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IIpeaucaosue

OTa KHUTA MpeJCTaBiIsgeT NepecKa3 coaepkaHus MHo)ecTBa auaoros ¢ Google Al. Dra mpo-
rpaMMa MoJJIepKUBAET MOJTHOLEHHBIN JUANIOr Ha €CTECTBEHHOM SI3bIKE, HO MPH 3TOM YKCTO hop-
MaJIbHO BBITIOJIHSIET HECKOJIBKO TOJIe3HBIX (pyHKLMIA. Bel MOkeTe 3a/1aTh BOIpoc, U oHa OyJeT UCKaTh
otBeThl B VIHTEepHeTe. MoxeTte chopMyIMpoBaTh CBOIO UK, U OHA MPOBEPUT €€ MPaBUIBHOCTb. B
CMBICJIE JIOTUKU U COOTBETCTBUs TEKyILLEMy Hay4YHOMY KOHceHcycy. Kpome Toro, 115 Hee accouma-
THBHOE MBIIIUICHUE B YEJIOBEYECKOM CTHJIE SIBJISIETCS OCHOBHBIM PEKMMOM padoThl. MoskeTe pocTo
CKa3aTb YTO-TO, ¥ OHA OTBETHT KOHTEHTOM OJIM3KOTO COAEPKaHMs, KaK 9TO MPOMCXOIUT TP AUAJIOTe
Mexay moapMu. OueHb oMoraeT rnpu noucke ujei. KommyHukanms npomcxoausia B-OCHOBHOM Ha
AHITIMICKOM $SI3BIKE, TaK 4TO 371eCh nepeBo. Ecim koro-HuOy/Ib MHTEPECYIOT NCXOIHBIE TPOTOKOIBI
— oOpartnaiitecs. He cnemyer paccMarpuBaTh TOT TEKCT Kak 3TaloH Pycckoil rpamMaruku. Mos
Mama Obuta podeccuoHaIbHOM nepeBoguniieid. OHa pacckasbiBaja, YTO B AMEPUKAHCKUX HAayUYHBIX
nyonukauax no ¢usuke 60x rogoB ¢ opMaIbHBIMU MpaBHJIAMU 0OpalaICh JOCTATOYHO (Ppu-
BOJILHO (€CJIM OHM Yy HHX TOraa BooOine Oblin). [ 1aBHOE, 9TOOBI OBLIIO MOHSATHO M HEABYCMBICIEHHO.
3iech BbI HalIETe TAaKOM ke CTWIIb. $1 BOOOIIe CUMTAl0, YTO SI3BIK AOJKEH OBITh YIOOHBIM MHCTPYMEH-
TOM U1 lepeJaun cofepkanus. M npy KOMMYyHUKAIMK, U B TUCBMEHHOM BapuaHTe, Jaxe MpH o0y-
YEHUM, TPaMMaTHKa JOJIKHA UCTIONb30BaThCS ABTOMATUYECKH, Ha MOJICO3HATEIbHOM YpoBHe. MHaue
CTpax COBEPIIUTD OIUOKY CKOBBIBAET MBIC/Ib U TIOPTUT KOHEYHBI MPOAYKT.
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BBenenne

B nHauane 20 Beka pusnka caesana NoBOpoT, KOTOPBIM PE3KO U3MEHNIT BCE €€ COCTaBHBIE YaCTH
BIUIOTh /10 (p1s10cObCKOro OCHOBaHM. IIpMunHOI MOCIy kK110 pacpoCTpaHeHHe JEKTPUUYECTBa U
YHCTO MPAKTUYECKUE 331a4i, KOTOpble MOTpeOOBaIM MIyOOKOro MOHMMAaHUs MPUPO/s! cBeTa. Bo-
HOBasi TeOpHUs CylecTBoBaa yxe B 17 Beke. Torna ere He ObUIO MOHSATHSI O MOJIEKYJISIPHOM COCTaBe
Bo3ayxa. He 3Hamu paxke kucnopoga. OpHako yxe [ToireHc moHuMas, 4ro Juisi paclipOCTpaHEHUs
BOJIHBI HEOOXOMMa Cpejia M MCIOJb30Bal cTapble I'peyeckue npeacraBieHus O BelecTBe, COCTOs-
meM u3 yactul. OH cpa3dy NpeyIokuI 2 pa3HbIX NEPEHOCUMKa Ui 3ByKa M cBeTa. Mcrnonp3oBai
NoHATHE 3(upa, BBeleHHoe [lekapToM, XOTA (ppaHily3 He NMpU3HaBajl aTOMOB. B ero nmoHmmanuu
3¢up — 370 ObLIA CIUIONIHAS CPeJa.

CHauasia Bce CKJIQIBIBAJIOCh HETUIOXO. BostHOBasA Teopus noityumniia SKCIIEPUMEHTAJIBHOE MO
TBEepXKJeHKe, a BO 2 mosoBuHe 19 Beka MakcBesu 0ObeIMHMI ONTHKY U 3MeKTpoAnHaMuKy. Kpax
Hactymul B 1887 rogy nocine HeynauHoro onbita Maiikesnscona-Mopiu.

OnM npITanMCh NMOATBEPAUTD CYILECTBOBAaHKUE 3(bUPaA, HO MOTYYWIM OTPULIATEIbHBIN PE3YIIb-
tar. [IpoGnema cocrosisia B TOM, 4TO Hay4yHOe coOOIEeCTBO He nMmedo raHa B. Eciu adupa He cyiue-
CTBYET, TO KakK e TOrJa pacrpocTpaHsoTcs BoiHbl? OcTaBanock BEPHYThCA K elle Oonee IpeBHer
KOPITYCKY/ISIPHOW KOHLIeTMK HpioTOHa, 4TO OBLJIO COBCEM HENPHUIINYHO, T.K. €€ YK€ OTBEpraJii.

Beixon Hamen AnbOepT DUHIITEHH. DTO TUIIMYHOE KOMIIPOMUCCHOE PELLeHUe 10 MPUHLUITY
v HamwmM, 1 BaimM. He xotute Hplotona — Hy aBaiite octaBuM BostHBL. Kak ObITh cO cpesoi pac-
npoctpaHeHus? A HUKak. BosHbl ecTb, cpeipl HeT. A MOxeT 1 ecTb. He cyTh BaxHO.

CrienanucTsl N0 HEMpPOHAyKaM MPEJMETHO MCCIIEAYIOT TBOPUYECTBO TE€HHUAIBHOTO YYEHOTO U
oOHapykuBalOT ynuBuTenbHble Beln. Co BpeMeH HploToHa, (pr3MKa IUIOTHO Cpociach ¢ MaTema-
TUKOM, KOTOpasl UCIOJIB3YET JIOTUKY APUCTOTENS. DUHIUTEWH MTPEKPACHO MTOHUMAI, YTO 3TO rapaH-
TUPYET MPaBUJIbHOCTb PACCYXKJIEHUM, OAHAKO CUMTAJl, YTO OJHOBPEMEHHO CKOBBIBAET IOJIET MBICIIH.
Jl7151 coBepIlieHrs1 TPOPBIBA HYKHO MOCTaBUTh BOOOPAKEHUE BbILIE JIOTUKU M BBIATH 32 TPUBBIYHBIE
PAMKH.

