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AHHOTaIUA

B smoii cmamve npedcmasnena snepeemuneckas uHmepnpemayusi KEAHMo8oUu meopuu.
IIpeonazaemcs paccmampueams 8ce usMeHeHUs: U 83aUMOOeUCmBUsl (8 MoM ducue u
2pasumayuoHHble) He KaK CUN08ble 83aUMO0elCmaus mej, 3apsa008, 4acmuy, nojel U NPoseieHUsl
UCKPUBTIEHUsL NPOCMPAHCMEA-8PEMEHU, A KAK NPONEeHUs U C1e0CMBUs IHEPLeMUYECKUX NPOYECCO8
6 edunom Kocmoce. Mepoii smux npoyeccos sasnsemcs suepeus Kocmoca, exnouas «mémmyio
mamepuioy» u «MEMHYIO IHep2Uio», ¢ AOCOIOMHOU MOWHOCMbIO, paéHOU hocmoanHou [lnanka.
Heuorcenue mamepuu 6 Kocmoce paccmampugaemcs kak OUHAMUKA IHEPLEMULECKO20 8eKIMOPHO20
NONS, MAMEPUATLHO-IHEPSEMUYECKOU «AYeUKOU» CMPYKMYpPbl KOMOPO20 A815emcs NPOMOH.
Ilpeonazaemcs snepeemuyeckasn unmepnpemayus amoma 6000pood, 8 KOMmopoMm 08UINCEHUE
mMamepuu npoucxooum u COOMeemcmeeHHo ONUCLIBAEMCs « CMOKOM» U U3TIYUeHUEeM
9Hepeemu14ecko20 NOMoOKa 6 6eKMOPHOM MAMeEPUATbHO-dIHepeemuyeckom noe. Ilpuseodensi
NIAHKOBCKUE 6euyUunbl 8 cucmeme pazmeprocmeil LT. Ymeeporcoaemcs, umo kocmuueckoe
«PeNUKMOB80e» U3NYYeHUe 2eHEPUPYemcs 8 amomax cyujecmayioujell 6apuoHHoOU Mamepuu u He
umeem omHoutenus K mugpuueckomy «bonvuiomy 3pwiey». Ilpeocmasnena snepeemuveckas
unmepnpemayus NOCMOSAHHOU MOHKOU CMPYKMYPbl.
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IInankoBckue BCIIMYUHBI, IIOCTOSAHHAA HHaHKa, aToOM BOJI0pO/Jia, PEJIMKTOBOC U3JIYYCHUE, TOCTOAHHAA TOHKOM

CTPYKTYPBI.

«...6Ce UBMEHSEeMCs U3 CYWeCmeyloue2o 8 03MOJICHOCIU 8 Cyujecmeyioujee 8 0eUcCmeumenbHOCuy
[Apucrorens. Meradusuka. M., 2006, 2. XII, 2]

«Ilouck cywpocmu s cuumaro 3aHAMUeM CyemHbiM U HeB03MONCHbIM,
...eClIU MUWEemHO UCKams CYOCMAHYUIO..., MO ewé He 3HAYUM, YMo HAMU He MO2ym Oblmb UCCIe008aHbl
UX XAPAKMEPUCMUKU. .. » [Tanuneo INamuneit]

«Jobas wacmuya, dadice U30IUPOBAHHASL, OONINCHA DbLMb NPEOCMABIEHA 6 HENPEPbLEHOM
«IHEP2eMU1ecKoM KOHMAKMe» CO CKPbIMOil Cpedoiiy [JIyn ne bpoiins]
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CHnHcoK IuTepaTypsbl.

1. BBenenue

HeynoBieTBOpEHHOCTh KBAHTOBOM TEOpUEH, TOPOXKAEHHAS (yHIAMEHTAIHPHOU BEPOSITHOCTHOM
NPUPOAOH HAILIETO MUPA U MPUHLIUITHAIEHAS HEBO3MOXKHOCTh €€ 00BbEeTMHEHHUS C TEOpUEH
OTHOCHUTEJILHOCTH, a TaKkKe €€ HECTIOCOOHOCTh, HECMOTPS Ha CTPOTYIO M TOUHYIO MaTeMAaTUYECKYIO
cuity, pemnTh nmpoodaemsl [Ipoctpancta, Bpemenu n Co3HaHus, MPUBEIH K U3JIaraeMoi HIDKE
MONBITKE CMEHBI HAYYHOW MMapagurMbl COBPEMEHHON Hayku. Hannune rpaButanmm kak
(byHIaMEHTATFHOTO CBOMCTBA MAaTEPUU M COOTBETCTBYIOIIETO YHUBEPCATBHOTO IPAaBUTAIIMOHHOTO
TI0JIsL, IPUBOJUT K UJEE: HE SIBISAETCS JIU OHO TOJBKO YaCThIO €IMHOTO IOJISI — 3HEPreTUUECKOro,



MPOSIBIISIIOLIETOCS B Pa3JIMYHBIX B3auMoAeHCTBUsAX. [[pMeHeHne HOBBIX THIIOTE3 MPU U3YUYEHUU
JBIKEHUS MATEPUN U CO3HAHUSI, OCHOBAHHBIX HAa SHEPT€TUYECKOM IPUHLHUIIE, TO3BOJISIOT ClIEaTh
BBIBO/JI, YTO HEM3MEHHOT0, a0COIFOTHOTO B HAIlIEM MUPE HUYETO HET, KPOME SHEPTUU — MEPBI BCEX
W3MEHEHUH, IBUKEHHM, B3aMMOAEHCTBUI MaTepUU U CO3HaHMUsI, TO ecTh KocMoca. MOKHO yCI0BHO
CKa3aTh, YTO PHEPTUs «pacTBOpeHa» B mpoctpaHcTBe Kocmoca, ona ecth Besne u Beceraa. Ho
SHEPrusi — 3TO He CyOCTaHIIMs, OHA HE MOXKET «TE€Uby, «IepeaaBaThCsh MO MPOBOJIAM,
HaKaIUIMBaTbhCSl M XPAHUTHCS U T.II. DHEprus — 3T0 Mepa ABmkeHus Kocmoca. MoiHocTh 1O
HHEPrUH HE MOKET ObITh OECKOHEUHOM, OHA UMEET Ipejie, a, CKOpee BCEero, Mo-HalieMy MHEHHUIO,
€€ BeJIMYMHA OJJHO3HAYHA.

B wm3maraemoit 37ech Teopuu TpenjaraéM BCE M3MEHEHUS M B3aUMOJCUCTBHUS (B TOM 4HCIEC U
rpaBUTAIMOHHBIE) pacCMaTPUBATh HE KaK CHIJIOBBIE B3aUMOJICUCTBHUS Tell, 3apsI0B, YACTHUII, ITOJIEH U
MPOSIBIICHUS] MCKPUBJIEHUS MPOCTPAHCTBA-BPEMEHW, a KaK TMPOSBICHUS M  CIEACTBUSA
SHEPreTUYECKUX MpolieccoB B ennHoM Kocmoce.

He BTOprasce B nOCTpOEHHYIO BETUKUMH YUYEHBIMH KIACCUYECKYH0 KBAHTOBYIO TEOPHUIO U HE
KoJ1e01s1 €€ MaTeMaTHYECKYI0 TOUHOCTh, - TeM OoJiee 1o ciioBaM Pudapma Oeitnmana «He gepvme
MoMy, KO CKadxcem, Yymo NOHUMAen K8aHmMOo8y0 MeXaHuKy», 00paTuM BHUMaHHE Ha U3JIaraeMyto
HUKE YHEPreTUUYECKYI0 HHTEPIPETALIMIO0 KBAHTOBOM TE€OPUH, KOTOpasi, Ha HAalll B3IJIS, SIBJIETCS HE
TOJIBKO HA4aJIOM KBAaHTOBOW SHEPTrOAMHAMUKH, HO U IPUHIMIINAIBHO MEHSET HAyYHYI0 MOJIEIb
coBpeMeHHOI Hayku. KoreuHo, kak roBopun Bepuep ['eitzenbepr, «mom, kmo 2ogopum
Keanmoeas pusuxa, oondicen makice npousHocums u Memagusuxa»

KBanTOBast TeOpuUs BO3HUKIIA [UIsI OMUCAHUS 1 O0BICHEHUS (PU3HUYECKUX MPOIIECCOB,
MIPOUCXOSIINX HA YPOBHE aTOMa U 3JIEMEHTAPHBIX YaCTHULl, B YACTHOCTU U B OCHOBHOM — JJIA
00BSCHEHHS KOPITYCKYJISIPHO-BOJIHOBOTO JTyalli3Ma - Kak (PyHAaMEeHTaIbHOTO CBOMCTBA HAIIIETO
Mupa. KBaHTOBBIT MUKPOMHP ONHCHIBAETCS MAaTEMaTHUYECKH BOITHOBOM (DyHKITHEH, KOTOpast
MO3BOJISCT OMKCAThH PEATBLHBIA MUP TOJILKO BEPOSITHOCTHBIM 00pa3oM. C HaIlel TOUKH 3peHust
ONKCaHue U OObSICHEHUE JBUKEHHSI MATEPHH, B TOM YHUCJIe KBAHTOBBIX MIPOLIECCOB U CUCTEM,
JOJI’KHO CTaTh SHEPTETUYECKHUM, YTO TO3BOJIUT CO3/IaTh O0BEIUHSIONIYIO YHEPTETUYECKYIO TEOPHIO
enqnuoro Kocmoca.

