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«Bcé€ cyiuee ecTh ynucio»

[Tugarop

IIpeaucaoBue

[Tudarop HE TOABKO K TEKCTY, HO M K TeCTy. TeCTy Ha MaTeMaTUYHOCTh OKPY’KaIOIIEro
Mupa, BemectBenHoro Mupa u3 XUMHYECKHX DJIEMEHTOB. XUMUUYECKUE DJIEMEHTHI —
Yyucjia: HOMEpa XUMUYECKUX DJIEMEHTOB; YMCJIa DJIEMEHTAPHBIX YAaCTHUI[ U HYKJIOHOB B
aToMax XMMHYECKHX DJIEMEHTOB; KBAaHTOBBIC uucia ... . Bc€ B Mupe U3 XxumMudeckux
AJIEMEHTOB: MOJICKYJIbl, HAHOYACTHIIBI, TE€JIa, TA30IbUICBbIE TYMAHHOCTH, HEOECHBIE Tea,
CKOILJICHUS TajaKTHK, ... . Bc€ (Ha cerogHs) MHOXECTBO XHMHUUYECKUX DJIEMEHTOB,
cocTaBisomux 118 HOMEpOB, TpaaUIMOHHO pacrhpeneisor B [lepuoanmdeckux
Tabmumax. Ucxons u3 cBoux TabIWIl U3BECTHBIX HA TO BPEMsI XUMHYECKUX DJIEMEHTOB,
. . MenneneeB otkpsul [lepuognueckuii 3akoH. Ho 3ToT dyHIaMeHTaIBHBIN 3aKOH
[Tpupoasl ohopmileH TOJIBKO TaOIMYHO, CHOPMYITHUPOBAH TOJBKO CIIOBECHO, U HE UMEET
MareMatudeckux dopmyi. Tabmuiel 6e3 GopMyn — yuciaoBbie MHUPPH 0€3 KITIOUEH.

Matematudeckue GopMysbl — KIOUM K YUCIOBBIM UG pam.

Yacrs |

BBenenue k YUacrtu |

B Oomee yem [ABYXBEKOBOW HMCTOPHUU CHUCTEMATH3AlUA XUMUYECKUX JIIEMEHTOB
HamOonpmux ycnexoB B XIX Bexe mocturnm Oputaner] J»xon Anexkcannp Heromennc,
repmaneny lOnmyc Jlotap Meiiep u poccussnun Jmutpuii VMBanoBuu Menpenees.

B nocnenneii npuxknsnennoi Tabnune MenneneeBa O0bu10 1X rpymim:



(X. N, Meunenees.

VIII wanaune,

Cno., 1906 r.)

Hommnunan, MedanscCHduuxponansan Talmus H.M. Nenxexeens
«lICPHOMICCRAR CHOTEMA DACMCHTOR NO IPYNNAM M PAIAMS
OCHONM XyMB0

Tpynnu saemenron

11z w

v vi vii viiz
1 | Xopomit | Bozcpoa = 3 — L =5 -
H
1,008
2 Temdt Meexk |Sepunmwt| Sop Yozepon | Asor |Kxcscpeal ércp
He Li Be B Cc N [+] F
4.0 7,03 L 78 3 13,0 12,0 1¢,01 16,00 19,0
3 Heon Hampeat | Marxuit |Asmoundt| Kpeioondt | ¢ochop Cepa Xrmop
Ne Na Mg Al si ? s c1
19,9 23,08 | 24,36 27,1 28,2 31,0 32,08 38,48
4 Aprex Kamot | Kamsaodh | Cranaet | Tievax [Saxamck| Xpox |[Maprawezn| Xermeyo |KoSamww| Huwens
Ax K Ca Sc Ti v Cr Mn Fe co Ni
3 38,18 40,2 44,1 42,3 s1,2 52,2 55,3 55,9 59 5%
s Mens Daxx Tanme |Tepmaxuit| Masxsax | Cenex Spox
Cu Zn Ga Ge As Se Br
63,6 65,4 70,0 72,5 i 79,2 79,95
€ | ¥punwox | PyfapdtiCrpoxodt| Hrspaet |Iprowdt| Hxofaudt | MomeOaex — PyTewsct| Pormh |Namname
Kx Rb Sr b 2 2xr Nb Mo Ru Rh Pd
8, 2s,8 .48 85,0 90,6 94,0 96,0 301,7 | 103,90 106,58
? Cepefpo| Xamodt | umdt Cmonc | Cypaa | Teamyp ¥oa
Ag cd In sn| sb Te I
107,93 112,.4 118,0 119,0 120,2 127 127
L] Koewon | Ueawdit | Eapuit | Jawvax | Uepuit —— e = == < =3
Xe Cs Ba La Ce
128 132,9 137,4 138,9 140,2
’ = - — — - e = - =
10 o i . Hrreplast s Taxran | Bomwgpan - Omadh | Mpsusdt | Mzamiena
b Ta w os Ir | Pt
73 83 i%4 il 9 94,8
12 R o Famwdt 53 Tepsdt s Ypau
Ra Th U
225 232,58 23e,5

Puc.1. Ilocnennss npmwxusHenHas [lepunoauueckas Tabnuua

J.1. Menneneena.

Kak Buano Ha puc.l, y MenneneeBa ObUia HyjeBas TpyIa 3JIEMEHTOB, KOTOpas

cozieprKalia JOBOJIOPOIHBIC JIEMEHTHI 1o HOMepoM, odeBuaHO, 0 HeroTonwmii (3dup), a



o Homepom 1, oueBuano, Koponuii. Bogopon, no-suaumomy, umen Homep 2, I'ennit —
HOMep 3, ..., u T.n. JImMurpuii MIBaHOBHY MOYEMY-TO HE CTABWJI HOMEPA DIJIEMEHTAM,
BUJMMO, Iojlarasg 3TO OYEBUJHBIM IO TOPSAKY pACHOJIOKEHUS DSIEMEHTOB B
[lepuoauueckoit Tabnulie: cieBa HanpaBo B psaax (Iucaa U TOBOPHII UMEHHO O psijax, a
HE O TMEepuojaax) W CBEPXy BHHU3 caMux psanoB (mepuonoB). B BocbMo# (IeBSATON OT

HYJIeBOMH) rpymmne Obutu ToTbko TpHuansl: Fe, Co, Ni; Ru, Rh, Pd; Os, Ir, Pt.

My3bIKajabHasi OKTaBHAsi TApPMOHMSI, BOILIONIEHHAS B «3aKkoHe okTaB» HbroneHca B ero
CUCTEMaTH3allMd XUMHUYCCKUX JIEMEHTOB, UMEJIa CTOJIb 3aBOPAKUBAIOIICE BO3ACHCTBUE
Ha moxael, uro 120 nmer mocne otkpeitua MenaeneeBsiM Ilepuogunueckoro 3akoHa B
Mupe nonwszoBanck Ilepuogmdeckorn Tabmuueit xumudeckux siaeMeHTtoB u3 Y|
TOMOJIOTHYECKHX TPYIII 3JIEMEHTOB-aHAJIOTOB. B MOCTMEH 1€JIeeBCKUI TIEPHO]T BIUIOTH 10

1989 r. nHaubosnee momysiasipHOW M MOBCEMECTHO HCHOJb3yeMol Obuta Ilepuogmueckas

Tabnuma Buaga:

NEPYOANYECKAA CUCTEMA XUMMUYECKWX SNEMEHTOB [L.W. MEH[I,EHEEBA

repynnes 9 nEMEHTOTSB {§

1l 11 v v Vi vil Vil
a 6la i 5 [}

JLH. Mennences
1834-1907

NOPAAKOBLIA
HOMEP

¥
1 cumBon
. | 2nemeRTA

HA3BARWE
INEMEHTA

OTHOCHTENBHAR
ATOMHAR MACCA

PACNPEAENEHHE
3INEKTPOHOB
nocnoam

10

. i ,
sucune | RO R,0, | RO, | R,05| RO, | R,0, RO, ] e
oo RH, | RH, | H,R | HR B ¢ e
AMHEHHA
D 1-anementi

IIAHTAHOM

Puc. 2. Haubonee pactipoctpanénnas dhopma [lepuoamaeckoit Tabauisr XuMuaeckux

3j1eMeHTOB 10 1989 1.
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[lo cpaBHenuto ¢ mociennen nprxkusHeHHoU Ilepuoanueckoit Tabnuneit Menaeneesa
HYJIEBOW TPYIIBI BMECTE C HYJIEBBIM 3JIeMEHTOM W KopoHHeM HeET, mepBblii HOMEpP Yy
Bognopona, I'enuii u uHEpTHBIE ra3bl U3 ObIBLUIEH HYJIEBOW IPYIIIbI IEPEHECEHBI B TPYIIITY
YIll, rne pazmenieHsl U Tpuaibl 0JaropoaHBIX METaUIoB. ['enuii moaHsAICS HA OJIUH P

BBIILIE K CTOUT HOMEPOM 2 B OJHOM psaAny ¢ Bogopoaom uepes 6 rpynn B KpaliHe# paBoit

riaBHoi noarpymnmne Y 1| rpynmsi.

Pasmemenue 'enus Hag HeoHoM U IpyruMu MHEPTHBIMH Ta3aMH ObLIO BIIOJIHE MOHATHO
U OINpaBJaHO BO BpemMeHa MeHeneeBa, Korja He 3HaJId O CTPOEHUU aTOMOB, U HE ObLIO
KBAaHTOBOM MexaHuUKU. B camom nene, ra3 ['enuii Oosiee MHEPTEH, 4yeM BCE APYrue
MHEPTHBIE Ta3bl 1 UMEET HAUMEHBIIYI0 aTOMHYIO Maccy cpeau Hux. [loaromy noruuno
ObUIO cTaBUTH ['enuii HA MepBOe MECTO THUIIO33JAIOIIETO 3JIEeMEHTa B TOMOJOTHUYECKON

I'pylIic HHCPTHBIX aTOMAPHBIX 3JICMCHTOB-aHAJIOT'OB.

Ho, korma OTKpBIIM CTPOCHHWE AaToMOB, M OBUIO YCTaHOBIEHO, 4YTO B SBICHUHU
MEPUOAMYHOCTA CBOMCTB XUMHUYECKHX JJIEMEHTOB JIKUT KBaHTOBO-MEXaHHYECKas
OCHOBa (POPMHUPOBAHUS IEKTPOHHBIX 000JI0UEK, CTAHOBHUTCS HETIOHSATHBIM ITOJIOXKCHHE
I'enus Ha puc.2. D10 B Tabnunax u3 Yl rpynn. Ho, Takas sxe kapTuHa coxpaHsercs U B

COBpEeMEHHBIX, mocie 1989 r., tunax [lepuoguueckux Tabnui ¢ 18-10 rpynmnamu.

c’ N° 0" F¥ Ne
e

NONT AP WO 159008 P UGN B I
Sil NP SR S R C IR AY
R Gocgen Focp. Horon.
A0S ¥ NI W 2065 o 348 o £
Ge® As™ se® Br Kr

P oo
ne P n nw S N H o
sn® sb¥ Te? 1% Xe
4

187 PP me & 2160 ¥ 1259 7 ma
Pb” Bi" Po® At" Rn
Comay. Bacwyr Mo e Pae
N719 AP 28 Y 0% M A 2201
% Uug ™ Uup * Uuh 7 Uus ™ Uuo
Yeparnn Yopewnd Vepewcn opcnead Yupares

N 28GR 2 PO 2 B 20 BRYC  BY an

5 Rg ¥ cn™ uut
Yopepm

Puc.3. Ilepnoamueckas Tabmuiia XUMUYECKHUX DJIEMEHTOB ¢ 18-ThI0 rpymmamu,

pexomenayemas |lUPACom c 1989 r.
9



Vxe ¢ Oernoro B3riiAa Ha puc.2 U puc.3 oTYETIMBO BUJIHO, OyATo ['ennii BeIpBaH U3
€CTECTBEHHOI'0 TMOJOXKEHUA PAIOM C BoaopoloM M MEpPEeKHMHYT HA CaMyl0 MPaBYIO M
BepxHIOK0 no3unuio Haj Heonom. Ilpu »Tom Ha oboux puc. 2 U 3 BUIHO, UYTO KJIETKa
I'enus, mo uBeTy Takas ke, Kak y AByX Ipynn S-3yieMeHTOB. Kak S-anemMeHT ['ennii Mmoxer
OBITh THUIIO33JAIONIUM B Tpymme P-3aeMeHTOB? ABTOpbHI 3Tux Tabnwuil, MO-BUIUMOMY,
TaKuM BOIIPOCOM HE 3aJaBaJIUCh. EciiM K€ 3aJaBajiuCh, TO MPEANOWIN HE BBIXOAUTH 32
paMku cioxuBiuxcs B XIX Beke tpamunuii. A, Benb, Tabmuubl Ha puc. 2 u puc. 3
co3maBaiuch B cepeauHe XX Beka, Korja CTpOCHHE aTOMOB W (opMupoBaHuUe
AJIEKTPOHHBIX O0O0JIOYEK Ha KBAaHTOBO-MEXAHMYECKOW OCHOBE OBLUIM TOBCEMECTHO

MPU3HAHBI 1 IPUHSATHI.

Mexnay tem, cymectByeT llepuonuueckas Tabnauia XMMUYECKUX SJIEMEHTOB TI0 BEPCUU
’Kanera ¢ 4eThIpbMs S-dJIeMEHTaMHM B Hauaje (Ha caMOM BEpXy, CIpaBa, HaJ BCEMU
OCTJIBHBIMH S-dJIeMeHTamMu) Tabnuipl, KOTOpYH OH paszpabotan emé B KoHie 20-X

rogoB XX Beka.

VeTeE Janet left-step periodic table [hide]
1s H He
25 Li Be
2p 3s B C N O F Ne Na Mg
3p 4s Al Si P 5 Cl Ar K Ca

3d 4p 5s ScTi V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr [Rb Sk
4d 5p Bs ¥ ZrNbMo Tc RuRhPd AgCd In Sn Sb Te | Xe |Cs Ba
4t 5d6p7s LaCe Pr Nd Pm Sm Eu Gd TbDyHo Er TmYb LuHi Ta W Re Os Ir Pt AuHg Tl Pk Bi Po At Bn [Fr Ha

516d 7p8s Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Fl Uup Lv Uus Uuo [Uue Ubn

f-block d-block p-block 5-block
This form of periodic table is more congruent with the order in which electron shells are filled, as shown in the accompanying sequence in the
left margin {read from top to bottom, left to right). The placement of helium (& noble gas) above beryllium (an alkaline earth metal) ordinarily
attracts strong criticism from chemists.

Puc.4. Tlepnoanueckas Tabmuma XuMrudecKux 3J1€MEHTOB 10 Bepcun JKaHera.
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[IpsmoyronbHble OJIOKH S-, P-, d-, f-37eMEHTOB KOMIAKTHBI W  HENPEPHIBHO
MoCJeI0BaTeNIbHBl  ClpaBa HajleBO. PaclBeTka OJOKOB HECKOJBKO OTIWYAETCS OT
MPUBBIYHBIX I HAC KPAcCHOIO, JKEJITO-OPAHXKEBOrO0, CMHEr0 M 3€JlE€HOro 1BetoB. Ho
pacuBeTKa YCJIOBHA U MOXET OTJIMYATHCS B 3aBUCUMOCTH OT MPEANOYTCHUN U Tpaau A

pa3HbIX HAPOJIOB.

NueptHpii  I'enuit  BO3MIaBiIsIET  IPyHIly  XUMMYECKM ~ O4YE€Hb  aKTUBHBIX
II€JI0YHO3EMENIBHBIX METAJIOB. DTO Ul MOJABISIONIET0 OOJIBIIMHCTBA 0Opa30BaHHBIX
(co cpemHMX IIKOJI, JIMIIEEB M TMMHA3MM) JIOJEH COBEPIIEHHO HEMPUBBIYHO, Ja)Ke, HE
npuemiemo. Ho eciu MCXOOUTh U3 CTPOEHUS DJIEKTPOHHBIX 000J0UEK aTOMOB, TO TaKOE

PAacCIIOJIOKCHHUC I'enus HAaY4HO OIIpaBAaaHO.

I'enuit sgBnsercs S-DJICMEHTOM, KaK MICJIOYHO3CMEIbHBIC MCTAJJIbl, TOrJa KaK BCEC

6HaFOpO}IHBI€ ra3pl, HaZ KOTOPBIMU €TI0 TPAAUITUOHHO CTABAT B POJIM THUIIO3aAdr0IICTO B

TOMOJIOTMYECKOM I'pynIie HHEPTHBIX 3JICMEHTOB-aHAJIOTOB, SIBJISIFOTCS P-DJICMEHTAMMU.

Bunno, uro mpo6iemsl ¢ obmenpunsTeiMu [lepuoanueckumu TabnuiaMu XUMHYECKUX
AJIEMEHTOB JOBOJIbHO TI1yOookue. OHM CBSI3aHBI C TEM, UTO 10 cux nop y [lepuoanyueckoro
3aKoHAa XUMUYECKHUX DJIEMEHTOB HET JIOTUYECKOTo 000cHOBaHuA. [ hyHIaMEeHTaIbHBIX
3akonoB [lpuponpl, KkakoBbIM, Oe3ycinoBHO, sBiugercs Ilepuoguyeckuid 3akoH
XUMHYECKUX JJIEMEHTOB, JIOTUYECKUM OOOCHOBAHHEM MOXET H JOJDKHO OBITh

MaTeMaTHYeCKOe 000CHOBAaHHE U3 MAaTEMAaTUUECKUX IICPBOIIPUHIIUIIOB.

B wucropumn cucrematuzali XUMHUYECKHUX HJIIEMEHTOB OBLJIO MHOECTBO IOIBITOK
OXBAaTUTh BCE DJJEMEHTHl MaTeMaTh4deckoil ¢opMynold. bbulM TONBITKH W ¢
TPUTOHOMETPUYECKUMH, U C IKCIIOHEHIIMATBHBIMU, U CO CTENMEeHHbIMU QyHKIusMu. Ho
BCE OHM ToTeprienu Heynaauy. [lo-BuagumMomy, o mpUYHHE TOTO, YTO (PyHIAMEHTATbHbIE
3aKOHBI MPHUPOJABI HA CaMOM JeJie MPOCTbl, W BBIPAXKATBCA JOJDKHBI MPOCTBIMU
ypaBHeHHsiMU. Kak 3akOoH BCEMHPHOrO TATOTEHHUS, 3aKOH 3JEKTPHUUYECKOIO

B3aMMOJICUCTBHUS, 3aKOH HWHTEHCHMBHOCTH cBeTta. M B camMoM Jeile, BBDKHI H
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rOCHOJICTBOBAN HA NMPOTsHKEHUH 120 jmeT mpocTenni MaTeMaTUYECKUI 3aKOH OKTaB U3
MY3bIKaJIbHON TrapMoOHUM, 3a0keHHbIH HbtonenacoMm. Ho u 3aeck OblIM M3HAYaIbHO U
HapacTajli CO BPEMEHEM MpoOJEeMbI, KOTOPbIE Yepe3 CTO C JMUIIHUM JIeT MPUBEIU K
OTKa3y OT OKTaBHOM MpOCTOTHL. B camoMm xene, 3aKOHy OKTaB NOJYUHSIOTCS TOJIBKO
ANEeMeHTbl S U P 0110K0B, oT Jlutusa g0 OranecoHa. XMMHUYECKHE 3JE€MEHTHI C HOMEPAMHU
119 m 120 emé€ He OOHAapyKEHbI U HE CHUHTE3UPOBAHBI. DJIEMEHTHI S-, P-OJIOKOB
OTLIBEYEHbI COOTBETCTBEHHO 0ap/J0BO-KPACHBIM U >KENTHIM LBeTaMU Ha puc. 3. [lonHbIx
pAI0B U3 OKTaBbl (BOCbMU) «KpacHBIX U KENTHIX» XUMUUYECKHUX 3JIEMEHTOB TOJBKO 0, a
AJIEMEHTOB COOTBETCTBEHHO 48 M3 118 M3BECTHBIX HA CETOAHSA XUMHUUYECKUX DJIEMEHTOB.
Oto npumepHo 40,7% BceX XMMHUYECKMX 3JIEMEHTOB. JlJII MCTUHHOIO MaTEMaTUYECKH

BbIpakeHHOTO 3akoHa [Ipupoasl mpaBomepHo oxuaate 100%-ro oxBara 371€EMEHTOB.

NunykTuBHBIA (OT YacTHOTO K OOIIeMYy) TOAXOJ K CHUCTEMaTH3allMk XUMHYECKUX
3JIEMEHTOB MO MEPE OTKPBITUS BCE HOBBIX AJIEMEHTOB ONPABJAH C UCTOPUUYECKOW TOUKH
3peHus. Ho K cerogHsmuaeMy THIO OTKPBITUS U CUHTE3 JIEMEHTOB ITOJOIUIN K BEPXHEMY
npeeny MHOXKECTBAa XMMHUYECKHX 3JIeMEeHTOB. Hacrtamo Bpemsi mis AeAyKTUBHOU (OT
o0IIero K 4acTHOMY) CHCTEMaTH3allMd MHOKECTBA XMMHYECKUX DJIEMEHTOB. JTO HE
O3HAYaeT MpEeHEOpeKEHUsT WHAYKTUBHBIM METOJIOM, B OCOOCHHOCTH pe3yJbTaTaMH,
IIOJIyYCHHBIMU K CEroAHfAIIHEMY JHKO. Hanportus, pe3ynbprarsl AEAYKTUBHOTO
BBISIBJICHUS OOIIMX MATEMAaTHYECKUX 3aKOHOMEPHOCTEH B paClpelelieHUd YHCell
JOJKHBI COIMOCTABIIATHCSL C U3BECTHBIM HBIHE MOPSAKOM (HyMEpalHeil) pacupenesieHus

XUMHUYCCKUX 3JICMCHTOB, IIOJIYYCHHBIM HHAYKTUBHO B TCUCHHUC Oonee ABYXCOT JICT.

Hayka u npocBemenne/od0pa3soBanme

OO6yuenue, yuéba — 0CBOeHHE NTO3HAHHOTO. [l03HaHUE — NPOABUIKEHUE K HETIO3HAHHOMY,
oT ocBoeHHOTO. Hambonee nuHaMuU4YHBIC TPOABMKCHUS B TO3HAHWHM B TOcieqHue 2-3

BCKa CACJIaHbl B MaTCMAaTHKC, CI)I/IBI/IKG, xuMuu. ToH 3aJgaBajla MaT€MaTHuKa. Yrto Takoe
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teopeMa? OHa GopMynHUpyeTcsl B Hauajae MaTEMaTUYECKOr0 UCCIIEI0BaHHUs, T.€. 3a1a€Tcs
chopmynupoBaHHas 1eib. OcTanbHOE — JOKA3aTE€IbCTBO TEOPEMBI, T.€. IPOJBUKEHUE K
c(hOpMyIHPOBAaHHOMY B TEOpEME YTBEPKACHUIO (MCTHHE). XOTh U HE CTOJb YETKO KaK B
MaTeMaTuKe, HO M B TEOPETUYECKON (PU3MKEe, U B TEOPETHUECKOW XHMHH IPOIIECC
IIO3HAHUs HUIET II0 TAKOW XKe CXEeMe, IO TakoMy ke anropurmy. Ousuka U XuUmMus —
HanOoJiee MaTeMaTU3UPOBAHHBIE €CTECTBEHHBIE HAYKH.

U 3xech n3HaYaIbHO MOCTAaBUM 1IeNIb — peluTh MenaeneeBckyto [Ipobiaemy orcyTcTBUs
MaTeMaTU4eckol GopMysbl y (QyHIaMEHTaIbHOTO ecTecTBeHHOro 3akoHa [Ipupoabr —
[lepuoanueckoro 3akona xumuueckux anemeHToB JI.M. Menneneesa. Pemienne Oynem
UCKaTh B BUJI€ YUCIOBON (HOMEPHOM) cUCTEeMaTH3allMi XUMUYECKUX 2JIEMEHTOB.

Besikoe HaydHOe JOCTHXKEHHE ©0€3 €ro HCTOPHHM, HCTOKOB BBITVIJIUT OTOPBAHHBIM,
M30JIMPOBAHHBIM OT O0OIIero mporecca W moroka mno3HaHus. [loatomy obOpatumcs K

YUCJIIOBBIM UCTOKaM U HACIAM CUCTECMaTU3allU XUMHUUYCCKUX IJICMCHTOB.

1. /IBymepHoe npeacTaBjieHne MHOKECTBA XUMUYECKHUX JIEMEHTOB

N3nauanbho, emé ¢ koHua XY |l Beka xuMuueckue 31€MEeHTbI BLICTPAUBAIIH 110 MOPSAJKY
BO3pACTaHUsI aTOMHBIX BeCOB (Macc). Bc€ MHOKECTBO XMMUUECKUX DJIEMEHTOB, a UX YK€
B nepBoil yeTBepT XIX Beka HacUUTHIBAIIOCH Oojiee JecsITKa, BhICTpauBaidu B psad. K
60-piM Tomam XIX Beka YHCIO XUMHUYECKHUX DJIIEMEHTOB MpeBbIcHIO Yyxke 60. Psan
XUMUYECKUX 3JIEMEHTOB CTaJl CIMIIKOM JUIHHHBIM. CKOpee BCEro, 3TO OBbUIO TJIaBHOM
MPUIUHON OTCTYIUICHHS OT MPSIMOJMHEHHOTO OTOOPaKCHHMS MHOMXECTBA XHMHYECCKHX
sneMeHTOB. IlepBrIM B H3TOM HalpaBiIE€HUM CIEAyeT NpuU3HATh AJieKcaHapa e
[MlankypTya, KOTOpHIA B 1862 TOAYy MpeacTaBuil NUIUHAPUUYECKYIO (OPMY OTOOpaKeHUS
MHO’KECTBAa XUMHUYECKHX JIEMEHTOB.

B 1864 rony Anexkcannp HeloneHAC NOpenyioKWiI «3aKOH OKTaB» B JIBYMEpPHOM
pasMENICHUM MHOXXECTBA XUMHUYECKHX »dJieMeHTOB. ['omom mo3xe Jlotap Meiiep

MPEIOKUI ABE TaOnuIpl o 28 u 22 snementa. Uepes 5 ner, B 1869 roay npeacraBui
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ceoto llepuonuueckytro Tabnuiy xumuyeckux »diaeMeHToB Jmutpuit HBaHoBuY
MenneneeB. MmenHo oH BhepBble cdopmynupoBan Ilepuoguyeckuid 3akoH B
pacnpeneneHur XuMudeckux anemeHToB. Jlo 1989 roma B mupe (aktuuecku
MOJIL30BAIUCH KOopoTKornepuoaHoit Ilepuonuueckoit Tabnumeid XUMHUYECKUX 3JIEMEHTOB
JA.WN. MengeneeBa ¢  HEKOTOPBIMH  U3MeHeHusAMH. [IpumedarenbHO, dYTO B
KOPOTKOIIEPUOAHOM Ilepuonnueckoi Tabmuue XUMHUYECKUX 3JIEMEHTOB
NpUIEPKUBAIHNCH «3aKOHa OKTaB» Helonenaca. Takum oOpa3om, UMeHHO B 60-x rojgax
XIX Beka npou3omén nepexoa OT OAHOMEPHOTO MHOXKECTBA XHUMHUUYECKHUX AJIEMEHTOB K
UX JIBYMEPHOMY MHOeCTBY. [leproanyeckuii 3aKkOH XMMUYECKUX 3JIEMEHTOB, TOBOPSIT,
«apucHuics» J. U. MeHaeneeBy HMMEHHO HAa JIBYMEPHOM TaOJMYHOM INpEJCTaBICHUU
MHOYECTBA U3BECTHBIX EMY XMMUUYECKUX 3JIIEMEHTOB.

Kax Ob1 TO HU OBLIO Ha caMOM Jiefie, HO To, uTo [lepuonuyeckuii 3aKoH pacrpeaeneHus
XUMHYECKUX DJIEMEHTOB ObLI BBIABICH Ha JBYMEPHOM TAaOJUYHOM TMPE/ICTABICHUU
XUMHUYECKUX 3JIEMEHTOB — UCTOPUUYECKUI (aKT.

HmeeT cMbICI paccMOTPETh HEKOTOPbIE KOHKPETHblE (OpMBI TaOJUL, B KJIETOYKAaX
KOTOpBIX OyJIeM pa3MellaTh XUMHUYECKHE DJEMEHThl B MocienoBaTeabHocTH 118

HOMCPOB, HOHy‘IGHHOﬁ K HACTOAIICMY BPCMCHU.

2. JIBymepHas uucjoBasi Taéauna 10x12
Bo3pMéM MHO)kecTBO mepBbix 120 yucen HaTypajlbHOTO psia, KOTOPHIMHU MPOHYMEPYEM
KJIETOUKHU-KBajipaTku B Tabmuie 10%X12. Drto mHambonee mpoctas Tabmuia JUisl 4ucem
MIPUBBIYHON BCEM JAECATEPUYHOM CHCTEMBI cunciieHus. Ha prucyHke HUXke npencraBiieHa

Takast Ta0InIa.
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11 12 13 14 15 16 17 18 19 20

21 22 23 24 25 26 27 28 29 30

31 32 33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48 49 50

51 52 53 54 55 56 57 58 59 60

61 62 63 64 65 66 67 68 69 70

71 72 73 74 75 76 77 78 79 80

81 82 83 84 85 86 87 88 89 20

91 92 93 924 95 926 97 98 929 100

101 102 103 104 105 106 107 108 109 110

111 112 113 114 115 116 117 118 119 120

Puc. 5. Ta6muma 10%12 mepBeix 120 yucen HaTypaabHOTO psijia

BunHa nepnoIndHOCTh BO BCeM TabiMIle BCEX YMCEI IMepBoro paspsaa B 1-12 crpokax.
Bes tabnuna nepuoauvHa. B necsiTepudHON cuCTEME CUMCIICHHS TaK M JOJIKHO OBITh.
Paspsn u3 1-10 3ama€t (ompenenser) mMepuoaAUYHOCTH JIOOBIX Tabmwil u3 CTpok B 10
YUCElL.

[TocmoTpuM, kak Oynet BoIrasaeTh Tadiauna 10x12 ¢ 118-10 M3BECTHBIMM Ha CETrOJIHS

XUMHYCCKUMHU 3JICMCHTAMU.
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Puc. 6. Homepa xumuueckux 35meMeHToB B Tabauie 10x12.

Bce xumuueckue snemeHTsl fAensaTcs Ha 4 Buna (61oka). OHM Ha3bIBAIOTCS OJIOKaMu S-,
p-, d-, f-anemenroB wim S-, p-, d-, f-OokamMu. DTO M3 KBAHTOBOW XUMHH, TOBOJIBHO
clokHOM Hayku. Ho 11 Hac Ba)KHO ceifyac TOJIBKO TO, YTO JTFO00N XMMUYECKHMN 2JIEMEHT
00513aTENBHO SIBISIETCS WICHOM OJTHOTO M3 4-X 0JI0KOB. HeT XMMUYECKUX JI€MEHTOB BHE
9TUX 0J0KOB. Bee S-371eMeHThI TpaJuIImOHHO OKPAITMBAIOT B KPACHBIH I[BET, P-2JIEMEHTHI
— B KENTO-OpaHKEBbIH, d-3JIEMEHTHI — B CHHHI ¥ f-3]IeMEHTHI — B 3€IEHBIN.

[leprOIMYHOCTP XUMHUUYECKHUX HJIIEMEHTOB O3HAYAET, YTO KAKHWE-TO PsAbl IMOJHOCTHIO

MOBTOPSIOTCS B CBOMX paclBETKax XOTs Obl 0JuH pa3. Ha puc. 6 Takux psjgoB TOJIbKO 4
16



u3 12 panos, 1.e. ToabK0 33%. M3 3TOr0 MOXKHO caenarh BbIBOA: 12-TH psiaHas Tabnuia
n3 10 XMMHUYECKUX 3JIEMEHTOB B psJax HE NPUrOJHA JJI YUCIOBOrO IIH(PPOBaHUS

Ilepmognyeckoro 3akoHa.

3. /IBymepHas yucaoBasi Tadauna 8x15
3nech Takxke 120 umcen. Ho 8-mu pa3psanbiii «okTaBHbIA 3akoH» Hbronenaca ObLn
MaremaTuieckuMm 3akoHoMm [lepuoamyeckoit Tabmuibl XUMHUUECKUX JIEMEHTOB 710 1989
roga. I[loatomy u Mbl OyAaeM OXHUJATh BBICOKOM NEPHUOJUYHOCTH BO MHOMXKECTBE
XUMHUYECKUX DJIEMEHTOB B Tabnuie 8%15. Ha pucyHke HMXke mpencraBieHa Tabiuia

8% 15 XUMHUYECKUX DIIEMEHTOB.

113 /114 115|116 117 118 119|120

Puc.7. Ta0Omuna 8x15 XUMHUYECKUX IIIEMEHTOB.
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[ToBTopstommxcs cTpok 9 u3 15 nnm 72 xumuueckux snemMenTta u3 118. J1o cocrasuser
61%. JleiicTBuTENnbHO OOJIBIIION TIpOIIeHT Nepuoauzyemoctu. Ho go 100% nanexo.

Ecnu IICPBLIC 1-4 XuMHUYECKHMX DJIEMEHTA BLIHECTH 3a IMpCaCIIbL Ta6J'II/II_IBI, TO IIOJTYYHM:

117118 119|120

Puc. 8. TaGnuima 8%15 ¢ BRIHECEHHBIMU 3a TIPEACIIbI TaOIUIIBI TepBhiMU 1-4
XUMUYECKUMU DIIEMECHTAMH.
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3aecb Mbl uMmeeM 11 mnepuoamsupyromuxcsa psaoB, T.e. 88 u3 118 xummyeckux
AJIEMEHTOB. DTO COCTABISET OKOJO 74,6%, 4To BBIIIE Mpeapiayniero ciydas Ha 13,6%.

Xopouiasg NepuoAu3UPYyEMOCTb, HO Takxke fajieka oT 100 npoueHTHON.

4. JIBymepHasi yuciaoBasi Tabauna 16x8
16-pa3psaHyro TabauIly pacCcMaTpUBaeM B CBSI3U C TEM, UTO OHA KpaTHa 8-MH pa3psiIHOMN
tabnune, a Ha §-MU pa3psAHON TaONHIE JOCTUIIM MaKCUMaIbHOW MEPUOJAUYHOCTH B
74,6%. B aTom cnydae B Tabmwuie 128 4yuCIOBBIX 3j1eMEHTOB. TabiMila XUMHUYECKUX

QJIEMCHTOB JIsI 3TOTO Cliy4das:

Puc.9. Ta0muna 16X8 XUMHUYECKUX DIIEMEHTOB.

Onementol 121-128 oTHOcsATCS K crnenymoomemy 3a f-0iokoM (-0J0Ky OXKHIaeMbIX
XUMUYECKUX 351eMeHTOB. Ho ux moka HeT. [103TOMy XMMHYECKHUX 3JIEMEHTOB U B 3TOM
ciaydae Toipko 118. B Takoit Tabnuiie nMeroTcs 4 nepuogu3upyIONIMXCs psaaa, U B HUX
64 xumudeckux annemMeHTa. OHU COCTaBISAIOT MPUMEPHO 54,23%. DTO HAMHOI'O MEHBbIIIE
MaKCUMaJbHOTO 74,6%. YMEHBIIATh WIH TIOBBIIATE Jajee Pa3psAHOCTh TaOIHI] CMbICIA
He uMeeT. Mbl OJIyYWJIM BECh JUAIa30H NEPUOIU3UPYEMOCTH XUMHUYECKUX 3JIEMEHTOB.
K uckomomy pesynpraty — 100%-mMy oxBaTy BCeX XUMUYECKUX JIEMEHTOB HE MOIOILIH

U OJIN3KO.

BI)IBOI(Z PaspAaIHOCTb YHUCCII HC MOJKCT CIIYJKHUTDb OCHOBOH CHUCTCMATH3allMH XUMHUYCCKHNX

OJICMCHTOB.
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5. HekoTopble 3aKOHOMEPHOCTH HATYPAJIbHBIX YHCEJI

1. KBagpar HaTypalbHbIX YETHBIX uncen (2n)? mpu N = 1; 2; 3; 4:
(2n)? = 4; 16, 36; 64 1)
2. KBaapar mr000ro yucia N paBeH CyMMe MOCJIEI0BATEIbHBIX HEUETHBIX YUCEIT:
n?=3(2n-1) (2)
DTO MOATBEPKAACTCS MOCIIEA0BATEILHOM OICTAHOBKOM Kaxkaoro u3 N = 1; 2; 3; 4:
¥(2n-1) = 1; 1+3; 1+3+5; 1+3+5; 1+3+5+7
Torna: (2n)2 = 4n? = 2[2(1); 2(1+3); 2(1+3+5); 2(1+3+5+7)], (3)
U (2n)2 = 2(2n%) = 2(2; 8; 18; 32) 4)
[Tonmyunnucek uncnoBbie cABOEHHOCTU — Jlnanel u3 uncinoBeix Monan: 2; 8; 18; 32.

[Ipocymmupyem Bce Huanbl (4) ¢ yu€tom (2), (3) u nmpaBmia: «OT IEPECTAHOBKH MECT

ClIaraCMbIX CyMMa HC U3MCHSCTC).

>2(2n?) = 2323(2n —1) = 2{2[(1) + (1+3) + (1+3+5) + (1+3+5+7)]} =
= 2(2)+2(2+6)+2(2+6+10)+2(2+6+10+14) = 2(2)+2(6+2) +2(10+6+2) +2(14+10+6+2)

[lonmy4yeHHsblii pe3ynbTaT MPENCTaBIsET TOJMHOE KojaudecTBO Kp uucen B YeTHIPEX
Huanax u3 nap (2 nmepen ckoOkamu) MoHa1, KOTOPbIE COCTOSIT MOCIEOBATENbHO U3 1,

2, 3, 4 cnaraembIx (B ckoOkax). B cymme oHM COCTaBIISIOT:
Kp =2(2) + 2(6+2) + 2(10+6+2) + 2(14+10+6+2) = 120 5)

C yuérom (3) dbopmyny (4) MOXKHO 3amMcaTh Kak IOCIIEIOBATEIIBHOCTh KomdecTBa Ky

HomepoB N B Monagax nocnenoBarensHocT N = 1; 2; 3; 4 Jluan:

Kn = 2(2n%) = 222(2n -1) = 2[2(1), 2(3+1), 2(5+3+1), 2(7+5+3+1)] (6)
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[IpousBenss CyMMHpPOBAaHHME U PACKPBITUE CKOOOK B MmpaBod 4actu (opmynsl (6),

noyyuM pacrpenenenue konmuectsa Ky HomepoB N B n=1; 2; 3; 4 Jluamax:

Juanpl, N 1 2 3 4
Kn 2 2 8 8 18 18 32 32

OTO MMEHHO KOJIMYECTBA HOMEPOB, KOTOpbIE HE 0053aTEIbHO JOJIKHBI CIEAOBAThH IO
ONpEeNeNEHHOMY HapacTaroleMy nopsaky. Homepa ke DOJDKHBI IOCIEAOBATEIBHO
Hapactatb. Homepa N, B otnuune ot Ky o ¢opmyne (6), TOIKHBI BHICTpauBaThCA B

nocieoBaTesIbHO B MOHaAax 1-4 Jluan mo »Toi e mpocToit popmyiie:

N = 2¥2(2n -1), )

HO B CTpOro HapactarouieM nopsiake ot 1 mo 120.

Bce 3nauenus Ky u€rnbie. [IoaToMy MOXXHO TOCTPOUTH F€OMETPUUYECKOE BOILIOIICHHE
dopmyn (5) m (6) B BHJE€ BEPTUKAIBLHO-CUMMETPUYHOW TOCieaoBaTeibHOCTH 20-TH
pAIOB siueeK-KBaapaTukoB 8-mu Monana g 1-120 svomepo N B n =1, 2; 3; 4 JInanax-

YPOBHSIX CBEpXY BHU3:

21



3
4
n=
5
6
7
8
i 9
n=3
10
11
12
13
14
15
= 16
n=4
17
18
19

20

Puc. 10. BeptukaibHo-cuMMeTpuyuHOE 4-YpOBHEBOE pacIpeielICHUE TUEEK-KBaIPATUKOB

s 1-120 HomepoB B 20-tu psagax 8-mu Monan mo popmyne (6).

Panwr 1, 2,4, 6,9, 12, 16, 20 cocTtosaT u3 2 sueek, psaast 3, 5, 8, 11, 15, 19 — u3 6 sueexk,
panel 7, 10, 14, 18 — u3 10 sqeex, psagsr 13, 17 — u3 14 sdueex. B menmom ¢opma ¢
SUelikaMM HAIIOMUHAET BETBHCTYIO LEnKy. Psambl ¢ AByMs sdeifiKaMH BBITJIAAAT CTBOJIOM
Enkn. OuyeBHIHO, CTBOJI OTJIMYAETCsA OT BeTBel. UM mepBbie BeTBH YpoBHeW N = 2; 3; 4
OTJIMYAIOTCS APYT OT Apyra. Takum ob6paszom, Fika cocTapieHa n3 cTBoNa M TPEX pa3HBIX

BETBEH. DTH OYEBUIHBIC Pa3INYKs OTPA3UM TOHAMHU CEPOH IIKajsl (gray scale).
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Puc. 11. fueiiku Enku B pa3IMuHbIX TOHAX CEPOU LIKAJBI.

[lepBeiii psim mepBoW auanbl M3 JBYX sSuUeeK 3a7aéT OJAHOOOpa3re CTBOJOBBIX SUEEK
MEPBOTO TUMA B OCTAIILHBIX HIDKEISKAINUX MOJOOHBIX ceMH psaaax. TpeTuit psa (mepBolid
psan Bo BTOpoi Jluaje) 3a7aéT INECTHAYEEUHBIH IEpBBI THUI BETBM Eioku B
HUKENEeKauX MoAo0HbIX TsaTH psigax. CenbMoit psan (mepBolid psin B TpeTheit [uane)
3a7a8T JeCATHAUEEUHBIH BTOPOH THI BETBU EIIKM B HMKENEKAIIMX TPEX MOJOOHBIX
panax. Tpunaguateii psan  (mepBeli  psax B uerBéprodt  Jmame)  3amaér
YeTHIPHAAIATUAYEeUHbIH TPETHIl THIT BeTBH EJIKM B HIDKeTeKaIieM ogHoM paay. Takum
obpaszom, mepBele psaael ¢ 2, 6, 10, 14 suelikamMu SBISIOTCS THUIIO3aJAFOIIUMHU IS

HIDKEJICKAITUX TOI00OHBIX PAIOB, U Bce 120 ss9eek 3aKOHOMEPHO TOIpa3aeIIsioTes Ha 4
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THIIA.

IIponymepyeM si4efiKM  IIOCIIEOBATEIBHO B CTPOrO0 HAPACTAIOIIEM IOPSAJKE CIIEBa
HalpaBo B psAax C MOCJIEIOBATEIbHBIM MEPEXOJ0OM Ha HIKENEkKalIUue Psiabl CBEPXY
BHU3. [Ipu atom HOoMepa N = 1, 2, 3, 4 luan-YpoBHei u psagos 1-20, 3aduKCUpOBaHHbIE

Ha ¢ur. 1 u Homepa [{uaa-YpoBHel Ha Gur. 2, OycTUM.

9 10

13 |14 |15 |16 |17 |18

21 (22 (23 (24 (25 (26 (27 |28 |29 |30

31 (32 (33 |34 (35 |36

106 | 107 (108 | 109

113 | 114 | 115 | 116 | 117 | 118

Puc. 12. TlocnenoBaTenbHasi Hymepalys siueek Ha puc. 11.
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B cooTBercTBHU C pasaciIiCHUuEM A4YCCK Ha YCTBIPC THIIA M IMOCJICAOBATCIIBHBIC HOMCPpaA

1-120 pacnpenensercs 1Mo TUM YETHIPEM TUIIAM.

6. IpeoGpazosanue popmbl Eiaxn

®opma Enku Ha puc. 12 MOHOTOHHA, 4 YPOBHS BBIPAKEHBI He YETKO. MIMeeT cMbICH
nepeiitu k apyroit popme — Enke 1. Ilpeobpazosanue Enku x Enke 1 mposoaurtcs
MIOCJIE0BATENBHBIMU NIEPECTAHOBKAMH HABEPX PAJIOB HWKHUX MOHAJ /lnaja Ha ypoOBHSIX
2, 3 u 4, He HapyIIAIOUUMH TIPABUJIO: OT MEPECTAHOBKU MECT clilaraeMbixX (PsiJoB) cymMMa

HC U3MCHJCTCA. O‘ICBI/II[HO, Hp606paBOBaHI/IC JOJIDKHO OBITH 06paTHMBIMZ

- I

13 (14 |15 |16 |17 (18

‘21 |zz ‘30‘ |z1 ‘zz 23 |24 |25 |26 |27 |28 |29 ‘3o|

31 (32 33 |34 |35 (36 31 |32 |33 (34 (35 |36

’39|4041424344454547|43| .

49 |50 |51 |52 |53 |54 49 |50 |51 |52 |53 |54

39 (40 (41 |42 |43 (44 |45 |46 |47 (48

57 |58 |59 [60 [61 [62 |63 [64 |65 |66 |67 |68 |69 |ioj

71 |72 |73 |74 |75 |76 |77 |78 |79 |80 71 |72 |73 |74 |75 |76 |77 |78 |79 |80

81 |82 |8 (84 (8 (86 81 |82 |8 |84 |8 |86

“89‘ ‘ﬂ) 91 |92 |93 (94 |95 |96 |97 |98 |99 |100 101~|v‘101

103 | 104 | 105 | 106 | 107 (108 | 109 | 110 | 111 | 112 113 (114 | 115 |116 |117 |118

113 (114 | 115 | 116 | 117 | 118 103 | 104 | 105 | 106 | 107 (108 (109 |110 (111 (112

Enka — Enka 1

Puc.13. Tlpeo6pasosanue Enku B Enxy 1.
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Hosepuém Enky 1 Ha 90° mpOTUB 4acoOBOM CTPEIKU B FOPU3OHTAIILHOE MOJNOKEHHUE:

81 82 83 |84 |85 |86

113 114 115|116 | 117 |118

31 32 33 |34 (35 |36

13 14 |15 |16 |17 |18
49’50 51 (52 [53 [s54

Puc. 14. 'opuzontansHoe nonoxxenue Enku 1.

Huansi-YpoBuu 1, 2, 3, 4 umeroT KoHQUrypaluu ¢ Mocjie10BaTeIbHbIM HapaliBaHUEM
kBajgpatukoB oT Ksaapara u3z 4-x kBajgpatukoB 10  IIpsamoyronbHuka 8x%14 c

CUMMCTPUYHBIMHU CTYIICHYATbBIMH BBICMKAMMU.

Pasnecém BepxHue um HmxkHHE dacTh Juan-YposHeil Enku 1 1mo ropusoHTabBHONM OcH
CUMMETPUHM TaK, 4YTOOBl W3 HHUX OOpa3oBajach HEMpEephIBHAS MOCIEI0BATEIBLHOCTD

BEPXHUX U HUKHUX TOJIOBUH J(naa-YpoBHEN:

[26 |27 [28 |29 ]ao|

108 | 109 (110 (111 (112

‘44 45 |46 |47 143|

16 |17 |18
34 |35 |36
52 |53 |s¢
84 |85 |86
116 (117 | 118

31 (32 |33
49 50 |51
81 |82 |83
113 114|115

6
13 |14 |15

103/(104 | 105 | 106 107

ill |zz 23 iza 25
lae |4o a1 iaz a3

Puc. 15. IlocnenoBarenbHOCTh BEPXHUX U HIXKHUX MOJOBUH Jluan-YpoBHei

Enku 1 na puc..14.
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IlonyyeHHass  KapTHHAa  HAallOMHUHAET  «BOJIHY M3  CUMMETPUYHBIX  IIOJOBHUH
Huan-YpoBHenl. OHHM HW3MEHSAIOTCA W 10 IIHMPHUHE, W IO BBICOTE HA JBAa KBAJAPATHKA.
Takylo «UMIIYJIbCHYIO IIOCIEAOBATEIBHOCTBY PACIPENCIICHUS YUCEI-HOMEPOB HEIb3s
HAa3bIBaTh [IEPUOJUYECKOM, IIOTOMY YTO UMITYJILCHl HE OJMHAKOBBI U IIPOMEKYTKHA MEXKIY
HUMU (TIepuozbl) He MocTossHHBL. Ho ¢ y4€ToM TOro, 4uto mupuHa ¥ pazMax UMIYJIbCOB
IIOCJIEA0BATENBHO YBEJIIMUMBAIOTCS HA MOCTOSIHHOE YHUCIO 2, T.. MO0 apu(pMeTHdecKou
IIPOrPECCHH, IIOJIyYEHHYIO 3aKOHOMEPHOCTH MOYKHO Ha3bIBATh

HpOFpeCCI/IOHHO-HepHOI[quCKOﬁ HJIA KPATKO — HpO-HepHOI[I/III€CKOI‘/’I.

7. Cpéprka BeTBHCTOH Ejikn 1 B koMnakTHyIo opmy

[lepBas [Inana B Enxe 1 na puc. 13 yxe B xomnaktHoit ¢opme Kpaapara 2x2 u3z 4-x
KBaJApaTukoB ¢ HoMmepamu: 1,2.3,4. Ksagparsl 2X2 MOXKHO paccMaTpuBaTh Kak
KBaJIpaTHBIE CJIOM IIEPBOTO THIA, OKaWMIIsAoIMe BHYTpeHHuM KBagpar co CTOpOHOWH,

paBHoi 0. KBaapatsl ¢ kBagpaTuKkaMu Oy1eM MUcaTh ¢ IPONUCHOM OYKBHI K.

Bo Bropoit lnane Enxu 1 suetiku ¢ Homepamu 5, 10 u 13, 16 nmepemecTuM Tak, 4YTOObI
obOpazoBasicss Bropou Tunm KsaapaTtHoro cios u3 12 sueek, OKaMMIISIONIUNA TTepBBIA THIT

KBanpartnoro cnost u3 siueex ¢ Homepamu: 11,12 u 19,20.

B tperbeit Jlmage sueiiku ¢ Homepamu 31,36 u 49,54 mepeMecTHM TakK, 4YTOOBI
oOpazoBascsi BTopoil Tun KBamgpatHoro ciost u3 12 sueek, OKaiMIISIOIINUNA TIEPBIN TUIT
KBanpartnslii ciosi u3 siueek ¢ Homepamu: 37, 38 u 55, 56. Sueliku ¢ HoMepamu 21, 22,
23, 28, 29, 30 u suetiku ¢ HOMepamu 39, 40, 41, 46, 47, 48 nepeMecTUM TaK, YTOOBI
oOpa3zoBascs Tpetuii Tunt KBaapatHoro cinos u3 20 KBapaTUKOB, OKAWMIISIONIUNA BTOPOU

tun KBagpaTHoro ciios.

B uerBéproii {uane sueiiku ¢ Homepamu 81, 86 u 113, 118 mepemecTum Tak, 4yTOoObBI

oOpazoBasicst BTopoi Tun KBagpaTHoro ciosi, okaitmisitominii nepsoiid Tun KBagparHoro
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ciost u3 ssiueek ¢ Homepamu 87, 88, 119, 120. HAueiixku ¢ Homepamu 71, 72,73 u 103, 104,
105 nmepemectuM Tak, yToObI OOpa3oBaics Tpetuid Tun KBagpatHoro cios u3 20 syeex,
okaiimisronuii BTopoit Tun KBanpatnoro cnos. Sueiiku ¢ Homepamu 57-60, 67-70 u 89-
92, 99-102 nmepemectuM Tak, 4ToObl 0OpazoBasics 4eTBEPTHIM TUN KBagpatHoro cios ¢
BepXHUMH Homepamu 57-70, W HWKHUMU HOMEpamu 89-102 wu3 28 sueek,

oKamIIsiIOIMi Tpetuil Tun KBagpatHoro cios.

B pesynbrate  5THX IIepeMelEHMIl HOMyduM CBEPTKY pa3BeTBIEHHOH Enku B

KOMIIaKTHYIO0 Qurypy u3z Ksagpatos 2x2, 4x4, 6x6 u 8x8, HanoMHHAIOILYt0 MOHYMEHT.

14

22 (32 [33 [34 |35 |29

21 |31 36 (30

114 | 115 |116 [117 |
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Puc. 16. Monyment u3 1-120 sueexk B KBangparax 2x2, 4x4, 6x6, 8x8.

Tunuzanus TpOHyMEPOBAHHBIX AYEEK TOHAMH CEpOM IMIKaibl Ha (Ur.3 COXpaHUIIACh, HO

HE B JIMHEHHBIX pAaaax, a B KOHOCHTPHUYCCKU 3aMKHYTBIX KBaI[paTHBIX CJIOAX.

8. «BosHOBOe» pacnpeaejieHue 4YuceJ-HOMepoB B nojoBuHax Keagparos

BeprukaneHyro mociieioBarenbHOCTh KBaapatoB 2x2, 4x4, 6x6, 8xX8 cBepXy BHHM3 Ha
puc. 16 B yMmeHbuIeHHOM MacmTabe mepeBeéM Ha TOPU3OHTAIBHYIO UX

MMOCIACA0OBATCIIbBHOCTD CJICBA HAIIPABO:

52 |53 |47

105 | 106 | 107 | 108 109 | 110 |100

41 (42 |43 |44 |45 |46

40 |50 |51

39 |49

21 |31

22 (32 (33 (34 |35 |29
3 |30
E 54 |48

23 (24 |25 |26 (27 (28

) | 104 |114 115 |116 |117 |11 [101

9 (73 (74 |75 |76 [77 |78 |68

Puc.17. I'opusonTanbsHas nocieaoBatesibHOCTh KBaapaTtoB 2x2, 4x4, 6x6, 8x8.

Pa3zHecéM BepxHUE U HUKHHME MOJIOBUHBI KBaapaToB 2x2, 4x4, 6x6, 8%8 Ha puc. 17 B

HCIIPCPBIBHYIO ITOCJICA0BATCIIBHOCTD BAOJIb CpC,HPIHHOﬁ FOpHBOHTaHLHOﬁ JIMHHNU:

118 |112

116 |117 (111
108 | 103 | 110

7% |77 |78
84 |85 |79

-

7
103 113

73 74 |75
104 | 114 | 115
105 | 106 | 107

72 82 |8

Puc. 18. HenpepbiBHas ociea0BaTeIbHOCTh OJIOBUH KBaagpaToB-YpoBHEN:

2x2, 4x4, 6x6, 8x8.
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[lony4ynnack Mocaen0BaTENBHOCTD «BOJIH NPSIMOYTOJIBHBIX UMITYJIBCOB» C HapaCTaHUEM
apryMeHTa Ha 4 eIMHMIBL, a aMIUIMTYAbl Ha | €QUHUIY C KaXIOW IOCIEAYIOoIIEeH
«BOJIHOW». Her ompenensoomero npu3Haka NEPUOAUYHOCTH — IOCTOSHCTBA MEPHOIA.
IloaToMy Takass NOCIENOBATEIIBHOCTh HE SBISAETCS ~ MEPUOAUYECKOM B CTPOTrOM
ONPENEIICHNH TOHATUSA MEepUOANYHOCTH. HO, MOCKOJBKY aprymMeHT W aMIUIATyZAa
U3MEHSIOTCS Ha MOCTOSHHBIE 4YKcCia B apU(PMETHUYECKOW MPOTrpeccMd OT MUMIYJbca K
UMITYJIbCY, TO TIOJYYEHHYIO 3aKOHOMEPHOCTh MOYKHO Ha3blBaThb NPOrPECCUOHHO-

NEePUOIUYECKON (MPO-NIEPUOANUECKON).

Takum o6pazom, u s ciaydas [uannout (Enmounoit), m jis ciydas KsanpatHoit
(MoHYMEHTaNBHOM) GOpPM pacnpeaesiCHUs] HATypaJbHBIX YHCEI-HOMEPOB IMOJIYUYaIOTCs
MPOTPECCUOHHO-TIEPUOINYECKAsT ~ 3aKOHOMEPHOCTh B IIOCIEIOBATEIBHOCTH  HUX

pacmnpeneneHusl.

Enounoe Jlmamsoe (puc. 12, 13.) um MonymentanbHoe KsanpaTtHoe (puc.16)
pacnpeneneHuss  MPOHYMEPOBAHHBIX  SYEEK  MCKIIOYUTENBHO  MaTeMaTU4YeCKOro
(Teopernueckoro) mpoucxoxkaeHus. OHU MoryT ObITh 3G(PEKTUBHBI IS Pa3HBIX
MHOKECTB OOBEKTOB peaJibHOro Mmupa, Kak HCKYCCTBEHHBIX, TaK M €CTECTBEHHBIX.
Hampumep, B HCKYCCTBEHHBIX TIOCTPOCHHSAX TAKUM MOXKET OBbITh 3((HEKTUBHBIN
KIIMHOOOpAa3HbIN CTpOM  OOWIIOB, MOJpa3aciiCHUi, OOCBBIX MAIlMH, TAHKOB, CYIOB,
CcaMOJIETOB, BOMHCKUX COCIMHEHHM JUIsi TPOphIBA OOOPOHUTENBHBIX JUHUN WU
HACTYyMaTeNbHOTO (pPOHTA TNPOTUBHUKA. J[JI1 €CTeCTBEHHBIX OOBEKTOB MOYKHO

COIIOCTAaBUTDh HUX C PACIIPCACICHUCM MHOXKCCTBA XUMHWYCCKHUX 9JICMCHTOB.

9. Pacnpene.ﬂemm MHOKECTBA XUMHYCCKHUX IJICMCHTOB

Ha puc. 12 u Ha puc. 16 s4eiiku ¢ HOMepaMu JOTOTHIUM CHUMBOJIAMHU COOTBETCTBYIOIUX

XHUMHYECKHX 3JIeMEHTOB. Bee CYIICCTBYHOIIHEC HAa CECTOAHA XUMHUUYCCKHEC 3JICMCHTBI
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OTHECEHHI K 4-M Onokam: S, p, d, f. Slueliku ¢ XUMHYCCKMMH 3JIEMEHTAMU 3TUX OJIOKOB
OOBIYHO OTLIBEYHBAIOT COOTBETCTBEHHO KPACHBIM, KENTO-OPAHKEBBIM, CHHUM U 3€JIEHBIM
useramu. Ha Hmkecnenyromux puc. 19 u puc. 20 npeacrasieHsl uuciopas Eika Ha puc.
12 w YucnoBoit MonyMeHT Ha puc. 16 ¢ cMMBOIaMH XUMHYECKHX 3JIEMEHTOB U B LIBETAX
siueek S, P, d, T 6iokoB. [o moruke dopmyi (5) u (6) anementsl 119 u 120 101KHBI OBITH
S-anemenTamu. Ho oHu emé He oOHapyX eHbl U HE CHUHTE3UPOBAHbI. SI4eHKHU C 3TUMU

QJIECMCHTAMHM OTHBCYCHLI HE KPACHBIM, a TéMHO-KpaCHBIM IIBETOM.

8 [9NN|10

ATRN(ESTRNIEPE S Ccl |Ar
13 (14 |15 |16 |17 |18

C |Ge |As |Se |Br |[Kr

In [Sn |Sb [Te |I Xe
49 |50 |51 |52 |53 |54

TI [Pb |Bi [Po |[At |Rn
81 |82 (83 (84 |85 |86

Og
119 120 [E&H

Ts
117

Rn
86

Nh [FI |[Mc |Lv |Ts |Og
113 | 114 | 115 | 116 | 117 | 118

Puc. 19. Puc. 20.

Enka xuMuuecKkux 371€MEeHTOB. MOHYMCHT XUMHNYCCKHUX JJICMCHTOB.
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Pasmensl 5 u 7 3aBepIIMINCH BBIABIEHHEM 4YeTBIPEX THUIOB sdYeeK, KOTOphlEe ObUIH
3aQUKCUPOBAHBl PA3AMYHBIMM TOHAMHM CEpPOM IIKajbl. PaccMOTpMM COBMECTHO
Yucnosyio Enxy (puc. 12), uucnosoii Monyment (puc. 16), Enxy xummyeckux

aneMeHToB (puc. 19) ¥ MOHYMEHT XMMHUYECKUX 371eMeHTOB (puc. 20).

71 72 |73 |74 |75 |76 (77 |78 (79 |80

111 | 10:

110

Puc. 21. CoBmecTHOE nipencraBienue puc. 12, puc. 19 u puc. 16, puc. 20.

B Enounom pacnpesieieHun XMMUUYECKHX 2IEMEHTOB IepBas Mapa S-3JeMEHTOB IIEPBOTo
YPOBHsI IMPOSIBJISECT CBOK THUIIO3aJAOLIYK) POJIb TEM, YTO BCE Mapbl «CTBOJIOBBIX»
JJIEMEHTOB SIBIISIFOTCS  «KPAaCHbBIMM»  S-3jieMeHTaMH. B MOHyMeHTe XMMHUYECKUX
JJIEMEHTOB A3TOT THUI MPOSBISIETCS  «KPACHBIMW)»  KBAaJAPATUKAMU B YETBIPEX

KOHIICHTPHUYECKHUX CIOSIX U3 YEeTBIPEX siueek B KBagparax 2x2, 4x4, 6x6, §x8.

IlepBas opaH)keBast «BETBb» BTOPOTO YPOBHS EJKM XMMHUUYECKHX 3JEMEHTOB 3a4a€T THUI
OCTaJbHBIX P-371€eMeHTOB. B MOHyMEHTE BCE P-3JE€MEHTHI PAaCIOJIararoTCsl BO BTOPBIX

KOHIOCHTPHUYCCKHUX CJIOAX, OKaﬁMHHIOHIHX KBaI[paTBI U3 IBYX Iap S-3JIEMCHTOB.

IlepBass «cuHsISI BETBb» TPETHErO YPOBHSA EJNKM XMMHUYECKHX 3JIEMEHTOB 33aJa€T THI

ocTalbHBIX BeTBeH O-anemeHToB. B MonymeHTe Bce O-3ieMEHTBI pacmojiararoTcs B
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TPETbUX KOHHOCHTPHUYCCKUX CJIOAX, OKaP'IMHﬂIOI]_II/IX BTOPBIC KOHHOCHTPHUYCCKHC CJIOU

P-371€MEHTOB.

IlepBas 3enéHas «BETBb» YETBEPTOrO YPOBHS LJIKM XMMHYECKUX 3JIEMEHTOB 3a4aéT TUII
octaibHbIX 14-Tu f-amementoB. B MonymenTe Bce f-anmeMeHTBl pacmonararorcs B
YeTBEPTOM KOHLEHTPUYECKOM CJI0€, OKAMMIIAIOLIEM TPETUM KOHLICHTPUUYECKUN CIION U3

d-s;meMeHTOB.

Cpasnaenue puryp 1 ¢ 2 u 3 ¢ 4 Ha puc. 21 moKa3pIBaeT COBMAJACHUE TUMU3AIUU TUCCK
TOHAMH CEPOM IIKAJIBI U sYeek ¢ uBeramu S, P, d, f 6;mokoB. [Tockonbky Cucremarusaius
U TUnu3anus sueek ¢ Homepamu 1-120 Ha ¢urypax 1 u 3 ToHamu cepoil mIKaabl ObUIH
IPOBEJICHbl HMCKIIOUUTEIbHO MaTeMaTU4yecKu, TO U (Gurypsl 2 U 4 NpenCcTaBIsIOT
MareMarnueckyro Cucremarn3aunr0 W TUINH3aUUMI0  XUMHYECKUX  DJIEMEHTOB.
MaremaTrueckasi TUIIM3AlMsI COBMAAAET ¢ KBAHTOBO-MEXaHUUECKOM Thmu3anuel S, p, d,

f Onokamu.

CoBnazieHue KBaHTOBO-MEXAaHWYECKOW THUMNHU3ALMM XUMHYECKUX DJIEMEHTOB U HUX
TUINA3aMA HAa OCHOBE 3aKOHOMEPHOCTEW paclpelleNieHus HaTypajbHbIX YHCENT B
KBaJpaTax YETHBIX YMCENl YAUBUTEIBHO, JTake MOpa3utesibHO. Benp, uro momyuaercs?
HarypanbHbple uuncna, 4YE€THBIE 4YHUCHA, HEYETHBIE YHUCIA W3BECTHBI YEJIOBEYECTBY
THICSTYETIETHS. DTO TOJIBKO 4esnoBeuecTBy. B mpupone, Bo BeenenHoil oHM Bcerna ObUIH.
XUMHUYECKHE K€ d3JIeMEHThl Hadainu OoTKpeiBaTh Juiib B XYl Bexe. A uncna yxe

(GHaJIN» O I-IeTInI];)éX THIIaX XUMHUYCCKHUX 3JICMCHTOB.

10. 4-YpoBueBas [{uagnas Tadauua XuMHYeCKUX 3J1€eMEHTOB

Sueiikn Ha puc. 19 mocnemoBaTeNnbHBI, HO C OOJBIIUM KOJIHYECTBOM «(ITYCTOT» MEXKIY
Monagamun u [uagamu. VYIuloTHeHHWEM (QUTYpPBI, T.€. COKpAIICHHEM KOJIHMYeCTBa

«mycToT» Mexay Monagamu u [Quanmamu, nanee, pacHIMpPEeHUEM KBaJIpPaTUKOB 0
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MPSAMOYTOJBHUKOB  JUIA  BO3MOKHOCTM  pasMEUIEHHWs B HUX  JIONOJHUTEIbHOU
uHpopmauu (aTOMHBIE MAcChl, JJIEKTPOHHYIO CTPYKTYpY, YHUCJIAa HYKJIOHOB, ...),
HaKOHEI], Pa3MEIICHUEM B PAMKHA C HOMEpaMH YpOBHEW M ['pynm, MOXHO IOJYyYHUTh

4-YposHeByto [uannyto TaOnuiy XuMUYECKUX 3JIEMEHTOB:

ST wOoN«

[

Puc. 22. 4-YposueBas nagnas Tabnuia XuMHIECKUX 3JI€MEHTOB.

HaBepxy TaOmuiibl TMOMEIIEHBI TPU CHUMMETPUYHBIE TOJOCH C HOMEpaMH TPYII B
sueiikax S-, p-, d-, f-paciBeTok, B TOYHOCTH COOTBETCTBYIOIIUE I[BETAM SUYCCK B PsIaxX
atux 3neMeHToB. ['pyrmmm XXXII, HO cTonbmoB Bcero 14. YV Ilepuommueckoit Tabmuipl
IUPAC XVIII rpynm u 18 cton6bmoB. Homepa rpynimm B IBETHBIX sSUEHKaX TPEX MOJIOC B

TOYHOCTH YKa3bIBaIOT HA AJIEMEHTbI-aHAJIOrU 1Mo BceM crosnbuaM Tabmunel. CineBa cOOKy
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ykazaHbl HoMepa YpoBHew ([Quan). Mx Tonbko 4. Kaxnpiii YpoBeHb COCTOUT U3 JIBYX
KOJIMYECTBEHHO paBHBIX mnojdoBUH. Onu B Ilepuoamueckoir Tabmuue [IUPAC
npenacrasisatoTes [lepuogamu. Bee anemenTsl pacnonaratorcss B onHod Tabmuue 06e3
BHYTPEHHMX ITYCThIX siueek, Toraa kak B Tabmuue |UPAC 36 BHYTpeHHUX MYCTHIX sUEEK
HaBEpXY OCHOBHOW TaOJMIIbl, a JAHTAHOWJIbI M AKTUHOWJbl BBIHECEHBI B OTIEIbHBIC
JOTOJMHUTENbHbIE ~ TaONMIBl.  DTO  OCHOBaTeJIbHbIE  HApYUIEHUS  MPUHLHUIA
HEIMPEPBIBHOCTU-IEOCTHOCTH B IOCJHENOBATEIBHOCTH  XUMHUYECKUX  DIIEMEHTOB,
3asioxkeHHoro /.M. MeHneneeBbIM B KayecTBE INIABHOTO mNpuHUMna CucreMaTu3anuu

XUMHUYCCKHNX JJICMCHTOB.

11. 4-YpoBHeBas /InanHo-okraBHas Tabdauna XuMu4ecKux 3J1eMeHTOB

Hecmotps Ha TO, uto IUPAC ¢ 1989 1. pexomennyer mmuaHOomepuoanyr XVIII
rpynnoByto  Tabnuily XMMHMYECKMX DJJIEMEHTOB, TMOJaBisioniee  OOJBIIMHCTBO
00pa30BaHHBIX JIOJAEH M CHEIUATHCTOB «COXPAHSIOT BEPHOCTHY» KOPOTKOIEPHOIHOM
okTaBHON Tabnuie xuMuueckux dJeMeHToB. OHa Ha camoMm Jene yaoOHee s
00pa3oBaTeILHOTO, HAYYHOTO M MPAKTUYECKOTO IOJIb30BaHMs. B y4yeOHON, HaydyHOU U
TEXHUYECKOW JINTEpaType AABHO YTBEPIAWIINCH U YKOPEHUJIUCh TEPMHHBI: COEIUHEHUS
A'BY' | AMBY | ..., ngoiinbie cuctemst A" — BY', A" - BY |, ..., koTOpBIe BO3HUKIH B

MEPHUO/] ITMPOKOTO MOJIb30BAaHUSI KOPOTKOTIEPHUOAHON OKTaBHOM Tabnuieir MeHeneena.

[TepecranoBkamu stueek d u f amemenToB Ha puc. 22 6e3 HapyIICHUS UX HEMPEPHIBHOU
MOCJICIOBATEILHOCTH B PsilaX MOXHO MONY4YuTh 4-YpoBHEBYI0 JlMaaHO-OKTaBHYIO
Tabnuiy xumudeckux siemeHToB (puc. 23). Ilomydaercs JOBOJBHO MHOTO TYCTHIX
suyeek. Ho Bce OHM BHENMIHWE MO OTHOIIEHUIO K psAlaM C SYCWKaMU XUMHUYECKUX
AJIEMEHTOB H HE HapYyMAT TPUHININA HENPEePHIBHOCTH-IICIIOCTHOCTHOCTH. B

kopoTkonepuoaHoil xe Tadnuue Menaeneesa u B XVIII-tu rpynnosoit [lepuoauueckoii
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Tabmume IUPAC mnycTeie s4eiiku BHYTPEHHHE M OHHM HApyIIalOT MPHUHIIUI

HCTIPCPBLIBHOCTHU B3JICMCHTHBIX ITOCJICA0BATCIIbHOCTAX.

Hagepxy TaOauipl nomenieHa S-psjiHas cxema IMOCJIEI0BAaTEIbHOCTH HOMEPOB TIPYIII B
s4yeikax pacuBetok S, p, d, f OJIOKOB XMMHUYECKUX IIEMEHTOB. DTH HOMEpa OTHOCSTCS
TOJIBKO K COOTBETCTBYIOIIMM IIBETaM SYEEK XUMHYECKUX DJIEMEHTOB, HAmpHUMeEp, K
KpacHbIM TpymmaM | u |l oTHOCATCS TONBKO XUMHUYECKHE DJIEMEHTHI B KPACHBIX sSYeWKax
CBepXy BHM3, a K 3en€HbpIM rpynnam XIX - XXXI| uMeroT oTHOILIEHHE M0 BEPTUKAIAM
TOJIbKO COOTBETCTBYIOIIME JIAHTAHOWJIBI M aKTHHOUIB. Meap ¢ OJaropoJHbIMH
MeTtauiaMu U rpynna [{uHka okazanuch B ogHux cronbuax c¢ rpynmnamu | u I, yto emgé
Oomnbiie cOmmkaer oty Tabmumy c koportkomepuonnou VIlI-rpynmoBoit TaGmurei

Menpemneena.

m 1y Y Yi yn yi

SIMWOYL

=Y

Nh l Fl Mc Lv Ts Og

113 114 115 116 117 118

Puc. 23. 4-YposHeBas [luagHo-oktaBHas Tabmuia XuMHUIECKUX AIIEMEHTOB.
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12. 4-YpoBHeBass MoHnyMeHTa/IbHasi OKTaBHAas Tadjnua XuMHYeCKHX JIEMEHTOB

MOHYMEHT € pACIIMPEHHBIMM SYEHKaMU B paMKax C HOMepaMu YpoBHeH u ['pynn
npeacTaBisier 4-YpoBHEBYO MOHYMEHTadbHYI0 OKTaBHyr Tabnuily XUMHYECKHX

DJIEMCHTOB:

|
—

T =
86
...
113 119 120 118
P
114 115 116 1 117 |

Puc. 24. 4-YposueBass MoHyMeHTaIbHas OKTaBHasA Tabaua XUMUYECKUX SJIEMEHTOB.
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BeiBoanl o Yactu |

1. JlenykTuBHOE MaTeMaTUYeCKOE (apu(PMETHUECKOE) paclpeaeieHe HaTypabHbIX
yucen B KBazgparax mepBbIX YETBHIPEX UYETHBIX 4YMCEN NPUBEN K uX [lnagHomy, B
4aCTHOCTH, K 4-YpoBHeBoMy JlnagHoMy pacnpeneneHuro nepBbix 120
HAaTypaJIbHBIX 4uced. KonM4ecTBO  YHMCEI-HOMEPOB B MaTEMAaTUYECKOU
(apudMmernueckoit) nporpeccuu yBenauuuBaetcs oT Jwaasl k [Juwage. Itot
JNENYKTUBHBIM YMCIOBOW 3aKOH pacrpeaesieHus B IPUMEHEHUN K 118 MHIYKTUBHO
(3KCIIEpUMEHTAJIBHO) BBISIBICHHBIM B TEUYEHHE 2 BEKOB XMMUYECKHM 3JIEMEHTaM
ABJISIETCS ~ BBIPAXKEHMEM  MATEMaTUYECKOM TEOpHHM  3aKOHA  IMOPSAKOBOIO

pacnpcaciicHua XUMUUYCCKUX 3JICMCHTOB BO BCEM MX MHOKECTBE.