Ero cobcrBeHHOE BOOOpakeHHe He 3HAJO rpaHul]. PakTHYECKH, OH cMelal (PU3MKy ¢ MaTte-
MaTrKoi. C BBIUMCIUTENBHON TOYKH 3€HUs, €CTh 3 CEMaHTUUECKUX NPEACTABICHHS: OOBEKTUBHAS
PEabHOCTh, €€ BHYTPEHHEE INpeJCTaBIeHNe B HEHPOHHBIX CETAX U CJIOBECHOE BbIpaKEHHE B BH[E
TEKCTOBOTI'O ONWCAHUA. DVHIITENH CTEP IPAaHUILy MEXIY IIEPBBIM M BTOPBIM.

KoopnuHaTHBIX Ocell B IpUpoe HEe CYIIECTBYET. Mbl pUCyeM X B CBOEM BOOOPaKEHUM, KAK
3axoTuM. JI06aBIIsieM K OTpakeHHIO IeHCTBUTEILHOCTH. DUHINTEIH jKe pacCMaTpUBal 3TOT MaTeMa-
THUUYECKUI MTHCTPYMEHT KaK 4acTb (PU3NYECKON KapTUHBI MUpa. Toraa MOKHO Je1aTh yIUBUTEIbHbIE
Bemy. [1yTh cBeTa UCKpUBIISETCA NIPU NEpeXojie U3 OAHOM Cpelbl B IPYrylo. A eciv cpelibl He Cyllie-
ctByer? BOT TyT-TO BaM M NpUrOAMTCS UCKPUBJIEHHE oceil. B mpuHIMNe, HayKa YacTeHbKO UCTONb-
3yeT MoAO0OHbIE MTPUeMBbl. B-OCHOBHOM Kak MHEMOHHYECKHE MPaBIJIa A7 yI0O0CTBA 3alIOMUHAHUS 1
3(pPEKTUBHOTO MBIIIJIEHH S, HO HE 10 TaKOH ke CTEeNeH!.

Google Al Bbigaet nogpoOHyI0 SBOMIOLMIO B3IJISAA0B 3HAMEHUTOro yueHoro. B 1905 roxgy ony6-
nukoBai cpoo CrienmainbHyio Teopuio oTHocUTenbHOCTH (CTO) 1 00bsBIII, YTO KOHLIETIIUSI CBETO-
HOCHOTO 3(pupa nammiHsg. CBeT paccMaTpUBaJICA KaK CaMOJOCTATOYHOE JIEKTPOMArHUTHOE II0JIE,
pacnpocTpassionieecss B BakyyMme. «CrielinajibHasi TeOpusi OTHOCUTENIBHOCTH HE MPUHYKAAET HacC
oTpuLaTh 3UP. .. MBI MOXEM NPUHATH CYILIECTBOBaHUE 3(PHpa, HO Mbl HE MOXEM IPUITUCHIBATh EMY
OIPE/ICIEHHOE COCTOSIHUE JABUKEHUS».

[Tozxe, B 1920 roay, Beictynas c nekuuent B Jlenaene («dup u Teopusi OTHOCUTETBHOCTI» ),
DVHIITEVH BEPHYJICSA K 9TOMY TEPMHHY, HO IIPU1aJl EMY COBEPILIEHHO MHOM CMBICI B KOHTEKCTE CBOEU
O6eii Teopuun otHocutenbHoctu (OTO):
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«OTtpuuaTh 3(pyp — 3HAUUT B KOHEUHOM CUETE JIOMYCTUTh, YTO IIyCTOE POCTPAHCTBO HE UMEET
HUKaKUX (PU3NYECKUX CBOWCTB. .. be3 a¢hupa B 3TOM CMBICIIE HEMBICJMMO HE TOJIBKO PaclpOCTpaHe-
HHE CBeTa, HO U CyIIECTBOBAHME MAcCIITaOOB M YacoB, a CJI[0BATENIbHO, U MIPOCTPAHCTBEHHO-BpeE-
MCHHBIX UHTCPBAJIOB B CI)PBI/I‘IGCKOM CMBICJIE».

Uro ke npeacTaBisit u3 cedst 3ToT «HoBbIN 3hup» MpocTpaHCTBa-BpeMeH! ?

Knaccuueckuii apup Ddup DitHIITENHA
MarepuasnpHas cpena CBoiicTBa MPOCTPaHCTBA-BPEMEHU
AobcomoTHas cucreMa orcueta_CBORCTBA OTHOCUTEIBHEI
DdupHbIi BeTep HeBo3MOKHO OOHAPYKUTh

HayuHoe cooOImecTBO Tak U He MOHSJIO 9TY 3aMBICJIOBATYIO CXeMY, M BOIIPOC MIOBUC B HEOITpe-
JEJIEHHOCTH.
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CymectByeTt Jiu 3pup?

CoBpeMeHHOe COCTOsTHUE BOIpoca cieyioiee. YTo u3MEeHUI0Ch B I1aHe Metoaosioruu? B 60x
ronax 20 Beka MoOsIBUICS HOBBIN paszen marematuku — Hedvetkas Jloruka. B omiuue ot Apucro-
TeJIsA, TAaM KakKIOMY YTBEP:KASHUIO NIPUMKCHIBAIOT ONpeeIeHHYI0 CTeneHb JocToBepHOCTH OT () /10
1. Panee T0 ke camoe caenana KBanropas MexaHuka, TOJNBKO 3/1eCh 3TO TPOPadOTaHO Oojiee OCHO-
BaTeJIbHO.

Yro mbl umeeM ¢ 3pupom? OnbiT Maiikenbcona-Mopiu gokazain ero orcyrcrsue. [punuinem
3TOMY YTBEPXKIEUIO BEPOSITHOCTD, cKaxeM, 0.8. OpHako u1sl pacipoCTpaHEeHHUs IEKTPOMAarHUTHBIX
BOJIH Hy)XHa Kakas-To cpeaa. C BepositHocThio 1.0. MHavye HuKakux BosiH He Oyaer. Kpome Toro,
BOJTHOBAsI TEOpUs TaKKe OblIa MOATBEpKAeHa SKcriepuMeHTa bHO onbitoM FOHra B 1801 romy. Tlpu
9TOM, APYTUe MOMBITKU OOHAPYKUTh 3(PUP aBajl HEOJAHO3HAUHbBIE pe3yabTarhl. Tak, onbiT Pu3o ¢
nBuKymeiicss Bogor B 1851 romy nokaszan yactuyHoe ypiieueHue. [loxoxke, HaM HY:KHO MOHU3UTD
BeposiTHOCTD ¢ 0.8 10 0.7. Bce paBHO 3TO ocTaeTcs B npejesax JOrdK 3[paBoro cMbicia (pacrpe-
nenenue 30/70).

