IIpobrembl meopuu epasumayuil u SAeMEHMAPHLLY HACTULY:

C6. non pen. n.1.1. K. I1. Cranwokosuua, k..-m.1. ['. A. Coxo/uka.
M.: Aromuspar, 1966. Ce. 249-266.

[TPOBJIEMbBI KOCMOJIOT'MH

COOTHOIIEHHUA MEXAY ®PU3HYECKHUMH BEJIMYHHAMHU
Po6epm Opoc du bapmunu

M3BeCTHO, YTO IPyNnnoBO-TEOPETHUECKHE W TONOJNOTMYECKHe METOAbl 9(P(EKTUBHO MOTYT OBITh
NpUMeHEHH NIPH TPAKTOBKe (puanueckux npobJem. MaBecTHr nccienosanust o 1UCKpeTHOM Xapak-
Tepe CTPYKTYPBI NIPOCTPAHCTBA, 4 TAKXKE O B3AUMHOH CBS3H MeXKJy aTOMHBIMH M KOCMOJIOTHUecC-
KHMH BeJHMYMHAMH.

Onnako Mexxny (PyHIaMEeHTaJbHBIMH (PU3MUECKMMH BEeJHUYHHAMH HE YCTAHOBJIEHA aHAJHTHUeC-
Kasi CBf3b, U 3TH BEJHUHHBEl ONpejeJIeHbl TOJNBKO IKCIEPUMEHTAJ/IBbHO, TaK KAK He CYyLIeCTBYeT
TEOPHH, MOTYLIEH aTh CNOCO0 HX TEOPETHUECKOrO ONpPeIe/ICHHS.

B nannom cooOiieHun npHBeeHO CXKaToe H3J/I0XKeHHe aHaJUTHUECKOH CBSI3H MeXKJy OCHOBHBI-
MH (PU3UUECKHMH KOHCTaHTAMH.

PaccmoTpuM HEKOTOPHIH NPEAMKATHBHO HEOIPAHHYEHBIH H, C/IeJ0BATE/IbHO, YHHUKAJALHBIH 3K-
3eMIaap A. YCTaHOBJIEHHE TOXK/ECTBA IK3eMIlsipa A ¢ caMuM codolo

A= A A%:l
MOKHO paccMaTpuBaTh Kak ortoOpaxKeHwe, nmpupojsiuee o0pasbl A B COOTBETCTBHE C mpooldpa-
30M A.

JK3eMILISIp A, 10 OlpefiesleHHI0, MOXKeT ObITh CONOCTABJEH TOJNLKO C CaMUM C00O0I0, 1103TOMY
oto0paxKeHHe sIBJISIETCS BHYTPEHHHM M COIVIACHO Teopeme CTOMAOBA MOXKeT ObITh MPEeICTaBJeHO
B BHUJI€ CYNEPHO3ULHH TONOJOTHUECKOrO U MOC/ENYIOMIEro aHAJUTHUECKOr0 OTOOPaKEeHH .

COBOKYNHOCTL 00pa3oB A COCTABJISIET TOUEUHYIO CHUCTEMY, 3JEMEHTH KOTOPOH SBJSIOTCS IK-
BUBaJICHTHBIMH TOYKaMH; n-MepHas a(uHHAs NPOTSKEHHOCTb, covepxkawas B cebe (n + 1)-
3JIEMEeHThl CUCTeMBI, peobpasyercst B cebsi JTUHEHHO:

n+1

:B; = Z AL TE.
k=1
[Ipu BCcex NEeHCTBHTEIBHBIX a;, YHHUTAPHOE MPeoOpa30BAHHE
Za;‘kalk = Za}:iak, (tk=1,2,...,n+1)
2 2

ABJIACTCA OPTOTOHAJNBLHBEIM, TAK KaK det a;; = £1, CJI€IOBABATE/IBbHO NPEOOPA30BAHUE MPEACTABJIACT
cOOOH BpalleHHe HJ/H MHBEPCHOHHBIH MOBOPOT.

[IpoekTHBHOE NMPOCTPAHCTBO, ComepKaliee B cebe COBOKYNMHOCTb Bcex 00pasoB oObekra A,
MeTpHu3yeMo. MeTpruueckast NPOTAKEHHOCTh R™, COBNAJAIOIIAs LEJUKOM CO BCeH MPOEKTHUBHOH
NPOTAKEHHOCTDbIO, ABJACTCA COIVIaCHO TeopeMme ['ameJsis 3aMKHYTOH.

[‘pynna coBmemenni 5KBHBaJEHTHHIX TOUEK, HM300PAKAIOIIMX 3JEMEHThl MHOXKeCTBa 00pa-
30B A, COCTaBJIsIeT KOHEUHYIO CHMMETPUUHYIO CHCTEMY, KOTOPYIO MOXKHO PAcCMATPHUBATH KaK TO-
MOJIOTHYECKYIO MPOTSKEHHOCTh, OTOOPaXKEHHY10 B ChepruecKoe MpocTpaHCTBO R™. [loBepxHOCTb
(n + 1)-MepHOH cdeprl, 5KBUBAIEHTHAST 00BEMY n-MEPHOIO TOPA, MOJHOCTBIO, NPABU/IBHO U Be3fle
MJIOTHO 3aI0JIHeHa n-MepPHOH, COBEepIIeHHOH, 3aMKHYTOH M KOHEYHOH TOUeuHOH cucTeMoH obpa-
30B A.

