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BceneHHasn ¢ LEGO : pyKoBOACTBO MO M3y4YeHno 0cHOB ¢pu3nkn / ben Crunn :
[nepesop c aHrnunckoro E. M. MakeeBon]. — Mocksa : 9kcmo, 2021. — 176 c.: vn. —
(MopapouHble n3gaHua. Hayka).

MoHATb GU3UKY He Tak TPYAHO, Kak KaxeTcs. PykoBoacTeo «BcenenHaa ¢ LEGO» — oTnunyHblIiA cnocob
BM3yann3aLmm cxeMbl BceneHHoid, BNOTb A0 ee Menbyaiillnx 31eMeHTOB.

Ecnun npepctaBuTb aetanb LEGO Kak aTom, MOXKHO NMOHATb, Kak BO3HMKNA 1 yCTpoeHa BceneHHas, uto
TaKoe aTOMHbI MMP, Kak B3aMMOAENCTBYIOT S/1eMeHTbI BHYTPU Hero.

KHunra npekpacHo unnioctpupoBaHa. byfeT nHTepecHa CTyAeHTam, npenofaBaTeNiaM 1 Bcem nobuTte-

nAam Hayku!
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Bce npasa 3aiumiueHsl. KHura nav nobas ee 4actb He MOXET ObiTb CKOMUPOBaHa, BOCMPON3BeAeHa B 3/1EKTPOHHOM NI MEXaHNYECKOU popme, B BUAE HOToKONMMU,
3anvcu B namsaTe IBM, penpoaykumm nim kakum-mbo nHbIM Criocob0M, a TakxXe UCMoIb30BaHa B J10601 MHGOPMAaLMOHHON cucTeme 6e3 roJsly4eHus paspeLueHns
OT naaaresis. Konnposai-me, BOCIpoOn3BeaeHne n NHoe 1CrioJib30BaHNe KHUrvi v ee 4actm 6es cornacusi mnanaresis sBJ1I1eTCs1 HE3aKOHHbIM 1 BJIEYET YroJioBHYIO,

aAMUHNCTPAaTUBHYIO U rpaxXaaHCKyro OTBETCTBEHHOCTb.
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BBEOEHWE

HAYYHbBIE MOAEAM

Korma MeHs cipainnBaoT: «HTo ecTh HayKa?», —
s TITy00KO B3mbIxato. OmpenereHne HayKe MOXKHO
JaTh C Pa3HbIX MO3ULINI — UCTOPUYECKOM,
dunocodckoii, npakTrnyeckou. BMecto aToro
g 0TBEYAl0, YTO HayKa, IT0 CBOEH CYTH, €CTh IIOMCK
1 CTpeMJICHHE K CO3TaHMIO KaK MOXHO 0oJiee
TOYHBIX AaHAJIOTMU IPUPOIbI. YUEHBIE CO3IAI0T
5TH aHAJIOTUH Ha SI3bIKE He CJIOB, HO MATEMATHKH.
OTH aHAJIOTU U TIPU3BAHbI CTATh UCTUHHBIMU
MaTeMaTN4YeCKUMU MOACTISAMU TOI'O, KaK pa60TaeT
BcenenHast m oTKyna B Hell Bce 6epeTcss. Ho Hamr
SI3BIK, PABHO KaK M MIO3TUYECKUIA CJIOT, 6eCCUICH
onucaTh UICTUHHYIO KPacoOTy IPUPOIHI.

OnHaAKO MOA3THI U YYEHbBIE PACXOAIATCS
BO B3IVISIAaX HA pa3BUTHE CBOMX PaboT.
N3noxenue CTUXOTBOPECHUSA 3aBUCUT OT
YeJI0BEUECKOTO MHEHM S, M3JIOKCHE HAyYHOM
MOZIEIU MPUPOAbI— HET. TOIbKO 3KCITEPUMEHT
C IOBTOPAEMBIMHU U IMMOATBEPKACHHBIMU
JaHHBIMUA MOXET CYMTATHCS HAYYHBIM
JoKa3aTeabcTBOM. Eciiv HoOBast HayuHast MOJEb
pa3 3a pa30M He HaXOIUT SKCIIEPUMEHTAILHOT'O
MMOATBEPKACHUSI, OT HEE OTKA3bIBAIOTCS.
B TakoM ciiyyae Moierb MEHSIOT — MJIU CO3IaI0T
a0COII0OTHO HOBYIO. Tak 1 pa3BrBajiach HayKa —

YEepe3 IMOCTCIICHHOC Pa3BUTUC 00Jiee€ TOYHBIX

MaTeMaTUYECKUX MOJIEIe IIPUPOABI.