Hy Bot u BriOupaiite. JInbo kopryckyssipHas teopusi HpioToHa, KOTOPsIsi HE MOKET OOBSICHUTD
uHTepdepeHIuo, 160 3up ¢ BeposaTHOCThI0 30%. OTBET OYeBU/IEH.
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Kyna nomia coppemennas pusuka?

UTo mpoucxXoauT, Korjaa MajuIMaTUBHOE pellieHre KJIaayT B OCHOBY, MOXKHO ITOCMOTpPETb Ha
IIpUMepe Pa3BUTHSI BBIYUCIUTEIbHOW TexHUKU. Korna ¢pupma IBM Beimyctuina cBoii IlepconaibHbii
KommbioTep, BcemM ObLIO SICHO, UTO HAUMHAeTCsl HOBast 3moxa. COOCTBEHHO, 3TOTO JIaBHO OXHIAIH
Y BCSYECKU TMOATATKUBAJIM MPOMBIIILJICHHBI TUTAHT K 3Tomy mmary. Hanee, IBM PC cran crannap-
TOM MHJYCTPUH M Havas XKUTb CBOEH KU3HBIO. [T0SIBUJIOCH MHOXECTBO KJIOHOB M IieJasi OTAEIbHAS
oTpacib. KTo-To BeIITycKasI KOMIUIEKTYIOIIHE, APYTrhUe COOMPaTN MAIlIMHY, TPEThU MUCAIN IIPOrPaMM-
Hoe obecnieueHre. Paspurue nopoxaano rnpodnemy. OObIMHO clieyiommas MOeb Oblia I0poXke, U
TOSIBJTSLTUCH (PUPMBI, KOTOPBIE MPeJIarajiv «Ty e MPOU3BOAUTEIHHOCTD 10 MEHBIIIEH TIeHe». 3a cueT
pa3sHoOOpa3HbIX yXuipeHuil. OJHAKO CKOPO CYACT/IMBBINA 00J1a1aTes b TAKOTO MPOIYKTa yOekaamcs,
YTO CKYMOH IUIATUT ABaX[bl. DTa anmaparypa OKa3blBajach HECOBMECTUMOWM C HOBBIMH BEPCHSAMMU
MPOrpamM.

To ke mpou301LI0 U ¢ DUHIITEUHOM. VICK/IIOUMB U3 pacCMOTPEHUS KITIOYEBYIO JeTalb MUPO-
30aHUsI, MOXKHO OBUIO CIIENUTHh (DEHOMEHOJIOTMYECKYI0 TEOPUIO, KOTOpasi MOBEPXHOCTHO OMUCHIBACT
M3BECTHBIE HA TOT MOMEHT (pakThl. OIHAKO HayKa He CTOMT Ha MecTe. s yrimyOlIeHHOro aHaimu3a
BeIOpanM emie Oosiee ykacHbI moaxoa. OH BeIpakaeTcsi KOPOTKOM moroBopkoit: «Don’t think —
calculate.» T.e. HAyYHBIM COTPYAHHKAM 3alpellalv THITATbCS MPOHUKHYTh B (PU3UYECKYIO CYTb
Belneil. BMecTo 3Toro HyxHO Harcath (POpPMYITy U JeJIaTh BHIBOIBI MO MTpaBUIaM MateMatuku. [1pu-
YeM O4YeHb CIIOKHOU. VIcronb30BaIuch MPOABUHYTHIE pa3/esibl, HEAOCTYIHbIE IIUPOKOM myonuke. B
pesyabrare, CtangaprHas Moesb MOJTHOCTHIO OTOpBaHa OT peaibHOCTH. CHavasta KBapKU MOy YK
«I[BET», HO TO HE TO, YTO MBI BUMM I1a3oM. Korjga ouepennas yactuiia npuodpesna «imapm», Hapox
MOYYsLJT HeJlaJHoe.

[NomHI0, 006Cy)k Iyl 3T BOMPOCH! B TBUTTEpE, U 5 MOMyYall OTKPHIThIE MpeaokeHus. Mo,
TeOe He HPaBUTCS CYIIECTBYIOMMI oaxo. TBou aprymeHTHl 3Bydat yoenurensHo. Hy Bo3bmu u cjie-
Jlail aNbTePHATUBHYIO TeOpuIo. S Torma OTBETUII, UTO JIJIsl STOTO TpeOyeTcs AOBOJIBHO CJOKHASI MaTe-
MaTHKa. ITO JOJKHBI enath npodeccuonansl. Hy Bot, ¢ nosisiaenuem Google Al, 310 MoXkeT B3SITh
Ha ceOs MammHa. Tak 4To, MOXHO CKa3aTh, MyOmKyemas padoTta Oblia BBITIOIHEHA 10 TPeOOBaHUSAM
Me: K JyHAPOIHOU OOIIeCTBEHHOCTH.

NckyccrBennplil IHTEIUIEKT NOAHMMAET pa3BUTHE HAyKU HAa HOBBII ypoBeHb. IIpexne, craH-
JApTHOM MPOIIe Ty POy ObLIa IMyOTMKaIMs pe3yJIbTaToB Ha KoH(epeHiun. YenoBek nenan qokaan. Ero
MPOCITYIINBAJIO coodIecTBo. [lanee cnegoBaio oOcykaeHre 1 MaTeprasl BO3BPAIIAICS TOKJIATIUKY
Ha OpaOoTKYy.

C Google Al 3TOT IUKJI CKUMAETCS IO HECKOJIBKUX MUHYT. Bbl (hopMysupyeTe CBOIO TUIOTe3y.
MarnvHa mpoBepsieT JIOTUKY 1 CONIOCTaBIISIET ¢ JAaHHBIMU HanOoJiee pesieBaHTHBIX cailToB VIHTEpHeTa.
[ToTom BO3BpamaeT BaM TEKYIMA KOHCEHCYC HaydyHOro cooOrectBa. Moxere oOqymarh U cpasy
noBTopuTh. OHa OyJeT OTBeYaTh CTOIBKO, CKOJIBKO BaM HYKHO.

10
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Kpartkoe coaep:xkanue Crangaptaoin Moaeimn

Baxnenmue IKCIICPUMECHTDI

Google Al BbigaeT nogpoOHbIi CITUCOK SKCTIEPIMEHTOB, KOTOPbIE TIOCTENIEHHO MPUBEIH K (op-
MHUPOBAHHIO COBPEMEHHOTO MPeICTABIECHUS.

