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AHHOTaIUA

B smoii cmamve npedcmasnena snepeemuneckas uHmepnpemayusi KEAHmMosoUu meopuu.
IIpeonazaemcs paccmampueams 8ce usMeHeHUs: U 83aUMOOeUCMBUs (6 MOM Yucie u
2pasumayuorHble) He KaK CUN08ble 83aUMOOelCmaus mej, 3apsa008, 4acmuy, nojell U NPosaeieHUs.
UCKPUBTIeHUsL NPOCMPAHCMEA-8PEMEHU, A KAK NPOAGNEeHUs U C1e0CHBUs IHEPLeMUYECKUX NPOYECCO8
6 edunom Kocmoce. Mepoii smux npoyeccos ssnsaemcs suepeus Kocmoca, exnouas «mémmyio
mamepuioy» U «MEMHYI0 SHep2uio», ¢ AOCOIIOMHOU MOWHOCMbIO, pa8HOU hocmoanHou [lanka.
Heuorcenue mamepuu 6 Kocmoce paccmampugaemcs kak OUHAMUKA IHEPLEMULECKO20 8eKIMOPHO20
NONA, MAMEPUATLHO-IHEPSEMUYECKOU «AYEUKOU» CIMPYKMYpPbl KOMOPO20 A815eMmcs NPOMOH.
Ilpeonazaemcs snepeemuyeckasn unmepnpemayus amoma 6000pood, 8 KOMmopoMm 08UINCEHUE
mMamepuu npouUcxooum u COOmMeemcmeeHHo ONUCLIBAeMCs « CMOKOM» U U3TYUeHUeM
9Hepeemu4ecko20 NOMoKa 6 6eKMOPHOM MAMeEPUAIbHO-IHepeemuyeckom noe. Ilpuseodensi
NIAHKOBCKUE 8euyUunbl 8 cucmeme pazmeprocmeil LT. Ymeeporcoaemcs, umo kocmuueckoe
«PeNUKMOoB0e» U3NyYeHUe 2eHEPUPYemcs 8 amomax cyujecmayioujell 6apuoHHoOU Mamepuu u He
umeem omHoutenus K muguueckomy «bonvuomy 3pwigy». Ilpeocmasnena snepeemuveckas
unmepnpemayus NOCMOSAHHOU MOHKOU CMPYKMYPbl.

Keywords: snepreTndeckas HHTEpPIpEeTaIlys KBAaHTOBOW MEXaHHKH, YHEpPTUs Beenernoii, moutHocTs sHeprun Kocmoca,
IInankoBckue BCIIMYUHBI, ITIOCTOAHHAA HHaHKa, aTOM BOJI0pO/Jia, PEJIMKTOBOC U3JIYYCHHUE, ITOCTOAHHAA TOHKOM

CTPYKTYPBI.

«...6Ce USMEHSEMCsl U3 CYWecmeyloue2o 8 03MOJICHOCIU 6 Cyujecmeyioujee 8 0elUcmeumenbHOCuy
[Apuctorens. Meradusuka. M., 2006, 2. XII, 2]

«Ilouck cywpocmu s cuumaro 3aHAmMueM CyemHbiM U He803MONCHbLM,
...eClIU MUWEemHO UCKams CYOCMAHYUIO..., MO ewé He 3HAYUM, Yo HAMU He MO2ym Oblmb UCCIe008aHbl
UX XAPAKMEPUCMUKU. .. »

[Tanmuneo [Nanuneit]

«Jbas wacmuya, dadce U301IUPOBAHHASL, OONINHCHA ObLMb NPEOCMABIEHA 6 HENPEPLIGHOM
«IHEpeeMmU4eCcKoM KOHMAKMeY» CO CKPbIMOoU Cpedoiiy [JIyu ne Bpoiins]

Conep:xxanue

1.BBenenmue.

2.Jueprus BcesienHoii

3. IlnankoBcKHe BeTUYMHBI U ocTosiHHas [1nanka.
4.Atom Bojopoaa.

5. KocMuyeckoe peIMKTOBOE U3/IyYeHHe aTOMa BOAOPOAa
6. ITocTOSIHHASI TOHKOM CTPYKTYPHI.

7. Makpoxkocmoc.

8.3akmouenne.

CHnHcoK IuTeparypsbl.

1. BBenenue

HeynoBneTBopEHHOCTh KBAHTOBOW TEOpHUEH, MOpokIEHHAS (yHIaMEHTAIbHON BEPOSTHOCTHOM
NPUPOIOH HAIIET0 MUPA U MPUHLIUITHAIEHAS HEBO3MOXKHOCTh €€ 00BbEeIMHEHHUS C TEOpUEH
OTHOCHUTEJIbHOCTH, a TaK)Ke €€ HECIIOCOOHOCTh, HECMOTPS Ha CTPOTYIO M TOUHYIO MaTEMAaTHYECKYIO
cuity, pemnTh npobaemsl [IpoctpanctBa, Bpemenu n Co3HaHus, MPUBEIH K U3JIaraeMoi HIDKE
MONBITKE CMEHBI HAYYHOW IMapagurMbl COBPEMEHHON Hayku. Hanuune rpaBuTanmm kak
(byHIaMEHTAIBFHOT'O CBOMCTBA MaTEPUU M COOTBETCTBYIOIIETO YHUBEPCAIBHOTO IPaBUTALIMOHHOTO



TI0JIs, IPUBOJUT K UJEE: HE SABJISIETCA JIX OHO TOJIBKO YACThIO €MHOTO IOJISI — SHEPreTUYECKOTO,
MIPOSIBIISIFOLLIETOCS B PAa3JIMYHBIX B3aUMOAECUCTBUSAX. [[pMeHEHNE HOBBIX THIIOTE3 PU U3YYEHUU
JBIKEHUSI MAaTEPUU U CO3HAHUSI, OCHOBAHHBIX HAa SHEPT€TUUECKOM MPUHIIUIIE, TO3BOJISIOT ClIEIaTh
BBIBO/JI, YTO HEU3MEHHOT' 0, a0COJIIOTHOTO B HAIlIEM MUPE HUYEro HET, KpOME SHEPTHUH — MEPhI BCEX
W3MEHEHUH, IBMKEHUH, B3aUMOJEHCTBUN MaTepuu U Co3HaHUs, TO ecTb Kocmoca. M0KHO yCIIOBHO
CKa3aTh, 4TO PHEPrUsl «pacTBOpeHa» B mpoctpaHcTBe Kocmoca, oHa ecth Besne u Beceraa. Ho
SHEPrus — 3TO HE CyOCTaHIIMs, OHA HE MOXKET «TE€Ub», «IIepeaaBaThCs MO MPOBOAM,
HaKaIlIMBAaThCA U XPAHUTHCS U T.II. DHEPTUsSI — ATO Mepa ABukeHus: Kocmoca. MomHoCTh 3TOi#
SHEPrUH HE MOXKET OBITh OECKOHEYHOH, OHA UMEET IMpeJie, a, CKOpee BCEro, Mo-HaleMy MHCHHUIO,
e€ BelIMYMHa OJHO3HAYHA.

B wuznaraemoil 31ech Teopuu MIpenajaraéM BCE M3MEHEHUS U B3aUMOJCUCTBHUS (B TOM 4HCIE U
rpaBUTALMOHHBIE) pACCMATPUBATh HE KaK CUIIOBBIE B3aUMOJICHCTBUS Tell, 3apsi/10B, YaCTHUll, OJIeH 1
MPOSIBJICHUS]  MCKPUBJICHUS MPOCTPAHCTBA-BPEMEHH, a KaK TMPOSBIEHUS M  CIEACTBUS
SHEPreTUYECKUX IpoleccoB B ennHoM Kocmoce.

He BTOprasicb B noCTpOEHHYIO BETMKUMH YYEHBIMU KJIACCUYECKYIO KBAHTOBYIO TEOPHUIO U HE
Ko1e0J1s1 €€ MaTeMaTHYeCKyI0 TOYHOCTh, - TeM OoJiee 1o ciioBaM Pudapaa ®eitnmana «He gepvme
MoMy, Ko CKadxicem, Ymo NOHUMAem KEaHMO8YI0 MeXaHuKyy», 00paTUM BHUMaHHUE HA U3JIaraeMyro
HIDKE DHEPreTUYECKYI0 HHTEPIPETALIMIO KBAHTOBOM TEOPUH, KOTOPasi, Ha HAIll B3I, SIBJISIETCS HE
TOJIbKO HA4aJIOM KBaHTOBOW SHEPTrOAMHAMUKH, HO U IPUHIIMIHAIBHO MEHSIET HAYYHYIO MOJIEIb
coBpemeHHOM Hayku. KoHeuHo, kak roBopust Bepuep ['eitzendepr, «mom, kmo coeopum
Keanmosasn usuxa, 0onxicen maxoice npousHocums u Memaghuzukay
KBanTtoBas Teopusi BO3HUKIIA JUIsl OMUCAHUS U 00bACHEHUS (PU3UYECKUX MPOIIECCOB,
MPOUCXOSIINX HA YPOBHE aTOMa U 3JIEMEHTAPHBIX YaCTHI, B YACTHOCTU U B OCHOBHOM — JIJIfl
00BSCHEHHS KOPITYCKYJISIPHO-BOJIHOBOTO JTyallu3Ma - Kak (DyH/JIaMeHTalIbHOTO CBOICTBA HAIIIETO
mupa. KBaHTOBBIH MUKPOMHP OITUCHIBACTCS MAaTEeMAaTHUECKU BOJTHOBOM (DyHKIMEH, KoTopast
MO3BOJISET OMUCATH PEATLHBIA MUP TOJILKO BEPOATHOCTHBIM 00pa3oM. C Hallel TOUKH 3peHust
OMHCaHNe U OOBSICHEHUE TBUKCHHSI MATEPHH, B TOM YUCJIe KBAHTOBBIX MIPOIECCOB U CUCTEM,
JOJI’KHO CTaTh SHEPreTHUYECKUM, YTO MO3BOJIUT CO3/1aTh O0BEAUHSIONLYIO YIHEPTeTUYECKYIO TEOPHIO
equaoro Kocmoca.

