TFEOMETPU3UPOBAHHASA ®U3UKA BAKYYMA. YACTD 6:
HNEPAPXNYECKAS KOCMOJIOI'NYECKASA MOJEJIb

Muxaun Batanos-Tayxman®

(1) MockoBckuit aBUAIIOHHBIN HHCTUTYT (HAIIMOHAIIBHBIH HCCIICA0BATEIIbCKIN YHUBEPCUTET),
HuctutyT Ne 2 “ABHAalMOHHbBIC U PAKETHBIE IBUTATEIHN U SHEPTeTHUECKUE YCTAHOBKH
yi1. Bonokomnamckoe mocce 4, Mocksa — Poccust, 125993
(e-mail: alsignat@yandex.ru)

AHHOTAIUS

JlaHHAs CTaThs SBILETCS IMIECTOM YaCThIO HAYYHOTO IMPOEKTa MoJ| 00ImuM HazBaHueM «[ eoMeTpru3npoBaHHas (hHU3HKa BaKy-
yMa Ha ocHOBe AnreOpsl curHatyp» [1, 2, 3, 4, 5]. B a10ii cTtaThe MpemiokeHa nepapXuuecKasi KOCMOJIOTHYECKas MOICIb,
KoTopas pa3paboTaHa Ha OCHOBE PEIICHHUS PACIIUPEHHOTO BaKyyMHOT'O YpaBHEHHS DWHINTEHHA ¢ OCCKOHCYHBIM YHCIOM
nsiMOa wieHoB. boree moapoOHO pacCMOTPEHO PEIICHHE YIIPOIIEHHOTO BAKYYMHOTO YPAaBHEHHUS C JACCATHIO JIIMOIa diie-
Hamu. B pesynbpTaTte mofyueHa METPHKO-IAWHAMHUYECKas MOJENb TUCKPETHON HepapXU4eCKOW MOCIeq0oBaTeIbHOCTA CTa-
OMIBHBIX c(hepUUECKUX BaKyyMHBIX 00pa30BaHUH («KOPIYCKYJ»), KOTOPHIE BIOXEHBI APYT B Apyra MOAOOHO MaTpelIKaM.
W3 »T0ii nepapxuyeckoil mocaea0BaTeIbHOCTH BbIACNIEH U 0oJiee MOAPOOHO PaCCMOTPEH YPOBEHB dJIEMEHTAPHBIX YACTHII.
Hcnonp30BaHUe METOIOB M MATEMaTHUECKOTO amnmapara guddepeHnuansHoi reomeTpuu Pumana u AnreOpsl CUTHATYP 103~
BOJIMJTH TIOJTYYHTh METPHKO-THHAMHYECKHE MOJICTH BCeX d1eMeHTOB CTaHIapTHON MOJICITH SJIEMEHTAPHBIX YaCTHIl: «KBap-
KOBY», «JICTITOHOBY, «HYKJIOHOBY», KME30HOBY, «(hOTOHOBY, «TJIFOOHOBY, a TAKXKE «aToMay BOJOPOIA M «aToMay Teius. BoI-
CKa3aHO MPEATIOI0KEHHUE, YTO aHAJOTMYHBIM 00pa3oM MOTYT OBITh MMOCTPOCHBI METPHKO-TNHAMUICCKUE MOJICTH CTaOWIIb-
HBIX BaKyyMHBIX OOpa30BaHUN («KOPITYCKYIDY) «3BE3MHO-INIAHETAPHOTO» «TAIAKTHICCKOTO» M «BCEIICHCKOT0» ypOBHEH.
[ToxaszaHa CBs3b MEXIY PacCIIUPSHHON OOIIEH TEOPHEH OTHOCUTEILHOCTH M KBAaHTOBOH MeXaHUKOM. B koHIE cTaThu pac-
CMOTPEHBI TOCTOMHCTBA M HETOCTATKU IPEATIOKCHHON HepapXUIecKOd KOCMOJIOTHIECKOH Moaeny u 0003HaueHBI MeTadu-
3UYECKHE MPEIMTOCHUIKH JIJISl pa3pelieHHs] BOSHUKIIUX MPoOIIeM.

ABSTRACT

This article is the sixth part of a scientific project under the general title “Geometrized vacuum physics based on the Algebra
of signatures™[1, 2, 3, 4, 5]. This article proposes a hierarchical cosmological model, which is developed based on the solution
of the extended Einstein vacuum equation with an infinite number of lambda terms. The solution of a simplified vacuum
equation with ten lambda terms is considered in more detail. As a result, a metric-dynamic model of a discrete hierarchical
sequence of stable spherical vacuum formations (“corpuscles”), which are nested into each other like nesting dolls, was ob-
tained. From this hierarchical sequence, the level of elementary particles is isolated and examined in more detail. The use of
methods and mathematical apparatus of Riemann differential geometry and the Algebra of signature allows us to obtain met-
ric-dynamic models of all elements of the Standard Model of elementary particles: “quarks”, “leptons”, “nucleons”, “mesons”,
“photons”, “gluons” ”, as well as the “atom” of hydrogen and the “atom” of helium. It has been suggested that metric-dynamic
models of stable vacuum formations (“corpuscles”) of the “stellar-planetary” “galactic” and “universal” levels can be con-
structed in a similar way. The connection between the extended general theory of relativity and quantum mechanics is shown.
At the end of the article, the advantages and disadvantages of the proposed hierarchical cosmological model are considered
and the metaphysical prerequisites for resolving the problems that have arisen are outlined.
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IPEABICTOPHUSA U BBEAJEHUE

JlaHHas paboTa sIBJsIeTCsI IECTON U3 LMKIIa cTaTel oz odmuM HazBaHueM «['eoMeTpusupoBanHas u3nka Bakyyma Ha oc-
HOBe AnreOpsl curHatypy. [Ipeapinyine nath cTaTeil MpUBEICHBI B CIUCKe JuTepatypsr [1, 2, 3, 4, 5].

B crarse [5] ObU10 MOKa3aHO, YTO B MPUOIMKeHNUH TeoMeTpun Pumana (cmoTpute puc. 1 B [5]) HanGonpuii nHTEpEC mpe-
CTaBIIAIOT BaKyyMHbIe ypaBHeHus DitHinTeina ¢ +A-unenom (51) B [5]

{Rik + A9, =0, O
Ry — A2g9, = 0.

KOTOpBIE B cUiTy npuHImna « ClipaBeyIiBOro pacipeaeieHus, u310keHHoro B §1.5 B [5], 00beIMHEHEI B OTHO YCPEAHEH-
Hoe ypasHenue (135) B [5]

Rix + %2 gie (A — Az) = 0, 2
rae Ay = % , Ay = % ; 11— paanyc mepBoii cepbl, 2 — paanyc BTOPOH Cepsl.
1 2

ITpu paccMOTpEeHHH BaKyyMHOTO ypaBHEHHUs (2) BBISBICHBI TPH BO3MOXKHBIX ciy4as (cmotpute §3.1 B [5]):

DAL —Ay =0 mm Ay = Ay; 3
2) % (A — Ay) = Ag; 4
3) % (Ay — Ay) = — As. (5)

B cuny npuHIuna « AGCOTIOTHOTO OTCYTCTBHsD», U3IOXKEHHOTO Takke B §1.5 B [5], u BeITEKaromero u3 3Toro MpuHIUNA
YCIIOBUSI «BaKyyMHOT'O OajnaHcay, HanboJiee MpeAnoYTUTEIbHBIM SBIsIETCs epBoe ycnoue A; — A, = 0, Tak Kak Bce, 4To
MOSIBJIACTCS M3 BaKyyMa JIOJDKHO OBITh BO B3aMMHO IIPOTHBOIIOJIOKHOM BHJIE.

OpHaKo B 3TOM ciydae ypaBHeHue (2) mproOpeTraeT By IEPBOr0 BAKYyMHOTo ypaBHenust DitHmreiina (42) B [5]
Rik =0, (6)

penrernst koroporo (cmotpure §2 B [5]) He MO3BOJSIOT MOCTPOUTH MOJHOCTHIO TE€OMETPHU3UPOBAHHYIO KOCMOJIIOTHYECKYHO
MOJIeNIb MUPA, HAIIOJTHEHHOT'O 6E@CYHCIEHHBIM MHO)KECTBOM KOPITYCKYJI.

IToa MOTHOCTBIO T€OMETPU3UPOBAHHON KOCMOJIOTMYECKONH MOAENBIO MOAPa3yMeBaeTCs TAKOE MOJIENILHOE NIPE/ICTaBICHUE, B
KOTOPOM B MHPE HUKAaKUX MAaTEPHAIBHBIX YaCTHII ¥ TEJI HET, a €CTh TOJIBKO CTa0MIbHBIE (KOPIYCKYIIAPHbIE) U HecTaOMIIbHBIE
neopMUpOBaHHBIE 00JIACTH BaKyyMa.

B crarbe [5] Taxke paccmoTpeH BTopo# ciyuait Y2 (A; — A;) = Ay. DT0 ycinoBre IPUBOANT ypaBHEeHHeE (2) K BUILY BTOPOTO
BaKyyMHOr0 ypaBHeHus Diinurreiina (140) B [5]

Ry + gueAs = 0. (7
Penienust 3toro ypasHeHus paccmorpens! §3 B [5]. B pesysibrare ObUIM MOIYYEHBI METPHKO-ANHAMUYECKHUE MOJIEIH B3a-
UMHO-TIPOTUBOIOJIOKHOM TAPBI OJMHOYHBIX CTAOMIIBHBIX MIAPOOOPA3HBIX BAKYYMHBIX 00OPa30BaHMUI TUIIA: KKJIETKA» U

«aHTu-KiIeTka» LBapumnbaa - 1e Cutrepa (cMotpure §4 B [5]).

Takum 006pa3oM, B cTaTbe [5] BBISICHUIOCH, YTO B IEPBOM U BO BTOPOM BaKyyMHBIX B ypaBHeHUsAX DitHiuTelHa (6) u (7)
OTCYTCTBYET ITOTEHIMAJIbHASI BO3MOKHOCTB JUIS OIHCAHHS MHOXKECTBA CTaOWIIBHBIX IIapOo0Opa3HBIX 00BEKTOB.



B cBs13u ¢ 9THM, B KOHIIE CTAThH [5] OBLIO MPEIOKEHO PACIINPEHHOE TPEThe BaKyyMHOE ypaBHeHue Jiiumreiina (194) ¢
OeCKOHEUHBIM (TOYHEe GECUUCIICHHBIM) KOIMIECTBOM JIAIMO/Ia WICHOB

Ry + % gu(A + A3) =0, (8)
e Ay = Xm=1Am v Ay =2001(— Ay, 9)

3 o o
saech A = —, Ap = —; In— pauyc M-oii chepel, fn— pazuyc N-0i aHTH-CHEPHL. (10)
m

SN

IMepenuiiiemM pacuMpeHHOE BaKyyMHOe ypaBHeHHe (8) ¢ yueToM BhipakeHuii (9)
Ry + %2 g Bin=1 A + L= — Ay) = 0. (1)

OTMeTHM, YTO KOBAPHAHTHBIC M OOBIYHBIC YACTHBIC TIPOM3BOIHBIC TEH30pa B JICBOM yacTu ypaBHeHuUs (11) paBHBI HYITIO
(cmotpute §6 B [5])

AR+ g (=1 Am+Ine1 — An)] _ 0
axJ -

VilRix + %2 i Bm=10m + Xn=1— Ap)] = (12)

nostomy ypaBHenue (11) siBrsieTcst BRIpaKCHHEM 3aKOHOB COXPAHEHHsI, TAK JKe KaK MepBOC U BTOPOE BaKyyMHbIC YPaBHEHHUS
Oitainreiina (6) u (7) (cMotpute okoHuanue Beenenus u §6 B [5]).

JlaHHas CTaThs MOCBAIICHA MOIBITKE HANTH METPUKU-PEIICHHUS pacIIMPEHHOT0 BaKyyMHOI0 ypaBHeHus DitHiTelHa (11), u
MTOCTPOCHUIO METPUKO-TUHAMUYECKO KOCMOJIOIMYECKON MOJIETTH OKPY KAIOIIer0 MUpa Ha OCHOBAaHUM ATHUX PEIICHUH.

HamomHauM, 4TO B pa3BUBaeMOH 3/1€Ch T€OMETPU3NPOBAHHON (DM3HMKE BaKyyMa MPEIMETOM U3YUIEHHS ABIACTCSA Amn-BaKyyM,

T.e. 3-MepHBIi TaHmmadT, BEICBEYEHHBIH U3 TYCTOTHI MOCPEICTBOM B3aMMHO MEPIEHINKYIIAPHBIX JTyUei CBETa C JUTHHOM
BOJHBI Amn U3 quana3zona A4 = 10"+ 10" cm (cmotpure §1 B [1]).

MATEPHUAJIBI U METO/1

1 PasziuuHble BAapHUAHTLI 3allMCH PACIIUPEHHOT0 BAKYYMHOI'0 YPABHCHUSA

PacmmpenHoe BakyymMHOe ypaBHeHHE (11) MOXKHO HCTIONB30BaTh IS Pa3IMYHBIX KOCMOJIOTHYECKHX Mojeael. UToOs! moka-
3aTh Pa3JIMYHbIE BO3MOXKHOCTH 3aIMIIEM 3TO YPaBHEHHUE B CJICYIOIIEM BH/IC

[e9) 0 0 3 0 3
Rix + Y2 ik Zm=1Am — %2 Jix Zn=1 M = Rix + %2 ik Zm:l% — Y2 gix Zn:lg =0. (13)

Hampumep, ecu Y2 Yom—1 Ay = A, Yo=1 A, = R, To ypaBuenue (13) MOXeT NPUHSTH BUI BAKyyMHOTO YpaBHEHHUS DifH-
mTeiiHa

Rix — %2 Rgix + Agix = 0. (14)
Ecmu Yo Y1 Ay = A, Y-y A, = 0, o ypaBHenue (13) npunumaeT Buj

Rix + Agiy = 0. (15)
Ecma Y1 Ay =0, %X 1 A, = A, 1o ypaBuenue (13) nprHUMaET B BTOPOTO BAKYyMHOTO YpaBHEHUS DWHIITEHHA

Ry — Agy = 0. (16)



Ecnu BTOpoe ciaraemoe B ypaBaeHud (13) npeacTaBuTh B BUAE 3HAKOIIEPEMEHHOTO Psia

Yo gix =1 Am + Znz1— An) = %2 g Zm=a (D™ A, 17

T0 ypaBHeHue (13) MOXKET NPHHSATH BUA

Ry + % gue Zm=1 (=)™ A, = 0. (18)
KoBapuaHTHbIC 1 OOBIYHBIC YACTHBIC MPOU3BO/IHBIC OT TCH30POB B JICBOH YacTH BCEX BaKyyMHBIX ypaBHeHuUH (14), (15),

(16) u (18), paBHBI HYJI0. DTO 03HAYAET, YTO BCE ITU YPABHEHUS SIBJISIFOTCS BHIPAKCHUEM 3aKOHA COXPAHEHUS U MOTYT OBITh
TI0JIOKEHBI B OCHOBY KOCMOJIOTHYECKONH MOJIEIH.

2 anomeﬂﬂoe PaClIMPEHHOE€ BAKYYMHO€ YPABHCHUE

YcnoBue cobmoaeHus «BakyyMHOTo Oananca» (cmotpute Beenenue [1] u §1.5 B [5]), aukryeT HE0OX0IUMOCTE UCIIOIB30-
BaTh ypaBHerue (13)

1 o — 1 o -

Rix + %2 ik Zm=18m — Y2 Gix Xn=1An = 0,

npu yenosun Yooy Ay — Xz Ay =R =0, (19)

rae R = g**R;, — ckanspHas KpUBH3HA.

OpHako B 3TOM ciiyyae ypaBHeHHe (13) 3KBHBaJICHTHO NEepBOMY BaKyyMHOMY ypaBHeHHIO (6) R;, = 0. ITomywaercs, uto
ycnoBue (19) Tak ’ke 3aBOJUT CUTYAIHIO B JIOTHYECKHH TymHK. TeM Ooree, 4YTO IOKa HUYEro HEJb3s CKa3aTh B OTHOIICHUHT

OECKOHEUHBIX PSMIOB Yimeq Ay U D Mgy

[ToaToMy B Hauajge pacCMOTPUM PEUICHHS CHCTEMBI YMPOIIEHHBIX PACHIUPEHHBIX BaKyyMHBIX YpPaBHEHHH C JIE€CATHIO
+A-uneHamu

{Rik + Gik Lie1 Am = 0,

(20)
Rix = Gik Zm=1 A = 0.

Hem nuxaxux n1o2uueckux oCHO8aHUlL ON5L 02PAHUYCHUS OECKOHEUH020 PAOA Yam—1 Ny 00 decsimu crazaemuix, nosmomy 0ao-
Helluue 8bIYUCTEHUS Cledyem PACCMAmpUBams Kax auaiu3 anpuoprol (npedsapumenvholl) cunomesol.

[TycTs cymma necsiTi A-4iI€HOB psifia paBHA KOHKPETHOMY YHCIIOBOMY 3HAUCHHUIO Ag
Ymi=1Am = Ag. (21)
Torzaa cucrema ypaBHenuii (20) nproOpeTaeT BU BTOPOro BaKyyMHOTro ypaBHeHus (7)

{Rik + gikAO = 0' (22)

Ry — guelho = 0.

MeTpHKH-pEIeH s 3TOM CUCTEMBI yPaBHEHUI COOTBETCTBYIOT PENIEHHSM BTOPOTO BAKYYMHOTO ypaBHeHHs (cMoTpuTe §3.2
B [5] C yuetom Ay = 3/78):



- TISITh METPHUK C CUTHATYPOI (+ — ——)

2 2
T 3
2 2
ds{P? = (1 + T7° - A°3—T) c?dt? — (1 r:r Aorz) —r?(d6? + sin® 6 d¢?), (24)
T 3
2 2
s = (1= =) e’ — ey =707 - sin’ 0 dg), (25)
T 3
2
dS(+)2 — (1 + 2 Aor ) Zdtz —LZ— T‘Z(dez + Sinz 0 d(Pz), (26)
* (170 +%)
ds$? = c2dt? — dr? — r2(d6? + sin? 6 dp?); 7
- ¥ IISITh METPUK ¢ CUTHATYPOi (— + + "‘)
s =—(1-24 o 20) c2de? + (-m AOTZ) +72(d6? + sin® 0 d¢?), (28)
ds$? = — (1420 - ) 22 ¢ o Aorz) +72(d0% + sin’ 0 dg?), (29)
ds? =~ (12— Aor? 2r%) c2qe = 2) +72(dO? + sin? 0 dgp?), (30)
dsi? = — (1421 2% 22 ¢ o sz) +72(d6% + sin? 6 dg?), (31)
3
ds$% = —c2dt? + dr? + r2(d6? + sin? 0 d¢> ), (32)

OJTHAKO B 3TOM ciy4ae coryiacHO BeipakeHmsM (10) u (21)

3

Ao = Zrlr?=1 Ap = }r?=1 2 (33)
m
1o = Y=t T (34)

Ommemum, Ymo npu peweHuy nepeoeo 8axKyymHozo ypaenenus Ry, = 0 (cmompume §2 6 [5]) 1y 6cec0a mosicno npedcma-
6UMb 6 6UOE CYMMbL U3 M CIALACMBIX Ty = Yibo—q T

JI31s TOHMMAaHUS MaTbHEHIITNX JIOTHIECKUX TIOCTPOCHUH He00X0AMMO TIOBTOPHUTH HamucaHHoe B §§ 3, 4, 5 B [5] B oTHOIIEHNN
MeTpuk-perieHnii (23) — (32) ¢ yueroM MareMaTHYecKoro anmnapara AIredpbl CUTHATYP.

IMoncraBum psiast (33) u (34) B HyJIeBY0 KOMIIOHEHTY (PaBHYIO 3HAMEHATEIO €IMHIUIHON KOMIIOHEHTHI) METPHIECKOTO TEH-
30pa U3 MeTpUKU-penienust (23)

2
To Agr r1+1r2+--+7T19
1-24200 = 2o

T 3 T

1 1 1
+(G+g+ o)1
L] Tio

9TO Bblpa)KeHI/Ie MOXHO l‘Ipe)ICTaBI/ITI) B BUIC

1—r—1+r2+'"+“°+( + ot ) = (35)

r o

S (1) () (1) (1B ) (1) - (1B ) (1) -

- (1+:—3—§)+(1—r—2+§)—(1+r—1—é).

T Ty T 1o

JlefiCTBUTENBHO, €CITH PACKPBITH CKOOKH B IIPaBO YacTH BbIpakeHus (35), TO HOIYYUTCS paBEHCTBO.



AHAJIOTHYIHO MOKHO 3aIHCaTh HYJICBbIC KOMITOHEHTHI (PaBHbIC 3HAMEHATEISIM SANHUIHON KOMITOHEHTHI) METPHIECKOTO TCH-
30pa U3 MeTpukK-peteHuii (24) — (26)

Agr? r1+1r++7190

1+T7°— =1+ (+ +- +10) = (36)
(1 2-2)- (- 245)s (L 2-5)- (244 (102 ) - (- 24 5) 4 (14345

9 r7

- (1243 (143-5)- (-2 +5)

1 _rT_O_Aosrz —1 _r1+r2:-~+r10 _ (%"'é-'_ ...+%> r2 = (37)
(D) (2D (e D (1202 (-2 D) (120D (-2-3)-
() () ()

L4 Toy dor? _ g raero +r10+(%+%+“ +%)r2= (38)
(D) (2B (1) () (D) (o334 (14207

:
(2245 (-2-3)

Tak ke 3anumem HYJICBBIC KOMIIOHCHTBI U 3BHAMCHATCIIN eHHHHHHOﬁ KOMIIOHCHTBI METPUYCCKOT'0 TCH30pa U3 METPUK-pCIIC-

uwmii (28) — (31)

2
_[1+T70_A03T =—[1—M+(%+%+-"+%)T2 = (39)

r

=—1—(1—’i°+%) (1+——é)—(1—rf+§)+(1+:—’—::2) (1——+T—52) (1+——£) (1-2+ 2)+

P22 (1-242)+ (142-5)

2

r 3 T

o1 (1) (1) (1) (142 (120 ) (145 -5)
F(1-248)-(1+2-5)+ (1-2+2)

R P PR (GHgt-tz)r= (40)

2 Ti T Tio
e R R T S = I (41)

r 3 r r.
=_1+(1_rl_o_;:z)_(l+19+;E)+(£_;s_%)_Z‘l+r;+:2)+(1_;_6_§)_(1+r5+3)+(1_g4_g)_
(a3 (-2-- ()

[14+2 420 = 140202t +r1°+(%+%+ +%)r2]= (42)
—1- (14224 —)+(1—’79—%)—(1+r—8+:?)+(1—rrl—::z)—(l+r6+¥)+(1—:—5—%) (1+Tr“+?)+

= T T
+ (1—3—2)—(1 +T—2+§)+( —r—l—é).
r ) T Ty T T10

Kaxxmoe ciaraemMoe, 3aKII0UYCHHOE B CKOOKH, B MPaBbIX YacTsX BeIpaxeHuit (35) — (42), npu moacTaHOBKE B METPUKH
(23) — (32), sBisieTcs OTHENBHBIM PELICHUEM BTOPOTO BaKYYMHOTO ypaBHeHus DitHiuTeiHa Buaa (7).



3 Nepapxus cepryecKux BAKYYMHBIX 00pa3oBaHMii
«ThbI Bce Pacnonosxuin Meporo, YUCIIOM U BECOM»
[pemynpocts Cosomona, 11:21

TMornbiTaeMcst CBS3aTh pamnuychl chepuuecKUX BaKyyMHBIX 00pa30BaHuit I'm, BXOASAIINE B BRIpaxeHus (35) — (42), ¢ auckper-
HOI Mepapxueil XapaKTepHBIX pa3MepOB TEJl B OKPYKafOLIEM HAaC MHUpeE.

JlomycTiM, 9TO B OCHOBE MMOJTHOCTHIO TEOMETPHU3UPOBAHHOM KOCMOJIOTHYECKON MOJISH IIPUCYTCTBYIOT TOJIBKO JBE TCOMET-
pHUYECKHE KOHCTaHThL: Ry — napamerpuueckuii paguyc Beenennoii (cm), u lv= ¢ At = ¢+1cek = 3:10'% cm — paccrosnue, koTopoe
MPOXOJINT JIy4 CBETa B BaKyyMe 3a MPOMEKYTOK BpeMeHu At = lcek.

