


























































































































































































































































































































































































































































































































AamMeTpa KofibLa HeMTPUHO, a BCe NapasesibHble K HEMY
NPaBOCTOPOHHWE MPAMOYTONIbHUKN ByAyT YMEHbLIATHCSA U
no ANVHE, U N0 WWPUHE BNAOTb A0 IMHUM — BHYTPEHHETO
AvameTpa Kosbla HEATPUHO. inamMeTp LMnMHapa HEATPUHO
COXpaHseTCcs B AMaMETPE CEYEHMS KOJbLia HEATPUHO.

B pesynbTaTe cBOpaunBaHUA LUANHAPA HEMTPUHO Ha
puc. 58 NONy4YNUM KOJbLLO HENTPUHO BMECTE C HaMpPSHKEH-
HOCTbIO CTSKEHUA cpedbl OM-npocTpaHcTBa Ha puc. 59.
OueBUAHO, UNNNHAPUYECKOe CTsXKeHMe 0, -Cpefbl LNINH-
L POM HEMTPUHO NPU ero cBOpayYMBaHUM B KOMbLO NEPEXO-
AWT BO BCECTOPOHHee CTskeHue 0 -cpefibl K LEHTPY Ko/bLia
HEeNTpUHO.

Puc. 59. BcecTopoHHee cTsxkeHune cpefbl 0 -MpocTpaHcTBa
KO/1IbLLOM HENTPUHO

169



BcecTopoHHee cTsXeHue cpefbl 0 _-npocTpaHCTBa
KO/IbLLOM HENTPUHO MOKa3aHOo TO/IbKO YeTbIpbMS CTpesiKa-
MW. KOHUEHTpPMYECKME OKPYXXHOCTWN BHE KO/bL@ HEMTPUHO
NoKa3bIBaloT YObIBAIOLLYO C PACCTOAHMEM HaNpPAXEHHOCTb
CTSHKeHUA cpedbl Om-npocTpaHcTBa. Ecnn unnnHap He-
TPUHO Ha puc.58 cBopaymBaeTCs NPOTUB HaCOBOW CTPESKU,
TO pe3ynbTart 6yAeT TOT Xe, UTo Ha puc. 59. Mpwu ceopaymrBa-
HUW UMNUHAPA HEATPUHO B KOJbLIO NepBOHaYasibHas noy-
TW CBETOBASA CKOPOCTb LUANHAPA HEMTPUHO He 06HYNsAeTCA.
OHa coxpaHsieTcs B KO/bLe, T.e. KObLO BEPTUTCA C MOYTU
CBETOBOW CKOPOCTbIO. KOHEYHO, MOKOALWMXCA CBOOOAHbIX
KO/IbLEBbIX HEMTPUHO HeT. CBO6OAHbIE LUIUHAPUYECKNE
HETPUHO CYLLECTBYHOT TO/IbKO B BUXXEHWUM C MOYTU CBETO-
BOW CKOPOCTbHIO. JIoKann3oBaHHble (KOJMbLEBbIE) HEMTPUHO
MOryT 6bITb TO/IbKO B COCTaBe ApYrux YacTuu, Hanpumep, B
HeliTpoHax. [M03ToMy B3anMofelicTBME ABYX HEMTPUHO MOX-
HO paccMaTpuBaTb, TO/IbKO OTB/IEKAACh OT [BYX MPOTOHOB U
[IBYX 3/1IeKTPOHOB B COCTaBe AByX HEATPOHOB, T.e. cumTas nux
OTCYTCTBYHOLWMMU. [1pU TaKNX naeann3vMpoBaHHbIX YCI0-
BUSIX ABa KO/bLEBbIX HEMTPUHO, KaXaoe, CTarneasa cpeny
Om-npocTpaHcTBa, 6yAyT B3aMMHO NOATArMBaTh ApYr Apyra
B COOTBETCTBUU C hopMynoi HerOTOHa 3aKOHa BCEMUPHOT0O
TAroTeHUs. Ecnu mexay HUMU HET HUKaKUX MaTepmanbHbIX
nperpag nan LeHTPOOeXHbIX CU, TO OHU BYAY T CONMXKATBLCS.
Conmxatbca 6yayT N0 NPUYMHE OTCYTCTBUSA COMPOTUBNEHUS
Om-cpeabl 1 nperpag Mmexay Humu. ConpoTmuBieHUs cpebl
Om-npocTpaHCcTBa HET MO TOW NPUYNHE, YTO ABMXKYLLMIACS
C MOYTU CBETOBOM CKOPOCTbIO BO36YXAEHHbIV 31eMeHT Om
B KOJ/IbLLE HEMTPUHO C TaKOM )Ke CKOPOCTbIO 3aMeHSETCH He-
BO30YXX/AEHHbIM 3/leMeHTOM 0_ 13 BHeLlHel cpefpbl 0, _-npo-
CTpaHCTBa Npu nepexone K HOBOM TOUYKe NpebbliBaHUA KOJb-
La HEMTPUHO. TaKoi 06MEH C MOYTM CBETOBOI CKOPOCTLHO
NPOMCXOAMUT MO BCEWM MOBEPXHOCTU pasgena Mexay ABUXY-
LWMMCS KOMbLLOM HEATPUHO 1 HENOABWUXXHOW OKPYXatoLLer
0,,-Cpeaoil.

Npesa noatankmBaHUsA HeGeCHbIX Ten Apyr K Apyry,
6epywas Hadano ewgé ot cmunocogoB LpeBHei dnnagbl,
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BOMPOC KacaeTcs U HeMTpMHO. Ecnn HeuTo poxaaeTcsa n3
Yero-To, TO 3TO YTO-TO AO/HKHO MMETh, MO MEHbLLEN Mepe,
3apo/blLl 3TOr0 HEYTO.

OcHoOBbIBasiCb Ha 3axBaTe aHTUHENTPUHO U 3IeKTPOHA
NPOTOHOM, MOXHO cAenatb NpeAnooXXeHne 0 CTPOEHUN
HenTpoHa. O TOM, Kak NMPOUCXoAUT 3axBaT aHTUHEATPUHO
NPOTOHOM HUYEro He N3BECTHO. MOXHO NpeAnoNioXUTb, YTO
aHTUHENTPUHO, KaK YyacTuua, MMelLas Kakyto-To opmy,
Hanpumep, LWANHAPA, «<HAaBOpPa4YMBaeTCsa» Ha MPOTOH, Y KO-
TOPOro MMeeTCs BHELUHUA TOP-NO3UTPOH. 3NeKTPUYecKun
HelTpanbHOMY aHTUHENTPUHO, NOJIOXKUTENbHO 3aPSHKEHHbI
NMO3UTPOH He MELLAeT ero «HaBopa4ymBaHuIo». MNonyyaeTcs
Kak 6bl BHELUHW TOp-aHTUHENTPUHO.

Ecnn Topy-3neKTpPOHY «HaBOpayuMBaTbCS» Ha TOP-Mo-
3UTPOH HEBO3MOXHO M3-3a aHHUTUNALUKN, TO Ha NMpomMe-
XXYTOYHbIA TOP-aHTUHEWTPUHO, NO-BUAMMOMY, MOXET.
ANeKTpUYecKn HENTpPasbHbIA TOP-aHTUHENTPUHO NPensT-
CTBYET «C/IMAHUNIO» 3N1eKTPOHA C NO3UTPOHOM C HEN36eXHOM
aHHUTNASLMEN.

NTak, Ha NPOTOH «HaBOPaYMBaKTCA» AaHTUHENTPUHO N
3NeKTPOH. B pe3ynbTaTte, NPOTOH CTAHOBUTCS HEMTPOHOM. HO
B CBOOOHOM COCTOSSHUM HEATPOH He CTabuneH, 1 Mo ncteve-
HUW NPUMEPHO 16 MUHYT pacnajaeTcs Ha MPOTOH, 3/1EKTPOH
N 31EKTPOHHOE aHTUHENTPUHO. CBO6OAHbIE MPOTOH, 3/1EK-
TPOH N aHTUHERTPUHO — CTabU/IbHbIE YacTULbI.

IIpoTon

Mcxoas M3 onmMcaHHOro NpearnonioXXeHns A0CTPOKM
NMPOTOHA /10 HEMTPOHA, MOXXHO HAMETUTbL CTPOEHME CAMOT0
NMpoToHa. Ha TOp-NO3MUTPOH «HAKPYUYMBaETCS» TOP-aHTUHEN-
TPUHO. Ha 3To 2-TopoBoe 06pa3oBaHMe «HAKPYUYMBAETCS»
TOP-371eKTPOH. Ha 3To 3-TOpoBOE 06pa3oBaHne «<HaKpyUMBa-
eTCs» TOp-aHTUHENTPMHO. Ha 3To 4-TopoBOe 06pa3oBaHme
«HaKpPYy4MBaAETCS» TOP-NO3NTPOH. Bcsi 5-TopoBast KOHCTPYK-
LM 3apsixKeHa NMosoXKMUTeNIbHbIM 3/1EMEHTapHbIM 3apsi10M.
3Ty KOHCTPYKLMI0O MOXHO MPUHSATL 3a AP0 NpoToHa. Ha
Hero MoryT noc/eoBaTe/lbHO «<HaBOpPa4MBaTbCS» 4-TOPOBbIE
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«3BEHbS» — C/I0M MU 060/104YKN, NOJOGHbIE 5-TOPOBOMY
4Py, Ho 6e3 LieHTpasibHOro No3nTpoHa. Macchl siapa npoTo-
Ha 1 HEOOXO0AMMOr0 KOMIMYECTBA «3BEHbLEB» B CYMME [10/1K-
Hbl AaTb Maccy NPoToHa. KONMYeCcTBO KOHLEHTPUYECKUNX
3BEHbEB HEOMNpPeAeNEHHO, MOTOMY UTO MacChl «CBSI3aHHbIX»
TaknM 06pa3omM No3UTPOHOB, aHTUHENTPUHO N 3IEKTPOHOB
MOFYT He PaBHSITbCSt MaccaM CBO60AHbIX MO3UTPOHOB, aHTU-
HEMNTPUHO U 3/IEKTPOHOB 3a CUET UX A0MOTHUTENLHOTO CXa-
TS BHYTPU CUCTEMbI B/IOXXEHHbIX KOHLIEHTPUYECKMX TOPOB.
Yem 6onblLe CXXaTue Ten TOPOoB, TeM 60/bLUe X Macchbl.

SAnpa aTomoB

MpoToH — aapo atoma Bogopoga (MpoTus). OH MoXeT
06pa3oBaTbCs B NpoLecce CaMONPON3BO/LHOrO pacnaga Heli-
TPOHa, Korga KMHeTuyecKasa aHepruna 3IeKTpoHa focTaTtovHa
AN TOro, YTOObI MOKUHYTb «Cepy» BNUAHNA NONOXKNTESb-
HOr0 3/1EKTPUYECKOro 3apsAa 0CcTaBLUEerocs nNpoToHa. NpoToH
MOXHO cUMTaTb NPOAYKTOM pacnaja HeliTpoHa. «Bblnetenn»
N3 HEro KparHne 31eKTPOH M 3NEKTPOHHOE «aHTUHENTPUHO.

KOHUEHTpUYeCcKMe Cnom TOpPOB CxXaThbl, T.e. Tena Ko-
NleL, CY>XeHbl, 1 OHM Ha CBEpPXMasibiX pacCTOAHMAX MopsaKa
(heMTOMETPOB OYEHb CU/IbLHO CTaTUYECKN N AUHAMUNYECKN
(NOTOKOBO) B3aMMOAENCTBYHOT. BO3MOXXHO, Ha CBEPXMasibIX
paccToAHUAX (Ha conpukKacaHUM TOPOB) HaMPSAXEHHOCTU
CUNOBbIX CTaTUYECKUX (TPaBUTaLMOHHbBIX) N AUHAMUNYECKNX
(anekTpuYeckmnx) None HapacTaroT 60/1ee YeM 06pPaTHO KBa-
APaTUYHO PacCTOAHUIO.

PaccmoTpum cTabunbHbii n3oton Bogopoga —
[JeliTepuin, y KOTOPOro S4p0 COCTOUT U3 MPOTOHA U HENTPO-
Ha. MNoyemy B CBA3Ke C MPOTOHOM HEMTPOH He pacnajgaeTcs
Ha NPOTOH, 3/IEKTPOH U «@HTUHENTPUHO»?

Moyemy ABa HyK/OHa B agpe [eriTepnsa cToNb CUBHO
«MPUKEEHbI» APYT K APYTY N HEMTPOH, CBA3aHHbINM B A4pe
C OPYTUM HYKJ/IOHaM, y)e He pacnajaeTcs Ha NPOTOH, 3/1eK-
TPOH Y 3/IEKTPOHHOE «aHTUHENTPUHO»?

B Sp-cpene BO3MOXHbI TO/MIbKO CTaTUYeCKue Cuo-
Bble rpaBUTaLMOHHbIE NOJA N AUHAMUYECKNe (MOTOKOBbLIE)
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CU/IOBble 3NIeKTPOMarHUTHble nons. Ans, Tak Ha3blBaeMblX,
ALEePHbIX CUNOBbIX MOMEN HeT Sp-cybCcTaHLUMaNbHbIX OCHO-
BaHU. CnefoBaTtesibHO, UCXOAUTb HYXXHO TO/IbKO N3 CTa-
TUYECKUX N ANHAMUYECKUX CUOBbIX MONen B Sp-cpese.
BO3MOXHO, NpU cBEPXMaSIbIX PpacCTOAHUAX HANPSXKEHHOCTU
3TUX CU/OBbIX NOJIEN HapacTarT He 06paTHO KBaApaTUYHO, a
60/1ee KPyTO C yMEHbLLEHMEM PACCTOAHMSA BMNJIOTh [0 COMNpU-
KOCHOBEHWSA TOPOB UCTUHHO 3/IEMEHTAPHbIX YacTuL,

MOXXHO NpeanonoXnTb, YTO HEMTPOH «AeNNTCA» CBOU-
MW KPanHUMN TOPOM-3/1EKTPOHOM U TOPOM-«aHTUHENTPU-
HO» C COCeJHUM MPOTOHOM. B 3TOM cnyyae, ABOIMHOM TOp:
3NIEKTPOH C «<aHTUHENTPUHO» KaK O6bl 06BOMaKMBaeET ABa Npo-
TOHa (04MH coceaHWUI, a APYro COGCTBEHHbIN), U ABOMHOE
NMPUTS>XKEHNE He MO3BOJIAET TOPY-3/IEKTPOHY N TOPY-«aHTU-
HeTPUHO» BbICBOBOXAATHCSA B X CBOGOAHbIE COCTOAHMS.

3T0 NoAo6HO B3aMMOENCTBUIO aTOMOB B MOJIEKYe
Booopopa, Korga cBs3b Mexay atoMamMu OCYLLLEeCTB/ISETCA
«KONNEKTUBM3aLMEN» 060UX INEKTPOHOB B OHY HaCbILEH-
HYH0 3/IEKTPOHHYIO 060/104KY C IBYMSA S-3/IEKTPOHAMU Mpo-
TUBOMOJIOXHbIX CIMHOB, HO B ropa3go MeHbLMX (BHYTpU-
AfepHbIX) 06BbEMax. COOTBETCTBEHHO U CUJIbl CUEN/IEHUSA
HecpaBHeHHO 6o/bLUMe, YeM MeXAay aTomamun Bogopogaa B
Mosiekyne Bogopoga.