«Kecmokas neobxooumocmu, a He CReKYIAYUY UTU HCeTIAHUE HOBUZHBL, BbIHYIHCOAIOM HAC
UBMEHAMb cmapbule Klaccuyeckue 832150uly [1, A. Dituurreitn, JI. Undensa. Dposmouus Gpusiku]

2.JHeprus Bcesnennoii

«Cywecmsyem akm, unu, eciu y200HO, 3aKOH, YNPAGIAIOWUL 8CeMU ABLEHUIMU NPUPOODL...
Hcxnouenuii uz amoeo 3axona ne cywecmeyem; ...on abconromno mouen. Hazeanue eco —
coxpanenue ynepzuu. OH ymaepxcoaem, 4mo cyuwecmayem onpeoeieHHas 8euduna, Ha3vléaemas
9Hepauel, KOmopas He MeHAeMcs HU NPU KAKUX NPe8paujeHusx, npoucxooauux 6 npupooe. Imo no
cyujecmsy MamemMamuyecKuti NPUHYUN, Ymeepicoarowuil, Ymo cyujecmeayem HeKomopas
YUCNeHHAs BeIUYUHA, KOMOPAsL He USMEHAEMCS HU NPU KaKUX 06Ccmoamenbcmeax. Imo omuio0b He
Onucanue MexanusmMa s1eHUs Uil 4e20-mo KOHKPemHo20, NPOCMOo-HaAnpoCcmo ommedaemcsi mo
CMpanHoe 00CMoAMeNbCME0, YMO MONCHO NOOCHUMAMb KAKOe-mo YUCO U 3ameM CHOKOUHO
Creoums, Kaxk npupooa 6yoem blKuUObI8aAmMs a00bIe C80U MPIOKU, A NOMOM ONSAMb NOOCHUMAMb
91O YUCTIO — U OHO OCMAHEMCsL NPedCHUM» [2]

JlaBaiiTe e, «IIOCUMTaeM 3TO YUCIIO» - FHEPTUIO Hallleh BeeneHHo, mpuHuMas ee Kak
OJHOPOJHYIO U30TPOMHYIO 3aMKHYTYIO CUCTEMY, Kak HaM coBeryeT P. deitnman:

Oneprust KocMoca B HaOmogaemoit BeenenHoii nponopiinoHaibHa 00beMy V, INIOTHOCTH MaTepU
L, KBaZpary CKOPOCTH CBETA C, SHEPTETUYECKOMY ITOTEHIIUAILY c’u Bpemenu 1=1/H, tne H —
nocTossHHas Xa66sya. @opMyIibl U pacuéThl B cucTeMe pazmepHocteid MLT u MexayHapoaHoi
cucreme equnuil SI (B ckoOkax B cucreme pasmepHocteit LT, rne G=1/47 u
1kg=47G=8,386595-10"" m? s, 1, COOTBETCTBEHHO, PA3MEPHOCTh DHEPTUK M’ s*)

YuuteiBas cTaOMIBHOCTH MeTaranakTHKy, UCXO/I U3 PaBEHCTBA BO BceneHHON CUITBI TATOTEHUS
HEHTPOOEKHOM CHIIe, yUUThIBAs SKBUBAJIEHTHOCTh MACChl U SHEPTHH,



IUIOTHOCTH GapuoHHO# Matepuu B kg B 1 m’ Beenennoii paBHa:

3 3H2 -26 -3 2. 3 3 2 3
Pon= 42 =m=1,86216776'10 kg m~, (BLT pbm=3H=Fm s?B1lm?)

IJIOTHOCTh «TEMHOM MaTepUM»:

— 1 — H2 -26 -3 — 2 47?'-
Pdm= GT’ - G =7,80023-10"° kg m™, (pam=4rH= 72 )
IJIOTHOCTh «TEMHOW SHEPTUM»:
_ 47 _47[H2 _ . 26 3 _ 1671‘-2 )
Pdc= sCT? . so =19,604116-10"° kg m (Pa= 5 H)
CyMMapHas IJIOTHOCTb:
1672
Y Pn=29,2665-107° kg m™ Cpm=H* (3+4n+ 5 )
IInotHOCTB 3HEprUK BeeneHHon, kak Mepsl €€ JBUKEHUs 3a Bpems 1, paBHa :
1. «GaprOHHOI MaTEPHUI»
3H?c? 3 3

pebm:m Pesm=3HC?) Q=0,0596831 Pebm=PGbm™TPsbm™ a2 P 1 62 2Pe

2. «TEMHOHN MaTepumn»

H?c? 1 47
Pein=""c (Peam=4nHc’)  Q=0,2500000 Pean= 4 2P~ 3 Pebm

3. rpaBUTaIIMOHHAs! (PaKTUYECKON «OapUOHHONW MaTEepUID»

9H *c?

B el (PGom=9Hc’/5) Q=0,035809862  PGrn=3/5Pecbm

PGom=

4. rpaBUTALlMOHHAs «TEMHON MaTepUN»

4xH c? 1672 1672
IR (PGde= 5 Hc) Q=0,62831853 deez? Pebm

p Gde™

5. BpamieHus (spin) 6apuoHHON MaTepuu

_3HCE (Psom= 6 Hc?) Q=0,02387324 =2/5
prm 102G prm 5 > prm pebm

6. IJIOTHOCTBH SHEPTUHM HEUTPUHO, PETUKTOBOTO, «TéMHOTO» (dark radiation) u Apyrux u3mydeHuit
MPUHATA

Pn~0,9261% OT Pedm ~0,002315268) p.=  Q=0,002315268

CyMMapHas sHepreTruueckas IiIoTHOCTh BeenenHnoi paBHa

H?c?

PP cin=4 =28,0439-10° kg m’'s™

DKBUBAJIEHTHAsI YHEPrETUYECKOM TIIOTHOCTH Macchl B kg B Im™ pasHa

Yp=31,203-10" kg B 1 m”(SI)
(IlmotHocTs 3Hepruu B LT:



2
SP=4pean=161 P = 16;5 2,351768-10"7 m* s m?s = m’ s B 1m?)

(OKxBHUBaJIEHTHAS [UIOTHOCTH Macchl B LT Yp=261,63656-10"° m’s? B Im™)
Dueprus Beesnennoii B8 006éme 1m’ B 1s, T0 ecTh MoIHOCTL BeenenHoii B cucreme SI, paBHa:

HZ 2T H 2 2
(‘; =4 é =4;G =1,229085-10" kg m's’! (1)

=p.1=4

(r=p.T=167H’=167c’/T=10,307837 m’s* B Im™B 1s)

3. Il.1aHKoBcKHe BeJJUYHHBI ¥ ntocTostHHAs Tlinanka.

Makc I[lnank B nokinazne, caenanaoM 18 mas 1899 rona Ha 3acenanun AxageMuu Hayk B bepiune,
3asBUIL: ... Mbl HOJYHUAEM B03MONCHOCHb YCIMAHOBUMb eOUHUYbL OJIUHBL, MACCHL, BDEMEHU U
memnepamypul, Komopuvle He 3asucenu bl 0m 6bl00pa KAKUX-1UO0 mejl Uil euecms u
00513amebHO COXPaHsau Obl C80€ 3HaAUeHUe OISl 8CeX BPEMEH U 01 8CeX KYIbMYp, 8 MOM YUce U
6HE3eMHbIX U HEUETIOBEUECKUX...» [3, €.232] — cKa3aHO B CBS3M C IUIAHKOBCKUMM €IUHUIIAMH,
MOCTPOCHHBIMH Ha OCHOBE (DYHIaMEHTAIBHBIX MMOCTOSIHHBIX G, ¢, A.

W B HameM ciryyae A0iKHA OBITH BOBMOXKHOCTB, 10 ipuMepy M. Ilnanka, u3z coobpaxeHui
pa3MEepHOCTH U c(PepruIecKOro CTOKA M M3IIYUCHUST MATEPUHU, OTIPEACTUTh TNIAHKOBCKHUE €MHHIIBI
Ha OCHOBE CHCTEMBI pa3MepHOCTel L7, B KOTOPOH OCTAIMCh TOJIBKO JABe (hyHIaMEHTAIbHBIC

MOCTOSIHHBIC: a0Co0THAs BeanunHa sHeprun Kocmoca 7=10,307837 m’s* B Im™ 8 1s u
sHepreTuyeckuii morenuuan Kocmoca ¢p=c’=8,98755179-10' m*s™. JIeHCTBUTENBHO, B CUCTEME
pasmepHocTeit LT MIIaHKOBCKUE €TUHULIBI PaBHBI:

T
IPZW :5,391'10'445

T
lpzm =1,61618-10'35m

mi= L —0,182535-10" m’s?

e

T
Ep=mpc’=——=

5 4
. 1,640543 m’s

Np=Ep/tp=4nc® =30,431075-10¥ m’s™ MOIIHOCTb DHEPIUM

(Kosddumuent nepexona mexay cucreMamu LT u MLT pasen 41G=8,3865947-10"° m* kg s?)
[Tpu onpenen€HHBIX BHIIIE YJHEPTETHYECKON TUIOTHOCTH U COOTBETCTBYIOIIEM YHEPTETHUECKOM
NOTeHIMaje, CPepruIecKoM CTOKE MaTepuH U TaHHOM reomeTpun Kocmoca 3a Bpems [1nanka #p
OJIHO3HAYHO M HEOOXO0AUMO 00pa3yeTcsi KBAaHT MaTEPUU-IHEPTHHU:

Hc’ T 7’

— R — — . -34 2 2. . — |
Ttp=4 G 822 T 8nies 6,626-107* kgm*s?'s (J-s) = h— nmocrosiunas [Lnanka! (2)

u T=h/tp!  (hr=55,563158-10%m’s*s) -
«...K6anm Oelicmeus uepaem 6 Qusuxe gynoamenmanvuyio ponvy (M. IlnaHk)

®dusnyeckuil cMmbici noctosHHOM [lmanka — sHeprusi, renepupyemMas B Kocmoce, B eIUHHIIE
00néma 1 m’ B enununny Bpemenu Ilnanka #», TO ecTh abCOMIOTHAS MOIIHOCTH SHeprun Kocmoca B
IUIAHKOBCKOU CUCTEME €qUHUILI.



