHTH C OLLe TI0-TOISIMO KOJIMUeCTBO BeleCTBO.

Makap ye HabmrofaBaHeTO Ha CMIOHTAHHO pa3fafiaHe Ha IMPOTOHA e
MHOT'O TPYAHO, He e M3K/IF0OUYEHO CaMOTO HU ChILeCTBYBaHe /la e CJIeICTBUE
ot obpatHus mporiec — obpa3yBaHe Ha MPOTOHH, WIM TO-MIPOCTO — Ha
KBapKU OT €JHO Haya/lHO CbCTOSIHUE, MIPU KOETO KBapKWTe He Ca oBeye OT
AHTUKBApPKUTE, a TOBA € eCTeCTBeHUIT HauMH /la CU TpPeJCTaBUM HauyajioTo
Ha Bcenenara. Marepusita Ha 3emsTa e M3rpajieHa IVIABHO OT MPOTOHU U
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HEYTPOHU, KOUTO OT CBOSI CTpaHa Ca ChCTaBE€HH OT KBapKWU. AHTHUIIPOTOHU U
AQHTUHEYTPOHH, W3rPaIecHM OT aHTUKBapKH, HsIMAa OCBEH HSKOJIKOTO,
MojiyueHd OT (GU3MIUTe B TOJeMHUTe YCKOPDUTeIM Ha YaCTHIM.
KocMuueckuTe JTbUM Ca [JOKa3aTesCTBO, Ue CHIL[OTO Ce OTHACsS 3a LisjaTa
MaTepusl B Halllata ['ajakTvKa: HIMa aHTUTIPOTOHUW, HUTO aHTUHEYTPOHU, C
W3K/IIOUeHWe Ha Majkusg Opol, TMonayuyeHHM Karo [BOWKAa 4YacTulla/
aHTUUaCTUI]a TIpU BUCOKOEHepreTWUUHUW COMbCKBaHMA. AKO B Hallara
[anakTuKa CblijeCTByBaxa rosieMud 06/1aCTU OT aHTUMaTepus, OuxMe MOT/IU
7la ouakBaMme, ue Iie HaOmOZaBaMe TO/IeMU KOJAYECTBA JTbUEHUS OT
rpaHuI[UTe MeXKy obracThTe OT Marepusi U aHTUMAaTepusi, KbIeTO MHOTO
yacTUI[d Omxa ce COTBCKAaad CBhC CBOMTE AHTHYACTHI[M U Omxa
AHUXUJTUPAJI C 0CBOOOJK/IaBaHe Ha BUCOKO-eHEePTeTUYHO H3/TbUBaHe.

Hue He pasrosiarame C JUPEKTHO [I0Ka3aTesICTBO [lau MaTepusTa B
ApyTUTe TajakKTUKA e Wu3rpaZieHa OT TIPOTOHM W HEYTPOHW, WIU OT
AHTUTPOTOHU Y aHTUHEYTPOHH, HO BEPOSITHO € WM eHOTO, WU [IPyTroTo:
He MOJKe 7la UMa CMeC OT /IBeTe B e/IlHa rajakTHKa, 3alloTo B TaKbB CIydai
nak Ouxme HabmrOaBanyd CUHO JTbUeHHWe OT aHuxwialuu. ETo 3aijo ce
Tpe/iriosiara BCUUKW Ta/laKTUKW Jla Ca ChCTaBeHW OT KBapKh, a He OT
AaHTMKBApKH; TIpe/[CTaBaTa HIKOW Ta/laKTUKH [la ca OT MaTepwis, a APyry OT
aHTUMaTepusi U3I7IeXKa HerpaBonof00Ha.

A 3a110 KBapKWTe Ca MHOTO IOBeue OT aHTHMKBapkKuTe? 3alllo He ca
nopaBHO? HechbMHEHO MMaMe KbCMeET, ue OpOSIT UM He e paBeH, 3all[0TO
VMHaue TIOYTU BCUUKU KBapKU U aHTUKBApKU OWXa aHUXWIMpaJU Ollle B
paHHaTa BcesieHa u Ouxa octaBwiv BceseHa, W3Mb/iHEHA C JTbUeHHe, HO
e/lBa JIU C HIKAKBO Bell[eCcTBO. ToraBa BepPOSITHO HsIMaAIlIe /la MMa rajlakKTHKH,
3Be3IM WM TIJIaHeTH, Ha KOMTO Jla Ce pa3BUe UOBEIKH KUBOT. 3a IIjacTue
TeopuuTe Ha BenukoTto obeauHeHre Moke OU HU AaBaT oOsiCHeHUWe 3alljo
BcesneHara cera chAbp>ka MoBeue KBapKH, OTKOJIKOTO aHTUKBAPKH, aXKe U B
HauasoTo OposT M ga e Own paBeH. KakTo BujsxMe, TeOopuHTe Ha
Benukoto obefiiHeHWe T0O3BO/ISIBAT TIPU BUCOKU €HEPryuy KBapKWTe /la ce
MpeBpBIIAaT B aHTUMKBapku. OCBeH TOBa Te TMO3BOJSIBAaT U 0OpaTHUTe
IIpPOL[eCH — TIPEBPbBIIlaHe Ha aHTHMKBAPKW B €/IEKTPOHW W Ha €JIeKTPOHU U
AaHTHE/IeKTPOHM B aHTHKBAapKM W KBapkKW. Hskora, B CbBCeM paHHaTa
BceneHa, Ts e 6uia TONKOBa ropeiiia, ue eHeprunTe Ha YaCTULIUTe BEPOSITHO
ca OWwIM ZI0CTaThYHO BUCOKU 3a HACTHIIBAHETO Ha Te3H IpeBpbiljaHus. Ho
3alll0 TOBa € /IOBeJ0 [0 T[lOBeue KBapKU, OTKOJKOTO aHTUKBapKU?
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[TpuunHara e, ye (pU3MYHUTE 3aKOHU HE Ca CbBCEM CBLIWTE 3a YaCTULIUTE U
aHTUYaCTULUTE.

Ho 1956 1. ce cmsTaile, ye (PU3NUYHWTE 3aKOHM Ce TOAUYMHSIBAT Ha
BCsIKa OT TPUTe OTAe/THA CuMeTpuu, HapeueHu C, P u T.

Cumetpusita C 03HauaBa, ye 3aKOHUTE Ca eJHU U ChLLIU 3a YaCTULY U
aHTuyactiiu. Cumetpusita P 03HauaBa, ye 3aKOHUTe Ca eJHU U CbIU 3a
BCAKA CHUTyalusi W HeWHOTO oriefaqHo wu3o0pakeHue (OriefaaHOTO
n300pakeHWe Ha e[jHa YacCTUILla C [sICHO BbPTeHe e TOBa Ha YacTulia C JISIBO
BbpTeHe). Cumetpusita T o3HauaBa, ue ak0 OOBDHEM TIOCOKaTa Ha
JBIDKEHHEe Ha BCUYKM YaCTUIM U aHTUUYACTHUIIM, CUCTeMara TpsibBa fa ce
BbpHE B TPeJUILIHU CbCTOSIHUS: C APYTU AYMH, 3aKOHUTE Ca eJHAaKBU KAaKTO
Haripe/j, Taka 4 Ha3a/i BbB BpeMeTo.

[Tpe3 1956 r. aBamMa amepukaHCKd ¢(usuuyu — [3yH-[ao Jlu u
YkeHUH SIHT, TIpe/roioxKrxa, ue c/1iaboTo B3auMopeincTBre hakTUueCKu He
ce noAuuHsiBa Ha P cumetpusta. C Apyru aymu, c1aboTo B3auMoO/elCcTBYe
6u npuHyauio BceneHara fja ce pa3BrBa pa3/IMUHO OT HAauMHA, HO KOWTO 61
ce pa3BWIO HeWHOTO orniefanHo u3odpakeHue. ChblljaTa TOAWHA TSIXHATa
konexxka LI3un CaH By! nokasa, ye rpejackasaHueTo UM e TpaBUIHO. T4
HaripaBd TOBA, Karo OpWEHTUpA sJpara Ha paJUOaKTUBHU arOMU B
MarHyWTHO I10J/Ie Taka, ye BCUUKU Te [ja Ce BbPTAT B €JHa U Cbllla II0COKa, U
ToKa3a, ue B eZlHa TI0COKa Ce 0CBOOOJK/aBaT ToBeue e/leKTPOHU, OTKOTKOTO
B Apyra. Crnepgaiiara roguHa JIu u fIHr monyurxa HobenoBa Harpazia 3a
cBosiTa uzes. OcBeH ToBa Oellle yCTaHOBEHO, e €/1aboTO B3avMOJeNCTBUe
He Ce TofuMHsBa Ha P cumerpusTa, T.e. TOBEJEHMETO Ha BCeJIeHa,
CbCTaBeHa OT AHTHUYACTUIM, Ie ObJe pa3/MuHO OT TOBAa Ha Hallara
Bcenena. Bbrpeku ToBa, u3miex/a, €1ab0TO B3auMOAeNCTBHE Cria3Ba
koMOuHupaHara CP cumeTtpus, T.e. BceneHata Ou ce pa3BuBasa 1o ChILs
HauMH, KaKTO OI/Iela/THOTO CH M300pakeHHe, JOPU ako BCsiKa dyacTuija 6bae
3aMecTeHa OT cBosita aHTuyactuiia! Ilpe3 1964 r. obaue Apyru agBama
amepukaHiy — k. Y. KponvH u Ban ®@uu, otkpuxa, yue CP cumeTpusTa
He Ce CI1a3Ba [0pU Ipy paslialaHeTo Ha OorpejesieHd YacTULU, HapeyeHu K-
Me30HH.

Hakpast pe3 1980 r. Kporun u ®uu nosyurixa HobenoBa Harpazia 3a
Tpyza cu. (MHoro ca HarpaguTe, pa3zaZieHd 3a MOCOYBAaHeTO Ha (pakTa, ye
BceneHara He e Taka IpOCTa, KaKTO CU 1 TIpeficTaBsiMe!)

Vma efHa MareMaTvuecka TeopeMa, KOATO TBbPZH, Ue BCsKa Teopus,
KOSITO Ce TOAUYMHABA Ha KBAHTOBAaTa MeXaHUWKA YW Ha OTHOCUTE/IHOCTTA,
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TpsibBa BuHaru Jia cuOsmonaBa U kombunvpanata CPT cumetpusi. C aApyru
IyMU, TIOBeZIeHreTo Ha BceneHara 6u TpsiOBasio fia e e[HO M ChII[O, JIOPHU Ja
3aMeHHM YaCTHUI[UTe C aHTUUACTHIH, [ia B3eMeM Or/ieflajTHO u3o0paykeHre U
Ja oObpHeM Tocokara Ha BpeMmetro. Ho Kponun u ®uu 1okaszaxa, ye ako
3aMeHHM YaCTUIUTe C aHTUYACTUIIM M B3eMeM OrIJIeZlaTHO Hh300pakeHHe, a
He oOBpPHEM TIOCOKaTa Ha BpeMeTO, ITOBeZieHHeTO Ha BceneHara He e
cpioTo. ETo 3a11j0, ako 06bpHEM MocokaTa Ha BpeMeTo, (PU3NUHNTe 3aKOHU
TpsiOBa /la Ce MPOMEHST; Te He cria3BaT T CUMeTpHSsITa.

Pannara BcesieHa TIO/IOKUTE/IHO He Ce e TIoJuuHsBa/ia Ha T
CUMEeTpH: C XO[a Ha BpeMeTO HaripeZ; BceseHara ce pa3luvpsiBa; ako Teue
Ha3aJ|, BcesieHara 6u TpsibBaso Jja ce cBMBa. A cjiefi KaTo UMa CUIA, KOUTO
He cria3Batr T cumeTtpusita, CJjie[iBa, ue C pa3llMpeHUeTo Ha BcesneHara Te3u
CWIU MOraT Jia TIpeIu3BUKAaT TPEeBPbIIAHETO Ha TOBeYe aHTUEe/IeKTPOHU B
KBapKW, OTKOJIKOTO Ha eJIeKTpPOHM B aHTUKBapku. (el TOBa, KOraro
BceneHara ce pasimmpsiBa U M3CTHWBA, aHTUKBAPKUTE 1€ aHUXWU/IAPAT C
KBapKUTe, HO ThH KaTo 11je UMa MoBeye KBapKH, OTKOJIKOTO aHTUKBAaPKH, 11je
OCTaHe Ma/TbK U3/MIIBK OT KBapKu. IMEHHO Te ChCTaBAT MaTepusTa, KOSITO
BW)XKJaMe [HeC U OT KOSTO HUe CaMuTe CMe HaripaBeHU. Taka camMOTO HU
CbLLeCTBYBaHe MOJKe /la Ce pasIvieXk/Ja Karo MOTBbPK/JeHre Ha TeOPUUTE Ha
Benukoto o00eguHeHWe, Makap W CaMO B KaueCTBEHO OTHOIIIEHUE;
HeoTIpe/leJIeHOCTHTE Ca TaKKBa, e He caMO He MOyKeM fia TIpe/ICKaykeM Opost
Ha KBapKWTe, KOMTO lLlle OCTaHaT CJjief] aHUXWalusaTa, a 0Py TOBa, AaJiy 1ie
ca KBapKM WIM aHTHUKBapKu. (AKO HW3/IMIIBKBT € OT aHTHKBapkKu obaue,
MPOCTO 1Ile TpsibBa /la HapeueM aHTHUKBapKHWTe KBAapKH, a KBapKUTe
AHTUKBApKHU.)

Teopunte Ha BemkoTo 00eriHeHVe He BK/IIOUBAT TPaBUTALIMOHHOTO
B3auMozeiicTBre. ToBa HIMa 0COOeHO 3HaueHWe, Thil KaTO rpaBUTALUsATA €
TOJIKOBA cjlaba, ue KOoraTo CTaBa JiyMa 3a eJieMeHTapHU YaCTULIA UK aTOMH,
00MKHOBEHO MOXKeM Jla TIpeHeOperHeM HeiiHuTe edekTr. Ho ¢dakrhT, e T
e eJHOBPEeMEHHO C rojiiM obcer W BHWHAry IpUB/IWYAIla, O3HAaJyaBa, e
BCUUKM HelHU edekTu ce cymupar. Ilopaau ToBa 3a J0CTaTbyHO TOJISIM
Opoii MaTepuWa/IHU YaCTUIIM TPaBUTALIMOHHUTE CWIW MoOraT /a HajjesesT
HaJ ocTtaHanuTe. VIMeHHO TOBa e MpUYMHATA rpaBUTALMATa [ja OIpejesis
eBosfolUATa Ha Bcenenara. /lopy 3a 00eKTH C pa3MmepuTe Ha 3Be3zia
IPaBUTALIMOHHOTO TPUB/IMUYAHE MOXKe [a Hajjesee HaJ BCUUKU OCTaHa/Iu
CHMM W Jla Hakapa 3Be3fiaTa Jia Kosaricupa. Mosita pabora mpe3 70-te
rofHu Oe CbCpefioTOueHa BBPXY UEepHUTe AYIMKH, KOWTO MOraT Ja ce
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1oJTyuyaBaT OT TaKbB 3Be3/leH KOjarcC, ¥ BbPXY CHJIHHUTE T'PABUTAI[MOHHU
T10JIeTa OKOJIO TAX. MIMEHHO Te IOZCKa3axa 3a ITbPBU ITbT KaK TEOPHUHTE Ha
KBaHTOBAaTa MeXaHHKa 1 oblljaTa Teoprs Ha OTHOCHTE/IHOCTTA MOrarT Jia CH
OKa3BaT B3aMMHO BJIMsIHWe — egHa Oeryia Tipe/icTaBa 3a IIpe/CTOsIIATa
KBaHTOBA TEOPHS Ha TPaBUTAI[UATA.
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6. YEPHUA N YIIKU

TepMUHBT uepHa dynka ce TMOSIBU CbBCeM Hackopo. Toit Oe m3koBaH
npe3 1969 1. oT amepuKaHCKus yueH [[>)KOH YWIbp Karo TpauuHO
OlyMCaHve Ha elHa ujes, KOATO HU Bpblla Hasajg noHe 200 roguHu 110
BpPEMETO, KOraTo UMallle [iBe TeOPUH 3a CBeT/IMHATA: e[HaTa, MOAKPersiHa OT
HroToH, Oellle, ue CBeTIMHAaTa € CbCTaBeHa OT YACTULIY; Apyrarta — ue e
CbCTaBeHa OT BbJHU. Hue Beue 3HaeM, ye (paKTUUECKHU U JBETE TEOPUHU Ca
npaBuiHd. C fAyasu3Ma BbJHA/4aCTUI][a Ha KBaHTOBaTa MeXaHUKA
CBeT/IMHaTa MOXKe [la Ce pasmyiexxza U KaTo Bb/HU, U KaTo yactuly. Cnopep
TEOpHsITa, Ue CBEeT/IMHATA € ChCTaBeHa OT BBJIHU, He Oellie siCHO Kak TS 6u
pearvpasia Ha rpaBurauusTa. Ho ako e CbCTaBeHa OT YaCTULYM, MOXeM [ia
OuakBaMe Te Jla Ce B/UAAT OT rpaBUTAL[MATa I0 ChLUKWS HAUMH KaKTO
THO/UleTaTa, pakeTuTe W TuiaHeTture. OTHayaso xopara CMsTald, ue
YaCTHI[MTEe Ha CBeT/IMHAaTa ce JBWKar 0Oe3kpaiiHo Obp30, Taka ue
rpaBUTALIUSATA He e B ChCTOsIHUE Zla M 3abaBu, HO OTKpUTHETO Ha Promep,
ye CBeT/IMHaTa Ce [BWKM C KparWHa CKODOCT, MOKa3a, 4e BEepOSITHO
rpaBUTALIUSATA UTPAe BayKHA POJIS.

ITpe3 1783 1. mnpemnopaBarensat oT KelMOpumk J[)koH Mwuubi
nmyOnvKyBasn cBosi paboTa BbPXY TOBa IpEATIONOKEHWe B CITUCAHUETO Ha
JIOHIOHCKOTO KpascKo [Ipy»ecTBO , Punocobukba TpaH3akirbHC”. Toi
orbesisi3Ba, ue eHa JOCTaThbUHO MACHBHA W KOMITAaKTHA 3Be3fla OW uMasa
TOJIKOBA CU/IHO TPaBUTALIMOHHO TIOjie, Ye CBeT/JMHaTa He Ou Moria ja o
HafyCHe: BCsKa CBeT/MHA, M3/TbUeHa OT 3Be3JHaTa TMOBBbPXHOCT, Iije Obje
BbpPHaTa 00paTHO OT 3Be3HOTO rPaBUTALIMOHHO TIPUBIMYaHe, TIpeJu fia ce e
oTAaneunsia. MUUb/I TIpeAriosiara, ue MoXke OM ChIIeCTByBa rojisiMm Opoi
TakvBa 3Be3[d. Makap uye HsiMa Ja MOXeM Ja TW BHUJWM, 3all0oTo
CBeT/IMHAaTa UM He OW CTWrHa/Ma [0 Hac, BCe MaK Ie YCeTHUM TIXHOTO
rpaBUTALIMOHHO TIpUB/IMYaHe. Cera Hapuuame Te3u OOEKTW UepHHU AYIIKH,
3aI[0TO Té Ca MMEHHO TOBA: UePHM KyXWHHU B TIPOCTpPaHCTBOTO. [Tomo06HO
TIpe/INOIoKEHNe € HanpaBeHO HSKOJIKO TOAWHU TMO-KbCHO OT (PpeHCKust
yueH mapkus [po Jlaruiac, oueBUAHO He3aBUCHMMO OT Muusbi. IHTepeceH e
(bakThT, ye Jlamiac ro e BK/IKOUWI CaMO B MbPBOTO ¥ BTOPOTO M3/aHHe Ha
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cBosita KHura ,,Cucrema Ha CBera“, HO He W B IIO-KbCHUTE, MOXKe OU e
peli, ye ToBa e Oe3ymHa uzies. OCBeH TOBa KOPITyCKY/IsIpHaTa TeOpHs Ha
cBeT/IMHATa Oe m3MajHara B HeMWIOCT Tipe3 XIX B.; Bb/JIHOBaTa TeOpHs
csKaml oOsicHsiBallle BCHYKO, HO Cropesi Hes He Oellle $ICHO Janu
rpaBUTALIUSATA U300I110 OKa3Ba BAUSHUE Ha CBET/IMHATA.

BCBIIHOCT efjBa /M1 € MHOIO CMHUCJIEHO Jila TpeTupame CBeT/IMHaTa
KaKTO TtojieTo criopen, HroToHOBaTa Teopusi 3a rpaBUTaLMATa, 3aljo0TO
CKOPOCTTa Ha CBeT/IMHaTa e MocTosiHHa. (VI3CTpesstHOTO Harope THO/Ie I1ie
Obie 3a0aBSHO OT IPaBUTALMSATA M HAKpas IIie CTIpe U IIje TaJjHe Ha 3eMsTa;
enuH ¢GOTOH obaue IIje MPOAB/DKK Jla Ce [BWKH Harope C TOCTOSIHHA
ckopocT. ToraBa kak HroToHOBaTa rpaBuUTalMsg MOXe [Ja B/use Ha
cBeT/iMHATa?) CbCTOSITE/THA TEOPHUS 3a BAWSHUETO Ha FPaBUTALUATA BbPXY
CBeT/IMHATa JmIicBaile yak 10 1915 r., koratro AWHIalH MpejjioyKA CBOSITA
o0111a Teopusi Ha OTHocUTeHOCTTa. Ho lopu u ToraBa TpsibBailie Zia MUHe
JocTa BpeMe, mpeau ga Obaar pa3bpaHu CaeACTBUSTA OT Ta3U TeopHs 3a
MAaCHUBHHU 3Be3/U.

3a ma pa3bepeM Kak MOyKe Jla ce oOpa3yBa e/Ha YepHa JyTmKa, ITbPBO
TpsibBa 7la TI03HaBaMe ILMKbJIa Ha >KMBOT Ha e/lHa 3Be3za. EHa 3Be3ja ce
oOpa3yBa, KOraTo rofsiMo KOJIMUeCTBO ra3 (Hali-Beue BOZOPO/]) 3ariouHe Ja
Ce CBYBA CaM M0PaJu rpaBUTALIMOHHOTO CU TpvBanYaHe. [Ipu ToBa cBMBaHe
aTOMHTe Ha ra3a ce cOIbCKBAT MOMEXAY CH BCe T0-UeCTO M T0-YeCTo U C
BCe MO-T0JiAMa CKOPOCT — ra3bT ce 3arpsiea. Hakpas raspT cTaBa TOJKOBa
ropeii], 4ye KOraro BOZIOPOJHUTE aTOMU ce COMTbCKBAT, Te Beue He OTCKauaT
eIVH OT JIPYT, a Cce C/IMBaT U obpa3yBat xenuii. OcBoOo/jeHaTa TOTIIMHA TIPU
Ta3u peakiiys, KOATO e Mofo0Ha Ha KOHTPO/IMpaHa eKCII03Us Ha BOAOPOAHA
bomba, e mpuuuHa 3Be3lara fAa 3arouyHe ga cBeTd. OCBeH ToBa Tasu
JOITbJIHUTE/THA TOIUIMHA CBIL0 yBeJiM4yaBa HaJ/isiTaHeTO Ha rasa, [JOKaTo TO
CTaHe [0CTaTbUHO /la YPAaBHOBECHU I'PABUTALIMOHHOTO TPUB/IMYaHe, U ra3bT
nmpectaBa jAa ce cBuBa. CbI0 KakTO TIpu 0OanoHa — ChIeCTByBa
paBHOBeECHe MeXy Ha/siraHeTO Ha Bb3yXa B Hero, KOeTo Ce OMNMUTBa Ja
pas3immpy 0anoHa, U CITbBAaHETO Ha Kayuyyka, KOeTO Ce OMNMUTBA /ia HarpaBu
OasoHa TO-MasbK. 3Be3jaTa OCTaBa B TOBa CTAaOWIHO CbCTOsiHME [IBJro
BpeMe, Karo TOIUIMHaTa OT Si[PeHUTe peakuuu YypaBHOBeCsBa
I'PaBUTALIMOHHOTO MpuBAMYaHe. Hakpasi obaue 3Be3ziaTa M3pa3xofjBa CBOS
BOZOPOJ, U JApyrure CU sApeHU ropuBa. [lapagokcaiHo e, ye C KOJIKOTO
TIOBeue TOPUBO 3ariouBa e/iHa 3Be3/a, TOJIKOBa MO-0bP30 Ts ro M3pa3XofiBa.
A TOBa e Taka, 3alllOTO KOJIKOTO TIO-MaCHBHa e 3Be3[ara, TOJIKOBa MO-
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ropeiija TpsibBa Ja ObJe, 3a /Ja ypPaBHOBECH CBOETO TI'PAaBUTALIMOHHO
TIpUB/IMYaHe. A KOJIKOTO TIO-TOpellia e, TOMKOBa MOo-0bp30 Iile M3pa3Xo/iBa
ropuBOTO CU. BeposiTHO Hameto CibHLe pasriosiara C JOCTaTbUHO FOPUBO
3a cjieBalguTe 5 MJPZA. TOAWHU, HO TI0-MaCMBHUTE 3Be3/U 11je U3pa3xo/Bar
TOPUBOTO CM 3a MO-MaJIKo OT 0Kosio 100 MJIH. TOAWHU — MHOTO T10-MaJjIKO
OT Bb3pacTTa Ha Bcesenara. Koraro eqHa 3Be3sa octaHe 6e3 ropuBo, Ts
3arouyBa Ja Cce ox/jakja U Ja ce CBuBa. KakBOo cCTaBa C Hed ToraBma, Ce
W35ICHU e/]Ba B Kpasl Ha /IBaJleCeTTe rOUHMU.

[Tpe3 1928 1. ey guruiomupan ce cryaeHT ot MHaus, CyOpamaHsH
YaHgpacekap, OTrulyBan 3a AHIIMs, 3a Ja yud B KelWMOpwmk 1ipu
AHTJIMACKUST aCTPOHOM ChP ApThp EAMHITBH — CreluaaucT 1o obirara
Teopusi Ha OTHOCUTenHOCTTa. (Pa3ka3Bar, ue B Hayas0To Ha 30-Te roJWHU
HSAKaKbB )XYPHA/IMCT Ka3a/l Ha EAVMHITHH, e ce rOBOPH, Ye WMa Camo TpyUMa
Ayld B CBeTa, KOUTO pa3bupar oOijara Teopusi Ha OTHOCUTETHOCTTA.
EQVHITBH 3aMbJuas, a mocjae OTBbpHail: ,,OnvrBam ce Jia ce CeTs KOU e
TpeTuaT.“) 1o BpeMe Ha mbTelliecTBUeTO cv oT Haus YaHjpacekap n3Be
KOJIKO TOJIIMa MOXKe 7la e e[fHa 3Be3/la, 3a Jla yCTosiBa Ha coOCTBeHaTa CU
rpaBUTALIUsSA, C/Ie]] KaTo e M3pa3XofiBaja LJoTO CU TopuBo. Mpaesra Guma
TaKaBa: KOraro eJHa 3Be3[a CTaHe MaJika, MaTrepuajiHUTe YacTuLU ce
npubmKaBaT efiHa /10 Apyra, Taka ue Criopej TPUHIIMIA 3a 3a0paHara Ha
[Maysmu ckopocTrTe UM TPsibBa Jja ca TBbpZie pa3nuuHu. ToBa T Kapa Jia ce
paszasieyat, KOeTo ITbK BOAM [0 pasllivpsBaHe Ha 3Be3zara. Ilopagu ToBa
eZiHa 3Be3/ja MOXKe /1@ 3arasy IOCTOsIHeH pajuyca CYM C ypaBHOBeCsIBaHe Ha
IPaBUTAI[MOHHOTO TIpUBAMYaHe C OTOIBbCKBaHETO, Bb3HMKBAI[O OT
NMpPUHLMIA 3a 3abpaHara, CBI[0 KAKTO B T[IO-PaHIIHUS W OKMBOT
rpaBUTaLIUSATA Ce e ypaBHOBeCsiBajla OT TOIJIMHATA.

YaHgpacekap Ch3HaBaj oOaue, ue CBIECTBYBa €HA TpaHHWIlA Ha
oTO/'TbCKBaHETO, KOETO TIPUHIMIBT 3a 3abpaHaTa MO)Ke J/la OCHUTYpH.
Teopusita Ha OTHOCUTE/THOCTTA OrpaHMYaBa MaKCUMasjiHaTa pas/ivika B
CKODOCTUTE Ha MaTepuajlHWTe YaCTUMLM B 3Be3Jara [0 CKOpOCTTa Ha
cBeTyiiHaTa. ToBa 3Hauu, ye Koraro 3Be3jaTa CTaHe AOCTAaTbUHO IIbTHA,
0TO/TbCKBaHETO, MPUYMHEHO OT TpUHIKIIa Ha [1aymu, 1ije cTaHe 1O-Masko OT
IrPaBUTALIMOHHOTO MpUBIMYaHe. YaHapacekap W3YMC/IWI, Ye XJla/lHa 3Be3/a
C Maca, Io-roJisiMa OT 0KoJjio 1,5 mbTH Macara Ha CirbHIeTO, He OM MorJIa Ja
ycTou Ha cobcTBeHaTta cu rpaButaiys. (Ta3u maca cera e WM3BeCTHa Karo
rpanuiia Ha Yanzapacekap.) [Togo6HO oTKpuTHe 05710 HalpaBeHO ITOUTH 10
CBLLIOTO BpeMe OT pycKus yueH JleB [laBuzgoBuu JlaHzay.
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OTKpPUTHETO MIMAJI0 CEepPUO3HU TIOC/TIeJUI[M 3a OKOHYaTejHaTa Chiaba
Ha MacuBHUTe 3Be3au. Koraro macara Ha 3Be3fiaTa e I10J rpaHuliaTa Ha
UaHzpacekap, Cjie[, BpeMe Ts IpecTaBa Ja Ce CBUBAa U Ce YCIIOKOsiBa [10
Bb3MOKHO OKOHUYATEe/THO ChCTOSTHUE KaTo ,,0/10 KypKe C pafiyC HSIKOJIKO
XWISAA MWIA U TUTBTHOCT CTOTHLA TOHOBe Ha KyOuueH wHUY. ChIVIACHO
npuHLuna Ha [laymm 6s7I0TO [KyZke ChbI[eCTBYBa TOpPajyd OTOIBHCKBaHe
MeX/ly efleKTPOHHTe B HeroBoTO BelllecTBO. Hue HabstopaBame rosisim Opoi
bemu mxymketa. EAHO OT mMBbpBUTE OTKPUTH Oenu pKyakeTa e 3Be3[a,
obuKkassiia okoso CUpUyC — Hall-spKaTa 3Be3/ia Ha HOIITHOTO Hebe.

Jlanzmay otGesisi3Ba, ue ChI[ECTBYBa U JPYTO Bb3MOXXHO OKOHUATeTHO
CbCTOSIHUE 3a e/lHa 3Be3[a, CbLLIO C rpaHUYHA Maca OKOJIO e[VMH-[Ba IbTU
10-rojiiMa OT Ta3u Ha C/IBHLIETO, HO ¥ MHOTO T10-MaJiKa I10 pa3mepu Jake
ot 6si10 mxymke. ChriacHo rpuHIUIa Ha [laynu Te3u 3Be3qiu ChilleCTBYyBaT
ropaju OTOSBCKBAaHETO MeEXKAY HEYTPOHM U TIPOTOHU BMECTO MEXIy
enekTpoHu. [lopagyu TOBa Te ca HapeueHW HEYTPOHHU 3Be3[u. TexXHUST
pajuycC e BepOSITHO CaMO OKOJIO [eCeT MWIH, a TTbTHOCTTA UM € CTOTULA
MUIMOHH TOHOBe Ha KyOuueH uHY. [0 BpemMeTo, KOraTto ChIIleCTBYBaHETO
Ha HEyTPOHHU 3Be31u Oe TIpe/iCKa3aHO 3a ITbPBM IThT, HAMAIlle KakK jia ce
HabJtroiaBat. BCBIITHOCT TakMBa 3Be3/1u Osixa OTKPUTH [0CTa MO-KbCHO.

Ot fpyra crpaHa, 3Be3JuUTe C Maca HaJ rpaHuviiara Ha YaHjpacekap
Ce U3MPaBST Tpej] ToJisAM TTpo6sieM, KOrato CBbLpILIaT rOPUBOTO CU. B Hsikou
C/lydau Te Ce B3PUBSBAT WJ/IM YCIIABAT [ja U3XBBbPJIAT JOCTaThYHO BellleCTBO,
Taka Ye Jla HaMajasAT Macara CU TI0[, TpaHWllaTa M Taka Ja u3berHar
KaTracTpodaaHus rpaBUTallMOHEH KOJIariC, HO TPYJHO MOXXEM /ia TIOBsipBame,
ye TOBAa BUHArv CTaBa, He3aBUCUMO KOJIKO roJisiMa e 3Be3ziaTa. Kak 3Be3zara
pa3bupa, ue TpsibBa /a CBaiu OT TeINIOTO CM? A [OpW BCsKa 3Be3ja Ja
Ycriee fa ce 0ocBo60AM OT AOCTAaTbUYHO Maca, 3a Jja u3berHe Kosarc, KakBo
6u cTaHano, ako J00aBMM Maca KbM eHO Os/io [Kya)Ke WM HeyTPOHHA
3Be3/la U Te HaJMUHAT TpaHuijata? [lanu 1e Komaricupat Ao Ge3kpaiiHa
TUTBTHOCT?

EAvHrTHH OW MOTpeceH OT TOBa C/Ie/ICTBUe U OTKa3aJ /ia ToBsipBa Ha
pesyaTtaTta Ha YaHzapacekap. Criopes EAMHTTBH TTpoCcTO He OU/I0 Bb3MOXKHO
efHa 3Be3fa Ja ce CBUe A0 Touvla. Taka CMsTald U TOBEUeTO YUYeHWU:
caMusIT AVHIaWH Harmvcaa equH TPy, B KOUTO TBBP/S/I, 4Ye 3Be3[AuTe He
MOraT /ia Ce CBUBAT /10 Hy/ieB pa3mep. BpakaebHoCTTa Ha ApyTrUTe yUeHU U
ocobeHo Ha EAVHITBH, TIPEJUIITHUS MY yudTel U BOJEIl] CIelUaltCT TI0
BBIIPOCA 3a CTPOEe’Ka Ha 3Be3[uTe, NMPUHYAWIA YaHpaceKap /a ce OTKaKe
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OT Ta3u HACOKa B /IEMHOCTTA CU U Jia ce 0O0bpHe KbM JIPYTH MpobemMu B
aCTPOHOMUSATA, KAaKBUTO Ca [JIBWJKEHHMETO Ha KyIOBeTe OT 3Be3[H.
HobGenoBara Harpazia 3a 1983 1. My Ouia mnpuch/eHa TOHe OTYACTU 3a
NpeAUIIHUSA TPY/, 110 TPAHUYHATAa Maca Ha XJlaJJHATe 3Be3/U.

Yangpacekap TOKasas, 4e IPUHIMITLT 3a 3abpaHara Ha [laymu He
MOXXe Jia TIOTpeyr Ha KoJiarca Ha 3Be3/ja, M0-MacWMBHA OT IpaHMljaTa Ha
Yanzapacekap, HO TIpo0/eMbT T0 U3SICHABAHETO Ha BBIIPOCA, KaKBO OM
CTaHaJIO C TakaBa 3Be3/ia criopef o0iilaTta Teopysi HA OTHOCUTEHOCTTA, Ou
pellieH 3a MbPBU ITbT OT MJIAZISI aMepUKaHCKU yueH PoOobpT OneHxaiimep
npe3 1939 1. [TonyueHUTe OT Hero pe3y/TaTH couenyd obaue, ye BEPOSITHO
HsIMa Jla UMa CJIe[CTBUs, KOUTO Ja MoraT ja ce HaOmofaBaT ChC
ChLLIeCTBYBALLUTe 10 TOBA BpeMe TejeCcKomnu. ToraBa HacTwnuiaa Bropara
CBETOBHA BOWHA U camusT OrneHxaiiMep OW/ TUTBTHO 3aeT C TPOeKTa 3a
aroMHa 6om6a. Cnes BoitHaTa rpo0/ieMbT 3a TPaBUTALIMOHHUS KOjarc Oui
B TrojisiMa cTereH 3abpaBeH, Thii KaTO TOBeYeTO YyueHU OWIM 3aeTu C
BBIIPOCA, KAKBO CTaBa Ha HUBO aTOM U aTOMHO si7po. [Ipe3 roguHute ciepn
1960-a obaue MHTEPeChT KbM eipoMalijabHuTe MpobeMu B aCTPOHOMUSTA
M KOCMOJIOTHsITAa Ce Bb3pOoAWa OsaroflapeHre Ha HapacHajauTe 1o Opoil u
0o0XBaT acTpOHOMUYECKH HabMoeHusi B pe3yaTaT Ha MpuiaraHeTo Ha
MoOJlepHa TexHWKa. ToraBa TpyasT Ha OrieHxaiiMep OWI MPEOTKPUT U
paslIpeH OT MHO3MHa.

IlpencraBara, KoAATO Beue MMame OT TpyzZa Ha OrneHxanmep, e
CllefHara: TPaBUTALMOHHOTO I10/le Ha 3Be3ZaTa OTKJIOHfBA ITbTA Ha
CBeT/IMHHUTE J/ThbUd B TPOCTPaHCTBO-BpEMETO OT TO3H, KOMTO Te OHxa
MMajii, ako 3Be3jara He TmpucbcTBaule. CBeTIMHHUTE KOHYCHU, KOMTO
MOKa3BaT ITbTHIL[ATa B MPOCTPAHCTBOTO U BpPEMETO upe3 CBETIWHHU
NPOOJIACHIY, U3/TbYEHN OT TeXHUTEe BbPXOBe, Ca OT'bHATU JIEKO HAaBLTPe B
61130CT [0 TIOBBPXHOCTTA Ha 3Be37aTa. ToBa MOXe Jia Ce BU/IM B CI'bBaHETO
Ha CBeT/IMHATa OT JajieuHy 3Be3/d, HabmroJaBaHO TI0 BpeMe Ha CIbHUEBO
3aTpMHeHue. Korato 3Be3jara ce CBMBa, IPaBUTAalMOHHOTO TMOJie Ha
TIOBbPXHOCTTA M CTaBa IO-CU/THO U CBETJIMHHUTE KOHYCH T0Beue Ce OrbBar
HaBbTpe. ToBa 3aTpyJHsIBa M3/IM3aHETO Ha CBeT/JMHATa OT 3Be3jara U 3a
JanedeH HaOsofaren CBeT/IMHATa W3MIeXAa To-ciaba W To-uepBeHa.
Hakpas, korato 3Be3jaTa ce CBHe [0 ONpeJe/eH KPUTUUYeH pajuyc,
IPABUTALIMOHHOTO MOJIe TPU MOBBPXHOCTTA TaKa HapaCTBa U CBET/IMHHUTE
KOHYCHU Ce OI'bBaT TOJIKOBA HaBbTPe, e CBeT/IMHATA Beue He MOXKe [ja u3Jiese
(pur. 6.1). Criope, TeopusiTa Ha OTHOCUTEJHOCTTA HUILIO HE MOXKe Ja ce
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JBIDKH TI0-ObP30 OT CBET/IMHATA. A III0M CBET/IMHATa He MOXKe Jla u3Jie3e, TO
W HUITO JIPYyTO HEe MOXKe: BCUUKO Ce Bpbilla 00paTHO OT rpaBUTALMOHHOTO
nosie. M Taka iMamMe MHOXXeCTBO OT CbOWTHS, efHa 06/1aCT B IMPOCTPAHCTBO-
BpeMeTO, OT KOSATO He e Bb3MOXKHO Jla Ce u3je3e, 3a Jia Ce CTUTHe [0
naneueH HabOmogaresn. Ta3u obracT Bede HapuuaMe yepHa Ayrika. HeiiHarta
rpaHuija ce Hapyuya XOPWU30HT Ha CbOMTHSITA U TS ChBIAJa C MMbTHUIATa Ha
CBeT/IMHHUTE JTbUY, KOUTO Beue He MoraT /la U3/1s13aT OT YyepHara JyTkKa.

3a na pa3bepeM KakBo Ouxme BHe/NU, ako HaO/roaBaMe 3Be3/leH
KoJjiaric ja oOpa3yBa uepHa JynKa, TpsioBa fia Ch TIPUTIIOMHKM, Ue B TeOpUsTa
Ha OTHOCHMTE/IHOCTTa HMa abco/iroTHO BpeMe. Bceku Habsmozaren e uMa
coOcTBeHO BpeMe. 3a HSKOW, KOWTO e Ha 3Be3jara, BpeMeTO Iie ce
pa3iMyaBa OT TOBAa 3a HSAKOM Ha pa3CTosHUe OT Hes [Opaju
rpaBUTAL[MOHHOTO T0Jie Ha 3Be3jaTa. Jla mpeArnonokuM, ye HKOW JbP3bK
aCTPOHABT € Ha MOBbPXHOCTTA Ha KoJiaricupailia 3Be3/ja, KoJarcupa C Hesl U
u3Mnpalja e)xeCeKyHJHU CUTHa/M T10 CBOSI YAaCOBHHUK KbM KOCMHUYECKMS CU
Kopab, oOuKaJIsIl] 0KOJIO 3Be3/aTa. B HAKOM MOMEHT 110 HeroBUsl YaCOBHUK,
na kakeM B 11,00, 3Be3zara 1ie ce CBUe IIOJ, KPUTUYHUSA pajUyC, KOraro
I'pPaBUTAl[MOHHOTO T10J/Ie CTaBa TOJIKOBA CUJIHO, Ue HUIII0 He MOJKe /la u3jie3e
HaBbH OT HEro, MU CUTHA/MTe OT aCTPOHAaBTa Beue HsMAa Jla AOCTUTAT 0
kopaba. C HabmmkaBaHeTo Ha 11,00 HeroBUTe CITBTHUIM, HAO/MIOaBaII[d OT
KOCMHUYeCKusi Kopab, 1ile yCTaHOBAT, Ue UHTEpBaJUTE  MEXIY
roc/eloBaTe/THUTe CUTHA/IM OT aCTPOHABTA Ille CTaBaT BCe MO-AbJTU U T0-
I'BJITH, HO TO3U e(eKT I1je e TBbpAe c1ab rpeau 10,50,50. Te 1mie TpsioBa Ja
yakaT CaMO MaJjIKO ToBeue OT CeKyHJa Mmexay curHasa ot 10,59,58 Ha
aCTpOHABTa M CUTHa/ia, KOUTO TOW M3Mpallla, KOraTo HeroBUSAT YaCOBHUK
nokasea 10,59,59, Ho mie TpsibBa BeuHO Aa Yakar 3a curHama 11,00. 3a
XopaTa Ha KOCMHYeCKHs Kopab CBeT/IMHHWUTE BbBJIHU, W3TbUEHU OT
TOBBPXHOCTTA Ha 3Be3gara Mexzay 10,59,59 u 11,00 1o yacoBHHKa Ha
acTpOHaBTa, IIle Ce pa3MNpOCTUpAaT B eAuWH Oe3KpaeH Iepuoj OT BpeEMe.
BpeMeBUSIT UHTepBa/l MeXAYy MPUCTUTAaHEeTO Ha TOC/e[0BaTe/THUTe BbJIHU
70 Kopaba 1ije cTaBa Bce TIO-TOJISIM U TO-TOJISIM, Taka ue CBeT/MHaTa OT
3Be3/iaTa lije M3IVieXkJa Bce To-uepBeHa U Bce To-ciaaba. Hakpasi 3Be3zara
IIle CTaHe TOJKOBa Cjlabuuka, ye Beue HsMa Jla MOXKe Jla Ce BWXKAA OT
KOCMHUYeCKHUs1 Kopab: BCUUKO, KoeTo O ocTaHa/lo, € caMoO YepHa [JyrKa B
MIPOCTPAHCTBOTO. 3Be3jaTa obaue Iije TPOAB/DKU Jia YIIPayKHsSBA ChIIlaTa
rpaBUTAlLIMOHHA CUJIa BbPXYy KOCMUUeCKHs Kopad, KOUTO 01 MpOAB/DKU [a
oOuKaJsisi OKOJIO YepHaTa JyTKa.
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CHHIr¥YARPHDCTI

CBETAMHEF ADY. MIABYEH
O MOMEHTE = A OBFATYRAHE
| HA #OFWIOHT HA CHEMTHE

CEETAMHEH ABH, HAALYER
CAEL GEPAZYHAHETD HA,
SOPUSOHT HA CHEMTHA

CRETAHHHM ROH¥TH

J

CHETAHMHEH AhM, WIABYEH,
FPEQNM DEFAIY BAHE HA
KOPHEOHT A8 CeEWTHH

HETPEWHOCT HA JEEILA
, BFEME

e o —
PASCTORHKWE OF UEHTEPA HA IAEIAA

DPHTVPA 6.

CrieHapusitT obaue He e CbBCEM peanMCTAYeH TIOpPaJyd CjefHaTa
TpyAHOCT. KO/MKOTO T0-7ja/iey cTe OT 3Be3/iaTra, TOJIKOBAa To-ciaba craBa
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rpaBUTALIMATA, TaKa Ue rPaBUTAI[MOHHATA CHJIa BbPXY KpakaTra Ha JPb3KUs
HU aCTPOHABT BUHATH Iile ObJie T0-To/siMa OT CHjIaTa BBbPXY I7laBaTa MYy.
Ta3u pas3/ivka MeXxay CUIuTe Ille pa3iTbHe Halllks aCTPOHABT KaTo MakKapoH
WY 11le TO pa3KbCa, Mpeju 3Be3Jara a ce e CBU/A [0 KPUTUYHUS Pajiiyc,
TIpU KONTO ce 0Opa3yBa XOPU30OHTHT Ha chbutusaTa! Hue cmsrame obaue, ue
ChlI[eCTBYBaT MHOTrO To-rosieMu 06ekTv BbB BcesneHara, KaTo Hampumep
L[eHTpa/IHUTe 00/1laCTH Ha rajlaKTUKWTEe, KOUTO CBII|0 MOraT /ia MpeThpIsT
rpaBUTALIMOHEH KOJIATiC M Zia oOpa3yBaT uUepHM AYIIKW; Ha HAKOU OT TAX
aCTPOHABTHT HsAMa Jla Ob/le pa3KbCaH, MpeAu fla ce e obpa3yBaia yepHaTa
aynka. @PakTHUeCKW TOM HsIMa Jla IOYYBCTBA HMIO 0COOEHO, KOraro
JOCTUTHE KPUTUYHUS PaIMyC, U MOXKe /la TIpeMUHe TOUKaTa, OT KOSITO HIMa
BpbIllaHe Ha3aj, 0e3 ga 3abenexu. Ho camo 3a HSIKOJKO yaca, J0KAarTo
obacTTa IpoAb/DKaBa Jla Kojaricupa, pas3/idkKata MeXxAy rpaBUTAlOHHUTE
CWIY BbPXY I71aBaTa U KpakKaTa My lije CTaHe TOJIKOBA T0JisiMa, ue TakK Iiie ro
pa3KbCa.

CwBMecTHaTa HU pabota ¢ Pomxksp [1eHpoy3 B mepuozia Mexxay 1965
u 1970 r. mokaza, ue criopef, obIrjaTa Teopusi HA OTHOCUTEIHOCTTa TPsiOBa
7la ChILeCTBYBa CHUHTY/ISIPHOCT C Oe3KpaiiHa TUTBTHOCT U Oe3KpaiiHa
KpUBMHA Ha TPOCTPAaHCTBO-BPEMETO B UepHaTa [ymnkKa. ToBa e HeIlo Karo
[osieMyst B3pUB B Hauaj0TO Ha BpeMeTO, HO B cjyuas Iije Obie Kpail Ha
BpEMeTO 3a KOJIATICHPAI[0TO TS/I0 U aCTPOHaBTa. B Ta3u CUHTYISIPHOCT
HayYHUTe 3aKOHU W HallliTe BBh3MOXKHOCTH Jla TIpe/icCKa’keM ObJeIeTo ce
npoBasisiT. Ho Bceky HabmrofaTes1 U3BbH UepHara JyIka OCTaBa He3acerHaTt
OT TIPOBAJITHETO Ha TPEeACKa3yeMOCTTa, Thid KaTO HUTO CBET/IMHATA, HUTO
KaKbBTO U Zia OMJ/IO IPYT CUTHA/ OT CUHTY/SIPHOCTTA IIle MOraT /la CTUTHAT
no Hero. To3u 3abenexutened GakT Hakapa Pomxkbp [1eHpoy3 fa mpeaioxku
XUIMOTe3aTa 3a KOCMUYecKaTa LieH3ypa, KOsITO e Helo Kato rapadpasara
,,DOI' HeHaBWXKJja rojla CUHT'Y/ISpHOCT . C APYry AyMU, CUHTY/ISIDHOCTUTE B
pe3y/TaTr Ha TPaBUTALIMOHEH KOJIariC HAaCThIIBAaT CaMO B MeCTa KaTo UepHUTe
OYTKH, KBbAETO ca Osarompuinuvie CKPUTU OT BbHHILEH TIOIief, upe3
XOpU30HTA Ha chOUTHS. TOUHO Ka3aHo, TOBA e W3BeCTHO KaTo XUIloTe3arTa 3a
cnaba KocMHUecKa 1ieH3ypa: T 3alljuTaBa HabrogaTenmMTe, oCTaHa U U3BbH
yepHaTa AyIiKa, OT TOC/IeAUIIUTe OT TPOBA/sTHETO Ha Mpe/CKa3yeMOCTTa,
KOeTO HAaCThIIBa B CHHTY/ISAPHOCTTa, HO ChBCEM He TioMara Ha OemHus
HelllacTeH aCTPOHABT, KOMTO Majja B AyMKara.

ChIlleCcTByBaT pellleHUss Ha ypaBHeHMsiTa OT oOIljara Teopusi Ha
OTHOCHUTETHOCTTA, TIPYU KOUTO € Bb3MOYKHO HAIIMAT aCTPOHABT /la BU/IY TOJIa
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CUHTY/ISIDHOCT: MOJKe U Jia ycriee 7ia u30erHe CHHTY/ISIPHOCTTa U BMeCTO B
Hes /ia ronajgHe B ,YepBOAAMHA“ U [1a U3Jjie3e B Apyra yacT Ha BceseHara.
Topa OW TIpeJIOKWIO UYyAeCHHM Bb3MOKHOCTH 3a TIbTELIECTBUS B
TPOCTPAHCTBOTO U BPEMETO, HO 3a Ch)Xaj/leHUe, U3I/exX/a, ye BCUUKU Te3u
pellieHrsi ca TBbp/le HEyCTOMUMBU: M Hall-MaJIKOTO CMYIIleHHe, HarpuMep
MPHUCHCTBUETO Ha aCTPOHABT, MOXKe Jla T U3MeHM TakKa, ue 3a aCTpOHaBTa [ja
CTaHe HEBb3MO)KHO Jla BU/IM CHHIY/SIPHOCTTA [0 MOMEHTa, B KOWTO ce
cObCKa C Hesi U BpemMeTo My CBbpId. C APyru AyMH, CUHTYJISIPHOCTTA
BUHArW Iile Ce HaMHpa B HEroBoTO Objellle W HUKOra B MHHAJOTO MY.
CwuiHata Bepcvs Ha XMIIOTe3ara 3a KOCMUYecKa LieH3ypa [1acu, 4e B eJJHO
pPeaMCTUUHO pelleHUe CUHTY/ISPHOCTUTE BUHAru Ije Cca WM W3IS0 B
ObAemero (KakTO CHHTY/ISPHOCTHATE OT T'PABHUTALMOHHUS KOJarcC), WA
W3LS7I0 B MUHAIOTO (KakTo I'oneMusT B3puB). [IpusiTHO e fia ce HajsiBame,
ye HSKOSI OT BePCHMHTEe Ha XWMIIoTe3aTa € B CHWJ/a, 3alfoTo 07130 [0 Troimre
CUHTYJIIPHOCTU MOXKE /la € Bb3MO)KHO IMbTyBaHe B MHHA/IOTO. Makap jia e
yyZleCcHO 3a TMcaTeMTe Ha HayyHa (haHTacTHKa, ToBa O 03HauaBa/i0 HUUUM
JKUBOT HUKOTA /la He e B 0e30ITaCHOCT: HIKOM MOJKe Jla OTHEe B MUHAJ/IOTO U
na youe bairja B WM Malika B OI1le TIpeJiv Zia CTe 3aueHar!

