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NMpepucnoBwue

B no3nanun OKpPYyKaromiero MHpa O MHOT'OM MBI Y3HAcM K a, KO HC
3HaeM 1 O Y eI‘MIypI/IMep, oT HeroToHa MBI 3HaeM, K a MIroTeroT APYT K
Apyry HG6€CHBIC TCJIa, HJINX OT KYJIOHa — K a KIpI/ITSIFI/IBaI-OTCH n
OTTAJIKUBAIOTCA OJJICKTPHUYCCKH 3apsOKCHHBIC TCJIa M 4YaCTHUIbl, HO HC
3HaeM, NN O Y eOMI/IprI/ITSIFHBaIOTCH u ortankuBaroTcs. [louck oTBeTOB
Ha 2T M O Y € ]M),yBO,Z[HT K BBEICHCHHIO IIPHUPOABLI 3JICMCHTAPHBIX

YaCTHLI, AJIep aTOMOB U K Kpyry €CTECTBEHHBIX 3JIEMEHTOB BCeIeHHOM.

BoO3HUKHOBeHME 93 /1eKTPpPOHa " NOoO3NMNTPOHaA
PaccmoTpum onHYy M3 HanOosiee M3YyYEHHBIX 3JIEMEHTapPHBIX YACTHI] —

AJIEKTPOH.

IlepBbIil Bompoc: 0TKy1a OepyTcs, NOABISIFOTCS 37eKTpoHbl? TouHee, Kak

BO3HUKAIOT AJIEKTPOHBI? VIMEHHO BO3HUKAIOT, @ HE BHICBOOOKAAIOTCS U3



BCIICCTB B 'OTOBOM BHJC.

VYxke ¢ nepBoii mosioBUHBI 20-r0 BeKa ObLIM U3BECTHBI J]BA €CTECTBEHHBIX
IIPOLIECCA BO3HUKHOBEHUS JJIEKTPOHOB:

1) OoTa-u3nydeHue Mpu PaaMOAKTUBHOM pPacIiajieé HEKOTOPHIX BEIIECTB;
2) TOSIBIEHUE SIEKTPOH-TIO3UTPOHHBIX TMap NPU  CTOJKHOBEHHSIX

ramMma-(OTOHOB Y sIIEp aTOMOB.

N B TOM, U B JIpyroM ciiyyae CUMTAIOT, YTO DJICKTPOHOB HE OBLIO HU B
sapax  aTOMOB PaJMOAKTUBHOTO DJJEMEHTA, HM B ramma-(oToHax.
['oBopsIT, 4TO Takue JIEKTPOHBI BOSHUKAIOT, @ HE BBICBOOOXKIAIOTCS U3
BEIIIECTB KaKUM-JIUOO BHEIIHUM BO3JACHCTBUEM, Kak Tpu (oTodddexrte

HJIN U3 3JICKTPOHHBIX ITYHICK B KATOAHBIX JIydaX.

BTopo#i Bompoc: Kak BO3HMKAET JIEKTPOH, HAIIPUMEDP, IIPU CIIOHTAHHOM
pacnage apyrol 3JIEMEHTapHOM  YacTHUIbl — HEWTPOHA, WIM TMpHU

CTOJIKHOBEHHH JIBYX raMMa-(OTOHOB?

VY cTaHOBJIEHO, UYTO HEUTPOH B CBOOOTHOM COCTOSIHUM UMEET BPEMSI KU3HU

0KOJIO 16 MUHYT, 3aTEM CaMOITPOU3BOJIBLHO pacnaaacTcs Ha



IIPOTOH, 3JEKTPOH M 3JIEKTPOHHOE AaHTHHEUTpuHO. Cuwnraercs, YTO
JNEKTPOHA BHYTPU HEWTpoHa HeET. Jlng mnponecca BO3HUKHOBEHUS
AJNIEKTPOHA B ATOM pacnajie HeT KaKuX-JIM0O pa3yMHBIX IPEANOI0KEHUN U
OCHOBaHHM, KPOME TOrO, 4TO BCE MOJDKHO IPOUCXOAUTH B CTPOrOM
COOTBETCTBUM C 3aKOHAMHU COXPAHEHHUS MAaCChl, JHEPIMH, UMITyJIbCa M

MOMCHTA UMITYJIbCA.

Bo3HUKHOBEHHE K€ JJIEKTPOH-IO3UTPOHHOM IAphl NPHU CTOJKHOBEHHUH
IByX raMMma-QoOTOHOB BOJM3M s/Apa aroMa MOAMAETCS HEKOTOPHIM
MBICJIEHHBIM MOCTPOCHHSIM. 3aMETHM, YTO SAPO aToOMa HWIPAET POJIb
CBOCOOpa3HOro  «aKymepa»  Juisl  OBICTPOTEYHBIX  IPOLIECCOB
«BO3HMKHOBEHHUSI U POXKJCHUS JBYX Pa3HO SMIIEBBIX OJU3HEIOB» —
JNEKTPOHA W TO3UTpoHAa. HO B IpeaBapuTEIbHOM PaCcCMOTPEHUU
HY’KJIaeTCd MPOCTPAHCTBO, B KOTOPOM «paboTaeT akymep». Cuurtaercs,

YTO IPOCTPAHCTBO — BAKYYM, T. €. a0COJIFOTHAs ITycTOTa. Tak jau 3107

Emé Apucrorens yTBepkaai, YTO MNPUPOJIAa HE TEPIUT MYyCTOTHL. Uepes
IOYTH 2 ThICAYM JeT JlekapT yTBepkaaj, 4To BO BceneHHo HeT Hurae
nyctor. OAHAKO STU YTBEPKACHUS BEJIUKUX MBICIHUTENEH ObUIH
IPOUTHOPUPOBAHBI B KOHIIENIIMH 3PUpa, TOCTIOACTBOBABIIEH B HAYYHOM

MHUPOBO33peHNH 10 Havyasia 20-ro Beka. CUUTaIOCh, YTO MEIbYaNIINe
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HEBUIMMbIE U HEJEIMMbIE YacTHULBI d(pupa HAXOAATCA B XaOTHYECKOM
JNBWKCHUH B ITyCTOM IIPOCTPAHCTBE BeeneHHOM. XO0Ts 2NeKTpOMarHuTHas
Teopust MakcBeia Oblla TOCTpOoeHa Ha 3¢upe, OHa IMpHUIUIA B
MPOTUBOPEYHE C MOABIKHBIMH «Ta30MOIOOHBIMI» MoJenaMu >¢upa. B
TEOPUSIX OTHOCUTEIBHOCTH OWHINTEHHA 3(Hp OKa3ajcsi HE HYKEH.
IIpocTpancTBO 0€3 4YacTUL] M TEI CUUTAIOCH C TE€X MOP M CUUTAETCA
MOHBIHE MYCTBHIM. ODJIEMEHTApHbIE YaCTHUIbl, aTOMbI, MOJEKYJbI, TENa,
HEOECHBIE TeJla U MX CHCTEMbI JBWXKYTCS B IIyCTOM IpocTpaHcTBe. 1 B
CranpmaptHoi Mopgenun OnemMeHTapHbIX YacTull BakyyM CUHTAETCS
IIyCThIM. Y TBEPAWINCH HA TOM, YTO B HEM IPUCYTCTBYIOT JIMIIb HEKHE

BHUPTYAJIBbHBIC 3JICMCHTAPHBIC YaCTHUILBI C OTPHULATCIIbHBIMU SHCPIrUAMMU.

Barnsg Ha OeckoHeuHoe 3-mepHoe (usmueckoe I[IpoctpaHcTBO
BceneHHON Kak Ha MyCTOTY MPEACTABISIETCS OLIMOOYHBIM. JTO CIEIyeT
3  (UIOCOPCKOrOo €eCTECTBEHHOHAYYHOTO pPACCMOTPEHHSI KaTerOpHuu
nmycToThl. [lycToTra ecTp OTCyTCTBHE BCETO, OTCYTCTBHE BCETO PEAIBHO
MaTEpUAIBHOTO, T. €. IIyCTOTa €CTh HEKas «HeMarepusi». Ho B peanbHOU

TPEXMEPHOM MarepuaibHOW BceneHHol HeT mecTta HeMaTepuu. TOJabKO
MaTepusi MOXKET CYIIECTBOBATh B MATEpUAIBHOW BcenenHnon, npuuém, BHE

3aBUCHUMOCTH OT CO3HaHUs 1O PritocockomMy OnpeieIeHUI0



Marepuu. HemaTtepus no onpeneneHuo (1o CyTH) HE T0JKHA U HE MOYKET
CyIIECTBOBAaTh B peallbHOW MartepuaibHOW Bcenennou. Ecmu cuurars
yTBepKaeHue Jlexkaprta o ToMm, 4TO BO BcelleHHOM HET MecTa ImycToTe,
UCTUHHBIM, TO OeckoHeuHoe TpéxmepHoe [IpoctpancTtBo Beenennoit ne
€CTh IyCTOE a0CTPAKTHOE IeOMETPUYECKOe MpocTpaHcTBO EBkimia, a
peanbHoe (MaTepuanbHOe) (usznyeckoe IIpocTpaHCTBO, peabHBIN
(MatepuanbHbIil) OeckoHeuHbI ¢usznyeckuit 00bEM. U 310 (usnuecku
peanbHoe MarepuansHoe IlpocTpancTBO, CBOOOIHOE OT  BCEX
AJIIEMEHTApHBIX YacTULl U (U3NYECKUX IIOJIeH, sBIsETCS M a T € P,

IIOTOMY YTO OHO CyIIECTBYET. bojee Toro, He MpOCTO MaTepuen, a HEKOEU

npamaTepHei, mpoToMaTepueil, meppomarepueil, AoconoTHo MaTtepueil.

AbcomoTHas matepusi O6e3maccoBa. OHa HepaspbIBHA, CIEIOBATENIBHO,
HETIpepbIBHA. B IPOTUBHOM Cily4ae, B MECTaX Pa3pbiBa MOXKET MOABIATHCA

IyCTOTa, HEMATEpHsl, YTO UCKIIFOUEHO B MaTepuaabHON Beenennoi.

Wtak, nmeemM aOCOJIOTHYIO MAaTE€pUI0 — OECKOHEYHBIA TPEXMEPHBIN
HEpa3pbIBHBIM HENpPEephIBHBIM 0e3MaccoBBI  (u3HUecKUii o0beM —
Kocmuueckoe MarepuanbHoe ITIpoctpancTBO. MarepuanbHoe

[TpocTpaHCTBO OBIBAET pa3HOU Pa3pEKEHHOCTH NUCKPETHON MaTepuei



(37IeMEHTapHBIMM ~ YacTULAMHU, HOHAaMH, AaTOMaMH, MOJIEKYJaMHu).
HanOouee pa3zpexeHHBIM cuuTaeTCs Mexraiaktuaeckoe [IpocrpancTso, B
KOTOPOM MpeArnoiaraioT He 6omee 1-2 atoMoB Ha utp 00béma. [lycTsb B
takoM [IpocTpaHcTBe ABHKETCS B HEKOTOPOM HampaBieHHH (POTOH,
OYEBHMJIHO, CO CKOpPOCTBbIO cBeTa B Bakyyme. llyctb Ha ero nyrtu
YCTAHOBJICH TIJIOCKUN aOCOJIFOTHBIN OTpakaTelb, T. €. TAKOW OTpa)xaTeb,
KOTOPBI OTpa)kaeT CBET 0e3 IMOTepb JHEPTUH, MMITyJbca U MOMEHTa
uMIitysbca. OOTOH OTPAa3UTCAs M HAMNPABUTCS B MPOTHUBONOJIOKHYIO
ctopoHy. HopMmanbHO K 3TOMY HAmpaBIIEHUIO MYCTh MUMEETCS IPYrou
IJIOCKUH a0CONIOTHBIN OoTpaxaTenb. [I0CKOJIbKY HET MOTeph HU DHEPTUH,
HU UMITYJIbCa, HU MOMEHTA UMITYJIbca, (POTOH OyAET BEYHO JABUTATHCS I10
HOpMAJId MEXIy HNapajUyieJbHbIMA  aOCONIOTHBIMH  OTpa)KaTEJsIMU.

[Tpou3omnuia ogHOMEpHAS JOKaIu3aus (oToHa.

Bmecro nByx oTpaxkarened mpeactaBUM 4 IUIOCKUX —OTpaKaTels
KBaJpPaTHOTO B IMONEPEYHOM CEYEHUH COEIMHEHUS M MYCTh (HOTOH
3alylieH MO IPOU3BOJIBHOM TPAEKTOPUM, JIEKAIIEW Ha IUIOCKOCTH
KBaJpaTHOTO  CEYeHUs IUIOCKUX  oTpaxareneid. DotoH  Oyner
JIOKaJIM30BaH B INIOCKOCTHU KBaJpaTHOTO ceueHus. [Iponsoia nsymepHas

JoKanu3aius GoToHa.



Ycnoxuanum sxcniepumenT. Bo3smEM cdepy n3 abCOMOTHO OTpakaroIiero
MaTepuana, M «3amycTUM» (OTOH BOBHYTPH CQEpbl B MPOU3BOIHLHOM
HanpaBieHuu. OueBUAHO, (OTOH JIOKANIM3YETCS BHYTPU CQephl.
[Ipousomnuia peanpHass TpEXMmMepHas Jokanmuzamus ¢GoToHa. ITO
MPUHYAUTEIbHAS C TOMOIIBIO OTpaxkaTelel Tokanu3aius gorona. oton

MO>KHO JIOKanu30BaTh B [IpocTpaHcTBe.

Moxer 1 poToH nokanuzoBaThcs B MarepuanbHoM [lpocTpaHcTBe He

MIPUHYAUTEIBHO, 4 ECTECTBEHHO?

[lycts nBa ramma-(QoTOHA C YHEPrUueH, MPEBBIIIAOIIEH YKBUBAICHTHYIO
Maccy TOKOSl JJIEKTPOHA KaXK[Iblil, CTAKMBAKOTCS Yy sapa aToMa B
[IpoctpancTBe. [liiga  onpenen€éHHOCTH HA30BEM OTO  «TBEPIOE»
Hepa3pbhIBHOE HeNpepblBHOE Oe3maccoBoe MatepuanbHoe [IpocTpaHcTBO
CriicoHHeBBIM, SpP-TpocTpaHcTBOM U3 SP ameMeHToB [1-3] 00béMa oT
cnoBa Space — IIpoctpancTBo, Kocmoc. [IpoctpancTBo, TakuM oOpazom,

sisieTcst CIHCOHMEBOM Cpe1oit mim SP-cpenoi.

Bot cronaknynuce B CrodlicoHHMeBOM cpene ABa ramMmMma-QoToHa y siapa

aToma M MOSIBWJIACH Mapa: 3JIEKTPOH U No3UTpoH. Yto? I"'amma-(poToHsbI



MCYE3H, U KaKUM-TO UYAECHBIM OO0pa3oM BMECTO HHUX MOSBUIHCH
AJIEKTPOH U No3UTpoH? Uyseca ObIBAIOT TOJIBKO B CKa3Kax, HO B pealbHOM
MaTtepuanbHOi CrdiiCOHMEBOM cpeie MOAOOHBIX dyAec ObITh HE MOXKET.
Pasymuee u nmormynee OyaeT MpEANONOKUTh, YTO W3 ramma-(GOTOHOB
«POJIMJIMCH» DIEKTPOH M MO3UTPOH. Mexay IByms raMMa-(hoTOHaAMU H

AIEKTPOH-TIO3UTPOHHOM NAPOU NOTAKHA OBITh KTEHETHUUECKAsD CBS3b.

MoOXHO TPEeAnoSOKUTh, YTO TMPU ONPEACIEHHBIX YCIOBUAX JBa
raMMa-(OTOHa, CTaJKUBasACh, MOTYT 3aKPyUMBATbCS: OJWH B OJHY
CTOpPOHY, APYrol — B JAPYryr. OTO Kak Obl «CTOJIKHYBIIHECS B
CMEpTENIbHOM aTake JABE 3MEH, CIyYaHO CXBATUBIIUE U TBITAIOIIUECS

IpOrjoTUuThL CBOHU COOCTBEHHBIE XBOCTBI».

,ﬂ.I/IHaMI/I‘-IMBCC,Dl(melﬁKTpOHa "n NMO3UWTPOH
®dotoH — cTtabwibHas yactruma. Eciy Ha cBoéM myTr OTOH HE BCTpedaeT
MTOTJIOIIAFOIICH €r0 YaCTHIIBI, TO PAKTHIECKU (OTOH B HEM3MEHHOM BHUJIC
CYIIECTBYET OY€Hb JOJIT0, BO3MOXKHO, BeUyHO. Bo BcskoMm ciydae, BO
Bcenennoit HaxoasT (OTOHBI, «OKUBYILIUE» OKOJIO 15 MMWIIIHApAOB JIET

oT «bonpioro B3peiBa». @OTOH — HEKast IUCKPETHAS YaCTULIA, UMEIOIas



HEKYI0 CTaOWIbHYIO (hOPMY, COXPAHSIONIYIOCS MUJUTHAPIBI JIeT. Beskas
dopma B TpéxmeproM [IpocTpaHCTBE OTpaHUIMBACTCS HEKOCH JIBYMEPHOU
noBepxHocThi0. Takum oOpasoM, (HOTOH — HEKOE MPOCTPAHCTBEHHOE
oOpa3oBaHMe, IMYCTh MaJIOTO, HO KOHEYHOTO (PHU3NYECKOTO o0Bhema.
MoxHO mpencTaBuTh (OTOH OTPAaHUYCHHBIM JBMKYIIUMCS TTOTOKOM B
CmaiiconueBoi cpene. [ToTok 3TOT, 0O4EBUIHO, COCTOUT U3 MapauIeIbHbIX
OECKOHEYHO MaJIbIX MUKPOTIOTOKOB. B 11e710M (pOTOH MOKHO TIPE/ICTaBUTh
KaK «CHOIl MHUKPOIIOTOKOB)», COCTAaBJAIONIUX OOIIMN MOTOK (OTOHA B

CnplicOHMEBOM Cpelie.

[Ipennonoxum, ramMma-(GOTOHBI UMEIOT IUIUHIPUYECKYIO GopMy, T.€.
GOTOH — IUIMHAPUYECKUM «CHOM MHUKPOMOTOKOB» B CHPHCOHHEBOMN
cpene. [louemy «UMAMHIP-CHONI MUKPOMOTOKOB» MOXET CYIIECTBOBATH
MWUIMApAbl JIET, HE pa3BAJIMBASICh HAa OTACJIbHBIE MHUKPOMOTOKH?
OueBHIHO, MHUKPOMOTOKH JIOJDKHBI OBITh KaK-TO CTSHYTBHI, CBSI3aHBI,
«mpuKiaeeHb». W3 ruapoaunaMuku u3BecTHO (MpuHIMN bepHysin), 4To
MOTOKU B3aUMOJICUCTBYIOT. OiHOHAIIpaBIICHHbIE (TTapajliesIbHbIC) TOTOKU
MIPUTSITUBAKOTCS IpyT K IpYry, a pa3HOHANPAaBICHHBIC

(anTHMAapasIeNbHBIC) MOTOKU OTTAIKUBAIOTCS APYT OT JIpyTa.



B sTOoM MOXHO Jerko yOeauThCsi, OpraHu30BaB B BOE Mapalie/bHbIE U
aHTUIIApAJJIENbHBIE  NMOTOKW.  [lapajutenbHblE  MHKPONOTOKM B
HWIMHIPUYECKOM (OTOHE MPUTATHUBAIOTCS APYT K JIPYTY, U 3TO HE AacT

q}OTOHy pa3sBaJIMBATLCA HA4YaCTH, BILUIOTH 40 OTACIbHBIX MUKPOIIOTOKOB.