SKcnepu MCHTAJIbHbIC JaHHBIC CJIYy2KaT
MOCTOSTHHBIM HAIIOMUHAHUEM YUECHBIM
0 HeJoCTaTKaX MPUHSITHIX HA HACTOS I
MOMEHT MaTeMaThuyecKux moneneit. Hecmorps
Ha TO, YTO Hallle HAyYHOe MOHUMAaHUe
MIPUPOJBI HECOBEPIIEHHO, MBI UCITOJIb3yeM
BTO HECOBEPILEHCTBO IS OMpPeaeICHUSI
JOIyIIEHHBIX ITOrpelnHocTel. Kak moka3piBaeT
HWCTOPHSI, HOBast HAyKa OOBIYHO CKPHIBAETCS
B I€TAaJIbHOM INOHMMAaHUWU 3TUX ITOT'PECIII HOCTEM.

[Tpy 00BICHEHNM CIIOXKHBIX UAEI MBI 9aCTO
PYKOBOJCTBYEMCSI COOCTBEHHBIMU aHAJIOTUSIMU
1 MOJEAsIMU. DTO 0COOEHHO 3aMETHO B HayKe,
KOTOpas JaJjieka OT Halllero KaXI0THEBHOTO
MMPaKTUUYECKOTo onbiTa. [11acTUKOBEIE TeTaIn
KOHCTPYKTOpPa, KOHEYHO, HE SIBISIOTCS
HacTosmuMmuy yactuamu. Kaxnasa rakas
JieTajdb COCTOUT U3 TPUJIMOHOB TPUJIJIMOHOB
yacTull. TeM He MeHee s IpeaIiojarak, 4YTo
OHHM MOTYT OBITh UCIIOJIb30BaHbI B KAYECTBE
YBJIEKATEIbHON 1 HATJISIAHOU aHAJIOTUU
cy0aTOMHOIro Mupa. YKe 1o Ha3BaHUIO
MOHSITHO, YTO IIJIACTUKOBAS JeTajlb KaK aHaJIor
He MOXeT onucaTh [Ipupoay B COBEpIIEHCTBE,
HO C €€ TIOMOII[bI0 MBI ITPUOAU3UMCS K TOMY,
9TOOBI yBUAETH BCeIEeHHYIO B cCaMBIX

MaJeHbKMX MacIlITabax.
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BBEOEHWE

hepMUOHDI
CraHAapTHas MOAEAb, OCHOBHOE pa3BUTHE KOTOPOM MPULLAOCH
Ha 60-70-e roabl XX Beka, Ha CErOAHALLUHUIA A€Hb CUMTaeTCcsa
Ayullie MOAEABIO HbIHELLHEro MUpa Ha YPOBHE B3aMMOAENCTBUSA ¢ 3
BEPXHUM OYapoBaHHbIM
3AeMeHTapHbIx YacTul,. K HacToseMy BpeMeHU B MOAEAb GbiAn
C

onpeaeAsieT pasmep, $opMy U pacripeAeAeHUe FraAaKTUK

KBapKu

(cMm. c. 164). Tak>ke et HEMOABAACTHA TEMHas dHeprus,
OTBETCTBEHHas 3a yCKOpeHue pacluupeHus BceaeHHoOM.

Ho Han6oAbLiee pasoyapoBaHue y GUMKOB-IAEPLLUKOB
Bbi3bIBaeT TOT $paKT, UTo CTaHAApPTHasA MOAEAb He O6bACHSAET,

BHECEHbI AULLIb MUHUMAAbHbIE USMEHEHUA, ee BEpPHOCTb 6biAa
MHOTOKpaTHO NpoBepeHa 3KCnepuMeHTaAbHbIM MyTeM.

