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BeepeHue

CerogHsi, B Havyane 21 Beka 4enoBeyecTBy BceneHHasi npenctaet B Buae 12 ypoBHel 6biTvs
(tabnuua 1) [1 ctp. 25, 2, 3, 4,], opraHM30BaHHbIX NPUPOOOIA OT KBapka [0 CBEPXCKOMMNEHWA ranakTuk,
KOTOpblEe yYyeHble M aCTPOHOMbI pasgenunu Ha MuKpo u Mmakpo mupsl. HO NMPUPOOA CO3OABAJIA
W NOOOEPXWUBAET CENYAC B PABHOBECUM BCE 12 YPOBHEW BbITUS OOHOBPEMEHHO:
AONna HEE BCENEHHASY EOWHA! Ecnu crtaHpapTHas Mogenb cCerogHsi agekBaTHO oOTpaxaet
npoueccbl ¢popMUpOBaHMSE OOBEKTOB B MUKPOMMpE, TO OHa JMoOJNXHa ObiTb cnpaBepnuBa
M B Macwutabax makpommpa ans ecen BceneHHonm.

Ans npuponbl 06 bEeKTUBHO He CYLUECTBYeT OorpaHn4YeHu rno KBaHTOBaHUIO 3aKOHOB Npu
¢hopMupoBaHun M3 nosied HYKI1OHOB, sioep, aTOMOB, MOJIEKY/l, OXBaTbiBaeMbIX CTaHOapTHOM
MogZenblo, M LOanee — KI1eTOK, 4YeroBeKa, IiaHeT, 3Be3n, COJIHEeYHbIX CUCTEeM, rasnakTuk,
CKOIVIeHUN ranakTuk, CBepXCcKOM/1IeHn ranaktmk u gaxe uenon BceneHHoH. B ctaTbe BbINOHEHO
060CHOBaHVE FUMOTE3bl MO PACWMPEHMIO MOMOXEHWA CTAHOAPTHOW MOLENM OT MacwTaboB MUKpomumpa
Ha MacwTabbl MakpoMupa Hawei BceneHHo.

Mpobnembl 3aKkoHa BCEMUPHOIO TAroTeHust HoloToHa

Ycnexu ctaHOapTHOW MoOenu Onsi onucaHus OBUXEeHUs 06 bEKTOB MUKPOMMPA — 3NEMEHTAPHbIX
yactmu — ctanu ewe 6onee BecombiMu nocne obHapyxeHust B 21 Beke 603oHa Xurrca [5]. B ocHose
cTaHOoapTHOM Moaenun nexar cnegyowme nonoxenus [1 ctp. 39]:

— NCXOOHbIMU KNpNninkamm BceneHHo aBngaoTCA Nons;

— KpoOLUeyHble CrycCTKM 3Heprum (4acTuubl: KBapKM W JNEnTOHbl) TMPOSBAAIOTCA MNpuU
nepeHeceHU KBaHTOBbIX 3aKOHOB Ha Nons;

— YacTuubl B3aMMOLENCTBYIOT MexJay coboil mocpeAcTBOM oBMeHa OpPYrvMu Cryctkamu sHeprum
(6030HaMN).

Hapsgy ¢ SBHbIMM MOCTOSHHbIMK yCnexamyn y CTaHOapTHOW MOOENU NPOSBASIOTCA U HEKOTopble
HeOoCTaTKWU, K YACNy KOTOPbIX OTHOCST TO, YTO B HEM HEe yYyMTblBaAlOTCS CUMbl TArOTEHUS Ons 06 bEKTOB
mMakpommpa [1 cTp. 46]. BOBMOXHO 3TO M He cily4yalHO, TaK KaK 3akOH BCEMMUPHOro TAroTeHwus
HbloTOHa He BblaepXan NpoBepkuM Ha apekBaTHOCTb B 20-x ropax XX Beka: B pamkax rmnoressbl
HbloToHa okasanocb HEBO3MOXHbIM ajekBaTHO 060CHOBaTb YCTOMYMBOCTb CKOMNEHWI ranakTuk
OT pasneTtaHusi, O0ODBACHUTb SBNEeHMe HeybbiBaHUS (MOCTOSIHCTBA) CKOPOCTM BpalleHus 3Be3f
OT PacCcTOsiHUS OO0 WX LEHTPa MacCc M TakXe CerofHs He yhaeTcsl 3KCMepuMMeHTaNbHO O0BHapyXuTb
HOCMTENb (PM3NYECKOrO NONSA TAroTeHns HbioTOHa — rpaBUTOH.

BmecTo nepecMoTpa OCHOB 3akOHa BCEMMPHOro TsSroTeHust HbtoToHa B 20-x ropax XX Beka 6bina
BBEAEHA TEMHasi MaTepusl, HadeneHHass HeU3NYeCKMN CBOMCTBaMK, pelialowero 3a Hero npobnembl
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C afekBaTHOCTbIO B OOBbEKTMBHOW peanbHOCTU. BmecTo TOro, 4tobbl BEPHYTLCA K MOMEHTY BBELEHMS
TEMHON Matepuu, y4yeHble CeroHs MbiTaloTCsA CTPOUTb 3KCMEePUMEHTbI Mo ee aokasartesnbcetey. Keratuy,
Kak nokasan aHanus uctopum actpoHomum [4 cTp. 28], 0o oTkpbITUA Hukonaem KonepHukom B 1543 roay
renvuoueHTprnyeckon CONHEYHOW CMCTEMBI YeNnoBeYecTBO ynpsMo Xuno 2000 net NOXHOW MAUNNUEN
MOHyMeHTanbHoCcTM 80 XpycTanbHbiX cchep B Hawen BceneHHom! Tak n cerogHs nonbiTKU OTbICKATb
NNMIO30PHYI0 TEMHYIO MaTepUIo yBOAAT YYEHbIX OT 06 BEKTUBHON peanbHOCTU.

Mpobnembl ¢ HeanekBaTHOCTbIO K HOBbIM SKCMEPWMEHTaslbHbIM JaHHbIM, MOJyYaeMbiM B MpoLecce
COBEPIIEHCTBOBAHNS W3MEPUTENbHOM TEXHWKM MO W3Y4YeHWI0 [OBUXEHUS OOBEKTOB B MakpoMupe
C COOTBETCTBMM C 3aKOHOM BCEMUPHOTO TSATOTEHWUS, CBMAETENbCTBYIOT O HapYLWEHUU TPeTbero 3akoHa
ananekTukun [6 cTp. 68]), oTBevatowWero 3a NoCTosiHHOe yrnybneHue 3HaHUi yenoseka 00 06bEeKTUBHOA
peanbHOCTW.

He cooTBeTcTBME BTOPOMY 3aKOHY OAMANeKTVKM runoTtesbl HbloToHa HyaeT nokasaHo HEMHOro ganee
B ctaTbe. CyTb Npobnembl 3akNOYaeTcs B TOM, YTO 3aKOH BCEMUPHOrO TArOTEHMS TpebyeT NoCTOsiHCTBA
CUN NpUTSXeEHWs No Bcelt BceneHHo 0OHOBPEMEHHO, HO And TOro 4tobbl co3matb, Hanpumep, opMy
ConHeyHylo cuCTeMy U3 3NEMEHTOB NnaHeT U 3Be3dbl TpebyeTcs nepexon WX KONMYecTBa B HOBOE
KayecTBO. YpPOBEHb CUN yaepxaHus anemeHToB B ConHeyHol cucteme nyctb Oynet paeeH F1. Mbl TouHO
3HaeM, 4To Mpu JanbHenweM pacwmpeHnn o6bEMOB 3aHMMAEMOro NPOCTPaHCTBa NMpupoha C MOMOLbIO
BTOPOro 3aKoHa OManekTuku ocylecTsuna nepexon mmnnnapnos ConHeyHbIXx CUCTEM B HOBOE Ka4yeCTBO —
B CanakTuky, Cvunbl yaepXaHus aNeMeHTOB B KOTOPOW AONXHbl ObiTb 00653aT€NbHO MEHbLe BENMYUHLI F1,
MHaye ckayka Kkayectsa He CMOrno 6bl NPON30NTY B 0O bEKTUBHOW peanbHOCTH.

Ho Hamnbonbwas npobnema 6Gbina obHapyxeHa npu NpoBepke aneKkBaTHOCTM runoTte3bl HbloToHa
Ha BbIMONHEHVe TpeboBaHMii NepBoro 3akoHa avanekTuku. CTpaHHO, YTO OO0 HACTOSLWEro BPEMEHW HUKTO
n3 unocodos, acTPOHOMOB, (PU3UKOB M MaTEMaTMKOB, aHanM3vpys BOMPOCHI ABUXEHWS MaTtepun
B MakpoMmupe Mo 3aKOHy BCEMUPHOro TaAroteHums HbloTOHa, He o06paTun BHUMAHMSA Ha TO, 4TO
OH MNPOTMBOPEYAT MepBOMy (rnaBHOMY) 3aKOHy AWanekTUKM (3aKoHy eauHcTBa W 60pbObl
NPOTMBOMONOXHOCTEN [6 cTp. 68]). CornacHo ero HeymonMMomy TpeboBaHmio: «... B MUPE HeT npeameTa
NN SBNEHWS, KOTOPbIE He pa3aBanBanncb Hbl HA NPOTUBOMNONOXHOCTM>. NPOTMBONONOXHOCTA HE TONbKO
NCKNoYalT, HO U 06513aTENbHO NpeanonaralT ogHa apyryto. OHM COCYWECTBYIOT B €AMHOM NpeaMeTe uim
aBneHun u opyr 6e3 gpyra Hembicnumbl!" [6 CTp. 69].

