KM CEH TYK
KM WPUHA CEHTYKOBHA
KUM IMUTPWIA CEHTYKOBMY

JIEMEH

&=
=)

SUPER

n3naTenbCTBoO



Kum CeH lyk
Kum UpuHa CeHrykoBHa
Knum OIMutpun CeHrykosuy

SJIEMEHTbI

CYTIEP N3paTenbcTBO
CaHkT-leTepbypr
2019



VIK=378
bbK=24
93

Opurunan-maket: M. Xap/iyKoBa
O6soxkka: A. JIucosa

Kum Cen I'yk, Kum Hpumna CenrykoBHa, Kum
Odmvutpnii CeHrykoBuu
I'93 Kum CeH I'yvk, Kum Mpuna CenrykoBHa, Kum IMutpuii
CeHrykoBu4: «JiaeMeHTbl» — CaHkT-Iletepbypr: OO0
«CVIIEP UspaTenbcTBO», 2019 1. — 218 cTp.

B KHUTe MpeICTaB/ISIIOTCS BIBOJ, 3/IeMeHTapHbIX hOpMYJ
paciipee/ieHus XMMUUYeCKMUX 3JIEMEHTOB U 00Iast Teopus
YMCJIOBOTO pacIlipeie/ieHUsI BCero MHOKeCTBA eCTeCTBeHHbIX
3JIEMEHTOB, BK/IIOUAIOIIEro U IMOJAMHOXECTBO XMMUUYECKMUX
371eMeHTOB. Teopus Bcero MHOKeCTBa €eCTeCTBEHHBIX 3Jie-
MeHTOB BceJjieHHOJ MOABOAUT K DCIMUJIOTrMYECKOM KapTUHe
Mupa Ha OCHOBE BBISIBJIEHHOTO CYOCTaHIIMaJIbHOIO ecTe-
CTBEHHOro 3jieMeHTa Sp (cnu). OT Sp — CIIUIOTUS.

Kuura moskeT npencTaBasTh MHTepec O cdep npo-
CBeIeHMs, BbICIIET0 0Opa30oBaHMsI, HAYKMU, TEXHUKU U
TeXHOJIOTUIA.

Bce npasa 3awjuwjerst. Huxakas uacmes 0aHHoli KHU2u He Mo-
Jcem OblMb CKONUPOBAHA UJU 80CNPOU3Be0eHA 8 KAKOLI 6bl MO HU
0b1710 (hopme Ge3 NUCLMEHHO20 paspeuleHus agmopad.

ISBN 978-5-9965-0454-1

© Kum Cen I'yk, 2019
© 000 «CVIIEP UsparenbcTBO», 2019



«Bcé cy1ee eCcTb YMUCIIO»
[Mudarop

IIpepucnoBue

[Tndarop He TOTBKO K TEKCTY, HO U K TecTy. TecTy Ha Ma-
TeMaTMYHOCTh OKpYy>Kawiero Mupa, BemectseHHoro Mupa
U3 XUMUYECKUX 37IeMEeHTOB. XMMMUYECKNE 3JIeMEHThI — YNUC-
J1la: HOMepa XMMMUUYEeCKUX JIEMEeHTOB; YMCJia 3JIEKTPOHOB U
HYKJIOHOB B aTOMaxX XMMMUYECKUX 3JI€MEHTOB; KBAHTOBbIE
4yucnia, ... . Bcsa marepus B BemectBeHHOM Mupe 13 XMMMU-
YeCKMX 37IeMEeHTOB: aTOMbI, MOJIEKYJIbl, HQHOYaCTUIbI, TEJa,
ra3orbljieBble TYMaHHOCTU, HeGeCHbIe Tejla, CKOTIJIeHUS ra-
JIAKTUK, ... . BCE (Ha cerogHs) MHOXECTBO XMMUUECKUX 3JIe-
MEHTOB, COCTaBASOMMUX 118 HOMepPOB, TpaAUIIMOHHO pac-
npenensiioT B [lepuoamueckux Tabnumax. Micxonst u3 cBOux
TabJINII, MU3BECTHBIX Ha TO BpeMS XMMMUUECKUX 3JIEMEHTOB,
. . MenpgeneeB oTkpblI [lepnogmuecknii 3akoH. Ho aToT
byumamenTanpHbIi 3aKoH [IpMpoabl 0opMIIEH TOTBKO Ta-
6/1M4HO, chOpMYIMPOBAH TOJIBKO CJIOBECHO, I HE MMeeT Ma-
TeMaTudeckux opmyst. Tabauiibl 6€3 GopmMys — UMCIOBbIE
mmgpsl 6e3 Kawueit. Marematuueckue GopMyJibl — KITIOUM K
YHCIOBBIM IMdpam.



Yactp I

BBepenue Kk Yactu I

B 60/1ee yem IBYXBEKOBOI MCTOPUM CUCTEMATU3ALUN
XMMMUYECKNX 3JIeMEeHTOB HanboJbImXx ycrexoB B XIX Beke
mocturau 6purtaser [IkoH AnekcaHap HpioneHzac, repma-
Herr Oimyc Jlotap Meviep u poccusiiuH Imutpuii iBaHOBUY
MeunpgeneeB. B mociemHeli mpukmusHeHHo# Tabnuie
MenpeneeBa 6110 IX TpyrIm:

n %, Heda HHan Tabmsua H.M. Mewiereeba
nO TPYOnaM M PRIAMS
(. H. Meumeneen. Ocuonw xmoot. VIII wanauwe, CHG., 1906 r.)

Tpynnu saesmesTon

PAM 0 1 11 112 v, v vi viz vz
o |merowm

1 | Xopomdk |Sczopon - P = -— = = 3
H
1,008
7 | Temdt | Mmemar Bop Azoz eop F
He Li Be B c N -] F
4,0 7,08 9,1 11,0 12,0 19,01 | 18,00 19,0
3 Heom Harpedt | Maruacht |A dccop Cepa Xnop
Ne Na Al si P s cl
19,9 23,08 34,58 27,1 28,2 3,0 32,08 38,48
4 Aprox Mamck | Kasuodt TuTax Apcae Xernerc 8. Hevens
Ax K Ca sc TL v cxr Mn Fe co Ni
3 38,15 40,1 44,1 48,1 51,2 52,3 55,3 55,9 59 59
s Mezs x| Tanmek [Teprawnit| Mamsax | Cosex Spow
cu Zn Ga Ge ks Se Br
€3, 6 65,4 70,0 72,5 bl 78,2 79,95
L] urTpaR EmotuR = ByTemR| Poouh |TamnameR
Kr Rb Sx b 2 Zr Nb Mo Ru Rh Pd
8,8 25,8 9,6 89,0 90,6 94,0 96,0 2031,7 | 1030 106, 8
? Kamodt | Meodt Casna. | Cypeua | Tesnyp #oa
cd In Sn Sb Te I
107,98 | 112,94 11%,0 118,0 | 120,32 127 327
) Kceuwon | Uamck | Sapuit | Jawzax | Depidt s g s — 2 St
Xe Cs Ba La Ce
128 132, 9 137,49 13e,9 140,2
®
~ 10 = = = epoust| Tawran [Bomagpan|
Yb Ta w
178 183 184
— Pam@ =3 Tepi e Vpan i
Ra Th v

228 232.8 238, 8

Puc.1. Tocnegusis npuskusHeHHas [lepuognueckas Tabauia
.M. MeHieneeBa



Kak BumHO Ha puc.1, y MeHpeneeBa 6blyia HyJIeBasi TpyII-
I1a 371IeMEeHTOB, KOTOpas coAepskaJjia J0BOAOPOIHbIE 3/IEMEHThI
1o HomepoM, oueBuiHO, 0 — HbroToHMI (3bup), a 1o Home-
pom 1 — Koponnii. Bomopon, mo-suaumomy, uMesa Homep 2,
l'enuii — HOMmep 3, ..., U T.1. IMuUTpuii iBaHOBUY II0UEMY-TO He
CTaBMJI HOMepa 3jIeMeHTaM, BUAMMO, IT0jIaras 3TO OUeBUIHBIM
T10 TIOPSIAKY PacIiONIOKeHU s 3JIEMEeHTOB B ero [lepuoanyeckori
Tabuiie: cjeBa HAIPaBo B pAAax (I1caja ¥ TOBOPUJI MMEHHO
0 psiJiax, a He O Iepuoiax) M CBepPXy BHU3 CAMUX PSIO0B (TIepy-
0110B). B BOCbMOI1 (AEBSTON OT HYJIEBOJA) IPYIIITe ObIIM TOJBKO
tpuappl: Fe, Co, Ni; Ru, Rh, Pd; Os, Ir, Pt.

MysbiKajbHasi OKTaBHA$sl TapMOHMS, BOIIJOIIEH-
Hasg B «3aKkoHe OKTaB» HplojeHca B ero cucremMaTusaliu
XMMMUUECKUX 3JIeMEeHTOB, MMeJia CTOJb 3aBOPa’kKMBalo-
lee BO3OelCTBMe Ha Jwomeit, yTo 120 jeT 1mocjie OTKPbITUS
MenpeneeBbiM [leprognueckoro 3akoHa B Mupe 1oJjib30BaiCh
IMTepuopmueckoit Tabuiieii xumMmmudeckux symeMmeHToB u3 YIII ro-
MOJIOTMYECKMX T'PYIII 37IeMeHTOB-aHaJIoroB. B ITocTMeH/ iesieeB-
CKM¥1 TIepyop, BIUIOTh 10 1989 1. HanboJstee MOMyJIsSIpHOI 1 TIOBCe-
MeCTHO MCIOJIb3yeMoii 6b11a [epuoanueckast Tabauiia Buaa:

NMEPUOONYECKAA CUCTEMA XUMWYECKUX SJIEMEHTOB [.W. MEHD,EJ'IEEBA

repynmneoe 3 n EMEHTO B
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Puc. 2. Hau6osee paciipocTpaHénHas ¢popma Ilepmomuyeckoit
TabauIbl XUMUUECKUX 3JIeMEeHTOB 10 1989 1.
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I[lo cpaBHeHMIO C TOCJHenHel NPUXMU3IHEHHOI
IMepuonuueckoit Tabnauiieii MeHemeeBa HYJIeBO TpyII-
bl BMECTe C HyJIeBbIM 3jieMeHTOM, KOpoHVeM 1 MHEPTHBI-
MU dJIeMeHTaMMU HeT, TepBbiii Homep y Bomopona, T'ennit u
MHEPTHBIE Ta3bl 13 OBIBIIEI HYJIEBOV IPYIINbI IEPEHECEHDI B
rpynny YIII, roe pasMelneHsl M TpUaabl 6J1arOPOSHBIX Me-
TaJuIoB. I'ejinii IOAHSIJICS HA OOUH PSIJ, BbIle Y CTOUT HOMe-
poM 2 B OAHOM psny ¢ Bomopomom uepes 6 TPyIIN B KpaliHei
pasoii rimasHov noarpynmne YIII rpynnsl.

Pasmemnienne l'enns Hag HeoHOM U IpyTMMM MHEPTHBI-
MU Ta3aMy ObLJIO BIIOJIHE TIOHSTHO UM OIIPaBIaHO BO BpeMe-
Ha MeHe/eeBa, KOrga He 3HaJ/IM O CTPOEHUM aTOMOB, U He
ObIJI0 KBAHTOBOJ MexaHUKU. B camom neje, ras I'enuit 60-
Jlee MHEPTEH, YeM BCe Apyryue 6;1aropoaHbie rasbl M MMeeT
HaMMEeHbIIYI0 aTOMHYI0 Maccy cpenyu Hux. [loaTomy Jiorny-
HO OBbLJIO CTaBUTH ['einii Ha IIepBoe MeCTO TUII03a4al0Iero
3JIeMeHTa B TOMOJIOTMYeCKO I'PYyIIlie MHEPTHBIX aTOMapHbBIX
3JIeMeHTOB-aHaJOrOB.

Ho, Korjia OTKpbLJIM CTPOEHME aTOMOB, U ObIJIO YCTAHOB-
JIEHO, UTO B SIBJIEHUM MTEPUOAUUYHOCTH CBOMCTB XUMMUUECKUX
3JIEMEHTOB JIEXKMT KBAHTOBO-MeXaHuuecKkas 0CHOBa (hOpMM-
POBaHMS IEKTPOHHbBIX 000JI0UEK, CTAHOBUTCS HEITOHSTHBIM
nonoskeHue T'enust Ha puc.2. 3To B Tabaunax mu3 YIII rpymm.
Ho, Takas ke KapTHHa COXPaHSIETCS U B COBPEMEHHBIX, IT0CJIe
1989 r., Tunax IMepmopmueckux Tabui ¢ 18-10 rpynmamn.
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V3ke ¢ 6erioro B3IJIsIfa Ha PUC.2 U PUC.3 OTUETAUBO BU-
HO, 6yaTo I'esinit BIpBaH M3 €CTECTBEHHOTO MOJIOKEHUS PSI-
oM ¢ BogopoioM 1 TiepeKMHYT Ha caMylo TIPaBylo U Bepx-
HIOI0 mo3uiuio Hag HeoHnom. IIpu 3TomM Ha o6oux puc. 2 u 3
BUIHO, UTO sSuelika c ['eieM, Mo 11BeTY TaKas e, KaK y BYX
I'PYII s-3/1eMeHTOB. Kak s-a/emMeHT I'esinii MOXXeT ObITh TU-
1103a1aI0IIMM B I'PYIIIE P-3JIeMEeHTOB? ABTOPBI 9TUX Tabsimil,
MO-BUIMMOMY, TaKMM BOIIPOCOM He 3aJaBaanch. Ecian ke 3a-
IaBaJIMCh, TO TIPeAIOYIM He BBIXOIUTD 38 PAMKM CJIOKUB-
muxcs B XIX Beke Tpaguuuii. A, Beab, Tabauibl Ha puUC. 2
u pUC. 3 CO31aBaICh B cepeanHe XX BeKa, KOrja CTpoeHue
aTOMOB ¥ (h)OpMMPOBaHMeE 3JIEKTPOHHBIX 000/I0UYEK Ha KBAH-
TOBO-MeXaHMYeCKOi OCHOBE ObIIM ITOBCEMECTHO MPU3HAHBI
U IPUHSITHI.

Mesxkny TeMm, cyuiectByet [lepuognyeckast Tabiuiia Xu-
MMYeCKMX 3JIEMEHTOB Mo Bepcuy JKaHeTa C YeTbIPbMSI S-3-
JileMeHTaMM B Hadajle (Ha CaMOM Bepxy, ClipaBa, HaJl BCeMU
OCTaJIbHBIMMU S-3jieMeHTaMM) TabIuIIbl, KOTOPYIO OH paspa-
6ora emé B kKoHlle 20-x rogos XX Bexa.
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[IpsimoyroJsibHbIE 6JIOKM S-, p-, d-, f-27IeMeHTOB KOM-
MaKTHBI ¥ HEIIPEPBIBHO MOC/IeA0BaTEbHbI ClIpaBa HaJeBo.
PacuBeTka 67I0KOB HECKOJIBKO OT/IMYAETCS OT ITPUBBIYHBIX
ILJISI HAC KpacHOro, XKeJITO-OpPaH>XeBOro, CMHETO U 3eJIEHOTO
1BeToB. Ho paciiBeTKa yCj0BHA M MOXKET OTJINYATbLCS B 3aBU-
CUMOCTM OT NPEeANOYTEeHN U TPAOULMIT pa3HbIX HAPOJOB.

NuepTHbIN T'ennit BO3TAABASET TPYNNY XUMUYECKU
OUEeHb aKTUBHBIX IIEJIOYHO3E€MEJIbHBIX METaJJIOB. DTO I
TOIaBJISIONIEr0 OOBIIMHCTBA 06Pa30BaHHBIX (CO CpeaHUX
IIKOJI, JIUIeeB U TMMHA3UI) JI0Ael COBEPIIEHHO HeIIPUBbIY-
HO, 60J1ee TOro, He TpuemMsieMo. Ho eciiu MCXOAUTD U3 CTPO-
€HMS 2JIEKTPOHHBIX 060JI0UEK aTOMOB, TO TaKOE PaCIIOJIOXKe-
Hue 'eqinsd HAYYHO ONpaBaHO.

T'enuit ABJIIeTCS S-2JIEMEHTOM, KaK IeJI0YHO3eMeJIbHbIe
MeTaJlJIbl, TOT/Ia KaK Bce 61aropoiHbIe Ta3bl, HaJl KOTOPbIMU
€ro TPaAUIMOHHO CTaBSAT B POJIM TUIO3a4aI0IEero B TOMOJIO-
TMYECKOI TPYIITe MHEPTHBIX 3JIeMEHTOB-aHaJIOTOB, SIBJISIIOT-
CS p-3JIeMeHTaMu.

BuagHo, uYTo mnpo6GaemMbl C OOMENPUHSITHIMU
IMepuonuueckumu TabauaMyu XMMUUYECKUX JIEMEHTOB
IIOBOJIBHO T/Ty60KMe. OHM CBSI3aHBI C TEM, UTO JI0 CUX ITOP Y
ITepuonnyeckoro 3akOHa XMMUUYECKUX 3JIEMEHTOB HET JIO-
rmyeckoro o6ocHoBauus. I GyHIaMeHTalbHbIX 3aKOHOB
[Tpupoasl, KAKOBBIM, 6€3yCIOBHO, SIBJISIETCS [lepuogudecKuii
3aKOH XMMUYECKUX 3JIEMEHTOB, IOTMYECKMM 000CHOBaHMEM
MOSKET ¥ IOJIKHO ObITh MaTeMaTuueckoe 060CHOBaHME Ha
MaTeMaTU4YeCKUX IPUHIUTIAX.

B uctopuu cucremaTusanumu XMMmMIECKMUX 3JIEMEHTOB
ObIJI0 MHOKECTBO ITOIBITOK OXBATUTh BCE 3JIEMEHTHI MaTeMa-
TUUYeCKoi opMysioit. Belaiv MOMBITKY U C TPUTOHOMETpPUUe-
CKMMMU, U C SKCIIOHEHI[MAJIbHbIMMU, U CO CTeIIeHHbIMU (YHK-
uusiMmu. Ho Bce oHM moTepnenu Heypauy. [lo-Buamumomy,
10 TIpUYMHE TOro, YTO GyHIaMeHTaJlbHble 3aKOHbI IPUPO-
Il HA CaMOM JeJie TIPOCThI, U BbIPAKATbCS OOJIXKHbBI IIPO-
CThIMU ypaBHeHUsIMU. Kak 3aKOH BCEMUPHOTO TSITOTEHMS,
3aKOH 3JIEKTPUYECKOT0 B3aMMOOEeNCTBUS, 3aKOH MHTEH-
CUBHOCTU cBeTa. I B caMOM [eJjie, BbI>KUJI U TOCITOICTBOBAJ
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Ha TpoTsikeHuu 120 jeT mpocTeimmnii MaTeMaTudeCKui
3aKOH OKTaB M3 MY3bIKaJbHOM rapMOHUM, 3aJI0’KEHHBINI
Hbronenacom. Ho 1 31ech GbIIM M3HAYAJIbHO M HapacTaau
CO BpeMeHeM ITpo6jIeMbl, KOTOPbIE Uepe3 CTO C JIMIIHUM JIeT
TIpUBEJIM K OTKA3y OT OKTaBHOM MpPOCTOTHI. B camomMm pfeie,
3aKOHY OKTaB ITOAUYMHSIIOTCS TOJIBKO 3JIEMEHTHI S U p 6JIOKOB,
ot JIutusa no OraHecoHa. XMMUUYeCKMe 3JIeMeHThI C HOMe-
pamu 119 n 120 emié He 06HAPYKEHBI ¥ HE CUHTE3UPOBAHBI.
DJIeMEeHTHI S-, p-OJIOKOB OTI[BeUEeHbl COOTBETCTBEHHO 0apo-
BO-KPAaCHBIM M KEJITbIM IIBeTaMM Ha puc. 3. [IoJHBIX PSIIOB
M3 OKTaBbI (BOCbMM) «KPACHBIX U KEJITBIX» XMMUYECKUX dJIe-
MEHTOB TOJIbKO 6, a 3JIEMEHTOB COOTBETCTBEHHO 48 n3 118
M3BECTHBIX HA CErOHS XMMUUYECKMUX 3JIeMEeHTOB. DTO MPU-
mepHO 40,7% Bcex XMMMUUYECKUX 371eMeHTOB. 111 MCTUHHOTO,
mMaTeMaTM4YeCKU BbIpakeHHOro 3akoHa I[Ipupoasl, mpaBoMep-
HO oxxupgath 100%-ro oxBaTa 371eMEHTOB.

VHOYKTUBHBIN (OT YaCTHOIO K 00IIEMY) MOAXO0 K CU-
cTeMaTU3aluM XMMUUYECKMUX 3J1eMEeHTOB 10 Mepe OTKpPbI-
TSI BCE HOBBIX 3JIEMEHTOB ONpaBAaH C UCTOPUUECKOI TOU-
KU 3peHus. Ho K cerogHsIHeMy JHIO OTKPBITUSI U CUHTE3
HOBBIX XMMUUECKMX 3JIeMEHTOB IOIOIIIN K BepXHEeMY Mpe-
JleJly MHOXeCTBa XMMUYeCKMX 3/ieMeHTOB. HacTasio Bpems
IJIST IeAYKTUBHOM (OT 00IIero K 4acTHOMY) CMCTeMaTu3a-
MM MHOXeCTBa XMMMUUYECKUX 3JIeMEeHTOB. DTO He O3Hada-
eT IpeHeOpeskeHNsT UHAYKTUBHBIM METOIOM, B 0COOEHHO-
CTU pe3yJbTaTaMM, TIOJTYUEHHbIMM K CETOHSIIHEMY AHIO.
HampoTuB, pe3ysbTaThl 1eAYKTUBHOI'O BBISIBJIEHUS OOIIMUX
mMaTreMaTu4eCKMxX 3aKOHOMEPHOCTeNM B paclipenejieHU Xu-
MUUYECKUX 3JIEMEHTOB (HOMEPOB) NOJI)KHBI COTTIOCTABJISITHCS C
U3BECTHBIM HbIHE MOPSIAKOM (HyMepalnueil) pacrpeaeneHuns
XUMUYECKUX 3JIEMEHTOB, TTOJYy4YeHHbIM UHIYKTUBHO B Teye-
Hue 60Jjiee IBYXCOT JIeT.
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Hayka u nmpocBenieHne/o0pa3oBaHmne

ObyueHnne, yuéba — ocBOeHMe 03HaHHOTO. [To3HaHMe —
MpoJBMKeHMe K HelIO3HAaHHOMY, OT 0CBoeHHOro. Haubosee
IVHaAMMUYHbIEe IPOABVKEHNS B IO3HAHMM 3a MOocaegHue 2-3
BeKa cesiaHbl B MaTeMaTuke, pusuke, xuMuu. TOH 3aaBa-
Jla MatemaTuka. Uto takoe Teopema? OHa hopMyampyeTcst
B HayaJile MaTeMaTU4yeCKoro McciaegoBaHus, T.e. 3a4a€TCs
chopmynupoBaHHas 1eab. OcTajlbHOE — A0Ka3aTeabCTBO
TeopeMbl, T.e. PO BIKeHMe K CHOPMYIMPOBAHHOMY B T€O-
peme yTBepXXIeHUI (MCTUHE). XOTh U He CTOJIb YETKO KaK B
MaTeMaTuKe, HO U B TeOpeTuueckoit Gusnke, U B TeopeTunye-
CKOV XMMMM ITPOLeCC MO3HAHMS UIET M0 TaKOJ ke cXeMe, I10
TaKOMY ke ajJroputmy. ®usmka u xuMusi — HauboJsiee mate-
MaTU3MPOBAHHbIE €CTECTBEHHbIE HAYKN.

M ™Mbl M3HAvyaJbHO IMOCTAaBUM IeJib — pPEIUTh
MenpeneeBckyio [IpobseMy OTCYTCTBUSI MaTeMaTM4eCKO
dbopmysnel y GyHOaMeHTAJLHOIO €CTeCTBEHHOro 3aKoHa
ITpupons! — Ilepuoamyeckoro 3aKOHa XMMUUYECKUX 3IeMeH-
toB /I.11. MenieneeBa. Pemenme 6ymgem 1CKaTh B BUE UMCTIO-
BOJVi (HOMEPHOI) CUCTeMaTU3aLUM XUMMUIECKNX 3JIEMEHTOB.

Bcsikoe HayuHOe JOCTHUKeHMe 6e3 ero MCTOPUM, UCTOKOB
BBITJISOUT OTOPBAHHBIM, M30JIMPOBAHHBIM OT OOIIEro MpPo-
1ecca 1 moToka rnosHanmsi. [loaTomy 06paTMMCs K YMCI0BBIM
MCTOKAM U UAEeSM CUCTeMaTU3al UM XMMUUECKUX 37IEMEHTOB.
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1. IBymepHOoe mnpeacTaB/ieHMe MHOXeCcTBa
XUMUYECKUX IJIEMEHTOB

W3HauanbHO, enié ¢ koHa XYIII Beka xumuueckue sje-
MEHTBI BBICTPauBaju 1o MOPSIAKY BO3paCTaHMS aTOMHBIX Be-
COB (Macc). Bcé MHOXeCTBO XMMMUYECKMX 3JIEMEHTOB, a X yKe
B repBoit yeTBepTy XIX BeKa HACUMTHIBAJIOCH O0Jiee ecsiTKa,
BoICTpauBaan B psf. K 60-bim romam XIX Beka 4nCI0 XuMuye-
CKMX 37IeMEHTOB ITPEeBBICUJIO yke 60. P XxMuuecKmx sjieMeH-
TOB CTaJI CJIMIIKOM IJIMHHBIM. CKOpee BCero, 3To ObIJIO IJIaBHOM
MIPUYMHONM OTCTYIVIEHUSI OT TIPSIMOJIMHEITHOTO OTOOpaskeHMsI
MHOXEeCTBa XMMUYECKUX 371eMeHTOB. [lepBbIM B 5TOM Hampas-
JIeHUM cjiegyeT Ipu3HaTh Anekcangpa ge lllaHkypTya, KOTO-
pbIii B 1862 romy rmpeacTaBuI HWIMHIPUIECKYIO GOpMY OTO-
O6paskeHMsI MHOKeCTBa XMMUYECKMX 37IeMeHTOB.

B 1864 rony Anekcanap HbroJieHAC MTpeniokua «3a-
KOH OKTaB» B IBYMePHOM pa3MellleHU} MHOXeCTBa XUMMU-
yeCcKux 3jieMeHTOB. ['ogom no3ske Jlorap Mejiep npeniosKuia
nBe Tabnuipl 1o 28 u 22 snemenTa. Yepes 5 seT, B 1869 romy
npeactaBua cBow [Mepuognueckyio TabaAMITy XMMUUECKUX
aieMeHTOB [Imutpuit IBaHosuuy MeHaeneeB. UMeHHO OH
BriepBbie chopmynupoBas Ilepuoamyeckuit 3aKOH pacIipe-
nejleHus B CUCTeMe XMMMuueckux sj1emMeHToB. 1o 1989 roma
B MMpe MOJIb30BaJNCh KOPOTKOMepnogHoi [lepmoanueckori
Tabnunei xuMmuueckux saeMeHToB .M. MeHgeneeBa ¢ HEKO-
TOPBIMU M3MeHeHUsIMU. [IpuMedaTesbHO, UTO B KOPOTKOIIe-
puoaHoit [Tepuognyeckoit Tabnuiie XMMMUIECKUX 3JIEMEHTOB
MIpUIEePXXMUBAINUCh «3aKOHA OKTaB» HbroeHaca. Takum obpa-
30M, MUMeHHO B 60-x rogax XIX BeKa IMpOU3O0IIEI epexo OT
O HOMEPHOr0 MHO€eCTBa XMMUYECKMX 3TIEMEHTOB K UX JIBY-
MEPHOMY MHOXeCTBY. [leproandecknii 3aKOH XMMUYECKUX
3JIeMEHTOB, TOBOPAT, «IpucHMICSA» [I. 1. MeHeeeBy MMeH-
HO Ha JByMEepPHOM TabJMUYHOM MpeACcTaBJIeHNM MHOXeCTBa
M3BECTHBIX eMY XMMUYECKUX IJIEMEHTOB.

Kak 6bI TO HM OBIJIO Ha caMOM peJie, HO TO, UTO
Ilepnognyeckmit 3akKOH pacmpeneneHUs] XUMUUYECKUX
3JIEMEHTOB ObLJI BBISIBJIEH Ha JABYMEPHOM TabGJIMUHOM
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MpeICTaBJeHUM XUMUIYECKUX JIEMEHTOB — UCTOPUYECKUIA
daxkr.

VimMeeT CMBICJT pacCMOTPETh HEKOTOPbIE KOHKPETHbBIE
dbopMbI Tab/INII, B KJIETOUKAX KOTOPHIX OyAeM pa3MeliaTh Xyu-
MMYeCcKye 371eMeHTbI B TTocieqoBaTeIbHOCTY 118 HOMepoB,
MTOJTyYEHHO K HACTOSIIEMY BpEMEHM.

2. IBymepHas uncjaoBas Taoauma 10x12

Bo3pMéM MHOXeCTBO IepBbix 120 Uyces HaTypaJTbHOIO
psifia, KOTOPbIMM IIPOHYMEPYeM KJIETOUKM-KBAAPaTUKU B
tabauite 10x12. OTo Hanboee pocTas TabJIMIA /IS YUCET
MIPUBBIYHON BCEM JeCSITEePUUYHONM CUCTeMBbI cUmucaeHus. Ha
PUCYHKe HMKe TpeicTaB/ieHa Takas Tabania.

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

91 922 93 94 95 96 97 98 99 100

101 102 103 104 105 106 107 108 109 110

111 112 113 114 115 116 117 118 119 120

Puc. 5. Ta6bnuia 10x12 mepsbix 120 umces HaTypaJbHOTO psiia
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BunHa repmoaMYHOCTh BO BCeii Tab/ulle BCex 4Yuces
repBoro paspsga B 1-12 ctpokax. Bes Tabiuiia mepuopuyHa.
B mecsiTepuuHOI cUCTeMe CUMCIEHMUS TaK U JOJIXKHO ObITh.
Paspsa u3 1-10 3amaér (orpenesnser) MepuoagnIHOCTb JTI0ObIX
Tabyaui 13 cTpok B 10 umce.

[TocMoTpuM, Kak 6yeT BbIIIsiAeTh Tabmia 10x12 ¢ 118-
10 MU3BECTHBIMM Ha CEroAgHs XMMUUECKMMU 3JIeMeHTaMM.

Puc. 6. Homepa XMMMUeCKuX 371eMeHTOB B Tabiuie 10x12
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Bce xuMuueckue 37ieMeHTbI AeaSITcs Ha 4 Buaa (6J10Ka).
OHM Ha3bIBAOTCS 6JIOKAMU S-, p-, d-, f-371eMEHTOB MK S-, p-,
d-, f-6;10kamMu. DTO U3 KBAHTOBOW XMMUM, JOBOJIBHO CJIOXK-
HOJ HayKu. Ho 11151 Hac BaskHO ceifyac TOJIbKO TO, YTO JIF0OO0Ii
XMMMUYECKUIi 3JIEMeHT 00s13aTe/IbHO SIBJISIETCSI YJIEHOM OJI-
HOTO 13 4-X 6JIOKOB. HeT XMMMUYECKUX 3JIEMEHTOB BHE 3TUX
6J10Kk0B. Bce s-ayiemenThI y Hac (B CHT, co Bpemén CCCP) Tpa-
IUIIMOHHO OKpalllMBAaIOT B KPACHbIN IIBET, P-3/IEMEHTHI — B
SKEJITO-OPaHKeBbIii, d-3/IeMEeHTBI — B CMHMIA U f-271eMeHTHI — B
3eJIEHbI.

[lepMoAMUHOCTh XMMMUUYECKUX 9JIEMEHTOB O3HAUAeT, UTO
KaKye-TO psiAbl ITOJHOCTbHIO [IOBTOPSIIOTCSI B CBOMX pacliBeT-
Kax XoTs Obl oaMH pa3. Ha puc. 6 Takux psiIoB TOJAbKO 4 U3
12, T.e. TonbKO 33,3%. 113 3TOr0 MOXXHO CHejaTh BbIBOA: 12-
TU psagHasg Tabauia u3 10 XMMuYeckKux 3JIeMEHTOB B pSIIax
He IpUroAHa AJis ucjaoBoro mmdposanndg [lepmoamueckoro
3aKoHa.

3. IBymMepHas uucjaoBas Tadauma 8x15

3nech Takke 120 umces. Ho 8-Mu pa3psigHbBIN «OKTaB-
HbI1 3aKoH» Hblo/seHaca ObIJI MaTeMaTUUYeCKMM 3aKOHOM
[Mepmnonmyeckoit TaGaAUIIBI XMMMUUYECKUX 3JIEMEHTOB 10 1989
rona. [TosTomy 1 MbI 6y/IeM OXXMIATh BBICOKO ITePUOAUYIHO-
CTM BO MHOXECTBe XMMMUUYEeCKMX 3JIeMeHTOB B Tabnuie 8x15.
Ha pucyHKe HIKe ImpeacTaBiieHa Tabanuiia 8x15 XMMmuueckKmux
3JIEMEHTOB.
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113 /114 115|116 117 118119 120

Puc.7. Tabnuna 8x15 XxuMuUeCcKMX 3JIeMeHTOB

[MoBTOpSIOMMXCS CTPOK 9 M3 15 Mam 72 XUMUYECKUX 3JIe-
MeHTa 13 118. 910 cocTaBiseT 61%. JleiicTBUTEIbHO OOIbIION
nmporneHT nepuonusyemoctu. Ho mo 100% paneko.

Ecnu nepBbie 1-4 XxMMMYECKUX 3JI€MEHTA BBIHECTHU 34
rpenesbl TabINIIbI, TO TOJTYUMM:
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113114115 |116

117118 (119|120

Puc. 8. Ta6nuiia 8x15 ¢ BBIHECEHHBIMM 3a IPpeIesibl TaOJIMIIbI Tep-
BbIMM 1-4 XMMMUUYECKMMU 3JIeMeHTaMU

3nech Mbl UMeeM 11 mepuoOaAM3UPYIOIIUXCS PSIIOB, T.e.
88 13 118 xMMMu4YeCKnx 371eMeHTOB. DTO COCTaBJISIET OKOJIO
74,6%, 4TO BbIIlIe TIPeAbIAYIIero cayvas Ha 13,6%. Xoportias
MepUOIU3UPYEMOCTD, HO TakKe fajneka ot 100 mpoLeHTHO!.
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4. IBymepHas umucjaoBas Tadania 16x8

16-pa3psaHy0 TabAUILY pacCMaTpPMUBAEM B CBSI3U C TEM,
YTO OHa KpaTHa 8-Mu paspsigHOi Tabiauiie, a Ha 8-Mu pas-
psiAHOI Tabauile JOCTUTIM MaKCUMMaIbHOM MePUOANUHOCTU
B 74,6%. B aTOM ciiydae B Tabsimie 128 4ncI0BbIX 3JIEMEHTOB.
Tabnuiia XMMU4YeCKMUX 371eMeHTOB JJIS1 9TOTO Caydas:

Puc.9. Tabnuia 16x8 xuMuuecKux 3J1eMEeHTOB

OnemeHThI 121-128 oTHOCSTCS K Ciiepyomemy 3a f-6510-
KOM g-0JIOKY OXMIaeMbIX XMMUUYECKUX 3JIeMeHTOB. Ho ux
rmoka HeT. [I03TOMY XMMMYECKUX 2JIEMEHTOB U B 9TOM CJY-
yae ToJIbKO 118. B Takoit Tabinile nMewTCsT 4 mepuoamu3u-
PYIOIIUXCS PSIAOB, ¥ B HUX 64 XMMMUYeCKUX 3j1emMeHTa. OHU
COCTaBJISIIOT IIpUMepHO 54,23%. DTO HAMHOIO MeHbllle MaK-
CUMAaJIbHOTO 74,6%. YMeHbIIATh UM MOBBINIATH Jajee pas3-
PSAIHOCTD TAGJUIL CMbIC/IAa He MMeeT. Mbl MOJTyUYUIN BECh
IVana3oH «XOpollei» Mepuoau3UpyeMOCTU XUMUUYECKUX
ayieMeHTOB. K uckomomy pesynbraty — 100%-My 0XBaTy BCex
XMMMUYECKUX JIEMEHTOB He IMOIOIIIN U GIM3KO.

BobiBOj: pa3psiAHOCTD UKcCes He MOXeT CJIYKUTb OCHO-
BOJi cUCTeMaTU3aluyu XMMUUeCckux smeMmeHToB. CiieqyeT uc-
KaTb APYyTMe 3aKOHOMEPHOCTM.
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5. CnenanbHOe pacnpepeneHue HaTypaJbHbIX
uuce

1. KBagpar HaTypaabHbIX UETHBIX uMces (2n)’ mpun = 1;
2;3;4:

(2n)* = 4; 16; 36; 64 (1)

2. KBa,Z[paT JIF0O0ro uucaa n paBeH CyMMe I10CJieg0oBa-
TeJIbHbIX HEUETHBIX UMCeI:

n?=3x(2n -1) (2)

OTO MOATBEPKAAETCS ITOCeJ0BATe/IbHO ITOICTaHOBKOI
Kaxkgoro us n =1; 2; 3; 4:
X(2n -1) = 1; 1+3; 1+3+5; 1+3+5; 1+3+5+7

Torma:  (2n)? = 2[2(1); 2(1+3); 2(1+3+5); 2(1+3+5+7)],  (3)

" (2n)% = 2(2n?) = 2(2; 8; 18; 32) “4)

[Tonnyumnmch 4MCIOBBIE CABOEHHOCTH — [lManpl U3 ync-
JioBbIX MoHaz;: 2; 8; 18; 32.

I[Ipocymmupyem Bce Ouansl (4) ¢ yuétom (2), (3) u
MpaBuiia: «OT MepeCcTaHOBKY MECT CjaaraeMblX CyMMa He
U3MeHSeTCS».

¥2(2n%) = 2823(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)

[TosrydyeHHBIV pe3yibTaT IpecTaBsieT II0JTHOe Koluue-
ctBO K| umcesn B ueThIpéx [Inamax us nap (2 nepej CKo6kamm)

MoHa 1, KOTOpble COCTOST MOCJAeg0BaTeN bHO U3 1, 2, 3, 4 c1a-
raeMbIX (B CKOOKax). B cymme oHM COCTaBIISIOT:

K, = 2(2) + 2(6+2) + 2(10+6+2) + 2(14+10+6+2) = 120  (5)

C yuétom (3) bopmyny (4) MOKHO 3amucaTh Kak IocJe-
IoBaTeIbHOCTH KoynuecTBa K HomepoB N B MoHamax rocjie-
moBaTeJibHOCTU n = 1; 2; 3; 4 Iuan;:
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K, =2(2n?) = 252(2n 1) = 2[2(1), 2(3+1), 2(5+3+1), 27+5+3+1)]  (6)

[Tpou3sBenst CcyMMMPOBaHME U PACKPBITHE CKOOOK B ITpa-
BO¥ yacTu ¢popmMyIibl (6), ITOJYUMM paclipeie/ieHne Koanve-
ctBa K Homepos N B n = 1; 2; 3; 4 [Inagax:

Juansr, n 1 2 3 4

Kx 2 2 8 8 18 18 32 32

OTO MMEHHO KOJIMYeCcTBa HOMEePOB, KOTOpbIe He 00sI3a-
TEeJIbHO JOJDKHBI CJIeI0BATH 10 ONpeleIEHHOMY HapacTawo-
memMy MmopsigKy B MoHazax. Homepa ke DOJKHBI IOC/Ief0Ba-
TesbHO HapacTaTb. Homepa N, B otimune ot K o popmyiie
(6), IOJDKHBI BBICTPAUBATBLCS B MOCIEL0BATEIbHBIX MOHALAX
1-4 Inap 1o 9TOo¥ ke pocToit hopmyrie:

N =232(2n -1), (7)

HO B I1OCJIeIOBAaTeIbHO HapacTawieM nmopsake ot 1 mo 120.

Bce snauennst K uéTHpie. [I09TOMY MOKHO MOCTPOUTD
reoMeTpuieckoe BoruionieHue hopmyi (5) u (6) B Buie Bep-
TUKAJIbHO-CUMMETPUYHOM ITOC/IeloBaTeAbHOCTU 20-TU psi-
OB siyeeKk-KBaApaTukoB 8-mu MoHap aJis 1-120 HomepoB N
BN =1;2; 3; 4 Inamax-YpOBHSX CBePXY BHU3:
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3

n=2 |*
5

6

7

8
n=3|°
10

11

12

13

14

15

= 1
h=4 (%
17

18

19

20

Puc. 10. BepTukanpbHO-CUMMeTpUUHOE 4-YPOBHEBOE pacpeieneHue
siueeK-KBaapaTuKoB IJs 1-120 HomepoB B 20-Tu psigax
8-mu Monap o popmyie (6)

Panpi 1, 2,4, 6,9, 12, 16, 20 cocTOsIT U3 2 siueek, pSAbI 3,
5,8, 11, 15, 19 — u3 6 syeexk, psaasl 7, 10, 14, 18 — u3 10 sueexk,
psanbl 13, 17 — u3 14 gueek. B iesjom dhopma c ssueiikamu Ha-
[IOMMHAET BETBUCTYIO ENKy. Pa/bl ¢ ABYMS iueiikaMy BbII/IsI-
1At ctBojioM Enky. OueBMHO, CTBOJI OT/IMYAETCS OT BETBEIA.
U nepsble BeTBU YpPOBHEeN n = 2; 3; 4 OTANYAIOTCS OPYT OT
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npyra. Takum o6pasom, Enka cocraBieHa n3 cTBoJIa U TPEX
pa3HBIX BETBeI. DTN OYeBUIHbIE Pa3aIn4MsI OTPa3uM TOHAMMU
cepoii mKkasbl (gray scale).

Puc. 11. Sueiiky ENKy B pasaMuHbIX TOHAX CEPOIi IIKAJIbI
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[MepBblIii psAA epBOi AMaAbl U3 IBYX SUeeK 3a1aeT OJHO-
o0Opa3sie CTBOJIOBBIX STU€EeK ITIePBOr0 TUIIA B OCTAJIbHbIX HIKE-
JIeKalyx Mog00OHBIX ceMu psaaax. Tpetuii psp (epBblit ps,
BO BTOpOI1 [lnaie) 3aJa€T eCcTUsITYeeuHblii epBbIii TUT BET-
By Enky B HMOKesteskalmmx nogo6HbIX ATH pagax. CegbMoit
psin (TIepBblii psifi, B TpeTheli [luaze) 3a7aeT AecsTUsIUYeeuHblii
BTOPOJ TUIT BeTBU EJIKM B HUKeseXalMX TPEX MogoOHbIX
psagax. TpuHaguaThii psf (IepBbIii psifi B UeTBEPTOI [Inaje)
3a7,a6T YyeThbIpHALIATUSYeeUHbI TpeTuii Tun BeTsu Enku B
HVKeJIekaleM ogHOM psiay. TakuM 06pa3oM, IepBble PSIIbI
c 2,6, 10, 14 gueitkaM SIBJSIIOTCSI TUITIO3aJaI0OMIUMM JIJI5T HU-
KeJIeskalxX Mog0OHBIX PSIoB, 1 Bee 120 siueek 3aKOHOMEPHO
rnoApasaensioTcs Ha 4 TUIa.

[IpoHyMepyeM siueliky MocjaeA0BaTeIbHO B CTPOTO Ha-
pacTaroileM Mmopsiake cjeBa HaIlpaBoO B psaax C MocjenoBa-
TeJIbHBIM MepexoA0M Ha HykeJiexkalyue psabl CBepXy BHU3.
IIpu sTom HOMepa n = 1, 2, 3, 4 [lnan-YpoBHeii u psaoB 1-20,
3adukcupoBaHHble Ha puc. 10 u HoMmepa [duaa-YpoBHeil Ha
puc. 11, onyctum.
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106 | 107 | 108 | 109

113 | 114 | 115 (116 | 117 | 118

Puc. 12. TlocnegoBarenibHasi HymMmepanus siueek Ha puc. 11

B cooTBeTCcTBUM C pa3fesieHMeM siueeK Ha YeThbipe TUIIA U
rnocJiegoBaTe/ibHble HOMepa 1-120 pacnpenesiseTcs Mo 3TUM
YeThIPEM TUMAM.
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6. IIpeo6pasoBanme popmsbl Eaxmu

®opma Enku Ha puc. 12 MOHOTOHHA, 4 YPOBHS BbIpaske-
HbI He 4E6TKO. iMeeT CMbICI TiepeiiTul K apyroii popme — Enke
1. Tlpeo6pasosaume Enku Kk Enke 1 mpoBoauTcs mocjenosa-
TeJIbHBIMU [IepeCTaHOBKaMU HaBepX PSLOB HMKHUX MOHAJ,
Iuan Ha YPOBHSX 2, 3 U 4, He HapyLIAI UMM [IPABUJIO: OT
IepecTaHOBKY MeCT cJlaraeMbIX (PSIIOB) CYMMa He M3MeHseT-
cst. OueBUIHO, Tpeobpa3oBaHye JOJIKHO ObITh 06PATUMBIM:

13 (14 |15 |16 |17 |18

‘21 ‘zz 23 (24 |25 (26 |27 [28 [29 |3o|

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

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

‘E|Bﬂ 91 (92 |93 (94 |95 |96 (97 (98 |99 |100 101|102

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. Ilpeo6pasosanne Enku B Enky 1
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[ToBepuém Enky 1 Ha 90° MpOTUB YaCOBOJ CTPEJIKM B TO-
PU30HTAJIBHOE MOJIOXKEeHe:

Puc. 14. TopusoHTanbHOE MOIOKeHMe Enku 1.

Ouansl-YpoBHMu 1, 2, 3, 4 uMeIOT KOHGUTYpAIUK C TTOCTIe-
JIOBaTe/JIbHbIM HapalMBaHueM KBaApaTuKoB oT KBagpaTa u3
4-x KBaApaTukos 1o [IpsimoyronpHuka 8x14 ¢ cuMMeTpuu-
HBIMMU CTYTIEHUAThIMU BbIEMKAMM.

PasHecéM BepxHMe U HMXXHMe yacTu [duan-YpoBHe
Enku 1 1o ropM30HTaIbHOM OCU CUMMETPUU TAK, YTOOBI 13
HMX 06pa3oBaach HerIpepbIBHAS MTOCIeA0BATETBHOCTD BEPX-
HUX U HUKHUX MOJOBUH Inan-YpoBHe:

Puc. 15. TTocmemoBaTeIbHOCTh BEPXHUX M HYKHUX TTOJIOBUH
HOuan-YposHeii Enku 1 Ha puc.14
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[TosiyyeHHas KapTUHA HAallOMMHAET «BOJIHY U3 CUMMe-
TPUYHBIX NOJIOBUH Jduan-YpoBHeil. OHU U3MEHSIOTCS U T10
IMPUHE, U 110 BBICOTE Ha 1BA KBaApaTuKa. TaKy0 «MMIYJIb-
CHYIO [10CJIe0BATEIbHOCTb» pacIipeie/ieHU s YuCe-HOMEePOB
HeJIb3$ Ha3bIBaTh MEPUOAMYECKOI, TTOTOMY UTO IPOMESKYTKM
MeXAY UMITYJIbCaMU (TIepMo/ibl) He TIOCTOSIHHBI. Ho ¢ yuéTom
TOrO, YTO IIMPUHA U pa3sMax UMITYJIbCOB IMMOCIeN0BATEIbHO
YBeJIMUMBAKOTCS Ha IMOCTOSTHHOE YMCJIO 2, T.e. 10 apudmeTu-
YeCKOi Mporpeccuu, rmojJy4yeHHYI 3aKOHOMEPHOCTb MOXK-
HO Ha3bIBaTh MPOrPECCUOHHO-TIEPUOAUYECKON UJIU KPATKO
— [IPO-TIePUOANYECKOIA.

7. CBépTKa BeTBUCTOM EIKM 1 B KOMIIAKTHYIO
dbopmy

[lepBas Iuana B Enke 1 Ha puc. 13 yke B KOMIIAKTHO
dbopme KBagpara 2x2 u3 4-X KBaApaTUKOB C HOMepPaMMu:
1,2,3,4. KBagpaTrbl 2x2 MOXHO pacCMaTpuBaTh KakK KBa-
IpaTHbIE CJIOU MEePBOTO TUIIA, OKAMJISION e BHYTPEHHUI
KBagpat co ctopoHoii, paBHoi 0. KBagpaTsl ¢ KBagpaTKaMu
OymeMm MmmcaTh C MPOIMCcHOM 6yKkBbI K.

Bo BTopoii Iunazme Enku 1 sueiiku ¢ Homepamu 5, 10 u
13, 16 mepemecTuM TakK, YTOOBI 06pPa30BaJICSI BTOPOI TUIT
KBagpaTHoro cJiost u3 12 ssueek, OKaliMJISIFOII I TIePBBI TUIT
KBagpaTHoro c1os1 u3 ssueexk ¢ Homepamu: 11,12 n 19,20.

B tperneit [Inange siueiiku c Homepamu 31,36 u 49,54 me-
peMecTMM Tak, YTOO6bI 06pa3oBasicsi BTopoit Tuit KBagpaTHOTro
cJios U3 12 gyeek, OKaiMJISTION I TIepBbIli TUM KBaapaTHBIN
CJI0ST U3 sTYeeK ¢ Homepamu: 37, 38 u 55, 56. Sdueiiku ¢ HOMe-
pamu 21, 22, 23, 28, 29, 30 u sueiiku ¢ Homepamu 39, 40, 41,
46, 47, 48 mepeMecTUM TaK, YTOObI 00pa30BajICsS TPETUI TUII
KsagpaTtHoro cost n3 20 KBagpaTUKOB, OKaIMJISIIONIIA BTO-
poii Tun KBagpaTHOrO CJIOS.

B uerBépToOit uame siueiiku ¢ Homepamu 81, 86 u
113, 118 mepeMecTUM TaK, UYTOOBI 0Opa30oBaJiCs BTOPOIL
Tun KBagpaTHOTrO CJIOSI, OKaMM/SIIOIIMI IePBbI TUII
KBagpaTHoro cios u3 ssueek ¢ Homepamu 87, 88, 119, 120.

28



Sueitku ¢ Homepamu 71, 72,73 u 103, 104, 105 nepemecTum
TaK, YTOObI 0Opa3oBasics TpeTui Tui KBaapaTHOTO Cj10s U3
20 s4yeek, OKaMMJISIOMINIT BTOpO¥ TuUll KBaapaTHOTO CJIOS.
Slueiiku ¢ HOMepamu 57-60, 67-70 u 89-92, 99-102 nepeme-
CTUM TaK, YTOObI 06pa30BasICcsi UeTBEPTHIN T KBaapaTHOro
CJI0SI C BepXHUMM HOoMepamu 57-70, M HUSKHMMU HOMepaMu
89-102 u3 28 sueek, OKa MM TpeTuit Tui KBaapaTHoro
cJiosl.

B pesyznbrare 3TUX nepeMenieHUi MOJAYyUYUM CBEPTKY
pasBeTBIEHHOM EnKku B KoMmnakTHYI0 urypy us Ksagparos
2x2, 4x4  6x6 1 8x8, HAITIOMMHAIOIYI0 MOHYMEHT.

Puc. 16. MonymeHT 13 1-120 siueek B KBamparax 2x2, 4x4, 6x6, 88
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Tunusanus MTpOHyMePOBaHHBIX sSiUeeK TOHAMMU CEepOii
IIKaJIbl HAa puc. 11 coxpaHuIach, HO He B IMHEHBIX psiax, a
B KOHIIEHTPMUYECKY 3aMKHYThIX KBaJpaTHBIX CJIOSIX.

8. «<Bo/iHOBOE» pacmpeeleHue YrceJI-HOMepPOB B
nojosuHax KBaaparos

BepTukanbHyIO MocjaegoBaTeibHOCTh KBampaToB 2x2,
4x4, 6x6, 8x8 cBepXy BHU3 HA pUC. 16 B yMeHbIIIEHHOM Mac-

mrabe HepeBe,ﬂéM Ha TOPM30HTAJIbHYIO UX I10CJIeJ0BaTe/Ib-
HOCTb CJiIeBa HAaIlpaBoO:

zm 5|3 5 g 8lrn s |3 |E 3
o l2 |2 n Ells 9|5 2 B Bl 4|3 8
! ..ga.m# I -
. g [@8in 2 8 < B 38
e |m 2 |5 8% |3 82 2 |8 = s 913 B
R |8 R8¢ |z L R E

Puc.17. TopusoHTanbHas nocaenoBaTeAbHOCTb KBagpaToB 2x2,
4x4, 6x6, 8x8

PasHecém BepxHMe U HMKHMe I0JOBMHBI KBagpaToB
2x2, 4x4, 6x6, 8x8 Ha puc. 17 B HeIIPEepbIBHYIO I10C/IeA0Ba-
TEeJbHOCTb BJOJb CPeOUHHON FOPU30HTAJIbHO! TMHUMA:

alsls 5

‘sln %
[uls %

Puc. 18. HenipepriBHA MMOC/eq0BaTEIbHOCTD ITOJIOBUMH KBagpaTos
2x2, 44, 6x6, 8x8 YpoBHeii 1, 2, 3, 4

[Monyumiack Mocaefo0BaTe/IbHOCTDb «BOJIH MPSIMOYTOJIb-
HBIX MMIYJbCOB» C HApACTaHMEM apryMeHTa Ha 4 eqUHU-
IIbI, @ aMIIJIUTYAbI HA 1 eAMHUILY C KaXKI0¥ Tocaeayoien
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«BOJIHOJI». HeT onpenensiioiiero npM3HaKa epuoamMyHOCTy —
MOCTOSIHCTBA Mepuoa. [IoaToMy Takasi 1ocjieJoBaTebHOCTb
He SIBJISIeTCS epuoAMUYeCcKOil B CTPOTOM ONpee/ieHUN MOH -
THUSI IepUOAMIYHOCTHU. HO, TTOCKO/IbKY apTyMeHT U aMIIUTY-
Jla U3MEHSIOTCS Ha IMOCTOSIHHBIE uuciia B apudmeTnueckoit
MMPOTPeCcCUM OT «UMITYJIbCA» K «MMITYJIbCY», TO TOJYYEHHYIO
3aKOHOMEPHOCTbh MOXXHO Ha3bIBaTh ITPOrPECCUOHHO-TIEPUO-
IUYeCKO (TTPOo-TIepuoamdeCcKoii).

Takum o6pasom, u ms cayuast IuagHon (Enounoit), n
nuist cnydast KBagpaTtHoit (MoHyMeHTanbHO) opm pacmpe-
JleJieHMsI HaTypabHbIX UMCe/J-HOMEPOB MoJy4yaeTcsl Tpo-
rpeccMoOHHO-NepuoAnYeckas (Ipo-Trepuoamdeckasi) 3aKOHO-
MepHOCTbD B MIOCJIe0BATEIbHOCTY UX paclipeieieHus.

Enounoe Jluaguoe (puc. 12, 13.) u MoHyMeHTaAbHOE
KsagpatHoe (puc.16) pacrnpeneneHns IpOHYMepPOBaAHHbBIX
siYeeK UCKIUYUTETbHO MaTeMaTUUYeCKOro (TeopeTmuyeCckoro)
npoucxoxkaeHys. OHM MOTYT ObITh 3 PEKTUBHBI JIJIS1 pa3HbIX
MHOXEeCTB 00bEKTOB peajibHOro Mumpa, Kak MCKyCCTBEHHBbIX,
TakK ¥ eCTeCTBeHHbIX. Hampumep, B MICKYCCTBEHHBIX MOCTPO-
€HMSIX TaKUM MOKET ObITb 3P ()EeKTUBHBIN CTYIIeHYATO-KIIM-
HOOOpAa3HbIii CTPOII 6OILIOB, ITOApa3aeaeHnii, 60eBbIX Ma-
IIH, TAHKOB, CYJIOB, CAMOJIETOB, BOMHCKUX COeIVHEHUI I JIsI
IIPOPHIBA OOOPOHUTEJIBHBIX JIMHUI UM HACTYIIATEIbHOTO
dbpoHTa mpoTUBHMKA. [IJIT €CTECTBEHHBIX 00bEKTOB MOKHO
COIOCTaBUTh UX C paclipeieeHieM MHOKeCTBa XMMUUEeCKUX
3JIeMEeHTOB.

9. PacnipepeneHusi MHOXeCTBa XMMMUUYECKUX
3JIEMEHTOB

Ha puc. 12 u Ha puc. 16 s4eliku ¢ HOMepamMu JOMOJTHUM
CYMBOJIAMU COOTBETCTBYIOIIUX XMUYECKUX 3JIeMEHTOB. Bce
CYILeCTBYIONIME HA CETONHS XMUMMUYECKIE 3JIeMEHTbhI OTHECe-
HBI K 4-M 6j10KaM: S, p, d, f. ueiiky ¢ XMMMUIECKMMU 3IeMeH-
TaMM 3TUX 6JIOKOB OOBIYHO OTI[BEUMBAIOT COOTBETCTBEHHO
KPaCHBIM, KEJITO-OPAHKEeBbIM, CMHUM U 3€JIEHBIM IiBeTa-
mu. Ha Hmokecnepywomux puc. 19 u puc. 20 mpeacTaBaeHbl
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uyciaoBas Enka Ha puc. 12 u UncaoBoit MoHyMeHT Ha puc. 16
C CMMBOJIAMU XMMMUYECKMX 3JIEMEeHTOB U B LIBeTax si4eeK s, p,
d, f 6;10k0B. ITo noruke dhopmyi (5) u (6) anemeHTs 119 1 120
IOJIKHBI ObITH S-37ieMeHTaMy. Ho oHM ellé He 0OHapy KeHbl
" He CMHTe3MPOBaHbL. SUeiiku ¢ 3TMMU 37IeMeHTaMU OT1iBe-
YyeHbl He KPaCHbIM, @ TEMHO-KPaCHBIM LIBETOM.

Pb [Bi |Po Rn
82 |83 |84 86

Ts |Og
117|118

Puc. 19. Puc. 20.
Enka xummuueckux MOHYMEHT XMMUYECKUX
3JIEMEHTOB 3JIEMEHTOB

Paspensl 5 1 7 3aBepUIMINCD BbISIBJIEHUEM YETBIPEX TU-
OB siueek, KOTopble ObIM 3aUKCUMPOBAHbBI PA3IUMIHBIMU
TOHaMM Cepoii MKaJibl. PaccMoTpum coBMeCTHO UMC/IOBYIO
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Enky (puc. 12), uncnosoit MonymeHT (puc. 16), Enxky xumu-
YeCcKMUX 371eMeHTOB (puc. 19) 1 MOHYMEHT XMMUYeCKUX 3J1e-
MeHTOB (puc. 20).

Puc. 21. CoBMecTHOe npenacTaBiieHue puc. 12, puc. 19 u puc. 16,
puc. 20

B Enounom pacnpepmeneHuM XMMMUUECKUX 3JIeMEH-
TOB IlepBas rapa s-3JeMeHTOB IIEpPBOr0 YPOBHSI IIPOSIBJISIET
CBOI0 TMMNO3aalollyl0 pOJb TEM, UTO BCE Mapbl «CTBOJIO-
BBIX» JIEMEHTOB SIBJISIIOTCSI «KPACHBIMM» S-3JIeMeHTaMu. B
MOHYMeHTe XMMUUEeCKUX 2JIEMEHTOB 3TOT TUII IIPOSIBJISIETCS
«KpacHBIMM» KBaJpaTUKaMM B UeThIPEX KOHIIEHTPUUECKUX
CJIOSIX M3 YeThIpEX siueeK B KBampaTax 2x2, 4x4, 6x6, 8x8.

[lepBasi OpaHXeBas «BeTBb» BTOPOIO yPOBHs KoKy xu-
MMUYECKUX 3JIeEMEHTOB 3aJa€T TUII OCTAaJbHbIX P-3JIEMEHTOB.
B MoHyMeHTe Bce p-3JieMeHThI PacliojiaraloTcsl BO BTOPBIX
KOHIEHTPUUECKUX CJIOSIX, oKaliMiIsiomux KBagpaTsl U3 ABYX
rap S-3JeMeHTOB.

[lepBasi «CUHSISI BETBb» TPETbEro yPOBHS EJKM XuMu-
YyeCcKMX 3JIEMEHTOB 3aJa€T TUII OCTAJbHBIX BeTBeli d-aje-
MeHTOB. B MoHnyMeHTe Bce d-3/IeMeHThI pacrojaralTcs B
TPeTbUX KOHIEHTPUUECKUX C0SIX, OKaMMIISIIOIIMX BTOPbIE
KOHIIEHTpUYECKe CJIOM P-37IeMEeHTOB.

[lepBas 3ejéHas «BeTBb» YETBEPTOro ypPOBHS Enku
XMMMUUYECKUX 3JIEMEHTOB 3aJa€T TUI OCTalbHbIX 14-Tu
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f-anemeHTOB. B MOHYyMeHTe Bce f-3j71eMeHTbI pacrioyiaraloTcs
B YeTBEPTOM KOHIIEHTPUUECKOM CJIoe, OKaliMJISIOIIEM Tpe-
T KOHIIEHTPUUECKUi1 cJioi u3 d-371eMeHTOB.

CpaBHenue ¢uryp 1 ¢ 2 u 3 c 4 Ha puc. 21 ToKa3bIBaeT co-
BIIaJleHMe TUIIM3alMY Tueek TOHaAMU CepO¥i IKaJIbl U sSTYeeK C
1BeTaMu s, p, d, f 6;10k0B. [TockobKy CHcTEMATU3AIIUS U TU-
nu3anus siueek ¢ Homepamu 1-120 Ha durypax 1 1 3 ToHamu
Cepoii MKaJIbl GBIV TPOBEIEHbI UCKJIIOUMTEIbHO MaTeMaTy-
YyecKu, TO U GUrypsl 2 1 4 MpeACcTaBASIOT MaTeMaTU4eCKyIo
CucremaTtusanmio M TUNU3ANUIO XUMUUYECKUX IJI€MEHTOB.
MaTtemaTnueckass TUIX3al s COBIAAaeT C KBAHTOBO-MeXa-
HMUeCKOi Tunusaiueii s, p, d, f — 6moxkamu.

CoBmajeHue KBAaHTOBO-MeXaHMUYECKOV TUOU3ALUU
XUMUUYECKUX 3JIEMEeHTOB U UX TUNM3allMii Ha OCHOBE 3aKO-
HOMEPHOCTEeI paclipefeleHus] HATypaJbHbIX UMCes B KBa-
IpaTax YETHBIX YMces YOAUBUTEIbHO, Jake MOPa3UTebHO.
Benp, uTo nosiyuaetcsa? HarypasibHble Uunc/ia, YETHbIE UMCJIA,
HeYyETHbBIe U1CJia U3BECTHBI UeJI0BeYeCTBY ThICSTUeeTUs. ITO
TOJIbKO UejioBeuecTBY. B npupope, Bo BcesieHHOI OHM Bcernga
ObLIM. XMMMUYECKMe Ke 3JIEMEHThI HauaI OTKPbIBATH JIMIIIb
B XYIII Beke. A unca yxe «3HaJIM» O YETBIPEX TUITAX XUMU-
YyeCcKkuX 3y1eMmeHTOB (!).

10. 4-YpoBHeBas [Iuanuas TadamIia XMMMIECKUX
3JIEMEHTOB

Slueriku Ha puc. 19 nocaemgoBaTeNbHBI, HO C OOJIbIINM
KOJIMYEeCTBOM «MYyCTOT» MexAy MoHamamu u [Iuagamu.
VIuioTHeHueM GUTyphbI, T.e. COKpallleHMeM KOJTMIEeCTBa «ITy-
cToT» Mmexxay MoHagamu u [Ilnagamu, gajiee, paciiyupeHnemM
KBaJpaTMKOB A0 MPSIMOYTOJbHUKOB [IJI1s1 BO3SMOXHOCTU pa3-
MeIIeHNsI B HUX IOTIOJTHMUTEIbHOM MHDOpMaI Uy (AaTOMHbBIE
MacChl, 37IeKTPOHHYI0 CTPYKTYPY, UMcJia HyKJIOHOB, ...), HAKO-
Hell, pa3MelleHeM B paMKy C HoMepaMu YpoBHel u I'pyri,
MOSKHO ITOJTYYUThb 4-YpoBHEBYIO0 [Inanuyio Tabauiy xummye-
CKUX 3JIEMEHTOB:
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Tl Pb Bi
81 |82 83

Puc. 22. 4-YpoBHeBas [InagHast Tabnnuiia XMMMUUECKUX JIEMEHTOB

HaBepxy TabGauiibl MmoMeImeHbl TPU CUMMETPUUYHbBIE
II0JIOCHI C HOMepaMM TPYIIN B siueiikax s-, p-, d-, f-pacupe-
TOK, B TOYHOCTU COOTBETCTBYIOIIME 1IBETAM SU€eK B psiaax
9Tux 3aeMeHTOB. ['pynn XXXII, HO cTO610B Bcero 14. ¥V
[Tepmognueckoii Tabauiel [UPAC XVIII rpynm u 18 cTon6-
1oB. HoMepa rpy1nmn B IIBETHBIX siUueiikax TPEX I0JIOC B TOU-
HOCTY YKa3bIBAIOT HA 3/IeMeHThI-aHaJIOT'M TI0 BCEM CTOJIOIaM
Tabauiel. CiieBa 60Ky yKaszaHbl HOMepa YpoBHeit (Iuam). x
TOJIBKO 4. Ka>kap1ii YpOBeHb COCTOUT U3 IBYX KOJMYECTBEH-
HO paBHbIX N0yI0BMH. OHM B [Tepuoamueckoii Tabmuie IUPAC
npencTtasisiioTcs [lepuogamu. Bee 37ieMeHTBI pacIiosararoTcst
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B oiHOJ Tabnuiie 6e3 BHYTPEHHUX ITYCTHIX STU€EK, TOTIa KakK
B Ta6ymiie [UPAC 36 BHYTpEeHHUX MYCTHIX TU€EK HABEPXY OC-
HOBHOJ TaG/IMIIbI, & JAHTAHOUIbI M aKTUHOMUIbI BbIHECEeHbI
B OT[IeJIbHbIe JOIMOJHUTEe/NbHbIe TaOJUIIbI. DTO OCHOBATE/Ib-
Hble HapyllleHMs ITPUHIIMIIAa HelIPepbIBHOCTU-11€JI0CTHOCTU
B I10CJIeIOBATeJbHOCTU XMMUUECKUX 3JIeMEeHTOB, 3a/105KeH-
Horo JI.11. MeHae/seeBbIM B KaueCTBe IJIABHOTO MPUHIMIIA
CucremaTusaluy XMMMUUIeCKMX 3JIeMEeHTOB.

11. 4-YpoBHeBas /IluagHo-okTaBHass Ta6auma
XVMMMUYECKUX 3JIEMEHTOB

HecmoTtps Ha 1O, uto IUPAC c 1989 r. pekomeHayeT
nnaHornepuoaHyo XVIII rpynmoByo Tabnauiy XuMmuueckmux
3JIEMEHTOB, MOJaBJIsIIONee GOJIBIIMHCTBO 00pa30BaHHBIX
JIIoieit 1 crelaJMCcTOB «COXPaHSIOT BEPHOCTh» KOPOTKOIIe-
PMOIHOI OKTaBHOM Tabnuie XMMMUIeCKMX 3j1eMeHToB. OHa
Ha caMoM feJie yioOHee AJ1s1 00pa30BaTeIbHOT0, HAYYHOTO U
MPaKTUYECKOro MOJIb30BaHMsI. B yueGHOI, HAYUHOM U TeXHMU-
YyecKol uTepaType AaBHO YTBEPAUINUCH Y YKOPEHUIUCH TEP-
muHbI: coenuHennust AIIBYI, AIIIBY , ..., 1BOJiHbIe CHCTEMBbI
AlIl - BYI, AIIl - BY, ..., KOTOpbIe BO3HUKJIN B IEPUO, U PO-
KOTO TT0JIb30BaHMsI KOPOTKOIEPUOIHOM OKTaBHO Tabauiiei
MeHpeeeBa.

[TepectanoBkamu siueek d u f smemeHTOB Ha puc. 22
6e3 HapylIeHMs] UX HelpepbIBHON MOCJeA0BaTEeIbHOCTY B
psigaxX MOKHO MOJYUYUTh 4-YpPOBHEBYIO [IMalHO-OKTaBHYIO
Tabnuiry XxuMmueckux sneMeHToB (puc. 23). IToayuaercst mo-
BOJIbHO MHOTO IYCTBIX siueek. Ho Bce OHM BHEILIHME 10 OTHO-
HIEHUIO K PALaM C SYeiiKaMy XMMUUYECKUX 3JIeMEHTOB U He
HapyIIAalT MPUHLMUIIA HEITPEePIBHOCTU-1I€IOCTHOCTHOCTH. B
KOpoTKonepuonHoii ke Tabnuiie Menaeneesa u B XVIII-tu
rpynnoBoii [Tepuognueckoit Tabnuiie [IUPAC mycTble stueiiku
BHYTPEHHME U OHM HapYIIAT MPUHLUIT HEIPEPbIBHOCTYU B
3JIeMEeHTHBIX M0C/IeI0BATETbHOCTSIX.

HaBepxy Tabauiibl omMelneHa 5-psigHasi cxema mocJjie-
JIOBaTeJIbHOCTY HOMEPOB IPYII B STYeiiKax paclBETOK S, P,
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d, f 6;IOKOB XMMMUUYECKMX JIEMEHTOB. DT HOMepa OTHOCSIT-
€S TOJIBKO K COOTBETCTBYIOIIMM IIBETaM SiueeKk XMMUUIEeCKUX
3JIEMEHTOB, HAlIpUMeDP, K KpacHbIM rpymnmnam I u IT oTHOCSATCS
TOJIBKO XMMMUEeCKMe 3JIeMeHThI B KPACHBIX sTUelikaX CBepXy
BHM3, a K 3esIéHBbIM rpynnam XIX — XXXII umerT oTHOLIe-
HMe€ 110 BepTUKAJISIM TOJIbKO COOTBETCTBYIOII /e TaHTAHOU I bl
¥ aKTMHOUABI. Menb ¢ 6;1arOpOAHBIMM MeTajljlaMU U TPYIIIa
[IMHKa OKa3aJuch B OOHUX CTOIO1AxX ¢ rpyrmamu I u I, uto
emé 6osbine commkaeT 3Ty Tabauily ¢ KOpOTKOIEPUOTHOI
VIII-rpynmoBoii Tabnuieit MeHgeneesa.
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Puc. 23. 4-YpoBHeBas [InagHo-oKTaBHasI Tabanuila XMMMUUECKUX
3JIEMEHTOB
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12. 4-YpoBHeBast MOHyMeHTa/IbHasi OKTaBHasA
Tabauia XMMUUYECKUX 3JIEMEHTOB

MOHYMEHT C pacCIIMPEeHHBIMMU SiYeliKkaMM B paMKax C
HOMepaMM YpoBHel u I'pyIin npencTtaBisieT 4-YPOBHEBYIO
MoOHYMEHTaAbHYI OKTaBHYI0 Tabauily XMMUUECKUX
371IeMEeHTOB:

S I N
82 83 84
81 86

89 ! 113 119 120 118
;
114 115 116 A0t

Puc. 24. 4-YpoBHeBast MOHYMeHTaIbHasI OKTaBHas Tabyiuiia Xu-
MMUYECKUX 2JIEMEHTOB
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BeiBoabl mo Yactu 1

1. JenyKTHMBHOE MaTeMaTU4yeCcKoe paclipelesieHe Ha-
TypabHbIX uMces B KBagpaTax mepBbIX YeTHIPEX YETHBIX UM-
ceJl MPUBEJ K X [IMagHOMYy, B YaCTHOCTH, K 4-YPOBHEBOMY
HunagHOMY pacmpeneneHnIo repBbiX 120 HaTypaabHbIX UMCEI.
KonmuecTBO uncen-HOMepoOB B MaTeMaTuuecKkoi (apubmeTu-
YeCKoIt) IIporpeccum ypeamdmspaeTcs ot uaasl K [amge. OTOT
IeIyKTUBHBINM UMCIOBOI 3aKOH pacripee/ieHs B IpUMeHe-
HUM K 118 MHOAYKTUBHO (3KCIIEPUMEHTAIbHO) BbISIBJIEHHBIM B
TeueHe 2 BeKOB XMMMUYECKMUM 3JIeMEHTaM SIBJISIETCS BbIpayke-
HMEeM MaTeMaTU4YeCKol Teopuu 3aKOoHa MOPsIAKOBOTO pacmnpe-
JeJIeHU ST XMMUUECKUX 3JIEMEHTOB BO BCEM X MHOXECTBE.

2. 3aKOH BbIpaxkaeTcs o61eit popmMyJioii:

N =43(2n -1)

B UMCJIOBBIX Pa3JIoskeHMSX (5) 1 (6) OISl TIOJTHOTO KOJIMYe-
CTBa HOMEPOB U UX TOCJIeIOBATENbHON HyMepaliyel Ha puc.
10-13mpun =1, 2, 3, 4.

3. Comepkaluiicsi B KBagpaTax 4YETHBIX uMcea 3aKOH
MOPSIAKOBOTO pacnpeneeHs HaTypPaJbHbIX UYMUCET U UX TU-
NM3a1us COOTBETCTBYET SKCIIEPUMEHTATbHOMY MOPSAKOBO-
MY pacrnpefieIeHUI0 XUMUUEeCKMUX 3JIeMEeHTOB U UX KBAHTO-
BO-MeXaHMYeCKOW TUMTU3 A UN.

4. 3aKOH BOMJIOIIAETCS B CMMMETPUYHBIX HENPEePhIB-
HO-IIeJIOCTHBIX ABYX 4-YpoBHeBbIX [ImagHbix Tabmamiiax
(puc.22, puc. 23) u3 VYposBHel-Iuan u 4-YpoBHeBOI
MounymeHnTanbHo Tabautie (puc. 24) u3 YpoBHeii-KBaapaTos.

Ha stom 3aBepmaetcs YACTD I. OTa yacTh BIosHe [0-
CTYITHA JIJIS TOHMMaHMST yuaiymcst (5-9)-X KaccoB cpegHMUX
yueOHbIX 3aBeJIeHNII , KpOoMe TIOHSI T KBAaHTOBO-MexXaHuye-
CKOTO TIpoucxoXxaeHus. Ho Ux B TeKCcTe MaJjio, BO4ABaThCS B
TJTyOVHBI U B CYyTh He CJIeZIyeT, a TPOCTO MPUHSTD MTOApasie-
JIeHVe BCeX XMMMUUYeCKNX 37IEMEHTOB Ha 4 Buaa 1im 6JI0Ka: s,
p, d, f B pa3HbIX paciiBeTKax.

Yyammmcs ke TIoCaeJHNX JIET YUEObI B CPeTHUX yUeb-
HBIX 3aBeJIeHUSIX OyIeT BIOJTHE JOCTYIHA JJISI OCBOEHMS U
cinenywomas YACTD II.
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YACTD 11.
CucreMa eCTeCTBeHHbBIX 3/IEMEHTOB
BcenenHoim

BBegenue B uacts 11

[Tpo6sema rpauui, CUCTeMbl XMMUUYECKUX 3JIEMEHTOB
CTOUT y3Ke 6osiee Beka. Y aBTopa [lepmnommdeckoro 3akoHa
XMMMUYECKUX 37IEMEHTOB ObIIM 1BA JOBOJIOPOSHBIX 3JIEMEeHTa
(puc.1) — wynesoit HetoToHuit (3¢oup) n Kopounii. [lpegenom
[Tepuoandeckoii TabIMIIBI XMMMUUECKUX 2JIEMEHTOB OH CUM-
Taj 3JIeMeHT, COOTBETCTBYIONMIA HOMepy 118. Ho ¢ cepenuHbl
XX Beka Hava/IM MPKYJAMPOBATH MTPOTHO3bI HA XUMUYECKIE
9JIeMEeHThI ¢ HOMepamMu 1 6oJjiee 118 B, TaK Ha3bIBaeMbIX,
«OCTPOBAX CTAOMIBHOCTHU». DTU IIPOrHO3bI OCHOBBIBAJIVICH
Ha 000JI0YeUHOI MOJenu siiep C MarndeCKMMM UMCIaMu
HYKJIOHOB, 00/1a1aiOIMX TTOBBIIIEHHO YCTOMUYMBOCTBIO K
3axXBaTy HOBBIX HYKJIOHOB, Siiep UM K pacrnagy Ha aApyrue
siApa U HYKJIOHBI. [IoKa HY OTHOTO XMMMUYECKOTO 3JIeMeHTa
"3 «OCTPOBOB CTAOMIBHOCTM» 3a 118-M 371eMeHTOM He 0O6Ha-
PY>KEHO U He CMHTe3MPOBaHO. TeM He MeHee, BepOSITHOCTD
006pa3oBaHMS XMMUYECKMX JIEMEHTOB C HOMepaMu 6oJee
118 He cHaTa. Bommpoc TONBKO BO BpeMeHM CyleCTBOBaHM S
TaKMX 3JIeMEHTOB. Be/ib, CyIIeCcTBOBATH JIOJISKHBI XOTS ObI Ha
BpeMs IPOTEKAHUSI XMMMUYECKO peakliuu ¢ APYTUMU aTo-
MaMM XMMUYECKUX 37IeMEHTOB. XMMUYECKUMMU JIEMEeHTaAMU
T10 OIpee/IeHNIO TIPU3HAIOTCS TOJBKO TaKue 3JIeMeHTbI, KO-
TOpbIE BCTYMAKOT B XMMUUECKNE peaKIu. A eC/iu CYIIeCTBY-
IOT MEHbIIIe BpeMeHU, JOCTATOYHOTO AJISI aKTa XMMUUECKOTO
B3amMogencTBus? EC/iu CylecTBYIOT, TO BCE JKe 37IeMEHTHI,
HO He XMMMUecKue, a 6ojiee obmeit KaTeropun. ITY KaTe-
TOPUIO 3JIEMEHTOB MOKHO Ha3bIBaTh €CTECTBEHHBIMMU 3Jie-
MeHTamu BcenmeHHoTi. K HUM MOTYT OTHOCUTBCS, HATIpUMED,
HeTpOoHbI. Benn, BO BcesleHHOI peanbHO CYIIECTBYeT «Heli-
TPOHHOE BeIleCTBO» (HETPOHHBIE 3BE3/IbI).

