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AdHeprusa u cokpawieHue JlopeHua
C TOYKM 3pEHUS TPaBUTOHUKN

HUcmopus  ¢usuxu cocmoum 6 CUHME3UPOBAHUU HA OCHOBE MHOJICECMBA AGeHUl
Heckonbkux meopuil. Hanpumep, ¢ oasnux nop Ovliu uzeecmuvl menjiogvle, c8emoswle,
38yK08ble s6NeHUsl, Osudicenue u epasumayusi. Qonaxo, nocie moeo, kaxk cap Hcaak
Hviomon ob6vschun 3akonvl 08udCensl, OKA3AI0Ch, YMO HeKOMopble U3 SMux, Ha nepevlil
63271510 He CEA3AHHBIX 6eujell — PA3Hble CMOPOHbL 00H020 U MO20 Jce senenus. Hanpumep,
38YKOBble S6NEHUS — He YMO UHOe, KAK O08UJICeHUue amomos 8030yxa. Tax umo 38yK
nepecmany cuumams 4em-mo omiaudHvlm om osudicenusi. QOHapy’CUIOCh maKdice, Ymo u
menjiosvie S6ICHUS JIe2KO OOBACHAIOMCA 3aKOHamu Osudicenusi. Takum obpazom,
02pomuble pazoenvl QUIUKU CIUBANUCHL 6 bonee npocmylo meoputo. C Opyeoll CmopoHbl,
epasumayuto He y0dasaniocb O0OBACHUMb 3AKOHAMU OBUIICEHUs, U 0adce Ce200Hs OHd
cmoum 0bocobnenno om 6écex npouux meoputl. I pasumayuio noka Henvss 0OvACHUMb
HUKAKUMU OPYSUMU SIGTICHUSIMU.

P.®eitnman «KD/I — crpanHas Teopus cBeTa U BEILIECTBA»

3 npegnoxeHHOro aBTopoM (Ou3NYEeCKOro «MexaHmusamay siBrieHus rpasutauum [J1.2] cnegyet
OpYyron BbIBOA.

Tekywee cpegHee COCTOSIHME TPABUTOHHOMO rasa B Hallen (OoBONbHO Gonbwon) obnacTtu
NMPOCTPaHCTBA MOXET ObITb MPUHATO 32 «abCONIOTHBIN HOMb» CKOPOCTU, ecnu Obl yaanoch
OBHapPYXNTb N «yCPEOHUTLY 3TO COCTOSHME.

Mpn oBwXeHun Tena, nog AencTBMem Haberarowero npeuMMyLecTBEHHO C OAHOW CTOPOHBbI
rPaBUTOHHOIO MOTOKa BO3pacTaeT AaBfieHMEe Ha 3JIeKTPOHHYK O00O0No4YKy aToMoB. OTO
aneHne B «[peoHuke» 0o cux nop 6bino BHE ob6cyxaeHnsa. B rnaBe «AToM» «Puamyeckomn
duaumkun» [J1.3] (rn.5 yactu 2) 6bina onucaHa CTpyKTypa atoma Bogopona (Bce ocTasibHble —
NPUHUMNMANbHO  aHanorn4yHbl). ONeKTPoHHas oborioyka B aToOMe CyLIeCTBYEeT TOJSIbKO
Onarogapsi BHeWHeMY [OaBIiEHUIO FPaBUTOHHOrO rasa. [pu yBennyeHun 3TOro AaBfeHus
anekTpoHHast obonoyka cxmmaetcd. OQHOBPEMEHHO (M BCREACTBME 3TOr0) yMEHbLUAETCH
o0 pasmep atoma, a 3Ha4uuT — 1 pasmep Bcero Tena.

OT0 N ecTb usnyeckass NpuYMHa Tak Ha3bIBAEMOrO «JIOpPEeHLEeBa COKpalleHusi» pa3mepoB
00BbEKTOB, 4O HACTOALLErO BPEMEHWN CYLLECTBYHOLLErO TOMbKO «Ha Bymare». QTO cokpalleHue
BO3HMKAET TONbKO NPU YCKOPEHUWN Tena, HO He NpY ero PaBHOMEPHOM LYVXKEHUN.