«Kecmokas HeobXo00umMocmo, a He CReKYIAYUU UTU HCENAHUEe HOBU3HDL, BbIHYHCOAIOM HAC
U3MeHamb cmapwvle Kiaccuieckue 6321101y [1, A. Ditnmreiin, JI. Uudenba. DBomronus Gpusnku]

2.9ueprusi Becenennoii

«Cywecmgyem ¢haxm, unu, eciu y200HO, 3aKOH, YAPAGIAIOWUL 6CEMU ABLEHUAMU NPUPOODI ...
Hcknouenuii uz a3moeo 3axoua ne cywecmeyem; ...on abconromno mouen. Hazeanue eco —
coxpanenue nepzuu. On ymeepaicoaem, ymo cywecmeayem onpeoeieHHas GeIutunad, Ha3vléaemas
9Hepauell, KOMmopas He MeHAemcs HU NpU KAKux npeepawyeHusx, npoucxooauux 8 npupooe. 3mo no
cyujecmsy MamemamuyecKuti RPUHYUN, Ymeepicoarowuil, Ymo cyuecmeyem HeKomopas YucieHHAas
BeIUYUHA, KOMOPAsl He USMEHAeMCs HU NPU KAKUX 00cmosmenbecmaax. Imo omHio0b He Onucatue
MexaHuzmMa A6J1eHUA UU 4e20-MO KOHKPEMHO20, NPOCMO-HANPOCMO OMMedaemcs mo CmpanHoe
00CmMOosAMeNbCME0, YMO MONCHO NOOCYUMAMb KAKOe-MO YUCIO U 3ameM CNOKOUHO Clle0umby, KaK
npupooa 6yoem 8bIKUObIBAMb NHI0ObLE CBOU MPIOKU, A NOMOM ONAMb NOOCYUMAMb MO YUCTO — U
OHO ocmanemcsi npexicHum» 2]

[laBaiite ke, «II0CYUTaeM 3TO YUCIIO» - DHEPIHIO Hallel BeeneHno, npuHuMas ee Kak
OJIHOPOJIHYIO MU30TPOIHYIO 3aMKHYTYIO CUCTEMY, KaK HaM coBeTyeT P. deiinman:

Oueprust Kocmoca B Habmonaemoit Beenennoit nponopipionansHa 00beMy V, IIOTHOCTH MaTepuu
P, KBaJIpaTy CKOPOCTH CBETa C, JHEPIeTUYECKOMY IOTEHIHAITY c’u Bpemenu 1=1/H, tne H —
nocTossHHas Xa006ia. @opMyItbl U pacuéThl B cCUCTeMe pazMepHocTe MLT u MexyHapoaHoM
cucteme equnull SI (B ckoOkax B cucteme pasmepuocreit LT, rne G=1/4r n
1kg=47G=8,386595-10"" m? s, 1, COOTBETCTBEHHO, Pa3MEPHOCTh SHEPTUH M’ s*)

VYuuTeiBas cTabMIBHOCTE MeTaraiakTUKH, UCXO/Isl U3 PaBEHCTBA BO BCelleHHOM CUITBbI TATOTEHUS
HEHTPOOEIKHOM crjie, yUUThIBas SKBUBAJICHTHOCTh MAacChl 1 SHEPTHUH,

IUIOTHOCTH GapuoHHOi Matepuu B kg B 1 m’ Beenennoii paBna:



3 3H°

3
= = =1,86216776-10% kg m* LT pyy=3H= > m’s? 51 m’
4nGT? 4nG gm- ® LT py, m’s? B 1 m?)

TZ

pbm

IUIOTHOCTE «TEMHOM MaTCpHun»:

1 H? 4m

P =3 = 78002310 kg m”, (u=dut="T3)
IIJIOTHOCTH «TéMHOﬁ OHCPIrumn»:
_ 4m _ 4mnH? ey B 16712 .,
pue =y = S19.604116:10% kg m (pa= 2222 1)
CyMMapHas IIOTHOCTb:
S Pw=29,2665-10" kg m’ (S pu=IP (3+47+ 16;12 )

IInoTHOCTE SHEpruM BeeneHnHon, kak Mepsl €€ IBUKEHNUS 3a Bpems 1, paBHa :
1. «GapuoHHOW MaTepuI»

3H2c? 3 3
eom=3HC’ Q=0,0596831 ebm=PGbmTPSIm= —— Pedn— —— ¥ Pe
(Db ) Pebm=PGin™ Psin= 7 Pein™ 7o 20

Pin 4G

2. «TEMHOUN MaTepum»

H?c? 1 4n
Pedm= T (pedm=47TH202) €©=0,2500000 Pedm = Z ZDeZ ? Pebm

3. rpaBUTanIMOHHAs (PAKTUYECKON «OapUOHHON MaTEPUI»

9H%c?

20 G (Peon=9H’5) Q=0,035809862  PGom=3/5Pebm

PGbm=

4. rpaBUTaLIMOHHAS] «TEMHOW MaTEPUN»

1612

2 2
amH” 1872 ppy goes3isss poae o Peb

PGde= T Gde 5

5. BpareHus (spin) 6apumoOHHON MaTepuu
3H’C

6
" ——— = — HC’ Q=0,02387324 mn=2/5Debm
Psb 107G (Psb 3 ) Psb Peb

6. IJIOTHOCTH SHEPTUHU HEUTPUHO, PEITUKTOBOTO, «TéMHOT0» (dark radiation) u aApyrux u3iydeHui
MIPUHSTA

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

CymmapHas 3HepreTuueckas MmioTHOCTh BeeneHHol paBHa

H?c?

Zpe:4pedm:4 :28,0439' 10_9 kg m-ls—2

DKBUBAJIECHTHAs YHEPrETUYECKOM TIIOTHOCTH Macchl B kg B Im™ pasna

Yp=31,203-10" kg B 1 m™(SI)
(ITmotHocTh 2Hepruu B LT:

16 1ic?

SP=Apein=161 H = 7?2 =2,351768-10" m’s*m*s?= m’s* B 1m?)



(OxBHBaNEHTHAs TWIOTHOCTH Macchl B LT Yp=261,63656-10" m’s? 8 1m™)

Dueprus Beenennoii B 00béme 1m’ B 1s, To ecTh MomuOCTh Beenennoii B cucteme Sl, paBHa:

2 2 2 2
Hé T 4 Hé —4 = =1,229085-10" kg m's’ 1)

r=p.T=4

(r=p.T=161H’=167c’/T=10,307837 m’s* B Im”B 1s)

3. Il.1aHKoBcKHe BeJJHYHHBI U nTocTostHHAs Ilinanka.

Makc I[lnank B nokinazne, caenanioM 18 mas 1899 rona Ha 3acenanum AxageMuu Hayk B bepiune,
3aSIBUIL: ... Mbl NOJLYYAEM BO3MONICHOCHb YCIAHOBUMb eOUHUYbL ONUHbL, MACCDL, BDEMEHU U
memnepamypul, Komopbvle He 3asucenu bl 0m 6b100pa KAKUX-1UO0 mejl Uil euecms u
0053amenbHO COXpausiu 6vl C80€ 3HayeHue 051 8Cex 8PeMEH U OJisl 6ceX KYAbMmyp, 8 MOM YUcie U
6HE3eMHbBIX U HEUETIOBEUECKUX...» [3, €.232] — cKa3aHO B CBS3U C INIAHKOBCKUMHU €IUHULIAMH,
MOCTPOCHHBIMH HAa OCHOBE (DyHIaMEHTAIBHBIX MMOCTOSIHHBIX G, ¢, A.

U B HameM cirydae JoiKHA OBITh BOBMOXKHOCTB, 0 ipuMmepy M. Ilnanka, u3z coobpaxeHuit
pa3MepHOCTH ¥ c(PepruvIecKOro CTOKA M M3IIyYCHUSI MATEPUHU, OTIPEACTUTh TNIAHKOBCKHUE €MHHIIBI
Ha OCHOBE CHCTEMBI pa3MepHOCTel L7, B KOTOPOH OCTAIMCh TOJBKO ABE (hyHIaMEHTAIbHBIC

NIOCTOSIHHBIC: a0CcoroTHAsI BennyrHa dHepruu Kocmoca 7=10,307837 m’s™ B Im”B 1s u

sHepreTudeckuii norenuman Kocmoca p=c’=8,98755179-10'°m*s™. JlelicTBUTENBHO, B CUCTEME
pasmepHocTeii LT NIaHKOBCKUE €IUHUIIbI PABHBI:

tr=—o—z =5,391-10%s
8m c

l=—— =1,61618:10*m
8mc

mp=—— =0,182535-10"° m’s”
2mc

Ep=mpc’= —— = 1,640543 m’s*
27

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

(Koa(puument nepexona mexay cucremamu LT u MLT pasen 471G=8,3865947-10"° m* kg s?)
[Ipu onpenenéHHbIX BhILIE SHEPIETHYECKOM IFIOTHOCTH U COOTBETCTBYIOLIEM DHEPIETUUECKOM
noTeHuuanie, chepuueckoM CTOKe MaTepuu U JaHHou reomeTpun Kocmoca 3a Bpems Ilnanka #p
OZIHO3HAYHO M HEOOXOAUMO 00pa3yeTcsi KBaHT MATEPUH-DHEPIHUK:
2 2
T tp=4 He” .t __1 =6,626-10"* kgm’s?s (Js) = h— nmocrosiuHas [1nanka! (2)
G 8n’c® 8n’c

u  t=h/tp!  (hr=55,563158-10*m’s*s) -
«...K6aHm Oelicmsusi uepaem 6 Qusuxe gpynoamenmanvuyro ponavy (M. [naHk)

