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AHHOTAIIUA

JlaHHAs CTaThs SBILETCS MIECTOM YaCThI0 HAYYHOTO IPOEKTa MoJ 00muM HazBaHueM «[ eoMeTpru3npoBaHHas (hHU3HUKa BaKy-
yMa Ha ocHOBe AnreOpsl curHatyp» [1, 2, 3, 4, 5]. B a10ii cTtaThe mpemiokeHa HepapxXuuecKasi KOCMOJIOTHYECKas MOICIb,
KOoTopas pa3paboTaHa Ha OCHOBE PEIICHUS PaCIIMPEHHOTO BaKyyMHOTO YpaBHEHHS DUWHINTEHHA ¢ OECKOHESYHBIM YHCIIOM
nsiMOa wieHoB. boree moapoOHO pacCMOTPEHO PEIICHHE YIIPOIIEHHOTO BAKYYMHOTO YPAaBHEHHUS C JACCATHIO JIIMOIa diie-
Hamu. B pesynpTaTe moiyueHa METPUKO-IMHAMUYEcKask MOJENb ITUCKPETHONW HepapXWUecKOW MOCiel0BaTeIbHOCTH CTa-
OMIBHBIX c(hepUUECKUX BaKyyMHBIX 00pa30BaHUH («KOPIYCKYJ»), KOTOPHIE BIOXEHBI APYT B Apyra MOAOOHO MaTpelIKaM.
U3 3T0# MepapXuyecKoil MOCIeA0BaTeIbHOCTH BBIICICH U 00Jie TIOAPOOHO PACCMOTPEH YPOBEHb DJIEMCHTAPHBIX YACTHII.
Hcnonp30BaHue METOIOB M MATEMAaTHYECKOTO anmapara quddepeHinuanbHoi reoMmetpun Pumana i AnreOpbl CUTHATYP 103~
BOJICHHH TIOJYYUTh METPUKO-THHAMUYECKHIE MOJICIH BCeX dieMeHTOB CTaHIapTHON MOJCIH 3JICMEHTAPHBIX YaCTHIL: «KBap-
KOBY», «JICTITOHOBY, «HYKJIOHOBY, KME30HOBY, «(hOTOHOBY, «TJIFOOHOBY, a TAKXKE «aToMay BOJOPOJa U «aToMay Teius. BoI-
CKa3aHO MPEATIOI0XKEHHUE, YTO aHAJOTMYHBIM 00pPa3oM MOTYT OBITh MMOCTPOCHBI METPHKO-TUMHAMUYICCKUE MOJICTH CTaONIIb-
HBIX BaKyyMHBIX OOpa30BaHUN («KOPITYCKYIDY) «3BE3MHO-INIAHETAPHOTO» «TAIAKTHICCKOTO» M «BCEIICHCKOT0» ypOBHEH.
ITokxaszaHa CBsI3b MEXY PacIIMPEHHON OOIIeH Teopred OTHOCHUTEIILHOCTH U KBAHTOBOW MeXaHWKOH. B kKoHIe cTtaThu pac-
CMOTPEHBI IOCTOMHCTBA M HEJIOCTATKU MPENIOKEHHON HepapXudeckas KOCMOJIOTHIeCKass MOJICH U 0003HauYeHBI MeTa(u-
3UYECKHEe MPEIMTOCHUIKH JIJISl pa3pelieHHs] BOSHUKIINX TPOOIIeM.

ABSTRACT

This article is the sixth part of a scientific project under the general title “Geometrized vacuum physics based on the Algebra
of signature” [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] 0110 MOKa3aHO, YTO B MPUOIMKeHNUH TeoMeTpun Pumana (cmoTpute puc. 1 B [5]) Hanbonpuii HHTEpEC Mpe-
CTaBIIIOT 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], 00beIMHEHBI B OTHO YCPEAHEH-
Hoe ypasaenue (135) B [5]

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

[Tos MOTHOCTHIO TEOMETPU3NPOBAHHON KOCMOJIOTHUECKOH MOJIENBIO MOIPa3yMEBaeTCsl TAKOE€ MOJIENBHOE MIPECTaBICHUE, B
KOTOPOM B MUpPE HUKAKUX MaTepHaIbHBIX YaCTHI[ U TEJ HET, a €CTh TOJNBKO CTaOMIbHEIE (KOPIYCKYJISPHBIC) U HECTaOMITbHBIC
ne(OpMHUPOBAHHBIC O0JIACTH BaKyyMa.

B crarsbe [5] Taxke paccmoTpeH BTopo# ciyuait Y2 (A; — A;) = Ayg. DT0 ycinoBre IPUBOANT ypaBHeHHe (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 MOJIEIN B3a-
UMHO-TIPOTUBOIOJIOKHOM TAPBI OJMHOYHBIX CTAOMIIBHBIX MIAPOOOPA3HBIX BAKYYMHBIX 00OPa30BaHMUI TUIIA: KKJIETKA» U

«aHTu-KiIeTka» LBapuminbaa - ae Cutrepa (cMotpure §4 B [5]).

Takum 00pa3oM, B cTaTbe [5] BBISICHHIOCH, YTO IEPBOM M BTOPOM BaKyyMHBIX B ypaBHEeHHsX DitHiuTeitHa (6) u (7) otcyT-
CTBYET IOTEHIMAIbHAsI BO3SMOXKHOCTb JJIsl OTIMCAHUSI MHOXKECTBA CTAOMIIbHBIX MIAPOOOPa3HBIX 0OBEKTOB.



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 = —; Fn— pauyc M-oii chepel, fn— panuyc 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 KOBapHaHTHbIE M OOBLIYHBIE YaCTHBIE IPOU3BOIHEBIE TEH30PA B JIEBOI yacTh ypasuenus (11) paBHbI HyJIHO
(cmoTtpuTe §6 B [5])

ARk +% gik(Cm=1Am+Tn=1—An)] _ 0
axJ -

VilRik + %2 gix Gim=1Am + 2n=1— Ap)] = (12)

nostomy ypaBHerue (11) siBsieTcst BRIpaXXeHHEM 3aKOHOB COXPAHCHHsI, TAKXKE Kak MePBOE U BTOPOE BAKYYMHBIC YPABHCHHSI
Oitainreiina (6) u (7) (cMotpute okoHuanue Beenenus u §6 B [5]).

JlaHHas CTaThs MOCBAIICHA MOIBITKE HANTH METPUKU-PEIICHIUS PaCIIUPEHHOTO BaAKyyMHOTO ypaBHeHUs DifHmTeiHa (11), u
MOCTPOEHHIO METPUKO-IMHAMUYIECKONH KOCMOJIOTHYECKOI MOJIENH OKPYKAIOLIEr0 MUPa Ha OCHOBAHWH 3THX PELICHHUH.

HamomHuuM, 9TO B pa3BUBaeMOii 3/1eCh T€OMETPU3MPOBAHHON (DH3HUKE BaKyyMa IIPEIMETOM H3YUEHHS SBIACTCS Amn-BaKyyM,

T.e. 3-MepHBIi JaHmmadT, BEICBEYEHHBIH U3 TYCTOTHI MOCPEICTBOM B3aMMHO MEPIEHINKYIIAPHBIX JTyUel CBeTa ¢ JUTHHOM
BOJHBI Amn U3 quanazona A4 = 10"+ 10" cm (cmotpure §1 B [1]).

MATEPHUAJIBI U METO/1

1 PasziuuHbIe BAapUAHTLI 3allMCH PACIIUPEHHOT0 BAKYYMHOI'0 YPABHCHUSA

PacmmpenHoe BakyymHoe ypaBHeHHE (11) MOXHO MCIIONIB30BATh AJIS PA3IMYHBIX KOCMOJIOTHYECKHX Mozerell. YToOb! moka-
3aTh Pa3JIMYHbIE BO3MOXKHOCTH 3aIMIIIEM 3TO YPaBHEHHUE B CJIEIYIOIIEM BHIC

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

Hampumep, ecit Y2 Yom—1 Ay = A, Yo=1 A, = R, 10O ypaBuenue (13) MOXeT NPUHSTH BUI BAKyyMHOTO ypaBHEHHS DiH-
mTeiiHa

Rix — V2 Rgy + Agux = 0. (14)
Ecmm %Y1 Ay = A, X1 A, = 0, T0 ypaBHenue (13) mpuHUMaeT BH

Ry + Agi = 0. (15)
Ecmu Y1 Ay =0, %32 A, = A, 10 ypaBrenue (13) npuHUMAET BUIl BTOPOrO BAKyyMHOTO ypaBHEHHUsI DHHIITeHHA

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 ypaBHeHuUu (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 YupoluleHHOe paclIipeHHoe BAKYYMHO€e YpaBHeHHe

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 PSAOB Ym—1 Ny M Dy Ay

[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 nocuueckux ocrhoéanuil Ons 02panuyerus 6eCKOHeuHo20 piod Ym—q Ny, 00 Oecamu crazaemvix, I[losmomy
danvheluiue 8bINUCACHUS Cledyem PACCMAmpUBaAmsb KAK aHaIu3 anpuophol (npedsapumenbholl) cunomesbi.

[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 7707+ sin’ 0 dg), (25)
T 3
2
dS(+)2 — (1 + 2 Aor ) Zdtz —LZ— T‘Z(dez + Sinz 0 d(Pz), (26)
* (170 +%)
ds$? = c2dt? — dr? — r2(d6? + sin? 6 dp?); 7
- ¥ IISITh METPUK ¢ CUTHATYPOi (— + + "‘)
s =—(1-24 o 20) c2de? + (-m AOTZ) +72(d6? + sin® 6 d¢?), (28)
ds$? = — (1420 - ) 22 ¢ o Aorz) +72(d0% + sin’ 0 dg?), (29)
ds? =~ (12— Aor? 2r%) c2qe = 2) +72(dO? + sin? 0 d¢p?), (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 corsiacHO 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 MeTpuKH-pemenus (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 MeTpuk-peteHuii (24) — (26)

Agr? r1+1r++7190

1+T7°— =1+ (+ +- +10) = (36)
(1 2-2)- (- 245)s (L4 2-5)- (244 (102 5) - (-4 5) 4 (10345

9 r7

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

1 _rT_O_Aosrz —1 _r1+r2:-~+r10 _ (%"'é-'_ ...+%> r2 = (37)
(D) (2D (e D (1242 (-2 B (120D (-2-3)-
() () (e )

L4 Toy dor? _ g raero +r10+(%+%+“ +%)r2= (38)
(D) (2B (1) () (D) (334 (14207

:
- (-2 245)-(-2-3)

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

uwmii (28) — (31)

2
_[1+770_A03T =—[1—M+(%+%+-"+%)T2 = (39)

r

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

P22 -(1-24 2+ (142-3)

2

r 3 T

—to (4B (12 ) (1) (1242 (1421 (124 )~ (1+5-5)+
F(1-248)-(1+2-5)+ (1-2+2)

R P PR (GHgt—tz)r= (40)

2 T1 T Tio
—[1-n-t] s oo ontmtme (L4 Lt D)2 = (41)
r 3 r T
St () (1420 D (122 (124D (13- (1424 D) (1-3-5)-
(e3eg) s (-2 ()
[14+2 420 = 140202t +r1°+(%+%+ +%)r2]= (42)
—1- (14224 —)+(1—r79—%)—(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), siBnsITOTCSI OT/ICNIBHBIM PELICHUEM BTOPOTO BAKYYMHOTO ypaBHeHHUs DiiHiuTelHa Buaa (7).



3 Nepapxus cepryecKux BAKYYMHBIX 00pa3oBaHMii
«TbI Bce Pacnionosxuin 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.

JomycTiM, 9TO B OCHOBE MOJHOCTHIO0 TEOMETPU3UPOBAHHOM KOCMOJIOTHIECKON MOJIEIH IIPUCYTCTBYIOT TOJBKO JBE FEOMET-
pHUYECKHE KOHCTaHThL: Ry — napamerpuueckuii paguyc Beenennoii (cm), u lv= ¢ At = ¢+1cek = 3-10'% cm — paccrosinue, koTopoe
MPOXOINT JIy4 CBETa B BaKyyMe 3a MPOMEXYTOK BpeMeHH At = lcek.

3a ocnosy 63am nyms, Komopwiil npoxodum ayu céema 6 eakyyme 3a 1 cexyndy no caedyiowum 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 6e30na-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 penusuo3Hbix Konpeccuil u gunocodos, seisemes mepuiom éce2o. Takoe aHmponHoe ymeepucoerue O YUEeHHbIX 8bl2IA0UM MA0
ybeOumensHbiM, HO 6 OaibHelUIeM GHIACHUMCH, YMO ecliu 3a 0CHOGY npunams nyms v= 3-10'° cy, mo nonyuaemces duckpemnas uepapxu-
yeckas NOCIe008AMENbHOCIb PAOUYCO8 CIADUILHBIX 6aKYYMHBIX 00pazoeanuil, oauskas k Habmooaemvim. Cryuaiino smo, unu ho Bone
Ilposeodenus,

HO OnuHa dK6amopa Hawieti nianemsl 3emus mooice npumepho leg= 3-101 ey, ecu usmepenue ee wiepoxosamoii nosepxnocmu npous600umo
He 8 KUIOMempax, a ¢ 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 _ R}

T' ~ -_——_—
mopn o (3.1010)m

oM. (43)

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

R3 1050
Ty~ = ————. 44
mogm o (3.1010)m (44)

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%° cm — paauyc, COU3MEpUMBIH C PaUyCOM Apa FANAKTUKYL

rs~ 108 cM — pagmyc, COM3MEPHMEII C PaaHycOM Spa INIAHETH WU 3BE3MBI;

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 PaJHyCOM Apa IPOTO-IIAHKTOHA™;

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

W3 3T0M AMCKPETHOHN MEepPaxXUIecKO MOCIeA0BATEILHOCTH TONBKO PAANYCHI I2, I3, 4, I's, s OKA3aIUCh ONHM3KU K paguycaM
Ha0JII0TaeMBIX CPEePUIECKUX MAaKpO- U MUKPOCKOTIUECKUX Tell. OcTanbHbIe chepruiecKue Tena ¢ paanycamu I, 7, s, Iy, I'o
HaXOJATCS JAJIEKO 3a MpeaeliaMy COBPEMEHHBIX TEXHUYECKMX BO3MOXKHOCTeH HabmofeHus. Ha ceromusanianii 1eHb Mbl HE
MOJKEM YBEPEHHO YTBEPXKIAaTh: CYIIECTBYIOT JIM chepHyecKre Tela ¢ TaKUMH pa3Mepamu wid HeT. OIHAKO TOITyCTHMO



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) MOKHO OTAENBHO BBIICIUTH U PACCMOTPETh COBOKYITHOCTh U3 MATH MeTpuK-pernenuii Buaa (173) — (178) B [5]
BTOPOT0 BaKyyMHOT0 ypaBHeHus Ditniureiina (140) B [5]

2 2
ds; % = (1 -2 +T_2) c?dt? — —— — r2(d6? + sin? 6 dp?), (45)
PR e
(92 _ rh TR\ 2.0  dr: 5. 5 ;2 2
ds,”’" = (1+ - T(%)c dt (1 l—%) r*(d6*? + sin* 6 d¢*?), (46)
(92 _ (4 _Tb _T%) 2 z_dirza_ 20402 1 <in? 2
ds _(1 ! rl%)c dt %) r2(d? + sin? 6 d¢?), (a7
r ra
2
dstP? = (14724 1) c2der - —2 - r2(d6? + sin? 0 d?), (48)
4 rorg (1+r7b+:—2)
ds{™? = c2dt? — dr? — r?(d6? + sin® 0 d?), (49)

roe a=1,2,3,...,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 - Llleapyuunb0a OMUCHIBAIOT METPUKO-TUHAMUYECKYIO MOJIEIb BBIIYKIOTO C(EPUUIECKOro BaKyyM-
HOTO 00pa3oBaHusl, KOTOpoe ObLIO HazBaHO «KieTkol [IBapumunbaa - e Currepay. HamomuuM, 4T0, Kak mokaszaHo B [5],
JAHHOE BaKyYYMHOE 00pa30BaHUe SBISCTCS CTAOMIIBHBIM, T.K. COBOKYIHOCTh MeTpHK (45) — (59) sBsI0TCS penieHusAMu BTO-
poro BakyymHoro ypaBaenus (140) B [5], koTopoe BBIIOTHSACT POJb 3aKOHA COXPaHEHHs SJHEPTHYHOCTH, TAKXKe KaK ypaBHe-

aus (13) u (20).