XuMuyeckmue 3JeMeHTbl, OUeBUAHO, TOXE OTHOCST-
CSl K eCTeCTBEHHBIM 3JieMeHTaM BceJeHHO, U X MOXXHO
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paccMaTpuBaTh KaK IMOJAMHOKECTBO MHOXKeECTBA eCTeCTBEH-
HbIX 27eMeHTOB BceneHHoi. Pasmen nmocssamen Cucreme
eCTeCTBeHHbIX 3JIeMeHTOB BcesleHHOI, BKIOUYAIONIei pac-
CMOTpeHHYI0 B nipeabiayinein Yactu [ Cuctemy XMuMuyeCKmux
3JIEMEHTOB.

OO61Ias Teopus CennaJIbHOTO pacipee/IeHNs
HaTypPaJIbHbBIX YMCEJ

PacmpeneneHue HaTypalbHBIX uuces no JAmuamam u
Ksagparam, ncnosib3oBaHHoe B YacTu I kak maTemaTruyue-
CKMI anmapar CUcTeMaTu3auuy M TUOU3auum XMMUIeCKUX
3JIEMEHTOB, IO CYILIECTBY SIBUJIOCH CIIelMaIbHbIM pacIiipe-
nejieH/eM HaTypaJibHbIX uyces. OHO O6b1JIO UCIO0J/Ib30BAHO B
OTrpaHMYEHHOM MHTepBaJie n = 1, 2, 3, 4. 3TO crneuuaibHOe
pacripenesieHle B MHTepBaje 1 — 4 HempepbIBHO U 11€JIOCT-
HO OXBAaTUJIO BCe 118 M3BECTHBIX XMMMUUYECKUX 3JIEMEHTOB
ot Bogopozna (Homep 1) mo Oranecona (Homep 118). Kpome
3TOro, CIlelaibHOe paclipeneeHne HaTypaabHbIX UMCes
CIIPOTHO3MPOBAJIO ABa MOKA HE OTKPBITHIX U HE CUHTE3U-
POBAHHBIX XMMMUUYECKUX 37eMeHTa ¢ Homepamu 119 u 120.
XUMuyeckye 3J1eMEeHTHI SIBJISIIOTCSI €CTeCTBEHHBIMMU dJIeMeH-
Tamu BcenenHoii. He6ecHble Tejia COCTOSIT U3 XMUMUIECKUX
371eMeHTOB. Ho BO BcesieHHOV eCcTh U Apyrue eCTeCTBEH-
HbI€ 3JIeMEeHTbI. XMMUUeCKNe 3JIeMEHTbI COCTABJISIOT JIUILb
MO MHOKeCTBO 00Jiee MOITHOTO MHOXeCTBa eCTeCTBEHHbBIX
3JIeMeHTOB BcenieHHOIA. [1J1s1 pacripoCTpaHeHUs CIlelMaIbHO-
ro pacrnpejeneHns HaTypaJbHbIX YMCe Ha BCE MHOXKECTBO
eCTeCTBeHHbIX 2JIeMeHTOB BcesieHHOI pa3BuBaeTCs 06111ast
Teopus CIelMaJbHOTO pacipeeeH s HaTypaJbHbIX UMCell.

1. 3aKOHOMEepHOCTU pacIpeneleHns
pacUIMpPeHHOro HaTypPaJbHOIO Psiga unce’l

B Poccuiickoi Tpaguum UCHOAb3YEeTCS HaTypPaabHbBII
psag uncenn, =1, 2, 3, ..., «. B 3anmagHbIX ¥ BO MHOTUX [IPY-
I'MX CTPaHax UCII0JIb3YIOT pacllipeHHbI HaTypaJIbHbIi PsII,
HaunHaromumiicsa c0:n, =0, 1,2, 3, ..., .
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CylecTBYIOT [IBa IMOAX0Aa K OMpeJie/ieHMI0 HaTypasb-
HBIX UMCeJI:

- HaTypaJsbHble YMcia — 4Yucia, BO3HMKaIo e pu nod-
cuéme (Hymepayuu) IpeIMeTOB (nepaolil, 6Mopoti, mpemuti,
uemeeépmolil, nAMoll...), (nR)

- HaTypaJibHbIE UMC/Ia — YMCJIa, BO3HUKAOIIVE TIpu 060-
3HaueHuu Kosuvecmea rnpenmeToB (0 npedmemos, 1 npeo-
mem, 2 npedomema, 3 npedmema, 4 npedmema, 5 npeome-

moe...), (n,,) (HarypasbHoe uncio — Bukumneaus)

NubIMM cioBaMu psifi, HAUMHAOMMUICS ¢ 1, MCTIOTb3Y-
€TCsI KaK MOPSAKOBBIN PsIA, a psig, HauuHarmuiics ¢ 0, Kak
KOJIMYEeCTBeHHBIN psaA. [loueMy ke MOpsiA0K HEKOTOPBIX Te-
nedonHbIX HOMepoB B Poccun HaumHaeTcst ¢ 0 (02, 03)? 3gech
6osbllle oNpaBaaHus, YeM onpenenenus. Ho camoe BaskHOe
U IJIaBHOE 3[1eCh TO, UTO N, , ITYCTh M YPE3aHO, HO IIPU3HAETCS
¥ YaCTUYHO UCTIONIb3yeTcs U B Poccun (aBT.).

OTHU pAObI CBA3aHbl COOTHOIIEHMEM:

n,=0,n, ¢))
Ksagpar mo6oro n us n, = 1, 2, 3, ..., ® paBeH CymMMe
HEUETHBIX UMCe:
n?=3x(2n -1) )

Cyuértom (9) kBaapar 4eTHBIX uncena (2n)’npun=1, 2, 3,
4,5usn,=1,2,3, ..., c:
(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), 209), 2(16), 2(25)]= 2(2, 8, 18, 32, 50)  (10)

[Momyunanch 4MCaOBbIe CABOEHHOCTY — [lMaabl U3 map
yucaoBbiXx MoHap 2, 8, 18, 32, 50.

st KBagpaToB YE€THBIX umcest (2n)? o ¢popmyie (8), ¢
yuétom (10) m mpaBuia «OT mepeMeHbl MeCT CJIaraeMbIX CyM-
Ma He U3MEeHSeTCsI» UMeeM:

(2n)? = 0%, 2[2(1), 2(3+1), 2(5+3+1), 2(7T+5+3+1), 2(9+7+5+3+1)] (11)
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JIro60e uncno (0 - 4mcno B n,), ymMHOKeHHOe Ha 0,
paBHO HYy/JIWO. DTO MpaBuUj0o B nmpumeHeHuu kK 02 maér:
0%=0x0= 0= 2x(2x0) = 2(0) = 2[(0)]. Torga 2(0) MO>KHO BBECTH
B CKOOKM [] dopmysi (11) HYJIEBBIM UJIEHOM:

(2n)? = 2[(0), 2(1), 2(3+1), 2(5+3+1), 2(7+5+3+1), 2(9+7+5+3+1)] (12)

[Mpoussensi cymmupoBaHue B (12) mosyunm:
(2n)* = 2|0, 2, 8, 18, 32, 50] (13)

[Tony4manch 4muCaOBbIe CABOEHHOCTU — [uanbl U3
Mosap: 0, 2, 8, 18, 32, 50.

I[Ipocymmupyem Bce Hduansl (13) ¢ yuétom (9), (12) n
MmpaBuJia: «OT MepecTaHOBKM MeCT cjaraemMbIX cymMMa He
U3MEHSeTCSI».

¥2(2n?) = 2X2%(2n -1) = 2{0+2[(1) + (1+3) + (1+3+5) + (14+3+5+7) +
+ (1+3+5+749)]} = 2x0+2(2)+2(2+6)+2(2+6+10)+2(2+6+10+14)+
+2(2+6+10+14+18)=2x(0)+2(2)+2(6+2)+2(10+6+2)+
+2(14+10+6+2)+2(18+14+10+6+2)

[Tonmy4eHHBIN pe3yabTaT ITPeACTaBAsSIET MOJTHOE KOJIMYe-
cTtBO K, uncen B mectu Jlnagax us nap (2 nepen ckookamm)
MoHa1, KOTOpbIe COCTOST mocyegoBaTenbHo n3 0, 1,2, 3,4, 5
cjaraeMbIX (B CKOOKax). B cymme oHM COCTaBISIIOT:

K =2x(0)+2(2)+2(6+2)+2(10+6+2)+2(14+10+6+2)+ (14)
+2(18+14+10+6+2) = 220

C yuétom (10) popmyiy (11) MOSKHO 3ammcaTh Kak mocJie-
IoBaTeIbHOCTH KoynuecTBa K HomepoB N B MoHamax rocie-
JoBaTenbHOoCcTU n =0; 1; 2; 3; 4; 5 Inan:

K, =2(2n?)=232(2n -1)=2[0,2(1), 2(3+1), (5+3+1), 2(7+5+3+1), (15)
2(9+7+5+3+1)]

[Tpou3sBensi cyMMMUpPOBaHMe U PaCKpbITHE CKOOOK B Ipa-
Boi1 yacTu hopmysel (15), mosyumm pacrpeseseHme Koande-
crBa K Homepos N B n = 0; 1; 2; 3; 4; 5 lnapax:



Juaner, n 0 1 2 3 4 5

Ky 0 02 2|8 8|18 18 | 32 32 (50 50

OTO MMEHHO KOJIMYeCTBa HOMEPOB, KOTOpbIe He 00sI3a-
TEeJIbHO JOJDKHBI CJIeIOBATH 10 ONpeieIEHHOMY HapacTawo-
memMy nopsiaky. Homepa ske JOJKHBI IOC/IeIOBATEIbHO Ha-
pactaTb. Homepa N go/IKHBI BBICTpaMBaThCsl B MOHamax 0-5
Ivap mo Takoii ke MpocToit popmyiie:

N = 252(2n -1), (16)
HO B CTPOTO HapacTaloueM MopsiaKe.

VropsimoueHHOe HOMePHOe pacrpezeneHue B MoHagax n =
0,1,2,3,4,5, ... lvana rpaduuecky BOILIOIIAETCS B 33-pSIIHbIN
Habop KBaJpaTUKOB-s4eeK KojamndecTB K 11 Homepos N 1o
dbopmynam (15) u (16) c moceIHUM PSIIOM [JIsI N = eee, 0603HA-
YalolIMM 10C/IeIoBaTeIbHOE MTPOIoJIKeHMe n 10 n = « (Puc. 25).
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Puc. 25. 33-x psaHas Tabanuia 0-220 KBaapaTUKOB-sUeeK
s KB psamax Monan 6-tu Inan-YpoBHei
U psga o MoHap, ¢ [luan-YpOBHeEI eee

HyneBbie psifibl COCTOSIT M3 OOHOM STUEVIKM KaXK I bIiA. PsiIbl
1,2,4,6,9, 12, 16, 20, 25, 30 cOCTOSIT U3 ABYX STY€EK, PSIABI 3,
5,8, 11, 15, 19, 24, 29 — u3 mecTu siueex, psaasl 7, 10, 14, 18,
23, 28 — u3 gecsTu siueek, psaapl 13, 17, 22, 27 — U3 yeTbIpHA -
LaTu ssueek. Psaap1 21, 26 — 13 BoceMHaa1aTy siueek. B 1iesiom
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dbopMa TabaMUIbI C SUEMKaMy HAaIIOMMHAEeT BeTBUCTYIO EJIKY.
Sueliky ¢ HYJISMU BBIIJISIAAT BEPXYIIEYHO BETBbIO EKu.
I ByXbsueeuyHble psi[bl BHIIISIAT CTBOJIOM Enku. OcTanibHble
pAZbI SUEeK HAIIOMMHAIOT 60KOBbIe BeTBU Enku. OueBugHO,
CTBOJI OT/IMYAETCS OT BeTBel. BepxylileuHas BeTBb OTJIMYAET-
cs1 oT 60KOBbIX BeTBeii. I 60KOBbIe BeTBU YPOBHEN n = 2; 3; 4;
5 oTmualoTcs gpyr ot gpyra. Takum o6pasom, Enka cocras-
JieHa U3 BepXyIIeuHOi BeTBU, CTBOJIA M UeThIPEX pa3HOBU/I-
HOCTelt 60KOBBIX BeTBeli. DTU pPa3andus OTpasuM TOHAMU
cepoii mKkasbl (gray scale) Ha puc. 26.

n=0

Puc. 26. Esika ssueek B pa3sjMuHbIX TOHAX CEPOIA IIKaJIbI

47



BepxylleuHasl BeTBb, 60OKOBbIE BETBM M CTBOJ EAKMU
MpefcTaBIeHbl MOC/JeI0BATEbHO YCUJIMBAIOIIMMMCS TOHA-
MM CepOii IIKaJIbI.

[TponyMmepyem B HapacTalollel mocjaeq0oBaTe/JbHOCTH
KBaJlpaTUKU-SIYEIKY cJeBa HAIlpaBo C IepexooM K HUXKe-
Jnexxamum psaaam [ogypoBHeii cBepxy BHIU3 YpoBHeii-luan n
=0,1,2,3,4,5, eee y nipeacTaBuM EJIKYy OTHEIBHO, 6€3 pAMOK
C HoMepamMu 1 0603HaueHusIMy YpoBHeit u [TomypoBHeii.

o

‘u‘zz 23 2a | 25| 26| 27 [ 28 zslsu‘

31| 12 | 33 34 35 | 36

‘H‘W 41 [ a2 | a3 | 44| a5 [ 26 47|u‘

4 | 50 | 51 52 53 | 54

|51| 59 [ 60 [ 61 | 62 | 63 | 64 | 65 EEE?EIG!‘NI

81 | 82 [83 | 84 | 85 | 86

|m|su o1 [ 92 [ 93 [ 93 | 95 | 96 | 97 [ 98 nsmwl}mz'

103 | 204 | 205 | 106 | 107 | 108 | 109 | 120 | 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 | 20€ | 209 | 210 | 211 | 212

213 [ 224 | 215 | 216 | 217 | 218

Puc. 27. Enika ¢ mocjiejoBaTe/ibHO HapacTalIIMMyU HOMepaMi B
KBaJpaTuKax-sgyeiikax pa3anIHbIX TUIIOB BeTBeil 1 CTBOJIA

48



OTnanums siueex BerYI_LIe‘IHOI/I BETBU OT d4eeK OPYyIux
TUIIOB GOKOBBIX BeTBel 1 cTBoJjIa EnKku BbIpA>XeHbI IT0CJIe a0~
BaTeJIbHO YCUMJIMBAKOIIMMMCA TOHAMMU CepOI/I IIKaJIbI.

2. Ipyrue dopmsl Enkn

Ha puc. 27 [Inaabl BbipaskeHbI He YETKO. [TepeitiéM K 60-
Jlee BbIpaskeHHOW opMe. DTO MOKHO ceJaTh IlepeBopaun-
BaHMeM MepBbIX (BepxHMUX) MOHaI, HauMHas C TpeTheli CBep-
xy duapns! (Iuanbl ¢ Homepom 2). Ha puc. 28 nipeacTaBieHbl
pe3yabTaThl NepeBopaurBaHmii B unamax. [lepexon K OCHOB-
HOJt (popme OCyILeCTBIISIETCSI 0OpPATHBIM ITlepeBOpPaUYMBaAHUEM.
[lepexop ot Enku k Enke 1 06parumbiii.

Fnka PN Enka 1

Puc. 28. O6paTuMblii epexos 0T OCHOBHOI (hopmbl Enku
K hopme Enka 1

BupaHo, 4yTo [Inaabl ¢ IepeBEPHYTLIMY BEPXHMMM MOHA-
JaMM ropasao YeTue BbIJIeJISIIOTCSI, YeM B OCHOBHOI (popme
Enxn.

[lepeBOopauMBaHMeM BTOPBIX (HMKHMX) MoHan Iuap,
MOYKHO MOJAYUYUTD APYryIo hopmy — Enky 2.
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Enka VN Enka 2

Puc. 29. O6paTuMblii epexos OT 0CHOBHOI Gopmbl Enka
K ¢popme Enka 2

U B aTOM CTyYae nmoay4usaachk 6osee penbedHas hbopma,
yeM OCHOBHas ¢popma Ejikm.

3. «BoHOBOe» IpeAcTaBieHne Eaku

[loBepuém Enky 1 Ha puc.28 B yMEHbIIEHHOM MaciiTabe
MPOTUB YaCcoBO¥ cTpenk Ha 90° B TOPM30HTAIBHOE MTOJIOKEHNE:

OOBREEL

ERE AR AR AT A ]
Blofaa|ulu /6oy

o | E ‘ 2 3

Puc. 30. TopusoHTanbHOe mosoxkenue Enkm 1
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PasHecéM BepxHMe U HUKHME MTOJIOBUMHKY duann =0, 1,
2, 3,4, 5 110 TOPM30HTAJILHO OCHU:

EEEEE

Puc. 31. «<BomHa» u3 ooyl Inann=0, 1,2, 3,4, 5 Enxkn 1

IIpn nmepexome oT HyneBOi Iuanabl K rmepBoi Auane
aMIIJIUTyda YBeJUMUYUBAIOTCS B ABa pasa. [locie mepBoii
Ouanpl aMIJIMTYAa HapacTaeT Ha 2 s4eiku, a Iepu-
o[ Ha 4 A4elVikM C KaxXAou nmocnenyrouen duanmoii. Her
omnpepensOIlero MpMu3Haka MepuoauuYeCcKmx SIBJIeHUIA,
npoiieccoB, GYHKIMUII — TMTOCTOSTHCTBA Tepuoaa. Ho, mo-
CKOJIbKY MepMoJ, HauuHas C mIepBOTo mepuopa, nocie-
JIloBaTeJIbHO HapacTaeT Ha MOCTOSIHHOE YMCJIo o apud-
MeTMUYeCKO MpOoTrpeccuu, TO TAKYI0 «BOJIHY» MOXXHO
Ha3bIBaTh MPOTPECCUOHHO-TIEPUOANUECKOI, MJIU KOPOTKO
MpOo-TepuoanMueCcKOii.

4. O6paTuMasi CBEépTKa BeTBUCTOJ EiKku B
MpeaejbHO YIIAKOBaHHYIO opmy

PaccMOTpeHHbIe BeTBUCThIE EJIKM MMEIT MHOIO Iy-
CTBIX IPOMEXYTKOB MeXay BeTBIMMU. Ha mpumepe Enku 2
MO>XHO OLI€EHUTDb 3TU IIPOMEXYTKM OTHOIIE€HMEeM KOoJInue-
CTBA HE3aHSITHIX STUEEK K 00IeMY YMCITy sTUeeK MeKIy rmep-
BBIM PSIAOM U3 6-TU STU€eK U IMOCJAeJHUM psiaom 13 18 sueek
Ha puc. 32:
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n
0 0
0
S6 2 ee [
5w | 1516 [ 1718
31| 12 [ 33 |34 | 35 36
29 [ 50 | 51 | 52 [ 53 [ 54
el e ™
81 | 82 |83 | 8 [ 85 | 86
113 [ 114 | 115 | 116 [ 117 | 118
EE e =
'Lﬁl Ils’sl iis'sl iﬁ7| iis‘sl ilﬁsl ilsol ilie’ll 1
163 | 164 | 165 | 166 | 167 | 168
215 | 214 | 215 | 216 [ 217 | 218
CaREREr
°

Puc. 32. Enika 2 ¢ npoMexXyTKaMy MeXK1y BETBIMU B
KBaJpaTuKax-siueikax

CiieBa Ha puc. 32 o603HaueHbl HOMepa (n) Ouapm. [TycThix
gueek 160, uTo cocTapsgeT 6os1ee 42% OT 06IEro KOJAMYeCcTBa
(376) siueek.

MOXHO CBepHYTb EJIKY 2 B IpefebHO yIIaKOBaHHYIO
dbopmy, T.e. B popMy 6€3 eIMHOI MyCTOM STYEHKMU. ITO MOXK-
HO CeJlaTh epecTaHOBKaMM siueeKk C HoMmepaMu, He Hapy-
HIAOMIMMM TIPaBUJIO: «OT MepecTaHOBKYM MeCT CjaraeMbIX
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cyMMa He usMeHseTcs». B [lnage ¢ n =1 g4elikyu ¢ HomMepamu
1 — 4 yXe B IIJIOTHO yIlakoBaHHO ¢opme KBagpara u3 4-x
KBaJIpaTUKOB.

B [Inane 2 mepBy1o U MOCJAEIHION SYEKM C HOMepaMu
5 u 10 mepemecTUM IO, TUEIKM C HOMEpaMi COOTBETCTBEH-
HO 6 1 9 BHI3, @ KOHIIEBbIe sTUeliky ¢ HoMepaMmu 13 u 18 1o-
MeCTHM HaJ sueiikaMy ¢ HOMepaMy COOTBETCTBEHHO 14 u
17. lMonyuaeTcst KBagpaT u3 IBYX KOHIIEHTPUUYECKUX CJIOEB.
[Togo6HbIe MepeMeleHus IpoBeaeM 1 BOKpYT KBagpaToB 2x2
B Imagax 3, 4, 5.

B Inanme 3 Ha o6pa3oBaBimmiics KBagpar 4x4 nepeme-
CTUM IIOCJe0BaTe/JbHO IO ABe KOHIIEBble SSUeliKM Bepx-
Hero M HM>XKHero psAnoB. [Tomyuyum KBaApaTHBIN CIO 6x6,
KOHIIEHTPMYECKM OXBaThIBAKIIMII KBagpaTHBIN CJION 4x4.
O6pasoBascsa KBagpar 6x6 U3 1ocjaes0BaTeJIbHO KOHIeH-
TPUYECKUX KBAJAPATHBIX CJIOEB 2x2, 4x4  6x6. [Tom06HYIO Ke
orepauuio nposeaeémM u B Inagax 4 u 5.

Ianee B BepxHeM M HMKHeM psgax Jluanbl 4 mocaeno-
BaTe/JbHBIMU IIepeMelleHMSIMM YeThIPEX KOHIIEBBIX siUueeK
TOJIYYMM KBaPATHBIN CJI0M 8%8, KOHLIEHTPUUECKU OXBAThI-
BalOUIMI1 IpebIAYIIMi KBaJpaTHbIN CI0M 6x6.

[Togo6HYI0 ke ormepalnui MNpoBeaéM u B Juame 5.
Hakonelr, rocjieioBaTeIbHO IIepemMelasi KOHIeBble 4 sueii-
KJ BepXHEro M HUKHero psaoB [Iuaabl 5 Ha MMpeabl oyt
KBaJpaTHBIN CJIOV 8x8, moJyumuM KBaapaTHbIi ciaoit 10x10,
KOHIIEHTPMYECKY OXBaThIBAIOWIMIA TTpeAbIAYIINIi KBaaApaT-
HbIl coit 8x8. TlonyuaeTcss KBagpaT M3 KOHIEHTPUUYECKUX
CJI0EB 2x2, 4x4, 6x6, 8x8, 10x10.

B pesynbpTaTe NMpoOBeNEHHBIX IepeMelleHUl MOJIy-
YUM IpeJie/ibHO YyIaKOBaHHYIO (opmy, HAaITOMMHAIOUTYIO
MoHyMeHT:

53



Puc. 33. MOHYMEHT 13 ITpeebHO YIIaKOBAHHOM (GOPMbI
Enku 2 Ha puc. 32
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5. «BotHOBOE» mpeacTaBieHne MoHyMeHTa

YpoBHM MOHYMeEHTa COCTOSIT U3 BePXHUX U HUXK-
Hux IlogypoBHelt C paBHBIMU KOJMUYeCTBAMMU siUyeek.
BepTukasibHast oCb CMMMETPUM TaK>ke JeJIUT MOHYMEHT Ha
paBHbIe JieBble U ITpaBble MOJ0BMHBI KBaspaToB. [loBepHEM
MOHYMEHT B YMEHbIIEHHOM MaciuTabe IpPOTUB YaCOBOIi
cTpesiky Ha 90° B TOpM30HTAJIbHOE MOJIOKEHME:

Puc. 34. TopusoHTanbHOE MMOJIOKEHNE MOHYMEHTa

PasHecém BepxHMe U HUKHME TTOJIOBMHBI YpoBHeli 0, 1,
2, 3,4, 5 Ha puc. 34 110 TOPU3OHTAIIBHOI OCU CUMMETPUU B
HeIpepbIBHYIO MTOC/IeI0BAaTe/TbHOCTh:

Puc. 35. IToc/iemoBaTeIbHOCTD ITOJIOBUH YpoBHei 0, 1, 2, 3,4, 5

[Tonyumnach «BOJTHOBAS MOCJIEN0BATEbHOCTD IIPSIMOY-
TOJIHBIX MMITYJIbCOBY». [Ipy nepexone oT Hy/1€BOTO YPOBHS K
IepBOMY aMIIZINTY/1a YBEJIMUMBAETCS B 1Ba pa3a, a epuon,
coxpaHsietcs. [lanee ot YpoBHs 1 K YpOBHIO 5 aMIinTyna
yBeJIMuMBaeTcs Ha 1 eguHMUILLY, a TIepUOoJ, yBeIUMIMBaeTCs Ha
2 enuHuULbl. HeT onpepnensioiiero npmusHaka nepmuoguyHo-
CTU (SIBJIeHUIA, TPOLeCCOB, QYHKIIMIT) — MOCTOSIHCTBA MePUO-
na. ITosToMy Takylo mocjie0BaTeJIbHOCTh HeJIb3s1 Ha3bIBaTh
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nepuonmuyeckoil. Ho moCcKoabKy M aMIIUTYLA U «IIepUoL»
OoT YpOBHS 1 M3MEHSIIOTCSI Ha MOCTOSIHHBIE YKciia 1o apud-
MeTUYeCKON Mporpeccuin, Takyo 3aKOHOMEPHOCTD JIOTMUHO
Ha3bIBaTh MPOTPECCUOHHO-TIEPUOLNUECKON, UIN KOPOTKO
— [IPO-TIePUOANYECKOIA.

Takum o6pa3om, orpaHMYEHHOE CIiel[MaabHOe pacIpe-
Jle/leHVe HaTypaJIbHbIX UMCesl pacliupseTcs: A0 HeorpaHu-
YeHHOJ 3aKOHOMEPHOCTHU MIPO-NepuogMUecKoro pacnpezne-
JIeHUSI umces 6eCKOHEeUHOTo HaTypaibHOro psiza ot 0.

6. PacnpeneseHue HaTypaJbHBIX 4uceJ IIO
pa30MeHMsIM IMOBEPXHOCTEN KOHIEHTPUYECKUX

cep

TpéxmMepHOe MPOCTPAHCTBO BcesleHHOI OOHOPOLHO,
M30TPOITHO U €JUHO BO BCEX

YTOJIKaX TeJeCKOIMYeCKOM ¥ MUKPOCKOIIMYECKONM JOCS-
raemocTy. Cdepsl B peaibHOM

TPEXMEPHOM MPOCTPAHCTBE OMPeNesI0TCS TOJbKO pa-
nuycamu. JItobble pyrue ux reoMeTpuueckme xapakTepu-
CTUKM OTIpeneIsIloTCs ux paauycamu. Hanpumep, riomanmn
MOBepPXHOCTeN cdep MpOnopuMoHaaAbHbI KBagpaTam pagu-
ycoB. OTHOIIIeHMe TTOBEPXHOCTEN KOHIEHTpUUYeCcKux chep
pPaBHO KBaApaTy OTHOILIEHMS UX PaAMUYyCOB U3 OAHOTO LIeHTPa.

[IpencraBisieT MHTepeC paciipeaeseHe pa3omeHus mo-
BEPXHOCTeV KOHI[EHTpUUeCKux cep «B eAMHUIIAX» HEKOTO-
pOJi 3TaJIOHHOM (CTaHAAPTHOII) chepbl.

PaccMoTpuM 6ecKOHEUHOE TPEXMEpPHOe IMPOCTPAHCTBO.
Y Takoro mpoCTpaHCTBA HET ONpeneIEHHOrO 1LeHTpa, I0-
CKOJIbKY C JIF000J TOUKM OHO 6€CKOHEeUHO. Bo3bMEM 1100Y10
TOUKY ITpocTpaHcTBa. C 9TOI TOUKM cHOpMUPYEM HEKOTO-
pyto cpepy panuyca R ¢ moBepxHOCTbIO:

S =4nR? 17)
[lepenuiiem (17) B TOXXAeCTBeHHOI hopMe:

S = 2(2nR?), (18)
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KOTOpasi OTpaykaeT JINIIb TO 06CTOSATENbCTBO, UYTO chepa co-
CTaBJieHa U3 IBYX paBHbIX Moaycdep, pa3e€HHbIX IKBa-
TOPUABbHO OKPY>XXHOCTBIO. 3aduKcupyeM GakT CyIeCTBO-
BaHMSI HEKOTOPOI 3TAJIOHHOM (CTaHIAPTHO) Mmoaycdepbl
panuyca Rst HOpMUPOBKOJL €€ Ha e IUHUILY:

2mR, 2= 1 (19)

Pa3MepHOCTh 1 MOKET OBITh IPOM3BOJILHOI, ITYyCTh, OY-
et pemrometp (bm) — 10-15 m.

Torma R, = 1/V(2m) dm (20)

Ha camoM mejie pa3MepHOCTD 3[€eCh He BaykHa, 11 Rst Mo-
KT ObITh OTHOCUTEJIbHBIM, T.e. «6e3pa3MepHbIM». IIpumem
BEJIMYUHY RSt 3TaJIOHHOJ, CTAaHOAPTHOIA.

VI3 MpoM3BOJIbHOM TOUKM 6€CKOHEUHOro ITPOCTPAaHCTBA
copmupyem KOHIIeHTpUUecKue cepsl, ocaen0BaTeIbHO
OKaMJISIIOLI /e TIPeabIAYIINMe, HauMHas ¢ IepBoii cepsl, u
cocrosiue u3 map rnosaycdep. B ypaBHeHUSIX J1eBYI0 U ITpa-
BYI0 YaCT¥ MOXXHO YMHOKAaTh Ha IMPOMU3BOJIbHOE UMCJIO, CO-
XpaHsis paBeHCTBO. [lepByio cdepy chopmupyem paamycom
B ipousBesieHre OV2 Ha R

0xV2 R =0xV2 [1/V(2m)] (21)
BTopyto chepy, KOHIIEHTPUUECKM OKANMJISIIONTYIO Tep-

ByI0 cepy (21), chopmupyem paanycoMm B ITpou3BeieHMe
1xV2HaR :

1xV2 R = 1xV2 [1/V(2m)] (22)
Tpetbio cdhepy, KOHIIEHTPUUYECKYM OKaiMJISIONLYI0 BTO-

pyio cdepy (22), chopMmupyem paamycom B MpousBeaeHmue
2xV2HaR :

2xV2 R = 2xV2 [1/V(2m)] (23)

YeTBépTYy10 chepy, KOHLIEHTPUUECKM OKaNMJISIONIYI0
TpeTbio chepy (23), cbopmupyeM pagnycoM B IPOM3BeIeHIe
3xV2HaR :
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3xV2 R, = 3xV2 [1I/V(2m)] (24)

[Iaryio chepy, KOHIEHTPUUECKM OKaMJISIIONIYIO YeT-
BEPTYIO chepy (24), chopmupyeM pagnycom B Mpou3BeeHne
4xV2HaR :

4xV2 Rst = 4xV2 [1/V(2m)] (25)

[llecTyio chepy, KOHIIEHTPUUECKY OKAMMJISIIOIIYIO TsI-
Ty1o cdepy (25), chopmupyem paamycom B MmpousBeaeHmue
5xV2HaR:

5xV2 R = 5xV2 [1/V(2m)] (26)

TakuM 06pa3om, KOHLIEHTpUIecKue chepbl COCTOSAT U3
rap nonycdep pagmycos (21) — (26). CoorHomeHue (18) mast
MOJIYUYeHHBIX chep MOKHO MepennucaTh Kak:

Sn=2[2m (n V2 Rst )], (25)
roe n = 0,1, 2, 3, 4, 5. KoHeuHO, n MOKeT ObITh 6OJIbIIE 5, HO
3[1eCh OTPAHMYMMCS HAa 3TOM YMCJIe HaTypaJbHOTO psifa n =
0,1,2,3,4,5, ..., .

BuaHO, 4TO pagnychkl KOHIIEHTpuUYeckux cdep (25) co-
CTaBJISIIOT PSIJI UMCeT:

0xV2; 12 2V2; 3V2; 4V2, 5v2 (26)

KpaTHbIX CTaHIapTHOMY panuycy Rst. [ToBepxHocTu chep
COCTaBJISIIOT COOTBeTCTBeHHO: 0; 4; 16; 36; 64; 100 paBHbBIX
TOBEPXHOCTEN CTaHAapTHOM nmosycdepsl, T.e. CTaHIAPTHAS
cepa paspgeseHa Ha ABe nosycdepsl, U MEeCTb KOHIIEHTPU-
yeckux cdep pasjeaeHbl COOTBETCTBeHHO Ha: 0, 4, 16, 36, 64,
100 cTaHmapTHBIX noycdep.

[Monyunnoch KBagpaTHoe pacnpeaeneHue HaTypaib-
HBIX YMCeJI.

Ka>kapliit uneH psgpga uucen: 0, 4, 16, 36, 64, 100 MoxXHO
pa3ouTh Ha 2 paBHbIE YacTu B IocaemoBarenbHocTu: 2(0;
2; 8; 18; 32; 50). [TocnemoBaTeIbHOCTDb 3TUX PaBHBIX YacTeit
MpeJicTaBJIsIeT TIOC/eJ0BATeIbHOCTDb CIBOEHHOCTel — Juaz,.
Kaxkpas Inama, oueBUIHO, COCTOUT M3 ABYX MOHAJ, MOC/Ie0-
BaTtenbHocTH: 0; 2; 8; 18; 32; 50.
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[Monyumsioch AuMamHoe pacnpeae/ieHe HaTypaJabHbIX
YmceI.

HermpepbIBHOE U CIIJIOIIHOE TPEXMEPHOE IIPOCTPAHCTBO
He MOXET ObITh ITOJIHOCTHIO 3aTI0JIHEHO IIapaMy CKOJIb YIO/I-
HO MaJIbIX 00bEMOB. MesKy IVIOTHO MpUJIEralouMMu mapa-
MM BCEraa MMeeTCs «IIyCToe» IMIPOCTPAHCTBO. IIo3TOMY /1St
OOILIHOCTY PACCMOTPUM pa3biMeHye MOBepPXHOCTe KOHIIeH-
TpUYecKMx Ky60oB. [IJIOTHO NpuJIeraroiuMm O MHAKOBbIMMU
Ky6aMu IMTPOM3BOJIbHBIX 00'bEMOB 3aITOTHSIETCS BCE TPEXMEP-
HOE MIPOCTPAHCTBO 6€3 IIPOMEKYTKOB MEXIY KyOaMu .

7. PacnpegeneHue HaTypaJbHbIX UuMcCeJl IIO
pa3oMeHMsIM IMMOBEPXHOCTEel KOHIIEHTPUIECKUX
Ky0OB

Bo3bpméM 11006y10 TOUKY mpocTpaHcTBa. C 9TOI TOUKM

chopmupyem HEKOTOPYIO IIOBEPXHOCTH Kyba pebpom L ¢ mio-
manbko S:

S = 6L (27)
[Tepenuiiem (27) B TOXAECTBEHHOI hopme:
S=2(3L2%, (28)

yTBepX/allleit 0 TOM, YTO TOBEPXHOCTb Kyba COCTOUT U3
IBYX PaBHBIX ITOBEPXHOCTEN MOTYyKYyOOB, pa3/ie € HHbIX KBa-
IpaToOM Ha I0JIypé0pax MPOM3BOAbHbBIX UYeThIPEX 3aMKHY ThIX
KBaJpaTHbBIX «CT€HOK». 3aduKcupyeM QakT CylecTBOBaHMS
9TaJIOHHOV MJIM CTaHLaPTHOM NTOBEPXHOCTH MOTyKy6a C pe-
6pom L HOpMMPOBKOIJi €€ Ha eJMHUILY:

3L,2=1 (29)

PasmepHOCTh 1 MOXKeT ObITH ITPOM3BOJIbHOI, TYCTh, OY-
et pemromeTtp (bm) — 1015 M.

Ha camom [iesie pa3MepHOCTH He BakHa, ¥ MOKET OBITh
OTHOCHUTEJIbHOIA, T.e. «6e3pasMepHOii».

Torna Lst = 1/V3 (30)
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OTO HEKOTOPBIN CTAaHIAPTHBIN Ky0 C e IMHULIEN U3Mepe-
Hus pébep L.

Bo3bMéM J1I06YI0 TOUKY ITPOCTPAHCTBA U OT ITOI TOUKM
chopMupyem ps KOHIIEHTPUUYECKY BJIOKEHHBIX KYOOB (KY-
OMUeCKYI0 «MaTPEMIKY»). [lepBbIit KyO chopMUpyeM CTOPO-
HOJ B IpOM3BeJieHNe 0xV2 Ha L,

L =(0xvV2) L, = (0xV2) L =0x1/V3 (31)

BTopoii Ky6, KOHIIEHTPUYECKM OKAMJISIIOIINIA TTepBbIi
Ky6 (31), chopMupyeM CTOPOHOI B TpousBeeHne 1xV2 Ha L,:

L,=(1xV2)L =V2L_ =V2/V3 (32)

Tpetuit Kyo, KOHIIEHTPUYECKM OKANMIISIONINI BTOPOI
Ky6 (32), chopMMpyeM CTOPOHOI1 B TpousBeeHme 2xV2 Ha L:

L, =(2xV2)L, =(2V2) L = (2V2) V3 (33)

YeTBEPTHIN Ky0, KOHIIEHTPUUYECKY OKAAMIISTIOLINI TPeTuii
Ky6 (33), chopMupyeM CTOPOHOI! B IIpoM3BeieHNe 3xV2 Ha L

L,=(3xV2)L,=(3V2)L_ = (3V2) V3 (34)

[TaThIii Ky6, KOHIIEHTPUYECKM OKaMJISIIOIINIA TpeTuit
Ky6 (34), chopMuUpyeM CTOPOHOI! B Tpou3BeeHme 4xV2 Ha L:

L.=@4xV2)L = @4V2)L = 4V2) V3 (35)

[llecToii Ky6, KOHIIEHTPUYECKM OKANMJISIOIINIA TPeTuit
Ky6 (35), chopMupyeM CTOPOHOII B TpousBeeHue 5xV2 Ha L

L =(GxV2)L =(5V2)L_ = (5V2) /V3 (36)

Takum 06pa3om, MOBePXHOCTU KOHIIEHTPUYECKUX KyOOB
COCTOSIT M3 Tap IOJYIIOBEPXHOCTEN Ky60oB, 06pa30BaHHBIX
pé6pamu (31) — (36).

CooTtHoteHue (28) A1t MOTyYeHHbIX KyOOB MOXHO Tie-
penmucaThb Kak:

S =2(3[(mxV2) L ] %} (37)
rmen=0, 1, 2, 3,4, 5. KoHeuHo, n MOkeT ObITh OOJIbIIE 5, HO
OTPAaHMYMMCS Ha 9TOM UMCJie HaTypanbHOro psga (n=0, 1, 2,
3,4,5..., o).
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BuiHo, uTO pé6pa MIeCTV KOHLIEHTPUUYECKMUX Ky6OB CO-
CTaBJISIIOT PSIJI YVCET:

0xV2; V2; 2V2; 3V2; 4V2; 5V2 (38)

KpaTHBIX CTaHOapTHOMY (3TaJIOHHOMY) pebpy Lst.
[ToBepXHOCTY KyOOB COCTABJISIIOT COOTBETCTBEeHHO: 0; 4; 16;
36; 64; 100 paBHBIX IOBEPXHOCTEH CTAHAAPTHOTO TOJIYKYOa.
[ToBepXHOCTb CTAHIAPTHOIO Kyba pasesieHa Ha IBe paBHbIE
MOJIYTIOBEPXHOCTH, COOTBETCTBEHHO, TOBEPXHOCTY KOHIIEH-
tpuueckux 0 — 5 ky6oB pasmenens! Ha: 0, 4, 16, 36, 64, 100
TTOBEPXHOCTEN CTaHIaPTHOIO MOJyKyoOa.

IMonyuunocs KBagpaTHoe pacrnpeneieHue HaTypaib-
HBIX YICel.

Kaskabiii uneH psga yeTHbIX umcen:0; 4; 16; 36; 64; 100
MOSKHO pa36MTh Ha 2 paBHbIE YaCTM B MIOC/IeA0BATEIbHOCTH:
2(0; 2; 8; 18; 32; 50). ITocsienoBaTeIbHOCTD 3TUX PaBHBIX Ya-
CTel MpeaCcTaBaSIOT ITOC/Ie10BaTe/IbHOCTh CABOEHHOCTEN —
HOuan. Kaxxgas [Inaga, o4eBUIHO, COCTOUT U3 IBYX MOHAT,
nocyiegoBaresnbHocTu: 0; 2; 8; 18; 32; 50

[Monyunnocs IuagHoe pacnpeneleHe HaTypaJbHbIX
yucel.

Takum o6pa3om, ABa HE3aBUCUMbBIX FeOMeTPUYECKUX
MOAX0M1a K paciipene/ieHnIo pa36MeHnsI TOBEPXHOCTEN KOH-
LIeHTpUuUecKux GUryp C MoJHOI M YaCTUUHOM CUMMMeTpueit
MpuBeu K YucjaoBbiM KBagpaTHomy U JIMagHbIM ITPO-TIepu-
OIMUYeCKUM paclipesie/ieH/sIM HaTypaJbHbIX UMCel.

BeiBOp,

OuanHo-YpoBHeBble M KBagpaTHO-YPOBHEBOE 3aKOHO-
MEPHOCTH YUCJIOBOTO paclipeliejieHs HaTypaJbHbIX UMCel
noaBoasT K [Ipo-Ilepuommueckomy 3aKOHY 00IIIel Teopuun
CIelMaJbHOTO0 paclipeae/ieH s HaTypaJIbHbIX UMCel.

[Ipo-Tlepuoguueckuii 3aKOH paciipeaeyieHus mocaeno-
BaTeJbHO HapacTallux HoMepoB N BeIpa>kaeTcsi IpOCTOM
dbopmyioit:

N=2%22n—1)

OT BbIpa>Xe€HW S KOJIMYeCTBa KN HOMEpPOB N B11OC/I€ A0BATEIBHOCTH:
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K, =(2n)*=2[(0), 2(1), 2(3+1), 2(5+3+1), 2(7+5+3+1), 2(9+7+5+3+1)]
onan=0;1;2;3;4;5;...0
B VX UJCJIOBBIX ¥ IPOCTPAHCTBEHHO-TeoOMeTpuiecKMx [ya Ho-
YpoBHeBbIX 1 KBasipaTHO-YPOBHEBOI'O pacnpeneieHIsIX.
BcnencTBue MaTemaTuecKoit oCHOBaTeIbHOCTY (GyH-
naMmeHTaibHOCTU) [Ipo-Tlepuonnyeckoro 3akoHa, COOTBET-
CTBYIOIIME paclpeieeHns MOJIKHBI ObITh CITpaBeIIUBbI
U MIPUMEHMMBI K Pa3JMUYHBIM MHOXECTBAaM OOBEKTOB BO
BceneHHOI1, KaK UCKYCCTBEHHBIX, TAK U €CTECTBEHHbIX.

8. Teopusi 5-ypOBHEBOTO MHOKECTBA €CTECTBEHHBIX
3JIeMeHTOB BcesieHHOM

[Mom HetoToHmem (puc.l) [I. . MeHpaeneeB mogpasyMeBall
yacTUIbl 3GMpa ¥ MHOTME TObI MOCBSITUII IOUCKAM UX XU-
Mu3Ma. [IpeacraBiaeHne o yacTuiax 3upa 6b110 MOMYISIPHO
B HayKe BO BpemeHa HpioToHa. HanboJiee ycmenrHoi B Te Bpe-
MeHa 6blyla MexaHMJecKas rpaBUTaIMOHHAs Teopus Jlecaska.
Ho npoTtuBopeuns Teopun Jlecaxka ¢ KWHETUYECKON TeOpUeii
ra3oB M 3JIEKTPOMAarHUTHOV Teopuel cBeTa CHsIu e€ B XIX
BeKe C ITbeIecTasa OCHOB HaYKu U pumocodun. @akTndecku
. U. MeHpeneeB BO3pPOXKAal U pa3BUBAJ IPaBUTALMOHHYIO
Teoputo HetoToHa-Jlecaxka B raBUTAIIMOHHO-XMMUYECKOM Te-
opuu 3¢dupa, YTO BbIPA3MUIIOCh ¥ B Ha3BAHUM IIEPBOTO HYJIE-
BOTO 3JIEMEHTA.

[Tepmognueckuii 3akKoH GOPMYIMPOBAJICS M3HAYATIBHO
B 3aBUCUMOCTY OT aTOMHOM MacChl XMMUYECKUX 3JIeMeH-
TOB, 3aT€M, C OTKPBITHEM CTPOEHUS aTOMa, OT 3apsaa siaep
aTOMOB XMMMYECKUX 3JIEMEHTOB, HAaKOHeI], OT KOJIMYeCTBa
MMPOTOHOB B SIApaxX XMMUUECKUX 3JIeMeHTOB. [I0CKOIbKY 3a-
psII BCeX TIPOTOHOB 37IeMEHTAPHbIN, e IMHUYHBINI, TO 3aKOHO-
MEPHO Tepelnin K 3aBUCUMOCTHU OT KOJIMYeCTBA IPOTOHOB B
SITPaxX XUMUYECKUX 3JIEMEHTOB, T.€. OT MOPSIAKOBOTO HOMepa
XVMMUYECKOTO 3JIEeMEHTA.

Obmas Teopus CIleIMaabHOTO pacrpeneeHus] HATy-
paJIbHBIX YMCeJI IPefyCMaTPUBAET TOJbKO 2 HYJIEBbIX dJie-
MeHTa. BpI60p HY/IEBBIX 3JIEMEHTOB OIrpaHMYEH BCETO JINIIIb
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IBYMS eCTeCTBEHHbIMM 3/leMeHTaMu. B ouepemHOI pa3 MOX-
HO ITOpa3uThCs Npo3opauBocThio II.1. MeHaeneeBa. Benb oH
MmpeaycMaTpuBasl pOBHO JBa TOBOIOPOAHBIX 3JIeMeHTa.

Bbi60Op HeBeMK, U BbIAe/IEHNE TOJbKO ABYX HYJIEBBIX
3JIEMEHTOB 13 MHOKeCTBa MpPeTeHJeHTOB Ha HYyJieBble 3jie-
MEHTbI JOJI)KHO OCHOBBIBATHCS HA )KeCTKUX OTPaHUUUTENIb-
HBIX ITPUHIIUIIAX:

1. TIpyHIMIT MaKCUMAJIbHOV PacIipOCTPAaHEHHOCTU BO
Bcenennoii;
2. [IpyHIIMO 3JIEKTPOHENTPATBbHOCTM.

Crenys aTUM MPUHLUIIAM, CAMBIM PaCIpPOCTPaHEHHBIM
3JIeMeHTOM BceJsieHHOI, c/ielyeT IPUHSITh TPEXMEPHOE MPO-
CTpaHCTBO BceneHHOA. [lajke B aTOMaxX XMMUYECKUX dJIEMEH-
TOB MPOCTPAHCTBO 3aHMUMaeT 6osee 99, 9... % UX 06bEMOB.
dakTnuecku 99,9..., ... % Bcero o6béma BeceneHHOI 3aHMMa-
eT cBOOOJHOe OT aTOMOB, MOJIEKYJT U 3JIeMeHTapHbIX YaCTUI]
TpEXMEPHOe ITPOCTPAHCTBO. [ToaTOMYy 3/1eMeHT BcesleHHOIT B
BUJIe TPEXMEPHOI'0 MPOCTPAHCTBA OAHO3HAYHO YA0BJIETBO-
psieT riepBoMy [IpMHIIMITY MaKCMMaJabHOM PacIpOCTPaHEH-
HOCTU BO BcesieHHOI. [IpOCTpaHCTBO 37I€KTPOHENTPAIbHO.
OHo ymosyeTBoOpsieT U [IpMHUUITY 3JIEKTPOHENTPATbHOCTMU.
[TepBblit HYJIEBOII 3JIeMEHT 0003HAUYMM He IPocTo 1udpoii 0,
a ¢ mHaekcoM Om, KOTOPBIN yKa3biBaeT HA HOJIb MacChl, OT-
cyTcTBUe macchl. [IpocTpaHCTBO BcesleHHOV OYeHb U OUEeHb
MIPOTSIKEHHO, CKOpee Bcero, beckoHeuyHo. Ha3oBEM 6eckpaii-
Hee NpoCcTpaHCTBO «CIIaricesi», OT aHIJIMIICKOrO CJIOBa Space,
1 0603HAUYMM CMMBOJIOM Sp.

BTopbIM 11O paciipoCTpaHEHHOCTH BO BcesleHHOI Hyle-
BBIM 3JIEMEHTOM CJIelyeT CUMTATh HEMTPUHO. YCTAHOBJIEHO,
YTO Macca 6apMOHHOI MaTepuy COCTaBJISIET TOJbKO 3-10%
BCeli macchl BO BceneHHoi. OcTasbHasl Macca MMpUXOAUTCS
Ha HEMTPUHO BCeX BUIOB. Bce BUbI HEMITPUHO 3JIEKTPOHEN -
TpaJbHbI. [I03TOMY C/IeAYIOMMM IO PAaCIIPOCTPAHEHHOCTH
3JiIeMeHTOM BcesleHHOI SIBSIeTCSI BCE MHOXKECTBO HEMTPU-
HO. 1 BTOpOIi HYJIeBOI 371eMeHT BcesleHHO 0603HAUMM He
rpocTo 1udpoii 0, a TakKe co cBoUM MHAeKkcoM 0e, KOTOPbIit
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yKa3blBaeT Ha OTCYTCTBUE 3JI€KTPUUECKOTO 3apsiga. dTOT
BTOPOJi HYJIEBOJ 3JIeMeHT OyJeM Ha3bIiBaTh «HelTPUHMS»,
YTOOBI OTJIMYMUTH OT CJIOBA HETPUHO U YKA3bIBATh HA OUEHb
00JIBINYI0, CKOpEee BCero 6€CKOHEUHYIO MPOTSKEHHOCTD pac-
rpenegeHus HEMTPUHO I10 Bceli BcenleHHON B BUe HEMTPU-
HMEBOTI'0 MHOXeCTBa eCTeCTBeHHBIX 3JIEMEHTOB. DTOT ecTe-
CTBEHHBIVi 3JieMeHT BceseHHOI 0603HaUMM CMMBOJIOM Nt.
3aMeTuM, UTO TaKMM CMMBOJIOM 0603Haval0T «HeiiTpoHMit»,
KOTOPBI MCITOJIb3YIOT HEKOTOPhIE aBTOPBI JIJisI 0603HauUe-
HMSI HEMTPOHA KaK XMMMUeCcKoro sjseMeHTa. Ho odpuiimans-
HOTO HAyYHOTO MPU3HAHUS U TIPUHSATHUSI HEMTPOHA KaK XU-
MMUUecKkoro sjnemMmeHTa HeT. OcHOBaHMe BecKoe. HeliTpoH He
BCTyMaeT B XxuMuueckue peakiiuu. Het u obuiiaabHo npu-
3HAHHOTO TepMMHa «HeiTpoHU». 3a KaKOW 371IeMeHTapHO
JacTuiein sakpenutcsa cuMBoJj Nt, 3a HeliTpuHuent nin 3a
HejiTpoHMeM moKaskeT TOJbKO OyayIee pasBUTHE HAYKN.

Tpu pasnuuHbie GopMbl 5-YPOBHEBBIX CUCTEM C ABYMSI
HYJIEBBIMM €CTeCTBEHHbIMM 3jieMeHTaMu BceseHHO TTocie-
IlOBaTe/JIbHO MpeACcTaB/IeHbl HIKE.

5-VpoBHeBas cucrema EnouHoit popMbl ¢ AByMS HyJIe-
BbIMM €CTEeCTBEHHbIMM 37IeMeHTaMy MpecTaBjieHa Ha
puc. 36.

5-VpoBHeBas [IuagHO-OKTaBHas cUCTeMa C IBYMS HY-
JIeBbIMM eCTeCTBEeHHbIMM 3JIeMeHTaMM MpeJicTaBaeHa
HIKe Ha puc. 37.

5-YpoBHeBass MOHyMeHTaJbHas CUCTeMa C ABYMS HY-
JIeBbIMM eCTeCTBEeHHbIMM 3JIeMeHTaMU MpeJicTaBaeHa
HIKe Ha puc. 38.
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Puc. 36. 5-YpoBHeBasi cucTema C BYMSI HyJIeBbIMU
eCcTeCcTBeHHBbIMMU 3/ieMeHTaMu BeeneHHoit Enounoit popmbl
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Puc. 37. 5-YpoBHeBasi cucTema C IByMsI HyJIeBBIMU
eCcTeCTBeHHbIMU 3jieMeHTaMu BcejieHHOM [I1agHO-0KTaBHO

dbopmbl
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Puc. 38. 5-YpoBHeBas cucTeMa C IBYMS HYJIeBbIMU
€CTeCTBEeHHBIMU 37IeMeHTaMy BcesrleHHO MOHYMEeHTaJIbHON

dbopmbl

67



st CpaBHeHMI IIpeacTaBMM BCe 3 (I)OprI BMecCTe:

Mc
115

119

Nh [ R Mc v [T [oe
113 | 114 | 115 [SECHEPION 116 | 117 | 118

Puc. 39. CoBMecTHOe IpecTaBieHe 5-YpoBHeBbIX EI0YHOI
HOuanHoii, IlnagHO-0KTaBHONM M MOHYMEHTAJIbHOM CUCTEM
eCcTeCTBEHHbIX 371IeMeHTOB BcesieHHOI

BricoTa y Bcex Tpéx opMm 5-YpOBHEBBIX CUCTEM ecTe-
CTBEHHbIX 3JIEMEHTOB C IBYMS$ HYJIEBbIMU 3JIeMeHTaMU O M-
HaKoOBa, HO Hauboee TIJIOTHOYIMAaKOBaHHAs 13 HUX hopma
3 — MoHyMeHTalnbHas CUCTeMa C ABYMS HYJIEBbIMU eCTe-
CTBEeHHBbIMU 3JieMeHTaMU Bcenmennoii: Sp (Cmaiicest) u Nt
(HeviTpunmns).

9. Teopuss Bcero MHOXeCTBAa €CTEeCTBEHHBIX
3JIeMeHTOB Bce/sieHHOI

B npenpigyiiieMm paspiesie paccMaTpyuBaaach OrpaHUYeH-
Hasl IBYMS JOBOJAOPOAHBIMU U IBYMS 3a0TaHECOHHBIMMU 3J1e-
MeHTamu CUcTeMa eCTeCTBEHHBIX 3/IeMeHTOB BceleHHOIA.

OrpaHuuuBasaach MepBbIMU IISIThIO 3HaUeHUSIMM n = 0,
1, 2, 3, 4 B popmynax. OmHaKO B HAaTypaabHOM psifie n = 0,
1,2, 3,4, 5, ... HET orpaHMYeHM i HAa N, a B COOTBETCTBUMU C
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dbopmynamu (8), (15) u (16) 3HaUeHUS n MOCTeIOBATEIbHO U
HeorpaHMYeHHO HapacTalT 10 6€CKOHEUHOCTM.

ITO BIOJIHE COOTBETCTBYET Hamboiee pacrpoCTpPaHEH-
HOJi TOUKe 3peHus 0 6eCKOHeYHOCTH BeesleHHOIi. Bo BesikoM
cjlyyae HeT HM Hay4YHbIX, HUM TeXHMUYECKUX BO3MOXKXHOCTEN
II0Ka3aTh, TeM 6oJjiee, IOKa3aTh MPOTUBOIOIOKHOE YTBEPK-
JleHVe — KOHeYHOCThb BceieHHOIA.

IlepBbiit Hy/IeBOM BeenmeHnckuit anmemenT Sp (Criaiicest) He-
TIpepBIBEH, MJIM Jake aOCOJIFOTHO HeIlpepbIBeH. AGCOJIOTHAS
HemnpepbIBHOCTb O3HAUaeT OTCYTCTBME Pa3pbIiBOB KakK BHY-
TPEHHUX, TaK U KpaiiHuX. B camoM Ziese, TpyAHO Aaxe mpeq-
CTaBUTh, UTO IAe-TO, Ha PACCTOSIHUY B TPUJIJIMOHBI CBETOBBIX
JIeT OT Hac B TI0OYI0 CTOPOHY MOKET ObITh Kpaii Crisjicen. A
YTO Xe 3a Kpaem? UTo 3a KpaeM TPEXMEPHOT0 KOCMMUYECKOTro
MpocTpaHcTBa? Bommpoc, Ha KOTOPBIN BPSI/I JIM KOTIa-HUOYIb
OyzeT JaH OTBET.

[TosToMy 6yzeM cUMTATh MPOTSIKEHHOCTD Crisiicen HeO-
IrPaHNYEHHOIi, 6eCKOHEUHOJi BO BCe CTOPOHBI. COOCTBEHHO 00
3TOM r'OBOPUT ¥ HEOTPAHUYEHHBI P/, HATYpaabHbBIX UMCEJT.

Ho y Hac HeT TexHMYeCKOi BO3MOXHOCTM I10Ka3aTh (Ha-
pucoBatb) Enounyo u MoHyMeHTaabHYI0 GOPMbI IIOJTHOM
CUCTeMbI eCTeCTBEHHBIX 3JIeMeHTOB BcesleHHOI1. ODTO HeBO3-
MOSKHO CA€JIaTh HM Ha KAKOM, CKOJIb YTOIHO O0JIBIIOM PYJIO-
He GyMarmu.

[TosToMy MOKa OrpaHMYMMCS 3HaYeHMeM N = 6, TIPUUEM
MHOrorounem ajs ceabmoro (0T 0) YpoBHS. Sueliky ¢ HOMe-
paMu B g-6JI0Ke ¥ MHOTOTOUMSIMMU ¢ h-6j10Ka, CIeayommuX
3a f-6JI0KOM, OTIIBETUM COOTBETCTBEHHO 6J1eTHO-(hUOJIETO-
BBIM U 6J1eTHO-PO30BBIM IIBeTaMM. Torga HeorpaHMYeHHas
CucTema ecTeCTBEeHHbIX 371IeMEHTOB BcesleHHOI ITpeACcTaBsI-
eTCsl B HUKeceAylnux BapuanTax 1, 2. u 3.:
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1. Puc. 40. Enka Bcero MHOKeCTBa eCTeCTBEeHHbBIX

3571eMeHTOB BceneHHOI1
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2. Puc. 41. Bcé MHOXXeCTBO eCTeCTBeHHbBIX 3JIeMeHTOB BcesieHHO
B JIaHO-OKTaBHOI popMme
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3. Puc. 42. MOHYMEHT BCEr0 MHOXeCTBA €CTeCTBEHHBIX
371eMeHTOB BceneHHOM
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IIpencraBum puc. 40, 41 n 42 coBmecTHO. IIBeTa siueek
COXpaHMM, HO HOMepa ¥ CMMBOJIbI 3JIEMEHTOB OMYCTUM, TaK
KaK IIpY TaKUX MacliTabax OHM He pa3b0opumBbI.

[TTTT]

L] LT [T [
1 2 3

Puc. 43. CoBMeCTHOe IIpe/icTaBjIeHMe 6-YPOBHEBbIX EII0UHOIA,
IvagHo-0KTaBHOM M MOHYMEHTAJ/IbHOM CUCTEM BCErO MHOXKECTBa
eCTeCTBeHHbIX 3/IeMeHTOB BceyieHHOT

CpaBHeHMe C TOAOOHBIM COBMECTHBIM IIpeICTaB-
JleHneM Hac puc. 39 oasin =0, 1, 2, 3, 4. MOKa3bIBaeT, UTO
IuagHO-OKTaBHAs CUCTeMa <«Iepepocia» EJIo4Hyi u
MOHYMeHTaJIbHYIO CUCTEeMbI Ha 6 KBaJpaTUKOB BBepX. JTa
pasHuila 6yeT yBeJUMYMBaThCS C yBeaudeHmem n. st n =
0,1,2,3,4,5, 6 (ch6iokom) BeicoTa JIMaaHO-OKTaBHO CU-
CTeMbl IpeBbIlaeT E1ounyo 1 MOHYMEHTaIbHYIO CYCTEMBI
y3Ke Ha 16 siueex.
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Puc. 44. CoBMecTHOe npecTaBieHne Enounoii, 7-YpoBHEBbIX
[InagHO-0OKTaBHONM M MOHYMeHTanbHOM cuctem ipu n=0, 1, 2, 3,
4,5, 6 BCero MHOKeCTBA eCTeCTBEHHbIX 3/IeMeHTOB BceyleHHOI

VYBemmuumngon=0,1,2,3,4,5,6,7:
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Puc. 45. CoBMeCTHOe IpeicTaBjieHKe 8-YPOBHEeBbIX EI04HOIA,
IuanHo-oKTaBHOM U MoHyMeHTa/IbHOM cucTeM ipu n =0, 1, 2, 3,
4,5, 6,7 Bcero MHOXXeCTBa €CTECTBEHHBIX 3JIeMeHTOB BceneHHOI
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3nech [IMagHO-OKTaBHAas CCTeMa BO3BBINIAETCS yKe Ha
32 stueliky Ha [ EJIKOii 1 MounymeHnToM. [Ipu ganbHelilieM yBe-
JMYEHNUM N pasHuiia 6yJeT HapacTaTh, elle 60jee onepeskas
POCT B BbICOTY EJI0OUHOI 1 MOHYMEHTAIbHO CMCTEM MHOKe-
CTBa eCTEeCTBEHHBIX 3JIeMeHTOB BceyteHHOI. Takum 06pa3om,
KOMITaKTHOCTb U MJIOTHOYaKOBAHHOCTb MOHYMEHTAaIbHOI
CUCTEeMbI COXPaHUTCS IPU JaJIbHelIIeM yBeJuueH U n.

ITouemy xxe npu n =0, 1, 2, 3, 4 BbicoTa cucteM 1, 2 u 3
6blJIa OOMHAKOBOI, acn =0, 1, 2, 3, 4, 5 InagHO-OKTaBHAas
cucTeMa Tak ObICTpO HapacTaeT? B KoHIle pa3nmena 9 YacTtu
I 6b171a OTMeueHa MOPa3UTeJbHOCTh COBIIANEHMS KBAHTO-
BO-MeXaHMYeCKOi TUMMMU3aluy XUMUMMUUIECKUX 3JIEMEHTOB C
X TUIIM3allMeil Ha OCHOBe paclipefiesieHs HaTypPaJbHbIX UM-
ceJI B KBaJpaTax YETHBIX umces1 [IuagamMmu U3 I0Cae 0BaTe/b-
HbIX MOHAa 1 ITocieJoBaTeIbHO BJIOKeHHbIMM KBagpaTamu.
Yncia «3HalOT» MHOro. BO3MOXHO OHM «3HAIOT», UYTO IIO-
ClIeIHUI XMMUUECKUX 3jIeMeHT umeeT Homep 118. ITanee
yKe HeXUMUUeCcKye 3JIeMeHThI, T.e. eCTeCTBeHHbIe 37leMeH-
Thbl BcesieHHOJ, He BCTyHalolye B XMMMUUYeCKue B3anuMo/ieri-
ctBud. Cnenyet oTMeTUTD , UTO U 1. . MeHeneeB cunTa
118-i1 Homep 3aBepmaomum B [lepuoamueckoit Tabauiie Xu-
MUUYECKUX 3JIeMEHTOB.

V3 Tpéx HeorpaHmueHHbIXx Cuctem Ha puc. 45 ca-
MOV IWIMPOKOI1 sABaseTcs IuanHas (1), a caMoi BBICOKOI —
IOunanHo-okTaBHad (2). CucteMsl 1 ¥ 3 O4MHAKOBBI 10 BBICO-
Te. Pasiuuus rabapmuToB B HeorpaHuyeHHbIX 1-3 Cuctemax
YBeJIMUMBAIOTCS TIPU JaJibHellieM HapalMBaHMUM N Toce-
IYIONMMM 3HAaUeHUSIMU HaTypaJbHOTO ps/ia Yuces BIJIOTh
Io 6eckoHeyHocTy. Ho rmpu Bcex n > 1 Haubojiee KOMITaKT-
Ha MoHyMmeHTasbHasi CucTemMa eCTeCTBEHHBIX 3JIeMEHTOB
Bcenennoii.

B HacTos11ee BpeMs U3BeCTHBI 118 XMMuueCckux aJje-
MEHTOB, KOTOpPble, KOHEUHO, SIBJISIIOTCSI M €CTeCTBEHHbIMU
sJeMeHTaMu BcesieHHOI1. B mpoljioM BeKke Ha OCHOBe 000-
JIOUEUHOI MOJiesi Sipa MPOrHO3MPOBaIM BO3MOKHOCTDb CY-
IIeCTBOBAHMS XMMMUUYECKUX 2JIEMEHTOB ¢ Homepamu 115-130
B, TAaK HA3bIBAEMOM, «OCTPOBE CTAOMIBHOCTU». JIOMYyCKAIOT
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BO3MOKHOCTb CYIIIECTBOBAaHMS ¥ 60Jiee OTHAIEHHBIX «OCTPO-
BOB CTaGMJIbBHOCTU». [ToKa 0OHAPYKEHBI I CUHTE3MPOBAHBI
3yieMeHTHI 10 118 HoMmepa — OraHecoHa.

Ho Bo BcesieHHOJI CYIIeCTBYIOT HEMTPOHHbBIE 3BE3/bI,
MMHMMAaJIbHasI Macca KOTOPbIX OlleHuBaeTcs B 2,16 macchl
CosiHIIa. B Takoii HEIITPOHHOM 3Be3/ie KOJIMYEeCTBO HEMTPO-
HOB coCTaBseT ~ 2,6x10°7. UMc10 HeTPOHOB B YEPHBIX [ bI-
pax mpesbliiaet 2,6x10°7.

10. llIka1a ecTeCTBeHHBIX 3/JIeMEeHTOB BcesileHHO

EcTecTBeHHbBIX 3/IeMeHTOB BO BcejleHHOI OueHb MHOTO.
K HMM OTHOCUTCSI OrpOMHOE MHOr00Opasue 3jieMeHTapHbIX
YacTHll, y3Ke OTKPbITbIX. OUeBUIHO, elllé eCTb He OTKPbIThIE
3JIeMeHTapHbIe YacTUIbl. HO 60bIIMHCTBO 3/1eMeHTapHBIX
YaCcTUIL He CTAaOUIbHO. 3/1eCh Mbl OTPAHUYMM €CTECTBEHHbBIE
37IeMEeHTbI TOJIbKO CTaOMIbHBIMM ¥ MM POKO PACITPOCTPAHEH-
HBIMMU 00'beKTaMMi. B mepBy0 oyepeqb K TAKUMM €CTeCTBEH-
HbIM 3JIeMEHTaM OTHOCSTCSI TPEXMepHOe MPOCTPAHCTBO
BceneHHOV 1 HEMTPUHO, lajee CIeAVIOT XMMUUYEeCKUe 3Jjie-
MEHTBI, IIpeJiriojiaraeMble MacCBHbIE XMMMUUYECKIME 3JIeMeH-
ThI, BKJIIOUAsT 3JIEMEHTbI «OCTPOBOB CTAOUIBHOCTUY, ..., HEi-
TPOHHBbIE 3BE3/Ibl, UePHbIE IbIPbI.

MN3BecTHa 1IKajga 3JeKTPOMarHUTHbIX BOJH (LIOB) —
yIIopsiouyeHHOe 10 OJMHaM BOJIH ITpeJficTaBjieHle BCero
MHOTr000pasus 3J1eKTPOMarHMTHBIX BOJIH OT TaMMa-U3Jjyve-
HMSI [0 PaJMOBOJIH B OUeHb IIMPOKOM AMalia30He IJIMH BOJIH.
Ha puc. 46 nmpenacrasieHa ogHa u3 Bepcuii [IIOB B nuana3oHe
IUIVH BOJH OT 10712 M 10 1eCSITKOB METPOB.
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Lkana (ynopsigoueHHas no gnuHam BonH Cuctema)
3NEeKTPOMarHWTHbIX BONH Bo BceneHHon
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Puc. 46. [lIkana 3/ieKTPOMarHUTHBIX BOJIH

[To ananorum ¢ 3B MOXXHO TIpeACTaBUTh YIIOPSIO-
YeHHYIO TI0 HOMepaM IIKaJly eCTeCTBeHHbBIX 3JIeMEeHTOB
Bcenennoii (IHESB).

Mkana Yuops, 0 1o paM Bcero TBAa €CTeCTBEHHBIX 3JIeMeHTOB Bceiennoii
HyeBnie Xumuyeckne MaccuBHbIe CrepxmaccuBHBIC
ecTecTBeHHbIE 2JIEMEHTBI ecTecTBeHHbIE )JIeMeHThI ecTecTBeHHbIe
3JIEMEHThI 3JIeMEeHThI

Om 0e 1,2, cow
Sp Nt |H,He,

119, 120, ..., 219, 220, ..., TBICAYH, ..., ..., — | HelirponnbIe 3B€3/1b1
ey ) seey SRy menby wesy = = Yépupie IbIpbI

Puc. 47. lllkana ynopsifO4eHHOTO 10 HOMepaM BCero MHOXe-
CcTBa HauboJiee pacIpoOCTPaHEHHBIX eCTECTBEHHBIX 3JIEMEHTOB
Bcenennoii

Haumnaetcs IIESB ¢ HyeBbIX IO Macce U 3JIEKTPUIECKO-
MY 3apsiny Hamubosiee pacripoCTpaHEHHBIX €CTEeCTBEHHbIX 3JIe-
MeHTOB — Criaticeu 1 HeliTpuHMS. 3a HUMU CIeAYIOT XMMMUUe-
CKMe 3jieMeHTbI OT Bomopoga mo OraHecoHa. [ajiee uayT He
CTabMJIbHbIE eCTeCTBEHHbIE 3JIeMEeHTbhI OT KOPOTKOKUBYIIMUX
JI0 OUeHb KOPOTKOXXMBYIIMX MAaCCUBHBIX €CTECTBEHHBIX dJie-
MEHTOB, BK/IIOUAIOIIMX KaK 3JIeMEeHTbI «OCTPOBOB CTaOMIIbHO-
CTWU», TaK ¥ 60JIee MacCHBHbBIe 3/1eMeHThI. [TopsiiKkoBbie HOMepa
MX MOT'YT COCTaBJISITh ThICSIYM, MUJJIMOHBI, MUJITUAPBI, .... U
60Jiee My MOAXOME K CBEPXMaCCUBHBIM €CTeCTBEHHbBIM 3J1e-
MEHTaM — HeITPOHHBIM 3BE3aM U YEPHBIM [IbIPAM.
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B IIESB nmMeeTcs mpoTUBOpeUMe C HAaTypaJbHbIM PSAOM
uncenn, =1,2,3, ..., . B HE/TPOHHBIX 3BE3/1aX M YEPHBIX IbIPAX
YJICJIO HEITPOHOB BeJIMKO, opsaKa 10, Ho Jo « oueHb 1 OUeHb
naneko. O Ipyrux 6apMOHHBIX, 60JIee MAaCCUBHBIX € IMHUYHBIX
HeOGeCHBIX TejlaX CBeJleHNit Ha cerogHs HeT. Ho eciv 6b1 OHM U
ObLIM ¥ KaK Obl BeJIMKY OHM HU OBbLIM, BCE PAaBHO KOJIMYECTBO
HEIITPOHOB B HMX OorpaHnveHo. OrpaHNYeHO B CUITY AUCKPETHO-
CTU, eIMHUYHOCTM 3TUX HeOeCHBIX Tejl. Bce HebGecHbIe Tesia IycC-
KpeTHbI 1 eIMHMYHbL. [I03TOMY MepCIieKTBbI Ha HeorpaHUYeH-
HocTb IITESB, COOTBETCTBYIOIIEN CYTU HATYPAILHOTO PSIAa Uncesl
n,=1,2,3,..., % HeT.

11. CMbIKaHMe KOJIbLIa HAaTypaJIbHBIX uncesn 1, 2,
3, ..., ®© yepe3 o0paTHYI0 6eCKOHeuHOCTh (0)

Criajicest HeorpaHUMUeHHa U 6eckoHeuHa. beckoHeuHa,
MOTOMY UTO aOCOTIOTHO HelpepbIBHA, He MeeT HU BHYTPEH-
HMX, HU KpaitHuUX paspsiBoB. B Hye (0), BoobIe roBopsi, co-
IEPKUTCS %, HO B 3HaMeHarTeJie 1/,

Bo3MOsKHO, HaTypaibHbIi psan uncen: n, = 1, 2, 3, ...
He SIBJISIETCS NIPSIMOJIMHEHBIM PSOOM, a IpefCTaBJIsIeET CO-
6071 6€3MepHO OrPOMHOE KOJIbI[0, HACTOJILKO OTPOMHOE, UTO
BCSIKMI1 MBICJIMMbI OTPE30K €ro IMPOsIBASEeTCS (BOCIIPUHMN-
MaeTCs) IMIPSIMOJIMHEHBIM OTpe3KOM. Eciiv panmnyc Kosblia
6eCcKOHeYeH, TO JAJIMHA OKPYKHOCTM KOJIbIIa ITOJaBHO 6eCcKo-
HeuHa. [IpencraBum cebe, UYTO «ITPSIMOJIMHENHO» YXOI S
Hanpaso paa n, =1, 2,3, ... © Ha caMoOM Jesie 6€CKOHeYHbIM
KOJIBLIOM «ITOMIOIIE/I» CIeBa K Havaly psaa, K 1.

Konb110, UTOOBI OBITH HEITPEPBIBHBIM, TOJIXKHO OBITH CO-
eIHeHOo, 60Jjiee TOTO, CIlJIaBJIeHO HavyaoM (1) ¥ KOHIIOM (),
KaK CBapMBAaIOTCS B CIJIaBbl pa3Hble MeTaJslJibl, HAIIPUMeED.
Torma mexxay 1 1 o goJsKeH ObITh ITPOMEKYTOUHBIN CJIOM
(3BEHO) 13 «MeTaJlja» («CIljiaBa») cocTtaBa 1:%, T.e. 1/, Tak
MOTJIO TIPOU30MTU CMbIKaHMe 6GeCKOHEUYHOTrO psifa uuces
n,=1,2,3,..., o B06eCKOHEYHOE HATyPaJbHOE KOJIbLO YMCEL.
Taxk Mor/iv BOSHUKHYTh unciio 0, a ¢ HUM M HaTypPaJIbHBIN P,

n, =0, n, o popmye (8).
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3akiaueHnue o Yacru 11

IlocnemoBaTenbHbIe KBaJdpaThl YETHBIX UMCEJT BbIS-
Buau IIporpeccuonHo-Ilepmoaudeckuii, uau kpatko Ilpo-
ITepmonnyuecknii 3akoH (I1I13) pacnpemeneHnst HATypPaabHbBIX
yycesl B IIOC/I€I0BATEIbHBIX UMCIOBbIX MOHaAax mnociaeno-
BaTeJbHbIX UMCJIOBBIX [Inan 1 B IOC/IeI0BaTe/IbHO BIOXKEH-
HbIX KBagpaTHBIX C/I0SIX U3 KBaAPATUKOB C HATYPaJIbHbBIMU
yuciaamu. [IpunoxkeHme matemarmuueckoro amnmnapara 1113 B
KayecTBe GyHIAaMeHTa/JIbHOTO U MPUHIUITNATBHOTO OCHOBA-
HUS K CUCTeMaTu3alun U TUIIM3aL UM eCTeCTBEHHBIX (B UX
yycae XMMUYeCKMX) 371IeMeHTOB BcesleHHOV NPUBOAUT K UX
YpoBHeBbIM CHCcTEMaM, B YaCTHOCTH, K [Ipo-Tlepmoanyeckmum
4-YpoBHeBbIM TabnuiiaM XMMUUYECKUX JIEMEHTOB.