3a ocrogy 63sim nyms, KOMoOpwIll NPOXoOum y4 céema 6 akyyme 3a 1 cexyndy no caedyrowum npuuunam. Kax noxazano ¢ §7.3 6 [3]
CKOPOCMb c6ema — 5ma ma CKOPOCMyb, NpU KOMOPOU npoucxooum paspule éaxyyma. Kak eviacnumes nudice, umenno maxou paspulé (cge-
puyeckas 6e30Ha-mpewuna) omoenaem A0pa chepudecKux 6aKyyMHvx 00pa306anull Om ux HewHux oboiouex. B omnowenuu epemenu
B03MOMHCEH MONBKO IBPUCIUYECKUTI omEem. 1 cek — Mo aHmpOnHAas KOHCMAHMA, KOMOPAsi RPUMEPHO COOMEEmcmayem nepuody buenuil
yenoseuecko2o cepoya, npu 3mom 1 cm — amo y0obHas 015 4enogeKka eOUHUYa usMepeHus paccmosHus, npumepto pasuas 1/3 gananeu
yenoseueckozo nanvya. Ecmecmeeno, umo anmponHvie KOHCMAHMbL 1EHCAM 8 OCHO8e USMEPEHUTL, M.K. Yel08€K, N0 YMBEPHCOEHUIO MHO-
2UX peNuUO3HbIX KoH(peccull u urocoghos, asnaemcs mepuiom ce2o. Takoe aHmpontoe ymeepicoerue O0jisl Y4eHblX 8bleIl0um manoyoe-
OUMENLHBIM, HO 6 OANbHETIUEM GbIICHUMCS, YMO eClu 3a 0OCHO8Y npunsmb nyms = 3-101 ey, mo nonyuaemcs ouckpemnas uepapxuueckasn
nOC1e0068amMeNbHOCHb PAOUYCO8 CIMAOUNLHBIX 8AKYYMHBIX 00pazoeanuil, 6auskas K Habaodaemvim. Ciyyaiino smo, unu no Bone [Ipogede-
HUs,

HO OnuHa dK6amopa Hawseti nianemsl 3emus mooice npumepho leg= 3-101 ey, ecu usmepenue ee wiepoxosamoti nosepxnocmu npous600ums
He 8 KUIOMempax, a 6 Mempax (m.e. eOUHUYAX OJUHbBL, COUSMEPUMBIX CO CPEOHUM pocmom yenoseka). OOHAKO, MOXHCHO AU OONYCUMND
omcymcmeue Brnusnus [lposedenus nocie mozo, kaxk mol y3uaem, umo oucku Conuya u Jlynvl Ha Hebocgooe paghvl Opye ¢ OPYeoM, M.K.
BEPOAMHOCIb MAKO20 CO8NAEHUS HECKOHEUHO MAd.

[Mpeanonaoxum, 4To paauychl 'm B kommnoneHtax (35) — (42) metpuk (23) — (32) OLEHUBAIOTCS IBPUCTUUECKON (OIIEHOTHOIA)
(bOpPMYIIOi, COCTOSIIEH M3 IBYX BHINICYKa3aHHBIX KOHCTAHT

RS _ RS
gt (3-1010)m

oM. (43)

Tm™

Ecnu npeanonoxuts, uto Ry = 10%° cm, To

2 50
T~ = 19 (44)

m T (3-1010)m
IMocnemoBarenbHO moacTaBuM B hopmyiay (44) m ot 1 mo 10, B pe3ysbTaTe MOJYYHM JUCKPETHYIO HEPAPXUIO PAIIYCOB:

ri~ 10% cm — paguyc, cousMepUMBIii ¢ pagrycoM Mera-BeenenHoii*; (44a)
r;~ 10%° cm — paguyc, cOU3MepUMBIiA ¢ pagrycoM HaOmogaeMoil BeenenHoit;

rs~ 10%° cMm — paauyc, cou3sMepUMBIii C PadyCcoOM Apa FANAKTUKY;

ry~ 108 cM — paauyc, cousMepuMBblii ¢ PafidyCoOM Apa IIAHETHI M 3BE3/IbI;

Is~ 1073 cM — pamuyc, COM3MEPUMEIH C PaIycOM OHONIOTHIECKOM KIETKH;

rs~ 10712 cM — pamuyc, COn3MepUMBIii ¢ pafiycoM Spa SIEMEHTAPHOMN YaCTUIIBL,

r7~ 1072 cM — paguyc, COU3MEPUMBII ¢ paJiyCoM Spa IPOTO-KBapKa™;

rg~ 10~3* cm — panuyc, COU3MEPUMBIHA C p PaJMyCOM spa IVIAHKTOHA™;

ro ~ 10745 cM — pazuyc, COU3MEPUMBII C PaJHyCcOM Apa IPOTO-IIIAHKTOHA™;

rio ~107%5 cM — paguyc, cou3sMepuMEIii ¢ PauycoM sIpa MHCTAaHTOHA™,

W3 3T0M AMCKPETHON MEPaxXUIecKO MOCIeA0BATEIHPHOCTH TONBKO PAINYCHI 2, I3, 4, I's, s OKA3aIUCh ONM3KH K pajuycaM
HaO0JII0TaeMBIX CPEePUIECKUX MAaKpO- U MUKPOCKOTIUECKUX Tell. OcTanbHble chepruiecKue Tena ¢ paanycamu I, 7, s, Iy, I'o
HaXOJATCS JAJIEKO 3a MpeaeliaMi COBPEMEHHBIX TEXHUYIECKMX BO3MOXKHOCTeH HabmofeHus. Ha ceromHsSnianiA 1eHb MBI HE
MOJKEM YBEPEHHO YTBEP)KIAaTh: CYIIECTBYIOT JIM chepHyecKhe Tela ¢ TaKUMH pa3Mepamu wid HeT. OIHAKO JOITyCTAMO



MOMBITATHCS TIOCTPOUTH KOCMOJIOTHYECKYIO0 MOJIeNb (B cTaTyce pabodell TMIOTe3bl) C Y4aCTHEM 3TUX MIIOTETUYECKUX CTa-
OWJIBHBIX CepUIeCKUX 00pa3oBaHUil.

OueBHAHO, YTO, HATPUMED, U3 METPHK-pemeHuid (23) — (27) ¢ y4eToM PacKpBITHIX KOMIIOHEHT METPHYECKOTO TEH30pa
(35) — (38) MOXHO OTACNBHO BBIIEIHUTH M PACCMOTPETh COBOKYIHOCTh U3 MATH METpHK-peinenuii Buaa (173) — (178) B [5]

BTOPOT0 BaKyyMHOTO ypaBHeHus DiiniureiiHa (140) B [5]

2 2
ds; % = (1 -2 +T_2) c?dt? — —— — r2(d6? + sin? 6 dp?), (45)
A
2 dr? ,
as{7? = (142 -2 2ar? gy - T EO* + sin 0.4, (46)
$2 _ (1 _mo_ 1 2gz_ A% g 2
ds{? = (1 ! ra)c dt 5 r2(d? + sin? 6 d¢?), (@7
r ra
2
ds{P? = (14724 1) c2der - —2 - r2(d6? + sin? 0 d?), (48)
4 rorg (1 +r7b+:—2)
ds{™? = c2dt? — dr? — r?(d6? + sin® 0 d?), (49)

roea=12,3,...,10; b=a+1.

COBOKYITHOCTh 3TUX IIATH METPUK-PEIICHUI 0T4aCTH paccMoTpeHa B §4 B [5], rae O6bUT0 MOKa3aHO, YTO 3TU MeTpuku Kom-
mnepa - oe Cummepa - Lllsapyuunb0a OMUCHIBAIOT METPUKO-TUHAMUYECKYIO MOJIEIb BBIIYKIOTO C(EPUUIECKOro BaKyyM-
HOTo 00pa3oBaHusi, KOTOpoe ObLIO HazBaHO «KieTkol [IBapumunbaa - e Currepay. HamomuuM, 9To, Kak mokasaHo B [5],
JIAHHOE BaKyyMHOE 00pa30BaHHUE ABISETCS CTAOMIBHBIM, T.K. Bce MeTpUKH (45) — (59) sBIsIOTCS peleHusIMA BTOPOTO BaKy-
ymHoro ypaBHeHus (140) B [5], KoTopoe BBEIONHSET POJIb 3aKOHA COXPAHSHHUS SHEPIHYHOCTH, TAKKe Kak ypaBHeHus (13) n

(20).

Takum 06pazom merpuku-pemienus (23) — (32) ¢ yuerom Beipakenuii (35) — (42) onpenenstor METPUKO-ANHAMUYECKOE OTIH-
CaHHe MEePapXUUYECKO JIeCATHYPOBHEBON KOCMOJIOTHUECKON Moienu. B 3Toit nepapxudeckoit Mojenu necaTh chepruueckux
00pa30BaHuii pa3IMIHOTO MAcIITaba BIOKEHBI PYT B Apyra mogao0Ho MaTpenikaM. To ecTh BHYyTPEHHEE SAPBHIIIKO KaXI0r0
SIIpa, B CBOIO OYEPE/ib, SBJISCTCS SIAPOM JUIS CIICAYIONIETO AAPBIIIKA, U TaK 10 ACCATH UTEPAIlHii, KaK MOKa3aHo Ha puc. 1.

Puc. 1. ITocne1oBaTenbHOCTh BIOKEHHBIX JIPYT B IpyTa
cheprueckux 00pa3oBaHuil Pa3IMYHOIro MaciTaba



OpHako, y JaHHOU HepapXU4ecKoil AecITHYPOBHEBOW KOCMOJIOTHYECKONH MOJETH MMEETCS OJTHO 0OCTOSITEIBCTBO, KOTOPOE
HE MOJMACTCS JOTHYHOMY 00bscHeHHU0. [leso B ToM, 4To u3 MeTpHk (23) — (32) cnenmyer, uto 1-s1 cdepa (paauyc KoTopoi
CoM3MepHMM C pajrycoM mera-Beenennoit 1~ 10%° ¢m), naxoaurcs BayTpu 10-ii chepsl (¢ XapakTepHBIM Pa3MEPOM UHCTaH-
ToHa o~ 107 cM). UTOOKI yOenuThCS B 3TOM NPOCIENUTE, HAPUMED, 3 MOCIIEI0BATENLHOCTBIO CIAraeMbIX B BHIPAKEHUH
(35):

_ TitTetetrg

1 +(%+%+---+%)r2=
() (e (2 2) (1422 () (D) 1)

T ) 6 T

(13- (1245 (142-3),

2
2 r Tio

r

OO0paTruTe BHIMaHUE Ha IIOCIIEAHEE 3aMBIKAIOIIEe CIaraeMoe, B KOTOPOM MPUCYTCTBYIOT I'1 | I1o. DTO O3HAYaET, 94TO cdepa ¢
paarycoM I HAaXOAUTCS BHYTPHU Cephl ¢ paguycoM I1o, KaK 3TO BHIHO M3 NPEIBIAYLIMX CIAraeMbIX 3TOTO K€ BBIPAKCHHUSL.
AHaNOrnyHasi CUTyalys HMeeT MECTO BO BceX BhIpaxkeHHsX (35) — (42). Takas 3aMKHYTOCTh 10-ypOBHEBOIl KOCMOJIOTHYE-
CKOM Moz TpeOyeT TOMOTHUTEILHOTO H3yYSHHS 1 OCMBICIICHUSL.

4 YpoBeHb 3/1eMEeHTAPHBIX YaCTHII
4.1 «DJeKTPOH» U «IIO3UTPOH»

U3 Beex chepudeckux 00pa3oBaHUN, BXOJSIIMX B JECATHYPOBHEBYIO HEPAPXHIO, OMHCHIBAEMYIO COBOKYITHOCTBIO METPHK-
peurennii (23) — (32), Hanboree XOPOIIO H3yUYCH YPOBEHB 3IEMEHTAPHbIX YacTUIl. [109TOMy HAuHEM HCCIIeIOBAHUE Hepap-
XUYECKOH KOCMOJIOTHYECKOH MOJIENH €O Ch)ePHUIECKHMX BAKYYMHBIX 00pa30BaHUH C XapaKTepHBIM paauycoM Is~ 107 cm,
KOTOPBIM COOTBETCTBYET pa3MepaM 3JIEMEHTapHOMN YaCTULIBI.

Jlanee Ha3BaHuUs 4acTull (T.€. CTAOMIBHBIX CHEPUIECKUX Amn-BaKyyMHBIX 00pa30BaHH) B3SThI B KABBIUKHU, HAIPUMED, «IJIEK-
TPOH» U IIO3UTPOH», TAK KAK METPUKO-AMHAMUYECKHIE MOJIENIN AaHHBIX chepruueckux 00pa3oBaHUi BO MHOTOM OTIHYAIOTCSI
OT TpeJICTaBIeHHH 00 ITHX 00pa30BaHKIX B COBPEMEHHOM (HU3HKeE.

B metpukax (23) — (27) ¢ yuetom (35) — (38), octaBuM 151 pacCCMOTPEHHS TOIBKO TE ClIAragMble, KOTOPBIE COAEPHKAT PAIUYChI
re~ 107 cM. B pesysbTaTe NOMyYnM CIIe Ty OILYI0 MHOTOCIIOMHY0 METPUKO-TMHAMMYECKYHO MOJIETb CTAOMIBHOTO "BBIMyK-
70r0" chepuuecKoro A.12.15-BaKyyMHOTO 0Opa3oBaHHs, KOTOPYIO OyIeM Ha3bIBaTh «3JIEKTPOH»:

«JIEKTPOH» (50)

CraOnipHOE "BBITYKIIOE" MHOTOCIIOWHOE CepHUIECKOe UCKPHUBICHHE A.12,-15-BaKyyMa
¢ cUrHaTypo# (+ ———), cocrosiee u3:

Bremnsist 000109Ka «3JIEKTPOHA»
B MHTEpBae [Is, Is] (cMoTpuTe pHrc. 2)

2 2
ds{t 7% = (124 5) c2dt? — < — r2(d6? + sin? 6. dg?), (51)
1 r 3 (I_T_6+%>
T rS
2 2
g2 = (1 C %) c2dt? — —2_ _12(d0? + sin® 0 d¢?), (52)
2 r 3 (1+T_6_%>
T rS
2 2
ds{ 2 = (1 T _ T_z) c2dt? — —2— —2(d6? + sin? 0 d¢p?), (53)
r 3 ( _r76_7_2>
s
2 2
ds2 = (1 $Te 4 T_z) c2dt? — —2_ _ 12(d6? + sin? 0 dp?); (54)
4 L (1+r—6+é)
T -rs



Aapo «3j1eKTpoHa
B UHTEpBae [Ig, 7] (puc. 2)

ds™% = — (1 - %7 + %) c2dt? — (1#2“2) —r2(d6? + sin® 6 d¢?),
(1-2+5

d52(+———)2 = _ (1 + %7 - %) c2dt? — ﬁzl) —r2(d6? + sin? 0 d¢p?),
~(1e12-5

ds§+"_)2 - _ (1 _ Tr_v _ %) c2dt? — (+2;) —12(d6? + sin? 8 d¢?),
B G

ds{f 7% = - (1 +2 4 %) c?dt? — 1j++r:) —r?(d6? + sin* 6 dp?);
Tt

HleabT «31€KTPOHA
B unTepBae [0, «]
dss(+_")2 = c%dt? — dr? — r*(d6? + sin? 0 d¢?).

Puc. 2. TIoMHOCTBIO F€OMETPU3UPOBAHHAS MOJENb BBITYKIOTO CTAOMIBHOTO CEePHIECKOT0 BaKyyMHOTO
00pa3oBaHys (B YACTHOCTH «IJIEKTPOHA») C USTBIPEMS IBHO BBIPAXKCHHBIMU 00IACTIMH:

A0po «3NEeKTpoHa) — 3TO LEeHTPAIbHAs 3aMKHYTas cepruueckas 001acTs A-12-15-BaKyyMa;

Buewnas 06010uKka «31EKTPOHA» — 3TO 00NACTh A-12,-15-BaKyyMa, OKPY KaroIas AP0 «3NEKTPOHAY;

Pakus «31€KTpOHA» — 3TO MHOTOCIOMHHas cdepuueckas Oe3qHA-TPEIIHHA OTACILIIOMAs AP0 «IIEK-

TPOHA» OT €r0 BHEIIHEH 000J0YKH;

Buympennee aopvuuko — Manas 3aMkHyTas ceprdeckas o0sacTb A-22,-24-BaKyyMa BHYTPH S1pa «3JIeK-

TPOHaY;

Hlenvm «3neKTpOHA» — TO MCXOAHAS Heae(OpMUPOBAHHAS 00JIACTh BaKyyMa, B KOTOPOI HaXOIUTCS

«ANEKTPOH». DTO cBOeoOpa3Has MaMsATh O TOM, Kakas Oblia JaHHAs 0071acTh BaKyyMa, 10 TOro, KaK OHa

nehopMHUpOBaNIaCh U NPHUHSIA CTAOUIBHYIO (OPMY «IIEKTPOHA

(55)

(56)

(87)

(58)

(59)



Amnaornuno B MeTprkax (28) — (32), ¢ yuerom (39) — (42), Tak ke 0CTaBUM TOJBKO TE ClIaraeMbie, KOTOPhIE COIEpKaT pa-
JUYCHI I6. B pe3ysbTarte MoMyYnuM CIEAYIONIYH0 MHOTOCIONHY0 METPUKO-TUHAMUYECKYIO MOJIEIb CTAaOUIBHOTO "BOTHYTOr0"
cepruIecKoro A.12-15-BaKyyMHOTO 00pa3oBaHus, KOTOPYIO OYyIeM Ha3bIBATh «IIO3UTPOHY:

CrabuiibHoe "BOTHYTOE" MHOTOCIIOHHOE cheprueckoe HCKPUBICHUE A.12.-15-BaKyyMa

(—++9)2 _ e T2\ 2.2 dr?
ds; = (1+r TZ)C dt* +

d52(_+++)2
ds3(—+++)2

dsi_+++)2

d51(—+++)2
d52(—+++)2
d5§_+++)2

dsi_+++)2

(

( )
—-(1——ﬁ~—35)c2dt24—(—49473—

( )

«[IO3UTPOH»
C cUrHatypoi (— + + +), cocrosinee u3:

BHennsist 000109Ka «IMO3UTPOHA»
B MHTEpBAJIC [Is, I's] (Heratus puc. 2)

r
2

5 - 1_T_6+r_2
rorg

2 2

— (1 Ty r—z) c?dt? + ar —~ + r2(d6? + sin® 6 d¢?),

T _(Hr_a_r_)

2 LT
—(1+245) 2de? + ——T— +r2(d6? + sin® 6 dg?),

oo _(1_r6_ﬁ)

2 T
—(1-2-5) 2dt? + ——"— +r2(d6? + sin? 6 dp?);

s —(1 +—6+r—2>

L

Slapo «mo3uTpoHa»
B HHTEpBale [Is, 7] (Heratus puc. 2)

r7 r 2 2 drz
" +T2)c dt +< =

r7
1-ZL+5
T r%)

dr?
)

+7
rz_r-
(”r )
_rz_r
5 )

dr?
2
<1 +Z +r—2>
T ‘r6

leabT «103UTPOHA»
B unTepBaie [0, o]

dsSH? = —c2de? + dr? + r2(d6? + sin® 0 dp?).

+72(d6? + sin? 0 d¢?),

+712(d6? + sin® 0 d¢?),
+12(d6? + sin? 6 d¢?),
+1r2(d6? + sin? 6 d¢?),

+712(d0? + sin? 6 dp?);

(60)

(61)

(62)

(63)

(64)

(65)

(66)

(67)

(68)

(69)

CosokymnHocTr MeTpuk (50) u (60) oTmryaroTcst TOIBKO CUrHATYPOi. TO €CTh, «3JIEKTPOH» U «IIO3UTPOH» — 3TO MOJTHOCTHIO
WJICHTUYHBIC, HO AHTUIIO/HBIE (B3aMHO ITPOTHUBOIIOJIOXKHBIE) KOIIUH JIpYT Apyra. Ecii «351eKTpoH» yclIoBHO Ha3BaTh "BBI-
MYKJIBIM" CTaOMIBHBIM CEepUYecKUM A.12-15-BaKyyMHBIM 0OpazoBaHHeM (puC. 2), TO «IIO3UTPOH» — 3TO TOYHO TAKOE KE
ycnoBHO "BorHyToe" crabuibHOe cdepudeckoe A.12.15-BaKyyMHOE oOpasoBaHue. Takasi B3aMMHO ITPOTHBOIIOJIOKHAS T1apa
A.12,-15-BaKyyMHBIX 00pa30BaHMil IOJTHOCTHIO COOTBETCTBYET YCIIOBHIO BAKYYMHOT'O OallaHca.

OTuacT aHaM3 COBOKYITHOCTEH MeTpuK-pemenuit (50) u (60), ¢ npuMeHeHneM MaTeMaTHIECKOro arapara Aiare6pbl CUr-
naryp [1, 2, 3, 4, 5], 6611 BeImoHEH B § 4 B [5] ipu yeioBuu 1, = 1g, 1, = 7. bojee mogpoGHOE HCCIIEI0OBAHUE «IJIEKTPOHAY
U «IIO3UTPOHAY OyJIET MPEACTABICHO B CIIEAYIONIUX CTAThSIX JAHHOT0 mpoekTta. Otuactu aHammu3 coBokymnHocTel metpuk (50)
u (60) nmpencraenen B [11]. B 910 cTarbe MBI HE OCTAHABIMBAEMCS HA TOAPOOHOM HCCIIEA0BAHNE METPUKO-IHHAMUYECKHX
MoJiesiell BAKYYMHBIX 00pa30BaHMil TaK KaK OCHOBHOI 1IEJIbIO SIBJISIETCSI HAMETHUTh KOHTYPBI Pa3BUTHS TIOJIHOCTBIO T€OMETPH-
3UPOBAaHHON UEPAPXUUECKON KOCMOIOIMYECKON MOJEIIN.



4.2 MeTpuKO-AMHAMHYECKasi MOJe/Ib KKBAPKOB» H «AHTHKBAPKOB»

Bbliiie GBLIO YCIOBHO MPUHSATO, YTO «3JIEKTPOHY» — 3TO CTA0UIbHAS CPEPUUECKAs BBITYKIOCTh A.12.-15-BaKyyMa, KOTOPast OIld-
ChIBaeTCs COBOKYIHOCTBIO MeTpHK (51) — (59) ¢ curnatypoii (+ — — —); a IO3UTPOH» — 3TO TOYHAS! IPOTUBOIIONOKHAS KOTIHSI
«OIIEKTPOHAY, T.€. CTabMIbHAs cepuuecKas BOTHYTOCTh A.12-15-BaKyyMa, KOTOpasi OIMUCHIBAETCS COBOKYIIHOCTHIO METPHK
(61) — (69) ¢ IPOTHUBOMONOKHOM CHTHATYPOH (— + + +).

B cratesx [1, 2, 3, 4, 5], roe mocnenoBarenbHo pasBuBaeTcs «['eoMeTpusnpoBaHHas GpuU3HKa BaKyyMa ¢ MO3ULHHA AreOpsl
CUTHATYpP», TOKa3aHO, YTO HEOOXOMMO YUUTHIBATh Bce 16 curHartyp:

(++++) (+++-) (—++-) (++-4)
(== (++H) (——+H) (—+-9)
(F=—4) (F+--) (== (F—++)
(=4 =+-) (—+-2) (-

(70)

[TosTOMy BBEJEM NpENCTABICHHE O BHITYKIO-BOTHYTHIX A-12-15-BaKyyYMHBIX 00pa30BaHuUsX, KOTOphIE Oy1eM Ha3bIBaTh
«KBapKaMu».

Tabmuma 1
Tun «KBapkuw» «AHTHKBapKn» IBer
CHTHATYPBHI, «KBapKa»
T.€. KoJInye- 10 metpux O603HaueHne 10 meTpuk Obo03HayeHNE WIN
CTBO + M — Buaa (50) Xi*-«KBapKa» Buaa (60) Xi -«aHTHKBapKa» «aHTHKBApKa»
C CUTHATYpOIl: C CUTHATYpOIl:
1-3 (+-—--) € -«KBAPK» (—+++) €x -«aHTHKBApK» JKEIITBII
(«3mexTpon») («mo3UTPOHY)
(+++-) di* -«kBapk» (———+) d«-«aHTUKBapK» KpacHbIit
1-3
(++-4) ds* -«xBapK» -+-) ds-«aHTHKBapK» 3eJIeHbIi
(+-+4) dr*-«xBapK» =+-9 d;-«aHTHKBapK» roryooi
(+--+) Ug" -«KBapK» (-++-) Uy -«aQHTHUKBApPK» KpacHbIit
2-2
(+-+-) Us* -«KBapK» (-+-+) U, -«aHTHUKBapPK» 3eJIeHbII
(++--) U -«KBapK» (——++) Uy -«aHTHKBapK» rory0ooi
4 (++++4) is"-«xBapK» G is -«aHTHKBapK» Oerblit

g npumMepa, npeacTaBuM U -«aHTUKBApK» B Pa3BEPHYTOM BHUIE:




Ui -«AHTUKBAPK» (71)
HectabmisHOE "BBIYKIIO-BOTHYTOE" MHOTOCIIOIHOE HCKPUBIECHUE A.12-15-BaKyyMa
C curHaTypoi: (— + + —), cocrosiiee u3:

Buemnsisi 060/1049Ka Uy -<AHTHKBAPKA»
B UHTepBane [Is, re]

2 2
ds{ "= - (1 ~Te g4 T_z) c2dt? + —"— +r2d0? — r?sin? 0 do?, (72)
T e <1_T76+T_2>
75
2 2
dsz(_ ++-)2 _ (1 + % - :_2) c2dt? + (d;Z +72d0?% —r?sin® 6 d¢?, (73)
5 1+r76—r—2>
5
2 2
ds3(_ t+02 _ (1 - Tr_ﬁ - :_2) c2dt? + (d% +12d6? — r2sin? 0 d¢?, (74)
5 1_r76_r_2>
s
2 2
dsCH % = - (1 476 4 T_Z) c2dt? + —L— +1r2d6? — r2sin? 0 d¢p; (75)
L <1+T76+:—2>
Anpo Ui -«aHTHKBapKa»
B UHTEpBae [Ig, I7]
2 2
6 1-17 r—2>
Te
2 2
dsCH % = - (1 n 777 _ T_z) c2de? + <d% +1r2d6? — r?sin? 0 d¢?, (77)
é 1+r77—r—2>
e
2 2
dsy Tt =~ (1 -7- :_2) c2dt? + (Ul;2 +72d6? — r2sin? 0 d¢?, (78)
6 1_TT7—T—2>
Te
2 2
dsCH % = - (1 +17 T_z) c2dt? + —L— +r2d6? — r2sin? 0 dp; (79)
T Ts <1+r77+r—2)
"6

eabT U -«AaHTUKBapKa»
B unTepnaie [0, w]
dss(_+ T2 = _024t2 4 dr? + 12d6? — r2sin? 0 dp>. (80)

MeTpI/IKO-)II/IHaMI/I‘IeCKI/Ie MOJECJIN BCEX OCTAJIBHBIX «KBAPKOB» U «aHTHKBAPKOB), MPUBCIACHHBLIX B Ta6J'I. 1, OCHOBAaHbI Ha
Habope meTpuk Buaa (72) — (80), HO C COOTBETCTBYIOIIEH CUTHATYPOH.