Mo-BnANMOMY, TPU HYK/IOHA B i4pe YXXe He 06pa30BbI-
BalOT CTabUIbHOMN «06BONOYKN»: (TOP-31EKTPOH)+(TOp-«aH-
TUHEATPUHO). O6 3TOM CBNAETENLCTBYOT HECTabUNBHOCTb
aapa TPUTUSA U HUYTOXHOe cogepXaHue MNenna-3 no cpas-
HeHuto ¢ l'ennem-4 B npupoaHom lenvn. Aapo lenva-4
(a-yacTuya) MMeeT ABa NPOTOHa M ABa HeliTpoHa. CKopee
BCEro, OHW pacrnpegensaTcs No ABYM BbILLEONMUCAHHbIM
CTabubHbIM Napam: NPOTOH-HENTPOH; HENTPOH-MPOTOH.
3T0 nepBoe, Tak Ha3biBaeMoe, ABaX bl Marnyeckoe a4po,
o6najatoLLee NoBbILLEHHOW YCTOMYMBOCTLHO. M0-BUAMMOMY,
NOBbILLEHWE YCTOMYNBOCTU CBA3AHO C TEM, YTO Napbl C 06LLei
BHELLHEN «06BOMOYKON». (TOP-3M1EKTPOH)+(TOpP-«aHTUHEN-
TPUHO») pacriofiaraloTca He psagoM («niawmsa»), a B «CTomM-
Ky», O4VH HaJ APYTMM COOCHO U «BIMPUTbIK». B 3TOM cnyyae
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MOTOKW BHYTPW TOPOB NapasnsiesibHbl 1 OHN OYEeHb CUSILHO
NPUTATMBAlOT (CK/IENBAOT) TOPbI APYT K APYTY.

Ecnn 4 Takue «CTOMKW» pa3MeLLaloTcs «naaMs» U «Ky-
O6MUYHO» 6IM3KO APYT K APYTY, TO UMEEM CleflyIoLLee ABaX bl
Marm4yeckoe A4po atoMa Kucnopoga — caMoro pacnpocTtpa-
HEHHOrO 3/1eMeHTa Ha 3emM/ie N BO BCeX APYrux cpaBHU-
TesIbHO X0N04HbIX HEGECHbIX Tenax M MnblfeBblX YacTULax B
KocmMuyeckom Sp-npocTpaHCTBe.

SIpychl 3/71eMEeHTOB 1 MaTepuu BO BcesreHHOI

BHyTpeHHee 1 BHellHee B 06bI4EHHOM CMbIC/e COBEp-
LLIEHHO AACHble MNOHATUA. BOT ap6y3. BHyTpeHHOCTb apby3a
COBEPLUEHHO MOHATHA KaXX0MY, OHa cnajkas, BOAsSHUCTas,
C ceMeyKamu. BHellHee TOXe NOHATHO — BO34YX, U BOAA,
ecnu ap6ys Norpy>eH B BoAy AN oxNaxaeHus. BoT 3emns.
Tponocepa, rmgpoctepa, MaHTUSA, 4p0. BoBHe — BO34YyLU-
Has aTMocepa n cTpatocdepa, Aanee noHocgepa, Kocmoc.
BoT JlyHa. JIyHHbIW FTPYHT C KpaTepamMu 1 ropamu, BOKpPYT
Kocmoc. A KaK y 3f1eKTpoHa? 3[ecb He BCE TaK SICHO KaK C Te-
namu, HebecHbIMU Tenamu. Ecnm pasmepbl TeN MOXHO 13-
MEPUTb, TO pa3Mep 3/1IEKTPOHA He n3mepum. Mo nocnegHUM
AaHHbIM NONepeyYHUK 3/1IEKTPOHA OLeHMBaeTCA (heMToMe-
Tpamu (107 m). Ho siBnsieTcA N1 3TO FpaHuLEern aNeKTpoHa,
WAN TONbKO rNYOGUHOW TEOPeTUYECKOro «30HAMPOBaHUA»
anekTpoHa? MpeAnonoXmnMm, YTo 3TO — 3aMKHYyTas rpaHmua,
«MOBEPXHOCTb». TYT )e BO3HMKaeT BONpPOC, YTO (?) BHYTpU 1
4TO (?) BOBHE OT «NOBEPXHOCTU» 3NEKTPOHA? N3BECTHO, YTO
«HEeMnoABMXHbIV» 31EKTPOH NPOSABASETCS B 1abopaTopHOii
cYcTeMe OTCUETA 3NIEKTPUYECKMM MOJEM, a «MOABUXHbI»
B 9TOM XKe cUcTemMe OTCUETA eLle U MarHUTHbLIM NONEM, KO-
TOpble BO34ENCTBYIOT Ha ApYyrue 3M1eKTPOHbI U MPOTOHbI Ha
MaKpocKonu4yeckux (Hanpumep, oT 1 MM 1 6051ee) paccTos-
HUAX. [paBUTaLNOHHOE NOoJie UCK/oYaeM N3 pacCMOTPEHUS,
BBUAY ero cnabocTun Ha AecATKN NOPSAKOB MO CPaBHEHUIO C
3NEKTPUYECKUM U MarHUTHbIM NONAMU. Hafo ckasaTb, 4TO
Ha CeroAHSALWHNM AeHb HUYEro He N3BECTHO O BHYTPEHHO-
CTW 3N1eKTPOHA, a BHE 3/1EKTPOHA CUMUTAIOT: KTO «(hU3nYeCKNii
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BaKyyM», KTO MyCTOe reoMeTpmyeckoe TpEXxmMepHoe Mpo-
CTPaHCTBO, KTO ahnp. «PU3NYeCKUi BaKyyM» — HEKasA cpefa,
coCTOALaA N3 BUPTYasbHbIX (HECYLLLECTBYIOLLNX B peasibHO-
CTW) 3/IeMeHTapHbIX YacTuy, B nyctoTe. 3To B CM aflemeHTap-
HbIX YacTuy,. B CTO n OTO — nycToe reoMeTpmyecKoe npo-
CTPaHCTBO. B pa3HbIX Moenax ampa — BUXPU, TPaBUTOHBI,
3/IeKTPUYECKUE N MarHUTHbIE AUMONU U MOHOMONH, ..., HEKKE
OoCLUMNNATOPbLI B NycTOTe. Kak BUAHO, Be3ae (Urypupyet ny-
cToTa. Ho nycToTa B npeAe/sibHOM CMbIC/ie — 3TO OTCYTCTBUE
yero 6bl TO HM 6bI110, Becero. Takoro o6bekTa B Npupoae HeT
M O6bITb HE MOXET. Hanbonee 6/1m3Ka TouKa EBKnnaa 6e3 Bcex
peanbHbIX TPEX UamepeHuin. I Toukn EBknnga B Mpupogae
HeT. [lycToTa — OTCYTCTBME, TOUKA — OTCYyTCTBUE. Ecnm A=C
n B=C, To A=B, T.e. nycToTa = TouKa (Touka EBknnaa). Takum
06pa3om, BHYTPU 3/1EKTPOHA HEN3BECTHO YTO, Y BOBHE 3/1EK-
TPOHa TOXe HeM3BeCTHO UTo. Ho, Begb, «4TO-TO» JOIKHO
ObITb BHYTPY 3N1EKTPOHA. «<HNUTO» BHYTPU 3N1EKTPOHA HMKaK
He MOXEeT ObITb, MHAYe U 3N1EKTPOHA He 6b1/10 Obl. INEKTPOH
BCe-Taku «4TO-TO», MPUYEM CTabUBLHOE, BO3MOXHO, BEYHOE,
€C/IN He CTaJIKUBaeTCA C APYTrUMM aneMeHTapHbIMUM YyacTu-
uamu. 3T1o «4YTO-TO» coAep)KaTb BHYTPU cebs, COCTOATbL U3
«HUYTO» HE MOXET HU B KoeM cniyyae. 13 «<HUUYTO» MoXKeT
COCTOATb TOMIbKO «HNYTO», HO HM B KOEM C/lyyae He «4TO-TOo».
OTcrofa BbITEKAET, YTO B 3/IEKTPOHE A0/HKHO ObITh «HYTO-TOY,
YTO-TO MaTepuasbHoe, NyCcTh, JOMaTepPUanbHoOe, NpamMmare-
puanbHoe, nepsomMaTepuasibHoe, c NH60M NPUCTaBKOM nepes
KOPHEM «MaTepuasibHoe», peasibHO CYLLLeCTBYOLLEM B HaLLEM
TpéxmepHOM Mupe.

A UTO BOBHE 3/1eKTPOHA? [0BOPAT, 3/IEKTPUYECKOE MOoJ1e
3/1eKTPOHA CYyLLIeCTBYeT U Ha 6eCKOHeYHOCTW. He rnokasaHo,
HO, «MYCTb roBOPATI» PaKT Xe B TOM, YTO 3/IEKTPOH U Ha ca-
MOM fefie B «U3NYECKOM BaKyyMe» B3aUMOIENCTBYET C
APYTUM 3N1eKTPOHOM Ha MaKpPOCKOMUYECKUX PacCCTOAHUAX MO
CPaBHEHWUIO C NX «Pa3mMepoM». EC/in BOBHe 3/1eKTpPOHa MycTo-
Ta, <HN4YTO», TO CrpawmnBaeTcs, KakKum 06pa3om 3/71eKTPOH
BO3/elCTBYET Ha APYroM 3N1eKTPOH Yepe3 HNUTo? Hukakum.
Yepe3 «HMUYTO» He MOXeT OCYLLeCTBNATbCA HUKaKoe