2. 3akoH BeIpaxkaeTcs oOmei popmMynoii:

N = 43(2n -1)

B YHUCIIOBBIX pasnokeHussX (5) u (6) mas MOJHOrO KOJUYECTBA HOMEPOB U HX

nocJieoBaTesibHOM HyMepanuei Ha puc. 10-13 npu n =1, 2, 3, 4.

3. Copeprkammiicss B KBajipaTax 4€THBIX YHCEI 3aKOH MOPSAIKOBOTO pAaCIpEaCICHUS
HATYpAJIBHBIX YHCEJI M WX THUIU3AUHUS COOTBETCTBYET JKCIEPUMEHTAJIbHOMY
MOPSAAKOBOMY pacnpeneseHUuo XUMHYECKHUX DJIIEMEHTOB u ux

KBaHTOBOMEXaHUYECKOW TUITU3ALIHH.
4. 3aKOH BOIUIOIIAETCS B  CUMMETPUYHBIX  HEMPEPHIBHO-LIEIIOCTHBIX  JABYX

4-YposHeBbix Jlmamueix Tabmumax (puc.22, puc. 23) u3z Yposuei-uax wu

4-YposHeBoit MonymenTtansHoi Tabmune (pur. 24) uz Yposuei-Kaapatos.
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Ha strom 3aBepmaercs UACTD |. Dta yacTh BHOJHE OOCTYNHA JUIsl MOHUMAaHUSA M
OCBOCHUs ydamumucs (5-9)-X KJIacCcoB CpPeTHUX YYCOHBIX 3aBEICHHN , KPOME MOHSTHIM
KBAaHTOBO-MEXaHWYECKOro NpoucxoxacHus. Ho mx B Tekcre  Mano, BAABaTbCs B
rIIyOMHBI U B CYTh HE CIEAYyeT, a MPOCTO HPHUHATH MOJpa3JeieHUEe BCEX XUMHUYECKUX
9JICMEHTOB Ha 4 BHJa WK Ooka: S, P, d, f B pasHbBIX paciBeTKax.

VYyamumces ke MocieIHuX JieT Yy4€Obl B CPEHUX YUEOHBIX 3aBEJICHUAX OYJEeT BIOJIHE

noctynHa ais ocsoenus u cienyroiias YACTD |I.

YACTDBb Il Cucrema ecrecTBeHHBIX 3JIeMeHTOB BcesieHHOM

BBenenue B yacth ||

[TIpobnema rpanuly CuCTEeMbl XUMUYECKHX DJIEMEHTOB CTOUT YK€ 0oJiee Beka. Y aBTopa
[lepronuueckoro 3akoHa pachpefesieHusl XUMHYECKHUX DJIEMEHTOB ObUIM  JBa
JIOBOJIOPOAHBIX yieMeHTa (puc.l) — Hyneoit Herotonuii (3¢pup) u Koponuit. [Ipeaenaom
[lepronuyeckoit TaOnauIpl XUMHUYECKUX DJIEMEHTOB OH cuutan Homep 118. Ho ¢
cepenunbl XX Beka Havalu HUPKYIUPOBATH MPOTHO3bI Ha XUMHUYECKHE DJIEMEHTHI C
HOMepamu u 6ojee 118 B, Tak HA3BIBAEMBIX, «OCTPOBAX CTAOMIBHOCTHY. ITH MPOTHO3BI
OCHOBBIBAJIUCh HAa O0OOJOYEHYHOW MOJIEIH SIep C MarMueCKUMH YHCIaMH HYKJIOHOB,
00JaaronX MOBBIIMIEHHOW YCTOWYMBOCTHIO K 3aXBaTy HOBBIX HYKJIOHOB, SJI€p WIH K
pacrialy Ha Jpyrue siipa W HYKJIOHblL. [loka HUM OJZHOrO XMMHUYECKOTO 3JIEMEHTa W3
«OCTPOBOB CTabWIBHOCTH» 3a 118 nsnemeHTOM HEe OOHApPYXEHO M HE CHHTE3WPOBAHO.
Tem He mMeHee, BEpOSTHOCTh 0Opa30BaHUs XUMHUYECKHX IJIEMEHTOB C HOMEpaMH Oolee
118 cymectByeT. Bonpoc TOAbKO BO BPEMEHH CYIIECTBOBAHUS TAKWX 3JEMEHTOB. Benb,
CYILIECTBOBATh JIOJKHBI XOTSI ObI HA BpeMs IPOTEKAHUSI XUMUYECKON PEaKIUu ¢ IPyTUMHU
aTOMaMU XUMHYECKHUX OJJIEMEHTOB. XUMHUYECKUMHU DJIEMEHTAMU [0 ONPEIEICHUIO

MNPU3HAKOTCA TOJBKO TAaKHC 3JICMCHTBI, KOTOPBLIC BCTYIIAOT B XHMHYCCKHUC PCAKIIHH.
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A eciM CylIEeCTBYIOT MEHBIIE BPEMEHM, JOCTATOYHOIO I AaKTa XUMHUYECKOTO
B3auMoieicTBU? Eciu CylecTByIOT, TO BCE K€ 3JIEMEHThI, HO HE XUMUYECKue, a foiee
oOlmel Kareropuu. OTYy KaTerOpUI0 JIIEMEHTOB MOXHO Ha3blBaTh €CTECTBEHHBIMU
anemMeHTamMu BceneHHoil. K HUM MOryT OTHOCUTBCS, HanmpuMmep, HEUTPOHBI. Benb, BO
Bcenennol peanbHO CyIIECTBYIOT HEUTPOHHBIE 3BE3/IBI.

XHAMHUYECKHE DJIEMEHTBI, OYEBUIHO, TOXKE OTHOCATCS K €CTECTBEHHBIM >JIEMEHTaM
BcenenHoi, 1 ©X MOXKHO pacCMaTpUBaTh KAK MOAMHOXKECTBO MHOXKECTBA €CTECTBEHHBIX
anemMeHTOB BcenenHoil. Pa3gen mocBaAmén paccMoTpeHuto CHCTEMBI €CTECTBEHHBIX
AJIEMEHTOB BceneHHOM, BKIIOYAOIIE paCCMOTPEHHYIO B Ipeablaylleil yactu Cucremy

XUMHUYCCKHNX JJICMCHTOB.

O0masi Teopusi CeNMAJIBLHOIO pacnpene/ieHNus] HATYPAJbHBIX YHCeJ

Pacnpenenenne HarypanpHbix uucen no Jlmanmam um KBagpataM, HCIOIB30BaHHOE B
Yacru | kak maTremMaThyeckuil ammapar CHCTEMAaTU3alMd W TUMHU3ALUN XUMUYECKHX
AJIEMEHTOB, MO CYIIECTBY SBUJIOCH CIIEIIMAIBHBIM PACIIPENEICHUEM HATYypPaJIbHBIX YHCEIL.
OHo OBITO MCIIOJIB30BAHO B OTpaHMYCHHOM HHTEepBaje N = 1, 2, 3, 4. D10 cnenuaibHoe
pacnpeneneHue B WHTEpBajie | — 4 HeNpepblBHO M LIEJIOCTHO OXBaTwio Bce 118
U3BECTHBIX XUMHUYECKUX 3JIEMEHTOB 0T Bogopona (Homep 1) no Oranecona (Homep 118).
Kpome atoro, cnenuanbHOE pacnpeiesieHHe HaTypajJbHbIX YHUCENl CIIPOTHO3UPOBAJIO JIBa
MOKa HE OTKPBITBIX XUMHUYECKUX 3JieMeHTa ¢ Homepamu 119 u 120. Xumunueckue
AJIIEMEHTHI SBJISIOTCS €CTECTBEHHBIMU dNieMeHTamu Bceenennoit. HebecHrle Tena cocTosT
13 XUMUYECKUX 3J1eMEHTOB. Ho BO BcesleHHOM €CTh U Ipyrue €CTECTBEHHBIC AJIEMEHTHI.
XUMHUYECKUE PJIEMEHTBI COCTABIAIOT JIUIIL MOAMHOKECTBO 00JiIee MOITHOTO MHOKECTBA
€CTECTBEHHBIX 2JIEMEHTOB Bcemennou. Uit pacnpocTpaHeHus — CHELUAIBHOTO
pacripefielieHusi HaTypajbHbIX YHCEI Ha MHOXECTBO €CTECTBEHHBIX JJIEMEHTOB

Pa3BHUBACTCA 06111351 TCOPHA CIICHUAJIBHOIO pacpCaCIICHUA HATYPaJIbHBIX YHUCCII.
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1. 3akoHOoMepHOCTH pacnpeaeeHUs] PACIIMPEHHOr0 HATYPAJIbHOI0 PAAA YHCeJ]

B Poccuiickoil Tpaauuuy UCOAB3YETCS HaTypalbHbIi psag uucen Nr=1,2,3, ..., 0. B
3anaJHbIX ¥ BO MHOTHX JAPYTMX CTPAaHaX MCIOJIb3YIOT PACIIMPEHHBIN HATYpaJIbHBIN P,

HaunHarommiicst ¢ 0: Nw=20,1,2,3, ..., .

CylLecTBYIOT ABa NoAxoda K onpeaeneHunio HaTyparnbHbIX Y1cer:

e  HaTypasbHble Yncra — Yucra, Bo3HUKatoLme npu nodcyéme (Hymepayuu) NpeameTos

(nepsnbiti, emopod, mpemud, 4yemeépmabid, NAmsbid...); (nR)

e  HaTypanbHble Y/cna — Yuncra, Bo3HUKatoLwme npu o6o3HaveHuUu Konudecmsa npeametos (0 npedmemos, 1 npedmem, 2

npedmema, 3 npedmema, 4 npedmema, 5 npedmemoe...). (NMw) (HaTypansHoe Yncno — Bukuneams)

WNHbIMU cioBaMu psijl, HAUMHAIOIIMICA C 1, HCTIONIB3YyeTCsl Kak MOPSAKOBBINA PS, a
pan, HaunmHaonmics ¢ 0, Kak KoJu4ecTBeHHbIH psaa. [loueMy xe mopsiiok
teseoHHbIX HOMEpOB B Poccun HaunHaetcst ¢ 0 (02, 03)? 3aech Ooubiire
ompaBaaHus, yeM onpeaeneHus. Ho camoe BaxxHOe U TJIaBHOE 371eCh TO, 4TO My,
MyCTh U YPE3aHO, HO MPU3HAETCS U YaCTUYHO ITpuHUMaeTcs u B Poccun (aBT.).

Ot pAObI CBA3aHbl COOTHOIICHHUCM

Nw =0, Ny (8)
Ksamgpat moboro n 3 Nr =1, 2,3, ..., 00 paBeH CyMMe HEUETHBIX YHCEI:
n?=3x(2n-1) 9)

C yuétoM (9) kBaapat uétHelx uncen (2n)?>npun=1,2,3,4,5u3 Nr=1,2,3, ..., oo
(2n)? = 2(2n%) = 2[2X(2n-1)] =
= 2[2(1), 2(1+3), 2(1+3+5), 2(1+3+5+7), 2(1+3+5+7+9)] =

= 2[2(1), 2(4), 2(9), 2(16), 2(25)]= 2(2, 8, 18, 32, 50) (10)
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[lomyynnuce 4YuCIOBBIE CABOGHHOCTH — Jluansl w3  map qUCcIOBBIX MoHang

2, 8,18, 32, 50.

Jlns kBagpatoB 4éTHRIX umcen (2n)? mo dopmyne (8), ¢ yuérom (10) m mpaBuma «oT

MEPEMCHBI MCCT CJIaracMbIX CyMMa HC U3MCHSCTCS» UMCCM:

(2n)? = 02, 2[2(1), 2(3+1), 2(5+3+1), 2(7+5+3+1), 2(9+7+5+3+1)] (11)
JIro6oe uncno (0 — yucno B Nw), ymHO)keHHOEe Ha 0, paBHO HYJIO. OTO NPAaBUIO B
npumenennun k0%  1aér: 02 = 0x0 = 0 = 2x(2x0) = 2(0) = 2[(0)].

Torma 2(0) MokHO BBeCTH B CKOOKH [] popmyiasl (11) HyJIeBbIM 4ICHOM:
(2n)2 = 2[(0), 2(1), 2(3+1), 2(5+3+1), 2(7+5+3+1), 2(9+7+5+3+1)] (12)
[Ipoussens cymmupoBanue B (12) nomyuum:
(2n)? = 2[0, 2, 8, 18, 32, 50] (13)
[Tonyuynnuck uncioBsie caBoeHHOCTH — {uansl u3 Monan: 0, 2, 8, 18, 32, 50.

[Mpocymmupyem Bce duanbl (13) ¢ yuérom (9), (12) u npaBuia: «OT MePECTAHOBKH MECT

ClIaraCMbIX CyMMa HC U3MCHACTC.

>2(2n?) = 2323(2n —1) = 2{0 +2[(1) + (1+3) + (1+3+5) + (1+3+5+7) + (1+3+5+7+9)]} =
= 2x0+2(2)+2(2+6)+2(2+6+10)+2(2+6+10+14)+2(2+6+10+14+18) = 2x0+2(2)+2(6+2)
+2(10+6+2) +2(14+10+6+2)+2(18+14+10+6+2)

[TonydeHHBINH pe3ynbTaT MPEACTABISIET MOJHOE KondecTBO Kp umcen B mectd Juamax
3 map (2 mepen ckoOkamu) MoHaI, KOTOPBIE COCTOSAT IIOCIICIOBATEIIBHO W3

0, 1, 2, 3, 4, 5 cnaraembix (B ckoOkax). B cymme OHU COCTaBIISIOT:
Kp =2%0 + 2(2) + 2(6+2) + 2(10+6+2) + 2(14+10+6+2) + 2(18+14+10+6+2) = 220 (14)

C yuérom (10) popmyny (11) MOkHO 3amucaTh Kak MOCJIE€A0BATEIbHOCTh KomdecTBa Ky
HomepoB N B Monanax nocnenoBatensHoctd N =0; 1; 2; 3; 4; 5 Jlnan:
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Kn =2(2n2)=252(2n —1)=2[0, 2(1), 2(3+1), 2(5+3+1), 2(7+5+3+1), 2(9+7+5+3+1)] (15)

[IpousBenss cymmupoBaHHE M DPACKpbITHUE CKOOOK B mpaBoil udactu (opmyinsl (15),

noyuuM pacrpenenenue konudectsa Ky HomepoB N B N =0; 1; 2; 3; 4; 5 uanax:

Huansr, N 0 1 2 3 4 5

Kn 0 2 2 |8 8 |18 18 32 32 | 50 50

OTO MMEHHO KOJIMYECTBA HOMEPOB, KOTOpbIE HE 005A3aTEIbHO JOJIKHBI CIEAOBAThH IO
onpenenéHHOMY HapacTaroleMy nopsaky. Homepa ke AOKHBI MOCIENI0BATEIbHO
Hapactatb. Homepa N, B omiinuue ot Ky o ¢opmyne (15), 10MKHBI BRICTpAauBaThCS €

nociieoBaTeNIbHBIM HapacTanueM B MoHaaax 0-5 J[uan o nmpoctoit popmyiie:
N =2%2(2n-1), (16)

YnopsgoueHHOe HOMEpHOe pacrpeaenenue B Monagax N = 0, 1, 2, 3, 4, 5, ... [uan
rpaduyecku BortomaeTcs B 33-psAaHbIi HA0Op KBaJApaTHKOB-sS4eek KomudecTB Ky tst
HoMmepoB N o dopmynam (15) u (16) ¢ mocaegHUM PsIIOM JUIsT N = **¢, 0003HAYAIOITUM

OCJIeI0BATEIIBHOE MPOIOIDKEHHE N 10 N = oo (Puc. 25).
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Puc. 25. 33-x pannas Tabmuma 0-220 kBagpaTukoB-sueek 11 Kp B psaax Monan 6-tu
Junan-YpoBHen u psaa st MoHaT * uaa-YpoBHEH eee .

HyneBbie psabl cOCTOAT M3 OJHOM siueiky Kaxabld. Pansl 1, 2, 4, 6, 9, 12, 16, 20, 25, 30
COCTOSIT M3 JABYX sueek, psanbl 3, 5, 8, 11, 15, 19, 24, 29 — u3 mectu s4eexk, psiasl 7, 10,
14, 18, 23, 28 — u3 necsatu siueek, psaael 13, 17, 22, 27 — u3 yeThIpHAAATH sTYeeK. Psibi
21, 26 — u3 BoceMHAaIaTH s4eek. B 1memom gopma TaOmuIel ¢ SYCiHikaMu HAallOMHHACT
BETBUCTYI0 Enky. Sueliku C HymsMH BBITJISJIAT BEPXyIIEYHOH BETBHIO EHikm.

I[BYXT)H‘-IGG‘-IHBIC PAABI BBITVIAOAT CTBOJIOM Enkn. OcranbHbie PAAbl AYCCK HAIIOMHUHAIOT
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OOKOBBIE BETBH EJ'IKI/I O‘-ICBI/II[HO, CTBOJI OTJIMYACTCS OT BETBCH. BerYH_Ie‘-IHaH BCTBb

otnu4aeTcs oT 00koBbIX BeTBeit. M GokoBbie BeTBH YpoBHEH N = 2; 3; 4; 5 oTyiMyaroTcs

apyr ot apyra. Takum oOpasom, Enka cocraBieHa W3 BepXylIE€YHOM BETBH, CTBONA M

YEThIPEX PA3HOBUIHOCTEM OOKOBBIX BETBEW. DTH pa3auyusi OTpa3suM TOHAMU CEpoOM

mikaiel (gray scale) na puc. 26.
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Puc. 26. Enka siueek B pa3auyHbIX TOHAX CEPON LIKAJbI.

BerYHIe‘-IHaSI BCTBb, OOKOBEIE BETBU M CTBOJI Ejku npcaACTaBJICHbI ITOCICAOBATCIIBHO

YCHIIMBAIOMIMMHCA TOHAMUA CCpOﬁ HIKaJIbI.

[IponymepyemM B HapacTarolled MNOCIEA0BATEIbHOCTA KBAJIPATUKU-TYECUKH CJIEBA

HampaBO C MEPEXOJOM K HKenexamum psgam  llogypoBHen
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VYposueii-Jluan n = 0, 1, 2, 3, 4, 5, *** U npeacTtaBum EJ’IKy OTJIeNIbHO, 0€3 paMoK ¢

HOMEpaMH U 0003HaueHUsIMU Y poBHel u [loxypoBHeil.

lsg]w a1 [ a2 | 43| aa| a5 [ a6 47Iu|

|s1|susssnmszssusssss1ues|7u!

¢
2
2
8
8

94 | 95 [ 96 [ 97 [ 98 [ 99 mm|m|

103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112

113 | 114 | 115 | 116 | 117 | 118

139 | 140 | 141 | 142 | 143 | 144 | 145 | 146 | 147 | 148 | 149 | 150 | 151 | 152

153 | 154 | 155 | 156 | 157 | 158 | 159 | 160 | 161 | 162

163 | 164 | 165 | 166 | 167 | 168

189 | 190 | 191 | 192 | 193 | 194 | 195 | 196 | 197 | 198 | 199 | 200 | 201 | 202

203 | 204 | 205 | 206 | 207 | 208 | 209 | 210 | 211 | 212

213 | 214 | 215 | 216 | 217 | 218

Puc. 27. Enka ¢ nocnenoBaTeIbHO HapacTAalOMKMMU HOMEpPaMU B KBaJpaTUKaX-s4eiKkax

Pa3JINYHbIX THUIIOB BETBEH U CTBOJIA.

OTnuuus sYeeK BEPXYIICUHON BETBU OT SYEEK JPYTUX TUIIOB OOKOBBIX BETBEH M CTBOJIA

Enxn BBIPAKCHBI I10CJICAOBATCIIBHO YCHIIMBAIOIMUMHACA TOHAMHA CGpOﬁ HIKaJIbI.

2. Jipyrue ¢popmbl Eaxn

Ha puc. 27 JImaasr BeIpakeHsl He 4€TKO. Ilepeiiném k Gosee BeIpakeHHOU (hopme. DTO

MOXHO CJeJaTh IMepeBOpayMBaHUEM MEPBBIX (BEpXHMX) MOHAJ, HauyuMHAas C TPETbeu
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ceepxy Humansl (duaasl ¢ Homepom 2). Ha puc. 28 mnpexacraBieHbl pe3ynbTaThl
nepeBopaunBanuil B J{nanax. Ilepexoa k ocHOBHOU (opMe OCyIIECTBIAETCS OOpaTHBIM

nepesopaunBanueM. Ilepexon ot Enxu x Enke 1 o6paTuMsiii.

5 6 7 8 9 10

13 | 14 15 | 16 17 | 18

%
&
i3
4
=
&
g
g
q
g
&
=
g
2
5
2

163 | 164 | 165 | 166 | 167 | 168

213 | 214 | 215 | 216 | 217 | 218

Enka > Enka 1

Puc. 28. O6paTuMblii epexo 1 OT OCHOBHO (popmbl Enku x popme Enxka 1.

Bugno, uyro /lmagel ¢ mnepeBEPHYTHIMM BEPXHMMH MOHAJaMHM TIOpa3ao 4E€T4e

BBIJICIIAIOTCS, YeM B OCHOBHOH (hopme Emxm.

IlepeBopaunBanriemM  BTOpbIX (HMKHUX) Monan Juag MOXHO MOJYYHUTh JPYTYIO

dopmy — Enxy 2.
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Iz:lzz l—ulu 23|24 | 25| 26| 27 | 28| 29 | 30

I!!l‘ﬂ a1 | a2 43 | 4a | as a6 | a7 a8

49 | 50 51 52 53 | 54 49 | s0 51 52 53 | 54
39 | 40 a1 | a2 44 | a6 | a7 48
El ¢ ™
= n| 72 3 74 |75 | 76 | 77 | 78 | 79 80 - n|n 3 74 | 75 | 76 | 77 | 78 79 | 80

81 | 82 |83 84 | 85 | 86 81 | 82 |83 84 | 85 | 86

103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 113 | 114 | 115 | 116 | 117 | 118
13 | 114 | 115 | 116 | 117 | 118 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112
% i‘ ﬁ;‘l ;ﬁ; i ¥

153 | 154 | 155 | 156 | 157 | 158 | 159 | 160 | 161 | 162

163 | 164 | 165 | 166 | 167 | 168

203 | 204 | 205 | 206 | 207 | 208 | 209

213 | 214 | 215 | 216 | 217 | 218

Enka > Enka 2

Puc. 29. O6paTuMblii iepexo | 0T OCHOBHOI (opmbl Enka x ¢opme Enka 2.

U B 5TOM cltydae Tnojlydunach 6onee penbedHas popma, yeM ocHOBHas popma Enxu.

3. «BoIHOBOE» Npe/cTaBIeHNe Kakn

[ToBepuém Enxy 1 Ha puc.28 B yMEHBIIEHHOM MacmiTabe MPOTHUB YaCOBOM CTPENIKU Ha

90° B rOpHM3OHTAIBHOE MOJIOKCHHUE:
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Puc. 30. FopusonTansHoe nojosxkenue Enku 1.
Paznecém Bepxuue u HuxHUE nosioBuHku Juag n =0, 1, 2, 3, 4, 5 mo ropu3oHTaIbHON

OCH.

luln ERETRED
r-‘l. aje| s

Puc. 31. «Bonna» u3 nonosun Juag n=0, 1,2, 3, 4, 5 Enxu 1.

IIpn nepexone ot HyneBou uaael k mepBou Jluane aMIuIMTy1a yBEIWYMBAKOTCS B JIBa
paza. [locne nepBoii luanpl aMmnuTyaa HapacTaeT Ha 2 sYEKHU, a epuoj Ha 4 sTYeiiku ¢
Kaxaou mnocienywomen [uamon. Her ompenensromero npu3Haka MNEPUOTHUYECKUX
SBJIICHUM, TPOIECCOB, (PYHKIMI — MOCTOSHCTBA mepuoaa. Ho, MOCKOIBKY TEpHOI,
HauWHas C MEPBOrO MEPUOAA, IOCIEIOBATEIRHO HAPACTAECT HA MOCTOSHHOE YHUCIIO, T.C.
mo apudMETUYECKOM TMPOTPECCHH, TO TaKyl «BOJHY» MOXXHO  Ha3bIBaTh

MIPOTrPECCUOHHO-TIEPUOANYECKOMN, NI KOPOTKO MPO-TIEPUOUUECKOM.
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4. OopaTumas cBépTka BeTBUCTOI EJIKM B IpeieibHO YIAKOBAHHYI0 (hopmy

Bce pacCMOTPEHHBIE BETBHCTBIE EIIKM MMEIOT MHOTO MYCTBIX HPOMEXKYTKOB MEXKIY
BeTBsMH. Ha npumepe Enku 2 MOXKHO OIEHUTh 3TH IPOMEXKYTKH OTHOLICHUEM
KOJIMYECTBA HE3aHATHIX SYEeK K OOLIEMYy YMCIy SYEEK MEXAy MEPBbIM PSAOM U3 6-TH

AYEEK U MOCIETHUM PSAAOM U3 18 ssueek Ha puc. 32:

Puc. 32. Enka 2 ¢ npoMeXyTKamMu MEKy BETBSIMHA B KBaJpaTUKaxX-s4eHKaX.
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CneBa Ha puc. 32 o6o3naueHsl HOMepa (N) Huan. Ilycteix sueek 160, 4To cocTaBiser

6omee 42% ot oburero konuuecTna (376) siueex.

Mo:kHO cBEpHYTH EJKy 2 B IpeieNlbHO YIIaKoBaHHYIO (opMy, T.e. B hopMy 6e3 eauHoi
MyCcTOM sYeHKU. ODTO MOXKHO CJenaTb I[EepecTaHOBKAMM SYEeK C HOMEpaMmu, He
HapyLIaIoUMU MPABUIIO: «OT MEPECTAHOBKH MECT ClaraeMblX CyMMa HE U3MEHSETCS.
B Muane c n = 1 siyeitku ¢ Homepamu 1 — 4 yxe B INIOTHO ynakoBaHHo# ¢opme KBagpara

u3 4-x KBaJAPAaTUKOB.

B /lnane 2 nepByro U MOCIEIHIO siYeiiku ¢ Homepamu 5 U 10 mepeMecTuM noj s’MeNKH ¢
HOMEpaMHU COOTBETCTBEHHO 6 M 9 BHM3, a KOHIIEBbIE f4€ilku ¢ HOMepamu 13 u 18
MIOMECTUM HaJ siYeKaMM ¢ HoMepamu cooTBeTCTBEHHO 14 u 17. Ilonyuaercs KBaapat u3
JBYX KOHIEHTpHYecKuX cyo€B. [logoOHble mepemereHrus TPOBEAEM H  BOKPYT

KBanparos 2x2 B [luanax 3, 4, 5.

B Jlnane 3 Ha oOpasoBaBmuiics Kagpat 4x4 mepeMecTuM TOCIIEIOBATEIBHO MO JIBE
KOHIICBBIC SYEHKH BEPXHEro W HIDKHEro psiaoB. [lomyuyuM KBaapaTHBIA ciiod 66,
KOHIICHTPUYECKH OXBaTbIBaromuii cioii 4x4. Oo6pazoBancs Ksamgpat 6xX6 wu3
MIOCJIEIOBATEIIPHO KOHIIGHTPUUYECKUX KBAJAPATHBIX CIOEB 2%2, 4x4, 6x6. [logobHYIO *Ke

omnepalnuio nmposeacm u B Juanax 4 u 5.

Jlanee B BepXHEM M HIKHeM psanax Juanpl 4 mocienoBaTeIbHBIMU MEPEMEIICHUSIMU
YETBHIPEX KOHIIEBBIX SYEECK IMOJYYHM KBAJAPATHBIA CIIOU 8%8, KOHIEHTPUYECKU

OXBAaTBIBAIOLINK NPEabI YN KBaIPAaTHBINA CIION 6%6.

ITonoOnyr e omepanmio mpoBeném u B Jwmame 5. Hakoner, mociemoBaTeabHO
nepemMenias KOHUEBbIE 4 AYEKH BEPXHETO U HMXKHETO pAnoB Juaael 5 Ha mpeaplaymmn
KBaJpaTHbIM cioul &x8, momyuuM KBaapaTHbid ciod  10x10, KOHUEHTPUYECKHU
OXBATBHIBAKOIIMM MpeAbIIylIni KBaapaTHbil cior 8x8. Ilomyuaercs Ksanmpar w3

KOHIIEHTPUYECKUX CIOEB 2%2, 4%4, 6x6, 8x8, 10x10.
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B pe3ynbTaTe npoBeAEHHBIX NEPEMEIICHUI MOTYyYUM MPEAEIIBHO YIaKOBaHHYIO (hopMmy,

HaIlOMHAHAONTY10 MOHYMEHT:

Puc. 33. MoHyMeHT U3 HpeiefbHO YaKoBaHHOH popmbl Enku 2. Ha puc. 32.
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5. «BoaHoBoe» npeacraBiaenne MoHymMeHTa

Juanel-YpoBHM MOHYMEHTa COCTOAT U3 BEPXHUX M HWKHUX [loaypoBHEN ¢ paBHbIMU
KOJINYECTBAMMU sIU€eK. BepTuKanbHast OCb CHMMETPUM TaK)KE AEIUT MOHYMEHT Ha
paBHBIE JIEBBIE U ITpaBble oNoBUHBI KBaaparos. [IoBepHéM MOHYMEHT B YMEHBIIEHHOM

MacmTabe MpPOTUB YacOBOM cTpeiaku Ha 90° B TOPU30HTAIBHOE MOJIOKEHUE:
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Puc. 34. T'opu3oHTanbHOE MOJI0)KEHNE MOHYMEHTA.

Paznecém BepxHue u HWkHHME NojoBuHbI Juazg 0, 1, 2, 3, 4, 5 mo TOpU30HTAIBLHOU OCH

CUMMCTpPHUHU B HCIIPCPBIBHYIO ITOCJICAOBATCIIBHOCTD!

Puc. 35. IlocnegoBarenbHOCTh nmosioBuH Juan 0, 1, 2, 3, 4, 5.

[Tonyuunacb «BOJHOBas ITOCIEAOBATENBHOCTD MPAMOYTOJIBHBIX HUMITYJIbCOBY». I[lpu
repexoe OT HyJeBOM Jluabl K epBOM aMIUIMTYAa YBEJIMUMBACTCS B JBA pa3a, a MEpUOL
coxpansiercs. [Janee ot quane! 1 k {uage 5 ammiuryna yBenuuuBaeTcs Ha | egununy, a
MepuoJi YBEIMUYUBAaETCS Ha 2 equHulbl. HeT onpezenstollero npusHaka nepuoJuyHOCTH
(sBeHmii, mporeccoB, (QYHKIMHA) — TOCTOSHCTBAa Tmiepuona. IloaToMy Takyto
MOCJIEIOBATENILHOCTD HEJB351 HA3bIBATh NMEPUOANYECKON. HO MOCKONBKY M aMIuMTyna u
«rrepuosi» OoT Jlmamel 1  HM3MEHSIOTCA Ha IOCTOSHHBIE YWCIa TI0 apu(pMETHUYCCKOMN
MIPOTPECCUH, TAKYIO 3aKOHOMEPHOCTBH JIOTUYHO HA3bIBATh MPOIPECCUOHHO-
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NEPUOINYECKOM, MIIM KOPOTKO — MPO-IEPHOJUUECKOM.

Takum o00pa3oM, OrpaHMYEHHOE CHELHUAIBHOE pACIPEJCICHUE HATypajJbHbIX YHCEN
3aKOHOMEPHO pacimmpsercs hi () HEOTPaHUYECHHOU 3aKOHOMEPHOCTH

IpO-TIEPHOAMYECKOTO PacIpeeTICHUs Yucesl 0ECKOHEYHOTO HaTypalbHOTO psia oT 0.

6. PacnpenesieHue HATYpaJIbHBIX YKCeJI N0 Pa30MeHUsIM MMOBEPXHOCTEH

KOHUEHTPUYECKUX cpep

TpéxmepHOoe MNPOCTPaHCTBO BceleHHOM OJHOPOIHO, M30TPOMHO M E€IMHO BO BCEX
yroiKax TEeJECKONMMUEeCKON U MUKpOcKomudeckor mocsiraeMocTd. Cdephl B peaibHOM
TPEXMEPHOM TMPOCTPAHCTBE OMPEAEISAIOTCS TOJNbKO panuycamu. JloOwsie apyrue ux
reOMETPUUECKUE XapAKTEPUCTUKHU OMPEAENSAIOTCS UX paauycamu. Hanpumep, momaau
NoBepXHOCTeW  chep  MpONMOpUMOHAIBHBI  KBajgpaTam  paauycoB. OTHoIlleHue
MOBEPXHOCTEW KOHILEHTPUYECKUX chep paBHO KBaJapaTy OTHOIIECHUS HUX PAIUyCOB U3
OJIHOTO IIEHTpA.

[IpencraBnsger uwHTEpec pacnpeneieHue pa3OMeHHs] MOBEPXHOCTEH KOHIIEHTPUUYECKHUX
chep «B eIUHUIIAX» HEKOTOPOU ITAIOHHOM (CTaHIAPTHOM) Chephl.

Paccmorpum Geckoneunoe TpéxmepHoe IIpocTpaHcTBO. Y Takoro mpocTpaHCTBa HET
OTPEeICIEHHOTO IIEHTPA, MOCKOJBKY ¢ JI000H TOUYKH OHO OeckOoHeuHO. Bo3pMéEM 1100yI0
touky IIpoctpanctBa. C 3T0il TOukM cdopmupyem HEKOTOpyro chepy pamumyca R ¢

IIOBCPXHOCTBIO:

S = 47R? (17)

[lepenumem (17) B To)k1€CTBEHHOM (hopMme:

S = 2(2nR?), (18)
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KOTOpasi OTPa)kaeT JUIIb TO OOCTOATEILCTBO, YTO c(hepa COCTaBIEHA U3 IBYX PaBHBIX
noinychep, pa3ieNEéHHbIX JKBATOPHAIBHOW OKPYKHOCThIO. 3adukcupyeM  (akt
CYLIECTBOBAHHUS HEKOTOPOH ATalOHHOM (cTaHAapTHOM) mnonaycdepsl paguyca R
HOPMHUPOBKOM €€ Ha €AUHULLY:

2nRq2=1 (19)

PazmMepHOCTH 1 MOKET OBITh MPOU3BOJIBEHOM, MyCTh, OyaeT Gpemromerp (pm) — 1072° M.

Torna Rse= 1NQ2n1) ¢m (20)

Ha camom gene pa3mMepHOCTh 3/1eCh HE Ba)xHa, U Rst MOXKET ObITh OTHOCUTENIBbHBIM, T.€.

«oe3pazmepHbiMy. [Ipumem BennunHy Rst ATanmoHHOM, CTaHIapTHOM.

W3 mpou3BoNIbHON TOUKH OECKOHEYHOTO MPOCTPAHCTBA CHOPMUPYEM KOHIIEHTPUUECKUE
cdepsl, MOCIeA0BATEIFHO OKAWMIISIONIME TPEIBIIYIINe, HauUuHAsA C TIEPBOU cephl, U
cocrosiue u3 nap noiychep. B ypaBHEeHUAX JEBYIO U MPaBYIO YaCTH MOXHO YMHOXKAaTh
Ha MPOU3BOJILHOE YMCIIO, coXpaHsis paBeHCTBO. [lepByio chepy chopmupyem paguycom

B IIPOU3BE/ICHUE 0V2 mHa Ry !

0x\2 Rg = 0xV2 [1/N(27)] (21)

Bropyro cdepy, KOHIEHTpHUECKH OKalmIIsionlyro mnepByio chepy (21), chopmupyem

pamuycoM B mpousBeneHue 1x\2 Ha Ry:

1xV2 Ry = 1xV2 [1A(2n)] (22)

Tperpto cdepy, KOHIICHTPUYECKHA OKANMIISIONIYyI0 BTOpYIO cdepy (22), chopmupyem

pazrycoM B mpomsBeeHne 2xV2 Ha Ry
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2x\2 Ry = 2xV2 [1NQ2n)] (23)

YeTBépTyto chepy, KOHIIECHTPUUECKH OKaUMIISIONIYIO0 TpeThbio cepy (23), chopmupyem

pajIycoM B mpom3BeaeHne 3XV2 Ha Ry

3x\2 Ry = 3xV2 [1N(27)] (24)

[IsaTyto cdepy, KOHUEHTPUUECKH OKAMMIIAIONIYI0 4eTBEPTYIO cdepy (24), chopmupyem

pajmycoM B mpomsBeneHne 4x\2 ua Ry

4x\2 Ry = 4x\2 [1N(27)] (25)
[Mlectyro cdepy, KOHIEHTPUUYECKH OKAMMIIMIOMYI MaTyr0 cdepy (25), chopmupyem

pazycoM B mpomsBeaenne 5xV2 na Rg:

5xV2 Ryt = 5xV2 [1/N(27)] (26)

Takum 00pa3oM, KOHIEHTpUYECKHE Cc(]epbl cocToAT U3 map mnoiycdhep paguycoB

(21) — (26). CootHomrenue (18) st momy4eHHBIX chep MOKHO MEPENHUCaTh KaK:

Sn=2[2n (V2 Rst)?], (25)

rne n = 0,1, 2, 3, 4, 5. Kone4yHo, N MOXeT OBITH OOJBIIE 5, HO 37I€Ch OTPAaHUYUMCS Ha
ATOM YHCIIe HaTypaiabHoro psiga n =0, 1, 2, 3,4, 5, ..., «.

Bunno, 9To pagnychl 4eTHIPEX KOHIIEHTPUUYECKUX cdep (25) COCTABISIOT PsiJ] YHCEIT:

0x2; 1N2; 2V2; 3v2; 442, 542 (26)
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KpaTHBIX CTaHAapTHOMY paauycy Rst. [loBepxHOCTH cdep cOCTaBIsIOT COOTBETCTBEHHO:
0; 4; 16; 36; 64; 100 paBHBIX NOBEPXHOCTEHN CTaHAAPTHOMN Monycdepsl, T.€. CTaHAApTHAs
chepa pazneneHa Ha JABE Moiychepbl, U IIECTb KOHIEHTPUYECKUX CQEp pa3iesieHb
cootBeTcTBeHHO Ha: 0, 4, 16, 36, 64, 100 ctangapTHbIX TIOSTYChED.

[Tonyunnoce KBagpaTHoe pacnpeaeseHne HaTYypaIbHbIX YHCEI.

Kaxnpiii unen psga gucen: 0, 4, 16, 36, 64, 100 MmoxHO pa30uTh Ha 2 paBHbIC YaCTH B
nocienoBarenbHocTH: 2(0; 2; 8; 18; 32; 50). I[TocneqoBaTeIbHOCTh ATUX PABHBIX YacTel
NPEJICTaBIISACT MOCICAOBATEILHOCTh ciBOeHHOCTeH — Jlman. Kaxnas /luaga, oueBHIIHO,
COCTOMT U3 ABYX MOHaj nocienoBarenbuoctu: 0; 2; 8; 18; 32; 50.

[Tonyuunoces inagHoe pacnpeaejieHue HATYPAJIbHbIX YHCel.

HenpepriBHOE U cruiomHoe TpEXMEPHOE MPOCTPAHCTBO HE MOXKET OBbITh MOJHOCTHIO
3aMoOJHEHO IMIapaMu CKOJb YrOJHO MajiblX 00BEMOB. MexIy IUIOTHO MpPHIIEralou[dMU
[IapaMy BCETJIa UMEETCS «ITyCTOe» MPOCTpaHCTBO. [1oaTomMy /115t OOIIHOCTH paccMOTpUM
pa3OueHne TOBEPXHOCTEH KOHIIEHTpUYECKHX KyOoB. ILMOTHO mpuierarommmu
OJIMHAKOBHIMU Ky0aMHM TMPOU3BOJBHBIX OOBEMOB 3amONHSAETCA BCE TpEXMEpPHOE

IIPOCTPAHCTBO 0€3 MPOMEXKYTKOB MEKIY KyOaMH .

/. PacnpenesieHre HATYPaJIbHBIX YHCeJ 110 Pa30MeHUsIM MOBEPXHOCTEH

KOHIHCHTPHYICCKHUX KyﬁOB

Bo3pMém mro0yro Touky IIpoctpanctBa. C 310l TOYKH chOpMHUPYEM HEKOTOPYIO

MMOBEPXHOCTH KyOa pedbpom L ¢ miomanpio S:

S = 6L2 27)

[epenmmiem (27) B ToxaECTBEHHOU (hopme:
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S=2(3 L2, (28)

YTBEPKJAIOIIEH O TOM, YTO IMOBEPXHOCTh Ky0a COCTOMT M3 JIBYX PaBHBIX IIOBEPXHOCTEU
MOJIYyKyOOB, pa3leN€HHbIX KBaJApaToM Ha MNOIyp€Opax MPOU3BOJBHBIX YETBHIPEX
3aMKHYTBIX KBaJPATHBIX «CTEHOK». 3apuKcupyeM (DaKT CyIIECTBOBAHUS ITATIOHHOW WU

CTaHJApTHOM MOBEPXHOCTHU MOJyKyOa ¢ peOpom Lg HOpMUPOBKOH €€ HA EUHUILY:
3Lg2=1 (29)

PazmMepHOCTH 1 MOKET ObITh MPOU3BOJIBHOM, MycTh, OyaeT pemromeTp (hm) — 1071 M.

Ha camom pene pa3MepHOCTh HE BaKHA, M MOXKET OBITb OTHOCHUTEIBHOM, T.€.

«Oe3pa3MepHOI».
Torza Lse= 1N3 (30)
DTO HEKOTOPBIN CTaHAAPTHBINA KyO ¢ eauHuUIel u3mepenus péoep Lst.

Bo3pMéM r00yI0 TOYKY TIPOCTpPaHCTBA M OT JTOH TOYKH CHOPMHUpPYEM DSl
KOHIICHTPUYECKH BJIOKEHHBIX KyO0OB (KyOmueckyro «MaTpémky»). IlepBeiii KyO

copMupyeM cTopoHO# B iponssenetme 0xV2 Ha Ly
Ly = (0xV2) Ly = (0x\2) Lst = 0x1/3. (31)

Bropoii ky0, KOHIICHTPUYECKHU OKaUMIISIOIUH 1iepBbii kKyO (31), chopMupyem cTopoHoit

B IPOU3BEICHUE 1xV2 na Let :
Lo = (1xV2) Le= V2 Lst = V243 (32)

Tperuii Ky0, KOHIIEHTPUYECKH OKAMMIIAIOIHKI BTOpoi KyO (32), chopMupyeM CTOpOHOIA

B IPOU3BEICHUE 2x\2 na Let :
Ls = (2xV2) Le =(2V2) Le = (272) A3 (33)
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YerBEpThiii KyO, KOHLIEHTPUYECKH OKaWMIIAIOmMA Tpetud kyo (33), chopmupyem

CTOPOHOU B MPOU3BEICHUE 3x\2 Ha Lg;:
Ls = (3%V2) Ly = (3V2) Lst = (312) A3 (34)

[1aThIi1 KyO, KOHLIEHTPUYECKN OKaMIIstroIuii Tpetuil kyo (34), chopmupyeM cTopoHO# B

MIPOU3BEICHUE 4x\2 na Lst:
Ls = (4xV2) Lg = (4V2) Ls = (4V2) A3 (35)

[lecToit ky0, KOHIIEHTPUUYECKH OKaUMIISIIOIUN TpeTuil Kyo (35), chopMHpyeM CTOPOHOI

B IIPOM3BCIACHHUEC 5><\/2 Ha Lg:
Ls = (5%V2) Lg = (5V2) Lst = (582) A3 (36)

Takum 06pa30M, IMMOBCPXHOCTH KOHIOCHTPUYCCKUX KY6OB COCTOAT n3 map

HOJIYITOBEPXHOCTEH KyOOB, 00pa3zoBaHHBIX péopamu (31) — (36).

CootHomenue (28) st MoOJIy4eHHBIX KyOOB MOXHO MEpEenucaTh Kak:

S = 2{3[(nx\2) Ls] %} (37)

rnie = 0,1, 2, 3,4,5. Koneuno, N MoxeT ObITh OOJIbIIIE 5, HO OTPAHUYUMCS HA ITOM

guciie HatypansHoro psima (n =0, 1, 2, 3,4, 5... , ).
BunHo, uto pé6pa mectr KOHIEHTPUISCKUX KYOOB COCTABIISTFOT PSiJ] UUCEIT:
0xV2; V2; 22; 3v2; 442; 512 (38)

KpaTHBIX CTaHJApTHOMY (dTaIOHHOMY) peOpy Lst. IloBepXHOCTH KyOOB COCTaBISIOT
cootBeTcTBeHHO: 0; 4; 16; 36; 64; 100 paBHBIX MOBEPXHOCTEH CTaHAAPTHOTO TOJYKYyOa.

[loBepxHOCTh CTaHAAPTHOTO KyOa pasjelieHa Ha JBE paBHbIE MOJYNOBEPXHOCTH,
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COOTBETCTBEHHO, IOBEPXHOCTH KOHILEHTpuyeckux 0 — 5 KyOOoB paszneneHbl Ha:

0, 4, 16, 36, 64, 100 noBepxHOCTEH CTAHAAPTHOTO MOJYKYOa.
[Tonmyumiocs KBaapaTHoe pacnpenesieHne HATYPAJbHBIX YHCET.

Kaxnpiii unen psaa yetHsix yucen:0; 4; 16; 36; 64; 100 moxHO pa30uTh Ha 2 paBHbBIC
yacTtu B nocnenoBatenbHocTH: 2(0; 2; 8; 18; 32; 50). [locinenoBaTenbHOCTh 3TUX PABHBIX
yacTed MPEeNCTABISIIOT TOCJEN0BAaTeIbHOCTh cliBoeHHOcTer — Jluan. Kaxnmas [uana,

OYEBHUJHO, COCTOUT U3 IBYX MOHaJ nocieaoBatenbHocTu: 0; 2; 8; 18; 32; 50

ITonyuunoces iuagHoe pacnpenejeHue HATYPAJIbHBIX YHCe.I.

Takum o06pa3om, JBa HE3aBUCHUMBIX TE€OMETPUUYECKHUX IMOAXOAA K PACIPEICTICHUIO
pa30ueHns MOBEPXHOCTEH KOHLIEHTPUYECKUX (QUTYP C MOJHON U YACTHYHON CUMMETpUEi
IIpUBEIU K 4ACIOBBIM KBagpaTtHOMy U JIMagHBIM PO-TIEPUOIUUECKUM PACIIPEACIICHUAM

HaTypaJbHBIX YHUCCII.

BuiBOa

Juanno-YpoBHeBsle U KBagpaTHO-YpPOBHEBOE ~ 3aKOHOMEPHOCTH  YMCIIOBOTO
pacripeiesieHuss HaTypaJIbHBIX drcen moaBoadart kK [Ipo-Tlepuoanueckomy 3akoHy oO1ieit

TEOPUU CIIENUAIIBHOTO PACIIPEICIICHUS HATYPAJIbHBIX YUCE.

[Ipo-Ilepronuueckuii 3akoH pacupeaesieHusl NOCIeI0BaTeIbHO HAPACTAIOUIMX HOMEPOB

N BeIpakaeTcst mpocToi (popMyInoii:
N =232(2n-1)
OT BeIpaxkeHHs kosinuecTBa Ky HoMmepoB N B IOCie10BaTeIbHOCTH

Kn = (2n)? = 2[(0), 2(1), 2(3+1), 2(5+3+1), 2(7+5+3+1), 2(9+7+5+3+1)]
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s n=0;1;2;3;4;5;,...0

B HUX YMHCIOBBIX H IIPOCTPAHCTBEHHO-TEOMETPUUECKUX [[namHO-YPOBHEBBIX H

KBagpaTHO-YpOBHEBOTO pacipeaeneHusX.

Bcenencreue MaTeMaTH4EeCKOM OCHOBATEJIbHOCTH (pyHI1aMEHTaTbHOCTH)
[Ipo-Ilepuonuueckoro 3akoHa, COOTBETCTBYIOLIME pACHPEEICHUS JOKHBI OBbITh
CIPaBEJIMBBI U MPUMEHUMBI K Pa3IMYHbIM MHOXECTBaM 00BEKTOB BO BceneHHOH, Kak

HNCKYCCTBCHHBIX, TdK U CCTCCTBCHHBIX.

8. Teopusi 5-ypoBHEBOI0 MHOKECTBA €CTECTBEHHBIX 3J1eMeHTOB BcesieHHoil

ITox Hetotonuem (puc.1) JI. 1. MenneneeB mojpasyMeBan dacTuilbl d3pupa U MHOTHE
rojibl TIOCBATWJ TOMCKaM uX xumu3Ma. [IpencraBienne o dactumax 3¢dupa ObLIO
NOMyJsIpHO B Hayke BO BpemeHa Hprorona. Hambomnee ycmemniHoit B Te BpemeHa Obuia
MexaHuueckas rpaBuTanuoHHas teopus Jlecaxka. Ho mporuBopeuuns teopum Jlecaxa c
KMHETUYECKOM T€OpHUEN ra30B U AIEKTPOMAarHUTHOM Teopuen cBeta cHsuii e€ B XIX Beke
C mbeniecTania OCHOB Hayku M punocoduu. Pakruuecku [. M. MenneneeB Bo3poxaal u
pa3BUBAJI TPAaBUTALMOHHYIO Teoputo HproroHa-Jlecaka B raBUTAlMOHHO-XUMHYECKOU

Teopuu 3upa, YTO BHIPA3UIIOCH M B HA3BAHUU NIEPBOTO HYJIEBOTO AJIEMEHTA.

[lepuonuueckuii 3akoH (QOpMyIHpPOBAICS H3HAYAIHLHO B 3aBUCMMOCTH OT aTOMHOMU
MACChl XUMHUYECKHX JJIEMEHTOB, 3aTE€M, C OTKPBITUEM CTPOECHUS aTOMa, OT 3apsia siAep
aTOMOB XMMHWYECKHX JJIEMEHTOB, HAKOHEL, OT KOJMYECTBA NPOTOHOB B sJIpax
XUMHYECKHUX JIEMEHTOB. [I0CKOIBKY 3apsa BceX MPOTOHOB 3JIEMEHTAPHBIN, €IUHUYHBIMH,
TO 3aKOHOMEPHO TNE€pelHlIM K 3aBUCUMOCTH OT KOJMYECTBA MPOTOHOB B AApax

XUMHUYCCKUX 3JICMCHTOB, T.C. OT IIOPAAKOBOI'O HOMCPAa XUMHYCCKOI'0O 3JICMCHTA.

OO6miast Teopusi CHEUMAIBHOTO PACIpEETICHUsS HATyPAIbHBIX YUCEN MPEyCMAaTPUBAET

TOJIBKO 2 HYJICBBIX J3JICMCHTA. BI)I60p HYJCBBIX J3JICMCHTOB OI'PAaHHMYCH BCCro JIMIIb
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IBYMsI ~ €CTECTBEHHbIMM  djeMeHTamMu. (OuepenqHOM pa3  MOXKHO  ITOPa3UThCS
npozopiauBocTero  J[.MI. Menneneesa. Bens o0H npenycMarpuBal  pOBHO  JiBa

AOBOOOPOAHBIX 3JICMCHTA.

BBI60p HCBCJIIMK, W BBIACJICHUC TOJBKO JBYX HYJCBBLIX 3JICMCHTOB H3 MHOKCCTBA
MNPpETCHACHTOB HaA  HYJICBBIC OJCMCHTLI  JOJDKHO  OCHOBBIBATBCA Ha  JKCCTKHUX

OIpaHUYUTCIBHBIX ITPUHOWIIAX !

1. TpuHIMO MakCHMalbHOM pacpocTpaHEHHOCTH BO BceneHHol;

2. [lpuHIun 371eKTpOHEHTPATIBHOCTH.

Crenys 3TUM IPUHLMIIAM, CAMBIM PaclpOCTPaHEHHBIM JIEMEHTOM BceneHHoM, cienayeT
NPUHATH TPEXMEPHOE MNpOCTpaHCTBO Bceenennoil. J[laxke B aroMax XHWMHYECKHX
AJIEMEHTOB MPOCTPAHCTBO 3aHUMaeT 6ojee 99, 9... % ux o6vEMoB. DakTuuecku 99.9...,

% Bcero o0béma BcenmeHHOW 3aHUMaeT CBOOOJHOE OT aTOMOB, MOJEKYT U
AJIEMEHTApHBIX YacTUL TpEXMepHOe MpocTpaHCcTBO. [losTomy snemeHT BceeneHHol B
BUJI€ TPEXMEPHOIO MNPOCTPAHCTBA OJHO3HAYHO YAOBIETBOpSET mepBoMy IIpuHuumy
MaKCUMAJIbHOU pacpoCTpaHEHHOCTH BO Bceenennonu. [IpocTpancTBO
anekTpoHeiTpanbHo. OHO ynoBiueTBopsAeT U [IpUHLHUIY 3IEKTPOHEUTPATIBHOCTH.
[TepBoIii HYJIEBOM 2JIEMEHT 0003HAaYUM He MpocTo Iudpoi 0, a ¢ uaaeKkcoM Oy, KOTOPBIi
YKa3bIBA€T HA HOJIb MAacChl, OTCYTCTBHE Macchl. [IpocTpaHcTBO BceneHHOM O4YeHb M
OUYeHb TPOTSHKEHHO, CKOopee Bcero, OeckoHewHo. HazoBEéM OeckpaiiHee NpPOCTPAHCTBO

«Cmaiices», OT aHTTUHCKOTO clioBa SpPace, u 0003HAYNM CUMBOJIOM SP.

BTopeiM 110 pacnpocTpaHEHHOCTH BO BCEI€eHHON HYJIEBBIM 3JIEMEHTOM CIIEAYET CUUTATH
HEUTPHUHO. YCTAaHOBIICHO, YTO Macca OApUOHHOW MaTepuu COCTaBiseT TOibko 3-10%
Bceil maccel Bo BeenenHnoil. OcrtanbHasi Macca MPUXOJIUTCS HAa HEUTPUHO BCEX BHUIOB.
Bce Buapl  HEUTpUHO  BIEKTpOHEUTpanbHbL.  lloaTOMy CICOYIOIUM IO
pacupoCTPaHEHHOCTH AJIEMEHTOM BceneHHOU sBIeTCsl BCE MHOMKECTBO HEWTpuHO. U

BTOpOM HYyJEBOM 3yeMeHT BceneHHoW 0003HaumM He mpocTto mmdpoi 0, a Takxke co
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CBOMM HHJIEKCOM (e, KOTOPBI YKA3bIBAE€T HA OTCYTCTBHE DJIEKTPUUECKOTO 3apsfa. ITOT
BTOPOM HYJIEBOW 3J€MEHT OyaeM Ha3biBaTh «HeWTpuHUS», 4TOOBI OTIMYUTH OT CIOBA
HEUTPUHO M YyKa3plBaTh HA OYEHb OOJIBIIYI0, CKOpee BCEro OECKOHEYHYIO
NPOTSHKEHHOCTh PaCHpPENCIICHU HEUTPUHO MO BCe BCEneHHON B BUAE HEUTPUHUEBOTO
MHOXECTBA €CTECTBEHHBIX JJIEMEHTOB. OJTOT €CTECTBEHHBIM »dJeMeHT BceneHnoi
o0o3HauuM cuMBojoM Nt. 3ameTnM, 4TO TakuM CHUMBOJIOM 0003HaudalT «HelTpoHuity,
KOTOPBIN HUCHOJIB3YIOT HEKOTOPBIE aBTOPHI JIJIs1 0003HAYEHHUsI HEUTPOHA KaK XUMUYECKOTO
sanemenTta. Ho oduimasbHOro Hay4HOro mNpU3HAHUS M NPUHATHS HEUTpPOHA Kak
XUMHUYECKOTO 3eMeHTa HeT. OcHOBaHuE Beckoe. HEeWTpoH He BCTymaeTr B XMMHUYECKHUE
peakiuu. Her u odunuansHo mnpusHaHHoro TtepmuHa «HelTponuity. 3a kakoi
arieMeHTapHOo# vacTtuileil 3akpenutcs cuMBod Nt, 3a Heiitponuem unu 3a Helitpunuei

MOKaXXeT TOJBKO Oy/ylliee pa3BUTHE HAYKH.

Tpu paznuunbie Gopmbl 5-YPOBHEBBIX CUCTEM C JIByMsI HYJEBHIMH €CTECTBEHHBIMU

ajieMeHTamMu BeeneHHoi IMOCJICAOBATCIBHO IMPCACTABICHBI HUXKC.

1. 5-YposHeBas cucteMa Enounoif ¢opMbl ¢ JByMs HyJEBBIMH €CTECTBEHHBIMU
AJIEMEHTaMH MpeJCTaBlIeHa Ha puc. 36.

2. 5-YpoBueBas [InagHo-OKTaBHas cHCTeMa C JBYMS HYJEBBIMU €CTECTBEHHBIMU
AJIEMEHTaMHU MpPE/ICTaBIeHa HUXKE Ha puc. 37.

3. 5-YpoBHEBas MOHYMEHTaJlbHasg CHCTeMa C JBYMs HYJIEBBIMU €CTECTBECHHBIMH

AJIEMEHTaMHU MpEe/ICTaBlIeHa HUXKE Ha puc. 38.
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Sp

Dm

Nt

De
B C N (0] F Ne
5 6 7 8 9 10

31 32 33 34 35 36

Nh | Fl Mc | Lv Ts Og
113 | 114 | 115 | 116 | 117 | 118

Puc. 36. 5-YpoBHeBas cuctema ¢ AByMsl HYJIEBBIMU €CTECTBEHHBIMU AJIEMEHTAMHU

Bcenennoit Enounoit ¢popmsl.
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Sp
Om

Nt

Nh | H Mc l v [1s | og
113 | 114 | 115 [EECEEPLM 116 | 117 | 118

Puc. 37. 5-YpoBHeBas cuctema c AByMs HYJIEBBIMU €CTECTBEHHBIMHU

anemeHTamMu Beenennoii /luagHo-okTaBHOM (GOPMBI
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HIFSEE
82 83 84 85
e
86

&
119 120 118

114 | 115 | 116 | 117

Puc. 38. 5-YpoBHeBas cuctema c AByMs HYJIEBBIMU €CTECTBEHHBIMHU
aMeMeHTaMH BceneHHO MOHYMEHTAITBHON (DOPMBI.
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Jl1st cpaBHEHMsI peCTaBUM Bce 3 (OpMbI BMECTE:

¥ i
388 49

4 Sn Te

. B

7788 82 | 83 | 8L 85

:

7 51 |8 86

108 E 119 120
RO 114 | 115 | 116 | 117

\ i

Mc | Lv Ts Og
115 | 116 | 117 | 118

118 120

Mc
115 [RECREPlN 116

Nh | FI
113 | 114

1 2 3

Puc. 39. CoBMecTHOE TIpejicTaBieHue 5-YpoBHeBbIX Enounoit, JIua Ho-0KTaBHOI 1

MOHYMGHT&HLHOﬁ CHCTEM €CTECTBEHHBIX 2JIEMEHTOB BceleHHOM.

BricoTta y Bcex Tpéx GopM 5-YPOBHEBBIX CHCTEM €CTECTBEHHBIX DJIEMEHTOB C JIBYMS
HYJIEBBIMU JJIEMEHTaMHU OJIMHAKOBa, HO HamOoJiee TUIOTHOYIMAaKOBaHHAs M3 HUX dopma
3 — MonyMeHTanpHasi CHUCTEMa C JABYMsI HYJIEBBIMH €CTECTBEHHBIMH SJIEMEHTAMH

Bceenennoii: Sp (Cmiices) u Nt (Heitrpunus).
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9. Teopusi Bcero MHOXKECTBA eCTECTBEHHBIX 3J1eMeHTOB BceseHHoii

B npenpiaymiem paszgene paccmaTpuBajach OTpaHMYCHHAs JABYMSI JOBOJOPOJHBIMU U

JBYMsI 3a0TaHECOHHBIMHU 3JIeMeHTamMu CUCTeMa €CTECTBEHHBIX 3JIEMEHTOB BeelleHHOM.

OrpaHnyuBaiachk NepBbIMU MATHIO 3HaUeHUsIMU N = 0, 1, 2, 3, 4 B popmynax. OgHako B
HarypanbHOM pane N =0, 1, 2, 3,4, 5, ... HeT orpaHWYeHUl HA N, a B COOTBETCTBUHU C
dbopmynamu (8), (15) m (16) 3HaueHHMsT N  TOCIENOBATEILHO M HEOTPAHUYEHHO

HapacTaroT 10 OECKOHEUYHOCTH.

OTO  BIIOJIHE COOTBCTCTBYCT Hauboiee paCHpOCTpaHéHHOﬁ TOYKC 3pCHUA O
O0eckoneunHoct Bcenennoi. Bo Bcskom cIydya€ HET HM HAaYYHbIX, HU TCXHHYCCKUX
BO3MOXKHOCTEHU A0Ka3aTb, TEM 60]'[66, I10Ka3aTb IMPOTHUBOIIOJIOKHOC

YTBCPIKACHUC — KOHCUYHOCTD Bcenennoii.

[lepBriii HyneBoit Beenenckuii anement Sp (Cridcest) HENpephIBEH, WK Jaxe aOCOIIOTHO
HenpepbiBeH. AOCONIIOHAsE HENpPEepPhIBHOCTh O3HAYAET OTCYTCTBHE PAa3phIBOB Kak
BHYTPEHHUX, TaK U KpailHux. B camom niene, TpyAHO Ja)e MpencTaBUTh, 4TO TI€-TO, HA
PACCTOSIHUM B TPWUJUIMOHBI CBETOBBIX JIET OT HAC B JIIOOYIO CTOPOHY MOXKET OBITh Kpai
Cmaiicen. A uyrto xe 3a kpaemM? Urto 3a KkpaeM TPEXMEPHOIO KOCMHUYECKOIO

npocTtpancTBa? Bompoc, Ha KOTOPHBIH Bpsia M KOraa-HUOyAb Oy/AeT JaH OTBET.

[ToaTomy Oynem cuuTath MpOTHKEHHOCTH CIdiiceM HEOrpaHWYCHHON, 0ECKOHEYHOM BO
Bce CTOpoHbl. COOCTBEHHO 00 ATOM TOBOPUT M HEOTPAHWYCHHBIA PsAJl HATYPATBbHBIX

YHCCJI.

Ho y Hac HeT TeXHMYECKOHl BO3MOKHOCTH TIOKas3aTh (HApUCOBATh) EJI0o4HyI0 H
MonyMeHTanbHy0 (OPMBI TIOJIHOH CHCTEMBI €CTECTBEHHBIX JJIEMEHTOB BCeneHHOM.

DTOro HEBO3MOXHO CAENaTh HU HA KAaKOM PYyJIOHE Oymaru.

[ToaTomMy orpannuuMmcsi 3HadyeHUeM N = 6, npuyéM MHOrotoureMm aisg ceapmoro (ot 0)

ypoBHs. Sldeiiku ¢ HOMepaMu B (-0JI0Ke W MHOTOTOYHMSAMH ¢ h-OJoKa, CIeIyromux 3a
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f-010kOM, OTIIBETHM COOTBETCTBCHHO OJICTHO-(HOJETOBEIM U OJICTHO-PO30BBIM
uBetamu. Toraa HeorpanudeHHass (CucremMa €CTECTBEHHBIX JJIEMEHTOB BceleHHOU

MIPEACTABISAETCS B HIKECIEAYIOIMX BapyuaHTax 1., 2. u 3.:

Pb | Bi Po Rn

82 83 84 86
Ts Og
117 | 118

119 120

126 | 127 ef‘ﬁ‘ 130 | 131 | 132 | 133 | 134 | 135 | 136 | 137 | 138 |

175 | LWU, LWJ L@@@@N L&,, L‘Zﬁ Lﬂ‘ } 18!

[ .u‘ [ cD

1. Puc. 40. Enka Bcero MHOKECTBA €CTECTBEHHBIX DJIEMEHTOB BCeleHHOIA.
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2. Puc. 41. Bcé MHOXECTBO €CTECTBEHHBIX AJIEMEHTOB BeesleHHOM

B /lnamHo-okTaBHOU (popMme.
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Om

Nt

HEA R
51 |52

- -

108 165 Laco | 167
m
| ois Lot o1

3. Puc. 42. MoHyMeHT BCero MHOKECTBA €CTECTBEHHBIX 2JIEMEHTOB BcelleHHOA.
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IIpencraBum puc. 40, 41 u 42 coBmectHO. llBeTa sueexk coxXpaHMM, HO HOMEpA U

CHUMBOJIBI 3JICMCHTOB OITYCTHUM, TaK KaK IIPHU TAKHX MacmTabax OHH HE p8,360p‘II/IBBI.

1 2 3

Puc. 43. CoBMecTHOe TIpe/icTaBieHue 6-YpoBHEBbIX Enounoit, JIua H0-0KTaBHOI 1

MoHyMEeHTaTbHON CUCTEM BCETO MHOKECTBA €CTECTBEHHBIX 3JIEMEHTOB BCelleHHOM.

CpaBHeHHE ¢ MOJIOOHBIM COBMECTHBIM TIpeacTaBieHueM Hac Puc. 39 msi n =0, 1, 2, 3, 4.
TOKa3bIBAET, 4To J{Ma/HO-OKTaHAas CHCTEMaA «Iepepociay Enounyro 1 MoHyMeHTaIbHYIO
CHUCTEMBI Ha 6 KBQJIPAaTHKOB BBEPX. JTa pa3HMIA OYJIET YBEIUUYUBATHCS C YBEINUCHUEM
n. ma n =0, 1, 2, 3, 4, 5, 6 (c h Giokom) BwIcoTa J[MaIHO-OKTAaBHON CHCTEMBI

npeBbImaeT Enounyro 1 MoHyMeHTaIbHYIO CHCTEMBI yKe Ha 16 sueek.
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1 2 3

Puc. 44. CoBmecTHOe npenctasieHue Enounoit, 7-YpoBHeBbIX J{MagHO-OKTaBHON U
MonymenTanbHOM cuctem ipu N =0, 1, 2, 3, 4, 5, 6 Bcero MHO>KeCTBa €CTECTBEHHBIX

3JIEMEHTOB BceesleHHOon.

Veemmuum n non=0,1, 2, 3,4,5,6, 7:
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I

1 2 3

Puc. 45. CoBMecTHOE MNpeCTaBIeHNE 8-YPOBHEBBIX Enmounoi, JIuagHO-OKTAaBHOH H
MonymenTtanbHol cucteM ipu N =0, 1, 2, 3,4, 5, 6, 7 Bcero MHOKECTBa €CTECTBEHHBIX

3JIEMEHTOB BCeeHHON.
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3nech JuajHO-OKTaBHAs CHCTEMa BO3BBINIAETCA yxke Ha 32 sueiiku Hajg Enkoi u
MonymentoMm. Ilpu nanpHeiliemM yBeaudeHuu N pa3HULa OyleT HapacTarhb, eme Oosee
omepexas PpPOCT B BBICOTY IJ04HOH ¥ MOHYMEHTAaNbHOW CHCTEM MHOMKECTBa
€CTECTBEHHBIX  3jeMeHTOB  Bcenmennoil. Takum  00pa3oM, KOMIAKTHOCTh U
IJIOTHOYIIAKOBAHHOCTh MOHYMEHTAIBHOM CHUCTEMBI COXPAaHUTCSA MPU JAJIBHEUIIEM

yYBEJIMYECHUU N.

[Touemy xe npu N =0, 1, 2, 3, 4 BeicoTa cuctem 1, 2 u 3 6bUIa OMHAKOBOM, a ¢ N =0, 1,
2, 3,4, 5 lnangHo-oKkTaBHasi cuCTeMa Tak ObICTpo HapactaeT? B xonue paznena 9 Uactu |
OBUINT OTMEUEHAa MOPA3UTEIBLHOCTh COBMAJCHUS KBAHTOBO-MEXAaHUYECKOW THUIU3AIUU
XUMUMHYECKUX DJIEMEHTOB C MX THUNHU3AI[Mel HAa OCHOBE pacHpe/iesieHUs HaTypabHBIX
gucel B KBaAparax 4YETHBIX uucen Jlwmagamu w3 mocienoBaTtelbHBIX MoHan U
MOCJIEI0BATENILHO BIOKEHHBbIMU KBanparamu. Uucna «3HatoT» MHOro. Bo3MOXXHO OHHU
«3HAKOT», YTO TOJIEIHMM XUMHUYECKHX »3JIeMeHT umeer Homep 118. Jlamee yxe
HEXUMHUYECKHUE AJIEMEHTHI, T.€. €CTECTBEHHBIC 2JIEMEHTHl BCceneHHOM, HEe BCTynarolme B
XUMHU4Yeckue B3auMojencTBus. Crnenyer ormetutsh , 4to U JI. M. MenneneeB cuutan

118-it Homep 3aBepmiaromuM B [lepuoandeckoit Tabmauie XUMUYECKUX SJIEMEHTOB.

N3 tpéx HeorpanmueHHbIX CucteM Ha puc. 45 camoit mupokoit saisercs Juagnas (1), a
camoil BbICOKOM — JlmamHo-okTaBHas (2). Cuctembl 1 m 3 OJMHAKOBBI IO BBHICOTE.
Paznmuuusi rabaputoB B HeorpaHudeHHbIX 1-3 CucreMax yBENIMYMBAIOTCS TIPH
JajdbHEUIIEM HapallMBaHUKM N MOCJIEAYIOIIMMHU 3HAYECHUSIMU HATypaJbHOTO pAJia YKHCEN
BILIOTH 710 OeckoHewHOocTH. Ho mpu Bcex N > 1 Hanbonee koMrnakTHa MoOHyMeHTalIbHAs

CucreMa eCTeECTBEHHBIX DJIEMEHTOB BCelleHHOM.

B Hacrosimee Bpemss u3BeCTHbI 118 XHMMHUYECKMX BJIEMEHTOB, KOTOPHIE, KOHEYHO,
SIBIIAIOTCSL U €CTECTBEHHBIMU dJIeMeHTaMu BcenenHoi. B mpomuiom Beke Ha OCHOBE
000J09YeYHON  MOACHM  SApa  MPOTHO3MPOBAIHM  BO3MOXXHOCTH  CYIIIECTBOBAaHHS

XUMHYECKHX OJJIEMEHTOB ¢ HoMepamu 115-130 B, Tak Ha3pIBa€MOM,  «OCTPOBE
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CcTaOMIIBHOCTHY. JIOMYyCKalOT BO3MOXKHOCTh CYILECTBOBaHMS M 0Oojiee OTHANEHHBIX
«OCTpOBOB cTaOUIbHOCTHY. [loka OOHAapy>KE€HbI U CUHTE3HPOBAHBI 3JIEMEHTHI 70 118

HoMepa — OranecoHa.

Ho Bo BceneHHOM CyIIECTBYIOT HEWTPOHHBIE 3BE3/bI, MUHUMAJIbHAS MAacca KOTOPBIX
oueHuBaercss B 2,16 maccel ConHia. B Takoil HEHTPOHHOM 3BE3AE€ KOJIMYECTBO

HEHTPOHOB cocTaBusger ~ 2,6x10°%. Uncno HEHTPOHOB B YEPHBIX ABIPAX MPEBHILAET

2,6x10.

10. HIkaJja ecTeCTBEHHBIX JIeMEHTOB BceesieHHOM

EctecTtBeHHBIX 351eMeHTOB BO Bcenennolt oueHb MHOTO. K HUM OTHOCHUTCS OTpOMHOE
MHOT000pa3ue 3JIEMEHTAPHBIX YaCTHIl, YK€ OTKPBITHIX. OueBUAHO, €I MHOrO0 He
OTKPBITBIX 3JEMEHTapHbIX YacTull. Ho OOJIBIIMHCTBO JJIEMEHTAPHBIX YaCTHUI[ HE
CTaOWJIbHO. 371eCh MBI OIPAHMYMM €CTECTBEHHBIE AJIEMEHTHI TOJBKO CTAOWJIBHBIMU U
MIMPOKO paclpoCcTpaHEHHBIMU 00bEeKTaMH. B mepByro ouepenb K TaKUM €CTECTBEHHBIM
AJIEeMEHTaM OTHOCSTCS TpEXMEpPHOe MpOCTpaHCTBO BceneHHodt M HeWTpuHO, nanee
CIEYIOT XUMHUYECKHUE DJIEMEHTHI, MIPeArnoIaraeMble MaCCUBHbIE XUMUUYECKHUE SJIEMEHTHI,

BKJTIOYAs SJIEMEHTBI «OCTPOBOB CTAOMIIBHOCTHY, ..., HOUTPOHHBIE 3BE3/IbI, YEPHBIC JBIPHI.