Takum 06pazom merpuku-pemienus (23) — (32) ¢ yuerom Beipakenuii (35) — (42) onpenenstor METPUKO-AMHAMUYECKOE OTH-
CaHHe MEePapPXUUYECKO JIeCATHYPOBHEBON KOCMOJIOTHUECKON Moienu. B 3Toit nepapxudeckoit Moaenu necaTh chepruueckux
00pa3oBaHuil Pa3IMYHOTO MaciuTaba BIOXKEHBI APYT B Apyra mojo0Ho MaTpemkaM. To ecTh BHYTPEHHE SIIPBIIIKO KaXI0TO
SITpa, B CBOKO OYEPE/Ib SABJISIETCS SIAPOM JIJISI CCAYIOMICTO SAPBINIKA, U TaK 10 JSCATH UTEPaIlii, Kak [MoKa3aHo Ha puc. 1.

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



OmHako y JaHHOW HepapXUIecKoil JecATHYPOBHEBOM KOCMOJIOTHYECKONW MOAEIH MMEETCS OJTHO 0OCTOSITEbCTBO, KOTOPOE HE
MOJIAETCS JIOTHUHOMY 00bsCHEHH 0. J[esio B ToM, 4To u3 MeTpuk (23) — (32) cnenyer, uto 1-s chepa (paanyc KOTOpoit cous-
MepHM ¢ pasrycom Mera-Beenennoit r1~ 10 ¢m), naxoautcs By Tpu 10-i cepsl (¢ pasMepom MHCTaHTOHA I1o~ 107%° cm).
YT00BI YOSIUTHCS B 3TOM TPOCICINTE, HATIPUMED, 32 MOCIIEI0BATEIBHOCTHIO CIaraeMbIX B BhIpakeHHH (35):

T+t

1
.

(-2 B (14354 (-2 (1 2B (13 ) - (10 2-5)+ (124 5)-

2 ° 2 8 2 " 3

T r T; T T T
—(1+2-5)+ (1-24+5) - (1+2-5).

T T T Ty T 1o
OO0paTruTe BHIMaHUE HA TTOCIIEAHEE 3aMBIKAIOIIEe CIaraéMoe, B KOTOPOM MPUCYTCTBYIOT I'1 | 1. DTO O3HAYaET, 94TO cdepa ¢
panmycoM I'1 HAXOIUTCSI BHYTPH Cepbl C painycoM I1o, KaK 3TO BHIHO U3 IPEABIAYIINX CIaraeMbIX 3TOTO K€ BBIPAKCHHUS.
AHaNOrnyHasi CHTyalys UMeeT MECTO BO BceX BhIpaxkeHHsX (35) — (42). Takas 3aMKHYTOCTH 10-ypOBHEBOIl KOCMOJIOTHYE-
CKOHM MOzeNu TpeOyeT JOMOTHUTEIBHOTO H3yYCHHS 1 OCMBICIICHHSI.

4 YpoBeHb 3J1eMEHTAPHBIX YaCTHI
4.1 «DJEeKTPOH» U «IO3UTPOH»

U3 Bcex chepudecknx 00pa30BaHUil, BXOAIIINX B IECATHYPOBHEBYIO HEPAPXHIO, ONMCHIBAEMYIO COBOKYITHOCTHIO METPHK-
peuienuit (23) — (32), Haubosee XOPOUIO U3yUeH YPOBEHB dJIEMEHTapHBIX YacTull. [103TOMy Ha4YHEM HCCIEI0BAHKE Hepap-
XHYECKOH KOCMOJIOTHYECKOH MOIeNHt co chepruecKuX BaKyyMHBIX 00pa30BaHuii ¢ XapakTepHLIM paauycoM Fg~ 10713 cm,
KOTOPBIM COOTBETCTBYET pa3MepaM 3JIEMEHTApHOM YaCTHUIIbI.

Jlanee Ha3BaHuUs 4acTuUll (T.€. CTAOMIBHBIX CHEPUIECKUX Amn-BaKyyMHBIX 00pa30BaHH) B3SThI B KABBIUKHU, HAIPUMED, «IJICK-
TPOH» U IIO3UTPOH», TAK KAK METPUKO-AMHAMUYECKHIE MOJIENIN AaHHBIX chepruuecKux 00pa3oBaHUi BO MHOTOM OTIMYAIOTCSI
OT TIpeJICTaBIeHHH 00 ATHX 00pa30BaHKAX B COBPEMEHHON (pH3HKe.

B metpukax (23) — (27) ¢ yuetom (35) — (38), ocraBuM 15t paCCMOTPEHHS TOJBKO TE CIIAragMble, KOTOPBIE COAEPIKAT Py ChI
re~ 107 cM. B pesysbTaTe NOMyYnM Cile Ty OILYI0 MHOTOCIIOMHY 0 METPUKO-TMHAMMYECKYHO MOJIETb CTAOMIBHOTO "BBIMyK-
70r0" chepuueckoro A.12.15-BaKyyMHOTO 0Opa3oBaHHs, KOTOPYIO OyIeM Ha3bIBaTh «3JIEKTPOH»:

«JIEKTPOH» (50)

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

BHewHsAsA 000/104Ka «3JIEKTPOHA»
B MHTEpBae [Is, Is] (cMoTpuTe prc. 2)

2 2
ds{t 7% = (1 -2 4 ) c2dt? — < — r2(d6? + sin? 6. dg?), (51)
1 r 3 (I_T_6+%>
r rS
2 2
dsf % = (142 = D) c2de? — 4 12(dp? + sin? 0 dg?), (52)
2 r rs (1+7’_6_%>
T rs
2 2
ds{ 2 = (1 T _ T_z) c2dt? — —2— —2(d6? + sin? 0 d¢p?), (53)
r 3 ( _r_s_T_z>
T -rs
2 2
ds{ 2 = (1 C T_z) c2dt? — —2— — 2(d6? + sin? 0 d¢p?); (54)
L (1+r—6+r—)
T Té



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

dst™7% = — (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?),
(1125
d%+~ﬂ2:_(1_%_5)@dﬂ__(ﬁgj%—r%dﬁ+sm20mﬁ)
B G
ds{f 7% = - (1 +2 4 %) c?dt? — 1j++r:) —r%(d6? + sin* 6 dp?);
Tt

HleabT «3/1€KTPOHA)
B unTepBae [0, «]
dss(+_")2 = c%dt? — dr? —r*(d6? + sin? 0 d¢p?).

Puc. 2. TToNHOCTHIO TeOMETPU3UPOBAHHASI MOJIENb BBIMYKIOTO CTAOMIBHOTO CHEepPUIECKOT0 BAKYYMHOTO
o6pa3zoBanus (B YaCTHOCTH «DJIEKTPOHAY) C YE€THIPHMS SIBHO BHIPAKCHHBIMHU OOJIACTIMH:

Aopo «dneKkTpoHay — ITO HEHTPATbHAs 3aMKHYTast chepruueckast o6mactb A-12,-15-Bakyyma;

Buewnan 060104Kka «31€KTPOHA) — 3TO 00TACTD A-12-15-BaKyyMa, OKPY’KAIOIIAs SIIPO «IIIEKTPOHAY,;

Pakus «371E€KTpOHA» — 3TO MHOTOCIOWHAs cepuueckast Oe3qHA-TPElHA OTAEISIONAs SIIPO «IIIeK-

TPOHA» OT €r0 BHEIIHEH 000J0YKH;

Buympennee aopviuiko — manas 3aMKHyTas chepudeckas 001acTb A-22,-24-BaKyyMa BHYTPH spa «JIeK-

TpOHAY;

Hlenvm «3neKTpoHA» — 3TO MCXOAHAs HeaeOpMUpPOBaHHAs 00JIACTh BaKyyMa, B KOTOPOIl HaXOIUTCS

«3NEKTPOH». DTO cBOeoOpa3Has MaMATh O TOT, Kakas Oblia JaHHas 00JacTh BaKyyMa, 10 TOTO, Kak OHa

nedopmMupoBanach 1 NPHHsIA CTAOWIBHYIO HOPMY «IIEKTPOHA

(55)

(56)

(87)

(58)

(59)



Amnaornuno B Metpukax (28) — (32) ¢ ygerom (39) — (42) Tak 5xe 0CTaABHM TOJIBKO T€ ClIaracMbie, KOTOPBIE COIEPKAT pajiv-
yCBI F6. B pe3ynbrare moiyduM CIEIYIOIY MHOTOCIONHYI0 METPUKO-IMHAMHYECKYIO MOJENL CTA0MILHOTO "BOrHYTOrO"
cepruIecKoro A.12-15-BaKyyMHOTO 00pa3oBaHus, KOTOPYIO OYyIeM Ha3bIBATh «IIO3UTPOHY:

«I1IO3UTPOH» (60)
CrabuiibHoe "BOTHYTOE" MHOTOCIIOHHOE cheprueckoe HCKPUBICHUE A.12..15-BaKyyMa
C cUrHatypoi (— + + +), cocrosinee u3:

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

2 2
dsTH2 = (1 L T_Z) c2dt? + ——L— +r2(d6? + sin? 0 dg?), (61)
r re _(1_T76+T_2>
s
(—+++)2 e T2\ 2.2 dr? 20462 + sin? 2
ds, =—(1——+—2)c dt + o~ +7r°(d0% + sin” 6 do*), (62)
rTs —(1 +r—6—r—2)
(—+++)2 e T2\ 2.2 ar? 20462 + sin? 2
d =—(1+2+5)c2at? + +12(d6? + sin? 0 dp?), (63)
3 T e _(1_T6_%)
T 1'5
2
dsCHHz — _ (1 _Te_ %) c2dt? + dr +12(d6? + sin? 6 d¢?); (64)
4 TS —(1 +r—6+é>
s

Slapo «mo3uTpoHa»
B HHTEpBale [Ig, 7] (HeraTus puc. 2)

dsT? = — (124 D) c2de? + 4 r2(d0? + sin? 6 dgp?), (65)
o (1-2+3)
2 2
dsCH? = - (1 + 7 T_z) c2dt? + —2— + r2(d6? + sin? 0 d¢?), (66)
e <1+r77—r—2)
"6
2 2
dsCH? = - (1 _m_ T_z) c2dt? + —Z 4 r2(d6? + sin? 0 dp?), (67)
T r6
2 2
Az (1 e %) c2dt? + —Z 4 12(d6? + sin? 0 dp?); (68)
4 T <1 +r—7+£>
r T%
leabT «103UTPOHA»
B uHTepBae [0, ]
dss(_+++)2 = c?dt? — dr? — r?(d6? + sin® 6 d¢?). (69)

CosokynHocTH MeTpHK (50) u (60) oTnryaroTcst TOIBKO CUrHATYpoil. To ecTh «3IEKTPOH» M «IIO3UTPOH» — 3TO HOIHOCTHIO
WJICHTUYHBIC, HO QHTHUIIO/IHbIE (B3aMMHO ITPOTUBOIIOJIOXKHBIE) KOITUM JIpYyT Apyra. Eciu «31meKTpoH» yciIoBHO 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. Takas B3aMMHO ITPOTHBOIIOJIOXKHAS Mapa
A.12,-15-BaKyyMHBIX 00pa30BaHMil IOJTHOCTHIO COOTBETCTBYET YCIIOBHIO BAKYYMHOT'O OallaHca.

OTyacTu aHaIU3 COBOKYIMHOCTeH MeTpuk-penteruii (50) u (60) u ¢ npuMeHeHHeM MaTeMaTH4YeCKOro anmnapara AnreOpbl cur-
naryp [1, 2, 3, 4, 5] 611 BBINIONHEH B § 4 B [5], pu ycinosuu 1, = 1y, 1, = 1,. bojiee moapoGHOE HCCIIeI0BAHIE «IIIEKTPOHAY
U «IIO3UTPOHA» OYIET MPEICTABICHO B CIACAYIOLIMX CTAThsIX JAHHOTO NpoekTa. OTyacTH aHaIu3 COBOKymHocTel MeTpuk (50)
u (60) nmpencraenen B [11]. B 910 cTarbe MBI HE OCTAHABIMBAEMCS HA TOAPOOHOM HCCIIEA0BAHNE METPUKO-IHHAMUYECKHX
MoJIeNei BAKYyMHBIX 00pa30BaHUH TaKk KaK OCHOBHOM IIEJIBIO SIBJIIETCS HAMETUTH KOHTYPBI PAa3BUTHSI TOJITHOCTHIO TEOMETPH-
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 OId-
ChIBaeTCs COBOKYIHOCTBIO MeTpHK (51) — (59) ¢ curnatypoii (+ — — —); a IO3UTPOH» — 3TO TOYHAS! IPOTUBOIIONOKHAS KOTIHSI
«OIIEKTPOHAY, T.€. CTabMIbHAas cepuuecKas BOTHYTOCTh A.12-15-BaKyyMa, KOTOpasi OIMUCHIBAETCS COBOKYIIHOCTHIO METPHK
(61) — (69) ¢ IPOTHUBOMONOKHOM CHTHATYPOH (— + + +).

