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1. MaTepusa B NnpoCcTpaHCTBE BO BPEMEHM

1.1. KoHuenuunsa BeckoHe4YHOCTW.

B Hee MOXHO BepuUTb, MOXHO He BEPUTb — HO OHa eCTb. [lepBbiM oduumnanbHbIM
ee cosfareneM cyntaeTca utanbsaHew, ounocod-naHTencT n noat [xopaaHo (Pvnunmno)
BpyHo (1548-1600r.) B pabote «O 6eckoHe4dHOCTH, BeceneHHon n Mupax».

BeckoHe4HOCTb — KaTeropus unocogckasi, ee Hemnb3sg U3MEPUTb OOCTYMNHbIMU
Ham MeTodamun u npnbopamun. Be4HoCTb — 3TO 0gHA W3 XapakKTepUCTUK BGEeCKOHEYHOCTU —
Bpems. T.e. beckoHe4yHoCcTb B [MpocTpaHcTBe BO BpemeHw.

Uto mnmen BBugy bpyHo, rosops o BcenenHon ? Buammo, Bce, YTO GbINO M3BECTHO
0o Hebe Ha ypoBHe 3HaHuM 16-ro Beka. [lo coBpeMeHHbIM onpedeneHnssMm 3TO
MeTtaranaktmka — BCe, [OOCTYNHOE COBPEMEHHbIM aCTPOHOMWYECKUM MeToadam
nccnegosaHun. N ato Toxe kateropus gomnocodckas.

Ha coBpeMeHHOM ypoBHe pasBuUTUA Mo3HaHusA, Ans Hac cerogHd, MWPbl - ato
FANAKTUKW. N Torga, Bo3Bpawasch k [xopgaHo bpyHo n ero paborte, nony4vaetcs :
BeckoHeyHoe MHoxecTtBOo MupoB B beckoHe4yHom [lpocTpaHcTBe BeceneHHon. Ecnu
NpuHATL NoHsATUMe BeceneHHas - ato BCE UTO ECThb.

A coBpeMeHHble Y4eHble U3Mepunn ABMXylleecd B KOcMmoce (TO, YTO BUAHO
cerofHsl) U Haseanu 3710 BceneHHoun, oroBapuBasiCb, YTO Mbl BUOAUM MOKa He BCe, HO OHO
BOT Takoe. A 4YTOo TaM danblle, 3a OroBOpeHHbIM? [da Huyero, panblie pyneTtku He
XBaTWUMNoO, Mbl €e LEeNMKOM B Ty CTOPOHY pasmMoTann. A C 3TOM CTOpPOHbI BOT «0» , Ha
NeHTe Xe HanucaHo. AMepuKaHCKMe acTpPOHOMbI cAernany LWMPOKUIA Wwar B U3MepeHum
Tak HasblBaeMon BceneHHom — OHM noBecunun B KoCMoce Terneckon Xabbn v pasgsuHynu
pyneTky 40 OrpOMHOMN AfMHbLI. HO acTpoHOMUSA NpOAOIKaeT yTBepXaaTb, YTO 3TO elle He
BCE, €CTb €lle HEMHOro ganble — kpan. N npo «0» He 3abbiBatoT, mon Tam bonbuion
B3pbIB 1 Ha4ano obpasoBaHusi 3TON camoin BceneHHon.

Ho wmaTepus konuyecTtBeHHO GeckoHe4Ha B [lpocTpaHcTBE M NOCTOSIHHO
3BOMOLMOHMpPYEeT BO BpemeHn, npuvyem BO BCE CTOPOHbI OTHOCUTEMBHO «HYMS»
cuctembl namepeHuin. W torga noHsaTue BceneHHas TepsieT CMbICN, 3TO He OObekT,
UMEKLWMA TpaHuLbl, 3TO MOHATME coBMeLlaeTca ¢ UNOCOdCKUM ornpeaeneHnem
MetaranakTtuka.

Y 6eCKOHEYHOCTN He MOoXeT ObiTb KOHUa W He MOXeT OblTb Hayana, HeT B
«lMpoctpaHcTBe BO BpemeHn» Hyns (ot nat. Nullus — Hukakon). NoHumasa 370, pyneTka
BbIMNAUT TakK:
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Puc. 1
UHecmpymeHm 0nsi uamepeHusi 6eCKOHEYHOU MempuYecKol xapakmepucmuku

Tak 4TO Xe Takoe «0», OT KOTOPOro Mbl KU3Mepsiem mateputo B [poctpaHcTBe? Kak
nosasuncs «0» B cucteme namepeHun matepun? Bece, 4To Mbl BUAUM, MOHUMAEM U MOXEM
n3mepuTb — 310 Bonblie «0», MaTemMaTM4eckn 3TO MOMOXUTENbHAA CTOPOHA CUCTEMbI
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n3mepeHun matepumn. A Bce, YTO Mbl HE BUOUM, NOKA HE MOXEM MU3MEPUTb, U NOITOMY
He MOHMMaeM — 3TO MeHblue «0», MaTeMaTU4ecKkn 3To oTpuuaTenbHas CTOpoHa CUCTEMBI
N3MepeHnin MaTepumn.

Mpunyem, B OOHOW M3 KOOPAWMHAT CUCTEMbl U3MEPEHUA, BO BPEMEHU, Mbl UMEEM
fonbluie NOHMMaHWS, N «HYNW» 34eCb pasHble: OT COTBOPEHWA Mupa, OT PoxaecTtsa
XpuctoBa, OT MFHOBEHUSI HAcTOSWEero — TakoM MMbIBYLWMA NO LUKane MNPUYNHHO-
CNeACTBEHHbIX NPOLECCOB «HYIb».

To ectb -200 net mbl cebe moxem npeactaButb, a -200 rp. B CTakaH He
HanMBaeTcsl, NO3TOMY He MOXET ObiTb. HO Npn namepeHnn uranyeckon xapakTepucTuKn
BEeCKOHEYHOro KonmyecTsa MaTepun Hemnb3a CTaBUTb B Havasno oTcyeTa MatemMaTU4ecKun
«HYNb» OT CroOBa «HUYEro».

A «@un3nyeckni Hymnb» - 3TO Havano otcyeta ot YEIO-TO. U npn aToM «+» 1 «-» He
MaTeMaTuyeckme MNOHATUA «bornblle-MeHblie Hyna», 3to Tonbko HAIMPABJIEHUA
namepeHnn. Cuctema U3MepeHnn marepum 310 eCTb NPOCTPAHCTBEHHas (MeTpudeckas)
XapaKkTepucTmka ABmKyLLEencs (BO BPEMEHN) MaTepUu.

dusnyecknin «Hynb» B cucteme n3amMepeHun Mmartepum — 310 eCTb CPeaHNn YPOBEHb

NNOTHOCTU Mamepuu nepexooHo20 (OKOJIOHyeeo20) cocmosiHusi (MI1C,)
— nepBoMarepuun, U3 KOTopon obpasyloTcs U B KOTOPYH NpeobpasyloTca maTepuaribHble
0ObEKTHI NPOCTpaHCTBA: ranakTtuku, 3Be3gabl U UX CUCTEMBbI. I'Iepexo,gHoe COCTOAHUE
NOTOMY, 4YTO NNOTHOCTb, KaK KOJIMYECTBEHHAA XapaKTepUCTUKa mMatepun, nepmnognyeckm
NepexoauT Yepes 3TOT «HYNEBON» YPOBEHb, U3MEHSETCS, KONebneTcsi OTHOCUTENBHO HEro,
yBenndmBasaCb TO B TMOJIOXKUTESNIbHYIO, TO B OTpuUUateribHyr0 CTOPOHbI. aToT YPOBEHDb

cpeaHen nnotHoctn MIMCo (maTtepmanbHbin 3dup, cpeda, cybcTaHuus, U3NYECKUn
BakyyM — KaK TONbKO He Ha3blBalT) COOTBETCTBOBaN Obl  COCTOSHWIO MOKOS,
«pmsmyeckomy Hyno». HO nNpakTMYeckn Takoro COCTOSIHMS Y MaTepum He ObiBaeT, 3To
mMaTematmyeckass abcTpakuus, matepuss B MOCTOSHHOM [OBWXKEHWW, Kak pesynsraTe
B3aMMOOENCTBUA BCEX KOMMOHEHTOB npocTpaHcTBa — B cocTtosiHuM XAOCA. lNMoTtomy 4To
Xaoc (oT rp. chaos) B rpedeckon mudponormm ectb 6ecnpenensHas nepBobbITHaa mMacca,
N3 KOTopon obpasoBasniocb BNOCNeACTBMM BCce cyulecTByowee. M ToONbKO B NepeHOCHOM
cMbIcne — 3To 6Gecnopsiaok, Hepasbepuxa.

MIC, - maTepunanbHbIN 3dup, HENpepbIBHAs MatepuanbHas cybctaHums, umetoLas
GECKOHEYHYD MPOCTPAHCTBEHHYID (METPUYECKYI) XapaKTEepUCTUKY , a B COYETAHUU C
KONMMYECTBEHHOW XapaKTePUCTMKON B KOHKPETHOM 06nacTy NPOCTpaHCTBaA - NIIOTHOCTb.

Ncxooss n3 noHumanma koHuenuun 6eckoHedHoctu, MICo npeobpasyetca B obe
CTOPOHbl OT HYyNs,, W B MNOMNOXUTENbHYD «+», W B OTpuUaTENbHYlO «=-». Tam, B
oTpuuaTenbHON (OTHOCUTENBbHO HAaC) CTOPOHE CUCTEMbl U3MEpPEeHurM Martepumn, Tak
HasblBaeMmble napannenbHble MUpbl, MpU3pakn, NPUBUOEHUNA, NOTYCTOPOHHUE MUPBI,
aHTUMaTepus, aHTUBELLECTBO, , aHTUranakTuku... 6eckoHeyHoe MpocTpaHCTBO.

W Torga kapTtuHa MuposgaHuna npnobpeTaeTt crneayowmi BUA:
BeckOHe4YHOCTb;
«+» Meramwup;
«+» Makpomup;
«+» Mup;
«+» Mukpomump;
«Hynb» - ypoBeHb cpeaHen (okonoHyneson) nrotHoctn MICy;
«-» Mukpomup;
«-» Mup;
«-» Makpomup;
«-» Meramup;
BeckoHe4YHOCTb.



1.2. Cnctema namepeHust matepum

®paHuysckui dunocod, matemaTtuk, dusnk PeHe [Oekapt ewe B XVIlI Beke
MaTepuio otoxgectBnan ¢ [lpocTpaHcTBOM. W nNpsAMOYrofibHyt0 CUCTEMY KOOpAMHAT,
Kak WHCTPYMEHT WU3MepeHust maTepum B MpocTpaHcTBeE, npeanoXxun c
NOSIOXKUTENbHBIMW KU OoTpuuaTenbHbiMn  HanpasneHunamun. A B XVIIlI Beke JleoHapp
dnnep ctan NPUMEHATb KOOpAUHATHbLIN MeToa ANA TPEXMEPHOro NpOCTpaHCTBa.

B obwem cnyyae cuctema M3MepeHUn matepumn B AEKaApTOBOM CUCTEME KOoopauHaT
BO BpeMeHU ByaeT BbIrMAAeTb Kak Ha pUCYHKe 2.

+2Z A t
+Y,
TpexmvepHoe (EBKNUAOBO)
MpocTpaHCTBO BO BpeMeHW.
YeTbipeXMepHaa cUcTeMa U3MepeHUd =X +X
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Puc. 2
Cucmema koopOuHam 01151 USMEPEHUS NpocmpaHcmeeHHoU (Mempu4Yeckol)
XapakmepucmuKu Mamepuu 80 8PeMeHU

[MprmepHO Takoe YeTblipexMepHoe NPOCTpaHCTBO-BpemMs onucan B 1908r. Hemeukun
dun3mk  MuHKOBCKMIA. NS M3MEPEHUS  KOHKPETHOrO MarepuanbHoro obbekta B
[MpocTpaHcTBE BO BpemeHu gaHHyr cUcTeMy KOOpAUHAT MOXHO NpeacTaBUTb Tak:
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Puc. 3
lMpocmpaHcmeeHHasi cucmema KoopOuHam 0151 U3MepeHUst MamepuarbHo20 06bekma



CoBmectntb ocu X u t — 910 M OygeTr OCb NPOCTpaHCTBa-BpeMeHu Ans
namepsiemMmoro cobbitus. MNpu atom Z Oyaetr oCb BbLICOTbI YPOBHSA, @ Y OCb MMyOuHbI
YpOBHA. A ecnn nNoMecTuTb 3Ty CUCTEMY KOOpAMHAT B NOOOM TouYke BGEeCKOHEYHOro
NPOCTpaHCTBa — TO 9TO U ByaeT ero LeHTp, BO BCE CTOPOHbI OAUHAKOBO BECKOHEYHO.

Bbibop cuctembl KoopauMHaT M MECTO YCTaHOBKM TOYKM oOTcyeTa (Hyna) —
cybbekTuBHble COObITUSA, 3aBUCALUME TOMBKO OT Uenen n 3agad HabniogaTtens, 4To u
OTHOCUTENBbHO Yero OH XO4eT u3Meputb. MIMEHHO Tak UW3MepsaTCca MaTtepuanbHble
00bEeKTbl U MaTepuarnbHble NPoLEeCcCbl B MPOCTPaHCTBE BO BPEMEHM.

Mo paaHHbLIM, NonyyYeHHbIM ¢ Hay4YHoro cnyTHuka WMAP, 3anyweHHoro NASA B 2001
rogy, COCTaBneH NosHbIN OoaXeT aHeprum n matepumn Bo BeceneHHon:

- TemHas aHeprua, 73% BCEro 4To eCTb;

- TemHasa maTtepusa, 22-23% Bcero;

- O6bl4yHana matepusa, 4-5% oT Bcero.

PaccmatpuBas aT0T GHOOKET, HEe COBCEM MOHATHO, OT Yero U3MepUnn NPOLEHTHI,
MO3TOMY NuULIEM — OT Bcero. Yto Takoe «TemMHas maTepusi-aHeprus» Mbl Noka He 3HaeM.
Takum obpasom, Teopusa MuposgaHua, nobaa npencraBngemas Haykon, OCTOBEPHA Ha
4-5%. MNoaTtoMy nonbiTaemMca NPeanonoXnuTb — YTO 3TO 3a NpocTpaHCcTBO BO BpemeHn.

Ha pucyHkax 4 - 6 cxeMaTU4yHO nokasaHbl MPOCTPAHCTBEHHbIE YPOBHWU, OTHOCUTENBHO
kKoTopbix konebnetrca Matepus MepexogHoro CoctosHus MIC, nM3MeHseT NNOTHOCTb
pacnpegeneHnsi B NpocTpaHcTBe BO BpeMeHn. CrycTkn matepuanbHOro acmpa — ato Toxe
MaTepus NepexogHoOro COCTOSIHUS, HO He «OKONOHYNeBOro», a 6onee BbICOKMX YPOBHEN
NNOTHOCTW, Kak obnaka B atmocdepe. 3Tu «obnaka» M ectb ocHoBa obpasoBaHusA
MaTepuanbHblX 0O6bEKTOB, raniakTuk U3 3sesq u nnaHetr — Mupos.

CHcoTeMa HAIMepeHMsE MaTepMi

MIOC o monoxMUTermEHOM CTOpPOHEL
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Puc. 4

MamepuarnbHbil 3¢bup 8 npocmpaHcmMeeHHoOU cucmeme KoopouHam
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Puc. 5
LeuxxeHue mamepuanbHO20 aghupa 8 npocmpaHcmeeHHoOU cucmeme KoopouHam
omHocumeribHo ririockocmu XY
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ypoeeHb

orvBarowan koneGaHMA NNOTHOCTH MaTepUK

CucreMa MBMepeHMA MaTepuM
B JexapToBOH cCcHCTeMe KOOPIOMHAT BO BPeMeHH

Puc. 6
LeuxxeHue mamepuanbHO20 aghupa 8 nNpocmpaHCmMeeHHoOU cucmeme KoopouHam

Mo gumsmyeckmum ceomcteam MICo OKOMOHYNEBOro YpOBHS NSIOTHOCTU MAEHTUYHA
noeanbHOMy rasy. OTO M €CTb W3HadyanbHas dopMa CyLeCcTBOBaHUS MaTepuu, Tak

HasbiBaemasa rnepgomamepusi. Cryctkm MIMCA ©Gornee BbICOKMX YPOBHEW MNOTHOCTU «A»
no pn3nyecknmM CBOMCTBaAM UOEHTUYHbI MAeanbHOM XNOKOCTU, 3TO yXe criefyownn artan
aBonounmn opM CyLLLECTBOBAHNA MaTepuUn, MMEHHO Ha 3TOM 3Tarne nMpPoUCXOAST rnpoLuecchl
dopmMmpoBaHus MmaTepumanbHbiX OObEKTOB.



1.3. [IBUXeHune Bcex oopM CyLLeCTBOBAHUS MaTepun

A cxogsATcs N B GECKOHEYHOCTU MOMOXUTENbHOE M OTpULATENbHOE HanpaBneHus
nameperHma? [Ons martepuanbHbiX OObLEKTOB — [a, B MNOCTOSIHHOM CTPEeMIIEHMM K
«HYNEeBOMY YPOBHIO» — 30€Cb HET Hayana W HeT KoHua. MaTtepuanbHble OGBLEKTHI
NONOXWUTENbHON W OTpULATENBHOM CTOPOH CUCTEMbI U3MEPEHNSI MaTepun CTPeEMSTCA K
YCTOMYMBOMY HYNIEBOMY COCTOSIHUIO, K YPOBHIO cpeaHei nnoTHocTu. Mpuyem Yyem ganblue
OT HYFIEBOr0 YPOBHSI CUCTEMbI U3MEPEHUIA, B 06e CTOpPOHbI, TEM Bbile MIIOTHOCTb, a
3HaUUT W KONMMYECTBEHHAs XapaKTepucTuka CrycTkoB MaTepUn BbICOKMX YPOBHEN

nnotHoctn MIMCA , TemM cunbHee Ux CTPEMIEHNE K YCTOMYMBOMY YPOBHIO CpeaHeMu

nnotHoctn MIMCyo, cTpemneHve B 06nacTb MeHbLUEN NMOTHOCTY.

Taknm o6pasom, ABWXKEHWE MaTepum B CUCTEME WU3MEPEHUA UCKPUBIISIETCA MO
KaXXgon Wu3 KoopaAWHaTHbIX ocel. Ho MCKpMBRSKTCA HEe OCUM CUCTEMbl KOOpAWHAT,
N3MEHSIETCS CyMMapHoe HarnpasreHne BeKTopa ABMXXEHUSA CryCTKOB MaTtepun HEHYNeBOro
YPOBHS MMOTHOCTM B MpOCTpaHcTBe. EcnM noHMmaTb NpOCTPaHCTBO Kak hopmy
COCYLLeCTBOBaHMUS MaTepuarnbHbiX OOBEKTOB M MNPOLECCOB, KaK MPOCTPAHCTBEHHYIO
(MeTpunYeckyro) xapakTepUCTUKY MaTeEpPUN.

[MocTponTe BEKTOPbI ABWMXKYLLMXCA MaTepuarnbHbiX 0O6bEKTOB BO BPEMEHM MO BCEM
TPEM OCAM €BKMMAOBA NPOCTPAHCTBA C U3MEPEHUAMM B OOE€ CTOPOHbI OT Hynd  —
nonyynTcs  wwap. beckoHe4yHbIN MO pasmepam, npuHMMarwum 6eckoHevHoe
MHOXECTBO [MOSMOXEHNUN MO ocu BpemeHu. [lpocTenwnin nNpumMep: TKHYN NasnbLeM B
NPOCTPaHCTBO N 06BeN BOKPYr HYNA CUCTEMbI U3MEPEHNIA B TO XXe MecTo. HO 3TO yxe He
TO «MECTO», NPOLUIIO BPEMS, MO LIKane KOToporo «MecTo» CABMHYMNOCh.

[ns Habnogatens, namepsoLwero nosioXkeHne o0bLEKTOB B NPOCTPaHCTBE, BEKTOPLI
CACTEMbl MU3MEPEHUN MMEKT He JIMHENHYI0, a TOopOoMAanbHYK HanpaBleHHOCTb,
NCKPUBISAOTCS NO TPAEKTOPUU ABWKEHUS MaTEPUU K YCTONYNMBOMY HYNIEBOMY COCTOSIHUIO.