MN3BecTHa 1mIKana 3JeKTpoMarHuTHRIX BOJH (IIIDB) — ynopsigodeHHOE MO AJIMHAM BOJIH
MIPEICTaBICHHE BCEr0 MHOT000pa3us 3JIEKTPOMArHUTHBIX BOJIH OT TaMMa-U3JIyYeHHS 10
PaIMOBOJIH B OYEHb IIMPOKOM JUara3oHe JuH BojH. Ha puc. 46 npeacTtaBieHa oHa U3

sepcuii 11IDB B nuanasone aauH BonH oT 1072 M 10 1ecATKOB METPOB.
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LLikana (ynopsaoyeHHas no anuHam BonH Cucrema)
3NEeKTPOMarHUTHbIX BOJTH BO BcerneHHoON

00l 01 1lena 10w 100ms Inxa 10mmov 100w 1l lem 10em 1w 10 M
10° 10 107t 10 10t 102 10* 10t 10°  10%® 107 10%  10° 10
| | | | | | | | | | | | | | A, ra
| | [t il 1=l | [T 1 | [ | | v,Tu
3-10% 3.10% 3-107 | 3-108 3.10% 3-10% 3-10° 3-10°
Pemrexosckoe [ | | |
MR HIE | S { Paguos oims1
Tm-mrme | e \\ |
1 400 rma th~ 780 ma |
| B CI3XKOK |
| 'Bmmbn‘»'icser! |
! ONTHYECKHH IHATA 0K !

Puc. 46. lllkana 31€eKTpOMarHuTHBIX BOJIH

Ilo anamormm c¢ IIDB MOXHO MNPEACTaBUTH YHOPSJAOYEHHYIO IO HOMEpaM LIKAIY

ecTecTBeHHBIX neMeHToB Beenennoii (LIEDB).

Ilkaja YIOPSIOYCHHOI'O IO HOMEpaM BCETr0 MHOXKECTBA €CTECTBCHHBIX JJIEMEHTOB Bceniennoii

Hy.u1eBbie Xumuueckue MaccuBHbIE CBepxMaccHBHBIE
ecTecTBeHHbIEe 3JIEMEHThI ecTeCTBeHHbIE JJIeMeHThI ecTeCTBEeHHbIE
3JIEMEHTBI 3JIEMEHThI
Om 0c ) (B S, 118 119, 120, ..., 219, 220, ..., THICAYH, ..., ..., — | HeliTpoHHBIE 3BE3 LI
Sp Nt | § 80 ; (O — O | —eees =5 ceis =P cie =Py vy =y weey —> — Yépuble AbIPLI

Puc. 47. lllkana ynmops09eHHOT0 IO HOMEpaM BCETro MHOKECTBA Hanbosee

pacpoCcTpaHEHHBIX U CTAOMIILHBIX €CTECTBEHHBIX 2JIEMEHTOB BceeneHHoM.

Haunnaercs I[IIEDB ¢ HyneBBIX IO Macce W SISKTPUUECKOMY 3apsay Haubojee
pacnpoCTpaHEHHBIX €CTECTBEHHBIX 3JieMeHTOB — Cmiiceeit u Helitpunuein. 3a HUMU
CIEAyIOT XUMHUUYECKHE »dJeMeHThl oT Bomopoma no Oraneccona. Jlanee wuayt He
CTaOUJIBHBIE €CTECTBEHHBIE AJIEMEHTHI OT KOPOTKOKUBYIIIUX 10 OYEHb KOPOTKOKUBYIITHUX
BKJIFOYAIOIIUX KaK dJIEMEHTHI

MaCCHBHBIX CCTCCTBCHHBIX JJICMCHTOB, «OCTPOBOB

CTaOMJIBHOCTU», TaK U 0OoJiee MacCUBHBbIE 3JeMeHThl. llopsikoBbie HOMEpa UX MOTYT
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COCTAaBJAThL TbICAYM, MHWIJIMOHBI, MWJIIJIHMApAbI, .... H Oonee Ipru 1MmoAxoJaec K

CBCPXMACCUBHBIM €CTCCTBCHHLIM 3JICMCHTAM — HeﬁTpOHHBIM 3Bé3I[aM u ‘IépHBIM AbIpaM.

B IIIEDB unmeeTcst npoTUBOpeUre ¢ HaTypalbHBIM psioM uucen Nr = 1, 2, 3, ..., ©. B
HEMTPOHHBIX 3BE31aX M YEPHBIX JBIPAX YHMCIO HEUTPOHOB BeUKO, mopsaaka 10%°, no go oo
OYCHb U OYeHb naneko. O apyrux 6apuoHHBIX, 00JIee MACCUBHBIX €UHUYHBIX HEOCCHBIX
TellaX CBeIcHMM Ha cerogHs HeT. Ho eciam Obl oHM M ObUIM M KaK ObI BEJIMKU OHH HU
ObUTH, BCE pPaBHO KOJUYECTBO HEUTPOHOB B HUX orpaHuyeHo. OrpaHUYEeHO B CHITY
JMCKPETHOCTH, €IUHUYHOCTU 3THX HeOecHbIX Tel. Bce HeOecHbIe Tena IUCKPETHBI U
enquHu4YHbl. [loaTOMy mepcnekTuBbl Ha HeorpanndeHHOCTh IITEDB, cooTBeTcTBYyMONIEH

CyTH HaTypajbHOTrO psija uucen Nr=1,2, 3, ..., o, HeT.

11. CmbikaHHe KOJBbIIA HATYPAJbHBIX umcea 1, 2, 3, ..., ©© yepe3 0oOpaTHYIO

0eckoHeuHOCTH (0)

Cmdlices  HeorpaHMdeHHa U OeckoHeuHa. beckoHeyHa, MOTOMY YTO aOCOJIOTHO
HENpephIBHA, HE UMEET HU BHYTPEHHHX, HH KpalHUX pa3pbiBoB. B Hyne (0), BooOiie

rOBOPSI, COIEPIKUTCS 00, HO B 3HaMeHaTee 1/,

Bo3morxHo, HatypansHbIi psag uncen: Ng = 1, 2, 3, ... 00 HE ABISIETCSA MPSAMOTUHECHHBIM

pSAIIOM, a TIPENICTaBIsIeT OO0l 0e3MEPHO OIPOMHOE KOJIBIIO, HACTOJIBKO OTPOMHOE, YTO
BCSIKMU MBICTUMBIA OTPE30K €ro MposiBIseTcs (BOCHPUHUMAETCS) MNPSIMOJIMHEHHBIM
orpeskoM. Ecam pammyc koiblia OECKOHEYEH, TO JJIMHA OKPY>KHOCTH KOJIbIIA MOJABHO

O0eckoneuna. [lpencraBum cebe, 4YTO «IPSIMOJIMHEHHO» YXONSIIUNA HAMPaBO Pl
Nk =1,2,3,... 0 Ha camMmOM JieJie OECKOHEYHBIM KOJIBIIOM «ITOAOIMIE» ClIeBa K Hadary

pana, x 1.

Komb110, 9T00OBI OBITH HEMPEPHIBHBIM, JOJKHO OBITH COSAMHEHO, 00JIee TOTO, CIIaBJICHO

HayajaoM (1) m KoHIIOM (c0), KaK CBApUBAIOTCS B CIUJIABbl pa3Hble METAJUIbI, HAPUMED.
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Tormpa Mexay | m oo nomkeH OBITh MPOMEXKYTOUHBIM CHOW (3BEHO) M3 «MeTajuiay
(«crmaBay») cocraBa 1:00, T.e. 1/oo. Tak Moria MPOM3OWUTH CMBIYKAa OECKOHEYHOTO psina

gucen Nr = 1, 2, 3, ..., o0 B OECKOHEYHOE HATypaJbHOE KOJbLO yucen. Tak Moriu

BO3HUKHYTH uncio 0, a ¢ HuM 1 HatypanbHbld pan Nw =0, Nr mo gpopmyie (8).

3akaouenue mo Yacru |1

ITocnenoBarenbHbIe KBaJIpAThI YETHBIX YUCEN BBISIBUIIN
[Iporpeccuonno-Ilepuoauueckuii, wim kpatko I[Ipo-Tlepmonnueckuii 3akon (I1I13)
pacupenelieHusl HaTypajbHBIX YHMCENI B IOCJIEA0BATEIbHBIX YHCIOBBIX MOHamIax
IIOCJIEIOBATEIILHBIX YUCIOBBIX [[Mag M B NOCIEIOBATEIBHO BIIOKEHHBIX KBajgpaTHbBIX
CIOSIX W3 KBAJAPATHKOB C HATypaJbHbIMH 4Yuciamu. [IpusiokeHne MareMaTUyecKoro
anmapara [II13 B kauecTBe (yHIAaMEHTAJHLHOTO W MPHUHIIMIHAIBHOTO OCHOBAaHUS K
CUCTEMATH3alUU W TUIU3AlMA €CTECTBEHHBIX (B MX YHUCJIE XUMHUYECKHX) DJIEMEHTOB
Bcenennorn npuBoguT K HX VYpoBHeBbiM (Cucremam, B YacTHOCTH, K

[Tpo-Tlepronuueckum 4-YpoBHeBbIM TabauIaM XUMHYECKHUX JIIEMEHTOB.

Bxiroyenue CuctemMbl XHUMHYECKHMX JJIEMEHTOB B  HeorpaHuueHHyro Cucremy
€CTEeCTBCHHBIX JJIEMEHTOB BcelleHHOW TpeOyeT TOMOJHUTEIBHOTO aHalu3a IPUPOJIBI
B3aUMOJICHCTBHIN MEXTy YacCTHUIIAMH, TeJlaMH, HEOCCHBIMHU TEJIaMHd U IPHUPOJLI CaMHX
YacTHll.

Oco3nanue TPEXMEPHOTO MPOCTPAHCTBA KaK TJIABHOTO (HanOoiiee pacmpoCTPaHEHHOTO)
anemenTa [lpuponsl (Bcenennoit), 6oiee Toro, BBISBICHHE €TI0 W3HAYAIBHOTO MECTa B
Cucteme ecrectBeHHBIX (IIpupoaHbIx) smeMeHTOB BeelleHHOM ¢ HE0OX0UMOCTRIO BEIET
K BBIICHEHUIO, BBIABICHUIO €r0 B3aUMOOTHOILIEHHH C JPYrUMHU €CTECTBEHHBIMU

yjeMeHTaMu BeeneHHoi.

79



Ha stom 3aBepmaercs Yacte |l. OHa BmosiHe AocTynmHa Ajii NMOHUMAaHUS ydaluMCs
CPEIHUX M BBIYCKHBIX KJIACCOB CPEIHMX YYEOHBIX 3aBEJCHUNH U BCEM, HMEIOUIUM
cpennee oopazoanue. Co cnenyroueit Yactu 11, noxanyii, morpedyercs paciimpeHue u
yriayOsieHue 3HaHUM B YHHBEPCUTETCKHX OOIIMX Kypcax MaTEeMaTHUKH, €CTECTBEHHBIX

HayK U ¢punocopuu.

YACTbD |1l IIpupoaa ocHOBHBIX (pM3NUYECKHUX NOJIEH W JJTIeMeHTAPHBIX YaCTHI]

IIpenucnoBue k Yactu |11

MareMaTU4eCKu BBISBJICHHBIN HCpBLIﬁ HYHGBOﬁ asieMeHT CHCTEeMBI €CTECTBEHHBIX
aJieMeHTOB Bcenennoi BC)IéT K MICPCOCMBICIICHUIO HC TOJIBKO XHMMHUYCCKHUX 3JICMCHTOB,
HO W 3JICMCHTAPHBIX YaCTHUI U OCHOBHBLIX (1)H3HII€CKI/IX monei. Yacrte 11 IIOCBAIIICHA

BBIABJICHUIO IIPUPOIBI OCHOBHBIX (1)PI31/I"ICCKI/IX IOJICH U QJICMCHTAPHBIX YaCTHUII.

Ot cyOcTaHUMM K MaTepuu
Onpeodenenust

CyOctannus (nar. substantia — cylWwHOCTb; TO, YTO JICKHUT B OCHOBE) — TO, YTO

CYIIIECTBYET CAaMOCTOSITEILHO, CaMO 10 ceOe, B OTINYHE OT aKUMAEHUMN,

CYILIECTBYIOLIUX B IPYI'OM U 4epe3 APYroe.

Martépus (ot naT. materia — BemecTBo) — (HU3UUIECKOE BOOOIIE, B OTIIMYNE
OT NCUXUYECKOTO U AYXOBHOIO

Kak BunmHO 13 omnpeneneHuii, cyOcTaHIus — nepBuyHas pyHaaMeHTaidbHas Qruiocodckast
kareropus. Marepusi - kareropus Oonee ¢dusudeckas, Hexenn ¢unocopckas u
MPOSBIIIETCS TONBKO B JABWKCHHH. PaccMOTpUM BONPOC «POXKICHHS» TMOABMKHOU
MaTepuyd B HEMOABUXKHON cyOcTtaHiuu. CyOCTaHIMIO CIEQYyEeT paccMaTpUBaTb UMEHHO
HETMOBI)KHOW, MOTOMY YTO BCSKO€ JBIDKCHHE MPOW3BOAUTCS OTHOCHUTEIBHO YEro-TO

1oA00OHOr0, HAMPUMEP, OJHON YACTUIIBI OTHOCUTENIBHO JAPYro (Apyrux), OJHOrO Tela
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OTHOCUTENIbHO Apyroro (apyrux). CyOcraHuus e (TpEXMEpPHOE MPOCTPAHCTRO)
eAuHCTBeHHA. [[pyrux cyOcTaHLMd, OTHOCUTEIBHO KOTOPBIX MOXKHO OBbLIO ObI BBISBISATH
e€ NBIDKEHUE, HET. J[BuKeHue ke CyOCTaHIIMU OTHOCUTEILHO CaMO ce0sl HE BO3ZMOKHO.
JIBUraThcst MOTYT TOJIBKO BO30Y>kKaeHus: cyocTaHimu. Ho Bo30ykaeHust CyOCTaHIIMM yKe
He cyOCTaHLMs, a Marepus, JJIEeMEHTApHbIE YACTHULIbl, ABMXKYIIUECS C aOCOIIOTHOU
CKOPOCTBIO CBeTa B cyOcTaHuuu (HeUTpuHO U (OTOHBI). WX nBUXKEHUE MOMXKHO
COOTHOCHUTB TOJIBKO C JIBUPKEHUEM JIPYTUX 3JIEMEHTAPHBIX YaCTHI], KaK JABMKYIIUXCS, TaK
U TOKOSALIUXCS OTHOCUTEIBHO MEPBUYHBIX 3JIEMEHTApHBIX YacTHI], CYIIECTBYIOIIHNX

TOJIKO B JIBU’KEHUHU C a0COJIFOTHOM CKOPOCTBIO CBETA B CyOCTaHIIUU.

Bopa — BemectBO, MaTepus.

CkopocTtsb 3Byka (V) B Boge 1 400 m/c. ITpu gactote f = 14 xI['11 (CABIIIMMBIN 3BYK) JUTHHA
BOJIHBI (L) U3 dopMynbl ckopocTr 3Byka V = Af  paBua 10 cm. Pasmep mosexyn BojbI
nopaaka 10° M . OTHomeHne pasmepa MoJEKyNIbl BOJbI K BHIOPAHHOMN JTMHE BOJIHEI
3Byka coctaBuT 10°, T.e. cocraBur omHy MWLIHMApAHYIO. IlycTh 3T0 GyJeT HEKOTOPBIM
MUHUMAJIBHBIM TIOKa3aTesnaeM HemnpepbiBHOCTH (MIIH) Bomnoit cpeasl. C MIIH Bony
MOKHO CUUTaTh HEMPEPHIBHON MaTepuaIbHOU cpenoit nis ten pazmepom 10 cm u 6odee.
MunuManbsHasi 0JHOBOJIHOBas (hopma ((hurypa) BOJHBI CO CKOPOCTBIO 3BYKa JBUKETCS B
HETOABMIKHON HENPEephIBHOW BOJHOW cpene. JTa KOHe4YHas (auckpeTHas) (opma,
cozieprKallias BOJHYIO CpeNly, ABUKETCS CO CKOPOCTBIO 3BYKa U SIBISIETCA MaTepUalIbHbIM
00bekTOM. ITOT 00BEKT (popma, ¢urypa) CymecTByeT B BOJHOH Cpele TOIbKO B
JBUKCHUN C MAKCHMaJbHOM CKOPOCTBIO, 3aJ1aBA€MOM CBOMCTBAMHM BOJIHOM Cpelbl — €€

IINIOTHOCTBIO U CZKUMAaCMOCTBIO.

'amma-GoTOH — 1UCKpeTHas DSJEMEHTapHas YacTHIla, JAWCKPETHBIA MaTepUaTbHBINA
o0wvekT. Pasmep omHOBONHOBOrO ramma-oToOHA, M3 KOTOPOTO MOXET 00pa30BaThHCS
37IEKTPOH MJIM MO3UTPOH, COCTaBisieT mpuomusutenbao 2,4x103m. Ecnu ucnons3oBaTh
nonydyeHHbid Beimie MIIH, To pasmep npeamonaraeMbIX «IUCKPETHBIX YacTHUID» BO

BcelleHCKOM TIPOCTPAHCTBE J0KEH COCTaBIATh He 6omee 2,4 x10722Mm.
81



B pe3synpraTe KE€ SKCIEPUMEHTOB 10 OOHAPYXEHHUIO <«3EPHUCTOCTU» (CTENEHU
KBaHTOBAHMsI) MPOCTPAHCTBA, KOTOPBIE COCTOSIM B M3MEPEHHMM CTENEHM MNOJSpHU3aLUU
raMmma-u3iay4deHus, IPUXOIAIIEro OT AAJIEKMX MOIIHBIX UICTOYHUKOB, BBISICHUIOCH, YTO B
m3nydenun ramma-Beriecka GRB041219A, HCTOYHMK KOTOPOrO HAaxXOJUTCS Ha
paccrosaun 300 MIIH. CBETOBBIX JIET, 3€PHUCTOCTH NPOCTPAHCTBA HE IPOSIBISAETCS
BIUIOTH 0 pasmepoB 108 M, uto B 10 pa3s menpme IInaHKOBCKOM UIMHBI

( https://otvet.mail.ru/question/92896109 ) .

W3 stux nanueix ais Beenenckoro Sp-mpoctpancTBa (SpP-cpefibl) MokHO npuHsaTh MITH
paBHoit 1078 M. D10 — HeBOOOpasuMo Manas BenuuuHa! Ho MOKHO OBITH YBEpPEHHBIM,
yro Ha camoMm jaene MHII Sp-cpenpl  emé mesble, 0ecKOHEYHO MeHblle, A0 0-ro

npezena, 10 abCOJIIOTHOM HEMPEPHIBHOCTH.

I[BI/I)KGHI/ISI MaTCpHUAJIbHBIX 06’E>CKTOB, OoTpaXaromuue U3MCHCHUA HUX HPOCTPAHCTBCHHBIX
MOJIOKEHUH C TEYCHUEM BPCMCHU, OBIBAIOT pasHbIC B 3aBUCHMOCTU OT (bOpM OTHUX
MaTCpHUaJIbBHBIX 00BEKTOB H BHUIOB IIPOCTPAHCTB, B KOTOPBIX OCYHICCTBIIAIOTCA

JIBUKCHUS.
®opMbl MaTepuaIbHBIX 00BEKTOB:

1. HepgenuMmble B mpoliecce ABWKEHHUS Tela WIM YacTUIbl C TMOCTOSHHBIM, T.€.
HEU3MEHHBIM B ITPOLIECCE IBMKECHUS MAaTEPUATBLHBIM COJECPKUMBIM.

2. Henenmumple B Tporiecce IBHIKCHHS Tejda WM YacTUIBI C IEPEMEHHBIM, T.C.
M3MEHSIOIIUMCS B TIPOIIECCE JIBM)KCHUS MaTepHaIbHBIM WM CyOCTaHIIHMAIBHBIM
cogepxkuMbiM. K TakuM TemamM M 4acTUIAM OTHOCSTCS 3BYKOBBIE WMITYJIBCHI
BCEBO3MOXXHBIX YAaCTOT B MAaTE€pHAJIbHBIX Cpelax M CBETOBBIC HMITYJIbChI

BCEBO3MOKHBIX 4acTOT ((DOTOHBI) B CYOCTaHIIMAIBHON SP-cpee.

B cnyuae 1. coxpansitorcss U popma M coAepKMMoOe, Torja Kak B ciydae 2. dopma

COXpaHACTCA, HO COACPIKNMOC MCHACTCA.
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PaCHpOCTpaHéHHBIC BHUJBI IPOCTPAHCTB, B KOTOPLIX OCYHICCTBIIATOTCA ABUKCHUA!

A. BogHoe mpoCTpaHCTBO.
b. Bo3ayuiHoe mpocTpaHCTBO.

B. BceneHnckoe mpocTpaHCTBO.

B cinydyae A. Bce Tenma u uyactuubl (Gopm 1, uMmeromue TOJBKO NEPBOHAYAIBHBIE
UMITYJIbCBI, IBUXKYTCSI OIPaHUYEHHOE BpeMs M3-3a OOJIBLIOTO CONMPOTUBIIEHUS CPEIbl, a
BCE Tela M 4YacTUlbl (opM 2, TaKKe HMEIOUIUME TOJBKO IMEPBOHAYAIBHBIA HMITYJIbC,

ABUIKXYTCA O0JITO, HO yIraCartOT U3-3da BOJIHOBOT'O COIIPOTUBIICHUA BOIBI.

B ciyuae b. mpoucxoaut To ke caMoe, 4TO M B ciiydae A., HO JBUKEHHUE COXPAHSAETCS
MEHbIIIE, BBUAY HAIMYHS TMPOCTPAHCTBA MEXKAY MOJIEKYJIaMU BO3/1yXa, a MPOCTPAHCTBO
3TO TPEOOJIEBAETCS MOJIEKYJaMU BO3Ayxa co cpenHel ckopoctbio 300 M/C, paBHOMU

CKOpPOCTH 3BYKa B BO3QYXC BOJIM3H IMOBEPXHOCTHU 3eMiH.

B ciIydac B. Bce Tena u JaCTHUIlbI (bOpM 1, HMCIOIIHUEC TOJIBKO IICPBOHAYAJIbHBIC
HMITYJIbCbI, ABUKYTCA OCCKOHEYHO A0JIT0, BBUAY OTCYTCTBHUA COIIPOTHUBIICHUA CPCABI
KOCMHUYCCKOI'0 ITPOCTPAHCTBA. O10 — HN3BCCTHOC, TAaK HA3bBIBACMOC, JABHKCHHUC IIO

WHEPIUH.

N3 gactuil opm 2. CyImecTBYIOT TOIBKO CBETOBBIC UMITYJILCHI ((OTOHBI). OHHM ABUKYTCS
OECKOHEYHO JI0JITO, BBUAY OTCYTCTBHUSI BOJTHOBOTO CONPOTUBIICHHS CPEIbl TPOCTPAHCTBRA.
Takoe nBuMxkeHWE MOJOOHO MBIKEHUIO MO WHEPIIMH C TIOCTOSIHHOM CKOPOCTBIO TENl |

gactuil popM 1, HO ¢ 0oueHb OOJBIION CKOPOCTHIO CBETA B BaKyyMe.

«AOCONIOTHO TBEPIIOE TENO» — TpejaeNbHast adcTpakTHass Mojaenb. Eciau ¢ abcTpakTHOU
MOJICNIBIO «UJICATBHBINA Ta3» MOYKHO COIOCTaBISITh CHJIBHO PAa3peKeHHBIH Tra3, TO C
«a0CONIFOTHO TBEPABIM TEIOM» HE COIOCTABISIETCS HUKAKOE PEabHO TOCTHKUMOE
cocTtosiHMe BemlecTBa. Bo3bMéM camoe TBEpAoe BemecTBO - anMmas. CKopocTb

MONEPEYHBIX YINPYrux BOJH B HeM mopsiaka 10 km/C. CKOpOCTh k€ CBeTa B BaKyyMe
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300 000 xkm/C. M0OXHO TOBOPUTH, YTO CKOPOCTh MONEPEUHBIX YIPYTUX BOJIH B «TBEPAOM»
Bakyyme B 30 000 pa3 Gousbiie uem B anmaze. Ho B «aOCoifOTHO TBEPAOM Tene» MO
OTPEIETICHUIO CKOPOCTh TMOMEPEYHBIX YIPYTHMX BOJH JOJDKHA OBITh OECKOHEYHOM.

[ToaTomy Beenenckoe SP-ipocTpaHCTBO «TBEPIOE», HO HE «a0COIOTHO TBEPIOEY.

Tem He MeHee, Sp-cpena «oueHb M 04€Hb TBEpPJa». HacTonbko TBEPIA, UTO COBEPIICHHO
He ckumaetcs. CBeT — MOIepevHble, T.€. CABUTOBblE BOJHBL. CABUTH MPOUCXOAAT O€3
CKaTHsl W paspexeHusi, T.e. 0e3 3HAKONEepeMEHHBIX OOBEMHBIX H3MEHEHUU. YUTOOBI
CABUTH PACIPOCTPAHSIUCH C TaKOM BBICOKOM, HO KOHe4YHOM ckopocThio B 300 000 km/C
Sp-cpena gomxkHa OBITh OYEHb U OYEHBb (O€3yMHO) YNpyroil, HECPaBHUMOW C peaibHON

YIPYyrocThbiO HA OJTHOTO TBEPJOro Teja, JaXe aamasa.

Yopyroctb — CBOMCTBO TE€J BO3BPALIATHCA B MCXOJHOE COCTOSTHUE (IOJIOKEHHE) TMOCIIe
CHATUS Je(OPMUPYIONIETO BO3JICUCTBUA. YIPYroCTh  XapaKTEPHU3YIOT MOIYJISIMHU
ynpyroct. McCmosb3yroTcsi TpH OCHOBHBIX MOAyJs ynpyroctu: moayinb HOura (E),

MOJIYJIb CIIBHTa WU MOJYJIb skecTkocTh (G), Mmoyib o0béMHOTO0 cxatus (K).

Cny4aro OJHOPOJTHOTO M3O0TPOIHOTO «aOCOJIFOTHO TBEPAOrO Tena» Haubosee OIHM30K
MOJyJlb CIIBUTA, TIOCKOJBKY MOJYJIb G XapaKTepHu3yeT CIIOCOOHOCTh Tela

COTPOTHUBIISITHCS UBMEHEHHIO ()OPMBI TIPH COXPAHEHHUH €0 00BhEMA.

Peanpubie m3Mepenusi nedopmaiuii MOKHO MPOBOAUTH TOJIBKO B 00pas3liax peanbHbIX
MarepualoB. [Ipu 3TOM KCMONB3YIOTCA KaK CTaTUYECKUE, TaK U JUHAMHUYECKUE METObI,
HampuMep, YyIbTPa3BYKOBBIC. 3BYKOBBIE BOJHBI — KOJIEOAHUS B MACCOBBIX CpeElax.
Konebanusi e B MacCcoBBIX Cpelax TMPOUCXOASAT BCJICACTBHE B3aUMOIEPEXo/ia
MOTCHIIMAJTBHON W KWHETUYECKOW SHEPruii, MpUYMHA KOTOPOTO, B KOHEYHOM CUETE,
MHEPIIMOHHAsA Macca 4acTull MaTepuana cpeapl. Ecii, Hanpumep, Ha MOBEPXHOCTH BOJIbI
OpolIeH KaMEHb, TO C MECTA MaJICHUS] KAMHS PacXOsATCS KPYrOBbI€ BOJIHBI U MOCIIE TOTO
KaK KaMeHb (MpUYMHA, UCTOYHUK KPYTOBBIX BOJH) Y€ Ha JIHE, T.€. €r0 HET B LEHTpE

KPYrOBbIX BOJIH. KpyroBbie BOJHBI MPOJIOJIKAOT PACXOAUTHCS C MECTa MAJCHUSI KaMHS
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BCJIEACTBUE MPOIOJIKAIOIIMXCSA KOIeOaHUii Macchl BOAbI B MECTE MAJACHUS KaMHs, T.€. 3a
CYET MHEpPLUMM MacChl BOABI B MeCTe IaacHus KaMHs. MHepuus Maccel sBIA€TCA
IIPUYMHOW  B3aUMOIIEPEXOJ0B  IMOTCHLUMWAJIBHOM W  KUHETUYECKOM DHEPIUl B
IPABUTAlHOHHOM TI0JI€ 3€MJIM. OTH BOJHBI IIOCTENEHHO 3aTyXalT BCIEACTBUE

COIIPOTHUBJICHUA CPCAbI.

Yro ke Oyner NpoucxoauTh B 6e3maccoBoii cpene? PeanbHO Takast cpea TOJIBKO OJIHA —
KOCMUYECKoe TpExXMepHoe mpocTpaHcTBO. OHO ©6e3MaccoBo, OE3bIHEPIMOHHO U
3HAKOMIEPEMEHHBIX KojeOaHuii oO0bémMa B HeM ObITh HEe MOXKeT. Tak OoHO W ecTb. B
«ryctoM» (0e3 JHUCKPETHBIX MAacCOBBIX YacTHI[) MPOCTPAHCTBE HE PACIPOCTPAHSIOTCS
HUKaKWe 3BYKH, CBSI3aHHBIC C OOBEMHBIMU H3MEHEHHSIMH (COKaTUSAMU U Pa3pPEIKCHUSMH).

O0BEM «ITyCTOr0» MPOCTPAHCTBA HE MOYKET U3MEHSETCS, HE U3MECHSIETCH.

Ho, Benb, BOJHBI B «IIyCTOM»  MPOCTPAHCTBE BO3HUKAIOT WM PACTPOCTPAHSIOTCS.
DneKTpoOMarHuTHeIE BOJIHBI (CBeT). M Kak ke OHM BO3HHMKAIOT U PACHPOCTPAHSIIOTCS B

OTCYTCTBHUC Macc?

OtcyTcTBHE Macchl — HMCTOYHHMKA KOJIEOAHWH B HMCTOKE BOJIH O3HAYaeT, YTO BOJHA
OJIMHOYHA OT OJIHOTO BO3MYTHUTENA (KaMHS B Clydae BOAHOW moBepxXxHOCTH). OAHO
BO3MYIIICHHE Ja€T TOJBKO OJHY BOJIHY, KOTOpas «yOeraer» paauaibHO OT MecTa
BO3HUKHOBEHUS B «ITYCTOM» IIPOCTPAHCTBE CO CKOPOCTHIO CBETa B Bakyyme. M BosHa sTa
He 00bEMHASI B TOM CMBICJIE, YTO HE BOJHA CXKATHUS WM PA3PEKEHUs, IOTOMY UYTO O0BEM
B 00bEME HE MOXKET U3MEHSTHCA, OH MOCTOSHEH. Eciu BONHA CHKaTHUS WM pa3peKeHus
HEBO3MOXHA, TO MOXET OBITh TOJIBKO CIBUTOBasi, KOTOpas OCYIIECTBIsAETCS 0e3
00BEMHBIX U3MeHEHHI. B caMoMm jeie, kak 00bEM MOKET U3MEHUTHCA B 00bEMe? Hukaxk,
OH TOCTOSTHEH BO BCEH OECKOHEUYHOCTH U BEUHOCTH TPEXMEPHOTo mpocTpancTBa. CaBuru
xKe 0e3 00bEMHBIX M3MEHEHUI BIIOJTHE BO3MOXKHBI, HO OHU JOJIKHBI OBITh 3aMKHYTHI. Kak

3TO MIPEJICTABUTH?
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PaccMoTpuM M3nyueHue CBeTa MPU U3MEHEHUU HYHEPreTUYECKOr0 COCTOSIHUS DJIEKTPOHA
atroma Bomopona. Pasmep atoma Bogopoma onenmsaercs B 1071 m. Jns ymoGersa
pPaccMOTpPUM MPOLIECC U3TYUEHHUSI CBETOBOM BOJHBI HA TIIOCKOCTH. IlycTh Ha paccTrositHun
10% M or meHTpa — MaTeMaTHYECKOIl TOYKHU IIPOU3OINEN «CABUI IPOCTPAHCTBa». Kak
OTMEUaJOCh BBIIIE, CABUT JIOJDKEH OBITh 3aMHYT, B JIaHHOM CJIy4ae€ CABUT MOXET
3aMKHYTbCA B OKpyxkHocTH paauyca 0,5x10%° wm.  Tlockombky IPOCTPaHCTBO
«HEBOOOPA3UMO TBEPIO» M COBEPIICHHO HECKUMAEMO, TO BCS OKPYKHOCTh LIETUKOM
«IIOBEPHYJIACh», IyCTh 110 4acoBoil ctpenke Ha 1072 M cBoeit mmunbl. IIpocTpancTBO
oOJnazaeT OYeHb U OYEHb OOJBIION YNPYTrocThio, HO He Maccoi. [loaTomy, mocne cHATUs
CABUHYBILETO BO3JCHCTBUS OKPY>KHOCTb BO3BpALIAETCs B MCXOAHOE MOJIOKEHHE, HE
nepeceKasi €ro, MOCKOJIbKY HET MHEpPUUM (HET MacChl). ITO Pa30BBIM aKT MO 4YaCOBOU
CTpenKe W TMpoTHB He€. OTOT pa3oBbIil cABUr (IpsiMOM W OOpaTHbBIN), BBUAY
HEBOOOPa3UMO OOJIBIION CUJTBI CBSI3U MEXKY JIFOOBIMU OECKOHEYHO MaJIbIMU JIEMEHTAMU
00BéMa TPOCTpaHCTBa MepefaéTcss Ha COCEJHHE OKPY>KHOCTH U BOBHYTPh U BOBHE

NEPBOHAYATBHO CIBUHYTON OKPYKHOCTH.

Ho mepenaya m pacmpocTpaHeHUE CIBUTa BOBHYTPb OTPaHUYMBAETCS IIEHTPOM BCEX
KOHIIEHTPUUECKUX OKPYKHOCTEMH, TOT/Ia KaK rmepeaaya BOBHE HE OTPAHUYUBACTCA HUUEM,

BBUTY OECKOHEUHOCTH TPEXMEPHOTO MPOCTPAHCTRA.

BoBHe ke, paanaibHO BO BCE HaIpaBJieHUsI «yOeraeT» IOIyBOJHA CABUIa MO YacOBOM
CTpeJIKe ¥ o0paTHas MOJYBOJIHA MPOTUB YaCOBOM CTPENIKH, & CKOPOCTh 3TOI0 JIBHIKECHUS
— CKOpPOCTh CBeTa B Bakyyme. Marepusi MmposiBIsieTCsl TOJIbKO B ABMKEeHHH. CBeTOBas
BoyTHA ((POTOH) — MaTepus, ABUKYIIASACS CO CKOPOCTHIO CBETa B BaKyyME, B «ITyCTOM)
MPOCTPAHCTBE. A OHO, ATO «ITYCTOE» MPOCTPAHCTBO, €CTh CyOCTaHIusl — SP. DOTOH Ke —
¢dbopMa, B KaKJIOM HOBOM ITOJIOKEHUY 1 HOBOM MOMEHTE COCTOSIIIAst U3 Pa3HbIX 00JacTei
HETMOJBUKHOTO TpéxMepHoro BcenmeHckoro mnpoctpaHcTBa. TpéxmepHoe BceneHckoe

MPOCTPAHCTBO €CTh CYOCTaHIMSI M MpPEACTaBI€HA  MEPBBIM HOMEPOM B IIKaye
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ectecTBeHHBIX 3eMeHTOB Bceenennoit (IIIEDB) u YpoueBoit Cucteme ecTeCTBEHHBIX

JIEMEHTOB BcelleHHOn.

Nneanusm u cyocTanuaausm (Sp-u3m, DCIHmU3M)

B nonsTam (onpeaeeHnn) cyOCTaHITUM HUYETO HE TOBOPHUTCS O JBHMKCHUHU CYOCTAHIIHH.
CrnenoBarenbHO, CyOCTaHIIMSI MOXET ObITh HEMOABUKHA. B MOHATHH (OmpeaesieHuN)
MaTEepHH TOBOPUTCA O (PHU3WYECKOM BOOOINE, OTIUYAOIIEMCS OT TICUXUYECKOTO0 H
JTYXOBHOTO, B OOIIEM, OT CO3HATEJILHOTO, MOCKOJIBKY M IICHXHYECKOE M JIYXOBHOC —
NPOSIBIICHUS, MPOAYKTHI co3HaHus. Jlymra, Jlyx — xareropuu cosHanus. Iloaromy 1o
KPYITHOMY MOHO MPOBECTH T'pajlaliiio: cyOcTaHIus, MaTepus, cosHanue. CyOcTaHIus —
CYITHOCTb, JIC)KaIlass B OCHOBE BCETO, B OCHOBE W MaTepuu, W CO3HaHMs. Matepus —
duzudeckoe BooOmie. MoxeT nu (pusznueckoe BooOIIe ObITH HemoABMKHBIM? Her, He
MOXXET ObITh. Ecim pake Kakoe-TO MaTepuajbHOE TEJ0 HEMOABMI)KHO OTHOCUTEIHLHO
JPYroro WIH JPYTUX TEJ, TO 3TO «HEMOABMIKHOE» TEJI0 0053aTeIbHO UMEET BHYTPCHHEE
JIBIDKCHHE — JBHIKEHHUE SJIEMEHTAPHBIX YaCTHII, 110 MEHbIIIeH Mepe, KojebaTenbHoe. B
UTOTe, MaTepusi HHUKOTJa W HUTJAEC He ObIBaeT HemojBrkHOW. Her wmarepunm 06e3

JABHKCHMUSA. I[BI/I)KGHI/IG HCOTACIINMO OT MAaTCPHH.

JIBuxeHne Marepuanusyercs. Marepust auxkercs. Co3HaHUE — MPOAYKT «CO3HATEIbHOM
MaTepumny», 4yeiaoBeka, jdrojer. Tonbko nu? I'sas Ha XMITHUKOB, HAIPUMEpP, Ha CTalo
BOJIKOB, OXOTSIIMXCSI Ha OJICHEH, HE BO3MOXHO HE YBUACTh B HX JEUCTBUAX
«CO3HATENBHBIX JIBHXEHHI». [IpocTO y nroneil ¢cBO€ CO3HaHUE, Y )KUBOTHBIX — CBOE. Y
pactenuii? HMx mnoBopaunBanue K CoOJHIY HENb3s HE CUUTATh «CO3HATEIbHBIM
nBWOKeHHUEeM». KieTku pacTeHuil, >KMBOTHBIX M Jrofei? Pa3Be uxX JBUXKEHHE HE
«co3HaTeIbHO»? BO3bMEM IBUKEHUE aTOMOB M MOJIeKyJl. OHU JBUKYTCS TaK, YTOOBI BCSI

cucrteMa (aHcam0ib) MOJIEKYJl (aTOMOB) mpuoOpena MUHUMYM 3Hepruu. Pa3zBe 3To He
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«CO3HaTeNnbHOE ABWXKEHUE»? Torma, NBUKEHHE MATEPUU «CO3HATEIBHO», MOTOMY YTO
OHO MPOTEKAET MO OMNPEACIEHHBIM «Pa3yMHBIM» «CO3HATEJIBHBIM 3akoHam». Ho rae
«MECTOIOJIOKEHHUEY» ITUX «PA3YMHBIX» «CO3HATEIBHBIX 3aKOHOB»? He B naneMeHTapHbIX
YyacTHIlaX, aToMax, Mosiekysax. OHu 00Ja1at0T JAUIb HAOOPOM XapaKTEPUCTHK: MACCOM,
AIEKTPUUYECKUM 3apsijioM, OAPUOHHBIM 3apsJIOM, MAarHUTHBIM MOMEHTOM, ... . 3aKOHbI
JBH)KEHUS <WIHIIb PEATUPYIOT» HA 3TU UHAMBUAYAIbHBIE XapaKTEPUCTUKHU MaTepuu. Tak,
T/I€ K€ MECTOIOJIOKEHHUE «CO3HATEIbHBIX 3aKOHOB) - 3aKOHOB [Ipuponsl? B matepun nx
HeT. 3HA4YUT, BHE MaTepur. BHe MaTepuu MOKeT OBITh TOJIKO HeMaTepuajibHas
(momarepuanbHasi, mpamaTepuanbHasi) cyocTaHius. A cyOcTaHIus 3Ta — TpEXMEpPHOE
dbu3nUecKkoe MPOCTPAHCTBO, KOTOpoe B YpoBHEBON CHCTeME €CTeCTBEHHBIX 2JIEMEHTOB
BcenenHoil mpeacTaBisieT €CTECTBEHHBIM (MPUPOIHBINA) seMeHT SP. Takum oOpaszom,
marepuss — Gurypsl (dbopmbl) u3 BO30OyxkAEHHON cyOcTtanmmu SP. ClenoBarenbHO,

co3Hanue (3akoHbl [Ipuponsl) B cyOcTanmu Sp.

Coznanue B cyOcTanumu Sp (3akoHbl [Ipupospl) TOMBKO yIpaBisioniee, peryiupyroliee,
KOHTpOJIMpYIolllee, HO He TBopsuiee (TBopueckoe). Topsiee cozHanue y mojeid. OHu
CO3J]al0T HOBBIE AJIEMEHTHI, HOBBIE MaTEpHaJlbl, HOBbIE TEXHOJOTHUH, HOBBIE CTPYKTYpHI,
HOBBIC OTHOIIEHHUsS, He cymecTtBoBaBmue B IIpupome. CybOcranmmm Sp ¢ eé
YOPABISIOMINM, PEryJIUPYIOIIUM, WUCIOTHUTEIbHBIM, KOHTPOJIUPYIOUIUM, «CO3HAHUEM)
(3akonamu IIpuposl) HEOOXOAMMO TBOPSIIEE COZHAHUE, YTOOBI COTBOPEHHOE TBOPSIIUM
CO3HAHUEM IIOIOJHAIO «CBOJ 3aKOHOB IIpupoaer». JIroau ¢ ux TBOPSIIMM CO3HAHUEM HE
TOJIBKO NpoayKThl [Ipupoasl, HO u co3zmarenu [Ipupoasl, «kameHIUKA Mupo3gaHus.
[Ipupona, cyOctanuus co3nania JiroAed uisi cBoei 3Bomtonuu. lIpenHazHauenue, ueinb
YeJIoBEeKa, JIIOACH — HSBOJIOUUS BceeneHHOW. YTBEpXKAEHHE O TOM, YTO CO3HAHUE B
cyOctaniuu Sp, HE O3HAYaeT MEPBUYHOCTh CO3HAHUS W BTOPUYHOCTH MAaTepUU
(uneamusm). [lepBuuna cyocranmus Sp. Ot cyOcTanimu (B cyOCTaHINM, U3 CYOCTAHITHM)

cyOctanmuenr ke ¢dopmupyeTcss marepus. B marepuu, W3 MaTtepuu, MaTepuel xKe
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co31aéTcs TBOpSIEE CO3HAHME. DTO HE MaTepUain3M, HO CyOcTaHIMaIu3M (SP-u3M,

DCnuu3Mm).

HenpepbIBHOCTH H JMCKPETHOCThH

Co3HaHue OTpakaeT OKpyKaronui Mup. Mup BUINATCA U OCO3HAETCSA TUCKPETHBIM. BOT
OHU: 3BE3/bL, AEPEBbS, JIUCThS, IECUMHKHU. .., MOJIEKYJIbl, aTOMBI, JJIEKTPOHBI, IIPOTOHBI,
HEUTPOHBL, ... . BC€ B MHpe NMCKPETHO, BCE UCUUCIUMO, BCE MaTeMaTndyHO. CO3HaHHE

matemaTu4Ho. Iludarop yrBepxkaan: «Bc€ ecTh uncna U OTHOILICHUSI.

JIUCKpETHOCTh ~ TPAJAUIIMOHHO (MPUBBIYHO) oOco3Haércs  abcomtorHOW. [loHsTHE
«JIUCKPETHOCTH» YCTOMUYMBO B CO3HAHMM HA MPOTSHKEHUM BCEU «CO3HATEIBLHOW >KU3HU

yejaoBedyecTBa». B aToM cMmbIciie AUCKPCTHOCTDH a0COJIIOTHA B CO3HAHUH.

HenpepbIBHOCTh OCO3HAETCSI OTHOCHUTENIBHOM, OTHOCUTEIBHONW BO BPEMEHH, B UCTOPUHU
co3HaHus. Boja Obuta BOIUIONIEHHEM, ATAJIOHOM, CHUMBOJIOM HemnpepblBHOCTH. CIoBO,
MNOHSTUE «BOJAA» HA MHOTHMX $3bIKaX O3HAYa€T HEUCUYUCIUMOE, T.€. HEMPEPBIBHOE.
Oco3HaBanach HENPEpPHIBHOW, HO JI0 OTKPBITHUS MOJEKYl BoOIbl. B 3ToM cMbIcie
HENPEPHIBHOCTh OTHOCHUTEIbHA B CO3HaHMM. DakTuuecku BCs marepusi BO BceneHHou
TUCKpeTHA. HenmpephIBHO TONBKO MPOCTPAHCTBO, TPEXMEPHOE MIPOCTPAHCTBO BeeneHHoi,
€CTEeCTBCHHBIN 3eMeHT BcemeHHoir — Sp. OTHENBbHO B3SITOE peallbHOE TPEXMEpPHOE
MPOCTPAHCTBO OOBIYHO CUMTAETCS MYyCThIM. Tak ju 3T0? OTBET Ha ATOT BOMPOC TpeOyeT

aHaJIn3a IMOHATHA ITIyCTOTEI.

IIycTora
Ilyctora 10 CMBICIY, TIO OMPEACICHUIO U O CYyTH O3HA4YaeT OTCYTCTBHUE, OTCYTCTBHE
Bcero, Bcero-Becero. OtcyrctBue Bceero-Beero COINOCTaBUMO C TOYKOH, TOYKOM

EBknupma. B Touke EBKIMAa HET HM OOHOIO M3 TPEX pEANbHBIX WU3MEPEHHUH, U HET
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Hwuyero-Huyero, T.e. oHa ecte Hwuuto. Ho  peambHOE TpéxmepHoe BceneHckoe
[IpocTpaHCTBO HE SIBISIIOCH, HE SBISETCS M HE MOXKET SIBISTHCS TOUKOM EBKImpa —
Huuewm.

ITpoBeném MbiciieHHBIN 3kcniepuMeHT B Kocmoce. Bo3bMEM TONCTOCTEHHBIN CTAIBHOU
COCyJl ¢ BHYTpPEHHEH monocteio B popme kyda B 1 nmutp. Cocya MMeeT TepMEeTUUYHYIO
CTaJIbHYI0 3ariayuky. [logcoennHuM K HeMy BaKyyMHBIM HAacocC, CIIOCOOHBIN OTKaYMBaTh
10, nycth, 10%° ITa. 3amerM, YTO MOKA TAKMX BAKYYMHBIX HACOCOB HET. MaKCHMAaIbHO
JIOCTUTHYTBII B HacTosliee BpeMs BakyyMm cocTasisgeT mopsaaka 10713 Ila. IMpumepHo
TaKOM BaKyyM MpeJIoyaraoT B MexraiakTuueckom Kocmoce, rae nonaratot He Oosee 2
aTOMOB B JIUTpe (pusndeckoro oobéma. Ho Halr BakyyMHBIN Hacoc, MyCTh OTKAYMBAET Ha
2 mopsaka JIydllle CaMbIX COBEpIIEHHbIX HacocoB. OTkpoem B KocMmoce 3armyniky,
BBIZICP)KUM JOCTAaTOYHO JUIMTEIHHOE BpEMs, YTOOBI BBUICTAIM  CBOOOJIHBIE AaTOMBI,
MOJIEKYJIbl, CTAOMIIbHBIE AJIEMEHTApHbIE YaCTULbI, ... . OJHUM CIIOBOM, COAECPKUMOE B
COCylle CIlelaéM MJIEHTHUYHBIM OKpyxkatouieMy Kocmocy. 3akpoeM TrepMeTHUYHO
3anIylIKy M BKJIFOYMM Halll BaKyyMHBIM Hacoc. YUepes I0CTaTouyHO IJIUTENIBHOE BpEMs
HEIMPEPBHIBHON OTKAYKW JABJIEHUE B COCYJI€ CTAaHET HE MEHEE 4YeM Ha 2 TOpsAIKa HUXKE
nasiieHus1 B okpyxaromeMm Kocmoce. Ho ecnu naxke oOTkadyaHbel BCE aTOMBI, MOJIEKYJIBI,
MOHBI, PaIUKaJIbl, CTAOMIBHBIE JJIEMEHTAPHBIC YACTHUIIBI, TO U B 9TOM CIIy4ae COCy/ He
Oyner myctbiM. OcTaHyTcsl, HEHTPUHO, TPAaBUTAIMOHHOE TIOJIE, ISl KOTOPBIX HET
HUKAaKHAX TIOTJIOTUTENEW M 3KpaHOB. Ho mycTh y Hac mMeercss Takou 4yJI0-mMaTepuall,
KOTOPBIM MOTJIONIAET, 3aXBAaThIBAET BCE HEUTPUHO, U IKPAHUPYET IPABUTALOHHOE IOJIE.
OTUM  YyJl0-MaTepuaioM, IYCTh, IMOJHOCTHIO MOKPBITA BHYTPEHHSAS MOBEPXHOCTH
cocyaa. B TakoM ciydae, cocy JOJDKEH OBITh AeWCTBUTENBHO ycThiM. Ho eciu cocyn
IyCTOM, HE COEPKUT HUKAKON JUCKPETHOW MAaTEPUU, HU PEATIbHOW, HU BUPTYAJIbHOU, TO
OH JOJDKEH CKaThCS Tak, 4TOOBI BHYTPEHHOCTh COCYy/a CTaja TOYKOW, Toukoi EBkimma,
Huuem. OnHako 3toro He mpoucxonut. Yto ke ocraércs B cocyne? ... Benb, uTo-TO
ocTa€Tcsl, €ClIM HE CHKMMAaETCs (HEe CXJIOMbIBAETCS, HE KOJUIANICUPYEeT) B TOUuKy EBkinna, B

Huuro!
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OBBEM! O6brunblii TpéXMepHbIil 006EM B 1 nuTp B KyOuueckoil (popMe BHYTpEHHEH
nosnocti cranbHOro cocyga! Tompko 3T0 ocraércs B cocyne. I He reomerpuuecku
aOCTpakTHbIM, a (GUBUYECKH peanbHbId. OTOT ¢Gu3MYecKuit 00BEM, CBOOOAHBIM OT
aTOMOB, MOJIEKYJ, UOHOB, PaJUKaJOB, 3JIE€MEHTApPHBIX YACTUL, (PU3NYECKUX TMOJEH, U
COCTaBIIIET MIPOCTPAHCTBO — CPELy Mepeaadyn B3auMoICHCTBU, Cpery paclpoCTpaHEHuUs

AJIEKTPOMArHUTHBIX BOJIH, POTOHOB. DTO — Sp-cpena.

KoHeyHO, MOXXHO TpeACTaBUTh HEKOTOPbIM TpPEXMEpPHBI 00bEM 0€3 AUCKPETHOU
marepun. Ho 0e3, Tak Ha3pIBaeMoOU, MOJIEBOM MaTepUu TPEXMEPHOE MPOCTPAHCTBO
TepsieT (uU3MUECKoe HaloJHeHue, (u3nyeckuii cmbicia. Kakoil moneBoil matepun?
CunoBBIX TPaBUTAIMOHHOTO U 3JIEKTPUUYECKOTo, HanpuMep. Ho onu umerot pusnyeckuii
CMBICII TOJIbKO TOrjaa, Korga «du3uveckue moysh» C HMX JUCKPETHBIMHU  (Jaxe
BUPTYalbHBIMU) (GepMUOHAMU W 0030HAMHU COJEpP)KAaTCsi B HEKOTOpoH (Qusmyecku
peanbHON cpelie, a He B aOCTPaKTHOM «IycTOM» mpocTpaHncTBe. [loTomy 4uTo «mmycToit
TpEXMEpHBI 00BEM», HakKe IUIOTHO YMAKOBAaHHBIM  JHUCKPETHBIMU (EepMHOHAMU U
0030HaMM 00s13aTEIBHO JOJKEH UMETh pa3rpaHUYUTEIbHbIE HE MAaTEPUATIbHBIE ITYCTOTHI
Mexay Humu. HHadye, Bce QepMHOHBI U OO30HBI JIOJDKHBI CIHTHCS B HEYTO
HEeBOOOpa3zuMoe U olHOpoHOoe. be3 cpenpl TPEXMEPHOTo MPOCTPAHCTBA YHUCIIOBBIE MOJIS
OCTalOTCSI TOJBKO BOOOpakaeMbIMU (HE CYIICCTBYIONIMMH) TMOJSIMH  4YHCEN —
a0CTpaKTHBIX MATEMATHYECKIUX OObEKTOB.

B MBICIIEHHOM 3KCIEPUMEHTE CO CTaIbHBIM COCYIOM B KOCMOCE BHYTPEHHHMI 00BEM €ro
COBEpIICHHO peanucThuueH. M B 3TOM peadbHOM TpEXMEpHOM O00BEME HET HHU
JUCKPETHOM MaTepuu, HU PU3NYECKUX MoJIel, HO 00BEM ero peaneH. 13 yero xe sToT
peabHbIi TPEXMEPHBIA 00BEM?

Bbynem npoOuth 3TOT 00BEM N0 CHOXKHUBLIEHCS TpPAguLUU TOUCKA JHUCKPETHOMN
Hepenumoit matepun. Ho ckosbko ObI MBI HU ApOOUIIH, BCE BpeMs HaTaJIKUBAIUCh ObI HA

T€ K€ «00BEMUMKNY». Jlens yCIOBHO NMPUHSATHIA 3a €AMHUILY MEPBOHAYAIBHBIA OO0BEM
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naxe Ha 10 B cremensix 10, 100, 1000, ..., ™Mbl He HaiAEM HUYErO0 KpPOME MaJoro,
OECKOHEYHO Majoro BCE TOro ke «00BEMYMKa». becKOHEeYHOe [eIeHUE HUKOIIa He
npuBeA€T K 0, K OTCYTCTBHIO «O0OBEMYMKa», MOO NEIUTh MOXHO OECKOHEYHO H
OECKOHEYHO MaJiblif «00bEMUKKY. Ecnu BCE ke KakuM-1100 00pa3oM yaanoch Obl JOUTH
o 0 B momaroBoM ApOOJIEHUMH KaXKJIOTO M BCEX OCTAaTKOB IOLIArOBBIX YacTen
IpoOJieHNs TIEPBOHAYAIBHOTO 00BEMA, TO BECh A3TOT MEPBOHAYAIBHBIA KOHEUHBIM
peanbHblil 00bEM 0Opatuics 61 B 0, B Touky EBkiinna. Ho noctuus 0-1s1 CKOJIb YroJIHO
OECKOHEYHbIM JICJICHUEM HEBO3MOXHO B mnpuHuumne. Octa€rcss npu3HaTh, NPUHATH
¢usznueckuii 00bEM  HENPEepHIBHBIM  OOBEKTOM 1O  (akTy ero (HU3M4ecKOro
CYILECTBOBAHMS.

Hpobuth, IeIuTh [0 HEACIUMOr0 MOXXHO TOJBKO JTUCKPETHYIO MaTepuio. A
HENpephIBHAS CYIIHOCTh JENUTCS  OECKOHEYHO, U HHUKOTJAa HE JOCTUTAeT KOHEUHOTO
HEJEJIMMOr0, BBUAY OTCYTCTBUS HENETUMOTO MO ompeiesneHuio. TakoBa HempepbhIBHAS
TpéXxMepHasi SP-cpejia KOCMUYECKOTO MTPOCTPAHCTBA.

TpynHo mnpeacTaBUTh HEKOTOPBIH TpEXMEPHBIM 00BEM 03 MPUBBIYHON JHCKPETHON
MaTepuH. 37eCh IOBJIEET MHOTOTHICSUYENIETHEE Tpe/ICTaBlieHue 00 okpyxatomeM Mupe.
[ToHsiTHE MyCTOTHI BCET/la CBSI3BIBAJIOCH C OTCYTCTBUEM JAUCKPETHBIX MAaT€pUAIIbHBIX TET,
gactuil. Cheu BCce SATOJIbl B KOP3WHE — KOpP3UHA mycTas. Beimuiau Bc€ BUHO U3 aM(popbl —
ampopa mycras. OTkavyaid BeCh BO3JyX M3 COCyla — COCyHA MYCTOH. YJaluinu Bce
AJIEMEHTapHbIE YaCTULBl U3 CTAJbHOIO COCY/la B MEXIaJlaKTUYECKOM MPOCTPAHCTBE —
CTAJIBHOM COCY[ ITyCcTOW. Martepust Bcerjga acCOUMUPOBAIACH C JUCKPETHBIMUA BECOMBIMU
TeJIaMH, MAacCOBBIMH 3JIEMEHTAPHBIMM YacCTHIIAMH, SKOOBI Oe3MaccoBbIMU (HOTOHAMH,
06e3MaccoBbIMU  (pU3MYECKUMU TOJSIMHU (MOJSIMH B TycTOoTe(?)), W TaKyld MaTepuio
nomemanu B IIYCTOE TIIPOCTPAHCTBO, mnycroii o6béM. Beixomuno Tak, 49To

Mateputo nomeniany B ITYCTOTY, B Huuto, B Touky EBkinaa.

Tpynno mnpencraButh, yto [IYCTOTA — otcyrctBue Bcero-Bcecero, B Tom yucie u

dmsnuecku peansnoro OFBEMA.
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PaccmoTpuMm mo ogHOMYy KyOy 0OBEMOM, MyCThb, B 1 JHUTP COBEPIIEHHOIO KpHUCTAJLIa,
HaIpuMep, KPEMHHSI U YIIOMSIHYTOI'O BBIILIE TOJICTOCTEHHOI'O CTAJbHOIO COCyAa, KOrja B

HEM OyJieT conepxkaThes He Oosee 2 aTOMOB.
Hauném MbIcieHHO pa3pe3aTh KyO COBEPIICHHOTO KPUCTAIa KPEMHUS TIIOCKOCTIMU

EBkinna, nmapanienbHbIMU TpéM 0a30BbIM IpaHsM KyOa. O4eBUIHO, Ja)xe MBICIEHHOE
pas3pe3aHue BO3MOXHO TOJIBKO TaM, IZI€ HET HEAEIMMOW IUCKPETHOW Marepuu. bynem
paspesathb 10 TeX Mop, MOKa B KaKJI0M MHUHUMAJIbHOM KyOUKE HE OCTaHETCS OTICIbHBIN
aTOM KpEeMHHS. DTO — IepBasi TUCKPETHAS YaCTHUIlA MATEPUH, HA KOTOPYIO HATOJIKHYJIUChH
B MPOIIECCE MBICIICHHOTO pa3pe3aHus Kyoa KpeMHUsl. DTH aTOMBI TOKE€ MOKHO pa3pe3aTh
TOJIBKO J0 TOTr0, KaK HATOJKHEIIbCS Ha HEAEIMMYIO JIEMEHTAapHYI0 yacTuly. B aromax
HEJEIUMBbIMU D3JIEMEHTAPHBIMU YaCTHLAMHU SIBJIAKOTCS TOJBKO DSJIEKTPOHBL. Sapa xe
aTOMOB JIETUMbI Ha HYKJIOHBI. 3HAYUT MOKHO MPOJOJKATh pa3pe3aTh JTUTPOBBIA KyO
KpemHus. [Ipogoiskum nporecc MbBICIIEHHOTO pa3pe3aHus B sIpax aToMa KpeMHus. Snapa
— BTOpasi IUCKpeTHas marepus. [Ipogoinkum paspe3aHne U HATOJKHEMCS HAa HEMTPOHBI U
IPOTOHEI SiIpa aToMa KPEMHHUSI. ITO — TPEThsl AUCKpeTHast maTepus. [Iponomxum nanpuie
pa3pesarb. [ 0BOpST, HATONKHEMCS Ha KBapKH, KOTOPBIE COCTABIISIIOT U HEWTPOHBI, U
IIPOTOHBI siipa aroMma KpeMHHUs. KBapku, monararOT HbIHE, NOCJIEIHUE 3JIEMEHTAPHBIC,
T.€. HEJIEIMMBbIE JUCKPETHbIE dYacTulbl. Jlamee mpomecc MBICIEHHOIO pa3pe3aHus
HEBO3MOXKEH U HE MMEET CMBICIA, ITIOCKOJIBKY KBapKH, CUATAIOT, HE COCTOAT U3 KAKUX-
anbo Oojee MENKMX  4YacTHI] AMCKpeTHoM Marepuu. KBapku mnozaraioT mpeneiaoM
OUCKpETHOM mMarepuu. [lamee quckpeTHas Matepus He nenuma. JlanpHeuee pazpe3anue
JUCKPETHOM MAaTE€pUHM Ha HBIHEIIHEM YPOBHE IIO3HAHUSA IIPUPOIBI HEBO3MOKHO.
HeBo3MOXHO, HE HMEET CMBICIA, MOTOMY YTO Ha KBapKax KOHYAETCA IIOHATHE

JUCKPETHOM MATEPUHU.
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[IpoBeném nomoOHBIE pa3pe3aHusi BHYTPEHHEH KyOMYECKOM MOJIOCTU MOATOTOBIEHHOIO
CTaJbHOTO cocyAa. TaM HET HUKAKUX APYTHX YacTHILl, KpOME IBYX aTOMOB. TakKe Kak U
B CJIy4ae C KpEMHUEM Pa3pexeM 10 DJIEKTPOHOB U KBAPKOB B sAJIpax dTUX IBYX aTOMOB. B
JTUX aTOMax JAJbHEHILEE pa3pe3aHue HEBO3MOXHO, IIOTOMY YTO JJIEKTPOHBI U KBAapKHU
«a0COIOTHO TBEPABDY U HE JeNATCs Jaxe MbiciaeHHo. Ho, a B octaBmiemcst 00bEme? Het
HUKAaKUX OTrpaHUYECHUN K JaJbHEHUIIMM paspe3aHusaM. Hukakoro mnpenena paspesaHus

HCT. HOTOMy YTO B OCTAJbHOM 00BEME HET HUKAKHX HCICIIMMBIX 3JICMCHTAPHbIX YaCTHUII.

Ho »tot KY6 JIUTPOBOTO o0néMa 0Oe3 JJICKTPOHOB N «KBAPKOB» COBCPHICHHO PCAJICH.

PeanieH 00bEéM.

TpyaHO NpeAcTaBUTh, MOHATH, NpuHATH, uto IIYCTOTA — orcyrctBue u OBBEMA.
TpyaHo mpeoaoneTh THICSYENETHIO TPATUIUIO0 (MPUBBIYKY) AUCKPETHOTO YHCIOBOIO
MAaTE€MAaTHYECKOTO BOCHpUATHS Marepur. Ho ecin 3TO NMpeACTaBUTh U MPHUHATh, TO
ITYCTOTA — Touka, B KOTOPOH HET HU OJHOTO U3 TPEX (DU3NUECKUX W3MEPEHUM, TOUKa
EBkinpa, matematuueckass aOCTpakiusi, KOTOPOW HET, U HE MOXXET OBITb HUT/E U

HUKOTJ|a B IIPUPO/IE, BO BeesleHHOM.

Co3HaHue Ha MPOTSHKEHUU THICSY JIET MOMEIIAIIO MAaTEPUIO B MYCTOTY, B TO, YETO HET U
OBITh HE MOXKET. BceBo3MOkHBIE MOJIEH 3(Pupa MPeACTaBISIIOT UMEHHO 3TO, MaTEPHIO,
s(UpHBIE YaCTULIBI B MycTOTe. J{MCKpEeTHbIE HEBUAMMBIC HEIETUMBbIC YacTHIIBI d(upa
(amepbl, aTtombl, >(PUPOHBI) OMPEACIEHHBIX, Yalle MIAPOBBIX (QOpPM, BHUPTyaIbHBIC
JJIEMEHTApPHbIE YAaCTHUIBI C OTPULATEIIBHBIMUA JSHEPIrUsMHU MOMEIIAJIA B IIYCTOE

MPOCTPAHCTBO, B TOUKY EBKIIMAA, B TO 4YeTO HET U OBITh HE MOKET.

B peambHOCTH K€ ecTh TpExMepHOoe (U3MUECKOEe MPOCTPAHCTBO OECKOHEYHOU
Bcenennoii. I WMEHHO B 3TOM peallbHOM HPOCTPAHCTBE COJEPKUTCS AUCKPETHAs
Martepus: AJEeMEHTapHbIE YacTHUIlbl, aTOMBbI, Tela, HEOECHbIE Teja, CUCTEMbl HEOECHBIX

Ten; GU3nYecKue moJis.
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HyHO BCero IMIIb MpEACTaBUTh, NPHHATH: TpéxmepHbii OBBEM, TPEXMEPHOE
ITPOCTPAHCTBO ectb HenpepblBHASA peaibHasl CYIIHOCTb, PEajbHAs Cpea, B KOTOPOMl
BO30YyX1at0TCsl (PU3MUYECKUE MO, B KOTOPOH BO3SHUKAIOT U YHUUTOXKAIOTCS JUCKPETHBIE
AJIEMEHTAPHbIE YACTUIIBI, aTOMbI, Tejla, HEOECHbIE Tela, CHCTEMbl HEOECHBIX TeIl.
PeanbHOE, IPUHMMABIIEECS «ITYCTBIM», IPOCTPAHCTBO He MoxkeT 66T ITYCTOTOM —
abcTpakTHOM Toukoi Ekmupa. CnenosarensHo, OBBEM, ITPOCTPAHCTBO ectb
OeCCTpyKTypHasi  HENpepbIBHAs CYIIHOCTb, B OTJIMYHE OT MPHUBBIYHON JHCKPETHOU

MaTCpuu.

Sp-mipocTpaHCTBO MpeACTaBIseT cO00W HEpa3phIBHOE, MOTOMY HETPEPHIBHOE peallbHOE
tpéxmepHoe  IIpoctpanctBo  BceneHHOW, — sBIiAMOLIEECS — CPElNOW  mIepenadyu
B3aWMOJICUCTBUN JTUCKPETHOW MATEpPHH, CPEION paclpOCTpaHEHHUS AIIEKTPOMAarHUTHBIX
BOJIH, (OTOHOB, HEHUTpUHO. OJIHO HEMPEpPHIBHOE MPOCTPAHCTBO Ha BCIO OECKOHEUHYIO
Bceenennyro. OmpnooOpaszHast Sp-cpena Bo Beer OeckoHeuHOW BceenmeHHoOM. [IMCKpeTHBIX
(@JEMEHTApHBIX YacTHIl SP» HET BOoOOIIE, MOCKOJIBKY Sp-cpefa Hepa3pblBHA U
HenpepbiBHA. MOKHO TOJIBKO MBICIIEHHO BBIACNSTH CKOJIb YTOAHO MaJIble U CKOJIb YTOJAHO
OoJpliie 3JIEMEHThI 00BEMa B OECKOHEYHOM HEMPEPHIBHOM  SP-TPOCTPAHCTBE —
HETNpPEPBIBHON cpene, Sp-cpene. B aToit cpene nmwxkyres Gurypsl, GOpMbl aTOMOB,
MOJIEKYJ, HIOHOB, DJIEMEHTApPHBIX YaCTUIl U3 «MaTepuayia» ke Sp-cpeanl. B aToii xe
cpelne ABIKYTCS Tella, HeOeCHbIE Tesa, TUTAHETHI, 3BE3/bI, TATaKTUKU, TaJaKTUYECKHE
CUCTEMBI, cocTosIue U3 Guryp, GopM 3JIEMEHTAPHBIX YaCTHI] U3 «MaTepuaiay xe Sp-
cpenbl. «Matepuany ke, TouHee CyOcTaHIus SP-Cpeibl — AIEMEHT SP, MPOSBISIOMIANCS

(u3HMYecKy peanbHBIM HEPa3phIBHEIM U HenpepblBHEIM OB bEMowM.

Sp-pocTpaHcTBO, Sp-Cpena MPUHIMIHAIBHO OTJIMYAeTCS OT BCEX Mojeneil sdupa.

Ecmu B adupe nuckpernas marepus (B o0memM, 3GUPOHBI) COAEPKHUTCS B MYCTOTE, TO B
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Sp-IpoCTpaHCTBE NUCKPETHAs MaTepus (dJIE€MEHTapHbIE YacTUIIbI, Tela, HEOECHBIC Tea)
COJICPKUTCS B HEMPEPBIBHOW Sp-cpesie, B aOCOJIOTHOM CYHIHOCTH — (U3UYECKU

peansHoM HenpepbiBHOM OB BEME.

O0bEM — HenpepbIBHAS CYIIHOCTh, CYOCTaHIIMS, TpaMaTepus. DTO TPYIHO MPEIACTaBUTh
u npuHiTh. [loToMy 4YTO HempepbiBHas cyOcTaHIusi He naérca B omryuieHusix. He
OILYIIAETCS, MOTOMY 4YTO BCE ONIYIIAIOIIEE COCTOUT M3 JNHMCKPETHOM Martepuu. Bces
JTUCKpETHasi MaTepusi «a0CONIOTHO IIpOo3payHay JUisl HelpepblBHOM cyOcTaHuu. [loTomy
YTO JUCKPETHas MaTepHsi COCTOUT M3 HENPEPBhIBHOW CyOCTaHIMU - MpamaTepuu. ITO
TPYAHO TNpeAcTaBuTh. HO 3TO MOXHO M HYKHO NPEJICTaBUTh U TMPUHATH, YTOOBI HE
«TOBUCATh» B MHOTOMEPHBIX «(PU3NUYECKHX MPOCTPAHCTBAXY», JIAXKE B YETBIPEXMEPHOM,
HE TOBOPS YK O 28-mMepHOM uiu 11-MepHOM HpOCTpaHCTBaxX «CTPYHHBIX Teopuil». B
pEaNbHOCTU €CTh TOJIbKO TpéxmepHoe (usnyeckoe mnpocTtpaHcTBO. OOBIYHO IMyCTOE
IPOCTPAHCTBO MOHUMAETCS KaK MPOCTPAHCTBO, CBOOOHOE OT AUCKPETHOW MaTepUH, Kak
nyctora. TakoBo ObUIO MOHATHE AOCOIIOTHOIO IMPOCTPAHCTBA B IpaBUTaluu HbroTOHA U
B ANEKTPOAUHAMUKE Puria

(http://www.universalinternetlibrary.ru/book/35978/ogl.shtml). TakoBo  mOHATHE

IPOCTPAHCTBA U BO BCEBO3MOXKHBIX MOJessiX 3gupa. Ho mycroe mpocTpaHcTBoO, mycToTa
03Ha4yaeT OTCYTCTBHE BCETO: W JUCKPETHOW MaTEpHH M HENpepbIBHOW cyOcTtaniuu. Ho
OTCYTCTBHE BCETO — TOYKa EBKIMAa, KOTOpas €CTh W HECYOCTaHIMS, U HEMaTepus —

Huuro.

Nuorma roBOpsT, YTO H3MEpUMBbIE (U3UYECKHUE CBOICTBA OIPEACIAIOT MaTEPHIO.
Hanpumep, wu3MmepsieMble 3JIE€KTPUYECKUE U MATHUTHBIE HAIPSKEHHOCTU OIPEIACIISIOT
MAaTEPUAIBHOCTh JJIEKTPUYECKMX M MATrHUTHBIX TIOJIEM, W Ha 3TOM OCHOBaHHUH
3aKJTIOYAI0T, YTO (PU3WYECKHE TOJS BBIABISIOT MaTepHAIBHOCTh MpOCTpaHcTBa. Ho
¢usnueckre ToJsA, B KOHEYHOM CUE€TEe, KOT/a peyb 3aXOJWUT JI0 YHCIOBBIX BEIUYUH
HAMPsHKEHHOCTEH W JIPYTUX (PU3MYECKUX XapaKTEPUCTUK (CBOWMCTB) €CTh JTUCKPETHBIC

YUCJIOBBIE MOJsl. MareMaTH4eCKhe YHUCIIOBBIE MOJs 00peTaroT  (PU3UYECKUU CMBICI
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TOJIbBKO B TOM Cly4yae, €CIM OHU « COBMEIIAIOTCS» C CyOCTaHUMAIbHON WU
MAaTepUaIbHOU CYIIHOCTBIO. Her, He CBOMCTBA B UMCIaX ONPEACIAIOT IIPOCTPAHCTBO, a
MIPOCTPaHCTBO-CyOCcTaHusl (GopMupyeT (3a1aé€T) CBOWCTBA JUCKPETHBIX MAaTEpHid
(MaTepuanbHble cBOMcTBa). ONIyIIAIOTCS, M3MEPSAIOTCS U BOOOpakaloTCsl CBOMCTBA
TOJIbKO JAUCKPETHOM MaTepHH, pPEealbHbIX 3JEMEHTapHbIX (HeAenumbix) yactuil. Camo
HEIPEPBIBHOE MPOCTPAHCTBO-CPE/Ia MPOSBISAETCS TONBKO TPEXMEPHBIM 00BEMOM BO BCeit

Bcenennoii. [TycTtoTa — HE mycToe NpOCTPAHCTBO, MYCTOTa — OTCYTCTBUE MPOCTPAHCTBA.
Bceaennas DcnuraiHast

Bcenennas ectb. Becenennas Obuta. Beenennas Oyaer. OTH yTBEpKACHHUS HEOCTIOPUMBI.
ITo meHbpIIEN Mepe, BO BPEMEHM CYIECTBOBAHMS YEJIOBEYECTBA, pa3yMa 4YE€IOBEYECTBA.
[IpOTHBOIONOKHBIX YTBEPKACHUIN YEIOBEUECKH pa3yM HE CIOCOOEH HU TMOKa3aTh, HU
noka3atb. CinefoBaTeNbHO, 3TH YTBEPKIACHUS MOXKHO MPUHATH 32 HUCTUHY. Tak ObLIO,
ectb U Oyner Bceraa. U rtorma, xorna He 6buio ConHua, He ObUIO 3emiiu, HE OBLIO
yesoBeuecTBa, He Obulo Bac, He Obulo Hac, u He OyneT HM 3emuu, HU ConHLA, HU TEM

ooitee Bac u Hac.
N3 yero cocTouT 3Ta BeUHO cyliecTByromas Beenennas?