®usnyeckuil cMmbIcil NocTossHHOM I[lmanka — sHeprus, reHepupyemas B Kocmoce, B e€IMHHIE
00béma 1 m’ B eunmiy Bpemenu Ilnanka f», T ecTh abCOMIOTHAS MOIHOCTHL SHeprun Kocmoca B
IUIAHKOBCKOU CUCTEME €IUHUII,

(roe G=6,67384-10"'m’kg"' s (mocnennme msmepenus 2014r - G=6,67191 x10"" JIx s), ckopocTh cBeTa

€=2,99792458-10° ms™ (¢’ = 8,987551787-10'* m>s?), nocrosiunas Xa061a, MEHSIOWIAsCS BO BDEMEHH, 110 MACCHH
WMAP pasua Hyy=71,00 (km/s) Mpc =2,3007-10"%s!, T=13,75 mupa. net =0,43392-10'%s, a no nociegaum



ceenenusiM muccun «Planck - mocrosiunas Xa66ma Hyp=67,80 (km/s)Mpc =2,197-10" s, T5=13,82 mupn. et =
=0,436126-10"*s, Ha 4.06.2016 r. ecTb coobmenue, uro Hyy=73,23 (km/s)Mpc. 1,=5,39106-10*s -epems IInanka.
I[Ipy TOYHOM KCIIEPMMEHTAILHOM 3HAYEHUH MTOCTOsAHHOIM [lnanka £=6,62606957-103* J-s, pemas o6paTHyo 3a1ady,
onpemenum H=hG/4c’ 1,=2,2816878-10"%s! (70,4109 (km/s)Mpc) u coorBeTcTBeHHO T=0,438272-10"s,
H’=5,2061-107%s?, 7°=0,19208237-10°°s?)

O6parum BHUManue, uto B MLT  ©/2n=Ep=mpc’=1,95615-10° kgm’s?(J) - sneprus [lnanka.

A. DUHIITENWH NUCATL: «...KpOME AMOMUCINUYECKOU CIMPYKMYPbl MAmMepul, Cyuecmayem c80e20
pO0a amomucmu4eckas Cmpykmypa SHepeuul, Ypaeisemas YHUSepCaibHOU NOCMOSHHOU,
6sedennou [Lnankomy [u3 4, c.1234]

VY nuButenpHO, 4yTO fgaxe cam M. IlnaHk He cMOr OTKa3aThCsl OT SJIEKTPOJMHAMUKU MakcBeiia B
MOJIb3y «CBETOBBIX KBAHTOB» A. DHHIITEHHA: «bydem cuumams, umo éce ANeHUSA, NPOUCXOOAUUEe
8 nycmome, 8 MOYHOCMU COOMEEMCcmeEyIom ypasHenusm Makceenna u He umeom HUKAKO2O0
omuoweHus Kk nocmosunou hy [3, ¢.282]

C sHepreTMyYecKoi TOUKU 3pEHUS] COOTHOLIEHUS HeoNpeieieHHocTel | eli3eH0epra st KoopAWHAThl U
UMITYJIbCa ¥ SHEPTUM M BPEMEHH, BhIpakaeMble (popMyiaMu:

AxAp >h=h/(2m) ,

AEAt=h
SIBIISTIOTCSI COOTHOIICHUSIMH, MTOKA3bIBAIONMMH, YTO MUHUMAJIFHO BO3MOXHAs B IpUpoze padoTa-
SHEPrusi He MOKeT ObITh MeHee NocTossHHOU [lnanka, B uéM Jerko yoeauTbes, pa3iesiuB o0e 4acTh
COOTHOILIEHUH HA €JMHUILY BPEMEHHU.

[TocTosiHHAS MIIOTHOCTH YHEPTETHYECKOTO MTOTOKA M TEOMETPHSI HAIIET0 MUPA TAKOBBI, YTO

abcomtoTHast MmouiHocTh Kocmoca paBHa

7=1,229085-10" kg m?s> (J s") =h/t,.
UnrtepecHo, uTo B cucteMe pasmepHocteil LT pasMepHOCTh MOIIHOCTH paBHA M’S™, a YUCIIOBOE
3HaueHne MouHocTH KocMoca 6e3 «4my» yIuBUTeIbHBIM 06pa3oM coBmaaer ¢ ¢ =2,4216-102 m’s
- HacTosIee Ooploe yucio. Buaumo, 47 npucyTcTByeT Bo BeexX (hopMyiiax SHEPTUU U MOLTHOCTH
IIOTOMY, YTO 3HEPTUsl U MOIHOCTh «BO30YKIAIOTCS» U PACIPOCTPAHSIOTCS BO BCE CTOPOHBI B
o0beme cdepsl o yriiom 4z crepanuad. Her B Kocmoce kakux—To ornpeaeneHHbIX
HEPBOMCTOYHUKOB SHEPIHH. MOIIHOCTh, Oy1y4n MOCTOSHHON BEJIMYMHOM, UCXOIUT OT KayKI0Ir0
«y371a cTpykTypsl KocMocay, oHa ecTb Be3Je, 3/1ech H ceifuac. OOpaTiM BHUMaHHE Ha TO, YTO B
a0COJIIOTHOM €CTECTBEHHOW cUcTeMe pasMepHOcTel LT, B KOTOPOM rpaBUTAIMOHHAS TTOCTOSTHHAS
G=1/4r, a 1kg=8,38554-10"" m’s™, B 00béme Habmomnaemoro Kocmoca ¢ paguycom R=cT,
YAUBUTEIBHBIM 00Pa30M CTEIIEHH CKOPOCTHU CBETA C PABHBI:

1. ¢'=2,99792458-10° ms'- CKOpOCTh BO3MYIIIEHUs CTPYKTYypbl KocMoca,

5

2. ¢?=8,98755-10'"*m’s - sHepreruyeckuii motenmman Komoca,

3. ¢’=26,94400-10* m’s~*=const — OCTOSHHBII MACCOBBIH pacxoy BO BeeeHHOM B cekyHY, -
BEJIMYMHA Macco00pa3oBaHus B ceKyHny: ¢ =m;=M 8,38554/T 4x 10'°=26,9407-10** m’s™.
3neck, B cucteMe pasmepHocTeit LT, NposicHAETCs yAUBUTEIbHBIN (PU3UUYECKUN CMBICT MACChI
[Tnanka, paBHOI Macce, koTopasi oOpa3yercsi Bo Beenennoii 3a Bpems [lnanka:
m=4mm,; t,=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*—rpasuranmnonnas 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 TPUBEAEHHAs MOCTOsTHHAsS [1I1aHKa — «3JIeMEHTApPHBIN KBAHT JICHCTBHM» B CHCTEME
pasmepHOCTH LT yaAUBUTEIBHBIM 00Pa30M TOYHO PaBEH:
h = c4m t,°/8,38554-10"m’s2=1,054 784 x107** J s)
6. ¢7=725,9858-10* m°s ®=const - CKOPOCTh H3MEHEHHUS MOITHOCTH? Y CKOPEHHE MOIITHOCTH?
B tabnmune baptunau P. O. 310 OyneT BRIMISIIETH CISAYIOMUM 00pa3oMm:



OHepreruyeckue xapakrepuctuku Beenennoit (Kocmoca) ¢ pagnycom R=cT Tabmuua 1
(Tabnuma baptunu P.O.) B cucteme pazmepuocteit LT
T3 TZ Tl TG T-I T»Z T-3 T-4 T-S T»ﬁ
LS m®™ m®sS ¢=725,985
CKOpoCTh CKOpOCTh x10%8
riepesadn nepeayn 6.-6
}:[CﬁCTBHﬂ OHCPrun m s
CkopocTh
nepefan
MOLIIHOCTH
HEPrUU
L* m®s? m’s? mSs™ €=242,1628
MOMEHT HHEPLIUU TlocTosinnas x10%
Inanka h DHeprus m’s?
JleiicTBue
MOILI[HOCTh
JHEPTHH
Kocmoca
L m's? ¢*=80,77608
Nmvmyinec x10%
44
m's
cuna
TpaBUTAllMOHHAsA
Kocmoca
L m’ m’s™ c*=26,944 m’s®
O06BéM Macca x10% TosepxioctHas
HPOCTPAHCTBEH Koun-Bo mis? MOIIHOCTh
HBI 3MEKTPUUECTBA H
-Macca B CEKyH1y
MarHeTu3sm
Tox mMacchl
MacCOBBIH
pacxoz
L m’ ¢’=8,98755 m’s™ m’s™ m’s™
IloBepxHocTh x10'¢ Hanpsxéanocts Jasnenne, H3menenne
22 nosist, ['paguenr, IlnorHocTh JIaBJICHHs.
m-s B
. SI3KOCTh
JHEPreTUYECKUH
HOTEHIUAI
Kocmoca
L m' ¢'=2,99792458 | m's?
Tlnuna x10% Vckopenue
EMKOCTB mls-l
AMOMHAYKIIHA CKOpOCTB
PacnpocTpaHeHUs:
BO3MYIIECHUN
LY § §2 s! s ! §?
O0bEM ITosepxu Tlepuon bespasmepubie 4acToTa MaccoBast
BPEMEHH | OCTh K"_HCTaHT” | xomeGanuit IUIOTHOCTh
BpeMeHI ¢ - 17533; 6"10 CTPYKTYpBI
03114159 Kocmoca
L' s' m™
IIpoBoaum
0CTh
L2 s’ m?