A BOT B 3aKoHe BCeMUpPHOro tsiroteHusi HbrotoHa, npu onucaHnu siBJIEHNSI NMPUTSIKEHUS
nnaHer Kk ConHUy, nMeer Mecrto Ttonbko onHo [IPUTSXXKEHUE? Kyna Xxe .geBanacb ero
fAunanekrnyeckasi npotTuBornosioxHocts: «OTTAJIKUBAHUE?» Be3 Hanuuus 3TOW AuanekTU4ecKow
NPOTMBOMONIOXHOCTU — OTTankMBaHU — 3aKOH BCEMMPHOro TAroTeHUss HblOTOHa CTaHOBMTCS
He MOMHbIM, MPOTUBOPEYMBBLIM, U HEe MPOXOAMT MPOBEPKY Ha abeKBaTHOCTb COrnacHo TpeboBaHMAM
NMepBoro 3akoHa [OuanekTuku. 3aKOH BCEMUPHOrO TArOTeHUs HbIOTOHa CTaAHOBUTCA ONATb TO/bKO
runoTe3oi HbloToHa, He NPoAs NPOBEPKY Ha aAeKBATHOCTb 0O BEKTUBHON peanbHOCTU.

PaccmoTpum, ong npumepa, OeicTBMe MepBOro 3akoHa AManekTuKWM Ha SBfIEHUU B3aMMOLEencTBms
9NeKTPMYecKnx 3apsanoB, onucbiBaeMoM 3akoHoM KynoHa [7 ctp. 183]. W3 akcnepuMeHTanbHO
NnoATBepPXAeHHbIX pakToB, NPosBepeHHbIX KynoHOM, M3BECTHO, Y4TO MOMIOXUTENbHbIE N OTpULATENbHbIE
3apanbl BCTYNawT BO B3aMMOLEWCTBME TakuM 06pa3oM, YTO pas3HOMONsSpHbIEe 3apsibl — NPUTArMBaloTC,
a ogHomonspHble — oTTankuBatoTcd! Hanvmuo o06e CTOpOHbl 3akoHa eauHcTBa M 6opbObl
NPOTUBOMONOXHOCTENR: NPUTSAXEHNe 1 oTTankusaHue! MNoatomy runoTtesa KynoHa co BpeMeHeM rnpouna
NPOBEPKY CBOEI apekBaTHOCTW B MPOLIECCE MHOMMX 3KCMNEPUMEHTOB M OOBEKTMBHO CTana 3aKOHOM
Kynona!

Mpowno 350 net nocne chopMynMpoBk HblOTOHOM rMAOTE3bl O HANNYUK B MPMPOAE CUN TATOTEHMS,
onucbIiBaloLWel SBNEHNS NpuTsxXeHus Ten k 3emne n nnaHet K ConHuy B ConHeyHoit cncteme. HecMoTpst



Ha To, 4To Oblna onpefeneHa rpaBMTaUMOHHAS MOCTOSIHHAs [4 cTp. 28], HO OO CMX MOP He HalhneH
PUBNYECKNA HOCUTESNb MONA TAroTeHus HbloTOoHa — rpaBUTOH. XOTS 3TO M CHUXaNo OOCTOBEPHOCTb
runoTesbl HbloTOHa, BCce pasHo cepy BnnsaHua ee HEOBOCHOBAHHO pacwupunu Ha Bclo BeceneHnyio,
NPUCBOMB 3aKOHY CTaTyC BCEMUPHOIO TArOTEHUS.

Ecnu 6bl y 3aKkOHa BCEMUPHOrO TArOTEHWS HE Hayanucb Npobnembl ¢ He afekBaTHOCTbO B 20-X
ropax XX Beka Mocne MoNyYeHUs HOBbIX SKCMEPMMEHTaNbHbIX [HaHHbIX O [OBUXEHUW MaTtepun
B Makpomupe, To He BO3HuKna 6bl npobnema ¢ TEMHOW MaTepuell, BO3MOXHO Hawny 6bl NOTOM rPaBUTOH.
OpHako cerofHs HeoXuhaHHO [MAOMONHUTENbHO MNPOSIBUNOCh HECOOTBETCTBME 3akOHa BCEMUPHOro
TAroTeHms HotoToHa TpeM 3akoHam OManekTukn, STOT HOBbIV BbI30OB (OMNOCOUN NEPEBOANT 3aKOH CHOBA
B rMMNoTe3y 1 NuwaeT ero npasa Ha JanbHeilee UCnob30BaHNe B aCTPOHOMUMN.

B cooTBeTCTBUM C TpeTbUM 3aKOHOM AMANEKTUKM Hawu npenctaBneHmss o6 ycTpoicTee
00 BEKTUBHON peanbHOCTM MOCTOSHHO COBEPLWEHCTBYIOTCA W CErogHs Mbl CTOMM B Hayane nyTu
no dopmupoBaHnio HoBoi Momenu Mwupa, noBbiwass AOCTOBEPHOCTb HOBbIX 3HAHWA O peanbHO
CYLLECTBYOWMX PU3NYECKMX NpoLeccax B Npupoae.

AHann3 oCHOBHbIX cywecTtByownx mMogenen Mmpa

Havyano 3apoxpgeHuns nepson mogenu Mupa yxoouT KOpHSMW B ganekoe npownoe, rae nepsble
nobo3HaTeNbHbIE NOAM NPOSIBANN CBO MHTEPEC K MOCTUXEHWIO YCTPONCTBA OKPYXatowero nx Mmmpa. Tak
B OpeBHeM BaBunoHe Mup BMAENcs aHanuTUYeCKW NMpocTo: 3eMns — 3TO OCTPOB, OKPY>XEHHbIA BOAOW,
Hebo —TBepablii Kynon, onvpawowmincs Ha 3emnio, M Ha Kyrnone npukpenneHs HebecHble ceeTuna
CO 3Be3LaMu, Ham KoTopbiM XMBYT 6oru [4 cTp. 28].

B ppesHem Erunte mMup umen Bupa 60NbWOWA OONUHBI, BbITAHYTON C CeBepa Ha tor, C LEHTPOM
B Erunte. Hebo npepnctaBnsnocb 60MblON XENe3HOW Kpblwei, KoTopas LEPXWUTCS Ha XenesHblX
ctonbax, M Ha Hel pasMeweHbl 3Be3gbl. B npeeHem Kutae 3emns npenctaBnsnacb MNOCKMM
NPSAMOYroNbHNKOM, HaA KOTOPbIM Ha cTonbax noaaepxusaeTcs Kpyrnoe Bbinyknoe Hebo. MNepsble Moaenu
NAOCKNX MMPOB HEMOCPEACTBEHHOrO BOCMPUATIS YENOBEKOM OKPYXalowwen peanbHOCTU NPOCYLWecTBOBaNM
npumepHo ao 500 rr. o H.5., KOrga Havyana pasBvMBaTbCs Hayka, B 4aCTHOCTM counocodus, Kak yyeHue
0 npupoae. Ha cMeHy NpoCcToOMy CO3epLaHnio SBAEHWIA NPMPOLbl NPUW AN NOMNbITKA HAYYHO OO bACHUTbL 3TH
SABNEHUS.

Bropas mopenb Mupa 6bina 6onee coBeplweHHoOW, roe 3emns npeacTaBnsnacb B Buae wapa
C Bpalwawowmmmcsa Bokpyr ee nnaHetamu: JlyHa, Mepkypuin, BeHepa, ConHue, Mapc, tOnutep, CatypH
W HenomBuXHble 3Be3nbl. 3emnss Obra uUeHTpoM Mupa. Kaxpas nnaHeTta fnsuranacb Mo CBOeW
xpycTtanbHou capepe. Tak mogenuposan mup lMNMudbarop Camocckuii okono 500 rr. go H.3. [NepBoHavyanbHO
yncno copep 6bin0 8, a NOTOM, MO MepPe NOMYYEHUS HOBbIX 3KCMEPUMEHTANbHbIX AaHHbIX O TPaekToPUsix
OBVXEHUS nnaHeT, NponCXoano NOCTOSHHOE HapawmBaHue ux yucna. Tak, B Mogenn ApuctoTens 4ynucno
XpycTanbHbIX cdpep gpocturno yxe 55. Kctatun, MMeHHO BO BpeMeHa ApUCTOTENs HEeKOTopble €ero
COBPEMEHHVKN  BbICKA3blBaNW uger BpalyeHns 3emnu Bokpyr ConHUa, HO aprymMeHTbl UX 3By4Yanu
HeybeanTenbHo.