N3 peanbHO CyIIECTBYIONIMX €CTECTBEHHBIX JJEMEHTOB. YTO CylIecTBYeT BO
Bcenennoii? TouHee, Kakue €CTECTBEHHBIE DJJIEMEHTBI, KaKH€ COCTaBIAIOUIAE Y

Bcenennoit?
[To kxpynmHOMY MOHO BBIJIETTUTD JIBE COCTABJISIOIINE:
1 — HenpepbIBHAsS cOCTaBIsAIOMIAas. DTO — MPOCTPAHCTBO;

2 - JHCKpETHash COCTAaBIIAIONIAs BCEBO3MOXKHBIX YPOBHEH (SPYyCOB) IUCKPETH3AIIHH:

AJeMEHTapHBIC YaCTHUIIbI, aTOMBI, Tejla, HeOeCHBIC Tea.
N Bc€ 3TO peanbHO CyIIECTBYET.
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Besikas nuckperHas marepusi koneuHa. Ho Beenennas 6eckoneuna. M 6eckoHeYHOCTH eif
obecrnieynBaeT cocTaBisAoNas | - HenpepeIBHOE (PU3HUECKOE TPEXMEPHOE TPOCTPAHCTBO.

[IpocTpaHCcTBO - MOHATHE, KauecTBO. CyIlIECTBYET JIM OHO MPOCTO KaK KauecTBO?

Ecin xonmuecTBO KauecTBa HYJCBOC, TO OTO PAaBHO3HAYHO OTCYTCTBHUIO CaMOTIO

Ka4ecTBa. CymectBoBaTh J1000€ KAaueCTBO MOXKET TOJBKO KOJMYECTBEHHO.
KomnuectBennass  peanuzanus KaueCcTBa  BBIPAXKaeTcsi  KOJIMYECTBEHHOU
IPOTSAKEHHOCTHIO.

HpOCTpaHCTBO pealIn3ycTCA HpOTH)KéHHOCTBI-O, HCTIPCPBIBHOCTHIO, a0COIIOTHOM
HCTIPCPBIBHOCTHIO. AOcoaroTHas HCIIPCPBIBHOCTL O3HAYACT a0COII0OTHOE OTCYTCTBHUC
Pa3pbIBOB, T'paHUIl Pa3pbIBOB, B TOM YHUCJIC U KpaﬁHHX Ha Bcel HpOTSI}KéHHOCTI/I. 3Ha‘{I/IT,
a0comroTHas HCIIPCPBIBHOCTL 3TO HCIIPCPBIBHOCTL BEC3JIC, 0e3 Hayajga Hu KOHIIA, 0o
Ha4dyaJI0O U KOHCI — KpaﬁHI/Ie Pa3pbIBbI a0COIOTHOM HCIIPCPBIBHOCTHU, KOUX HC MOXKCT
OBITH TIO OIIPpCACICHUIO a0COJIIOTHOM HCIIPCPBIBHOCTH. N3 »srtoro CICayeT, YTO

IMPOCTPAHCTBO HC UMCCT IMMPOCTPAHCTBCHHBIX Hadalla U KOHII4, OHO OCCKOHEYHO.

Ororo mano. CymiecTBOBaTh 4YTO-TO MOKET M MTHOBEHHE, BCIIBIXHYB M IIOTacHYB,
HallpuMep, Kak Benblka MojaHuM. Ho BceeneHHas cymecTByeT HEONpeaes€HHO
JUIMTENHHO, HempepbiBHO. HemocTatouHo HempepwsIBHOrO mpocTpancTBa. HeoOxomnma
JUIMTEIIBHOCTD €r0 CYLIECTBOBAHUS - BPEMS CYILECTBOBAHUA. Tak MOSABISIETCS IOHATHUE,
KauecTBO BpeMsa Kak JUIMTENbHOCTH cyllecTBOBaHMs. CylIEeCTBYeT JIM  OHO
M30JIMPOBAHHO, OTJEIBHO OT IpocTpancTBa? Ckopee Bcero, HET. B HeM, B OTIIENbHOCTH,
HET HEOOXOAMMOCTH, TIOTIPOCTY OHO HU K YeMy. B mpupoje HeT HU4ero, 4To HU K 4emy.
Wrak, BpeMs, KaK OTIEJIIbHOE KAaYeCTBO HE UMEET CMbICTIAa. BO3MOXHO 111, PUIAB 3TOMY
«BUPTYaJbHOMY» Kaue€CTBY KOJIMYECTBEHHYIO MPOTSIKEHHOCTh, T.€. BPEMEHHYIO

MJINTCIIBHOCTD, pCaJIn30BaATh, MATCPHUAIIN30BATb BO YTO-TO CYHIGCTBYIOHIGG?

Ecnmm mpocTpaHCTBO MBI BHIUM, XOTS ObI KaK MPOCTPAHCTBEHHBIE MPOMEKYTKH MEXKITY

qaCTuuamMH, TCJIIaMu, 3Bé3I[aMI/I, TO BpPCMsA Mbl HC BHIMM MW HC CIbIIIMM, HH B
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MHKPOCKONAaX, HU B TEJECKONAX, HU B HAYIIHHWKAX YCUJIMTEIEH 3BYKOB M3 KOCMOCA.
MoxkeM TOJIBKO pacCUMTHIBaTh [0 BHIWMBIM W HU3MEPUMBIM IPOTSKEHHOCTIM
IIPOCTPAHCTBA U M0 U3MEPUMBIM CKOPOCTSIM NEPEMEIIEHUN TUCKPETHBIX MAaTepUAIbHBIX
O0OBEKTOB BCEBO3MOXHBIMM YacamMu. Ho Mbl caslluuM He Bpems, a '"TukaHue"
BCEBO3MOXHBIX 4acoB. Bpems He BuauMO U He cibluMo. CymiecTByeT i OHO? «bBbITh
WIM HE OBITb» BpPEMEHHM OTAENbHO, B OTPbIBE OT HEMPEPHIBHON CYOCTaHIIMU W
OUCKpeTHOW Marepun? «Bor B yem Bompoc». M OTBET Ha 3TOT BOIIPOC, CKOPEE BCETO,

HET, OJJHO3HAYHO U Oe3BapuanTHO - HET!

MoxkHo noiiT o fpyromy nyTH. [lpunienuts, a emeé ayyiie CKIeuTb, "CrIaBUTh", CIUTh
U3BECTHOE C Heu3BeCTHhIM. CIUIaBUTh BHUJIMMOE MPOCTPAHCTBO C HEBUAMMBIM U HE
CIBIIIUMBIM BpeMeHeM. [lonyuuTh ciauTHOe mnpocTpaHcTBOBpeMs. U oHo yxe He
BCIIBIIIKA MTHOBEHHMEM, a JJIMTEIbHOE, JaXX€ BEYHOE CYIEeCTBOBaHHE. AOCONIOTHas
HENPEPBIBHOCTh MPOCTPAHCTBA ompeaenuia (3agana) aOCONMIOTHYIO HEMPEPbIBHOCTD
IPOCTPAHCTBOBPEMEHH, M OHO CYIIECTBYEeT OECKOHEYHO M BeuHO. JT0 Bcenennas c
IBYMSI COCTaBIISIIOIIMMH: HENPEPBIBHOM W JUCKPETHOW. THICAYETETUSMH TOHSITUSA
IPOCTPAHCTBO M BPEMs BOCHPHUHUMAIU pPAa3/CIbHBIMU KaTErOpUSIMH, KadueCTBaAMU.
Haubonee spkuM BBIp@KEHHEM TaKOTO pa3AelieHUs MOXKHO CUHUTaTh aOCOIIOTHOE

TpEXMEpPHOE  MPOCTPAHCTBO M aOCONIOTHOE OJHOMEpHOEe BpeMs 1o HpioToHYy.

C nagyanma XX Beka BpeMs CTalld paccMaTpuUBaTh KaK PaBHOIPABHOE H3MEpEHHE B 4-
MEpHOM TMpOCTpaHCTBe-BpemMeHHu. Ho u B 3TOM ciaydyae TpU OJHOPOJHBIE
MPOCTPAHCTBEHHbIE M3MEPEHUSI M OJHO BpPEMEHHOE H3MEpeHHe B 4-MEpPHOM
MIPOCTPAHCTBE-BPEMEHN PACCMATPUBAIUCH PA3HOPOJHBIMU KATETOPUSIMHU, KaueCTBAMHU
Tuib (OpMaIbHO CBOJAMMBIMU K OJIHOM KaTErOPUH MOCPEICTBOM MOCTOSIHHON CKOPOCTH

CBCTa B BAKYYMC.

[Ipu marematruecku 0OOCHOBAaHHOM pPacCUIMPEHUN 00OOIIEHHS] XUMUYECKUX AJIEMEHTOB
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or Kopotkoit Ilepuoanueckoit Tabnunpsr MenneneeBa u Jlnunuoit Ilepuoamyeckoit
Tabmuipl, pexomenayemont IUPAC, no YposHeBoit CHCTEMBI €CTECTBEHHBIX 3JIEMEHTOB
Bcenennoil Ha MecTe mepBoro HyJaeBOro 3jnemMeHTa B CUCTEME €CTECTBEHHBIX 2JIEMEHTOB
okazajyics anemMeHT SP - Criices (0T Space — KocMUYeCKOoe MPOCTPaHCTBO). O4YeBUITHO,
BCE XMMHUYECKHE DJIEMEHTHI, COOTBETCTBEHHO, BCE JJIEMEHTHl YPOBHEBON CHCTEMBI
€CTECTBCHHBIX  JJIEMEHTOB  BcCElleHHOW  SBISAIOTCS  peajbHO  CYIIECTBYIOIIUMHU

QJICMCHTaMHU, T.C. pCAJIbHbIMU CYUIHOCTAMHU, CY6CT3HHHCI>1 )51 MaTepI/Ief/'I.

CYH_ICCTBOBB,TB, OBITb — T'JIaBHOC, (I)YHI[aMCHTaJIBHOC, MPUHIOUITNAJIBHOC CBOMCTBO
CY6CT3,HLII/II/I n MaTCpuu. Yro o3Hauaer ObITh? BEITH BHE BPpCMCHHU, B OTCYTCTBHUH
BPCMCHH, B HYJICBOM BPEMCHHN COBCPIICHHO HC BO3MOIKHO. Hwuuero He ObIBaeT B HYJICBOM
BPCMCHU. CYHICCTBOBaTB MOXHO TOJIBKO Ha MPOTAKCHHHN KAKOI'0O-TO BPCMCHH, ITIYCTb
OECKOHEYHO MaJIOM, HO BPCMCHHOM IIPOTAKCHUMU. bes BPpCMCHHU, B HYJICBOM BpPCMCHHU
HHUYCTO CyHCCTBOBATHL HEC MOIKCT. BeiTb — 3HauuT OBITH B OHpe,ZIeJIéHHOM, B
OTpaHUYCHHOM 501041 HCOTpaHNYCHHOM HHTCPBAJIC BPCMCHU. bes BpGMCHHOﬁ
JINTCIIBHOCTU YTpPAa4YHUBACTCA CaMO IIOHATUC CYIICCTBOBATD, OBITh. COOTBCTCTBCHHO,

YTpAaYUBarOTCA U IIOHATHUA CY6CTaHHI/II/I, MaTCpuu.

Ux, cyOctannuu (mpamMatepun) U MaTEepHUH, B HYJIEBOM BPEMEHH, B OTCYTCTBHE BPEMEHU

IIOIIPOCTY HET.

CylmiecTBOBaHHE CYOCTaHIIMM W MATEPHUH MMEET CMBICI TOJBKO BMECTE CO BPEMEHEM,
BPEMCHEM CYIIECTBOBaHMs. Ecim CyOCTaHIMS — €CTECTBEHHBIA 3JIEMEHT SP, TO BpeMs
CYIIICCTBOBAHUS — BEYHOCTh, OCCKOHEUHO OOJBIIOE BpeMsi. beckoHeYHOEe MPOCTPAHCTBO
BceneHHON, MOXXHO CUMTaTh, HEOTIEIMMO OT BEYHOTO BpeMeHH. OHHM TapauIeibHBI,
CJINTHBI B OJIHOM aOCOJFOTHO HEIMPEPHIBHOM, HE HMCIOIIEM BHYTPCHHUX T'PAHHII
pa3pblBOB M KpaéB MpocTpaHcTBeBpeMeHn — Sptime (Spti, Dcnwuraii). AOcosroTHAs
HENPEePBIBHOCTh  TPOCTPAHCTBOBpeMeHH Ocrnmtaiis  (Spacetime) mpenomnpenenser,

MIPOSIBIIIET, OTPaXKaeT O€CKOHEYHOCTh U BEUHOCTH BCeneHHOM.
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VYpoBHeBbie CUCTEMBI €CTECTBEHHBIX 3J€MEHTOB BceeneHHol — 000011eHe Y pOBHEBBIX
Cuctem xumuueckux »dJeMeHToB. OO0o00IIeHHe XUMHUYECKUX 3ieMeHTOB KopoTkoii
[lepuonunueckoit Tabnuneit MengeneeBa u Jnunuoit Ilepuoguueckoit Tabnuieit
XUMHYECKUX  JJIEeMEHTOB, pekoMeHnoBanHoii IUPAC, sgBigercs o00obOuieHuem
MaTepHaIbHBIX XUMHUYECKUX 3JIEMEHTOB MaTepuaibHON BcenenHol 10 cyOcTaHIMalIbHO-

MAaTEPUAIIBHBIX €CTECTBEHHBIX JJIEMEHTOB BCeneHHOM.
Bonopona — rinaBHblif (epBblii) 37eMeHT 4-YpoBHEBBIX TaOuI XUMUYECKUX IJIEMEHTOB.

OH B TEXHOJIOTMYECKOW MPaKTUKE U HE MPOTHUBOpeuuT ¢uiocoduu, T.e. Bogopos —

MaTcpusd U 1JIA UACAIIMCTOB, U JISI MATCPHUAJINCTOB.

Sp — rnaBHBIM (TEpBBI HYNIEBOW) 3JMeMEHT YpoBHEBBIX CHCTEM  €CTECTBEHHBIX
anemMeHTOoB BcenenHoil. BBeneHue ero B TEXHOJOTMYECKYIO TMPAKTUKy Tpedyer
JUIMTETLHOTO BpeMeHM © Ooibliux (UHAHCOBBIX 3arpaT. [IpoTuBOpeuut 1M OH
dbunocopun? beiTh UM He OBITH SP peasbHO CylIecTBYOIIeH cyOcraniueii? Bor B

geM (rstocodckuii BOIpoc.

Cosznanme. Martepua. Uto mnepBuuHOo, marepusi uid co3zHaHue? CyllecTBYIOT JIBE
NPUYUHHO-CIICJICTBEHHBIE JIOTUKU: 1) CcO3HaHWE — MpUYMHA, MaTepus — CICACTBHUE;
2) Marepus — MpUYUHA, CO3HAHUE — caeacTBue. [IpuaepxuBaromuxcs Joruke 1) oTHOCAT
K UJeanucTaM, a JIOTHKE 2) — K MaTepyalucTaM. OTH JABE U3BEUYHO aHTarOHUCTUYECKUE
Joruku HenpuMupumbl. Ho 06e 1oruku mpu3HaIoT CyliecTBOBaHWe Matepun. He BaxHO,
YTO W3 HUX NPUYMHA, U 4YTO CJleACTBHUE. BakHO, UTO MaTepusi MPU3HAETCA peajbHO
cyliecTBylomei B o0enx jgorukax. OTBiaedéMcst OT HETPUMUPUMOCTHU JIOTUK CO3HAHUSA, U
COCpPEIOTOYMMCS Ha MPU3HAKE, CBOMCTBE CyOCTaHIIMM M MaTEPHH — CYIECTBOBATh. UTo
3HauuT cymectBoBaTh? CyiectBoBaTh — ObITh. bBbITh cKONbKO? CKOMBKO 4Yero?

Bpemenn, oueBuIHO.
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CymiecTBoBaTh — 3HAYUT OBITh HA NPOTSKEHUU KAaKOro-TO BpeMeHu. CrenoBareibHO,
CyLIECTBOBaTh (OBITh) YEMY-TO MMEET CMBICI TOJBKO B «CBsI3KE» cOo BpemeHem. Her
BPEMEHM CYIIECTBOBAaHUS — HET CAMOIr0 CyllecTBOBaHMs. HeT cymecTBoBaHus — HET HU

cyOCTaHIIMU, HU MaTEPUH.

dusznueckas MaTepusda: DJBJICMCHTAPHBIC YaCTUIbI, aTOMbI, TCJaA, HeOeCcHBIE Teia

pacnazgarotcs, ucue3aroT. McueszarT kyaa? B npoctpancTBo. bosbiie Hekyna.

SHeMCHTapHBIe qacTUIbl «POKIAOTCA. «PO)KII&IOTCSI» OTKyI[a? s MpOCTPaHCTBA.

bonbiie He oTkyna.

U3 QJICMCHTAPHBIX YaCTHUIL <<CO6I/IpaI-OTCH» daTOMBI, TCJ1a, HeOeCHBIE Tea. <<C06I/IpaIOTC$I»

rae? B nmpoctpancTse. bosnbiue Herge.

Bcé u3 npoctpancTBa 1 Bc€ B pocTpaHcTBO. [IpocTpancTBo cymectByeT. CyliecTByer —

3HAYHUT, pCajibHasA CY6CTaHHI/IH, ImpamMaTcpusd.

HpOCTpaHCTBO - CY6CTaHHI/IH, HO HCIPCPBIBHAA CY6CT&HHI/I$I B OTJIMYHUC OT BCCIO
MHOFOO6paSI/I5[ MHOXKXCCTB HHCKpCTHOﬁ MaTCpUun: IJICMCHTAPHBIX YaCTHI], ATOMOB, TCII,

HeOECHBIX TEJL.

[IpoctpancTBo — Space. B YposHeBbsix CrucTeMax €CTeCTBEHHBIX JIEMEHTOB BcenenHoi
— TEPBBIA HYJIEBOU 37eMEHT SP. OT0 (yHIaMEHTANbHBIN CyOCTAaHIIMATBHBIN DJIEMEHT,
BCYHO CyllecTBymomuid Bo Bcemennoit B Buae IIpocrpancTBoBpemuu (Spacetime,

KOpOTKO Spti, B pyCCKOM MPOU3HOIICHUU IJCIUTAM ).

B kadectBe mpuMepa HMCTUHHOCTM YTBEPKICHHS: NPOCTPAHCTBO — PEaANbHO
CYIIECTBYIOIIAsl CYOCTaHIUSI MOXHO PacCMOTPETh TPABOMEPHOCTh YTBEPKIICHUSA: 00bEM

— peajibHO CYIIeCTBYIONIAsI CyOCTAHIIMS.

Kaxk HN3BCCTHO, TCPMOJNHAMHNKA HN3HAYAJIbHO ObL1a FHI[pOI[HHElMHKOfI, rac 3a «ruapox»

BBICTYIIAJI TEKY4YUH Temopod. Korga OTKpeUIM MOJIEKYJIBI, TEIJIOPOJI OKa3ajics He y Aedl.
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Ho Tpamuimum THIPOAWHAMHKH —TEIJIOPOJA COXPAaHWINCh B  TEPMOJWHAMHKE.
JIMCKpEeTHOCTh,  MOJIEKYJISPHOCTh  OKa3amacb B OOJacTd  CTaTUCTHYECKOH
TEPMOAMHAMHKH. JTO KaK Obl OTHENbHas, TUCKPETHAs TEPMOAMHAMUKA, B OTIMYUE OT
KJIACCUYECKON (HEMpephIBHON) TEPMOJAMHAMUKHU. YPABHEHUE COCTOSHHS HJEaTbHOTO
raza — HEKOe THOpHUIHOE TMOPOXKICHUE OT TEPMOJWHAMUKHA HEMPEpPHIBHOW U
TEPMOJAMHAMUKH TUCKPETHONH. HO MOCKONBKY peaibHOE CYIIECTBOBAHHE MPEACTABISAETCS
M HETPEPhIBHOW W JIHUCKPETHOW COCTABJISIONIMMH, TO BCSKHE THOPHIHBIC MPHHIIMIIH,
3aKOHbI, YPaBHEHHUS MMEIOT MOJI co00il cyOCTaHIMalbHOE OOOCHOBaHME (OMpPABIAHUE)
TOW WJIM WHOW CTENEeHW UCTUHHOCTU. KOHEYHO ke, ypaBHEHHE COCTOSIHHS HUCATBHOTO

rasa u3 3TOW KaTeropuu.
p Vm = RT, (39)

rae P — JaBJICHUEC, VM — MOJ'IHpHBIﬁ O6'I)éM, R— YHUBCPCAJIbHAA I'a30Bad IOCTOSAHHAA

(R = 8,3144598(48) Ix/(monb-K)), T — abcomtoTHas Temneparypa, K.

B ocHoBe 3TOr0 ypaBHeHUS, KOHEYHO, HbIOTOHOBBHI mpeacTaBieHUus 00 aOCONIOTHOM
OPOCTPAHCTBE M aAOCOJIOTHOM BpPEMEHH, IOCKOJIbKY APYrHMX TNpeICTaBIeHUN O
IIPOCTPAHCTBE M BpEMEHHU Toraa He Obuto. P — nmaBienue. JlaBieHue — eqWHUIIA CHIIBI
Ha €AUHUIlY MOBEpXHOCTU. Cuiia — HANpPS)KEHHOCTh CHIJIOBOTO MOJIs, TOMHOKEHHAsl Ha
Maccy. Hanpsik€HHOCTb CHUIIOBOTO IMOJISI B TPEXMEPHOM MPOCTPAHCTBE BIOJIHE OLIyTHUMA
U n3MepuMa. BeipaxkaeTcsi yCKOPEHUEM MAacChl MO/ I€MCTBUEM PE3YJIbTUPYIOMIEA CUJIBI.
Macca B TpEXMEpPHOM MNPOCTPAHCTBE TOXKE OlIyTHMa M u3MepuMma. [loBepxHOCTH B
TPEXMEPHOM TMPOCTPAHCTBE BIIOJIHE MpeACTaBUMa, u3Mepuma. ITo Bc€ B HproToHOBOM

a0COJIFOTHOM TIPOCTPAHCTRE.

VM — MOJSApHBIA 00BEM, TOMHBIN TPEXMEPHBI 00BEM, COAEpIKAIINN PaBHOMEPHO
pacrpenenéHHblii B 00b€ME MOJIb BEIIeCTBA B ra3000pa3HOM cocTositHuu. U 310 B

HproToHOBOM a0CONMIOTHOM MPOCTpPaHCTBE, R — yHUBepcalibHasi ra3oBasi MOCTOSIHHAs
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(R = 8,3144598(48) JIx/(monpK)), T — abcomroTHas Temmeparypa, K Takxke sBISIOTCS

BEJIMYMHAMU-CBOMCTBAMU B TPEXMEPHOM IIPOCTPAHCTBE.

BpeMeHnu, kak TakoBOTO, B IIEPEUMCICHHOM CIIUCKE COCTABJISIOIMX ypaBHeHUE, HET. Ho
OHO, a0COJIOTHOE BpeMs, HEracHO Bcerjga umeeTcs BBuAy (B yme). WMuaue, ecnu
OTCYTCTBYET BpeMs, T.e. Bpemss = (0, TO HMKAaKMX 3THUX COCTAaBJISIOLIMX, HAaUMHAS C
TpEXMEpHOro 00bEMa, He ObLIO Obl, JaXe B yMe, IOTOMY YTO HE ObLJIO Obl HU HOCHUTES

yma, HU yma.

Yto HU3MCHUTC, CCJIM PA3ICIIBHBIC a0COIIOTHOE MNpOCTPAHCTBO H a0comoTHOE BpCMA

3aMCHUTDH Ha 4-MepH0€ MMPOCTPAHCTBO — BpeMﬂ?

Torna 00bEM OyeT He TPEXMEPHBIM, a 4-MEPHBIM, COOTBETCTBEHHO, CHJIA, TOBEPXHOCTD,
yHUBEpCaJbHasl ra3oBas IMOCTOSHHAS, DHEPrus, MOJb, TeMIepaTypa — BCE OBUIM OBl
MOHATUSIMHU u3 4-MepHOro mpocTpaHcTBa-BpemeHu. Ho pgaxe  4-mepHbId
reoMeTpudeckuii 00bEM aOCTpakTeH W HE MOAJAETCs yMy OOBIYHOTO yeloBeKa. A yxk

APYTUc U3 CIIMCKa COCTABIAIOMINX YPABHCHHUC — ITOJAaBHO.

A uTO HU3MCHUTCA, CCIIHM PA3ACIIBHBIC IIPOCTPAHCTBO M BpPECMA 3aMCHHUTHL Ha CJIIMTHOC

MPOCTPAaHCTBOBPEMSI?

O4eBUAHO, CIUTHOE MPOCTPAHCTBOBPEMS OCTAETCA 3-X MEPHBIM. [IJIs1 KpaTKOCTH 3amucu
ciutHoe Spacetime, Spti Oymem o0o3HadaTh Kak SP, T.€. CIUTHOE C MPOCTPAHCTBOM
BpeMsi 0003HauMM KuUpHBIM TpudToM. Torma, paccMaTrpuBaeMble COCTABISIONINE
YpaBHEHHSI COCTOSIHUS WAEANbHOrO rasza zanuimytcs B Buie: P, VM, R, T u ypaBHenue

COCTOAHUA MACAJTIBHOI'O I'a3a MOKHO 3aIlMCaThb KakK

pVM=RT (40)

[IpoBeném nens anredpanyeckux Npeoopa3zoBaHUil:
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VM =RT/p=RTS/F=RTS/F (41)
PesynpTHpyromiee paBeHCTBO:
Vm=RTS/F (42)

F — cuma, geicTByromass Ha 3aMKHYTYIO MOBEPXHOCTb S U30JIMPOBAHHON 3aMKHYTOMU
MaTepuaibHOW CcUCTeMBbl. TemIieparypa — peajbHOE€ U3MEPUMOE CBOMCTBO, T.€. TOXE
pealibHOE CBOICTBO. YHHBepcallbHas Ia3oBas MOCTOsSIHHAas R, KOHEYHO ke, peanbHas

ITIOCTOsAHHAs.

He Ob110 661 MaTepun, He ObUTH Obl MaTepHasibHble cBoMcTBa. [IpaBast yacTh ypaBHEHUS
OTOOpa)kaeT peasibHble CBOMCTBA M PEabHYIO CYIIHOCTh. MOXKHO TOBOPHUTH, IpaBas
4acTh YPaBHEHHUS M €CTh pealibHas CYUIHOCTb. Torna u jieBast 4acTb ypaBHEHUs, T.e. VM
WIA CIUTHOE O0O0BEMBpEMs 00s13aHO OBbITh pPEATBHOM CYHIHOCTBIO, CyOCTaHLUEH,
matepueil. PeanpHO cymiecTByromas CyOCTaHIMs, MaTepuss MOKET PABHATHCS TOJIBKO

CY6CTaHHI/II/I, MaTCpur, HO HEC HGCY6CT&HHI/II/I, HCMAaTCPpHH.

PazMepsl HYKJIOHOB M 3JIEKTPOHOB II0 COBPEMEHHBIM IaHHBIM cOCTaBJsiioT 1071 m.
Paszmepsl aromoB mopsaka 107° M. Torma, oTHomenne o6GBEMOB aTOMOB K 00BEMaM
HYKJIOHOB M 3JIEKTpOHOB cocTaBiseT 10°, T.e. VM IpakTUUECKH «IIyCTOi» 00BEM
npocTpancTBa. M 9TO MPOCTPAaHCTBO pEalbHO CYIIECTBYET, XOTS Obl MOTOMY, 4TO

MaTEpHUATIbHBI aTOMBI, M «ITYCTOW» 00BEM B HUX COJNEPKHUTCS B TOKA3aHHOM OTHOIIICHUH.

JBOJIIOIHOHHAS OIIMOKA pa3zyma

B sBomtonuu pazyma, B UCTOPUU HAYKW OBLIO OMIMOOYHO pa3/ieIbHOE MPECTaBICHUE O
MPOCTpaHCTBE U BpemeHU. [IpocTpaHcTBO M Bpems — eauHoe nenoe. He MoxeT ObITh

HHUYCTO0, COOTBCTCTBCHHO, H (bI/ISI/I‘{eCKOFO IIpoCTpaHCTBa B HYJICBOM BPCMCHH. Het
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BPEMEHU — HET MPOCTPAHCTBA, HET IPOCTPAHCTBA — HE HYXHO Bpemsi. VI OeccMbICIeHHEH

BOITIPOC NCPBUIHOCTH IIPOCTPAHCTBA NI BPCMCHU. Oun BCCraa 1 BE€34€ CIUTHEI.

OnHAaKo, YYUTHIBAsE YKOPEHHUBIIEECS pPa3/ebHOE MPEICTABICHHUE O MPOCTPAHCTBE M
BPEMCHH, UMEET CMBICII OTMIEPUPOBATh [BYCIHUHBIM IIEIbIM. MOXHO Ha3bIBaTh CIUTHBIM
[MpoctpancTBoBpeMeHeM, wiu Spacetime, B koporkoit ¢opme Spti, B pycckom

MIPOU3HOLIEHUN DCIUTAM.

Ocnuran — HCTIPCPBIBHAA CYIIHOCTb. HOTOMy qTo HCIIPCPBIBHO CJIIMTHOC
MMPOCTPAHCTBOBPCM:I. HerepBIBHOCTB MOXCT OBITH KYCOqHO-HerepBIBHOfI B
III/ICKpCTHOﬁ MaTCpuu. OTO OTHOCHUTEIIbHAS HCTIPCPBIBHOCTD. HOJIHYIO HCTIPCPBIBHOCTH
MOXHO Ha3bIBaTh aOCOJIOTHOM HCIIPCPBIBHOCTLIO. AOcomaroTHas HCTIPCPBIBHOCTDH

03HA4yaeT MOJIHOE OTCYTCTBHE Pa3pbIBOB, KAK BHYTPEHHMX, TaK U KpPalHHUX.

AOcoaroTHas HCIIPCPBIBHOCTDH Ocnuraiig ecTh JcIHUTalHass 0€CKOHEYHOCTh U BEYHOCTh

Bcenennoii.

OcnuraiiHas Bcenennasi cyOcTaHIManbHa U MaTepuaibHa, MOTOMY YTO BJIEMEHT SP
(Ocnu mnm Crdlices) sBiseTcsl NEPBBIM HYJIEBBIM U (PYHIAMEHTAJIbHBIM 3JIEMEHTOM
VYpoBHeBbIXx CHCTEM  €CTECTBEHHBIX 3JIEMEHTOB BceleHHONM —  BBIpa)KEHHIA,

N300pakeHUM, OTPAKEHUH €CTeCTBEHHO-3JIEMEHTHOTO TIPeICTaBlIeHns] BceleHHOM.

B MaremaTuke (hakTHUECKH HET YETKOTO MOHSATHS HENpephIBHOCTH. Y EBKIMIa TuHUM U
OTPE3KH, KOHEYHO, MPEICTABISIINCH HEMPEPHIBHBIMU, 4 TOYKH OBUIM TOJBKO Ha Kpasx
oTpe3KoB. OTpe3ku U OECKOHEUHbIEC JTUHUU HE COCTOSIM M3 TOYEK. TOUKM Ha OTpe3Kax U
JUHUSX UCTIONB3YIOTCA TOJIBKO KaK 0003HaueHus, Kak Mapkepbl. HeT, 1 He MOXXET OBIThH
TOYHOTO MAaTEMATUYECKOTO OIPEIACICHUSI HENPEPBIBHOCTH, IOTOMY YTO 4YHUCIA
JTUCKPETHBI, TIO CyTH, TIO TIPUPOJE, MO omnpeneneHuto. M ocHoBHBIE (DyHIaMEHTATbHBIC
ONEpallK C YUCIAMHU HE BCE PEAJIM30BBIBAIOTCS B MpUpPOJE. B nmpupoe HeT BeluUTaHUS,
B pe3yibpTate KOTOporo mnonydaercda (, mMOTOMYy 4YTO HUYTO B IPUPOJE HE HCUYE3AET

O0eccieqno. 0 — 4YMCIO TOJIBKO B MaTeMaTwke. B mpupojie HET TakKoro 4Yucia,
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OTpaXkarolIero OTCYTCTBHE 4ero-inbo, MO0 3TO 4YTO-TO HE Hcue3aeT OecclieqHo, a
COXpaHsIeTCs B IPYIrOM MECTE, B IpyroM 4To-TO. B mpupoze ecte npodieHue (aeneHue),
U OCTaTOK OT Jake OECKOHEUHOro esieHHs Hukorjaa He mpespamiaercs B 0. Octarox
MOYKET CKOJIb YroJHO OJu3K0 mpubau3uthes K 0, HO HUKOI1a He ucye3aer OeccrenHo. B

MPUPOJE €CTh C1IE YMHOKEHUE (PAa3MHOXKEHHE).

IlonbrTaeMcs BCE e MAaTEMAaTHYECKU MOKA3aTh HEMPEPHIBHOCTh B MAJIOM, OYEHb MaJioM,
HeBOOOpa3uMo MaioM. Bo3bMEM KOHEUHBIM HempepbIBHBIA OTpe30k mpsmoi EBknmaa.
JleBblii KOHEl 00O3HAUMM TOYKOM (cMMBOJIOM, MapkepoMm) 0, a mpaBbli — TOYKOH
(mapkepoMm) 2. OueBHIHO, MEXAY HUMU Ha CEpeMHE MOKHO MOCTaBUTh TOUKY-MapKep
1. bynem nenute 1 nHa 2, Ha 3, Ha 10, .... Ha OojblIOe, OYEHHL OoOJIBIIOE, ....,
HEBOOOpa3uMoO OoJblIoe YUCT0. MBI MOXKEM OECKOHEYHO OJIM3KO MPHUOIU3UTHCS K
Hayaly OTpe3Ka, HO HUKOTJa He 1ocTurHeM mapkepa 0 Ha jeBoM KoHIle oTpe3ka. CrpaBa
ot mapkepa 0 Bcerma octaércs Majblid, O4eHb MaJIbIi, OECKOHEUYHO MAaJIbIH OTPE30YCK —

4acTh OTpe3Ka Ha MpoMexyTke Mexay 0 u 1.

[TockonbKy B mpUpO/ie OJHOMEPHBIX OTPE3KOB HE OBIBAET, TO IYCTh ATO OyIeT KyOUK C
O0ecKOHeYHO MalibiM pebpoM. Takum KyOMKaM HET HHUKAKUX 3alpeToB JJIsi COCTUHEHUS
NPOTUBOMOJIOKHBIMA TpaHIMH 0€3 TMPOMEXKYTKOB B IIEMOYKY HAmpaBO 10 CaMOT0
Mapkepa 1, mocTuyb ero, meperTH €ro M aajiee OO0 Mapkepa 2, HOCTUYb €ro, HO HE
MIEPENTH €ro, TMOCKOJIbKY NEpPBOHAYAIBHBIA OTpe30K EBKIMIAa 3aKkaHUYMBAJICS CIpaBa
MapKepoM 2. ITo B cliydae ¢ NepBoHaudaabHbIM OTpe3koM. [lepeiiném k nuuuun EBkiuna
0e3 KOHIIOB B Hayalie M KOHIE, T.. K OECKOHEYHOW JMHWH. B MpoM3BOIBHON TOUKe,
MapKUPOBAHHOUN 17151 onpenenéHHocTH 0-€M, YCTAaHOBUM BBIIIE MOJTYYEHHBIM KYOUK C
OECKOHEYHO MaJbiM PEeOpOM Tak, YTOOBI OCh KyOWKa COBHANa C OTPE3KOM TMPSIMOM.
HuuTto He Memaer HapalmuBaTh MaTEMATUUECKHU (CKIIAIbIBaTh, YMHOXATh) MOJA00OHBIE K
KyOMKHA TIO JBYM TNPOTHUBOMOJOXKHBIM TpaHsM, mpudém O0e3 3a30poB. beckoHewdHoe
KOJIMYECTBO KYOMKOB IIEMOYKOW HapammBaeTcsi B 00e cTopoHbl oT () OeckoHEeYHOU

nmuHuu. Takoe ke HapalquBaHUC MATCMATHYCCKH HC 3alpClIIacTCda M IO JABYM IIapaM
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rpaHeil, OpTOrOHAJBLHBIM PAaCCMOTPEHHOM mape rpaHeid. HapammBas oT BceX CBOOOIHBIX
rpaHeld, Bc€ MPOCTPAHCTBO MOXKHO 3aloJHUTh KyOukamu 0e3 3a30poB (IIyCcTOT), BCE
Tp€XxMepHOEe OECKOHEYHOE MPOCTPAHCTBO. Tak MareMaTuyecku (r€oMEeTpUYECKH) MOXKHO
MOJIYYUTh TPEXMEPHOE MPOCTPAHCTBO, 3AMIOJIHEHHOE CKOJb YTOJHO MaJbIMU 00BbEMaMU-

KyOMKaMH TPEXMEPHOTO IPOCTPAHCTBA, pOCcTpaHCTBa Beenennoi.

B DOcnuraiie (mamomuum: IlpocTtpancTBoBpemMs, Spacetime, Spti, Dcrurail) KyOuku
OyAyT NpPEACTaBIATbCS W3 IEPBOr0 wWieHa B YpPOBHEBBIX CHCTEMaX €CTECTBEHHBIX

3JIEMEHTOB BCcelleHHOMN.

Cnenmyer 3aMeTHTh, YTO B peallbHOW OcnuTaiiHOW BceleHHOM HUKaKUX «KyOHMKOB
Ocnutasg» HeET. OHM — pe3yabTaT TNOMNBITKM MAaTeMaTUYE€CKOro IMpe/ICTaBICHUS
Bcenennoit. MaremaTtuka, KOoTOpas 3WXKIETCSd Ha 4YHCIaX, Ha OOBEKTax Ccyrybo
JTUCKPETHBIX, MOKET OINHUCHIBATh TOJBKO JUCKPETHYIO COCTABJIAIONIYIO BceneHHOu.
HenpepbiBHYIO K€ COCTaBISIOIIYHD OHAa HE MOXET ONUCHIBATh IPUHIUIIHAIBHO.
HenpeprpiBHYyI0 CyOCTaHIIMANbHYIO COCTABIISIIOIIYI0 MOKHO  OIKCHIBATh  TOJBKO
HETPEPHIBHON MPOTSHKEHHOCTRIO TPOCTpPAHCTBaBpeMeHHu, Spacetime, Spti, DcnuTaiis.
[TockonbKy HET peasibHbIX KYOMKOB MM HMHBIX «KPUCTAJUTMYECKUX» (popMm DcnuTasi, TO

BCsI HEIIPEPBIBHAS COCTABJISAIONIAsA BecelleHHOM OHOPOIHA U M30TPOIIHA.

IIpo6aema Hy st B Jcnuraiie

IIpocTtpancTBo. Bpems. Kak onu cootHocsatcs npyr ¢ apyrom? Kakas cBs3b MexIy

HAMU?

[Ipennonoxum, HET mpocTpaHcTBa. Torga BpeMs HU K 4yemy. Her HM OCHOBaHus, HU

CMBICJIa OTPaA’XKaTh TO, YETO HET — U3MEHECHUM, TBUKEHUM, KOTOPBIX HET.

Het MNpOCTpaHCTBA — HCT ABHIKCHHA —> HCT BPCMCHU.
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IIpeanosnoxum, HET BpEMEHU. DTO — OTCYTCTBHE BPEMEHMW WJIM HOJb BpEMEHH. B Hyie
Bpemenn Hwuuero ner. Ecim 3a mapkep O B3sta mo0as TOYKa Ha BPEMEHHOM
MPOTSKEHHOCTH, B HEM HET JBMKEHUS W HET HEOOXOAUMOCTH B MPOCTpaHCTBE. B3ATh
ITPOU3BOJIBHYIO TOUKY Ha BPEMEHHOM JJIMTEIBHOCTU M 3aMapKUpOBaTh €€ 0-EM — 3HAUUT
OCTaHOBUTHb BpEMs, MBICIEHHO, KOHEYHO. 3HA4YUT, OOpaTUTh BpeMs B Hylb, T.€. B

OTCYTCTBUE BPEMEHH.
Her BpemMeHn — HET IBMKEHHS — HET NIPOCTPAHCTBA.
Nmeem aBe T0rMUECKUE LETTOYKHU:

1. Her MPpOCTPAHCTBA —> HCT ABUIKXCHUA — HCT BPCMCHU,

2. Hert BPpCMCHU — HCT IBWKCHHUA —> HCT IIPOCTPAHCTBA.
H3BecTHa MMPUYHUHHO-CJIICACTBCHHAA JIOTUKA: IIpUYXMHA —  CJIICACTBHUC. Nnn TOYHCEC,
IMpUYrHa — KOHCYHOC CJICACTBHUC. Eciu B noruueckoi OCIMOYKE 1 OTCYTCTBHUC
IMPpOCTPaHCTBAa —> IIpUYHHA, @ OTCYTCTBUC BPECMCHHU — KOHCYHOC CJICIACTBHUC, TO, YTO KC

TAKOC MMPOMCIKYTOYHOC 3BCHO — OTCYTCTBHUC I[BI/DKGHI/IH?

Ecaiu B noruueckoit OCIIOYKC 2 OTCYTCTBHUC BpPEMCHHU — IIpUYMHA, a4 OTCYTCTBHC
IMPOCTPAHCTBA — KOHCYHOC CJIICACTBHC, TO, YTO KC TAKOC IIPOMCIKYTOUYHOC 3BCHO —

OTCYTCTBHE ABUKCHUSA?

OTMeTuM, 9TO B 00CUX JIOTHUYECKHUX IEMOYKaX MPOMEKYTOYHOE 3BEHO OJHO U TO K€ —
OTCYTCTBHE ABIKCHHs. Takke 3aMeTHM, 4TO 00€ JIOTMYEeCKHe Iemnmodku 1 m 2 — He
peanbHOCTh (B PEaJbHOCTH TaKOro OBITh HE MOXET), a BCEro JIUIIb MBICIICHHAS
cutyanus, T.e. abctpakuus. Ho cama joruka ectb NPOAyKT yMa, TaKkKe KaKk MaTeMaTHKa

CO BCEHM €€ MaTeEMAaTUUYECKOU JIOTUKOM.

B PCAJIBHOCTH HHUYTO W HHKTO HC MOXCT JHKBHIHWPOBATH BCE IMpOCTPAaHCTBO, BCAKOC

ABHIKCHHUC, COOTBCTCTBCHHO W BPCM:I.

Tak, 4TO %€ Takoe€ OTCYTCTBHUE JBUKECHUSA?
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B macmtabax BceneHHOW OTCYTCTBHS ABMXKEHHS HE MOXET ObITh BooOmie. Jlaxke B
MEXTaJIaKTHUECKOM MPOCTPAHCTBE, € MoJlaraloT He 0oJiee JBYX aTOMOB, TOBOPST, B
CpeaHeM, B OJIHOM JHUTpe 00bEMa NpeObIBalOT (IMHAMUYECKH W CTAaTUCTUYECKH,
koHeuHo) 500 000 ¢oronoB u 450 000 HeirTpuHO. U NBMXKYTCSI OHU CO CKOPOCTHIO CBETA
B BakyyMe. MOXHO TIOBOpUTb, YTO BO BCelIeHHOM HET Takoro COCTOSIHHS Kak

«OTCYTCTBHUEC ABUKCHUS.

N3 stux paCCY)KI[CHI/Iﬁ MOXHO 3aKJIO4YHUTb, YTO 00e J0oruuecKue OCIMOYKH l u2s
peaHBHOﬁ Bcenennon — (I)I/IKI_[I/II/I, HUX HCT, OHU TPOAYKT TOJIbBKO CO3HAHUA, KOTOPOC

MOKET CO3/1aBaTh a0CTpaKIu, (GUKIIUU, HE CYIIECTBYIOIIME B MPUPOJIE.
J1o cux mop MbI pacCy>kKJaju C MOHSATUEM «OTCYTCTBUE», 0003HaAaYaeMoM yucioMm 0.

[Ipuxogum k BbIBOAY, uTo 0 — abcTpakius, (UKIMSA, KOTOporo Bo BceneHHoit He

CYIIIECTBYET.

Camo mo cebe umcio, J000e OECKOHEUYHO Majioe, Majaoe, OOJBIIOE, OECKOHEUYHO
OoJplioe — cyry0o JucKpeTHas cynHocTh. Kaxkoe uncino — Touka, Mapkep. Mapkepom
MOXHO M HYXXHO YTO-TO MapKUpOBaTh, HANpPUMEp, HENPEPBIBHBI OTPE30K MPAMOI,
HEMPEPBIBHYIO MOBEPXHOCTh, HENPEPHIBHBIM 00BEM, HENPEpPHIBHOE JIBHIKCHUE,
HEMPEPHIBHOE BPEMS, HEMPEPHIBHYIO TEMIEPATypPy (B COOTBETCTBYIOUIUX Pa3MEPHOCTSIX)
U.T.J., BCE MBICIIMMBbIE U HEMBICIHUMBIE OOBEKTHI M MX CBOICTBA. Nneeit Touku (He
CYILIECTBYIOUIEH B NPHUPOJE) MapKUpPyETCs HenpepbiBHas cyOcTaHuus BceneHHOW —
buzmdeckoe TpEXMEPHOE MPOCTPAHCTBO, MW JUCKpeTHas MaTepus BcerneHHOM

(371eMeHTapHBIC YACTHIIBI, AaTOMBI, MOJICKYJIBI, TeJIa, HEOSCHBIC TEIa).

Kaap - oTaenbHBI 3aCTHIBIIMN PUCYHOK WJIM KAPTUHKA. DJTO HEMOJBWXHBIM OOBEKT.
JIBr>keHre aToMoB, MOJieKysl He Oepém B cuéTt. B dunabMe (kuHOTeaTpe, TeleBU30DE,
KOMIbIoTEepe, cMapThoHe, ...) "KHHOPUIBM" CKIaABIBACTCS M3 OTACIBHBIX JTHCKPETHBIX
MOCJICAOBATEIBHBIX KaJIpOB, MEHSIOIMIMXCSA C ONPEACHEHHOW 3aJaHHOM YacCTOTOM.

Muposznanne - He "kuHo@uibMm". Y Hero HeT 3acThIBIIMX KaapoB. M Bo Bcex
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He3acThIBIIMX "Kaxpax" Mwupo3naHus Bcerja MMErTCs IBHKeHUsA. B Muposganun Bcé

TEUYET B HEMPEPBIBHOM MPOCTPAHCTBOBPEMEHN — DCIIUTANE.

B Ocnwuraiie, T.e. B OeckoHeuHOBeuHOU BcenenHoit Bc€ HempepbiBHO. IIpephiBbl,
JTUCKPETHI JIIOOBIX MacTaboB — (popmbl, GUTYphl B HENPEPHIBHOM DCNUTAHON cpefe,
COCTOSIIIINE M3 «MaTepualiay ITOM ke DCIUTAMHOW cpefbl, T.e. U3 CyOCTaHIMU SP —

MEPBOro HYJEBOIo 3eMeHTa Y poBHEBbIX CHCTEM €CTECTBEHHBIX 31€MEHTOB BeeneHHoi.

Memﬂy JIIO6]'::IMI/I, MBICJICHHO BBIACIIACMBIMHA 2JICMCHTaAMU 00BEéMa U BPCMCHHU B OnwuTaiie
COBCPIICHHO, a0COJIIOTHO JKeCTKas CBsI3b. AOCOJNIOTHO JKECTKas CBSI3b O3HAYAET
a6COJIIOTHYIO CIIMTHOCTH IMPOCTPAHCTBA U BPCMCHU B OJHOM IPOCTPAHCTBOBPCMCHHU, B

Dcrnuraue.

Bcenennass OeckoHeuHa u Be4yHa. OcrnuTtaiiHas Bceenennas OeckOHEUHa W BeYHa,
OCCKOHEUHOBEUHA. JTO — aOCOJIIOTHO HeNpephiBHAS CyOCTaHIMS, CcojepKalias
(BMemIaronias) JUCKPETHYIO MAaTEPHUIO: JIEMEHTApHbIE YaCTHIIbI, aTOMBI, Tejla, HEOECHbIE
tena. JlMckpeTHass marepus — Toxe u3  Spti, HO BO30YXIEHHOTO. MOXHO TOBOPUTH

(yTBEpkaaTh, MPUHATH), DCIUTAN U eCTh cama BeenenHnasi.

Bo3Bpamasicb K JIOTMYECKMM LEmo4YkaM | W 2, MNOCTPOEHHBIX Ha W3HAYaJbHBIX
IPEANOJIOKEHUAX «HET», BUAUM UTO B DCIHUTANE OHU HE PEANTU3yMbl, IOTOMY YTO B HEM
BOOOIIE HET TMOHSTHI: «IIPOCTPAHCTBA HET», «JIBW)KCHHSI HET», «BpeMeHU HeT». Her
HyJIell TNpPOCTPAHCTBA, IBWKEHHS M BpPEMEHU. OTH KAaTErOpUM — UCKIIOUUTEIIHHO

IIOPOKIACHUA CO3HAHUA, YMaA.

BriBon:
HenpepsiBHOE cliuTHOE TpEXMEpHOE MpocTpaHcTBoBpems (Spacetime, Spti) Dcnuraid,
SBISICTCS CyOCTaHIMel, Nmpu4éM cyOcTaHIHMel OECKOHEYHOWM M BEYHOW OCHUTAaHHON

Bcenennoii.
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BeiBog Moxer ObITh 0(QOpMIIEH Kak (OPMYJIMpPOBKA M JOKA3aTE€IbCTBO TEOPEMBI

OECKOHEYHOCTH U BEYHOCTU BceneHHol ¢ 3aBepiuaromiein Gpopmynoid OECKOHEUHOCTH U

BeyHOCTU BceneHHon.

Teopema 6eckoHeYHOCTH U BeuHOCTH BeesieHHOM

Nmeem 1ienb 04€BUIHBIX ONpeeaeHU (ITIOCTYIATOB) U AKCUOM:

N

Bcenennas cnoxHa MHOKECTBOM BCEBO3MOKHBIX COCTABJISIOLIUX.
BcenenHas cocToUT U3 TUCKPETHOW M HEMPEPHIBHOW COCTABIISIONIUX.
JluckpeTHast MaTepualibHasi COCTABIISIONIAS — MHOMKECTBO JJIEMEHTAPHBIX
YaCTHII, aTOMOB, MOJIEKYJI, HAHOYACTHI, TeJl, HEOECHBIX TeIl.
HenpepriBHas  cyOcTraHnuanbHas  COCTaBisdmOmas —  (QU3MYECKOE
TPEXMEPHOE MPOCTPAHCTBO.

beckoneuHnocTh mpocTpaHcTBa — O€CKOHEUHAs: MPOTSHKEHHOCTH MO BCEM
TpEM (HU3NYECKUM U3MEPEHUSM C JIFOOOH YCI0BHOM TOUkU BeeneHHoM.
Beunocts — OeckoHeuHass MPOTSHKEHHOCTh C JIOOOW YCIOBHOM TOYKHU

YCJIOBHOM BPEMEHHOM OCH.

[TpOTsSKEHHOCTH  MPOCTPAHCTBA W BPEMEHH  00pasyloT  eIUHYIO
NpOTHKEHHOCTH MPOCTpaHCcTBaBpeMeru (Spacetime, Spti, Dcnuraiisn).

[IpoTsKEHHOCTH MPOCTPAHCTBABPEMEHU HETPEPHIBHA.

PacnpocTpaneHo TOHSITHE KYyCOUYHO-HENPEPBIBHOrO. Takoe MOHSTHE

MOJKHO IIPUHATB 3a OTHOCHUTCIbHYIO HCIIPCPBIBHOCTD.

10. AGconroTHast HEMPEPHIBHOCTH HETIPEPHIBHA BE3JI€ U BCET/IA.

11. V aBGcomoTHON HEMPEPHIBHOCTH HET HA Hadaja, HU KOHIIA.

CnenoBaresabHO:

AOCONIOTHAasE ~ HEMPEPBIBHOCTh  CYOCTAHITMAIIBHOTO MPOCTPAHCTBOBPEMEHU

(DcnuTaliist) ecTh 0ECKOHEUYHOCTh M BEUHOCTh BCeaeHHOM.
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Teopema J0Ka3aHa, 151 MOKET OBITH BBIpaYKE€HA dbopmynoii:
AOCOJIIOTHASI HENPEPBIBHOCTh JCIHUTASA €CTh 0€CKOHEYHOCTh

M Be4HOCTh BcesteHHOM

JcnuTaiiHasg cyOcTaHIUA
B nonumanuu cyOCTaHLIMKA U MAaTEPUU €CTh TOJIBKO OJJHO MPUHIIMIHAIBHOE UX CBOWCTBO
— CYILIECTBOBATh, HE3aBUCUMO OT CO3HAHUSI.
B ecrecTBeHHO-HayYHO-TEXHUKO-TEXHOJIOTMYECKOM MOHUMAHUM MaTepuu (PuiIocoPpcku
NPUHIMITHAIBHOE CBOMCTBO YTOYHSIETCS JTOMOJHUTEIBHBIM HEOTHMJIEMBIM CBOMCTBOM —

ﬂeﬁCTBOBaTL, BSaHMOHCﬁCTBOBaTB.

Jo XX Beka TpéxMepHOE MPOCTPAHCTBO PACCMATPUBAIOCH JIMIIb «APEHOW»
HprOTOHOBCKMX  TAJIBHOACWCTBYIOIIMX B3aUMOJICMCTBUIA JAUCKPETHOM MAaTE€pUH OT

HeOECHBIX Tell A0 MOJICKYJ U aTOMOB.

B nauane XX Beka 3-MepHasi apeHa «palldpuiiach» 10 DUHIITEHHOBCKON 4-MepHOU

IIPOCTPAHCTBEHHO-BPEMEHHOM  apeHbl  OJM3KOJACHCTBYIOIMMX  B3aUMOJICHCTBUH.

B cepennne XX Beka Ko3bpipeB B NPUYMHHOM MEXaHUKE MpHUAaTl BPEMEHH CBOMCTBO
nencTBoBaTh, T.€. Mo Ko3bipeBy Bpemsi — maTepus. OHO U3Iy4aeTcsl U MOTJIOIIAETCS,
MIPOU3BOAUT SHEPTHUIO.

O Tom, uro BO BceneHHOW «HET MecTa mycToTe» yTBepxkaan emé JlekapT. Yxke oH
CUYHUTAJI MPOCTPAHCTBO HE IMYCTHIM.

W B Hacrosiliee BpeMsi MHOTHE YUEHBIE CTPOST pa3Hble Mojienu Beenennoit (BeceneHHbix)
13 OHUMAaHUA MPOCTPAHCTBA KaK NEepBOMATEpuu, pamarepuu — cyoctanuuu. Ho Bpems
paccMaTpuBarOT B OTAEIBHOCTH OT IMPOCTPAHCTBA, KaK HE3aBUCUMYIO OT IPOCTPAHCTBA

busnKo-prIocOPCKyI0 KAaTETOPHIO.
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OTnuumMe Hamero noaxojJa B TOM, YTO IIPOCTPAHCTBO M BPEMS PACCMATpPUBAECTCS B
HEpa3pbIBHOW CIUTHOCTH NMPOCTPAHCTBOBPEMEHHU. MOKHO TOBOPUTH: OJHA JIBYEAWHAas
Gusuko-¢punocodhckas KaTeropusi, MOHATUE, IBYSJAHMHOE CIMTHOE CJIOBO Spacetime,
KopoTko — Spti (Dcnurtaii) oTpakaeT abCOIIOTHO HEMPEPBIBHYIO, TOTOMY OCSCKOHCUHYIO
U BEUHYIO Npamatepuio, cyocranuuio Beenennoil. OHa npeactaBieHa NEPBbIM YWICHOM B
YpoBHEeBbIX (CucCTeMax €CTECTBEHHBIX JJEMEHTOB BceleHHOW — eCTEeCTBEHHO-
3JIEMEHTHOM IIpECTaBIeHUN BeeneHHol, aHanoruuHo Tomy, kak Bogopoa B YpoBHEBBIX

Cuctemax XUMHUYECKHX FJIEMEHTOB — XUMHUKO-3JIEMEHTHOM NIPEACTaBICHUN BceeneHHoi.
JIUCKPETHOCTH U CTPYKTYPHOCTh

JIUCKpETHOCTh U CTPYKTYPHOCTh — TOHSATUS (KAaTETOpHHU), TECHO CBSI3aHHBIC MEXITY
coboii. He moxer OBITH W peud O CTPYKTYpHOCTH O€3 JUCKpEeTHOCTH. Bo3HuKaer
crpaBenuBbiid Bonpoc: Hy, xoporo, 00béM (pusnueckuit 00bEM) mim SP — peanpHas

CYILIHOCTB, cyOcTaHIus. KakoBa ke cTpykTypa e€?

Bomnpoc 310T cripaBe B TOJIBKO C TOYKHU 3PEHUS CIIOKUBIIEHCS TPAIULIMU MBILJICHHUS,
JUACKPETHOI'O MBILUICHUS, MAaTEeMaTH4YE€CKOr0 MBILIIJICHNUS, YHUCIOBOTO MBILIJICHUS.
CTpyKTypHBIM MOXET OBITh TOJIBKO TO, YTO JAMCKPETHO. HempepbiBHOE HE MOXKET OBITh

CTPYKTYpHO (TpaHnyHo). [ToTOMy 4TO HE TUCKPETHO.

B wmarematnke oOnepupyrOT NOHATUAMH HENPEPBIBHOM W KYCOYHO-HEIPEPBIBHOU
¢ynkiuii. Ho B KOHEYHBIX pacy€Tax W TPENCTABICHUSAX BOOOINE HE MOXET OBITH
HUKAKOW HETMPEPBIBHOCTH, MOCKOJIBKY JIFOOBIE YMCIa JAUCKPETHBI W TpepbIiBHBL. Kpome
TOTO, HETPEPHIBHOCTh O3HAYAET OE3rpaHUYHOCTh, MO0 BCSKas TpaHUIA €CTh MPEpPHIB —
HapyllleHUEe HENpepbIBHOCTU. boijiee TOro, HENpEephIBHOCTh O3HAYAE€T OECKOHEYHOCTb,
IIOTOMY 4YTO KOHEIL HEMPEPHIBHOCTU O3HAYAET IMPEPBIB HENPEPBIBHOCTU. HenpepbiBHBIN

3JIEMEHT SP eCcTh 0ECKOHEYHOE TPEXMEPHOE MTPOCTPAHCTBO BceeneHHOM.

MoryT roBopuTh, YT0 0€CKOHEYHOCTh BceneHHoil He TpeOyeT JA0Ka3aTelbCcTBa, YTO 3TO

oueBuaHO. HoO oueBMIHOCTHM TYT HE MOXKET ObITb. [lO3TOMY «BBIIUIBIBAIOTY
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BCCBO3MOJKHBIC. ITapalJICJIbHBIC BCGHGHHBIC, MHOTOMCPHBIC BCGJ’I@HHBI@, COCTaBHBIC

Bcenennsle, aHTUMHUPEL, ... .

Jlpyrue MOTYT TOBOPHThH, UYTO OECKOHEYHOCTh BCEICHHOW BITOJIHE OMpEIeseTCs
O0ecKOHEUHOCThIO uncesl. Ho yncia nuckperTHbl, U BCerja, JiloOble OECKOHEYHO Majble U
OCCKOHEYHO OOJIBIIINE YHCIIa JTUCKPETHBI. JIMCKPETHOCTh €CTh IPEPHIBHOCTH, a

MIPEPBIBHOCTH JOIYCKAET KOHEUYHOCTb.

beckoneunas Bceaennas

[Ipobnema OeckoHeuHocTH BceenenHodt — ¢yHnaMmeHTanpHas mpodjieMa HE TOJIbKO B
Hayke, HO ¥ B puiocopuu. OT OTHOIIEHUS K 3TON MpobdiieMe 3aBUCUT BuieHUE Mupa —
MupoBo33perue. [1oaToMy momneiTaeMcsi MPOABUHYTHCS B 3TOM mpodiiemMe emié ¢ OaHOU

CTOPOHBI, CO CTOPOHBI aHAJIN3a YUCJIIOBBIX PAIOB.

Harypanpubiii HOMepHOUW psix umcen: 1,2,3,...., N OeckoHedeH. Hauwmnaercs ¢ 1 wu
nuckpeteH. MakTUYeCKH KaXKJ0o€ 4YHUCIO psAga ecTh cymMMa (KOJMYECTBO) €IMHMII.
O6o3Hauenne uncen mudpamMu U paspsgamMu  ecTb 00O3HAUCHHE HOMepa uucia
(uncnoBoil cymMMmbl enuHuil). Takum 00pa3oM, OECKOHEUEH HOMEpP CYMMBI €IUHUI] Ha
OECKOHEYHOCTH. DTO CYyTh HATYPAIILHOI'O HOMEPHOTO Psi/ia, © HAUMHAETCS OH C €UHUIIBI
— (hakTa HamWM4MsA (TPHUCYTCTBUS) YET0-Tu00 (JI000r0, BCAKOTO), U COCTOMT M3 ITHX
€IMHUI] I 1000 Pa3sHOBUJHOCTH KOHKPETHOM JUCKPETHOM Matepuu, OyIb TO:
AJIEMEHTapHbIE YaCTHUILIbl, aTOMBI, MOJIEKYJIbI, IECUUHKH, 3BE3/1bI, TalaKTUKH. K Kaxx1oMy
YHCIIy HAaTypallbHOTO psAZla MOXKHO MPUOABUTH €IUHUILY, JIIOOOE UYMCIO HATYpPaJbHOTO
psana. IlpubGaBnenme Moxker ObITH B Oosiee A(PEKTHBHBIX (KOPOTKHX) (opMax:

YMHOX€EHUS, B3ATHs (haKTOpHaJia, BO3BEJCHUS B CTEIICHH, ... .

Enuaumia cioXHOTrO JUCKPETHOTO MATePHAIBHOTO OOBEKTa MOXKET OBITh JeiMMa

rnomnajgaM, Ha TPU paBHbIE YacTH, Ha 4 paBHbBIE YacTH, ..., Ha N paBHBIX yacTed 1/n.
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[Tockonbky N = oo (GeckoHeuHasi cymma eauHuI), To 1/n = 1/co. Ilpunsto, uto 1/c0 = 0.
Ho »to He coBcem BepHO. () WMEET CMBICT OTCYTCTBHSI, IOJIHOTO OTCYTCTBUS, W
OCCKOHEYHO MaJloi YacT eAuHUIBL. Ho 3Ta OECKOHEYHO Malias 9acTh €IMHUIIBI HEKOETO
JUCKPETHOTO OOBEKTa BCE Ke OCTaéTcd OECKOHEYHO MalloM YacTbhl0 3TOro OOBEKTa.
Jlenenue enuHUIBI OOBEKTAa HA CKOJIb YrOJHO OOJBIIOE YHCIO, Jake Ha OECKOHEUHO
OOJIBIIIOE YKCIIO HE TMPUBOAUT K TOJHOMY YHUYTOKEHUIO 3TOW CAMHUII OOBEKTa.
OcTtaéTcs IMEHHO 0€CKOHEYHO MaJiasi 9acTh 3TOTO JIUCKPETHOTO 00bekTa. () ke 03HavaeT
OTCYTCTBHE M JII000H OECKOHEYHO MaJIOW YacTH ITOr0 JAUCKPETHOTO OOBEKTa, T.C. HE

HNMCCT CMBICJIA IJIA JaHHBIX TUCKPCTHBIX 00BEKTOB.
N = 00 — 0ECKOHEYHO OO0JIBIIIOE YUCIIO CAWHHI] OAMHAKOBBIX TUCKPCTHBIX 00BEKTOB.

1/(n = ) — O0ecKOHEYHO Majlasi YacTh EIWHHIIBI JUCKPETHOro oObekTa. BeckoHeuHO
Majas 4acTh €IWHHUIIBI €CTh OOpaTHas BeIWYMHA (KOJIMYECTBO) OECKOHEYHO OOJIBIIOTO
gucia €AUHUIl. DTO — WCTHHA, COMHEHUIO HE IOoJBepraeMas M HE HYKJaromiascs B

JOKa3aTCJIbCTBC, T.C. aKCHUOMaA.

HaTypaHLHLIﬁ pAd 9UCCII, BBIPpAXKAOIMINX JaHHBIC THUCKPCTHLBIC 06’I>CKTLI, MOJKHO 06pa3H0

IMpCaACTaBHUTD:

1 23456,.., (N = o), T.c. MApKEPAMH MOCJIECAOBATEIbHBIX YHCEJI 4Yepe3 paBHBIC

MPOMEXYTKH  Ha OECKOHECYHOM MPSMOM.

I/ICXOI[H Hn3 J3TOIo 06pa3a HaTypaJbHOI'O piaga YHUCCI 11 KOHKPCTHOI'O MHOXKCCTBaA

OJIMHAKOBBIX TUCKPETHBIX 00HEKTOB, aKCHOMY MOXKHO 00pa3HO MPECTaBUTD:

OueBuano: 1/(n = o), ..., 1 — Heompemen€HHBIM «OTPE30K» 10 1 pa3memnaercs 10
HaTypaJIbHOTO psia OJUHAKOBBIX JUCKPETHBIX OOBEKTOB. DTOT OTPE30K COCTABISIET

pallMOHANBHBIA  PSAJ  APOOHBIX  KOJIWMYECTB  JIUCKPETHOTO OOBEKTa. 3aMETHuM,
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pallMOHANBHBIN PsAJl APOOHBIX KOJIMYECTB JUCKPETHOTO OOBEKTa pacrojiaraeTcs Mepes

HaTypaJbHbIM PAAOM KOJINYCCTBA OAMHAKOBBIX JUCKPCTHBIX O0OBEKTOB.

OueBUAHO, KAXKIBIA YJIE€H HATYPAIBHOTO PANa COCTOUT U3 MPOW3BEICHUS ATOr0 4ieHa
HATYypaJIbHOTO psAla HA pPAUMOHAJIBHBIA PN, PACHONATAIOLIANCA TEpPe] E€IUHULIEH

JTUCKPETHOTO 00beKTa. Microsib3yst onepaiuio YMHOKEHUS, MOXKHO U300pa3uTh:

BunuM, 4to panuoHanbHBIA psAJ UCKPETHOTO OOBEKTa COACPKUTCSA Mepel Kaxaou
€AMHUIICH BCEro HaTypaJbHOrO psifa AUCKPETHBIX 00BbeKTOB. OOIMIA palnroHaIbHO-
HATypaJbHBINA psJl HAYMHAETCS ¢ 00paTHOM 0ECKOHEYHOCTH, HO BOBCE He ¢ Hyusl. Hymio —
OTCYTCTBHUIO YMCJIA MM YACTH YUCIA (IUCKPETHOTO 00BbEKTAa) HET MECTa B pallMOHAIBHO-

HAaTypaJIbHOM pAAY OJANMHAKOBLIX JUCKPCTHBIX 0O0BEKTOB.

Ycranosnenne 0 mepen 1/(N = o) — KaueCTBEHHBIN Mepexo]] (IelcTBUE), He UMEIOIIHUMA
OTHOILIEHHSI K PalMOHAJIbHO-HATYPAIBHOMY PSIYy AaHHBIX OJAMHAKOBBIX IUCKPETHBIX
00BbekTOB. 0 03HAYAET MOJIHOE OTCYTCTBUE JAHHBIX JUCKPETHBIX OOBEKTOB, U HE BXOJUT
B YKCJO (KOJUYECTBO U MOPAMOK) MAHHBIX JUCKPETHBIX 00bEeKTOB. (), B TAaKOM cllydae,
«d3 JOpyroi mecHU uiau omepbl». 0 He MMEET HUKAKOTO OTHOIICHUS K KOJIUYECTBY U
MOPSAJKY pacCMaTpUBAEMOT0 MHOXKECTBAa OJIMHAKOBBIX IUCKPETHBIX 00BEKTOB. 0 «BHE
3aKOHA» paclpe/ieNIeHHs pacCMaTPUBAEMOI'0 MHOXKECTBA IUCKPETHBIX 00BEKTOB. MOKHO
TOBOPHUTH, 4TO () B paliioHaIbHO-HATYPATHHOM PSTy OJIMHAKOBBIX JUCKPETHBIX O0BEKTOB
SBJsIETCS aOCTpakiMed, He UMEIOIIEH OTHOIICHUS K JaHHOMY psaay. Ecnu gaHHBIA psif
MpEACTABIsIeT HEUTO CYIIECTBYyIoLlee, MarepuainbHoe, To O B Hadaime 3TOro psaa
O3HAYaeT HECYIIECTBOBAHUE MATEPHAIBHOTO, HEMATEpUI0. DTO aOCTpakius (BBIIYMKA,
danTazusg), NpU3HAHKWE, MPUHATAE HECYOCTAHIIMAIBHOTO, HeMaTtepuaibHoro mupa. 0 —
Huuto, Toraa kak panMoHaibHO-HATypalbHbIA psll UTO-TO, U CTaBUTh UX B OAUH DS —
abcypa. Taxxke w ¢ JIOOBIMH APYTMMH MAaT€pUATIBHBIMH JTUCKPETHBIMH OOBEKTaMHU.

Onuum cioBoM (-1 HE CYHIECTBYET pealibHO, U 1/(N = o) Hukorna He paBHO 0-mro0. 0

117



MOJKET CYILECTBOBAThb, OBITh PEAIIBHOCTBIO TOJBKO B TOM CIIy4yae, €CJIM HE CYLIECTBYET
peanbHas BcenenHas. Takoe Moryr momyctuTh pasBe 4ro B I'mmorese bombmioro

B3peiBa, B CHHIYIIPHOCTU «TOUYKU-BceneHHOM.

N orpunarensubix yucen B [Ipupoae Het. X mpuaymManu v BBEJIH JJIs1 MATEMATHYECKOTO
yno0ctBa. BoT ecTh B npupojie oHa mecurHKa. A 4TO Takoe OTpUIaTeIbHas MeCUYnHKa?
Takoro oOwmekTa HeT B mpupojae, Bo Bcenennoi. WMnu, ckaxeMm, ecTh 3JIeMEHTapHas
yacTulla JJIEKTpoH. YTO Takoe oTpulaTenbHbld 31ekTpoH? HeT Takoro oObekra.
[To3uTpoH BOBCE HE OTpHUILIATENbHBIN 3JIEKTPOH. [I03UTPOH — yacTHIla, UMEIOIIAs TAKYyIO
K€ Maccy, Kak U DJJEKTPOH, HO DJIEKTPUUECKUU 3apsii, MPOTUBOIOJIOXKHBIN

AIEKTPUUECKOMY 3apsiy dJIEKTPOHA.

Jlenenue 4ucen Ha MOJOKUTENbHBIA PAallMOHAJIbHO-HATYPAIBHBIN Pl U OTPULIATEIIbHBIN
pallMOHAJIBbHO-HATYPAJIBHBIA PpsIi TaKKE€ HCKYCCTBEHEH M ycioBeH. B JlexkaproBoi
CUCTEME KOOPAMHAT TIOJIOKUTEIbHBIE IIOJIYOCM U OTpPULATENIbHBIE MOIYOCH IS
yoOCTBa, U HE OTpaXkaroT peaJbHOCTH. B TpéxmepHoM mpocTpaHcTBe BeenenHoil, eciu
BbIOpaHa yClIOBHAs TOYKa OTCUETA, TO BCE HAMPABIEHUS OT HEE, OT ATOM YCIOBHOU TOUKHU
UAYT B OECKOHEYHOCTh MPOCTPAHCTBA, M BCE YHMCIOBOE JEJIEHHE BCEX HaIpaBJICHUUN
MOJIO)KUTENFHO B CTOPOHY OECKOHEYHOCTH BO BCE€ HampamiieHHs. [IpoTHMBOMOIOKHBIE
HaIpaBJICHUsT 0003HAYAIOTCSI OTPUIIATEILHBIMU YHUCIIAMU TOJIBKO ISl ynoOcTBa. Hauamo
orcuéta «0» He CYIIECTBYIOIUIUMHU B NPUPOJEC T€OMETPHUUYECKUM OOBEKTOM «TOYKa» W

«guciom 0» — Toxe JJIAA MaTCMaTHYICCKOI'O y,Z[O6CTBa.