Mpn HyneBOM CKOPOCTU OTHOCWUTENbLHO TPABUTOHHOW Cpefbl COKpalleHMe pasmMepoB paBHO
Hynto. OTcioga crnegyeTt, 4To cywectByeT u abconoTHas gnvHa  (Ansg Hawewn obnactu
NMPOCTPaHCTBA), @ 3HAYUT 1N abConTHast CKOPOCTb.

B cOOTBETCTBUM e C NPUHLMNOM OTHOCUTESIbHOCTU ABUXKEHUSA COKpaLlLleHNne pa3smepoB MOXeT
ObiTb TOMbKO OTHOCUTEmNbHbIM. HO MpU STOM BO3HWKAET 3aKOHHbLIA BOMPOC — €Cnn
MPOCTPAHCTBO MYCTOE M HUKaK C TEeNOM He B3aMMOAENCTBYEeT, TO Kak OAHO Terno MOXeT
«3HaTb» O COKpalleHWM pasmepoB y Apyroro? Y3HaTb 06 3TOM MOXHO TOMNbKO CpaBHMB



OTHOCUTENbHbIE pa3Mepbl, HO Bedb 3TOro Hemnb3sA caenaTb BO Bpems ABukeHus?! B To xe
BpeMsi, Npy Npu3HaHMn abCconTHOro Xxapaktepa ABMXEHUS 3TN BONPOChI CHUMAaKTCS.

[Mpobnema SnHLITENHA.

3pecb cnenyet obpaTuTb BHUMaHMe Ha npobnemy, C KOTOPOW, BWOAWUMO, CTOSKHYSCA
A.DVHWITENH, KOrga MOHsAM, YTO AN pacnpoCTpaHeHUst cBeTa B MNPOCTPAHCTBE HE HyXHa
cpefa («CBETOHOCHbIN 3admp»). CTano SICHO, YTO B COBEPLUEHHO «MyCTOM» MPOCTPAHCTBE
HEBO3MOXHO yKasaTb «penepHble TOYKM», HEBO3MOXHO OMNpeaesiuTb HU PacCTosiHUE MeXay
06BbEKTAaMM, HN CKOPOCTb, KOTOPYK HY)XHO MMETb Teny ANa NpeoAofieHnsa 3TOro pacCTOSIHUS.
BoT noyemy OWHWITENHY NPULLNOCL NOCTYNMPOBaTb HEM3MEHHOCTb CKOPOCTWN CBETa B MyCTOM
npocTpaHcTBe. NGO TONbKO B TakOM cCriyd4ae MPOCTPaHCTBO npuobpeTaeT NPUBBIYHYIO HaMm
«TPEXMEPHOCTbY.

N B x04e Hawwmx nccrnegoBaHUM BbISICHUNOCH, YTO QUHLLTENH ObIN HE Tak YK Henpas. NepBbin
YPOBEHb MariocTu YacTtuy (NepBbli «3TaX» HWXKE YPOBHS NMPOTOHOB) COCTOMT U3 MPEOHOB.
MoyTn Bce npeoHbl ABMxXyTCH co ckopocTsmu 3.10™° cm/cek. MockomnbKy OTOHbI COCTOSIT M3
NPEeoHOB, 3Ta Xe CKOPOCTb COOTBETCTBYET «CKOPOCTU CBETa».

CTOpPOHHMKM Teopun acbmpa MCNbITbIBAKOT 3aTPYAHEHMSA NPy HEOOBXOOAMMOCTU OOBACHWUTL CTOSb
BbICOKYIO CKOPOCTb PacrnpoCTpaHEHUs CBeTa Ha OCHOBaHWM MapameTpoB adupa, NpUHUMaeMbIX
umm B cBoux pacyetax. Owwubka B 3TUX PaCCyXOEHWAX MNPOUCXOAUT U3 TOrO, YTO OHM
paccunTbIBaKOT CKOPOCTb PacnpoCTpaHeHns BOMH (Cxatus) B admpe no ctaHaapTHbIM dhopMynam
13 aspo-rmagpoamHamunkm kak ¢~ = WP, rae W — ynpyrocTb, 1 P — nnoTHOCTb cpefpbl. Ho B cunbHo
paspexeHHbIX rasax (kakoBbIM SIBNAETCA «3dup») CKOPOCTb PaCnpOCTPaHEHUs BOMH paBHa

CpegHecTaTUCTUYECKOM CKOPOCTM  YacTWl, B HanpaBfeHUW pacrnpoCTpPaHeHus; oOHa He
onpegenseTcs hr3NYEeCKMMI CBOMCTBaMM «ra3ay B LieJIoM.