Tak rae HaxoauTcsa 3TOT HYNEBOW YPOBEHb, K KOTOPOMY CTPEMSATCS MaTepuarbHble
0b6bekTbl U 0auH N OoH Bo BceneHHon? U ecTb nn BeceneHHas kak matepuanbHbIi 06bekT
B npocTpaHcTBe BO BpemeHn? U uyto Ttakoe MATEPWUA, n3 kotopon obGpasoBanuch
MaTtepuarnbHble 00bEKTbI?

Ecnu ke noHMMaTb C NO3MUMK OnanekTuyeckoro matepuanuama, [pocTpaHCcTBO U
Bpemsa kak BceoOuwme dopMbl CywecTBOBaHMA MaTtepuu: [lpocTpaHcTBO - dhopma
COCyLLECTBOBaHMS MartepuarnbHbix O0ObLEKTOB UM npoueccoB; Bpems - dopma
nocnenoBaTeribHOM CMEHbl SIBFIEHUW N COCTOAHUK Matepun. 3HauuT, [NpocTpaHCTBO U
Bpewms - 3T0 xapakTepUCTMKM MaTEPUN:

MpocTpaHCTBO eCTb METPUYECKAs XapakTepucTMka MaTepuu;

Bpemsa ecTb xapakTepuctuka [OBWKEHUA Martepuun, xapaktepuctuka MATEPUN,
fbnarogapsi KOTOporM Mbl MOXEM onucaTb cobbliTMsi B MarepuanbHOM MUpe U agenaTb
Cy>XaeHns 06 nx B3aMMHOM CBSA3M.

MaTepus xapaktepusyetca lpoctpaHcTBoM Bo BpemeHw.

Mcxoaga us BblwensnoxeHHoro, noHatne MATEPUA cooTtBeTcTBYET onpeneneHuio
cTapbIX crioBapen ¢ AOMNOSTHEHNAMU N KOHKPETU3aLUnen.

MATEPUA (nat. materia ) - kak dunocodckas kareropus ans ob603HaYeHus
OOBLEKTUBHOW peanbHOCTU, KOoTopas [daHa u4eroBeKy B OLYLeHUsIX ero, KoTtopas
Konupyetcs, doTorpadupyeTcs, oTtobpakaeTcs HalwMMU  OWYLLEHUAMM, CYLLECTBYA
He3aBMCUMO OT HuX. Matepna — 910 BeCKOHeYHOe MHOXECTBO BCEX CYLLEeCTBYIOLNX B
MUpe OOLEKTOB M CUCTEM, cybcTpaT nobblXx CBOWCTB, CBA3€W, OTHOWEHUMA U opm
ABmxeHusi. Matepua BknoyaeT B cebsi He TOMbKO BCe HenocpeacTBEHHO Habnogaemble
00beKTbl U Tena npupoabl, HO U BCE Te, KOTOpble B MPUHUMNE MOryT ObiTb MO3HaHbLI B
OyaylwiemM Ha OCHOBE COBEpPLLUEHCTBOBAHUS CPEACTB HabnogeHus n akcnepumeHTa. Becb
OKpy)XalwLwWun Hac mMup npeacrtaenseTr cobon aswxyluytocs Mateputo B €€ BGeCKOHEYHO
pa3HOobpa3HbIX hopmax 1 NPOABAEHNAX, CO BCEMU €€ B3aUMOAENCTBUSMU.



Onpepnenexve.

MaTepus, Kak usndeckas Kateropusd, HeCOTBOPMMA U HEYHUYTOXMMA, BEYHa B
CywecTBoBaHMM U OecKoHeYHa B KOMMYECTBEHHOM OTHOWeHuW. Matepun npucym
camopasBuTue, 3BONIOLMS, Nepexoq N3 0gHUX COCTOSIHUN B Apyrue.

Bceobwme dopmbl 6bITMA Matepum : NPOCTPAHCTBO U BpPEMA.
dopmbI CyLLLEeCTBOBaHUS MaTepuu:
- MatepwnaneHbIn acup;
- BewecTtBO, kKak ogHa 13 (hopm ABMKEHUS MaTEPUMN.

BELWECTBO - marepuanbHo. M onpeaenate noHatne BELWWECTBO HyxHO, ncxons
n3 onpegenenna MATEPUW, kak cbopmy aABMXKeHUA matepun. 34ecb HY>KHO 0BpaTuUTbCs K
LUMPOKO YNoTpebrnsaeMomy cerofgHs NOHATUIO « PU3NYECKUI BaKyyM».
«Punsmyeckni Bakyym» - obnactb NpocTpaHCTBa, rge OTCYTCTBYET BellecTBo. Ho matepus
ectb BE3JE. MNoatomy «unsnyecknin Bakyym» - 3To MaTepus, rae ewe HeT BELLLECTBEHHON
dopmbl aBmxeHnsa. N ecnn B «pum3nyeckom Bakyyme» BO3HUKHET BellecTBeHHas opma
OBWXEHUS - 3Ha4YUT BO3HWKHYT 3NeMeHTapHble 4YacTuubl, HayHeTca obpasoBaHue
BellecTBa. W npu 3TOM nony4aeTcd, YTO «(PU3NYECKUN BaKyym» - 3TO ogHa M3 (popm
cylecTBoBaHua matepun — MATEPUATIbHbIA 3OUP.
Onpepgenexwe.

BewectBo — 3910 BMO Martepum Ha OgHOM M3 ITarnoB e€e 39BOMOUMKU, 3TO
COBOKYMHOCTb AUCKPETHbIX 06pa3oBaHUN — drieMeHTapHble YacTuubl, aTOMbl, MOSIEKYrbI U
BCE, YTO M3 HUX MOCTPOEHO; MarepuaribHOe BeLLeCcTBO M3 mMaTepum obpas3oBaHO M B
MaTepumM HaxoauTCs BO B3aUMOAEWNCTBUM.

Kakas ¢opma gswxkeHna matepum Hambonee BeposTHa npu obpasoBaHUK
YCTONYMBBIX 3NEeMeHTapHbIX YacTtuy? MNMpn paBHOMEPHOM pacnpegeneHnn maTepmuasnbHOro
3bmpa, Npy 0QNHAKOBOM BO3OENCTBUM Ha OBWXKYLLYOCA MaTepuio CO BCEX CTOPOH - 3TO
COEPA, ato cdepuyeckoe BpalleHue Matepun.

A 4TO HaxoguTcs BOKpyr aton dopmbl awxkeHns COPEPA? Ta xe marepus
«punsnyeckoro Bakyyma» - matepuanbHbii apup. OH B3aMMOgenCTBYET C BpallaroLencs
MaTepuen aneMeHTapHON YacTulbl, OT 3TOr0 B3auMOAENCTBMSA npoucxoguTt obpasoBaHue
aTOMOB-MOJIEKYS BELLECTBEHHOMO Tena.

BewecTtBO — ogHa u3 OpM AOBWXKEHUS MaTepum BO B3auMOLEWUCTBUU C
OKpyXXatoLen matepmanbHON cpeaon.

2. MaTtepuanbHbin 3achup

[unotes u wmMogenenm admpa CywecTBOBaNO W  CyWeCTBYeT MHOXECTBO
BCEBO3MOXHbIX. Mbl e KpaTKO pacCMOTPUM TONbKO OCHOBHbIE HanpaBneHnsa Nx passuTus.

2.1. Pazsutume noHatua SOUNP

WTak, Mbl NpuwnM K TOMY, YTO MaTepuanbHbIn 3adup — 3TO oAHa M3 dopm
CyLLEeCTBOBaHMUS MaTepuu, MepBoHa4vanbHas dopma, nepBoMaTepus. Ewe nocne
NOCTPOEHMs cneunanbHon Teopumn oTHocuTenbHocTn (CTO) oT admpa oTkasanucb, a c
pa3BMTUEM KBAHTOBOW TEOPWUWM MOMSA MOSIBUIIOCH MOHATUE «(PU3NYECKMIA BakyyM» (OT nart.
vacuum — nycroTa). Takoe nonynpusHaHme — BoobLue-To NycToTa, HO YTO-TO TaM eCTb.
Takum obpaszom «PU3NYECKMIA BaKyym» CTan COBPEMEHHbLIM aHaroroM CTaporo MOHSATUA
«MnpoBou acompy». Ero ewle HasblBalOT KOHTUHYASbHLIM .

OCHOBHbIe NPU3HaKN KOHTUHYaNbHOro Bakyyma:
*OH He COCTaBHOW (TO €CTb, HE COOAEPXKUT B cebe HMYero, Kpome camoro cebs):
*MMEET HauMeHbLLIee KONMYECTBO NPU3HAKOB M CBONCTB ;
*meeT HanbonbLy OB6LWHOCTL (HEe obnagaeT M3BECTHLIMWN XapakTepUCTUKaMm
peanbHOro BeLecTBsa );



*ABNSETCA NOTEHLMANbHO BCEM, @ aKTyallbHO HUYEM - «HyNnemM» B NpeacTaBneHHON
cucTeMe U3MepeHus MaTtepum;

*HEe UMeeT HUKaKMUX Mep, KPOME KONMYECTBEHHOW XapaKTePUCTUKKN, NN cpegHen
NNOTHOCTM 3anonHeHna MNpocTpaHCcTBa, Tak HasbiBaeMbl "HyneBon yposeHb". NMpu nodom
nameHennn OTOW xapakTepucTuku - nosiensercs 1o, YTO Mbl MOXXEM OBHAPYXXUTb.
Hanpumep cBeT, Kak anekTpoMarHUTHbIE BOSMHbI KonebaHnin KOHTUHYarbHOro Bakyyma, Mbl
COBepLUEHHO CBOOOAHO BUANM rnasamu.

Camo cnoBO KOHTMHYYM (OT naT. continuum — HenpepbIBHOE) MMEET HEeCKONbKO
3Ha4yeHnn B MaTematuke u dunocodumn, Ho B PU3NYECKOM CMbICIE ITO «HENPepPbIBHO-
NPOTSHKEHHasa cybcTaHunay.

«Pursmyecknit Bakyym» npeacraBnsiet cobom MHOXECTBO BCEBO3MOXHbIX BUPTYanbHbIX
yacTuly M aHTU4acTuL, B HEM HenpepbiBHO 0OpasyloTcs U ucye3arT napbl: 3fEKTPOH-
MO3UTPOH, HYKMOH-aHTUHYKITOH. «DPU3MYECKMI BaKyymM» HaroSIHEH TakKMMU «HEe BMOSIHE
POOUBLUMMUCA», MOSABMASWMMUCA U UCHe3aWMMKU YacTuuamu. Bpoge co CTOPOHbI
NMOCMOTPULLL — Kakon-TO Xaoc. A npeacraBbTe cebe To e caMoe B KonebaHusx marepum
nepexogHoro COCTOSIHUS OTHOCUTENBHO HYNEBONO YPOBHA CUCTEMbI U3MEPEHNA MaTEPUMN.
BosHuKkaeT nopagok, BEpHUTECH K pucyHKam 4, 5, 6. Xaoc — 3TO HOpMarsibHOe NosioXeHue
MaTepum MEepPexodHOro  COCTOSAHWUSA, Konebnwowenca XaoTUYHO, Haxoasuwencs B
NMOCTOSSHHOM  ABWXeHUW. Bo3HMKHOBEHME B 3TOM xaoce nboro ynopsgoveHHOoro
konebaHua MIMNC — 910 N ecTb U3nyyeHue, TO UM MHOE B 3aBUCMMOCTU OT AmanasoHa,
HanpuMmep, BUOUMbIA BCEMU CBET OMTMYECKOro AuanasoHa. OTO eCTb MHdopmauus ob
obObekTe, Bbl3BaBLUEM Takue KonebaHus.

MHorne mogenu marepuanbHoro adupa, onmpatotca Ha YACTULDI : atombl
HdemokpuTta, amepbl AUIOKOBCKOro, rpaBuTOHbl JloryHoBa. W 3aTm npeacTtaBneHus
NpoaorkawT  ocTaBaTbCA  MNOTETUYECKUMM  MOAENsSMM  C  MHOrOypOBHEBOM
MaTemMatusaumen. Tak Hago Ny genatb ynop Ha HEM3MEPUMO MENKMEe YacTuubl, Tak He
npasunbHee nm obpaTnUTbCA K HENPEPbIBHOW cpefe, KOHTUHYarbHOMY Bakyymy, O KOTOPOM
CkaszaHO BHayane. Ho coBpemeHHas Hayka npogomkaer BCE saBneHus npupoabl
NPeAcTaBnaTb Kak B3aMMoOeNCcTBne 1 BO3gencTene Bce bonee Menkmx 4actuy, Hanudme
KOTOpPbIX BO3pacTaeT yxXe [0 HEeNnpUIIMYHbIX KonuyecTs. [laxe KBaHT, NOpLMio Yero-nuoo,
NPEeACTaBnAT Kak YacTULy YeM-TO U Kak-TO OrpaHUYEHHYI0.

Mo KBAHTOBOW TEOPUM MOMSA B BaKyyMe MOXET MPOUCXOL4UTb POXOEeHUEe BUPTYarnbHbIX
yacTuy, KOTOopble  BNUAKOT  Ha  (pusmyeckne  npoueccbl  (4TO  OoBHapyeHOo
3KCnepuMeHTanbHo). BupTyanbHble 4YacTuubl B KBAHTOBOWM TEOPWUW MOMS — 4YacTuubl B
NMPOMEXYTOYHbIX COCTOSIHUSAX, CYLLECTBYHOLLME KOPOTKOE BPEMS, KOTOPOE CBHA3AHO C WX
9Hepruen cooTHoweHnem HeonpegeneHHocten. Ewe 100 netr ToMy Hasag HeMeLKun
dun3mk [naHk BBEn MNOHATUE KBaAHT OEWCTBUA (NOocTosiHHasa [lnaHka). Ho kBaHTOBas
MexXaHuKa  AeNcTBUTEeNbHa Ans TOro Kpyra sIBfIEHUA U MPOLECCOB, B KOTOPbIX He
NPOUCXOOUT POXAEHWS, YHUUTOXEHUS WM B3auMMonpeBpalleHus Yactuu. T.e. He Ons
NnepexogHoro CocTosiHUs Martepun. MaTtepuss B nepexogHOM OTHOCUTENbHO  HyMS
COCTOSIHUMN — 3TO YTO-TO HEMOHATHOE 1 TeMHoe. OnaTb « TeMHasa matepus».

lMnaHk paccuyuTan NOCTOSHHY AN nepecyeTa PU3nkn Mmupa B n3nKy MUKpOMUpA.
Ho ecnu MUKPOMUP - 3TO MaTepusi, 3fNeMeHTapHble YacTuubl (BewecTBo) -
obpasoBaHus U3 Matepun B ABWXKEHUKU, TO 9TO U ecTb om3unka Bcero Mupa, 6e3 geneHus
Ha MUKpO... U MaKpo...

OTnnunTtenbHasa YyepTa KBAaHTOBOW MEXaHUKU — OAUCKPETHOCTb BO3MOXHbIX 3HAYEHWU
ana psga  usmyecknx BenuumH. B OCHOBE KBaHTOBOM  AneKTPOAMHAMUKA  NEXUT
noaTBepXAeHHOe Ha onbiTe npeacTtaBreHne O [OUCKPETHOCTU  ANEKTPOMAarHUTHOrO
nanydeHnss. A npegctasbte cebe konebaHMs NNOTHOCTUM  MaTepum MNEepexopHOro
COCTOSIHUA. BOKpyr Hyns 4YeTblpeXMepHOM cUCTEMbl M3MepeHun (puc.3). Te NonyBOMHbI,
KOTOpble HaXOAATCH B MOSIOXUTENBHOW CTOPOHE, KOTOPbI€ Mbl BUAMM M BOCMPUHMMAEM Kak
pearnibHOCTb, €CTb AUCKPETHbIE 3HAYEHMSI B KBAHTOBOW TEOPUN.

Ewe [demMokpuT onucbiBan CBOW «amom» KakK «HEeOenuMyr CyuwHOCMb», YUCNO



KOTOPbIX BECKOHEYHO, OHM BEYHO ABWXKYTCH, AaXKe BHYTPU TBEPAbIX TEN OHU COBEpPLUAOT
konebaTenbHble ABMXEHUA («mpsicymcsi 80 8ce CmoOpoHbI»). [lpyu 3TOM, cornacHo
ApucTtoTento, Bec «amomosy [JemokpuTta NponopLmMoHaneH nx BefmymnHe.

A KOCMOC HamnofiHEH TOHKOW Martepuen B COCTOSIHUKM, OrM3KOM K HYNeBOMY,
Koneobnowencs OTHOCUTENbHO Hynsi, MNOTOMY YTO MeXOy MOMOXUTENbHLIM U
oTpuuaTesibHbIM  COCTOSIHUAMM ~ MaTepun  MPOUCXOOUT NpUTSKeHue  (CTarkuBaHue),
CTPEMIIEHNE MATEPUMN K YCTONYMBOMY COCTOSIHUIO CpeaHEN, KHYNEBONY, NITOTHOCTW.

N 3gecb Mbl ondaTb NpuUxXogum K mMartepuu nepexogHoro coctosHus (MIC),
paBHOMEPHO 3anosnHsAKLWeEN BCe N Be3ae obnacTu NpoCTPaHCTBa, OT BHYTPUATOMHbIX OO0

Mexranaktndyeckmx. B ogHom mone BellecTBa 6.02x1023 yacTuu, aToro BellectBa. Ho B
obwem obbeme Tena cymMmapHbii 0ObeM 4acTuy, 3TOro BellecTBa - SONM npoueHTa. A
BeCb oOcCTanbHoOM o06bem Tena 3aHaT MIIC, koTopass nepexogHoro coctosiHus. Ee
nnotHocTb NMEPEXOOWUT ypoBeHb cpeaHen nnioTHOCTU BHyTpeHHen MIMC gaHHoro Ttena
Tygoa-ctoga, konebrnercs, rapMOHUYECKN, CMHyconaanbHO, Kak y dypbe nonyynnocb. 31O
OHa, BHyTpeHHAs MIIC Tena, Bos3gencTByeT Ha 4actuubl BewectBa. Ecnu MIIC
9HepruyHee 3akonebnertcsa, amnnutyga konebaHun yeenuuutcs, Bosgenctene MIC Ha
YacTuubl YCUNUTCA, TemnepaTypa Tena yBenmunTcs. 3HaunT U TaHreHunanbHass CKOpPOCTb
mMaTepun (M3MEHEHUIN €ee MMOTHOCTU) YBEeNUUUTCHA. A CKOPOCTb OBWXKEHWUS KOnuyecTBa
matepun - ato IHEPIUA. Pyky npucnonute: Tenno 4yscTByete? Ho B oTnuumne ot
TEMNOPOOA, MINC Hukyga He yXxoauT U HNOTKyAA HE NPUXoauT B TENO, MEHSIETCS TONbKO
amnnutyga konebaHun ee NMOTHOCTU, a 3HAYMT CTeneHb BO3AENCTBUSI Ha aTOMbl-
MOSeKynbl Tena.

Takon B3rnag Ha MINC npuBoAUT Hac K NOHATUIO «MaTepuasbHbIN AhUpP», KOTOPLIN
MO CTapVHHbLIM NPeACTaBNeHNsIM eCTb NOYEMY-TO BHE MaTepuarnbHbIX ( BeLeCTBEHHbIX)
Ten. MNModyemy-To Aymanu: BHYTpU Tena kak Obl Tennopon, a CHapyxu kak 6bl acgmp. Ho
nonyyaertcs,, 4To M 10, U agpyroe - ato MIIC, koTopasa ecTb Be3ge, pasHbiX YPOBHEN
NNOTHOCTU N hopm ABWKeHusA. I gaxe Te camble YacTuubl BewlecTBa (dNeMeHTapHble
YyacTuubl U aToMbl U3 HMX) n3 aton xxe MINC obpasoBanuch Kak pasHble (OopMbl ABMKEHUSA
MaTepuu, B aTomn xe MINC HaxogaTcs U C He B3aUMOOENCTBYIOT.

2.2. HarnagHbin npyuMmep BO3MOXXHOCTEN MaTepuarnbHOro agupa

Mbl onucaHna n KommeHTapumn nNpo BumaHa yntanu pasHbix BEpCcUi U NepeBoaos,
HO Bne3aTb B TEXHMYECKMe TOHKOCTM "ycTpoucTtBa" He cobupaemcs. NpencraBneHHas
HWKEe MOAEnb - 3TO MOHMMaHue [NpuHuMna, Ha KOTOPOM YCTPOWCTBO MOXET paboTaTb.
Moyemy B3ATa B KadecTBe pabodero Tena - pTyTb? [lOTOMY 4YTO 3TO camas Tsxenas

XnakocTb. [noTHoCTL pTyTH - 13,546 r/cm3 , @ NIIOTHOCTbL Xenesa - 7,874 ricms .