B cratesx [1, 2, 3, 4, 5], roe mocnenoBarenbHo pa3BuBaeTcs «['eoMeTpusnpoBaHHas GpU3HKa BaKyyMa ¢ MO3ULHA AreOpsr

CUTrHAaTyp», [I0OKa3aHo, YTO HeO6XO,HI/IMO YUYUTBIBATH BCC 16 CUTHaTyp:

(++++) (+++-) (—++-) (++-4)
(—==H) (++H) (—+H) +-H
(F-—H) F+—) (F-—-) F-+b)
(—=+-) (F=+-) (+--) (--—-o)

[TosTOMy BeneM mpencTaBieHHe O BBITYKIO-BOTHYTHIX A-12-15-BaKyyMHBIX 00pa30BaHHUsX, KOTOphIE Oy/1eM Ha3bIBaTh «KBap-

(70)

KaMm.
Tabmuma 1
Tun «KBapkun» «AHTHKBapKn» IBer
CHTHATYPBHI, «KBapKa»
T.€. KoJInye- 10 metpux O603HaueHne 10 meTpuk Obo03HayeHNE WIN
CTBO + U — Buaa (50) Xi*-«KBapKa» Bua (60) Xi -«aHTHUKBapKa» «aHTHKBApKa»
C CUTHATYpOIl: C CUTHATYpOIl:
1-3 (+---) €. -«KBaAPK» (—+++) €, -«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 -«aHTUKBApK» KpacHbIit
2-2
+-—+-) Us* -«KBapK» (-+-+) U -«@HTHUKBapK» 3€JIeHbII
++--) U -«KBapK» (——++) Uy -«aHTHKBapK» rory0ooi
4 (++++4) is"-«xBapK» —--) 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? + —— +72d0? — r?sin? 0 do?, (72)
r e <1_T_6+T_2>
T 1'5
2 2
dsCHH 2 = (1 4o r_z) c2dt? + —E 4 r2d6? — r2sin? 6 d¢p?, (73)
roTs (1+r—6—r—2>
T r5
2 2
dsg "= - (1 - r—z) 2dt? + —T—< +r2d6% — r?sin? 6 d¢?, (74)
AN )
T rs
2 2
dsCH % = - (1 476 4 T_Z) c2dt? + —L— +1r2d6? — r2sin? 0 d¢p; (75)
L <1+T—6+r—>
r 2
5
Anpo Ui -«aHTHKBapKa»
B UHTEpBae [Ig, I7]
2 2
dsCHFI2 = (1 _7y T_z) c2dt? + —E 4 12d6? — r2sin? 0 d¢p? (76)
T <1—r—7+r—2)
T ‘r6
2 2
dsy t % = - (1 +Z— r_z) 2dt? + —T— + r2d§% — r2sin? 6 d¢?, (77)
T <1+r77—r—2)
T6
2 2
dsy * 1% = - (1 -z r_z) 2dt? + —— + r2d§% — r2sin? 6 d¢?, (78)
Sy
e
2 2
dsCH % = - (1 +17 T_z) c2dt? + —2— +r2d6? — r2sin? 0 dp; (79)
r Te <1+TT7+T_2)
"6
IeapT Ux -«<AaHTHKBapKa»
B uHTepBae [0, ]
dSS(_+ T2 = _c2dt? + dr? + r2d6% — r2sin® 0 d¢p2. (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.

KoMe BBIIYKIIOTO <«3JIEKTPOHA» (T.€. € -«KBapKay) CUTHATYpPO# (+ — — —) U BOTHYTOTO «IIO3UTPOHA» (€, -«aHTUBAPKa») C
CHTHATYpO#l (— + + +), BCe OCTaJbHBIC «KBAPKH» SBISIOTCS HECTAOWIIbHBIMH BBITYKJIO-BOTHYTBIMH HUCKPHBJICHHE A.12-15-
BaKyyMHBIMH 00pa30BaHUsAMH, T.K. METPUKH, Hanpumep, Buaa (72) — (80) ¢ curnarypoii (— + + —), He YIOBIETBOPSIOT YCIIO-
BusiM ctabunbHOCTH (7). TO €CTh pH MOJCTAHOBKE KOMIIOHEHT METPUUECKHUX TEH30pOB 13 MeTpuk Buja (72) — (80), ¢ mroboit
JPYToii CUrHATYpO# KpoMe (+———) u (— + + +), Bo BTOpOe BaKyyMHOE ypaBHeHHe DiiHIuTeiHa (7) paBeHCTBa HE MOIy4aeTCs.

4.3 MeTpUKO-AMHAMMYECKHE MO/IeJIH IPOTOHA» U «KAHTHIPOTOHA
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 CheprUEeCKUMU CTAOUIHLHBIMUA 00pPa30BAHUSIMHU.

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)
+—-——4) + (—++ ) =0

(+-=—-)+(+++)=0.

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

MOTYT OBITh COCTABJICHBI M3 JBYX DPAa3HOIBETHBIX U-KKBAapKOB» (WM U-«aHTHKBAapKOB») M 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 (-~ +) d(——+ ) d(~+ - )
w0 u(+ o+ - ) st (+ = #)
8 S N 1) B 00 DA S ) AP
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

P =Us U O, P2 =Uc U dst,  Pps = Us U it (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, TOrma Kak B "AnreGpe curHatyp" Pi-«IIPOTOH» U Pi'-«aHTHUIIPOTOH» COCTOSAT B MEPECMEIIKY Kak W3
Xi*-«KBapKOB», TaKk M M3 Xi -«aHTHUKBapKoB». [103TOMy, B HTOTE, B AJrebpe CUTHATYp «BEIIECTBO» (TO4YHee cdepuueckue
BaKyyMHbIe 00pa30BaHMsI) U «aHTHBEIIECTBO» (TOUHEe c(hepuuecKre BaKyyMHBbIC aHTHOOPa30BaHUS) NMepeMeIlaHbl, U HET
po0JIeMBbl CBA3aHHOM ¢ GaprOHHOW acuMMeTpuel BeeneHHo.

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

df(+ + + )

Us (- + — +)
Uri(* _ + +)_

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 (— + + +), cocrosiee 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? + — +12d0?% —r?sin? 6 d¢?,
1-Te 12
3

ds{tH? = (1+—6—%)c dt* + m+r 2d6? — r?sin® 6 d¢?,
i

dstH2 = ( ___T_Z) c2dt? +7+r 2d6* —r?sin® 6 d¢?,
3 3 (1—%6— 2)

dsgt = (14 )Czdtz +(1+n++r>+ r2d0% — 12 sin? 6 d$?;
TrE

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

22 _ (1 47 ) 2dt? + —Y 412492 — 12 5in? 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?.

u; - «KAHTHKBapK»
HecraGmiibHoe BBHITYKIIO-BOTHYTOE MHOTOCIONHOE A.12,.15-BaKyyMHOE 00pa30BaHme
¢ cUrHaTypoi: (— + — +), cocrosiuiee u3:
BHeunsisi 0601049Ka U, -«aHTHKBapKa» (— + — +)
B HMHTEpBAE [Is, I's] (puc. 3)

2 2
ds{H P = — (1 -5 T—Z) c?dt? +L2— r2d6? + r? sin? 0 d¢?,
roorg (1_r_s+r_)
2 r2r§
dsit % = - (1 +2— r—z) c2dt? + —2 — 2402 + r2 sin? 6 d¢?,
2 r L3 (1+r_5_ﬁ>
T2
(-+=4)2 _ (4 76 T3 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 MHTEpBAaJe [Is, I7] (puc. 3)

ds TP = (1 -7 +r_2) c2de? + —Z— —r2d02 + r2 sin? 0 d¢p?,

T 2
A
— 2 2
dsz( =12 _ _ (1 +2 ) c24dt? 44 <~ —r2d0?% + r?sin® 0 d¢?,
V(e
S 2 2
dsgf Tz (1 —T—7—r—2 c?dt? +L2_ r2d0? + r?sin? 6 d¢?,
r 3 _rz_r°
(--7-5)
dsCt D2 rr T2\ 2.2 dr? 2702 2 inn2 2.
S, =—\1+=-+5)cdt* + ———5 —r°df* + r°sin“ 6 d¢~;
roTe <1+r—7+r—2)
T

HleabT Us - «<QHTHKBapK» (—+ — +)
B unTepBae [0, «]
ds{ T = —c2dt? + dr? — r2d62 + 12 sin? 6 dg>.

Ur ~-«KAaHTHKBapK»

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

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

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

2 2
ds;” "= - (1 - +:_2) c2dt? -~ 4+ r2d02 + r2 sin? 0 d¢p?,

2

Te , T
5 1__6+_2
rorg

2
c?dt? — 7‘7 —
()

~( )
ds?f__”L”L)2 =— (1 —_ r—z) cdt? —
~( )

Te T

dSZ(__++)2 = 1+ ? -

2
roors 1_r_6_r_2>
T ]
6

.
1+=+—=

(——++)2
dS4 T TS

Snpo U - «<aHTUKBapKay (— -+ +)

B MHTEpBaeE [rs , 7] (puc. 3)

Te

r7 T
+———
)

TR P S,
G
T

2
Te

IIeanT U, - «aHTHKBapK» (— — + +)
B uaTepBane [0, o]
ds 7% = —c2dt? — dr? + r2d6? + 12 sin? 0 dg>.

+1r2d0?% + r? sin? 6 d¢?,
dr? 2302 2 i 2 2
———~ +1r°df° +r°sin° 6 do*,

2
c2dt? — —2 1+ 12d0? +r?sin 6 do?;

2 2
dsC92 = _ (1 -2+ T_z) c2dt? — — 4 r2d6? + % sin® 6 d¢?,
2
ds{T % = = (142 - D) 2dt? — —T—< + 72d6% + 72 sin? 0 d@p?,
T T'6 (1
( dr? 2102 2 i 2
T do* + r*sin“ 0 do*,

2
dsC™92 = _ (1 +2Z+ —2) c2dt? — ——< +r?d6? + sin? 6 d$;

(97)

(98)

(99)

(100)

(101)



Brenmsg o6omouka 7
«TIPOTOHA»

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

v
'
'
'
'

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
«KBapKOB» U «aKTHKBAPKOB» CIIOKHO B3aUMOJICUCTBYS OTTAIKUBAIOT APYT Apyra oT obirero nentpa 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 €y
U €x") — 9TO HECTAOUIIbHBIE COCTOSHUS A-12-15-BaKyyMa.

ITo otmenbHOCTH Ui -«KBapK», Us -«aHTHKBAPK» U Uy -«aHTUKBAPK» JOJITO CYIIECTBOBATh HE MOTYT, T.K. OMHMCHIBAIOIINE HX
Habopsl MeTprK Buna (93) — (101) mo oTAeNBHOCTH He SIBIISIFOTCS PEIICHUSIMH BTOPOTO BAKyyMHOTO ypaBHEHHs DWHINTEIHA
(7). Tonbko BMecTe OHM O0pa3ylOT CTAaOMIBHOE B CPEIHEM «BOTHYTOE» A.12.15-BAKyYyMHOE OOpa30BaHHE, KOTOPOE MBI
YCIIOBHO Ha3BaIH Pj - «poToH» (puc. 3).

LleHTpBI BHYTPEHHHX SAPHIIICK TPEX «KBAPKOB)» U «AHTUKBAPKOBY» (B YaCTHOCTH, u;ur‘d,(*) 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

TOJIBKO METPHUKO-AUHAMUYCCKOC, HO U CTATUCTUYCCKOC ONMMCAHUC BHYTPHUAACPHBIX NPOLECCOB, YTO OTYACTU PACCMOTPECHO B
[8] u B §4.9.

BHyTpeHHOCTSD si7jpa «IIPOTOHA» MOCTOSHHO OBICTPO MEPEXOIHUT U3 OJTHOTO KBAPKOBOTO COCTOSHUS B Ipyroe (T. €. U3 COCTO-
SHHS C OJTHAM COCTABOM IIBETHBIX «KBAPKOB» U «aHTHKBAaPKOB» B COCTOSIHHE C IPYTUM HX cocTaBom). MHade roBopst, nehop-
Maruu A _12-15-BaKyyMa BHYTPH SiZjpa «IIPOTOHA» MOCTOSHHO CIIOKHO HepectanBaioTcs. [loaTromy B Macmtabe peanbHOTo
BPEMEHHU MBI IMEEM JIEJI0 C YCPETHEHHBIM COCTOSTHUEM «IIPOTOHA»

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



CosokynHoctu MeTpuk (93) — (101) mpu ucmoIp30BaHUK MaTEMaTHYECKOro amnmapara Anredpsl curHatyp [1, 2, 3, 4, 5],
MIO3BOJISTIOT U3BJICYb HH(POPMAIIMIO O MHOXKECTBE ITPOLIECCOB M MOJI-TIPOIIECCOB, MPOUCXOISAIIUX BHYTPH SIIpa «IIPOTOHAY» WU
«aHTHIIPOTOHA», B €0 paxuu W ghewineli obonoyke. boiee MoIHyI0 T€OMETPU3UPOBAHHYIO (PU3NKY «HYKJIOHOBY» TIpeJIoia-
raeTcs IpeJCTaBUTh B CICAYIOMINX CTaThIX HACTOSIIETO MPOEKTa.

4.4 MeTpUKO-THHAMHYECKAs 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 SIeKTpoHa)

n = ddu. (102)

B pesynbTare Takoro co4eTaHus HEUTPOH OKa3bIBACTCS 3JIEKTPUUECKU HEUTPAIBHON YaCTULIEH C HYJIEBbIM CyMMAapHBIM 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 JOCTHTAeTCs B CIydae PAaHKHPOB, COCTOSMIMX W3 YeThIpex curHaryp. Ilosromy "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 (+ + + ) Uy (= + —4) dr (+ — + +)
d" (+ + — +) U (— — + +) df (+ + + ) dt (+ + + )
n®@© 00 0)+ n2(0 0 0 0)+ n®(0 0 0 0)+ n (000 0).
it (+ + + +) ic"(+ + + +) is"(+ + + +) it (++ + 4)
d (- + - ) di (- -+ ) d (- + - ) U (+ -+ )
U (+ = = ) de (-~ — ) u*(+ — + ) d (- +--)
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 -«xBapkay» (i ot crosa invisible — nesuoumwrir):

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 MPEICTABISAIOT co00 "Touky" u "aHTuTOUKy" (cMOTpUTE §4 B [2]). BHauMo, mo3TOMY HX MpHUCYT-
CTBHE B Ape «HEUTPOHA» HE OBLIO OOHAPYKEHO IKCIEPUMEHTAIBHO, M He YUUThIBaoch CTaHIapTHONH MOETIBIO.

Takum obOpa3oM, B paMkax AnreOpbl CHTHATYP BOCEMb BO3MOKHBIX COCTOSIHUI «HEWTPOHa» MOTYT OBITH MPEICTABICHH B
Buze parmxupos (103) wmn B GoJee TpagUIMOHHOM BHIE:

O=icd duG, 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 3alHMCH 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+-4) (+ = = )*—| «onexTpon»
(0000)- (000 0)«

JIOTHYHO MPEIIONIOKUTD, YTO TAKOE MEPeCTPOCHHUE (T.¢. pa3BsI3bIBAHUE TOMOJIOTHICCKOTO y3i1a) BHYTPH spa «HEHTPOHa» B
HEKOTOPBIX CIIy4asiX IPUBOJUT K PEaKLUU pacmaga

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

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

B3auMoCBsI3b MEKYy CUTHATYPOU METPHUUYECKOM MPOTKEHHOCTH U €€ TOIOJIOTHEN moka3aHa B §4 B [2].
Jlpyroe 3HaYMTEILHOE OTIMYHE NPEAJIaracMoil TEOPUU OT COBPEMECHHOM sAepHOI (DU3MKH, 3aKIF0UACTCS B TOM, YTO B pe-

3yJIbTaTe BHYTPHUSAICPHBIX TpaHC(hOpMAIMii KOHQUTYparusl «KBapKOB» BHYTPH SIpa «HEHTPOHA» MOXKET CIOXKUTHCS B BUIIE
P17-«aHTUIPOTOHA» M «IIO3UTPOHA» (T.€. «aHTH-aTOMa» BOJIOPOJA)

(107)
(:_ - :_ :_) (+ ; *) D1 -«aHTUIPOTOH
CHEUTPOH» (+ - ) -+--)
-+ +-) 9(+77+)
(++ = +) (= + + +)— CIO3UTPOH»
(0000 (000 0)+
DT0 MOXKET PUBECTH K TPOIIECCY pacmaia «HEHTPOHa» Ha p1*-«aHTUIIPOTOH» M KIO3UTPOH
no>p +e+ o, (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 CIeAyIoIIee: B cirydae Tpanchopmarm «HedTpoHa» Trma (105) n3amenstorcs 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, H BO3MOKHO
CHapyXH, 11pa «HEUTPOHa»), Ha ITO TPEOYIOTCS IHEpreTHYecKUe 3aTpaThl. [103TOMY BEpOSTHOCTb TPAaHC(HOPMALMU C U3Me-
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 CKOMIIEHCHPOBaHA IIPH PACCMOTPEHHH TPaHC(HOPMAIMN BCEX 8-H BOSMOXKHBIX COCTO-
sHui «He#tpoHa» (103). Kpome Toro, MeHblas BEpOSATHOCTh HE HCKIIOYAET BO3MOXKXHOCTh pacmaza tuma (108). [lostomy
IpeJcKa3aHue 0 BO3MOXKHOCTHU pacrazia HeMTpoHa He TOJIBKO Ha «IPOTOH» U «3JEKTPOH», HO U HA «@HTHIPOTOH» U II03U-
TPOH» JOJDKHO OBITH AETAJILHO M3yUeHa U SKCIIEPUMEHTAIILHO ITPOBEPEHA.