MTonemel BBeN ewe OOHYy cTeneHb CBOOOAbI OBMXEHUS MNaHeTaM Ha WX XpycTalbHbIX cgepax
nyTeM [LOOMOMHUTENbHOrO BpaleHUs Mo HebOoNbWwoi OKPYXHOCTU (anuuuknbl). Obwee uyumcno Kpyros
B momenn [ltonemes pocturno 80. [Tloytn 2000 neT 4He/0BEYECTBO XWIO JIOXKHONU naAWIINEN
MOHYMEHTa/IbHOCTU XPYCTalbHbIX Cqbep B pamkax BTopoi mogenn Mupal

OpnHako 0b6bekTMBHAs peanbHOCTb Obina, yctpoeHa 6onee NMpoOCTO M FApMOHWYHO Kpacuso. Ty
rapMoHuio yaanocb oTKpbiTb Hukonato KonepHuky B 1543 romy, npoaHannavpoBaB BCE HAKOMNEHHbIe
JaHHble Mo 0COOEHHOCTSM ABUXEHWUS NMNaHeT, OH CMeno NPeanoXxun TpeTbio moaenb Mupa ¢ ConHuem
B UeHTpe [4 cTp. 38]. ennoueHTpuyeckas cuctema € nnaHetamu, ApMxXywmmmcs Bokpyr ConHua,
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okasanacb NOJIHOCTbIO COOTBETCTBYHOWEN hakTMyeckoMy ycTponcTBy CONMHEYHOI CUCTEMBI.

B 1665 rony HblOTOH OTKpPbIN 3aKOH, ONUCLIBAKOWNIA CUY MPUTAXEHUS Ten K 3emne u nnaHet
k ConHuy B ConHeyHow cucteme. [anee, npm oTCYyTCTBMM MHADOpMaUMN O HanuynmM Bo Bcell BceneHHom
b6onee macwTabHbix 0bpas3oBaHuii, yeM ConHeyHas cuctema, OTKPbITOMY 3aKOHy Obll NMPUCBOEH («Mo-
YMONYaHuo») cTaTyc: «3akOH BCEMUPHOro TAroteHus» [8 ctp. 70]. B mecte c Tem, TpeTba Mogpenb
He 06 bsACHSANA NPUYMH ckonneHns 3se3n B MneyHom lMyTu n Bo BCeit Buanmon BeceneHHoin.

BypHoe pa3BuTMe acTpoHOMMM B Hadane XX Beka NPMBENO K HAKOMMIEHMIO YEIOBEYECTBOM HOBbIX
aKCneprMeHTanbHbIX OaHHbIX MO pacnpeneneHunio 3se3n Bo BceneHnHoii. B 20-x ropax XX Beka 6bina
BblOeneHa Hawa [anaktuka, Kak oTOefnbHblii 06bekT Makpomupa [4 cTp. 340]. Tak Havanocb
dopmnpoBaHne 4YeTtsepto Mopoenu Mupa B YCNOBMSAX rOCMOACTBA 3akoHa TAroteHus HbloToHa.
3aragouHbll MneuHblin [lyTb C €ro HemcYMCnMMbIM KONMYECTBOM 3BE3[ Mpenctan nepen Hamu MpocTo
COBOKYMHOCTbIO Onmxanwmnx 3se3n Hawelr ManakTuky B HanpaBneHum Ha ee ueHTp! Hawa ConHeuHas
cucTema okasanacb KpPOLWEYHbIM BKpanieHneM B PUCYHOK O4epenHOro TBOpeHUs npupodbl — [ManakTuky,

061beM KoTopoii noncTuHe rpananoser ~1060 M3, ¢ BpemeHem nonHoro o6opoTa ConHua BOKPYr LEHTpa
ManakTukm 32 180 MNH. neT (Haw YenoBevYeCKun ranakTuyecknn ron) [4 ctp. 349].

Hanee Obinn OTKPbITbl HE TONbKO COCEOHWE ranakTUKW, HO U WX CKOMMEHMUSi, KOTOpble TakXe
okasanucb 06bedMHEeHHbIMU B CBOM CKOMMEHWUSI — CBEPXCKOMIeHus ranaktuk. BceneHHass npepcrana
nepen 4enoBeKOM 3amMoJIHEHHOM OpPraHW30BaHHbIMA CKOM/IEHUSIMM MaTepuu Mo BceMy ee 06beMmy
npocTpaHCTBa.

OpHako cKOpo cTanu nposBNATLCS OrpaHUYeHUs YeTBepToil Mmodenn Mupa: acTpOHOMbI, UCCnenys
0COBEHHOCTW OBUXEHWUS CKOMMEHWUi ranakTuk, NpuWwam K HeobxoOMMOCTU BBELEHWUS| MOHATUS TeMHas
matepus [1 cTp. 203]. Bnepsble ero BBen M3BeCTHbI acTpoHoM Ppuy Lisnku [1 cTp. 204]. B 20-x rogax
NPowWsioro Beka OH onpefenun CKOPOCTU BOCbMW ranakTuk B c03Be3auMum BepoHuknm u oueHun maccy,
HeobxoauMMylo ONs yAepXaHusl 3TUX ranakTUK MonemM TSroTEeHWM BHYTPWU cCaMOro CKOnjeHus. 3atem
OH CpaBHUN MOJNIYYEHHYID Maccy C BENNYUMHOW MacCbl BCEro CKOMMEHWUS, pacCYATaHHOW Ha OCHOBE
ncxopsiwero ot Hero cseta. Okasanocb, 4YTO ANA yOepXaHusl CKOMNeHWs OoT pasnetaHus Obina
Heobxoamma 60’nbwas macca. Hepoctawowyto maccy ®puu LiBukn Hasean TemHol matepuei. Mo ero
pacyeTtam BbIXOAMIO, YTO B CO3BE3aMW BepoHukn TemMHON MaTepum 3HaumTenbHo 6onblue, Yem
06bIKHOBEHHOI O BELLECTBA.

KoHeuHo, ®puy LiBMkKn cpady MOr yCOMHUTbLCS B AOCTOBEPHOCTU 3aKOHa BCEMUPHOrO TArOTEHMUS,
oTKpbITOro HbtoToHOM ansi nnaHet ConHevHoi cuctembl [8 cTp. 70], NpuMmeHsis ero B MacwTabax
ckonneHmin ranakTnk. CTONKHYBWWCb C HOBbIMU 06pasoBaHMsMM npupodpl, ®puy LIBUKM 1 ocTanbHble
yyeHble He cTanu nepecmaTpuBaTbh CylecTBylOWwy momens Mupa, a nonpobosanu pewntb npobnemy
C YCTONYMBOCTbIO CKOMMEHWIA ranakTuk OT pasnetaHus nyTeM BBeOEHUS MUGUYECKOW TEMHON mMatepum
C Hehumsnyeckmmm ceomcteamm [9 ctp. 1].

3T0 NpvBeno K TOMYy, YTO TEMHasi MaTepusi 3aHsana 5 MecTo B CMMCKe HepelweHHbIX npobnem
coBpeMeHHon consnku [10].

CTpaHHO, HO 3TO «TUXOe» 3aBoeBaHWEe YMOB 4ejnoBe4deCTBa 3a CYEeT pPacnpoCTpaHeHusa «no-
yMON4aHUI0» 3akoHa TAroteHnd Ha BCHO BceneHHy}o 0OKa3aNnocb Takum yCTOI7|LIVIBbIM, 4TO OO CUX NOP HUKTO
He XO04eT OT Hero oTka3aTbCH.

O6ocHoBaHMe HoBoW (NsiToi) Mmooenu Mupa

PaccmMoTpum panee C COBPEMEHHbIX 3HAHWA O MWKPOMUPE OMbIT OAMHAKOBOrO (yHMBEPCANbHOrO)
YCKOPEHMS1 CBMHLIOBOrO Wwapa v nywuHkn B Tpybke HbtoToHa (puc. 1) [11] n meiicTBMe BTOPOro 3akoHa
ONanekTVku npu OOpMUpPOBaHUM (POPM B Makpomupe. Haxomsicb Ha YpOBHE COBPEMEHHbLIX 3HAHWI
O BHYTPEHHEM CTPOEHMU (DOPM 1 3NIEMEHTOB X COCTaBNAIOWMX, Mbl MOXEM MO-HOBOMY TPaKTOBaTb OMbIT
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04VHaKOBOro (YHMBEPCaNnbHOr0) YCKOPEHUS CBMHLIOBOrO Wapa v nywuHky B Tpybke HbtoToHa. Ha prcyHke
1 n3obpaxeHo knaccumyeckoe nafgeHne psaoM CBMHLOBOMO Wapa U NyWwWHKW B Tpybke. YCNoXHUM onbIT
TeM, YTO BMECTO MYLNHKN BO3bMEM BCEr0 OAUH aTOM CBMHLUA (pWC. 2) 1 BBEOEM AONONHUTENbHO TpW 3Tana
B aHanuae 1Ux COBMECTHOro nafeHus. Ha pucyHkax 1 a) n 2 a) Mbl BOCNpUHMMaeM Havyano nageHus opm
maTepun B BULE CBMHLOBOrO Wapa v 0JHOro atoma csumHua. Ha atane 1 6) mMbl Bblgensem 10T pakT, 4To
nagawT gBa Tena ¢ maccamu Mg n M{, a Ha atane 2 6) Mbl BblOENSEM TOT PaKT, YTO MajalT Oga Tena
¢ Mmaccamun Mg 1 mg Ha atane puc. 2 B) Mbl YTOYHSEM, 4YTO CBMHLIOBbIV Wap cocTouT U3 Ny aTOMOB CBMHLA:
Mo= Ng mg 1 psaooM napaet Bcero oavH atoMm cBuHUA. CBUHLOBBIA Wap — 3TO BCero nuwb dopma
npeameTa c maccon pasHoin Ng*mg.