Bxitouenme CucTemMbl XMMMUYECKUX 3JIEMEHTOB B HEOTPa-
HUYeHHY1I0 CUCTEMY eCTeCTBEHHBIX 3JIeMeHTOB BceeHHO
TpebyeT JOMOHUTENbHOTO aHaaM3a MPUpPOIbl B3auMoeli-
CTBUIT MeX]Yy YacTULlaMU, TeJlaMy, HeOeCHbIMU TeJlaMU U
MIPUPOJbI CAMMUX YaCTULI,.

Oco3HaHMe TPEXMEPHOIrO MPOCTPAaHCTBA KaK IJIaBHO-
ro (HauboJiee pacnpoCTpPaHEHHOIO0) 3jaeMeHTa IIpMpobI
(BceneHHOI1), 60Jiee TOTO, BBbISIBJIEHME €TI0 MCXOOHOro (13-
HayvaJIbHOro) Mmecta B CucteMe ecTeCTBeHHBIX (IIpMPOTHBIX)
3/IeMeHTOB BcesleHHOI ¢ He0OX0AMMOCTbIO BeIET K BbISICHE-
HUIO, BBISIBJIEHUIO €r0 B3aMMOOTHOIIEHWU C APYTUMU ecTe-
CTBEHHBIMU 3JIeMeHTaMu BceseHHOT.

Ha stom 3aBepmaercs Yacts II. OHa BrosiHe JOCTYMIHA
IJISI IOHMMaHMS y4YalMMCS BBIITYCKHBIX KJIACCOB CpeIHUX
yueOHBIX 3aBeJIEHMI1 ¥ BCEM, MMEKIIMM cpefqHee o6pa3oBa-
uue. Co cnenpytomeit Yactu 111, moskanyii, morpebyeTcs pac-
mypeHue u yriybaeHne 3HaHU B YHUBEPCUTETCKMUX 00X
Kypcax MaTeMaTUKM, eCTeCTBEHHbIX HayK U ¢pu1ocobum.
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YACTbD III.
IIpupopa ocCHOBHBIX (U3NYECKUX ITOJIeN U
3JIeMEeHTapHbIX YaCTUI]

IIpeaguciaosue K Yactu II1

MaTeMaTnueCKy BbISIBJIEHHBIV TEePBbI HYJIEBOM 3Jie-
MeHT CucTeMbl eCTeCTBEHHbBIX 2J1eMeHTOB Bce/leHHOI BeJIET
K TIepeO0CMBbICIEHUIO He TOJTbKO XMMUUYECKUX 3JIEMEHTOB, HO
M 37IeMEHTAPHBIX YaCTUI] M OCHOBHBIX (QMU3UUECKUX TOJIEN.
YacTp III mocBsimeHa BbISIBJIEHMIO IPUPOIbI OCHOBHBIX (Py-
3MYEeCKUX T0JIel U 3JIeMeHTapPHBIX YaCTHUII.

OT cyOCTaHIIMM K MaTepuu
OnpedeneHus

Cyb6cTaHIMs (1aT. substantia — CYIIHOCTD; TO, UTO JIESKUT
B OCHOBE) — TO, YTO CYIIECTBYET CAMOCTOSITEJIbHO, CAMO I10
cebe, B OT/IMUME OT aKIIMIEHIIN, CYIIECTBYIOUMX B PYTOM
" yepes Ipyroe.

Mat€pus (OT 1aT. materia — BelecTBO) — GU3NUIECKOe
BOOOIIE, B OT/INYME OT IICUXUYECKOTO U IYXOBHOTO.

Kaxk BMIHO 13 onpeaeneHui, CyocTaHI U — TIEpBUYHAS
dyumamenTanbHas dunocodckass Kkateropus. Marepust —
Kareropus 6osiee pusuueckas, Heskenau puocodckast u cy-
1IeCTBYET TOJIbKO B IBVMKeHMM. PacCMOTPUM BOIIPOC «poOXKIe-
HMSI» TIOJBVKHOM MaTepuy B HEMOABUKHON CyOCTaHIIUMA.
Cy6cTaHLMIO C/leAyeT pacCMaTpMBaTh MMEHHO HETOMBVK-
HOJ4, IOTOMY UYTO BCSIKO€ I BUK€HMEe MPOU3BOAUTCS OTHO-
CUTEJIbHO Yero-To MoA06HOro, HarpuMep, O4HOM YaCTUILbI
OTHOCUTEJIBHO APYTOi1 (APYTrUX), OAHOTO Tejla OTHOCUTEb-
HO apyroro (apyrux). Cy6cTaHIIus ke (TpEXMepHOe Ipo-
CTPAHCTBO) eAMHCTBEeHHA. [Ipyrux cyoCcTaHIMi, OTHOCUTETb-
HO KOTOPBIX MOKHO ObIJIO ObI BbISIBJISITh €€ IBUKEHME, HeT.
IIBUTaThCsI MOTYT TOJIbKO BO30YKaeHus cyoctanmuu. Ho Bo3-
OY>XOeHMsI CyOCTaHIIMM YKe He CyOCTaHIMsI, a MaTepus, UC-
TUHHO 3JIeMeHTapHbIe YaCTUIIbI, IBUKYIIMECS C abCOMIOTHOI
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CKOPOCTHIO CBETA B CYGCTAHIIMM (HEMTPUHO U (POTOHBI). X
I BUKeHMEe MOXXHO COOTHOCUTD TOJIbKO C IBUKEHUEM APYTUX
3JIeMeHTapHbIX YaCTUII, KaK IBVKYIIMXCS, TaK Y MOKOSIIIX-
CSI OTHOCUTEJIbHO TIePBUUHbIX 37IeMEeHTapHBIX YaCTUII, CYIlle-
CTBYIOIIMX TOJIBKO B IBVIKEHUM U C BHYTPEHHE abCOII0THOI
CKOPOCTHIO CBETA B CYGCTaHIUMN.

Bopa - BemecTBO, MaTepus.

CkopocTb 3ByKa (V) BBoze 1400 m/c. ITpu yactore f= 14 k'
(CABIIIMMBIi 3BYK) IJIMHA BOJHBI (L) U3 GOPMYJIbI CKOPOCTHU
3ByKa v = M paBHa 10 cm. Pa3zmep Mosiekys BOJbI IMOpsiaKa
10 m . OTHOIIeHNe pa3Mepa MOJIEKYJIbI BOJIbI K BbIOpAH-
HOVi IJIHE BOJTHBI 3ByKa cocTaBuUT 107 T.e. cOCTaBJISIET OJIHY
MUIMapAHYI0. ITycTh 9TO 6yIeT HEKOTOPHIM MUHMMaJIbHBIM
rnokasaresyieM HeripepbiBHOCTU (MITH) BogHO1 cpenbl. C MITH
BOZlY MOXXHO CUMUTATh HEIIPEPBIBHON MaTepUabHOM Cpeoi
nJis Test pasmepom 10 cm 1 60siee. MuHMMAJIbHAST OJHOBOJI-
HoBas (popma (burypa) BOJTHbBI CO CKOPOCTbIO 3BYKa IBUKETCS
B HEMNOJBU>KHO HEITpepPbIBHON BOAHO cpefe. JTa KOHEeUHas
(muckpeTHas) ¢opma, coaepskaliasi BOAHYIO Cpely, IBUXKeT-
€SI CO CKOPOCTBIO 3BYKa U SIBJISIETCSI MaTepuabHbIM 00bEK-
TOM. DTOT 06beKT (popma, burypa) cyuecTsyet B BOAHOI
cpeje TOJMbKO B ABMKEHUM C MaKCHMMaJbHOW CKOPOCTHIO,
3aJlaBaeMoli CBOMCTBAMM BOJTHOV Cpe/ibl — €€ TJIOTHOCTBIO U
C’KMMaeMOCThIO.

Famma-¢poTOH — AMUCKpeTHasl 3jieMeHTapHas 4acTulia,
IMCKPEeTHBI MaTepuaJibHbIi 06'beKT. PazMep 0qHOBOJTHOBOTO
raMMa-($OTOHa, U3 KOTOPOTrO MOKET 06pa30BaThCs JIEKTPOH
VJIV TIO3UTPOH, COCTaB/ISeT NPpUOan3uTeabHo 2,4x10°m. Ecin
MUCII0JIb30BaTh MMOJIy4eHHbIi Bbilie MITH, To pasmep npenro-
JlaraeMbIX «IVICKPEeTHBIX YacTUI» BO BcejeHCKOM ITpOCTpaH-
CTBe JO/IKeH COCTAaB/ISATh He 6oiee 2,4 x102*m.

B pesynbrare ke 3KCIEPUMEHTOB MO OOHAPYKEHUIO
«3€pHUCTOCTU» (CTeleHM KBAHTOBAaHMS) MPOCTPAHCTBA,
KOTOpbIe COCTOSIJIM B M3MEPEHUM CTeleHU TMojasipusa-
LMY raMMa-u3aydyeHusl, IPUXOASIIero oT JaJEKMUX MOII-
HbIX MCTOUYHMKOB, BBISICHUJIOCh, YTO B MU3JIyUeHUU TaM-
ma-Bcriecka GRB041219A, MCTOYHMK KOTOPOTO HAXOAUTCS
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Ha paccTtostHuu 300 MJIH. CBETOBBIX JIeT, 36 PHUCTOCTD MPO-
CTPaHCTBA He MTPOSIBJISIETCS BIJIOTH /10 pasmepoB 10748 m, uTo
B 10 pa3 meHbiie [TnaHKoBCcKOM nyuHbI ( https:/otvet.mail.
ru/question/92896109) .

N3 3TuX maHHBIX AJis BcejleHCKOTo Sp-IpOoCTpaHCTBA
(Sp-cpenbi) MmoxkHO TIpUHATH MITH paBHoit 1078 M. 3TO — He-
BOOGpasuMo MaJsiast BesimunHa! Ho MOSKHO ObITh YBEPEHHBIM,
YTO Ha caMoM gejie MHII Sp-cpe/ibI elé MeHblie, 6eCKOHeUHO
MeHblile, 1o 0-ro npejesa, 10 abCOMIOTHOI HETPEePbIBHOCTH.

I BUKeHUST MaTepuaJbHbIX 00bEKTOB, OTpakalolyue
M3MeHEeHMs UX IMIPOCTPAHCTBEHHbBIX ITOJIOKEHUIT C TeUeHU-
€M BpeMeHMU, ObIBAIOT pa3HbIe B 3aBUCUMOCTH OT (POPM 3TUX
MaTepuabHbIX 00BEKTOB ¥ BUAOB IIPOCTPAHCTB, B KOTOPBIX
OCYIIeCTBSIOTCS ABUXXEHMSI.

dopMbl MaTepUaIbHBIX 0ObEKTOB:

1. Hemenumbie B mpoliecce ABVOKEHM S TeJia U YaCTUITbI
C TIOCTOSIHHBIM, T.€. He¥3MEeHHBIM B TIpoliecce IBUXKXEHUS
MaTepuaabHbIM COJIEPKUMbBIM.

2. Henmenvmble B mpoliecce ABVKEHUS TeJla UJIU YaCTULIbI
C IepeMeHHbBIM, T.e. MU3MEeHSIIOIIMMCS B TIpoliecce JBIUKe-
HUSI MaTepuaabHBIM UM CYOCTaHIMATbHBIM COIEPsKA-
MbIM. K TakKuM TesaM 1 4acTuilam OTHOCSITCSI 3BYKOBBIE
MMITYJIbChI BCEBO3MOKHBIX YaCTOT B MaTePUATbHBIX Cpe-
JlaX i CBETOBbIE MMITYJIbChI BCEBO3MOKHBIX Y4acTOT (po-
TOHBI) B CyOCTaHIIMAIBHON Sp-cpefe.

B ciyuae 1. coxpaHstoTcs u ¢dopma 1 CoaepsKumoe, TOr-
Ila Kak B ciayuae 2. dopma coxpaHseTcsl, HO COAepXXuMoe
MEHSIeTCS.

PacnipocTpaHEHHBIE BUIBI TPOCTPAHCTB, B KOTOPBIX OCY-
LIECTBJISIIOTCS JBVXKEHUS:

A. BogHoe mpoCTpaHCTBO.

b. BosgyiiiHoe MpoCTpPaHCTBO.

B. BceneHCcKOe MpOCTPaHCTBO.

B cnyuae A. Bce Tena u yacTuubl dopm 1, umerouiue
TOJIBKO ITIepBOHAYaJIbHble MMITY/IbChI, IBVUKYTCS OTPaHUYEH-
HOe BpeMsl 13-3a O0JIbILIOTO COMPOTUBIIEHNS CPe/ibl, a BCe
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Teja U YacTuUilbl GopM 2, TaKke MMelol/e TOJIbKO IlepBOHA-
YasabHbIM UMITYJIbC, ABMXKYTCS OJITO, HO yTacaloT 13-3a BOJI-
HOBOT'O COTIPOTUBJIEHMSI BOJIbI.

B ciyuae B. mpoucxoguT TO 3Ke camoe, UTO U B cjayuae
A., HO IBM>KeHMe COXpaHsIeTCsl MeHbllle, BBUAY HAJIMUMS IIPO-
CTpaHCTBA MeXAy MOJieKyJaMM BO3yXa, a IPOCTPAHCTBO
3TO TNIPeO0/i0JieBaeTCsl MOJeKyaaMy BO3/1yxa CO CpeJiHel CKo-
pocThio 300 M/c, paBHOJ CKOPOCTM 3BYyKa B BO3/IyXe BOJIM3MU
TMOBEPXHOCTU 3eMJIN.

B cnyuae B. Bce Tena u wactuiibl dopm 1, umeroiiue
TOJIbKO ITepPBOHAYAIbHbBIE VMMITYJIbChI, IBMUKYTCSI 6€CKOHEUHO
IIOJITO, BBUAY OTCYTCTBUSI COIIPOTUBJIIEHUS Cpelbl KOCMMU-
YyeCKOoro IMpPOCTPaHCTBA. ITO — U3BECTHOE, TaK Ha3bIBAEMOE,
I BUKEeHMe TI0 MHEPLUM.

W3 yacTuii ¢opm 2. CyIIeCTBYIOT TOJIbKO CBETOBbIE MM-
yabChl (GOTOHBI). OHU IBUKYTCSI 6€CKOHEUHO JOJITO, BBUIY
OTCYTCTBMS BOJIHOBOTO COMPOTUBJIEHUS CpeJibl MPOCTpaH-
ctBa. Takoe aBMKeHME TTOAOOHO ABMXKEHUIO TI0 MHEPIIUY C
TOCTOSIHHOJ CKOPOCTBIO TeJ U yacTull Gopm 1, HO ¢ OUeHb
00JIBIIIOJ CKOPOCTHIO CBETA B BAKYYMe.

«AGCOJIIOTHO TBEpPIOE TeJIO» — IpeaebHas abCTPaKT-
Hasl Mojesib. Eciy ¢ abCcTpaKTHOI MOJEJNbI0 «UaeabHbIi
ra3» MOXKHO COITIOCTaBJISITh CUJIBHO pa3peskeHHbIi ras, To C
«abCOTIOTHO TBEPIABIM TEJIOM» HE COITOCTABJISIETCS HUKAKOe
peanbHO NOCTUXKMMOE COCTOSIHME BelllecTBa. Bo3bMéEM ca-
MoOe TBEpAoe BelecTBO — ajmas. CKOpOCThb IMOMepeyHbIX
YHOpyrux BOJH B HeM nopsigka 10 km/c. CKOpOCTb ke cBeTa B
BakyyMe 300 000 km/c. MO>KHO TOBOPUTD, UTO CKOPOCTD I10-
TepevyHbIX YIIPYTUX BOJH B «TBEPAOM» Bakyyme B 30 000 pas
6oJibIlie yeM B ajiMa3se. Ho B «abCOIIOTHO TBEPIOM TeJie» 10
orpe/ieeHII0 CKOPOCTh MOIePeUHbIX YIPYTUX BOTH AOJKHA
ObITh OecKOHeUHOI1. [ToaToMy BeesleHCKoe Sp-TIpoCTPaHCTBO
«TBEpA0E», HO He «abCOIOTHO TBEPIOE».

Tem He MeHee, Sp-cpella «OUeHb M O4YeHb TBEpPIA».
HacTonbko TBEpHA, UTO COBepIlIEeHHO He cxkumaeTcsi. CBeT
— TIoTIepeyuHble, T.e. CABUTOBbIe BOJHBI. CABUTU MTPOUCXO-
ot 6e3 cKaTus U pa3peskeHus, T.e. 6e3 3HaKoepeMeHHbIX
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00BEMHBIX M3MeHeHM. YTOOBI CABUTY PAaCIIPOCTPAHSIINCH
C TaKOJ BbICOKOJ, HO KOHeUHO#1 ckopocThio B 300 000 km/c
Sp-cpena gokHa O6bITh OYEHb M OUeHb (0€3yMHO) YIIPYTOii,
HeCpPaBHMMOVA C peajibHOM YIIPYTOCTbIO HY OLHOTO TBEPLOrO
Tesa, Jaxke aamasa.

VIpyroctb — CBOMCTBO TeJl BO3BPAILLAThCSl B UCXOAHOE
COCTOSIHME (TIOJIOKeHMe) TTocJie CHATUS IedopMUpYyoIero
BO3IelCTBMS. YIIPYTOCTb XapaKTePU3YIOT MOLYIISIMU YIIPY-
roctu. VICTio/ib3yIOTCS TPU OCHOBHBIX MOAYJISI YIIPYTOCTU:
monyiab OHra (E), Moayab caBUra MM MOAYJb >KE€CTKO-
ctu (G{\displaystyle \mu }), Mogynb 06bémHOro cskatus (K).

Cyiyuaro OHOPOJHOTO M30TPOITHOTO «abCOTIOTHO TBED-
Ioro Tesa» Haubosee 6J1M30K MOJLYJb CABUTA, IOCKOIBKY MO-
nyinb G XxapakTepusyeT CIIOCOOHOCTD TeJjla COMPOTUBIISITHCS
M3MeHeHMI0 GOPMBI IIPU COXPAHEHUM ero 00bEMa.

PeanbHble n3MepeHus medopmalinii MOXHO IMTPOBOIUTH
TOJBKO B 00pasiiax peajibHbIX MaTepuasnos. [Ipy sToM uC-
MOJIb3YIOTCSI KaK CTaTU4Yeckue, Tak M IMHaMUUeCckye MeTo-
Db, HAIIPUMED, YIbTPA3BYKOBbIE. 3BYKOBBIE BOJIHbBI — KOJie6a-
HMSI B MaccoBbIx cpenax. Kose6aHus ske B MacCOBbIX Cpeiax
MIPOMCXOL ST BCJIECTBYME B3auMOIepexoa MoTeHMaJIbHOI
U KMHETUYEeCKOI 3HepTHii, MpUUMHA KOTOPOTO, B KOHEUHOM
CuéTe, MHEPLMOHHAS Macca yacTul, matepualsa cpenbl. Ecin,
HaIpyuMep, Ha TTOBEPXHOCTH BOAbI OPOIIIEH KAMEHb, TO C Me-
CcTa MajieHUs KaMHSI PacXoIsITCS KPyTOBble BOJIHbBI U TTOCJIE
TOTO KaK KaMeHb (IIpUUMHa, UCTOYHUK KPYTOBBIX BOJIH) Y3Ke
Ha JHe, T.e. eT0 HeT B LIEHTpe KPYroBbIX BOJH. Kpyrossie
BOJIHBI IIPOJOJIKAIOT PACXOAUTHCS C MeCTa MaJgeHsI KaMHS
BCJIEZICTBME MPOJIOJIKAIOMIMXCS KOJIeOaHMIT MacChl BOObI B
MecCTe TaJieHsI KaMHS, T.e. 38 CUET MHePIMU MacChl BOJbI B
MecTe TTafieHnsT KaMH . THepIMs MaccChl SIBJSIETCS MPUUIMHOM
B3aMMOIIEPEXOI0B MMOTEHIMAJIbHON U KMHETUYECKON SHep-
I'UI B TPAaBUTALMOHHOM I10J1e 3eMJI. DTU BOJIHbBI [IOCTEIIEHHO
3aTyXaloT BCJIEACTBYME CONPOTUBIIEHNS CPeJIbl.

Yro ke OymeT MPOUCXOAUTH B 6€3MaccoBoii cpepe?
PeanbHO Takas cpefa TOJIbBKO OJHA — KOCMMUYECKOe TPEX-
MepHoe MpocTpaHcTBo. OHO 6e3MaccoBO, 6€3bIHEPIMOHHO U
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3HAKOIlepeMeHHbIX KOJieOaHMii 00bEMa B HEM OBITh HE MO-
keT. Tak OHO U ecTb. B «1irycToM» (6€3 IMCKPEeTHBIX MacCOBBIX
YacTUII) TPOCTPAHCTBE He paCIIpOCTPaHSIOTCS HUKaKMe 3BY-
KU, CBSI3aHHbIE C 00beMHBIMU M3MEHEHUSIMHU (CKATUSIMU U
paspexxeHusiMu). O6bEM «ITyCTOr0» MPOCTPAHCTBA HE MOKET
U3MEHSThCS, He U3MEHSIeTCSI.

Ho, Beib, BOJIHBI B «ITYCTOM» IIPOCTPAHCTBE BOSHUKAIOT
U PACIIPOCTPAHSIOTCS. DJIeKTPOMAarHuTHbIEe BOJHEI (CBeT). U
KaK >Ke OHM BO3HMKAIOT M pacpOCTPAHSIIOTCS B OTCYTCTBUE
macc?

OTCyTCTBME MAcChl — UCTOYHMKA KOJIeOAHUIT B ICTOKE
BOJIH O3HAYaeT, YTO BOJIHA OJAMHOYHA OT OJJTHOTO BO3MYTMU-
Tess (KAaMHS B CJIy4yae BOJHOM MOBEPXHOCTU). OIHO BO3MY-
IeHyue MTaéT TOJbKO OJHY BOJIHY, KOTOpas «yberaet» paau-
aJIbHO OT MeCTa BO3SHUKHOBEHMUS B «ITyCTOM» ITPOCTPAHCTBE
CO CKOPOCTBIO CBeTa B BakyyMe. M BotHa 9Ta He 06bEMHAS B
TOM CMBbICJIe, UTO He BOJIHA CXKaTUs U pa3peskeHu s, TOTOMY
YTO 00bEM B 06bEME He MOKET M3MEHSIThCS, OH ITOCTOSIHEH.
Eciy BosiHA CoKaTUS UM pa3peskeHnsI HeBO3MOXKHA, TO MOKET
OBITH TOJIBKO CIBUTOBAsI, KOTOPAs OCYLIECTBIISIeTCSI 6e3 00b-
éMHBIX M3MeHeHMi1. B camoM [ese, Kak 371eMeHT 06bEMa MO-
KeT M3MEHUThCS B KOCMUUEeCKOM IpocTpaHcTBe? Hukak, oH
IIOCTOSTHEH BO BCeJi 6@CKOHEUHOCTH ¥ BEUHOCTU TPEXMEPHO-
ro nmpoctpaHcTBa. CIBUTYM Ke, KOHEUHO, MaJjible, 66 CKOHEUHO
MaJible, 6e3 00bEMHBIX M3MEHEHWIi BITOJTHE BO3MOXHBI, HO BO
n3bexkaHue 00bEMHBIX MU3MEHEHUI OHU TOJIKHBI ObITH 3aM-
KHYTbI. Kak 5TO npecTaBUTh?

PaccmoTpuM n3nydeHue cBeTa Ipu M3MeHeHUU Hepre-
TMYECKOTO COCTOSTHMS 37IeKTpoHa aToMa Bomopona. Paszmep
aroma Bomopopa oreHuBaercs B 10-1° m. I ygob6cTBa pac-
CMOTPUM IIpPOIlecC U3Jy4yeHMs CBeTOBOJ BOJIHbI Ha TJIO-
ckocTu. ITycTh Ha paccTosuuu 10°1° M OT HIeHTpa — MaTeMa-
TUYECKOW TOUKM MPOMU3OIIEN «CABUT MTPOCTpPaHCTBa». Kak
OTMeYajioCh BbIIIE, CABUT JOJIKEH ObITh 3aMHYT, B JaHHOM
cjlyyae COABUT 10 MMHMMAJbHOV TPaeKTOPUM MOXKET 3aM-
KHYTbCSI B OKpYy>XHOCTU paguyca 0,5x101° m. ITockOJbKY
MIPOCTPAHCTBO «HEBOOOPA3MMO TBEPHO» M COBEPIIEHHO
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HeCKMMaeMO, TO BCS OKPYKHOCTb IIeJIMKOM «ITIOBEPHY-
Jlach», MYCTh I10 YacoBO¥ cTpesike Ha 10712 M cBOei MJIMHBI.
[IpocTpaHCTBO 06JIaflaeT OUeHb M OYEHb GOJIBINON YIIPYTro-
CThI0, HO He Maccoii. [ToaTomy, TTocjie CHSTUS CIBUHYBIIETO
BO3/1eliCTBUS OKPYXHOCTb BO3BpalllaeTcsl B MCXOAHOE I0-
JIo’)KeHMe, He TlepeceKasl ero, MIOCKOJbKY HET MHePIU UM (HeT
Macchl). ITO Pa30BbIii AKT 110 YACOBOJ CTpeJiKe U IIPOTUB HeE.
OTOT pa30BbIil CABUT (TIPSIMO¥ 1 0OpaTHBIN), BBUITY HEBOO-
6pa3uMo 6O0JIBILION CHUJIBI CBSI3U MEXKIY JIFOOIMY 6@ CKOHEUHO
MaJIBIMM 3JIeMeHTaMM 06bEMa MPOCTPAHCTBA, IepeaaéTcs
Ha coceHMe 00JIaCTV ¥ BOBHYTPb U BOBHE IMEPBOHAYATBHO
CIBUHYTOJ OKPY>KHOCTU.

Ho mepemaua m pacrnpocTpaHeHMe CIABUTa BOBHYTPb
OrpaHMUYMBAETCS LIEHTPOM BCeX KOHIIEHTPUUECKMX OKPY K-
HOCTeli, TorJa Kak rnepejaya BOBHe He OTpaHUUMBAETCS HU-
yeM, BBUAY O€CKOHEYHOCTY TPEXMEPHOI'O IIPOCTPAHCTBA.

BoBHe ke, paiuaJbHO BO BCe HAITpaBJIeHUs «yOeraer»
BOJIHA CABUTA 10 YaCOBOJA CTpeJike 1 o6paTHas BOJIHA ITPOTUB
YacoBOJVi CTPesKU, a CKOPOCTb 3TOTO ABUKEHUST — CKOPOCTh
cBeTa B BakyyMe. MaTepus TIpOsIBASIETCS TOJIBKO B JBUKe-
Huu. CpeToBast BojaHa (GOTOH) — MaTepus, ABMXKYIIASICS CO
CKOpPOCTHIO CBETA B BaKyyMe, B «ITyCTOM» ITPOCTPAHCTBE. A
OHO, 3TO «ITyCTOE» MPOCTPAHCTBO, €CTh CyOCTAHIIUS — Sp.
®oToH ke — durypa, popma, B KaxkJIoM HOBOM IOJIOKEHUU U
HOBOM MOMEHTE COCTOSIIAs U3 IPYTUX 061aCTei HEMOIBUK-
HOTO0 TpEéXMepHOro BcesieHCKOTo IpocTpaHcTBa. TpéxmepHoe
BcesieHCKOe TIPOCTPAHCTBO €CTh CYOCTaHIIMS U TIpeacTaB-
JieHa MepBbIM HYJIeBbIM HOMEPOM B IlIKajie eCTeCTBEHHbBIX
aniemeHTOB Beenennoii (IHEDB) 1 YposHeBoii CuicTeMe ecTe-
CTBEHHBIX 3/IeMEHTOB BcesleHHOTA.
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Npeanuam m cyoOCcTaHUOMAAMU3IM, Sp-U3M,
JCcnuUmn3mM

B mousiTum (ompeneneHuun) cyoCTaHIMM HUYETO He
TOBOPUTCSL O HOBMKeHUM cy6cTtaHmuu. CiaemoBaTesbHO,
CcyOCTaHILMSI MOXKET ObITh HEMOABMKHA. B moHsiTUM (Ompe-
IeJIeHUM) MaTepuu TOBOPUTCS O GpU3MIeCKOM BOOOIIe, OT-
JINYAIONIEMCS OT IICUXMYECKOTO U AYXOBHOTO, B 001IEM, OT
CO3HATEeJbHOTO, TTOCKOJIbKY U TICUXUUYECKOE U JYXOBHOE —
MpOsIBJIeHM S, NPOAYKTbhI cO3HaHM. Jlyma, [lyx — KkaTero-
puu cosHaHus. [I03TOMy MO KPYITHOMY MOXHO MTPOBECTHU
rpajanuio: cybcranmus, Mmatepusi, cosHanme. Cy6cTaHIms
— CYILIHOCTD, Jiexkallasi B OCHOBe BCero, B OCHOBE U mMarTe-
puu, 1 cosHaHus. Matepust — pusnyeckoe BoobIie. MoxeT
1 pusudeckoe BOOOIIE ObITH HEIMOABMKHBIM? HeT, He Mo-
keT. Ec/in gaske kakoe-TO MaTepuaJbHOE TeJ0 HEeMOIBUXK-
HO OTHOCUTEJIbHO APYTOT0 UJIU APYTUX TeJ, TO 3TO «HENOoJ -
BUKHOE» TeJI0 00s13aTe/IbHO MMEeET BHyTPEHHee IBMKeHYe
— IBUsKEeHMeE dJIeMeHTapHbIX YaCTUIIL, IO MeHbIlIel Mepe, KO-
nebatesibHOE. B MTOre, MaTepust HUKOTA ¥ HUTIe He ObIBa-
eT HenmoABWKHOW. HeT marepun 6e3 nBuskeHus. [IBUkeHME
HeOTAe MO OT MaTepUN.

[ BU>KeHNeM MaTepuanusywTcd. MaTepus OBUKeTCS.
Co3HaHMe — MPOAYKT «CO3HATEbHOI MaTepum», yejoBe-
Ka, aogei. Tonbko nu? I'Nsas Ha XUIIHUKOB, HAIIpUMep,
Ha CTal BOJIKOB, OXOTSINMXCS HA OJieHel, He BO3MOKHO
He YBUJIETh B UX JIeMCTBUSIX «CO3HATEJbHBIX IBUKEHUTI».
[IpocTo y /ntomeit CBOE CO3HAHUE, YV XKUBOTHBIX — CBOE. Y
pacteHui? ix moBopaumBaHue K CONHIY HeJIb3s He CUM-
TaTh «CO3HATEJbHBIM BV KeHMEeM». KeTKM pacTeHu, K-
BOTHBIX U Jitofeii? Pa3Be X ABUKEHME HE «CO3HATEbHO»?
Bo3bMéM nBUKeHME aTOMOB U MoJiekKya. OHM IBUKYTCS
Tak, 4TOOBI BCS cucTemMa (aHcaMbJib) MOJIEKYJ (ATOMOB)
npuobpesa MUMHMMYM 3Hepruu. Pa3se 3To He «<9KOHOMHOE
CO3HaTeJibHOe IBUXKeHue»? Torma, ABUXKEHME MaTepuu
«CO3HATeJbHO», IOTOMY UTO OHO IPOTEKaeT MO olpee-
JIEHHBIM «pa3yMHBIM» «CO3HATeJbHBIM 3aKOHaM». Ho rae
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«MEeCTOIIOJIOKeHME» ITUX «Pa3yYMHBIX» «CO3HATEeJIbHbIX
3aKOHOB»? He B ajleMeHTapHbIX YyacTUIlaX, aTOMax, MO-
nekynax. OHM 06JIaJaI0T JIUIb HAOOPOM XapaKTePUCTUK:
Maccoii, 2JIeKTpUUYEeCKUM 3apsaoM, 6apMOHHBIM 3apsIOM,
MarHUTHBIM MOMEHTOM, ... . 3aKOHBI ABUKEHMS «JIUIIb pe-
arupyroT» Ha 3T UMHAMBUAYa/IbHbIe XapaKTePUCTUKU Ma-
Tepun. Tak, rae ke MeCTOITOJIO)KeHMe «CO3HATebHbIX 3a-
KOHOB» — 3aKOHOB [Ipupoasi? B maTepuu ux HeT. 3HAUUT,
BHe MaTepuu. BHe maTepunu MoxkkeT GbITh TOJIbKO HEMa-
TepuajabHas (DomMaTepuaabHas, MpamMaTepuaabHas) cyo-
cTaHIMsI. A cybcTaHIMS 3Ta — TpEXMepHoe pusmyeckoe
IIPOCTPAHCTBO, KOTOpPOe B YPOBHeBOI CucTeMe eCTeCTBEH-
HbIX 3JIeMeHTOB BcesleHHOJ MpeaCcTaB/isieT eCTeCTBeHHbIN
(mpupoaHblit) semeHT Sp. Takum ob6pa3om, marepus
— ¢urypsl (Gopmbl) 13 BO3OYKAEHHON cybcTaHI MM Sp.
CremoBaTesibHO, 3aKOHBI [Ipupoabl B cy6cTaHIMM Sp.

3akoHbI [IpMpoabl, cO3HAHME B CYyOCTAHIUM SP TOJBKO
yIpaBjasole, peryaupyioiiye, KOHTPOJAUPYIOle, HO He
TBOpsIMe (He TBOpUecKue). TBopslee CO3HAHME Y JIIOAEN.
OHM cO3[al0T HOBbIE MaTepuasbl, HOBble TEXHOJIOTUM, HO-
Bble CTPYKTYPbI, HOBble OTHOLLIEHMS, He CYIleCTBOBaBIlNe B
[Tpupone. CybcTaHm Sp ¢ €€ yIpaBIISIOIIMM, PEryIUPYI0-
UM, UCTIOJTHUTEJIbHBIM, KOHTPOJUPYIOLIMM, «CO3HAHMEM»
(3akoHamy [Ipupoabl) HEOOGXOAMMO TBOPSIIIEEe CO3HAHUE,
YTOObI COTBOPEHHOE TBOPSIIMM CO3HAHMEM IOIOJIHSIIO
«CBO/JI 3aKOHOB [Ipupobi». JIT0AM C X TBOPSIIUM CO3HAHUEM
He TOJIbKO MPOAYKThI [Ipupozabl, HO U co3marenu [Ipupopsi,
«KaMeHIIMKM Muposmanus». IIpupoma, cyoCTaHIMS CO3-
Jlajia JIrogen nJis csoe sposouun. [IpegnasHaueHne yeso-
BeUYeCKOro CO3HaHMS, 1eJib YeJOBeKa, JIIoAel — 9BOJIIOL S
BcesieHHOI1. YTBepskIeHMe O TOM, UTO CO3HAHME B CyOCTaH-
1My Sp, He 03HAYaeT ITePBUUHOCTb CO3HAHMS ¥ BTOPUUHOCTD
Mmatepumu (Mpeanusm). [lepBuuna cyberanmusa Sp. OT cy6-
CTaHUMMU (B CYOCTAaHUMM, U3 CYOCTAaHI[MM) CYOCTaHLIEN Ke
dbopmupyeTtcs matepusi. B matepuu, u3 MmaTepmuu, MaTepuei
JKe CO3/1a€TCs TBOpsILee CO3HaHMe. OTO He MaTepuain3M, HO
Sp-usm, dcnuusm.
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HenpepbIBHOCTD U JUCKPETHOCTD

Co3HaHMe OTpaskaeT OKpyKawWuit Mup. Mup BUIUTCS
M OCO3HAETCS OUCKPETHbIM. BOT OHU: 3BE€3/bl, lepeBbs, JIN-
CTbSl, TIECUMHKMN. .., MOJIEKYJIbI, aTOMBI, 3JIEKTPOHBI, IPOTOHHBI,
HeTPOHBI, ... . BCE B MUpe IMCKPETHO, BCE UCUUCIMMO, BCE
MaTteMaTuyHo. Co3HaHMe MmaTemMaTuuHo. [Indarop yrBepxk-
nan: «Bcé ecTb uncia M OTHOLLIEHUSI».

OUCKpeTHOCTh TPAAUIIMOHHO (IPUBBIYHO) OCO3HAETCS
abCoJTIOTHOIA. ITOHSITHE «IMCKPETHOCTh» YCTOWYMBO B CO3HA-
HUMY Ha NIPOTSIKEHUM BCeIl «CO3HATEJIbHOM XXM3HU YesioBeye-
cTBa». B 3TOM cMbIC/IEe AUCKPETHOCTD a6COMIOTHA B CO3HAHUMA.

HernpepbIBHOCTb OCO3HAETCS OTHOCUTEBHO, OTHOCU-
TeJIbHOI BO BpeMeH!, B UCTOpUYM CO3HaHMUS. Boga 6b11a BO-
IJIOLeHMEeM, 5TaJIOHOM, CMMBOJIOM HelpepblBHOCTU. CII0BO,
TIOHSITHE «BOJa» HA MHOTMX $I3bIKaX O3HaYaeT HeMCUUCII-
Moe, T.e. HerpepbiBHOe. OCO3HaBaJIach HEIIPEPBIBHOM, HO 10
OTKPBITUS MOJIEKYJI BOIbL. B 3TOM CcMbIC/Ie HEIIPEPBIBHOCTh
OTHOCUTeJIbHA B CO3HaHMUM. DaKTMYeCKM BCS MaTepus BO
BcenenHoii guckpeTHa. HermpepbIBHO TOJBKO IPOCTPAHCTBO,
TPEXMepHOe IIPOCTPAHCTBO BcesleHHO, eCTeCTBEeHHBII dJ1e-
MeHT BceneHHoi1 — Sp. OTe/IbHO B3SITOE peajibHOe TPpEXMep-
HOE TIPOCTPAHCTBO OOBIYHO CYMUTAETCS IMYCThIM. Tak v 3T0?
OTBeT Ha 3TOT BOMPOC TpebyeT aHaAM3a MOHSITUS ITYCTOTHI.

IIycToTa

ITycTOTa 110 CMBICITY, TIO OTIPEee/IEeHUI0 U 10 CYTU O3Hayva-
€T OTCYTCTBUE, OTCYTCTBUE Beero, Bcero-Bcero. OTcyTCcTBIE
Bcero-Bcero conocTaBuMoO ¢ TOUKOI, TOuKo EBKnnga. B Tou-
Ke EBKMa HET HM OJTHOT'O U3 TPEX peaJbHbIX U3MePeHU, U
HeT Huuero-Hudero, T.e. oHa ecTb HuuTto. Ho peanbHOe TpeX-
MepHoe BceesieHckoe [TpOoCTPaHCTBO He SIBJISIJIOCH, HE SBJISET-
CSl U HEe MOXKeT SIBJAThCSA TOuKo EBkannga — Huuem.

[IpoBeném MbICAeHHBIV 3KcnepuMeHT B Kocmoce.
B03bMéEM TOJICTOCTEHHBIV CTAJIBHOM COCYJ C BHYTpPEHHe
MOJIOCThIO B popme Kyb6a B 1 mutp. Cocyn MMeeT repMeTud-
HYI0 CTQJIbHYIO 3arTyiKy. [TogcoeiMHMM K HEMY BaKyyMHBbI
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HAacoc, CIIOCOOHBIN OTKAUYMBaTh 0, MycTh, 107" ITa. 3ameTum,
YTO ITOKA TaKMX BaKYYMHBIX HACOCOB HeT. MakCUMMaJIbHO JI0-
CTUTHYTBIN B HACTOSIIee BpeMsl BaKyyM COCTaBJIsIET MOPsIAKA
10°*® IMa. [IpMepHO TaKO BaKyyM IIpeIiojaaraT B MeKra-
naktuyeckoMm Kocmoce, rae mosaraiotr He 60Jiee 2 aTOMOB B
OHOM JIMTpe 06beéMa. Ho Halll BAKYYMHBII HACOC, ITYCTh OT-
KauyBaeT Ha 2 TOPsI/IKa Jyullle CAMbIX COBEPIIIEHHbIX HACOCOB.
OTkpoem B KocMmoce 3ariyuiky, BIAEP;KUM JOCTaTOYHO JJIN-
TeJIbHOE BpeMsl, UTOObI BIJIETAJIV CBOOOTHBIE aTOMbI, MOJIEKY-
JIbI, CTAOMTbHBIE 3JIEMEHTAapPHbIE YaCTUIIBI, ... . OMHUM CJIOBOM,
CcofiepsKMMOe B COCy/ie caesiaeM UAeHTUUHBIM OKPY>KaoIeMy
Kocmocy. 3akpoeM repMeTMYHO 3arAYyIIKY M BKIYMM Halll
BaKyyMHBbII Hacoc. Uepe3 AOCTATOUYHO JJIUTEbHOE BpeMsI
HeITpepbIBHOV OTKAUKM JlaBjieHNe B COCYy/ie CTaHeT He MeHee
yeM Ha 2 mopsiiKa H/Ke AaBjeHus B OKpyskatoiiem Kocmoce.
Ho ecnu ma>ke oTkauaHbl BCe aTOMbI, MOJIEKYJIbI, MOHBI, pa-
IVKaJIbl, CTAOMIbHbBIE 3JIeMEHTapHbIE YaCTUIIbI, TO ¥ B 9TOM
cayJae cocyn He 6ymeT mycThiM. OCTaHyTCS, HEMTPUHO, I'Pa-
BUTAIIMOHHOE MoJe, IJisl KOTOPbIX HeT HMKAKMX MOTJIOTUTE-
Jielt u 5kpaHoB. Ho mycTh y HAacC MMeeTCsT TaKol uygo-mMare-
pua, KOTOPbIii MOIJIONIAeT, 3aXBaThIBAET BCe HEMITPUHO, U
SKpaHMpPyeT rpaBUTALIMOHHOE TI0Jie. DTUM UyJl0-MaTepua-
JIOM, TTYCTb, IOJTHOCTBIO MOKPBITA BHYTPEHHSISI IOBEPXHOCTh
cocypna. B TakoMm ciiydae, cOCyq JOJIKEH ObIThH AE/iCTBUTEIIb-
HO MyCTBhIM. HO ecyiu cocyp, IyCTO¥, He COAEeP>KUT HUKAKOM
IUCKpPEeTHOM MaTepuu, HU peasbHON, HU BUPTYaabHOI, TO
OH JTOJIKEH C3KaThCS TaK, YTOObI BHYTPEHHOCTD COCYZA CTaJia
TOUYKOJ, TOUuKoM EBKauaa, Huuem. OgHako 3TOro He IMpouc-
xoauT. UTo ke ocTaéTcs B cocype? ... Beib, 4TO-TO OCTaETCH,
ec/iy He CXXKMMaeTcs (He CXJIOIMbIBAeTC s, He KOJJIalCUpyeT) B
TOouky EBkiinpaa, 8 Huuro!

OBBEM! O6b1uHbIlfi TPEXMEpPHBII 00bEM B 1 IUTp B
KyO6Mueckoii opMe BHYTpEHHEN MOJOCTU CTAJIbHOTO CO-
cyna! TosibKO 3TO OCTa€TCs B cocyne. M He reoMeTpuUeCcKu
aGCTpaKTHBIN, a PU3UUECKM peasibHbIA. DTOT QU3MIECKUII
00bEM, CBOOOIHBIN OT aTOMOB, MOJIEKYJI, MOHOB, Pa/IMKaJIOB,
3JIeMeHTapHbIX YacTull, pu3nueckux mojei, u cocTaBiasieT
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MIPOCTPAHCTBO — Cpeay Iepeaaun B3aMMOIeiCTBUIL, Cpeny
pacrnpocTpaHeHUs 371eKTPOMArHMTHBIX BOJTH, (OTOHOB. DTO
— Sp-cpena.

KoHeuHO, MOKHO IpeJCTaBUTh HEKOTOPBI TPEXMEPHbI
00bEM 6e3 muckpeTHOI MmaTepun. Ho 6e3, Tak Ha3bIBaeMoOIi,
T10JIeBOJ MaTepuM TPEXMepPHOe MPOCTPAHCTBO TepsieT Gusnu-
yecKkoe HamnojHeHMe, ¢pusmdeckuit cMmbici. Kakoit mosieBoit
matepuun? CUJIOBBIX IPABUTALMOHHOIO U 3JIEKTPUUYECKO-
ro, Hanpumep. Ho oHU umeroT GuU3uUeCcKkuii CMbICT TOJIbKO
Toraa, Korjaa «dusmudyeckue Mmojsi» ¢ UX JUCKPEeTHBIMU (Haxke
BUPTYaJIbHbIMM) (pepMMUOHaMM 1 6030HAMM COIEPKATCS B
HEKOTOPO¥ Gu3MUecKy peasibHOI cpefe, a He B aOCTPaKT-
HOM «ITyCTOM» IIPOCTpaHCTBe. [IOTOMY UTO «ITyCTOI TPEX-
MEpPHBI 00BbEM», Haske TJIOTHO YITaKOBAHHBIN TMCKPETHDI-
MM (pepMuoHamMu 1 6030HaMM 06S3aTETbHO TOJIKEH MMETh
pasrpaHUuYMTe/IbHbIe He MaTepuaabHble MYCTOTbl MEXKAY
HuMu. ViHaue, Bce pepMMOHBI 1 6030HBI TOJIKHBI CIUTHCS B
HEeUTO HeBOOOGpasyuMoe 1 OJHOpOoIHOe. be3 cpenbl TpéxmMep-
HOT'O IIPOCTPAHCTBA YMCJIOBBIE TOJISI OCTAIOTCS TOJIBKO BOOO-
paykaeMbIMM (He CYIIeCTBYIOUMMM) MOJISIMU YMCeT — YUCTO
MaTeMaTUYeCKUX 00bEKTOB.

B MbIC/IEHHOM 3KCIIEpMMEHTE CO CTaJIbHBIM COCYJIOM B
KOCMOCe BHYTPEHHMIT 06'bEM €0 COBEPIIEHHO PeaMCTUUYEH.
U B 3TOM peajibHOM TPEXMEePHOM 0O0bEME HET HU IUCKPETHOI
MaTepuu, H1 puU3nIeCcKux 1moJsieit, Ho 06’bEM ero peaseH. 13
Yero ke 3TOT peabHbIi TPEXMEPHbBI 00bEM?

Bymem npo6uTh 3TOT 06EM I10 CAOKMBIIENCS Tpagu-
LIMM TIOMCKa OUCKPEeTHO Henenumoi matepun. Ho ckonbko
ObI MBI HM APOOVIN, BCE BpeMs HaTaJKMBAJIVCh ObI HA Te Ke
«00BEMUMKMY». [Tes1s YCJIIOBHO IPUHSITHIN 33 e IMHUILY ITEPBO-
HauaabHbIN 00bE€M maxke Ha 10 B crenenax 10, 100, 1000, ...,
MbI HE HAlJ€M HMUYEro KpoMe MaJjioro, 6eCKOHEUHO MaJjioro
BCE TOrO XXe «00beéMUMKa». bBeckoHeuHoe JiejieHre HUKOraa
He TIpuBeIET K 0, K OTCYTCTBUIO «00bEMUMKA», UOO ITETUTD
MO>KHO 6€CKOHEUHO 1 6eCKOHEUHO MaJlblii «00bEMUMK». Ec/iu
BCE JXe KaKMM-JIN060 06pa3oM yaasoch 6bI moiiTu 10 0 B o-
IIaroBOM JIPOOGJIeHMM KaKIOTO M BCEX OCTATKOB IOIIATrOBbIX
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yacTeii 1po6eHus epBoOHaYaJIbHOrO0 06bEMa, TO BECh ITOT
TepBOHAYAIbHbII KOHEUHbII peasibHbIii 06bEM 00paTUICS
6b1 B 0, B Touky EBKyma. Ho moctuub 0-71s1 CKOJTb YTOIHO Gec-
KOHEUYHBIM JlejieHMeM HeBO3MOXKHO B MpuHIuIe. OcTaercs
MIPU3HATh, IPUHSTH QU3UUYECKUIT 06EM HEIIPEPbIBHBIM 00b-
eKTOM 110 GaKTy ero pu3nueckoro CyIiecTBOBaHMSI.

OpobuTh, IeJIUTD 10 HEIeTMMOTr0 MOKHO TOJIBKO JIVC-
KpeTHYI0 MaTepuio. A HellpepbiBHASI CYUIHOCTh AEIUTCS
0eCKOHEYHO, ¥ HMKOI/Ia He JOCTUTaeT KOHEUHOI0 Heleu-
MOTO, BBUIY OTCYTCTBUS HeJleJMMOrO0 IO OolpeeeHUIO.
TaxkoBa HellpepbIBHASI TPEXMepHas Sp-cpeia KOCMUUEeCKOro
MMPOCTpPaHCTBA.

TpynHO MpeaCcTaBUTh HEKOTOPBIV TPEXMEPHBIT 00BEM
6e3 PUBBIYHOI OUCKPETHOI MaTepun. 30ech TOBJIEeT MHO-
roThicsIUejIeTHee IMpeicTaBleHne 06 oKpykawiieMm Mupe.
[ToHsiITHe MYCTOTHI BCEraa CBsI3bIBAJIOCH C OTCYTCTBUEM JIMC-
KpeTHbIX MaTepuaabHbIX Tej, yacTull. Cbesin BCe SITOMAbI B
KOp3MHe — KOp3MHa mycTasi. Bbinuanu Bcé BUHO U3 aMdOpPbI
- amdopa nycras. OTKayaju BeCb BO3IyX M3 COCYy/Ia — COCY/I
IMyCTOM. Yaanuan Bce 3jieMeHTapHble YaCTUIIbI U3 CTAJIbHO-
ro COCYJla B MeXTaJIJaKTUUeCKOM ITPOCTPaHCTBe — CTaJIbHOM
cocyn mycToit. MaTepusi Bceryia acColMupoBasiach C JUCKPET-
HBIMM BECOMBIMMU TeJIaMM, MaCCOBbIMM 37IeMEeHTapHbIMMU Ya-
CTUIIAMU, IKOObI 6e3MaccoBbIMM (OTOHAMM, 6€3MaCCOBBIMU
busmnyeckumu nonsamu (moyasimMmu B mycrorte(?)), u TakKyo ma-
tepuio momeinanu B IYCTOE ITPOCTPAHCTBO, mycToit 06b-
éM. Brixommio Tak, 4To MaTeputo romeianu B IIVCTOTY, B
Hwuuro, B Touky EBRIMIa.

Tpynuo npencraButb, yto IIYCTOTA — oTcyTcTBUE
Bcero-Bcero, B Tom unciie u pusudecku peanbHoro OBbEMA.

PaccMoTpyM o ojHOMY Ky6y 06bEMOM, ITYCTh, B 1 IUTP
COBepIIeHHOTO KpUCTaia, Halpumep, KpeMHUS U YIIOMSIHY-
TOTO BBbIIIIEe TOJICTOCTEHHOTO CTAaJIbHOTO COCY/a, KOT/la B HEM
OyzeT comepskaTbcs He 60j1ee 2 aTOMOB.

HauHéM MbICIEHHO pa3pe3aTh KyO COBEPIIIEHHOT0 KPU-
cTajijla KpeMHUS MI0CKOCTIMU EBKIMAA, mapaaeabHbIMU
TpEM 6a30BbIM IrpaHsIM Ky6a. OueBUIHO, Jaske MbICJEHHOE
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pa3pe3aHye BO3MOKHO TOJIbKO TaM, i€ HeT HeJeJMMOM IUC-
KpeTHOl MaTtepuu. bygem paspesars [0 TeX IOop, IoKa B Ka-
SKIIOM MUMHMMAaJIbHOM KyO6MKe He OCTaHeTCS OTIAeIbHbII aTOM
KpeMHMS. DTO — IlepBasl JUCKpeTHas yacTuila MaTepuu, Ha
KOTOPYI0 HATOJIKHYJIMCh B ITPOLIECCE MbICJIEHHOTO pa3pe3aHus
Ky6a KpeMHMs. ITU aTOMBbI TOKEe MOKHO pa3pe3aTh TOJIBKO 10
TOTO, KAK HAaTOJIKHENIbCS HA HeJleMMYI0 3JileMeHTapHYIo ya-
cTuly. B atomax HefeMMbIMM 3JIEMEHTapHBIMU YaCTULLAMU
SBJISIOTCS TOJIBKO 3JIEKTPOHBI. SIpa ke aTOMOB JIeJIMMbI Ha
HYKJIOHBL. 3HAUUT MOXXHO MPOAO0JIKATh pa3pe3aTh JIUTPOBbIN
Ky6 KpeMHMs. [IpogokKmuM Mpoliecc MbICJIEHHOTO pa3pesa-
HUS B Apax aToMa KpeMHMs. Sdapa — BTopas JUCKpeTHas
matepus. [Ipomokum paspe3aHuie M HATOJKHEMCS Ha Heli-
TPOHBI U IIPOTOHHI SIAPa aTOMa KpeMHMSI. ITO — TPeThsI AUC-
KpeTHas martepus. [Ipogoskum gasbliie pa3pe3arb. [0BOPAT,
HATOJIKHEMCSI Ha KBapKM, KOTOPbIE COCTaBJSIIOT U HEMTPOHBI,
U IIPOTOHHI siApa aToMa KpeMHMs. KBapku, 1ojaraloT HbIHe,
rocjaegHue 3jieMeHTapHble, T.e. HefleJIMMble TVUCKPEeTHDIE Ya-
cTuibl. [lasee rmpoiecc MbICJIEHHOTO pa3pe3aHus HEBO3MOXEH
U HE UMeeT CMbICJIa, TIOCKOJIbKY KBAPKU, CUUTAIOT, HE COCTOST
13 KaKux-11b0o 60Jiee MeJIKUX YaCTUIL AUCKPETHOI MaTepum.
KBapkmu moJsiaraloT npeneioM OUCKPEeTHO MaTepun. [ajee
IUCKpeTHas MaTepus He neauMa. [laibHelillee pa3pesaHue
IVICKPETHOl MaTepuy Ha HbIHEIIHeM YPOBHE IMO3HaHUS TIPU-
POkl HEBO3MOXHO. HeBO3MOXKHO, HE UMeeT CMbICJ/Ia, TOTOMY
YTO Ha KBApKaX KOHYAETCS MOHSTUE IVICKPETHOM MaTepun.

[TpoBeném 1og00HbIe pa3pe3aHist BHYTPEeHHe Kybude-
CKOJ1 ITOJIOCTU IO TOTOBJIEHHOI'O CTAJILHOTO cocyna. Tam HeT
HUKAKUX APYTUX YaCTUI], KpOMe ABYX aTOMOB. Takxke KakK
U B CJIyyae C KpeMHMEM pa3peskeM A0 3JIEeKTPOHOB U KBap-
KOB B S1pax 3TUX ABYX aTOMOB. B aTux aromax gajbHeiiliee
pa3pesaHye HeBO3MOXXHO, IIOTOMY UTO 3JIEKTPOHBI U KBAPKU
«abCOJIIOTHO TBEPIbI» U He AeJISITCS Jake MbIcJeHHo. Ho, a
B OCTaBIIeMcst 06béMe? HeT HMKaKMUX OrPaHMYEHMIA K Jajlb-
Helmum paspe3aHnsaM. HuMKakoro mpemgesna paspe3aHus Her.
[ToToMy UTO B OCTaJIbHOM OObEME HET HUKAKUX HeJIeIMMBbIX
3JIeMEeHTapPHbIX YaCTULI.
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Ho stoT Ky6 nuTpoBOoro o6bémMa 6e3 3J€KTPOHOB U
«KBapKOB» COBEPIIEHHO peasieH. PeajieH 00bEM.

TpyoHO NpeCTaBUTb, IIOHATh, IPUHSATD, 4TO [ITYCTOTA
— orcyrcTBue u OBbEMA. TpyaHO MpeoaoieTh ThicSYesieT-
HIOIO TPaAUIINIO (TTPUBBIUKY) NVMCKPETHOTO BOCTIPUSITIS Ma-
Tepun. Ho ecsiv 3T0 nipeacTaBuTh U NpuHSITh, TO [IYCTOTA
— TOYKa, B KOTOPOIt HET HY OJTHOTO U3 TPEX HU3UUECKUX U3-
MepeHMii, Touka EBKauaa, maTemaTudyeckast abCcTpakims,
KOTOPOJi HET, I HE MOXKeT ObITh HUT/IE M HUKOTIA B IPUPO/IE,
BO BcesieHHOIA.

Co3HaHMe Ha TMPOTSIKEHUM ThICSIY JieT MoMela-
JIO MaTepHUIO B IYCTOTY, B TO, YETO HET U OBITh HE MOXKET.
BceBo3MoOkHbIE MOie M 3ypa MpeaCcTaBasIiOT MUMEHHO 3TO,
MaTepuio, 3¢uUpHbIe YaCTUIIbI B TyCTOTe. [IMCKpeTHbIe HEBU-
IVMble HeJleJMble YacTUIbl 3(pupa (aMepbl, aTOMbI, 3bu-
POHBI) OTIpeie/IEHHbBIX, Yallle MapoBbiX GOopM, BUPTyaIbHbIe
3JleMeHTapHbIe YaCTUIIbI C OTPULIATETbHBIMY IHEPTUSIMU M0~
Melaau B IMyCcToe MPOCTPAaHCTBO, B TOUKY EBK/MAA, B TO Uero
HEeT ¥ ObITh HE MOXKET.

B peasbHOCTM Xe eCcTb TpéxMepHOe Gu3nyeckoe mpo-
CTpaHCTBO 6eCKOHEUHOI BceseHHO. I MMEHHO B 9TOM pe-
aJIbHOM ITPOCTPAHCTBE COAEePXXUTCS AUCKpeTHas MaTepus:
37IeMeHTapHbIe YaCTUIIbI, aTOMBI, TejIa, HeOeCHbIe TeJa, CU-
CcTeMbl He6eCHBIX TeJT; pu3uIecKye moJs.

Hy>kHO Bcero Juiib IpegCcTaBUTh, IPUHSTh: TPEXMeEP-
ubiii OBBEM, TPEXMEPHOE ITPOCTPAHCTBO ecTb Hempe-
pbIBHAS peajibHasl CyIIHOCTb, peajbHas cpeaa, B KOTOPO¥
BO30YyXXIaTCsa Gu3nyeckue IoJis, B KOTOPOil BO3HUKA-
I0T ¥ YHUUTOXAIOTCS OAUCKpeTHbIe 3jieMeHTapHble YacTu-
1IbI, aTOMBI, TeJIa, HeOeCHbIe Tejia, CUCTEMbI HEOECHBIX TeJl.
PeanibHOe, MpUMHMMAaBIIIEECsT «ITyCTbIM», IIPOCTPAHCTBO HeE
MoxeT 661Th [IYCTOTOU — abCcTpaKTHOI TouKoit EBKna.
Cnepmosarenbno, OBBEM, IIPOCTPAHCTBO ecTb 6ecCcTpyK-
TypHasl HelpepbIBHAS CYIIHOCTbh, B OTJAMYME OT IPUBBIUYHOM
IVICKPeTHOM MaTepuiu.

Sp-IpoCcTpaHCTBO MpeAcTaBaseT cob0ii Hepa3pbIBHOE,
IMOTOMY HellpepbIBHOE peajibHOe TpeéxMepHoe [IpocTpaHCTBO
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BcesieHHOI1, SIBJISIIONIEECS Cpeloil Mepemadyyu B3aMMOMe-
CTBUII OUCKPETHOJ mMaTepuu, Cpelioli pacIpoCTpPaHeHUs
3JIEKTPOMarHUTHBIX BOJIH, GOTOHOB, HeiTpMuHO. OTHO He-
MpepbIBHOE ITPOCTPAHCTBO HAa BCIO OECKOHEUHYIO BeeieHHYI0.
OnpuHoo6pa3Has Sp-cpeza Bo Bceil 6eCKOHeUHOI BceieHHOVA.
IOVCKPEeTHBIX «3JIeMEeHTAPHBIX YaCTUIL Sp» HET BOOOIIE, I10-
CKOJIbKY Sp-cpela HepaspbiBHA UM HelpepbiBHA. MOKHO
TOJIBKO MBICJIEHHO BbIAE/SITh CKOJIb YTOJAHO MaJjble U CKOJb
yroaHo 60JIbllINe 3IeMeHThI 00bE€Ma B 6€CKOHEUHOM Herpe-
PBIBHOM Sp-IIPOCTPAHCTBE — HEIIpepbIBHOM cpefe, Sp-cpene.
B aT0i1 cpene nBUKYTCS GUrypbl, GOpMbl aTOMOB, MOJIEKYJI,
MOHOB, 2JIeMeHTapHBIX YaCTUIL U3 «MaTepuasa» ke Sp-cpeibl.
B 2T0i1 3Xe cpeme OBUKYTCS Tesia, HeGeCHbIe TeJla, IJIaHeThI,
3B€3/Ibl, TAJIAKTUKU, TaJlaKTUUECKIe CUCTEMbI, COCTOSIIME
u3 puryp, Gopm sjsieMeHTapHBIX YaCTUIL U3 «MaTepuaia» xe
Sp-cpenbl. «MaTepua» ke, TOUHee CyOCTaHLIMS Sp-cpeabl —
3JIeMeHT Sp, IIPOoSIBASIOMNICS hu3MuecKky peaqbHbIM Hepas-
PBIBHBIM 1 HerpepbiBHbIM OB bEMom.

Sp-nipocTpaHCTBO, Sp-Ccpena MPUHLUIINAIBHO OTIM-
yaeTcst OT Bcex Mmojeneit apupa. Eciu B apupe nuckpetHas
MaTepus (B 061iemM, 3UPOHBI) COOEPSKUTCS B IyCTOTE, TO B
Sp-mipocTpaHCTBe AUCKpeTHAas MaTepus (37leMeHTapHble ua-
CTUIIBI, TeJIa, HebeCHbIe Teia) COAEPKUTCS B HEITPEPhIBHOI
Sp-cpene, B aBCOIOTHOI CYIHOCTY — (PU3MUECKY pealbHOM
HenpepbiBHoM OB bEME.

O6BEM — HempepbIBHAS CYLUIHOCTh, CyOCTaHIMS, MTpa-
MaTepus. OTO TPYLHO NpeACTaBUTh U NPUHATH. [IoToMy
YTO HelmpepbIBHAS CyOCTaHIMS He JaETCs B onyieHusx. He
ONIYIIIAeTCs, TOTOMY UYTO BCE OIIyIaIee COCTOUT U3 JUC-
KpPeTHO Martepuu. Bcst muckpeTHass MaTepust «abCoII0THO
MIpo3pavHa» [IJIS HelmpepbIBHOM cyOocTaHIMKU. IIoTOMY 4TO
OVICKpPEeTHAsT MaTepust COCTOUT U3 HEIPepbIBHOMI cybCcTaH-
MM — IIpaMaTepum. ITO TPYIHO ITpeAcTaBUThb. Ho 3TO MOX-
HO ¥ HY3KHO ITPEeJICTaBUTh U IPUHSITh, UTOOBI HE «ITOBUCATb»
B MHOTOMEPHBIX «(U3MUYeCKUX TPOCTPAHCTBAX», Aake B Ue-
TBIPEXMEPHOM, He TOBOPS YK 0 28-MepHOM miau 11-MepHOM
MPOCTPAHCTBAX «CTPYHHBIX Teopuli». B peasibHOCTU €CThb
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TOJIbKO TpéxmMepHoe pu3nyeckoe MPoCcTpaHCTBO. OOBIYHO
IyCTOe MPOCTPAHCTBO IMOHMMAETCSI KaK MPOCTPAaHCTBO,
CcBOOOJHOE OT AMCKPETHOI MaTepun, Kak mycTtora. TakoBO
6BLJIO TIOHSITME aGCOMIOTHOTO MPOCTPAHCTBA B I'paBUTA-
uuyu HpioToHa 1 B anekTpoauHaMmuke Putua (http:/www.
universalinternetlibrary.ru/book/35978/ogl.shtml). TakoBo
TOHSITME MMPOCTPAHCTBA U BO BCEBO3MOKHbBIX MOJIEJISIX 3(Pu-
pa. Ho mycToe mpoCcTpaHCTBO, MyCTOTA O3Ha4YaeT OTCYTCTBUE
BCEro: ¥ AMCKPETHOI MaTepuy 1 HeIpepbIBHON CyOCTaHIIUNA.
Ho otcyTtcTBue Bcero — Touka EBkiinza, KoTopas eCcTb 1 He-
cybcTaHuus, 1 HemaTepus — Huuro.

VHOoTrHa roBOpsIT, UTO M3MepuMble (pu3uuecKue CBOI-
CTBa OIpelensiOT marepuro. Hanpumep, msmepsieMmbie
3JIeKTpUUYeCKMe M MarHUTHBbIe HANPSI)XKEHHOCTU OIlpefe-
JISIIOT MaTepPUaIbHOCTD 3JIEKTPUYECKMUX U MAarHUTHBIX I10-
Jeil, ¥ Ha 3TOM OCHOBAHMM 3aKJIIOYAKOT, UYTO Pu3nueckue
T0JISI BBISIBJISIIOT MaTepuaabHOCTh MpocTpaHcTBa. Ho du-
3M4ecKye noJjs, B KOHEUHOM CUY€Te, KOrAa peub 3aXOIUT A0
YJCOBBIX BEJIMUMH HANPSKEHHOCTe U Apyrux dusmye-
CKMX XapaKTepUCTUK (CBOICTB) eCTh AUCKPETHbIE UUCIOBbIe
nossi. MaTeMaTuveckue YMCIOBbIe TIOJSI 0OpeTarT Gusm-
YeCKMI CMBICJI TOJIBKO B TOM CJly4ae, eCjiYi OHU «COBMela-
I0TCSI» ¢ CyOCTaHIIMAMbHOM MJIM MaTepUaTbHOM CYIHOCTbHIO.
OurymarTcs, MU3MepSIOTCS M BOOOPasKaloTCsI CBOMCTBA TOJIb-
KO IUCKPETHOM MaTepuiu, peajbHbIX 3JIEMEHTAPHbIX (Heze-
nUMbIX) yactul,. Camo HelmpepblBHOE NPOCTPAHCTBO-Cpe-
Ila TIPOSIBJISIETCSI TOJIBKO TPEXMEPHBIM 0O0BEMOM BO BCeii
Bcenennoii. [TyctoTa — He mycToe NpoOCTPaHCTBO, IYCTOTA
— OTCYTCTBME U IPOCTPAHCTBA.

BcenenHas dcnurayHas

BcenenHas 6b1s1a. BecenieHHast ecTh. BecesieHHast 6yer.
OTU YTBEPKAEHMS HeoCITopuMbl. [1o MeHbIIIeli mepe, BO Bpe-
MEHMU CYILeCTBOBaHMS YeJI0BeUeCTBa, pa3yMa yejloBevyecTBa.
[IpOTUBOIIOJIOXKHBIX YTBEPKAEHMI UeJIOBeUeCKMii pa3yM He
criocobeH HM TOKa3aTh, HU Joka3arb. CiieoBaTe/bHO, 3TU
YTBEePXKIeHMsI MOKHO MPUHSTh 32 UCTUHY. Tak Ob1JIO, eCTh
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u 6ymet Bcerma. M Torma, korma He 6b110 CoTHITA, He OBLIO
3emin, He OBIJIO UeJIOBEYECTBA, He ObIJIO Bac, He 6bIIO HAC,
u He 6ynet Hu 3emian, Hu ComHIla, HU TeM 6oJiee Bac 1 Hac.

W3 yero cocTOUT 3Ta BEUHO CylleCTBYIOIIasi BcemeHHas?

W3 peasibHO CYIIECTBYIOUMX €CTECTBEHHbBIX 3JIEMEHTOB.
Yto cywecTByeT BO BecesleHHOI1? TouHee, Kakue eCTeCTBEH-
HbI€e 3JIeMEHTbI, KaKue COCTaBJsolue y BceseHHO?

[To KpyITHOMY MOYKHO BbIJIEJIUTH JBE COCTABJSIONINE:

1 — HenpepbIBHAS COCTABJIAIONIAS. DTO — IPOCTPAHCTBO;

2 — OUCKpeTHas COCTaBSIONIasl BCeBO3MOKHbBIX YPOB-
Hell (SpyCOB) LUCKpPeTU3aLUN: 3JleMeHTapHble YaCTULIbI, aTO-
MbI, MOJIEKYJIbI, HQHOYACTUIIBI, T€JIa, HeOecHbIEe Tesla.

U BCE 3TO peasibHO CYILECTBYeT.

Bcesikag nuckpetHas matepus KoHeuHa. Ho BcesienHas
6eckoHeuHa. 11 6eCKOHEUHOCTD i 06eCIeurBaeT COCTABIISIO-
masi 1 — HempepbiBHOE Gu3MuecKkoe TpéxMepHoe IMPOoCTpaH-
cTBO. [IpocTpaHCTBO — TOHATHE, KaueCcTBO. CyliecTBYeT
OHO ITPOCTO KaK KauecTBO?

Eciu KomyecTBO KauecTBa HyIeBOe, TO 3TO paBHO3HAY-
HO OTCYTCTBMIO caMoro kavectBa. CyIiecTBOBaTh J000€e Ka-
YyeCTBO MOKET TOJIbKO KojudecTBeHHO. KosnuecTBeHHas
peanu3alusl KadyecTBa BbIpa)kaeTCs KOJMUYECTBEHHOI
MMPOTSKEHHOCTHIO.

[TpocTpaHCTBO peann3yeTcs MPOTIKEHHOCThIO, Herpe-
PBIBHOCTBI0, a6COJIIOTHOI HENpepbIBHOCTHI0. AGCOTIOTHAS
HeIpepbhIBHOCTb O3HAuaeT abCOIOTHOE OTCYTCTBME pa3s-
PBIBOB, TPaHUI], Pa3pbIBOB, B TOM UMCJie M KpaliHMX Ha BCeii
MPOTSDKEHHOCTU. 3HAUUT, aOCOIOTHASI HEIIPEPBIBHOCTD 3TO
HeIpepPbhIBHOCTH Be3je, 6e3 Havaja ¥ KOHIIA, MO0 Havaso U
KOHeIl — KpaliHue pa3pbIBbl aOCOTIOTHON HENPEPbIBHOCTMH,
KOMX He MOXeT ObITh 110 OIpe/ieIeHII0 aOCOTI0THOI Helpe-
pbIBHOCTU. VI3 3TOTO CleflyeT, YTO MPOCTPAHCTBO He UMeeT
MPOCTPAHCTBEHHBIX Havaja ¥ KOHIIA, OHO O€CKOHEYHO.

2toro majio. CylecTBOBaTh UTO-TO MOXET Y MIHOBeE-
HHe, BCIIBIXHYB U MOTaCHYB, HAIIpMMep, KakK BCIbIIIKA MOJI-
Huu. Ho BceseHHas cyiiecTByeT HeolpeieéHHO AJUTEbHO,
HelpepbIiBHO. HelocTaTOUHO HENpPepbhIBHOTO MPOCTPAaHCTBA.
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Heob6xonymMa IJIMTETbHOCTD €0 CYLeCTBOBAHUSI — BpeMs
CyllecTBOBaHMS. Tak NOSABIIsIETCS MOHATHE, KauecTBO Bpems
KakK IJIUTeJbHOCTD CyliecTBOBaHM . CyllecTBYeT I OHO U30-
JIMPOBAHHO, OTLEIbHO OT IpocTpaHcTBa? CKopee BCero, Her.
B HeM, B OTAEIbHOCTH, HET HEOOXOMMOCTH, TIOTIPOCTY OHO
HU K yeMy. B mpupoe HeT Hu4ero, 4To HU K uemy. Mrak, Bpe-
M, KaK OTHeJIbHOe KaueCTBO He MeeT CMbIc/a. BO3MOXHO
7, TIPULIAB 9TOMY «BUPTYaJIbHOMY» KQueCTBY KOJIMUYECTBEH-
HYIO IPOTSIXEHHOCTD, T.€. BDEMEHHYIO IJIUTEebHOCTD, pea-
JIN30BaTh, MaTepPUaaN30BaTh BO UTO-TO CYLLECTBYIOIIee?

Ecy mpocTpaHCTBO MbI BULMM, XOTSI ObI KaK MPOCTPAH-
CTBEHHbIe IIPOMEXYTKU MeX Iy YacTULaMu, TeJlaMu, 3B€3/a-
MU, TO BpeMs$I Mbl He BUAUM U He CJIbIIINM, HU B MUKPOCKO-
rax, H1 B TeJleCKOIaxX, HY B HayIIHMKaX YCUIUTeIeil 3BYKOB
13 KocMoca. MosxkeM TOJIbKO PacCUYUTHIBATDH 10 BUAUMBIM U
M3MePUMBIM IPOTSKEHHOCTSIM IPOCTPAHCTBA U 110 U3MePU-
MbIM CKOPOCTSIM ITepeMellleH NI JUCKPEeTHbIX MaTepuabHbIX
00beKTOB BCEBO3MOKHBIMM yacamu. Ho MbI C/TBIIIIUM He Bpe-
Ms, a “TUKaHMe” BCeBO3MOXKHBIX 4acoB. Bpems He BUIAMMO
" He cablmumo. CyIiecTBYyeT v OHO? «BbITh UM He OBITh»
BpeMeHM OT/ebHO, B OTPbIBE OT HEMPEePbIBHOI CyOCTaHIIUMU
U OIVUCKpeTHOI maTtepun? «BoT B uem Borpoc». 1 oTBeTa Ha
3TOT BOIIPOC, CKOpee BCero, HeT, OTHO3HAYHO U 6e3BapuaHT-
Ho — HET!

MosxHO mo¥iTH 1o apyromy nytu. Ilpunenurs, a eme
Jyuliie CKJIeUTh, CIUIaBUTH”, CJIUTh U3BECTHOE C HEM3BECT-
HbIM. CIIJIaBUTb BUAMMOE ITPOCTPAHCTBO C HEBUAVMBIM U He
CJIBIIIVIMBIM BpeMeHeM. I10JIyunTh CIMTHOE IPOCTPAHCTBO-
BpeMs. U1 OHO ysKe He BCIIbIIIKA MTHOBEHMEM, a IJIUTEJbHOe,
Ja’ke BeUYHOE CyIleCcTBOBaHMe. AGCOIIOTHASI HEITPePbIBHOCTD
MPOCTPAHCTBA OMNpeneania (3amana) abCoMOTHYIO Hellpe-
PBIBHOCTH ITPOCTPAHCTBOBPEMEHM, U OHO CYIIeCTBYeT 6ec-
KOHEUYHO ¥ BeUHO. DTO BcesleHHas ¢ IBYMS COCTaBJISIOL -
MW: HeIIPePBIBHOM U JUCKPETHON. ThICIYeneTUsIMU MOHSTUS
IIPOCTPAHCTBO U BpeMsl BOCIIPMHMMAJIN pa3aeabHbIMU KaTe-
ropusimu, Kauectsamu. Haubosiee ipkuM BbIpaskeHUEM Ta-
KOT'O pas/ie/ieHsI MOKHO CUMTaTh aOCOTIOTHOE TPEXMEPHOe
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IIPOCTPAHCTBO U abCOJNIOTHOE OJHOMEpPHOEe BpeMsl IO
HproToHYy.

C Hauasia XX Beka BpeMsI CTa/Ii pacCMaTpuBaTh KakK paB-
HOIIpaBHOE M3MepeHMe B 4-MepHOM IPOCTPaHCTBe-BpeMeHN.
Ho 1 B 3TOM ciydyae Tpu OJHOPOHbIE ITPOCTPAHCTBEHHbBIE
U3MepeHMs ¥ OIHO BpeMeHHOe M3MepeHle B 4-MepHOM IPO-
CTpaHCTBe-BpeMeHM pacCMaTpPMUBaJINUCh Pa3HOPOAHBIMMU Ka-
TEeropusiMy, KauecTBaMM JIUIIb (OPMaJbHO CBOIMMBIMMU K
OIHOJ KaTeropuu IocpeacTBOM IIOCTOSIHHOM CKOPOCTY CBeTa
B BaKyyMe.

I[Ipy maTeMaTuyeck OOOCHOBAHHOM pacliupe-
HUM O0OOOIIeHUS XMMUUECKUX 3JIeMeHTOB OT KopoTKoii
IMepuonuueckoit Tabauubl MeHpaeneeBa U JIJMHHOI
IMepuonmyeckoit Tabnuipl, pekomenayemoit IUPAC, mo
YpoBHeBOi1 CHCTEMBI U IIKaJAbl €CTECTBEHHBIX 3JIEMEHTOB
BcesieHHOJT Ha MeCTe TTepBOTO HYJIeBOr0 3jieMeHTa B CucTeme
€CTeCTBEHHBIX 3JIEMEHTOB OKa3aJics 3jieMeHT Sp — Criajices
(oT Space — KOCMMUYECKOEe MIPOCTPAaHCTBO). OUeBUIHO, BCE
XMMMUUYECKMe 3JeMeHThl, COOTBETCTBEHHO, BCe 3JIEMEHThI
YpoBHeBOi1 CHCTEMBI U IIKaJAbl €CTECTBEHHBIX 3JIEMEHTOB
BcesieHHOI1 IBSIIOTCSI peasibHO CYIIeCTBYIOIMMU 3/IeMeHTa-
MM, T.€. peabHbIMM CYITHOCTSIMM, CyOCTaHIIMElN ¥ MaTePUEIA.

