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AHHOTALIA

[JaHHasi CcTaThsl SIB/ISIETCS LIECTOM YaCThIO HAyYHOTO MPOeKTa Moz oOmuM HasBaHWeM «['eoMeTpu3MpoBaHHasl (M3HKa
BaKyyma Ha ocHoBe AsreOpsl curHatyp» [1, 2, 3, 4, 5]. B 3Toii craThe mpejjioykeHa vepapxudeckas KOCMOJIOTHYECKast
Mo/iesib, KoTopasi pa3paboTaHa Ha OCHOBe pellleHHs] PaCIIMPeHHOI0 BaKyyMHOI'O ypaBHeHHUs1 DHHIITelHa ¢ 6eCKOHeUHbIM
yncsioM ysimMb7ia uieHoB. Bosiee 1mopoOHO pacCMOTpeHO pellleHHe YIPOIIEeHHOrO BaKYYMHOTO YPaBHEHMsl C JeCSThIO
asmMbfa  wieHaMu. B pe3sysbraTe  TosiydeHa  METPUKO-JMHAaMHYecKass Mojiesib  JUCKDeTHOW — HepapXudecKoi
MOC/IeJOBaTeTbHOCTH CTabW/IBHBIX ChepuyecKUXx BaKyyMHBIX 00pa3oBaHUM («KOPIYCKY/»), KOTOPBIE BIOXKeHBI JPYyT B
Ipyra mofobHO MarpemmikaM. M3 3Toif MepapXwdecKod IOC/Ie/[0BaTe/bHOCTH BbifiesieH W Oosie 1oApo6HO paccMOTpeH
YPOBeHb 3/IeMeHTapHbIX YacTHll. Vcronbp30BaHie MeTOI0B M MaTeMaTHUeCcKOro armapara AuddepeHIaabHON TeOMeTpUH
PumMana v Asre6pbl CUTHATyp TMO3BOJIEHWH MOYYUTh METPUKO-AWHAMUUECKHe MOJeIU BcexX 3yeMeHTOB CTaHZAapTHOU
MO/Ie/IM 37eMEeHTApHbIX YacCTHUL]: «KBAapKOB», «JIEMTOHOB», «HYKJIOHOB», «ME30HOB», «(OTOHOB», «TJIFOOHOB», a TaKXKe
«aToMa» BOZIOpPOJia U «aToMa» refvsi. Bricka3aHo MpeArnosno)kKeHe, YTO aHAJIOTMYHBIM 00pa3oM MOTYT ObITb IIOCTPOEHSI
MeTPUKO-JVHaMHUeCKie MoJie/I1 CTabW/IBHBIX BaKyyMHBIX 00pa30BaHH («KOPIYCKY/I») «3Be3JHO-IUIAHETapHOTO»
«TaJIaKTUUeCcKoro» u «BceneHcKoro» ypoBHel. ITokaszaHa CBsi3b MeXK/ly PacIIMPeHHOM 0011jel Teopreli OTHOCUTETBHOCTH U
KBaHTOBOM MeXaHUKOW. B KOHIle cTaTbM pacCMOTpeHbl [JOCTOMHCTBA W HeOCTAaTKU MpeJJIO’KeHHOM HepapxudecKast
KOCMOJIOTHYeCcKast MOZieJI M 0003HaueHbI MeTaH3ruecKre TIPeANOChUTKH J/1s1 Pa3pelleHus: BO3HUKIIUX Tpobyiem.

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 obtained. 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 metric-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 constructed 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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IMPEJBICTOPYSA 1 BBEJEHVE

[HanHasi paboTa sIBseTCs IIeCTOH U3 L{MK/A cTaTed 1of obImM Ha3BaHHeM «I'eoMeTpH3vpoBaHHas (U3MKa Bakyyma Ha
ocHoBe Anrebpbl curHatyp». [Ipeabiayiye naTh CTaTel MpUBe/EHbI B CIIMCKe auTepatypsl [1, 2, 3, 4, 5].

B crarse [5] 651710 TIOKa3aHo, 4TO B MPUOMKeHUH reoMeTpry Pumana (cmotpute puc. 1 B [5]) HanbosbImil uHTEpec
TPe/ICTaB/ISIOT BaKyyMHbIe ypaBHeHus DiHimreiina ¢ + /l-unedom (51) B [5]

Ry+A,9,=0, )
Ry—A,9;=0.

KOTOpBIe B CHJTy IpUHLuIa «CripaBeyIiBOro pacripeZiesieHusi», n3oykeHHoro B §1.5 B [5], 00beHeHbI B 0JHO
ycpefHeHHoe ypaBHeHue (135) B [5]

Rik+1/zgik(A1_A2):0: @3]

3

3
> A,= 55 T1— pagydycC IepBol cepsl, I, — paguyC BTOPOM chepsl.
2

rie A==,
r r

ITpu paccMOTpeHNU BaKyyYMHOTO ypaBHeHUs (2) BBISIB/IEHBI TPY BO3MOXKHBIX ciydasi (cmotpute §3.1 B [5]):

DA —A=0uu A=A, 3)
2) 1/2(A1—A2)=A2; 4)
3) (A, —A,)=—As,. (5)

B cuny npuHiuna «AGCOMFOTHOTO OTCYTCTBHSI», W3/IOKEHHOTO Takke B §1.5 B [5], ¥ BhITEKarOI[ero U3 3TOr0 IPHHIUIIA
YCJIOBUS «BaKyyMHOTO OajniaHca», HauboJsiee MpeAriouTUTE/TBHBIM SIB/ISIETCS [TIEPBOE YC/IOBUE A1 - A2:0, TaK KaK BCe, UTO
TOSIB/ISIETCSI U3 BAKYyMa JIO/DKHO ObITh BO B3aUMHO MPOTHBOIIOIOKHOM BU/IE.

OjiHaKo B 3TOM C/Tyuyae ypaBHeHUe (2) priobpeTaeT BUJ 11epBOro BaKyyMHOT0O ypaBHeHUsl DiHIITelHA (42) B [5]
Rik = 0 ’ (6)

peliieHusi KOToporo (cMoTpute §2 B [5]) He TO3BOJISIFOT TIOCTPOUTD TIOTHOCTBIO T€OMETPU3MPOBAHHYI0 KOCMOJIOTUYECKYHO
MO/ie/lb MHUpa, HalloJJTHEHHOTO OeCurc/IeHHbIM MHOXKECTBOM KOPITYCKY/I.

HOA ITOJIHOCTBIO I‘EOMETpI/BI/IpOBaHHOﬁ KOCMOJIOTHUeCKOM MOJeJIbIO I10Apa3yMeBaeTCsa TakKoe MOJe/IbHOe IIpe/iCTaB/IeHuE, B

KOTODOM B MHpEe HHUKAKMX MaTepHajbHBbIX YaCTHL] ¥ Tel HEeT, a eCTb TOJbKO CTabuibHble (KOPIYCKYJ/ISIDHBIE) U
HecTabubHbIe eopMUpPOBaHHbIE 00/1aCTH BaKyyMa.

B cratee [5] Takke pacCMOTpPeH BTOPOM Ciiydail 1/2(/11—/12):/12. OTO yC/IoBUe MPUBOAUT ypaBHeHHe (2) K BHUAY
BTOPOT'0 BaKyyMHOTO ypaBHeHus1 DiHiuTeliHa (140) B [5]

Ry +9, As=0. (7)



PeliieHust 3TOro ypaBHeHHUs paccMOTpeHb §3 B [5]. B pe3ysbrare Obliv M0O/TyUYeHbl METPUKO-AWHAMUUECKIE MOZe/ N
B3aUMHO-TIPOTHUBOIIOIOKHOM Mapbl OZJMHOYHBIX CTAOMIBHBIX IapO00pPa3HbIX BAKYYMHBIX 00pa30oBaHMli THTIA: «KJIE€TKa» U
«aHTu-KiIeTka» IlIBapimunbia - ge Cutrepa (cmotpuTe 84 B [5]).

Takum 0bpa3om, B cTaTbe [5] BBISICHUIOCH, UTO IEPBOM M BTOPOM BaKyyMHBIX B ypaBHeHuUsAX JiHIITelHA (6) u (7)
OTCYTCTBYET MOTeHIMa/IbHasi BO3MOXXHOCTB [IJIsl OMMUCAHUST MHOXKECTBA CTabU/TBHBIX I1apO0Opa3HbIX 0OBEKTOB.

B cBsi3u € 3TUM, B KOHIIe CTaThH [5] ObLTO TIPe//I0’KEHO pacIIPeHHOEe TPeThe BaKYYMHOEe ypaBHeHre DuHinTeliHa (194) ¢
6ecKoHeUHBIM (TOuHee 6eCUUC/IeHHBIM) KOJTMUECTBOM JIIMO/ia U/IeHOB

Ry+% gy A+ A,)=0, 8)
e A=) A n A=) (=Aiin),i )
m=1 n=1
_3 _3.
3/1eCh A= 2, A= T, I'm— paguyc m-oi cdepsl, r,— pasuyc n-ol aHTU-cepsl. (10)
rm rn

[Nepermiiem pacumpeHHOe BaKyyMHOe ypaBHeHUe (8) ¢ yueTom BeipakeHuit (9)

R +¥5g.(2, A+, —A,)=0. (11)

YL

OTMeTUM, UTO KOBapHUaHTHbIE U OObIYHBIE YaCTHBIE TIPOU3BO/IHBIE TEH30DA B JIEBOM YacTH ypaBHeHUsl (11) paBHBI HYJTHO
(cmotpuTe §6 B [5])

Vi [Ry#¥gu| 2. At 2, —A,||=000 (12)

m=1 n=1
1o3Tomy ypaBHenue (11) siB/isieTcsi BhIpa)KeHUEM 3aKOHOB COXPAHEHUs, TAK)Ke KaK MePBOe U BTOPOE BaKyyMHbIE YPABHEHUS
OitaiuTeiiHa (6) u (7) (cMoTpuTe 0KOHYaHUe BBegenus u §6 B [5]).

[laHHast cTaThs MOCBSIIIeHA MOMBITKe HANTH MEeTPUKH-PeLIeHHs PaCIIMPeHHOr0 BaKyyMHOT0 ypaBHeHus1 DiHmTeliHa (11), u
TIOCTPOEHUIO0 METPUKO-AMHaMHUUeCKON KOCMOIOTUYeCKO MO/ieNIM OKPY»Karolllero M1upa Ha OCHOBAaHMH 3THX DelleHui.

HamomHuM, uTO B pa3BiBaeMoi 37ieCb TeOMeTpU3NPOBAaHHON (H3MKe BaKyyMa IIPeIMeTOM HU3yUeHHUsI SIBJISIETCS Ap,-BaKyyM,

T.e. 3-MepHbIi JaHAmadT, BbICBeUeHHBIN 13 MMyCTOThI IOCPEACTBOM B3aUMHO IeprieHUKY/SIPHBIX JTyueld cBeTa C JiTMHOU
BOJIHBI Ay, U3 Auanazona AA = 10" + 10" cm (cmotpute §1 B [1]).

MATEPUAJIBI U METO/]

1 Pas/mmuHbIe BAPHUAHTHI 3dlIMCHA PACIIHPEHHOI'0 BAKYYMHOI'0 YPdBHEHUA

PacmmpeHHoe BakyymHOe ypaBHeHue (11) MOXKHO HCIIOIb30BaTh [JIsi PA3/IMUHBIX KOCMOJIOTHUECKUX Mogesield. UToObI
10Ka3aTh pas/IvyHble BOSMOXXHOCTH 3allullleM 3TO ypaBHeHUe B C/Ie[yIOLleM BUje



00

R, +Y2g, Z Am_l/zgikz A =Ry +72g, Z = /ngkz —=0. (13)

m=1 n=1 m=1 rm n=1 T

00

Hanpumep, ecmu Y5 Z A=A, Z A,=R, T0 ypaBHenue (13) MOXeT MNpMHATb BHJ BAaKYyyMHOTO YpaBHeHMs
m=1 n=1

OUHIIITeMHa

Ry—="Rg,+Ag,;=0. (14)

Ecm V5 Z A=A, Z A, =0, 10 ypaBHenwue (13) mpuHMMaeT BHJ

m=1 n=1
Ry+Ag,=0. (15)
Ecu Z A,=0, ¥ Z A, =/, To ypaHenue (13) npuMHMMaeT BUJ, BTOPOTO BaKyyMHOTO ypaBHeHUs DHILTeliHa
m=1 n=1
R;—Ag,=0. (16)

Ec/im BTOpoe c/iaraemoe B ypaBHeHuH (13) MpeJCcTaBUTh B BH/le 3HAKOTepeMeHHOTO psja
_ m+1
V2 gy zAm+Z —A, _1/291'1(2(_1> Ay 17)
m=1 n=1 m=1
TO ypaBHeHue (13) MOXXeT NpHHSATE BU/
Rik+1/2gikz (_1)m+1Am:O- (18)

m=1

KoBapuaHTHbIe U 0ObIUHBIE YACTHBIE TIPOM3BOAHBIE OT TEH30POB B JIEBOH UacTH BCEX BAKYYMHBIX ypaBHeHui (14), (15),
(16) u (18), paBHBI Hy/I0. DTO 03HAYAET, UTO BCE 3TU YPaBHEHUS SB/ISIOTCS BhIDAYKEHUEM 3aKOHA COXPAaHEHUs U MOTYT ObITh
T10JIOKEeHBI B OCHOBY KOCMOJIOTUYECKOA MOZEH.

2 YrpoliieHHOe paciIdpeHHOe BAKYyMHOe ypaBHeHHe

YcnoBue cobmofieHusi «BakyyMHOro OamaHca» (cmotpute Bpepenwe [1] u §1.5 B [5]), AukTyeTr Heob6XoAuMOCTb
HCIOJh30BaTh ypaBHeHue (13)

Ry +2g, i Am_l/zgiki A,=0,

m=1 n=1
TIPH yCIIOBUH Z Am—z A,=R=0, (19)
m=1 n=1

_ ik
rie R=¢g" R, — cxanspHas KpUBW3Ha.