PasmepnocTs npoTsizkeHHOCTH R™, LEJHKOM M TOJBKO BMellawollel B cefe MHOXKECTBO 3JeMeH-
TOB 00Pa30BaHMsl, MOXKET OBbITb JIOOBIM LEJBIM YKCJAOM n B MHTEpBase oT (1— N) g0 (N —1), rue
N — 4ucs0 3K3eMILISpoB aHcamOJIs.



Bynem paccmaTpuBaTh NOCAEI0BATENBLHOCTH CJAYUAHHBIX MEPexo/OB MeXJy KOH(PUIypaUuHUsiMH
PasJIMUHOrO UKC/a U3MEPEeHHH KaK BEKTOpPHBIE CjydaiHble BeJMUYHHEL, T.€. KaK mods. Torna, 3a-
JaBasich (DyHKUHEH pacrpeseseHdsi 4acToT CJAYyUYaHHBIX MEePexOofioB B 3aBUCHUMOCTH OT m, MOXK-
HO OMNpeieJiuTh HauOoJjee BeposiTHOE YMCJ/0 WM3MepeHWH KOH(hUrypauum ancamossi CJeiyionum
obpasom.

[Tyete nuddepennnanbias GyHKIUs paclpesieieHs 4yacToT (TOHA) CIeKTpa MepexoioB v 3a-
JlaHa BbIpaxKeHHuem

o(v) = v" exp[—mr?].
Ecan n > 1, T0 MaTemMaTHueckoe OXHIAHWE YACTOTH MEPexoa M3 COCTOSHHSA n PABHO

T n 2
v® exp|—mr©] dv .
R ICY
m(V) - =) - 9 rtl °
2 [ exp[—mv?] dv 7r
0

[N

|

CTaTI/ICTI/IquKI/Iﬁ BeC JJIUTEJbLHOCTH ONpeNe/IeHHOIo COCTOAHUA €CTh BE€JHWMYHHA, O6paTHaﬂ BE-
POATHOCTH M3MEHEeHUs1 3TOro coctosHus. [loatomy Haubosee BepOsSITHOE UUCJAO HU3MepPeHUH KOH-
(urypaunn ancamOasa €CTb YUCJIO n, IIPH KOTOPOM BEJNHYHHA m(r) HMEET MHHHUMYM.

O6parnoe 3Hauenre (GyHKLUHH m(v)

1

—) - S(n-l—l) =71V

®, =
m(v

U30MOP(HO (PYHKUMH BEJIMUUHBI TOBEPXHOCTH S(;41) THIEPCHEPD! €IMHAYHOTO paauyca B (n+1)-
MEpHOM [IPOCTPaHCTBE, paBHOM 00bEMY n-MEpPHOIo IHrepropa. dTa H30MOP(HOCTDL ajleKBaTHa 3p-
FOAMYECKOA KOHLEMNLHWH, CONJIACHO KOTOPOU NPOCTPAHCTBEHHAA M BPEMEHHAs COBOKYIHOCTH fABJIsI-
I0TCSl 9KBUBAJEHTHBIMH aclieKTaMy MHoroo0pasusi. OHa 110Ka3blBaeT, uTo peajn3alust KOHpuUrypa-
LUHMH 00BLeKTa, (DOPMA €ro PeasibHOro CyLIECTBOBAHMA, 3aKJA0YACTCA B O0OBLEKTHBHOH BEPOATHOCTH
CYLIECTBOBAHHUA 3TOH (HOPMHL.

[Ton0xkuTENbHAS BETBb (DYHKLHW &, YHHMOJAJIbHA, NP OTPULATE/bHLIX 3HAYEHUAX (n + 1)-
(pyHKUMS 3HAKONEpeMeHHa (CM. PHCYHOK).
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MakcumajibHoe 3HaueHue MPOTIXKEHHOCTH 00pa30BaHUs UMEET MECTO NpU n = =6, CjeioBa-
TeJbHO, Haubosee BEPOATHOE WM HAUMEHee HEBEepOsATHOE IKCTpPeMaJ/bHOe paclpesiesieHue 3JjeMeH-
TapHBIX 00pa3oB 00beKTa A COOTBETCTBYeT MIECTHMEPHOH 3aMKHYTOH KOH(pUTypalHH: CyL1eCTBO-
BAaHHE PACCMATPUBAEMOIO TOTAJBHOIO 3K3eMIISAPA A SABASETCS [IECTUMEPHBIM.