(roe G=6,67384-10"m’kg"' s (mocneanue msmepenus 2014r - G=6,67191 x10"" JIx s), ckopocTh cBeTa
€=2,99792458-10° ms™ (¢’ = 8,987551787-10'* m>s?), mocrosiuHas Xa0611a, MEHSIOMIAsCS BO BDEMEHH, 110 MACCHH
WMAP pasua Hy;=71,00 (km/s) Mpc =2,3007-10" s, T»=13,75 mupa. net =0,43392-10"s, a mo nocneanum
cBeeHnsaM muccuu «Planck - mocrosunas Xa66ma Hy»=67,80 (km/s)Mpc =2,197-10"%s™!, T5=13,82 mupa. net =
=0,436126-10"s, na 4.06.2016 r. ecTb cooOmenue, uro Hyy=73,23 (km/s)Mpc. 1,=5,39106-10*s -Bpems Ilnanka.
[Tpy TOYHOM 3KCIIEPUMEHTAIBLHOM 3HAYEHUH NOCTOsHHOM [Lnanka £=6,62606957-107 J-s, peimas o6paTHyo 3a1auy,
onpenenum H=hG/Ac’ 1,=2,2816878-10"% s (70,4109 (km/s)Mpc) u coorBercTBeHHO T=0,438272-10" s,
H=52061-107%s? 7°=0,19208237-10°¢s?)

O6parum BHuManue, uto B MLT 1/2n=Ep=mpc’=1,95615-10° kgm?s?(J) - oueprus I1nanxa.

A. DUHIITEWH MUCAT: «...KpOoMe AMOMUCMUYECKOU CMPYKMYPbl Mamepuu, Cyuecmaeayem c80e20
pOo0a amomucmudeckas CmpyKkmypa SHepeuul, Ynpaeisaemas YHUSepCaibHOU NOCMOSHHOU,
ssedennoul [lnankomy [u3 4, c.1234]

VY nuButenpHO, 4yTo gaxe cam M. IlnaHk HE cMOr OTKa3aTthbCs OT 3JIEKTPOJAMHAMUKU MakcBeiia B
M0JIb3Y «CBETOBBIX KBAHTOB» A. DHHIITEHHA: «bydem cuumamo, ymo 8ce A81eHUs, NPOUCXOOaujue
8 nycmome, 6 MOYHOCMU COOMBEMCMEYIom ypasHneHuam Makceenna u He umerm HUKAKO20
OmHoweHuUs K nocmosunou hy [3, ¢.282]

C sHepreTHYecKOl TOUKU 3pEHHs COOTHOIIEHHS HeonpezeneHHocTel [ eiisenOepra it KOOpAUHATHI U
UMITYJIbCa ¥ SHEPIMU U BPEMEHH, BhIpaXkaeMble (popMynamu:

AxAp =2h=h/2r) ,

AEAt>1,
SBJISTIOTCSI COOTHOIICHUSIMH, MTOKAa3bIBAIOIMMH, YTO MUHUMAJILHO BO3MOXHAs B pupoje padora-
SHEprusi He MOXKET OBITh MeHee NMOoCTossHHOM [Inanka, B 4éM jierko yoeauTbes, pa3aeauB o0e 4acTu
COOTHOILICHUH Ha eTMHUILY BPEMEHH.

[TocTostHHAS TNIOTHOCTH YHEPTETHYECKOTO MOTOKA M TEOMETPHSI HAIIIETO MUPA TAKOBBI, YTO

abcomoTHast MomHocTh KocMoca paBHa

7=1,229085-10" kg m?s* (J s") =h/t,.
WHrepecHo, 4To B cucteMe pasmeprocTell LT pasMepHOCTh MOLIHOCTH PaBHA M’S™, a UUCIOBOE
3HayeHue MomHoctu Kocmoca 6e3 «4m» ynuBUTeIbHBIM 00pa30M COBIAIAET C c'=2,4216-10" m’s
- HacTosIee OobIoe yucio. Buaumo, 47 npucyTcTByeT Bo BeeX (hopMysiax SHEPTUH U MOLTHOCTH
MOTOMY, YTO YHEPIHsl U MOIIHOCTh «BO30YXAAIOTCS» U PaCIPOCTPAHAIOTCS BO BCE CTOPOHBI B
o0beme cdepsl o yriom 4z crepanuad. Her B Kocmoce kakux—To orpeaeeHHbIX
MEPBOMCTOYHUKOB YHEPrUH. MOIIHOCTD, OYAy4H MOCTOSIHHON BEIMYUHON, UCXOAUT OT KasK0T0
«y3na cTpykTypsl KocMoca», oHa ecTb Besze, 371ech U ceiiuac. OOpaTuM BHUMaHUE Ha TO, YTO B
a0COJIIOTHOM €CTECTBEHHOW cUcTeMe pasMepHOcTel LT, B KOTOPO rpaBUTAIMOHHAS TTOCTOSTHHAS
G=1/4r, a 1kg=8,38554-10"" m’s?, B 00béme Habmomnaemoro Kocmoca ¢ paguycom R=cT,
YAUBUTEIBHBIM 00pa30M CTEIIEHU CKOPOCTH CBETA C PABHBIL:

1. ¢'=2,9979245810° ms™'- ckopocTh Bo3MyIeHnUs cTpyKTYpsl Kocmoca,
2. ¢?=8,98755-10"*m’s - sHepreruyeckuii notenmman Komoca,

5

3. ¢=26,94400-10%* m’s=const — MOCTOSHHBIIT MaCCOBBIH pacxoy B BeeeHHOI B cekyHy, -
BEIMYMHA Macco00pa3oBaHus B ceKyHuy: ¢ =m;=M 8,38554/T 4x 10'°=26,9407-10** m’s™.
3neck, B cucteMe pazmepHocTel LT, MposicHIeTCsl yIUBUTENbHBIN (PU3UUYECKUN CMBICT MAaCChI
[Tnanka, paBHO Macce, KoTopasi oopa3yercst Bo Beenennoii 3a Bpems [lnanka:
mp=4wm; tp=0,1825-10"° m*s?.

B cucreme pasmeprocreit MLT macca [Tnanka pasua: 0,1825-107° m’ s?/4xG=2,177-10"kg.
4. ¢*=80,776087-10*> m*s*—rpasurannonnas cuia Beenernoit F=M’/R’=80,756-10*> m*s™
5. ¢=242,1628-10% m’s’= const - MOIIHOCTB 3Hepruy Hameil BeemeHHOM. (B ckoOKax
3aMETHM, YTO NPUBEAEHHAS MOCTOsTHHAsS [1I1aHKa — «3JIEeMEHTAPHBIN KBAHT JICHCTBHA» B CHCTEME
pa3MepHOCTH LT yIuBUTEIBHBIM 00pPa30M TOYHO PaBEH:
h = c4r £,°/8,38554-10" m’s?=1,054 784 x107* J s)
6. c’=725,9858-10* m°s ®=const - CKOPOCTH H3MEHEHHUS MOITHOCTH? Y CKOPEHHE MOIITHOCTH?
B tabmmne bapturu P. O. 310 OyneT BHITISAETH CIEIYIOIUM 00pa3oMm:



OHepreruueckue xapaxkrepuctuku Beenennoii (Kocmoca) ¢ paguycom R=cT Tabmuua 1
(Tabnuma baptunu P.O.) B cucteme pazmeprocteit LT
(g T2 T T T T2 T T T T
Le m's™ m’s*® ¢*=725,985
CKOpOCTh CKOpoCTh x10%
niepesayn nepesayn 66
}:[eﬁCTBHH OHCPruH m s
Ckopocth
nepefan
MOLIIHOCTH
OHEPTHH
Lf m°s? m’s? m’s™* €°=242,1628
MOMEHT HHEepLUH Tocrosunas x10%
Inanka h DHeprus mss-s
JleiicTBue
MOIIIHOCTD
9HEPTHU
Kocmoca
L m's? ¢*=80,77608
Umnyise x10%
m's™
cuna
TpaBUTallHOHHAS
Kocmoca
L m’ m’s? c*=26,944 m’s®
O6bEM Macca. x102 TosepxHocTHas
NPOCTPAHCTBEH Kon-Bo m3s-3 MOILIHOCTh
HBI JNIEKTPUYECTBA U _Macea B CoK
MarHeTusm Yy
Tok maccsl
MacCOBBIN
pacxon
L m’ €’=8,98755 m’s’ m’s™ m’s*
IToBepxHOCTB x10'® Hamnpsxéanocts Jasnenue, N3menenue
242 noss, I'pasuent, IInornocts JIaBIICHUS.
m's B
. SI3KOCTh
DHEPreTHYECKUH
MOTEHIHAI
Kocmoca
L m' €'=2,99792458 | m's?
Inuna x10® Vckopenne
EI'VIKOCTB m's?
AMOMHLY K CKOpOCTh
PacmpoCTpaHeHHs
BO3MYILICHUI
LY § 2 §! s §! §2
O0bEM IToBepxu Tlepuon Bespasmepbie 4acToTa Maccosast
BPEMEHH | OCTh K"_HCT““T“ o KonebaHuit IUIOTHOCTh
BpeMeHH :1_/ 173’53; 6"10 CTPYKTYpBI
7=3,14159 Kocwmoca
Lt s m?
IIpoBoaum
0CTh
L2 s m?