MpeoHHbI ras He ABMAETCA «CBETOHOCHbLIMY, AN PACNpPOCTPaHEeHNsA CBeTa OH He HyxeH. Ho
(POTOHBI, U3NyyaeMble aToMamy U TOMbKO aToMamu, COCTOAT U3 TeX e MPEeOHOB, YTO U
MPEOHHbLIN a3, U NULb NO3TOMY  «CKOPOCTb CBETa» COBMagaeT CO CKOPOCTbI ABUXKEHMS!
NPEOoHOB NPEOHHOrO rasa.

Takum o6pas3om, dusnyeckasa npuunHa «NOpPEeHLEeBa COKpaWeHusi» — 3TO CxaTtue
3MEKTPOHHbLIX 0605104eK aTOMOB NoA AencTBMeM HaberatoLwero noToka rpaBMToHOB. [lpuyem
3TO NPOMCXOOUT TOSbKO MPU HANUYUKN YCKOPEHUS.

Ortciloga xe cnegyer, 4To ...

1. YxoA 4acToTbl OMOPHbIX FEHEPATOPOB Ha CMyTHWKaX (U camoneTax) MNpoucxoauT u3-3a
nx abConTHOrO [ABMXEHUS € YCKOPEHWeM OTHOCUTENbHO [PaBUTOHHOMO rasa
(«rpaBunons»). ATOT yxoa4 0COBEHHO 3aMeTeH MMEHHO Ha cnabo CBA3aHHbIX C aTOMOM
opbutax aToma Le3nss B TaK Ha3blBaeMbIX «aTOMHbIX CTaHgapTax». ATOMbl KBapua,
Nbe30KepamMuKkM — 3TO aTOMbl, TaK CKa3aTb, «rpyOble», UX 3NEKTPOHHbIE ODONOYKN He
Tak-TO NpocTo cxaTb. [lo3TOMy KBapueBble reHepaTopbl MPU HaLKUX CKOPOCTSX
NPaKTUYECKN «HE YXOOSAT».

BrnvsHne Ha yxon 4acTOTbl OKasblBaeT BOBCE HEe BenvyMHa OpOUTanbHOW CKOPOCTU
CnyTHMKA, a ero paauanbHasi CKOpPOCTb, KOTOpasi COOTBETCTBYET W3MEHEHUIO
HanpaBneHust ero ABWXEHUs No opbute, AenaeT 3TO ABWXKEHUE KpyroBbiM. Tak, npu
CpaBHUTENbHO HEOOMbLUOM YCKOPEHMM Ha OanbHUX Tpaccax KOCMUYECKMX Kopabnew,
YXO[ YacToThbl paamnocesa3mn (a YacToTa onpenenseTcss MMeHHO KBAaHTOBbIM CTaHOapTOM



Ha BopTy) CpaBHUTENBHO HEBENUK. /I TONBKO NPN HANMYNN TOPMOXEHMS NPWU NogneTe K
KPynHbIM oObekTam (nnaHeTam) CABUM YacTOTbl MOXET OblTb 3aMeTHbIM. HacTonbko
3aMeTHbIM, 4YTO CBfA3b C MepBbIMM KOpabnsiMu, OTnpaBrieHHbIMM K BeHepe, Gbina
noTepsiHa Ha 3aKMYNTENbHbBIX 3Tanax NPUBNMXEHUs K NnaHeTe.

2. bonee Toro... BoaMOXHO, 4TO CoKpalleHue ANnHbI BCE XXe MOXHO U3MepuTb, CpaBHMBas
nokasaHua asyx PA3HbIX aTtanoHoB, KOTOpble M3MEHSOT CBOK AfMHY (4acToTy) Ha
pasHyto abCconTHY BeNnYMHy. Ho ecnn Tak, TO NOHATME «3TanoHa AMVHbI» NvwaeTcs
CMbICNna, TaK Kak pasmMepbl NOObIX MexaHu4Yeckux IdTanoHOB OyayT 3aBuCETb OT
MaTepuarna, u3 KOToporo OHU U3roTOBIEHbI.