3aMKHYTOCTh 3TOH KOH(DHUTYPALIMKA BHIPAXKAETCs] KOHEUHOCTHIO O00beMa COCTOSHHH M CHMMET-
pHeH ero pacmpeneaeHus.,



Bce yeTHOMepHBIE TIPOCTPAHCTBA MOXKHO PACCMATPHUBATL KAK NPOM3BENleHHe JIBYX HEeYeTHOMep-
HBIX MPOTSKENIIOCTEH OMMHAKOBOW PAa3MEPHOCTH W NMPOTHBOINOJIOKHOH OPUEHTALMH, BJIOZKEHHBIX
npyr B apyra. Bee chepuueckne o6paszoBaHHsi pasMepHOCTH n 00JanaloT OpHeHTauued B mpoc-
TPAHCTBAX (n + 1) W BBICIIMX H3MepPEHHH, BCe HeueTHOMEPHBIE MPOEKTHBHEE NMPOCTPAHCTBA NPH
UMMEPCHUH B MPOTAKEHHOCTL COOCTBEHHBIX M3MEPEHHH fBJSAIOTCA OPHUEHTHPYEMBIMH, B TO Bpems
KaK MPOCTPAHCTBA UETHOH Pa3MepPHOCTH SIBJASIOTCSA ONHOCTOPOHHUMH. Takum ofpasom, dopma cy-
IEeCTBOBAHHs 00beKTa A ABJAAETCA (3 4 3)-MEePHLIM KOMIIJIEKCHBIM 00Pa30BaHHEM, COCTOALIMM H3
NPOU3BEIeHUs] TPEXMEPHOH NPOCTPAHCTBONOMOOHOM M OPTOrOHAJILHOM K HeHl TpexmepHOH Bpemsi-
nogoGHOH NMPOTS2KEHHOCTH, 00/MaAaIo0MUM OpHeHTalHe .

OnHUM M3 OCHOBHBIX MOHATHH B TEOPHH PA3MEPHOCTH KOMOMHATOPHOH TONOJOTMH SIBJSETCS
noHATHe HepBa. K3 Hero caenyet nosioxkenue, 4To BCAKOE KOMIAKTHOE METPHYECKOe POCTPAHCTBO
pPa3MepHOCTH n MOXKeT OBITh FOMeOMOP(HO OTOOPAXKEHO HA HEKOTOPOe IOJMHOMKECTBO €BKJIHI0BA
NPOCTPAHCTBA PA3MEPHOCTH (2n+1) H, HAOOOPOT, BCAKOE KOMIIAKTHOE METPHUECKOe MPOCTPAHCTBO
PasMepHOCTH (2n + 1) MOXKeT OBITb FOMEOMOP(HO OTOOPAXKEHO NOAMHOXKECTBA PA3MEPHOCTH 7.
CyuiecTByeT OJIHO3HAUHOE COOTBETCTBHE MEXKJAY OTOOPAXKEHHSIMH 7 — 3 U 3 — 7, SIBJISIOLIUMHCS
reoMeTpHUEeCKOH peasusauueid abCTPaKTHOIO KOMILJIEKCa A.

[eomeTprst 9THX MHOrOOOpa3Wi onpeneseTcss yCTAHOBJEHHOH B HHX METPHKOH, U3MepsIolen
MHTepBaJ/l ¢ KBajpaTH4eckKod (hopmoi

As? = @iZgik Az Ar* (i,k=1,2,...,n),
ik

KOTOPBEIH 3aHHCHT He TOJBKO OT (DYHKLUHH KOOPJAMHAT gz, HO TAKXKe OT (DYHKLHH UYUCJA HE3aBH-
CHMBIX MapaMeTpoB @,,.

Toraspnast npoTsKeHHOCTh MHOrOOOPA3Usl KOHEUHA U HeM3MeHHA, CJeA0BaTesbHO, CyMMa Mpo-
TSDKEHHOCTEH Peann30BAHHBIX B Hel (hOpMauMi — BeJHUUHHA, HHBAPHAHTHASL OTHOCHTEJ/BHO OpPTO-
FOHAJIBHBIX NTpeoOpa3oBaHHi. MHBAPHAHTHOCTL CYMMApHOH NPOTSKEHHOCTH 00pPa30BaHHs BLIpa-
JKaeTcsl KBaJpaTHuecKoH (popmMon

Nﬂ‘iz = Nk’)"g,

rae N — 4uCJI0 9K3eMIVIAPOB; r — paaua/bHBE 9KBHBaJeHT (popmauud. Or1ciona c/aeayer, uro

OTHOIIIEHHE PaaHuyCOB PaBHO
R
Bo_,
T

rne R — TnpenesbHbli OOJbIIOH pajiuyc; p — NpPeleqbHo MaJbld paauyc, peajqusyembld B 00/1acTH

TpancopMaLny; r — paauyc cepruueckod UHBepCHH 00pa30BaHHs, SIBJSIOLIMHICA Ka1UOpPOM CBO-

el oOmactu. Bo BKJIOUYEHHBIX NPYT B Apyra o6jacTsax TPaHC(HOPMALMU HUHBEPCHOHHBIA IIOBOPOT