KpoMme BBIITYKIIOTO «3JIEKTPOHA» (T.€. €y -«KBapKa») CUTHATYpOU (+ — — —) U BOTHYTOTO «IO3UTPOHA» (€, -«aHTHBapKa») ¢
CHTHATYpO# (— + + +), Bce OCTallbHBIE «KBAPKK SBISIOTCS HECTAOMIBHBIMH BBIYKJIO-BOTHYTBIMH A.12,-15-BaKyyMHBIMH 00-
pa3oBaHUAMH, T.K. METPHKH, HarpumMep, Buna (72) — (80) ¢ curHaTypoi (— + + —), He yIOBIETBOPSIOT YCIOBUSIM CTaOMIBHO-
ctu (7). To ecTh, MU MOACTAHOBKE KOMIIOHEHT METPUUYECKUX TEH30pOB 13 MeTpuK Buza (72) — (80), ¢ mmoboit apyroii curHa-
Typoii kpome (+ ———) u (— + + +), Bo BTOpoe BakyyMHOe ypaBHeHue DitHiuTeiliHa (7) paBeHCTBa HE MOTy4aeTcCs.

4.3 MeTpHKO-l]I/IHaMl/l‘lECKﬂe MOA€C/IN KIMPOTOHA» U KAHTUIIPOTOHA»

Berme 651710 MOKa3aHO, YTO CTAOMIBHBIE A.12-15-BaKyyMHBIE 00pa30BaHUs OTHCHIBAIOT TOJIBKO METPHUKH-PEIICHUS BaKyyM-
HBIX ypaBHeHW# DiHIITeHHA curHaTypamu (+ — ——) u (— + + +). OZHAKO HE TONBKO «QIEKTPOH» (T.€. Ex'-«kBapk») (50) u
«TO3UTPOH» (T.€. €5 -«aHTUKBAPK») (60) MOTYT OBITH ChepHUIESCKUMU CTAOMIBLHBIMUA 00pa30BaHUSIMHU.

B §8 B [2] 6b10 MOKa3aHO, YTO BO3MOXHBI CIEAYIOININE B3aUMHO MTPOTHBOTIONOKHbBIE TPHAIbI CHTHATYD, KOTOPBIE B CyMMe
(uu B cpeZiHeM) MPUBOAAT K cUrHAaTypam (+ ———) u (— + + +) (cMoTpuTe pamxupHble Boipaxkenus (51) — (53) B [2]).



--+) +(+++-) =0

+-+-) +(-+-+4) =0

++-—) +(—-—+4) =0 (81)
(+-—=—)s+(++ +).=0,

-+-) +(++-+4) =0

++-) +(-++4) =0 (82)
- -HN+E=++-) =0

(+-—-)s+ (-+++H.:=0,

-+-) +(++-4) =0

++--) +(-++) =0 (83)
+-——-—4H +(=++-) =0

(+-=—-)+(+++)=0.

Takum 06pa3oM, B cpefHeM cTabuiIbHbIC cheprHueckiue BaKyyMHbIe 0Opa3oBaHusl ¢ CUTHATypaMu (+ — — —) win (— + + +)

MOTYT OBITh COCTABJCHBI M3 JBYX pPA3HOIBETHBIX U-KKBApKOB» (WM U-«aHTHKBAapKOB») WM OAHOTO O-«kBapka» (win
d-«aHTHKBapKa») u3 Tadu. 1:

dd(+ + + ) df(+ + — 4) df(+ — + 4)

Uy (= + - 4) (84) U (- —+ ) (85) U=+ + -) (86)
U (= — + +) U (= + + ) Us (= + — +)

pri- ++4) pr (-~ + + 4) Pi— + + 44

rae Pi- — TPH BO3MOXKHBIX COCTOSIHUS Pi -«mmpotoHay (i =1, 2, 3) ¢ curnarypoii (— + + +)

d (-~ ) A (——+ ) d (-~ + - )
w0 u(+ o+ - ) st (+ = = #)
8 S N 1) B oY DA S ) VL
PAITEN P+ ) (s

rie Pit — TpU BO3MOXKHBIX COCTOSIHUS Pi’-«aHTHIIPOTOHA» C CUTHATYpoH (+ — — —).

B Gostee KOMIaKTHOM BHUJI€ COCTOSIHUA Pi -«IIPOTOHA» U pi+'<<aHTI/IHp0TOHa» MOTyT OBITh 3aITUCAHBI TaK, KaK IPUHATO B KBAH-
TOBOI XpOMOAUHAMUKE

p1 = Usiurid;—, P27 =Ux U d3+, P3 = Us Ux dr+ y (90)
p1+ = U3+Ur+d;<7, P2 = UK+ ur+ d;, p3+ = U3+ uK+ d; . (91)

OTin4ne, OAHAKO, 3aKIIF0YAeTCs B TOM, 9TO B CTaHAapTHOI MO/EIM MPOTOHBI COCTOST U3 KBAPKOB, & AHTUIIPOTOHBI COCTOAT
W3 aHTHKBApKOB, TOTAa Kak B "Anrebpe curHatyp" Pi-«IpOTOH» H Pi'-«aHTHUIPOTOH» COCTOAT B MEPECMEIIKY, KaK U3
Xi*-«KBapKOB», TaK M U3 X -«aHTHKBapKoB». [103ToMy, B uTore, B AireOpe CUTHATYp «BEIIECTBO» (TOYHEe, chepuyecKue
BaKyyMHbIe 00pa30BaHNs) U «aHTHBEILECTBO» (TO4Hee, chepuuecKkre BaKyyMHbIE aHTHOOPa30BaHUs) IIepeMeNIanbl, 1 HET
po0JIeMBbl, CBSI3aHHOW ¢ GapHOHHOW acuMMeTpuel BeeneHHoH.

st npuMepa, NPeACTABUM MHOTOCITIOHHYI0 METPHUKO-ANHAMHYECKYIO MOJIENb P1 -«IIpoToHa» (84)

df(+ + + )
U (= + — +)
Ur7(* - + +)

pri ).

B pasBepHyToM Buze (rme s~ 103cm, re~10"cm, r7~ 1024 cm):



P -«ITPOTOH»

CrabuipHOE B CpeTHEM BOTHYTOE MHOTOCIOHHOE cepraeckoe A.12,-15-BaKyyMHOE 00pa3oBaHIe

¢ ob1reii curHaTypoii (— + + +), cocrosmiee u3:

di -«KBapK»

HecTaOuibHOE BEITYKIIO-BOTHYTOE MHOTOCTIOMHOE A-12-15-BaKyyMHO€E 00pa3oBaHKE
¢ curHarypoii: (+ + + —), cocrosiiee u3:

BHeunsist 060104Ka 0 -«kBapka» (+ + + -)
B I/IHTepBaJ'Ie [rs, re] (puc. 3)

dsl(+++_)2 1— )C dt? + — +72d0?% —r?sin? 6 d¢?,
1-Te 12
3

ds{tH? = (1+—6—%)c dt* + m+r 2d0? — r?sin® 6 d¢?,
i

ds{t % = ( ———T—sz) Zdt2+j+r d6? — r2sin? 0 d¢?,
e
ds{r? = (1 + = )czdt2 +@+ r?d6% —r?sin® 0 d¢?;

SAnpo di"-«xkBapkay» (+ + + )
B HHTepBaJIe [re, 7] (puc. 3)

g2 _ (1 47 ) 2dt? + —9 412492 — 12 5in2 9 d¢p?,
1 (1 7+r)
T6

ds{ % = (142 - D) c2dt? + — < 4 12d6% — r2sin? 0 dg?,
§ (+%-5)
Te

ds{t % = ( ___r:z) c?dt? + ﬁ”zd@z —r?sin® 0 d¢?,
T2

dSAE+++_)2 — (1 + )c dt? +W +12d0?% —r?sin? 6 d¢?;
2

Hleant di*-«kBapka» (+ + +-)
B uHTepBae [0,00]
ds$H % = 2dt? + dr? + 12d6? — 12 sin® 6 dp?.

Us; - «aHTl/IKBapK»
HecTabuiisHOE BBITYKIIO-BOTHYTOE MHOTOCITIONHOE A.12-15-BaKyyMHO€E 00pa3oBaHKe
C curHatypoi: (— + — +), cocrosiiee u3:
BueuiHsst 060J04Ka U; -«aHTHKBapKa» (— + — +)
B MHTEpBAIE [I5, I's] (puc. 3)

2 2
ds{H P = — (1 -5 T—Z) c?dt? +L2— r2d6? + r? sin? 6 d¢?,
roorg (1_r_s+r_)
2 r2r§
dsit % = - (1 +2— r—z) c2de? + —2 —12d0? + 2 sin? 6 d¢?,
2 r L3 (1+r_5_ﬁ>
T2
(~+=4)2 _ (4 _Te T2 2.2 ar? 502 2 i 2 2
d =—(1-* rsz)c dt +<_r_6_ﬁ> r2d@2? + r? sin? 0 dp?,
r 2
5
(=+-+)2 e T2\ 2.2 dr? 2402 2 o2 2.
ds, —(1+ +—2)c dt® + ———x —1r°df" + r°sin® 6 dp*;

(92)

(93)

(94)

(95)

(96)



SAnpo U, -«aHTHKBapKay» (—+ — +)
B MHTEpBaJe [Is, I7] (puc. 3)
2 2
d51(_+—+)2 = — (1 _n + r_z) c2dt? + _a” r2d02% + r2sin2 0 d¢2,

T6 <1_T_7+ﬁ>
T rg
dsr 2 = (1 + 2D c2de? + —E —12d6?% + r2 sin? 0 dg?,
e (Hr_v_r_)
r T?,
dsCH % = - (1 ST T e2de? LZ —r2d02 4+ r2sin? 6 d¢?,
r Té _rz re
(--73)

2 2
dsCH 2 = _ (1 +24+5) c2de? + O r2d0? + 12 5in? 6 dp;

HleabT Us - «<QHTHKBapK» (—+ — +)
B unTepBae [0, «]
ds{ T = —c2dt? + dr? — r2d6? + 12 sin? 6 dg>.

Ur ~-«KAaHTHKBapK»

HecraOuiibHOE BBINYKIIO-BOTHYTOE MHOTOCIIOHHOE A-12-15-BaKyyMHOE 00pa3oBaHKe

C cUTHATypoi: (—— + +), cocrosiiee u3:

BueniHsst 060J104Ka Uy - «QHTHKBapKa» (—— + +)
B MHTEpBAaE [I's5, I's] (puc. 3)

2 2
dsCHH2 = _ (1 -4 r_z) c2dt? -~ 4 r2d6? + % sin® 6 d¢?,
1 roors 1_7_6+ﬁ>
T r%

2
dsz(——++)2 - —(1+ Tr_s — ) 242 — <d;r2+ r2d0?% + r?sin? 6 d¢?,

Te
1476 T
T r2>
5
dr? .
——t r2d0?% +r?sin? 6 d¢?,
_re_12
=)

r TS
Te 2 9.2 dr? 2902 2 oin? 2.
1+=2+5)c%dt® ——— +7r°d6° + r*sin” 0 do~,

T 5

- )
dsCH2 = (1 _Te _ é) c2de? —
~( )

dsi“++)2

SInpo U, - «<aHTHKBapKa» (—— + +)
B MHTEpBaeE [Is , 7] (puc. 3)

Te

r7 T
4TIz
r r%)

_7_ T \r242 T
1 r T62) Cc dt (I_T_7__>

2
Te

2
dsC™tHZ = _ (1 +2Z+ —2) c2dt? — ——< +r?d6? + sin? 6 d$;

IIeanT U, - «aHTHKBapK» (— — + +)
B uaTepBane [0, o]
ds T % = —c2dt? — dr? + r2d6? + 12 sin? 6 dg>.

2 2
dsC 2= _(1-= +T_2) c2dt? — — 4 r2d6? + % sin® 6 d¢?,

2 2
dsCt02 = _(1 +rr_7_:_2) c2dt? _(‘1;24426192 +7r?sin?0d¢?,
6 1
( dr? 2 3p2 2 cin?2 2
T do* + r*sin‘ 0 do*,

(97)

(98)

(99)

(100)

(101)



Brenmsg o6omouka 7
«TIPOTOHA»

SIApBILIKH
«KBapKa» H IByX
«QHTHKaBPKOB»
«IIPOTOHA»

Puc. 3. Chepuueckoe BakyyMHOE 00pa30BaHHE, COCTOSIIEE U3 TPEX LBETHBIX «KBAPKOB» U aHTHKBAPKOB)»
(B 4aCTHOCTH, «IPOTOH). BHYTpEHHHME SAPBIIKH 3THX 3-X BaJICHTHBIX «KBAPKOB» U «AHTUKBAPKOB» HAXOMATCS B IOCTO-
SIHHOM Xa0THYECKOM IIEPEMEIICHUH OTHOCUTEIBHO JPYT Ipyra

IMpu ycpenHenun oJHOpoIHbIX wieHOB B MeTprkax (93) — (101) nonyuaercs coBokymnHocTh MeTpuk (61) — (69), omuckiBaro-
I1asi METPUKO-INHAMHYECKOE COCTOSHUE KITO3UTPOHay. OIHAKO CIIEAyeT 0XKUAATh, YTO PAHyC SApa IIPOTOHAY», COCTOSIIETO
U3 sinep 3-X «KBapKOB» U «aHTHKBAPKOBY», OKaXETCs OOJIbLIE pajuyca sSIpa «[O3UTPOHAY, T.K. BHYTPSHHHE SIPBIIIKH TPEX
«KBAapKOB)» M «aKTHKBAPKOBY, CJIOKHO B3aUMOJCICTBY I, OTTAIKMBAIOT APYT Apyra oT obuiero uentpa r = 0 (puc. 3).

Takum 06pazoM, npobieMa KoHpaHHMEHTA TPEX BBIYKIO-BOTHYTHIX CPepUUeCcKuX 00pa3oBanuii, Hanpumep: Oy -«kBapkay,
Us -«aHTHKBapKa» M Uy -«aHTHKBApKa» PEINAETCs cama cOOOM, Tak KaK KaxIbIi Xi*-«KBapK» UJIH Xj -«@HTUKBAPK» (KPOME €5
U €x") — 9TO HECTAOUIIbHBIE COCTOSHUS A-12-15-BaKyyMa.

ITo otmenbHOCTH Ui -«KBapK», Us -«AHTHKBAPK» U Uy -«aHTHKBAPK» JOJITO CYIIECTBOBATh HE MOTYT, T.K. OMHCHIBAIOIINE HX
Habopsl MeTprK Buna (93) — (101) mo oTAeNBHOCTH He SIBIISIFOTCS PEIICHUSIMH BTOPOTO BAKyyMHOTO ypaBHEHHs DWHINTEIHA
(7). Toneko BMecTe OHM O0pa3ylOT CTAaOMIBHOE B CPEIHEM «BOTHYTOE» A.12.15-BAKyYyMHOE O0pa30oBaHHE, KOTOPOE MBI
YCIIOBHO Ha3BaIH Pj - «poToH» (puc. 3).

LleHTpBI BHYTPEHHHX SAPHIIICK TPEX «KBAPKOB)» U «AHTUKBAPKOBY» (B YaCTHOCTH, u;u;d,ﬁ) BHYTPH 1pa «IIPOTOHA» TOJIKHBI
TaK Xa0TUIECKH OJTY)KIaTh OTHOCUTEIBHO 00mero neHTpa I = 0 1 OTHOCUTEIBHO OpyT Apyra (puc. 3), 4ToOBI TOIBEKO B Cpeli-
HEeM HX LEHTPhI COBIIaJaIu C o01uM HeHTpOM: <I;> = 0, <r>=0, <r>=0. H03TOMy MbI BBIHY>KJAEHBI IPUMEHATH HE
TOJBKO METPHUKO-IMHAMHYECKOE, HO U CTAaTUCTHYSCKOE OIMCAHUE BHYTPHUAICPHBIX IIPOIECCOB, YTO OTYACTH PACCMOTPEHO B
[8] u B §4.9.

BHyTpeHHOCTS si7jpa «IIPOTOHA)» MOCTOSHHO OBICTPO MEPEXOINUT U3 OJHOTO KBAPKOBOTO COCTOSIHUS B Apyroe (T. €. U3 COCTO-
SHHS C OJTHAM COCTABOM I[BETHBIX «KBAPKOB» U «aHTHKBAPKOB» B COCTOSIHHE C IPYTUM HX cocTaBom). MHade roBopst, nehop-
MaIuu A _12_15-BaKyyMa BHYTPH SApa «IIPOTOHA» MOCTOSHHO CJIOXKHO IepecTpauBaroTcs. [loaTomy B Macmrabe pearsHOro
BPEMEHHU MBI IMEEM JIEJI0 C YCPETHEHHBIM COCTOSIHUEM «IIPOTOHA

p =13 (1+p2+ps) mwm p =13 (U,u.dy + uu.d + u,u,dh).



CosokynHoctu Metpuk (93) — (101) mpu ucmop30BaHMN MaTeMaTHYeCKOro ammapara Anre6psl curHatyp [1, 2, 3, 4, 5],
MIO3BOJISTIOT U3BJICYb HH(POPMAIIMIO O MHOXKECTBE ITPOLIECCOB M MOJI-TIPOIIECCOB, MPOUCXOISAIIUX BHYTPH SIIpa «IIPOTOHAY» WU
«aHTHIIPOTOHA», B €T0 pakuu W grewinell obonouxe. boiiee MOJHYI0 reOMETPU3NPOBAHHYIO (PU3UKY «HYKJIOHOBY» TIpeJoia-
raeTcs IpeJICTaBUTh B CICAYIOMINX CTaThIX HACTOSIIErO MPOESKTa.

4.4 MeTpUKO-THHAMHYECKasl MOJe/]Ib «HEHTPOHA)

B coBpemenHO# simepHOi Gusnke (KBAHTOBOW XPOMOJMHAMUKE) CIMTACTCS, UYTO HEWTPOH COCTOMT W3 IBYX O-KBapKOB C 3a-
pstmom (—1/3)e u ogHOTO U-KBapka ¢ 3apsizom (2/3)e (rme e — 3apsiz IeKTpoHa)

n = ddu. (102)

B pesynbTare Takoro coyeTaHus HEUTPOH OKA3bIBACTCA JICKTPUUECKH HEMTPAIBHON YaCTULIEH C HYJIEBBIM CyMMapHBIM 3a-
paiom (~1/3)e + (~1/3)e + (2/3)e = 0.

B pa3BuBaeMoii 3/1€Ch reOMETPU3NPOBAHHOM (PU3KKE BaKyyMa HH OJHON 3-«KBapKOBOW» YaCTHUIIbI C HYJIEBBIM «3JIEKTpHUYe-
CKHUM» OKpY)XeHHeM He nmoryqaercs! [IocKoIbKy HET HU OJIHOM aJIMTUBHON KoMOuHanuu Tpex u3 16-u curnaryp (70), ko-
TophIe pUBOIAT K HyneBoit curHatype (0 0 0 0). Kak BBIICHUTCS TI03)Ke HylIeBasi CHTHATYpa O3HAYaeT HEHTPAITbHOCTb.

JKemaeMblif pe3ynbpTaT JOCTHTAaeTCs B CIydae PAHKHPOB, COCTOSMIMX W3 YeThIpex curHaryp. Ilostomy "smexrpmuecku’
HEWTpalbHast «4acTHIA» («HEHTPOH») MOXKET UMETh CJICTYOIIHE TOTOIOrHIecKue (Y3I0BbIe) KOH(DUTyparnu:

(103)
i (-~ ) i (-~ ) i (-~ ) i (-~ )
dr(+ — + +) df(+ + — 4) dr(+ — + +4) Us (— + — 4)
U (= + + ) df (+ + + ) Us (= + —4) dr (+ — + +)
df (+ + — +) U (— — + +) df (+ + + ) dt (+ + + )
n®@© 00 0)+ n2(0 0 0 0)+ n®(0 0 0 0)+ n (000 0)+
it (+ + + +) ic"(+ + + +) is"(+ + + +) is" (++ + 4)
d (- + - ) di (- -+ ) d (- + - ) U (+ -+ )
U (+ = = ) de (-~ — ) u*(+ — + ) de (- +--)
di (= — + ) U (+ + — ) di (= —— +) e (= — — 4)
ns(0 0 0 0)+ n (0 0 0 0)+ n(0 00 0)+ ng®(0 0 0 0).

Hamomunm, 4to kaxmoit curnarype B pamxupax (103) cooTBeTCTBYeT «KBapK» MM «aHTHKBAPK» U3 TaOM. 1, IPH 9TOM Kax-
IbIi 13 HUX omuckiBaercs 10-1o merpukamu Buma (72) — (80) ¢ cOOTBETCTBYIOIIEH CUTHATYPOTA.

B oTHX pamkupax, KpOMe M3BECTHBIX B KBAHTOBOU XpoMojanHaMeKe d- U U-«KBapKOB», UMEETCS BA DK30TUUECKUX OENbIX
is -«xBapka» (i ot crosa invisible — nesuoumeorir):

is" — Oenblit is*-«kBapk», T.e.10 MeTpuk Buza (71) ¢ curHarypoii (+ + + +);
is” — Oenblit is™- «aHTHKBapK», T.e.10 MeTpuk Buna (71) ¢ curHarypoii (———-).

BenpiMu TaHHBIE i5-«KBApKW» Ha3BaHbI MOTOMY, YTO OHHM MPAKTUYECKH HEBHIHBI BHYTPH S/Ipa «HEHTPOHA», T.K. C TOUKH
3pEHHs TOTOJIOTHH, OHH MPEICTABISIOT co00 "Touky" u "aHTHTOUKY" (cMoTpuTe §4 B [2]). BHauMo, mo3TOMY HX NpHUCYT-
CTBHE B Ape «HEUTPOHA» HE OBLIO OOHAPYKEHO IKCIEPUMEHTAIBHO, M He YUUThIBaoch CTaHIapTHONH MOETIBIO.

Takum ob6pa3oM, B paMkax AnreOpbl CHTHATYpP BOCEMb BO3MOXHBIX COCTOSHUHM «HEHTPOHA» MOTYT OBITH HpPEACTaBJICHEI B
Buze parmxupos (103) wmn B GoJee TpagUIMOHHOM BHIE:

O=icd due, s icdddiun, 0= igdidu, oS iedidu (104)
r‘|50 = i6+dr7d3iux+, nﬁo = i6+d37d1<7ur+, n70 = i6+dr7d1<7u3+, n80 = i6+dr7d1<7u3+-



Takoe 0003HaYeHNE BO3MOXHBIX Y3JIOBBIX COCTOSIHUM «HEHTPOHa», OJTHAKO, OTIMYAETCSl OT 3alMCH COCTaBa HEWTpOHa B
KBaHTOBOH xpomoanHamuke (102) mpucyTcTBHEM e/Ba Pa3THYUMBbIX g -«KBapKay H i -«aHTHKBApKay.

W3-3a cnioxxHEHIINX BHYTPHUSAEPHBIX TOMOJIOTHIECKUX MeTaMop(do3 Mobast aAfuTUBHAS 4-«KBap-aTHKBAPKOBAsH PaHKUPHAs
komOuHarms (103) MOKET mepecTpOUTCS Tak, YTO BHYTPH JAHHOTO BAKyYMHOTO 0Opa30BaHMS MOIYUUTCS Pi -«IPOTOH» U
«3JIEKTPOH» (T.€. «aTOM» BOJOPOJIA):

(105)
---9) (+ -+ + -
i -«IIpOTO
«HEHUTPOH» gi' ; : i')) E: : i- 3 Pi -«TIPOTOH»
(r+ - 1) (+ = — )*—| «onexTpon»
(0000)- (000 0)«

JIOTHYHO MPEIIONIOKUTD, YTO TAKOE MEPECTPOCHHUE (T.¢. pa3BsI3bIBAHHUE TOMOJIOTHICCKOTO y3i1a) BHYTPH sSApa «HEHTPOHa)» B
HEKOTOPBIX CIIy4asiX IPUBOJUT K PEaKLUU pacmaga

n—> p +e '+ v+, (106)
TA€ Ve+ — BJIEKTPOHHOE KHEUTPUHOM.

OueBHAHO, YTO B TaKHX HPOIeccax ACHCTBYET 3aKOH COXPAHEHHMS 3HAKOB «+» U «—». Hanpumep, B paH)KMPHOM BBIPaKCHHU
(105) o Tpanchopmaryu 8 «+» u 8 «—» u nociue TpanchopMauu 8 «+» u § «—x».

B3auMoCBsI3b MEKYy CUTHATYPOU METPHUUYECKOM MPOTKEHHOCTH U €€ TOIOJIOTHEN moka3aHa B §4 B [2].
Jpyroe 3HaunTENEHOE OTJIMYHE NIPEJIAra€MOM TEOPUH OT COBPEMEHHOH IepHON (PHU3UKH 3aK/II0YaeTCs B TOM, YTO B Pe3yJib-

TaTe BHYTPUSICPHBIX TpaHCHOPMALUiA KOHPUTYpaLUsl «KBAPKOB» BHYTPH sIpa «HEHTPOHA» MOXKET CIOKHUTHCS B BHAC p1t-
«aHTHIIPOTOHA» M KIIO3UTPOHA» (T.€. KAHTH-aTOMa» BOJOPOJIA)

(107)
(:_ - :_ :_) (+ ; *) D1 -«aHTUIPOTOH
CHEUTPOH» (+ - ) -+--)
-+ +-) 9(+77+)
(++ = +) (= + + +)— CIO3UTPOH»
(0000 (000 0)+
DT0 MOXKET PUBECTH K TPOIIECCY pacmaia «HEHTPOHa» Ha p1*-«aHTUIIPOTOH» M KITO3UTPOH
no p +e + 1w, (108)

rAe Ve+— HO3UTPOHHOC «HGﬁTpPIHO)).