Bo3pMéM B TpEXMEpPHOM MPOCTPAHCTBE HEKOTOPOE YCIOBHOE HAYaJI0 OTCYETA H
HalnpaBUM MO TPEM B3aUMHO OPTOTOHAJIBHBIM HAIIPABIEHUSIM OCH CO CTPEIIKAMHU B
6eckoneunoctu. Bo3smém HampaBnenue X. BrpaBo oT ycinoBHOTo Havana uaéT och X—
CO CTPEJIKOM — HampaBo, BJIEBO — OCh «—X CO CTPEJIKON HaJIEBO. X— U «—X JIEKAT Ha
onHo nuHuMU. OOe OcHM pa3MeyaroTCsi OJMHAKOBBIMU pallMOHAJIbHO-HATYpalbHbIMU

pAlamMy 4MCEN OT YCJIOBHOTO Haydaja B CTOPOHY CTPEJIOK, T.€. HalpaBO U HAJIEBO. Y

118



YCJIOBHOM TOYKU M cHpaBa U cjiaeBa oT Heé uuciio 1/(n = o). Uto ke mexay Humu? B

CaMOM yCJIOBHOM Hadyajie orc4yéra?

TpaguumoHHO (MPUBBIYHO) CTaBAT TOUYKY M MapkupyroT yuciom 0. B mpupone HeT Hu
TOTO, HU JAPYroro, o003Havyaromux peaibHble 00beKThl. Ho, Belb, UTO-TO JOIKHO OBITH
ITIOCTABJIEHO B ycJI0BHOE Hauano! CKOJBKO HU BapbUPYyH, HUYETO HE OCTAETCSI KPOME Kak
MOCTABUTh TOUYKY U 0003HAYUTh 0-€M — HECYIIECTBYIOIIUMU OOBEKTaMHU... TO ke camoe

mo Y uZ. Hwuuro B Hayane Becero!?

Kakasi-to oOpeu€HHas 0e3BBIXOHOCTH! UTOOBI KaK-TO BBIUTH W3 ATOTO OE3BBIXOIHOTO
TIOJIO’KCHHMSI, MOYKHO TIOCTaBHTh B Havajio oTcuéra 1/(N = o), T.e. BMECTO JBYX CMEKHBIX
U paBHBIX 1/(N = o0) moctaBUTh OMHO 1/(N = 00). DTO HeompeneaéHHOe OECKOHEUHO
MaJioe, HO peasibHoe 4nciio. M oHo yHnuTOXaeT Huuro B Havane. Oto yxe He Huuto, a
Yro-to. ToJNIBKO 3TO M OCTAa&TCsA B YCIOBHSIX OCCCMBICIICHHOCTH TpHHATHS Hudrto B

HayvaJie Beero.

Touka EBxinma — reomerpudeckas abctpakius. B peansHol TpEXMEPHOM MaTepHaTbHON

Bcenennoii Takoro oobexra Het. Ho uTo ke TOTrJa BCTABJIATH B HA4YAJIO oTcuéra?

MOKHO CTaBUTh MaJICHbKUH KPYTJISIIOK — MAJCHbKUH IAPUK B IEKAPTOBOU TPEXMEPHOU
cucreme koopauHaT. Bce 6 oceil neKapTOBOM CHUCTEMBI KOOpPAMHAT B TPEXMEPHOM
NPOCTPAHCTBE OEpyT HAYyalo OT IIApUKa W HaIpaBieHbl CTPEJKaMU IO IIECTU
HalpaBJICHUsIM OT IIapuka. Pa3MeTrka TOJIBKO TMOJIOKUTEIbHBIMU PAllMOHAIBHO-
HaTypaJIbHbIMU 4KcliaMi. OTpHUIIATENbHBIX YUCEN HET B npupoae. OHU — YCIOBHOCTb,
abcTpakmus (s MateMatudeckoro Gopmanmsma u yao0ctea). YucnoBasi och B JH000M
HaIPaBJICHUHN OT HEKOTOPOTO Hayaia OTCYETa HAUMHACTCS ¢ OECKOHEYHO MaJIOTO YHCIa U
YXOJUT B OECKOHEUYHOCTh — OECKOHEYHO OOJbIIOE YHUCI0. IDTO HEOrpaHUYEHHAas
YHCIIOBas OCh(C HAYaJOM, BBIPAKAEMBIM OECKOHEYHO MaJbIM YHUCJIOM), YXOASIIas B

0ECKOHEYHOCTh HA OECKOHEYHO OOJIBIIIOE YHCIIO:

1/n »—————n
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rae N —oo,

Hayvaino — oOpaTHOl 0€CKOHEUHOCTBIO, K nepudepun — npsaMoil 6eckoHeuHoCcThI0. Hekuit
HE3aMKHYTBIA MHTEpBaJI 00paTHON U MpPsIMO 0€CKOHEYHOCTHU. BeCKOHEUHOCTh K Hadamy
n OECKOHEUHOCTh K mnepudepuu, NpuyéM, BO BCEX HAIMpPABICHUSX OT MPOU3BOJIBHOTO
Hayajia OTcuéTra. ODTO MOXKET OTpaXaTb HEOTPAHUYECHHYI0 HHUIAE OECKOHEUHYIO

Bcenennyro.
TpéxMepHOCTH pPeaibHOr0 NPOCTPAHCTBA

[Touemy peanbHoe Bcenenckoe nmpoctpancTBo TpéxmepHo? Ha 3TOT Bompoc HET oTBeTa
yKe ThIcsiuu JieT. Mbl He OepéMcs OTBETUTh Ha BOMPOC ThicsueneTuil. Ho mopaccyxmaem

Ha OCHOBE HEKOTOPOI0 MOCTYJIaTa, BO3BOJAUMOTO 110 npuHiuna [Ipuposel.

B Ilpupone nerictByer IlpuHnun HeorpanumyeHHocTH Bceenenckoro Ilpocrpancrsa.
CyTp 53TOro mnpuHIMIIA B TOM, 4YTO MpPOTSKEHHOCTh BcelleHCKoro mnpocTpaHcTBa
HEOrpaHUYEHHA BO BCEX HAIpaBJICHUAX. HeorpaHM4eHHOCTh MoApa3syMeBaeT (COAECPKUT
B ce0e) OTCYTCTBHE IIpeleJOB BO BCEX U JIIOOBIX HampaBieHMsX. HeorpaHuueHnHoe

IMPOCTPAHCTBO HC 3aMKHYTO.

WNuorpa «myctoe» TpEXMEpPHOE MPOCTPAHCTBO CUMUTAIOT HEKUM CYIUM, B KOTOPOM
colepkarcs  MaTepuaibHble  cymHOCTH. Cymiee  cuMTaeTcsi HEMaTepUalbHbIM
BMECTWJIMIIIEM MaTepUaIbHBIX CyITHOCTEH. [IoCKONbKY HET MpU3HAKOB OTPaHUYEHHOCTHU
Bcenenckoro cymiero (HecyOCTaHIIMATbHOTO BMECTHIIHINA MATEPHUAIBbHBIX CYIIHOCTEN),
OyznemM paccMaTpuBaTh MPOCTPAHCTBA B HECYOCTAaHIIMATLHOM W B HEMaTepUAIBHOM

BMCCTHIJIMIIIC.

PaccmoTpuMm  HempepbIBHbIE  CyOCTaHIMAlbHBIE MPOCTPAHCTBA  MOCIIEIOBATEIHHO
BO3pacTalOIMX M3MEpeHHi, HauuHas ¢ (0-MepHOro B TPEXMEPHOM HEOTPAHUUYECHHOM

HGCY6CTaHHI/IaﬂBHOM BMCCTHJIMIIIC.
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[Ipotszx€HHOCTh 0-MEpHOTO CyOCTaHIMATIBHOIO MPOCTPAHCTBA HyseBass. OHO aOCOMIOTHO
3aMKHYTO B HEOTPaHMYEHHOM HECYOCTaHIMabHOM BMecTwiuile. B  abconmoTHyio
3aMKHYTOCTh ~HE  BTEKA€T HHUYTO MAaTEpPUAIIbHOE, IIOCKOJIbBKY  BMECTHIIMIIE
HeMaTepuasibHO. 13 abCoMOTHOM 3aMKHYTOCTH HE HWCTEKaeT HMYTO, MOCKOJbKY B 0-
MEpPHOM MPOCTpaHCTBE HET HU4Yero. Camo 310 0-MEPHOE MPOCTPAHCTBO HE MATEPHUAIIBHO,
U ero MOXHO cuuTaTh (-mMepHOM YacThl0O HECYOCTaHIIMAIBLHOIO BMECTHIIMIIA.
AbcomoTHoe 3aMKHyTOe (0-MepHOE CyOCTaHIMalIbHOE MPOCTPAHCTBO — HEKas «4y&pHas
IbIpa-ToOuKa». VI3BeCTHbIE W YK€ TPHUBBIYHBIE «UYEPHBIC JBIPBI» MPOSIBISIOT CceOs
IPaBUTAIMOHHBIMU MOJSIMH (ITYCTh, BO BMecTUuIIE). «YepHas AbIpa-TOuKay Ke HUUEM

HC NIPOABJIACT cebs1. D10 O3HA4acCT, YTO TAKOT'O IIPOCTPAHCTBA HC CYIICCTBYCT.

[IpoTs>KEHHOCTH  HEMPEPBIBHOIO  CyOCTaHIMAIbHOrO 1-MepHOro mpocTpaHCTBa B
HeCyOCTaHIIMAJIbHOM BMECTWIIMILE MOXKET OBbITh HEOrPAHMYEHHOW BIOJb OJIHOTO
U3MEpEHUsl — JIMHUU, HO OTPAaHUYCHHOW B JIOOBIX JIPYTUX HAMpPaBICHUSIX BMECTUIIHIIA,
HE COBMNAJAIONINX C HAaMpaBlieHueM JTUHUU. JINHUS MOKeT ObITh a0COIOTHO 3aMKHYTOH B
OKPYXHOCTH. AOCOJIIOTHO 3aMKHYTasi B OKPY>KHOCTH HETpEepbIBHAS CyOCTaHIIMAJbHAS
JIMHUS — «4epHas AbIpa-OKPY>KHOCTh», B KOTOPYIO HE BTEKA€T HUYETO MATEPUAIIBHOTO U3
BMECTHJIMILIA 110 IPUYMHE OTCYTCTBHS MaTEPUU BO BMecTuiuile. M HE UCTEKAET HUYETO
BO BMECTUJIMIIIE O MPUYUHE a0CONIOTHONW 3aMKHYTOCTH «UEPHOU JBIPHI-OKPY>KHOCTHY,
T.€. OHa HE MPOSBIAET ceOs1. ITO O3HAYAET, YTO TAKOTO MATEPUATILHOTO MTPOCTPAHCTBA HE

CYILIECTBYET.

[TpoTsKEHHOCTH CYOCTAHIIMAIIBHOTO HEMPEPHIBHOTO 2-MEPHOTO MPOCTPAHCTBA MOXKET
OBITh HEOTPAaHUYEHHOM B 2-X U3MEPEHHUAX, HO OTPAaHUYCHHOW B JIOOBIX JPYTUX
HaNpAaBJIEHUIX, HE COBIIAIAIOIINX C OPTOTOHAJIBHBIMU HAIIPABJICHUAMU JBYX U3MEPECHUN
MOBEPXHOCTH. 2-MEpHAas TOBEPXHOCTh MOXET OBITh aOCOJIOTHO 3aMKHYTOH B cdepe.
AOcomoTHO 3aMKHYTass B cdepe HempepbiBHAsS JBYMEpHAas TOBEPXHOCTh — «4&pHas
neipa-cdepay, KoTopasi HHW4eM He 0OMEHUBAETCS C BMECTUIIMINEM, T.€. OHA HE MPOSIBISIET

ce0s1. DTO 03HAYaAET, YTO TAKOI'O MPOCTPAHCTBA HE CYIIECTBYET.
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[IpOTAKEHHOCTH HENMPEPBHIBHOIO CYOCTaHLIMAIBHOTO 3-MEPHOrO0 MPOCTPAHCTBA MOXKET
ObITh HEOTPaHMYEHHOW B JIIOOBIX HANpaBIEHUSAX M HE 3aMKHYTOH. TpéxmepHbie
MaTepUalibHble  OOBEKThI B  HEOIPAHMYEHHOM U  HE3aMKHYTOM  TPEXMEPHOM
cyOCTaHIIMaJIbHOM TMPOCTPAHCTBE B3aUMOJEHUCTBYIOT APYr C JPYIOM KOHTaKTHBIM H
CUJIO-TIOJNIEBBIM crioco0aMu. OHM CYIIECTBYIOT, IOTOMY UTO IPOSBIISAIOT ce0s1 00BEKTaMH,
UX CBOMCTBaMHM, MOTJIOUIEHUEM M HCIYCKAHMEM HU3JYyYEHUU B JIIOOBIX HaIpaBICHUSX.
AOCONIOTHO HENpPEPHIBHOE CYOCTaHIMAIBHOE 3-MEPHOE NMPOCTPAHCTBO YAOBIETBOPSET
OPUHUMITY HEOIrPAaHMYEHHOCTM BO BCEX HAIPaBIEHUAX. Takoe MpPOCTPAHCTBO HE
3aMKHYTO M MPOSBISET ceOsl B3aUMOACHCTBUSMU KaK HEMOCPEICTBEHHO KOHTAKTHBIMH,
TaK W MOJEBbIMU. TpEXMEpHOE MPOCTPAHCTBO — HE «UEpHAs AbIpa-mpocTpaHncTBO». OHO
OPOSIBISIETCA, OHO  CYyIIECTBYET. Takomy IOPOCTPAHCTBY HEe  TpeOyeTcs
HecyOCTaHLMaJdbHOE  «cyllee-BMecTuianime». OHO camMO  SBISETCS  peajbHBIM

BMCCTHUJIMIIEM JUCKPCTHBIX MATCPHUAJIbHBIX 00BEKTOB M CHIJIOBBIX q)HBHqCCKI/IX MoJIeH.

Ha rtpéxmepHoM mnpocTpaHcTBe BbloONHsAeTcS I[IpUHOMI HeOrpaHMYeHHOCTH

IIpocTpancTBa.

Tpu wu3MepeHus HeOOXoaAMMBI W JOCTaTOuHbl ana  jedictBus  [lpuHnmma

HeorpanndenHoctu [IpocTpancTna.

[IpocTtpancTBa 4-x u Oojee U3MEpPEHUHN — U3NUIIeCTBa 11 BceneHHoi.

3arajka KBaJpaTUHYHOCTH PACCTOSIHUS B 3aKOHE BCEMHMPHOTI0

TATOTCHUA

PaCCMOTpI/IM «CTATUBArOIICC» I10JI€C HaHpHH(éHHOCTI/I T'PAaBUTAlIMOHHOTI'O IIOJIA B CBA3HU C

3arajikoil 00paTHO-KBaAPATUYHON 3aBUCUMOCTHU IPAaBUTALIMOHHON CUJIbI MPUTSKEHUS Tell
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OT PacCTOAHMSI MEXIy HUMHU. MIMEHHO 3arajku, MOTOMY YTO HET 3TOMY (PHU3UYECKOIO
OOBSCHEHHS HU B OJHOW OOLIECNPUHATON Teopuu rpaButauuu. IlepBas ¢usznueckas
teopus rpaButauuu Jle Caxa o0ObBsSCHsUIa 3Ty 3arajky, HO, BBHUIY MHOXECTBa
IIPOTUBOPEUUM € KHMHETUYECKOM TEOpUEH Ta30B U DJIEKTPOMAarHUTHOM TEOpUEHN
MakcBesia, OHa He NOJy4YWIa MPU3HAHUA M LIMPOKOro pacrnpocTpaHeHus. Tem He
MEHEee, MOMBITKU MPUBJICUYCHHUS €€ MPEAIPUHUMAIOTCS W B HBIHEIIHEE BpEMs, YKE C
yuetoMm CTO, OTO u KBaHTOBOW 3NEKTPOAMHAMUKH. [[1s NpUHATHA U TpPU3HAHUSA
KBAHTOBOM TEOPUM TpABUTALMM HEAOCTAaET, MOXHO CKa3aTh, CaMOM MajocTh —
IPaBUTOHOB. JlecATUIIETHS TOMBITOK OOHAPYKEHHSI ATUX YACTHUIl HE MPUBEIU K YCIIEXY.
[loaToMy HamboJsiee 3HAUMMbBIM BKJIQJ0M B Pa3rajKy 3arajJiku KBajpaTa pPacCTOSHHS B
3aKkoHEe BCEMHUPHOTO TATOTEHHUs OCTaeTcsi yTBepkiaeHue KaHTa o TOM, 4TO IpUYMHA
KBaJIpATUYHOCTU PACCTOSIHUSI B TpeXMepHOCTH mpoctpaHcTBa. Ho dwunocodp Kanr
OTPaHUYMJIICS JIHUIIb YTBEPXKICHUEM, U HE JaJl JOTHYecKoro ((pu3MKo-MaTeMaTuiecKoro)
NOSICHEHUS] BIIMSIHUSA TPEXMEPHOCTH IIPOCTPAHCTBA HA CTENEHb PACCTOSHUSA B 3aKOHE
BCEMUpPHOro TAroTeHus. [lo3ToMy 3arazka ocTaeTcsl 3arajkod yxXe Ha IpPOTSKEHUU

COTCH JICT IIOCJIC OTKPBITHUA (MaTeMaTI/I‘-IGCKOFO) HrroToHa.

[TonibiTaemcs mposiCHUTH yTBepxkAeHHEe KaHTa Ha XOpOIIO M3BECTHBIX M INPUHATHIX B
Hayke moHsATHsAX. He 3aTparuBas «OykBbl 3aKOHa» BCEMHUPHOTO TATOTCHUS, MEPEMUIIEM

ero B BHJIC:

F=(GM/R)m, (43)

rae F— cuna npuTsokeHus nputiaruBaromiel maccel M, ropazno npeBOCXOIAIIEH
MpUTITUBaEMYyI0 Maccy M, G — rpaBUTaIlMOHHAS MOCTOSHHAs, R — paccTosiHue MEXIy
IEHTPOM Macchl M u «ripoOHOI» Maccoi M, KOTOPYIO MOXHO CUMUTATh TOYEYHOU IO

cpaBHeHHIO ¢ M. YMHOXHMM YHCIIUTENTh U 3HAMEHATEIIb B CKOOKaxX Ha 47
F=(4n G M/4n R®) m (44)
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4nR? — mnomans mosepxHocTu cdepsl paamyca R. Torma M/4nR? npencrasnser co6oi
KOKYIIYIOCS, HO TOYHYIO TIIOBEPXHOCTHYIO IUIOTHOCTH Macchkl M Ha »3Toil cdepe.

O6o03HaunMm e€ kak pvs U nepenuiiem (44) B popme:
F=(4n G pms) M (45)
Ecau npunste 4 G pms = Oms, TO (45) mepenuiieTcs: B BUJE:
F=gms m, (46)

KOTOpBIM B 3€MHBIX YCIIOBUAX BbIpaxaeT Bec (P) Tena BOMM3M MOBEPXHOCTH 3eMIIH,
P=gm, g — yckopeHue cBOOOAHOIO MajieHusl. Y CKOpEHHUEe CBOOOTHOTO NMaJeHUS MOKHO
paccMaTpuBaTh ~ KaKk  KMHETU3UPOBAaHHYI  TOTEHIMAJIBbHYIO  HaMpsSKEHHOCTD
IPABUTAIIMOHHOTO TOJs BOJIM3M TMOBEpXHOCTH 3emiau. B obOmem ciydae Qwus —
HANPsHDKEHHOCTh TPABUTAIIMOHHOIO MOJIS MpUTATHBatoei Mmaccel M Ha pacctosauu R ot
e¢ wnenrpa. Eciam Ha 53TOM paccTossHUM WM B JI000M Apyroi Touke cdepsl
paguyca R HaxoauTcss Macca M, TO OHA TMOJ [ECUCTBUEM HANPSKEHHOCTH  Jwms
[IEHTPATbHO-CUJIOBOTO TPaBUTAIMOHHOTO TIOJIA NpUTATHBamme wmaccel M Oyner
UCTIBITBIBATh CHITy TPUTsDKeHUs (46), M IpU  OTCYTCTBUU MPEMATCTBHS OYyJEeT MajgaTh K
macce M c yckopenuem Qms = 4nGpms. [logcTaBuB n3BECTHBIE Maccy U paguyc 3eMIIH B
PMs , HETPYJHO YOEIUTHCSA B TOM, uTO B ciydae 3emun dopmyna  Ous = 4nGpms  Aaer
XOPOIIIO M3BECTHOE 3HAUEHHWE ( YCKOpPEHHUsS CBOOOTHOTO mMajieHusa. M3 3TuX BBIKIAIO0K
BBITEKAET, YTO B JI0OOM TOuke cdepbl paguyca R oT reoMeTpuueckoro HeHTpa Macchl
M BO3HHMKaeT OIpEACIICHHOE 3HAYEHUE HAINpPSHKEHHOCTH TI'PAaBUTALIMOHHOIO IOJIH,
KOTOpasi MPOMOPLUOHATIbHA MOBEPXHOCTHOM IIOTHOCTU Macchl M, ecau Obl oHa ObLia
paBHOMEPHO pacrpesenieHa 1mo noBepxHocTH ceprl. [ToBepxHocTHas ke ioTHOCTE M
Ha cdepe paauyca R obOpaTHO-mponopimoHagbHa TUIOMIAAN MOBEPXHOCTH cepsl, a
mIomaas nosepxHoctd cdepsl paBHa 4mR% OTcrona CTaHOBHTCS IOHATHOM IPUPOJA

KBaJpaTa paccTOSHMs B 3HaMeHaTese 3akoHa Becemupnoro Tsarorenus.
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Cnenyer 3aMeTuUTh, 4YTO B BBIKIQJKaX HE OBLIO HU OJHOM THUMOTE3bl WM HE
OOIIIETIPUHITOr0 HayKoi moJjioxkeHus. [loBepXHOCTHAas TUIOTHOCTh Macchl Ha cdepe
MPOU3BOJILHOTO paanyca R MOXeT BBI3BIBATH COMHEHHME, HO 3TO HE peajbHO
pacripejiesieHHas 1o Bceit moBepxHocTH cdepbl Macca M, a “kaxyiasics”, TeM HE MEHee,

COBEPILIEHHO TOYHAs U “3aKOoHHAs’ B (PU3UKO-MATEMATHUYECKUX MPUEMAX.

Takum oOpa3om, 3aKOH BCEMHUPHOTO TSATOTEHHS  OCBOOOXKIAETCS OT «BPOXKIAEHHOMN
3arajouHocTu». YTBepxkaeHnue Kanra o Tom, 4TO NMpUYMHA KBAJIPATUYHOCTU PACCTOSHUS
B 3HameHartesie (OpPMyJbl 3aKOHA BCEMHUPHOTO TATOTEHHUS B MEPHOCTU IMPOCTPAHCTBA
JNEUCTBUS 3aKOHa, MOJATBEPKIACTCA. CreneHb paccTosiHuUs MEXTY
B3aUMOJICHCTBYIOIMUMHU OOBbeKTaMu Oepércs Ha 1 MEHbIIE MEPHOCTH MPOCTPAHCTBA

nerctBusg dTux Cri:

F=GMm/RPY, (7)

rae D — MepHOCTh MpOCTpaHCTBA.
Cuna B3aMMHOTO TPaBUTALMOHHOTO NPUTSHKEHHUS TeN B TPEXMEPHOM MPOCTPAHCTBE

00paTHO-TIPOTIOPIIMOHANIEHA BTOPOW CTEMIEHU PACCTOSHHS MEXTY X LIEHTPaMHu.

B caydae nByMEpHOro MpPOCTPAHCTBA HAINPSIKEHHOCTH <«JIBYMEPHO-TPABUTALIMOHHOTO

MOJIsh» BbIpa3miiach Obl Uepe3 JIMHEUHYIO (OKPYXHYI0, 2TR) MIIOTHOCTHh MaccChl.

HNHTepecHO 3aMETHTh, YTO IO 3TOW JIOTUKE B OJHOMEPHOM IPOCTPAHCTBE HE OBLIO ObI
HUKAKOW 3aBUCUMOCTH CHJIbI B3aUMOJICMCTBHS OT PACCTOSIHHS MEXIYy MaccaMu. B sTom

Clly4yae peann3oBbIBaIOCh Obl HbIOTOHOBO NalIbHOJEHCTBHE.

ITonoOHBIe ke BBIKJIAJIKH MOYKHO cenaTh U ¢ KylloHOBCKUM B3ammojeicTBueM. Bmecto

HOBerHOCTHOﬁ IINTOTHOCTH MACCHI 6yneT MMOBEPXHOCTHAA INNIOTHOCTD 3JICKTPUYICCKOI'O
125



3apsija.

OOmiee TyT B 3aKOHOMEPHOCTHM HM3MEHEHMsS (PYHIAMEHTaJIbHBIX T'PABUTALMOHHOTO U
ANEKTPUYECKOTO0 CHUJI OT TMOBEPXHOCTEH KOHLEHTpUYECKUX chep B TpEXMEpHOM
cyOcTaHIIMaIbHOM SP-IPOCTPAHCTBE. DTO ONPEAEAEHHO TOBOPUT O PEIIAIOIIEM BIUSHUN

DcnuTails Ha SBJIEHUS U IIPOLIECCHl BO BCelleHHOM.

IIpocTpancTBO, BpeMs, ABHKEHHE

IIpocTtpancTBo Bo Bcenennoii Tonbko TpéxmepHo (3D mpoctpanctBo). IlpocTpanctBo
CYILIECTBYET, cymecTByeT B 3D nporsokéHHOCTH. [IpOCTpaHCTBO CyIIECTBYET MOCTOSHHO,
MOCTOSTHHO BO BPEMEHHOM JTUTEILHOCTU. Eciiu OBl HEe ObIJI0 BpeMEHHOU JTUTEILHOCTH,
T.€. BPEMEHHasl JJIMTEILHOCTh OblJIa OBl HYJIEBOH, TO HE ObUIO OBl U MPOCTpaHCTBA. B
HYJIEBOM BPEMEHHOM JJIUTENHLHOCTH He cyiiecTBoBano Obl 3D mpoctpanctBa. D u T He
UMEIOT CMBICIIa OJIHO Oe3 Jipyroro, B oTAenbHOCTH. OHu cauTHBI B DT, u cymecTByeT B
peanbHOCTH Ha camoMm jene umeHHO 3[DT]| mpocrpancrBoBpemsi. 3D-pocTpaHCTBO
abCoIOTHO HenmpepbIBHO. HempepblBHO U aOCOMIOTHOE BpPEMSs, CIMTHOE C a0COIIOTHBIM

IPOCTPAHCTBOM.

[IpoctpancTtBo — Space, Sp-snemeHT (Ocnu-amemMeHT) B YpoBHEBbIX Cucremax

€CTECTBEHHBIX DJIEMEHTOB BcelneHHO1.

Bpems — Time (kpatko Ti, B pycckom npousHomenuu Taif). 3[DT] mpocTpancTBoBpemst
ecTb Ocnutail. Mcxoas U3 COBPEMEHHBIX OLIEHOK pa3MEpOB 3JIEKTPOHOB U HYKJIOHOB,
MO>XHO OIICHHTbh, YTO OTHOIICHHE 00bEMa aToMa K 00BEMY €ro AJIEKTPOHOB U HYKJIOHOB
cocrapnger 10%° T.e. momaBnsroniyro uyacTh 00bEMa aTOMOB, COOTBETCTBEHHO BCEM
BellleCTBEHHON BceneHHoi cocTaBisieT MpocTpaHCTBOBpeMsi — Ocmutail. bonee Ttoro,

AIIEMEHTAPHBIE YAaCTUIBI TIPEJCTABISIOT c000i  (opmbl, (GUrypbl BO30YKIEHHBIX
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cocrosiHui Ocnurtaiga. TakuMm 00pa3oM, MOKHO TOBOPUTh, 4YTO CYyOCTaHLHAIbHO-

MarepuaibHas Beenennas — Dcnuraiinas Beenennas.

Yro ectp Touka? Touka — orcyrctBue Bcex J3[DT]-usmepenuii B DcnuTaiiHOM
Bcenennoii. OrcyrcTBue uero-inbo odo3navaetcs kak 0 (Hoib). TakuM oOpa3om, ToUka

— Houb BeeX 3[DT]-u3mepennii. CymiecTByeT JIM TaKOM 0OBEKT KaK TOYKa?

DTO 3aBHUCUT OT TOrO, CYHNIECTBYET JIM pealbHO HOJb Bcex Tpéx 3[DT]-usmepenuii
Ocnuraiis. Het, He cymecTtByeT. [lotomy uto 0 BpemeHU (HE YCIOBHBIN, a aOCOIIOTHBIM
0 BpemeHu) omnpexaensier HecyuiecTBoBaHue Bcex Tpéx D-umsmepenmii, T.e.
HECYIIIECTBOBaHUE (OTCYTCTBHUE) CaMOro MpocTpaHcTBa. A B OcmnuraiiHoi BceneHnoit
HET HUTJIC U HU B 4YeM, IJle ¥ B 4€M He CyIlecTBOBa Obl DcrnuTail. Touku U HyIU HE
MOTYT OBITh aOCOJIOTHBIMHU, pealbHbIMU. OHU MOTYT OBITH TOJBKO OTHOCHUTEIIHHBIMH,
YCJIIOBHBIMHM, WHa4€ TOBOPS, aOCTpakTHhIMH. MM MOXHO 0003HauyaTh JIUIIL YCJIOBHO
«MECTOBPEMSIIONOKEHNE» Ha JI000M ODcnUTaiHONW MPOTSHKEHHOCTH KakK yCIOBHBIE

OTHOCHTEJIbHBIC Ha4YaJia OTCYETOB.

[Io Herotony abcomoTHOE TpEXMEPHOE MPOCTPAHCTBO M aOCOJIOTHOE OJIHOMEPHOE
BpeMs BceneHHON paccMaTpuBaUCh pa3feiabHO. B DHWHIITEHTHOBCKOM pENsSTUBU3ME
OTHOCHUTEJIbHBIE MPOCTPAHCTBO M BpPEMsl pacCMaTpHUBAIOTCS COBMECTHO B 4-MEpPHOM

IPOCTPAHCTBE-BPEMEHH.

B OcnuraiiHoit BceneHHolt a0CONOTHOE TPOCTPAHCTBO M aOCOIIOTHOE BpeMs

paccMaTpUBaIOTCS CIIUTHO B 01HOM abcomotHoM 3[DT] Dcnmraiie.

3[DT] Ocnurait — abcoitoTHAas HEMOJBHMXKHAS  CYIIHOCTh  CYOCTaHIIMAIbHO-
MatepuasibHOW BcenenHol. AOCONIOTHO HEMOJBIIKHAS (TIOKOSIIASICS, 3aCTHIBIIAs)
cyOcTaHIMsA-MaTepusi HUYEM He mposBisieT ceOs. He mposBusThCsS paBHO3HAYHO HE
CymecTBOBaTh. [IpOSBIATHCS dYTO-TMOO MOMKET TOJBKO HW3MEHEHHEM, IBHIKCHHEM,

JABMOKCHUECM a6COJ'HOTHBIM, ABHIKCHHUCM OTHOCHUTCIIbHBIM OTHOCHUTCIIBHO YCJIOBHBIX TOYCK
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B 3[DT] Dcnuraiis. AOCOIIOTHOE ABIKECHUE B DCIHTaie — ABMKCHUE C MAaKCUMalbHOMR
(a0coNIOTHOM) CKOPOCTBIO. DTO CKOPOCTh cBeTa B BakyymMe. C TakKMMHU CKOPOCTAMH B
Ocnuraiie BUKYTCS (GOTOHBI U HEUTpUHO. DOTOHBI U HEUTpUHO — (uUrypsl (Hopmsr)
yIpyrux Bo30yXJIeHUH DcnuTaiisl. DNEKTPOH U MO3UTPOH — TOPOUJIATIbHbIE 3aBUXPEHUS
(OTOHOB 1 HEUTPUHO. DIEMEHTAPHBIE YACTUILIbI, AaTOMbBI, MOJIEKYJIbI, HAHOYACTHULIbI, TEJIa,
HeOEeCHBbIE Tejla HaXOJATCA B OTHOCHUTEIBHOM JBHWXXEHUU JPYr K JAPYry U K J000i

YCJIOBHOM TOYKE DCIUTAMS.

Bce abcomioTHblE M OTHOCUTENIbHBIE NIBHOKEHHS B OCHHTaiie MPUCYIIH ODCNUTaHHON
Bcenennoil. CyuTarOT, 4YTO B OJHOM JMUTPE MEKTAIAKTUYECKOTO MPOCTPAHCTBA
CTATUCTUYECKH coJiepkaTcs: He MeHee oaHoro aroma, 500 teicad ¢hoToHOB U 450 ThICSY
HEUTpUHO. OcnuTaii HE MbICIUM (HEe cymiecTByer) O0e3 JBkKeHUH. «HucTeiii»
(coBepiieHHO He BO30YXIEHHBIN) DcnuTail — npenenbHoe (abcTpakTHOE) cocTosiHue. B
OO0  yCIIOBHOM TOYKE OcCnuTalsi HMMEIOTCS CTallMOHApHbIE U JUHAMUYECKHE
IPaBUTALMOHHBIE W DJJIEKTPUYECKUE I0sA.  MOXKHO TOBOPUTH, 4YTO JBHXKECHUE —
nsmeHenne 3[DT]-usmepenuit B OTHOCHTEIBHOM (YCIIOBHOM) BPEMEHHU WIJIM M3MEHCHUE
yciaoBHOrO BpeMeHu ¢ m3MmeHeHuem 3[DT]-usmepenuii. Bee ABMKEHUS HENPEPHIBHBI,
MOCKOJIBKY HEMPEPBIBHO MPOCTPAHCTBO U HEMPEPHIBHO BpeMs. DCIUTAN HE MBICIUM (HE

UMEET CMBbIcIa) 6€3 TPUEIMHCTBA HEMIPEPHIBHBIX MPOCTPAHCTBA, BPEMEHH U JIBUXKEHUS.

HenpepbIBHOCTH NPOCTPAHCTBA, IBUKEHHSI U BPEMEHHU

Uucna u onepauuu (omeparopsl) ¢ (HaA) YUCIaMU — CYyTh MaTe€MaTUKU. MHOXKECTBO
YUCeJI COCTAaBISIE€T YHUCIOBOE MHOXKECTBO, MATEMaTHYECKOE MHOYKECTBO, MHOKECTBO
MaTeMaTU4eCKUX OOBEKTOB — EIMHMI, YacTeH €IWHHUIl, KOTOPbIE TOXKE E€JUHUIIbI, HO
JAPYTHX Pa3psaoB, Ipyrux MacmrtaboB. Uucia, mo cyTH, MO IPHUPOIE CBOCH JUCKPETHBI,
CKOJIb ObI MaJIbl OHM HU OBLTH. MeEXIy JIFOOBIMU YHCIIaMH UMEIOTCS TIPEPBIBBI, CKOJb
YTOJHO MaJjible, HO MPEPbIBbl. ITO CBOMCTBEHHO YMCIIaM, IO ONPEJEICHUI0, 10 CYTH, MO
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npupone ux. Moxer nu npupona, BeesleHHas OMHOCTBIO ONMMUCHIBATHCS MATEMATUKOM,
T. . uucnamu? [ludarop ytBepxknan: «Bc€ ectb uuciaa u oTHomeHUs». Bcé — Bes
Bceenennas. @akTuyeckd 3TOMY CIIE0BaNOCh B (U3UKe ApHUCTOTENs, B MEeTapU3UKE U
CJIEAYIOT MOHBIHE B TEOPETHUUECKON (MaTeMaTtuueckoil) pusuke. VICTUHHO U u3peyeHue
[Tudaropa? Emé c JlpeBHedt Dmianpl, ¢ mpoOiieMbl JCIUMOCTH OTpe3Ka H3PEUCHUE
[luparopa mnpunumaercs UCTUHHBIM. [loToMy 4TO Marepusi BOCIHPUHUMAETCA
(oTpaxkaeTcst) CO3HAHUEM TOJBKO JHUCKpeTHOM. M cedyac WAYT NOHMCKU «TEOpUid
Benukoro  oO0beauHeHusi»,  «rteopuid  Bcero» Ha  «HHMBE»  TEOPETHYECKOM
(matematuueckoit) pusuku. Ho Bcé nu Bo Beenennoit nuckperno? JluckpetHas Matepus
— Jla. Ha Bcex ypOBHAX OpraHU3alMy MaTEPHUH, OT SJIEMEHTAPHBIX YACTHUIL 10 TaJaKTHK.
Ho Bcenennas He «3acTeiBIIash IQUCKpeTHass Mmarepus. JlMckpeTHas marepusi Bceraa
HaXOJIWUTCSI B COCTOSIHUM JIBUXKEHUA. M TOKOM — 4YacTHBIM Ccilyyail JBH)KCHUS.
CrnenoBarenbHO, TUCKpPETHAs MaTepus BCerJa B JIBIOKEHUU. Marepus U JABUKEHUE HE

OTACINMBI. I[I/ICKpCTHO JIN IBHUOKCHUC IlPICKp@THOﬁ MaTepI/II/I?

[To ¢usndeckomMy oOIpeaeIeHUI0: JIBMKEHHE — W3MEHEHHE IIOJOKCHUS YaCTHIIhI
OTHOCUTEJIBHO JPYTruX YacTUIl C TeueHueM BpemeHu. Kakux Apyrux yacTtuil?
Heonpenenénno. [msg onpenen€HHOCTH Cy3UM: JBUKEHUE — HU3MEHEHUE MOJIONKCHUS
YaCTUIIBI OTHOCHUTEIBHO JPYroM YacTHUIbl C TCUEHUEM BpeMeHH. MiMeeM: JBe 4acCTHIbI,

OTHOCHUTCIIBHOC ITIOJIOKCHUEC YaCTHII.

[lycTh B Bakyyme BO3HUKIH (IIPUBHECIHN) JIBa HEUTpOHA. OTHOCUTENBHOE MOJIOKEHUE —
HEKOTOpasi [JMHA OTpe3Ka MEXIy LEHTpaMU HEUTPOHOB, Tropa3f0 MPEBBIIIAIONIAS
paguyc JEUCTBUSA SAEPHBIX CHI. ['paBUTALIMOHHBIM MPUTSIKEHUEM TaKKE MOKHO

npeHeOpeyb, BBUAY MAJIOCTH X Macc. Bpems?
Paccmotpum 3 cityyas.

1. Buemnee Bpems. Ecim nimMHa OTpe3ka HE W3MEHSAETCS, TO HET ABMXKEHHS. Eciam Her

JNBHXKEHUS, TO BpeMs HM K demy. Ho «BxiroumM» Hekue BHemHUE 4dackl. Yepes ~16
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MUHYT 00a HEUTpOHA pacmajayTcsi Ha JiBa MPOTOHA, JIBa DJIEKTPOHA U J[BAa JIEKTPOHHBIX
AHTUHEUTPUHO. DIIEKTPOHBI U AHTUHEUTPUHO MYCTh «BBIOBIBAIOT W3 UTPHD» 3a MPEIEIIbI
«TeaTtpa JACUCTBUS» JBYX OCTABIIMXCS MPOTOHOB. OJIEKTPUYECKH OJHOUMEHHO
3apsHKEHHBIE MPOTOHBI OYIYT OTHANATHCS APYT OT JIpyra. ITO PaBHOCWIHHO JIBUKEHUIO
OJHOIO TPOTOHA OTHOCHUTEIBHO Jpyroro. BHemHee BpeMs BCE €LIE «BKIOYEHO).
OTpe3oK [IWMHBI MEXAY JABYMS NPOTOHAMHU YBEIMYUBAECTCS CO BpPEMEHEM, T. €.
IIOJIOKEHUE OJHOTO IPOTOHA OTHOCUTEIBHO JPYroro MNpOTOHA H3MeHseTcs. Bcé B

TOYHOCTH I1O (1)I/ISI/I"ICCKOMY OIIPCACIICHUIO JIBHUKCHUA.

2. JlokanbHoe Bpemsa. «lIpuBsbkem» 4Yackl K BO3HUKIIMM HeWTpoHam. «lIpuBsizaHHbIe
Jacel» OYJyT TOKa3bIBaTh (OTCUUTHIBATH) HEKOTOPOE JIOKAIbHOE (JIOKAJIM30BAHHOE B
JBYX HeHUTpoHax) Bpemsi. HeMTpOHBI HEMOBWXHBI, T.€. HE U3MEHSETCS OTPE30K MEXKIY
HUMH. JIOKaabHOrO BpPEMEHU HET, IMOCKOJIbKY HET OTHOCUTEJIBbHOTO JIBHXKEHUS
HEUTPpOHOB. OTCYTCTBHME BPEMEHHM HE O3HAyaeT OTCYTCTBUE Marepuu (HEUTPOHOB), a
OTpaXaeT JUIIb OTCYTCTBUE NBWXeHUs. Ho mo mpoiiecTBUM ~16 MUHYT 1O BHEIIHUM
yacaM HEUTPOHBI UCUE3AIOT, U BMECTO HUX HA UX MECTE MOSBIISIIOTCS MPOTOHBI, KOTOPHIE
TYT K€ HAYMHAIOT OTHAIATHCS APYr OT jApyra. C MOSBICHUEM ABUKEHUS BKJIIOYAIOTCS
JokaJibHbIEe Yachl. C MOMEHTA MOSIBJICHUS TPOTOHOB JIOKAJIbHBIC Yachl M BHEIIHUE YaChl
MTOKa3bIBAIOT OJIMHAKOBBIN «Oer BpeMEHU», KOTOPBIM MOXKET MPOUIUThCS BeuHO. U 31ech
o (U3NYECKOMY OIPEICICHUIO IBWKEHHS, HO C «MOMEHTa OTCUéTay JIOKAJIhHOTO

BPEMEHU.

3. Buyrpennee Bpems. «[lomectum» 4acel sl ONpPENeaEHHOCTH BO BHYTPb OJHOIO W3
HEUTPOHOB. B COOTBETCTBUM C MPUHIIMIIOM COXPaHEHUs aOCOJIIOTHOTO JBHKEHHS BCE
AJIEMEHTapHbIE YaCTHIlbl, UMEIOIIME Maccy, 00JaJaloT BHYTPEHHUM JBHKECHHUEM,
aOCONIOTHBIM JIBMOKEHHEM C aOCONIOTHOM CKOpocThio. [loaToMy «4ackl BHYTpH
HEUTPOHA» MOKA3bIBAIOT €ro BHyTpeHHee Bpems. [lo ucreuenun ~16 MUHYT HEUTPOH B
OCHOBHOU CBOM Macce MpeBpalllaeTcsi B MPOTOH, B KOTOPOM aOCONIOTHOE JBUXKEHHUE C
a0OCOJIIOTHOM  CKOpOCThIO  coxpansieTrcsi. [loaToMy «BHYTpeHHHE 4Yachkl» OyayT
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IIPOJIOJKATh «PETUCTPUPOBATHY) BHYTPEHHEE BPEMS, HO YK€ B APYrOM AJIEMEHTAapHOMN
yactuie. [lockonbKy NpOTOH cTa0uiIbHAs YacTULA, BHYTPEHHEE BPEMS MOXKET «TE€Ub)» B
HeM BeuHO. Ho make eciam MpoOTOH NMPETEepIHT MPEBPALIEHUs B IPYTHE 3JIEMEHTApHBIE
YaCTULbl, BHYTPEHHE BpEMs NPOJOJKUT «TE€Ub)» BEYHO B JPYIHMX DSJIEMEHTapHBIX
yacTtuiax. @akTU4eCKu BHYTPEHHEE BPEMSI C MOMEHTA BOZHHMKHOBEHUS HEUTPOHA TEUYET
TaK)K€ KaK W BHEIIHee BpeMms. [ B 3TOM ciydae BCE MO ONPENEICHUIO JBUKEHHUS, HO C
«TOYEK OTCYETA» BHYTPEHHHUX YACOB AJIEMEHTApHBIX yacTull. BHeniHee BpeMs - BpeMs
IU1sl Bcell BeeneHnHoM, Toraa kak BHyTPEHHEE BpeEMs ISl KaXK 10U 2JIEMEHTAPHON YaCTHULIbI
Ha BpeMs €ro CyIIECTBOBaHHUS. DJIEMEHTApHBIX 4YacTHI] BO BceneHHol OeckoHEUHOe
MHO’KECTBO. 3HAUYUT OECKOHEUHO U MHOXXECTBO BHYTpEHHUX BpeMEH. CnefoBarenbHo, y
Bcenennoit Hetr ¢usnuecku omnpeaenéunoro Enunoro Bpemenu. Buenrnue yacel Obuin
MIOCTaBJIEHbI YCIIOBHO (IO MPUBBIYKE), U OHHU, A TAKXKE «OTOMBaEMOE» MMM BpeMsl He
UMeIoT (pu3mYecKkux OOOCHOBaHHUS M CMbICIA. BeCckOHEYHOEe MHOXKECTBO BHYTPEHHHX
BPEMEH HE MOXKET COCTaBUTh HEKoe EnuHoe Beenmenckoe Bpemsi. [loatomy y Beenennon
HEe MoXeT ObiTh EnuHoro Bpemenu, HauaiabHOM TOYKM (MOMEHTa) ero orcuéra. Y

Bcenennoli et BpemenHoro Hayvana.

Bepuémcs k ompeneneHuio: JIBMKEHHE — HW3MEHEHHE TIOJOXKEHUS YaCTHUIIbI
OTHOCUTEIBHO JPYrol YacTHIl C TEUYCHHEM BpeMeHH. M3MeHeHue oTpe3ka MExIy
YacTHIIAMH C TEYEHHEM BpeMeHU. UTo 3/ech MEepPBUYHO (MPUYUHA), U YTO BTOPUYHO
(cnenctue)? Otpe3ok (dL) m3mensieTcs u3-3a m3menenus Bpemenu (dT) wiu Bpems
MU3MEHSETCS M3-3a M3MEHEeHUs1 oTpe3ka? DopMallbHO HET MPEANOYTEHUS OJHOM M3 ITHUX
IByX kareropuil. [loaToMy MeXAy HAMH MOXHO IOCTaBHTh 3HaK paBeHctBa: dT = dL,
HO, BBUJY DPa3JIMYHBIX PAa3MEPHOCTEH KaTeropuil (BEIMYMH), 3alUIIEM C Pa3MEPHBIM
koapuimenTom nponopruonaisbHoct: dT = kdL Pasmepnocts K — [cex/m]. Dto
HEMPUBBIYHAS PA3MEPHOCTH, XOTS HA MPAKTUKE YaCTO 3a/af0T U3MEHEHUE PACCTOSHUS U
U3MEpPSIOT BpeMsi, T.e. BIOJNHE (U3UYECKH OOOCHOBaHHAS Pa3MEPHOCTh HEKOEH

¢usndeckoii BenmuuuHbl K. [IpuBbIYHEEe 0oOpaTHasi pa3MEpHOCTH [M/CEK], BhIpakarorias
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¢usnueckyro BenuunHy — ckopocTh (V). OueBuano, K = 1/v. BosBpamasce K ciydaro
JIBYX HEUTPOHOB, MOSBUBIIUXCSA (BO3ZHUKIIKNX) Ha KOHIIAX HEKOTOPOI'O OTPE3Ka, ropasio
OoJblliero pajaudyca ACHUCTBUS CHJIBHOTO B3aUMOJCHCTBHS, MOXKHO CYUTaTh, 4YTO B
TedeHue ~16 MUHYT, OTCUUTHIBAEMBIX BHEIIHUMU YacaMu, OHU HaXOASATCSA B TIOKOE JIPYT
OTHOCHUTEJIBHO JIpyra, T.e. 0e3 nBrkeHus. HeT nBrkeHus — HU K 4yemy Bpemsi. BHemiHue
4achl, KOHEYHO «TUKAIOT», OTCUUTHIBAS CEKYHABI 10 ~16MuHyT. HO B T€ueHue »tux ~16
MUHYT OTPE30K MEXKAY ABYMSI HEUTpoHaMH He u3MmeHseTcs. [1o ncreuennn ~16MUHYT MO
BHEIIIHUM YacaMm, MPOUCXOJUT BO3HUKHOBEHHE JABYX MPOTOHOB M3 JBYX HEHTPOHOB, U
HA4yajJoCh YBEJIMYEHUE OTpPE3Ka IMOJ JIEUCTBUEM JJIEKTPUYECKOTO OTTAJIKUBAHUSA JBYX
3JIEMEHTAPHBIX MOJOXKUTEIbHBIX AIEKTPUUECKUX 3apsaaoB. Hauanock amxkenue. Hauano
JIBIDKCHHSI M €70 TeUCHUE (PUKCUPYETCS JIOKATBHBIMU M BHEINTHUMH Yacamu. [IpoToHbI —
CTAOMJIBbHBIC YACTHUIIbI, U OTPE30K MEXIy HUMU OYJET YBEIUUYUBATHCS OCCKOHEYHO, U
TOTJIa, KOT/Ia CHUJIOBOE JICKTPUYECKOE IMojie OyAeT MpeHeOpe)KMMO Majlo, U MEePEeCTaHeT
co00IIaTh YCKOPEHHUE, IBIKCHHUE MPOJOJDKUTCS TI0 MHEPIIMH C TTOCTOSIHHOM CKOPOCTHIO.
CoOTBETCTBEHHO W BpeMs OylIeT «Teub» BEYHO. Tak, KakoBa € MPUYUHHO-
CJeJCTBEHHAsl CBs3b? JIBIKEHUE 3a0a€T BpeMs WM BpeMs 3a7aéT aBukenue? Ilo Bcemy
BBIIIICU3JI0)KEHHOMY TPEANOUYTUTEIbHEE TIEPBbIA BapUaHT, T.€. JBUKCHHUE SIBIISIETCA
npuunHoi BpemeHu. He Bpems 3a1a€t (MOPOKIAET) IBMKEHUE, a JBHXKEHUE «3alyCKaeT
yachkl» M BKJIIOYaeT BpeMs. JIBM)KEHHME — W3MEHEHHE OTpe3Ka MEXAYy JIBYMs

AUCKPCTHBIMU 3JICMCHTAPHBIMH YaCTHILAMH, COIIPOBOKIAACMOC N3MCHCHUCM BPCMCHMU.

[TycTh U3MEHEHUS TMPOUCXOIAT MEXKIY CTAOMIHHBIMU HEACIUMBIMHU OECCTPYKTYPHBIMHU
aNeKTpoHaMu. Bompoc: QUCKpeTHO M ABWXKEHUE 3iiekTpoHa? JlomycTuMm, IBHKEHUE
AIEKTPOHA AUCKPETHO. JIMCKPETHOCTh MEPEMENICHUS O3HAYAeT CKA4OK JJIEKTPOHA U3
onHoro nonoxenus (1) B npyroe nonoxenue (2), nyctb cmexHoe. Kpome Toro, takoit
KBaHTOBBIM IMEPECKOK MPEAIONAracT Pa3MEPHYIO TOXKIECCTBEHHOCTh MOJOXKEHUU 2 u 1.
OTH TIOJIOKEHUST MOTYT BMEIATh B ce€0s, IPUHSITH B CeOsI, OTIMYCTUTh OT Ce€0s ANEKTPOH

TOJIBKO HCJIBIM M HH B KOCM ClIyda€ HC II0 4aCTiAM, IIO0 TOM HpOCTOfI IIPpUYIHUHE, YTO
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AJIEKTPOH BJIEMEHTApPEH U HE HMMEET 4YacTeil. DJIEKTPOH UMEET KOHEYHBIE pa3Mephl,
nopaaka 10° M. ®opma snexTpona HeompenenéHua. I1o3TOMy MOXKHO 3a1aTh €My
mo0yio ycnoBHyo ¢opmy. Ilycts 310 Oymer ky6 co croponoii L = 107° m. Ky6
AJIEKTPOHA IEJIUKOM JOJDKEH HCYE3HYTh W3 TMOJOXKEHUA | M LIEIMKOM BO3HUKHYThH B
CMEXHOM TmoJoxeHun 2. Ilpoucxoauth 3TO MOKHO MrHOBEHHO. I[loTroMy uTO B
MIPOTUBHOM ClIy4yae, B CIydae MpoIecca MOCTENEHHOTO NEPEMEIIEHNUS, FJIEKTPOH JOJDKEH
ObUT OBl MO YacTSAM 3aHATh MPOCTPAHCTBO TMoyiokeHus 2. Ho anexTpoH He aenum
(anemenTapeH). [loaToMy mepemMecTUTbCsI U3 TOJOKEHHUST 1 B TMOJOXKEHHE 2 AJIEKTPOH
MOXET TOJIBKO ILEJIUMKOM. B Takom ciiyyae, B cllyda€ MTHOBEHHBIX HCUYE3HOBCHHSI M
BO3HMKHOBEHUSI (AUCKPETHBIX WJIM KBAaHTOBBIX TIEPECKOKOB), HE HMEET 3HAYCHUS
CMEXHOE JId TIOJOXKEHHWE 2 10 OTHOIICHUIO K TMOJIOKEHHIO |, WM OTCTOMT Ha
OCCKOHEUYHOM PacCTOSTHUM OT Hero. [loToMy 4To MOXeT ObITh OECKOHEYHOE MHOKECTBO
MEPECKOKOB MO LEMOYKE, KaXJbId U3 KOTOPBIX MTHOBEHEH, T.e. JiuTcsi 0 BpemeHH, a
OecKkOHeYHass CyMMa HyJeHd TOXK€ HOJb. JTO O3Ha4yaeT OECKOHEYHYI0 CKOpPOCTh
NEPEMELIEHHUS], UTO COTJIACYEeTCSl ¢ MTHOBEHHOCTBIO, T.€. PABEHCTBOM HYJIKO BPEMEHHOTO
uHTepBasa nepemenieHus. Ho 3to abcypiHO HE TOJBKO JUIsl TIEpPEMEIeHUs, HO U s
MTHOBEHHOM mepenadn curHaia (BzaumopeicTsus) — HpioToHOBa manbpHOnmecTBUa. Ha
CErOJIHSIIHUN J€Hb HE U3BECTHbl HUKAKHE TMOJATBEPKIEHHBIC IEPEMEIICHHUS WU

NIEPEHOCHI B3aUMOJICHCTBUMN, TPEBBIIIAIOIINE CKOPOCTh CBETA B BAKyyMe.

Takum oOpa3om, IBIKEHHE JJIEMEHTAPHON YACTUIBI HE MOXET OBITh JHCKPETHBIM.
CrnenoBaTenbHO, HUKAKOE JBIDKEHHWE HE MOXET OBITh MUCKpeTHhIM. B 4ém mpuuwmHa
HEBO3MO>KHOCTH JUCKPETHOTO JBHKEHUS? B HEMPEPBHIBHOCTH MPOCTPAHCTBA, TPEXMEPHO
00BEMHOTO  TMPOCTPAHCTBA, MPOCTPAHCTBA-CPENbI, SP-TIPOCTPAHCTBA,  SP-CPEIbI,
aOCOIOTHOM CpenbI-TipaMaTepru, MPOTOMATEepHH, a0COMIOTHON MaTepuu. Best n3BecTHas
Martepus: SJEMEHTAPHbIE YACTHUIIbL, fJ[pa aTOMOB, aTOMBbI, MOJIEKYJbl, HaHOYACTHUIIbI,
MUKPOYACTHUIIbI, MAKPOYACTHIIbI, TeJla, HEOECHbIE Tella — OTHOCUTEIbHAs JUCKPETHas

MaTepHsi, COCTOsIIIasi U3 aOCONMIOTHONW HEMPEPHIBHONW MaTepuu. AOCOIIOTHYIO MaTEpPHIO
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MOXHO <«JICJIUThY» Ha 3JIEMEHTHl 00bEMA, CKOJIb YroAHO OOJBIIME W Mallble JHUIIb
YCIIOBHO, B YME, B CO3HAHHMH, HO HE pealibHO, U00 a0CONIOTHAs MaTepHsl Hepa3pbIBHA.
Pa3ppiBHa TONBKO OTHOCUTENbHAsl MAHCKpeTHas Matepus. Bpems ecTb oTpaxkeHue
(mokazaHue) NBMXKEHUW, U3MEHEHHM HeNpepblBHONW aOCOIIOTHOM Marepuu. JIBukeHue
(cABUTOBO-3aMKHYTHIE Jieopmaliuu) abCOJIOTHON MaTepuu B MPOCTpaHCTBE (SP-cpeae)
U BHYTPU OTHOCHUTEIIbHOM MaTepuu aOCOIIOTHO € aOCOIIOTHOM CKOPOCTHIO CBETa B
BakyyMe. [loCkoibKy NBHXEHHE HENMPEpPhIBHO, MOCTOJIBKY U BpeMs HemnpepbiBHO. Het
equHoro Bcenenckoro Bpemenn u HET HM Hayala, HU KOHIIA 3TOTO BpPEMEHH.
JIuCKpeTHBIN, KBAHTOBBIM MEPECKOK MaTEPUATBHBIX YACTHUI[ — ITO KOTJIAa W YACTHIIBI
JIMCKPETHBI (KBAHTOBAHBI), U MOJIOKEHUSI KBAHTOBAHBI B TOUHOCTHU IO pa3Mepam YacCTHII.
Jlnsi 6€CKOHEYHOTO MHOXKECTBAa COTEH Pa3HOBUAHOCTEH 3JIEMEHTapHBIX (KBAaHTOBBIX)
gacTull, BO BceneHHON AOMKHBI OBITH TPEAYCMOTPEHBI (3apaHee IOJTOTOBJICHBI)
OECKOHEUHOE YHMCJIO KBAHTOBAHHBIX MOJ0XKEHUH, a C YIETOM NMPAKTUICCKU OCCKOHEYHOTO
MHOXKECTBA D3JIEMEHTApPHBIX YacTHI] — OECKOHEYHOE MHOKECTBO KBAHTOBAaHHBIX
MOJIOXKEHW  pa3HbIX BUJAOB. OJTo abcypaHo. IlpoctpancTtBo, cBOOOAHOE OT
AJIEMEHTAPHBIX YacTUIl, HE MOXeT ObITh 3apaHee (uem? Kem?) KBaHTOBaHO,
nuckpetusupoBaHo. [IpoctpancTtBo — Sp-cpema.  SP-MPOCTPaHCTBO HE JUCKPETHO, HE
kBaHTOBaHO. OHO HENpephrIBHO. 3HAYUT OHO — OJHO 1IeJIo€ BO BCEMl cBoeH
OECKOHEYHOCTH. DTO €IUWHOE IIeJI0€ HEMpPEephIBHOE OECKOHEYHOE IMPOCTPAaHCTBO-Cpeaa
IPOSIBIISIETCS B BHJIE OECKOHEYHOTO IIPOCTPAHCTBA — TPEXMEPHO OOBEMHOM OECKOHEUHOMN
npoTsbkéHHOCTH. Ha s3pike matematwku 310 1 — enuuuna. beckoneuHass Oonblas
eqununa?! KpaliHocTb. ECTh M NPOTUBOMNONOXKHAS KPallHOCTh — OECKOHEUHO Majas
equauna. A6cypaao. Ho Bceenennas peanpHa. 3Hauut, abcypaHo yucio. Beé mu ecthb

yrciia 1 otHomeHus1? Her, He Bcé!

MaremaTuieckd omnucaTh, HUCUUCIATH AUCKPETHBIMU MO CBOeW mnpupoae (1o cyTH)

JucCJiaMu KOPPEKTHO MOXKHO TOJBKO AUCKPCTHYIO MATCPUIO, HO HC HCIIPCPBIBHYIO
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cyoctannmioo — TtpéxmepHblii OBBEM. HenpepbiBHas cyOcTaHIMS HE HCUMCIMMA.

Tpéxmepnslit O bEM ecTh BomIoLIEHUE, CYTh HEMPEPLIBHON CYOCTAHIMHY.

IIpupona rpaBUTALNMOHHOIO U JIEKTPUYECKOT0 TOJIei

Paccmorpum  Hambosiee  u3ydeHHbIE  (PU3MUECKHWE TIONS:  TPaBUTAIMOHHOE U
aNeKTpuueckoe. ['paBUTAIMOHHOE TIOJie XapaKTepU3yeTCsd HANPSKEHHOCTHIO TOJBKO
npuTskeHust (YCIOBHO 3HAK +), a DJJEeKTPUYECKOe TI0JIe — HaNpsHKEHHOCTBIO W
nputsikenust (+), u  orrankuBaHus (—). Cuibl NPUTSHDKEHUS U OTTAIKUBAHUS
pPacCUUTBHIBAIOTCS ~ COOTBETCTByromUMH  (popmynamu  Hetotona u  Kyona.
Hanpsok€HHOCTH K€ pacCUMTHIBAIOTCS JIEICHHEM CHJI Ha COOTBETCTBYIOIIME MPOOHBIC
3aps/ibl (KOJUYECTBO BEIIECTBA — MACCY M KOJIMYECTBO DJIEKTPUUECTBA).

3axonbl HetoroHa u KylioHa MOHSATHBI KOJTUYECTBEHHO, HO HE PACKPBITHI KAU€CTBEHHO, a
UMEHHO, JI0 CHX I[IOp HEW3BECTHBbl TMPUYUHBI: TATOTEHHUS MAacC, MPUTSDKEHUS U
OTTaJKUBAHUS AJIEKTPUUECKHUX 3apsioB. MeToJ0M CpaBHEHHUS MOIBITAEMCS MPOSICHUTH
IPUPOIY TPaBUTAIIMOHHOTO  TATOTEHMSI,  OJEKTPUYECKOTO  MPUTSIKEHUS U

QJICKTPUYCCKOI'O OTTAJIKHBAHU.

Hanpsisk€HHOCTH CTSI2KeHUs B aMOP(HOM TBEPAOM TeJie

Bo3pMéM map w3 mnaBieHoro keapua auametpoM 100 MM, paspexkeMm Momosiiam Ha
0o0OpyZIOBaHMM TIO PACTHIMBAHWIO KPEMHHEBBIX IJJaCTUH. B  1meHTpax cpe3oB
BEIIITM(yeM siMKH Toiycdepudeckoir ¢opmbl paguycomM 5 mMm. OT smok-miomycdep
BEIIUTH(YEM Ha Kpasi TOMYIIIMHAPUIECKUE KaHaBKU paanycoMm 3 mMm. Bee moBepxHOCTH
cpe3a, moaychepuuecKuX SMOK W  TMOJYNWIWHIPUYECKUX KaHAaBOK OOMakeM
KOHIICHTPUPOBAHHBIM PAaCTBOPOM OOpHOW KUCIOTHL. M3roToBUM Iapuk IuameTpoM 9,8
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MM W3 HHUKEIS W MOMECTHM B SMKY OJHOTO W3 TONYIIapWid IUIABICHOTO KBapIia.
CoenuHuM TONyIIapusi, BOJAOPOIHON TOPEIKONM B HECKOJBKUX MECTaX COUICHEHUS
MOJIYIIApUNA TPUXBATHM JJI1 (UKCAIMM BCEW KOHCTPYKIHMH. B IHIMHAPUYECKYIO
KaHAaBKY BCTaBUM KBapIIEBYIO TPYOKY HApPY>KHOTO AHMAMETpa 3 MM J0 CaMOT'0 HUKEJIEBOTO
mapuKka W TPUXBATHM €r0 BOJOPOJHOW TOPEIKOH IO TIEPUMETPY COUICHCHUS C
MOJIYIIApUSMH. YCTaHOBUM BCIO KOHCTPYKIIMIO B (opMy H3 JBYX KepaMHUYECKUX
MOJIYLIUJIMHIIPOB ¢ BHYTPEHHEN (POpPMOIA, TOBTOPSIIONIEH ¢ HEOONBIINM 3a30poM (HopMy
KBapIIEBOIO IIapa ¢ KBapIeBOW TPYOKOH, BBICTyHAIONIEH BHICOKO HaJ KEPAaMHYCCKUMU
noJyIIMHApamMu. [IpuxBaTM KepaMUYeCKHe TOJMYIWIMHIPHI BEICOKOTEMIIEPATYPHBIM
nemeHToM. [ToMecTuM BCIO COOpPKY B BEPTHKAIBHYIO TI€4b, CIIOCOOHYIO HArpeBaTh 0
1500 rpanycoB Ilenbcusi. Brmtouum nieus, goBeném g0 1500 rpaaycoB, BbIIEPKHM,
YTOOBI KBapIICBBIC MOJIYIIAPHS HANPOUYb (TEPMETUYHO) CKICHIIMNCH OOPHBIM aHTHIPHIOM
OoT OOpPHOW KHCJIOTBHI, & HHKEJICBBIM IIAPUK pacCIUIaBWIICS. PacriiaBicHHBIA HUKEIb HE
3aHMMaeT TOJIHOCTHIO BCIO IIAPOBYIO MYCTOTY B KBapiieBoil ammyie. [loatomy uepes
BBICTYMAIONIYIO KBapIIEBYIO TPYOOUKY BHECEM JIOTIOTHUTEIHFHO HHUKEJEBBIM MOPOIIIOK,
TaK 4TOOBI BECh PACIUIABICHHBIN HUKENh CJIETKa MPEBLICKUI O0BEM IIapOBOM IOJIOCTH,
3aHSB M KBapleByr Tpyoouky Ha 0,5-1 MM BbICOTHL. BcTaBuM B KBapIiieByr0 TPyOOUKY
KBapIEBbI CTEP)KCHb JIO0 YIOpa C HHUKEJIEBBIM pacIlaBOM, CBapuM BOIOPOIHOMN
TOpeNKOW TPYOKY CO CTEpXKHEM M OTmasieM. 3aMETHUM, YTO OOPHBIN aHTHUIPHU SBISICTCS
2 PeKTUBHBIM KJIeeM IS KBapla u Hukens. [IpenBapurenbHbIe WCIBITAHUS TTOKA3allH,
YTO CKJICEHHBIC OOPHBIM AHTHJPHUIOM KBapIIEBBIC JIETAId MEXTY COOOM M C HUKEIeM
00J1aJ1af0T OYeHb OOJIBIION MPOYHOCTHIO, HACTOJIBKO OONBIIONW, YTO TMPH HCIBITAHUAX
PacTsDKCHHEM pa3pblB IPOMCXOAWI B TeldaX KBapa W HUKEII, a HE II0 MECTY
CKJICHBAHMSI.

BrIKTIOYMM TI€Yb, OXJIAIAM JI0 KOMHATHOM TEMITepaTyphl M U3BICYEM KBapIICBHIN IIap C
TpyOoukoii u crepkHeM. OrtmaseM TpyOOUKy CO CTEp)KHEM, TaK 4YTOOBI OCTajach

IapoBasi IOBEPXHOCTh KBapla ¢ MIAPUKOM HHUKEJIA B LIEHTPE.
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Temmneparypusiii ko3dpuuuent pacmupenus kpapua 0,77 x 10° K | a auxens — 13 x 10
® K. OueBugHO, U OXJIAXKIECHUN HUKENb MOT OBI CKAThCS MO OTHOLIEHUIO K KBApIy B
16,88 pa3 6omapmie. Ho mpakTHuecKku HE pacTATMBAIOLIMICS KBAapL HE MO3BOJIIET HUKEIIO
CKaTbCsl, TaK KaK OH CxuMajcs Obl B CBOOOJHOM cOCTOsHMM. KBapil mpakTuyecku He
nehopMHUpyeTcs. 3HauuT, B TeJNE€ KBapla OrPOMHBbIE HaNpsDKeHHs  (lanee,
HaNpsHKEHHOCTH) CTSDKEHMSI K LIEHTPY cdephl cKilenBaHMsl ¢ HukeneM. [loHATHO, yTO
MaKCHUMAaJIbHbIE HAMpsUKEHHOCTH Yy TpaHUIbl CKIEMBAaHMS HUKENs M KBapua, a K
nepu@epun OT 3TOM I'paHUIIbl HAMPSKEHHOCTH ocladistoTcsa. Hukenb e miacTuueH u
HANpsDKEHHOCTU PACTSDKEHUS (MPAKTUYECKH HE MOAAIONIMMCS PACTSIKEHHMIO KBAapLEM)
OJIMHAKOBBI BO BCEM €TI0 TeJIeC.

O603HauMM HaNpsHKEHHOCTh CTSXKEHMSI KBaplia y TPAHUIbl CKJICUBAHUS C HHUKEJIEM
OykBo T. OueBuAHO, BEIMUMHA | B OJHOPOJHOM HM3OTPOITHOM IUIABJICHOM KBaplle
OyZeT 3aKOHOMEPHO MOHMXATHCS K epruepuu OT IPaHULIBI pa3zena.

PaccmoTpuMm B Tenie kBapua cepbl, KOHIEHTPUYHBIE K CHepruyecKoil rpaHuIle CKICHKU
HUKEJIS ¢ KBaplieM. BBuay mapoBoil CHMMETPUHU Mbl MOXKEM pacCMaTpUBaTh U3MEHEHUE
T ¢ paccrossuueM (R) oT nieHTpa HuKeneBoro mapuka. O603HaYMM paguyc HUKEIEBOTO

mapuka Rni. Chepsl xapakTepu3yroTcsi IOBEPXHOCTBIO S

S=4nR?, (48)

HHH ITOBCPXHOCTH pa3aciia HUKCJICBOI'O HIapHKa U INIABJICHOI'O KBapia, O4CBUIHO!

SNi =4r RNi2 , (49)

Hampsix€anocts T B m000it Touke cepol paguyca R, 6ombiiero Ryi, oueBruIHO, 00paTHO

MPOTIOPIIMOHANIbHA S

T=Q/S=K/4nR?, (50)
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I'ne Q — Hekuii KO3 PUIMEHT MPONTOPLUUOHATBHOCTH.

[To Takou 3aKOHOMEPHOCTH YMEHBIIAECTCS HANPSIKEHHOCTh C OTHAJIECHUEM OT LEHTpa
HUKEJIEBOTO IIapHuKa.

Uto coboit mpencrabiseT coboit kodddumuent nponopunoHanbHoctn K? Ecim co
chepol paguyca Ryni HCXOIUT CTsHKEHUE M30TPOIMHOM KBapIeBOM Cpelibl, TO MOXKHO
TOBOPUTh, YTO Ha JTON cdepe HUMeeTcsl HEKUW 3apsii CTATUBAHUSA, PaBHOMEPHO
pacrpeieIEHHbIN Ha MOBEPXHOCTU 3TOM chepbl. OO03HAUMM ITOT HEKHH 3apsi OyKBOH
Z, Torjaa:

Q= LZ (51)

rae L — HOBBINM KO3 PUIIMEHT TPONOPIHOHATEHOCTH.

C yu€rom (51) ocHoBHOE cooTHotienue (50) nepenuiiercs B BUjE:

T =L (Z/4n R, (52)

Ouesuano, Z /4n R? — noBepxHOCTHas IIOTHOCTh 3apafa cTaruBaHus Z Ha cdepe
panuyca R.

L BoimonHsgeT (GYHKIUIO pPAa3MEPHOTO COTJACOBAaHHUS MEXKIY HANPsKEHHOCTHIO U
MOBEPXHOCTHOM TJIOTHOCTBIO 3apsiia cTAruBaHus. O4eBUIHO, (GU3UUECKUN CMBICI €ro B
paccMaTpUBaeMOM CITydae CBSA3aH C YIPYTOoCThIO (KECTKOCTHIO) Cpelbl M3 TUIABICHOTO
KBapua.

[Tepeiiném k apyroit cpene, kK TpEXMEpHOMY IIPOCTPAHCTBY - SP-cpene (Cmdiicee).

Hanps:>k€HHOCTh TPABUTALMOHHOIO CTSKEHUS

B0 BcesleHCKOM npocTpaHCcTBe

Bcenenckoe mpoctpaHcTBO 6e3mMaccoBo. D10 — Oe3maccoBas cpeaa. [peamnonoxum, B
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ATOM 0Ee3MaccoBOM Cpele B HEKOTOPOM OOJacCTH MMEETCS HEHUTPOHHAsl 3BE€3/la MACCOM,
paBHO#T Macce 3emun. OObeMHast INIOTHOCTh HEUTPOHHOM 3Be3abl ~ 1,5 10Y7kr/M3. C
yuérom Maccel 3emiu (~ 6x10%* kr) paamyc HeHTpoHHOM 3Be3msl Rn = ~ 115 m. Ilo
cpaBHeHHIO ¢ 3emiéil {R) = 6371000 M} Takyro HEWTPOHHYIO 3BE31Y MOXKHO CUUTATh
TOYEYHOM.

B cooTHomennu (52) ajig AaHHOTO cilydasi poJib 3apsiia CTAruBaHusi Z OyAeT urpath

macca M HEUTpPOHHOM 3BE3/1bl, PaBHAsI Macce 3eMJIN

T =L (Z/4n R?) = L (M /4= R?), (53)

PaccMOTpUM KOHIEHTPUUECKYIO K HEUTpOHHOU 3Be3ne cdepy paauyca 3emian R

Hanpsxk€HHOCTE B KaXKI0M TOYKE 3TOM cdepbl, B COOTBETCTBUH C (53), OyeT:

TR(3) =L [M /4m R(g)z], (54)

HGPGHI/IHIGM ATO COOTHOIIICHUE B SKBUBAJICHTHOU (1)OpM€:

TR(3) = (L/4TE) [M / R(3)2], (55)

B oOmem cnyuae cunoBasi Hamps>KEHHOCTh, CO37aBaeMasl HEKUM 3apsoM paBHA
oTHomeHUI0 cwibl (F) B3amMOJEHCTBHUS MEXIy 3apsjoM U TPOOHBIM 3apsjoM K
poOHOMY 3apsiay. 3apsSaoM B HamieM ciydae Oyner M HEWTpoHHOM 3BE3/BI C MAacCOM,
paBHOI Macce 3emid, a B Ka4eCTBE MPOOHOTO 3apsijia BO3bMEM MPOU3BOJIBHYIO Maccy M,
Ha TIOPSIKA MEHBINYIO MO cpaBHeHHIO ¢ M, Tak 4ToOBl €€ MOXHO OBUIO CUUTAThH

TOYEYHOM 10 CPABHEHUIO C HEUTPOHHOM 3BE310M.