Mpw nagaHum Ha oHO Tpybkm Ng aTOMOB B (hOpMe CBMHLIOBOrO Wwapa maccoit Ng*mg 1 ogHoro atoma
cBuHUa 1*mgq (puc. 1 B) 1 2 B) Mbl B 04epeHOM pa3 BOCXMLWAEMCS, Kak OHN OOHOBPEMEHHO OOCTUraloT AHa.
Ho yHmBepcanbHOCTb OAMHAKOBOrO YCKOPEHMS TE€Nn B HOBOM YTOYHSIOWEM oOmnbliTe (pPUC. 2) MOXHO
06 bSICHUTL MO-IOPYromy: TaK Kak BennyuHa Ng B Macce tena My siBnsieTcsi npocTo MateMaTu4eckon
KOHCTaHTOU, TO 06 BEKTUBHO B Npupoae CyLUeCTByeT eaUHbIN OU3NYEeCKNN NMpoLLecc NPUTIXeHUs
TO/IbKO O44HOro atoMa cBuHua K 3emsne. NMonHas Macca CBMHLOBOro wwapa maccon My HabupaeTtcs
nyTeM NoBTOPEHUs 3TOro0 eAMHOro npoLecca NPUTSXEHUS KaxXabim atomom Ng pas!

Kaxabli aTtoM CBMHLOBOro wWwapa wHAMBMAOyanbHO nputsruBaetcs Kk 3emne. Ob6was cuna
NPUTAXEHMS BCero Tena onpejensetcs npou3BedeHneM Cunbl MAPUTSXEHUS OTAeNbHOro aroma
Ha ux uyucno! Korpga atombl cobpaHbl B €OUHYD (QOPMY, HanpuMep CBMHLOBbIA wWwap WX MNyWUHKY,
Mbl MPOCTO YBENMYMBAEM YUCNO aTOMOB B OMNbITE, HO PU3NYECKUI NPOLLECC NPpUTAXeHUsd K 3emne chopm
ocTaeTcsi HEeU3MEeHHbIM: KaXAbld aTtoM npuTtaruBaeTtcad K 3emne wuHauBuayanbHo! [lo-atomy
N NPOSBNSETCSH YHMBEPCAIbHOCTb B YCKOPEHWW TEN M3-3a TOro, YTO BCE TeNa COCTOAT U3 OTAENbHbIX
aTOMOB.

3Haunt, HeT HN KaKoW «BeJTUKOWN YHUBEPCallbHOCTU» CWU/1bl TAFOTEHUSI, a €CTb JINLLb e OUHbIN
pusndeckui npoLecc NPpUTSXKEeHUs1 Kaxaoro otgesbHOro atoma uccrenyemMou ¢hopmsoi K 3emre.
lMo-MoeMy, 3TO siB/ieHWe MOXHO Ha3BaTb CBOMWCTBOM KBaHTOBaHUSI CWIbl TPUTSIKEHUS Tesl
B MakpoMupe Ha ypoBHe atoMoB. Korga atombl cobpaHbl B KOHKPETHYIO (DOpPMY BellecTBa, Hanpumep,
CBUHLOBbLIV Wap, TO SHEPrus CBA3WM MeXAy HMMU 3HAYNTENbHO MEHblle B CPABHEHWMW C SHEpPruen camumx
aToMOB. Ha cerogHs n3BecTHO, YTO BCe (POPMbl COCTOSAT M3 OTAENbHbIX ANCKPETHBIX aTOMOB, & 3HAYMT
SHeprva yoepXaHus WX OUCKpeTHa M cuyeTHa. lMonyyaetcs, 4TOo Kaxnpas cdopma BelecTBa UMeET
COBCTBEHHYIO 3HEPruto ee yaepXxaHus!

Mocne napeHusi Ha AHO Tpybkn Bce 4YeTbipe Tena, nokasaHHble Ha puc. 1 B) M Ha puc. 2 B),
oKasblBaloTCs B 0693aTe/IbHOM HEMPEPbIBHOM (PM3NYECKOM KOHTAKTE C noBepxHocTbio 3emnm! [la, yepes
HenocpeacTBEHHOE KacaHne 3NeKTPOHHbIX 061akoB aTOMOB CBMHLA CHayana gHa, NoTOM NOACTaBKW NoA
TpybKOIA, NX ONOp 1 T.4., Mbl B HEMNPEPbLIBHOM KacaHUM aNeKTPOHHbIX 061akoB 065s3aTenbHO BbIALEM HA BCE
atombl 3emnu! 30eCb Mbl Hax0OMMCS B 30HE OENCTBUS TONbKO anekTpudyeckux KynoHosckux cun! Otun
cunbl 06 BEKTMBHO HUKyda He Mcyesanu U BO BPEMS BCero onbiTa naneHus Ten B Tpybke HbtoToHa!
BoamoxHo, Tak noBko B npupome [MPOUCXOOUT TMOOMEHA o6bektmBHbix cun  KynoHa
Ha rMNoTeTUYeCKylo cuny TaroteHusa HototoHal!? Ho, ecnm CTporo yyecTtb, UTO cuna TAroTeHUs OonXHa
nposiBNSTbCA ANt 06 bEKTOB MakpoMmpa Ha yaaneHusax MHoro 60nblmnx nx pasmepos (ana 3emnm — ato
He MeHee 10 ee paomycoB), TO NONy4yaeTcs, YTO siBieHUe, uccnegyemoe B Tpybke HbloToHa, Haxooawelics
Ha NOBEPXHOCTY 3eMNn, UMEeeT COBCEM Ipyryto npupoay!
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Pucyuok 1 —Ilagenne cesrmoBOrO Pucyrok 2 — ITagenus ceEHANIOGEOTO
Imapa H MyIIHHEKH B TpyOoke HeroToHa 1apa H 0JHOIO aTOMa CBHHIA
B TpyvOKe HerotoHa

OueHuM, KakmMm OONXHbI ObiTb BENNYNHDI 3apanoB onga peanu3adum eamHoro dgou3nyeckoro
npouecca nputaxeHumsa nOByx aTtOMOB 3a CYeT KyﬂOHOBCKOVI cunbl Npm 3aMeHe el Chnbl TAroTeHus
HbtoToHa. Cnna HetoToHOBCKOrO NPUTAXEeHNA 0OQHOro atoma K gpyromMy paBHa:

Fr =y'mo* mo/ R2, (1)
roe: y — rpasmTaumoHHas noctogaHHas, pasHas 6.67*10°" 1;
Mg — Macca atoma, Kr;

R — pacctosHue mex gy atomamu, M.

Ins pacyeTa ChN KYyNOHOBCKOro npuUtaxXeHus OByxX aTOMOB BBedeM 3apsdn CBA3U Aq, C noMmouibto
KOTOPOro OHN NPpUTArnBalOTCAa Opyr K gpyry. Cwuna KYNOHOBCKOIo Nputsa>XXeHnsa atoMoB paBHa:

Fi = Aq * Aq/ (4*p*e*eg *R?), (2)

roe: € — OTHOCUTENbHAsA AM3NeKTpMYeckas NPOHNLAEMOCTb Cpebl;

eg — aneKTpuyeckas NocTosiHHas, paBHas 8.85*10712;

Aq — BennuMHa 3apsaa CBA3W, K;

R — pacctosHue mex gy atomamu, M.

MpupasHsB BbipaXeHns 1 1 2, Nofy4MM OopMyny ANS BbIYNCNIEHUS BENMYMHBI 3apsaa cBsAan AQ:
Aq = mg*(4*p*e’eo * v)%2. (3)

Ins atoma ceuHUa BenuumHa Aq = 3*10°3% k. YamBuTenbHO, YTO HyXeH Takoi ManeHbkuii 3apsm,
CBA3N [OnA 3aMeHbl cunbl TaroteHna! BenuuuHa 3apana ceBA3nm AQ MeHblue 3apsfja 3neKkTpoHa

B 5.3*10" 5pa3! [MpoBegeHHbI aHanu3 nokasbliBaeT, 4To cunbl KynoHa nerko MoryT 3aMeHWTb cuny
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TAroteHns HotoToHa 3a cyeT B3anMoAencTBms 3apsA00B CBA3N Aq npn o4eHb ManbiX X 3HAYEHUSAX.

B uenom wu3yyeHve npupodpl CUN TATOTEHUS CBS3aHO C SBNEHUSMW MO B3auMOOENCTBUIO
(MpuTSAXEHUI0) ABYX TeN, pasMepbl KOTOPbIX CYWECTBEHHO MEHbLUE PACCTOSAHMIA MeXAY HUMKU, HaNpUMep,
nputaxenme 3emnu k ConHuy! B cooTBeTCTBUM CO CTaHOAPTHOM MOAENbIO B MUKPOMUPE CyLLecTByeT
KBaHTOBaHMWe 3aKOHOB Npu ¢popMMpOBaHUM U3 NoNen HYKJIOHOB, saep, aToMoB, Monekyn [7 cTp. 550].
Tak kak pnga npuponbl BCEJIEHHAA EOUHA, To KBaHTOBaHWE 3aKOHOB aBTOMaTU4eCKU [,0J/1XKHO
pacnpocTpaHsieTcss 1 Ha cpopMUpPOBaHUE KITETOK, YesioBeka, nnaHet, 3Be3[, CONMHEYHbIX CUCTEM,
ranakTMkK, CKOM/IEHMA ranakTuK, CBEpPXCKOMMeHUn ranaktmKk M paxe uenon BceneHHow. Tonbko
B TakKMX KBaHTOBaHHbIX OrpaHW4YeHUsIX Ha pacnpegeneHne matrepum no ob6bemy BceneHHou
BO3MOXHO nopaaepXxaHue Npuponon B paBHOBECUM OLHOBPEMEHHO BCeX 12 ypoBHel ObITUS.