MarnutHas
TIPOHHIIAEMOC
Th

...yIUBUTEJIBHO, KaK HAIll MUP TIPEACTAET BO BCEH CBOEH KpacoTe, €IUHCTBE U B3aUMOCBSI3H. . .
«A uckpenue y6eicOén 6 e€é UCMUHHOCTU U CO3epYal0 e€ Kpacomy ¢ 60CMOP2OM U YNOEHUEM, He
cmest gepumsb camomy cebey [U. Kerep]

4. ATom BoIOpOaA

3amganumcst BopocoMm: «I e sxe reHepupyeTcsi Bo BeeneHHol aHeprust ¢ TakoH MOIIHOCTBIO?)
['ne ske HEyTOMUMOE U BEYHO ObIOIIeecs cep/lie Hallero Mupa?

3T0, KOHEYHO, aTOM BOJIOPO/Ia — JTUHAMUYECKas MaTepUalIbHO-IHEPTO-UH(OpMAITHOHAS

CTpyKTypHas equHuna KocMmoca, B KOTOpOM IMTPOUCXOASAT BCE MPOLIECCHI HAILIETO MUPA.
DHepreTU4ecKas HHTEPIpETaIys aToMa BOJIOpoJia (B CTaThe pacCCMAaTPUBAETCS HCKIIOUUTEIHHO
OCHOBHOE COCTOSIHHE aTOMa BOJIOPO/Ia) 3aKJIF0YAETCSl B TOM, YTO MPOTOH SIBJSIETCS LIEHTPOM-SAPOM
CTOKa MaTepHH, a SJIEKTPOH, 00pa3ys IEKTPOHHYIO0 000JI0UKY BOKPYT sSIpa-MPOTOHA, SBISETCS
«TOCTaBIIMKOMY» 3HEPTHHU ISl «CYIIECTBOBAHUSA» IPOTOHA, KOTOPBIH SBISAETCS JUHAMUYECKUM
MAaTEepUAIBHO-3HEPIeTUUYECKUM «Y3JIOM-SUEKON CTPYKTYphD» KocMmoca.




JIBM>KeHHE MaTepuu IIPOUCXOAUT U COOTBETCTBEHHO OIMCHIBACTCS U U3MEPSETCS «CTOKOM» U
HCTOKOM HHEPreTHYECKOT0 IIOTOKA B BEKTOPHOM MaTepUaIbHO-3HEPTETUYECKOM II0JIE.

ITo popmyine IMaycca-OcTtporpaackoro (CBsi3b TPOMHOTO WHTETpaja 1Mo 00bEMY C
MOBEPXHOCTHBIM UHTErPAJIOM 110 MIOBEPXHOCTH, OTPAHUYNBAIOLINM ITOT 00BEM), KOHBEPI€HIUS
MacChI-9HEPTHU B cheprudeckoM 00bEMe V' ¢ paanycom R, orpenensis MacCcy-3HEPTHIO KaK MOTOK
HaNpsHKEHHOCTU HHEPreTUYECKOTO MOJIs Yepe3 3aMKHYTYIO IIOBEPXHOCTh c(heprl S ¢ paarycoM 7,

Ha KOTOPOM HANpsKEHHOCTh SHEPTUH d:

[Jaas-{1laiva av-Il|azpez av G

(xorna diva=div gradp=Ap=4np)
DuU3MUECKUIl CMBICI 3TOr0 YPaBHEHUSI — 3TO 3aKOH COXPAHEHUS SHEPTUU JJIs Ipoliecca ABHKEHHS
MaTepuu Kak  C(epuueckoro  CTOKa-UCTOKA  BEKTOPHOTO  JIHEPreTUYECKOro  mojs K
«OCHMJUIUPYIOIIMM» y371aM cTpyKTypbl KocMoca. MHTerpupys no o0bEMy U BpeMeHu it chepsl ¢
eIMHUYIHBIM 00bEMOM 1 m® B 1s, 00muii SHEpreTUYecKuii CTOK BO BceneHHoM, paccmarpuBas eé

2 2
H c

KaK IIap C PaBHOMEPHO PAaCIPENCIEHHON DJHEPreTUYECKOW IUIOTHOCTBIO Y 0:=4p cin=4 e
=28,0439-10° kg m's? u mommocTeio 7=1,229085-10" kg m?s”, umeem:
a-S=4mp,T =4331,42 m’s?= Oy

BLT aS=4np.T1=4m1-2,351768:10""7-10,307837=3,0462945°10"° m’s?)
e a=A/r=(p;—p;)/r -HAIPHKEHHOCTD “CTOKa» HEpruu , chepa 06béMa V=1m’, P, -IIOTHOCTH SHEPIUH,
7=p.1=1,229085-10" kg m''s"!, diva=div gradp=Ap=4np)

[Tpu KOHBEPTreHINH- «KOHACHCAIIMN» «CT'YCTKOBY» «TEMHOM MaTepum» B IPOTOHE «IIOTPEOIAETCI»
BHCpFeTH‘IeCKI/IfI ITIOTOK IIPH INIOTHOCTH SHCPIUu, paBHOﬁ

> P (P ebm ©=0,059683 1+ 64 Q=0,62831853 +pGpm ©=0,035809862 - Pspm ©2=0,02387324/2 = iy
Q=0,002315268)=0,735748Y .,

CJICOO0BATCIIbHO, BEJIMUYMHA SHCPICTUICCKOI'0 IIOTOKA K ITPOTOHY paBHA

a-S=4np.T = 4331,42 m’s>-0,735748=3186,8 m’ s*=H,

B LT a-S=4mp.T=3,046294510"° m*s?-0,735748= 2,2413° 10" m’ s*=H})

[Ipy HOCTOSIHHOM SHEPreTHYECKOM ITOTOKE @-S = const. 11 IPOTOHA, SIEKTPOHA, OOPOBCKOI
cdepsl U apyrux cep MOXKHO 3arucaTh :

a,'S,=a.S.=a;S;1=a,"S,=3186,8 m*s?,
Y, COOTBETCTBEHHO, OTHOLIICHHE SHEPTETUYECKHUX MOTCHIMAIOB Ha «IIOBEPXHOCTIX» chep MpOToHa,
AJIEKTPOHA U OOPOBCKOI 00OPATHO MPONOPIMOHATIBHBI UX PAIHyCaM:

AQ/AQ=1./1,, v AQpr,=AQ,r.
YTO YKa3bIBaeT Ha BHINOJHEHUE YHUBEPCATBHOIO COOTHOIICHHUS MIPH CTOKE M UCTOKE:

AQur =A@ er-=A@pr,=A@r=253,6 m’s*=const
pu a=A@/r Hr=aS=A@4rr=3186,8 m*s?=const,
oTkyna  A@=a-S/4nr

B cBete uznaraemoii sHepreTHUeCcKoi mapaaurMbl ABIKEHHUE MAaTEpUU K IPOTOHY (MaTepHaIbHO-
HYHEPTreTUYECKOTO MOTOKA) «O00ECIIEYNBACTCS» IHEPTETUUCCKU FICKTPOHAMH, SIBIISIOITAMUCS
YacThIO 3TOTO MOTOKA, KakK ObI «JIy4aMm» 3TOTO MOTOKA, C TeM, 4TOObI 00pa3oBath Ha cdepe
HEPBOIl OPOUTSHI It HOTEHIUAT AQ; . DIEKTPOHBI, €CIIM MOXKHO TaK CKa3aTh, «MAaTEPUATU3YIOTCA» Ha
O00pOBCKOH chepe B BUIE «CTYCTKOB» MaTE€pPHH, CO3/1aBasi MOTCHIIMAJI Ha CBOCH MOBEPXHOCTHU



Aq)ezcz U obecrieurBasi TaKUM 00pa3oM Pa3HOCTh SHEPreTUUYECKUX IMOTEHIIMAIOB Ha OOPOBCKOM
opoute Ap; ¥ SHEPreTHIeCKHil NOTOK B 18, paBublit Hy =a;-S;=A@ 47r=3186,8 m’ s*=const.
EcTecTBEeHHO OMYCTUTH, YTO ATOT MPOLECC UAET MUHUMAIBHO BO3MOKHBIMU CTYCTKaMU C
SHEPrHel, KOTOPYIO MBI OIIPEIEIWIN BEIIIE, 8 UMEHHO /1 =6,626-1073* J-s,
JIBukeHre MaTepuud K TMPOTOHY (MaTepHallbHO-dHEPTeTUYECKOrO0 TMOTOKA) MPOUCXOIUT MPHU
HAJIMYHAW PA3HUIBI YHEPTETUUECKUX MTOTEHINATIOB, KOTOpasi Ha OOPOBCKO# opOuTE paBHa:

m c’h

E T
Qrrp=Api=—"——=—"—=478454-10" m’s= v,/ (4)

arnt, ar,

Bunum, 9To sHepreTMyeckuii MOTEHIIMAT Ha OOPOBCKOM cdepe (B KIACCHUYECKOW MEXaHUKE —
KBaJIpaT CKOPOCTHU JJICKTPOHA) OIMpeesieTcs HCKIIUUTENBHO YHEPTUEH MpOoToHA £, U MOIIIHOCTHIO

Kocmoca 7. Takum 00pa3zom, 3JIEKTPOH B aTOME BOJIOPOAa HE 001a/1aeT COOCTBEHHON CYNTHOCTHIO.

rae m,~1,67262178 x10*' kg — Macca npoToHa, sHeprus npotona £, = m,c’, r;=0,52918 x10"'°M — 6opoBckuii paguyc
HIEPBOH OpOUTHI NIEKTPOHa, a=7,2973525 x10°=1/137,03599...-0CTOAHHAS TOHKOW CTPYKTYpHI.
v.=2,18769126-10°m's"" - ckopocTh 51neKTpoHa Ha IepBoii opoure, v.’=4,78599305-10"°m’s%.c=2,99792458-10° m's™' ¢?
=8,987551787-10"* m?s.