CyuiecTBoBaTh, OBITh — IJIaBHOE, (YHIAaMEHTAJIbHOE,
MIPUHLIMIIKAIBHOE CBOMCTBO CyGCcTaHIMM U MaTtepun. Uto
03HayvaeT ObITh? BbITh BHE BpeMEHU, B OTCYTCTBUM BPEMEHMU,
B HYJIEBOM BpeMeHM COBepIlIeHHO He BO3MOXKHO. Huuero He
ObIBaeT B HYJIeBOM BpeMeHU. CyIlecTBOBATbh MOKHO TOJIbKO
Ha MPOTSIKeHUM KaKOTO-TO BpeMeH!, ITyCTh 6€CKOHEYHO Ma-
JIOM, HO BpeMeHHOM TpOTsI>KeHU. be3 BpemeHU, B HYJIeBOM
BpeMeHM HUYero CylecTBOBaTh He MOXeT. BbITh — 3HAUUT
OBITH B OINpeaeéHHOM, B OIpaHMUYeHHOM MJIM HeorpaHU-
YeHHOM MHTepBaje BpemeHl. be3 BpeMeHHO OJIUTeIbHO-
CTM yTpPauMBaAETCSI CAMO MOHSITUE CYIIeCTBOBATh, OBITh.
COOTBETCTBEHHO, YTPAUMBAIOTCS U MOHSITUS CYOCTAHIIUM,
MaTepuu.

1x, cybcTaHUMM (TpaMaTepun) U MaTepuu, B HyJIeBOM
BpeMeHMU, B OTCYTCTBME BpeMeHMU MOIMTPOCTY HeT.
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CyiuecTBoBaHMe CyOCTAHLIMM Y MaTepPUM MMEET CMbICT
TOJIBKO BMeCTe CO BpeMeHeM, BpeMeHeM CYIleCTBOBaHMSI.
Eciyu cybcTaHIMsI — eCTeCTBEHHBIN 3JIEMEHT Sp, TO BpeMs
CYIIeCTBOBAHUS — BEUHOCTh, 6ECKOHEYHO 6O0JIbIIIOE BPEMSI.
beckoHeuHOe MpOCTpaHCTBO BceneHHON, MOKHO CUMTATD,
HeoTHe MO OT BeUHOro BpeMeHn. OHM napasjieabHbl, CJIUT-
HbI B OJHOM a6COJIIOTHO HEITPepPbIBHOM, HE MMEIONIEM BHY-
TPEeHHUX I'PaHuI] pa3pbIBOB U KPAEB IIPOCTPAHCTBOBPEMEHU
— Sptime (Spti, cruTait). AGCOMIOTHASI HEIIPEPBIBHOCTH ITPO-
CTpaHCTBOBpeMeHM dcnuTalis (Spacetime) mpegorpeenser,
IIPOSIBJISIET, OTPa’kaeT 6€CKOHEYHOCTh M BEUYHOCTh (6eCKo-
HEYHOBEUYHOCTb) BcesieHHOIA.

YpoBHeBble CHUCTEMBbI €CTEeCTBEHHbIX 3JIEMEHTOB
BceseHHOIT — 0000611eHMe YPOBHEBBIX CUCTEM XMMMUUYECKUX
s7eMeHTOB. O6006IeHMe XMMUUYeCKUX 371eMeHTOB KopoTKoit
[Tepuonuueckoit Tabnuineit MeHnaeneeBa U JIJMHHOI
IMepuonmueckoit Tabnuieit XMMMUUYECKUX SJIEMEHTOB, PEKO-
MmeHgoBaHHO IUPAC, aBisieTcst 06001eHeM MaTepuaib-
HBIX XMMMYECKUX 3JIEMEHTOB MaTepuaabHOI BcejleHHOI 10
cybCTaHIIMaIbHO-MaTepHUaJIbHbIX €CTECTBEHHbBIX 3JIEMEHTOB
BceneHnHoii.

Bopmopon — rnaBHbIN (MIepBbIit) 31eMeHT 4-YPOBHEBbBIX
TabauI XMMUUYECKUX 3JIEMEHTOB.

OH B TeXHOJIOTMYECKOI MPaKTUKe U He IIPOTUBOPEUUT
dunocodun, t.e. Bomopon — marepust u O UOeaanucToB, U
IJISI MaTepuaJauCTOB.

Sp — ry1aBHBIN (TIEpBbIV HYJIEBOI) 3JIeMEHT YPOBHEBbBIX
CucreM ecTeCTBEeHHbBIX 3JIeMeHTOB BceieHHOI1. BBeieHIe ero
B TEXHOJIOTMYECKYIO ITPAKTUKY TPeOYeT IJIUTEeIbHOTO Bpe-
MeHU ¥ 60bIINX (PMHAHCOBBIX 3aTpaT. [IpOTMBOPEUNT JIVi OH
dunocoduu? BeITh MM He OBITH SP peaybHO CYILIeCTBYIOLIEN
cybcraHiueii? Bor B uemM ¢punocodckuii Bompoc.

CosHaHue. Martepus. UTo mepBMYHO, MaTepUI WUJIU
cosHaHue? CylleCcTBYWOT JABe NPUUYMHHO-CJIeJCTBEH-
Hble JIOTUKU: 1) CO3HaHMe — MpUUYMHa, MmaTepus — cjaef-
CTBUE; 2) MaTepus — MpPUUYMHA, CO3HAHUE — CJIe[CTBUE.
[IpupepskMBaOMUXCS JOTUKe 1) OTHOCAT K UaeannucraM, a
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JIOTMKe 2) — K MaTepuajauctam. JTU IBe M3BeYHO aHTaroHu-
CTUUeCKMe JIOTUKY HermpuMupuMsbl. Ho o6e Toruku npusHa-
I0T CyIlleCTBOBaHMe MaTepui. He BasKkHO, YTO U3 HUX NPU-
YlMHa, ¥ YTO cjJeAcTBMe. BaskHO, UTO MaTepusl MIPU3HAETCS
peasibHO CYIIEeCTBYIOIE B 00enx jormkax. OTBIe4eMCS OT
HepPUMUPUMOCTH JIOTUK CO3HAHUSI, M COCPEeIOTOUMMCS Ha
Mpu3HaKe, CBOCTBE CyOCTAHIIMM M MaTepPUU — CYIIeCTBO-
BaTh. YTO 3HAUMUT cymiecTBOBaTh? CyIiecTBOBATh — ObITh.
BbITh cK0IbKO? CKOJILKO Uyero? BpemeHu, 04eBUIHO.

Cy1ecTBOBaTh — 3HAYMUT ObITH HA MPOTSIKEHUM KaKO-
ro-to BpeMeHu. CjemoBaTeIbHO, CYIIECTBOBATH (ObITh) Ue-
MY-TO MMeeT CMBICJI TOJIbKO B «CBsI3Ke» CO BpeMeHeM. Hert
BpeMeHM CyIeCTBOBAaHMS — HET CAMOTO CyIllecCTBOBaHMs. Het
CYIIeCTBOBAHMS — HET HU CYOCTAHIIUM, HM MaTEePUN.

®dusmyecKast MaTepusi: 3jieMeHTapHble YaCTUILIbI, aTOMBbI,
TeJia, HeGeCcHbIe TeJia pacliaJaloTcs, ucuesaior. McuesaloT
Kyna? B npocTpaHCTBO. BoJibliie HeKyIa.

DjieMeHTapHbIe YaCTUIBI «POKIAAIOTCS». «PokmaroTCs»
oTkyna? 3 mpocTtpaHcTBa. bosblie He OTKya.

M3 sjneMeHTapHBIX YacCTUI, «COOMPAIOTCSI» ATOMBI,
Teja, HebecHsbIe Tesa. «CobuparTcs» rae? B mpocTpaHCTBe.
Bosbiie Herge.

Bcé m3 mpocTpaHCTBAa M BCE B MNPOCTPAHCTBO.
[MpocTpaHcTBO cyniecTByeT. CyliecTByeT — 3HAUUT, peaibHas
cybCcTaHIIMS, TpaMaTepus.

[TpocTpaHCTBO — CyOCTAHIIMSI, HO HeNIpepbIBHAS Cy0-
CTaHIMS B OT/IMYME OT BCEIO MHOTr006pasust MHOXKECTB JJC-
KpeTHOJ MaTepuu: 3jJeMeHTapHbIX YaCcTHIl, aTOMOB, MOJie-
KYJI, HQHOYACTUII, TeJ, HeOeCHBIX TeJl.

IIpocTpaHcTBO — Space. B YpoBHeBbiX CucTeMax ecre-
CTBEHHBIX 3JIEMEHTOB BcejleHHOI — TepBblil HYJIeBOW 3J1e-
MeHT Sp. OTo ¢GyHIaMeEHTaJbHbI Cy6GCTaHIIMATbHBIN
3JIeMEeHT, BEUHO CYIIEeCTBYWOIIUII BO BcemeHHOV B BuUe
[MpocTpancTBOBpeMHM (Spacetime, KOpOoTKO Spti, B pycCKOM
MPOU3HOILIEHUU DCIUTAMN).

B kauvecTBe mpumepa MUCTUHHOCTU YTBEPKIEHUS:
MIPOCTPAHCTBO — peajbHO CYINECTBYIOIIAs CyOCTaHIMS
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MOXHO pacCMOTpeThb NPaBOMEPHOCTb YTBepXIeHUS:
00bEM — peasIbHO CYIIeCTBYIOIAsi CyOCTaHIISA.

Kak n3BecTHO, TepMOJMHAMMKA M3HAYAIHHO ObIIa T'Y-
IPOAVHAMUKONM, Te 3a «TUPO» BBICTYNAJ TEKYUUI TEIJIo-
pon. Korzma oTKpbLaIM MOJIEKYJIbl, TeIJIOPOJ, OKa3ajcs He Y
nen. Ho Tpaguuum rugpoguHaMUKY TEIJIOpoaa COXpPaHu-
JIUCH B TepMOLMHaMMKe. [IMCKPEeTHOCTb, MOJIEKYJISIPHOCTh
0KasaJiach B 06JIACTY CTATUCTUUYECKON TePMOAMHAMUKMN.
9To Kak ObI OT/IeIbHAS, IMCKPEeTHAS TEPMOIMHAMMKA, B OT-
JIu4yye OT KJIAaCCUUYEeCKOV (HerpepbiBHON) TEPMOAMHAMUKMN.
VpaBHeHMe COCTOSIHUSI UIeaIbHOTO ra3a — HeKoe TMOpPu/I-
HO€ MOpPOXAeHMEe OT TePMOAMHAMUKY HEeIIPePbIBHOI U Tep-
MOJVMHAaMUKM AUCKPETHO. HO MOCKOBKY peaibHOE Cyle-
CTBOBaHMeE MPeACTABJISIETCS U HEIIPEPLIBHOM U NUCKPETHOM
COCTAaBJISIONIMMM, TO BCIKME 'MOPUIHbIE TPUHIIUTIBI, 3aK0-
HbI, YpPaBHEHU S MMEIOT I10J1 c060i1 cyOCcTaHIMaIbHOEe 060-
CHOBaHMe (OrpaBIaHue) TOM MU UHOM CTEIIEHU UCTUHHO-
ctu. KOoHeuHo ke, ypaBHeHMe COCTOSTHUS MealbHOTO rasa
U3 3TOJ KaTerOpUm.

p Vm =RT, (39)

rje p — naBJjieHue, VM — MOJISIpHBIV 00bEM, R — yHUBepcasib-
Has ra3oBas noctosiHHas (R = 8,3144598(48) Ixx/(monpK)), T
— abcosoTHas Temiepatypa, K.

B ocHOBe 3TOro ypaBHeHMSsI, KOHEYHO, HbIOTOHOBBI
npejcTaBieHuss 06 abCONIOTHOM TPOCTPAHCTBE U abCo-
JIIOTHOM BpeMeHM, MOCKOJbKY OPYIUX MpeacTaBJIeHU O
MIPOCTPAaHCTBE M BpPEMEHM BO BpeMs BbISIBJI€HUS ypaBHe-
HMSI COCTOSIHUSI UAeabHOTO rasa He 6bu10. P — maBiieHue.
[laByieHne — eqMHMULIA CUJIBI HA eJUMHULLY TTIOBEepXHOCTU. Cuia
— HAIMPSDKEHHOCTD CUJIOBOTO I0JISI, IOMHOXEHHAsl Ha Maccy.
Hanps>k€HHOCTDB CMJIOBOTO TOJISI B TPEXMEPHOM ITPOCTPaH-
CTBe BIIOJIHE OLYyTUMa U U3Mepuma. BeipaxkaeTcs yckope-
HMEeM MAaCChI 10, IeICTBMEM pPe3yabTUpyolei cuibl. Macca
B TPEXMEPHOM MPOCTPAHCTBE TOXE OLLYTMMa U U3MepU-
Ma. [loBepXHOCTh B TPEXMEPHOM IIPOCTPAHCTBE BIIOJIHE
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npeacTaBuMa, u3Mmepuma. ITo Bcé B HbloTOHOBOM abCOJTIOT-
HOM IIPOCTpPaHCTBe.

VM — MOJISIpHBIII 06'bEM, ITOJIHBI TPEXMEPHBI 0O0BEM,
coJiepsKallyii paBHOMEPHO pacIipee/éHHbIi B 06bEMe MOJIb
BelllecTBa B ra3000pa3HoM coCcTOsIHMU. VI 3T0 B HhloTOHOBOM
abCoOIIOTHOM IIPOCTPAHCTBe, R — yHMBepcaabHast ra3oBast
noctossHHas (R = 8,3144598(48) Ik (Monab-K)), T — abcosoT-
Hasl TeMIlepatypa, K Takske SBJISIIOTCSI BeJIMUMHAMM-CBOJA-
CTBAMM B TPEXMEPHOM IIPOCTPAHCTBE.

BpemeHn, Kak TaKOBOTO, B IIepeUCI€HHOM CITMCKe CO-
CTaBJISTIONIMX ypaBHeHMe, HeT. Ho OHO, a6Ccol0oTHOE BpeMms,
HerJIacHO Bcerja uMeeTcs BBUAY (B yMme). iHave, eC/iv OTCYT-
CTBYyeT BpeMmsl, T.e. BpeMs = 0, TO HUKaKMX 3TUX COCTaBJISIO-
HIMX, HAUMHAS C TPEXMEpPHOro o6béma, He ObIIO Obl, Jaske B
yMe, [IOTOMY UTO He ObIJI0 ObI HYM HOCUTEJIS yMa, HU yMa.

YTO M3MEHUTCS, eC/IM pasjie/ibHble aOCOTIOTHOE TIPO-
CTPAHCTBO ¥ abOCOJIOTHOE BpeMs 3aMEHUTDh Ha 4-MepHoe
MIPOCTPAHCTBO — BpeMsi?

Torma 06b€M OyZIeT He TPEXMEPHBIM, a 4-MepHBIM, CO-
OTBETCTBEHHO, C1JIa, TIOBEPXHOCTh, YHUBEpCcaIbHas Ta30Bast
MOCTOSTHHA S, S9HEPrUs, MOJIb, TEMIIEpATypa — Bce ObIIM ObI
TOHSITUSIMU U3 4-MepHOTO0 MPOCTPaHCTBa-BpemMeHu. Ho maxke
4-MepHbIil reoMeTpuIecKuii 06bEéM abCTpaKTeH U He oA Ja-
€TCsT YyMY OOBIYHOTO UeJIOBEKA. A YK IPyTue U3 CIIMCKa CO-
CTaBJISIONIMX YpaBHEHMeE — [MO/IaBHO.

A UTO M3MEHUTCS, eCc/u paszesibHble IPOCTPAHCTBO U
BpeMsl 3aMeHUTDb Ha CJIMTHOE MMPOCTPAHCTBOBpeMSI?

OuyeBUIHO, CIUTHOE MPOCTPAHCTBOBPEMSI OCTAETCS 3-X
MepHBIM. [I151 KpaTKOCTU 3alUCKU CAUTHOe Spacetime, Spti
O6ymeM 0603HavaTh Kak Sp, T.e. CJIMTHOE C IPOCTPAHCTBOM
BpeMs 0003HAUMM XUPHBIM HipudTom. Torma, paccMaTpu-
BaeMble COCTaBJISIIONINE YPAaBHEHMSI COCTOSIHUS U]leaIbHOTO
rasa 3anuinyTtcs B Bune: p, VM, R, T 1 ypaBHeHMEe COCTOSTHUS
MaeaJbHOTO ra3a MOKHO 3aIycaTh Kak

pVM=RT (40)
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IIpoBenéMm 1iemb ajaredpanuecKkux mpeodpa3oBaHmit:
Vm =RT/p=RTS/F A1)

PesynpTupyoiiee paBeHCTBO:
Vm =R T S/F 42)

F — cuna, meiicTByoIas Ha 3aMKHYTYIO IOBEPXHOCTD
S M30/JMPOBAHHOI 3aMKHYTOI MaTepuaabHON CUCTEMBI.
TemnepaTypa — peajibHOe U3MePUMOE CBOWCTBO, T.€. TOXe
peajibHOe CBOJCTBO. YHMBEpCAJIbHAs ra30Bas MOCTOSIHHAS
R, KOHeUHO 3xe, peasibHas IOCTOSTHHAS.

He 6b1s10 661 MaTepuu, He ObIIM ObI MaTepuabHbIE
cBoiicTBa. [IpaBas yacTh ypaBHeHUs OTOOpaykaeT peasibHble
CBOJCTBA U peajbHYIO CYIIHOCTb. MOXXHO rOBOPUTbD, IIpaBas
YacTb YpaBHEHMS U eCTb peasibHasi CyIIHOCTb. Toraa u neBast
YacTh ypaBHeHUS, T.e. VM UJIM CIUTHOE 06bEMBpEMSI 005I-
3aHO OBbITh peabHOJ CYIHOCTBIO, CYOCTaHIMel, MaTepueii.
PeasibHO CyIIeCTBYIOIIAS CyOCTAHIIMSI, MaTepUsI MOXKET paB-
HSITHCSI TOJIBKO CYOCTAHIMM, MaTePUM, HO He HeCyOCTaHLINN,
HeMaTepun.

Pa3mepbl HYKJIOHOB 1 3JIEKTPOHOB I10 COBPEMEHHbIM JaH-
HbIM cocTaBsgioT 1071° M. Pasmepbl aToMoB mopsiaka 1071 m.
Torpa, oTHolIeHVe 00bEMOB aTOMOB K 00bEMaM HYKJIOHOB U
97IeKTPOHOB cocTapyseT ~10¥ (1) , T.e. VM IpaKTUYECKU «ITy-
CTO¥» 06'bEM TPOCTPAHCTBA. M 3TO MPOCTPAHCTBO PeaabHO CY-
IeCTBYET, XOTsI ObI TOTOMY, UYTO MaTe€pPUaIbHbI aTOMBbI, U «ITy-
CTOI» 00BEM B HUX COAEPKUTCS B TIOKa3aHHOM OTHOIIIEHUM.

OBOTIOIMOHHAA OMIMOKa pasyma

B sBosmoniuu pasyma, B MICTOPUM HayKM ObLJIO OMINO0Y-
HO pasziesibHOe MpeJicTaBAeHMe O IPOCTPAHCTBE U BpEMEHM.
[IpocTpaHCTBO U BpeMsi — eauHoe 1eoe. He moxkeT ObITh
HMUEro, COOTBETCTBEHHO, U (P131yecKoro MpocTpaHCTBA B
OTCYTCTBUM BpeMEHMU, B HyJIle BpeMeH!. HeT BpeMeHU — HET
MPOCTPAHCTBA, HET POCTPAHCTBA — He HYKHO BpeMsi. U 6ec-
CMBICJIEHHEH BOIIPOC MEePBUYHOCTY IPOCTPAHCTBA UJIU Bpe-
MmeHnu. OHM Bcerga u Be3fie CAUTHBI.
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OpHako, yUMTbhIBAas YKOPEHUBIIIeeCs pa3jiebHoe Ipea-
CcTaBJieHle O IPOCTPaHCTBe U BpeMeH!, MeeT CMbICJI OIle-
pUpOBaTh ABYeOUHBIM 1leJIbIM. MOKHO Ha3bIBaTh CJIUTHBIM
[IpocTpaHCcTBOBpeMeHeM, 1Jiu Spacetime, B KOpOTKOI hopme
Spti, B pycckOM MpOMU3HOIIEHUN ICIIUTAIA.

JCIuUTali — HernmpepbiBHAA CYIIHOCTh. [loTOMY UTO He-
MMPepPbIBHO CJAMUTHOE MIPOCTPAaHCTBOBpeMs. HelmpepbIBHOCTD
MOSKEeT ObITh KyCOUHO-HEMpPePbIBHONM B OUCKPETHOM MaTe-
pum. OTO OTHOCUTEJIbHASI HeNPepbIBHOCTD. [10/IHYI0 Herpe-
PBIBHOCTH MOXXHO Ha3bIBaTh aOCOJIFOTHOI HEMPEPbIBHOCTHIO.
AGCOMIOTHAST HEIIPEPBIBHOCTH O3HAYAET IMOJIHOE OTCYTCTBUE
pPa3pbIBOB, KAK BHYTPEHHMX, TaK U KpaliHUX.

AGCONMIOTHASS HeNmpepbIBHOCTh JCIMUTANSI ecTh
dcnuTaiiHast 6eCKOHEYHOCTh ¥ BEUHOCTH BeereHHOIA.

OcnuraitHas BceneHHas cy6cTaHIMaJbHA U MaTepu-
ajJbHa, IOTOMY UTO 3j1eMeHT Sp (Dcnu uau Crisvicest) ABsI-
eTCsl TIepBbIM HYJIeBbIM U (yHIaMeHTalbHbIM 3JIeMEHTOM
VYpoBHeBbix CUCTEM M IIKaJbl €CTeCTBEHHBIX 3JIeMEeHTOB
BceneHHOI — BbhIpaskeHU, M300paskeHMI1, OTpaskeHuii ecTe-
CTBEHHO-3JIeMeHTHOI0 IpeJicTaB/ieHM s BcesleHHOTA.

B matemaTuke ¢hakTUyeCKM HET YETKOTO MOHSTHUS He-
npepbIBHOCTU. Y EBKIMAA IMHUM U OTPE3KU, KOHEUHO, TIpe]I-
CTaBJISIMCh HEIIPEPBIBHBIMMY, & TOUKM ObIJIM TOJIBKO Ha KpasX
oTpe3KoB. OTpe3ku 1 6eCKOHEUYHbIE JIMHMUY He COCTOSI/IN U3
ToyeK. TOUKM Ha OTpe3Kax U JUHUIX UCIIOIb3YIOTCS TOJIb-
KO KaK 0003HaueHMs, Kak MapKepbl. HeT, 1 He MOKeT ObITh
TOYHOT'O0 MaTeMaTM4eCKOTo oIipeAesieHs] HelIpepbIBHOCTH,
MMOTOMY UTO YMCJa AUCKPETHBI, IO IpuUpoe, TI0 onpeesie-
HMI0, IO CyTU. VI ocHOBHbIe (pyHIaMeHTa/ibHbIe OTepalum C
yycjiaMu He BCe peajn30BbIBAIOTCS B Ipupoe. B mpupoze
HeT BbIUMTAHUS, B pe3ybTaTe KOTOpPOro noJyyyvaetcs 0, moTo-
MY YTO HMYTO B IIPUPOJIe He ucyesaet 6eccienHo. 0 — umcio
TOJIBKO B MaTeMaTHKe. B mpupoge HeT TaKOTo 4ucaa, OTpa-
KaIoIIero OTCYTCTBME Yero-imbo, M60 3To YTO-TO He ucye-
3aeT 6eccyieHO, a COXPAHSIETCS B APYTOM MecTe, B IpyroM
yTO-TO. B mpupope ecth ApobiaeHne (meeHne), ¥ OCTATOK OT
nmayke 6€CKOHEUHOTO JeJIeHMSI HUKOTAa He rmpeBpaiiaeTtcs B 0.
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OCTaTOK MOKET CKOJIb YTOAHO 6JIM3K0 MpUbGaM3UThCs K 0, HO
HMKOTI/IA He Mcue3aeT 6eccaeHO. B mpupoie ecTsh emig yMHO-
>KeHue (pa3sMHOKeHMe).

ITompiTaemcsl BCE Ke MaTeMaTMUeCcK!M IMOKa3aTh He-
MIPEepPbIBHOCTh B MaJIOM, OY€Hb MajioOM, HEBOOOpa3MMO Ma-
oM. Bo3bMéEM KOHeUHbI HellpepbIBHbIM OTPe30K MPSIMOit
EBkauma. JIeBblii KOHel, 0603HaYMM TOYKOJ (CMMBOJIOM,
mapkepom) 0, a mpaBblil — TOUKOM (Mapkepom) 2. OueBUIHO,
MeXAy HUMU Ha cepeJiiHe MOXKHO ITOCTaBUTh TOUKY-MapKep
1. Bynem menuts 1 Ha 2, Ha 3, Ha 10, .... Ha 60JIBIIIOE, OUEHD
60JIbIIIOE, ...., HEBOOOPA3MMO 60JIbIIIOe YMCI0. MBI MOXEeM
6eCKOHEYHO O/IM3KO MPUOAN3UTHCS K Havaay OTpe3Ka, HO
HUKOI'AA He JocTurHem Mapkepa 0 Ha JieBOM KOHIIe OTpe3Ka.
CmpaBa oT mapkepa 0 Bcerma oCTaéTcs MaJiblii, OUeHb MaJblii,
6eCKOHEUHO MaJiblii OTPe30UYeK — YacTh OTPe3Ka Ha IIpoMe-
KyTKe Mexxay 0 u 1.

[ToCKOJIBKY B IIPUPOJIE OJHOMEPHBIX OTPE3KOB He ObIBa-
€T, TO MyCTh 3TO OyIeT KyOMK ¢ 6eCKOHEYHO MaJIbIM pebpoM.
TakumM Ky6MKaM HeT HMKAKMX 3alPETOB JISI COeTMHEeHMUS
MIPOTUBOIIOJOXHBIMM T'PaHsIMU 6€3 TPOMEKYTKOB B IEIT0Y-
Ky HaIipaBo /10 CaMOoro Mapkepa 1, IOCTUYb ero, mepeiTu ero
U Iajiee 10 MapKepa 2, IOCTUYb ero, HO He TepeiTu ero, mo-
CKOJIBKY TTlepBOHAUYaJIbHbIV OTpe30K EBKINMIA 3aKaHUYMBAJICS
cnpaBa Mapkepom 2. OTO B cjiyyae C MepBOHA4YaJIbHbIM OT-
peskoM. [lepeiiaém K tMHMUM EBKIMIa 6€3 KOHIIOB B HavaJie
U KOHIIE, T.e. K 0eCKOHEUHOJi JIMHUM. B MpOou3BOIbHOI TOU-
Ke, MapKMPOBAHHOI 14 onipeieéHHOCTY 0-EéM, YCTaHOBUM
BBIIIIE TTOJTYYEeHHbI KYOMK ¢ 6€CKOHEUHO MaJIbIM peOpPOM Tak,
4yTOOBI OCh KYyOMKa COBMAJia C OTPe3KOM IpsiMoit. Huurto He
MelllaeT HapalXBaTh MaTeMaTU4YeCKu (CKJIaAbIBaTh, YMHO-
’KaTh) MOIOOHBIE K& KYOMKY T10 IBYM HPOTUBOIIOJJIOKHBIM
rpaHsiM, IpUYEM 6e3 3a30p0B. BeCKOHEUHOEe KOJIMYEeCTBO
KyOMKOB I1€II0YKOi HapaliuBaeTcss B 06e cTopoHbl oT 0 6ec-
KOHeuHOI nuHuM. Takoe ke HapallMBaHMe MaTeMaTUUeCKu
He 3alipelfaeTcs U MO IBYM Mapam T'paHei, OpTOroHasb-
HBIM pacCMOTpPEHHOV Iape rpaHeii. HapamuBas OT Bcex
CBOOOIHBIX TPaHeli, BCE MPOCTPAHCTBO MOKHO 3aIlOJHUTD
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Ky6ukamu 6e3 3a30p0B (ITyCTOT), BCE TPEXMEPHOe OHeCKOHeu-
HOe MPOCTPAHCTBO. Tak MaTeMaTuueCKu (TeOMeTPUUIEeCKN)
MO>KHO IOJIYUUThb TPEXMePHOE IIPOCTPAHCTBO, 3alI0JTHEHHOE
CKOJIb YTOJHO MaJIbIMU 06bEMaMU-KyOMKaMy TPEXMEPHOTO
IIPOCTPAHCTBA, MPOCTPAaHCTBA BcemeHHOIA.

B Ocnuraiie (HamomHMM: IIpocTpaHCTBOBpeMm,
Spacetime, Spti, dcruTait) Kyoukyu OyayT MpeaCcTaBaSIThCS
U3 IepBOro ujeHa B YpoBHeBbIX CUCTeMax U B IIKaJie ecTe-
CTBEHHBIX 3J/IeMEeHTOB BcesleHHOTA.

CrepyeT 3aMeTUTb, UTO B peaJibHOM IJCHUTANHONM
BceneHHOI HMKaKUX «KyOMUKOB DcruTasi» HeT. OHU — pe3yiib-
TaT MOMNBITKM MaTeMaTU4eCKOro npeacTaBaeHms: BcesleHHOIA.
MaTeMaTuKa, KOTOpasi 3MsKIeTCS Ha YMCIaX, Ha 00beKTax Cy-
ry00 JUCKPETHBIX, MOXKET OMUCHIBATH TOTBKO AUCKPETHYIO CO-
CTaBJISIOLLYI0 BcesieHHOV. HenpepbIBHYIO 5Ke COCTaBJISIIOILY 10
OHA He MOKeT OMUChIBATh MPUHIIUITMAJIBHO. HelipepbIBHYIO
Cy6CTaHIIMAMBbHYIO COCTABJISIIONIYI0 MOKHO OIMCHIBATH TOJb-
KO HeIlpPepbIBHON MPOTSIKEHHOCTHIO TTPOCTPAHCTBOBPEMEHN,
Spacetime, Spti, dcriuTaiisi. [TocKOIbKY HET peasibHbIX KyOMKOB
VIV UHBIX «KPUCTAIJINIECKMX» (DOPM DCIIUTANS, TO BCS HEIpe-
pBIBHASI COCTaBJSIOILAs BcesleHHOI OHOPOIHA 1 M30TPOITHA.

IIpo6iema HyJs B AcriuTaiie

IIpocTpaHcTBO. BpeMs. Kak OHM COOTHOCSTCS OPYT C
npyrom? Kakasi CBsI3b MeXAY HUMU?

[Ipennosioxkum, HET IMTPOCTpPaHCTBA. Torga BpeMsl HU K
yemy. HeT HM OCHOBaHMSI, H/ CMBbICJIA OTPaXXaTh TO, YETO HET
— U3MEHEHU, IBUXEHUI, KOTOPBIX HET.

Her nnpocTpaHCcTBa — HET ABUKEHMSI — HET BpEMEeHMU.

[Ipeamnosoxkum, HET BpeMeHU. DTO — OTCYTCTBME Bpe-
MEeHU UM HOJIb BpeMeHlU. B Hy/le BpeMeHu Huuero Her.
Ecnu 3a mapkep 0 B3siTa r060ast TOUKa HA BpeMEHHO ITpo-
TSKEHHOCTM, B Heil HeT OBVKEeHUS M HeT HeoOXOAMMOCTH B
MMPOCTPaHCTBE. B34Th MPOM3BOJBHYI TOYKY HAa BPEMEHHO
IJIUTEJIbHOCTU U 3aMapKUpoBaTh €€ 0-€M — 3HAUUT OCTAHO-
BUTb BpeMsl, MbICJIEHHO, KOHEUHO. 3HaUUT, 0OpaTUThb BpeMsi
B HYJIb, T.€. B OTCYTCTBME BPEMEHMU.
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HeT BpemeHM — HeT ABM>KEHMST — HET IMIPOCTPAHCTBA.

Nmeem ABe normyeckye ernoukun:

1. HeT mpocTpaHCcTBa — HeT ABUKeHMS — HET BpeMeHH;

2. HeT BpeMeHM — HeT IBUKEHUS — HeT MPOCTPAaHCTBA.

N3BecTHA MIPpMUYNMHHO-CJIeICTBEHHAS JIOTUKA: ITPUYMHA
— cyencTBue. iy TouHee, IpyuMHa — KOHEUHOE CJIeCTBIE.
Eciu B jornuecko’i 1ierouke 1 OTCyTCTBME MPOCTpAaHCTBA —
MMpUUMHa, a OTCYTCTBME BpeMeHlM — KOHeYHOoe CJie[iCTBUe,
TO, UTO Xe TaKoe MPOMeXYTOUHOe 3BeHO — OTCYTCTBUE
JBUXKEHUS?

EcJiu B iornyeckoii 1ernouke 2 OTCyTCTBUE BpEMEHU — IIPU-
YlHA, a OTCYTCTBME ITPOCTPAHCTBA — KOHEUHOe CJIeJICTBHE, TO,
YTO ke TaKoe ITPOMeXXYTOUHOe 3BeHO — OTCYTCTBME IBUKEHUS?

OTmMeTUM, 4TO B 06€eMX JIOTMUEeCKMX IeIoYKax Ipome-
S)KYTOYHOE 3BEHO OJTHO U TO >Xe — OTCYTCTBUE ABUKEHUS.
Takke 3aMeTUM, 4TO 06e JoruyecKkye ernouku 1 u 2 — He
peabHOCTD (B peajbHOCTU TAKOTO OBITh HE MOXKET), a BCETO
JIUIITb MBICJIEHHAS CUTYyalusl, T.e. abctpakuys. Ho cama Jio-
T'MKa eCcTh MPOAYKT yMa, TaKKe KaK MaTeMaTuKa CO BCeil eé
MaTeMaTU4eCKO JIOTUKOA.

B peasibHOCTY HMUTO ¥ HUKTO HE MOKET JIMKBUIMPOBATh
BCE MPOCTPAHCTBO, BCSIKOE JBI>KeHMe, COOTBETCTBEHHO M BpeMSI.

Tak, 4TO 3XKe TaKoe OTCYTCTBUE IBUKEHUS?

B macurtabax BcesleHHO OTCYTCTBUS ABUKEHMS HE MO-
KeT O6bITh BOOOIIE. [Take B MeXTajJaKTUIeCKOM ITPOCTpaH-
CTBe, TJe MoJIaralT He 60j1ee IBYX aTOMOB, TOBOPST, B CpPeI-
HeM, B OIHOM JIUTpe 00bEéMa MPebbIBAIOT (IMHAMUYECKU U
craTuctuuecku, Koneuno) 500 000 poronos u 450 000 Heii-
TPpUHO. I ABUKYTCS OHM CO CKOPOCTBHIO CBETa B BaKyyMe.
MO>XHO TOBOPUTH, UTO BO BCcejleHHOJ HEeT TaKOIr'0 COCTOSIHMS
KaK «OTCYTCTBYE IBUKEHUSI».

V3 3TUX pacCy>KAeHUIi MOXKHO 3aKJIOUUTh, UTO 06e JI0-
ruyeckue 1menodku 1 u 2 B peasibHOI BeesneHHOM — GuUKINH,
VX HeT, OHU MPOYKT TOJbKO CO3HAHMSI, KOTOPOE MOXKeT CO3-
IaBaThb abCTpakiyy, GUKIMY, He CYIIEeCTBYIONINE B IIPUPOJE.

1o CuX TIOp MBI PACCy>KIaJu C IOHITUEM «OTCYTCTBUEN,
o6o3HavaemMom uucjiom 0.
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[Tpuxogum K BbIBOAY, uTO 0 — abcTpakuys, GUKIMS, KO-
TOpOro BO BcesleHHOTT He CylleCTBYeT.

Camo 110 cebe umcio, 1060e 6eCKOHeUHO MaJjioe, MaJjioe,
60J1bIII0e, 6ECKOHEYHO 6O0JIbIIOe — CYT'y00 MMCKpPeTHas CYII-
HocTb. Kaxkgoe umcio — Touka, Mapkep. Mapkepom MOKHO U
HY’KHO YTO-TO MapKUpoOBaTh, HAaIIpMMep, HelPePbIBHbIN OTPE30K
MIPSIMO#A, HETIPEPBIBHYIO IOBEPXHOCTH, HEITPEPBIBHBIN 00BEM,
HemnpepbIBHOE JIBMKeHMe, HeITpepbIBHOE BpeMsl, HelIPePbhIBHYIO
TeMIlepaTypy (B COOTBETCTBYIOIIMX Pa3MEPHOCTSX) W.T.1., BCE
MbIC/IMMBbIE 1 HeMbIC/IIMble 00BbEKTBI M MX CBOVCTBA. Meelt Tou-
KU (He CYILEeCTBYIOIIEN B IIPUPOLE) MapPKUPYETCS HelpepbIBHAS
cy6cTaHIMs BeeneHHOI — Gu3nUeckoe TpEXMEPHOe IMPOCTPaH-
CTBO, ¥ AICKpeTHas MaTepusi BcesleHHOI (3/1eMeHTapHble YacTu-
1IbI, aTOMBbI, MOJIEKYJIBI, T€JIa, HeOeCHbIE TeJIa).

Kanp — oTnenbHbIl 3aCTHIBIINIA PUCYHOK MU KapTUH-
Ka. ITO HEMOJABMKHBI 00beKT. JIBUKEHVE aTOMOB, MOJIEKYJI
He 6epéM B CU€ET. B pusibMe (KMHOTEaTpe, TeJIeBU30pe, KOM-
npoTepe, cMapTdone, ...) “KMHOPUABM” CKJIaLbIBAETCS U3
OTOEe/JbHBIX IMCKPETHBIX ITOC/IeOBaTEeIbHbBIX KaIPOB, MEHSI -
IOIIMXCS C OITpe e/ IEHHOM 3aJaHHOM YacToToii. Mupo3maHue
— He “KuHOOUABM”. YV HEro HeT 3aCTBIBIIMX KaapoB. U BO
BCeX He 3aCTBIBIINX “KaZpax” Mupo3gaHus BCerna MMelTCs
IBVOKeHMS. B Mupo3gaHuy BCE TEUET B HEIIPepPhIBHOM MPO-
CTPaHCTBOBpeMeHM — DcnuTaiie.

B Dcnuraiie, T.e. B 6€CKOHEUHOBEUHOII BceieHHOIT BCé
HeIpepbiBHO. [IpephIBbI, SUCKPETHI JIIOObIX MacIITab0B —
dopmbl, GuUrypsl B HeMpepbIBHO DCIIUTAHON cpejie, COCTO-
Sg1IMe U3 «MaTepuajaa» 3TOM ke DCIIUTANHONI cpeabl, T.e. U3
cyocTaHIMM Sp — IIePBOro HYJIEBOTO 3JIeMeHTa YPOBHEBBIX
CucreM ecTeCTBEHHBIX 3JIeMeHTOB BcejleHHOJA.

Mesk 1y JIF0OBIMM, MBICJIEHHO BBIZEASIEMBIMU 3JIEMEHTA-
MM 00bE€Ma 1 BpeMeHU B DIUTalie COBepIIeHHO, aOCOIOTHO
’KeCTKas CBsI3b. AGCOIOTHO KECTKAsI CBSI3b 0O3HaUaeT abco-
JIIOTHYIO CJIMTHOCTD ITPOCTPAHCTBA ¥ BpeMeHU B OJTHOM MPO-
CTPaHCTBOBpEeMeHHU, B DCIuTaiie.

BcenenHasgs 6ecKOHeuHa M BeuHa. JCIUTaiHasg
BcenenHas 6ecKOHeuHa ¥ BeuHa, 6€CKOHEUYHOBEUYHAa. JTO
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— abCoTIOTHO HeIpepbIBHASI CYOCTaHIIMS, cofepKalias (BMe-
armlias) IMCKPETHYI0 MaTEPUIO: 3JiIeMeHTapHble YaCTULLbI,
aTOMBbI, TeJia, HeOecHbIe Tesa. [IMCKpeTHasI MaTepust — TOXe
13 Spti, HO BO30YXAEHHOT0. MOKHO TOBOPUTH (YTBEPKIATh,
MIPUHSATD), DCIIUTAN U eCTh cama BceneHHas.

BosBpaiiasice K JormyecKum Lenodykam 1 u 2, mocTpoeH-
HBIX Ha M3HAYAJIbHBIX MIPETIONOXKEHUSIX «<HET», BUIUM, UTO B
dcnuTaiie OHM He pean3yMbl, IOTOMY UTO B HEM BOOOIIE HET
TIOHSTUIA: «<IIPOCTPAHCTBA HET», «ABVKEHUS HET», «BpeMeHU
HeT». HeT Hy/elt NpoCTpaHCTBA, IBUKEHUS U BpeMEHU. DTU
KaTeropuiu — UCKIIOUNTETbHO OPOXKIEHM ST CO3HAHUS, yMa.

BriBop;:

HemnpepbiBHOE CIMTHOE TPEXMEPHOE ITPOCTPAHCTBOBpE-
M (Spacetime, Spti) Dcriurait, IBaseTCs CyOCTaHIIMEN, ITPU-
yéM abCoI0THO (eMHCTBEHHOI) cybCcTaHIIMel 6ecKoHeu-
HOI ¥ BEUHOV DCNUTaliHO BceneHHOI.

BriBog, MoxxeT O6bITh OopMieH KakK hOpMyJIMpoOBKa
M AOKa3aTe/ibCTBO TeOpeMbl O€CKOHEUHOCTH M BEUHOCTU
BceneHHOI1 ¢ 3aBepiiatonieit Gopmysoii 6eCKOHEUYHOCTH U
BeUHOCTHU BcesieHHOTA.

TEODEMa 0EeCKOHEeYHOCTH ¥ BeuHOCTU BcereHHOI

Nmeem 11e1ib OUEBUIHBIX OTIpeie/ieHU (IOCTYIaTOB) U
aKCUOM:

1. BceneHHas cj0kHa MHOXECTBOM BCEBO3MOXHBIX
COCTAaBJISIIONIMX.

2. BcenmeHHast COCTOUT U3 OMCKPETHON M HeMpepPbIBHOM
COCTAaBJISIIOIIMX.

3. [luckpeTHas MaTepuaabHas COCTABISIONIAS — MHOXe-
CTBO 3JIeMEeHTapHbIX YaCTUI], aTOMOB, MOJIEKYJI, HAHOYa-
CTUII, TeJI, HeOEeCHbBIX TeJl.

4. HenipepbiBHAasI cyOCTaHI[MaJIbHASI COCTABJSIOMAS —
dbusmueckoe TpExMepHOE MTPOCTPAHCTBO.

5. BeCKOHeYHOCTh ITPOCTPAHCTBA — O@CKOHEUHASI IIPOTSI-
SKEHHOCTD I10 BCEM TPEM M3MepeHUSIM C JIF000i yCI0B-
HOI TOUkU BceneHHOTA.
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6. BeuHOCTh — 6€CKOHEeYHas MPOTSIKEHHOCTh C JIF0007
YCJIOBHOI TOUKM YCJIOBHOV BPEMEHHOI OCH.

7. TIpOTSI>KEHHOCTM ITPOCTPAHCTBA U BpeMeHU 06pasy-
0T eJMHYI0 MPOTSIKEHHOCTHh MTPOCTPAHCTBOBPEMEHU
(Spacetime, Spti, dcriuraii).

8. IIpOTSI>KEHHOCTD MMPOCTPAHCTBOBPEMEHM HellpepbIBHA.
9. PacrmipocTpaHeHO MOHSITUE KYCOUHO-HEIPepPbIBHOTO.
Takoe MOHSITHE MOKHO MPUHSITH 38 OTHOCUTEJbHYIO
HeIpepbIBHOCTb.

10. A6comoTHASI HEIIPEPBIBHOCTH HEIIPePbIBHA Be3fe U
BCeraa.

11. Y a6COMIOTHOI HEIIPepbIBHOCTY HET HY Hauvaja, HU
KOHIIA.

ClepgoBaTesbHO:

AGCOMIOTHAS HEITPEPBIBHOCTh CYOCTaHIIMATBHOTO ITPO-
CTPaHCTBOBPeMeHM (IDCIUTAls) eCTb 6€CKOHEUHOCTD U BeU-
HOCTbB BceyneHHOI.

Teopema pgoka3aHa, M MOXeET OBITh BbIpa’keHa
dbopmynoii:

AOGcCoI0oTHasA HEMTPEPBIBHOCTD JCIIUTANS €CTh
0eCKOHEYHOCTh
¥ BEYHOCTh (0€eCKOHEYHOBEYHOCTH) BeereHHOI

AcnuTaiiHas CyoCTaHIMS

B moHuMmMaHuM Cy6CTaHIIVM Y MaTepPUM €CTh TOTbKO O HO
MPUHLMIMATbHOE KX CBOVICTBO — CYILIeCTBOBATh, HE3aBUCH-
MO OT CO3HaHMS.

B ecTeCTBEHHOHAYYHO ¥ TEXHUKOTEXHOJIOTUUECKOM M0~
HUMaHUMU Matepuu ¢puaocodCKy NPUHIIUIIMATBHOE CBOJ-
CTBO YTOUYHSIETCS JOMOJHUTEJIbHBIM HEOT'bEMJIEMbIM CBOM-
CTBOM — JI€iiCTBOBATh, B3aMOJEiICTBOBATD.

o XX Beka TpéxMepHOe NPOCTPAHCTBO pacCMaTpuBa-
JIOCh JINIIb «apeHoi» HbIOTOHOBCKMX AabHOMENCTBYIOMIMUX
B3aMMOJIEMICTBUIA OMCKPETHO MaTepuy OT HeOeCHBIX TeJI 10
MOJIEKYJT M aTOMOB.
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B Hauane XX Beka 3-MepHas apeHa «paciupuaach» 10
OMHIITENHOBCKOI 4-MepHO MPOCTPAHCTBEHHO-BPEMEHHO
apeHbl 6/IM3KO/IeICTBYIOIIMX B3aMOIE€ICTBUIA.

B cepenuue XX Beka Ko3bIpeB B IPUUMHHON MeXaHUKe
MMpuUaa BpeMeH! CBOJCTBO JIeiiCTBOBATb, T.e. M0 Ko3bipeBy
BpeMs1 — maTepusi. OHO M3TyyaeTCs M MOIJIONLAeT s, TPOu3-
BOIMT SHEPTUIO.

BpeMs TpaauIIMOHHO pacCMaTpUBAIOT B OTOEIbHOCTH OT
MMPOCTPAHCTBA, KaK He3aBUCUMYIO OT IIPOCTpaHCTBA Gu3n-
KO-(p110copCKYI0 KaTeropuio.

OTamune HaIIero IoAxoaa B TOM, UTO IIPOCTPAHCTBO U
BpeMsI pacCMaTpUBAETCs B Hepa3pbIBHOM CIAMTHOCTU MPO-
CTpaHCTBOBpeMeHM. MOXXHO TOBOPUTL: OHA ByeauHas Ghu-
3UKO-bunocodckast KaTeropusi, OHSITHE, IBYeAUHOE CIIAT-
HOe CJIOBO Spacetime, KopoTKo — Spti (ScnuTait) oTpaxkaer
abCOJIIOTHO HEITPEPBIBHYIO, IOTOMY OECKOHEUHYIO U BEUHYIO
rpamMaTepuio, abCoMIOTHYIO (€AMHCTBEHHYIO) CYOCTaHIIMIO
Bcenennori. OHa nipeacTaB/ieHa IePBbIM YJI€HOM B YPOBHEBbIX
Cucrtemax ecTeCTBEHHbIX 371IeMEHTOB Bce/leHHOJ — eCTeCTBEH-
HO-3JIEMEHTHOM IpeacTaB/JeHun BcenleHHOI, aHAJIOTUMUHO
TOMY, Kak Bomopon B YpoBHeBbIX CrCTeMaxX XMMUUECKUX JJie-
MEHTOB — XMMMKO-3JIeMEeHTHOM MpeacTaBJieHn BcesleHHOIA.

JMCKpPeTHOCTh ¥ CTPYKTYPHOCTD

BosHukaeT cripaBeaiuBbIii Borrpoc: Hy, xopoio, 06beém
(busuueckuit 06bEM) AU Sp — peanbHasl CYIIHOCTb, Cy0O-
cTaHiuMs. KakoBa ke CTpyKTypa e€?

JMUCKPETHOCTh U CTPYKTYPHOCTb — MOHSITUS (KaTero-
pUM), TECHO CBSI3aHHBIE MeKy c00071. He MoskeT ObITh U peun
0 CTPYKTYPHOCTH 6€3 AUCKPeTHOCTHU. Bompoc aTOT cripaBe-
JIUB TOJIBKO C TOUKM 3pEeHUS CJIOKMUBIIENCS TPagUL MU MbILI-
JleHUsl, AUCKPETHOr0 MbILIJIEHU S, MAaTeMaTUUYeCKOTr0 MbIII-
JIeHU I, YUCJIOBOTO MbllJIeHUSI. CTPYKTYPHBIM MOXET ObITb
TOJIBKO TO, UTO AUCKpPeTHO. HerpepbiBHOE He MOXKeT ObIThb
CTPYKTYPHO (TpaHUYHO). [IoTOMY 4TO HE IMCKPETHO.

B MmaTemarTyKe onepupyOT NOHSITUSIMU HEITPEPbIBHOM 1
KYCOUHO-HeIpepbIBHOM QyHKIMI. HO B KOHEUHBIX pacuéTax
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M IIpeICTaBIeHMSIX BOOOIIe He MOKeT ObITh HUKAKOI Herpe-
PBIBHOCTH, TTOCKOJIbKY JTI00BIE UMC/Ia AUCKPETHBI U MTPEPHIB-
Hbl. KpoMe Toro, HermpepbIBHOCTh O3HAYAEeT 6€3TPaHMUHOCTb,
160 BCsIKasi TpaHuIIA eCTh IIPePhIB — HApYIIeHNe HelTPephIB-
HOoCTHU. Bosiee TOro, HEMIPEePHIBHOCTHh O3HAUaeT GeCKOHeY-
HOCTb, IOTOMY UTO KOHeL| HeIIpePbIBHOCTM O3HavYaeT [pepbiB
HermpepbIBHOCTY. HerpepbIBHBI 371IeMEHT Sp eCTh 6eCKOHEeY-
HOe TpéXMepHOe IIPOCTPAHCTBO BcemeHHOIA.

MoryT roBopuTh, YTO 6€CKOHEUHOCTHh BceneHHOIT He
TpebyeT IOKa3aTeJbCTBA, YTO 3TO OUeBMIHO. HO oueBMaHO-
CTU TYT He MOXeT ObITh. [[03TOMY «BBITJIBIBAIOT» BCEBO3MOX-
Hble: NapaJienbHble BcesieHHbIe, MHOTOMepHbBIE BcesleHHbIE,
cocTaBHble BcesleHHbIe, aHTUMMUPHI, ... .

I pyTue MOTyT TOBOPUTD, UTO 6€CKOHEUHOCTb BcesieHHOI
BITOJIHE OTpefesisieTcss 6eCKOHEeUHOCThI0 ymcen. Ho uncia
IVICKPETHBI, ¥ BCeraa, JI00ble 6eCKOHEeUHO MaJjble M 6eCcKo-
HEYHO 60JIbIIIMe YMC/Ia JUCKPETHBI. [IUCKPETHOCTD eCTh Ipe-
PBIBHOCTD, @ IPEPBIBHOCTD OMYCKAeT KOHEUHOCTb.

beckoHeuHas BcesenHas

[Tpo6siema 6eckoHeUYHOCTU BceneHHOV — QyHIaMeH-
TaJibHas IMpobjieMa He TOJIbKO B HayKe, HO U B ¢puaocodpun.
OT oTHOILIEHUS K 9TOI MpobaemMe 3aBUCUT BuaeHMe Mupa
— MmupoBo33peHye. [I03TOMy MOIbITaeMCs MPOABUHYTHCS B
9TOi TIpobJieme elllé ¢ OHOV CTOPOHBI, CO CTOPOHBI aHAIM3a
YJCIOBBIX PSIJIOB.

HarypasbHbIii HOMepHOI psj uncen: 1,2,3,...., n 6ecko-
HeueH. HaumHaeTcs ¢ 1 u guckpeTeH. @aKTUUECKM KaxKka0e
YMCJIO Psifa eCTh COOTBETCTBYIOIIAS CyMMa (KOJAMYECTBO)
enuHui,. O603HaUeHMe unces HudpamMu 1 paspsgamu ecThb
o603HaUeHMe HOMepa uucia (UYMCA0BOI CYMMBbI e IVMHUIL).
Takum o6pa3om, becKoOHeUeH HOMep CYMMbI e IMHUIT Ha bec-
KOHEYHOCTHU. DTO CYTh HATYPaIbHOTO HOMEPHOTO psifia, 1 Ha-
YMHAETCSI OH C eIMHUILIbI — aKTa HaJIMuus (IPUCYTCTBUS)
yero-ambo (Jito60oro, BCSIKOT0), M COCTOUT U3 ITUX €IUHUIL
11T 11000V pa3HOBUIHOCTY KOHKPETHO NMCKPETHOM MaTe-
pun, 6yab TO: 37leMeHTapHbIe YaCTUIIbI, aTOMBbI, MOJIEKYJIbI,
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MecunMHKM, 3BE3/bI, raJakTUKMU. K KaxkgomMy 4mucjay HaTy-
PaJILHOTO psa MOKHO IMPpUOaBUTh e IMHUILY, JTI0060€ YMCII0
HaTypaJIbHOTO psiaa. [IpubaBieHNe MOKET ObITh B 60j1e€e 3(-
(bekTMBHBIX (KOPOTKUX) (popMax: YyMHOKeHUS, B3sITUS dak-
Topuasa, BO3BeleHNs B CTelleH, ... .

EnyHMIIA CIOSKHOTO IMCKPETHOI'O MaTePUaJIbHOI0 00b-
eKTa MOXeT ObITh Ae/iMMa IoajiaM, Ha TPU paBHBIE YaCTH,
Ha 4 paBHBbIE YaCTH, ..., HA N paBHbIX yacTeit 1/n. [IoCKOIbKY
n = o (beCKOHeYHas CyMMa eqUHMUIIL), TO 1/n = 1/, I[IpuHSTO,
410 1/ = 0. Ho 3TO He coBceM BepHO. 0 MMeeT CMbICJI OT-
CYTCTBMUSI, IIOJTHOTO OTCYTCTBMSI, M 6€CKOHEUHO MaJjioii ua-
cTu eguHUIBI. HO 9Ta 6eCKOHEYHO MaJjias 4acTb e IMHUIIbI
HEKOero AMCKPETHOr0 00'beKTa BCE JKe 0CTAETCS 6€CKOHEUHO
MaJIOi YacThl0 3TOTO 06beKTa. JleeHre eAUHUIBI 0ObEK-
Ta Ha CKOJIb YTOAHO OO0JIbIIIOE YMCJIO, Jaske Ha O€CKOHEUHO
60JIbIIIOE YMCJIO HE MTPUBOAUT K IOJHOMY YHUUTOKEHUIO
9TO¥ eauMHUIBI 06beKkTa. OCTAETCS MMEHHO 6ECKOHEeUHO
MaJiasl YaCTh 3TOTO AUCKPETHOro o6bekTa. 0 ke o3Havaer
OTCYTCTBME U JIF0607 6€CKOHEYHO MaJIOil YaCTy ITOTO JIUC-
KPEeTHOro 060beKTa, T.e. He MMEeeT CMbICJIA JIJIsT JaHHbIX TVC-
KPETHBIX 00bEKTOB.

n = o — GeCKOHEYHO 6O0JIbIIOE YMCJIO e IVHUII OJMHAKO-
BBIX IMICKPETHBIX 00HEKTOB.

1/(n = ») — 6eCKOHEYHO MaJjiasi YaCTh e IMHUIIbI JUCKPET-
HOT0 00beKTa. BeCKOHeUHO Masiast YacTh e AMHUIIBI €CTh 00-
paTHas BeJnuynHa (KOJIMUYeCTBO) 6€CKOHEUHO O0JIBIIIOTO YMC-
Jla eAMHUI. DTO — UCTMHA, COMHEHMIO He To/iBepraeMasi 1 He
HYXawmascs B JOoKa3arejbCTBe, T.e. akCMOMa.

HaTypanbHblii psj umcesi, BbIpakaoux JaHHbIEe OUC-
KpeTHbIe 00'beKThI, MOKHO 00pa3HO MPeICTaBUTh:

HBIX YMCeJT yepe3 paBHbIe ITPOMEXYTKM _ Ha 6eCKOHEeUHOI
TIPSIMOIA.

Vicxops u3 aToro o6pasa HaTypaJIbHOTO Psijia YMCeT ISt
KOHKPETHOI'O MHOXECTBA OIMHAKOBBIX IUCKPETHBIX 00bEK-
TOB, aKCMOMY MOYXHO 0OPa3HO MPeICTaBUTh:
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OueBupaHO: 1/(n = =), ..., 1 — HeollpeJeNEHHbIN «OTpe-
30K» 10 1 pasmeniaeTcs 0 HATYPaJbHOTO psifia OJMHAKOBBIX
IVICKPETHBIX 00bEKTOB. DTOT OTPE30K COCTABJISIET palo-
HAJIbHBIN PsIJ APOOHBIX KOJIMUECTB OUCKPETHOTO 00beKTa.
3aMeTuM, palMOHaJbHbIM PO OPOOHBIX KOJMUYECTB OMC-
KPeTHOTO 00'b€KTa pacIiojiaraeTcs nepe HaTypajbHbIM PSi-
IIOM KOJIMYEeCTBA OJVMHAKOBbBIX JUCKPETHBIX 00'bEKTOB.

OueBUOHO, KaXbIl UJIeH HATYPaJbHOrO PsAia COCTO-
UT U3 MPOU3BeIeHNS 3TOT0 UjieHa HaTypaJbHOIO psja Ha
palMoHaJbHBIN P, pacliojaramluuiics mepen eaMHuULen
IVCKPETHOro 006'beKkTa. VcIob3ys onepanyo YMHOKEHUS,
MOSKHO M300pa3suTh:

Bugum, 4To paliOHAJIbHbIN PSJ, AUCKPETHOrO 00beKTa
COZlep>XXUTCS Tlepe, KaXk 10l eqUHUIIEl BCEro HaTypPaJbHOTO
psga OUCKPEeTHBIX 00beKTOoB. OOIIMIT palMOHAJIbHO-HATY-
pajbHBIN P, HAUMHAETCSI ¢ 0OpaTHOI 6€CKOHEUHOCTH, HO
BOBCe He C HyJIsl. Hysio — OTCYTCTBUIO UMCJ/Ia MJIM YaCTU UMnCIa
(IVCKpeTHOTO 06beKTA) HET MECTa B pallMOHAIbHO— HATY-
pPaJIbHOM PSITY OJIMHAKOBBIX IVMCKPETHBIX 0OBEKTOB.

Ycranosisienne 0 niepep 1/(n = «©) — KaueCTBEHHBI T1e-
pexof (oeliCTBUeE), He UMEKII I OTHOIIEHUS K PaljMOHAb-
HO-HaTypaJIbHOMY PSIAY JaHHBIX OOVMHAKOBBIX TMCKPETHBIX
00beKkTOB. 0 03HAYAET ITOJTHOE OTCYTCTBME TAHHBIX AUCKPET-
HBIX 00'bEKTOB, U HE BXOJUT B UMCJIO (KOJIMYECTBO U IMOPSIIOK)
IaHHBIX TVCKPETHBIX 00HEKTOB. 0, B TAKOM C/Iy4ae, <13 APY-
roi TIeCHU Uau orepsi». 0 He MMeeT HMKAKOTrO OTHOIIEHMST K
KOJIMYEeCTBY U MOPSIIKY pacCMaTpUBaeMOTO MHOKeCTBA O M-
HaKOBBIX JUCKPETHBIX 00beKTOB. 0 «BHE 3aKOHa» pacmpee-
JIEHUS pacCMaTPMBaeMOI'0 MHOXKECTBA JMCKPETHBIX 00beK-
TOB. MOXXHO TOBOPUTB, uTO 0 B paljOHa/JIbHO-HATypPaJbHOM
POy OOMHAKOBBIX HUCKPETHBIX OOBEKTOB SIBJSIETCST ab-
CTpakliiueli, He MMelolleli OTHOIIeHM S K JaHHOMY psiay. Ecin
IaHHBIN psif MIpeACcTaBsSeT HeUTO CYIleCTBYIollee, MaTepu-
anbHoe, To 0 B HauaJsie 3TOTO ps/ia O3HAUYaeT HeCyIleCTBOBa-
HMe MaTepuaabHOro, HeMaTepuio. OTo abCcTpaKkLus (BbIIYM-
Ka, paHTa3us), MpU3HaAHME, IPUHITIE HeCYOCTaHIIMATbHOTO,
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HemaTepuasbHOro mupa. 0 — Huuto, Torma Kak paiyoHasib-
HO-HaTypaJbHbIN psag YTO-TO, M CTABUTh UX B OAUH PSI —
abcypa. Takske 1 ¢ TIOGBIMM IPYTUMM MaTepPUaJTbHbIMU IUC-
KpeTHbIMMU 00beKTaMy. OgHUM cJIOBOM 0-JISl HE CYIIeCTBYeT
peanbHO, 1 1/(n = «) HUKorga He paBHO 0-110. 0 MOXeT cy1le-
CTBOBATb, OBITH PEAJIbHOCTHIO TOJBKO B TOM C/IyYae, ecjiu He
CyllecTByeT peajibHas BcesenHas. Takoe MOT'YT JOMTYCTUTD
pasBe uTo B ['urioTese boabuioro B3apsiBa, B CUHTYISIPHOCTU
«TOUYKU-BCeseHHOT».

U otpuiiatenbHbiX umces B [Ipupope HeT. UX ipuaymanm
¥ BBEJIM JIJI1 MATeMaTU4ecKoro yno6cTsa. BoT ecTh B mpupo-
Jle o Ha TTeCYMHKA. A 4TO TaKkoe OTpullaTe/ibHas MecumHKa?
Takoro o6beKkTa HeT B Ipupoze, Bo BcesieHHOI. Mu, ckaxkeMm,
€CTb 2JIeMeHTapHas 4yacTUIla 3JeKTpoH. UTo Takoe oTpulia-
TeJIbHbIN 371eKTPoH? HeT Takoro o6bexkTa. IT03MTPOH BOBCe He
OTpHUIIATeJbHBIN 371eKTPOH. [I03UTPOH — YacTulia, MMerIas
TaKyI0 K& MacCy, KaK ¥ 371eKTPOH, HO 37IeKTPUYeCKUii 3apsii,
ITPOTUBOIIOJIOKHBINM 37IEKTPUUECKOMY 3apsiay 3JeKTpOoHa.

[eneHue yyce Ha MOJOXUTEbHbBIN pallMOHAIbHO-Ha-
TYPaJIbHBIN PS M OTpUlLLATeIbHBIN palliOHAJIbHO-HATYPaJib-
HBIV psaJ TaKKe UCKYCCTBEHEH U yCJOoBeH. B JlekapToOBO
cucTeMe KOOpPAMHAT MOJIOKUTeIbHbIE MTOJTYOCU U OTpuUIla-
TeJIbHbIE TIOJTyOCH IJIsl yI06CTBA, M HE OTPaskaloT peabHO-
cTu. B TpEXMepHOM IIpOCTpaHCTBe BceneHHoi4, ecyiv BbIOpa-
Ha yCJIOBHAs TOUYKA OTCYETA, TO BCe HAIIpPaBJeHUS OT HeE,
OT 3TO¥ YCJIOBHOM TOUKM UAYT B 6€CKOHEUHOCTH MIPOCTPAH-
CTBa, M BCE UMCJOBOE JiejieHMe BCeX HalpaBjeHUl I0JI0-
SKUTEJbHO B CTOPOHY O6€CKOHEUHOCTY BO BCE HAIlpaBJIeHMS.
[TpoTUBOMOJIOKHBIE HAIIpaBIeHMSI 0603HAYAIOTCSI OTpUIIA-
TeJIbHBIMM UMCJIaMU TOJIBKO AJis yooocTBa. Havaso oTcuéra
«0»-€M, He CYLIeCTBYIOUMMHU B IIPUPOLE TeOMeTPUYEeCKUM
00'EKTOM «TOUKa» U «uucjaom 0» — TOXKe JIJIsT MaTeMaTuye-
CKOro ymo6cTBa.

Bo3bMéM B TpEXMEPHOM ITPOCTPAHCTBE HEKOTOPOE yC-
JIOBHOE HayaJio OTCUYETA ¥ HANIpaBUM I10 TPEM B3aUMMHO Op-
TOrOHAJIbHBIM HAMpaBJIEHUSM OCU CO CTPeJIKaMu B 6eCcKo-
HeuHOCTU. Bo3bMéM HarmpassieHre X. BipaBo OT yC/JIOBHOTO
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HavaJsia UJET 0Cb X— CO CTPeJIKOii — HampaBo, BJIEBO — OCh
«X CO CTpeJIKO HajneBO. X— U «—X JiexkaT Ha OJHON JTUHUM.
O6e ocu pa3MevaroTCs OAMHAKOBBIMY pallMOHAaIbHO-HATY-
paJbHBIMU pSITaMM YMcCesl OT YCJIOBHOTO HAuaia B CTOPOHY
CTpeJIOK, T.e. HAallpaBO U HaJieBO. Y YCJIOBHOV TOUKM U CIIpaBa
U cjeBa OT Heé uuncio 1/(n = «). Uto ke Mmexxay HuMu? B ca-
MOM yCJIOBHOM HauaJjie OTCU€ETa?

TpaauIMOHHO (MTPUBBIYHO) CTABSIT TOUKY M MApPKUPYIOT
yyciom 0. B mpupoge HET HU TOro, HU APYroro, o603Hava-
IOIMX peajibHble 00beKThl. HO, B€[Ib, YTO-TO OJKHO OBITH
MOCTaBJIeHO B ycja0BHOe Hauvaso! CKOMbKO HU BapbUPYii, HU-
Yyero He OCTAETCSI KPOMe KaK MOCTABUTh TOUKY U 0003HAUUTh
0-ém — HeCcyIlIeCcTBYIOIMMY 06bekTaMM... To ske camoe 1o Y
u Z. Huuto B HauaJe Bcero!?

Kakas-1o o6peuéHHast 6€3BbIXOAHOCTD! UTOOBI KaK-TO
BBIITY 13 9TOr0 6€3BbIXOTHOTO MOJIOKEHM ST, MOKHO ITOCTa-
BUTb B HAYaAJIO OTCYETA 1/(n = ), T.e. BMECTO ABYX CMEXHBIX
U paBHBIX 1/(n = ) mOCTaBUTh OOHO 1/(n = ). OTO HeoIpe-
neJéHHOe 6eCKOHEUHO MaJjioe, HO peaJibHOe 4ucJo. I OHO
yHUuYTOXaet Huurto B Hauvase. 210 yxe He Huurto, a Uto-To0.
TOJIBKO 3TO ¥ OCTAETCS B YCIOBUSIX OECCMBICJIEHHOCTU PU-
HaTtusg Huurto B Hauvasie Beero.

Touka EBKaupga — reometrpuuyeckas abcrpakius. B
peayibHOJ TPEXMeEpPHOJ CyOCTaHIMAJIbHO-MaTepuaIbHOM
BcenenHoit Takoro o6bekTa HeT. Ho 4TO ke TOorma BCTaBISITh
B HauaJso oTcUeTa?

MOXHO CTaBUTh MaJIeHbKMI KPYT/SIIOK — MaJIeHbKUT
IIapuK B JeKapTOBOJ TPEXMePHOIi cucTeMe KoopauHaT. Bee
6 oceii IeKapTOBOI CMCTEMBI KOOPAMHAT B TPEXMEPHOM IPO-
CTpaHCTBe OepyT HauaJIo OT MAapMKa M HATlpaBJIeHbI CTPeJIKa-
MM TIO 1IeCTU HaIlpaBeHUSIM OT Iapuka. PasmeTka TOMbKO
TOJIOKUTEJIbHBIMU PallMOHAJIbHO-HATYPaAbHBIMM UYMCTIAMMU.
OTpuilaTe/ibHbIX Uunces HeT B mpupoge. OHU — YCIOBHOCTD,
abcTpakius (o)1 MaTeMaTu4eckoro ¢opMaamsma 1 yaoo-
cTBa). YncioBast och B 1I060M HampaBJIEeHUM OT HEKOTOPOTO
Hayvaja OTCUYETA HauMHAeTCs ¢ 6eCKOHEYHO MaJIoro umucjia u
YXOIUT B 6€CKOHEYHOCTh — 6€CKOHEUHO OO0JIBIIOE YMCIIO. DTO
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HeoTrpaHMYEHHAas YMCI0Bas OCh(C HavYaIOM, BbIpaskaeMbIM
6€CKOHEYHO MaJjIbIM YMCJIOM), YXOAsIiasi B 66CKOHEYHOCTb
Ha 6€CKOHEYHO 60JIbIIIOe YMCJIO:

]/n ———>——>— 1N

e n —co,

Hauaio — 06paTHOI 6eCKOHEYHOCThIO, K epudepun —
MPSIMOJi 6eCKOHEYHOCThI0. HeKnit He3aMKHYThI MHTEpBaJI
00paTHOI U IPSIMOiT 6€CKOHEYHOCTH. BeCKOHEeUHOCTh K Hava-
7y 1 6€CKOHEYHOCTD K niepudepun, IpuIeM, BO BCeX HaIlpaB-
JIEHUSIX OT IIPOU3BOJIBHOTO HavaJsia OTCYETA. DTO MOXKET OT-
pakaThb HEOI'PaHMUYEHHYIO HUTIe 6eCKOHEUHYIO BeeseHHYIO.

TpéxMepHOCTh peaJIbHOTO IMTPOCTPAHCTBA

ITouemy peanbHOe BcesleHCKOe MPOCTPAHCTBO TPEXMeEP-
HO? Ha 3TOT BOITpOC HET OTBeTA yKe ThIcsiuM JieT. MbI He Oe-
PEMCS OTBETUTD Ha BOMPOC ThICsiueeTunit. Ho mopaccyxxmaem
Ha OCHOBE HEKOTOPOTO MOCTYJ/IaTa, BO3BOAMMOIrO A0 MPUHIU-
na [Ipuponpi.

B Ilpupoge peiictByet IIpMHIIUII HEOTrPaHMUYEHHOCTHU
Bcenenckoro IIpocrpancrBa. CyTb 3TOrO NPUHIIMIIA B TOM,
YTO MPOTSHKEHHOCTD BCeleHCKOro mMpoCTpaHCTBA HEOTPaHU-
YeHHa BO BCeX HallpaByieHMsX. HeorpaHn4eHHOCTD MoApasyme-
BaeT (COepXKUT B cebe) OTCYTCTBUE ITpeesioB BO BCEX U JIFOObIX
HanpayieHMsX. HeorpaHnyeHHOe MPOCTPaHCTBO HE 3aMKHYTO.

WNHorpa «mycTtoe» TpéXxmMmepHOe MPOCTPAHCTBO CUMTAIOT He-
KM CYILI/M, B KOTOPOM COZIep>KaTCsl MaTepuaabHbIe CYL[HOCTMU.
Cy1ee cuMTaeTcss HeMaTepUaIbHbIM BMECTUIMILEM MaTepuaib-
HBIX CYLIHOCTel. [I0CKO/IbKY HET MPU3HAKOB OrPAaHNYEHHOCTI
BceneHckoro cyiero (HeCyoCcTaHIMaaAbHOTO BMECTU/INILA Ma-
TepuabHbIX CYIIIHOCTEl), OyieM paccMaTpuBaTh ITPOCTPAHCTBA
B HeCyOCTaHLIMaIbHOM ¥ B HEMaTepuaabHOM BMeCTUIMIIIE.

PaccmoTpuM HernpepbiBHbIe CyOCTaHIIMabHbIE TTPO-
CTpPaHCTBA IOCAeA0BaTeJIbHO BO3PaCTAOIINX U3MEPEHUIA,
HauuHas ¢ 0-MepHOro B TPEXMEPHOM HEOTPaHMUYEHHOM He-
CcybCTaHIMaJIbHOM BMeCTUIUIIIE.

IMIpoTrsskéHHOCTh (O-MepHOTO CyOGCTaHIIMATbHO-
ro mpocTpaHcTBa HyseBasi. OHO abCOJNIOTHO 3aMKHYTO B
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HeorpaHMYeHHOM HecyOCTaHIIMaJIbHOM BMecTuIuIe. B a6-
COJIIOTHYIO 3aMKHYTOCTb He BTeKaeT HMUYTO MaTepuaabHOe,
ITOCKOJIbKY BMECTUJIMIIE HEMATepuaabHO. M3 abCOMIOTHOI
3aMKHYTOCTH He MCTeKaeT HMUTO, MOCKOJbKY B 0-MepHOM
MMPOCTpaHCTBe HeT HuYero. Camo 3T1o 0-MepHOe MPOCTPAHCTBO
He MaTepuasbHO, Y ero MOKHO cuuTaTh 0-MepHOI YacThIiO He-
CcyOCTaHIMAaTbHOTO BMECTUININA. AOCOJIIOTHOE 3aMKHYTOE
0-MepHOe cy6cTaHIIMaNbHOE ITPOCTPAHCTBO — HEKasl «UépHast
I bIpa-TOYKa». MI3BeCTHbIE U Y3Ke TIPUBbIUHbBIE «UYepHBIE IbIPbI»
MIPOSIBJISIOT Ce0SI rPpaBUTAIMOHHBIMM MOJISIMU (ITYCTh, BO BMe-
ctunuile). «<4YepHas AbIpa-TOUKa» ke HUUEeM He MPOSBJISIET
cebs1. ITO 03HAYAET, YTO TAKOTO ITPOCTPAHCTBA HE CYIIECTBYET.
[TpOTSIKEHHOCTb HEINPEepPhIBHOIO CYOCTAHIIMATbHOTO
1-MepHOro MpOCTPAaHCTBA B HECYOCTAHI[MATIbHOM BMECTUJ/IN-
I1le MOXKET ObITh HEOTPAHMYEHHO BIIOb OJHOTO M3MepPEeH ST
— JIMHUY, HO OTPaHMYEHHOJi B JIFOOBIX IPYTUX HaIlpaBJIeHU-
SIX BMECTWJIMIIA, He COBNAAAloNMX C HallpaBjJieHueM JUHUMN.
JIuHUS MOKeT ObITh a6COIOTHO 3aMKHYTOI B OKPY’>KHOCTH.
ABCOTIOTHO 3aMKHYTas B OKPY>KHOCTY HEITpepbIBHAsSI CyOCTaH-
LMa/IbHASI IMHUS — «4epHas AbIpa-OKPY>KHOCTh», B KOTOPYIO HE
BTeKaeT HMYero MaTepmaabHOTO U3 BMeCTUJINIIA 10 TIPUUYMHE
OTCYTCTBMS MaTepuy BO BMecTuuie. M He MCTeKaeT HUUYEro BO
BMECTMJIMIIIE TI0 IIPUUMHE abCOTIOTHOI 3aMKHYTOCTYU «UEPHOI
IbIPBI-OKPY>KHOCTH», T.€. OHA HEe MPOSIBJISIET cebst. ITO 03HaYa-
€T, UTO TaKOT0 MaTepuaabHOr0 IMMPOCTPAHCTBA He CYIIeCTBYeT.
[TpOTSI>KEHHOCTh CYOCTAHIIMATBHOTO HEIPepPhIBHOTO
2-MEpPHOTO MPOCTPAHCTBA MOXKET ObITh HEOTPaHUUYEHHOI
B 2-X M3MEPEHMUSIX, HO OTPAaHMUEHHOI B JTI0ObIX APYTUX Ha-
MpaB/JeHMsIX, He COBIAAaIIMX C OPTOrOHAJbHBIMU Ha-
MpaBJeHUSIMU IBYX M3MepeHM TTOBEepXHOCTU. 2-MepHas
ITOBEPXHOCTH MOKET ObITh aOCOIOTHO 3aMKHYTOI B cdepe.
AGCOJIIOTHO 3aMKHYyTas B cepe HelmpepbIBHAS ABYMepHas
MOBEPXHOCTb — «UépHasl AbIpa-cdepar, KOTOpass HUUEM He
00MEHMBAETCSI C BMECTU/IUILEM, T.€. OHA He TIPOSIBJISIET CeOsI.
OTO 03HAYAEeT, UTO TAKOTO MPOCTPAHCTBA He CYIlleCTBYeT.
[TPOTSIKEHHOCTb HEINPEePhIBHOIO CYOCTAHIIMATBHOTO
3-MepHOro IpOCTPAHCTBA MOXKET ObITh HEOIPAHMUEHHOI B
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JI00BIX HATIPABJIEHUSIX U HE 3aMKHYTOM. TpéXxmMepHble MaTe-
puajbHble 06'bEKThI B HEOIPAHMUEHHOM Y He3aMKHYTOM TPEX-
MepHOM CyO6CTaHIMaTbHOM MTPOCTPAHCTBE B3aMMOIEHCTBYIOT
IPYT C IPYroM KOHTAKTHBIM M CUJIO-TIOJIEBBIM CITOCOOAMM.
OHM CYIIECTBYIOT, TIOTOMY UTO ITPOSIBJISIIOT Ce0s 00beKTaMU,
X CBOJMCTBAaMM, TIOTJIOIIEHMEM U UCITYCKAHMEM U3TyueHUl B
JII0OBIX HATIpaB/IeHUSIX. AOCOTIIOTHO HEITpePbIBHOE CyOCTaHIIN-
aJIbHOE 3-MepHOe MPOCTPAHCTBO YIOBJIETBOPSIET MPUHIIUITY He-
OrpaHMYEeHHOCTH BO BCEX HATIpaBJieHMIX. Takoe MPOCTPaHCTBO
He 3aMKHYTO U MPOSIBJISIET Ce0s1 B3aMMOJIEICTBUSIMM KaK He-
MOCpeCTBEHHO KOHTAKTHBIMM, TaK U MOJIEBbIMM. TpéXxmMepHOe
MMPOCTPAHCTBO — He «4EPHAs AbIpa-MPOCTPaHCTBO». OHO MPOSIB-
JISIeTCSI, OHO CYIIecTBYeT. TaKOMYy ITPOCTPAHCTBY He TpebyeTcs
HecyOCTaHI[MaIbHOE «Cylee-BMecTunie». OHO caMo SIBJISI-
eTCs peaJibHbIM BMECTUJIMILEM AUCKPETHBIX MaTepuabHbIX
00'bEKTOB U CUJIOBBIX (PM3MYECKUX ITOJIEIA.