Ha cerogHs B Hayke M3BECTHO, YTO B aTOMe BOAOPOAA KBAHTOBAHME paanyCcoB CTaUMOHAPHbIX opbuTt
3NEeKTPoHa rp ONpeaensioTCs BolpaxeHuem [12]

rp =0.529*10710 *n2, (4)
roe n — KBaHTOBaHHbI HOMep opbunTbl aNEeKTPOHA.

B pabote [13 cTp. 115] B OCHOBY nmoucka B MakpoMmupe Takoi 3aBMCMMOCTM Oblna MmonoXxeHa
aHanorms gBuxeHus nnaHeT B CONMHEYHOWN CUCTEME MO NPakTUYeCcKn KPyroBbiM opbuTam, Kak BpaleHue
3NEeKTPOHOB BOKPYr aTtoMoB B Mukpomupe. CoxpaHuB CTEMNEHHOW BMI 3aBUCUMOCTWU paauyca, Obina
coctaBneHa B camoMm obwem Buae cpopmyna Ans annpokcuMauuy paauycoB PacCTOSiHWA OT nnaHeT
no ConHua

RHoB(n) = a + b*n®, (5)
roe a, b, ¢ — nckoMble Ko PULMEHTbI annpokcuMaLnu.

Ons  panbHelwero  nNpakTUMY4eckoro  BbIYMCNEHMS  TPeX  HEeu3BEeCTHbIX KO3 (PUUMEHTOB
annpokcuMaumm a, b, ¢ 6111 MCNoNb30BaHbl faHHble Ans Tpex nnaHeT: Mepkypwii, Onutep n Spuaa.

B pe3ynbTtate 6bina nonyyeHa cnegytowas oopmyna annpokcumaumm

RHoB(n) = (38 + n3-8) / 100 [a.e.], (6)
roen=1,2,3,...N.
CyMmMapHas oTHocuTenbHasa norpewHoctb onga 10 Touek annpokcumaumm coctasnna = 12.7 %.

B peaynbTate MOXHO yTBepXpgaTb, U4TO (pakTMyeckoe Hannunme [aHHOW 3aBUCMMOCTU
nogreepxpgaeTr TOT (pakT, YTO pagumycCbl MAaHET He SBASAKTCSA ChAyyaliHbiMK. OTO pacyeTHbIM MyTeM
NOATBEPOMNIO BO3MOXHOCTb pacnpocTpaHeHus Ha makpomup (ConHeunyto cuctemy) [1PABUJI
KBAHTOBAHWNS rnaBHOro KBaHTOBOrO 4uicna n, UCNONb3YEeMblii B MUKPOMUPE AN ONUCaHMA paanycoB
opbuVT OBUXEHUS INEKTPOHA.

Ecnn 6bl BOOOWE OTCYTCTBOBANM MpaBuia KBAHTOBAHUS BO BCENIEHHOW, TO MaTtepusi Obl
pacnpegensanacb cnydaiHo no obbemy npoctpaHcTBa. OOHAKo OeTanbHOe M3yyYeHue pacnpeneneHust
matepum no obbeMmy BceneHHol acTpoHOMaMm fokasano, YTO OHa BCSi OpraHM3oBaHa Mo eAuHOMY
KJieLe: MMKpPOoYacTuLbl, aTOMbl, MONEKYbl, NNAHETbI, 3B€34bl, 3BE3AHble CUCTEMbI, CKOMEHNS 3BE3OHbIX
CUCTEM — TanakTWKK, KOTOpble caMu B pacwupsowmxcss obbemax npocTpaHcTBa 06beanHeHbI
B CKOMNeHus, nepexopswme panee B cBepxckonneHumsa. Bo BceneHHOW HeT cnyyaliHOW ABMXYLWENCcs
mMaTtepum He NpuHagnexailen aTum obpasosaHusim!!!

KBaHTOBaHMe rnaBHOrO KBAHTOBOr0O YMcna N hU3NYECKN NPOSIBNSETCS B TOM, YTO B KaXAOM aToMe
KaX.AoMy KBaHTOBOMY YMC/y COOTBETCTBYET CBOSI MNIOTHOCTb BEPOSITHOCTU pacrnpeneneHns 3neKTPOHHbIX
obnakoB, pacnpeneneHHblx Bokpyr sgpa. Ytobbl cTaHoapTHas Modenb 6bina npuMeHvMa ans macwurabos
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ConHeyHol cuctembl, rge pagmychbl OBUXeHus nnaHet Bokpyr ConHua paccuMTbiBalOTCSA MO hopmyne 6,
pacnpeneneHne NAOTHOCTU BEPOATHOCTW 3NEKTPOHHbLIX 00MakoB LONXHO UMETb HEHyNneBoe 3HayeHue
Ha cepeflmHax pPacCcTosaHWA MexXay Kax oo nnaHeton n ConHuem.

KpyweHne ocHOB knaccuyeckmx MpPeAcTaBlEHUi y4yeHbiX O CTPOEHUU OOBEKTMBHON peanbHOCTM
nepsBoHavyasrbHO NPOABUIOCH MPU UCCNENOBAHMM B MUKPOMUPE YPABHEHUIA OBUXEHNSA 3NEKTPOHOB BOKPYr
atoma. [Ins apekBaTHOrO OTPaXEeHWs peanbHblX (PaKTOB 3KCMEPUMEHTOB Yy4YeHbiMM Obinv BBEOEHbI
kBaHTOBaHWe [lnaHka, ypasHeHusa lWpennHrepa, yHKUMS HeonpeneneHHocTw, Oyannu3m MUKpovacTuL,
n 1.4. Jaxe momenb atoma bopa, ocHoBaHHas Ha KyNOHOBCKOM MNPUTSXEHWWM 9NeKTpoHa K s4py,
ycTynuna MecTO KBaHTOBOW MexaHuke, kak Oonee anekBaTHO OMWCbIBalOWeEl BEPOSATHOCTU
pacnpeneneHns anekTPoHHbIX 06nakos B 6onee CnoxXHblx Monekynax [7 ctp. 517].

CoBpeMeHHasa KBaHTOBas TeOpMs 3EKTPONPOBOAOHOCTW METannos, onucebiBas 3akoH Oma nons
NNOTHOCTW TOKa [7 CTp. 597], ucnonb3yeT Ty Xe POPMYIy, HO BHOCH «...COBEPLIEHHO Apyroe husnyeckoe
cogepxaHue n, B OTAMYME OT KNacCnyeckon oopmy bl, MOMHOCTbIO COOTBETCTBYET OMbITHLIM AAHHbLIM».

AHanormyHas cutyaums cnoxwunacb u ¢ gopmynamm 1 1 2, TaKk Kak BHEWHE OHW OYEHb MOXOXM,
HO cpopmyna 1 Tak 1 ocTaeTcs «rmnote3o HbloToHa», a hopMyna 2 — SBNSIETCA afekBaTHLIM 3aKOHOM
KynoHa! MNokaxem panee, 4yTo Cu/bl yoepXaHns 3NEMEHTOB B (hOPMax MUKPO U MAKpO MMPOB 0653aHbl
MOCTOSIHHO YMEHbLIAaTbCs NpY nepexone OT KBapka A0 CBEPXCKOMNEHWIA ranakTuk.

AHanns coopmunpoBaHus 12 yposHeit 6biTus B Hawen BeceneHHoi

K HacTtosweMmy BpeMeHW B Hayke [OCTatO4HO MNOJIHO NpeacTasBneHbl CBEAEHWS MO YCTPOWCTBY
06 BbEKTOB MUKPO M MaKpO MMPOB, @ UMEHHO, 0O bEKTaMN MUKPOMMPA SBASIIOTCA: KBAPKW, HYKNOHbI, S4pa,
atoMmbl, knetkm [1 cTp. 25, 2 cTp. 158, 14 cTtp. 339], a makpommpa — 3emns, ConHeyHas cuctema,
ManakTumka, ckonneHue [ManakTuk, ceepxckonnenune [ManakTuk u cama BecenernHas [3, 4].

Mbl B UeNnOM NpeacTaBnsieM, Kak YCTPOeHa Kaxnas M3 MepeynCNeHHbIX (OOpM OpraHumsauuun
matepum B Hux. OT Bonbworo B3pbiBa A0 HACTOAWEro BPEMEHW MPOWAW MUNANApLbl NeT 3BONOLMUU,
BbIMOJIHEHHbIE NMPUPOLAON NO OpraHM3auuu 3NEeMEHTOB MaTepun B Hawy BceneHHylo oQHOBpeMeHHO
B MUKPO U Makpo Mupax. Ha nocnegHem atane 2BONIOUUM BO3HWKNIW Mbl, NMIOAN, KOTOPblE CEromHs
MblTAEMCSl MOCTMYb BECb PaHAMO3HbIA 3aMbiCeN TBOPEHUS Npupoabl B MacwTabax BeceneHHoi!