PTyTb - nepexoaHbll MeTanmn, eQUHCTBEHHbIM MeTanm, npu yaobHbIX Ans UCNonb3oBaHUSA
Ha 3emne yCcrioBuUaX HaxogALWNNCS B XNOKOM arperaTHOM COCTOSHUMW.

* Tspkenas, 3Ha4YUT MEXaTOMHOE NPOCTPAHCTBO B HEW 3arofiIHEHO CyOCTaHUMEN BbICOKOWN

nnotHocTn ( BHyTpeHHss MIMCa, rae «A» - ypoBeHb NNOTHOCTKU, Ha koTopom MIIC no
M3MYEeCKMM CBONCTBaM NMOEHTUYHA UAEeaNbHOW XUAKOCTN).

* XKngkocTb - 3HAYMT M3 HEe MOXHO opraHu3doBaTb 6ObicTpo Bpawawowwmmncs TOP.
* XOpoLlo pearnpyeT Ha anekTpoMarHMTHoe none (MeTans) - 3Ha4nT pas3orHaTb BpaleHue
Nno ABYM OCSIM (TOP) MOXHO C MOMOLLIbIO OBbIYHbIX ANIEKTPOMArHUTHBLIX CUCTEM.

Mogenb Takoro annapata Ha OCHoBe MatepuanbHoro 3adupa MIIC,
B3aMMOLENCTBYOLWEro ¢ paboymm Tenom u3 TopoobpasHo Bpalualoencs ptytn, oyaet
BbIMAAeTb Kak Ha pucyHke 7. BO3MOXHO, YTO Mpu pasroHe TopoobpasHOoro BpalleHus
paboyero Tena A0 OnNpeaereHHbIX CKOPOCTEW, HACTyNUT Nepuog CamMOCOXpPaHEHUs
ABWXEHMSI 3a CYeT pasHOHanpaBreHHOro rpaBMUTALMOHHOIO BO34ENCTBUSA (FpaBuTauus-
aHTurpasutaums). W netatenbHbin annapat OygeT gBuratbCd, He Tackad 3a cobon
9MNEKTPOMArHUTHY CUCTEMY.



MIIC pnpoc TpaHC TEA

MIOCn USXATOMHOTNO NpoCTpPAHCTEA PTYVTH
YnnorTHeawa MIC 0+n

T PABHTAITHT

dHMU T PABHTAIA

Npoc TpaHO TE A
BORASHC TEYST Ha Cpeny
BEpallabliefcd pTYTH

erc cpepna BolOedcTBYEeT HA
HMIICy npoCc TRpaHC TE A

Puc. 7

®opma dsuxkeHus1 paboyeeo merna 6 riemameribHOM anrnapame 07151 U3MEeHeHUs
HarnpaerneHusi 2pasumayuoHHO20 8030elicmeusi

A 30ecb — NOCMOTPUM Ha PUCYHOK 7. paBUTaLUMOHHOE BO3OENCTBME (rpaBuTaums)
Kak Obl NpuTSArMBaeTcss K Topy pabodvero Tena no OAHOHanpPaBneHHOMY BpaLLEHWUIO,
CHapyXm Topa Kak Obl 3aTarmBaerca noa Top. WM BO3HMKAET npoTMBOLAENCTBME
rpaBMTaLMOHHOMY BO34ENCTBUIO (aHTuUrpaBuTaums). Bo BHyTpeHHIOO obnactb Topa
rpaBMTaUVMOHHOE BO3AENCTBME He MOCTynaeT, Kak Obl oTTankumBaeTcsas Mo Teopuu
TOPCMOHHbIX NOSEN, OHO pa3HOHaMNpaBeHo C BpalleHneM paboyero Tena.
Onpepnenexve.
MatepuanbHbii 3chup — KOHTMHyanbHas MaTepuanbHas cybcTaHuusl, M3 KOTOPOM
obpasyloTca M B KOTOPOM CYLLECTBYHOT BCe MaTepuasnibHble OObeKTbl U SBMEHUs BO
B3aMMOLENCTBUN .

3. BceneHHasn

Mbl noyeMy HaymMHaem pa3roBop 06 YCTPOWCTBE U B3aMMOAEWCTBMM MaTepuarbHbIX
00BbEeKTOB C Takux rnobanbHbiXx BeNUUMH?  [MoToMy 4TO nNpuHUMN MX obpasoBaHusA U
CYyLLIeCTBOBaHMS OOUHAKOB Ha BCEX YPOBHSAX - OT MakpoMmpa A0 MUKPOMUpPA, OT ranakTuk
A0 NPOTOHOB.

Bce cenvac noHMMaloT, YTO Takoro marepuanbHoro oobekrta «BceneHHas» Het. Te
He MeHee ecTb uenas Teopuss Bonbloro B3pbiBa, OCHOBaAHHAs MMEHHO Ha «OObekTe
BceneHHasa». OgHako ecTb B KpaTKOM OMUCAHUN 3TOW TEOPUM Halle MHEHWE, Kak MHEHue
NocTopoHHero HabnogaTtensa. Mbl 4JOCTOBEPHO MOXEM rOBOPUTL TONbKO O MeTaranaktuke,
0 TOM, YTO BUANM U U3MEPSEM.

3.1. A 6bin niv bonbLuon B3pbIB

B 1948r. 'A. NamoB pobaBun K B3pbiBHOWM uaee dpugmaHa, 4YTO MNEpPBUYHOE
BELECTBO Mupa OblI0O  HE TONMbKO O4YEeHb MSIOTHbIM, HO U O4YeHb ropsuum. Wpoes
[amoBa — B ropsyeMm u” nMfOTHOM BelleCcTBe paHHen BceneHHon npoucxogmnu
agepHble peakuuu, U B 3TOM SiAEPHOM KOTIe 3a HECKOMbKO MUHYT BblfiIM CUHTE3UPOBaHbI
nerkme XMMn4Yeckne anemMeHTbl.

Hy n kakve sggepHble peakumu, ecnu saaep rno 37O XKe TEOPUW Toraa eule He
Obino? W BellecTBa, kak dOpPMbI CYLLIECTBOBAHUA Matepun, He 6bino eule. W otkyaa 1am




B3dflacb _Temneparypa, Oda eue UM o4vYeHb Bblcokad? Ho oT aTux uoen BO3HUKIA

Teopus Bonblioro B3pblBa, aBAAOLWIAACA B HacTodllee BpeMmsa oblienpusHaHHOW

napagurmon dousndeckonm kocmonorun. Kctatu, 1epMuH  «Bonbluonr B3pbiB» BO3HUK K3

nekumn Ppega Xomna B 1949 r :«Oma udes Eonbwio2o 83pbiea  Kaxemcs  MHe

COBEPWEHHO HEyd008/1emeopumesbHou .

Teopusa BonbLlUOro B3pbiBa ONUCLIBAET aTanbl OpMMpoBaHUS BceneHHon ncxoas ms
Temnepartypbl. PaHHAs BceneHHas npegctaBnsina cobon OAHOPOOHYK U U30TPOIMHYHO
cpeay C HeoOblMaHO BbLICOKOWM MMOTHOCTLID 3QHEPrnn, TemnepaTtypon W AaBreHUeM.
MpumepHo nocne 10%° cek., nocne HacTynneHust [1NaHKOBCKOM 3Moxu,  (ha3oBbilii
nepexoq Bbl3Ball 3KCMOHeHUWanbHoe paclumpeHne BceneHHon - Kocmuyeckasi
MHpNAUKMA. N3-3a paclumpeHns TeMmnepaTtypa Havana CHMXaTbCA.

OTO HaM HaMoOMWHAaEeT oxnaXaeHue cyna nyTeM nepenuveBaHva B 6OMbLLIYIO KaCTPOMIO.

[Mocne okoH4YaHWs 3TOro nepuoga CTpouTenbHbI MaTepuan BeceneHHon npeacraensn
cobon KBapK — [MIOOHHY0 nna3my. [lo npowecTtBunm BpeMeHun U NageHun
TeMmneparypsbl, criegylowmn  oasoBbIn  nepexoq — bapuoreHesnc, KBapku W [TIHOOHbI
obbeguHMnncb B GapUOHBLI.

[Mpo aaepHbIN KOTEN TOMNbKO cenvyac MOXHO YNOMSAHYTb.

[lanee ¢ nageHnem TemnepaTypbl npousowen cnegywwmin ¢asoBbid nepexoq —
obpasoBaHMe U3NYECKUX CUM U dfeMeHTapHbIX YacTul B UX COBPEeMEHHoOW dopme.
Uepes 380 Tbic. neT nocne bonblworo B3pbiBa Temnepatypa CHU3UNacb HacCTOMbKO,
YTO CTano BO3MOXHbIM CyLLEeCTBOBaHME aTOMOB BOOpOAa.

A _Tenepb yXe W NpO ga4epHble peakumv MOXHO 6b10 6bl roBoputb. A He

npuBA3bIBaTbCA K Temnepatype. [1oToMy 4TO Temneparypa — 3TO pe3ynbraT ABMXKEeHUS

MaTepumn, 3TO U €CTb _9HEPrus, a He NpuUYnHa (PasoBbIX NEPEXOOOB.

[BMXKeHne — 3TO XU3Hb. OTO OCHOBA BCero, NMOTOMY YTO BCE OCTaflbHOE — 3TO
pesynbTaTthl OBWXEHUSA : U TemnepaTtypa noboro 3HadeHusi, u aHeprusa noboro upeTa.
Pesynetratel gswxkeHus YEIO? [OewxkeHns MATEPWUWU (cpepa, maTepuanbHbin adoup,
dmanyeckmii Bakyym). I npmunHon gpasoBbix NepexonoB MOXET ObiTb TONbKO MaTepus, ee
ABWKEHWE U XapaKTEPUCTUKM — MIOTHOCTb U CKOPOCTb ( Macca, ecnu 3To yXKe BeLecTBo ),
Temnepartypa, 3Heprus, BeKTop, Yactora u np.

Ha 3emne 3adukcnMpoBaHO He TOMbKO WU3My4yeHMe OT UCTOYMHUKOB - 3Be3g. [ecc
(Hobenesckas npemus B 1936r.) OTKPbIT HanMyne KOCMUYECKUX NyYen, NPOUCXOXOeHune
KOTOPbIX He SACHO. WX npunucbiBaloT octatkam oOT bonbworo B3pbiBa. Vccnepgosatenm
NASA oTcnexuBaloT «OCTaTOuHbIA pagnauMoHHbii ¢oH» BO BceneHnHon, cTaBLuMiA
cnegctememM bonbLlioro B3pbiBa.

W, oTBepras KoHuenuumio OGeCcKOHeYHOCTM , AenarwT BbiBoA: B 6eCKOHeYHoWm
BceneHHoOn  «BOMHbI  paguaumm»  6bIM Obl BCEBO3MOXHOW «aMniuTydbl U
pasmepoB». OgHako B Halwen eCTb LOBOSIbHO CTPOrMM M OrpaHuMYeHHbIn Habop. Takoe
N3ny4yeHne HeBO3MOXXHO COBMECTUTL C NpeacTaBneHnemM o 6eckoHedHoCTM BeceneHHoM.

Mo aTomy noBogy BO3HMKAKOT BOMNPOCHl. YTO BECKOHEYHO, HECYLLECTBYHOLLNA OOBbEKT
BceneHHasa nnu MNpocTpaHCTBO, Kak MeTpudeckasi Xxapaktepuctuka matepum, B KOTOPOM
pacnonoXeHol BUAMMbIE U HEBUOMMbIE HaMU MaTtepuarnbHble O06bekTbl? Ecnn Mbl, Ha
TakoM OO0MbLIOM OTCTOSIHMM BO BpeMeHM OT bonbLluoro B3pbiBa, MOXEM N3MEPSTbL CTPOrUN
Habop ElMO «pagnauMoHHbIX BOSH», TO CKOPOCTU PacnpOCTPaHEeHUst «pagnaunoHHbIX
BOSMH» U MaTepuarnbHbiX 0ObLEKTOB abCOMNTHO O4MHAKOBLI U paBHbl CKOPOCTU cBeTa «C».
Y70 BbI3bIBAET O4EHb BoMbLINE COMHEHMS!

Ncxoos u3 npeactaBneHnst ©eCKOHEYHOCTW, Teopust BO3HWKHOBeHUst BceneHHoun
B pesynbrate bonblioro B3pbiBa, M3 TOYKW, T.e. U3 HUYEro, He nogaepxusaercsa. Ha
BceneHHOM maTepusa He 3akaHYMBAETCHA, U HEe BO3HUKAET U3 TOYKW. [loMHUTE: «MmaTepus
HECOTBOPMMA U HEYHUHTOXUMAY.




3.2. Manaktnku n ectb Mupsl

PacnpocTpaHeHune ranakTuk BO BCe CTOPOHbI HayKka npegnornaraeT no aHanormu.
Kak BManmble ranakTuUku B Hawy CTOPOHY OT TOYKM B3pbiBa, MeTaranaktvka, Tak u Takue
e ranakTuku B NpOTUBOMOSOXHYK CTOPOHY, MPOCTO Mbl UX HE BUAMM, AaneKo NoTOMY YTO.
Ho aTo TONbKO rmnoTesa, O4HO U3 NPeanosIoXKeHUN.
CooTBeETCTBME CTPOEHUS N IBONIOLUNN MaTepuanbHbiX 06bekToB MeTaranaktukm ,
NIM Kak MOAHO cenYac roBopuTb «Hawen BceneHHoM», npocmaTpuBaeTcs Ha U3ydeHun u
knaccudpukaummn Ksasapos.

N3 obwux npencraBneHnn oduumanbHOM Hayku Ha cerogHsi: Keasapbl,
BHeranaktnyeckme oObeKkTbl, OTnMYyalWwmecd OYeHb BbICOKOW CBETUMOCTbD U
OTAANEeHHOCTbIO.

bornee KOHKPETHO, YTO Takoe KBasap, a Ux oTkpbiin B 1960-x rogax, cCoBpeMEHHON
Hayke HeM3BeCTHO. UTO-TO MoxoXkee Ha 3Be3ay, HO He 3Be3da. Tak MOXET KBasapbl 3TO U
ecTtb Merassesgbl Merammpa ©eckOHEeYHOro konuyecTBa mMatepum? A MOXET ObiTb,
obpasoBanacb He BcA BceneHHas cpasy? MoxeT OblTb Mbl, NO aHanormm c
MeTaranaktukon, 4YacTtbio npeacraensiemMon Hamu BceneHHon, npeacrtaensem «KAK Bbl»
octanbHyio Yactb BceneHHon. Beab moxeT ee «KAK Bbl» HeT, unn ectb, HO COBCEM He
Takaa? A [anaktuku, monogwle n crapble, obpasosanuck u3 Merassesq (kBa3apoB) B
pa3Hoe BpPEMS, HAXOAATCSA Ha pasHbIX CTagusiX 9BOMOLMOHHOIO passuTtus. Y npogorkatoTt
obpa3soBbiBaTbCS M NPeobpa3oBbIBATLCHA OT FOPU3OHTOB B3PbIBOB.
B ueHTpax macc ogHux anakTuk ewe akTMBHOE A4p0, a B Apyrnx [anaktukax yxe
ofHa gblpa octanack, YepHaa gbipa. Ha pucyHke 8 nokasaHbl TUNbI ranakTuK, KoTopble B
3TOM MNOCTPOEHUN W MOKa3blBAOT MNyTb 3BOMOUUM Takux OOBLEKTOB OT 0OpasoBaHus B

MIMCA oo npeobpasoBaHus onsatb B MIMCo .

CnupLibHLIE
FNMLTAKTHEN

LLTHIMTHYCCKHE NLTAKTHEREH

SHa |||1.||1|_1\ LHAPHLIC

NMLTAKTHEREI
SsHbh

el

CnupLIsiLIe
THEKH
C DapoM

Puc. 8
Tunbi Manakmuk, Kak amaribl UX 380s1royuuU

BHewHWn BUA 1 CTPYKTypa 3BE3OHbIX CUCTEM BECbMa pasfnyHbl U, B COOTBETCTBUN C
9TUM, ranakTukM OenaTca Ha Mopdornornyeckne TuMbl: ANNUNTUYECKME, ChuparibHble,
HenpaBunbHble. Hawa [anaktnka npuHagnexmt K Tuny cnvpanbHbix. CnmvpanbHas
CTPYKTYypa B Hawlen [anakTuke o4eHb XOpoLLO pasBuTa.



Puc.9
lanakmuka MneyHbIl nyme (KoMribromepHasi MOO€sb)

CnupanbHas ranaktuka ¢ nepemMbiykoi. JOMUHMPYIOT OBa U3 YETbIPEX PYKaBOB.
PykaBa cnupanbHbIX ranaktuk — 3TO 3BOMOLMOHMPOBaBLUME QKETbl KBaszapa B nepuog
ero pacnaga v o6pa3soBaHNs ranakTuKu.

3.3. CTpyKTypa ranakTuku

M kak BbIrMsSanT Takas obpasylolaacs ranaktuka B NpeanoXeHHOW paHee cucteme
namepeHna matepun. opusoHT B3pbiBa (ypoBeHb X ranaktmkm Ha pucyHke 10) npwu

obpasoBaHMM [@anakTMKn — 3TO U eCcTb Hadvano oTrcyeta ypoBHs nriotHoctTn MIMCa ansa
MaTepuanbHbix 00beKToB 3aTon [anaktuku. B npouecce aponoumm B LEHTpe [MakTukm

obpasoBanacb obnactb nnotHoctM MIMCo.n HWXe cpegHero (OKOMOHYNEBOrO) YPOBHSA
MeXranakTm4yecKoro NpocTpaHcTBa — 3TO U eCTb Tak Ha3biBaemasi YepHaa ablpa, UMEHHO
Tyda CTPeMATCA BCe ranaktnyeckme marepuasnbHble 00bekTbl 6onee BbICOKOW NIIOTHOCTH,
C 06eunx CTOPOH OT HYyNeBOro YpoBHS.

PasroBopbl Npo oTpuuaTenbHy, OTHOCUTENBHO HAac, CTOPOHY CUCTEMbI N3MEPEHUS
rpaBUTaUUK, a 3HAYUT U FPaBUTUMPYIOWNX OOBLEKTOB, Benucb M Begytcs. C nonbiTkamu
NPUCOEANHNTL 3TO NOHATUE K CBOeN Teopun. Ho 6e3 npnsHaHua matepmanbHoro acmpa B
NMoKa3aHHOW CUCTEME WU3MEPEHUA MaTepum 3TO HEBO3MOXHO, BO BCSKOM Crydae He
nony4anocs.

Mebl ke nokasblBaeM Takoe pacnpeferneHve marepum OTHOCUTENBbHO FOPU30OHTa
cobbiTun Ha npumepe bnuxanwen ranaktukn M31 TymaHHoCTb AHApPOMEnbI, KOTOPYHO
XOPOLLO BUAHO Kak Bbl CO CTOPOHBI.



TyMaHHOCTE
AHOpOMeOH
M31

OO TeNbBH asl Z +
CTOPOHA COCHO TeMEL
HBMepeHHH
KIX
—— o
OTPHILaATeNMbBH A
HBMePeHHH
Cpe3 MIpocTpaHCcTBa no ocaMm X IZ
Puc. 10
lanakmuka TymaHHOCmMb AHOPOMEDBI 8 NMPOocMpaHcmeeHHoU (Mempu4yeckol) cucmeme
KoopOuHam

N noHatne BCEJIEHHAA onate TepsieT cmbicn. B 6eCKOHEYHOCTM HaxogouTcs
HENM3MEPMMOE KONMMYECTBO [anakTuk, o6beanHUTb KOTOpble B OOBLEKT HEBO3MOXHO, OHU
obpasyloTcsa He3aBUCMMO, B pa3HOEe BPEMS U HAXOAATCS Ha pasHbIX CTagusx 3BONHOLMN.

Mpn obpasoBaHuM ranakTUKK pasneTalrolnecss Cryctkm matepuanbHoro adupa

(MM CA BbICOKOrO YPOBHS MAOTHOCTU) pa3MbIThbl B MPOCTPAHCTBE, NX (POPMbl HEYCTONYUBBI
ANS  BHYTPEHHUX MaTtepuanbHO-3HepreTnyeckmx npoueccoB. Matepuss B cryctkax
MaTepuanbHOro achupa konebnerca He BOKPYr Hyns, OHa CMeCcTUacb No OCAM BbICOTbI U
rmyOuHbl YPOBHA B pasHble OT Hyns cTopoHbl. Konebanma matepum 6Gonee BbICOKOM
NAOTHOCTU BbIAENAOT 6Gonbllee KONMYeCcTBO 3JHEpPruu, 3TO M eCTb BUAUMBIA CBET W
n3nyyvyeHns Apyrux AuanasoHoB. M3 cryctkoB obpasytwTtca 6bonee cbanaHcupoBaHHbIe
cuctembl — 3Be3gbl. Ho npu obpasoBaHuy 3Be3d NPOUCXOAAT Takue Xe npouecchbl B
obbemax CryctkoB — obpasyloTcsa NnaHeTHble cucteMbl. Takum obpasom hopMUpyroTCS
[anakTuku.