U Bce e Mbl 3HaeM, YTo CTaHAaPTHaﬂ MOAEADb He ABAAETCA
yHMBepcaAbHOﬁ MOAEADbIO CTPOEHUA MUpa. TaK, OHa He MOXeT
SKCNepuMeHTaAbHO ONMnUcaTb TEMHYIO MaTepUio, KoTopasa

OTKYAQ C Ha4aAa BpeMeH 06Pa3OBaAMCb BCe cyuiecTeyioLlme

yacTuubl (CM. raaBy 8).
HUKHMIA CTPaHHbIM

CTaHAaPTHaR MOAEADb OMUCBIBAET XapaKTep BBaMMOAeﬁCTBMR

M CBOWMCTBA YaCTML, KOTOPbIE HA HACTOSAILLMI MOMEHT CUMTAIOTCS
byHAAMEHTAAbHBIMU. HU OAHY U3 HUX HEAb3Sl Pa3AEAUTb Ha
YaCTULbI MOMEHbLLE, TaK YTO OHU — CaMbl€ HACTOSLLME KUPTIUUMKH, SIS Mo
M3 KOTOPbIX COCTOMUT Halua BceAeHHas. DTa MoAeAb He coobuuaeT
HaM O COCTaBE YaCTULL, UX Pa3MEPaX U HE MOXKET MPeACKasaTb
CUAY B3aMMOAEMNCTBUS, GOpPMUPYIOLLYiO Haly BeeAeHHyio.
DTa MaTeMaTHyecKasi MOAEAb OTBEYAET SKCMEPUMEHTAAbHbIM
A3HHbIM — U OTBEYAET MPU 3TOM MOPA3UTEABHO YETKO.

CBOMM BEPOATHOCTHbIM MoBeAeHMeM YacTuLbl CTaHAApTHOM
MOAEAM HaMOMMHAIOT, CKOPEe, MOAS, CTpeMsLLMecs K 6eCKOHeYHOMY

NenToOHbI

CyLLLIECTBOBaHMIO BO BPEMEHU U MPOCTPaHCTBE, YEM TBEPAbIE YaCTULIbI.
B At06011 TOUKe BPEMEHM 1 MPOCTPAHCTBA AASl YACTULIbI CYLLLECTBYET

HEHyAeBasi BEPOSITHOCTb B3aMMOAEMCTBUS C APYTMMM YacTULamu. B

CAyYae, eCAU B3aMMOAGIMCTBUE HACTUL, COCTOSIAOCH, BCE BEPOSTHOCTH SNEeKTpPOHHOe MIOOHHOE
KOHLIEHTPUPYIOTCS B EAMHOI TOUKE MPOCTPAHCTBA U BPEMEHM C HEMTPUHO HEMTPMHO
orpeAeAeHHbIMU XapakTepucTMkamMu. MMeHHO 3Ta Touka BorAoLaeT

MPEACTABACHME O HaCTHULIE Kak O MAAEHbKOM TBEPAOM Luapuke. bes

AeTaAbHOro pasbopa MaTeMaTU4eCKMX GOPMYA TPYAHO OOBACHUTDL

MOAEBYIO MPUPOAY HacTuL,. 3AeCh U AaAee Mbl ByAEM UCMOAb30BaTb

AETCKUI KOHCTPYKTOP, YTOBbI OMMCaTh 3TH YaCTHULLbl B TOHKE UX

B3aMMOAEIMCTBUSA, XOTS aCMEKTbI, CBA3aHHbIE C UX MOAEBOM NMPUPOAOH,

MOTYT MPUBECTU HAC K BbIBOAAM, KOTOPbIE Ha MEPBbIM B3rASIA

MOKaXyTCA HEAOTUYHBIMMU.
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BBEOEHWE