ABJAECTCH KACKaIHbIM:
| Rr rp
_— = Re' Rop=r: — = Pe.
. ) VAP =T5 Gy P

Konpurypaunu oTprLaTesbHOR PAa3MEPHOCTH ABJATCA HHBEPCHOHHBIMH 00pas3aMH, COOTBET-
CTBYIOLIMMH aHTHCOCTOSAHHSM CHCTEMBI; OHH 00./1a1a10T 3epKa/bHOH CHMMeTpHed npu n = 2(2m—1)
U NPSIMOM CUMMETpPHel npu n = 2(2m), m = 1,2,3,... Kondurypauuu neueTHoH pasMepHOCTH He
MMEIOT aHTUCOCTOsIHUsA. OObeM aHTHCOCTOSHAH paBeH

-1
View) = 44—

YpaBHeHHs (PU3HKH NPHHUMAIOT NPOCTOH BUJL, €C/JAU B KAUeCTBe CHCTeMbl H3MEPEeHHs NPUHATh
KHHEMaTHueCKy1o cuctemy LT, etMHHLAMKE KOTOPOH ABJSIOTCS J1Ba aclleKTa pajnyca HHBEPCHH 00-
JacTed MpoCTpaHCTBa R™: | — 3/eMeHT NPOCTPAHCTBONONOOHOH MPOTSKEHHOCTH MOANPOCTPAHCT-
Ba L Ut — 3JEeMeHT BPeMANon00HOH NPOTAKEHHOCTH NOANPOCTpaHcTBa T'. BBeieHrue 0MHOPOMHbBIX
KOOPAHHAT MO3BOJACT CBECTH TCOPEMDBI HpOQKTHBHOﬁ FeOMETPHH K a.nre6pay1quKHM SKBHUBaJIECHTAM
U TEOMETPHYECKHE COOTHOUICHHUA K KHHEMATHYECKHM CBA3AM.

Kunematuueckuii sKkBUBaJeHT (hOPMALUM COOTBETCTBYET CJAeNymeMy 00pa3oBaHHUIO.

DJleMeHTapHBIH (3+3)-MepHbI 00pa3 A MOXKHO paccMaTpPHUBaTh KakK BOJHY M KaK Bpallalouics
OCLHJISATOP, NONEPEMEHHO ABJIAIOLIMHUCS CTOKOM W UCTOUHHKOM, O0PA30BAHHBIM CHHIYJASPHOCTHIO



npeobpaszoBanusi. B oCUUAIATOPE NPOUCKOAUT MOASPU3ALMS KOMIIOHEHTOB (hoHa, npecHpa3oBaHue
L - T wm T — L B 3@aBHCHMOCTH OT OpHEHTALUH OCHWJIJISATOPA, CO3JAIOIIEr0 BeTBJEHHE L-
u T-nporsizkeHHocTel. TpancMmyrauusi L <> T COOTBETCTBYeT CMeLIEHHIO BeKTopa HoJs Ha 7/2
Npy napaJijieJibHOM [epeHoCce BJIONb 3aMKHYTONH KPpUBOH ah(UHHON CBSI3HOCTH 1O paguycam R u r

B npocrpaHcTse R".
A dexTrBHAS OOUJLHOCTD NOJI0CA PABHA
i/Eds.
47
S
DJieMeHTapHBIH OCLUMJLISATOP SBJISIETCS 3apsiioM, CO3/IAI0IIAM BOKPYT ce0s1 U BHYTPH cels 1o.e,
B KOTOPOM JIIMHA BEKTOpPAa V 3aBUCHUT TOJLKO OT PACCTOAHHUA 7; WU 1/r; OT LEHTPa OCOOEHHOCTH.
BHYTpeHHee 11oJ1e sBJIAeTCsl HHBEPCHUOHHBIM OTO6pa)KeHI/IeM BHEIIHEro, B3aMMHOE COOTBETCTBHE
BHEIIHE MPOCTPAHCTBEHHO-NONOOHOH U BHYTPEHHE BpPeMsi-NONOOHOH NPOTS2KEHHOCTEH COOTBET-
CTBYET KPYUYCHHIO MOJIA.

[IpousBenenne BeMUUUHBEI MOBEPXHOCTH C(hephl HA HAMPSKEHHOCTh, UMEIOLIYIOCS Ha 3TOH MO-
BEPXHOCTH, HE3aBHCHUMO OT 7;; OHO 3aBHCHUT TOJIBKO OT CBOHCTB 3apsija g:

e =

DN | —

drq = SV = amr? L]
T = = 4nr a2
Tak xak 3apsin o0HapykuBaeT ce0s B NPOTAKEHHOCTH R™ €TMHCTBEHHO CO3/JaHHeM HalpsKeH-
HOCTH [10JId U pPaBEH eﬁ, BMeCTO JIEBOH 4acTH YpaBHeHHs MO2KEM B ﬂaﬂbHeﬁmeM MNOJb30BAThHCA €€
NPaBOH Y4acThIO.
BeKTOp 1OJIA JOCTHUTACT NPEAC/IbHOIO 3HA4YCHHsA