YacTo obecyxpgaetca sonpoc «MonyaHne BceneHHony, noyemy Mbl O CUX NOP He
YCTaHOBWUITM KOHTAKT C Apyron umBunusaumen, kotopbix B [poctpaHctee JOJDKHO 6biTh
orpomHoe konuyecTtBo? Bce MNanaktukun, Mupbl, HaXoaaTCsa Ha pasHbIX CTaausAX 3BOSHOLMM.
B kocmonormyeckux Mmacwrtabax oHn — obpasywowmecs, Monoable, Ccrapble,
npeobpasyowmecs — kKak 6bl pagom. Ho B Macwrtabax »usHu Ha nnaHete 3emns 310
MUIANOHBI U MUNNWapapl NeT pasHuubl. Pa3Be MoxeM Mbl obLiatbCs  OOCTYMHbIMUA U
NMOHATHBIMM Ha cerogHa Ham cnocobamu? [axe B MacwTtabax ogHon Manaktuku, Mupa,
BCe 3Be3Hble cucTemMbl 06pasoBanncb 1 0b6pasyoTca B pasHoe KOCMOSOrmyeckoe Bpems,
MO 3€eMHbIM MepKamM 3TO COTHM ThbiCAY NeT. A pasBe MOXEeM Mbl TEXHONOrMyYecku
noobwaTtbca ¢ umBMnuaaumen, nogodHon apeBHUM Wymepam? KoTopble OTCTOAT OT Hac
BCEro-TO Ha OECATOK ThiCAY NeT. A MOXEM Mbl MOHATb LMBUIN3aALMIO, KOTOpas CcTapLue Hac
Ha 10 Tbicay net ?7??

OavH M3 BapuaHTOB, OMUCaAHHbLIN BO MHOMMX Mudax u nereHgax: paBeHCTBO B



pas3BUTUN K OOLEHNE BO3MOXHbI TONbKO C «MOTYCTOPOHHUM Mwupom». KoTopbii 1 ecTb
«MapanneneHble [anaktuku», nnun «lMapannensHole Mupbl», nnu ... MartepuanbHble
00bEeKTbl OTpMUATENbHOMW CTOPOHbI CUCTEMbI M3MepeHus maTtepun. Hac pasgensatoT He
OveHb OonbluMe «KOCMUYECKME» pPacCCTOSHUS, HO O4YeHb Cepbe3HOe TEeXHOrornyeckoe
npenaTcTBUe - «HYNeBOWM YypoBeHbx». [lpyron BapuwaHT, 3TO MOUCK MWHpopmMauum B
npocTenwunx ans npmpoasl cnocobax KOANpoBaHUA, B UHPOPMaLMOHHOM Mone, B peakuum
MaTepuanbHOro agupa Ha npoucxogsiime B HeM SBNEHUS.

B ueHTpax MNanaktuk npegnonaraloT Hanuune CBEPXTSXKENbIX «YepHbIX Ablp», B
KOTOPbIX U3-32 «CBEPXBbICOKOIO rpaBMTaLNOHHOIO BO3AENCTBUSA» UcHe3atoT Brnmskue K HUM
3Be3abl. O M3nMyeckoM cMbicre YepHbIX Ablp eCTb MHOXECTBO MMMNoTes.

Tak YepHaa gbipa (UO) - at0 m ectb ueHTpbl B3pbiBa KBA3APA, crycTtkos
MaTepuanbHOro agupa BbICOKOW MAOTHOCTU, U3 KOTOpPbIX M 0bOpasylTca 3Be3gHble
CUCTEMbI, KOTOpble BpAaLLalTCH BOKPYr LiEeHTpa MacC ranakTuku (ueHTpa B3pbiBa). A
«noBepxHocTb LBapuywmnnbga» 310 U eCTb NNockocTb no ocam X Y Ha pucyHke 10, n Y[
He CBEpXTSKerble-CBEPXMMOTHbIE, OHW HaobopoT, obnacTb 4YpesBbiYaMHO HU3KOW

NNOTHOCTU MatepuanbHoro acupa MIMCo.n, NO3TOMY Tyaa OObLEKTbI M CTaNKMBAKOTCS
mMartepuanbHbiM 3dupom. Haw ranaktudeckmn rog, 3a kotopbin ConHeyHast cuctema
coBepLluaeT oauH obopoT BOKPYr LEHTpa Macc ranaktukm «MneyHbin nytb», okono 230
MIH. NET, N C KaxabiM 0O6OpPOTOM OHa, BMAUMO, OyaoeT npubnumkaTbCcs K aTon obnactu
obpasoBaHua Manaktnkn. W YepHas gblpa, ato He 06bekT, ato ObIPA. [)koH Yunnep ato
MOHAN, OYEeHb YMHbIA Oblfl, U 3aMeHUn MOHATUE «MNOSIHOCTbK CKOSfancupoBaBLUast
3Be3ga» (T.e. 06bekT) Ha noHsTue [ObIPA, YepHas. /I He noTomy yepHas, 4To OTTyaa CBET
BbIATU HE MOXET, a MNOoTOMY 4YTO TaM CBETUTbCA Hedemy. A Marepusi, Kotopas
pacrnpocTpaHunacb OT ropusoHTa YepHoun Oblpbl B OTpULATENbHYK , NPOTUBOMOIIOXHYHO
OT Hac, CTOPOHY CUCTEMbI USMEPEHUN MaTePUN, N eCTb TeMHas.

Mpn pasneTte crycTtkoB matepuanbHOro acdmpa B xode obpasoBaHusa [anakTuku
MaTepusi pacnpocTpaHunacb BO BCE CTOPOHbI CO COBUMOM OT rOpU3oHTa cobbITun,
0603Ha4yeHHoro Hamn Ha pucyHke 10 kak nnockoctb no ocam X Y, Ha Gonee BbICOKME
ypoBHM no ocu Z. Matepuss Tex 3Be3q, KOTOopble Mbl BUMAWUM, CMecTunacb B
NMOMNOXMUTESTbHYKD CTOPOHY OT «HYNEeBOro ypoBHA». HO maTepus Tak e cmectunacb U B
oTpuLaTenibHY0 CTOPOHY OT 3TOr0 YpPOBHSA. W CrycTkm matepum obenx CTOPOH CUCTEMBbI
N3MepeHnsa MaTepum HaxogsaTca B NPOCTPAHCTBE, 3anofIHEHHOM MaTtepuen nepexogHoro

COCTOSIHUA MMNCo cpegHen nnoTHOCTU — HynA. W TonNbKo B UeHTpe [anakTuku, B
obnacTtu ee obpa3oBaHus, B MECTE pasnieTa CryCTKOB — MNepexoq Yepes «HyIby.

Ha npumepe Hawen ranakTMkM 9TO MeCTO nepexoga 4yepe3 Hyfnb [0 CUX Nnop
cywiectsyeTr n yHKunoHupyet. lNMpnyem B 0b6e cTOpoHbl. B camom nepexoge, YepHon
ablpe, NIOTHOCTb MaTepun nepexogHoro COCTOSAHUS Hwke cpegHen. MaTepuanbHble
0OBbEKTbl MOMOXUTENBHON U OTPULATENBHOW CTOPOH CUCTEMbBI M3MEPEHUS  MaTepun
cTankmearTca B 06n1acTb MeHbLen NioTHOCTU. MatepuarnbHble 06bEKTbI NOMOXKUTENBHOWN
AN HAC CTOPOHbI [anakTuk, Buanmble — 310 U ecTb ObbIYHaA MaTepusa, a MatepuarnbHble
00beKkTbl APYron CTOPOHbI, Af11 HAc oTpuuaTenbHOM — 3TO UM eCTb TeMHas maTtepus.

MaTepusa nepexogHoro coctosiHuss MIMCgq ecTb Be3ge, oHa paBHOMEPHO 3arnosfiHAET BCe
ranakTuyeckoe u MexranakTuyeckoe npocTpaHCTBO. KoTopoe HamnosiHeEHO 3Hepruen:
OBWXEHMEM MaTtepun  Mexagy MnoMoXUTENbHbIM W OTPULATENbHBIM COCTOSAHUAMU —
konebaHnaMM ee NNOTHOCTN OTHOCUTENBHO HYNEBOMO YPOBHA. OTO ee Ha3biBaloT TeMHowm
3Hepruen n CYMTaKOT Kak HEM3BECTHO YTO.

OdmumanbHaa Hayka npegnonaraet U paccymMTbiBaeT napameTpbl HepHon Ablpbl
no paguycy LUWeapuwunbga, nNpeacTtaBnas BTOPYH KOCMUYECKYHD CKOPOCTb paBHOW
ckopocTn ceeta «C», NOTOMy 4YTO OTTyda [Jaxe CBeT BblieTeTb He MoxeT. Ho ecnu
nocYMTaTb U3BECTHBIMU U UCNONb3YEMbIMU HA CErOAHS METO4AMM.



O6bem wapa Vw = 4/3TR3 (2)

Paguyc Leapuwwnnbaa Rs=2Gm/C2 (3)
Torga o6bem cpepbl ¢ paguycom Lsapuwivnega

Vrs = 4/3T1(2Gm/C2)3 =32 Tt G3m3 / 3¢ (4)
Pms =m/ Vrs = ((3 €% / (32 G3)) I m? = Cgs / m? (5)
roe:

P — nnoTHOCTb;

m - Macca;

Vrs - o6bem wapa ¢ pagmycom LBapuwmnnbaa;
C - ckopoCTb CcBeTa B BaKyyMe;

T - yncrno "Mun";
G - rpaBuTaLMOHHAsA NOCTOAHHAS;

Cgs=(3 CG) /(32T G3) - KOHCTaHTa rpaBUTaLMOHHOM CUHTYNSIPHOCTH. (6)

Ecnun gencreutensbHo, paccumtatb N0 odumumansHbiM ddopmMynam omunansHON
duaukun, To nonyyaetcs NNOTHOCTb Tem MeHbLue, Yem Bornblie macca. N obpatute
BHUMaHue - BCE u Be3age ctpemutcs k meHbwen NMIOTHOCTW. A 3Ha4nT n noHaTne
MACCA coscem He T0, 4To BEC Ha 3emne.

3.4. OBOMOUMOHHOE pa3BuTMe [anakTuk.

C TedvyeHnem BpemeHun, Bce bonblee konudectso MICA matepuanbHbiXx 06HLEKTOB
[anakTnk npeobpasyeTcss B MartepuanbHOe BeLlleCTBO, OOBbEKTbI YTSXKENATCA, NOBbLICAT

CBOK MIMOTHOCTb, Matepusi  nepexogHoro coctosHua MIMCo npocTpaHcTBa GygeT Bce

CUNbHEE CTankmMeaTb X B 06N1acTn MeHbLUEN NIIOTHOCTH, K YepHon abipe MIMCo-n.

Ho paBanTe no npoctoMy, no aHanoruu. lanaktuka - 9To Takoe Xe maTepuaribHoe
obpasoBaHue, Kak 1 npoToH. Y npmHumn obpasoBaHus TOT Xe. BoT yxe obpasoBasLuasics
ranakTuka rge-to B cepevHe 3BOMIOLMOHHONO NyTu passutua ( B3ATb ANA npumepa
TymaHHOCTb AHOpoMenbl - OnM3KO K HaMm UM CO CTOPOHbI XOpOLWO BuAHO). Bce
mMaTepuarnbHble OObEeKTbl ranakTUKW: 3Be3dbl, WX MNfaHeTbl, KOMETbl, acTepouibl
BpaLLlaloTCa BOKPYr LleHTpa Macc, ToM caMon obnact manon nnoTHOCTU «YepHas abipay.

LleHTpoGexHble cunbl ux kKak Gbl YBOAAT OT LEHTPA, a BO3AENCTBME OKPYXKatoLen
cpenbl MatepuanbHoOro acmpa crankvmeaet Mx B obnactb mMarnoun nrioTHOCTU, 3TO Kak Obl
ueHTpocTpemutenbHaa cuna. CoOOTHOWeHMe 3TUX Cuil U onpegensieT  opbuTol
MaTepuanbHbIX OOBLEKTOB ranakTUKu.

Kaszanocb 6bl - BOT OHO, BeYHOe.... HO 3TO He COBCEM TaK, BEYHOE He 3HauuT
CTauMOHapHOe, OHO uuknu4yeckoe. [1oToMy 4YTO CO BpeMeHeM, Maro-Mano, HO CKOPOCTb
BpaleHnsa marepuanbHbiX OOBHEKTOB M3-3a B3aUMOLEWCTBMS CO Cpeaon (TeM caMbiM
MaTepuanbHbiM acupoM, MIC) cHmxkaeTcs. 3HaUUT LEHTPOBEXHbIE CUMbl YMEHbLLAKTCA,
3HaA4MT ONS BblPpaBHMBAHUSA C LIEHTPOCTPEMUTENbHBIMU pPaanyCbl OpOUT yMeEHbLUAKTCS,
3Ha4MT MaTtepuarnbHble 06beKkTbl NpMbnuxaroTes K ueHTpy. U npouecc Byget natun Tak, 4to
MOCTENEHHO Manasi NNOTHOCTb YepHoM Aplpbl CKOMMEHCUMpyeTca npeobpasoBaHneEM
mMaTepuanbHbiX ob6bektoB B MIIC - nonyyuTcs BblpaBHMBaHWE OO cpegHen MIoTHOCTU

MMCo. HO.... NMomHute npo MHEPLUUIO ! MpogomkeHne Bpawenna MIMC no nHepuun
npvBegeTr K TOMy, 4TO B ObiBLUEM LEHTPE Macc ranakTukMm HadHeT obpasoBbIBATLCS
obnacTtb noBblweHHON nnotHoctn MIC - ToT cambin KBasap obpasyetcs. [Mpuuem
NNOTHOCTb GyAeT Tak MOBbILWATLCS, YTO M3 KBasapa aX AXeTbl ncxoauTb OyayT. A korga
NNOTHOCTb KBasapa ( oTHowweHue konudectBa MIC k o6bemy) NPEBLICUT KPUTUYECKOE
3HayeHune - NPoM3oNAET B3PbIB KBazapa M ONATb HAa4YHETCA obpasoBaHue ManakTuku.

BoT oHa - uuknunyeckas BEYHOCTb.
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Puc. 11

L{uknuyeckoe passumue eaniaKkmuku

W peanusyetcsa Teopua nynbcauumn: anaktmkm To pacwumpsaroTces (MHpnauus), To
cberatotca (aehnaumnsn) obpaTHO B Merassesay-npapoantensHuly (pucyHok 11).

4. rpaBMTaLWIﬂ, Macca u maccuma, norsne

4.1. NpaBuTauus

[paBuTauMOHHOE BO3OENCTBME, KaK OHA M3 XapaKTepUCTUK MartepuanbHoro agupa u
ero BO3AEWCTBMS Ha BCe MaTepuarnbHble OObEeKTbl,  OT MNPOTOHOB [0 ranakTuk
BKITIOMMTENBHO, OCYLLECTBNAETCS N0 OQHUM M TEM Xe 3akoHam. Ho odumumansHas gusmka,
He NpuHUMasa martepuarnbHbii 3cup, ANA MUKpOMUpa BBena Apyrne 3akoHbl M Ha3Bana
aT0 KBaHTOBas Teopus nong.

O6bpaTtute BHMMaHue. [paBuTaunMoOHHOE BO3AENCTBUE eCTb BCcerga v Besae, Kak Bbl
noHumaete. Ho B Mukpomupe - kak 6bl u HeTy. [lpaBga, CTpaHHO, C NO3MLMM
06bikHoBeHHON JIOTUKW. JTioboin kamMeHb COCTOUT M3 KaKOro-TO KONMYecTBa MUKPOMUpa, B
KOTOPOM HeTy rpaBuTaumn. A LIefIMKOM KaMeHb C ropbl NoAa AeWCTBMEM 3TOW rpaBuTaumm
KATUTCA.

MmaBHasi O0COBEHHOCTb Teopun B3PbLIBHOIO POXAEHUS MaTepuarnbHbiX 0ObekToB
3akn4aeTca B NpUYy4nMBOM  COYETaHMM  OTTankuBaHuUS (aHTUrpasutaumm) u
npuTsHkeHusa (rpasutauun). B 1917r. OMHWTENH Ha OCHOBE CBOUX YpaBHEHUW nons
pasBun npeacrtaBfieHne O rpaBuUTaumMm C NOCTOAHHOW BO BPEMEHU U NPOCTPaHCTBE

KPVBW3HO, BBEN KOCMONOMMYECKYK MOCTOsiHHYI0 A - busmdeckast NOCTOSIHHASA,
XapakrepuayoLias cBoncTBa Bakyyma. JTta pgobaBka  6bina npussaHa
NPOTMBOCTOATb rpaBMTaAUMOHHOMY  TATOTEHUO, M No3TomMy Obina  HaseaHa
3PPEKTOM aHTUrpaBUTaLNN.



Ho ecnu ucxogutb 13 TOro, 4TO rpaButauma — ecCctb CBOWCTBO mMartepuaribHoro
NnpocCTpaHCTBa, TO 3TO CBOMCTBO 6ECKOHEYHOro Konmuyectsa MaTtepun nepexogHoro

coctosiHua MIMCy ( cpegbl, MaTtepmanbHoOro adupa, orM3n4ecKoro Bakyyma), aTo ectb

Bosgenctene MIMCy Ha maTepuanbHble 0ObLEKTbl, M3 Hee obpas3oBaHHbIE U B HEN
Haxogsawmecs. Cunbl NPUTSXKEHUST U OTTanNKnBaHMA BCeX 0ObEKTOB. A BEKTOpHas cymMma
aTMX cun n ectb lpasutauus. N MOXHO 6e3 «aHTW...», KOTOPOE MHOIMMM O4YEHb He
HpaBuUTCS.

Bonbluasi 4acTb XU3HU DUHLWITENHA yLIa Ha NOMNbITKM 06beaANHEHNSA rPaBUTALUOHHOTO
N 3NeKTpoMarHUTHoro B3ammogencTeun. OH MOHMMAan, YTO OHM MOXOXK. HO nonbITKM
HaNTU reOMETPUYECKYIO XapaKTEePUCTUKY rpasBuTaumm, Kotopasd Morna Obl NposiBUTbL cebs
KakK arneKkTpuyecknin 3apsg, He yganucb. HO aTo OeNCTBUTENBbHO Tak, rpaBUTalMOHHOE U
3NEeKTPOMarHNTHOE Mons 3TO pasHble BUAbl BO3AENCTBUA MartepuanbHoro adupa, MIIC,
Ha martepuanbHble 00beKTbl. B3aumogencrame anekTpudeckmx 3apsgoB — 3TO CBOMCTBA
MaTepuanbHOro BeLLeCTBa, 9MNEeKTPOMarHUTHOE B3aUMOAEWCTBME Mexay sagpamu ur
9MNeKTpoHaMu B aToMax U Morekynax, Yepes matepuanbHbin acoup, MIMIC.

A B3anmogencTesne matepum nepexogHoro coctosiHust MIMNC nonoxuTensHoOn, HyneBomn
N OTpuUaTenbHON CTOPOH CUCTEMbI UBMEPEHNSA MaTEPUM C MaTepuanbHbIMn 0ObekTamu, B
Hen pacnofnoXeHHbIMW, 3TO CBOMCTBO MaTepuarnbHOro NPOCTPaHCTBa, rpaBUTALNOHHOE
B3aMMOJenNCTBME MaTtepumn pasHbiX popM CyLLECTBOBAHUS B CTPEMIIEHUM K YCTOMYMBOMY

(HyneBomy) ypoBHio nnioTHocTu MICy.

AT K BONpOCY «rpaBuTauusay npasunbHee OyaeT Tak xe, kak npuwen . HeloToH K
3akoHy BcemupHoro Tarotenus (3BT) — yepes BuaeHWe rennoueHTPUYeCcKon CUCTEMBbI.
PaccmoTpum rpaBuTauMoHHOE B3aMMOAENCTBME MaTepuarnbHblX OOBLEKTOB B Hallewn
ConHevHon cucteme. ACTPOHOMUYECKME WCCRedoBaHUS MPUBOAAT HAC K TOMY, 4TO
ConHeyHass 37O 3aKpbiTas cucTemMa — TepMoauHaMmyeckas cuctema, Kotopas MoXeT
obMeHMBaTLCA C OKpyXaloLlen cpegon 3Hepruen, Ho He BewecTBoM. W camu rpaHuubl
€CTb pe3ynbTaT ABWKEHNSA 3aKpbITOM CUCTEMbI B MatepuarnbHOM 3umpe ranakTuku.