Ha TpéxmepHOM IpOCTpaHCTBE BbINOAHsIeTCs IIpuHIMIT
HeorpaHmdyeHHoOCcTH [IpocTpaHcTBa.

Tpu usMepeHust HEOOGXOAMMBI U TOCTATOUHBI JJIST [Teii-
crBus IlpuHIMna HeorpanndeHHOCTH [IpocTpaHcTBa.

[TpocTpaHcTBa 4-X U 60Jiee U3MEePEHU — U3JIUIIEeCTBa
nJis1 BcesleHHOIA.

3arajgka KBaJapaTUYIHOCTU PACCTOSIHMS B 3aKkoHe
BCEMMPHOTIO TATOTECHUS

PaccmoTpuMm «cTgaruBampliee» 1oJjie HalpsiKeéHHOCTU
IrPaBUTAIMOHHOTO TIOJISI B CBSI3M C 3araJikoit 06paTHO-KBa-
IpaTUYHO 3aBUCUMOCTY I'PABUTAIMOHHO CUJIbI TPUTSIKE-
HMS TeJl OT PaCCTOSIHUSI MeX Iy HuMU. IMeHHO 3araiku, Io-
TOMY UTO HET 3TOMY (pU3MUECKOTO OObSICHEHNSI HU B OHOI
OOIIENTPUHSTON Teopun rpaButauun. [lepast hpusmueckas
Teopust rpaButanuu Jle Caxka 06bsICHSIJIA 3Ty 3arajiky, HO,
BBUIY MHOX€CTBA MIPOTUBOPEUNII C KUHETUYECKOM Teopu-
eli Ta30B U 3JIeKTPOMAarHUTHOM Teopueli MakcBeia, OHa He
MOJIy4ymsia MpMU3HAHUS U IMPOKOTro pacnpocTpaHeHus. Tem
He MeHee, MOMNbITKY MPUBJIeYeHNS €€ MpeAITPUHUMAIOTCS U
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B HbIHellIHee BpeM 4, yke ¢ yueToM CTO, OTO 1 KBaHTOBOJ
37IeKTPOAVHAMMKNA. [I7151 IPUHSTUS U IPU3HAHWUS KBAHTOBOI
TeOpUM IrpaBUTALUM HEJOCTAET, MOXKHO CKa3aTb, CAaMO1 Ma-
JIOCTY — I'PAaBUTOHOB. [leCSITUIeTUS TIONBITOK OOHAPYSKEeHUS
9TUX YaCTUIL He TIPUBeN K ycrexy. [loaromy Hanbosee 3Ha-
YMMBIM BKJIaJOM B pasrajKy 3araJkyu KBaJapaTa pacCTOSHUS
B 3aKOHEe BCEMMPHOTO TIATOTEHUS OCTAeTCS YTBepXKIeHue
KaHTa 0 TOM, 4TO NpuUMHA KBaAPATUYHOCTYU PACCTOSIHUS B
TpexMepHOCTU npoctpaHcTBa. Ho dunocod Kant orpanu-
YMJICSI TUIID YTBEPsKIAeHWeM, U He [aJl Joruueckoro (hbusm-
KO-MaTeMaTUUyeCKOT0) MOSICHEHU S BIUSHUS TPEXMEPHOCTU
IIPOCTPAHCTBA Ha CTeNeHb PaCCTOSIHUS B 3aKOHe BCEMUPHO-
ro taroteHus. [loaTomy 3arazka ocTaeTcs 3arajKoi yxe Ha
MIPOTSDKEHUY COTEH JIeT I10CJIe OTKPBITUS (MaTeMaTU4YeCKOr0)
HpioToHa.

[TonibiTaemcs IPOSICHUTD yTBepXKAeHMe KaHTa Ha X0po-
110 M3BECTHBIX U MPUHSATHIX B Hayke NMOHATUSIX. He 3aTpa-
rBas «0yKBbI 3aKOHA» BCEMUPHOTO TATOTEHMSI, TTepenuiiem
ero B Buze:

F=(GM/R?m, 43)

rae F — cuia npuTsskeHMs NpUTATMBaloIIe Mmaccbl M, ropas-
IO TIPEBOCXOSIIEN NPUTITMBAaeMyl0 Maccy m, G — rpaBu-
TallMOHHAs MOCTOSIHHASI, R — paccTosiHMe Mexxay LeHTPOM
Macchl M 1 «IIpoOHO¥» Maccoil m, KOTOPYIO MOXKHO CUMTATh
TOUYEYHOI1 [0 CpaBHEHMIO ¢ M. YMHOXMM YMCJIAUTEJDb U 3HA-
MeHaTesb B CKOOKax Ha 47T:

F=@4n GM/AmR) m 44)

4nmR? - nmuomagb IOBepXHOCTU cdepbl paamyca R.
Torma M/4nR2 npexnctaBiisieT co00¥ KakKyUIyoCsi, HO TOY-
HYIO TIOBEPXHOCTHYI0 ITNIOTHOCTh Macchl M Ha 3To¥ cdepe.
O603HauuM e€ kKak pMs u repenuiiem (44) B popme:

F=@nGp,)m (45)

Ecnu npuusits 41 G pMs = gMs , TO (45) nepenuiieTcs
B BuJe:
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F=g,m, (46)

KOTOPBIN B 3eMHBIX YCJIOBUSX BbhIpaykaeT Bec (P) Tesa B6IM3U
noBepxHoCcTy 3emyin, P=gm, g - yckopeHMe CBOOGOIHOTrO Ia-
neHus. YCKopeHye CBOOOJHOrO nmaJjeHusi MOXKHO pacCMaTpu-
BaTh KaK KMHETU3MPOBAHHYIO MOTEHLIMATbHYIO HAIIPSIKEH-
HOCTb I'PAaBUTALIIOHHOTO IOJISI BOIM3M ITOBEPXHOCTU 3eMJINA.
B obmem cinydae g, — HalpsSKEHHOCTb IPaBUTALIVIOHHOIO
T0JIS IpUTATUBaloLIeil maccbl M Ha paccTosiHuM R OT eé 1eH-
Tpa. Ec/iu Ha 3TOM pacCTOSTHUM MJIU B JTI000I IPYroif Touke
cdepsl paguyca R HaxoguTCcsi Macca m, TO OHa MO, ieliCTBUEM
HAMPSKEHHOCTU g, LIEHTPAIbHO-CUJIOBOTO IPaBUTAIIOHHO-
O TOJISI IPUTSITUBaloIIeit Mmaccbl M OyZeT UCTIBITHIBATh CUTY
NIPUTSIKEHUS (46), Vi TIPU OTCYTCTBUM MPENSITCTBUS OyHeT ma-
naTh K Mmacce M c yckopeunem g, =4nGp,, . [TomncraBus us-
BeCTHbIe MacCy ¥ paguyc 3eM/n B p,, , HeTPYIHO YOeAUThCs
B TOM, UTO B ci1yyae 3eman popmyna g, = 411G p,, 1aeT Xopo-
III0 M3BECTHOE 3HaUeHNe g YCKOPeHMsI CBOOOIHOrO MaIeHus.
3 3TUX BBIK/IAZOK BBITEKAET, UYTO B JII000IT TOUKe cepbl pa-
nuyca R or reomeTpuueckoro ueHTpa maccbl M BO3HMKaeT
oIpeneeHHOe 3HaueHye HaPSKEHHOCTY IPaBUTALIVIOHHOTO
T10J151, KOTOPAasi MPOIOPLMOHA/IbHA [IOBEPXHOCTHOM IJIOTHOCTU
Maccbl M, ecsiv 661 OHa GbIJIa pABHOMEPHO pacIipe/ie/ieHa 1o
noBepxHocTu cdepsl. [loBepXHOCTHAS ke IJIOTHOCTb M Ha
chepe paguyca R 06paTHO-MPOIMOPIMOHAIbHA TIIOMIAAN
TOBEePXHOCTU cepml, a MJIoIab MOBEPXHOCTU cepbl paBHA
4nR?. OTclofa CTAaHOBUTCS TOHSTHOM MPpUpoAa KBagpara pac-
CTOSIHMS B 3HaMeHarTejie 3akoHa BcemupHoro TaroteHus.

CriegyeT 3aMeTUTh, UYTO B BbIKJIAAKaxX He ObIJIO HU OJ-
HOJI TUTIOTE3bI MJIY He OOIIEeNPUHSITOrO HAYKOI MTOIOKEHMSI.
[ToBepXHOCTHAS IJIOTHOCTDb MacChl Ha cepe MPOu3BOILHOTO
pagmuyca R MokeT BbI3bIBaTh COMHEHME, HO 3TO He peajbHO
pacmnpezesieHHasi IO BCeil MOBepXHOCTU cepbl Macca M, a
“Raxkymiasics”, TeM He MeHee, COBepIIeHHO TOUHAas U “3aKOH-
Has” B PU3MKO-MaTeMaTUueCKUX MpUeémMax.

Takum o6pasom, 3aKOH BCEMUPHOI'O TSITOTEHUS OCBO-
OO0KIAeTCS OT «BPOKAEHHOI 3araJlouHOCTI». YTBEPXKIEeHME
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KaHTa 0 TOM, UTO IIpUUYMHA KBaAPATUUHOCTHU PACCTOSIHUS
B 3HaMeHaTeJsie (OpMYJIbl 3aKOHA BCEMMUPHOTO TSITOTEHMS B
MEpHOCTM IIPOCTPAHCTBA AeMiCTBUS 3aKOHA, IMOATBepXKaa-
eTcsi. CTereHb PacCTOSTHUSI MeKAY B3aMMO/IeliCTBYIOIMMU
o6bekTaMu 6epéTcs Ha 1 MeHbllle MEepPHOCTU IIPOCTPAHCTBA
mevictBus 3Tux Cui:

F=GMm/R"", A7)

rae D — MepHOCTb ITPOCTPAaHCTBA.

Cuna B3aMMHOTO TPaBUTAL[MOHHOTO TIPUTSI)KEHUS TeJl
B TPeXMEPHOM ITPOCTPAHCTBE 0OPATHO-ITPOITOPIIMOHAbHA
BTOpPOI1 CTeIIeHU PAaCcCTOSHMSI MeXAY UX IIeHTpaMMu.

B ciyyae nByMepHOro ImMpoOCTpaHCTBA HAIIPS)KEHHOCTD
«IBYMEPHO-T'PaBMUTALIMIOHHOTO IT0JIsl» BhIpasuiaach Obl uepes
JIMHENHYI0 (OKPYXHYI0, 21MR) JIOTHOCTH MacCHhI.

NHTepecHO 3aMeTUTh, UTO 10 3TO JIOTUKE B OJTHOMED-
HOM IIPOCTPAHCTBE He 6bII0 6bI HUKAKO 3aBUCUMOCTY CUJIBI
B3aMMOJIEVICTBMSI OT PACCTOSTHUSI MeXy Maccamu. B aTom
cyJae peajm30BbIBaJIOCh 6bI HbIOTOHOBO 1a/IbHOMIENCTBIE.

IMomo6HbBIe K€ BBIKJAOKM MOXHO cIejgaTb M C
KynoHOBCKMM B3auMOAeCTBMEM. BMeCTO MOBEpPXHOCTHOM
IIOTHOCTY MaccChl OyZIeT IIOBEPXHOCTHAS MJIOTHOCTH JJIEK-
TPUYECKOTOo 3apsiaa.

Ob6miee TYT B 3aKOHOMEPHOCTU M3MeHeHMsT QyHa-
MEHTaJbHbIX TPABUTALMOHHOTO U 3JE€KTPUUYECKOr0 CUJI
OT MOBEPXHOCTEN KOHIEHTpUUeCKux cep B TpEXMepHOM
cybCTaHIIMAIBHOM SP-TIPOCTPAHCTBE. ITO ONpeIeIEHHO Io-
BOPUT O pelIarolieM BAUSHUM DCIUTAlsI Ha SIBJIEHUS U IIPO-
11ecchbl BO BceyneHHOI.

IIpocTpaHCTBO, BpeMsl, IBUKEHME

IIpocTpaHCcTBO BO BCesieHHON TOJNBKO TpeéxmMepHO (3D
MIPOCTPAHCTBO). [IpOCTPAaHCTBO CYILIECTBYET, CYLIECTBYET B
3D npoTssKEHHOCTU. [IpOCTPaHCTBO CYIIeCTBYET MOCTOSIH-
HO, TIOCTOSIHHO BO BpEMEeHHO AJAUTeNbHOCTH. Ec/iu 661 He
6b1JI0 BpeMeHHO AUTEJTbHOCTH, T.e. BpeMeHHas IJIUTelb-
HOCTbH ObljIa ObI HYJIEBOI, TO He ObIJIO ObI M IIPOCTPAHCTBA.
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B HyJ/ieBOV BpeMeHHOV AJUTeJbHOCTU He CYIIeCTBOBAJO
6b1 3D nmpocTtpaHcTBa. D u T He MMeIOT CMbIC/Ia OJHO 6e3
Ipyroro, B otaeabHOCTU. OHM ciuTHBI B DT, 1 cylecTByeT
B peaJIbHOCTU Ha camMoM geje umeHHO 3[DT] mpocTpan-
cTBOBpeMs. 3D-MPOCTPAaHCTBO aOCOTIOTHO HEIPEPBIBHO.
HenpepbIBHO 1 a6COIIOTHOE BPEMSI, CJIUTHOE C a6COTIOTHBIM
MMPOCTPAHCTBOM.

IIpocTpaHcTBO — Space, Sp-3/ieMeHT (ICIU-3JIEMEHT) B
YpoBHeBbIX CUCTeMax U IIKaje eCTeCTBEHHBIX 3JIeMEeHTOB
Bcenennoii.

Bpems — Time (kpatko Ti, B pycCKOM IMPOU3HOIIEHUN
tait). 3[DT] npocTpaHcTBOBpeMs ecTh JcnuTai. Mcxons
13 COBpPEMEHHBIX OIIeHOK pa3MepOoB 3JIEKTPOHOB U HYKJIO-
HOB, MOXXHO OILI€HUTb, UTO OTHOIIIEHMEe 00bEMa aToMa K 00b-
€My ero 3J1eKTPOHOB M HYKJIOHOB cocTaBiisieT 10'°, T.e. mo-
IaBJISTIONLYIO0 YaCTh 06bEMa aTOMOB, COOTBETCTBEHHO BCeii
BellleCTBeHHOJ BcesleHHOV cOCTaBJ/IsSIeT MPOCTPAaHCTBOBpe-
ms — dcnurali. bosiee Toro, sjieMeHTapHbIe YaCTUILbI ITPe]T-
CTaBJSIOT c000Ji GopMbI, PUTYPHI BO3OYKAEHHBIX COCTO-
aHMI dcnuTtaiisg. Takum o6pa3omM, MOXKXHO TOBOPUTH, YTO
cybcTaHIMaabHO-MaTepuasibHast BcenenHast — dcnuraiiHas
Bcenennas.

Yro ectp TOuka? Touka - orcyrcTBue Bcex 3[DT]-
M3MepeHnit B dcnuraiHoil BceseHHol. OTCyTCTBME Uero-im-
60 o603HavaeTcs Kak 0 (Ho1b). TakuM 06pa3oM, TOUKa — HOJIb
Bcex 3[DT]-usmepenuii. CyniecTByeT i TaKOi 0OBEKT KaK
TOYKa?

OTO 3aBUCUT OT TOTO, CYILIECTBYET M peajbHO HOJIb
Bcex Tpéx 3[DT]-u3amepenuit dcnuraiisgs. Her, He cyie-
ctByeT. [Toromy uTo 0 BpeMeHM (He yCJIOBHBII, a aOCOJIOT-
HbIl1 0 BpeMeHU) olpefie/isieT HeCyIlleCTBOBaHME BCEX TPEX
D-usmepeHuii, T.e. HeCyIeCTBOBaHMe (OTCYTCTBME) CAMOTO
MIpOCTPAHCTBA. A B OcniuTaiiHO BcesleHHOI HET HUTIE U HU
B YeM, I'/ie ¥ B YEM He CylIecTBOBaJj O6bI DcruTait. Touku u
HYJIM He MOT'YT ObITh a0COTIOTHBIMY, peaJibHbIMU. OHM MOTYT
OBITH TOJTBKO OTHOCUTEIbHBIMM, YCJIOBHBIMMY, MHAY€E TOBOPSI,
abcTpakTHRIMMU. VIMM MOXKHO 0603HAuyaTh JIUIIb YCJIOBHO
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«MeCTOBPEMSIIIOJIOKEHME» Ha JIF000I DCIUTANHON MTPOTS-
JKEHHOCTM KaK yCJIOBHbIE OTHOCUTEJIbHbIE Hauajla OTCUYETOB.

[To HploTOHY a6COJIIOTHOE TPEXMEPHOE MTPOCTPAHCTBO U
abCoJIIOTHOE O HOMepHOe BpeMsl BceneHHOI paccmaTpuBa-
JIUCh pa3aesibHO. B DITHIITEITHOBCKOM peJISTUBM3ME OTHO-
CUTEeJIbHbIE TIPOCTPAHCTBO U BpeMS pacCMaTpPUBAIOTCS CO-
BMECTHO B 4-MepHOM ITPOCTPaHCTBE-BpEMEHM.

B 3criuraitHoii BecesmeHHOI aGCOMIOTHOE TPOCTPAHCTBO U
abCoJIIOTHOE BpeM S PacCMaTpPUBAIOTCSI CTIUTHO B OTHOM a0-
conwoTHOM 3[DT] Scninraiie.

3[DT] Scniutaii — a6COMIOTHAS HETIOABMKHAS CYIIHOCTD
cy6CTaHIMaIbHO-MaTepUaIbHOM BeemeHHOM. AGCOMIOTHO
HeTOBMKHAS (TIOKOSIIASICS, 3aCThIBILIAS) CyOCTaHI[MSI-MaTe-
pus HUUeM He TIposiBJIsieT cebsi. He MposBASTHCS paBHO3HAY-
HO He CYIIeCTBOBATh. [IPOSBAATHCS UTO-TMO0 MOXKET TOTHKO
M3MeHeHMeM, IBMKeHMeM, IBMKeHeM abCOMIOTHBIM, IBY-
>KeH/eM OTHOCUTEIbHBIM OTHOCUTEJIBHO YCJIOBHBIX TOYEK B
3[DT] Ocnuraiis. AGCOMIOTHOE ABMKEHME B ACTIUTalie — IBU-
>KeHMe C MaKCMMaJIbHOJ (A6COTIIOTHOI) CKOPOCThI0. ATO CKO-
pocTh cBeTa B Bakyyme. C TAaKMMU CKOPOCTSIMU B DCIIUTalie
IBVOKYTCST GOTOHBI U HEMTPUHO. POTOHBI M HEUTPUHO — DU-
rypbl (GOpMBbI) YIIPYTUX BO3OYKIEeHMIA DCIIUTais. DJIeKTPOH
Y TMIO3UTPOH — TOPOUAJIbHbIE 3aBUXPeHMST POTOHOB U Hell-
TPUHO. DjIeMeHTapHble YaCTHULbl, aTOMbI, MOJIEKYJIbI, HAHO-
YaCTUIIbI, TeJIa, HeOeCHbIe TeJla HAXOISITCS B OTHOCUTEJIb-
HOM [JIBVMKEHUM APYT K OPYTY U K JIF0O60I yCITOBHOM TOUYKe
JcruTans.

Bce abcoyilOTHBIE UM OTHOCUTEJbHbIE [BUKEHUS B
JcnuTaiie npucyumu ScnurtaiHon BecemenHoit. CUnTaloT, 4TO
B OJHOM JIMTPe MeXTraJaKTUUeCKOTro MPOCTPaHCTBA CTaTU-
CTUYECKU COiepKaTcsi: He MeHee ofgHOro atoma, 500 Teicsiu
dboToHOB 1 450 THICSY HEINTPUHO. ICMUTAN HE MBICIUM (He
cyliecTByer) 6e3 IBUsKeHU. «UMUCThIi» (COBEPIIEHHO He BO3-
Oy>KIEHHBIN) DcruTalt — npeneabHOe COCTOsSTHME. B 06071
YCJIOBHOV TOUYKe DCIUTANS MMEITCS CTallMOHApHBbIe U JVHA-
MMYeCKye rpaBUTALMOHHBIE U 3JIeKTpuYecKkue nosst. Mo>xHO
TOBOPUTD, UTO ABVMKeHMe — u3MeHeHue 3[DT]-usmepennii B
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OTHOCUTEJILHOM (YC/IOBHOM) BpeMeHU MJIN U3MEeHEeHMe yCJI0B-
HOro BpeMeHU ¢ usmeHeHueM 3[DT]-usmepennii. Bce nBuxe-
HM S HellpepbIBHbI, IOCKOJIbKY HeIIPePbIBHO IIPOCTPAHCTBO U
HeIpepbIBHO BpeMsl. DCIIUTAN He MbICJIUM (He MUMeeT CMbIC-
na) 6e3 TpueAMHCTBA HelIPePbIBHBIX TPOCTPAHCTBA, BpeMeH!
U I BVKEHUS.

HemnpepbIBHOCTb IIPOCTPAaHCTBA, ABVJKEHUS U
BpeMeHU

Uucna u omepauuu (omepatopsl) ¢ (Hang) yucaamu. B
3TOM, COOCTBEHHO, BCS MaTeMaTyka. MHOXeCTBO uycesl Co-
CTaBJISIET YUCTIOBOE MHOXECTBO, MaTeMaTHyeCkKoe MHOXe-
CTBO, MHOKECTBO MaTeMaTUUYeCKUX 00beKTOB — eqUHUII,
yacTel eqUHUILL, KOTOPbIE TOXKE e IMHUILIbI, HO IPYTUX Pa3psi-
IOB, IPYTUX MaciTabos. Yucia, 1o CyTH, 1o Mpupoje CBO-
el JUCKPeTHbI, CKOJIb ObI MaJibl OHM HU ObLIN. MeKIy JII0-
O6BIMM UMCIAMM MMEIOTCS ITPepbiBbl, CKOJIb YTOAHO MaJble,
HO MpepbIBbl. DTO CBOMCTBEHHO YMCJ/IaM, IO OIpeaeeHNIo,
10 CyTHU, IO npupoge ux. Moxet nau npupopna, BcenenHas
MMOJHOCTBIO OMUCBHIBATHCS MAaTeMaTUKOM, T. €. yuciamu?
[Tudarop yrBepskaat: «Bcé ectb umcia u OTHOLIEHUSI». Bcé
— Bcs BecenmenHnasi. @akTuyecku 3TOMY CjeI0Bajoch B bu-
3MKe ApucToTesisi, B MeTadu3uKe 1 CJeAyIOT ITIOHbIHE B Te-
opeTuUeckoit (MaTeMaTu4ueckoii) husuke. ICTUHHO N U3-
peuenue [Tudaropa? Emié ¢ JIpeBHeit dmaabl, ¢ IpobIeMbl
IeJMMOCTU OTpe3ka uspeueHue [Indaropa npuHUMaeTCs
UCTUHOMN. IToTOMY UTO MaTepusi BOCHpUHMMAETCS (OTpayka-
€TCsI) CO3HaHMeM TOJIbKO AMCKpPeTHOI. U ceityac MOy T Mou-
CKU «Teopuii Besnkoro o6benuHeHnsI», «Teopuit Bcero» Ha
«HUBE» TeOpeTUYeCcKoil (MaTemMmaTuueckoi) ¢pusmku. Ho Bcé
Ji BO BcenmeHHoM auckpeTHO? [luckpeTHas matepus — Ja.
Ha Bcex ypOBHSIX OpraHusalum MmaTepun, OT SJIeMeHTaAPHbIX
yacTul, 0o rajaktuk. Ho BcenmeHHas He «3acThIBIIASI» OMC-
KpeTHas martepus. IuckpeTHass MaTepus BCerga HaxO4UTCS
B COCTOSIHUM OBVXXKeHMSsI. U TTOKOW — 4aCTHBIN cay4daii JBU-
skeHMs1. I 3T0 B 6yKBaJbHOM CMBbICJIE, TOCKOJIBKY IIPU OTCYT-
CTBUM BHEILIHET0 OTHOCUTEJIbHOTO ABUXEHUSI BHYTPEHHEE
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abCoJIIOTHOE ABVKEHME 3JIeMeHTapHbIX YaCTUIl, aTOMOB, MO-
JIEKYJI BCerja MuMeeT MeCTO BO BCeX UCTMHHO 3JieMeHTapHbIX
yactuiax. CiemoBaTesibHO, IVCKpeTHAs MaTepys BCeraa B
IBVUKeHUM. MaTepus 1 ABM>KeHMe He OTAeJMMbI. [IMCKpeTHO
JIV ABV>KEHMEe NVCKPEeTHOM MaTepun?

[To pusuueckomy onpeneieHIO: IBMXKEHNE — U3MeHe-
HIe TI0JIOKeHMSI YaCTUIbl OTHOCUTEJIbHO IPYTUX YaCTUI] C
TeueHMeM BpeMeHU. Kakux apyrux yactuil? HeorpeaenéHHo.
IlJis onipeieIEHHOCTY CYy3UM: IBM>KeHMe — M3MeHeHMe T0-
JIO’KEeHMSI 3JIeMeHTapHOM YacTUILbl YaCTUILbI OTHOCUTETbHO
IPyToii 3JleMeHTapHOM YaCTUILIbl YaCTUILbI C TeUYeHVeM Bpe-
MeHu. MimeeM: IBe 37ileMeHTapHbIe YaCTUIbl, OTHOCUTEJIbHOE
TMOJIO’KeHMe 3TUX YaCTUII.

ITycTb B BaKyyMe BO3HUKIIMU (TIPUBHEC/IN) I BA HEMITPOHA.
OTHOCUTe/IbHOE TI0JIOKeHe — HeKoTopas AJ1Ha OTpes3Ka
MeXy IleHTpaMy HeliTPOHOB, ropa3/io MpeBbllIatias pa-
IUYC NeCTBUS SIepHbIX CUJI. ['paBUTAIIMOHHBIM HNPUTSIKe-
HMEM TaKke MOXXHO ITpeHeOpeub, BBUIY MaJOCTU UX MaccC.
Bpems?

PaccmoTpum 3 ciayyas.

1. BHemHee Bpems. Eciiv gyiiHa oTpe3Ka He M3MeHSseT-
Csl, TO HeT ABVKeHMs. Eciv HeT IBUKeHMSI, TO BpeMS HU K
yemy. Ho «BKT1IouMM» HeKMe BHelllHMe Yyachkl. Yepes ~16 MUHYT
006a HeiITpPOHA pacHaayTCd Ha IBa MPOTOHA, ABa 3JIEKTPOHA
¥ IBA 9JIEKTPOHHBIX aHTUHENTPUHO. DJeKTPOHBI YIaISI0TCS
13-3a HaUaJbHbIX MMITYJIbCOB, @ aHTUHENTPUHO «BbLJIETAIOT
U3 UTPbI» C TIOUTU CBETOBOV CKOPOCTBIO 3a Mpeeibl «TeaTpa
IeVCTBUS» IBYX OCTABIIUXCS IIPOTOHOB. DJIEKTPUUYECKU Of -
HOVMEHHO 3apspKeHHbIE TIPOTOHBI OYIYT OTAAMSTHCS APYT
OT ipyTra. 3TO paBHOCUMJIbHO IBUKEHNIO OJHOT'O MPOTOHA OT-
HOCUTEJIbHO IPyTroro. BHelrHee BpeMsl BCE elll€ «BKJIIOUEHO».
OTpe30K AAMHBI MEeXIY IBYMS IIPOTOHAMM yBeJIUUMBaAETCs
CO BpeMeHeM, T. €. TT0JIOKeHe OJTHOTO MPOTOHA OTHOCUTEJTb-
HO ZIpyToro IMPOTOHA U3MeHsieTcsl. Bcé B TouHOCTH 110 13-
YyecKOMY OITpe/ie/IeHUIO IBUKEHU .

2. JlokanpHOe Bpems. «IIpuBsi>keM» 4dachl K BO3SHUK-
MM HeiTpoHaM. «IIpMBsS3aHHbIE YaChl» OYIYT MOKa3bIBATh
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(OTCUMTBIBATh) HEKOTOPOE JIOKaJIbHOE (JIOKAJIM30BaHHOE B
IBYX HelTpOHax) BpeMs. HeliTpOHbI HEMIOABUKHBDI, T.€. HE
M3MEHSIeTCSl OTPe30K MeXAy HMMU. JIOKaJbHOTO BpeMeH!
HeT, TOCKOJIbKY HET OTHOCUTEJIbHOTO JABM>KeHM ST HEJAITPOHOB.
OTcyTCTBMe BpeMeHM He O3HauaeT OTCYTCTBUE MaTepuu
(HEMTPOHOB), @ OTPa’kaeT JIUIIb OTCYTCTBUE OBUKeHus. Ho
10 MPOIIeCTBUM ~16 MUHYT I10 BHEIITHMM YacaM HelTPOHBbI
1CUYe3aloT, ¥ BMeCTO HMX Ha UX MeCTe TOSBJISIIOTCS TIPOTO-
HbI, KOTOpbIE TYT Xe HAUMHAIOT OTAAJSIThCS APYT OT Apyra.
C nosiB/ieHMEeM JIBM>KeHMSI BKIIIOUAIOTCS JIOKa/JIbHbIe yachl. C
MOMEHTA MOSIBJIEHU I TIPOTOHOB JIOKAJIbHbIE YaChl ¥ BHEITHME
Yyachl MOKA3bIBAIOT OAMHAKOBBIN «6er BpeMeHM», KOTOPBIi
MOXKeT IMPOAJUTHLCS BeuHo. U 31ech o ¢pusmueckomMy orpe-
JleJIeHUIO IBV>KeHMs, HO C «xMOMEHTA OTCUETa» JIOKAJIbHOTO
BpPEMeHMU.

3. BHyTpeHHee BpeMs. «I[loMeCcTUM» 4achl IJis Onpene-
JIEHHOCTY BOBHYTPb OJHOTO 13 HEITPOHOB. B COOTBETCTBUM
C MIPUHIIUTIOM COXpaHeHM S ab6COTIOTHOTO JBUKEHMS BCE 3JIe-
MeHTapHbIe YaCTUIIbI, MMEIOI /e Maccy, 06/1aJal0T BHYTPEH-
HUM JBMKE€HMEM, aOCOJIIOTHBIM JIBUKEHMEM C a6COTIOTHOI
CKOpOCThI0. [T03TOMY «4Yachl BHYTPU HEMTPOHA» ITOKA3bIBAIOT
ero BHyTpeHHee BpeM4. [1o ucTeueHun ~16 MUHYT HEITPOH
B OCHOBHOJ CBOJ Macce IpeBpallaeTcs B IPOTOH, B KOTOPOM
abCoJIIOTHOE BHYTpPEHHee ABUKeHNe ¢ aOCOIOTHO CKOPO-
CThI0, coxpaHseTcs. [I03TOMY «BHYTpeHHMe Yachl» OyAyT
MMPOJIOJIKATh «PErUCTPUPOBATH» BHYTPEHHEE BpeMsi, HO YKe
B IPYToJi 3/ieMeHTapHOoi yacTtuile. [IoCKo/JIbKY TPOTOH CTa-
OUIbHAS YaCcTUIlA, BHYTPEHHEE BPeMs MOXKET «Te€Ub» B HEM
BeuHO. Ho maske eciiy MpOTOH MpeTepIuT IpeBpalleHus B
IpyTrue 3jieMeHTapHble YaCcTUllbl, BHYTPEHHE BpeMs IpPo-
IOJIKUT «TeUb» BEUHO B APYTUX 3JIeMEeHTapPHBIX YaCcTUIIAX.
dakTMYeCKu BHYTpPeHHee BpeMs C MOMEHTa BO3HUKHOBE-
HUSI HEJITPOHA TEUET TaKKe Kak M BHelllHee BpeMs. 1 B aToM
cJiyyae BCE 110 oIpe/ie/IeHUI0 IBUKEHM S, HO C «TOYeK OTCUE-
Ta» BHYTPEHHUX 4YaCOB 3JieMeHTapHbIX 4YacTull. BHelliHee
BpemMs — Bpems [Ji5 Bceli BcesleHHOI, TOrAa Kak BHYTPEH-
Hee BpeM4 [JI51 KaXXI0¥ 371ieMeHTapHOM 4acTHUIbl HA BpeMs
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€ro CyIleCTBOBaHMS. JJleMeHTapPHbIX YaCcTUll, BO BcesmeHHo
0eCKOHEeYHOe MHOKECTBO. 3HAUUT 6€ CKOHEYHO ¥ MHOXKECTBO
BHYTpeHHUX BpeMéH. CiiefoBaTe/IbHO, Y BcesieHHOI HeT Gu-
3MYecKu ornpepaeneHHoro Enquuaoro Bpemenu. BHellrHMe 4achl
OBLIV TTOCTABJIEHBI YCJIOBHO (TI0 IPUBBIUKE), ¥ OHM, a TAKKe
«O0TOMBAEMOe» MMM BpeMSI He MMEIOT Gu3nuecKux 060CHOBA-
HUS U cMbIc/ia. BeckoHeuHOe MHOXeCTBO BHYTPeHHMX Bpe-
MEH He MOXXeT COCTaBUTb Hekoe EnuHoe BceneHckoe Bpemsi.
[MosTomy y BcesieHHOI He MoxkeT 6bITh EnyHOro Bpemenu,
HayvaJIbHOVM TOUKM (MOMEHTA) ero OTCU€ETA. Y BcesleHHOI HeT
BpeMeHHoro Hauaia.

BepHéMcs K onpeneieHUIO: IBUXKeHMEe — M3MeHeHMe
TOJIO>KeH ST YaCTUIbl OTHOCUTEIBHO APYTOJ YaCTUILBI C Te-
yeHMeM BpeMeHU. MI3MeHeHMe OoTpe3Ka MeXAy YacTUIaMMU C
TeyeHueM BpeMeHu. UTO 31eCh NepBUYHO (TIPUUYMHA), U UTO
BTOpUYHO (c/eactBue)? OTpesok (dL) nameHsieTcst u3-3a u3-
MeHeHMs BpemeHu (dT) miu Bpems u3MeHsieTCs U3-3a U3Me-
HeHUSs oTpeska? @opMajibHO HET MPeAIIouTeH S OHOM 13
3TUX ABYX KaTeropuii. [ToaTomMy MexXXay HUMM MOKHO MOCTa-
BUTb 3HAK paBeHcTBa: dT = dL, HO, BBUY pa3/JMYHbBIX pa3mep-
HOCTeli KaTeropuit (BeJIMUMH), 3aMuIlieM C pa3MepHbIM Ko3d-
dunnentom nmpomnopiuoHanbHocTu: dT = kdL PasmepHoCTb
k — [cex/m]. 3TO HempMUBbIYHAS PAa3MEPHOCTb, XOTS Ha MPaK-
TUKe YacTO 3aJal0T M3MeHeHMe PACCTOSIHUS U U3MEPSIOT
BpeMsl, T.e. BIIOJIHE pM3MYecKy 060CHOBaHHAS pa3MepPHOCTh
HeKoeli ¢pusnyeckoil BeauunHbl K. [IpyBbIuHEe o6paTHAas
pa3sMepHOCTb [M/ceK], BhIpaxkawias Gu3nvyecKkyo BeJanun-
HY — CKOpOCTb (V). OueBuaHO, k = 1/v. Bo3Bpamiasich K ci1y-
Yyalo IBYX HeIITPOHOB, MOSIBUBILIUXCS (BOSHUKIINX) HA KOHIIAX
HEKOTOPOTO OTpe3Ka, ropas/io 60JIbIIEero paauyca geiicTBUS
CUJIBHOT'O B3aMMO/IeiICTBMSI, MOKHO CUMTATh, UTO B TeUeHME
~16 MMHYT, OTCUUTHIBAEMbIX BHEIITHMMM YacaMu, OHU HaX0-
IOSITCS B TIOKOE JIPYT OTHOCUTEJIBHO JIpyTa, T.e. 6e3 IBUKEeHMS.
HeT nBus>keHUs — HU K YeMy BpeMsl. BHelllHMe yachl, KOHEYHO
«TUKAKT», OTCYUTBIBAS CEKYH/IbI 10 ~16MUHYT. HO B Teue-
HMe 3TUX ~16 MUHYT OTPE30K MeXAYy NBYMS HEITPOHAMMU He
usMeHseTcs. [To uctreueHun ~16MUHYT MO BHEIITHMM YacaM,
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MPOUCXOAUT BO3HUKHOBEHME ABYX MPOTOHOB U3 ABYX Heli-
TPOHOB, ¥ HauaJIOCh yBeJiMUeHNe OTpe3Ka Mo, AelicTBueM
3JIEKTPUUECKOTr0 OTTAJKMBAHMS IBYX 3JIeMEeHTApHBIX 10JIO-
SKMUTEeNbHbIX 2JIEKTPUUYEeCKUX 3apsiAoB. Hauanoch ABM>keHMe.
HauaJsio n1BMskeHMS U ero TeueHue PUKCUPYeTCs JIOKaJIbHbIMU
¥ BHEIIHMMM yacaMu. [IpOTOHBI — CTaOUIbHBIE YACTUIIBI, U
OTPEe30K MEeXAY HUMMU OyIeT yBeIUIUBaAThCI O€CKOHEUHO,
M TOTAa, KOTJla CMJIOBOE 3JIEKTPUUYECKOE IoJie OyIeT IpeHe-
OpexkMMOo MaJjio, ¥ IepecTaHeT CoOOIIaTh YCKOPEHMe, IBUKe-
HMe TIPOJOJIKUTCS 10 MHEPIUM C TIOCTOSTHHOM CKOPOCThIO.
COOTBETCTBEHHO U BpeMs OyAeT «Teub» BeuHOo. Tak, KaKoBa
’Ke IPUUMHHO-CJIe[ICTBeHHAs CBI3b? [IBUKeHMe 3a1aET Bpe-
M4 UM BpeMs 3a7aeT nBykeHue? [1o BceMy BbIIIEN3/I0KEH-
HOMY ITpeJIIouTUTeIbHee TIepBbIii BAPUAHT, T.e. ABUKEHUE
SIBJISIETCSI IPUUMHOV BpeMeHU. He Bpems 3aa€T (IMoposkaa-
eT) IBUKEeHMe, a IBMKeHMe «3aIlyCKaeT yachl» M BKIHOYaeT
BpeMmsi. [IBUKeHMe — M3MeHeHMe OTpe3Ka MeXX/y IBYMs IC-
KpeTHBIMMU 3JIeMeHTapHbIMM YacTUIaMU, COIPOBOKAaeMOe
M3MeHeHeM BpeMeHM!.

ITycTh M3MeHeHUS TIPOUCXOASAT MEXKIY CTaOMIbHBIMU
HemeJIMMbIMM 6eCCTPYKTYPHBIMM 3JIeKTPOHaMM. Borpoc:
IVICKPEeTHO JIX IBVKeHMe 3/IeKTpoHa? JIonmycTum, ABM>KeHe
3JIEKTPOHA AUCKPETHO. [IMCKPeTHOCTh MepemMelleHns 03Ha-
YyaeT CKA4yOK 3JIEKTPOHA U3 OJHOTO noJjioskeHus (1) B mpyroe
rnosioxkeHue (2), myctb cmexxHoe. Kpome Toro, Takoii KBaHTO-
BbIVi TIepeCKOK Ipe/ioiaraeT pa3MepHYI0 TOXIeCTBEHHOCTD
MOJIOKeHUIi 2 U 1. DTU MOJIOKEHMSI MOTYT BMeIllaTh B Ce0sl,
MIPUHSTH B CeOSI, OTITYCTUTD OT C€6ST 3JIEKTPOH TOTBKO I€JIbIM
¥ HM B KOEM cJiydae He M0 YaCTsM, 10 TOM MPOCTO MpUUMHE,
YTO 3JIEKTPOH 3JIeMeHTapeH U He MMeeT yacTeil. DJeKTPOH
MMeeT KOHeuHble pasMepsl, mopsaaka 10° m. dopma sJiek-
TpOHa HeomnpeAeneéHHa. [IoaToMy MOXHO 3a4aTbhb €My JI0-
6y1o yciaoBHYIO opmy. ITycTh 9TO 6ymeT Ky6 CO CTOPOHOI
L = 10""* m. Ky6 a/ieKTpOHa 1LIeIMKOM AOJIKEH VCUYE3HYTh U3
nmojioxkeHus 1 ¥ 1eJIMKOM BO3HMKHYTDb B CMEXHOM IT0JIOXKe-
HUM 2. TIpOUCXOOUTDH 3TO OOKHO MIHOBEHHO. [loTOMYy UTO
B IIPOTUBHOM CJjiyyae, B Cjlydae IpoLecca MOCTEeeHHOro
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repeMeleHusi, 3JIeKTPOH TOJKEH OblJI ObI 10 YacCTSIM 3a-
HSITh IIPOCTPAHCTBO MOJIOXKeHUS 2. HO 3JIeKTPOH He eJuM
(anemeHTapeH). [ToaToOMy mepemMeCTUTHCS U3 MOJIOXKeHUS 1
B T10JIO’KeHMe 2 37IeKTPOH MOKET TOJIbKO 1eJIMKOM. B Takom
cJiyyae, B cJiyuae MIHOBEHHbBIX MCUe3HOBEHMS I BO3SHUKHO-
BeHMS (IMCKPEeTHBIX UM KBAHTOBBIX IEPECKOKOB), HE IMeeT
3HaueHMs CMeKHOe JIM MOJIoKeHYe 2 110 OTHOIIeHMUIO K M0-
JIOXKEHUIO 1, MJIM OTCTOUT Ha G€CKOHEUHOM PaCCTOSTHUM OT
Hero. [ToToMy UTO MOKeT ObITh 6€CKOHEUYHOE MHOXECTBO
TepecKOKOB IO 1eMoYKe, KaskAblli M3 KOTOPbIX MTHOBEHEH,
T.e. myuTcst 0 BpeMeHu, a 6eCKOHeYHasl CyMMa HyJIeil ToXe
HOJIb. DTO O3HAYaeT 6€CKOHEUHYIO CKOPOCTh IlepeMelleH s,
YTO COTJIaCyeTCsI C MTHOBEHHOCTbBIO, T.e. PABEHCTBOM HYJIIO
BpPEMEHHOI'0 MHTepBaJia repemMelneHust. Ho aTo abcypaHo He
TOJIbKO JJI51 TiepeMelleHs], HO U [JIsSI MTHOBEHHOJ epeaun
CurHasna (B3aumopeinctsusi) — HbloTOHOBA 1aJIbHOIEVICTBUS.
Ha cerogHs1HM1i1 IeHb He U3BeCTHbI HUKAKMeE MTOITBEePsKAEH-
Hble nepeMelleH s UJIU TIepeHOChl B3aMMO/IeliCTBUI1, IPeBbI-
IIalolIe CKOpoCTh CBeTa B BAKyyMe.

Takum o6pa3om, IBMKEHME 3JIEMEHTaPHOM YacTUIIbI HE
MOKEeT ObITh IUCKpPeTHBIM. CiefoBaTe/IbHO, HUKAKOe TBU-
’KeHMe He MOXEeT ObITh IMCKPETHBIM. B UéM mpuumHa He-
BO3MOXHOCTU IMCKPETHOTO BM>KeHMsI? B HeIpepbIBHOCTHU
MPOCTPAHCTBA, TPEXMEPHO 00BEMHOI0 ITPOCTPAHCTBA, ITPO-
CTPaHCTBA-Cpebl, SP-IMIPOCTPAHCTBA, Sp cybcTaHI MM, Sp-
cpenpbl, abCOIOTHOM Cpeabl-IIpaMaTepuu, IPOTOMAaTEPUMN,
abCoJII0OTHOI cybcTaHIMK. Best M3BecTHAsI MaTepusi: SJ1eMeH-
TapHbIe YaCTUIIbI, SIApa aTOMOB, aTOMbI, MOJIEKYJIbl, HAHOYA-
CTHUIIbI, MUKPOYACTUIIbI, MAKPOYACTHUIIbI, TeJIa, HeOECHbIE
TeJjia — OTHOCUTeJIbHAs NVMICKPeTHAsI MaTepus, COCTOSIIAS U3
abGCoJIIOTHOM HempepbIBHOM cybcTaHIMM Sp. AGCOTIOTHYIO
CyOCTAaHIIMIO MOXKHO «JIeJIUTh» Ha 3JIEMEHThI 00bEMa, CKOJIb
YTOJIHO GOJIBIIINME ¥ MaJIble JIMIIb YCJIOBHO, B YMe, B CO3HaHUM,
HO He peaJibHO, 00 abCOoIOTHASI CYOCTaHIMS Hepa3pbhIBHA.
Pa3pbiBHA TOJIBKO OTHOCUTEJ/IbHAY AUCKpPETHAsT MaTepus.
Bpems ecTh oTpaskeHue (MIOKa3aHue) OBUKEHUI, USMEHEHU
maTtepuun. [IBu>keHMe MaTepuu B IIPOCTPAHCTBE (Sp-cpene) 1
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BHYTPMU MaTepuu abCOJIOTHO ¢ aOCOTIOTHOM CKOPOCTHIO CBETA
B BaKyymMme. [TIoCKOJbKY ABM>XKeHNe HellPepbIBHO, MOCTOJbKY
U BpeMs HempepsiBHO. HeT enuHoro BeeneHckoro Bpemenu
¥ HeT HU Hayajia, HYM KOHIIA 3TOr0 BpeMeHU. [IMCKpeTHBbIN,
KBaHTOBBI TIepeCKOK MaTepuaJabHbIX YaCTHUI] — 3TO KOTJa U
YacTUILbI AUCKPETHBI (KBAHTOBAHBI), ¥ MOJOXKEHM S KBAHTO-
BaHbI B TOYHOCTY I10 pa3mMepam 4acTull. 119 6eCKOHEYHOT 0
MHOeCTBa COTeH Pa3HOBUHOCTEN 37ileMeHTapHbIX (KBAHTO-
BBIX) UaCTUI] BO BcesieHHOI MOIKHBI ObITh TPEAYCMOTPEHBI
(3apaHee TMOJrOTOBJIEHbI) 6€CKOHEYHOE YMCJIO KBAHTOBAH-
HbBIX I0JIOKeHUIi. C yUYETOM MPaKTUUYECKM O6ECKOHEUHOTO
MHOXEeCTBA 3JIeMEHTaPHbBIX YaCTUIL TOJIKHO OBITH ITPEIYCMO-
TpeHO 6€CKOHEYHOE MHOXXeCTBO KBAaHTOBAHHBIX ITOJIOSKEHUIA
pasHbIX BUOB. ITO abcypaHo. [IpocTpaHCTBO, CBOOGOAHOE OT
3JIeMEHTapPHbBIX YaCTUII, He MOXKeT ObITh 3apaHee (ueM? Kem?)
KBaHTOBaHO. [IpocTpaHCcTBO — Sp-Ccpena. Sp-MpoCTPaHCTBO
He IUCKPEeTHO, He KBaHTOBaHO. OHO HeIllpepbIBHO. 3HAYUT
OHO — OJTHO 1IeJIoe BO BCeit CBOeit 6eCKOHEUHOCTU. DTO eIy-
HOe 11eJIoe HelTpepbhIBHOEe 6eCKOHeUHOe IMPOCTPAHCTBO-Cpea
MIPOSIBJISIETCS B BuAe 6€CKOHEUHOTO MMPOCTPAHCTBA — TPEX-
MepHO 00'bEMHOI 6€CKOHEYHOI MPOTIKEHHOCTH. Ha s13bIKke
MaTeMaTHKM 3TO 1 — eguHuIa. bBeckoHeuHast 60JIbIas eay-
Huna?! KpainHoctb. ECTb U IPOTUBOMOJIOXKHAS KPAHOCTD
— 6eckoHeuHO MaJiasg eguuuna. A6cypaHo. Ho BcenenHas
peasibHa. 3HAUUT, a6CYypAHO uKcI0. Bcé mu ecTh uncia u oT-
HoueHug? [Toxoske, He BCE!

MaTremaTnyecKu OnmcaTh, UCUUCASITh AUCKPETHBIMU I10
CBO€I mpuUpoe (1o CYyTU) YUCTaMU KOPPEKTHO MOXKHO TOJIb-
KO IMCKPETHYIO MaTepuio, HO He HelpepbhIBHYIO Cy6CTaH-
uuio — TpéxmepHbiii OBbEM. HenpepbiBHast cy6cTaHIMS He
ucuncauma. Tpéxmepusiit OBbEM ecTb BoILIOIIEHME HETIpe-
PBIBHOVi a6COJTIOTHOI CyOCTaHIIMN.
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I[Ipupoaa rpaBUTAIIMIOHHOIO U 3JIEKTPUYECKOTO
oJiem

PaccmoTpum HauboJsiee n3yueHHbIe GU3MUecKye moJs:
rpaBUTALIMOHHOE U 3jeKTpuueckoe. ['paBuTalMOHHOE M0JIe
XapakTepu3yeTcsl HallPSKEHHOCTBIO TOJBKO MPUTSIKEHU S
(YCJIOBHO 3HaK +), a 3JIeKTpUUECKOe M0JIe — HAIIPSISKEHHOCTBIO
U TIPUTSDKEeHUS (+), M OTTaNKUBAHUS (—). CUJIBI TIPUTSIKEHU ST
M OTTAJKMBAHMUS PACCUMUTHIBAIOTCS COOTBETCTBYIOIIUMMU
dbopmynamu HrioToHa u KysnoHa. HanpsixkEHHOCTH ke pac-
CUMUTBHIBAIOTCS JieJIeHMeM CUJI Ha COOTBETCTBYOIIMEe ITPO6-
HbIe 3apsiAbl (KOJMYECTBO BellleCcTBa — MacCy M KOJIMYeCTBO
5JIEKTPUYECTBA).

3akoHbl HproTOHA 1 Ky/ioHa MOHSITHBI KOJIMYECTBEHHO,
HO He PacKpbIThl KAYECTBEHHO, & UMEHHO, A0 CUX IIOp HEU3-
BECTHBI IPUYMHBI: TITOTEHMUSI MACC, IPUTSI)KEHUS U OTTaJl-
KMBAaHUS 3J€KTPUUYECKUX 3apsagoB. MeTogoM CpaBHEHUS
MOMbITAEMCSI MMPOSICHUTD MPUPOAY IPaBUTALMOHHOTO TSI-
TOTEHU S, SJIeKTPUYECKOTO MPUTSIKEHUS U JIEKTPUIECKOTO
OTTaJIKMBaHMUSI.

HanpsikéHHOCTU CTSIJKeHUST B aMop@dHOM
TBEPJOM TeJie

BospMéEM miap 13 miaaBjaeHOTo KBapua amuamMerpom 100
MM, pa3pexkeM IOMojaM Ha 060pyAOBaHUM MO PaCIIUIN-
BaHMIO KPEMHMEBBIX MJACTUH. B leHTpax Cpe30B BbIILJIN-
dbyem saMmku monychepuueckoit GopmMbl paguycom 5 MM.
OT smok-1ionycdep BeiIIndyeM Ha Kpast MOJYIMINHIPU-
YyecKue KaHaBKM paamycom 3 MmM. Bce mmoBepxXHOCTU Cpesa,
nonaycheprueckmx SMOK U MOMYLMIANHIPUYECKUX KaHABOK
obMaskeM KOHILIEHTPUPOBAHHBIM PacTBOPOM OOPHOI KIMCJIO-
Tbl. I3rOTOBUM IIapUK AMaMeTpPoM 9,8 MM 13 HUKeS U T10-
MeCTUM B SIMKY OJJHOTO 13 MOy LIapuii MJIaBJ€HOr0 KBaplia.
CoenyHMM IOJTyIIapusi, BOOOPOSHON rOpeKoi B HECKOJIbKIUX
MecTaxX COuJIeHeHM s IOy Iapuii IpUXBaTUM JJis1 GuKcaum
BCel KOHCTPYKI UK. B UMAMHIAPUUYECKYIO KaHaBKY BCTAaBUM
KBapleBy0 TPyOKYy Hapy>KHOTO AMamMeTpa 3 MM JI0 CAMOTO
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HMKeJIeBOI'0 lIapuKa ¥ NPUXBATUM ero BOOOPOIHOI rope-
KOJi 110 MepuMeTpPy COUJIeHEeHU S C TTONMyIapusiMu. YCTaHOBUM
BCIO KOHCTPYKIIMIO B GOPMY 3 IBYX KepaMUUeCKUX IMOJTy-
IMJIUHAPOB C BHYTPeHHel ¢opMoii, TOBTOPSIONIEl C He-
60pIIMM 3a30pOM (GOPMY KBaApIEBOTO IIapa ¢ KBapIleBoii
TPYOKO¥1, BBICTYTAOIIE BHICOKO Had KEpaMUYECKMMU TT0JTY-
uuanHapaMmu. [IpyxBaTum KepamMmuueckue NoayIUJIMHAPbI
BBICOKOTEMIIEpATyPHBIM IIeMeHTOM. [TomecTuM BCIO COOPKY
B BEPTUKAJBHYIO ITeUb, CIIOCOOHYI0 HarpeBarh A0 1500 rpa-
nycoB llenbcusi. Bkiwouum neub, noseném no 1500 rpaaycos,
BBIIEPKMM, UTOOBI KBapIieBbIie MOJYIIApUs HAIPOub (Tep-
METUYHO) CKJIEMJICh OOPHBIM aHTUIPUIOM OT GOPHOI KIUC-
JIOTBI, @ HMKeJIeBbIN IIapUK paciaaBuics. PacniaBiaeHHbII
HIMKeJIb He 3aHMMaeT MOJHOCThIO BCIO IAPOBYIO MYCTOTY B
KBaplieBoit amiryse. [Io3ToMy yepes BBICTYIAIONIYIO KBap-
1IeBYIO TPYOOUKY BHECEM JAOTIOJTHUTETBHO HUKEJIEBbIN ITOPO-
IIOK, TaK YTOOBI BECh PacCIlIaBJIeHHbII HUKEJIb CJIerKa IPeBbI-
C1J1 06'bEM LIAPOBOJ TTOJIOCTH, 3aHSIB ¥ KBapIEBYIO TPYOOUKY
Ha 0,5-1 MM BbICOTBI. BcTaBUM B KBapIieBYI0 TPyOOUKY KBap-
1IeBbIi CTepsKeHb A0 yIopa ¢ HMKeJeBbIM paclljiaBOM, CBa-
PUM BOJIOPOIHOJ rOPeJIKOi TPYOKY CO CTEPKHEM M OTITasieM.
3aMeTuM, UTO OOPHBI aHTUAPUL, ABJIsIeTCS 9P (HEKTUBHBIM
KJieeM Jis1 KBaplia 1 HuKes. [IpegBapuTeabHble UCIIBITAHMS
I0KAa3aJi, UTO CKJIeeHHbIe 60PHBIM aHTUAPUAOM KBaplEeBbIe
IeTanau MeXXIy co00ii 1 ¢ HuKejieM 06/1a1al0T OYeHb 60JIbIION
IIPOYHOCTHIO, HACTOJILKO OOJIbIIOI, UTO HPU MUCITBITAHUSIX
pacTs>KeHMEeM pas3phIB IIPOUCXOAN B TejlaX KBapiia 1 HUKe-
Jisl, @ He TI0 MeCTY CKJIeUBaHM4.

BeIK/IIOUMM Meub, OXJAaAMM 10 KOMHATHOM TeMIlepaTy-
PBI ¥ U3BJIEUEM KBaPIEBBIN AP C TPYOOUKOI M CTEPIKHEM.
OrnasieM TpybOUKY CO CTEPsKHEM, TaK UTOOBI OCTA/IaCh MAPO-
Basl IOBEPXHOCTDb KBaplia C IIapuMKOM HUKeJISI B LIeHTpe.

TemmnepaTypHbIii KO3pPuilMeHT paciiupeHus: KBapiia
0,77 x 10°K! , a Hurens — 13 x 10°° K! . OueBuUaHO, ITPU OX-
JIaKIeHUY HUKEJIb MOT ObI C’KaThCSI IT0 OTHOIIEHUIO K KBapILy
B 16,88 pas 6oJbiie. Ho mpakTuyecky He pacTSATYBAKOIIMAIACS
KBapll He TI03BOJIsSIeT HUKEeJII0 C3KaThCsl, TaK KaK OH CXXKMMaJICs
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ObI B CBOOGOIHOM cOCTOSTHUM. KBapIl mpakTuuecku He gedop-
MupyeTcs. 3HaUUT, B TeJie KBapiia OrpOMHbBIe HaIlPSIsKeHUS
(manee, HaNIPSKEHHOCTM) CTSIKEHMS K LIEHTPY cdepbl CKiie-
MBaHMS C HMKejieM. [TOHSITHO, YTO MaKCHMMaJibHble HaIMps-
SKEHHOCTU Y TPAHUILbI CKJIeMBAHUS HUKeJIS M KBaplia, a K
nepudepun OT STOI TPAHUILBI HATTPSISKEHHOCTY OCJIA0JISIIOT-
cs. Hukenb e MacTMUYeH U HANPSI)KEHHOCTU PaCTSIsKeHUS
(MTpakTUUYeCKM He MOAAI0UIMMCS PACTSKEHUIO KBapIieM) Of -
HaKOBbI BO BCEM €ro TeJie.

0603HaYMM HATPSKEHHOCTD CTSKEHMS KBapIia y IpaHu-
1IbI CKJIEMBAHMS C HUKejaeM 6yKBoii T. OueBM HO, BeJIMUYMHA
T B OIHOPOIHOM M30TPOITHOM IJIaBJIEHOM KBapiie 6yaer 3a-
KOHOMEPHO MOHMKATbhCS K ITepudepuu OT IpaHUIIbI pa3fea.

PaccmoTpuMm B Tesie KBapiia cdepbl, KOHIIEHTPUUYHBIE K
cepuueckoii rpaHulle CKJIEHKM HUKeJISI C KBaplieM. BBuay
IIapOBOI1 CMUMMeETPUM Mbl MOKEM pacCMaTpUBaTh U3MeHe-
Hue T ¢ paccrosHueM (R) OT LeHTpa HMUKeJIeBOro IapyukKa.
O603HaunM paguyc HuKeneBoro mapuka RNi. Chepsl xapak-
TepU3yITCS MOBEPXHOCTHIO S:

S =4m R?, 48)

st ITIOBEPXHOCTHM pa3gesjia HMKeJIeBOT'O apuKa " I1JIaB-
JIEHOI'O KBapia, OYeBMOHO:

S, =4TR 2, (49)

Hanpsiskéanocts T B 110607 Touke cdepbl pagmyca R,
6osbirero RNi, oueBuHO, 06paTHO MPOMOPIMOHAbHA S:

T=Q/S=Q/4mR% (50)

I'me Q — HeKMiT KO3PPUIMEHT MPOIOPILMOHATBHOCTH.

ITo Takoii 3aKOHOMEPHOCTYU YMEHbIIAETCS HAIIPSIKEH-
HOCTb C OTAAJIEHMEM OT LIEHTPa HMKEJIEBOro mapuKa.

Yro coboit mpencTaBisieT co60i KO9DDUIIMEHT MPO-
nopunonanbHocTy K? Ecim co cdepsl paguyca R . mcxongur
CTSDKEHMe M30TPOITHOM KBapLeBOi Cpeabl, TO MOKHO TOBO-
PUTD, YTO Ha 3TOV chepe MMeeTCsI HeKUi 3apsifl CTITMBaHMSI,
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PaBHOMEPHO pacnpene/IEHHbI Ha HIOBEPXHOCTU 3TO cephl.
O603HauMM 3TOT HEKMIT 3apsia 6yKBOi Z, TOraa:

Q=L1LZ, (5D
rae L — HOBbIV K09 GUIIMEHT IIPONOPIMOHATLHOCTHA.

C yuétom (51) ocHOBHOe cooTHoIIeHue (50) mepenuiier-
s B BUJIE:

T=L(Z/ATR?), (52)

OueBMOHO, Z /41 R? — MOBepXHOCTHAS IVIOTHOCTH 3apsiia
cTarmBaHus Z Ha cdepe pagnyca R.

L BeInosiHAeT QYHKIMIO pa3MepHOTO COTJIAaCOBAaHMS
Me>XAY HAPSI)KEHHOCTBIO Y TOBEPXHOCTHOM TVIOTHOCTBIO 3a-
psima ctsaruBaHusi. OueBUIHO, GM3MUIECKIMIT CMBICIT €T0 B pac-
CMAaTpPUBAEMOM CJIy4yae CBS3aH C YIPYTOCTBIO ((KECTKOCTBHIO)
Cpelibl U3 TIABJIEHOTO KBapIia.

[lepeiin€m K Bpyroii cpene, K TPEXMEPHOMY IMPOCTPaH-
cTBY — Sp-cpege (Cmaiicee).

HanpsikéHHOCTh IPaBUTALMOHHOIO CTSI>)KEHUS
BO BcesleHCKOM mnpocTpaHCTBE

BceneHckoe mpocTpaHCTBO 6e3MaccoBo. ATo — 6e3mac-
coBas cpexna. [IpeamosiokuM, B 3TO 6€3MaccoBOil cpejie B
HEKOTOpO¥ 00/1acTy MMeeTCsI HeMITPOHHAs 3Be3/1a Maccoii,
paBHOV Macce 3eman. O6beMHas TMJIOTHOCTb HEMTPOHHOI
3Be3abl ~ 1,5 10'kr/m3. C yuétom macchl 3emiu (~ 6x10%* Kr)
pazuyc HeliTpOHHOM 3Be31bI R =~ 115 m. 1o cpaBHeHUIO €
3emne€ii {R , = 6371000 M} TaKyI0 HETPOHHYIO 3B€3/1y MOKHO
CUUTATh TOUEUHOI.

B coorHomenuu (52) mjis JaHHOTO CIy4yast poJib 3apsiia
cTIruBaHus Z 6ymeTr urpath Macca M HEMTPOHHOI 3Be31bl,
paBHas Macce 3eMJIu

T =L (Z /Am R?) = L (M /41t R?), (53)

PaccMOTpUM KOHIIEHTPUYECKYIO K HEMITPOHHOI 3Be3/e
chepy pagnyca 3eMman R(S). Hanpsok€HHOCTD B KaskA0M TOUKE
aTOoM cdepsl, B cooTBeTCTBUM C (53), OyHer:
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Too = L[M/ATR ], (54)

R(3)
[lepenuiieM 3TO COOTHOIIEHME B 3KBUBAJEHTHOIA
dopwme:

T = (LAT [M/R 7], (55)

B o61em ciyuae cuaoBast HallpsSKEHHOCTD, CO3/TaBae-
Mas HeKMM 3apsiloM paBHa oTHolleHuIo cuibl (F) B3aumo-
IEeCTBUSI MEKTY 3apsiIOM M ITPOOHBIM 3apsSIIOM K ITPOOHO-
MYy 3apsiy. 3apsiloM B HallleM ciyuae 6ygetT M HeiTpOHHOM
3Be3/Ibl C MacCcoli, paBHOJ Macce 3eMJii, a B KauecTBe Ipoo-
HOTO 3apsia BO3bMEM ITPOM3BOJIbHYIO MAacCy m, Ha TTOPSIIKU
MEHBIIYIO TT0 CPAaBHEHMIO ¢ M, TaK UTOOBI €€ MOKHO OBLIO
CUMUTATh TOYEUHOJ I10 CPAaBHEHMIO C HEMAITPOHHOI 3BE3/10JA.

Ty = F/m, (56)

B ciyuae cdepsl paguyca 3eman cuia F 6ymer Boipa-
>KaTbCs BecoM P Tesa maccoii m.

TR, = P/m, (57)

ITockonbky P = g m, To:
TR, =8, (58)
Torpa: F=P=gm=TR(3) m, (59)

O6benuusas (55) u (59), monyuaem:

F = (L/4m) [M/R,* m, (60)

CooTtHomenue (60) coBmnagaeT ¢ 3aKOHOM BcemupHOro
TSITOTEHUS, TIPU YCTIOBUM:
L/4Am =G, (61)
rae G — rpaBUTalLMOHHAS TTOCTOSIHHAS.

Koadduimenty L B paccCMOTpeHHOM BbIIIIE C/TyUae IJIaB-
JIEHOTO KBaplia MpuaaBasics GU3ndeCKuUii CMbICJI, CBSI3aHHBIN
C ero yInpyrocTblo ()KECTKOCTbI0). YpaBHeHMe (60) yKa3bIBaeT
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Ha TO, YTO B c1yvyae BcesleHCKOro MpoCTpaHCTBa IpaBUTaL M-
OHHAas MOCTOSIHHAS CBSI3aHa C «YIIPYTrOCTbhIO ()KECTKOCTHIO)
MpoCTpaHCcTBa». Macca gBsieTcsl 3apsiOM rpaBUTALMOH-
HOV HANPSIKEHHOCTYU YIIPYTOTO CTSXKEHUST MPOCTPaHCTBaA.
[TocKkOBKY NMIPOCTPAHCTBO HE OKa3bIBA€T COMPOTUBIIEHUS
IBVKEHUIO 3JIeMeHTapHbIX YaCTULl, BCaes aTOMOB, TeJl, He-
6ecHBIX TeJl, TO ABa HeOeCHBIX Tesa, KaXKaoe, CTATUBAS IIPO-
CTPaHCTBO, IPUTATUBAET APYTO€ B COOTBETCTBUM C 3aKOHOM
BcemupHoro tairoTeHus.

Bo3HUKHOBeHMe rpaBUTAIlMOHHBIX 3apsija
(Maccsel) U noJs

B coBpeMeHHbIX TpeACTaBIEHUSIX:

1. ITo obmeit Teopun orHocutenabHoctu (OTO) mac-
ca — TMposBJIeHMEe WUCKPUBJIEHUS YeTbIPEXMEPHOTO
MIPOCTPaHCTBa-BpeMeHN.

2. 1o cranmaptHOi Mozesniu (CM) ajileMeHTapHBIX 4ya-
CTUIL, CYUTAETCS, UTO IPUUYMHOV BO3HMKHOBEHMSI MaCChI SIB-
nsietcs nojie Xurrca Bo Bceii Bcenennoii. Ksantamu 3Toro
TI0JIST SIBJISIFOTCSI 6030HBI Xurrca. CuuTaeTcst, YTo GepMUOHBI
B 3TOM I10JIe TIpMoOpeTaT Maccy.

Ob6a npencTaBeHUs UCXOAST U3 MaTeMaTUUYeCKUX I0-
CTPOEHMI, He TIoAJaloNecs ICHOMY MOHMMaHUI0 pu3nyue-
CKOJi CYLIHOCTY BO3HUMKHOBEeHMS Macchl. [lo3TOMY, IOIbITA-
eMCs1 OCO3HATh (OLYTUTD) SIBJIeHVE TPaBUTALUM, UCXOLS U3
IIpeJcTaBJIeHnii 00 aOCOTIOTHOM TPEXMEPHOM ITPOCTPAHCTBE
1 abCOTIOTHOM BpEMEHN.

Pacumimpenne CucCTeMbl XMMUYECKUX 3JIEMEHTOB 10
CucteMbl U IIKAJIbl €CTECTBEHHBIX 3JIEMEHTOB BcesieHHOM
TIPUBEJIO K BISIBJIEHUIO MaTeMaTnueckoi popmysbl CUCTeMbI
€CTEeCTBEeHHBIX 3JIeMEHTOB BcesleHHOI], TTOJTHOCThIO BKJIIOYa-
el CucTeMy XMMMYECKMX 3JIeMeHTOB. [IepBbIil 371eMeHT B
CucremMe ecTeCTBEeHHBIX 371eMeHTOB Sp — Craiices (0T Space
— KOCMMY€eCKOe MPOCTPAHCTBO).

BcenenHasi cymiecTByeT BeuHO. [OBOpPST, 3TO HEeU3-
BECTHO, HO NPOTMBOIIOJIOXKHOE YTBEPKAeHNe He OoKa3y-
eMo0. BeuHO — 3HAUUT B HEOTPAHMUEHHOCTH abCOTIOTHOTO
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BpeMeHu. HeorpaHmuuyeHHoe abGCOJIOTHOE MPOCTPAHCTBO
HEMBICIMMO 6€e3 HeOorpaHMYEeHHOro abCoJIIOTHOTO BpeMe-
HMU, TTOCKOJIbKY, ecJiv 6bI BpeMeHM He 6b110 (time = 0), TO He
CyIIecTBOBaso ObI 1 IpocTpaHcTBa. [ToaToMy abcomOTHOE
MIPOCTPAHCTBO U a6COIOTHOE BPeMSI MOI'YT CYIIIeCTBOBATh
TOJIbKO CJIMTHO, B «IPOCTPAHCTBOBpeMeHU». IHbIMMU CJIOBa-
MU MIMeeT CMBICJI TOJIbKO CJIUTHBIN Spacetime, kopoTko Spti,
B PYCCKOM ITPOU3HOIIEHUN DCIUTAN.

bymeMm cumtaTh IDCIuUTail HENMOABMXHBIM. IIyCThb B
JcnuTtalie cieBa HalpaBO CO CKOPOCTBIO CBeTa B BaKyyMe
IBUXKETCSI raMMa-(GOTOH C 9KBUBAJIEHTHON Macce 3JIeKTpOoHa
sHeprueii. lTamma-¢GOTOH — yacTuila, ¥ Kak 4acTuUIla T0JIXK-
Ha uMeThb popmy. ITycTh 3Ta popMa OyaeT HUIMHIPOM, OCh
KOTOPOTO COBMellleHa C HalpaBJjieHMeM ABUKeHMsI. [amma-
($oTOH 6€30 BCSIKOTO COIMTPOTUBJIEHMS CO CTOPOHBI JCITUTATS
IBUXETCS paBHOMEPHO M MpsiMoJuHelHo. Eciu Ha myTu
ramma-GoTOHa He BCTpevaeTCs MOTJOTUTEIST UM OTpaka-
Teasl UM OTKJIOHUTEJISI, TO ero MpsIMOJIMHeiHOe JBUXKe-
HIMe MOXeT AJUThCS J0JITO, OUeHb J0Jro, BeuHo. Criepenn
U c3aayu UUAMHApaA raMMa-(poToHa HUYero He IIPOVCXOANT,
BCJIeICTBME CBOOOAHOrO (6€3 ycKopeHus) ero asukeHus. Ho
B paJMajbHbIX HAIPABAEHUSIX MOKET MPOUCXOOUTD CTSIKe-
Hle, TOUHee BO3HMKHOBEHME HAMNPSI)KEHHOCTU CTSIKEHUS
Ocnuraiisi. [Touemy? I[MoTOK MAMHApPA ramMmMa-(GOTOHA MOX-
HO paccMaTpuBaTh Kak CYMMY MMKPOIOTOKOB, U paccma-
TPUBATh IMAMHAP raMMa-(OTOHa KaK «CHOII Iapa’jjie/ibHbIX
MMUKPOTIOTOKOB». BCsiK1e MOTOKY B cpefie, B JaHHOM CJiydae
MUKPOIIOTOKM B Cpene OCnuTalis, B3auMOAENCTBYIOT M0
npuHuuy bepuynan. [I0CKOJIbKY MUKPOTIOTOKY Tapasijiesib-
HbI ¥ O HOTO HaIlpaBJieHU s, TO OHYM UCITBITHIBAIOT HATIPSI)KEH-
HOCTb CTSI’KeHMUS K OCU UAMHAPa. HanpsskEHHOCTD pagyalib-
HOT'O CTSIKeHUS MJIMHApA TaMMa-(GOoTOHa paciipoCTPaHUTCS
Ha DcnuTaliHylo cpeay BHe IMAMHApaA ramma-goToHa. Ecin
ObI CKOPOCTH PACIIPOCTPAHEHMS CTSKEHMSI HAMHOTO TTPEBbI-
11aja CKOpoCTh CBETa B BaKyyMe, TO paguajabHOE CTSKeHMe
dcnuTalisa BHe IMAMHAPA raMMa-(poToHa ObIJI0 ObI TaKKe
paauanabHbIM U «KOHUMJIMHAPUYECKUM». [Ipy ycaoBun xe
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paBeHCTBA CKOPOCTEN pacnpoCTpaHeHUsI HaNPSIKEHHOCTU
CTSIKEHUSI M CBETa, UYTO BeposiTHee Bcero, GpoHT paiyiaabHO-
rO CTSKEHMS BHE IMJIMHIpPA OYIeT pacipoCTPaHSIThCS MO/
yIJIOM 45 rpaiycoB OTHOCUTEbHO MOBEPXHOCTH ramma-do-
TOHA. SIBJIeHMe CTSKeHM ST OKPY>Kalolei cpeibl CTaTu4Yeckoe,
HO TIPU YCJIOBUM IBUKEHUS MCTOUHMKA CTSISKEHUS CO CKOPO-
CThIO CBeTa B BaKyyMe. B Ka>k;loM HOBOM MOJIOXKEHUU 3TOTO
MCTOYHMKA KaK ObI M3JyYaeTCs «MMIIYJIbC» HATIPSI)KEHHO-
CTU CTSIKEHMUSI, M 06pa3yeTcst Kak 6bI KOHYCHBIN CJI0¥ MOJIST
HaNPSKEHHOCTU, peJIaKCUPYIONIMIA B MOMEHT AOCTUKEHU ST
KOHIIOM IIMJIMH/IPa «ObIBIIEr0» MOJOKEHMST Havyasla IUINH-
Ipa. B pesysibraTe HaMpS>KEHHOCTDb CTSIKEHUS DCOUTaAMS
He SBJISIeTCS CTaTUUYeCKMUM, MOCTOSIHHO CYIIeCTBYIOIIMM 3a
«XBOCTOM» LIMJIMHpA ramma-¢GoToHa. OTa HaNPSIsKEHHOCTh
CTaTMYHA TOJbKO B CMCTeMe KOOPAMHAT, CBSI3aHHOI C CaMUM
ramma-@GOoTOHOM, T.e. B CMCTeMe KOOPAMHAT, IBUKYILEcs co
CKOpPOCTbIO cBeTa B Bakyyme. Ho eciii poToH mposieTaet Jio-
CTAaTOYHO MPOTSHKEHHOE IPaBUTAIIMOHHOE T10JIe MaCCUBHOTO
TeJsia, TO GOTOH MOXKET ObITh B POJIM ITPOOGHOI MAcChl, U I'pa-
BUTAIIMOHHO B3aMMOJEeCTBOBATh C MACCMBHBIM TeJIOM. JTO
IIOJIXKHO OTKJIOHSITh IIPSIMOJIMHEHYI0 TpaeKTopuio oToHa
B CTOPOHY MacCMBHOTIO TeJjia. B 3TOM npuunHa OTKJIOHEHU S
cBeTOBOro Jiyua B6/1m3u CoJIHIIa, OTKPBITOTO eIl 10 TOSIBJIe-
Hus OTO JiiHmTeiiHa. TakuM 06pa3oM, GOTOH MMeeT Ir'pa-
BUTALIMOHHBIE 3apsi[, U [T0Jie, HO He IIapOoBOil CMMMETPUH, a
KOHYCHO-CJIOEBOIA.