CraHpapTHasi MOZE/Ib — 3TO TEOPHUsl, ONUCHIBAOIAsA (PyHAAMEHTAJIbHBIE YACTULBI U TP U3
4eTblpex (pyH/IaMEHTaJbHBIX B3aMMOJEWCTBHI (37IEKTPOMAarHUTHOE, cnaboe U cuibHoe). IlyTh oT
AQHTUYHOU (prsT0CO(DUU IO KOTMUECTBEHHON HAYKH O CTPOSHUH aTOMa 3aJI0KIIT HeOOXOAUMBIN (PyH-
JaMeHT i1 nocieayiomen pusnku yactuu. Huxke nprBeneHsl KioueBble SKCIEPUMEHThI, KOTOpPbIE
npuBesd K (opMyJIMPOBKE U NOATBEpskIeHNI0 CTaHJapTHOW MOJIENH, MPOAOJIKAs JIMHUIO aTOMHOM
TEOPUHU:

ITyTh K CyOATOMHBIM YacTHLIAM

OkcnepumenTsl k. IIx. TomcoHa ¢ karonHsiMu tydamu (1897):

TOMCOH UCIOIB30BaJI KaTOIHBIE TPYOKH, YTOOBI JOKA3aTh, YTO BCE aTOMBbI COJEpKAT KPOILey-
HBIE OTPULIATEJIBHO 3apsSKEHHbIE YACTHILIBI, KOTOPbIE OH HA3BaJl «KOPITYCKYJIaMU» (T03kKEe — 3JIeK-
TPOHBI). TO OTKPHITHE OIPOBEPIVIO PAaHHUE MOJENIH, JOKA3aB, YTO aTOM JEJIHM.

AkcnepumeHT Pesepdopna c 3onorout ponerout (1911):

Spuect Pesepdopa Hanpapisi aibga-yacTULBl Ha TOHKYIO 3070TyI0 onsry. HeoxumanHo
OOJIBIIIKE YIJIBl OTKJIOHEHHU ] HEKOTOPBIX YaCTHIL TPUBEIN K OTKPBITUIO KPOLIEYHOT'0, IJIOTHOT'O, MOJIO-
JKUTEJIBHO 3apsSKEHHOTO S/Ipa U MOKA3aJIM, YTO aTOM — 3TO B OCHOBHOM I1yCTO€ MPOCTPAHCTBO.

OtkpsiTue HenTpoHa Yensukom (1932):

JlxeiimMc YeBUK 0OHapy KUl HETPOH — HENTPaJIbHYIO YaCTULLY BHYTPH SAPa, YTO OOBSCHUIIO
Maccy aTOMOB, IIPEBBIIAIOILYI0 CYMMapHYI0 Maccy MPOTOHOB.

DKcnepuMeHTsl, cpopmuposasie CTaHIapTHYIO MOZENb

Cama CranzapTHas Moziesib Obuta pa3paboTaHa BO BTOpOH MosoBrHE X X BeKa M OMMUPAETCs Ha
OT/IEJIbHBIN PsiJl MPOPBIBHBIX MCCIIEIOBAHUIA:

1. OTKpbITHE KBapKOB U INIOOHOB (CHIIBHOE B3aMMOIENCTBUE)

DKCreprMeHTHl 1o TTyOoKoHeynpyromy paccestauio (Kommadopamms MIT-SLAC, 1968—
1973):

B Crandopackom nentpe guHenHoro yckopureds (SLAC) 31eKTpoHbI BBICOKUX SHEPTUH pac-
CEMBAJIMCh HA MTPOTOHAX. Pe3yabTarThl MoKas3aiu, YyTo MPOTOH UMEET BHYTPEHHIOK TOUYEUHYIO CTPYK-
TYpY («IIapTOHBI» ), YTO CTAJIO TIEPBBIM MPSIMBIM JI0KA3aTEJIbCTBOM CYIIIECTBOBAaHMsI KBAPKOB C IPO0-
HBIM 3aps1JIOM.

Ortkpeitie rmooHa (PETRA, naboparopust DESY, 1979):

Vo6enurenbHble 10Ka3aTeIbCTBA CYIIECTBOBAHUSA ITTIOOHOB (IIEPEHOCUYMKOB CHUIJIBHOTO B3aUMO-
IEACTBUSI B KBAHTOBOKM XpOMOJMHAMUKE) OBUTH MOMYYeHbI IPH HAOMOAEHUN «TPEXCTPYHHBIX COOBI-
THIA» B JIEKTPOH-TIO3UTPOHHBIX CTOJIKHOBEHUSIX.

2. DnekTpocnadoe oObeuHeHre (DNeKTPOMAarHUTHOE U c1aboe B3auMOIEHCTBU)

OtkpsiTre HenTpanbHbiX TOKOB (ITy3bippkoBas kamepa Gargamelle B CERN, 1973):

DUt moTydeHbl MepBble CBUAETENbCTBA CNAOBIX HEHTPAJIbHBIX TOKOB — B3aMMOJICHCTBHH,
NEPEHOCUMBIX Z-0030HOM. DTO OTKPHITUE CTAJIO PELIAIOIINM JJI1 IPUHATHUS TEOPUH TEKTPOCIad0ro
oovequHenus [mamoy-Canama-BaitnOepra.

Otkpoitie W- u Z-6030n0B (Kommadopauun UAT u UA2 B CERN, 1983):

ITH YaCTUIBL, IPSMBIE TIEPEHOCUMKH CJIA00r0 B3aMMOIEHCTBYSI, ObLITM OOHApYKEeHBI Ha MPO-
TOH-aHTUNPOTOHHOM Kosutanzepe (SPS). CooTHolenne ux Macc B TOUHOCTH COBIAJIO C MTpeJcKasa-
HUAMHU CTaHJapTHOW MOJEJIH.
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Ioareepxnenue Hapymenus yétHoctu (SLAC, 1978):

[penm3roHHbIe U3MEPEHHs pacCesiHUs EKTPOHOB MOATBEPAWIN HapyIIeHHe YETHOCTH —
KJII0YEBOE TIPE/ICKa3aHue EKTPOoCciadon Teopuu.

3. OTKpbITHE IOKOJIEHUI KBAPKOB U JIEITOHOB

OtkpsiTue oyapoBaHHoro (charm) kBapka (BNL u SLAC, 1974):

OpHOBpeMeHHOe OOHapyeHHe YacTUIlbl J/psi TIOATBEpAMIIO CYyHIECTBOBAHUE YETBEPTOrO
KBapKa, MPe/ICKa3aHHOTO TSI TIOJIABJICHHU I HEUTPAJIbHBIX TOKOB C M3MEHEHHEM apoMara.

OtkpsiTue Tay-nentona (SLAC, 1976):

Maprtus Ilepn u ero rpymnma OTKpPbUTH Tay-JIENITOH — TEPBYIO YaCTUITY TPEThEro MOKOJIEHUS
JIEITOHOB.