XOpH30HTHT Ha CHLOWTHSA, IpaHHIlaTa Ha IPOCTPAHCTBO-BpeMeBara
obmacT, OT KOATO He MOXKe Ja ce u30sra, JeWcTBa KaTo eIHOII0COYHA
MeMOpaHa OKOJIO uepHaTa AyMKa: 00eKTH KaTo HellpeAra3IuBy aCTPOHABTU
Morar Jia TlaZjHaT Mpe3 XOpPU30HTa Ha ChOWTHS B UepHaTa [AyIiKa, HO HUIIO
He MO)Ke HHKOra /la ce M3MbKHe OT uepHaTa JyIKa Ipe3 XOPU30HTa Ha
cboutusita. (He 3abpaBsiiiTe, ue XOpWU3OHTHT Ha CLOWUTHSI € TIBTAT Ha
CBET/IMHATa B TIPOCTPAaHCTBO-BPEMETO, KOSTO CBET/IMHA Ce OIUTBA Jja u30sira
OT UepHaTa /IyIKa, a HUIL0 He MOXKe Jja Ce IBVKU T0-0Bbp30 OT CBeT/IMHaTA. )
3a XOpM30HTAa HAa CHOWTHS CIIOKOMHO MOXKEM [la IIUTHpaMe Ka3aHOTO OT
HanTe 3a BXxofa Ha aja: ,,O, BUM, KOU TIPUCTBIIATE TO3 TIpar, HajleXkAa BCsiKa
ocTtaBeTe”. BcMUKO MM BCEKH, KOMTO TaJHe Ipe3 XOpH30HTa Ha ChOUTHS,
CKOpO I1le cTurHe obs1acTTa ¢ 6e3KkpaifHa IUTbTHOCT 1 Kpasi Ha BpeMeTo.

Oob1iata Teopusi Ha OTHOCUTE/THOCTTA TIpeZiCKa3Ba, ue ABIDKEIIH Ce
TeXXKU O0eKTH Iije Tpe[M3BUKaT W3//bUBaHETO Ha I'PaBUTAI[MOHHU BbLJIHH,
HaOpbUKBaHUS B KpPHUBHMHATA Ha IPOCTPAHCTBOTO, KOUTO Ce€ JBWXKAT ChC
CKOpPOCTTA Ha CBeT/IMHATa. Te ca mofoOHM Ha CBET/IMHHUTE BbJIHUA, KOUTO Ca
HaOpBUKBAHUS Ha €/IeKTPOMAarHUTHOTO T10jIe, HO 3@ pa3/idKa OT TSX MHOTO
MIO-TPYAHO ce perrucTpupar. [Iomo6HO Ha CBeT/IMHATA Te€ OTHACAT €HEPrUsl OT
obekTHUTe, KOUTO T'M U3mbuBart. [lopazy ToBa MOXKe /a Ce OYaKBa, ue egHa
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CHCTEeMa OT MaCHMBHHU 00€KTH HaKpasl JOCTUra CTal[MOHAPHO CbCTOSIHUE, Thi
KaTo TIPM BCSIKO [BM)KEHME eHeprusita lije Ce OTHAacCs C M3/JbUBaHeTO Ha
rpaBUTALMOHHY Bb/IHU. (KakTo mpu XBBpJISHE Ha KOPK BbB BOJIa: OTHAYaI0
TOU MOZCKaya Harope-Hazjo/y, HO Thil KaTO Bb/IHUTE OTHEMAT OT eHeprusita
My, HaKpasi JOCTUra CTallMOHApPHO CbCTOsiHWeE.) Hampumep ABW>KeHHETO Ha
3emsTa 10 opbuTaTa 1 okosio CbHIIETO Ch3/jlaBa IPAaBUTAI[MOHHU BBJIHHU.
EdekTbT OoT 3arybaTa Ha eHeprusi ce u3pas3siBa B IpPOMsiHa Ha 3eMHara
opbuTa Taka, ue TS MOCTeleHHO ce mpub/kaBa KbM CITBHIETO, JOKATO
Hakpasi ce COMTbCKBAa C HEro M JOCTUra [0 CTalMOHAPHO CBHCTOSHUE.
CkopocTTa Ha 3aryba Ha eHeprusi B ciydas cbC 3emsita u C/TbHIETO e
TBbp/le HUCKA: TIOUTH TOJIKOBA, KOJKOTO € HeoOxofuMaTra 3a MasbK
ejieKTpoHarpeBatesi. ToBa 03HauaBa, ue 3emsiTa Iije TpsibBa Aa MbTyBa [0
CrbHLeTo 3a npubmmsuTenHo 1027 roauHy, Taka ye 3acera HsMa 3alio Ja ce
TpeBokuM! [IpomsiHaTa B opOutara Ha 3eMsTa e TBbp/ie OaBHa, 3a Jla ce
HabstoflaBa, HO CBHIUAT edeKT e Hab/oaBaH Mpe3 TOC/IeJHUTEe TOAWHU B
cucremara, HapeueHa PSR. 1913 + 16 (kbzmeto PSR o3HauaBa ,,mmyncap® —
crieljuUUHa HEyTPOHHA 3Be3/la, KOSITO Pery/sipHO U3/7TbuUBa PaJOBBIHOBU
uMmItysicd). Tasu cucTtemMa ChAbp)Ka JIBé HEYTPOHHHU 3Be3d, OOWKasIIu
efHa OKOJIO J/Ipyra, a €eHeprusita, KOosTO TyOAT Topajy W3TbUYBaHe Ha
IrPaBUTALIMOHHU BbJ/IHW, TIpeAW3BUKBA [IBWJKEHHE M0 Clupaja elHa KbM
Apyra.

[Ipy rpaBUTAL[MOHHMS KOJAlC Ha 3Be3/a, Koraro ce obpa3yBa uepHa
AyTiKa, ABW)KEHUsITa Ije ca MHOTO T0-0Bbp3H, Taka ue CKOPOCTTa, C KOSITO
eHeprusita ce OTHacCs, Ije e MHOIO To-BUCOKa. ETo 3aio He cien 4baro Ts
1je JOCTUTHE 10 CTAalMOHApHO ChCTOsHME. Kak Ie u3miexzaa TO3U KpaeH
ctaaui? Moxke [ga ce TIpeAroNoKU, Ye TOW 1€ 3aBUCH OT BCHUUKHU
KOMIIJIEKCHM XapaKTePUCTUKU Ha 3Be3/laTa, OT KOMTO e oOpa3yBaHa — He
caMO OT HeMHara Maca M CKOPOCT Ha BbpPTE€He, HO U OT pa3IUYHUTE
TUTBTHOCTH Ha OT/e/IHUTe 00/IaCTU OT 3Be3/aTa U OT CJIOKHOTO JIBWKEHUe
Ha ra3oBeTe BbB BBTPEIIHOCTTA W. A aKO YepHUTe AYMNKWA Ca TOJIKOBa
pa3HoobOpa3Hu KOJIKOTO 00eKTWUTe, TIPY UMKTO KoJiaric ce obpa3yBar, Moxe
Ou 1e ce OKakKe MHOTO TPYZAHO Ja HarpaBUM M300100 HIKAaKBU
Tipe/iCKa3aHus 3a YepHUTE JYIIKU.

[Tpe3 1967 r. obaue kaHaAcCKuAT yuyeH BepHep W3paen, poseH B
bepnuH, u3pacHan B HOxHa Adpuka U TOMyuyd AOKTOPCKa CTereH B
Vpnaugvsi, HaripaBu PEBOJIOLMA B U3CJIe[BaHETO HAa UYepHUTE [JYIIKU.
M3paen TmokKa3a, dYe croped ofiara Teopusi Ha OTHOCHUTE/NHOCTTA
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HEBBPTSIIUTE Ce YePHU AYIIKH TPsiOBa Jja ca TBBbP/ie TIPOCTH; Te Ca U/ieasTHO
cepuuHH, pa3MepbT UM 3aBHUCU CaMO OT TsIXHaTa Maca U BCEKM [iBe TaKUBa
YepHU AYIKU C eHaKBa Maca Ca WAeHTUUYHU. PakTUUeCKU Te Morar ja ce
onuIIaT C eHO YaCTHO pellleHre Ha AWHIaWHOBUTE YPaBHEHUS, U3BECTHO
otge ot 1917 r. u HamepeHo ot Kaps LIBapLiin/ig Maako cief, OTKPUBaHETO
Ha ofImara Teopusi Ha OTHOCUTeNHOCTTa. [IbpBOHAYa/IHO MHO3WHa,
BK/TFOUMTE/THO caMusT V3paesn, TBbpAsixa, ye CJie[, KaTO YepHUTE AYNKH
TpsiOBa Zla ca ujeanHo cdhepuyHM, ellHa uepHa AyMnkKa OW Moria Ja ce
obOpa3yBa camMo TIpM KoJjarica Ha uzieanHo cdepuueH 00ekT. Bcska peasHa
3Be37la — KOSITO HUKOra He OM Ouma udeanHo cepruHa — O TpsiOBAsIO
camo Jia KoJiarcupa, 3a Jia ce obpa3yBa rosia CUHTY/ISIPHOCT.

lma obaue W [Apyra WHTepripeTalss Ha pe3ynaTaTa Ha K3paer,
oTCTOsIBaHAa B 4acTHOCT OT Pomxkep [leHpoys u /koH Yunep. Te TBbpAAT,
ye Obp3uTe [BWKEHWs TIpM 3Be3[HMs KOJIAlIC  O3HauaBaT, ue
rpaBUTALMOHHUTE BbJIHU, OTJE/STHU OT 3Be3/aTa, s MpaBsAT Mo-cepudHa U
KOraTto JOCTHUTHE [0 CTal[MOHapHO ChCTOsIHUWe, TS TpsiOBa [a e uzeanHa
chepa. Criopeq, ToBa r/e/uille BCSIKA HEBBLPTSIA Ce 3Be3/a, He3aBUCUMO
KOJIKO CJIO)KHU Ca (popMara ¥ BbTPELIHUAT U CTPOEeX, C/e/l TPaBUTAL[MOHEH
KOJIAIC I1[e 3aBbpIIX C UeaaTHO chepryuHa YepHa JyIKa, YAWTO pa3Mep Iiie
3aBMCH CaMO OT HeWHara maca. [1o-HaTaThIIHUTe W3UUC/IeHUs TTOAKpenixa
TOBA I/Ie/IUIIe U CKOPO To Oe ob61onpuero.

Pe3ynrarsbT Ha V3paen ce oTHaCs /10 YepHU AYMKH, 00pa3yBaHW caMO
oT HeBbpTAIM ce Tena. [Ipe3 1963 r. HoBo3enaHzaebT Poui Kep Hamepu
MHO)KECTBO pellleHWssT Ha YypaBHeHMsiTa OT o0Imjara Teopusi Ha
OTHOCUTETHOCTTA, OTWCBALLM BBPTALLU Ce YEPHU AYNKU. ,JepHuUTe AyNKU
Ha Kep“ ce BBpPTAT C MOCTOSIHHA CKOPOCT, Karo pa3MepbT U (popMara UM
3aBUCAT CaMO OT TSAXHAaTa Maca U CKOPOCT Ha BbpTeHe. AKO BbPTEHETO e
HYyJIeBO, UepHaTa AyIKa e CbBbPIIEHO KPbIVia U pPelLleHreTo e ChbIJOTO KaTo
pemenreTo Ha [lIBapijmmng. Korato BBpTeHETO e HEHY/1eBO, YepHaTa AynKa
ce U3lyBa OKOJIO eKBaTropa CHv (CbhIIo KakTo 3emsTa U CITbHLIETO Ce U3AyBar
ropajy BbPTEHETO CH) U KOJKOTO To-0bp30 ce BbPTH, TOKOBA IOBeYe ce
W3yBa.

W Taka, 3a fja ce pa3npocCTpe pelieHUeTo Ha V3paen v 3a BbPTALY Ce
TeJla, TIPUe Ce, Ye BCIKO BBPTSIIIO Ce TS0, KOeTo KoJiaricupa /10 obpa3yBaHe
Ha YyepHa [yIlKa, Hakpas AOCTWra CTAlMOHAPDHO CbCTOSIHWE, OIKMCAHO OT
periieHreTo Ha Kep.
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[Mpe3 1970 r. egquH Kojera WU MOM acmupaHT OT KelWMOpumxk —
bpanasH KapTbp — T10e mbpBaTa CThIIKA KbM [IOKa3BaHe Ha TOBa
npeanonoxkenue. Tou ToKas3a, ye KOrarto e/Ha CTal[MOHapHa BbpTsALLA Ce
yepHa JyIlKa MMa OC Ha CUMETpUs I0A00HO Ha BBPTAI] Ce MyMIas,
pa3MepbT U ¢opmara M IIle 3aBUCAT eJWHCTBEHO OT HeliHaTa Maca U
ckopocT Ha BbpTeHe. Cnen ToBa mnpe3 1971 r. a3 fJokasax, ue BCsKa
CTallMOHApHAa BBPTALIA Cé YepHa [AyINKa BCBLIIHOCT MMa TakaBa OC Ha
cumeTpusi. Hakpas mipe3 1973 r. [leiiBug PobuHceH ot Kunrc Kommmxk B
JIoHz0H M3no0/13Ba nosiyyeHute ot KapTep U MeH pe3ysTary, 3a Jja MoKaxe,
ye 7orajikaTa e TMpaBW/IHA: TakaBa uepHa /[yMNKa HaucCTWHA TpsibBa fa e
pemeHvieTo Ha Kep. U Taka cjief, rpaBUTALMIOHeH KOJIallC ejHa YepHa AyIKa
TpsibBa /la JOCTUTHE ZI0 ChCTOsIHUE, B KOETO Jla MOXKe Jla Ce BbPTH, HO He U
na nyncupa. Herjo noBeue, pasMepbT M (popMara i lile 3aBUCAT CaMO OT
HelHaTa Maca M CKOPOCT Ha BbPTEHe, HO He M OT eCTeCTBOTO Ha TS/IOTO,
YUITO KOJariC e JoBesi Ao oOpa3yBaHeTo i. To3u pe3y/iTar cTaHa U3BECTeH C
MakcuMmara ,yepHaTta AynkKa Hsma kKoca“. Teopemara, ye uepHUTe AYIIKU
HAMAT KoCa, € C TOJIIMO IIpaKTUYeCKO 3HaueHue, 3alloTO TS CUJIHO
OorpaHuyaBa Bb3MOXHHWTe BHJIOBE UepHU AYNKU. TOBa HU MO3BOJIABA [ia
HarpaBUM I0IpOOHU MOZie/id Ha 00eKTH, KOUTO MOTAT /la ChAbP)KaT UepPHU
AYTIKU, U [la CpaBHUM TIpe/icKa3aHusiTa Ha MofilenuTe ¢ HabmogeHusiTa. ToBa
O3HauaBa, ue Ipyd oOpa3yBaHeTO Ha dYepHa JAyMKa ce Tybd To/sIMo
KOJMuecTBO uWHGoOpMalusi 3a TIOTO, KOETO KoJjarcupa, —3alloTo
BIOCJ/IE/ICTBYE €JUHCTBEHOTO, KOETO MOXKEM Jla OTpe/ie/IuM 3a TOBa TSJI0, Ca
HeroBara mMaca W CKOpOCT Ha BbpreHe. KakBo 3HaueHue mma ToBa, llle
BU/IUM B CJle/jBalljara IiaBa.

YepHUTe AYNKU Ca eJdH OT TBbpJe MaJkus Opoill ciayuad B
WCTOpHSITAa Ha HayKaTa, KOrato ejiHa Teopus OvBa pa3BUTa B TOJIeMU
NoZipoOHOCTU KaTo mMareMaTh4yecKd Mopfes, Tpeu [a uMma HabmrofarenHu
Jl0Ka3aTesiCTBa, 4ye e mnpaBuaHa. PakTUUeCKM TOBAa Ce OKa3a IVIaBHUST
apryMeHT Ha OIMOHEHTWTe Ha YepHUTe NAYIKU: KaK MOKe /a Ce BipBa B
00€eKTH, 3a KOUTO eJIMHCTBEHOTO [l0Ka3aTes/ICTBO Ca M3UMC/ieHHs Ha Ga3arta
Ha CbMHUTeJTHaTa 0011la Teopysi Ha OTHOCUTETHOCTTa?

[Tpe3 1963 r. obaue Mapten IlImut, actpoHom ot Ilamomapckara
obcepBaropust B KamudopHusi, u3Mepu uepBeHOTO OTMEeCTBaHe Ha eIuH
cnab 3Be3moriofobeH 00eKT B ITOCOKaTa Ha WM3TOUHWMKA HA paJUOBBIIHU,
HapeueH 3C273 (T.e. u3TouHUK Ne 273 B TpeTusi KeiMOPHHKCKY KaTaslor Ha
paauousToyHuLMre). Tou yCTaHOBM, Ye OTMeCTBAaHETO € [IpeKaeHo
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rolissMO, 3a Ja Ce [JBh/DKA Ha TpaBUTALMOHHO TIojie: ako Oerrre
I'PaBUTALIMOHHO UEPBEHO OTMeCTBaHe, O0eKTHT TpsiOBallle /Ja e TOJKOBA
MaCHBeH U TOMKOBa 01130 /10 Hac, ue OWM W3MEeHWI IIaHeTHUTE OpOUTH B
CnbHueBara cuctema. ToBa ripejrionarailie, ye 4YepBeHOTO OTMeCTBaHe Ce
AB/DKA Ha paslIvpeHreTO Ha BcesieHara, KOeTO OT CBOSI CTpaHa O3Hauyasa,
ye 00eKTHT e Ha TBbP/e ro/siIMO pa3CTOsTHUe OT Hac. A 3a Jja e BUJUM TIpU
TakOBa OTPOMHO pa3CTosiHHe, 00eKThT Ou TpsiOBa/sio /[a e TBbpAE SPBK,
TpsiOBa, C APyrd AyMH, JAa H3/IbUBa CTPAXOTHO KOJIMYECTBO €HEeprus.
EAVHCTBEHUAT MeXaHU3bM, KOUTO MOXKeXMe /ia CH TIpe/iCTaBuM, ye I1je Jajie
TaKOBa OrPOMHO KO/JIMUECTBO €HEepPrus, CsAKall Oelle TpaBHUTAI[MOHHUST
KOJIariC He TMPOCTO Ha 3Be3/]a, a Ha Ijsi/la LieHTpaHa 00/acT Ha rajiakTHKa.
Bsixa OTKpUTU W ApYyTU TOA00OHU ,,KBa3u3Be3JHU 00eKTH“, WIM KBa3apw,
BCUUKU C TO/MSIMO 4YepBeHO oOTMecTBaHe. Ho BCMUKM Te ca MHOIO
OTZia/iedeHH Y TOpajii TOBa TBbPZe TPYJHO MOTaT Jla ce Hab/tofaBar, 3a Ja
ce Mpe/iCTaBsAT yOeuTeTHU /J0Ka3aTesICTBa 3a UePHU IYTIKU.

Horb/iHUTeTHA TIOAKpena 3a ChI[eCTBYBAHETO HA UEpPHU [JYIIKU Ce
nosieu mpe3 1967 . C OTKPUTHETO Ha acrvpaHTKarta oT KelmOpumk
IbkocnmH ben Ha HebGecHU 00eKTH, KOWTO M3bUBaT pPery/sipHU
pPaZiIMOBBIHOBYM WMMNY/ACU. [IbpBOHauamHO ben W HEMHUAT DPBKOBOAUTEN
AHTbHU XML MUC/IeIM, Ye Ca YCTaHOBW/IM KOHTAKT C 4yX/a
I[UBW/IM3AIs oT ['aslakTkara! @akTrueckyd Ha ceMHHapa, Korato o0siBHxa
CBOETO OTKPUTHE, CU CIIOMHSIM, Ue HapeKoxa ITbPBUTe YeTUPU WU3TOUHUKA,
kouto Osixa otkpuid, LGM1—4, kbmero LGM 3Hauu ,ManKd 3e/leHd
yoBeueTa“. Hakpasi obaue 1 Te, 1 BCUUKUA OCTaHa/Id CTUXHAaxXMe [0 He Taka
POMaHTUYHHUS W3BOJ, ue Te3d O0eKTU, HapeueHd ny/acapu, ca BCHIIHOCT
BBPTSALLU Ce HEYTPOHHU 3Be3[U, KOUTO U3/TbYBaT PaJAUOBBIHOBU UMITYJICU B
pe3yJITaT Ha CJI0’KHO B3aUMOZENCTBUE MEeXy TEXHWTe MarHUTHU MoJieTa U
3a00uKasisiaTa TM Marepusi. ToBa pa3ouyapoBa aBTOPHTE Ha KOCMHUUECKU
yeCcTbpHH, HO MHOTO OOHaZle’kKAu MaslliHaTa KaTo Hac, KOWTO BsipBaxa B
yepHUTE [AYIMKU I0 TOBa BpeMe; TO 0Oe MbPBOTO TIOTBBPXKJEHHE, Ue
HEeyTPOHHU 3Be3/U ChlileCcTByBar. EjHa HeyTpOHHA 3Be3/a e C paJjuyC OKOJIO
10 MWIM — caMO HSIKOJIKO ITbTM HaJ, KPUTUYHHUS PAAUYyC, MPU KOUTO
3Be3/jara 3arouBa Ja craBa yepHa Aynka. Criep KaTo ejHa 3Be3Zja MOXe Ja
KoJIaricMpa /I0 TakKMBa MaJIKM pa3MepH, He Oe Hepa3yMHO /la OYakBaMme, ye
OpyTU 3Be3qy Ouxa KoJaricupasiy o OIfle Mo-MajKu pa3mepu U Ouxa ce
TIpeBbPHA/IM B UepPHU AYIIKU.
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PHTYPA 6.2

KbMm ¢urypara: Ilo-spkama om Ogeme 38e30u noumu 8 YyeHmspda Ha
¢domoepacpusima e Jlebeo X-1, 3a Kosmo ce npeonosnazda, ue ce CCmMou om
uepHa Oynka u HOpMAsjaHa 38e30d, Koumo obukaassm eoHa oKo/no opyaa

Ho kak fga ouakBame Jia OTKpUeM YepHa [yIiKa, CJefi KaTo I10
nedUHUITMS TS He U3/ThbUBa HUKAaKBa CBeT/IMHA? Moyke /la BU Ce CTOpH, ue e
BCe eHO /la ThPCUM uepHa KOTKa B Ma3e C BbIVIMIA. 3a IjacTHe, HauklH
nMa. Kakto xoH Muubn Ge oTbesnsi3an B CBOsITAa IHOHEPCKa pabora oOT
1783 1., uepHaTra AyrnkKa NpPOAb/IKaBa [fa yIpaXHsBAa TPaBUTALIMOHHO
JefiCTBUe BbpPXy CbCeaHUTe U 00ekTh. ACTpoHOMUTe ca HabaromaBasu
MHOTO CHUCTEMU, B KOMTO [Be 3Be3[iM OOMKajasAT elHa OKOJO [Ipyra,
TIPUB/IMYAHU TIOMEXKJYy CU OT TpaBuTaiusita. OcBeH ToBa Te Hab/OaBaT U
CUCTEMHM, B KOWTO MMa CaMO e[Ha BH/MMa 3Be3/a, OOHKassIa OKOJIO
HSIKaKbB HEBU/IUM CITBTHUK. Pa3bupa ce, He MO)KeM Be/IHara /ia peimm, ye
CITBTHUKBT € UepHa AyIKa: TOH MOyKe TIPOCTO Zia e 3Be3/a, TBhp/ie caba, 3a
Ja e BUAuMa. Hskom oT Te3u cructeMH obaue, Kato HapeueHara Jleben X-1
(gur. 6.2) ca ocBeH TOBa CWIHU M3TOUHULIM Ha PEHTreHOBU jbud. Haii-
nobpoTo obsicHeHHe 3a TOBa siBJieHHE e, Ue OT MOBBPXHOCTTA Ha BHUJUMaTa
3Be3/ia ce oTHacg marepusi. C majlaHeTo CM KbM HEBUAUMMUS CITbTHUK TS UMa
CTIMpa/iHO JBWKeHHe (1ofl00HO Ha Bojja, M3THUYAIllAa OT BaHa), CTaBa MHOTO
ropeiija ¥ 3arouBa Jia M3buBa peHTreHoBH JibuM (ur. 6.3). 3a ma pabotu
TO3W MeXaHW3bM, HEBUAUMUST 00€KT TpsiOBa /la € MHOTO Ma/TbK, HallpuMep
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ga e 0si10 Ky[Ke, HeyTpOHHa 3Be3fa WAM uepHa paAynka. OT
HabmonaBaHarta opbyTa Ha BUAMMATa 3Be3Zla MOXKe Jia Ce Oorpejieid Hail-
HHCKaTa Bb3MO)KHa Maca Ha HeBUUMUs 00ekT. B ciyuas ¢ Jleben X-1 Ts e
okojio 6 mbTh Macara Ha CUIbHLETO, KOATO CIIOpej pe3y/Tara Ha
YaHipacekap e TBBp/le TO/sIMa, 3a /la MOXKe BUJUMUAT 00eKT fa e 6sio
Kymke. Macara e TBbpJie ro/isiMa U 3a HeyTpOHHa 3Be3zaa. OTTyK c/efBa,
ye BepOSITHO € YepHa JyIIKa.

RHEPHA ¥ MKA

PEHTIEHOEM Ab4M

BWOWVMA FEEINA

CHIVPA 6.3

ChIllecTByBaT M JIpyry Mofie/iv 3a obsicHsBaHe Ha Jleben X-1, KOUTO
He BKJIFOYBaT YepHa AyIlKa, HO BCUUKWA Te Ca IpPeKajleHO yMO3DUTE/THU.
Nsrnexxa, ye uepHara Jyrka e e[MHCTBEHOTO HaMCTHHA peaHO 0OsiCHeHMe
Ha HaOmofeHusTa. M BeIIpeKy TOBa a3 ce xBaHax Ha 6ac ¢ Kum TopH ot
KamidopHUNCKUS TeEXHOMOTHUeH UHCTUTYT, ue daktuuecku Jleben X-1 He
CbIbprKa uepHa Ayrika! ToBa e Hell0 KaTo 3acTpaxoBaresHa IoJirLia 3a MeH.
XBBP/IWI CbM MHOTO TPY/I IO UepHUTE AYITKU U BCUUKO 01 O1/I0 HarpasHo,
aKO Ce OKayKe, Ue UepHHTE AYIIKW He ChIIEeCTBYBaT. A B TaKbB Cyuail OMX
WMaj yTexaTa, ue CbM crieuesidn 0Gaca, KOWTO Iijellle Ja MH OCHUTypU
YeTHUPUTOUIlIeH aOOHAaMeHT 3a CIHMcaHueTo ,,[IpalBUT aii“. AKO UepHHTe
AYTIKW ChIIeCTBYBaT, KuIl 1ijeliie fa crieuesi eHOTOUIIIeH aboHaMeHT 3a
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,I1leaTxay3“. Koraro ce o63anoxuxme mpe3 1975 r., 6saxme curypau 80%,
ye JlebGes e uepHa Jynka. 3acera Oux Kasasl, ue Beue cMe cUrypHu 95%, HO
6achT cu ocTaBa.

Beue nMame [j0Ka3aTe/iCTBO 3@ HAKOJIKO YePHU AYIKU B CUCTEMU KaTo
Jleben X-1 B Harmiara ['aakTHKa U B [IBeTe ChCeIHU TajlaKTUKH, HApeUeHH
MarenaHoBu ob6mai. BposT Ha uepHUTe AyNKKW oOaue e IMOYTH CUTYPHO
MHOTO TIO-TOJISIM; B MNPOABJDKUTE/HAaTa WCTOpPUS Ha BceneHara MHOro ca
3Be3/iuTe, KOUTO TPsIOBa /la ca M3pa3xo/iBa/iv SIZIPEHOTO CU TOPUBO U TpsibBa
Ja Komaricupar. bposT Ha uepHWTe AYNKH MOXe OW e JOpH IMO-TOJISIM OT
6posi Ha BUJMMUTe 3Be3/Id, KOUTO caMo B Halata I'ajakTuka ca o6mjo 101,
[TOITbTHUTE/THOTO TPABUTALIMOHHO TIPUBMUYAaHE OT TaKbB TOJsIM Opoi
yepHU [JyNKW OM MOIIO Zia OOSICHM CKOpOCTTa Ha BBbPTEHE Ha HallaTta
['ajlakTHKa: camM0 Macara Ha BUJUMUTe 3Be3[U e HeJOoCTaTbyHa 3a TOBa.
ViMaMe ¥ M3BeCTHU [I0OKa3aTesICTBa, Ue ChleCTBYBa eJHa MHOIO MO-rosisiMa
yepHa Ayrika ¢ Maca okosio 100 000 meti Macara Ha CbHLIETO B LIeHThpa
Ha Hamiata ['ajmakTyka. AKO HSIKOM 3Be3fu B ['ajlakTWKaTa ce TIpUO/Kar
TBBpJle O30 [0 Ta3W uepHa AyMKa, 1ie ObAaT pa3sKbCaHW OT pa3/HvKaTa
MeXKIy TpaBUTAl[MOHHUTE CWIA 3a OMM3KWTe W JajieuHuTe WM CTpPaHM.
TexHUTe OCTAaHKM M Ta3bT, U3XBBPJIEH OT [APYTrU 3Be3[M, lie MafarT KbM
yepHaTa ayrka. Kakrto ripu Jlebex X-1 ras3wr Iije ce ABWKH HaBbTpe II0
Crivpa’sia U Iie ce 3arpsiBa, Makap U He B TakaBa CTerneH. Tou HsIMa /ia CTaHe
JOCTaTbYHO TOpEIl], 3a Jla M37TbUBa PEHTIeHOBU JTbUd, HO OU MOrba Ja
00sICHU TBBp/le KOMIIAKTHUS W3TOUYHHMK Ha PAJIMOBBLIHN U HHGbpauepBeH!
JThUU, HaO/MIO/laBaH B rajlakKTUUeCKUs LIEHTHP.

[Tpearnonara ce, ue B lleHTbpPa Ha KBa3apuTe CHIIIECTBYBAT MMOA0OHH,
HO MHOTO MO-roleMd 4YepHM AyNKA ¢ Macu okono 108 cabHueBn macw.
BeljectBoTO, romnajHaao B TakaBa CBpbXMaCUBHa YepHa JyIiKa, OCUT'ypsiBa
eIMHCTBEHUsI W3TOYHMK Ha MOIIHOCT, IOCTaThUHO TOJISIM, 3a Ja 0bscHU
HEBEPOSITHOTO KOJIMUeCTBO €HEeprusi, M3abuBaHO OT Te3u obektu. C
JIBWJKEHUETO CU MO Crypasia KbM YepHara [AyIKa BeleCTBOTO lle Hakapa
yepHara JyrkKa [a ce BbPTU B Cblllara IOCOKa, C KOeTO Ilie Chb3Jaje
MarHUTHO T10J1e, TBBP/e T10/j00H0 Ha 3eMHOTO. [1afjaijaTa HABLTpe MaTepus
e mopojy O30 [0 uepHaTa [AyIKa YaCTHI[d C MHOTO BHCOKA €HEepTHs.
MarHuTHOTO ToJie 1ije e TOJIKOBa CU/IHO, ue Iije (PoKycupa Te3u YacTHUIY B
CTPYHY, U3XBBPJISIHU HaBbH I10 OCTAa Ha BbpPTEHEe Ha uyepHara AyIKa, T.e. B
HarpaB/ieHUe Ha HEMHUSI CeBEPEH U FOXKEeH MOJ0C. TakvMBa CTPyW HauCTHHA
ca Hab/ro/1aBaHy B HSIKOM TajlaKTUKU 1 KBa3apH.
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ChIllecTByBa M Bb3MOKHOCTTA Jla Ma UepPHH AYIIKH C Maca, MHOTO
Mo-Majika OT C/ibHYeBara. TakvBa uepHM [yNKMA He OMXa MOITIM Ja ce
oOpa3yBar IpH T'paBUTALIMOHEH KOJIATIC, TIOHEe)Ke TEeXHUTe Mach ca TIof
rpaHuiiata Ha YaHzapacekap: 3Be3[uTe C TaKaBa MaJjika Maca yCrsBar Ja
YyCTOAT Ha TpaBUTAllMOHHaTa cwia [lopu c/ie[ KaTo ca W3pa3xo/Bajiu
sIpeHoTo cv ropuBo. YepHu Jlymku C Majka Maca Morar fia ce oOpa3yBar
CcaMO akKo Marepusita ObZle CBUTA /10 HEBEpOSTHA IUTBTHOCT TIOf
Bb37IEMICTBHE Ha MHOT'O TOJIIMO BBHIIHO HasiAraHe. TakvBa yCIOBHSI MOrar
Jla HACTBIAT B eHAa MHOTO To/issMa BopopofHa Oomba: ¢usukbT [I>KOH
Yunsp Oe mpecMeTHas, ue ako B3eMeM lisjlaTa TeXKa BOZid OT CBETOBHUTE
OKeaHd, MOXXeM [la HampaBUM BOZIOPOAHa Oomba, KOSTO Taka /a CBUe
MaTepusTa B ILIeHThpa, ue Jla oOpa3yBa uepHa Aaymnka. (Pa36upa ce, HUKOM
HsIMa Zia oljesiee; 3a fa s Buau!) EfHa mo-peasHa Bb3MOXKHOCT € TaKUBa
YepHM /YyNKA C Majka Maca fZia ca Oumm oOpa3yBaHM TIPU BUCOKHTE
TemriepaTypyd U Ha/isiTaHWs. Ha ChBCeM paHHaTa BceneHa. UepHuTe Ayrniku
buxa ce obpa3yBasiM caMO akO paHHaTa BcesieHa He e 6uia WjeanHo I1ajiKka
Y eHOpPO/IHA, 3all[OTO CaMO e[Ha MaJjika 00/acT, To-TUTbTHA OT CPeHOTO,
Ou Moryia Zia ce CBHWe, 3a /a obpa3yBa uepHa Aynka. Ho Hue 3Haewm, ue
BEPOSITHO € MMaJi0 HAKOW HeNpaBWIHOCTH, Thi KaTO B IIPOTHUBEH Cydyau
Marepusita BbB BcesieHaTa lijellle W cera Ja e HJeaJHO PaBHOMEPHO
pasrpe/iesieHa, a HIMallle /ja e TpyTypaHa B 3Be3/Id U Ta/laKTUKH.

[lany HempaBUTHOCTHTE, W3WUCKBAaHU 3a OOsICHSIBaHe Ha 3Be3UTe U
rajlakTUKUTe, Ouxa [goBequd [0 oOpa3yBaHeTO Ha 3HauWTesieH Opoi
,ITBpBUUHU® UEpHU [AyIIKA, HECbMHEHO 3aBHUCH OT JeTaljuTe B
CbCTOSIHMETO Ha paHHata BceneHa. Taka uye, ako Ouxme MorIM Ja
OTIpe/ie/TUM KOJIKO IMbPBUYHHU UE€PHM AYMKH MMa Cera, Ije HayuyuM JOCTa 3a
CbBCEM paHHHUTe CTaJuud Ha BceneHara. [IbpBUYHM UepHU AYIIKM C Maca
noseue oT 10° ToHa (Macara Ha rossMa IJIAHWHA) MOTaT fla Ce OTKPHST
CaMo I10 TPaBUTALIMOHHOTO UM B/IMsSIHUE BBPXY [IPyTa, BUAVMA MaTepusl UIn
BBPXY pasiiupeHreTo Ha BceseHata. Ho KakTo I1je HayuuM B CjlefBaiijaTa
I71aBa, UePHUTE MYMKH BCBHIIHOCT He Ca HAMCTUHA YEPHU, Te€ CBETAT KaTo
TOpeIO0 TSJI0 U KOMKOTO TI0-MaJIKU Ca, TOJIKOBA MO-CUTHO CBeTAT. KomKoTo U
TapajioKCaJHo /ia e, GaKTHUUeCKH IIle Ce OKake, e e TI0-7IeCHO /la OTKpHUeI
MaJika, OTKOJIKOTO TI0-TOJIsIMa YepHa Jyrka!

97



7. HEPHUTE A YIIKHN HE CA TOJ/IKOBA
YEPHU

[lpe3 1970 r. mouTe wu3cnenBaHus BBPXYy oOIlara Teopus Ha
OTHOCHUTE/IHOCTTA Osixa ChCpe/JOTOUeHH I7IaBHO BbPXY BBIIPOCA, KUMAJIo Jiv e
WU He CUHTYJsipHOCT B l'onemus B3puB. Ho enHa Beuep rpe3 HOeMBpH
Tas3u rOHA, MajKo CJief, paXkK[AaHeTo Ha Ablieps Mmu Jlycu, 3arouHax fja cu
MUCJIS 3@ UepHUTE AYMKHU, I0KATO Ce roTBex fa cu JierHa. [lopagu Hembra
MU TO3M TpoIiec e TBbpZie OaBeH, Taka ue MMaxX BpeMe KOJKOTO CU HMCKaM.
ToraBa Bce ollje HsiMallle TOYHa JAe(UHULMS HAa TOBa, KOW TOUYKU B
TIPOCTPaHCTBO-BPEMETO JieXKaT B UepHa /yIiKa U KOW U3BBH Hesi. Beue 0six
obcwxaan ¢ Pomxsp IleHpoy3 uzesra 3a fedhrHUpaHe Ha uepHa yIKa KaTo
MHOKECTBO OT ChOMTHSI, OT KOUTO He e Bb3MO)KHO Jia ce u3bsira ganeq —
Beye elHO OOIoNpueTo orpejesneHue. To O3HayaBa, ye rpaHMllaTa Ha
yepHaTa [JyrKa, XOPU30HTHT Ha ChOWUTHA, ce oOpasyBa OT IThbTHIIATA Ha
CBET/IMHHUTE JbYM B MPOCTPAHCTBO-BPEMETO, KOMTO Bedye He Morar ja
n30siTaT OT uepHaTa AyIKa W 3aloyBaT BEUHO Jia KpbXKaT 1Mo HeWHUsi pbo
(dur. 7.1). Bce egHo ja Osiraiil OT MonMiiai U /la YCIIsSBaIll fia 3aria3wuiil
Kpauka JUCTaHI[Us, HO Zia He MOJKelll la My yoerHer!

M3BegHBK OCb3HAX, Ue MbTUILATA HA Te3W CBETJIMHHU JTbUM HUKOTa
He Morar fa ce cOmmpkar. AKo MoXkexa, Te TpsibBaiiie Hakpasi /ja ce BiiesT
elVuH B ApPyr. Bce enHo ma cperjHenn HsAKOH, KOWTO Osira OT Tosviiasi B
TPOTUBOIIOJ/IOXKHA [MOCOKa — U AiBaMara e By xBaHat! (Miu B To3u ciiyuau
— 1Ie TaZiHeTe B uepHa Ayrnka.) Ho ako Te3u CBeTIMHHU JbUM Osixa
MOr'bJIHATA OT YepHaTa AyIKa, Te HsIMallle /la Ca Ha rpaHUliaTa Ha YepHara
aynka. CriegoBaTe/THO MBTUILIATA HAa CBET/IMHHUTE JTbUM B XOPU30HTA Ha
cbOuTHsATa TpsiOBallle BUHATH Jla Ca YCTIOPeHU WK pa3fjasiedeHu TTIOMeXIy
cu. [Ipyr HauMH Jia TIoT/iefIHEM Ha BBITPOCA €, Ye XOPU30HTHT Ha ChOUTHS,

rpaHMilaTa Ha dYepHara [yIlKa, € Karo Kpas Ha CsHKa — CsHKara Ha
Hen30exxHa Tubesn. AKo morviefiHeTe CsIHKaTa, XBbpJieHa OT U3TOYHUK Ha
royiiMo pascrosiHie — Harnpumep CITBHIETO, Ije BUAWTe, Ye B Kpas

CBeT/IMHHUTEe JITbYUU He Ce HpI/I6J'II/I}KaBaT €OWH KbM [PDYT.
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Cnen KaTo CBeTIMHHUTE JIbUM, 00pa3yBall[d XOpHU30HTA Ha ChOUTHS,
rpaHuvijaTa Ha YepHaTa AyIiKa, He MOTaT HUKOTa Jla ce COMMKaT, BEPOSITHO
TJIONITa Ha XOPW30HTAa Ha CHOUTUS OCTaBa e/lHa M ChIlja WM HapacTBa C
BpeMeTO, HO HMKOTa He MO)Ke /la HamaJsiBa, 3all[0TO ToBa OM 0O3HauaBasio
TOHe HSKOM OT CBeTIMHHWTE JIbUM Ha TpaHHWIjaTa Jia ce COJKaBar.
BCBIIHOCT T101Ta 11je HapacTBa BbB BCHUUKM CAydad, KOraro B uepHara
AyTiKa TOMajHe maTtepusi uiu usabuBaHe (ur. 7.2). Vnu mbk, ako JBe
yepHU AYIIKU ce COMBbCKAT U Ce CJIesiT B e[jHa, IJIOI[Ta Ha XOPU30HTa Ha
cbOWTHS 3a TIoJyuyeHaTa uepHa Jyrka e Obfe ro-rojisiMa Wid paBHa Ha
cymMaTa OT TUIOIIWTE Ha XOPWU30HTUTE HAa CHOMTHS HA ITbPBOHAYA/HUTE
yepu aynku (¢ur. 7.3). ToBa HeHamassiBal]0 CBOMCTBO Ha TUIOLITa Ha
XOPU30HTAa Ha CBHLOWTHSI TIOCTaBs €HO CBII[eCTBEHO OTrpaHUueHHe BBPXY
Bb3MOKHOTO TIOBeJleHe Ha YepHUTe AYIKU. bsix To/koBa pa3Bb/iHYyBaH OT
CBOETO OTKpUTHE, ue He Me XBaHa ChH. Ha cjiejHaTa CyTpuH 3BbHHAX Ha
Pomxbp [lenpoys. Tou ce cbriacu ¢ meH. CTpyBa MU Ce, Ue TOW BCBLIHOCT
ce Jocelrialie 3a ToBa CBOMCTBO Ha Iiomira. Ho Toii paboreiiie ¢ MasKo I10-
pa3nuuHa JeuHULIYS 3a uepHUTe AynKU. He pa3bupaiiie, ue rpaHULIUTe Ha
yepHara JynKa Criopej ABete JeUHULIMM 11le Ca eJHU U CbIIU, @ OTTaM U
TeXHUTeE IIOLIY, [PX YCJI0BHe Ye YepHara AyIKa e CTUrHazla [0 CbCTOsHUE,
B KOETO He Ce IPOMeHsI C BpeMeTo.

CBOMCTBOTO Ha IIONJTAa Ha 4YepHaTa AyMKa Jla He HaMmaJsiBa MHOIO
HaroMHS MOBEIEHUeTO Ha e/lHa (PpU3nYHa Be/MUYMHA, HapeueHa eHTPOMus,
KOSITO € MsIpKa 3a cTereHTa Ha Ge3peaue B eqHa cuctema. OT OMUT 3HaeM,
Yye XaoChT HapacCTBa, aKO OCTaBMM Helljata caMu Ha cebe cu. (JocTaTbuHo e
Jla TIpecTaHeTe /la Ce 3aHMMaBaTe C PEMOHT BKbIIM, 3a /a ce ybexaure!)
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MoxxeM fia Cb37azieM pefl OT Xaoca (Harpumep Ja 6osiaricBaMme), HO TOBa
W3UCKBa YCW/MS, Pa3XoJ, Ha €Hepryds W 3aToBa HamassiBa KOJIMYeCTBOTO
Ha/IMUHA eHeprus Ha peja.

TouHata ¢opMy/IMpOBKa Ha Ta3u HJesi Ce Hapuya BTOPH 3aKOH Ha
TepMoAuHaMuKara. Criopef; Hero eHTPOIUsATa Ha e[jHa U30J/IMpaHa CUcTeMa
BHMHAru HapacTBa, a KOrato cbbepeM /iBe CUCTeMHU B e/lHa, eHTPOIUsATA Ha
obefiiHeHaTa CHCTeMa CTaBa TO-TO/isiMa OT Cymara OT eHTPOIWUTe Ha
oT[le/lHATe cucTeMu. [la pasriejaMe HarpyuMep CHUCTeMa OT Ta30BU
MOJIEKY/IM B efiHa KyTus. Mo)keM Ja Cv TIpefiCTaBUM MOJIeKy/UTe Karo
MasIKy OW/ISIpZIHU TOTIKHM, KOUTO HePeKbCHATO Ce COMBCKBAT TIOMEXKIY CH U
OTCKa4aT OT CTEeHUTe Ha KyTusiTa. KoJKOTO Mo-BUCOKa e TemriepaTypara Ha
rasa, TOJKOBa 10-0bp30 ce JBWKAT MOJIEKY/TUTe U TIopajii TOBa TOJIKOBA I10-
YyeCTH U MO-CUJTHU Ca yAApUTe UM BbPXY CTEHUTe Ha KyTUsiTa Y TOJIKOBaA T10-
BUCOKO Ha/siraHeTO WM BBbPXY CTeHuTe. [la mpeamnmosioxumM, 4e
IbPBOHAYa/THO BCUUKK MOJIEKY/IA Ca 3aTBOPEHH C MOMOILITa Ha mperpaja B
JisIBaTa 4yacT Ha KyTusATa. AKO CJjie[] TOBa MaxXHeM Tperpajiata, MOJeKY/IUTe
111e Ce CTPeMSIT Jla Ce pa3CTesisAT U /ia 3aeMar U iBeTe MOJ0BUHU Ha KyTHsTa.
Ha HfIKakbB MO-KbCEH eTan BCUYKU Te MoraT C/IydailiHO /la Ce OKaKaT B
[SiCHaTa MOJIOBMHA WM B 3a/iHaTa JisiBa MOJIOBUHA, HO € HeCPaBHUMO MO-
BEpPOSAITHO OpOSIT UM B [iBeTe TIOJIOBMHU Jla € TIOUTH eJHaKbB. TakoBa
CbCTOSTHHE € C T0-MabK pefi WM C To-rofsiMo Oe3pesiie B CpaBHeHUe C
IbPBOHAYA/THOTO ChCTOSIHWE, TIPU KOEeTO BCHUYKU MOJIEKY/IM ca B efgHaTa
nosioBuHa. ITopasy ToBa Ka3BaMe, ue eHTPOMMSITA Ha ra3a e HapacHasna. Ja
3all0YyHeM OT [iBe KyTMHW — efiHaTa C MOJIeKy/Jd KUC/IOpOoJ, a Jipyrara C
MOJIEKY/TH a30T. AKO ChOepeM JiBeTe KyTMM M MaxXHeM MeXKIAMHHATa CTeHa,
MOJIEKY/IUTEe KMCIOPO/, M a30T 11je 3aroyHar ja ce cmecsar. Ciie; U3BeCTHO
BpeMe Hall-BepOSITHOTO ChCTOsTHUE 1ije Ob/ie e/jHa CpaBHUTETHO eIHOPOAHA
CMeC OT KMCJIOPOJHU U a30THU MOJIEKY/IU B [iBeTe KyTUM. ToBa ChCTOSIHUE €
MO-Ma/JKO TIOZpefieHo, a CJie[loBaTeJJHO MMa II0-BUCOKAa EeHTpOMNusi B
CpaBHEHHe C ITbPBOHAYA/THOTO ChCTOSIHUE Ha [IBeTe OT/e/IHU KYTHHU.

BTOpUST 3aKOH Ha TepMOAMHaMHKKAaTa 3aemMa TBbpJe pPa3/iMyHO MSCTO
B CpaBHEHMe C OCTaHa/uMTe HAayyHW 3aKOHM KaTo 3akoHa Ha HioToH 3a
rpaBUTal[MsATa, ThW KaTO TOW He BaXM BbB BCHYKMU Cjyuyad, a CcaMO B
OrPOMHOTO OOJIITMHCTBO C/TyYaHu.

BeposiTHOCTTa BCUUKW T'a30BM MOJIEKY/JIU OT ITbpBaTa KyTWUsl fla ce
OKa)kaT B e[lHaTa IOJIOBUHA Ha KyTWUsITa B TO-KbCeH MOMEHT e eJHO Ha
MUJIMOHH, HO BCe TIaK ChIIleCTByBa. AKO HAOKOJIO UMa YepHa Ayrka obaue,
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V3IJIeXK/1a, Lie e MHOIO I10-JIeCHO /la Ce HapYLLUX BTOPUAT 3aKOH: JOCTaTbYHO
e [la XBbPJIUM HSKaKBO BellleCTBO C rojisiMa eHTPOIIUs, HallpyuMep KyTusTa C
ra3, B uepHatra Aynka. OOljata eHTpOIMsI Ha MaTepusiTa W3BbH UepHaTa
AyIKa 1je CcTaHe I10-MaJjika. BbIIpeKu ToBa IaK MOXeM [ila KakeM, ue
o011jaTa eHTponus, BK/IFOUUTE/THO eHTPOIUsATa BbTPe B UepHaTa AyIika, He e
CTaHasia Io-MaJika, HO Thi KaTO HAMAa Kak Jia ToIyiefJHeM B YepHaTa JAyIIKa,
He MOXKeM /1a BUZMM KOJIKO e eHTPOIMATa Ha MaTepusATa B Hes. 3Hauu HsAMa
[la e 3/71e, ak0 yepHaTa JylnKa UMa HsAKakBa XapaKTepUCTUKA, HO KOSITO
Hab/roaTenTe M3BLH Hes Zia MOTaT Jia OMpeesisAT HellHaTa eHTPOIUs U
KOATO Jila HapacTBa BMHAarv KOraro B uepHara JyIlKa [ornaja Marepus,
Hocella eHtporus. Cref, OTKPUTUETO, OMMCAHO II0-Tope, ue ILIOLITa Ha
XOpW30HTa Ha ChOWUTHSI HapacTBa BMHArK KOraTo B UepHaTa JyrKa IorajHe
MaTepwusi, aCUpaHThT B [IpuHCTHH [[Kelikb0 BekeHCTelH IpezoioxKy, Je
TJIOIITa Ha XOPU30HTA Ha CHOUTHS e MsIpKa 3a eHTPOIMsATa Ha uepHaTa
aynka. C rornazaHeTo Ha Marepusi, HOCellla eHTPOIIUS B yepHara AyIKa,
TJIONITa Ha HEMHUsS XOPU30HT Ha CHLOUTUS HapacTBa, Taka ue Cymara OT
eHTpOMnuATa Ha Marepusita HW3BbH 4YepHara JylKa M IUIOLTa Ha
XOPU30HTUTE HUKOI'a He MOXKe /la CTaHe I10-MaJIKa.