3. bonee TOro, nocKkombKy YXOA4 4YacTOTbl, CBSI3aHHbLIA C YBENMMYEHMEM [aBIEHMS
«rpaBunonsi» Ha obonoyky, MMeeT MEeCTO MpU YCKOPEHUU Tena, 3TO 3HAYUT, YTO Mbl
MOXeM onpefenuTb akT Halero ABMXKEHUS, Haxogsicb U B «HeUHepumnanbHOM
CUCTEME KOOpAMHAT.

MockorbKy N.1 NOBUAMMOMY YXXe NOoATBEePXAEH, MOXHO OXuaaTb NoATBEPXKAEHNA 1 N.2 1 N.3.
CoxpaHeHue aHeprum

B ctaTbe [J1.1] pasbsacHaeTca:

Ecnu Teno HauvMHaeT ABUratbCs C yCKopeHueM (nog OerCTBUEM MNPUITOXKEHHON K HeMy

BHeLuHen cunbl F, puc.1), To cuna F, NpunoXxeHHas K KaxxgomMy nNpeoHy yepes obLuyto aAns Bcex

aToMOB (M I'IpeOHOB) Tella aTOMHYKO pelleTKy, Bbl3biIBA€T KBAHTOBAHHYIO anGaBKy K CKOPOCTU
Ka>Kaoro rpeoHa 3Toro tena.
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Puc.1. K o6bekry (npeony) npunoxena CUJIA, 00beKT IBIKETCS] YCKOPEHHO.
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Cuna D, BO3HMKaloLWasi OT OaBfieHUs TPaBUTOHOB «CrnpaBay», YaCTUYHO KOMMEHCUpyeTcs
npunoXxeHHon nssHe cunon F. (TouHee criegyeT roBOpUTb O KBAHTax CKOPOCTU, COOBLLaeMbIX
Teny UCTOYHUKOM CUibl F U «YHUYTOXEHHbIX», CKOMMNEHCUPOBAHHbIX rpaBMTOHaMM noTtoka D).
N Torga peanbHOe YCKOpeHMe Ha4yuMHaeT OCYLECTBATLCA KBaHTaMuM CKOPOCTU OT
BO34eUCTBUA rpaBUTOHOB notoka C. banaHc cun («KBaHTOB CKOPOCTEW») HapyluaeTcs,
Teno (NPeoH) Ha4YNHaEeT YCKOPATLCS.

Takum obpasom, Ham Tonbko KAXKETCHA, 4to Mbl yckopsieM Teno AenctBuem cunbl F.
PeanbHO Teno yckopsieTcs HECKOMMNEHCUPOBAHHBIM NOTOKOM C. W/ pOBHO CTOMBbKO rPaBUTOHOB,
CKONbKO «ydanocb B3siTb Ha cebs» cune F (TO eCTb POBHO CTOMbKO FPaBUTOHOB, CKOJIbKO
noTpeboBanoCb Ha €e «YHUYTOXEHMEY»), CTOSMbKO Xe rpaBUTOHOB NoTtoka C oTgagyT cBoe
KONMMYECTBO ABMXXEHUSI YCKOPAEMOMY MPEOCHY.



B [J1.1, ¢.121] (xoT9 1 Ha npumepe MNpPOTOHA) MoKasaHO, YTO BO3OEWCTBUE, Morlydaemoe
NPEeoHOM OT OTAenbHOro rpaBuToHa, paBHo Ft=Em,V

roe

V - CKOPOCTb rPaBUTOHA;

m, - Macca rpaBuTOHa;

& - KOa(hpUUMEHT Nnepeadm 4acTu CKOPOCTU rpaBMTOHA MPEOHY, Yepe3 KOTOPbIN NPOXoauT
rPaBUTOH.

Nmnynbe, nonyyaemblii MpeoHOM, NpPonopLMoHarneH, TakuM o6pa3oM, BerMYMHE PacCTOSIHUS,
Ha KOTOPOM MPOUCXOAWUT B3aMMOLEWNCTBME, WM BPEMEHU, B TEYEHWE KOTOPOro rpaBUTOH
HaxoauTCcs BHYTPU NpeoHa.