MarnutHas
TIPOHHIIAEMOC
Th

...yIMBUTEJIHHO, KaK HAIll MUpP TIPECTAET BO BCEH CBOGH KpacoTe, €IMHCTBE U B3aUMOCBSI3H. . .
«A uckpenne y6exdcoén 6 e€ UCMUHHOCMU U CO3ePYaro e€ Kpacomy ¢ 60CMOP2OM U YNOEHUEM, He
cmest gepumsb camomy cebey [U. Kerep]

4. ATom BOIOpOaA

3amganumcst BoipocoMm: «I e sxe renepupyetcsi Bo BeeneHHol sHeprus ¢ TakoH MOIITHOCTBIO?)
['ne ke HEyTOMUMOE U BEYHO ObIoIIieecs cep/lle Hallero Mupa?

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

CTpyKTypHas eauHuna Kocmoca, B KOTOpOM IMPOUCXOAAT BCE MPOLIECCHI HAIIETO MUPA.
DHepreTUUecKas UHTEpPIpeTalys aToMa BOJIOpoJa (B CTaThe pacCMATPUBACTCS HCKIIOYUTEIHHO
OCHOBHOE COCTOSIHHE aTOMa BOJIOPO/Ia) 3aKJIF0YAETCSl B TOM, UTO MPOTOH SIBJSIETCS LIEHTPOM-SAPOM
CTOKa MaTepHH, a SJEKTPOH, 00pa3yst IEKTPOHHYIO 000JI0UKY BOKPYT sIpa-MPOTOHA, SBISETCS
«TOCTaBIIMKOMY» 3HEPTHH ISl «CYUIECTBOBAHUS» MIPOTOHA, KOTOPHIH SBISETCS JUHAMUYECKUM
MAaTEepUATBHO-3HEPIeTUUECKUM «Y3JIOM-SIYeKON CTpyKTypb» KocMoca.




JIBM>KeHHE MaTepuu IIPOUCXOAUT U COOTBETCTBEHHO ONMCHIBACTCS U U3MEPSETCS «CTOKOM» U
MCTOKOM HHEPreTHYECKOT0 IIOTOKA B BEKTOPHOM MaTepUaIbHO-3HEPTE€TUYECKOM II0JIE.

ITo ¢popmyne IMaycca-OcTporpanckoro (CBsi3b TPOWHOTO WHTETpaia Mo 00bEMY C
MOBEPXHOCTHBIM UHTErPAJIOM I10 MOBEPXHOCTH, OTPAaHUYUBAIOLINM ITOT 00BEM), KOHBEPI€HIUS
MacChI-3HEPTHU B chepruieckoM 00béMe V ¢ paanycom R, onpesensis MacCy-3HEpruio Kak MOTOK
HaNpsHKEHHOCTH HHEPreTUYECKOTro MOJIsl Yepe3 3aMKHYTYIO IOBEPXHOCTH c(hephl S ¢ paarycoMm 7,

Ha KOTOPOH HANpsKEHHOCTh SHEPTHUH d:

[aas-{1laiva av-Il|azper av G

(xorna diva=div gradp=Ap=4np)
DU3MUECKUIl CMBICI HTOr0 YpaBHEHUSI — 3TO 3aKOH COXPAHEHUS SHEPIUH ISl poliecca ABHKEHHS
MaTepul  Kak  C(epuuecKoro  CTOKa-UCTOKA  BEKTOPHOTO  JIHEPreTUYECKOro  mojs K
«OCHMJUIUPYIOLIMM» y351aM cTpyKTypbl Kocmoca. MHTerpupys no o0bEMy 1 BpeMeHu i chepsl ¢
eIMHUYHBIM 00bEMOM 1 m® B 1s, 0Omuii SHEPreTUYecKuii CTOK BO BceneHHoM, paccmarpuBas eé

>0

KaK IIap C PABHOMEPHO pACHpENENEHHON DHEPreTUYECKOH IUIOTHOCTBIO  Y0i=4pD in=4
=28,0439-10” kg m's? u mommocTeio 7=1,229085-10" kg m?s”, umeem:
a-S=4np.T =4331,42 m*s?= ¢

BLT aS=4np.T1=4m1-2,351768:10"7-10,307837=3,0462945°10"° m’s?)
re a=A/r=(p—p;)/r -HAIPHKEHHOCTD “CTOKa» HEPruu , chepa 06béMa V=1m’, P, -IIOTHOCTH SHEPIUH,
7=p.T=1,229085-10" kg m''s"', diva=div gradp=Ap=4np)

[Tpu KOHBEPTreHIINH- «KOHACHCAIIMN» «CTYCTKOB» «TEMHOM MaTepum» B IPOTOHE «IOTPEOIAETCI»
BHCpFeTI/I‘IeCKI/Ifl ITIOTOK IIPH INIOTHOCTH SHCPIUH, paBHOﬁ

> P (P ebm ©=0,059683 1+ G40 Q=0,62831853 +PGpm ©=0,035809862 - Pspm ©2=0,02387324/2 = oy
Q=0,002315268)=0,735748Y .,

CJICOO0BATCIIbHO, BEJIMYMHA SHCPICTUICCKOI'0 IIOTOKA K ITPOTOHY paBHA

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

(BLT a-S=4mp.T=3,0462945-10"° m’s>-0,735748= 2,2413°10™° m’ s*=H})

IIpy HOCTOSIHHOM SHEPreTHYECKOM ITOTOKE @-S = const. I IPOTOHA, SIEKTPOHA, OOPOBCKOI
cdepbl U Apyrux cep MOXKHO 3arucaTh :

a,'S,=a.S.=a;S;1=a,"S,=3186,8 m*s?,
Y, COOTBETCTBEHHO, OTHOLIICHHE SHEPTETUYCCKHUX MOTCHIMAIOB Ha «IIOBEPXHOCTIX» chep MpOTOHa,
3JIEKTPOHA U OOPOBCKOI 00PATHO MPONOPIMOHATIBHBI UX PAIHyCaM:

AQ/AQ=1/1,, it AQpF,=AQ.r,
YTO YKa3bIBACT Ha BHIMOJHEHHE YHUBEPCATBHOTO COOTHOIICHHUS TIPH CTOKE M UCTOKE:

AQur =AQer=AQpr,=A@ 1 =253,6 m’ s> =const
pu a=AQ/r Hr=a-S=A@4rr=3186,8 m* s>=const,
oTKyma  A@=a-S/4nr

B cBete uznaraemoii sHepreTHUeCKOi mapaaurMel IBIKEHUE MAaTEpUH K IPOTOHY (MaTepHaIbHO-
HHEPTreTUYECKOTO MOTOKA) «OOECTIEYNBACTCS» IHEPTETUIECKU FJIEKTPOHAMH, SIBIISIOITAMUCS
YacThIO 3TOTO MOTOKA, KakK OblI «JIy4amm» 3TOr0 MOTOKa, C TeM, 4TOObI 00pa3oBath Ha cdepe
HEPBOIl OPOUTSHI It HOTEHIUAT A ;.. DIEKTPOHBI, €CJIM MOXKHO TaK CKa3aTbh, «MAaTEPUATU3YIOTCA» HA
O0pOBCKOH chepe B BUJIE «CTYCTKOB» MaTEPHH, CO3/1aBasi MOTCHIIMAJ HAa CBOEH MTOBEPXHOCTH



A@.=C’ 1 obecrieunBas TaKHM 06Pa3oM PasHOCTh SHEPTETHUCCKHX OTEHIMAIOB Ha GOPOBCKOIT
opbute Ap; U SHEPreTHIeCKHil NOTOK B 18, paBublit Hy =a;-S;=A@ 47r=3186,8 m’ s*=const.
ECTeCTBEHHO JOMYCTHTB, YTO 3TOT MPOLECC MAET MUHUMAIBHO BO3MOKHBIMU CTYCTKAMH C
SHEPrHel, KOTOPYIO MBI OIIPEIEIUIN BEIIIE, 8 UMEHHO /1 =6,626-107* J-s,
JIBKEHME MaTepMd K IPOTOHY (MaTepHalbHO-3HEPreTHYeCKOro II0TOKA) IPOUCXOAUT IpPH
HAIIMYMH PA3HUII SHEPIETHIECKUX TIOTEHIMATIOB, KOTOpas Ha G0POBCKON OpOUTE paBHa:
m c’h E 1
Q1-p=Ap;= —L = P =478454-10"m’s?= v, 4)

argt,  ar

Buaum, yTo sHepreTHyeckuii MoTeHLHAn Ha OOpOBCKOW cdepe (B KIaCCHYECKONW MEXaHUKE —
KBaJpaT CKOPOCTH DJIEKTPOHA) ONPENENISIETCS UCKIIOUUTEIBHO YHEPTUEH IPOTOHA £, U MOIIIHOCTBIO

Kocmoca 7. Takum 06pa30M, QJICKTPOH B aTOMEC BOJ0OpOJa HE 06J1az[aeT COOCTBEHHOM CYIIHOCTBIO.

rae m,=1,67262178 x10?" kg — macca npoTona, sueprus nporona E, = m,c’, 7,=0,52918 x10"'*M — Goposckuii paguyc
HEPBO OPOUTHI JNEKTPOHa, a=7,2973525 x10°=1/137,03599...-I0CTOSHHAS TOHKOH CTPYKTYPEL
v.=2,18769126-10°m's - ckopocTs snekTpoHa Ha nepsoii opoute, v.”=4,78599305-10"*m?s%.¢=2,99792458-10* m's™ ¢?
=8,987551787-10" m?s.