Bca ConHeyHas cuctema, Kak 1 Apyre 3BesgHble cucTeMbl, obpasoBanacb u3

CrycTtka MICA NoBbILWEHHOM NAOTHOCTU B XO4e pasBUTUA ranaktukm, NnoO3TOMY AONA aToun
3aKprTOIz CUCTEMbI CpedHAA TJIOTHOCTb MaTtepuasibHOro 3(1)I/Ipa oTnn4yaeTca ot

MeXranaktnyeckon, obosHadeHHon Hamu kak MIMCo, BHyTpeHHAA obnacTb 3Be3abl, S4p0
ConHua, B 3aKpbITOM CUCTEME UrpaeT ponb YepHon Obipbl B ranaktuke, 3To obpasoBaHune

MeHbLLe cpeHen NNOTHOCTU MaTepuanbHoro acmpa 3sesgHon cuctemsl MMCA-n.

Mpn atom wuHOekcbl «Ay», «0» M «n» 30€eCb TOMbKO YCMNOBHble O0O603HA4YeHUs, WX
HeobXxo4MMO paccuMTbiBaTh ANS KOHKPETHbLIX YCIOBUA — LMK ranakTUKW, Ons 3Be3gHOM
CUCTEMbI, AN MaTepuanbHOro obObekTa «3Be3ga», Ans MaTepuarnbHoOro obbekTa

«nnaHetay». KoHCTaHTOM sBRsieTCA TONbKo «NNOTHOCTb MICo mMexranakrunuyeckoro
npocTpaHcTBa».

B npouecce obpasoBaHus BeLleCcTBa U3 MatepuanbHoOro acmpa, NoTHOCTbL MaTepumn
Nnepexo4HOro COCTOAHUS BOKPYr afieMeHTapHbIX YacTuy, BellecTBa yBenunyusaetcs. MIMNC
(cpepa, matepuanbHbii 3dup, pr3MyYecknin BakyyM) Kak Obl OTAroLaeTcs BeLleCTBOM.
O6pasoBaBLunmncs oobEKT (Hanpumep, 3emMnsa) nog BO34encTBUEM MatepuanbHoro acmpa
cTpemMuTcsa K o6bekTy MeHblen nnoTtHocTh ( Kk ConHuy). B ConHue MeHbWiA NpoueHT
BELeCcTBa, a B ero marepumn 6onblue ABMXEHUS, 3HAYUT SHEPTUK, 3HAYUT TemnepaTypbl —
OH 3aHuMMaeT 6onbwnin 06beEM M MMEET MEHbLUYH MNNOTHOCTb. MarepuanbHbli adump
cTankupaer 3TM O6bekTbl ANS BblpaBHMBAHWSA MMOTHOCTM MaTepuUn MNEepPexoLHOro
COCTOSIHUS 9TOrO YPOBHS.

[MnaHeTbl BpalaroTCcsa BOKPYr 3Be3abl, Kak Obl «NPUTArMBaIOTCA» €10, T.€. CTarkMBatoTCA
K Hen. Martepna nepexogHoro coctoaHna MIC (cpega, MarepuanbHbid - adup,
dM3nMYeckmin BakyyMm) CTanknBaeT MatepuarnbHbii OObEKT OonbLIen NNOTHOCTM (NNaHeTy)
K 06beKkTy MeHbLUen NAOoTHOCTK (3Be3ae). Ho nnaHeTbl Ha 3Be3ady He nagatoT, NOTOMY YTO



Haxo4ATCA BO B3aUMHOM [ABMXEHUM MO KPUBOSIMHEWHBIM TPaeKToOpUsiM, MpU KOTOPOM
BO3HMKAKOT LeHTpobexHble cunbl. Torga  cTankMBaHve MnriaHeTbl K 3Be3fge MOXHO
paccmatpuBatb Kak UeHTpocTpemuTenbHyto cuny.  COOTHOWeEHMe 3TUX Ccun , Ux
ypaBHOBELUMBaAHWE, onpefensieT paguycbl opouTt nnaHer.

Takas e cuTyaumsi 1 BO B3aMMOAENCTBUM MaHeT U UX CyTHUKOB, Hanpumep 3emnsg —
JlyHa, yepes maTepuanbHbIn aup.

Ho n Tanaktuku, coctosiwme u3d ckonneHun cryctkoB MIMCa (BbICOKOrO ypOBHS
NAOTHOCTN), CYLLECTBYIOT HE B MyCTOTE, a B MarepuasnbHOM nNpocTpaHcTee. [1pocTpaHCTBO
Xe, B YETbIPEXMEPHON CUCTEME U3MEPEHNIN, 3TO MaTepusi, ABMXKYLLASCS BO BPEMEHN —

MMCy. Kocmnuecknin (omsnyecknin) Bakyym He MOXKeT ObiTb MyCTOTOWM, OH 3arnosiHEH

MaTepuen nepexogHoro coctosHus MIMCo (cpena, matepuanbHbI adup, husndeckni
BaKyyM), BO30ENCTBME KOTOPOM N €CTb BCE BUAbl B3AUMOAENCTBUN U U3NYYEHUN.
Onpepnenexve.

MpaBuTauma — BoagencrTeme marepuansHoro acumpa (MIMNC) Ha maTepuanbHble 0ObEKTHI,
B HEM pacrnorfioXeHHble, B CTPEMIIEHM K BblpaBHUBaHMIO nnotHoctn MIMC go cpegHen B
AaHHOW 0bracty matepuarnbHOro NpocTpaHCcTBa.

N Torga MOXHO nepexoauTb K OOBACHEHWO COObITUIN, KOTOpble MNPOUCXOOAT
HenoHATHbIM obpasom. Hanpumep, vHepuouabl — YCTPOWCTBA, OABWXYLLUMECH 3a cyeT
BHYTpeHHMX cun. Kakmx cun? Wnu kakum o6pa3oM ApeBHME CTPOUTENU EermneTckmx
nMpamMmmng 1 OrpoOMHbIX XpaMOB Mepeasuranin MHOrOTOHHble KaMeHHble 6rnoku. lMonbiTkn
apXxeosioroB KataTb KaMHW MO MyCTblHE Ha canaskax M OpeBHax Kak-TO He ybexaator.
Buoumo kakum-to 06pasom MCNonb3oBanuncb rpaBUTaLMOHHbIE CWMbl, KOTOPblE €CTb U
NPUTSDKEHME W OTTankuBaHWe maTepuanbHbiX 06bekToB . MoTOMy 4TO rpaBuTaLMOHHOE
BO3QENCTBME W eCTb rpaBuTaLMOHHOE Mofle - CcTankmBaHue MarepuanbHbiM 3UPOM
MaTepuarnbHbiX OOBLEKTOB. YNpaBnATb HanpaBfleHWEM rpaBUTALMOHHOIO BO3OENCTBUSA,
ynpaBnATb rpaBUTaUMOHHBLIM MOfieM — 3TO U eCcTb HeBegoMble Ham cunbl. OTkyga vy
APEBHUX Ntoaen bbinn Takme 3HaHUS U YMEHUS — 3TO APYror BONPOC, U OH BOSTHYET YMbl...

4.2. Macca n maccuma

M3HauvanbHo noHaTne MACCA 6bino onpeaeneHo OT NaTUHCKOro crioBa massa
(rmbiba, KOM, KYCOK ) KaK KONMMYEeCTBEHHasi XapaKTepuCTUKa BeLLeCTBEHHOro Tena,
«konuyecTBo BellecTBa». ObpaTtute BHMMaHWE, HUKAKMX OCHOB (OU3NYECKOro CMbiCra B
onpegeneHnn MHepTHOM Macchbl HeT. [1pocTo, NOTAHYNM rPY3UK 3a BEPEBOYKY, U3MepUnu
YCKOpPEHME N HaTSXKEHNE BEPEBOYKN M BbIBENWN YOPMYNY, 1 fanu onpeaeneHne. A Bonpoc
MOYEMY ocTtancs B cTopoHe. Ml ganblie nnaBHO NepeLunv K rpaBMTaumMoHHON Macce.
3aech onpegeneHne 0OCHOBaHO Ha «MCTONKoBaHME». To eCTb, €CNM TONKOBaTb Tak,
TO BOT 9TO U NONy4nUTCA. A ecnim paccmaTpmBaTb MOHATUE «Macca», UCXoasa 13 CBOMCTB
MartepuanbHoro acgumpa? Macca maTepmanbHOro BeLWeCTBEHHOro Tena - aTo
B3aMmofencTemne "BHyTpeHHero" matepuansHoro acpmpa (MINC), ceazaHHoro ¢
aremMeHTapHbIMM YacTuLaMn BeLEeCTBa Tena, U «BHELLHEro» mMatepuanbHOro agmpa
(MIC), okpyxatowero Teno. Ecnn Teno nogsep)XeHo rpaBUTaLMOHHOMY BO3L4ENCTBUIO, TO
ato HAIPABJIEHHOE B3aumopencTteue, T.H. rpaBuTaLmMoHHasa macca. Ecnu teno
Haxo4UTCA U paccMmaTpuBaeTCs BHE rpaBMTaLMOHHOIO BO34encTsns, To ato HE
HAMNPABJIEHHOE B3aumogenicTBue, T.H. HepTHasa macca. o abcontoTHOM BENNYMHE, T.€.
6e3 yyeTa HanpaBneHnsa BO30enCcTBUA, 3T MaccChl NPakTUYEeCKM paBHbl. Hy TONMbKO YyTb-
YyTb OTNNYAOTCS... U3-3a NPOTUBOLAENCTBUSA OKpYXatoLlero matepuarnbHoro acpupa (MI1C)
HanpaBneHHoOMY B3anmogencTeuto. 3Haumt Macca — ato xapaktepuctuka BELLECTBA.
MprBEeaem cooTHoLWEHE 0ObEMOB BELLECTBEHHOIO TENa 1 CyMMbl aTOMOB 3TOro Tena.

Hanpumep, 3onoto 197Au.
BelectBeHHOEe Teno 3onota, maccoun 1rp.

MnotHocTb ero p = mM/V3 = 19621 Kkr/m>. (7)



3Haunt o6bem 1 rp. V3 = m/p =0,001/19621 = 5,097*10° wm>. (8)
O6bem aToma 30110Ta 13 cnpaBoyHuka : Va3 = 1,69*10%° M2, (9)
KonnuyecTtBo atomos 3onota B 1 rp. K = 3,003222*10%".

Ecnu no aTum gaHHbIM nocuntatb 06bem 1 rp. 3onoTa, TO NONy4YaeTcs:

V3" =K*Vas = 3,003222*10*' * 1,69*10%° =5,08*10° wm°. (10)

O6patute BHumaHune, V3 n V3" npaktuueckn cosnapator. Mbl, KOHEYHO, MOHUMAEM,

4YTO 3TO Kak Bbl camn cebe obpaTtHble pacyeTbl. VI HarnagHbIn BbiBOL kakon? OTcyTcTBME
MEXaTOMHOIO  paccTosHuA. Ho 4Tto 9TO 3HauMT? A STO 3HaYWUT, 4YTO aToMbl
B3aUMOZENCTBYHOT SMEKTPOHHbIMU Obnakamm, anekTpoHaMu HanpaBfeHHOro ABMXEHUA. A
YTO Takoe HanpaBfieHHOE ABWKEHNE 3NEKTPOHOB? OTO 3NEKTPUYECKUI TOK.
Ho koHdurypaumsa 3TOro 9SnekTpMYeckoro TOKa TakoBa, YTO [OBOPUTb MOXHO O
9NeKTPOMarHMTHOM B3auMMOAENCTBMM aTOMOB BellecTBa, kotopoe u ectb MACCA. Kakas
macca? lNpasunsHo, AJIEKTPOMAITHUTHAA MACCA. A gpyryto maccy Bbl Tam Buante?
MbI He BuanM.

OcHoBHas Macca no nNpeacTaBneHNsIM COBPEMEHHOW Hayku - 3TO Macca sigep atoMoB,
MU Macca HYKMOHOB. A KakK 3TO CBS3aHO C 3fIEKTPOMarHUTHOM Maccon B3anMOOencTBUS
SMNEKTPOHHbIX 0OnakoB atomoB? [la HET TakuMX YacTUYEeK ManeHbKUX - SMEeKTPOHOB. EcTb
BO3OEeNCTBME sAep aTtoOMOB Ha cpedy, MartepuanbHbii  agup. Takum  obpasom
3neKTpoOMarHMTHasi Macca - 3To B3auMOAENCTBME s4ep aTOMOB Yepes cpeay, Mexay HUMU
Haxogdawytocsa. Yem 6onbLue HyKNOHOB B iApe - TEM CUINTbHEE BO3OENCTBUE NX HA cpeqy...

A nocumtaem o6bem anemMeHTapHbIX YacTul Belectsa V3B — NpOTOHOB P,
HEeWTPOHOB N, anekTpoHos € — B 1 rp. 3onota 197Au.

B 1 atome vactvuuy K p(n,e) = 118n + 79p + 79e = 276 (11)

Atomos & 1 rp. K = 3,003222*10%

Ecnu cyntatb no max. T.H. «|<naccw-|eCKomy» pa3|v|epy dreMeHTapHbIX Yactuy, TO pa,u,vlyc

p, N, € npumepHo paseH R p(n,e) ~ 10" m

Toraa o6bem ogHOM YacTuLlbl

Vp(n,e) ~4/3 TIR*=4.189 R®~ 4*10™*° m® (12)

Oobem BeLleCTBEHHOIo Tera 1Fp. 30510Ta, KaK Mbl NOCHUTAaln paHee:

V3 =5.097*10%m°

Torga cymmapHbIn 06beM anemMeHTapHbIX YacTul, BewecTsa B 1 rp. 3o50T1a :

V3B =V p(n,e) *K p(n,e)*K = 4*10™* * 276 * 3.003222*10%" = 0.33*10%° (13)
Takmum obpasom, ecnv nocumMTaTb B NPOLEHTaX, TO CyMMapHbIi 06bem

anemMeHTapHbIX YacTul BelecTsa B 1 rp. 3onota 6,47*1 02 %,

W Torga BosHukatoT Bonpockl: A UTO OCTAJIbHOE B o6beme BeleCTBEHHOrO Tena
1 rp. 3onota ? YEM cBsi3aHbl aneMeHTapHble YacTuubl, 00pa3ys BellecTBeHHoe Teno ? U
o6pa3syeT nn maccy Tena Tonbko CyMMa Macc areMeHTapHbIX YacTul, ?



YTO sBmech ?2?

3IeKTpOHHHE
obnaka

Puc. 12
MexxamomHoe u 8HympuamoMHOe PoCcCmpaHcmMeo

A NOTOMY BO3HWKAET MbICIb: TO, YTO HAXOAMUTCH MeXAy aneMeHTapHbIMU YacTuuamu,
BHyTpeHHAs MIC, OBPAS3YET anekTpomarHMTHOe B3auMOAEWCTBME ITUX YacTul,
kotopoe n ectb nHeptHas MACCA BELWECTBEHHOIO TEJIA. B3anmogencteue 3Toun
CTPYKTYpPbl C OKpyXalwwWwum Teno marepuanbHbiM 3adgupom , BHewHen MIIC, ecTb
rpaBUTaLMOHHAsA Macca.

Onpepgenexwe.

Macca — xapakTepucTuKa BelLeCcTBa, B3anMoaenCcTBne aneMeHTapHbIX YacTul BeLecTsa
N CTPYKTYPHbIX 06pa3oBaHuin U3 HUX (aTOMOB, MOreKys) ¢ BHyTpeHHen MI1C, a yepes Hee
c BHewwHen MIIC.

Ho ecnu macca — 310 B3aMMOOEWCTBME 3feMEeHTapHbIX YacTul, BewecTBa C
MaTepuanbHbIM 3chmnpom, To rae nogobHasa xapakrepucTuka camoro acdmpa? K kotopomy
OHa OygeTr npuMeHMMa TOSMbKO KakK KONMMYECTBEHHAs XapakKTepucTuka, MOTOMY YTO
B3aMMOAENCTBOBATb OTAENbHO B3STbIN MaTtepuanbHbIi 3oMp MOXET TONbKO caMm C CoBon.
JTa xapakTepucTuka MarepuansHoro adpupa nogobHa «mMacce» BeLeCTBEHHOro Tena,
NnoaToMy norM4yHo ee HasBaTb Maccuma, a vmeda BBUAOY TO, YTO 3TO «KONMUYECTBEHHas
XapakTepucTuKa», NPUCBOUTL en NHOEKC «K» - MK.

W Torgaa BuaHa B3aMMOCBS3b MaTepuanbHOro adupa 1 Bellectsa.

1. MaTepmanbHoe Teno Kak BelleCTBEHHbIN 0ObeKT (BeLecTBO);

2. CocTaB 3T0ro MatepuasnbHoOro Tena — (atoMbl-MOreKyrnbl, 06pa3oBaHHbIE U3
mMaTepuansHoro agupa, MIC) + (BHyTpeHHAa MIC);

3. CymmapHoe konudectso MIC , Maccuma Mk aToro matepuaneHOro Tena, B npowecce
B3anmogenctausi, onpegenset MACCY atoro matepuanbHoro tena.

Onpepenexve.

Maccuma «Mk» — KOnNn4ecTBEHHaAs XapakTepucTnka matepuanbHOro acgupa.

AHeprua — Mk namepsiemoro o6bema B ABUKEHUN OTHOCUTENBHO N3MEPUTENS.

MK mnco — MMUpOBasi KOHCTaHTa, KONMYeCcTBO MaTepuanbHoro acgupa B eanHuLe oobema
MeXranakTM4eckoro NpoCcTpaHCTBa.

4.3. lNone

Bosgenctene martepmanbHoro adupa Ha MaTepuarnbHble Tena, B HeM
pacrnonoXeHHble, 310 N ecTb lone. Buabl BO3gencTBuin  pasHble, NO3TOMY U MNONs
pasHble:  ANeKTPOMarHWTHOe, TrpaBUTALUUOHHOE, CunbHOe WU crnaboe  sgepHoe
B3anMoeNCTBME, TaKk Has3blBaeMoe «TOPCUOHHOE Morey.

OnekTpoMarHMTHoe none - Bo3genctsme konebaHunm marepuanbHoro adumpa,
nepexon, yesenuyeHune nnotHoctn MIIC OTHOCUTESNBbHO T.H. "HyneBoro ypoBHSA".



Boapgencreme Ha NpueMHUK, HaNpPUMep: PeLenTopbl rMasHoro sbnoka, nnn oToaeTeKTop,
UM OTKIOHSAKLWME nnacTuHbl ocuunnorpadga. ®opma asmxeHne MIIC - konebaHus
NAOTHOCTU OTHOCUTENBHO YPOBHS UIM OCKM PaCnpOCTPaHEHUSA 3MNEKTPOMarHUTHOW BOJHbI
(OMB). 3nekTpuyeckasa coctasnsawwas E - aHeprusa, OBMXKEHME KaKoro-To KonudecTtsa
MMC (MkK) € KakOW-TO CKOPOCTbK  (TaHreHumanbHasi CKOpOoCTb). MarHuTHas

coctasnawwaa OMB H (marHutHaa npoHuuaemocTb ML ) - 3TO M eCcTb aHanorusa ¢
rPaBMTALVOHHBIM BO3OENCTBMEM — CTankuBaHue B 00MacTb MeEHbLUEN MIIOTHOCTH,
obpasyloenca Ha "HyneBoMm ypoBHE" Nod NyYHOCTSAMMU BOSHbI.

[paBuTaunoOHHOE rnore - cTankuBaHwe MarepuarnbHbIM 3(OUPOM MaTepuanbHbIX
obbekToB B 0obnacte MeHbluen nnotHoctu. Popma asmxeHna MIIC gns obpasoBaHus
obnactu MeHbLUen NNOTHOCTU - chepuyeckoe BpalleHne, byab TO B NpoToHe, Byab TO B
agpe nraHeTbl.

AHanorus. BelTankuaHve msuvMka M3 npyda BOAOW npyda B obnacTb MeHbLuen
NNOTHOCTU, B aTMOCQepy.
Onpepenexve.

NMone — pasnuyHble BMAblI B3aMMoOOenucTBust martepuanbHoro acpmpa MIC co Bcemu
BMAamMun obpasoBaHUn U3 3TOrO e MaTepuanbHOro acumpa.