179



B3aMMOZeNCcTBMe. 3HAUUT, U BHE 3/1eKTPOHAa 3TOro «<HUYTO»
HEe MOXET ObITb. EC/ «HNUTO» He MOXET 6bIThb, TOTAa, AO/K-
HO ObITb ero oTpuuaHmne (MPOTUBOMOJIOXHOE) — «HTO-TO».
«YTO-TO» BHYTPU U «HTO-TO» BHE 3/1EKTPOHA. BO3HMKAET ove-
peaHoli BOonpoc: 3To «4TO-To» OAUHAKOBOE N BHYTPWU, N BHE
3neKTpoHa? KavyecTBEHHO O4MHAKOBOE, HO He 0653aTeNbHO
KO/TMYECTBEHHO. Y KayecTBa «4YTO-TO», BOSMOXHO, eCTb KO-
NNYeCcTBEHHOE pa3finyeHmne. BozbMéM «4YTO-TO», KOTOPOE BHe
3NeKTpoHa. ATO «YTO-TO» 3KCNEePUMEHTASIbHO (PU3NYECKON,
TEXHNYECKU N3MEPUMOI «HaMPSAXEHHOCTbIO 3/1EKTPUYECKO-
ro Nnonsi») NokKasblBaeT, YTO OHO KOJINYECTBEHHO MEHAETCS C
pPaccTOSTHMEM OT «MOBEPXHOCTU» 3/IEKTPOHA, MPUYEM, COBEP-
LWeHHOo onpeAenéHHo, 06paTHO-KBaApaTMYHO OT paccTos-
HUsA. CnefoBaTtesibHO, PyHAaMEHTalbHOe KavyecTBO «4TO-TO»
MEHSAETCA KOHKPETHbIM KO/IMYECTBOM (PU3NYECKOM Hanps-
YXEHHOCTW 3/1eKTPUYECKOr0 MOoJis 3/1eKTPoHa 0T Boobpaxkae-
MOrO «Tefia 3/1eKTPOHa» A0, BO3MOXXHO, 6ECKOHEYHOM Masioi
B 6eCKOHeYHOCTU. O6paTHO-KBaApPaTUYHO OT PacCcTOAHUSA
N3MeHSEeTCA HanPsHXKEHHOCTb 3/1eKTPMUYeCcKoro nons. Ho Ha-
NPSYXEHHOCTb 3/IEKTPUYECKOr 0 Mo TONIbKO KOSIMYECTBEHHO
NposiBASET CYLHOCTb KayecTBa «4TO-TO» Ha paBHOYAaEH-
HbIX PACCTOAHUAX OT 3/1IEKTPOHA, T.e. HA KOHLUEHTPUYECKUNX
chepax COOTBETCTBYOLWMX pagmnycoB. MoBEPXHOCTN KOHLEH-
TpUYeckunx cgpep NPonopLmoHanbHbl KBagpaTtamMm pajnycos.
Mo3TOMy MOHATHO y6bIBaHME HaMPSHXXEHHOCTU 3NeKTpuYe-
CKOro Noss 3/IeKTpPOHa 06paTHO-KBaApaTUYHO PacCTOAHMIO.
3TO YNCTO KONMYECTBEHHOE pacnpefeneHne pu3nyvecko
BE/IMYUNHbI (XapaKTEPUCTUKM) HANPSAXKEHHOCTUN 3/1eKTpUYe-
CKOro nons. Takoe pacnpegeneHne eCTeCTBEHHO B TPEXMep-
HOW OAHOPOAHOW N30TPOMNHOM cpeae. CnefoBaTeNibHO, caMa
byHOamMeHTaNbHasA CYLWHOCTb «cpega» O4HOpPOAHA U
N30TPOMNHa, a pacnpeaeneHme prusnyecKom xapakTepmcTKmn
HaMpPsH>KEHHOCTWN 3N1EKTPUYECKOrO MO/ 3/1eKTPOHA He YTOo
NHOE, KaK NOBEPXHOCTHASA «MJI0THOCTb» APYTron (PU3nNYeCKo
CYLLHOCTM — 3/IEKTPMYECKOro 3aps/a 3/1eKTpPoHa. Tak, YTo xe
Takoe «4YTO-TO» BHYTPU 3/1EKTPOHA N «HTO-TO» BHE 3/1eKTPO-
Ha? UToObl paccyXjaTb O «BHYTPU» U «BHE» 3/IEKTPOHA,
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HY>XHO 3HaTb pa3mep, POpPMYy 3N1eKTPOHA. A C HUMU COBep-
LWeHHelLWan HeonpeaenéHHOCTb. Ecnm K nocnegHUM ougH-
KaM pa3mepa 3/IeKTPOHa B (PeEMTOMETPAXx, BCMIOMHUTL 60POB-
CKUI pagnyc, U eLlle BHELLHWE 3/1eKTPOHbI B P1a6eproBcKoM
atome, TO NOslyYaeTcsa AnanasoH WUpuUHoi 6onee 11 nopsa-
KOB OT pamMTOMeTpa A0 MUKpPOoHa. O KaKoi onpeaenéHHom
thopme 1 pasmepax 3N1eKTPOHA MOXXHO rOBOPUTL B TaKUX yC-
nosuAx? OnpenenéHHoM MOBEPXHOCTU pasfena Mexagy
«BHYTPb» N «BHE» 3/IEKTPOHA (PaKTUYECKN HeT. MOXXHO roBo-
pUTb NNLWb 06 N3MEHEHUIN (DN3NYECKON XapaKTEPUCTUKM NO-
BEPXHOCTHOW MJIOTHOCTU (PU3NYECKOM CYLLLHOCTN 3NEKTPU-
YeCKOro 3apsafa OT «LeHTpa 3/1eKTpoHay». Hanps>KEHHOCTb
3/IEKTPUYECKOrO MOJIA OKa3bIBaeTCA CTPOro NPornopLoHasib-
HOW «MOBEPXHOCTHOWM MNJIOTHOCTU» APYTOi (PU3NYECKO CyLL-
HOCTW — 3/IEKTPUYECKOr0 3apsaaa. 3aKOHOMEPHOE e ybbiBa-
HMe HanpaXEéHHOCTU 3/IEKTPUYECKOTo TMONA Ha
KOHLEHTPUYECKNX chepax yKa3blBaeT Ha O4HOPOAHYIO
N30TpONHYto cpedy. CnegoBaTesibHO, <BHYTPU» U BO «BHE»
3/IeEKTPOHa OfHa M Ta Xe (PpyHAamMeHTa/bHas CyLHOCTb —
npamarepuanibHas HerpepbiBHaA cpesa, U «4YTo-To» «BHY-
TPW» 1 BO «BHE» 3/1IEKTPOHA O HOW Npuposbl. ATO «4TO-TO»
— Sp nnn 6onee o610 Spti (3cnuTaii). PacCMOTPEHHbIN YacT-
HbIlA CNyYar «BHYTPU» N «BHE» AO/MHKEH ObITb pacnpocTpaHeH
Ha BCIo BceneHHy0. MoTOMY 4TO Npo6/ieMa «BHYTPU» U «BHE»
3aTparvBaeT BCHO BceneHHyto. TpaguUMOHHO (MPUBLIYHO)
noj matepueli MOHUMAKT AUCKPETHbIE MaTepuabHble 06b-
eKTbl: 3/1IeMeHTapHble YacTuULbl, HYK/IOHbI, aTOMbI, MOJIEKY-
Nbl, Tena, HebecHble Tena. Tpagnuma (NpMBbIvKa) bblna 3aso-
XXeHa elé B aHTUYHbIe BpeMeHa C NMOHATUEM HEBULNMbIX
HefeNnuMbIX (YacTuL), ABVXKYLLMXCA B NyCTOTe. Ha3biBanu
3TV HeJeNVMble YacTULLbl aTOMaMu, amepamun. Korga oTKpbl-
v HeBngumble Kucnopop, Bogopon, A30T, UX C BOOAYLLIEB-
NIeHNEeM MPUHANN 3a HefeNMble aToMbl. Ho K 40-Mm rogam
MPOLL/IOro BeKa yCTaHOBWU/IN, YTO MOJIEKY/Ibl COCTOAT N3 aTo-
MOB, @ aTOMbl COCTOAT N3 MPOTOHOB, HENTPOHOB, 3N1EKTPO-
HOB. Ha cerogHALWHUNA AeHb OTKPbIIN YXXe COTHU «3/1IeMEH-
TapHbIX» YacTuL,. CYMTalOT, YTO HEUTPOH, NPOTOH U Apyrue
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MacCUBHble 3/1IeMEHTapHbIe YacTULbl COCTOAT N3 KBapKOB,
KOTOpbIX 3a 60/1ee YeM NMOYBEKOBY UCTOPUIO NX TEOPeTU-
YeCcKOro BBeZleHUS Tak U He 0OHapY>XU/n aKcrnepumMeHTa  b-
HO. MOXXHO roBOpUTb, YTO 3/1EKTPOH SABNAETCA UCTUHHO 3/1e-
MEHTapHOW cTabubHOM YacTuLel. 3a 60/1ee YeM CTONETHIOK
NCTOPUIO ero MHTEHCUBHbIX 3KCNEPUMEHTa/IbHbIX UcCneno-
BaHW, TEXHUYECKNX N NMPOM3BOACTBEHHbLIX MPUMEHEHUA
TakK 1N He 06HapPYXXNNN «COCTaBASAIOLWMNX 3NEeKTPOHa». Taknm
06pa3om, AUCKpeTHast MaccoBasi MaTepus BceneHHOM, MOX-
HO rOBOPUTb, HAYMHAETCA CO CTAbU/IbHbIX 3/IEKTPOHA, NO3U-
TPOHa 1 COOTBETCTBYIOLLNX HENTPUHO. YPOBHEWN NN APYCOB
[ANCKPETHOM MaTepumn AOBOSIbHO MHOrFO: aTOMbl, MOJIEKY /b,
KpUCTan/ibl, HAHOYACTULLbl, MMKPOYacTULbl, TeNna, HebecHble
Tena, 3Be3[Hble CUCTEMbI, FaNakTUKK, ralakTUyeckKme cucTe-
Mbl, CKOM/IEHVSI UNW KNacTepbl ranakTuK, ... . 3T pakTnye-
CKMe 3HaHUA 0 BcenleHHO 3aKOHOMEPHO MopoXaatoT Tpaau-
LMo (NPUBBIYKY) MbILLIEHUS O MHOTOSIPYCHOCTM BceneHHo,
faxe 6eCKOHEeYHO-APYCHOCTU BceneHHOM, BIOXKEHHOCTU
ApycoB, 6ECKOHEYHO-MaTpPELLeYHOCTM BceneHHON. B 3ToiA
TpaguLnM MbILLIEHUS, KOHEYHO, €CTb CMbIC/T, O4EBUAHbIN N3
APYCHOCTU BceneHHOM OT HEMTPMHO A0 CKOMMEHUN ranak-
TUK. Ho acTpanonaums spycCHOCTY Ha YPOBHU HUKE HENTPU-
HO He MMeeT HU IKCMEPUMEHTA/IbHOTO, HX HabNoAaTeIbHOr 0
OocHOBaHUA. Mo3aToMy pa3yMHO 6yZeT orpaHnyYnTbL (nonara-
eM, Ha rpagyLine 61mxHue cToneTus, No MeHbLUENn Mepe)
«MaTpeéLKy BceneHHoM» npefenbHO HMKHUM SpYycoOM —
AcnuTanem. AcnuTar abcoNtoTHO Hepa3pbIBEH, U, KaK cref-
CTBWe, abCOMOTHO HemnpepbIBEH, YTO 03HaYaeT ero 6eckoHeuY-
HOCTb W BEYHOCTb, a TaKXe O0eCcCTPYKTYpPHOCTb.
PacnpocTpaHeHO MHeHMe (Tpaguums, NnpuBbivYka CO3HaHUS)
0 TOM, YTO TaKUMW MOHATUSMU (CBOMCTBAMM, XapaKTepu-
CTUKaMW MaTepumn) Kak: 3Heprus, UMNysabc, MOMEHT UM-
nynbca, cuna XxapakTepn3yroTcs TONbKO ABUXKYLLMECH ANC-
KpeTHble MaTepuasibHble 06bEKTbI, 061ajatoLLme Maccoi. N3
TaKoM TpaguLUM MbILLIEHUS CNeayeT, YTO HEeMOABVDKHbIN
HeNpepbIBHbIA IcnNnUTal, He o6agatouULni Maccon, NNLLEH
BCEX BblWeNnepevYncieHHbIX (QU3NYEeCKUX CBOWNCTB
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(xapaKTepucTUK). dcnuTar HepaspbIiBEH U HEMPepPbIBEH MO
onpegeneHnto. OnpejeneHre OCHOBLIBA/IOCh HA TOYKe 3pe-
HWUSA O Hepas3pbIBHOCTU N HEMpPEepbIBHOCTU OL4HOPOLAHOIO
M30TPOMHOro NPOCTPaHCTBa, KoTopas ycTosAnacb B opuuu-
anbHOM Hayke. A Sp (Space) 1 ecTb NPOCTPaHCTBO — ecTe-
CTBEHHbI 3/1eMeHT BceneHHON. Hepa3pbIBHOCTL Sp 03Ha4aeT
NPOYHOCTb, BO3MOXHO, 6€CKOHEYHY0 MPOYHOCTb CBA3EN
MeXAy No6bIMU 6ECKOHEYHO MasibIMU 3/leMeHTaMn 06bEMa
ero. CBs3um e NPUHATO XapaKTepn3oBaTb 3HEPTUAMU U CU-
namm cBsasen. VIMnynbc 1 MOMEHT UMY/ bCa UMEKOT TOJIbKO
ABVKYLLIMECS MAcCOBble YacTuubl U Tesa. NMo3ToMy B «4un-
CTOM» HEMOABMXXHOM Sp TaKMX CBOMCTB (XapaKTepPUCTUK),
KOHEeYHO, HeT. HO «4ncTOoro» Sp npakTuyecku HeT. Notomy
YTO B JINTPE KOCMWYECKOr0 NPOCTPaHCTBA, CYNTAIOT, CTaTu-
CTUYECKN U UHAMWNYECKMN COAEPXKUTCA OKOJIO OA4HOI0 MUJ-
/INOHA HENTPUHO M (DOTOHOB, ABUXXYLLMXCA M0 BCEM Harpas-
neHvam. OHM obnagaloT UMNynbcaMmu U CNMHaMU, T.e.
MOMeHTaMu UMIMy/bCOB. TakKuM 06pa3om, B peasibHOM (He
4ynMcTom, abCTpaKTHOM) Sp MMeeTCAa HEKOTOpbIA Habop
CBOWCTB (XapaKTepucTuk) matepumn. CnegyeT 06paTuTb BHU-
MaHue Ha TO, YTO NOJIHbIA HEO6X0ANMBbI HAbOp CBOMCTB (Xa-
PaKTEPUCTUK) UMEETCH MMEHHO «B», T.e. «BHYTpuU» Sp.
MoHATUSA «BHE» Sp NMOMPOCTY HET, MOTOMY UYTO abCoNoTHasA
HEMpPepPbIBHOCTb SP UCKJ/IHOYAeT Ha/nm4yme «BHe» Sp. Sp unu
AcnuTar 6eCKOHEYHOBEYEH, N HET HNYETO BHE 3TOMN 6ecKo-
HEYHOBEYHOCTW. B3rnaz co CTOPOHbI (M3 «BHE») HEBO3MOXXEH.
Ha 6eCcKOHeYHY0 1 BeYHYo BceneHHY0 HEBO3MOXHO B3rNs-
HYTb U3 «BHe» BceneHHoM, NOTOMY YTO TyAa HEBO3MOXHO
nonacTb. Hepa3spbIBHbIA, a6CONMNOTHO HeENpPepPbIBHbIA ScnuTa
M ecTb cama BceneHHas ¢ ourypamu (dhopmamu) Bo3byxae-
HNA «4UCTOro» Sp B 3/IEMEHTAPHbIX YacTuLax, HyK/IOHax u3
3/1eMEHTapHbIX YacTUL,, aTOMax U3 3/IeMeHTapHbIX YacTuL, 1
HYKJIOHOB, MOJIEKY/1ax U3 aTOMOB, HaHOYacTULLaX U3 aTOMOB
M MONEKY/, Tenax N3 HaHo4acTuu, HebecHbIX Tenax u3 Ten,
CUCTEM HebeCHbIX Tes1 N3 HebeCHbIX TeN. BCAKNIA ypOBEHb,
APYC MaTepum COCTOUT U3 Yero-To «BHYTPEeHHero» 1 n3 Yero-
TO «BHELHero», pa3fenéHHoro rpaHuuein, HeKoew
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NOBEPXHOCTbIO B TPEXMepPHOM Mupe. MOXXHO roBOpUTb, YTO
KaXbl ApYC MMEET HWDKHIOW U BEPXHIOW rpaHuLly.
OTCyTCTBUE Xe Y Sp «BHELLUHEro» OT HecyLllecTBYHLLeM
«BEPXHEeW rpaHuLbl» U BCEro TOr0, YTO MOXET ObITb OT HE€ BO
«BHE», a TaKXXe OTCYTCTBUE «HUXXHEW rpaHuULibl» BCNeACTBUE
ero abco/toTHOM HENPEPbIBHOCTU, onpeaesnseT ero Kak Mu-
HMUManbHbIW, HYNEBOW SipYC.

0. Sp — HWXHWI Npefen SpycHOCTU BceneHHON. B aTomM
HVXXHernpeaebHOM, MOXHO roBOpUTb, abCONOTHOM sipyce
NMEKTCHA BHYTPEHHME Hepa3pbIBHbIE CBA3W, XapaKTepuaye-
Mble, BO3MOXHO, U fjlaXke, CKOpee BCcero, 6eCKOHEeYHOW CU/ION
1 aHeprueii (@6ConoTHOM CUIOM N abCONIOTHON 3Hepruet), n
ABVKeHME (POTOHOB N HEMTPUHO C abCONOTHOW CKOPOCTbIO
cBeTa B BakyyMme (a6Co/toTHOE ABUXKEHME). BUXEHNE, TEM
6onee, abCcoNOTHOE ABMXEHWE 061a4aeT UMMY/IbCOM U CMNK-
HOM, T.e. MOMEHTOM UMMYy/ibca. Takum 06pa3omM, HUXKHernpe-
[enbHbl apyc 06nagaeT noaHbIM HAGOPOM OCHOBHbIX PU3K-
YeCKUX CBOWCTB (XapaKTepucTuK).

1. Mocne HyneBoro sipyca, 04eBUAHO, AO/HKEH NOCNe0-
BaTb 1-bIil Apyc. YTO coboli NnpeacTaBnsAeT nepsblii Apyc Ma-
Tepuun? ANCKpeTHbIE MaTepuasibHble 06BEKTbI, ABMXKYLLMECH
C OTHOCUTE/IbHOM CKOPOCTbO, MEeHbLLE abCOMOTHOM CKOPO-
CTW cBeTa B BakyyMe. MepBbIMW TaKMMU 06beKTaMmu 1-ro
sApyca ABNAITCA UCTUHHbIE CTabU/bHbIE 3/lEMEHTapHbIe Ya-
CcTuubl, 06nagarouine Macco. 3TO — HEMTPMHO, 3/IEKTPOHDI
1N NO3NTPOHBI.

2. HyKNOHbI He ABNAKOTCA UCTUHHO 3/1eMeHTapHbIMM
(HegeNUMbIMK) YacTULLAMM, & COCTaBHbIMU, TO/IbKO HE U3 Te-
OpeTUYECKNX KBApKOB, a U3 NO3UTPOHOB, 3/IEKTPOHOB, JIOKa-
JIN30BaHHbIX HEMTPUHO N aHTUHENTPUHO. HYK/IOHbI MOXHO
cuMTaTb BTOPbIM APYyCOM MaTepuanbHoli BeceneHHO.

3. CtabunbHble NPOTOHbI U HeCcTabu/bHble HEMTPOHbI
06pasytoT cTabusbHble agpa Fennsa. IX MoXXHO cuuTaTtb Tpe-
TbUM SIPYCOM MaTepuasibHOW BceneHHOM.

4. CTabu/bHble 3/1EKTPOHbI U CTabubHbIe AApa aTOMOB
06pas3ytoT cTabubHble aTOMbl, KOTOPbIE MOXHO CHUTATb YeT-
BEPTbIM APYCOM MaTepuasibHOW BceneHHOM.
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5. ATOMbl COEAVHAOTCA BO BCEBO3MOXHbIE CTabuNbHblE
MOJIEKY bl, aMOPMHbIE N KpUCTaNINYECKNE HaHOYacTULbl,
KOTOpble MOXHO cUMTaTb NATbIM APYyCOM MaTepuanbHoOM
BceneHHOIA.

6. HaHo4acTumubl coegmMHAKTCA B (DU3NYECKME MaKpPO-
CKOMMYecKme Tena, CocTaBNSAOLLIME LLECTOM SipyC MaTepmasnb-
HOIn BceneHHOI.

7. dn3nyeckmne Tena 06bLEANHATCA B HEGECHbIE Tena,
cocTaBnsAoWMe cebMo ipyc MaTepmanbHO BceneHHON.

8. HebecHble Tena 06begNHAKTCS B CUCTEMbI Hebec-
HbIX Ten, coCTaBNsAwLWMe BOCbMOW SpyCc MaTepuasibHOM
BceneHHOIA.

TaknmM 06pa3oM, BMECTE C HY/1eBbIM SIpyCOM Cy6CTaHL M-
anbHO-MaTepuasnibHas BceneHHasa cocTonT U3 9-TU APYCOB.
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Yacts IV.
Hauana 9couiorum

IIpenpucinoBue Kk Yactu IV

PacwpeHne CuUcTeMbl XMMNYECKUX 3JIEMEHTOB [0
CuncTeMbl eCTeCTBEHHbIX 3/1IEMEHTOB BceneHHON, 3aTparm-
BatoLlee OCHOBbl MUpo3aaHns, He MOXeT BbITb 060 AeHO
eCTeCTBEHHOHaY4YHbIM (punnocopckmnm) ob6oblieHnem. B
9TOM pasfene nNpeacTaBsgTCAa onpegeneHns, NPUHLUNbI,
NOCTyNaTbl M aKCMOMbI Ha4as1 BO33PEHUS, CBA3aHHbIX C 0606-
LWeHneM YpPoBHeBOW CUCTEMbl XMMNYECKNX 3NIEMEHTOB [0
YpoBHeBOM CUCTEMbI ECTECTBEHHbIX 3/IEMEHTOB BCenleHHOMN.

Onpepenenue

Sp-norvs o3HavyaeT BO33peEHME, CBA3AHHOE C 3/IeMeH-
ToM Sp. Ha3BaHue 3TOro anemeHTa Cnaiicest OT cnosa Space —
MpocTtpaHcTBo (Kocmoc). «Bcé» 03HavaeT HepaspbIBHYHO He-
MpepbIBHYO abCOMOTHYH CyO6CTaHLMIO Sp, a «BO Becém» — n
B NPOCTpaHCTBe BceneHHOM, 1 BO BCEM MHOroobpasmn MHo-
XeCTB AUCKPETHbIX MaTepuasibHbIX 06beKTOB BceneHHOM:
3/1IEMEHTaPHbIX YacTuL,, aTOMOB, MOJIEKY/, Te/, HEOECHbIX Tefl.