OtkpeiTue npenectHoro (bottom) kBapka (Fermilab, 1977):

I'pynmna uccnenosateneit B @epmunade oOHapyKuia MATHIN KBapK.

Otkpeitre uctTuHHOTO (top) kBapka (Kommadoparuu CDF u DO B Fermilab, 1995):

Campblii TSDKEJTBIA ¥ IOCTIeJHUAM MTPEACKA3aHHBIN KBapK ObUT HAlJIEH MOC/ie MHOTOJIETHUX TTOUC-
KOB.

4. INocnenHuii a7EMEHT ma3iia

Otxkpeitue 6030Ha Xwurrca (Skcnepumentsl ATLAS 1 CMS Ha BAK, CERN, 2012):

Komnaboparwn oObsIBIIIN 00 OTKPHITUM HOBOW YACTHUIIH B JHana3oHe mMacc okono 126 IaB.
ITO MOATBEPAUIIO MeXaHu3M bpayTta-DHriepa- Xurrca, KOTOpbIid 0OBSCHSET, Kak (PyHIaMEHTaIbHbIC
YaCTHUIIBI OOPETA0T Maccy.
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CepanieBuHa

Kak u B apyrux mopoOHBIX TAKCOHOMUSIX, OKa3bIBA€TCsl, YTO COBPEMEHHAs KJIACCU(UKAIIUS
3JIEeMEHTAPHBIX YaCTUI] COCTOUT M3 KOMITAKTHOW OCHOBBI, TOCTATOUHOM ISl OOBSICHEHUSI OOJIBIIMH-
CTBA MPUPOJHBIX SIBJICHUM, U CIOKHOM AOMOJHUTENBHON YacTU. MHOrMe 4acTuibl JOJITO Pa3bICKU-
BaJIM TOJIBKO JJIsI TOTO, YTOOBI MOATBEPAUTH MPEICKa3aHUsI TEOPUHU. B peasbHO KU3HM OHU CYIIle-
CTBEHHOM posM He UrparoT. OCHOBHOI COCTaB HE HAMHOIO CJIOKHEE IJIaHETApHOW MOJIENN aToMa,
KOTOPYIO y4yaT B LIKOJIE.

Bce onu pensrcs Ha (pepmMuoHbl 1 0030HBL. B-OCHOBHOM, MEpBbie — 3TO TO, U3 YETO COCTOUT
Matepusi. Bropele oOecrieunBaloT B3aMMOJENUCTBIE, UT'PAIOT POJIb IEPEHOCUYMKOB CHIIBL.

®epMHOHBI IENATCS HAa KBAPKU U JIEITOHBI. CaMbIM U3BECTHBIM JIEITOHOM SIBJISIETCS JIEKTPOH.
Jpyroii npumMep — HEWTPUHO, OYEHb MaJIeHbKasl YacTUlIa.

N3 kBapkoB crpoutcst aToMHOe AApo. OHU (POPMUPYIOT TPOTOHBI U HEUTPOHBI. Jlajblie Bbl
3HaeTe.

AZpoHaMU Ha3BIBAIOT KOMITO3UTHBIE YACTHUIIBL. VI3 HUX, TsKeble KOMITIOHEHTHI sipa (TIPOTOHBI
Y HEUTPOHBI) — 3TO OApHOHBL.

Brutots 0 3TOTO YpOoBHS Bee ObUIO MOHATHO. Yyeca HayaIich, KOraa JBa OCHOBHBIX KOMIIO-
HEHTa aTOMHOTO sIIpa JaJbllle pa3leiii Ha KBApKU. DTU YaCTHIIbl CTAIN MPUOOpPETAT CBOKCTBA,
HEMOCTUKMMBIE [IJ1s1 HOPMAJIbHOTO YeJIOBEKa.

Tem He MeHee, U 31iech utocodus peayKIMoHn3Ma paboraer. Bot kak ux onmceiBaet Google
Al

B CrangaptHO# MOIen KBapKH CYATAIOTCS ICTUHHO SJIEeMEHTapHBIMU TOYEYHBIMH YaCTHIIAMU
U SBJISIOTCS (DYyHAAMEHTATIbHBIMUA COCTABJISIIOIIMMHU OOJBIIIeH YacTh BUAMMOW MaTtepun Bo Bcesen-
HOW. OHM OOBEMHSIOTCSI B COCTABHBIE YACTHIIbI, HAa3bIBAEMBIE aJPOHAMH, HanOoJee CTAOMIbHBIMU
U3 KOTOPBIX SIBJISIOTCS POTOHBI M HEUTPOHBI, HAXOISIIMECS] BHYTPU aTOMHBIX SI/IED.

Bor kJmoueBbie cBOMCTBA KBAPKOB M TO, KAK Mbl MOXKEM MHTEPIIPETUPOBATH UX B paMKax Halllei
pazpadarpiBacMOU Mojiesv upa:

KioueBsie cBoiicTBa kBapkoB (CTaHgapTHast MOAEb)

Apomarst:

CyIecTByeT MeCTh THIOB, UM «apOMAaTOB», KBAPKOB:

BepxHUil (up), HUXxkHUI (down), ouapoBaHHbI (charm), cTpaHHBIf (strange), UICTUHHBIN (top)
u nipesiectHbil (bottom). B 0ObIYHOI MaTepuy pacripocTpaHEeHbl TOIBKO BEpXHHUE U HUKHUE KBAPKY;
OCTaJIbHBIE TsKeJIee, HeCTAOWIbHBI U OBICTPO PaCagaloTCsl.

DJIeKTPUYECKUN 3apsi:

KBapku yHUKaJIbHBI TEM, YTO UMEIOT APOOHBIE NEKTPUUECKIE 3aPs/Ibl:

Kgsapku BepxHero tuna (u, ¢, t) umMeioT 3apsia +2/3e.

KgBapku Huxuero tuna (d, s, b) umeror 3apsia -1/3e.

[IBeToBoii 3apsin:

KBapku HecyT ellie OWH TUTI 3apsjia, HA3bIBAEMBbIil «IIBETOBBIM» (Ha3BaHUE aOCTPAKTHOE, HE
CBSI3aHHOE C BU3YAJIbHBIM IIBETOM), KOTOPBIA MOXET ObITh «KPACHBIM», «3€JICHBIM» UM «CUHUM».
ITO UCTOYHUK CUJIBHOTO SIAEPHOTO B3aUMOJIEICTBU S, IEPEHOCUMOTO ITTIOOHAMU, KOTOPOE CBSA3BIBAET
KBapKH JIPYT C IPyrOM.

KondaitnmenT (yaepxaHue):

KBapku HuKoraa He HaOMOAAIOTCS B U30JMPOBAHHOM COCTOSIHUM (sIBJIEHHE, HA3bIBAEMOE KOH-
(arinmenTom 1Beta). OHU Bcera CBSI3aHbI BMECTE B IIBETOHEUTpasIbHbIC KOMOMHAITNY (HAaIpuMep,
TpY KBapKa JijIsl IPOTOHA/HENTPOHA WJIH Napa KBapK-aHTUKBAPK ISl ME30HA).