Takue pacrajpl JOJKHBI PETHCTPUPOBAThCS Ha NpakTuke. Ecnu naHHOe mpejackazaHue AJreOpbl CUTHATYp HE MOITBEp-
JUTHCA, TO Hy)KHO HCKaTh MPUYMHY OTCYTCTBHA pacmaaoB tuma (108).

OmHOM U3 TaKuX MPUYMH MOXKET OBITH CIIeAyIoIIee: B cirydae Tpanchopmarm «HedTpoHa» Trma (105) n3menstores 10 3Ha-
KOB, a B cirydae Tpancopmannu tuna (107) n3menstores 12 3HakoB. MI3MeHeHHe 3HaKa 03HaYaeT MePEeCTPONKY BHYTPHUSACD-
HOW TOTIOJIOTHH (T.€. N3MEHEHHE BBIITyKJIO-BOTHYTOTO COCTOSHUS JIOKAJIBHON 00IacTH A.12-15-BaKyyMa BHYTPH ¥, BO3MOKHO
CHapyxXH, 11pa «HEUTPOHa»), Ha 3TO TPEOYIOTCS IHEpPreTHYeCKUe 3aTpaThl. [103TOMY BEpOSTHOCTb TPAHC(HOPMALMHU C H3Me-

HenueM 10-u 3HaKkoB THmna (105) MeHee sHepro3arpaTHas U MoToMy OoJiee BeposATHa, 4eM TpaHcopmanus tuma (107) ¢ ns-
MEHEeHHEM 12-1 3HAKOB.



Taxas siBHast aCHMMETPHS MOKET OBITh CKOMIICHCHPOBaHA IIPH PACCMOTPEHHH TPaHC(HOPMAIMN BCEX 8-H BOSMOXKHBIX COCTO-
sHui «HeitpoHa» (103). Kpome Toro, MeHblas BEpOSATHOCTh HE HCKIIOYAET BO3MOXKXHOCTh pacmaza tuma (108). [lostomy
IpeJcKa3aHue 0 BO3MOXKHOCTHU paclazia HeMTpoHa He TOJIbKO Ha «IIPOTOH» U «3JEKTPOH», HO U HA «aHTUIPOTOH» U «IO3H-
TPOH» JOJDKHO OBITH AETAJILHO M3yUeHa U SKCIIEPUMEHTAIILHO ITPOBEPEHA.

BuyTpusinepusie A _12, _15-BaKyyMHbI€ (DIyKTyalnu HACTOJIBKO OBICTPO U3MEHYHBBI, UTO JIJISI MAKPOCKOIIMYECKOTO HabII0/1a-
TeNns KHEUTPOH» — 3TO Pe3yJIbTAT YCPEJHEHUS BCEX €r0 BO3MOXKHBIX COCTOSHUI

n =1/8 (n1%+ n%+ nz%+ ns%+ ns’+ ng+ n%+ ngl) =
= 1/8 (igdrtd; uc + i di"ds U + igditdi U+ i di U+ istdds Ut + igtdsd Ut + istddeust + istdidicus®).

SAnepuoit Anrebpe curraryp (T.e. TCOMETPU3UPOBAHHON (PH3HKE «IIPOTOHOBY» W «HEHTPOHOBY) AOIDKHO OBITH ITOCBSIICHO
OTZAENIBHOE HCCIIeIOBaHUE.

45 METpHKO-HHHaMH'{eCKaﬂ MOJEJIb «KaTOMa» ueﬁTepI/m

ITo cpaBHEHHIO C KHEHTPOHOM» M «aTOMOM» BOJOPO/ia 3HAYUTEIBHO OoJiee CTAOMIBHBIM HEHTPAJIbHBIM CEPUIECKUM BaKy-
YMHBIM 00pa30BaHUEM SIBIISIETCS «aTOM» JeHTepusl.

ATOM JelTepus MOXKET COCTOSITh U3 OJHOTO IPOTOHA», OJTHOTO «HEUTPOHA» M OJJHOTO «3AJIEKTpOHa». PaHKUpHBIi (TOMOII0-
TMYECKHil) 9KBUBAJICHT Y3JI0BOH KOH(UTypaluu Takoit o0nactu A-12-15-BakyyMa UMeeT CIICAYIOIUH BUIL:

+ + +-) + + -+
«IPOTOH» ] =+ -4 - - +4)
-+ -+ +9)
+ F - - - ) (+ + +4)
«HEUTPOH» + - + + WA + — +-) nmm...
-Tl-p ] Ef + + 7§ Ef + - 7)) (109)
(F + =) - -
«IIEKTPOH» [ - - t—- - -
= 2H(O 0 0 0): 2H(0O 0 0 0).

TJIe Ka&XKIION CUTHATYPE COOTBETCTBYET «KBapk» U3 Tabm. 1, T.e. coBOKymHOCTH 10 MeTpuk-penreHuii Tumna (71) Broporo Baky-
YMHOTO ypaBHEHUs DiiHITeitHa Tima (7).

«ATOM”» I[eﬁTepHH TAKIKC MOXKET COCTOATh U3 KAaHTUIIPOTOHA», ((HeﬁTpOHa» U (IIO3UTPOHAN:

- -4 - +-)
«aHTUIPOTOHY ] + - +-) + + -9
(+ + ) (+ = =
+ I + + ++) - -9
«HEUTPOH» -+ - - W -+ —+) wm...
Ip 1 §+ - - +; E+ -+ +; (110)
O (+ + + )
«IIO3UTPOHY 1 -+ + + -+ + +
= ) 2H(O 0 0 0)+ 2H(0 0 0 0).

Kaxnas yznosas (Tonosiornyeckas) kondurypanus (109) nim (110) moxer ObITh peann3oBaHa ¢ KaKOH-TO BEPOSTHOCTBIO,
MOXET CO BpEMEHEM IIEPEXOIUTh U3 OJTHOTO COCTOSHUS B JIPYTO€ U3-3a BHY TPHSIEPHBIX ITPOIIECCOB MPU COXPaHEHUHN 00IIEro
pesynbrara: 2H(0 0 0 0).

B paMmkax pasBuBaeMoi 31€Ch THUIIOTE3bI HE OBIBAET «aToMay ACHTEPHS U «aHTH-aTOMay JEUTEpHs, a €CTh TOJbKO OJHH
«aTtomy» JeUTepusi, B KOTOPOM «KBapKW» U «aHTHKBAPKW» TaK IMOCTOSHHO TPAaHCPOPMUPYIOTCS IPYT B APYyra, YTO KAKOE-TO



BpEMs ITaHHOE B CpeIHEM cepuuecKkoe A.12.15-BaKyyMHOE 00pa30BaHWE HAXOIHUTCS B COCTOSIHUH «aTOMa», a B IPYTOH Mpo-
MEXYTOK BPEMEHH OHO CYIIECTBYET B BUAIEC «AHTH-aTOMa». DTO KacaeTcs BCEX HCCIIELYyEMBIX JIOKATBHBIX M TTI00ANBHBIX Am n-
BaKyyMHBIX 0Opa3oBaHuil. TakuM 00pa3oM, Kak yXKe BBIIIE OTMEYANIOCh, B IIPEUIAraeMoil THIIOTE3€ OTCYTCTBYET MpodiaeMa
6aproHHOI acuMMeTpuu Beenennoii. OHaKo MPUCYTCTBYET IPYToil He MeHee CIOXKHEIHN Bompoc: - [louemy «BemecTBo» 1
«aHTH-BEIECTBO» B CPEIHEM KOMIICHCUPYIOT NPOSBICHUS APYT Apyra (T.e. B CPeTHEM OTCYTCTBYIOT), HO BMECTE C TE€M CY-
IECTBYIOT?

MOHO COCTaBUTh MHOKECTBO KOMOHHAIMHA CUTHATYP, Moa00HbIX (109) 1 (110), 4T0 OTpakacT BO3MOXKHOCTH «IIBETHOI
KOMOMHATOPUKH BHYTPUsLIEpHBIX MeTaMopdo3. Ho Tormonornueckas KOHQUTyparust JaHHOTO «y3JIa» BCET/1a OCTACTCSI TIPEK-
HEl: TpH U-«KBapKa», Tpu J-«KBapKa», OJIMH i-«KBapK» U OAUH E-«KBapk». [103TOMY yciaoBuMcs 0003HAYaTh TaKO# TOMOJIO-
THYECKHUH "y3em' CIeayommmM o0pa3om:

217 = 3u3die, (111)

YYUTBIBAs TOMOJOTHYECKHE CBOWCTBA METPHK C COOTBETCTBYIOIIMMH CHTHaTypaMu (cMoTpuTe §4 B [2]), oOHapykuBaeM, 4To
JTAaHHBIHA "y3en" COCTOUT U3 3-X MepemsieTeHHBIX "TOPOoB", 4-X OBAIBHBIX MOBEPXHOCTEH U OHON ""TOUKH'".

4.6 MeTpmco-)mHaanecmle MOJC/IN «KaATOMOB»

B mpeapinynux myHKTax U3 «KBapKOB» U «aHTHKBAPKOB» (CMOTpHTE Tabi. 1) MosrydyeHsl METPUKO-TUHAMUYECKHE MOJCITH
«QNIEKTPOHAY, KIIO3UTPOHAY», CIIPOTOHAY, «aTOMa» BOAOPOJA U «aToOMay JAeHTepus. AHAJOTMYHBIM 00pa3oM U3 «KBApKOB» U
«aHTHKBapKOB» MOTYT ObITh "'CKOHCTpyHpoBaHbl" ("'CIUIETeHBI"") BCE U3BECTHBIC XMMUYECKHE 31eMeHThI Tabmuis! JI.11. MeH-
neneesa. [Ipu 3ToM ycpeaHeHHBIE pa3Mephl SAEp «aTOMOBY [, TOJDKHBI 3aBUCETh OT KOJIMYECTBA KBapKoB A, 00pa3yromux
JTAaHHBIC «TOTIOJIOTHIECKHUE y3JIbD»

r, = V5 A%rg = V5 41310 cm. (112)

Hanpumep, HuXe MpeCTaBACHA OlHA M3 MHOYKECTBA BO3MOXKHBIX TOMOJOTHUYSCKUX (Y370BBIX) KOHMUTYPAITHA «aToMay
4
renus “He

+ + —4)

E* -+ +; P2 -«IPOTOH» (113)

— o+ o+

(—+-)

(+ ——+4) 3 -«aHTHIPOTOH»

(+ —+9)

(- +++) «ITO3UTPOH

-

+ +- 4

(+ ++ ) N20-«HeHTpOH»

-+

(+ + ++)

(+ - +-) Ng%-«HEHTPOH»

-+ )

- -4

(+ _ _) «OJICKTPOH»
“He(© 0 0 0) «aTOM» TeJust



Kak yxe oTMeuanocs aToMHO# Anredpe CUrHaTyp (B YaCTHOCTH, OJJTHOMY U3 €€ Pa3/iesioB: "BaKyyMHOH y3J70BOi#t Tomosoruu")

HEOOXOAMMO TTOCBSITUTH OTAEIbHOE OOLIMPHOE UCCIIE0BAaHNE, HO YKe celiuac MOXKHO chopMyIMpOBaTh HEKOTOPHIE 3aKOHBI

9TOT0 HAIPaBJICHUS UCCIIEIOBaHUI:

1) Pacimpennoe npasuio [laymi: oJiHAKOBBIX KOHPUTYpaMi «KBApPKOB» M «aHTHKBAPKOB» B «aTOMeE» HE ObIBAET;

2) «IIpOTOHBI» U «aHTUIIPOTOHBD», a TAKXKE MPOTUBOION0KHbIE «HEHTPOHBDY NPUCYTCTBYIOT B «aTOME» B OTJIMYHBIX
CUTHATYPHBIX (MJIM I[BETHBIX, WK TOMOJIOTHYECKHUX) KOH(UTYpaLsIX;

3) «DneKTPOHBI» U «IIO3UTPOHBI» B «aTOME» HE aHHUTWIINPYIOT, T.K. OHU PA3MBITHI CPEH CIOKHEHIIUX BBIITYKIO-BOIHY THIX
KOH(UTypanuii ¥ He MOTYT OBITh BBIJCIICHBI B OTACIbHBIC BaKyyMHBIE 00pa30BaHMsA, CIIOCOOHBIE OTHOCTHIO CKOMIICH-
CHpOBaTh MPOSIBICHUS APYT IpyTa.

4.7 MeTanO-unHaanecmle MOJ€/IA «ME€30HOB» H <<6apI/IOHOB»
B KBaHTOBO# XpOMOJMHAMUKE ME30HBI COCTABIIAIOTCS U3 KBapKa M aHTUKBApPKa, M ONpPEACISIOTCS GopMyion
1

— =gt = o= pt = -4t -+ -4+
M=q"q"=4qa49a = 5 ¢ + 49 + ;) (114)
r1e (o — IBETHOH TPHUIUIET KBapKa (& =T, 3, K); Qo — IBETHOI TPUILIET aHTUKBapKa.
Bapuons! cocTosAT U3 3-X KBapKOB, U 330af0TCs GOPMYIOit

_ 1
B = 7qaqpqyEapy: (115)
TAC &upy — MNOJHOCTBIO aHTPICPIMMeTpPI‘IHbeI TCH30p.

[TpakTHYeCcKn TOYHO TaK e COCTABIISIOTCS «ME30HBD» U «OapHOHBD) B paMKax AJreOpsl cUrHaTyp. PaccMOTpUM KOHKPETHBIH
IIPUMEP: TPU Pa3HOBUIHOCTH 77 -ME30HOB B TEOPHH CHJIBHBIX B3aMMOIEHCTBUI MMEIOT CIIEAYIOIIYIO KBAPKOBYIO CTPYKTYPY:

nt=ud", n’= %(u‘qu —dtd™), n- =utd". (116)
B AnreGpe curnaryp, Hanpumep, Me30oH 77° = U~ d * mpecTaBisieTcs B BUJE PAHXHUPOB (T.€. TOMOJOTHYECKUX Y3JI0B):
(117)
dF (++ +-) d;t (+ +-— 4) dr(+- + +)
U (= + =) U (= =+ 4) Uc (=+ + )
m(02+00)+ (0 002+4). (0 02+0)

e K&K/IOW CUTHATYPE COOTBETCTBYET COBOKYIHOCTH 10-n MeTpuk Tuma (71).
Taxwue BBIITyKJIO-BOTHYTbIE BaKyyMHBIE 00pa30BaHUs HE MOTYT ObITh cTaOMIEHBIMA. OHU MOTYT CJIOKHTHCS B IAHHYTO TOIIO-
JIOTHYECKYI0 KOH(QUTYPAIHIO, HO MTHOBEHHO MEPECTPANBAIOTCS B IPYTOil BU TOIIOJIOTHIECKOTO (Y37I0BOTO) MEPEIUIeTeHUS

WK B CPETHEM Pa3rIaXKUBarOTCA.

B cBoo ouepenp KBapKoBasi KOHCTPYKLMS HEUTPAJIBHOIO 77 -ME30Ha
0 _ Y -+ _ g+ g-
s —ﬁ(u u dtd™) (118)

MOXKET UMETh CICAYIONINC PAHKHUPHBIC (TOHOJ’IOFI/I"ICCKI/IG) aHaJIoT'u:



(119)

U (+——+) us"(+—+-) Ut (++--)
Us (— +— +)+ Ur (— -+ +)+ U~ (— ++ —)+
B dF (+++-) B dt (++—+) _dr+(+_++)
d37 (——+—)+ d; (—+——l+ d;f (———+!+
m°(0000) 7° (0000) 7°(000 0)

Tax ke B paMkax ANreOpBl CUTHATYP MOTYT OBITh CKOHCTPYHPOBAHBI (WIH "CILICTEHBI'') BCe U3BECTHBIE ME30HEBI H OapHOHEBI
CraHmapTHOM MOJEINH.

Konctpykunu Anredps! curHatyp (AC) oTnn4aroTes oT KOHCTpYKIwi CTaHIapTHOW MOIEIH AIIEMEHTAPHBIX YaCTHI TOIBKO
HaJIMYUEeM JOTOIHUTENBHBIX 5 -«KBapKa» H is -«aHTHKBapKa», a TaKKe TeM, YTO OOJBIINHCTBO MCCIEIYSeMbIX MHOTOCIION-
HBIX CEPHICCKHX A.12,-15-BAKYYMHBIX 00pa30BaHUH COCTOST U3 MEPEIUICTEHHS Xi' -«KBApKOB» U Xi -«aHTHKBApPKOBY, YTO M03-
BOJISIET HAMETUTD IIYTH PELICHHs IPoOJIeMbl OapHOHHOW acuMMeTpun BeeneHHOM.

4.8 Moaenn «6030HOB» B AJireGpe CHTHATYP

B 00r1ieit TeOpHH OTHOCHUTEIFHOCTH Ci1abble BO3MYIICHHS TPOCTPAHCTBEHHO-BPEMEHHOTO KOHTHHYYMa (BaKyyMa) OIHChIBA-
I0TCS METPUKOU

ds.2 = g™ dxidxi, (120)

rae i =it + hit; (121)

= )
ij h(x+) —hE:')

— CHMMETPHUYHBII TEH30p BTOPOTO PaHra, KOTOPBIH paccMaTpuBaeTCsl KaK TEH30pHOE IoJie Ha (hOHE IIIOCKOTOo 4-MEpHOTO
METPUYECKOr0 MPOCTPaHCTBa MHUHKOBCKOTO C CHTHATYypoO#l (+ — — —), IpH 9TOM BCE ONEpaldy NOJHUMAHUS U OIYCKaHUs
TEH30PHBIX MHIIEKCOB OCYIIECTBISIOTCS C MOMOIILI0 HEBO3MYIIIEHHOTO METPHYECKOT0 Ten3opa 7iiH).

1 0 0 0
@ _[0 -1 0 o0
T =lo 0o -1 o (122)
0o 0 0 -1
— METPUYECKHI TEH30p NpocTpaHcTBA MUHKOBCKOTO € CUTHATYpOH (+ ———).

B aToM ciydae, kak nokasaHo B [6, 7], mepsoe BakyymHOe ypaBHeHue DifHimTeiina R;; = 0 cBOAMTCS K BOJTHOBOMY ypaBHe-
HUIO JUTS MaNlbIX Bo3Mmyuenuit hi*):

Ry~ (V=22 =o. (123)

c2 9t2 ij
B Anre6pe CUTHaTyp [1, 2, 3, 4, 5] JOMyCTUMO KaK MUHUMYM JIBYXCTOPOHHEE PAaCCMOTPECHHUE. To ecTb, HOMUMO BO3MYUIICHUSA
BHEIITHEH CTOPOHBI BaKyyMa, T.€. IPOCTPAHCTBA MUHKOBCKOTO ¢ CHrHaTypOﬁ (+ - —), HeO6XOL[I/IMO Y4YHUTBIBATh U BO3MYIIIE-
HHUE BHyTpeHHeI‘?I CTOPOHBI BaKyyMa, T.€. aHTU-IPOCTPAHCTBa MMUHKOBCKOTO C CI/IFHaTypof/i (— + + +) u MeTpPIKoP’I

dsg(—)z = gij(_) dxidxj’ (124)

e gy = 7O + hi©; (125)



(126)

-1
NN (S NG
i =\,0 o) M 0

x + 0

oS O - o
O = OO
=]

B ciy4ae Bo3MyIIeHHH IByXCTOPOHHETO A-12-15-BaKyyMa, ypaBHeHHe R;; = 0 CBOAMTCS K BOJHOBOMY yPaBHEHHIO BHJIA

Ry ~ (v-li

c2 9t2

) (n + i) =o0. (127)

I'eoMeTpU3UPOBAHHOW TEOPHH BO3MYILECHHUI A.12_15-BaKyyMa ¢ MO3ULui AnreOpsl curHatyp [1, 2, 3, 4, 5] Heobxoxumo mo-
CBSITUTH OTJIEJIHOE HCCIIeIoBaHKNEe. B 3TOl cTaThe OTMETHUM TOJIBKO, YTO BaKyyM ITPU MaJIbIX BO3MYILECHHUSIX BeET ceOs Kak
yImpyras cpenia, B KOTOPOH MOTYT paclpoCTPaHsAThCs BOJIHBL. B 3TOM maparpade npuBeseM OCHOBHBIE MaTEMaTHYECKHE MO-
Jieny AJreOpbl CUTHATYD 7Sl JAHHBIX BOJHOBBIX BO3MYIICHHH.

Omnupasich Ha CIIEKTPaIbHO-CTUTHATYPHBINA ananu3 (cMoTtpute §6 B [1]), BBeZeM mpeacTaBieHus O BETHBIX (pOTOHAX.

Tabmuma 2

LBeTtHOl PpoTOH Crurnarypa I[BeTHOIT aHTH)OTOH Crurnatypa

w=exp{Gi27[Amn (ct+x+y+2)} | {+ + + +} | W=exp{(; 27 /Ay (—ct —x—y—2)} | {+ + + +}

e=exp {27/ Ayp (ct—x—y—2)} |{+ - -} |e=exp{G27/Apu(ct+x+y+2)} -+++}

<
I

exp{(327 [ Ampn (ct —x—y+2)} | {+ ——+} | T=exp{{327/Ann(—ct+x+y—2)} | {-++-}

g=exp {27/ dmn (ct —x+y—2)} |[{+ -+ -3 | g=exp{l27/Apn (—ct+x—y+2)} |{-+ - +}

b=exp{{s27/imn(ct+x—y—2)} |+ -3 | b=exp{(s27/Apn(—ct—x+y+2)} |1 -+ +}
0=exp{(e27/Amn(ct—x+y+2)} [{+ - ++} |o=exp{{s27/Apn(—ct+x—y—2)} |{-+ -~}
h=exp{(;2n/Apn(ct +x+y—2)} |{t ++ -} | h=exp{(;27/dpn(—ct+x—-y—2)} | { - - +}

z=exp ({27 [Amn (ct +x—y+2)} |1+ + -+t | Z=exp{G27/imp(—ct—x+y—2)} |- -+ -}

rae Ampn = A — JAJMHA BOJHBI FADMOHUYECKHX BAKYyMHBIX BO3MYIIEHHUH.
00BEKTHI {m yIOBIETBOPSIIOT aHTHUKOMMYTATHBHBIM COOTHOIIEHUM anreOpsl Kimuddopna
{mék+ &kém=0 npu m=Kk, {nén=1, HJIA Cmk + Cklm = 20km, (128)

rie okm— cuMBoa Kponekepa (dkm= 0 mpu M # K 1 o= 1 ipu m = K). OjiHa U3 BO3MOXHOCTEM OnpeeeHust 00bEKTOB {m U
cumBoia Kporekepa dkm mpencTaBiIeHa HIDKE:
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]

1 0 00 0 0 0O
01 00 O0O0O0O
001 0 O0O0O0O
0001 0O0O0O
0000 1 0 0O
000 0 O01O0DO0
000 0 O0O0OT1TFP0
000 0 O0O0O0OT1

, KaK HaCTHbIU ClIy4au PCHICHUA BOJHOBLIX YPAaBHCHU

Om =

a) «@oTOH» M «<AHTH(OTOH»

it (127), onuceiBaeTcst KOM-

I'apmoHnueckoe BO3MyIlleHHE BaKyyMma

IUIEKCHOM YKCIIOHEHTOM

(130)

exp{i(wt—k-r}

cos{ (27 Ay )(ctX—y-2)} + i Sin{(271 Ay, (ctx—y-2)} = exp{i A 0)(ct—Xx—y-2)}

YCJIOBHO Ha30BeM €-«(HOTOHOM» CO CTUTHATYpOl {+ — — —} (cMoTpuTe Tabi. 2), (HAIOMHHUM, YTO MMOHSITHE CTHTHATYPA BBE-

nero B §4 B [1]).

TOFH& CIIUPAJICBUAHOC TAPMOHHNYCCKOC BO3MYIICHHUEC, PACIIPOCTPAHAIOMICEC B [IPOTHUBOIIOJIOKHYIO CTOPOHY,



COS{ (27 Ay ) (—ct+x+y+2)}+ i Sin{(270 A ) (—ct+x+y+2)} = exp {i (274 Ay 1) (—ct+x+y+2)}= exp H{i(wt—k-1r)} (131)
Ha30BEM €-«aHTH(POTOHOM» CO CTHTHATYPO {— + + +}.