BuyTpusinepusie A _12, _15-BaKyyMHbI€ (DIyKTyalnu HACTOJIBKO OBICTPO U3MEHYHBBI, UTO JIJISI MAKPOCKOTIMYECKOTO HaOII0/1a-
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+ it dids Ut + igtdsd Ut + st ddeust + istdidius®).

SAnepuoit Anrebpe curraryp (T.e. TCOMETPU3UPOBAHHON (PH3HKE «IIPOTOHOBY» W «HEHTPOHOBY) AOIDKHO OBITH ITOCBSIICHO
OTZACIIBHOE 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 IeHTepuil MOKET COCTOSITh U3 OJHOTO «IIPOTOHAY», OJTHOTO «HEHTPOHA» U OAHOTO «3JIEKTPOHA». PaH)XUpPHBIH (TOMONO0-
TMYECKHil) 9KBUBAJICHT Y3JI0BOH KOH(UTypaluu Takoit o0nactu A-12-15-BakyyMa UMeeT CIICAYIOIUH BUIL:

+ + +-) + + -+
«IPOTOH» ] =+ -4 - - +4)
-+ -+ +9)
+ F - - - ) (+ + +4)
«HEUTPOH» + - + + WA + - +-) wm...
-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 MOKET COCTOATh U3 «AHTUIIPOTOHA», ((HCfITpOHa» U «IIO3UTPOHAN !

- -4 - +-)
«aHTUIPOTOHY ] + - +-) + + -9
(+ + ) (+ = =
+ i + + ++) - -9
CHEUTPOH» -+ - - WIH -+ -+ 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». ITO KacaeTcs BCEX HCCIIELyEMBIX 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 [5]), oOHapyskuBaeM, 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

(+ ++ ) Nn20-«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#i 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(UTypaLusiX;

3) «DneKTPOHBI» U «IIO3UTPOHBD» B «aTOME» HE aHHUTWIINPYIOT, T.K. OHU PA3MBITHI CPEIH CIOKHEHIINX BBITYKIO-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 M3 KBapKa M aHTHKBApKa, H ONpPEACSoTCs GopMyion
1

— =gt = o= pt = -4t -+ -4+
M=q"q"=qa9a = 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 TAKIKE COCTABIISIOTCS «ME30HBI» M «DapHOHBD) B paMKax AJreOpbl CUTHATYp. PaccMOTpUM KOHKPETHBbII
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) df(+- + +)
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 MOT'YT ObITh CTaOMIEHBIMH. OHU MOTYT CJIOKHTHCS B IAHHYIO 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.

Konctpykuuu Anredpsr curHatyp (AC) otiamgaercst oT KOHCTpYKImi CTaHIapTHONH MOAEIH JJIIEMEHTAPHBIX YaCTHII, TOJIEKO
HaJIMYHEM JOTOJHUTEIBHBIX i -«KBapKa» U Is -«aHTHKBapKay», a TaK jKe€ TeM, YTO OOJNBIIMHCTBO UCCIIETYEMbIX MHOTOCIIOMH-
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 sTom ciyyae, kak mokasano B [6, 7], meppoe BakyymHOe ypaBHeHue DitHmiTeliHa R;j = 0 CBOJMTCS K BOJHOBOMY ypaBHe-
HUIO JUTS MaNlbIX Bo3mynenuit hi*):

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

c2 9t2 ij
B Anreﬁpe CUTHATYpD [1, 2, 3, 4, 5] JOIMyCTUMO KaK MUHUMYM JIBYXCTOPOHHEE paCCMOTPEHHUE. To ecTb MO MUMO 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 Bo3MyIleHHH IByXCTOPOHHETO A-12-15-BaKyyMa ypaBHeHue R;; = 0 cBOAUTCA K BOJHOBOMY YPAaBHEHHUIO BUA

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 MAaTEMaTHUECKHE MO-
Jieny AreOpbl CUTHATYD A7l JAHHBIX BOJHOBBIX BO3MYIICHHH.

Omnupasich Ha CIIEKTPaIbHO-CTUTHATYPHBINA anamu3 (cMoTtpute §6 B [1]), BBeZeM mpeacTaBieHus O BETHBIX (OTOHAX.

Tabmuma 2

LBeTtHOl PpoTOH Crurnarypa I[BeTHOIT aHTH)OTOH Crurnatypa

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

e=exp{(27/lyp(ct—x—y—=2)} [{+ - -} |e=exp{G27/Amn(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)} |1+ *+ -3 | b=exp{s27/Amn(—~ct—x+y+2)} |1 -+ +}
0=exp{(e27/Amn(ct—x+y+2)} [{+-++} |o=exp{{s27/Apn(—ct+x—y—2)} |{-+ -~}
h=exp{(;2n/App(ct +x+y—2)} |{t ++ -} | h=exp{(;27/dpn(—ct+x—-y—2)} | { - - +}

2= exp ({27 /Ampn (ct +x—y+2)} |1+ =4} | Z2=exp {27 /dpn (—ct—x+y—2)} | T~ + 3

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). OiHa 13 BO3MOXHOCTEM ONpeaeaeHnst 00beKTOB {m U
cumBoia Kporekepa dkm mpencTaBiIeHa HIDKE:
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10 00 0 0 0O
0100 0 0 0O
0 01 0 0 0 0O
0 001 0 0 O0O
0000 1 00O
0000 0100
0000 0 01O
0000 0 O0O0°T1

6km[

I'apmoHnueckoe BO3MyILlEHHE BaKyyMa

a) «@oTOH» M «<AHTH(OTOH»

it (127), onuceiBaeTcst KOM-

IUIEKCHOM YKCIIOHEHTOM

(130)

exp{i(wt-—k-r}

cos{ (27 Ay )(ctX—y-2)} + i Sin{(270 Ay, (ctx—y-2)} = exp{i A p)(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 (24 Ay 1) (—ct+x+y+2)}= exp H{i(wt—k-1r)} (131)
Ha30BEM €-«aHTH(POTOHOM» CO CTHTHATYPO {— + + +}.

Y pOBHIO 3JIEMEHTAPHBIX YACTHI COOTBETCTBYET JJIMHA BOJIHBI TAPMOHNYECKHX A.12,-15-BAKYyMHBIX BO3MYIIICHHUH B THaNa30HE
ﬂvm,n = 1.12,.15 = 10712 — 10715 CM.

b) W*-«6030HB»

B pamkax pa3BuBaeMoii TeOMeTpH3UPOBaHHON (M3MKE BaKyyMa, OCHOBAaHHOW Ha AJredpe CHUTHATYpP, TPU HBETHBIX COCTOS-

Hust W*-«6030Ha» 3aJa0TCS CIACAYIOMIME BRIPAXECHISIMI U COOTBETCTBYIOIIMMH MM PAaHKHPAaMHU, KOTOPBIE OMPEACISIOT
Gosiee CIOXKHBIA 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 {j27/A( ct—x+y—17)}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 {i2z/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 {j2nlAi(—ct—x+y+2)x {——+ +}
xexp {k2z/A(—ct+x+y-2)}y {£&++-}
{-+ + +}
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 —MHIMBIC eTHHHUIIBI, KOTOPBIE 00Pa3y0T aHTHKOMMYTATHBHYIO arebpy:
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,
COCTOHIHI/IMI/I u3 4-x IBCTHBIX <<(1)OTOHOB» u ((aHTI/Iq)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 { 2z/A (—ct—x—-y—2)}x {~---}
xexp {i27/A( ct+Xx—y+2)}x {+ + - +}
xexp {j2mIA( ct+X+y—2)}x {+++-}
xexp {k2z/A (—ct—x+y+2)} =-—++}
{000 O}
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-2)} i+ + -}
{0 00 0}
exp { 27IA( ct+X+y+1D)}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+I1)}x {+ + + +}
x exp {i27/A (- ct—x+y—2)}x {-+-}
xexp {j27lA(—ct—X -y + 2)}x {--+}
xexp {k2z/A( ct+x-y-2)} {++- -}
{00 00}
exp { 2mIA( ct+Xx+y+2)}x {+ ++ +}
xexp {i27mIA(—ct+Xx—y—2)}x +- -3
xexp {j27/A( ct—x+y—12)}x {+-+ -}
x exp {k27/A (~ct—x—y+2)} =--+}
{000 0}
d) «aoHb»
B KBaHTOBOI XpOMOJMHAMMKE HACUMTHIBAETCS 8 THIIOB TJIFOOHOB:
- LIBETHBIE TIFOOHBI:
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)/\Z, gg= (rF +bb —2gg)/V2. (137)
B AsreGpe cTurHatyp uMeercs 6 CTUTHATYP y KOTOPBIX IO IBa OJJMHAKOBBIX 3HaKa (cMoTpute (34) B §5.10 B [1])
e AU [CE

++ -+ e+ - 4

[TosToMy m3 Tabi. 2 MOKHO BBIIEIUTH 3 IBETHHIX «(OTOHA» U 3 IIBETHBIX «aHTH(OTOHA» (IIBETa KOTOPBIX COOTBETCTBYIOT
nBeTaM U*-«KBapKOB» M U -«aHTHKBAPKOBY», 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/A(—ct+x—y+2)} {- + - +}

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

W3 n1aHHBIX BETHBIX «(OTOHOBY» U «aHTH(HOTOHOB)» MOKHO COCTABUTH § IIFOOHOB 10 npaBwiaM (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) |, j T(ct-x+y=2)  JkF(=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 {Gi27IA( ct+x+y+2)} {+ + + +}
xexp {G2xIA( ct—x—y +2)}x {-- -+
x exp {Ga27/A (~ct —x+y—2)}x {+ - - +}
x exp {(2mIA( ct +X—y—2)}x -+-}
x exp{Ce2mIA (—ct+Xx—y—2)}x {++ - -3
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+ + -}
x exp{2m /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 27mIA( 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-«JIeNTOHOBY», 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 apyroii cTOPOHbI BHYTPEHHEE SIPBILIIKO MOXKHO Pa3MaThIBaTh Kak YacTHILy ¢ pajiycoM Iz~ 10724 cm koTopas XaoTHHECKH
OJy’KJ]aeT B OKPECTHOCTH YCJIOBHOTO LIEHTPA Ipa «AJIEKTPOHA» U3-32 MHOXKECTBA CIIyYaiHBIX CHIIOBBIX BO3EHCTBHUII 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. YpoIeHHoe Mpe/CTaBIeHne O SPHINIKE, KaK O TBEPOH gacTuIle ¢ pagrycoM 7~ 10724 cm, KoTopas XaOTHYeCKH OIyKIaeT B
OKPECTHOCTH ILICHTpA sJipa 3JIEMEHTAPHON YacTHIBI (B YaCTHOCTH «AJIEKTPOHA») M3-3a CIIyJaWHBIX CHIJIOBBIX BO3AEHCTBHI CO CTOPOHEI
(GIIyKTYnpyIOmeH ynpyro-acTHIecKoi Cpesibl U CHII YIPYTOCTH, CTPEMSIINXCS BEPHYTH SAPHIIIKO B YCIOBHBIN EHTP paccCMaTpHBACMOH
CTOXaCTHYECKOH CHCTEMBL.



CroxacThyeckasi CHCTEMa, MOKa3aHHas Ha puc. 4, HOAPOOHO 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, CBSI3aHHASI C YIPYTOCTHIO OKPYKAIOLICH €€ CPeibl, 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) SBIA0TCS ClydaiiHBIMU BETHYMHAMH, 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, y,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_ 0% L OF L 0% : _ Uayan), _ Eeya),
roe Ve= pve; +6y2 + 5,2 — oneparop Jlarmaca; u(x,y,z) = — e(x,y,z) = — (145)
20‘72<
Ny =_—— = 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.



Vpasuenune Jitnepa-Ilyaccona, mis sxcrpemann Y(x,y, z) ¢pyukiponana (144) okazaroch CTAaIlMOHAPHBIM ypaBHEHHEM
lIpenunrepa [8]

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

Ecnu ynpyrie HaTskeHHS A.13,-20-BaKyyMa OKPYKalOIIero XaoTH4IeCKH Oy Iaroliee APbIIIKa, B CPSTHEM yBEIHYHBA-
FOTCS TPOMTOPIIHOHANBHO €ro yAaJIeHUIo ' = /X2 + Y2 + z2 OT IIeHTpa siapa «3JIEKTPOHA», TO YCPEIHCHHAS TIOTCHITHAb-
Hast HEPTHs AApbIKa umeeT Bu (cmoTpure § 3.6 B [10]), mocBsiieHHOMY aHAIOTHYHO#M mpoGiieme)

<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'0 FAPMOHHYECKOTO ocIinIsTopa [8]

2 2 ku‘r2
V(. 0,9)+ = [en 5] w(r.6,0) = 0, (152)
rac

210 ( 50\, Yo 153
Vo= =5 (r 5) +-3 —omeparop Jlanaca B cepHYECKHX KOOPAUHATAX. (153)

PelieHusAMY JaHHOTO ypaBHEHHUS, KaK U3BECTHO, BJIIIOTCS aMILIUTYAbI BEposTHOCTH [9]

han0.0)= | B(35) S () e (B (25 a0 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 3HAUCHHMSIM IOJHOW MEXaHMYIECKOH JHEPTreTHYHOCTH
sapbimika [10]

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

roe N=2k + .