Ob6bekTuBHas peanbHOCTb MogBepranacb TpaHcopMauuy NPUPOAOA C NPOSIBNEHWEM LelCTBUS
M3BECTHbIX HaM Tpex 3akoHOB Aunanektuku. CerogHss Mbl MOXEM BUAETb 3aKOHYEHHY KapTuHy
pacnpeneneHns maTtepum no npoctpaHcTBy BceneHHon. 3a cueT nNposiBNEHMS MNepBOro 3akoHa
OnanekTnkm cqoopMmpoBannucb yCTonyvBblie CBA3U B BOSHUKIINX dpOpMax, YPOBHSAX, 3/IEMEHTax, npeamerax
N SBNEHMAX. 3a CYET MPOSBNEHNSA BTOPOro 3akoHa CGROPMMPOBANNCh UMEHHO Te (OOPMbl U3 MHOXECTBA
9/IEMEHTOB MaTepuun, KOTopble B COBOKYMHOCTU BCEW Mbl Ha3blBaeM cerofHs Hawein BceneHHon. Tpetuii
3aKOH onpegensan, onpegenset n byoeT onpenensitb BCE MPOLECCHI HEMPEPBLIBHOrO M 0643aTenbHOro
3BO/IIOUMOHHOr0 npeobpa3oBaHusi (pasBuMTMs) BCeX (OOPM W WX BNeMeHToB OT bonbworo B3pbiBa
N 00 HACTOsIWero BpeMeHu, Korga 4enoBeyecTBO MNbliTaeTcs Bce 6bonee rnyboko BHMKATb B 06 bEeKTMBHOE
yCTponcTBo BceneHHoM.

Pusnqeckoe nposiBneHne paboTbl TPEX 3aKOHOB ANANEKTUKN Han ABUXylercs Matepues B Leno
BceneHHovi no3BonseTr 060CHOBAHHO nrpejrnonararb, YTO 4Yepe3 HUX BJIOXEHa yrnpas/isieMOCThb
3BO/TIOLUMOHHOro npeobpas3oBaHuns npUpPoaori Mmatepun B 06 LEKTUBHOV peasibHOCTU Ha BCeX 12 ypOBHSIX
6biTns! DeTanbHblii aHanm3 06 bEMOB (DOPM TBOPEHWS NPUPOLOW B Haweil BceneHHoi noTpsicaeT cBoel

KONOCCaNbHOM MaclTaBHOCTbIO: AMANAa30H UX N3MEHEHUst HaxooMTcs B avanasoHe oT 10748 no 1080 m311!

Pasmax nameHeHnn o6bema TBOpeHUs hopM cocTtaBnsieT 10128

B tabnuue 1 npeactaeneH nepeyeHb 12 ypoBHel BbiTUS MO NPOSIBNEHNIO OEACTBUS BTOPOro 3akoHa
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OnanekTnkm no nepexogy KONMMYECTBEHHbIX W3MEHEHWA 3N1eMEHTOB MaTepun B HOBble (POPMbl Mnpwu
opraHmsauun npupoaon Hawen BceneHHon B MUKPO U Makpo mupax. Mictopuyeckn matepus npertepnena
obs3aTenbHoe NpeobpasoBaHNe Ha KaX[OOM YPOBHE, (DOPMUPYS UHOMBMIYaANbHOE COLEPXaHUe KaX oW
N3 OOpM M3 3NEMEHTOB ee MaTepumn. Kaxnaplii HOBbIA ypoBeHb ObiTMS Obin HeobxoauM Mpupone Lns
€ee rpaHano3HOro nnaHa B KOHCTPYKUMK BCeli BceneHHoM, K COKPOBEHHOW TailHe KOTOPOro Mbl MbiTaeMCS
CerogHs NPMKOCHYTbCA.

Mocne Bonbworo B3pbiBa kaxpas HoBas opMa BO3HWMKana MyTeM pacwupeHns obbema

3aHMMaeMmoro npocTpaHCcTBa OTHOCUTENLHO pasMepa npedblaywen popmbl NPUMEPHO B ~ 102 = 108 pas.
B pacwupeHHbix mMacwTtabax kaxpas gopma HanonHsnacb COBCTBEHHbIM colepXaHueMm. Ha nepsom

ypoBHE 6biTs B obbemax ~ 10-48 M3 N3 3Heprnn BO3HUKNWN KBAPKW, SNEKTPOHbI U NEnTOHbI. Hanee

B pacwumpuBwmnxcs o6 bemMax NpMMEPHO B CTO pa3 BO3HMK/N HYKNOHbI (MPOTOHbI, HEATPOHBI). Ha TpeTbem

0-43 m3

ypoBHe B o6 bemax ~ 1 BO3HMKNN sapa.

Ha 4-m ypoBHe B pacwupmrBlLIMXCS 06bemMax NPUMEPHO B ~ 1016 pa3 (0OTHOCUTENbHO 3-r0 YyPOBHS)
B npeobpasoBaHMM MaTepuy NPOM3OWEN BENUYAWWMA CKAYOK B  KAYECTBEHHOM Mepexone
n3 HekoHTponupyemoro XAOCA cnyyaiHO [OBMXYWUXCS SNEKTPOHOB, MNPOTOHOB U HEWTPOHOB
B UX YyNpaBnsaeMoe [OBMXEHWE: 3NIeKTPOHbI «3aMKHYIM» CBOW OTpuLaTe/IbHble 3apsabl Ha NONOXMUTENbHbIE
3apsgbl NPOTOHOB B MacwTabax HaHomupa. HoBas doopma U3 OBUXYWUXCS 3NEKTPOHOB BOKPYr sapa
no Kpyry no3sonuna cosgasatb atombl. Co3aaHne atoMoB, a MOTOM U3 HUX MOJIEKY T HA YETBEPTOM YPOBHE
ObITUS1 CrapMOHM3NPOBANO MaTEPUO MPOCTPAHCTBA U MO3BOJSIMIO HayaTb (POPMUPOBAHWE OCTaNbHbIX
8 ypoBHei ObiTvs. Ha Mol B3rnsig, UMEHHO Ha 4-M ypoBHe ObiTMS MNPOSBANCS BeNUYanWWA akT
yrnpaBnsaemMocTu NpMpoaoi B TpaHCcdopMaumm MmaTepum BO BCEM npocTpaHcTee BeceneHHon.

Kaxnas gpopma cchopMmMpoBaHHOIO yYpoBHS, Hanpumep ConHeyHas cucTema, co3jaHHas u3 nnaHer
M 3Be3hbl, Ha CnegdyloweM aTarne TBOPEHUS cama CTaHOBMIACb 3MEMEHTOM TBOPEHWS MPMpPonbl Npw
co34aHuM B pacwupsiowmnxcs macwrtabax NpocTpaHCTBa CRefylowero YpoBHS ObiTUS: Tak Ha 7 YPOBHe
M3 MUNNVapPAOB 3BE3[HbIX CMCTEM BO3HMKNA [FanakTuka, a NoToM Ha 8 ypoBHe K3 Thicsy [anakTuk
BO3HUKNIN CKOMNEHWs ranaktuk u 17.4. Bo BceneHHoit HeT obpa3oBaHWii MaTepum, HE OXBaAYEHHbIX STUM
npeobpasoBaHueM.

AHanua 12 ypoBHeli npeobpa3oBaHus NpuMPOOOA MaTepum B OOBEKTUBHOW peanbHOCTU
OJHOBPEMEHHO BO BCel BceneHHoi nokasan, 4to Kaxapli ee ypoBeHb CO34aH 13 MHAMBMAOYyabHbIX OOPM
C 0Cob6biM MHAOMBMOyaNnbHbIM COAEPXaHWEM 3NEMEHTOB ee TBopeHusi. CoaepxaHue Kaxnoin ¢opMmbl
KaXZoro ypoBHs 6biTus obnamaet MHAMBMOyanbHbIM HABOPOM HU3NYECKMX NMapameTpoB, yOepXnBasCb
cobCTBEHHLIMU cnaMu. TONbKO B TakWX YCNOBUSIX BO3MOXHO BO3HWKHOBEHME KaXOro HOBOIO YPOBHS
OblITUS M3 COCTaBNAOWMX 3NEMEHTOB Npeaploywero ypoBHS 3a cyeT cpabaTtbiBaHMS BTOPOro 3akoHa
OvanekTukm no nepexony KonnyecTsa B HOBOE Ka4yecTBo.