DHEPreTUYEeCKUi CTOK (Yepe3 MOBEpXHOCTh cepbl ¢ OOPOBCKUM PaJMYyCOM) K MPOTOHY B aTOME
BOJIOPO/Ia PABEH:
2 2
m . ch m,c h 47rEpr

P
a-S= Anr? =Ag dmr=vidnr=—"—"— 4mr;=4rx
n arnt, o tp o

=3181,8 m*s=H;  (5)

3Has COBPEMEHHBIE JaHHBIE MO aTOMY BOAOPOJA, MOXKHO YTOYHHUThH BEIUYMHY DHEPrETHYECKOTO
HOTOKA K TPOTOHY Kak: Hy=3182,6 m’s™ (pasuuua 0,025%)

M3BECTHO, YTO SHEPreTUYECKUIA TTOTEHIUAT GAPUOHHON MaTepuu BeeneHHOU @epn= ¢, TOT 1A

. . . 47c?
OHepreTU4ecKuil NOTEHINAN KTEMHON MATEPUN» (P edm™ —3 =4,1887902 ¢?,

1672c?

=10,527578 ¢’,
15

DHEPreTU4eCKUil MOTEHIMAI KTEMHOM SHEPTUNY (ede=

Heo0xoauMo mpennoaokKuTh, 9TO Ka4eCTBEHHBIE MaTepUalbHO-IHEpreTHIecKnue «(a3oBbie
nepexoas» B KocMoce MpoUCXOasT «Ha CThIKE» pa3HOCTH SHEPreTHUECKUX IMOTEHIIUAJIOB, a
HUMCHHO:

0T 0 10 AQerm=c’ - Pa30BbIil IEPEX0]1 «I10JIe-0apUOHHAS MATEPHsD), KO/ TIPOUCXOIUT
o0Opa3oBaHHe U ABUKEHHE OApUOHHON MaTepUH, 3TO 00JIACTh TPABUTAIIHIOHHOTO U
AJIEKTPOMATrHUTHOTO B3aWMO/JICUCTBU,

4rc’
oT A¢ebm26’2 Iy Agaedm: T

00paTHO, 3TO 00JIaCTh JIEKTPOCTA00TO B3aUMOACHCTBUS,

- (hazoBeIii Iepexox GapuOHHOW MaTepPHH B «TEMHYIO MaTEPHIO» U

OT AQedn= dme’ 10 AQedc= Lorc®
3 15
Hanpumep, Juist pasHOCTH SHEPTETHIECKUX MOTEHITHATIOB A op,y=C” TIPU MOCTOSIHHOM C(EPUUECKOM
SHEPreTUYECKOM MIOTOKE K MPOTOHY, paBHOM H;=3181,8 m’s?=const.
a.S.=Hg
AQepn/ToAmr =H=3181,8 m’s?,

-3TO 00JIaCTh CHUJIILHBIX BSaHMOHeﬁCTBHﬁ, KBapKOB U I''TFOOHHOI'O ITOJIA.

OTKYZa paguycC 3TOTO «CTYCTKa» 6apHOHHOI>'I MaTCpru paBCH



r~=3181,8/4n¢*=2,8172255-10" m

C npyroit CTOPOHBI, ATOT «CT'YCTOK» OApUOHHON MaTEpUH B COBPEMEHHOU (PH3MKe HA3bIBACTCS
«AIIEKTPOHOMY, KIIACCUUYECKHM painyc KOTOporo, (uiu paauyc Jlopenua, wim JiauHa
TOMCOHOBCKOTO paccesiHus ), ONPEAeIEHHBIN U3 3JIEKTPOMarHUTHBIX COOOpaXKeHH B
MPEANOI0KEHUH, YTO BCSI Macca 3JIEKTPOHA UMEET AJIEKTPOMArHUTHYIO MIPUPOY, TO €CTh Macca
AJIEKTPOHA SKBUBAJIEHTHA YHEPTUU CO3aBAEMOI0 JIEKTPUUYECKOTO MOJIS, U B IPEJCTABICHUH, YTO
ANIEKTPOH — cepa, paBeH

1 e’
_ 477:80 moc

rg > =2,8179403267-10"°m, (CODATA - 2010)

rineeum - BHCKTpI/I‘leCKI/Iﬁ 3apsa U Macca 3JICKTPOHA, ¢ — CKOPOCTb CBETA, & — AUIJICKTPUICCKAsA MMOCTOAHHAS.

IIpu pa3HOCTH PHEPreTUYECKUX MTOTEHIINAIOB

47c

2
4
APy=Pean- Pen=" 5 - =( o 1) =(4,1887902 -1)=3,1887902-¢° s

paguyc «CryCTKa» «TEMHOW MaTEpUM» PaBeH
r,=Hy/47A@,=3181,8/4x 3,1887902-¢*=0,8834779-10°m

[Tonmy4yeHHOE 3HaYECHHE TIOYTH COBIAJAET C PAINyCOM MPOTOHA, SKCIIEPUMEHTAITBHBIN
CPEIHEKBAIPATUYHbIHN 3apsAA0BBINA PaUyC KOTOPOTo, U3MEPEHHBIN ¢ IOMOIIBI0 aTOMOB OOBIYHOTO
BOJOpO/A, paBeH #,=0,8768-10"°m (CODATA — 2006). TTocieHue u3MepeHus 1atoT
7,=0,8775-10""m (CODATA —2010).

CornacHo «CTapoil» KIacCHYE€CKONM KBAHTOBOW MEXaHWKE KMHETUYECKas dHEPrus JIEKTPOHa
B Is paBua E, =m.Ap.=m.v,’=4,3597439 x10"¥kgm?s.
IIpu ckopoctu v.=2,18769126-10°ms™ u pagmyce r/=5,2917720859-10""'m snexkrpon Ha neppoii
opburte nenaer 1 060poT BOKPYT siapa 3a Bpems f,=27xr./v. =15,1982986-10""s
3a 1s oexTpoH Henaer 000poTOB BOKPYT sapa: N=1/t,=6,57968386-10" s (06opoToB 3a 1s).
3a 07uH 060POT BOKPYT MPOTOHA JIEKTPOH «IT€HEPUPYET» dHEPruio E,=4,3597439-10" kg m?s?/
6,57968386-10"s"=6,62606896 x107*J-s=h, paBHyio nocrosuHoii [Tnanka.
KonndecTBo 000pOTOB 37EKTPOHA BOKPYT sifjpa N B KIIACCUUECKOM MHTEpIpETallMi — 3TO YacToTa
«nepuoouyeckozo senenusny [7, ¢.9] - Bonn Jlyn ne bpoiins : v=E/h, a B Haleil HUHTEpIIpeTaIlnH,
4TO, HA HAall B3I, 60JIee COOTBETCTBYET pealbHOMY IPOLIECCY, - 3TO, HU UYTO MHOE, KaK
KOJIMYECTBO MaTePUAIM30BAaHHBIX «BCIIBIIIEK)» KBAaHTA YHEPTUH /i B CEKYH/Iy Ha OOPOBCKO opOuTe
Ha IyTH K IPOTOHY C 00pa30BaHMUEM JIEKTPOHHOTO 00Jlaka ¢ HE0OXO0AUMON Pa3HOCTHIO
SHEPreTUYECKHUX MOTEHIUAIOB A9, ~V,”. ECTECTBEHHO MPEIIOIO0KUTE, YTO €CITH SHEPTHSI
«pacrpoCTpaHsieTCs» MOPLUUIMU-KBAHTAMHU C HEKOTOPOW YaCTOTOM, TO M caM pealIbHBIN MpoIiecc
JBYDKEHUS] MaTEPUH, ONTMCHIBAEMBIi SHEPTETUYCCKH, SIBIISIETCS] BCET/Ia TIEPUOTUICCKUM.
Jlyn ne Bpoiub goragpIBaics, 4To «21eKmMpoH npe0CcCmagiaemcs Ham HeKoOmopou nopyuetl
SHepeul, ...9Hepeusl SNeKMPOHA OOJIHCHA ObIMb PACNPOCMPAHEHA 80 8CEM NPOCPAHCIGE CO
3HAUUMENILHBIM C2YWeHUeM 8 001acmu 0ueHb Heboabuux pasmepos...» [7, ¢.21]

«Pewarowum momenmom 6 amommnotl mooeau Pezepgpopoa 6wi1o0 mo, umo oHa co 6celi ACHOCMbIO
NOKA3aAa, 4mo YCMouyu80Cms amomos Helb3s 00bACHUMb HA OCHOBE KAACCUYECKOU QU3UKU U Ymo
K8AHMOBbII NOCMYIAM — MO eOUHCMBEHHO 803MOXNCHbIL 6b1x00...» [H. bop. u3 5, c. 210]