Ksaapatsl Mosysis aMuTy s BeposTHOCTH (154) [Wyim (7,6, @) |? — 3To 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 (DPIIPB) [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 GOJIBbIIE BEPOATHOCTH MOSBIICHHUS SPBIIIKA B JAHHON 00JIaCTH. PacyeTsl BHIIOJIHEHBI C HCIIONB30BaHMEM 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] BEPOSTHOCTH MECTa HAXOXICHMS XaOTHUECKH OJyXIarollero SIPBINIKA, T.€. MPOCTPAHCTBEHHAS KOH(HUTyparms
YCPEIHEHHOTO COCTOSHHS paccMaTpHBAEMOM CTOXacTHYECKO# 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, UYTO «3JEKTPOHA» — ITO TaKOe CTaOMIbHOE chepHueckoe BaKyyMHOE 00pa3oBaHUeE,
BHYTPH S[pa KOTOPOTO XAOTHUECKHU OJTYKIA0IIee SAPBIIIKO HAXOIUTCS B OCHOBHOM (T.€. HEBO30YIKICHHOM) COCTOSIHUH C
kBaHTOBBbIMH yrciaaMu K = 0, | =0, m = 0. [Ipu 3TOM «MIOOH» M T-«JIEMITOHOBY» — 3TO «IJIEKTPOH», Y KOTOPOTO XaOTHUYECKH
OJy’kJaroliee sPhIIIKO HaX0AUTCS IIEPBOM U BTOPOM BO30Y)KIEHHOM COCTOSIHMU COOTBETCTBEHHO.

Toxe camoe kacaeTcs «IIO3UTPOHA» U BCEX OCTAJIbHBIX «KBAPKOB» U «aHTUKBAPKOB». HaHpI/IMCp, MOKHO NPEATIOJIOKHUTD,
4qTo C+'«KBapK» u t+-<<KBapK)) — 9TO COOTBETCTBEHHO IIEPBOC U BTOPOC BO36y)KI[€HHBIG COCTOSAHUA U+-<<KBapKa)), a S+-<<1<Bap1<»
nu b+'«KBapK» — 9TO COOTBETCTBCHHO IEPBOC U BTOPOC BO36y>KﬂeHHBIe COCTOSHHA d+'(<KBapKa)).

OTtnnume 1aHHOM TunoTe3bl oT CTaHIapTHOW MOJENH JIEMEHTapHbIX YacTHII, 3aKJII0YASTCs B TOM, YTO B Pa3BHUBAEMOM 31eCh
TE€OMETPU3UPOBAHHON (PM3UKE BAKYyMa Y «IIIEKTPOHA», KIIO3UTPOHA» M y BCEX OCTAIBHBIX «KBApKOB» (cMoTpHTe Tabm. 1)
BO3MOXHO OECKOHEYHOE KOTMYECTBO BO30YKIEHHBIX YCPEAHCHHBIX COCTOSIHUM B 3aBHCHMOCTH OT KBaHTOBBIX umcen K, | um.

4.10 MeTpuKo-THHAMUYECKAsT MOJIe]Ib KHEHTPHHO»

I'aeet 6 u 7 B [11] mocBsIIeHBI METPUKO- THHAMUYIECKIM MOJIEISIM JIBHKYIIIETOCS «AIICKTPOHA» M «HEHTPUHOY». B 3T0i cTaThe
MBI TOJIEKO IOBTOPHM OCHOBHBIE BBIBOJIBI, cAeNaHHbIe B [11].

HpI/I HpﬂMOHHHCﬁHOM ¥ PAaBHOMECPHOM JBHKCHUHU «3JICKTPOHA», HAIIPUMEP, BAOJb OCH X CO CKOPOCTBIO Vx, €I'0 BHCUIHAA
000J104Ka U AAPO NPUXOAAT BPpALICHUC BOKPYT HAIIPABJICHUS IBUKCHUS (pI/IC. 63), KOTOPOC OIMUCBHIBACTCA 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 >JUIMITHIHOCTH.

Puc. 6. a) Snpo u BHEnIHAS 000T0UKa, ABMKYIIErOCs «3IEKTPOHAY», BPAIIAIOTCSI BOKPYT HAIPABICHHS €TO JBIDKCHUS.
6) «HeiirprHO» — 3TO TOpOUAAIBHOE BUXPEBOE BO3MYIIIEHHE BaKyyMa Oe3 sipa B CepeuHe, ABIKYIIEeCs CO
CKOPOCTBIO OJIM3KOH K CKOPOCTHU CBETa

Ecnu siapo IBIKyIIErocs «3JIeKTPOHa» CTOIKHETCS, HAPUMED C SIPOM «aTOMay WIIH SIAPOM JPYTOTO «3JIEKTPOHAY, H PE3KO
OCTaHOBHTCS, TO C HETO MOXKET COPBATHCSI TOPOUAAIBHBIN BUXOPH (PHC. 66), KOTOPBIH YCKOPSIETCS 10 CKOPOCTH ONM3KOH K
CKOPOCTH CBeTa. B pamMKax reomMeTpn3upoBaHHOHN (DM3UKH BaKyyMa TaKOH BaKyyMHBI BHXOPb HA3bIBACTCS 3JIEKTPOHHBIM
«HEHTPHUHOY». METPHUKO-IHMHAMHYIECKAs] MOJIENb JJIEKTPOHHOTO «HEHTPUHO», Mpe/ICTaBIeHHast B T1aBax 6 u 7 B [11], 3Hauu-
TEJILHO CIIO)KHEH, OZIHAKO B 3TOM CTaThe Mbl OTPAHMYMMCS TOJIBKO TAKUM YIIPOLIEHHBIM YIIOMMHAHUEM O IaHHOM CTaOUIIbLHOM
BaKyyMHOM 00pa3oBaHuH. Bce ocraibHbIe COpTa «HEHTPHUHO» — 3TO MOJI0OHBIE TOPOUIANIBHBIE BAKYYMHbIE BUXPH, JBHIKY-
LIMECS CO CKOPOCTBIO CBETA, KOTOPBIE 00Pa3yIOTCs P OBICTPOM MEPEMEILCHUH IPYTHX AIEMEHTAPHbIX YacTHll, HaIlpuMep,
«TIPOTOHOBY, KHEUTPOHOBY» U T.II.

4.11 Pakus «3JIEKTPOHA)

PaccmoTtpum Ge3nHy-TpemuHy (pakuio) BOKPYT sipa 3JeMEHTapHOH YacTHIBI Ha IPUMEpPE pakuul «3J1eKTpoHay. Paknu Beex
OCTaJIbHBIX «KBapKOB» M «HYKJIOHOB) yCTPOEHBI aHAJIOTHYHO.

PaccMOTpHUM BHENTHIOK 060JIOUKY «3JIEKTPOHA» (pHC. 2), TouHee 007acTh A-12-15-BaKyyMa BOKPYT ero sipa. VccemoBanue
BBINIOJIHUAM Ha ocHOBe MeTpuku (51)

2 2
s = (1 ey :_2) 2dt? — — _ _12(d6? + sin? 0 d¢p?), (157)

2
5 1_r_6+r_2
ror

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

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

2
ds{t 7% = (1) 2dt? - s — r2(d6? + sin® 6. dg?). (158)

(1-%)

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



_q_Te_, (159)

TTosy9aeTcs, 9To I' = I'g — 3TO paanyc chepruecKoii Ge3HbI-TPEIIHHbL, KOTOPas OTAEISET BHEIIHIOW 000JI0UKY «3IEKTPOHA»
ot ero szpa (puc. 2 win 4). Bonee moapo6HO 3Ta 061acTh A-12-15-Bakyyma paccMoTpena B §4 B [5]).

Onnaxo 1pu 6osiee TOUHOM PacCMOTPEHHUH, corylacHo MeTpuke (150), pamuyc cepuyeckoil 6e3THBI-TPEMIUHBI Ty ONpPeeNs-
€TCsI BEIpaXKEHUEM

2
1_r_e+%=0, (160)

Tg
KOTOPOE MOKHO MPEICTABUTh B BUJIE KyOMYECKOTO YpaBHEHHUs
12 +1ér, —1érg = 0. (161)

JlanHOe ypaBHEHHE, KaK M3BECTHO, MMEET TPU KOPHA Tgq, Tg3, Tg3 (KOTOpBIE ompenenstorcs no popmyse Taprambsa-Kap-

JaHo). ITO 03HAYaeT, 4To chepuueckas 6e3aHa-TPEIInHa, OTACIIOMIAs BHEITHIOW 000J0YKY OT s/Ipa, Pa3iessieTcs Ha TpU
chepuyecKux ciosl.

AHaIOrH4HBIM 00pa3oM HEOOXOIMMO HCCIEA0BATh U TPH octasiiuecs MeTpukd (52), (53) u (54), koTopbie B COBOKYIHOCTH
C METpUKOM (52) ompenesitoT METPUKO-IMHAMUYECKYIO MOJIeSTb BHELTHEH 000JI0UKH «3JIEKTpOHay. B pe3ynbraTe moayunm
eIle TPH YPaBHEHHMS VIS ONIPEACIICHUS pajnyca chepuueckoi Oe3IHbI-TPEILCHBI

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

OTO 03HayaeT 4YTo B c(hepuuecKoil Oe3JHe-TPEIIHE, OKPYXKAIOMIEH AP0 «3IEKTPOHay, uMeeTcs: 3X4 =12 meperieTeHHbIX
chepruecKuX CIIOEB.

Ecmu s1po «3mekTpoHay HaXOIUTCS He TOJNBKO BHYTPH «OHOJIOTHIECKON KIIETKMY, HO M BHYTPH JAPYTHX C(PepHueCKUX BaKy-
YMHBIX 00pa30BaHuii, HAPUMED, BO «BceneHHo» | T.1., TO B 3TOM cuTyanuu, cornacHo (35) — (38), kybuueckue ypaBHEHHS
(161) u (162) mpumyT BUA

Te 1

1,1
1--=2 (— = —)r2=0 Wi 12 T, — =0 163
Ty T12+r22+r52 9 gt 11,1\ 9 1,11 ’ (163)
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HpI/I 3TOM 12 BHEIIHHUX CIIOEB cq)epnqecxoizi 663,Z[HBI'TpCIIII/IHBI, OKPYIKAIOMKE AAPO «IJIEKTPOHA», OKA3bIBAOTCA CBSA3aHHBIMU
CO BCEMH C(i)epI/I‘IGCKI/IMI/I 06pa30BaHI/I$IMI/I, BHYTPU KOTOPBIX HAXOAUTCA AAPO «IJICKTPOHA», B JAHHOM CJiy4dac ¢ paaunycaMu
«BcenenHoi» u Mera-Bcenennoii». 9To 0O3Ha4dacT, 4TO €CJIM OTH OoJIbIIHE pagnycbl CO BpEMCHEM MCHAIOTCA, TO MCHAIOTCH
H CBOMCTBA OKPYKCHHS BOKPYT sA/Ipa «3JICKTPOHA». Ha puc. 7 npeacTaBJI€Ha NOIBbITKA TPOWIIOCTPUPOBATH MHOTOCIIOHOE
OKPYIKCHHUC sgJIpa «IJICKTPOHA».



Puc. 7. ®pakTanpHble WUTIOCTPAIIME MHOTOCIIONHOTO OKPYKEHUS SApa dJIEMEHTAPHON YaCTHIIBL.
Bbenya Manznens0pota 0OHapy KuJiI, 4To (hpaKTaibl HEOOBICHUMBIM 00pPa30M BU3YaJIH3UPYIOT
CYTh MHOTHX OTKPBITBIX U CKPBITHIX aCIEKTOB PEAIbHOCTH

AHaNOTWYHBIA aHaIIN3 COBOKYITHOCTH MeTpUK (55) — (58), KOTOpBIE ONMPEAEIioT METPUKO-THHAMUIECKOE COCTOSIHUE SIIpa
«QNIEKTPOHAY, ¢ y4eToM BbIpaxkeHHs (35) — (38) mpuBOANT K YeThIpeM KyOHYECKHM ypaBHCHUSIM

1 — T+TsTot10 +r§ _ Trtrgtrotry T

- z 0, 1+ B 0,
g 6 g 6
(164)
2 2
r7+rg+19+719 Ly 17+1rg+19+710 Ly
1T G =), 14 ZEETRTHO L G =,
Tg s rg ré

[To3TOMy CcO CTOpPOHHI sipa IMEIOTCA emie 3X4=12 BHYTPEeHHHUX CIIOEB cheprIecKoil Oe3THBI-TPESIIUHEI.

Takum oOpa3oM B cepruieckoil rpaHuIe MEXKIYy BHEITHEH 000JIOUKOW U SIIPOM «IIIEKTPOHA» MMeeTcs 12 BHemHuX u 12
BHYTPEHHHUX clioeB. Beero momyuaercst 24 cepuueckux Ciios, KOTopbie OyaeM Ha3bIBaTh pakus (puc. 2, 7 u 8).

BuemHsas 0601049Ka

4

a) 0)

Puc. 8. a) Pakus «3mexkTpoHay — 310 24-cnoiiHas 6e31Ha-TpelnHa OKpPYIKAroMIas AP0 ATOH AIIEMEHTAPHOM YaCTHIIB;
0) ®paxranpHas WUTIOCTPANUs BHENTHUX W BHYTPEHHUX CIIOEB paKuu «IIEKTPOHAY.



B paccmaTtpuBaemoit mepapXxudeckoil KOCMOJIOTHYECKOW MOJENH, aHAJOTHYHBIE pakuu OKPYXKaoT SApa BCEX CTaOMIBHBIX
cepruecKUX BaKyyMHBIX 00pa30BaHU «[TO3UTPOHOBY, KIIPOTOHOBY, «HEHTPOHOBY, «aTOMOBY, KIJIAHET», «TANAKTHK» U T.1I.

Hownsmue 77 (pakus) ezamo uz TOPDI, Bpeviwum, 1: 6 -13 (wiu bubauu, boimue 1: 6 -13), 20e Onucwvisaemcs Cozdanue
cepuueckux c80006 cpedu BEPXHUX U HUICHUX 800, 6 medeHuu emopozo /s Teopenusi.

M Crcasan BT (QNOXUM — BT): T2 6y gy s bydogs v By i ip o0 Y9 2

aer ¥ (paxus) nocpenn 2207 (a-maum - 7(5)-600) u

OyJer oHAa pa3gesioM Mexay 2°n (MauM - eodamu) 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

Hassau B-T" v°p% (2-pakuio) 0w (HeGom) 1 ObLI Be- :’IM Uij 1P;"ﬂ’1 :'!? "ﬂzl U’E? K’Pl‘z U’:'T.L’g
dep, u 66110 yTpo — lenn Bropoii. U Ckazan B-T: Jla : _5 R . Ll '-17
Ty DN Db i o7 ! D T

CTEKYTCHl 5-BOJBI MO HeDecaMu (pakuell) B OTHO Me-

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-CUIBHBIN, B-T') Pasdenun 600vr. Hzyuenue u
pacwugposra smozo Bvickaszvleanus no360aum u3eieyub uHpopmayuio Kak 06 paKuu (m.e. MHO20CI0UHOU cghepureckol 060-
JI0UKe A0pa KOPpRYCcKyiL), mak u o éceti Bcenennotl, HanonnenHol KopnycKyramu (cpeputeckumu 8axyyMHuiMu 00pa308aHusmiL)
paznuunozo macuimaba. Kmo met maxue umo6sr mpaxmogams Texcm TOPBI? Ho mvt moswcem Ha yposHe 002a00K (eunomes)
KOHCmamupoeams Hekomopule coenadenus. Hanpumep, cemampusa (m.e. yughposoe 3Hauenue) ciroea %297 (a-paxus)
200+100+10+70+5=385. Ecu pazdenums 385 na 13(nauborvuiee uucio mecsiyes), mo noiayuumes 29,6, umo coomeem-
cmeyem cpeoHeMmy KOIUYecmay connedhvlx cymok ¢ mecsiye. Cnogo ani (a-maum) Mbl uHTEpIpeTupyeM kak :1(5)-600 u 6
Mempuro-ounamudeckou mooenu eneuwne obonrouxu (51) — (54) u (59) u sopa (55) — (58) u (59) «Inexkrpona» (U Bcex
OCTAJIbHBIX «KBAPKOB») MO IIATh METPUK, KOMOpble ONUChisaem 8axkyymmuole meuenus. Beeco amux 600 0% (°(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, wieo), Ho He UCKTIOUEHO
umo oma Jce CMPYKmMypa NOGMOpsemcs U 6 HauweMm egewjecmeenHom mupe). Lemampus cnosa %7 (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 HAXOJAITCS BHYTPU KaKMX-IMOO MHBIX ChepHIecKnX BaKyyMHBIX 00pa3oBaHMi (HampuMep, «aTOMOBY», «IUIAHETY,
«3BE3/», «TAJaKTHK») kpoMe Beenennoii ¢ 1, ~ 102 cM. Takue «31eKTPOHBI» M «IIO3UTPOHBD Oy/1eM Ha3bIBATH CBOOOIHBIMH.