Y pOBHIO 3JIEMEHTAPHBIX YACTHI COOTBETCTBYET JJIMHA BOJHBI TAPMOHNYECKHX A.12,-15-BAKYyYMHBIX BO3MYIIICHHH B THaNa30HE
ﬂvm,n = 1.12,.15 = 10712 — 10715 CM.

b) W*-«6030HB»

B pamxax pa3BuBaeMoii reoMeTpU3NpPOBAaHHOHN (DM3UKH BaKyyMa, OCHOBaHHON Ha AnreOpe CUTHATYp, TPHU IBETHBIX COCTOS-

Hust W*-«6030Ha» 3aJa0TCS CIACAYIOMIME BRIPAXECHISIMI U COOTBETCTBYIOIIMMH MM PAaHKHPAaMHU, KOTOPBIE OMPEACISIOT
Goiee CIOXKHBINA BAPHAHT BOJTHOBOTO BO3MYILECHHUS A.12,-15-BaKyyMa, COCTOSIIETO M3 TPEX IBETHBIX «(POTOHOB» U «aHTU(OTO-

HOB» (31€Ch Ay = A4)

(132)
exp {i27/A (—ct—x -y +2)}x -+
x exp {j271A( ct—x+y—12)}x {+-+-}
x exp {k27/A( ct+x-y—-2)} {++--3
{t---h
exp {i27/A (~ct—Xx+y—12)}x -+-}
xexp {J2xIA( ct+Xx—-y—2)}x {++--}
xexp {k2zlA( ct—x-y +2)} {+ - - +}
{t---Hh
exp {i27/A (—ct+X—y—12)}x +--
xexp {j2mIA( ct—X—y+12)}x {+--+}
xexp {k2z/A( ct—x+y—-2)} {+-—+-}
{r---k
Tpu uBerHsix cocrosuust W -«6030Ha»:
(133)
exp {i2n/A( ct+x+y-2)}x {++ + -}
xexp {2mIA(—ct+x—y+2)}x {-+ - +}
xexp {k2mIA(-ct—x+y+2)} {=—++}
{-++ +}
exp {i27/A( ct+x-y+2)}x {+ + - +}
xexp {j2nld(—ct—x+y+2)Ix {=—+ +}
xexp {k2z/A(-ct+x+y-2)} £+ +-}
{-+ + +}
exp {i27/A( ct—x+y+2)}x {+ - + +}
xexp {j2zlA(—ct+x+y—-2)}x {-++ -}
xexp {k2z/A (~ct+Xx-y+2)} {-+-+}
{- + + +}+,
rae i, j, K —MHIMBIe eTHHHUIIBI, KOTOPBIE 00Pa3y0T aHTHKOMMYTATHBHYIO anrebpy:
i2=j2=k?=ijk=-1 u ij+ji=0, (134)

9TO YACTHBIA BapHaHT 00BEKTOB (m (128) — (129).



¢) Z%-«B030Hb1»

IlecTh HBETHBIX COCTOSIHUI ZO-<<603OHa» 3aJar0TCA CIACAYIOIUMU BBIPAKCHUAMU U COOTBCTCTBYIOIMMU UM paHXKXHUPaAMU,
COCTOAIIUMHU U3 4-x IIBCTHBIX «(1)OTOHOB>> n «aHTI/I(l)OTOHOB»

(135)
exp { 2wIA(—ct—x—y—2)}x ~---3
xexp {i27/A( ct—x+y+2)}x {+ -+ +}
x exp {j 27/ (—ct+ X +y —2)}x ++-}
x exp {k27IA( ct+x—y+2)} {++ - +}
{0 0 0 0}«
exp { 2x/A (—ct—x—-y—2)}x {~---}
xexp {i27IA( ct+xX—y+2)}x {++-+}
xexp {j2mIA( ct+X+y—2)}x {+++-}
xexp {k2z/A (—ct—x+y+2)} =-—++}
{000 0}
exp { 274 (—ct—x—y—2)}x ---
xexp {i27/A( ct—x+y+2)}x {+-++}
x exp {j 2714 (—ct +X—y + 2)}x +-+}
xexp (k27/A( ct+x+y—12)} i+ + -}
{0 0 0 0}«
exp { 27IA( ct+X+y+17)}x {++ + +}
xexp {i27/A (—ct +X—y—2)}x -+- -}
xexp {j2mIA( ct—x—y +2)}x {+--+}
x exp {k2z/A (—ct—x+y—-2)} ==+ -}
{000 0}
exp { 2mIA( ct+X+y+1)}x {+ + + +}
x exp {i27/A (- ct—x+y—2)}x {-+-}
xexp {j27lA(—ct—X -y + 2)}x {--+}
xexp {k2z/A( ct+x-y-2)} {++- -}
{0 0 0 0}«
exp { 2mIA( ct+X+y+2)}x {+ ++ +}
xexp {i27IA(—ct+Xx—y—2)}x +- -3
xexp {j27/A( ct—x+y—12)}x {+-+ -}
xexp {k2z/A (—ct—x-y +2)} {~-- +}
{000 0}
d) «aoHb»
B KBaHTOBO# XpOMOJMHAMHUKE HACUMTHIBAETCS § THITOB TIFOOHOB:
- [IBETHBIE TIIFOOHBI:
g1 = @b +bA/N2, gy =~i(rb—bP)/VZ, (136)

g3 =g+ g2, gi=-i(rg—gN/2,
gs = (bg +gb)/N2,  ge=—i(bg— gb)/V2;



- OeCIBETHBIE TIIFOOHBI.

g, = (rf +bb)/\2Z, gg= (rF +bb —2gg)/V2. (137)
B AnreGpe cTurHatyp uMeercs 6 CTHTHATYP, Y KOTOPBIX IO 1Ba OAWHAKOBBIX 3Haka (cmotpute (34) B §5.10 B [1])
e AU [CE

++ -+ e+ - 4

[TosToMy 13 Tabi. 2 MOXKHO BBIIEIUTH 3 IBETHHIX «(OTOHA» U 3 IBETHBIX «aHTH(OTOHA» (IIBETa KOTOPBIX COOTBETCTBYIOT
nBeTaM U*-«KBapKOB» M U -«aHTHKBApPKOBY», CMOTpuUTe Tadi. 1)

Tabmuia 3

L{BeTHOU doTOH Crursatypa [[BeTHOU aHTH()OTOH CrurHatypa

r=exp{i2z/A(ct—x—y+2)} {+--+} r=exp{i2z/A(—ct+x+y—2)} {++-}

g=exp{j2r/l(ct—x+y—2)} {+ -+ -} g=exp{j2r/Ai(—ct+x—y+2)} {- + - +}

b=exp{k2z/A(ct+x—y—2)} |{++ -} b=exp{k2r/i(—ct—x+y+2)} {-++}

W3 naHHBIX BETHBIX «(OTOHOBY» U «aHTH(HOTOHOB)» MOKHO COCTABUTH § IIIOOHOB 10 npaBmiaMm (136) u (137) ¢ ucmons3o-
BaHMEM MeToI0B AnreOpsl curnatyp [1, 2, 3, 4, 5].

Hampumep,

7 = L 2T 27, 27, 2T
g = rb\/-l-ibr _ (617(Ct—x—y+z)>< ek 7(— ct—x+y+z) + ek 7(ct+x—y—z)>< 617(— ct—x+y—z)) /\/i ) (138)
gy = Tg\;%gf — (ei%ﬂ(ct—x—y+z)>< ej%”(— ct+x—y+z) + ej%”(ct—xﬂ/—z)>< ei%ﬂ(— ct+x+y—z)) /\/E,

bg+gb 27 —y— i 27— - i 2 ct—x+y— 2% ot
gs = g\/zg _ (eki(CHx V=2 o) T(cttx=y+2) | jT(ct-x+y=2) kG (=ct x+y+z))/\/§.

9TO BOJIHOBEIC BO3MYIICHUA, KOTOPBIC HOCAT TOpOI/I,HaJ'IBHHﬁ XapakTep.

e) «Jlangmadron»

B reomerpusupoBaHHON (U3NKE BaKyyMa, OCHOBAHHOW Ha ANreOpe CUTHATYp, IPUCYTCTBYET eIlle OWH «0030H», KOTOPBIHA
MBI Ha3BaJIn ((J'[aH)IIHa(I)TOH»:



(139)

exp {G27lA( ct+x+y+2)} {+ + + +}
xexp {G2xIA( ct—x—y +2)}x {-- -+
x exp {Ga2x/A (—ct —x+y—2)}x {+ - - +}
x exp {5 2mIA( ct +X—y—2)}x -+-}
x exp{Ce2mIA (—ct+Xx—y—2)}x {++ - -}
xexp {G 27wIA( ct—x+y—2)}x -+ -
X exp s 2717 (= ct+ X +y +2)}x o
xexp {1 27x/A (—ct—X—y—2)}x E: o 7}}
x exp{(27IA( ct+x+y—2)}x 4+ + -3
x exp{2x /Al (—ct+x+y—2)}x - ++-}
xexp{la27zIA( ct+x—y+2)}x {+ + — +}
x exp (s 27/A (—ct—x+y+2)}x {~ - + +}
x exp{Ce 27wIA( ct—x+y+2)}x {+ - + +}
xexp {7274 (—ct+x—y +2)}x {~ + - +}
xexp {G2nIA( ct—x-y—-2)} {+ - - 3}

{0 0 0 0}«

He uckitoueHo, 4To qaHHbIN «iaH mapToH» 001aaaeT CBOUCTBAMH «TPaBUTOHA» WM «0030Ha XHUITCay.
4.9 T'eoMeTPU3HPOBAHHBIE MOIEIN KMIOOHOBY», T-«JI1eNTOHOBY», C'S" b* t*-«kBapkoB» u ¢,57,b™ t-«anTHKBApKOB»

PaccmoTpum spo «anektpoHa» (cMoTpute puc. 2 uian puc. 4). C oaHOM CTOPOHBI, BHYTPEHHE SAPBIIIKO «3JIEKTPOHA SBIIS-
€TCsl, Pe3yNIbTaTOM CHIIBHOTO HCKPHBICHHS A.18.24-BaKyyMa, T.C. 9TO €r0 JIOKalbHas BBIMYKIOCTH (cMotpute § 4 B [5]).
C ipyroii CTOPOHBI, BHYTPEHHEE SIPBILIKO MOYKHO Pa3MaThIBATh KaK YacTHILy ¢ paauycoM Iz~ 10724 cm, koTopas XaoTHaecku
OJIy>KaeT B OKPECTHOCTH YCIOBHOTO LIEHTPA A/pa «3JIEKTPOHA) M3-3a MHOXKECTBA CIIy4aiHbIX CHJIOBBIX BO3JIEHCTBUI CO CTO-
POHBI (pIYKTYUpYIOILIEH YyNpYro-racTu4eckor cpeipl (T.e. OypIIsllero, ClOXHO HUCKPUBIEHHOTO A.13.00-BaKyyma) U CHII
YIPYTOCTH, CTPEMSIINXCS BEPHYTH SIIPHIIIKO B YCIOBHBIN EeHTp (puc. 4).

Yactiua

Puc. 4. YponieHHOE TIPe/ICTABIIEHHE O SPBIIIKE KaK O TBEP/ON wacTHIle ¢ paquycom I7 ~ 1024 cM, KoTopas XaoTHUeCKH OITyKIaeT B
OKPECTHOCTH I[EHTpa spa IEMEHTapHOH YacTUIIBI (B YACTHOCTH, «3JIEKTPOHA») M3-3a CIyYaifHBIX CHJIOBBIX BO3JEHCTBUI CO CTOPOHBI
(GIIyKTYnpyIOmeH ynpyro-acTHIecKoi Cpesibl U CHII YIPYTOCTH, CTPEMSIINXCS BEPHYTH SAPHIIIKO B YCIOBHEIN IIEHTP pacCMaTpHBASMOH
CTOXaCTHYECKOH CHCTEMBL.



CroxacThyeckasi CHCTEMa, MOKa3aHHas Ha puc. 4, MOAPOOHO paccMoTpeHa B crathe aBTopa [8]. IloBTOpUM HEKOTOpHIE OC-
HOBHbBIE aCIIEKThI JAHHOW CTAaThH.

IMonHas MeXaHUYECKas SHEPIHsA SAPBIIIKA B TOYKE C KOOPANHATAMH X,Y,Z 1 B MOMEHT BpeMeHH t paBHa
E(Xy,zt) =T (v,xy,zt) + U (Xy,z1), (140)
rae T(V,X,Y,Z,t) — KuHeTHYeCKast SHEPT U AAPHIIIKA;

U(x,y,z,t) — moTeHIManbHast SHEPTHsl SAPBIIIKA, CBSI3aHHAS! C YIPYTOCTHIO OKPYKAOIICH €€ CPelIbl, CTPEMSIIIMHUCS B
CpPENHEM BEPHYTh AAHHYIO YacTHIy B YCJIOBHBIA LIEHTP paccMaTpUBAEMOM pacHpelesIEHHOW CTOXACTUYECKOM CHCTEMBI

(puc. 4).

Bce tpu anepruum sapeimka: E(X,Y,z,t), T(v,X,y,z,t) u U(X,y,z,t) SBIS0TCS ClydaiHBIMU BETHYHMHAMH, HO TAKAMH, YTO B KaXIOH
TOYKE PacCMaTPUBAEMOi 00JIACTH IPOCTPAHCTBA BHIIOIHACTCS YCPEIHEHHOE PABCHCTBO

<E(XY,zt)> =<T (v,x,y,z,t) >+ <U (x,y,z,t) >, wmm <T (v,x,y,2,t) >+ <U (x,y,z,t) > - <E(x,y,2,t)> =0, (141)
[pounrerpupyem ypaBHerue (141) mo BpemeHH

LS (00 Py P %, y,2,6) > +< U, ,2,8) > =< E(x,y,2,6) >]dt = 0, (142)

u 6y,I[CM Ha3bIBATb 3TO BBIPAKCHUC JIOKAJIBHO ycpCHHCHHOﬁ C6aJ'IaHCI/IpOBaHHOCTBIO CTOXaCTHYECKOM CHCTEMEL.

BrimonHnM rinobanpHOE yepeaHEeHHe JIOKaTbHO YCpeTHeHHOH cOanancupoBaHHOCTH (142) o Beeit o0macTu, B KOTOPOH Xao-
TUYECKH 0Ny ) aaet saphiiiko (puc. 4) [8]

<S§,>= fttlz(T(px, Dy D2 %Y, Z, t) >+<U(x,y,zt) >—-<E(x,y,zt) >)dt. (143)

Korza Bce ycpeHEeHHbIE XapaKTEPUCTUKH OJIy K JAOIIETrO SAPBIIIKA C MACCOM My HE 3aBUCST OT BPEMEHH, TOT/a YCPEIHEH-
HbIi uHTEerpat (143) MoXKeT ObITh BRIPaXKEH Uepe3 aMILTUTY 16! BepositHocTH YP(x, Yy, z) [8]

o0 o0 o0 2
w = f_w f_w f_w (—Z—rzl)(x, v, 2)V2(x,y,2) + P2 (x,y,2)[< u(x,y,z) > —< &(x,y,2) >]) dxdydz, (144)
2 2 2
rie V2= ;7 + aa? + 067 — omeparop Jlaraca; u(x,y,z) = %, e(x,y,z) = E(fn—yz), (145)
k k
20‘72<
Mr=—= constant (146)

— TIOCTOSTHHBII MacIITaOHBIN apameTp;

oy of +0f+ 0} (147)

=1
A

— CTaHJAPTHOE OTKJIOHEHHE CIIy4aiHO 3-MepHOH TPAeKTOPUH Xa0THUECKH Oy KJIAFOIIETO S/IPHIIIKA OTHOCUTEIBHO YCIIOB-
HOT'O LIGHTPa PacCMaTPUBaeMON CTOXAaCTHYECKON cHcTeMBI (puc. 4);

1
Trcor = 3 (Txcor + Tycor + Tzcor) (148)

— MHTEPBAJl aBTOKOPPCIALNU JAHHOTO 3-MCpHOFO CTalluOHApPHOI'O cnyqaﬁHoro rnpo1ecca.



Vpasuenue Ditnepa-ITyaccona s skertpemanu Y (x, y, z) dyukimonana (144) okazanocs crannoHapHbM ypaBHeHnueM [ pe-
nunrepa [8]

3¢ (%Y(xyz) | *Ppxyz) | 3*P(xy.z2)
—%{ a;yz a;czyz a;yz } +2[<ulx,yz)>—-<exyz) >Ykyz) =0, (149)
2
roe 1, = TZTZT = \E%, h — penyuuposanHas nocrosuHas Inanka (7 = 1,055x10 3 Ix/Tn). (150)

Ecnu ynipyrue HatspkeHus A.13-20-BaKyyMa, OKpY>Karollero XaoTHYECKU OIy’KIatomiee sAPhIIIKO, B CPEAHEM yBEINYHBa-
FOTCSI IIPOTIOPLIHOHATBHO €r0 YAAICHHIO ' = /X2 + Y2 + Z? OT UeHTpa SApa «IIEKTPOHAY, TO YCPEAHEHHAS TOTCHIUAb-
Hasl SHEePrus sapsika umeeT Buj (cMotpure § 3.6 B [10]), mocesiieHHOMY aHAIOTUYHO# pobieme)

<u(r) >= —%kurz, (151)
rae Ky — koadduireHT yupyroro HaTskeHus 1eOPMUPOBAHHOTO A.13-20-BaKyyMa.

IMoacraBum Beipaxkenue (151) B ypasuenue llpenunrepa-Oitnepa-Ilyaccona (149), B pe3ynbraTe Moxy4YuM U3BECTHOE B
KBAaHTOBOW MEXaHHUKE YPaBHECHHE H30TPOITHOI'0 TPEXMEPHOI'O FAPMOHHYECKOT0 ocIinIsTopa [8]

2 2 ku‘r2
V(. 0,0)+ = [en 5] w(r.6,0) = 0, (152)
rae
VZ
V= r%:_r (rz ;—r) + % — omepatop Jlamiaca B cepruueckux KOOpauHaTax. (153)

PelieHUAMY JaHHOTO ypaBHEHHS, KaK U3BECTHO, SBJIIIOTCS aMILUIUTYAbI BEpOTHOCTH [9]

han0.0)= | B(5) S () e (B (25 w0 0 a5
rae
Lgl“/ 2) (2 Zn—‘/:—:lrz> — 0000111eHHBIE TIOMHOMBI Jlareppa;
1
Yim(6,¢) = (=)™ %}E em®p, (cos )— cheprueckre rapMoHHUECKHE (ByHKINH;
P (cos0) = 2%! (1 —&Hm/2 :;1% + (€% — 1)! — npucoenuuennsie Gynkumu Jexanmpa;
&=cosd;

K — rimaBHOE KBaHTOBOE YUCIIO,
| — Op6I/ITaHLHO€ KBAaHTOBOC YHUCJIO;

m — nepudepuitHoe KBAHTOBOE YHCJIO.

Amrututygam BeposTHOCTH (154) COOTBETCTBYIOT COGCTBEHHBIM 3HAUCHUSIM IOJHOW MEXaHMYIECKOH JHEPreTHYHOCTH
sapbimika [10]

Enkl = nnrlm (Zk +1+ %) = Nnr1y/ Kur (N + 2)' (155)

roe N=2k + .



Ksaapatsl Mogysis aMuTy s BeposaTHOCTH (154) [Wyim (7,6, @) |? — 5To GyHKIMM MIOTHOCTH pacipeaele s BEpOATHOCTH
(OIIPB) BO3MOXKHOTO MECTa HAXOXKICHHS Xa0TUIECKU Oy KIAIOIICTO AAPBIIIKA BHYTPH SApa «IJICKTPOHA» B 3aBUCHMOCTH
OT €ro JUCKPETHOro ypoBHs 3HepreTuyHocTH (155). Jlannsie @IIPB npu ¢ = 0 u pa3snu4HbIX 3HaYEHUSX KBAHTOBBIX YHCEN
K, | 1 m mokasaus! Ha puc. 5.

k=2,1=0,m=0 k=4,1=1,m=1 k=4,1=0,m=0
k=4,1=1,m=0 k=51=2,m=0 k=6,1=2,m=1

Puc. 5. yHKIUHU TIOTHOCTH pactpeencHus BeposTHOCTH (DIIPB) [Ym (7, 6, ) [? Bo3MokHOTO MecTa HaX0XKACHHS Xa0THIECKH
Oy KIAFOIIETO SIAPBIIIKA BHYTPH SAPA «IIEKTPOHA» TPH ¢ = 0 M pa3iudHbIX 3HAYCHMSIX KBaHTOBBIX 4yncen K, | u m. Yem cBetiiee nsiTHO,
TeM GOJIbIIE BEPOATHOCTH MOSBIICHHUS SPBIIIKA B JAHHON 00JIaCTH. PacueThl BBHIMOJIHEHBI C UCIIONB30BaHMEM BhIpaxeHust (154)

W TpeJicTaBlIcHBI Ha BeO-cTpanune: Spherical Harmonic Orbitals.png

U3 puc. 5 BUHO, 4TO KaXKI0OMY HabOpy M3 TpeX KBaHTOBBIX uncen K, | 1 m cooTBeTcTBYeT YHHKANIBHAS ITIOTHOCTB pacipene-
JICHUS] BEPOATHOCTH MECTa HAaXOXJICHHS XaOTHUECKH OJyXIarollero SIPBINIKa, T.€. NPOCTPAHCTBEHHAS KOH(Uryparms
YCPEIHEHHOTO COCTOSHHS pacCMaTPUBAEMOM CTOXaCTHYECKOM cucTeMbl (cMotpute § 3.6 B [10]).

WTtak, MBI MpUXOANM K HEOOXOJMMOCTH YUUTHIBATH, YTO XAaOTHUECKH OIy’KAaroIiee SIPBIIIKO BHYTPH Apa «3JIEKTPOHA)
(puc. 4) MOXeT B CpeIHEM HaXOJUTHCS B Pa3IMYHBIX YCPEIHEHHBIX COCTOSAHUAX (puc. 5).

Teneps MOXXHO BBIIBHHYTH THIIOTE3Y, YTO «3JCKTPOHA» — 3TO TaKoe CTaOMIbHOE chepHuecKkoe BakyyMHOE 00pa3oBaHUe,
BHYTPH Sjpa KOTOPOr'O XaOTHUECKHU OJIYKAAroIIee SAAPBIIIKO HAXOIUTCS B OCHOBHOM (T.€. HEBO30YKICHHOM) COCTOSIHUH C
kBaHTOBBbIMH yrciaaMu K = 0, | =0, m = 0. [Ipu 3TOM «MIOOH» M T-«JIENITOHOBY» — 3TO «IJIEKTPOHY», Y KOTOPOTO Xa0THUYECKH
OJy’kJaroliee sPhIIIKO HaX0AUTCS IIEPBOM U BTOPOM BO30Y)KIEHHOM COCTOSIHMU COOTBETCTBEHHO.

To xe camoe kacaeTcs «IIO3UTPOHA» U BCEX OCTAJIbHBIX «KBAPKOB» U «aHTUKBAPKOB». HaanMep, MOJXXHO MPEANOJIOKUTD,
4qTo C+-«KBapK» n t+'<<KBapK)) — 9TO COOTBETCTBEHHO IIEPBOC U BTOPOC B036y)KZ[€HHBIG COCTOSAHUA U+'<<KBapKa», a S+'((I(BapK))
n b+-«KBapK» — 9TO COOTBETCTBCHHO NIEPBOC U BTOPOC B036y)K,I[CHHLIC COCTOSAHHA d+-<<KBap1<a».

OTtnnune gaHHOM runoTessl oT CTaHJapTHOW MOJIENH JIEMEHTapHBIX YaCTHI] 3aKIII0YAeTCsl B TOM, YTO B Pa3BUBaEMOM 371eCh
TE€OMETPU3UPOBAHHON (PM3UKE BAKYyMa Y «IIIEKTPOHA», KIIO3UTPOHA» M y BCEX OCTAIBHBIX «KBApKOB» (cMoTpHTe Tabm. 1)
BO3MOXHO OECKOHEYHOE KOJIMYECTBO BO30YKIEHHBIX YCPEIHCHHBIX COCTOSIHHIN B 3aBHCHMOCTH OT KBaHTOBBIX umncen K, | um.

4.10 MeTpuKo-THHAMUYECKAsT MOJIe]Ib KHEHTPHHO»

I'maeet 6 1 7 B [11] mocBsIIIeHBI METPHKO- TMHAMUYIECKIM MOJIEISIM JBHKYIIIETOCS «AIICKTPOHA» M «HEHTPUHOY». B 3T0# cTaThe
MBI TOJIBKO TIOBTOPHM OCHOBHBIE BBIBOJIBI, clienanHbie B [11]. [Tpu npsMonnHEeHOM U paBHOMEPHOM JBHKECHUH «3JICKTPOHAY,
HarpuMmep, BJIOJb OCH X CO CKOPOCTBIO V,, €ro BHEUIHss 000JI0YKa M SAPO MPHUXOIST BO BpalleHHE BOKPYT HalpaBIICHUS
IBIKEHHs (pUC. 6a), KOTOPOE ONKCHIBAaeTCs MeTpukamu Keppa


https://upload.wikimedia.org/wikipedia/commons/b/b3/2D_Spherical_Harmonic_Orbitals.png

ds? = (1 - rpﬁ—:) 2de? — LA p?do? — (rz +a?+ n‘;—fzsinz 9) sin? 0 d¢p? + Zr;#sinz 0 decdt, (156)

r2—rer+a?

2y,2
réV,
rne  p?=r’+a’cos’d, a’= ;C; — HapaMeTp >JUIUITHIHOCTH.

Puc. 6. a) Snpo u BHEnIHASA 000T04YKa, ABMKYIIErOCs «3IEKTPOHAY», BPAIIAIOTCSI BOKPYT HAIPABICHHS €TO JBIDKCHUS.
0) «HeiirprHO» — 3TO TOpOUAAILHOE BUXPEBOE BO3MYIIIEHHE BaKyyMa Oe3 sipa B CepeuHe, ABIKYIIEecs CO
CKOPOCTBIO OJIM3KOH K CKOPOCTHU CBETa

Ecnu siapo IBIKyIIErocs «3JIeKTPOHa» CTOIKHETCS, HAPUMED C SAPOM «aTOMa» HIIH SIAPOM JPYTOTO «3JIEKTPOHAY, H PE3KO
OCTaHOBHTCSI, TO C HETO MOKET COPBATHCSI TOPOUAAIBHBIN BUXOPH (pHUC. 66), KOTOPBIH YCKOPSIETCS 10 CKOPOCTH ONM3KOH K
CKOPOCTH CBeTa. B pamMKax reomMeTpn3npoBaHHOHN (DM3UKH BaKyyMa TaKOM BaKyyMHBI BHXOPb HA3bIBACTCS JIEKTPOHHBIM
«HEUTPHUHOY». METPHUKO-IMHAMHYIECKAs] MOJIENb JJEKTPOHHOTO «HEHTPUHO», MpEeACTaBIeHHas B T1aBax 6 u 7 B [11], 3Haun-
TEJILHO CJIOKHEH, OHAKO B 3TOH CTAThe MBI OTPAHIMYMMCS TOJIBKO TAKUM YIPOIIEHHBIM YIIOMHHAHUEM O JaHHOM CTaOMIIBHOM
BaKyyMHOM 00pa3oBaHuM. Bce ocraiibHbIe COpTa «HEHTPHUHO» — 3TO MOJI0OHBIE TOPOUIANIBHBIE BAKyYMHbIE BUXPH, JBHIKY-
IITMECS] CO CKOPOCTBIO CBETA, KOTOPhIE 00pa3yloTCs MPH OBICTPOM MEPEMEIICHUH IPYTHUX 3JIEMEHTAPHBIX YacTHUI], HAalpuMep,
«TIPOTOHOBY, KHEUTPOHOBY» U T.II.