DHepreTUYecKnii CTOK (d4epe3 MOBEpXHOCTh cepbl ¢ OOPOBCKUM pPAIMyCOM) K MPOTOHY B arome
BOJIOPOJIa PaBEH:
2 2
Ag, 5 5 m,c"h m,c*h 4nE 1
a-S= — 4znri =Ao4nri=v, 4nr= ——— 4nr;=4n =
r, ar,t, at, a

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

3Has COBpEMEHHBIE JAHHBIE 110 aTOMYy BOAOPOJA, MOYKHO YTOYHMTH BEIMYMHY SHEPIE€THUYECKOTO
HOTOKA K NPOTOHY Kak: Hy=3182,6 m*s™ (pasuuua 0,025%)

M3BECTHO, YTO SHEPreTUYECKUIA TOTEHIMAT GAPUOHHON MaTepru BeeneHHOU Qepm= ¢, TOTIA

2
. .. N 4mc
DHEpreTU4eCcKui MOTEHIUAT KTEMHOU MATEPUMN» (D edm= 3 =4,1887902 ¢?,

N .. . 16 7%c?
OHepreTU4ecKuil NOTEHIMAN KTEMHOM SHEPTUNY (ede= T =10,527578 ?,

Heo6xo1umo mpeanonokuTh, 4TO KAYeCTBEHHbIE MaTepUallbHO-IHEPreTHUecKue «(ha3oBble
nepexoap» B KocMoce MpouCcXoIsT «Ha CTBIKE» Pa3HOCTH YHEPTETHUECKUX MOTEHIINAJIOB, a
UMEHHO:

oT 0 10 AQesm=c’ - (ha30BbIii mEPEX0]| «I10JIe-0apHOHHAS MATEPHS», KOTJIA IPOUCXOIUT
o0pa3oBaHKe U IBIKEHHE OAPHOHHON MaTepHH, 3T0 00J1aCTh TPABUTAIHOHHOTO U
AJIEKTPOMArHUTHOTO B3aUMOACHUCTBUIH,

2
5 4 e . . )
oT A¢gbm:C a0 A(ﬁedm: T - (ba30131>11/1 Hepexoz[ 6apI/IOHHOI/I MaTepI/II/I B «TeMHYIO MaTepI/IIO» "

06paTHO, 9TO 00/1aCTh 3JICKTpOCJ'I8,6OFO B3aHMOHeﬁCTBHH,

2 2 2
7ic 16m1°c . .
oT A(ﬂedmz T pi (o) A(Bedez ——— -3T0 00JacTh CHJIBHBIX B3aHMOIEHCTBUMN, KBAPKOB U TNIFOOHHOTO ITOJIS.

15

Hanpumep, ist pa3HOCTH SHEPTETUYECKHUX MOTEHIUATIOB AQepn=C’ IPH MOCTOSHHOM C(HEPUIECKOM
SHEPrETHYECKOM IIOTOKE K MPOTOHY, paBHOM H;=3181,8 m’s?=const.
ae°Sg=HE
AQesn/¥edmre =Hp=3181,8 m’s™
Db/ VATV ¢ E— ,0Mm'S™,

OTKYZla paInyC 3TOr0 «CI'yCTKa» OapHOHHOM MAaTE€pUU PABEH



r~=3181,8/4n¢*=2,8172255-10""m
C npyroit CTOPOHBI, ATOT «CTYCTOK» OApUOHHON MaTepHUH B COBPEMEHHON (PH3MKe Ha3bIBAETCS
«AIIEKTPOHOMY, KIIACCUUYECKHI painyc KOToporo, (uiu paauyc Jlopenua, win JiuHa
TOMCOHOBCKOTO pacCcesiHus), ONPEeIEHHBIN U3 3JIEKTPOMarHUTHBIX COOOpaXKeHH B
MPEANOI0KEHUH, YTO BCSI Macca 3JIEKTPOHA UMEET AJIEKTPOMArHUTHYIO MIPUPOY, TO €CTh Macca
AJIEKTPOHA SKBUBAJIEHTHA YHEPTUU CO3aBAEMOI0 AJIEKTPUUYECKOTO MOJISL, U B PEJCTABICHUH, YTO
ANEKTpOH — cepa, paBeH
2
ro— L =2,8179403267-10"°m, (CODATA - 2010)
4 Y Lp m, C2

rinceum - BHCKTpI/I‘leCKI/Iﬁ 3apsa U Macca 3JICKTPOHA, ¢ — CKOPOCTb CBETA, & — AUIJICKTPUYCCKAsA MMOCTOAHHAs.

IIpu pa3HOCTH PHEPreTUYECKUX MTOTEHIIMAIOB

2
Ay =edin- Petm= 47; - =( 43—” -1)c*=(4,1887902 -1)=3,1887902'c>  m’s”

panyc «CTryCcTKa» «TEMHOM MaTepum» paBeH
ry=Hy/4nA@,=3181,8/47 3,1887902-¢*=0,8834779-10"°m

[TonyyeHHOE 3HaYEHME TIOYTH COBMAAAET C PAIMyCOM MPOTOHA, SKCIIEPUMEHTAIBHBIN
CpeIHEKBaIPAaTUYHBIN 3apsI0BBII paaiyCc KOTOPOTo, H3MEPEHHBIH C ITIOMOIIBI0 ATOMOB OOBIYHOTO
BOJIOPOJIA, paBeH #,=0,8768°10"°m (CODATA — 2006). [TocienHue u3MepeHust Jat0T
7,=0,8775-10""m (CODATA - 2010).

CornacHo «cTapoi» KIacCHYeCKOM KBaHTOBOM MEXaHMKE KMHETHYECKasl SHEPrHsl 3JIEKTPOHa
B 1s pasna E, =m.Ap.=m.v,’=4,3597439 x10"¥kgm?s™.
[Ipu ckopoctu v~=2,18769126-10°ms™ u pamuyce r=5,2917720859-10"'m syekTpoH Ha TEpBOii
op6ute nenaer 1 060poT BOKPYT sapa 3a Bpems f,=27xr./v. =15,1982986-10""s
3a 1s 271eKTpOH Jie1aeT 060pOTOB BOKPYT siapa: N=1/t,=6,57968386-10" s (06opoToB 3a 1s).
3a oauH 060POT BOKPYT IIPOTOHA SJIEKTPOH «T€HEPUPYET» SHEPTUIO E;=4,3597439-10" kg m?-s™
/6,57968386-10"s" =6,62606896 x10°* J-s=h, paBHy10 nocrosHHOM Ilnanka.
KonnuectBo 060p0OTOB 371€KTpOHA BOKPYT siipa N B KJIaCCHUECKON MHTEPIPETAllUU — 3TO YacToTa
«nepuoouyeckoeo saenenusay (7, c.9] - Bonn Jlyu ne bpoins : v=FE/h, a B Hallell HHTEpIIpEeTaLlUH,
YTO, Ha HAIll B3TJIs/1, O0JIee COOTBETCTBYET peallbHOMY IPOLIECCY, - 3TO, HA YTO WHOE, KaK
KOJINYECTBO MaTepUAIN30BaHHbBIX «BCIIBIILIEK)» KBAaHTA SHEPTUH /1 B CEKYHAY Ha OOpPOBCKOil opOuTe
Ha IYTU K IPOTOHY C 00pa30BaHUEM 3JIEKTPOHHOTO 00J1aKa ¢ HEOOXO0IMMOI pa3HOCTHIO
SHEPreTUYECKUX MOTEHIUAIOB Ap,~V,”. ECTECTBEHHO MPEIIOTI0KUTE, YTO ECIIU DHEPTHS
«pacIpoCTPaHAETCsD MOPUMAMU-KBAHTAMHU C HEKOTOPOM YaCTOTOW, TO M CaM PEeaJIbHBIN MpOLECcC
JIBIDKEHUS] MaTEpUH, ONIMChIBAEMbIil SHEPreTUYECKH, SBIISIETCS] BCETAa EPUOTUIECKUM.
Jlyn ne Bpoiuib goragpiBaics, 4To «31eKmpoH NpedCmasisnemcs: Ham HeKOmopou nopyuetl
SHepeuU, ...9HepeUs INEKMPOHA OOIAHCHA ObIMb PACNPOCPAHEHA 80 BCEM NPOCPAHCMEE CO
3HAYUMENbHBIM C2YWeHUeM 8 001acmu 04eHb HeDoIbwUx pasmepos...» [7, c.21]

«Pewarowum momenmom 6 amommnoul mooeau Pezepgpopoa 6win0 mo, umo ona co 6celi ACHOCMbIO
nOKA3ana, 4mo ycmoudueoCcms amomos Helb3s 00bACHUMb HA OCHO8e KIACCUYeCKOU QUUKU U YMO
K8AHMOBbII NOCMYNAM — MO eOUHCMBEHHO 803MOXNCHbIL 6b1X00...» [H. bop. n3 5, ¢. 210]

«...5 NPUWEN K YOedHcOeHuUio, Ymo cmpoeHue 31eKmpoHHO20 POsi 8 pe3ep@dopOoECKOM amome
ynpasasiemcs keanmom oeticmeuss — nocmosinnot Ilnanka» [H. bop. u3 5, c. 210]