‘ToBa rpejrionoxkeHye, W3IVIeXAa, B OBEYETO C/yyau He [OIyCKa
HapylllaBaHeTO Ha BTOpUS 3aKOH Ha TepMoAuHamMukara. Ho vma enuH
daTaneH HefmoOCTaThK. AKO YepHaTa JyrKa UMa eHTpPOIIYs, TO TS TpsibBa /a
¥Ma M TeMmriepaTypa. A Ts/0 C ompejeseHa TeMmrieparypa 6u TpsibBaio B
HsIKaKBa CTelleH Jia U3abyBa. Bcens3BeCcTHO e, ye KOrato I’bXHeM Pb)KeHa B
OTHUILIETO, TOU Ce Ha)Ke)kaBa [0 YepBeHO M 3arouBa Jla M3/1buBa, HO U
TejaTa C [O-HUCKA TeMIleparypa CbIO M3/IbYBaT; YOBEK IIPOCTO He
3a0esisi3Ba TOBa, 3alll0TO KOIMUECTBOTO € CPaBHUTETHO Masko. ToBa
V3/bUBaHe Ce U3MCKBa C OIVIe[, [a He Ce HapylllaBa BTOPUAT 3aKOH Ha
TepMoAuHaMukara. CriefoBaTe/THO UepHUTe [AynNKW Ou TpsibBasio Ja
n3npuBar. Ho mo geduHuius uepHUTe AYNKU ca 00eKTH, 3a KOUTO He ce
npejiriosiara Jia U3TbuyBaT KakBOTO U fAia Ouno. ETo 3ailo He MokeM ja
pasryekjame TIJIOIITa Ha XOPHU30HTa Ha ChbOUTHS Ha efjHa UepHa AyIiKa KaTo
enrpornus. [Ipe3 1971 r. 3aegHo ¢ bpaHabH KapTbp 1 ameprKkaHCKUs KoJiera
I>xum BapauiiH HamvcaxMe evH TPY[, B KOMTO MOCOYMXMeE, Ye mMakap Ja
¥Ma ToJIAIMO CXOACTBO MEXAY EHTPOIUATa Y IUIOINTa Ha XOpU30HTAa Ha
CbOUTUS, CBIECTBYBa Ta3u OueBHWAHO (parasHa TpygHOCT. TpsibBa fa
NpY3Hasl, ue MpU MHCAHETO Ha TO3W TPYJA MOTHBALUsiTa MU OTUacTu Oe
oOyc/oBeHa OT pa3ijpa3HeHHETO MU OT bekeHCTeliH, KOWTO criopefi MeH
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Gerrie TIPUJIOXKU TIOTPEIITHO MOETO OTKPUTHE 3a HapaCTBAaHETO Ha IUIOIITa
Ha XOpU30HTa Ha crOuTHs. OKa3a ce obaue, e TOM e OWJT TIPUHLIUITHO TIPaB,
Makap U Mo HauWH, KOUTO CUTYPHO He e O4aKBaJl.

ITpe3 1973 r., mokato 06X Ha mocemeHre B MocCKBa, 00CBHKaaxme
BBIIPOCA 3a UEPHUTe AYMNKWA C ABaMa BOJELIA ChbBETCKW CHELUaJUCTU —
SikoB 3enmoBuu U Anekcanabp CrapobuHcku. Te me ybenxa, ye ChI/IaCHO
TIPUHLIAIA Ha HeOlpeJe/eHOCTTa OT KBAHTOBAaTa MeXaHWKa BbPTALLUTE Ce
yepHU AyNKU Ou TpsibBasio fa ch3faBaT U U3/MbUBAT YacTUIM. [ToBspBax Ha
(r3MUeCKWTe UM apryMeHTH, HO He MM Xapeca MaTeMaTU4eCKUSIT IbT, 110
KOMTO W34YMC/ISIBAT U3/TbUBAHETO. 3aTOBA Ce 3aex /la Hamepsi Mo-MoAXoAsIa
MareMaThuecka TPaKTOBKA, KOSITO OMYCaxX Ha eJUH He()opMaJsieH CeMUHap B
Oxcdopp B kpas Ha HoeMmBpu 1973 T. ITo ToBa BpeMe oIrie He OsX HarpaBH/I
W3UMC/IeHUATa, 3a Jla Hamepsi KakBo Iije ObJe u3mrbuBaHeTo. OQuakBax Ja
OTKpHsI TOYHO TOBA U3/TbUBaHe, MpefckKa3aHo OT 3enoBud U CTapoOMHCKU
3a BBPTAIM Ce uvepHH AynkKd. HO Korato HarpaBuX W34YUCIIEHUETO,
yCTaHOBUX C Yyuy/lBaHe U $iJI, Ue Jake HEeBBbPTSIIM Ce UYepHU MAYNKU
OUYEeBHHO TPSIOBA /la Ch3[j@aBaT M U3/TbUBAT UACTHI[A C TIOCTOSTHHA CKOPOCT.
[IbpBOHAYa/IHO CMETHAX, Ue TOBAa M3/’bUBaHe MOKa3Ba HeBaJUJHOCTTA Ha
eIHO OT W3IMO/M3BaHUTE OT MeH NpUOMKeHUs. YIIalluX Cce, Ye ako
BekeHcreliH pa3bepe, I1je TO W3I0/I3Ba KaTo OIlle eIMH apr'yMeHT B 10/13a Ha
CBOSITA W/Jiesd 3a eHTPONUSTA Ha YePHUTE AYMKH, KOSTO MPOAb/DKaBax Ja He
xapecBaM. HO KOMKOTO TiOBeue pa3mulIsiBaX, TOJKOBa IIOBeue Ce
ybexxaBax, ue TpuOIKeHHsATa HAaUCTUHA TpsibBa Jla BakaT. ToBa, KOeTO
OKOHYaTe/IHO Me yOe/u, ue U3TbUBaHeTO e IeMCTBUTENHO, Oe CIIeKTbPhT Ha
W3/TbUEHNUTE YaCTULd — TOH Oellle TOUHO TaKbB, KAKBBTO Ce H3/bUBA OT
ropeujo TSI/I0 — W Ue yepHaTa JlylKa W3/’/bYBa YaCTULIM TOUHO TakKa, 3a Ja
NpefioTBPaT HapylllaBaHETO Ha BTOpUSl 3aKOH. [l0-KbCHO W Apyru
TOBTOpUXA MO Pa3/MYHMA HAYMHU W3UWC/IeHUsiTa. Bcuukyu moTBbpAMxa, ue
e/lHa uepHa JIyrKa TpsibBa Zia M3/TbUBa UaCTHUIM U TbueHHe, KaKTO ako Oerire
ropewio TS0 C TeMreparypa, 3aBUCell]a caMmo OT Macara Ha YyepHara JyIiKa:
KOJIKOTO MO-T0JISIMa e Macara, TOJIKOBa MO-HUCKA 11je e TeMrieparypara.

Kak e Bb3MO)KHO uepHa /IyIika /ia M3/IlbUBa UaCTUI[M, KOTaTo 3HaeM, ue
HUITI0 He MOKe Jla u30sAra OT HeWHHs XOPU30HT Ha CbOUTHA? OTrOBOPBT,
Ka3Ba KBaHTOBATa TEOpUs, €, Ue YaCTUI[MTe He U/BAT OT BbTPEILIHOCTTa Ha
yepHaTa JymKa, a OT ,Mpa3HOTO®“ TPOCTPAaHCTBO M3BbH XOPDU30HTA Ha
cbOUTHS Ha yepHaTa gynka! MoxeMm ia pa3bepeM TOBa 10 C/IeHUS HauWH:
MPOCTPaHCTBOTO, KOETO MphemMaMe Karo ,Ipa3HO“, He e CbBCeM MpasHo,
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3all[0TO TOBaA IIje 3HauW, Ye BCUUKM I10JieTa, HallpMep T'PaBUTAIJMOHHOTO U
e/IeKTPOMAarHMTHOTO, I1je TPsiOBa Jla ca TOYHO HysneBH. Ho cTolHOCTTa Ha
e/IHO T0Jie U HeroBaTa CKOpPOCT Ha U3MeHeHHe C BpeMeTO Ca KaTo CKOPOCTTa
Y TO0/0)KeHWeTO Ha e/lHa YacTulla: MNPUHLIMOBT Ha HeorpeJeneHoCTTa
TBBPAM, Ue KOJKOTO TO-TOYHO 3HaeM eJHaTa OT Te3W [IBe BeJIMUMHH,
TOJIKOBA T0-HETOUHO I1le 3HaeM JipyraTa. Taka ue B Ipa3HOTO MIPOCTPAHCTBO
T0JIeTO He MoxKe /la ObJie (PMKCHMPAHO TOYHO Ha HyJaTa, 3alljoTO ToraBa ou
MMaJi0 TOYHA CTOMHOCT (Hy/Ja) M TOUYHA CKOPOCT Ha U3MeHeHHe (Cbllo
Hyna). TpsibBa [Ja wWMa HAKAaKBO MHHHMMA/JHO KOJIMUYeCTBO Ha
Heorpe/ieJIeHOCT WM KBAaHTOBU (GUIyKTyal[dd B CTOMHOCTTa Ha TI0JIeTO.
BbruxMe Mor/iv /la CU TIpe/ICTaBUM Te3u (IyKTyalluM KaTo ABOMKA UaCTULIU
CBeT/IMHA WU TpaBUTALUsi, KOUTO Ce SIBSIBAaT eJHOBPEMEHHO B HSKAaKbB
MOMEHT, pa3jajiedaBaT Ce W TI0C/ie OTHOBO ce cOMKaBaT M aHUXWIHMPAT
efiHa Apyra. Te3u yacTUIM ca BUPTYa/HH, TT0J00HO Ha YaCTUIUTe, HOCeIU
rpaBUTALIMOHHOTO feiictBue Ha C/BbHIETO: 3a pa3ivka OT peaHUTe
YaCTUIM Te He MOorar /ia ce Hab/rofaBaT AMPEKTHO C /IeTeKTOP Ha YaCTUILIU.
Ho TexHWTe KOCBEeHU B/MSIHUS, KaTO HalpyuMep MaJsIKuTe W3MeHeHHUs B
eHeprusita Ha eJIeKTPOHHUTe OpOMTH B aTOMa, MOraT Jia ce U3MepAT U ce
ChIVIACyBaT WU3KJIHOUMTETHO TOYHO C TeOpeTUUYHHWTe Mpejcka3BaHus. OcBeH
TOBa TPHUHLIUITBT Ha Heorpe/eseHOCTTa Mpe/cKa3Ba CbllleCTBYBaHETO Ha
1oJ00HM BUPTya/IHA JBOMKHM OT MaTepHaHU YaCTHUIM KaTo elleKTPOHUTE U
KBapkuTe. B To3u cnyuait ob6aue elMHUAT UieH Ha JBOMKaTa IIle e YacTHUlIa,
a IpYyrUsIT aHTUYacTyla (aHTUYACTUL[MTe Ha CBeT/IMHATa U rpaBUTALUsATA Ca
eJTHaKBU C YaCTHULIUTE).

[ToHexxe eHeprusiTa He MO)XKe /la Ce Ch3ZlaBa OT HUILO, eUHUST OT
MapTHLOpUTE B [IBOMKATa 4YaCTHUI]a/aHTUUaCTUIla Ije MMa TI0JIOKUTe/THA
eHeprus, a [pyrusT — oTpullaTesHa. 103U C OTpuUllaTe/Ha eHeprusi e
obpeueH Ja Obje KpaTKO)KMBeellla BUpTyajHa 4YacTWlla, ThA Karo B
HOpMa/HU yCJIOBHSI pea/iHUTe YacCTHI[M WMaT BHWHArd TIOJI0OXKUTe/IHA
eHeprusi. [lopazu ToBa TOU IIle THPCU MAapTHhOpPA CU U 1ije aHUXWUIUPA C
Hero. Ho 651130 /10 elHO MacUBHO TS/I0 iHa peasiHa yacTHlla UMa Mo-MaJika
eHeprusi, OTKOJIKOTO aKo e T0-7aJiede, 3aljoTo Ije e HeobXoauMo Ja rmoemMe
eHeprusi, 3a /Ja ce OTjAajeud, TIPeofio/iiBalkKd TpaBUTALIMOHHOTO
NpUB/IMYaHe Ha TsyoTo. OOMKHOBEHO eHeprusita Ha YacTUIUTe OCTaBa
MOJIOKUTE/IHA, HO T'PABUTALIMOHHOTO TI0jie BbB BBTPEIIHOCTTa Ha eHa
yepHa JymKa e TOJIKOBa CU/HO, Ye TaM JIOPU U peajiHaTa yaCTHLla MOXKe /i
MMa oTpullaTesiHa eHeprusi. [lopasyu ToBa e Bb3MOKHO, aKO CBII[eCTBYBA
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yepHa JAymKa, BUPTya/HaTa 4yaCTUlla C OTpUIlaTe/IHa eHeprus [ia MajHe B
Hes U /i@ Ce TMPeBbpHE B peajiHa YacTHlla WM aHTHMYacTvlla. ToraBa Beye
HsMa [la aHUXWIMpa CbC CBOSI MapTHbOP. HEeWHUWST M30CTaBeH MapTHLOP
CBIIO MOXe Ja MaJAHe B yYepHata Aynka. WM mbK, TIpUTeKaBaulKu
TI0JIO)KUTE/THA €HepTrHsi, MO)Ke /ia h3bsira OT OKOJIHOCTTa Ha uepHara AyTika
BbB BUJl Ha peajHa yacTyla Wiu aHTudactuna (¢ur. 7.4). Ha pganeueH
HabJttofiaTesn 1ie My ce CTOpH, 4e Ts e Ousa uM3abueHa OT yepHaTa JyriKa.
KosikoTo mo-maska e yepHara AyrKa, TOJIKOBa MO-KbCO Lije € pa3CTOSTHUETO,
KOeTO YacTuilaTa C OTpHllaTe/THa eHeprus Iiie TpsidBa Zia U3MUHe, Mpey Ja
ce TIpeBbpPHE B peasiHa yacCTHLa, a CJieJoBaTe/HO TOJIKOBa IO-TOJISIMO 11e e
W3/TbUBAHETO U BUYMara TemriepaTypa Ha uepHara JyTiKa.

AHTHYACTIALLA,
OUBOEDM 1A~
BaALNA CF 8
GEIKPAA -
HOCTTA

OBOF KN YACTMLLA.-
AHTHYACTHLLA

YACTLA,
Nnafdalla B
HEPHA O¥NKA

BFEME

NMFOLCTPAHCTED HEPHA O¥IIKA (XOPAIOHT HA CHEMTHATA)
$HT VPA 7.4

[Toso)kuTeIHaTa eHeprysi Ha OCBOOOXK/IaBaHOTO W3/bUBAHe Iije Ce
OaslaHCUpa OT MOTOK YaCTULIM C OTpUIjaTe/Ha eHeprusi KbM uepHara JAyTiKa.
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OT ypaBHeHueTo Ha AlHmaiH E = mc® (kbjeto E e eHeprusita, m e
Macara, a C € CKOpPOCTTa Ha CBeT/IMHATa) eHeprusiTa e MporopiroHaiHa Ha
Macara. ETo 3all[0 MOTOKBT OT OTpUIIaTe/IHA eHeprusi KbM uepHaTa AyIiKa
e Hamanu Macara W. Korato yepHara gymnka rybu maca, Tiomira Ha
XOpU30HTa ¥ Ha CLOUTHSA CTaBa TI0-Majka, HO TOBAa HamaJ/ieHHWe B
eHTPOIUSATA Ha UepHaTa /yIKa e roBedye OT KOMITIEHCHPAHO OT eHTPOIUATa
Ha O0CBOOOJIEHOTO W3/bUBaHe, Taka ue BTOPUAT 3aKOH HHMKOra He ce
HapyIllaBa.

OcBeH TOBa, KOJIKOTO TI0-MaJjika e MacaTa Ha uepHara JymKa, TOJKOBa
TO-BHCOKa e HelHaTa TemrepaTypa. Taka 4e, KOraTo yepHara [AyTrKa Tyou
Maca, HeliHaTa TemIiepaTypa UM CKOPOCT Ha W3/’bUBaHe HapacTBaT W Ts
3amoyBa 1o-0bp30 Aa rybu maca. KakBo crtaBa, KOoraTo Macara Ha 4yepHara
AyTKa CTaHe W3K/IHOUUTETHO Majlka, He e ChbBCeM SICHO, HO Hail-pa3yMHOTO
TIPe/ITI0/IO’KEHHE e, Ue TSI HAITh/THO I1ie u34e3He B e[JUH TUraHTCKU MOoC/ie/leH
B3pHMB, PAaBHOCTOEH Ha eKCIIJI03UsiTa Ha MUJTMOHU BOAOPOAHU O0MOHU.

TemrepaTypara Ha eHa uepHa /yNKa C Maca HSKOJKO ITbTH
cTpHYeBaTa OW TpsibBasio Zia e camo C JeceT MWIMOHHU OT rpajyca Tio-
BHCOKa OT abcosroTHaTa Hy/ma. TS e MHOTO TIO-HUCKa OT TemriepaTypara Ha
MUKDOBB/JIHOBOTO JIbU€HHe, Wu3MNbjBalll0 BceneHata (okoso 2,7° Hafj,
abco/mtoTHaTa Hysa), Taka ue YepHUTe AYIKA BHHATW W3TbUBaT I0O-MaJIKo,
OTKOJIKOTO TOr/bljaT. AKo chabaTta Ha BceneHara e /la pob/kaBa /ia ce
pas3IMpsiBa BeUHO, TemriepaTypaTa Ha MUKDPOBB/IHOBOTO JbUeHHEe Hakpas
ITle Cria/iHe T10/] TeMIlepaTypaTa Ha TakKaBa uepHa JyTiKa U Ts IIje 3arovHe fa
ryou maca. Ho fgopu u ToraBa HeliHaTa TemriepaTypa Iie Ob/e TOIKOBa
HUCKa, ue Ije ca HeobxoguMu npubmusurenHo 10 roaunu, 3a ga ce
W3Mapyu HarmbAHO. TO3W CPOK € MHOro TMOo-AbABI OT Bbh3pacTTa Ha
Bcenenara, koaro e egsa 1x100 — 2x10'% rogunu. Ot gpyra crpana,
KaKTO ce CrioMeHa B r7iaBa 6, O6u TpsibBasio fa Cbll[eCTByBaT ITbPBUYHU
yepHUd [JyMKA C MHOTO TI0-Majika Maca, obOpa3yBaHM OT KoJarliC Ha
HEeTNpaBUTHOCTUTE B ChBCEM Haya/JHUTe CTaAuM Ha BceneHara.
Temmieparypara Ha TakvBa 4YepHU AynKuW Ou TpsOBaso /fa € MHOTO TIO-
BHCOKa M W3/TbYBAHETO UM Jla € MHOTrO T0-eHepruyHo. KUBOTHT Ha efHa
IMbPBMYHA UepHa ZlyTKa ¢ HauajHa Maca 10° ToHa e mpu6/IM3UTeNHO paBeH
Ha Bb3pacTTa Ha BceseHara. [IbpBHUHMTE UepHU AYIKWA C HaYa/JIHA MacH
TOZl, Ta3u CTOMHOCT OU TpsiOBasio Beue Jia Ca HAITBJIHO U3MAPEHU, HO MaJIKO
MO-MaCUBHUTE OT TAX MPOAB/DKABAT /a OCBOOOXKJAaBaT H3/bUBaHe TMOf
c¢opMaTa Ha peHTIeHOBU W Tama-Jbud. Te3u PeHTreHOBU U raMa-ibuM ca
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KaTo CBETJIMHHWUTe BbLJHHM, HO Jb/DKAHATA UM e MHOTO Mo-Majika. TakvBa
AyTIKU efiBa JIM 3ac/y>kKaBaT TpU/IaraTeHOTO ,,YepHU: BCBIHOCT Te Ca
HadcedxiceHu 00 6510 v u3abuBar eHeprusi okoao 10 000 merasara.

E/fHa TakaBa uepHa AyTKa € B CbCTOSTHUE /1a MOJAbpXKa JeCeT rojeMu
e/IeKTpOLleHTPpa/Ik, CaMO ako MOXKeM /la BIIperHeM eHeprusita . Tosa 11ie e
MHOTO TPYAHO obOaue: Macara Ha dYepHara fymnka Ille e karo TiaHwWHa,
rnpecoBaHa B 1o-Mako ot 1072 yHua — pasmepsT Ha aTOMHOTO s7ipo! AKO
Ha 3eMHaTa MOBbPXHOCT MMa €JHa OT Te3W UepHU AYMKHU, M0 HUKAKbB
HauuH He MOXKeM Jla U TOTpeyuM Jia CTUrHe 1jeHTbpa Ha 3eMmsTa. T lile
TPeNTU OKOJI0 IleHTbpa Ha 3eMsiTa [0TOraBa, [OKaTO Hakpasi [1OCTUTHe
1eHTbpa. CjiefoBaTeIHO €IUHCTBEHOTO MSICTO, KbJeTO TpsibBa mJa ce
MOCTaBY TaKaBa YepHa JyTIKa, 3a /la MOXKeM /ia OTMOJI30TBOPUM H3/TbUBaHaTa
OT Hesl eHeprus, Iile e Ha opouTa OKojIo 3eMsiTa, a eJUHCTBEHUSAT HauWH /1 5
HaKapaMme Jia Ce JIBW)KUA B opbuTa okosio 3emsiTa lije e /ia s IpUMaMUM TaM,
KaTo CTpyllaMe OrpoOMHa Maca TipeJ, Hesi — HeIll0 KaToO MOPKOB IIpef,
Mmarape. [lpeanokeHneTo He H3I/EXKJa OCOOEHO TIPAaKTUUHO, TIOHE 3a
6M3K0TO OBbelIle.
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Ho fopu /1a He MOXKeM /ia BIIperHeM U3TbUBaHETO OT Te3HW ITbPBUUHU
yepHU AYIIKM, KaKBU Ca IIIaHCOBeTe HHU Jla ' HabOsromaBame? MoykeM fia
ThPCHM TaMa-TbuuTe, KOUTO ITbPBUYHUTE UepHHU AYITKA WU3/TbUBaT Mpe3 To-
rojisiMaTa 4acT OT >KMBOTa CU. Makap Ji/bUeHHMeTO OT MOBeueTo OT TAX /A e
MHOTO C/1a00, 3aI[0TO Ca TBBPJE Aajed, MoXke OM 00IOTO KOIMYeCTBO OT
BCHYKH T#X IIle € OTKpUBaeMo. BChIIHOCT HUe HabsofaBamMme TakbB (DOH OT
ramMa-Tbud: Ha Qur. 7.5 ce BWKJa Kak HaO/IO/aBaHUAT WHTEH3UTET Ce
pa3srMyaBa 3a pa3/IMuHUTe uecTOTH (OposiT BbIHU B ceKyH/ia). Ho To3u ¢doH
6u MOrb/ /a € U BEpPOATHO € TeHepHpaH OT IIPOLeCH, pa3/uyHU OT
IBPBUUHKTE YepHU AyTNKU. [TyHKTHpaHaTa JHUsA Ha Gur. 7.5 mokas3Ba Kak
WHTEH3UTeThT TpsiOBa /a Bapupa C 4YecToTaTa 3a TramMa-JTbuuTe,
0CBOOOXKJaBaHU OT ITbPBUYHM UEPHM [JYyNKH, ako Te ca cpegHo 300 Ha
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KyOWuHa CBeT/IMHHA roAvHa. [lopas TOBa MOXe /a Ce Kaxe, Ue
HaO/If0laBaHeTO Ha Trama-bueBUss (OH He TIpe[CTaB/sBa HSIKAaKBO
No/0X#CUMe/nHO [0Ka3aTe/iCTBO 3a ITbPBUYHU UEpPHU AYIKH, HO COYM, ye
cpegHO Te He Morar ja ca roBede oT 300 Ha KyOWUHA CBET/IMHHA TOAWHA
BbB BceseHara. Ta3u rpaHuvila O3HauaBa, ye MbPBAUHUTE UEPHU AYNKHU
BEPOSITHO MPeACTaB/IsIBAT HaM-MHOIO €lHa MWJIMOHHA OT MaTepusTa BbB
Bcenenara.

Crniel KaTo0 MbPBUYHUTE YEPHU AYNKHU Ca TaKaBa PSAKOCT, M3IJIeX/a
HeTpaBJoMNoA00HO Zla MMa HSKOsS, A0CTaTbyHO OnM30 [0 Hac, 3a jJa o
HaO/ifolaBaMe KaTo OT/e/leH HW3TOUYHWK Ha TaMa-Thud. A cjiefi KaTo
rpaBUTalvATa OW TIpUTEr/IM/a THPBUYHUTE UYEpHU MAYIKHM KbM BCSKA
MaTepusi, Te Ou TpsOBaso fAa ca TO-pa3NpPOCTPAaHEHU BHB U  OKOJIO
rajakTvkure. Taka ue, Makap (DOHBT Ha rama-JIbuvTe Jila HU Ka3Ba, ue He
MOKe Jla ©Ma cpefiHo roBeue OT 300 MbpBUYHM Ue€pHHU AYMKH Ha KyOHUHa
CBET/INHHA TO[MHA, TOM He TOBOPW HMIIO 3a TOBA, KOJKO Pa3npOCTPaHEHU
MoraT 7ia ca Te B Hamiarta cobcrBeHa I'ajakTmka. AKO, Zla KakKem, Te ca
MUJTMOH IThTH TMO-Pa3lpOCTpPaHeHy, TO Hal-O/M3KaTa /0 HaC yepHa [AyIiKa
BepOSITHO 1Iie e Ha 0Ko/10 10° KM 1y mpubansuTeiHO Ha KOKOTO e I1nyToH
— HaW-OTAaseuyeHara To3Hara IjlaHeTa. Ho M 3a ToBa pa3cTosiHUWe Iije e
MHOIO TPYAHO [la Ce perucTpupa IOCTOSHHOTO JIbUeHWe OT eHa uYepHa
AyTiKa, opy ako e oT 10 000 meraBaTta. 3a fia HabmMogaBaMe eiHa IMbPBUYHA
yepHa /yrika, TpsibBa Jila perucTprpame HSKOMKO KBaHTa, raMa-TbuH,
W/JBallld OT eJHa W Cbllla TOCOKa 3a pa3yMHO MNPOJBL/DKUTEHO BpeMe,
HarpuMmep efHa ceaMulia. B mpoTuBeH Ciiyya Te MOXKe [la Ca MPOCTO 4acT
oT poHa. Ho kBaHTOBUAT MpuHIMIT Ha [I1aHK HU Ka3Ba, Ye BCEKW KBaHT
ramMa-ibud € C MHOTO BHCOKAa €Hepruvs, ThbM KaTO ueCcToTara UM € MHOIO
BUCOKa, Taka ue 3a ussbuBaHeTo gopyd Ha 10 000 meraBaTa HAMa ga ca
HY>KHA MHOTO KBaHTH. A 3a Hab/ro/aBaHeTo Ha TO3W MalTbK Opoil KBaHTH,
WZIBAIIA OT Pa3CTOsSIHUETO Ha ITyToH, 1ije e HeoOX0AUM MO-TOJISIM /IeTEKTOP
3a rama-jb4M, OTKOJIKOTO BCHUUKHW, ITIOCTPO€HHM Jocera. Hero roBeue,
JeTEeKTOPBT Iije TPsiOBa Jja e B Kocmoca, Thil KaTo raMa-TbunTe He MoraT /ia
TIPOHUKBAT Mpe3 aTMocdepara.

Pa3bupa ce, ako egHa yepHa AyTKa, TOAKOBa Omm3ka karo IlnyToH, e
KbM Kpasi Ha )KMBOTa CM U ¥ TpPeJCTOM Jja u3uesHe, jecHo llle moxem fja
yCTaHOBUM I10C/IeTHOTO M30yxBaHe Ha U3/TbuBaHeTo. Ho ako uepHara Ayrka
e U3/IbuBajia B npoAb/bKeHre Ha 10—20 myip/. roavHu, MaHChT Aa JOCTUTHE
Kpasi Ha >KMBOTa CHU Tipe3 CJie[BalljuTe HSIKOJKO TOAWHH, 3a pas3jiMKa OT
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HSIKOJIKO MUJIMOHA TOAMHU B MMHAJ/IOTO WK ObJielleTo, e HauCTUHA TBhp/ie
Manbk! Taka ye, 3a Jla uMMare IlaHca fAa HaO/MofaBaTe efHa eKCILIo3us,
Tpe/iy /la u3Tedye CPOKbT Ha U3C/Ie[BaHUSITA BH, Iije TPsOBa /la HaMepuTe
HauyuVH [la YJIOBUTe BCUUYKU MMITYJICU B TPAHULIUTE HAa €JHO Pa3CTOSHHE OT
OKOJI0 efHa CBeT/MHHA roAuHa. UM mak 1e ce cbabckare ¢ mpobrema fa
pasrioJiarare C rojisiM /IeTeKTOp 3a rama-/Ibud, 3a Zia HaO/ofjaBaTe HSIKOJIKO
KBaHTa TaMa-Tbud OT eKCIyio3usATa. B To3u ciyuaii obaue HsiMa fa e
Heo0X0UMO /ia oripejie/isiTe Ziav KBAaHTUTE W/BAT OT e[jHa U Chllla MOCOKa:
[IOCTaThYHO € /1a Ce YCTaHOBH, Ue BCUUKHU Te TIPUCTUTaT B KPaTbK UHTEPBal
OT BpeMe, 3a /la CMe CUTYPHH, Ue Ca OT e/IHO U ChIlo u3byxBaHe.

EfvH feTeKTop 3a raMma-bud, rofieH /a pasro3Hae MbPBUYHU UYepHU
AYTIKH, e Lsi1ata 3eMHa atMocdepa. (BB Bceku ciyyail efiBa Jiv 11je MOXeM
Ja noctpouM mno-rosisiM!) Korato BHCOKOeHepreTMUeH KBaHT rama-Tbud
CpelljHe aTOMM B HalllaTa aTMocCdepa, TOW Ch3/laBa JABOWKU eNeKTPOHU U
MO3UTPOHU (aHTUeseKTPoHU). [Ipu cOIbCKBaHETO UM C APYTU aTOMU Te OT
CBOsI CTPaHa Cbh3/aBar Ollle JBOWKU e/IeKTPOHU U TI03UTPOHU U Ce T0JlyyaBa
Taka HapeuyeHUsT eJieKTPOHeH TIopol. Pe3ynTaThT € BHJ CBET/IMHA,
HapeueHa YepeHKOBCKO J/buyeHue. I[lopagu TOBa MOXKeM [a OTKpUEM
n30yxBaHUSI Ha raMa-TbuH, KaTO TbPCHUM IPOCBETBAHUSI B HOIIHOTO Hebe.
Pa3bupa ce, IMa MHO>KeCTBO JIDYTH SIBJIEHUSI, KATO Harlp¥Mep CBeTKaBULIATe
M OTPaKeHWETO Ha C/JbHYEBaTa CBeT/IMHA OT TMajalld CITbTHULY WU
OTJIOMKH, KOMTO CBIII0O MOraT Jla JaBaT MpocBeTBaHus 1Mo Hebeto. ['ama-
TbueBUTe U30yXBaHUS MOTAT Jla Ce pa3rpaHHWYaBaT OT TaKWBa e(eKTH, KaTo
Hab/ojaBaMe TIPDOCBETBAHUATA €QHOBPEMEHHO OT JiIBé WM TIOBeye
CPaBHUTEJIHO OT/ja/iedyeHn MecTa. TakoBa TbpceHe Oe MPOBeJEHO OT /BaMa
yueHu ot Jw6mH — Huiin [TopTep ¥ TpeBbp YMMKC — C TIOMOINTa Ha
TeJieCKO B ApusoHa. Te ycTaHOBMXa MHOKeCTBO TIPOCBETBAHMS, HO He U
TaKvBa, KOWUTO MOraTr OIlpeje/ieHO Ja Ce TIpUIMIIAT Ha rama-Ib4eBU
130yxBaHUS OT ITbPBUUHN YePHU AYTIKHU.

Makap TbpCeHeTO Ha MbPBUYHW Y€PHU AYNKHU Jla laBa OTpHULIaTesIeH
pe3y/TaT, KaKTO U3IJIeX/1a, TO TakK lije HU NpeJoCTaBu BakHa MH(OpMaLYs
3a CbBCEM paHHUTe cTaiuu Ha BceseHnara. Ako paHHara Bcenena e Ouna
XaOTHWYHA U HelpaBW/IHA WM aKO HaJiAraHeTO Ha MaTepusiTa e 6110 HUCKO,
ObuxMe MOI/IM [la OYakBaMe Ja ce oOpa3yBaT MHOrO TIOBeue ITbPBUUHU
yepHU JyNKW OT FPAHMIIATA, Beue MOCTaBeHa upe3 HaluTe HabmrogeHus Ha
¢doHa ot rama-mpun. Camo ako paHHata BcesieHa e 6Guia MHOTO U3r/iafieHa U
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eIHOPOJHA, C BHUCOKO HajsIraHe, MO)Ke Ja ce OOsSCHM Jjurcata Ha
HabJsromaeM Opoi TbPBUYHN UepHU JYTIKH.

WpesTa 3a W3/TbUBAHETO OT UEpHUTEe AYIKU Oe MBPBUSAT TIpUMeEp 3a
eJHO Mpe/CcKa3aHue, KOeTO ChIeCTBeHO 3aBUCH U OT JBeTe rojieMyd TeOpUU
Ha HamwMs BeK: oOIljatTa Teopusi Ha OTHOCUTETHOCTTAa M KBAaHTOBATa
MeXaHUKa.

[TbpBOHAUa/HO TS CpelljHA rojisiMa ChITPOTHBA, 3all[0TO TpeoObpHa
ChIlleCTBYBalllaTa mpe/icTaBa: ,,Kak e Bb3MOXKHO e/lHa YepHa AyTika HU300I1110
fa u3npyBa?“ Korato 3a ObpPBU BT U3JIOKUX pe3yaTaTUTe OT CBOUTE
W3uMC/IeHns Ha KoH(epeH1ys B 1aboparopusra ,,Peabpdops — AMbATHH
6mu3o g0 Okcdopn, cpeijHax BceoOiio HemoBepue. B kpasi Ha
W3JI0KEHWEeTO MU Tipefcenarensit Ha cecusata [bkoH k. Tewrsp ot Kunrc
Komumxk — JIOHAOH, 3asBH, Ye BCHUYKO TOBa ca Oe3cmucimiu. Toil gopu
Hamuca pabora 3a ToBa. Ho B KpaiiHa CMeTKa TOBeUeTOo, BK/IFOUMTE/HO U
Ixon Telimbp, cTUTHAXa [0 U3BO/ja, Ue UepHUTe AYIIKU TPsiOBa Jia U3TbuBaT
1moloOHO Ha TOpeld Teja, aKO OCTaHaAWTe HM TpeAcTaBU 3a oOIrara
Teopys Ha OTHOCUTE/JIHOCTTA U KBAaHTOBaTa MeXaHWKAa Ca MpaBWIHU. Taka
ye, MakKap Olle /[a He CMe YyCIeayd Ja HaMepuM IbpPBAYHA YepHa [AYIIKa,
MOYTH BCHUKM Ca CBITIACHU, Ue aKo ycCIieeM, Ts Irje TpsibBa OOMIHO fa
V3/TbYBa raMa- U PeHTIT€HOBU JIbUM.

ChbllleCTByBaHeTO Ha H3/bYBaHe OT YepHUTEe [AYNKU Mpejrosiara
I'PaBUTALIMOHHUSAT KOJIArC /la He e Taka OKOHUaTesieH U 6e3Bb3BpaTeH, KakKTo
HsKOra MuciexMe. AKO eJVH aCTpPOHAaBT MaJHe B uepHa AyIKa, HerMHaTa
Maca Ie Ce yBe/IWud, HO €eHePruiHUAT eKBUBAJIEHT Ha Ta3M JOMbJHUTE/HA
Maca uie ce BbpHe Ha Bcenenara mog ¢opmara Ha u3nbyBaHe. Taka B
W3BECTeH CMUCH/ aCTPOHABTHT I1fe Obe ,,Bb3cTaHoBeH”. ToBa oOaue e e
HeTpUsiTeH BuUJ, 0Oe3cMbpTHe, 3allloTO BCsSKa JIMYHA TIpeJcTaBa Ha
acTpOHaBTa 3a BpeMe IMoYTU Hen30eXXHO IIje CBBPIIM C Pa3KbCBAaHETO MY
BbB BbTPELIHOCTTA Ha uepHaTta Ayrka! [lopy BuAOBeTe 4aCTULM, KOUTO
BEPOSITHO 1I[e Ce U3/TbyaT OT UepHara [yIiKa, e ObJaT B 00lus ciydaid
Pas/iMuHA OT Te3W, U3rPaXKAalll aCTPOHaBTa: €JUHCTBEHOTO CBOMCTBO Ha
acTpOHaBTa, KOeTo I1e oLiesiee, Iije Ob/ie HeroBaTa Maca Wi eHeprusl.

[TpubmkeHusiTa, C KOWUTO CHU TIOCAY)KHUX TP H3BEXKJAHETO Ha
W3/TbUBAHETO OT YepHUTE AYIIKH, OM TpsibBasio Zia paboTaT U Korato mMacara
Ha yepHara JAymKa e M[o-rojsisiMa OT yYacTulja OT rpama. Ho Te wie ce
TIPOBAJISAT B KPasi Ha )KUBOTA HA uepHara AyIKa, Korato HelMHaTa Maca CTaBa
TBbpZAE Masika. Hali-BeposiTHUSI 3aBBbpILEK, W3I/IeX[a, e uyepHara AyrKa
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MPOCTO /la U3ue3He, TIOHe B Haliata obsacT oT BceseHaTa, OTHAaCSWKUA ChC
cebe cH acTpoHaBTa U BCsSKa €BeHTya/lHA CHHTY/ISPHOCT B cebe cH, ako
HauUCTWMHA KMa TakaBa. ToBa Oe ITbpPBOTO yKa3aHWe, uYe KBaHTOBATa
MeXaHWKa BepOSITHO TIpeMaxBa CHHTY/ISIPHOCTUTe, TIpeficka3aHu OT olirjara
Teopus Ha OTHOCUTesHOCTTa. HO MeToauTe, KOUTO Y a3, U [pyrure
u3sros3Baxme rpe3 1974 r., He 6sixa TOIHU Jja OTTOBOPST HA TaKUBa BBIIPOCH
Karo 111e Ce MOSABSAT /I CUHTYJIIPHOCTH B KBaHTOBaTa rpasuranus. ETo 3aio
cnen 1975 1. 3arouHax Aa pa3paboTBaM equH TIO-MOIIEH TOAXO0[ KbM
KBaHTOBaTa rpaBUTal[usi, Oa3upaH Ha uzaesTa Ha Puuapg ®alinmaH 3a
cymaTa mo Tpaekrtopuu. B ciefBaijure ABe IJ1aBU 1ije ONUILIA OTTOBOPUTE,
KOWTO TIpeJiTio/siara To3u ToAX0/, 3a MPou3Xofa 1 chibara Ha BceneHara u 3a
HEeWHUS CbCTaB, Karo HarpuMmep acTpoHaBTa. llle Buanm, ye Makap
MPDUHLIUOBT HA HEOMNpeAeJeHOCTTa Jia IIOCTaBs OrpaHUYeHUs] BBbPXY
TOYHOCTTA Ha BCUYKU HAIlA TpPeJCKa3aHUs, ChbIIeBDEMEHHO TOM MOXKe Za
OTCTPaHM OCHOBHATa HeNpeACcKa3’yeMOCT, KOSITO  CbIeCTByBa B
CHUHTY/ISIDHOCTTA TIPOCTPAHCTBO-BPEME.
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8. IPON3XOABT U CHJABATA HA
BCEJIEHATA

Oob1iara Teoprst Ha OTHOCHUTE/THOCTTA Ha AMHIIIAMH TIpeficKa3Ba, ue
MPOCTPaHCTBO-BPEMETO € 3arl0YHAaJI0 B CUHTY/ISIDHOCTTA Ha ['onemus B3puB
Y 11je 3aBbPIIM B CUHTY/ISIPHOCTTA Ha ['onemus cpuB (ako 1jssiata BcesneHa
MpeThPIY OTHOBO KOJIArC) WIX B CUHTY/ISIPHOCTTA Ha YepHa Aynka (ako
nokayiHa obnacT Karo 3Be3ja Kojaricupa). Beska romaziHama B yrKarta
Marepus 1je Ce pa3pyllyd B CUHTY/SIDHOCTTA, a OTBBH L€ TPOAB/DKU /ia Ce
Bb3MpMEMa CaMO TpaBUTALIMOHHUAT edeKT Ha HeiiHaTa Maca. OT apyra
CTpaHa, KOraTo OTueTeM KBAHTOBUTe e(eKTH, MacaTa WM eHeprusita Ha
Marepusita BEepPOSITHO Hakpas e Ce BbPHAT KbM OCTaHajara 4acT OT
Bcenenara, a uepHara Jyrika 3aefjHO CbC CUHTY/ISIDHOCTTA 11je Ce M3Mapu U
Hakpas 1e u3ue3He. Bb3MO)KHO /I € KBAaHTOBAaTa MeXaHUKA /1a UMa eIHAKBO
JlpaMaTUYHO Bb3/IEMCTBUE BbPXY CHHIY/ISIPHOCTUTE Ha [o/eMusi B3pUB U
T'onemus cpuB? KakBO cTaBa BCBIJHOCT B Hal-paHHUTE WM KbCHU CTa[UU
Ha BceneHara, Korato rpaBUTaLjMOHHUTE TI0jIeTa Ca TOJKOBA CUJIHU, 4e
KBaHTOBHTe e(eKTH He Morar jJa ce IipeHeOperHar? Vma /i BCBIIJHOCT
Bcenenara Hadano uiv Kpau? Y ako uMa — KakBH ca Te?

IIpe3 cememzeceTTe roAVHU Ce 3aHUMaBax IpPeAUMHO C U3y4YaBaHETO
Ha yepHUTe JyIKu, HO mpe3 1981 r., KoraTo B3ex y4acTve B KOH(epeHIIUs
110 KOCMOJIOTUSI, OpraHr3vpaHa OT We3yuTuTe BbB BaTrKaHa, MHTepeChT MU
KbM BBIIPOCHTE 3a TMpOM3XoJa W ChAbaTa Ha BceseHata OTHOBO ce
cbOynuxa. Karomueckara 1bpkBa 0Oe fomnycHasa To/issMa Tpelika C
[anvnen, Korato ce OMUTa Jla OTpeye 3aKOHa BbPXY HayyHa OCHOBa,
3asBsiBaliKY, ye CIBHLIETO Cce BbPTU OKO/IO 3emsTa. Cera, BeKOBe IMO-KbCHO,
Ts1 Oe pelliv/ia /ia TIOKaHU CTIeIUaINCTH, 3a [ia TM ChBeTBa 0 KocMoyiorust. B
Kpasi Ha KoH(epeHI[MsATa BCUUKU yUaCTHUIM OsiXMe TIpUeTH OT rariata. Toi
HMA Kas3a, ue HsMa HUILO JIOLIO B TOBAa /@ M3ydaBaMe eBOJIIOLMATA Ha
Bcenenara cnen ['onemus B3puB, HO He OMBa fia u3caeBame camus [osisim
B3pHMB, 3alll0OTO TOBAa € MOMEHTbT Ha CbhTBOPEHMETO, a CJielOBaTe/IHO e
pabora Ha Bora. 3apaziBax ce, ue rariata He 3Haellle TemMara Ha TOKY-II[O
W3HECeHUsI OT MeH [IOK/IaJi Ha KOH(epeHUusTa — BepOSATHOCTTA
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MPOCTPaHCTBO-BPEMETO /la € KpalHO, HO [la HMa I'PaHUI[M, KOeTO 03HauaBa,
ye He OM MMa/i0 Hayajio, HUTO MbK MoMeHT Ha CbhbTBOpeHHeTOo. Hsmax
KeJlaHWe Jia criofiesisi chAbarta Ha ["amieli, c KOTOTO MU ce CTPyBa, Ye UMaM
MHOTO OOIII0 0TYACTH MOpajy CHBMAEHHETO Jla CbM ce poaua Toudo 300
TO[IVHY CJieJ] HeroBara CMbpT!

3a ma obsicHA cBosiTa Wjesi, Criofie/isHa U OT APYTH, 3a TOBa, Kak
KBaHTOBaTa MexaHMKa MOXKe Jla B/Wse Ha Tpou3Xofa U cChAbaTa Ha
Bcenenara, ce Hanmara IbpBO fa pa3bepem obiijoripueTaTa HWCTOPUS Ha
Bcenenara criopeny T.Hap. ,Mozen Ha ropery lomsm  B3puB®. ToBa
nipeAnosara, ye BceneHara ce ommcBa ¢ PpuaMaHOB MOAea Has3ajl BbB
BpeMeTO 4Yak A0 lonemus B3puB. Crnopej Te3u MoOAead B Tpoleca Ha
pasilvpsiBaHe Ha BcesieHaTa BCsika MaTepust WM U3/TbYBaHe CTaBaT BCeE MO-
crynenu. (Korato Bcenenara yBou pa3smepuTe cH, TeMrieparypara U criaja
HariosioBMHA.) TMA KaTo TemriepaTypara e MpPOCTO MsIpKa 3a CpejHara
eHeprusi — WM CKOPOCT — Ha YacTULUTe, e()eKThT OT TOBA OXJIa)KJaHe Ha
BceneHaTa 3HauuTe/HO 1ije TIOB/IMsIe BbPXY MaTepusita. [Ipy MHOTO BUCOKU
TEeMIIepaTypyd YacTUI[MTEe IIle Ce JBM)KaT Taka Obp30, ue 1me wu3berHar
BCSIKAKBO B3aMMHO TpPHB/IWUYAaHE MOMEXAY CH TOf elCTBHE Ha SIIPEHUTE
WU eNIeKTPOMarHUTHUTE CU/M, HO C OXJI&KJAaHeTO UM Ie MOXeM Ja
OuyakBaMe YaCTULIUTe, KOUTO Ce TPUBIAYAT MOMEX/Y CH, [a 3arlOYyHarT Jja ce
rpynvpar. Heio moBede, [1Opy BUJOBeTe UYaCTULM, CbLIeCTBYBAlld BbB
Bcenenara, me 3aBUCAT OT Temrieparypara. [Ipy [oCTaTbyHO BUCOKH
TeMIlepaTypyu 4YacTULMTe MMaT TOJKOBA MHOIO €Heprusi, ue IPpU BCEKHU
TexeH COMBCBHK IIje Ce T[IoayuyaT Hal-pa3MyHu JBOMKUA uacTuila/
AHTUYaCTULlA M Makap HSKOM OT TSIX Jla aHUXUIUpaT MpU cpella C
AaHTUUACTUI[H, Te I1je ce oOpa3yBaT 1o-6bp30, OTKOJIKOTO aHUXUIUpAT. [1pu
MO-HUCKM TemrepaTrypyu obade, Korato eHeprusita Ha CO/bCKBalUTe ce
YaCTULIY € TT0-HUCKa, IBOMKUTe UaCTHUIa/aHTUYaCcTHIIa I1je ce obpa3yBar Io-
0aBHO ¥ aHUXWU/TMPAHETO Iije CTaHe Mo-6bP30 OT oOpa3yBaHeToO.

CwmsATa ce, ye B MOMeHTa Ha lonemus B3puB BcesieHaTta e umasna
Hy/IeB pa3Mep, Taka de e Oua Ge3kpaiiHo ropeia. Ho ¢ pasiivipeHueTo Ha
BceneHnaTta TeMriepaTtypara Ha U31bYBaHEeTO HaMa/isiBa. E/IHa ceKyH/ia cref
Toiemust B3pUB T4 Lle e crnagHasa g0 okoso 10 mupa. rpagyca. Tosa e
OKOJIO XW/si/la MbTU TOBeUe OT Temrieparypara B [jeHTbpa Ha C/IbHIIETO, HO
TaKMBa BUCOKH TeMIlepaTypy Ce JOCTUTraT MPU eKCIJI03UWTe Ha BOAOPOJHU
6om6Ou. ToraBa BceneHara e TpsibBaso Ja ChAbpKa TPeAUMHO (DOTOHH,
e/IeKTPOHA W HEeyTPUHO (M3K/IIOUWTE/THO JIEKW YaCTULY, KOUTO Ce BIIUSIAT
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caMo0 OT c/aboTO B3aWMOAEMCTBHE U TpaBUTAIUATa) W TEXHUTE
AHTUYACTULM, KaKTO U MaJIKO TIPOTOHU ¥ HeyTpoHU. C Mpofb/KaBaHe Ha
paslpeHneTo Ha BceseHara u crialaHeTo Ha TeMreparypaTa CKOpOCTTa 3a
oOpa3yBaHe Ha JBOWKHTE eJIeKTPOH/aHTHENeKTPOH TpPH COMbCBIUTE IIle
CrlafiHe TI0Zi CKOPOCTTa, C KOATO Ce pasrajar upe3 aHuxwinpaHe. Taka ue
TIOBEUeTO e/IeKTPOHW W aHTHe/IeKTPOHM 1ije aHUXWIUpAT U Iie obpasyBat
owle ¢GOTOHM, KaTo Ife OCTaHaT M MaJKO eJleKTpoHUu. HeyTpuHo u
aHTUHEYTPUHO o0aue HsMa /Ja aHUXWIMPAT, 3all0TO TBLPZE CJ1abo
B3aMMO/IeHCTBAT MOMEX/Ay CA U C Jpyrure dactuiu. CrefoBaTeHO Te U
nHec TpsibBa Jja ca OKo/I0 Hac. AKO Mo)XKexMme fia 'MW Hab/rozaBaMe, TOBa
Imieiie Jla e egqHa AoOpa TpoBepKa Ha Ta3uW KapTHMHA Ha MHOTO TOpeLus
paHeH CTafuu Ha BceseHara. 3a Cb)KajieHWe TEXHUTE eHePruM JHeC 1ie ca
TBbpPZle HUCKH, 3a /a T HabmogaBame aupekTHo. Ho ako wacTtuiure
HEYTPMHO He ca 0Oe3macoBM, a MMaT Manka coOCTBeHa Maca, KakKTo ce
rpe/riosiara OT eVH HeIOTBbPAEH PYCKU EKCIIepUMEHT, IpPOBeJieH Iipe3
1981 1., BeposITHO I1je MO>KEM KOCBEHO Jla T perucTpupamMe: Mo)ke Ou Te ca
ThbMHA MaTepusi, KaTO CIOMeHaTaTa I[10-paHO, YWeTO TI'PaBUTAL[MOHHO
TIpMBJIMUAHe e JOCTAaThUHO Jla CIpe pasllivpeHueTo Ha BcesieHaTta U OTHOBO
Jla TIPUYMHU KOJIarc.

[Tpubau3urenHo 100 cek. cnex [omemus B3puB TemIiepaTypara Iije e
najgHana 10 1 Mapj. rpagyca, KakBaro e TeMreparypara BbB BbTPELIHOCTTa
Ha Hau-roperuTe 3Be3au. [Ipu Tasu Temriepatypa NPOTOHUTE U HEYTPOHUTE
Beye HsIMa /la UMaT [OCTaTbyHO (eHeprusi jJa u3berHar MpPUBIMYAHETO OT
CU/THOTO $I/[DEHO B3auUMOJIEMCTBUE U IIje 3alloyHaT /la Ce CBbp3BaT W [ia
obpa3yBar sifipa Ha fieyTepuii (TeXKBK BOJOPO/), ChAbPXKAIll €IUH TIPOTOH U
eUH HEYTPOH. f/para Ha JeyTepusi CJjie[l TOBa Ille Ce CBbP)KAT C MOBeYe
MIPOTOHU Y HEYTPOHU U IIle oOpa3yBaT Xe/iMeBU si/[pa, ChCTaBeHU OT [IBa
MPOTOHA M [IBa HEYTPOHA, KAKTO M MaJIKi KOJTMYeCTBa OT JiBaTa MO-TEXKHU
ejieMeHTa — JIUTUN U Gepunuii. MoxkeM [la TipecMeTHeM, 4e B Mo/iefla Ha
ropeuus [0/iAM B3pHB OKOJO €jHa YETBBPT OT MPOTOHWUTE U HEYTPOHUTE
11le Ca Ce MPeBbPHAIU B XeJUEeBU S/|pa, 3aeJHO C MaJIKU KOJIMYeCTBa TeXbK
BOZIOpOA U Apyrd eneMeHTH. OcTaHa/iUTe HEYTPOHM BepOSITHO ca ce
pasmnaZiHa/id Ha TIPOTOHH, KOWTO TIPe/ICTaB/sBaT s/pa Ha OOWKHOBEHH
BOZIOPO/IHU aTOMHU.