HAKO B 3TOM CJ/Iy4dae dBHEHNe S5KBHUBA/IEHTHO IIepBOMY BdK MHOM dBHEHUIO 2=V, 0J1y4yaeTcs, 4To
On yuae y 13 y BaKyyMHOMY y 6) R;=0. Mony
ycioBre (19) Tak >ke 3aBOJUT CUTYalLUI0 B IOTHUECKUH TYMHUK. Tem 6GoJjiee, uTo TOKa HUYEro Hesib3s CKa3aTh B OTHOLIEHUH

OeCKOHEeUHEIX PSZIOB Z A, u z A,

m=1 n=1

[TosToMy B Hauaae PacCMOTPUM pelleHUs CHUCTeMbl YIPOLIEHHBIX PACIUMPEHHBIX BaKyyMHBLIX YPABHEHMH C /leCAThbiO
+ /A-unenamu

10
Rik+gikz A,=0,
"o (20)
Ry —3a Z A,=0.
m=1

e

Hem Hukaxux fno2uyecKux OCHOBAHUll 0151 oepaHuueHust 6eCKOHeuHoz20 psida Z A, 00 decamu caazaembix, ITosmomy
m=1
Oa/bHeliwiue 8bIMUCAEHUS Cledyem paccmMampueams KaK aHAAUu3 anpuopHoli (npedeapumesnbHoll) eunomesbl.

TycTh cymma fiecatu /1-uileHoB psifia paBHa KOHKPETHOMY UHC/IOBOMY 3Hauenuto /1

D A=A, 1)
Torpa cucrema ypaBHeHui (20) nproOpeTaeT BU, BTOPOTO BaKyyMHOT0 ypaBHeHus (7)

Ry+9g, A,=0,

22
Ry~ g A,=0. 2

MeTpUKHU-DeIeHust 3TOM CUCTEMBI YPABHEHHH COOTBETCTBYIOT PELIEHUAM BTOPOTO BaKyyMHOTO YpaBHeHus (cMoTpute §3.2
2
B [5] c yuetom A ,=3/rp):

- IATh METPUK C CUTHATypoOH (+ — ——)

ds;, (23)

dss (24)

ds: (25)

ds;’ (26)

d S;L; (27)

- U IISITb METPUK C CUTHaTypou (— + + +)



ds;’ (28)

ds; (29)
dss’ (30)
ds;’ 31)
ds;’ (32)

0[JHaKO B 3TOM C/Iy4ae coryiacHO BelpakeHUsiM (10) u (21)

3 10 3 10 3
A= A,=0 (33)
m=1 m=1 rm
10
ro:Z I (34)
m=1

Ommemum, umo npu peweHuu nepeozo eaxyymHozo ypasHeHus R, =0 (cmompume §2 e [5]) I'y 6ce2d0a modicHO
10

npedcmaeumb 8 suoe CyMMbl U3 m C/1a2aemblx I"O = Z l"m .
m=1

st TIoHMMaHUsT JaJbHEeNIINX JIOTUUECKUX TOCTPOEHUM HeoOXOAMMO TIOBTOPUTh HamwmcaHHoe B §§ 3, 4, 5 B [5] B
OTHOIIIEHUH MeTpUK-pelieHuit (23) — (32) ¢ yueToM MaTeMaTUUeCKOro anrmapara Ajiredpbl CUTHATYP.

IMoacraBum psiget (33) u (34) B Hy/IeBYI0 KOMITOHEHTY (PaBHYIO 3HaMeHaTeq0 eAWHHUYHON KOMIOHEHTHI) MeTPHUEeCKOro
TeH30pa U3 MeTpUKHU-pelieHus (23)

2
ro Agr r+ro+...+r 1 1 1
-2+ ——=1—— 2 O =+ —|r
r 3 r r2 r2 r2
1 2 10

oT10 BbIDA)KEHHE MOXXHO IpeACTaBUTh B BU/E

r.+r.+...+r 1 1 1
1 2 10 2 .
l-——————+| 5 +5+..+— |r'=0
r rl r2 rlO
(35)
. ro r re r re r’ r; r I's 1 I's r s r
A 1I——+—5 |~ l+——F5 |+ 1 ——+ 5|1+ ||l ——+—5 | I+ —— 5 [+ 1 —+— | —| 1+
r ry r Iy r r; r e r re r r, r ry

[HelicTBUTENIBHO, €C/IM PACKPBITH CKOOKH B MPaBOl Y4acTH BbIpa)keHus (35), TO MOMYUYUTCS PaBEHCTRO.
AHanOrMyHO MOKHO 3alvcaTh HyJ/ieBble KOMITOHEHTHI (PaBHble 3HaMeHaTessiM eJUMHUYHON KOMITOHEHTBI) MeTPHUUeCKOro
TeH30pa U3 MeTpUK-perieHni (24) — (26)

2
ro Agr ri+ro+...+r 1 1 1 .
42— ——=1+—- S| S+t |l
r 3 r r2 r2 r2
1 2 10

(36)



2 2 2
. r r s r rs r r, r s r s r r s r
I 1+ 2 [ 1- 22+ S [+ 1+ 22— 1= |+ 1+ 22— [ -2+ = 1+ 2= =12+ S |+
r r2 r r r r2 r r r r2 r r r r2 r r2
9 8 7 6 5 4 3 2
ro Aor ry+ry+..+ry (101 9
1-—— =1- —|S5t5t. |’ =
r 3 r r2 r2 r2
1 2 10
(37)
2 2 2 2 2 2
r r r,: r r rs r r rs r
11— 1+ 2+ |+ 12— 1+ L |+ - 1+ 2 s L2 1+ 24 S |+
2 r 2 r rZ r r2 r r2 r r2 r r2 r r2
r9 r8 7 6 5 4 3 2
ro Agr r+r,+...+r 1 1 1 .
142470 =142 St Sttt |10
r 3 r r2 r2 r2
1 2 10
2 2 2 2 2 2 2 2
. o r g r r r; r s r I's r r s r
P I8 [ IR PR N S P DU UL N AP S O (U L P [ I N - S
2 2 2 2 2 2 2 2
r Iy r r; r s r re r r r ry r ry

g
Tak ke 3arliiieM HyJeBble KOMIIOHEHTBI M 3HaMeHATe/Id eJMHMYHON KOMITOHEHTH METPHYECKOro TeH30pa M3 MEeTPHK-

petuenwii (28) — (31)

2
ro Agr ry+roto4r, (1001 1)\, .
—|1+=— =—|1-— B =+ = | =0
r r ry n o
(39)
2 2 2 2 2 2 2 2
. Fo r rs r rs r r, r r'se 1 rs r ry r r
=1—|1-2+ = |+ 1+ 2= |- [ 1- 2+ S 1+ LS 1 -2+ S |+ 1+ 22— |1 = 2 S 4+ 1+ 2= |
r r2 r r2 r r r r2 r r2 r r2 r r2 r r2
9 8 7 6 5 4 3 2
ro Agr ri+ry+...+ry (101 1) . .
—(1+—— =— ——— _2+_2+"‘+T r|=o¢
r 3 r ry n o
(40)
r’ ro r r r’ r’ r r r r
=11+ =S 1= 245 [T+ =S 1= LS [T+ 22 =S 1 -2+ S 1+ 2 =S 12+
r r rr r r r r r r r r r r r
9 8 7 6 5 4 3
, i
ro Agr ri+ry+. . +ry 1 1 1),
—|1-=- =—[1- 2B = | =0
r 3 r ry n o
(41)
2 2 2 2
r r rs r r r'e 1 rs r ry r r
=1+ 1= S 14245 #1225 [ 1+ L 4 12— S = [ 1424 S5 [+ -2 =S = [ 1+ 2+ 5
r ry r I r r; r I's r re r ry r ry r



2
ro Agr 1 ri+r+.+r, (101 11 5

—1+-2+ =1+ O o= r =0
- 3 - 22 2
1 2 10
(42)
2 2 2 2 2 2 2
: Fio 1 re r re . r r,or e 1 rs r r rs r
=11+ 2+ |+ 1 -2 |1+ S |+ 1L =S | [ 1+ 24 S [ 12— | 1+ 24 S 41 -2 = |,
2 2 2 2 2 2 2
r Iy r s r r; r s r re r ry r Iy r r,

Kaxxzoe ciaraeMoe, 3ak/m0ueHHOe B CKOOKH, B MPABBIX YaCTSX BhIpaKeHUH (35) — (42), pu MOACTaHOBKe B METPUKH
(23) — (32), sBrsIFOTCS OT/AEMBHBIM pellieHreM BTOPOT0 BaKYyMHOTO ypaBHeHUs DWHIITeiHa Buza (7).

3 I/Iepapxnﬂ C(l)epl/IIIECKI/lX BAKYYMHBIX OGPHBOBHHI/Iﬁ
«Tbl Bce Pacrionoxxu Mmeporo, YUC/I0M U BeCOM»
IIpemyapocts ConomoHa, 11:21

[MombiTaeMcst CBsI3aTb pafuychl Cchepuueckrx BaKyyMHBIX 00pa3oBaHui Iy, BXogsupe B Bbipaxenus (35) — (42), c
JUCKDPETHOM Mepapxuell XxapakTepHbIX Pa3MepOB TeJl B OKPY>KaloIlleM Hac MUpe.

[JomnyctM, 4TO B OCHOBe TOJIHOCTBIO TE€OMETPU3MPOBAHHOW KOCMOJIOTHUECKOM MOZeIW MPHUCYTCTBYIOT TOJIBKO [Be
reoMeTpUUeCKHe KOHCTaHThL: R, — mapamerpuueckuii paguyc BcenenHoit (cm), u I, & ¢ At ~ c¢'lcek ~ 3-10" cm —
paccTosiHYe, KOTOpOoe MPOXO/UT JyU CBeTa B BaKyyMe 3a IPOMEXKYTOK BpeMeHU At = 1cek.

3a ocHogy 83sim nymb, KOMOpblii npoxodum yu ceema & eakyyme 3a 1 cekyHdy no credyrowum npuuuxHam. Kak nokasaxo 6 §7.3 6 [3]
CKOpocmb c8emd — 3ma ma CKopocmb, npu Komopoll npoucxodum paspble eakyyma. Kak ebisicHumcst Hudce, UMEHHO Makol paspble
(cpepuueckas bezdoHa-mpewjuHa) omoessem s0pa cepuueckux 6aKyyMHbIX 0Opa3oeaMuli om ux eHewHux obosouek. B omHoweHuu
8peMeHU B03MOJCEH MO/MbKO 38pucmuueckuil omeem: 1 cek — 3mo aHMPONHAs KOHCMAHMA, KOmopas NpuMepHO coomeemcmeyem
nepuody 6ueHuil uesnoeeueckozo cepoya, npu 3mom 1 cm — 3mo y0obHas 0415 uenoeeka eOuHUYAd U3MepeHUsl pacCMOsiHUSL, NPUMEPHO
pasHas 1/3 ¢pananeu uenoseueckozo nanvya. EcmecmeeHHO, Umo aHMponHble KOHCMAHMbI 1eXcam 8 OCHOge U3MepeHUll, M.K. Yeno8eK, no
ymeepxicOeHUl0 MHO2UX peausuo3Hblx KoHpeccull u ¢punocogos, siensiemcs mepuiom ecez2o. Takoe aHmponHoe ymeepicOeHue O/si
YUeHHbIX 6bl2180um Mmano yGedumesnbHbiM, HO 8 Oa/ibHeliweM 6bIACHUMCS, Ymo ecau 3a OCHogy npuHamb nymb I, % 3-10" cm, mo
nonyuaemcsi OUCKpeMHAst Uepapxuyeckas nocnedoeamenbHOCMb paouycos cmabunbHbix 8aKyyMmHblx obpaszoeaHuil, 6auskas K
Habaodaembim. CayualiHo smo, uau no Bose IIpogedeHus,

HO O/MUHA 3Keamopa Hawel naaHembl 3emis modice npumepHo lg ~ 3:10" cm, ecau usmepeHue ee wepoxoeamotlli NOgepxHOCMU
npouseooums He 8 KwioMempax, a 8 mempax (m.e. eQUHUYAx OAUHbL, COU3MEPUMbIX CO CPeOHUM pocmom yenogeka). OOHAKO, MONCHO AU
donycmumb omcymcmaue BausHus IIpogedeHusi nocie mozo, Kak Mbl y3Haem, umo oucku Coaxya u JIyHbl Ha He60c8o0e pagHbl Opye C
Opy20M, M.K. 8epOSIMHOCMb MAK020 cognadeHust 6eCKOHeuHo Mand.

IIpeanonoxxuM, 4To pafuycel 'y B KOMIIOHeHTax (35) — (42) MeTpuK (23) — (32) OLleHHBaIOTCsS 5BPUCTUYECKOU (OLIeHOUHOI)
(hopmyiol, cocTosiliel U3 IBYX BblllleyKa3aHHbIX KOHCTaHT

R: Ricm. (43)
T'm l—m:E

v

Ec/i1 TIpe/nonoXurh, uto R, # 10% cM, To

R: 10™. (44)

r —
m lm 66

v

IMocnenoBarensHO mofgcTaBuM B popmyiy (44) m ot 1 go 10, B pe3ysbTaTe MOJYYUM AUCKPETHYIO MepapXUi0 PalyCoB:

ri~ 10* cm — paguyc, cousMepuMBIii ¢ pajiiycoM Mera-BceeHHOR™; (44a)



ra~ 10% cM — paguyc, Cou3MepUMBIiA ¢ pafuycoM Hab/ogaeMoil BeeneHHol;
ry~ 10" cM — paguyc, COM3MePUMBIi C PaJuyCoOM spa FaJaKTHKY;

ra~ 10® cM — paguyc, COM3MepPUMBII C PaJyCoM fApa IVIaHeThl WX 3Be3/Ibl;

rs~ 107 cM — pafiuyc, COM3MEepPUMBIi C pafiiycoM GHOIOrUYEeCKOM KIeTKH;

re~ 107 cM — pagiyc, COM3MepUMBIi C pafiiyCcoM s/ipa 3/1eMeHTapHON YaCTHLIbL;
r;~ 107*cM — paguyc, COM3MEPUMBIi C PaJuyCcoM sifipa IPOTO-KBapKa*;

rg~ 107 cM — paguyc, COM3MEPUMEIi C P PafIiyCoM Spa IUIaHKTOHa™*;

ry ~ 107 cM — painyc, COM3MepUMBIi C pafiiyCcoM si/ipa MPOTO-TUIAHKTOHAa*;

rio ~107°° cM — paZiyc, COM3MepUMBIH C PaJIiyCOM SiIpa MHCTAHTOHA™,

W3 9TOM AMCKPEeTHON HMepaxuuecKou IMoc/ie0BaTe/IbHOCTH TOMBKO PAJUYChI Iy, I's, I4, I's, I's OKA3aluCh OJIM3KK K pajuycam
HabmoaemMbIx cepryeckux Makpo- U MUKPOCKONMUecKuX Tesl. OcTasbHble chepruueckue Tesia ¢ paguycaMu Iy, Iz, I's, T,
I'io HAXOMSATCS JJAJIeKo 3a MpefiesiaMi COBPEMEHHBIX TeXHUUYeCKUX BO3MOXXHOCTel HabmofeHusi. Ha cerofHsIIHME 1eHb MBI
He MO>KeM YBepeHHO YTBepXK[aThb: CYIIeCTBYIOT Jii chepryecKre Teja C TaKUMU pa3MepamMu Win HeT. OfHAKO ZOMyCTUMO
TIOMBITAaTHCS TIOCTPOUTh KOCMOJIOTHUECKYIO MOJiefb (B cTaTryce paboueli TMIOTE3bl) C yUYaCTHEM 3THUX THIOTETUYECKUX
CTabWIBbHBIX chepruueckux 00pa3oBaHUM.