4.11 Pakus «3JIEKTPOHA)

PaccmoTrpum Ge3nHy-TpemuHy (paKkuio) BOKPYT sipa 3JeMEHTapHOH YacTHIBI Ha IPUMEpPE pakuu «3JIeKTpoHa». Pakuu Becex
OCTaJIbHBIX «KBapKOB» M «HYKJIOHOB) yCTPOEHBI aHAJIOTHYHO.

PaccMOTpHUM BHENTHIOK 000JIOUKY «3IIEKTPOHA» (pHC. 2), TouHee 00acTh A-12-15-BaKyyMma BOKPYT ero simpa. VceenoBanne
BBINIOJHAM Ha ocHOBe MeTpuku (51)

2 2
d51(+___)2 — (1 —_ r?s + :_2) Czdtz —_ L —_ T'Z(dgz + Sinz 9 d(,bz), (157)

2
5 1_r_6+r_2
ror

OTJIACHO Mepapxuu paauycos (44a) rs~ 1073 cm Ha jecats nopsakos Goinbie rs ~ 10722 cm. TosTomy BONM3M Sapa «OIIek-
C 44a) rs~ 1073 0 re ~ 101 1T 0

TpoHay (T.e. pu I' > rg ~ 10713 cM) BTOpBIM ciaraeMbiM ~ 12/ 72 B KOMIIOHEHTaX METpHYecKoro Tensopa metpuku (150)
MOYHO MpeHebpeub. B 3ToM ciiydae 3Ty METPUKY MOKHO YIIPOCTHTH

dst 7% = (1 - —) 2de? — 4 12(d9? + sin? 6 d¢p?). (158)

(1-%)

W3 sroi METPUKHM BUJIHO, YTO IpU I' = I'f UMEET MECTO CUHI'YJIAPHOCTb, T.K.

. (159)

Te



TTosy9aetcs, 9To I' = g — 3TO paanyc chepruecKoii Ge3HbI-TPEIIHHbI, KOTOPast OTAEISET BHEIIHIOW 000JI0UKY «3IEKTPOHAE»
ot ero szpa (puc. 2 win 4). Bonee moapo6HO 3Ta 061acTh A-12-15-Bakyyma paccMoTpena B §4 B [5]).

Onnaxo 1pu 6oJiee TOUHOM PacCMOTPEHHUH, corylacHo MeTpuke (150), pamuyc chepuyeckoil 6e3THBI-TPEIUHBI Ty ONpPees-
€TCsI BEIpaXKEHUEM

2
1_r_e+%=0, (160)

Tg
KOTOPOE MO’KHO TIPEICTABUTh B BHJIE KyOHUECKOTO YpaBHEHHS
12 +1éry —1érs = 0. (161)

JlanHOe ypaBHEHHE, KaK M3BECTHO, HMEET TPU KOPHS Tyq, Ty3, Tg3 (KOTOphle ompenenstorcs mo ¢popmyne Tapramba-Kap-
JaHo). ITO 03HAYaeT, 4To chepuueckas Oe3aHa-TPEIInHa, OTACIIOMIAs BHEITHIOW 000J04YKY OT s/Ipa, Pa3iessieTCs Ha TPU
chepuyecKux ciosl.

AHanorndHsIM 00pa3oM HEOOXOIUMO UCCIEeI0BaTh U Tpu ocTaBiuecs MeTpuku (52), (53) u (54), KOTOpbie B COBOKYITHOCTH
¢ MeTpuKoii (52) onpeessfoT METPUKO-THHAMUYIECKYI0 MOJICNIb BHEIIIHEH 000JI0YKH «3IIEKTPOHay». B pe3ysbrare noinydum
eIlle TPU YPaBHEHUS [UIs ONPe/IeNieHHs pajnyca chepruueckoil 6e3IHbI-TPEIIHHBI

2 —1ir, =g =0, 1} —riry+rirg=0, 17 +rér,+1irs=0. (162)

OTO 03HayaeT 4YTo B c(hepuuecKoil Oe3He-TPEIINHE, OKPYXKAIOIMIEH AP0 «3IEKTPOHa», nMeeTcs: 3X4 =12 mepeneTeHHbIX
cheprIeCcKHX CIIOEB.

Ecnu s1po «3neKTpoHa» HaXOAUTCSl HE TOJILKO BHYTPU «OHOJIOTMYECKON KIIETKH», HO M BHYTPHU JIPYTUX chepuyecKux Baky-
YMHBIX 00pa30BaHuii, HAMPUMED, BO «BCeneHHO#» U T.1I., TO B 3TOM cuTyarmu, cornacHo (35) — (38), kyOuueckue ypaBHEHHS
(161) u (162) mpumyT BUA

T 1 1 1 1 T
1-=2 (—2+—2+—2)@2=0 w17+ Ty — e =0, (163)
g ré ri e 1,1 1 1,11
v r3 2 2 13 12
T 1 1 1 1 7
1+—6—(—2+—2+—2)1jgz=0 w15 — T, - 2 =0,
Tg Ty 73 1.1 .1 1,11
TI‘T%'T?, T%IT%ITS
T 1 1 1 1 7
1 —6—(—2+ 5+ 2)1}]2= w1y — 7 - =0,
Tg i T2 T3 1,11 1,11
2 1% r2 r2 13 1%
T 1 1 1 1 T
1+—6+(—2+—2+—2)r;:0 w15+ T, + 2 =0.
Tg HToory T8 1.1 .1 1,11
r2 13 % r2 1% r2

I[Tpu 3T0M 12 BHEIIHHX CJI0EB chepHIECcKOit 63 THBI-TPELINHBL, OKPYKAIOLIKE SIPO «ITEKTPOHAY, OKA3bIBAKOTCS CBS3aHHBIMU
CO BCeMH CHepHIECKUMH 00pa30BaHUAMHE, BHYTPU KOTOPBIX HAXOAUTCS PO «AJIEKTPOHA», B JAaHHOM CJydae ¢ paainycaMu
«BcenenHoi» u Mera-BeeneHHOi». DTO 03HaYaeT, YTO €CIM 3TH OOJIBIINE PAJUYChl CO BPEMEHEM MEHSIIOTCS, TO MEHSIIOTCS
U CBOWCTBA OKPYKEHHsI BOKPYT sipa «3JIeKTpoHay. Ha puc. 7 npeacrapieHa MOMbITKA IPOMLTIOCTPUPOBATH MHOTOCIOHHOE
OKPYIKEHHUE SIIpa «IICKTPOHAY.



Puc. 7. ®pakranbHble MIDTIOCTPALMA MHOTOCIIOHHOTO OKPYKEHHUS SIpa SIeMEHTAapHOH YaCTUIIbL.
Benya Mannens0pot 0OHapyXuiI, 4TO (paKTalibl HEOOBSICHUMBIM 00pa3oM BH3YalIN3UPYIOT
CYTb MHOTHX OTKPBITBIX M CKPBITBIX aCHEKTOB PEalbHOCTH

AHaNOTWYHBIA aHaJIN3 COBOKYITHOCTH MeTpUK (55) — (58), KOTOpBIE ONMPEAEIAIOT METPUKO-TUHAMUIECKOE COCTOSIHUE SIIpa
«QNIEKTPOHAY, ¢ y4eToM BbIpaxkeHHs (35) — (38) mpuBOANT K YeThIpeM KyOHYECKHM ypaBHCHUSIM

2 2
r7+1rg+1r9+110 T T7+1rg+1r9+710 T
1 ZRTRTe 4 10—, 14 ZETRTI 10 o),
Tg 3 Tg L3
(164)
2 2
r7+rg+19+710 Ly 17+1rg+19+710 Ly
1T G o, 14 ZTETRTHOL G =,
Tg s rg s

[TosTOMy cO cTOpOHHI sipa MMeIoTCs enle 3X4=12 BHYTpEeHHHUX CII0EB cheprIecKoit Oe3THBI-TPESIIUHEI.

Takum 00pa3oM, B chepruuecKoil rpaHuIle MEXKIy BHEIIHEH 000JIOUKOM U SIIPOM «IJICKTPOHA» UMeeTcsi 12 BHEmHuX u 12
BHYTpPeHHHUX clioeB. Beero nosy4aercst 24 cepuyeckux ciios, KOTOpble Oynem Ha3biBath paxus (puc. 2, 7 u 8).

R\

a) 0)

Puc. 8. a) Paxus «anexTpoHay — 310 24-cinoiiHas 6e3aHa-TPeIINHa, OKPYKaIoMmas AP0 3TOH IIeMEHTapHON YaCTHIIH;
0) ®paxranpHas WIUTIOCTPANUs BHENTHUX W BHYTPEHHUX CIIOCB paKuu «IIEKTPOHAY.



B paccmaTtpuBaemoit mepapXxudeckoil KOCMOJIOTHYECKOW MOJENH, aHAJOTHYHBIE pakuu OKPYXKaoT SApa BCEX CTaOMIBHBIX
cepruecKuX BAKYYMHBIX 00pa30BaHUI: «[IO3UTPOHOBY, KIIPOTOHOBY, KHEHTPOHOBY, «aTOMOBY, (IJTAHET», KTATAKTHK» U T.1.

Hownsmue 77 (pakus) ezamo uz TOPDI, Bpeviwum, 1: 6 -13 (wiu bubauu, boimue 1: 6 -13), 20e Onucwvisaemcs Cozdanue
chepuueckux c80006 cpedu BEPXHUX U HUICHUX 800 8 meuenue 6mopoco us Teopenust.

«M Crxazan WIOR (QJOXHUM — B-I'): “Ida 6y- : . = !
aer ¥ (paxus) nocpenn 2207 (a-maum - 7(5)-600) u U’g r;: ‘7’13; ’J'.-‘ ,1- D,E :J .m:‘? y-’Pﬂ-r ’l.‘? U’ﬂ‘?g 19“: 1

OyJer oHAa pa3gesioM Mexay 0°% (MauM - godamu) W HWN ‘Dyﬁn 793 ‘7-:'::1 i}yﬁjn-n& 69;1"7& M 3U’7J‘7
o (Jio-maum - npomuso-éooamu)”. U Cozaan B-T R eeSt Ner e g T e w SR
9777 (5-pakumw) u Otaeann 5-soan mox ¥°p1° (? - pa- &"1'??1 :T;'?:m. Q,P.‘l’ ‘7}_}}: 1{08 U”;T_‘ P;q rpj'j mm
Kueii o1 5-Boa Hajx ¥’p2 (b - pakueii), W cTaN0 TaK. WREE A TR 4 o ’ i

Hassaa B-T" 5777 (>-paxiuio) 550 (neBow) 1 obit Be- P O I ST O ey o

yep, u 0b110 yTpO — lens Bropoii. U Ckazaa b-T': [la : HI) () ' ,
CTeKyTcs 5-BOABI MO HebecaMu (paxueli) B OTHO Me- ."3§ D’PQ'HN U’Q?ﬂ n@u U’QU “E? D’H.BN ."‘.;Nfl

CTO, M CTAHET 3pUMoii W27 (ilabawa - cyma). U 66110 mi?nLﬂ V"“ ‘nwa,sm,n'sx N%P” TN OB N

tak. 1 Hazpaa B-I' cymy 3emueii, a 7P (MHKBY —

creuenne, Bogoem) 271 (77 (5)-600) Hazsam oon> (°(10- :10..,; U,DB‘S N-‘nﬁ u,gz N:‘,l? U’Q".‘

10)-600amu). 1 Bupen B-T', uto xopoiuo.

Omo Buickazvieanue TOPHI Coobwaem kak NN (3JIOXUM — BC-CWIBHBIN, B-T') Pasoenun 600vr. Hzyuenue u
pacwugposra smozo Bvickaszvleanus no360aum u3eieyub uHpopmayuio Kak 06 paKuu (m.e. MHO20CI0UHOU cghepureckol 060-
JI0uKe A0pa Kopnyckyn), mak u 06o 8ceil Bcenennou, nanonneHHol Kopnyckyiamu (cghepuyeckumu 8aKyyMHbIMU 00pa308a-
HuaMU) paziuuno2o macumada. Kmo mel maxue, ymobvr mpakmosame Texcm TOPBI? Ho mbl modicem Ha ypogre 002a00K
(cunomes) KOHCmMamuposams Hekomopvie cosnadenus. Hanpumep, cemampus (m.e. yugppogoe 3Hauenue) crosa Y271 (a-
pakust) 200+100+10+70+5=385. Eciu pazoerums 385 na 13(naubonviee yucio mecsayes), mo nonyuumes 29,6, umo coom-
sememeyem cpeoHemy Koaudecmey CoiHeunslx cymok ¢ mecsaye. Cnoso 0ni (a-maum) Mbl nHTEpIpeTHpYeM Kak 1(5)-600 u 6
Mempuro-ounamudeckour mooenu eneuwne obonrouxu (51) — (54) u (59) u sopa (55) — (58) u (59) «vnexkrpona» (U Bcex
OCTAJIbHBIX «KBAPKOBY») TI0 IISITh METPHK, KOMOPbIe ONUCHIBAIOM 6aKyYMHble meuenus. Beeco amux 600 2°° (((10)-600). B
svickazvisanuu. «Cozoan b-I' 5-paxuit u Omoenun 5-6000 noo paxueii om 5-600 nao paxueii, u cmano max». TOPA Co-
obwaem o 5+5=10-yposnesom cmpoenuu Mupozoanus. Bozmoosicno, umo umeemcs Ilamo Yposnuei /Jyxosuvix Mupos (Adam
Kaomon, Ayunym, bpus, Eyupa u Acus) u namo ypogueul ada (2eeHom, wiaap a-umuxd, 6op, abadou, uieoin), Ho He UCKTIOUEHO
Ymo 2ma oJice CMPYKmypa nosmopsemcs u 8 Hauem eewjecmeeHHom Mmupe). Iemampus cnosa Y9 (paxus
200+100+10+70=380), a cemampus croea 2°»¥ (wamaum 300+40+10+40=380+10=380 u 10).

4.12 CBoOoaHBIE «ATEKTPOH» H «KIO3UTPOH

OueBH/IHO, YTO B OKPYIKAIONIEM HAC MHUPE CYIIECTBYIOT «3JIEKTPOHBI» M «IO3UTPOHBD ¢ paauycamu saep s~ 1071 cm, ko-
TOpBIE HE HAXOATCS BHYTPH KaKNX-JIMOO MHBIX ChepuIecKnX BaKyyMHBIX 00pa3oBaHMi (HapuMep, «aTOMOBY», «IUIAHETY,
«3BE3/», «TAJAKTHK») KpoMe BeenenHoi ¢ 1, ~ 102 cM. Takue «3JeKTPOHBI» M «IIO3UTPOHBD Oy/1eM Ha3bIBATH CBOOOIHBIMH.

Ha nanHOM 3Tare ucciieIoBaHus OUeHb CIIOMKHO CYJIUTh O Pa3Mepe BHYTPEHHETO SIPBINIKA CBOOOAHBIX «3JEKTPOHAY U «II0-
3UTpoHa» (cMoTpuTe puc 2). M3 coobpakeHUI CHMMETPHH MOYKHO TPEIIONIOKNTD, YTO TIOCKOJIBKY OTHOIICHHE PaIinyCcOB
r2/rg ~ 10% cM, To IIPUMEPHO TaKHUM e JIOJKHO ObITh oTHOLIeHUE Fe/lx ~ 10%? cM. OTkyma cnemyer Ix = o ~ 10 cm —
pamryc, COM3MEPUMBIN ¢ Pa3MEPOM sIpa uHCmanmona (CMOTPUTE HEPAPXHUIO pamuycoB (44a).

Ecnu nmpuaepkuBaThCst 3TOH THIOTE3BI, TO JUIi CBOOOAHBIX «3JICKTPOHAa» M «IO3UTPOHA» BaKkyyMHble ypaBHeHHs (20)
yOpouawTcs

{Rik + gz + gule + Gihio =0,

165
Ry — g2 — Gl — Gixhio = 0. (165)



[Ipu 3TOM METPUKO-THHAMHYECKIE MOJENN CBOOOTHBIX «IJIEKTPOHA» H «IIO3UTPOHA» OcTatoTcs mpexxHumu (50) — (59) u
(60) — (99), TONBKO B 3TH METPHMKH BMECTO I's HyXKHO MOACTABUTE Iz ~ 10%° cMm, a BMeCTO 7 HyHO MojcTaBUTh I1o~ 107 cMm.

4.13 CooTBeTrcTBHE MeXKIY Aaredpoii curnatyp n CTaHAapTHOI MOEIBIO 3J1eMeHTAPHBIX YaCTHI]

I'eometpusupoBaHHas HU3MKa BAKyyMa B paMKax pUMaHOBa NPHOIIKEeHHS (CMOTpUTe Havano Beeaenus B [5]) ¢ ucnons3o-
BaHUEM BceX 16-U BOZMOYKHBIX CUTHATYD

(++++) (+++-) (—++-) (++-4)
(—==H) (++H) (—+H) (+-H
(F-—H) F+—) (F-—2) F-+b
(-—+-) F—+) (—+—-) (--—0)

(166)

M03BOJIMIA CHOPMHUPOBATH MPEICTABICHHUS O 16-1 [IBETHBIX «KBapKax» M «aKTHKBapkax» (cMorpute B Tabi. 1) u 16-u uBet-
HBIX «(OTOHAX» U «aHTU(POTOHAX» (CMOTpHTE §4.6), N3 KOTOPBIX yIaeTCsi CKOMOMHUPOBATh METPUKO-JMHAMUYECKUE MOJIEITN
BCEX N3BECTHBIX JICTITOHOBY, «0apHOHOBY», «<ME30HOBY M «0030HOB» (Kpome 0030Ha XHrTca), BXOAAMUX B coctaB CTaHapT-
HOHN MOJICITH 3JIEMEHTAPHBIX YacTHIl U aHTHIACTHL (pHC. 9)

NenToHsbI KBapku
e ur o u,ct
Vo Vo Wy d,s,b

e

|
FnoHLI

C?Eoson Xurrca

Puc. 9. Dnementsr CTaHAAPTHOM MOZEH 3JIEMEHTAPHBIX YaCTHI]

B npemtaraemoii 31ech HepapXuuecKkoil KOCMOJIOTHYECKOH MOJIETIH OTCYTCTBYET IOHSATHE «Maccay, HOATOMY OTIaaaeT HeoO-
XOANMOCTb BO BBEJICHHH IPEJCTaBJICHHUN O IM0Jie, 00ECIEYNBAIOIEM MEXaHH3M CIIOHTAHHOTO HapyLICHUs IEKTPOCIadoi
CUMMETPHH, ¥, COOTBETCTBEHHO, O KBaHTaX 3TOro mouisi — 6030Hax Xwurrca. OfHaKO HE MCKIFIOYEHO, YTO B MOJHOCTHIO T€0-
METPU3UPOBAHHOI TEOPHH BO3HUKHYT METPUKO-TUHAMHUYECKHE MOJEIH BaKyyMHBIX OOpa30BaHUH C XapaKTEPUCTHKAMH,
AHAJIOTMYHBIMH XapaKTePHCTHKAM JaHHBIX 6030HOB. Hampumep, He BeIsICHEHA CyTh «iaHamadToray (130).

Taxxe U3 LIBETHBIX «KBApKOB» U «aHTUKBAPKOB)» YJAETCS CKOHCTPYUPOBATh BCE «AaTOMBI», BXOJSIIKE B MEPUOJIUYECKYIO
Tabnuiry xumudeckux snementoB .M. MenneneeBa, a U3 «aTOMOBY» MOTYT OBITh COCTaBJICHBI BCE «MOJICKYJIBD.

BwMmecTe ¢ Tem, mpemaraemasi 31€Ch TEOPHS CyIIECTBEHHO OTIMYAETCS OT COBPEMEHHBIX (PU3NUECKUX BO33PEHUH, TOCKOJIBKY
B F€OMETPU3UPOBAHHON (Pr3MKe Bakyyma Bce CTAaOWIbHBIC U HECTAOUIIbHBIE BAKYYMHBIE 00PAa30BaHUS CTPOSTCS U3 IIBETHBIX
«KBapKOB» M «aHTHKBAPKOBY» U U3 IIBETHBHIX «(HOTOHOB» U «aHTU(POTOHOB». TO ecTh, B MpeIaraeMoi rurmoTe3e H3Ha4aaIbHO
OTCYTCTBYET IpobiieMa 6aproHHOI acumMmeTpun Beenennoii. OiHaKo, MBI JIaJIEKH OT OTBETa Ha Bompoc: — [louemMy He aHHH-
THIIMpYeT Mup, KOTOPBIH B CpeTHEM TTOJTHOCTBI0 CHMMETPHUYEH U COAIaHCHPOBAaH OTHOCHUTENIHLHO HYJIS (T.€. BaKyyma)?

5 YpoBeHb «IIaHET» U «3Be3/»

B mpensinymem §4 6pu1M HaMedeHBI KOHTYPBI MOJICIBHOTO METPUKO-TNHAMUYIECKOTO ONMCAHUS YPOBHS IEMEHTAPHBIX Ya-
CTHLI, T.K. 3TOT YPOBEHb Han0oJIee XOpOIIO H3yUeH.



B pamkax pa3BuBaeMoii 31€Ch TeOMETPU3UPOBAHHON (PU3UKH BaKyyMa Ha OCHOBE ANTeOpsl CHTHATYP BCE OCTAIbHBIC YPOBHU
Mupo3aanust HAEHHO YCTPOSHBI TOYHO Tak jke. TONBKO M3 KOMIIOHEHT MeTpuueckoro Tensopa (35) — (38) meTpuk-pereHnit
(23) — (32) BakyyMHbBIX ypaBHeHH# (22) HyKHO BBIOpATh ClaraeMble, COAEpIKaIIKe I's (TOraa 3To OyIeT «3Be3JHO-TUIaHeTap-
HBIIT» YPOBEHb PACCMOTPEHUS ) HITH I3 (TOTAA 3TO Oy/eT «rajlaKTHYECKHUi» ypOBEHb PACCMOTPEHHs) WK I7 (TOrza 3To Oyaer
«IIPOTOKBApKOBBI» YPOBEHb paccMOTpeHHsI) U T.11. [lanee ¢ BBIOpaHHBIME METPUKAaMH HEOOXOIUMO BBITIOJIHEHBI BCE JCH-
CTBHSI, KOTOpPBIE OBIIIM TIPHBEJICHBI B §4.

[TosicHMM BBINIIECKA3aHHOE HA «TLTAHETAPHOM» YPOBHE. PaccMOTpUM «IIaHeTy» ¢ paanycoM sipa I's~ 108 cM, koTopas Haxo-
nutes Bo BeenenHoii ¢ paguycom Iz ~ 102 ewm.

B sTOM citydae momy4atoTes Bee 16 ruiaHeTapHBIX IIBETHBIX «KBAPKOBY» M «AaHTHKBAPKOBY, OKa3aHHBIX B Ta0m. 1. st mpu-
Mepa NPHUBEIEM OJIH U3 «aHTUKBAPKOBY:

IUIAHETAPHBIH U, -«<AHTUKBAPK» (167)
HectabmipHoe "BBIMYKJI0-BOTHYTOE" MHOTOCIIONHOE A7,12-BaKyyMHOE 00pa3oBaHue
C CUTHATypou: (— + + —), cocrosiiee u3:

BHeunsisi 0001049Ka NJIAHETAPHOIO U, -«aHTHKBapKa»
B MHTEpBae [I2, I's]

2 2
d51(-+ +92 _ (1 - 7;_5 1 :_2) c2dt? + — 4 12d0% — r2sin? 0 d?,
dsz(-++-)2 +12d6? — r?sin? 0 d¢?,

(=) |
d5§_++_)2=_( _r—s—é)czdt2+d—)+r2d92—r sin® 6 d¢?,
( )

dsSH% = +7‘2d92 —r?sin® 0 d¢?;

Sapo miaHeTapHOIo uK’-«aHTnKBapKa»
B HHTEPBAJIC r5, re]

CH+92 (T T 22 4 240? — r2sin? 2
ds; = (1 r+T5) dt _Te, ﬁ) trid6T —risin® 6 dg
g
++92 _ _ o T2 c2de? 4 2402 — y2gin? z
dsy = - (142G Pde r_sﬁ>+rd9 om0 den
r
dg(‘++‘)2:—(1—r_6_ﬁ)czdt2 +r2d6% — r?sin® 6 d¢?,
3 ro 2 ( r2>
R
2
dsCHF2 = (147 272 c2qe? + ar +1r2d0?% —r?sin® 0 d¢?;
4 r T52

(1+r6+r>
s

lenbT NIaHETAPHOTO U, -«AHTHKBapKa»
B uHTepBae [0, «]
- -)2 .
dsC Tt = —c2dt? + dr? + r2d6? — r2sin® 6 dp>.