N3 puc.1 MOXHO BUOETb, YTO B eOuHMLY BpemeHu «At» Yepes nnowiadb MoONepeyHoro
ceyeHuss mpeoHa nNpoWAeT BrOMHe onpeaerieHHoe KONMMYEecTBO «HecGanaHCUPOBaHHHBLIXY
rpaBMUTOHOB «N» OT noToka D, koTopble nepenadyT MPeoHy KonnyecTBo ABwxeHust NM,V/t u
9To OydeT 9KBMBANeHTHO mnosiBreHuto «cunbl» F=nm,V/t. Ho ata cuna Bo3HuKaeT W
CyLLIECTBYET TOMbKO B TeYeHNe BpemeHn At.

MoaTomMy npaBunbHee cuntathb, Yto F= nm, V/At.

Ecnn npeoH HenogBwkeH (ana nNpocToTbl), TO  3TO KONWYECTBO YAApoOB (KONMYECTBO
ABmKeHus) byaeT (Kak ykaszaHo Bbille) KOMMNEHCMPOBATLCS KONMYECTBOM yaapoB OT noTtoka C
B 06paTHOM HanpaBreHuu.

Ho ecnu npeoH 3acTaBuTb OBUraTbCSA C YCKOPEHMEM, TO 3a TO e BpeMs [ yepes nonepeyHoe
cevyeHune nponaget 60nbLIee KONMYECTBO rPaBUTOHOB. CKOMbKO?

Ecnn At 310 cpegHee Bpemsi Mexay MOSIBIIEHMEM [BYX FPaABMTOHOB B HEKOEW TOYKE Ha
MMOCKOCTU npunoxeHusa cunsl F, To 3a Bpems cyllecTBoBaHWA cunbl B TeyeHue BpemeHu L
nnowaab nonepeyHoro ceveHus (MMC) nonyunt umnynsc NM,V, cknagbiBaowmiica 13 k
3MNeMeHTapHbIX UMMYNbCOB B Te4eHne BpeMeHum t.

t/At=k

3a Bpems t nnowaab nonepeyHoro ceveHus (MMC) nepeMecTUTCA Ha paccTosHUE S, U TakuM
obpasom obliee KONMMYecTBO [ABWKeHWs BospacTeT B K pas. Mbl kak 6bl pasbusaem
MPOMOEHHBIA MNOMepeyHbIM cedeHrem NyTb S Ha manble oTpeskn AS, kaxabll M3 KOTOPbIX
NpPeoH NpoxoauT 3a Bpems At.

Moatomy, ecrim B popmyne FAt =Em,V = m,AV npeactaBute At = AS/AV n yyectb, uTo
yepes MornepeyHoe CeyeHure MpeoHa MPOXOoAWMT He OOMH FPaBWTOH. a ropasdo Gonbluee ux
KONMYEeCTBO «N», TO

FAt=ném,AV

1 nocre NpocTbiX NpeobpasoBaHuUii NONy4nUm

F AS =(ném, AV) AV=ném, AV®



OTO He 4YTO MHOE, KaK 3aKOH COXPaHEHMWs SHEPTUM OJ1S SNIEMEHTaPHOro ABWXEHUSI NpeoHa B
TeyeHue oTpeska BpemeHu At.

Otcioga cnepyeT, 4TO MO KparvHEW Mepe AOSMKEH COXPaHATbCA W CyMMapHbiA MOMEHT
KonuyectBa ABWXKEHUS, TaK KaKk «CKOMMEHCMPOBATbCA» MOryT TOSbKO [Ba rpaBUTOHA Ha
BCTPEYHbIX KypCax, M OHM Xe OOSDKHbI pasfieTeTbCA B MPOTMBOMOSIOXHbIE CTOPOHbI. A BCres
32 3TUM [AOSMKEH BbIMOMHATLCA U 3aKOH COXPaHEHUSI 3Heprum, Mbo HOCUTENSMU SHEeprumn
ABNAIOTCA WMMEHHO [pPaBUTOHbI, MPU COYAAPEeHUAX KOTOPbIX KUHETUYecKas 3Heprus He
npespaLlaeTcsl HA B KaKOW APYron BUA4 3HEpruu.