OueBH/HO, YTO, HANIPUMep, U3 MeTpUK-pelleHUH (23) — (27) ¢ yueTOM pPacKpBITBIX KOMITIOHEHT METPHUEeCKOTO TeH30pa
(35) — (38) MOKHO OTZIE/IBHO BBIIENIUTH M PACCMOTPETb COBOKYITHOCTb U3 MATH MeTpHuK-pelienuit Buga (173) — (178) B [5]
BTOpOT0 BaKyyMHOI'0 ypaBHeHus1 JiiHiTeliHa (140) B [5]

ds;, (45)
ds, (46)
ds: (47)
ds:, (48)
dsy, (49)

roea=1,2,3,...,10; b=a+1.

COBOKYITHOCTb 3THX TISITU METPUK-pElLleHHi 0T4acTH paccMoTpeHa B §4 B [5], rae ObUIO MOKa3aHO, UTO 3TH METPUKHU
Kommuaepa - de Cummepa - Illgapywuib0a ONMCHIBAIOT MeTPUKO-AVHAMUYECKYI0 MOJe/b BBITYK/IOTO ChepruuecKoro
BakyyMHOro obpa3oBaHMsi, KOoTopoe Obio HasBaHO «kieTkod IIIBapimmibzna - fe Currepa». HamomHuMm, uTo, Kak
TI0Ka3aHo B [5], JaHHOe BakyyMHOe 00pa30oBaHHe SIB/ISIeTCS CTaOU/IBHBIM, T.K. COBOKYIIHOCTb MeTPUK (45) — (59) sBsroTcs
pelleHUsIMA BTOPOT0 BakyyMHOTo ypaBHeHus (140) B [5], KOTOpoe BBHITIONHSIET POJib 3aKOHA COXPaHeHHs SHEePrUYHOCTH,
TakXKe Kak ypaBHeHUs (13) u (20).

Takum obpa3om meTpuku-perienus (23) — (32) ¢ yuerom BeipaxkeHuit (35) — (42) omnpefiensiOT METPUKO-AUHAMUUECKOE
OIMCaHue HepapxXUyeckKod [ecsITUypOBHEeBOM KOCMOJIOTMUeckKod Mogend. B 5Toil mepapxuyeckodl Mofienu [ecsiTbh
cdeprueckux 00pa3oBaHM pa3TMUYHOrO Maciitaba BJIOXKeHBI APYr B Apyra mogo0HO MaTperikam. To ecTb BHYTPEHHe
SAPBILIKO KXKJOTO0 5pa, B CBOIO Ouepelb SIB/ISETCS SAPOM /s CJIeAYIOLero sAphllliKa, ¥ Tak A0 AeCsITH UTepalui, Kak
II0Ka3aHo Ha puc. 1.



Puc. 1. [TocnefoBaTensHOCTb BJOXKEHHBIX APYT B Apyra
cdepruyeckrx 00pa3oBaHUii pa3MYHOrO MaciuTaba
OiHaKO y [JaHHOW MepapXU4yecKOW /1eCITUYPOBHEBOM KOCMOJIOTMUECKOM MOZIe/IM UMEeTCsl OHO 0OCTOSITeNIbCTBO, KOTOPOe
He T0/IAeTCst JIOTUUHOMY 00bsiCHeHut0. [eio B ToM, uTo U3 MeTpuK (23) — (32) cieayer, uto 1-s1 cdepa (paguyc KOTOPOi
COM3MEpPUM C paiuycoM Mera-BceeneHHoii r; ~ 10* cm), Haxogurcs BHyTpy 10-i cdepbl (C pa3MepoM MHCTaHTOHA rig~ 107>°
cm). UTobbl yOequThCs B 3TOM MPOC/IEAUTE, HATPUMED, 3a TI0C/Ie0BaTeNbHOCTBIO C/laraeMbIX B BhIpaykeHHH (35):

ro+ro+...+r 1 1 1
-2 Oy = |r'=(
r r’or r’
1 2 10
o, r re r ry r r;or’ e 1 rs r ry . r rs r’
12+ [ 1+ 22— [+ 124 = | |1+ L == |+ [ 1 -2+ = |1+ 2 == | 124 = | —— [ 1+ 2= |+
2 2 2 2 2 2 2 2
r ry r Iy r r; r I's r re r r, r ry r ry

OO6paruTe BHUMaHUe Ha MOC/IeAHee 3aMbIKAIOIIee C/laraéMoe, B KOTOPOM MPUCYTCTBYIOT I'1 U I'ip. DTO O3HauaeT, uTo cdepa ¢
PafiiyCoOM i HAXOAUTCS BHYTPU C(epshl C paInyCoOM Iio, KaK 3TO BUHO W3 MPEILIAYIINX CaraeMbIX 3TOTO Ke BhIPDAKEHWS.
AHanornuHas CHUTyalliss HWMeeT MeCTO BO BceX BbIpakeHusx (35) — (42). Takas 3amMKHyTOCTH 10-ypOBHEBOM
KOCMOJIOTUYeCKOW MO/Ie/id TpeOyeT AOTOTHUTEIEHOTO N3yUeHHsT U OCMBICIEHUSI.

4 YpoBeHb 3/1eMeHTapHbIX YaCTHL}
4.1 «DIeKTPOH» U «IIO3UTPOH»

W3 Bcex cdepruecknx 06pa3oBaHMid, BXOZSIIUX B IeCITHYPOBHEBYIO HePapXHI0, OMMCHIBAEMYIO COBOKYITHOCTBIO METPHK-
petuenwii (23) — (32), Hanboee XOPOILO U3yUYeH YPOBEHb 37IeMeHTapHbIX uacTull. [I03TOMy HauHeM HCCIejOBaHUe
HepapxXuueckoil KOCMOIOTMYECKOM MOJIEH CO ChepUUecKUX BaKYYMHBIX 06Pa30BaHUi C XapaKTepPHBIM PajitycoM re~ 1073
CM, KOTOPBI COOTBETCTBYET pa3MepaM 371eMeHTapHOMN YaCTUL{bL.

[Hanee Ha3paHWs YacTHL] (T.e. CTAOUIBHBIX CHEPUUECKUX Anm,-BaKYYMHBIX 0Opa30BaHWi) B3AThl B KaBBIUKH, HarpuMep,
«3JIEKTPOH» U «IIO3UTPOH», TaK KaK METPUKO-JVHAMHUeCKHe MOZEeNH JaHHBIX C(epruueckux 00pa30BaHMK BO MHOTOM
OT/IMYAIOTCS OT TpeJCTaB/IeHni 06 3TUX 00pa30BaHUsIX B COBPEMEHHOH (uU3MKe.



B metpukax (23) — (27) c yuetom (35) — (38), octaBUM Jjisi PaCCMOTDPEHHsI TOJBLKO Te CJjlaraeMble, KOTOpPbIe COZep>KaT
paguycel re~ 1072 cM. B pesysibTare rosiyunm CieAyroIIyi0 MHOTOCJIOWHYIO METPUKO-IUHAMUUECKYIO MOJe/lb CTabUILHOTO
"BBIMYK/I0r0" chepuyecKoro A .1s-BaKyyMHOT0 00pa3oBaHMs, KOTOPYHO Oy/ieM Ha3bIBaTh «37€KTPOH»:

«3JIEKTPOH» (50)

CrabunbHoe "BbINyKII0e" MHOTOC/IOMHOE CchepruecKoe UCKPUBJIEHHE A.1p_is-BaKyyMa
C CUTHAaTypoW (+ — — —), cocTosliee U3:

BHerHsis 000/104Ka «3/IEKTPOHA»
B UHTepBaJie [rs, r¢] (cMOTpUTE puc. 2)

ds;, (51)
ds, (52)
ds’, (53)
ds:’; (54)

Aapo «3nekTpoHa»
B UHTepBarie [rs, 7] (puc. 2)

ds) (55)
ds, (56)
ds, (57)
ds;"; (58)

IITensT «3/16KTPOHA»
B uHTepBarie [0, ]

dsc’. (59)



Puc. 2. TTo/HOCTBIO reOMeTPU3MPOBAHHAS MO/IE/b BBIMTYK/IOr0 CTabUIBHOrO Cheprueckoro BaKyyMHOIO
06pa3oBaHUsl (B YACTHOCTH «3/IEKTPOHA») C UETHIPbMS SBHO BHIDAXKEHHBIMH 00/1aCTIMU:

S10po «37eKTpOHa» — 3TO LIeHTpasibHas 3aMKHyTas cepudeckast 0671aCTb A 1.15-BaKyyma;

BHewHAs 060/104KaA «37IEKTPOHA» — 3TO 06/1aCTh A.15.15-BAKyyMa, OKPY>KaloIas ;IPO «3/1eKTPOHAa»;

Pakus «3/1eKTpOHa» — 5TO MHOrOC/IOHHas cdepuueckass Oe3[Ha-TpelyHa OTZAEeNsIomast sapo
«3JIeKTPOHa» OT ero BHeIIHeH 000/I0UKY;

BHympeHHee siOpbllUKO — Masasi 3aMKHyTasi cdepuueckass o6yacTb A 24-BaKyymMa BHYTPH s7pa
«3JIeKTPOHA»;

IITeabm «3/1eKTPOHa» — 3TO UCXOAHAs HeZleopMHUpOBaHHast 00/1acTb BaKyyMa, B KOTOPOH HaXOJUTCS
«3JIEKTPOH». DTO CBOeobOpa3Hasi MaMsITh O TOT, Kakast Oblja JjaHHas 06/1acTh BaKyyMa, /I0 TOrO, KakK OHa
nedopMUpOBaIach U MpPUHsIA CTAOUIBHYIO GOPMY «3/I€KTPOHA»

Ananornuno B metpukax (28) — (32) c yuerom (39) — (42) TaK >Ke OCTaBUM TOJIBKO Te Cjlaraemble, KOTOPbIe COZepKaT
pajuychl re. B pesysnbTaTe MOAyuMM C/eZyIOIIyl0 MHOTOCTOWHYIO MeTPUKO-AMHAMMUECKY!0 MOJenb CTabunbHOro
"BOTHYTOT0" C(epUUeCcKOro A 1.15-BAKYYMHOTO 06pa3oBaHusi, KOTOPYIO Oy/ieM Ha3bIBaTh «TIO3UTPOH»:

«IIO3UTPOH» (60)
CrabumbHoe "BOTHYTOE" MHOTOC/IONHOE ChepruecKoe UCKPUBIEHHUE A.i» 1s-BaKyyMa
C CUTHATypo# (— + + +), cocrosiiee u3:

BHelHsst 000/710UKa «IIO3UTPOHA»
B UHTEpBaJie [Is, I's] (HeraTUB puc. 2)

ds:’, (61)
ds’, (62)
ds’, (63)
ds:"; (64)

Anpo «mo3uTpoHa»



B UHTEpBaJe (I, I'7] (HETaTUB pHC. 2)

dsy, (65)
dss’, (66)
ds, (67)
ds:’; (68)

IlensT «O3UTPOHA»
N B uHTepBase [0, o]
dsg’ (69)

CoBokymnHocTi MeTpuK (50) 1 (60) OT/IMUAOTCS TOMBKO CUTHATYpou. To eCTh «3/1IeKTPOH» U «IIO3UTPOH» — 3TO MOJTHOCTHIO
HJeHTUYHble, HO aHTUIIO/Hble (B3aMMHO NPOTHBOIMNOJIOXKHBIE) KOMMM ApYyr Apyra. EC/M «3/eKTpoH» YC/IOBHO HasBaTh
"BBINYK/IbIM" CTaOUIBHBIM CepUuecKUM A.i2.15-BaKyyMHBIM 0Opa3oBaHueM (pHUC. 2), TO «IIO3UTPOH» — 3TO TOYHO TaKoe ke
YCJI0OBHO "BOTHyTOe" cTabuibHOe cdeprueckoe A.ip.is-BaKkyymMHOe obpasoBaHue. Takas B3aMMHO IPOTHBOIIOJIOXHAS I1apa
A-12,15-BaKYYMHBIX 00pa30BaHU [TOJTHOCTBIO COOTBETCTBYET yC/IOBHIO BaKyyMHOro basaHca.

OTuacTy aHa/iM3 COBOKYMHOCTeM MeTpuk-perienuii (50) u (60) v ¢ IpUMeHeHHeM MaTeMaTHUecKoro armapara AJireOphbl
curHaryp [1, 2, 3, 4, 5] Obin BbimosHeH B § 4 B [5], mpu ycioBun 'y =T, 'y =Tr,. Bonee moapobHoe ucciefoBaHue
«IJIEKTPOHA» U «IO3UTPOHA» OyJeT TMpeACTaBIeHO B CJEYIOIIUX CTaThsX [JAHHOrO mpoekra. OTyacTy aHamu3
coBokynHoctedt metpuk (50) u (60) mpexactaBneH B [11]. B aToli cTaThe Mbl HE OCTAaHAB/IMBAEMCS Ha TMOAPOOHOM
WCCTIeloBaHUe MEeTPUKO-JMHAMHUUeCKUX MO/Ie/iel BaKyYyMHBIX 00pa30BaHUl Tak KaK OCHOBHOU LieJIbIO SIBISIETCSI HAMETUTh
KOHTYPBI Pa3BUTHS ITOJTHOCTHIO TeOMeTPH3MPOBAHHOM HepapXudyeCcKol KOCMOJIOTHUeCKON MOJesTH.