«...5l NPUIMET K YOeIICOeHUIo, Ymo cmpoeHue 3JIeKMPOHHO20 POsi 8 pe3ephopoo8CcKoM amome
ynpasasiemcs keanmom oeticmeuss — nocmosinnot Ilnanka» [H. bop. u3 5, c. 210]

“Bonpoc 0 mom, nouemy éce 371eKmpoHbl Amoma 6 OCHOBHOM COCIMOSHUU He HAXOOSAMCs 8 CaMOll
sHympeHnHel 06010uKe, yice 8 paHHux pabomax vloensics bopom kax umerowuii
¢dynoamenmanvroe 3uavenue...» [6,W. Pauli]

KBaHTOBas MexXaHUKA HOTpe6OBaJ'IaCI) JJIsL 00BsACHEHHS TCOpHHU aTOMa, KOraa CTajlo ACHO, YTO
KiIaCCH4YCCKas (I)I/I3I/IKa HE CII0COOHA OOBSACHHUTH TOT (baKT, 9TO, COIJIaCHO SJICKTPOAUHAMUKE,



JBIKYILIUICS C YCKOPEHUEM BOKPYT siipa 3JIEKTPOH, U3JIydasl SHEPTUIO B BUJE 3JIEKTPOMArHUTHBIX
BOJIH, HE MajaeT Ha sapo. Hunscy bopy, THTaHMYECKMMU YCUITUSAMMU, OTKA3aBIIUCh OT
NpEeCTaBICHUN KITaCCUUECKO (PU3MKH U IPOTUBOPEYA HIIEKTPOAUHAMUKE, YIAIO0Ch, C TIOMOIIBIO
CBOMX MHTYUTUBHBIX MOCTYJIATOB, HEHAJIOJTO YCIIOKOUTD MBITIUBBIX YUEHBIX, HO (hopMasbHas
MaTeMaTH4YecKasi CTpPYKTypa BoJaHOBOM (yHkimu Lpéauarepa u cOOTHOLICHUS
HeonpenenéHHocTel ['elizeHOepra K HACTOAIIEMY BPEMEHH YKE TTOJIHOCTBIO OTOPBAIUCH OT
MaTepHaIbHON PEeaNbHOCTH M CKPBUIH (PU3UYECKYIO CYIITHOCTh aToMa. A mpobiemMa 3aKkiIovaeTcs B
TOM, YTO HEOOXOJMMO OTKAa3aThCS OT MPUMHUPEHUS HEIPUMUPHUMOT0 — KJIaCCHUYECKOM
HETPEPHIBHOCTH JBM)KEHUS 3JICKTPOHA C TUCKPETHBIMU KBaHTaMu. CoBpeMeHHas pu3nka OOUTCs
MOCTaBUTh BOIPOC peOpoM: 4TO pyHIaMEHTANIbHEE — JIEMEHTApHBIE YAaCTULIbI JIM KBAHT
sHepruu? M BooOI1ue, CylecTBYIOT JIM 3JIEMEHTapHBIE YaCTHUIIbI?

B nmapanurme usnaraemMoi SHEpreTUYECcKOil TEOpUH, BBIILIEU3TI0KEHHBIE PE3yIbTaThl TPEOYIOT
CJICAYIOICH MHTEPIPETALUU: B aTOME BOIOPO/Ia, KOT/Ia CTOK YHEPTUHU, HEOOXOAUMBIH ISt
«CYIIECTBOBaHUS» MPOTOHA, «coOupaeTcs» u3 Kocmoca, 3IeKTPOHBI, — 3T «BUXPH SHEPTUNY,
MaTepHaIN3YACh, IBUTAIOTCA K IPOTOHY U «OCHMUTUPYIOT», OCTAHABJIMBAACh Ha NMEPBOH opOuTe U
JIPYTUX CTallMOHAPHBIX OpOUTax — chepax BOKPYT sipa, YTO MbI BOCIIPUHUMAaeM (MOXKHO CKa3aTh,
B BUJIC «OCIMJUIALMI) KaK IBM)KEHUE YACTULBI-3JIEKTPOHA 110 OPOUTaM BOKPYT siApa. DIEKTPOHBI —
«BUXPH MAaTEPUATU3YIOMIEHCS SHEPTHI» «OCTAHABJIMBAIOTCS» Ha MEpBOil bopoBckoit opouTe-
chepe, co3maBast pasHOCTh YIHEPTETHIECKUX MOTEHIHMAIOB Ap;=V,’. TOTOMY YTO IPOTOH-SIPO, ECIIHU
MO>HO TaK CKa3aTh, «HACBIIIAETCS» JOCTATOYHOW SHEPTHEN TaK, YTO SHEPreTUUECKUN TOTEHIUAI

47
Ha IIOBEPXHOCTH NPOTOHA PABEH ( 3 -1)02=3,1887902'<:2 m?s?, 9TO JOCTUTAETCS TIPU

IIOCTOSIHHOM DHEPreTHYECKOM MOTOKE paBHOM H;=3181,8 m’s™. Heo0X0uMO KOHCTATUPOBATb,
YTO CTPOTO «CTAMOHAPHBIX» COCTOSHUMN y aTOMa ObITh HE MOKET, MOXHO JIMIIb TOBOPUTH O
COCTOSIHUSIX, COOTBETCTBYIOILUX ONPENEIEHHBIM YJHEPIeTUYECKUM XapakTepucTukam. [Iporon —
3TO «CTYCTOK» TEMHOM MaTepuH, a AJIEKTPOH — 3TO «IIOCTABUIMKY» MATEPUHU-IHEPTUU K IPOTOHY
KaK K «y31y-sdeiike» cTpykTypbl Kocmoca. «Cuiay cuiabHOro B3aMMOZENCTBYS, CO3At0IIETO
KOH(paWHMEHT, — HHU YTO MHOE, KaK JeTePMUHUPOBAHHBIA KOHIEHTPUPYIOLIUICS CTOK SHEPTUH-
MaTepHH K MPOTOHY, TJIe U3 6€3MaccOBOTrO IIIFOOHHOTO 00J1aKa M MOYTH 0e3MacCOBBIX KBApKOB
oOpa3zyercsa MaTepuaabHbI MPoTOH. Heo0xoaumo npennonoxuTh, 4T0 KBApKu MOTYT
CYILIECTBOBATh TOJIKO B YCIOBUSAX, KOTOPBIE CO3AAIOTCSI BHYTPH IIPOTOHA IPU COOTBETCTBYIOLIEHN
IUIOTHOCTHU 3HEpruu. [IpOoTOH U AIeKTPOH MOTOMY aOCOJIFOTHO OJMHAKOBBI U HEPA3TUYUMBI OT
JIPYTUX IPOTOHOB M 3JIEKTPOHOB COOTBETCTBEHHO, TO €CTh TOKJIECTBEHHBI, IOTOMY 4TO
00pa3yroTcst KaXKIbIi pa3 TOJIBKO «celdacy M Toiabko Ha Bpems [Inanka. Heoboxomammo
IIPEIIOJIOKUTE, YTO BHYTPH NPOTOHA Pa3bIrphIBAETCSA IVIaBHAS JpaMa IPUPOJIbl — POKICHHE
MIPOCTPAHCTBA U BPEMEHH U CYNepOOBheANHEHUE BCEX B3aMMOICHCTBHIM. ATOM —
byHaaMeHTalbHas SHepro-MarepraIbHO-MH(pOpMaIMoHHas cucTeMHast cTpykrypa Kocmoca,
«cep/le» Halllero MUpa, B KOTOPOM MPOUCXOIUT II100aNIbHBIH Mpoliecc MOCTOSTHHOTO Mepexo/ia u
KOHIIEHTPAIUH («CTYIICHUs») OApUOHHON MaTepuu U «TEMHOM MaTepum» U 0OpaTHO 3a BpeMs
[Inanka npu sHEPreTHYecKOM 0OecTeYeHNN «TEMHON SHEPTHE.

Taxum 0Opa3oM ABMKEHHE MAaTEpUH B aTOME TOJTHOCTBIO ONPEAEISIEeTCs INIOTHOCTHIO SHEPIUH,
SHEPreTUYECKUMU MOTEHIIMATaMU U TeOMEeTpUen «cTpykTypb» KocMoca.

5. KocMu4eckoe peJIMKTOBOE M3JIy4eHHe aTOMa BOJI0Poia
5. Cosmic Microwave Background (CMB)

PaGota, coBepiracMast p¥ CTOKE MaTEPUU K POTOHY, TO €CTh «IBHUKEHUU» 3JIEKTPOHA OT
norennuana 0 10 ¢, paBHa KWHETUYECKOM SHEPTUH dJIEKTpoHa Ky = m, ¢’/2 =4,09355-107].

Ecnu npoucxoaur CTok, TO TOKHO IPOUCXOIUTh U u3nydeHue. [lelicTBuTenbHO: BO BeenenHnol Ha
1 HYKJIOH-IpO aTOMa BOAOpoa - mpoToH npuxoautcs 10° horonos. Dueprus 1 porona
MaKCUMyMa PEeIMKTOBOrO M3Iy4eHHus ¢ yactoroi v=160,4 I'Tu=1,604-10"s"

Emax =hv=6,62606957-107* -1,604-10" s'=1,06282-10* kgm?/s*. Konuuectso GporoHos B 1 sm’
ouenusaercs B 400-412 ¢oronos (B 1m’- 400-412-10° hpoTOHOB), JHEPTHUsI KOTOPHIX paBHA
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£~1,06282-10** kgm?/s*-400-10°=4,25128-10"* J.