U3 16-n IUIAHETAPHBIX «KBAPKOB» U «aHTUKBAPKOB» CKIIAABIBAOTCA MJIAHCTAPHBIC «HYKJIOHBD) (T.e. ((HJ'IaHeTI)I») U IJ1aHeTap-
HBIC «KMC30HBD) U T. 1. B cBoro o4epeib U3 CKOIUICHUSA KIIJIAHCT» IMOJTYYar0TCs «3BE3AbD» HOHOﬁHO TOMY, KaK B §4 3 «KBap-
KOB» U «aHTHUKBAPKOB» YPOBHA 3JIEMEHTAPHBIX YaCTHUIl CKIIAAbIBAIOTCA «HYKJIIOHBD), «ME30HbD» U «aTOMbD», 4 U3 «aTOMOB»
CHUHTEC3UPYIOTCA «MOJICKYJIbD» U T.H.



[TnanerapHbIe M 3BE3AHBIE KHEHTPHHO» — 3TO TOPOUAAIBHBIC MAarHUTHBIC TTOJIS «ITAaHET» U «3Be31». Ilo Beel BuamMocTH,
IUIaHETapHbBIE U 3BE3JHBIE HEHTPHHO» TOXE MOTYT PAaCHpOCTPaHATHCS 03 siep «IUIAaHET» U «3Be3/» BHYTPU KaK TOPOH-
JlaJIbHbIE BaKyyMHbIE BUXPH IUIAHETApHOT'O MJIH 3BE€3JHOr0 MaciITaba. Ecny Takue npocTpaHCTBEHHO-BPEMEHHBIE HCKPHUBIIE-
HUS (T.€. TOPOUANIBHBIC BaKyyYMHbIE BUXPH) TIOJIyYUTCS] OOHAPYKUTh, TO 3TO OyJIET OLIYyTHMBIM apIyMEHTOM B II0JIB3Y pas-
BHMBaeMOH 31€Ch THIIOTE3bI.

[TnaneTapHbIe «O030HBDY TaK JKE COCTABJIAIOTCS U3 IUIAHETAPHBIX IBETHBIX «(OTOHOB» U «aHTHU(OTOHOBY, MPHUBEICHHBIX B
Tab1. 2, HO ¢ AJMHAMU BOJH B auanasode A = 107 — 102 cm.

6 HysieBasi KocMOJIOTHSI
"Mup criacet kpacora"
®.M. AocToeBcKuit

Ha ocHoBanuu metpuk-penreruii (23) — (32) ynpomieHHOro BakyyMHoro ypasaerus (20)
Rix £ V2 Gie Z=1 A = 0, (168)

BBIIIE OBIJIa PACCMOTPEHA METPUKO-THHAMHYIECKAs MOJIENb HepapXUIECKON Ienodky 13 10-1 mocne10BaTeIbHO BIOKCHHBIX
JIPYT B Apyra chepruIecKnX BaKyyMHBIX 00pa30BaHHH («KOPITyCKyJ») ¢ XapaKTepHBIMHU panuycamu (44a).

Ceifyac Mbl HOHMMAEM, YTO BHYTPHU CaMOii 60JIbLION «KOPILYCKyJIbl», KOTOPYIO Mbl Ha3blBaeM Mera-Beenennas ¢ ri~ 10% ¢,
HAXOAUTCS 0ECCUETHOE KOJIMICCTBO TAKMX UEPAPXUUCCKUX MTOCIICAOBATSIBHOCTEH ¢ pa3IMYHBIM YHCIIOM «KOPIIYCKYJ» B pas-
HBIX Henoykax (puc. 10).

Puc. 10. Winroctpanus nepapXudeckoil KOCMOJIOTHYECKO MOJIEIH, COCTOSIIEH N3 MHOKECTBA CepHUECKUX BaKyyMHBIX 00pa30BaHHA
(xOpIycKy1), MO-pa3HOMY BJIOKEHHBIX APYT B Apyra NOAOOHO MaTpeuKam



To ecTh, HYXHO PaCCMATPHBATh CHCTEMY C OECUHCIICHHBIM YHCIOM ypaBHEHHl
Rix + % Gix o1 Am — Y2 Gixe Xn2q An =0, (169)
Rix + % Gix Zim=1Dm — Y2 Gix Zn=1 An =0,

Rix + % Gike Zon=1 A — V2 Gixe Xh=1 A = 0,

Rix + % G X1 A — Y2 gire Xy Ay = 0.

Bce 310 GecuncieHHOe KOJIMUECTBO ypaBHEHUH 00beANHSIET TPH 00CTOSTENIBCTBA!

1) Bo Bcex ypaBHeHmsx (169) renzop Pwyun R;, oauH # TOT *Ke, TOUHEE MaHHBIM TEH30p OJMHAKOB BO BCEX TOYKAX Mera-
Bcenennoii (puc. 10), 4T0 COOTBETCTBYET OJJHOPOJHOCTH M M30TPOITHOCTH TakoTo Mupa;

2) Bo Bcex BakyyMHbIX ypaBHeHUsx (13) mpuCyTCTBYeT JMCKPETHBIH MepapXxuueckuii Habop cdep ¢ paguycamu U3 psjaa:
RO & o 1039, ro~ 1029, I3~ 1019, rg~ 108, I's~ 1073, I'e ~ 10713, r7 ~ 10724, g~ 10734, g~ 10745, rg~ 10755,

3) Benen 3a kapmunanom Hukomaem Ky3aHCKHM MpeAnonaraercsi, 4To [EHTP Takoil Mera-BceleHHON HAaXOMUTCS BHYTPH
KaXI0¥ HepapXUIecKOH HETOUYKH «KOPIYCKYy», T1ie OBl OHAa HE HAXOAMJIACh.

W3 31X 3-X 006CTOATENBCTB CIEAYET, YTO I BCEX HEPAPXUIECKUX IIEMOYEK «KOPITYCKYJID)
OOIMMH SBIISIOTCSA KAK camas GoIbllas «KopoyckKyna» (Bo3MoxHO ¢ It~ 10% cm), Tak u
camasi MaJleHbKasi «KOPITyCKyJa» (BO3MOKHO ¢ Fo~ 1075 cm). To ects, Bee GecuncieHHoe
MHO)KECTBO MEPAPXUUECKHX IIETIOYEK KKOPIYCKYJD» HAUMHAETCS C OJHOM caMoil OOJBIIONH
«KOPIYCKYJB» (Mera-BeeneHHON) 1 3akaHUMBAETCs Ha OJHOM caMOi MaJeHbKOI «KopIyc-
KyJie» (MHCTaHTOHe). DTO ellle MOYKHO BOOOPa3HTh, HO CIEIyIollee BhICKa3bIBaHHE HaXO-
JUTCA 3a TPaHbIO 3[paBoro cMmbicaa. Eciu paccMaTpuBaeMoe BakyyMHOE 00pa3oBaHHe 3a-
MKHYTO (@ W3 PEIMIMO3HBIX MCTOYHUKOB, B YaCTHOCTH M3 JypaHCKOIl kabOausbl, ciemyer
YTO, OHO 3aMKHYTO), TO MbI BBIHYKJCHBI 3aKJIIOYHUTh, YTO camasi OOJIbIIast «KOPITYyCKyJIa»
(Mera-BcereHHas) HAX0ANTCS BHYTPU CaMOH MAJICHBKOH «KOPITYCKYJIbI» (HHCTAaHTOHE), T.€.
Mera-BceneHHas BhIBOpaumBaeTcsi Hau3HaHKY. Kak mraHupyeTcs 1mokas3arh B CIIEIYIOMINX
CTaThsIX, BaKyyMHBIC TOKH CHayajla CTEKaIOTCs 110 BCEM MEPapXUUECKHM LEHOYKaM «KOp-
IYCKYJD» OT PaKUU «Mera-BceleHHOW K pakuy «MHCTaHTOHA», TaM OHM Pa3BOPAYMBAIOTCS
U TEKyT B OOpPAaTHOM HalpaBJIeHUH 110 TEM XK€ LET0YKaM OT PaKH1 «MHCTAHTOHA» K PAKUU
«Mera-Bcenennoit». To, uTo ObUIO BHH3Y, OKa3bIBaeTCsS HaBepXy, U Haobopor. C HEKOTo-
PBIMH aCTIEKTaMH BaKYYMHOH «OIHUCCEH» MOXKHO MO3HAKOMHUTHCS B [11].

Cuctemy ypaBHeHu# (169) BO3MOMKHO MBITATHCS pelIaTh TOJIBKO CTATUCTUYECKUMU MeTojaMu. [109ToMy yCpeaHuM Bce 3TH
ypaBHEHHS

SR+ % gueEinas kb + 271 = knhy) = 0. (170)
rae k; — obniee KoauuecTBO cdhep (KKOPIYCKYID») € paauycom Fi .

O06e yacTi 3TOr0 ypaBHEHHs MOXHO YMHOXHTh Ha 00, B PE3yJIbTaTe MOJIyYHM

Rix + gikEm=1 kmAm + Enz1 — knhy) = 0. (171)

YcnoBue BakyyMHOTo OajlaHca (KOTOpO€ TJIacHT, YTO U3 BaKyyMa MOTYT ITOSIBUTCS TOJIBKO B3aUMHO MPOTHBOMOJIOKHBIE 00b-
eKThl, cMoTpHuTe BBenenue B [1]) TpeOyet, 4T0OBI BBIpaKeHHE B CKOOKAX PAaBHSIOCH HYJIHO

Ym=1kmAm + X5=1 — knAp = 0. 172)



[TosToMy ycpeareHHOE KocMoJorndeckoe ypaBHenune (171) Bo3Bpamaercst K HICXOJHOMY BH/Y, T.€. K IEPBOMY BaKyyMHOMY
ypaBHeHu0 DitHinTeiHa (6)

Rik =0. (6')

B HekoTopoM (cBOero poaa gpakTaabHOM) CMBICIIC UCsS CaMO-3aMKHYTOH BceneHHOM B 3Toi Benukod GopMylie TOBTOPH-
nack: — «To, 910 OBLTO B HaYalIe — OKA3aJI0Ch B KOHIIEY.

MeTpHKH-penIeHrs MePBOT0 BaKyyMHOTO ypaBHeHus (6) yxe 65Ut paccMOTpeHs B §2 B [5]

- ¢ curHaTypou (+ ——-):

ds™M? = (1 - ’-) 2dt? — —~dr? — r2d0? — 1% sin? 0 d¢?, (173)

-3

63

ds$P? = 2dt? — dr? — r2d6% — r? sin® 6 d¢?; (175)

dsz(J')2 = (1 + TT—") cdt? — dr? —r2d6? — r? sin? 0 d¢?, (174)

- C MPOTHBOIOJIOKHOM CUTHATYPOH (— + + +):

1
-9
1

o

ds{? = —c2dt? + dr? + r2d6? + r2 sin? 0 dp2. (178)

ds; % = - (1 - %,) c2dt? + dr? +r2d6? + r? sin® 6 d¢?, (176)

ds; = - (1 + %,) c?dt? + dr? +r?d6* +r? sin® 6 d¢?, (7

Mertpuku-pemenus (173), (174) u (176), (177) npobiaemMHble, T.K. OHA IPUBOJSAT K METPUKO-THHAMHUUYECKOMY OITUCAHHIO IBYX
B3aUMHO MMPOTHUBOIOJIOXKHBIX CHEPUUECKUX BAKYYMHBIX 00pa30BaHUM ¢ COBEPIICHHO HEOOBSICHUMOU TOJIOCTHIO B CEpeINHE
(cmotpuTe §2.8 B [5]).

[MosToMy octaroTest ToNbKo MeTpuku-pemenus (175) u (178),

ds3(+)2 = c%dt? —dr? —r?d6? — r? sin? 0 d¢?, (179)
ds$7? = —c2dt? + dr? + r2d6? + 12 sin® 6 d¢p?,

KOTOpLIE OIPEJENIAIOT B CPeHEM HEHCKPUBIEHHOE COCTOSIHUE JBYCTOPOHHET0 23-Am n-BakyyMma (cMotpurte [1, 2, 3, 4, 5]).

Metpuku (175) u (178) Takxke B cpeJHEM MOJHOCTHIO KOMIIEHCUPYIOT MPOSBICHUS APYT APyTa

(ds{P? +s7%) = 0. (180)
CurnatypHblii (T.€. paHXXUPHBII) aHAJIOT 3TOTO BHIPAKEHHS

(181)
(+——-)
(=++4)

(000 0).



IMpu Gosee meTarb-HOM PacCMOTPEHUH B AnreOpe CUTHATYp mokaszano (cmorpute §§2,3,5 B [5]), 4TO pelieHreM BaKyyMHOTO
ypaBHeHUs (6) SBIseTCA PaCIIEIUIEHHBIN HOMb:

(182)
0= (0000 + (0 000 =0
= + + + +) + ---) =0
= - - +) + ++ +-) =0
= + - +) + =+ +-) =0
= -+ ) + (++ — +) =0
= (++__) + (__++) =
= - + -) + +- +4) =
= = -+-) + -+ -4 =
= =+ + +) + - -9 =
0= (00 00+ + (0 000+ =0

Taxum oOpa3oM, BakyyMHas (HyJieBasi) KOCMOJIOTHS IIOKa3bIBACT, YTO HECMOTPSI HA TO, YTO MHp HaIOIHEH OECUNCICHHBIM
MHOKECTBOM C(EPUUECKHX BaKyyMHBIX 00pa3oBaHuil (BBITYKIOCTEH, HIIH «KOPITYCKYII») M aHTH-00pa3oBaHuil (BOTHYTOCTEH,
WITH «QHTHKOPIYCKYI») Pa3IMIHOTO MaciiTaba, OH B CPEIHEM OHHU MOJHOCTHIO KOMIICHCHPYIOT MPOSIBJICHHS APYT APYTa.

Kak takoit Mup cymecTByer (T.e. moueMy oH He aHHUrmiIupyet)? Ilo Bcelt BUANMOCTH, MBI HE HaiiieM OTBET Ha 3TO BOIIPOC
B paMkax nuddepeHnuansHol reomeTpur Pumana. YciaoBue coOmoeHns BaKyyMHOTO OajaHca BCSIKHE pa3 OyZeT MpuBoO-
JIUTh HAC K JIOTHYECKOMY TYIIHKY.

B03MOXHO, CyIIeCTBOBaHHE TaKOTO, B CPEIHEM, IIyCTOTO, M IDIOCKOro Mupa 00yCIIOBIEHO €ro MOCTOSHHBIM H3MEHEHHEM,
HanpuMep, pPacIiUpeHNeM MM CKAaTHEM, IOCKOJIBKY CTaTHUYECKas ITyCTOTa HEMHHYyEeMO aHHHUTMiIHpyeT. OmHaKko, BHYTpH
YCpEIHEHHOH ITyCTOTHI HET pecypca AJsl €¢ pacinpeHHs.

[TockoJIbKY MBI MBICIIUM YK€ B T€UEHHE HECKOJIbKUX ThICSAUYENETUH, OCTaeTCsl Npeanoyoxuth, uto UbS-TO I'pannnosnas
Bosis MeHTaNIbHO pacIMpseT HaA-POCTPAHCTBO, B KOTOPOM pa3MeElIEeH Halll B CpeIHEM IycToi Mup.

7 HyJaieBast KOCMOTOHUSI
«Hayka 6e3 penueuu xpoma, penuus 6e3 HayKu cienay
A. DitamureitH, "Hayka n pemurus, 1941

BeIie Obl1a IpesioskeHa nepapxudeckas KOCMOJIOrHYecKasi MOJIelb, KOTOpas B CHITY YCJIOBUS BAKYYMHOTO OajaHca OIUCHI-
BAaeT B CPEJHEM ITyCTOM U IUIOCKUIT MUp. DTOT MHUP 3aII0JTHEH Pa3HOMACIITAOHBIMH «KOPIYCKYJIaMU» ¥ «AHTHKOPITYCKYJIaMI),
HO B HeM HeT HU Llenu, Hu DHepreTudeckoro pecypca it pa3BuTus. Takoil KOpIyCKy IpHBI MUpP TIO00EH MepTBOMY (T.€.
0e31yIIHOMY) Telly, KOTOPOE MOXKET CTPEMHUTHCS TONBKO K COCTOSHHIO TEPMOIMHAMHYECKOTO paBHOBeCHs (T.€. K TEIUIOBOH
CMEpTH).

IIO 9TOr0 MOMEHTA MbI Ha YPOBHEC I'MIIOTE3bI, HO CTapajlaCh CJI€A0OBATH OCHOBAM HAYYHOI'0O MUPOBO33PCHUA U Haquoﬁ MCTO-
JOJIOTHUH. B stom ITYHKTE BHOCATCSA HCKHUE aCIICKThI penmnowoﬁ MeTa(i)I/I?,I/IKI/I.

MoskeT 1 yUeHBI CTPOUTh MOJIENbHEIE TIPEICTABICHHUS 00 OKPYKAIOMIEeM MUPE Ha OCHOBAHUH PEITUTHO3HON MUGPOIOTHN?
Bo3moxHO, 94TO ipeaHus MyApEIoB APEBHOCTH HE OTBEYArOT Kputeputo HaydHocTH [Tonmepa (panscudpunupyemoctn). On-
HAKO 3HAHUS IPEAKOB MOTYT OBITh B HTOTe BEpU(DUIIMPOBAHBI, T.€. HOATBEPKICHEI Ha MPaKTUKE. B 3TOM maparpade Beicka-
3aHBI THUIIOTE3bI, KOTOPhIE COOTBETCTBYIOT KAPTHHE MUpA JIypUaHCKOH kaO0abl. [ToaTBepaAsTCs M 3TU anpuOpHEBIC HICH Ha
npaktuke? HensBecTHO, HO OTOpackIBaTh MX 0€3 MPOBEPKHU HELEIEeCO00pa3Ho.

BbIlIIE M10/1pa3yMeBaIoch, 4TO KOMIIOHEHTBI MeTpUUecKux Ten3opoB Jij® Merpuk-perenuii (35) — (42) 10IKHBI ObITH QYHK-
[USAMH HE TOJBKO caMux nedopmupyembix chepudeckux koopauHat (Ct, r, 0, ¢), Ho u dhyHkme koopaunat (Xo, X1, X2, X3)
i (c1T1, X1, Y1, Z1), ONPENESIONMX MECTO PACIIONIOKEHUS pACCMATPUBAEMOM HEPAPXUIECKOU IIETTOYKH KKOPITYCKYI», BO
Bcenennoii (puc. 10).



DOHOBOE IBYXCTOPOHHEE MPOCTPAHCTBO C METPUKAMHU
ds 2= C1dT12 — dX12 - dY12 — le2, (183)
ds O2= _ C1dT12 + dX12 + dY12 + lez,

MO’KHO PacCMaTpHBaTh Kak BTOPO# Amn@-BakyyM, KOTOPBIii BHICBEUMBACTCS U3 «ITyCTOTH, TOCPEACTBOM €€ 30HAUPOBAHMS
syyamu CBETa €O CKOPOCTBIO C2, KOTOPAsi MHOTO GOJIbIIE, YEM CKOPOCTh CBETA C2 = 1 B MEPBOM AmnP-Bakyyme (T.€. c2» c1).

BTopoit Amn?@-Bakyym, MokKeT ObITh HCKPUBIEH U HAXOAUTCS BHYTPH TPEThero Amn®-BAKyyMa, KOTOPEIH BHICBEUMBAETCA
U3 TOi e «ImycToThly mydamu CBeTa co CKOPOCTBIO €3, KOTOpask MHOTO GOJIbIIE, YeM CKOpocTh CBETa ¢z BO BTOPOM Amn®-
Bakyywme (T.e. c3» c2» c1) (puc. 11).

Puc. 11. UnmocTpanus BI0XKEHUs OJTHOTO UCKPUBJIEHHOTO Z,m,n(k)-BaKyyMa B
JPYroii Gosee TOHKMHA HCKPHUBISHHEN Amn(*D-Bakyym

Takoe HOCIIe0BaTeNbHOE BIOKEHHE: AmnD-BakyyMa B Ann®-BakyyMm B Amn)-BAKyyM B ... MOKET IIPOAOIIKATBCS J0 TEX
HOp, MOKA CKOPOCTh PACIPOCTPAHEHMS BOJHOBBIX BO3MYIIEHHH cn B Amn™-BAKYYME He HOCTHIHET GECKOHEUHOCTH
(cn = ), T.€. 10 TAKOTO YPOBHSI Tie BpeMs ocTaHaBiauBaeTcs, T.K. t =L /cn =L foo = 0.

Jlypuanckas xabbana évidensiem uz 6ce2o MHodicecmea J{yxoenvix Yposueii u noo-Yposnueii boimus, moavko nsims 0CHOGHbIX
Comeopennvix mupog: Aoam Kaomon, Ayunym, bpus, Eyupa u Acus, coomeemcmayrowux namu CUMBOIAM, NPUCYMCIEYIO-

wum 6 Benuxom u Iposnom MUmenu BCEBBIIIIHEIO 71-1-11-% (koy-Hioo-Keii-Bas-Keii). Ipuuunoii u Ucmoxom écex co-
meopennvix mupos Hexoonwviii IHH COD, Bapuxy (FECKOHEYHBIU, Brazocnosen OH). O ckopocmsax pacnpocmpanenus
so3Mywenutl (unghopmayuu) 8 J[yxo6Huix Mupax 6 KabOAIUCMUYECKUX UCMoYHuKax agmop e ecmpeuan. OOnaxo enoaue pe-
30HHO NPEONOoNodHCUMb, YMO, Yem ebluwe Mup, mem OObULE CKOPOCHb PACHPOCMPAHEHUsS. UHOPpMAYUY 8 HEeM, d HA CAMOTL
Buicueti Cmynenu SJUH CO®D, Bapuxy, Ckopocmb Peaxyuii u Bocnpusimus Geckoneuna (4mo o3navaem ocmaHoexy eépe-
menu). Hanomuum, umo Hcaax Hviomon (6ocnumannux Tpunumu-xonnedsxca Kembpuooicckoeo yHusepcumema) ceazvlean
Ab6comomuyio cucmemy omcuema ¢ Aoconomuvim HABJIIOHATEJIEM (m.e. co BCEBBILIIHNUM), a IIpocmpancmeo ou
naswisan « Yyscmeunuwem Eounoeo b-I'A». Oonopoonocms u Eounobooicue no Hetomony osnauaem, umo na ecex Ypoemsx
Bvimus oeiicmeyrom oonu u me sice -’ KECTBEHHBIE Yemanoenenus u 3axonsi.

CrieflyeT 0KuaaTh, 4TO Bce Amn()-BaKyyMbl MOTUMHAIOTCS OTHUM U TEM ke 3aKOHAM, T.€. OMUCHIBAIOTCS OJHON YHUBEPCAIlb-

HOW mudepeHIHaTFHON TeOMeTpHe, HO C IByMsI OTIMYHAMHU:

- kaka0My Amn(-BaKkyyMy COOTBETCTBYeT XapakTepHas CKOPOCTh CBETA Ci (T.€. CKOPOCTh PACHPOCTPAHEHHS BOIHOBBIX BO3-
MYIIEHHH WK Tiepenadn MHPOPMAIUH), TIPH 3TOM Cn) ... » C3» C2» C1=C;

- Y K&XKI0T0 Amn()-BakyyMa cBoit mapamerpuueckuii paguyc BeenenHoit Ryi , mpat 3ToM Ryn» ... » Rya» Ruz» Rui» Ry .



Takum 00pa3oM, KOMIIOHEHTBI METPHUYECKOTO TEH30pa, ONPECISIONINE METPHKO-IUHAMHUYECKOE COCTOSHHE JIOKATbHBIX
YUACTKOB MEPBOTO Amn-BaKyyMa, 3aBHCHT, TAKKE H OT COCTOSIHHS BCEX OCTANBHBIX 00J1ee TOHKHX Amn()-BakyyMOB, BIIOKEH-
HBIX APYT B IpyTa

Qi) = gii®)(ct,r,0,¢; c1T1,X1,Y1,Z1; c2T2,X2,Y2,Z2; ... ;enTn,Xn,Yn,Zn). (184)
YT00bI 0CO3HATH, YTO (POHOBOE MPOCTPAHCTBO PEANBHO, TIPEIAraeM IIPOEIaTh BA SKCIIEPHUMEHTA!

JxcnepuMeHT 1: 3akpoiiTe ri1aza, IPOKPYTUTECh BOKPYT CBOEH OCH NIECATH pa3, H OTKpoiTe riiasa. [Ipu aToMm yBuamTe, Kak
(hOHOBOE IPOCTPAHCTBO BPAIIACTCSI OTHOCUTEIHFHO BHEIIHETO MHUpA.

IkcnepuMeHT 2: [ToqHUMUTE BHITSHYTYIO pyKY Ha ypPOBEHb IJ1a3, M YIEPKHUBANTE €€ B TAKOM I10J10keHHU. C 0JIHOM CTOPOHBI,
MBIIILBI Ballled PYKH — 3TO YpE3BbIYaiHO CJI0KHO MEPEIUIETEHHOE COCTOSHUE 1e()OPMUPOBAHHOTO BaKyyMa B BHIE MHUJUIHO-
HOB «KOpIycKym». C Ipyroit CTOpOHBI, pyKy B HOIHATOM COCTOSIHUH YAEPKUBAEeT BOJIEBOE yCHIIME Balllero co3HaHud. To
€CTbh, B JaHHOE BpeMs Ha Ballly PyKy BIHSIOT ABE OCHOBHBIE CHJIBI: CHJIa TSDKECTH, BIEKyINas pyKy K 3emiie, U CHJIa BOJH,
3acTaBJIAIONIasl PyKy OCTaBaThCs HEMOABIKHOM. [lommydaeTcs, uTo Balie cO3HaHUE, B paMKax ero KOMIETEHIIH, B COCTOSIHUU
YIPaBIATh «KOPITycKynaMmy. CKENTHKH CKaXyT, YTO HE CaMO CO3HaHHUe ympaBiieT pykoi. OHO TOJIBKO COOOIIAeT CBOE Ke-
JIaHUEe MO3TY (T.e. HEUPOHHOM CETH), a MO3T TI0JJaeT KOMaHy HEPBHOW CHCTEME TaK COKPATUTB MBIIILBI PYKH, YTO OHA OCTa-
eTcs B TIOJHATOM COCTOSIHUH. Tak u ecTh, HO Ballle BOOOpaskeHHE (HeMaTepualibHas MBICIb), OpPMHUpYIOIIee cOcTOsTHIE (o-
HOBOTO MPOCTPAHCTBA, BCE PAaBHO HE MOXKET OBITh HCKJIIOYEHO M3 pacCMaTpUBACMOM CUTYaIlNH, T.K. HET APYTOH MPHIHHEI,
3aCTaBIIIONIEH «aTOMbI» MO3Ta I10/IaBaTh KOMaHIAy HEPBHOW CHCTEME yIEpXKHUBATh PyKy Ha 33laHHOU BBICOTE.