Ta3su KapTMHa Ha ToOpell] HauvajeH CTajuii Ha BcesmeHata O0e
Tpe/icTaBeHa 3a MbPBU IBT OT [[Kop/k I'aMOB B 3HamMeHHTaTa paboTa,
HarmvcaHa npe3 1948 r. 3aegHo ¢ HeroBusi ctyneHT Pand Andbp. ['amos
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vMallle TBbP/ie CUJTHO Pa3BUTO UYBCTBO 3a XyMOp. YCIs ja ybeau simpeHust
¢usuk XaHc Bere ga gobaBu MMeTo cu B TyOnMKarusita, 3a /a CTaHe
CIMCBKBT Ha aBTopure ,,Andbp, bete, ['aMoB“ — Mom06HO Ha ITEPBUTE TPU
OykBM OT Trpbljkara a30yka anda, 6eTa, raMa — HeIllo 0COOeHO TIOXO/SIII0
KaTo 3a TPyZ, BbPXy HayajoTo Ha Bcesenata! B TOo3u Tpyj Te mpaBar
3abesie)KUTETHO Tpeficka3aHue, ue U3rbuBaHeTo (1o ¢opmMaTa Ha OTOHU)
OT TBBbpPJE ropeljdTe Haya/JHU CTa[Auyu Ha BceneHara u gHeC Bce olle
CbLEeCTBYBa, HO TemIieparypaTa My € Beue e[Ba HSKOJIKO rpajyca Haf
abcomtotHata Hyna (—273°C). iMeHHO ToBa u3mbuBaHe oTkpuxa [leH3uac u
YuncwH npe3 1965 r. [To Bpemeto, koraro Andsp, bete u 'amoB nuiexa
cBosAITa paboTa, He ce 3Haellle TBBbP/JE MHOIO 3a sIPEHUTe peaklMM Ha
IpOTOHUTe W  HeyTpoHuTe. Ilopagu TOBa  mpe/ickasaHusATa  3a
ChOTHOILIIEHHUETO Ha pa3/MUYHUTE ejleMeHTH B paHHaTa BcesieHa Osixa TBBp/ie
HETOYHM, HO Te3u H3uMcCaeHus Osixa TOBTOPeHM B CBeT/IMHATa Ha TIO-
TOYHOTO TMO3HaHWE U Beue Ce ChIVIaCyBaT MHOTO A00pe C Hab/ofieHusiTa HU.
OcBeH TOBa TBBpJEe TPYJHO e Ja ce OOsSICHU M0 APYr HauvH 3allj0 BbB
BceneHata ¥Ma TOJIKOBa MHOTO Xeiuid. ETO 3aljo HHe CMe CpaBHUTETHO
CUTYDHH, Ye TOBA e MpaBW/IHATa KapTUHA, TIOHE 3a BPeMEeTO OT OKOJIO e/Ha
cekyHja cyieq ['onemus B3pUB.

CaMo 3a HAKOJIKO yaca cjiefi [onemusi B3puB 00pa3yBaHeTO Ha Xeui
W IpyTHY efieMeHTH TPsiOBa /la e pecTaHasio. A cjefi TOBa, Tpe3 Cjie/[BallfuTe
MUIMOHW TOZiuHU, BcesleHaTa TIPOCTO e MpoAb/DKUIA /la Cce pa3iiupsiBa, be3
Ja ce ciayuBa Heljo ocobeHo. [lo-Ha-TaThK, KOraTo TemIiepaTypara e
CrajiHaza [0 HAKOJIKO XWJISIIWA Tpajlyca U eJIeKTPOHUTEe U s/ipara Beue ca
HAMaJd [JOCTaTbUHO €Heprusi Ja TIPeofdoJiesT eJIeKTPOMarHUTHOTO
TIpYMB/IMYAaHEe TIOMEXY CH, Te Ca 3aroyHa/Ju Ja ce CBbp3Bar B aToMu. Karo
usyio BceneHara e mpoAb/DKWIA Ja Ce pasllivMpsBa M Oxjlaxzja, HO B
obacTrTe ¢ TUTBTHOCT MaJIKO HaJl Cpe/jHaTa pa3lliMpeHueTo ce e 3abaBsiio
OT JIOIT/THUTE/THOTO TPaBUTALIMOHHO TpuBAMUaHe. To TpsibBa /a e Cripsizio
pa3lIMpeHreTo B HIKOM 00/IaCTU U e TIpeiu3BUKAI0 TeXHHs TOBTOPEH
kosaric. [Io BpeMe Ha Kosarica rpaBUTALIMOHHOTO MPUB/IAYAaHEe Ha MaTepus
W3BbH Te3u 06/1acTH OM MOIJIO la MPUUKMHU TAXHOTO OaBHO BhpTeHe. Koraro
KoJiaricupaiijara 00/1lacT HamasisiBa, TSI 3arouBa Jla Cce€ BBPTH I0-0bp30 —
CBII[0 KAKTO KbHKbOPUTE Ce 3aBbpTaT 1M0-0bp30, KaTto rpubepar phliieTe CH.
Korato emHa TakaBa 00/iaCT CTaHe [OCTaThbYHO Majka, TS Ce 3aBbpTa
ToNKoBa Obp30, 3a /ia GasmaHcUpa rpaBUTAI[MOHHOTO TPUB/IMYAHE, U 10 TO3U
HauvH Ce pak/JaT AUCKOBUHHWTE BBLPTSAIM Ce TaJakTUKu. pyru obmacTy,
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KOWTO He ca Ce 3aBbpTe/d, Ce TIPeBpBIaT B 00eKTH C oBanHa (opma,
HapeueHW eJMNTUYHM TalakTHKW. IIpu TsX oOsactra Iie crpe Ja
KOJIATICHpa, 3allloTO OTAEeIHM 4YaCTH OT Ta/JaKTHKaTa CTaOW/IHO Iije ce
3aBBPTAT OKOJIO CBOSI LIEHTHP, HO rajlaKTHKAaTa Karo LiSijio HsMa Jja Ce BbPTH.

C HampeBaHe Ha BpeMeTO BOAOPOAHUST W XeJUeBUAT Ta3 B
ra/laKTUKUTeE IIle Ce pa3liaJHaT Ha IM0-MajIKi 00J1aly, KOUTO IIfe KoJiarcHhpaT
fion metictBue Ha cobcTBeHaTa cv rpaBuTalys. [1o BpeMe Ha CBUBAaHETO UM,
KOraTo aTOMHUTe B TSX ce CO/TbCKBAaT TIOMEXKJy CH, TeMIlepaTypaTa Ha rasa
HapacTBa, [OKAaTO HakKpasg CTaHe [AOCTaTbUHO TOpeIo, 3a Ja 3arouyHar
peakillUM Ha siipeH CcuHTe3. Taka BOAOPOABLT Ce TMpeBpbllla B Xeaud, a
ocBoOOZIeHAaTa TOIUIMHA TTOBHUIIIABA HAISTaHeTO M I10 TO3U HaukH CIIHMpa I10-
HaTaTHIIHOTO CBHMBaHe Ha 0OjaifuTe. B TOBa ChCTOSHHME Te OCTaBAT [IBJTO
BpeMe Karo 3Be3au, 1oJ00Hu Ha HaileTto CTbHIle, M3rapsiifyd BOAOPOZA B
XeJIMM W W3/TbUBAIlM TIOJlydeHaTa eHeprusi rof, ¢bopmara Ha TOIUIMHA M
cBeT/IMHA. 3a Aja OasaHcUpar MOo-CU/IHOTO CU IPaBUTALIMOHHO TIPUB/IMYAHe,
M0-MaCUBHUTE 3Be3AM TpsiOBa Ja ObjAaT I0-TOpely, Mopagud KOeTo
peakI[uuTe Ha SAPeH CHHTe3 IPOTHYAT MHOTO 10-0bp30 U Te M3pa3XxoBaT
Bozioposa cu camo 3a 100 myiH. rogvnHu. ToraBa Te JIeKO Ce CBMBAaT U Karo
ollle Ce 3arpsiBaT, 3aloyBaT [a IPeBPbBIAT XeJds B IO-TEXXKU e/IeMeHTU
KaTo BBITIEpOA UM Kuciaopo. [Ipu ToBa obaue He ce ocBOOOXK/IaBa TToBeye
eHEeprysi, Taka ue HaCThIIBA KpPH3a, KaKTO Oellle OIMMCAHO B I7laBaTa 3a
yepHUTe AyINKW. KakBo cTaBa mMocjie, He e CbhbBCEM SICHO, HO BEpPOSTHO
I[eHTpa/HUTe 00/1aCTh Ha 3Be3/JjaTa KoJaliCupaT [0 CBhCTOSHWE Ha MHOTO
rossiMa IUTTHOCT U Ce TIpeBpbBIaT B HEyTPOHHA 3Be3/la WM YepHa JyIiKa.
[ToHsiKora BBHIITHUTE 00/1aCTH OT 3Be3jaTa OWMBaT M3XBbPJIEHU B TMTAHTCKA
eKCIIJIO3HsI, HapeueHa CBPBbXHOBA, KOSITO MPEBHINABa 110 OJIICHK BCHUYKH
3Be3/ld B rajlakTukara. HSKOM OT MO-TeXXKWTe eJIeMeHTH, TOyYeHU KbM
Kpas Ha >KMBOTA Ha 3Be3jara, OWMBaT W3XBBLPJIEHW 00paTHO B rasa OT
rajakTUKaTa W Ce TIpeBpPbIJaT B CypOBMHA 3a C/eBalllOTO ITOKOJeHUe
3pe3u. Hamrero cob6ctBeHo ChbHIlE ChABPXKA OKOJIO 2% TaKWBa TEXKU
eJleMeHTH, 3allloTO € 3Be3Zja OT BTOPO WJIM TPeTO MOoKoJieHWe, oOpa3yBaHa
TIpe/i OKOJIO 5 MJIPAI. TOAWHU OT BBLPTSIL ce 06/1aK ra3, ChAbpyKall] 0CTaHKH
OT TIpeIUIIIHA CBPBXHOBU. [lo-rosisiMaTa yacT OT rasa B To3W oOmak e
oruIia 3a obpa3yBaHetro Ha CaBHIIETO WK e Oula U3XBbpJieHa, HO Majko
KOJTMYECTBO OT HO-TEXXKUTE e/IeMeHTH ce e 00eguHUI0 U e obpa3yBasio
TeslaTa, KOUTO cera KpbXKaTr 0Koyo CaBHI[ETO KaTo IUIaHeTH, IMOoJ00HO Ha
3emsTa.
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[TbpBOoHaua/sHO 3emsiTa e Owia MHOrO Topellla U He e HMasa
arMocdepa. C TeueHrWe Ha BpeMeTO TS € M3CTUHaj/a U e Tmpuzobuna
arMocdgepa OT ra3oseTe, OT/eJISIHU OT CKaiuTe. Tasyu paHHa atMocepa He e
TakaBa, B KOSTO Ouxme orjesieni. Ts He e ChAbpKaja KUCIOPO/, a TOIsIMO
KOJIMUEeCTBO [PYTW, OTPOBHM 3a HAC ras3oBe, Karo CepoBOAOPOJ (rasbr,
KOWTO MUpHIIIe Ha pa3BasieHu siiitja). ima obade Jpyru MpUMUTHUBHU (hOpMU
Ha JKMBOT, KOMTO NpoLb(TsABaT B TakuBa yciaoBus. [Ipeamnosara ce, ye Te ca
ce pa3BU/IM B OKeaHHTe BEPOSTHO B pe3y/TaT Ha CaydaiiHu KOMOHWHAIUU OT
aTOMU B rOJIeMU CTPYKTYPU, HapeueHU MaKpPOMOJIEKYJIU, TOJHU [la CBbPrKar
JPyTY aTOMM B OKeaHa B TOJ00HU CTPYKTYpH. Taka Te ca ce Bb3IIPOU3BEH
Y YMHOXWIM. B HSIKOM C/lydyau e MMajio TPEeIIKU BbB Bb3IPOU3BOJCTBOTO.
[ToBeueTo OT Te3u Tpelllku Cca OWIM TakWBa, ue MaKpoOMoJieKyjaTa He e
MOI7Ia [ja Ce Bb3IIPOM3BeZie U B Kpasi ce e pa3najana. Hakou OT Te3u rpelku
obaue ca goBemu A0 oOpa3yBaHeTO Ha HOBM, oOlle TI0-A00pe
BBb3MPOU3BEXJAIM Ce MakpoMosieKynd. [lopagym ToBa Te ca wmanu
TpeJMMCTBO U Ca M3MeCTBa/Id ITbPBOHAYA/IHUTE MakKpoMoJieKyau. [1o To3u
HauuH e 3aroyHa/l eJVH eBOJIIOLMOHEeH ITIpoLecC, Z0Bes [0 pPa3BUTHMETO Ha
BCe TMO-CJIOXKHU W T10-CJIO)KHU CaMOBB3IIPOU3BEXKAIM Ce OpraHu3MH.
[IbpBUTE TNPUMUTHBHU (POPMU HAa >XUBOT Ca KOHCYMHpaJd pa3/iuuyHU
MaTepuasy, BKIHOUUTETHO CePOBOJOPOJ, a ca 0CBOOOXKJaBalid KHUCIOPO..
Taka CbCTaBbT Ha aTMoc(epara MOCTereHHO Ce MPOMEeHW/I [0 JHEeLHUs U
TI03BOJIM/T PAa3BUTHETO Ha MO-BUCIIHM (POPMHU Ha JKHUBOT, KaTO pubu, B/ieuyrH,
603alHUIM ¥ Hali-HaKpasi — JoBeKa.

Tasu kaptvHa Ha BcesieHa, 3amouyHajia KaTo MHOIO ropelja u
oxJaXxzam@a ce C paslMpsiBaHETO CH, Ce CbIvlaCyBa C BCHUYKHU
Hab/rojaBaTe/THU [l0Ka3aTesiCTBa, C KOUTO JTHeC pasrosiarame. HeszaBrcumo
OT TOBA TSI OCTaBsl MHOTO ChITIeCTBEHHU BBITPOCH 6e3 OTroBop:

1) 3amio panHara BceneHara e 6uia ToskoBa ropeiia’?

2) 3amo B rosieMd Maiabu BceneHara e Taka egHOpojHa? 3alijo
M3I7IeXA elHa U Cblla OT BCUUKK TOYKU B MIPOCTPAHCTBOTO W BbB BCUYKHU
nocoku? W T0-KOHKpPeTHO 3ailj0 Temreparyparta Ha MHUKPOBB/IHOBOTO
(OHOBO /TbUeHME € MOUTH e/lHa U Chllla B pa3/IMuHUTe Nocoku? ToBa e Bce
eJHO [a 3aJajielll Ha U3MUT BBIIPOC HA HAKOJKO CTyJeHTa. AKO BCUYKU
OTTOBapAT IO CbBCEM €WH U Cblll HAUWH, MOXKeLI /jJa CM CbBCEM CUTYDEH,
ye ca 001[yBa/ oMeXxay cu. VI BbIIpeKU TOBa B OMMCAHUS TI0-TOpe MO/ier
BpeMmeTo ciiefi ['onemusi B3pUB He e OW/IO ZI0OCTaThbUHO 3a CBETIMHATA Ja
CTUTHe OT fajiedHa o0sacT Jo /Apyra, Makap B Mjaziatra BcemneHa Te fa ca
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Oumm 63Ky eqHa 10 apyra. Criopes TeopusiTa Ha OTHOCUTETHOCTTA, C/Ie,
KaTo CBeT/IMHATa He MOXe [a CTUTHe OT e€JHO MSCTO [0 [PYyro, U BCSKa
apyra uHdopmMaiiyst He Moyke. Taka ye HsIMa HauWH pa3/IMuHUTE 00/1aCTH B
M/ajara BceseHa ja ca MMaiv ejHa U Cbllja TemIieparypa, OCBeH ako I10
HeoOSICHUMH TIPUUMHM TemIlepaTypara npu o0pa3yBaHeTo UM e Ousia efjHa U
ChLA.

3) 3aujo Bcenenara e 3aroyHana CbC CKOPOCT Ha paslIMpeHHe, Taka
6n13Ka 10 KpUTHUYHATa, pasfiessiia Mo/ieJiuTe C TIOBTOPEeH KOJIariC OT BeUHO
pasivpsBalure ce, Taka uye Aopu cera, 10 mspA. rOAWHU TO-KbCHO, THA
MPOAB/KABa /a Ce paslivpsiBa C MOYTA KPUTUYHATa CKOPOCT? AKO efHa
cekyH/ia cnesi ['onemust B3pUB CKOPOCTTa Ha pasiiupeHue 61 6usia mo-HUCKa
JIOpU C eJHa CTOMU/IMAp/Ha uacT, BcemeHara oTHOBO OM Kosaricupasa ole
rpeiv [a € JOCTUTHa/la CerallHruTe CU pa3MepH.

4) He3aBucuMo ue B rojieMu Maiiabu BceneHaTa e Taka e IHOPOJHA U
XOMOT€HHa, TS CbAbp)KA MECTHH HeINpPaBU/IHOCTA Karo 3Be3juTe U
rajakTUKuTe. 3a TAX Ce MpeArosiara, 4ye ca Ce pa3BWIM OT MaJIKUTe
pa3nuus B TUTBTHOCTUTE Ha OTAe/NHU obmacty B miajjata Beenena. KakbB
e TIPOU3XOAbT Ha Te3M (DIyKTyal[uy B IUIbTHOCTTA?

Cama mo cebe cu obijaTa Teopust Ha OTHOCUTEIHOCTTA He MOXKe Jia
00siCHU Te3u 0COOEeHOCTH, HUTO [la OTTOBOPU Ha Te3W BBIIPOCH IOPaJd
dakra, ue npeABKAa BceneHara fia e 3aroyHasa ot 6e3kpaiiHa ITbTHOCT B
CUHTY/IIpHOCTTa Ha [onemusi B3puB. B CHUHrynsipHOCTTa KakTo oOIrjara
Teopys. Ha OTHOCUTE/THOCTTA, Taka U BCUYKU [IPYyT¥M (DU3WYHU 3aKOHU He
Ba)KaT: Te He MOrar Ja MnpejcKaXkaT KakBO 11je h3jie3e OT CUHTY/ISPHOCTTA.
KakTo Beue 00sicHUXMe, TOBa 3HaUM, Ue MOKeM JieCHO Jia u3BezieM ['oeMust
B3pYB 1 BCUUKU CbOWTHS TIpeJU HEro W3BbH TEOPHSTA, 3alll0TO He OKa3BaT
BAWSIHUE BbPXy TOBa, KoeTo HaOmofaBame. [IpocTpaHCTBO-BpemeTo 6Ou
mpsib6easno fa Ma rpaHvila — Hauasio B ['oemusi B3puB.

W3rnexxpa, ye Haykara ychosi Ja paskpue rpyna 3akOHM, KOWUTO B
rpaHMllaTa Ha TIPUHLWINA Ha HEeONpe/eJieHOCTTa HU Ka3BaT Kak Ie ce
pa3Bue BcesneHara ¢ BpeMeTo, akO MO3HaBaMe ChbCTOSIHUETO W B KaKbBTO U
na e MoMeHT. Moyke OU Te3u 3aKOHU ca OWau npeporipeseneHu ot bor; HO
U3I7IeXx/1a, ue ToM e ocTaBua BceseHata fa ce Pa3BuBa criopesi TIX U Beue
He ce HamecBa. Ho Kak e mozbpan HauaqHOTO CbCTOSIHHE WA
KoH(purypauusTa Ha Bcenenara? KakBu ca 6umm ,,rpaHUUHKTE YCIOBUS“ B
HayaJ/IOTO Ha BpeMeTO?
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EnvH OT BB3MOXKHHUTE OTIOBODH € /a KaxeM, ue bor e wusbpan
Haya/iHaTa KoHpurypaius Ha BceseHaTa Mo MpuUUMHU, KOUTO HE MOXKeEM Jia
ce HajsBaMe fa pa3bepeM. A TOBa HauUCTUHA € TI0O CUJIUTE Ha €[HO
BCEMOTBILIO ChbilecTBO. HO ako e TMOMOKWI HauaaoTO M 10 TakKbB
Hepa30WpaeM HauwWH, 3amio e W30pan [Ja ce pa3BWBA IO 3aKOHU, KOWTO
MoxkeM Ja pas3bepem? llsnata wucTropusi Ha HaykaTa Ce CbCTOM OT
TOCTeTIeHHOTO 0Ch3HaBaHe, ue ChOUTHSTA He ca pe3yaTar OT Cy4aiiHOCTTa,
a OTpa3siBaT HSIKaKbB CKPUT peli, MoxXe 01 O0XKeCTBEHO [ief1o, a Moxke Ou He.
EcTecTBeHO e Jia TIPeATIONIOKAM, ue TO3U peJ, 61 TpsibBasio /la e MPUIoKUM
He caMo 3a 3aKOHUTe, a U 3a yCJOBUSTA TIPU T'paHUIlaTa Ha MPOCTPaHCTBO-
BpeMe, oOrMpefie/silla HayaJlHOTO CbCTosiHMe Ha BceseHara. Moxke 6u
CbleCTBYBa rojisiMm Opoii mopenu Ha BceneHara c pas3MuHM HauaaHU
YCJIOBUSI U BCUUKU Te Ce MOJUUHSBAT Ha 3akoHuTe. Ho 6u TpsibBano ga uma
HSKaKbB TIPUHLUN, KOWTO u30uMpa egHO HaYaJHO CBCTOSHUE, a
C/leIoBaTeIHO U eJUH MO/ieJl, KOUTO Jia TIpe/icTaBs Hailata BeeneHa.

EHa TakaBa B3MOXKHOCT Ca T.Hap. XaOTMUHU TPaHUYHU yC/IoBUs. Te
Oe3yc/iOBHO mipuemart, ue wiu BceseHaTa e TIPOCTpPAHCTBeHO Oe3KpaiiHa,
WA ChIllecTByBaT Oe3kpaliHO MHOTO BcejieHU. [Ipy XaOTUUHU TpaHUYHU
yCJIOBUSI BEPOSITHOCTTA Jla HaMepUM KOSITO U Jia e ompefesieHa 001acT OT
MPOCTPAHCTBOTO B KOSITO W Ja e ofpejeieHa KoHpurypamus
HerocpeACcTBeHO cyief ['osieMust B3pUB e B M3BeCTeH CMUCHIT ChIIlaTa, KaKTo
M Jia s HaMepuM B KOSTO W Ja e JApyra KoHpurypaius: HayaJHOTO
cbcTosiHUe Ha Bcenenara e mozpbpaHo urcTo ciayvaiiHo. ToBa o3HauaBa, ye
majata BcesmeHa BeposSTHO e Owia TBbpPZe XaOTHMUHA W HETIPABWJIHA,
3aIl0TO 3a BceseHaTa CbIeCTByBaT MHOTO TIOBeYe XaOTUUYHU U
Herofipe/ieHd KOH(UTypalyy, OTKOJIKOTO W3r/MafieHu U TofpeneHd. (Ako
BCSIKA OT KOH(Urypaluute e PpaBHOBEPOsiTHa, TMO-TPaBAOIOA0OHO e
Bcenenara /ia e 3arouHasna OT XaOTUUHO U Herofpe/ieHO ChCTOsTHUE, TIPOCTO
3alll0TO Te3U CbCTOSIHUSI ca MHOro ToBeue.) TpyaHo e Ja pa3bepeM Kak
TaKMBa XaOTHUUHHW HAYaTHU CHCTOSTHUSI O¥MXa MOT/HM Jia JoBeJar Ao BceeneHa,
KOSITO B TOJIeMM Maijabu e TOJKOBa W3I/Ia/ileHa M TpaBW/IHA KaTo HalllaTa
nHec. buxMe Moriu fia ouakBame, ye TUTbTHOCTHUTe (WIYKTyallud B TaKbB
Mo/iesl 11ie oBeaT [0 oOpa3yBaHeTO Ha MHOTO IOBeue MbPBUYHU UYepHU
AYTIKA OT TOpHAaTa TpaHMlIa, TOCTaBeHa OT Hab/ro/eHusiTa BbpXy ¢oHa OT
rama-Jibuu.

Ako BceseHara e HaWCTWHA MPOCTPAHCTBEHO Oe3KpaifHa WM aKo
CbIlecTByBaT 0Oe3KpaifHO MHOTO BCeJIeHH, Bb3MOKHO € HSIKBb/e [a WMa
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rosieMu 06/1aCTH, KOMTO ca oOpa3yBaHM KaTo U3I/a/leHH U TIpaBWIHA. ToBa e
HeIl[0 KaTo T03HaTaTa oOp/la MauMyHH, UyKalllid M0 MUIIeNd MallluHu — B
TIOBEUeTO Cyyad HAIMCAHOTO IIle Ce OKake 0e3CMUC/WIA, HO B HIKOU
MHOIO DSIIBK C/ydaid, MO0 YWCTa CAyYauHOCT, Te I[e HaMuIlaT HSIKOU OT
coHetute Ha Illekcrip. CbIlo Taka, W0 ce OTHacd 0 BceneHara, He
)KUBeeM /M HHe B 00/acT, KOATO MO YHWCTa CAy4YallHOCT e T/ajKa U
eJHOpoAHa?

Ha mpbB mormien ToBa MOXe /[a HU Ce CTOPU TBBP/I€ HEBEPOSITHO,
3aI1[0TO OPOSIT HAa XaOTHUHUTE W HETIPABW/IHUATE 00JIaCTH € MHOTO IT0-TOJISIM
OT TMaAKuTe obsactu. Ho Ja mpearosio)kuM, ye camo B T/IaJIKUTe 00/1acTH
ca ce oOpa3yBanM rajakTHUK{ U 3Be3[1 U € UMajio yCJIOBUS, TOAXOASIIN 3a
pa3sBUTUETO Ha TaKWBa CJI0KHU CaMOBBL3IIPOM3BEXJALLM Ce OPraHW3MHU,
KaKBUTO CMe HHe, KOUTO MOraT [a 3aZiaBaT BbIlpoca ,3aujo Bcenenara e
TOJIKOBa IviaAka?“. ToBa e mpumep 3a MPUIOKEHUMETO Ha W3BEeCTHUSA
AaHTPOIIEeH MPUHLIUI, KOUTO MOXe fa ce repedpasupa kKato ,,Hue Bkgame
BceneHara TakaBa, KaKBaro e, 3alll0TO ChlljeCTByBaMe .

AHTPOITHUAT MPUHLMIT UMa JBe Bepcuu: ciaba u cwiHa. Crnabusit
aHTPOTIEH TIPUHLIUIT IVIaCH, Ye BbB BceseHa, KOSTO e rosisiMa wiv Oe3kpaiiHa
B TIPOCTPAaHCTBOTO W/WIW BHB BpEMETO, YCJ/IOBHUSITA, HEOOXOAMMM 3a
pPa3BUTHETO Ha pa3yMeH JXMBOT, Ile ObJaT yAOBIETBOPDEHHM CamMO B
oripeziesieHn 00/1acTH, OrpaHUYEHU B MPOCTPAHCTBOTO U BpemeTo. [Topagu
TOBa pa3yMHHTe ChBIIIeCTBA B Te3u 00yacTy He O6u TpsiOBaAso /la ce yuyzBar,
aKO YCTAHOBSAT, Ue MSICTOTO UM BbB BcesieHaTta y[OBIeTBOpSiBa YCJIOBUSTA,
HeoOXOAMMM 3a TAXHOTO ChillecTByBaHe. [1o cChbll[vsg HauWH OoraTallrbT,
KOWTO >KHBee B 3aMOKHO OOKPbKeHHe, He BIK/]a OeJHOCTTa.

EfvH mipyMep 3a MPUIOKEHWeTO Ha C/1abusi aHTPOTIeH TIPUHIIMI € /a
,005iIcHU® 3ammio [oneMusT B3pMB € HACTBIIWI Tipegud okoso 10 wmupa.
TOAVIHU: TIOUTH TOJIKOBA € BPeMeTO 3a pa3BUTHE Ha pa3yMeH >KMBOT. KakTo
obsicHUXMe T10-Tope, TbPBO € TpsibBaso Ja ce oOpa3yBa PaHHO MOKOJIEHHE
3Be3qu. Te3u 3Be3u Ca MpPeBbPHAJM YacT OT ITbPBOHAYaJIHUS BOZOPOX U
XeJIUM B eJIeMeHTH KaTo BbIVIEPOJa M KHCJI0POJa, OT KOUTO CMe U3rPaZleHHu.
[Tocne 3Be3auTe Cca ce B3PUBABA/JMA KaTO CBPbXHOBH, @ OCTAHKUTE WM Ca
OTHBaJIK 3a 0Opa3yBaHe Ha JIPYTH 3Be3[U U TUIAHETH, CPe/l KOUTO U Te3H OT
Hawiara CibHYEBa CUCTeMa, KOAITO € Ha Bb3pacT OKOJIO 5 MJIPA. TOAVHU.
[IbpBUTE enUH-ABAa MWUIMapJa FOAUHU OT ChIeCTBYBaHETO Ha 3eMsTa ca
OuM TBBpZE TOpeIH, 3a Jia TO3BOJST Pa3BUTHETO Ha HeIo TO-C0XHO.
OctaHanute OKO/MO0 3 MJpJ. TOAWHU Ca OTUIIUIM 3a OaBHUS TIpOLjeC Ha
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Ouo/IorMuHa eBOJTIOLMSA, 0Be/ia OT HAW-TIPOCTUTE OPraHMW3MH /10 ChIIIeCTBa,
criocoOHM J1a U3MepST BPEMETO YakK [0 ['oieMust B3puB.

ManiuHa OuXa CHOpPUIM C BaJMAHOCTTA WM II0/3aTa OT Ca0us
aHTpPOITeH TIpUHIUIL. Hsikom obaue oTuBar mo-fajied W Mpejjarar CHIHA
Bepcusi Ha npuHumna. Cropesn Ta3u Teopusl ChIECTBYBaT WIUM MHOTO
Pa3/TMUHU BCeJIeHH, WIA MHOTO Pa3/MyHM 00/1acTH OT elHa-eJWHCTBEHa
BCeJleHa, BCsSIKa ChC CBOSI COOCTBeHa Haua/iHa KOHGHUTypaliysi ¥ MoyKe O ChC
cobCcTBeHa rpylia HayuyHd 3aKOHU. B 1oBeueTo OT Te3u BCeeHU YC/IOBUATA
He ca OWIM MOAXOAAIM 3a Pa3BUTHETO Ha CJIO)KHM OpraHu3MH; CcaMoO B
HSIKOW BCeJIeHH, MMof00HM Ha Halllata, OMxa ce pa3BU/IM Pa3yMHH ChIIECTBa,
KOUTO [a mornurar ,3aijo BceseHara e TakaBa, KakBaTo f BuKaame?“.
ToraBa OTrOBOPBT € MPOCT: ako belile Apyra, HIMaIlle Ja CMe TYK!

HayuHuTe 3aKOHU, KaKBUTO T'M 3HaeM Cera, ChAbp)KaT MHOXKeCTBO
dbyHIaMeHTa/lHM uKC/la KaTo HarpyuMmep eJjleKTpUYeckKusi 3aps/i Ha
e/IeKTPOHAa W OTHOIIIEHHWeTO MeJK/ly MaCcuTe Ha MPOTOHA W ejieKTpoHa. Hue
He CMe B CbCTOsSIHME, TTOHE 3acera, /ia MpeACcKakKeM Te3U YucJ/ia OT TeOpUsITa,
a TpsibBa [la TWM yCTaHOBUM upe3 HabmromeHuss. Moxe O HSKOH JieH Iie
OTKpUEM e[lHa CbBbPIIeHA €JUHHA TeOpUs, KOATO Ii[e MpeJCKa’ke BCUUYKO
TOBA, HO € Bb3MOKHO Y HSKOW OT UMC/iaTa [la Ce MPOMEHST OT BCe/ieHa KbM
BCe/ieHa WM B T'PAHMIUTE Ha e/lHa BceseHa. 3abenexxkureyneH (akT e, ue
Te3d YWC/Ja Ca MHOIO TOYHO ChIVIaCyBaHHW, 3a Jia HalpaBsIT Bb3MOXXHO
pPa3BUTHETO Ha >KMBOT. AKO HallpuMep eIeKTPUYHUST 3apsi/i Ha e/IeKTPOHA
Oerlle camMO MaJIkO TIO-pa3/idueH, 3Be3quTe WM HsAMallle Ja Morar ja
W3rapsiT BOJIOPOJ, U Xelui, Wiu He OGuxa ce B3puBsiBaau. Pa3bupa ce, 6u
MOIJIO [lJa UMa U JIpyry (h)OpMHU Ha pa3yMeH >KUBOT, 3a KOUTO He ca MeuTasiu
JIOpY aBTOpPWTE Ha HayuyHa (paHTACTUKA, HEU3UCKBAI[d HATO CBeT/IMHATA Ha
3Be3/]a Karo CbHIIETO, HUTO TI0-TEXXKU XWMHUUHU eJIeMeHTH, CUHTe3HMpaHu
B 3Be3[JUTe M W3XBBPJISSHU B MPOCTPAHCTBOTO TIPU B3PHBSIBAHETO HAa Te3U
3Be3au. He3aBuCHMO OT TOBa SICHO e, 4ye MHTepPBaIbT OT Te€3U UMCJIa, KOUTO
Ouxa TI03BOJIM/IM Pa3BUTHETO Ha HsKakBa ¢opMa Ha pa3yMeH >KMBOT, €
CpaBHUTeTHO MasbK. [loBeueTo OT umciaaTa Ouxa TpoW3BeNM BCeIEHH,
KOWTO, Makap ¥ MHOTO KpacWBHU, He OMXa MO3BO/IWIM Chll[eCTBYBaHETO Ha
HSIKOM, criocobeH /ia ce Bb3XUTH Ha Ta3W KpacoTa. Mo)keM Jia IIprieMeM TOBa
WM KaTo [I0Ka3aTeJICTBO 3a OokecTBeHa YMHCBHA Ha CbHTBODEHHETO H
n300pa Ha HayYHUTE 3aKOHU, WM KaTo TTOTBbPXK/AEeHNe Ha CUTHUS aHTPOTIeH
TIPUHILHII.
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ChIleCTByBaT MHOXKECTBO Bb3Da)XKEHMsI CpeIy CH/IHMUS aHTPOIEeH
TIPUHLIUIT KaTo OOsicHeHWe Ha Hab/rolaBaHOTO CHCTOsiHWE Ha BceseHara.
[TbpBO, B KaKbB CMUCH/ MOXKEM [la TBBbPAMUM, Ue BCUUKU Te3U Pa3IuuHU
BCeJIeHU ChII[eCTBYBaT? AKO Te HAUCTHUHA Ca OT/le/ieHH e[[Ha OT ApyTa, TOBa,
KOeTO CTaBa B HSKOS JApyra BCejieHa, He OM MOIVIO Ja MMa HaO/mofaemMu
ClIeACcTBUSI Ha Hamiata cobctBeHa Bcenena. CremoBaTelHO MOXKeM [J1a
TIPUIOXKKM TIPUHITUIIA Ha TMEeCTeMBOCTTA U Jja TW U3K/IIOUMM OT TEOpHSTa.
AKko, OT Apyra cTpaHa, Te ca caMO pa3jM4HU 007acTH OT eHa-eIMHCTBEHA
BCeJieHa, HayuHHUTe 3aKOHW OW TpsiOBasio /la ca eJHAKBM 3a BCsKa obmacr,
3aI[0TO MHaue HAMaIlle Jla MO)KEM HeIPeKbCHATO [Jla Ce ABMKHUM OT eHa
obmact B Apyra. B To3u cnyuait eiMHCTBEeHaTa pa3jvKa MeXxay obnacturte
me ObJaT TeXHWTe HauaJHU KOH(Urypalyuu, TOpajyd KOeTo CHTHUST
AHTPOIIEH MPUHLIUII ITie ce peaylipa B c/1a0.

BTOpo Bb3pakeHHe CpeIly CHIHWS aHTPOIIeH IIPUHIIMII e, ue TOu
BBPBH CpeIIly TEUEHHETO Ha IfsijlaTa MCTOpYs Ha HayKara. HaieTo pasputue
€ MHMHA/JI0 OT TeOl|eHTPHUHaTa KOCMOJorusi Ha IITonemMeli M HeroBure
TIpe/IIIIeCTBEHUIM TIpe3 XeIWOL[eHTPUYHAaTa KOCMOJorusi Ha KomepHUK u
lFanuedd [0 cerairHaTa KapTHHA, B KOSTO 3eMsATa ITIpe/CTaB/siBa e/Ha
cpefHa TI0 pa3MepH TijlaHeTa, [BIKellla ce TI0 opbuTa OKoJIo efHa CpeHa
3Be3/la BbB BbHIIIHATa OKOTHOCT Ha eJHa 0OMKHOBEHAa CrMpasiHa T'a/lakTHKa,
KOATO camMa Mo cebe cu e caMO e[HAa OT MH/IMApAWTE Ta/laKTUKU B
HaOsromaemara BeesleHa. A CUJTHUSIT aHTPOIEH MPUHLIAI TBBP/H, ue Iisiaara
HeoOsiTHA KOHCTPYKLIMS ChII[eCTBYBa CaMO 3apajy Hac. TBbpjie TPYAHO 3a
BApBaHe. Hammata CibHUEBa cCHUCTeMa € OMpeZe/IeHO TIPeArioCcTaBKa 3a
CHII[ECTBYBAaHETO HH, a TOBAa MOXKe Jia Ce Ppa3lMpy [0 IisjlaTa Hallla
[anmakTHKa, 3a Jja JOMyCHe MO-PaHHO MOKOJIEHHE 3Be3/[1, KOUTO Ca Ch3/alu
TO-TeXXKHTe ejleMeHTH. Ho chBCceM He ce Hajlara BCUUKH APYTH TrajakKTHKY,
HUTO Bcesnenara ma 6b4aT Taka eTHOPOAHH M TIOJ0OHM B ro/ieMH Mairabu 3a
BCHUYKHU TTOCOKH.

[I]sxmMe fa cMe [AOBOJIHA OT aHTPOITHUS TIPUHIIMI, TTIOHE OT Heropara
ciaba Bepcus, ako MOYKeXMe 7ia TIOKaXKeM, Ue ca Ce pa3BU/IM TBbp/e ToJIsiM
Opoii pa3TMUHM Haya/IHU KOH(UTypaluy Ha BcesieHara, 3a /ja ce CTUTHe /10
BcesneHara, KosiTo Hab/roaBaMe. AKO e Taka, e/[Ha BCejieHa, pa3Bu/a ce OT
HSIKaKBU C/TyYaliHM Haua/THW YCJIOBHS, OM TpsibBasio fa Chabprka 00/1acTH,
KOWTO Ca IVIaJKU U eJHOPOJHU U Ca MOAXOASIIIN 3a eBOJTIOLMATA Ha pa3yMeH
UBOT. OT [pyra CTpaHa, ak0 HayajHOTO CbCTOsSIHWe Ha BceseHara e
TpsiOBa/sio Jla ce mojdepe W3K/IIOUMTE/NHO BHMMATEHO, 3a Ja J0Befie 10
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Helro, ToJo0HO Ha TOBa, KOeTO HHM 3a00uKasisd, HeBepOSATHO O Ouso
BceneHara fa cbabp)Ka Kakeamo u 0a e obnacT, KbJeTo 6u Morba fia ce
TOSIBU KUBOT. B omMcaHus Mo-rope Mojen Ha ropeius [o/ssM B3pUB 3a
TOTJIMHATa B paHHaTa BcejieHa He e MMaJo0 ZOCTaTbUHO BpeMe, 3a j/la Ce
npeHece OT efHa obmact B Apyra. ToBa O3HauaBa, Ye ITbPBOHAYA/HOTO
cbCTosiHME Ha BceseHara Ou TpsibBasio HaBCSAKBbZE Ja MMa TOUHO efHA U
Cbllla Temrieparypa, 3a Ja o0sgcHM (akra, ue Temreparypara Ha
MHKPOBB/JIHOBHSI ()OH € eJHaKBa BBbB BCHUKM I0COKM. OCBeH TOBa
HauajHaTa CKOPOCT Ha paslIupeHHe ChIo Ou TpsiOBano ga Obae MHOro
TOYHO IO/0paHa, Taka ue M Cera /Ja e TOJKoBa O/nM3Ka [0 KPUTUYHATa
CKOPOCT, HeoOxoauMa ia ce u30berHe MOBTOpPeH Kojarc. ToBa 3HauM, ue
HaMCTHHA HAYa/JIHOTO ChCTOSHHE Ha BceymeHara TpsibBa Jja e OM/I0 MHOTO
BHMMaTe/IHO T10I0paHo, ako, pa3dupa ce, MoembT Ha ropeius oM
B3DUB € KOpDEeKTeH Ha3a/l YakK /i0 Hauaj0TO Ha BpemeTo. bu Oumo0 MHOTO
TPYAHO a 06sicHuM 3at1o BceseHaTa TpsibBa Jja e 3ariouHasia TOYHO 110 TO3U
HAuMH, OCBEH aKo MPHEeMEM, ue TOBa e akT Ha bora, KOHTO e Bb3HaMepsiBasl
Jla CbTBOPH CBIIIECTBA KAaTO Hac.

B omnuTa cu JjJa HaMepu Moziesl Ha BceneHaTa, Tipyu KOHTO MHOXECTBO
pa3/IMYHM HAya/IHW KOH(UIypary ca MOIVIM Jia JOBeAaT [0 HeIo KaTo
ceramiHara BceneHa, yueHUAT oT Macauy3eTCKUsi TEXHOJIOTHUYEH UHCTUTYT
AnbH I'vT TIpeanosioxku, ye paHHaTa BceseHa Mo)ke Ou e MpemMHHa/Ia Mpe3
mepyoJ; Ha MHOTO OBp30 pasmmpeHue. ToBa pa3mMpeHWe ce Hapuya
,AH(IAIIMOHHO" ¥ O3HauaBa, ue HJAKOra BcesieHaTa ce e pasmmpsiBana C
HapacTBallla CKOPOCT, a He C HamasisBalllaTa CKOPOCT Ha CEeramiHoTO M
pasiuvpenue. Criopef ['bT 3a HUILIO)KHA YaCTHLIA OT CeKyHara paJuyCchbT Ha
Bcenenara ce e yenuunn 1030 meTm.

I'sT mpeprioniara, ye BcesieHara e 3amouHasia oT ['onemus B3pUB B
MHOI'O TOpeII0, HO TBbp/le XaOTUUYHO ChCTOsIHWE. Bucokara Temrmeparypa
03HauaBa, Uye YacTUI[UTe BbB BceneHaTa ca ce ABWKe/lId MHOTO OBp30 U ca
MMaJld BUCOKHU eHepryuu. KakTo Beue CTaHa ZiyMa, MOXKEM Jla OYaKBame, ye
NMpU TakKWBa BHUCOKH TeMIIepaTypd CWIHOTO W C1aboTo  siipeHo
B3aUMO/IeHICTBHE W e/IeKTPOMAarHUTHOTO B3aUMOZENUCTBYE IIle ce 00eJuHST
B eqHo-euHCTBeHO. C pa3mmpeHreTo CcuU BceseHara 1je ce ox/axjaa U
eHeprusTa Ha YaCTHUIIMTe IIle HamassiBa. Hakpas Iije HacThbIM T.Hap. (a3oB
MIPeXo/] MU CUMETPUATA MEXK/Y B3aMMO/IeHCTBUATA 1@ Ce HapYILW: CUIHOTO
B3aMMO/IeHiCTBHE 11 CTaHe Pa3/IMuHO OT CJIab0TO U OT e/IeKTPOMarHUTHOTO.
EquH 1mo3HaT npumep 3a ¢a3oB Tpexo[ € 3aMph3BaHETO Ha BojaTa MpHU
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oxnaxzaHe. TeuHaTa Bofla € CUMeTpPHUYHA, e[JHa U ChIlja BbB BCSIKA TOUKA U
BCsKa mocoka. Korato obaue ce oOpa3yBar jefieHd KpUCTad, Te 3aeMaT
omnpefieJieHUW TIOJIOKEHWSI W Ce OpPUEeHTUpAT B HSIKAaKBa IOCOKa. ToBa
HapylllaBa CUMeTpUsITa Ha BoJaTa.

AKO CMe BHUMATe/IHM, MOXKeM Ja ,ITIpeox/JaJfuM Bojara, T.e. Ja
TIOHIDKMM TeMIlepaTypara ¥ 1oj, Toukara Ha 3ampb3BaHe (0°C), 6e3 ma ce
obpasyBa sen. I'vbT mipeanonara, ue BcesmeHaTa Mo)ke Ja vMa T0J00HO
ToBeZieHre: TeMriepaTypara Mo)ke fia TlaJjHe 1o/l KpUTHYHaTa CTOMHOCT, Oe3
Jla Ce HapyllIu CUMeTpHUsTa MeXAy B3auMOJEeNCTBUsITa. AKO TOBa Ce C/IyuH,
BceneHara 6w Owia B HeCTaOWM/IHO ChCTOSIHHME, C TIOBeUe €HEeprus,
OTKOJIKOTO aKO CUMeTpusTa ce Oellie Hapylmia. Mo)ke /a ce TIOKaxe, de
Ta3u JOIbIHUTE/IHA €Heprusi MMa aHTUrpaBUTAllMOHeH edeKT: T Ou
JleCTBa/Ia CBIJO KAKTO KOCMOJIOTMYHATa KOHCTaHTa, KOSITO AWHIaWH
BbBele B o0OIlata Teopusi Ha OTHOCUTENTHOCTTA TIpU OINKTa CU [Ja
KOHCTPyHpa CTaTuueH Mojies1 Ha Bcenenara. Twi Kato BceneHara Beue 1ie
e 3aroyHa/ia pa3lliMpeHueTo CM TOYHO KAaKTO B Mofesa Ha ropeifus ['onsm
B3pUB, OTO/'/bCKBAI[OTO /[IeHCTBME HAa KOCMOJIOTMYHATA KOHCTaHTa Ou
Hakapano BceseHara /1a ce pasuvpsiBa C Olije MO-BUCOKa CKOPOCT. lopu B
obmactrTe, KbAETO MaTepHa/HUTE YaCTHUIM Ca TOBede OT cpefHUs Opoi,
I'PaBUTALIMOHHOTO TIPUB/IMYaHe Ha MarepusTta Iie ObJe TPeoiosisTHO OT
oTO/'TbCKBAHETO Ha JieMiCTBalllaTa KOCMOJIOTHYHA KoHcTaHTa. [Topaay ToBa 1
Te3u 007acTU CBINO 1je Ce paslIMpsBaT T0 YCKOPUTEJHO WUH(Ial[MOHEeH
HaunH. C pasmuvpeHWeTo WM, KOraro MarepuajHATe YacTHULUA Ce
pa3/jiajieyaBaT MOMeXY CH, llle Ce CTUTHe /0 pas3lliupsiBaiia ce BceneHa,
KOSITO TOYTHM He ChAbpXKa YaCTULA U € Bce Ollle B CBPbXOX/aJeHO
CbCTOsIHME. BcHUUYKM HenpaBUHOCTA BbB BceseHara npocTo e ce
W3IJIaZIST OT PaslIMPEHUeTO ChIT0 KaKTO M'bHKUTE Ha 0OasioHa ce W3rIaKzar
Tpy HaZyBaHeTO My. Taka CeramHOTO I7IaJKO U eJHOPOJHO ChCTOSIHME Ha
BceneHara 6 MoOr/io fa ce sSIBU KaTO pe3ylATaT OT TBBPAE pa3IUUHU
HeeJHOPOJHA Haua/THA CbCTOSTHUSI.

B TakaBa BcesneHa, KbaeTo pasllIUpeHHMeTO Ce YCKOpsiBa OT
KOCMOJIOTMYHAaTa KOHCTaHTa, a He ce 3abaBg OT TpaBUTAI[MOHHOTO
TpUB/IMUaHe Ha MaTepusiTa, 3a CBeT/IMHATa Ille UMa JO0CTaTbyHO BpeMe B
paHHara BceneHa /a mpeMuHe OT efiHa oOsacT B Apyra. ToBa OW pelvio
BBIIPOCA, TIOCTaBeH MO-PaHo, 3aIlio0 pa3nuuHy obracTu B paHHata BceseHa
¥MarT elHU U ChIM CBoUCTBa. Helro moBeue, CKOpOCTTa Ha pa3lIMpeHue Ha
BceneHaTa aBTOMaTH4HO Iile CTaHe MHOTO O/M3Ka [0 KpUTUUHATA CKOPOCT,
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oripejiesieHa OT TUTBTHOCTTA Ha eHeprusita BbB BceneHata. Taka MoxkeM [ja
cu 00SICHUM 3all[0 CKOPOCTTa Ha pa3IlMpeHue e BCe Ollje TOJKOBa O/r3Ka o
KPUTHYHATa CKOpPOCT, Oe3 fia TpsibBa [la ripyemMame, ue Hada/iHaTa CKOPOCT
Ha pa3ivpeHue Ha BceneHara e 61a MHOTO BHUMaTe/HO TIoZibpaHa.

Wnesita 3a uH(aysa cpio 61 o0scHWIA 3a1j0 BbB BceneHata nMa
TOJKOBa MHOTro Marepusi. B obsactra ot BceseHaTa, KOSITO MOXeM Ja
HabmogaBame, uma okosio 1080 wacTunm. OTkbAe ca AOILIM BCUUKU Te?
OTroBopbT e, ue CIiOpe/; KBaHTOBaTa TeOpUsI YaCTUMLA MoOraTr ja ce
oOpa3yBar OT eHeprusi 1moj, opmara Ha ABOWKM uyacTulla/aHTHYacTvla. Ho
TOBa MBK TIOCTaBs BBIIPOCA, OTKbJe H/Ba eHeprusira. OTroBOphT e, e
obirjara eHeprusi Ha BceneHara e TouHo HyseBa. Matepusita BbB BceneHara
e u3rpajieHa OT TOJIOKUTe/Ha eHeprus. Ho 1jsi1aTa MaTepusi ce mpUB/IAUA
CBIVIAaCHO TpaBUTalLUATA. []Ba KbCa MaTepusi, KOUTO ca 651130 eivH /10 APYT,
MMaT TIO-Ma/JKO €eHeprusi, OTKOJKOTO ChIIUTe JBa KbCa Ha TOJSIMO
pa3CTosiHMe TIOMEeXAY CH, 3aljoTo, 3a Ja TU pas3fedM MpPOTUB
rpaBUTAlIMOHHATa CW/a, KOSITO TM COMMKaBa, TPsiOBa Jla W3pa3xo/iBaMe
eHeprus. Taka B TO3U CMMCBJI FPaBUTALIMOHHOTO T0Jie UMa OTpHLaTeHa
eHeprus. B To3u ciayuaii Ha BceneHa, TPUOIM3UTE/NHO eQHOpPOJHA B
MIPOCTPAHCTBOTO, MOXKe Jla Ce TIOKake, Ye Ta3d OTpHIaTe/Ha
rpaBUTal[MOHHA €Heprusi TOYHO YHUILO)KaBa TI0JIOKUTe/IHAaTa €eHeprus,
npe/icTaBeHa OT MaTepusita. [Topaau ToBa obiijaTa eHeprusi Ha BceneHara e
HyJ/ieBa.