B03bMEM [1J1s1 OLIEHKH CPEIIHIOI0 SHEPTUIO B 65% OT MAKCUMAIBHON Emayx X0,65~€ =6,9-107* kgm?/s?.
[Ipu moTHOCTH BemecTsa Bo Beenennoii p.~1,0005-102kg/m?, uro cocrasmser ~6 (0,597)
HYKJIOHOB B 1M, IIIOTHOCTE SHEPrUM H3Ty4eHust POTOHOB TIPH ITYJIBCAIMNY BEIECTBA COCTABUT
6,9:102*-6-10°=4,12-10"* J/m?, 4T0 NpaKTHUECKK PABHO IKCIIEPUMEHTAIILHOMN IIOTHOCTH

PEMKTOBOrO M3jIydeHus, pasHomy &,=4,005-10"*J/m*.(0,25 eV/sm?).
WHTEPECHO, YTO SKCIIEPUMEHTAILHO ONPEAEIEHHAS ITIOTHOCTh SHEPTUM PEJTUKTOBOTO M3/ Ty4EHHUS

&=4,005-10" J/m?(0,25eV/sm’) paBHa sHepruy HOHM3AIUK aToMa Bogopoaa 2,17793 x107#J,
JIeTIEHHOM Ha KBAJpPAT IIOCTOSIHHOM TOHKOW CTPYKTYPBI:

e=&ilo? &= mAQS2=m,’/2

13 sHEepreTHuecKkux coodpakeHui, He00X0AUMO CAETIaTh BBIBOJ, YTO TaK HA3bIBAEMOE
«PEITMKTOBOE» U3ITYYEHUE — ITO «CETOMHSIIHEE)» N3IIYyYCHHUE NEPUOIUIECKN «ITYJIbCUPYIOIIHNXY,
SHEPreTUYECKH «OCIUUIMPYIOIIMX», AaTOMOB BOJOPO/Ia U reius (TouHee 6 HyKJIOHOB B 1M°), U3
KOTOPBIX COCTOMT IIOYTH BCS MaTepuaibHasi Beenennas. Dueprus, Heooxoaumast Jiist
«PEIMKTOBOIO U3JIy4CHUA», TEHEPUPYETCS B aTOME BOLOPOAA.

[Tocne skcnepumentoB DMR (Differential Microwave Radiometer) Ha aMeprKaHCKOM CITYyTHHKE
COBE (Cosmic Background Explorer, 1989—-1993) u 1pyrux HeoOX0IuMO CeNaTh BBIBOI, UTO
U30TPOIHOE PEIUKTOBOE U3Iydenue (¢ anuzorponueil Beero ~10°7) He JOKaIbHOE SBICHUE, OHO
uaet otoscrony. M3orponHocts CMB 0/1HO3HaUYHO YKa3bIBAE€T HA HEJIOKAIBHOCTh 3TOTO SIBJICHHUS.
Ho nouemy-To, Ha Hall B3IJIA[, CJIeaH IPOTUBOPEUUBBIN O€3a1bTepHATUBHBIN BBIBOI, UTO
PENMKTOBOE U31y4YEHUE OJHO3HAYHO BHEIIIHEE, TO €CTh JIOKAIbHOE U3JIy4YCHUE, UAYLIEE OT
HavaJbHOU cTaauu poxxaeHus Beenennoii. OTcrofa BIBOAUTCA HHMISIUOHHAS KOCMOJIOTHYECKas
mozenb «bonbioro B3peiBay (Big Bang) ¢ HauaibHOW CHHTYISPHOCTBIO ¢ HAYaJIbHBIMU
ycioBusimu. 1o HammeMy MHeHUIO B 6eCKOHEUHON BeeneHHol HUKaKkuX HadadbHBIX YCIOBHM OBITh
HE MOXKET M TaK Ha3bIBaeMble «HadalIbHbIe» (IIYKTyallM JOJKHBI IPOMCXOIUTh BCETIa U BE3JIE, -
OHH 3aJI0’KE€HBI B 3HEPro- HH(HOPMALIMOHHO -T€OMETPUUECKYI0 NMpUpoay Hamiero mupa. C Hamei
TOYKH 3pEHUs, BCE MOKHO OOBSICHUTh HA OCHOBE KOCMOJIOIMYECKON MOJIENIN SHEPTreTUYECKH
«ocuuMpyoniein» BeeneHHol 6e3 nepBUYHBIX CUHTYJISIPHOCTEH.

Heo6xoanmo nmoctyaupoBats, 4to crnocol cymectBoBanus Kocmoca — 3To nepuoudeckoe
JTUHAMHYECKOE YHEPro-MaTepualbHO-MHPOPMALIMOHHOE «MEPLIAHUEN-«ITYIbCALIU» C YACTOTON
[Tnanka, To ecTh npouecc «00pa30BaHUs» BUAMMON OapuOHHON MaTepuu U e€ o0paTHOe
npespatieHue B sHepruto Kocmoca, B X071e KOTOPOT0 U3Iy4aroTCs U MOTJIOMAITCS (POTOHBI
PEITUKTOBOTO M3JTyYEHHS 10 CIEKTPY OIM3KOMY K M3JTy4EHHIO a0COIIOTHO YEPHOTO Tea.
PennkToBoe u3nydeHue He UMeeT OTHoLIEHUs K Mupudyeckomy «bombiiomy B3pbiBy». PennkroBoe
U3JIy4eHHUE — 3TO U3NydeHHe, 00pasyroleecs B rporecce 00pa3oBaHUs-CYILIECTBOBAHUS MATEPUU.
IIpu BeyHOM cynieCcTBOBaHNN BCeleHHON MPUYMHON-UCTOYHUKOM «PEIUKTOBOTO» U3ITyYEHUs
MOXKET SABJATHCS TOJIBKO U3IyYEHHUE aTOMOB CYIIECTBYIOIIEH OapHOHHON MaTepuu.

Ecnu penukroBoe n3imydeHne HIET OTOBCIOAY, TO OHO UAET U3 KaXIOU «I4elkn» BeeneHHoH, u3
Kaxoro ooséma Kocmoca, To ecTh riodanbHble XapakTepucTUKH BeeneHHoi mopoxxaarorces
KaX10 siueiikori Beenennoi. Torma Mbl 1OKHBI MPEANOI0KUTh, YTO BMECTO «boJIbIIOro B3peIiBay
IIPOUCXOAMT 3a BpeMs [1naHka MHOKECTBO «MaJIEHbKUX B3pPBIBOBY», BO BPEMS KOTOPBIX IPOUCXOJUT
NEPUOANYECKOE «POXKICHUE U UCUE3HOBEHNE) Hallero mupa u Bennkoe O0beuHeHe-
Pa3penunenue Bcex BzanMoaencTeuil. Kpacounoe onucanne «bospioro B3peiBay - 3T0 ONUCAHUE
«MAJICHBKUX B3pPBIBOBY», KOTOPBIE IPOUCXOIAT 3a KaKJ0€ IUNIAHKOBCKOE BPEMSI.

6. IlocTosiHHASI TOHKO# CTPYKTYPBbI

«Kozoa s ympy, nepsvim 0enom nocuumaro cnpocums y 0ba60.1d, - KAKk08 CMblCl HOCMOSAHHOU
monxou cmpykmyput?» (Bonbdranr [Taymm)

Puyapn deiinMaH Ha3bIBaJI TOCTOSTHHYIO TOHKOM CTPYKTYPBI «0OHOU U3 8eIUYAUUUUX NPOKIAMBIX
Matii U3UKU: Macu4ecKoe Yucio, KOmopoe npuxooum K Ham 0e3 KaKo2o-1ubo NOHUMAHUSL €20
Yeo8eKoM»
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[TorpoOyeM BHECTH M CBOIO JIEITY B MOHUMaHHUE (PU3MYECKOTO CMBICIIA TIOCTOSSHHON TOHKOM
cTpyKTyphl. CoryiacHo Kiaccudeckon (pusmke, MOCTOSIHHAS TOHKOM CTPYKTYpBI 0L — 3TO
OTHOIIIEHHE CKOPOCTH 3JIEKTPOHA Ha MepBOil OpOUTEe aToMa BOJIOPO/a K CKOPOCTH CBETA:

a=v//c=zm =7,2973525-107.
CoOOTBETCTBEHHO, OTHOLIEHHE KBAAPAaTOB CKOPOCTEN KaK OTHOLIEHHE SHEPreTHUYECKUX
HNOTEHIUANOB v/ /c’=Ap,/Ap=0?.
OTH OTHOILIEHUSI MOKHO HamucaTh JJI BCEX SHEPTeTUYECKUX YPOBHEHM aToMa BOJOpOaa:

Vi /P=N/ANpo=r/r,=(0/n)’

Torna, KOHEYHO, OTHOIIEHHE TUIOIIAAM CEepbl ATEKTPOHA K Itomanu cdepsl ¢ bopoBckum
paguycoM S./S;/=0' 1 OTHOIIEHUE COOTBETCTBYIOIUX 006EMOB V,/Vi=af .
[TocnegHIM XUMUYECKHM 3JIeMEHTOM OyzeT neMeHT Nel37 - «DeitHMaHnnym», TOTOMY YTO
MOTEHITMA JIEKTPOHHOTO 00J1aKa Ha TIEPBOI OPOUTE B ITOM ciiydae Oy/eT MaKCUMaIbHO
BO3MOKHBIM, PaBHBIM A@) =c’ ¥, COOTBETCTBEHHO, CKOPOCTh 3JIEKTPOHA MAKCUMAIILHOM.
OTHolIEHNE MIIOTHOCTH SHEPTUU B 3JIEKTPOHE K IIOTHOCTH SHEPTHH B MPOTOHE PaBHO

pe/pp =a’Ap/Ap, (6)

e Ap. = ¢ u Ap,=3,188855 ¢’-3HepreTnueckre NOTEHIUANBI HA TIOBEPXHOCTSX JIEKTPOHA M MPOTOHA
COOTBETCTBEHHO.