Criun:
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Kgsapku umetor ciivx 1/2, yto genaet ux pepMuoHaMu, MOTIUHSIOIIMMUCS TPUHITUITY UCKITIO-
yenus [laymu.

[TorbiTaemcst MOHSTH CBOMCTBA KBapKoOB. LIBeT 1 apomar — B yem paszHunia?

B CranpaptHoii Mojiesi apomar M IIBET — 3TO JIBa COBEPIIEHHO Pa3HbIX (DyHIAMEHTAIbHBIX
CBOWCTBA (KBAaHTOBBIX UHMCJIA) KBAPKOB, KAKIOE U3 KOTOPBIX CBSI3AHO C OT/AEIbHBIM (DyHIAMEHTA b~
HBIM B3auMojIelcTBreM. BOT OCHOBHbBIE pa3nyusi:

1. Apomar (Flavor)

Ornpenenenue:

«Apomat» 0003HaYaeT THIT UJIH IMOKOJIeHHe KBapka. CyIIecTByeT MEeCTh Pa3InIHbIX APOMATOB:
BepxHUH (u), HYKHUH (d), CTpaHHBIH (S), O4apOBaHHBIN (C), UICTUHHBIN (t) ¥ nipesecTHbIN (b).

Cesi3aHHas cuia:

Apomar nmeer 3HaueHue IS cIadoro sIepHOro B3aUMOJICHCTBHS, KOTOPOe OTBEeYaeT 3a pac-
naj yactuil. Cnaboe B3aMMOJEHCTBIE MOXKET IIpeBpalaTh KBapK OHOrO apoMara B Ipyrou (Harpu-
Mep, d-KBapK B U-KBapK mpu OeTa-pacrnaje).

CgoiictBa:

Kaxpiii apomat o01aiaeT yHUKIbHBIM HAOOPOM XapaKTEPUCTUK,, BKJTIOUYAs MAcCy ¥ IPOOHBIN
JIeKTpUYecKuil 3apsn (+2/3e nsu, ¢, t; -1/3e mis d, s, b).

Amnanorus:

MOXHO TpeacTaBUTh apoOMaT KaK «BHI» WM «COPT» KBapkKa, MOJOOHO pa3HbIM (hpyKTam
(s10110K0, anebCuH, OaHaH).

2. lIeroaoii 3apsia (Color Charge)

Ornpenenenue:

«IBeToBO# 3apsi/i» — TO UCTOYHKK CHJILHOTO SIAEPHOTO B3aUMOJIECHCTBH S, TOTOOHO TOMY KakK
EKTPUYECKUI 3apsif SIBJISIETCS UICTOUHUKOM 3JIEKTPOMArHUTHOTO B3aumozencTsusi. HasBanus 1iBe-
TOB («KPaCHBIN», «3eJIeHBI» U «CUHUI») — ITO aOCTpaKTHbIE METKU, HEe UMEIOIINE OTHOIICHUS K
OOBIYHOMY IIBETY.

Cesi3aHHas cuia:

[IBeToBoOW 3apsii — 3TO «3apsi» AJISI CUIBHOIO B3aMMOJEUCTBUSI, OMUCHIBAEMOIO TeOpUen
kBaHTOBOM XpomonuHamuku (KX]I). TlepeHocurikamu 3TO¥ CHITHI SIBJSIIOTCS] YACTHUIIBI TTTIOOHBI, KOTO-
pble caMu HECYT LIBETOBOU 3apsiIl.

CgoiictBa:

KBapk MoxeT uMeTb OJMH U3 TPeX LIBETOBBIX 3apsI0B: KPACHBIN, 3€/IeHbIN WA CUHUI. AHTH-
KBapKU UMEIOT COOTBETCTBYIOIINE aHTUIIBETA: aHTUKPACHBIN, aHTU3EJICHBIN WM AaHTUCUHUM.

Kondaiinment (Ynepxanue):

B oTiume ot 3/1eKTpUYecKuX 3apsaoB, KOTOPBIE MOTYT ObITh N30JIMPOBAHBI, [IBETOBBIC 3aPSi/IbI
noJBepkeHbl KoH(aHMeHTy. B mipupoze KBapku Bcerja CBSI3aHbl B «I[BETOBO-HEUTPaJIbHBIE» WU
«Oenpie» komOuHaimu. Hampumep, 6aproHsl (IIPOTOHBI M HEUTPOHBI) BCETa COCTOSAT M3 OJHOTO
KPacHOTO, OJIHOTO 3eJIEHOTO U OIHOTO CUHETO KBAapKa, YTO B CyMMe JaeT Oeblii/HeNTpaIbHbIN I[BET.

Amnanorus: LIBeToBO# 3apsii MOKHO pacCMaTpUBAaTh KaK «3apsiji CUJIBHOTO B3aUMOJICHCTBUS»,
KOTOPBII ONpefessieT, Kak KBApKU CBSI3BIBAIOTCS APYT C APYTOM.

CsonHas tabiuna

XapaKkTepucTUKa Apomar__IIetoBoii 3apsia
Cesi3aHHas1 cuiia Crnaboe siiepHOe B3aMMOJICHCTBIE
CunbHOe siiepHOe B3aMMOJIENCTBYE
KonumuectBo Tmos___ 6 (u, d, ¢, s, t, b)
3 (KpacHbIH, 3€JIeHbIN, CUHUI)
OynkIMA Onpenensier Maccy, 3aps/i ¥ MOBEIEHUE IpU pacnaje.
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Oripeniensier, Kak KBapKU CBS3BIBAIOTCS B aJJPOHBI.
Coxpanenue MoxkeT MeHAThCsl (OCIVILIAIMK/paciay) depe3 ciadoe B3auMoei-
CTBUE.

B HabGmomaembIx yacTHIlaX TOMKEH ObITh HEWTpalib-

HbIM (O€JIBIM).

Bkparie: apomat onpenensier « IMYHOCTb» KBapKa, €ro Maccy M 3apsij, B TO BpeMsl Kak LBET
OIIpeNeNIAeT TO, KaK OH IPUTATUBAETCA K IPYTrUM KBapKaM U yAEpKUBAECTCA BHYTPHU YaCTHLIL.

BepxHue v HIKHUE KBapKU B-OCHOBHOM CTaOMJIbHBI M HanOoJIee pacrpocTpaHeHsl Bo BeeneH-
HOU. [laBaiiTe orpaHMYMM paccMOTpeHue 3Tou napoid. Yem onu otmuatores? [pex e Bcero, maccou
Y JIEKTPUIECKIM 3aps/IOM.