Ecnu nunuaap ¢oTtoHa 3aBopaunBaeTcs B TOP, TO CKPEIUISIONINIA 3P PexT
napajuleNIbHBIX MOTOKOB COXpaHseTcs u B Tope ¢orona. Ho B ciyuae
Topa-poTOHA AMAMETPAIBLHO MPOTUBOMOJIOKHBIE CTOPOHBI OKa3bIBAIOTCS
aHTHUITAPAJUICTbHBIMU TIOTOKaMH, U OHU JTOJKHBI OTTAJIKUBATHCS 110 BCEMY
KOJIbIly TOpa. BO3HUKHOBEHHME B3aMMOOTTAJIKUBaromEero sddekra y
AMaMETPATbHO MPOTHUBOMOJIOXKHBIX CTOPOH TOpa NPHUBOJUT K €I
00JIbIIIe TPOCTPAHCTBEHHON YCTOMYMBOCTA U BPEMEHHOMN CTaOUIILHOCTH
CBEpHYTOTO B TOp ramma-GoToHa (DJEKTPOHA). ODJIEKTPOH MOXKET

CymeCTBOBATL BEYHO, €CJIM HC ITOTJIOMACTCA 1 HC AaHHUTUIIUPYCT.

Hunuuapsl ramma-(OTOHOB MPU CTONKHOBEHUHU B CI3HCOHMEBOM cpefie
y spa aroMa 3aBOpPAuMBaIOTCA (JIOKAJIU3YHOTCS) B IMPOTHBOIOJIOKHO
BpallalouIMecss TOpPbI, OAUH U3 KOTOPBIX MPOSBIAETCS KaK 3JIEKTPOH, a

IPYTON — KaK O3UTPOH.
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CunoBble nonsa B CnanWcoHMeBOW cpepe
Jlunamudeckasi MoJenb JJeKTpoHa-Topa B CmdiicoHMEBOM cpene
NpE/CTaBIsIeT  dAJCKTPOH KAk HEKYyl0 TOPOUJAIbHYIO  00JacTb
BO3MYIIEHHOTO cocTosiHus B CmaiiconuneBoit cpene. Cyast o CKOpOCTH
cBera (Ckopoctu pacmpocTpaHeHust BoiH B IIpocTpancTBe) cpena ata
OYECHb M OYEHb KECTKAS MO CPABHEHUIO C JIFOOOW HM3BECTHOU Cpeoi,
HaIpuMmep, aIMa3HoM, KOTOpasi XapaKTEPU3yeTCs] CKOPOCTHIO OMEPEYHBIX
yOpyrux BoJiH (3Byka) mopsanka 10 km/cexk. OTHOLIEHHE CKOpOCTEU
pacrpocTpaHeHus BoJH B CIDHUCOHMEBOM M alMAa3HOM Cpenax
coctansger 30 000 (!). Moxuno roBoputh, uro CrdiicOHHEBas cpena B

30 000 pa3 xécTue KpUCTAUTMIECKON CPeIbl anMasa.

O6macTh BO3MYIIEHHOTO COCTOSIHHS B HEBO3MYILIEHHOW CPEJIE U3 OJTHOTO U
TOTO ke «Marepuanay - Croiconus (Sp-aieMeHTa), OUYeBUIHO, TOJIKHA
CO37aBaTh B 3TOM HEBOOOPA3UMO KECTKON HEBO3ZMYILIEHHON Cpeie HEKHUE
CUJIOBBIE HATSHKEHUSI, XapaKTEePU3YIOIIUECs COOTBETCTBYIOIIUMHU MOISIMU
HanpsKEHHOCTENW. BO3MOXKHBI 1Ba BHIA CUJIOBBIX TOJIEN: CTATUYECKUE U

TUHAMHYECKHE.

CraTudecKkoe CHUIIOBOE IoJie co3AaéTcs B «(hOTOHE-CHOIIE
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B3aUMOJICICTBUEM MHUKpPONOTOKOB. IIOCKOJIBKY MHKpPOIIOTOKM 3TH
NapajuieiabHbl, OHU HCIBITHIBAIOT MPUTATATENBHOE HANPSIKEHHUE NIPYT K
apyry. B nerom Beck munuuAp «PoTOHA-CHOMA» KaK OBl pagualibHO CXKaT.
OT0 cCxkarhe BICYET K pPaJuajJbHO CTATMBAIOUIEMY HATSKEHUIO
CrdiicoHneBOl cpelbl BOKPYT LMJIMHIApa «(OTOHA-cHOMa», o0pa3ys
CHJIOBOE TIOJIE CTATHBAIOIICH HAMPsHKEHHOCTH, paivaibHO YOBIBAOIIEH C
PAcCTOSITHUEM OT OCH UMJIMHAPA. ITO MOJIE JIBHXKETCS BMECTE € (DOTOHOM
(compoBokaeT POTOH BO BCE BPEMs €0 CYIIIECTBOBAHUS), HU OIEpexas,
HU OTCTaBasi OT HEro, MOCKOJbKY caM (DOTOH JIBMIKETCSI C MOCTOSTHHOM
MaKCUMaJIbHOM a0COJIIOTHOM CKOPOCThIO. B3amMojelcTBOBaTh Takue

ITIOJIAA MOT'YT TOJIBKO TOrid, KOraa OHH ICPCKPBIBAOTCA NI COBMCINAKOTCA.

JluHamu4eckoe ke cuiioBoe mose (oToHa co3/1aéTcsi UM Kak MOTOKOM B
uesnoMm B CrdlicoHneBor cpene. @OTOH B KaXIOHW JTOCTUTHYTOM TOYKE
CO3/1aéT «IOTOKOBOE» MPUTSIKEHUE WU OTTAJIKMBAHKE MO OTHOILIECHUIO K
Ipyromy (poTOHY-TIOTOKY, B 3aBUCHUMOCTH OT HUX MapaJUICILHOCTH WIH
aAHTUIAPAJJIETBHOCTU. EciM  cTaTUYeckoe CHJIOBOE TM0Jie  TOJIBKO
MPUTATATENIbHOE, TO JUHAMUYECKOE CHUJIOBOE TOJIE U MPUTAraTeabHOe, U

OTTAJIKMBATCIIbHOC, B 3aBUCUMOCTHU OT HAIIPABJICHUA ITOTOKOB.
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Korna ramma-goToH mokamu3yeTcss B OJIEKTPOH WM TO3UTPOH,
JMHAMHUYECKOE T0JIE BHE TOPA dJIEKTPOHA MOXKET CO34aBAThCS KPYTOBBIM
IIOTOKOM BHYTpu TOpa. CKOpPOCTP 3TOr0 IOTOKA — CKOPOCTh

raMMa-(poTOHa, T.€. CKOPOCTh CBETA B BaKyyMe.

[IpencraBum cebe GECKOHEUHO TOHKHUI a0COJIFOTHO KECTKUI HEBECOMBIN
CTpeXeHb OecKOHeuHOW MnHBL. [lOCKOIBKY CTEp>KEHb HEBECOMBIIA,
T000 3JEMEHT €ro MJWHbl MNPUHUUIIMAIBHO MOXKET JIBUTaThCAd C
a0COJIOTHOM CKOpOCThI0. HauHEéM BpamiaTh CTEpKEHb C TAKOW YriIoBOM
CKOPOCTEIO, YTOOBI EPBBIH 2JIEMEHT JIIMHBI CTEPKHS AIUHON mycTh 10710
M Bpamajicsi ¢ JUHEWHOM CKOpPOCTBIO CBETA HA KOHIE JIMHBI 3TOTO
snemeHTa. [loCKOJIBKY CTep)KeHb aOCOJIIOTHO JKECTKHMM, T.e. HE
pacTATMBAETCA U HE Cru0aeTcs, TO AIEMEHT CTEPXKHS HA OECKOHEUHOCTHU
JOJIKEH BpaIlaThCsl C TUHEHHON CKOPOCTHIO0, OECKOHEYHO MPEBbIIIAtONIEH
ckopocTh cBera. Ho B mpupoae HeT ckopocTu, Ooiiblel abCONHOTHOM
CKOpPOCTH CBeTa B Bakyyme. JI100oil s7eMeHT Ha Bcel OECKOHEUHOU
JUTMHE CTEP>KHS JOJDKEH BPAIllaThCsl C TMHEHHONW CKOPOCTHIO HE OOJIbIIEH,
YeM CKOpPOCTh (CBETa) HAa KOHIIE MEPBOTO 3JIEMEHTA CTEPKHS. Y CIOBHE
MOCTOSIHCTBA JIMHEHHOW CKOPOCTU Ha BCEW MJIMHE CTEPKHS Tpedyer

IMPONOPHUOHAIIBHOI'O YMCHBIICHUS 110 JJIMHE CTCPIKHA yTJ'IOBOﬁ CKOpPOCTH
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ero BpauieHus. B TakoM ciydae cTepxKeHb JOKEH U3ru0aThCs, CKaXeM,
no cnupanu ApxuMena. IOTO O3HA4aeT HEBO3MOXKHOCTh aOCOIIOTHO
AKECTKOTO CTEPKHSI, KOHEIl MEepPBOro (CKOJb YrOJIHO Majoro) 3JieMEHTa

KOTOPOT0 Bpamjaics Obl C INHEWHON CKOPOCTHIO CBETA.

CmiiconueBas cpema o0jamaer oO4yeHb OONBIIONH, HO KOHEYHOM
KECTKOCTBIO, MPOSIBISIIONIEHCS KOHEYHOW CKOPOCTBIO CBETa B BaKyyMe.
Ecnu B cTonb KECTKOM cpene ABHXKETCS (DOTOH — 4YacTULAa BOJHOBOM
MPUPObL, OH HE MOXKET HE BIIUATH HA OKPYKAIOIIYIO CPEY, WM Cpela He
MOXET HE OTKJIMKAThCS Ha Takoe ABMKEHUE. YToObI yOeAUTHCS B 3TOM,
paccMOTPUM MPOCTEUIINI Cydail BOJH Ha BOJE. Y CTAaHOBUM B OacceiiHe
JIBa CKPEIUIEHHBIX IUIOCKOINAPAUIETbHBIX IIUTKA, KOTOPHIE MOKHO
MOJHUMATh M OMYCKaTh B BOJE TaK, 4TOObI 00Opa30Bajics KaHal MEXIY
HIUTKaMHU JJIs1 IPOTOKa BoAbL. [TogHMMeEM UX ¢ TeM, YTOOBI BEpXHSA YacTh
ObLJa HaJ| BOJOM, a HIDKHSS 4acTh — B Boje. OpraHuszyeM Cepuro BOJIH Ha
OJTHOM KOHIE MEX]y IMapajulebHbIMU IIUTKaMU. MeXay UIUTKaMH
MOMAET cepus BOJIH. BHE IIWTKOB HHUKAKMX W3MEHEHUN IMOBEPXHOCTHU
BOABI He OyneT. Koraa nepBast U3 cepuu BOJIH JOCTUTHET CEPEANHBI IJTUHBI
IIUTKOB, OIYCTUM HX B BOAy. KoneOaHus moBepXHOCTH BOJIbI lajiee OynyT

pacnpoCTpaHATHCS HE TOJBKO B MPSIMOM
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NEePBOHAYAIILHOM HAIIPaBJICHUU, 33JaHHOM IIUTKaMH, HO M MO 00e
OOKOBBIE CTOPOHBI, MPUYEM TOPa30 MEHBIIUX aMIUIUTY]T U CO CKOPOCTHIO,

HE HpeBI)IH_IaIOHIeﬁ CKOPOCTH IICPBOHAYAJIbHBIX BOJIH.

CBepHEM Teneph IUIOCKONApAJIEIbHbIE HIUTKH HAa KOHLEHTPHYECKHUE
IIUTKHA, KOTOPbIE TAKKE€ MOYKHO IMOJAHMMATh HaJ MOBEPXHOCTBHIO BOIBI,
YTOOBI BEPXHUE YaCTH BBICTYNAIN HAJ BOJOW, U OMyCKaTh B BOIY, YTOOBI
IIOJTHOCTBIO YTOIIUTH B BoAe. OpraHn3yemM CEpUIO BOJH B MPOMEKYTKE
MEXIy KOHUEHTPUYECKUMHU IIUTKAMH, BBICTYNAIOUIMMU HAJl BOJOH.
JIBUKEeHUE Ccepuu BOJH MEXAYy KOHLEHTPUYECKUM IIUTKaMu Oyaer
MPEACTABIATh COOOM XOPOLIO BBIPAKEHHBIM MOTOK. BOKpYr BHEIIHEro
IIUTKa U B Kpyre, OrpaHMYEHHOM BHYTPEHHUM IIHUTKOM, MOBEPXHOCTb
BOJIbl CIIOKOWHAs, 2 B MPOMEKYTKE MEXKIY LIUTKAMHU yCTaHABIMBAETCS
KPYrOBOM NOTOK BOJHBI. YTONUM KOHUEHTPUYECKHE IIUTKH B BOIY.
KpyroBoii moTok BOJHBI roOpa3zf0 MEHBIIEH HWHTEHCUBHOCTH, IMPUYEM
yOBIBaIOIIEH C paccTosTHUEM, OyAEeT pachnpoCTpaHsIThCd OT MecTa

YTOINUICHHBIX KOHOCHTPHUYCCKUX IMUTKOB BO BCE CTOPOHEI.

Eciu B CmdiicoHneBoil cpene nABMXKETCS (DOTOH MPSMOJIMHEMHO W

PABHOMEPHO CO CKOPOCTBIO CBETA, TO B OOKOBBIX HAIIPABJIEHHUIX OT HETO
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OyIyT BO3MYIIIEHUS CPEIbI, PACTIPOCTPAHSIONINECS CO CKOPOCTHIO CBETA,
HO C ropas/l0 MEHbIIECH MHTEHCHUBHOCTHIO. DTHU BO3MYIIEHUS B KaXJ0u
JOCTUTHYTOW (DOTOHOM TOYKE, BO3HHKHYB, TYT JK€ YIAISIOTCI CO
CKOpoCcThIO cBeTa. [lo 3TOM mnpuuMHE W N0 NPUYMHE HUX MAaJION

HHTCHCHUBHOCTHU OHH HC ITIOJAKOTCA pCTrUCTPpaAlNH.

Ecmu xe (oTOH «3akpyTHUICS» B DJIEKTPOHE, TO TaKWe BO3MYIICHHS
CmiicoHneBoi cpefibl MOBTOPSIOTCS C KaXKIBIM «IIOJTHBIM 000POTOMY
dorona B Tope. Ilpu nuamerpe Topa nopsiaka 107° M u ckopoctu cera
3-108 m/c 31O GymET IPOMCXOAUTE C ykKacaromel yactoroi B 3-10%8 ',
[loaToMy, 3TO  paBHOCWJIBHO  CYIIECTBOBAHHMIO  CTALIMOHAPHOIO
Bo3MylIeHUs: ~ CIBHWCOHMEBOM  Cpelbl  BOKPYT  AIEKTPOHA-TOpA.
[TposiBsSITHCS 3TO OYJIET TEM, UTO BOKPYT TOpa OYIyT MOTOKH, TOXOKHUE HA
MOTOK ()OTOHA BHYTPH TOPA, HO € 3ama3/IbIBAHUEM 10 CIIUPAIA Harogo0ue
ApXUMENOBOM, M C TOpPa3q0 MEHBIIEH WHTECHCUBHOCTBIO, TMPUYEM,
yOBIBAIOIIEl C pacCTOSHUEM OT  TOPa-dJIEKTPOHA. AHAJIOTHYHbIE
MOCTPOCHUS CIPABEIMBHI U ISl TIO3UTPOHA-TOPA, TOJIBKO MOTOKU OyAyT

IMPOTHUBOITIOJIOKHOI'O HAITPABJICHMUS.

«YcTaHoBUM» Ha IMIIOCKOCTH, «ILIAIIMsA» Ha HCKOTOPOM paCCTOAHHUU
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Apyr OT JApyra TOP-3JEKTPOH U TOP-MO3UTpOoH. ['amma-QoTOHBI B HUX
KPYTSTCSL B IPOTUBOIOJIOKHBIE CTOPOHBI. OHAKO, B TPOMEXKYTKE MEXKIY
TOpaMH TOTOKM OYyIyT OJHOHAIIPABIECHHBIMU W NEPHEHAMKYJIAPHBIMU
JIVMHUM COEIMHEHUS LICHTPOB TOPOB, T.€. MapAJUICIbHBIMU. Takne MOTOKH,
COTJIaCHO mpuHIUNY bepHymm, npuraruBarorcs. Torma 3J€KTpOH M

MO3UTPOH OyAYT MPUOIMKATHCA IPYT K APYTY.

Ecnu pacnonoXuTth «miammMs» 1Ba dJIEKTPOHA-TOPA, TO IIOTOKU MEXIY

HAMUA OynyT aHTUNApaJUIeIbHBIMHA, MW JBa  JJIEKTpOHA  OyayT
OTTAJIKMBAThCA. B ciydae nByX MO3UTPOHOB-TOPOB MOTOKH MEXKY HUMU
OyayT TakXe aHTUIapaUIeIbHBIMM, M JBa [O3UTPOHA OyayT

OTTAJIKMBATHCA.

Takum  00pa3oM, 3IEKTPOH-NIO3UTPOHHOE,  DJIEKTPOH-IIEKTPOHHOE,
MTO3UTPOH-TIO3UTPOHHOE  B3aUMOJEHCTBUS ~ MMEKT  JUHAMHYECKYIO
MIPUPOY B3aUMOJEHUCTBUSA IMMOTOKOB. MOKHO TOBOPUTH O TMHAMUYECKOU
MIPUPOZIE CHUJIOBBIX IIOJIEM, IMOCPEACTBOM KOTOPBIX B3aWMOJEUCTBYIOT

QJICKTPHUYCCKHC 3apsabl.

Korna ¢oton 3akpyunBaeTcs B TOpe-37€KTPOHE WU B TOPE-TIO3UTPOHE,
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KpPOME€ DJIEKTPUYECKOTO IOJSA JUHAMHYECKOM IIPUPOIBI, BO3HUKAET H
JOMOJHUTENBHOE CHUJIOBOE II0JIE CTaTHYECKOro  Xapakrepa. ITo
IIPOUCXOJUT BCIIEACTBUE B3aUMOJECHCTBUS MUKPOIIOTOKOB IUAMETPAIBHO
MIPOTHUBOIIOJOXKHBIX CTOPOH TOPOB. OTH MUKPOIIOTOKM M Y
ANEKTPOHA-TOPA, W Yy MO3UTPOHA-TOPA AHTHUIIAPAJUIEIBHBI, W OHH
OTTaJKUBAIOTCA K Tmepudepur TOPOB, CO3/aBas JOMOJIHUTEIHHOE
paguanbHOE CKATHUE BCErO KPYTAILIErocs noroka. Ho mononaurensHoe ux
CXKaTUE MPUBOJWUT K JOIOJHUTEIBHO CTATHBAIOIMIEMY CTaTUYECKOMY
HaTsDKEHUIO OKpyxaromen CrdiicoHueBor cpenpl. Bo3HukKaer Hekas
CTaTHYECKasl HANPSHKEHHOCTH CTATHUBAIOLIETO CHJIOBOIO IIOJISI BOKPYT
ANEKTPOHA-TOPA U MO3UTpOHA-Topa. Hanpsok€HHOCTH 3Ta HampaBieHa K
LEHTpaM M DJIEKTPOHA, W IO3UTPOHA, T.€. HE 3aBUCHUT OT 3HAKa HX
AJIEKTPUYECKUX 3apsanaoB. lloxg nelcTBHEM TakWX HaNpsHKEHHOCTEN U
ANEKTPOHBI, U TO3UTPOHBI TOJIBKO MPUTATHUBAIOTCS APYT K JAPYry IpH
0001 MX KOMOMHAIMU, U HE OTTAJKUBAIOTCSA NIPYr OT Apyra HU MpHU
KaKOM IapHOM COYETAHWH DJIEKTPOHOB C AJIEKTPOHAMH, MO3UTPOHOB C
MTO3UTPOHAMH U DJIEKTPOHOB C MO3UTPOHAMU. JIOTMUHO NMPUHATH TaKoe

CUJIOBOE TIOJIE KaK TPaBUTALMOHHOE MoJie TATOTeHUs B CIRMCOHUEBOMN

cperne.
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3apaagse U nons4

B macrosimee BpeMs B HAayKe ONEPHUPYIOT Pa3IMYHBIMM 3apsiaMHd U
IIOJIAMMU: I'paBUTAalUOHHBIMHA, QJICKTPUICCKHUMU, MarHumuTHBIMU,
JICIITOHHBIMMU, GapI/IOHHBIMI/I, cee . OFpaHI/IqI/IMCSI pPaCcCMOTPCHUCM TOJILKO

I'paBUTAOVMOHHBIX U JICKTPUYCCKHX 3apsa0B U TOJICH.