Ha nanHOM 3Tare ucciieloBaHus OUeHb CIIOXKHO CYAUTh O Pa3Mepe BHYTPEHHETO SIIPBIIIKA CBOOOIHBIX «3JICKTPOHA» U IO~
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 urHCmanmona (CMOTPUTE HEPAPXUIO pamuycoB (44a).

Ecnu npunepkuBaTbesi 3TOM TMIOTE3BI, TO JUIS CBOOOJTHBIX «IJIEKTPOHAa» W «IIO3UTPOHa» BaKyyMHbIe ypaHeHus (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 U3BECTHBIX JICTITOHOBY», «0apHOHOBY», «ME30HOBY H «0030HOB» (Kpome 0030Ha XHrTCa), BXOIAIIHUX B cocTaB CTaHmapT-
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 CTaHAAPTHONW MOZEIH dJIEMEHTAPHBIX YACTHUI]

B npeaaraemoii 31ech nepapXu4eckoil KOCMOJIOTHYSCKON MOEIHN OTCYTCTBYET IIOHSITHE «Maccay, II0ITOMY OTIIaaeT HeoO-
XOJMMOCTD BO BBEICHHH IPEACTABICHHUH O IOJIe, 00ECIICYNBAIOIIEM MEXaHW3M CIIOHTAHHOTO HAPYIIEHHS SIIEKTPOCIaboit
CHMMETpPHH, K COOTBETCTBEHHO O KBAHTaX ITOTO I0JIs — 6030Hax Xurrca. OMHAKO HE HCKIFOYEHO, YTO B IIOJHOCTHIO TEOMET-
PHU3HPOBAHHON TEOPHU BO3HUKHYT METPUKO-ANHAMUIECKIE MOJIETIN BaKYyMHBIX 00pa30BaHUK C XapaKTePUCTHKAMU, AaHAIIO-
THYHBIMH XapaKTePUCTHKAM JIaHHBIX 6030HOB. Hampumep, He BbIssCHEHa CyTh «ianmadpTonay (130).

Takke U3 IBETHBIX «KBAPKOB» U «AHTUKBAPKOB» yAaeTCS CKOHCTPYHUPOBATH BCE «aTOMBI», BXOMAIINE B MEPUOAMUECKYIO
TabIUIy XUMHYecKuX dteMeHToB J[.M. MenneneeBa, a m3 «<aTOMOB» MOTYT OBITh COCTABJICHBI BCE «MOJICKYIIBD».

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» U «aHTHUKBAPKOB)» M M3 IIBETHBIX «(HOTOHOB» M «aHTH(HOTOHOBY». T0O €CTh B IpeAsiaracMoi THIIOTe3e N3HAYAIBHO
OTCYTCTBYET IpobiieMa 6aproHHOI acumMmeTpun Beenennoii. OiHaKo, MBI JIaJIEKH OT OTBETa Ha Bompoc: — [louemMy He aHHH-
THIIMpYeT Mup, KOTOPBIH B CpeTHEM TTOJTHOCTBI0 CHMMETPHUYEH U COAIaHCHPOBAaH OTHOCHUTENILHO 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 HIEHHO YCTPOEHBI TOUHO Takke. TONbKO M3 KOMIOHEHT MeTpuuyeckoro Tenzopa (35) — (38) merpuk-pemennit
(23) — (32) BakyyMmHBIX ypaBHEHH (22) HY)KHO BBIOpATh cliaraeMble cojepkaiiue I's (Toraa 3To OyaeT «3Be3JHO-IUIaHeTap-
HBII» YPOBEHb PACCMOTPEHUS ) HITH I3 (TOTAA 3TO OyeT «TajlaKTHYECKHUi» 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. PaccMOTpPUM «IIaHeTy» ¢ paanycoM sipa I's~ 108 cM, koTopas Haxo-
nutes Bo BeenenHoii ¢ paguycom Iz ~ 102 ewm.

B sTOM citydae momydatoTes Bee 16 ruraHeTapHBIX IIBETHBIX «KBAPKOBY» M «AaHTHKBAPKOBY, MOKa3aHHBIX B Ta0m. 1. st mpu-
Mepa NPHUBEIEM OJIMH 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? 6 d¢?,

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

dsSH% = +7‘2d92 —r?sin® 0 d¢?;

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

(-++2 _ Te | T i
ds! - (1 -Z4 Ts) c2dt? + e, ﬁ) +12d6? — r?sin® 6 d¢?
r r%
(-++-)2 _ re T2 i
dSZ - (1 + 76_ Tg) c’dt? + rs (.16 1%\ +r2d6* —r*sin’ 6 d¢2,
F
2
ds§ 2 =—(1—i—6—:—;)c2dt2 = r2>+r2d92—r sin” 6 d¢?,
2
rs
2
dSi_++_)2:_(1+r—6+r_z)C2dt2+ B+ 72d6? — r2sin? 0 dp;
TS (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 n3 «KBap-
KOB» U «aHTHUKBAPKOB)» YPOBHA 3JIEMEHTAPHBIX YaCTHUL CKIAABIBAIOTCS «HYKIIOHbBDY, «KME30HbD» U «aTOMbID», a U3 «aTOMOB»
CHUHTEC3UPYIOTCA «MOJICKYJIbD» U T.H.



[TnanerapHbIe M 3BE3AHBIE KHEHTPHHO» — 3TO TOPOUAAIBHBIC MAarHUTHBIC TTOJIS «ITAaHET» U «3Be31». Ilo Beel BuamMocTH,
IUIaHETapHbBIC U 3BE3HbIC «HEUTPHHO» TOXKE MOTYT PacIpOCTPAHATHCS 0e3 siAep «IUIaHET» M «3Be3» BHYTPH, KaKk TOPOU-
JlaJIbHbIE BaKyyMHbIE BUXPH IUIAHETApHOT'O MJIH 3BE€3JHOr0 MaciITaba. Ecny Takue npocTpaHCTBEHHO-BPEMEHHBIE HCKPHUBIIE-
HUS (T.€. TOPOUAAIBHBIC BaKyyYMHBIE BUXPH) MOJTYYUTHCS OOHAPYKHUTH, TO 3TO OyET Oy TUMBIM apIyMEHTOM B TIOJIB3Y pa3-
BHMBaeMOH 31€Ch THIIOTE3bI.

[TnaneTapHbIe «O030HBDY TaK KE COCTABJIAIOTCS U3 IUIAHETAPHBIX IBETHBIX «(DOTOHOB» U «aHTH(OTOHOBY, MPUBEIACHHBIX 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-THHAMHYECKAs MOJIENb HepapXUIECKON Ienodky 13 10-1 mocie10BaTeIbHO BIOKECHHBIX
JIPYT B Apyra chepruIecKnX BaKyyMHBIX 00pa30BaHHH («KOPITyCKyJ») ¢ XapaKTepHBIMHU panuycamu (44a).

Ceifuac Mbl HOHMMAEM, YTO BHYTPHU CaMOM GOJIBIION «KOPITYCKYIIbl», KOTOPYIO MbI Ha3biBaeM Mera-Beenennas ¢ ri~ 10% e,
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 Hy)XHO PacCMaTpHBaTh CHCTEMY ¢ OECUHMCIICHHBIM YHCIOM YPaBHEHHUH
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 — Y2 Gix Xh=1 A = 0,

Rix + % G 291 A — Y2 9 Xy A = 0.

Bce 310 GecuncieHHOe KOJIMUECTBO ypaBHEHHSI 00bEANHSET TPH 00CTOSITENILCTBRA!

1) Bo Bcex ypaBHeHmsx (169) tenzop Pudaun R;, oAWH U TOT e, TOYHEE TAaHHBIM TEH30p OJMHAKOB BO BCEX TOYKAX MeTa-
Bcenennoii (puc. 10), 4To COOTBETCTBYET OJHOPOIHOCTH M U30TPOITHOCTH 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) B cren 3a xkapauHanom Huxomaem KysaHcknM, mpefmonaraercs, 9To IEHTP Takoi Mera-BceneHHO HaXoauTcs BHYTpU
Ka)XXJJOH HepapXUIeCKON IEOYKH «KOPITYCKYJD», rie ObI OHa HE HaXOIUIIach.

W3 31X 3-X 006CTOATENBCTB CIEAYET, YTO I BCEX HEPAPXUIECKUX IIETIOYEK KKOPITYCKYID)
OOIMMH SBIISIOTCSA KAK camas GoIbllas «KopoyckKyna» (Bo3MoxHO ¢ It~ 10% cm), Tak u
camasi MaJleHbKasi «KOPITYCKyJ1a» (BO3MOXKHO ¢ 1o~ 107°° ¢m). To ecTh Bce GecUMCIeHHOE
MHO)KECTBO MEPAPXUUECKHX IIETIOYEK KKOPIYCKYJD» HAUMHACTCS C OJHOM caMoil OOJBIIIONH
«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 cMbicia. Eciu paccMaTpuBaeMoe BakyyMHOe 00pa3oBaHUE 3a-
MKHYTO (@ W3 PEIMIMO3HBIX MCTOYHUKOB, B YaCTHOCTH M3 JypaHCKOIl kabOausbl, ciemyer
YTO, OHO 3aMKHYTO), TO MbI BBIHYKJCHBI 3aKJIIOYHUTh, YTO camasi OOJIbIIast «KOPITYyCKyJIa»
(Mera-BcereHHas) HAX0ANUTCS BHYTPU CaMOW MAJICHBKOH «KOPITYCKYJIbI» (HHCTAaHTOHE), T.€.
Mera-BeeneHHas BeIBOopaunBaeTcsi Hau3HaHKY. Kak miaHupyeTcs 1mokas3arh B CIEIyIOMINX
CTaThsIX, BaKyyMHBIC TOKH CHayajla CTEKaIOTCs 110 BCEM MEPapXUUECKHM LEHOYKaM «KOp-
IYCKYJD» OT PaKUU «Mera-BceleHHOW K pakuy «MHCTaHTOHA», TaM OHM Pa3BOPAYMBAIOTCS
U TEKyT B OOpPATHOM HAalpaBJICHUH I10 TE€M JK€ IIEM0YKaM OT PAKHUH «MHCTAHTOHA» K Pakun
«Mera-Bcenennoii». To, uTo ObUIO KHH3Y, OKa3bIBaeTCS HaBepXy, U Haobopot. C HEKOTO-
PBIMH aCTIEKTaMH BaKyYMHOH «OIHUCCEH» MOXKHO MTO3HAKOMUTHCS B [11].

Cuctemy ypaBHeHu# (169) BO3MOXKHO MBITATHCS pelIaTh TOJBKO CTATUCTUYECKUMHU MeToqaMu. [109ToMy yCcpeaHuM Bce 9TH
ypaBHEHHS

SR+ % gueinas kb + Z71 = kny) = 0. (170)
rae k; — obniee KoauuecTBO cdhep (KKOPIYCKYID») € paauycom I .

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

Rix + ik Zm=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 PaBHSIOCH HYJIHO

Ym=1kmAm + X5=1 — knAp = 0. 172)



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

Rik =0. (6')

B HekoTopoM (cBoero poaa GppakTaabHOM) CMBICIIC UACS caMO-3aMKHYTON BceneHHO# B 3T0i Benmukol opMylie mOBTOPH-
nack: — «To, 910 OBLTO B HaYalIe — OKA3aJI0Ch B KOHIIEY.

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

- ¢ curHatypo# (+ ——-):

1
dsl(J’)2 = (1 - Tr—") cidt? — dr? —r2d6? —r? sin? 0 d¢?, (173)

-3

=

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
-3
1

o

ds$7?% = —c2dt? + dr? + r2d6? + r? sin® 6 dp>. (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) npobiemHble, 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? + r2 sin® 6 d¢p?,

KOTOpBIE OIPEENAIOT B CPEHEM HEHCKPUBIEHHOE COCTOSIHUE JBYCTOPOHHETO 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 Gostee AETATLHOM PacCMOTPEHUH B AnreOpe CUTHATYp MoKasbiBaiics (cMotpure §5 B [5]), 9TO pereHneM BaKyyMHOTO
ypaBHeHUs (6) SBIseTCA PaCIIEIUIEHHBIN HOMb:

(182)
0= (00 0 0 + (0000 =0
= + + + +) + ---) =0
= - - - +) + ++ +-) =0
= + - - +) + + +-) =0
= -+ ) + (++ — +) =0
= (++__) + (__++) =
= -+ - =) + +- +4) =
= = -+-) + -+ -4 =
= = + + +) + + - - - =
0= (OO0 00 + (0 000+ =0.

Taxum oOpa3oM, BakyyMHas (HyJieBasi) KOCMOJIOTHS IIOKa3bIBACT, YTO HECMOTPSI HA TO, YTO MHp HaIOIHEH OECUNCICHHBIM
MHOECTBOM C(EPUUECKHX BaKyyMHBIX 00pa30BaHuii (BBITYKIOCTEH, HIIH «KOPITYCKYJI») M aHTH-00pa3oBaHuil (BOTHYTOCTEH,
WITH «aHTHKOPIYCKYI») Pa3IMIHOTO MaciiTaba, OH B CPEIHEM OHHU MOJHOCTHIO KOMIICHCHPYIOT MPOSIBJICHHS APYT APYTa.

Kak takoit Mup cymectByer (T.e. moueMy oH He aHHUTIInpyeT)? Ilo Beell BUIMMOCTH MBI HE HailJieM OTBET Ha 3TO BOIIPOC
B pamKax audepennuanbHoii reomerpun Pumana. Yenosue cobmoaeHus BakyyMHOro OanaHca BCAKUH pa3 OyAeT NpuBo-
JIUTh HAaC K JIOTHYECKOMY TYIHKY.