SV
c = = =

t drr;

HA MOBEPXHOCTH Cepel HHBEPCHH pamuycoM r. [IpenesnbHoe anauenne HaNpsiKEHHOCTH [£~2 HMeeT
MECTO Ha 3TOH Ke MOBEPXHOCTH; v =t~ — (hyHnameHrajbHasi yacTora ocuu/satopa. dddekTus-
HOe (MOJIOBUHHOE) MPOU3BENEeHHE MOBEPXHOCTH HA YCKOPEHWE PABHO BEJHUMHE MYJbCHPYIOLIErO
3apsna, CJICA0BATe/bHO,
dmg = 11/ “dqr? £ = 27rict.
2 t
B kunemarnuecko# cucreme LT pasamepHOCTH 3apsina (TPABUTALHMOHHOTO H 3JEKTPHUECKOTO)
paBHa
dimm = dime = L*T~2.

B knHemaTHueckod CHCTeMe MOKa3zaTesd CTeNeHed B CTPYKTYPHBIX (hopMy/ax pasdMepHOCTeH
BceX (PU3UUECKUX BEJHMUYMH, B TOM UHCJE W 3JeKTPOMATHUTHHIX, BJSIOTCS LUEeJbIMA UUCJIAMMU.

O6o3nauas (yHraMeHTaNbHOE OTHOLIEHHe [/t 6yKBOH C, B KHHEMaTHUYeCKOH CHCTeMe pasMmep-
Hocred LT umeem cjenytomyio o0Iyio CTPYKTYPHYIO (hopMyny (PU3NUECKUX BEJUUHH:

DX = ST,

rae D¥" — NUMEeH3HOHANLHBIH 00beM (M3HMUeCKOH BeJMUHHBL; Y, n — CyMMa NoKaszaTesel B Gop-
MyJle pasMepHOCTed; T — pajdKa/ pa3MepHOCTed; n W y — ue/able uucaa. [Ipusenem rtabaumy
pasmepHOCTeldl (husanuueckux Beauuun B cucteme LT (taba. 1).

Dusuueckde KOHCTAHTBHI BBIPAXKAIOTCS HEKOTOPHIMH COOTHOINEHHSIMH TeOMeTpuH aHcamo.isi,
(HpI/IBe,ILeHHI)IM K KMHEMATHUYECKUM CTPYKTYypaM. 9TI/I KHHEMATUYECKHE CTPYKTYPhI ABJAIOTCS ac-
IEKTAMH BEPOSITHOCTHOH M KOH(UI'YPALHMOHHOH peajii3aldu abCTPakTHOrO Komiekca A. Haubo-
Jee YCTOHYMBOH (pOpMe KMHEMAaTHUYeCKOrO COCTOSIHMS COOTBETCTBYeT HauboJee BeposTHas (opma
CTAaTUCTHUECKOI'O CYILECTBOBAHHS (hOpMALKH.

Bennunny (husHuecknx KOHCTAHT MOXKHO ONPeNeHUTh CAeAYIOHMM 00pa3oM.

MakcumaljibHOe 3HaUeHHe BepOSITHOCTH COCTOSIHUSL COOTBETCTBYET 00beMy HIECTUMEPHOro TOPa
1 PaBHO

_ 1673

Vo = R 7% = 33.07335887°.




Tab6auna 1

[lapamerp

Beauuuna D™ npu 4, paBHOM
Y

4 3

2 1

0

-1

C5Tn—5

O4Tn—4 O3Tn—3

O2Tn—2 OlTn—l

OOTn—U

O—lTn-I—l

O—QTn-l-Q

[loB €PXHOCTHasl MOUIHOCTDb

»*r-°

JlaBaenue

r’r

[InoTHOCTEL TOKa

LT3

MaccoBas MI0THOCTS,
YTJOBOE YCKOpeHHe

L°r?

O6beMHAas MJIOTHOCTD
5JIEKTpUUECTBA

L~

Hamnpsizkenne
5JIEKTPOMATHUTHOTO TOJIsA

LQT—3

MaruuTHaa UHAYKIHSA,
TOBEPXHOCTHAS TIOTHOCTD

Ycxopenue

T2

YactoTa

°r!

MouHoceTn

LT

Cuaa

r

Tox, maccoBelll pacxon

L*r3

PazHocTb IIOTEHIHAaJOB

L*T?

CxopocTb

L't

BespasMepH bl¢ KOHCTAaHTEbI

L'r*

[IpoBoguMOCTb

L—lTl

MarnvTHas MMpOHHUIAEMOCTb

L—2T2

Mowmenr CHUJIEL, 5HEeprud

+1

r

Koaunuecrso ABHUXKEHHUS

e

Macca, KoaudecTBO
MarHeTH3Ma, KOJUUYECTBO
3JIEKTPHUECTBA

L3 T—2

OO6UJIBHOCTE IBYXMepHAast

*r!