M Taka ABe 1o Hyna e cbijo Hysna. OT Tyk ciiefBa, ye Bcesenara
MOXKe /1a yABOM KOJIMUECTBOTO TOJIOKUTE/HA €Heprusi Ha MaTepusitTa U Ja
yABOU OTpUlIaTe/IHaTa 'PaBUTALIMOHHA eHeprus, 0e3 Jila Hapylly 3aKoHa 3a
3ara3BaHe Ha eHeprusita. ToBa He ce C/yuBa IIPU HOPMAJTHOTO pa3ilivpeHe
Ha BceneHarta, KoraTo ryTbTHOCTTA Ha eHeprusiTa Ha MaTepusiTa HamassiBa C
yrojiemsiBaHeTo Ha Bcesnenara. To ce ciyuBa obaue rpu MHQUIAIOHHOTO
pasiliMpeHue, 3allloTO TUTbTHOCTTA Ha eHeprusira mpu CBPbHXOX/aZieHOTO
CbCTOSIHWE OCTaBa MOCTOsIHHA, /J0KaTo BceseHara ce pa3iiMpsiBa: KOraro
BceneHara yaBou pa3MepuTe CH, MOJ0)KWUTeTHaTa eHeprusi Ha MarepusTa U
oTpuliaTe/THaTa TPaBUTAL[MOHHA €Heprusi Ce yABOSBAT, Taka ue oOIjara
eHeprusi octaBa Hyna. [lo Bpeme Ha wuHbalMoHHaTta (a3a BceseHara
yBe/IM4aBa pa3MepuTe CH B MHOTO rojsiMa cterieH. [1o To3u HauuH 0OII0TO
KOJTMYECTBO eHeprusi 3a oOpa3yBaHe Ha YaCTHIMA CTaBa MHOTO TOJISIMO.
Kakro I'eT 3abensi3Ba: ,Ka3BaT, ue HsIMa TakoBa HeIO, KaTto Oe3rjiaTeH
00si1. Ho BcesneHata e Haii-roieMusT 6e3rmiareH oosi.
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IHec BceneHara He ce pasilvpsiBa M0 MH(JIALIMOHEH HauWH. Taka ye
TpsibBa /la Ma HSIKaKbB MeXaHW3bM, KOWTO /la eIMMUHUpA /efCTBUETO Ha
rojisiMaTa KOCMOJIOTMYHA KOHCTAHTAa W Taka Jia TMPOMeHU CKOPOCTTa Ha
pasIMpeHre OT YCKOPeHO KbM 3a0aBsHO OT TpaBUTAIMATA, KAKBOTO UMaMe
cera. [Ipy UWHQIAUMOHHOTO pa3lIMpeHUWe MOXeM Ja OuakBame, ue
CUMeTpUsiTa MeXAy B3aMMOJEMCTBUSITA Ile Ce Hapylld, KakTo
CBpbXOXJIaJleHaTa BOJAa Hakpasgd BHWHAru 3amMpb3Ba. [lonbjiHUTeHaTa
eHeprusi Tpyu CbCTOSHHUETO Ha HeHapyllleHa CUMeTpUsi Toraea Iie ce
ocBo0OO/IM ¥ OTHOBO IIle Harpee BcesieHara /[0 Temrieparypa, KOSTO e TOUHO
MO/l KpUTHUYHATa 3a CUMEeTPHUs MeXAY B3auMoJielCcTBUsATa. Taka BceneHara
1je NPOAB/DKUA Ja Ce paslivpsBa U OXJlaXJa CbIIO KAKTO [0 MoZena Ha
ropeiiusi ['oisiM B3pUB, HO cera Irje UMaMe obsicHeHHe 3a11jo BceneHata ce
pa3IMpsiBa TOYHO C KPUTUUHATA CKOPOCT U 3alll0 pa3IuuHUTe 00/1acTH 1ile
¥Mar e/lHa Y Cbllla TeMrieparypa.

B mbpBOHaua/HOTO TIpeArno/iokeHHWe Ha ['bT (ha30BUSAT Mpexoj ce
Tripe/rio/araille /ja HaCThIIBa BHE3alHO KAKTO TOsIBaTa Ha JieIeHU KPUCTaIU
B MHOIO CTy[eHa Boja. Mpesita e, ue B crapara (pasa ca ce obpasyBanu
,Mexypuera“ OT HoBaTa (a3a Ha HapyllleHa CUMeTpUs ToJ00HO Ha
MexypueTa Tapa B Kursilla Boza. Ilpearionara ce, ue Te3u Mexypuera ce
pas3ImmpsBaT 1 JobKaBaT MoMeXXy CH, AoKaTo Isiiata BeeneHa npeMuHe
B HOBa (ha3a. benara e, kakTo Geliie 0TOesI3aHO OT MeH U HSIKOMW ApPYTH, Ue
BceneHara ce pasiiupsiBa TOJKOBa Obp30, Ue A0OpPU ako MexypueTara
HapacTBaxa CbC CKOPOCTTA Ha CBeT/IMHATA, Te IaK Ligxa /a Cce pa3jasieyaBar
TIOMEeXKy CH, Taka 4ye He 61xa MOI/U Jia ce ciiesiT. BcesieHata 6u ocTaHana B
KpaliHO HeeJHOPOJIHO ChCTOSIHME, KaTo B HSIKOM 00/1acTH BCe Olle Iie UMa
CUMETpUST MEXAYy pa3/IMyHuTe B3auMOJEUCTBUS. TakbB MoOZen Ha
BceneHata He 61 MOT'bJI Zla COTBETCTBA Ha TOBA, KOETO BIKZAMe.

ITpe3 oktomBpu 1981 1. mocetux MockBa 3a KOH(epeHIUsI TIO
KBaHTOBa rpaBuTalus. Cien kKoHdepeHIUsATa M3HECOX CeMUHAp Ha Tema
WHGMALMOHHUST  MOZiel W CBbp3aHUTe C  Hero TipobsemMd B
ActpoHomMuueckusi WHCTUTYT ,IllepHOepr”. Ilpemu ToBa OSX HaMepH
YOBEK, KOMTO J]a U3HeCe JIEKLIUSI BMECTO M€EH, 3allj0TO [OBEUYETO He MOrar Jia
pa3bepar ryaca Mu. Ho He MM CTUTHa BpeMeTo /ia TOAr0TBS CeMHHapa, Taka
ye ro NMpoBejoX CaM, KaTo eJWH MOM JUIJIOMAaHT TOBTapsille JyMUTe MHU.
MwuHa fo6pe ¥ MU OCUTYpH MHOTO TI0-TeCeH KOHTAKT ¢ ayauropusarta. Cpef,
npUChCTBaluTe Oellle euH MJa[ pycHak, AHApeil JIuHAe OT WUHCTUTYTA
,»J1ebeeB”“ B Mocksa. Toit Ka3a, ye TPyAHOCTTa C MexXypueTara, KOUTO He ce
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C/IUBaT, MOXKe Jia ce u30erHe, ako0 Te Ca TOJKOBa TOJIEMH, uUe €eHO-
eIMHCTBEHO Mexypue Ja ChAbp)ka Hallara obmact ot Bcesnenara. 3a fa e
TakKa, MPeMUHABAaHeTO OT CUMeTpHs KbM HapyllleHa CUMeTpust 6u TpsibBasio
MHOTO0 0aBHO Jla HACTBHIIBA BbB BBTPEIIHOCTTA Ha MeXypueTo, a TOBa €
ChBCEM Bb3MOXKHO CTIOpeJi TeopuuTe 3a BennkoTo obeavHeHue. Miedra Ha
Jlunge 3a 6aBHO HapylllaBaHe Ha CHMeTpusATa Oemle MHOTo J00pa, HO
BIIOC/IE/ICTBME OCh3HAX, Ue HeroBUTe MexypueTa TpsiOBa Ja ca O6uid To-
rojieMy OT ToraBailiHata BceseHa! A3 rokasax, ue BMECTO TOBa € Bb3MOXXHO
CUMeTpHsATAa Jla Ce HapylllaBa eZJHOBPEMEHHO HaBCSIKb/e, a He CaMO BbTPE B
Mexypuerara. ToBa OW [oBeslo [0 egHOpogHa BceneHa, KakBaTo
HabsroaBaMe. Bsix MHOTO pa3BB/IHYBaH OT Ta3u Wjies U 51 CIIOZe/UX C e[vH
oT cBouTe ctyfeHTH, SIH Moe. Karo npusren Ha JluHzae obaue 65X TBbp7e
CMYTeH, KOraTo BIIOC/Ie[CTBHMe MU U3IpaThXa HeroBusl TPyz OT eJHO HayUYHO
CrMcaHue U Me TMUTaxa Jiaid e ToAX0/sll 3a my6srkyBaHe. OTroBopuX, de
MMa HeJloCTaTbK — MexypueTara TpsibBa Jja ca ro-rosieMu OT BcesneHara,
HO uUe OCHOBHaTa Mjes 3a 6aBHOTO HapylllaBaHe Ha CUMETPUsITa € MHOTO
nobpa. Ilperopbuax fga ce myO/JMKyBa Taka, KaKTO e, 3aIloTo Ha JIunHze
msgxXa Ja ca My HeoOXOJUMH HSKOJIKO Mecella 3a KODEeKI[Usl, Thi Karo
BCHYKO, KOETO M3IIpallla Ha 3ara/i, TpsioBalile ia IpeMuHe Tpe3 ChbBeTCKaTa
1[eH3ypa, a TS He e HUTO 0COOeHO ymesa, HUTO 0COOeHO eKCIleJUTUBHA C
HayyHUTe TyOnvkaiuu. Bmecto ToBa 3aefHo ¢ AH Moe my0OsMKyBaxme B
CBIL[OTO CMCaHWe KPaTKO ChoOlljeHre, B KOeTO Mocourxme mpobsiemMa 3a
pa3Mepa Ha MexXypueTaTa ¥ Kak 01 MOT'bJ1 [ia Ob/ie peliieH.

Ha cnepBaiusi feH c/ej BpbI@aHETO MM OT MOCKBa TpbrHax 3a
Ounagendus, KbAero TpsOBamie Ja ToJydya MeJdad OT WHCTHUTYTA
,@paHK/MH“. Mosita cekperapka, [)xynu ®esna, Geliie rmycHaaa B X0 CBOS
He MajTbK Yap, 3a /la yoequ bpuTaHCKUTe aBUOTMHUM /la OCUTYPSAT Ha Hes U
Ha MeH Oe3mjatHn Mecta Ha ,,KoHkopg“ kato peknama. Ho a3 06sx
3a//bp)KaH M0 ITbTA KbM JIETUILIETO OT CU/IeH AbXKJ M U3IyCHax camMoJeTa.
Bbripeku ToBa Hakpasi CTUrHax o Punagendus U Mosyyux CBOsi Mejas.
[Tocne me momosMxa fa U3Heca ceMUHAap 3a MH(aluoHHarta BceneHa B
yHuBepcuTeTa ,Jlpekcen” BbB @Punazendus. V3Hecox Cblys ceMHHap,
KakTo B MOCKBa.

Hsikonko mecerja mo-kbcHO Ilon Craiinxapa u AHgpeac AOpexT oT
[leHCWU/IBAaHCKUS YHUBEPCUTET HE3aBUCUMO €[UH OT APYT U3JIOKUXa ujes,
TBbpJE CXOAHa C Ta3u Ha JIuHpe. 3aengHo c JIMHAe ¥ Ha TAX ABamara ce
OTJaBa MpPU3HAHWETO 3a T.Hap. ,,HOB WH(IALMOHEH Mojen“, OCHOBaH Ha
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uziedTa 3a 0aBHO HapyllaBaHe Ha cumetpusita. (Crtapust WHGbIALMOHEH
Mogies1 6e TTHPBOHAYA/IHOTO TPe/To/ioykKeHre Ha ['bT 3a ObpP30 HapylllaBaHe
Ha cuMeTpusTa c oOpa3yBaHe Ha MeXypueTa.)

HoBusat nHaioneH moges Oeiile 006p OMUT Zia ce 0OSICHU 3all[o
BceneHara e TakaBa, KakBaTo e. Ho a3 ¥ HeKoO/LMHA PYTU MOKa3axme, ye
MOHe B MbPBOHAYa/IHUS CU BUJ TOW TpecKa3Ba MHOIO [10-TOJIEMU
Bapualid B Temreparypara Ha MHMKPOBBJIHOBOTO (DOHOBO JbUeHHUe,
OTKOJIKOTO ca HabsmofaBaHu. [TocieaBanara pabora Cbl0 XBbPJIM CSIHKa Ha
CbMHEHMe 3a TOBa, Ja/Jyd € MOIVIO /la UMa TakbB (pa30B IPeXof, B MHOTO
paHHaTa BcesieHa, KakKbBTO Ce M3UCKBA. M0eTO JIMUHO MHEHUE e, Ue HOBUSIT
vH(Ial[MOHeH MO/Jie/T e Beue MbPTHB KaTO HayuHa TeOpUsi, Makap ue /0CTa
X0pa, U3IJeX/a, He ca Yy/Id 3a M30CTaBIHEeTO My M NPOAb/DKABAT Ja MULlaT
3a Hero CsiKalll oiije e Xu3HeH. EWH 1o-100bp Mojes, HapeueH XaoTHUeH
vHdmaioHeH Mozes, 6e mpeayoxked ot Jluazae npe3 1983 r. B Hero Hsama
(da3oB 1pexoJ;, HUTO CBPBbXOX/JaKJaHe. BMecTo TAX MMa e[HO MoJjie CbC
criiH 0, KOeTo Mopaivi KBaHTOBU (IyKTyaliuu 01 TpsibBasio la MMa BHUCOKHU
CTOMHOCTM B HSIKOM oOOnactT oT paHHata BceneHa. IToBemeHueTo Ha
eHeprusiTa Ha T0JieTO B Te3u 00/1acTH e ToA0OHO Ha KOCMOJIOTMYHATa
KoHCTaHTa. T Ou TpsibBasio fa e c OTOABCKBAIL FPABUTALIMOHEH eqeKT,
Topajivi KoeTo Te3u 00/1acTH I1je ce pa3lupsiBat 1o uH@aroHeH HauuH. C
pa3IIMpeHreTo UM eHeprusiTa Ha ToJieTo B TAX 0aBHO Iije HaMaJssiBa, JOKaTo
VMH(}IALMOHHOTO pa3lliMpeHre Cce CMeHU C pasllivMpeHue KaTro B Mojiesia Ha
ropeiiusi ['osisim B3puB. EfHa oT Te3u obnactu 6u ce mpeBbpHa/ia B TOBa,
KOeTo cera BWKJame Kato Habmtomaema BcesieHa. To3u mopen npuTeXxaBa
BCUUKM TIpeIMMCTBA Ha TIpeUIIIHUTe MHMIAI[MOHHU MO/, HO He 3aBUCU
OT CbMHHUTeHUS (ha30B Mpexo/l, a OCBeH TOBa /laBa MpUeM/IMBU pa3MepH 3a
dbnykryaluMte B TemrepaTypaTa Ha MHUKDOBBIHOBHUSI (OH, KOUTO Ce
CbIVIacyBaT C HabmMoaeHusITa.

Ta3u paboTa Bbpxy WHGMIALMOHHKTE MO/Ie/IM TI0Ka3a, Ye CeranrHoTo
CbCTOSTHME Ha BcesneHara e MOI/IO /la Bb3HMKHE OT TBbpJe roisiMm Opoi
pa3/MyHu HauyajaHU KoH@urypanuu. ToBa e Ba)kHO, 3alllOTO IOKa3Ba, ue
HauaJTHOTO CBHCTOSIHWE Ha 4acT OT BceseHaTa, KOSTO HacessiBame, He e
TpsibBano fa ce moadupa C ocobeHO BHUMaHMWe. Taka uye MOXeM, akKo
)KeJslaem, Jia U3Mo/3Bame cjabusi aHTPOTeH TIPUHLIUIL, 3a /la 00sICHUM 3all[o
Bcenenara usriexzia TakaBa, KakBato e cera. Pa3bupa ce, He 8csika HauaHa
KoH(Urypatus 61 0Besa [io BcesleHa KaTo Tasu, KosTo HabmogaBame. ToBa
MOJKe /la ce MOKaKke, KaTo pasriie/jaMe elHO MHOTO Pa3/IMYHO ChCTOSIHHE Ha
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Bcenenara B Hamm AHU, Od KdKeM TBBPAE HEU3IIdJeHO W HEIIPAaBHUJ/IHO
CbCTOsSIHHE. MOXKEM Jla CH TIOC/TY)KMM C HayyHHWTE 3aKOHM, 3a /Ia BbpHEM
BceneHnara Ha3aj, BB BPEMETO U Jia OTNpe/ie/IMM HelHaTa KoH(uryparys 3a
nmo-paHHd  BpeMeHa. CbITIACHO TEOPEMHUTE 3@ CHHTY/ISPHOCT — OT
K/lacHUyeckaTa o00Illa Teopusi Ha OTHOCUTE/NHOCTTa MakK TpsbBa Ja MMa
CUHTY/ISIpHOCT B T'osiemust B3puB. AKO TakaBa BCejieHa €BO/IIOMpPA Harpe[
BBbB BPEMETO CIIOpEe[, HAyUHUTE 3aKOHH, IIle CTUTHETe /10 HEeW3I/IaZieHOTO U
HETIPABU/IHO ChCTOSIHUE, OTKB/IETO CTe TpbrHaau. CjemoBaTesiHO TPSOBa fa
e MMaJI0 Havya/Hu KOH(UTypal[iy, KOUTO He ca ZioBesu 10 BceneHa Karo
Tasu, KOATO BIDKJaMe AHec. Taka ue jJake MH(IALMOHHUAT MOZE/T He HU
Ka3Ba 3all[0 HauajHaTa KoHUrypaljys He e TakaBa, ue Jila HU JlaBa HeIo,
TBBP/Ie PA3/IMUYHO OT TOBa, KOeTo HabmogaBame. TpssbBa u /ja ce 0ObpHEM
KbM aHTPOITHMSI IIPUHIIUII 32 00sicHeHKe? HyiMa BCHUKO e MpOCTO I[acT/IMBa
cnyvariHocT? ToBa Ou 3Haueso /@ ce OoTyasiMe, Jla Cé OTPeUeM OT BCUUKHU
HaZIeXK 1 1a pa3bepeM HsKOTra CKpUTHS peJ Ha BceneHara.

3a [a ripeicKakeM Kak e 3arovyHasia BceneHara, ce HyX7Jaem OT
3aKOHM, KOMTO Ca B CHJIa 32 HAYa/IOTO Ha BpemMeTo. AKO Kiacuueckara o0iia
TEOpHsl Ha OTHOCUTETHOCTTAa € KOPEKTHa, TO TeOPEMHUTE 3a CHUHTYJISIPHOCT,
KOWUTO /iBamara c IleHpoy3 Aoka3axme, TOKa3Bar, ye Hayaj0TO Ha BPEMETO
TpsOBa Ma e TOuka C Oe3KpaifHa TUTBTHOCT U Oe3KpaiiHa KpPHBMHA Ha
IIPOCTPaHCTBO-BpeMeTO. B TakaBa TOUKa BCHMUKHM M3BECTHU HAayYHH 3aKOHU
Ouxa OMIM HeBanWAHW. BUXMe MOIIM /A IIPeIIO/IOKKM, Ue ChIeCTBYBAT
HOBM 3aKOHM, KOMTO Ca B CHJIA 3@ CUHTY/JISIPHOCTH, HO IIle € MHOTO TPYAHO
JlopU Jia T (popMy/nrpame TMpU TOUKU C TaKOBa JIOLIO MOBe/leHue, a HiMaMe
W HacoKa OT Hab/ro/jeHusiTa KaTo KaKBU MOraT Jia ca Te3u 3aKOHH. Bce mak
TOBa, KOETO TEOpeMHTe 3a CHUHTYISIPHOCT HaWCTHHA CodYaT, e, ue
IPaBUTAI[UOHHOTO TI0Jie  CTaBa TOJKOBA CWU/JIHO, Ye KBAHTOBHUTE
rpaBUTAIIMOHHN edeKTH TpUA00MBaT 3HaueHHe: KjacHuuecKaTa TeopHs
mpecTtaBa Ja Obge m00po omucaHue Ha Bcenenara. Ilopaau ToBa mpu
00CHXK/JaHe Ha Hali-paHHUTEe CTaZvM Ha BceneHara TpsOBa Ja M3Moia3BaMe
KBAaHTOBaTa TeOpWsl Ha rpaBuUTanusTa. KakTo IIle BHAUM, BB3MOXKHO €
KBAdHTOBATd TeOpHUA [dd € B CW/ld HABCAKBAE 3d O6I/IKHOBEHI/ITE Hay4HH
3aKOHM, BK/IIOUMTE/IHO W B HAUYa/JlOTO Ha BPEMETO: He e HeoOXoAumo Ja
MOCTy/IMpaMeé HOBU 3aKOHM 3a CHHTY/ISPHOCTTA, 3all[0TO B KBAHTOBATa
TEOpHs He Ce HaJjlaraT KaKBUTO U /ia OM/I0 CUHTY/ISIPHOCTH.

3acera Bce ol1je HIMaMe 3aBbpIlieHa U ChCTOSITE/THA TeOPUs], KOSITO /la
CchueTaBa KBAaHTOBaTa MeXaHWKAa U TrpaBuTalusaTa. Ho Beue cMme MoOUTH
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CUTYPHM KaKBU TPsIOBA /la ca HIKOU OT XapaKTepHUCTHUKWTE Ha e/lHa TaKaBa
efvuHHa Teopus. I[IbpBO, T TpsOBa [a BK/IOUBA IIPEJIOKEHHETO Ha
daitHMaH 3a (opmynupaHe Ha KBaHTOBAaTa TeOpUsi upe3 CyMHpaHe MO
TpaekTopuu. [IpyM TakbB MOAXO[ YacTUIlaTa He TpUTeXaBa CaMO e/Ha
TpaeKTOpHsl KaKTO B K/lacMuecKara Teopusi. BMecTo ToBa ce rpejriosara fia
ce c/ieiBaT BCUYKWA Bb3MOKHU IThTHII][@ B TIPOCTPAHCTBO-BPEMETO U Ue
BCEKU OT TAX € CBbp3aH C /IBOMKA 4YHWC/Ia, €JHOTO TMpe/ICTaB/IsIBalll0
rojeMrHara Ha BbJ/IHAaTa, a BTOPOTO — MOJIOXKEHUEeTO B LUKb/a (dasata).
BeposiTHOCTTa yacTuijaTa /la IpeMUHaBa, [ia KaykeM, Mpe3 HIKOosi KOHKpeTHa
TOUKa Ce HaMMpa 4ype3 CyMUpaHe Ha Bb/JIHUTe, CBbP3aHU C BCSIKA Bb3MOXKHA
TpaeKTopwus, NpeMrHaBallla rpe3 Ta3u Touka. Korato obaue ce orvrame fa
HarpaBUM TOBa CyMHpaHe, ce COTbCKBaMe C TeXKKH TeXHUUeCKU MpobieMHu.
EIVMHCTBEHUAT HauWH Ja r'd u30erHeM e Ja CIia3BaMe Tpe/IiCaHueTo:
TpsiOBa /la CyMHpaMe Te3H BbJIHM 3a UCTOPUSATA Ha YacTHIaTa, KOUTO He ca
B ,,pea/lHOTO“ BpeMe, KOeTO II03HaBaMe C BaC, a Ce sBgBaT B T.Hap.
MMaruHepHO BpeMe. MMarmHepHOTO BpeMe MO)Ke OM Iije BH 3ByUd KaTo
HayyHa (aHTaCTWKa, HO BCBIIHOCT TO € eAHo Jobpe aeduHMpaHO
MaTeMaTHuecko TIOHSTHe. AKO B3eMeM Koe /a € OOWMKHOBeHO (WU/H
,PEeaHO®) UYHWC/0 M TO yMHOXHM caMO Ti0 cebe cu, Ie TIOTYUYUM
ronoxuteaHo uncno. (Hanpumep aBe 110 ABe e ueTHMpH, HO U —2 M0 —2 MaK
e 4.) CeolijecTByBaT 0baue CcrieldaJHU uWc/la (HapeueHd WMaruHepHH),
KOWTO, YMHOKE€HH CaMH Ha cebe cH, fjaBaT oTpuiiateaHo unciio. (Hampumep
i, yMHO)KeHO camo Ha cebe cH, AaBa —1, 2i, yMHO)XKeHO caMO Ha cebe cu,
JaBa —4 U T.H.). 3a Aa u3berHeM TeXHUUECKUTEe TPYJHOCTH, CBbP3aHU ChC
cymupaHero Ha ®aliHMaH 110 TpaeKTOpuMTe, TpsibBa [la H3MOI3BaMe
UMarvuHepHO BpeMe. WMu c Apyrd AyMH, 3a W3UMCIeHHETO TpsioBa [Ja
M3MepBaMe BpeMeTO C UMarvHepHHW, a He C peajiHU uMc/a. ToBa mopaxzja
MHTepeceH e(eKT BbPXy MPOCTPAHCTBO-BPEMETO: pa3/UuUeTo MexAy
TPOCTPAHCTBO U BpeMe HaITb/JIHO H3ue3Ba. 3a IPOCTPaHCTBO-BPeEMETO, B
KOeTo ChbOUTHSITa MMaT MMarMHepHa CTOWMHOCT Ha BpeMeBaTa KOOp/WHAaTa,
Ka3Bame, 4Ye e FEBK/IWAOBO 10 HMeTO Ha /[ipeBHMSI TpbK EBKIUj,
OCHOBOTIOJIOKHUK Ha TeoMeTpusiTa Ha [ByMepHUTe TMOBbPXHMHH. TOBa,
KOeTo cera Hapyuuame EBK/IHI0OBO TIPOCTPAHCTBO-BPeMe, e TBbp/ie MOoA00HO
C Ta3u pa3/uKa, ue UMa UeTHpPU U3MepeHHUs1 BMecTo jBe. B EBKIMA0BOTO
MIPOCTPAHCTBO-BpeMe HsIMa pa3/vKa MeXKJy II0ocOKaTa Ha BpeMeTO U
MOCOKHWTE B TIPOCTPAHCTBOTO. OT Apyra cTpaHa, B peajlHOTO MPOCTPaHCTBO-
BpeMe, Kb/IeTO ChbOUTHSITa ce oTOensi3BaT C 0OOMKHOBEHU, peaHi CTOMHOCTH
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Ha BpeMeBaTa KOOp/YHaTa, JIeCHO MOKeM Jja Omnpefe/IMM pasjvKarta —
MOCOKAaTa Ha BPEMETO 3a BCUUYKM TOUKH JIeXKH BbTPE B CBET/IMHHUS KOHYC, a
MIOCOKWTE B TPOCTPAHCTBOTO Ca M3BbH Hero. BbB BCeKW Ciydai, W10 ce
OTHacsi 10 OOMKHOBeHaTa KBaHTOBa MeXaHMKa, MOXXeM Jla pasriexaamMe
M3M0J13BaHeTO Ha UMaruHepHo BpeMe U EBKJIM0OBOTO MPOCTPaHCTBO-BpeMe
MPOCTO KaTrO MaTeMaTWu4yeCKOo CpeAcTBO (WId TpHK), 3a Ja HaMepum
OTTOBOPUTE 3a PeasHOTO MPOCTPAaHCTBO-BPEMe.

BTopa xapakTepucTHKa, 3a KOSITO cuuTame, ye TpsibBa fia e yacT OT
OKOHuUaTeJIHaTa Teopusi, e AVHIjaliHOBaTa H/jies, 4e rpaBUTALMOHHOTO T0JIe
Cce TIpe/ICTaBsl C U3KPUBEHO NPOCTPAHCTBO-BPEME: YaCTULIUTE Ce CTpeMsT Jia
CJ/ieiBaT ITbT, Hali-O/IM3BK /10 TpaBaTa B eJHO W3KPUBEHO MPOCTPAHCTBO, HO
ThU KaTo MPOCTPAHCTBO-BPEMETO He € IIJIOCKO, TEXHUTE IThTHUIL[A U3ITIeXXJaT
Or'bHATU KAaKTO MOJ JeWCTBUEe Ha IPaBUTALMOHHO moJsie. Korato mpuioxum
daliHMaHOBaTa CyMa IO TPaeKTOPUM KbM AMWHIaliHOBAaTa Ipe/iCTaBa 3a
rpaBUTALUATA, aHAJIOIBT HA TPAEKTOPHUATA HA e[jHa 4YaCTWLla Beye e efHO
V3KPUBEHO TPOCTPAaHCTBO-BpPEME, TPEACTaBAI0 TPAEKTOpUATA Ha Lisijara
Bcenena. 3a fa n30erHeM TeXHUYECKHUTEe TPYAHOCTH TIPU [IeHCTBUTETHOTO
CyMHpaHe T0 TPaeKTOpWH, Te3W U3KPUBEHU MPOCTPaHCTBa-BpeMeHa TpsibBa
fa ce npuemar 3a EBkmmpoBu. Taka BpeMeTo e UMMarMHepHO W
HepasrpaHMYUMO OT TOCOKMTe B TIPOCTPAHCTBOTO. 3a Ja U3YUUIUM
BEPOSITHOCTTA 3a HaMHpaHe Ha peajHO MPOCTPAaHCTBO-BpeMe C HAKAaKBO
KOHKDETHO CBOMCTBO, KaTO Hanpumep TOBAa /A W3IVIeX[Ja eJHO W CbLIO OT
BCSIKA TOUKAa Y BbB BCSKa MOCOKA, CyMUpaMe BbJIHUTE, CBbP3aHU C BCUUYKU
TPaeKTOPUU, KOUTO MPUTE)KaBaT TOBa CBOUCTBO.

B kiacuueckara o0Iia Teopusi HA OTHOCHUTEJIHOCTTAa WMa MHOTO
pPa3MyHO Bb3MOXXHM HW3KPUMBEHU IIPOCTPAHCTBa-BpeMe, KaTo BCSKO
OTroBaps Ha pa3/IMYHO HayaJHO CbCTOsIHMe Ha BceseHata. Ako 3Haexme
Haya/IHOTO CBHCTOSIHME Ha Halllata BceneHa, Ouxme y3Hanu W Ijsylata u
vucropusi. [lo ChbIMs HauvH B KBAHTOBAaTa TEOPUS Ha IpaBUTALUMATA HMMa
MHOI'O Pa3/IMYHO Bb3MOKHU KBAaHTOBU ChCTOSIHUSI HAa Bcenenara. I 0THOBO,
aK0O 3HaexMe KakBO e T[IOBeJleHMeTO Ha EBKIMJ0BHATE W3KPUBEHU
MPOCTPAHCTBa-BpeMe B CyMara MO TPAaeKTOPUMM 3a Hada/JHWUTe CTaJuH,
OrxMe y3Ha/IM KBAHTOBOTO ChCTOSIHUE Ha BceneHara.

B kjacuueckata Teopus Ha TpaBUTalUsTa, KOATO ce 0Oa3upa Ha
peaslHO MPOCTPaHCTBO-BpeMe, KMMa CaMO /[Ba Bb3MOXXHM HauvHa 3a
noBeZleHMe Ha BcesieHara: TS WM e CbleCTByBajia B IpOJb/DKeHUe Ha
Oe3kpaiiHO BpeMe, WIM € HMaja Hauajo B HIKakKBa CHHTY/SPHOCT B
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ornpeziesieH MOMEHT OT MUHanoTO. OT Apyra CTpaHa, B KBAHTOBAaTa TeOPUsl
Ha rpaBUTalLUsiTa Ce siBIBa M TpPeTa Bb3MOKHOCT. TbM KaTO H3II0/3BaMe
EBK/IMZIOBU NPOCTPAHCTBA-BpeMe, B KOWTO II0COKAaTa Ha BpeMeTO HMa
CblllaTa OCHOBAa KAaKTO TIIOCOKWMTE B TIPOCTPAaHCTBOTO, BBb3MOKHO €
TPOCTPAHCTBO-BPEMETO /la € KpauHO MO MpOTeXXeHWe W BCe Mak Ja HsMa
CHUHTYISIPHOCTH, oOpasyBall[d rpaHvila WM Kpau. [IpocTpaHCTBO-BpEMETO
me ObJe KaTo 3eMHaTra IMOBLPXHOCT, C Ta3W pa3/idKa, ue Ile WMa /[Be
v3MepeHusl ToBeue. 3eMHaTa MOBLPXHOCT € KpauHa IO MPOTeXeHHe, HO
HsIMa TpaHM1]a WIKU Kpau: ako OTIUIyBaTe KbM 3ajie3a Ha C/IbHIIETO, HSIMa [J1a
naJiHeTe OT Kpasi WM Zia TIonaJHeTe B CUHTY/ISIPHOCT. (3HaM ro, 3aijoTo CbM
obukassit cBera!l)

Axo EBK/IUA0OBOTO TIPOCTPAaHCTBO-BpeMe Ce MpOCTHpa Hasal [0
Oe3KpaiiHO UMaruHEePHO BpeMe WJIM 3ari0uBa B CHHTY/ISIPHOCT B IMarMHEPHO
BpeMe, ce cOMbCKBaMe CHC ChIUSA MPo0/eM KaKTO KacudecKara TeOopHs
TIpY yCTaHOBSIBaHe Ha Haua/IHOTO ChCTOsTHHMEe Ha BceseHara: moxe 6u bor
3Hae KakK e 3arouyHaja BcesieHara, HO HUME He MOXXEM [a MpeaioKUM
HUKaKBa CIlel[dajiHa MPHUYMHA, 3a Jia CMsATaMe, Ye HauajoTo e OWo emaHo
vy apyro. OT gpyra cTpaHa, KBaHTOBAaTa TeOpPUs Ha rpaBUTALUATa OTKPU
HOBa BB3MOKHOCT, IIPM KOSITO He OM MMasio TpaHHMIla 3a IPOCTPAHCTBO-
BpPEMeTO, TaKa ye HsIMa Jla Ce Haslara /ia yCTaHOBsIBaMe T0BeJleHUeTO B Ta3u
rpaHuiia. TyK HsIMa Jla UMa CUHTYJIIPHOCTH, B KOUTO HAayuyHUTEe 3aKOHM Ce
TTPOBAJISAIT, HUTO ITbK Kpail Ha ITPOCTPAHCTBO-BPEMETO, TIPH KOWTO /1a TpsibBa
Ja ce obpwiljaMe KbM bor Wi KbM HSIKOM HOB 3aKOH, KOHTO Jia IOCTaBH
rPaHAYHUTE yC/IOBUSI HA MPOCTPAaHCTBO-BpeMETO. buxme MO/ [ja KaKeM:
,] PAHUUHOTO yCJioBMe Ha BceneHaTta e, ye TA HAMa HUKakKBa rpaHuua.
Bcenenara 1je Ob/le CHBBPIIEHO CAaMOCTOSATE/NHAa W HSIMa Jia 3aBUCH OT
HUII[0 W3BBH camaTa Hes. T HsMa HUTO Ja ObJe Ch3JaBaHa, HUTO
paspywasaHa. Ta mpocto IIIE BB/IE.

ViMeHHO Ha crioMeHaTaTa KOH(epeHIMsl BbB BaTvkaHa a3 3a ITbpBU
ITBT W3JIOKUX ITPEATIONIOKEHHETO, Ue MO)Ke OM BpeMeTO M MPOCTPAaHCTBOTO
3aeHO 0Opa3yBar efjHa MOBLPXHMHA, KOSTO € KpakHa 110 pa3MepH, HO HsAMa
rpaHulla WK Kpai. MosiT f0K/a/, obade Gerrie 1MO-CKOpPO MaTeMaTHyecKH,
TaKa ue CJIe[[CTBUATa My 3a possita Ha bor B cb3maBaHeTo Ha BcesneHara He
Osixa M30011[0 0CH3HATH 10 OHOBA BpeMe (M TOJIKOBa mo-Aobpe 3a meH). I1o
BpeMe Ha KOH(epeHIUsiTa BbB BaTnkaHa He 3HaeX Kak Jja TIpUJioXKa uzesita
3a ,,HMKaKBa TpaHULIA“, 3a [a HarpaBs TIipe/CcKa3aHus 3a BceseHara.
Crnepnpairjotro aT0 obadue mnpekapax B KammbopHUIICKHS YHHUBEpPCUTET
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,CaHra bap6apa“. Tam paboTuxme C efuH MOH TIpUSTeN U Kosera, [>Kum
XapTea, W W3BeNOXMe KakKBU YCIOBUS TpsiOBa Jia y/JOBJ/IeTBOPSsIBA
BcesneHara, ako MpoCTPaHCTBO-BpeMeTO HsiMa rpaHuiia. Korato ce BbpHax B
KeitmOpuy/pK, TPOAB/DKUX Ja paboTs C ABaMa MOW aCMUpPaHTH, [DKy/IubH
JIsTpBa M [J)KoHaTaH Xanuyerl.

Tyk TpsibBa ma orbesexka, ue uzesiTa BpeMe M IMPOCTPAHCTBO Ja ca
KpaiHU, HO Oe3 TpaHMIa, € caMO Npeono/noiceHue: TS He MOXKe /la Ce U3Bejie
OT HSKAKbB JIpyT MpHUHIUI. KakTo BCsKa HayyHa TeOpus ITbPBOHAYA/IHO TS
MOJKeIIle /ia ce TIPe/ICTaBU OT €CTeTUUYHM W/ MeTapUu3NUHU ChOOpakeHMs,
HO peaslHOTO H3MWTaHWe € Jajud Ts TIpaBU TMpeJiCKa3aHus, KOWUTO Ce
cbIylacyBaT ¢ HabmrofeHUsiTa. 3a KBAaHTOBA IpaBUTAl[Usi 0Oaue TOBa TPYHO
MOJKe [la ce Orpefie/id IO JiBe TPUYMHU. [IbpBO, KakTO Irje OOSCHUM B
C/lefiBalljaTa I71aBa, BCe OIlje He CMe ChbBCEM CHUTYPHH KOS TEOPHUS YCITEIITHO
obemuHsIBa 00IjaTa Teopust HA OTHOCHTETHOCTTA C KBAaHTOBaTa MeXaHHKa,
Makap 7la 3HaeM /IOCTa 3a TOBa, KakBa TpsbOBa /la e ejHa TakaBa TEOPHS.
BTopo, Bceku Mojien, KOWTO OMMCBa JleTal/HO IjsisiaTa BceneHa, 6u 6un
TIpeKaieHO CJI0)KeH MaTeMaTUUYeCKH, 3a Jla MO>KEM /la TIPECMETHEM TOUHHTE
npefickasanusi. [lopafii TOBa ce Hajara /ia HarpaBUM OIPOCTSIBAIU
JOMyCKaHWs W TIpUOMDKeHWs, HO JOpd U ToraBa TIpoO/ieMbT 3a
TIpe/IBWKIaHUSITAa C 0CTaBa MHOTO CEPUO3€H.

HAPACTEAHE
CEBEREH MOAIRE R i p [OAEMUAT B3PV

HOTG BFEME

PAIMEP HA
BCEAEHATA,
HAPACTEAL
L FMATHHEP—
HOTS BPEME

EKBATOP MAKCH -

MAAEH
FAIMEP
FAIMEF HA
FEQ H
WK FHHA K0XEH NOMDC roAEMMAT CoHE  © MMATHHER.
-]
AEMATA BOIAEHATA HOTO BEEME

THIVFPA B

Bcsika TpaekTopusi B CymMaTa I0 TpPaeKTOpPHH IIle OMKMCBa He Camo
MIPOCTPAaHCTBO-BPEMETO, HO M BCHYKO B HEro, BK/IHOUHTETHO CIOXKHU
OpPraHU3MH KaTO YOBEIIKUTe ChIleCTBa, KOMTO MoraT Ja HaOmojaBat
TpaekTopusita Ha Bcenenara. ToBa e mMoxe Ou ollje efHO OrpaBAaHUe 3a
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AHTPOITHHUSA TPUHLIUII, 3alll0TO, aKO BCUYKUA TPaeKTOPUMU Ca Bb3MOXKHH, TO
C/lefl KaTo HUe ChbljeCTByBaMe B e[Ha OT TPaeKTOpuuTe, MOXeM Ja CU
MOC/IY)KUM C aHTPOMHUS MPUHIMUM, 3a fAa obsichum 3amio BceneHara e
TakaBa, KaKBaro e. TOUHO KakKbB CMHUCHJ MOXKeM Jia TIpujaZeM Ha [pyrure
TPaeKTOpPHH, B KOUTO HHe He ChIeCTByBaMe, He e sICHO. ToBa miefuiile Ha
KBAaHTOBaTa TeOpUsl Ha rpaBUTal[dsATa OM OU/IO MHOTO T0-3aZI0BOIUTETHO
obaue, ako MO)KexXMe [la TIOKakeM, Ye KaTO U3Io/i3BaMe cymaTa [0
TpaeKTOpuH, Haulara BceseHa e He camo efHa OT Bb3MOXXHUTE, HO U e[jHa
OT Hall-BepOSITHUTe TpaeKTOpUM. 3a Ja HarpaBuUM ToOBa, TpsibBa [a
V3BbPILIUM CyMUpPaHe [0 TPaeKTOPUUTe 3a BCUUYKU Bb3MOXKHU EBK/INI0BU
IIPOCTPaHCTBa-BpeMe, KOUTO HAMAT rpaHulia.

Ot yzesaTa 3a HUKaKBa I'paHULia HayyaBame, ye 71a YCTaHOBUM KOsl OT
TOBeue Bb3MOXXKHM TPAeKTOPHH Iije c/iefiBa BceseHaTa, uMa rpeHebpexumo
MaJThK I1IaHC, HO Ue uMa efHa ocobeHa (aMu/usi OT TPAeKTOPUH, KOWUTO Ca
MHOIO MO-BEPOATHU OT Apyrure. Te3u TpaeKTOpUM MOXKeM Jja ONPUINYUM
Ha 3eMHara I[I0BbPXHOCT, Karo pa3CcTtossHueTo OoT (CeBepHUs TOJIIOC
Tpe/iCTaB/isiBa UMaruHEPHOTO BpeMe, a pasMepbT Ha Kpbra Ha MOCTOSHHO
pascrossHie 0T CeBepHMSI TOJIIOC TIpefCTaB/siBa IIPOCTpPAaHCTBEHAaTa
roneMrHa Ha Bcesenara. BcesieHara 3arouBa kato Touyka B (CeBepHUs
nositoc. KoraTto ce ABMXXMM Ha 10T, KPbroBeTe Ha reorpagckara mmMpourdHa
TIPY MOCTOSAHHO OTCTOsiHME OT CeBepHUs MOJIFOC CTaBaT IMO-TOJeMU, KOETO
OTroBaps Ha BcejleHa C pa3lupsiBaHe B WMarvHepHo BpeMme (c¢wur. 8.1).
BceneHara [jocTura MakcMMasjieH pa3mep TIpU ekBaTopa U Ou ce cBuia C
HapaCTBaHe Ha UMaruHepHOTO Bpeme [0 Touka B HO»xkHus momtoc. Makap ye
Bcenenara e uma HyneB pasmep B CeBepHus U FOXHUA MOJIIOC, Te3u
TOUKM Ca CUHIY/IIPHOCTU He IoBeue, OTKOJIKOTO camuTe CeBepeH u FHOxkeH
TIOJIFOC BbPXY 3€MHAara MOBbPXHOCT Ca CUHIY/ISPHOCTU. HayuHuTe 3aKOHU
1je ca B CWIa U B TAX, CbL0 KakTo U B CeBepHusa u HOKHUA Mo/r0C Ha
3emsra.

Tpaekropusta Ha BcesneHara B peasHo BpeMme obaue Iije H3I/Iex/a
ceBCcem pas3nuuHo. [Ipegu okomo 10-20 muph. rogvHu T4 1Ie uMa
MHWHHUMaJIeH pa3Mep, paBeH Ha MakCUMaJHUS paZuyC NP TPAeKTOpHUATa B
VMarvHepHo BpeMe. B 10-KbCHO peasHO BpeMe Bcesenara 1me ce
pasluMpsiBa KaTo XaOTUUHUS UH(GUIALMOHEH MOZes, NpeajiokeH oT JIuHze
(HO cera HsiMa Jia Ce Hajiara Jia mpremame, ue BceneHara e 6uia CbTBOpeHa
10 HAKaKbB HaUMH B TNIPaBU/IHO ChCTOsIHUE). BeeseHara 1e ce pasmmpu 0
MHOTO T0JISIM pa3Mep M HaKpasi OTHOBO IIle KOJjaricvpa /o Helo, 1mogo6Ho

134



Ha CUHTYJISPHOCT B pea/iHO BpeMe. Taka, B U3BeCTeH CMHUCHJI, BCUUKHU II[e
ObleM MaK OpHCaHW, Makap W Jia ce Tla3uM OT uepHHU Ayrnkh. CaMo ako
ycrieeM jia Mpe/icTaBUM BcesieHaTa upe3 uMarvHepHO BpeMe, Iiie u30erHem
CUHTYJIAPHOCTUTe.

AKo BcesneHara IeMCTBUTENHO € B TAKOBA KBAHTOBO ChCTOSTHUE, HSIMa
Jla CblIeCTBYBaT CHUHTY/ISIPHOCTM B WCTOPUSAITA M B HMMAarvuHEPHO BpeMe.
OTTyK crefiBa, U3I/IeXAa, Ye T[0-HOBUTe MU pabOTHM HalbIHO Cca
obe3cunmuiv  pe3ylTaTdTe  OT  TIpeAUIIIHUTEe MM  paboTH  BBPXY
cuHryasipHoctute. Ho, KakTo mocounx mo-rope, ZeCTBUTETHOTO 3HaYeHHe
Ha TeopeMuUTe 3a CUHTYJAPHOCT e, ye CIopeJ TAX I'PaBUTAL[MOHHOTO I10Jjie
TpsiOBa /a CTaHe TOJKOBa CW/IHO, Ye Jla He MOXe [a ce npeHeOperHar
KBaHTOBUTe T'PaBUTAl[MOHHU eeKTH. ToBa OT CBOsi CTpaHa BOAM 0 UAesTa,
ye Bcenenara Moyke /la e KpaiiHa B MIMarMHEPHO Bpeme, HO 0e3 IpaHUIH
WIA CUHTYISpHOCTU. Korato ce BbpHeM B peasiHOTO BpeMe, B KOeTO
KuBeeM, obade, Mak IIje Ce HaTbKHEM HA CHHTY/ISIPHOCTU. begHusT
aCTPOHABT, KOUTO T1a/la B YepHa JyIKa, MakK e CTUTHe A0 3aJ/bHeHa YJ/IULIa;
caMO ako >KvBeellle B HMarvHEPHO BpeMe, TOM HsIMallle J/ia CpellHe
CHUHTY/IAPHOCTH.

ToBa 6U TpeAIONOKUIO T.HApP. UMarkHEPHO BpeMe BCBHIHOCT Ja e
peasiHO BpeMe, a TOBa, KOETO HaphuyaMe peajiHO BpeMe, /ia € POCTO (QUKLIUS
Ha BbOOpakeHHeTO HU. B peanHo Bpeme BceneHaTta vMa Hauaso U Kpail B
CUHTYJIIPHOCTUTE, KOUTO 0Opa3yBaT rpaHuiia 3a MpOCTPaHCTBO-BPEMETO U B
KOMTO HAayYHWTe 3aKOHW He BakaT. Ho B MMaruHepHo BpeMe HsMa HUTO
CUHTY/ISIPHOCTU, HUTO T'paHMIM. Taka ye Moke OM TOBa, KOeTO Haphuame
VIMarvHepHO BpeMe, e BCBIIHOCT M0-OCHOBHOTO, a TOBA, KOETO Hapuuyame
peasiHo, e IPOCTO efHa Hjes, KOITO CMe CU U3MUC/IWIY, 3a Jja HU [IOMOTrHe
[la OMulleM Kak cH rnpezcraBsMe Bcenenara. Ho cnopes moaxona, KOWTO
W3/I0KUX B IVlaBa 1, HayyHaTa TeopuUs e MPOCTO MaTeMaTUyeCKu MOZel,
KOWTO M3rpakAame, 3a Jla OTUIIIEM HallluTe HaOJtOfleHUsI: TOM ChII[eCTBYBA
caMO B HallleTo Ccbh3HaHMe. Taka ye e Ge3cmucieHo ja mutame: Koe e
peajHO — ,,peajHOTO® WU ,,MMaruHepHOTO* BpemMe? BbIPOCHT e mpoCTo
KOe e IO-TI0X0/SALLIO 3a ONMCAHUETO.

MoxeMm [a usnosisBamMe W cymara II0 TPaeKTOpUU B ChbyeTaHue C
yCJIOBUETO ,,0e3 HUKaKBa IpaHuIla, 3a [ja Orpee/iiM KOou OT CBOMCTBAaTa Ha
Bcenenara morar ga ce mposBAT CbBMeCTHO. Taka Hampumep MOKeM [Ja
V34YMC/IMM BepOosATHOCTTA BceesieHara f1a ce pasiivpsBa C [I0YTH elHa U Chlila
CKOPOCT BbB BCUUKU PA3/IMUHU MMOCOKM B MOMEHTA, KOraTto IVIbTHOCTTA Ha
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BceneHaTa uma ceraiiiHata CTOMHOCT. B ompocTeHuTe Moze/u, U3cjielBaHu
Jlocera, Ta3u BEPOSTHOCT Ce OKa3Ba BMCOKA; T.e. MPEeAJIOKEeHOTO yC/I0BHe
,06€3 HHMKakKBa TpaHMIA“ BOAM [0 TIpeJCKa3BaHeTO, Ue e HW3K/IHUHUTEeTHO
Bb3MOXXHO CeraliHara CKOPOCT Ha pasliupeHve Ha BcesieHara fa e moutu
elHa ¥ Cbll[a BbB BCMUKH ITOCOKHM. TOBa e B ChIvIache C HaO/moJeHusATa
BbPXy MMKDOBBLIHOBOTO (DOHOBO J/bUueHMe, KOUTO IIOKa3BaT, ue
VHTEH3UTEeThT My € TOYTH TOYHO €[WH U CbIl] BbB BCUYKU MOCOKU. AKO
BceneHara ce pasivpsiBaiiie IM0-0bp30 B HSKOU TTOCOKHM, OTKOJIKOTO B
JIPYTYU, UHTEH3UTETHT Ha JbUEHHUETO B Te3W MOCOKM OM CTaHas IO-MaIbK
TIOpa/iv JOITbJIHUTETHOTO YePBEHO OTMeCTBaHe.