5. NpaBUTUpPYOLWMKA MaTepuraribHbIU OO BLEKT

PaccmoTpeTb 9TU npouecchbl Mbl MOXEM Ha NMpuMepe CTpoeHus nnaHeTol 3emns. B
COBpPEMEHHOM npeacTaBneHnn 3emnsi — 3TO CrOXHbIA MHOIO CrioeBOW OOBLEKT, KOTOPbIN
n3yvyaeTcs pasfMyHbiMU reopusmyeckumm MeTogamMmm — CENCMUYECKUMU, MarHUTHbIMW,
rpaBUTaLNOHHBIMN.

Hanbonee pacnpoctpaHeHHass mogenb 3emnu — mogenb bynneHa. 3emHas kopa,
MaHTUs U 90p0, C NepexogHbIMU 30HaMU MeXOy HUMW, onpedeneHbl, OnsiTb Xe, Mo
aHanormn. Kak 6bl OTpaxanucb BOSfHbl OT 3HAKOMbIX HaM OOGBLEKTOB MarepuaribHOro
BELEeCTBa, Takne OObEeKTbl MaTepmarnibHOro BELLECTBa HaAxXoOATCA B CTPYKType MiaHeTbl.
A BbiBOAbI: AP0 3EMNN CHAPYXN — XUOKWA METanm, a BHyTPpU — TBEPAbIA METaN, TaKowm
XenesHbln LapuK paguycom Gonee 1000KkMm. Ewe 6onee cnoxHble
9KCMNepuMeHTarnbHble U TeopeTuyeckne uccrnenoBaHna B WHCTUTYTE OU3UKM BbICOKUX
AaBneHnn Poccunckon akagemuu Hayk nerfim B OCHOBY HOBOW runoTesbl. Agpo 3emnu
HaxoOAMTCA B COCTOSIHUM CUMbHO BSA3KOW XWOKOCTU. HO OTKyga B KOCMOCe B34fcs 3TOT
MeTannn4yecknii TBEpPAbIA WNN BA3KAWA LUAPUK U YTO TaM BHYTPU «OypnuT» nop 3eMHOn
Kopon?



MaTepuaneHiE oBTexT
naaHeTa 3EMIIA

SeHP
MaTepHsa DepeXomgHoro MarHM THES
cocrogHus (MIIC) JTHHMH
&7 __ MIIC
] cOaBJIMBAaAET
ob6EexT
JO0Po
peisirblor: Epalascs
MarmMa PACTAJKHBAET
MIOC

SeMHad Kopd

ATMOCEDS

Puc. 13
Cmpykmypa rnaHemsl 3eMsis U KOMbromepHasi MOOesb ee MacHUmocgepbl

A a0po 3emMnu — 3TO 1 eCTb CrycTOK MaTepuanbHoro admpa 6onee BbICOKOro ypOBHS

nnoTHoct « A» - MICA, KOTOpbI NOCTENeHHO NpeobpasyeTcs B afieMeHTapHble YacTuLlbl

mMaTepuanbHoro Bewecta. Cryctkm MIMCA BbICOKOro ypoBHS NSIOTHOCTW BfiM3KKM, B HALLEM
npeacraBneHnn, K nrasme, KBapK-rMOOHHOW B Teopum bonblioro B3pbiBa. [lpogykr

mMaTepuanbHo-3HepreTudecknx npoueccoB cryctka MIMCA Ha rpaHuue cpea S4po-MaHTus,
mMarmMa — pacnnaeneHHas macca, obpasywowascs B MybuHHbIX 30Hax 3emnu. [lpwu
BHEOPEHUM MarMbl B 3€MHYK0 KOPY WNU MNpU €€ U3NUSHUU Ha MOBEPXHOCTb 3emnu
dopMUPYIOTCA MarmaTudeckme ropHele nopodbl. [lpouecchbl B3avMOOEWCTBUS CrycTka

MICA, MaHTUM 1 3eMHOW KOpPbl HEOAHOPOAHbI, «Bypnawme» - N03TOMY B BbIXOAALLEN HA
NOBEPXHOCTb 3eMfn MarmMme NPUCYTCTBYIOT HE TOMbKO CUSMKATbl, HO U ApYrne KOMMOHEHTbI
MaTepuanbHOro BellecTBa, B TOM 4uCne U noresHble UCKornaemble - anmMasbl, 3051070,
nnaTuHa, >Xereso... U HedTb, 3anacbl KOTOPOW B MCMNOMb30BaHHbIX MECTOPOXOEHUSX
CTpaHHbIM 06pa3oM NOMOMHSATCS.

B agope 3emnu, B cryctke MIMCa , nnOTHOCTb MaTepumn KonebneTcss OTHOCUTENBHO
YpOBHA «A» — BOT OHa, Bbicokas Temnepartypa. Konebnetcs no cuHycomaanbHOMy

3aKOHY, Kak B akcnepumeHTax y ®ypbe nony4dunocsk. MIMNCaA aapa 3emnu HeogHopoaHa no
NNOTHOCTU. M3-3a LEeHTPOBEXHBLIX CUS, BO3HUKAKOLWMX NPU BpaleHUs 3emMriv, HapyXHbIn
CNoON B 30HE COMPUKOCHOBEHUS C MaHTMEN MMeeT 0Oonee BbICOKYK MNMOTHOCTb. A
BHYTPEHHAA 0bnactb sapa UMeEET HU3KYI MIIOTHOCTb, MMEHHO B 3Ty 00nacTb HanpasreH
BEKTOpP [paBUTAUMOHHOM CuUMbl — CTankuBaHWe Cpeaon OgHOPOAHbIX obnacren
[MpocTpaHcTBa B 0611aCTb MEHbLLEN NSIOTHOCTW.



1 agpo 3emMnun
MMC 4.,

Puc. 14
PacnipedeneHue nnomHocmu mMmamepuasbHo20 aghupa 8 s0pe rnnaHemsl

HapyxHbin cnon sgpa 3emnu MIMNCa no dusnyecknm cBOWCTBaAM WOEHTUYEH
naeanbHOM XWOKOCTW, WU Ha rpaHuue cpen «sapo-MaHTUs1» BO3HWKAET MOBEPXHOCTHOE
HaTsHKeHne — TepMoAMHaMMYECKasl XapaKTepucTMka MOBEPXHOCTM pasgena  aByX
HaxoOsLKnXcss B paBHoBecuu dpa3. A TepmoamHamumyeckas dasa 9T0 ogHopoAdHas rno
COCTaBy W CBOMCTBaM YacCTb CUCTEMbl, OTAerneHHas OT Apyrux a3 MoBEepXHOCTSAMMU
pasgena, Ha KOTOPbIX CKa4YKOM M3MEHSIKOTCS HEKOTOPbLIE CBOMCTBA CUCTEMBI.

OTN paccyXaeHnss 0 NOHMXEHHOM MNMOTHOCTU siapa 3eMnu Takum xe obpasom
NPUMEHMMBbI K Brivkanwemy KocMmyeckomy obbekTy, cnyTHUKY JlyHa. PacuyeTbl cpegHen

nnoTtHocTU JlyHbl - 3346,4 kr/ m> , pacyeTbl cpegHen nnotHoctn 3emnun — 5518 kr/ M2,
AnutenbHble BuMBpauMM  NYHHOW MNOBEPXHOCTW, OOHApPYXEHHble W  U3MEpPEeHHble
acTpoHaBTaMm KOCMUYECKMX annapatoB AnonnoH -12 n Anonnox -13. U apyrne nogobHbie
AaHHblEe MO CNYTHUKY NnaHeTbl 3emMns y MHOrMx HabniogaTtenen Bbl3blBalOT MbICIN O TOM,
yTo JlyHa nmeet Heobbl4anHO nerkoe sApo Uy Boobue nyctas BHyTpW. [1la, OHa BHYTpM
nyctasi. B Tom cmbicne, 4to aapo JlyHel He cogepxuT BELWWECTBA. A T0O,4TO 3TN aBNEHus
oTyeTnMBee BUOHbI — W3-32 TOrO, YTO pasmepbl CMyTHUKA HAMHOIMO MeHbLUEe pa3mMepoB
3emnun. N paxe ecnn atn o6beKTbI 06pa3oBanmcb B OAHO BPEMSI, TO 3BOMOLMOHHBIN NyTb
MeHblLee maTepuanbHoe obpasoBaHue JlyHa npowno ObicTpee 3emnu, OHO yXe Ha
Apyron ctaguu.
TeopeTnyeckme pacyeTbl rpaBUTaLMOHHOIO B3aMMOOENCTBMS BO MHOTOM ONMUparoTcs
Ha Hanuune [PABUTALUMNOHHBIX BOJIH — BO3MyLLUEHWA TpaBUTALMOHHOIO Mon4,
konebaHumn NPOCTpPaHCTBa-BPEMEHN, pacrnpoCTpaHALLMXCA co CKOPOCTbHO
9NEKTPOMarHUTHbIX BOSIH, CO CKOpOCTbio cBeTa «C». Takme pacdeTbi-npeackasaHns
cywectByloT n B Teopumn oTHocutensHoctn (OTO) m BO MHOMMX OpYyrux Teopusix
rpaBuTauuun. XoTs aKCnepuMeHTanbHbIX AaHHbIX 00 MX OBHapyXeHUW MOKa HET, CCbIKM
naoyT TONbKO Ha KocBeHHble cBuaetensctBa. CornacHo OTO M ypaBHEHUW BOSIHOBOIO
TMNa, YpaBHEHMA OWHLWTENHA, TrpaBUTALMOHHAA BOMHA SBNSIETCA MOMNEPEYHON W
OonucbIBaeTCa ABYMsI KOMMOHEHTaMU. Tak e, Kak U anekTpoMarHutHas BonHa. M cornacHo
3TUX MONOXEHWUI KaxObl MaTepuarnbHblil OObEKT, OBMXYLUMNCS YCKOPEHHO, WU3nyyaeT
rpaBUTaLMOHHbIE BOSIHBbI.
Takne TeopeTnyeckme mMaTemaTuyeckme pacyeTbl Ccpasy HaTankMeBawTCa Ha
PU3NYECKYIO FOrMMKY: KakK MOryT BOfHbl, W3My4Yaemble rPaBUTUPYIOLLMM OOBEKTOM,
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NMPUTATMBATDb gpyrvue martepuanbHbie 00beKkTbl ? UTO 3HaAUMT pmamyeckn «kornebaHus
npoctpaHcTBa-BpeMmeHny, UTO KOJIEBJIETCA? Ecnu xe roBopuTb O BO3O0eUCTBUU
mMaTtepuanbHoOro admpa Ha MarepuarnbHble OOBLEKTbl, TO FOrMYecku BMOMHE MOXHO
NpeacTaBuTb — Ha O0ObekTbl 6oMnbLOW Macchbl Takoe CUMbHOe BO3OEeUCTBUE, 4TO
MaTepuanbHbIn AUP «OPOXKUT OT HanpsbkeHus». Ho Ttorga mn rpaBUTauUMOHHbIE BOSHbI
OyoyT HanpaBneHbl K LEHTPY rpaBuTupyloero obbekra, Kak nokasaHo Ha pucyHke 14. U
YaCTOTHbIN AnanasoH Takux KonebaHui ByoeTr HaxO4UTCH B CaMblX BbICOKUX 3HAYEHUSX,
TaKk HasblBaeMbll rmnepramma gumanasoH — 3x10%* 'y u Bbiwe . Ons obHapyxeHus n
N3MepPEHNA KOTOPOro Noka HET TEXHUYECKUX CPEACTB U BO3MOXHOCTEN.

MNpasntupyrowmin 06vekT (MMNCo-n)

HanpaeneHne

pacnpocTpaHeHWA
s BOJIH

Cdrepnieckme anekKrpoMarH1UTHEI
rPaBUTaLMOHHBIE BOMHbI

O61BbekT rpaBUTALMOHHOIO
BO3AEeMCTEMA

Puc. 15
BornHbl epasumayuoHHO20 8030elicmeausi

6. CBeT KaK aneKkTpomarHuTHas BoJsiHa

6.1. QHeprust aNekTpoMarHUTHOW BOSHbI

N3mepsaa xapakTepuCTUKU  3NEKTPOMArHUTHOrO Mosnsi, Mbl  U3MepsieM
9MNeKTPOMarHMTHoOe BO3OENCTBME Ha YacTuLbl, UMEeKLne 3neKTpudeckun 3apsag  (unu
MarHuTHbIM ~ MOMEHT).  3HauuT 9TO  XapakTepucTuka  Bewectsa. A cBeT,
pPacnpoCTPaHALWMIACA B KKOCMUYECKOM BaKyyMe», rge HeT BellectBa? 370 konebaHus
yero? [ns Bakyyma, rae 3apsKeHHbIX 4YacTuu Kak Obl HeT, anekTpudeckass 1 MarHUTHas
nHaykuma no  MakcBenny paccuMTbiBaeTCa Yepe3  INEKTPUYECKYD W MarHUTHYH
NOCTOSAHHbIE. M TakMm 0B6pa3oM CBET B BaKyyMe XapaKTepuayeTcs Kak afieKTpoMarHMuTHas
BOJSHA.

OpHako, nocne passutus CneumnanbHon Teopum oTHocutenbHocTn (CTO) B
PU3NYEeCKMX CrnoBapsiXx KBaHT cBeTa (POTOH NPeacTaBnAafnCa Kak YacTuua B ABUKEHUM,
NMOTOMY YTO Ha MecTe ee Macca paBHa «Hyno». Monyyaetcs, 4TO B (DOTOHE HUYEro HeET,
€CTb TONbKO XapaKTepUCTUKM TOro, Yero HeT. I Hangmte pusmyeckyto noruky B nepeHoce
3HEPrun Tem, Yero Her.

OT panbHUX 3Be3[ Aanekux ranakTukK CBeT NPUXOAUT K HaM. OTO BOBCE HE 3HAYUT,
4YTO Ta Aanekas 3sesga MnocblinaeT K HaMm, 3a COTHU MUSISIMOHOB CBETOBbLIX J1ET, YacTuLbl-
GOTOHbI. POTOH — 3TO KBAHT AencTBmA. OBLLENPUHATO, YTO KBAHT AENCTBUS —
3TO NocTosiHHasA NMnaHka. KeaHT — 310 nopums YEMO-TO; peunctBusa — nopums YEIO-
TO yTOo-TO penaer.




OHeprusa oToHa n3MepsieTcs Yepes NocTosiHHY lNnaHka: E=h/2now, (14)

lpe: h - nocrosHHas MnaHka; () — yrnoeas 4acToTa.

MoctosHHasa lNnaHka h BbipaxeHa B eavHuuax [Ox*c. Ho [xoynb (Ox) ato eguHuua
aHeprumn, 1 Ox = 1 kr*m2/c? , @ MO OWHWTENHY 3Heprua E = mc?. Takum o6pasom,
nosyvyaetcs, 4to [lnaHK oO4YeHb YMHO paccyuTan Koa(UUMEHT, KaK YyCpeaHeHHoe
3HadYeHne maccol kBaHTa (pOoToHa) B eguHuLy BpeMeHn. Ho boToH — 3To He BeLecTBo, a
MartepuarnbeHbli acup, NO3ITOMy N «Mmacca» gna Hero — ato Maccuma Mk. [lonydvaetcs,
YTO KBaAHT - 9TO MMHMMarbHas nopuus matepuun (konmyectso, MK), KOTOPOM Mbl MOXEM
onepupoBaTb B pacyeTax SIBMeHUn Mukpomupa. HO Mbl, noyemy-To, Tenepb «maccy»
doTtoHa He 3ameHunun Ha Mk, a BbIGpocMIM M3 NamMATU U YBEPEHHO NOMNb3yeMcs
NOCTOAHHbLIM KO3dppuumeHTom lMNnaHka. Mos, POTOH «MaccCbl» HE UMEET, MaTepuanbHOro
apupa HeT, cMOTpK B hopMyrly: BOT Xe HannucaHo «h» , a He «my.

«ObesnuumBaHne aHeprum», OTOpPBaB ee OT MaTepum U MatepuanbHoOro Tena,
NPOU30LLNO M3-3a OTPULAHUS HanM4YMa mMaTepuanbHOro adupa, 3aMeHy KOTOPOMY Hayka
NblTaeTCA HaNWTU B KBAHTOBOW Teopun. A eCnu MPUMEHUTb 3TO MOHATUE K MUKPOMUPY
aNeMeHTapHbIX YacTul, TO 3TO U eCTb ABWXEHWe Konuyectsa marepuansHoro acupa. U
Torga nosiydaercsl, YTO B AaHHOM criydae noctosiHHasa [lnaHka, ato Maccuma — Mk
ABmXyLlerocst kBaHTa (nopumm, gotoHa)? konebaHun MIMC B anekTpOMarHUTHOM BOJSHE
noboro, B TOM 4Yncrie oNnTMYECKoro, AmanasoHa.

Tak kak (POoTOH ecTb konebanuma nnotHocTn MICo (cpenbl, maTtepuanbHoOro adgupa,
M3MYecKoro Bakyyma) C HyneBOW MacCOM MOKOs, TO 3TO XapaKkTepucTuka konebaHun
(aBWXeHMsa) matepun. Y Hero, AeNCTBUTENbHO, B CPeAHEM, HyreBas Macca MOoKos — Kak
CyMMa MOMOXUTENbHON N OTpULaTEeNbHOM NOSTyBOMH  KonebaHuM  OTHOCUTENbHO  Hyn4,
MHa4ye Yy Hero He ObiNo Obl 3Heprum E = mc? npu m = 0. A Hynb, KaKk npeacrasneHo

B 2.1.1., 9TO cpeaHsaAsa NNOTHOCTb MaTtepun nepexogHoro coctosiHua MICo, 3TO onATb Xe

He maTtemaTtundeckum «0», 3T0 MKmnco B eavHuue obbema. 3gecb mMacca m - 3TO
XapakTepuctMka Tena, BellecTBeHHoro Tena. K KOTopon npuwnm oOT B3BELUMBAHUS
Beca Tena.

Ay anekTpoMarHuTHoro nanyyenus (OMW) aHeprusa ectb? ECTb ! A maccel HocuTens
- HET. 3naunt ana OMW B 3HameHunTOon dhopmyne ykasaHa He MACCA TEJA, a gpyras
Xapaktepuctmka. MIMEeHHO OHa eCcTb KONMMYECTBEHHAs XapakKTepuUCTUKa maTepuanbHOro
acpmpa MACCUMA Mk. U toraa aHeprua SMU Gyget BbirnageTb Tak:

E=Mkmnco*C? (16)
3HauuT oTCloga MOXHO paccyuTaTb KOSIMYECTBEHHYK XapaKTEPUCTMKY MaTepuaribHOro
acupa: Mkmnco=E/C? ; (17)
N CpedHio (HyneByk) NIOTHOCTb P maTepuanbHOro adupa, Kak Konm4ecTso B €AuHuLE
obbvema V: Pmnco = Mkmnco / V (18)

6.2. POTOH KaK rnonysosiHa

To, 4TO Mbl BUOMM B O4HOW C HAMW, B NOMOXNTENbHOW OTHOCUTESTIbHO HAc CTOPOHE
CUCTEeMbl U3MEPEHNA MaTepUn, BbIMMAOUT KaK YacTuubl, KOPMyCKyrnbl, MocregoBaTenbHO
noasnsowmMecs , Kkak 6ol netawme. Ho Begyt ceba u Kak BOMHa, BOT OTKyga B3dAncs
KOpMYCKYNAPHO-BOITHOBOM Ayarn3Mm.
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Puc. 16
lMonyeonHbl konebaHut nnomHocmu MINC omHocumenbHO «Hyr1e8oao» ypPOoB8HSs

Ha npencTtaBneHHom rpaduke cpes npocTpaHcTBa Mo ocam X Z, orubarolias

nokasbiBaeT konedbanus nnotHoct oT MMCo 10 MMCo+n. 37O HE 3HA4YUT, 4YTO MNopg
ormbatoLlen NOBbLILWEHHON MNMIOTHOCTU (BHYTPUM «(OTOHa») - MycToTa, TaM NfOTHOCTb
MaTepun HWXe, YeM B MYYHOCTAX BOMHbI. Ecnu Tak noHMmartb «dOTOH», TO 3TO U €CTb
mMogens POTOHHOro rasa bose — JMHWTENHA, rge drNeKTPoOMarHUTHoOe N3nyyYeHne BHYTpU
HEeKOToporo o6bEMa MOXHO paccMaTpuBaTb Kak uaearnbHbl ras, COCTOAWMA 13
COBOKYMHOCTN POTOHOB, NMPaKTUYECKN HE B3aUMOLENCTBYIOLLNX APYr C APYrOM.