“Bonpoc 0 mom, nouemy éce 371eKmpoHbl Amoma 6 OCHOBHOM COCIMOSHUU He HAXOOAMCs 8 CaMOll
sHympeHnHel 06010uKe, yce 8 paHHux pabomax vloensics bopom kax umerowuii
@ynoamenmanvroe 3uauenue...» [6,W. Pauli]



KBanToBas MexaHuka nmoTpedoBanach A 00bICHEHUS TEOPUU aTOMa, KOTJIa CTaJIO SICHO, YTO
KJaccuueckasi pu3nKa He CocoOHa OOBICHUTH TOT (haKT, YTO, COTIIACHO JICKTPOAMHAMUKE,
JBUKYIIUICS C YCKOPEHUEM BOKPYT siipa 3JIEKTPOH, U3JIy4asi SHEPTUIO B BUJIE 3JIEKTPOMArHUTHBIX
BOJIH, He MajaeT Ha aapo. Hunscy bopy, THTaHMYECKUMU yCUTTUSIMU, OTKA3aBILIUCH OT
NpeCTaBICHUN KITaCCUUeCKO (PU3MKH U IPOTUBOPEYA HIIEKTPOAUHAMUKE, YAAJIOCh, C TOMOIIBIO
CBOMX MHTYWUTUBHBIX MOCTYJIATOB, HEHAJIOJTO YCIIOKOUTD MBITIUBBIX YUEHBIX, HO (hopMaIbHas
MaTeMaTHuYecKasi CTPYKTypa BoJaHOBOM (yHkimu Lpénunrepa U cOOTHOLIEHUS
HeonpenenéHHocTel [ 'elizeHOepra K HaCTOAIIEMY BPEMEHH YK€ TTOJIHOCTBIO OTOPBAIUCH OT
MaTepHaIbHON PEeaNbHOCTH M CKPBUIH (PU3UYECKYIO CYITHOCTh aToMa. A mpobiema 3aKitoyaercs B
TOM, YTO HEOOXOJMMO OTKAa3aThCS OT MPUMHUPEHUS HEIPUMUPHUMOT0 — KJIaCCHYECKOM
HETPEPHIBHOCTH JBMXKEHUS 3JIEKTPOHA C TUCKPETHBIMU KBaHTaMu. CoBpeMeHHas pu3nka O0oUTCs
MOCTaBUTh BOIPOC peOpoM: 4TO pyHIaMEHTaNIbHEE — JIEMEHTapHbIE YACTULIbI WJIM KBAHT
sHeprun? M BooOI1ue, CyImecTBYIOT JIM JIEMEHTApHbIE YaCTUIIbI?

B nmapanurme usznaraemMoi sHepreTHYEcKOil TEOPHUHU, BBIILIEU3II0KEHHBIE PE3yIbTaThl TPEOYIOT
CJIeyIONIeH HHTEPIPETALUU: B aTOME BOI0OPO/Ia, KOT/Ia CTOK YHEPTUH, HEOOXOAUMBIH JIst
«CyIIECTBOBaHUS» MPOTOHA, «coOupaetcs» u3 Kocmoca, 3IeKTPOHBI, — 3TH «BUXPHU SHEPTUNY,
MaTepHaIN3YsCh, IBUTAIOTCA K IPOTOHY U «OCHWLTUPYIOT», OCTAaHABJIMBAsACh Ha MEPBOK opOuTe U
JIPYTUX CTallMOHApHBIX OpOUTax — cepax BOKPYT siipa, YTO MbI BOCIIPUHUMAaeM (MOXKHO CKa3aTh,
B BUJI€ «OCIMJUIALIMIT) KaK IBM)KEHUE YACTULBI-3JIEKTPOHA 110 OPOUTaM BOKPYT siApa. DIEKTPOHBI —
«BUXPH MaTEPUATU3YIOMIECHCS SHEPTHI» «OCTAHABIMBAIOTCS» Ha MepBOil bopoBckoit opouTe-
chepe, co3maBast pasHOCTh SHEPTETHIECKUX MOTEHIHUAIOB Ap;=V,’. IOTOMY YTO TPOTOH-SIPO, ECIIHU
MO’KHO TaK CKa3aTh, «HACBILIACTCSD JOCTATOYHOU SHEPTHUE TaK, YTO HYHEPreTUUECKUN MOTEHIIHA

Ha IIOBEPXHOCTY NPOTOHA PABEH ( 43—” -1)c2=3,1887902'c2 m?s?, 94TO JOCTUTAETCS TIPH

HOCTOSTHHOM DHEPTETUYECKOM MOTOKe paBHOM H=3181,8 m*s?. HeoO0X01MM0 KOHCTaTHPOBATE,
YTO CTPOTO «CTALIMOHAPHBIX» COCTOSHUI y aTOMa ObITh HE MOXKET, MOXKHO JIUILIb TOBOPHUTH O
COCTOSIHUSIX, COOTBETCTBYIOIIUX OIpPeNeIEHHBIM YHEPreTUYECKUM XapakTrepuctukam. [Iporon —
3TO «CTYCTOK» TEMHON MaTe€puH, a MEKTPOH — 3TO IIOCTaBUIMK» MATEPUHU-IHEPTUU K IIPOTOHY
KaK K «y3iIy-sdeiike» cTpykTypbl Kocmoca. «Cuiay cuiabHOro B3aMMOJEHCTBHS, CO3JAI0IIET0
KOH(aMHMEHT, — HU 4YTO MUHOE, KaK JETEPMUHUPOBAHHbIN KOHIICHTPUPYIOLIUICS CTOK SHEPIUH-
MaTepuu K MPOTOHY, TJe U3 0€3MaccOBOro IIIFOOHHOIO 00J1aKa U Mo4TH 6e3MacCOBBIX KBapPKOB
oOpasyeTcst MaTepualibHbIA IPOTOH. Heo6Xx0auMo MpeanonokKuTh, 4YTO KBAPKU MOTYT
CYILIECTBOBATh TOJIBKO B YCIIOBUSX, KOTOPBIE CO3AI0TCSI BHYTPH IPOTOHA MPU COOTBETCTBYIOLIEH
IUIOTHOCTHU 3HEpTuu. [IpOTOH U 37€KTPOH NOTOMY aOCOTIOTHO OMHAKOBBI U HEPA3IUIUMBbI OT
JIPYTUX IPOTOHOB U 3JIEKTPOHOB COOTBETCTBEHHO, TO €CTh TOKJECTBEHHbI, IOTOMY YTO
00pa3yroTCs Kbl pa3 TOJIBKO «celdac» U ToJabKo Ha BpeMs [lnanka. Heo6xoaumo
MPEIOJIOKUTh, YTO BHYTPH NMPOTOHA Pa3bIIPhIBAETCA IVIaBHAS JjpaMa MPUPOJIbI — POKICHHE
IPOCTPAHCTBA M BPEMEHHU U CyNepoObeJMHEHNE BCeX B3aUMOJeHCTBUI. ATOM —
¢dbyHIaMeHTallbHas SHEpro-MaTepuaibHO-uH(OpMalMOHHAs cucTeMHas cTpykTypa Kocmoca,
«cepJiLey» Hallero Mupa, B KOTOPOM IPOUCXOAUT II100aIbHBIN MPOLIECC MOCTOSIHHOTO Mepexoaa 1
KOHIICHTpAIUH («CTyIIeHUs») OapUOHHOM MaTepuu U «TEMHOM MaTepu» U 0OpaTHO 3a BpeMs
[Tnanka npu 3HEPreTUYECKOM 00eCTIeYeHUN «TEMHOM HEPrUein».

Takum oOpa3oM IBHKEHHE MATEPUH B aTOME IOJHOCTBIO ONPEAEIAeTCs IIOTHOCTHIO SHEPTHH,
JHEPreTUYECKUMHU ITOTEHLMAIAMH U T€OMETpUEN «CTPYKTYps» KocMoca.

5. KocMu4eckoe peJIMKTOBOE U3JIydeHHe aTOMa BOJA0POAa
5. Cosmic Microwave Background (CMB)

Pabota, coBepiiaemas pu CTOKE MaTepPHH K MIPOTOHY, TO €CTh «JIBUKEHUU» AIIEKTPOHA OT
norenmana 0 10 ¢’, paBHa KHHETHYECKON SHEPIHH dIeKTpoHa £y = m,c’/2 =4,09355-10].

Ecin npoucxoaur CToK, TO JOJKHO MPOUCXOIUTh U U3ilydeHue. JlelicTBUTeNnbHO: BO BeeneHHoil Ha
1 HYKJIOH-11pO aTOMa BOAOpoa - mpoToH npuxoautcs 10° oronos. Dueprus 1 porona
MaKCUMyMa PEJIMKTOBOTO M3JTydeHus ¢ yactoToi v=160,4 ITu=1,604-10"s"
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Emax =hv=6,62606957-107*-1,604-10" s'=1,06282-10** kgm?/s*. Konuaectso GporoHoB B 1 sm’
onennBaercsa B 400-412 poronos (B 1m*- 400-412-10° poTOHOB), SHEPTHUs KOTOPHIX paBHA
£,=1,06282-10** kgm*/s>-400-10°=4,25128-10" J.