B03MOXXHO CyIIecTBOBaHHE Takoro B CPEAHEM ITyCTOTO M IUIOCKOTO Mupa 00yCIIOBIEHO €ro NMOCTOSHHBIM H3MCHEHHEM,
HanpuMep, paclIupeHHeM WM CKaTHeM, HOCKOJIBKY CTaTHYecKas IyCTOTa HEMHHYyeMO aHHMUTmimpyeT. OZHaKo 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 HaI-IPOCTPAHCTBO, B KOTOPOM pa3MeElIeH 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 MOJelb, KOTOpasi B CHITy YCJIOBUS BAKYYMHOTO OajiaHca OIUCHI-
BAaeT B CPEJHEM ITYCTOM U IIOCKUI MUp. DTOT MHUP 3aII0JIHEH Pa3HOMACIITAOHBIMH «KOPIYCKYJIAMU» ¥ «AHTHKOPITYCKYJIaMID),
HO B HeM HeT HU Llenu, HU DHepreTHyeckoro pecypca A pa3BUTHA. Takoi KOPIyCKYJISPHBIA MUP TOJ0OCH MepTBOMY (T.€.
0e31yIIHOMY) Tely, KOTOPOE MOXKET CTPEMHUTHCS TOJBKO K COCTOSIHHIO TEPMOJMHAMUYECKOIO PABHOBECHS (T.€. K TEIUIOBOM
CMEpTH).

210 9TOr0 MOMEHTA MBI Ha YPOBHEC I'MIIOTE3bI, HO CTapaljiaCh CJIEA0OBATH OCHOBAM HAYYHOI'0O MUPOBO33PCHUA U HaquOﬁ MCTO-
JOJIOTHUH. B stom ITYHKTE BHOCATCSA HCKHUE aCIICKThI penmnowoﬁ MeTa(i)I/I?,I/IKI/I.

MosKeT JIi yU4eHHBIH CTPOUTH MOJIENbHEIE IPEACTABICHUS 00 OKPY>KAIOIIEM MUPE HA OCHOBAHHUH PEIMTHO3HON MUGPOIOTHN?
Bo3moxHO, 94TO ipeaHus MyApEIoB APEBHOCTH He OTBeUar0T 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 kKaO0abl. [loaTBepaAsTCs M 3TU anpUOpHEBIC HIICH Ha
npaktuke? HensBecTHO, HO OTOpachIBaTh UX O€3 MPOBEPKH HE IIEIECO00Pa3HO.

BBIIIIE N10/1pa3yMeBaIoch, 4TO KOMIIOHEHTBI METpUUecKuX Ten30poB Jij” Metpuk-perenuii (35) — (42) 10KHBI ObITH QYHK-
[USAMH HE TOJBKO caMux nedopmupyembix cheprdeckux koopauHat (Ct, r, 0, ¢), Ho u dhyHKIme koopauHat (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 AmnM-Bakyyme (T.€. c2» c1).

BTopoit Amn@-Bakyym, MOeT GbITh HCKPUBJIEH ¥ HAXOAMTCS BHYTPH TPEThero Amn®-BAKyyMa, KOTOpPBIH BRICBEUMBaiics 13
TOM ke «IyCTOTh» Tydamu CBeTa co CKOpPOCTb 3, KOTOpas MHOTO GOIbIINe, 4eM 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 BIOXKEHHE: AmnD-BakyyMa B Ann®-BakyyMm B Amn)-BAKyyM B ... MOKET IIPOOIIKATBCS A0 TEX
HOp, MOKA CKOPOCTh PACIIPOCTPAHEHMS BOIHOBBIX BO3MYIIEHHH cn B Amn-BAKYYME He IOCTUrHET OECKOHEUHOCTH
(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, coomeemcmsyrowux namu CUMBOIAM, NPUCYMCIBYIO-

wum 6 Benuxom u Iposnom Umenu BCEBBIIIHEIO 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
so3myuenutl (ungopmayuu) 8 [yxo8Hsix Mupax 6 KaboAIUCMu4ecKux UCmoyHuxkax asmop He ecmpeyan. OOHAKo @nosiHe pe-
30HHO NPEOnoNodHCUMb, YMO, Yem ebliwe Mup, mem OobULE CKOPOCHb PACHPOCMPAHEHUs. UHOPMAYUY 8 HEM, d HA CAMOTL
Boicweii Cmynenu DHH CO®, Bapuxy, Ckopocms Peaxyuii u Bocnpusmus 6eckoneuna (umo o3nauaem ocmarosxy épe-
menu). Hanomuum, umo Hcaax Hviomon (6ocnumannux Tpunumu-xonneddxca Kembpuosicckoeo yHusepcumema) ceaszvlean
Ab6comomuyio cucmemy omcuema c Abcontomuvim HABJIFOJATEJIEM (m.e. c BCEBBILIIHHUM), a Ilpocmpancmeo o Ha3bi-
san « Yyscmeunuwem Eounozo b-I'A». Oonopoonocms u Edunobosicue no Hotomomny osnauaem, umo Ha écex Yposusx boi-
mus oeticmayrom 00uu u me sxce b-’ KECTBEHHDBIE Ycmanoenenus u 3akoHul.

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 CKOPOCTb CBETa Ci (T.e. CKOPOCTh PACHPOCTPAHEHHE BOTHOBBIX BO3-
MYIIEHNH WK Tiepenadn MHPOPMAIUH), TIPH 3TOM Cn) ... » C3» C2» C1=C;

- Y K&XKI0T0 Amn()-BaKkyyMa cBoit mapamerpHuueckuii paguyc BeenenHoit Ryi , mpat 3To0M Ryn» ... » Rya» Ruz» Rui» Ry .



Takum 00pa3oM, KOMIIOHEHTBI METPHUYECKOTO TEH30pa, ONPECISIONINE METPHKO-IUHAMHYECKOE COCTOSHHE JIOKATbHBIX
YUACTKOB [EPBOTO Amn-BaKyyMa, 3aBHCHT, TAK %€ U OT COCTOSHHS BCEX OCTANBHBIX 60jIee TOHKHX Amn()-BakyyMOB, B10YXeH-
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 MHUJLIHO-
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. HEHPOHHOM CETH), a MO3T TT0JJaeT KOMaHy HepBHOW CHCTEME TaK COKPATUTh MBILILBI PYKH, YTO OHA OCTa-
eTcs B TIOJHATOM COCTOSIHUMH. Tak u ecTh, HO Ballle BOOOpaskeHHE (HeMaTepualibHas MBICIb), OpPMHUpYIOIIee COCTOSTHIE (o-
HOBOTO MPOCTPAHCTBA, BCE PAaBHO HE MOXKET OBITh MCKJIIOYEHO M3 PACCMAaTPUBAEMOH CUTYAIWH, T.K. HET APYTOH NMPHIHHBI,
3aCTaBIIIONIEH «aTOMbI» MO3Ta I10/IaBaTh KOMaHIAy HEPBHOW CHCTEME yIEpXKHUBATh PyKy Ha 33laHHOU BBICOTE.

Heobxonumo nousaTs: — «Kak Paccyiok BIuseT Ha METPUKO-TUHAMHUECKOE COCTOSIHUE IPOCTPAHCTBA?» DTO KITIOY K OTBETY
Ha MHOTHE BOIPOCHI, HAIIpUMeEp:

- Kak copMHUpoOBanach neppas Ouosorudeckas Kierka?

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

- IoYeMy OfHa M Ta K€ CTBOJIOBas KJIETKa, pa3BUBAETCS B OJJHOM CIydae B OJHY TKaHb WJIM OpraH, a B JPYTUX CIydyasx B
JIpyTye TKaHU U OpTaHbI?

T[IpHMEHHTETEHO K KOCMOJIOTHYECKHM IpobieMam, He uckimodeHo, uto BCEJIEHHCKUM PACCYJIOK 3akpyumBaeT BTO-
poit Amn@-Bakyym (T.e. GoHOBOE HpOCTpaHCTBO c1T1, X1, Y1, Z1, T.e. ITueBmy (JyHoenue, JIyx)), 4TO OPUBOAUT K BOZHUK-
HOBEHHIO LIEHTPOOEKHBIX CHJI HHEPLMH KOTOPBIE, B UTOTE, IPUBOJAT K PACHIMPEHUIO MEPBOTO AmnV-Bakyyma, T.e. Mera-
Bcenennoii Hammero Mupa (puc. 10).

B nepuoo ¢ 20 no 23 mapma 2014 2. 6 2opode Boporesic aemop 6 npucymcmeuu Barenmuna Ilasnosuua Xpamuxuna npursi
yuacmue 8 HeCKOIbKUX ceancax «nooxmouenusy meouyma Cepees I pucopwvesuua Ilpoxoposa K HEKOU KOCMUYECKOU CYUIHO-
cmu. Ilpoxopog C.I". Yepes. [Ipoxoposa C.I'. 6vino coobujeno credyouee:

1). Mempuxka «Ilycmomuly obradaem 08ymMs Munamu npoAGLeHuU.

— ¢ 00HoU cmoponvl, «Ilycmomey npucywju npusHAKU RPOMSINCEHHOU MeLeCHOCMU (CYOCMAHYUOHATLHOCMU), NOOBEPICEH-
HOU Oehopmayusim u mekyuecmu,

— ¢ Opyzoti cmopoHbl, Mempura «Ilycmomuly cnocobna ompadxcams usmeHuugvle nposasienus Mvicregpopm, popmupyemuix
Toxamu Pazyma, nodobno momy, Kax Haut paccyook ghopmupyem oopasvl 8 Hauem CO3HAHUU.

2) Tox Paszyma enusem He HA camy MEmMpUKy nyCmomsl, a Ha MAKyio ee Xapakmepucmuxy Kaxk Kpyyetue. Pazym nopoocoaem
ncegoo-cunbl uHepyuu (ananocuunslx cuiam Kopuonuca), komopuwle, 6 umoee, UCKpUBISIOM JIOKAIbHbIE YUACMKU AKYYMA.
3) Ilpu 6onee oemanvrom paccmompenuu Toku Pasyma enusiom He Ha camo KpyuyeHue u KPUSU3HY 8AKYYMd, A HA HEKYIO
CTIOJCHYIO «NPOCILOUKY», Komopas pazoensemcs Ha 10 ypoesreit. Camviil gvicokuti (1-it) uz Hux — 5mo smMoyuoHanbHuIl ypoeHs
NpOsIGNeHUL Yemblpex Mmunog memMnepamenma: Melanxoux, preeMamux, CaHe6UHUK U X0NepuK,; a camviil Huskut (10-i1) ypo-
6EHb COOMBEMCMBYen YemblpeM GUOaM CIUXULL: 3eMis, 8600d , 6030YX U O20Hb (3eMIIsL U 8600d CMPEMAMCIL 8HU3, 8030YX U
020Hb CIMpPeMAMCs 88epx u m.o. no Apucmomento).

4) Csa3b meoncoy Mupamu 8vicoxoti monxocmu ¢ smum Mupom ocyuecmensaromces uepes paxuu (cghepuieckue MHO2OCA0UHbIE
06e30HO0-mpeujuHbvl, OKpycalowue 10pa cmabduIbHbIX 8aKYYMHbIX 00pazosanuil). B uacmuocmu, pazymuoe 4ei08eyecmeo s16-
Jslemcs 0OHOU U3 TOKANbHO-Y3108bIX NPOCI0eK pakuu nianemsl 3emias. Kaowcovlil uenosex amo croxicHeiuuii 8eujecmseeHo -



O0yx08Hblll y3en (cmompume uimocmpayuio Ha puc. 76 u 12), uepes sksucmenyuio komopozo ¢ asmom Mup IIpocseuusaemcs
Beicuee BBITHUE (no Xaiioeeeepy — muvicaw uenosexa daem Crnoso BBITHUIO).

Puc. 12. ®pakranbHas WUTFOCTPALMS PAKUH «ILIAHETBD,
4yepe3 KOTOPYIo MpocBednBaeTcs JlyXOBHOCTh

ITo Bceit BuAMMOCTH, 6€3 penIeHus MPOOIEMbI ICUX0(U3NYECKOTO Mapaiean3Ma, HaJ KOTOpoii pasmbinuisum Jlexkapt, Maib-
Opanu, Jleiiouun n MHOTHE Apyrue Guitocodbl U yueHbIe, Mbl HE CMOKEM IPOJBHHYTHCS U B PEIICHUH 3a/1a4 KOCMOJIOTHH.

B otHOmenuu teopun «bospioro B3peiBay, OTMETUM CIIEYIOIIEE.

Jlypuanckas xabbana coobwaem, umo BC-BBILIHUHU ece Teopum uepes Poocoe-
nue, Bekapmnusanue, B3pawusanue u Bocnumanue srcugoti Cywnocmu. Bee 6 npu-
POOe MBOPUMCSL NO CPEOCMBOM POIHCOCHUSA. KILeMKU NOPOACOAIOM KAEMKU U BbLICMPA-
ugaromes 8 opeanuzmel. Bes Bcenenmnas — smo u ecmo Ilepgsas Buonozuueckas
Knemra. Ona sce sensemes Hcxoonou Mamepunckou Ympoboti, enympu Komopoii
nocmenenno Paszeusaemcs Beenenckuii Yenoseueckuii Imopuon (puc.13).

B mo6oM citydae, TOJIE3HO CPaBHUTH dTAIbl pa3BUTHS BceneHHoOH, paccmarpuBae-
MbIe B pamKkax CTaHIapTHOH KOCMOJIOTHYECKONH MOJETH, C IEPHOIaMH Pa3BUTHS de-
JIOBEYECKOT0 3MOpHOHA B YTpoOe MaTepH.

Puc. 13. OpakranbHble WIDTIOCTpaK U (GOoTo SMOPHOHA B MATEPUHCKOH yTpOoOe



3AK/IIOYEHUE

[pemaraemasi B 3TOM cTaThe Hepapxudeckas (MHOTOYpPOBHEBAsT) KOCMOJIOTHIECKAs MOJIENb — 3TO TOJIBKO MPEABAPUTEIIbHASL
THIIOTE3a, KOTopast TpeOyeT AeTabHOM popaboTku. Kaxaplil MyHKT 3TOH CTaThU HYXKIAeTCsl B 3HAUUTEIBHOM PaCIIMPEHUH
M M3yYCeHHH Ha OCHOBAaHWH MaTEMaTHYECKOTO anmapara i MEeToJJ0B AJreOpbl CHTHATYp, U3T0KeHHbIX B [1, 2, 3, 4,5]. Heko-
TOPBIC TOMONHUTEIBHBIC ACTICKThI TEM, 3aTPOHYTHIX B ATOW CTAThe TEM, U3JIOXKEHbI B [11].

OTMeTHM, 9TO Pa3BUBAEMOE 3/1€Ch MOJICIBHOE IIPEACTABICHHE O KOCMOCE (KOO0¢ — KPAacoTa, MOPSIIOK) OCHOBAHO HAa CAMOM
MPOCTOM BapuaHTe AudepeHInaIbHO TPOCTPAaHCTBO-METPUH — Ha reoMeTpru PrMmaHna (cMoTpuTe Hayano Beenenus B [5]).
To ecTs nmpenaraemas 31€Cb KOCMOJIOTHYECKAs! MOZETb — 3TO TOJILKO IpyOBIil Kapkac, Ha KOTOPBII HaHU3bIBaeTCs Oecurc-
JICHHOE KOJIMYECTBO OoJiee CIIOKHBIX M TOHKUX IporieccoB. Kpome Toro, yxe ceiiuac sicHo, 4To reomerpusi Pumana oueHs
OezaHa JUIs pa3pelieHus psiaa npodiieM, BOZHUKAIONIMX B IpeiaraeMoil KOCMOJIOTHYECKOI MOJIETH.