IIpuaununsl Havan 3cnmuaorumn

1. MpvHumn EguHcTBa BeeneHHoit: BCto BeceneHHyto (M He-
npepbIiBHOE NpOCTPaHCTBO, 1 BCE MHOroobpasne AUCKpeT-
HbIX MaTepuasibHbIX 06 LEKTOB) COCTaBNAET eANHAA HeMnpe-
pbiBHas abcontoTHasa cybcTaHUMA — Sp-3/1eMeHT CUCTeMbI U
LWKa bl eECTECTBEHHbIX 3/1EMEHTOB BceneHHOIA.

2. MpuHUMN 6bITNA-HEbLITUA: cybCcTaHUUM N MaTepUn —
ObITb, HECYOCTAHLMU N HEMATEePUN — He ObIThb.

3. MpuHUMN 6bITKA BbITUA: a6COMIOTHOE ABUXEHME OT
«CYyOCTaHLUUM — BbITb» K «HECYOCTaHU NN — He ObITb».

4. MpuHUMN LeHTpr3ma hrsnmyecknx nonein Bo BeeneHHoIA:

Marsble (beCKOHEeYHO MaJsible) CABUTOBbIE AedopMan v B
abCoNOTHOM cpefe 3aMKHYTbl M N0/t HANPSHKEHHOCTEN OT
Takux gehopMaLini — LieHTpasbHble.
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5. MprHUMN coxpaHeHus

Sp anemeHTa CUCTEMbI U LLIKA bl ECTECTBEHHbIX 3/1EMEH-
TOB BceneHHoOW.

6. MpuHUMN coxpaHeHnsa abCcooTHOrO ABUXKEHNS.

7. MpuHumn rno6anbHOCT Y abCcoNTHOMO B3aviMOAENC T BUS
a6CoMOTHBLIM ABUXKEHNEM.

ITocTynarsl Hauan 3cnuiorun

1. MpocTpaHCcTBO BeeneHHo NpeAcTaBNseT co60ii CnoLL-
Hyto (Hepas3pbIBHYH0, HEMPEPbIBHY0) Sp-cpedy 13 Sp-anemMeHTa —
6e3MacCoBOro 3/1eK TPOHE T PasIbHOro 6eCKOHEYHOTO TPEXMEPHO-
ro 06béMa-npocTpaHc TBa.

2. B abcontoTHoi Sp-cpe/ie HEBO3MOXKHbI MOCTYNaTe bHbIE
[ABV>KEHUS 3/1EMEHTOB 06bEMa. BO3MOXKHbI TO/bKO BUPTYasib-
Hble 3aMKHY Tble CABWUTA He BeayLIMe K 06bEMHbIM V3MEHEHUSIM,
HO CO3/atoLLIMe PearbHble HaMPSIXKEHHOC TV CU/OBbIX MO/EA.

3. 3aMKHy Tble CABUIOBbIE YNpyrue aedopmaLium abeonioT -
HOVi Cy6CTaHLMM Sp-cpe/bl CO3AaKT MOAS W BOJHbI YNPYTUX CABW-
FOBbIX HAMPSYXKEHHOCTEN, pacnpocTpaHsIoLLIMECS C aBCOMOTHOVA
CKOPOCTbI0 B a6COMOTHOI Sp-cpeae BceneHHoiA.

ARcuombl Havas Acnujaorum ( 0O0beKTbl M UX
COOTHOLIEHMS)

1. Bcé — Hepa3pbIBHOE HernpepbIBHOE GECKOHEYHOE T péXMep-
HOe (h13nyecKoe NPOCTPaHCTBO BceneHHOM 13 Sp aneMeHTa, 5B-
NSLLErocst abCoNTHOWN Cyo6CTaHLUMeEN.

2. 60 Bcém — B HenpepbIBHOM NPOCTPaHCTBe, B JUCKPET -
HbIX 3/1IeMEHTapHbIX YacTuUax, agpax aTomMoB, aToOMax, Mose-
Kyfax, Tenax, HebecHbIX Tenax.

3. Bcé Be3fe Bcerga 6o Bcém.
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IlosicHeHUs1 IIPMHIOUIIOB HAYAJI 3CIINJTIOTUN

IIpuanun EaguHcTBa BceneHHOM

Joragkm o EanHcTBe BCceneHHO ncxoaaT N3 crek-
TPOCKOMNYECKON UAEHTUYHOCTU XUMMNYECKUX dNEMEH-
TOB BO BCEW ONTUYECKM AOCTYMHOW 4acTu BceneHHOMN.
MOCKONbKY HET TenecKonuyeckn HabnwgaemMmbix hakToB
OTKJ/IOHEHUNI OT NAEHTUYHOCTU XUMUYECKNX 3/IEMEHTOB B
OYeHb N 04YeHb 6oNbLWKMX NpocTopax BceneHHo, npegno-
noxeHne EanHcTBa BceneHHOM MOXHO NepeBecTn B paHr
npuHuuna EgnHcTea BceneHHoi. HO aToO g0 cmux nop Ka-
casioCb TOJIbKO AUCKPETHbIX MaTepuasnibHbIX 06bEKTOB, OT
3/1IeMEHTapPHbIX YacTuUL, 0 XMUMUYECKMX 3N1eMEHTOB Hebec-
HbIX Ten. O4HaKo, MOCKOJ/IbKY B COOTBETCTBUU ¢ Havyanamm
Acnunnornn peanbHbIMU 06bEKTaAMU ABNAKOTCA HE TOJIbKO
AVNCKPETHbIE MaTepuasibHble 060BbEKTbI, HO U eCTECTBEHHbIN
3fleMeHT Sp BceneHHowM, To npuHumMn EguHcTBa BeceneHHoM
[OJIXeH OxBaTblBaTb BCHO BceneHHy BMecTe € eé hn3n-
YEeCKUM MPOCTPaHCTBOM — Sp-cpefoin. B Takom cnydae, B
OCHOBe NpuHuuna EguHcTBa BceneHHOM [OMKHO fiexaTb
He TO/IbKO ogHOoO6pa3ne (MAEHTUYHOCTb) 3/IeMeHTapHbIX
4YacTUL, U XUMNYECKUX 3IEMEHTOB, @ HEKOe efJMHOoe obLLee
M B MPOCTPAHCTBE, U B 3/1IeMeHTapHbIX YacTuyax, N B Xu-
MWUYECKUX 3NeMeHTax, Tenax, HebecHbIX Tenax. ATo HeKoe
eanHoe — cybcTaHuma (npamaTtepns) Sp U3 KOTOPOW co-
CTOUT U HENPEPbLIBHOE MPOCTPAHCTBO, U AUCKPeTHasa Ma-
Tepus. Takyto Cy6CTaHL M0 MOXHO Ha3biBaTb abCONOTHOM
cybcTaHumen.

IIpuHINUIT OBITUS-HEOBITHUS

WAV NMPUHLUNWNM CYLLECTBOBAHNSA-HECYLLECTBOBAHNSA MEET
HenocpeCTBEHHOE OTHOLWEHME K NnpuHUuny: «fprpoaa He
TEPNUT MYCTOTbI», CPOPMYTMPOBAHHOMY eLLE APUCTOTESEM.

ApucTtoTenes npuHUMN: «[prpoga He TEPNUT NYCTOTbI»
OoTpaXkaeT NPUHUMN BbITUA-HEOLITUA: CybCTaHUUN U MaTe-
puun — 6bITb, HecybCTaHUUN U HEMATEPUN — He BbITb.
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ITpuHIMIT OBITUS OBITUS

O3HauvaeT peasibHoe nposiBneHne (06Hapy>XeHUE) 6bITUSA
cybcTaHumn n matepun. Ana XULWHMKa, ec/iv noTeHunasnb-
Has >XepTBa HMUKaK He NMposABAAeT cebs, To eé A/ Hero Her.
MoTeHUManbHas XXepTBa MOXET NPOAB/IATL CEGA ABUXEHNEM,
He TOJIbKO BCEM TEJIOM U/IN YacTAMU Tena, Ho U BHY TPEHHU-
MU ABMXeHUAMUW. Hanpumep, paboTa eé cepaua obecneyn-
BaeT KPOBOTOK, NoAAep>KaHWe TeMnepartypbl, MPosiB/seMoe
B MH(pakpacHOM Anana3oHe. XULLHWK yaBinBaeT Terso
NoTeHLMaNbHOM XepTBbl 1 e He N36exaTb y4acTun peasnibHO
[06bIYN XULLHWKA.

Cyb6CcTaHuma N maTepus CyLecTBYOT. 3TOro masno. OHK
[O/DKHbI MPOSABUTbL CBOE CyLLleCTBOBaHMe. ECnv oHU He npo-
ABJISIET CBOE CYLLEeCTBOBaHMEe, TO 3TO PaBHOCU/IbHO UX He
CYLLLeCTBOBAHMIO. TO Xe caMOe N O He CyLleCTBOBaHUU He-
cybcTaHumMn n HemaTepun. Ecnm oHK, He cy6CcTaHUUA N He-
MaTepus, He NMPosB/IAIOT CBOEro He CYLeCTBOBaHUSA, TO 3TO
pPaBHOCWUJ/IbHO NX CYLLLECTBOBAHUIO.

Tak>xe cybcTaHUmA n matepus. OHU Torga ToNbKo cy6-
CTaHUMA N MaTepus, T.e. CYLLECTBYIOT, KOraa npossBnsatoT
CBOe cyulecTBoBaHMe ABmXeHnemM. COOTBETCTBEHHO, Cy6-
CTaHUMA N HEMATepUs He CYLLEeCTBYIOT, KOrga npossnseT
CBOE& HeCyLLecTBOBaHME, ABUXEHVEM.

Ecnm 6b1 peyb Wwna o cybcTaHUUmM N MaTepmm, TO MOXHO
6b1710 661 TOBOPUTL O UX ABMXEHUW. HO, Korga peyb NAET 06
abCcoNOTHOM Cy6CTaHLUM U MaTepun, TO, TOFMYHO rOBOPUTb
06 abCO/MIOTHOM ABVXXEHUN.

Takum 06pa3om, NpUHUMN ObITUSA BbITUSA:

A6CONTHOE ABMKXEHMNE OT abCONKOTHOM Cyb6CTaHUUN U
MaTepumn — BbITb K HeCy6CTaHU MU U HeMaTepun — He OblITb.

Hecy6cTaHUMM 1 HeMaTepun HUrAe BO BceneHHOM HeT.
Ho, 4T06bl NPOACHUTbL 3TO YTBEPXAEHME, NPEANOIOKUM,
4YTO B HEKOTOPOM 06/1aCTN MMeeTCsA onpeaenéHHbIA reo-
MeTpMYecKnin Ky6 Hecyb6cTaHUMKM (HemaTepumn). N NycTb,
CMEXHO cnpaBa OT Heé MMeeTCs TaKoM XKe BeNUYUHbI (Pn3n-
YecKnii Ky6 cyocTaHumm (matepmm). AGCONKTHOE ABVKEHME
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abcontoTHOM cybecTaHumn (Matepmm), 1 abCONOTHOE ABUKE-
HUe HecybCcTaHL MM (HeEMaTepmn) 03Ha4YaT Takme ABUKEHWS,
B pe3y/ibTaTe KOTOPbIX OCTaETCH TO/IbKO OA4UH (PU3NYECKNTA
Ky0, T.e. U3 BYX CMeXHbIX Ky60B MOny4unca oauH Kyo.
Hecyb6cTaHuna (HemaTtepus) ncyesna, a 06bEM abcontoT-
HOW cy6CcTaHLMM (MaTepun) 3aMeHU/ BECb MepBOHaYaibHO
[BOIHOI 06bEM. MyCTb, KOHEYHOE MOSIOXKEHME (HN3NYECKOTO
Ky6a oka3sanocb CABMHYTO Ha NOIOBUHY CTOPOHbI Ky6a Be-
BO. HO uTo npmBeno K aTomy? Kakast npuynHa ABMKEHWNIN?
Kakue cunbl? Bcsikoe ABUMXKEHME MaTepuasibHbIX Tes, KpoMme
NX ABVKEHUS MO NHEPLIMN, Bbi3blBaeTCA KaKoi-nMb0o CUOA.
Ho 3aeck He MaTepuanibHOe Tefo, a abcontoTHasa cybcTaHLns,
He MMetoLLLast Macchbl, a MOTOMY He o6n1ajarowas CBOMCTBOM
MHepumn. CnepoBaTesibHO, A0/HKHA ObITb cuna. MOXeT ObITb,
ynpyras cuna? A oTkyga ynpyras cuna? OTBeT: OT ynpyro-
CTn Sp-cpefbl. Ho 3TO He faéT ya0BNEeTBOPUTENILHOIO OTBETA.
MoTOMY YTO TYT )K€ BO3HUKaeT BOMPOC: NoYeMy YrNpyrocTb
[lO/MHKHA NopoXAaTb KaKyr-To cuny? ECTb Takas cunia, KoTo-
pasi BO3BpaLyaeT TeNo B NepBoHaYvaibHOe NOJIOXKeHWe nocse
CHATUSA AeOPMUPYIOLLErO BO3AENCTBUSA (CUbI). YNPYrocTb
CBfi3aHa C ynpyrumu cmnamu. 3To Tak, 3TO NPUHANU AN
YyApYrux MacCUBHbIX Tes, N TObKO. 3aMeTUM, AJ/19 Macco-
BOW MaTepuun. [na 6e3maccoBov abCoOMOTHOM cyb6CcTaHL MM
0 TaKOM HUKaK He MOrin 1 NoAyMaTthb, MOCKO/bKY He 6b110
N MOHATNA 6e3MaccoBOV abCoMOTHOWM cybcTaHUUn. MNMoyemy
NnosiBNSeTCA BO3BpaLLaroLlas cuia B abCcontoTHOM cpeae?