B03bME&M 117151 OLIEHKH CPEIHIOI SHEPTHIO B 65% OT MAKCHUMAIBHOMN Emayx x0,65~€ =6,9-10* kgm?/s>,
[Ipu moTHOCTH BemecTsa Bo Beenennoii p.~1,0005-10°kg/m?, uro cocrasnser ~6 (0,597)
HYKJIOHOB B 1m?, I10THOCTE 5Hepruu usiiydeHus (GOTOHOB IPHU «ITyIbCAIUM» BELIECTBA COCTABUT
6,9:10%-6:10°=4,12-10"* J/m’, 4ro npaxTHUECKN PaBHO SKCIIEPUMEHTAILHOM ITIOTHOCTH

PEJUMKTOBOTO M3IIydeHus1, paBHOMY & =4,005-107*J/m*.(0,25 eV/sm?).
MHTepecHo, YTO SKCIEPHMMEHTAIBHO ONpeeNEHHAs IOTHOCTh SHEPIUH PEIUKTOBOIO U3/TydeHHs

&=4,005-10" J/m? (0,25e¢V/sm’) paBHa sHepruy HOHM3ANUK aToMa Bogopoaa 2,17793 x107J,
JIeTIEHHOM HA KBAJpAaT IIOCTOSIHHOM TOHKOW CTPYKTYpHI:

e=&ilo? &= MmA@S2=m. /2

W3 sHEepreTHuecKux cooopakeHui, He0OX0AUMO CAETIaTh BBHIBOJ, YTO TaK HA3bIBAEMOE
«PETUKTOBOE» U3ITYYEHUE — 3TO «CETOAHSIIHEE)» N3IIYyYEHUE NEPUOJUYECKN «ITYJIbCHPYIOLIUX),
SHEPreTUYECKH «OCIUUIMPYIOIIKMX», aTOMOB BOJOPO/Ia U reus (TouHee 6 HyKJIOHOB B 1M°), U3
KOTOPBIX COCTOMT ITOYTH BCSl MaTepuaibHasi Beenennas. Dueprus, Heooxoaumast JUist
«PEIMKTOBOI0 U3JIyYeHUA», TEHEPUPYETC B aTOME BOLOPOAA.

[Tocne skcnepumentoB DMR (Differential Microwave Radiometer) Ha aMeprKaHCKOM CITyTHUKE
COBE (Cosmic Background Explorer, 1989—-1993) u npyrux HeoOX0IuMO CeNIaTh BBIBOI, UTO
M30TPOITHOE PEIMKTOBOE M3ITydeHHe (C aHu30Tponuei Beero ~107°7) He JTOKaNnbHOE SBIEHHE, OHO
uaet otoscrony. M3orponHocts CMB 01HO3HaUYHO yKa3bIBAE€T HA HEJIOKAIBHOCTh 3TOTO SIBJICHMS.
Ho nouemy-To, Ha Haul B3IJIA[, CJIeaH IPOTUBOPEUNBBIN O€3a1bTepHATUBHBIN BBIBOI, UTO
PENMKTOBOE U3/1y4YEHHE OJHO3HAYHO BHEIIIHEE, TO €CTh JIOKAJIbHOE U3JIyYeHUe, UAyIee OT
HavaJbHOU cTaauu poxkaeHust Beenennoii. OTcrofa BIBOAUTCA HHMISIUOHHAS KOCMOJIOTHYECKas
mozenb «bonbioro B3peisay (Big Bang) ¢ HauaibHOW CHHTYJISIPHOCTBIO ¢ HAYaJIbHBIMU
ycnoBusimu. [lo HammeMy MHeHUIO B 6ecKOHEUHON BeeneHHol HUKakuX HadaabHBIX YCIOBHM OBITh
HE MOXKET M TaK Ha3bIBaeMbl€ «HAYaIbHbIE» (IIYKTYallMH JOJDKHBI IPOUCXOIUTH BCETIa U BE3JIE, -
OHM 3aJI0’KE€HBI B 3HEPro- HH(HOPMALIMOHHO -T€OMETPUUECKYIO pUpoAy Hamiero mupa. C Hamei
TOYKH 3pEHUs, BCE MOKHO OOBSICHUTh HA OCHOBE KOCMOJIOIMYECKON MOJIENIN SHEPTreTUYECKH
«ocupytouiei» BeenenHol 6e3 nepBUYHBIX CUHTYJISIPHOCTEH.

Heo6xoanmo nmoctynupoBats, 4to crnocol cyuiectBoBanus Kocmoca — 3To nepuoaudeckoe
JTUHAMHUYECKOE YHEPrO-MaTeprualbHO-MHPOPMAILIMOHHOE «MEPLIAHUEN-«ITYJIbCALUS» C YaCTOTON
[Tnanka, To ecTh npoiecc «00pa30BaHMUs» BUAMMON OapuOHHON MaTepuu U e€ o0paTHOe
npeBpatieHue B sHepruto Kocmoca, B X071e KOTOPOTo U3Iy4aroTCs U MOIJIOMAI0TCS (POTOHBI
PEITUKTOBOTO M3ITyUEHHS [0 CHIEKTPY OJIM3KOMY K M3ITyYEHHIO aOCOIIOTHO YEPHOTO Tela.
PenukToBoe u3nyueHne He UMeeT OTHOLIEHUs K Mupudeckomy «bombiiomy B3pbiBy». PennkroBoe
U3JIy4YeHUE — 3TO U3NIyueHHe, 00pasylolieecs B polecce 00pa3oBaHUA-CYIIECTBOBAHUS MaTEPHH.
IIpu BeyHOM CylIeCTBOBaHNH BCeneHHON NPUYMHONW-UCTOYHUKOM «PEITUKTOBOT0» U3ITyYEHUs
MOXKET SABJATHCS TOJIBKO U3IyYEHHE aTOMOB CYIIECTBYIOIIEH OApHOHHON MaTepUu.

Ecnu pennkroBoe u3nydeHue uaET OTOBCIOAY, TO OHO UAET U3 KaXI0M «sueiikm» BeenenHou, u3
Kaxoro ooséma Kocmoca, To ecth riodanbHble XapakTepucTUKH BeeneHHoi mopoxxaarorces
KaX10i stueiikor Beenennoi. Torma Mbl 1OKHBI IPEANOI0KUTh, YTO BMECTO «BOJIbIIOro B3phIBaY
IIPOUCXOAUT 3a BpeMs [1naHka MHOKECTBO «MaJIEHbKUX B3pPBIBOBY», BO BPEMS KOTOPBIX IPOUCXOJUT
NEPUOANYECKOE «POXKICHHUE U UCUE3HOBEHNE) Hallero mupa u Bennkoe O0beuHeHe-
Pa3penunenue Bcex BzanMoaencteuil. Kpacounoe onucanne «bospioro B3peiBay - 3T0 ONUCAHUE
«MAaJICHBKUX B3pPBIBOB», KOTOPBIE IIPOUCXOIAT 3a KaKJ0€ IUNIAHKOBCKOE BPEMSI.

6. IlocTosiHHASI TOHKO# CTPYKTYPBbI

«Kozoa s ympy, nepsvim 0enom nocuumaro cnpocumy y 0ba80.1d, - KAKk08 CMbiCl HOCMOSAHHOU
monxou cmpykmypuot?» (Bonbdranr [Taymm)
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Puvapn @eiiHMaH Ha3bIBaJl HOCTOSHHYIO TOHKOM CTPYKTYPBI « OOHOU U3 8EIUUAUUIUX NPOKIAMBIX
MAiiH QU3UKU: Ma2uyecKoe Yucio, KOmopoe npuxooum K Ham 6e3 Kako2o-1ubo NOHUMAHUS €20
4en068eKoM»

[TorrpoGyem BHECTH U CBOIO JIENTY B MIOHUMAaHKUE (PU3NUECKOTO CMBICIIA TTOCTOSSHHON TOHKOM

CTPYKTYPHI. CoracHo KIIacCU4eCKOU (I)I/I3I/II(G, MOCTOSIHHAsI TOHKOH CTPYKTYpPBI 0L — 3TO

OTHOILIEHHE CKOPOCTH 3JIEKTPOHA Ha MEPBON OpOMTE aTOMa BOAOPO/a K CKOPOCTH CBETA:
i 1 _ 103
a=v,/c 137,03599... 7,2973525-10~.
COOTBETCTBEHHO, OTHOLICHUE KBAJIPaTOB CKOPOCTEH KaK OTHOIIEHHUE SHEPreTHYECKUX
HOTEHIMANOB v/ /c’=Ap/Ap~a’.
DTU OTHOIIEHHS MOKHO HAIMCATh JUIS BCEX DHEPIETUYECKHUX YPOBHEH aToMa BOJIOPOIA:
Vi /=A@ /ANpo=r/r,=(0/n)’
Toraa, KOHEYHO, OTHOIIEHHE MIOMANU cephl HIEKTPOHA K IwIomany cdepbl ¢ bopoBckum
paguycoM S./S;/=0' 1 OTHOIIEHNE COOTBETCTBYIOMUX 006EMOB V,/Vi=af .
[TocneJHUM XMMHYECKHM dIIeMeHTOM OyaeT snement Nel37 - «DeliHMaHryM», TIOTOMY YTO
MOTEHITHA SJIEKTPOHHOTO 00J1aKa Ha TIEPBOM OPOUTE B 3TOM CiIydyae Oy/1eT MaKCUMaJIbHO
BO3MOYKHBIM, PaBHBIM A@) =c’ M, COOTBETCTBEHHO, CKOPOCTh SIIEKTPOHA MAKCHMAIILHOIA.
OTHOIIEHNE MIOTHOCTH YHEPIHMH B HIIEKTPOHE K IIOTHOCTH SHEPTHHU B IIPOTOHE PABHO

p/pp=0’Ap/Ap, (6)

rae Ap. = ¢ u Ap,=3,188855  ¢*-3HepreTruecKre NOTEHIMAIBI Ha MOBEPXHOCTAX 3JIEKTPOHA U MPOTOHA
COOTBETCTBEHHO.