MCTOPUA OUNINKHU
SJIEMEHTAPHBIX HACTHL

OneKTpoMarHeTnsM KeaHTOBas usmka

1750
BOAb®TAHT MAYAU

O [pu 6eTa-pacnaae
74 OCBOOOXKAAIOTCA HEUTPUHO. 1935
< Crpannua 123 XMADKM IOKABA
2) Me30Hbl ABASOTCS
1928 NEPEHOCUYMKAMU CUABHOTO
X 1803 B3aMMOAEMCTBNA
O AXXOH AAABTOH R AVIPAK B aTOMHOM fiApe
:[ MaTepis COCTONT U3 VpaBHeHWe Avpaka npeAckasbiBaeT i
L B o Macth ]'90_5 % CYLLECTBOBAHME MO3UTPOHA CrpaHuua 92
ol . AAbBEPT SUHLWUTEUH W APYTUX aHTMYACTHLL,
7 CtpaHuua 14 CeeT coCTOUT 13 GOTOHOB. CrtpaHuua 88
1897 1911 1935
AX. AX. 9PHECT MAPCAEH, KAPA AEMBUA
% TOMINCOH XAHC FEMIEP AHAEPCOH
L O6HapyxeH1e SAEKTPOHa, N SPHECT PE3EP®OPA O6HapyxeHue MIOOHOB
% NEPBOM Cy6aTOMHOM O6HapyxeH1e aTOMHOrO AAPa. B KOCMUYECKMX AyYax.
> YacTMLbI. CTpaHnuua 86 CrpaHuua 89
[l
<
T 1899 CECUA MAYDIAA,
LA SPHECT PE3EPOPA 1919 CE3AP AATTEC
O O6HapyxeHue arbda- SPHECT PE3EP®OPA N AXKY3EITME
1 GeTa-U3AYYEHNS. O6Hapy>xeHue NpoToHa.
Crpanuua 86 ]_932 Ob6HapyxeHue n1oHa,
A)KEﬂMC YEABUK Me3oHa tOkasbl.
OB6HapyXeHVe HENTPOHa. CTpaHuua 92
PapgnoakTnBHOCTD KocMuyeckue nyun

10
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HIEAAO

MAKOPAX ppayC C/
LLBEMT K

MpeAckasaHue KBapKoB.

DAEKTPOCA

a2

A
B3aMMOAE
e
MpeAcKasaHme C
W-1Z

.
Ctpanuua l

1964 MbEP ®2
MUTEP XUITC ﬂpeA/\o)KeHa (( _

NpeackasaHue 6030Ha Xurrca.

cynepcmmme |

CrpaHuua 138 CranaapTHas b
CrtpaHuLua
OY32H
YEMBEPAEH, 1o%& :
SMUAUNO CETPE, DZERO U CDF
KAAMA BUTAHA SKCMEPUMEHTDI
N TOMAC O6HapyxeH1e UCTUHHOTO
UTMCUAAHTU KBapKa.
O6HapyxeHve CtpaHuua 125
AHTUMPOTOHA.
1964
BAA ®UTY 1998
M AXKEMMC CYNEP-
KPOHWH 1974 KAMUOKAHAE
ObHapyxeHwe HapyLieHWs BEPTOH PUXTEP Ha6~/\|erHme 3a
CP-uHBapuaHTHOCTH HENTPUHHBIMK
i KZOHax. N COMIODA TUHT oot
O6Hapyxehue J/VY-me30Ha,
CrpaHunua 156 NepBOI OYapPOBaHHOM YaCTuLIbI. CrpaHuua 147

CrpaHnuua 106




BBEOEHWE

DepMUOHDI

Kak 1 A1o6yto ApYryto MHCTPYKLMIO, 3TY KHUTY Mbl

HaYyuHaeM Cc nepevyucAaeHuns AETaI\eﬁ BCe€X OCHOBHbIX
KUPMUYUKOB, U3 KOTOPbIX COCTOUT Halla BceaeHHas. ©