B obuiem cnyyae, Bcskasa cuia MOXeT NPOABAATLCA U
BblpaXxaTbCs rpagMeHToOM HeKOTOpPOro noteHymana (NOTeH-
LManbHOM aHepruu). B cnyyae cy6cTaHymm (matepumn), 6onee
TOro abCconTHOM cybcTaHUMKM (MaTepuin), TaKo NOTeHL M-
an obycnosnmBaeTcA NMPUHLUMNOM ObITUA-HEOLITUA: abco-
NOTHOM cyb6cTaHUunM (U Mmatepmm) — ObITb, HECYO6CTaHLUN
(HemaTepuu) — He 6bITb. Takum o6pa3om, noTeHyman bbi-
TUS (CyLlecTBOBaHMSA) ABNSETCS MPUYNHON BO3SHMKHOBEHUSA
BO3BpaLlatoweinn (ynpyroii) cunbl B abCOMOTHOM Sp-cpeje.
ynpyrve cunbl CyTb rpaguMeHTbl NMOTeHLMana CyLecTBo-
BaHMWSA, BblTeKawLWero n3 gyHaamMmeHTanbHOro npnuHumna
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ObITNA-HEObITUA. BbITb U He ObITb, CybCcTaHUUA (MaTepus) n
Hecy6CcTaHUMSA (HemaTepus) — aHTUCUMMETPUYHbIE KaTero-
pun, CyLWHOCTU. JIOTMYHO B NPOAO/IKEHNE 3TUX aHTUCUM-
MeTpUIA paccMaTpmBaTb aHTUCUMMETPUYHBIN NOTEHL WA
HecyLLLeCTBOBaHUSA C rpagMeHToOM 3TOro aHTUNoTeHUMana.
OTnnume auTmKaTeropmii OT KaTeropmii MOXHO BbipaXkaTb
NPOTUBOMOJIOXHOCTbK 3HAKOB — MUHYC U NJIKOC (— U1 +).
Torga noTeHymanbl U aHTUMOTEHLMANbI, UX FTPafUNEHTbI,
abCcoMOTHO CYMMUPYSACb, Aal0T ABOWHbIE MOTEHLMANbI W
NX rpagueHTbl. IBOHOWM rpaAneHT NoTeHLnana cyLecTBo-
BaHUSA COGCTBEHHO U ABNAETCA NMPUUYUHON U UCTOYHUKOM
ynpyrux cua B abCcontoTHOM Sp-cpee. 3TU CUJbl ABNSAIOT-
CA NPUYMHONA N UCTOYHUKOM abCONTHOrO ABMXeHUS ab-
CO/OTHOM cybecTaHuum (MaTepuin) B abCONOTHOM Sp-cpeae
npocTpaHcTBa BceneHHol. B kKocMmnyeckom NpocTpaHcTBe
He 06Hapy)XeHbl HUKaKK1e NPoA0bHbIE BOMHbI. NPOAO/IbHbIE
BOJIHbI B IH060M MaccoBOW cpefe pacnpoCcTPaHAITCA B BUAE
BOJIH 06 BEMHbIX CXXaTUN-paspexxeHnin. Ecnv B KOCMUYECKOM
npocTpaHcTBe (Sp-cpene) HeT NPOAO/IbHbLIX BOJSIH, TO abco-
NOTHaA cyb6CcTaHUMA He CXXMMaema, COOTBETCTBEHHO, He
paspexunma. CnefoBatesibHO, B abCOMOTHON Sp-cpeae HeT
nocTynaTesibHOro NPSIMOSIMHENHOT O ABUXEHUS MPOAO/bHbIX
BOJIH. PacnpocTpaHAoTCA B Hell MOCTyNnaTeIbHO U NPSAMOIN-
HEMHO TOJIbKO MonepeYvHble 31eKTPOMarHUTHbIE BOJTHbI, OT
ramMmma-siyyein, Ao pagmoBosiH. Manble, 6€CKOHEYHO Masble
caBuru B Ntoboi cpefe MoryT He COnpoBOXAaTbCA 06bEM-
HbIMW U3MEHEHNAMU, NYCTb, Ma/ibiIMU, Aa)ke 6eCKOHEYHO
ManbIMK. [N03TOMY NonepeyHble 3/1IEKTPOMar HUTHbIE BOJHbI
B KOCMWYECKOM MPOCTPAHCTBE ABNAIOTCA YNPYrMMun CABUMo-
BbIMW BO/ITHAMU B Sp-cpefe. Ho Sp-cpefa abcontoTHa, T.e. He-
noABWMXHa, U NpeacTaBnseT Hepa3pbIBHYHO (HEMPEPLIBHY O,
CMNOWHY0) cpeny 6e3maccoBoro usnyeckoro oo6bLEma.
[BrxeHne abCcoNtTHOM cybcTaHuMm (MaTepumn) B abCoNOT-
HOV cpefe, 04EBMUAHO, AOMKHO ObITb a6COMOTHbBIM.

NTak, abcontoTHOe ABMXXeHUe abCotOTHOM CybCcTaH-
unm (MaTepuu) B abCOMOTHOWM cpefe MOXET ObiTb TO/IbKO
6eCKOHEYHO MasbiM, CABUTOBbIM U 3aMKHYTbIM, YTOObI He
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COMpPOBOXAAaN0Cb 06BEMHBIMUN U3MEHEHUSMUN abCONOTHOM
cpeabl. B cnny Hannuma y abcontoTHOM cpeabl YrpyrocTu,
6eCKOHeYHOo MaJsible CABUTM 6ECKOHEeYHO MasibiX 3/1eMEHTOB
06BEMa abCcoNtTHOM cybcTaHUMK (MaTepum) AO/MKHbI Ne-
pemewatbcs (pacnpocTpaHATLCSA, abCONOTHO ABUTaThCS) €
abCoNOTHOM CKOPOCTb. ABCONIOTHAsA CKOPOCTb, O4YEBUHO,
[l0/MKHa 6bITb HE MeHbLLE CKOPOCTU cBeTa B BaKyyMe. [1yCTb,
paBHa CKOpOCTU CBeTa B BaKyyMe.

Taknm 06pa3om, abcontoTHasA Sp-cpea HernoABUXHa, J0-
NYCKaeT TO/IbKO MaJsible, 6ECKOHEYHO Masible CABUTOBble 3aM-
KHYTble (BO MU3beXaHue MycToT Ha KOHLax) gedopmauunu.
3HakKorepeMeHHble CABUroBble AehopMaunmn /18 COXpaHeHUS
HenoABUXHOCTU abCOMTHOr0 NPOCTPaHCTBA AO/HKHbI MOKU-
HYTb MeCTO BO3HVKHOBEHUS (MOSBNEHNS) U YAANATLCA C 1I060ro
MecTa UX NosIB/IEHUS ¢ abCOMOTHOM CKOPOCTHI0. KakoBa BeNnum-
Ha 3ToW abCoNOTHOI cKopocTU? OUYeBNAHO, OHa A0/KHA ObliTb
MaKCHMasibHOW 1 MOCTOSIHHOM B HEBO3MYLLIEHHO abCONKOTHOM
Sp-cpege. MNoka HeT NOATBEPXAEHHbLIX AaHHbIX O CKOPOCTN,
60/bLLEe CKOPOCTM CBETA B BaKyyMe. [103TOMY MOXXHO CHUTATb,
YTO abCoMOTHAsA CKOPOCTb PaBHA CKOPOCTU CBETA B BaKyyMe.

Bcé npocTpaHcTBO BceneHHOWM npeacTasiseT abcontoT-
HYH0 (Hepa3pbIBHYIO, HEMPEPbLIBHYI) Sp-cpeay 13 abcontoT-
Ho 6e3maccoBoi CnaliceeBoi abcontoTHOM cybecTaHuun. B
3TO abCONOTHOM cpefe OCyLLecTBNSETCA abCONOTHOE [ABU-
YeHue ¢ abCONMOTHOM CKOPOCTbIO (CKOPOCTLIO CBETA B BaKYyY-
Me). IMeHHO 3To abcontoTHOe ABMXEeHMe, 06yCNOBIEHHOe
NPUHLUMMNOM ObITUA-HEBBLITUSA, NPOABNSET ObITME abCoNOT-
HOW cy6CcTaHumMn (U maTepun).

IIpuHnun neHTpusma GpuUsnYecKux IoJjiein BO
BceneHHoM

K aTomMy npuHUMny nogBoAnT TO, YTO, XOTSI CABUTW 3ne-
MEHTOB 06 bEMa B abCONOTHOM cpeae, KOHeUYHO, Marsble, 6ecKo-
HEYHO MaJible, HO U TaKune CaABUTr1 MOryT B NMpUHLUMNE HapyLUaTb
HeNpepbIBHOCTb (CN/IOLLIHOCTb, HEPA3PbIBHOCTbL) Sp-Ccpeabl.
HaprJeHme XXe Hepa3pPbIBHOCTU PpaBHOCWU/1IbHO BOSHUKHOBEHUHKO
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M CYLLECTBOBAHMIO MYCTOTbI, HECYOCTaHLUU N HEMATEPUU, Yero
ObITb HE MOXET U He JO/HKHO ObITb MO MPUHLMNY ObITUSA-HEObI-
TUA. M03TOMY CABUTN AO/MKHBI ObITb 3aMKHY TbI, YTOObLI Ha CBO-
60HbIX KOHLaX IMHWIA U TPaHWULL, MOBEPXHOCTEW CABUTOB He
MosABNANNCE pa3pbiBbl. CABUMM MOTYT ObITb Kak CTaLOHapHbIe,
TakK 1 3HaKornepeMeHHbIe, HO B /II060M C/lyYvae TpaeKTopum nx
3aMKHYTbl. PPOHT pacrnpocTpaHeHMA 3aMKHY TbIX CABUTOBbIX
Aehopmaumii nepneHanKynsapeH HanpaseHMIO ero pacnpo-
CTpaHeHUA. ITO 03HAYAET, YTO MONA CABUTOBbIX HANPSHXKEHHO-
CTel B abCONOTHOM Sp-cpeae A0/MKHbI ObITb LEHTPa/IbHBIMN.

IIpunuun coxpaneHus Sp-sjiemeHTa CucTeMbl
eCTeCTBEeHHBbIX 3JIeMeHTOB BcesieHHOM

®aKTUYeCKM 3TO — NPUHLMM COXPaHEHUS cy6CTaHLMN
1N MaTepun. Ho, eciv Ao CUX Mop noj, 3aKOHOM COXPaHEHUS
MaTepUM MMeNn BBUAY ANCKPETHYIO MaTeputo, TO AaHHbIi
MPUHLMMN BK/HOYAET: U HeMpepbIBHYO Cy6CTaHLNIO, U AUC-
KPETHYH MaTepuio.

IpuHIUI cOXpaHeHMsI A0COTIOTHOTO JABVKEeHUS

3aKOHbI COXpaHeHUS: Maccbl, UMMYJ/ibca, MOMEHTa M-
nynbca, IHePrun, MaTepmnmn — BaXKHewLLme 3aKoHbI MNpupoabl.
Ho Tak)Xe KaK 3aKOH BCEMWUPHOro TAroTeHUs OTBeYaeT Ha
Bonpockl 4To(?) 1 Kak(?), a Ha Bonpoc noyemy(?) He oTBe-
yaeT, TaK U B 3aKOHaxX COXpaHeHUs He U3BeCTHO novemy(?)
COXpaHATCA: Macca, UMNYy/bC, MOMEHT UMMy bCa, IHEpPrus,
MaTepus. B Hauanax Scnunornu chopmynimpoBaH NpuHLMN
coxpaHeHus abCcoNTHOro ABMXeHUA. YTo Takoe abcontoT-
HOe ABUXeHune?

LBV>XeHKe ¢ HEKOTOPOW npeaesibHO MaKCMManbHo (ab-
CO/IIOTHOW) BO BCeneHHOM CKOPOCTbIO, O4EBUAHO, OT/IMYAETCS
OT BCEX APYTrUX ABUKEHUN.

®POTOHbI cunTaTCAa 6€3MaccoBbIMU 3/1IEMEHTaPHbIMU
yacTnyamm, OHU CYLECTBYIOT TOIbKO B ABMXEHUN, MPpU-
YEM B [BMXXEHUW TO/IbKO CO CKOPOCTbIO CBeTa. [JBMXeHMe C
abCoNOTHOM CKOPOCTBIO JIOTMYHO Ha3blBaTb abCOMOTHbLIM
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ABvOKeHneM. COOTBETCTBEHHO, ABWXKEHWE C MEHbLUMMU
CKOPOCTAMU — OTHOCUTENbHBIM ABUXeHVeM. Bce maccoBble
aneMeHTapHble YacTuLbl MOTYT ABUFaTbCHA CO CKOPOCTAMMU
oT 0 4o cy6CcBeTOBOM (KOCMUYeCKMe Ny4n, pa3orHaHHbIe B
YCKOPUTENIAX 3MIEKTPOHbI U MPOTOHBI, ... ). OHM CyLLecTBY-
0T B OTHOCUTENIBHOM ABUXEHWUN, BHeLWHeM. Ecnn roBopum
06 MUX BHELIHEM [ABUXXEHUU, TO, OYEBUAHO, Y HUX OO/KHO
ObITb BHYTPEHHee ABWKeHMe. UTo TaKoe BHYTpeHHee ABU-
XXeHune? N3BecTHO, YTO 3/1eMeHTapHble YacTuLbl o6nagatoT
CMUHOM — BHYTPEHHUM MOMEHTOM KONMNYeCTBa [ABUXXEHUSA,
T.e. BHYTPEHHUM BpaLlaTe/ibHbIM ABUXeHMeM. [pu 3ToM,
BbIHYXXAEHHO Npu3HaBas )aKTbl HAIMUYMA CNUHA, YacTo B
yuyebHOW nuTepaType OroBapmBaroT, UTO 3TO HEe HY>XHO Mo-
HMMaTb OyKBa/IbHO, YTO peasibHOro BpalleHUs aieMeHTap-
HbIX YacTUL, HeT (?). «3TO eCTb, HO 3TOr0 HeT». [IPOTUBOPEUNT
anemMeHTapHoO norunke. Abcypa! Boixoa n3 abcypaa ToNbkKo
O4UNH — NPU3HaTb BHYTPEHHee BpallaTesibHOe ABUXeHue
3NeMeHTapHbIX YacTuL,. Ho 4TO 3TO 3a BHYTPeHHee BpaLlla-
Tes/IbHOe [BMXXeHMe? 3a HeMMeHMeM 0OCTOBEPHbIX (PaKTOB,
NpUXoAUTCHA CTPOUTb NPELNONIOKEHNS, UTO B HayKe (faxe B
KPUMUHANNCTUKE) He BO3bpaHseTCA.

3BECTHO pOXAEHWE 3N1eKTPOH-MO3UTPOHHbIX Map npu
CTO/IKHOBEHUWN ABYX FraMMa-(hOTOHOB, 3HEPrnsa Kaxaoro 3
KOTOPbIX He MeHee 3KBUBaIEHTHOM MaccChbl MOKOS 3/1eKTPOHa.
MpwV CTONIKHOBEHUW ABYX raMMa-(hOTOHOB OHW OT abCconoT-
HOro ABWXeHUSA Mo NPAMO/IMHENHOM TpaeKTopum nepexoaaT
K abCOMIOTHOMY >Xe ABWXEHUIO MO KPYroBoi TpaekTopuw,
OOVH B OfHY CTOPOHY, APYroi — B ApYryt. 3TU KO/bLEBbIE,
ToponaasnbHble, 0606LLEHHO TOKaINM30BaHHbIe 06pa3oBaHNS C
abCo/OTHLIM BHYTPEHHUM [ BUXEHMEM, BHELLHE MOTYT [ABU-
ratbCs ¢ 11060 CKOPOCTbIO, MeHbLLIEN CKOPOCTU CBETA, T.€.
MOryT npebbiBaTb B OTHOCUTE/IbHOM BHELUHEM [BVKEHUW.
MOKOALLNIACA NOKAM30BaHHbIM (DOTOH 06peTaeT Maccy rnokos,
3KBUMBAIEHTHY0 3HEPr UM NCXOLHOro (hoToOHa. MOXHO cunTaTb
nokKanunsauuno PoToHa akKyMy/IMpoBaHUEM 3HepPrn B Macce.
Nokannsaumnsa poToHa He coBCeEM MOHATHA. [103TOMY paccmo-
TPpUM lokanmnsaymio poHoHa. MNMpeanonoxmnm (MpeanonoxeHUs
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[laXke B KPUMUHATUCTUKE Y3aKOHEHbI) 60/1bLLOM 06BEM BOAbI B
HeBeCcOMOCTW Npu Temnepartype, NycTb, 5 rpagycos Lienbcus.
Bo36yavM B 06bEME BOAbI MMMY/bCbl BbICOKOYACTOTHOIO Y/lb-
Tpa3ByKa — LIyroB BOJIH C BbICOKOYACTOTHbIM HaMO/IHEHNEM,
T.e. POHOHbI. OYeBMAHO, (DOHOHbI ByayT ABUraTbLCA C Npe-
[leNTbHO BO3MOXHOW NIMHENHOW CKOPOCTHIO (CKOPOCTHHIO 3BYKa
B BOJE, ~ 1,4 Km/ceK). POHOHbI Byy T ABUraTbCA NPSAMOJIUHENR-
HO B O4HOPOLHOM BOAHOM cpefe. MNocTaBnM NepneHANKYnap-
HO TpaeKTopum hOHOHA abCOMOTHDI OTpaXkaTesb, KOTOPbIV
oTpakaeT 6e3 NoTepb 3HEPrUM 1 abCONMOTHOr 0 3HAYEHUS NM-
nynbca hoHoHa. O4eBNAHO, (POHOH MOWAET NO TOMY Xe NyTH,
TOJIbKO B MPOTMBOMOJIOXKHOM Hanpas/ieHUW. YCTaHOBUM BTO-
poi abCONIOTHBIN OTpaXkaresb NepneHanKyNAapHO TpaekTo-
pUn OTpaXXeHHOro (PoHOHa. MOCKONbKY NOTepb IHEPT UM HET,
(POHOH ByZeT BEYHO ABUIaTbCs CO CKOPOCTLHIO 3BYKa, a 3HAUUT
CYLLEECTBOBATb MEXAY ABYMSA napasiesibHbIMU abCONOTHLIMU
oTpaxkaTensamu. OH IoKanNn3oBaH Mexay ABYyMS napase/b-
HbIMW a6COMOTHLIMU OTPaXaTeNAMMU.