4.2 MeTpuKoO-AiHaMU4YecKas Mo/ie/ib «<KKBaPKOB» U «aHTUKBapKOB»

Brimie 6bI7I0 yCIOBHO IIPUHATO, UTO «3JIEKTPOH» — 3TO CTabuibHas cdepuueckasl BBIMYKIOCTb A.p.15-BaKyyma, KOTopas
OTMChIBAeTCSI COBOKYIHOCTBIO MeTpHK (51) — (59) ¢ curHarypoii (+ — — —); a «II03UTPOH» — 3TO TOYHAs IPOTHUBOIIO/IOXKHAS
KOIMUSI «3/IeKTPOHa», T.e. CTabuibHasi cepryeckass BOTHYTOCTb A.p.i5-BaKyyMa, KOTOpPasi OMHCHIBAETCS COBOKYITHOCTBEO
MeTPHUK (61) — (69) c MPOTHBOIIOJIOKHOMN CUTHATYPOH (— + + +).

B cratesx [1, 2, 3, 4, 5], rae nocieoBatensHO pa3BuBaetcs: «'eoMeTpu3rpoBaHHas Gu3KKa BaKyyma C Mo3uLiuii Aredpbl
CUTHATYp», IOKa3aHo, UTO HeOOXOJUMO YUUTHLIBATEL BCe 16 CUTHATYp:

(70)

[TosTOMYy BeJieM Mpe/iCTaB/ieHHe O BBITYK/IO-BOTHYTBIX A 12.15-BaKyyMHBIX 00pa30BaHUSIX, KOTOPbIe
Oy/ieM Ha3bIBaTh «KBapKaMm».

Tabsura 1
Tun «KBapku» «AHTHMKBapKHn» LBer
CUTHaTYPHI, «KBapKa»
T.e. 10 meTpuK O6o03HaueHre 10 meTpuK O603HaueHne U
KOJIMYEeCTBO Buza (50) X -«KBapKa» Buzia (60) Xi -«@HTHKBapKa» «aHTUKBapKa»
+ Y- C CUTHATYpOM: C CUTHaTypOM:
1-3 (+-——9) €x -«KBapK» (=+++4) €x ~«aHTUKBapK» JKEeJITBIN




(«371€KTpPOH») («1103UTpOH»)

(+++-) di" -«KBapK» ---%) dy -«aHTHKBapK» KpaCHBIN
1-3

(++—+) d," -«KBapK» (~=—+-) d; -«aHTUKBapK» 3e/IeHbIN

(+—++) d."-«KBapK» (- +-) d; - «aHTUKBapK» rosy6oii

+——7) Uy -«KBapK» (-++-) Uy -«QHTUKBapK» KpaCHBII
2-2

(+—+-) Us" -«KBapK» (-+-4) U, -«aHTUKBapK» 3eJIeHbIi

(++-9) U; - «KBapK» (——++) U, -«aHTUKBapK» ronyboi

4 +++4) i -«KBapK» (-—--) is ~-«@HTUKBApK» OenbIi
[ljis1 iprMepa, TPeCTaBUM Uy -«aHTUKBApK» B Pa3BEPHYTOM BU/IE:
u; -«AHTUKBAPK» (71)

TabM/IbHOE "BBIMTYKI0-BOTH MHOTOCJ/IOIHOe WUCKPUBJIEHHUE A.12.15-BaKyyM
Hecrab oe" 0-BO oe'" MHOT'OC/IOMHOE HC eHue Ap.15-Ba a
C CUTHATypo: (— + + —), cocTosiiiee u3:

BHemmHsast 000/10UKa U, -«aHTHKBapKa»
B UHTEpBaJe [Is, I's]

2 2
e I's dr .
ds(l ++-)2_ 1__+_ 2dt*+————+r’d0°—r’sin’0d ¢’,
ror: re r?
1-——+—
r rs
2 2
o r'e I dr .
ds<2 ++-)2 1+_6__2 cdt’+————+r°d0°—r’sin’ 0d ¢’
ror; re r? ;
1+———2
r re
2 2
- dr .
ds3 )2 1____2 Cdt+————+r’d0’—r’sin’6d ¢’
ror re r
5 6 T ’
r ré
2 2
—_ - r ]
dsiP=— 14204 ~|c*dt +d—+r2d92—r2511129d¢2
ror; re r’ ;
1+—+—

I”r5

(72)

(73)

(74)

(75)




Appo u, -«aHTHKBapKa»
B UHTepBaJie [I¢, 7]

2 2
e ry r dr .
dsi ™ ?=— 11—+ |c*dt’+—————+r’d 0°—r’sin’0d ¢’
rorg r, r? (76)
1——+
r re
(—++-)2__ r,ort| 2o dr’ 2302 2 .2 2
ds, =—|1+———|c"dt"+ +r°d0 —r’sin“0d ¢
rorg r,or? , (77)
1+———2
r rs
(—++-)2_ r; rz 24.2 dr2 2 2 2 .2 2
ds, =—|1l-——=|cdt'+ Tt dO —r’sin"0d ¢
rrg o , (78)
r ré
2 2
b r,; r dr .
dSE‘ 2o 1+—7+—2 CZdt2+7+r2d92—r251n29d¢2
r r; l"2 > (79)
° +—2+=
r I's
IlensT ll(-«al-lTPlKBapKa»
B uHTepBare [0, o]
dsi P=—2di*+d r’+r’d 6'—rsin®0d ¢*. (80)

MeTpHKO-AMHAMUUYECKHE MOJIETH BCEX OCTA/bHBIX «KBAPKOB» M «AHTHKBAPKOB», MPUBEJEHHBIX B Tab/. 1, OCHOBaHBI Ha
Habope MeTpuK BH/a (72) — (80), HO C COOTBETCTBYIOIL|EM CUTHATYPOM.

KomMe BBITIYK/IOTO «3/IEKTPOHA» (T.€. ex'-«KBapKa») CUTHATYPOU (+ — — —) ¥ BOTHYTOTO «TO3UTPOHA» (ex -«aHTHBapKa») C
CHTHATypo# (— + + +), Bce OCTa/lbHble «KBapKW» SIBJISHOTCS HEeCTaOWIBHBIMU BBIMTYKI0-BOTHYTHIMH WCKPUB/IEHHE A1y 15-
BaKyyMHBIMH 00pa3oBaHUsIMH, T.K. MeTPUKH, Harpumep, Buga (72) — (80) ¢ curHartypoit (— + + —), He y/OB/IETBOPSIIOT
ycioBusiM crabumeHOCTH (7). To ecTh MpU Mo/ICTaHOBKE KOMIIOHEHT MeTPHUUECKUX TEH30POB U3 MeTpHK Buja (72) — (80), ¢
o000l npyroli cUrHatypoi kpome (+ — — —) u (— + + +), BO BTOpoe BaKyyMHOe ypaBHeHue JiHITeiHa (7) paBeHCTBa He
TOJTy4aeTcsl.

4.3 MeTpuKO-AUHAaMHYeCKHe MOJie/IM «IPOTOHA» U «AaHTUIIPOTOHA»
Bpnme 6bpUI0 TOKa3aHO, uTO CTabulbHbIE A.jp.15-BaKyyMHble 00pa30oBaHHSl OMUCHIBAIOT TOJAbKO METPUKH-DeLIeHHs
BaKyyMHBIX ypaBHeHHM DHHIITeHHA CUrHaTypaMu (+ — ——) u (— + + +). OfHaKO He TOJILKO «3JIEKTPOH» (T.€. € -«KBapK»)

(50) u «1103UTPOH» (T.€. ex -«aHTUKBapK») (60) MOryT ObITH CheprUecKUMY CTaOUILHBIMU 00PA30BaHUSMM.

B §8 B [2] 6BLI0 MOKa3aHO, UTO BO3MOXKHBI C/IeAYIOIIHe B3aUMHO TIPOTUBOIIONIOKHBIE TPUA/bl CUTHATYP, KOTOPbIE B CyMMe

(v B cpefHeM) TIPUBOJAT K cUrHaTypaMm (+ ———) U (— + + +) (cMoTpuTe parwxupHbie Beipakenus (51) — (53) B [2]).
---+4) +HF++- =0

+-+-)+@E+-+ =0

(++—-—2) +(=—++) =0 (81)
+-=-)1+(E++4).=0

-+ +(++-+ =0

++-2) +(-++) =0

- -+ (=++) =0

(F= =+ ++H).=0,



(82)

--+-)+H+-+) =0

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

+t-=--)+(E+++H.=0

Takum obpa3om, B cpefiHeM cTabubHbIe chepryecKre BaKyyMHbIe 00pPa30BaHUs C CUTHaTypamu (+ — — —) Wi (— + + +)

MOTyT OBbITH COCTaB/IeHBI W3 JIByX DPa3HOL[BETHBIX U-«KBapKOB» (WM U-«aHTMKBAPKOB») U OJHOTO d-«KBapKa» (WIu
d-«aHTUKBapKa») u3 Tabs. 1:

di(+ + + -) d(+ + = +) d'(+ -+ +)

us (= + = +) (84) u(-—-++) (85 U=+ + -) (86)
U (= —+ +) Uc (= + + ) u,(—+ — +)

P+ * ). pr (- + + ) P+ * ).

rzie pi — TPY BO3MOKHBIX COCTOSIHUS pi -«IIpoToHa» (i = 1, 2, 3) ¢ curHatypo#i (— + + +)

do(- - +) d (- -+ -) d (- +--)
w'(+ -+ -) u'(+ + - -) u (== +)
S R 1) B DR SR C SR N (GO
pi(r— = - p(+ = = ) P+ = = )

rage pi+ — TPH BO3MOXXHBIX COCTOAHUA pi+-<<aHTI/IHpOTOHa>) C CHFHaTypOﬁ (+ - = —).

B 6ojiee KOMITAaKTHOM BU/JI€ COCTOSIHUSI p; -«IIPOTOHa» U p,-+—«aHTI/Il'Ip0TOHa» MOTyT OBITH 3aITKMCaHbI TaK, KdK TIPUHATO B
KBAaHTOBOM XpOMOJAWHaMHUKe

+

pr=uwud, p=ucusds’, py=usucd”, (90)
pi'=w'utds,  prrudutds, psewtudde (91)

Ot/vume, 0fHAKO, 3aK/IFOYAeTCs B TOM, uTO B CTaHZAPTHOM MOZe/Ii IPOTOHBI COCTOSIT U3 KBapKOB, @ aHTUIIPOTOHBI COCTOSIT
13 aHTHKBAapKOB, TOrZla Kak B "Asrebpe CHrHaTyp" p;-«IIPOTOH» U p;'-«aHTHIPOTOH» COCTOSIT B TEPecMeIlKy Kak K3
X;"-«KBapKOB», TaK W U3 X, -«aHTHKBAapKOB». [103TOMy, B uUTOre, B AnreOpe CUTHATyp «BeLecTBO» (TOuHee cepuueckue
BaKyyMHble 00pa3oBaHUsI) U «aHTUBeLleCTBO» (TOuHee ceprueckue BaKyyMHble aHTHOOpa30BaHUs1) NepeMelllaHbl, 1 HeT
npo6JieMbl CBSI3aHHOM ¢ HapUOHHON acMMeTpueli BceeleHHOM.

st npyMepa, NpeACTaBUM MHOTOC/IOMHYI0 METPUKO-JUHAMUUECKYI0 MOJIe/Tb P1 -«IIPOTOHa» (84)

di(+ + + )
u{(— + — +)

U (= —+ +)
pf(_ + + +)+

B pasBepHyTOM BHze (rae rs~ 1072 cm, rg~10"cm, r;~ 10 cm):

P; -«IIPOTOH» (92)

CrabuibHOe B Cpe/HEM BOTHYTOE MHOTOC/IOWHOE chepuueckoe A .1s-BaKyyMHOe 0Opa3oBaHue
¢ ob1weli cUTHATypol (— + + +), cocTosiiiee 13:

d. -«<KBapK»



HecrabuibHOe BBIMTYK/I0-BOTHYTOE MHOTOC/IOWHOE A.15.15-BaKyyMHOe 0Opa3oBaHre
C curHatypoi: (+ + + —), cocTosiiee u3:

BHemHsia 000/10uka d,'-«kBapka» (+ + + )
N B UHTEepBaJe [rs, I's] (puc. 3)
66
cislf
(9
ds,
ds; .
d SZ" ;
fiapo d. -«xBapka» (+ + + -)
N B HMHTepBaJie [rs, r7] (puc. 3)
8
dsl}
66
dsz}
66
dsy,

s
ds,

lenst d-«kBapka» (+ + + —)
B uHTepBaie [0,]

s
ds:.

U; - «xaHTHKBaApPK»
HecrabuibHOe BBIMTYK/I0-BOTHYTOE MHOTOC/IOWHOE A.15.15-BaKyyMHOe 0Opa3oBaHre
C CUTHATypou: (— + — +), cocTosiiiee u3:
BHelnHsis 000/104Ka U, -«aHTHKBapKa» (— + — +)
B MHTepBare [rs, rs] (puc. 3)

o6
ds;,
dst
Sa2>
GO
cis3f
(99
ds,’;
SInpo u, -«aHTHKBapKa» (—+ —+)
B UHTepBarie [rs, 7] (puc. 3)
d st
1>
d Sb(:
20
dsé
S5 s

s
ds,

HlenbT U, - «QHTHKBaApPK» (— + —+)
- B uHTepBarie [0, o]
d S(Jo
5 -

(93)

(94)

(95)

(96)

97)

(98)



U; -«<aHTHUKBapK»

HecrabunsHoe BBHIMTYK/I0-BOTHYTOE MHOTOC/IONHOE A.12.15-BAKyYMHOe 0Opa3oBaHue

C CUTHATypou: (— — + +), cocTosiiiee u3:

BHeurHsst 000/104UKa U, - «<QHTHKBapKa» (—— + +)
B UHTepBa’ie [rs, rs] (puc. 3)

d séf,
d sét,
d sgé,
d Sif;
Siapo u, - «aHTHKBapKa» (—— + +)
B UHTepBa’ie [rs, 7] (puc. 3)
ds;,
d sgé,
d s:"’,f,

oo
ds,

IlenbT u, - «aHTMKBapK» (——+ +)
B uHTepBaje [0, ]

o
ds.".

Buemmsa obonouka 7
«IPOTOHA» .