['paBUTAITMOHHBIM 3aps/IOM YacTHI[ M TeJl NPHHUMAETCS WX Macca, a
AIEKTPUICCKUM — OTPHIATCIBHBIA W TOJOKUTEIBHBIA DJICKTPUUYCCKHEC
3apsibl U3 CyMM DJIEMEHTApHOTO 3apsiia DJIEKTpOHa M IMO3UTpoHa. B
OTJIMYHE OT JJICKTPUYECKOrO, T'PABHTAIMOHHBIN 3apsj HE HMEET HHU
OTIPEIEIEHHOTO 3JIEMEHTAPHOTO 3HAYCHHUS, HA TIPOTUBOTIONIOKHOTO 3HAKA.
bornee Yem MONyBEKOBBIC IMOMCKH 3JIEMEHTApPHOTO TI'PAaBUTAIIMOHHOTO

3apsja — «rpaBUTOHA» HC YBCHYAJIMCh YCIICXOM.

I'oBopsT, uTO 3apsn co3maér moje BOKPYr ceOsi B MPOCTPAHCTBE, T.€.
CUMTAIOTCS IIEPBUYHBIMU 3apsibl, a MO — BTOPUYHBIMU. IHaue roBops,
CUMTAETCA, YTO 3apsAlpl — MPUYMHA, a TOJS — CIEACTBUA. JTa JIOTHKA
KQ)KETCS BEPHOW [JISi CPABHUTEIBHO OOJIBIIUX MM MAKPOCKOIMUYECKUX
3apsinoB M nosiei. Ho B MUKpoMHMpe Takas JIOTMKa MOXKET HE

«cpabaThIBaThy». Y YUTHIBAs )K€, YTO MAKPOMHUP COCTABIIEH U3 MUKPOMHUPA,
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HCO6XOI[I/IMO «AOKaIbIBATHCA 10 UCTHUHBD> B MUKPOMMUPC.

PaccMoTpuM BCE TOT K€ DBJIEKTPOH — 3JIEMEHTAapHYI0 4YacTULy C
AJIEMEHTAPHBIM 3JIEKTPUYECKUM 3apsaoM. Maccy 3JeKTpoHa MpUMEM 3a
3JIEMEHTAPHYIO MaccCy, T.€. 3a 3JEMEHTAPHBIM T'PABUTALMOHHBINA 3apsil
anekTpoHa. OOpatumMcs K  JUHAMHYECKOW  MOJENIM  3JIEKTPOHA.
DNEeKTpUYECKOE OTTAJKUBAHUE JIBYX OJIEKTPOHOB IO 3TOM MOJEIH
O0OyCIIOBIICHO B3aUMOJICHCTBHEM IIOTOKOB B SpP-Cpeze, CO3/1aBaeMbIX
3aKpyYEHHbIMM Tamma-(pOTOHaMH B HUX Topax. Jlo »nexkTpoHa ObLI
raMMa-QoTOoH. 3HAUUT, JIEKTPOH — cleacTBre poTtoHa. JloruyHo Oyner
CUMTaTh, YTO CBOICTBA 3JIEKTPOHA MCXOAAT OT ramma-¢poToHa. MHaue
rOBOpsi, MPOSIBJICHUS DJIEKTPOHA, B TOM YHCIIE U SJIEKTPUUECKUN 3aps/,
MIPOUCTEKAIOT OT NMEPBUYHOTO raMMa-(porona. CieaoBaTesbHO, TPU3HAKU
WM «3apOAbIl» 3JIEKTPUUYECKOTO 3aps/ia JIEKTPOHA HYKHO HUCKATh B

MEepBUYHOM ramMma-(oToHe.

BooOpa3sum B Hepa3pbiBHOW HenpepblBHOW CrdiicoHHEBOW  cpefe
OKPYXXHOCTh Majoro, HO KoHeyHoro paaumyca R. CoBMECTUM ULEHTp
OKPYHOCTH C JIEKapTOBOM CUCTEMOI KOOpJMHAT TakK, YTOObI OCh X Obliia

NepHeHauKYJIsIpHa II0CKOCTU OKpYKHOCTH. [IpencraBum cede, 4To
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OECKOHEYHO TOHKas OKPY>KHOCTh MOJBEPriach HEKOTOPOMY KPYUEHHUIO
BOKpyT ocu X. BBuay Toro, yto CmoaiicoHueBas cpena oOJagaeT O4YEHb
0O0JBIION KECTKOCTHIO, KpyueHHE OECKOHEYHO TOHKOW OKPYKHOCTU
Oyzner mepenaBaTbCsl BO BCE TPU M3MEPEHMS CO CKOPOCTbIO CBETa B
BakyyMe. B miockoctn YZ KpyueHue OyIeT mepeaaBaThCs
KOHLIEHTPUYECKUM OKPY>KHOCTSIMU KaK BO BHE, TAK U BOBHYTPb UCXOTHOMN
okpyxHoctd. [lo ocu X kpyueHue OyIeT pacrpOoCTpaHATHCA, Kak Obl
BOCITPOM3BOSCH B KAXKJI0M TOUKE B 0OOOMX HAINpaBICHUSIX, U B KaKIOM
HOBOM TIOJIO)KEHUM KOHUEHTPUYECKHU IMEPENaBasicb BO BHE U BOBHYTPb B

miockocT YZ. B pe3ynbTaTe BCE NPOCTPAHCTBO OKAXKETCSI «CKPYUYECHOY.

KéctkocTp mompazymeBaeT U ynpyrocts. IloaTomy cHsATHE KpyTSIIETO
BO3JCHCTBHS HA BBIJICIECHHYIO OKPYXHOCTh NPUBEAET K TOMY, YTO CHJIBI
YOPYTOCTH BO3BpPATAT €€ B MCXOJHOE cocTosinue. Bo3Bpary, oOpaTHbIM
M3MEHEHMSM TOJBEPTHYTCS BCE MpsSMblE U3MEHEHUS. B pe3ynbraTe BeE

IMPOCTPAHCTBO OKAXKETCA «PACKPYUCHO» B IICPBOHAYAIIBHOC COCTOSHUC.

BriOpaHHasi OKpY>KHOCTh BEpPHYJACh B MEPBOHAYAIBLHOE COCTOSIHUE, HO
CMHULIMMPOBAHHBIE» €10 MPSAMOW M OOpaTHBIA KPYYEHHs MPOAOHKAOT

JIBUYKEHUE CO CBETOBOW CKOPOCTHIO B 000MX HAMPABIICHUAX MO OCH X,
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«HCITyCKas» B TUNIOCKOCTH YZ KPYroOBbI€ NMPSIMbIE U 0OpaTHbIE KPYUCHHUS,
YXOZSIINE CO CBETOBOM CKOPOCTBIO OT KaXJI0T0 JOCTUTHYTOIO IO ocu X
MoJIokKEHUsI. MOXHO TOBOPUTh, 4YTO B NpsIMOM H© OOpaTHOM
HalpaBJeHUsAX oOcu X yuoulh B OeCKOHEYHOCTh CH3ICOHHEBOrO

[IpocTpanctBa nBa GhoTOHA.

Takum oOpazom, aBMkeHHE (HOTOHA MO OCH X B KKIOW TOCTUTHYTOM
TOYKE COMPOBOXKIAETCS KPYTrOBBIM BO3MYIIICHHEM B MEPIICHIUKYIIPHON
ocu X muockocth YZ CrHCOHMEBOM cpeAbl. OTU  KPYrOBBIE
BO3MYIIECHUSA T1I0 OCH, Hampumep, Y MOTYT BOCIPUHUMATBHCS Kak
M3MEHEHUS DJICKTPUUYECKOM COCTaBISIONIEH, a MO ocu Z KaK M3MEHEHUS

MAarHUTHOM COCTAaBJISIFOLIEH €IMHOTO 3JIEKTPOMArHUTHOTO T0JIsl JOTOHA.

Mo>xHO 3a7aThCs BOIPOCOM: YTO €CTh MPHUYMHA U CIICJICTBHE B CHCTEME
(OTOH-2JIEKTPOMArHUTHOE none? DoTOH b0’ MOPOXKAAET
ANIEKTPOMATHUTHOE TI0J€, WM BJIEKTPOMArHUTHOE TMOJE IMOPOXKIAET
¢oton? Kazanoce Obl, BO3BMOXHBI TOJBKO JIBa BapuaHTa oTBeTa: 1)
(OTOH MOPOXKIAET JIEKTPOMATHUTHOE T0JIE; 2) 3JIEKTPOMAarHUTHOE TOJIe
nopoxaaetr GoroH. Ho Bo3MoXkeH TpeTHii BapuaHT oTBeTa: (DOTOH U MOJIe

MOPOXKIAIOT APYT JIpyra ogHOBpeMeHHO. Haue roBops, 1eTEpPMUHNU3M
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OTCYTCTBYeT BOBce. [lpuumHa u crneactBue cnuBaroTrcs. EcThb 0OJHO
SBJICHUE, B KOTOPOM MpPHYMHA M CIIEICTBUE CIUTHBI B OJIHO, HEYTO
IyalbHOE — B JlyaJy3M HENPEPBIBHOM IIOJEBOW BOJHBI M JUCKPETHOM
KOpIYCKYJibl. B Hayke 3TO MOCTYJIHpPYEeTCS KOPITYCKYJISPHO-BOJHOBBIM
Oyan3MoM. Bcesikuil moctynaT — HEYTO HE BBIBOAUMOE M3 M3BECTHBIX
(TpaIMIIMOHHBIX) TOHSATUW, TIOJOKEHUM, HE YKJIaJablBaloleecs: B
YCTOSIBILIYIOCS IOTMKY MBIIIJICHUS WM CO3HaHUs. BBenenue nocrynara —

9TO BBCACHUC HOBOM JIOTUKHU B MBIIIJICHUEC, CO3HAHUC.

Ho MOxHO OBLIIO BOBCE HE 33/1aBAThCSI BOIIPOCOM: YTO €CTh IMPHYMHA U
CJIEICTBUE B CUCTEME (POTOH-JIEKTPOMArHuTHoE nosie? Cama MOCTaHOBKA
TakOro  BOIIPOCA  MCXOAUT W3  CIOXKUBIIEIOCs  MBIIIICHHUS,
MOCJIEIOBATEILHOIO MBIIIJIEHUS, MO OOJBIIOMY CYETY M3 CYETHOIrO
MBILIJICHUSA, T.€. U3 MATEMATUYECKOTO YUCIOBOIO MBILIJIECHUS, U3 Maruu

YHUCCJI, AMCKPCTHBIX B JFOOOM MHOJKECTBE B CyTu CBOEM.

JIMCKpPETHOCTh  €CThb  INPEPBIB  HENPEPBIBHOCTU. B mpupome, B
CodicOHMEBOM Cpelle HET MPEPBIBHOCTH, PA3PBIBHOCTU. B mpoTHBHOM
cllydae BO3HMKasa Obl IyCTOTAa — HEMATEpUs, KOTOPOU HE JTOJKHO U HE

MOET ObITh B MaTepualibHOM Beenennoil. I HenpepbiBHas MaTepust
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(matepuansHoe [IpocTpaHCTBO), U TUCKpETHAsE MaTepus (FJE€MEHTApHbIE
YaCTHIIbl, aTOMBI, MOJIEKYJIbI, T€J1a, HEOECHBIE TeJla) MPEOBIBAIOT B OJTHOM U
TOM ke HenpepblBHOM CrHdpHCOHMEBONM MpamMaTepuaibHON  Cpeje.
JluckpeTHas MaTepusi COCTOUT U3 To ke Cr3iicOHNEBOM TpamMaTepHH, HO
HE B CTallMOHApHOM, a B BO3MYLIEHHOM COCTOSIHUH, B COCTOSIHHH
aOCOJIIOTHOTO JBMKCHUSI ¢ aOCOTIOTHON CKOPOCTBIO (CBETa B BaKyyMme).
dotonbl, TOuHEE, POPMBI (HOTOHOB HAXOJATCS B COCTOSIHUU CBOOOJIHOTO
a0COJIIOTHOTO JIBHKEHHSI, @ MACCOBBIE AJIEMEHTAPHbBIE YaCTHIIbl, TOYHEE,
(OopMBI MAacCOBBIX D3JIEMEHTAPHBIX YACTHI] — B JIOKAJM30BAaHHOM
COCTOSTHUM 3aMKHYTOT'O BHYTPEHHETO aOCOJIOTHOTO H CBOOOIHOTO

BHCIIHCI'O OTHOCUTCIIbHOT'O IBHKCHU.

Tak 4yto xke coOOW mpeacTaBisItoT 3apsasl U nois? B ¢doroHe Her
ANEKTPUYECKOTO  3apsna, a  TPaBUTALMOHHBIM  3apsAl  COYTYT
COMHUTEIIbHBIM. B 3JIEKTpOHE U MTO3UTPOHE YXKE €CTh U DJIEKTPUUECKHUE U
IpaBUTALIMOHHBIE 3apsiibl. bojee Toro, y HUX €CTh U 3JEKTPUUYECKUE OIS,
Y TpaBUTALMOHHBIEC NMOJA. U 3apAnspl, U MOJISI BO3HHUKAIOT B PE3YJbTATE
nokanu3auuu GotoHoB. [Ipuunna noneit — He 3apsiabl. Y npuyuuHa 3apsiioB
— He ntoy1s. OHM HE CBA3BIBAIOTCS B JIOTHYECKYIO IPUYMHHO-CIIEACTBEHHYIO
CBA3b Mex Ay coOol. [Ipuunna u 3apsaoB, u nonei — GoToHbI, UBMEHEHHE

UX COCTOSHUU
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OT CBOOOJHOTO  a0OCONIOTHOTO JBWKCHHUS K  JIOKQJTU30BAHHOMY

BHYTPEHHEMY a0COJIOTHOMY U BHEIIHEMY OTHOCUTEIHHOMY JTBHKEHUIO.

3apsAl ¥ COOTBETCTBYIOUIEE IMOJIE€ — NPOSBICHUS JBYEAUHOW CYIIHOCTH.
Her 3apsiga 6e3 mouist, u HeT moJia 6e3 3apsga. MOXHO TOBOPHUTH, UTO
3apsii — KOHUEHTPUPOBAHHOE MPOSBICHUE W BBIPAXKEHUE TMOJIA, a TOJIe
pacrpenenéHHOe TPOSIBICHUE U BBIPAKCHHE 3apsia BO3MYIICHUS B
CmiiconueBoii cpene. CylHOCTb 3Ta — IUCKPETHAS YacTHIa (KOPITYCKYJia)
BOJJHOBOM NIPUPOJIBI, €IUHMIIA JAUCKPETHOCTH, (HOpMBI, (DUTYpPHI
JIUACKPETHOCTH W3 HenpepsiBHOCTH CrdlicoHueBor cpeapl. W Her
bu3uYecKoro AyanusMa OpUPObl, €CTh Iyadu3M MBIIUICHUS (CO3HAHUSA).
3apsiaibl ¥ MOJS TUCKPETHBIX AJIEMEHTAPHBIX YacTHUI[ UMEIOT BOJIHOBOE

MIPOUCXO0KJIEHHUE, BOJHOBYIO IIPUPOTY.

MacchoToHa B CnanncoHuMeBOW cpepe

Kak n3BecTHO, y (hOTOHA HET Macchl MOKOS. ITO €CTECTBEHHO, [IOTOMY YTO
(OTOH HUKOIJa HE IOKOUTCS, CYLIECTBYET TOJIBKO B JBHXCHHH, B
abCOJIIOTHOM JBUKEHHUU C aOCONIOTHOM CKOPOCTBIO (CBETa B BaKyyMe, B

«tyctorey). ®oToH aBuxkeTcs B AdconotHoM IIpocTpancTse, B
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AbcomotHoit Cpene — CmoiiconneBom IIpoctpancte, CrdiicoHueBOiM

Cpene, Sp-cpene.

®otoH — Hekas yactuia, umermas ¢opmy. Ilycts sta popma Oyaer
HUWIMHAPOM, JBWKYIIUMCS B HamlpaBieHUH X, COBMEHIEHHOM C OCBIO
munHapa. B mnockoctsax YZ  1eKapTOBOM CHUCTEMBI  KOOpIWHAT
XYZ, odeBugHO, OyAyT OKpPYKHOCTH pamuyca R munmuHapa QortoHa.
Koneuno, cBer — BOJHBI B cpelie, KoJieOaHUs CpEbl, IMONEPEUHbIE
konebanust Sp-cpenbl. Ho oTBieuéMcss OT TMONEPEYHOCTH WM
IPOJOJIBHOCTH KOJeOaHuil cpeibl, M COCPENOTOYUMCS TOJBKO Ha
a0COJIIOTHOM JBM)KEHUU C a0CONIOTHOM CKOPOCTHIO (CBETa B BaKyyMe)
BJOJIb OCM X [uWiIuMHApa QoToHa. Beskoe BOMHOBOE ABUKEHUE CPEIbI
B cpele ecTh MoToK. Takum oOpa3oM, y Hac HMEETCS TOTOK
doToHa-MMHAPa 1O ocu X B Sp-cpenme. JIr0o00Oil KOHEUHBIM
MUIMHAPUYECKUN TIOTOK MOKHO TIPEJICTaBUTh CYMMOM MajbIX, Jaxe,
OECKOHEYHO MaJbIX MUKPOMOTOKOB. JItOOBIE MOTOKM B3aMMOJICHCTBYIOT
MEXAy COO0OW, W B3aUMOACHCTBUS OTH MPOTEKAIOT [0 TPHUHIUITY
bepuymnu: oqHoHanpaBiieHHbIE (TTapaJieIbHbIC) MOTOKU MPUTATHBAIOTCS,
a pa3HOHAINPABIICHHbIE (aHTUIAPAJUIICNIbHBIE) — OTTAIKUBAIOTCS. B moToke
MUIUHApPa-QOTOHA MBI HMMEEM IMapajuiebHbIE MHKPOIOTOKH. Takue

MUKPONOTOKH MPUTATUBAIOTCS, U IMJIMHAP-POTOH KaK Obl paJiiagbHO
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C)KMMaeTcsl (CTaTUYEeCKU CTATUBasi cpeay Ha cels). ITo MOXKET ObITh

OJIHOM M3 IPUYMH CTAaOMILHOCTH (DOTOHOB B SP-cpejie.