YCNoXXHUM oTpaxkaTenn Ao cepbl U3 abCoMOTHO OTpaxa-
toLLiero matepuana. OueBMAHO, NPV Tako oKannsaunm poHoH
Oy[eT 1 ABUraTbCs C NpeAesibHOM CKOPOCTbIO 3BYKa B BOJE BHY-
Tpwu chepbl. MOXHO CKa3aTb, (DOHOH MOJIHOCThIO JIOKA/IN30BaH.
Mpy 3TOM OCTaéTcsA (POHOHOM, TO/IbKO B KYCOYHO-KPYTrOBOWA
TPaeKTOPUN ABMKEHUSA. ITO NPUHYAUTENbHASA NIOKann3aLuns
(hoHOHa. MOXeT N1 6bITb eCTeCTBEHHAA /TOKaNn3aLnsa PoHOHa?

MpepcTtaBmmM, 4TO (POHOH «106 B /I06» CTa/IKMBAETCA
He C NOBEPXHOCTbIO abCOMOTHOrO oTpaxkaTens, a ¢ Takum
e BCTPeYHbIM (DOHOHOM. He MCKYaeTcs BO3MOXHOCTb
TOro, YTo Npu onpeaenéHHbIX YCNoBUAX (601bLUNX rpagneH-
Tax MAOTHOCTU cpefbl) 06a (hOHOHa 3aKpy4mMBarOTCA, O4UH
B O4HY CTOPOHY, a ApYyro — B APYryH, NPOTUBOMONOXKHYHO
CTOPOHY. OAVH 3aKpyYeHHbI (JIOKann30BaHHbIN) (HOHOH
OyZileM Ha3blBaTb OTPULLATE/ILHOM YacTULel, a Apyroun, 3a-
KPYYeHHbI B MPOTUBOMO/IOXKHY CTOPOHY (DOHOH — MO0~
XNTeNbHOW YacTuueii. Ansa onpefenéHHOCTU pacCMOTPUM
oTpuuaTesnibHyo YacTuly. B Xuakoli Boge pacnpocTpaHsaoT-
CA TO/IbKO NPOAO/IbHbIE BOHbI CXXaTU 1 paspexeHunii. Ecnu
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(POHOH 3aKPYTWUIICA, TO 3BYKOBasA CKOPOCTb €ro ABMXXEHUS Co-
XpaHseTcs. ITO B XXMAKOM Boge. Ternepb BeCb 60/1bLLOK 06BHEM
BOZbl B HEBECOMOCTW C JIOKA/IN30BaHHbIMU ABYMS (DOHOHAMU
NMPOTMBOMOJIOXKHOIO 3HaKa 3aMOpPO3UM Mpu TemnepaType,
cKaxkem, -45 rpagycos Lienbcus, T.e. CHU3NIN TemMnepary-
py Ha 50 rpagycoB v BblAep>Kaau 40 NMOSIHOIO oNefeHeHUSA
BCero o6béma BoAbl U JOCTMXeHUA — 45 rpaaycos Llenscus
BO BCEM 06BEMe. B TBepAoi BoAe MOy T pacnpocTpaHATbCA
N NPOAO/bHbIE BOJTHbI CXXATUM N pa3peeHui, n nonepey-
Hble CABUTOBble BOJIHbI. OTB/IEYEMCA OT NMPOLAOSIbHbIX BOJH
MOJTHOCTbLIO N MYCTb ByAYT TO/ILKO MoOrepeYvHble CABUTOBbIE
BOJIHbI, T.e. OT YACTO MPOAO/IbHbIX BOJIH B XXMAKOW BOAE re-
pelifémM K YMCTO nornepeyHbIM BO/THaM B TBEpAOW Boje. Mpu
TaKon 3aMeHe, BBUAY OTCYTCTBMUA NOCTYMNaTe/IbHOro ABvxe-
HUSA MOJIeKyN B TBEPLOM BoAe, MOHATME O MOTOKaX MOJIEKY/
BO/bl 3aMEHSAETCA NOHATUEM: «MOTOKA CUTOBbIX HAMPSXKEH-
HOCTeli» U3BHe BOBHYTPb POHOHA. Ecnn B6IM3M OKaXkeTcs
[ApYyroi 3aKpy4eHHbI (DOHOH, TO, HE3aBUCMMO OT Hanpas-
NEHWNA 3aKpyyMBaHMs NepBoHaYvasibHO NPSAMOIMHEHON Tpa-
eKTOpUK B KPYTOBYHO, 3TV ABa (DOHOHA OyAyT NPUTArMBaTHCA
APYT K OpYrY, U conmxaTbesa Nnog AecTBMEM NPUTATMBalO-
LLIMX NOTOKOB CUJIOBbIX HAMPSXXEHHOCTEN KaXX40ro N3 HUX.

Tenepb BCe 3TW paccyXAeHUsA (MbIC/IEHHbIE OMbITbI) Me-
peBefieM Ha 60/bLUYIO INbIGY caMOro TBEpPAOro marepuvana
— anma3sa. CKoOpoCTb NOMepeYHbIX CABUTOBbIX BOJH (3BYKa)
B HEM coCcTaBnAlT nopsagka 10 km/cek. B cnyyae anvasa
YyTBEPXKAEHME O TOM, YTO 3aKPYUYeHHbIe (JTOKann30BaHHbIE)
(POHOHLI B HEM OYAYT CONMXKATBLCA, COXPaHAETCS.

HakoHeL, cpenaem KpyTol CKayoK OT asiMasa K
BceneHcKOMy MpOCTPaHCTBY. 34eCh YXKe He TBepAas MaccoBas
cpefa 13 MOJIeKy/ BOAbI UM aTOMOB yriepoaa, a Sp-cpeja
n3 6e3maccoBoii Cnalicen, BMeCTO OTpuLaTe/IbHO JIOKaIN30-
BaHHOro (hOHOHa 6yAeT OTpULLaTeNIbHO 3apsXXeHHbIA oKa-
TN30BaHHbIV raMmma-(hOTOH — 3/IEKTPOH, @ BMECTO MOJIOXKMU-
Te/IbHOr0 JIOKaIM30BaHHOIro )OHOHa 6yAeT MOIOXKNTENTbHO
3apsHKEHHbIN NIOKaIN30BaHHbIA raMMa-OTOH — NMO3UTPOH.
B npupoge AelcTBUTENbHO UAYT npoleccbl 06pa3oBaHUA
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3N1EKTPOH-NO3UTPOHHbIX Map Npu CTOIKHOBEHUMW ABYX ram-
Ma-(hOTOHOB, 3HEPT NS KaX0ro U3 KOTOPbIX HE MeHee 3KBU-
Ba/IEHTHOI Macchbl 31eKTPOHa. Macchbl 31eKTPOHa 1 NO3UTPO-
Ha, KaK N3BECTHO, paBHbl. CU/I0BOE MOoJe MPUTSHXKEHNA MeX Ay
3/1eKTPOHOM 1 MO3UTPOHOM CYLLEECTBYET, HO OHO OYeHb MaJslo,
Ha 42 nopsfika MeHbLLEe 3/1eKTPOCTaTUYECKOr0 NPUTSXKEHWS,
06YC/IOB/IEHHOI 0 3/1EKTPOCTATUYECKUM NPUTSHKEHVEM pas3-
HOMMEHHbIX 3N1EKTPUYECKNX 3apsaf0B, O4eBUAHO, 0OYC/OB-
NEHHbIM MPOTMBOMOJIOXKHbIM 3aKpyynBaHUeM ramma-go-
TOHOB MpU UX NIOKanmM3aumun B pesynbTare CTOIKHOBEHUS.
MpuTSXKEeHMe, KOTOPOe Ha 42 nopsaaka crnabee afeKTpocTaTu-
YeCKOro NpPUTSHKEHNSA, O4EBNAHO, ABMSETCA rPaBUTaLMOHHbIM
NPUTSXKEHMEM, 06YCNOBIEHHBLIM MOSIB/IEHNEM MacChl B MPO-
Lecce oKannsaumn, n AeicTBYOLEM TaKXXe U MeXAyY 3/ekK-
TpoHaMWu, 1 MeXAy No3nTpoHamMun. TakMm 06pa3om, npuynHa
rpaBUTaLMOHHONO MPUTSXEHNSA 31IEKTPOHOB — B NMOTOKE Ha-
NPsHKEHHOCTeN ynpyrux cua Crnacen BOBHYTPb 3/1EKTPOHOB.
To e camoe 1 4151 NO3UTPOHOB, U A8 NO3UTPOHA U 3N1EKTPO-
Ha, He3aBMCMMO OT X 3NEKTPUYECKUX 3apsaoB. [JBrxKeHne ¢
abCONKOTHOW CKOPOCTLIO eCTb aBCONKOTHOE ABUXEHME. BBNUAY
TOro, YTO NIOKaNIM30BaHHbI POTOH OCcTaéTcsA (POTOHOM, abco-
NIIOTHOE ABMXXEHME COXPaHAETCA B MacCOBbIX 3/IEMEHTapPHbIX
yacTuLax, B arToMax, COCTOSALLMX N3 MACCOBbIX 3/1eMEHTaPHbIX
YyacTuL, B MOJIeKynax, COCTOSALLNX U3 aTOMOB, B Teflax, COCTO-
ALLMX U3 aTOMOB U MOJIEKY/1, B HEOECHbIX TeflaxX, COCTOALLMNX
n3 Ten.

Taknm 06pa3om, abCoOTHOE ABUXEHME COXPaHAETCH
BO BCel BceneHHONM. B 3TOM 1 COCTOUT NPUHL MM COXPaHEHWS
abCoNOTHOrO ABVMKEHUS B SP-N10TUN.

He neXxnT v aTOT NPUHLMM B OCHOBE 3aKOHOB COXpaHe-
HUA MNpupoabl? 3aKOHbI COXPaHEHUSA MacChl U SHEPTr UK, He-
COMHEHHO, UCXOAAT U3 NPUHLMNA COXpaHeHUS abCONOTHOro
[ABVKEHMSA B /TOKaM30BaHHOM (pOTOHe. Macca ecTb 3KBMBa-
NEeHTHasa aHeprus csobogHoro oToHa. Macca, aHeprus —
CYyTb MaTepus. Toraa v 3aKoH COXpaHeHUs MaTepun NcxoauT
He TO/IbKO 13 NpUHUMMa coxpaHeHusa Cnaiicen, HO U N3 Co-
XpaHeHns abCoMOTHOr0 ABMXEeHUSA B abCONOTHON Sp-cpese.

197



MMnynbCc U MOMEHT MMNy/bCa BO BHYTPEHHEM
ABVDKEHUN NOKanM30BaHHbIX (DOTOHOB COXpaHsAKTCA.
CnepoBaTtefibHO, U 3TW 3aKOHbl COXPaHEHMS OCHOBaHbl Ha
NPUHLKMNE COXPaHEHUSA abCONKTHOIO ABMKEHUSA. O3HaYvaeT
NN 3TO, YTO NPUHLMN COXPaHEHMSA abCOMOTHONO ABMXKEHUS B
abcontoTHOM Sp-cpefe BeceneHHoM sBNseTCA NPUYMHON Npo-
ABNIEHU 3aKOHOB COXpaHeHUst MaccCbl, UMMybca, MOMEHTa
NMMynbca, 3HePrun, matepnmn? Mo AeTepMUHNCTMNYECKOM
NPUYMNHHO-CNeACTBEHHOW normnke — fla. Ho 6yaet nu yTBep-
ANTENIbHbIM OTBET B (PM3NYECKOM CMbIC/1E?

AGCONTHOE ABMKEHNE — KaTeropus, noHATUE — CYTb
hmanyeckoe, N oTpaxaeT OHO (PM3MNYECKOEe ABUXEHMUE.
MoaTomy, AeTepMUHUCTMYECKASA MPUYNHHO-CNeACTBEHHAs
Norvika B JaHHOM cny4dae mamnydeckas v, HECOMHEHHO, AB/Si-
eTcs (OM3NYECKOM NPUYNHON AEACTBNA 3aKOHOB COXPaHEHUS.

IIpyHOMOD TrI00aJIBHOCTU aGCOJITHOTO
B3aMMOJAEMCTBUS a0COIOTHBIM JABVUKEHVEM

O3Ha4yaeT BCEBO3MOXHble B3aMMOAENCTBUSA HE TO/b-
KO MeX/y BCEBO3MOXHbIMW 3/1IEMEHTAPHbIMUN YacTULaMN,
atoMammn, MONeKynamm, Tenamm, HebecHbIMU Tenamu, Ho
N MeXxay HAMU 1 Sp-cpefoii. ATOT NPUHLUN CyMMUpyeT
(cnHTe3mpyeT) Npeabigywme 6 npuHUMnoB. OgHako, nme-
eT cCaMOCTOsATENIbHOE 3HAYeHMe B TOM MaHe, YTO 3a0CTpsi-
eT BHMMaHMe Ha 06MeHHOe (3aMeHHO0e) B3auMOAeNCTBME C
abCoMOTHOM CKOPOCTbIO MeXAy Sp-cpefon N ANCKPETHbIMU
MaTepuanbHbIMM 06beKTaMu BceneHHo. 3To — rnobanbHoe
abCcoNtoTHOE B3aUMOAENCTBUE aBCONMOTHBLIM ABUXEHUNEM.
dnemMeHTapHble YacTULbl, HaUMHasA ¢ POTOHOB U HeTpU-
HO, COCTOAT N3 TON XK€ HEMPEPbIBHOWM Cy6CTaHLMKN, YTO U
Sp-cpeda, ¢ TON NuLb pasHuuein, 4to Cnaiicest B AUCKPET-
HbIX 3/lEMEHTapPHbIX YacTULLAX HAXOAUTCSA B COCTOSHUN BHY-
TPEHHEro abcontoTHOro ABMXeHNA. ®akTnyeckn Cnaiices B
ANCKPETHbIX 3/1IEMEeHTapHbIX YacTuLax HaXo4AUTCSA B MOBbI-
LLEHO aKTUBHOM /151 B3aUMOAENCTBMI COCTOAHMN. VIMEHHO
3Ta MOBblIWEHHAsA aKTUBHOCTb MO3BONSAET UM 3aMeHATb-
ca gpyrmmu anemeHTaMu o6béma CnaliceeBoii cpefabl, He
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npebbiBalOLWMUMM B NOBbILLIEHHOW aKTUBHOCTWU. IAET nocTo-
AHHbI NpoLecc obMeHa (3aMeLLEHNS) aKTUBHbIX 3/1EMEHTOB
06béma Cnalicen Ha apyrme HeaKTUBHbIE 3/IEMEHTbI 06bEMA
Cnaiicen. NOCKONbKY aKTUBHOE COCTOSAHME 3/1eMEHTOB 00bé-
Ma Cnaiicen coxpaHsaeTcs B abCOMIOTHOM ABVXXEHUW NOKaIN-
30BaHHbIX (DOTOHOB B AUCKPETHbIX 3/IEMEHTAPHbIX YacTULax,
TO 06MeHbI MAYT U ¢ Sp-cpefoi. O4HMM CI0BOM, B3aUMOein-
CTBUA rnobanbHble: N MeXAY ANCKPETHbIMU MaTepuasibHbl-
MW 06BEKTaMU, U MEXAY HAMU 1 Sp-Ccpefon.

iMeHHO 3T0 rnobanbHOEe B3anMogencTBMe NO3BOSET
MatepuasnibHbIM 06beKTaM cBO60AHO, 6e3 CONPOTUBEHUS
cpelbl NepemMelatbes B cpege. CKOPOCTU TaKMUX nepemMe-
LLIeHUA MeHbLUe abCoMOTHOW CKOPOCTU (CKOPOCTU CBeTa).
[ BV>KEHNE MaccoBbIX 3/leMeHTapHbIX YacTULL, BClef, aTOMOB,
MOJIEKY/, Tesl, He6eCHbIX TeN NPOUCXOANT 6e3 Kakoro-nm6o
COMPOTUB/IEHUSA CO CTOPOHbI Sp-cpeabl 3a CHET 0bMeHa (3a-
MeLLeHUs) 3N1eMeHTOB 06bEéMa Crnalicen akKTUBHLIMWU BHY-
TPEHHUMM C abCOMOTHOM CKOPOCTHHO. /I B 3TOM Xe npuynHa
OBWKEHUSA M0 NHEPLIUN N NPOSBNEHNSA CAMOI UHEPLLUN.