CornacHo rHIoTe3€e, U3JI0)KEHHOH B 3TOW CTaThe, OKPYKAIOIEH HAC MUP COCTOMUT U3 MIPAKTUUECKH OECKOHEYHOTO MHOKECTBA
chepruecKuX BAKYyMHBIX 00pa3oBaHuil («KOPIYCKYJD»), M0 Pa3HOMY BJIOXEHHBIX APYT B Ipyra MoJ00HO MaTperkam (CMOT-
pute 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 HJICH. BHyTpI/I KaXa0ro miojga MMECTCA OaHa WKW HECKOJBKO KOCTOYCK,
BHYTpHU Ka)KZ[Oﬁ KOCTOYKH HaAXOJATCA OHOJIOTHYECKHE KJICTKH, BHYTPH KIICTOK — SI/ipa U APYyIrue OpraHejuibl U T. 1.

B 3700 cTaThe MBI MONBITAIUCH MPOCIETUTH TOJIBKO OAHY LENMOuYKy M3 10-M mociaeqoBaTeNbHO BIOXKEHHBIX APYT B Apyra
cepruecKuX BaKyyMHBIX 00pa3oBaHMi («KOPITyCKYyJ», CMOTPUTE UepapXuio paanycos (44a) u puc. 1) Ha OCHOBaHHU MeT-
puKk-penrenuii (23) — (32) pacumpeHHoOro BakyyMHoOro ypasHenus (20), ynpouieHsoro 1o 10-u nsiM01a 4ieHOB.

[Tpu Gojee MIMPOKOM B3IJIsZE, MOJOOHBIX HEPAPXUUECKUX IIENOYEK «KOPIYCKY» OECUHCIEHHOE MHOXKECTBO, HO BCE OHH
HaXOJSITCSl BHYTPH caMoii OOJIbIIION «KOPITYCKYJIBD), KOTOPYIO MBI Ha3bIBaeM Mera-BceneHHOH.

YC0B1S OrPaHUYEHHOCTH ¥ 3aMKHYTOCTH OKPY>KaIOIIero Hac Mupa BbIHYKIAIOT IPUITH K HEOPAUHAPHOMY HPEIIONoKe-
HUIO, 4TO BCe OECUMCIEHHOE MHOKECTBO HEPapXHUECKUX LIEHOYeK «KOPIYCKyJ/D» HAUMHAETCS C OJHOM caMoii GOIBIIOH «KOp-
HycKyJbl» (Mera-BeenenHnoil, BosMoxkHo ¢ ri~ 10%° cM) u 3akaHuMBaeTCs Ha OJHON CaMOM MAJEHBKOH «KOPIycKye» (UH-
CTaHTOHE BO3MOKHO C 10~ 107%° cm).

Ha camomM fiene Mbl HE3HAEM CKOJIBKO BIOXKEHHBIX IPYT B pyra «KOPIYCKYJD» B HepapXUUecKou 1enouke. Ha ceroausimanii
JIeHb HaleMy HaOJIOJICHHUIO JOCTYIHBI TOJIBKO TUCKPETHBIN DS/ U3 IIECTH JIOKANbHBIX chepriecKknx 0Opa3oBaHuil C Xapak-
TEPHBIMH PAZMyCaMK U3 uepapxuu (44a):

r;~ 10%° cm — paguyc, cOU3MepUMBIiA ¢ pagrycoM HabmogaeMoil Beenennoit™;
rs~ 10%° cm — paauyc, cou3sMepUMBIii C PaJiiycoM Apa FaJlaKTUKK;

rs~ 108 cM — paauyc, coM3MepUMBIH € PajidyCoOM spa TUIAHETHI MITH 3BE31bI;
rs~ 1073 cMm — pajuyc, cCousMepUMBIii ¢ paguycoM GHOIOIHYECKO KIETKH;
rs~ 1073 cm — payc, cConsMepUMBIii ¢ SIPOM 3JIEMEHTAPHOMN YaCTHIIBL,

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

* (KOPIYCKYJIB» ¢ paauycamu 2~ 10%° ¢cm u r7 ~ 10724 cM moj1aroTest M3yueHHI0 KOCBEHHBIME METO/IAMH.

[Ipobnema nepapXxudeckol KOCMOJIOTUIECKOW MOJIEITH, Pa3BUBAEMOI Ha OCHOBE YMPOIIEHHOW TeoMeTprun Pumana, 3akiro-
4JacTCd B TOM, UTO IICTTIOYKA BJIOKCHHBIX JIPYT B IpyTra KKOPITYCKYJD» HE MOXKET 3aKOHYUTCS. Ecanora HUepapxXuIeCKada ermovKa
00OpBIBAeTCSA, TO OKA3BIBACTCS MapaOKCaIbHAS CUTYaIHs, KOTAa camMas OOIbIIast «KOPIyCKyJIa) OKa3bIBACTCS BHYTPH CaMOi
MaJeHbKO# «KOPITyCKYJIbD» (CMOTpHUTE BhIpaxkeHus (35) — (42)).

I[pyraﬁ HE MCHEC CJI0KHas np06neMa B npe)maraeMoﬁ I/Iepapanecxoﬁ KOCMOJIOTHYECKOM MOACIHN 3aKIH0YacTCA B TOM, UTO
BCE CTAOUJIBHBLIE JIOKAJIbHEIE BaKyyYMHbIC O6pa30BaHI/I${ COCTOAT M3 «KBAPKOB» MW «AHTHKBAPKOB). To ectb BbIpaxKasiCb



JIPYyTUMH TEPMUHAMHU MaTEPHsI X aHTUMATEPHsI B IIPEATIaraéMO MOJIEH OKa3bIBaeTCs nepeMenraHHbMU. C OHON CTOPOHBI
pemaercs npobiiema 6apHOHHON aCHMMETPHUH BEIIECTBA, OJHAKO C JPYTOH CTOPOHBI HEMOHITHO: - II0YEMY B3aMMHO IPOTH-
BOTIOJIO’KHBIE MCKPUBICHUSA BaKyyMmMa He aHHUTHIIMPYIOT, T.€. He pasriaxkuBaroTcs. B pamkax reomerpun Pumana nanHas
npobiema He pemaercs. [1o Bceil BUIMMOCTH MOMCK «CITyCKOBOTO KPIOYKa» CONPSDKEH CO 3HAYHMTEIHHBIM YCIO0XKHEHHEM
muddepennmansHOi reoMeTpur. B 9TOH cTaThe cenaHo MpearnoiokKeHne, YTO BO3MOXKHOCTD CYILIECTBOBAHHS B CPEAHEM
OTCYTCTBYIOIEro Mupa 00yCIIOBIEHO €ro paclIMpeHUeM 3a CUeT pacmupeHus (OHOBOIO IPOCTPAHCTBA.

TpeTbs CIOXKHOCTB CBS3aHA C TEM, YTO B 3TOH CTaThe M3J0KEHA HE COBCEM KOCMOJIOTHS, a CKOPEe reOMETPU3UPOBAHHbIC
MIPEACTABIICHHUS O CTPYKTYPHON OpraHU3aliy BeniecTBa. KocMmosorimaeckne BOPOCH], HAlIpaBIeHNE Ha H3yUYCHNE BO3HUKHO-
BeHMs «BceaeHHOI» 1 ee yCKOPEHHOTO PAaCIIUPEHNS 3aTPOHYTHI TOJIBKO B BUZE METa(hU3NIECKUX paccykKaeHUH. [t 00Ccyx-
JIEHHS 3TUX IIPOOJIEM B paMKax IpeIaraéMoi TIOJTHOCTHIO0 TeOMETPU3UPOBAHHON HEPapXUIECKOH KOCMOJIOTHUECKOW MOICITH
MOTpeOyeTCst peIICHNE MHOTHX JPYTHX AOTOJHUTENBHBIX 33134, TAKMX KaK TeOMETPU3UPOBAHHOE OMHCAHHUE JICKTPOMAarHHT-
HBIX, 3JIEKTPO-CIIA0bIX, CHJIBHBIX U TPaBUTAIIMOHHBIX B3aUMOAEHCTBUI U T.11. [Ipenmnonaraercs, 4to 3TH Bonpock! OyayT pac-
CMOTPCHBI B MOCJICAYIOIINX CTAThAX MpEAjiara€éMoro IMpocKTa. OtuacTu ¢ HCKOTOPBIMH aClI€KTaMU PEHICHUA 3TUX 3aaad
MOHO Mo3HaKoMuTCs B [11].

B ucxoaHoM pacmmpeHHOM BaKyyMHOM ypaBHeHUH (13) MpUCYTCTBYET JUCKPETHOCTh «KOPITYCKYJD) C Pa3IMYHBIMH painy-
caMH Iy, OJJHAKO KaKue 3TU PAJUYChl U3 DTOTO YPABHEHUS BBISICHUTH HEBO3MOXKHO. JIJIsl ompeneneHust nepapxuu fym B TOH
cTaThe MpUMEHeHa 3BpUCTHYECKas Gopmyda (43) ¢ Tpems koHcTanTamu: ¢ = 3-10%° cm/cex — CKOpPOCTh CBETa B BAKYYME,
Ry ~ 10% ¢M — napamerpuueckuii paguyc BeenenHoil u tc = 1 cex — nepuoji GueHns denoBedeckoro cepaua. [IpucyTcTere
ckopocTH cBeTa B (hopmyiie (43) 000CHOBAaHO TeM, UTO 3TO MpPEAETbHAasE CKOPOCTh B BaKyyMe, a IapaMeTPUUECKUN pajiyc
BcenenHoi — 3T0 OArOHOYHBIN apaMeTp.

3HaYNUTENLHBIM pEeuMyieCTBOM npe):[naraeMoix'I TUNOTE3bI, IO MHCHUIO aBTOpaA, ABJIAIOTCA JBa O6CTOHTCHLCTB3, KOTOpPbIC
BBIACIAIOT UCPAPXUUYCCKYIO KOCMOJIOTHYCCKYIO MOACIIb U3 MHOTOYUCICHHBIX APYTUX KOCMOJOTHYCCKUX TeOpHﬁ, BKJIO4Yasa
CTaHIapTHYI0 KOCMOJIOTHYECKYIO MOJICIb.

Bo-niepBhIX, HepapXxudeckas Mojiesb Ha nukockormuueckom (102 — 108 ¢cm) ypoBHe paccMoTpeHHst NpeuIaraeT METPUKO-/I1-
HaMHYECKHE MOJIENH BCeX 2JleMeHTOB CTaHIapTHOM MOJIENH 3JIEMEHTAPHBIX YACTHIL: «JIENTOHOBY, ME30HOBY, «OApHOHOBY
«0030HOBY (32 UCKITFOUEHHEM 0030Ha XUITCa).

Bo-BTOpBIX, B IIpe/iaraeMoii TUIoTe3e JerKo pa3peiaeTcst MPOTHBOPEUUs MEXK Ty 001Iel Teoprei OTHOCUTEIBHOCTH U KBaH-
TOBO# MexaHUKOW. BakyyMm 001a1aeT cBOMCTBAMHU YIPYTOIUIACTUYECKON CPE/Ibl, B KOTOPOU BO3HUKAIOT PA3TMYHBIC JIOKAIb-
HbIE M [JI00aJbHbIE UCKPUBIICHUS U PACIIPOCTPAHSIFOTCS MHOXKECTBO BOJHOBBIX BO3MYIIEHHH, MOITOMY sipa CTAOMIBHBIX
BaKyyMHBIX 00pa30BaHUil («KOPITyCKYJ») JTI000ro Maciitaba MOCTOSIHHO XaOTHYECKH OJTy:KAAI0T BO3JIe TOYKH PABHOBECHSL.
YcpenHeHue NOTHON MEXaHHYECKOM PHEPIHH JTIF000r0 XaoTHUeCKH Oty aaromiero sipa (136)

< Sx >= fttlz(T(pX' py' pz' X, y: Z, t) > +< U(xl y: z, t) > —< E(xl y; Z, t) >) dt
MOKET OBITh BBIPAKEHO Yepe3 aMIUIUTY/IbI BEPOSITHOCTH Y (X, Y, Z) MecTa HaxOXaeHus ux renTpa (137)

w = fjowf_wwf_ww (_nz_%l/)(x'y' Z)Vzll)(x,y, Z) + 1112(35'3" Z)[< u(X,y,Z) > =< €(x,y,Z) >]) dxdydz

Vpasuenue Diinepa-Ilyaccona, mist sxctpemanu P (x, y, z) JaHHOTO (yHKIHOHANA OKa3anoch ypasuenueM Llpenunrepa [8]

3nf (0*Y(xyz) | *Pxyz) | *Pp(xy.2) _
- P + 272 + Py, +2[<u(x,y,2) > —<elxyz) >P(xyz) =0.
DT0 ypaBHEHHE OIMUCHIBAET YCPEAHEHHbIE KBAHTOBBIE COCTOSHUS Xa0THUECKU Oy )KIAIOIINX sIIep JFOOBIX pa3MepoB, OT siipa
«IIPOTOKBAPKA» M «3JIEKTPOHA, JI0 SIep «OHOIOTHUECKHX KIIETOK», IUIAHET», «3BE3/I» U «TANIAKTHK». OTIHYAFOTCS TOIBKO
BpeMsI yCPEeIHEHHS X XaO0THYECKOro moBeneHus. Hampumep, I yepenHeHHS XaOTHIECKUX KoJleOaHui sapa Ouosormye-
CKOM KJIETKH MOHAI00SITCS Yachl, IS SApa «IUTAHEThD) — CTOJNETHS, JUIS SIIPa «TATAKTUKU» — THICSUH JIET.



AHanu3 Xa0THYECKOTO TIOBEACHUS BHYTPEHHETO SAPBINIKA (IIPOTO-KBapKa) O3BOJIMIO BBIIBHHYTh THIIOTE3Y, YTO «MIOOH» H
T-WIENTOH - 3TO MEPBOE U BTOPOE BO30YKIECHHOE COCTOSTHUE «3JIEKTPOHaY. IIpH 3TOM C*-«kBapk» u t"-«KBapk» — 3TO COOT-
BETCTBEHHO MEPBOE M BTOPOE BO30YKIECHHBIE COCTOSIHUS U*-«KBapka», a S*-«kBapk» u D*-«KkBapk» — 3TO COOTBETCTBEHHO
MEpBOE U BTOPOE BO30OY X IeHHBbIE cOCTOsIHUs 0*-«KBapKay.

Takum 00pa3oM, B paMKax IpelaraeMoi B CTaTbe KOCMOJIOTHUECKOM TUITOTe3bl, 00111ast TEOpUsl OTHOCUTEIILHOCTH M KBaH-
TOBasi MEXaHHUKA TOJNBKO JOMOIHAIOT APYT ApYTa.

B crenyromux cTaThAX JaHHOTO MPOEKTa Moj oOmuM Ha3BaHUeM «I'eoMeTpu3HpoBaHHas (HU3MKa BaKyyMma Ha OCHOBE AJl-
rebpol curHaryp» [1,2,3,4,5] npeanonaraercs paccMOTPETh METPUKO-IWNHAMUIECKYIO MOJIEIH JBIKYIIIETOCS «3JIEKTPOHA» U
«HEUTPHUHOY», Pa3BUTh T€OMETPU3UPOBAHHEIC MOJEIH 3JIEKTPOMAarHUTHBIX, CIAOBIX, SIEPHBIX U IPAaBUTALIMOHHBIX B3aUMO-
nevicteuii. C IpeBapUTENbHBIMH MaTepHaiaMy 110 3THM TeMaM MOXHO 03HaKOMHUThCS B [11].
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