JlnvHa, eMKOCTh,
CAMOMHIYKIWS

7

[lepuon

LTt

MoMeHT KoJiMuecTBa JBUXKe-
HHSl, JelcTBHe

+2

L5 T—3

MaruvuTHeI MOMeHT

L4 T—2

O6beMHBIH pacxon

*rt

[loBepxHOCTD

7

i

L°T?

Mowment nnepuuu

+3

L7

rt

O6bem mpocTpaHCTBa

7’

O6beMm BpeMeHH

L'r?

Tabanna 2

n+1

+7.256946404

—4.99128410

Sn+1

+33.161194485

—0.1209542108




JKeTpeMasbHBIe 3HAUEHUsT — MAKCHUMYM TIOJOXKUTENbHOH W HAMMEHLIIWH MUHUMYM OTPHULA-
TeJbHBIX BeTBeH (yMKUUH ¥, — NpUBENeHbl B Ta0J1. 2.
OtHolIeHNe 9KCTPEMANbHBIX 3HAUeHHH (DYHKUHH S,.; PaBHO
E |(+Sn+1)max|

= 274.163208712.

|(_Sn+1)min|

C npyro# CTOpPOHBI, KOHEUHBIH ChepHUECKHH CJOH MPOTSIKEHHOCTBIO R™, PABHOMEPHO M Be3Jie
IJIOTHO 3all0JIHEHHBIHA Ny0JeTaMu 3JeMeHTapHbIX 00Ppa3oBaHUN A, 5KBUBAJEHTEH KOHLEHTPHUYECKO-
MYy ¢ HUM BHXPEBOMY TOPY. 3€pKaJjibHOEe H300paKeHHe ITOrO CJIOsl €CTh APYrOH KOHLUEHTPHUECKHH
OJTHOPOAHBIA ABOMHOU CJOH, KOTOPHIH, CO CBOEH CTOPOHBI, 9KBUBAJEHTEH KOJIBIY, COOCHOMY C TIep-
BEIM. J[/14 (3 + 1)-MepHOro cJ/ayvas nogoOHble 00pa3oBaHHsA HCCaenoBaHbl JlepucoM u Jlapmopom.

YCyI0BUSI CTALMOHAPHOCTH BUXPEBOIO JIBUXKEHHUS BBIIOJIHAIOTCS MIPH

VecurlV =grady; 2vds=dT,

rie ¢ — NOTeHUHWa/ LUUPKYAdUund; I' — OCHOBHOH KMHEMATHYeCKHH HMHBApHaHT NOJsd. BUxpesoe
JBUKEHHE YCTOHUHMBO B TOM CJIyuae, KOTJA JMHHAHA TOKA COBNANAOT ¢ Tpaektopued anpa. Ilas

(3 4 1)-MepHOro BHXpPEBOro Topa

e r — pPajuyc UAPKYJAAUUU; D — NUAMETP KOJIbLA TOPA.
CKOpocTh B LeHTpe 00pa3oBaHHUs

Vo = unD/2r.
Ta6auna 3
[Tapamerp Oq6e(;3;ea CT(EZEI\TA};?;M K — 5E°B® AHiJ;HTquCKHe s(l:{éqseHHH
[ocrosnHas 3ommMepdenbaa 1/a 1/2E 27 x" B B° 1.370375-10° %% 11.370375-10°
[TocTosiHHAsA IpaBUTALUH X 1/4nF* 272r'E"B" |7.986889-107% [iI°t" |6.670024-10~"
PyHnaMeHTaNbHAS CKOPOCTD c I/t 207 E° B° 1.000000-10° 1't7112.997930- 10
BasucHoe oTHolIeHHe Macc n/m | 2B/]pi 2'r~'E" B! 1.836867-10° 1% |1.836867-10°
Basuchnoe oTHOLICHUE 3apsLOB e/m | B® 2070 E° B¢ 5.770146-10%° 1% |5.273048.10"7
['paBUTAaLlMOHHBIH pauyc 3JeKTPOHa| p r/2mB? 27 r 7P E" B71214.7802045-107*% 1't° |1.346990-10~%°
DneKTpUUHecKUU pajnyc 3JeKTpoHa Pe r/2nB® 27 r'E"B~% |2.753248.107%" (1'¢° |7.772329.10%
Knaccuueckull paguyc MHBEpCHU T VERp 207 E° B° 1.000000-10° '¢° |2.817850-1071°
Kocmuueckuii panuyc R 2rB'?r 27! E° B2 2.091961-10*2  |I'+* |5.894831.10%°
Macca ssextpona m 2mpe? 2°7°E' B2 13.003491-107* |1°¢7?{9.108300-10%*
Macca nyk/ona n 2rc? /[aB'Y |2'77'E° BT |5.517016-107%° |1t |1.673074.107**
3apsz saekTpona e 2mpec? 27 E" B¢ 1.733058-1072" |13¢7|4.802850-10 1"
Macca kocmuueckast M 2nRe’ 2*r*E’B" 1.314417-10"*  |1*¢7?|3.986064-10°7
[leprioa KocMuUecKuil r 2rB'?¢ 27! E° B1? 2.091961-10*2 1% |1.966300-10"°
[TnoTHOCTE KOCMHUecKas! Ve M/27*R® |27 22 B°B~%*|7.273495-107%¢ |1°¢=?|9.858261-10>*
JleficTere KocMHUYeCKoe H MC2nR 2171 E° B 1.727694-10%¢ 15¢t7214.426057-10%
Uncso aKTyaJbHBIX 3K3eMIISPOB N R/p 22r? E° B** 4.376299-10%* |19 |4.376299-10%*
Uucao 37eMeHTapHbIX aKTOB A NT 227* E° B3¢ 9.155046-10"%° [1°t° |9.155046.10'°
Mocrosannas [laanka I Er?c?/4B® |2°7'E'B~'*  |2.586100-107%° |1°t7*|6.625152-10 %7
Marneron Bopa JTe) Br?c?/4® |27%72°E'B% |1.187469-107'° [I*t7%|9.273128.107 %!
Yacrora Komnrona Ve c/2m Er 27 tx BB |5.806987-1071 |1°¢~1|6.178094-10"°