Npyrute 1ipeficka3BaHusi OT yC/IOBUETO ,,0€3 HUKAKBa T'paHUIla“ ca B
mpoijec Ha yTouHsiBaHe. E/lH ocoOeHO MHTepeceH Mpob/em e roreMuHara
Ha Ma/IKuTe OTK/JOHEHWs OT eJHOPO/HaTa ITbTHOCT B paHHara BceneHa,
KOWTO Ca MpHYrHA 3a oOpa3yBaHeTO IMbPBO HA rajakKTUKWTe, Cje/l TOBa Ha
3Be3AuTe W Hakpasd Ha camuTe Hac, Criopej TIpUHIWIIA Ha
HeoTipe/leJIeHOCTTa paHHaTta BcejseHa He 0OM Moryla /la e HaITbJIHO
eIHOPO/IHA, 3aIjoTO TPsOBa Jla € WMa/i0 HSIKOM HeOoIpee/eHOCTH WU
(yKTyaluu B MOJIOXKEHUSATA U CKOPOCTUTe Ha yactuuure. C moMolgra Ha
yC/IOBHETO ,,0e3 HUKAKBa TpaHHI]A“ HUE yCTaHOBsBaMe, ue (haKTUueCKH
BceneHara TpsibBa Ja e 3arMoyHasa C MHHUMAaJHAaTa Bb3MOXKHA
HeeHOPOAHOCT, AOMyCTUMAa OT TIPUHLUIA Ha HeorpegesneHocTtra. Cref
TOBA TS € TpeMMHa/ia Tpe3 TMepyuoj, Ha PS3KO paslliMpeHUe KakTO IpU
VH(/alIMOHHUTEe Mojlesid. [Ipe3 To3u mepuo/ Haua/IHUTe HeeJHOPOJAHOCTH
TpsiOBa Jla ca ce yCW/IBa/H, JJOKAaTO Ca CTaHa/IM J0CTaTbYHO rojieMH, 3a Ja
OOSICHSIT TIpOM3XOfla Ha CTPYKTYpHTe, KOUTO Hab/rofaBaMe OKOJI0O Hac. B
eZlHa pa3luvpsBalla ce BceseHa, KbJeTO IVIbTHOCTTA HA MaTepusTa JIeKO Ce
ITPOMEHSI OT MSICTO KbM MSICTO, TPaBUTALUATA OM MMPUUYKHN/IA [O-TITBTHUTE
obnacty fja 3a6aBAT pa3ilMpeHueTo CH U Jla 3arovyHar Jla ce CBMBAT. ToBa
BO/M 710 0Opa3yBaHeTO Ha rajlakKTHKH, 3Be3/[d M Hall-CeTHe JjaXke Ha TaKWBa
HUII[O’KHA ChII[eCTBa KaTo Hac. Taka BCHMUKH CJI0KHUA OOpa3yBaHHsI, KOHUTO
BIDKJaMe BBbB BcesieHara, moraT jJa ce OOSICHAT 4pe3 YC/IOBHETO ,0e3
HUKaKBa rpaHuLa“ 3a DBcesmeHata B cCbueTaHuMe C TIpUHLUIA Ha
HeOorIpe/leJIeHOCTTa OT KBaHTOBAaTa MeXaHHUKa.

WpestTa, ue TPOCTPAaHCTBOTO W BpeMeTO Morar jia obpa3syBar
3aTBOPEHA MOBbPXHMHA 0e3 rpaHuIla, CBI[0 MMa CHIeCTBEHHU C/IeZICTBHUS 3a
ponsita Ha Bor B paborure Ha BceseHara. YCHeImHOTO omnmMcaHHe Ha
ChOUTHSATA C TIOMOIITa HA HAyYHW TEOpHUU HaKapa TMOBEUeTO /ia BSIPBAT, ue
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bor paspeiiaBa Ha BcesieHara /1a ce pa3BuBa CIIOpe[| Ipyria 3aKOHU U He Ce
HamecBa BbB BceseHara, 3a Jja HapylllaBa Te3d 3aKOHU. 3akOHHUTe obaue He
HU Ka3BaT Kak OuM u3rexzaana Bcenenara B Hauasoro. OT bor 3aBucH fa
HaBMe YaCOBHHKA U Ja u30epe HauaysoTo #. [Jokonmkoro Bcesenara mma
Hayajio, MOXKeM /Jija mpejriojiaraMe, ye uma cb3zgartesn. Ho ako Bcenenara e
HaITh/THO CaMOCTOsiTe/THa, 6e3 rpaHuila WX Kpai, TS HsSIMa HATO Hauaso,
HWUTO Kpau: TS MIPOCTO ChllleCTBYBa. Kb/ie ToraBa e MsiCTOTO Ha Ch3/aresisi?
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9. CTPEJIATA HA BPEMETO

B npeguiiHuTe I71aBY BUASIXMe KaK HalllUTe MpeJCTaBU 3a MpUpojaTa
Ha BPEMEeTO Ca Ce MPOMEHSIIU C ToAuHUTe. Yak 10 HauaJoTO Ha Halllks BeK
Xopara BsipBaxa B a0CoO/OTHOTO BpeMe. Taka BCSIKO ChOUTHE MOXKe [Jja ce
03Hauu C YUCJIO, HApeueHo ,,BpeMe”, 10 eIMHCTBEH HAaYUH U UHTEePBaIbT OT
BpeMe MeX/y ABe CbOWTHS 3a BCUUKM TOUHU YAaCOBHUIM I1le Ob/le euH U
cbill. OTKpUTHETO, Ue CKOPOCTTa Ha CBET/IMHATA M3IVIeX[a eJHa U Chllja 3a
BCeKH HabJirofiaTes1 He3aBHCHMO OT TOBa, KaK TOW Ce JBWKH, AoBefe obaue
[0 TeopusiTa Ha OTHOCUTETHOCTTA, @ B Hes Ce HaJl0)KU /la Ce OTKaXkeM OT
uzesTa 3a eIHO-eIMHCTBEHO abCOMIOTHO BpeMe. BMecTo Hero BCeKd
HaOsromatenn ©Ma coOCTBeHa MsIpKa 3a Bpeme, OTUMTaHa II0 HETOBU JI
YaCOBHUK, a YaCOBHMIUTE Ha pa3/MUHU HabmrofaTesii He HelpeMeHHO ce
cbIyiacyBar. Taka BpeMeTO ce TIpeBbpHa B e[HAa MO-TMYHA Tpe/ICTaBa,
CBbp3aHa C HabsrofiaTessi, KOWTO ro M3MepBa.

Korato ce omnuTBame fa 00eJWHWM TrpaBUTAlUsiTa C KBaHTOBATa
MexXaHHKa, Ce Hajara /Ja BbBe/leM I[IOHSITHUeTO ,UMaruHepHO“ BpeMme.
VIMaruHepHOTO BpeMe e Hepa3rpaHUUYUMO OT MTOCOKUTE B MPOCTPAHCTBOTO.
AKO BBPBUM Ha CeBep, MOXKEM Jla ce OObpHEM W Jla TPBIHEM Ha IOT; TI0
CBII[MsI HAUMH, aK0 BPBUM Harpe/] B UMariHepHOTO Bpeme, 61 TpsiOBasio zia
MO)KeM Jla ce OObpHeM U Ja TpbrHeM Ha3aj. TaBa O3HauaBa, ue B
MMaruHepHOTO BpeMe He e Bb3MOXKHO /la MMa ChIIjeCTBeHa pa3/iuKa Mexay
MOCOKWTe HarpeZ, U Ha3aj. OT apyra cTpaHa, KOraro CTaBa BBIIPOC 3a
,PeasHO“ Bpeme, KaKTO BCUUKHM 3HaeM, pa3/iMKara MeXX/y Harpez U Ha3af e
TBBpJe rosisMa. OTKb/le W/Ba Ta3u pasjiika MeXAy MuHaio u Obpere?
3all[0 MOMHUM MHHA/0TO, a He ObeleTo?

HayuyHuTe 3aKOH: ¥ He TpaBAT pa3ivkKa MeXXJy MUHAI0 U Objelrle.
[To-TouHO, KaKTO Bede OOSCHUXMe, HayUHUTE 3aKOHU He Ce TIPOMEHSIT MpU
KOMOWHHUPaHe Ha OrepaljuuTe Wik cuMeTpunte, no3Hatu kato C, Pu T (C
O3HauaBa CMsIHA Ha YaCTULM C aHTUYaCTULM. P 3Hauu oriefjaaHo
n3o00pakeHWe, B KOETO JIIBOTO W [SCHOTO ca pa3MeHeHU. A T 3Hauu
oOpblljlaHe Ha TOCOKaTa Ha [BWXeHWe Ha BCUUKU YaCTULIA: BCBIIHOCT
JBIDKeHHe B obpaTHa 1OCOKa, Ha3az.) HayuHuTe 3akOHH, KOUTO yIIpaB/siBaT
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TOBEIEHHeTO Ha MarepusiTa TMPU BCUUKKA HOPMa/IHU CUTyallud, He ce
TIPOMEHSIT TIPY KOMOUWHMpaHe Ha /iBete ornepatu C v P camu 110 cebe cu. C
APYTU [OYMH, KUBOTBT Ha JXWUTeJUTe Ha [pyra IUlaHeTa, KOUTO Ca Hallu
oryiefia/iHyd 0bpasu U ca OT aHTUMAaTepus, a He OT MaTepwus, I1ie Ob/le ChbBCEM
CBIUSAT KaTo Hallus.

Cnen KaTo HayYHUTe 3aKOHU He Ce TIPOMEHSIT TPy KOMOWHUpaHe Ha
onepatmute C 1 P, KakTo u 0T KoMOuHatusta C, P u T, Te 6u TpsibBaso za
He ce TPOMEeHSIT U caMmo npu onepaius T. U BbIpeky ToBa B 0OMKHOBEHUS
JKUBOT B peajlHO BpeMe ChIeCTBYBa roJjisiMa pas/jiika MeXJy II0COKHUTe
Haripes ¥ Ha3az. [a cu npeacTaBuM yallia C BOJa, KOSITO Majja OT macara U
Cce CuyrBa Ha IapueHlla Ha Moja. AKO s 3acHeMeTe, MOXKeTe JIeCHO Ja
KakeTe [la/ii Ce JIBVDKW Harpe]| WM Ha3za/l. AKo mycHeTe ¢uiMa oOpaTHo,
1le BUAUTE KakK IapyeHI|aTa BHE3alHO Ce CJernBaT Ha Moja M CKauvar
oOpaTHO Ha Macara Karo Ijsifia yailia. Bue MokeTe Jja KaxkeTe fianu GUAMBT
ce IBW)KU Ha3ajl, 3all[0TO TO3U BU/] TIOBe/IeHe HUKOra He ce Hab/roaBa B
0OMKHOBEHUSI >KUBOT. AKO He Oellle Taka, CTbK/JapuTe IIsixa Ja CTaHaT
W3/TULLHU.

Ob6sicHeHHeTO, KOETO OOMKHOBEHO Ce JlaBa Ha BBIIPOCA, 3all0 He
BIDKZIaMe KaK CuyrieHara vallla ce cJjiefiBa U cKaua 0bpaTHO Ha Macara, e, Je
TOBa e 3abpaHeHO Criope/; BTOpHs 3aKOH Ha TepMOAWHaMUKara. Toit TBbpAH,
ye BbB BCSKa 3aTBOPEHAa CHUCTEMAa XaoChT, W/IM EHTPOMNUSTa, BUHAru
HapacTBa C Bpemero. C Apyru AyMH HellO KaTo 3akoHa Ha Mwbpdu:
Pabotute BuHar# BbpBAT 371e! EfHa 3paBa yailla Ha Macara e ChCTOsTHUe Ha
ITbJIEH pefi, HO CuyIlleHa yallla Ha To/la € B ChCTossHUe Ha Oe3pefue. JlecHO
MOXKEM [la TIpEMUHEM OT 4allla Ha Macara B MMHA/JI0OTO KbM CUyIlleHa yvalla
Ha 11o/ia B Ob/IeIeTo, HO He U 00paTHO.

HapacTBaHeTo Ha Xaoca, WA eHTPOomnusATa, C BpeMeTO e Mpumep 3a
T.Hap. CTpejla Ha BpPeMeTO — HeIl0, KOeTO pasrpaHuyaBa MHHA/JIOTO OT
ObAeleTo U ZiaBa TOCoKa Ha BpeMeTo. ChIleCTBYBaT MOHe TPU Pa3IUUHU
cTpenu Ha BpemeTo. [IbpBO, TepmMoAWHAaMW4HATa CTpeja Ha BpPeMETO —
II0COKaTa Ha BpeMeTO, B KOSITO XaOChT, WA eHTPONUsTa, HapacTBa. [locne
— TICUXOJIOTUYHAaTa CTpesia Ha BpeMeTto. ToBa e mMocokara, B KOSITO
ycelllame, ye BpeMeTO Teue, IT0COKaTa, B KOATO TOMHUM MHUHAJ/IOTO, HO HE U
Obaeijeto. M Hakpas — KOCMOJIOTUYHAaTa CTpejia Ha BpemeTo. ToBa e
TI0COKaTa Ha BpeMeTo, B KOSITO BcesieHara ce pasiivpsiBa, a He Ce CBUBA.

B Ta3u raBa Iije ce aprymMeHTHpaM 3a TOBa, KakK yCJIOBHETO ,,6e3
HUKAaKBa TrpaHuia“ 3a Bcesmenara, cbueTaHo CbC C/abHsI aHTPOIIEH
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MIPUHIUT, MOXKe Zia OOsSCHU 3alll0 ¥ TpUTe CTPeIM WMaT efHa W ChIla
TIOCOKAa M Hello ToBeue — 3aillo 1300110 ChiecTByBa A00pe AeduHMpaHa
ctpena Ha BpeMeTo. Ille 06ChAs Kak MCUXOIOTUYHATA CTpesia ce Oorpejers
OT TepMOAMHAaMUYHAaTa U 3alll0 Te3U [iBe CTpeJv M0 HeoOX0JUMOCT BUHATU
MMarT e[lHa U Chllla TOCOKa. AKo TipueMeM 3a BcesneHara ycnoBueto ,,6e3
HUKaKBa TpaHMLA“, Ile BUAUM, ue TpsibBa Ja CbliecTByBaT ng00pe
AeduHUpaHU TePMOJMHAMUYHA M KOCMOJIOTUYHA CTpesia Ha BPeMeTo, HO Te
HsMa /1a UMaT e[lHa U Cbllja 0CoKa Ipe3 Lsiara uctopus Ha Beenenara. Ho
a3 Ille ce apryMeHTHpaM, Ue CamMO KOraTo Te MMaT e[Ha U Cbllla MOCOKa,
yC/IOBUSITA Ca TIOAXOASIM 3a Pa3BUTUETO Ha WHTE/NUTeHTHU ChIleCTBa,
KOWTO MOraT Jia 3a/1a/jaT BbIpoca: 3alllo XaoChT HAapacTBa B ChlljaTa MOCOKA
Ha BPeMeTo, KaKTO M0COKaTa, B KOSITO BceneHara ce pasmmpsiBa?

Ile ce cripa MbpBO Ha TepPMO/IMHAMUYHATa CTpeJia Ha BpeMeTo.

BTOpUST 3aKOH Ha TepMO/IMHAMUKaTa U/Ba OT (akTa, ue CbCTOSIHUSATA
Ha XaoC ca BUHarvu MHOTO TOBeue OT ChCTOSIHUAATA Ha pe. [la pasmiesame
HampuMep [iBa ejleMeHTa OT JeTcka Mo3aiika. ChljeCcTBYyBa €[HO U CaMo
eHO ToJpeXX/aHe, TMPU KOETO [Bara ejieMeHTa ydacTBaT B 3aBbpllieHa
kaptuHa. OT Apyra cTpaHa, ChIleCTByBaT MHOTO TO/isiM OpOi MozpeXKjaHus,
MpyU KOWUTO Te Ca B XAOTMUHO CBhCTOSITHME M He oOpa3yBaT 3aBbpliieHa
KapTHHa.

[a mpeaAnosoxvuM, 4e egHa CUCTeMa TPbrBa OT €QHO HU3MEXAY
Masikusi 6poit mogpeseny cbetosinusi. C BpeMeTo cucTeMara 1ije ce pa3BUBa
M0 HAyYHUTE 3aKOHW U HEMHOTO CHhCTOsIHME Iile ce TpomeHs. Ha HsKakbB
MO-KbCEeH MOMEHT IIle e TI0-BepPOSTHO CUCTeMara /ia e B ChCTOsIHME Ha Xaoc,
OTKOJIKOTO Ha pejl, 3all[OTO XaOTUYHWUTe CHLCTOSHUS ca ToBeue. Taka C
BpPEMETO ChCTOSTHUETO Ha Xaoc lile ce CTPeMU Jja HapacTBa, ako cUCTemara
ce TIOJUMHSIBA Ha HAUYa/HO YCJIOBHME 3a MO-BUCOK pef. [a npearnonoxuMm, ue
TbPBOHAYA/IHO /IBaTa ejieMeHTa OT Mo3alikaTa ca ToJpeJeHU B KyTusl U
oOpa3yBar 3aBbpllieHa KapThHa. AKO pa3K/aTuTe KyTHusiTa, Te le 3aemar
Apyro mnopapexjaHe. BepositTHO To e e 6e3peHO U elleMeHTUTe HsMa Ja
obpa3yBaT KapTHHa IPOCTO 3alj0TO XaOTHYHWUTE pa3loyioyKeHUs] ca MHOTO
noBeue. Hsikou rpynu oT eneMeHTWTe Iile obpasyBaT 4acT oT oOijara
KapTHHa, HO KOJIKOTO TIOBeue pa3KJ/aillaTe KyTUsTa, TOJKOBA MO-BEPOSITHO e
Te3u TPYIIY Jla Ce HapylllaT U eJleMeHTUTe ia ce pa30bpKar Taka, ue u3001110
na He oOpa3yBaT HUKaKBa KapTUHa.

Taka Ge3peanieTo B e/leMeHTUTe BEPOSITHO IIje HapacTBa C BPEMeTO,
aKo Te cCe TMOAYMHSBAT HAa HAYa/HOTO YC/AOBME Ja ca 3aroyHaiu OT

140



CBbCTOSIHUE Ha M0-BUCOK pefl,.

Ia mpearonoxumM obaue, ue bor e pemmn BceneHara /a 3aBbpIIU B
CbCTOSIHUE Ha MbJIEH pell, HO ue HAMa 3HaueHue OT KAaKBO CbCTOSHUE e
3arouHasia. B paHHM BpeMmeHa BcesneHara BeposSITHO Irje Ob/le B XaOTHUHO
cbcTosinue. ToBa 1re 3Hauu, ue Ge3peaueTo we Hamasnsea c Bpemeto. Ile
CTaHeM CBU/IeTe/TM Ha TOBa, KaK CUyIleHaTa 4ailla ChOMpa TapueHiiaTta Cu U
CKaya Ha Macara. Ho BCSIKO YOBeIIIKO CBIIIECTBO, KOeTo Hab/romaBa Ta3u
yallia, I1le )KMBee BbB BCeJieHa, B KOSITO Oe3pe/ieTo HamassiBa C BpeMeTo.
A3 1me mokaka, ye 3a TakOBa ChIIECTBO IICUMXO/JOTMYHATA CTpejia Ha
BpemMeTo Irle e oObpHaTa Ha3aj. Taka TO IIje MOMHH CbOWUTHSTA OT
OBAeleTo, a He OT TIXHOTO MUHAJI0. Koraro vaiiiata e cuyreHa, 3a Hero Ts
IIle e Ha MacaTa, a Koraro e Ha MacaTa, TO HsIMa Jila TIOMHH, ue e Oua Ha
roja.

TpyaHO e la ce TOBOPM 3a UOBeIIKaTa IaMeT, 3alll0TO He 3HaeM Kak
TOUHO (YHKIIMOHMPA MO3bKbT. HO 3HaeM ChBCEM TOYHO KakK (DyHKI[MOHHPa
rnamMeTTa Ha KommtoTbpa. [lopagu ToBa e pasriefaMm IMCHUXO0/J0rMYHaTa
CTpeJjia Ha BpeMeTO 3a KOMMOTpU. CMsdTaM 3a JIOTUYHO [ia MpUEMeM, ye
CTpeJiaTa 3a KOMITIOTPH € ChIljaTa KakKTo 3a Xopa. AKO He Oellie Taka, IIsIXMe
Jla HalTpaBUM »KeCTOK yZiap Ha OopcaTa ¢ KOMIIOTbpa CU, KOUTO 61 TTOMHU
yTPeLIHUTe LieHu!

[IpUHIIMITHO TlaMeTTa Ha KOMITIOThbpa € ChCTaBeHa OT eJIeMeHTH,
KOMTO Ca B €[QHO OT JIBeTe Bb3MOXXHU CbCTOSIHWS. EWH MpOCT mpumep e
CMeTasioTo. B Hau-mpoCTUsi CU BHUJ, TO Ce€ CbCTOM OT HSIKOJIKO TeayeTa,
BbPXY BCSIKO OT KOUTO UMa TOITUe, KOETO MOJXKe /1a Ce MeCTU B e/IHO OT JIBeTe
Bb3MOKHU TonokeHusi. [lpenu pga 3amnuilieM ejieMeHT UWHMOpMaLys,
raMeTTa Ha KOMITIOThPA € B ChCTOSTHHE Ha 6e3peaue, C paBHA BEPOSITHOCTH
3a [iBeTe Bb3MOXKHU ChCTOSAHUSA. (TomyeTaTa Ha CMeTasOTO Ca pa3NpbCHATH
6e3pa3bopHo BBpXy Tenmuerara.) Ciiefi KaTo MaMeTTa B3auMOjeHiCTBa ChC
cvCTeMara 3a 3arameTsiBaHe, TS OIpeJe/ieHO Ile MWHe B eQHOTO W/
JIPYTOTO CbCTOSTHHME B 3aBUCHMOCT OT ChCTOSTHUETO Ha cucTtemara. (Bcsko
TOMM4Ye Ha CMeTaJioTO € WM OT/SIBO, WIM OT[ASICHO Mo TeyiueTo.) Taka
ramMeTTa IMpeMUHaBa OT ChCTOsTHHE Ha Oe3pefiie B ChCTOSIHME Ha TIOPSIBK.
Ho 3a pma cme curypHu, ue mamerta e B [IpaBWIHO CbCTOsIHME, €
HeoOX0JUMO /la M3M0J3BaMeé M3BECTHO KOJMUEeCTBO eHeprusi (za
TIPUJBKUM TOIMYETO WM Jia 3aXxpaHUM KOMITIOThpa Haripumep.) Tasu
eHeprus ce pasceliBa moj, opMara Ha TOILIMHA W yBejnWyaBa CTeleHTa Ha
Ge3penue BLB BeeneHara.
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Mo)xeM /la TIOKa)KeM, ue TOBa HapacTBaHe Ha 0Oe3peineTo e BUHAru
TMO-TO/IIMO OT yBe/JIMUaBaHETO Ha pefia B caMaTa rameT. Taka TOTUIMHATa,
W3BeXKJaHa OT BEeHTW/IaTopa Ha KOMIIIOThpa, O3HadyaBa, ue KOraro
KOMITIOTBDBT 3ariamMeTsiBa ejfieMeHT WHdopMalusi, 00II[0TO KOIM4eCTBO
Ge3peaue BBB BceneHara e pacte. Ilocokara Ha BpemMeTO, B KOSITO
KOMITIOTBPBT 3alaMeTsiBA MHHAJIOTO, € ChlllaTa, B KOSTO HapacTBa
be3peauero.

[Topazu ToBa HalleTo CyOEKTHBHO yCelllaHe 3a MOCOKa Ha BPeMeTo,
TICUXOJIOTUYHATa CTpejia Ha BpEMETO, Ce ompefens B MO3bKa HH OT
TepMOJMHAMUYHAaTa CTpejia Ha BpemeTo. ChIO KaTo KOMITIOTbpAa HHE
TpsibBa /la 3alIOMHMM HelljaTa B peJla Ha HapacTBaHe Ha eHTponusiTa. ToBa
TIPaBM BTOPMS 3aKOH Ha TepMO/J[MHaMUKaTa TOUTH TpuBHasieH. be3peanero
HapacTBa C BpeMeTO, 3allloTO HUe M3MepBaMe BPeMeTO B I0COKaTa, B KOSITO
6e3peaueTo HapacTBa. [10-106Bp 3a/10r OT TO3U HsIMa!

Ho 3ario 1306110 TpsibBa /a ChINjeCTByBa TepMOAWHAMHYHA CTpesia
Ha BpeMeTo? Vnu ¢ Apyru aymu, 3airio BceneHata TpsibBa ia e B ChCTOSIHUE
Ha MbJIeH peJ| B eJMHUS Kpal Ha BPEMETO, TO3U, KOUTO HaprhuyaMe MHHAJIO?
3aIro He e BUHArd B ChCTOSIHME Ha TThJIeH Xaoc? B Kpasi Ha Kpawuiiara ToBa
O6u M3rneXJano Mo-BeposATHO. Y 3allo TocokaTa Ha BpPeMeTO, B KOSITO
Xa0ChT HapacTBa, e ChlljaTa, B KOSTO BceseHaTa ce pa3iivpsiBa?

B knacuueckara o0iila Teopusi Ha OTHOCHUTETHOCTTa He MOKeM 7
Tpe/iCKaykeM Kak e 3aroyHasa BceseHara, 3all[0TO BCHYKH TI03HAaTU HU
Hay4YHU 3aKOHU ca OM/IM HeBaJUAHU B CUHTY/ISPHOCTTA Ha ['oneMusi B3pUB.
BceneHara TtpsbBa Ja e 3arouHajia OT MHOIO IJIQIKO W TIOAPEeeHO
cbcrosiHUe. ToBa Oum TpsibBasio f7a foBefe [0 mAoOpe meduHUpaHU
TepMOAMHAMUYHA W KOCMOJIOTMUHA CTpefla Ha BpEMeTO, KaKTo
HabmogaBame. Ho emHakBo go6pe 61 3amouHasia ¥ OT MHOTO HaOpPBUKAHO M
Xa0TUYHO ChCTOsIHME. B To3u ciyuait BceneHara Beue e Oua B ChbCTOSTHHE
Ha TTbJIEH XaocC, Taka 4e Oe3peirieTo He OM MOIVIO /la HapacTBa C BpeMeTO.
To v O6M ocTaHa/loO TIOCTOSIHHO, B KOWTO C/lydall HsMa Jla uMa AoOpe
nedrHMpaHa TepMOJWHAMUYHA CTpe/ia Ha BpPeMeTo, WM Ille HamassiBa, B
KOMTO C/Tydail TepMOIMHAMHUYHATa CTpeJia Ha BpeMeTo Iile cour obpaTHO Ha
KOCMOJIOTHYHATa cTpesia. HUKOS OT Te3u BEpOSITHOCTH He Ce ChIJiacyBa C
HaimTe HaOmozeHus. Ho, KakTo BU/sIXMe, Kiacuueckara obirja Teopus Ha
OTHOCHUTE/THOCTTA TIpe/icka3Ba cobcTBeHUst cu Kpax. KoraTo KpuBHMHAara Ha
MIPOCTPaHCTBO-BPEMETO CTaHe TroJisiMa, MpUA00MBaT 3HaueHHe KBAaHTOBUTE
rpaBUTALIMOHHU e(eKTH W KJacuueckaTa Teopusi TipecTaBa Jia e A00po
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orvcaHue Ha BceseHara. 3a jja pa3bepeM HauasoTo Ha BceneHara, TpsiOBa
/la M3110/13BaMe KBaHTOBAaTa TeOpUs Ha rpaBUTaLUATA.

KakTo BujsiXMe B I0C/IeiHarTa IJ1aBa, 3a Ja Olpeje/ M CbCTOSHUETO
Ha BceneHara B KBaHTOBaTa TeOpusi Ha rpaBUTALUATa, TMak TpsibBa Ja
MOXeM [la Ka’keM KakBO Ille e MOBEeJEeHUWeTO Ha Bb3MOKHUTE TPAeKTOPUM
BbB BcesieHara Ha rpaHMijaTa Ha IIPOCTPAaHCTBO-BPEMETO B MHHAJOTO.
MoxxeM Ja u3berHeM TPYZHOCTTa /ia Ce Hajara Jia orvicBaMe Hello, KOeTo
He 3HaeM U He MOXXeM /la 3HaeM, CaMO aKO TPaeKTOPUMTE y[OBJIETBOPSIBAT
yCJIOBUETO ,,0e3 HUKaKBa IpaHUIlA“: Te ca KpPallHU 1O pa3Mep, HO HsMaT
HUKAKBU TPAHULY, Kpall WIA CUHTY/ISPHOCTU. B TO3M C/lyyali Hayaj0TO Ha
BpeMeTo Iije Ob/le eHa peryssipHa, I71a/Ka TOUKa OT ITPOCTPAaHCTBO-BPEMETO
u Bcenenara ije TpsibBa fAa 3armoyHe paslIMPeHHETO CA OT eQHO MHOTO
I7Ia/IKO M TIO/[pe/IeHO ChCTosiHUe. T He O Morvia [ia e Hallb/IHO eZJHOPO/Ha,
3aII]0TO T10 TO3U HAUMH OM Ce HapyILW/I MPUHLUITET Ha Heorpe/je/leHoCTTa
OT KBaHTOBaTa Teopus. bu TpsibBasio fAa uWMa Manku QUyKTyalud B
ITBTHOCTTA M CKOPOCTTa Ha YaCTUIUTe. YCJI0BHETO ,,0e3 HUKaKBa IpaHuIia“
obaue Hasara Te3u QUIyKTyal[uM [la ca KOJKOTO € Bb3MOXKHO ITO-MaJiKd B
CbIViacye C MPUHLUIIA Ha HeollpeeeHoCTTa.

Bcenenara Ou 3arouHasa C TepUOf, Ha €KCIIOHEHI[MaJHO WU
,MHGIAlMOHHO® pa3lvpeHue, TIPU KOeTo pa3MepbT ¥ 6u TpsibBaio fja ce
yBeIMUU C MHOro roism (akrop. Ilo BpemMe Ha TOBa pasllUpeHUe
dnykTyaluMTe B TUTBTHOCTTA MbPBOHAYa/HO Ca OCTaBalu MaJjKd, HO
BIIOC/IE/ICTBHE Ca 3alloyHalu Ja HapacTBaT. Ob6iacTuTe C MIBTHOCT MaJiKo
HajJ, cpefaHaTa e TpsOBaso fJa ce paslIMpsiBaT I110-0aBHO IOpaau
I'PaBUTALIMOHHOTO TIPUB/IMYaHe OT JONbJHUTeNnHata maca. Hakpas Tesu
obslacT¥ cnMpaT pa3liMpeHreTo CA U KoJjlaricupar, 3a Ja oOpa3syBat
rajlakTUKY, 3Be3/U U ChbljecTBa Karo Hac. BceneHara 3armouBa OT IVIaJKoO U
NoZIpeZieH0 ChCTOsIHME U C BPeMeTO TIpeMrHaBa B HAOpbUYKaHO M XaOTHUUHO
cbcTosiHUe. ToBa 00sICHSIBa ChIlleCTBYBaHETO Ha TePMOJMHAMUYHATA CTpesia
Ha BPEMETO.

Ho kakBo 111e cTaHe, ako BcesieHara cripe f1a ce pa3iuvpsiBa U 3ariQuHe
na ce ceuBa? Ille ce oObpHe MM TepMOAMHAMHUYHATa CTpeJia U Iile 3arlouHe
v Ge3pesvieTo Ja HamasisiBa ¢ Bpemeto? ToBa 6u [JoBesio /10 Hal-pa3mUuuHU
Bb3MOXXHOCTHU M3 00/1aCcTTa Ha HayuyHara (haHTacTUKa 3a Xopara, oLlesiesid OT
pasilvpsiBailjaTa ce 10 cBuBaiiara ce ¢asa. [amu 1je HabmroJaBaT Kak
cyylleHaTa yvallla ce BAUra OT I10Za U Cckaya Ha macara? Ille morar /v fa
MOMHSAT yTpeliHuTe lleHM W [Ja HaTpymar CbCTOsiHMe Ha Oopcarta?
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[TpekasieHO aKka/IeMUYHO IIle e Jla Ce TPeBOXKUM 3a TOBa, KAKBO O CTaHaso,
Korato BcesieHaTa 3ariouyHe OTHOBO /i@ KOJIariCUpa, 3aljoTO TOBA HsAMa Ja ce
c/lyud moHe Tipe3 ciezBaiuTe 10 mapg. roguHu. Ho vMa eauH mo-0bp3
HauvH Jla pa3bepeM KakBoO IIje CTaHe: /la CKOUMM B uepHa Ayrika. KonarnchT
Ha eJjHa 3Be3/a /ia oOpa3yBa uepHa AyIKa e TBbp/le CXO/ieH Ha T0-KbCHUTE
CTaJiMi OT Kojarica Ha Ijsinata Bcenena. Taka ue, ako Oe3peauero Iie
Hama/siBa BbB (pa3aTa Ha CBUBaHe Ha BceneHara, Ouxme Mornu ja
oyakBamMe Jla HaMa/isiBa M BbTPe B uepHaTa Aynka. ToraBa Moxke Ou
aCTPOHABTHT, TIOMAaAHAT B YepHa AYIIKa, Ie yCree [a Creuve/d Ha pyJieTKa,
KaTo 3allOMHU KbJ/le € OTHUILIO TOoN4YeTo, Mpeaud Ja e 3anokwi (3a
ChXKajieHue obaue HsMa Zila My Ce yAaje /la Urpae AbIro, mpeau ga Obie
TIpeBbpHAT B MakapoH. He 61 Morwi v Jjla HM yBeZiloMH 3a OOpBIIAHETO Ha
TepMOJIMHaMUYHaTa CTpeJjia, HUTO Jja BIOXKU B OaHKa reyasibaTa cH, 3aIljoTo
1ie Ob/le TIJIeHeH 3a/i XOPU30HTa Ha ChOUTHS Ha yepHaTa /AyIiKa.)

[TbpBOHauasHO MMC/IeX, ue Oe3peAueTo Iije HamassiBa, KOraro
BcesieHaTa OTHOBO KoJiariCHpa, 3allloTo criope; MeH BcesieHara TpsibBa za
Ce BbpPHE [I0 IVIaJIKO U MOJpPeJeHO CbCTOSAHUE, KOraTo OTHOBO CTaHe MaJKa.
ToBa Ou 3Haueno (azaTa Ha CBHUBaHe Ja e MoA0OHa Ha oOpblljaHe Ha
BpeMeTO BbB (basaTa Ha pasimmpeHue. ToraBa xopara BbB (pa3ara Ha
CBUBaHe IIjsIxXa fla )KUBESIT )KUBOTa CH Ha3aj: TpsibBailie /la yMmpar, npeau fa
ca ce pOAWIM, W Jla CTaBaT BCe MO-MJIa[IA, KOJIKOTO TOBeue Ce CBUBA
Bcesnenara.

Ta3u ujess e mMpUMamJ/iMBa, 3alllOTO TpeAoCTaBs AoOpa cuUMeTpus
Mexxay ¢a3uTe Ha pas3iiMpeHWe W cBuBaHe. Ho He Ouxme Morid ga s
TIprieMeM cama 1o cebe cH, He3aBHCHMMa OT OCTaHaIUTe Ujen 3a BceneHara.
BBITpochT €: Hajara /M ce TOBa 1O CWJaTa Ha yC/IOBUETO ,,0e3 HHMKaKBa
rpaHuLia“, WiM He ce CbIviaCyBa C TOBa ycioBUe? KakTo Kasax, OTHayasao
MHUCTIeX, 4Ye yCIoBUeTO ,0e3 HHUKakBa TpaHMIlA“ HAWCTWUHA Hasara
HaMaJisiBaHe Ha Xaoca BbB (pa3aTa Ha cBuBaHe. OTuactu Osix 3abmygeH OT
aHaJIOTUsITa CbC 3eMHATa MOBBPXHOCT. AKO npremeM CeBepHUSI MOJIFOC 3a
Hauasio Ha BceseHara, To Kpaat Ha BeceseHarta 6u TpsibBasio Ja e mogobex
Ha HayaJsioTo, ChI0 KakTo FHOkHusT momoc e nogobeH Ha CeepHus. Ho
CeBepHusAIT U HOXXHUAT MOMIOC OTrOBapsiT Ha HAYaJOTO M Kpas Ha
BceneHara B uMaruHepHoO BpeMe. HauasioTo v KpasiT B peajiHO BpeMe MOrar
Jla ca MHOTO pa3/IMYHU e[IuH OT APYT. bsix 3a0yzneH u oT paboTrara Cu BbpXy
eIUH TIPOCT Mojles1 Ha BcesneHata, B KOWTO (pa3aTa Kosiarc usriexzaa Karo
BpemMeTo, 00bpHATO BBB (ha3zara pasiivpeHue. Ho eauH moit kosera, [JoH
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[Meiimk, or [leHCHUIBAHCKUSA yHWBEPCUTET OTOensi3a, ue yC/JIOBHeTO ,,0e3
HUKaKBa rpaHUIIa“ He W3UCKBa (pa3aTa CBMBaHe HEMNPEMEHHO /la € BpeMeTo,
obpatHo Ha (a3zara pasiupenve. Cresi TOBa elIWH OT MOUTe CTY[eHTH,
PelimbHj, Jladam, ycTaHOBH, ue B MaJiKO TO-C/IOKeH MO/ie/T KOJIarchT Ha
BceneHata e TBBp/e pa3iuMueH OT pasiidpeHueTo. Pa3bpax, ue CbM
JOTyCHa/ TpelliKa: yCJI0BUeTO ,0e3 HMKAaKBa TpaHUI[@“ Hajara XaoChT
(dakTUUeCKd [a TpoAb/DKaBa Ja HapacTBa [0 BpeMe Ha CBUBaHETO.
TepmoauHamMUUHaTa U MICUXOJ0TMYHATA CTpesia Ha BpeMeTo He ce 00pbIiar
HUTO Korato BceseHara OTHOBO 3arouyHe [Ja Ce CBHBA, HWUTO BbB
BbTPEILIHOCTTA Ha YepHa JyIiKa.

KakBo 61 HampaBW/ UOBEK, KOTaTo OTKpHe, ue e JOoIMyCHasl Mofo0Ha
rpemka? Hsikou HMKora He OWxa CH TIpU3HA/IM, ue ca cObpKaau, U Ouxa
TPOABJDKU/IM Ia ThPCAT HOBU, UeCTO B3aMMHO U3KJ/IFOUBALM Ce apryMeHTHU
B CBOS IOZAKperna — KakTo EAUHITHH Cce TPOTHMBOIOCTAaBY Ha TeOpUATa Ha
yepHUTe AYNKU. [Ipyry 1ije TBBPAAT, 4e Ipejyd BCHUUYKO HUKOra He ca
MOJbP>Ka/Id HeTlpaBUIHUS Bb3IVIe], WM ako Ca ro TOAKPersiiv, TO e O1Io
camo 3a Jja [oKaykar, ye e HeCcbCTosiTesieH. Ha MeH MU ce cTpyBa MHOIO I10-
TIOAXOASILO0 U T0-Ma/IK0 CMYIIABallio, ako MyO/IMYHO TIpU3HaeTe rpelkara
cu. Egun TakbB A00bp nipuMep e AMHIIANH, KOWTO Hapeue KOCMOJIOTHYHATa
KOHCTaHTa, BbBeJeHa OT Hero IpU OIUT Ja U3rpajy CTaTUdyeH MoZJes Ha
Bcenenara, HaW-ro/siMara rpeiika B >KMBOTa CH.

[a ce BbpHeM KbM CTpesiaTa Ha BpeMeTo. OcTaBa BBIIPOCHT: 3allio
Hue Habmo/jaBaMe TepMOJMHaMHUYHaTa ¥ KOCMOJIOTMYHATa CTpesia /la uMat
eZjHa M Cbla rmocoka? May c Apyrd Aymy, 3aii0 XaoCbT pacTe B CblljaTa
II0COKa Ha BpeMeTo, B KoATO BcesneHara ce pasmupsiBa? AKO BspBame, ue
Bcesnenara 11je ce pasiivpy M I0C/Je OTHOBO IIje Ce CBHe, KaKTO M3I/IeX[a
HaJiara yci0BUeTo ,,6e3 HUKaKBa rpaHuUIia®, BEIPOCHT Ce MPeBpPhIIia B: 3all[0
ChblllecTByBamMe BbB (pa3ara Ha paslIMpeHHe, a He BbB (pa3ara cBuBaHe. Ha
TO3W BBIIPOC MOXKEM Jla OTTOBOPMM Bb3 OCHOBa Ha Cjabusi aHTpOIIeH
TIPUHLUII. YC/IOBUSITAa BbB (pa3aTa CBMBaHe HsMa i@ Ca TOAXOASIIMU 3a
ChlI[eCTBYBaHETO Ha pa3yMHH ChbIlleCTBa, CIIOCOOHM Ja 3amuTaT: 3alljo
XaoChT pacTe B ChblljaTa II0COKa Ha BpeMeTo, B KoAaTO BcesieHata ce
pasivpsiBa? WHbnaiuara B paHHUTe CTauyd Ha BceneHaTta, KOSITO
ycioBUeTo ,,0e3 HMKakBa TIpaHUIlA“ Tpe/cKa3Ba, 03HauaBa BceseHata na
TpsibBa Jla ce pa3iMpsiBa ChC CKOPOCT, MHOTO O/M3Ka [0 KpUTHYHATA, TIPU
KOSITO TOUHO Jla ce u3berHe MOBTOPHUST KOJATIC, Taka ye 3a AbJT0 BpeMme
HsMa Jla MMa TTOBTOPeH KoJiaric. JlotoraBa BCUUKU 3Be3/U Lile ca u3racHaliu,
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a MPOTOHUTE U HEYTPOHUTE B TSX Ilje Ca Ce pas3la/Ha/iv Ha JIeKU YaCTULU U
n3TpuBaHe. BeeeHara 1je Ob/le B ChCTOSIHME HA TIOUTH IThJIEH Xaoc. Beue
HsIMa Jla UMa CW/IHa TePMOJMHAaMMUYHA CTpeJia Ha BpeMeTo. XaoChT HiIMa Jja
MOKe MHOI0 Ja HapacTBa, 3aljoTo BceseHaTa Beye 1je e JOCTWUrHajla
CBhCTOSIHME Ha TIOUTH IThbJHO Oe3penue. Ho 3a ma mma pasymeH >XKHBOT,
TpsiOBa /la IeliCTBa CH/THA TePMOJMHAMHWUHA CTpesia. 3a /ia oLlesiesT, Xopara
TpsiOBa Jla KOHCyMHpAT XpaHa, KOSTO e TofpefieHa ¢opMa Ha eHeprusiTa, u
Jla sl TIpeBpbBIAT B TOIUIMHA, KOSITO € HemojpeieHa ¢hopMa Ha eHeprusTa.
Taka pa3ymeH >KUBOT He OU MOI'b/I Jla CBIIIECTBYBA BbB (ha3aTa CBHBaHe Ha
Bcenenara. ToBa e 00sicCHeHHeTO Ha BBIIPOCA, 3aIll0 TE€PMOAWHAMUYHATA U
KOCMOJIOTMYHAaTa CTpe/ia Ha BpeMeTO HMaT elHa M Cbllla Mocoka. He
pa3lIMpeHreT0o Ha BcesieHaTa TMpUuMHSIBa HapacTBaHeTO Ha xaoca. Ilo-
CKOpO yC/IOBHETO ,,0e3 HUKaKBa TpaHUIIa“ 3acTaBsi Oe3peqreTo Zila HapacTBa
M Cb3/laBa yCJIOBUs, OarompusTHU 3a pa3yMeH ’KMBOT CaMO BBB (ha3zaTa
pasiMpeHue.

Ha pestomupame. HayuHuTe 3aKOHM He TIpaBAT pas/idKa MeXay
TIOCOKHUTe Hampe/ U Ha3aj, BbB BpeMeTo. ChINeCTBYBAaT oOaue TOHE TPH
CTpPe/IM Ha BPEMETO, KOMTO pa3rpaHHuYaBaT MHHaAI0 OT Objere. ToBa ca
TepMOJIMHAMHUYHaTa CTpejla — II0COKaTa Ha BpPeMEeTO, B KOSITO XaoChT
HapacTBa; MCUXOJIOTMYHATa CTpejla — [0COKaTa Ha BpPEMeTO, B KOSTO
IIOMHMM MHHA/JIOTO, a He OBJeIeTo; W KOCMOJOTHYHAaTa CTpela —
I0COKaTa Ha BpeMeTo, B KOAAITO BcesieHaTa ce pasiiuvpsiBa, a He Cce CBUBA. A3
MOKa3ax, ue TICHMXO0JIOrMYHaTa CTpesa € M0 ChIIeCTBO elHa W Chblla C
TepMOJVMHAMHYHATA, TaKa 4Ye [BeTe BMHAru UMaT e[jHa W Cblla MOCOKa.
YcnoBuero ,0e3 HuKakBa rpaHuI@“ 3a BceneHaTa mpe/cka3Ba
ChII[eCTBYBaHETO Ha A0o0pe JeduHHpaHa TepMOJAWHAMHYHA CTpea Ha
BpeMeTo, 3aImoTo BceseHnara TpsiOBa Ja TpbrBa OT IVIAJKO M IIOAPEEHO
ChCTOSIHME. A  TIppuMHAaTa Jla HaO/mogaBaMe — ChIJIacle  MeXIY
TepMOAMHAMHUYHAaTa U KOCMOJIOTHUYHATa CTpejia e, 4e pa3yMHU CblileCTBa
MoraT Jla ChIeCTByBaT camMO BbB (pa3a pasinvpeHue. ®a3ara CBUBaHe Iije
ObZle HemoAxo/sdllla, Thi KaTO HsIMa CW/IHA TepMOAWHaMHYHa CTpejia Ha
BpEMETO.

[TporpechT Ha YOBEUECTBOTO B pa30HpaHeTo Ha BcesieHaTa e BHECH
MajK0O KbTUe Ha peJ B enHa BcesmeHa c HapactBamio Oespeaue. AKO
3alIOMHUTe BCAKa JyMa OT Ta3W KHUra, B aMeTTa BU Iiie Ce CbXpaHsBar
OKOJI0 2 MJH. eluHMIM WHGOpMalus: peJbT B MaMeTTa BU Iije Ce e
YBeTUUMI C TIPUOTU3UTEHO 2 MITH. eAuHUIM. Ho 10KaTo cTe uesn KHUTATa,
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BUe CcTe rpeobpasyBasy IIOHe XU/s/a KaloOpHH eHepris Ha pesia BbB BUJ, Ha
XpaHa B eHeprusi Ha Ge3penueto 1o (opMara Ha TOIUIMHA, KOSITO CTe
3aryOMIM BBB Bb3/yXa OKOJIO Bac upe3 KOHBEKIUS M ToTeHe. Ts e
yBe/IMYM Xaoca BbB BceneHara ¢ okono 2x10%° egunuiym uau okomo 1019
ITbTY TIOBeYe OT peJa BbB BAIMS MO3bK, HO CaMoO TIPH YCIOBHe Ye CTe
3aTIOMHW/I 8CUYKO TIPOUYeTeHO. B crefpariara I7aea Ie Ce OMMTaM Ja
roi06ps1 pefja B HAIIaTa ,,/UKYHIVIA® OIje MAJKO, KaTo OOSICHS KaK yUeHHTe
Ce OMWTBAT fa ,HAroAAT“ YaCTHUTe TEOPUM, KOWTO OIHCAX, efHa KBbM
IIpyTra, 3a /i Ce TOJNYYH 3aBbpIleHa efHHHA TeOpHs, KOATO ja obxBalia
BCUYKO BbB BceneHara.
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10. OBEJVUHEHUWUETO HA ®U3NKATA

KakTo 00sicHuXMe B ITbpBa I7laBa, Ch3/laBaHETO Ha e[Ha 3aBbpIlieHa
eIMHHAa TeOpMsl 3a BCUUKO BbB BcesieHaTa ¢ elUH 3amMax € MHOIO TPY/JHO.
ETo 3amjo mporpechT ce MocCTUra 4pe3 HaMUpaHe Ha YaCTHU TeOpwH,
OMMCBAII[M OrpaHWYeH O00XBaT OT CLOWUTHS, W upe3 IpeHeOperBaHe Ha
oCTaHa/MTe e(eKTH WIM UWC/IeHOTO WM arpoKCMMUpaHe. (XuMmwusiTa
HaripuMep HU TI03BOJIsIBajla U3UMC/IUM B3aUMO/|eCTBUSITA MEXY aTOMUTE,
6e3 /1a 103HaBaMe BLTPEIITHUS CTPOeXK Ha aTOMHOTO s/1po.) B KpaiiHa cMeTKa
obaue HUe ce Ha/isBaMe /la HAMEPUM e/J[Ha 3aBbpIlleHa, CbCTOSITe/THA, eAMHHA
TeopHsl, KOSITO /la BK/IFOUBA BCUUKH T€3W YaCTHU TEOPHH KaTo TIPUOIMKEeHUS
1 KOSITO He Ce Hajiara Jja mpuraxkaaMme KbM (GakTuTe, mofbupaiiku CTOMHOCTH
3a HSIKOW TPOM3BOJIHO M30paHW UMC/ia B TeopHusitTa. ThpCeHeTO Ha TaKapa
Teopus e W3BeCTHO KaTo ,,00equHeHHe Ha (U3WKaTa“. AMHINAWH TpeKapa
TIOBEUeTO OT TIOC/eJHHATE CH TOAWHHW B 0E3yCIelmHO ThpCeHe Ha eJuHHa
Teopusi, HO BpeMeTO He Oellle JOIIJIO: ChIIIeCTByBaxa UaCTHU TEeOPUM 3a
rpaBUTaLMATa U eJIeKTPOMarHWTHaTa CUia, HO 3a siAPDEeHUTe CUJIU Ce 3Haellle
TBbple Ma/sKo. OCBeH ToBa AMHIIJaWH OTKa3a Jia MOBsIpBa B peajHOCTTa Ha
KBAaHTOBaTa MeXaHMKa He3aBUCMMO OT Ba)KHaTa CU pO/si B HEWHOTO
ch3flaBaHe. U Bce Mak, u3I/iex/a, ye MPUHLUIBT Ha HeolpezeseHOCTTa e
dbyHamMeHTaTHO CBOMCTBO Ha BcesneHata, B KosiTo >kuBeeM. [lopagu ToBa
elHa yCIielliHa e[IMHHAa TeOopHWs HelpeMeHHO TpsibBa [la BK/IOUBA TO3U
TIPUHIHIL.

KakTo 1je onuia nmo-HaTaTbK, NEPCIIeKTUBUTE /la Ce HaMepU TaKaBa
Teopusl, W3I/IeX/a, ca Beue MHOTO IMO-A00pH, ThU KaTo Bedue 3HaeM MHOTO
rmoBeue 3a Bcemenara. Ho TpsibBa ga ce TasuM OT IIpeKasieHa
CaMOYBepeHOCT: Beue CMe TMPeXUBSIBa/M TIpeKJeBpeMeHHU pajoctu! B
HAuaJI0TO Ha TO3U BeK HaIpUMep Ce CMsATaIlle, ue BCUUKO MOJKe 7la Ce 00sICHH
ype3 TePMUHU OT CBOMCTBATa Ha HellpeKbCHAaTaTa MaTepusl KaTO CBOMCTBOTO
eIaCTUYHOCT WX TOTIONPOBOAUMOCT. OTKPHMBAaHETO Ha CTPOEXKa Ha aroma U
MPUHILMIIA Ha HeOoIpe/e/ieHOCTTa TIOCTAaBU KaTeropuyeH Kpall Ha TOBa.
Bnocnencreue, rpe3 1928 r. dusukbT 1 HobennoB naypear Makc BopH Ka3a
npes TmoceTutesid B ['bOTMHreHCKUS yHUBepcUTeT: , Pusrkara, Takaga,
KaKBaTO s TI03HaBaMe, 1ije CTUTHe /10 CBOs KpaM 3a 1lecT mecena.“ HeroBata
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yBEPEHOCT ce Oa3vpalie Ha HACKOPO OTKPUTOTO OT [IWpak ypaBHeHUe,
yrpaB/sBaiio enekTpoHa. [Ipeamnonoxu ce, ye MofoOHO ypaBHeHUe Ou
yTIpaB/IsSiBa/IoO U TIPOTOHA, KOWTO 10 OHOBA BpeMe Oellle eIMHCTBEHATa Apyra
Mo3HaTa YacTHlla, WU Ue TOBa Iije e KpasAT Ha TeopeTWuYHara (Qu3MKa.
OTKpUBaHETO HAa HEYTPOHA U s/IpeHHTe CUIM 0baue HU HaHece TMOopefHHs
yaap. Ka3Baliku TOBa, a3 INpoOAb/DKaBaM Jia BspBaM, 4e TIPeJINOCTaBKH 3a
yMepeH ONTHMU3bM MMa U ue Mo)Ke OM cMe JOCTUTHA/IM Kpasi Ha ThPCEHEeTO
Ha [10C/IeJHUTE 3aKOHHU B TIPUPOZATa.