T R3) = F/m, (56)
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B cnyuae cdepol panunyca 3eminu cuna F Oynet BeipaxkaThesi BecoMm P Tena maccoi m.

Tr@a) = P/m, (57)
[lockonbky P =g m, To:
Tre) =0, (58)
Torpa: F=P=gm=Tgas m, (59)
O6bequusas (55) u (59), monyyaem:
F = (L/4r) [M / Rz?] m, (60)

Cootnomenue (60) coBrnagaer ¢ 3akoHOM BceMUpHOTo TATOTEHHMs, IPU YCIIOBUU:

Lidn = G, (61)

rae G — rpaBUTallMOHHAs TOCTOSIHHAS.

Koaddummenty L B paccMOTpeHHOM BHINIE Cily4ae IUIABICHOrO KBaplia MpUaBalics
(U3NYECKUIT CMBICII, CBSI3aHHBIA C €ro yNpyroctbio (3kECTKOCTHIO). YpaBHenue (60)
yKa3bplBaeT Ha TO, 4YTO B Ciy4dae BcCeneHCKOro mpocTpaHCTBAa TpaBUTALMOHHAS
MIOCTOSIHHAsA CBsi3aHa C «YNPYrocThlO (3KECTKOCTHIO) MPOCTpaHCTBa». Macca sBisieTcs
3apsiIOM  TPABUTALIMOHHOW HANpPsDKEHHOCTU  YOPYrOro  CTSDKEHUST MPOCTPAHCTBA.
ITocKONbKYy TMPOCTPAHCTBO HE OKA3bIBAET COMPOTHUBIICHUS ABUKEHUIO 3JIEMEHTAPHBIX
YaCTHII, BCJEJ aTOMOB, TEJ, HEOSCHBIX TEJ, TO JBa HEOECHBIX Tela, KaKI0€, CTATHBAs
MIPOCTPAHCTBO, MPUTATUBAET JPYyroe B COOTBETCTBUU C 3akoHOM BcemupHoro

TATOTCHUS.
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Bo3nnkHOBeHHE rPAaBUTALIMOHHBIX 3apsia (Macchl) U MOJIA

I1o coBpeMEHHBIM IIPEICTABICHUSM:

1. Ilo obuieit Teopun otHocuTenbHOCTH (OTO) Macca — mposiBIEHHE HCKPUBICHUS
YeThIPEXMEPHOTO MTPOCTPAHCTBA-BPEMEHHU.

2. Ilo crannaptHoii mMonenu (CM) aieMEeHTApHBIX YacTUIl CUYUTAETCS, YTO MPUUMHOU
BO3HUMKHOBEHHUS MaccChl siBiseTcsa moisie Xurrca Bo Bceeit Becenennoi. KBantamu 3Toro
noJisi ABJSA0TCS 0030HBI Xurrca. Cuuraercs, YTo GEPMHUOHBI B ATOM I0JIe TPUOOPETAIOT
Maccy.

O6a mnpeAcTaBieHHUs] HCXOAST W3 MAaTEMAaTHUYECKUX IOCTPOCHHM, HE MOJJarouiuecs
SCHOMY TIOHUMAaHUIO (U3MYECKOW CYIIHOCTH BO3HUKHOBEHHMs Macchl. [loaTomy,
MOMBITAEMCSI OCO3HATH (OLIYTHUTH) SIBJIEHUE TPABUTALMU, UCXO/s W3 TMpPEACTaBICHUN 00
a0COIOTHOM TPEXMEPHOM MPOCTPAHCTBE U A0COITIOTHOM BPEMEHHU.

Pacmupenne CucteMbl XUMHUYECKUX 3J1eMEHTOB 10 CHCTEMBI €CTECTBEHHBIX AJIIEMEHTOB
Bcenennoil mpuBeno K BBIABICHUIO MaTeMaTHueckoi popMyibl CHUCTEMBI €CTECTBEHHBIX
a1eMeHTOB BceneHHo#, MoJHOCThI0 BKiItovarmen CucTeMy XHUMHYECKHX 3JIEMEHTOB.
[lepBeiit snement B CucreMe ecTeCTBEHHBIX aneMeHToB SP — Cmoiices (ot Space —
KOCMHYECKOE TIPOCTPAHCTBO).

Bcenennas cymectByer BeyHO. ['OBOpST, 3TO HE HM3BECTHO, HO MPOTHUBOIOJIOKHOE
yTBEp)KJEHUE HE J0Ka3yeMo. BeuyHO — 3HAYUT B HEOTPAHUYCHHOCTH aOCOIIOTHOTO
BpemMeHu.  HeorpanmdyenHoe  aOCONIOTHOE  MPOCTPAHCTBO  HEMBICIUMO  0e€3
HEOTPAHUYCHHOTO aOCOIFOTHOTO BPEMEHH, MTOCKOJIBKY, €cJii Obl BpeMeHH He Oblio (time
= 0), To He cymecTBoBajo Obl U MpocTpaHcTBa. [l03TOMYy aGCOMOTHOE MPOCTPAHCTBO U
a0COIOTHOE BpEMsI MOTYT CYIIECTBOBATh TOJBKO CJIHUTHO, B «IIPOCTPAHCTBOBPEMEHI.
WMHpIMH CTOBaMH MMEET CMBICI TOJBKO CIUTHOE Spacetime, xoporko Spti, B pycckom
MPOU3HOIICHUH DCIUTAH.

bynem cuntath Ocnutail HenmoABMXHBIM. IlycTh B OcnwuTaile cieBa HampaBo CO
CKOPOCTBIO CBETa B BAKyyMe JABHKETCS TaMMa-(OTOH C SKBUBAJICHTHOW Macce dJIEKTPOHA

sHeprueil. 'aMma-GpOTOH — yacTUlla, U Kak 4acTUla JobkHAa uMeTh Gopmy. Ilycts sta
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dopma OyAeT UMIMHIPOM, OCh KOTOPOTO COBMEIIEHA C HAMpaBICHUEM JBUKCHHS.
'amMa-poToH 0€30 BCAKOTO COMNPOTUBJICHUS CO CTOPOHBI OCHHUTAMs JBHKETCS
paBHOMEpPHO M mpsMmoiuHeiHo. Ecim Ha myTm ramma-goroHa HE BcTpedaeTcs
MOTJIOTUTEIIS WU OTpaXkaTess (OTKIOHUTENS ), TO €ro MPSIMOTUHEHHOE TBUKCHUE MOYKET
JUTTBCS JIOJTO, OYEHB JI0JIT0, BeuHO. Criepein ¥ ¢33y MWINHApa raMMa-(oToHa HUYETO
HE TIPOMCXOJUT, BCICACTBHE CBOOOJHOTO €ro JBWXKeHUsA. Ho B paguaibHBIX
HAIPABJICHUSX MOXET MPOUCXOIUTH CTsoKeHHe Ocnutaits. [louyemy? IloTok 1munmeapa
ramMmma-GoTOHa MOXHO pPacCMaTpUBaTh KaK CYMMY MHUKPOIIOTOKOB, M pacCMaTpUBATh
IMWIMHJIP TaMMa-(poToOHa KaK CHON TapajljICIbHBIX MHKPOIIOTOKOB. Bceskue MOTOKM B
cpene, B JIaHHOM CjIy4ac MHUKPOTIOTOKH B Cpeae OCIuTaiisi, B3aUMOJICHCTBYIOT IIO
npuHnuny beprymin. [TockoabKy MUKPOTIOTOKH TapajuUIeIbHBI U OJTHOTO HaNpaBJICHUS,
TO OHHM HCHBITBIBAIOT HAIPSIKCHHOCTh CTSKCHHUS K OCH IMiIuHApa. Hanpsok€HHOCTH
pPaMaIbHOTO CTSDKCHUS IWIIMHApPA TamMMma-(OTOHA PACHpPOCTPAHMTCS HA DCHUTANHYIO
cpeny. Ecnu ObI CKOPOCTh pactpoCTpaHEHUs CTSHKCHHS HAMHOTO IPEBBINIAIA CKOPOCTh
CBETa B BaKyyMme, TO PaJdalbHOE CTSHKCHHE OCHHUTAsS BHE IMUIMHIpa ramma-(hoToHa
OBUTO OBl TaKKe paauaTbHBIM M «KOHIWJIUHApPUYECKHM». [Ipu ycioBHH Ke paBEHCTBA
CKOpPOCTEW pacrpOCTpaHEeHUs HAPSHKEHHOCTH CTSDKEHHUS M CBETa, YTO BEPOSITHEE BCETO,
(GPOHT pamuaNbHOTO CTSHKEHHUS BHE IMWIMHIpA OYIET paclpOoCTPaHATHCS MO YriioM 45
IpaJyCcoB OTHOCHTEIHHO MOBEPXHOCTH TaMMa-(poToHa. SIBIIEHUE CTSHKEHUS OKpPYKAFOIIeH
CpeIbl CTaTHYECKOE, HO MPHU YCIOBHH JIBWKCHHS WCTOYHUKA CTSIKCHHS CO CKOPOCTBHIO
CBETa B BaKyyMme, B KaKJJOM HOBOM TOJIOKEHHUU ITOTO0 MCTOYHHMKA KaK OBl M3ITydaeTcs
CAMITYJIBCY» HANPSHKEHHOCTU CTSOKEHUS, M o0pa3yeTcss Kak Obl KOHYCHBIM CIIOW TOJIs
HAMpsHKEHHOCTH,  PENAKCHPYIONIMHA B MOMEHT JIOCTHKEHHS KOHIIOM IWJIUHApA
«OBIBIIETO» TOJOXKEHHUSI Hadalla MWINHApPA. B pe3ynbrate HanpsyKEHHOCTH CTSXKCHHS
Ocnurtaiiss HE SBISETCS CTaTUYECKUM, TOCTOSHHO CYIIECTBYIOIIUM 33 «XBOCTOMY
MUIMHApPA raMMa-(poToHa. DTa HANPsHKEHHOCTh CTATUYHA TOJIBKO B CHCTEME KOOPAMHAT,
CBS3aHHOW C camMuUM Tramma-(OTOHOM, T.€. B CHUCTEME KOODPJWHAT, JIBWKYIIEHCS CO

CKOpPOCTBhIO CBeTa B Bakyyme. Ho ecin (OTOH mposieTaeT AOCTATOYHO HPOTSHKEHHOE
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I'PaBUTALIMOHHOE T10JI€ MACCUBHOIO T€Ja, TO (DOTOH MOXET OBITh B POJIM MPOOHOM MaccChl,
U TPaBUTALMOHHO B3aWMOJECHCTBOBATH C MACCHUBHBIM TEJIOM. JTO JOJIKHO OTKJIOHATH
NPSIMOJIMHEWHYIO TPaeKTOpHUi0 (OTOHA B CTOPOHY MACCHUBHOro Teja. B »ToM mpuumHa
OTKJIOHEHHUs1 cBeToBOoro jyda BOnu3um ConHua, otkpbiToro emeé no nossienus OTO.
Takum oOpa3zom, (QOTOH HMMEET TIpaBUTALIMOHHBIE 3apsA]l M IOJie, HO HE IIApOBOMU
CUMMETPHUH, & KOHYCHO-CIIOE€BOM.

PaccmoTpum Temepp ciydail, korja UWIMHAP TramMMma-(oToHa CBOpayuMBaeTci W
JIOKANMU3yeTcsl B TOP-3eKTpoH. [lo M3BECTHBIM: Macce AJIEKTpOHA, CKOPOCTH CBETa U
nocTtostHHOM [11anka MOXKHO paccunTaTh 4acToTy raMMa-kBaHTa. OHa Oyzet paBHa 12,36
x 10 I'm. D10 OuYeHb M OYeHH GONbIIAs YaCTOTa BO30YXKIEHUS MPOCTPAHCTBA BOKPYT
TOpa-3JiekKTpoHa. B cpeanem 310 OyJeT MposBASATHCS (BBIVISIAETH)  KaK MOCTOSHHAs
cTaTHYecKas HaNpsLKEHHOCTh CTSOKEHUS OCMUTais BOKPYTD TOpa-dJeKTpoHa. ITa
cTaTH4YecKasi HanpsHKEHHOCTh CTSHKEHHSI TPOCTpaHCTBa (DcnuTaiis) ecTh HAanpsHKEHHOCTh
IPaBUTAIL[MOHHOTO IOJII MacCOBOTO 3apsiia (Macchl OKos) 31ekTpoHa. Kak u B ciyyae ¢
raMMma-(pOTOHOM TpaBUTAI[MOHHBIN 3aps], W TPAaBUTALMOHHOE II0JI€ BOKPYI HETO
BO3HHUKAIOT OJHOBPEMEHHO. DTO Kak OblI 1B€ cTOpoHbI oAHOM Menanu. (Kaxnas cropona

MOSIBJISIETCS] OJTHOBPEMEHHO C JIPYTOi).

Bo3HMKHOBEHME 3JIEKTPUYCCKHUX 3aPAI0B U MmoJjIei

B XynoxecTBeHHOI THMHACTHUKE €CTh HOMEpA C JJIMHHBIMU JICHTAMU, IPUKPETUICHHBIMU
K majmoukaMm. ['mMHacTka moOpachiBaeT MAJOYKy, JIOBUT U TYT ke BepTuT e€. JleHTa
CBOpauMBaeTCd B MPOCTPAHCTBE B JAUHAMUYECKYIO coupaib. llpumepHO Takoe
MPOUCXOMUT TIPH JIOKaJW3aluu ramMmMma-(poToHa, CBOPAYMBAEMOTO B TOP-DJIEKTPOH.
Tonpko BMECTO JICHTBI TYT KOHYCHBIM CIOW-IIICH() MOTOKA HAMPSIKEHHOCTH CTSHKECHHUS
Ocnuraiis. 3aBopaunBaHue ramMMma-(OTOHA B TOP MPOUCXOIUT C YyKacaroiie OOJIbIION

gacTtoroif 12,36 x 10%° B cexynny. Ilpu 5ToM BHe TOopa OyayT MOBTOPSAIOLIMECS C TAKOi
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4acTOTOM CHHpajbHble MOTOKM OT MEPBOHAYAIBHO KOHYCHO-CIOEBOro Iuieipa ramma-
¢otoHa. Ctonb BBICOKAsl YACTOTA JIE€JAET 3TU MOTOKU (PaKTHUUECKH cTanMoHapHbiMH. Ho
3TH CTALIMOHAPHBIE MOTOKU JUHAMUYECKOM (IIOTOKOBOI) MPUPOJIBI.

[loToKM pa3nUYHBIX Cpell B ATHUX K€ CPENAX B3aUMOJCUCTBYIOT MO NpuHUMIY bepHyinu:
napajieibHble  (MONYTHbIE) NPUTATMBAIOTCSA, AHTUIApAJUIEIbHbIE (BCTPEUYHbIE) —
OTTAJIKUBAIOTCA. DTO MOYKHO IPOCIEAUTh HA IMOTOKaX BOABI B BOJE; ra3oB B rasax.
Oco0eHHO HarIsIHO U OUIYTHUMO 3TO HAOMIOAAeTCss B MapajulesIbHBIX MPOBOJHUKAX C
NOCTOSIHHBIMHU TNapaJUIeJIbHBIMA U aHTUNAapajule]bHbIMU TOKamu. lIpaBna, 31ecs MoOryT
BO3pa3UTh, YTO AJIEKTPOHBI NOCTOSIHHOTO TOKAa B IMIPOBOJIHMKAX HE JBUKYTCS MOTOKAMU B
cpeie DJJEKTPOHOB. OTO NpPU TPAAULUMOHHOM TOHUMAHHUHU DJIIEKTPOHOB, METAJIA,
atMocepbl. C cyOcTaHIMalIbHBIM OcnuTaiieM Bc€ o0O0bBsCHsETCs Mo-uHoMmy. Bce
JUCKPETHBIE JJIEMEHTApHBIE YACTHIIBI, BCIEH, ATOMbI, TEJIa COCTOSAT W3 OCIUTAilf,
BO30yxk€HHOTO DcnuTaiis. [loatomy Bo3Oyxkn€HHbie (Gopmbl Dcnurtaiis — 3JIEKTPOHBI
JBIDKYTCS B cpelie U3 DCIuTais U Bo30YKI€HHbBIX DcnuTaiis (AaTOMOB MeTalljia, MOJIEKYJI
BO3/lyxa). B o0miem, >JeKTpUUeCKUi TOK — 3TO MOTOK DcmuTahs B Dcnutaie xe. U
npuHIUN bepHyu 37ech 1eHCTBYET COBEPIIEHHO 00OCHOBAHO U CIIPaBEAIUBO.

Top Moxer mpeoOpa3oBbIBaThCS B Mmoutu mmap. Jias mpoctoTsl OyaeM BMECTO Topa-
AJIIEKTPOHA PACCMATPUBATH IIAPUK-IIIEKTPOH.

O6o3Haunm panuyc mapuka Ro. IloBepXHOCTH KOHIIEHTpUYECKHX cep BHE IIapuKa-

AIIEKTPOHA XapaKTEPU3YIOTCS TTOBEPXHOCTHIO S:

S=4nR?, (62)

IToTrokoBast HanpsokEHHOCTH E - DcnuTaiis B 1000 Touke chepbl panuyca R, 6obiiero

yem paauyc Ro, oueBuHO, 00paTHO MpONOpIHOHATBHA S:

E=J/S=J)4nR?, (63)
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rae J — Hekuil KoapPpuuueHT NponopUrOHATBHOCTH.

[To Takoil 3aKOHOMEPHOCTH YMEHBIIAETCS MOTOKOBAas HANPSXKEHHOCTh OJCHUTANSA C
OTIAJICHHEM OT LIEHTPA IAapUKA-3JIEKTPOHA.

Uto coboit mpencrabiseT kodddunmeHT nponopuroHanbHoct J?  Ecmu co cdepbl
paanyca Ro MCXOAWT MOTOKOBas HANMPSKEHHOCTh DCIUTAMSI, TO MOXKHO TOBOPUTH, YTO B
LIAPUKE-IJIEKTPOHE HMMEETCSI HEKMM 3aps] NOTOKOBOW HANPSHKEHHOCTH OCIHTAMS.

O0603HauMM TOT HEKH 3apsg OyKBOM — €, Torjma:

J=U(-¢e), (64)

rae U — HOBbIN KO3 DUIIMEHT MPONOPIHOHAIBHOCTH.

C yu€rom (64) ocHOBHOE cooTHOIIeHNE (63) mepenuiercsi B BUJE:

E =U (—e/4nR?), (65)

OuesuHoO, — e/4n R? — noBepXHOCTHAs IIOTHOCTH 3apaaa — € Ha cdepe paauyca R.
U BbimonHseT GYHKIUIO Pa3sMEPHOTO COIVIACOBAHUA MEXIY HANpsHKEHHOCTHIO U
MOBEPXHOCTHOM TJIOTHOCTHIO 3apsijia.

[TepemnuiieMm 3T0 COOTHOIIIEHHUE B AKBUBAJIEHTHOH (hopme:

E = (Uldn) [-e/R7, (66)

B oOmeMm ciydae cuioBas MOTOKOBasi HAMPSOKEHHOCTh, CO3/1aBaeMasi HEKUM 3apsijioM
paBHa oTHOIIeHHUIO cuiibl (F) B3aumMomencTBHUsT MEXKIy 3apsSoM W MPOOHBIM 3apsiioM K
mpoOHOMY 3apsiay. 3apsIoM B HaIlleM ciiydae OyaeT — €, a B KauecTBe IMPOOHOTO 3apsia

BO3bMEM 3apsiZi € MPOTOHA.

E = Fle, (67)
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O6bequuss (66) u (67), momydaem:

F = (Ul4r) [- e / R?(e), (68)

170071 F=- (Uldn) [e* ] R?], (69)

Cootnomenue (68) conanaer ¢ 3akonoM Kynona npu ycinoBuu:

U= k=1/e, (70)

rae g~ 8,85418781762-10712 ®/M — snekrpudecKas IOCTOSHHAS.

[HapuK-37IeKTpOH MPEeCTaBIsSeT 3aBOPOUYEHHBIM ramMma-(GhOTOH B OAHY CTOpoHY. Eciu
JIBa TaKUX IIapUKa-3JI€KTPOHA YCTAHOBUTH HAa PACCTOSIHUU TaK, YTOOBI OCHU BPAILIEHUS UX
OBLIM MapajuieIbHBIMHU, TO TTOTOKM MEXIY HUMHU OKa3bIBAIOTCS aHTUIAPAJUICIBHBIMU U
OHM OTTAJIKMBAIOTCA. TO ke caMO€ C IapUKaMU-TIO3UTPOHAMH, C TOU JIMIIb PA3HULEH,
YTO OHU 3aBOPOYEHBI B IPOTHBONOJIOKHYIO CTOPOHY IO CPAaBHEHHUIO C ILIAPUKAMMU-
anekTpoHamMu. [loATOMy M TMO3UTPOHBI OTTAIKMBAIOTCS MEXay coboil. Ecnu xe Ha
HEKOTOPOM PACCTOSIHUM YCTAHOBJIEHBI IIAPUK-3JIEKTPOH U IIAPUK-TIO3UTPOH, TO MOTOKU
MEXIy HUMHU OKaXXYyTCs MapaJlIeIbHBIMA U OHH OyJIyT MPUTATUBATHCA. TakuM 00pazoM,

MPUPOJIa FIEKTPUUECKUX MOJIEeH TUHAMUYeCKasl (IOTOKOBast).

146



Bo3HuKHOBeHHeE JIEKTPOHA U MO3UTPOHA
PaccMoTpuM 01HY U3 HanOoJee U3YUEHHBIX 3JIEMEHTAPHBIX YACTULl — JIEKTPOH.

[lepBbiii Bompoc: oTKyaa OepyTcs, MOSBISIIOTCS 3JeKTpoHbl? TouyHee, Kak BO3HHUKAIOT

AEeKTpOHBI? IMEHHO BO3HUKAIOT, @ HE BHICBOOOK/IAIOTCS U3 BEILIECTB B TOTOBOM BH/JIE.

Vxe ¢ mepBoil mojoBuHbl XX Beka ObUIM M3BECTHBI JBa €CTECTBEHHBIX IIpoliecca
BO3HUKHOBEHUS AJIEKTPOHOB:

1) OoTa-u3nydeHue npu pajruoakKTUBHOM pacrnajie HEKOTOPHIX BEUIECTB,

2)  TOSIBIEHHME DJIEKTPOH-TIO3UTPOHHBIX Map MPHU CTOJKHOBEHUSX TamMma-(OTOHOB Yy
AJ1ep aTOMOB.

N B TOM, M B JpyroMm ciy4yae CUMTAIOT, YTO DJJIEKTPOHOB HE OBUIO HHU B SApe
PaAMOAaKTUBHOTO 3JIEMEHTa, HU B Tamma-¢GoToHax. ['0BOpAT, YTO Takue HIEKTPOHBI
BO3HUKAIOT, @ HE BBHICBOOOXKIAIOTCS M3 BEIIECTB KAKUM-ITHOO BHEIIHUM BO3JEHCTBHUEM,

Kak npu hoTodPdexTe Uiu U3 AMEKTPOHHBIX MYIIEK B KATOIHBIX JTydax.

Bropoii Bompoc: kak BOZHUKAET AJIEKTPOH, HAIPUMEP, NPU CIIOHTAHHOM pacraje Apyroiu
AIIEMEHTAPHON YaCTHUIbl — HEHUTPOHA, WIK MPU CTOJIKHOBEHHH JIBYX raMMa-(pOTOHOB?

VY CcTaHOBJIEHO, YTO HEUTPOH B CBOOOAHOM COCTOSIHUM MMEET BpEeMs JKU3HH OKOJIO 16
MUHYT, 3aT€M CaMOIIPOM3BOJIbHO pACMaNaeTCsi Ha MPOTOH, JIEKTPOH M 3IIEKTPOHHOE
anTUHEeTpuHO. CuMTaeTCs, YTO DJIEKTPOHA BHYTPH HEHWTpoHa HeT. JlenaTh Kakue-mubo
MPEIIOI0KEHNUST O MPOLECCE BOZHUKHOBEHHUS JJIEKTPOHA B 3TOM pacmaje HET KaKuX-
Tu00 pa3yMHBIX OCHOBAaHUU, KPOME TOTO, YTO BCE JOJKHO MPOUCXOAUTH B CTPOTOM
COOTBETCTBUM C 3aKOHAMU COXPAHEHUS MAaCChl, JHEPIUM, HMIYJIbCa W MOMEHTA
HMITYJIbCA.

BO3HHKHOBEHHE K€ DJIEKTPOH-TIO3UTPOHHOM Iapbl NPU CTOJKHOBEHHHM JIBYX TraMma-
dboToHOB BOMM3M sAmpa aromMa MOAAAETCS HEKOTOPHIM MBICJICHHBIM TMOCTPOCHUSIM.

[IpenBapuTenbHO 3aMETHUM, UYTO SIAPO aTOMA MTPAET POJIh CBOCOOPA3ZHOTO «aKyIIepay s
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OBICTPOTEUYHBIX MPOILIECCOB «POXKACHHS ABYX PA3HOIONBIX OJM3HELOB» — 3JEKTPOHA U
no3utpoHa. Ho B mpenBapuUTENbHOM pPACCMOTPEHMM HYKIAETCS INPOCTPAHCTBO, B
KOTOpOM paboTtaer «akymep». Cuuraercs, 4YTO NOPOCTPAHCTBO — BaKyyM, T. €.

abcouroTHas mycroTa. Tak jau 310?

Emé Apucrorens yTBepkaan, 4TO MPHUPOJA HE TEPIUT MyCTOTHL. Uepe3 mouTH 2 ThICSYU
ner Jlekapt yTBepxkpaand, uro Bo BceneHHoi Her Hurae nyctor. OaHaKo 3TH
YTBEPKACHUS BBIIAIOIIUXCS MBICIUTENEH ObUTM MPOUTHOPUPOBAHBI B MOJCNSIX ddupa,
OPUHSATBIX B HAYYHOM MHUPOBO33peHHMH g0 Hauvama XX Beka. Cuurtanoch, UTO
MeJbYalIue HEBUAUMBIE U HEACIMMBbIC YacTHUIIBI A(Hpa HAXOIATCS B XaO0THUUYECKOM
JIBW)KEHUU B MYCTOM TMpocTpaHcTBe BceneHHoW. XOTS 3IEKTPOMArHuTHasi TEOPUs
MakcBemsia Oblla TIOCTPOEHA Ha KOHKPETHOM Mojenu »¢upa, OHa MpulUia B
IPOTUBOPEUUE C JPYTUMH TOJABUKHBIMU Ta30MOA00HBIMUA MOJACISIMU 3PupHOM cpeanl. B
TEOpHUSAX OTHOCUTEIBHOCTH DMHINTEHHA 3(Pup okaszaicsa He HykeH. [IpocTpaHcTBO 6e3
YaCTUI[ U TEJI CYUTAIOCh C TE€X NOp M CYUTAETCS IMOHBIHE MYCTHIM. JJIEMEHTapHbIE
YaCTHIIbI, aTOMBbI, MOJIEKYJIbI, T€Ja, HEOECHbIE TeJla U UX CHUCTEMBbI ABUKYTCS B IyCTOM
npoctpanctBe. I B CranmaptHoit Moaenu DneMeHTapHbIX HacThll BAKyyM CUUTAETCS
OyCThIM. YTBEPAWINCH HA TOM, YTO B HEM IPUCYTCTBYIOT JIUIb HEKUE BUPTyAIbHBIC

QJICMCHTAPHBIC YaCTHUIBI C OTPULATCIbHBIMHA SHCPIUAMMU.

Bsrnmsan na Oeckonewnoe 3-mepHoe ¢usmueckoe IIpoctpancTtBo Bceenmennoit kak Ha
MyCTOTY OMMOOYEH. DTO CIAEAYET U U3 €CTECTBEHHOHAYYHOT'O PACCMOTPEHHMS KaTerOpUn

ITYCTOTBI. HYCTOTa, oA KOTOpOﬁ IMIOHUMACTCA BAKYYM, €CTb OTCYTCTBHC BCCTO.

Ecnu cuurate yTtBepxkaenue Jlexapra o Tom, 4ro BO BceneHHOW HeT mecTta mycToTe,
HUCTUHHBIM, TO OeckoHeuHoe TpéxmepHoe [IpocTpancTBo BceneHHOW He ecTh IMycTOe
a0CTpaKTHOE TEOMETPHUYECKOe NPOCTpPaHCTBO EBKIMma, a peasbHOE (HU3UYECKOE

[IpocTpaHCcTBO, peanbHBIM OecKOHEUHBIH (du3ndeckui 00pEM. WM 310 puzmyecku
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peanbHoe IIpocTpaHCTBO, CBOOOJHOE OT BCEX 3JEMEHTAPHBIX YAaCTHUIL U (PU3NYECKUX
noJiei, siBnseTcs: cyOcTaHIued, Mo TOW MPUYMHE, YTO OHO cymlecTByeT. M He mpocto
cyOcTaHuuel, a HeKoeil mnpamaTepuell, mporomarepueid. ITa cyOCTaHLMs HEpa3pbIBHA,
CJIENOBATEIIbHO, HEINpepblBHA. B IpOTMBHOM cilyyae, B MeECTax pa3pblBa MOXKET

MOSIBJSATHCS MyCTOTA, YTO UCKIIFOUEHO B CyOCTaHLIMAIBLHON U MaTepuaabHOi BeenenHoi.

Wrak, nMeem cyOcTaHIMIO, MpaMaTepuio — OECKOHEUYHBIM TPEXMEPHBIN Hepa3pbIBHBIM
HENpEephIBHBIN 0e3MaccoBbIl (u3HuecKuil 00beM — KOCMHYECKOE CYOCTaHIMaIbHOE
IIpoctpanctBo. HenpepsiBHOe cyOctannuanbHoe IIpocTpaHcTBo ObIBaeT  pas3HOM
pa3peKeHHOCTH JUCKPETHON MaTepuei (3JIeMeHTapHbIMU YacTULIAMH, HIOHAMU, aTOMaMH,
monekynamu). Hanbonee pa3zpexeHHBIM cunTaeTcs Mexranakruueckoe IIpoctpaHcTso, B
KOTOpOM He Oosee 2 aroMoB Ha JuTp 00béMa. Ilycth B TakoMm IIpocTpaHcTBe nBUXKETCA
B HEKOTOPOM HarpaBjeHUHU (OTOH, OYEBUIHO, CO CKOPOCTHIO CBeTa B BakyyMme. [lycTh Ha
€ro IMyTH YCTAHOBJIEH IUIOCKUN aOCONIIOTHBIM OTpa)xaTelb, T. €. TaKOW OTpaKkaTelb,
KOTOPBIN OTpa)kaeT cBET 0e3 MoTeph HEPIUU, UMIYJIbCa U MOMEHTa UMIylbca. POTOH
OTPa3sUTCA M HAIPAaBUTCA B IPOTHUBOIOJIOXKHYIO CTOpOoHY. HopmampHO K 3TOMY
HalpaBJIeHUIO, MIYCTh, UMEETCS JIPYroi IUIOCKUN aOCOMIOTHBIA oTpaxareinb. Ilockoiabky
HET MOTepb HU 3HEPrMM, HU HMITYJIbCa, HU MOMEHTa UMIYjbca, (GOTOH OYyAEeT BEYHO
JABUTATbCS [0 HOPMaIW MEXJAy MapajuleJbHbIMU aOCOJMIOTHBIMU  OTpakaTeNIIMH.

[Ipousonna ogHOMEpHAst IOKaTu3aus GoToHa.

BmecTto nByx oTpaxartenedl mnpencraBuM 4 IUIOCKMX OTpakaTens KBaApaTHOTO
COCIMHEHUS M, MYCTh, (DOTOH 3amylIeH MO MPOW3BOILHOW TPACKTOPHUH, JEKallel Ha
IJIOCKOCTH KBaJPAaTHOT'O CEYEHHUSI ITIOCKUX OTPa)KaTeJICH.

@oTOH OylIeT JOKaIN30BaH B IJIOCKOCTU KBaApaTHOro ceueHus. [Ipousonuia nsymepHas

Jokanu3anus GpoToHa.
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VYcenoxaum skcnepuMeHT. Bo3eMéM cdepy 13 aOCONIOTHO OTpakarollero marepuana, u
«3anycTumM» (GOTOH BOBHYTPH c(ephl B IPOU3BOJIBHOM HampaBieHuH. O4eBUAHO, POTOH
Jokanu3yercst BHYTpu cepsl. [Iponsonuia peanbHas TpéXxMepHas JoKaau3aus (poToHa.
OTO MpPUHYAMTENbHAS C MOMOILBIO OTpaxaTenel jokanuzanus (GoToHa. POTOH MOXKET

noxanm3oBaTbes B [IpocTtpaHcTse.

MoxeT 1u (I)OTOH JJOKAJIN30BaATLCA B HpOCTpaHCTBe HC IIPUHYAUTCIIBHO, A €CTECTBEHHO?

Ilycte nBa ramMmma-oTOHA C SHEpPruei, MPEeBHIAIINICH PKBUBAICHTHYI0 MAacCy MOKOs
DNIEKTPOHA KaXKIblH, CTAJIKUBAIOTCA y siapa atoma B IIpoctpancTBe. DTO «TBEpHOE»
HEpa3pbIBHOE HEMpEephIBHOE 0Oe3MaccoBoe cyOcranimansHoe [IpoctpancTtBo — Sp-
IPOCTPAHCTBO U3 SP 3nemeHTa. I[IpocTpaHCTBO, TakuM 00pa3oMm, sBISETCS SP-Cpenoi.
MoOXHO TIPEANOJIOKUTh, YTO TIPU OMNpPENeIEHHBIX YCIOBHIX JBa TamMa-(pOTOHA,
CTaJIKMBAsICh, MOTYT 3aKpy4YMBAThCS: OJUH B OJAHY CTOPOHY, IPYroil — B APYryr0. ITO
Kak OBl «CTOJIKHYBIIMECS B aTake 3MeH, B Hepa3zdepuxe OOphObl CXBaTUBIINE U
IBITAIONIUECS POTIOTUTh CBOU COOCTBEHHBIE XBOCTBI».

Ob6a «3aBopauuMBaHMs» MOTYT TPOUCXOJUTH B OIHOW IOJYIUIOCKOCTH, HaIlpUMeEp,
BEpXHEW OT JIMHUU CTOJIKHOBeHHMsS (cxematnyHo). Ho oba «3aBopaumBaHUs» MOTYT
MIPOMCXOJIUTh U B HUKHEN MONYIUIOCKOCTH. [IpH 3TOM, €Ciin Ha BEpXHEN MOJTYIUIOCKOCTH
AJIEKTPOH BO3HUK CJIEBA, a MO3UTPOH - CIpaBa, TO HAa HWKHEW MOJYIUIOCKOCTH BCE
JIOJKHO OBITH Ha000poT. Ho HEe BakHO, ¢ KaKOil OHU CTOPOHBI, BAYKHO TOJBKO TO, YTO

OJIMH W3 HUX JJIEKTPOH, a IPYroil — MO3UTPOH.

Koneuno, o0Opasbl 3Mel-caMOEOB W HIES «3aBOpadynMBaHUs» (OTOHOB B TOPBI OYIyT
Ka3aThCsl JUTEPATYPHBIMA M HAyYHO-(PAHTACTUYECKMMHU BBIMBICTaMH. OmHako, Ooree
oOmiee TOHSITHE — JOKamu3aus (POTOHOB JIOBOJIBHO DPACTPOCTPAHEHHOE SIBICHHE B

npupoae. Ecmum pasnuuable 10 2HEprud (HOTOHBI TOTJIOMIAIOTCA  PA3TIUIHBIMHU
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JIEMEHTapHbIMM YaCTULAMH, OYEBHJHO, 3TO — JokKanu3auus ¢goroHoB. O mpoueccax,
MEXaHU3Max MOrJIOUIEHUsI (DOTOHOB 3JEMEHTAapPHBIMU YacCTHI[AMU HUYETO HE HU3BECTHO.
Ho BronHe BO3MOXKHO, UX «HABOPAYMBAHUE» HA DJIEMEHTAPHBIC YaCTULbI. BO3MOXHO 11
X «CaMOHaBOpayMBaHUE» - He u3BecTHO. Ho Oyaem nomyckarh TakoW MEpPBUYHBIN
MEXaHU3M «3aBOPAYMBAHMS» IO AaHAJIOTMU C TeM, 4YTO mpouecchl Auddy3uu,
OpOYHOBCKOTO JBMXEHUS M CMEUIEHUS pa3IU4YHbIX aTOMOB W MOJEKYJI MOKHO
paccMaTpuBaTh Kak pa3BUTHE, O0OOIIEHUE IMEPBUYHBIX MPOIECCOB caMoauddy3uu,

6pOYHOBCKOI‘O ABWKCHUA U CMCHICHUA OJUHAKOBBIX dTOMOB U MOJICKYIJI.

JInHamMuyeckasi MojaeJb J3JIEKTPOHA (MO3UTPOHA)

®otoH — crabunpHas yactuia. Eciu Ha cBO&éM myTH (OTOH HE BCTpedaeT MOTrIoaoen
€ro YacTHIIbl, TO MPAKTUYECKU (HOTOH B HEHM3MEHHOM BHUJIE CYIIECTBYET OUYEHb JOJITO,
BO3MOHO, BeuyHO. Bo Bcsikom citydae, Bo BceeneHHoil nMeroTcsi ()OTOHBI, «KUBYIIIHE
MUIMapAbl JieT. GOTOH — 3TO HEKas YacTulla, UMEIOIasi HEKYI0 CTaOWiIbHYI0 (hopMmy.
Besikas popma B TpéxmepHom IIpocTpaHCTBE OrpaHMYMBAETCS HEKOCH JIBYMEpPHOMU
MMOBEPXHOCTHIO-000I0uKOi.  Takum o0pa3oM, (GOTOH — HEKOE MPOCTPAHCTBEHHOE
oOpa3oBaHue, MYyCTh MAaJIbIX, HO KOHEYHBIX oObeMa M (opMbl. MOXHO MpECTaBUTh

(GbOTOH ABMKYIUMCS IUIUHIAPUUECKUM TOTOKOM B SP-cpelie.

—

Puc. 48. «[lunmuuaap» hoToHa, MBIKYIIHICS IPSIMOIMHEHHO CO CKOPOCTHIO CBETA CJIEBA

HaIIpaBoO II0 CTPCIIKC.
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[ToTOK 3TOT, OYEBHIIHO, COCTOUT U3 MaPALICTHHBIX OCCKOHEYHO MaJbIX MUKPOIIOTOKOB.
B memom (oTOH MOXHO TPENCTaBUTh KaK «CHON MHUKPOIOTOKOBY», COCTABIISIIOIINAX
obmuit  motok ¢doroHa B Sp-cpene. Mukponoroku Ha puc.48 0003HAUCHBI

nmapaJuiCJIbHbIMHU JINMHUAMMU.

[Ipeanonoxkum, ramMmMa-QOTOHBI HMMEIOT UWIUHApPUYECKYO (opmy, T.e. (HOTOH —
MUIUHAPUYECKUM «CHOIl MHKPOTIOTOKOB» B Sp-cpeae. I[louemy «UMIMHIP-CHOI
MHUKPOTIOTOKOB» MOKET CYIIECTBOBATh MUJUIMAP/BI JIET, HE PA3BAIIMBAACH HA OTJICJIbHBIC
MUKpPONOTOKA?  OueBHIHO, MHUKPOIOTOKH JIOJDKHBI OBITh Kak-TO CBsi3aHbL. U3
TUJAPOJAMHAMUKA W3BECTHO (MPUHIUN bepHysu), 4TO MNOTOKA B3aUMOJCUCTBYIOT.
OnHoHampaBieHHble (TIapajuieNibHbIC) TIOTOKU MPUTITHBAIOTCS JAPYr K Jpyry, a
pa3HOHAMpAaBJICHHBIC (aHTHUNApAIJIEIbHbIE) TOTOKH OTTAJKUBAIOTCS APYr OT Apyra. B
TOM MOXKHO YOEIHUThCS, OpPraHW30BaB B BOJE Mapalljie/ibHble M aHTUIApAJICIbHbIC
notoku. [lapaniensHble MUKPOTIOTOKU B IMJIMHIPUYECKOM (POTOHE MPUTATUBAIOTCS APYT
K Jpyry, ¥ 3T0 He HaéT (OTOHY pa3BajMBaThCAd HA YacTU BIUIOTh 10 OTIEIBHBIX
MUKpONOTOKOB. CTsruBaHue, cCKaThe UWIUHApPAa TramMMma-(OTOHa HE MOXET He
oTpaxkaTtbcsi B cpene BHe IwiuHApa. Crnepenud HWIMHAPA HUYETO HE MIPOUCXOOUT,
MOCKOJIBKY (POTOH JABMIKETCS C PAaBHOMEPHOM CKOPOCTBIO, OIMpeeiseMoi (3a1aBacMoil)
caMOM Cpelol pacipOCTPAHEHHUs, & CTIKEHUE CPEAbI-IIPOCTPAHCTBA TOJBKO MOMEPEYHOE
[0 HOPMaJIM K «IUIMHIPUYECKON MOBEPXHOCTU». CTSKEHUE 3TO pacHpOCTpaHSIETCs CO
CKOpoCThIO  cBeTa. [locKONbKYy  CKOPOCTH  JBIKEHHS (OTOHA U CKOPOCTHb
pPacIpOCTpPaHEHHS CTSIKEHHUS MPOCTPAHCTBA PAaBHBI, TO BMeCT€ C (OTOHOM TAHETCS
nuieid CTSHKEHUS MPOCTPAHCTBA MOJ YIJIoM 45 TpagycoB, OrpaHUYCHHBIA (POHTATLHON
KOHYCHOM MOBEPXHOCTHIO U THUIBHOW KOHYCHOW ITOBEPXHOCTBHIO MOJ YIiIoM 45 rpamycoB
K HampaBJICHUIO JIBIKEeHHUS (oToHa. [IoCKONBbKY cuia cTsokeHus B nuiek(e MEHbIe yeM
BHYTPH IWJIMHAPA U C PACCTOSTHMEM YMEHBIAeTcs, muieida orMedeH Oomee OneaHbIM

IIBETOM, YeM HIIUHAP (HOTOHA.
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Puc. 49. lHunuaap ¢oroHa ¢ nuiekdom cTspkeHus (HApsHKEHHOCTU CTSHKCHUS )
IPOCTPAHCTBA.
Ecmu mwmmHap ramma-QoToHAa 3aBOpavyMBAaeTCs B TOp, TO CKpemuistomuil 3ddexr
napaJjieIbHBIX MOTOKOB COXpaHsieTcss U B Tope (oroHa. Ho B ciydae Topa-porona
TUAMETPAIbHO  MPOTHBOIMOJIOKHBIE CTOPOHBI  OKA3bIBAIOTCA  aHTUNAPALICIbHBIMU
MOTOKAMH, M OHH JIOJDKHBI OTTAJKMBATHCA 1O BCEMY KOJbIly Topa. Bo3HHKHOBeHuHe
B3aMMOOTTAIKUBAONMIETO 3P (deKTa y AuaMeTpaibHO MPOTUBOIOJIOXKHBIX CTOPOH TOpa
MPUBOJIUT K YCHJICHUIO CXKATHUs KOJBIIEBOTO TeJia TOpa M K e1lé OOMbIIe yCTOWYUBOCTH
(crabunbHOCTH) CBEPHYTOrO B TOp ramMma-(oroHa (diekTpoHa). CBOOOAHBIA AIEKTPOH

MOJKCT CYIICCTBOBATb BCYHO, CCJIM HC IMOTJTIOMIACTCA U HC aHHUTHUIINPYCT.

Hunusapsl rammMa-GOTOHOB TIpU CTOJIKHOBEHHMHM B Sp-cpene y sAapa aroma
3aBOPAUMBAIOTCS (JIOKAJIM3YIOTCS) B MPOTHBOMOJIOXKHO Bpallalolldecsl TOpbI, OJUH W3
KOTOPBIX MPOSIBISICTCS KaK 3JIEKTPOH, a IPYroil — Kak MO3UTPOH.
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Jlunamuueckass MoOJENb AJEKTpoHa (MO3UTPOHA)-TOpa B SpP-cpelie  MNpeAcTaBiseT
AIEKTPOH (MTO3UTPOH) KaK HEKYIO JTUCKPETHYIO TOPOUJAIBHYIO 00J1aCTh BO30YXIEHHOTO
COCTOSIHUSI B HENPEPHIBHOU Sp-cpene. Cyas mo CKOpoCcTH CBeTa (CKOPOCTH
pacnpocTpaHeHus BOJIH B IIpocTpaHCTBE), cpema 3Ta OYCHb M OYCHb JKECTKAsl IIO0
CpPaBHEHUIO C JI000OM M3BECTHOM Cpelod, Hampumep, ajiMa3HoOM, KoTopas
XapaKTepU3yeTcs CKOPOCThIO TMOMEPEYHBIX YIPYTHX BONH (3ByKa) mopsaka 10 km/cek.
OTHollIeHWe CKOPOCTEH pPacHpOCTPAHCHHS TOMEPEYHBIX BOJH B SpP-cpele M alMase
coctaBisier 30 000 (!). Moxno roBoputh, uTo Sp-cpema B 30 000 paz xkéctue
KPUCTAJUTMYECKOMN CpeIbl aMasa.

OO6sacth BO30YXIEHHOTO COCTOSIHUSI B HEBO3OYXKIEHHOW Cpelie M3 OJHOTO U TOTO JKE
«Martepmanay Sp-dIeMeHTa, OYEBHIHO, JODKHA CO37aBaTh B OTOW HEBOOOpa3uMo
KECTKOM  HEBO3OYKIEHHOM cpelle HEKHWE CHJIOBBIC TIOJIA, XapaKTepU3yeMbIe

COOTBCTCTBYIOIIIMMHU HaHpH}KéHHOCT}IMI/I.

Bo3MokHBEI 2 BHJA CHIIOBBIX IOJIEH: JMHAMHMYECKHE M CTaTHYecKHe. JIMHaMHYecKoe
0JIe BHE TOpa 3JICKTPOHA (ITO3UTPOHA) MOXKET CO37aBaThCs KPYrOBBIM IIOTOKOM BHYTPH
Topa. CKOpOCTh 3TOr0 NOTOKAa — CKOPOCTh TramMMa-(poTOHa, T.e. CKOPOCTh CBETa B
BakyyMe. CKOpOCTh K€ CBeTa B BaKyyMe aOCOJIOTHA. AOCOJIOTHA B TOM ITOHUMAaHHH,
YTO B MPUPOJE HET OOJBIIEH CKOPOCTH KaKOTO OBl TO HU OBLJIO JBMKECHUS, KAKOTO OBI TO

HU OBLJIO TUCKPETHOTO MAaTEPUAIBLHOTO 00BEKTA.

[IpencraBum cebe abCOMIOTHO >KECTKUIT HEBECOMBIM CTPEKEHb OCCKOHECYHOW JITMHBI.
[TockombKy CTEp)KeHb HEBECOMBIM, TO JIO0OW AJIEMEHT ero UIMHBI MPUHIUIHATHHO
MOXXET JBUTAThCS C AOCONIOTHOM CKOpOCThIO. HaunéM BpamaTh CTEpKEHB C TakKoi
YIJIOBOI CKOPOCTBIO, UTO TIEPBbINA 3J€MEHT cTepkHs AmuHoi mycth 10710 M Bpamaercs ¢

JIMHEMHON CKOPOCTHIO CBeTa Ha KOHIE JWHBL. [lOCKONBKY CTep)KeHb aOCOJIOTHO
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KECTKUH, T.€. HE PACTATUBAETCS U HE CTHOAeTCs, TO JIEMEHT CTEPKHS Ha OECKOHEYHOCTH
JIOJDKEH BpalllaThCs € JUHEHHOW CKOPOCTHIO, OECKOHEUHO MPEBBIMIAIONIEH CKOPOCTh
ceeta. Ho B mpupojie HeT CKOpOCTH, O0JbIIel aOCOIIOTHON CKOPOCTH CBETa B BaKyyMe.
JIro6oii 351eMEHT Ha Bceil 0€CKOHEUHOW JJIMHE CTEPKHS JO0JDKEH BpallaThCs C JIMHEHMHON
CKOPOCTBIO HE 0OJIblIeH, YeM CKOPOCTh (CBETA) HAa KOHIIE MEPBOTO 3JIEMEHTA CTEPKHS.
VYcnoBue TMOCTOSHCTBA JIMHEMHOM CKOPOCTM Ha BCEH JJIMHE CTEpKHS Tpedyer
IPONMOPUMOHATIBHOIO YMEHBIIEHUSI YIJIOBOW CKOPOCTH BpAILEHMS, YTO PABHO3HAYHO
CIUPAJIEBUIHOMY HW3TMOAHUIO CTEPKHS. OJTO O3HA4YaeT HEBO3MOKHOCTb aOCOJIOTHO
KECTKOTO CTEP>KHSI, KOHEI] MEpBOro (CKOJIb YrOJHO MAajoro) 3JeMEHTa KOTOpPOro

Bpalaics Obl ¢ TMHEHHON CKOPOCTHIO CBETA.

Sp-cpena o0nagaeT oO4YEHb OOJBIION, HO KOHEYHOW JKECTKOCTBHIO, TMPOSBISIEMOM
KOHEUYHOM CKOPOCTBIO CBETa B BakyyMe. Eciii B CTOJBb )KECTKOM cpene ABUKETCs (HOTOH —
YacTUIa BOJIHOBOW MHPHUPOAbI, OH HE MOYKET HE BIUATh HAa OKPYXKAIOLIYIO Cpeay, WU
cpella He MOXKET HE OTKIMKAThCS Ha Takoe MABMKEeHHE. UToObl yOeauThCs B ITOM,
paccMOTpUM MPOCTEUIUK clydail BOJH Ha BojAe. YCTaHOBUM B OacceifHe Ba
IJIOCKONapaJUIEIbHBIX IIUTKA, KOTOPbIE MOXHO MOJHUMATh U omycKaTh. [lonHuMeM ux
HaJ BOJIOHM Tak, YTOOBI BEPXHSS YaCTh UX ObLIA HAJl BOJOW, a HIKHAS YaCTh — MOJ BOJIOM.
OpranuzyeM cepuro BOJIH Ha OJJHOM KOHIE MEXAYy NapaJUieIbHbIMU IIUTKaMH. Mexay
HMIMTKaMH MOMJET ceprsi BOJH. BHE NMTKOB HUKAKMX U3MEHEHUI MTOBEPXHOCTU BOABI HE
oynet. Korma mepBast u3 cepuu BOJIH JTOCTUTHET CEPEAMHBI ITTUHBI IIIUTKOB, OMTYCTHM HUX
B Bony. KonebOaHus moBEepXHOCTH BOABI Jajiee OyAyT paclpoOCTPaHSATHCS HE TOJIBKO B
MpsIMOM TI€PBOHAYATFHOM HAIpPaBJICHUU, 33JJaHHOM IUTKaMH, HO U MO 00€ OOKOBBIC
CTOPOHBI, MPUUYEM TIOpa3l0 MEHBIIUX AMIUIMTYJ U CO CKOPOCTBIO, HE IPEBBIIIAOIICH

CKOPOCTH IICPBOHAYAJIBHBIX BOJIH.

CBepHéM TCIICPb INIOCKOIIAPAJUICIbHBIC IMHUTKN HAa KOHOCHTPHYCCKHUC HIMTKH, KOTOPBIC

TAKKC MOXKHO IIOJHHMATh Hald IIOBCPXHOCTBHIO BOJHI, YTOOBI BCPXHHUC YAaCTH BBICTYIIAJIN
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HaJ BOJIOM, M OnycKaTh (TONWUTh) B BOAy. OpraHu3yeM Cepui0 BOJH B IMPOMEKYTKE
MEXKy KOHLICHTPUYECKMMH IIUTKAMH, BBICTYNAIOIIMMHU HaJX BOAOW. J[BMXKeHUE cepuu
BOJIH MEXJY KOHLEHTPUYECKUM IIMTKaMU OyJeT MNpeACcTaBiIsITh COo00Ml Xopouio
BBIPa)KEHHBIN NMOTOK. BOKpYr BHEWIHETO HNIUTKA U B KPYI€, OTPAaHUYEHHOM BHYTPEHHUM
IIUTKOM, IIOBEPXHOCTh BOJABI CIIOKOWHAs, a B NPOMEKYTKE MEXAY IIUTKaAMHU
YCTaHABIIMBAETCSA KPYTrOBOM IMOTOK BOJIHBI. YTONUM KOHUEHTPUYECKHE IIUTKUA B BOLY.
Kpyrosoii moTok BOJIHBI ropa3/io MEHbIIEH HWHTEHCUBHOCTH, MPUYEM YObIBarolen c
paccTosiHHeM, OyJeT paclpoCTPaHATHCS OT MECTa YTOIUICHHBIX KOHILIEHTPUYECKUX

IMATKOB BO BCC CTOPOHEIL.

®oToH B CBOOOJIHOM MPOCTpPaHCTBE (SP-cpelie) ABUKETCS MPSIMOJIMHEHHO CO CKOPOCTHIO
cBeTa. JTO KOPIYCKYyJa, MyCTh OJTHOBOJIHOBAS.

Ecnu B Sp-cpene nBuxkercst (OTOH MPSMOJIMHEMHO U PABHOMEPHO CO CKOPOCTHIO CBETA,
TO B OOKOBBIX HaNpaBICHUSAX OT HEro OyAyT BO3ZMYIIEHUS CPEIbl, pACIPOCTPaHSIONIUECS

CO CKOpPOCTBIO CBCTA.

Ecimu xe poToH «3akpyTHiIcS» B 3JIEKTpOHE (TIO3UTPOHE), TO TaKKEe BO3MYIICHHS SpP-
Cpellbl MMOBTOPSIOTCS C KaXKIbIM «IIOJIHBIM 000poTOM» (oToHa B Tope. Ilpm amamerpe
topa nopsigka 107° M u ckopoctu ceera 3x108 M/c 3TO OyaeT MPOUCXOMUTH C OUYEHb
oonpoil yactoroit B 3x10%® I'l. DTO PaBHOCHIILHO CYLIECTBOBAHHUIO CTAI[MOHAPHOTO
BO3MYIICHUST SP-Cpeaibl BOKPYT 3JIEKTPOHA-TOpa. I[IposIBISATBCS 3TO OYIAET TEM, YTO
BOKPYI TOpa OyIyT NMOTOKH, IOXOXKHME HAa IOTOK (POTOHA BHYTPH TOpa, HO C ropasnio
MEHBIIICH WHTCHCUBHOCTBIO, MPUYEM, YOBIBAIOIICH C PACCTOSHHEM OT TOpa-3JECKTPOHA.
Kpome Toro, BBUIY HEBO3MOXKHOCTH JIBHXKCHHS CO CKOPOCTBIO, IPEBBIIIAIOIICH CKOPOCTh
CBETa B BaKyyMe, C YBEJIMUYCHHEM PACCTOSHUS OT TOPa 3TH MMOTOKH OyAyT CIIUPATICBUIHO
3amas3fbplBaTh, B COOTBETCTBHMHM C PACCMOTPEHHBIM BBIIIC  CIIy4aeM 3aKpy4HBaHHUS

a0COJIFOTHO JKECTKOTO HEBECOMOTO CTPEKHS O€CKOHEYHOM JIJTUHBI.
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AHaNIOTUYHBIC TTOCTPOCHUS CIPABEIJIUBHI U JIJIsl TIO3UTPOHA-TOPA, TOJIBKO TIOTOKH OyayT
B MPOTHBOTIOJIOKHYIO CTOPOHY. «Y CTAHOBUM» Ha IJIOCKOCTH, TapaUIeIbHON KPYTOBBIM
OCSIM Ha HEKOTOPOM PACCTOSHHUU Taphbl IBYX TOPOB-3JIEKTPOHOB (puc. 50), MByX TOpPOB-
MO3UTPOHOB (puc. 51), Topa-3neKkTpoHa U Topa-mo3uTpoHa (puc. 52). 'amma-poToHbI B
mapax TOP-AJIEKTPOH W TOP-TIO3UTPOH KPYTATCA B IMPOTHUBOIIOJIOKHBIE CTOPOHBI
aHTUMAPAJUICIBHBIMA ~ MPOTHBOTOKamMHU. Ilo mpuunumy bepHymmn 3Tu  mapsl
OTTaJKHUBAIOTCA. B ciydae ke mapbl TOP-3JIGKTPOH W TOP-TIO3UTPOH B IMPOMEXKYTKE
MEXIy TOpPaMH IOTOKHM OYIyT OJHOHANPABICHHBIMH, T.C. IMapajUieIbHBIMH. Takue
NOTOKM 10 TpWHOUNY bepHymn mnputsaruBarorcs. [lapel  3JIEKTPOH-3JIEKTPOH |
MO3UTPOH-TIO3UTPOH OTTAJIKUBAIOTCS JAPYr OT Jpyra, a TMapa dJIEKTPOH-TIO3UTPOH

MMPUTATUBACTCA APYI K APYTY.

Takum 06p330M, SJICKTPOH-3JICKTPOHHOC, ITO3UTPOH-IIOBUTPOHHOC M IJICKTPOH-
IMO3UTPOHHOC B33HMOI[GﬁCTBHSI HUMCIOT JUHAMHYCCKYIO IIPHUPOOY B321PIMOI[€I>10TBPISI
IMOTOKOB. MOXHO rOBOpUTH O ,Z[HH&MI/I“IGCKOIZ mpupoac CHUIIOBBIX HOHGﬁ, MMoCpcaACTBOM

KOTOPBIX BSaHMOﬂeﬁCTBYIOT QJICKTPUYICCKUC 3aPAABbI.

Huxe crnenyroT puCyHKHM mMap: 3JIEKTPOH-3JIEKTPOH, MO3UTPOH-TIO3UTPOH U AJIEKTPOH-

TO3UTPOH:
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Puc. 50. [IBa anexTpoHa.

Puc. 51. JIBa no3utpoHna.

158



Puc. 52. DnekTpoH U mo3TpoH.

Korna ¢otoH 3akpyuuBaeTcsi B TOPE-3JEKTPOHE WJIM B TOpE-TO3UTPOHE, KpPOME
IEKTPUYECKOr0 MOJs JMHAMHYECKOW NPHUPOMABI, MOXET BO3HHUKAaTh JONOJIHUTEIBHOE
CWJIOBOE II0JIE CTATUYECKOW NPHUPOABI. DTO MPOUCXOAUT BCIEICTBUE B3aUMOACHCTBUS
MUKPOIIOTOKOB JIHAMETPAJIBHO IIPOTHUBOIIOJIOKHBIX CTOPOH TOPOB. DTH MHMKPOIIOTOKH U
y 3JEKTPOHA-TOPA, M Yy MO3UTPOHA-TOPA AHTUNAPAJUICIBHBI, © OHM OTTAJIKHBAIOTCS K
nepudepun TOpoB, co3/aBas JOIMOJHUTEIBHOE CKAaTHE BCETO KPYTSIIErocs MOTOKA.
IIockonbKy  OTTAJIKMBAaHWE JHAMETPAJIBHO  IPOTHUBOIIOJIOKHBIX CTOPOH  TOPOB
YMEHBILIAETCSI C PACCTOSIHUEM, KpPYrOBbIE CEUEHHUS TeJl TOpOB OYyAyT Kak Obl
CIUTIOIIMBATBCS, YIJIUHAACH B HAIPAaBICHUU, NEPIECHIUKYJIIPHOM KPYTOBBIM OCSM Tell
TOpOB. JIONMOMHUTENBHOE C)XKATHE€ Tel TOPOB MPUBOAUT K JIONOJHHUTEIBHOMY
CTATHBAIOLEMY HATSKEHUIO BHYTPU KOJIBIIEBOW Cpellbl M OCIabJCHUIO CTITHMBAIOIIETO
HATsDKEHMS BO BHE TOPOB. B pe3ynbpTare CTAIMBAIOIIEE CTATUYECKOE HATSIKEHUE BHE
TOPOB HECKOJIBKO cl1a0ee MO CPAaBHEHHUIO CO CTATHUECKHUM IPaBUTAIIMOHHBIM HATSHKEHUEM
CBOOOJIHBIX raMMa-(OTOHOB, JIETAUIMX MO npsiMoil. HanpskEHHOCTh 3Ta HampaBlieHa K

HCHTpaM M JJICKTPOHA, W TIO3UTPOHA, T.C. HC 3aBUCUT OT 3HAKA HX IJJICKTPUYICCKHX
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3apsa0B. Ilon aericTBUEM dTUX HANPsHKEHHOCTEM M DJIEKTPOHBI, U MO3UTPOHBI  TOJBKO
MPUTIATUBAIOTCA APYT K APYTY MPH 000 UX KOMOMHAIMY, U HE OTTAJIKUBAIOTCSA JPYT OT
Ipyra HU IIPU KaKOM IIAPHOM COYETAaHWUU 3JIEKTPOHOB U IO3UTPOHOB. JIOTMYHO IIPUHATH
TAKO€ CUJIOBOE II0JIE KaK CTaTHYECKOE IPaBUTALIMOHHOE I10JIE TATOTEHMS JJIEKTPOHOB U

MO3UTPOHOB B SP-cperie.

HeiiTpuno

N3 Bcex cTaOMIBHBIX 3JIEMEHTAPHBIX YAaCTHII caMas 3arajgodHas — HEHUTpuHO. B To ke
BpEMs YCTAaHOBJICHO, YTO HEUTPUHO - BTOpas (mocyie PoTOHOB) MO PaclpoOCTPaHEHHOCTH
B0 Bcenennoii snemeHTapHas yactura. CUYUTAOT, 9YTO B OJHOM JUTpe OO0BEMaA
KOCMHUYECKOTO TPOCTPAHCTBA COJACPKHUTCSH (KOHCYHO, JWHAMHYECCKH M B CpPEIHEM)

nopsika 450 000 wevitpuno, a poronos — okosio 500 000.

HacuéT macchl mokost HEUTPUHO JecATUIETUSIMU EN crop, HO HobeneBckyro mpemuto

no ¢usuke 3a 2015 rox NpUCYIMIH «3a OMPEACIICHUE MaCChl HEUTPUHOY.

['paBuTanmonHoe B3aMMoJelcTBHE HeOecHbIX Tel HBIOTOH Ha3Bal «BCEMHUPHBIM
TATOTCHUEMY, T.€. BCEICHCKUM TpUTSHKEHHEM M Aan (opmyly 3aKoHa BCEMHUPHOTO
TATOTCHUS, KOTOpash OTBEUAaeT Ha BOIPOC «Kak?», HO Mo Ooisiee (GyHIAMEHTAILHOMY
BOIIPOCY «IOYEMY?» OH «TUMOTE3 HE M3MBINUIL». OnHako, cuutan runotesy datuo,
Oosee W3BECTHYIO Kak Teopus Jlecaka, «EeIWHCTBEHHOM THIIOTE30H, IOCPEICTBOM
KOTOPOM TATOTCHHE MOXET OBITh OOBSICHEHO MexaHucTHuecku». CaM co3aaTelb
MaTeMaTHYeCKOH TEOPUH TPUTSHKCHUS HEOCCHBIX Tea IPHU3HABAI  THUIOTE3Y
MOJTAJTKUBAaHUs HEOCCHBIX TEJ JPYT K JAPYry. DTO U3HAYAIBHOE TPOTUBOPEUHE JICKUT B
OCHOBE BEKOBBIX JTACKYCCHM o busmueckon CYTH rpaBUTALUH.

bonee uem TpéXCOTJ'IeTHI/Iﬁ CIIOP O NPHUTAKCHHUU WU IIOATAJIKNBAHUN HEOECHBIX TEN
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U3JI0’KEH B padore:

http://www.Bectaukpdo.pd/biblio/Lesaz %201%20Geqgel nepriznfnnfja teorija gravitat

shii.pdf.

ABTOp 3TOM pabOThl U3IOKUI HE TOJIBKO MEPUIETUH MHOTOBEKOBOIO CIOpa, HO U CBOE
BUJICHUE TIOCTAHOBKH, KaK OH BBIPA3WJICS, «C TOJIOBBI HA HOTHU» WM «C HOT Ha TOJIOBY»
Bcel (usuko-puiaocodckoil mpoOaeMbl SIBICHHUS TPaBUTALMOHHOTO CTPEMJICHHS Tell
Apyr K apyry Bo Becenennoil. Hanbomnee 3Haunmoe (OCHOBOIIOIAraroiee) NojJ0KeHUE ero
U3bICKAaHUN B TOM, YTO CKOPOCTh T'DPABUTALIMOHHBIX BOJIH WM YaCTHI] IPEBBIIIAET
CKOpPOCTh cBeTa B Bakyyme Ha 13 mopsaxos (10'°C), T.e. mpeBblmeHHe CKOPOCTH
rpaBUTalUM Ha 13 MOpSAIKOB CKOPOCTU CBETAa B BaKyyMe. JTO HE MOXKET HE BbI3bIBATh
COMHEHHSI, TIOCKOJIbKY B MPUPOJI€ HE OOHAPYKUIU CKOPOCTh, MPEBBIIIAONIYI0 CKOPOCTh

CBETa B BaKyyMe.

B Bo3poxaenne runoressl datno-Jlecaxka, aBTop ynoMsiHyTOM pabOThl paccMaTpUBaET
«yJapHbIE TPaBUTAIMOHHBIC BOJHBI», pacCIpOCTpaHAOIIMEeCS B Bakyyme (MycToM
npoctpancTee) co ckopocteio 10%c (?!). Ho He To, 4ro Takass, MOXHO CKa3aTh,
«YMOTIOMpAUyHUTENbHAsI CBEPXCBETOBAsI CKOPOCTHY», HaXe CKOPOCTH, HE3HAYUTEIIHHO
NPEBBIIAIONIME CKOPOCTh CBEeTa, HE HaOmoganuch HU BO BceeneHHoW, HU B

OKCIICPUMCHTAaX.

N3navaneHo runoreza dartno-Jlecaka OCHOBbIBAIACH HA HEMYCTOM IMPOCTPAHCTBE — HA
sbupe W3 MYCTOrO0 MPOCTPAHCTBA C «HEBUJIMMBIMH MEJIBYANUIIIMMHU YaCTHIIAMI.
B3aumHoe skpaHMpOBaHWE 3TUX YACTUIl HEOCCHBIMHM TEIaMH MOATAIKHBAIO MX APYT K
npyry. Ho aHanu3 skpaHuUpOBaHUS TEIaMH MENbUANIIINX HEBUIUMBIX 4YacTHUIl ddupa C
MIPUBJICYEHUEM MOJIEKYJISIPHO-KMHETUYECKOW TEOPUH T'a30B U AJIEKTPOMArHUTHOW TEOPUU

CBCTA IMPHUBOJNII K HCCOCTOATCIbHOCTH THMIIOTC3bI ®datno-Jlecaxa.

YToOBl OMHO TEJNO MPUTITUBAIO WIH YACPKUBAJIO IPYroe, HEOOXOAMM THUOKHI TPOC

(BepEBKa) WM KECTKas IITAHra, MOCPEJACTBOM KOTOPOrO OJHO TEJO MPUTATUBACT WU
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YAEpKUBAET Ipyroe Ha (PUKCUPOBAHHOM paccTOSHMHM. B 00oux ciydasx HEOOXOAUMO
MIPOMEKYTOUYHOE  3BEHO, IMOCPEACTBOM  KOTOPOro Tejla MPUTATUBAIOTCS — WIH
YAEPKUBAIOTCS OT «pa3deranus». B cimydae HEOECHBIX Tel MPOMEKYTOUHOE 3BEHO HE
npocMarpuBaerca. Mexay HUMHM IycToe npocTpaHcTBo. Kakum oOpa3zom mycrtoe
TpEXMEPHOE TE€OMETPUUECKOE MPOCTPAHCTBO MOMKET CIYKUTh MPOMEKYTOUHBIM 3BEHOM

MCXKAY TCJIaMHU, IMOCPEACTBOM KOTOPOI'O OHHU IPUTATUBAIOTCA WU y;[ep)KI/IBaIOTCH?

Takoe MOKeET OBIThb JUIIL B TOM ciIydac, €CJIM 39TO TIIPOCTPAHCTBO HC TIIPOCTO
reoMETpUICCKOC BMCCTUIINIIC MATCPUATIbHbBIX 00BEKTOB OT «CHCBHUIAUMBIX MEJIbYAUIIIN X))
N JJICMCHTAPHBLIX YaCTUL OO0 TaJIdaKTHK, a (1)I/I3I/I‘ICCK351 CY6CT3,HLII/IB,HBH3$I cpcaa, B
KOTOpOﬁ MOT'yT PCAJIM30BbIBATLCA CUJIOBBIC ITOJISI, B JAHHOM CJIy4dC, I'paBUTAllMOHHBIC

ITOJIA CTAXCHUA.

Maccy nokost HeTpuHO oueHuau B 0, 28 3B, 4uTo mo4TH B 2 MWUIMOHA pa3 MEHbBIIE
MaccChl MOKOA 3JIEKTPOHA. MOKHO CUUTATh, YTO HEUTPUHO — camas JIErKasi MaTepualibHas
AJIEMEHTapHas 4YacTUIAa C HEHyJleBOM Maccod mNokosi. DOTOHBI TakkKe OTHOCAT K
MaTepuaIbHbIM 3JIEMEHTAPHBIM YacTULIaM, HO C HYJIEBOM Maccoil MOKOSI.

CuuTaercsi, 4TO B OJHOM JIUTpe Kocmuyeckoro npoctpanctsa (Om-cpene) B cpeaHem
COJIEPKUTCS OKOJIO MOJYMUJUIMOHA HEUTPUHO, JBUTAIOIINXCSI BO BCEX HAIPABICHUSIX CO
CKOpPOCTBIO cBeTa. B TO e Bpemsi Bogopoia B TOM XK€ OO0OBEME KOCMHUYECKOIO
IPOCTpPAHCTBA HE OOJee IBYX YACTHI[ M Macca, MPUXOIIIAsICS Ha AJIEKTPOHBI BOJAOPOA,
cocraBisieT HeMHoruM 6osnee 1M»B. CrnenoBaTenbHO, B KOCMUYECKOM MTPOCTPAHCTBE HA
HEUTpuHO npuxoautcss npumepHo 0,14 mMacchl 3JIEKTPOHOB, T.€. UX CyMMAapHbIE MacChl
COMOCTABUMBI. DTO JAET OCHOBAHHUE PACCMATPUBATH SIBJICHUE IPAaBUTALIMU HA HEUTPUHO —
caMOM JIETKOM MaTepUaIbHOM 3yieMeHTapHoM 4actuue. [lo ckopoctn JBMXEHUS
HEUTPHUHO JOJITHE NECITHICTHS ObLIa HeompenenéHHOCTh. MHorma make CUuTaid, 4TO
oHa Oonpiie ckopocTd cBeta. Ho B 2018 r yu€HbIM yaamoch U3MEPUTh CKOPOCTh

JBUKCHUSI HEUTPUHO
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«Y4yéHble YCTAHOBUJIN TOYHYIO CKOPOCThH JABUKEHHUSI HEUTPHHO

Bropnuk, 24 Urons 2018 12:06

YacTuiibl HEUTPUHO JBUKYTCSI HE OBICTpee CKOPOCTHM CBETa, TO €CTb, CJHEIaHHOE
HECKOJIBKO JIET Ha3aJ MPEIIOI0KEHUE O TOM, YTO HEUTPUHO OBICTpEE CBETA, OKA3aJIOCh
HE COOTBETCTBYIOIIMM JEUCTBUTEILHOCTU. Takoe 3asBJICHNUE CAEIAIN YUYEHBIEC U3 Pa3HbIX

CTpaH MHpa, OOBEAUHUBILINECS AJI1 YCTAHOBJICHHUS TOYHOU CKOPOCTH HEUTPUHO.

quHme, B 94aCTHOCTH, IPOBCIIA IKCIICPUMCHT, IO UTOTaM KOTOPOI'O BBIACHWIIOCH, YTO
HJaCTHUIIbI HeﬁTpHHO, HCTOYHHUKOM KOTOPBIX SABJIACTCA yAAJICHHAA OT HallleW IJIAaHEThl Ha
YCThIPC MHUIUIMOHA CBCTOBLIX JICT TAJIAKTHUKA, IMPWICTAKOT Ha 3eMIIr0 Ha OIHY

MWUIHAPAHYIO JOJIFO CCKYHBI ITO3KEC, YEM CBCT OT 3TOTO K€ 3BC3/THOT'O CKOIIJICHUA.

To CCTh, HeﬁTpHHO COBCCM HC3HAYUTCIIBHO, HO MCIAJICHHCC CBCTA. n YK TOYHO HC
6I>ICTpCe —  0COOEHHO MMOAYCPKUBAOT HCCIICAOBATCIIN, OIIPOBCPrmine MHCHUC,

cymectBoBasiuee ¢ 2011-ro roaa.

"Yacmuysbl HeUMpUHO OKA3ANUCL MeHee Obicmpuimu, yem ceem. To ecmw, cxopocmu
HeUmpuHo U ceema 6HOJHE CPAGHUMbI, HO YACMUYbl 6Ce-MAaKU OBUNCYMCA C
He3HayumenbhblM — omcmaganuem”, —  TOBOPAT  aBTOPbl  MEXIYHAapOJHOTO

HCCIIEIOBATEIBCKOTO  IIPOEKTA. (https://planet-today.ru/novosti/nauka/item/90149-

uchjonye-ustanovili-tochnuyu-skorost-dvizheniya-nejtrino».