UTo KacaeTcs «BUOOB AHEPTNNY, TO CEroAHS YK€ MOXHO onpeaeneHHo roBopuTb 06 OCHOBHOM
BMAE SHEPrMn — KMHETUYECKOW IHEeprun rpaBMTOHOB. [pyn B3aMMOAEWCTBUM FPABUTOHOB U
NPEOHOB KMHETUYECKas 3HEpPrnsi rpPaBMTOHOB YaCTUYHO NepefaeTcs npeoHaM. QHeprusa bonee
MENKMX 4YacTul - HOHOB (obecneyvmBarolmx CTabunbHOCTb CaMUX FPABUTOHOB), B HaLUEM
Mupe, BUOUMO, HE NPOSBSIETCS.

KnuHeTnyeckass u TennoBas (koriebaHuMsi aTOMOB OKOSIO CpPeOHEro MOJIOXKEHUS) 3HepruM B
KOHLe KOHLIOB MOTyT ObITb CBeAEeHbl K rPaBUTOHHOM 3HEPrUKU, eCnn yoacTcsi nokasaTb, YTO
tooHbl [J1.] He BHOCAT 3aMeTHOro BKMaJa B 3JHEPruMi0 [PaBUTOHHOrO rasa, a Iullb
NoAdepPKMBAtOT €ro Ha onpeaeneHHoOM YPOBHE.

Macca

MockonbKy Macca B HaleM NMoHMMaHWM CBsidaHa C BECOM Tena, cregyeT obpaTuTb BHUMaHWe
Ha CBSI3b MacCbl C rPaBUTOHHbLIM ra3oMm. Henb3s UCKMYNTb, YTO MOXHO AaTb OonpeaerieHve
Macchbl Yepe3 B3aMMOAENCTBUE FPaBUTOHOB C NMPeoHaMu Terla, COCTOSILLEro U3 rieMeHTapHbIX
yactuy. [ns cpaBHUTENbHO HEOOMbLUMX Macc MOXHO, BUAMMO, NpeHebpedb MornoLleHnem
rPaBUTOHOB MpeoHaMKn, a Takke WX OTpaXKeHuem W paccevMBaHueMm, MO0 U3 0YeBUOHON
HEe3aBMCMMOCTW FpaBUTALMOHHONM MOCTOSIHHOM OT BENUYMHbLI CaMOW MacCbl MOXHO caenaTb
BblBO4, YTO B3aMMOAENCTBME T[pPaBUTOHA CO CpPaBHUTENbHO HebonbWMMK  Maccamu
OrpaHNYMBaETCS TOSbKO OMMUCAHHbLIM BbIlLE «MeXaHU3MOM». B aTom criyyae Ans MamepeHus
BENMYMHbI Maccbl HeobxoamMMo pa3paboTaTb cneumanbHyo annapaTypy.

3aknoyeHune

N3 BCero M3noXeHHOro MOXHO cAaenaTb BbIBOA, YTO CYLLECTBYKOLIME B HacTosliee BpeMms
nonbITKN «06beanHUTb» npeacTaBneHna ob acmpe ¢ ApyrMMu HaxoO4ALMMUCS B «HAy4YHOM
obopoTe» MNOHATUAMM (TEeMHasi JHeprusi, TeMHas Martepusi, (PU3NYEeCKUn Bakyym W Mp.)
GonbLOro cMmbicna He MMetoT. [nsa aBTopa 3TOM CTaTbW CErogHA COBEPLUEHHO OYEBUAHO, YTO
CYLLHOCTb, KOTOPYI BCerga HasblBanum «3UpoM», €CTb COBOKYMHOCTb HECKOSbKUX «ra3oBy,
COCTOSALWMX M3 Bce Oonee Menkmx 4vacTtuy, (mpu nepexoge OT OLHOrO rasa K Apyromy), u
Apuraromxca co Bce bornee n 6onee BbicOkMMKU ckopocTsimu [J1.4]. Bce aTO BMecTe MOXHO
HasblBaTb «3(PMPOM», «TEMHOW MaTepuen», HO ITO BCEro Nullb TEePMUH, Ha3BaHue, He
pasbsiCHsOWEee Npupoabl ABMNEHUs. Takas  COBOKYMHOCTb rasoB (ra3 B rase) Tpebyer
crneumanbHOro m3yyeHusi. Tem He MeHee, Ha OCHOBE TaKOro npencTaBfeHust yXXe yaanocb
co3gaTtb 06LLyt0, BNOMHE MaTepmanmncTUYecKyto (M 4OCTaTOMHO MPOCTYH0) HENPOTMBOPEYMBYHO
KapTuHy mupa [J1.2, J1.3].
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