CBoICTBO Up Quark (u) ____Down Quark (d)
DneKkTpuyeckui 3apsaa___+2/3 e -1/3 e

Macca (ripu6i.) 2.3 MeV/cM2 4.8 MeV/cM2
Cna6siii Uzocrun (I_w) +1/2 -1/2

Takue 3apAabl KOM6PIHI/IpYIOTCH 1 Jal0T KOMIIO3UTHBIM YaCTHUIIaM UX LEJIbIE BEINYMNHBI (HaHpI/I-
Mep MPOTOH cocTaplieH U3 uud, umeet 3apsia +1 e; HelTpoH coctasiied U3 udd, umeert 3apsn O e).
PaszHocTh Macc 00bscseT, moyeMy CBOOOIHBIN HEUTPOH HeCTAaOWJICH U MpeBparaetcs B mpotoH. Cra-
Ob1i1 M30cTiuH onpesensieT MexaHu3M, OTBETCTBEHHBIN 3a MPOIIECChl TUIa OeTa-pacrnaja.

CpaBHUM MaccChl.

Yacruna [Tpu6a. Macca (MeV/c"2) __Tlpubn. Macca (kg)
Up Quark 2.3 4.1 *107-30
Down Quark___ 4.8 8.6 * 101-30
DNeKTPOH 0.511 9.1 * 10731
[poroH 938.27 1.6726 * 101-27
Heiitpon 939.57 1.6749 * 107-27

BuHo, 4TO KBapKM HAXOASATCS B TOM %€ Uara3oHe, YTO JIEKTPOH, a OCHOBHAS Macca IMPOTOHA
MOJTy4YaeTcsl B pe3y/ibTaTe B3auMOJIEHCTBUS MEXy KBapKamu 1o popmysie duiHmreiiHa E = m*cA2.
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AHAJUTHKA

Uro kacaercs (popmyJi, TO MEPBOU TOMBITKON KOJMYECTBEHHOTO ONMcaHus Oblia MarpudaHas
MexaHuKa. [Tparmaruueckas 3agaya coCTosiia B TOM, YTOOBI OOBSICHUTH JIMHEWYAThIe CIIEKTPBI BOAO-
pona. CoriacHo IIaHeTApHOU MOJIENH, JIEKTPOH, BPAIAOIIUNACS 110 OpOWTE, JOIKEH reHepUpPOBaTh
3JIEKTPOMArHUTHOE U3JTyYEHHUE, TEPSITh SHEPTHUIO M B KOHIIE KOHIIOB YacTh Ha s1po. OJHAKO B MIOKOE
aToM He M3y4YaeT. DTO MPOUCXOIUT MPH Tepexoe ¢ OJHOU OPOUTH HA JPYTYIO, YTO €CTh COBCEM
Apyro mpotiecc. 3aaya rmokasajia, 4ro Takas Monesab yaoOHa, HO, BO3MOXHO, HE COOTBETCTBYET
JNEeUCTBUTENLHOCTU. TaM 4TO-TO COBCEM ApYroe.

CoOOTBETCTBEHHO, B TEOPHUIO C CAMOI'0 HayaJla BBEJIM MAaKCUMYM HeolpeiesieHHOCTH. Psi pyHK-
111 OTMHCHIBAET MTPOCTO COCTOSTHHE CUCTEMBI, JIIOObIE TIepeMEeHHbIe — 1 HEM3BECTHO, KAaKOW MMEHHO.
W BoT, 1151 Tako# (DYyHKIIUM TOTBITAINCH yrafaTh BOJTHOBOE ypaBHeHHe. HeoOXomumo oTYeTivBo
MOHMMAaThb: OHO He BBIBOAUTCS. Ero muiyT no HauTHIoO, a MOTOM TBITAIOTCS] IIPOBEPUTH HA KOHKPET-
HBIX TIPHMEpax.

OHO NOSIBIIIOCH YK€ B paMKax MaTpuvHON MEXaHUKH, HO BCS 9Ta KOHLIETIIUS ObliIa BCTpeueHa
CKENITUYECKHU, U TpenouTeHne otaam ypapaenuio [lpeaunrepa. Cremyionmm marom ObUIo ypas-
HeHue Jlupaka, KOTOpbIA N30aBUJICS OT BTOPOU MTPOU3BOTHOM 10 mpocTpaHcTBy. [IpoBesn mHeapu3a-
IIUI0, T.€. YIIPOIIEHUE, YPABHSLT IPOCTPAHCTBO U BPEMsl, M TAKUM 00pa30OM MPeICTaBUI PEISITUBUCT-
ckuii BapraHT. OH ke BBEJI COBpeMEHHYI0 Opa-KeT Hotauuio <PsilPsi>. YpaBuaue [lupaka onuceiBaer
KaK JBM)KEHUE JIEKTPOHOB, TaK M B3aUMOJIEHCTBUE MEXIY KBApKaMU IPH MOMOILIM [TTIOOHOB. JTO
JIersio B ocHOBY KBaHTOBOW Teopuu MoJisi.
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Hepemennnie 3agaun

CoBpemenHast pu3uKa YHUUITUPOBAJIA TTPUPOAY 0 HEBOOOpa3WMOU crereHu. MHoroe u3
TOTO, YTO B IIKOJBHOM Y4eOHMKe (PUTYpHpYeT KaK OTAENbHBIE CHJIbI, OKAa3bIBAETCS MPOSIBICHUEM
OZIHOTO 1 TOTO ke (peHoMeHa. CHITBI TPEHUS U YIIPYTOCTH MOSIBIISIIOTCS B PE3Y/IbTaTe IEKTPOCTaThYe-
CcKoro B3anmozencTBus. Tyna ke Hy)KHO OTHECTH U XuMHI0. HepBHas cuctema MCTosb3yeT JeKTPH-
yeckue curHaibl. OTHAKO HEKOTOpBIe BU/IbI MH(OPMAIIMU TIepeHOCATC uepe3 onoxumuio. Pusno-
JIOTH CYMTAIOT 3TO BEJIMKUM OTKPBITUEM. MEX1y TeM, XUMHUECKast PeakIys — TO B3aUMOJCHICTBUE
NIEKTPOHHBIX OOOJIOUEK aTOMOB, a B MPOBOJHUKAX TOK MEPEHOCUTCS CBOOOTHBIMHU IEKTPOHAMM.
Hakoner, craTuctuyeckasi TepMOAMHAMYUKA BBIBOAUT JJABJICHUE Yepe3 yCpeJHEHHE OTICIbHBIX CTONK-
HOBEHUI MOJIEKYJI CO CTEHKaMU pe3epByapa.

TeMm He MeHee, He Bce yJaeTcsl yIakoBaTh B OIHO ypaBHeHue. CTaHiapTHast MOJIelTb, TIPU BCeit
CBOEH TOUYHOCTH, OCTaBJIsIeT 6€3 OTBETa KJTIOUEBbIe BOITPOCHI:

I'paButarms: OHa He BKJIIOYAET TPABUTAIMIO, OOHY M3 YeThIpeX (PyHIaMEHTAIbHBIX CHII MTPHU-
POIBI U HE MOKET OOBSICHUTD, TIOUEMY I'PAaBHUTALIMSI HACTOJIBKO crnabee Jpyrux CHil.