Kpome Toro, Mbl 3aTpoHEM HEKOTOpbIE MAEU, KOTOPbIE = c
az BEPXHMN OYapoBaHHbIN MCTUHHbIN unbHoe
nosxe paccMoTpuM noppobHee. MoTpebyetcsa MHOro % B3aMMoO=
CAOB U 6230BbIX MOHATUM, TaK UTO 3TOT pa3peA byaeT ;E“ ACUCIBRIS
XOpOLU€EN OTNPABHOM TOYKOM HALLEro AaAbHENLLEro
NOBEeCTBOBaHMUS. 2
HUSKHUMA CTpaHHbIN npenecTHbIN
Y106bI YacTHLbI Aerye HbIAO 3aMOMHUT, UX BECbMA KCTATH .
M306pa3nAM Ha BKAAABILLIE KHWUTU, 2 €€ BHY TPEHHMIM KAamaH 3
E i NeKkTpo=
COAEPXMUT MUHUMAAbHBIM FAOCCapUil HEOHBXOAUMbBIX TEPMUHOB. e e
= B3auMoaencTemne
ac SNEKTPOH MIOOH Tay=nenToH
O
[= :
=
]
= Cnaboe
B3auMO=
SNEeKTpOoHHOe MIOOHHOE Tay= 3
OcTaBLIasACA YaCTb KHUMM MO3BOAUT COCPEAOTOUUTHCA HEMTPUHO HeMTpUHO HeTpUHO RfEEmEAIE

HEMOCPEACTBEHHO Ha UCTOPMM, @ Ha4aTb €ro Mbl cobupaemcs
C AYYLLETO U3 BO3MOXHbIX MECT, B GyKBaAbHOM CMbICAE

Mone Xurrca
¢ Ha4aAa BpeMeH — ¢ Boabwioro B3pbisa. C sToro MomeHTa
Mbl HaHeceM Ha KapTy Bce 14 MMAAUAPAOB AET CO3AAHMS BCEM Semer Yimes
HOPMaAbHOM MaTEpUU, YTO HAC OKPY>KaeT, — OT KBapKOB
M SAEKTPOHOB AO XMMMUYECKUX SAEMEHTOB. DTa UCTOPUS
KacaeTcsi TOAbKO MaAEHbKOW FPyrfbl YacTUL, MEPBOro
M CAMOrO AETKOTO MOKOAEHMUsI — BEPXHUX U HUXKHUX KBAPKOB,
3AEKTPOHOB M HENTPUHO, U, COOTBETCTBEHHO, aHTUIAEKTPOHOB
(MO3UTPOHOB) M aHTUHEMTPUHO. DTa YaCTb UCTOPUM —
0 3BE3AaX, UX POXKAEHMM, CYLLLECTBOBAHWUM U O6pbIBaIOLLEM

€ero B3pbiBe.
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MABA MNMEPBASA
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Bcsa Mamepusa eoKpyz2 HaAc cocmoum UxX XuMu4yecKkux 3AneMeHmoae,
a Kaxcobil U3 HUX cocmoum u3 amomoe OnPEOEAEHHOZO muna.

ATOMbDI

B npeacTaBAeHuu rpeyeckoro puaocoda Aemokpura,
>kuBLuero ¢ 460 oo 370 rr. Ao Haluel 3pbl, BCIO MAaTEPUIO
MOXHO pa3AeAuTb Ha Bce 6oAee U 6oaee MeAKHE
YacTULLbl, MOKa HAKOHEL, He MOAy4YnUTCA YacTuua,
pPasAeAnTb KOTopyio 6yAeT y>ke HEBO3MOXHO. DTa
HauMeHbllaAa eAUHULa MaTepum 6blAa Ha3BaHa aTOMOM,
OT APeBHerpeyeckoro atomos — «HepAeAuMbIin». Uaes
AeMokpuTa, NOAyuMBLLAA Ha3BaHUE AaTOMUCTUYECKUN
MaTepuaAu3M, cMorAa npocyuiectBoBaTtb Ao XVIII
BeKa, KOrpa XuMus BbllLAQ U3 TEHU AAXUMUU U BOLLIAQ B
Hay4Hoe pycAo. HakanAMBaAuCb CBMAETEABCTBA TOTO,
YTO YUCTble XUMHNYECKUE DIAEMEHTbl pearmpoBaAu