B mpeauiHMTe I71aBM OmMHMcax oO0IjaTa TeOpPHsI Ha OTHOCHUTETHOCTTA,
yaCcTHaTa Teopus Ha rpaBUTALMATa U YaCTHUTE TeOPUM, KOUTO YIIpaBJisiBaT
c1ab0TO, CHJTHOTO ¥ eJIeKTPOMarHUTHOTO B3auMo/ielictue. [TocneqHrre Tpu
MOTaT /la ceé ChueTasAT B T.Hap. Teopuy Ha BemmkoTo obeauHeHWe, KOUTO He
Ca MHOTO yJJOBJIETBOPUTEJIHM, 3al[OTO He BK/IFOUBAT I'PABUTALIUATA U 3alL[0TO
CbAbPKaT HSIKOM BEJIMUMHU, KAaTO OTHOCUTETHUTE MaCu Ha pas3IuyYHUTe
yaCTULM, KOUTO He MOraT Ja ce TpeJCKakaT TeOpeTUYHO, a Ce Hajara ja
ObZaT 1oA0MPAaHM TaKa, ue Zia ChbOTBETCTBAT Ha HabmogeHusita. OCHOBHATA
TPYAHOCT MpH HaMHpaHeTO Ha Teopus, obeAuHsIBAIlla TpaBUTAI[UATA C
OCTaHa/WTe CUIM, e, ue obljaTa Teopusi Ha OTHOCUTE/JIHOCTTA e
,Kjacuuecka®“ Teopus, T.e. TS He BKJ/IHOUBa TPUHLIMIIA HA HEOTIpee/IeHOCTTa
OT KBaHTOBara MexaHuka. OT gpyra CTpaHa, OCTaHA/IUTe YaCTHU TeOpUU
CbIIIECTBEHO 3aBUCAT OT KBAaHTOBaTa MexaHWKa. ETo 3amjo mbpBara
HeoOXo/[Ma CTBIIKa € fia ChueTaeM o0iljaTta Teoprsi Ha OTHOCUTE/HOCTTA C
TIPUHLMIIA Ha HeorpeeneHocTTa. Kakro BUAsixMe, TOBa MOXKe /ia oBefie 10
HSIKOM 3a0e/ieXXUTe/THA TI0C/IeICTBYSA, KaTo HalpyuMep YepHUTe AYIIKH Jja He
Ca YakK TOJIKOBa YepHU U BcesieHaTa Ja HsSMa CUHIYJISIPHOCTH, a Ja e
HaITh/IHO He3aBHCHMMa U 0e3 rpaHuiia. besara e, Kakto 00sicHUX B r71aBa VII,
ye (Criopej TMpUHLMIIA HA  HeOorpeje/ieHOCTTa [OpA  ,,IIPa3HOTO
MPOCTPAHCTBO € W3IMbJHEHO C [BOWKWA BUPTYa/HU 4YaCTHLla/aHTHYaCTUILIA.
Te3u ABOMKU TpUTeXXaBaT Oe3KpaliHO KOMUeCTBO eHeprusl W Iropajii ToBa
criopesi 3HaMeHUTOTO ypaBHeHMe Ha AlHmaiH E = mc® me umar u
Oe3kpaiiHa Maca. ETo 3aI10 TSXHOTO TpaBUTAI[MOHHO TPUB/IAUYAHE II[e
M3KpUBM BcesneHara /10 6e3KpaitHO Ma/TbK pa3mep.

1 B ApyruTe 4aCTHM TeOpHHU Ce HabmIo/aBaT TBBbPJE CXOJHU, Harme[
abcypgHy 6e3KpaliHOCTW, HO BbB BCHUKH Te3W C/ydyau Te MoOrar jia ce
OTCTPaHAT 4Ype3 MpoLeAypa, HapeueHa TMPeHOPMUPOBKA. Td e cBbp3aHa C
VHUIIIO)KaBaHe Ha  Oe3KpallHOCTWUTe upe3 BbBeXKJaHe Ha JPYTH
Oe3kpaiiHocTH. Makap TO3M MeTOJ, Ja € TBbple CBbMHHUTENEeH OT

149



MaTeMaTHuecKa I/ief[Ha TOuKa, U3I/IeX/1a, Ue Ha TIPAKTUKA JIeHCTBa U e Oul
M3I10J13BaH B Te3W TEOPUM 3a Ipe/CcKa3aHusi, KOUTO U3K/TFOUMTEe/THO TOYHO Ce
cbIviacyBaT ¢ HabmoneHusTa. [IpeHOpMUpOBKaTa obaue UMa eJUH CepHO3eH
HeJ0CTaTbK [0 OTHOLLIEeHWe OIWTa [la HaMepUM e[Ha 3aBbpllieHa Teopus,
3alll0TO 03HAYyaBa, Ye JAEeMCTBUTeTHUTe CTOMHOCTH Ha MacUTe U rojieMyHara
Ha CHU/IMTe He MOorar /la ce TIpe/iCKa)kKaT OT TeopusiTa, a TpsibBa Taka Jia ce
roj0epar, ue fia CbOTBETCTBAT Ha HAO/TIOeHUSTA.

Koraro ce onuTBame [la BbBeJeM MPUHLIWIA HAa HEOMNpeAeIeHOCTTa B
oOImjara Teopuss Ha OTHOCHUTETHOCTTA, MMa CamMO JBe BeJMUYMHU, KOWUTO
TpsiOBa Jla ce ToAOWpar: TpaBUTAllMOHHATa CHIA W CTOWHOCTTA Ha
KOCMOJIOTHYHaTa KOHCTaHTa. Ho TAXHOTO mopbupaHe He e AOCTAaThYHO A
OTCTpPaHU BCUUKHU Oe3kpaiiHocTH. M3/13a, e pasmosiarame C Teopusi, KOsiTO
rpe/icKa3Ba, 4Ye HAKOU BeJIMUMHM, KaTO KPUBHUHATA HA IIPOCTPaHCTBO-
BpeMeTO, Ca HauCTMHa Oe3KpaliHWM, a Te3W BeJWUYMHHA MoraT Jja ce
Hab/ro/jaBaT ¥ U3MepBar U ca Kpaiinu! To3u mpo6sieM Tpy chueTaBaHETO Ha
obIiaTta Teopuss Ha OTHOCUTENIHOCTTa C TIPUHI[UMIIA HA HEONpeesIeHOCTTa
Gellie 1oj03MpaH OT M3BECTHO BpeMe, HO OKOHYaTenHO Oe MOTBBPAEH OT
nogpobHu u3uuciaeHus Tipe3 1972 1. YeTupu TroAuWHH TMO-KbCHO Oe
TIPe/IJIO’KEeHO €eIHO Bb3MOXXHO pellleHue, HapeueHo ,,CyrneprpaByATaLusa‘.
Wpesita Gelile fa ce KOMOWHKPa YacTUIlaTa CbC CIWH 2, HapeyeHa TPaBUTOH,
KOSITO MpeHacsi TPaBUTALMOHHOTO B3aUMOZENCTBUE, C HSIKOW JPYTAd HOBU
vyactTuum cbC cnvH 3/2, 1, 1/2 m 0. B u3BecTeH CMHCB/I TOraBa BCHUYKM
YaCTULIM MOraT Jla ce pas3r/ieKJaT KaTo pa3/iMuHU TpPOSiBU Ha e/lHa U Chllja
,CBPbXUaCTHI[a“, KaTo TI0 TO3W HauWH Ije ce O0eAMHST MaTephaJHUTe
YaCTULIM CbC CIUH 1/2 u 3/2 ¢ yacTulyTe, TIPEHACSIIM B3aUMOJEMCTBUE ChC
crivH 0, 1 u 2. JIBOMKUTe BUPTya/lTHUA YaCTULA/aHTUYACTHLA CbC CUH 1/2 u
3/2 1le ¥MaT OTpULIaTe/THa eHeprus, Taka ye Iie ce CTpeMAT [a YHUILI0KaT
MOJIOKUTETHATA €HepPrusi Ha JBOMKUTE BUPTya/HU YaCTULIM CbC CIUH 2, 1 1
0. ITo To3u HauMH IIle Ce YHMIL[0)KaT MHOTO OT Bb3MOXKHUTe Oe3KpaiiHOCTH,
HO Cce To/l03Mpallle, ue HIKoW Oe3KpaliHOCTU Ouxa Mor/iu Aa octaHat. Obaue
W3UMC/IeHUsITa, HeobXo[MMHU ia Ce YCTAaHOBU [Jla/iM OCTaBaT HEYHUIIOXKeHU
6e3KkpalfHOCTH, Ca TOJIKOBa MPOABL/DKUTE/HN U TPY/IHU, Ue HUKOM He Oe TOTOB
Ja ce 3aeMe C Tax. [Ipeamnosaraiie ce, ye JOpPU C KOMITKOTBD L€ OTHEMar
TOHEe YeTUPU FOJIMHM, @ BEPOSITHOCTTA YOBEK /1a IOMYCHE TIOHe e/JHa IpelKa,
a Mo)ke OU U TIoBede, e TBBP/ie To/isiMa. Taka ye /lajid OTTOBOPBT Iije e BepeH,
Obuxme pa3bpasiy caMO ako OIlle HSKOM TOBTOPH M3UMCAEHUSTA U TIOMyud
CBII[MSI OTTOBOP, a TOBAa He M3I7IeXK allle TBbp/ie MpaBAoIiof00H0!
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He3aBucrMO OT Te3u TmpoOseMd U OT (pakTa, Ue UACTUIUTE OT
TeopuMTe 3a CyleprpaBuUTalysATa, W3IVIe)K[Ja, He CbOTBETCTBaxXa Ha
Hab/ro/[aBaHuUTe, MOBEYETO y4eHU cMsTaxa, ye BEPOSITHO
CyTieprpaBUTaLIUsTa e MPaBUTHOTO pellieHre Ha npobsieMa 1o 00e/[HeHeTo
Ha (usukara. Ta Ge mpuera Kato Hail-IOOpHS HauuH 3a obOeAWHsABaHe Ha
rpaBUTaldATa C JApyrute B3aumofeiictBus. IIpe3 1984 r. obaue Be3HuUTe
HaTe)kaxa B M0Ji3a Ha T.HAp. CTPYHHU TeOpuu. B Te3u Teopur OCHOBHHUTE
00eKTH He ca YaCTHULM, 3aeMalli e[Ha-eJUHCTBEHA TOYKa B MPOCTPAaHCTBOTO,
a 00eKTH, KOUTO MMaT Ab/DKWUHA, HO He U APYro u3MepeHHe, MOoA00HM Ha
6e3KpaifHO ThHKA YacT OT CTPyHa. Te3u CTPyHM MoOraT Jia UMat Kpai (T.Hap.
OTBOPEHM CTPYHM) WK Jja ObJaT CBbpP3aHM CaMH ChC cebe CU B 3aTBOpeHU
npuMKU (3aTBopeHd CTpyHM) (dur. 10.1 u ¢dur. 10.2). EnHa yacTvila BbB
BCEKM MOMEHT 3aemMa e[lHa TOYKa OT MPOCTPaHCTBOTO. Taka HeWHara
TPaeKTOpUsi MO)Ke Jia Ce MpeJCTaBu C JIMHUS B TPOCTPAaHCTBO-BPEMETO
(,MupoBa uHUsS“). EnHa cTpyHa, OT Jpyra cTpaHa, BbB BCEKA MOMEHT 3aeMa
JIVHUSL B TPOCTPAHCTBOTO. Taka HeWHara TpaeKTOpusi B MPOCTPaHCTBO-
BpEMeTO e JByMepHa MOBbPXHHHA, HapeueHa MUPOBU cJioM. (Bcsika Touka ot
TO3W MHMPOBM CJIOM MOXKe /la Ce OIWILe C JBe UWC/Ia: efJHOTO, OIpezesiio
BpeMeTO, a JpyroTo — TIOJIOKEHWeTO Ha TodKaTa BbpPXYy CTpyHara.)
MupoBUST C/IOM Ha egHa OTBOpPeHa CTpyHa e JieHTa; HelHuTe pPbOOBe
Npe/CTaB/isBaT TpPAeKTOPUMTE Ha Kpaullara Ha CTpyHaTa mpe3
rpocTpaHcTBO-BpeMeTo (ur. 10.1). MupoBUST C/iol Ha efHa 3aTBOpeHa
CTpyHa e I[UIUHALD UK Tph0a (dur. 10.2); ceueHneTo mpe3 Tprbara e Kpsr,
Tpe/ICTaB/IsBaLL TTOJIOKEHUETO Ha CTPYHAara B ia/leH MOMEHT.

JIBe yacTy OT CTPyHA Morar /la Ce CBbp>KaT U Jla 0bpa3yBar eJUHUUHA
CTPYHa; OTBOPEHUTE CTPYHU MPOCTO CBbp3Bar KpauuiaTta cu (dur. 10.3), HO
KOraTo Ca 3aTBOPEHM, Ce ToJiyyaBa Helo KaTo [iBaTa KpayoJ/ia Ha IMaHTaJIOH
(¢ur. 10.4). [To cblIMg HAYMH Mapye OT CTPyHa MOJKe /la Ce pas3fiesiv Ha [iBe
CTpyHU. B CTpyHHUTEe TeopuM TOBa, KOETO I[0-paHO Ce TMpuemalle 3a
YyaCTULIY, Cera ce MpeJCTaBs KaTO BbJIHWU, KOUTO Ce [ABW)KAT M0 CTpyHara
noo0HO Ha BbJIHWTE T10 TPeNnTsIiaTa BPbBUMI]a Ha XBbPUW/IO. M31bUBaHeTO
W/ TIOIVTBIIIAHETO Ha e/jHa YacCTulia OT Jpyra OTroBaps Ha pasfesisiHeTO Wir
CBbpP3BaHETO Ha CTPyHU. [paBuTanmoHHaTa cwWia Ha CBHLETO BBPXY
3emsiTa HarpuMep Ce MpeACTaBsd B TEOPUMTE Ha e/leMeHTapHWUTe YaCTULIU
KaTro pe3yaTaT OT WU3TbYBAaHETO Ha IPAaBUTOH OT yacTvua Ha CIIbHLIETO U
HEroBOTO ToOMIblaHe OT vactuia Ha 3emsita (¢ur. 10.5). B crpyHHUTe
TEOpHUH TO3U TIPOIjeC OTroBaps Ha TpwbOa ¢ mpodun H (dbur. 10.6). (B
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M3BeCTeH CMUCBHJ CTPYHHUTE TeOPUU Ca Helllo KaTo BOJOMPOBOJHO [iefo.)
[IBeTe BepTHMKa/HU uyacTW Ha H oTroBapsiT Ha vactuiuTe B C/BHLIETO U
3eMsiTa, a HarpeuyHaTa XOpPW30HTAa/HA TIpeceuka OTroBapsi Ha TpaBUTOHA,
KOUTO Ce JBWKU MEXY TSIX.

OHA EAWHCTBEHA CTPYHA

OTBOPEHA CTFYHA 3ATBOPEHA CTPYHA

ABETE CTPY
CE OBEQWHAR

ABE
QTAEAHKH
CTPYHH

BPEME
BPEME

MUPOBH CAOW HA [IBE 3ATROPEHWA CTPYHU
GUTVPA 10.4

MWUPOBW CAOR HA MWPOBKN CAODR HA
OTBOPEHA -CTPYHA 3ATBOPEHA CTPYHA

PUTYPA 10:1m @®HUFYPA 10.2

EOHA EOWHWYHA CTPYHA

FPABMTOH

TPABUTOH

L}
ACTALA YACTULA BPEME YACTHMUA YACTHLUA
4 JEMRATA HA CABHUETO HA 3EMATA HA CABHUETO

GUTVPA 10.5 w PUFVPA 10,6

BPEME
44 CAOR HA ABE OBEAMHABALIN CE OTBOPEMK CTRYH Y

DGHUTYPA 103

CrpyHHara Teopusi MMa MVHTepecHa uCTOpUA. IIbpBOHauanHO T e
n3obpeTeHa B kpass Ha 60-Te TrOAWHU TIPU OMUT /la Ce HaMepu Teopus 3a
OMMCBaHe Ha CWIHOTO B3auMoJeWcTBHe. Mjesita e, ue YaCTULMA KaTo
MPOTOHA W HEYyTPOHA MOorar Ja Ce pasjieXXJaT Karo BBJHU [0 CTPYHa.
CunHUTe B3aUMOJEMCTBUS MEX/y YaCTUL[UTe OMXa OTTrOBapsiid Ha YacTH OT
CTPpyHa, KOWUTO Ce BIUIMTaT MeX]y APYTrd HeWHW ydacTbLU TMOAO0OHO Ha
naspkvHa. 3a Jla MO)XKe Tasu Teopus Ja Aaze HabmroJaBaHaTa CTOMHOCT Ha
CUJIHOTO B3aUMO/eMCTBUe MeXy YacTULuTe, CTpyHUTe Ou TpsibBaso Aa ca
KaTo KayuyKOBU peMbLiY, C CibBaHe OKOJIO fAeceT ToHa. IIpe3 1974 r. JKoen
[Mepk ot Tlapwx u [Ixon IlBapi ot KamudopHuiickusi TeXHOIOTHUYEH
WHCTUTYT IMyO/sHMKyBaxa paboTa, B KOSTO IOKa3axXa, ye CTPYHHATa TeOpUs
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MO)Ke /la OIuIlle TpaBUTAI[MOHHATa CHWJa, HO CaMO aKO pa3TSIraHeTo Ha
CTpyHaTa e MHOro mo-romsMo — npubmusurendo  103°  Toma.
I[pepcka3aHusiTa Ha CTPyHHATa TeOpUs MPU HOPMAaJHU 10 Maljab JAb/HKUHU
Ca TOYHO CBIIUTe KaKTO MpHU 00IaTa Teopusi HA OTHOCUTETHOCTTA, HO TIpU
CbBCeM MaJIKU pa3CTosHuUS, o-Manku ot 10733 cm, Te mie ce pasnuuapar. Ha
paborara uMm obaue He 6e 0OBbPHATO 0COOEHO BHMMaHMe, 3aIl0TO ITOUTH 10
CBIJOTO BpeMe IbpBOHAaYa/HaTa CTPYHHAa Teopus TpPU  CHUTHOTO
B3auMojielicTBHe Oe n30cTaBeHa W Oe MpejrioueTeHa TeOpUsiTa, OCHOBaHA
BbpPXy KBApKU WM TJIyOHH, KOATO CSIKAIll MHOTO I0-00pe ce ChIvIacyBailie C
HabmoeHusiTa. [1lepk 3aruHa Tpu TparMuHu 00CTOSITE/ICTBA (TOM CTpajaliie
oT auabeT W W3MajHa B KOMa, KOraTo HsiMallle HUKOM Kpail Hero, 3a Jia My
MOCTaBU WHXKeKLUs1 WHCYnMuH). Taka IlIBapi ocTaHa TMOUYTH eJUHCTBEHUST
MOAJIPHKHUK Ha CTPyHHAaTa TeopHus, HO Beue IPH MHOTO TIO-BHCOKA
npe/iyiokKeHa CTOMHOCT 3a pa3TaraHe Ha CTpyHara.

IIpe3 1984 r. uHTepeChT KbM CTPYHUTE BHe3allHO Ce Bb3POJHU,
OYeBUJHO TIO 7ABe TMpUUMHU. EfHaTa, ue BCHIUJHOCT He Oellle TMOCTUTHAT
ocobeH HampeAbK B  JOKa3BaHETO Ha KpallHWA  XapakTep Ha
CymneprpaBUTAlldsATa, HUTO Ye C HeWHa TIOMOII] MOraTt fa ce OOSCHSAT
pa3MUHMATe BUJOBE YaCTUIM, KOWTO HabmromaBame. [Ipyrara Oe
nybmvkarusta Ha [I>koH [lIBapi; u Maiik I'puiin ot Konesxka ,, Kyun Mepu“ B
JIoH/IOH, KOSITO TOKa3a, ye Mo)ke OW TeopusiTa Ha CTPyHUTe Iile ycriee 7a
00SICHM CBII[eCTBYBaHETO HA UaCTHWIM, TPUTEXKaBall[d TIPUCHINA JisBa
OpHeHTallsl KaTo HAKOM OT YaCTHIUTe, KOUTO HabmomaBame. HesaBrcumo
OT TIpUUMHAaTa rojsM OpoM yuyeHM CKOpO 3aroyHaxa Jia paboTsaT Tio
CTpYHHaTa Teopus U Oe pa3BUT HOB BapUaHT — T.Hap. XeTepOTHYHA CTPYHa,
KOWTO CsIKalll 11jellie Aa o0siCHU BUOBETe YaCTHLM, KOUTO HabmrozaBame.
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HAN-KBCOTO PAITOAHWE OT A RO
HAWR-M&LCOTO PAICTOAHWE OT A 00 B NP TPH MWIMEPEHUR
5 NP OBE M3MEFEHWA '

LHTYPA 10.Y

CTpyHHHUTE TEOPUM ChIL[0 BOAAT A0 Oe3KpaliHOCTU, HO Ce CMSsITa, ue
BCUUKWA Te Ce YHHUILO)KaBaT TPH BapUaHTH KaTO XeTepoTMYHAaTa CTpyHa
(Makap ue Bce ollle He e CbBCeM cUrypHO). CTpyHHUTe Teopuu obaue ce
cObCKBAT € rofsM npobreM: Te ca CbCTOATETHU CAaMO aKo MPOCTPaHCTBO-
BpemeTo e ¢ 10 wiu 26 usmepeHusi, a He ¢ 0OMKHOBeHUTe yeTupu! Pa3bupa
ce, [OMNbJIHATE/THUTE W3MEpPEeHHs Ha IIPOCTPaHCTBO-BPEMETO Ca HeLlo
o0OryaitHO 3a HayuHaTa (haHTaCTHKa; BCBI[HOCT Te Ca MOYTU HaJIOKUTEeTHH,
3al[0TO MHaue (akThT, Ye OTHOCUTETHOCTTA Hajara /ia He MOXXeM Ja ce
JBIKUM T10-0bp30 OT CBET/IMHATa, 03Ha4yaRBa, ue IIbTelleCTBUATA [0 3Be3u U
raJlakTUKH I1le OTHEeMaT MHOTO ToBeue BpeMe. HayuHodaHTacTruHaTa uzes
ce Kpve B MPeAIoI0KEHUEeTO, e e Bb3MOXKHO Jla IPEMUHEM Harpsiko mpe3
MO-BUCOKO H3MepeHHe. ToBa MoXe Jia Cce MpeACcTaBU MO C/IeJHUSI HAYMH.
[TpuemeTe, ye TIPOCTPAHCTBOTO, B KOETO >KUBEEM, NMa CaMo [iBe U3MepeHUs
1 e U3KPHBEHO KaTo MOBbPXHOCTTA Ha CriacuTesieH mosic uiau Top (¢ur. 10.7).
AKoO CTe OT BbTpellIHaTa CTpaHa Ha MIPbCTEeHA U MCKare Jia CTUTHeTe ZI0 TOUKa
OT OTCpell[HaTa CTPaHa, TPsibBa Jja ce ABMKUTeE TI0 BbTpellIHaTa 0OMKO/IKa Ha
npbcTeHa. Ho ako MokeTe [ja IbTyBare B TPETOTO U3MepeHHe, MPOCTO Iile
rpecevere.

3airjo He 3abesisi3BaMe BCUUKU Te3U JIOMbJIHUTETHU U3MepeHUsi, ako Te
HaWCTHHA ChIeCTBYBaT? 3allo BW)K/aMe CaMO TPU MPOCTPAHCTBEHU U €JHO
BpemMeBO uMepeHue? [IpeAmnosokeHUETO e, ue OCTaHaIUTe U3MEPEHHUs Ca
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M3KPMBEHH B IIPOCTPAHCTBO C MHOTO MalbK pasmep, Hemlo kato 1030 yacT ot
vHYa. To e To/MKOBa MaJjKo, Ue TMPOCTO He To 3abesis3BaMe; HUe BIKIame
caMoO eJHO BpeMeBO U3MepeHHe U TPU MPOCTPAaHCTBEHU U3MEPEeHUs], B KOUTO
MPOCTPAHCTBO-BPEMETO € TMO4YTU IJIOCKO. Hello Karo MOBbPXHOCTTA Ha
MOPTOKA/I: ako s Tnexare otbnm3o, Ta e obrna M HabpbukaHa, HO OT
pa3CTosiHUe HsIMa [la BI)KJaTe TpallaBUHUTE U TH 1ile U3IieXK/a riajgka. Taka
e 1 C MPOCTPAHCTBO-BPEMETO: B ChBCEM MaJIKM Malljabu TO e ieCeTMEePHO U
CWJIHO W3KPHUBEHO, HO B TIO-TO/IeMH Maillabu HsMa Jia BWDK/JaTe KpHMBUHATA
WU JIOMTbJIHUTE/THUTEe W3MepeHHus. AKO Ta3u KapTHHA e BsSpHa, TS HOCHU
JIOIM  HOBUHU 32  ObfeluTe  KOCMHUYECKHM  ITbTellleCTBeHULIU:
NOITB/THUTETHUTE U3MepeHus Iije ObJaT mpeKajeHo MaJikKy, 3a Jja TPOITyCHAaT
KocMuueckust Kopab. Tyk obaue Bb3HUKBA APYT ToJisiM rpobsieM. 3aiijo camo
HSIKOM, @ He BCUUKHU M3MepeHMs [ia ca CBUTH [0 MaJika Tornka? BeposiTHO B
CbBCeM paHHaTa BcesieHa BCMYKM M3MepeHHUsi ca OWIM W3KpUBEHU. 3alllo
eJHOTO MW3MepeHWe BpeMe W TpUTe MNPOCTPAHCTBEHUW Ca Ce W3IIaJWIH,
JIOKaTo JpyruTe ca OCTaHa/IU ITbTHO HABUTU?

EVH Bb3MOXKEH OTrOBOP € aHTPONHUSAT NpuHuui. U3rnexsaa, ue e
MPOCTPAHCTBEHU U3MepeHHsi He ca [0CTaThbUHMU 3a pa3BUTHMETO Ha TaKWBa
C/IOKHU OpPraHM3MM KaTo Hac. AKO Ha eJJHOMepHAa 3eMsl >KUBESIT JIByMepHU
ChlllecTBa, Te Ife TpsOBa /Ja ce mMpeckauar, 3a Aa ce pa3muHar. Koraro
JIBYMEPHOTO CBII[eCTBO Ce XpaHH, TO HsMa Jla MOXKe Jla CMe/IM XpaHaTa CU
HaITBJIHO U I1fe TPsIOBa /ia W3XBBLPJIS OCTATBLUTE TI0 CBIIUS ITHT, TI0 KOUTO €
npuesio XpaHara, 3allloTo, ako KMallle KaHaja Tpe3 Ts/IOTO My, Touh Ou
pasLenuI ChIIeCTBOTO Ha [jBe OTAEe/HU YaCTHU: HAIlleTO IByMEPHO ChIeCTBO
1ie ce paszend HarosioBuHa (¢ur. 10.8). ITo chilysa HaUMH TPYAHO GUxMe cH
TIpe/ICTaBW/IM HIKAaKBO KpbBOOOpallleHre B eTHO [BYMEPHO ChII[eCTBO.

[Ile cpeijHeM Tipo6sieMd ¥ TIPU TIPOCTPAHCTBO C TIOBeue OT TPU
n3MepeHusi. ['paBUTALIMOHHATa CUIa MeXXy [iBe TeJla Iije HamaJsisiBa Mo-0bp30
C pa3CTOSIHUETO, OTKOJIKOTO Tipu Tpu u3Mepenus. ([Ipy Tpu wusmepeHus
rpaBUTAlLIMOHHATa CWa crnaja a0 1/4 ¢ yBe/ivyaBaHe Ha pa3CTOSHUETO [Ba
bTy. [Ipyu ueTrpu usmepenus 14 e cnagHe 1o 1/8, npu net 0 1/16 v T.H. )
B pe3ysnrtar Ha ToBa opbutuTe 0K0s10 CBHIIETO Ha T/IaHETH KaTo 3eMsiTa IIe
CTaHaT HecTaOWIHW: W HaW-MaJKOTO OTK/JIOHEeHWe OT KpbhroBa OpOuTa,
MPUYMHEHO OT IPaBUTALIMOHHO MPUB/IMYAHE Ha PYTU T/IaHeTH, 1ile 3aCTaBU
3emsiTa /la ce JBWKH M0 crvpana KbM CbHIETO WM B o0OpaTHa IMOCOKa.
ToraBa Wi 1je U3ropyuM, WM I1e 3aMpb3HeM. BCBITHOCT 3aBUCMMOCTTa Ha
rpaBUTalMATa OT pa3CTOSIHUETO IIPpU TIPOCTPAHCTBO C TIOBeYe OT TPH
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nu3MepeHusi O3HauyaBa, e C/BHIIETO HsAMa /i@ MOXe Jia CbllleCTByBa B
cTabW/THO CHCTOSTHUE C paBHOBeCHe MeX/y HajsraHe ¥ rpaBUTauys. To umm
Ie ce pa3smajiHe, WM 1ije KOoJarcypa U ije obpa3yBa uepHa Ayrika. U B fiBara
cjlydasi TO Beue HsMa /la e 0COOeHO T10/ie3HO KaTo U3TOYHUK Ha TOTUIMHA U
CBeT/IMHA 3a >XUBOTa Ha 3eMsTa. B mo-manku Maijabu enekTpuuecKuTe
CWIY, Ha KOUTO Ce Ob/DKU 0OUKa/lsIHeTO Ha eJleKTPOHUTE TI0 OPOUTU OKOJIO
SJpOTO Ha aroma, Ije UMaT CBI[OTO TOBeJeHHe KaKTO TPaBUTAI[MOHHUTE
cunu. Taka efleKTPOHUTE WM ChBCEM IIje Ceé OTKbCHAT OT aTOMa, WM IIje Ce
MpUZBWKAT MO Crvpaja KbM $/IpoTo. M B /BaTa c/jydas TOBa HsMa Jla ca
aTOMUTe, KOUTO T03HaBaMe.

XPAHOCMUAATEAEM KAHAM

PUTYPA 10.8

W3rnexa, e siCHO, ue KUBOTHT, TIOHe KaKbBTO I'0 TI03HaBaMe, MOXKe Jia
CBI[eCTBYBa CaMO B TakKuWBa 00JIaCTU OT TIPOCTPAHCTBO-BPEMETO, B KOWTO
BpEMETO U TpUTe TPOCTPAHCTBEHW H3MepeHUsi He Ca CBUTU [0 MajKu
pa3mepu. ToBa 3Hauu, ue MOKeM Ja ce OObpPHeM KbM Cjabusi aHTpOTeH
TIPUHLIUI, TIPU YCJIOBHE Ue TOKa)keM, Ue CTPYHHAaTa Teopusi TI0OHe TT03BOJIsIBa
CbllleCTByBaHETO Ha TakuBa obnactu OT BceneHara, a, u3Miexzaa, T
HauCTWHA M03BoJIsiBa. Moxxe 6u uma u Apyru obsactu oT BceneHata wau
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JApyry BceneHU (KaKBOTO M /la 3HAUM MO06d), B KOUTO BCUUYKMU U3MepPeHUs Ca
CBUTU [0 MaJIKu pa3Mepyd WA KbJEeTO TOoBeue OT YeTHPU U3MEPEHHUs Ca
MOUTH TUIOCKW, HO B TakuBa o0OsacTd He OM MMaso pa3yMHU ChIIECTBa,
KOUTO Jia Hab/IroaBaT pa3MnuHus Opoi [eliCTBUTeTHU U3MepeHHsl.

M3BBH BBITpOCa 3a Opost U3MepeHUsi, KOUTO, U3ITIeX/1a, TIPOCTPaHCTBO-
BpeMeTO MMa, CTPyHHAaTa TeopHs TMOCTaBsl U HIKOM JIPYry MpobiaemMu, KOUTO
TpsiOBa /la Cce pelliar, IIpeJiyd Zila MOKEM Jia s TIPOBB3I/IACUM 3a OKOHYaTeHa
eUHHa Teopusi Ha (u3ukara. Bce oile He 3HaeM [Jadud BCUUKHU
6e3KpalfHOCTH Ce YHMIIIO)KaBaT B3aMMHO, HUTO KaK TOYHO Jla CBBPXKEM
BBJIHUTE TI0 CTPyHaTa C KOHKPeTHUs BWJI YaCTUIA, KOWTO HabsirofiaBame.
Bbropeku ToBa e Bb3MOXKHO Tpe3 CJie/IBalljuTe HSKOIKO FOJJMHU /1a HAMEPUM
OTTOBOP HAa Te3U BBIIPOCU W KbM Kpasi Ha BeKa [la 3HaeM [alyd CTPyHHaTa
TeopHs e HauCTHHA OTZjaBHa ThpCceHaTta obeZiMHeHa Teopys Ha GuU3MKara.

Ho MoKe /1 HauCTUHA [ja ¥MMa TakaBa eluHHa Teopus? Wiu npocTo
rOHUM eIuH MUpPaXK? Chll[eCTBYBaT TPU Bb3MOXKHOCTH:

1) JelCTBUTENIHO MMa 3aBbpIlleHa eMHHA Teopusi, KOATO HSKOW JieH
11e OTKpHEeM, aKO CMe 0CTaTbYHO HaXOUUBU.

2) OkoHuaresiHa Teopusi Ha BceseHara HsiMa. ChllleCcTByBa IPOCTO
6e3kpaiiHa Tiopeiuiia OT TeOPHUH, KOUTO BCe TO-TOUHO U TIO-TOUHO OIKCBAT
Bcenenara.

3) Teopuss Ha Bcenenara HsMa; cbOWUTHsATAa He Morar jJa ce
NpeJiCKa)KaT OTBb/] HAKAaKBa CTeNeH, a HaCThIBAaT C/Ty4alHO U MTPOU3BOJIHO.

Hsikom Ouxa I1ieAuipany B TI073a Ha TpeTaTa Bb3MOKHOCT Ha
OCHOBaHMWETO, Ue akK0 WMallle e[Ha ITbjiHa CHCTeMa 3aKOHHW, TOBa OH
Torpeunsio Ha bor fga rpomMeHu pelleHHWeTO CM U i@ Ce HaMeCu B CBeTa.
Hemo kato crapusi mapafokc: Moxke M Bor fga HampaBU TOJIKOBa TEXBK
KaMBbK, Ue /la He e B ChCTOsIHUE fa ro BaurHe? Ho uzesra, ue bor 6u >kesan
7la TIPOMEeHW MHEHHEeTO CH, e eIMH ITpuMep 3a 3abmyaTa, orbesnsizaHa oT CB.
ABrycTuH, npeiacTaBsaviku bor cblilecTByBall] BbB BpEMETO: BPEMETO e
CBOMCTBO caMO Ha BceneHara, cb3zazeHa ot bor. BeposTHO e 3Haes KakBo
vMa TpeaBUu/l, Koraro ro e kasas!

C mosiBaTa Ha KBaHTOBaTa MeXaHWKa HUe 3allQuHaxme /ia OCb3HaBaMme,
ye chOUTUSATA HE MOTaT Jia ce TPeABUAST C aOCOMIOTHA TOYHOCT, @ BUHAru
¥Ma U3BEeCTHA CTeleH Ha HeomnpeneseHOCT. AKO BU XapeCBa, MOXeTe Ja
TIpUIHIIIeTe TO3W C/IydaeH XapakKTep Ha HaMmecara Ha bor, Ho ToBa 6u Guma
e[lHa TBbPZEe CTpaHHA HaMeca: HsIMa Jj0Ka3aTesICTBa Td /ia e mpeJHaMepeHa.
W HaucTvHa, ako Oerle mpeaHamepeHa, 1Mo AeduHUIMA He Ou Ouma
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cnyvariHa. /lHeC HUe Ha MpakKTHMKa CMe MpeMaxHa/lu TpeTara Bb3MOXKHOCT U
cMe fAe(UHMpaaM LieJiTa Ha Haykara: HallaTta 3ajada e fga ¢opMmyaupame
rpyTia 3aKOHH, KOSITO /la HU TI03BOJIM Zia Mpe/icka3BamMe ChbOUTHSTa CaMo 70
rpaHuLiaTa, oCTaBeHa OT MPUHLMIIA Ha Heorlpele/IeHOCTTa.

BTopara Bb3MOXXHOCT, Ue ChI[eCTByBa Oe3KpaiiHa Mopejuiia OT BCe
II0-TOYHU TeOpHH, Ce ChbIviacyBa C LieJiis HU JoceraileH OnuT. B MHOro
C/lydyad HUe CMe YBeJIMUW/IA UyBCTBUTEJHOCTTA Ha HAllIMUTe U3MepPBaHUs WUIU
CMe TIpOBe/IM HOBY HaOJTIOfleHUsI CaMo 3a /ia OTKPUEeM HOBU $SIBJIEHUS, KOUTO
He Ce TIpefCKa3BaT OT CbllleCTByBalljaTa Teopusi, U 3a Jjla T OTueTeM, e
TPsIOBAJIO Zia pa3BueM MO-ChBBpIlleHa TeopHsi. ToraBa HsIMa HUITO UYAHO, aKO
CEeTalllHOTO TIOKOJIeHWe OT TeoprMd Ha BenmkoTo obefuHeHHe ce OKaxke
TIOTPeLlHO B TBBPZJEHUEeTO CH, Ye HUILO0 TPUHLIMITHO HOBO HAMa Jia Ce CIy4d
MeX/ly eHeprusita Ha 00eMHEeHOTO e/ieKTPoC/abo B3auMO/IeHiCTBHE OKOJIO
100 GeV u eHeprusTa Ha BeukoTo o6eaunenue ot okono 101° GeV. Buxme
MOIVIU [la OYakBame /ia OTKpHWeM HSAKOJIKO HOBM IlJlaCTa Ha CTPYKTypa, IO-
OCHOBHAa OT KBapKuTe U eJIeKTPOHUTe, KOWTO cera pasmiexzaamMme Karo
,,eJIeMeHTapHU“ YaCTULIU.

Ho BB3MOXHO e rpaBuTalMsiTa [a MOCTaBM TpaHULIA BbPXY Tasu
ropejuiia OT ,,KyTMM B KyTHM“. AKO MMa uacTulia C eHeprusi Haj T.Hap.
ITnankoBa eHeprus ot 10'° GeV, macara i e 6b/]e Taka KOHI|eHTpUpaHa, ue
TS Ile Ce OTKbCHe OT OCTaHasaTa BceneHa u e oOpa3yBa Majka YepHa
Ayrika. CrezoBaresiHO e Bb3MOXKHO IOpeJuLiaTa OT BCe I10-TOYHU TeOpuU Ja
MMa HW3BeCTHa TpaHuIla, Korato ce TpuO/ikaBamMe KbM BCe€ TO-BHUCOKH
eHepruy, Taka ue OM TpsAOBaso Jla MMa HSIKaKBa OKOHYATe/Ha Teopus Ha
Bcenenara. Pa3bupa ce, [liaHkoBaTa eHeprusi € MHOTO Jjajied OT eHepruuTe
100 OeY, KOUTO Ca MakKCUMYMbT, JOCT)KUM B MOMeHTa JiabopatopHo. B
0603puMOTO Objellle Hafanu Iile AocTurHeMm IlnaHkoBara eHeprusi! Haii-
paHHUTe CTafuu Ha BcesieHata obaue ca apeHa, KbJeTO TaKWBa eHepruu
TpsiOBa Jja ce mosiBsiBaT. Criopesi MeH W3C/e/lBaHUsITa Ha paHHaTa BceneHa u
M3UCKBaHUsTA Ha MaTeMaTHUeckKa ChCTOSITeTHOCT TMPeA0CTaBIAT JOOBp I1aHC
Jla CTUTHEM /10 3aBbpllieHa eJHHA Teopus Olle TPUKUBe, IIPU yCJI0BUe ue
TpeJii TOBa CaMH He Ce B3PUBHUM.

KakBo Ou 3Hauesio, ako HaWCTHWHA OTKpPUEM OKOHuaTejHaTa Teopus Ha
Bcenenara? KakTo Oerre o6sicHeHO B I71aBa I, Hie He MOXXeM HMKOTa Jja CMe
CbBCEM CUT'YDHM, Ue HAUCTHMHA CMe OTKPW/IM TpaBU/IHaTa TEOPUs], Tb KaTo
TEeOpUHUTe He MoraT ia ObZaT JoKa3aHu. Ho ako TeopusiTa e MaTeMaTHueCKH
M3Abp)KaHa M BUHAaryM [aBa IIpeJCKa3BaHUs, KOUTO Ce CbIVIaCyBaT C
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Hab/o/IeHusITa, MOXKEM Jla CMe TIOUTH CUTYPHHU, 4ue Ts e BspHa. ToBa Ou
7loBeJI0 10 Kpas Ha edHa [AbjAra W CAaBHa I7laBa B MCTOpUATAa Ha
MHTe/IeKTya/THaTa OMTKa Ha uoBeKa Zia pa3bepe Bcenenara. Ho e moBese u
710 peBoMIOLIYS B pa3brpaHusTa Ha OOMKHOBEHUS UOBEK 3a 3aKOHUTE, KOWUTO
ynpasisiBaT Bcenenara. Ilo Bpemero Ha HioToH 6Ge BB3MOXHO envH
oOpa30BaH YOBEK Jla MMa Mpe/CTaBa OT IISUIOTO YOBEIIKO ITO3HaHHUe, TTIOHe B
o6y ysimHUK. Ho pa3BUTHETO Ha HaykaTa OTTOraBa HacaM HarlpaBH TOBa
HEBBb3MOKHO. ThU KaTO TeOpUUTE MOCTOSTHHO Ce TIPOMEHST, 3a Jla OTUMTaT
HOBWTEe HaOJTFO/IeHUs, Teé HUKOTa He Ca Halb/HO ,,CM/ISSHU® UM OTNPOCTEHH,
Taka 4Ye Ja ca pa3bupaemMud 3a OOWKHOBeHHs1 4oBeK. TpsibBa mga cre
CHELMaJTUCT, a JJOPY M ToraBa MOXKETe CaMO Jla Ce Ha/sgBaTe MCTUHCKU J1a
pa3bepeTe MasKa 4acT OT HayyHuUTe Teopuu. OCBEeH TOBa TeMITHT Ha Mporpec
e Taka Obp3, Ue TOBa, KOETO YUMM B YUW/IHIIE UM B YHUBEPCUTETA, € BUHATH
MaJiKoO ocTapsiio. MaJiiiHa ca Te3u B Kpak ¢ Obp30 HarpezBaliusi GPoHT Ha
MO3HAHWETO U Te TpsbBa Ja OT/AaBaT LSJIOTO CH BpeMe Ha ToBa [ia
crieliaauM3vpar B TsAcHa obsact. OcTaHa/uTe MMaT Maska Ipe/icTaBa 3a
MOCTUTHATUTE YCTIeXH M PafiocTTa OT TsX. [Ipeau 70 roguHu ako TpsibBa za
BpBaMe Ha EAWHTTBH, o0IlaTta Teopus Ha OTHOCHUTETHOCTTAa e Ouma
pa3brpaemMa camo 3a ABama. Cera ce pa3bupa OT [JeCeTKU XUSAAN BUCIIHCTH,
a MWJIMOHU XOpa Ca MOHe 3aro3HaTH C OCHOBHATa uzes. AkKo Ob/ie OTKpHUTa
elHa 3aBbpIIIeHa eWHHA TEOpHs, CaMO BBIIPOC Ha Bpeme e Td ja Obme
,CMJISTHA“ ¥ OIPOCTEHA IO CBIIUS HAUMH U Jla Ce TIpero/jaBa B yUW/IMIaTa
noHe 6 obwju AuHuu. Toraea Iije TOSYYMM M3BeCTHA TIPeZiCTaBa 3a 3aKOHUTe,
KOWTO yTpaB/sgBaT BceyeHaTa ¥ Ha KOUTO JIb/DKUM CBOETO ChII[eCTBYBaHe.

Ho fopu ¥ fia OTKpWeM efjHa 3aBbpilieHa e[MHHA Teopusi, TOBa HIMa
7la 3HauM, ye I1le MOXKeM /ia Tpe/icKa3BaMe BCUUKHU ChbOWTHS M30011[0 TIopaau
[Be TpPUYMHU. [IbpBaTa € OrpaHUYeHUeTO, HaJIO)KeHO OT TIPUHLIMIIA Ha
Heoripe/le/IeHOCTTa OT KBaHTOBaTa MeXaHWKa BbPXY Bb3MOXKHOCTHUTE HU Jia
npeficka3BaMe. Hsima Kak ia ro n3berHem. Ha mpakTvka ob6aue TOBa MTbPBO
orpaHHYeHWe He e Taka CWJIHO KaTo BTOpoTo. To wzaBa oT (akra, ue He
MOYKEM /la PellliM ypaBHEHUsITa Ha TeOPUSITa TOUHO, OCBEH 3a HSKOU IMPOCTU
ciyuad. (Hue opy He MOXKeM Zia PeLIM TOUHO YpaBHEHHETO 3a JBMKEeHUe
Ha TpU Teja B HioToHOBaTa Teopusi Ha I'paBUTALMATA, KaTO TPYAHOCTTA
HapacTBa ¢ Oposi Ha TeslaTa ¥ ChC CJIOKHOCTTA Ha TEOPHSITA.)

Beue 3HaeM 3aKOHHMTe, Ha KOUTO Ce TIOAUMHSIBA MaTepPUsATa MPH BCUUKH
c/lydad C HW3K/IIOUeHWe Ha eKCTpeMHHUTe. I10-KOHKpeTHO, HHe I03HaBaMe
OCHOBHUTE 3aKOHM, 3a/ieTHa/Id B XMMHUSATA M OuosiorusaTa. V1 BeIIPeKH TOBa

159



CbBCEM He CMe CBe/M MpoO/IeMUTe 0 PaBHUIIETO Ha PEeIIMMH 3a/iaul; BCe
Ollle yCIexXuTe HW B TMPeJBWKAAHE Ha UOBEIIKOTO T[IOBeJieHHe C
MaTeMaTHYeCKH ypaBHeHWS ca Maiku! Taka ue gopu U [a HaMepuMm
3aBbpIlIeHa I'pylla OCHOBHM 3aKOHM, 3a CJIe/IBAIllTe TOAWHU TIaK II[e OCTaHe
npeu3BUKaTe/IHaTa 3a MHTE/IeKTa 3ajiada Jja pa3paboTumM 1o-706pu MeToau
3a alpOKCUMHPaHe, Taka ue Jla MOXKeM Jia TIpaBUM T10J1€3HU TIpe/[CKa3aHus 3a
BEPOATHUS M3XOA TMpU CJIOKHUA peajHd CUTyallMd. 3aBbpIlieHarTa,
CbCTOSATe/THA €[VHHA TEeOpHs e IThbpBaTa Kpauka: Halllara Il € IThJIHO
paszbupaHe Ha CbOUTHATA, KOUTO HU 3a00MKa/IAT, KAKTO M HAa CaMOTO HH
CBII[eCTBYBaHe.
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11. 3BAK/TFOYEHUE

’KviBeem B eiH 0ObpKaH CBAT. VickaMe Jjla OTKpHeM CMHChJIa Ha TOBa,
KoeTo HY 3a00uKasis, U fa 3anutaMe: KakBa e ripupojara Ha BceneHara?
KakBo e Hametro MSCTO B Hesd M KbJe CMe W OTKbJe uaBame? 3ailo
BcesneHara e TakaBa, KakBarto e?

B onuT la HaMepUM OTTOBOP Ha Te3U BBIIPOCU CH Ch37laBamMe HSIKaKBa
,KapTvHa Ha cBeTa“. TakaBa KapTuHa e Oe3KpaiiHaTa Ky/a OT KOCTeHYPKHU,
Ha KOMTO Ce KpenW IIlockara 3eMs; TakaBa € | TeopusATa Ha
CBpbXCTpyHHTE. U fBeTe ca Teopuu Ha BceseHara, Makap moc/iefiHara Jia e
MHOTO TI0-MaTeMaTWYHa ¥ TI0-TOYHA OT MbpBaTa. VM Ha JBeTe Teopuu
NUTICBAT HabJTrofiaTe/THU [T0Ka3aTesICTBa: HUKOM OIlle He e BYK/al F’MraHTCKa
KOCTeHypKa, BbPXy UMWUTO TIpb0 e 3eMsTa, HO HUKOW He e BWXKAAA U
CBpPBXCTpyHa. TeopusiTa c KocTeHypKaTa obaue He MOXe Jla e loOpa HayuHa
Teopusi, 3alll0TO Crope/i Hesi UOBeK MOyKe [/la MajHe OT pbhba Ha cBeTa. A
TOBAa He Ce CbhIVIaCyBa C OIKTa, OCBEH aKo Ce OKake, ye TOBa e 00sCHeHHUeTO
3a Xopara, 3a KOWTO Ce TMpeAroiara Ja ca u3ue3Ha/mu B bepMyackus
TPUBI'BJIHUK!

Haii-paHHHTe TeOpeTHUUHU OMMTHU Jja ce omuile U obsiciu BceneHara
ChAbP)KAT UjesiTa, ye CbOUTHSATA U TIPUPOAHUTE SIBJIEHUS] Ce€ KOHTPO/IApaT
OT [yXOBe C YOBEIIKWA eMOLIUH, KOWUTO JeMCTBAT MO TBbPAE CXOJeH U
HeTpeIBU/IMM YOBEIITKA HauuH. Te3u AyxoBe HacessiBaau MPUPOAHU 00eKTH
KaTo peKuTe U TJIaHUHUTe, KaKTo U HeOecHuTe Tesa KaTo CaBHIETO U
Jlynarta. Te TpsibBasio ma ObAar mpeapasnosiaraHd W Ja Ce TbPCH
O7aroBo/IeHMETO WM, 3a Ja Ce TapaHTHpa IUIOJOPOJMeTO Ha IouBara U
cMsiHaTa Ha ce30HHTe. [locTerneHHO obaue CTaHasO SICHO, Ye ChII|eCTBYBAT
HSIKOM 3akOHOMepHOCTHU: CJIBHIIETO BHWHArd W3rpsBajio OT M3TOK U
3a/153BaJI0 Ha 3araji He3aBHUCHMMO OT >KepTBOMPHHOIIEHHWeTO mpes Oora-
crbHIle. Heijo rioBeue, CnobHileTO, JIyHaTa Y TUIaHeTHTE CJie[iBalid TOUYHO
oripefiesieH Xo[, TI0 HebOeTo, KOWTO MOKes /la ce TIPeJIBUJU ChC 3HAUMTE/THA
ToyHOCT. Moxke 6u CnpHieTto u JlyHata mak ca 6unu Oo)kecTBa, HO
Oo)kecTBa, KOUTO Cra3BaT CTPUKTHU 3aKOHW OueBUJHO 0Oe3 KaKBUTO W [Ja
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Ouo0 W3KIIOUeHMs, akKo TipeHeOperHeM MCTODUMTE KaTro Tasd, [JeTo
CipHueTo crpsiio 3a Vcyc [HaBuH].