3 npnHumna rnobanbHOCTU abCcoMOTHOrO B3auMoen-
CTBUA abCONOTHLIM [BMXEHUEM BbITEKAET OYEHb BaXKHOE
cneacTBUE: 3/IeMeHTapHble YacTulbl (GUCKPeTHble MaTe-
puanbHble 06bEeKTbI BceneHHOM) He MMET YETKNX 3aCTbIB-
LLINX reoMeTpuyeckmnx hopm, onpenenéHHbIX UX oyepTaHUiA,
YECTKUX MOBEpPXHOCTel pasfena 06bekToB U cpefbl. Kak
TakoBOI reomMeTpmm 06bLEKTOB MOMNPOCTY HeT. Ecnum pac-
cMmaTpuBaTb B MacliTabax 6€CKOHEeYHO MasblX 3/1eMeHTOB
o6bEMma Cnalicen, TO PaKTUYECKN HET YeTKNX AUCKPETHbIX
MaTepuasibHbIX 06bEKTOB: BCE pa3MbITO, BCE «C/IMBaeTCH B
cnaowHoM rene» Cnavicen. YeTKOCTb rpaHuL, pasgena Mex-
Ly BUCKPETHLIMW 06beKTaMU U HENPEPbIBHOM Cpeaoii MOXeT
NPOSABNATLCA TOMLKO «C B3rNs4a Usganm.

MpuHUMNbl  JCNUNOTMN  NPOUCTEKAKT OT
EanHcTBEHHOCTU BeceneHHo. YacTo roBopsaT v nuuwyT (He
TOJIbKO B HQy4YHOW (haHTacCTMKE) O MHOXeCTBEeHHOCTU MunpoB,
BceneHHbIX, 06 «KAHTUMMPax» (AHTUBCENEHHbIX), O «Mapan-
nenbHbIX Mupax» (NapannenbHbiX BceneHHbIX), ... .
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MoaToMy HepoCcTaTOMHO yTBepXpaaTb: BceneHHas
EanHcTBeHHa. CnefyeTt ycunuTh: BeceneHHas EqQUHCTBEHHA
AbcontoTHo. Nnun BeceneHHaa AGCONKOTHO EQUMHCTBEHHA.

M3 nocneposaTesibHOCTWU: BceneHHad EQUMHCTBEHHa
— BceneHHaa EguHcTBEHHa AGCOMOTHO — BceneHHas
A6CONKTHO EAMHCTBEHHa BbiTeKaeT: EAMHCTBEHHA «
AGCONOTHA. EAMHCTBEHHOCTb = AGCONMOTHOCTb. PaKTUUYECKM
3TN MOHATUA 3[4eCb ABNAKTCA CUHOHUMaMU. AGCOMOTHasA
cybCcTaHumsA, abCOMOTHOE ABV>KeHMe, abCONMOTHAsA CKOPOCTb,
abCcotoTHOE B3aMMOAENCcTBME UCXOAAT U3 EAMHCTBEHHOCTH
BceneHHow, n3 A6CONTHOM EAMHCTBEHHOCTM BCceneHHOMN.

3Acnniornsa — aTo oTpaXKeHue, U3JI0XKeHUE, BO33PEHME,
y4eHue, HayKa, Teopus abCoNtoTHOCTM BceneHHON.

«Teopmsa AGCONOTHOCTU». [M...MMM. ¥Y nt060ro umtara-
toLero cpasy BcnnbiBaeT Teopma OTHocuTensHocTU (CTO u
OTO 3iHLWTelHa). BbI30BET HEOYMEHME C/I0BO «Teopus» 6e3
CNOXHbIX MaremMaTnyeckumx hoopmyn. [a, co BpeméH JSleoHapo
Aa BUHUM CNOXWUACA YCTOMYMBDIV CTEPEOTUM: TEOPUS, UMEID-
wasa oTHoweHwue K MNpupoae, BblpaXkaeTcs (M3/1araeTcs) mare-
MaTnYeCcKUMM hopMynamm. 3To BEpPHO, HO BEPHO /15 MaTemMa-
TUYECKUX TEOPUIA, TEOPETUYECKON (IM3MKIM, KOTOpas Mo hopme
CBO€M, No CyTn — matemaTmnyeckasa usmka. OgHako, MHOIo
Teopuii He MaTeEMaTUYECKMX, KacatoLMXCst HEMocpeaACTBEHHO
Mpupoabl. Hanpumep, 6unonornyeckmne Unm reosiornveckume.

OueBUAHO, BbI30BET MPAMOE COMHEHWE WU KPWU-
BYIO YCMeLKY: «ABCONKTHOCTU», B MPOTMBOMOMOXHOCTb
«OTHOCUTENBHOCTUY. B Teopnnm OTHOCUTENBLHOCTU pPeyb
MAET 06 OTHOCUTE/IbHOM (BHELLHEM) ABMXEHUW YacTuL, Tesl.
Teopusa AGCONOTHOCTU KOHUEHTPUpPYEeTCA Ha abCoNOTHOM
[OBVXXEHUUN B Sp-cpefie U BHYTPeHHeM abCoNMOTHOM ABUXKEHUN
3/1eMeHTapHbIX YacTuL, aTOMOB, MOMIEKY/, Tesl. Kpome Toro,
BMECTO 1By XC/NOBHOW «Teopnm OTHOCUTENbHOCTU» 34€eCkb (-
rypupyeT TpExcrnoBHas «Teopmsa A6COMOTHOCTU BceneHHom»,
B KOTOPOI paccMaTpmBaroTC UMEHHO abCcoNtoTbl BceneHHOM:
abCcoNtTHOCTL caMoli BceneHHOM, abcontoTHOe NpocTpaH-
CTBO, abcontoTHasa cybecTaHUMA, abCcoNtTHOE ABMXKEHME, ab-
COJIIOTHAasA CKOPOCTb, abCONOTHOE B3aUMOeNCTBME.
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He cnepgyeT deTuwnsnpoBarb MaTeMaTuU3M TEOPUIA,
MaTemaTtmnyeckme Teopmun. MaTtemarmka onepmpyeTt He pe-
aNbHbIMU 06beKTaMU, a abCTPaKTHbIMN MaTeMaTUYECKNMU
06BbeKTaMu, U MOXKET NMPUBOAUTL K abCTPaKTHbIM pe3ynbTa-
Tam, nNpoTmBopeYvalMMm NCTUHHLIM (PU3NYECKUM peaiusaMm.
TpyAHOCTU COBPEMEHHOW TeopeTuyecKkon (MaTematuye-
CKOW) (hn3MKKM conpsixkeHbl MMEHHO C yB/IEYEHMAMU MaTeMa-
TUYECKUMU abCTpakuuaAMU. AGCTPaKLUK 3a/I0XKEHbI YXXe B
Hauanax EBknupga, c onpegeneHnii. Touka 6e3 Tpéx pusn-
YECKNX U3MepPeHU, TMHUSA 6e3 ABYX U3MEPEHUI, NOBEPX-
HOCTb 6e3 ogHoro namepeHuns. Ymcno 0. Taknx 06bEKTOB B
Mpupogae, Bo BceneHHoM HeT. OHM — aHaNorn NycToThbl, KO-
Topoi B Mpupoae HET 1 ObiTb HE MOXET.

OcHOBHBIE BBIBOJbI

1. KocMmmnyeckoe NpocTpaHCTBO BceneHHol ABnsieTcs
HernpepbIBHOW abCONOTHOM cyb6cTaHLManbHOM cpeao, Sp-
cpenon 13 Sp-anemMeHTa, npeacTaBieHHOro B Cucteme m
LLKasie eCTECTBEHHbIX 3/1EMEHTOB BcesleHHON.

2. BoamylleHUs B Sp-cpee co3aaroT abCoNTHOE ABU-
YKEHMe ¢ abCO/IOTHOM CKOPOCThIO (CBETA B BaKyyMe).

3. AGCONKTHOE ABUXEHME B HEMPEPbLIBHOW abCOMOTHOM
cpefe co3aéT ANCKPETHbIE BOMHOBbIE UTYPbl (hopMbl) ho-
TOHOB U HEMTPUHO N3 Sp-3/1eMeHTa.

4. SneMeHTapHble YacTuLbl ABNSAOTCA ABVXKYLLUMUCA
AVCKPETHbIMU hopMmamMu, purypamm n3 Sp-anemeHTa B Sp-
cpepe BceneHckoro npoctpaHcTBaa.

5. ®OTOHbI N HEMTPUHO 06Nafal0T CTArMUBaOLWMMN Sp-
cpeay CUNOBbIMK NONAMU, 06YC/TOBNIEHHBIMU NPUTSXEHNEM
MeXy CO6CTBEHHbIMUW NapasnnesibHbIMU MUKPOMNOTOKaMMU.
STN Nona — cTaTuyeckune rpaBUTaLMOHHbIE MONA TATOTEHUSA,
N NPOABNAETCA Ha NpUMepe UCKPUBIEHUS Iyya cBeTa BO/IU-
3n ConHua.

6. JlokannsoBaHHble raMMa-OTOHbI (3N1IEKTPOHbI-TO-
pbl, MO3UTPOHLI-TOPbI,...) 06/1a4aI0T YCUNEHHbLIMW 3a CUET
aHTunapasnnenbHbIX MUKPOMOTOKOB Ha AuamMeTpasibHO
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NMPOTMBOMOJ/IOXHbIX CTOPOHAaX Topa CTArvBawwumMm Sp-
cpefy CTaTUYEeCKUMUN CUNOBLIMU MOMSAMU, KOTOPbIE MPOSAB-
JIA0OTCA KaK JOMOJIHUTE/IbHOE FpaBUTaLMOHHOE MPUTSXEHVE
MeXAY NIOKaIM30BaHHbIMY raMMa-oTOHaMW — 3/1eKTPOHa-
MW 1 NO3UTPOHaMM B /10601 X KOMOBUHaLMN.

7. ANeKTPOHbI-TOPbI, MO3UTPOHbI-TOPbI U TOPbI U3 HENTPU-
HO 06/1a4at0T BHYTPEHHUM abCoMOTHLIM ABV>XEHVEM, 06pa-
3YHOLMM BHYTPEHHWE MOTOKK, (hopMUpyIoLLMe 3a rnpesenamu
TOPOB COOTBETCTBYOLLME 3ana3/blBatoLLe MOTOKN HaMNPSAXEH-
HocTelh B Sp-cpefe. 3TU NOTOKN ANHAMWUYECKM B3aUMOen-
CTBYHOT MeXAyY CO60M Tak, YTo, B 3aBUCMMOCTW OT Napasnne/ib-
HOCTUW NN aHTUMapaiebHOCTU, TOPbl MPUTATUBAKOTCA NN
OTTa/IKUBAKOTCA. AT ANHAMUYECKIME MOSIA MPOAB/IAIOTCA KaK
3NEKTPUYECKME MO MPOTUBOMO/IOKHbBIX 3HAKOB.

8. CTaTuyecKkUM rpaBuUTaLUOHHbLIM MOJIAM TATOTEHUSA
COOTBETCTBYIOT rpaBMTaLMOHHbIE 3apAabl O4HOI0O 3HakKa, a
ANHAMWNYECKUM 3/IEKTPUYECKNM NONAM HanpsXXEHHOCTEN
NMPUTSXXEHUSA N OTTA/IKNBAHNA COOTBETCTBYIOT 3/IeKTpuye-
CKMe 3apAfbl MPOTMBOMOIOXHbBIX 3HAKOB.

9. 3apsaabl ABMATCA KOHLUEHTPUPOBAHHbLIMU MPOsIB/ie-
HUAMW COOTBETCTBYIOLLNX NOJIer HanpsHKEHHOCTe, a nons
ABNAKTCA pacnpenenéHHbIMU NPOABIEHUSAMN COOTBETCTBY-
WX 3apagos. 3apaabl U NOJS ABAAKOTCA NPOABNEHUAMM
OOHUX N TeX Xe CYLLHOCTel — ToKaIn30BaHHbIX (DOTOHOB U
HeliTPUHO B Sp-cpese.

10. 3apsaabl 1 NONA AUCKPETHbIX 3/IEMEHTapPHbIX YacTuL,
MMEIOT BOJTHOBOE MPOUCXOXKAEHWE, BOSTHOBYO MPUPOAY.

11. BHellHee OTHOCUTENIbHOE NHEPLIOHHOE ABMXEHME
3/IEKTPOHA, MNO3NUTPOHA 1 MPOTOHA 06YC/IOB/IEHO X BHYTPEH-
HUM abCOMIOTHBIM [BUXXEHWEM, N TOW XXe NPUPOAbIl, YTO U
BOJTHOBOE NMPAMOJSINHENHOE paBHOMeEPHOE abCoNTHOE ABU-
YXXeHne POTOHOB U HENTPUHO.

12. ICTUHHO 3neMeHTapHbIX (HefennMblX) YacTul,
TOJ/IbKO 4 pa3HOBUAHOCTEN: (POTOHbI, HENTPUHO, 3NEKTPOH,
NMO3UTPOH.

13. HelATpoH — cocTaBHas YacTuua M3: NpoToHa-«aH-
TUHENTPUHO»-3N1EKTPOHA, B KOTOPOM NMPOTOH BHYTPEHHSASA
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(nepBasi) 4acTb, @ aHTUHENTPMHO N 3NEKTPOH KpalHAsA (BTO-
pas) yacTb.

14. CtabunbHOe coeMHEHNE HENTPOHAa U NPOTOHA B
afape geritepma o6ycnoBneHo 0606LeCTBNEHNEM KpaiHero
(BTOpPOroO) CNOS HEMTPOHA Ha ABa NPOTOHa.

15. [Ba cTabunbHbIX Aapa AeATepusa coeauHATCA
COOCHO B YCTOWMYMBbIA 610K Marnyeckoro sgpa renvs, B
anba-vyactuyy.

16. YeTbipe napannesibHO COeUHEHHbIX 6/10Ka Marmnye-
cKoro agpa Frenvs popMmupyroT Marmnyeckoe s4po Kucnopoga.
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YACTb V.
3ak/jaounTe/IbHas

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

Mepebupas ecTeCTBEHHbIE 3/1IEMEHTbI BCeneHHOM, Mbl
MbIC/IEHHO Mpojenanu nyTewwecTsne B 6€CKOHEYHOCTb MO
LWE3B (YacTeb |1, pasgen 10). Mo npumepy CMblKaHNA 6ecKo-
HEYHOro paga HatypanbHbIxX yncen (Yacts I, pasgen 11) n mbl
B 3TOM MyTELUECTBUN NO «6ECKOHEYHOMY KOJbLLy» BEPHEMCS
K Ha4any KosnbLa, K XuMnuyeckmum anemeHtam (Yacto I). Mo
XO4Y W3M0XEHUS HEOAHOKPATHO oTMevanacb Mpo3opnun-
BocTb . . MeHaeneesa. Kak n3sectHo, MeHaenees MHorme
rofbl NOCBATU/ MOUCKY XMMM3Ma CBOEr0 HY/1EBOr0 3/IEMEHTa
HblOTOHMA. I3BECTHO TakKXXe, YTO AJ/19 HY/1IeBOr0 3/IeMeHTa B
Meproanyeckoii Tabnmue XMMUYeCKUX 3/1EMEHTOB MOC/IE ero
KOH4YMHbI MecTa He Halwnock. Ero nonpocty yganunu. Bmecte
C HUM KaHy/ B HeObITUE U ero XMMu3m. MosvanmBeo Un CTbl-
ANINBO peLunan, 4To B 3TOM BOMNpPOCe reHnanbHas Npo3opin-
BOCTb MeHpeneeBa CNOTKHYacb. Tak v 3To? lNonbliTaemcs
OTBETUTb Ha 3TOT BOMPOC B C/lIeAYOLLEM pa3gere.

imeeTcs 1 BTOpOW BOMpocC, HernocpeacTBEHHO CBA3aH-
HbIA C 9TUM BOMPOCOM — BOMPOC 06 3(PMPHOM MUPOBOM
npocTpaHcTBe, 06 3BotOLUMK (CyAbbe) aTOro NPOCTPaHCTBa.
PaccmoTpeHmem Bonpoca 06 asontoynm (cygbbe) aToro mu-
pOBOro NMPOCTpPaHCTBa 3aBepLUM 3aKNIoUnTe/bHY0 YacTs V
1 BCeN KHUTY 06 AJIEMEHTAX BceneHHOMN.