B Mukpomupe npu nepexode ¢ 1-ro ypoBHs Ha 4-i (0T kBapka Ao atoma) u ¢ 11-ro yposHs Ha 12-i1
(oT KNeTkn 0o 4Yenoseka) MOET MOCTOSIHHOE CHWXEHME 3HEeprus CBsA3N B HUX, BENNYNHBI KOTOPbIE MOXHO
JOCTOBEPHO U3MEpUTb 3KcrnepuMmeHTanbHO [7 cTp. 681]. A BoT B Makpomupe oT CONHEYHbIX cuctem
[0 CBEPXCKOMJIEHUIA ranakTuk, rae npsmMoe naMepeHue cun nNnpuTSXeHns HeBO3MOXHO, 3aKOH BCEMUPHOIO
TaroteHns HbloToHa TpebyeT MOCTOSHCTBA UX B KaX.AOM YPOBHE, MPOTUBOPEYa Mpu 3TOM BCEM (TPEM)
3aKOHaM AvManekTuKW, a 3Ha4nT U caMoil 06 bEKTUBHOW peanbHOCTH:

— MNepBOMY 3aKOHY M13-3a HaIn4dnsa B CUNe TAroTeHus HbloTOHa TONbKO CcUnbl NnpUTAXeEeHNna Ten
N OTCYTCTBUA Y HETO ONANEKTUYECKOIro OTTanKnNBaHUA;

— BTOPOMY — WM3-3a 3anperta Ha N3MEeHeHWe Cun yOepXaHusa OT YPOBHA K YPOBHIO, Y4TO Oenaert
HEBO3MOXHbIM B CyWECTBYIOWMX OrpaHUYeHnsx runotesbl HbIOTOHA BO3HUKHOBEHWE HOBbIX YPOBHEMN
6biTs ¢ 5 no 10 (tabnuua 1) nyTem nepexoja KONMMYECTBA WX 3NEMEHTOB B HOBble (POPMbI. Takow
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nepexon BO3MOXEH TONIbKO Mnpwu obszaTenbHOM YMEHbWEeHNN NX cnn ygepxaHus.

— TpeTbeMy — Wn3-3a HEBO3MOXHOCTM agekBaTHO onucaTb HOBble SBNEHUS B aCTPOHOMMMU,
oTKpbIThle B 20-x rogax XX Beka. Bmecto npoBepku afekBaTHOCTM runotesbl HblOTOHA AN HOBbIX
3KCMEepUMEHTasbHbIX AaHHbIX, aCTPOHOMbl BBE/IM HOBYIO T'MMOTE3Y O TEMHOW MaTepun.

Tabnuua 1 — MepeyeHb 12 ypoBHe BbITUS MO NPOSIBNEHNIO OEACTBUS BTOPOro 3akoHa AnanekTuku
no nepexomy KONMWYECTBEHHbIX W3MEHEHWA 3/1eMEeHTOB MaTepun B HOBble (POPMbl MNPV OpraHunsaumu
npupoaon Hawel BceneHHOM B MMKPO 1 Makpo Mupax
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MHKPOMHp | MAKpPOMHEpP OpraHIYecKIni MIIp

K npobnemam 0O HECOOTBETCTBMM 3aKOHA BCEMUPHOrO THArOoTeHUs HblOTOHA Tpem 3akoHam
onanektukun pnobasnsietcs npobnema OTCYyTCTBUSI OOHAPYXEHWUs A0 CUX MOP YYeHbiMW FpaBMTOHA —
PM3NYECKOrO HOCUTENS NONS TATOTEHNS B BO BeceneHHoW.

lNpennaraercsi Ha coBPeMeHHOM YpPOBHEe 3HaHWW 4YesloBe4YecTBa O MUKPO M Makpo Mupax
3aMeHUTb runoresy HbOTOHa Mo onucaHWIO CUN MPUTSIKEHUS TeJl B MakpoMupe Ha HOBYH
runotesy yTBepXOaloLLuyro, YTO CWIbl YOepXaHUsi aN1eMeHTOB Marepuu B ¢popMax ot «KBapka»
a0 «CBEepXCKOMeHNs1 ranaktuk» MOCTOSIHHO YMEeHbLUaroTcsi. TONbKO B TaKuX YC/TOBUSIX MOIJIN
ObITb CQhOpMUPOBaHbI NMPUPOLONA HOBbIE yPOBHU ObITUS 3a cYeT nepexoaa KoJimyecTsa 3/1eMeHTOB
B HOBOE Ka4ecTBO HOBbIX GhOpPM.

Tak MOXeT nposBNATbCS KBaHTOBaHWE 3aKOHOB MPUPOAbI Ha OpraHu3auuvl matepuun
B npocTtpaHcTBe. B pesynbTtate runotesy HoBow (nsaton) modeny Mwupa MOXHO cdopMynupoBsaTb
B cnepytowem Bupe: «Kaxngasi u3 ¢popM opraHusauun npuponon Marepun B Hawen BceneHHoun
or «KBapka» [0 «CBepXCKOIVIeHUsI ranaktuk» npencraBnsier cobow oOpraHn3o0BaHHOE
(KBaHTOBaHHOE) OBUXEHNE ee COCTaB/ISAIOLLUNX /IeMEHTOB C CO6CTBEeHHbIM HabopOoM ¢hU3NYeCKNX
napameipoB (pa3Mep, Macca, 3apsif, CNUH, MarHUTHbI MOMEHT, CKOpPOCTb L BUXEHUS, BpeMsi
cyliecTBOBaHUS U T.4.)  06s13aTe/IbHbIM YMEHbLUEHUEM X CU1 yaepXaHUs.

Mogenb Mupa HasbiBaeTCs NATOW NOTOMY, YTO TpeTbio Modenb ¢ ConHuem B ueHTpe [4 cTp. 38]
npennoxun Hukonan KonepHuk B 1543 rogy, a yetBeptas Mogenb Bo3Hukna B 20-x rogax XX seka, Korga
OblnM  BbISIBNEHbI ranakTUKW, CKOMNEHUS ranakTuK W CBEPXCKOMMNEHWS B YCNOBUSX rOCMOACTBA
Bo BceneHHolh 3akoHa BCeMUPHOro TaroteHus HbloToHA. VIMEHHO B paMkax 4YeTBepTol MoAenu
Mbl Haxo4MMCS B HacToslee BpeMs, Koraa BeefeHa acTpoHOMaMn TeMHasa Matepus.
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MNatas ™Mopens Mwupa yTBepxpaaeTt, 4TO Kaxniblh w3 12 ypoBHei O6biTns (Tabnuua 1)
xapakTepumayeTcs coBCTBEHHbIM HAOOPOM (PU3NYECKMX NapaMeTpoB U 06S3aTENbHBIM YMEHbIUEHNEM CU
ero yaep>XaHust OT YPOBHS K YPOBHIO.

BadaTas B uenom, uenoyka «npobnema — runotesa — 3akOoH» obpasyeT CUCTEMY, KOTOPYD MOXHO
paccMaTpuBaTtb Kak HayyHylo maeto: npobnema — 3aTo UCTOKM MOEW, runotesa — ee npeapapuTenbHoe
OChOpMNEHNE, 3aKOH — 3aKOHYEHHas M MpoBepeHHas onblToM dpopmynuposka [15 cTp. 3]. MNpobnema
HeafekBaTHOCTM 3aKOHa BCEMMPHOro TAroTeHus HbloTOHA BbisSiBeHa, ChopMynMpoBaHa rmnoTesa HOBOW
mogenn Mwupa — HauMHaeTCcs npoLecc MNpoBEepkM ee anekBaTHOCTU. BO3MOXHbLIM HOCUTENEM CUN
yoepxaHus B Makpomumpe OT CONHEYHbIX CUCTEM [LO CBEPXCKOMJEHW ranaktuk B Hawein BceneHHoit
MOXeT ObITb KYNOHOBCKOE B3aMMOLENCTBME SNEKTPOHHbIX 0ONakoB, aHanorMyHoe cunam ypepXaHus
aTOMOB B MOJIEKynax 1 npeameTax BelwecTsa. YunTbiBas, YTo 3apsaabl CBA3ElH, onpeaeneHHble B hopMmyne
3 ansa 3ameHbl runotesbl HoloToHa Ha 3akoH KynoHa, TpebyloTcs O4eHb Manble B CPABHEHWUW C 3apsaoM
anekTpoHa. B ctaTtbe [13 cTp. 115] noapobHO M3noxXeHa Takas runoTtesa.

BbiBOoAbI

1. PacwvpeHne npasBun KBaHTOBaHMSI CTaHOAPTHOM MoAenn Ha MacwTabbl MakpoMmMupa okasanocb
BO3MOXHbIM TO/IbKO NPM 3aMEHE 3aKOoHa BCEMMPHOro TAroTeHus HblOTOHA Ha HOBYK (NATYK) MOIENb
Mupa, paspewaiouyio YMEHbWEHNE CUN yOepXaHUs B KaX[IOM ypoBHE O6biTus 0T CONHEYHbIX CUCTEM
[0 CBEPXCKOMMEHU ranakTuk.

2. [JeTanbHbli aHanua nNPOBEPKW HA anekBaTHOCTb HOBbIM 3KCNEPUMEHTaNbHbIM  AaHHbIM
no ABUXEHWIO MAKpPOTeN B Hawei BceneHHon nokasan, 4YTO 3aKOH BCEMUPHOrO TAroteHms HbloToHa
nepectan [OOCTOBEPHO oOTpaxaTtb SBAEeHWS B OODBEKTMBHOW peanbHOCTWM, a TakXxe BCTynun
B NPOTMBOPEYNE C TPEMS 3aKOHAMU ANanekTukn. AHanu3 NCTopum acTpoOHOMUKM Nokasan, 4To 40 OTKPbITUS
Hukonaem KonepHukom B 1543 rogy renuoueHTpmyeckonn ConHevyHol cuctembl Yyenosevectso 2000 net
XWUNO NOXHON NOMNANEA MOHYMEHTanbHOCTU 80 xpycTanbHbIX cpep ¢ ueHTpom BceneHHon Ha 3emne!
Tak n cerogHs MNOMbITKM OTbICKATb WNMIO30PHYID TEMHYID MaTtepuio yBOOAT y4YeHbIX OT OOBHEKTUBHOM
peanbHOCTH.