BonHa konebaHun cdepuyeckasi, CBET  pacnpoCTpaHAEeTCss OT  UCTOYHMKA
paBHOMEPHO BO BCe CTOPOHbI (pucyHok 17). o cBeTy oT 3Be3nbl B 1728 1. y bpeanu,
n3MepsiBLUEro napannakc, nonydunacb abeppauust (yknoHeHue), 3Be3ga kKak Obl
ONUCbLIBAET 3NNUNC B TeYeHne roga. M nHtepnpetMpoBan OH 3TO KaK pe3ynbrar CroXeHUs
CKOPOCTM CBETa CO CKOpPOCTbl nepemelleHns 3emnu no opbute. Ho ecnu ceet
pacnpocTpaHseTca Kak cpepuyeckasi BOrHa, TO Nony4aeTcs, YTo U3 pasHbIX TOYEK OpOUThI
3eMnu B TedyeHue rogda yribl BU3MPOBAHUS UCTOYHMKA (3Be3[bl) pasHble - «KaXyLimecs»
CMeLLeHuns 3Be3abl. A Ha caMOM [erne HUKTO HUKYOa He CMEeCTUICH, HUKaKOW Nny4Y HUKyaa
He nckpmsunics. NMoToMy 4TO Nyd, Kak TPaKTYOT CNPaBOYHUKN, 3TO YCNOBHAs NUHNS, BOOSb
KOTOPOW pacnpoCTpaHAETCA SHePrus N3ny4eHns B NPUBIMKEHNN reoMeTpuyYecKon ONTUKMN.
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Puc. 17
lMapannakc No omHoWeHUr K cghepuyeckoll ceemoesoli 80/THE

Ho B mapannakc BMeLUMBAETCA €elle OAHO, Kaxylleecs, MU3AMEHEHWE HanpaBeHus
CBETOBOIrO roToka OT 3Be3dbl. M 3TO ecTb npenomneHve cBeTa — U3MEHEHWe
HanpaBrneHuss pPacnpoCTPaHEHUs1 CBETOBOW BOSHbI, flyya, Mpu MPOXOXAEHUU Yepes
rpaHvUy pasgena AByX Mpo3payHbix cped. 3eMnsi B npouecce BpalleHMsi BOKPYr OCU U

ABWXKEeHUs no opbute ns okpyxatowen ee MIMNCo cpegHen NAOTHOCTU dOPMUPYET BOKPYT

cebss obnacte maTtepumn nnotHoctu Bbiwe cpegHen MIMCo+n. BoT oHa rpanuua cpeg

(pucyHok 18), oTcioga npenomneHuve, otcioga abeppauusi, NUHUS nyda U3MeHuna
HanpasneHue.
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Puc. 18
Abeppayusi o omHoweHUro K cghepudeckol ceemogol 8071He

Takum obpasom, cBeToBasi BOfMIHA OT WCTOMHMKA Ao nwboro Habnwopgatens
(npnemHuka), rge 6bl OH HM HaxoAWNCsl NO OTHOLLEHWMIO K UCTOYHMKY, OyaeT paBHOMEPHO

pacnpocTpaHATbCs Kak konebanuna nnotHoctu MIMCo , kak nopumm ABMXKYLLENCA nonepek
OCW pacrnpoCTpaHeHns MaTtepumn, Kak KBaHT.

PaccmaTpuBasi cBeT C NO3nuuKn KOpPMyCcKynsapHO-BONIHOBOIO Ayanuama, Kak noToK
KOpnycKyn-¢poTOHOB, B Hayke ohopMuioch 1 npeactasneHne ob UCKpMBEHUM CBETOBOMO
nyya BOnu3m rpasutupyowero obbekta. Kak MCKpuBreHue notoka 4Yactuy ot
rpaBUTALMOHHOIO BO3AENCTBUS HA HUX.

A ecnu paccMmaTtpuBaTb CBETOHECYLLYH Cpedy, KakK CIIOWHYH HenpepbiBHYO
cybecTaHumio, kak matepuanbHbin acpup MIMNC. 310 nogobue nMH3 co3gaoT maTepuarbHble
00bekTbl M3 3TOM Xe cybcTaHuMm maTepuanbHoro adupa B BuAe MarHutocdep,
obpasoBaHui nosbiweHHoW nnotHoctu MIC. U nepexoabl pasHOM MAOTHOCTU €CTb
rpaHvua cpen Ans CBETOBOW BOSIHbI, €CTb NpenomneHue BOmHbl. W ucKpuBneHue
CBETOBOIO flyda eCTb U3MEHEHME NONOXEHUST HOpManu K chepudeckoMy OPOHTY BOSHbI.
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Puc. 19
BonHosas npupoOa UCKpuserieHuUs ¢eermoesoeco Jiyya.

W Torga y nHtepecyrowerocst 06y4aeMoro BO3HUKaT BONPOCHI:
YTO Takoe OJrfeKTpMyeckoe W  MarHuTtHoe nons, CylecTByluime BMecTe U
B3aMMOCBSI3aHHble ? OTO, BMAWMO, XapakTEPUCTUKM 4Yero-to. M kak MoxHO 3To cebe
npeactaButb  6e3  Hanuunsa matepuanbHoro adupa ? A ecnu  npeacTaBnsTb
MaTepuanbHbIn 3hup, TO NONS — 3TO XapakTEPUCTUKN COBObITUIA B 3TOM MaTepuanbHOM
adupe , onpeneneHuve cm. 2.4.3.

6.3. SﬂeKTpOMaFHVITHaFl BOJSIHA B MNOSIHOMN CUCTEME KoopanHat

Ha pucyHke 20 nokasaHa CBSA3b XapaKTepPUCTUK INEKTPOMarHUTHOW BOMHblI E n H |
OHM SIBMIAKOTCS HE NMPUYMHON, a crieacTenem konebaHu matepuansHoro acmpa MIIC.
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Puc. 20
AnekmpomazHUmMHasi 80/IHa U €€ C853b C A/IeKmpuYecKol U MazHUMmMHouU
Xapakmepucmukamu
N 3gecb kak pa3 BO3HWKAET NpeacTaBrleHMe O MarHUTHOM MPOHULAEMOCTM, Kak

BO3HMKHOBEHMM obrnacten B [1pocTpaHCTBE C MOHMXKEHHON NNOTHOCTbIO cpeabl MIMCo.n. B
3Ty obnacTtb Kak 6bl 3aTArMBaOTCA COM3MEpPUMbIE MaTepuanbHble 0ObEKTLI (OHM Tyda Kak
Obl "npoHukatoT"). BOoT OHW, MarHUTHbIE cunbl. I HanpaBneHne y HUX nepneHaukynsapHoe
9HepreTMyeckonm cocTaBngawowen konebaHwn, K TOMY Xe WCKpMBrsioLWeeca B
[MpocTpaHcTBE - MOTOMY YTO BOSIHA OT UCTOYHMKA cdhepudeckas.

A ecnu npegctaButb cebe 3t KonebaHnst B NOMHON CUCTEMbI UBMEPEHUS MATEPUN,
«+» N «=», TO BOT OHa CBETOBas BOSIHA Kak KoriebaHus nnoTHOCTM MaTtepun NepexogHoro

coctosiHua MICo OTHOCUTENbHO HYNEBOrO YPOBHA MO OCUM pacnpocTpaHeHud. «Macca
dOTOHa» — 3TO KONMMYEecTBO MarepuanbHoro admpa Mk, ouvepyeHHoe orubatoLlen
konebaHua nnoTtHocTn. AMNNuTyda KonebaHus — 3TO YpPOBEHb 3HEPrMM «OTOHa».
OHeprust ecTb XapakTepucTMka ABMXEHMS maTtepun. Yem Bbie amnnutyga konebaHus,
TeM Oonblle TaHreHumanbHas CKOPOCTb MEPEMELLEHUS B HEM Martepuu, Tem GonbLuni
00beM OH 3aHMMAaET, TEM sipye CBET.

B TOoM, 4TO 3nekTpoMarHUTHasa BOfHa, 3TO NonepevHasi BOfHa, B Hayke COMHEHUN
NpakTU4eckn HeT. A nomnepedHble 3TO BOMHbI, konebaHus KOTOpPbIX MPOMCXOOAT B
NMOCKOCTN, NEPNEHANKYNSPHOM HanpaBneHU pacnpocTpaHeHns BONH M 6e3 nepeHoca
HOCUTENsl N0 OCW pacnpocTpaHeHus. U TyT, ons noHMMaHus cyTn matepuanbHoro agupa,
BCTAET CaMbli BaXHbI BOMPOC: Kak 310 npoucxoanT? [nsa cywecTBOBaHUS TakMX BOJSH
Hy>XHa NnMBO XXecTkasi Kpuctannumyeckas pelueTka, nnbo rpaHuua cpeq. Hu 1o, HM gpyroe
Ha NyTWM pacnpocTpaHeHns CBETOBOW BOMHbI He Habniogaetcsa. W 3pecb, Bo3BpaLLasChb K
Hayany MOBEeCTBOBAaHUS O CUCTEME WU3MEPEHUA MaTepuu, BCNOMUHAEM «(PU3NYECKUI
HYMb», WAN «HYNEBOW YPOBEHb», WU «YPOBEHb CPEAHEN MNSIOTHOCTUY» - UMEHHO OH
obecneymBalOT BO3HUKHOBEHME MOMNEPEYHON SNEKTPOMArHMTHOM BOJTHbI.
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Puc. 21
Ceemoesasi 80s1Ha 8 ros1Hou cucmeme KoopouHam

MaTepuarnbHo-aHepreTudeckne npoLecchl B UCTOYHUKE BO3aencTBytoT Ha MICy

oKkpyxawwen cpegpl, okasbiBaloT Ha MIMCo paeneHne kak 6bl u3BHe. W Torga
cobnogaetca npuHuun Jle LWatenbe — bpayHa (1884 ) : ecnu Ha cuctemy,
Haxo4sLYy0Cs B paBHOBECKMW, BO3OENCTBOBATb U3BHE, N3MEHSS Kakoe-HNOyab 13 yCrioBui
(TemnepaTtypa, OaBneHue, KOHUEHTpauums), TO paBHOBECUE CMeLLlaeTcs TakuMm obpasom,
YTOObI YMEHBLUNTL U3BMEHEHME.

Bo Bcex peakumssix C y4dacTMem rasoobpasHbiX BELLECTB, COMPOBOXOAKLLNXCS
nameHeHnem obbema 3a CYeT M3MEHEHUs KONMMYEeCTBa BELLECTBA MNpu nepexoge oT
MCXOOHbIX BELWECTB K MNpoaykTam, Ha MNOMNOXeHWe paBHOBECUS BNUSAET [OaBreHWe B
cucteme. TONbKO B 9reKTpPOMarHUTHOW BOSHE e€lle He BelecTBO, 34eCb (huanmyeckme
CBOWCTBA MaTeEPUN, NOEHTUYHbIE ONMUCAHHbLIM.

BnusiHne paBneHus Ha NonoXXeHne paBHOBECUSA NOAYNHAETCA Crieayowmm npasunam:
- NPV MNOBbLILWEHNUN OaBMEHUs pPaBHOBECWE CABWUraeTCcA B HanpaeBrneHun obpasoBaHus
BELLECTB (MCXOOHbIX UM NPOAYKTOB) C MEHbLLUMM 00BbEMOM;
- NPV MNOHWXEHUN OaBMNeHUs paBHOBECME CABWUrAaeTcs B HanpasneHun o0pa3oBaHus
BeLlecTB ¢ 6onbLIMM 0O BbEMOM.
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Puc. 22
06p83088HU6 8MOPUYHbIX 80JIH ripu CCbe,OULIeCKOM pacripocmpaHeHuu

XpuctmaH [lonreHc, coBpeMeHHUK HbloToHa, Obim aBTOPOM U aKTUBHbLIM
3aWMTHMKOM BOSTHOBOW Teopum ceeTa. OH chopMynupoBan NpUHLMN (4TO Tenepb HOCUT
€ro WUMsl), KOTOpbIA OMNUCbIBAET pacnpoCTpaHEHME BOMIH KakK WHTepdepeHUunto
BTOPOCTEMEHHbIX 3fIEMEHTAapPHbIX BOSIH, BO3HUKAKOLWINX W3 TOYEYHbIX WCTOYHUKOB B
BOSTHOBOM (PpOHTE.

CornacHo npuHumMny lNonreHca Kaxxgasa Tovka cpefbl, 4O KOTOPOW AOLUMO0 BO3MYLLEHME,
cama CTaHOBUTCA WCTOMHUMKOM BTOPWYHbIX BOMH. [ns Toro 4TtoObl, 3Hasi MONoXeHue

BOJTHOBOM noBepxHOCTM B MOMEHT BpeMEHN t, HanWTU ee noroxeHue B Cﬂeﬂ,yPOU.lMVI

MOMEHT BpeMEeHU t+At, HY)XXHO KaXKOyt0 TOYKY BOSTHOBOM MOBEPXHOCTU paccMaTtpuBaTb
KaK MCTOYHMK BTOPWUYHBIX BOSH, KaK TOYKY CaMoBO30yXAEHWSA BOMHbIl. [1OBEPXHOCTb,
KacaTenbHas KO BCEM BTOPUYHBIM BOSIHAM, NpeacTaBnsdeT cobon BOSTHOBYK MOBEPXHOCTb
B CreayloLwmnin MOMEHT BPEMEHN. JTOT MPUHLUMMN NPUCYTCTBYET BO MHOMMX MOCNEaYLNX
TeopeTUYECKUX W NPaKTUYECKNX UCCreaoBaHUSX.

®peHenb , 06beanHUN npuHUMn lNonreHca ¢ ngeen MHTepdEepPEHLNN BTOPUYHbBIX
BonH. CornacHo mnaee ®dpeHens gos1HOBas Mo8epPXHOCMb 8 bol MOMEeHmM epeMeHU
npedcmasrnisiem cobol He rnpocmo oaubaruwyto 8MOPUYHbLIX B0JIH, @ pe3yribmam ux
UHmepgepeHyuu (npuHyun lNodzeHca — ®peHerisi).

B Haw rnas He BneTalT (POTOHLI OT Aanekux 3Be3d UM OT namnoyku. Haw rnas
pearnpyeT Ha koriebaHusi NNOTHOCTM MaTepuanbHoro acupa, MIMNC. Takum obpasom, y Hac
€CTb M MHCTPYMEHT, (OUKCUPYIOLLMIA U MU3MEPAOLWNA KonebaHna matepun nepexonHoro
cocTosiHusA — ato [T1A3. NMpocTo Mbl NOKa He 3HaeM, kak OH paboTtaeT. Kak rnas ycTpoeH,
MeOuUMHa 3HaeT OO0 MENoyen, HO BOT Kak Mbl BUAUM, @ BCE YTO Mbl BUOMM 3TO CBET,
COBEPLUEHHO HEMOHSATHO.

6.4. CkopocTb cBeTa

B HacToslLLiee BpeMs cUMTaeTCs, YTO CKOPOCTb CBeTa B BakyyMme, (pyHAamMeHTanbHas
domsnyeckada noctodHHas «C» pasHaga 299 792 458 m/c, ToyHOe 3Ha4YeHue CBA3aHO C TEM,



yto ¢ 1983 roga 3a aTtanoH mMeTpa MPUHATO pPacCTOAHWE, KOTOpOe MNpoXoauT CBET B
BakyyMe 3a NPOMEXYTOK BpeMeHu, paBHbin 1 / 299 792 458 cekyHabl. [Ana pelweHus
NPOCTbIX 3aday, 0oCOBEHHO Ha ypOBHe 0bBy4eHusi, MNONb3YHTCH B OCHOBHOM 3HayeHMEM

300 000 000 m/c (3><108 m/c).
CBeT B MaTepuanbHOM achmpe ecTb konebaHus NMoTHOCTM MaTepum NEPEXoaHOro

coctosiHua MIMCg. Cnoco6 BO3OyXaeHua 3Tmx M nogobHbIX KonebaHnui MOXeT ObiTb
9NEeKTPOMarHUTHbIM (Nasepbl, paguvonokauusi), TensoBbIM (CBeva, NyvmHa) U Opyrum.
CKopoCTb pacnpocTpaHeHust aTux konebaHui B MatepuanbHOM 3upe U eCTb CKOPOCTb
cBeta «C», KOHCTaHTa M OMOpHAs XapakTepucTuka Ofs MHOrMX U MHOrMX pacyeToB
Jo13MYecKMx NpoLeccos.

a2
-"i"t MaAX . IROTHOCTH MITC
xomefanus HAOTHOOTH MaTepHM HDepeXomHODO COooTOSHMS
to
- IT
XD .
|
const
Puc. 23

Pacuem ckopocmu ceema omHoCcUmesibHO MamepuarnbHo20 3ghupa

CuunTas ckopocTb cBeTa «C», Kak CKOpOCTb pacnpocTpaHeHust koneGaHui NoTHOCTK

MICo B nonepeyHoN BOSHE, TO OHA N eCTb NOCTOsIHHAsA (const), He 3aBucsAwWwas HU OT
yacTtoTbl konebaHuin f, HM OT CKOPOCTU nepemMeLLeHns maTepuarnbHbiX 06bEKTOB
(uctouHmka unmn npuemnuka) V. Mpu yMeHbLIEHUN paccTosHUA Mexay Makcumymamm Xo

(oenMmoro), MponopuMoHanbHO YMeHbLIAeTcsa U Bpems MX npubbiTua K npueMHuky to
(nenuTtens), n pesynbTaTt AereHns NOCTOsIHHAS BENUYMHa.
Ecnu npeactaBuTh 3TN XapakTePUCTUKM Kak BONTHOBbIE, TO 3TO:

anuHa BonHbl Xo = A , nepviogn kone6anuii to = T, nvactora koneGanmin F=1/T .

Torga nonyyaetcs, 4To C=A/T=\F (19)
Ecnn anuHa BoNHbI 3neKTpoMarHUTHbIX KonebaHui paBHa 10m, To YactoTa pasHa 30 Mruy n

nonyuaetcs C = A OF = 10m * 30 MI'y = 3*10° wm/cek

Ecnn roBoputb CTporo no usmMyeckomMy CMbICAy, TO HasblBaTb 3Ty KOHCTaHTy «C» -
«CKOpPOCTb CBeTa», [a ele W OTHOCUTENbHO WCTOMHUKA-MPUEMHUKa, He COBCeM
KOPPEKTHO, XOTa u obwenpuHato. HassaHue oT Yero npousowsio? OT BO3MOXHOCTEWN
n3mepeHnsa, ocobeHHoO B Te [aBHME BpeMeHa, Ha KOoTopble ccbinaetca yvyebHuk. [a v
cenyac, Mbl MOXEM W3MEPUTb IHEpreTUYecKne XapakTepuUCTUKM 3INEKTPOMarHUTHOro
N3NyYeHUs, 4YacTOTy MOXEM U3MepUTb. A BOT U3MEPUTb AJSIMHY BOSHbI NOKa HE MOXEM.
[Mo3TOMY 3KCMEPUMEHTANbHO WM MPUBNU3UTENbHO onpedensem «c» u f, n yepes Hux



BbluMCrisieM AnuHy BonHbl: A = C / f. Ho npwu 3Tom He Haao 3abbiBaTh OU3NYECKMIA CMbICTT
3TON CaMoW CKOPOCTU U NOMHUTL chopmyny (19) .
Onpepnenexve.
«C» - CKOpOCTb pacnpoCTPaHEeHWUs1 ANEKTPOMAarHUTHLIX BOSTH Kak korebaHun nnoTHOCTU
MIMCp B MmaTepuansHOM acumpe.

MakcuManbHbIM Npegen CKOpoCTU pacnpOCTPaHEHUS ANEKTPOMAarHUTHbIX BOMH, Tak
Ha3blBaeMas «CKOPOCTb CBETA B BaKyyMe», ONpeaenseTcs CPeaHUM, KHYNeBbIM» YPOBHEM

nnotHoctn MIICp MexranakTudeckoro npocTpaHcTBa. Ecnu e paccmaTtpuBatb 3Ty
CKOPOCTb B BELLECTBEHHOW cpefe (B BOo3ayxe, BoAe, KpUcrasnne...), TO CpeaHssl NIoTHOCTb
MIC 3gecb Bblle, 3HAYNT TaHreHumanbHasa ckopocTb konebaHum MIMC Takon NNOTHOCTU
MEHbLLIE, CKOPOCTb PaCNPOCTPAHEHNS ANEKTPOMArHUTHON BOSIHbI MEHbLLE.