[TpuHIIMT KOPITYCKYJISIPHO-BOJIIHOBOTO Jlyajdn3Ma paclpoCcTpaHsIeTCs Ha HEUTPUHO Kak Ha
MaTepHAbHYI0 (MMEIONIYI0 MAacCy) SJEMEHTapHYI0 YaCTUIly CaMbIX MAaJIbIX Pa3MEpOB.
Kax xopmyckymna ono mommkHo uMmeth Gopmy. Ilycts 31a hopma Oyaer nmummaapom. Kak
BOJIHA, B K&KJJOM HOBOM MECTE HEUTPUHO COCTOWT M3 HOBBIX AJIEMEHTOB 00BEMa Cpebl

pacrpocTpaneHus. B maHHOM cirydae 31eMeHTOB 00béMa Om-cpeibl.
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Puc.53. Hunuaap HEHTPUHO B BEPTUKAIBHOM IMOJIOKEHUHU U €T0 CEUCHHE BHU3Y.

HYCTB MUJIWHIAP HeﬁTpPIHO ABHIXKCTCA CO CKOPOCTBIO, MEHBIIIEH CKOpPOCTH CBCTa B

Om-cpezxe. BHYTpI/I OUJINHAPA IMapaJlJICIIbHBIC JTHMHUN H306pa)I(aIOT KOJIBICBBIC IIOTOKH

Om-cpenbl. OTH TOTOKM BHYTPU LWJIUHApPA JBIKYTCS OTHOCHUTEIBHO IMHJIWHIPA CO
CKOPOCTBIO CBETA B MPOTUBOIOJIOKHOM HarpaBieHud. O HOHAIIpABICHHbIE TTOTOKHU, KaK
M3BECTHO, TMPUTATUBAIOTCSA. DJTO IMUPOKO HAOIIOAAETCS B TOTOKaxX rasa, »XUIAKOCTH,
anekTpuuectBa. CrenoBareiabHO, HA IIWIMHAP OyJeT ACHCTBOBATh HANMPSIKEHHOCTH

paanuajJdbHOro CTAXKCHHUA K €0 OCH.

[Tockombky cybOctanmmanbaas Om-cpefa He pa3pbiBHA, HANPSHKEHHOCTH PaTUATBHOTO

CTSDKCHHSI TIOTOKOB BHYTPHW IIWUIMHIpA paguaibHO pacmnpocTpansetrcs B Om-cpene BHE
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MWIMHAPA HEUTPUHO. DTa HAMPSHKEHHOCTh CTSHKEHHS pacnpocTtpasseTcs B Om-cpene co
CKOPOCTBIO CBeTa. PacCMOTpUM HEUTPHHO B CHCTEME KOOPAMHAT, IPUBA3AHHON» K

HEUTPHUHO.

Puc. 54. Crsxenne Om-cpeabl IBHKYIIMMCS IO CTPEIIKE HEUTPUHO C MOYTU CBETOBOM

CKOPOCTBIO B CUCTEME KOOPAUHAT, ABUKYIIEHCS C TOM %KE€ CKOPOCTBIO.

Crsoxenne Om-poCcTpaHCTBA TTOKA3aHO 00JIee CBETIIBIM IIBETOM 10 CPABHEHHUIO C IIBETOM
caMoro IWIMHApPA HEUTPUHO, a HE CTAHyTas cpena Om-mpocTpaHCTBa BIEPEIU U C3aU

HeﬁTpHHO OTOBCYCHO CBCTJ’IO-FOJ’IY6I>IM OBCTOM.
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WsBectHa peaknus ve+ p — €'+ n  (®. Paitnec u K. Koysn, 1956 r.), kotopas
noaTBepawia runore3dy Heutpuno (Ilaymm, 1930 r.). B pesynbraTe B3aumMojencTBUs
3JIEKTPOHHOTO aHTHHEHTPHHO ( ¥¢) ¢ MPOTOHOM (P) 06pasyeTcs Mo3UTPoH () 1 HeHTpoH
(n). B cBOOOIHOM COCTOSTHMM HEHTPUHO (AaHTHHEHTPUHO) JABIIKETCS C OYCHBb OOJIBIIOH,
HO HE CBETOBOI CKOPOCTBIO. I'/Ie 0Ka3anochk *e B pe3ynbTaTe B3amMojeiicTeus PaitHeca-
Koysna? B HCTHMHHO 3J1€MEHTapHOM MO3UTPOHE €ro ObITh He MoeT. Mcue3HyTh He
MoskeT. OcTa€Tcsi TOJIBKO OJIMH Pa3yMHBI OTBET — B HEUTPOHE. DTO MOJATBEPKAACTCS U
TeM (haKTOM, YTO CBOOOJHBIM HEUTPOH B TeueHue 16 MUHYT pacmajaeTcss Ha MPOTOH,
AJIEKTPOH U AJEKTPOHHOE aHTUHEHUTpHUHO. Clie10BaTENbHO, 3JIEKTPOHHOE aHTUHEHTPUHO
coliepkUTCs B HeWTpoHe. Ho 3To 03HavaeT, 4To 4acTHila C IOYTH CBETOBOM CKOPOCTHIO B
CBOOOJTHOM COCTOSIHUM JIOKAJIM3YeTCsl B HEUTPOHE, KOTOPbI MOXXET HAXOJUTHCS U B
nokoe. Ho kak? Takoe MOXHO JOMYCTUTh, €CIAM IWIMHIAP HEUTPUHO MOXKET

CBOPAYNBATHCA, B IIPCACIIC 10 CMBIKAHUS «T'OJIOBBD) C KXBOCTOM.

CBopaunBaHue MWIMHAPA HEUTPUHO B KOJIBLO MPUBOJUT K TOMY, YTO LMJIMHAPUYECKOE
csokeHre  cpenbl  Om-mpocTpaHcTBa mpeoOpa3yeTcsi BO BCECTOPOHHEE OO0BEMHOE
CTSDKEHUE K IEHTPY KoJiblla HeWTtpuHo. IlycTh uunuHap HEUTpuHO HaA puc. 54
CBOpauMBaeTcs IO 4YacoBOM crpenke. JleBas dYacTh UMIMHApA CTSKEHUS CPEJbI
Om-mipocTpaHCTBa OKaXETCsl BO BHE KOJbIA U3 CBEPHYTOrO LWJIMHApPA HEUTPUHO, a
npaBasi 4YacTb UWJMHApPA CTsHKEHUs cpeabl Om-mpocTpaHCTBA OKaXETCS BHYTPH
CBEPHYTOrO KOJblla W3 UWJIWHAPA HEUTpUHO. [Ipy cBOpauMBaHMM LUIMHIPA HEUTPUHO
B KOJIBLIO JUIMHA U IIHPHWHA MPSIMOYTOJBHOTO OCEBOI0 CEUCHMS, NEPIEHINKYISPHOrO K
IJIOCKOCTU OCEBOTO CE€YeHUsi Ha puc. 54 wu3MeHsorcs. B mapanienbHbIX K HEMY
JIEBOCTOPOHHUX IPSMOYTOJBHUKAX JUIMHA U3MEHSETCS BIUIOTH 10 JIMHUM — BHEIIHETO
JaMeTpa KOJIbla HEUTPUHO, a BCE MapaJUICIbHBIE K HEMY IPAaBOCTOPOHHUE
MPSIMOYTOJBHUKU OYyAyT YMEHBIIATHCS U MO JUIMHE, U MO IIMPUHE BIUIOTH A0 JUHUU —
BHYTPEHHET0 JUAMETPa KOJIbIA HEUTPUHO. J(MaMeTp HWIMHAPA HEUTPUHO COXPAHSAETCS

B AMaMCTPC CCUCHUS KOJIbLAa HeﬁTpI/IHO.
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B pesynbrate cBOpauMBaHUS LWIWMHIpPA HEUTPUHO HA pHC. 54 MOIYy4YHM KOJIBIO
HEUTPUHO BMECTE C HANpPsHKEHHOCTBIO CTSHKEHUS cpelibl Om-mpocTpaHcTBa Ha puC. S5.
OueBusiHO, TMIAMHApUYECKOE CTsokeHHe Om-cpedpl HMIMHIPOM HEUTPUHO MPHU €ro
CBOpPAaYMBAHUM B KOJIBIIO TMEPEXOAUT BO BCECTOPOHHEE CTshKeHHME Om-cpenbl K UEHTPY

KOJIbLIa HEUTPUHO.

Puc. 55. Bcecroponnee ctsizkeHue cpenibl Om-mpocTpaHCTBA KOJIbLIOM HEUTPHHO.

Bcecroponnee crskenue cpeapl 0m-mpocTpaHCTBa KOJIBLIOM HEUTPHUHO MTOKA3aHO TOJIBKO
yeTbIppMsl  cTpenkamu. KoHUEHTpHYecKkre OKpPYKHOCTH BHE KOJIbIIAa HEUTPUHO
MOKA3bIBAIOT YOBIBAIONIYID C PACCTOSHUEM HAMPSHKEHHOCTh  CTSOHKEHUS  CPEJbl
Om-ipocTpanctBa. Ecnu munmuHap HEUTPUHO HA pHC.54 CBOpaYMBAECTCS IPOTUB YaCOBOU
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CTPEJIKHU, TO pe3ynbTaT OyAeT TOT ke, 4ro Ha puc. 55. Ilpu cBopaumBaHUM LUIUHAPA
HEWTPUHO B KOJIBLIO NIEPBOHAYAIbHAS IIOUYTH CBETOBAS CKOPOCTh LUJIMHIAPA HEUTPUHO HE
oOHyngeTcsi. OHa COXpaHsSeTcsl B KOJIbLIE, T.€. KOJIBLIO BEPTUTCA C IMOYTU CBETOBOU
ckopocThlo. KoHeuHo, nmokosumxcst CBOOOJHBIX KOJIbLIEBBIX HEUTPUHO HET. CBOOOAHbBIE
HWJIUHAPUYECKHE HEUTPUHO CYIIECTBYIOT TOJIBKO B JBMKEHHHM C IIOYTH CBETOBOM
cKopocThlo. JIoKanu3oBaHHbIE (KOJBLEBbIE) HEUTPUHO MOTYT OBITh TOJBKO B COCTaBE
IPYrUX YacTHWll, HampuMmep, B HelTpoHax. [loaToMy B3anmmoneicTBUE ABYX HEWTPUHO
MO>KHO paccMaTpUBaTh, TOJBKO OTBJIEKAsACh OT JBYX MPOTOHOB U JIBYX 3JIEKTPOHOB B
cocTaBe [JBYX HEHTPOHOB, T.€. cuMTas uUX OTcyrcTByromumu. Ilpm  Takux
UJCATU3UPOBAHHBIX YCJIOBUSAX [JBA KOJBLEBBIX HEUTPHUHO, KaXJO€, CTATMBas Cpery
Om-nipocTpaHcTBa, OyQyT B3aMMHO MOATATHBATH APYr  JApyra B COOTBETCTBUHU C
¢dopmynoii HetoroHa 3akoHa BCeMHpPHOTO TAroTeHUs. Eciu Mexay HUMHU HET HUKaKUX
MaTepUANIbHBIX Tperpajl WM IEHTPOOESXKHBIX CHJI, TO OHHM OYIyT COMMKATHCS.
COmmkarbest OynyT MO TPUYMHE OTCYTCTBUS compoTuBiieHus Om-cpeasl U mperpan
Mexay HumH. CompotuBieHusi cpeabl Om-MpocTpaHCTBa HET MO TOM NPUYHMHE, YTO
JIBUKYIIUNACA C TIOYTH CBETOBOM CKOPOCTHIO BO30YKIEHHBIM 3yeMeHT Om B KOJbIE
HEUTPUHO C TaKOH k€ CKOPOCTHIO 3aMEHsETCA HEBO3OYX AEHHBIM djeMeHToM Om u3
BHEIIHeN cpenapl Om-TipocTpaHCTBA MpU MEPEXO/€ K HOBOM TOUKE MPEOBIBAHHS KOJbIA
HelWTpuHO. Takoi 0OOMEH ¢ TIOYTH CBETOBOM CKOPOCTBHIO TIPOMCXOAUT II0 BCeH
IIOBEPXHOCTH pasjena MEXAY ABWKYLIUMCS KOJBLIOM HEWTPUHO M HEMOJBUXHOU

okpyxaromieir  Om-cpenoi.

Wnes moarankuBaHusi HEOECHBIX TEJ APYT K Apyry, Oepyias Hadano emé oT ¢puinocodon
HpeBHeit Dmnaael, MaTemMaTudecku odopmieHHas JlecakeM, 3aBepIIUBIIAsCA
¢usnueckoit Teopueil rpaButanuu DemynaeBa, OCHOBBIBaJach Ha A(pUpPEe — MYyCTOM

IrCOMCTPHUICCKOM IIPOCTPAHCTBEC C XdOTHYCCKH  ABMXKXYIIUMHUCA  YaCTHOAMHU  OT
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MEJbYAUIINX HEBUIAMUMBIX 10 PA3JMYHBIX BHUXPEHM HMEPAPXUUYECKUX  YPOBHEU

(http://www.sciteclibrary.ru/c gi-bin/public/YaBB.pl?num=1543816467).

B oraumume ot a3dupa, B KOTOPOM aOCTPAKTHOE TIE€OMETPUYECKOE TPEXMEPHOE
IIPOCTPAHCTBO  BcelleHHOW — MmaTepuanusyercss  «MEJIbYaWIIMMU  HEBUAUMBIMI
MaTepUaIbHBIMU ~ YaCTULIAMM, (PU3NYECKOMY TMPOCTPAHCTBY U3 HEMPEPHIBHOIO

CcyOCTaHIIMAIbHOTO ecTecTBeHHOro anemenrta Om (http://www.sciteclibrary.ru/c gi-

bin/public/YaBB.pl?num=1543816467) He TpeOyrTCs  MaTepUalbHBbIC <«AQUPHBIC

gacTuib».  HepaspeiBHas cyOcrtaniuss Om  sIBISETCS JAOMaTepHalbHOU (MaTEpHUIO
poXKaaroleld, MaTepuio coctapismomei) cymuoctbio (http://www.sciteclibrary.ru/c gi-
bin/public/YaBB.pl?num=1543816467).

HanmMensbIme NCTUHHO 2JIEMEHTAPHBIC YaCTUIIBI HEUTPUHO COCTOST U3 BO30YKIEHHOU 10
MOYTH CBETOBOM ckopocTu cyoctaniuu Om. [lapannenbHble TOTOKK 3TON BO30YKAEHHOM
cyocraniuu Om B Qurypax, popmax (Tenax) HEHTPUHO, IBIKYIIMXCS MPSIMOJIMHEHHO
WIM B KOJIbIIE, CO3JAIOT B OKpYXarollell HemoABMXKHOM Om-cpene HanmpsiKEHHOCTU

CTAOKCHUA Om-HpOCTpaHCTBa.

JIBa HEWUTpHHO, Kaxaoe ctaruBasg Om-mpocTpaHCTBO, MOIATITUBAIOT Apyr apyra. Ilpu
OTCYTCTBUU compoTuBieHuss Om-cpenbl, 00yCIOBIEHHOTO OOMEHOM C MOYTH CBETOBOMU
CKOPOCTBIO  BO30YXIEHHBIM (Om-3JIEMEHTOM B HEHUTPUHO M  HEBO30YXKIAEHHBIM

Om-anemenToM Om-TIPpOCTPAHCTBA, 3TH JBa HEUTPUHO COTMKAIOTCS.

B siBiieHMU rpaBUTALINU MPOSBIAETCS NOATITHUBAHUE (TSITOTEHHE), HO HE MOATAIIKUBAHUE
TUMOTETUYECKUMH ~ MENbYAUIIUMUA  HEBUJIUMBIMU S(DHUPHBIMU  YaCTHUIIAMHU. Camu
HEUTPHUHO (peanbHbIC MEIbYANIINE HCTHHHO 3JIEMEHTAPHBIC YaCTUIIBI) HE MOTYT OBITh B
poiin «3(UPHBIX YaCTHUI», B3aUMHOE SKPAaHUPOBAHUE KOTOPHIX HEOECHBIMU TEJIaMH
MOATATKUBAIOT UX APYT K Apyry. [IpuunHa ocHoBaTenbHAas. 3BE3IBI U IPYTUe HEOCCHBIC
Tena, Kpome, OBbITh MOXKET, HEHUTPOHHBIX 3BE3l U YEPHBIX [JbIp, MPO3pPayHbl JIs
HEUTPUHO.
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HeliTpuHo, kak u QOTOH, ABISETCS KOPNYCKYJISIPHO-BOJIHOBOM 3JIEMEHTAPHOM YacTHUIIEH,
T.€. XapaKTepu3yeTcsl YaCTOTOM W IJIMHOM BOJIHBL. B oTinume oT oTOHA HEUTPUHO HE

BCTYIIACT B QJICKTPOMAIrHUTHOC B3aI/IMOI[€I\/'ICTBI/I€.

Ho HelTpruHO B3aUMOAEHCTBYET C IIPOTOHOM, T.€. BCTYNAeT B CUIBLHOE B3aUMOJEUCTBHUE,
Hamnpumep, IpU ONPEHEIEHHBIX YCIOBUAX OJIIEKTPOHHOE AHTUHEHTPUHO BMECTE C
JIEKTPOHOM 3aXBaTbIBAETCsS (JIOKAIM3YETCs) IPOTOHOM C IEPEXOJOM €ro B HEUTPOH.
['oBOpAT, uTO HENTPUHO (aHTUHENTPHUHO) MpoJieTaeT ConHile, He 3aMeyas ero. U kak mpu
TaKOM WMHEPTHOCTH MPOUCXOAUT 3aXBaT €ro IPOTOHOM, NPUYEM  OJHOBPEMEHHO C
NEKTpOHOM — 3aragka. OpHako, B sAepHOM (u3Mke Takue TpPEXUACTUUYHBIC

BSaHMO}IGﬁCTBHH CUUTAOTCA PCAJIbHBIMU.

UTto xe KacaeTcsl TPaBUTAIIMOHHOTO 3apsjia, 0OOYCIOBJICHHOTO CTATHUECKUM CTSKEHUEM
Sp-cpenpl, TO UM 00JIaJJaeT U TOP-HEUTPUHO, XOTS TOPaA3J0 MEHBIIUM IO CPABHEHHUIO C
TPaBUTAIMOHHBIMM 3apsilaMd  TOpa-dJIEKTpOHA U Topa-no3uTpoHa. IlostoMy mydu
HEUTPUHO OT JAIEKUX 3BE3M MPHUHITUIIUAIBHO JTOHKHBI OTKIOHATHCS BOIM3u Comnaia. Ho
MPOCIEAUTh 32 «IEeCUMHKAMU 3BE3AHBIX HEUTPUHO»  MPAKTUUECKH HEBO3MOXKHO B

«Caxape COJTHCYHBIX HCﬁTpHHO».

IMupamuga oObITHA
BbriTre — cyniecTBOBaHME + KU3Hb.

I/ICXOI[H N3 3TOI'0 OIIPCACIICHUA OBITUS U U3 BBIINICHU3JIOKCHHOI'O, MOKHO OIIMCAThb O6HIYIO

[Mupamuny ObITHSA:
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Yeno -
BeuyecrBo

[uckpeTHaa marepus
HelTpuHO, raMma-¢pOoTOHbI, 3NEKTPOHbI, NO3UTPOHbI,
HYKNOHbI, aToMbl, Tesna, HebecHble Tena, CKOMMEHUA raNakTuK

b ETY
TBOpALWAA
Xusuo
CO3Halowasn

b ETTY

Cyuwecr -
BOBaHMue

Om
HenpepbiBHaa ogHopoaHan cy6cTaHumMA

Puc. 56. Ilupamuna ObITHs.

B ocnoBanuu Ilupamunbl ObiTust HenpepbiBHAA oaHOpoaHas Om-cyOcTtanmus. HexuBas
JTUCKpETHAsT MaTepusi: HEUTPUHO, ramMma-(OTOHBI, DJIEKTPOHBI, MO3UTPOHBI, HYKJIOHBI,
aTOMBbI, Tella, HeOEeCHbIE TeJa, CKOIUIEHHS TaJaKTUK COCTOMT W3 BO30YKICHHOM
Om-cpenbl. PacTeHusi, MUKpPOOPraHH3MBI COCTaBIAIOT TEPBBIE JBE CTYNEHU BBICIICH
(GbopMBI CyIIECTBOBaHUS — >KU3HU. JKUBOTHBIE OTHOCATCA K CTYNEHU CO3HATEIbHOU
*u3HU. B camom nene, HaGmrogas 3a 1OOBIBAHMEM TUIIH, HAPUMEpP, CTAU BOJIKOB WITU
KacaTOK, HEBO3MOXXHO OTKa3aTb MM B HaJW4YuU CO3HAaHUA. VX mnoBeneHWE BBIAAET

QJICMCHTEI CTPATCTUH, TAKTHUKHU U OIICPATUBKHU.

Ha Bepmmne [Tupamunbl ObITHS )KU3HB TBOPSIIAs — yejgoBeduecTBo. Ha camom aerne moau
OTJIMYAIOTCSI OT KUBOTHBIX HE TOJIBKO MOUCKOM M CO3[JaHHEM HEOOXOAUMBIX YCIOBUIA
JUIsT OMOJIOTMYECKOM JKM3HU, HO U KU3HBIO JTYXOBHOM, JTYXOBHBIX TBOPEHUI BO BCEX
chepax yMCTBEHHOW JEATEIBHOCTH: PEJIWIWU, JIUTEpaType, HCKYCCTBE, HayKe,

dunocodwuwu, ...
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Bce wu3menennss Bo BceneHHOW mTpoOMCXOASAT B KOCMHUYECKOW cpene, B Om-cpene.
JIUCKpeTHBIE MaTepUAIbHbIE HWCTHHHO DJJIEMEHTApHBIE YACTHUIBI POXKIAIOTCI U
YHUYTOXKAKOTCS; COCTABHBIE DJJIEMEHTAPHBIE YAaCTULBI, HOHBL, AaTOMBI, MOJEKYJIbI
00pa3yloTcs M pacnajaloTcs; OCYIIECTBISIOTCS arperatHble COCTOSHUS IUIa3Mbl, T'a30B,
KUJKOCTEH, TBEPABIX TEJI U HMX B3aWUMHBIE INEPEXONbl; 3aKUTAIOTCS U TaCHYT 3BE3[bI,
(dopMUpYIOTCS U pacnafaroTcsl HeOECHBIE TeNa, TaTaKTUKU. Bece MaTepuanbHble 00ObEKTHI,
BIUIOTH JI0 UX OMOpa3zHoo0pa3us, BKIOYas YeI0BEUECTBO, COCTOAT U3 Om- €CTECTBEHHOIO
AJIEMEHTa, TOJBKO BO30YKIEHHOTO JIO CKOPOCTHM CBE€Ta IO CPAaBHEHUIO C
HeBO30Yy)eHHOM Om-cpenoil. Bcest OeckoHeuHass u BeuHas BcelieHHas cOCTOUT U3

Om-pemMeHTa, HEeBO30YKJIEHHOTO M BO30YKIECHHOTO.

Om-ecrecTBeHHBIN 3neMeHT, Om-cpena TpeOyoT TIIATEBHOTO HW3Y4YEHHUs, OCO3HAHUS,
ocBoeHMs. Ha 3TOM He JerKoM, HO MHOTOOOCIIAIONIEM ITyTH OTKPOIOTCS TOJITOCPOUYHBIE,
U Jlajiee OKOHYATEJbHBIC PEHICHHS KIIMMAaTHYECKUX, IKOJOTHYCCKUX U SHEPIeTHUYCCKUX

poOJIeM.

Heiitpon

C 30-X T0J10B MPONLIOTO BEKa YCTOSIOCH MOJIOKEHUE O TOM, YTO BHYTPH SIJIEP aTOMOB U
HYKJIOHOB HET 3JeKTpoHoB. WM 3T0, HecmoTps, Ha saBieHus P-pacnaga u K-3axsara.
Berxoguino Tak, 4TO W3 YEro-To POXKAAIOCh HEUYTO, HO €ro TaM He ObUIO, Jaxe B

3apojipiie. A BHEIPSSICh BO YTO-TO, 3TO HEUTO UCYE3a10 OecCleaHO.

Ho HuuTO HE BO3HMKAEeT M3 HUYEro, U HUUTO HE Mcye3aeT OeccieHO BO BceneHHoi.
DTO — IPUHIUIT COXPAHCHUS B BEYHOCTH HEMPEPHIBHOM SP-cpeabl W MaTepuud BO

Bcenenoii.

['TaBHOW TPUYMHON CKIOHEHHS K TaKOMY IOJIOKEHHUIO OBLI T€OMETPUYECCKHHA (haKTop.

Pa3mep snexktpoHa cuuTaics OoJbllle pa3MepOB HYKJIOHOB, M MEHbIIEE HE MOTJIO
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BMCIIATh OobIee. OI[HaKO, B HacCTodAmES BpEMsA HMMCIOTCA OLICHKH, YTO pa3sMEpPhbl

5JIEKTPOHA U HYKJIOHOB CONOCTaBUMEL, mopsiaka 107° m,

ChpammBaercsi, €Ciau 3JIEKTPOHA HET B HEUTPOHE, TO, KaK OH BO3HMKAET IIPU pacHaie
HEWTpoHA? AHAJOTMYHBIA BOIPOC KacaeTrcsi M HEUTpUHO. Ecnu HeuTro pokaaercs H3

4€ro-To, TO 3TO 4YTO-TO AOJDKHO UMCTh, I10 MEHBIICH MCPE, 3apOoAbIld 3TOr0 HEYTO.

OCHOBBIBasSICh Ha 3aXBaT€ AHTUHEHUTPUHO M HJIEKTPOHA MPOTOHOM, MOXKHO CHIEIATh
npeanoiaoxenue o crpoenun Heiltpona. O ToM, Kak MPOUCXOAUT 3aXBaT aHTUHEUTPUHO
OPOTOHOM HHUYEro HE MU3BECTHO. MOXKHO MPEANOJIOKUTh, UYTO AHTUHEUTPUHO, KakK
4acTulla, UMEKIas Kakyro-To (GopMy, Hampumep, HMIWIMHAPA, «HABOPAUYMBAETCS» HA
IPOTOH, Y KOTOPOrO MMEETCS] BHEUIHUM TOP-TIO3UTPOH. DJICKTPUUECKU HEUTPATbHOMY
AHTUHEHUTPUHO,  TOJIOKUTEJIBHO  3apSDKEHHBIM  MO3UTPOH  HE  MEMIAeT  €ro

«HaBopauuBaHuto». [lonydaercs kak Obl BHEITHUI TOP-aHTUHEUTPUHO.

Ecnu Topy-aneKTpoHy «HaBOpauyuMBaTHCS» HA TOP-TIO3UTPOH HEBO3MOXKHO U3-3a
AHHUTWISALUYA, TO Ha TMPOMEXKYTOUHBIA TOP-aHTUHEHUTPUHO, MO-BUAMUMOMY, MOXKET.
DNEeKTPUYECKU HEUTPAJIbHBIN TOP-aHTUHEHTPUHO MPEMSATCTBYET «CIUSHUIO» AJIEKTPOHA C

MO3UTPOHOM C HEN30ES)KHOM aHHUTHIISITUCH.

Hrak, Ha MPOTOH «HABOPAYMBAKOTCS» AHTHHEUTPUHO U JIEKTPOH. B pesynbrare, mpoToH
CTAaHOBUTCS HeUTpoHOM. HO B CBOOOJHOM COCTOSHHMM HEUTPOH HE CTAaOWJIEH, W IIO
HMCTEUEHUHU NpPUMEPHO 16 MHUHYT pacrnajgaercsi Ha MPOTOH, 3JEKTPOH U BIEKTPOHHOE

anTuHeTpuHO. CBOOOIHBIE TIPOTOH, SJIEKTPOH M AHTUHEUTPUHO — CTAOMIIHHBIC YACTHUIIHI.

IIporon

Hcxonsa w3 ONMCAaHHOTO NPEAIONOKEHUSI JOCTPOMKM MNPOTOHA OO HEUTPOHA, MOYKHO
HAMETUTh CTPOEHHE CaMoro mnpoTtoHa. Ha TOp-NMO3UTPOH «HAKPYYUMBAETCA» TOP-

anTuHenTpuHo. Ha 310 2-TopoBoe 00pazoBaHue «HaAKpy4dUBaeTcs» TOp-31eKTpoH. Ha 3to
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3-TopoBOe O00pa3oBaHUE «HAKPYYMBACTCS» Top-aHTHHEHTpuHO. Ha »3TO 4-TOpoBOE
o0pa3oBaHNE «HAKPYUYUBACTCS» TOP-TIO3UTPOH. Bes 5-TOpoBask KOHCTPYKIHSI 3apspKeHa
MTOJIOKUTEIIBHBIM 3JIEMEHTAPHBIM 3apSAI0M. DTy KOHCTPYKIIHIO MOXHO TIPHHSTH 32 PO
nmpoTroHa. Ha HeEro MoryTt mocienoBaTelbHO «HABOPAYHMBATHCS» 4-TOPOBBIE «3BEHBS» -
ClIoU WX OOOJIOYKH, TOJAOOHBIE 5-TOPOBOMY S/Ipy, HO 0€3 LEHTPAJIBHOrO IMO3UTPOHA.
Macchl siapa IpoTOHa U HEOOXOJIMMOTO KOJIMYECTBA «3BEHBEB» B CyMME JOJDKHBI J1aTh
Maccy npotoHa. KonmuecTBO KOHIIEHTPHYECKUX 3BEHBEB HEOIPEACIEHHO, MTOTOMY YTO
MacCChl «CBSI3aHHBIX» TaKMM O0pa3oM MO3WTPOHOB, AHTUHEUTPUHO M IJICKTPOHOB MOTYT
HE PaBHATHCS MaccaM CBOOOHBIX MO3UTPOHOB, AHTUHEUTPUHO M SJICKTPOHOB 32 CUET UX
JIOTIOTHUTEIIBHOTO CXATHSl BHYTPU CHUCTEMBI BJIIOKCHHBIX KOHIICHTPHYECKHX TOPOB. UeM

00JbIIIE CKATHE TEN TOpPOB, TCM 00JIbIIIE UX MACCHI.

SAnpa atomoB

[Iporon — sapo aroma Bomoponma (Ilpotus). OH MoxeT 00pa3oBaThCcsi B IMpoIecce
CaMOITPOM3BOJIBHOIO pacnaja HEUTpOHAa, KOrjJa KUHETHYECKas SHEpPrusl >3JIEKTPOHA
J0OCTaTO4YHA JJii TOTO, 4YTOOBI TOKUHYTh «cdepy» BIUSHUS TOJIOXKHUTEIHHOTO
ANEKTPUUYECKOTO 3aps/ia OCTaBIIErocs MNpoToHa. IIpOTOH MOXKHO CUMTaTh MPOAYKTOM
pacnama HeWTpoHa. «BbuleTenw» W3 HEro KpaWHUE OJJIEKTPOH H  DIIEKTPOHHOE

«AQHTHUHEUTPUHOY.

KoHuieHTprueckre ciiou TOpOB CKAaThl, T.€. TeJia KOJIEL] CYXKEHbI, 1 OHH Ha CBEPXMAaJIbIX
PACCTOSIHUSIX TIOpsiiKa (PEMTOMETPOB OUYEHb CHJIBHO CTATUYECKH U JTUHAMHYECKHU
(IOTOKOBO)  B3aWMOJEUCTBYIOT. B03MOXKHO, Ha CBEpXMajblX pacCTOAHMUAX (HA
CONPHUKACAHUHU TOPOB) HAMPSIKEHHOCTH CHJIOBBIX CTAaTUYECKUX (IPaBUTALIMOHHBIX) U
JUHAMHYECKUX (RIEKTPUUYECKUX) TOJIe HapacTaloT Oojiee yeM OOpaTHO KBaJApPaTUYHO

PaCCTOAHUIO.
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PaccmoTrpum ctaOumnbHbIN u30Ton Bogopoaa — Jleitepuii, y KOTOPOro sIAPO COCTOUT M3
IIpoTOHAa W HeuTpoHa. IloyeMy B CBA3KE ¢ IPOTOHOM HEUTPOH HE pacmajgaercs Ha

IIPOTOH, BIEKTPOH U «AHTUHEUTPUHO»?

ITouemy nBa HykJIOHA B sape [lelrepust CTONb CUIIBHO «IIPUKIEEHBD» APYr K APYry U
HEUTPOH, CBA3aHHBIM B sApe C APYIMM HYKIOHAaM, YK€ HE pacnajaercs Ha IIPOTOH,

AIIEKTPOH U AJIEKTPOHHOE «aHTUHEUTPUHON?

B Sp-cpene BO3MOXHBI TOJBKO CTATHUECKHUE CHUJIOBBIE TPABUTALIMOHHBIE TOJS U
JUHAMUYecKue (MOTOKOBbIE) CUIIOBBIE AJIEKTPOMArHUTHbIE ToJis. JlJis, Tak Ha3bIBa€MbIX,
AJIEPHBIX CHUJIOBBIX TOJEeH HeT Sp-cyOcTaHUMadbHBIX OCHOBaHMN. CregoBaTenbHO,
UCXOAUTH HY’KHO TOJIbKO M3 CTATMYECKUX U IMHAMUYECKUX CHJIOBBIX MOJeH B Sp-cpene.
Bo3MoXHO, TpU CBEpXMaibIX PACCTOSHUAX HANPSHKEHHOCTHM 3THX CHIJIOBBIX IOJEH
HapacTalOT HE OOpaTHO KBAJpaTUYHO, a Ooyiee KPYTO C YMEHBUIEHHEM PaCCTOSHMS

BIINIOTb JO COIIPUKOCHOBCHHA TOPOB HCTHUHHO 3JICMCHTAPHBIX YaCTHII.

MOXHO NIPEANOJIOKUTD, YTO HEUTPOH «JIEITUTC» CBOMMHU KPalHUMH TOPOM-3JIEKTPOHOM
U TOPOM-«AHTHHEUTPUHO» C COCEAHUM MPOTOHOM. B 3TOM ciydyae, OBOWHOM TOp:
ANEKTPOH C «aHTUHEHUTPUHO» Kak Obl OOBOJIAKMBAET JBa MPOTOHA (OJUH COCEIHHM, a
JIPYrol COOCTBEHHBIN), U JTBOMHOE MPUTSHKEHUE HE IMO3BOJISICT TOPY-JICKTPOHY U TOPY-

«AHTUHEHUTPUHO» BHICBOOOXKIATHCS B UX CBOOOIHBIC COCTOSIHHUS.

D10 MoAo0HO B3aMMOCHCTBHIO aTOMOB B MoJjeKkyne Bomgopoma, korma cBsi3b MEXIY
aTOMaMU  OCYUIIECTBIIIETCS  «KOJUIEKTUBHU3AIMEN» O0O0OMX SJIEKTPOHOB B  OJHY
HACBIIICHHYIO JJIEKTPOHHYIO OO0OJIOYKY C JBYMS S-3JIEKTPOHAMH IMPOTHBOMOJIOKHBIX
CIIMHOB, HO B TOPa3/l0 MEHbIIUX (BHYTPUSAEPHBIX) 00bEMax. COOTBETCTBEHHO M CHJIbI
CUEIJICHUS HECPaBHEHHO OoJblliMe, 4eM MexXay atomamu Bomgopoma B Monekyle

Bopopona.

[To-BuamMoMy, Tpu HYKJIOHA B SIPE YKe HE 00Pa30BBIBAIOT CTAOMIBHONW «OOBOIOYKH:

(TOp-27eKTpOH)+(TOp-«aHTUHEHTPHUHO). OO0 3TOM CBHUIETEILCTBYIOT HECTAOWUIBHOCTH
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apa TPUTUS U HUYTOXKHOE cojepxkanue l'enus-3 mo cpaBHeHutro ¢ [ennem-4 B
npupoaroMm [emuu. fAnpo I'enusi-4 (o-vactia) ¥MeeT ABa MPOTOHA M JIBa HEHTpOHA.
Ckopee Bcero, OHU paclpenesstoTcs MO JABYM BbBIIICONMUCAHHBIM CTAOUIBHBIM IMapaM:
MPOTOH-HEUTPOH; HEUTPOH-IPOTOH. DTO MEPBOE, TAK HA3BIBAEMOE, JBAXKIbl MAarHYE€CKOE
a1po, oOnagarouiee MOBBIIEHHOW YCTOMYMBOCTBIO. Illo-BMAMMOMY, HOBBILIIEHUE
YCTOMYMBOCTH CBSI3aHO C T€M, 4YTO Maphl ¢ OOIIell BHEWIHEH «0OBOJOUKOI»: (TOp-
AIEKTPOH )+(TOp-«aHTUHEHUTPUHO»)  pACIONIaraloTCs HE pAaoM («IUiammMs»), a B
«CTONKY», OJUH HaJ JAPYTMM COOCHO M «BIPHUTHIK». B 3TOM cilyyae mOTOKM BHYTpHU

TOPOB TMApaAJUJICIIBHBI U OHH OYCHb CUJIbHO IPUTATHUBAIOT (CKHCI/IBaIOT) TOPBI AOpPYyI K

APYTY.

Ecnu 4 Ttakue «CTOIKH» PasMCIIArOTCA «ILJTallIMs» U «Ky6I/I‘IHO)> 0JIM3KO0 ApYyTr K Opyry,
TO HMEEM cicayromee ABaXIbl MArndcCkKoc AApO0 aroMa KHCIOoOpOoda — CaMoro
paCHpOCTpaHéHHOFO pJIEMEHTa Ha 3eMiie U BO BCEX APYrux CpaBHHUTCIIBHO XOJOJHBIX

HeOECHBIX TeJIaX W IBIJIEBBIX JaCTUulax B KocMmuueckom Sp-HpOCTpaHCTBC.

Spycel 3j1eMeHTOB U MaTepuu BO BceseHHou
BuyTpenHee u BHelTHEE B 0OBIIEHHOM CMBICIIE COBEPIICHHO SCHBIE MOHATHS. BOT apOys.
BuyTpenHocTh apOy3a COBEpIIEHHO MOHSATHA Ka)XJAOMY, OHa CJajKasi, BOJISHHCTAs, C
ceMeykaMu. BHenHee Toke MOHATHO — BO3/yX, WJIM BOJa, €CIU apOy3 MOrpy>KEH B BOILY
s oxnaxaeHus. Bor 3emms. Tpomocdepa, ruapocdepa, mantus, sapo. BoHe —
Bo3ayIIHas atMocdepa u crpatocdepa, namee nonochepa, Kocmoc. Bor Jlyna. JyHHBIH
IPYHT C KparepaMu U ropamu, BOKpyr Kocmoc. A kak y anektpoHa? 31ech HE BCE Tak
SACHO KaK ¢ TejamMu, HeOecHbIMM Tenamu. Ecim pasmepsl Tel MOXKHO H3MEpPUTh, TO
pasMep JJIeKTpoHa He wu3MepuM. [lo mociaeaHWM MaHHBIM TIOTIEPEYHHK JIIEKTPOHA
ouenusaercsa pemromerpamu (107 m). Ho sBnsieTcss  5T0 rpaHMIEil SIEKTPOHA, MU
TOJILKO TIIYOMHOW TEOPETHYECKOTO «30HAUPOBaHMs» dekTpoHa? [Ipeamonoxkum, 49To
3TO - 3aMKHYTas TPAHUIIA, «TOBEPXHOCTHY. TYT ke BOSHUKAET BOMPOC, 4TO (?) BHYTPHU U
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47O (?) BOBHE OT «ITOBEPXHOCTU» AeKTpoHa? MI3BECTHO, UTO «HEMOBUXHBIN» IJIEKTPOH
MPOSIBIISICTCS B TA0OOPATOPHOM CUCTEME OTCUETA IIEKTPUUECCKUM TOJIEM, & «TTOJBUKHBIN)
B J3TOM € CHUCTEME OTCYETA €II€ U MArHUTHBIM IIOJIEM, KOTOpPBIE BO3IACUCTBYIOT Ha
JIpyrue 3JeKTPOHbl U MPOTOHBI HA MAKPOCKONMUYECKUX (Hampumep, oT 1 MM u Ooinee)
paccTosiHugX. ['paBUTAIlMOHHOE  TOJIE HCKIIOYAEM U3 PACCMOTPEHUSA, BBHUIY €TO
c1aboCTH Ha JACCSATKH MOPSIKOB [0 CPABHEHUIO C SJIEKTPUUECKUM U MAarHUTHBIM TOJISIMHU.
Hano ckazatrh, 4TO Ha CETOAHSIIHUN JIEHh HUYEro HE H3BECTHO O BHYTPEHHOCTH
AJIEKTPOHA, a BHE OJJIEKTPOHA CYHUTAIOT: KTO «(QU3WUYECKU BaKyyM», KTO MYyCTOE
FEOMETPUUECKOE TPEXMEPHOE MPOCTPAHCTBO, KTO 3Pup. «dusznueckuii BaKyyM» — HEKas
cpena, cocTosias U3 BUPTYaIbHBIX (HECYIIECTBYIOIIUX B PEAIbHOCTH) AJIEMEHTAPHBIX
yactull B myctore. 910 B CM snementapusix yactuill. B CTO u OTO - mycroe
rEOMETPUYECKOE TPOCTPaHCTBO. B pasHbix Mojensx sdupa — BUXPH, TPaBUTOHBI,
AJIEKTPUYECKUE U MAarHUTHBIC TUMOJM U MOHOIMOJIH, ..., HEKME OCHUJUISITOPBI B MyCTOTE.
Kak Bugno, Bezne ¢urypupyer mycrota. Ho mycrota B mpenenbHOM CMBICIE — 3TO
OTCYTCTBHE 4ero Obl TO HU ObUIO, Beero. Takoro oObexTa B mpupojie HET U ObITh HE
mosxeT. Hanbonee 6:1m3ka Touka EBkinnaa 6e3 Bcex peanbHbIX TPEX n3Mepenuid. U touku
Esknuna B Ilpupone Het. Ilyctota — orcyrcTBue, Touka — orcyrcTBue. Ecimu A=C u
B=C, to A=B, t.e. myctora = Ttouka (Touka EBknmma). Takum oOpa3om, BHYTpHU
AJIEKTPOHA HEM3BECTHO UTO, M BOBHE JJIEKTPOHA TOXE Heu3BecTHO uto. Ho, Beap, «Hro-
TO» JOJDKHO OBITH BHYTPH 3JeKTpoHa. «HUuTO» BHYTpPH 3IEKTpOHA HHKAK HE MOXKET
ObITh, MHAYE W DJIJIEKTPOHA HE OBUIO OBbL. DNEKTpOoH Bce-Taku «UTo-To», MpU4YEM
CTabWIIbHOE, BO3MOXKHO, BEYHOE, €CJIM HE CTaJKWBACTCA C JAPYTHMH 3JIE€MEHTapHBIMU
gacturamu. 1o «UTo-To» comepxkaTh BHYTpH ce0s1, cOCTOATh U3 «HuuTo» He MoKeT HH
B KoeM ciydae. U3 «Huuto» moxeT coctosTh Tonpko «HrUuTO», HO HU B KOEM Ciydae He
«Uto-To». OTCrO0/1a BBITEKAET, YTO B DJIEKTPOHE JOJKHO ObITh «YTO-TO», YTO-TO
MarepuaibHOe, IyCTh, JOMaTepUalbHOE, MpamMaTepualbHOE, MEpBOMATEpPUATIbHOE, C
T000¥ IPUCTABKOM Mepe] KOPHEM «MaTEePHATBHOEY», PEaIbHO CYIIECTBYIOIIEM B HAIIIEM

TpéxMepHOM Mupe.
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A 4TO BOBHE 2JIEKTpPOHA? 1'OBOPAT, DIIEKTPUYECKOE ITOJIE DJIEKTPOHA CYLIECTBYET M HaA
6eckoneuHoctu. He mokasano, HO, «ycTh TOBOPAT!» DakT e B TOM, YTO SJIEKTPOH U Ha
caMoM Jiefie B «(U3MYECKOM BaKyyMe» B3aUMOJICUCTBYET C APYTUM 3JIEKTPOHOM Ha
MaKpPOCKOMMYECKUX PACCTOSHUSAX [0 CPaBHEHUIO C HUX «pa3Mepom». Eciau BoBHE
aleKTpoHa mycTtora, «HuuTo», TO copammBaercs, KakuM 0o0pa3oM  3JIEKTPOH
BO3JEUCTBYET Ha Apyrou 31ekTpoH uepe3 Huuto? Hukakum. Yepes «Huuto» He MoxkeT
OCYIIECTBIISITHCS HUKAKOE B3aUMOJICCTBUE. 3HAYUT, U BHE 3JIeKTpoHAa 3Toro « Huuroy» He
MoxkeT ObiTh. Eciin «Huuto» HE MOXeT ObITh, TOT/A, JOMKHO OBITH €r0 OTpPUIlAHUE
(npotuBomnonoxuoe) — «Hrto-to». «YTo-TO» BHYTpH U «YUTO-TO» BHE 3JIEKTPOHA.
BosHukaer ouepennoi Bonpoc: 3To «YTo-T0» OJUHAKOBOE U BHYTPHU, U BHE AJIEKTpPOHA?
KauecTBeHHO OAMHAKOBOE, HO HE 00s3aTENIbHO KOJUYECTBEHHO. Y KadecTBa «YTO-TOY,
BO3MOYKHO, €CThb KOJIMYECTBEHHOE paznuuyeHue. BozpMméM «UTO-TO», KOTOpOE BHE
aeKTpoHa. IT0 «YTO-TO» SKCHEPUMEHTAIBHO ((DU3UYECKON, TEXHUYECKH H3MEPUMOMU
CHANPSHKEHHOCTBIO  3JIEKTPUUYECKOTO TOJIs») IOKAa3bIBA€T, 4YTO OHO KOJIMYECTBEHHO
MEHSIETCSI C pACCTOSHHEM OT «IOBEPXHOCTH» JJIEKTPOHA, MNPUYEM, COBEPLICHHO
ONPENIENEHHO, 00paTHO-KBaAPATUYHO oT pPacCTOSTHUS. CrnenoBartenbHoO,
¢yHIaMeHTanbHOe  KauecTBO  «YUYTO-TO»  MeEHseTCs KOHKPETHBIM  KOJIMYECTBOM
duznueckor HANPSHKEHHOCTH DJIEKTPUYECKOrO TOJsl DJIEKTPOHAa OT BOOOpaKaeMoro
«Tena 3JIEKTPOHa» 10, BO3MOXKHO, O0ECKOHEUHOH Mayioi B OeckoHeuHocTu. OOpaTHO-
KBaJPAaTUYHO OT PACCTOSAHUS U3MEHSETCS HANpPsLKEHHOCTH JJIEKTpudeckoro mois. Ho
HaIpsHKEHHOCTh  AJIEKTPUYECKOTO TOJIA TOJBKO KOJIMYECTBEHHO MPOSBISIET CYIIHOCTH
kKadectBa «YTO-TO» Ha paBHOYNAJNEHHBIX pACCTOSHHUSIX OT DJJIEKTPOHA, T.€. Ha
KOHIIEHTPHYECKUX chepax COOTBETCTBYIOIIHNX paguycoB. [ToBepxHOCTH
KOHIIEHTPUYECKUX c(ep MpomopluHoHaIbHBI KBagpaTtaM paanycoB. [loaTomy MOHSITHO
yObIBaHHE HANPSDKEHHOCTH DJEKTPUYECKOTO TOJS DBJIEKTPOHA OO0paTHO-KBaIpPaTHIHO
pacCTOSIHUIO. DTO YKHCTO KOJUYECTBEHHOE pacrnpeneneHue (U3NYECKOW BEIUYUHBI
(XapaKTepUCTUKH) HANPSHKEHHOCTH DJIEKTpUYECKoro moiid. Takoe pacmpenelieHue

€CTECTBEHHO B TPEXMEPHOW OJHOPOJHOM H30TpomHOM cpene. CremoBaresibHO, cama
178



(yHIaMeHTalbHas CYIIHOCTh «Cpela» OJHOPOJHA W H30TPONHA, a pacIpeaesieHue
(u3nUecKol XapaKTepUCTUKU HANPSKEHHOCTU 3JIEKTPUUYECKOTO MOJIA 3JIEKTPOHA HE YTO
MHOE, Kak I[IOBEPXHOCTHAsl «IUIOTHOCTbY» JPYro  (PU3MYECKOHM CYIIHOCTH —
AIEKTPUYECKOTO 3apsia AIEeKTpoHa. Tak, 4To ke Takoe «UTo-TO» BHYTPH DJIEKTPOHA H
«UTo-TO» BHE 351ekTpoHa? UTOOBI pacCyKIaTh O «BHYTPU» U «BHE» DJIEKTPOHA, HY>KHO
3HaTh pa3Mep, PopMy AJIEKTpOHA. A ¢ HUMHU COBEpILICHHEHIas HeonpeaeaéHHOoCTh. Eciu
K TOCJEIHUM OLEHKAM pa3Mepa d3JeKTpoHa B (eMToMeTpax, BCIIOMHUTH OOpPOBCKUH
paauyc, U erle BHEIHUE 3JEeKTPOHbI B PuadeproBckom arome, TO MoxyvyaeTcs AuanazoH
mupuHoil 6onee 11 mopsakoB oT (gamromerpa no0 MukpoHa. O kakoil onpenenéHHOU
dopMe U pa3mepax 3JIEKTpPOHA MOXKHO TOBOPUTh B Takux ycioBusax? OnpenenéHHON
MOBEPXHOCTH paszjieia MEXIY «BHYTPb» M «BHE» 3JEKTpoHa (hakTHUEeCKH HEeT. MOKHO
TOBOPUTHh JIUIIL 00 W3MEHEHUH (UBMYECKON XapaKTEPUCTUKH TMOBEPXHOCTHOU
TUIOTHOCTH (PU3WYECKON CYIIHOCTH DJIEKTPUUYECKOTrO 3aps/ia OT «IEHTpa 3JIEKTPOHA.
Hanpsk€HHOCTh  3JEKTPUYECKOTO TMOJS  OKa3bIBAETCSl CTPOTO  MPOMOPIUOHAIBHON
«MOBEPXHOCTHOM TIIOTHOCTHY IPYroi (PU3HUECKON CYIIIHOCTH — 3JIEKTPUUECKOTro 3apsija.
3aKOHOMEpHOE K€  YObIBaHME  HANpPSDKEHHOCTH — DJIEKTPUYECKOro  MOJs  Ha
KOHIIEHTpUUECKUX cdepax yKa3blBaeT Ha OJHOPOJHYI0 M3O0TPOIHYIO  Cpeiy.
CrnenoBaTenbHO, «BHYTPH» U BO «BHE» DJIGKTpOHA OJHA W Ta K€ (yHIaMEHTalbHas
CYIIHOCTh — MpamMaTepuanibHas HEIpepbiBHAs cpena, U «UTo-TO» «BHYTPU» U BO «BHE»
3JIEKTPOHA OJHOW MpHpoabl. D10 «Uro-To» — Sp wmmm Gosee obmo Spti (Dcrnwuraii).
PaccMOTpeHHBIN YaCTHBIN CiTydail «BHYTpW» U «BHE» JOJKEH OBITh pAacIpOCTPaHEH Ha
Bcl0 Bcenennyto. [lotomy dro mpobOiemMa «BHYTpU» U «BHE» 3aTparuBaeT BCIO
Bcenennyto. TpaguumoHHO (NIPUBBIYHO) TOA MaTepueld MOHMMAIOT JAUCKPETHbIC
MaTepualibHble OOBEKThI: PJIEMEHTAPHBIE YACTHUIbl, HYKJIOHbI, aTOMbI, MOJIEKYJIbI, TEJa,
HeOecHble Tenma. Tpaaumus (mpuBBIUKA) ObUTa 3aJIOKEHA €€ B aHTUYHBIE BpPEMEHa C
MOHSATHEM HEBUJIUMBIX HEJEIUMBIX (YacTHII), JBHXKYIIUXCA B myctore. HaspiBanu 3tu
HEJleTMMbIE YacTUllbl aTomMaMu, amepamu. Koraa oTkpeuin HeBuaumble Kucnopon,

Bonopoxn, A30T, ux ¢ BOOAYIIEBICHUEM MPUHSUIM 3a Heaenumble atombl. Ho x 40-m
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rojaM IpOLIOrO BEKa YCTAHOBWIM, YTO MOJIEKYJIbI COCTOAT U3 aTOMOB, @ aTOMBI COCTOST
M3 TMPOTOHOB, HEUTPOHOB, BJEKTPOHOB. Ha CEromaHsAIIHMN JEHb OTKPBUIA Y’KE€ COTHH
«QIEMEHTAapHbIX» YacThll. CYUTAIOT, YTO HEWUTPOH, NMPOTOH M JAPYIME MACCHBHBIC
AJIIEMEHTAPHBIE YACTUIBI COCTOST M3 KBApKOB, KOTOPHIX 3a 0Oojiee 4yeM MOJYyBEKOBYIO
HCTOPUIO UX TEOPETUYECKOrO BBEJEHUS TaK U HE OOHAPYKUJIU SKCIEPUMEHTAIBHO.
MOXHO TOBOPHUTB, YTO DJEKTPOH SBJISETCA HCTUHHO D3JIEMEHTAapHOW CTaOMIbHOM
yacTuilei. 3a 6ojiee YeM CTOJIETHIO MCTOPHUIO €r0 MHTEHCUBHBIX HKCIIEPUMEHTAIbHBIX
UCCJIeIOBAaHUN, TEXHUYECKUX U MPOU3BOJCTBEHHBIX MPUMEHEHUHN TaK U HE OOHAPYKUIIU
«COCTaBJSIOIIMX dJEKTpoHa». Takum oOpa3oM, JAHMCKpPETHas MaccoBas Marepus
Bcenennoil, MOXHO TOBOPUTH, HAUMHAETCS CO CTAOWJIBHBIX AJIEKTPOHA, MO3UTPOHA U
COOTBETCTBYIOIIUX HEWTPHUHO. YPOBHEH WIIA SPYCOB JUCKPETHOM MATEpUU JTOBOJIBHO
MHOTO: aTOMbI, MOJIEKYJIbI, KPUCTAJLIbI, HAHOYACTHUIIbI, MUKPOUYACTHUIIbI, TeJIa, HEOECHBIE
T€a, 3BE3JHBIE CHUCTEMBI, TAJAKTUKHA, TaJaKTUYECKUE CUCTEMbl, CKOIUICHUS WU
KJIacTepbl TaNaKTUK, ... . OTU (aKTHUEeCKHe 3HaHUA O BcerneHHOW 3aKOHOMEPHO
NOPOKIAIOT TPAaAULIMIO (IPUBBIYKY) MBIIUIEHUS O MHOTOSpYCHOCTH BceneHHOH, naxke
OECKOHEUYHO-SIPYCHOCTH Bcenennoi, BJIOKEHHOCTH APYCOB, OECKOHEUHO-
MarpéuiedHocTy BceneHHol. B 3TON Tpaauiuy MBIIJIEHHS, KOHEYHO, €CTh CMBICI,
OYEBUIHBIA W3 SIPYCHOCTH BCEIEHHOM OT HEUTPHUHO [0 CKOIUIEHMM ramakTtuk. Ho
ACTPAIOALMUSA  SIPYyCHOCTH HAa  YPOBHM  HMXKE  HEUTPUHO HE  HUMEET HHU
AKCIIEPUMEHTAIBLHOTO, HU HaOMIoAaTeNnbHOro ocHoBaHus. [losTomy paszymHo Oyner
OTpaHWYUTH (MOJaraeM, Ha TpAaylIue OJMKHUE CTOJICTHSA, IO MEHbBIIECH Mepe)
«MaTp€iiky BceneHHOW» mnOpenenbHO HWXKHUM SpycoM — OchnuTaileM. OcnuTai
aOCOJIIOTHO HEpa3phIBEH, U, KaK CJIEJICTBUE, a0COJIIOTHO HEMIPEPHIBEH, YTO O3HAYAET €ro
OECKOHEYHOCTh M BEYHOCTh, a TaKXe OecCTpyKTypHOCTb. PacmpocTpaHeHO MHEHHE
(Tpamuuusi, OpPHUBBIYKA CO3HAHMSI) O TOM, YTO TaKUMHU TMOHSATUSIMHU (CBOMCTBaMH,
XapKTEPUCTUKAMU MaTepuu) KaK: DHEpPrusi, HUMIIYJIbC, MOMEHT HMIIyJbCca, CHJIa
XapaKTEPU3YIOTCS  TOJBKO JABWIXKYIIMECS JUCKPETHbIE MAaTepHUANIbHbIE OOBEKTHI,

obOnajaromue Macco. M3 Takoll TpaaWIMU MBIIUIEHUS CIEIYET, YTO HEMOJABUKHBIN
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HEMpepBIBHBIN DcnuTall, HEe 00JaJalomMil MacCcou, JHUIIEH BCEX BBINICTIEPEUNUCICHHBIX
(u3nUeCKHX CBOMICTB (XapakTEpPUCTHK). OCHUTAll HEpPa3pblBEH W HEMNPEPBIBEH 110
onpeneneHnto. OmnpeneneHue OCHOBBIBAJIOCh HA TOYKE 3pPEHHsS] O HEPa3pbIBHOCTH M
HENPEPBIBHOCTA OJHOPOAHOTO HM3O0TPOMHOIO MPOCTPAHCTBA, KOTOpas YCTOsUIach B
opunmanpHOl Hayke. A Sp (Space) u ecTh MPOCTPAHCTBO — CCTECTBEHHBIM DJIEMEHT
Bcenennoit. HepaspeiBHOCTH SP  O3HayaeT MNPOYHOCTh, BO3MOXKHO, OECKOHEUYHYIO
IPOYHOCTh CBS3EH MEXAY JIIOOBIMM OECKOHEUYHO MajbIMH JJIEMEHTaMH 00BhEMa €ro.
CBs3U K€ MPUHITO XapaKTEPU30BaATh SHEPTUSMHU U CUJIaMHU CBsA3eld. IMIylIbC 1 MOMEHT
UMITyJIbCa HMEIOT TOJBKO JBMXKYIIMECS MACCOBble 4acTUlbl U Tena. [losTomy B
«UUCTOMY» HETMOJBMXHOM SP TaKUX CBOWMCTB (XapaKTEepPUCTUK), KOHEe4HO, HeT. Ho
«UUCTOTO» SP TpakTH4ecKd HeT. [IoToMy YTO B JUTpPEe KOCMHUYECKOIO MPOCTPAHCTRBA,
CUUTAIOT, CTATUCTUYECKH U JIMHAMHUYECKH COJIEPKUTCS OKOJIO OJHOTO MUJUIMOHA
HEUTpUHO U (OTOHOB, MABMIKYIIUXCS 10 BceM HampaBiaeHusM. OHU 001amaroT
UMITyJIbCAMH U CIIMHAMH, T.€. MOMEHTaMHU UMIYJIbCOB. Takum 006pa3om, B peaqbHOM (HE
YUCTOM, aOCTPaKTHOM) SP uMeeTcss HEKOTOPhIM Habop CBOMCTB (XapaKTEPUCTHK)
matepun. Crenyer oOpaTUTh BHUMAHUE Ha TO, YTO TOJHBIA HEOOXOAMMBIA HaOOp
CBOMCTB (XapaKTEpUCTUK) UMEETCSI UMEHHO «B», T.e. «BHYTpu» SP. Ilonarus «BHe» Sp
MOMPOCTY HET, MOTOMY YTO aOCOIOTHAS HETIPEPHIBHOCTh SP HCKIIIOYAET HATMYUE «BHE»
Sp. Sp wim Dcnurail 6ECKOHEYHOBEUYEH, M HET HMYETO BHE ATOM OCCKOHEYHOBEYHOCTH.
Barisin co croponsl (M3 «BHE») HeBo3MOkeH. Ha OeckoHeuHyro U BeuHyro BceneHHyro
HEBO3MOKHO B3TJISIHYTh U3 «BHE» BCEIEHHON, MOTOMY YTO TyJa HEBO3MOXKHO ITOIACTh.
Hepa3psiBHBII, a0CONIOTHO HETIPEPHIBHBIA DCHUTAN U ecTh cama Beenennas ¢ purypamu
(bopmamu) BO3OYXKIEHHS «YHUCTOTO» SP B DSJEMEHTAPHBIX YACTHIAX, HYKIOHAX U3
AJIEMEHTapHBIX YacCTHUll, aTOMax W3 3JIEMEHTapHBIX YAaCTHUI] U HYKIOHOB, MOJEKyJax W3
aTOMOB, HAHOYACTHIIAX U3 ATOMOB U MOJICKYJI, TEJIaX W3 HAHOYACTHUII, HEOECHBIX TEIaX U3
TEJ, CUCTEM HEOECHBIX TN M3 HeOECHBIX Tell. Beskuii ypoBeHb, ipyc MaTepuu COCTOUT
n3 Yero-to «BHyTpEHHETO» U U3 Yero-to «BHEUIHET0», Pa3AeIEHHOIO IPAaHULIEH, HEKOEH

MIOBEPXHOCTBIO B TpPEXMEpHOM Mupe. MOXKHO TOBOPUTH, YTO KaXIbld SPYC HMEET
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HIKHIOIO ¥ BEPXHIOIO TpaHully. OTCYTCTBHUE K€ Y SP «BHEIIHET0» OT HECYILIECTBYIOLIEH
«BEpXHEH TpaHULB» U BCETO TOTO, YTO MOXET OBITh OT HEE BO «BHE», a TaKKe
OTCYTCTBUE «HW)XXHEH TpaHULB» BCJIEACTBHE €ro aOCONIOTHOW HENpPEepPhIBHOCTH,

OIPEIEIISIET €T0 KaK MUHUMAJIbHBIN, HYJIEBOU SIPYC.

0. Sp — wmxHuU npenen spycHoctu Bceenennoit. B aToM HmXHENmpeaenabHOM, MOKHO
TOBOPUTh, aOCOJIOTHOM spyce MMEIOTCS BHYTPEHHUE HEpa3phIBHBIC  CBS3H,
XapaKTepru3yeMble, BO3MOXKHO M Jaxe, CKOpee BCETO, OCCKOHCYHOW CHJIOW W DSHEPTrHeH
(aOcontoTHOM cuiloM M aOCONIOTHOM 3HEpruei), U JBUKEHUE (POTOHOB UM HEUTPHUHO C
a0OCOJIFOTHOM CKOPOCTBIO CBETa B BakyyMe (aOCOJIFOTHOE JBHKEHUE). [[BikeHue, Tem
Oosiee, aOCOJIIOTHOE JBWIKEHHE O0JIalaeT UMITYJILCOM M CIIUHOM, T.€. MOMEHTOM
umIyibca. TakuM 00pa3oM, HIDKHENPEACIBHBIN sSpyc 00J1alaeT TMOJHBIM HaOOpOM

OCHOBHBIX (PU3NYECKUX CBOMCTB (XapaKTEPUCTHUK).

1. Tlocne HyneBoro sipyca, OYEBUIHO, NOJDKEH MocienoBaTh 1-biii gpyc. Uto coboit
OpelcTaBisieT TepBbld  gpyc wmartepuu? JIUCKpeTHbIE MaTepuaibHble OOBEKTHI,
JIBUKYIIUECS C OTHOCUTEIBHON CKOPOCTbIO, MEHBIIEH abCOIIOTHOM CKOPOCTH CBETa B
Bakyyme. IlepBbiMu Takumu oObeKTamMH 1-ro sipyca SIBISIOTCS UCTHHHBIC CTAOWIbHBIC
AJIEMEHTApHBIE YacCTHUIbl, OOJajaronue Maccol. IDTO — HEHUTPUHO, DIEKTPOHBI U

IIO3UTPOHBL.

2. Hyk/iOHBI HE SBISIIOTCS HCTUHHO JJIEMEHTapHBIMU (HEIETUMBIMHU) YacTUIAMU, a
COCTaBHBIMH, TOJIBKO HE€ W3 TEOPETUUYECKHX KBAPKOB, a4 U3 MO3UTPOHOB, AJIEKTPOHOB,
JIOKAIN30BaHHBIX HEUTPUHO W AHTUHEUTPUHO. HyKIOHBI MOXHO CUMTaTh BTOPBIM

ApyCcOM MaTepualibHON BeenenHomu.

3. CraOunpHbIE TPOTOHBI M HECTAOWIbHBICE HEHUTPOHBI 00pPa3yIOT CTAOWIBHBIC spa

I'enus. IX MOKHO cUMTATh TPETHUM SIPYCOM MaTepUaibHOU BceeneHHo.
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4. CtaOuibHbIE AJEKTPOHBI U CTAOUJIBHBIE SApa aTOMOB 00pa3yloT CTaOMIIbHBIE aTOMBI,

KOTOpBIE MOYKHO CUMTATh YETBEPTHIM APYCOM MaTepUaIbHON BeeneHHon.

5. ATOMBI COEAMHSIOTCA BO BCEBO3MOXKHBIE CTAOMIIbHBIE MOJEKYJbl, amMoOp(HbIE U
KPUCTAJNIMYECKHE  HAHOYACTHUIBl, KOTOpPbIE MOXHO CUHUTaTh MATBIM  SPYyCOM

MarepuanbHoi BeeneHHou.

6. HanouacTuiibl COCAUHAIOTCA B (1)I/I3I/I‘{€CKI/I€ MAaKpOCKOIINMYCCKHUEC TCJid, COCTABJIATOIINC

IECTOM APYyC MaTepuaibHON BceleHHOM.

7. ®usnueckue Tena 00bEIUHAIOTCS B HEOECHbIE Tella, COCTABIISIIOIINE CEAbMON SPYC

MarepuanbHor BeeneHnou.

8. Hebecurlie Tema 06’I)GIII/IHHI-OTCH B CHCTEMBbI HEOECHBIX TCJI, COCTABJIAIOIINC BOCBMOM

Spyc MarepuaiibHOM BceneHHou.

Taxum oOpa3om, BMeCTe ¢ HYJIEBbIM IpycOM MarepuaibHas BceneHHas cocTouT u3 9-tu

APYCOB

Yacts V. Hauvaaa Denuiorun

HpeancaoBue k Yactu 1V

Pacmupenne marematnueckoir CHCTEMBI XMMHUYECKMX 3JIEMEHTOB JI0 MaTeMaTH4YECKOM

CucTtembl eCTeCTBEHHBIX 3JIEMEHTOB BceneHHoM, 3aTparuBaroniee 0OCHOBbI MuUpo3ianus,
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HE MOXKET ObITh OOOWIEHO €CTECTBEHHOHAY4YHbIM ((unocodckum) obobmieHuem. B
ATOM pa3zjielie MPEACTaBISIOTCS ONPEeeNICH s, IPUHIIUIBI, TOCTYJIAThl U aKCUOMBI Hauall
BO33PEHHMSI, CBSI3aHHBIX C 0000HIeHMEeM MareMaTtuyeckod YpoBHeBol CucreMbl
XUMHUYECKHX DJIEMEHTOB 1O MAaTeMaTH4ecKol YpoBHEBOM CHCTEMBI €CTECTBEHHBIX

JIEMEHTOB BCcelleHHOMN.

Onpenesienne
Sp-yiorust 03HavaeT BO33pEHUE, CBA3AHHOE C AyieMeHTOM SP. HasBaHue 3TOro sjemeHTa
Cnoaticess ot cinoBa Space — IIpoctpanctBo (Kocmoc). «Bcé» o3Hauaer OecKOHEUHOE
MHOECTBO MPOU3BOJILHBIX JIEMEHTOB (PHU3UUYECKOr0o 00bEMa HEMPEPHIBHOU CyOCTaHIIUU
Bcenennoii, a «<Bo Bcém» — u B HenmpepbIBHOM CyOCTaHIIMK, U BO BCEM MHOT000pa3uu
MHOECTB JIUCKPETHBIX MaTepPHATbHBIX O0OBEKTOB BCEIeHHOW: 3JeMEHTapHBIX YaCTHII,

4aTOMOB, MOJICKYIJI, TCJI, HEOECHBIX TEJl.

Hpununnsl Havan Icnmiioruun
1. Ipunyun Eouncmea Bcenennoii: Bcto Beenennyro (u HenpepsiBHOE [IpocTpaHCcTBO,
U Bc€ MHOrooOpaswe ITUCKPETHBIX MaTepHabHBIX OOBEKTOB) COCTABIAET €AMHAs
HenpepbiBHAasE cyOctaHiuss — SpP os1meMeHT CHCTeMbl €CTECTBEHHBIX JJIEMEHTOB

Bcenennoii.

2. Ilpunyun 6vimus-nebvimus: MaTepuu — OBITh, HEMATEPUHU — HE OBITh.

3. Ilpunyun 6vimusa 6vimus: abCOMIOTHOE ABUKEHUE OT «a0COIIOTHONW MaTepuu — OBITHY»

K «HEMATEPHUH — HE OBITHY.
4. Ipunyun yenmpuszma Qusuueckux nouetl 60 Bcenennoli.
CnBuroBsie aedopmanuu B aOCONIOTHON Cpelie 3aMKHYTBI M TOJISI HAMPsHKEHHOCTEH OT

TakuX JeopMaiuii — eHTpaJIbHbIE.
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5. Ilpunyun coxpanenus Sp s3nementa CHUCTEMbI €CTECTBEHHBIX AIEMEHTOB BceneHHOM.

6. Illpunyun coxpanenus abconomHo2o 08UNCEHUSI.

[. Ilpunyun enobanvHocmu abconomHoO20 83aUMOO0EUCBUSL

aOCONOMHBIM OBUINCEHUEM.

Hocryaarsl Havyan Icnunoruu

1. Ilpocmpancmeo Bcenennoti npedcmasnsem coO0Ut CHIOWHYIO —(Hepa3pbléHYIO,
HenpepvleHyio) Sp-cpedy u3z Sp-snemenma — 6e3MACcCO08020 INEKMPOHEUMPAIbHO20
OeCKOHeuH020 MPEXMEPHO20 00BEMA-NPOCMPAHCIEA.

2. B abconromnoii Sp-cpede nHego3M0OdCHBL NOCMYNAmMenbHble 0BUNCEHUSL INEMEHMO8

006véma. Bozmooicnvt monvko 3AMKHYymble cosucU He 6edyu¢ue K 0ObEMHBIM UBMEHEHUSIM.

3. 3amxnymsie cosucosvie ynpyeue oeghopmayuu abcoiomHol mamepuu (cyocmaunyuu)
Sp-cpedvr  cozoarom  nons  u  B0AHBI  YyNpyeux — CcOBUSOBLIX  HANPANCEHHOCMEL,

PACRPOCMPAHAIOWUECS ¢ AOCOTIOMHOU CKOPOCMbIO 8 abcotomuou SP-cpede Beenennoii.

AKCHMOMBI HAYaJI ICNUIO0TUHU ( 00beKTHI M X COOTHOLLIEHMS)

1. Bcé — HepaspvieHOoe HenpepvlHOe OeCKOHeyHoe mpéxmepHoe @usuyeckoe
IIpocmpancmeo Bcenennou (Sp anemenm Cucmemvl ecmecmEeHHbIX 3J1eMEeHMO8

Bcenennoti.), sensioweecs abconromuou mamepuetl, cyocmarnyuetl

2. 60 Bcém — 6 Hpocmpaﬂcmee, 6 2JIEMEHMAPHBIX Yacmuydax, ﬂdpax amomoes, amomax,
Mmojiexynax, mejdax, HebeCcHbIX melax.
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3. Bcé seszoe scezoa 6o Beém.

IosicHenus NMPUHIMAIIOB HAYAJ 3CITWIOIUH

Hpunoun Exnacrea BeesieHHou

Horagku o EauHcTBe BceneHHOM UCXOAAT M3 CHEKTPOCKOMUYECKOW HAECHTUYHOCTH
XUMHUYECKHUX DJIEMEHTOB BO BCEMl ONTUUYECKU NOCTYIHOUM yactu Beenennoil. IlockonbKy
HET TEJIECKOMUYECKH HA0II0JaeMbIX (DaKTOB OTKJIOHEHUM OT UJEHTUYHOCTH

XUMUYECKUX OJIEMEHTOB B OYE€Hbh M OYEHb OOJBIIUX MpocTopax BceneHHOMH,
npeanosioxkeHue EnuHcTBa BeelleHHONW MOXKHO NEpPEeBECTH B paHr NMpUHIMIA EnuHcTBa
Bcenennoii. Ho 310 10 cux mop Kacasock TOJIBKO JUCKPETHBIX MaTepUATIbHBIX 00OBEKTOB,
OT DJIEMEHTAapHBIX YaCTUI[ JO0 XUMHYECKUX OJEMEHTOB HeOecHbIXx Tei. OpHako,
MOCKOJIBKY B COOTBETCTBMM ¢ Hauamamu Dcnmiioruu peaabHbIMHA OOBEKTaMH SBIISIIOTCS
HE TOJIbKO JHCKPETHbIE MaTepHalbHble OOBEKTh, HO U €CTECTBEHHBIH JJIEMEHT SP
Bcenennon, To npuHiun ExuHcTBa BCeneHHON NOJKEH OXBaThIBaTh BCHO BceneHHyro
BMecTe ¢ e (PU3MYECKUM MPOCTPAHCTBOM — Sp-cpenoii. B Takom ciydae, B OCHOBE
npuHiuna EnuHcrBa BceneHHOW  JODKHO — JiekKaTh HE  TOJBKO — OJHOOOpasme
(MAEHTUYHOCTH) DJEMEHTAPHBIX YACTUI[ M XUMHUYECKHX DJIEMEHTOB, a HEKOE €JIUHOE
o0Iiee U B MPOCTPAHCTBE, U B DJIEMEHTAPHBIX YACTHIAX, U B XUMHUYECKUX JJIEMEHTAX,
Tejaax, HeOECHBIX Tellax. ITO HEKOoe eAuHOe — CyOCTaHIus, IpamaTepus SP U3 KOTOPOW
COCTOWT M HENPEPHIBHOEC IMPOCTPAHCTBO, W JHUCKpPETHAs MmaTepus. Takyr CyOCTaHIIHIO

MO>KHO Ha3bIBaTh a0COIIOTHON MaTepueH.