Heobxonumo nousaTs: — «Kak Paccyiok BIusieT Ha METPUKO-TUHAMHUYECKOE COCTOSIHUE IPOCTPAHCTBA?» DTO KITIOY K OTBETY
Ha MHOTHE BOIPOCHI, HAIIpUMeED:

- Kak copMHUpoOBanach neppas Ouosorudeckas Kierka?

- KaKk ()OPMUPYIOTCS pa3IMyHbIe OMOJOrMYEeCKUE OPTaHU3MBI U3 OJIHOTO TUIIA POTOKJIETOK?

- IoYeMy OfHa M Ta )K€ CTBOJIOBas KJIeTKa, pa3BUBAeTCs B OJJHOM CiIydae B OJHY TKaHb WJIM OpraH, a B APYI'HX Clydyasx B
JIpyTye TKaHU U OpTaHbI?

T[IpHMEHHTETEHO K KOCMOJIOTHYECKUM TIpodieMaM, He HekmodeHo, uto BCEJIEHCKUI PACCYJIOK 3akpyunBaeT BTOPOii
Imn@-BakyyM (T.e. poHOBOE npocTpancTBo 111, X1, Y1, Z1, T.e. [TneBmy (JyHosenue, Jlyx)), 4TO IPUBOAUT K BOSHUKHOBE-
HUIO IIEHTPOOEKHBIX CHJI HHEPIIMH KOTOPBIE, B UTOTE, IPUBOAT K PACIIMPEHHIO TIEPBOT0 AmnP-BakyyMma, T.€. Mera-Beenen-
Hoii Hamero Mupa (puc. 10).

B nepuoo c 20 no 23 mapma 2014 2. 6 2o0pode Boponeasic agmop 8 npucymemesuu Barenmuna Ilagnosuua Xpamuxuna npunsn yyacmue
8 HeCKOMbKUX ceancax «nookmouenusy meouyma Cepees I pueopwvesuua IIpoxoposa k nexoii kocmuueckou cywnocmu. Yepes. Ilpo-
xoposa C.I". 6bL10 coobwero credyoujee:

1). Mempuxa «ITycmomul» obraoaem 08yms MUNAMU NPOSLGIEHUIL:

— ¢ 00nou cmoponvl, «Ilycmomey npucyuju npUHAKU NPOMSNACEHHOU MEAeCHOCU (CYOCMAHYUOHATLHOCTU), NOOBEPIHCEHHOU Je-
Gopmayuam u mexyuecmu,

— ¢ Opyeoii cmopouvl, mempuka «Ilycmomuly chocobna ompadicams usmenyusvle nposeienus Moiciegpopm, popmupyemoix Toxamu
Paszyma, no0o6Ho momy, Kak Haut paccyoox gpopmupyem oopasvl 68 Haulem COSHAHUU.

2) Tox Pa3yma énusiem He Ha camy MEmpuKxy nycmomul, a Ha MAaKylo ee Xapaxmepucmuky Kax kpyuenue. Pazym noposicoaem ncegdo-
cunvl unepyuu (ananozuunvie cune Kopuoauca), komopwie, 6 umoze, UCKpugnAOm 10KaabHule Y4acmKi 6aKyyma.

3) Ipu 6oree oemanvrom paccmompenuu Toxu Pazyma énusiiom ne Ha camo Kpyyenue u Kpuu3Hy 6aKyyMa, a Ha HeKyIo CIOACHYIO
«npocnoiikyy, komopas paszoensemes na 10 yposuei. Camviti gvicoxuit (1-it) uz Hux — 9mo aMOYUOHANBHBI YPOGEHb NPOSENEHUT
yemvipex munog memnepameHma. Meranxoaux, QreecmMamux, CaHe8UHUK U xonepux, a camviii Huskuil (10-ii) yposenv coomeem-
cmeyem wemulpem 8UOAM CIUXULL: 3eMsl, 800d, 8030YX U 020Hb (3eMJIsL U 600 CIMPEMAMCI HU3, 8030VX U 020Hb CIPEMMCS 86ePX
u m.o. no Apucmomenio).

4) Cea3b mearcoy Mupamu bicokoti moukocmu ¢ amum Mupom ocywecmensiomes uepes pakuu (cghepuieckue MHO20COUHbIE 6e3-
OHO-mpewunbvl, OKpyAIcarouue A0pa CmadUIbHbIX 8aKyYMHBIX 00pazoeanuil). B uacmnocmu, pazymnoe uenogeuecmeo A61semcs 00-
HOU U3 IOKAILHO-Y3]108bIX NPOCILOEK paKuu nianemsol 3emis. Kascovlii uenosex 3mo ClodHcHeuuull 6eujecmeeHHo - 0YX08HbllL y3e
(cmompume unmocmpayuio Ha puc. 76 u 12), uepes sxzucmenyuio komopozo 8 smom Mup Ilpoceeuusaemcs Boicuee BBITHUE (no
Xaiioezeepy — mviciw uenosexka oaem Cnoso BBITHIO).



Puc. 12. ®paxranbHas HLTIOCTPALUs PAKUH KIUIAHETHD»,
4yepe3 KOTOPYIO MpocBeunBaeTcs JlyXOBHOCTD

ITo Bceit BuaMMOCTH, 6€3 penIeHus MPOOIEMBI ICHXO0(U3NIECKOTO MapaieIn3Ma, HaJ KOTOpoi pasMbinusum Jlekapt, Maib-
Opanu, Jleiiouu1 n MHOTHE Apyrue Guitocodbl U yueHbIe, Mbl HE CMOKEM IPOJBHHYTHCS U B PEIICHUH 3a/1a4 KOCMOJIOTHH.

B otHOmIeHuu Teopun «boapioro B3peiBa», OTMETUM CIIEAYIOLIEE.

Jhypuanckas xabbana coobwaem, umo BC-BBIIIIHHUH ece Teopum uepes Pocoe-
Hue, Bekapmnusanue, B3pawusanue u Bocnumanue sicusou Cywnocmu. Bee 6 npu-
PoOe mEopUmcs NOCPeOCMEOM POANCOCHUS: KIeMKU NOPOAHCOAOM KAeMKU U GbICIPa-
ueaiomcs 6 opeanusmel. Bea Bcenennas — smo u ecmw Ilepeas buonocuueckas
Knemrka. Ona sce sensemes Hcxoonon Mamepunckoii Ympobou, enympu Komopoii
nocmenenno Pazeusaemcs Beenenckuii Yenoseueckuit Imbpuon (puc.13).

B nto6om ciiyyae, 1moJie3HO CpaBHUTH 3Talbl pa3BuTHs BceneHHo#, paccMaTpuBae-
MbIe B pamKkax CTaHIapTHOH KOCMOJIOTHYECKON MOJETH, C IEPHOIaMH Pa3BUTHS Ye-
JIOBEUECKOT0 IMOpHOHA B yTpobOe MaTepH.

Puc. 13. ®pakranbHble WUTIOCTpAHMU U GOTO IMOPHUOHA B MAaTEPUHCKOI yTpobe

BosmoxHo, uro He TemHast Mmatepus (dark matter) u temuas sueprus (dark energy), a Ceerusrit {yx (Light Spirit) mpusomur
BCE B OCO3HAHHOE JIBHIKCHHE.



3AKIIOYEHHUE

[pemaraemasi B 3TOM cTaThe Hepapxudeckas (MHOTOYpPOBHEBAsT) KOCMOJIOTHIECKAs MOJIENb — 3TO TOJIBKO MPEABAPUTEIIbHASL
THIIOTE3a, KOTopast TpeOyeT AeTabHOM popaboTku. Kaxkaplil MyHKT 3TOH CTaThU HYKIAeTCsl B 3HAUYUTEIBHOM PaCIIMPEHUH
Y U3yYCeHHH Ha OCHOBAaHWM MaTEMaTHYECKOTO almapara i MeToI0B AJreOpsl CUTHATYD, H3J0KeHHBIX B [1, 2, 3, 4,5]. Heko-
TOpBIC TOMONHUTEIBHBIC ACTICKThI TEM, 3aTPOHYTHIX B ATOW CTAThe TEM, U3JIOXKEHbI B [11].

OTMeTHM, 9TO Pa3BHBAEMOE 37IeCh MOJIEIbHOE IIPEICTaBICHHE 0 KOCMOCe (KOOUOG — KPAacoTa, OPSA0K) OCHOBAHO Ha CaMOM
MPOCTOM BapHaHTe AudepeHIHaTbHO TPOCTPAHCTBO-METPUH — Ha reoMeTpruu PrMmaHna (cMoTpuTe Hayano Beenenus B [5]).
To ecth npemaraemas 3/1€Cb KOCMOJIOTHYECKasi MOZIEIb — 3TO TOJIbKO IpyOBIil Kapkac, Ha KOTOPBII HaHM3bIBaeTCs Oecyuc-
JICHHOE KOJIMYECTBO OoJiee CIIONKHBIX M TOHKUX IporieccoB. Kpome Toro, yxe ceiiuac sicHO, 4To reomerpust Pumana oyeHn
OezaHa JUIs pa3pelieHus psiaa npodieM, BOSHUKAIONINX B PeIaraeMoil KOCMOJIOTHYECKOI MOJIETH.

CornacHo TUIOTe3e, U3I0KEHHOM B 3TOH cTaThe, OKpYKaromell HaC MUp COCTOUT U3 MPaKTHUECKU OECKOHEYHOIO MHOXKECTBA
cepruuecKknux BaKyyMHBIX 00pa3oBaHuii («KOPITYCKYJID»), MO-Pa3HOMY BIOKEHHBIX IPYT B APyra Mogo0HO MaTpenikam (cMOT-
pure puc. 10).

Taxas MHOTOCTIOIHAS MOZJCJIb JICTKO COTJIACYCTCH C HAIIUM YYBCTBECHHBIM OIIBITOM. Kaxkoii Ol (1)pyKT HJIKM OBOII MBI HE B3I
BCEraa (I)paKTaJ'IBHO MOBTOPACTCA OJHA U Ta KC HACH. BHyTpI/I KaXI0ro miojga MMECTCA OoaHa MM HCCKOJBKO KOCTOYCK,
BHYTpHU I(a)KZ[Oﬁ KOCTOYKH HAXOIOATCA OHOJIOTHYECKHE KJICTKH, BHYTPH KIICTOK — sI/ipa U APYIrue OpraHeuibl U T. 1.

B 3100 cTaThe MBI MONBITAIUCH MPOCIETUTh TOJIBKO OAHY LENMOuYKy M3 10-M mociaeqoBaTeNbHO BIOXKEHHBIX APYT B JIpyra
cepruecKuX BaKyyMHBIX 00pa3oBaHMi («KOPITyCKYJD), CMOTPUTE UepapXuio paanycos (44a) u puc. 1) Ha OCHOBaHHU MeT-
puKk-penrenuii (23) — (32) pacumpeHHOro BakyyMHOro ypasHenus (20), ynpouieHHoro 10 10-u nsiM0s1a 4iieHOB.

IIpu Gonee mMUPOKOM B3IIIAE, OJOOHBIX HEPAPXUUECKUX LEMOYEK «KOPIYCKYID» OecUHCICHHOE MHOKECTBO, HO BCE OHU
HaXOJSITCSl BHYTPH caMOi OOJIBIIION «KOPITYyCKYJIBD), KOTOPYIO MBI Ha3bIBaeM Mera-BceneHHOH.

YCI0B1S OrPaHUYEHHOCTH ¥ 3aMKHYTOCTH OKPYKaIOIIEro Hac Mupa BhIHYKIAIOT IPUITH K HEOPAUHAPHOMY HPEIIONoKe-
HUIO, 4TO BCe OECUMCIEHHOE MHOKECTBO HEPAPXMUECKUX LIEOYeK «KOPIYCKYJ/l» HAUMHAETCS C OJHOM caMOii GONBIION «KOp-
HycKyJbl» (Mera-BeeneHHoM, Bo3MOxkHO, ¢ It~ 10%° ¢cM) u 3akaHuMBaeTCs Ha OfHOM caMoil MaleHbKOM «KOPITyCcKyney (UH-
CTaHTOHE, BO3MOXKHO, ¢ 1o~ 1075 cm).

Ha camomM fiene Mbl HE3HAEM CKOJIBKO BJIOXKEHHBIX IPYT B pyra «KOPIYCKYJD» B HepapXUdecKoi 1enodke. Ha ceroaasimanii
JICHb HAIIeMy HAOJIIOICHUIO TOCTYIICH TOJIBKO TUCKPETHBIN PSJ] M3 IIECTH JIOKAIBHBIX chepruecKux 00pa30oBaHMiA ¢ Xapak-
TEPHBIMH PaZMyCaMH U3 uepapxuu (44a):

r;~ 10%° cm — paguyc, cOU3MepUMBIA ¢ pagrycoM HabmogaeMoil Beenennoit™;
r3~ 10%° cm — paauyc, cou3sMepuMBIii C PaiiycoM Apa FalaKTUKK;

rs~ 108 cM — panuyc, coM3MEPUMBIH € PajidyCoOM spa IUIAHETHI MIIH 3BE31bI;
rs~ 10-3 cM — paguyc, CON3MEPHMBIIA C PaJHycOM OHOJIOTMYECKO KIETKH,
rs~ 1078 cm — paauyc, COU3MEPUMBIiA ¢ SPOM 3JE€MEHTAPHOM YaCTHIIBI;

r7~ 1072 cm — pajmyc, CON3MEPHUMBIH ¢ Pa3MEPOM MPOTO-KBapKa™,

* (KOPIYCKYJIB» ¢ paauycamu 2~ 10%° ¢cm u r7 ~ 10724 cM moj1aroTest M3yueHHI0 KOCBEHHBIMM METOIAMH.

[Ipobnema nepapXxudeckol KOCMOJIOTUIECKOW MOJIEIH, Pa3BUBAEMOI Ha OCHOBE YMPOIIEHHOW TeoMeTprun Pumana, 3axiro-
JacTCd B TOM, YTO LETIOYKaA BJIOXKCHHBIX APYT B JApyra «KOPITYCKYJD» HE MOXKET 3aKOHYUTHCA. Ecau ota Huepapxuyeckasa me-
ITOYKa OOPBIBAETCS, TO OKA3bIBAETCS MapaJoKcaIbHAas CUTyalHs, KOTAa camast O0JbIIasi «KOPIYCKYyJIay OKa3bIBAETCS BHYTPH
caMoi MaJIeHBKO «KOPITyCKYJIbI» (CMOTpHUTE BhIpaxeHus (35) — (42)).



Jpyras He MeHee c0XHas pobeMa B MpeiaraeéMoi HepapXudecKoi KOCMOIOTHIEeCKOH MOAEH 3aKIF0UaeTCs B TOM, UTO
BCE CTAOMIIbHBIE JIOKAJIbHBIE BaKyyMHBIE 00pa30BaHMs COCTOST U3 «KBAPKOB» M «aHTHUKBApKOB». TO €CTh, BRIpAXasCh Ipy-
UMY TePMHUHAMU MaTepUs U aHTUMAaTepus B IpeAaraeMoi MOAeIn OKa3blBaeTcs nepeMentanusiMu. C 01HOM CTOPOHBI, pe-
maeTcst npobyieMa 0aprMOHHOW acCMMMETPHH BEIECTBA, OJTHAKO C JIPYTrOH CTOPOHBI HEMOHATHO: - «[loyeMy B3aumHO mpoTH-
BOTIOJIO’KHBIE UCKPUBJICHUS BaKyyMa HE aHHUTWIMPYIOT, T.€. HE pasrilakuBaroTcsi?» B paMmkax reomerpun Pumana naHHas
npoOiema He pemraercs. [1o Bceil BUAMMOCTH, MOUCK «CITyCKOBOTO KPIOYKa) COIMPSIKEH CO 3HAYMTENBHBIM yCIO0KHEHUEM
muddepeHnmansHOi reoMeTpur. B aTol cTaThe crenaHo MPeNoNoKEeHUE, YTO BO3MOXKHOCTD CYIIIECTBOBAHUS B CPEAHEM
OTCYTCTBYIOIIEr0o Mupa 00yCIIOBIEHO €T0 PacIIMPEHUEM 3a CUET pacIIMpeHHst (POHOBOTO MPOCTPAHCTBA.

TpeTbst CIIOKHOCTD CBS3aHA C TEM, YTO B ATOM CTaThe M3JIOKEHA HE COBCEM KOCMOIIOTHS, a CKOPEe TeOMETPH3UPOBAHHBIC
HPEICTABICHHS O CTPYKTYPHO OpraHu3anuy BeniectBa. KocMOIOrHIeckne BOIPOCH, HAMPABICHHBIC Ha H3y9ICHHE BO3HUK-
HoBeHus «BceneHHo# 1 ee yCKOPEHHOTO PacIIpEHUsl 3aTPOHYTHI TOJIBKO B BUIC METapU3MIECKHX paccyxaeHui. s 06-
CYXICHHS 3TUX MPOOIEM B paMKax MPEAIaracMoil MOTHOCTHIO TEOMETPU3UPOBAHHOM HepapXHUUECKON KOCMOIOTHYECKOH MO-
JIeNTH ToTpedyeTcs pellieHne MHOTHX JIPYTUX AOTOJHUTENBHBIX 33a4, TAKMX KaK T€OMETPHU3UPOBAHHOE ONMCAHUE INEKTPO-
MAarHuMTHBIX, SHGKTpO-CHaGI)IX, CUJIbHBIX U I'PaBUTALIMOHHBIX B3aHMOHeﬁCTBHﬁ u T.II. HpeunonaraeTcsl, YTO 3TU BOIPOCHI 6y-
IyT PACCMOTPEHBI B MOCIEAYIONIMX CTAThsIX MpeaiaraeMoro npoekra. OT4acTd ¢ HEKOTOPBIMH aCIEeKTaMH PEIICHUS STUX
3a/1a4 MOYKHO MO3HAKOMHUTKCS B [11].

B ncxonHOM pacmmpeHHOM BaKyyMHOM ypaBHEHUH (13) MpUCYTCTBYET JUCKPETHOCTD «KOPITYCKYJD) C PA3IMIHBIMH paliy-
caMH Im, OHAKO KaKWe 3TH PaANyChl, 3 3TOTO yPaBHEHHS BBISICHUTH HEBO3MOXKHO. JIJIs OnpeneeHust HepapXuu Im B TOH
cTaThe MpUMEHeHa 3BpUCTHYECKas Gopmyda (43) ¢ Tpemsa koHcTanTamu: ¢ = 3-10'° cm/cex — ckopocTh cBeTa B BakyyMe,
Ry ~ 10% ¢M — napameTtpuueckuil paguyc BeenenHoil u tc = 1 cex — nepuoji GueHns 4enoBedeckoro cepaua. [IpucyTcTre
ckopocTH cBeTa B (hopmyiie (43) 000CHOBAHO TeM, UTO 3TO MpPEAETbHAasl CKOPOCTh B BaKyyMe, a NapaMeTPUUECKUN pajiyc
BceneHHOM — 3T0 NOATOHOYHBIN IIApaMETP.

3HaYUTENLHBIM pEeuMyiecCTBOM npe):[naraeMoix'I TUIOTE3bI, IO MHCHUIO aBTOpa, ABJIAIOTCA JBa O6CTOHTCHLCTB3, KOTOpPbIC
BBIACIAIOT UCPAPXUUYCCKYIO KOCMOJIOTHYCCKYIO MOACIIb U3 MHOTOYUCICHHBIX APYTUX KOCMOJOTHYCCKUX TeOpHﬁ, BKJIOYasa
CTaHIapTHYI0 KOCMOJIOTHYECKYIO MOJICIb.

Bo-nepBbIX, nepapxudeckas Mojieb Ha nukockomuueckoM (102 — 106 cm) ypoBHe paccMOTpeHus NpeiaraeT MeTpUKO-1u-
HAMUYECKUE MOJIENHN BeeX dlieMeHTOB CTaHIapTHOM MOJIENH 3JIeMEHTapHbBIX YaCTHUIL: «JICTITOHOBY, ME30HOBY, DApHOHOBY U
«0030HOBY (32 UCKITFOUEHHEM 0030Ha XUITCa).

Bo-BTOpBIX, B IIpe/iaraeMoii TUIoTe3e JerKo pa3peniaeTcst MPOTHBOPEUUs MK Ty 001Iel Teopruei OTHOCUTEIBHOCTH U KBaH-
TOBO# MexaHUKOW. BakyyMm 001agaeT cBOMCTBAMHU YIPYTOIUIACTUYECKON CPE/Ibl, B KOTOPOW BO3HUKAIOT PA3IMYHBIC JIOKAIb-
HBIE U TJ00aJbHBIC UCKPUBIICHHUSA U PACIPOCTPAHSIOTCA MHOXKECTBO BOJHOBBIX BO3MYIICHHUI, MO3TOMY SiApa CTaOMIBHBIX
BaKyyMHBIX 00pa3oBaHUil («KOPIMYCKYJ») M000r0 MaciTada MOCTOSIHHO Xa0TUYECKH OJIy KIIal0T BO3JIE TOUKH PaBHOBECHSI.
YcpenHeHue MOTHON MEXaHHYECKOM YHEPIHH JTIF000T0 XaoTHIeCKH Oty aaromiero sipa (136)

< Sx >= fttlz(T(px'py'pz;x;Y:Z; t) > +< U(xlylzl t) > —< E(x!ylzl t) >) dt

MOKET OBITh BBIPAKEHO Yepe3 aMIUIUTY/IbI BEPOSITHOCTH Y (X, Y, Z) MecTa HaxOXaeHus ux renTpa (137)

w= 2 0 (- y, DV, 2) + YRy, < ulx,y,2) > —< e(xy,2) >]) dxdydz.

Vpasuenue Ditnepa-Ilyaccona must sxcrpemanu Y (x, y, z) nansoro GyHKIHOHAIa oOKa3anock ypasHeHueM [lpenunrepa [8]

3f (%Y(xyz) | PPlyz) | 2Pxyz) _
S5 U oz T 272 t— +2[<ulx,y,z) >—<e(xy2z) >Yk,yz)=0.
DT0 ypaBHEHHE OIMUCHIBAET YCPEAHEHHbIE KBAHTOBBIE COCTOSHUS Xa0THUECKU Oy )KIAIOIINX sIIep JFOOBIX pa3MepoB, OT siipa
«IPOTOKBAPKA» U «INEKTPOHAY, 10 siep «OMONOTUYECKUX KICTOKY, IUIAHETY, «3BE3D» U «TANaKTHKY. OTINYaloTCs TOIBKO



BpEMs yCPETHEHUSI MX XaOTHIECKOTro MoBeAeHus. Hanmpumep, 11 ycpenHeHN XaOTHIECKUX KonebaHui sapa Onomornde-
CKOM KJIETKH MOHA00STCS Yachl, A1 SApa «IUIAaHEThD) — CTOJIETHS, JUIS SIIpa «TAJaKTUKU» — THICSYH JIET.

AHanu3 Xa0THYECKOTO TIOBEACHUS BHYTPEHHETO SAPBINIKA (IIPOTO-KBapKa) O3BOJIMIO BBIIBUHYTh THIIOTE3Y, YTO «MIOOH» H
T-IENTOHY - 3TO MEPBOE U BTOPOE BO30YIKICHHOE COCTOSTHHUE «3JIEKTPOHAY. IIpH 3TOM C*-«KBapk» u t"-«KBapk» — 3TO COOT-
BETCTBEHHO MEPBOE M BTOPOE BO30YKIECHHBIE COCTOSIHUS U*-«KBapka», a S*-«kBapk» u D*-«kBapk» — 3TO COOTBETCTBEHHO
MEPBOE U BTOPOE BO30Y X IeHHBbIE cOCTOsIHUs 0*-«KBapKay.

Taxum 00pa3oM, B paMKax IpeUIaraéMoi B CTaTbe KOCMOJIOTHYECKOM TUITOTE3bl, 00111asi TEOPHsI OTHOCUTEIBHOCTH M KBaH-
TOBasi MEXaHHUKA TOJNBKO JOMOIHAIOT APYT ApyTa.

B crnemyromux cTaThAX JaHHOTO MPOEKTA O] OOIINM Ha3BaHWEM «l eoMeTpu3npoBaHHAs (QH3MKa BaKyyMa Ha OCHOBE AJ-
rebpol curHatyp» [1,2,3,4,5] npennonaraercs paccMOTPETh METPUKO-THHAMUYCCKHIE MOJICTH ABHKYIIETOCS «3IECKTPOHAY U
CHEUTPUHO», PA3BUTh '€OMETPU3UPOBAHHBIE MOJIENIN 3JIEKTPOMArHUTHBIX, CIA0BIX, SACPHBIX U IPAaBUTALMOHHBIX B3aUMO-
nevicteuii. C IpeBapUTENbHBIMH MaTepHaIaMH 110 3THM TeMaM MOXHO 03HAKOMHUThCS B [11].
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