PaccmoTpuM Terepsb caydait, Koraa [MJanHap raMmma-(o-
TOHA CBOpAYMBAETCS M JIOKAJIM3YeTCS B TOP-37eKTPOH. 1o u3-
BeCTHBIM: Macce 3/IeKTPOHA, CKOPOCTU CBeTa U MOCTOSTHHOM
[T1aHKa MOKHO pacCUMTaTh 4aCTOTY raMMa-KBaHTa. OHa Oy-
geT paBHa 12,36 x 10 I'tl. DTO OueHb U OUeHb OOJIbIIAS Ya-
CTOTa BO3OYXXAEHUS ITPOCTPAHCTBA BOKPYT TOPA-2JIEKTPOHA.
B cpenHeM 3TO OyZeT MPOSBISITHCS (BBIIJISIIETH) KaK MOCTO-
SIHHAsI cTaTuveckasli HalpsI>KEHHOCTD CTSIKeHUST DCIIUTais
BOKPYT TOPa-3JIeKTPOHA. Ta CTaTuuyeckas HalpsiKEHHOCTD
CTSIKeHUS MMPOCTPaHCTBA (DCIIMTAlisI) eCThb HallPSIXKEHHOCTD
rpaBUTAIMOHHOTO IOJISI MAacCOBOT'0 3apsaa (MacChl TTOKOS)
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ssekTpoHa. Kak u B ciiydae c raMmma-(poTOHOM rpaBUTAI[MOH-
HbIii 3apsiT ¥ TPAaBUTALIMOHHOE T10JIe BOKPYT HEr0 BO3HMKA-
10T OTHOBPEMEHHO. DTO Kak Obl JIB€ CTOPOHbI OTHOI MeIaIu.
(Kaskast CTOpOHa MOSIBJISIETCST OJHOBPEMEHHO C IPYTOi).

BoO3HMKHOBEHVE 3JIEKTPUUYECKUX 3apsIi0B U IoJIein

B XynokeCTBEHHOI T’MMHACTVKe eCTh HOMepa C OJIUH-
HBIMM JIEHTaMU, TIPUKPENIeHHBIMMU K MaJloykaM. ['MMHacTKa
rmobpackIBaeT IAJIOUKY, JOBUT U TYT Ke BepTUT e€. JleHTa
CBOpauMBaeTCs B MPOCTPAHCTBE B AMHAMMUUYECKYIO CIIM-
panb. [IpyMepHO Takoe MPOUCXOOUT MPU JIOKAIU3aLUN
ramma-@(oToHa, CBOpauMBaeMoOro B TOP-3JIeKTpOH. ToJIbKO
BMECTO JIEHTBI TYT KOHYCHBIN CJI0M-111eiid MOToKa HaIpsi-
SKEHHOCTY CTSIKeHMS DCIUTaiisl. 3aBopaunBaHue ramma-do-
TOHA B TOP IPOUCXOOUT C yKacarwlie 60JIbII0I YacTOTOI
12,36 x 10 B cekyHny. IIpu 9TOM BHE Topa OYIyT OBTOPSIIO-
1IMecs C TaKOW 4aCTOTOI CIIMpasbHbIe IIOTOKM OT IIEpBOHA-
YaJbHO KOHYCHO-CJIOEBOTO Iieiidha rammMma-doTroHa. CToJb
BbICOKASI YaCcTOTa JleJlaeT 3TU MOTOKM (PaKTUUYeCKU CTalu-
oHapHbIMM. HO 5TM cTaliMoHapHble MTOTOKM OMHAMMUYECKOI
(MOTOKOBOI) ITPUPOIBI.

IToTOKM pasanUYHBIX Cpe, B ITUX XKe CpelaxX B3auMomeli-
CTBYIOT IO MPUHLMITY BepHy/N: mapasijiesibHble (IOMTyTHBHIE)
TIPUTITUBAIOTCS, aHTUNIApaJlyie/IbHbIe (BCTPEUYHbIe) — OTTall-
KMBAIOTCS. ITO MOYKHO MIPOCIEeIUTDb HAa TIOTOKaX BOAbI B BOJIE;
rasoB B razax. Oco6eHHO HAISIAHO U OIyTUMO 3TO HAOJIIO-
JaeTcs B IapaJiyieJIbHbIX IPOBOJHMKAX C MOCTOSSHHBIMMU I1a-
pajyiebHBIMM M aHTUIIapaJleJibHbIMUM ToKamu. IIpasaa,
3[leCb MOT'YT BO3Pa3uTh, UTO 3JIEKTPOHBI IOCTOSIHHOTO TOKA
B IIPOBOJHMKAX He ABUKYTCS IOTOKAMM B CpeJie 3JIeKTPOHOB.
OTO MPU TPAAULVMOHHOM ITIOHMMAaHUM 3JIEKTPOHOB, MeTaJa,
atrmocdepsl. C cybcTaHIMATbHBIM JCIMUTaieM BCE 0ObSICHS-
eTCs Mo-MHOMY. Bce IMiCKpeTHbIe 3/ieMeHTapHble YaCTULLbI,
BCJIe[l, aTOMBbI, TeJia COCTOSIT U3 DCIUTAasI, BO30YXIEHHO-
ro Acnuraiis. [TosroMmy Bo30yKAEHHbIE (GOPMbI DCIUTANS
— BJIEKTPOHBI ABMUXXYTCS B cpee M3 DCIUTAlsI U3 BO30YK-
IeHHbIX JCIuTalis (ATOMOB MeTaJlja, MOJEeKYJ BO3AyXxa).
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B o61ieMm, 3JIeKTpUUYeCcKMii TOK — 3TO MOTOK IDCIIUTAlisg B
dcrniutarie xxe. I ipuHunn bepHy/n 30eCh AeiiCTBYeT COBep-
IIIEHHO 060CHOBAHO U CIIPaBeIJINBO.

Top MokeT NMpeo6pPa3oBBIBATLCS B IMOYTH IIap. s
IIPOCTOTHI OyJeM BMECTO TOpa-3JeKTPOHa pacCMaTpUBaTh
HIapPUK-3JIEKTPOH.

O6o3Haunm paauyc mapuka R0O. [ToBepxXHOCTY KOHIIEH-
Tpuueckux cep BHe 1IapuKa-3JeKTPOHA XapaKTepu3yoTCs
TIOBEPXHOCTBIO S:

S =4mR?, (62)

[ToTokoBast HAMPSDKEHHOCTH E Acrmraiis B 110607 TOUKe
cdepsl paanyca R, 6osbiirero uem paguyc RO, oueBuIHO, 06-
paTHO MPOMNOPIIMOHAIbHA S:

E=]/S=]/4AnR?, (63)
rae | — Hekuit KoapPuImeHT MponopIMOHATIbHOCTN.

[To Tako¥ 3aKOHOMEPHOCTM YMEHBIIAeTCs IMOTOKO-
Basl HAIIPSIXKEHHOCTDh JDCOMUTANMs ¢ OTHa/lieHueM OT ILleHTpa
1apuKa-3JeKTPoHa.

Yro coboit mpeacTasaseT KO3OOUIMEHT IPOIOPLIUO-
HasnbHOCTHM |? Ecsin co cepsl pagnyca R McxoguT notokosas
HaIPSI)KEHHOCTb JCIIMTAlSI, TO MOXKHO I'OBOPUTh, UTO B 1Ia-
pUKe-3JIeKTPOHe MMeeTCsI HeKuli 3apsig MOTOKOBOM HaAIIps-
SKEHHOCTM DcnuTaiis. O603HaUMM 3TOT HEKMIt 3apsizL 6yKBOit
— e, TOrga:

J=U(-e), (64)
rae U — HOBbBIV KO3(PDUILIMEHT TPOINOPILMOHATbHOCTH.

C yuéTom (64) OCHOBHOE COOTHOILeHMe (63) epenuiieT-
cs B BUJe:

E=U (- e 4Am R?), (65)
OueBUIHO, — /41 R? — MOBepXHOCTHAS MJIOTHOCTD 3apsi-
na — e Ha chepe paguyca R.
U BbITNONIHSIET QYHKIMIO pa3MepPHOTO COIJIaCOBAaHUS

MeXKIy HaIlpSI)KEHHOCTBIO M TTOBEPXHOCTHOM IJIOTHOCTHIO
3apsja.

143



[TepenuiiieMm 3TO COOTHOIIEHME B 3KBUBAJEHTHOM

dbopme:
E=(U/Mm) [-e/R?, (66)

B o611eM ciyuyae cuaoBas IIOTOKOBAsI HAIIPSI)KEHHOCTD,
cos3gmaBaeMasi HEKMM 3apsiOM paBHa OTHOIIeHMI0 cuiibl (F)
B3aMMOJEICTBUSI MEXAY 3apsiIOM ¥ MPOOHBIM 3apsIIOM K
Mpo6GHOMY 3apsiny. 3apsiIOM B HallleM ciiydae OynieT — e, a B
KayeCTBe MPOOGHOTro 3apsiia BO3bMEM 3apsif, € IPOTOHA.

E =F/e, (67)
Ob6benuuss (66) u (67), moaydaeM:
F = (U/4m) [- e /R%](e), (68)
WIn = — (U/4m) [e* / R?], (69)

CooTHourenue (68) coBmamaeT ¢ 3akoHOM KysoHa mpu
YCTIOBUM:

U=k= 1/, (70)

roe g, = 8,85418781762-107"* ®/m - 3j1eKTpuYecKas
MOCTOSTHHASI.

[lapnK-371€KTPOH IpeACTaB/IsIeT 3aBOPOUYEHHbIN ram-
Ma-GbOTOH B OAHY CTOPOHY. Ec/iu ABa TakuX IMIapMKa-3JieK-
TPOHA YCTAHOBUTD HA PACCTOSIHUM TaK, YTOOBI OCY BpaIl[€HUS
MX ObLIY TTapasIeIbHBIMMU, TO TIOTOKY MEXIY HMMU OKa3bI-
BAIOTCS aHTUIAPAJIEbHBIMU U OHU OTTAJIKMUBAIOTCS. TO ke
caMoe C IapuKaMu-mo3suTPpOHaAMM, C TOVM JUIIb pa3HULIEN,
YTO OHM 3aBOPOYEHBI B IPOTUBOMOJIOKHYIO CTOPOHY 10 CPaB-
HEHMIO C IapuKaMu-31eKTpoHamMu. [109TOMy U O3UTPOHBI
OTTaJKMBAIOTCSI MeXIY co60ii. Ec/iu ke Ha HEKOTOPOM pac-
CTOSITHUM YCTaHOBJIEHBI IIAPUK-3JIEKTPOH U IIapUK-TIO3UTPOH,
TO TTOTOKYM MeXIY HUMM OKa>KyTCS MapasljieJIbHbIMU ¥ OHU
OynyT mpuTAruBaThbcs. TakuM 06pasoMm, IpUpPOAa SJAeKTPU-
YeCKMX MoJjiel guHamMmuuecKkas (IIOTOKOBas).
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BO3HMKHOBEHME 3JIEKTPOHA M MO3UTPOHA

PaccmoTpum ofHY 13 HanboJiee M3yYeHHbBIX 3JIeMeHTap-
HbBIX YaCTUIL] — 3JIE€KTPOH.

[TepBblii BONIPOC: OTKYAA 6€PYTCs, MOSIBISIIOTCS 37IEKTPO-
HbI? TOUHee, KaK BOSHUKAIOT 3JIeKTPOHbI? IMEeHHO BO3HMKA-
0T, a He BBICBOOOKIAIOTCS U3 Bell[eCTB B TOTOBOM BUJE.

V3ke ¢ mepBo¥i MOJI0BMHBI XX BeKa OblJIM M3BECTHBI [Ba
€CTeCTBEHHBIX ITPo1eCcCca BOSHMKHOBEHMS 3JIEKTPOHOB:

1) 63Ta-n3nydyeHne Mpyu paguoakTUBHOM pacrajie HeKo-
TOPBIX BEILECTB,

2) OsIBJIeHME 3JIEKTPOH-TIO3UTPOHHBIX Map NP CTOJI-
KHOBEHMSIX TaMMa-(OTOHOB Y siiep aTOMOB.

U B TOM, U B IPyrom cjiyyae CYUTAIOT, YTO 3JI€KTPOHOB
He O6bLJIO HU B siZipe pafMOaKTUBHOIO 3JieMeHTa, H/ B raM-
Ma-doToHax. [OBOpAT, UTO TaKye 3JIeKTPOHbI BO3HUKAIOT,
a He BbICBOOOXKAIOTCS M3 BelleCcTB KaKMM-1100 BHEIIHUM
BO3/eiCcTBMEM, KaK, Hanmpumep, npu GorosddexrTe mam us
37IeKTPOHHBIX MYLIEK B KATOLHBIX JIyyax.

BTopoii Bompoc: Kak BO3HUKAET 3JIEKTPOH, HallpuMeDp,
MIpU CIIOHTAaHHOM pacIiajie OPyroi 3JileMeHTapHOM YaCTULLbI
— HeNTpOHA, MJIV ITPU CTOJTKHOBEHUM ABYX raMMa-(OTOHOB?

VYCTaHOBJIEHO, UTO HEITPOH B CBOOOIHOM COCTOSIHUU
UMeeT BpeMs KM3HU OKOJIO 16 MUMHYT, 3aTeM CaMOITPOMU3-
BOJIBHO pacIliajiaeTcsl Ha IPOTOH, 3JIeKTPOH U 3JIeKTPOHHOE
aHTUHENTpUHO. CUMTaAETCs, YTO 3JIeKTPOHA BHYTPU HEI-
TpOHa HeT. [leslaTh Kakue-11b0 MpeAIooskKeHus 0 mpolecce
BO3HMKHOBEHMS 37IeKTPOHA B 3TOM pacriajie HeT KaKuUX-J1nbo
pPa3syMHBIX OCHOBaHMIi, KpOMeE TOT0, YTO BCE MOJIKHO ITPOUC-
XOAUTH B CTPOTOM COOTBETCTBUM C 3aKOHAMM COXPaHEHU S
MacChl, SHEPTUM, UMITYJIbCa ¥ MOMEHTAa MMITYJIbCA.

BO3HUKHOBeHNME Xe 3JIeKTPOH-TI0O3UTPOHHOI Mapbl IIpnu
CTOJKHOBEHUM NIBYX ramMa-¢GOTOHOB BOJM3M siApa aTo-
Ma MNOAJAETCS HEKOTOPbIM MBICJIEHHBIM IMOCTPOEHUSIM.
[IpegBapuTebHO 3aMeTUM, YTO SIAPO aTOMa UrpaeT pPoJib
CB0O€0Opa3HOro «akyiiepa» IJist 6bICTPOTEUYHBIX TPOLIECCOB
«pOKIEeHMSI NBYX Pa3HOIOJIbIX OJIM3HEL0B» — 3JIEKTPOHA

145



¥ mo3utpoHa. Ho B nmpenBapuTelbHOM pacCMOTpPeHUM HY-
SKIAeTCsT IPOCTPAHCTBO, B KOTOPOM PaboTaeT «aKyliep».
CumTaeTcs, YTO MPOCTPAHCTBO — BAKyyM, T. €. aOCOIIOTHAS
mycrora. Tak 1 53T0?

Emie Apucrorenb yTBepXXaaj, UTO IPUPOJa HEe TEPHUT
MyCTOTBI. Uepes 1mouTu 2 ThICAYM JieT JekapT yTBepxKaall,
4TO BO BCceJsieHHOI HeT HUrAe mycToT. OQHAKO 3TU YTBEepPXK/Ie-
HUS BBIIAIONIMXCSI MBICJIUTE/ I ObLJIV ITPOUTHOPYPOBAHBI
B Mopeisax 3dupa, IPUHITHIX B HAYYHOM MMUPOBO33pEHUN
Io Havasa XX Beka. CuMTaaoCch, YTO Mejbualiiline HeBUOau-
Mble ¥ HeJleJMMble YacTUIlbl 3dupa HAaXOASITCS B XaoTuye-
CKOM ABMKEHUU B ITyCTOM NPOCTPaHCTBe BceseHHOI. XOTH
9JIeKTPOMarHuTHas Teopus MakcBejiia O6bljia IOCTPOEHa Ha
KOHKpEeTHOI Mmozenu adupa, oHa mpulijia B IpOTUBOpeUne ¢
OPYTMMM TTOABVIKHBIMM Ia30IO00HBIMU MOAEISIMU 3DUp-
HOVi cpeibl. B Teopusix OTHOCUTENbHOCTY DiiHIITEeiHA 2buUp
OKa3aJics He HysKeH. IIpocTpaHCTBO 6€3 YacTUIL U TeJI CUMUTA-
JIOCh C Te€X MOP U CUMTAETCS MOHbIHE ITYCThIM. JJleMeHTapHbIe
YaCTUIIbI, aTOMBI, MOJIEKYJIbI, T€JIa, HeOeCHbIe Tejla U UX CU-
CTeMbI IBUIKYTCS B IyCTOM npocTpaHcTBe. U B CTaHmapTHOM
Mopenu seMeHTapHbIX YaCTUIL BAKYYM CUMTAETCS MYyCThIM.
YTBepaAMIMCh HA TOM, YTO B HEM IIPUCYTCTBYIOT JIUIIIb HEKle
BUPTYa/ibHbIe 37IeMeHTapHbIe YaCTHUIbI C OTPUIATETbHBIMU
SHEepPTUSIMMU.

B3rasim Ha OecKoHeuHoe 3-MepHOoe (GuU3NUYecKoe
ITpocTpaHCTBO BceieHHOI KaK Ha MYCTOTY OIIMO0YEH. DTO
cJiefiyeT U U3 eCTeCTBEHHOHAYyYHOr0 pacCMOTPeHMs KaTero-
puu mycToThl. [IycToTa, oA KOTOPOV ITIOHUMAaeTCsI BaKyyM,
€CTh OTCYTCTBME BCEro.

Ecau cumrath yTBepkaeHue /lekapTa O TOM, UTO BO
BcenieHHOI HET MecTa ITyCTOTE, UCTUHHBIM, TO 6€CKOHEUHOE
TpéxmepHoe IIpocTpaHcTBO BceseHHOI He eCcTh ITycToe ab-
CTpakTHOe TeoMeTpuyeckoe npocTpaHcTBo EBkana, a pe-
aJIbHOe (M3MYecKoe MPOCTPAHCTBO, peabHbIii 6€CKOHEUHbI
dbusmuecknii 06béM. 1 310 Dusmuecku peaabHOE ITPOCTPAH-
CTBO, CBOOOHOE OT BCEX JIEMEHTapHBIX YacTUIl 1 pusmue-
CKUX TOJIe, SIBJISIeTCS CyOCTaHIMEN, TI0 TO MPUYMHE, UTO
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OHO cyImiecTByeT. M He MpocTo cybCcTaHIMel, a HeKoeit mpa-
MaTepueit, IpoToMaTtepueii, abCoMIOTHOM (e IMHCTBEHHOI)
cybcTaHIMeit. dTa cybCcTaHIMSI Hepa3pbIBHA, CJIeIOBATEb-
HO, HellpepbiBHA. B MpOTMBHOM ciydae, B MeCTax pa3pbiBa
MOXKeT TOSIBJISIThCS ITYCTOTA, UTO UCKJIIOUEHO B CYOCTaHIIV-
aJIbHO U MaTepuaabHOI BeceneHHOIA.

HTtak, umeem abCONIOTHYIO CyOCTaHIMIO, TTpaMaTepuio
— GeCKOHEeYHbII TPEXMEPHBIII HEPAa3PbIBHbIV HEIIPEePhIBHbIN
6e3MaccoBbIit GU3MUecKUit 06beM — KOCMUUecKoe cyocTaH-
[[1aJibHOe TIPOCTPaHCTBO. HempepbiBHOE cy6CTaHIIMATbHOE
MPOCTPAHCTBO ObIBAET PA3HO pa3pesKeHHOCTY AVICKPETHO
MaTepueil (3/ieMeHTapHbIMM YaCTULAMU, MIOHAMU, aTOMaMH,
MoJiekysnamu). Hambosiee paspeskeHHbIM CUMTAETCS MeKra-
naktuyeckoe [IpocTpaHCTBO, B KOTOPOM He OoJiee 2 aTOMOB
Ha TUTP 06bEMa. ITycTh B Takom IIpocTpaHCTBe IBUKETCS B
HEKOTOPOM HarpaBjeHun GOTOH, OUeBUAHO, CO CKOPOCTHIO
cBeTa B BakyymMme. IIyCTb Ha ero myTu yCTaHOBJIEH MJIOCKUIL
abCOJTIOTHBIN OTpaskaTesb, T. €. TAKOI OTpaskaTes b, KOTOPbIi
OoTpaykaeT CBeT 6e3 MoTephb IHEPrUM, UMITYJIbCA U MOMEH-
Ta UMITYJbCa. POTOH OTPA3UTCS U HAIIPABUTCS B IPOTUBO-
MOJIOKHYI0 CTOPOHY. HOpManbHO K 3TOMY HalpaBJIeHUIO,
MyCTb, UMEETCs APYTO MIOCKUIT aBCOMIOTHBI OTpaskaTesb.
[TocKO/MBKY HET MOTepb HYU SHEPrUM, HU UMIYJIbCa, HU MO-
MeHTa UMITY/IbCca, GOTOH Oy/IeT BEYHO JBUTATHCS 10 HOpMa-
T MEXIy TlapaJiyieIbHbIMY aOCOMIOTHBIMY OTPaskaTeIsIMNI.
[Ipousoiuina ogHOMepHas JoKaau3auus GoToHa.

BmecTo aByX oTpaxkaTesei npeacTaBuM 4 IJIOCKUX OT-
pakaTeJsisi KBapaTHOTO COeJUHEeHMSI U, TyCTh, GOTOH 3aIy-
IeH I10 IPOM3BOJIbHONM TPAeKTOPUH, JIeXKallel Ha IIJI0CKOCTU
KBaJpaTHOIO CeuyeHMs MIOCKUX OTpaskaTesieil.

®oTOoH OyIeT JTOKaJIM30BaH B IJIOCKOCTU KBaAPAaTHOTO
ceueHus. [Ipousoina gBymMmepHas mokanamusauus GoToHa.

VCIIOKHUM 3KcIepuMeHT. BosbméM chepy m3 abcomioT-
HO OTpakalollero Mmarepuasna, U «3amnycTuM» (HOTOH BOB-
HYTpb cdepbl B IPOU3BOJIbHOM HampaBjieHUn. OueBUAHO,
doToH nokanusyetcss BHyTpu cdepsl. [Iponsonina peanbHas
TpEXMepHas Jokaausanus GoToHa. ITO MPUHYAUTETbHAS C
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TIOMOIIbIO OTpaxkaTesieit jokanusaius goroHa. ®PoToH mo-
SKeT JIOKaJIM30BaThCs B [IpocTpaHCTBe.

MoskeT v hOTOH JIoKaau30oBaTbcs B [IpocTpaHCTBE He
MMPUHYIUTENbHO, 4 eCTeCTBEHHO?

[TycTh nBa ramMa-dOTOHA C SHeprueii, IpeBbIIIalonen
9KBMBAJEHTHYIO MacCy MOKOS 3JIeKTpoHa KaXXbli, cTa-
KMBAKWOTCY y sipa atoMa B [IpocTpaHCcTBe. ITO «TBEpIOE»
Hepas3pbIBHOE HeIpepbiBHOE 6e3MaccoBoe CyO6CTaHIMAlb-
Hoe IIpocTpaHCTBO — Sp-HNPOCTPAHCTBO M3 Sp 3JeMeH-
Ta. IIpocTpaHCTBO, TAKMM 00pa3oM, SIBJISIETCSI Sp-Cpeioii.
MO>KHO TIpeANoIOKUTb, UTO MPU OMpe e IEHHBIX YCIOBUSIX
nBa ramma-(oToHa, CTaAKMBAsICh, MOTYT 3aKPyuMBaTb-
CS: ONVH B OJTHY CTOPOHY, APYTOil — B APYTYI0. DTO KaK ObI
«CTOJIKHYBIIMECS B aTaKe 3MeH, B Hepa3bepuxe 60pbObI CXBa-
TUBIINME M TBITAIOUIMECS ITPOIVIOTUTH CBOU COOCTBEHHBIE
XBOCTBI».

O6a «3aBopauMBaHMSI» MOT'YT IIPOUCXOAUTH B OJHOI MO-
JIYTIJIOCKOCTH, HaIIpuMep, BepxHeli OT TMHUY CTOJTKHOBEHU S
(cxemaTnuHO). Ho 06a «3aBOpauMBaHMsI» MOTYT IIPOUCXOAUTH
Y B HUXKHEN MONYIIJIOCKOCTH. [Ipu 3TOM, eC/ii Ha BEpXHeii 1o-
JIYTIJIOCKOCTY 3JIeKTPOH BO3HMK CJIeBa, a MO3UTPOH — CITpaBa,
TO Ha HUKHEN MOJIYIIJIOCKOCTY BCE TOJIKHO ObITH HA060POT.
Ho He BaykHO, C KaKOVi OHU CTOPOHBI, Ba’KHO TOJIbKO TO, YTO
OZVIH U3 HUX 3JIEKTPOH, a APYTOil — TIO3UTPOH.

KoneuHo, 06pa3sl 3Meii-caMOeIoB U UAeS «3aBOpaun-
BaHMSI» (DOTOHOB B TOPbI OYIYT Ka3aTbCs IMTEPATYPHBIMU
¥ Hay4YHO-(paHTaCTMUYeCKMMU BbIMbICIaMu. OmHAKo, 60see
o61Iee MOHSITHE — JIOKA/MU3auysi GOTOHOB JOBOJIBHO pac-
MMPOCTPaHEHHOeE SIBJieHUe B IIpupoje. Eciiu pasnuuHbie 10
SHepruu (GOTOHBI MOIJIONIAKTCS Pa3IMUYHbBIMU dJIeMeHTap-
HBIMM YaCTUIIAMU, OUEBUTHO, 3TO — JIOKaau3a1us (pOTOHOB.
O mpoiieccax, MexaHU3Max MOIJIONeHUsT (OTOHOB 3/IeMeH-
TapHbBIMM YaCTUIlAMM HMUYETO He u3BecTHO. Ho BIosiHe BO3-
MOYXHO, X «HaBOpauMBaHMe» Ha 3JieMeHTapHble YaCTUIIbI.
B03MOXXHO M X «cCaMOHaBOpauMBaHMUe» — He U3BECTHO.
Ho 6ynmem [ormyckaTh TaKoii TePBUYHBIN MeXaHU3M «3aBO-
pauMBaHMsI» TI0 aHAJIOTUM C TE€M, UTO Ipolecchl uddysun,
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OPOYHOBCKOTO JIBUKEHMS ¥ CMEIIeHMS pa3/IMIHbIX aTOMOB U
MOJIEKY/I MOKHO paccMaTpuBaTh Kak pa3sBuTie, 060011eHe
MePBUYHBIX ITPOIeCCOB camoanbdysun, 6pOyHOBCKOIO IBMU-
SKeHMS ¥ CMeIIeHMsI O MHAKOBBIX aTOMOB U MOJIEKYIL.

JuHaMu4yecKkass MoJe/b 3/IeKTPOHa (IIO3UTPOHA)

®oToH — cTabunbHast yactuma. Ecamu Ha cBOEM myTu
(oTOH He BCTpeyaeT MOTJIONIAIOIIEl ero YaCTHUIIbI, TO ITPaK-
THUYecku GOTOH B HEM3MEHHOM BUJle CYIIeCTByeT O4YeHb
IOJITO, BO3MOXHO, BeUHO. BO BCSIKOM ciy4dae, BO BcesleHHO
UMeITCST POTOHBI, «KUBYIIME» MUIIUAPILI JieT. DOTOH —
9TO HeKasl yacTuIla, MMelolasi HeKyI0 CTabMIbHYI0 hopmy.
Besikast dopma B TpéxmepHoM IIpocTpaHCTBe OorpaHUYMBa-
eTcs HeKoeli IByMEepPHOI IMOBEPXHOCThIO-000/10UKOi. Takum
obpasom, GOTOH — HEKOe IMTPOCTPaHCTBEHHOE 0O0pa3oBaHue,
MYCTh MaJIbIX, HO KOHEUHBIX 06'bemMa 1 popmbl. MOKHO Mpe -
CTaBUTDb (POTOH ABVKYIIMMCS UMIVHAPUYECKUM ITOTOKOM B
Sp-cpene.

—

Puc. 48. «[Iunuaap» GoToHAa, ABVKYLIUIACS IPSIMOJIMHENHO
HampaBo I0 CTpesKe

[TOTOK 3TOT, OYEBMIHO, COCTOUT U3 TapasjeabHbIX 6ec-
KOHEYHO MaJibIX MMKPOIIOTOKOB. B 11e710M OTOH MOXHO
MpeCTaBUTh KaK «CHOM MUKPOIIOTOKOBY», COCTABISIONMINX
061mit MoTOK poTOHA B Sp-cpeme. MUKPOIIOTOKM Ha puc.48
0003HaYeHbI TapaJJIeIbHBIMU JTUHUSIMA.

[Ipenrosioskum, raMMa-GOOTOHBI UMEIOT IIUIANHIpUUE-
CKy10 hopmy, T.e. DOTOH — IMINHAPUYECKUIT «CHOIT MUKPOTIO-
TOKOB» B Sp-cpepe. [TouemMy «IIMIMHP-CHOIT MUKPOTIOTOKOB»
MOXeT CYIIeCTBOBATh MUJIMAPIbI JIET, HE Pa3BaJIMBAsICh HA
OTHeibHble MUKPOTIOTOKM? OUeBUIHO, MUKPOTIOTOKHU JTOJIK-
HbI OBITh KaK-TO CBS3aHbl. VI3 TMAPOAMHAMUKY U3BECTHO
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(mpuHUUI BepHyaM), UYTO MOTOKU B3aMMOLEVCTBYIOT.
OnmHoHampaBJ/ieHHbIe (Tapasijie/ibHble) MOTOKU MPUTSITU-
BAIOTCS APYT K IPYTY, a pa3HOHAIpaBJeHHbIe (AHTUIapal-
JieJIbHbIE) TTIOTOKYM OTTAJKMBAKTCS APYT OT Apyra. B stom
MOYKHO YOeaMUTbCsI, OPTAHU30BAB B BOJAE TapajeabHble U
aHTuUIIapaJulesbHble NOTOKN. [TapanienbHble MUKPOIIOTOKM
B MJIMHAPUYECKOM (POTOHE NMPUTITUBAIOTCS IPYT K IPYTY,
" 3TO He JaéT GOTOHY pa3BaaMBaThCS HA YaCTU BILUIOTH J10
OTIeJIbHbIX MUKPONOTOKOB. CTArMBaHMe, C)KaTue LUINH-
npa ramMa-(pOTOHA He MOXeT He OTpaXkaTbCsl B CpeJie BHe
umanHapa. Crepeny UMJANMHAPA HUUETO He TPOUCXOLUT, T10-
CKOJIbKY (DOTOH JBUKETCS C pABHOMEPHOI CKOPOCTHIO, OIpe-
JleJisieMoii (3aaBaemMoii) camMoii Cpeioil pacIipoCTpaHeHus, a
CTSIKeHMe CpebI-IIPOCTPAHCTBA TOJABKO MONepeyHoe 110 HOp-
MaJIM K «UUANHAPUYECKOV TOBEPXHOCTU». Hanpsi>KEHHOCTH
3TOrO CTSIXKEHUS PacIIPOCTPAHSIETCsI CO CKOPOCTHIO CBeTa.
[TockoJIbKY CKOPOCTD ABMsKeHUS (DOTOHA 1 CKOPOCTD PacIpo-
CTpaHeHM S HANIPSI)KEHHOCTU CTSIKEHMSI IPOCTPAHCTBA PaB-
HbI, TO BMecTe ¢ GOTOHOM TSIHeTCS 1jieiid HampsSKEHHOCTU
CTSI’KeHMSI IPOCTPAHCTBA MOJ, yIJIOM 45 rpaJiycoB, orpaHu-
YeHHbI QPOHTATbHOI KOHYCHOJ ITOBEPXHOCTbIO U ThIJIbHOM
KOHYCHOJi TOBEPXHOCTHIO MOJ] YTIIOM 45 rpaZycoB K HaIpaB-
neHuto aBukeHus GpoToHa. [I0CKOIbKY HaNIPSIKEHHOCTD CTSI-
’KeHUsl B 1ielidpe MeHbllle YeM BHYTPU LIMJIMHPA U C pac-
CTOSTHMEM yMeHbIIaeTcs, 1ieiid oTMedeH 6osee 6yieHBIM
LIBETOM, UeM OUANHAP (PoToHA.
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Puc. 49. Uunuuap GoToHa ¢ n1IeiihoM HaIPSKEHHOCTH
CTSIKeHMUS IPOCTPAHCTBA

Ecnu uunuuap ramma-@QoToHa 3aBopayMBaeTcsi B TOP,
TO CKperuisomuii 3pdekT mapasijiebHbIX TIOTOKOB COXPa-
HsieTcss U B Tope doToHa. Ho B ciiyuae Topa-doToHa guame-
TPaJIbHO IPOTUBOIIOJIOXKHBIE CTOPOHBI OKA3bIBAIOTCS aHTU-
rapaJuieJIbHbIMU [IOTOKaMU, M OHU JOJIKHBI OTTaIKUBAThCS
10 BCEMY KOJIbIy TOpa. BOSHMKHOBEHME B3aIMOOTTaJIKMBA-
oiero apdekra y sruamMmeTpaibHO MPOTUBOIMOJIOKHBIX CTO-
POH TOpa NPUBOAUT K YCUJIEHUIO CXKATUS KOJIbLEBOr'0 TeJa
TOpa U K elié 60JIblIeli YCTONYMBOCTY (CTAOMIBHOCTH) CBEP-
HYTOTO B TOp raMma-¢oToHa (371eKTpoHa). CBOOOIHBI 3/IeK-
TPOH MOXeT CYLIeCTBOBAaTh BEYHO, €C/IM He IOIIOILAeTCs U
He aHHUTUJINpYeT.

Lnnuuapsl raMMa-(OOTOHOB NP CTOIKHOBEHUU B Sp-
cpene y sijpa aToMa 3aBOpPaYMBaIOTCS (JIOKAJIU3YIOTCS) B
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MMPOTUBOMOJIOKHO BpaliaIiuecs TOPbl, OAMH U3 KOTOPbIX
MMPOSIBISIETCS KaK 3JIEKTPOH, a APYTOil — KaK MO3UTPOH.

OuHaMuuyeckas MOJeb 3JIeKTPOHA (MMO3UTPOHA)-TOpa
B Sp-cpefe npencTaBisieT 3JIeKTPOH (MO3UTPOH) KaK HEKYIO
OVCKPETHYIO TOPOUIAIbHYIO 00/1aCTh BO3OYKIEHHOIO CO-
CTOSIHUS B HEIIpepbIBHOV Sp-cpene. Cyas 1o CKOPOCTU CBeTa
(ckopoCTH pacnpocTpaHeHMs BOJH B IPOCTPAHCTBE), cpeia
9Ta OYeHb ¥ OUEHb KECTKAS [0 CPABHEHUIO C JIF0O0I M3BECT-
HOI1 cpeJioii, HampuMep, aJIMa3HOI, KOTOpas XapaKTepu3yeT-
€Sl CKOPOCTBIO MOTIepevyHbIX YIIPYTUX BOJIH (3ByKa) MOpsIAKa
10 km/cek. OTHOILIEHME CKOPOCTEN pacIpoCTpaHEHUS T10-
TepevHbIX BOJH B Sp-cpene u anmase coctasiset 30 000 (V).
Mo>XHO TOBOpUTh, UTO Sp-cpena B 30 000 pas xxécTtue Kpu-
CTaJUIMYEeCKO Cpeibl ajiMasa.

O671acTh BO30YKIEHHOTO COCTOSIHYS B HEBO30Y K IEHHO
cpelle U3 OMHOTO U TOTO JKe «MaTepuasia» Sp-ajieMeHTa, oue-
BUIHO, JOJI)KHA CO371aBaTh B 3TO HEBOOOPA3MMO SKECTKOI
HeBO30YXXIEHHOI cpelie HeKMe CUJIOBbIE IT0JIsI, XapaKTepu-
3yeMble COOTBETCTBYIOIIMMM HAIPSIS)KEHHOCTSIMU.

Bo3moskHBI 2 BUa CUJIOBBIX MOJIeli: IMHAMUYECKe U
cTaTuyeckue. JIMHaMu4yeckoe Iojie BHe TOpa 3JIeKTPOHa
(MO3UTPOHA) MOKET CO3/1aBaThCsI KPYTOBbIM MOTOKOM BHY-
Tpu Topa. CKOPOCTh ITOr0 MOTOKA — CKOPOCTh Tamma-do-
TOHA, T.e. CKOPOCTb cBeTa B BaKyyme. CKOPOCTb Ke CBeTa B
BaKyyMe abcoIioTHa. AGCOMIIOTHA B TOM ITOHMMAaHMM, YTO B
MIPUPOJIe HET O60JIbIIIeH  CKOPOCTH KAKOTO ObI TO HY OBLJIO IBU-
SKeHMSI, KAKOTO ObI TO HY OBIJIO AUCKPETHOI'O MaTepuaaIbHOTO
06beKTa.

[TpenctaBuM cebe abBCOMIOTHO JKECTKMIT HEBECOMBIIA CT-
peskeHb 6€CKOHEUHO IJIMHbI. [I0CKOJIbKY CTEPKEHb HEBECO-
MbIii, TO J11060i1 3JIEMEHT ero JJIMHbBI IPUHIUINATBHO MO-
SKeT IBUTAThCS C aOCOIIOTHO CKOPOCThI0. HauHEM BpaIiaTh
CTepskeHb C TaKOi1 YIJI0OBOI CKOPOCTHIO, UTO MePBbIii 37IeMeHT
CTepXKHS IJIMHOM mycTh 1071° M BpalaeTcs ¢ TMHEITHO CKO-
POCTHIO CBETA HA KOHIIe IJIMHBIL. [I0CKOIBKY CTEPKeHb abCo-
JIIOTHO KECTKMIA, T.e. HE PACTSITMBAETCS U He crubaeTcsi, To
9JIEMEHT CTEP)KHSI Ha 6€CKOHEUHOCTY JOJIKEH BPaIlaThCs C
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JIMHEITHOJ CKOPOCThI0, 0€CKOHEeUHO IPEeBBIIIAIONIeii CKOPOCTh
cBeTa. Ho B mpupoe HeT CKOpoCTH, 60JIblIeit abCcoT0THOM
CKOpPOCTM CBeTa B BakyyMme. JIt000i1 3;1eMeHT Ha Bceii 6eCcKo-
HEeUYHOI OJIMHEe CTePsKHS TOJI’)KEH BpalllaThCs C IMHEINHOI CKO-
POCTBIO He OOJIBIIIEl, YeM CKOPOCTH (CBETA) HA KOHIIE ITIEPBOTO
3JIeMEeHTa CTePKHS. YCJIOBMEe ITOCTOSIHCTBA JIMHEITHOM CKOpPO-
CTY Ha BCeJi IJIMHE CTePKHSI TpebyeT MPOIOopIMOHATbHOTO
yMeHbIIIeHM s YIJIOBOV CKOPOCTU BpallleHMs, YTO paBHO3Hau-
HO CITMpPaJIeBUIHOMY U3THOAHMIO CTEPKHS. DTO O3HAYAET He-
BO3MOKHOCTb aOCOJIIOTHO KECTKOTO CTEPXKHS, KOHELl IIepBOTo
(CKOJIb YTOZHO MaJIoro) 3jieMeHTa KOTOPOro Bpaliasics Obl ¢
JIMHEIHOI CKOPOCThIO CBETa.

Sp-cpena ob6namaeT oueHb OOJbIIONI, HO KOHEUHOII
SKECTKOCTBIO, IPOSIB/ISIEMOII KOHEUHOI CKOPOCThIO CBETa B
BakyyMe. Ec/ii B CTOJIb 3KECTKOI cpefie nBMXeTcs POTOH —
YacTHUIla BOJHOBOJ IIPUPOJIbI, OH HEe MOXeT He BJAUSITH Ha
OKPY>KaIIIYI0 Cpeny, Mjin cpeda He MOXKeT He OTKJIMKATbhCS
Ha Takoe JByKeHue. UToObl yOe IUThCsI B 9TOM, pACCMOTPUM
MIPOCTEMIINI cTy4yai BOJH HA Boje. YCTaHOBUM B OacceiiHe
IBa MJIOCKOMNAapa/jejJbHbIX IMIMTKA, KOTOPble MOKHO IOJ-
HMMAaTh U OITyCcKaTh. [IoMHMMEM MX HaJ BOAOW TakK, YTOOBI
BEpXHSS 4acTh UX Obljia HaJ BOJON, @ HMXKHSIS YaCTh — IO,
BopoJi. OpraHusyem cepuio BOJIH Ha OAHOM KOHIIe MeXy Ma-
paJuieJIbHBIMU IUTKaAMU. MeXXaAy IUTKaMU MOMAET cepusi
BOJIH. BHe IITKOB HUKaKMUX M3MeHEeHMI IIOBEPXHOCTU BOJbI
He 6yneT. Korpa riepBast U3 cepmu BOJH JOCTUTHET C€PeIVHbI
IJIMHBI IIUTKOB, OITYCTUM UX B Boay. Koyle6aHMs MOBEpXHO-
CTY BOABI ajiee OYIYT pacIpoCTPaHSITHCS HE TOJIBKO B ITPSI-
MOM IepBOHAauva/JbHOM HalpaBJ/IeHU!, 3aJaHHOM IIUTKaMMU,
HO ¥ 110 06€e 60KOBbIE CTOPOHBI, IIPUUEM I'OPa3A0 MEHbIINX
aMIUIMTY[A, U CO CKOPOCTHhIO, HEe MpeBbIIIalolleii CKOpOCTH
repBOHaYaJIbHbIX BOJIH.

CBepHEM Temnepb MJI0CKOoIIapasie/lbHble IIMTKYM HA KOH-
LIEHTpUUYeCcKye IMUTKU, KOTOPbIe TaKyXKe MOXXHO MOAHUMATh
HaJ| [TOBEPXHOCTHIO BOJIbI, YTOOBI BEPXHME YaCTU BbICTYIIAIN
HaJ BOAOI, M OIyCKaThb (TOMUTH) B BOOY. Opranmsyem ceputo
BOJIH B IPOMEXYTKe MeKAy KOHIIEHTPUUECKMMU IUTKAMMU,

153



BBICTYTIAOIIMMM HaJl, BOAON. [IBU>KeHMe cepuy BOJTH MeXTy
KOHIIEHTPUYECKUM IIUTKAMM OyJIeT MpeAcTaBasITh COO0i
XOPOIIIO BbIPa>KeHHBI MTOTOK. BOKpYT BHeIIHEro MUTKa U B
KpyTe, OrpaHMYeHHOM BHYTPEHHUM IIUTKOM, [TIOBEPXHOCTD
BOJbI CIIOKOJHAS, a B IIPOMEXYTKe MeXIy IUTKaMU yCTa-
HaBJMBAETCS KPYTrOBOJ IMOTOK BOJIHbI. YTONMM KOHIIEH-
TpUYeckue MUTKU B BoAy. KpyroBoii MOTOK BOJHBI rOpa3io
MeHbIIIeli MHTEHCUBHOCTHU, TPUUEM yOBIBAIOIIEH C PACCTOS-
HMeM, OyZeT pacIpoCTPaHIThCS OT MeCTa YTOIJIEHHBIX KOH-
LIEHTPUUECKUX IIMTKOB BO BCE CTOPOHBI.

@®OTOH B CBOOGOIHOM MMPOCTPAHCTBE (SpP-Ccpefe) IBUKET-
Cs TIPSIMOJIMHEIHO CO CKOPOCTHIO CBeTa.

Ecau B Sp-cpene mBukeTcst POTOH NPSIMOJMHENHO U
PaBHOMEPHO CO CKOPOCTHIO CBETA, TO B OOKOBBIX HaIlpaBJie-
HUSIX OT HEro 6y1yT BO3MYIIEHUS CPeibl, PACIIPOCTPaHSII0-
1I1ecst Co CKOPOCThIO CBeTA.

Ecnn ke POTOH «3aKpyTUJICS» B 3JIEKTPOHE (TTO3UTPOHE),
TO TakKye BO3MYILleHMs Sp-cpebl IOBTOPSIOTCS C KasKIbIM
«ITOJIHBIM 060poTOM» (hoTOHA B Tope. [Ipu nuameTpe TOpa
nopsaka 1071 M u ckopocTu cBeta 3x108 m/c aTO ByAeT mpo-
MUCXOOUTD C OUeHb 00JIbIIOI YacToTO B 3x10' I'tl. 3TO pas-
HOCUJIBHO CYIIIeCTBOBAaHMIO CTAllMOHAPHOI'O BO3MYIIeHU S Sp-
cpelibl BOKPYT 2JIEKTPOHA-TOpa. [IpOSBISTHCS 9TO OYAET TEM,
YTO BOKPYT TOpa OYAYT MOTOKM, ITOXOKME Ha IMTOTOK (POTOHA
BHYTpPU TOPA, HO C TOpa3/i0 MeHblIeil MHTeHCUBHOCTBIO, TIPU-
yeM, YObIBAIOIIEN C PACCTOSIHMEM OT TOpa-3JIeKTpoHa. Kpome
TOTO, BBUY HEBO3MOKHOCTMU IBUKEHUS CO CKOPOCTHIO, TIpe-
BbIIIIAIOIIEl CKOPOCTh CBeTa B BaKyyMe, C yBeJIMueHeM pac-
CTOSIHMS OT TOpa 3TU MOTOKM OYIYT CIIMpaaeBUIHO 3aIa3-
IbIBAaTh, B COOTBETCTBUM C PACCMOTPEHHBIM BbIIIIE CIy4aeM
3aKPYYMBaHMS aOCOIIOTHO KECTKOTO HEBECOMOT'O CTPEXKHSI
6eCKOHeUHO IJIMHbI.

AHajioTMYHbIe TOCTPOEHUS CHpaBeaJiMBbl U JS T0-
3UTPOHA-TOPA, TOJABKO MOTOKM OYAYT B MPOTUBOIIOJIOXK-
HYIO CTOPOHY. «YCTaHOBMM» Ha TJIOCKOCTMU, TTapaJijieIbHO
KPYTOBBIM OCSIM Ha HEKOTOPOM PacCTOSIHMUM Maphl ABYX TO-
pOB-3/1eKTpoHOB (puc. 50), AByX TOPOB-MO3UTPOHOB (pUC.
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51), Topa-3/IeKTpOHa U TOpa-Mo3uTpoHa (puc. 52). FTamma-
doToHBI B mapax TOP-37€KTPOH U TOP-TO3UTPOH KPYTITCS
B IIPOTUBOIIOJIOKHbIE CTOPOHBI aHTUIAPaJlJIeJIbHBIMU IIPO-
TUBOTOKaMMu. [To npuHLmuny bepHynan st napsl OTTaJIKU-
BalOTCs. B ciyuyae ke mapbl TOp-3JIEKTPOH U TOP-IMIO3UTPOH
B IIPOMEXKYTKEe MEXKIY TOpaMu IMOTOKM OYOYT OJHOHATIPAB-
JIeHHBIMU, T.e. IlapaJijieJibHbIMU. TaKkye MOTOKM 110 IPUHIU-
ny bepHymnu nputaruBaroTcs. ITapbl 371eKTPOH-37IeKTPOH U
MO3UTPOH-TIO3UTPOH OTTAJKMUBAOTCS APYT OT Apyra, a mapa
3JIEKTPOH-TIO3UTPOH NPUTITUBAETCS IPYT K APYTY.

Takum 06pa3om, 371eKTPOH-37IeKTPOHHOE, TO3UTPOH-TI0-
3UTPOHHOE U 3JIEKTPOH-MO3UTPOHHOE B3aMMOJENCTBUS
UMeIOT JMHAMUUECKYI0 IPUPOLAY B3aMMOAEMCTBUS [IOTOKOB.
MOXHO rOBOPUTD O IMHAMMUYECKOI IIPUPOLe CUIIOBBIX IT0JIe],
IOCPeACTBOM KOTOPBIX B3aMMOJIEMICTBYIOT 3JIeKTpUYeCKUe
3apsiibl.

Hwuke cnenyoT pUCYHKM Iap: 371€KTPOH-3I€KTPOH, M0-
3UTPOH-TIO3UTPOH U JIEKTPOH-TIO3UTPOH:

Puc. 50. /IBa 3;meKTpoHa
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Puc. 51. [IBa mosuTpoHa

Puc. 52. DIeKTPOH U TTO3TPOH

Korpa ¢oToH 3akpyunBaeTcsi B TOpe-3JIeKTPOHE UJIN B
TOpe-TI03UTPOHE, KPOMeE 3JIEKTPUYECKOTO MOJISI AUHAMMUYE-
CKOJ MMPUPOJbI, MOKET BOSHUKATD JOTIOJHUTEIbHOE CUJIOBOE
T10JIe CTATMUYECKON MPUPOABI. ITO MPOUCXOOUT BCJIEICTBYE
B3aMMO/IEICTBUSI MUMKPOIIOTOKOB IaMeTPaJbHO MPOTUBO-
MTOJIOSKHBIX CTOPOH TOPOB. DTU MUKPOTIOTOKY U Y 3JIEKTPO-
Ha-TOpa, M Yy MO3UTPOHA-TOPA aHTUIIAPAJIJIeIbHBI, U OHU
OTTAJKMUBAIOTCS K Mepudepun TOpoB, co3aaBas JOMOTHU-
TeJbHOE CKaTue BCEero KPyTsIerocs nmoToka. [ToCKoJbKY
OTTaJKMBaHMe AMaMeTPaTbHO MPOTUBOIIOJIOXHBIX CTOPOH
TOPOB YMEHBIIIAETCS C PACCTOSTHMEM, KPYTOBbIE CEUEeHMS TeJl
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TOPOB OYyAYT KaK Obl CIUTIOIINBATHCS, YOJIUHSISACH B HATIPaB-
JIeHUU, TIePIeHAUKYJISIPHOM KPYTOBBIM OCSM TeJl TOPOB.
JlorosHUTeIbHOE CKaTye Tesl TOPOB IPUBOLUT K LOIOJIHU-
TeJIbHOMY CTSTMBAOLIEeMy HaTSKeHUI0 BHYTPU KOJIbLEeBOM
cpenbl 1 0C/IabIeHNIO CTSTMBAIOIIETO HATSKeHYSI BHE TOPOB.
B pesynbTrare cTArMBamwlilee cTaTUUeCKoe HaTsIKeHNe BHe
TOPOB HECKOJIbKO cJiabee M0 CPaBHEHUIO CO CTAaTUUYECKUM
rpaBUTALIMOHHBIM HATsSKeHMEM CBOOOAHBIX ramma-¢oTo-
HOB, JIETSIIIUX I10 TIPSAMOVi. HanpsskEHHOCTh 3Ta HampasJie-
Ha K LJeHTpaM U 3JIeKTPOHAa, U MO3UTPOHA, T.e. He 3aBUCUT
OT 3HAKa UX 3JIEKTpUUECKUX 3apsaoB. Ilox meiicTBuem 3TuX
HaMPSDKEHHOCTEN U 3JIeKTPOHBI, U TMTO3UTPOHBI TOJBKO MPU-
TSATMBAIOTCS APYT K APYTY IIPU JIF060I MX KOMOMHAIIUM, U HE
OTTAJIKUBAIOTCS OPYT OT APyra HU IPpU KaKOM IMapHOM COove-
TaHUU 3JIEKTPOHOB U MO3UTPOHOB. JIOTMUYHO MPUHATH TaKoe
CUJIOBOE TI0JIe KaK CTaTuUyeCcKoe IrpaBUTALMOHHOE T10JIe TS0~
TeHMS 3JIEKTPOHOB U ITIO3UTPOHOB B Sp-cpefe.

Bo3HnukHoBeHue ¢oToHa

Huurto Bo BceseHHOI He BeuHO. 3BE€34bl 3aKMUTal0T-
Csl M TaCHYT, TaJJaKTUKM COOMPAIOTCS M PacChINAOTCS, ... .
VCTMHHO 3/leMeHTapHble ONTHuYeckye GOTOHbI peaanu3yrTcs
B IMariasoHe IJIMH BOJIH OT yIbTpaduosieToBoro 10 nHdpa-
KpacHOTo. T (GOTOHBI BOSHMKAIOT B aTOMax Ipu Mepexo-
Ile 3JIEKTPOHA OT YPOBHSI C OOJIbINIEl SHEepPrueil Ha YPOBEHb
C MeHbIlIeé sHeprueit. POTOH MOKET U3TYUUTHCS B TIOOOM
HaIlpaBJIeHUM OT aTOMa-u3JjayJaTess.

Ha puc.53 cxemaTtmyeckyu M3006pakeHbl KOHIIEHTpUUe-
ckue cdepsl — cpes I MPOU3BOJIBHOI 5KBAaTOPUAJIbHOI T1JIO-
CKOCTY LIIapOBOT0 06'b€Ma BOKPYT M3JTyuarollero aroma (lieH-
TpaJibHASl OKPY>KHOCTD).
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Puc. 53. KoHileHTpuueckye chepbl BOKPYT U3yUaIOIIero aTomMa

HanpaBnenuit nsnydenust ¢oroHa B Sp-cpege MOXKeET
OBITb OUEHb ¥ 0YEeHb MHOT0. YacTh TaKMX HAIIPABJIEHMIA yC-
JIOBHO TTOKa3aHa mrpuxaMiu. DOTOH OAMH, U U3TYIUTHCS OH
MOKET TOJIBKO B OJTHOM OITpeaeéHHOM HaIpaBieHun. [TycTb
($oTOH M3IyUaeTcs cjaeBa HaIpaBo B HAIpaBAeHU M AJIMHHOM
CTpeJIKM Ha puc. 54.
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Puc.54. 3nydeHne hbOTOHA HAMIPaBO M0 AJMHHON CTpesKe

[TepBbIiT HYJIEBOI 271eMeHT Sp TpencTaBisieT cob0it
HeIpepbhIBHYIO CyOCTAaHIMIO, 60jIee TOro, abCOMIOTHYIO He-
MIPEePBHIBHYIO CYOCTAHIIMIO — aOCOMIOTHBIN HEeIpPepbIBHBIN
cybceTpar (MaTtepuast) U3 KOTOPOTO COCTOUT BCS TUCKPET-
Hasl MaTepus OT HEMTPUHO, POTOHOB, UCTUHHO 3JIeMeHTap-
HBIX YaCTUIIL IO TeJl, He6eCHBIX TeJsl, TamakTukK. CyocTaHIusI,
cybcTpar (MaTepual) sIBJAsIeTCs abCOMIOTHON B OTJIUYME OT
OTHOCUTEJIbHBIX CyOCcTaHIMii, CyOCTpaToB, (MaTepuaaoB).
Hampumep, Boga SIBJASIETCS OTHOCUTEJIBHOV Cy6CcTaHIMe,
cybcTparom (MaTepuasiom) AJIs Meay3, B KOTOPBIX 10 97%
BOJIbl. i 3ByKOBO# MMITYJIbC B BOZE, COCTOSII NI 13 BOJIbI
Ha Bce 100%. Bce oTHOCUTeIbHbBIE CYOCTAHIIUY CXKMMAaeMBbl
Y PaCTSIKMMBI. AGCOJTIOTHAS CYOCTAHIIMS He CKMMaeMa 1 He
pacTtsokuMma. Tedopmanum B abCOMIOTHON CyOCTAaHIIMM He
BO3MOXXHBI, BBUIY X HE CCKMMAeMOCTM U He PaCTSI)KMMOCTH.
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MoryT 6bITh TOJIBKO HAMPSIXKEHHOCTY CTSIKEHUS (TTPUTSIKE-
HUS) UK OTTSDKEHUS (OTTAJIKMBAHUS), HE COIIPOBOXAaeMble
nedbopmalusMun.

PeanpHbIX Oedopmannii B abCONIOTHON CyOCTaHIUM
Sp 6bITh He MOkeT. HO BO3MOKHBI BUPTYajIbHbIe (HE peallb-
Hble, He ocyllecTBUMbIe) nedopmanuu. U gedopmaiinm stu
IOJIKHBI ObITh 3aMKHYTBHIMM, UYTOOBI HE 06Pa30BaIOCh MYCTOT
HM T10 Iy TY pacipocTpaHeHus qebopmaliiy, HM Ha KOHIIaX
medopmanym. B omHOpOLHOI, M30TPOIIHONM U HEPa3PbIBHOM
cpene KpaTualinieii MOHOTOHHOI TpaeKTopuel 3aMKHYTOM
nedopmaluy MOKET ObITh TOJIBKO 3aMKHYTasl OKPY>KHOCTb.

Xotst pedopmaliius B Sp-cpejie BUpPTyaibHa, HATIPSIKEH-
HOCTb CUJIOBOTO BO3JI€IICTBMS, BbI3bIBAIOIEI BUPTYAJIbHYIO
nedopmaliiio BIOJHe peajibHa, U TPAeKTOPUS €€ pacripo-
CTpaHeHUS J0JKHA B TOYHOCTU BOCITPOU3BOAUTH TPAeKTO-
pUI0 BUPTYaJIbHOM MedopMaliiy 1o 3aMKHY TOM OKPY>KHOCTH.

Wtak, kpaTyaiiliee 3aMbIKaHM€e TPAEKTOPUM HATIPSISKEH -
HOCTM CUJIOBOTO BO3/I€ICTBUS OCYIIECTBIISIETCS IT0 OKPYKHO-
cTu. DOTOH U3aydaeTcs U3 aroMa. I1o3ToMy BUPTYaIbHbBIN
COBUT IIPOUCXOAUT B 00bEME aTOMa, B OPOUTAIN IJIEKTPOHA,
M3JIyYamwInero GoToH. 9To B 06bEMeE IIapa AMaMeTPOM M0o-
psaka 10-1%m.

Ha puc. 54 op6uTasp M3Jy4aroliero 3JeKTpoHa MU30-
O6pa’keHa OKPY>XHOCTbIO, TOUHEE KOJIbIIOM OYE€Hb MaJioTo
ceyeHMs. IIyCcTb B 3TOI OKPYXHOCTU B TOUKe 1 IMPOMU3OLIIO
BO3/Ie/CTBME HATIPSI)KEHHOCTY CUJIOBOTO BO3/IeliCTBMS HA Ma-
JIBIV BUPTYAJIbHBIN COABUT IPOTUB YaCOBOM CTpeJiKK. YeTbipe
BbIJIEJIEHHBIXX MOJIOKeHUS 1, 2, 3, 4 B KpyKouKax 0003HaUe-
HbI KBaJpaTUKaMu. JIBUsKeHVE BBEPX 0003HAUEHO YEPHBIMU
CTpesKaMy ¥ UepHbIMU M paMy B KPYKOUKaX, a IBMKEHNe
BHM3 — PO30BbIMMU LIMPpamMu B KpysKOuKax. BBMIYy HerpepbIB-
HOCTMU U HEPa3pbIBHOCTU Sp, BCSI OKPY>KHOCTD AOJIKHA TTOBEP-
HYTbCS (BUPTYaTbHO) IPOTUB YACOBOJ CTPEJIKM C OTPOMHOIA,
HO KOHEUHOJ1 CKOPOCThIO, BepOsSITHee BCETO, MPeBbIIIAIOIIeii
CKOpPOCTh CBeTa B BakyyMe. [IoTOMy UTO Takoe cMellleHue
MOA06HO TTPOA0JIBHO BOJIHE BAOJIb KOJIBIIA, @ CKOPOCTH MPO-
IIOJIbHO¥ BOJIHBI BCET 1A BbIllle CKOPOCTU MOIIePEeUHOi BOJTHBI.
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Hanpumep, B TBEPAIX TeaX CKOPOCTb IMTPOJOJIbHBIX YIIPYTUX
BOJIH BCeria 60JIbIlie CKOPOCTY TTOMEPEUYHbIX YIIPYTUX BOJTH.

CMmenieHne B Sp-KOJiblie BBepX U3 TOUKU 1 K TOUKe 2 U
TOUKe 3 TMIPUBOJUT K IOCIeI0BaTebHOMY CIBUTY Sp-Ccpelbl
B HaIlpaBJIeHUM AJMHHONM CTpeJIKM HallpaBo. JTO IOKa3aHOo
ocJjiefOBaTeJIbHBIMU CTpeJikaMu OT 1 70 2 u ot 2 10 3 Ha
IJIMHHOI CTpeJike HAarpaBo. OT TOUKM 3 =3 IBYMS PO30BbIMU
CTpeJkaMM 10 ToueK 4 u 1 rmokasaH CABUT Sp-Cpelibl BHUS.
3aBepuInCs MOJNHbINA ITOBOPOT (BUPTYaAbHbIN) Sp-KOJbLia
MMPOTUB YaCOBOW CTPEIKM C U3JTyUeHMeM HampaBo MOJTHOM
BOJIHBI HATIPSI)KEHHOCTY CUJIOBOTO BO3JEiICTBUS HA BUPTY-
aJbHBIN YIIPYTUI COBUT B Sp-cpeze.
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Puc.55. Mi3myueHMe BOJIH YIIPYTOro CABUra B Sp-cpeje

Ho BupryanpHast ynpyrasi neopmanus B Sp-KoJblie
B HM)KHEN ero Touke 1+1 peylakcupyeT K MTepBOHAYAJIbLHOMY
COCTOSIHMIO, ¥ C 9TOV TOYKM UIET 0OpaTHOE CMelleHMe 10
TOukaM 4; 3 = 3; 2 K mepBOHAYa/JIbHOI TOuKe 1. ITO M306pa-
>K€HO ABYMSI pO30BBIMM CTPEJIKaMM BBEPX U IBYMSI UEPHBIMU
CTpeJKaMy BHU3 Ha AJVHHON CTpeJike HalpaBo. DTO BTOPAs
MOJIHAS BOJIHA HAMPSIKEHHOCTU CUJIOBOTO BO3MENCTBUS HA
TOTepPevuHbI (0 OTHOIIEHUIO K IJIMHHON CTPeJIKe HallpaBo)
BUPTYAJbHbIN YIIPYTUN CABUT B Sp-cpefe.

Takum o6pa3om, BUPTYaJbHbIN MPOAOAbHBIN CHOBUT
U penakcamus 3TOTO CABUTA B Sp-KOJIblle MPUBOAUT K pac-
MPOCTPaHEHUIO B Sp-Cpelle NBYX peaJbHbIX MOMEePEeYHbIX
CIBUTOBBIX BOJIH HATIPSIKEHHOCTY CUJIOBOTO BO3JIEVICTBUSI.
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Bo36y>kmeHue 1 pesiakcalysi BUPTYaJabHOIO IMPOJOJIbHOIO
cABUTa B Sp-KOJIbIle 06s13aTeIbHO COITPOBOXKIAETCS PacIIpo-
cTpaHeHMeM B Sp-cpejie IBYX ITOJTHBIX MONePeUHbBIX pealb-
HbIX BOJIH HAIMIPSI)KEHHOCTE CUIOBOIO BO3/IECTBMUS B KOH-
KpPeTHOM HallpaBjIeHM) BHe aToMa.

M3o06paskeHue Ha puc.55 cxematnuHo. Ha camom mese
IBe TToIlepevHble CABUTOBbIe BOJHBI JOJIKHBI ObITH HE IPSI-
MBIMM CO CTPeJIKAMM M OCTPbIMM YIIaMM, a CUHYCOUIOI, KaK
1300pa’keHo Ha pUC. 56 ¢ IBYMS IMOJHBIMM CMHYCOUTAIbHbI-
MM IIOITIepEeYHbIMM BOJTHAMMA.
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Puc. 56. [IBe cuHyCcOUIaIbHbIE TIOTIEPEeYHbIE
CIBUTOBbIE BOJIHBI B Sp-cpee

V306pakeHne Ha puc. 56. mpeacTaBIIsieT He UTO MHOe,
KaK ()OTOH ONTMYECKOrO [Mara30Ha MOoMePeYHbIX 3JIEKTPO-
MarHMUTHBIX BOJIH, U3JTyYE€HHBIII aTOMOM, BEPHEE, 3JIeKTPO-
HOM aTOMa XMMMYECKOro 3jieMeHTa. MOKHO TOBOPUTH, UTO
TaK BO3HMKAET ONTuUYecKuii oToH. [aMMa-(pOTOHBI Ke BO3-
HUKAIOT IIPY PaAMO0aKTUBHOM pacIiajie sifiep pagoaKTUBHBIX
XUMMUYECKUX JIEMEHTOB.

HeiiTpuHO

W3 Bcex cTabMIbHBIX 3JIeMEHTApPHBIX YACTUI] camMast 3a-
ralouHasl — HeliTpuHO. B TO ke Bpem$ yCTaHOBJIEHO, UTO Hell-
TPUHO — BTOpas (1ocsie GOTOHOB) MO PaCIPOCTPAHEHHOCTHU
BO BceneHHol1 astemeHTapHas yactuna. CUMTAOT, YTO B OJ -
HOM JIUTPe 06'bEMa KOCMMUUECKOTO IMTPOCTPAHCTBA COMEPSKUT-
csl (KOHeYHO, IMHAaMMYeCcKu 1 B cpenHem) nmopsaka 450 000
HelTpuHO, a GoToHOB — okoJi0 500 000.
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HacuéTt macchl TOKOSI HEMTPUHO AeCSITUNETUSIMU TIEJT
criop, HO Ho6eseBckyio mpeMuio 1o pusuke 3a 2015 rog mpu-
CYIWJIN «3a OIpee/ieHe MacChl HEMTPUHO.

['paBUTAIMOHHOE B3aMMOMeiiCTBUEe HeOeCHBIX TeJ
HpI0TOH Ha3Baj «BCEMMPHBIM TITOTEHMEM», T.e. BceleHCKMM
MpUTSKeHeM 1 gan dopMmyny 3aKOHa BCEMUPHOTO TSTO-
TeHMsI, KOTOpasi OTBeYaeT Ha BOIPOC «KaK?», HO 110 6oJee
(byHIamMeHTaTbHOMY BOIIPOCY «II0YEMY?» OH «TUIIOTE3 He
U3MBHILISLT». OmHaKo, cuuTtan runoresy datuo, 60jee n3-
BeCTHYIO Kak Teopus Jlecaxka, «eAMHCTBEHHOI TMIIOTE30]4,
IOCPEeICTBOM KOTOPOI TATOTEHME MOXKET ObITh 00'bSICHEHO
MexaHucTuyeckmu». Cam cosparesib MaTeMaTUUYECKON TeO-
PUM TIPUTSIKEHMS] HeGeCHBIX TeJI TPMU3HABAJ TUITOTE3Y IO-
TaJIKMBAHMS HEOECHBIX TeJ APYT K APYry. ITO M3HAYATIBHOE
MMPOTUBOpPEUNE JIeKUT B OCHOBE BEKOBBIX IMCKYCCUIi IO G-
3M4eCKOli CyTU rpaBUTal UK. bojiee ueM TPEXCOTIETHMIA CITOP
O MMPUTSKeHUY UJIU TTOATAJTKVMBAHUM HeGeCHBIX TeJI U3JI0KeH
B pabore: http:/www.BecTHukpdo.pd/biblio/Lesaz_%20i%20
Gegel nepriznfnnfja_teorija_gravitatshii.pdf.

ABTOp 3TOJi paboOThI MU3JIOXKUI HE TOJbKO MEPUIIETUU
MHOTOBEKOBOTI'O CIIOpa, HO U CBOE BUeHMe IMOCTAaHOBKM, KaK
OH BBIPA3UJICS, «C T'OJIOBBI HA HOTM» UJIM «C HOT Ha TOJIOBY»
Bceit pusnuko-dpuaocodckoit mpobieMbl SIBJIE€HUS T'PaBU-
TallMOHHOTO CTPEMJIEHUS TeJI APYT K APYTY BO BceseHHOIA.
Haub6osee 3HauuMoe (OCHOBOIIOJIATalOIIEe) MOJIOKEHE €0
U3bICKAHUIL B TOM, UYTO CKOPOCTb I'PAaBUTAIMIOHHBIX BOJIH
MM 4aCTUIL IIpeBbINIaeT CKOPOCTh CBeTa B BakKyyMe Ha 13
nopsinkoB (10'3¢), T.e. mpeBbillIeHMe CKOPOCTY IrpaBUTALIIM HA
13 1opsiAKOB CKOPOCTU CBeTa B BaKyyme. JTO He MOKET He
BBI3bIBATh COMHEHM S, [IOCKOJIBKY B ITPUPOE HE 0OHAPYKUIU
CKOPOCTb, IPEBBIIAIOIIYI0 CKOPOCTh CBETA B BAKYyMe.

B Bo3poxxamenne runorte3nsl Datmo-Jlecaxa, aBTop yIo-
MSIHYTO# pabGoThl pacCMaTpUBAET «yaapHble IpaBUTAIM-
OHHbIE BOJIHBI», PacCIPpOCTpaHSI0IIMeCs B BaKyyMe (ITyCTOM
MpocTpaHCcTBe) co ckopocThio 10%c (?!). Ho He To, uTO Takag,
MOXXHO CKa3aTh, «<yMOIIOMpPauuTe/JbHasI CBEPXCBETOBAS CKO-
pOCTh», Aake CKOPOCTM, He3HAUYUTEJbHO MpeBbIIIa0IIye
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CKOPOCTH CBETAa, He HabII0gaauCch HUM BO BceleHHOI, HU B
IKCMepuMeHTax.

Ns3HavanbHO runoresa ®armo-Jlecaxka 0CHOBbIBAJIACh
Ha HeIyCTOM ITPOCTPAHCTBe — Ha 3¢upe U3 MyCTOro Mpo-
CTPAHCTBA C «HEBUAMMbBIMU MeJIbUaANIIMMMU YaCTUIaMU».
B3anMHOe 3KpaHMPOBaHME ITUX YACTUL, HEOECHBIMMU TeJITAMMU
MOATAAKMBAJIO UX APYT K ApyTY. Ho aHanM3 sKpaHMPOBaAHUS
TeJaMM MeJibuaiiiiMX HeBUAMMBbIX YacTull 3@upa c mpusiie-
YyeHMeM MOJIEKYJISIPHO-KMHETUUEeCKOl TeOpuM Tra30B U dJIeK-
TPOMAarHMTHOM Teopuu CBeTa MPUBOAUI K HECOCTOSTETbHO-
ctu runoTtessl @atuo-Jlecaxka.

YTOoO6BI OJTHO TEJIO MPUTSITUBAJIO UIIN YIEPXKUBAJIO IPY-
roe, HeOO6XOAUM TMOKMI TPOC (BepEBKA) MM SKECTKAS ITAH-
ra, MoCpeJiCTBOM KOTOPOTO OJHO TeJji0 MPUTSATUBAET UJIU
yIEepPKUBAeT Apyroe Ha GUKCUPOBAHHOM paccTOSTHUM. B 060-
UX CIyYasiX HeoOXOAMMO ITPOMEKYTOYHOE 3BEHO, TTOCpe-
CTBOM KOTOPOTO TeJjia MIPUTSATUBAITCS UAU YIEPKUBAIOTCS
OT «pasberanus». B c;iyuae HeGECHBIX TeJI IPOMEKYTOUHOE
3BeHO He ITpocMaTpuBaeTcs. Mexky HUMM ITyCTOe MPOCTpaH-
ctBO. Kakum 06pasom mycToe TpEXxMepHOe reoMeTpuuecKoe
MMPOCTPAHCTBO MOXKET CAYXUTb NPOMEXYTOUHBIM 3BEHOM
MeX1y TeJaMU, HOCPeACTBOM KOTOPOTO OHU ITPUTATUBAIOTCS
WIU YOePKUBAKOTCS?

Takoe MOKeT ObITh JIMIIb B TOM CJIy4yae, eCju 3TO ITPo-
CTPAHCTBO He MPOCTO reoMeTpuUeckoe BMeCTU/INIIE MaTepu-
aJIbHBIX 00'bEKTOB OT «HEBUIMMBbIX MeJIbYAMIINX» U DJIEMEH-
TapHbIX YACTUII 10 TAJIAKTUK, a pusndeckasi CyocTaHIMaTbHaS
cpefia, B KOTOPOJ MOT'YT peajn30BbIBAThCS CUIOBbIE OIS, B
JTaHHOM cJlydae, TpaBUTAlMOHHBIE TTOJIS CTSKEHM .

Maccy nmokost HeiTpuHO oueHuIu B 0, 28 3B, 4TO mouTn
B 2 MMWJIJIMOHA pa3 MeHbIlle MacChl TTOKOSI 3JIeKTPOHAa. MOXXHO
CUMTATh, YTO HEMTPUHO — caMas JETKasl MaTepuaabHas dJie-
MeHTapHas 4acTUlia C HEHYJIEBOI Maccol MoKosi. ®OTOHBI
Tak>Ke OTHOCSIT K MaTepuaabHbIM 3/IeMEHTApPHBIM YaCTUIIAM,
HO C HYJIeBOI MacCCOl MOKOS.

CuuTaeTcsi, UTO B OJJHOM JIUTPE KOCMMUYECKOTO ITPO-
ctpadHcTBa (Om-cpene) B cpellHEM COJEePKUTCS OKOJIO
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MOJIYMMWJIJIMOHA HEMTPUHO, NIBUTAIOIIMXCS BO BCeX HallpaBJie-
HUSIX CO CKOPOCTBIO CBeTa. B TO >ke BpeMsi BOAOPOa B TOM Ke
00bEMeE KOCMMUYECKOTO ITPOCTPAHCTBA He 60Jj1ee ABYX YaCTUI]
¥ Macca, MpUXOosIIasicss Ha 3JIeKTPOHbI BOJOPOa, COCTaBJIS-
eT HeMHOTruM 60jiee 1M3B. CiiegoBaTebHO, B KOCMMUYECKOM
MPOCTPAHCTBE HA HEMTPUHO NPUXOAUTCS npumepHo 0,14
MaccChl 371IeKTPOHOB, T.e. X CyMMapHbIe MacChl COITOCTaBMMBbI.
OTO JAa€T OCHOBaHMeE pacCMaTpUBaTh sSIBJeHUe TpaBUTALIUMA
Ha HEJITPMHO — CaMOI1 JIETKOJ MaTepuaabHOI 371eMeHTapHO
yacTtuiie. ITo CKopocTy ABM>KEHM ST HEMTPUHO AOTUE NeCITH-
JeTus OblJIa Heompe e IEHHOCTh. VIHOTIa Taske CUMTAIH, UTO
oHa 6osbIire ckopocTu cBeta. Ho B 2018 1 yuéHBIM yIaI0Ch
U3MepPUTDb CKOPOCTb ABUKEHMS HEMTPUHO

Y4yéHble yCTAaHOBUJIM TOUYHYIO CKOPOCTb [BUXKEHUS
HeNTPUHO

Bropnuk, 24 Uwnsg 2018 12:06

YacTuirel HEMTPUHO ABUKYTCSI He ObICTpee CKOPOCTHU
CBeTa, TO eCTh, CieJJaHHOe HeCKOJIbKO JieT Ha3a/ MpexnoJio-
>KeHMe O TOM, YTO HEMTPUHO ObICTpee CBeTa, 0Ka3aJoCh He
COOTBETCTBYIOIIMM [AeCTBUTENbHOCTU. Takoe 3asiBleHMe
cIesiaiv yueHble M3 pasHbIX CTPaH MUPa, 00'beJMHUBIINECS
ILJIsI yCTAHOBJIEHUSI TOUHOM CKOPOCTY HEMTPUHO.

VueHble, B YaCTHOCTH, IPOBEJIM SKCIIEPUMEHT, 110 UTO-
ram KOTOPOTO BbISICHUJIOCh, UTO YaCTUILLbI HEIITPUHO, UCTOY-
HMKOM KOTODBIX SIBJISIETCS yAaJIeHHAs OT Hallleil MIaHeThl Ha
yeTbIpe MUJIJIMOHA CBETOBBIX JIET raJaKTUKa, MPUJIETAIOT Ha
3emJi0 Ha OOHY MUJIJTMAPAHYIO OO0 CeKYH/IbI TT033Ke, YeM
CBeT OT 3TOTO Ke 3Be3JHOTO CKOTIJIEHWSI.

To ecTb, HEITPUHO COBCEM He3HAUUTEbHO, HO MeJJIeH-
Hee cBeTa. U y>X TOUHO He O6bICTpee — 0COOEHHO MoguepKMBa-
I0T MCCIeIoBaTe !, ONPOBePriie MHeHe, CyIleCTBOBaBIlIee
c 2011-roropa.