* F=E/(E —1) = 1.003662.




Yeaosue V, =V, B HallleM CJlydae BBIIOJIHSAETCS NIPU n = T,

o1
"L o 40.25014803—"
2n+1

4D
In — = (27 + 0.25014803) =7
T

D/r=E =1/4e" = 274.15836.

B nose Buxpeporo topa Ha OOPOBCKOM panuyce 3apsaa » = 0.99990287 NPUHUMALT 3HAYEHHE
™ = 0.99995147. Torna E = (1/4)e®°99% = 274.074996. Bonst oTHOlIeHHe B = Vo E/m = 2885, 3453,
B KMHeMaTHuecKoH cucreme LT BejMunHBl BCex (PU3HUECKHUX KOHCTAHT K €IHHOOOPA3HO BBIPA3UM
MIPOCTHIMH COOTHOLIEHHUSIMA MexXny E U B:

K =§E°B°,

rae § paBHSIETCSI HEKOTOPOMY KBAHTOBAHHOMY IOBOPOTY; a M [3 — HEKOTOpHIE LeJsble UHC/a.

B Ttabs. 3 naHpl aHasMTHUYecKHe W 3KCIIepUMeHTaJ/lbHble 3HaueHHsl HeKOTOPHIX (DH3HUYeCcKHX
KOHCTAHT M B IPHJIOKEHHH NPHBEIEHO ONbITHOE onpejeseHue enuHul cucrembl CGS, Tak Kak
OHH TLISIIOTCSl KOHBEHIHOHAJABHEIMH BeJUUHHAMH, 2 He (PH3HUECKMMH KOHCTAHTAMH.

CoBnajieHHe TeopeTUUecKUX M Ha0J0/1aeMblX BeJIMUYMH KOHCTAHT IO3BOJSET MPeloJOXHUTh,
YTO MOXKHO OTOXK/IECTBJ/IATh BCE METPHUECKHE CBOHCTBA PACCMATPHUBAEMOrO TOTANBHOIO H YHH-
KaJIbHOTO 39K3eMILIsipa ¢O CBOHCTBAMM HalOsionaemoro Mupa, TOXKIECTBEHHOro € eIMHCTBEHHOH

Tabauua 3 (mpomosKenune)

Mapanerp Ha6monaemeie CrpyKTypHass | 3aBUCHMOCTH BEJUYUHEI
snauvenus CGS bopmyna CGS OT MHPOBOTO BpeMeHH

[Tocrosinnas 3omMepdenbaa 1.370374-10% cm® 100 %E const
[TocrosHHas rpaBuTalun 6.670-107% em®rtce ! X ij“;n;
PyHaaMeHTaNbHAS CKOPOCTD 2.997930-10'° cm! ¥ ¢! c const
BaaucHoe oTHoleHUe Macc 1.83630-10° cm®r® c° = = (TTO—"T”‘n)l/lz
Basuchnoe oTHOLICHUE 3apsLoB 5.273058-10'7 cm? 10 0 \/;_m \/;_m (Tq;’:‘n ) e
[paBHTALMOHHBIH pajuyc sJeKTpona | 1.348-107%% cm?/3 =2 c!/? S const
DNeKTPUUECKHUH PajnyC 3JIeKTPoHA — Se Se (TTD’” )1/2
Knaccuyeckuii paamyc HHBEpCHH 2.817850-10712 et 10 ¢? r const
KocMmuueckuit paguyc 10%? > 10%® cm' 1 ¢° R RTTD’:‘n
Macca snektpona 9.1083-1072% cm®rt ° XM xXm TT”"‘
Macca nykiona 1.67239-1072* cm® 1! ¢° xn xXn (TTU: )11/12
3aps 3JeKTpoHa 4.80286-1071° cm®/2 rt/2 ¢t NG Ve (= )1/2
Macca kocmuueckas 10%7 > 10%¢ cm®rt ¢? xM xM TT”:
[Tepron KoCMUYECKHM I 10" > 10" em®rf ¢t T TTT”—;:”‘
[1noTHOCTE KOCMHUecKas ~ 107 em3 rt f XYk XYk (TT”Z‘)
JleficTBUE KOCMHYECKOe —cm?rtce™? H const
Uucao akTyanbHBEIX 3K3eMIJISPOB > 10%% em® 0 N NTT;:;
Unceso sneMeHTapHBIX aKTOB —em®rf¢? NT NT (Tq;—’l)g
[Tocrosinnas [lnanka 6.62517-10727 em®rt ¢t xh x5 TTD"T
Marneron Bopa 9.2734.102 cM/2 p1/2 ¢t VXR VXR (TTD—:)U2
Yacrora Kommrona 6.1781.10" cm®r? ¢! Ve const