APYr C APyrom c obpazoBaHneM HOBbIX CAOXHbIX
XUMUNYECKUX BELLECTB B LLEAbIX COOTHOLUEHUAX UX
Macchl, HaNpUMep, KUCAOPOA U BOAOPOA pearupoBaAu
B cooTHolweHun 8 : | c o6pasoBaHuem Boabl (06paTute
BHUMAaHMUE, YTO 3TO COOTHOLUEHUE OTHOCUTCA K

obLieMy BeCy aTOMOB, @ HE MX YUCAY).
AHranyaHuH A>xoH AaAbTOH MPEAMOAOXMUA, YTO 3TU
npoLL,eccbl CBUAETEABCTBYIOT O TOM, YTO BellLeCTBa
COCTOSAIT U3 MMKPOCKOMUYECKUX YaCTUL, — aTOMOB,
M YTO KaXKAbIi XMMUYECKUA IAEMEHT COCTOMUT U3
onpeAeAeHHOro Tuna atomoB. HoBas aTomucTuyeckas
Teopusa AaAbTOHa npocylecTBoBaAa Ao KoHua XVIII
BeKa, KOrpa CTPaHHOE U3AyUY€eHHEe MNOKa3aA0, YTO aTOMbI
He COOTBETCTBYIOT Ha3BaHUIO — OHM COCTOSAT U3 elle
60Aee MeAKMX YacTuL,.

B 5Toli rAaBe Mbl NPOHUKHEM B aTOM, YTOObI U3YyUUTb
YaCTULbl, U3 KOTOPbIX OH COCTOMUT.

Kucnopog + 2 Bogopoaa




CMUCOK OETANEN M MPABUIA CEOPKM

MepBbiit psia TabAULbI MpeACTaBASIET cOB6OM BOAOPOA
(H) vt reanit (He) — aremeHTbI, B GOABLIMX KOAMYECTBAX
obHapyeHHble B paHHel BceaeHHol (c. 42—43), B To
BPeMs Kak BCe 3AeMeHTbI A0 xeAe3a (Fe) obpasoBaAuch

B 3Be3Aax (c. 58—59), a ocTaAbHble 3AeMeHTbl — B aroHuu

B3PbIBOB YMUPAIOLLMX 3BE3A.

LLlenoyHble HemeTannbl UHepTHble rasbl
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MABA MNMEPBASA

Bce HesepoamHoe pa3zHoob6pasue amomoe 8 npupode cocmoum
u3 MeHbWUX No pasMepy cy6amomMHbIX 4Hacmuy mpex munos.

3arnagpisas

B aTOMbI a




CMNUCOK OETANEW U MPABUIA CBEOPKM




MABA MNMEPBASA

Y kaxcdoli pyHOaMeHmaabHol Yacmuybl ecmb 60Aee MAccueHble Konuu,
nodo6Hble eli 80 8ceM, KpoMe Macchl.

[NoroneHue [NoroneHue

1 3

secccccsssccscscscsscso ol esecccccscsssccscsssns

U-KBapK C=KBapK

KBapku BepxHero Tuna 3apsip +2/3

W ouapoBaHHbINA, U UCTUHHBIN KBapK

TsXeAee BepxHero. Bce Tpu vacTuLpl umeloT
MOAOXKMTEAbHbIV 3apAA, HO COCTaBASIOLLMIA TOABKO

~ - o AB€ TPETU OT BEAUYUHbDI 3apAAa SAEKTPOHa.
BEpPXHUN H O4YapoBaHHbIN

d-KBapK b-KBapK

HUSKHMIA npenecTHbI

esescscscsscscscsccscse esecccccssscscsssscscne

e T 3apsiKeHHble AeNTOHbI 3apsi -1
i CBOWCTBA MIOOHA U Tay-AEMTOHA UAEHTUYHbI
ﬂ

Wﬂ CBOWCTBAaM SAEKTPOHa, HO OHM TsXeAee.
Bce Tpu MMeIOT 3AeKTpUUECKUit 3apsA, KOTOPbIN
SLCMIPOH UERISTeL) 1 MO3TOMY Ha3blBAIOTCS 3apPsKEHHBIMU ACMTOHAMM.

TPAaAMLMOHHO CHUTAETCA OTPULLATEAbHbIM,

3M1EeKTPOHHOe
HEeUTPMHO

Tay=HeNTPMHO
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