Xummusm MupoBoro 3gpupa

B cBO60OAHOM NHAMBUAYANTbHOM COCTOSIHUM CYLLECTBY-
0T TO/IbKO aTOMbl F'ennsa 1 Apyrux 6naropogHbIx ra3os. Bo
BCEX APYrMX BELLECTBAX aTOMbI CYLLECTBYIOT B CBA3aHHbIX
COCTOAHUSAX B: TOMOSIAEPHbIX AnMepax (4BYXaTOMHbIX MO-
nekynax), reTeposfepHbIX AuMepax, TpuMepax, TeTpamepax,
..., XMUYECKNX COEANHEHMAX, CMIaBax, BbICOKOMOJEKYNSP-
HbIX COEAMHEHUSIX, HAHOYACTULAX, XXUAKOCTAX, aMOP(HbIX
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TBEPAbIX Tenax, Kpuctannax, HebecHbIX Tenax. PaccMoTpum
Haunbosee pacnpocTpaHéHHbIe TOMOSAAEPHbIE BYXaTOMHbIE
MosieKynbl Bogopoga, A3ota u Kucnopoga. Obpa3sosaHue
OBYXaTOMHbIX TOMOAAEPHbIX MOMEKY/T U3 COOTBETCTBYIO-
LWKMX aTOMOB MPOTeKaeT NMocpeacTBOM XMMUNYECKNX peak-
unii. B Tabnnue HMXecneayroLwero pucyHKa Bo BTOPO KO-
JNIOHKe npuBefeHbl pagnyckbl R atomoB Bogopoga, A3oTa u
Kucnopoga. AToOM NpUHAT 3a LWapuk pagunyca R.
O6bEM Vv WaprKa-aTomMa:

v = (4/3) Tt R® = (4/3) (d/2)? = (T1/6) d, (71)
roe d — agnameTp aToMa. JIorMyHo NPeAnonoXnTb, YTO 06BEM
V romMosiiepHoii 1By XaTOMHOV MONeKynbl 6yAeT paBeH yiBO-
eHHOMY 06bEMY aToma:

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

Torpa (4/3) ™ (D/2)3 = (11/3) d® (73)
roe D — anameTp ABYXaTOMHOW MOeKybl. V3 BbipaxkeHUs
(73) nonyuunm:

D=2Y3d=1,26d (74)

B ueTBEPTOI KONIOHKe MpuUBeAEeHbI paccyMTaHHbIe MO
thopmyre (74) 3Ha4YeHNA MAMETPOB ABYXaTOMHbIX MOJIEKY/T
Dp. B TpeTbeli KONoHKe NpuBefeHbl 3KCNepMeHTalbHble
AviameTpbl D3 COOTBETCTBYIOLLMX ABYXaTOMHbIX MOJIEKY.

R, paaguyc D» nmametp Dy amameTp
BemectBo | Atoma, 10° M SKCHepUMeHT-if | pacu&THEIH Dy/ Dy
Monekyr, 10° M | momexyn, 10° M
Bogmopon H 0,053 H, 025 |H; 0,133 H, 1,879
Aot N 0,056 N, 032 |N; 0,141 N, 2,27
Kucnopon o 0,048 0, 0,3 O, 0,120 0, 2,666

Puc.61. SKCNepUMEHTAa/IbHbIE U PACHETHbIE JaHHbIe, a TaKXe
COOTHOLLEHUNSI 06 bEMHbIX MOKa3aTeNei ABYXaTOMHbIX MOJIEKY/
Hanbo/iee pacnpoCTPaHEHHbIX BELLECTB

BWAHO, YTO 3KCNepMMeHTa lbHble 3HAYEHUS1 AaMeTpPOB

[IBYXaTOMHbIX MOJIeKY/ MPeBOCXOAST pacyéTHble 3Haue-
HUS. VIX OTHOLLEHWE A5 BCeX TPEX BellecTB NpeAcTaB/eHbl

205



Ha puc. 61 B NATON KOMOHKe. Y Bogopoga NoyTy ABOWHOE
npesocxoncTso D3 Hap Dp, y A3oTa 6osiblle B 2,27 pas, ay
Kucnopopga 6onblie B 2,666 pas. «J/lorMyHoe npeanonoxe-
HMe» 0Ka3anocb, He COOTBETCTBYET peasibHOCTU. Takoe Bne-
yartieHue, 6y4TO NPOUCXOAUT He XMMMYEeCKasa peakLmns:

A+A=2A=A,=M, (75)
raoe A—atom, M — ByxaToOMHast MOJieKY a, a B3auMOAEenCcTBUE:
A+A+Q=M+Q, (76)

rae Q — n36bITOYHbIN 06BEM,

M + Q — AByxaTOMHas MoJieKysna, cogepxawasn n3oébl-
TOYHbIN 06bEM Q. B cTpyKType 3anucu npespawieHus (76)
cnaraemoe Q copmMasibHO (UTypuUpyeT Kak MOSIHOLEHHbIM
N paBHOMPaBHbI peareHT XMMNYECKON peakuun. Ho, no-
CKOJIbKY peasibHas MOJieKyna KOHKPETHO COAepPXUT U30bl-
TOYHbIN 06bEM, YpaBHeHMe (76) He NPOCTO MaTteMaTUYeCcKui
thopmanin3m, a OTparkaeT peasibHOE NpeBpaLleHne AByX aTto-
MOB B MOJIEKY/ly C 06peTeHneM «peareHTa Q». OTKyga xe
O0epéTca aTOT «peareHT»? Ero He Hago cneynasnbHO OTTY-
[a-To [OCTaBMATb B 30HY peakumnmn. 3TO «4acTUYKa» 06bly-
HOro TPEXMEPHOro MPoOCTPaHCTBA, a NMPOCTPAHCTBO MpU-
CYTCTBYeT Be3[e BOKpYr. B npeBpalleHnu (76) Q yyacTtByeT
KaK peareHT-3/IEMEHT, TaK)Ke KaK peareHTbl-aTOMbl 3/1eMeH-
Ta A (Bogopoga nn, AzoTta nun, Kucnopoga nn), y KOTOpbIX
CBOW CO6CTBEHHbIe 06bEMBI. CnefoBaTeNlbHO, TPEXMEPHbIV
06BbEM yyacTBYyeT B XMMUYECKNX peaKkumnsax. Haye n 6biTb
He MOXeT. Bce nmpougecchl, B TOM 4uC/ie U XMMUYeCKue pe-
aKuunmn, NPOUCXOAAT B MPOCTPaHCTBe. HeT npocTpaHcTBa —
HeT N6bIX MPOLLECCOB, B UX YUC/IE N XUMUYECKNE peaKkL .
Ho aTo TpéxmepHOe NPOCTPaAHCTBO eCTb MEPBbIV HYNEBOM
cybcTaHUManbHbI eCTeCTBEHHbIV 31eMeHT BceneHHo Sp.
Cy6cTaHunanbHbI e 3/1eMeHT — NPOCTPaHCTBO BceneHHON,
MwupoBoOe NPOCTPAaHCTBO.

MupoBOe NPOCTPaHCTBO 06/1a4aeT XMMU3MOM. Takum
obpasom, MeHeneeBcKaa XMMmMyeckas npo3opiMBOCTb pac-
npocTpaHuiace 1 Ha MMpPoBOe NPOCTPaHCTBO.
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K KoHITy 3BO/TIOIIMYM MUPOBOro 3dupa

Amp, (OT ApeBHErpeyecKoro com aibnp, BEPXHUIA C/0W
BO3YyXa) U3Ha4YaslbHO cUMTa/CA NYCTbIM NMPOCTPAHCTBOM C
MeNbYanLMMn HEBUAUMbIMW NepBoYacTULLAMUN «aMepamMmy.

[ekapT yTBepxzgan, 4To BO BceneHHOM HeT NycTOT.
OH paccmaTpuBan NPOCTPAHCTBO KaK CBETOHOCHYH
cpeny, B KOTOPOW BO3A4eNCTBME O4HOrO Tena Ha Apy-
roe OCyLIeCTBNSETCA MeXaHU3MOM O6NU3KOAENCTBUS.
Tena, N0-BMAMMOMY, B3aUMOLENCTBOBaIN NOCPEeACTBOM
«aMepoB».

HbOTOH Npuaep>XuBasnca NpUHLUNa AanbHoAencTBuUA,
T.e. MTHOBEHHOr0 B3aMMOENCTBUA Ten B abCONMOTHOM
npocTpaHcTee. 1o MexaHM3My TaKoro B3auMOAeNCTBUS OH
«FMNOTE3 HE N3MbILWNAN». KAMEPbI», MO-BUANMOMY, COXPa-
HUUCb, @ CBET NpeacTaBNANCA MOTOKOM KOPMNYCKY B abco-
JIIOTHOM MPOCTPaHCTBeE.

JNlecaxk ANnA BbIABNEHUSA NPUYUHBI NPUTSHXKEHUS Hebec-
HbIX Ten «3acenun» abCcontoTHOE NPOCTPaHCTBO HbOTOHA
HEBUANMbBIMUN XaOTUYECKU ABUMXKYLLMMUCA MeSibYaniLln-
MW YacTuuamu. B Teopuun flecaxka aKpaHMpOBaHME 3TUX
yacTuL, He6eCHbIMUM Tenamu NMPUBOANIIO K UX CONMVKEHUIO.
OueBMHO, abCOMIOTHOE NPOCTPAHCTBO 6bII0 NYCTbIM NPO-
CTPaHCTBOM, @ HEBUAUMbIE MefibYalLlLne YacTulbl 6bIn
aHassioraMun «amMmepoB».

CBeTOHOCHbLIW achup MakcBenna npeanonaran cyue-
CTBOBaHWe NOABWMKHbIX 3/IEKTPUYECKUX AUNONEN C Npo-
TMBOMOJIOKHbIMUN 3NIEKTPUYECKUMW 3apsifaMun, OCyLLecT-
BNAKOWMX 6/IM3KOLENCTBME CO CKOPOCTLIO cBeTa. B nycTom
NPOCTPaHCTBE 3TN AUNONN 3aMEHUIN «aMepbl».

MeHpOeneeB «XMMWUUYECKU BO3poxaan» 3adup
HbloTOHa-/lecaxa. B ponm menbyamwimx yacTtuy, y
Hero 6bin «HbIOTOHUK» — HYNEBOW «XUMWYECKUA 3ne-
MeHT». MHOrve rogbl OH MOCBATU/ MOUCKY XMMMU3Ma
«HBIOTOHUAY.

B Bakyyme XX-ro Beka, KOTOpbIM 3aMeHUNn acpmp XIX
BEKa, HEBNAUMbIE 3MPHbIe YacTuULbl NePeEBENN B pa3pss,
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BMPTYyasibHbIX (peasibHO He CYLLECTBYHOLWMX) YacTul, Bakyym
NnpeAcTaB/IIeTCA «OKeaHoOM [jupaka» BUPTYasibHbIX YaCTULL.
PaKTMYEeCKN 3TO aHasIor ahmpa, HO C BUPTYasIbHbIMU YacTu-
LamMu B MyCTOM MPOCTPAHCTBE.

B admpoanHamumke ALOKOBCKOrO 3hmp rnpeacTasiseTcs
BA3KMM ra3om pas/fIMYHbIX BUXPer B nepapxmyeckmnx ypoB-
HAX OpraHM3aumn maTepun.

MunpoBOe NMPOCTPaHCTBO 3BOJIOLVMOHMPOBASIO B HayKe
(B CO3HaHUM YesioBEYECTBA) B BUAE NMYCTOro NPOCTPaHCTBa,
KOTOpOE coAep>Kasio pas/iMyHble 3UPHbIE YacTULbl — OT
MeNbYanLMX HEBUANMbBIX 40 BUPTYasbHbIX U pa3HbIX BUX-
pei nepapxmyecknx ypoBHeii.

0,, — ofiHOpoAHOE, M30TPOMHOe, HENpPepbIBHOE KOC-
MUYecKoe MPOCTPaHCTBO. OTOT eCTEeCTBEHHbI 31eMeHT
BceneHHO 6b1n BbISIBJIEH NPU Nepexoe K HaTypasbHOMY
pagyuncenn=0,1,2,3,4,..o0Tpagan=1, 2, 3,4, ncrosnb-
30BaHHOr0 B AeAYKTUBHOM cuctematmsaymm n Tmnusaumnm
XUMWUYECKUX 3/IEMEHTOB.

0., — peanbHoO cyulecTBytollan foMaTepunanbHas cyo6-
cTaHuma. Martepunsa AUCKPeTHa, a cybcTtaHuua Om Henpe-
pbiBHA, HeMnpepbiBHa abCOMIOTHO, T.e. HE UMEET HU BHY-
TPEHHUX, HN BHELLHUX rpaHuy, (beckoHeuyHas BceneHHas).
MpocTpaHcTBO (0, -cpefa) 6eCKOHEYHO 1 BEYHO. B 0T/IN-
yme OT MUPOBOIrO NMPOCTPAHCTBA U3 NMYCTOro NPOCTPaH-
CTBa C pas/IMYHbIMWN 3IPUPHBLIMN YacTULL @MU, B KOHLEMNLUN
Om-npocTpaHCcTBa caMO MPOCTPAHCTBO ABNAETCHA Cy6-
cTaHUMaNbHbIM €CTECTBEHHbIM 3/IeMEHTOM BceneHHOM,
He cofepXawum Kakux-nmbo apupHbIX YyacTuy,. B Takom
cnlyyae 3TO He ahmp. STO NPOCTPaHCTBO-Ccpesa N3 cyob-
CTaHLUMabHOro eCTeCTBEHHOr 0 asiemeHTa Om 6e3 achup-
HbIX YacTuu,. 0_-NPOCTPAHCTBO — Cpeja, B KOTOPOWA: BO3-
HUKaKT U ABUXYTCA HEATPUHO, (POTOHbI, 3IEKTPOHBI,
MPOTOHbI; 3aXXUTalTCA U racHYT 3BE3/bl; POPMUPYIOTCA
M pacnagarTca ranakTUuKu.

0., -MPOCTPAHCTBO BbIMONHAET PYHKLMN MUPOBOIO
NMPOCTPaHCTBa 1 3TO NOABOAUT K KOHLLY 3BOJ/TOL MO MUPOBO-
ro NPOCTPAHCTBA KakK MyCcToro rnpocTpaHcTBa ¢ a(pUpHbIMU
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yacTnuamun. Mmposoe Om-NpoCTPaHCTBO CYLLECTBOBAO, CY-
LeCTBYET 1 ByJeT CyLecTBOBaTb, HE3ABMCMMO HU OT KOrO,
HW OT Yero.

B MM1poBOI4 Hay4YHOI NnTepaType paboT ApYrMX aBTOPOB
B 3TOM HanpaB/eHNUM He 06HaPY>XeHO. M03TOMY B CIIUCKE Nn-
TepaTypbl MPUBOASITCS TONIbKO OCHOBHbIE NpPeALIecTBOBAB-
Ve TpyAbl B JaHHOM HarnpaBieHUn.
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