3. ObbekTmBHas peanbHOCTb, BO3MOXHO, ycTpoeHa 6onee KkpacvBO W FapMOHWYHO: aHanun3
12 ypoBHeil npeobpas3oBaHns NPUPOLOA MaTepun B 0OBEKTMBHOW peanbHOCTM OOHOBPEMEHHO BO BCEW
BceneHHoin nokasan, 4TO KaXpAbli €e ypOBEeHb CO34aH M3 WHAOWBMAOYaNbHbIX (QOPM C 0COObIM
VHOMBMAOYaNbHLIM COOEpPXaHWeM 3NeMEeHTOB ee TBopeHus. CopaepxaHume Kaxmaon COopMbl Kaxnaoro
ypoBHA ObiTMs obnapaeT wHAOMBMAOyanbHbIM HAOOPOM  (PU3MYECKMX MNapaMeTPOoB, YAEpPXUBasSCb
COOCTBEHHLIMU cUnamMy NPUTSXEHWS. TONbKO B TakKUX YCNOBMSAX BO3MOXHO BO3HWKHOBEHME KaX.IOro
HOBOFO YPOBHS OblITUS M3 COCTaBASIOWMX SNEMEHTOB NPEnblOylWEro ypoBHS 3a cyeT cpabaTbiBaHUS
BTOPOro 3akoHa AvanekTuky no nepexomy KONMyecTsa B HOBOE KaYeCTBo.

4. B COOTBETCTBMM C TPETbMM 3aKOHOM AMANEKTUKW Hawwu npeactaBneHns o6 ycTpoicTee
006 BbEKTUBHON peanbHOCTW MOCTOSIHHO COBEPLWEHCTBYIOTCS W CEerogHs Mbl CTOMM B Havane nyTu
doopMmpoBaHnsa HoBoW (naTon) momZenun Mwupa, noBsbilwas OOCTOBEPHOCTb HOBbIX 3HAHWIA O peanbHo
CyWeCTBYOWMX (PM3NYeckmMx npoueccax B npupomde. [mnotesa Hoeol momenn Mwupa yTBepxnaer:
«Kaxpass n3 cpopM opraHusauuu npuponon Marepun B Haweu BceneHHon ot ,KBapka“
no ,CBepxcKkorieHUs1 ranaktuk” npencras/isieT cob6oW opraHn3oBaHHOe, KBaHTOBaHHOE
ABUXEHNe ee COCTaBJISIIOLLUX ITeMEHTOB C COOCTBEHHbIM HabopoM ¢hbu3ndeckux napameTpoB
(pa3Mep, Macca, 3apsin, CIUH, MarHUTHbIK MOMEHT, CKOPOCTb L BUXEHUSI, BPEMS CyLLEeCTBOBaHUS
U T1.40.) U 06513aTe/IbHbIM YMEHBbLUEHNEM X CUJ1 YOepXKaHUS ».

5. MpoBepka BbIABMHYTON rMnoTe3bl MO PaCWVPEHMIO NPaBWA KBAaHTOBAaHWA CTaHOAPTHON Modenu
Ha MmacwTabbl MakpoMupa Ha ee afekBaTHOCTb MOXET ObiTb BbIMOMHEHA, Hampumep, MO CneayloWwmMm
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HanpaBneHnsaMm:

— nonbiTaTbCsl 0OHAPYXMTb (PAKTUYECKUA COBOKYMHbIA 3apsifi CBS3M MeXAay S1eKTPOHHbIMM
obnakamy atomoB 3emnn n ConHua (3emnu u JlyHbl, ConHua u Apyrux MNnaHeT), OCYLWECTBNSIOWWIA
NPUTSXEHNEe MakpoTen OpYyr K APYry, pacrofioXeHHbl Ha cepeanHe pacCTOAHNA MeX Ay HAMMK,

— NonbITaTbCsl OPraHN30BaTb 3KCMEPUMEHTbI, B KOTOPbIX BO3MOXHO 06HapyXMTb OnocpenoBaHHOE
BMAHMA COBOKYMHOrO 3apsiga CBA3W B MPOCTpPaHCTBe Mexny nnaHetramm u ConHuem Ha gpyrue
dom3nyeckmne npoLecchl, HaNnpPUMep, Ha OBMXEHME 3apsaXeHHbIX Yactuu oT ConHua Kk 3emMne m no Bcen
ConHe4vHoM cucTeme;

— cornacHo runoTtese, BCe aToMbl Ha AAHHbIA MOMEHT BPEMEHWN BXOOAT B COCTAB KOHKPETHbLIX OOpM
B MacwTabax Bceit BceneHHol n 06s3aTenbHO cBSi3aHbl Mex Ay cob0ii, HO CywecTBYIOT YacTuLbl U aTOMbI,
KOTOpble 4enoBeK co3fan 3a BPEMS HayyHOW W MPOM3BOACTBEHHOW AeATeNbHOCTWM. Takue yacTtuupl
N aToMbl npepnaraeTcsl HasbiBaTb CBOOOAHLIMM OT CBSI3W C Makpodpopmamu BceneHnHoii. Heobxommmo
BbISIBUTb Pas3nnyms CBA3aHHbIX U cBOOOOHbIX aToMOB. COrnacHo nosioXeHusM ounocoumn — 3To NMOUCK
pasHuLbl MeXay atoMaMun 06 bekTUBHOM U CyObEKTUBHO peanbHOCTEN.

CMNCOK UCMOJIbSOBAHHbIX ICTOYHUKOB

1. Aptyp YwurrunHc, Yapna YuHH, MNATb HepeweHHbix npobnem Haykn. Mocksa, nsg. «®AUP-NMPECC»,
2004. — 302 c. nn.

. MNonsaHckwnia KO.M. Obwas 6uonorus. M.: NpoceeweHne, 1993. — 287 c.

. KnumnwwuH N.A. ActpoHomuna Hawmx gHei: M.: Hayka, 1980.—456 c. un.

. bakynuH MN.W. Kypc obweii actpoHommm: M.: Hayka, 1966. — 528 c.

. Pybakos B.B. JonroxpaaHHoe oTkpbiTe: 6030H Xurrca. Hayka n xum3Hb. Ne 10, main 2012 r.

. AdbaHacbes B.['. OcHosbl dunocodpckmx 3HaHwi: [ns cnywartenein wWKON OCHOB MapKcuama-

neHvHmama. — 13-e naga., gon. — M.: Mbicnb, 1984. — 351 c.

7. Detnadp A.A., Asopckuii B.M. Kypc cpusnkn: YyebHoe nocobue ons BTy30B. M., Boicwas wkona,
1999. — 718 c. un.

8. Opup Ox. duauka: lNep. c anrn. — M.: Mup, 1981.-336 c., un. — T. 1.

9. Kpuctodep K., HeBnanmas pyka BceneHHoin. B mupe Hayku, [06] nioHb 2007.

10. VHTepHeT. Bukuneans: HepeweHHble Npo6nemMbl COBPEMEHHO (OUIUKMN.

11. WHTepHeT. Hayka mupa. Tpybka HbtoToHa.

12. Casenbes WN.B., Kypc obweir couanku, Tom lll. OnTrka, atoMHas guanka, usnka atoMHOro sapa
1 anemeHTapHbIx Yactuy. M., Usgatenbcteo «Hayka», 1971. — 527 c.

13. O6blgeHoB H.IM. K Bonpocy yTouHeHus chopmynbl Tuumyca-Bopoe no annpokcumauunm paauycos
opbut nnaHet B CONMHEYHOW CUCTEME U COBPEMEHHOMY B3rnsgy Ha yCTPOMCTBO Hawei BceneHHow.
EBpasuiickuii HayuHbllh XypHan. Ne 5, main 2016.

14. Kegpos B.M. Knaccudukauns Hayk. — M.: Mbicnb, 1985. — 543 c.

15. Kapnosuu B.H. MNpobnema, runoTesa, 3akoH. HoBocnbupck: Hayka 1980. — 176 c.

o O~ WD

O6bloeHoB Hukonai Maenosuy, poamnca 17.09.1955 r., 3akoHYMN C oTnnMuMeM JIeHWHrpaackuii
NONUTEXHUYECKNIA WHCTUTYT B 1979 r. no cneumanbHoOCTU NHXeHep-painounsnk.
C 1981 r. n no HacToswee Bpems pabotato B HVL POB 1 ®VP BM® ctapwmm HayyYHbIM COTPYOHUKOM
no Tematmke obecneyeHUs anekTpoMarHuTHon cosmectumocTn POC «kopabneit BM®. Kanampat
TEXHNYECKMX Hayk, CTapwuii Hay4Hbli COTPYOHUK, npoxwuBato B CaHkT-MNetepbypre. MobunbHbId Ten.
8-905-210-64-17. E-mail: sir.obidenov2014@yandex.ru [lata HanucaHus ctatbn: 29 okTsa6ps 2017 roga.

12 EBpasnincknin HayuHblin XypHan


mailto:sir.obidenov2014@yandex.ru