TemHast MaTepus 1 Heprus: Bunumas mMarepusi, Kotopyio o0bsicHriia CtangaptHas Mojenb,
YUHMTBIBAET TOJBKO 5% comepxumoro Beenennoit. OHa He 1aeT 0ObsICHEHUsI TPUPOJe TEMHOM Mate-
pyu (KoTopast cocTaBiisieT OKoJio 27%) v TeMHOU SHepruu (0Kosno 68%), U3 KOTOPBIX COCTOUT OOJTh-
I1ast YaCTh U3BECTHOTO MHpA.

Acummerpust Mmatepun/aHTuMateprn: Mozenb He 0ObsICHSIET, ToYeMy B BUIUMOI BceneHHoi
npeodiagaeT MaTepus.

Macca HeiitpuHOo: HeTprHO UMEIOT Maccy, 4To He ObLIO MPEAyCMOTPEHO UCXOHON MOJIEIBIO.

Hepapxust macc: Monenb He OOBSICHSIET, TIOUYeMY YacTUIIbI UIMEIOT T€ WJIM MHble KOHKPETHBIE
3HAYEHHUsI Macc.

Croa MOXHO JOOABUTH OTCYTCTBHE (PM3MUECKOM MHTepripeTauun Psi (hyHKIIMM B ypaBHEHUM
HIpenunrepa. OnqHAKO 3TO XapaKTePUCTUKA BCETo Moaxoaa. Tak, paccyskaas O BKIIOUEHUU IPaBHUTa-
IIH, YaCTO TOBOPSIT O HEOOXOAMMOCTH corsiacoBanust ¢ O011eit Teopreit OTHOCUTEIBHOCTH, UTO Cpasy
3a7aeT HarpaBJIeHNe JUIsl IBVKEHHS MBICITH.

Perienye 3TiX BOMpPOCOB OTKPHIBAET IMyTh AJIsI CO3aHus O0JIee MOJTHOM «TEOPUH BCETO».
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Teopus acpupa

AKcnoMaTHuecKoe OCHOBaHHE

HesaBucumo ot Toro, cymecTByer Jid 3(up B IEHCTBUTETBHOCTH, Mbl MOKEM MPEAIONOKUTH
ero CylIecTBOBaHHUE, pa3padboTaTh TEOPUIO B TAKOM IPEINOJIOKEHNH, a 3aTEM MPOBEPATh IKCIEPU-
MEHTAJILHO CJIEJCTBUS 3TOM TeoprH. Takoil Moaxox sIBJASETCS CTaHAAPTHBIM B TeX CIydasx, Koraa
U3yvaeMoe SIBIeHNe HEJOCTYITHO IS HEOCPEACTBEHHOTO HAOMIONEHHS.

Byznem npeanonarats, 4To MUKPOMHMP COCTOUT U3 YaCTUL 3(pUpPa TaK ke, KaK Halll MUP COCTOUT
13 aToMOB. Borpoc: MoxeM JIM Mbl IIEPEeHECTH TyJa 3aKOHbl B3UMOAEHCTBUA Mexay HuMu? bonee
KOHKPETHO: MOXEM JIM MbI CYUTATh, YTO YACTUILIbI 3(prpa MOAUMHAIOTCA TpeM 3akoHaMm HbioToHa 1 Ha
3TOM OCHOBAaHWMY BBIBOAMUTH 3aKOHBI IPUPO/IBI TAK Xke, Kak bosblivan BbiBes1 CTaTUCTUYECKYIO TEPMO-
auHaMuKy? Google Al BblAaeT 1o 3ToMy MoBOJY MPOCTPAHHYIO CIPABKY, CMbIC/I KOTOPOI CBOAUTCS
K CIIe[lyIouiemMy.

CambIM HafexkHbIM siBiIsieTcsl TpeTuil 3akoH. IIpMHIMIT COXpaHEHUsl SHEPIUU U MMITYJIbCa
SBJISETCS yHUBEpCaIbHBIM. [IepBblil 3aKOH Takke MOXHO OCTaBUTb. Borpoc, uTo ectb MHeprus?
Ecnm 310 JBMKEHME YacTULBI MEXKIY CTOJIKHOBEHUSMM, TO BE3JIe B JAJIbHEHMIIMX pacyeTax MallliHa
MOJTYAJIMBO MpeNoaraeT, YTo OHO MPOAOJIKAETCS MO MPSMOM € TOH ke CKOPOCTBIO.

Co BropsiM 3ak0HOM TpyaHocTel 6oibliie Beero. Uro ects cuita? CaMo 3TO NMOHATHE BO3HU-
KaeT Ha MakpoypoBHe. Ha oTJesbHy10 yacTHily MOKET AEHCTBOBATh TOJIBKO I10J1€, & [J1s1 3TOr0 HYKHO
BBOZIUTS ellle Oosiee MeJKue JacTuipl. [pyras npotnema — 4urto ecth macca? Tem He MeHee, 3TO
CBOICTBO MPUNMCHIBAIOT YyacTULaM. OHO MOPOXAAET UMITYJIbC, KOTOPbIA MOXHO MCIOJb30BaTh AJIs
pacuera JapjeHus. TakuM oOpa3oM, Mexay yacTuiiaMu HbloTOHOBCKME CUJIbl HE eUCTBYIOT. OHU
TOJIBKO CTAJIKUBAIOTCSI MEXIYy COOOH, HO MIMEHHO 3TH CTOJKHOBEHMS MOPOXAAIOT CHJIBI HA MaKpo-
YPOBHE.
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. Bonkos. «Knaccuueckas mexanuka mukpomupa. MM nomoraer nepeocmpiciutb CtangaptHyo Mozaemnb»

Ko/muecTBeHHAs OLlEHKA

Kak TosbKO CcTano IcCHO, 4TO aTOMBbI HE SBJISIIOTCS HEAETMMBIMU, HAYAJICS TIOUCK CJIEYIOIIETO
ypoBHsl. O4eBUAHBIN CIOCOO IKCIIEPUMEHTATIFHOTO UCCIIeIOBAHUS — ITOMECTHTh aTOMBI B YCKOPH-
TeJIb ¥ HaOmonaTh OOJIOMKH TIOC/ie CTONKHOBeHHs. [1o Mepe Toro, Kak JOCTYyITHasi SHEpPrusi pocia,
KOJIMYECTBO OOJIOMKOB YBEJIMUMBAJIOCH, YTO MONTYUYHIIO HA3BaHUE «300MapKa YaCTHUID».
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N. BonkoB. «Knaccuueckast mexannka Mukpomupa. A momoraer nepeocmbicints CTangapTHyio Moaeb»

KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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