(pynnamenranbHoi “vactuueii” A. B napyrom cooOmeHnd Oyjer 10Ka3aHo, uTo (3 + 3)-MepHOCThb
HNPOCTPAHCTBA—BPEMEHU ABJAACTCA IKCNIEPUMEHTAJAbHO MMPOBEPACMBIM qﬁ)aKTOM K 4YTO ecCTUMepHast
MOZIeJIb CBOOOJHA OT JIOTMYECKHX TPYAHOCTEH, CO3JaHHBIX (3 + 1)-MepHOH KOHUenuued (oHa.

B HpHMeHﬂ}OmeﬁCﬂ 3J1eCb CHCTEME €IHWHHL, I'PABUTALKWOHHAA MOCTOSAHHAN

_1e
X_47r o]

3
Ecin cHOBa BOCCTAaHOBHTBL pa3MepHOCTh B cucteme CGS G = [#}, TO COOTBETCTBYIOLIEe

3HAUEHHE DPA3HBIX (DU3UUYECKHX BeJHUHH OYIeT OMpenefsdThCsi B HMHOM BHAE (CM. 5-10 KOJOHKY
tabs. 3). OcuoBHble NpuBefeHHble (PU3UUYECKHE BEJHUHHBI J1aHbl B 8-U kosonke. B 9-i kojonke
NlaHbl U3MeHeHHs1 BeJuudH Bo Bpemenu no teopuu K. I1. Cranwokosuua [17].

[TocKO/IbKY TPABUTALMOHHAST MOCTOSIHHASL COMJIACHO 3ITOH TEOPHHM PACTET MPONOPLUOHAIBHO
KOCMHMUECKOMY panuycy (MHPOBOMY BpPEMEHH), 4 UHC/IO 3IJEMEHTAPHLIX IK3EMILIIPOB, COLJIACHO
Jlupaky [18], pacrer mponopuMOHasbLHO KBApaTy KOCMHUYECKOro pajauyca (KBajapaTty MHPOBOrO
Bpemenn), T0 N = T2 ~ B2*, orkyna B ~ T/ *2.

[TockoNMbKY Ty, = tawo ~ 10%0, rae to ~ 107 ¢ — KocMHMYecKHil Bo3pacT Hamed BcejenHoi;
wo = £ =10% ¢~! — HACTOTA 3/IEMEHTAPHLIX NPOLECCOB, TO B =~ 101%/3 = 101/3 x 1000.

[Ipu 310M m ~ €2 ~ h ~ T;;2 ~ B~24, uro cortacyercst ¢ koHuenuued, passusaemolt K. I1. Cra-
HIOKOBHUEM.

IIpunoxenne

Onpenenenne BeauuuHbl 1 oM cucTembl CGS. AmanuTHueckoe 3HadeHHe TocTosiHHOM Pupbepra [Ro] =
= (1/47rE3)l_1 = —3.0922328-107% ', sKcnepUMeHTaNbHOE 3HAUYEHKe NOCTOSIHHOM Puabepra (Rs) =109737.311+
+0.012 ecm~ !, coenoBatennto, 1 e cuerems CGS = 3.5488041 - 10121,

Omnpenenenne Bequurnsl | ¢ cucTemsl CGS. AHaquTHYecKoe 3HadeHHe dyHIaMeHTaJbHON cKopocTH [¢] =1/t = 1;
SKCIIepUMEHTANbHOE 3HAYeHUe CKOPOCTH cBeTa B BakyyMe (¢) = 2.997930 £ 0.0000080 - 101% em-c™!; enenoBatennHo,
1 ¢ cucremn CGS = (¢)/1[c] = 1.0639066 - 10**¢.

Onpenesenue Beauurnb | T cucremsl CGS. Amamurtnueckoe snadenue oTHomeHus [e/me] = B® = 5.7701460 x

x10%°771¢; skcrepuMeHTa IbHO® 3HAUEHHE OTHOIICHHS (e/fmc) = 1.758897+0.000032- 107 (CM-F_1)1/2, CJIeIOBATENBHO,

I r cucrems CGS = %)]—Z = 3.29753251071573¢+=2; 1 1 (CGS) = 8.351217 - 10~7 cm®/c? (CS).
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