«Hacmuyp! HelimpuHo 0Ka3anucy, MeHee GbICMPbLIMU, YEM
ceem. To ecms, cKopocmu HelimpuHo U ceema 8NOJIHe Cpas-
HUMbL, HO uacmuysl 8ce-maxu O0B8UMCYMCS C He3Hauumesb-
HbLM 0MCMasaHuem», — TOBOPSIT aBTOPBI MEXAYHAPOIHOTO
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ucciaenosartesbckoro npoekta. (https:/planet-today.ru/
novosti/nauka/item/90149-uchjonye-ustanovili-tochnuyu-

skorost-dvizheniya-nejtrino).
[IpUHIIUIT KOPITYCKYJISIPHO-BOJIHOBOTO Jyajn3mMa pac-

MIPOCTPAHSIeTCs HA HeTPMHO KaK Ha MaTepuaIbHYIO (MMe-
IOIIYIO MacCy) 3JIeMeHTapHYI0 YaCTHUILY CAMbIX MaJjIbIX pas3-
MepoB. Kak KOpIycKyJ/ia, HEMTPUHO JOKHO MMETh (hopMYy.
ITycTb 9Ta popma O6ymeT UMAMHAPOM. Kak BOIHA, B KasKI0M
HOBOM MeCTe HEeTPMHO COCTOUT 13 HOBBIX 3JIEMEHTOB 00b-
éMa cpeJibl pacIpocTpaHeHus. B JaHHOM ciiyuae 3J1leMEeHTOB
06béma 0_-cpensl.

Puc.57. UMAUHAP HEATPUHO B BEPTUKAIbHOM IOJOKEHUN
U ero ceueHue BHU3Y
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IIyCcTh UMAMHIOP HEMTPUHO ABUXKETCSI CO CKOPOCTHIO,
MeHblIllell CKOpoCTu cBeTa B Om-cpene. BHyTpu umuanHapa
rapaJuieibHble JIMHUM U300paskaioT KOJIblIeBbIe IIOTOKM

Om-cpenpbl. OTU MMOTOKU BHYTPU LUIMHAPA OBUKYTCS
OTHOCUTEJbHO IMJIMHIAPA CO CKOPOCTHIO CBETA B ITPOTUBO-
I10JIO(KHOM HaltpaByiieHuU. OgHOHAIIpaBJ/IeHHbIe ITOTOKM, KaK
M3BECTHO, IPUTITUBAIOTCS. DTO IMIMPOKO HAGII01aeTcs B I10-
TOKAax rasa, JKUJIKOCTH, 3jeKTpudectBa. CiegoBaTebHO, Ha
UVIMHIP OyAeT AeiiCTBOBATh HATIPSIKEHHOCTh PaJgMaaIbHOIO
CTSI)KeHMSI K er0 OCH.

[TocKoJIbKY cyOCTaHIMaIbHAS 0_-cpena He paspbiBHA,
HAMPSXKEHHOCTh PAZiXabHOIO CTS>KEHUS [IOTOKOB BHYTPU
UUJIVHIPA pafinajibHO pacrnpoctpaHsercs B 0 -cpene BHE
LIUIMHAPA HEMTPMUHO. ITa HAIIPSI)KEHHOCTD CTSIKEHUS pac-
npocTpaHsiercss B0 -cpejie co CKOPOCThIO cBeTa. PaccMoTpum
HEMTPUHO B CUCTeMe KOOPAMHAT, «IMPUBSI3aHHOM» K
HEeNTPUHO.

Puc. 58. Crsixkenue 0_-cpefbl OBVKYIIMMCS II0 CTPEJIKe
HeMTPUHO C TTIOYTH CBETOBOI CKOPOCTHIO B CUCTEME KOOpPAMHAT,
IBVDKYIIENCS C TOM XXe CKOPOCTBIO

167



CrsiskeHre Om-TIpOCTpaHCTBA MOKAa3aHO 60Jiee CBETIbIM
1IBETOM I10 CpaBHEHMIO C [IBETOM CaMOTI'0 LIMJIMHApPA HETPU-
HO, a He CTSHyTas cpeaa Om-ImpoCcTpaHCTBA BIiepey U C3aau
HETPUHO OTI[BEYEHO CBETIO-TOTYObIM IIBETOM.

V3BecTHa peakius ve +p — e +n (®. Paiinec u K. KoysH,
1956 r.), koTOpas nMoATBepAuIa runoTesy HeliTpuHO ([Taynn,
1930 r.). B pesynbTaTe B3aMMOIEINCTBUS 3JIEKTPOHHOTO aH-
TUHEATPUHO (¥ ) C MPOTOHOM (p) 06pa3yeTcs MO3UTPOH (e*)
M HEMTPOH (n). B cBOOOIHOM COCTOSIHUM HETPUHO (AHTU-
HEJTPUHO) IBUKETCS C OU€Hb GOJIBINON, HO HE CBETOBO CKO-
pocTbio. ['me okasanoch v, B pesysbTaTe B3aMMOMAENCTBUS
Paiineca-KoysHa? B MCTMHHO 3/ieMeHTapHOM MO3UTPOHE €ro
ObITh He MOXKeT. Vicue3HyTb He MOkeT. OCTaETCsI TOJIBKO OJIVH
pa3yMHBIV OTBET — B HEIITpOHe. DTO MOATBEPKAAETCS U TeM
(hakTOM, UTO CBOOOIHBIN HEMITPOH B TeUeHMe 16 MUHYT paciia-
JlaeTcsl Ha TIPOTOH, 3JIEKTPOH U 3JIEKTPOHHOE aHTUHENTPUHO.
CnenoBaresibHO, 37IeEKTPOHHOE aHTUHENTPUHO COOEPKUTCS B
HeliTpoHe. HO 3TO 03HavaeT, 4YTO YacTHIlA C TTIOYTU CBETOBOI
CKOPOCTBIO B CBOOOTHOM COCTOSTHUM JIOKAJIU3YETCSI B HEITPO-
He, KOTOPBI MOXeT HaXOAUThCSA U B Tokoe. Ho kak? Takoe
MOXXHO JAOIYCTUTbD, €CU UMJINHAP HEMTPUHO MOXeT CBOpa-
YMBAThCS, B IIpefiesie 1O CMbIKAHMUSI «TOJIOBBI» C «XXBOCTOMY.

CBopauuBaHye UMJAMHAPA HEMTPUHO B KOJbIIO IPUBO-
IUT K TOMY, YTO IMJIMHIpUUECcKoe CTskeHMe cpelbl 0m-mpo-
CTpPaHCTBa MpeobpasyeTcss BO BCECTOPOHHee 06bEMHOE
CTSDKeHMe K [IeHTPY Kojiblla HeliTpuHO. [TycTh UUAMHAP Hell-
TPUHO Ha pUC. 58 cBOpauMBaeTCs M0 YaCcoBOI cTpeske. JleBas
yacTh IMAUHAPA CTSKeHUS cpelibl 0m-ITpoCcTpaHCTBA OKa-
SKeTCSI BO BHE KOJIbIla M3 CBEPHYTOIO UAMHAPA HEIMTPUHO, a
rpaBas 4yacTb UMANHAPA CTSIKeHMS cpeAbl Om-TIpOCTpaHCTBA
OKa>keTCsI BHYTPU CBEPHYTOTO KOJIbIlA 3 IMJIMHAPA HENTPU-
Ho. [Ipy cBOpauMBaHUM UMIANHAPA HEUTPUHO B KOJIBIIO IJIVHA
U MM pPUHA TIPSIMOYTOJIBHOTO OCEBOT0 CeueHMsI, MepreHIuKYy-
JIIPHOTO K IMJIOCKOCTY OCEBOTr0 CeueHMs Ha puc. 58 nsameHs -
10TCs. B mapasienbHbIX K HEMY JIEBOCTOPOHHUX MIPSIMOYTOJIb-
HUKaXxX IJVHA U3MeHSeTCs BIJIOTh A0 JUHUMU — BHEIIHEro
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JuaMeTpa KoJiblla HEMTPUHO, a BCe IapaJsijiejibHbie K HeMY
IIPaBOCTOPOHHME MPSIMOYTOJbHUKY OYAYT YMEHBIIATHCS U
0 JIJIViHe, U TI0 MM PUHE BIJIOTh A0 JIMHUU — BHYTPEHHETO
JuaMeTpa KoJjiblla HeMTPpUHO. [lnaMeTp UMIMHAPA HEMTPUHO
COXpaHsSIeTCs B AyaMeTpe ceueHM s KOIblla HeTPUHO.

B pesynbTaTe cBOpauMBaHMUs MUAMHAPA HEMTPMUHO HA
puc. 58 mosyumMm KOJIbIIO HEMTPUHO BMeCTe C HaMPSIKEH-
HOCTBIO CTSKEHUSI cpeabl Om-IIpocTpaHCTBa Ha puc. 59.
OueBuaHO, HMIMHAPUYECKOE CTsKeHMe 0 -Cpebl IMUINH-
I POM HeMTPUHO MPU ero CBoOpauMBaHUM B KOJIbIIO Iepexo-
IOUT BO BCECTOPOHHEee CTsikeHue 0 -cpefbl K HEeHTPY KOJIbIa
HeTPUHO.

Puc. 59. BcecTopoHHee cTsikeHMe cpefibl 0 -ITPOCTPaHCTBA
KOJIbIIOM HeHTPUHO
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BcecToponHee cTskeHue cpeabl 0 -MpoCTpaHCTBA
KOJIbIIOM HeMTPUHO MOKa3aHO TOJbKO UeThIPbMS CTpesKa-
mu. KoHIleHTpuyeckye OKPY>KHOCTY BHe KOJiblla HEITPUHO
MTOKAa3bIBAIOT YOBIBAIONIYIO C PACCTOSTHMEM HATIPSIKEHHOCTD
cTsi>keHMs cpenbl Om-nipocTpaHcTBa. Ecay HuauHAp Heit-
TPUHO Ha pUC.58 cBOpaunBaeTCsi MPOTUB YaCOBOI CTPEJIKMU,
TO pe3yJbTaT OyIeT TOT ke, 4TO Ha puc. 59. [Ipu cBopaumBa-
HUM UMIVHAPA HEMTPUHO B KOJIbIIO TIEpBOHAYAJIbHAS MOY-
TY CBETOBASI CKOPOCTh IMJIMH/APA HEMTPUHO HE OOHYIISIETCS.
OHa coxpaHsieTcsl B KOJIblie, T.e. KOJIbIIO BEPTUTCS C TTOUTHU
CBETOBOI CKOPOCThI0. KOHEUHO, MOKOSIIMXCSI CBOOOIHBIX
KOJIBLIEBBIX HEMTPUHO HeT. CBOGOIHbIE UIMHAPUIECKIE
HeMTPUHO CYIIeCTBYIOT TOJbKO B IBMXKEHUU C TIOUTU CBETO-
BOI1 CKOPOCTBIO0. JIOKanM30BaHHbIE (KOJIbleBbI€) HEMTPUHO
MOT'YT OBITh TOJIBKO B COCTaBe IPYrUX YaCTULI, HAIIpUMeEp, B
HeliTpoHaXx. [IoaToMy B3aumMozeicTBIe IBYX HEITPUHO MOX-
HO paccMaTpuBaTh, TOIbKO OTBJIEKASICh OT ABYX MPOTOHOB U
I BYX 3JIEKTPOHOB B COCTaBe JIBYX HEMTPOHOB, T.e. CUMTAS UX
OTCYTCTBYIOIIMMMU. [Ipy TakuUX UAeaJM3UMPOBAHHBIX YCJIO-
BUSIX /IBA KOJIbIIEBBIX HEMITPUHO, KaXKI0€e, CTATUBAS Cpeny
Om-mpocTpaHCTBa, OYAYT B3aMMHO IMOATATUBATH APYT ApyTa
B COOTBeTCTBUM C (popmysioit HploToHa 3aKOHA BCEMUPHOTO
TATOTeHMS. Eciu MeXy HUMM HeT HUKAKMX MaTepuaJbHbIX
Mperpaj Ui MeHTPOOEeKHbBIX CUJI, TO OHU OYIYT COMMKATHCSI.
COomMsKaThC OYAYT 10 IPUUYMHE OTCYTCTBUSI COITPOTUBIIEHUS
Om-cpenbl u Tiperpaji Mmexxay HuMMU. COITPOTUBIIEHUS Cpelbl
Om-TipoCcTpaHCTBA HET IO TO¥ MPUUYMHE, UTO JABVKYIIUIACS
C TIOUTH CBETOBOJ CKOPOCThIO BO30OYKIEHHBIN 3/ieMeHT Om
B KOJIbIle HEMTPUHO C TaKOJi ke CKOPOCThIO 3aMeHSsIeTCs He-
BO30YXIEHHBIM 3/1eMeHToM 0 13 BHeIHeli cpeibl 0 -Tipo-
CTPaHCTBA IIPU MIEPEX0/ie K HOBOJ TOYKe MPeObIBAHMS KOJIb-
11a HeliTpuHO. Takoil 06MeH C IMOYTU CBETOBOW CKOPOCTHIO
MTPOUCXOAMT TI0 BCeVi MOBEPXHOCTU pa3esia MexxAy OBUKY-
HIMMCSI KOJIbIIOM HEMTPMHO M HEIOABMXXHOV OKpY>Kalolleii
0,,-cpenoii.

Vpmes monTaJKuBaHUS HeOECHBIX TeJl APYT K IPYTY,
6epyimiast Havajao emé oT ¢puaocodoB JpeBHei Diiambl,
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MaTemaTtuueckyu obopmyieHHas JlecaskeM, 3aBepUIMBIIASICS
dbusnueckoit Teopueit rpaputauyu demynaeBa, OCHOBbIBA-
7ach Ha 3¢uUpe — MyCTOM reoMeTpPUYeCcKOM MPOCTPAHCTBE
C XaOTUYECKM IBVIKYIIMMMUCS YaCTUIIAMM OT Mejbuaii-
IUX HEBUAMMBIX IO Pa3JIMUHBIX BUXPEl MepapXudecKux
ypoBHeii (http:/www.sciteclibrary.ru/c gi-bin/public/YaBB.

pl?num=1543816467).
B otnuume ot 3dupa, B KOTOPOM abCTpaKTHOE Teo-

MeTpuyeckoe TpExMepHOe MPOCTPAHCTBO BceneHHOI Ma-
Tepuaan3yeTCsl «MeJb4ailuiuMy HeBUAMMBIMU» MaTepu-
QJIBHBIMM YacTullaMy, GU3UIeCKOMY TPOCTPAHCTBY U3
HeIpepbIBHOTO CyOCTAaHI[MATBHOTO €CTEeCTBEHHOIO 3JIeMeH-
ta Om (http:/www.sciteclibrary.ru/c gi-bin/public/YaBB.
pI?num=1543816467) He TpeOYIOTCS MaTepuaJbHbIe «3uUp-
Hble yacTuilbl». HepaspbiBHas cyocTaHust Om siBJsieTCs 10-
MaTepuaJbHOI (MaTepuio posKIalolieil, MaTepuio COCTaB-
nsomert) cymHocTtbio (http:/www.sciteclibrary.ru/c gi-bin/
public/YaBB.pl?num=1543816467).

HaumeHblliie MCTMHHO 3JieMeHTapHble YacTUIlbl Hell-
TPUHO COCTOSIT M3 BO3OYKAEHHOI 10 MIOUTU CBETOBO CKO-
poctu cy6cranuuu O . IMapajienbHble IIOTOKMU 3TOM BO3-
OyxpénHoii cybcranuuu 0 B durypax, popmax (Tenax)
HeTPUHO, IBVKYIIMXCS TIPSIMOJIMHEIHO UM B KOJIbIIE, CO3-
TAIOT B OKPYsKalolei HeroBuskHo 0 _-cpefie HaIIPSIKEHHO-
cTu cTskeHMs1 Om-TIpoCTpaHCTBA.

IBa HEMTPUHO, Kaxkaoe cTaruBasg Om-mpoCcTpaHCTBO,
MOATITUBAIOT APYT Apyra. [Ipy OTCYTCTBUM CONPOTUBIIEHUS
Om-cpenpbl, 06yCIOBJIEHHOIO OOMEHOM C TTOUYTHU CBETOBOI
CKOPOCTHIO BO3OYKIAEHHBIM Om-37IEMEHTOM B HETPUHO U
HeBO030yXI€HHbIM 0_-371eMeHTOM 0_-TIPOCTPaHCTBA, 3TU [Ba
HENTPUHO COMMKAIOTCS.

B gaBjieHMM rpaBUTALMU TIPOSIBJISIETCS MOATITUBaHNUE
(TITOTEHME), HO He TOoATaJKMBaHMEe TUIIOTEeTUUYECKUMU
MeJbuaiiiMMy HeBUAUMMBIMY 3DUPHBIMM yacTulamu. Camm
HeMTPUHO (peasibHble MeJibualilliie UCTUHHO 3JIeMeHTap-
HbIe YAaCTUIIbI) HE MOTYT OBITh B POJIM «3(PUPHBIX YACTUIL»,
B3aMMHOE 3KpaHMpPOBaHME KOTOPBIX HEOECHBIMM TeJaMU
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MOATAJKMUBAIOT UX APYT K ApYTyY. [IpMunHa ocHOBaTeJ bHasI.
3BE31IbI U Ipyre HebecHbIe Tela, KpoMme, ObITh MOXKET, Heli-
TPOHHBIX 3BE3]], M YePHBIX AbIP, MPO3PAUyHbI AJI51 HETPUHO.

HejiTpuHo, KaK 1 (GOTOH, SIBJSIETCSI KOPITYCKYJISIPHO-BOJI-
HOBOJ1 3JIeMeHTapHOM YaCTUllei, T.e. XapaKTepusyeTcs ya-
CTOTOI U AJIMHON BOJHBI. B oT/iuye oT ¢hoTOHA HENTPUHO
He BCTYIAeT B 3JIEKTPOMAarHUTHOE B3aUMO/[IeiCTBHIE.

Ho HeliTpuHO B3aUMOJIEMICTBYET C IIPOTOHOM, IIPU OTIpe-
JIeJIEHHBIX YCIOBUSIX 3JIEKTPOHHOE aHTUHENTPMHO BMeCTE C
3JIEKTPOHOM 3aXBaTbIBAETCS (JIOKAJIU3YETCSI) IPOTOHOM C T1e-
pexXonoM ero B HEMTPOH. ['0BOPAT, UTO HEMTPUHO (AHTUHE-
TpuHO) npoJsietaeT CoHIle, He 3aMeyas ero. M Kak Ipu TaKkowi
MHEPTHOCTU IMTPOMUCXOIUT 3aXBaT €ro MpOTOHOM, TIPUYEM O]I-
HOBPEMEHHO C 3JIEKTPOHOM — 3arajka. OgqHaKko, B IepHO
(du3uKe TakMe TpEXUACTUUHbBIE B3aMMOIEMCTBUS CUMTAIOTCS
peanbHbIMMU.

YTo Ke KacaeTcs rpaBUTAILIMOHHOIO 3apsiia, 00yCJIOB-
JIEHHOTO CTaTUUYeCKUM CTSKeHMeM Sp-cpejibl, TO UM 06J1aa-
eT U TOp-HEeNTPUHO, XOTS ropa30 MeHbIIVM 0 CPaBHEHMUIO C
rPaBUTALMOHHBIMY 3apsAaMy TOPa-3JeKTPOHA U TOPA-TI03U-
TpoHa. [Io3TOMYy Iyu HEMITPUHO OT AAJEKUX 3BE3M IPUHIIA-
MMAJIbHO TOJIKHBI OTKJIOHSIThCS BOM3u ConHila. Ho mpociie-
IUTh 3a «[IeCYMHKAMMU 3BE3THBIX HEMTPUHO» TTPAKTUUYECKU
HEBO3MOXHO B «Caxape COJIHEUHbIX HEMTPUHOY.
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Iupamuga ObITUS

BbITHE — CYylIeCTBOBaHME + KU3Hb.
Wcxonst U3 3TOTO orpeneneHnst ObITUS U U3 BIIIENU3IIO-
’KEHHOT'0, MOKHO OITMCaTh 00IIyI0 [IMpamMumy ObITHUS:

hUELTY
TBOpAWAA
b UELTY
cosHawwas

MUKpPOOpraHU3Mbl

HusHb

AvckpeTHan matepua
HelTpuHO, ramma-$OTOHbI, 31EKTPOHDI, NO3UTPOHDI,
HYKNOHbI, aTOMbl, Tena, HeGecHble Tena, CKON/JEHWsA ranakTuK

Cywecr -
BOBaHMe

Om
HenpepbiBHas ogHOpoAHanA cy6cTaHLma

Puc. 60. [Tupamuga 6bITUS

B ocHoBauuu [MMpamMmuabl 6bITHS HEIIpEPbIBHAS OOHO-
popHas 0 _-cy6cranums. HexmBast IMCKpeTHas MaTepus:
HEeMTPUHO, TaMMa-(QOTOHBI, 3JIEKTPOHbI, TTO3UTPOHBI, HY-
KJIOHBI, aTOMBI, TeJia, He6eCcHbIe Tejla, CKOTIJIEHUS TaJaKTUK
cocTouT 13 BO30YKAeHHoI 0_-cpenbl. PacTeHns, MMKPOOp-
raHM3MbI COCTABJISIIOT IEPBbIE IBE CTYIIEHM BbICIIEH (OPMBbI
CYIIeCTBOBAHUS — KMU3HU. JKMBOTHBIE OTHOCSITCS K CTYIIEHU
CO3HATeIbHO K13HU. B caMoM fene, Habaoast 3a 10ObIBa-
HMEeM IUIIY, HAITpMMep, CTau BOJIKOB MJIM KacaTOK, HEBO3-
MOKHO OTKa3aTh MM B HaJAM4YMUM CO3HaHMS. VX roBemeHme
BBIJTAET 37IEMEHTHI CTPATEr UM, TAKTUKY U OTIEPATUBKMA.

Ha BepmnHe [TnpaMubl ObITHS JKM3Hb TBOPSIIAS — Ye-
noBeuecTBO. Ha caMoM Jiesie II011 OTAMYAIOTCS OT SKMBOTHBIX
He TOJIbKO TTOMCKOM ¥ CO3JaHueM HeoOXOAMMBIX YCIOBUIA
IJIST GMOJIOTMYECKOV JKM3HY, HO M JKU3HBIO TYXOBHOI, TyXOB-
HBIX TBOPEHMIT BO BCeX cepax YMCTBEHHON AeSITeTbHOCTH:
peurum, IuTepaType, UCKyCcCTBe, Hayke, dumocoduu, ... .
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Bce n3meHneHus BO BcesleHHOM MPOUCXOAAT B KOCMUYE-
ckoii cpenie, B 0 _-cpepe. [luckpeTHbie MaTepuaabHbIe MCTUH-
HO 3JIeMeHTapHble YaCTUILbI POKAAIOTCS Y YHUUTOXKAIOTCS;
COCTaBHbIE 3JIeMeHTapHble YaCTUIIbI, MOHbI, aTOMbI, MOJIE-
KYJIbI 00Pa3yTCs M pacnagalTCs; OCYIIeCTBIISIIOTCS arpe-
raTHbIE€ COCTOSIHMSI MJIa3Mbl, Fa30B, KMIKOCTEN, TBEPIbIX TeJl
U UX B3aMMHbIe TTepeXo/bl; 3aXKUTalOTCS U TaCHYT 3Be3/bl,
dbopmMupyIroTcs 1 pacnagarTcs HebecHble Tejla, raJJakKTUKN.
Bce maTepuasibHble 00BEKTHI, BIIOTH OO0 MX 6M0pa3HO0Opa-
3Msl, BKJIIOYasl YeJI0BeUeCTBO, COCTOAT 13 0 — eCTeCTBEHHOro
3JIeMEeHTa, TOJIbKO BO30Y>KJIeHHOTO 10 CKOPOCTY CBeTa I10
CpaBHEHMIO C HEBO30YKIeHHO 0 -cpenoii. Bes 6ecKoHeu-
Has 1 BeuyHast BcesenHast cocrouT u3 0 _-3/ieMeHTa, HeBO3-
OY>KIEHHOTO ¥ BO30Y3KI€HHOTIO.

Om-ecTecTBeHHbINi 371eMeHT, 0 _-cpena TpebyIoT TIia-
TeJIbHOTO M3y4eHNsl, 0CO3HaHM I, OCBOeHM . Ha 3ToM He Jier-
KOM, HO MHOT006€I[aI0IeM ITyTH OTKPOIOTCS JOJITOCPOYHbIE,
U gajiee OKOHYATeJIbHbIe pellleHMsT KIMMaTUUeCKMX, 3K0JIO0-
IMYeCKUX U SHePreTuueckux mnpoobiiem.

HeiTpoH

C 30-x rog0OB IPOIILJIOrO BeKa YCTOSJIOCh TTOJIOXKEHME O
TOM, YTO BHYTPMU SIA€p aTOMOB U HYKJIOHOB HET 3JI€KTPO-
HOB. U 3TO, HeCMOTpS, Ha SIBJIeHUS B-pacmaga u K-zaxsara.
Brixoaniio Tak, 4TO 13 4ero-To POKAaJ0Ch HEUTO, HO €r0 TaM
He ObLJIO, Jake B 3apofpblliie. A BHeAPSISICh BO UTO-TO, ITO He-
4TO Mcuesasio becciesHo.

Ho HMUTO He BO3HMKAET 13 HUYETO, M HUUTO He ucyesa-
eT 6ecceHO BO BcesleHHO. DTO — MPUHIIUIT COXPaHEHUS B
BEUHOCTU HENPEePbIBHON Sp-Cpeibl 1 MaTepuu BO BcesreHHOIA.

['maBHOV MTPUYMHO CKJIOHEHMSI K TAKOMY ITOJIOSKEHUIO ObLT
reoMmeTpuueckuit pakTop. Pazmep 3/1eKTpoHa CUMTAJICS O0JIbIIIE
pa3MepoB HYKJIOHOB, 1 MeHblllee He MOIJIO BMelllaTh O0Jbliiee.
OnHako, B HacTOsIee BpeMsl MMEIOTCS OLIeHKM, YTO pa3Mepbl
9JIEKTPOHA ¥ HYKJIOHOB COITOCTaBMMBI, opsiaka 1071° M.

CopamuBaeTcs, eCau 3JIeKTpOHa HET B HETPOHe, TO,
KaK OH BO3HMKAaeT IIpU pacrnaje HeiiTpoHa? AHAJOTMYHBIN
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BOIIPOC KacaeTcs U HelTpuHO. EC/in HeUTO poxkaaeTcs U3
4ero-To, TO 3TO YTO-TO OOJI)KHO MMETh, [0 MEHbIIIEN Mepe,
3apOJIbIII 3TOTO HEUTO.

OCHOBBIBASICh HA 3aXBaTe aHTUHEMTPUHO U 3JIEKTPOHA
IIPOTOHOM, MOXHO CAeJIaTh MPenIloJOKeHe O CTPOeHUM
HejiTpona. O ToM, Kak IPOUCXOOUT 3aXBAT aHTUHENTPUHO
IIPOTOHOM HUYEro He U3BeCTHO. MOKHO IPeIoIOKUTh, UYTO
aHTUHENTPUHO, KaK YyacTulla, MMeloasi Kakymo-To Gopmy,
Halnpumep, UMIMHIPA, «<HABOPAUMBAETCsI» Ha IIPOTOH, Y KO-
TOPOTr0 UMEETCS BHEIIHUI TOP-TIO3UTPOH. DJIEKTPUYECKU
HeTPaJbHOMY aHTUHENTPUHO, TTOJIOKUTEIbHO 3apSI>KEeHHbIN
MO3UTPOH He MellaeT ero «<HaBopauMBaHUO». [lonyyaeTcs
Kak Obl BHEIITHUIA TOP-aHTUHENTPUHO.

Ecnu TOpy-371eKTPOHY «HaBOPauMBaThCSI» HA TOP-II0-
3UTPOH HEBO3MOXXHO M3-3a aHHUTUJISALIUU, TO HA ITPOMe-
JKYTOUHBIN TOP-aHTUHENTPUHO, MO-BUAUMOMY, MOJKET.
JJIeKTPUUYECKU HENTPAIbHBIN TOP-aHTUHEMTPUHO MPEIIsAT-
CTBYET «CJIUSHUIO» 3JIEKTPOHA C TTIO3UTPOHOM C HEM30eKHOI
AQHHUTUJIILIUEI.

Ntak, Ha IPOTOH «HABOPAUMBAIOTCSI» AHTUHENTPUHO U
3JIEKTPOH. B pe3ysbTaTe, MPOTOH CTAHOBUTCS HeliTpoHOM. Ho
B CBOOO/THOM COCTOSIHMM HEITPOH He CTabMJIeH, U 110 UCTeYe-
HUM TIpUMepHO 16 MMHYT pacliajiaeTcs Ha IPOTOH, 3JIEKTPOH
U 2JIEKTPOHHOE aHTUHENTPMHO. CBOOOAHbBIE TIPOTOH, JJIEK-
TPOH U aHTUHEINTPUHO — CTAOM/IbHBIE YACTUIIBI.

IIpoTon

Ncxonst M3 ONMMCaHHOTO IpPeAIo0KeHUsT TJOCTPOMKMT
MIPOTOHA 10 HEITPOHA, MOKHO HAMETUTh CTPOEHME CaMOTr0
MpOTOHA. Ha TOP-MO3UTPOH «HAKPYUMBAETCS» TOP-aHTUHEN-
TpuHO. Ha 3T0O 2-TOpOBOE 0Opa3oBaHMe «HAKPYUYMBAETCS»
TOp-2JIeKTPOH. Ha 9T0 3-TOpoBOE 0O6pa3oBaHMe «HaKpyUMBa-
eTcsl» TOp-aHTUHeNTpMHO. Ha 9To 4-TOpoBOe 06pa3oBaHMe
«HaKpyuMBaeTCs» TOP-MIO3UTPOH. Bcst 5-TopoBasi KOHCTPYK-
LS 3apsiKeHa MOJIOXKUTETbHBIM 3JIEMEHTAPHBIM 3apsa0OM.
OTy KOHCTPYKIMIO MOKHO IIPUHSATH 34 AP0 NpoToHa. Ha
HEro MOT'yT IOC/IeI0BaTeIbHO «HaBOPAuMBAThCSI» 4-TOPOBBIE
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«3BEHbSI» — CJIOM MJIU O0BOJIOUKU, MOJO0OHBIE 5-TOPOBOMY
SIIPY, HO 6€3 IeHTPaJIbHOTO MO3UTPOHA. Macchl siipa MpoTo-
Ha ¥ HEOOXOIMMOTO KOJTMUECTBA «3B€HbEB» B CYMMe JOJIK-
HbI JaTh Maccy npoToHa. KoauuecTBO KOHIIEHTPUUYECKUX
3BeHbEB HeollpeJleIEHHO, TOTOMY UTO MacCChl «CBSI3aHHBIX»
TaKMM 00pa30M MO3UTPOHOB, AaHTUHENTPUHO U IJIEKTPOHOB
MOT'YT He PaBHSThHCS MaccaM CBOOGOIHBIX TO3UTPOHOB, AaHTU-
HEMTPUHO U 3JIEKTPOHOB 3a CYET UX TOTOJHUTEIbHOTO CKa-
TSI BHYTPU CUCTEMbBI BJIO)KEHHBIX KOHIIEHTPUUECKUX TOPOB.
Yem 6Gosbliie ckaTHe TeJ TOPOB, TeM OOJIbIIIe X MACChI.

SAnpa aTomoB

IIpoToH — sapo atoma Bogopona (IlpoTust). OH MOXeT
00pa3oBaThCs B IMpoIecce CaMOIIPOU3BOIBLHOTO pacaza Helt-
TPOHA, KOT1a KMHEeTHYeCKasl SHePrus 3JeKTPOHa JOCTaTOYHa
ILJISI TOTO, YTOOBI TIOKMHYTD «Chepy» BAUSHUS TTOJTOKUTEIb-
HOT'O 3JIEKTPUYECKOTO 3apsifia OCTaBIIerocsi npotoxa. [I[poTon
MO’KHO CYMUTATh MPOAYKTOM pacrnasa HeiiTpoHa. «BelieTenn»
13 Hero KpalHue 371IeKTPOH U 3JIEKTPOHHOE «KaHTUHENTPUHOY.

KoHuleHTpuyeckye cj0M TOPOB CXKaThl, T.e. TeJia KO-
Jiel] CY>KeHbI, M OHM Ha CBEPXMaJIbIX PACCTOSTHUSX MOPSIIKa
(dbeMTOMETpPOB OYEHb CUJIbHO CTaTUYECKU U TUHAMUUYECKU
(MOTOKOBO) B3aMMOAENCTBYIOT. BO3MOXHO, Ha CBEPXMaJIbIX
pacCTOSTHUSIX (Ha COMPUKACAHUM TOPOB) HAMPSI)KEHHOCTU
CUJIOBBIX CTATUYECKUX (TPAaBUTALMOHHBIX) ¥ AMHAMUYECKUX
(3meKTpuUecKux) MoJieit HapacTaloT 6oJyiee ueM 06paTHO KBa-
IPaTUYHO PACCTOSTHUIO.

PaccmoTpuMm cTabuiabHbIME u30TOn Bomopoma -
HetviTepuii, y KOTOPOTO SIAPO COCTOUT U3 ITPOTOHA U HEMTPO-
Ha. [loueMmy B CBsI3Ke C IPOTOHOM HETPOH He paclagaeTcs
Ha IMPOTOH, 3JIEKTPOH U «KaHTUHENTPUHO»?

[Touemy nBa HYKJOHA B sape [eliTepus CTONb CUIBHO
«IIPUKJIEEHbI» APYT K APYTY U HEMTPOH, CBSI3aHHLIN B sSApe
C APYTMM HYKJIOHaM, yKe He pacragaeTcs Ha MPOTOH, 3JeK-
TPOH U 37IeKTPOHHOE «aHTUHENTPUHO»?

B Sp-cpenme BO3MOXHBI TOJBKO CTaTUUYeCKMeE CUJIO-
Bble IPaBUTALMOHHBIE TI0JISI U IMHAMMUYECKME (TOTOKOBbIE)
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CUJIOBBIE 2JIeKTPOMAarHUTHbIE Mo, 1718, TaK Ha3bIBaeMbIX,
SIIePHBIX CUJIOBBIX I10JI€i HET Sp-cybCcTaHIMAaIbHBIX OCHO-
BaHuii. CiegoBaTesibHO, UCXOAMUTH HYKHO TOJIBKO U3 CTa-
TUYECKUX M NUHAMMUYECKUX CUJIOBBIX IOJIeil B Sp-cpene.
B03MOXHO, ITpY CBepXMaJIbIX PACCTOSTHUSIX HAMIPSI)KEHHOCTU
9TUX CUJIOBBIX I10JI€li HApacTaloT He 06paTHO KBaApaTUYHO, a
60Jiee KPyTO C yMEHbIIIEHMEM PacCTOSIHUS BILJIOTh 10 COITPU-
KOCHOBEHM ST TOPOB UCTUHHO 3JIeMeHTapHbIX YaCTUII.

MO>KHO MpeJiTIo/IOKUTh, YTO HEMTPOH «AeJIUTCSI» CBOU-
MM KpaliHMMM TOPOM-3JIEKTPOHOM U TOPOM-«aHTUHENTPU-
HO» C COCeAHUM IIPOTOHOM. B 3TOM ciyuyae, nBOHONM TOP:
9JIEKTPOH C «@HTUHENTPUHO» KaK ObI 00BOJIAKMBAET A Ba IPO-
TOHA (OAVH COCeIHMIA, a IPYTOil COOCTBEHHBIN), U IBOIHOE
MMPUTSIKEeHME He TT03BOJIIeT TOPY-3JIeKTPOHY U TOPY-«aHTU-
HETPUHO» BBICBOOOKIATHCSI B X CBOOOIHbBIE COCTOSTHUSL.

9To MOJ06HO B3aMMOMEICTBMIO aTOMOB B MOJIEKYJIE
Bomopopa, korga cBsI3b MeX/Ay aTOMaMM OCYIIeCTBJISIeTCs
«KOJIJIEKTMBM3aIIeli» 060MX 3JIEKTPOHOB B OJHY HAChIIIEH-
HYIO 2JIEKTPOHHYIO 000JIOUKY C IBYMS S-3JI€KTPOHAMMU ITPO-
TMBOIIOJIOKHBIX CIIMHOB, HO B TOpPa3/i0 MeHbIINX (BHYTPU-
saepHbIX) 06bEéMax. COOTBETCTBEHHO U CUJIBI CIIETIJIEHUS
HecpaBHEHHO 6O0JIbIlIMe, YeM MeXAy aToMamMu Bomopona B
mosekyse Bogopoza.

[Mo-BuaMMOMYy, TpU HYKJIOHA B SIIPE yKe He 06pa30BbI-
BAaIOT CTAOMIIbHOI «0OBOJIOUKM»: (TOP-3JIEKTPOH)+(TOp-«aH-
TUHENTPUHO). O6 9TOM CBUIETE/NBCTBYIOT HECTAOMIIBHOCTD
aapa TPUTUS U HUUTOXHOE comepskaHue 'ennsi-3 no cpas-
HeHUwo ¢ l'enuem-4 B nipupoaHoM lennu. SAnpo lennsi-4
(0-yacTuIla) MMeeT ABa NPOTOHA U NBa HeiiTpoHa. Ckopee
BCero, OHM pacnpenessiioTCs IO IBYM BbIIIE€ONMCAHHbBIM
CTaOMJIBHBIM TapaM: MPOTOH-HEINTPOH; HEMTPOH-TIPOTOH.
OTO mepBOe, TaK Ha3biBaeMoe, IBAXKbl Marmyeckoe sipo,
o6Jiafaroliee MOBBIIIEHHOI YCTOMYMBOCTBIO. [I0-BUAMMOMY,
TIOBBIIIEHE YCTOMUYMBOCTHM CBSI3aHO C TEM, UTO Iapbl C 001IIeIi
BHeIIIHEe! «06BOJIOUKOI»: (TOP-37€KTPOH)+(TOp-«aHTUHEe-
TPUHO») PacCIIOaraloTCs He pSgoM («IJIAalIMsI»), & B «CTOII-
Ky», OOMH HaJ IPYTMM COOCHO U «BIIPUTBIK». B 9TOM ciiydae
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MTOTOKYM BHYTPYM TOPOB IapasjiejibHbl M OHU OY€Hb CUJIIBHO
MIPUTSTUBAIOT (CKJIEUBAIOT) TOPBI IPYT K IPYTY.

Ecnu 4 TakMe «CTOMKNW» Pa3MEIalTCS «IIIAMSI» U «KY-
OMYHO» OJIM3KO APYT K APYTY, TO MUMEEM CJIeIYIOIIee ABasK Ibl
MarmdJeckoe siIpo aToMa KMCJIOPOAa — CaMOTO pacIpocTpa-
HEHHOI'O 3JIeMeHTa Ha 3eMJie ¥ BO BCeX APYIUX CPaBHU-
TeJIbHO XOJIOJHbIX HEOECHBIX TeJIaX U IbIJIEBBIX YACTUIIAX B
Kocmuueckom Sp-mpocTpaHCTBe.

SIpychl 3/71eMEeHTOB 1 MaTepuu BO BcesreHHOI

BHyTpeHHee 1 BHelllHee B OObIIEHHOM CMbICJIe COBEp-
IIIEHHO SICHbIe TIOHATHS. BoT ap6y3. BHyTpeHHOCTH apOy3a
COBEPIIEHHO MOHSTHA KaXXJ0OMY, OHa cJIafKasl, BOASHUCTAS,
C ceMeukaMu. BHellIHee Toe MOHSITHO — BO3YX, UK BOZA,
ecsi apOys3 MOTPYKEH B BOMY IJIST OXJIaXXKaeHus. Bot 3ems.
Tponocdepa, ruapocdepa, MaHTHSI, IAPO. BoBHe — BO3yIII-
Hast aTMocdepa u ctpaTocdepa, nanee noHocdepa, Kocmoc.
Bot JlyHa. JIyHHBIN TPYHT C KpaTepaMy U ropamMu, BOKPYT
Kocmoc. A kak y 3/ieKTpoHa? 3[eCh He BCE TaK SICHO Kak C Te-
namMu, HebecHbIMM TeslaMu. Eciiu pasmepsl Tesl MOKHO U3-
MEpPUTb, TO pPa3mep JIeKTPOHa He u3mepum. I1lo nociaegHUM
OAHHBIM TOMIepPEeYHMK 3JIeKTPOHA OlleHMBaeTcs ¢peMToMe-
tpamu (10°° m). Ho siBasieTCs i 9TO TpaHUIIE 3JIeKTPOHA,
WJIM TOJbKO TTyOMHOM TeopeTudecKoro «30HIMPOBAHMSI»
3yiekTpoHa? [IpearnosoXknum, 4yTo 3TO — 3aMKHYTas IpaHulia,
«TIOBEPXHOCTb». TYyT ke BO3HMKAET BOMNPOC, UTO (?) BHYTPU U
4TO (?) BOBHE OT «[IOBEPXHOCTU» 3JIEKTPOHA? MI3BECTHO, UTO
«HeTIOABMXKHbBI» 3JIeKTPOH IPOSIBJISIETCS] B J1aBOPaTOPHOI
CUCTEME OTCUETA JIEKTPUUYECKUM I10JIEM, a «I1OJBUIKHBI»
B OTOJ XXe CUCTeMe OTCYETA ellle ¥ MAarHUTHBIM I10JIeM, KO-
TOpbIE BO3AEICTBYIOT Ha APYyTye 3JIEKTPOHbBI U TPOTOHBI HA
MaKpOCKOMMYeCcKuX (Harpumep, ot 1 MM 1 60Jj1ee) paccTosi-
HUsX. [paBUTaLIMOHHOE 110JIe UCKII0YaeM U3 PaCCMOTPEHMS,
BBU/Y €ro cJ1aboCTu Ha AeCSITKY MOPSIAKOB IO CPAaBHEHUIO C
3JIEKTPUYECKMM ¥ MarHUTHBIM IoasiMu. Hazmo ckasaThb, 4TO
Ha CeTONHSIUIHUI NeHb HUYEro He M3BECTHO O BHYTPEHHO-
CTU 3JIEKTPOHA, a BHE 3JIEKTPOHA CUUTAIOT: KTO «PU3MIeCcKuit
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BaKyyM», KTO ITyCTOe reoMeTpuyeckoe TpEXMepHOe Mpo-
CTPAHCTBO, KTO 3(pup. «®u3mueckunii BakyyMm» — HeKas cpejia,
cocTosIas U3 BUPTyaabHbIX (HECYIIECTBYIOIIMX B peaabHO-
CTHU) 37IEeMEHTAPHbBIX YaCTUL] B ITycTOoTe. TO B CM 351emeHTap-
HbixX yactu,. B CTO u OTO — mycToe reoMeTpuyecKkoe npo-
CTPaHCTBO. B pa3Hbix Monensx adupa — BUXPU, TPAaBUTOHBI,
37IeKTpUYecKye ¥ MarHUTHBIe IUIIOJIU M MOHOIIOJIH, ..., HEKMe
OCLMJIISITOPBI B IycTOTe. Kak BUAHO, Be3ne Gurypmupyer my-
croTa. Ho mycToTa B mpefeibHOM CMbIC/IE — 3TO OTCYTCTBME
yero 6bI TO HM 6bI10, Bcero. Takoro o6bekTa B IpMUpoOJie HET
1 6bITh He MOXKeT. Hambotee 6;1m3Ka Touka EBKimma 6e3 Bcex
peanbHBIX TpEX MsMepeHnii. I touku Epkaupga B [Ipupoge
Her. [IycToTa — oTCyTCTBME, TOUKA — OTCYTCTBUE. Eciin A=C
n B=C, To A=B, T.e. nycToTa = TouKa (Touka EBknnpaa). Takum
00pa3oM, BHYTPH 2JIEKTPOHA HEM3BECTHO UTO, ¥ BOBHE 3JIEK-
TPOHA TOKe Heu3BeCTHO 4To. Ho, Benb, «YTO-TO» IOKHO
OBITH BHYTPU 3JIeEKTPOHA. «HMYTO» BHYTPYU 2JIEKTPOHA HUKAK
He MOKeT ObITh, MHAUe U 3JIeKTPOHA He ObLJIO ObI. DJIEKTPOH
BCe-Taky «UTO-TO», MPUUYEM CTAOMIbHOE, BO3MOXXHO, BEUHOE,
ecJiM He CTaJIKMBaeTCs C APYTUMU 3/IeMeHTapHbIMM 4aCTU-
mamu. OTo «YTo-TO» comepskaTh BHYTPU cebsI, COCTOSITh U3
«HuuTto» He MoXxeT HU B KoeM ciayuae. I3 «Huuto» Mmoxer
COCTOSITh TOJbKO «HMUTO», HO HY B KOeM cJiyuae He «UTO-To».
OTcioga BBITEKAET, UTO B 3JIEKTPOHE JOJIKHO OBITh «UTO-TOY,
YTO-TO MaTepuajbHOE, MyCTh, JOMaTepuaabHOe, IpamMare-
pUaJIbHOE, IepBOMAaTEPUAIBLHOE, C TI000¥ TPUCTABKOI IIepe]
KOpHEM «MaTepuajibHOe», peajibHO CYIIeCTBYIOIEM B HallleM
TpéxmepHoM Mupe.

A 4TO BOBHe 371eKTpoHa? ['0BOPAT, 3/IeKTpMUYeCKOoe T10Jie
97IeKTPOHA CYIIeCTBYEeT 4 Ha 6ecKOHeuHOCTH. He rmokasaHo,
HO, «ITyCTb rOBOPST!» DAKT ke B TOM, UTO 3JIEKTPOH U Ha Ca-
MOM Jejie B «DU3MuecKoM BaKyyMe» B3aMMOMAENCTBYeT C
JIPYTUM 3JIEKTPOHOM Ha MaKPOCKOTIMYECKMX PACCTOSIHUSIX TI0
CpaBHEHMIO C UX «pa3Mepom». Eciv BOBHe 371eKTpOHa MyCTO-
Ta, «<HMUTO», TO CIIpalIMBaeTCcs, KAKMM 00pPa3oM 3JIEKTPOH
BO3[I€/CTBYET HA APYTON 3JIeKTPOH yepe3 Huuto? Hukakum.
Yepes «HuUuTO» He MOXET OCYIIEeCTBIASThCSI HUKaAKOeE
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B3auMoeicTBMe. 3HAUUT, U BHE 3JIeKTpPOHA 3Toro «Huuto»
He MoxKeT 6bIThb. Eciin «HuuTo» He MoskeT 6bITh, TOrAa, JOJIK-
HO OBITHh €ro oTpuilaHyue (IPOTUBOIMOIOKHOE) — «UTO-TO».
«YTO-TO» BHYTPU U «YTO-TO» BHE 3JIEKTPOHA. Bo3HMKaeT oue-
penHoVi BOmpoc: 3TO «YTO-TO» OAMHAKOBOE M BHYTPU, U BHE
snekTpoHa? KauecTBEHHO OJIMHAKOBOE, HO He 06s13aTeIbHO
KOoJM4yeCcTBeHHO. Y KadyecTBa «YTO-TO», BO3SMOXXHO, €CTh KO-
JIM4yecTBeHHOe pasdnnueHne. Bosbmém «UTO-TO», KOTOPOE BHE
3JIeKTpOHA. ATO «YTO-TO» 3KCIIepUMEHTaIbHO (h13MUeCKOii,
TeXHUYECKM U3MEePUMOI «HAIPSI)KEHHOCTBIO 3JIEKTPUYECKO-
'O T10JIsI») TIOKa3bIBAaeT, UTO OHO KOJMUECTBEHHO MeHSIeTCs C
PaCcCTOSIHMEM OT «IIOBEPXHOCTM» 3JIEKTPOHA, IPUUYEM, COBEP-
IIIEHHO OTpeaeIEHHO, 0OpaTHO-KBAaAPaTUUYHO OT PaCCTOS-
Hus. CnemoBaTenbHO, GyHAaMeHTabHOE KaueCcTBO «YTO-To»
MeHsIeTCs] KOHKPeTHBIM KOJMYeCTBOM (pr31uecKkoit Harpsi-
SKEHHOCTM JIEKTPUUECKOTO ITOJISI 3JIEKTPOHA OT BOoOpakae-
MOTO «TeJjia 3JIeKTPOHa» 0, BO3MOXXHO, 6€CKOHEUHO MaJIoi
B 6ecKOHeUHOCTU. OOPAaTHO-KBAAPATUYHO OT PACCTOSIHUS
M3MeHsIeTCS HallPSI)KEHHOCTD 3JIeKTpuueckoro moJsi. Ho Ha-
MPSIXKEHHOCTD 3JIEKTPUUECKOTO IM0JISI TOJIbKO KOJMYeCTBEHHO
MPOSIBJISIET CYLIHOCTD KayecTBa «YTO-TO» HA paBHOYAAJIEH-
HBIX PACCTOSHUSX OT 3JIeKTPOHA, T.e. Ha KOHI[EHTPUUECKUX
chepax cCOOTBETCTBYIOUIMX PaanycoB. [IoBepXHOCTY KOHIIEH-
Tpuueckux cdep MporopiMoHaJbHbI KBapaTam paguycoB.
[TosTOMY MOHSITHO YOBIBAHVE HANPSKEHHOCTY dJIEKTpUYE-
CKOT'0 MOJISI 3JIEKTPOHA 06paTHO-KBAIPaTUUYHO PACCTOSIHUIO.
OTO UMCTO KOJMMUYECTBEHHOe pacrpejesieHne hu3nueckoii
BeJIMYMHBI (XapaKTePUCTUKM) HATIPSI)KEHHOCTY 3JIeKTpuue-
ckoro nons. Takoe pacripeiesieHe eCTeCTBEHHO B TPEXMeP-
HOJ OJHOPOOHOM U30TPOITHOM cpefde. CiiemoBaTe/ibHO, caMa
dbyHpaMeHTanbHasi CYH[HOCTb «Cpeaa» OJHOPOJHA U
M30TPOITHA, a paciipeieneHe GU3nMUeCcKoit XxapaKTePUCTUKI
HaTPS)KEHHOCTY 3JI€KTPUUYECKOTOo TO0JIS 3JIEKTpOHA He UYTO
MHOe, KaK IMTOBEePXHOCTHAS «IVIOTHOCTb» IPYTOii Gu3nueckoit
CYLIHOCTY — 3JIeKTPMUYECKOro 3apsiia 371eKTpoHa. Tak, 4To Ke
Takoe «YTO-TO» BHYTPU 3JIEKTPOHA U «UTO-TO» BHE 3JIEKTPO-
Ha? YToOBI paccykaaTh O «BHYTPU» U «BHE» IJIEKTPOHA,
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HY>XHO 3HaTh pa3mMep, GOopMy 3JIeKTPOHA. A C HUMMU COBep-
LIeHHel111as1 HeonpeaeaéHHOCTb. Eciu K mocjaegHUM OlLleH-
KaM pasmMepa 3JeKTpoHa B peMToMeTpax, BCIIOMHUTb 60POB-
CKUI pagnyc, 1 elle BHEITHYE 3JIEKTPOHbI B Pui6eproBckomM
aToMe, TO IOJyYaeTCs AMana3oH MMpuHOoi 6osee 11 mopsa-
KOB OT paMTOMeTpa A0 MMKpoHa. O KaKoil onpeneJéHHOM
dbopme n pasmepax 3/1eKTpOHA MOKHO TOBOPUTH B TaKUX yC-
noBusax? Ormnpenen€éHHON MOBEPXHOCTU pasjiesia MeXIy
«BHYTPb» U «BHE» 3JIeKTPOHA haKTHUUeCcKu HeT. MOKHO roBO-
PUTH UMb 06 M3MeHeHUM DU3MUeCKOil XapaKTePUCTUKM TT0-
BEPXHOCTHOJ MJIOTHOCTU (DU3MUECKOW CYIIHOCTU 37eKTPU-
YeCKOTO 3apsifia OT «I[eHTpa 3JieKTpoHa». HampsSKEHHOCTh
37IeKTPMUYECKOrO T0JIS1 0Ka3bIBAETCS CTPOTO MPOIOPIMOHATb-
HOVi «ITOBEPXHOCTHOJ MJIOTHOCTU» APYToi (hM31uecKo Cyi-
HOCTY — 3JIEKTPUYECKOro 3apsiaa. 3aKOHOMEPHOe ke yObIBa-
HMe HAaMNpSKEHHOCTU 3JJIeKTPUUYECKOTO TIOAS Ha
KOHIIeHTpUYeckux cdepax yKasbiBaeT Ha OJHOPOJHYIO
U30TpONHYI0 cpeny. CiemoBaTe/ibHO, <BHYTPU» U BO «BHE»
3JIeKTPOHA OJHA U Ta Xe hyHJAaMeHTa/ibHasl CyU[HOCTh —
MmpamaTrepuasbHas HempepbiBHAS cpena, U «UTo-To» «BHY-
TPU» U BO «BHE» 3JIEKTPOHA OHON MPpUPOALI. ITO «UTO-TO»
— Sp unu 60stee 06110 Spti (DcnmTait). PaccMoOTpeHHbI YacT-
HBIIA CTy4aii «BHYTPU» U «BHE» TOJIXKEH OBITh pacIpOCTpaHeH
Ha BClo Bcetennyw. [ToTomMy 4TO Ipo6sieMa «<BHYTPU» U «BHE»
3aTparuBaeT BClo BceneHHy10. TpaguIMOHHO (IPUBBIYHO)
1071, MaTepyeil IOHMMAIOT IMCKPeTHbIe MaTepuaabHble 00b-
eKTbl: 3JieMeHTapHble YaCTUIIbl, HYKJIOHBI, aTOMbI, MOJIEKY-
JIbI, TeJIa, HeGecHble Tejia. Tpaauiys (MpUBbIUKA) ObIIa 3aJ10-
>KeHa elllé B aHTMUYHbIe BpeMeHa C MOHSTHUeM HeBUAMMBIX
HeJeJMMbIX (4aCcTUIL), ABVIKYIIMXCS B ycToTe. HaspiBanmu
9TU HeJleJIMMble YaCTUIIbl aTOMaMM, aMepaMmu. Korjga oTKpbI-
nu HeBuaumble Kuciopon, Bomopon, A30T, UX ¢ BOOAYIIIEB-
JieHMeM MpPUHSJIN 33 HeJleJMble aToMbl. Ho K 40-M romam
MTPOIIJIOr0 BeKa YCTAHOBUJIM, UTO MOJIEKYJIbI COCTOSIT M3 aTO-
MOB, 2 aTOMBbI COCTOSIT 3 IPOTOHOB, HEMTPOHOB, 3JIEKTPO-
HOB. Ha cerogHsimHui f1eHb OTKPbIJIM YK€ COTHU «3JIeMeH-
TapHbIX» yacTUll. CUMTAIOT, YTO HEMTPOH, MPOTOH U APyTHe
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MacCCUBHbBIE 3JIeMeHTapHbIe YaCTUIbI COCTOSIT U3 KBapKOB,
KOTOPBIX 3a 60Jiee ueM IT0JTyBEKOBYIO MCTOPUIO X TEOPETU-
YeCKOTO BBeJIEHMS TaK ¥ He 00HAPYKMJIY SKCIIEPUMEHTaIb-
HO. MO>XHO TOBOPUTb, UTO 3JIEKTPOH SIBJISIETCSI UCTUHHO 3Jie-
MEHTapHOJ CTabMIbHOI YacTuilei. 3a 60jiee 4eM CTOJIETHIOIO
JMICTOPUIO €T0 MHTEHCUBHBIX SKCIIepUMMEHTAaIbHbIX UCCJIeN0-
BaHMI, TEXHUUECKUX U MMPOMU3BOACTBEHHbIX NPUMEHEeHU
TaK ¥ He OOHAPYKMJIM «COCTABJISIOMINUX 2JIEKTPOHA». TaKuM
o6pasoMm, JUCKpeTHas MaccoBas MaTepust BceseHHOI, MOXK-
HO TOBOPUTb, HAUMHAETCS CO CTAOMIbHBIX 3JIEKTPOHA, ITO3M-
TPOHA ¥ COOTBETCTBYOIIMX HETPMHO. YPOBHEN UK SIPYCOB
IVICKPEeTHOV MaTepuy AJOBOJIbHO MHOT'0: aTOMbI, MOJIEKYJIbI,
KPMCTAJLJIbl, HAHOYACTUIIbI, MMKPOUYACTUIIbI, TEJIa, HEOeCHBIE
TeJia, 3Be3Hble CUCTEeMBI, FaJaKTUKH, FaJIaKTUUeCKye CUCTe-
MBI, CKOIIJIEHUS MJIM KJIaCTEePhI FaJIaKTUK, ... . ITU PaKTuIe-
CKMe 3HaHMsI 0 BcesreHHOI 3aKOHOMEPHO IOPOXKIAI0T TPaau-
11110 (IPUBBIYKY) MBIIIJIEHMS O MHOTOSIDYCHOCTU BcesieHHOJ,
na>ke 6eCKOHEUYHO-SIPYCHOCTU BcesieHHOJi, BJIOKEHHOCTU
SIpyCcoB, 6eCKOHEUHO-MAaTPENIeYHOCT BeesmeHHoit. B aTOiM
TpagUIIV} MbIIIJIEHM ST, KOHEUHO, €CTh CMbICJI, OUeBUIHbIN 13
APYCHOCTU BCeJIeHHOI OT HeMTPUHO 10 CKOIJIEHUI rajiak-
TUK. Ho acTpanonsiius SspyCHOCTY Ha YPOBHU HIKe HENTpu-
HO He MeeT HU 5KCIIepMMeHTaJIbHOr0, HY Ha0/II04aTe IbHOTO
ocHOBaHMS. [IoaTOMY pasyMHO OyIeT orpaHUM4YUTh (ToJIara-
eM, Ha Ipsaayiye OJMKHUEe CTOJIeTUS, IO MeHbIIeil Mmepe)
«MaTpeIKy BceseHHOV» IMpenelbHO HUKHUM SIPYyCOM —
dcnuTaiieM. DCIUTai aOCOMIOTHO Hepa3pbIiBeH, U, KakK Cje/I-
CTBMeE, aOCOIIOTHO HEIIpePbIBEH, UTO 03HAUAET ero 6ecKoHeu-
HOCTh M BEUYHOCTb, a TaKXe OeCCTPYKTYPHOCTbD.
PacnipocTpaHeHo MHeHMe (Tpaguius, MpUBbIYKa CO3HAHMS)
0 TOM, UYTO TAKUMU MOHATUSIMMU (CBOMICTBAMM, XapaKTepu-
CTUMKaAMM MaTepuu) Kak: SHeprus, UMITyJbC, MOMEHT UM-
MMyJabCa, CUJjia XapaKTepU3yTCs TOJAbKO ABVUKYIIMECS AUC-
KpeTHbIe MaTepuajbHble 00beKTbI, 00JIaJalone Mmaccoii. 3
TaKo¥ TpaaMIIMU MBIIIJIEHUS CJIeIyeT, UTO HeIOABUKHbBI
HeITpepbIBHbINM JcIuTali, He 06J1agalomuii Maccoii, TUIIEH
BCeX BbIIIeNepeuncJAeHHbIX @U3nYeckKUX CBOVICTB
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(XapakTepucTuK). ICIIUTA HEpa3pbIBEH U HEIIPEPBIBEH 10
ornpenenenunto. OnpeneneHne OCHOBbIBAJIOCh HA TOUKe 3pe-
HUS O HEpa3pbIBHOCTU U HEMPEepPbIBHOCTU OJHOPOIHOTO
M30TPOITHOTO MPOCTPAHCTBA, KOTOpAs yCTOsIIach B obuiiu-
anbHOI Hayke. A Sp (Space) 1 eCTb MPOCTPAHCTBO — eCTe-
CTBEHHBI 371eMeHT BcesreHHO. Hepa3pbIBHOCTD Sp 03HaUYaeT
IMPOYHOCTh, BO3MOXXHO, 6€CKOHEUHYIO IIPOYHOCTDb CBSI3€ii
MeXIy JTI0ObIMY 6€CKOHEYHO MaJIbIMM 3JIeMeHTaMM 06 bEMa
ero. CBsI3M 3Ke TIPUHSITO XapaKTepn30BaTh IHEPTUSIMU U CU-
JaMu cBsizeii. IMITy/ibC ¥ MOMEHT MMITYJIbCa MUMEIOT TOJIbKO
IBVOKYIIMECSI MacCOBble YaCTUIbI U Teja. [lIo3ToMy B «um-
CTOM» HENOIBUXKHOM Sp TaKMUX CBOJMCTB (XapaKTepPUCTUK),
KOHeuHO, HeT. Ho «umcToro» Sp nmpakTuuecku HeT. [ToTomy
YTO B IUTPE KOCMMUECKOT'0 ITPOCTPAHCTBA, CYUTAIOT, CTATU-
CTUYECKU U IMHAMUYECKU COOEeP>XKUTCS OKOJIO OJTHOTO MUJI-
JIMOHA HEMTPUHO U GOTOHOB, IBUKYIIMXCS 110 BCEM HaIlpaB-
neHusm. OHM 06yIafal0T MMITYJIbCAMMU M CIIMHAMM, T.€.
MOMEHTaMM UMITYJIbCOB. TakuM 06pa3om, B peaJibHOM (He
YuCTOM, abCcTpakKTHOM) Sp MMeeTCsI HEKOTOpPbIii Habop
CBOJCTB (XapaKTepucTuk) marepun. CiegyeT o6paTUTh BHU-
MaHMe Ha TO, YTO ITOJTHbI He0OXOAMMbIii HAOOp CBOMCTB (Xa-
pPakTepUCTUK) MMeeTCs MMEHHO «B», T.e. «BHYTpU» Sp.
[ToHATHUS «BHE» Sp MOMPOCTY HET, IOTOMY UTO abCOIIOTHAS
HEeIPEePbIBHOCTh Sp UCKJIIOUAET HaJUuue «BHe» Sp. Sp uiu
dcnuTaii 6eCKOHEYHOBEUEH, ¥ HET HUYEro BHE 3TOi 6ecKo-
HEYHOBEYHOCTMU. B3TIJ1s1/1 CO CTOPOHBI (M3 «BHE») HEBO3MOXKEH.
Ha 6ecKOHEUHYIO ¥ BEUHYIO BcesleHHYI0 HEBO3MOSKHO B3IJISI-
HYTb U3 «BHE» BceJleHHO, IOTOMY 4UTO TyAa HEBO3MOXKXHO
MONacTh. HepaspbIBHbIN, aOCOMIOTHO HEITPEePbIBHBIN DCIIUTAi
" ecTb caMa BceneHHas ¢ purypamu (hbopmamu) BO30yKae-
HUS «UMCTOTO» SP B 2JIeMEeHTApHbIX YaCTUIAX, HYKJIOHAX U3
3/IeMeHTapHbIX YaCTUII, aTOMAaX M3 3JieMeHTapHbIX YaCTUIL U
HYKJIOHOB, MOJIeKyJiaX U3 aTOMOB, HAHOYACTUIIAX 13 aTOMOB
¥ MOJIEKYJI, TeJIaX M3 HAHOYaCTUII, HeOeCHBIX TeJlaX U3 TeJl,
CUCTeM HeOGeCHBIX Tejl 13 HeOeCHBIX TeJl. BCSIKuii ypoBeHb,
SIpyC MaTepuu COCTOUT 13 Yero-To «BHyTpeHHero» 1 13 Yero-
TO «BHEIIHero», pa3JeJeéHHOTO TpaHuIleil, HeKoel
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MMOBEPXHOCTHIO B TpEXMepHOM Mupe. MOXXHO TOBOPUTbH, UTO
KaXXAblil SIpyC MMeeT HMKHIOIO M BEPXHIOI0 TPaHUILY.
OTcyTcTBUMe Xe Yy Sp «BHEIIHero» OT HeCylleCTBYIOIel
«BEepXHe rpaHUIIbl» X BCET'O TOTO, UTO MOKET ObITh OT HEE BO
«BHE», @ TaKKe OTCYTCTBUE «HUKHEN I'PaHMUIIbI» BCIENCTBUE
ero abCoJIIOTHO HEITPePbIBHOCTH, OIIPeIesIsIeT ero Kak Mu-
HUMAaJIbHbI, HYJIEBO SIPYC.

0. Sp — HMKHUI nIpene IpyCHOCTU BeeneHHO. B aTOM
HVKHEIpeieIbHOM, MOSKHO F'OBOPUTh, a6COJIIOTHOM sIpyce
MMeIOTCSI BHYTPEeHHMe Hepa3pbIBHbIE CBSI3Y, XapaKTepusye-
MbIe, BO3MOXHO, 1 Jlake, CKOpee BCero, 6eCKOHeUHO CUJION
" SHeprueii (abCoMI0THO CMIION M abCOTIOTHON SHEeprueii), u
IBVKeHMe GOTOHOB M HEMTPUHO C aBCOMIOTHOI CKOPOCThIO
CBeTa B BaKyyMe (aOCOIOTHOE IBVKeHME). [IBUKeHNe, TeM
60Jiee, abCOMIOTHOE IBMKEHME 001a1aeT MMITYJIbCOM U CITH-
HOM, T.€. MOMEHTOM MMITyJIbca. TaKUM 06pa3oM, HUKHEITpe-
IeJIbHBIN Ipyc 06/1a1aeT IMOJTHBIM HabOpOM OCHOBHBIX (PM3M-
YeCKUX CBOVCTB (XapaKTepUCTUK).

1. ITocJie HyJIeBOTO sipyca, OYeBUAHO, OJIKEH MMOCae0-
BaTh 1-bli1 sipyc. UTO c060i mpecTaBseT MepBblii Spyc Ma-
Tepun? JUCKpeTHbIE MaTePUabHbIE 00BEKTHI, IBVKYIIMECS
C OTHOCUTEJIbHOJ CKOPOCTbIO, MEHbIIIEl aOCOMIOTHOI CKOPO-
CTHM CBeTa B BakyyMe. [IepBbIMM TaKMMM 00beKTaMu 1-TO
sipyca SIBJISIIOTCS MUCTMHHBIE CTaOMIbHbBIE 3JIeMEeHTapHbIE Ua-
CTUIIBI, 06/1aJal01Iie MacCoii. DTO — HeMTPUHO, 3JIEKTPOHBI
Y IO3UTPOHBI.

2. HyKJIOHBI He SBJISIIOTCS UCTUHHO 3J1eMeHTapHbIMU
(HeeJMMbIMM) YaCTUIAMU, @ COCTABHBIMU, TOJIbKO HE U3 Te-
OopeTuUYeCcKUX KBapKOB, a M3 IMO3UTPOHOB, 37IeKTPOHOB, JIOKa-
JIN30BAHHBIX HEMTPUHO U aHTUHENTPUHO. HyKJIOHBI MOKHO
CUMUTATh BTOPBIM SIPYCOM MaTepuaibHOV BceeHHOIA.

3. CTabuyibHbIE TIPOTOHBI ¥ HECTAOUJIbHbIE HEIITPOHBI
00pa3yioT cTabuabHbIe sapa l'eaust. X MOKHO CUUTATh Tpe-
TBUM SIPYCOM MaTepuaabHO BceseHHO.

4. CtabubHbIE 3JIEKTPOHBI U CTAOUIbHBIE SIIpa aTOMOB
00pasyIoT CTabMIbHbIE aTOMbBI, KOTOPbIE MOSKHO CUMTATh YET-
BEPTHIM SIPyCOM MaTepuaabHOI BceseHHOIA.
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5. ATOMBI COeMHSIIOTCSI BO BCeBO3MOXKHbIE CTaOM/IbHbIE
MOJIEKYJIbl, aMOpGHbIe ¥ KpUCTA/JIMYeCKMe HAHOYaCTULLbI,
KOTOpbIe MOKHO CUUTATh MSATHIM SPYyCOM MaTepuaabHOM
BcenenHoii.

6. HaHouacTuiibl COeUHSIOTCS B pu3myeckye Makpo-
CKOIIMYeCcKye Teja, COCTaBsIolIMe IIeCToN Ipyc MaTepuasib-
HOIi BcenneHHOIA.

7. dusudeckye Tejia 06beAUHIIOTCI B He6ecHbIe Tela,
COCTaBJISIONI Ve CeAbMOI SIPYC MaTepuaabHO BceseHHOT.

8. HeGecHble Tea 06beIMHIIOTCS B CUCTEMbl Hebec-
HBbIX TeJ, COCTaBJSIONIMEe BOCbMO SIpyC MaTepuaibHOM
BcenenHoii.

Takum 06pa3oM, BMeCTe C HYJIEBBIM SIPYCOM CYOCTaHII-
aJbHO-MaTepuasibHas BceseHHass COCTOUT U3 9-TU SIPYCOB.
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Yacts IV.
Hauana 9couiorum

IIpenpucinoBue Kk Yactu IV

Pacmupenne CuUCTeMBbl XMMMUUYECKUX 3JIEMEHTOB 10
Cucrembl eCTeCTBEHHBIX 37IeMEHTOB BceneHHOI, 3aTparu-
Balolee OCHOBbI MMpO3maHusI, He MOXKeT ObITh 000iJeHO
eCcTeCTBeHHOHAy4YHbIM (buymocodckum) obobimeHnem. B
9TOM pasjelie MpeCTaBSIOTCS ONpeie/IeHUs, TPUHIIUTIbI,
MTOCTYJIAThI M aKCMOMbBI HayaJl BO33peHMSI, CBSI3aHHBIX C 0000~
njeHyeM YpoBHeBOV CUCTEeMbI XMMUUECKUX 3JIEMEHTOB 10
YpoBHeBoJi CHCTEeMBbI eCTeCTBEeHHBIX 371IeMeHTOB BceieHHOJA.

Onpepenenue

Sp-yorusi o3HauaeT BO33peHMe, CBSI3aHHOE C 3J€MeH-
ToM Sp. HasBaHue sToro snemenTa Cnaiicest OT cJioBa Space —
[IpocTtpancTBO (Kocmoc). «Beé» o3HauaeT Hepa3pbIBHYIO He-
MpepbIBHYI0 a6COMIOTHYIO cy6cTaHIIMIO Sp, a «<BO Bcém» — 1
B IIPOCTPAHCTBe BceseHHOI, M BO BCEM MHOT000Opasuym MHO-
’KeCTB AMCKPETHBIX MaTepuaabHbIX 00BEKTOB BcesmeHHOII:
9/IeMeHTapHbBIX YaCTUIL, AaTOMOB, MOJIEKYI, TeJl, HeOeCHBIX Tel.

IIpuaununsl Havan 3cnmuaorumn

1. IIpunyun Eduncmea BcenenHoli: BCio BceneHHY10 (M He-
npepbiBHOE [IpOCTPaHCTBO, ¥ BCE MHOI00OOpa3sue OUCKpeT-
HBIX MaTepuaabHbIX 06bEKTOB) COCTABJISIET eIMHasl Helpe-
pbIBHAS abCOIOTHASI CyOCTaHLIMS — Sp-371eMeHT CUCTEMBI U
[IKaJIbl €CTEeCTBEHHBIX 3JIEMEHTOB BcesleHHOTA.

2. IpuHyun 6vimus-Hebpimus: Cy6CTaHLUMY Y MaTePUN —
ObITh, HECYOCTAHLIMM ¥ HEMATePUU — He ObITh.

3. IIpuHyun Gsimus 6stmus: abCONIOTHOE IBUKEHME OT
«CY6CTaHIIUM — GBITH» K «<HECYOCTAHIIUM — He ObITh».

4. IpuHyun yenmpusma uudeckux noJieii 80 BceneHHoU:

Mayibie (6eCKOHEYHO MaJible) CABUTOBbIe JeopMali B
abCOTIOTHOI cpejie 3aMKHYThI U TOJIS HATIPSIKEHHOCTEN OT
Takux aedopMaliuii — eHTpaJabHbIe.
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5. IpuHyun coxpaHeHus

Sp anemenTa CHCTeMbI U IIKAJIbl €CTeCTBEHHBIX 3JIeMeH-
TOB BceneHHOI1.

6. IIpuHyun coxpaxeHus abCoaOmMHO20 OBUMEHUS.

7. IIpuHuun 2n06anpsHOCMU AGCONMHO20 83AUMOOeLiCBuUs.
abCcoIOMHbIM 08UMNCEHUEM.

ITocTynarsl Hauan 3cnuiorun

1. IIpocmparxcmeo BcenenHoti npedcmasnsiem coboii cniowi-
HYI0 (Hepa3pwleHYt0, HenpepuleHyr) Sp-cpedy u3 Sp-anemeHma —
0e3Macco8020 3NeKMpPOHELMpaibHO20 OECKOHEUHO020 MPEXMEPHO-
20 00B€Ma-npocmpaHcmaa.

2. B abcontomHoli Sp-cpede HEB03MOMCHbI NOCMYNAmMe ibHble
08UXMEHUS 3NIeMeHM08 005EMA. BO3MOMCHbL MOJIbKO 8UPMYaib-
Hble 3aMKHYmole cdsuzu He 8edyuiue K 006EMHbIM U3MEHEHUSIM,
HO co3darujue peanvHbvle HaNPSIHEHHOCMU CUI08bIX NOSeLL.

3. 3amkHymole cdsuzo8bie ynpyaue depopmayuu abconom-
Holi cyocmaHyuu Sp-cpedst co30arm noJst U 80J1Hbl ynpyaux cosu-
208blX HANPAHCEHHOCMELL, pacnpocmpaHsowuecs ¢ abcoNromHoll
CKOpoCcmbio 8 abcoiromHoli Sp-cpede BcenieHHOI.

ARcuombl Havas Acnujaorum ( 0O0beKTbl M UX
COOTHOLIEHMS)

1. Bcé - Hepa3pbleHoe HenpepbleHOe BeCKOHeUHOe mpéxmep-
Hoe ¢husuueckoe npocmpaHcmeo Bcenenwoli uz Sp anemenma, s8-
Jigt0we2ocs abcoromuoli cyocmayueti.

2. 80 Bcém — 8 HenpepblBHOM NpOoCMpaxcmae, 8 OUCKpem-
HbIX 3J1IeMEHMApHbIX Yacmuuax, 10pax amomos, amomax, MoJje-
Ky/nax, menax, HeOecHblx meJiax.

3. Bcé se30e scezoa 80 Bcém.
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IlosicHeHUs1 IIPMHIOUIIOB HAYAJI 3CIINJTIOTUN

IIpuanun EaguHcTBa BceneHHOM

Horagku o EguHcTBe BcemeHHOI UCXOOST U3 CIIEK-
TPOCKOIMYECKOM MAEHTUUYHOCTU XMMMUUYECKUX dJeMeH-
TOB BO BCeJi ONTUYECKM AOCTYITHOV 4acTu BceneHHOIA.
[ToCcKOJMIBKY HET TejecKONmMYecKy HabmomaeMbiXx GakTOB
OTKJIOHEHM OT UAEHTUUYHOCTU XMMUUECKUX 3JIEMEHTOB B
OUYeHb U OUeHb OOJIBIIMX IIPOCTOpax BceynenHoit, mpeamno-
snoxeHnue EnuHcTBa BCceseHHOV MOKHO MepeBeCcT B PaHT
npuHuuna EquHcrea BecenenHoii. Ho 3To mo cux mop Ka-
CaJI0Ch TOJbKO IMCKPETHBIX MaTepuaJbHbIX 00bEKTOB, OT
3JIeMeHTaPHbIX YACTUI] IO XMMUUECKUX IJIEMEHTOB Hebec-
HbIX Tes. OMHAKO, TTOCKOJIBKY B COOTBETCTBUM ¢ Hauasiamu
OCIUIOr UM peaJbHbIMU 00bEKTAMMU SIBJISIIOTCSI HE TOJbKO
OVICKpPeTHBIe MaTepuajbHble 00beKThI, HO M €CTeCTBEHHbI
3eMeHT Sp BcenenHoit, To mpuHuui EnuHcTBa BecenenHo
IOJIXKEH OXBaThIBATh BCIO BceseHHYIO BMecTe C e€ husu-
YeCKUM MMPOCTPAHCTBOM — Sp-cpenoii. B Takom ciaydae, B
OoCHOBe npuHIuIa ExmuHcTBa BcemeHHOM OJOMKHO JIeKaTh
He TOJIBKO OJHOOOpa3syue (MIeHTUUYHOCTD) 3JIeMEeHTapPHBIX
YaCTUIL ¥ XMMMUYECKUX JIeMEHTOB, a HEKOe e IMHOe 00I11ee
U B IIPOCTPAHCTBe, U B 3JIeMEeHTapHbIX YaCTUIIAX, U B XU-
MMUYECKMX 3JIeMeHTaX, TejaxX, HeOeCHBIX Tejlax. DTO HeKOe
enuHoe — cyocTaHIMs (IpaMatepust) Sp U3 KOTOPOi CO-
CTOUT U HeIpepbIBHOE MMPOCTPAHCTBO, M OMCKpeTHAas Ma-
Tepus. Takyio cy6CTaHIMIO MOXKHO Ha3bIBaTh aOCOIOTHOI
cybCcTaHII el .

IIpuHINUIT OBITUS-HEOBITHUS

VIV TIPUHIIAII CYIIeCTBOBAHUS-HECYIECTBOBAHMS IMEET
HeIoCpeACTBEHHOE OTHOIIeHMe K TpuHIuITy: «[Ipupoma He
TEPIIUT IYCTOThI», COOPMYIMPOBAHHOMY €Ill€ APUCTOTEIEM.