@OTOH HE HMMEET MACChl MOKOSI MO TOW MPOCTOM NPUYHMHE, YTO OH
HUKOTJ]a HE HAXOOUTCSA B MOKOE, HE CyllecTByeT B mokoe. CyIiecTByeT
TOJIbKO B JIBDKEHHH B SP-cpejie, MpUYéM B aOCOJIIOTHOM JIBHIKEHHUH C
a0CONIOTHOM  CKOpOCThIO (cBeTa B Bakyyme). Ho BoOkpyr uuiusapa
¢dboTOHA, ABMXKYIIETOCS MO OCH IWIMHAPA, B JOOOM M KaXXOM HOBOM
MOJIOKEHUM  (OTOH  paJuajbHO  «HATSATUBAET»  («CTATHUBACTY)
IPOCTPAHCTBO (SP-Cpely) BCIECACTBUE «CKATUSI MHUKPOIIOTOKOBY». JTO —
CTaTUYECKOE CHUJIOBOE MOJI€ HANPSHKEHHOCTEH CTSDKCHHS (MPUTSKEHUS).
DTO — CTaTUYECKOE TPABUTALIMOHHOE IIOJI€ B CHCTEME KOOpJWHAT,
«TpUBSI3aHHON» K (HOTOHY. ['paBUTAIIMOHHOMY MOJIO TATOTEHHS (HOTOHA
B Sp-cpeie  COOTBETCTBYET TIpaBUTALlMOHHBIN  3apsn  (oToHa.
['paBuTaIIMOHHBIN 3apsi]] €CTh Macca, B JaHHOM ciy4ae macca ¢potona. Ho
3TO HE CTaTMYeCKas Macca MOKOs, a JUHAMUYECKasi Macca JBUXKYILIETOCs
dotona. Tem He wMeHee, BC€ paBHO Macca, M OHa «oO0s3aHa»
B3aHMOJICMCTBOBATh C JPYTMMH MacCamMu, MacCaMu IOKOSI JTUCKPETHOU
MaTepuu, CKOIUICHUM JUCKPETHOM Marepuu. B3anmonencTBoBaTh
«00s13aHaY TTOCPEICTBOM TPABUTAIIMOHHBIX MOJIEH TATOTEHUS (CTSHKEHUS),

B 00J1acTAX UX nepekphIThs. [I0CKOIbKY CKOPOCTh IBUKEHUS (POTOHA —
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CKOPOCTb CBETa B BaKyyMe€, TO JJIsI IEPEKPBITHS TPABUTALUOHHBIX IOJEH
CKOTUICHHUSI TUCKPETHBIX, MOKOSIIIUXCSI OTHOCUTEIBHO (POTOHA, MaTEpUid ¢
OJTHOM CTOPOHBI M TPABUTAIMOHHOTO TMOJIA (OTOHA — C APYroil, 3Tu
CKOIUIEHUS JIOJOKHBI OBITh OYEHb OOJBLION MPOTSHKEHHOCTU. PeanbHbIM
(akToM  TpaBUTALMOHHOTO  B3aMMOACHCTBHUS  (oTOHA  sBISETCA
OTKJIOHEHHE cBeToBoro Jjyda BOmu3u CosHuoa. B penstuBHcTCKOM
UCKPUBJIEHUU IPOCTPAHCTBA-BPEMEHN» HET HEOOXOAUMOCTH IS
OOBACHEHHsS] W TOHUMAaHUA HUCKPUBIIEHHUA Jiyda cBera. MMmeer mecTo
IPaBUTALIMOHHOE B3aUMOJAECHCTBHE MEXIy CTaTHdecKor Maccor ComHia
U JUHAMUYECKON Maccoil nBwkeHus ¢oToHa B Sp-cpeae. CraTmdeckas
7Y, AUHAMUYECKas JIM, HO BCSKas Macca MpOSBISETCS KakK Macca, Kak
IPaBUTAILIMOHHBIN 3apsj] JIEMEHTAPHBIX YACTHII, T€J, CKOIUIEHUH YaCTHI

H TCJI.

Kak wu3BECTHO, OTKIIOHEHME OT MPSIMOJIMHEMHOCTA CBETOBOrO JIy4ya
BOmm3n  Comuma  mout 100 ser  mpenmomaércss  TIEPBBIM
DKCIIEPUMEHTAIBHBIM MOJATBEPKICHUEM OO6mmeii Teopun
OtnocutenbHoctu (OTO). Ho 310 siBIeHHME OBLIO W3BECTHO emié [0

nosinerus OTO (http://sceptic-ratio.narod.ru/fi/es12.htm ).
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Otkionenue  cBeroBoro Jsiyya BOmm3u  ConHIA  CIYKUT — HE
MOATBEpPXKIACHUEM, a, HampoTuB,  omnpoBepxkeHuem OTO. B stom
SBJICHUU TMPOSBIISIETCS TPABUTALMOHHOE  B3aUMOJCHCTBHE  MEXKITY
OONBITMM  TIPOTSDKEHHBIM — TpaBUTAMOHHBIM ~ TosieM  CoylHIIAa |
IBIDKYIIUMCSI CO  CKOPOCTBIO CBeTa B  Bakyyme (Sp-cpene)

I'paBUTAIMOHHBIM 3apA10M KOPITYCKYJI-BOJIH CBCTA.

HelWTpuHo

M3 Bcex cTaOWIBHBIX JJEMEHTAPHBIX YACTHI[ caMas 3arajoyHas —
HEUTpHUHO. B TO e BpeMsl yCTaHOBJIEHO, YTO HEUTPUHO - BTOpas (mocie
¢boTOHA) 1O pacpocTpaHEHHOCTH BO BeeneHHoi arieMeHTapHas 4acTHIla.
CuurarTt, 4T0 B OAHOM JHTPE O0BEMA KOCMHUYECKOTO IMPOCTPAHCTBA
collepKUTCsl (KOHEUHO, TuHAMU4ecku U B cpeaneMm) mopsiaka 400 000
HEUTPUHO, TOTJa Kak dboTOHOB — OKOJIO 500 000

(http://galspace.spb.ru/indvop.file/15.html).

Hacuér wmaccbl mNOkOos HEUTPUHO JAECATWIETUAMHU MLIEN CHOp, HO

Hob6enesckyto nmpemuto no ¢usuke 3a 2015 roa npucyaunu «3a
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ONPENEIICHUE MACChl HEUTPUHO». MOKHO CUNTATH, YTO KAKOM-TO MaCCOU,
CTaTUYECKOM JIM JUHAMHYECKOW JIM, HEUTpUHO BCE ke oOiamaer. Torma
«JTyd HEUTPUHO» JOJDKEH OTKJIOHATHCS BONM3M CoONHIIA Takke Kak U

CBETOBOM JIyH.

CLII/ITaIOT, qTo HeI>'ITpI/IHO QJICKTPUYCCKU HC 3apPsSKCHBI U HC BCTYIIAIOT B
QJICKTPOMAIrdUTHEIC B33HMOI[€I>1CTBPIH. XoTss M QJICKTPOHBI HA
CY6CB€TOBBIX CKOpPOCTAX BpsAd JU OTTAIKHUBAJIHUCH ObI. C‘II/ITaIOT, qTo
HGﬁTpPIHO HC BCTYIIAIOT U B CHUJIBHBEIC BSaHMOHCﬁCTBHH. 9TO, HO)KaHYﬁ,

B OCHOBHOM BCE&, 4YTO CMYTHO M3BECTHO CEUYAC O HEUTPUHO.

PaccMoTpuM HEUTPUHO B TEpPMUHAX: TPEXMEPHBI 00BEM, TPOCTPAHCTBO
— CmplicoHHeBOEe  MPOCTPAHCTBO-cpena, Sp-cpena. [lpu  omumcanuu
BO3HUKHOBEHUS DJIEKTPOH-TIO3UTPOHHOMN Maphbl U3 JIBYX raMma-(hoToHOB
MIPEICTABIISIOCH, YTO MPU HEKOTOPOM YCIIOBUU CTOJKHYBIIUECS «I00 B
7100 1Ba MUWJIMHAPa» raMMa-(hOTOHOB «3aBOPAUYUBAIOTCS» B TOP-AJIEKTPOH

Y B TOP-TIO3UTPOH.

Oba «3aBOpayMBaHMS» MOTYT HPOUCXOJUTH B OJHOM MOIYIJIOCKOCTH,
HampuMmep, BEpPXHEH OT JIMHUU CTOJKHOBEHHUS (CXeMaTU4YHO, B
pEAIbHOCTH, KOHEYHO, B BEPXHEM IMOJYIPOCTPAHCTBE OT IUIOCKOCTH

cronkHoBeHUs). Ho 06a «3aBopaunBaHus» MOTYT MPOUCXOIUTH U B
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HIKHEW MOJIyIUIOCKOCTH. IIpm 3TOM, €cim Ha BEpXHEM MOJIYIIJIOCKOCTH
ANEKTPOH BO3HHUK CJI€Ba, a IIO3UTPOH - CHOpaBa, TO HA HIKHEU
IOJIYTUIOCKOCTH BCE OJKHO ObITh HAa000poT. HO HE BaskHO, C KaKO! OHU
CTOPOHBI, Ba)KHO TOJIBKO TO, YTO OAWH W3 HHUX DJIEKTPOH, a APYIrOM —

ITO3UTPOH.

Bo3moxHBI 2 BapuaHTa «3aBOpavyuBaHusD» (POTOHOB B TOPHI:

1. JleBbiii (OTOH «3aBOpauMBAECTCS» B BEPXHEW MOJYIUIOCKOCTH, a
npaBelii — B HWKHEH moJyruiockoctd. B atom ciywae oba Topa
«3aBOPAUMUBAIOTCA» B OJIHY CTOpPOHY, T.e. 00a OHHU OJHOTO

ANEKTPUYECKOT0 3apsiaa, yCTh OTPULIATEIBHOTO;

2. JleBblii (OTOH «3aBOpPAYMBACTCA» B HIDKHEH IMOITYIUIOCKOCTH, a
npaBblii — B BepxHel. O0a OHU OJTHOTO 3JIEKTPUUYECKOrO 3apsja, HO

IMPOTHUBOIIOJIOKHOI'O I1I0 CPABHCHUIO C BApHUAHTOM 1.

Takum 00pa3oM, BO3MOXHBI DJIEKTPUYECKH  OTPUIIATEIBHBIE |
ANEKTPUYECKU TOJIOKUTENbHbIE HEUTpuHO. Ho snekTpuueckue 3apsiabl
ATHU HE 3JIEMEHTapHbIE, a TOpa3 o (MOKa HEONpeAeNEHHO) MeHbIuE. Jleno
B TOM, 4TO Macca HeUTpuHo oneHuBaetcs B 1:2 000 000 ot macchl mokos
anekTpoHa (mo3utpona). [lycTs, He 00s3aTEIHPHO B TAKOM COOTHOIIICHUH,

HO OAHO3HA4YHO a0COJIIOTHAS BEJIMYMHA QJIECMCHTAPHOI0 3apsaa ropa3aio
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MPEBOCXOIUT TMPEANojaraeMblii abCONIOTHBINA AJIEKTPUYECKUI 3apsij

HEUTPUHO. DTO MOJIETTH HEUTPUHO U «AHTUHEUTPUHO» B SP-cpeje.

Ho nmnponabmonate  AieKTpHUUECKOE B3aMMOOTTAJIKUBAHUE U
B3aMMOIPUTSHKEHUE HEUTPUHO € MX JIEKTPUUYECKUMHU 3apsiaMu, TopasJio
MEHBIIUMHU [0 CPABHEHHUIO C 3JIEMEHTApHBIM, HEBO3MOXXHO W IO TOU
IpPUYKHE, YTO B JII000i1 J1abOpaTOpPHON cUCTEME KOOPIUHAT BCE HEUTPUHO
IBUXXYTCS CO CKOPOCTBEO HE MeEHee CBeToBOoM. Her cBeaeHuii o
B3aUMOOTTAJIKUBAaHUU [Ja)K€  AJIEKTPOHOB, PA30THAHHBIX JIO MOYTH

CBETOBBIX CKOPOCTEN B YCKOPUTEIIAX.

Uro ke KacaeTcs TIpaBUTALMOHHOTO 3apsfa, OOYCIOBIEHHOIO
CTaTUYECKUM CTSDKEHHEM SP-Cpefibl, TO OHO HMMEET MEeCTO U B
Tope-HeUTpuHOo, x0T ropasno (mouytu B 2 000 000 pa3) MeHblee Mo
CPaBHEHUIO C TOPAMHU DJIEKTPOHA U MO3UTpoHA. [103TOMY JTyun HEUTPUHO
OT nanékux 3BE3N MPUHIMUIUAAIBGHO JOJKHBI OTKIOHSATHCA BOJIM3H
Connua. Ho mnpocineauTs 3a «HECYMHKAMHU 3BE3JAHBIX HEUTPUHO»

MPaKTUYECKU HEBO3MOXKHO B «Caxape COTHEYHBIX HEUTPUHOY.

HelWTpoH

C 30-x rogoB NpouuIoro BeKa yCTOsIIOCHh MOJ0KEHUE O TOM, YTO BHYTPH
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s/Iep aTOMOB U HYKJIOHOB HET 3JIEKTPOHOB. 1 3TO HECMOTpsI HA SIBJIECHUS
B-pacmaga m K-3axBara. BeIXoamiio Tak, 4TO W3 YEro-TO POXKIAIOCH
HEYTO, HO €r0 TaM He OBLJI0, TaKe B 3apOjbliie. A BHEIPSSACH BO UTO-TO,

9TO HCYTO HCUC3aJI0 6GCCJ'I€I[HO.

Ho HuYTO HEe BO3HMKAET W3 HUYEro, U HUYTO HE Mcye3aeT OeccieaHo B
MarepualibHOl BceneHHoil. OTO — MPUHIMI COXpPAaHEHHS MaTepuu B

BEYHOCTH (HETIPEPBHIBHON SP-MaTEPUH M BCEH TUCKPETHON MaTEPHH ).

['maBHOW TPUYMHONM  CKIIOHEHUS K TaKOMYy TIOJOXKEHHIO  ObLI
reoMeTpuyeckuii  gakrop. Pa3mep dnekTpoHa cuuTanCcs OonblIe
pa3MepoB HYKJIOHOB, U MEHbIIIEE HE MOTJI0 BMemaTh Oosbinee. OqHaKo,
B HACTOAILEE BpPEMs HMMEIOTCS OLIEHKH, YTO pa3Mepbl BJEKTPOHA U

HYKJIOHOB COIIOCTaBMMBI, Topsiaka 107 m.

CopammBaercs, €cliid 3JIEKTPOHA HET B HEUTPOHE, TO, KAK OH BO3HUKAET
IpU pacrnajae HEeUTpoHa? AHAJIOTMYHBIA BOIMPOC KAcaeTcsi U HEUTPUHO
(«aHTHHENUTpPUHO»). Eciin HEUTO poXKHaeTcss U3 4ero-to, TO 3TO YTO-TO

JOJDKHO UMCEThb, I10 MEHBbIIICH MEPE, 3apOoJbll 3TOTO  HEYTO.
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MOoHO CcuMTaTh, YTO MCTUHHBIX CTAOMJIBHBIX 3JE€MEHTAPHBIX YaCTHIIL
TONBKO 4 Pa3sHOBUAHOCTU: (POTOH, AJIEKTPOH, MO3UTPOH, HEUTPUHO, a
HYKJIOHBI — COCTOST M3 ONpEIeiCHHBIX HAOOpOB  3JEKTPOHOB,
MO3UTPOHOB W HEUTPUHO (BCE OHU cOCTOAT U3 (OTOHOB). MOXKHO
MPEACTABUTh 3TO, HANpUMeEp, ciaeayromuMm odOpazoM. Ha top-mo3uTpon
KOHLIEHTPUYECKHN  «HATSHYT»  TOP-HEUTPUHO C  OTPHULATEIbHBIM
ANEKTPUYECKUM 3apsAOM. OTO BO3MOXHO, IIOCKOJIBKY TOp HMEET
«BHYTPEHHIOIO JIBIPKY». BBHIy TOro, 4ro TOpOWUJAIbHBIE MOTOKH
(OTOHOB BHYTPH MO3UTPOHA U BHYTPU HEUTPUHO AHTHUNAPAJUIEIBHBI, TO
3TU MOTOKH, & BCIEI M BCS KOHUEHTpPHYECKAs KOHCTPYKIUS B ILIEJIOM
ckumarorcd. Ha 3Ty KOHCTPpYKIMIO M3 KOHIIEHTPUYECKHX CIOEB
TOPa-MO3UTPOHA M TOPA-HEUTPUHO KOHLEHTPUYECKU K€ HATAHYT
TOp-31eKTpOoH. [lapamenbHble MOTOKM BHEIIHETO TOPa-3JIEKTPOHA U
MPOMEKYTOUYHOTO TOPAa-HEUTPUHO C OTPHUIATENIBHBIM AJIEKTPHUUECKUM
3apAIOM IPUTITUBAIOTCA, U TPEXCIONHAS KOHCTPYKIUS CHKUMAETCS ellé
cunpHee. Ha 3Ty TpEXCIOMHYI0 KOHCTPYKIHMIO KOHIEHTPUYECKH HATSHYT
TOp-«aHTUHEHUTPUHOY». AHTUNApAJJIENbHbIE TOTOKA BO  BHEIIHEM
TOpe-«aHTUHEUTPUHO» W B MPEABIAYIIEM TOPE-3JIEKTPOHE CHKUMAIOT
BHYTPEHHHE TOTOKM (POTOHOB U CYMMapHO BCIO 4-X CIOIHYIO
KOHCTPYKIIUIO elé CuiibHEee. JTa 4-X CIIOHHAas KOHCTPYKIHUS MOXKET OBITh

MoeINbl0 HelTpoHa. CTerneHpb 001ero cykatus (yBEIMUEHUS 00IIIero
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IPaBUTALMOHHOIO  3apsAa) HEW3BECTHA, HO CyMMapHas Macca

KOHCTPYKIHUHU B IIPUHIOUIIC MOKCT JOCTHUI'aTb MACChI IIOKOA HGfITpOHa.

Ecnu xe He gocturaet, To Takylo 4-X CJIOWHYIO KOHCTPYKIHIO MOKHO
OPUHATH 32 HEKOTOpYyH 0a3oByro. HEWTpoH MOXKET COCTOSTh U3
MOCJIEIOBATEIHHOTO KOHIEHTPUUECKOT0 Habopa 0a30BbIX KOHCTPYKIIMMA
710 TOCTUKEHUSI peajbHOM Macchl MOKosi HelTpoHa. ClieyeT yuyecTb, UuTo
Macca HeUTpHUHO 1o HeIHEeIHUM orieHkam noutd B 2 000 000 pa3 meHbIe
Macchl TOKOA 3JeKTpoHa. [loaToMy MpakTUYECKM Macca HEUTpoHa
JOJKHA CKJIAJbIBATHCS U3 MACC 3JIEKTPOHOB U MO3UTPOHOB, HO CHKAThIX,
T.€. M3 HEONPEACIIEHHO YBEIWYEHHBIX KX Macc. B 1emoM HEHUTpoH

ANEKTPUYECKU HEUTPAJIEH.