A

Snpeiukn \ d d
«KBapKa» H ABYX [ . A TR e

«AHTHKABPKOBY» p
«MPOTOHA»

Puc. 3. Cheprueckoe BakyyMHOe 00pa3oBaHKe, COCTOSIIIEe 13 TPEX LIBETHBIX «KBAPKOB» U aHTHKBAPKOB»

(99)

(100)

(101)



(B YaCTHOCTH, «HpOTOH). BHyTpEHHI/Ie AAPBILIKH 3TUX 3-X BaJIEHTHBIX «KBdPKOB» U «aHTUKBAPKOB» HaXOJATCA B
TMOCTOAHHOM XaOTHYeCKOM IlepeMellieHN OTHOCUTEe/IbHO APYT Apyra

Ilpu ycpegHeHHM OFHOPOAHBIX wieHOB B MeTpukax (93) — (101) momyuaercsi coBoKymHOCTb MeTpuk (61) — (69),
OTMCHIBAIOIIAs. METPUKO-IUHAMUYECKOe COCTOSIHHE «T03UTPOoHa». OfHAKO Ce[[yeT OXKUAaTh, UTO PAAUYC siipa «IIPOTOHA»,
COCTOSIIEr0 U3 sifiep 3-X «KBapKOB» M «aHTUKBAPKOB», OKa)KeTCsl DOJIbIe pafivyca sApa «MO3UTPOHa», T.K. BHYTPeHHHE
SOPBILIKKA TPEX «KBAPKOB» U «aKTUKBApKOB» CJI0KHO B3aMMOJEHCTBYS OTTa/JKMUBAIOT APYyT Apyra oT obuiero nexrpa r = 0

(puc. 3).

Takum obpasoMm, mnpobsema KoHdallHMeHTa TpeX BBIIYK/IO-BOTHYTHIX ceprueckux o0pa3oBaHWi, Harpumep:
d'-«KBapKa», U, -«aHTUKBapKa» W U, -«aHTUKBapKa» pellaeTcs cama co00W, TaK KakK KaXIbI X, -«KBapK» WK
Xi -«QHTUKBapK» (KPOME e, U €,') — 3TO HeCTabU/TbHbIE COCTOSIHUS A.1».15-BaKyyMa.

Mo otAenbHOCTH dy -«KBapK», Us -«aHTUKBApK» U U, -«aHTUKBApK» JIOJITO CYLIeCTBOBaTb HE MOTYT, T.K. OMHCHIBAIOLHE WX
Habops! MeTpuK Buza (93) — (101) o oTAeMBHOCTU He SIBISIOTCS PeLIeHHsMA BTOPOTO BAKYYMHOT'O YpaBHeHHUsT DHHIITelHA
(7). TombKo BMecCTe OHU 00pa3ylOT CTAaOWIBHOE B CPEHEM «BOTHYTOE» A.ip.1s-BaKyyMHOE 0Opa30BaHHE, KOTOPOE MBI
YCJIOBHO Ha3BaJi P;- «IIPOTOH» (puc. 3).

LleHTpb! BHYTPEeHHUX SJpBILIEK TPeX «KBapKOB» U «aHTHMKBAPKOB» (B YaCTHOCTH, Us U dc') BHYTPU sifjpa «IIPOTOHa»
JOJDKHBI TaK XaOTHUeCKH OJTy’>K7aTb OTHOCHTeNbHO oflrero reHtpa r = 0 U OTHOCHTENBHO ZIPYT Apyra (puc. 3), 4ToOBI
TOJILKO B CPE/IHEM WX LIEHTPbl COBMAJAMU C 00IMM LieHTpoM: <r;> = 0, <r> =0, <r> = 0. [I03TOMy Mbl BbIHY>X/IEHBI
TIPUMEHSITh He TOBKO MeTPUKO-JUHaMUYeCcKoe, HO U CTaTUCTUUYEeCKOe OMHCaHue BHYTPUSAEePHBIX MPOLECCOB, YTO OTYACTH
paccMoTpeHo B [8] u B §4.9.

BHYTpeHHOCTh $ifipa «IIPOTOHa» TOCTOSIHHO OBICTPO IEPeXOJUT W3 OJHOTO KBAapKOBOTO COCTOSIHHS B Jpyroe (T. e. U3
COCTOSIHUSI C OJHAM COCTaBOM LIBETHBIX «KBapKOB» U «aHTUKBApKOB» B COCTOSIHUE C IDYTHM HX COCTaBOM). MHaue roBops,
JedbopMalu A i is-BaKyyma BHYTPH $i7ipa «IPOTOHa» IIOCTOSIHHO CJIOXKHO IepecTamBaioTcs. [losTomy B MaciuTabe
peasibHOr0 BpeMeHU MBI IMeeM ZIefi0 C yCpeHeHHBIM COCTOSIHHEM «IIPOTOHa»

p=13pi+pr+tps) wm p =13 W,u.d« + uu.ds + u,ud").

CoBokymnHocTtr MeTpuK (93) — (101) rpu ucrosb30BaHWM MaTeMaTW4ecKoro armapata Anrebpsl curHatyp [1, 2, 3, 4, 5],
TI03BOJISIIOT K3B/IeYb UHGOPMALIMI0 O MHOXKECTBe IPOLIECCOB U IOJ-TIPOLIeCCOB, IPOMCXO/SLIUX BHYTPH s/ipa «IIPOTOHa»
WIN «aHTUIIPOTOHa», B €ro pakuu W eHellHell obonouke. Bomee IO/HYI0 reoMeTPU3NPOBaHHYI (DU3MKY «HYKIOHOB»
TperiosaraeTcs npejCTaBUTh B CJIeAYIOIIMX CTaThsAX HACTOSALLEro IPOeKTa.

4.4 MeTpuUKO-AHHaMH4YeCKasA MOJe/Ib «kHeHTPOHa»

B coBpemeHHol sifiepHOl (pu3vKe (KBAHTOBOM XPOMOJWHAMUKE) CUMTAETCS, UTO HEHUTPOH COCTOWT U3 JIBYX d-KBAapKOB C
3apsiioM (—1/3)e 1 ofHOTO U-KBapKa C 3apsifioM (2/3)e (TAe e — 3apsij 3/1eKTPOHA)

n = ddu. (102)

B pe3y/bTaTe Takoro COYeTaHWs HEMTPOH OKAa3bIBAETCS 3JIEKTPUUECKH HEUTpaJbHOW YacCTULleH C HYJIEeBBIM CyMMapHBIM
3apsigoMm (—1/3)e + (-1/3)e + (2/3)e = 0.

B pa3BuBaemoli 37eCh TeOMETPHU3UPOBaHHOW (H3MKe BaKyyMa HHM OJHOM 3-«KBapKOBOW» YaCTUIBl C HYJIEBLIM
«3JIEKTPUUECKUM» OKpY>KeHHeM He mosrydaercs! [TOCKOMBKY HET HU OFHOW aJjfUTUBHOW KOMOWHALMM TpexX W3 16-u
curHatyp (70), koTopble nIpUBOAAT K HysneBou curHaType (0 0 0 0). Kak BbIICHUTCS TI03)Ke HyJsleBasi CUTHaTypa O3HavaeT
HEeUTpalbHOCTb.



i (- - --)
d'(+ -+ +)
uc (- + + -)

d," (+ + — +)

is (- - )
d(+ + — )
dd(+ + + o)

U (= — + +)

i (- - - )
d'(+ -+ 4)
u, (- +—+)

did (+ + + )

is (— —
u, (- + -+
d" (+ -+ 1)

di (+ + + )

JKemaeMbléi pe3y/ibTaT JOCTUTAETCS B C/ydae PAH)KUPOB, COCTOSIIUX W3 YeThIpEX CUTHATyp. [1o3ToMy '3eKTpuuecKu”
HelTpasibHasl «4acTUlla» («HEeHUTPOH») MOXKeT UMeThb CJleflyIollye Tonoaoruyeckue (y3/0Bble) KOH(UTrypaLuu:

(103)

n°(0 0 0 0). n(0 0 0 0). n(0 0 0 0), nd (00 0 0).

is"(+ + + +)
d(-+ - )
us(+ - - )
dy (= =+ )
ns’(0 0 0 0).

s (+ + + )
di (- -+ )
di (- = = +)
U (+ + — )
n (0 0 0 0).

s (+ + + )
d (- +--)
w'(+ =+ -)

s’ (++ + +)
u" (+ — + )
d (- + =)
di (=== +) di (= == +)
n’(0 0 0 0). n (0 0 0 0).

HaromHuM, 4To Ka)koW curHatype B pawkupax (103) coOTBETCTByeT «KBapK» WM «aHTHKBAapK» W3 Tabm. 1, mpu 3Tom
KaXX/IbIi U3 HUX onuckbiBaeTcs 10-t0 MeTpukamu Buja (72) — (80) ¢ cOOTBETCTBYIOLLeH CUTHATYPOM.

B 3THX pamkupax, KpOMe U3BECTHbIX B KBAHTOBOW XPOMOJUHaMeKe d- U U-«KBAPKOB», UMEETCs [IBa IK30TUUECKUX Oestbix
is -«xBapKa» (i oT cn08a invisible — Hegudumbll):

is” — Oesblii i -«KBapK», T.e.10 MeTpuk Buza (71) ¢ curHatypoi (+ + + +);
is — Oenblii is - «aHTUKBApK», T.e.10 MeTpuk Buza (71) ¢ curHaTypou (— ———).

BenbiMu flaHHBIe i5-«KBapKW» Ha3BaHbI I0TOMY, UYTO OHM NPaKTUYeCKH HeBU/HBbI BHYTPH sjpa «HEWTPOHa», T.K. C TOUKU
3peHusi TOTOJIOTMH, OHU TPEACTaBjsOT cob6od "Touky" u "aHTUTOUKYy" (cMoTpute §4 B [2]). Bugumo, mo3TomMy uX
TIPUCYTCTBHE B siipe «HeHTpOHa» He ObI0 0OHApPY)KeHO KCIIePUMEHTA/IbHO, U He yUuThIBasock CTaHAAPTHOM MOZIEJIBIO.

Takum 06pa3oM, B paMKax AJreOpbl CUTHATYD BOCEMb BO3MOXKHBIX COCTOSTHUN «HEWTPOHa» MOTYT OBbITh TIpe/ICTaB/IEHEI B
Buzie patkupoB (103) v B 6o/iee TPaAULIMOHHOM BUJE:

n’=isd’'d;us, n'= isddd us,
ns’=is'ddsu’,  ne’ = is'dydiuy”,

Tl30 = i{d{dﬁu;,
n70 = i6+dl‘7dK7u3+;

nd=isdi'd:"us, (104)
ne=is'd dcus".

Takoe 00603HaueHHE BO3MOXKHBIX Y3/IOBBIX COCTOSIHUM «HEWTPOHa», OJJHAKO, OTJIMYAETCs OT 3alUCU COCTaBa HEUTPOHA B
KBaHTOBOM xpomouHamMuke (102) mpuCyTCTBUEM e/iBa PAa3/IMUUMBbIX i -«KBapKa» W is -«aHTUKBapKa».

W3-3a C/IOXKHEHIIUX BHYTPUAAEPHBIX TOIMOJOTMUECKUX MeTamopdo3 Jrobast aaguTHBHAsA —4-«KBap-aTUKBApKOBas»

pamxupHasi kombuHaiust (103) MOXKeT IepecTpOUTHCS Tak, YTO BHYTPHU JJAHHOTO BaKyyMHOTO 00pa30BaHUS TMOTYUHUTCS
Di -«TIPOTOH» U «3JIEKTPOH» (T.€. «aTOM» BOJIOPO/IA):

pr-ap D)

«3JIEKTPOH»

(105)




JIOTMYHO TIPe/IN0JIOXKUTh, UTO TaKoe MepecTpoeHye (T.e. pa3Bsi3biBaHKE TOMOJIOTUUECKOTO y3/1a) BHYTPH siipa «HEeUTPOHa» B
HEKOTOPBIX C/Ty4asx MPUBOJUT K Peaklliy pacriaja

n— p t+e+ Ve, (106)
rAe Ve+— 3JIGKTPOHHOE «HeﬁTpHHO».

OueBUHO, YTO B TaKUX Ipolleccax [AeHCTBYyeT 3aKOH COXPaHEHHsl 3HAaKOB «+» U «—». Hampumep, B pamXUpPHOM
BeipaxeHnuu (105) mo Tpanchopmaru 8 «+» 1 8 «—» U mocsie TpaHCchopMaLr 8 «+» 1 8 «—».

B3aumMocBsi3b MeK/ly CUTHaTypOi MeTpUUeCcKoM MPOTSHKeHHOCTH U ee TOTIOJIOrHelt 1oka3aHa B §4 B [2].
[pyroe 3HauMTe/NbHOE OTIWYME TIpeJlaraeMOM TeOpHH OT COBPeMEeHHOW sifiepHOW (M3WKH, 3aK/IH0YaeTcsi B TOM, UTO B

pe3yJibTaTe BHYTPHSIEPHBIX TpaHC(hOpMaluii KOH(GUTYpaIis «KBAapKOB» BHYTDHU sifipa «HEUTPOHA» MOXKET CJIOKUTHCS B
BUJIE P1 -«aHTUTIPOTOHA» U «TIO3UTPOHA» (T.€. «aHTH-aTOMa» BOZJOPOZA)

(107)
(+ =+ )
<<HeﬁTp0H>> (_ _ _) (_ + _ _)
+-+41 + - -
R B
(++ — +) (= + + +)
Oro  moxer mpusecti K (0 0 0 0). (000 HpoLieCCy pacriaza «HeHTpoHa»
Ha p 1+_«aHTI/IHpOTOH» u 0) N «TTO3UTPOH»
n-op +e+v., (108)

rae Ve+— IO3UTPOHHOE «HeﬁTpHHO».

Takve pacnafbl [O/DKHBI DPErUCTPUPOBAThCS Ha TMpakTHKe. Eciu faHHOoe mpeficKa3aHWe AsreOpel CUrHaTyp He
MOATBEPAUTHCS, TO HY)KHO MCKaTh IPUUMHY OTCYTCTBUS pacnazios tumna (108).