ApucTrorenieB npuHIKIL: «I[IpMpoa He TEPIIAT ITYCTOThI»
OTpa’kaeT MPUHIIUIT ObITUS-HEOBITUSI: CYOCTAHIIMM M MaTe-
puM — ObITh, HECYOCTAHIIMY Y HEMATePUM — He ObITb.
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ITpuHIMIT OBITUS OBITUS

O3HauaerT peajbHOe MPOosIBJIeHNe (0OHAPYsKeHME) ObITHUS
cybcTaHLIMM U MaTepun. s XUITHUKA, eCIU MOTeHI[MaJlb-
Hasl )KepTBa HMKAK He MPOSIBJSIeT Cebsi, TO e€ I Hero Her.
[ToTeH1MaIbHAS KEPTBA MOXKET MPOSIBISTD Ce0s1 IBUKEHUEM,
He TOJIbKO BCEM TeJIOM UJIM YaCTSIMU TeJia, HO ¥ BHYTPeHHU-
MU nBUKeHusiMu. Hanpumep, paboTa e€ cepaliia obecrieum-
BaeT KPOBOTOK, MO iepsKkaHe TeMIlepaTypbl, IPOsIBIsieMoe
B MH(ppakpacHOM AuanaszoHe. XMITHUK yIaBAUBaeT TeIJIO
MOTEeHIMATbHO KePTBBI U eii He M36e5KaTh yU4acTy peaabHOi
IOOBIUM XMUIITHMKA.

CyOcTaHLMsI M MaTepus CYIIeCTBYIOT. ATOro Mmajo. OHu
IOJIKHBI ITPOSIBUTD CBOE CyllleCTBOBaHMe. Ec/iv OHM He mpo-
SIBJISIET CBOE CYIeCTBOBaHMe, TO 3TO PaBHOCUJIBHO UX He
cyuiecTBoBaHM0. To ke caMoe 1 0 He CyleCTBOBAHUM He-
cybcTaHUMM 1 HemaTepun. Eciiv oHu, He cyOCcTaHIIMS U He-
MaTepusi, He MPOSIBJISIIOT CBOEro He CYIeCTBOBaHMS, TO 3TO
PaBHOCUJIBHO X CYIIIeCTBOBaHMUIO.

Takske cyocTaHus v matepusi. OHM TOTIa TOJIbKO Cy0-
CTAaHUMSI U MaTepusi, T.e. CYIIeCTBYIOT, KOTJla MTPOSIBJISIOT
CBOe CylllecCTBOBaHMe ABMKeHeM. COOTBETCTBEHHO, Cy0-
CTAaHUMS ¥ HeMaTepus He CYIECTBYIOT, KOIAa IMPOSIBseT
CBOE HeCyIlleCTBOBaHMe, IBMKEHMEM.

Ecniut ObI peub 111a 0 cyOCTaHIIUM U MaTePUM, TO MOXKHO
6b1J10 ObI TOBOPUTH O UX IBUKeHMU. Ho, Korma peub UIET 00
abCoI0OTHOM CYOCTAaHIIMM U MAaTe€PUM, TO, TIOTMUHO TOBOPUTH
00 abGCOIOTHOM IOBUYKEHMMU.

Takum 06pa3oM, ITPUHLMAT ObITUS OBITUS:

AOGCOIIOTHOE IBUKEeHME OT abCOIOTHOM CyOCTaHLIIUY U
MaTepuu — ObITh K HECYOCTAaHIIMM U HeEMaTepuy — He ObITb.

Hecy6cTaHum u HemaTepuu HUrAe Bo BceseHHO HeT.
Ho, 4T06BI POSICHUTH 3TO YTBEPsKIeHMe, TPeIoT0XKUM,
YTO B HEKOTOPOI 00JIacTu MMeeTCsl OlpeeéHHbI reo-
MeTpuueckuit Kyo HecybctaHuuu (Hematepun). M mycThb,
CME’KHO CIIpaBa OT Heé MMeeTCsI TaKo¥ ke BeJTMIMHbI Pu3n-
YyecKuit Kyb cybcTaHumy (MaTepun). AGCOTIOTHOE IBMKEHUE
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abCOJIIOTHO CyOCTaHLIMM (MaTepun), U abCOTIOTHOE IBUKE-
HJe HecyOCTaHIMM (HeMaTepuit) 03HAYaIOT TaKye JBUKEHMSI,
B pe3yJbTaTe KOTOPbIX OCTAETCS TOJIBKO OAUH (hU3MdIeCKMit
Ky0, T.e. U3 IBYX CMEXHBIX KYOOB IMOJYUMIICS OAUH KYO.
HecybcTaHius (Hematepus) ucuesja, a 06bEmM abCOIOT-
HOJi cybcTaHMy (MaTepui) 3aMeHMUJ BeCh IePBOHAYATIBHO
IBOVHOI 00bEM. [TyCcTh, KOHEUHOE TTOJIOKEHVE PU3UMIECKOTO
Kyba 0Ka3ajaoch CABMHYTO Ha MOJIOBUHY CTOPOHBI Ky6a Biie-
BO. Ho uTo nipusesio Kk aToMmy? Kakas npuuymHa JBUKEHUN?
Kakue cuibi? Besikoe gBu>keHMe MaTepuaabHbIX TeJl, KpoMe
UX OBVKEHMS TI0 MHEPLIMM, BbI3bIBAETCS KaKOM-T160 CUJIOIA.
Ho 31ech He maTepuaibHOE TeJI0, a aOCOJTIOTHASI CYOCTaHIINS,
He MMeIoIast MacChl, a IOTOMY He 06J1a/1ai0Iasi CBOICTBOM
mHepiyu. CeoBaTe/IbHO, TOKHA ObITH CyjIa. MOXKeT ObITb,
ynpyras cuia? A otkyaa yrpyras cuna? OTBeT: OT YIIpyro-
¢ty Sp-cpenpbl. Ho 9TO He A€T yI0BAETBOPUTEIBHOI'O OTBETA.
[ToToMy 4TO TYT ke BO3HMKAET BOMPOC: TOUeMy YIIPYTOCTh
JIOJDKHA OPOXKIaTh Kakylo-To cuiy? EcTh Takas cumia, KOTo-
pasi BO3BpalllaeT TeJio B IepBOHAvYaIbHOE T10JI0KeHMe MocJIe
cHATUS nedopMUpYIOIIero Bo3aeicTBuUs (C1Ibl). YIPYTOCTh
CBSI3aHa C YIIPYTUMU CHMJIaMU. DTO TaK, 3TO NPUHSIIAU AJIs
YIPYTUX MacCUBHBIX TeJ, M TOJIbKO. 3aMeTUM, AJIsSI Macco-
BOi1 MaTtepun. 151 6e3MaccoBoii abCOMIOTHOM CyOCTaHIUU
0 TaKOM HMKaK He MOIJIM U TTOAYMAaTh, IOCKOJIbKY He ObLIO
" TIOHSITUST 6€3MaccoBOIt abCOMIOTHOI cybcTaHI . [Touemy
TMOSIBJISIETCS] BO3BpAlaoasi cuia B abCoMI0THOI cpee?

B o61iem ciiyuae, BCSIKasl CMJIa MOXKET TPOSIBIASITHCS U
BbIpa’kaThCs rpajiieHTOM HEKOTOPOTro MoTeHIMaa (MoTeH-
1IMaJIbHOI SHeprum). B ciiyuae cybcraHium (marepun), 6osee
TOro abCOIIOTHOV CyOCTaHIIMM (MaTepui), TaKO¥ MOTeHII -
aJI 06yCJIOBJIMBAETCSI MPUHIIUIIOM OBITUSI-HEOBITUS: ab6CO-
JIIOTHOW CcyOCTaHIIMM (M MaTepuu) — ObITh, HECYOCTAHIIUA
(Hematepuu) — He O6bITh. TakKMM 06pa3oM, MOTEHIMAT ObI-
TUS (CYyIeCTBOBAHMS) SIBJISIETCS MIPUUYMHON BOSHUKHOBEHUS
BO3BpalarwIieii (ynpyroi) cuiabl B abCoJIOTHOI Sp-cpeme.
Yrapyrue cujibl CyTh IpaJUeHThl MOTeHIMaaa CyIliecTBO-
BaHMsI, BbITeKawIlero u3 GyHagaMeHTaJAbHOTO MTPUHIIMIIA
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ObITUSI-HEOBITYUS. BBITH U He ObITh, CyOCTAHIUS (MaTEPUS) U
HecyOGcTaHIMS (HeMaTepus) — aHTUCMMMETPUUHBIE KaTero-
pun, CyIHOCTHU. JIOTMUHO B MPOAOJIKeHNE 3TUX aHTUCUM-
MeTpuii paccMaTpuBaTh aHTUCUMMETPUUYHBI MOTeHIMA
HeCcyIleCTBOBaHMS C TPAJMEeHTOM 3TOr0 aHTUIMOTEeHI/ana.
OTnnume auTUKATETOPUN OT KaTEropuii MO>KHO BbIpa>kaThb
MPOTUBOIIOJO0KHOCTbI0 3HAKOB — MMHYC U MJIIOC (— U +).
Torga moTeHIIMaAbl M aHTUINIOTEHIIMAbI, UX TPAJUEHTHI,
abCoJIIOTHO CYMMMUPYSICh, TAIOT ABOJHbIE MMOTEHIMAJIbI U
UX TpaaueHThl. [IBOHOV IpaMeHT MoTeHI[MaJjla CyIeCTBO-
BaHMS COOCTBEHHO U SIBJISIETCS IPUUYMHONM M MCTOUHUKOM
YIIPYTUX CUJI B aOCOIOTHOJ Sp-cpene. OTU CUJIbI SIBJISIIOT-
CSl IPUYMHONM U UCTOYHMKOM abCOJIIOTHOIO ABMXKEHUS a0-
COJTIOTHOJ cy6cTaHIIMM (MaTepuu) B aOCOTIOTHON Sp-cpeme
nmpocTpaHcTBa BceneHHOI. B KocMMYeCKOM MPOCTPaHCTBE
He 0OHaAPY’KeHbI HMKaKMe ITPOI0JbHbIE BOJHBI. I[Ipog0/IbHbIE
BOJIHBI B JII060 MacCoBOii cpejie pacrpoCTPaHSIIOTCS B BUE
BOJIH 00'bEMHBIX CKaTUI-pa3peskeHnit. Ec/iu B KocMMUeCcKoM
npocTpaHcTBe (Sp-cpefie) HeT MPOIOAbHBIX BOJIH, TO a6CO-
JI0OTHAsI CyGCTaHIMS He CXKMMaeMa, COOTBETCTBEHHO, He
paspexuma. CiiemoBaresbHO, B aGCOMIOTHOM Sp-cpefe HeT
MOCTYNaTeJbHOI0 IMPSIMOJIMHEITHOTO JBUKEHMS TTPOIOJIbHBIX
BOJIH. PacripoCcTpaHsI0TCS B Hell MOCTYIaTeabHO U IMTPSIMOJIN-
HeHO TOJIbKO MollepeyHble 3JIeKTPOMarHUTHbIE BOJIHbBI, OT
ramMmma-jydeii, 7o paauoBoJiH. MaJjible, 66CKOHEYHO MaJibie
CIOBUTYU B TI000J cpe/ie MOTYT He COMTPOBOKIATHCSI 0OBEM-
HBIMM M3MEHEHUSIMHU, ITYCTh, MaJbIMU, Aake O€CKOHEUYHO
MaabiMu. [ToaTOMY MorepeuHbie 3JIeKTPOMarHuTHbIE BOJTHBI
B KOCMIYeCKOM MPOCTPAHCTBE SIBJISIIOTCS YIIPYTUMMU CIBUTO-
BbIMM BoJTHamu B Sp-cpepe. Ho Sp-cpena abconoTHa, T.€. He-
MOABMXKHA, U MTpeicTaB/isgeT Hepa3pbIBHYIO (HEMPEPHIBHYIO,
CIUIONIHY0) cpeny 6e3MaccoBoro pusuyeckoro o6bEMa.
I BykeHMe abCOIOTHO cybcTaHIMy (MaTepun) B abCOIOT-
HOJ1 cpeJie, OUeBUIHO, JOJIKHO ObITh AOCOTIOTHBIM.

Wtak, abcosoTHOEe OBUKeHMe abCONIOTHO CyOCTaH-
uuu (Matepuu) B abCOJNIIOTHOM Cpejie MOXKET ObITh TOJIBKO
6€CKOHEYHO MaJjIbIM, CIBUTOBBIM U 3aMKHYTBIM, UTOOBI HE
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COTIPOBOXAAJIOCh 0OBEMHBIMU M3MEHEHUSIMM aOCOTIOTHOI
cpenbl. B cumy Hanmmumst y abCOIIOTHOM Cpejibl YIIPYTrOCTH,
0eCKOHEUHO MaJjible CABUTY O€CKOHEUHO MaJIbIX 3JIEMEHTOB
06bEMa abCOIOTHOM cy6CTaHIMM (MaTepun) IOKHBI Ie-
pemeniaThcs (pacipoCTPaHAThCS, a6COMIOTHO IBUTATHCS) C
abCOJIIOTHOI CKOPOCThI0. AGCOIIOTHASI CKOPOCTh, OUEBUTHO,
IOJIXKHA OBITH HE MEHbIIIe CKOPOCTY CBeTa B BaKyyMe. [TycTb,
paBHa CKOPOCTU CBeTa B BaAKyyMe.

Takum 06pa3oM, abCoIOTHAST SP-cpeia HEITOABMIKHA, JT0-
ITyCKaeT TOJIbKO MaJible, 6ECKOHEYHO MaJible CIBMTIOBbIE 3aM-
KHYTbIe (BO M30ekaHMe MyCTOT Ha KOHIAaX) JedopMallyu.
3HakomnepeMeHHbIe CIBUTOBbIE AedopMaliu JIJisi COXpaHeHU S
HEITOABMKHOCTM abCOJTIOTHOTO MMPOCTPAHCTBA TOJIKHBI MIOKM-
HYTb MECTO BOSHMKHOBEHMS (IIOSIBJIEHMST) U YIAJISTHCS C TFOO0r0
MeCTa UX IOSIBJIEHMS C aBCOTIOTHOM CKOPOCThI0. KakoBa Besnum-
Ha 9TOJi a6COIOTHOI cKopocTu? OUeBUIHO, OHA JOJIKHA ObITh
MaKCMMaJIbHOJ 1 TTIOCTOSTHHOJ B HEBO3MYILEHHO aOCOTIOTHOM
Sp-cpepne. IToka HeT MOATBEPXKIEHHBIX TAHHBIX O CKOPOCTH,
60JTBIIIEN T CKOPOCTY CBETA B BaKyyMe. [T09TOMY MOSKHO CUMTATh,
YTO a6COMIOTHASI CKOPOCTb paBHA CKOPOCTY CBETA B BAKYYMe.

Bcé mpocTpaHcTBO BeesleHHOI ITpeicTaBIIsieT abCoIOT-
HYIO (Hepa3pbIBHYIO, HEITPEPBIBHYIO) Sp-cpeny 13 abCcooT-
HOIt 6e3MaccoBoii CriaiiceeBoit abcoMOTHOM cybcTaHIMKU. B
9TOVi aGCOTIOTHO Cpejie OCYILIeCTBIISIeTCSI aOCOIOTHOE IBU-
>KeHMe ¢ abCOJTIOTHOM CKOPOCThIO (CKOPOCTHIO CBETA B BAKYY-
Me). IMeHHO 3TO aGCOI0OTHOE IBUKEHME, 00YCIOBIEHHOE
MIPUHIIUIIOM OBITUSI-HEOBITHUSI, IPOSBIISIET ObITHE a6COIOT-
HOJ cyOCTaHIUM (M MaTepUN).

IIpuHuOMn meHTpusma GpusnMUecKux 1noJjei Bo
BcenenHoim

K sToMy NpuHIUITY TOABOIUT TO, UTO, XOTSI CIABUTU 3J1e-
MEHTOB 00b€Ma B aOCOTIOTHOV cpefie, KOHEUHO, MaJible, 6eCKO-
HEYHO MaJible, HO ¥ TaKye CIABUTY MOTYT B IIPUHILIVIIE HAPYIIIATh
HenpepbIBHOCTD (CIVIOIIHOCTb, HEPA3PbIBHOCTD) Sp-Cpebl.
Hapyi1ieHne ske Hepa3pbIBHOCTY PABHOCUIBHO BOSHMKHOBEHUIO
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¥ CYIIECTBOBAHMIO ITYCTOTHI, HECYOCTAHIIVY U HEMATePU, YETO
OBbITh HE MOKET U He JIOJIKHO OBbITD 10 TIPUHITUAITY ObITHSI-HEObI-
TusL. TI09TOMY CIBUTY TOJKHBI ObITh 3aMKHYThI, UTOOBI HA CBO-
OGOIHBIX KOHIIAX IMHMUIA MM IPAHULL TIOBEPXHOCTEN CIBUTOB HE
TTOSIBJISTMCH Pa3pbIBbl. CIBUTY MOT'YT ObITh KaK CTallIOHApHBIE,
TaK ¥ 3HaKOIepeMeHHbIE, HO B JIIOOOM CJTy4yae TPaeKTOPUM UX
3aMKHYTbI. DPOHT pacIpoCTPaHEHNS 3aMKHYThIX CIBUTOBBIX
nedopmaluii meprneHaMKYJIsIpeH HallpaBIeHMIO ero pacIpo-
CTpaHeHMs. DTO 03HAYAET, UTO IT0JISI CABUTOBBIX HAIPSIKEHHO-
cTeii B abCOMIOTHOI Sp-cpejie NOIKHbI ObITh 1eHTPaJTbHbIMMA.

IIpunuun coxpaneHus Sp-sjiemeHTa CucTeMbl
eCTeCTBEeHHBbIX 3JIeMeHTOB BcesieHHOM

@dakTUYeCKM 3TO — IPUHILIUIT COXpPAaHEHUS CyOCTaHUIUM
u matepun. Ho, ecyiu 4o cuX MOp oA, 3aKOHOM COXpaHeHMUs
MaTepuu MMeJu BBULY OUCKPETHYIO MaTepuio, TO AaHHbI
MIPUHIIUIT BKJIOYAET: M HelPePbhIBHYIO CYOCTAHIMUIO, U IUC-
KpeTHYI0 MaTepuio.

IpuHIUI cOXpaHeHMsI A0COTIOTHOTO JABVKEeHUS

3aKOHBI COXpaHEeHMSI: MacChl, UMITYJIbCa, MOMEHTA UM-
MyJibCa, SHEPTUM, MaTePUM — BaskHeliIIe 3aKOHbI [IpupoppbI.
Ho Takke Kak 3aKOH BCEMMPHOTO TSITOTE€HMS OTBevaeT Ha
BOMNpocCkl 4TO(?) 1 Kak(?), a Ha BOOpocC rmouyeMy(?) He OTBe-
YyaeT, TaK ¥ B 3aKOHAX COXpaHeHMs He M3BeCTHO nmouemy(?)
COXPaHSIIOTCS: Macca, MMIYJIbC, MOMEHT MMITYJIbCa, SHEPT U4,
MaTtepusi. B Hauanax dcrmmorum chopMyamMpoBaH IPUHIMI
coxXpaHeHMs abCONIIOTHOrO ABMKeHMsI. UTo Takoe abCoJIoT-
HOe JIBUKeHMe?

I BUsKeHME C HEKOTOPOI ITpeieIbHO MaKCMaJIbHOI (a0-
COJIFOTHOI1) BO BcesieHHOI CKOPOCThI0, 04eBUIHO, OTIMIAETCS
OT BCeX APYTUX ABUKEHUNA.

®OTOHBI CUMTAIOTCS 6€3MaCCOBBIMM 3JIEMEHTAPHBIMU
yactuiamu. OHM CyLeCTBYIOT TOJIbKO B IBVKEHUU, MIPU-
YéM B IBUKEHUM TOJBKO CO CKOPOCTBIO CBeTa. JIBUKeHMe C
abCOIIOTHOJ CKOPOCTBIO JIOTMYHO HAa3bIBaTh a0COJIOTHBIM
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nByskeHeM. COOTBeTCTBEHHO, ABMXXeHMNE C MeHbUIUMMU
CKOPOCTSIMM — OTHOCUTEJIbHBIM [ BM>KeHueM. Bce maccoBbie
3JieMeHTapHbIe YaCTUIlbl MOTYT ABUTAThCSI CO CKOPOCTSIMU
oT 0 1o cyb6CcBEeTOBOJ (KOCMMUYECKME JTyUM, pa30orHaHHbIE B
YCKOPUTEJISIX 3JIEKTPOHBI U MIPOTOHBI, ... ). OHU CYILIECTBY-
I0T B OTHOCUTEJIbHOM ABVKeHUM, BHelllHeM. Ec/i TOBOpUM
00 UX BHEIIHEM IBUKEHUU, TO, OUEBUTHO, Y HUX JTOJIKHO
ObITh BHYTPEeHHee BMKeHMe. UTO Takoe BHYTpeHHee IBU-
skeHMe? VI3BeCTHO, UTO 37ieMeHTapHbIe YaCTUIIbI 06/1a1al0T
COMHOM — BHYTPEHHUM MOMEHTOM KOJIMUeCTBa JIBUKEHMSI,
T.e. BHYTPEHHUMM BpalllaTeJbHbIM JBV>KeHUeM. [Ipu 3TOM,
BBIHYXXJIEHHO TIpM3HaBas GaKkThl HAAUUYMUS CIIMHA, YaCTO B
y4eOHOIt TuTepaType OoroBapuBaloT, YTO 3TO He HYKHO I10-
HMMAaTb OYKBaJIbHO, UTO peajibHOTO BpallleH!s 3JileMeHTap-
HBIX YaCTUIl HeT (?). «9TO eCThb, HO 3TOTO HeT». [IpOTUBOpEUNT
aJIeMeHTapHo¥ joruke. A6cypa! Boixon 13 abcypia TOJIbKO
OOVH — MpPU3HATh BHYTPEeHHee BpaljaTejbHOE [BUKEHUE
3JIeMeHTapHbIX yacTul,. Ho 4To 3TO 3a BHYTpeHHee Bpalla-
TeJbHOE JBMKeHMe? 3a HeMMeHMeM JOCTOBepPHbBIX (haKTOB,
MPUXOIUTCS CTPOUTD NIPEIII0JI0KEeHN S, YTO B HayKe (Jaxke B
KPUMMMUHAJIUCTIUKE) He BO3GpaHseTcs.

N3BeCcTHO poXKIeHMe 3/IeKTPOH-TIO3UTPOHHBIX Map Mpu
CTOJIKHOBEHMMU JIBYX raMmma-¢GOTOHOB, SHEPTUS Kask/I0ro U3
KOTOPBIX He MeHee 5KBMBAJIEHTHOM MacChl IIOKOSI 37IeKTPOHA.
[Ipu CTONTKHOBEHUM BYX TaMMa-(OTOHOB OHU OT abCOTIOT-
HOTO ABVKEeHMS 110 TIPSIMOJIMHENHOM TPaeKTOPUM TTePexoasT
K aOCOJIIOTHOMY K€ JIBMXKEHMIO 10 KPYTrOBOW TPaeKTOpUM,
OAVH B OOHY CTOPOHY, IPYTOil — B APYTYI0. DTU KOJIbLIEBLIE,
TOpOMJaJIbHbIE, 0006IIEHHO JIOKAIM30BaHHbIE 00pa30BaHMS C
abCOJIIOTHBIM BHYTPEHHUM ABVKEHMEM, BHEIITHE MOT'YT JIBU-
raThCsl ¢ J10607 CKOPOCTHIO, MEeHbIIIelt CKOPOCTH CBeTa, T.e.
MOT'YT Mpe6bhIBaTh B OTHOCUTEIbHOM BHEIITHEM JIBUKEHUN.
[MoxosImuiics IOKaaAM30BaHHbI (OTOH 0OpeTaeT Maccy MOKosl,
SKBUBAJIEHTHYIO SHEPT UM UCXOAHOTO GOoTOHA. MOKHO CUMTATh
Jokanu3auyio GoToHa aKKyMYIMPOBaHNEM SHEPTUM B Macce.
Jlokanusauus poToHa He coBceM MoHsITHA. [ToaTomy paccmo-
TpUM JIoKan3anuoo GoHoHa. IIpeanonokum (peanoaokeHus
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Ia’ke B KpUMMUHAIMUCTIKE Y3aKOHEHbI) O0JIbIIO 00BEM BOJIbI B
HEeBeCOMOCTM IIpU TeMIlepaType, IyCcThb, 5 rpamaycos Llenbcus.
Bo36ynym B 06bEMeE BOIbI MIMITY/IbChI BHICOKOYACTOTHOTO YJIb-
Tpa3ByKa — I[yTrOB BOJIH C BBICOKOYACTOTHBIM HAMlOJTHEHMEM,
T.e. GoHOHBI. OUeBUIHO, POHOHBI OYIYT ABUTATHCS C TIpe-
JeJIbHO BO3MOYKHOV JIMHEIHOM CKOPOCTBIO (CKOPOCTBIO 3ByKa
B BOJIe, ~ 1,4 KM/ceK). DOHOHBI 6YIYT IBUTATHCS TPSIMOJIHET -
HO B OZTHOPOJIHOI BOIHOV cpefie. [TocTaBuM MepreHIuKyJIsIp-
HO TpaeKkTopuu GOHOHA aOCOJIOTHBIN OTpaykaTesb, KOTOPbI
oTpaskaeT 6e3 IoTepb SHEPTUM U a6COTIOTHOTO 3HAUEHUS M-
nmynabca poHoHa. OueBMIHO, POHOH MOIIET 110 TOMY Ke Iy TH,
TOJIBKO B MPOTMBOIIOJ0XXHOM HallpaBjaeHM. YCTAHOBUM BTO-
pOJt a6COMIOTHBIN OTpaskaTesb MepPHeHAUKYISIPHO TPAeKTO-
puu oTpaxkeHHOTo (poHOHA. [TOCKOJIbKY ITOTEPh SHEPTUM HET,
(oHOH GyIeT BEUHO IBUTAThCSI CO CKOPOCTHIO 3BYKa, a 3HAUUT
CYILIeCTBOBATh MEKIY IBYMS ITapaJijie IbHbIMM a0COTIOTHBIMU
orpaxarensmu. OH JJOKaJIM30BaH MeXAY ABYMS MapaJJieib-
HBIMM aOCOTIOTHBIMM OTPaskaTeISIMUA.

VCaoKHUM OTpaskaTesy Ao chepbl M3 aBCOTIOTHO OTpaska-
foniero Mmarepuasa. OueBUIHO, TPU TaKO¥ JoKaau3a iy GOHOH
OyzeT ¥ IBUTaThCS C IIPeAeIbHOI CKOPOCThIO 3BYyKa B BOJIE BHY-
Tpu cdepbl. MOSKHO cKa3aTb, POHOH IMOJTHOCTbIO JIOKAIM30BaH.
[Tpu 3TOM OcTaétrcss GOHOHOM, TOJIbKO B KYCOYHO-KPYTOBOi
TPaeKTOPUM ABVOKeHUS. DTO MPUHYAUTEIbHAS JIOKAJIMU3aLUSI
dhoHoHa. MoKeT jiv1 ObITh €CTeCTBEHHAS JIOKaaM3alus poHOoHa?

IMpencTaBuM, 4TO (POHOH «JIOO B JI0O» CTAJIKMBAETCS
He C TTIOBEPXHOCThIO aOCOIOTHOI'O OTpa)kaTejss, a C TAaKUM
’Ke BCTpeuHbIM ¢oHOHOM. He mckiouaeTcsi BO3MOXHOCTD
TOT'O, UTO IIPU OIpeAeIEHHBIX YCIOBUSIX (OOIbIINX TPageH-
Tax IMJIOTHOCTY cpenbl) 06a GOHOHA 3aKPYUMBAIOTCS, OOUH
B OJIHY CTOPOHY, & IPYToii — B IPYI'yI0, IPOTUBOMNOJOXHYIO
cTopoHy. OnMH 3aKpy4YeHHbI (JIOKaau30BaHHbBIN) HOHOH
O0yIeM Ha3bIBaTh OTPUIATEBHOI YaCTUIIEI, a APYTOii, 3a-
KPYUYeHHbII B IIPOTUBOIIOJIOKHYIO CTOPOHY (POHOH — I10JIO-
SKUTEJIbHOM vacTulieil. [1yisg onpeneléHHOCTU pacCMOTPUM
OTpHUIlaTeJbHYIO YaCTUILY. B kM IKOM BOJle paclipoCTPaHSIOT-
CS1 TOJIBKO MPOJOJIbHBIE BOJIHBI CXKATU U paspexkeHnii. Eciun
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(boHOH 3aKPYTUJICS, TO 3ByKOBASI CKOPOCTH €r0 JIBUKEHMUSI CO-
XpaHseTcs. DTO B XXUAKOI Boge. Terepb Bech 60JIbIION 00BEM
BO/IbI B HEBECOMOCTM C JIOKAJIM30BaHHBIMM IBYMS (POHOHAMM
MMPOTUBOMOJIOKHOTO 3HaKa 3aMOpPO3UM MpU TeMmeparType,
ckaskeMm, -45 rpagycos Llenbcusi, T.e. CHUSUINU TeMIepaTy-
py Ha 50 rpaaycoB 1 BeIZepyKaau A0 MOJTHOTO OJiefeHeHU S
BCEro 00'bE€Ma BOIbI U TOCTUKEeHUST — 45 TpamycoB Lienbcust
BO BCEM 06bEMe. B TBepmoii Boge MOryT pacnpoCTPaHSIThCS
Y NIPOJIOJIbHBIE BOJIHBI CXKATUN U pa3peskeHnil, 1 rnorepey-
Hble CABUTOBbIe BOJHbI. OTBJ/IEUEMCS OT MTPOJIOJIbHBIX BOJIH
TTOJTHOCTBIO ¥ ITYCTh OYIYT TOJBKO IOIIepPeYHbIE CABUTOBbIE
BOJIHBI, T.€. OT YMCTO MPOI0JIbHBIX BOJIH B KMAKOV BOJIE Tie-
peliieM K YMCTO MOIlepeuHbIM BOJIHAM B TBEPIOI Bofe. [Ipu
TaKol 3aMeHe, BBUIY OTCYTCTBUS MTOCTYNaTeJIbHOTO JOBMKe-
HMSI MOJIEKYJI B TBEP/ION BOJe, TIOHSTHE O TIOTOKAaX MOJIEKYI
BO/JIbl 3aMEHSIeTCSI MOHSITUEM: «II0TOKA CUJIOBBIX HAMPSISKEH-
HOCTei» U3BHE BOBHYTPb (hOHOHA. Ec/iu BO/IM3U OKaxkeTCst
IpYyTOit 3aKpy4YeHHbI i GOHOH, TO, HE3aBUCUMO OT HaMpaB-
JIeHMS 3aKpy4uMBaHMS ITepBOHAYAIbHO ITPSIMOJIMHEIHOM Tpa-
€KTOPUM B KPYTOBYIO, 3T IBa (DOHOHA OYAYT MPUTITUBATHCS
IOPYT K IPYTY, ¥ COMMKATHCS IO, JeiICTBMEM HPUTSITUBAIO-
HIMX TTOTOKOB CMJIOBBIX HAIIPS’)KEHHOCTEN KaskI0TO U3 HUX.

Teneps BCe 3TU paCCy>XIeHUS (MbICT€HHbIE ONbITHI) I1e-
peBezieM Ha 6OJIBINYIO IVIBIOY CAMOTO TBEPIOro MaTepuasa
— asMma3sa. CKOpOoCTh TMOMNepeyvHbIX CIBUTOBbIX BOJIH (3BYKa)
B HeM cocCTaBJgl0T nopsaka 10 km/cek. B ciyuae asimasa
yTBepXeHle O TOM, UTO 3aKpydyeHHbIe (JIOKaJM30BaHHbIE)
(bOHOHBI B HEM OYyAYT COMMKATHCS, COXPAHSIETCS.

HaxkoHell, caemaemM KpyToOi CKauoK OT ajiMa3sa K
BceneHCKOMY MPOCTPAHCTBY. 37€Ch y>Xe He TBepAasi MacCoBas
cpelia U3 MOJIEKYJ BOJIbI MJIM aTOMOB yIJIepofa, a Sp-cpena
13 6e3maccoBoii Criaiicer, BMECTO OTpPUIIATETbHO JTOKAIN30-
BaHHOTO (POHOHA OYIET OTPUILIATETbHO 3apSI’KEHHBIN JIOKa-
JIN30BaHHbI raMMa-(GOTOH — 3JIeKTPOH, @ BMECTO MOJIOKU-
TEeJBHOTO JIOKAJIM30BaHHOTO (POHOHA OYAEeT IMOJOXKUTETbHO
3apsIsKeHHbII JIOKaAM30BaHHbIM raMMa-()OTOH — MO3UTPOH.
B nipupojme meiicTBUTENIBHO UIYT ITPOIECChl 00pa30BaHMUS
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3JIEKTPOH-MO3MUTPOHHBIX Map MPU CTOJKHOBEHUM IBYX raM-
Ma-(hOTOHOB, SHEPI'sT KaXKJOT0 3 KOTOPbIX He MeHee 9KBU-
BaJIEHTHOI Macchl 371IeKTpOHA. Macchl 3/IeKTPOHA U O3UTPO-
Ha, KaK U3BeCTHO, paBHbI. CUI0BOE T10JIe TIPUTSKEHU S MEXAY
37IeKTPOHOM U TIO3UTPOHOM CYIIIeCTBYeT, HO OHO OUeHb MaJlo,
Ha 42 nopsika MeHbIIle 3JIeKTPOCTaTUUYeCKOTO ITPUTSIKeH NS,
00YCJIOBJIEHHOT'O 3JIEKTPOCTATUYECKUM IIPUTSISKEHMEM pa3-
HOMMEHHBIX 3JIEKTPUUYECKUX 3apsIIOB, OUEBUIHO, 0OYCIOB-
JIEHHbIM TIPOTMBOIIOJIOKHBIM 3aKpyuMBaHMeM ramma-do-
TOHOB MpPU UX JIOKaJAMU3aluM B pe3yjibTaTe CTOJKHOBEHMSI.
[TpuTs>keHue, KOTopoe Ha 42 nopsaKa cyiabee 3J1eKTpOCTaTH-
YeCKOro IMPUTSIKeHM ST, 0UeBUTHO, SIBJISIeTCS TPaBUTAIIMMIOHHBIM
MIPUTSIKEHEM, 00YC/IOBJIEHHBIM ITOSIBJIEHMEM MacChl B ITPO-
1ecce Jiokaau3aluu, U AeiCTBYIOIIEM TakKe U MeXIy 3JIeK-
TPOHAMM, ¥ MEXKAY MO3UTPOHAMM. TaKMM 00pa30oM, IpUIMHA
IrpaBUTAILMOHHOIO MIPUTSKEeHMS 3JIEKTPOHOB — B IIOTOKe Ha-
MpspKEHHOCTEN yrpyrux cui Crisjicey BOBHYTPb 3JIEKTPOHOB.
To >ke caMoe U J1J1s1 TO3UTPOHOB, U IJIsI TIO3UTPOHA U 3JIEKTPO-
Ha, He3aBUCUMO OT UX JIEKTPUUECKUX 3apsaoB. [IBUKeHMe C
abCoJTIOTHOM CKOPOCTHIO €CTh a6COII0OTHOE ABIKEeHMe. BBuay
TOTO0, UTO JIOKAJIM30BaHHBIV (POTOH OcTaéTCst HOTOHOM, abCO-
JIIOTHOE JIBUsKEeHMe COXPaHSIeTCs] B MacCOBBIX 3JIeMeHTapHbIX
YacTUllax, B aTOMax, COCTOSIIIMX M3 MacCOBBIX 3JleMeHTapHbIX
YacTUll, B MOJIEKYJIaX, COCTOSIIMX U3 aTOMOB, B TejiaX, COCTO-
SIIUX U3 aTOMOB ¥ MOJIEKYJI, B HEOECHBIX TeJIaX, COCTOSIINX
U3 TeJl.

Takum 06pa3oM, abCOTIOTHOE ABUKEHME COXPAHSIETCS
BO Bceli BcesieHHOT1. B 3TOM U COCTOUT NMPUHIUI COXPaHEHU S
abCOJIIOTHOTO IBMKEHUS B SP-JIOTUM.

He neXXuT i 3TOT NPUHIIAII B OCHOBE 3aKOHOB COXpaHe-
Hus [Ipupoabi? 3aKOHBI COXpaHeHMsI MacChl M 9HEPr Ui, He-
COMHEHHO, UCXOJISIT M3 ITPUHIMUIIA COXPaHEHMS a6COTIOTHOTO
IBUXXEHMS B JIOKaJIM30BaHHOM GoToHe. Macca eCTb 9KBMBa-
JIeHTHas sHeprus cBobomHoro ¢orToHa. Macca, SHeprus —
CcyTb MaTepus. Torga 1 3aKOH COXpaHeHM ST MaTepum UCXOOUT
He TOJIbKO M3 NIpPUHIIMIa coxpaHeHus Crisiicen, HO U U3 CO-
XpaHeHNs abCOIIOTHOTO ABVKEHMS B aOCOTIIOTHO Sp-cpeie.
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NMmnyibCc M MOMEHT MMITyJbCa BO BHYTPEHHEM
IBUKEHUM JIOKAJM30BAHHBIX (DOTOHOB COXPaHSIOTCS.
CnenoBaTeJibHO, M 3TU 3aKOHBI COXpaHeHMs OCHOBaHbI Ha
TIPUHIAIIE COXPaHEeHNs abCOMIOTHOrO ABVKeHus . O3HavaeT
JIV TO, YTO IMIPUHIIMUII COXPaHEeHM S a6COTIOTHOTO IBUKEHMS B
abCoI0THOI Sp-cpeme BcesleHHO SIB/ISIeTCSI IPUUYMHOI IIPO-
SIBJIEHM1 3aKOHOB COXpaHeHM S MacChl, UMMyJbCa, MOMeHTa
UMIYyJibCca, SJHepruu, matepun? Ilo neTepMUHUCTUUYECKOI
MIPUYMHHO-CJIeACTBEHHO ioruke — la. Ho 6ymeT i yTBep-
IUTEeIbHbIM OTBET B (pM311UeCKOM CMbIcJie?

AGCOIOTHOE OBMXKEHNME — KaTeropus, MOHSITHE — CYTh
dbusnueckoe, u oTpaxaeT OoHO (duU3MUeCKOe IBUXEHUe.
[ToaTomy, feTepMUHUCTMYECKasI IPUUMHHO-CJIe/ICTBeHHAas
JIOTMKa B JAaHHOM cyiydae ¢husmueckasi U, HECOMHEHHO, SIBJISI-
eTcs pM3MUeCcKoi MPUIMHOIN NeiiCTBUS 3aKOHOB COXPaHEeHMSI.

IIpyHOMOD TrI00aJIBHOCTU aGCOJITHOTO
B3aMMOJAEMCTBUS a0COIOTHBIM JABVUKEHVEM

O3HavaeT BCEBO3MOXXHbIE B3aMMOAENCTBUS HE TOJIb-
KO MeXJy BCeBO3MOXXHBIMM 3JIeMEeHTapHbIMM YaCTULAMU,
aToMaMu, MOJIeKyJaMu, TeJaMu, He6eCHbIMM TeJaMM, HO
U MeXIy HUMU U Sp-cpenoii. DTOT NPUHLUII CYMMUPYeET
(cuHTe3MpyeT) npeapiayiive 6 npuHUMNnoB. OgHaKo, uMe-
eT CaMOCTOSITeJIbHOE 3HaYeHle B TOM IJIaHe, UTO 3a0CTPsI-
eT BHMMaHMe Ha 0OMeHHOe (3aMeHHO€) B3aMOJIeiiCTBIE C
abCOTIOTHO CKOPOCTBIO MEXAY Sp-Cpeioil M JUCKPETHBIMU
MaTepuaabHbIMU 06beKTaMu BceseHHOI. DTO — I7I06aabHOe
abCcoI0THOE B3aMMOeicTBMEe aOCOMIOTHBIM IBUKEHMEM.
OyleMeHTapHble YaCTUIIbI, HAUMHAS ¢ POTOHOB U HENTPU-
HO, COCTOSIT M3 TO¥ Xe HelpepbIBHOI CyOCTaHILIMM, YTO U
Sp-cpena, ¢ Toit Uik padHuiei, uto Crarices B IUCKPET-
HbIX 3/IeMEeHTapHbIX YaCTULLAX HAXOAUTCS B COCTOSIHUM BHY-
TpPeHHero abcooTHOro ABsKeHNs. PakTuuecku Crisiicest B
OVICKPETHBIX 37IeMEeHTAapHbIX YaCTULLAX HAXOAUTCS B TTOBBI-
IIIEHO aKTMBHOM [JISI B3aMMOJIeiCTBUI COCTOSIHUU. IMeHHO
9Ta MOBbBIIIEHHAs] aKTUBHOCTb MO3BOJISIET UM 3aMEHSITh-
Csl ApYyTUMM 3j7eMeHTaMu o6béMa CrisjiceeBoil cpeibl, He
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MpeOBIBAIONIMMMY B ITOBBIIIEHHOI aKTUBHOCTHU. UIAET MOCTO-
SIHHBII TIpoliecc o6MeHa (3aMellleHNsT) aKTUBHBIX 3JIEMEHTOB
06béma Criviicen Ha ApyTye HeaKTUBHbIE 3JIEMEHTHI 060bEMA
Croaiicen. ITOCKOJIBKY aKTUBHOE COCTOSIHYME 3JIEMEHTOB 00bE-
Ma Criaiicer coxpaHsieTcsl B aOCOIOTHOM JABVKEHUM JIOKAJIU-
30BaHHbBIX ()OTOHOB B IVICKPETHBIX 3JIeMEeHTapPHBIX YaCTUIIAX,
TO 0OMEHBI UAYT U ¢ Sp-cpenoii. OMHMUM CJIOBOM, B3aMMOJET-
CTBUS IJI0OAJIbHBIE: Y MEKY AUCKPETHBIMM MaTepyaibHbI-
MM 06beKTaMM, ¥ MEXIAY HUMU U Sp-Cpeoii.

VIMeHHO 3TO I/106a/JIbHOE B3aMMO/IeICTBYE TT03BOJISIET
MaTepuaJbHbIM 00bEKTaM CBOOOIHO, 6€3 COMPOTUBIICHMUS
cpenpbl TiepeMelaThbcsi B cpeqe. CKOPOCTU TaKuUX Iepeme-
IIeHMI MeHbIe abCOoMIOTHOM CKOPOCTU (CKOPOCTY CBETA).
IIBM>KeHMe MacCOBBIX 3JIeMeHTapHbIX YacTUll, BCJIe/I, aTOMOB,
MOJIEKYJI, TeJI, HEOECHBIX TeJI IPOUCXOAUT 6€3 KaKOro-11bo
COTIPOTUBJIEHMS CO CTOPOHBI Sp-Ccpeibl 3a CYET 0OMeHa (3a-
MeIeHMsI) 371eMeHTOB 06béMa Crisiicer akKTMBHBIMM BHY-
TPEHHUMM C a6COJTIOTHOM CKOPOCTHhIO. VI B 9TOM Ke MpuuYMHa
IBVSKEHU S 110 MHEPLIVY U TPOSIBIAeHM S CAMOW UHEePIIUN.

V3 mpuHIINIIA 1NI06aJIbHOCTY a6COTIOTHOTO B3aMMOIei-
CTBUS aOCOIIOTHBIM JBM)KEHMEM BbITEKAET OYEHb BasKHOE
cJIeiCTBMe: 3jleMeHTapHble YacTUIlbl (IMCKpeTHbIe MaTe-
puasibHble 06beKThbI BcesieHHOIT) He MMEIOT YETKMUX 3aCThIB-
X TeoMeTpuueckmx GopM, orpeie IEHHbIX X OUePTaHUIA,
’KeCTKMX TOBEPXHOCTEN pasjesia 06beKTOB U cpenbl. Kak
TaKOBOJ reoMeTpuym 006 beKTOB MOIMPOCTY HeT. Ecau pac-
CMaTpMBaTh B MaciiTabax 6€CKOHEYHO MaJIbIX 3JIEMEHTOB
o6béma Craiicen, To PakKTUUECKM HET YETKUX IUCKPETHBIX
MaTepuaJbHbIX OObEKTOB: BCE Pa3MbITO, BCE «CIMBAETCS B
cnoniHoM rejie» Crisjicen. YeTKOCTb rpaHUIL pasjesia Mex-
Iy IVCKPETHBIMY 00'bE€KTAaMU ¥ HEIIPEPBIBHOI Cpeioii MOXKeT
MTPOSIBASITHCS TOJBKO «C B3T/ISI1a U3AATN».

[IpyHUUIIBI OCHUJOTUU TIPOUCTEKAWT OT
EnuHcTBeHHOCTU BCeseHHO. YacTO rOBOPAT U MUILYT (He
TOJIBKO B HAYUHOJ (haHTaCTUKe) 0 MHOKeCTBEHHOCT MIPOB,
BcesieHHBIX, 00 «KAHTUMMpPaAX» (AHTUBCEIEHHBIX), O «ITapaJ-
JiebHBIX Mupax» (rapaJijie/ibHbIX BcesleHHBIX), ... .
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[TosTOMy HeZOCTAaTOYHO YTBepXKAaTh: BceysieHHas
EnuucrBenHa. Cienyet ycunnthb: BecesienHas EqMHCTBeHHA
Ab6comoTHO. Vnu BeentenHas A6conoTHO EAMHCTBEHHA.

N3 mocnepgoBarenbHOCTU: BceneHHass EnuMHcTBeHHa
— Bceneunas EpguucTBeHHa A6CONMIOTHO — BceseHHasd
A6conrorHo EnmHcTBeHHa BbhITeKaeT: ENMHCTBEHHA «
A6comorHa. EQMHCTBEHHOCTD = AGCOMIOTHOCTh. DaKTUUECKN
STU MOHSATUS 30eCh SIBJISIIOTCSI CMHOHMMAaMM. AGCOJTIOTHAS
cybcTaHIys, abCOMIOTHOE IBMKEHME, a6COTIOTHAS CKOPOCTb,
abCoIIOTHOE B3aMMOIeCTBIE UCXOOAT 13 ENMHCTBEHHOCTY
Bcenennoii, 3 A6coioTHoi EqyMHCTBeHHOCTM BeeleHHOIA.

DCIMIOTUS — 3TO OTpa’keHue, U3JI0KeHNe, BO33peHIe,
yueHMe, HayKa, Teopus abCOMIOTHOCTY BeemeHHOIA.

«Teopust A6comoTHOCTU». ['M...MMM. V J1I060r0 unuTara-
fo1iero cpasy BcrvibiBaet Teopust OtHocuTenbHoCcTH (CTO u
OTO JitHnrTeliHa). BbI30BeT HEJOYMEHME CJIOBO «Teopusi» 6e3
CJIOXKHBIX MaTeMaTuueckux ¢popmyi. [1a, co BpeMéH JleoHapio
Ila BUHUYM CJIOKUIICS YCTOMUMBDBIV CTEPEOTUII: TeOpHUs, UMeIO-
as oTHoueHue K [Ipupoge, BbipaskaeTcs (M3j1araeTcsi) MaTe-
MaTuueckumMu opmynamu. ITO BEpHO, HO BEPHO I MaTeMa-
TUUECKUX TeOPUIA, TeOpeTrUecKoi pu3mKky, KoTopasi o ¢popme
CBOe€Jf, TI0 CyTU — MareMaTuueckas dusmka. OmHaKo, MHOTO
Teopuii He MaTeMaTUUeCKX, KaCcalollMXCsl HeIloCpeICTBEHHO
[Mpuponsl. Haripumep, 610/10rMuecKye Ui reoiornieckue.

OueBUIHO, BBI3OBET IIPSIMOE COMHEHMe WUJIU KpU-
BYIO YCMEINIKY: «AGCOJIOTHOCTI», B TIPOTUBOMOJIOKHOCTD
«OTtHOCUTenbHOCTU». B Teopum OTHOCUTENBHOCTU PEUb
UIET 06 OTHOCUTETbHOM (BHEIIHEM) IBUKEHMUY YaCTUI], TeL.
Teopust AGCOTIOTHOCTY KOHIIEHTPUPYETCS HA abCOTIOTHOM
IBVKEHUM B Sp-cpejie ¥ BHYTPeHHEM abCOTIOTHOM JIBUKEHUN
3JIeMeHTapHbIX YaCTUIl, aTOMOB, MoJieKyJ, Teja. Kpome Toro,
BMeCTO ABYXCI0BHOI «Teopun OTHOCUTETbHOCTU» 3/ieCh (-
rypupyeT TpéxcioBHas «Teopust AGCOTIOTHOCTY BceleHHO»,
B KOTOPOJi pacCMaTpUBAIOTCSI MMEHHO abCcoII0ThI BeeeHHOII:
abCoJIIOTHOCTh caMoli BceleHHOIi, aGCOI0OTHOE MTPOCTPaH-
CTBO, a6COIOTHAS cy6CcTaHIMSI, aOCOIOTHOE IBMKEHME, a0-
COJIIOTHASI CKOPOCTb, aOCOJIIOTHOE B3aIMOJeiiCTBIE.
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He cnenyet dberummusnupoBaTb MaTeMaTU3M TEOPUIA,
MaTeMaTuuyeckue Teopum. MateMaTuka oriepupyeT He pe-
aJIbHBIMM 00beKTaMM, a abCTpaKTHBIMM MaTeMaTUUeCKUMU
00beKTaMM, ¥ MOKET IIPUBOAUTH K aOCTPaKTHBIM pe3yJIbTa-
TaM, IPOTHUBOPEYAINMM MCTUHHBIM (GU3NUECKUM peaysM.
TpyoAHOCTU COBPEMEHHOI TeOpeTUYeCcKol (MaTemaTuye-
CKO¥1) GU3MKM cOnpsI’KeHbl MMEHHO C yBJIeUeHMUSIMM MaTeMma-
TUYECKMMMU abCTpakiusIMu. AGCTpaKIMY 3aJI05KEHBI YKe B
Hauanax EBknupa, ¢ onpenenenuii. Touka 6e3 Tpéx ¢pusmu-
YyeCcKMX M3MepeHuit, IMHMUS 6e3 NBYX U3MepeHui, TOBepX-
HOCTb 6e3 ogHoro usmepenus. Yncyo 0. Takux 06bEKTOB B
ITpupone, Bo BcenenHoit HeT. OHU — aHAJIOTU ITYCTOTHI, KO-
Topoii B [Ipupoe HeT 1 GbITh He MOKeT.

OcHOBHBIE BBIBOJbI

1. KocMnuyeckoe mpoCTpaHCTBO BcesleHHON SIBSIeTCS
HeTIpepbIBHO abCOMIOTHOM CybCcTaHIIMaAbHOM cpenoit, Sp-
cpenoii U3 Sp-a3jieMeHTa, MpeAcTaBjaeHHOro B Cucrteme u
[IKaJjie eCTECTBEHHbBIX 3JIEMEHTOB BceleHHOTA.

2. BosmymieHust B Sp-cpejie co34a0T abCOMIOTHOE IBU-
’KeHMe ¢ abCOJIIOTHOI CKOPOCTHIO (CBETA B BaKyyMe).

3. AGCOTIOTHOE ABMKEHE B HEITPEPhIBHOI abCOTIOTHOM
cpejie CO3IAET NMCKpeTHbIe BOTHOBbIE GUTYPBI (Popmbl) Po-
TOHOB ¥ HEMTPUHO 13 Sp-3/IeMeHTa.

4. DyieMeHTapHbIe YaCTULLI SIBASIIOTCS JBVKYIIUMUCS
IVCKpeTHBIMMU popMaMu, Gurypamu u3 Sp-sjieMeHTa B Sp-
cpene BceneHCKOro mpoCcTpaHCTBA.

5. ®oTOHBI M HEMTPUHO 06J1aTAI0T CTITUBAKIIUMU Sp-
cpeny CUIOBBIMU TOJISIMU, OOYCIOBIEHHBIMU MTPUTSIKEHVEM
MeXXly COOCTBEHHBIMM TapasieibHbIMU MUKPOIIOTOKAMM.
OTU MOJS — CTaTUYeCKye TPaBUTALIMIOHHbIE TIOJIS TITOTEeHMSI,
M TIPOSIBJISIETCST HA TIPUMepe MCKPUBJIEHMS Tyda CBeTa BOIN-
3u CoJIHIIA.

6. JJokanu3oBaHHbIe TaMMa-(OTOHBI (3JIEKTPOHBI-TO-
pbI, TTIO3UTPOHBI-TOPHI,...) 06/IaTAIOT YCUIEHHBIMMU 32 CUET
aHTHUIIApajJieJbHbIX MMUKPOIIOTOKOB Ha AMaMeTpabHO
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MIPOTUBOMOJJIOKHBIX CTOPOHAX TOpa CTIATMBAKILUMU Sp-
cpeny CTaTMYeCKMMMU CUIOBBIMMU MOSIMU, KOTOpbIe TTPOSIB-
JISTIIOTCS KaK JOIOJTHMUTEeIbHOE IpaBUTALIMMIOHHOE IPUTSIXKEeHE
MeXXly JIOKaJAM30BaHHbBIMM TaMMa-hOoTOHaMM — 3JIeKTPOHa-
MU U TTO3UTPOHAMM B JTII060Ji X KOMOMHAIIUNA.

7. 9NeKTPOHBI-TOPbI, TO3UTPOHBI-TOPBI ¥ TOPbI U3 HEITPU-
HO 00/1a/1aI0T BHYTPEHHMUM a6COIIOTHBIM IBVKEHMEM, 06pa-
3YIOIIMM BHYTpPEeHHMe IOTOKM, GopMupyIolie 3a IpeieiaMu
TOPOB COOTBETCTBYIOII/E 3aa3/blBaloliyie MOTOKM HalPSKEH-
HOCTel B Sp-cpefde. OTU MOTOKM OUMHAMMUYECKU B3aMMOIei-
CTBYIOT MEXIY CO00Ji TaK, YTO, B 3aBMCUMOCTU OT ITapasliesib-
HOCTY MM aHTUIAPa//IeJIbHOCTU, TOPbI IPUTITUBAIOTCS WUIN
OTTaJKMBAIOTCS. DTU OMHAMMUYECKIE TT0JISI ITPOSIBISIIOTCS KaK
9JIEKTpUUeCcKe 01l IPOTUBOIIOIOKHBIX 3HAKOB.

8. CraTuueckuM IpaBUTALIMMOHHBIM IIOJISIM TSITOTEHUS
COOTBETCTBYIOT I'paBUTALIMOHHbIE 3apsiAbl OAHOIO 3HAKa, a
IVHAMMUYEeCKMM 3JIEKTPUUECKUM IOJISIM HaIpsIXKEéHHOCTel
MPUTSDKEHUS U OTTAJKMBAHUS COOTBETCTBYIOT 3JIeKTpuue-
CKie 3apsiabl IPOTMBOIIOJ0XKHBIX 3HAKOB.

9. 3apsabl IBASIOTCS KOHLIEHTPUPOBAHHBIMU IIPOSIBJIE-
HUSIMU COOTBETCTBYIOUIMX M0/ HaNPSI>KEHHOCTEN, a T10JIs
SIBJISIIOTCS paciipeie/IEHHbIMM MIPOSIBJIEHUSIMM COOTBETCTBY-
IOIIMX 3apsiA0B. 3apsiabl U OIS SIBJISIIOTCS ITPOSIBEHUSI MU
OOHUX U TeX ke CYIIHOCTeN — JTOKaJIM30BaHHBIX (OTOHOB U
HEeNUTPUHO B Sp-cpee.

10. 3apsaabl 1 MO AMCKPETHBIX dJ1eMeHTapHbIX YaCTUL],
MMeIOT BOJTHOBOE MPOUCXOKAeHMe, BOJTHOBYIO ITPUPOLY.

11. BHelllHee OTHOCUTEJIbHOE MHEPILIMOHHOE ABUKEHMe
9JIEKTPOHA, MO3UTPOHA U ITPOTOHA 06YCJIOBJIEHO X BHYTPEH-
HUM ab6COJIIOTHBIM IBVKEHMEM, U TOI Ke MPUPOIbI, UTO U
BOJIHOBOE IIPSIMOJIMHEIHOe paBHOMepHOe abCoJII0THOE JIBM-
sKeHye (POTOHOB U HEeMTPUHO.

12. VIcTUHHO 3JIeMeHTapHbIX (HeLeNMMBbIX) YaCTUILL
TOJIBKO 4 pa3HOBUIHOCTEN: (DOTOHBI, HEITPUHO, 3JIEKTPOH,
IMO3UTPOH.

13. HeliTpoH — cocTaBHas 4yacTuUIla M3: IIPOTOHA-«aH-
TUHENTPUHO»-37IeKTPOHA, B KOTOPOM IIPOTOH BHYTPEHHSIS
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(mepBasi) 4aCTh, @ AHTUHENTPUHO U IJIEKTPOH KpaliHss (BTO-
pas) 4acCThb.

14. CtabunpHOe coequHeHMe HeliTpOoHA M MPOTOHA B
sape neiiTepus 06ycJIOBIEHO 00001eCTBIIEHMEM KpaiiHero
(BTOpOTrO) CJIOS HeMTpOHA Ha JBa IIPOTOHA.

15. IBa cTaGuUIBHBIX SIApa OeiTepus COeAUHSIOTCS
COOCHO B YCTOUMBBIN GJIOK Marudyeckoro sjapa lenusi, B
asbda-yacTuiry.

16. YeTsIpe mapaie;IbHO COeAMHEHHBIX 6/I0Ka Maruye-
ckoro saapa l'enust popmupyloT Maruueckoe siipo Kuciaopona.
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YACTb V.
3ak/jaounTe/IbHas

I[IpegucinoBue K 3aK/JIIOUYUTEJIbHON 4YaCTU U
I10CJIeC/IOBUE K KHUre

[Tepe6Gupas ecTecTBeHHbIE 3JIeMEHThI BceleHHO, MbI
MBICJIEHHO TTPOAeJiaay MyTenecTBye B 6eCKOHEUHOCTD I10
IIE3B (YacTs II, pazgen 10). ITo mpumepy cMbIKaHUS 6€CKO-
HEYHOTrO psifia HaTypaibHbIX unces (Yacts 11, pasmen 11) u Mol
B 3TOM ITyTeNIeCTBUM 10 «O0€CKOHEYHOMY KOJIbITY» BEPHEMCSI
K Havajy KoJjblia, K XuMuueckum sneMmeHntam (HYacts I). [To
X0y U3JI0OKeHUSI HEeOAHOKPATHO OTMeuajach MpPO30pJim-
BocTh [I. 1. MeHeneeBa. Kak n3BecTHo, MeHe/ieeB MHOT e
TOZbI MOCBSITUJI IOMCKY XMMM3Ma CBOETO HYJIEBOTO 3JIEMEHTA
HrproToHMUA. VI3BECTHO TaKKe, UTO [Ji HYJIEBOrO 3JIeMEeHTa B
[Mepuomueckoit Tabnuiie XMMUUECKMUX 3JIEMEHTOB II0CJIe ero
KOHUMHBI MeCTa He Halluioch. Ero monpocTy ymanauan. Bmecre
C HMM KaHYJI B HEOBITYE M €r0 XMMMU3M. MOT4aIMBO UJIN CThI-
IJIMBO PENIMIN, YTO B ITOM BOIIPOCE TeHMAaIbHAas TPO30PJIN-
BOCTb MeHIe/ieeBa CIOTKHYMACh. Taxk jin 9T0? [lombiTaemMcs
OTBETUTH HA 3TOT BOIPOC B CJIeAYIOIIEM pasfeie.

NmeeTcst M BTOPOI BOTIPOC, HETTIOCPEACTBEHHO CBSI3aH-
HBIVi C 3TUM BOIIPOCOM — BOHpPOC 00 3(MPHOM MMUPOBOM
MPOCTPAHCTBE, 06 3BOJIIONMM (CYbOE) 3TOrO MPOCTPAHCTBA.
PaccmoTpeHnmem Borpoca 06 3BOJIIOIUM (CYbOE) 3TOTO MU-
POBOTO MPOCTPAHCTBA 3aBEPIINM 3aKIIOUUTENbHYI0 YacTb V
u Bceit Kuuru 06 JIEMEHTAX BceieHHOIA.

Xummusm MupoBoro 3gpupa

B cBOOOJHOM MHAMBUAYATBHOM COCTOSSHUM CYII€CTBY-
IOT TOJIbKO aTOMBbI ['e/iusl M IPyTux 6J1arOpogHBIX ra3oB. Bo
BCeX IPYTMX BellecTBax aTOMbI CYIIeCTBYIOT B CBSI3aHHBIX
COCTOSTHUSIX B: TOMOSIAEPHBIX ViMepax (IBYXaTOMHbBIX MO-
JleKyiax), reTeposiiepHbIX IMMepax, TpuMepax, TeTpaMepax,
..., XUMUYECKUX COeIMHEHUSIX, CTIJIaBaX, BLICOKOMOJIEKYJISIP-
HbBIX COeIMHEHMSIX, HAaHOUYACTUIIaX, XKMUIKOCTIX, aMOPGhHBIX
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TBEPIBIX TeJaX, KpUCTa/lJIaX, He6ecHbIX Telax. PaccMoTpum
HauboJjiee pacrpoCcTpaHEHHbIE TOMOSIIEPHbBIE IBYXaTOMHbIE
Mosiekyibl Bomopona, Asota u Kucinopoga. O6pasoBaHue
JIBYXaTOMHBIX TOMOSIIEPHBIX MOJIEKYJI U3 COOTBETCTBYIO-
IIMX aTOMOB IIPOTEKaeT IMOCPEeICTBOM XMMMUUECKUX peak-
uMii. B Tabimiie HUKeC/IeayIONero pucyHka BO BTOPOit KO-
JIOHKe TpuBeAeHbl paanycel R atomoB Bomopona, Asora u
Kucnopona. ATom npuHST 3a apuk paguyca R.
O6BEM Vv mapuKa-aToma:

v = (4/3) 1 R® = (4/3) n(d/2)* = (11/6) d¥, (71)
rae d — guameTp aroma. JIOTMYHO MPeAIIoa0KUTh, UTO 00bEM

V romosiiepHoit IByXaTOMHO MOJIEKYJIbI OyIeT paBeH yaBO-
€HHOMY 00bEMY aToMa:

V=2v=m/3)d (72)

Torpa 4/3) m (D/2)3 = (m/3) d® (73)
roe D — nuameTp ABYXaTOMHO MOJIEKY/bl. I3 BbIpaskeHU I
(73) monyumm:

D=25d=1,26d (74)

B yeTBEpTOI KOJOHKE MpUBeNeHbl pacCUMTaAaHHbIE TI0
dbopmyne (74) 3HaUeHMS IMaMETPOB IBYXaTOMHBIX MOJIEKYJ
Dp. B TpeTbeit KOJOHKe MpUBEIEHbI 3KCIepUMeHTaIbHbIe
IvaMeTpbl D3 COOTBETCTBYOIIMX IBYXaTOMHbBIX MOJIEKYI.

R, paaguyc D» nmametp Dy amameTp
BemectBo | Atoma, 10° M SKCHepUMeHT-if | pacu&THEIH Dy/ Dy
Monekyr, 10° M | momexyn, 10° M

Bonopon H 0,053 H
Azotr N 0,056 N
Kucmopon O 0,048 O

025 |H: 0:133 H: 1,879
032 |N; 0,141 N, 2,27
0.3 O, 0,120 (87} 2,666

[

(9

+J

Puc.61. DxcnepMMeHTa/IbHbIE M PACUETHBIE TaHHbIE, a TAKXKe
COOTHOIIIEHNSI 0ObEMHBIX ITOKa3aTesel JBYXaTOMHBIX MOJIEKYJ
HanboJiee pacIpoCTPaHEHHBIX BELIECTB

BupgHo, UTO 3KCIIepyMeHTa/JIbHbIe 3HAaUeHUS I1MaMeTPOB
IBYXaTOMHBIX MOJIEKYJ MPEBOCXOAST pPacuyéTHbie 3HaUe-
HMS. VIX OTHOIIIeHMe OJIS1 BCeX TPEX BelleCTB IPeaCcTaBIeHbI
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Ha puc. 61 B IsITOI KoJIOHKe. Y Bomopoma mouTu ABOiiHOe
npeBocxoacTBo D Haxg Dp, y Asora 6osbiie B 2,27 pas, a 'y
Kucnopopa 6osbiie B 2,666 pas. «JIorMuHOe IpeaIioioKe-
HMe» 0Ka3aJioCh, He COOTBETCTBYET peaibHOCTU. Takoe BIie-
yatjaeHue, 6yATO MPOUCXOONUT HE XMMMUeCKas peakius:

A+A=2A=A,=M, (75)
rae A —arom, M — 1ByXaTOMHas MOJIeKyJIa, a B3auMOLeiCcTBIe:
A+A+Q=M+Q, (76)

rae Q) — u36bITOYHBIN 06BEM,

M + Q — nByxaTOMHasl MOJIeKYJIa, COAepsKaIast u36bI-
TOUHBIN 06BbEM Q. B cTpyKType 3amnucu npespaiieHus (76)
cimaraemoe Q ¢popmasibHO GUIypUpyeT KaK MOJTHOIEeHHbI
¥ paBHOIMpPAaBHBIN peareHT XMMMUYeCkoil peakuuu. Ho, mo-
CKOJIBKY peaJibHasl MOJIEKY/Ia KOHKPETHO COAEPKUT U30bI-
TOYHBI 00bEM, ypaBHeHMe (76) He TPOCTO MaTeMaTUYeCKuii
dbopmanusm, a oTpaskaeT peajibHOe ITpeBpalleHNe ABYX aTo-
MOB B MOJIEKYJIY C o6peTeHneM «peareHta Q». OTKyma ke
6epéTcst aTOT «peareHT»? Ero He HaJlo cremmaJbHO OTTY-
Ia-TO MOCTABJISITh B 30HY peakIuu. ITO «4aCTUUKa» 0ObIU-
HOT'O TPEXMEPHOTO MPOCTPAHCTBA, & MPOCTPAHCTBO MPU-
CYTCTBYeT Be3Jie BOKpPYT. B mpeBpanienun (76) Q yuyacTByer
KakK peareHT-3/IeMeHT, TaK>Ke KaK peareHTbI-aTOMbI 3JIeMeH-
ta A (Bomopopma nu, Azota au, Kuciaopoma au), y KOTOPbIX
CcBOM cOOCTBeHHbIe 00bEMBI. Clie/IoBaTEeIbHO, TPEXMEPHBIN
00bEM yUaCTBYeT B XMMUYECKUX peakuusax. ViHaue 1 O6bITh
He MoXeT. Bce mpoilecchl, B TOM UMC/ie U XMMUUeCcKue pe-
aKIuu, MPOUCXOST B MPOCTpaHCTBe. HeT mpocTpaHCcTBa —
HET JIIOOBbIX MPOIECCOB, B MX YMCJIE U XMMUYECKMEe PeaKIIUN.
Ho 3To TpéxmMepHOe MPOCTPAHCTBO €CTh MePBbIii HYJIEBOI
cybcTaHIMabHBIN eCTeCTBeHHbIN 3/1eMeHT BcesleHHOI Sp.
CyOcTaHIIMabHbIN e 3JIEMEHT — IPOCTPAHCTBO BceeHHOI,
MupoBoe IpoCTPaHCTBO.

MupoBoe IMpoCTPaHCTBO 06/1aJaeT XMMMU3MOM. TakKum
ob6pasom, MeHeeeBCKast XMMMUYECKast TPO30PAUBOCTD pac-
MpocTpaHmIach u Ha MUpoBoe MMPOCTPAHCTRBO.
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K KoHITy 3BO/TIOIIMYM MUPOBOro 3dupa

ddup, (OT IpeBHETPEUYECKOTO CJION aibnp, BEPXHUI CII0i
BO3/[1yXa) M3HAYAJIbHO CUMUTAJICS TTYCTHIM MPOCTPAHCTBOM C
MeJIbYalIIMMUY HEBUAMMbBIMU TTePBOYACTUIIAMU «aMepaMm».

HdekapT yTBepXXaaJ, 4yTO BO BcesleHHOW HET MyCTOT.
OH paccmaTpuBal OPOCTPAHCTBO KAaK CBETOHOCHYIO
cpeny, B KOTOPOW BO3AeiCTBME ONHOTO TeJjia Ha NPY-
roe OCYIIEeCTBJSIETCSI MeXaHM3MOM OJM3KOAEiCTBUS.
Tena, mo-BUAMMOMY, B3aMMOJEMCTBOBAIN MTOCPENCTBOM
«aMepoB».

HpI0TOH nipuaep>XnBaics MPUHIMIIA AaTbHOLENCTBUS,
T.e. MITHOBEHHOTO B3aMMOJIECTBUSI TeJ B abGCOJIOTHOM
nmpocTpaHcTBe. [1o MexaHM3My TaKOro B3aMMOAENCTBYS OH
«TUTIOTE3 HE USMBILUISTY. «AMepbI», MO-BUAMMOMY, COXpa-
HUJINCh, @ CBET ITPEeJICTABJISIJICS TOTOKOM KOPITYCKYJI B a6CO-
JIIOTHOM TIPOCTPAHCTBE.

Jlecask [j1s1 BBISIBJIEHUSI IPUUYMHBI IPUTSIKEHU S Hebec-
HBIX TeJl «3aceyini» abCoMI0THOE TIPOCTPaHCTBO HpioTOHA
HEeBUAVMBIMM XaOTUUYECKU ABVKYIIMMUCS MeJibuaiiim-
Mu vyactunamu. B teopun Jlecaxxa d3KpaHUpPOBAHUE ITUX
yacTull He6eCHBIMM TeJJaMM MPUBOAMIIO K UX COMMKEHUIO.
OueBUIHO, a6COMIOTHOE TTPOCTPAHCTBO OBIJIO MYCTHIM ITPO-
CTPAHCTBOM, a HEBUIMMbIe MeJibuaiiliye 4acTUIIbl ObIIN
aHaJioraMy «aMepOB».

CBeTOHOCHBIV 3¢up MakcBesia Mmpearoaram cymie-
CTBOBAHME MOJBUXHBIX 3JIEKTPUUECKUX AUTOJIEN C MpPO-
TUBOIIOJIOKHBIMM 3JIEKTPUYECKUMU 3apsgaMu, OCYyIecCT-
BJISTIONIMX BJIM3KOMENCTBYME CO CKOPOCTHIO CBeTa. B mycTom
MPOCTPAHCTBE 3TU SUIIOIN 3aMEeHUIU «aMePhI».

MeHpgeneeB «XMMMUUYECKM BO3poOXAam» 3dup
HroToHa-Jlecaxkxa. B ponau menpuaiilinx 4vacTul y
Hero 6b11 «HbIOTOHUII» — HYJIE€BOV «XMMUYECKUI 3j1e-
MeHT». MHOTHMe TOAbl OH MOCBSATUI MOUCKY XMMU3Ma
«HbIOTOHUSA».

B Bakyyme XX-ro Beka, KOTOpbIM 3aMeHMIn 3¢up XIX
BeKa, HeBUAMMbIe 3(PMpHbIe YACTUIIBI IeEpeBesIu B paspsii
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BUPTYaJIbHBIX (peaibHO He CYIIeCTBYIONIMX) YacTull. Bakyym
MpefcTaBsIeTCs «0keaHOM JMpaKa» BUPTYaJabHbIX YaCTUII,.
@akTuuecKky 3TO aHaJor 3¢upa, HO C BUPTYaJbHbBIMU YaCTU-
11aMM B IyCTOM ITPOCTPAHCTBE.

B spuponmuHamMuke AIIIOKOBCKOT0 3(pup mpeicTaBiaseTcs
BSI3KMM ra30M pPa3JIMUHBIX BUXPeil B MepapXmuueCKux ypoB-
HSIX OpraHu3aiuy MaTepun.

MupoBoe TIpOCTPaHCTBO 3BOJIIOIMOHMPOBAJIO B HayKe
(B CO3HAHMM YeJ0BeYeCTBa) B BUJE ITyCTOTO MPOCTPAHCTBA,
KOTOpOe comepykasao pasjiMuyHble 3(pMpHbIe YaCTUIIBI — OT
MeJIbUaiilivX HEBUAMMBIX 0 BUPTYaAbHBIX U Pa3HBIX BUX-
peli MepapxmMueckux ypOBHEIA.

0., - OOHOPOIHOE, M30TPOIHOE, HENPEepPbIBHOE KOC-
MMu4Yeckoe MPOCTPAHCTBO. DTOT e€CTeCTBEHHbIN 3JIeMEeHT
BcesleHHO OB BBISIBJIEH ITPYU MEpeXojie K HAaTypaJlbHOMY
panyuucenn=0,1,2,3,4,...c0Trpaman=1,2, 3,4, uCnosb-
30BAaHHOTO B IeAYKTUBHOM CUCTeMaTU3aluu 1 TUIU3ALUA
XUMUYECKUX 3JIEMEHTOB.

0, — peaJbHO CyLeCTBYIOIAs JoMaTepuaabHas Cy6-
craHusg. MaTtepus quckpeTHa, a cybcrtanmus Om Herpe-
pbIBHA, HellpepbiBHA a6COIOTHO, T.€. HE MMEET HU BHY-
TPEeHHMUX, HY BHEIIHUX rpaHull (beckoHeuHas BceseHHas).
IIpoctpancTso (0 -cpena) 6€CKOHEUHO ¥ BEYHO. B oTin-
yye OT MMUPOBOTO MPOCTPAHCTBA U3 MTyCTOrO0 NPOCTPaH-
CTBAa C pa3JIMYHbIMU 3PUPHBIMU YACTUIIAMU, B KOHIETTII Y
Om-mpocTpaHCTBA CaMO ITPOCTPAHCTBO SBJISETCS Cy6-
CTaHIIMAJbHBIM €CTeCTBEHHBIM 37IeMeHTOM BceyileHHOIA,
He coJepsKallMM KaKux-1nb0o 3GUpHBIX YacTuIll. B Takom
ciaydae 3To He 3¢up. DTO MPOCTPAHCTBO-Cpesa U3 cyb-
CTaHI[MAJIbHOTO eCTeCTBEHHOro sjeMmeHTa Om 6e3 adup-
HbIX yacTuil. 0 _-IIPOCTPAHCTBO — Cpeaa, B KOTOPOJi: BO3-
HUKAIOT U ABUXYTCS HEMTPUHO, POTOHBI, 3JIEKTPOHBI,
MMPOTOHBI; 3a’KUTAIOTCS U TAaCHYT 3BE3/1bl; GOPMUPYIOTCS
U pacragaloTcs raJakTUKM.

0, -IPOCTPAHCTBO BBIMOJHAET QYHKIMM MUPOBOTO
MMPOCTPAHCTBA U 3TO MOABOAMUT K KOHILY 3BOIOI M0 MUPOBO-
ro IMPOCTPAHCTBA KaK MyCTOTO MPOCTPAHCTBA ¢ 3OUPHBIMU
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yactuiiamu. MupoBoe Om-IpocTpaHCTBO CYIeCTBOBAJIO, CY-
IIeCTBYeT U OYIeT CYLeCTBOBATh, HE3aBMUCUMO HM OT KOrO,
HU OT Yero.

B M1poBOIt HAyUHOI IMUTEepaType paboT APYTHUX aBTOPOB
B 9TOM HallpaBJIeHM He 06HapyKeHO. [T03TOMY B CITMCKE JIU-
TepaTypbl IPUBOASTCS TOJIHKO OCHOBHbBIE IIPe/IIIeCTBOBAB-
1Ie TPYAbl B JAHHOM HaIlpaBIeHUNA.
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B cTuie 6IM3KOM K HAYYHO-TIOMYIIPHOMY TTOCTEN0-
BaTeMbHO Pa3BUBAIOTCSA obmias teopus (OT) crerm-
aJIbHOTO pacnpelefieHMs] HATYPAIbHBIX YMCEN WU
Teopust Bcero (TB) MHOXecTBa eCTeCTBEHHBLIX 3Je-
MeHTOB BceneHHOIf, BKIKUYAKIIEro MMOIMHOXKECTBO
Bcex Xxummueckmux emMeHToB. B OT u TB mHOXecTBa
€CTeCTBEHHLIX JIEeMEHTOB BcelleHHOI BBISIBISIETCS
nepBbIii HyneBoii (0 ) amement Sp (Icmu). Ha ocHose
9TOTO MEMEHTA BcelleHHOI pa3BUMBAETCS €CTECTBEH-
HOHayyHas JCIIMIormueckas Kaptmaa Mupa.

Kum Cen I'yx, 0.x.H., akademux EAEH

«BbI BBOZIMTE HOBOE MOHSTHE, OTVIMYHOE OT MPUHSITOTO MOHATUS MaTepuab-
HOTO (B hM3MKe), ¥ BCETJa CMOSKETe IMOoKa3aTh B UEM OT/IMUMe. B obIiiem ciyuae
3TO nepexoy, (IIepeBo) MOHSITHS CyOCTaHIIMYU ¢ YPOBHS PprirocodcKoii Ka-
Teropuu (IpeneIbHOM abCTpakiMyu) Ha Gojee NMpegMeTHbII YpOBeHb —
HayuHblit (pusudeckwuii). [IpemenbHble epexombl — 3aHITHE He TPUBUAIIb-
Hoe. (MSITKO roBops). B HaTypdmiocodbuy nmociemunii pas sTo menan HproToH.»
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