[MpoTOH

[Ipu pacnage HelTpoHa OCTAETCS MPOTOH, BBICBOOOXKIAIOTCS KpalHHE
TOP-«QHTUHEUTPUHO» U TOP-IEKTPOH. [Ipy 3TOM 3JIEKTPOH MOXKET
0051alaTh HEKOTOPOM KHHETHYECKOW »JHEpruei, ompeaeiasieMorl ero
Maccoi MOKOSI M KOHEYHOM CKOPOCThIO OTHOCHUTEIBHOIO (BHEIIHETO)
JBUXXEHUS, a HEUTPUHO IOKUIAET MECTO pPacraga Cco CKOPOCThIO HE
MeHee aOCONIIOTHOW CKopocTH (cBeTa B Bakyywme). [locne Bwuiéra

OJICKTPOHA U ((ﬂHTHH@ﬁTpHHO)) OCTArOTCA TOJIBKO IMO3UTPOH U HeﬁTpHHO B
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0a30Boi1 4-TOopHOUW Moaenu HeWTpoHa. [IpOTOH HE MOXKET COCTOSTH
TOJBKO M3 3JIEKTpOHAa W HeWTpuHo. CremoBaTenbHO, 0a3oBast 4-TopHas
KOHCTPYKILIMSI HE MOXXET OBbITh MOJENbIO HEUTPOHA, U HEUTPOH CKOpee
BCETO «HaOpan»  u3 onpenenéHHod  (MOKa  HEU3BECTHOM)
KOHLIEHTPUYECKOM IOCJIEI0BATEIbHOCTH 0a30BbIX KOHCTPYKLMHI U3 4-X
TOPOB — TIO3UTPOHA, HEUTPUHO, DOICKTPOHA W «AHTHUHEUTPUHOY.
COOTBETCTBEHHO, M TMPOTOH COCTOMT W3 ONpenes€éHHOW (ToKa
HEU3BECTHOM)  KOHILIEHTPUYECKOM  MOCIIEIOBAaTEIBHOCTH  0a30BBIX
KOHCTPYKIMH 0€3 KpallHMX TOpPOB JJIEKTPOHA M «aHTUHEHUTPHUHO»
KpaliHel 0a30BOM KOHCTpYKUUHU. CBOOOJHBIA HEUTPOH — HE CTaOMIIbHAS
4acTulla, B TO BpeMsl Kak MPOTOH — cTabwibHas yactuia. Kazamoce Obl,
JOJDKHO OBITh HAao0OpoT. XOTA OBl MO TOM NpPUYMHE, YTO HEUTPOH
BJIEKTPUYECKM  HEUTpaJeH, a TMPOTOH HMEET  MOJIOKUTEIbHBIN
AJIEMEHTApHBIA 3apsa  (MMO3UTpOHA) B KpailHEH «OOBOJIOUKE» U3
(TOp-HEUTPUHO)+(TOP-TIO3UTPOH). DIACKTPUUECKUHN 3apsi HEUTPUHO U3-3a
€ro KpanHel MaJloCTM HE B CYET, U MOXHO TOBOPUTH O MNPOSBICHUU
TOJIBKO TOJIOKHUTENBHOIO 3JIEMEHTapHOro 3apsaa mo3utpoHa. Eciau B
HEUTPOHE 3TOT 3aps]l MO3UTPOHA UMEJ BIMSHUE U KpaWHEro 3JeKTpoHa
W3 KpalHel (TOp-3JeKTPOH)+H(TOp-«aHTUHEUTPUHO») «OOBOJIOUKHY, U

npeabIayIel mogo0HoN «0OBOJIOYKM», T.€. KaK Obl «pPacTaCKUBAJICS)
TBYMSI
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ANEKTPOHAMH, TO B IPOTOHE HA KpaWHUU 3apsl IO3UTPOHA BIIUSAET
TOJNIBKO 3apsJ OJHOIO DJIEKTPOHAa U3 MNPEIbIAYIIEH «OOBOJIOYKM»
(TOp-aHTUHEUTPUHO )+(TOP-3JIEKTPOH ). OueBHHO, TaKas
OJIHOHAIIpaBJIE€HHAsl «HE pPACTACKMBAaEeMas» CBs3b 0Oojee Kpemka IIo
CPaBHEHUIO C «PAaCTaCKMBAEMOI» B MPOTHUBOMOJIOKHBIX HAIPABICHUIX

CBA3BIO.

OI‘paHI/I‘-II/IMCH PaCcCMOTPCHUCM TOJIBKO 3THX HCTHHHO J3JICMCHTAPHBIX
(HGI[GJII/IMBIX) U IBYX COCTABHBIX «QJICMCHTAPHBIX» YaCTHL, U3 KOTOPBIX

COCTOUT COOCTBEHHO BCS BEIIIECTBEHHAS YaCTh BCEIEHHOIA.

Appa aTtToMOB

PaccmoTpum camble pacnpoCTpaHEHHbIE B BELIECTBEHHOW BceneHHoU
sJipa HEKOTOPHIX aTOMOB. He MoXeT ObITh COMHEHUH B TOM, YTO MEPBbIT
B nipupojae aroM — II03uTpoHuUi, y KOTOPOTO BCE TO K€ caMoe, YTO U y
aromMa Bomopona, ¢ Tou sumb pasHuned, 4to y Ilo3uTpoHust BMecCTO
IIPOTOHA IO3UTPOH. Y CTAHOBJIEHO, YTO [I03UTpOHUI BCTyIaer B Te ke

XAMUYECKHUE PEAKLINU, YTO U Bomopo.

3aperucTpupoBaHbl TAK)KE M MTO3UTPOHUEBBIC MOHBI — aHAJIOTH
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BOJIOPOJIHBIX HMOHOB. 3HAYUT, MEPBOE SIAPO MEPBOrO aToMa B CUCTEME

(Kpyre) ecTeCTBEHHBIX JIEMEHTOB BceneHHOM — MO3UTPOH.

[IpoToH — BTOpOE SAPO BTOPOro aToMa B MPUPO/JIE, UITU MATOTO JIEeMEHTA
B cucTeMe (Kpyre) eCTeCTBEHHBIX 3JieMeHTOB Bcenennoil) — Bonopona.
OH MoxeT 00pa3oBaThCsi B Mpoliecce CaMOIIPOM3BOJIIBLHOTO pacraja
HEUTpOHA, KOIJla KUHETHYeCKash SHEeprusi 3JIEKTPOHA JOCTATOYHA IS
TOTO, YTOOBI  TMOKHUHYTH  «cQepy» BIUSHHUS  IOJOXKUTEIHHOTO
ANEKTPUYECKOTO 3apsA/ia OCTaBIIEerocs MpoToHa. IIpoToH — mOpoaykT
pacriaia HeEWTpoHa. «BbuleTenw» U3 HEro KpalHWE »JJIEKTPOH H
AIEKTPOHHOE «aHTUHEUTPUHO». [IpOTOH, Takke KaKk U HEUTPOH, SBIISIETCS
COCTaBHOM (M3 JIEKTPOHOB, TO3UTPOHOB, HEUTPUHO U «AHTUHEHUTPUHOY),

HO Y€ CTaOMJIbHOM YaCTHUIIECH.

Bo3HukaeT BONpoc: Kakue CHIbl YAEPKUBAOT UCTUHHBIE DJIEMEHTAPHBIE
(HemenmuMble, HE COCTaBHBIE) OJJIEKTPOH, TO3UTPOH, HEUTPUHO W
AHTUHEHUTPUHO B CTAOWJIBHOM COCTaBHOM mpoToHe? Bce oHuU TOpHI,
Koibla. O4YeBHUIIHO, KOJbI[Aa MCTUHHBIX JJIEMEHTApPHBIX YacTHUIl HeE
pa3pblBa€éMbl B HYKJIIOHAaX. JTO — IepBas npuunHa. KoHIeHTpuueckue
CJIOM TOPOB CXaTbl, T.€. Te€Ja KOJEL CYXEHbl, U OHA HAa CBEPXMAJIbIX
pPacCTOSIHUSIX TOpsAAKa (PEHTOMETPOB OYEHb CHJIBHO CTaTHYECKH U

JTUHAMHUYECKHU (ITOTOKOBO) B3aUMOEHCTBYIOT. BO3MOKHO, Ha
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CBEpXMaJbIX PACCTOSHUAX (Ha COMPHUKACAaHUH TOPOB) HANPSKEHHOCTU
CIWJIOBBIX  CTaTHYeCKUX  (TpaBUTAIMOHHBIX) H  JTUHAMHUYECKHUX
(ameKTpuUecKHX) Moyied HapacTaloT Oosee yeM OOpaTHO KBaapaTUYHO

PaCCTOAHULIO. 910 — BTOpaida IIpuirHa CTaOMIILHOCTH IIPpOTOHA.

PaccmoTpum crabunbhbiii m3oTon Bomopoma — Jlelitepuii, y KOTOpOro
AP0 COCTOUT M3 MPOTOHA W HEUTpoHA. [loueMy B CBsI3KE C MPOTOHOM

HEUTPOH HE PaCMaacTca Ha MPOTOH, MNEKTPOH U KAHTUHEUTPUHO»?

CopammBaercs, MoyeMy ABa HYKIOHA B siape JledTepusi CTONb CUIIBHO
«MPUKIIECHB» JPYT K APYTY U HEUTPOH, CBSI3aHHBIA B SAPE C JIPYyTUM
HYKJIOHaM, YK€ HE pachajgaercs Ha TMpPOTOH, DBJIEKTPOH U

«AQHTUHEUTPUHO»?

B Sp-cpene BO3MOXKHBI TOJIBKO CTATHYECKUE CHUJIOBBIC TPABUTAIIMOHHBIC
MOJISI ¥ TMHAMHYECKHUE (TIOTOKOBBIE) CHIIOBBIE DJICKTPOMArHUTHBIC TTOJIS.
JIitst, Tak Ha3bIBAEMBIX, SIACPHBIX CHUJIOBBIX TOJIEH HET SP-MaTepraabHBIX
ocHoBaHuU. Clie10BaTENbHO, UCXOAUTh HY>)KHO TOJBKO M3 CTaTUYECKUX U
TUHAMUYECKUX CHJIOBBIX TmoJeld B Sp-cpeme. Bo3moxkHo, npu
CBEPXMAJIBIX PACCTOSHHMSX HANPsDKEHHOCTH JTHX CHIJIOBBIX  ITOJICH
HapacTaloT HEe OOpaTHO KBAJApPaTU4YHO, a Ooyiee KPYTO C YMEHBbLUICHUEM
PacCTOSIHUS BILIOTH JI0 COMPUKOCHOBEHHSI TOPOB UCTHHHO DJIEMEHTAPHBIX

qaCTHII.
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MOXHO NpPEANnoNOKUTh, YTO HEUTPOH «JEIHUTCS» CBOMMHU KPAWHUMU
TOPOM-3JIEKTPOHOM M TOPOM-«AHTHHEUTPUHO» C COCEHUM MPOTOHOM. B
ATOM Ciy4yae, JBOWHOW TOP: TOP-3JEKTPOH M TOP-«aHTHHEUTPUHO» Kak
ObI 0OBOJIAKMBACT JBA ITPOTOHA (OJMH COCEIHUM, a APYTOil COOCTBEHHBIH),
M JIBOMHOE TMPUTSHKEHUE HE  TO3BOJSIET  TOPY-JJIEKTPOHY U
TOPY-«aHTUHEUTPHUHO» BBICBOOOXKAATHCS B MX CBOOOJHBIE COCTOSHUS.
3710 M0J00HO OOMEHHOMY B3aUMOACHCTBUIO B MoJieKyie Bonopoaa, HO B
ropas3zo MEHbIIUX (BHYTPHUSACPHBIX) 00bEMax. COOTBETCTBEHHO U CHUJIBI
CUEIUICHUS] HECPAaBHEHHO OoJbllIMe, YeM MexXJay aromamu Bomopona B

MoJiekyiie Bogopona.

[To-BuamMoMy, TpU HYKJIOHA B sIJIpe yKe HE 00pa30BBIBAIOT CTAOUIIBLHOM
«O0BOJIOYKM»:  (TOP-2JEKTPOH)H(TOp-«aHTuHeUTpuHO). OO  »TOM
CBUJICTEIBCTBYIOT ~HECTAOWJIBHOCTH sipa TPUTUS W  HUYTONKHOE
coaepxkanue ['enusi-3 no cpaBHeHuto ¢ I'enuem-4 B mpupogHoMm ['enuu.
Snpo I'enus-4 (0-yacTrila) UMEET J1Ba MPOTOHA U J1Ba HelTpoHa. Cropee
BCEro, OHU PACHPENENSIOTCS MO JIBYM BBIIICONMMCAHHBIM CTAOUIBLHBIM
napam: IpOTOH-HEUTPOH; HEUTPOH-TIPOTOH. ITO MEPBOE, TAK HAZBIBAEMOE,
JBAXIbl Marudeckoe sApo, 00JaaaroIiee MOBBIIIIEHHOW YCTOMYUBOCTHIO.
[To-BuamMOMYy, TOBBIIIEHWE YCTOWYMBOCTH CBSI3aHO C TE€M, YTO Tapbl C

00111e1i BHENTHEH «OOBOJIOYKOI:
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(TOp-371€KTPOH ) +(TOP-«aHTUHEUTPUHO»)  PACIIONIATAlOTCST  HE  PAIOM
(«rmmamms»), a B «CTONKY», OJIMH HaJ APYTHUM COOCHO U «BIPUTHIK». B
ATOM CJIy4ae MOTOKM BHYTPH TOPOB MapajuIeIbHbl U OHU OYEHb CHUJIBHO

OPUTITUBAIOT (CKJIEUBAIOT) TOPHI APYT K APYTY.

Eciu 4 Ttakue «CTOIIKK» pPa3sMCIIAOTCA «IIalIMA» H «KY6I/I‘{HO»
0IU3KO APYT K ApyTy, TO UMCEM  CIICAYIOIICC ABAKIbI MAI'MYCCKOC AAPO
aToMa KucJjopoaa — caMoro paCHpOCTpaHéHHOI‘O 3JIeMEHTa Ha 3eMJIe U BO
BCCX OPYIrux CpPaBHUTCIIBHO XOJIOOHBIX HeOCCHBIX TelaxX M IIBIJICBBIX

yactuiax B Kocmuueckom (CrdiiconueBom) [IpoctpancTae.

3aragka KBaagpaTWMWUMHOCTW paccTOSaHMU

B 3 aKOoOHE€ BadeammpeHaoOomHDO

PaccmoTpum «cTAruBaromiee» I1osje HanpsiKEHHOCTH T'PaBUTALMOHHOIO
MoJis B CBSI3M C 3arajJiIkol  0OpaTHO-KBAJAPATUYHOW 3aBUCUMOCTH
FPAaBUTALIMOHHOW CHUJIbI MPUTSKEHHUS TEJI OT PACCTOSHUS MEXIY HUMM.
HNMeHHO 3arajgku, MOTOMY Y4TO HET ATOMY (PHU3NYECKOTO OOBSICHEHUS HU B
oJHOM Teopuu rpaButanuu. llepBas pusnueckas Teopus rpaButanuu Jle

Caxa o0ObsICHsIIIa ATY 3arajiky, Ho, BBUJy MHOXKECTBA TPOTUBOPEUHIL C

41



KMHETUYECKOW TEOpUEH Ira30B U AJIEKTPOMArHUTHOU Teopruer Makcseria,
OHA HE IOJy4YWJa MPU3HAHHUS U LIMPOKOrO pacnpocTpaHeHus. Tem He
MEHEE, MOMNBITKU NPUBJICYEHUS €€ MPEANPUHUMAIOTCS W B HBIHEIIHEE
BpeMs, yxe ¢ yuetom CTO, OTO u KBaHTOBOI 3JIeKTpOAMHAMUKHU. J1Jist
NPUHATUS W TPU3HAHUS KBAHTOBOM TEOPUM TpaBUTALMU HEIOCTAET,
MOYXHO CKa3aTh, CAaMOM MaJIOCTH — T'PABUTOHOB. [[eCATHIIETHS MOIBITOK
OoOHapyKeHHs 3TUX YaCTHIl HE NMpuBenu K ycnexy. [loaromy Hamnbonee
3HAYMMbBIM BKJIAJIOM B pa3raJiKy 3araJkyd KBaJpara PACCTOSHUS B 3aKOHE
BCEMHUPHOIO TATOTEHUs oOcTaeTcs yTBepxkiaeHue Kanta o TOM, UTO
MpUYMHA KBAJPATUYHOCTU PACCTOSAHHSI B TPEXMEPHOCTH MPOCTPAHCTBA.
Ho ¢wunocodp KaHT orpaHuuwmics nuiib yTBEpPKICHHEM, U HE Jal
J0TUYECKOTO  ((hMBUKO-MATEMaTUYECKOTO)  TMOSCHEHUS BIIMSTHUSA
TPEXMEPHOCTH  NPOCTPAHCTBA HA CTEIEHb PACCTOSHHUS B 3aKOHE
BCEMUPHOro TiaroreHus. [loaTtoMy 3aragka ocraercs 3araikom yxe Ha

MPOTSHKEHUH COTEH JIET MOCJE OTKPBITHS (MaremaTrudeckoro) HeroToHa.

IToneITaeMcst MposICHUTHL yTBepkAeHHE KaHTa Ha XOpOIIO M3BECTHBIX U
NPUHATBIX B Hayke moHATUsIX. He 3aTparuBas «OyKBbI 3aKOHa»

BCCMHPHOTI'O TATOTCHUA, 3alIMIICM €T'0 B BUJIC!:

F=(GM/R?) m, (1)
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rae F— cwia nOpuTsbKeHMs  IpuTArMBaromed  maccsl M,  ropasno
MPeBOCXOAIe mpuraruBaeMyro maccy m, G — rpaBUTalMOHHAs
oCTOsIHHAs, R — paccTtostHue Mexay HeHTpoM macchl M u «1poOHOID)
Maccol m, KOTOPYIO MOXKHO CUMTaTh TOUEYHOH MO cpaBHEHHIO ¢ M.

VYMHOXUM YUCIUTEND U 3HAMEHATEJIb B CKOOKaxX Ha 47:;

F=(4n G M/4n R¥) m ()

4mR? — IJIOIIA/Tb ITOBEPXHOCTH cdepsl paauyca R.
Torga M/4nR? npencraBnser  coboll  KakKylylocss, HO  TOYHYIO
MOBEPXHOCTHYIO TUIOTHOCTh Macchl M Ha 3Toii cdepe. Ob03HaUUM e€ Kak

pms U miepenuiiem (2) B popme:

F=04nGpms) M (3)

Ecnu npunsars 4n G pms = Qwmis, TO (3) mepenuiiercs B BUIE:

F= Oms M, (4)

KOTOpbIH B 3€MHBIX YCIOBUAX Bblpakaer Bec (P) Tenma BOmM3mM
MOBEpXHOCTH 3emiu, P=gm, ¢ — yckopeHue CBOOOIHOTO TaJCHHUS.