Jiist 60poBCKOM OpOUTEI

Api/Ap,=0?/3,188855.
CrnenoBarenbHO, IPU MOCTOSTHHOM YHEPTETUUECKOM IIOTOKE B IIPOLIECCE CTOKA WJIM UCTOKA MATEPUU
M3MEHEHHE IIIOTHOCTH GApHOHHO SHEPTHy B €INHHUITY BPEMEHH COCTABIISCT O , 4TO YKa3bIBACT HA
TO, 4TO (PU3HUECKHUI CMBICI TOCTOSTHHOW TOHKOW CTPYKTYPBhl — DHEPreTHYCCKUH.
C apyroii cTopoHsl, 13 Gpopmyiisl (5), MOCTOSTHHASA TOHKOM CTPYKTYpBI paBHA

47'[EPT ;
o= — (7

(rne E,=m,c’” HEprus NpOTOHA)

HMHTEepecHO OTMETUTD, YTO Macca-dHepTust 0030Ha XUTTCa YMHOKEHHAs! HA TTIOCTOSIHHYIO TOHKOU
CTPYKTYpHI IIOYTH TOYHO paBHA MacCe-dHEPTUU NMPOoToHA. Eciu 310 Tak, To Macca-3Heprusi 6030Ha
Xurrca f0mkHa ObITh paBHa: m,/0=0,938272I2B/7,2973525x10°=128,577 I'3B, a n10THOCTH
SHEPTUH PEIUKTOBOTO U3ITYUYEHHS &, O YEM YKa3aHO BhIIIE, paBHA SHEPTHUH HOHU3ALMU aTOMa

BOZIOPOJIA &;, AENEHHOM Ha KBAJPAT MOCTOSHHON TOHKOM CTPYKTYPBL:  &=&;/a’.

7. Makpokocmoc

[Tpu ToMm, yTO SHEPrUsi 6APUOHHOM MaTepHH COCTaBIISIET Beero Juib ~6% (€2=0,0596831) ot Bceit
sHepruu BceneHHol, onpoMeTYnBO CUUTATh, YTO METPUKA MPOCTPAHCTBA-BPEMEHH, KaK 3TO
nenaetcs B OTO (General relativity), onpenensieTcst ToIbKO €€ HeOobIoN YacThio. O01mas Teopust
OTHOCHUTEJIBHOCTH TMIOCTPOEHA Ha MOCTYJIaTe-PUHIUIE SKBUBATEHTHOCTH HHEPLUAIBHOW MAcChl U
FpaBHTaHHOHHOﬁ MacCCHI T€J1a, WJIX SKBUBAJICHTHOCTHU YCKOPCHUA U IOJIA TATOTCHUS. Heﬂaﬂ
CJICIYIOUIHMH I1ar, MOKHO MPEANOI0KUTh, YTO MOJIe, CO3/1AI0IIee YCKOPEHUE a HHEPIHAIbHON
MacCChbl, DKBUBAJICHTHO IIOJII0, TEHEPUPYIOLIEMY IPABUTALIMOHHYIO HANPSKEHHOCTh — YCKOPEHUE
cBoGoHOrO najenus g=GM/R?. Takum 00pa3oM, yUUTHIBas U T10JI€ YCKOPEHUs (HANPSHKEHHOCTH)
OT J3JICKTPOMArHuTHOTI'O ITOJIA, MPUXOJUM K BEIBOJY O CYHIECTBOBAHHUU TOJIBKO OAHOI'O ITOJISA —
SHepreTuyecKoro. JlelcTBUTEIbHO, HAIPUMED JUIs 3eMIIH, KOTAa HAPsSKEHHOCTh- YCKOPEHHE
CBOOOTHOTO TA/ICHUSI Y TIOBEPXHOCTH 3eMJTH PaBHO g, CyMMa SHEPreTUYECKOTO TIOTOKA B CUCTEME
MLT paBHa:
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[aasI]Jdiva av={]42G pav-szGra
Cymmupys, aist chepuuecKoi 3eMiTi SHEPreTUIECKHU CTOK K IIEHTPY paBeH
g:S=4nGM,

OTKyJ1a M=g-S/4nG=5,9726-10* kg
rae a=g=9,80665 ms?,— ycKopeHne cBOGOIHOTO IaneHus , M- Macca 3eMin
(ko> durment nepesona B LT - 41G=8,3865947-10"° m* kg’ s?)
DHePreTUYECKUi MOTEHIUAN Ha TIOBEPXHOCTH 3eMin Ap=gR= 9,80665 ms~*:6,371-10°m=
62,47817-10°m’s™, oTKya mepBasi KOCMHYECKas CKOpocTh V=7,9043-10° ms™
4nGM=4r1-6,67384-10"" m*kg's*:5,9726-10* kg=500,89775-10" m’ s

a-5=9,80665 ms?-5,10-10"* m*= 50,01-10'*m’ s?=H — sHepreTuyecKuii MOTOK K 3eMIIE.
DHEPreTHIECKHUii TTOTOK K poTony H,=3182,6 m’s?=3,1826-10° m’s~
DHepreTuyeckuii motok k 3emne  H=5,00-10"m?s?, 6onsmre 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)
Buist cripaBeyTMBOCTH SHEPTETHYECKOTO PUHITKMITA B OITUCAHUN CTOKA MATEPUH-DHEPTHUH IS
aToMa BOJOPO/ia B MUKPOMHPE U JUTS 3eMIIM B MAKPOMHPE, €CTECTBEHHO MPEIIIOI0KUTh, YTO OH
SBJIAETCS BCEOOLINM, U OYIET BBITOJHATHCS IS BCEX «IPOMEKYTOUHBIX» CIIYIacB BHIKCHHS
MaTepuu, HAPUMeED, JUIS TOJIETa CTPEIIbI M PAKEThI, KAMHSI, OPOIICHHOTO YEJIOBEKOM, IS
ABTOMOOWJISI M CaMOJIET, JIJIsl BETPSIHOW MEJIbHMITBI M THAPOIJIEKTPOCTAHIINH, /ISl aTOMHON GOMOBI
Y MBIIUICHHUS. .

8. 3akaouenue

DHepreTudecKkas HHTEPIpETaIys KBAHTOBOW TEOPUH, U3JI0KECHHAS B TOW CTaThe MMEET, Ha HAII
B3IJIS1/1, TIPABO HA paccMOTpeHue u oocyxaenue. [lo namemy riomy0okoMy yOekIeHHI0, TOIBKO
SHEPreTHYSCKUN TIPUHIIUII B OTIMCAHUHU ABW)KCHUS MAaTEPUHA MOKET MIPUBECTU K OO0BEIMHSIOIICH
Teopuu. Ha ceroHsIIHbIN 1eHb CYUTACTCS, UTO «TEMHASI MATEPHS» U «TEMHAs SHEPTHS»
HAXOJSTCSI BHE PEATBHOTO MAaTePUATBHOTO MUPA U COOTBETCTBEHHO BHE (PU3NICCKON HAYKH.
CrangapTHasi MoJielb OOBSICHSIET HAIl MUP TOJIBKO B Mpejenax 6apuoHHoi MaTepuu. Ho Hamm
MCCJICI0BAHMS, U3JI0’KEHHBIE B ATOM CTAaThe, TOBOPAT O HEOOXOIMMOCTH «JIETaJIu3aIlluny TEMHOM
MaTepuu U TEMHOHN SHEPTHU U COOTBETCTBYIOIIETO paciupenus pusmnku 3a npeaenst CTaHaapTHON
MOJIEJTH, U0O0 TOJILKO TaK MOXKHO OOBSICHUTH U OOBEIUHUTH JIBHIKCHUE MAaTCPUU B MUKPOMHUPE H
MaKpOMHPE, OMUCHIBAsI €T0 KaK JBMKEHUE YHEPTHUHU,- KaK JETePMUHUPOBAHHBIN SHEPTreTHUECKHIA
MpolIecc, ONpeaesseMblii Y HEPTeTUYECKUMH XapakTepucTukamu eauHoro Kocmoca.

B 3aknrouenue mpeniaraeTcsi «CMEHUTh MapagurMy» U NepedTH 0T KONEHTrareHCKOoM
WHTEPIPETANYA KBAHTOBOM MEXaHUKH, OCHOBAHHOTO Ha TocTyatax bopa u BOTHOBOH QyHKIMH
[pénunrepa, coxpaHss yHUBEpCaIbHbI MaTeMaTHUECKUN anmapar, K YHeproJuHaMHUeCKOn
MOJICJTM OTTUCAHWSI IBIYKEHUS MATEPUH B aTOME.

ITo cmoBam Hunbca bopa, ckazanubix B 1961 roay B Mockse, B UHCTUTYTE DU3HUECKUX
npoOiem, nepasi peakius A. DUHIITEHa Ha OOPOBCKYIO MOJIENb aTOMa ObLIA: «...ecau 6Cé 9mo
npasuibHo, mo 30ecb — KoHey ¢husuxuy, Ha 94To nocienoBai otBeT H. bopa: «Bedws eciu b1
DiiHwmetin 0Kazancs npas, mo 6cé Obl PYXHYION.

Tonpko y BpeMEeHH €CTh BpeMsl 1aTh OTBET Ha BOMPOC: «/Jocmamouro au 6e3ymHa meopus, 4moowl
ObIMb 8epHOU? »
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