OpiHO¥M W3 TakMX TPUUMH MOKeT OBITh Cilefylolliee: B Cyyuyae TpaHcopmaluu «HeltpoHa» tuna (105) w3menstorces 10
3HaKOB, a B ciy4ae TpaHcpopmaruu tumna (107) usmeHsitorcsi 12 3HakoB. VI3MeHeHHe 3Haka O3Ha4yaeT I€PeCTPOUKY
BHYTPUSZIEPHOM TOII0JIOTHH (T.e. H3MeHeHHe BBITyK/I0-BOCHYTOIO COCTOSIHUSI JIOKIbHOM 00/1aCTH A.12.15-BaKyyMa BHYTPH, U
BO3MOXXHO CHApyXXH, $ipa «HeHTpoHa»), Ha 3TO TpeOyIOTCS >HepreTHueckude 3arpathl. II03TOMYy BepoOsITHOCTb
TpaHcopmaiuu ¢ usMmeHenuem 10-u 3HakoB Tuma (105) MeHee >3Hepro3arpaTHasi W TIOTOMY Oojiee BEpOSATHA, UeM
Tpanchopmarius tmna (107) c usmeHeHueM 12-1 3HaKOB.

Takasi siBHasi aCUIMMeTpHsI MOXKeT ObITh CKOMIIEHCHDOBaHa TPH pPACCMOTPEHWH TpaHCGOpMaLuK BceX 8-U BO3MOXKHBIX
cocTosiHUMN «HeiiTpoHa» (103). Kpome Toro, MeHbllasi BepOSITHOCTb He HCK/IIOUaeT BO3MOXKHOCTH pacrnaga Ttuma (108).
ITosToMy mpeficka3aHue 0 BO3MOXXHOCTH pacliajia HEMTPOHa He TOJIbKO Ha «IIPOTOH» U «3/7IeKTPOH», HO U Ha «aHTUIIPOTOH»
U «II03UTPOH» JIOJDKHO OBITH /leTa/lbHO U3ydeHa U KCIieprMeHTanbHO NpoBepeHa.

BHyTpusisepHble A _jp _is-BaKyyMHbIe (IyKTyallid HACTOJBKO OBICTPO HW3MEHUMBBI, UTO [l MAaKpOCKOIHMYeCKOro
HabsoziaTesnsi «<HEMTPOH» — 3TO pe3yJIbTaT YCpeJHEHHs BCEX eT0 BO3MOXKHBIX COCTOSIHUM

n =1/8 (m"+ n "+ n’+ n+ ns’+ ne’+ n,’+ ng’) =
=1/8 (isdv'ds'u + ig d'ds'ur + igdi'dr'us+ g di'dy s+ s 'drds ', + g ds du, + is'dodius” + igTdedicus”).

SAnepHoit Anrebpe curHaTyp (T.e. TEOMETPU3UPOBAHHON (U3UKE «TIPOTOHOB» U «HEUTPOHOB») JO/HKHO OBITH MOCBSILEHO
OT/le/IbHOe MCC/le/JOBaHue.



4.5 MeTpuKo-fUHaMHUeCKas Mo/ie/Ib «aToMa» JeiiTepus

[To cpaBHEHHI0O C «HEHUTPOHOM» M «aTOMOM» BOJIOPOZia 3HAuMUTeTbHO Oosiee CTabUIBLHBIM

HeUTpasbHbIM ChepruuecKuM

BaKyyMHBIM 00pa30BaHUEM SIB/ISIETCS «aTOM» JIeHTepUsl.

ATOM JeiiTepuii MOXKET COCTOSITh M3 OJTHOTO «IIPOTOHAa», OJHOTO «HEUTPOHa» U OJHOTO «3JIEKTPOHA».
ParyKUpHBIN (TOTO/IOTUYECKHH) SKBUBAIEHT Y3/I0BOM KOHGUTYpALMU TaKOW 06/1acTu A.1p.15-BaKyyma

vMeeT CeAYHOLIUA BUJ:

+ + +-) + + - %)
«IIPOTOH» -+ -1 -+
- -+ -+ +-)
+ - -9 (+ + + 4)
«HEeUTPOH» + — + + %0178 + — +-) wm...
e cil3 (109)
(=) - -4
«3JIEKTPOH» (+ - — ) + - - -
= H(O0 0 0 0). HO 0 0 0).

r/le KaX/JOW CHIHAaType COOTBETCTBYET «KBAapK» W3 Tabj. 1, T.e. cCOBOKYNMHOCTb 10 MeTpuk-perieHuii tura (71) BTOporo
BaKyyMHOI0 ypaBHeHHs DUHIITelHa Tvma (7).

«ATOM» [leliTepusi TaK)Ke MOKET COCTOSITh M3 «aHTUITPOTOHA», «HEUTPOHAa» M «ITO3UTPOHA»:

---9 -+

«@HTUTIPOTOH» + - +-) + + -9
+ + -9 + - -4
+ + + + 1) - -9
«HEUTpOH» -+ - = WIH — + —+) WIM...
+p ((+ - - +)) E+ -+ +)) (110)
(- - +-) (+ + + )
«IO3UTPOH» -+ + 4) (= + ++)
= H(O0 0 0 0). H(O 0 0 0)-.

Kaxnas y3noBas (Tononoruueckast) koHgurypauus (109) unu (110) MoxkeT ObITh peasn30BaHa C KAaKOW-TO BEPOSTHOCTHIO,
U MOXET CO BPeMEeHEeM TepexXOUTh W3 OJHOTO COCTOSHUSI B JIPyrOe M3-3a BHYTPUSIIEPHBIX MPOLIECCOB TIPH COXPaHEHWUH
obero pesysesrara: *H(O 0 0 0)..

B pamMkax pa3BvBaeMoi 3/1eCh TMIOTe3bl He ObIBAeT «aTOMa» [IEUTepUs] U «aHTH-aTOMa» [IeUTepHs], a eCThb TOMbKO OZWH
«aTOM» JIedTepusi, B KOTOPOM «KBapKW» U «aHTUKBAPKW» TaK TMOCTOSTHHO TPAaHC()OPMHUPYIOTCS APYT B APYra, UTO Kakoe-TO
BpeMsi JaHHOe B CpeHeM cteprueckoe A.ip.is-BaKyyMHOe 00pa3oBaHMe HaXOAWTCS B COCTOSHUM «aTOMa», a B JIpYrou
TIPOMEXKYTOK BPEMEHH OHO CYLLIECTBYET B BH/IE «aHTH-aTOMa». JTO KaCAeTCs BCEX UCC/IEYEMBIX JIOKAIbHBIX U T7I00a/TbHBIX
Amn-BaKyyMHBIX OOpasoBaHui. Takum o6pa3oM, Kak y)Ke BBIlle OTMEUajoCh, B MpejjaraeMoii THUIIOTe3e OTCYTCTBYET
npobsieMa GapuoHHOH acumMMerpun BceneHHod. OfHako IPUCYTCTBYeT JpPYroil He MeHee CJIOKHBIM Borpoc: - ITouemy

«BeIL[eCTBO» U «aHTHU-BEIL[eCTBO»
BMeCTe C TeM CYyLLeCTBYHOT?

B Cpe/iHEM KOMIIEHCHUDPYIOT IpOsiB/IeHHs APYT Apyra (T.e. B CPeJjHeEM OTCYTCTBYIOT), HO



MO’KHO COCTaBHUTb MHOXKECTBO KOMOWHALME cUrHaTyp, nmofobHbix (109) u (110), uTo oTpaxkaeT BO3MOXKHOCTU «LIBETHOM»
KOMOWHATOPUKU BHYTPHsiZepHbIX MeTamopdo3. Ho Tomosornueckasi KOHGUIrypauusi JaHHOTO «y3Ja» BCET[a OCTaeTcs
TIPEXKHEH: TPU U-«KBapKa», TPU d-«KBapKa», OJIUH i-«KBapK» W OJJUH e-«KBapK». [103ToOMy yc/ioBUMCs 0003HauaTh TaKOM
TOTNoIOTUYecKni "y3en" creyrompmM obpasom:

°H = 3u3die, (111)

YUUTBIBasl TOTIOJIOTUYECKHE CBOWCTBA METPUK C COOTBETCTBYIOIUMU CUTHaTypamu (cMmotpute §4 B [2]), oOHapy>kuBaem,
YTO JIaHHbIN "y3e/1" COCTOUT U3 3-X NeperyieTeHHbIX "TOPOoB”, 4-X OBa/lbHbIX [IOBEPXHOCTEH U OAHOU "TOUKM".

4.6 MeTpuKo-AHaMHYeCcKHe MO/Je/IH «aTOMOB»

B nipeapiymx MyHKTax U3 «KBapKOB» U «aHTHKBApKOB» (CMOTpHTe Tabsl. 1) momyueHb MeTPUKO-AWHAMUYECKHe MOJIeNTH
«3JIEKTPOHA», «[I03UTPOHA», «IIPOTOHA», «aTOMa» BOAOPOZA U «aTOMa» [ielTepusi. AHaIOTMYHBIM 06pa30M U3 «KBAPKOB» U
«aHTUKBapKOB» MOTYT ObITb "CKOHCTpPyMpoOBaHbl" ("CruieTeHbl'") BCe WM3BECTHbIE XUMUYeCKUe 3eMeHThbl Tabsuibl 1.1
MengeneeBa. [Ipy 3TOM ycpefHeHHble pa3Mepbl sijlep «aTOMOB» I, JOJ/DKHBI 3aBUCETb OT KOJIMUECTBA KBAapKOB A,
00pa3syoIUX JaHHBIE «TOMOJIOTHUYECKUE Y3/IbD»

Iy~ Yo A%rg & 15 AV1073 o, (112)

Hanpumep, HiKe TIpeiCTaB/IeHa OJJHA U3 MHOKECTBA BO3MOXKHBIX TOTIOJIOTHUYECKUX (Y3/I0BBIX) KOH(PUTYpALIUi «aToMa»
4
renus “He

+ + -4
(-~ — + +)  p2-«TpOTOH» (113)
o)

(= +-9)

(+ —=+) D3 -«aHTUIPOTOH»
(+ =+

(-++ 1) «TIO3UTPOH»

12°- «<HEUTPOH»

+ — +-) Ng’-«HEATPOH»

«3JIEKTPOH»

«dTOM» rejud
‘He(0 0 0 0)

Kak yxe oTMewasoch aToMHOM Aurebpe CHUrHaTyp (B YacTHOCTH, OAHOMY W3 ee pa3fenoB: "BaKyyMHOH Y3/10BOH
Tomnosiornu'") HeoOXOAUMO TIOCBSTHUTH OTZe/bHOe OOIIMpHOe HCC/efjoBaHHe, HO yXKe celuac MOXKHO C(OpMYy/IHpOBaTh
HEeKOTOpbIe 3aKOHBI 3TOT0 HallpaB/leHus] UCC/Ie/|OBaHUM:



1) PacumpenHoe nipaBusio [laynu: ogrHAKOBBIX KOH(GUTYpALMi «<KBAPKOB» 1 «aHTUKBApKOB» B «aTOMe» He ObIBaeT;

2) «ITpoTOHBI» U «aHTUIIPOTOHBI», & TaK)Ke TIPOTUBOIIO/IOKHbIE «KHEMTPOHBI» IIPUCYTCTBYIOT B «aTOMe» B OTJIMUHBIX
CUTHATYPHBIX (WM L{BETHBIX, WM TOIIOJIOTMUECKUX) KOH(MUTypaLusX;

3) «DneKTpOHbI» U «IO3WTPOHBI» B «aTOMe» He aHHUTWIMPYIOT, T.K. OHU PasMbIThl CpeJi CIOKHEeHIIHX BBIMTYKJIO-
BOTHYTBIX KOHOUIYpaLMii ¥ He MOTYT OBbITh BbIJie/IeHbI B OT/e/IbHble BaKyyMHbIe 00pa30BaHusl, CIOCOOHBIE TTOJTHOCTHIO
CKOMITEHCHPOBATh MPOSIBJIEHUsT PYT Jpyra.

4.7 MeTpUKO-JUHAMHYECKHE MO/Ie/IH «Me30HOB» U «0apHOHOB»

B KBaHTOBOM XpOMOJWHaMUKe Me30HbI COCTaBJIAOTCA U3 KBaPKad U dHTHUKBAPKA, U OIIpeAe/IA0TCA Cl)OpMYHOﬁ

o,

M=q 7" (114)
rJe g, — LIBETHOM TPUIUIET KBapKa (¢ =T, 3, K); ., — LIBETHOM TPUIIET aHTHKBapKa.

BapuoHs! cocTosiT U3 3-X KBapKOB, U 3aar0Tcsi OPMYJ/IOH

gL
=g e Eay, (115)

rae Eqpy — MOJHOCTBIO ElHTI/ICI/IMMETpI/ILIHHﬁ TE€H30D.

[TpakTHUeCKd TOYHO TaK)Ke COCTAB/SIIOTCS «Me30Hbl» M «0apHoHbI» B pamkax AureOpel curHatyp. PaccmoTpum
KOHKDeTHBI TIpMMep: TPU pasHOBHUAHOCTA JT -ME30HOB B TEOPMM CUJIBHBIX B3aUMOJEHCTBUN HMEHT CJeyIOIlyI0
KBapKOBYIO CTPYKTYPY:

e (116)

B Anrebpe curHatyp, HanpuMep, Me30H T = u”d ' TIpe/ICTaB/seTCs B BUJE PAH)XXUPOB (T.e. TOMOJIOTMYeCKUX Y3/I0B):

(117)
dd (++ +-) d"(+ +—+) d(+—+ +)
U (= + —+ U (= —+ +4) u (=+ + )
m (02+00). m" (0 002+). w7 (0 02+0).

rZle KaXJol CUrHaType COOTBETCTBYeT COBOKYMHOCTb 10-u MeTpuk Tuma (71).

Takuie BBIMYK/IO-BOTHYThIE BaKyyMHble 00pa3oBaHMsi He MOTYT ObITb CTaOWIbHBIMH. OHU MOTYT CJIOKMTBCS B JAHHYIO
TOMOJIOTUYECKYI0 KOH(UTypalyio, HO MrHOBEHHO TIepeCcTpavBalOTCS B JPYrOM BUJ TOIMOJOrMYecKoro (y370BOro)
TIePeTIeTeHNSI WK B CPeTHEM Pa3rJIaXKUBAKOTCS.

B cBoro ouepesb KBapKOBast KOHCTPYKL{MSI HEUTPATbHOTO 7T -Me30Ha

0

1.
t :EC (118)

MO>XKeT UMeTh CJlefiyIole paHXUPHbIe (TOMOI0OruuecKre) aHaloru:



(119)

u (+——+) u," (+—+-) u(++--)
us (_ +— +)+ Ur (— -+ +)+ Ux (— + + —)+
di(+++-) d," (++-+) d'(+-++)
di (=—+-). d-(=+=-). do (===+).
" (0000) " (0000) (000 0)

Tak ke B paMKax AJire0pbl CUTHATyp MOTYT ObITh CKOHCTPYUPOBaHbI (MK "CIIIeTEHbI'") BCE U3BECTHBIE ME30HbI U OAPUOHBI
CTaHJapTHOM MOJeu.