Yckopenue cBOOOTHOTO MaICHHsI MOYKHO paccMaTpyBaTh Kak
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KMHETU3UPOBAHHYIO MOTEHIUAIBHYI0 HANPSHKEHHOCTD MPABUTAIMOHHOTO
most BOJMW3M TOBEPXHOCTH 3emMiau. B o0mem ciaydae  Qws —
HANpPsDKEHHOCTh TPABUTALMOHHOTO TOJS MpUTATHBaromieid maccsl M Ha
paccrossHuM R oT e€ mnentpa. Eciu Ha 3TOM pacCTOSSHUM WIH B JIFOOOM
apyroit Touke cdeprl paamyca R HaxoauTcs macca m, TO OHa MO
JehCTBIEM HANPSHKEHHOCTH Owms HEHTPaJIHHO-CUIOBOTO
IPaBUTALMOHHOTO TOJISI IPUTATHBAIOIEH Maccel M OyJeT UCIBITHIBATh
CUIIy NpUTsKEHUs (4), U IpH OTCYTCTBUU MPENATCTBUS OyJeT MmajaaTh K
Macce M c yckopenuem Qms = 4nGpwms. [logcTaBuB N3BECTHBIE Maccy U
panuyc 3eMJIu B pms, HETPYJAHO YOSAUTHCS B TOM, YTO B Clydae 3eMIIH
dbopmyna Oms = 4nGpws JTa€T XOpOIIO M3BECTHOE 3HAYCHHUE (
YCKOpPEHHUsI CBOOOAHOTO mMmajeHus. M3 3THX BBIKIAJOK BBITEKAET, YTO B
moboii  Touke cdepbl  paguyca R oT  reoMeTpuueckoro - IeHTpa
Maccel M BO3HHMKaeT ompeneNeHHOE 3HAYC€HHE HaINPsSHKEHHOCTH
IPAaBUTAIMOHHOTO TIOJS, KOTOpas MPOIMOPLHOHATIbHA TOBEPXHOCTHOU
IJIOTHOCTH Macchl M, eciiu Obl OHa ObljIa paBHOMEPHO pacrpe/iesieHa 1o
noBepxHoctu cdepol. IloBepxHocTHas ke mioTHOcTh M  Ha cdepe
pamuyca R oOpaTHO-mponopiimoHagbHa MIOAIU MOBEPXHOCTU Chephl,
a momans nosepxHocTH cdepsl paBHa 4mR2 Orcrooma cTaHOBUTCA
MOHATHOM TIpHUpOJa KBajJpaTa pAcCTOSHUS B 3HaMeHarene 3aKoHa

Bcemupnoro Tsarorenus.
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CrnenyeT 3aMeTUTD, UTO B BBIKJIaJIKaX HE ObIIO HU OJHON TMIIOTE3bI HIIH HE
OOUIETPUHATOT0 HAyKOW MoJiokeHus1. [IoBepXHOCTHAS MJIOTHOCTh MAacChl
Ha cepe MPOU3BOJIBLHOTO paauyca R MoKeT BBI3BIBATH COMHEHHE, HO
3TO HE peallbHO pacHpeziesieHHas 0 Bcell TOBEPXHOCTH cdeprl Macca M, a
“Kaxkylasicsi’, TEM HE MEHEE, COBEpUIEHHO TOYHas M ‘‘3aKOHHas B
¢usnko-maTemMaTuueckux npuémax. Takum oOpa3omM, 3aKOH BCEMUPHOTO
TATOTEHUS (BMECTE C PACCMOTPEHHOM BBIIIE TPUPOJIO TPaBUTALIMOHHOTO
MOJIsI ¥ TPABUTAIIMOHHOIO 3apsifia Ha MPUMEPE AIIEKTPOHA U MO3UTPOHA)
0CBOOOKIAETCS OT «BPOKAEHHOM 3araloqYHOCTH.

YTBepxkaenue Kanra o ToM, 9To mpuYrHa KBaAPATHIHOCTH PACCTOSHUS B
3HaMeHatene (GopMysbl 3aKOHA BCEMHPHOTO TSITOTEHHS B MEpPHOCTHU
MPOCTPAHCTBA JEHCTBUS 3aKOHA, oATBepKaaeTcss. CTeneHb pacCTOSHUS
MEXIy B3aUMOACHCTBYIONIUMH OOBeKTaMu Oepércst Ha 1 MeHbIe

MEPHOCTH MMPOCTPAHCTBA NeUCTBUA dTUX CHII:

F=GMm/RPY,

rae D — mepHOCTh MpOCTpaHCTRA.
Cuwia B3aMMHOTO TPaBUTAIIMOHHOTO TMPUTSHKEHHUS TENl B TPEXMEPHOM
MPOCTPAHCTBE OOPATHO-NMPONOPIUMOHAIBHA BTOPOM CTENEHH PACCTOSIHUS

MEXIy UX LIECHTPAMH.
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B ciyyae JBYMEPHOIO IPOCTPaHCTBA HaIpsHKEHHOCTh
«JIBYMEpPHO-TPaBUTALMOHHOTO TOJID» BbIpa3ujiach Obl Yyepe3 JIMHEUHYIO

(oxpyx)HY10, 27TR) MIOTHOCTH MacCHlI.

NHTEepecHO 3aMETUTH, YTO IO 3TOU JIOTUKE B OJTHOMEPHOM ITPOCTPAHCTBE
He ObIT0 OBl HUKAKOM 3aBUCUMOCTH CHJIBI B3aUMOJICUCTBUS OT PACCTOSHUSA
MEXay MaccaMu. BO3MOXHO, B 3TOM clyyae pEalii30BBIBATIOCH OBl

HreroToHOBO HanmsHOAEHCTBHE.

Koneuno,  oO®BsiBIeHHMEe  0Oe3mMaccoBOro  (u3MYECKOro  oOBEMaA
(kocmuueckoro  IIpocTpancTBa), HE  cOoAEpKallero  MacCOBBIX
AIIEMEHTAPHBIX YACTHII, SACp aTOMOB, aTOMOB, MOJICKYJ, ...., Tel,
HEOECHBIX TeJ, CUCTeM HEOECHBIX TeJll, MaTrepueii, OoJjiee TOrO,
aOCOJIFOTHOM MaTepuel, U3 KOTOpPOH COCTOUT BCS OCTajibHas MaTepus,
BBITVSIAUT HE OOOCHOBAHHOW Jekiapanueil. Jlaxke, HecMOTps Ha
dbunocodpckoe 000CHOBaHUE U3 ompeseaeHnus Marepuu. [loaTomy, Hibke
MPOBOJIUTCA  MaTEeMaTHYeCKOe HM  XUMHUYECKOe  OOOCHOBAHMS
MaTepualibHOCTU (PU3NYECKOrO0 00BEMA, HE COAEPIKAIIET0 MacCCOBOM

JUCKPETHOM MaTEPHUH.
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OvapagmHeopmnognypacKi@e gesieHMN

pa3buneHuns KOHLULEHTPUYECKMNX c the

Bcenennas 6eckoneuna. beckoneuno peanbHoe Qu3ndeckoe TpEXMEPHOE
[IpoctpancTBo Beenennoii. M Het B HEM onpenenéHHoro uenrpa. [loromy
9TO OT JII000H  ONpeneN€HHOM TOYKM OHO TPOCTHPAETCS B

HEONpeIEIEHHYI0 OECKOHEYHOCTb.

[IpoBenénnoe Bhilie OOBICHEHUE OOPAaTHO-KBAJIPATUYHON 3aBUCUMOCTH
OT PaCCTOSIHUS B 3aKOHE BCEMHUPHOTO TSATOTCHUS HATAJIKUBAET HA MBICIIb O
CYIIIECTBOBAHUU W JpPYrdx TOJIE3HBIX 3aKOHOMEpPHOCTEH Yy

KOHLIEHTpu4eckux cdep Bo Beenenckom IIpoctpancTse.

Cdepnl ompeaenstorcsi TOABKO paguycamMd. ITO 3HAUUT, YTO JHOOBIE
JIpYyTre UX reOMETPUUYECKUE XaPAKTEPUCTUKHU OMPEACIISIIOTCS TOJIBKO UX
paguycaMu. Hanpuwmep, TIOLIAAM MOBEPXHOCTEN chep
MPONOPIIMOHANIBHBI  KBajpaTaM paanycoB. OTHOIIEHUE TMOBEPXHOCTEN
KOHIICHTPUYECKUX chep paBHO KBaAPaTy OTHOILIECHUS PaUyCOB U3 OJHOTO
LIEHTpa.  JTO — KOHKPETHas 3aKOHOMEPHOCTh BJIOKEHHBIX cdep,

MO3BOJISIIOIAS ONPEETUTh MOBEPXHOCTh HYHOM cepbl U3 U3BECTHON
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MOBEPXHOCTU OJJHOM Cepsl, 3Has 3aJaHHOE COOTHOIIIEHUE PaInyCOB.

[Ipencrasinsiercs MOJIE3HBIM HaWTH 00111y10 (Bcenenckyto)
3aKOHOMEPHOCTH paclpeaesieHUs] HEKOTOPOro pa30ueHusl OBEPXHOCTEN
KOHIICHTPUYECKUX  cdep, HCXOAI U3 TIOBEPXHOCTH HEKOTOPOM

MUHUMAJIBHON CEphl B CHCTEME BIOKEHHBIX Cep.

PaccmoTrpum  OeckoneuHoe TpéxmepHoe IIpoctpancTtBo. VY  Takoro
MIPOCTPAHCTBA HET OMNPEAEIEHHOIO LIEHTPA, MOCKOJBKY C JIFOOOM TOYKHU
OHO OeckoHe4yHO. BozpméM mmo0yro Touky IlpoctpancrBa. C 3TON TOUKH

chopmupyem HeKoTOpyIo chepy paauyca R ¢ moBepxHOCTHIO:

S = 47R? (5)

[lepenumiem (5) B TOKAECTBEHHOU (opme:

S =2(2nR?), (6)

KOTOpasi OTpakaeT JIUIb TO 00CTOSATENTHCTBO, YTO cpepa cocTaBieHa U3
IByX paBHbIX nomychep. 3adukcupyem  (paxT  CyliecTBOBaHHS

MUHUMAJIbHOM nofycdepsl paanyca Ryin HOpMUPOBKO# €€ Ha eIMHUILY:
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Torna Rmin = 1/(2m)%° (8)

W3 BEIOpAaHHO# jk€ TOUKH CPOPMHUPYEM TOCICAYIONTHNEC KOHIICHTPHUYCCKHE
cdepbl, IMOCICIOBATSILHO OKAUMIISIIOIIME TPEIbIIyIINe, HadyuHAsS C
MUHUMAJIBHOH c(eppl, W Takke COCTOSAIMEe U3 Mmap moxycdep.
Cnenyromyto  chepy chopmupyem paamycoM B MPOU3BEIACHHE

uppanroHanbHoro 2%°  Ha Rpin:

205 Ryvin = 205 [1/(2m)]°5 (9)

Cnenyromyro 3a (9) KOHUEHTPUYECKH  OKaWMIISIONIyr0  chepy
chopMHpyeM paiycoM B MPOU3BEJECHUE YIBOSHHOTO HUPPAIMOHAIBHOTO

20'5 Ha Rmin:

2 (295)Rmin = 2 (205) [1/(2m)]%5 (10)

Cnenyromyro 3a (10) KOHIEHTpUYECKH OKaWMIIIONIyI0  chepy
chopMHUpyeM panyCOM B MPOU3BEICHUE YTPOSCHHOTO MPPAIlHOHAIBHOTO

20’5 Ha Rmin

3 (2°°) Rpin = 3 (2°°) [1/(2m)]%° (11)
Cnenyromryto  3a  (11) KOHIEHTpHYECKHM OKaUMIISIONIYIO  chepy

chopMupyeM panycoM B TIPOU3BEACHUE YIETBEPEHHOTO
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uppanroHanbHoro 2%° ua Ry :

4 (2°°)Rmin = 4 (2°°) [1/(2m)1°° (12)

Takum o0OpazoM, KOHIIEHTpHUECKHE c(epbl COCTOAT W3 map moiychep
paauycoB (8) — (12). CootHomenue (6) Ajig MOJYYEHHBIX cPep MOKHO
nepernrcaTh Kak:

Sn = 2 [2(Rmin 2°° n)?], (13)

rme n= 1/2%%1; 2; 3: 4.

BunHo, 4To paguychl At KoHLeHTpuyeckux chep (13) cocTaBistor psjg

YUCCII.

1; 205; 2(209); 3(209); 4(2°9), (14)

KpPaTHbIX MUHUMAJIBLHOMY paanycy Rmin. [loBepxHOCTH Cdep cocTaBistoT
COOTBETCTBEHHO: 2; 4; 16; 36; 64 paBHBIX MOBEPXHOCTEH MUHHUMAJIbHOU
nostycdepsl, T.e. MUHUMalIbHas cdepa paszeneHa Ha JiBe moiycdepsl, a
nocienyromnme chepsl pa3feieHbl COOTBETCTBEHHO Ha: 4, 16, 36, 64
MUHUMAaJBbHBIX TIofrycdep. Kaxapiii unen psijfa yeTHbIX uncen: 2; 4; 16; 36;
64 MO>XHO pa3OUTh Ha 2 paBHBIC YaCTH MOCIIEI0BATEIBHOCTRIO: 1; 2; §; 18;
32. TllocnenoBaTelbHOCTH ATUX PaBHBIX YacTed MPEICTaBISIIOT

MOCJIEN0BaTEILHOCTH HEKUX CABOCHHOCTEH — nuan. Kaxmas nuana,
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OUYEBUIHO, COCTOUT U3 IBYX MOHaA. Bce 5 cdep mpencraBum cymmoit K

U3 HyMepyeMbIX MUHHUMAaJBHBIX TOTIycdep:
K=2(1+2+8+18+32) (15)

[IpeacraBum mHOXKeCTBO (15) B BHAE CHMMETPHU30BAHHOWU TAOJUIILI, U
MIPOHYMEPYEM UJICHBI MHOKECTBA HATYPAJIbHBIMU YHCIIaMU CHU3Y BBEpPX U

CJICBA HAIIPABO:

91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 1213141516 17 18 19 20 21 22
5960 616263 64 6566 676869 70717273 747576777879 80818283 84 85868788 89 90

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58
2324 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40

151617 18 1920 21 22
78 91011121314

56
3 4

Puc. 1 CummeTpuszoBaHHas U MPOHyMEPOBAaHHAs TaOIUIIA MHOKECTBA
(15).

Homepa mociie 99 n300pakeHBI TOJBKO SAWHUYHBIMU M JCCATHUYHBIMU

paspsiiamu, a Tak’Ke OKpAILIEHbl B CBETII0-KOPUYHEBBIH 1IBET.
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5 nuag — 31O 5 cdep, a Kaxknas U3 IByX MOHAJ 3TUX cep MpeACTaBIseT
nosrycdepy cooTBeTcTByIomIeH cheprl. HUCIO UIeHOB B KaXKAOH MOHAE
MOKa3bIBAa€T  KOJMYECTBO  4YacTeil, = Ha  KOTOpPOE  pasleiieHa
COOTBETCTBYIOIIAss MoOHaza. MoHansl (momycdepbl) MNEepBOW AUAIbI
(cdepsl) LenpHBL, T.€. HE pa3neiacHbl. MoOHabl BTOPON JUaabl pa3aeieHb
Ha JIB€ YaCTH KaxKJ1as, MOHAaJbl TPEThEH NAUAJbl — HA § 4YacTEH Kaxkaas,
MOHaJbl YETBEPTOM IHaAbl — Ha 18 yacTel Kaxias U MOHAJbl HSATOU

Uanbl — Ha 32 9acTH KaXKIasl.

Takum oOpazoM, HAOIIOJAETCS AHATHO-TIEPHOIUICCKAs 3aKOHOMEPHOCTh
M3MEHEHUS KOJMYECTBA YacTeW, Ha KOTOPBIE Pa3eiICHbl MOHAIBI JTUA
MMOBEPXHOCTEH  KOHIIGHTPUYECKUX chep TpH  HU3MCHCHHM  UX

OTHOCUTENBHBIX (K Rmin ) paAnycoB B MOCIIEI0BATEIBHOCTH:

Ro/ Rmin = 1; 29%; 2(2°%); 3(2°°); 4(2°°) (16)

Bce uuncna mocnenoBatenbHocTH (16) mppainmoHanbHbIE, MOCKOJIBKY B
neBort uwactu (Qurypupyetr Rmin — UppalMoHaIbHOE YHUCIO IO
onpenenennto (7). IToatomy nmocnenoBaTenbHOCTh (16) MOKHO Ha3bIBAThH
«UppAIOM» WIH «uppaauycamu». MOKHO TOBOpUThb, YTO BE3JE B
OECKOHEYHOM TPEXMEPHOM IIpocTpancTse CYIIECTBYET

TUATHO-TISPUOIMUECKOE pacTpeIe]ICHHE pa30ueHN KOHIIEHTPUICCKIX
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chep (13):

Sn = 2 [271:(Rmin 20’5 n)z]

JITPPKC pa3BopaunBaercs B CIBOCHHBIN psI:

2(1+2+8+18+32) (17)

Llentp koHUEHTpUYEeCKUX cdep Obul BBIOpaH MPOU3BOJBHO. M3 »3TOrO
cinenyet, uyro JITPPKC cymectByeT, u nelcTByeT ¢ JHOOOW TOYKH
o6eckoneunort Bcenennoit. CootHomienue (15) mpexacrasiser coOoit

npoctpancTBeHHbld kox JITPPKC.

Kopgp pawepmo agnmyecKoro pacnpepgenedt.i

ecTecCcTBEHHHDbIX 9 /1eMeHTO OB BceneHHOI

OpuruHan KOpOTKON MEePUOAUYECKON TAOIUIBI XUMHUUYECKUX DJIEMEHTOB
oT €€ cosmarens — murpus MBanoBuua MeHneneeBa OTiaM4yaercss OT
MIUPOKO UCIOJIb3yeMOW KOPOTKOM MEPUOANYECKON TAOIUIIBl XUMHUYECKUX

OJICMCHTOB!:

53



NMommMHRAR, NeQanscudPuuuponanHas Tabmuua .M. Mewneneena

(K. M. Meunenees.

«llepHOIMICCKRAA CHUCTEMA DNCMEHTOB NO IPYyNNaMm ¥ PAINaM»
VIII u3nauxe,

OCHOBE XVMMHK .

cnoG., 1906 r.)

Ipynnu sjieMenTon

0 I b 94 III v v vI viz VIII
o Msprow
i Xepoxuez | Bozepoa 3 T — S & =
H
3,008
2 ekt Nurns | Eepunnyd Beop Yraepon Asor Kcmepoa o7cp
He Li Be B Cc N o} F
4,0 7,03 1 i,0 2,0 i%,0: 16,00 9.0
3 Heon Harpaok | Marumi | Amcoooai| Kpexuxd | $ocop Cepa Xnop
Ne Na Mg Al Si P s Ccl
19,9 23,08 24,36 27,1 28,2 51,0 32,08 38,48
4 Aprox Xanwz | Xamywz | Crandt TuTax Saxamvz Apose Mapraxeu| ¥enesc |KofamT| Huxens
Ar K Ca Sc Ti v Cr Mn Fe Co Ni
3¢ 38,18 40,1 44,1 48,1 51,2 $2,1 55,1 55,9 59 59
s Meas D Tannmyz |Tepmanuiz| Mmmsax Cenex Spox
Cu Zn Ga Ge As Se Br
63,6 €5,4 70,0 72,5 75 79,2 79,95
(3 Kpunron | PyfSuga i Crpoxiua | ¥Merpit |LDupxossz| Huofuz |MonxSaen — Pyreruz| Pomuh |TasrameR
Kx Rb Sx > 4 2r Nb Mo Ru Rh Pd
1,2 £s,% 27,6 9,0 90,6 94,0 96,0 01,7 103,90 06,5
7 Cepefpo| Kamodi Vot Cnoso Cyprxa Tennyp ¥oa
Ag cd In Sn Sb Te I
107,93 12,4 11%,0 119,0 120,2 127 27
B Kcenox Leanz Sapun JanTan Uepu o 333 =t = - s
Xe Cs Ba La Ce
128 32,9 137,4 13g,9 1%0,2
¢ —— _ —_— -— — —_ -
10 s _ e Hrzeplu e Taxran |Bonsfpan - Oyt | Vipsamuz | Minasuxa
Yb Ta W Os Ir | Pt
173 ies ig4 i9: i93 194,68
iz P e Famr =—3 Topun > Ypas
Ra Th
225 232,5 238,535

Puc. 2 OpurunanbsHas neproaudeckas tabnuia Meneneena

Otu€TnuBO BHUIIHO, uTO Y MeHeneeBa ObUTM HYJIEBOU psii (IEpHOa) U

HyJieBas rpynna. B HyneBom nepuone v HyJeBO# rpynie Obl NEpBbIN U3

JIBYX JIOBOJOPOIHBIX 3JIEMEHTOB - HbHOTOHMII.

Ilox Hwroronuem oH

uMen B BUy 3¢up, BepHee, 4acTulbl 3¢upa B MyCTOTE.