Jiist 60poBCKOI OpOUTHI

Ap/Ap,=0’/3,188855.
CrnenoBartenbHO, IPHU MMOCTOSTHHOM YHEPreTUYECKOM MOTOKE B IMPOLIECCE CTOKA WM UCTOKA MaTepUU
M3MEHEHHE TIOTHOCTH GAPHOHHOM SHEPIUH B SAMHHUITY BPEMEHH COCTABIISIET @ , 4TO YKA3HIBACT Ha
TO, YTO (PM3UYECKUI CMBICI OCTOSTHHOM TOHKOW CTPYKTYPbI — DHEPTeTHUECKHA.
C npyroii cTopoHsl, u3 Gpopmyisl (5), MOCTOSTHHAS TOHKOM CTPYKTYpHI paBHA

4zFE T
o= ———r°
aS

(7

(rne E,=m,c’~ 5Heprus NpOTOHA)

HHTepecHo OTMETHUTD, YTO Macca-3Heprusi 0030Ha XUrrca yMHOKEHHas! Ha MOCTOSIHHYIO TOHKOM
CTPYKTYPBI IIOYTH TOUHO paBHA Macce-3Hepruu nporoHa. Eciu aTo Tak, To Macca-sHeprus 6030Ha
Xwurrca nomkHa 66T paBHa: m,/0=0,938272I'5B/7,2973525x10°=128,577 I'3B, a m10THOCTH
SHEPrUH PEIUKTOBOTO U3IYUYEHHUS &, O YEM YKa3aHO BbIIlIE, paBHA SHEPTUH HOHU3ALMU aTOMa

BOJIOPO/IA &;, ACIEHHON HA KBAJIPAT IIOCTOSHHOM TOHKOM CTPYKTYpPbL:  &=&:/a’.

7. MakpoxocMoc

[Tpu TOM, uTO BHEPrUs OGAPHOHHON MaTEpUU COCTaBIsAeT Beero b ~6% (2=0,0596831) ot Bcei
9Hepruu BceneHHoM, OpOMeTYHBO CUUTATh, YTO METPUKA MPOCTPAHCTBA-BPEMEHH, KaK 3TO
nemaercst B OTO (General relativity), onpenensiercst ToJibko e€ HeOoubioii yacTio. OOIas Teopus
OTHOCHTEIIFHOCTH TIOCTPOCHA Ha MOCTYJIaTe-PUHITUITEe SKBUBAJICHTHOCTH WHEPIUAILHOW MACCHI H
IPaBUTALIMOHHOMN MAacChI Tella, WM YKBUBAJIEHTHOCTH YCKOPEHHUS U MO TATOTEeHUs. Jlenas
CJICIYIOIIHIA II1ar, MOKHO MPEIIOI0KHTh, YTO TOJIE, CO3/IAI0NIee YCKOPEHUE a HHEPIHATbHON
Macchl, SKBUBAJICHTHO MOJII0, TEHEPUPYIONIEMY I'PaBUTALMOHHYIO HAMIPSHKEHHOCTh — YCKOPEHUE
cBoboaHoro nagenus g=GM/R?. TakuM 00pa3oM, YUUTBLIBAS U 110JI€ YCKOPEHUS (HAIPSHKEHHOCTH )
OT BJIEKTPOMArHUTHOTO TI0JIS, IPUXOANUM K BBIBOJAY O CYIIECTBOBAHUHU TOJBKO OJJHOTO OIS —
9HEPreTHUecKoro. J{elCTBUTEIBHO, HAIPUMED JUIsA 3eMIIH, KOT/Ia HANPSKEHHOCTh- YCKOPEHHE
CBOOOJTHOTO Ma/ICHUsI Y TIOBEPXHOCTH 3eMJIH PaBHO g, CyMMa SHEPreTHYECKOT0 IIOTOKA B CUCTEME

 ffvas e vl 2 par-[[T e
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Cymmupys, s chepudeckoi 3eMiTn SHEPreTUIeCKH CTOK K IIEHTPY paBeH
g S=47GM,

OTKyJa M=g-S/4nG=5,9726-10* kg
rae a=g=9,80665 ms™?,— yckopeHHe CBOOOHOTO HajieHus , M- macca 3emiun
(ko> punuent nepesona B LT - 41G=8,3865947-10"° m*kg ' s%)
DHepreTUUECKUi MOTEHIMAN Ha TIOBEpXHOCTU 3eMiu Ap=gR= 9,80665 ms~?-6,371-10°m=
62,47817-10°m?s™, oTKya mepBasi KOCMHYECKas CKOPOCcTh V=7,9043-10° ms™
4nGM=4m-6,67384-10"" m*kg's2+5,9726-10* kg=500,89775-10" m? s

a-5=9,80665 ms?-5,10-10" m*= 50,01-10'*m’ s*=H — sHepreTnuecKuii IOTOK K 3eMIIE.

DHEPreTHIECKHii TOTOK K IpoTony H,=3182,6 m*s?=3,1826-10° m*s~

DHepreTuyeckuii motok k 3emne  H=5,00-10"m?s?, 6onsmie B 1,57104-10" paz=7n/2-10"pas.
(roe g=9,80665 ms?, R=6,371-10°m, §=5,10-10"*m?, ¥=10,8321-10"m*, M=5,9726-10**kg)

BI/I}I?I CHIPaBCIMBOCTb SOHEPICTUUCCKOTO ITPUHIUIIA B OTTMCAHUN CTOKA MaTCPHUN-OHCPIUA JJIA
aTtoma BOJOPOJia B MUKPOMHMPE U IS 3eMII B MAKPOMHUPE, ECTECTBEHHO MPENOI0KHTE, YTO OH
ABJIISACTCS BC@O6HII/IM, u 6y}1€T BBITTOJIHATHCA JIA BCEX «IIPOMEKYTOYHBIX) CITy4acB ABUKCHUA
MaTepHH, HAIIPUMED, IS MONETA CTPENBI U PAKETHI, KAMHS, OPOIIEHHOTO YEI0BEKOM, IS
ABTOMOOWJISI U caMoJIETa, JJIsl BETPSHON MEJIBHUIIBI M THAPOIICKTPOCTAHIIUH, JIJIsl ATOMHOH OOMOBI
¥ MBIILICHHS. ..

8. 3akiarouenue

OHepreTuyeckas UHTepIpeTalys KBAaHTOBON TEOPUH, U3JI0KEHHAs B ATOH cTaTbe UMEET, Ha Halll
B3IJIS1/1, IIPABO HA paccMOTpeHue U obcyxaenue. [lo HameMy rimy6okoMy yOexKIeHUI0, TOJIBKO
HHEPreTUUECKUI MPUHIIMI B ONTUCAHUU JBWKEHHUS MAaTEPUH MOXKET MPUBECTU K 0ObETUHSIOMIEH
Teopur. Ha ceroHsAIIHbII IeHh CYNTACTCS, YTO «TEMHASI MATEPHSD» U «TEMHAs SHEPTHSD
HaXOJATCS BHE PEaJbHOI0 MaTEPUAIbHOTO MUPA U COOTBETCTBEHHO BHE (PM3NUECKOI HAayKH.
CrannmapTHas MOJIeNTb OOBSCHSET HAIl MUP TOJBKO B Tipezieniax OapruoHHoN Martepun. Ho Hamm
UCCIIEIOBaHMS, U3JI0KEHHBIE B 3TOM CTaThe, TOBOPST O HEOOXOAUMOCTH «JIeTAIN3ALUI TEMHOM
MaTepHH U TEMHOM YHEPTHH M COOTBETCTBYIOIIETO pacMpeHus Gu3nKu 3a npeaensl CTanmapTHON
MOJIeNIH, UOO TOJBKO TaK MOXKHO OOBSACHUTH U OOBETUHUTH JABHKEHUE MAaTePHU B MUKPOMHPE U
MaKpOMHUpE, ONHICHIBAs €T0 KaK JBU)KEHUE YHEPTHH,- KaK JIETCPMUHHPOBAHHBIA YHEPTETHUECKUI
Ipoliecc, ONpeensieMblii S3HePreTUYeCKMMHU XapakTepucTukaMu eanHoro Kocmoca.

B 3akimoueHne npeanaraeTcss «CMEHUTH MapagurMy» U MEPEUTH OT KOMIEHTareHCKOM
MHTEPIPETALNU KBAHTOBOM MEXaHUKH, OCHOBAHHOI'O Ha MocTyiaTax bopa u BolIHOBOH QyHKIIUH
[lIpénunrepa, coxpaHss yHUBEPCAIbHBIA MaTEMAaTUUECKUI anmnapar, K SHeproAHHaMAYECKO
MO/IEJIN ONMCAHUS JABM)KEHHSI MaTepUU B aTOME.

ITo cnoBam Hunbca bopa, ckazannbix B 1961 rony B Mockse, B IHcTUTYTE przmueckux
npoOiem, nepBasi peakius A. DUHIITEHa Ha OOPOBCKYIO MOJIENb aToOMa ObLIA: «...ecau 6cé 9mo
npasuibHo, Mo 30ecb — KoHey ¢usuxuy, Ha 9To nocienoBai otBeT H. bopa: «Beds ecu 6vi
DuiHwmelH 0Ka3acs npas, mo 8cé 6vl PYXHYI0).

Tonpko y BpeMeHH eCTh BpeMs 1aTh OTBET Ha BOIPOC: «/Jocmamouno au 6esymHa meopusl, 4moowl
ObIMb 8epHOU? Y
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