KoHctpykumn Anrebper curHatyp (AC) oTnnMyaeTcss OoT KOHCTPYKUui CTaHJAPTHOW MOZeNW 3/ieMeHTapHBIX YaCTHILI,
TOJILKO Ha/IMYHeM [OTIONIHUTEBHBIX s -«KBapKa» U Is -«aHTUKBapKa», a TaK )K€ TeM, UTO OOJIBILIMHCTBO MCC/IENYEMBIX
MHOTOCJIOMHBIX ~ chepudeckux Ay 1s-BaKyyMHbIX 00pa3oBaHHil COCTOST U3 TIepeIVIeTeHUs X -«KBapKOB» |
Xi -«aHTUKBapKOB», UTO M03BOJ/IsIeT HAMETHUTh IIyTH pellieHust IpobsieMbl 6aproHHON acuMMeTpur BceesieHHOI.

4.8 Mopenu «6030HOB» B AjireGpe cUrHaTyp

B o0wiefi TeopMH OTHOCHTENBHOCTH CJiabble BO3MYIUEHHS] TPOCTPAHCTBEHHO-BPEMEHHOTO KOHTHHyyMa (BakKyyMa)
OTHCBIBAIOTCS] METPUKOM

ds.? = g, dxidx/, (120)
rae gi0=ni” + hy; (121)
¥
h;;
— CUMMeTDUUHEI TeH30p BTOPOTO PaHTa, KOTOPbI PACCMATPUBAETCS KaK TeH30PHOe ToJie Ha (hOHe TMIOCKOro 4-MepHOro
MeTPHUECKOro TMPOCTPAHCTBA MUHKOBCKOTO C CUTHATYPOi (+ — — —), TIpH 3TOM BCe Orepaluy TIOIHUMAHKS U OMyCKAHHs

TEH30PHBIX UH/IEKCOB OCYIECTBISIOTCS C MOMOIIIBIO HEBO3MYIIIEHHOTO METPHUECKOro TeH3opa ;.

oi
n; (122)
— MeTpUUeCKH TeH30p MpocTpaHCTBa MUHKOBCKOTO C CUTHATypoi (+ — ——).

B sToM cnyuae, Kak mokasaHo B [6, 7], mepBoe BaKyyMHOe ypaBHeHHe OMHILTelHa RU:O CBOJUTCS K BOJIHOBOMY
YPaBHEHUIO JI/Isl MaJIbIX BO3MYyIleHuit hy*:

N 10 |,
R~ Ry h;; (123)

B Anrebpe curHaryp [1, 2, 3, 4, 5] fjomycTMMO Kak MHUHHMMYM JBYXCTODOHHee paccMoTpeHre. To ecTb Mo MHMO
BO3MYILIEHUsI BHEIIIHEeH CTOPOHBbI BaKyyma, T.e. MPOCTPAHCTBA MUHKOBCKOrO C CHUrHaTypou (+ — — —), Heob6Xoaumo
YUUTHIBATh ¥ BO3MYIIIeHHe BHYTPeHHelH CTOPOHBI BaKyyMma, T.e. aHTH-TIPOCTPaHCTBa MHUHKOBCKOTO C CUTHATYPOH (— + + +)
Y METPUKOH

ds? = g;O dx'dx, (124)

rpe gi”=ni” + hy©; (125)



+é’(.:'v * —hﬂu), i - (126)

B cyuae BO3MYIIEHUH IBYXCTOPOHHErO A.ip.15-Bakyyma ypasHenue R;=0 cBogutcs K BOJIHOBOMY
ypaBHEHUIO BUJia

2
V—ia— b (127)

R.~
y C2 atz

['eoMeTpU3MPOBAHHOMN TEOPUH BO3MYIIIEHUH A 1.15-BaKyyMa C To3uriuii Anre6psl curHatyp [1, 2, 3, 4,
5] HeoOX0AMMO TOCBATUTH OT/Ee/IbHOE HCC/e/oBaHUe. B 3Toil cTaTbe OTMETUM TOJIBKO, UTO BaKyyM
TIpY MaJibIX BO3MYILIeHUsIX BeZieT cebsi Kak yrpyrasi cpejia, B KOTOPOM MOT'YT paclpOCTPaHsAThCS BOJHBI.
B sTom naparpacde npuBeZieM OCHOBHble MaTeMaTHueckve Mofernd AnreOpbl CUTHATyp il [JaHHBIX
BOJIHOBBIX BO3MYILIEHUM.

Onupasich Ha CHeKTPaJbHO-CTUTHATYPHBIM aHanu3 (cmotpute §6 B [1]), BBejeM mpezcTaB/ieHUSI O
1[BEeTHBIX (POTOHAX.

Tabmuia 2

LiBeTHo# oTOH Crurnarypa LiBeTHo# aHTH(OTOH Crurnarypa

w=exp(2,2/0, ,(ctex+y+z)] |+ + 5 | w=exp(£,2/0,,,(—ct—x—y—z)] | {+ + + +)

e=exp((,2/0,, (ct—x—y—z)} |+ --- |e=exp((,2/0, ,(ct+x+y+z)] -+ ++)

r=exp({52/3, (ct—x—y+z)} |[{+--+ |F=exp({52/0, (—ct+x+y—2z)} |[{=++ -}

{+ -+ -} -+ -+

g=exp({,2/Q, (—ct+x—y+z)}

{++ -} (- -+ +)

b=exp{{s2/0,, ,(ct+x—y—2z)] b=exp({:2/0,, (—ct—x+y+z)]

g=exp((,2/Q, (ct—x+y—z)}

o=exp((s2/0, (ct—x+y+z)] |{+-++ |o=exp((s2/Q,  (—ct+x—y—z)} [+ -}

h=exp{Z72/EIm,n(ct+x+y—z)} el Ezexp{fﬂlclm,n(—ct+x—y—z)} ===+

{(+ + - +) - -+ )

z=exp({,2/, (ct+x—y+z)} z=exp((,2/0, (—ct—x+y—2z)]

rae Dm,n =A- AJIMHA BOJIHbI TaDMOHWYECKUX BAKYYMHBIX BO3My1.L[8HI/II>‘I.

00BEKTBI {,, YIOB/IETBOPSIFOT aHTUKOMMYTAaTUBHBIM COOTHOIIeHUsIM anrebpobl Kimuddopaa



(128)

Cn Gk + CkGn = 264m,

nim

Zmzk-"zkzm:o npu m > k)ZmZm: 1:

k). OmHa 13 Bo3MOXKHOCTeH onpesienieHust 00bEKTOB (n U

=0mnpum # k¥ §i»= 1 ipu m =

rpe 6m— cumBosl KpoHekepa (Sim
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(129)

3
S OO OO OO
ol eleoleoBoNol "
ol elNeoleBol =N
SO OO, O oo
(=N elNel ol oNeNe]
SO R OO O OO
O Rr OO OO OO
_ 0 OO O o oo

a) «@oToH» U «aHTH(OTOH»

I'apMOHUUECKOe BO3MYIIleHHE BaKyyMa, KaK YaCTHBIA C/ydail pelleHus BOJHOBBIX ypaBHeHWM (127), omuchIBaeTcs
KOMIT/IeKCHOH 35KCITOHEHTOU

cos{ /= ) (ct—x—y—2)} + i sin{ R/ (ct—x—y—2)} = exp{i R/ n)(ct—x—y—2)} = exp{i(w t -k - 1)} (130)

YCIOBHO Ha3oBeM e-«(pOTOHOM» CO CTHrHaTypoil {+ — — —} (cmoTpuTe Tabs. 2), (HaOMHUM, YTO TMOHSTHE CTHIHATYypa
BBejleHO B 84 B [1]).

Torza cripaneBUHOe TapMOHHUECKOe BO3MYILiEHHe, PACTIPOCTPaHsIIoIIeecs B IPOTHBOIIOIOXHYIO CTOPOHY,

cos{(2x /A p)(—ct+x+y+2)}+ i sin{Ra/Hy n)(—ct+x+y+2)} = exp {i Qa/ A n)(—cttx+y+z)}= exp —{i(w t — k- 1)}
(131)

Ha30BeM e-«aHTU(OTOHOM» CO CTUTHATypou {— + + +}.

YPpOBHIO 3/1eMeHTapHbIX YacTHl] COOTBETCTBYET [JIMHA BOJHbI TapMOHHUYECKMX A.ip-15-BaKYYMHBIX BO3MYILEHHUU B
JyarasoHe

Dm)n: A,_12,.15 = 10712 — 10715 CM.

b) W*-«0030Hb1»

B pamkax pa3BuBaeMOl TreOMeTPHU3UPOBAaHHOM (M3MKe BaKyyma, OCHOBAaHHOM Ha Ajrebpe CUTHATyp, TPU IIBETHBIX
cocrosiHist W'-«0030Ha» 3a7laf0TCs C/IeYIOIMMH BBIPAKEHUSIMH W COOTBETCTBYHOLMMHM WM DPaHXMPaMH, KOTOpbIe
ompefiensIoT 60sTee CIOKHBINA BAPUAHT BOJTHOBOTO BO3MYIIEHHUS A.1p-15-BaKyyMa, COCTOSIIIIETO U3 TPeX I[BETHBIX «(OTOHOB»

1 «aHTU(OTOHOB» (31€Ch,, ,= A )

(132)

exp {i2w/A(—ct—x—y+2z)}X {- — — +}

Xexp{j2n/A( ct—x+y—2z)}X {+ - + -}

X exp{k2rx/A( ct+x—-y—2)} (+ + — —)

+ - -}

exp{i2n/A(-ct—x+y—2)}X {--+ -}
Xexp{j2n/A( ct+x—-y—-z)}X (+ + - =}

X exp {k2x/A( ct—x-y +2)} (+ — — +)

+ - -}

exp {i2w/A(—ct+x-y—2)}X {-+--}

Xexp{j2n/A( ct—x-y+2z)}X {(+ — — +}

X exp {k2x/A( ct—x+y—2)} (+ — + —)
a—_—



TpH 1LIBeTHBIX COCTOSTHUSL W™-«0030Ha»:

rje i, j, k -MHUMBIe
obpazytot
anrebpy:

i 2— J 2=
(134)

exp {i2w/A( ct+x+y—-2)}X
X exp {j2r/A(—ct+x—-y+
z)} X

X exp{k2x/A(—ct—x+y+2z)}
exp {i2n/A( ct+x-y+
7)}X
Xexp{j2n/A(—ct—x+y+
z7)} X
X exp {k2mx/A(—ct+x+y—1z)}
exp {i2n/A( ct—x+y+
z)}X
Xexp{jam/A(—ct+x+y-—
z)}X
X exp {k2x/A(-ct+x-y+2)}
k ?* = ijk = -1

3TO YaCTHBIM BapuaHT 00BeKTOB ( (128) — (129).

€) Z°-«6030HBI»

[IecTsb 1[BETHBIX COCTOSTHUMN Z -«6030Ha» 3a/IaF0TCS CJIEAYIOUIUMH BHIPDQYKEHUSIMU U COOTBETCTBYIOIIMMHI UM PaHXUPaMH,

CocrosimymMu U3 4-X IIBETHBIX «(OTOHOB» U «aHTU(OTOHOB»

exp{ 2a/A(-ct—x—-y—-2z)}X
Xexp{i2n/A( ct—x+y+2z)}X
Xexp{j2n/A(-ct+x+y—2z)}X
X exp {k2x/A( ct+x—-y+2z)}

exp{ 27/A(—ct—x—-y—-2)}X

Xexp{i2n/A( ct+x—-y+
z)}X

Xexp{jn/A( ct+x+y —
7)}X

X exp {k2w/A(-ct—x+y+2)}

{+ + + -}
-+ -+

{— — + +}

{—+ + +}

{+ + — +}
-+

{— + + -}

{— + + +},

{+ — + +}
{-++-)
{— + — +}

-+ + 4},

{----
{+ — + +}
=++-}
{+ + — +}
{0 0 0 0}-

----}

{+ + — +}
{+ + + =}

{— — + +}
{0 0 0 0}

ij

(133)
€AWHULIbI, KOTOpbIe
dHTUKOMMYTATUBHYIO
+ ji = 0,

(135)



7)}X

z)}X

z)}X

7)}X

z)}X

z)} X

d) «'1roHBI»

exp{ 2a/A(-ct—x—-y—-2)}X
Xexp{li2n/A( ct—x+y+

Xexp{j2n/A(-ct+x-y +

X exp {k2x/A( ct+x+y-2z)}

exp{ 2a/A( ct+x+y+z)}X
Xexp{li2wn/A(—ct+x—y—

Xexp{j2n/A( ct—-x-y +
X exp {k2x/A(—ct—x+y—2)}

exp{ 2a/A( ct+x+y+z)}X
Xexp{i2w/A(—ct—x+y—

Xexp{j2r/A(-ct—-x—-y +

X exp {k2x/A( ct+x-y-2)}

exp{ 2x/A( ct+x+y+2z)}X

X exp{i2x/A(—ct+x—-y—z)}X
Xexp{j2a/A( ct—x+y—-2z)}X
X exp {k2x/A(—ct—x—-y +2)}

B kBaHTOBOM XpOMOJWHAMUKE HACUUTBIBAETCA 8 THUIIOB I'/TIOOHOB:

- IIB€THBbIE I'/TFOOHKI:

g,=(rb+b7)/V2,g,=—i(rb—b7)/\2,
9:=(rg+gr)iv2,g,=~i(rg—gr)i\2,
gs=(bg+gb)/V2,g,=—i(bg—gb)/V2;

- 6ECLIBETHI)IE T'JIFOOHBI:

g,=(ri+bb)/IN2,g,=(rr+bb—2gg)/V2.