IMpuHMI OBITUA-HEOBITHS
WJIA TPUHIIUII CYIIIECTBOBAHUS -HECYIIIECTBOBAHUSI HMEET HEMOCPEACTBEHHOE OTHOIIIEHUE

K npuniuny: «lIpupoaa He TepnuUT MyCTOTHD, CHOPMYIUPOBAHHOMY €I1I€ APUCTOTEIEM.
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ApuctoreneB npunuun: «IIpupoaa He TEpHUT MYCTOTHDY OTPAKAET HMPHUHIUI OBITHS-
HEOBITHUA: MaTepuu — ObITb, HEMaTepuu — He ObITb, NPUYEM, B YTOUYHEHHOH

dbopMynUpOBKE: aOCONIOTHON MaTepuu — ObITh, HEMATEPUU — HE OBITh.

HpuHumun ObITHS OBITHS
O3HAYaeT peajabHOe MposiBIeHUe (0OHapyx)eHue) ObITUsI MaTepuu. [[Js XUIHUKa, eciu
MOTEHIMAbHAs )KEPTBAa HUKAK HE MPOSBISIET ces, To e€ 1y Hero HeT. [loTeHnuanpHas
KEPTBA MOXKET MPOSBIIATH Ce0sl JBMIKEHUEM, HE TOJBKO BCEM TEJIOM WJIM YaCTSAMH Tela,
HO W BHYTPEHHUMHM JBWXeHUsMH. Hampumep, pabota e€ cepama oOecrnedynBaeT
KPOBOTOK, MOJJACPKaHUE TEMIIEpATyphl, MPOSBISEMOE B HH(PPAKPACHOM Hara3oHe.
XUIHUK ~ yJIaBIWMBAaET TEIUIO TOTECHIIMATLHON »KEPTBBI M €M He H30eXaTh y4acTu
peanbHOM JOOBIYM XUIIHUKA.
Marepus cymiectByer. Itoro Mmano. OHa J0KHA IPOSIBUTH CBOE cylliecTBOBaHue. Ecnu
OHa HeE MPOSBIISIET CBOE CYIIECTBOBAHKE, TO 3TO PAaBHOCHIIBHO €€ HECYIIECTBOBaHHIO. T0
K€ caMO€ M O HECYLIECTBOBaHMM HemaTrepuu. Eciu oHa, Hemarepus, HE MPOSBISIET
CBOET0 HECYIIECTBOBAHHUS, TO ATO PABHOCUJILHO €€ CYIIECTBOBAHUIO. TakKe U MaTepus.
OHa Torjga TOJBKO Marepus, T.€. CYHIECTBYET, KOTZIa IMPOSBISET CBOE CYIIECTBOBAHHE
nBukeHrneM. COOTBETCTBEHHO, MU HEMAaTEpHUsl HE CYHIECTBYET, KOrJa IpOSIBISET CBOE
HECYILIECTBOBAHUE, IBUKECHUEM.
Ecau Ob1 peub 1u1a 0 MaTepun, TO MOKHO OBLIIO OB TOBOPHTH O €€ nBmkeHuH. Ho, korma
peub uET 00 aOCONIOTHON MaTEPHH, TO, JIOTUIHO TOBOPUTH 00 aOCOIIOTHOM JABUKCHUU.
Takum 006pa3omM, TPUHITUN OBITUS OBITHSA:
AOGCOIOTHOE ABUKEHUE OT a0COIIOTHON MaTEPHUH — ObITh K HEMATepUU — HE OBITh.
Hemarepun Hurne Bo Beenennoit Hetr. Ho, 4ToOBI POSCHUTE CYMMapHOE YTBEPKICHUE,
MIPEAOI0KUM, YTO B HEKOTOPOH 00JIaCTH UMEETCs OTpeIeIEHHBIA TeOMETPUIECKUA KyO
Hemartepuu. M mycTh, CMEXKHO cITpaBa OT HEE UMEETCSl TAKOW K€ BETUINHBI (PHU3NISCKHIA
Ky0 aOCONFOTHOM MaTepuu. AOCONIOTHOE JBIKCHHE aOCOTIOTHOM MATEpHH, W

a0CoIIOTHOE ABHJKCHHUC HEMATCPHUKU O3HAYAIOT TAKHUC ABHMIKCHHA, B PC3YJIbBTATC KOTOPLIX
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OCTa€rcs TOJBKO (PU3NYECKUN KYyO, T.€. U3 JABYX CMEXHBIX KyOOB MOIYYWICS OJUH KYO.
Hemartepus ncuesna, a o0bEM aOCOMIOTHOM MaTepuud 3aMEHUJI BECh INEPBOHAYAIBHO
nBOIHON 00bEM. IlycTh, KOHEUHOE MOJOKEHHE (PUINYECKOTO KyOa OKa3aioCh CABUHYTO
Ha TMOJOBHMHY CTOpOHbI Kyba BieBo. Ho urto mpuBeno k stomy? Kakas npuunna
nemxennii? Kakue cuibl? Beskoe NBU)KEHHE MAaTepUAIbHBIX TEN, KPOME UX JBUXKEHUS
M0 WHEPIMH, BbI3bIBAETCA Kakoi-nmubo cwioi. Ho 3xech He maTepuanbHOE TeNo, a
abCcooTHAsE MaTepus, HE HMEIoIas Macchl, a MOTOMY He 00iajarolias CBOHCTBOM
uHepiuu. ClenoBarenbHO, JOJDKHA ObITh criia. MoxeT ObITh, yrpyras cuna? A oTkyaa
ynpyras cuiia? OTBeT: oT ynpyroctd Sp-cpenbl. Ho 310 He naéT yaoBIeTBOPUTEIHLHOTO
orBeTa. [IoTOMy 4TO TYT K€ BO3HMKAET BOMPOC: IOYEMY YIPYTrOCTh JOJIKHA MOPOXKIAThH
Kakyto-to cuny? EcTe Takas cuia, KoTopas BO3BpallaeT Telo B MEpBOHAYAIbHOE
MOJIOXKEHHE TOCIIE CHATHUS JAe(POPMUPYIOIIETO BO3AEHCTBUS (CUJiIbl). YTIPYTrOCTh CBsI3aHa
C YOPYrMMHU CWJIaMH. DTO TakK, 3TO MPUHSIIA ISl YOPYTMX MACCHUBHBIX T€J, U TOJBKO.
3ameTtuM, AJig MaccoBoil matepuu. [y Ge3maccoBoil abCOIIOTHOM MaTEpUH O TaKOM
HUKaK HE MOTJIA M TIOJIyMaTh, TOCKOJIbKY HE OBLIO U MOHATHS 6€3MaccOBOM a0COIOTHOU
matepuu. [Touemy nmosiBnsieTcs BO3Bpallaolias cuia B abCOIIOTHON cpene?

B o6mem cnydae, BcAkas cuiga MOXKET NPOSBIATECA U BBIPAKATHCS TPATUECHTOM
HEKOTOPOTO TMOTeHInana (MOTeHIMaNbHOW SHepruu). B cimydae martepun, OGosee TOro
aOCOJIFOTHOM MaTepud, TaKOW TMOTEHIMad OOYCIOBIMBACTCS TMPUHITUIIOM OBITHS -
HEOBITHS: a0COJNIIOTHOM MaTepuu — ObITh, HEeMaTepuu — He ObITh. Takum oOpazom,
noTeHIuan  ObITUS  (CyIIECTBOBaHUS)  SIBISIETCA ~ NPUYMHOW  BO3HUKHOBEHUS
BO3Bpamaromei (ynpyroi) cuiabl B abOcomroTHOH Sp-cpeme. YHpyrue CHIBI CYTh
IpaueHTbl TOTEHLHUala CYIIECTBOBAHUS, BBITEKAIOWIETO0 U3 (yHIaMEHTaJIbHOTO
npuHUUNa ObITUA-HEOBITUSA. bBbhITh U He ObITh, MaTepus M HeMaTepus —
AHTUCUMMETPUYHBIE KATErOPUM, CYHIHOCTH. JIOTMYHO B MNPOJOIKEHHE 3THUX
AHTUCUMMETPHI paccMaTpUBaTh AHTHUCHMMETPUYHBIM MOTEHIMAI HECYIECTBOBAHUS C
IPaJuE€HTOM 3TOTr0 aHTUNOTeHIHaTa. OTINYME auTHUKATErOpUd OT KAaTeropHil MOXHO

BbIpakaTh MPOTUBOIIOI0KHOCTHIO 3HAKOB — MUHYC U TUTIOC (- U +). Torja noreHuuaibl u
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AHTUTIOTCHIINAJIBI, KX TPAJUCHTHI, a0COTIOTHO CYMMUPYSCh, TAIOT TBOWHBIC MOTCHITHAIIBI
U HUX TpagueHTbl. J(BOWHON TrpaJMeHT MOTEHIMala CYIIECTBOBAHHUS COOCTBEHHO U
SIBJIICTCS TIPUYMHONW ¥ MCTOYHUKOM YIPYTHX CHJI B aOCOMIOTHOW SpP-cpene. ITH CHIIBI
SIBJITFOTCS. TIPUYUHON M MCTOYHUKOM aOCOJIFOTHOTO JBWIKEHUS aOCOJIOTHOW MaTepHUH B
abcoyoTHOM Sp-cpene mpocTpaHcTBa BceeneHHoil. B kocMuueckoM MNpOCTpaHCTBE HE
oOHapy>KeHbl HHUKaKWe TPOAOJbHBIC BOJHBL. [Ipog0sbHBIE BOJHBI B JIFOOOH MacCOBOMU
Cpele paclpoCTpaHSIOTCS B BHUJE BOJH OOBEMHBIX CXKaTWii-paspekeHuid. Eciu B
KOCMHUYECKOM TIpoCTpaHcTBe (SP-cpeie) HET NPOJOIbHBIX BOJH, TO aOCOJIFOTHas
MaTepHs He C)KUMaeMa, COOTBETCTBEHHO, HE pa3pekuma. CiieoBaTeNIbHO, B aOCOIOTHON
Sp-cpeae HET TMOCTYMATEABLHOTO MPSMOJIMHEHHOTO JBW)KCHHS TPOJOJIBHBIX BOJIH.
PacripocTpaHsroTcsl B HEH MOCTYNATEIbHO MW MPSMOJMHEHHO TOJIBKO TIONEPEYHBIC
AJICKTPOMAarHUTHBIC BOJIHBI, OT TaMMa-Jydei, J0 paJuOBOJIH. Maible, OESCKOHEYHO
MaJjible CJIBUTH B JI0O0OH cpeie MOTYT HE COIMPOBOXKIATHCS OOBEMHBIMUA M3MCHCHHUSMH,
yCTh, MaJIBIMH, ke OECKOHEUHO MajbiMH. [l03TOMYy momnepedHbie AIeKTPOMarHuTHbIE
BOJIHBI B KOCMUYECKOM MPOCTPAHCTBE SBIISIIOTCS YIPYTMMH CIBUTOBBIMU BOJTHAMHU B SP-
cpene. Ho Sp-cpema abGcomroTHa, T.e. HEMOJBWKHA, M TPEACTABISET HEPa3pHIBHYIO
(HempephIBHYO, CIUIOMIHYI) Cpeay M3 OECKOHEYHO MaJlbIX JJEMEHTOB 0€3MacCcOBOTO
¢uzmdeckoro oObEMa. JIBmwkeHwe aOCOMIOTHOM MaTepuu B aOCOJIIOTHOH cpeje,
OYEBUIHO, JOKHO OBITh a0COJIIOTHBIM.

Nrak, abCcomoTHOE NBM)KCHUE aOCOJIFOTHON MaTepuu B aOCOIIOTHOM Cpeie MOXKET OBITh
TOJIPKO OECKOHEYHO MaJlbiM M CIBHTOBBIM, YTOOBI HE COIPOBOXKIAIOCH OOBEMHBIMU
M3MEHEHHUSIMU a0CONIOTHON cpefibl. B cuily Hamu4usi y aOCONMIOTHOM Cpebl YIPYrOCTH,
OCCKOHCYHO MaJjble CIBUTM OCCKOHCYHO MAaJbIX 3JIEMEHTOB 00BbEéMa  aOCOIFOTHOMU
MaTepud JIOJDKHBI TIepeMemniaThes  (pachpoCcTpaHSAThCS, aOCOMIOTHO JIBHUTAThCS) C
a0COJIFOTHOM CKOPOCTHI0. AOCOJIFOTHAsS CKOPOCTh, OYEBHIHO, JOJDKHA OBITh HE MEHBIIC

CKOpOCTH cBeTa B BakyyMme. [lycTp, paBHa CKOPOCTH CBETA B BAKyyME.
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Takum o6pa3zoM, abcositoTHasE Sp-cpela HEMOJBHXKHA, JIOMYCKAaeT TOJIBKO Malble,
OECKOHEUHO MaJIble cABUroBble AedopManyu. 3HAKONEPEMEHHBIE CIBUTOBBIE
nedopManuu i COXpaHEHHsS] HEMOJABUKHOCTU aOCOJIIOTHOTO MPOCTPAHCTBA JOJIKHBI
MOKUHYTh MECTO BO3HUKHOBEHHS (TIOSIBIICHUS]) M YIAJSAThCS C JIIOOOTO MecTa HX
MOSIBJIEHUS] ¢ a0COJIIOTHOM CKOpocThio. KakoBa BennuMHa 3TOM aOCOMIOTHON CKOPOCTH?
OuyeBUJIHO, OHA JOJKHA OBITh MaKCUMaJIbHOM U TIOCTOSIHHOM B HEBO3MYIIEHHOMN
abcomoTHOM Sp-cpene. [loka HeT MOATBEPKAEHHBIX JAHHBIX O CKOPOCTH, OOJBIIECH
CKOPOCTH CBeTa B BakyyMme. [1oaToMy MOKHO CUMTaTh, 4YTO aOCOIIOTHASI CKOPOCTh PaBHA

CKOpPOCTH CBCTA B BAKYYMC.

Bcé mpoctpancTtBo  Bcenennoil  mpeacTaBnseT  aOCOMIOTHYIO — (HEpa3pBIBHYIO,
HENpephIBHYI0) Sp-cpeny u3 abcomoTHOM Oe3maccoBoil CrdiiceeBoit  aOCONIOTHON
cyoctaniuu. B 91Ol abCconoTHOW cpele OCYIIECTBISIETCS a0CONMIOTHOE JBMXKEHHUE C
a0COJIOTHOM CKOPOCTBIO (CKOPOCTBIO CBETa B BakyyMe). VMIMEHHO 3TO aOCOJIOTHOE
IBIDKEHHE, OOYCJIOBICHHOE NPUHIMIIOM  OBITUS-HEOBITUS, MpPOSBISIET  ObITHE

a0COJIIOTHOM MaTepuu.

Ipunuun neHrpuzmMa pusnueckux mojiei so Beesiennoit
K sToMy mnpHMHIHWITY TOABOAMT TO, YTO, XOTS CJIBHIM OCCKOHEUYHO MAaJIbIX 3JICMECHTOB
00béMa B aOCOIOTHOM cpejie, KOHEUHO, MaJible, 0ECKOHEYHO MaJlble, HO M TaKue CIBUTH
MOTYT B TIPHHIIUIIE HapylmIaTh HEMPEPBIBHOCTH (CILIONIHOCTH, HEPa3PBIBHOCTH) SpP-
cpensl. Hapymienne Ke  HEpa3pbIBHOCTH  PAaBHOCWIBHO  BO3HHUKHOBEHHUIO H
CYIIECTBOBAHMUIO ITYCTOTHI, HEMATEPHHU, YEro OBITh HE MOXET W HE JIOHKHO OBITH IIO
MPUHIUITY OBITHSA-HEOBITHA. [l0ATOMY CHBHUTHM JOJDKHBI OBITH 3aMKHYTHI, YTOOBI Ha
CBOOOJHBIX KOHIIAX JIMHUN WM TPAHMUI] TIOBEPXHOCTCH CJIBUTOB HE IIOSBISUINCH
pa3pbiBel. CABUTH MOTYT OBITh KaK CTallMOHApHBIC, TaK M 3HAKOIIEpEMCHHBbIC, HO B
a000M ciydae TpPaeKTOpPUHM WX 3aMKHYTBHL. DOPOHT pacnpoCTpaHEHUS 3aMKHYTBIX

CABUTOBBIX Je(opMannii NepneHANKYISIPEH HAMPABICHUIO €r0 PAacHpOCTpaHEHHUS. IJTO
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03HAYaeT, YTO TOJIS CABUTOBBIX HAMPSIKEHHOCTEH B aOCOMIOTHOW Sp-cpefe TOKHBI

OBITh HEHTPAJIBbHBIMHU.

Ilpunumun coxpaHeHusi Sp-jemMeHTa CHcTeMBbl €CTECTBEHHBIX JJIEMEHTOB
Bcenennou.
dakTUUECKH 3TO — MPUHIIMI COXpaHeHus cyOcTaniuu u Mmarepuu. Ho, eciu 10 cux mop
1oJ, 3aKOHOM COXpaHEHMs MaTEepuu MM BBUAY JUCKPETHYIO MATEPHUIO, TO JAHHBIN

IMPUHIUITI BKIIFOYACT: 1 HCIIPCPBIBHYIO CY6CT3HL{I/IIO, N JUCKPECTHYIO MAaTCPUTO.

IpuHOMn coxpaHenusi a0COJTIOTHOIO ABHKEHUS

3aKOHBl COXpPAHEHUS: MacChl, UMITYJIbCa, MOMEHTa HMIYJbCA, DSHEPTrUHU, MATECPUU —
BakHelmme 3akoHbl [Ipuponasl. Ho Takke, Kak 3aKOH BCEMUPHOTO TATOTEHHUSI OTBEYAET
Ha Bompochkl: uTo(?) u kak(?), a Ha Bompoc mouyeMy(?) HE OTBEYAET, TaK U B 3aKOHAX
COXpaHEHHMs HE W3BECTHO NoueMy(?) COXpaHsSITCS: Macca, UMIYJbC, MOMEHT UMITYJIbCa,
sHeprusa, matepus. B Hawanmax Ocnunoruu c@opMynvpoBaH MPUHIUI COXpPaHEHUS
abCoOMIOTHOTO ABMKEHUS. UTO Takoe abCONIIOTHOE ABUKEHUE?

JIBIb>KeHHEe ¢ HEKOTOpOW TpeAeibHO MaKchuMainbHOU (abcomoTHOM) Bo Bceenennoit
CKOPOCTBIO, OYEBUIHO, OTIIMYAETCA OT BCEX JIPYTUX ABUKEHUI.

@DOTOHBI CUUTAIOTCS OE3MaCCOBBIMHU DJIEMEHTAapHBIMU dYacTUlaMu. OHHU CYIIECTBYIOT
TOJIbKO B JBUKEHHH, MPUYEM B JIBUKEHUH TOJIBKO CO CKOPOCTBIO CBETa. J[BMXkKEHUE C
a0CONMIOTHOM  CKOPOCTBHIO  JIOTUYHO  Ha3blBaTh  a0OCONIOTHBIM  JIBIDKCHHEM.
COOTBETCTBEHHO, JBHKEHHE C MEHBUIUMU CKOPOCTSIMU — OTHOCUTEIBHBIM JIBH)KCHUEM.
Bce maccoBble 37€MEHTAapHBIE YacTUIBI MOTYT JABUTaThCsi €O ckopoctamMu oT 0 1o
cyOcBeTOBOM (KOCMHUYECKHE JIy4H, pPa30THAHHBIE B YCKOPUTEISAX OJIEKTPOHBI U
MPOTOHBL, ... ). OHM CYIIECTBYIOT B OTHOCUTEILHOM JABHKEHHUH, BHEIIHEM. Eciiu roBopum
00 uX BHEITHEM JBWXCHHUH, TO, OYEBUIHO, Y HUX JIOJDKHO OBITh BHYTPEHHEE JBM)KCHHE.
Uro Takoe BHyTpeHHee NBIKeHHE? M3BECTHO, YTO AIEMEHTApHBIE YAaCTUIIBI 00JIaar0T

CIIMHOM — BHYTPCHHHM MOMCHTOM KOJHMYCCTBA ABHWXKCHHA, T.C. BHYTPCHHUM
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BpalaTeabHbIM JABWXKEHHEM. l[Ipu 5TOM, BBIHYXJIEHHO TMpu3HaBass (aKThl HAIAYUS
CIIMHA, 4YacTO B Y4YEeOHOW nuTepaType OroBapuMBaIOT, UYTO 3TO HE HYXXHO IOHUMATh
OyKBaJlbHO, UTO PEAJIbHOTO BPAICHHS 3JIEMEHTApPHBIX YacTUIl HET (?). «ITO e€cTh, HO
sToro HeT». [IpoTuBOpeunT 3nemenTapHoit oruke. Adcypa! Brixon u3 abcypaa TOJIbKO
OJIUH — MPU3HATh BHYTPEHHEE BpalllaTeIbHOE JIBIXKEHHUE dJIeMEHTapHbIX yactuil. Ho uto
ATO 3a BHYTpPEHHEE JBIKEeHHE? 3a HEUMEHHUEM JTIOCTOBEPHBIX (haKTOB, MPUIAETCS CTPOUTH
PEANOIOKEHUS, YTO B HAyKe (Jae B KPUMUHAIIMCTUKE) HE BO3OpaHsIeTCs.

N3BecTHO poxaeHue (¢ AIEKTpOAMHAMUKHU JlMpaka) 3JIEKTPOH-NMO3UTPOHHBIX IMap MpPH
CTOJIKHOBEHUM JIBYX TamMMa-(DOTOHOB, DSHEPrus KaXJOTO0 M3 KOTOPhIX HE MEHee
AKBUBAJICHTHOM MacCChl MOKOsI AjieKTpoHa. [Ipu cTonkHOBEeHUHU BYyX raMMma-(hOTOHOB OHH
OT aOCOJIFOTHOT'O JBMKCHHUS TI0 TIPSIMOJIMHEMHOM TPACKTOPHUH NEPEXOIT K a0COTIOTHOMY
e JIBHKECHUIO 10 KPYTrOBOW TPAeKTOPHUH, OJIUH B OJIHY CTOPOHY, IPYyrod — B JIPYTryIO.
OTU  KOJBLEBbIE, TOpPOUJAJbHBIE, OOOOUIEHHO JIOKAJIU30BaHHbIE OOpa3oBaHUs C
a0COJIOTHBIM BHYTPEHHUM JIBH)KCHUEM, BHEIIIHE MOTYT JIBUTATHCS C JIFOOOH CKOPOCTHIO,
MEHBIIIEl CKOPOCTH CB€Ta, T.€. MOTYT IMpeObIBaTh B OTHOCUTEIHHOM BHEITHEM
neuwxkeHun. [lokosimuiicss  okanuM30BaHHBIM — (OTOH  oOperaeT Maccy  IOKOS,
HKBUBAJICHTHYIO DHEPrUU HUCXOMHOTO (PoToHa. MOXKHO CUMTAThH JOKAIU3aluio (OTOHA
aKKyMyJIHpOBaHHEeM O3Hepruu B Macce. Jlokanmusamuss (GoToHa HE COBCEM IMOHSTHA.
[ToaToMy paccmorpum sokanuzaiuio Gonona. [Ipenmonoxum (MpeaArnoIoKeHus naxe B
KPUMUHAIUCTUKE y3aKOHEHBI) OOJBIION 00bEM BOJBI B HEBECOMOCTH TMPU TEMIIEpaType,
mycTh, 5 rpagycoB Llenscus. Bo3Oyaum B 00bEME BOABI UMITYJIBCHI BRICOKOYACTOTHOTO
VIIBTPa3ByKa — I[yTOB BOJH C BRICOKOYACTOTHBIM HAIlOJIHEHHUEM, T.€. POoHOHBI. OUeBHITHO,
(OHOHBI OYAyT NBUTATHCS C MPEACITHHO BO3MOXKHOM JIMHEWHONW CKOPOCTHIO (CKOPOCTHIO
3ByKa B BojE, ~ 1,4 km/cex). @OHOHBI OyAYyT ABUTATHCS MPSIMOJIMHEHMHO B OJHOPOIHOU
BogHOU cpeae. lloctaBuM mepNeHIUKYISIPHO TpaeKTopuu (HoHOHA aOCOTIOTHBIM
OoTpakaTelib, KOTOpPBIA oOTpaxaeT Oe3 MOoTeph SHEPruu U aOCONIOTHOTO 3HAYCHHS
uMmiynbca (onoHa. OueBugHOo, (POHOH TOWAET MO TOMY K€ TYTH, TOJBKO B

MIPOTUBOMOJIOXKHOM HANpaBJICHUU. YCTAaHOBUM BTOPOM aOCOJIIOTHBINM OTpakaTesb
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NEPHEHAUKYIIIPHO TPACKTOPUH OTPaK€HHOTO (oHOHA. [T0CKONBKY OTEph YHEPTUU HET,
(OHOH OyneT BEYHO JBUIaThCAd CO CKOPOCTHIO 3BYKa, a 3HAYMUT CYIIECTBOBATH MEXIY
JIBYMsI MapaJljieIbHbIMU a0COTIOTHBIMH OTpaxaTeassMu. OH JIOKanu30BaH MEXAY JBYMs
napajijieIbHbIMUA a0COIOTHBIMU OTPAXKATEISIMU.

VYcnoxuuM oTpaxkatenu 10 chepbl U3 aOCOTIOTHO OTpaxarolero marepuaina. O4eBUuaHO,
IIPU TaKOM JIOKamu3aluu (POHOH Oy/eT BEYHO CYIIECTBOBATh U JIBUTATHCA C MPEAEIbHON
CKOpPOCThIO 3ByKa B BojAe BHYTpU cdepbl. MOXHO cKa3aTh, (POHOH MOJIHOCTBIO
nokanuzoBaH. [Ipu 3Tom octaércst POHOHOM, TOJIBKO B KYCOYHO-KPYTOBOM TPaeKTOPUU
JIBUKEHUS. DTO NMPUHYAUTENbHAS JoKanu3auus (GpoHoHa. MoxeT i ObITh €CTECTBEHHAs

nokanuzanus GoHoHa?

[IpencraBum, uto (HOHOH «IOO B J100Y» CTATKUBAETCS HE C MOBEPXHOCTHIO aOCOJIIFOTHOTO
OoTpakaresis, a ¢ TAKUM K€ BCTPeUHbIM (PoHOHOM. He uckiouaercsi BO3MOKHOCTh TOTO,
YTO TpU OMNPEAENEHHBIX YCIOBHUSIX (OONBIIMX TpagueHTaX IUIOTHOCTH Cpeiabl) 00a
¢oHOHA 3aKpy4yuBalTCs, OJIWH B OJHY CTOPOHY, a Jpyrodi — B JpYyrylo,
IPOTUBOMOJIOKHYIO CTOpOHY. OIWH 3aKpy4eHHBIH (JOKAJIM30BaHHBIN) (OHOH OyleM
Ha3bIBaTh OTPULATEIBHOW YaCTHULEW, a JIPYroi, 3aKpy4EHHbI B IMPOTUBOIOIOXKHYIO
CTOpOHY (DOHOH — TIOJOKHUTEIbHOW dacTuleh. [l omnpenenéHHOCTH paccMOTPUM
OTPULIATENIBHYIO0 4YacTHUIly. B JKuUIKOW BOJIe PacmpoCTPaHSIOTCS TOJIBKO MPOJOJIbHBIE
BOJIHBI CKaTUW W paspekeHuid. Ecim QoHOH 3akpyTwiics, TO 3BYKOBas CKOPOCTH €ro
JBIDKCHHSI COXpAaHsSETCSA. ITO B XKHAKOW Boje. Temeph Bech OOJIBIION O00BEM BOJBI B
HEBECOMOCTH C JIOKAJM30BAHHBIMU JBYMS (HOHOHAMH TPOTHUBOIIOJIOKHOTO 3HAKA
3aMOpO3UM TIpU TeMIeparype, ckaxem, -45 rpaaycoB Llenbcus, T.e. CHUBHIH
Temreparypy Ha 50 TrpaaycoB M BBIIAEpXKAIH IO TOJHOTO OJIEACHEHHS BCEro 00bEMa
BOJBI M JOCTHREeHUsT — 45 rpagycoB Llenbcust Bo Bcém o0nEMe. B TBepaoii Bosie MOTyT
paclpoOCTPaHATBCS W NPOJOJIBHBIE BOJIHBI CXATHUM W Pa3peKEHUW, U IONEpPEUYHbIE
caBuroBbie BOJHBI. OTBiIeUEMCS OT MPOAOIBHBIX BOJIH TOJHOCTHIO M TMYCTh OYyIyT

TOJIBKO IMOIICPCYHBIC CABHUI'OBBIC BOJIHEI, T.C. OT YHUCTO IIPOJO0JIbHBIX BOJIH B )KHHKOﬁ BOJC
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nepenaéM K 4YUCTO IONEPEYHBIM BOJHAM B TBEpAOM Boxe. lIpu Takon 3ameHe, BBUIY
OTCYTCTBHS ITOCTYNATEIBHOTO JBHKEHHS MOJIEKYJ B TBEPAOU BOJE, IMOHATHE O MOTOKAX
MOJIEKYJ BOJABI 3aMEHSETCS TOHATHEM: «IIOTOKA CHUJIOBBIX HANPSHKEHHOCTEN» HW3BHE
BOBHYTpb (¢oHOHA. Ecnm BOIM3M OKaxeTcss Apyrod 3akpyyeHHBIM (QOHOH, TO,
HE3aBUCHUMO OT HaNpaBJ€HUsA 3aKpPYYMBAHUS IEPBOHAYAIBHO MPSIMOJMHEHHON
TPACKTOPUU B KPYTrOBYIO, 3THU JBa (OHOHA OYyIyT NPUTATUBATBCA APYr K JPYry, U
cONMKATBCA TOJ JCHCTBHEM NPUTATUBAIOIIMX MOTOKOB CHUJIOBBIX HAaNpPsHKEHHOCTEH

KaXXa10ro u3 HUx.

Teneps Bce 3TH paccyxkaeHUsI (MBICJICHHBIC OIBITHI) MEpPEBEeM Ha OOJIBIIYIO TIJIBIOY
caMoro TBEpAOro Marepuana — aamasa. CKOpoCTh MOMEPEYHBIX CABUTOBBIX BOJH (3BYKa)
B HeM cocTaBisitoT nopsanka 10 km/cex. B ciiyyae anmasa yTBEp»KIEHHE O TOM, YTO

3aKpy4CHHBIC (JTOKaTU30BaHHbIC) (DOHOHBI B HEM OyAyT COMMKATHCS, COXPAHSIETCSI.

Hakonen, ciemaem KpyToil CKadoK OT aliMa3a K BceneHCcKoMy mpoCTpaHCTBY. 3€Ch YKeE
HE TBEpJas MaccoBas Cpela W3 MOJIEKYJ BOJbI WJIM aTOMOB yriepojaa, a Sp-cpeaa w3
6e3maccoBoii Crdiiced, BMECTO OTPHUIATEIBHO JIOKAJIM30BAaHHOTO (HDOHOHA OyAeT
OTPUIIATEIBHO 3aPsHKCHHBIA JIOKATM30BAaHHBIM TamMMma-(QOTOH — DJJEKTPOH, a BMECTO
MOJIOXKUTEIBHOTO  JIOKAJIU30BaHHOTO (OHOHA OyIeT TOJOXKUTEIbHO —3apsSKEHHBIN
JIOKaJM30BaHHBIN raMMa-(QOTOH — MO3UTPOH. B mpupoje nedcTBUTENHHO UAYT MPOIIECCHI
o0pa3oBaHus dSJEKTPOH-TIO3UTPOHHBIX TMap NPHU CTOJIKHOBEHUH ABYX ramma-(hoTOHOB,
JHEpPrus KaXXJOr0 M3 KOTOPBIX HE MEHEE SKBUBAJICHTHOM MAacChl 3JIEKTpoHA. Maccel
AJIEKTPOHA W TO3UTPOHA, KaK M3BECTHO, paBHbl. CHUIIOBOE MOJIE MPUTSKEHUS MEXKIY
AJIEKTPOHOM M MO3UTPOHOM CYHIECTBYET, HO OHO OYE€Hb Mayio, Ha 42 MOpsiAKa MEHbIIE
AIEKTPOCTATUYECKOTO MIPUTSKEHUS, 00yCIIOBJICHHOTO AIEKTPOCTATUYECKUM
MPUTSKEHUEM PAa3HOMMEHHBIX AJIEKTPUUYECKUX 3apsioB, OUYEBUAHO, OOYCIOBJIEHHBIM
MIPOTHUBOIIOJIOKHBIM 3aKpYYUBAHWEM raMMa-(OTOHOB MPH WX JIOKAJTU3AINHN B PE3yIbTaTe

croiikHOBeHusl. [lputskenue, kotopoe Ha 42 mopsiaka ciadee 3IEeKTPOCTATUUYECKOTO
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MPUTSDKEHUS, OYEBMJIHO, SIBJISIETCS TPaBUTALMOHHBIM MPUTSKEHHUEM, OOYCIOBICHHBIM
MOSIBJIEHUEM MAacChl B MPOLECCE JIOKANU3AIMK, W JCHCTBYIOIIEM TaKKe M MEXKIY
ANEKTPOHAMHU, U MEXJY NO3UTpOHaMH. TakuMm 00pa3oM, MpUYMHA TPABUTALMOHHOIO
MPUTSHDKEHUS 3JIEKTPOHOB — B MIOTOKE HampsbKEHHOCTEH ynpyrux cui Crdiicer BOBHYTpPb
IeKTpoHOB. To ke camMoe W A NO3UTPOHOB, M JUIsl INO3UTPOHA M 3JIEKTPOHA,
HE3aBUCHUMO OT MX DJIEKTPUYECKHUX 3apsiioB. JIBH)KEeHUE C aOCOJIOTHOM CKOPOCTBIO €CTh
abcooTHOE ABMKEHUE. BBUAY TOro, 4To JIOKanuM30BaHHBIA (POTOH OocTa€Tcst (HOTOHOM,
TO a0COJIIOTHOE JABW)XEHHE COXPAHAETCS B MAcCOBBIX JJEMEHTApHbIX 4YacTUIAX, B
aTOMax, COCTOSIIIUX M3 MACCOBBIX 3JIEMEHTapHBIX YACTHUIL, B MOJEKYJIAaX, COCTOAIIUX U3
aTOMOB, B TeJlaX, COCTOSIIIMX U3 aTOMOB M MOJIEKYJ, B HEOECHBIX TelaX, COCTOAIIUX U3

TCII.

Taxkum oOpazom, abCOIIOTHOE JBIKEHHME coxpaHsieTcss BO Bced Bceemennoil. B atom u

COCTOUT IIPUHIMUITI COXPAHCHUA a0COJIFOTHOTO JABUXKCHUS B Sp-JIOFI/IPI.

He nexutr nm STOT OpUHIMI B OCHOBE 3aKOHOB coxpaHeHus Ilpupoasl? 3akoHBI
COXpaHEHHs MacChl W DSHEPrUM, HECOMHEHHO, HUCXOIAT W3 IMPUHLHIA COXPAHCHHS
aOCOJIOTHOTO JBW)KCHHUS B JIOKJIM30BaHHOM (oToHe. Macca ecThb SKBUBaJCHTHAas
sHeprus cBoOomHoro ¢oToHa. Macca, sHepruss — cyTh Marepus. Torga W 3aKoH
COXpaHEHHMs] MaTepUU MCXOAUT HE TOJBKO M3 MPUHLHUINA coxpaHeHus Crdiiceu, HO U U3

COXpaHEHHS a0COJIFOTHOTO ABMIKCHHS B aOCONIOTHON Sp-cpere.

NmmynbC 1 MOMEHT MMITYJbCa BO BHYTPEHHEM JBW)XCHHH JIOKAJTHW30BaHHBIX (DOTOHOB
coxpanstorcsa. CrenoBaTenbHO, U ATHU 3aKOHBl COXPAaHEHHS OCHOBAaHbl Ha MPUHLIHIIE
coxpaHeHHs1 a0COJIOTHOrO ABMKEHMsS. O3HayaeT JIM 3TO, YTO HPUHIUII COXPAHEHHS
aOCONIOTHOTO JBWKEHUST B a0CONMIOTHON Sp-cpene BceneHHOM sBAsSETCS NPUYHMHOU

HpOHBHeHI/Iﬁ 3dKOHOB COXpaHCHHA MACChbl, HMMIIyJIbCa, MOMCHTA HMIIYJIbCAd, JHCPIHMU,
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matepun? [lo 1eTepMUHUCTHYECKON MPUUMHHO-CIAeACTBEHHOUM joruke — Jla. Ho Oyzner

JIM YTBEPAUTENbHBIM OTBET B (PU3UUECKOM CMBbICIIE?

AOCONIOTHOE JBUKEHUE — KaTeropusi, MOHATHE — CYTh (PU3UYECKOE, U OTPAKAET OHO
¢uznueckoe nBmwxkeHue. I[loaToMy, aeTepMHHHMCTHYECKAas NPUYHMHHO-CIEICTBEHHAS
JIOTMKA B IAHHOM cilydae (u3uueckas i, HECOMHEHHO, SIBISETCS (PU3NYECKON MPUUMHOU

HeﬁCTBHH 3dKOHOB COXPAaHCHUA.

HpuHomn riiod0ajabHOCTH A0COJTIOTHOT0 B3aUMO/IeCTBUA
a0COJIIOTHBIM JIBHKEHHEM
O03HAYAaE€T BCEBO3MOXXHBIE B3aUMOJEWUCTBUS HE TOJBKO MEXIY BCEBO3MOXHBIMHU
AJIEMEHTApHBIMU YaCTUIIAMHU, aTOMAaMH, MOJIEKYyJIaMU, TelaMu, HEOSCHBIMH TeJlaMU, HO U
MEXIy HUMH B SP-cpefioil. ITOT MPUHITUIT CYMMHUPYET (CUHTE3UPYET) Mpeabiaymue 6
npuHUUIIOB. OIHAKO, UMEET CaMOCTOSITEJIbHOE 3HAYEHHE B TOM IUIAHE, YTO 3a0CTPSET
BHUMaHUE Ha 0OMEHHOE (3aMEHHOE) B3aUMOJECHCTBUE ¢ AOCOTIOTHON CKOPOCTBIO MEXIY
Sp-cpenoii U TUCKPETHBIMU MaTepualbHBIMU O0BeKTaMH Beenennoil. 1o — rimobdansHoe
a0COJIOTHOE B3aMMOJEHCTBUE aOCONIOTHBIM JABM)KCHHEM. OJEMEHTapHbIE YacTHIIbI,
HayuHas ¢ (OTOHOB W HEUTPUHO, COCTOST M3 TOM K€ HEMPEPHIBHON CyOCTAaHIIMH, YTO U
Sp-cpena, ¢ Tou nume pazHuiei, uro Crdiices B JUCKPETHBIX 3JIEMEHTAPHBIX YaCTHIIAX
HaXOJMUTCS B COCTOSIHUM BHYTpPEHHEro adcomtoTtHoro asmxeHus. daxktudecku Crdiices
HAXOJUTCSI B COCTOSTHUU CJBUTOBBIX KOJEOAHUM, CKa)XKeM, B MOBBIIICHO AKTUBHOM IS
B3aUMOJICMCTBUM COCTOSIHMU. VIMEHHO 3Ta MOBBIICHHAs AKTUBHOCTH ITO3BOJISIET UM
3aMEHSThCS APYTMMH dJeMeHTaMu 00béma CrdiiceeBod cpenbl, HEe MPEOBIBAIOIIUMH B
MOBBIIIEHHON aKTUBHOCTHU. VT MOCTOSHHBIN Mporiecc oOMeHa (3aMelIeHus) aKTUBHBIX
aneMeHToB 00béma Cmdiicerm Ha Apyrue HEaKTUBHBIE dJeMEHThl 00bhéma Cmoiicen.
[TockonbKy aKTHBHOE COCTOSIHHE »JJeMeHTOB o00béma Cmdiicem coxpaHseTcs B
a0COJIOTHOM JIBIDKCHHH JIOKAJIM30BAaHHBIX (POTOHOB (JMCKPETHBIX DIIEMEHTAPHBIX

9JacTHUIl), TO OOMEHbl HAYyT W C Sp-cpegor. OJHUM CIOBOM, B3aMMOJICHCTBUS
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rI100aJIbHBIE: B MCKAY NUCKPCTHBIMHU MaTCpUAIbHBIMHU O6’BCKTaMI/I, 1 MCXKIY HUMHU U Sp-

CpEIION.

NmenHo »53T0 r1y100alibHOE B3aMMOJEHCTBHUE IMO3BOJSET MaTepUaJbHbIM OOBEKTaM
cBOOOHO, 0€3 CONmpOTUBJIEHUS cpelpl nepememiarbca B cpeae. CKOpOCTH TakKHUX
NepeMENICHU MeHbIle a0COMIOTHON CKOPOCTH (CKOPOCTH cBeTa). JIBHKEHHE MacCOBBIX
AJIEMEHTAPHBIX YaCTHII, BCIEJ, aTOMOB, MOJEKYJ, Tel, HEOECHBIX TeJl MPOUCXOIUT Oe3
KaKoro-im0o CONpPOTUBIIEHUS CO CTOPOHBI SP-cpelbl 3a cuéT oOMeHa (3aMelIeHHs)
BHEUIHUX D3JIEMEHTOB 00bEMa CrdiiceM aKTUBHBIMU BHYTPEHHHUMH C a0COJIIOTHOU

CKOPOCTBHO. N B »TOM ’X€¢ NpHUYMHA JBWXKCHHUS 110 HMHEPLUUM M MPOSIBJICHMS caMou

HNHCPIHH.

W3 npuHImMna riodarbHOCTH aOCOTIOTHOTO B3aUMOACHCTBUS aOCOIIOTHBIM JBMKEHHUEM
BBITEKA€T OYCHb BAXKHOE CJICICTBHE: JNUCKPETHBIC MaTepHabHBIE 0OBEKTHl BceneHHoi
HE MMEIOT YETKUX 3aCTHIBIIUX T€OMETPUYCCKUX (OpPM, ONMPEAENEHHBIX MX OYepTaHUH,
KECTKHX TIOBEPXHOCTEH paszenia 00beKTOB U cpeqpl. Kak TakoBo# reoMeTpun 00bEeKTOB
norpocty HeT. Ecnmu paccmatpuBarh B MacmTabax OECKOHEYHO MAaJbIX 3JIEMEHTOB
o0péMa Cmaiicen, TO (HaKTHUECKH HET YETKUX TUCKPETHBIX MAaTepUaTbHBIX OOBEKTOB:
BCE Pa3MBITO, BCE «CIMBACTCA B CIUIONIHOM Teney» Cmaiicen. UeTKOCTh TpaHUI] pa3zieiia
MEX]Ty TUCKPETHBIMA OOBEKTaMH M HETPEPHIBHON CPEO MOXKET MPOSBIATHCS TOIBKO

«C B3rjsiaa U3gajain».

[TpuHuunel Scnunoruu npouctekaroT oT EnuncrseHHocT Beenennoil. Yacto roBopsT u
nuIIyT (He TOJIBKO B Hay4YHOU (paHTacTHKE) 0 MHOXKECTBEHHOCTH MupoB, BeeneHnsix, 00
«AHTUMUpax» (AHTUBCEIIEHHBIX), O «apauienbHbiXx Mupax» (mapauieabHbIX
Bcenennpix), ... .

ITosToMy HemocTaTouHO yTBepXkaaTh: Bcenennas EnunctBenHa. CrenyeT yCWIWTH:

Bcenennas EquncrBenna AocomrotHo. Unu Beenennas AOcomrotHo EnquHcTBEHHA.
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N3 nocnenoBarensHOCTH: Bceenennas EaumHcrBenHa — BceeneHHas EaumHCTBeHHaA
AOcomrotHo — Bcenennas AoOcomotHo EnuHcTBeHHa BBITekaeT: EnuHCTBEHHA <>
AoOcomrotHa. EaumHcTtBeHHOCT, = AOCOMIOTHOCTH. DakTHueCKW HSTH MOHATUS 31€ECh
SBJISIIOTCSI CHHOHMMaMU. AOCOJIIOTHass Matepusi, abCOJIOTHOE ABMXKEHHUE, alCOJIOTHAs
CKOPOCTh, a0COJIIOTHOE B3aMMOJCHCTBUE HCXOAAT W3 EnuHcTBeHHOCTH BeeneHHOH, u3

AoOconrotaoit EqnacTBennoctr BeeneHHo.

OcOuyioruss — 3TO OTPAXKCHUC, H3JIO0KCHUC, BO33PCHHUC, YUYCHHUC, HAYKad, TCOPHUIA

a0comoTHOCTH BeeneHHOM.

«Teopust AGcomoTHOCTHY. ['M...MMM. V¥ mro0oro uurtartens cpasy BcIuibiBaeT Teopus
OtHocuTenbHOCTH. BbI30BeT  HemoymMeHHE  CJIOBO  «Teopus»  0€3  CIOMXKHBIX
marematuueckux Gopmyi. Jla, co Bpemén Jleonapao na BuHun Cloxkuics yCTOMYUBBIN
CTEpEOTHIl: Teopus, uMerwIas oTHomenue kK I[Ipupone, Bbelpaxkaercs (M3naraercs)
MaTeMaTUYeCKUMU (QopMynamMu. DTO BEPHO, HO BEPHO [JII MATEeMAaTHUYECKHX TEOpHH,
TeopeTuyeckoi pusuku, Kotopas 1no popme cBoeH, Mo CyTu — MaTeMaTU4eCcKasi (PU3MKa.
OnHako, MHOTO TEOPUI HE MAaTEMATHYECKUX, KACAIOLINUXCS HEMOCPEACTBEHHO [Ipupobl.

Hampumep, Ononoruueckue v reoJorndeckue.

O4eBUAHO, BBI30BET NPSIMOE COMHEHHE WJIM KPUBYIO YCMEHIKY: «AOCOIIOTHOCTH», B
MPOTUBOMONIOKHOCTh «OTHOCUTENBbHOCTHY. B Teopun OTHOCUTENBHOCTH pedb UAET 00
OTHOCUTEIHHOM (BHEIIHEM) JBIWKEHWW 4YacTull, Tel. Teopuss AOCOIIOTHOCTH
KOHIIEHTPUPYETCS Ha aOCONIOTHOM JBM)KEHUHM B SP-Cpelie M BHYTPEHHEM a0COIIOTHOM
JNBW)KEHUH JJIEMEHTAapHBIX YacTHIl, aTOMOB, MOJEKyJ, Teia. Kpome Toro, BMeECTO
nBycinoBHoM «Teopun OTHOCHTENBHOCTH» 37Aech (urypupyetr TpéxcioHas «Teopus
AbGcomoTHOCTH  BceeneHHol», B KOTOPOW pacCMAaTPUBAIOTCS WMEHHO a0CONIOTHI

Bcenennoii: abconmoTHOCTh camoil  BceneHHOM, a0COJIFOTHOE  MPOCTPAHCTBO,
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abcoitoTHast matepusi (cyOcTaHIus), aOCOMIOTHOE NABUKEHUE, a0COIIOTHAsI CKOPOCTD,

a0COJIFOTHOE B3aUMOJIENUCTBHUE.

He cnenyer ¢erummsupoBaTh MaTeMaTHU3M TEOpUM, MaTeMaTUYECKUE TEOPHUHU.
MaremaTuka onepupyeT He peaibHbIMU 00BEKTaMU, a a0CTPAKTHBIMU MaTeMaTHYECKUMU
00BEKTaMHM, U MOXKET MPHUBOJAUTH K aOCTPAKTHBIM pe3yJbTaTaM, MPOTUBOPEYAIUM
UCTUHHBIM  (U3MYECKUM  peanusiM. TpyIHOCTH  COBPEMEHHON  TeOpeTHYeCKOu
(MaTemaTHueckoil) (DU3UKHU COMPSKEHbl MMEHHO C YBJICUEHHUSIMH MaTeMaTHYeCKUMU
aocTpakuusiMu. AOCTpakiuu 3ajoxkeHbl yxe B Hauamax EBkiunma, ¢ ompeaesneHuil.
Touka 6e3 Tpéx peanbHO (PUIMYECKUX H3MEPEHUN, JTUHUS O0e3 JBYX HU3MEpPEHHI,
NoBepXHOCTh 0e3 ogHoro wu3mepenus. Yucno 0. Takux o6bexktoB B Ilpupone, BO

Bcenennoit Het. OHM — aHAJIOTH yCTOTHI, KOTOpo# B [Ipupose HeT u ObITh HE MOXKET.

OcHOBHBIE BBIBOJLI
1. Kocmuueckoe mpocTpaHCcTBO BceneHHOW sBIsSeTCs HENPEPHIBHOM aOCOIIOTHOMN
cyOcTaHIIMaIbHOM cpenoit, Sp-cpemoit W3 Sp-aneMeHTa, MNPEeACTaBICHHOTO B

CucreMe eCTeECTBEHHBIX DJIEMEHTOB BcelleHHOM.

2. Bosmymienuss B Sp-cpefie co3daroT aOCOJIFOTHOE JIBIDKCHHE C  aOCOIOTHOM

CKOpPOCTHIO (CBETa B BaKyyMme).

3. AOCONIIOTHOE IBI)KEHHE B HEMPEPHIBHOUM aOCOIIOTHOM cpefie CO3aéT AUCKPETHBIC

BOJIHOBBIE (UTYpPHI ((PopMBI) HOTOHOB M HEUTPUHO U3 SP-DIIEMEHTA.

4. DneMeHTapHbIE YaCTHUIBI SIBIISIOTCS JBIDKYIIMMUCS TUCKPETHBIMU  (OpMaMH,
durypamu u3 Sp-ayeMenTta B Sp-cpeie BeeneHckoro mpocTpaHCcTBa.
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5. DOTOHBI U HEUTPUHO OOJAAAIOT CTATHBAIOLIMMU SP-Cpeay CHIOBBIMHM MOJISIMH,
OOyCJIOBJIEHHBIMH  NPUTSKEHUEM MEXKAY COOCTBEHHBIMH MapajlieIbHbIMU
MUKpPOMOTOKaMH. DTH TNOJII — CTATUYECKHUE TPaBUTALMOHHBIC MOJS TATOTEHUS, U

NPOSBIIIETCA HA MPUMEPE UCKPUBJIEHUS JTyya cBeTa BOim3u ConHia.

6. JlokanuzoBaHHble TamMMa-(QOTOHBI  (PIEKTPOHBI-TOPBI, MO3UTPOHBI-TOPHI,...)
o0Jlalaf0T YCWJIICHHBIMU 3a CYET aHTUNApAUICIbHBIX MHKPOTIOTOKOB Ha
JMaMETPaIbHO MPOTHUBOIOJIOKHBIX CTOPOHAX TOpa CTATHUBAIOUIUMH SP-Cpeay
CTaTUYECKUMHU CUJIOBBIMU MOJISIMU, KOTOPBIE MPOSABISIOTCA KaK JIOMOJHUTEIBHOE
IPABUTAIIMOHHOE TPUTSHKCHUE MEXIY JIOKaJU30BaHHBIMU raMma-(hoToOHAMU —

AJIEKTPOHAMU U MTO3UTPOHAMH B JTHO00H UX KOMOWHAIIUH.

7. DIEKTPOHBI-TOPHI, TO3UTPOHBI-TOPBI U TOPBI U3 HEUTPUHO 00J1aJal0T BHYTPEHHUM
a0COJIIOTHBIM JBHYKEHHEM, 00pa3yIolIMM BHYTPEHHUE MOTOKH, (OPMUPYIOIIHE 32
npeneraMyd TOPOB COOTBETCTBYIOIIME 3ara3ibIBarollfe MOTOKU B Sp-cpene. OTu
MOTOKH JUHAMUYECKH B3aUMOJCHCTBYIOT MEXy CO0O0# Tak, YTO, B 3aBUCUMOCTH
OT TMAapajuIeNbHOCTH WJIA AaHTHUIAPAJUICTbHOCTH, TOPBl TPUTATUBAIOTCS WIU
OTTaJIKUBAIOTCS. DTU TUHAMUYECKUE OIS TIPOSIBIISIOTCS KaK SJIEKTPUUECKUE TIOJIS

ITPOTHUBOIIOJIOKHBIX 3HAKOB.

8. Cratndyeckum I'paBUTAallMOHHBIM IIOJIAM TATOTCHUA COOTBCTCTBYIOT
I'paBUTAIIMOHHBIC 3apAAbl OAHOI'O 3HAKA, 4 JHWHAMHWYCCKHUM QJICKTPHUUICCKHUM
MOJIAM MNPUTAKCHUA KW OTTAJIKHMBAHHA COOTBCTCTBYIOT JJICKTPHUYCCKHC 3apsadbl

ABYX IIPOTHUBOIIOJOKHBIX 3HAKOB.
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9. 3apsiabl SBISIOTCA KOHLEHTPUPOBAHHBIMU MPOSBICHUSIMU COOTBETCTBYIOLIUX
IIOJIEN, a MOJIS SBJISIOTCS PACHPENCIEHHBIMU MPOSBICHUSMH COOTBETCTBYIOIINX
3apsI0B. 3apsiAbl U OIS ABJISIIOTCS IMPOSIBJICHUAMH OJHUX U TE€X K€ CYIIHOCTEN —

JIOKaJIU30BaHHBIX (POTOHOB U HEUTPUHO B SP-cpere.

10. 3apsaapl U TONSA  AUCKPETHBIX AJIEMEHTAapHBIX YacTHL HMMEIOT BOJHOBOE

POUCXOXKIECHUE, BOJTHOBYIO MTPUPOAY.

11. BHemnrHee OTHOCHUTEHLHOE HWHEPIIMOHHOE JABMIXKEHUE DJIEKTPOHA, IMO3UTPOHA U
NpPOTOHA OOYCJIOBJICHO WX BHYTPEHHUM aOCOJIFOTHBIM JBH)KCHHUEM, M TOU JKe
PUPO/IBI, YTO U BOJIHOBOE MPSIMOJIMHEHHOE PaBHOMEPHOE a0COIFOTHOE JABUKEHHE

(OTOHORB M HEUTPHUHO.

12. UcTMHHO »5JIeMEHTapHBIX (HENEIMMBIX) YacTHIl TOJbKO 4 pa3HOBUIHOCTEM:

(GOTOHBI, HEUTPUHO, DIIEKTPOH, TO3ZUTPOH.
13. Helitpon — cocTaBHas 4YacTHIla HW3: MPOTOHA-«AHTHHEUTPUHO»-IJICKTPOHA, B

KOTOPOM MPOTOH BHYTpPEHHsS (TepBas) 4acTh, a AHTHHEHUTPUHO M DIIEKTPOH

KpaiiHsis (BTOpasi) 4acTh.

14. CtabunpHOE COCIMHEHHE HEHTPOHA M MPOTOHA B sjpe JAEHUTEpHs OOYCIOBICHO

00001IecTBIEHNEM KpaliHero (BTOPOro) CI0sl HEMTpOHA Ha JIBa MPOTOHA.

15. /Iga cTaOWibHBIX SiApa JNEUTEepUs COEAUHSIIOTCSI COOCHO B YCTOWYMBBIMA OJIOK

marudeckoro siapa ['enus, B anbga-gacTuiry.
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16. Yetblpe mnapaienbHO COEAMHEHHBIX OJIOKa Marmyeckoro sapa [enus

dbopmupyroT Mmarudeckoe saapo Kuciopona.

YACTD V 3akiaouyuteabHas

IIpennciioBue K 3aKJIIOYUTETHHOH YACTH U NOCJIECT0BHE K KHHUIe

[lepeOupasi ecTecTBEHHbIE JJeMEHTbl BceneHHOW, Mbl MBICICHHO MpoAeialu
nytemiectBue B OeckoHeyHocTh mo [IIEDB (Yacte I, pazmen 10). Tlo npumepy
CMBIKaHUsl OECKOHEYHOro psija HaTypaibHbiXx uucen (Yacts |1, pazgen 11) u Mbl B 3TOM
MyTEIIECTBUU MO0 «OECKOHEUHOMY KOJBIlY» BEpHEMCS K Hadaly KOJbla, K XUMUYECKUM
sanemenTtaMm (Yacts I). Tlo xoxy u3noxkeHUs HEOTHOKPATHO OTMEYAIach MPO30PIUBOCTD
. 1. MenneneeBa. Kak n3BectHo, MeHaeneeB MHOTHE TOJIbl TOCBATHII TOUCKY XUMHU3Ma
CBOETO HyJieBOro 3eMenTa Hototonus. 3BecTHO Takke, 4To JJii HYJIEBOTO 2JIEMEHTA B
[lepuonnueckoit Tabnuile XUMUYECKUX DSJIEMEHTOB IIOCJIE€ €ro KOHYMHBI MecCTa He
Hanuiock. Ero mompocty ynamunu. BmecTte ¢ HUM KaHyJl B HEOBITHE M €r0 XMMH3M.
Mon4anvuBo MM CTBHIIJIMBO PEIIMJIM, YTO B 3TOM BONPOCE I'€HUAJbHAs MPO30PIUBOCTh
MenpeneeBa cnoTkHyJack. Tak nu 310? IlombiTaeMcsi OTBETUTh Ha STOT BOIIPOC B
CJEAYIOIIEM pa3fere.

NmeeTtcs 1 BTOpOit BOIIPOC, HEMOCPEACTBEHHO CBSA3aHHBIM C ’TUM BOIIPOCOM — BOIIPOC 00
3()MpHOM MHPOBOM MPOCTPAHCTBE, OO0 OHBOIIONHMH (CyabOE) ATOTO MPOCTPAHCTBE.
PaccmoTrpenrem  Bompoca 00 3BononuM (Cyap0€) 3TOTO0 MHPOBOTO MPOCTPAHCTBA
3aBepIUM 3aKITIOYUTENbHYI0 YacTs V U Bceil pyKONHCH HE U3aHHOW B I€YaTH KHUTU 00

aneMeHTax Mupa.

XuMHU3M MHPOBOIo 3¢upa
B cB000/IHOM HUHIMBUYAIbHOM COCTOSIHUU CYIIIECTBYIOT TOJIBKO aTOMbI ['enust u gpyrux

6HaFOpOI[HBIX razoB. Bo Bcex APYyrux BCHICCTBAX aTOMbI CYIONCCTBYIOT B CBsA3aHHBIX
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COCTOSIHUSAX B: TOMOSJIEPHBIX AUMEpPAX (ABYXaTOMHBIX MOJIEKYJAX), TeTepOsIepHBIX

auMepax, TpuUMmepax, TeTpamepax, ..., XUMHYECKUX COCJAMHEHUAX, CIUIaBax,
BBICOKOMOJIEKYJISIPHBIX COCJIMHEHUSX, HAHOYACTUIIAX, KUJIKOCTIX, aMOP(MHBIX TBEPIBIX
Tenax, KpUCTalsiax, HeOecHbIX Tenax. PaccmorpuMm Haumbosiee pacnpocTpaHEHHBIE
TOMOSIIEpHBIC JBYXaTOMHbIe MOJIEKYJIbl Bomopona, A3zora u Kucnopoma. OOpazoBanue
JIBYXaTOMHBIX TOMOSIIEPHBIX MOJEKYJI W3 COOTBETCTBYIOIIMX aTOMOB MPOTEKaeT
MOCPEJICTBOM XMUMHUYECKUX peakiuidi. B Tabnuie HUKecIeayroero pucyHka Bo BTOpoi
KOJIOHKE TIpuBeJIeHbI paauyckl R atomoB Bogopona, A3ora u Kucinopona. ATom npussT

3a mapuk paauyca R.

O0BEM V mapuka-aToma:

v = (4/3) n R® = (4/3) n(d/2)® = (n/6) d?, (71)
rie d — namamerp aroma. JIOTHYHO MPEANOIOKHUTH, YTO O00BEM V TOMOSAEpHOM
JIBYXaTOMHOM MOJIEKYJbl OyJIeT paBeH YIBOEHHOMY 00BEMY aToma:

V=2v=(n/3)d? (72)

Torna (4/3) n (D/2)3 = (n/3) d® (73)
rae D — nuameTp AByxaTOMHOM MOJIEKYIIbl. 13 BeIpakeHus (73) MoayduMm:

D=2"d=126d (74)

B derBéproii KOJMOHKE TpUBEACHBI paccunTaHHbie 1O (opmyne (74) 3HaAUCHUS

IUaMETpOB  JIBYXaTOMHbIX MoJekyal Dp. B  Tperbeil  KOJIOHKE MpPUBEACHBI

OKCIICPUMCHTAJIBHBIC TUAMCTPBI D» COOTBCTCTBYIOIIMX JABYXdaTOMHBIX MOJICKYJIL.

R, panuyc D, nmametp Dp amametp
BemectBo | Atoma, 10° M DKCIEPUMEHT-U | PaCUETHBIN D,/ Dy
mosekyn, 109 m | monexyn, 10° m
Bonopon H 0,053 H, 0,25 H, 0,133 H, 1,879
Azor N 0,056 N> 0,32 | N 0,141 N> 2,27
Kucnopon ) 0,048 0O, 0,3 O3 0,120 | O, 2,666
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Puc.57. DxcnepuMeHTaIbHBIE U PACUETHBIE JTaHHBIC, a TAKXKE€ COOTHOIICHUS O0OBEMHBIX

IoKa3aTesiel ABYXaTOMHBIX MOJIEKYJI HauboJiee paclpoCTPaHEHHBIX BEIIECTB.

BugHO, 4YTO DOKCIEpUMEHTAIBHBIC 3HAYEHUsS JUAMETPOB JBYXAaTOMHBIX MOJEKYI
MPEBOCXOJAT pacu€THble 3HAadyeHUs. IMX oOTHolIeHuWe s BCEX TPEX BELIECTB
NPEJCTABJIECHBI HA pUC. | B mATOM KoyoHKE. Y Boaopoaa moyTu IBOMHOE MPEBOCXOICTBO
D> nwang Dp, y Azora 6Gonemie B 2,27 pa3, a y Kucnopoma OGosbiie B 2,666 pas.
«JloruyHOE TIPEANONIOKEHHUE» OKaA3aJ0Ch, HE COOTBETCTBYET pEAIbHOCTH. Takoe

BIIeUaTIICHUE, OYATO MPOUCXOJAUT HE XUMHUYECKAsI PEaKIIUS:

A+A=2A=A=M, (75)
rae A —arom, M — 1ByxatoMHasi MOJIEKYJIa, @ B3aUMOJICHCTBUE:

A+A+Q=M+Q, (76)
rae €2 — n30BITOYHBIA 00BEM,

M + Q — nByxaToMHas MOJIEKyJa, cojepxkaias u30bITouHbIl 00bEM Q. B cTpykType
3anucu npespaiinenus (76) cimaraemoe Q dhopMaabHO GUTYPHUPYET KakK MMOJHOICHHBIA 1
PABHOIIPABHBIM PEAreHT XUMHUYECKOW peakuuu. Ho, TMOCKOJBKY peajibHas MOJIEKyia
KOHKPETHO COJICP)KUT M30BITOUHBIN 00bEM, ypaBHEHHE (76) HE MPOCTO MaTeMaTHUYECKUN
dopmanusM, a OTpakaeT peajdbHOE TMpEeBpalleHHe JBYX AaTOMOB B MOJEKYIy C
oOperennem «pearenra Q». Otkyna ke Oepércs 31oT «peareHT»? Ero He Hazmo
CHEIUATBHO OTTYJA-TO JOCTAaBISATH B 30HY PEAKIUU. IJTO «YACTUYKA» OOBIYHOTO
TPEXMEPHOTO MPOCTPAHCTBA, a MPOCTPAHCTBO MPUCYTCTBYET Be3A€ BOKpyr. B
npeBpauieHun (/6 ) €2 ydacTByeT KaK peareHT-3JIEMEHT, TaKK€ KaK pPeareHThI-aTOMBI
anemenTta A (Bogoponma nu, Azora nu, Kuciaopona nm), y KOTOPbIX CBOM COOCTBEHHBIC
00BEMBI. CriemoBaTenbHO, TPEXMEPHBIH OOBEM Y4YaCTBYET B XUMHUYECKUX PEAKIIHIX.

Nnaye m OBITh He MOXKeT. Bce IponecCrel, B TOM YHCIC H XHUMHUYCCKHC PCAKIHMU,
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MIPOUCXOJAT B MpocTpaHcTBe. HeT mpocTpaHcTBa — HET JIOOBIX MPOIECCOB, B UX YUCIE U
XUMHYECKHE peakuuu. Ho 3T0 TpEXMEpPHOE NPOCTPAHCTBO €CTh IIEPBBIA HYJIEBOU
cyOCTaHIIMaIbHBIN ecTecTBEeHHbIH »dieMeHT Bceenennoit Sp. CyOcTaHUMANbHBIN XKe
3JIEMEHT — MIPOCTPAaHCTBO Beenennon, MupoBoe nmpoCTpaHCTBO.

MupoBoe MNpOCTpaHCTBO 00JIaJaeT XUMU3MOM.  Takum oOpa3zoMm, MeHaeneeBckas

XUMHUYECKas IPO30PIUBOCTb PaCIPOCTpaHMIACh U Ha MHpPOBOE IPOCTPAHCTBO.

K koHny 3BOJIIOIMH MHPOBOrO0 3¢upa

D¢up, (0T ApeBHETpEUECKOro ciIoh 0ifT|p, BEpXHUI CI0M BO3AyXa) U3HAYAIBHO CUUTAJICS

IYCTBIM IIPOCTPAHCTBOM C MeJIbYalIIuMu HCBUAHWMBIMHU IICPBOYACTUIIAMHA «aMCPaAMMN».

Hexapt yTBepxknaai, uto Bo BceneHHoil Her myctoT. OH paccMarpuBall MPOCTPAHCTBO
KaKk CBETOHOCHYIO Cpely, B KOTOpOM BO3JAEHCTBME OJHOIO Tejla Ha JApyroe
OCYILECTBIISETCS MEXaHU3MOM OJMU3KOAEHCTBUSL. Tena, 0-BUJUMOMY,

BSaHMOHGﬁCTBOBaHH MMOCPCACTBOM «aMCPOB)».

HeroroH  mpuaepxuBancs  NpPUHOUIIA  JAIBHOAEUCTBUS,  T.€.  MIHOBEHHOIO
B3aMMOJICHCTBUS Tel B aOCOMIOTHOM TmpocTpaHcTBe. [lo MexaHM3My Takoro
B3aUMOJCHCTBHS OH «THIIOTE3 HE MU3MBIIUISI). «AMEpBI», MO-BUAUMOMY, COXPAHUIUCH,

a CBET MPEJICTABIISIICS TOTOKOM KOPITYCKYJ B a0COIOTHOM MPOCTPAHCTBE.

Jlecaxx nyisi BBISIBICHUSI TIPUYMHBI MPUTSHKEHUS HEOECHBIX TENl «3aceluiy» aOCONIOTHOE
MPOCTPAaHCTBO HbIOTOHA HEBUIMMBIMHA XAOTHUYECKH JBHXKYIIUMHUCS MEIbYAUIIIUMHU
gacturnamu. B Teopum Jlecaka sKpaHUpOBaHHE OSTHUX YACTUIl HEOECHBIMHU TEJIaMH
MPUBOIUIO K uUX cOmmxkeHuto. O4eBUAHO, aOCOMIOTHOE MPOCTPAHCTBO OBLJIO MYCTHIM

IIpOCTPAaHCTBOM, 4 HCBUANMBIC MeJIbYanIIne qaCTHUIbI OBLTA aHaJIOTaMU «aMCpoOB».

CBeroHocHbli  3hup MakcBemia mnpeanonarail  CyHIECTBOBAHME  MOJBHKHBIX

QJICKTPHUICCKUX I[HHOJ'ICﬁ C IMIPOTHUBOIIOJIOKHBIMHU QJICKTPUICCKUMH 3apsagaMu,
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OCYILECTBIISIOINX ONU3KOAEHCTBUE CO CKOPOCTBIO CBETA. B IyCTOM MpPOCTPaHCTBE ITH

JAUIIOJNN 3aMCHUJIN «aMCPbD»).

MeHnneneeB «XuMuuecku Bo3poxkaam» 3¢up Heiotona-Jlecaxxa. B ponu menpuaitmmx
qgacTull y Hero Obu1 «HbIOTOHUIY — HYJIEBON «XMMUYECKUH 3JIeMEHT». MHOTHE To/ibl OH

IMOCBATHII IIOUCKY XMMH3Ma «HproToHmus».

B Bakyyme XX-ro Beka, KoTtopbiM 3ameHuiu 3¢up XIX Beka, HeBUIUMBbIE 3(UPHBIE
YacTHIIbl TIEpPEeBEIM B pa3psij BUPTYaJbHbIX (pEaJibHO HE CYIIECTBYIOMIMX) YacCTHI.
Bakyym npencraBnsiercs «okeaHoM Jlupaka» BUPTYalbHbIX YacTHll. PaKTHUYECKH 3TO

a”aJjior 3(1)1/Ipa, HO C BUPTYAJIbHBIMU YaCTUIIAMHU B ITYCTOM IIPOCTPAHCTBC.

B 3(1)I/IpO}II/IHaMI/IKe AH}OKOBCKOFO 3(1)I/Ip MpeaACTaBIICTCA BA3KUM TI'd30M PA3JIMYHBIX

BPIXpefI B UCPAPXHUUCCKUX YPOBHAX OpraHU3allMUi MATCPHUH.

MupoBoe MpOCTPaHCTBO 3BOJIOIMOHUPOBAJIO B Hayke (B CO3HAHMM YEJIOBEUECTBA) B
BUJIE MYCTOTO MPOCTPAHCTBA, KOTOPOE COJAEPKAIO pa3inyHbie d(UPHBbIC YACTHUIIBI — OT

MeTbUalIINX HEBUAMMBIX 0 BUPTYAJIbHBIX U Pa3HBIX BUXPEU HepapXUUECKUX YPOBHEH.

Om — oxHOpOIHOE, H30TPONHOE, HEMPEPHIBHOE KOCMHUYECKOE IPOCTPAHCTBO. ITOT
€CTECTBEHHBIN 3JIeMEeHT BceneHHON ObUT BBISABICH MPH MEPEX0JIe K HATypaTbHOMY PSIy
yucen N =0, 1, 2, 3,4, ... o or psga n = 1, 2, 3, 4, UICTIOJIL30BAaHHOTO B JACAYKTHBHOMU

CucTeMatTu3dan U TUIIU3allu XUMHUYCCKUX 3JICMCHTOB .

Om — peanbHO CymIecTByIOIIasi qoMaTepuaibHas cyOcTaHIus. Marepusi TUCKpETHa, a
cyOcranius Om HempepbiBHA, HEMPEpPhIBHA a0CONIOTHO, T.€. HE UMEET HU BHYTPEHHUX,
HU BHEITHUX Tpanuil (6eckoneunas Beenennas). [IpoctpanctBo (Om-cpena) OeCKOHEUHO
U BeYHO. B oTauume oT MHPOBOrO MPOCTPAHCTBA U3 IYCTOrO MPOCTPAHCTBA C
pasnTUYHBIMA  AQUPHBIMH  YacTuUllaMu, B  KoHuenuuu Om-mpocTpaHcTBa  caMo
MIPOCTPAHCTBO SIBJIAETCS CyOCTaHIMAIbHBIM €CTECTBEHHBIM 3JIeMEHTOM BceneHHol, He

COJIepKalllUM KakuX-1u00 3puUpHBIX dYacTull. B Takom ciydae 310 HE 3Qup. ITO
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MIPOCTPAHCTBO-CPeia U3 CyOCTAHIIMAIBHOTO €CTECTBEHHOro siaeMeHTa Oy 6e3 adupHbIX
gactun. OM-IPOCTPAHCTBO — Cpela, B KOTOPOW: BO3HUKAIOT W JABWKYTCS HEUTPUHO,
(GOTOHBI, JJIGKTPOHBI, MPOTOHBI; 3aXUTAIOTCS W TacHYT 3BE3NBI;, (POPMUPYIOTCS W

pacnagaroTCA raJJaKTUKH.

Om -MpOCTPaHCTBO BBHIMOJHSAET (YHKUMHU MHUPOBOIO MPOCTPAHCTBA M 3TO MOABOJIUT K
KOHILY 3BOJIIOLMI0O MUPOBOIO IPOCTPAHCTBAa KaK MYCTOrO0 MPOCTPAHCTBA C 3(UPHBIMU
gactuiamMu. MupoBoe OM-IpOCTpaHCTBO CYILIECTBOBAJIO, CYIIECTBYET U  OyAeT

CymeCTBOBATh, HE3aABUCUMO HHU OT KOI'O, HU OT 4YCTrO.
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