7. BewecTBo, Kak o6pa3oBaHMe U3 matepuanbHoro acupa

7.1. O6bpa3oBaHue BeLwlecTBa

Anpo 3emnun, no rpaHuue coepbl 13 MIC BbICOKOM NNOTHOCTU «A», OKpy>KaeT
MaHTUA, TaM YXXe eCTb dreMeHTapHble YacTuLbl BELLEeCTBa, KOTOpble B3aMOOENCTBYIOT C

okpyxatowen nx MIC, kak 6bl cBasaHbl ¢ Hen. Ons MIMCa sgpa ato yxe apyras cpeaa,
KoTopasi NpuM BO3HUKHOBEHUWM pe30HaHca «oTpakaeT» konebaHus. B nepexogHow 30He
ABYX Cped CTankmBalwTCA Majawowas W OTpaXeHHas BOSHbl, BO3HMKAET 3addekT
rororpaMmmbl — CTOSiMasA BOMHa.

BbicokoaHepreTnyeckne konebaHmsa nnoTHOCTU MaTepuanbHOro advpa npuMBogsaT K
3ax/1iecmbl8aHUd MaKCUManbHO BO3MOXHbIX Y4aCTKOB CTOSIMEW BOSHbI MO aMnnutyge,
3aBUXPEHNIO MOTOKOB MaTepun B cchepunyeckne obpasoBaHus (cMm. puc. 24) Cdepunyeckoe
ABWXXEHME MaTepuu MPUMBOAWUT K CHMDKEHMIO €e MMOTHOCTU B LEHTpe u obpas3oBaHuio
NMOBEPXHOCTHOM MIIEHKM BbICOKOM MSIOTHOCTU. JfieMeHTapHble 4YacTuubl obpasyloTcs B
NpoTMBOA3HbIX Yy4acTKax BOSHbl, KOMbLEBble [OBWXEHUA MarepumM B HUX pasHo
HanpaeneHbl. lMpn aToM ob6pasoBanncb pasHble No opMe ABWXKEHUS 4YacTuubl —
NPOTOHbl W HEWUTPOHbl. JTU KOMbLUEBble [OBWXEHUS MaTepum cenyac nbiTalTcH
npeactaBuTb B BUMAe OTAENbHbIX KBapkoB. Okpyxatowas cdepy MINC ctpemutca B ee
LUEeHTp, B obnactb Manown nNnoTHOCTW, CAABMMBAET 3TO o6pa3oBaHNe — BO3HUKAET CUITbHOE
B3aMmopgencTemne, obpasoBanucb YCTONMYMBBLIE 3NIEMEHTapPHbIE YacTuLbl MaTepuarbHOro
BellecTBa, KOTopble BblgaBnueaetrca B marMmy. OHWM MO-pa3HOMY B3auMOAENCTBYIOT C
OKpy>XatLluen matepmen n apyr ¢ 4pyrom.

B ntore npoucxoant obpasoBaHMe pasnnyHbIX aTOMOB BELLECTBA. ArieMeHTapHble
yacTvubl M obpasylolmnecs aToMmbl B MarMe 3aTOPMaXkMBaltT XaOTUYECKOEe ABWMKEHue
MaTepuun. Kak pesynerat, CHUKaeTcs TemnepaTtypa U Ha4nMHaTCa XMMUYecKne npoueccsl,
obpasoBaHMe MOMEKyn, HayuMHaeTcs Xumudeckas opma aOBwKeHuss maTtepuun. B
HapPY>XHbIX CNOSAX Marmbl U 4epes3 BYNKaHWYECKME W3BEPXKEHMS 3TOro obpasytoLlerocs
BellecTBa obpa3syeTcsa 3eMHas Kopa.
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Puc. 24
lNpouecc obpa3osaHus aneMeHmMapHbIX Yacmuy, sewecmea rnpu obpasosaHuu
cmosivyel 80/1HbI Ha epaHuye cped

Ha pucyHke nokasaH cpes npocTtpaHcTBa no ocam X,Z, Ha caMoM e fere npouecc
obbemMHbIi, B TpexmepHoMm npoctpaHctBe (X,Y,Z) Bo BpemeHu (t) OTHOCUTENBLHO
BbICOKOIO YPOBHS NSIOTHOCTU «A» cuctembl namepenHms MATEPUN.

B rmgpogmHamuvke vaeanbHOW XXMAKOCTU 0COB0 BaXkHOe 3HaYeHWe UMeeT ypaBHEHME
BepHynnn, cornacHo KOTOPOMY BAOMb CTPYWKWU XUOKOCTU UMEET MECTO COOTHOLIEeHue

MEXAY AaBMEHNEM P, CKOPOCTLIO V TEYEHUS XMOKOCTU (C NNOTHOCTLIO P) U BbicoToi W Haa
NNOCKOCTbIO OTCYETa. 3aKkoH bepHynnu saBnseTca crneacTtBMeM 3aKOHa COXpaHeHus
9Heprun Ans CrauuoHapHOro noTtoka wmaeanbHou (TO ecTb 6e3 BHYTPEHHEro TPEHUS)
HECXKNUMAEMOW XNOKOCTW:

F’E‘—j + pgh + p = const (20)

3aecb p - oaBneHne, O - MAOTHOCTb XWMOKOCTW, U - CKOPOCTb noToka, h - BbicoTa, Ha
KOTOPOW HaxoOWUTCA PpacCMaTpuMBaEMbI 3NEMEHT XWAKOCTWM, g - YCKOpPEHME Cunbl
TskecTU. KoHcTaHTa B npaBo 4acTu OObIMHO Ha3blBAETCA HarnopoM, WU MOSHbIM
[AaBrneHneM, a Takke MHTerpanom BepHynnu. PasmepHOCTb BCEX craraemblx - eauHuLa
3HEprun, npuxoasiLLiencs Ha eaguHNLY o6bEMa XUAKOCTU. OTO COOTHOLLUEHUE, BbIBEAEHHOE



Hanuunom bepHynnu B 1738 r., 6bIN0 Ha3BaHO B €ro YecTb ypasHeHuem bepHynnu (He
nytate ¢ guddepeHumnanbHbiM ypaBHeHnem bepHynnn) [Ons ropusoHTanbHoOM Tpyobl

h = 0 n ypaBHeHne BepHynnu npuHUMaeT BUA;

£+ p = const (21)

CTo94Me BOSMHbI MOryT CyLeCcTBOBaTb HE TOSMbKO B OOQHOMEPHbLIX CUCTeMax Tuna
PacCMOTPEHHOM LIEMOYKUN, UM HATAHYTON CTPYHbI. Ha ntobon ynpyron nnacTmHe KOHEYHbIX
pa3mMepoB Npu onpefeneHHbIX YCNOBUAX BO3HUKAKT CTOSlMME BOSIHbI, TO €CTb Takue
KonebaHus, Npu KOTOpbIX BCE TOYKM KONebnoTCca ¢ 04HOM YacToTOM 1 B OAHOW (hase.

3eMHas Kopa, obpasoBaHHasi 4dacTuuamu BewecTBa obnactbe MaTepuanbHOro
[MpocTpaHcTBa cpedHen AN Hee MNIOTHOCTM, CTPeMUTCA B obnactb C Gornee HU3KUM
ypoBHeM nnoTHocTn MIC ueHTpanbHOM YacTn sapa. BosHuKaloT rpaBuUTaLMOHHbBIE CUSbI
mMaTepuanbHoro MNMpocTpaHCTBa, KOTOPblE C BbICOKUM [aBneHnem obxumaroT a4po 3emnu
BeLLeCTBEHHO-MaTepmanbHon 06onovkon — kopon. BosHuKkna [OCTaTOYMHO YycTonymBagd,
cbanaHcMpoBaHHaa cucTema, ¢ BEKTOPOM rpaBUTALMOHHOM cunbl K aapy 3emnu. KnHbte
KaMeHb B CKany OrpOMHOW ropbl — OH OTIETUT B CTOPOHY, HE MNPUTSHETCA TFOPOW, OH
NOKaTUTCS BHU3, K A4pYy 3emnu.

W Tak BygeT oo Tex nop, noka BeCb CryCcTOK MatepuanbHoro acmpa sgpa 3emnu He
npeobpasyeTcsa B matepuarnbHoOe BeLLeCcTBO. Ha pasHbix cTagusax Takoro npeobpasoBaHns
HaxogaTcsa Mapc n Benepa, FOnutep u MNnyToH... N ConHue. B ero o6beme pasmelueHo
ropasgo Gornbluee KONM4YecTBO MatepuarnbHOro admpa, 3a BHELUHUMUW CRoaMU sigpa npu
Oeta-pacnage o6pas3oBaBLUMXCA HEWTPOHOB Ha TMNPOTOH W 3MEeKTPOH, obpasykTcs
npocTenwmne atombl Bogopoga. A BO B3aMmMogencTBmm ¢ ob6pasoBaBLUMMUCS NPOTOHaAMM
BoAgopoa npeobpasyetrcs B Bonee criokHble atoMbl renuns. I 4o cux nop M3NULIKN 3TUX
BELECTB, CMEeLlaHHbIX CO CrycTkamm maTtepuanbHoro acumpa, BelbpacbkiBaoTCcsa B BUAe
npotybepaHueB. OTcioga W BO3HMKAKOT COSIHEYHbIA BeTep, COSHEYHad paguvauus,
ycunveatroLmecs npu Bo3mMyLLEHNAX CONTHEYHOW KOPOHDI.

7.2. CTpyKTypa 3fieMeHTapHbIX YacTul BeliecTBa

Kak BbIrmagaT NpPOTOHbI U HEUTPOHbLI C OPULIMANbHON HAYYHOW rMnoTesbl KBapKOBOIO
coctaBa n Hawen rmnotesbl dopm aAsmxkeHns MIMNC. KBapkn - 310 Topomabl BpalleHuUs
mMaTepuanbHoro acpmpa, obpasoBaBwmeca u3 MIC BbICOKOrO ypOBHSA MnoOTHOCTU. B
3aBMCMMOCTU OT HanpasneHus BpalieHuss MINC, kBapku n nogpasnensatoTcs Ha d-KBapku m
u-kBapkn. I ecnn npoTOH CTPOMTCSA MO KBApKOBOW cxeme uud, TO HeUTpPoH no udd. A
HENTPOH B CBOOOAHOM COCTOSIHMM (BHE sgpa aTtoma, T.e. 6e3 opraHM30BaHHOMO
B3aMMOOENCTBUA C NPOTOHaMu ) XMBET Hegonro, okorno 886 cekyHa. [loTomy 4TO
d-KBapku, pacnofioXeHHble B MAOCKOCTSX MO OOHOM BepTMKanu, BpallatTCs OAHO
HanpaeBneHHo. HeaddeKkTUBHO NpOTMBOLAENCTBYIOT OKpyxatwen ux MIC, cunbHoe
B3aMMOENCTBNE CAABMMBAET HENTPOH, KBapku (nopumu Bpawatowenca MIC) namensatort
HanpaBneHne BpalleHnss 1 npeobpasytoTca B NPOTOH, a M3 WU3NULIKOB TOPOMAANbHO
Bpawatowienca MIMNC BO3HMKAET 3MEKTPOH.

KBapkoBbIi COCTaB NPOTOHA - 3TO 0Ha M3 rmMnoTe3 ouunanbHON Haykn usmka . Mol
e HarnsagHo MnokasbiBaeM, YTO KBApKM - 3TO NPOCTO MOMbITKU MPeAcTaBUTb, UK Aaxe
namepuTb, Bpawatowytoca MINC B Tpex NnockocTax TPEXMEepPHOU CUCTEMbI U3MEPEHNSA XY,
xz, yz. T.e. B cdepudeckon dopme BpaweHna usmepunu no X - ecTb BpalleHue
cybcTaHuum; namepunu no Y - ectb ; namepunu no Z - ectb... I pewmnu, 4to npoToH
COCTOUT M3 Tpex KBapKOB, TakMX Kak Obl 4yacTuy ewe MeHble npoToHa. Ho ecnu
paccmartpuBaTb afieMeHTapHble YacTuupbl kak obpasoBaHus ns MIC, kak ogHy u3 cdopm
ABWKEHUS MatepuanbHoro agupa, To ato 6yaeT BbirmsaeTb Tak:
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Puc. 25
®opma 08UKeHUS MamepuasibHOo20 aghupa 8 srieMeHmapHbIX Yacmuuax
BHumMaTenbHo  paccmatpuBasi OBWKEHWE MaTepum B MOSIHOM CUCTEME KOOpAMHaT,
HanpuMep B MMOCKOCTU XZ , UCYe3aloT 3arafoyvHble BOMpPOCbl TeopuM OTHOCUTENBbHOCTM
«3amearneHns BpeMeHu, oTpuuaTeribHoro BpEMeEHU» 1 UM NogobHbIe.

MaTepmnsa BpallaeTcHa
B llpocTpaHCTEEe

-t (%)

Puc. 26
®opma spawameribHO20 08UXXEHUSI MamepuaribHo20 3ghupa 8 rpocmpaHCcmMeeHHoU
cucmeme KoopOuHam 60 8peMeHuU
B peanbHOCTM Xe anemMeHTapHble YacTuubl BellecTBa BbIMSAAT MPUMEPHO Tak , Kak
NMoKasaHo Ha pucyHke 27.

Puc. 27
KomribromepHasi Moderib cghepuyeckoa0 epauieHuUss mamepuarnbHo20 aghupa



MpoToH, cdepuyeckoe, o4eHb ManeHbkoe no paguycy, obpasoBaHue nu3 MIIC
Bbicokoln nnotHocT, BSAVMOJEWNCTBYET c okpyxatowen ero MIC [lMpoctpaHcTsa
MeHbLen nnoTHocTu. Kak Obl 3akpy4mBaeT BMXpeM 3Ty okpyxatowy MINC (Ha pucyHke
32 xenTblM LBETOM MokasaHa). [aBanTe Ha npumepe aTtomMa BoAopoda pPacCMOTPUM
BO3gencTeue cpepudeckm spawdatoulerica MIMNC npotoHa Ha okpyxatoLyro ero MIC.

OTTANKHEAKTCH NPpHTATHBAKNTCH

OO OO

z A MIC
BEHICOKOM MIOTHOCTH “NEXTROH

HE MArHUTHAaL
Monexyna BOROpPORa NpOHHLAEMOCTE

Puc. 28
Cmpykmypa Mornekyribl 600opoda

PesynbraTt Takoro BO3gencTBus U eCTb 3NeKTPOHHOe 0brnako atoma, nepBoHa4YanbHOro
M NPOCTEMLLEro BewecTBEHHOro obpasoBaHuMs - artoma Bogopoda. CrabunbHoe
9NeKTpPoHHoe obnako, oauMHoyHoe, OHO M ecTb JJIEKTPOH, B npouecce BpalieHus
obpasyeT MMEHHO TOp, AMaMeTP BHYTPEHHErO BpaLLEeHNa KOTOPOro N eCTb Kak bbl pasmep

ANEeKTpOHa. A paanyc BHeLWLHEro BpaleHna eCTtb Kriaccun4eckum paanyc anekTpoHa e.

KpacHasa M 3eJleHads JIMHUM 3TO
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CeobopgHem =reTpoH kak TOP

kKarx B6p PAIMEP SJEKTPOHA Bpamamuenca MIMC

Puc. 29
Cmpykmypa ariekmpoHa

OOGpa3syoLwmnca Top 3NeKTpoHa COPUEHTUPOBAH OTHOCUTENBHO «HYNEBOrO» YPOBHS
AaHHOM obnacTtn npocTpaHcTBa. Hy, no aHanormu, noMgemMm OT ranakTuKK - OHa Nrockas,
MMeeT TrOpU30OHT, KoTopbii M ecTb «HYNEBOWM» YPOBEHbL o6pasoBaHnst 3TOro
maTtepuanbHoro obbekta. ConHevyHass cuctema - OHa Mfockasi, OHa ToXe  umeer



«HyNneBon» ypoBeHb 0bpasoBaHus. N anemeHTapHble YacTuubl, 1 3NEKTPOHHbIe obnaka
BOKPYr HMX, 0OpasyloTcsl B 3TOM XXe CUCTEME, OPUEHTUPOBAHbI OTHOCUTENTbHO 3TOrO Xe
YPOBHS, OTHOCUTENBHO 3TOrO e ropm3oHTa. Takum obpas3om ecrnv chepudeckyto CUcTemy
koopauHaT (Hambonee ygobHas gnst aToro criydas) noctaBuTb Hynem B LeHTp ConHua,
OCb yrra Mecrta COpMeHTMpoBaTb NO NNOCKOCTM COMHEYHOW CUCTEMBbI, TO OCb as3vMyTa,
conpoBoxaas ob6bekTbl ConHeyHoM cucTtembl, U Oygetr ocbto OPUEHTALMU Bcex
arnemMeHTapHbIX YacTuy Bcex obbektoB ConHeyHon cuctembl. W roe 661 HM Haxogunach,
Hanpumep 3emMns, Ha Heln ByaQyT YacTuubl, BpawaroLwmecss OTHOCUTENBHO 3TOM OCU B OOHY
CTOpPOHYy (Hanpumep 3apsg "+") u 6yaoyT Bpaljarowmeca B APYryld CTOPOHY (Torga OHM
nmetoT 3apsg "-").

Mpo "npuwnblie 4Yactuubl" , Bxogswme B COMHEYHYO CUCTEMY U3 ranakTU4ecKoro
NpoCTpaHCcTBa. Tak BOT, KOOPAWHUPOBATb MX Kak pa3 u OyaeT ronoBHas ygapHas BOSHa
rennocgepbl BOKpYr rennonayabl. C Hallen, BHYTPEHHEN CTOPOHbI COMHEYHOWN CUCTEMBI,
Bosagxkepbl yxe npownu rpaHvuly yaapHOW BOMHbI U BOWNM B renvonaysy (y4acTok
rennocgepsl), HO ELWLE HE npownu 4yepes3 ronoBHyw ygapHyto BOnHy. YUto Tam Oyger -
MoKa HEMOHATHO, HO MNEePEKOAMPOBKA CUrHanoB, MPUXOOALMX  CO CMYTHWUKOB, YXe
npousowna. W, Bumaumo, Tam NpoOM3OMAET NepeopueHTaums afneMeHTapHbIX YacTul
BewecTBa BosaakepoB B ranakTuyeckyto cuctemy koopauHat. Beab Bce martepuanbHbie
obbekTbl B [anaktuke obpasoBanocb M3 atom xe camon MIIC, u npogomxkatoT
06pasoBbiBaTLCA U NPeobpa3oBbIBATHCS.

Mo npencTtaBneHHOM MOOENN NeKTPoHa OOBbACHAETCA U MarHUTHaA NPOHMLLAEMOCTb,
NOSIBNAIOLWAACA Y 3apsiKEHHbIX 4YacTul, Kak NpOHMUAeMocTb B 00nacTb MeHbLUEn
nnotHoctn BHyTpu TOPA anekTpoHa - Tyaa Oymer ctpemuTbes okpyxatowas MMC um
yBrieKaemble et maTtepuarnbHble YacTuubl. A 3HaK 3apsga 4YacTvubl - 3TO HanpaeneHue
BpaLueHns MIIC.

Mo npeactaBneHHOW MoAenu nNpPoOTOHa nonyyYaetT OObsCHEHWE W CUNbHOEe
B3aMMopgencTeme, kak ctpemnerHe MIC B ueHTpanbHble 06rnacTy aneMeHTapHbIX YacTuL
Manown naoTHocTU. Unu rpynny Takmx obnacremn, ecrnm 3To CNoXHoe S4po atoma.

AHnarnorus.

Msuuk, onylweHHbln B Body Ha Oonbluyko rmybuHy, cxumaeTtcs. A pbibbl BOKpYr
nnasatoT, BOLOPOCAN BO B3BELUEHHOM COCTOSIHUM KOMbIWYTCHA. A eCnu BOKPYr Msayuka
GeckoHe4yHoe KOnM4ecTBO BOAbI BO BCE CTOPOHbI, BCMMbIBaTb €My Hekyda. Y Hero Oyaer
OYeHb CUITbHOE B3anMOAENCTBUE C OKpYXKatoLLEN cpenon.

N y agpa atoma cunbHOE B3aMMOLENCTBME C OKpYXalolmm ero maTtepuanbHbiM
acmpom (MIC). He kBapku, oauMHaAKOBbIE MO CTPYKTYpE, CTArMBalOTCs, a MaTepus
Nepexo4HOro COCTOSIHNA cAaBnMBAET afpOHbl C SAEPHOM CUNON. A nenToHbl B 3TOM He
y4acTBYIOT, Y HUX CTPYKTypa Apyrasi, OHWM Kak BOOOPOCMMN BO B3BELUEHHOM COCTOSIHUM,
cnabo B3auMOAENCTBYIOT TOSbKO C SiApaMMm.
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