[ThbpBOHAUATHO Te3W PETy/ISIPHOCTH U 3aKOHU OW/IM OUeBHUIHU CaMO B
aCTpPOHOMUSITA W B MaJKo Jpyru aiaydyau. Ho ¢ pa3Butuero Ha
I[UBU/IM3AIUsATA U 0Co00eHO mipe3 nociequrTe 300 roauHu OMIM OTKPHBAaHU
BCEe HOBU Y HOBU PErY/ISIPHOCTU U 3aKOHU. YCIeXbT HA Te€3W 3aKOHU JOBEJ
Jlartac B Havasmoto Ha XIX B. [0 MOCTYy/IMpaHETO Ha Hay4YHUS
JleTEDMUHU3BM, T.€. TOU TIPEIIOI0XKUII, Ye UMa Ipyria 3aKOHHA, KOUTO TOYHO
onpejie/iAT pa3BUTHETO Ha BceseHaTa, ako B HAKOW MOMEHT 3HaeM HEeMHOTO
CBbCTOSIHUE.

HetepMuHU3MBbT Ha Jlamiac e HembjieH B [IBe OTHOLLIEeHUs. Tou He
Ka3Ba Kak TpsibBa fJa ce u3bepaT 3akOHUTE W He ONpeJens HauaaHOTO
cbcTosiHMe Ha BceneHara. ToBa 6uio ocraBeHo Ha bor. Bor TpsibBano za
n30epe HauaTHOTO CHCTOSIHME Ha BcesieHaTa M 3aKOHWTe, Ha KOUTO TS Ce
MOJUYUHSBA, HO CJiefi HAuajJoTo He OWBajo Ja ce HamecBa B Hesl.
dakTruecku bor 6um HamecBaH B 06/1acTUTe, HESICHY 3a HayKaTa Ha XIX B.

Hue Beue 3HaeMm, ue HajexauTe Ha Jlariac 3a JeTepMUHU3BM He
MOraT /ia Ce OCBIIeCTBST, TIOHe 0 HauuHa, KOUTO TOW € UMas MpeABu/,.
[IpyHLMITBT Ha HeOorpeJe/ieHOCTTa OT KBAHTOBaTa MeXaHUKa Hajlara HAKOU
[JBOMKM BeJIMUWHM, KaTO Hampumep TOJIOKEHWeTO M CKOPOCTTa Ha eJHa
YyacTulla, Jja He MoraT eJHOBPeMeHHO Jla ce TIpe/icKa’kaT C abCoMoTHa
TOYHOCT.

KBaHTOBaTa MexaHMKa Ce CIpaBsi C Ta3W CUTyalus C TNOMOIITa Ha
KJIaC OT KBAaHTOBU TE€OPHH, B KOUTO YACTULIMTE HSAMAT CTPOrO OMpezeeHU
MeCTa U CKOPOCTH, a Ce MPeCTaBsAT Ype3 Bb/HA. 1e3u KBAaHTOBU TEOPUU Ca
JIeTEeDMUHUCTUYHU B CMUCBJI, Ye /1aBaT 3aKOHM 3a M3MEHEeHHe Ha BbJIHATa C
BpemeTo. Taka, ako 3HaeM BbJIHAaTa B [a/leH MOMEHT, MOXKeM [1a 1 U3UMC/IUM
Y 3a BCEKU JpPYr MOMeHT. HempeaBuauMUAT, C/Iy4yallHOCTEH eJIEMEHT Ce
sIBSIBA CaMO KOraTO Ce OINWTBaMe Jla UHTeprpeTupaMe Bb/IHaTa B TEDMUHUTE
TI0JIO)KEHUSI U CKOPOCTU Ha uacTuiuTe. Ho Mo)ke OM TyK HM e rpelliKara:
MoyKe OU HsIMa TIO0JIOKeHHsI U CKOPOCTH Ha UaCTHIM, a CaMO BbJIHU. Moxe
Ou MpOCTO Ce omMMTBaMe Jia HaroAUM BBIHWUTE KbM IIPeIBIKAAHUATA CH 3a
TIOJI0’KeHUSI U CKOPOCTU. Pe3ynTaThT OT HEChOTBETCTBUETO € MPUUYKHATa 3a
BUIMMATa HerpeiCKa3yeMOCT.

Ha npakTvka Hue [gafoxme HOBa JAe(UHUIMS Ha 3a[audTe Ha
HayKara: Jja OTKpUBa 3aKOHM, KOMTO [ja HU TI03BOJISIBAT /i@ TIpejCKa3Bame
cbOWTHATAa YaK [0 TpaHULIUTe, HAJOXKeHW OT T[pPUHIUIIA Ha
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HeornpezeneHocTTa. OcTtaBa ob6adye BBIIPOCHT: KaK WM 3alfo ca n3bpaHH
3aKOHUTE ¥ HAaya/THOTO ChbCTOsiHUe Ha BcesieHara?

B Ta3u KHura a3 HabsierHax 0CO6eHO Ha 3aKOHUTe, KOUTO yIIpaB/isiBaT
rpaBUTALIUATA, 3alll0TO UMEHHO T odopms efpoMalijabHaTa CTPyKTypa Ha
Bcenenara, mMakap Ja e Hail-cjlabara OT UeTHPUTe KaTeropuu CHIIU.
3aKOHUTE Ha rpaBUTALUSITA Ca HECbBMECTUMHU C JOCKOPO ChILeCTBYBaJIOTO
cxBalllaHe, ue BceneHara He ce wu3MeHs C BpeMeTo: (DakThT, ue
rpaBUTalUsITA BUHAru € TIpyUB/AWYalla, Hasara Bcenenata ga e wm
pasmMpsiBaiija ce, uaM cBuBamja ce. Criopes oOijaTa Teopusi Ha
OTHOCHTETHOCTTA B MMHAJIOTO TPsibBa /la e Majio ChCTOsIHUE Ha Oe3kpaiiHa
TUTbTHOCT, ['0/1eMUST B3pUB, KOETO ChCTOSIHUE € (DaKTMUYeCKOTO Hadajao Ha
BpemeTo. CBIIO Taka, ako IjsylaTa BcesleHa OTHOBO Kosaricupa, iije TpsibBa
Jla HaCTBITM APYTO ChCTOsTHUE Ha Oe3KpaiiHa MIbTHOCT B Obellle, ['oneMusT
CpuB, KOWTO I1je Ob/le KpasaT Ha BpeMmeTo. [lopu u Ijsisata BceneHa ja He
TIPeTHPIY TTOBTOPEH KOJArC, MakK 1je MMa CUHTYJISPHOCTH B JIOKaJIM3WPaHU
obnacTy, KOWTO Iile KojaricupaT W o0pa3yBaT uepHUA [AyIKU. Te3u
CUHTYJIIPHOCTH I1je OBbJIaT KpasT Ha BPEMETO 3a BCEKH, TOMa/Ha/l B UepHa
ayrnika. B Tosemus B3pUMB M B JPYruTe CUHTY/ISIPHOCTM BCUUKU 3aKOHU
TpecTaBaT /la Ba)kaT, Taka ue bor e mma mbjiHaTa cBoOoza /fa u3dupa
KaKBO [/la CTaBa U KakBO Jja e HauyajoTo Ha BceneHara. Koraro cruetaem
KBaHTOBaTa MeXaHHMKa C 00IIjaTa Teopysi Ha OTHOCHUTETHOCTTA, U3Iiex/a, ce
sBSIBA €e[JHa HOBA BB3MOXXHOCT, KOSITO He e ChbIeCTByBaja IIpeau: ue
MIPOCTPaHCTBOTO ¥ BpPeMeTO 3ae[JHO MoraT Aa o0Opa3yBaT KpaiiHO, YeTUpH-
MEepHO TMPOCTPAHCTBO 0e3 CUHTY/ASPHOCTU WM TpaHULY, TOJ00HO Ha
3eMHaTa TTOBbPXHOCT, HO C TIOBeue u3MepeHHs. Moxke OU Ta3u wjes Iie
00sicHM MHOTO OT Hab/rolaBaHHTe CBOMCTBA Ha BcesieHaTra KaTto HampuMep
elpoMaiijabHata HeeJHOPOJHOCT, a CbI[0 U MOo-ApeOHOMaIabHUTE
OTKJIOHEHUSI OT XOMOTeHHOCT KaTO TrajlakKTUKuTe, 3Be3[uTe, a [OpU U
YOBELIKUTE ChbIllecTBa. 1 JOPM Ie OTYeTe CTpesiaTa Ha BPEMETO, Ha KOSITO
cve cBufietremd. Ho ako BceseHata e cbBceM camocTosTesHa, 0e3
CUHTYJIIPHOCTU WY TPaHWLM U HaITb/IHO Ce OMMCBa OT e[VWHHA Teopwus,
TOBa OU MMasio cepruo3Hu TOCeIULIM 3a po/sSTa Ha bor KaTto ch3gaTern.

Hsikora AtiHmiaiin G6e 3amurtan: ,KakbB u30op e uman bor mpu
Ch3ZlaBaHeTO Ha BceneHara?“ Ako IIpeAronoXeHHETO ,0e3 HUKaKBa
rpaHuija“ 3a BceseHata e TIpaBW/IHO, TOM BbOOIIle He e UMaj CBoOo/ja mpu
n300pa Ha HauaHUTe ycioBusA. Ho Toit mak 6u nuMan cBoOoziata fa usbepe
3aKOHUTE, Ha KOWUTO Ce MoAuuHsiBa BceneHata. BChIIHOCT efBa /A TO3MU
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n300p e OW KoM 3Hae KakbB: MOKe OM e[Ha WM HSKOJIKO 3aBbpIIeHU
eIMHHY TEOPUH KaTO Ta3u Ha XeTepoTUUHaTa CTPyHa, KOUTO CaMH I10 cebe
CU Ca CBbCTOSITeJIHW M TI03BOJISIBAT CbIECTBYBAaHETO HAa TaKuBa CJI0KHU
TBOPEHMS KaTO YOBELLIKUTEe ChLL[eCTBa, KOUTO MOraT Jja u3c/ae[Bar 3aKOHUTe
Ha BcesieHarta 1 fja muTar Kaksa e rpupozara Ha bora.

Ho nopu fa nma caMO ejHa Bb3MO)XHa €JMHHA TeOpUSs, TS € MPOCTO
CcUCTeMa OT TIpaBWIa M ypaBHeHMsl. Koe BbXBa XMBOT Ha ypaBHEHUATA U
3acTaBs eqHa BceseHa /1a chinlecTBYBa 3apajiu Tsax? OOMKHOBEHUST HayueH
TIOZIX0/, TIPU Ch3/laBaHe Ha MareMaTU4yeCKu MOZesl He MOXe Jja OTTOBOPU Ha
BBIIPOCUTE, 3all[0 TpsiOBa Ja uMa BceneHa, 3a fia G6b/e omucBaHa OT TO3M
Mogesn. 3ami0 ¥ e Ha Bcenenara wu3o6mio fga ce 0e3nokou 3a
CbljecTByBaHeTo cu? TosKOBa /i e HellpeojoIMMa Tasu eJuHHa Teopus, ye
Jla BOOY 10 HEUMHOTO ChleCcTBYBaHe? Mm ce Hy)K[ae OT CbleCTByBaHETO
Ha Cb31arens ¥ ako e Taka — yTpakHsIBa JIA TOU HIKAKBO APYTO BIUSHUE
BbpXYy BceneHara? A KoM e HETOBUSAIT Ch3/aTesn?

HNocera moBeueTo yueHU Osixa 3aeTd C pa3paboTBaHETO Ha HOBU
TeOpUuM, OIMCBAIM Kakeo e BceneHara, 3a fa 3azazar Bbripoca 3awjo. Ot
Apyra cTpaHa, XopaTa, 4MsTo paboTa e fAa muTar 3awjo, ¢unocodpute, He
6sixa B CbCTOSIHUE [la C/IeAST Pa3BUTHETO Ha HayuHuTe Teopud. IIpe3 XVIII
B. ¢unocodure pasmiexjaxa LSIZIOTO YOBELIKO IMO3HAaHWE, BK/IFOUUTETHO
HayKaTa, KaTo CBOSI 00/IaCT M pa3uCKBaxa TaKuvBa BBIIPOCU Kato: VMima sn
Bcenenara Hauano? Ilpe3 XIX u XX B. obaue HaykaTra TBbpPZie MHOTO Ce
TeXHU3Mpa U MareMaTusupa 3a ¢uaocopuTe, KaKTO U 38 BCUUKU JPYTU C
M3K/II0UeHHe Ha MasKoTo crieljuanuctu. dunocodure crecHrxa obcera Ha
ThbpPCEHUSITA CA B TakaBa CTeleH, 4Ye BuWTreHilaiiH, HaW-WU3BeCTHUSIT
¢unocod Ha Hamms Bek, Kasa: ,EJWHCTBeHaTa 3ajauda, OocCTaBalla Ipef
¢unocodurte, e e3UKOBUAT aHam3.“ KakBo najieHre 3a BeJIMKUTe TpaJyLiin
Ha punocodusra ot Apucroten Ao KaHr!

Ho ako Hue ycreem fga OTKpUEM e[HA 3aBbpLIeHA TeOpHs, TH
CBOEBpeMeHHO TpsibBa /ia cTaHe pa3bupaeMa KaTo OOII0 TIPABHMIO 3a BCEKH,
a He caMoO 3a HeKO/MHa yuyeHu. ToraBa BCUUKHU 3aejHO, (punocodu, yueHu
1 0OMKHOBEHHM XoOpa Ille MOrar /ia ydacTBaT B OOCH)K[@aHEeTO Ha BBIIPOCa,
3all0 ¥ HUe, U BceseHara cbljecTByBaMe. AKO HaMepUM OTTOBOP Ha TO3U
BBIIPOC, TOBA 11je € OKOHYATe/THOTO ThP)KeCTBO Ha UOBELLKUS pa3yM, 3alj0To
TOraBa I1je 3HaeM HaMepeHusiTa Ha bora.
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AJIBEPT AUHITIIAVIH

Bphb3kara Ha AWHIIAMH CbC CTpaTeryusaTa Ha aroMHata boM0a e fobpe
n3BecTHa. Tol moAmuca TPOYYTOTO MUCMO [0 Tipe3ujieHTa MDpaHKIUH
Py3Besr, npuHyauno CheAMHEHUTe I[aTy [l MpreMar ujesita Cepuo3Ho, a
Moc/je Ce aHrakupa B CJ/IeJBOEHHWTe YCW/IUSI 3a TpefoTBpaTsSBaHe Ha
aroMHara BoiiHa. Ho ToBa He Osixa TMpOCTO OT/Je/THU JEeWCTBUS Ha YyueH,
BbB/€UEH B CBeTOBHara MOJUTUKA. JKMBOTBT Ha AWHILAWH, [a CU
TIOCTY>KUM C HETOBUTe COOCTBEHU IYMH, ,,e pa3fie/ieH MeXXy TIO/IMTUKaTa 1
ypaBHeHusTa“.

Hait-paHHaTta mnonuTHuYecKa JeWHOCT Ha AMHIaWH 3arouyBa Ipe3
[IbpBaTa cBeTOBHa BOMHa, Korato e mpodecop B bepnuH. OTBpaTeH [Ja
Ir7e/ja Kak ce Mory0Ba UOBEIIKHUAT KUBOT, TOW Ce BK/IFOUBA B AHTUBOEHHUTE
JeMOHcTpaluu. HeroBara mofkperna Ha [JBWKEHHWETO 3a TIPaKJaHCKO
Hero/luMHeHWe U OTKPUTOTO HaChbpyaBaHe KbM OTKa3 OT BOeHHA MTOBUHHOCT
MajKO JONPUHACAT 3a CUMIIAaTUsITa Ha Kojerute my. Cjen BoWHAara TOU
HacouBa yCU/IMSITa CM KbM yCTaHOBsIBAHe Ha MPUMUpHE U TI000psiBaHe Ha
Me)KyHapOAHUTe OTHOIeHUsl. VI ToBa He My IOHACsI TIOMY/ISIPHOCT U CKOPO
Te3u HeroBU JIeNCTBUS TMpaBIT TPYAHO roceileHueTo My B Cbe/[HEHUTe
I1aTU JIOPU KaTo JIEKTOP.

Bropara ronsiMa kay3a Ha AMWHIaWH € LMOHWU3MBT. Makap ma e
eBperH 110 TIPOM3XOf, AWHINANH OTXBbpJ/s Oubseiickata uzaes 3a bor
HapacTBaiara 3amiaxa OT aHTUCEMUTU3bM KaKTO MpeJu, Taka U M0 BpeMe
Ha [IbpBaTa cBeTOBHa BOMtHA o00adye T0 KapaT TIOCTEelIeHHO /[la Cce
nuaeHTU(dUIIMpa C eBpelcKaTa OOIHOCT U MO-KbCHO — Jla CTaHe OTKPUT
TIPUBBP)KEHUK Ha IMOHW3Ma. VM OTHOBO juIicaTa Ha TOMY/ISPHOCT He MY
npeud Jila Kake KakBO MHUC/IU. HeroBuTe Teopuu TmomnajaT TOA yJapu:
yupefisiBa Ce JIOpHM aHTHU-alHII[aiiHOBa oOpraHu3aiys. EAuH yoBek OuBa
OCBb/IeH 3a TOACTPeKaTe/ICTBO KbM YOMMCTBOTO Ha AMHINAWH (M robeH
camo 1iect gonapa). Ho AnHuiaiiH e mo mpupopaa ¢nermatvk. Korarto
W3/M3a KHWrara cbC 3arnaBue ,,100 aBTOpM cpenyy AWMHIAUH®, TOU
oTroBaps: ,,AKo 0six cObpKaJi, ¥ eIvH IIfellle /1a e JoCTaThbueH!
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ITpe3 1933 r. uaBa Ha BacT Xutraep. AWHIaWH e B AMepuKa U
3as1BsIBa, Uye HsMa Jla ce BbpHe B ['epmanusi. ToraBa HalMCTUTe OOUCKUpAT
JoMa My U KOH(HCKyBaT OaHKOBaTa My KHIWKKA, a B eJuH Oep/iMHCKU
BeCTHHK Ce T0siBsIBa 3aryiaBueTo ,,/lo0pyu HOBHMHYU OT AMNHIIAaitH — TOM HsIMa
fa ce BbpHe®. Ilpes nuieTo Ha HALMCTKaTa 3aryiaxa AMWHIAaWH OTXBBPJIS
nayr@usMa, a 1o-KbCHO, OMacsiBaiKu Ce, ye HEMCKHWTe YUeHH Iile Ch3Jazar
aroMHa 6om0a, ripesyiara ChefuHEHWTe ITaTH Jla TIOCTPOSIT CBOSI.

Ho oile mpeau B3puBsSBaHeTO Ha IThpBaTa aTroMHa Oomba Toi
nmyO/IMYHO TIpeiyTpeXx/jaBa 3a OMacHOCTTA OT aTOMHA BOMHA W TIpeJyiara Ja
ce BbBeJle MeXXIyHapO/,eH KOHTPOJI BbPXY $IpEHOTO OpbXKUe.

Ycunvdara Ha AWHILIAWH TIpe3 Lje/Iusl My JKMBOT 3a 3aria3BaHe Ha MUpa
BEepOAITHO Ca Ja/li MalbK, [ja He Kayka HUKaKbB pe3y/TaT, a U He MOoJKe [ja ce
Kake, ye ca My Cb3faiu MHOro npuarend. OTKpuTata My MOAKpera Ha
Kay3ara Ha I[MOHM3Ma oOaue Hamupa Tpu3HaHue npe3 1952 1., Korato my
rpezJiarat nocra mnpe3ugeHT Ha M3paen. Tou oTkasBa, Karo 3asBsiBa, 4e
CIIOpeJ; Hero e TBbpJe HauBeH 3a MOJUTUK. Ho BeposSTHO JelCcTBUTeHaTa
IpyUurHa e gpyra. /la ro uuTupaMm OTHOBO: ,,YpaBHeHUsATA Ca M0-BakKHU 3a
MeH, 3alll0TO IIOJIMTHUKAaTa e 3a HaCTOoALeTO, a eJHO ypaBHeHUe — 3a
BeyHOCTTA.

166



TAJINJIEO TAJIN/IEN

Moxxe 6u MoBeue, OTKOJKOTO Ha BCEKHM APYr Ha ['anusieii ce Ab/DKU
paXJaHeTO Ha CbBpeMeHHaTa Hayka. M3BeCcTHUAT KOHQIMKT C
Karonuueckara IIbpKBa € B OCHOBaTa Ha HeroBara (uiocodus, 3aioTo
["anuneu e eqvH OT MBbPBUTE, TBbP/E/IA, Ue UOBEK MOXKe /la Ce HajsBa Ja
pa3bepe cBeTa 0K0JIO cebe CH, ¥ HeII0 TTOBeUe — MOXKe Jla TIOCTUTHE TOBa,
KaTo HabmrolaBa 1eMCTBUTETHOCTTA.

lanunedt BApBasa B TeopusitTa Ha KorepHUK (ue rylaHeTHTe OOMKAJIST
oko/i0 C/TBHIIETO) Ollle OT CamMOTO HauvajJo, HO e[Ba KOraTto OTKPWJI
[I0Ka3are/JICTBO B TMOJKpera Ha Ta3u Hjes, 3aroyHa/l OTKPUTO Ja o
nogabpka. IlyOmukyBan Tpys 3a TeopusaTra Ha KorepHUK, U TO Ha
WTa/IMaHCKU e3UK (a He, KaKTO OM/IO MPHEeTO TOTaBa, Ha JIATUHCKH), ¥ CKOPO
HEeroBuTe BbB3IVIEAM HaMEpW/IM IIMpPOKa TIOAKpera W3BbH CpeguTe Ha
yuyeHuTe. ToBa pasrHeBWIO IPUBBPXKEHULIUTE HAa APUCTOTEs, KOUTO Ce
CBIO3W/IM Cpellly Hero ¥ HacTosii Kartonmmueckata ITbpKBa Ja 3aOpaHu
yuyeHreTo Ha KorepHUK.

Pa3tpeBoxkeH, [l'anuneid 3amuHan 3a Pum, 3a pga roeBopu C
KaToMMUeCcKuTe BiacTH. TBbpAsl, ue Bubmusrta HsAMa 3a 1iea Ja Kaxe
KakBOTO U Zia OW/I0 3a HayyHUTe TeOpWH W e HOPMAaJIHO Jla TpheMeM, e
kKoraTo bubnusita Biv3a B KOH(IMKT C pa3ymMa, B Ta3W CH 4acT T MMa
aneropuyeH xapakTtep. Ho I1bpkBara ce cTpaxyBaja OT CKaHZasl, KOWUTO 6u
rozikoriaa 6opbara ¥ cpelily TTPOTeCTAaHTCTBOTO, 1 TIpeArpresia perpecruBHA
Mepku. IIpe3 1616 r. T o6siBUa yueHHeTo Ha KomepHUK 3a ,,Tb)KIHMBO U
rpelHo” W Hapeawsna Ha [anunerd HUKOra Beue Jia He 3alldTaBa WIH
NoAAbp>Ka ToBa ydyeHue. ["aivieit ce mpuUMHUpPKIIL.

[1pe3 1623 1. equH ABATOTOUIIIEH TTpUsTe/ Ha ['aiunen craHas narna.
["anvier BefHara ce ONWTaa Ja OTMeHM Jiekpera oT 1616 r. He ycmsin, HO
TOIy4YW/1 paspelleHre [a Hamnuile KHUra, B KOATO Ja pasmjiexzja KakTo
TeopusaTa Ha ApPUCTOTeJI, Taka U Ha KomnepHUK, HO MpPU [iBe YC/IOBUSA: [la He
B3MMa CTpaHa M 3aK/IIOUeHHeTo fAa Ob/e, ye B HUKAKBB Cyuyail YOBEK He
MO)Ke fa pa3bepe Kak JieliCTBa CBeTHT, 3all[OTO bor Mo)ke Jila MOCTUTHe
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CBILYS pe3y/ITaT 10 HauMH, KOWTO 3001110 He MOKEM [la CU TIPe/ICTaBUM, a
HHe He MOXKeM [la HajlaraMe OrpaHuYeHUsi BbPXY BCEMOTrbLIeCTBOTO Ha bor.

Kuwurara ,/lpnajsor 3a ABeTe OCHOBHM CHCTeMM Ha cCBeTa“ Owia
3aBbpIlieHa U MybMKyBaHa npe3 1632 1. ¢ ITb/HaTa MojKperia Ha lieH3ypara
M BefHara Owia TipUBeTCTBaHa B Ijsyla EBpora Kato JuTepaTypeH U
dunocodcku 1ieaboBbp. Pa3bupaiiky, ue xopaTa I/ielaT Ha KHUraTa Karo
ybenuTesieH apryMeHT B To/13a Ha yueHueTo Ha KomepHuk, mamara 6bp30
OTpeKbJI HIKOTa /la e pa3peliiaBajg HeMHOTO MybnuKyBaHe. Toi mocounsi, ye
Makap /ia e rnomyuusaa oduijdasHaTa 6/1aroc/ioBus Ha 1jeH3ypara, ['anumeit e
npecTblu  JAekpera oOT 1616 1. Tou wu3npaBun Tanuner nmpen
VHKBU3ULMATA, KOSTO T'O OCbhJW/Ia Ha [OKUBOTEH JOMalleH apecT U My
Hape/uia MyOJWYHO Ja oTpeue TeopusTa Ha KomepHuk. 3a BTOpU IIBT
[anver ce NpUMUPKIIL.

["ayninierd ocTaHan BepeH KaTo/MK, HO BsipaTa My B He3aBUCMMOCTTA
Ha HayKaTa He Owia CcbKpylleHa. YeTUpU rofuHU MpeJu CMbPTTa CU TIpe3
1642 r., BCe olle noj goMallleH apecT, PbKOMMCHT Ha BTOpaTa My roJisiMa
KHUTa OW/I TallHO ZI0CTaBeH Ha u3ziaren B XojaHaus. VIMEeHHO TO3W HETroB
TPy, HapeueH ,J/IBe HOBM HayKU“, MoBeue M OT I[IOJKperara My Ha
ydyeHHeTO Ha KonepHUK, e Haua/ioTo Ha CbBpeMeHHaTa (hrU3uKa.
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NCAK HIOTOH

Wcak HrotoH He Oumm yoBeK C jieK xapakTep. OTHOIIeHHsiTa My C
OCTaHa/IUTe yuyeHU OWUMM Bcen3BeCTHH. [lo-TosisiMaTa 4yacT OT >KMBOTA CU
npekapas 3arieTeH B ropeiqyd criopoBe. Crien myO/MKyBaHeTO Ha
,MaremMaThueCKy MPUHLANU® — ONpeAeseH0 HaW-B/IUsTe/HaTa KHUra,
MicaHa HsKora BbB ¢u3nKaTa — HOTOH 6Bp30 Momyunn o00IeCcTBEHO
npyu3HaHue. bun w3gurHat 3a npexacegaresn Ha KpasiCKOTO Jpy>KeCcTBO U
CTaHaJl ITbPBUSIT y4eH ChC 3BaHuUe JIyKacoB rpodecop.

Ckopo ciies; ToBa HioToH ce cOombckan ¢ actpoHoMa IkoH dnamcTug
or Kpanckoto [pyXecTBO, KOMTO T0-paHO MY JiaBajl MHOTO Heob6Xoqumu
CBelleHMsI 3a Heroeara KHura ,MaremaThueCcKu TIpUHLMIMN®, a cera
OTKa3Ba/l Jila My OCUTypu HeoOxopmmara uHbopmarus. Ho Hrioton He
rpreMan TOKy-TakKa OTKa3d: OObpHan ce KbM YIIPaBUTETHHS CHhBET Ha
Kpasnckara o6cepBaTopus M Ce OIUTA /ia Ha/I0KK BeiHara myO/IMKyBaHEeTO
Ha fAaHHWTe. Hakpasi ypeaun KoH(ucCKalusiTa Ha TpyAa Ha PmamcTuj u
MOJITOTOBKAaTa My 3a IyO/uKaiusi OT CMBbPTHMS Bpar Ha ®mamctug —
EnmbHg Xane. Ho ®naMmctus 0THeCHa BbOPOCa [0 ChJl U CBOEBPEMEHHO
TOJTyUr/T ChZieOHO pellieHWe, KoeTo 3abpaHsiBajio pa3npoCTpaHEHHETO Ha
OTKpafHaTtuss TpyA. HioToH ce BOecMn U TIOTbPCUI Bb3Me3jue, KaTo
CUCTEeMaTUYHO MpeMaxHa/l BCUUKW [1030BaBaHUs Ha TPyAoBe Ha PyamMCTU[
B MO-KbCHUTE U3JjaHUs Ha ,,MaTeMaTrnueCKA MPUHLANMN .

EfuH 1mo-cepro3eH criop Bb3HUKHaN C HeMckusi unocod I'otdpus
Jlaii6nm1. Jlaibuuir 1 HioToH Owid pa3paboTHUIM HE3aBHCHMO €elWH OT
JPYT KJIOH OT MareMaTuKara, HapeueH MaTeMaTU4eCKd aHa/u3, KOMTO € B
OCHOBaTa Ha CbBpeMeHHara (pu3vka. Makap Beue jJia 3HaeMm, uye HroToH e
OTKpW/ MaTeMaTH4yeCKus aHaau3 TOAWHU mpeau Jlanbuuil, ToOUM e
nyO/vMKyBasi TpyZa CM MHOTO TO-KbCHO. HacThnmiia rosissMa cymaroxa Iio
BBIIPOCA, KO € IMbPBUST, KATO YYEHUTE eHePruyHO 3allMTaBav U BamaTa
CBhIIEpPHUIU. 3a0ee)KUTETHOTO B C/Tydasi e, ue TI0OBeYeTO OT ITyO/JHUKaALIuHUTe
B 3amuTa Ha HI0TOH ITbpBOHauaIHO OW/IH Zieio Ha cCOOCTBeHaTa My pbKa: Te
MpoCTO OW/IM MOATIMCAHU OT UMeTO Ha HeroBu npusitesu! C pa3pacTBaHETO
Ha cKaHjasa JlalibHuI] JomycHas rpeiikara Aa ce o6bpHe KbM KpasickoTto
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JPY>KeCTBO 3a pelllaBaHe Ha Criopa. B KaueCcTBOTO CH Ha HeTOB Ipezice/iaTet
HroToH Ha3HauWusI efHa ,,0e3MpHUCTpPACcTHA® KOMHCHS, C/TydyaiiHO ChCTaBeHa
camo oT HeroBu rpusiteni! U Helrjo noBeue: HIOTOH cam HamMcasnt [JOK/Ia/ia,
Hapeaw1 KpanckoTo Apy»KecTBO Jla TO OIJIaCH, KaTo ITyO/JMYHO OOBHHUJ
JIaitOHHMI] B IIJIarHAaTCTBO. Bce oIlje HeymOBAETBOPEH, TOW ITyO/IHKyBas
aHOHMMHO pe3foMe Ha JI0K/aZia B crMcaHueTo Ha KpasckoTo apy»kecTBo.
['oBOpM ce, ue cien, cMbpTTa Ha JlaiiOHuil, HioTOH 3asiBU/I ABJIOOKOTO CU
yZlOB/IeTBOpEHUE, Ue e ,,yCIisI fia pa3bue cbpiieTo Ha JlaiOHuUIT".

[To Bpeme Ha Te3u pABa cropa HIOTOH Beue OwWi HaryCHal
KeiimOpy/pKk M akajeMUUHUTe cpefu. Toii OW akTHBEH MPOTHBHUK Ha
KaTtonuiusMa B KeWMMOpHpK, a Mo-KbCHO U B [lapsiaMeHTa W B KpakHa
CcMeTKa OwWl Bb3HArpajeH C [JOXOAHWS TOCT HavyaJHUK Ha Kpanckus
MOHeTeH ABOP. TyK TOM MPWIOXKH/I Ta/JlaHTa CH Ha HEeTIOUTeH W SI3BUTeJIeH
YOBeK 10 eJWH COLIMA/JHO TO-TIPUEM/IMB HAUMH, KaTO YCIIEIIHO ITPOBE
ro/issMa KaMIlaHust cpeity danmmpruKaTopuTe U A0PH U3MPaTHI HEKOLMHA
Ha OecuKara.
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MN3I10/I3BAHU TEPMUHUA

a0bco/II0THA Hy/Ia: Hali-HUCKaTa Bh3MO)XKHA TeMIlepaTypa, TPy KOSITO
BeIlleCTBOTO He Chbp>Ka TOTJIMHHA eHeprusi

QHTUYACTHI]A: BCsSKa MaTepuaJHa yYacTUlla KMa CbhOTBETHA
aHThuacruija Korato efHa yactuiia ce cOmbCKa ChC CBOSITA aHTUYACTHIIA, T
aHUXWUJTUPAT, KaTo 0OCTaBa CaMO eHeprusl

aHTpoONeH MPUHLIMI: HUe BWKAaMme BcesneHara TakaBa, KakBaTo e,
3al1[0TO akKo Oeiile Apyra, HAMaille /la CMe TYK, 3a Jia 51 Hab/iroJjaBaMe

aTroM: OCHOBHAaTa TpaJiuBHAa e[UHUIIA Ha OOMKHOBeHaTa MaTepus,
CbCTOAII] Ceé OT Malko sAp0 (ChABP)KAII0 TPOTOHU U HEYTPOHU),
00KpPBKEeHO OT 0OUKa/IAIIU eJIeKTPOHU

0si;10 KymKe: crabwiHa, x/lagHa 3Be3/la, ChllleCTBYBallja
GnarofapeHve Ha OTOTbCKBAHETO MeXAY €IeKTPOHU ChIVIACHO TPUHILIUIIA
Ha [laynu

BHPTya/IHA YaCTHIIA: B KBAaHTOBaTa MeXaHWKAa — 4YaCTHIla, KOSITO
HUKOTa He MOXe Jla Ob/le perucTpupaHa AMPeKTHO, HO YMeTO ChIlleCTBYBaHe
¥Ma U3MepuMH e(eKTH

raMa-JTb4d: eJeKTPOMarHUTHU BBJIHM C MHOTO Majka [Jb/DKUHA,
MOMyYyeHU TPU paJMOAaKTUBHO pasfajZilaHe Wid Tpu cOMbCKBaHe Ha
ejieMeHTapHU YaCTHULH

reojiesuyHa JIMHMS: HaW-KbCOTO (WM HaU-ABJITOTO) Pa3CTOSHUE
MeX/y JiBe TOUKU

rojia CUHTYJSIPHOCT: CHHTY/ISPHOCT Ha TPOCTPAaHCTBO-BPEMETO,
He3a00MKo/IeHa C yepHa Ayrika

T'oieMUAIT B3pUB: CUHTY/ISIPHOCTTA B Hauasi0To Ha BcesieHata

T'oleMHUAIT CPUB: CUHTY/ISIPHOCTTA B Kpast Ha Bcenenara

rpanuna Ha YaHapaceKap: MaKCuMMa/iHaTa Bb3MOXXHAa Maca Ha
crabuHa, XJ1aiHa 3Be3/1a, Ha/l KosiTo Ts1 OW Kosaricupasia B uepHa AyTika

Aya/u3bM Bb/IHA/JACTHUIIA: CXBall[aHEeTO B KBAHTOBaTa MeXaHHUKa, Je
MeXX/ly BbJIHA M YacTHI]a HsIMa pa3/vKa; YaCTUI[MTe TOHSKOTa MOrar fia ce
OTHACSIT KaTo BbJIHA, @ BbJIHUTE — KaTO YaCTULIU
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AB/DKMHA Ha BhJIHATA: 3a €/lHAa Bb/IHA — Pa3CTOSIHUETO MEXY JBe
ChCeIHU TIaZIMHU WK JIBa ChCeHU rpebeHa

eJIEKTPHYEH 3apsifi: CBOWCTBO Ha vacCTHI[aTa Ja OTOMBbCKBA (WM
MpUB/WAYa) [JPYrd YaCTULM, YUUTO 3aps] e C e[dHakbB (Wim
TIPOTHMBOMOJIOXKEH) 3HaK

e/IeKTPOH: YacTWlla C OTpHULaTe/eH eJleKTpUYeH 3apsi[i, KOsITO
oOuKasIsi OKOJIO SIAPOTO Ha aToMa

e/IeKTPOMarHMWTHA CHJIA: CWJIaTa, KOSITO Bb3HUKBA MEK/ly YaCTHUILIU C
e/IeKTpUUEH 3apsi/]; BTopara Mo rojieMMHa OT YeTUPUTe OCHOBHU CUTU

e/ileMeHTapHAa 4YacTHUIlA: YacTulla, 3a KOSATO Ce CMsTalle, 4ye e
HeJeMMa

eHepruss Ha BesukKoTo oOeAMHeHHe: eHeprusATa, HaJ| KOSTO Ce
npyeMa, ue eIeKTPOMarHUTHOTO, CJab0TO W CHUIHOTO B3auMO/eliCTBHe
CTaBaT Hepa3IMUUMU

eHeprusi Ha o0eJMHEHOTO eJIeKTPOC/Iado B3auMOJelCTBHE:
eHeprusata (okoso 100 GeV, Hag KOATO pas/dKaTta MeXAy
e/IEKTPOMAarHUTHOTO M C/1Ta00TO B3aUMO/IENCTBHE U3Ue3Ba

3ama3BaHe Ha eHepPrusira: 3akKOH B HaykKaTra, CIopef, KOWTO
eHeprusita (WM HeMHUSIT MacOB €KBUBAJIEHT) HE MOXKEe /1a Ce Ch3/laBa, HUTO
ce ryou

HMaruHepHo BpeMe: BpeMe, U3MepeHO B UMaruHepHU eJUHULIA

KBaHT: He/leJIMMOTO KOJIMYeCTBO, B KOETO BBJIHUTE MOrar Ja ce
W3/TbYBaT WX MOI/THILIAT

KBAaHTOBA MeXaHUKA: TeOpHsTa, U3Be/leHa OT KBAHTOBHUS MPUHIIUII
Ha [11aHK ¥ OT MPUHIKIIA Ha Heorlpeje/ieHOCTTa Ha Xaii3eHOepr

KBaHTOB npuHOun Ha IInaHkK: ujesTa, ye cBeT/IMHAaTa (WIX BCUUKHU
OCTaHA/IM BbJIHU B K/JaCUYe€CKA CMHUCHJI) MOXe [1a Ce U37bYBa CaMO Ha
JVCKPETHU TMOpLuU (KBaHTHU), UWATO €Heprus € TpPOMNOpLMOHa/HAa Ha
TsIXHaTa uecToTa

KBapK: (3ape/ieHa) ejleMeHTapHa YacTUlLia, KOSITO Ce BUsie OT CUIHO
B3auMoielicTBue. [IpOTOHUTE M HEYTPOHUTE Ca ChCTaBeHU OT IO TPU
KBapKa

KOOpPJUHATHU: YHUC/a, KOUTO OIpeJesisiT MOJ0KEHUeTO Ha TOUYKa B
MPOCTPaHCTBOTO Y BPEMETO

KOCMOJIOTHYHA KOHCTAHTA: MaTeMaThueCKo CpeJCTBO, KOETO
AWVHIIJaWH W3M0/3Ba, 3a Jla MpeMaxHe pa3lIMpeHHeTO Ha IPOCTPaHCTBO-
BpEMeTO
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KOCMOJIOTUSA: 13CJ/ieiBaHe Ha BceeHaTa KaTo Ls/10

Maca: KOJIMYeCTBOTO MaTepus B eHO Ts/10; HeroBara MHePTHOCT WU
CBIIPOTUBJ/IEHHMETO MY KbM YCKOpsIBaHe

Mar"HUTHO II0JIe: [10/IeTO, OTTOBOPHO 3@ MarHUTHUTE CUJ/IH, KOeTO Ce
BKJ/IFOUBA 3ae/IHO C eJIeKTPUYHOTO I10J1e B eJIEKTPOMarHUTHOTO I10J1e

MHKPOBB/IHOBO (DOHOBO /TbUeHHe: M3/TbUBaHeTO OT ropelliata paHHa
BceneHa, KoeTo cera vma TOJIKOBa TOJIIMO YepBeHO OTMeCTBaHe, ue ce
sIBSIBA He KaTO CBeT/IMHA, a KaTO MUKPOBB/IHU (PaZIMOBB/IHU C Ab/DKUHA Ha
BbJIHATa HSKOJIKO CM)

HEYTPHHO: W3K/IIOUUTE/NHO jeKa (moutu 6Ge3macoBa) efeMeHTapHa
YyacTUlla BellleCcTBO, TIOB/IMsBAILL[Aa Cé CaMO OT CJ1Iab0TO B3aUMO/IeHiCTBHE U OT
rpaBUTaALIUSATA

HeyTPOH: yacTuila 6e3 3apsj;, MHOTO CXOJHa C MPOTOHA, KaKBUTO Ca
TI0YTH T10/IOBUHATA YaCTULY B sijpaTa Ha [I0BeYeTO aTOMU

HeyTPOHHA 3Be3/ja: XJ/ia/Ha 3Be3/ia, MOoAAbP)KaHa OT OTO/bCKBAHETO
Me)KZy HeyTpoHUTe Garo/japeHre Ha TIpuHIMIA Ha [Taymm

o0Ia Teopusi HAa OTHOCUTE/THOCTTA: TeopusiTa Ha AWHIIAMH, B
OCHOBaTa Ha KOSITO e hjlesTa, ue HayuHUTe 3aKOHU OW TpsiOBaso /Jja ca e[HU
Y CBII[M 32 BCUYKU Hab/rofiaTei He3aBUCHMO Kak ce ZIBHKaT

MO3UTPOH: (TIOJIOXKUTETHO 3ape/ieHaTa) aHTUJaCTUL[a Ha eJIeKTPOHA

1moJie: Heljo, KOeTO ChlleCcTByBa B IPOCTPAHCTBOTO U BpeMeTo,
IPOTMBOIOJIOKHO Ha YaCTULlA, KOATO ChbIeCTBYBa CaMO B e[Ha TOYKA B
JlaleH MOMEeHT

NPUHIMI 3a 3a0paHara Ha Ilayiu: [Be WJJEHTUYHU YaCTHI[A ChC
crivH 1/2 He morar (B TpaHUIMTe Ha TPUHLIUIA Ha Heorpe/le/IeHOCTTa) fa
¥MaT eJHO U CBLLO M0JIOKeHHe U e[JHa U Cbllla CKOPOCT

NPUHLOUII HA HeOoNIpeje/eHOCTTa: HUKOra He MOXeM [a CMe
CUT'YPHU 3a I0JIOKeHUeTO U CKOPOCTTAa Ha e/iHa YacTULia: KOJIKOTO [0-TOYHO
3HaeM eIHOTO, TOJIKOBA [I0-HeTOYHO 1i{e 3HaeM JPYyroTo

nponopuus: ,, X e nponopyuoHaaHo Ha Y o3HauaBa, ue Koraro Y ce
YMHOXaBa C HfKakKBO UMUCI0, X Ce yMHO)aBa CbC CbIIOTO; ,,X e
obpamHonponopyuoHaaHo Ha Y o3HauaBa, ye KOrato Y ce yMHOyKaBa C
HAKaKBO UMCJI0, X Ce pas3/esis CbC ChI[OTO

NMPOCTPAHCTBEHO H3MeEpPeHHe: BCSKO OT TpUTe H3MepeHusl Ha
MIPOCTPAaHCTBO-BPEMETO, KOWTO Ca TIPOCTPAaHCTBOMNOAOOHH, T.e. C
V3K/IFOUeHre Ha U3MepeHUeTo Bpeme
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MPOCTPAHCTBO-BpPeMe: UeTUPUMEPHOTO TTPOCTPAHCTBO, UAHUTO TOUKH
ca cbOuTHS

MPOTOH:  TIOJIO)KATETHO  3apefJeHd  YaCTULW,  CBhCTaBAIU
NIpUOM3UTETHO TI0JIOBUHATA YaCTULIM B SIIPOTO Ha TOBEYETO aTOMU

IbPBUYHA UYepHA /ylKa: 4YepHa [ynka, obpa3dyBaHa B MHOIO
paHHara BcesieHa

pajiap: cucTema, H3MO/A3Ballla WMMOYJICHA pPaJMOBBIHU, 3a Ja
orpesiesid  TIOJIOKEHHETO Ha O00eKTW upe3 H3MepBaHe Ha BPEMETO,
HeoOX0JUMO 3a MMIYJICA [ja IOCTUTHE /10 00eKTa U Jla ce oTpa3u 00paTHO

Pa/IM0AKTHUBHOCT: CITOHTAHHOTO pa3lia/laHe Ha eJHO aTOMHO /[P0 B
APYTO

CBeT/IMHEH KOHYC: TIOBbPXHOCT B TIPOCTPAHCTBO-BPEMETO, KOSITO
Oene>ku, Bb3MOXKHUTE TIOCOKM Ha CBETJIMHHUTE JTbUM, TpeMUHaBaIlU TIpe3
nageHo CrLouTHe

CBeT/IMHHA CeKYH/Ia (CBeT/IMHHA rojuHa): Pa3CTOsSHUeTO, U3MUHATO
OT CBeT/IMHATA 3a e/IHa CeKyH/a (rofrHa)

CW/IHO B3aMMOJEeMCTBHe: Hali-ro/isiMaTta OT YeTUPUTE OCHOBHM CHIIH,
Hai-Onm3ko feticTByBaiaTa. TS 3agbp)ka KBAapKUTe B IIPOTOHUTE U
HEYTPOHUTE U TIPOTOHHTE U HEYTPOHHUTE B aTOMa

CHHT'Y/IIPHOCT: TOYKa B TIPOCTPAaHCTBO-BPEMETO, B KOATO KpHUBUHATA
Ha MPOCTPaHCTBO-BpeMeTO CcTaBa Oe3kpaiiHa

c1a00 B3auMopeiicTBHe: BTOpaTa Haii-caba OT ueTHpUTe OCHOBHU
CWIA C MHOTO KbC oOcer Ha fieiicTBue. Ts OKa3Ba BAMSIHHME BbPXY BCUUKU
MaTepyuaqHM YaCTULIM, HO He W BBPXy UYaCTHULUTE, IPEHACSIIH
B3aUMO/IeNCTBHE

CIIeKTHP: pa3jiaraHeTo TPUMEpPHO Ha e/IeKTPOMarHWUTHAa Bb/HA Ha
CbCTaBHUTE U UECTOTHU

Crenjia/iHa Teopus HAa OTHOCUTETHOCTTA: Teopust Ha AMHIIalH, B
OCHOBaTa Ha KOSITO e ujiesTa, ue HayuHUTe 3aKOHU Ou TpsiOBaso [ja ca e[HU
M CBIY 3a BCUYKU CBOOOJHO JBWKEIU ce HabsrofaTen He3aBUCUMO OT
TSIXHAaTa CKOPOCT

CIIMH: TIPUCHINO CBOMCTBO Ha €/IeMEHTAapHUTE YaCTUIA, KOeTO e
CBBP3aHO, HO He e e/HO M CBIIO0 C TI03HaTaTa HU TIpe/[CTaBa 3a CIIMHA

CTAaljMOHAPHO CBHCTOSIHUE: CBLCTOSIHHME, KOETO He ce TIPOMEHsI C
BpemeTo; cepa, KOSITO Ce BbPTH C ITOCTOSTHHA CKOPOCT, e CTal[MOHapHa, Thi
KaTo W3I/IeX/ia e/lHa U ChIlla BbB BCEKM MOMEHT, la)Ke U /la He e CTaTUYHa
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CbOMTHE: TOUKA B TPOCTPAaHCTBO-BPEMETO, XapaKTepu3upalija ce C
BpEMe U MSICTO

Ter/I0: CusaTra, KOSITO TPaBUTALIMOHHOTO T[I0Jie YIpakKHsBa BbPXY
eIHO Tsiy10. TS e TIporopLMOHa/IHA Ha Heropara Maca, HO He e ChlljaTa

TeopeMa 3a CHHTY/JSIPHOCT: TeopeMa, KOSITO T[IOKa3Ba, ue
CHUHTY/ISIPHOCTTa TPsiOBa /la CHIECTBYBA IIPH OITpe/ie/ieHd YCJIOBHUS, W TI0-
KOHKpPeTHO — ue BcesneHaTa TpsibBa /ia e 3ariouHasia OT CHHTY/ISIPHOCT

Teopusi Ha Benukoro oOeguHeHume: Teopus, obeauHsBaIlA
e/IEKTPOMAarHUTHOTO, C/1Ta00TO M CUTHOTO B3aMMOJIEMCTBHE

yCKOpeHHe: MpOMsiHaTa Ha CKOPOCTTa Ha J]aZieHo Ts/Io

yCKOpUTe/l HAa YaCTUI[M: MallliHa, KOATO C T[IOMOITa Ha
e/IeKTPOMarHuTH yCKOpsiBa [BIDKEI[d Ce 3ape/leHH YacTUIM, KaTo UM
TipY/iaBa eHeprusi

yc/ioBHe ,,0e3 HIKaKBa I'PaHUIa*: njaesTa, ye BceneHara e KpaiiHa,
HO HsIMa rpaHuiia (B MMaruHepHO BpeMme)

(daza: 3a Bb/IHa — TOI0)KEHHUETO ¥ B IJUKBJIa B OMpe/ie/ieH MOMEHT;
MsIpKa 3a TOBa, [la/iv € BbB BPbX, NlaJiJMHA UM B TOUKA MEXKY TIX

(oTOH: KBAaHT CBET/IMHA

XOPHU30HT Ha CHOMTHATA: TPAaHUI]ATa HAa UepHa AyIIKa

yepBeHO OTMeCTBaHe: MOUepBeHsIBaHeTO Ha CBeT/IMHaTa OT 3Be3ja,
OT/la/leyaBaillla ce OT Hac, KOeTo ce Ab/DKU Ha JloriepoBusi epekT

yepHa Aynka: 00/1acT OT ITPOCTPAHCTBO-BPEMETO, OT KOSITO HHUIIIO,
JIOpY 1 CBeT/MHATa, He MOXKe Jla 130sra, Thbil KaTo rpaBUTALUATA € TBbP/ie
CUTHA

YyecToTa: 3a Bb/IHA — OPOST MBJIHU LIUK/IM B CeKyH/a

sipeH CHHTe3: IIpollec, IPH KOWTO /Be sigpa Ce COMbCKBAaT U
obeMHSIBAT B € IUHUYHO, ITO-TEXKKO SIPO

SIIPO: 1jeHTpa/lHaTa 4YaCT Ha aToMa, ChJbp)Kallla caMO ITPOTOHU U
HeyTPOHM, 3a/bp>KaHH OT CUTHOTO B3aUMO/IeiCTBHE

175



W3TouHuK: http://spiralata.net

N3panue:

KPATKA NCTOPUA HA BPEMETO. OT I'OJIEMUA B3PUB 10
YEPHUTE AYTIKW. 1993. U3n. Hayka u uskyctBo, Codusi. IIpeBoa: ot
aHr/1. e3. PymsiHa bukc [A Brief Histori of Time / Stephen W. HAWKING].
Buesenue ot Kapn CEVI'BH. ITeuar: ITommrpadror, XackoBo. ®opmar: 21
cMm. Ode. u3n. Cbe cxemu. Tupax: 2 070 6p. Ctpanuiu: 187. Ilena: 35.00
nB. ISBN 954-02-0102-0.

Chabpika ChII0 a30yueH ToKa3aser] 1 TePMUHOJIOTHUYEH PeUHHK.

Knurara e usgjajieHa ¢ KOHKYpC Ha HaljyoHanHusl LIeHThp 3a KHUraTa
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3ACJIYT'N

mare y10BOJICTBHETO Jla UeTeTe Ta3u KHWra Oiarogapenue Ha Mosima
6ubAUOMeKa ¥ HeMHUTE BCEOTAaHN IIOMOIIHUIIH.

http://chitanka.info

Bue cbIIlo MoKeTe Jla TIOMOTHeTe 3a oborarsiBaHeTo Ha Mosima
bubnuomeka. IloceteTe pabOTHOTO aTesiMe, 3a /la HAyuuTe TOBeYe.
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