54



COBpeMeHHa}I JJIMHHAasA ICPpHOANICCKass Ta6J'II/II_Ia XUMHWYCCKHUX 5JICMCHTOB,

pexomennoBanHast IUPAC, BRITISIUT ClIeTyOIUM 00pa3oM:

-'Peﬁod

Alkali metals - Halogenes
[ Alkaline Earth metals | Noble gases

Group
1
. . Nonmetals . Metalloids

2 u [ Transition elements _ Lanthanides
51 Other metals I Actinides

3
07

5 In Sn
1as na?

6 Pb Bi
2044 w0r: W09

Puc. 3 JInunnas nepuoanydeckas tadnuia xumuaeckux anemeHToB [UPAC

dakTuuecku dTO He ojHa Tabnuia, a aBe. Kpome toro, mmeercsa 36
BHYTPEHHHUX IMyCThIX MecT. Haunnaercsi ¢ Bogopoaa — nepBoro sinemenTa

[Tepuonnueckoi TaObIUIIBI XUMHUYECKUX DJIEMEHTOB.
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[lepponnueckass cucreMa XUMHYECKUX 3JJIEMEHTOB B CBEPXJIMHHOM,
CUMMETPU30BaHHOW OTHOCUTENbHO Bomopoma u Temms, dopme wu

YUCJIOBOM (HOMEPHOM) MPECTABIECHUN UMEET BU/L:

87 88 89 90 91 9293 94 9596 97 98 99 0001 0203 040506 0708091011 121314151617 18
55 56 57 58 59 60 61 62 63 64 6566 67 6869 70717273747576 7778 79 80 81 82 83 84 85 86

37 38394041 42 43 44 4546 47 48 49 50 51 52 53 54
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

111213141516 17 18
3456 7 8910

12

Puc. 4 CI/IMMeTpI/ISOBaHHaH CBCPXIJIMHHAsA  IICPHOJNYCCKAA
CHUCTCMa XHMMHNUYCCKHUX JJICMCHTOB B YN CJIOBOM (HOMCpHOM)

MNpcacCTaBJICHUA

KpacHbiM 11BETOM OKpallieHbl HOMEpa S-3JIEMEHTOB, CBETJIO-KOPUYHEBBIM
— P-3J€MEHTOB, CHHUM — d-371eMEHTOB 1 3e1éHbIM — f-31emMenToB. Homepa
or 100, kak um Ha Puc.l, m300pakeHbl TOIBKO JECATUYHBIMH H

CANHUYHBIMU pa3piagaMu.

CxopcTBO KOH(PUTYpaIHil YUncI0BBIX MHOKECTB Ha Puc. 1 u Ha Puc. 4
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oueBHIHO. Ecny HANMOXUTh IpUBEAEHHBIE K OJJHOMY MaciTady puc. 4 u
puc. 1, Tak, 9T00BI OBUIO MAKCUMATLHOE KOH(DHUTYPAIIMOHHOE COBITAJICHHUE,
To 1-iI HOMEp MEepUOIUYECKOM CHUCTEMBI XHMHUYECKHX 3JIEMEHTOB
coBmanaer ¢ 5-pim HomepoM [[ITPPKC. HaBepx monHoe coBmajeHue, a
BHU3 HE HAJIOKEHHBIMU OKa3bIBalOTCsI HOMepa 1-4. M0oxKHO rOBOPUTH, YTO
yucioBoe MHOkecTBO JIIIPPKC momHOCTBIO BKJIIOYAET YHCIOBOE
MHOKECTBO  MEPUOJUYECKOM  CHUCTEMBI XMMHUYECKHX  3JIEMEHTOB.
Henocraromme 1-4 no3unmy BHHU3Y 10 TOJHOTO COBIAJACHUS MOTYT
YKa3bIBaTh Ha HE3aBEPIIEHHOCTh YUCIOBOTO MHOXECTBA MEPUOTUUECKOM

CHUCTCMBI DJICMCHTOB CHU3Y.

NutepecHo, uto emé€ HemaBHO (IO MEpKaM UCTOpHUH), B 18 Beke ObLIM
TOJIBKO 5 3JIEMEHTOB: CBET, TEIUIOTA, KUCIOPO, a30T U BOAOPOI, KOTOPbIE
B "TaOnune JlaBya3be» ObLIM MPEJACTABICHBI B KAU€CTBE "MPOCTHIX TEJl,
OTHOCSIIIIUXCS KO BCEM TPEM IapCTBaM MPHUPOJABI U KOTOPHIE ClEAyeT
paccMaTpuBaTh Kak 3JIEMEHTHI Tl . OTIIMYMe OT IPEBHUX 4 3JIEMEHTOB B
KOJINYECTBEHHOM OTHOUIIEHWU COCTABJISJIO BCETO JIUIb €IUHUILY, HO B
KaQueCTBEHHOM OTHOIIIEHWW U3MEHEHUsI JIOBOJBHO CYIIECTBEHHBIE:
no0aBjeH CBET (M3 CBETOHOCHOTO 3(Hpa); TeIioTa (TEII0Opo.1) 3aMEeHIIIA
OrOHb; BMECTO 3€MJIM, BOJIBI U BO3/1yXa — KUCIOPOM, BOJIOPOJ U a30T, U3

KOTOPBIX B OCHOBHOM OHH M COCTOAT.
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Oco3HaHue CIOXKHOTO JJIEMEHTHOTO COCTaBa «UYETBIPEX JIPEBHHUX
MEPBORJIEMEHTOB», OCOOEHHO 3eMJId, CTUMYJIHUPOBAIO MOUCKOBBIE H
AKCIIEPUMEHTaJIbHBIE pa0OThI MO BBISBICHHUIO HOBBIX 3J€MEHTOB. bypHoe
OTKPBITHE HOBBIX 3JIEMEHTOB MPOUCXOAWIO B IIEPBOM MOJOBHUHE 19 Beka.
B 60-x romax 19 Beka ObUI0 M3BeCTHO yxke 62 snementa. Mmenno ¢ 19

CTOJICTHS CTaJIM MOJIb30BATHCS MOHITUEM «XUMHUUCCKHN JICMEHT.

B HacTosiiiee Bpemst u3BeCTHBI 92 cTaOMIIBHBIX U OKOJIO 25 HECTAaOMIBHBIX

XUMHUYCCKHUX 3JICMCHTOB.

B 19 Beke mupoko moJib30Baiuch NoHsITHEM d(upa. MeHenee, Kak yxe
YIOMHHAJIOCh, IMOMECTUI 3(QUpP B CBOK MEPUOJAMYECKYIO TaOJIHUIly
XUMHUYECKUX AJIeMEHTOB. [10/1 mepBhIM U3 BYX TOBOIOPOJIHBIX JIEMEHTOB
— Heroronuem MeHnneneeB noapaszymeBai 3gup, ero yactuipl. OTMeTum,
9T0 Y€ MEeH/eneeB He OrpaHWYMBAICA XMUMHUYECKUMHU JIIEMEHTaMH,

MHOKCECTBO KOTOPBLIX 110 HBIHCINHHUM IMOHATHUAM HAYMHACTCA C Boz[opoz[a.

N3 317010 KpaTkoro 3KCKypca B HCTOPUIO Pa3BUTHUS IOHATHUS «BELIIECTBO» U

€ro 3JICMCHTOB BUIHO, UYTO ITOHATHUC 3JICMCHTOB BCIIICCTB MCHAJIOCH C
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«yckopenuem». Ho pa3Be Takue 00bekThl BceneHHoM, kak HEHTPOHHBIE
3BE€3/lbl, HE MOAMNAAA0T mNoj mNoHsTue BemectBo? Wnm Ilo3utponui,
BCTYNAIOIMI B TAKUE K€ XUMHYECKUE pEaKLMK, B Kakue u Bogopon? Onu,

HECOMHEHHO, 3JIEMEHTHI BEIeCTBCHHON BcelneHHOoM.

IlepeunciyM CBOMCTBA-NIPU3HAKY BEIIECTBEHHON MaTEPUH, BEIIECTBA!

1. Macca;

2. CTaOUIIbHOCTB, XOTsI ObI Ha BpeMs, HE00X0IUMOE JIs1 UACHTU(PUKALINH;
3. CyuiecTBOBaHUE B MPOCTOM HJIA CJIOKHOM BHJE, XOTSI Obl B OJTHOM U3
4-X arperaTHbIX COCTOSIHUI;

4. lIpsMoe KOHTAKTHOE CTOJIKHOBEHHME DJIEMEHTOB BEIIECTBA C
MpoTeKaHUuEeM (U3MYECKUX WM XUMUYECKHUX DPEaKUud, a Takke s
MIPOBE/ICHMS TEXHOJIOTMYECKUX MPOIECCOB;

5. IlpeBpailieHre B Ipyrue NpocThie WIN CI0XKHBIE (DOPMBI B pe3ysibTaTe
(U3HUECKUX UM XUMHYECKUX MPEBPAIICHHI;

6. VYHUYTOXKEHHE M pOXIEHHE B COTJIACHM CO BCEMH 3aKOHAMHU

COXpaHCHHSI.

N3 6-Tm CBOMCTB-IPU3HAKOB BEIIECTBEHHOM MaTEpUU TJIABHBIM

CBOMCTBOM-TIPU3HAKOM €€ ABJISAETCA Macca. B camom nene,
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onpenensonuM (aOCOMIOTHBIM) TPHU3HAKOM BEIICCTBEHHOW MaTepHUH
ABIISIETCS TOJBKO Macca, OCTAJIbHbIE 5 MyHKTOB (DAKTHUECKH OTpakaroT
CBOMCTBa («IOBEACHHUE») BEIIECTBEHHOW MAaTEpUH B TE€X WJIM HHBIX €€
COCTOSIHUSIX U YCJIOBHSIX TIPEOBIBAHMUSL.

Ho ecnu paccMaTpuBaTh BELIECTBEHHYIO MATEPUIO C TaKOW MO3UIIUH, TO
€IMHCTBEHHBIM (a0COJIOTHBIM) MPU3HAKOM BEHIECTBEHHONW MaTepUu
cneayetr npuszHaTh (npuHATh) €€ MACCY, m BMECTO BeIlIECTBEHHOMU
MaTepuu rOBOPUTH O MACCOBOW MaTepHUH (Macc-MaTEpHH, B OTIMYHE OT
0e3MaccoBOM SHEPreTUYECKOW WM ToJieBo marepuu). He B cmbicie
MacCOBOCTH €€, KaK B IOHSITHH «MaccOBO€ IPOU3BOACTBO BOAOPOAAY,
HaIrpuMep, a B CMBICIIE OMNpPEACNAIONIero Npu3Haka — maccel. B Takom
Clly4ae, «ECTECTBEHHBIE DJIEMEHTbD» HE MOIyT OBbITh OIPaHUYEHBI
«XMMHUYECKUMU iemMeHTaMum» n Hevitponom ¢ Ilosutponnem. Ha xaxom
OCHOBAaHMM OTKa3blBaThb B MPUHAIJIECKHOCTH K «ECTECTBEHHBIM
aneMeHTam» HeWTtpuHo? Pa3zBe oOHM He 001a7alT ONpeaessioNuM
MPU3HAKOM Macc-maTepur — Maccoil? Ilockonbky 005a7al0T, TO OHU
ONPEAEITICHHO SIBJISIIOTCS MacC-MaTepuei. SBISITbCS Macc-MaTEPUEi, HO HE
ObITh nemeHTOM €€? Pa3Be atombl Bojmopoma MOryT He SIBISATHCS
AJIEMEHTaMH Ta3000pa3HOr0 WM XKUAKOro Bojopona? Tem He MmeHee,

BBOJUTH HeﬁTpHHO BO MHOX>XECTBO €CTCCTBCHHBIX 3JICMCHTOB BCIIICCTBA
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HpO6J’IeMaTI/I‘-IHO B CBA3U C TCM, YTO BCIICCTBO IMOHUMACTCA HC IIPOCTO
COCTOAINMUM M3 CCTCCTBCHHBLIX JJICMCHTOB, a4 B aCCOIMHMPOBAHHOM,

arperupoOBaHHOM HUX COCTOSAHHUU B BCHICCTBC.

Opnnako, 11 Macc-MaTepUM TaKoe YCJIOBUE (acCOIMUPOBAHHOCTH,
arperupOBAaHHOCTH) HE MPEANMCAHO HHUKAKUMHU  CIOKUBIIMMHUCS
MOHATUAMH, TpaauuusMu. [loaTtomy, eciu rOBOpUTh HE O €CTECTBEHHOM
AJIEMEHTE BEIECTBA, @ O €CTECTBEHHOM JJIEMEHTE MacC-MaTe€puu, TO
HEUTPUHO MOTYT U JOJDKHBI OBITh BKJIIOYEHBI BO MHOXECTBO
€CTECTBEHHBIX 3JIEMEHTOB Macc-marepud. M3BecTHBI 3 TUMa HEUTPUHO:
AJNIEKTPOHHOE HEUTPUHO Ve, MIOOHHOE€ HEWTPUHO Vy U Tay-HEUTPHUHO Vi,
Kpome Toro, kaxaomy HEWTPHHO COOTBETCTBYET CBOE AHTHHEUTPHHO.
Cuuraercsi, uTo o01Ias Macca Bcex HEUTpUHO BO BceneHHOM cocTaBisier
CYIIECTBEHHYIO JIOJI0 «TEMHOM MATEPUM» U COMOCTABMMA C MacCOW BCEM

BEIIIECTBEHHOU BceneHHon.

Bcé mHOr0o00pasue HeluTpuHo 11s BKIIOUeHUsI B CHCTEMY €CTEeCTBEHHBIX
AJIEMEHTOB MacC-MaTEPUU Mbl OyIeM Ha3bIBATh OJJHUM OOIIIMM Ha3BaHUEM
(ma xumuueckuit naa) Heltpunuii, ¢ 00ybI10i OyKBBI. ITO aHAJIOTUYHO

TOMY, YTO N3 BCCTO MHOXKXECTBA U30TOIIOB KOHKPETHOI'O
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XUMHUYECKOTO 3JIEMEHTa B KIJIETKY MEPUOJUYECKON TaOIHIIBI MOMEIIAIOT
onuH n3oron. Hanpumep, u3 tpéx n3oronos Boxpopona B llepuonnueckon

Ta6J'II/II_[e MNpCACTABJICH TOJIBKO OWH HU30TOII.

HNrak, B CucCTEMy €CTECTBEHHBIX JJIEMEHTOB BBeJEHbl  HelTpow,

[Tozutponwuii u Helitpunuii. [louemy TOJIBKO 3TH TpH 3J€MeHTa?

JI71s1 OTBETA HA TOT 3aKOHOMEPHBIN U MPAaBOMEPHBIN BOMPOC 00paTUMCS K
ONpPEAETAIONIEMY MMPU3HAKY MAacC-MaTepPUu — Macce. M3 BceX M3BECTHBIX
4yacTull, OOJAJaIoIIMX MacCcoM, camMoill JErkoW SBIAETCS HEUTPHUHO.
[Ipencrasnger nu HenTpuanii HruokHuM npenen CHUCTEMbI €CTECTBEHHBIX

3JIEMEHTOB?

Mennenees mnon «HploToHMem» B cBoell Tabmuile mOApa3zymMeBall
0e3MaccoBble HEBUIAUMBIE HENIEIMMbIe YacTullbl dpupa. HeroToHUH, Kak
yKe YIIOMUHAJIOCH BBIIIE, OH MOCTABUJI B HYJIEBYIO TPYIITY B HYJIEBOM Psijl.
[Tonoxxenne HeroToHUst B Tabnuiie MeHaeneeBa yka3blBajio Ha TO, YTO
MEepBbIA  BJEMEHT MOXKET HWMETh MUHHUMAaJbHYI, TOYHEE, CaMylo
MUHUMAJBHYIO, €Ie TOYHEE, MPEACIbHO MUHHMAJIbHYIO — HYJIEBYIO
Maccy. IME@HHO 3JIeMEeHT C HyJIeBOM Maccoi JOJKEH ObLT OBITh HUXKHUM

IPEEIIOM yxke o MeHaeneeBy.
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O¢dup, Kak HU3BECTHO, U3BSIM M3 HAYYHOTO U MHPOBO33PEHUECKOTO
obuxozaa B nepBoil yerBept 20-T0 Beka. Ho, 3ameHuB a¢up mycToToil,
BaKyyMOM, OOHApY>KWJIHM, UTO BaKyyM OKa3ajcs HE MycT. YKe KBaHTOBas
INEKTpoAMHAMKKa Jlupaka mopokaaia U3 BakKyyMmMa DJJIEKTPOHBI H

no3uTpoHbl. [lepenum Kk «(pU3NMUECKOMY BaKyyMy».

Yro coboii KOHKpEeTHO mpeacTaBisieT MupoBoe [IpoctpancTBo wumm
[IpoctpancTBo Beenennoit, onpeneneHHOro HOHUMAaHus, KpOME TOTO, YTO

310 O6e3maccoBoe [IpocTpaHCcTBO, B HACTOSIIIEE BPEMS HET.

Otnnune 6e3maccoBoit CrdiicCOHNEBOM cpebl OT 0e3MaccoBOM A(UPHOM
MHUPOBOM Cpelbl COCTOMT B TOM, YTO 3(UPHYIO CpeAy MNpeACTaBIsUIH
MOJBIKHOM, Yallle «ra3omojio0HOo» cpeaol W3 A(UpPHBIX YacTull B
nycrore, a CmodiicoHHEBas cpega — HEC)KMMaeMmas WIM MPAKTUYECKU
Hec)KuMaeMas «TBEpAas» HempepbiBHas cpena. Eciau B «ra3omoqo0HON»
3(UpHOI cpelle MOTYT PacupoOCTPaHATHCA TOJIBKO MPOJOJIbHBIE YIPYTHe
BOJIHBI, & TIONEpPEYHbIE HE MOTYT, TO B «TBEPIAON» HECKUMAEMOM
CrodicOHMEBOM Ccpelie MOTYT paclpOCTPAHATHCS U MONEPEYHBIE YIIPYTUE
BOJIHBI. [lomepeuHbie SJIEKTPOMAarHUTHBIE BOJHBI TMPEACTABISIOTCS

IPOSIBJIICHUSIMU MONEPEYHBIX YIPYTUX CABUTOBBIX BOJIH B 0€3MacCcOBOM
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CmiiconneBoit  cpene. W snekrpuueckue, W  MarHuTHble, U
IPaBUTAllMOHHbIE, W  JIIOOBIE  JpPyrue€  TOJs  MPEICTaBISIOTCS
MPOSIBIICHUSMU MOJIEH YIPYTUX HanpshkeHHOCTeN CI3COHUEBOW Cpebl.
VYnpyras nedopmanus co3naeT MOTEHIUATbHbIE HANMPSHKEHHOCTH, MOJIA
KOTOPBIX pacnpocTpanstorcs B C3iiCOHNEBOM Cpeie CO CKOPOCThIO CBETA

B BaKyyMe.

Cnenyer 3aMeTUTh, 4YTO B KOHUENUUU 3PuUpa U3 OYEHb MaJbIX,
OECKOHEYHO MaJlbIX HEBUJMMBIX O€3MacCOBBIX YAaCTHUIl, CKOPEE BCETO
mapoBbix (opM, B MycTOT€ OBUIO OMIMOOYHO UX IOJBUKHOE
«MOJIEKYJIsIpHOE» JABWkeHue. JIpwkenue rae? B uem? OO0 »3TOoM
yMaJIuMuBaJIOCh, HO, COBEPIIEHHO $CHO, B MycToTe. B 3TOM coctout
MpoTUBOpEYHe, O00Jiee TOro, HECOCTOATENBHOCTh MOHATUSA 3dupa.
Jlomyckanachk mycrota Mexay >(QUpHbIMH yacTUlaMmu. IlycToTel HET u
ObiTb He Moxer. [loTomy, YTO mycToTa O3HAa4aeT OTCYTCTBHE W
¢dusnueckoro TpéxmMepHoro oobéma. Ecinu HeT puznyeckoro TpéXxmMepHOro
00bEMa, TO HEeT U peanbHOro TpéxmepHoro IIpocrpancTBa. Emé pa3: Her
o0béMa — Her IIpoctpanctBa. He mornm wactuipsl 3upa aBUraThCs B

IIyCTOTC — B TOM, 4€TO HCT.
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B ponu nepBoro snemenTa HOBOil CHUCTEMBI €CTECTBEHHBIX AJIEMEHTOB C
HyneBoil Mmaccoi Beictynmaer CmdiicoHuii, oT cinoBa Space —
ITIpoctpanctBo, KOCMOC. Mmes Hynab Macchl — MOPOXKIATh Maccy.
Tonpko Takas poisb, Takas «Muccus» Tpebyercs oT CrdHcoHHS A

IOCTPOCHUA HOBOM CHCTEMBI €CTECTBEHHBIX JICMECHTOB.

Pacnpenenenne Ha Puc. 1 MOXHO TpUHATP KaKk 4YHCIOBOE
IUagHO-TIepuonyeckoe  mnpeacTtaBieHrue CHCTEMBbl  €CTECTBEHHBIX
AJEMEHTOB. B cilyyae ecTecTBEHHBIX SJEMEHTOB CIBOCHHBIN psia (17)

MMEPEXOANUT B HaCTHOC BLIPAKCHHUC!

M = 2(2m?) (18)

rae m = 1/2°% 1; 2; 3; 4. CooTrBeTcTBeHHO, 0OIee Bbipaxkenue (15)

JITPPKC wuppannycoB NepexoIUT B YaCTHOE BbIPAKECHHUE:

K=XIM=2(1+2+8+18+32), (19)
rac K — OJICMCHT CHCTCMBI CCTCCTBCHHEIX JJICMCHTOB C HOpHI[KOBBIM

HaTypaJIbHBIM HOMEpOoM 1; 2; 3; ... 122.

Bripaxenus (18) u (19) He sSBISAIOTCS MaTeMaTUYECKUMHU BBIPAKECHUSIMHU

3aKoHa AUATHO-TIICPUOAUICCKOIO pacCIIpCaACIICHNUA CCTCCTBCHHBIX
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aneMeHToB. Ilon MaTeMaTHYECKUM BBIPaKEHUEM E€CTECTBEHHOIO 3aKOHa
MMOHUMAETCS 3aBUCUMOCTh HEKOTOPOUW (PYHKITMU (BETMYHHBI) — CBOMCTBA
(mpu3Haka) 00BEKTa OT M3MEHSIIONIMXCS (3aJAIOIIMXCS) apTyMEHTOB H
napaMeTpoB (BEJIMYMH CBOWCTB, MPU3HAKOB, YCJIOBHUM), HaMpUMeEp:
3akonsl Hptorona, ®apanes, Kynona, wu3nyyeHus, paauaiu,
TepMOJUHAMUKH, ... . B Boipaxkenusx (18) u (19) HeT HEW3BECTHBIX
apryMEHTOB U mapameTpoB. EcTh TOIBKO yncia, NpuuéM, KOHKPETHBIE U B
KOHKPETHOM MOCIIEI0BATENIHOCTH. B TakoM cirydae 310 — He 3aKOH. DTO —
Koa. Koxm muamHO-MepUOAMYECKOrO pPACHpPENEIICHUs €CTECTBEHHBIX
snemeHTOB Bceenennon. Koa, mnpoucrekarommii u3 Koma JIIPPKC

0eckoHeuyHoro TpéxmepHoro [IpoctpancTsa Beenennoi.

Cucrtema ecTecCTBEHHHbIX 33 1eMeHTOB B

CumBOJBRHOE  JHMAAHO-TIEpUOJUYECKOe  TpeacTaBiieHne  CUCTEMBbI
€CTECTBEHHBIX JJIEMEHTOB MOXKHO IIOJYyYUTh 3aMEHOW  YHCIIOBOM
HyMepaluu Ha puc.l COOTBETCTBYIOIIMMHU CHUMBOJIAMH 3JIEMEHTOB. JIJist
XHMHMYECKUX DJJIEMEHTOB CyIIeCTBylolue Homepa oT | g0 118 wu

COOTBCTCTBYOIINEC UM CUMBOJIbI XUMHUYCCKUX 3JICMCHTOB 3aHUMAIOT
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Mecta ¢ HoMepamu oT 5 110 122 na Puc. 1. Uto xe kacaeTcsi BBEAEHHBIX
€CTECTBEHHBIX 3JIEMEHTOB, TO: CH3HCOHMI 0003HaYUM CHUMBOJIOM Sp;
He#itpuno Ha xumudeckuil nan Ha3zoBéM Heltpunuii, o6o3HaunM
cuMmBosioM Nr; Ilosutponmii yxe wumeer cumBon Ps;  Helrpon
nepeuMeHyeM (Ha XuMudeckuid 7naa) B Heltponuwit m 00o03HAYNM

CUMBOJIOM Nn.

FrRaAcThPa U NpPuAm CmCfBkEsFmMdNo LrRfDb SgBhHsMtDsRgCnU
CsBalLaCePrNdPm Sm Eu Gd TbDyHoErTmYb LuHf Ta W ReOs IrPtAu Hg

RbSrY Zr NbMoTcRu Rh Pd Ag Cd
K CaScTi VCrMnFeCo NiCu Zn

NaMg
LiBe
H He
Ps Nn
Nr
Sp

Puc. 5 Cucrema eCTECTBEHHBIX DJIEMEHTOB B

JAATHO-TIEPUONYECKOM  TaOJIUYHOM IIPEACTABICHUH.

[IpeacraBnennas Ha Puc. 5 tabnuma B QopMe CTyNeHUaToro KiuHa
1IEJIOCTHA U BHYTpeHHE Oe3ledeKkTHa, T.€. HE UMEET IMyCThIX MECT, Kak

nepuoandeckas Tabyiuia Ha puc.4 ¢ 36-10 MyCTHIMU KJIETKaMH,
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pexomennoBanHas |UPAC. Kpome Ttoro, Cucrema Ha Puc. 5 umeer
MareMatuueckoe obocHoBanue W BeipakeHus (18) u (19). Bomee Toro,
MareMaThyeckne  BoIpakeHHst  mpenactaBimsitor  Kom  Cucremsl

CCTCCTBCHHBIX JJICMCHTOB.

Kpyr ectTecTBEHHbBX 3n1emMeHTOB Bcen

B opurunanbHo# Tabnuiie MeHieneeBa MHEPTHBIE Ta3bl Pacloiarajiuch B
HYJIEBOU I'PYIIIE IO COCEACTBY C EPBOU Irpynnoi Bogopoaa v memoyHbIx
metaiioB. [Ipu xu3uu .M. MenneneeBa He ObIIIO MU3BECTHO CTPOCHHUE
aTroMoB. TeM He MeHee, OH IPO30PJIMBO MOCTAaBWI TPYIILY CAMBIX
BOCCTAHOBHUTEIBHO-aKTUBHBIX JJIEMEHTOB PSAJOM C TPYNIIOW CaMbIX
MACCUBHBIX 3JIEMEHTOB. JTO HE TOJIBKO COKPAIIaIO YUCIO IMYCThIX KIETOK
B Tabunuiie, HO oTpaxkaso ['ereneBo-AHANIEKTHYECKOE €TUHCTBO U 00phOYy
IIPOTUBOIOJIO)KHOCTE — IMACCUBHOCTA WM AKTUBHOCTH, COOTHOILICHHE
KOTOPBIX NEPUOANYECKU-3aKOHOMEPHO MEHSIETCS B JJIEMEHTaX, JOCTUTast
MAaKCHMaJIbHOTO paBHOBecus B dneMeHTax 1Y rpynmsl. Ho B Y, YI u YII

IpyIIax MPOUCXOIUT YCUIICHUE IPYTrOn
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AKTUBHOCTM — oOkuciautenbHOW. [loaTomMy cymiecTByroliee HbIHE
pacnosioxxenue naeptHoro (He) u 0naroponnbix razos B Y1II-0ii rpymme B
coceactee ¢ YII-oM Trpymmol Takke HMMEET BBILICYIIOMSHYTOE
['ereneBo-auanexktudeckoe obocHoBaHue. Kak ymaoOBIETBOPUTH 0OEUM,
TaOJIMYHO  TPOTUBOpeYaluM, HO  (dumocopcku  0OOCHOBAHHBIM,

TpeOOBAHUSIM MECTOINOJIOKEHUS TPYIII?

0-s u YII-s1 rpynmbl B opurnHanbpHOM Tabaume MeHaeneeBa HaXoAITCs Ha
MPOTUBOMOJOXKHBIX KOHIAX. UtoObl 0-ass MenpgeneeBckas u YlIll-as
nocT-MeHieneeBckass OJHA W Ta JKE€ Tpylna OJHOBPEMEHHO
cocenctBoBaiia u ¢ [-oi, u ¢ YII-0i1 rpynnamMu He0OXOAMMO COETMHUTD IO

nepuonaM KoHusl [-oit u YII-oii rpynm  wepe3 0 = YIIL.

CoennHATh KOHIIBI NPSIMOM JIMHUY MOYKHO JIOMaHOM JTMHUEW, HAIPUMED B
dbopme mpsiMoyroipHUKa. Ho MOXHO W TJIaJKOWl KpPUBOW, B ujeayie —
OKPY>KHOCTBIO. 3aKOJIbLIOBBIBAHUE a IIPEACTABIIAECTCS
MPEANOYTUTENbHEE IPYTUX CIOCOOOB 3aMbIKaHUsl WX KOHIOB. IlepBas
Ivaga COCTOUT M3 JABYX 3JeMEHTOB. [lpn 3aKkonpLOBBIBAHMM NEPBOM
bl Kakaasi MoHaja OyAeT n300paxaTbcsi COOCTBEHHBIM KPYTroM, HO B

KOHIIEHTPUYECKOM B3aUMOpPAacCMoJiokeHuu. Bropas nuana us 4-x
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AJIIEMEHTOB HM300pa3uTCs JBYMS KOHIICHTPUYECKHUMH  KOJBIIEBBIMU
II0JI0CAMH, B K@XKIOM M3 KOTOPBIX COJNEPKHUTCA IO 2 3ieMeHTa. TpeThs
avana u300pasurcs JBYMs KOJIBLIEBBIMHU IIOJOCAMH C 8-10 DJIEMEHTaMU
Kaxaas. 4-1 1 5-g Auaapl 1300pazarcsi NapHbIMH KOJIBIIEBBIMH MTOJIOCAMU C
18-10 1 32-s1 sneMeHTaMu COOTBETCTBEHHO. KOJbIieBbIe MOOCH U KPYTH
BCEX [JHWaJ KOHLEHTpU4YHbL. Ha Puc. 6  mnpencrasnen Kpyr

€CTECTBEHHBIX YJIEMEHTOB BCcelleHHOMN.
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M = 2..2m2

m=12"%1,2,3,4

K=XM
2+4+16+36+64

Doctor of Science Sen Kim / 4 _
. . / Z = =
e-mail : kimsg2@yandex.ru
Puc. 6 Kpyr ecrecTBeHHBIX 311€MEHTOB BeeneHnon
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OCHOBHbBE BbIBOADLI

1.

Kocmuueckoe mnpoctpancTBO BceeneHHOM SBISETCS HENPEPBIBHOM
abcomoTHOM MartepuanbHO CIPHCOHMEBOU Cpenoil, Sp-cpeaoi u3
Sp-anementa, npeacrasienHoro B Cucteme u Kpyre EcrecTBeHHBIX

DnemeHToB BeeleHHON.

Bosmymenust B Sp-cpeme co3maroT  aOCONIIOTHOE JIBHKEHHE C

a0COJIIOTHOM CKOPOCTHIO (CBETA B BaKyyMme).

AOCOIIOTHOE JIBI)KCHUE B HEMPEPHIBHOW aOCOIIOTHON cpejie co3/1aéT

JTUCKPETHBIE BOJHOBBIE PUTYPHI ((hOpMbI) GOTOHOB U3 SP-3IeMEHTA.

DyieMEeHTapHbIC YAaCTHIBI SIBJSIOTCS JIBIDKYITUMUCS JTUCKPETHBIMU
dbopmamu, ¢urypamm u3z Sp-aiemeHTa B Sp-cpeae BceneHckoro

IPOCTPAHCTRBA.

@OTOHBI 00JIAAIOT CTATUBAIOIIUMHU SP-CPEIy CHIOBBIMH TOJISIMH,
00yCIIOBICHHBIMH IPUTHKEHUEM MEXITY COOCTBEHHBIMU

napaJui€JIbHbIMM ~ MHUKPOIIOTOKaMH. OTH IO/ — CTAaTHYECKUEC
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IrpaBUTAONMOHHBIC 1IOJII TATOTCHUA, W IIPOABICTCA Ha IMPUMCEPE

UCKpUBIIEHU JTy4a cBeTa BOau3u ComHIa.

6. 3akpydeHHbIE raMma-(pOoTOHbI (37IEKTPOHBI-TOPHI,
MMO3UTPOHBI-TOPHL, . . . ) 00J1a1atoT YCUJICHHBIMH 3a CUET
aHTHUIAPAJUIEIbHBIX MUKPOTIOTOKOB Ha JTuaMeTpaIbHO

MPOTHUBOIIOJIOKHBIX ~ CTOPOHAX TOpa CTATUBAIOIIMMH  SP-Cpeny

CTaTUYCCKMMMN CHJIOBBIMH IIOJISIMH, KOTOPBLIC IIPOABIIAIOTCA KakK

IrpaBUTALIMOHHOE MPUTSKEHHE MEXTY JIOKaJIM30BaHHBIMU
raMMa-QpOTOHaMH — DJICKTpOHAMU U TO3UTPOHAMHU B JIIOOOM HX
KOMOMHAIUH.

/. DIEKTPOHBI-TOPBI U  TMO3UTPOHBI-TOPHI  00JIAAI0T BHYTPEHHUM
aOCOJIFOTHBIM ~ JIBIDKCHHEM, OOpa3yroluM BHYTPEHHUE TMOTOKH,
dbopmupyronue  3a  mOpeaesaMd  TOPOB COOTBETCTBYIOIIUE
3ama3aplBalONIMe TMOTOKM B Sp-cpeme. lloms 3THX MOTOKOB
JTUHAMUYECKA B3aUMOJCHCTBYIOT MEXIy COO0OM Tak, uToO, B
3aBUCUMOCTH OT MAPAJIICTBHOCTH WA AHTUIAPAIUICIIBHOCTH, TOPHI
MNPUTSATUBAIOTCS WM OTTAJIKUBAIOTCA. OTH JUHAMUYECKUE IO

IMPOABIIAIOTCA KaK DJICKTPHUYCCKHC ITOJI ITPOTUBOITIOJIOKHBIX 3HAKOB.

8. CraTtnmueckuM rpaBUTAlUOHHBIM IIOJIAM TATOTCHHUS COOTBETCTBYIOT
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I'PAaBUTAIMOHHBIC  3aPAObI OJHOI'O  3HAKa, a JUHaAMHYCCKHUM
QJICKTPHUYICCKUM ITIOJISAM IMPUTAKCHUA U OTTAJIKUBAHUA COOTBCTCTBYIOT

QJICKTPHUYCCKUC 3apAAbl IBYX IIPOTHUBOIIOJIOKHBIX 3HAKOB.

9. 3ap51m>1 SABJIIIOTCA KOHIOCHTPHUPOBAHHBIMHA IMPOABJICHUAMUA
COOTBCTCTBYIOIIHUX HOJIGIZ, a II0JI1 ABIAIOTCA paCHpCIIeJIéHHLIMI/I
IMPOABJIICHUAMUA COOTBCTCTBYIOIIUX 3aPAI0B. 3apHI[BI H I10JI1 ABJIAIOTCA
IMPOABJIICHUAMHAN OIHHUX H TCX IKC CYHIHOCTGP'I — JIOKAJIN30BaHHBIX

dboTOoHOB B Sp-cpeje.

10.33p5m51 U II0JIA TUCKPCTHBIX 3JICMCHTAPHBIX YaCTHUL KMCIOT BOJIHOBOC

MIPOUCXOXKIECHNUE, BOJTHOBYIO IPUPOY.

11.BHentHee OTHOCHTEIIBHOE HWHEPIHMOHHOE JBHIXKEHHUE OJJICKTPOHA H
MO3UTPOHA, 00YCIIOBIICHO UX BHYTPEHHUM a0COJIIOTHBIM JIBUKEHUEM,
U TOM K€ MPUPOJIBI, UTO U BOJHOBOE MPSAMOJIMHEWNHOE PAaBHOMEPHOE

a0COIOTHOE JIBUKEHUE (POTOHOB.

12. VctuHHO  »JNEMEHTAapHBIX  (HEJAENMMMBIX) YacTUIl TOJNbKO 4

Pa3HOBHUIIHOCTH: (DOTOHBI, DJIEKTPOH, MIO3UTPOH, HEUTPUHO.
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13.HykioHpl — cocCTaBHbIE 4YacTUIIBI U3  0a30BbIX  OJIOKOB:
TIO3UTPOH-«aHTUHEHTPHHO»-3JICKTPOH-HEHTPHHO, B KOTOPBIX
MO3UTPOH-«AaHTUHCHTPUHO»  BHYTpEHHSSA  (mepBas) d9acTh, a

ANEKTPOH-aHTUHEUTPUHO KpaiHsisl (BTOpasi) 4acTh.

14 Kpaiinuii cioi cTaOuiIbHOTO MPOTOHA — BHYTPEHHssS (IlepBasi) 4acThb

0a30BOrO OJIOKA.

15.Kpaiinuii cinoii HecTaOUIIBHOTO HEUTpOHA — KpaiHss (BTOpasi) 4acTh

0a30BOrO OJIOKA.

16.CtabunbHOe COeMHEHWE HEHUTpOHAa W TPOTOHA B sAApE ACUTEpHUs
00ycnoBIEHO 0000IIECTBICHUEM KpailHero (BTOporo) ciioss 6a30BOro

0Ji0Ka Ha JBa MPOTOHA.

17.J1Ba cTaOMIBHBIX Spa AEUTEPUS COSTUHSIOTCS COOCHO B YCTOMUUBBIN

0J10k Marudeckoro siapa ['enws, B anbda-gactuiry.



18.YeTbipe mapamienbHO COSAMHEHHBIX OJI0Ka Maruueckoro siapa I'emust
dbopmupyroT Marudeckoe sapo Kucmopona.
75
19.Cuctema u Kpyr ecrtecTBeHHBIX d3JeMeHTOB  BceneHHOM
MaTEMaTHYECKU BBIPAXKAIOTCS KOJIOM  JTMaHO-TIEPUOINYECKOTO
pacnpesienieHus pa30MEeHUs KOHIIEHTPUUECKUX cdep (PU3nIecKoro

MpOCTpaHCTBA BceeneHHou.

CchblNnkKun:

1. Kum Cen I'yk, Mamberep3una ['ynsnapa, Kum dunapa (KUMMAK).
Or HepHOHH‘{eCKOﬁ Ta6J'II/II_[I>I XUMHNYCCKHUX 3JICMCHTOB 10 KOJda U Kpyra
ayieMeHTOB BcenieHHon. Materials of the international scientific and
practical conference «Euroscience - 2014», 5-6 September
2014,Chemistry and chemical technology Belgorod - Sheffield,

RUSSIAN - UK 2014, P 11-23.

2. Kim S., Mambeterzina G., Kim D. From periodic table of chemical
elements to the circle and code of natural elements of the universe.
News of Science and Education, GB, Sheffield science and education

Itd, nr 20 (20), 2014, p. 105-116.



3.Cen I'yk Kum. K KAPTMHE MM PA. KypHan MexayHapOJHOTO
HayyHOTro MHCTUTYTa «Educatio», 2015, Ne2(9), 1.4, C.140-146

76