0}«

{----}
{+ — + +}
—+-4
{+ + + -}
{0 0 0 0}

{+ + + +}

-+ -

(+ -+

{— -+ -}
{0 0 0 0}

{+ + + +}

(136)

(137)

B Anrebpe cTUrHaTyp UMeeTcsi 6 CTUTHATYpP Yy KOTOPBIX IO IBa OAMHAKOBBIX 3HaKa (cmotpurte (34) B §5.10 B [1])

(hm =+ = Hr =+ )

O i s (S 8

[TosToMy 13 Tabs1. 2 MOXKHO BbIJIe/TUTh 3 [IBETHBIX «(OTOHa» U 3 [IBETHBIX «aHTU(OTOHa» (IjBeTa KOTOPBIX COOTBETCTBYIOT

L[BETaM U -«KBAapKOB» U U -«aHTUKBAPKOB», CMOTpHUTE Tab. 1)



Tab/mna 3

LIBeTHOI1 hoTOH CrurHatypa LIBeTHOIT aHTU(POTOH CrurHatypa
r=expli2/(ct—x—y+z)] {+--+ r=expli2/(—ct+x+y—z)] {-++-
g=exp|j2/(ct—x+y—z)| tr=r T g=exp(j2/(—ct+x—y+z)) ==
b=exp|{k2/(ct+x—y—1z)} trr-- b=exp|k2/(—ct—x+y+z)} o

VI3 IaHHBIX IBETHBIX «(OTOHOB» U «aHTU(HOTOHOB» MOYKHO COCTABUTH 8 TJTFOOHOB 1Mo npaewiam (136) u (137) ¢
WCII0/Th30BaHHEM MeToI0B Anrebpel curHaryp [1, 2, 3, 4, 5].

Hanpumep,

= - 2 2 \ 2 L2
rb+br i=lct—x—y+zl k=l—ct—x+y+z] k=lct+x—y—zl iS(—ct—x+y-2z)
= Z(e - e +e - e- N2,

gl_T (138)

2

— r§+g7”: ei%fct—x—y+zlejé‘l—ct+x—y+z:‘+ejﬁVct—x+y—z}ei%(—ct+x+y—Z))/\/E
b

9, NG

bg+ B kg\cfoyfz:‘ jg‘lfct+x7y+z:‘ jgfct7x+yfzJ kg(fctfx+y+z) =
=29799 _| '3 e - +e - e - 2.

SN

OTO BOJIHOBbIE BO3MYILIeHHs], KOTOPbIe HOCST TOPOW/A/IbHBINA XapaKTep.

e) «JIangmadron»

B reomeTpu3npoBaHHOl (DH3MKe BaKyyMa, OCHOBaHHOW Ha Ajrebpe CUTHATYp, MPUCYTCTBYET ellle 01H «D030H», KOTOPbIH
MbI Ha3Ba/ll «JIaHadTOH»:

(139)
exp {¢i2x/A( ct+x+y+2z)} {+ + + +}
Xexp{G2w/A( ct—x-y+2)}X (- — — +}
X exp {{ 2w /A (—ct —x+y—27)} X (+ — — +)
X exp{G2n/A( ct+x—-y—2)}X
X exp{(s2w/A(—ct+x—-y—2)} X - -+ -
X exp {G2n/A( ct—x+y—2z)}X {+ + - -}
X exp {(s 2w /A (—ct+ x +y +2)} X {- + - -}

X exp{(i2n/A(—ct—x—-y—2z)}X {+ — + -}



X exp{G2x/A( ct+x+y—z)}X -+ + +)

X exp{(2a/A(—ct+x+y—2z)} X - - — -1}

X exp{@s2x/A( ct+x—y+2z)}X {(+ + +—}

X exp (¢ 2a/A(—ct—x+y+2z)}X (- ++ -}

X exp{(s 2n/A( ct—x+y+2z)}X {(+ + — +}

X exp {2 /A (—ct+x—y+2z)}X { + o4}

X exp {G 2n/A( ct—x—-y—2z)} {: : + 4
-+ -+
{+ — — -}
{0 0 0 0}

He uckioueHo, UTo JaHHBIN «IaHALaQTOH» 00/1a/laeT CBONCTBAMU «IPaBUTOHAa» WM «0030Ha XUTTCa».

4.9 I'eoMeTpU3MPOBAHHbBIE MO/IE/TH «MIOOHOBY», T-«/IeITOHOB», C',s",b’,t' -«KBapKOB» U C,S,b ,t -«<aHTUKBApKOB»

PaccmoTpum p0  «3/1eKTpoHa» (cmoTpuTe puc. 2 unu puc. 4). C OAHOM CTOPOHBI, BHYTPEHHe
SJPBILIKO «3/IeKTPOHa» SIB/SIETCS, Pe3y/JbTaTOM CHIbHOTO WCKPUB/EHUS A.jg24-BaKyyMma, T.e. 3TO €ro
JIOKajibHasl BBIMYK/IOCTb (cMoTpuTe § 4 B [5]). C Apyrou CTOpPOHBI BHYTPEeHHee $1[PBILIKO
MOXKHO pa3MaThiBaTh KaK 4YacTUIly C pajuycoM r; ~ 1072* cM KoTopas XaOTHYeCKd O/lyKaaeT B
OKDeCTHOCTM YCJOBHOIO LieHTpa sJpa «3JIeKTPOHa» H3-3a MHOXKeCTBAa CJIy4aWHBbIX CHJIOBBIX
BO3/leICTBUM CO CTOPOHBI (IyKTyUpYIOLlel yrpyro-rnaacTuueckoil cpesibl (T.e. Oypssilliero, C/I0XHO
VICKDUBJIEHHOTO A.13.20-BaKyyma) U CWJI YIIPYTOCTH, CTPEMSIMXCS BEPHYTh S/PBILIKO B YCJ/IOBHBIM
LeHTp (puc. 4).

Yactuua

Puc. 4. YpoleHHOe MpejCTaB/IeHre O S/PBIIIKe, KaK 0 TBePJON YacTHIle C paguycoM ry ~ 107* cM, KOTopasi XaoTUUecKd BGIryKaaeT B
OKDEeCTHOCTH LIeHTpa s/jpa 3/1eMeHTapHOM yacTULb! (B YaCTHOCTU «3/IeKTPOHAa») K3-3a C/Iy4YalHbIX CHJIOBBIX BO3/I€HCTBHII CO CTOPOHBI

GyKTyWpyIOIe ynpyro-rulacTHueckold cpefbl M CWI  YIPYTOCTH, CTPEMSIIMXCS BepHYTh SAPBIIKO B YCAOBHBIA LIEHTP
paccMaTpUBaeMoi CTOXaCTUUeCKOW CUCTEMB.

CroxacTiuecKasi CUCTeMa, MOKa3aHHasi Ha puc. 4, mofpo6HO paccMoTpeHa B cratbe aBTopa [8]. IloBTOpDMM HEKOTOpBIE
OCHOBHBIE aCIeKThI JaHHOW CTaThU.



ITostHast MeXaHUUeCKast SHEPTHs SIPhIIIKA B TOUKe C KOOPJAWUHATaMH X,Y,Z U B MOMEHT BPEMEHH t PaBHa
E(x,y,z,t) =T (v,x,y,z,t) + U (x,),2,1), (140)
rae T(v,x,y,z,t) — KUHeTHYeCKasl JHePrus si/IPHIIIKa;

U(x,y,z,t) — TIOTeHIIMaIbHAsL YHEPTHUS S/IPBIIIKA, CBA3aHHAs C YIPYTOCTHIO OKPY’KaroIllel ee Cpefibl, CTPEMSIIMUCS B
CcpeHeM BepHYTH JAaHHYIO UaCTHIy B YCJIOBHBIA IIeHTP paCcCMaTpHUBAaeMOU pacripefie/ieHHON CTOXaCTHUeCKOW CHCTEeMBI

(puc. 4).

Bce Tpu sHepruu sigpeiika: E(x,y,z,t), T(v,x,y,z,t) u U(x,y,z,t) ABASIOTCA CIydaliHBIMU BeIMUMHAM{, HO TaKWMH, YTO B
Ka)X/J0l TOUKe pacCMaTpUBaeMoi 00J1aCTH MPOCTPAHCTBA BLIMOJHSETCS yCPeAHEHHOe PaBeHCTBO

<ExY,zt)> = <T (v,x,y,z,t) > + <U (x,y,z,t) >, wm <T (v,x,y,z,t) > + <U (x,y,z,t) > — <E(x,y,z,t)> =0, (141)

ITpouHTterpupyem ypasHeHue (141) no BpeMeHU

et (142)

U 6y,£[EM Ha3bIBATH 3TO BbIpa>Ke€HHKE JIOKA/IBHO YCPEAHEHHOﬁ C6EUIaHCI/IpOBaHHOCTI:I-O CTOXACTHYECKON CUCTEMBI.

BeirosiHuM r7106a7bHOE yCpeiHeHHe JIOKalIbHO yCpefHeHHOW cOayaHcupoBaHHOCTH (142) mo Bceli obmacTtv, B KOTOpOH
Xao0TUYeCKu 6yzaaet sipbIiko (puc. 4) [8]

T (143)
-S,>6= f 6666
t
Korga Bce ycpefHeHHble XapaKTepHCTHKU OJy)KHAroIlero siApblIKa C Maccod M;He 3aBUCAT OT BpeMeHH, TOTZa
ycpeaHeHHbIH nHTerpan (143) MoyKeT ObITh BBIDa/KEH Uepe3 aMITUTYABI BePOATHOCTU J (X ,V,z)[8]

w=[ [ [cice (144)
i ’ i U 5 5 )t E ) )
rae V= 62+ 0 >+ 62 — onepatop Jlannaca; u(x,y,z):M; g(x,y,z):M;
0x~ 0y 0z m, m,
(145)
o,
nr=—zconstant (146)
T

rcor

— MOCTOSIHHBINA MacIITabHBINA TTapameTp;

1
V3

_ 147
0, =—=\0’+a +a’ (147)



— CTaH/AapTHOE OTKJIOHEHHE C/TyYaliHOW 3-MepHOW TPaeKTOPUH XaOTHUECKH OJTY)KIAIOILEro sAphILIKa OTHOCHTEIBHO
YCJIOBHOT'O LIEHTPa PacCMaTPUBAaeMOM CTOXaCTUUeCKol cructemsl (puc. 4);

1

T rcor :E TXCOI"+ Tycor+ TZCOT‘ (]‘48)

— UHTEePBaJl aBTOKOPPE/ISILIY JaHHOTO 3-MepHOT0 CTAaL[MOHAPHOTO C/IyvaifHoro mpoliecca.
YpaBHeHue Olinepa-Ilyaccona, Ay 3KkCcTpemManu [x, y ,Z,) dynknuonana (144) okazanoch CTallMOHAPHBIM YPaBHEHHEM
[pepynrepa [8]

—3n%| A2 2 2
m|9 t/f(x,2y,2]+6 llf(x,zy,Z)+6 w(x,zy,Z) +20 (149)
2 0x oy 0z
200 _[2 n i
rme 1n.= = E; 7 — pemyumpoBaHHast moctostHHast [InaAka (7 = 1,055%10 >* x/T'). (150)
rcor k

Ecau yripyrue HaTsOKeHUsE A.13-20-BaKyyMa OKPY>KaroIL[ero XaoTHUecKu OJ1y)K/jatoliiee siiphIilika, B CpeJHEM YBeTUUNBAIOTCS
TPOIOPLMOHABHO er0 YAaNeHHI0 1 =1/ x>+ y2 +7° OT LIeHTpa A/pa «3MeKTPOHa», TO YCpeJHEeHHas! MOTeHIHa/bHas
SHeprus sApbIKa umeet BHj (cMoTpute § 3.6 B [10]), mocBsiieHHOMY aHa/IOTMUHOM TIpobsieme)

. 1
cu(r)>%—§kur2, (151)

rje k,— Ko3pQUIeHT yrpyroro HaTsHKeHUs Ae()OPMHUPOBAHHOTO A.13.0-BaKyyMa.

IMopcraBuMm BeipakeHHe (151) B ypaBHeHue [lIpeaunrepa-Oitnepa-IlyaccoHa (149), B pe3y/bTaTe M0JIyYMM H3BECTHOE B
KBaHTOBOU MeXaHUKe ypaBHEHHe U30TPOMHOT0 TPeXMepHOr0 TapMOHUUECKOr0 OCLU/IsiTopa [8]

2 \ 2 kur2
Viulr,0,0)+ —|&,— wir,0,0)=0,
(152)
rze
2
Vi= iz ai rzai) + V92’¢ — oneparop Jlariaca B ceprueckux KOopJuHaTax. (153)
r-or r r

Pemenusmu AAHHOI'O YpaBHEHUs, KdK U3BeCTHO, ABJIAOTCA aMIVIUTY bl BEDOATHOCTU [9]

3 k+21+3 ! k_ ! _ k_r2 k
Wian(r,0,0)= 2k Ak, r'exp —kr L")\ 2 ok, Y, (0,9),
T 2nn1 (2k+2l+1),, 2rln1 2rln1 2nnxl
(154)
rge

I Vk,
LEI +1/2) 2 L r’ — 0000111eHHbIe TTOMHOMBI Jlareppa;
2 nnxl

Y, (0,0)={— cheprueckue rapmormueckie hyHKIpH;



d S\m2 dl+m
P,,(cosO)=——I1— —
1 ( ) 211,( E) dél.,.m

2 l
+(f — 1) — TIpuCcoeIMHeHHbIe QYHKIMY JIeXXaHapa;
E=cosb;
k — rnaBHOe KBaHTOBOE UHCIIO;
| — opbuTanbHOE KBAaHTOBOE UUCIIO;

m — niepudepuitHoe KBAaHTOBOE UHCIIO.

Awmmmutysam BeposiTHOCTH (154) COOTBETCTBYIOT COOCTBEHHBIM 3HAYEHWSIM TOJTHOM MeXaHWUeCKOH >SHepreTHUHOCTH
sipbika [10]

K, 155
kI:r’nrl\/kur 2k+l+% :r’nrl\/k_ur N+% ’ (155)

rae N =2k + 1.
KBagpaTbl Moy st aMILUIUTY/, BeposiTHOCTH (154) |y, (r ,0, ¢) |* = 5T0 (DYHKLMM [IOTHOCTH pacripe/e/ieHus

BeposiTHOCTH (PITPB) BO3MOKHOI0 MeCcTa HaXOKAEHHS Xa0OTUUeCKH OJIy KIAI0ILero sphIliKa BHYTPH sifjpa «3/1eKTPOHa» B
3aBUCUMOCTH OT €T0 JUCKPeTHOT0 YPOBHS sHepreTuyHoCTH (155). JanHbie ®IIPB nipu ¢ = 0 11 pa3nuuHbIX 3HaUEHUSIX

KBaHTOBBIX unces k, [ 1 m rokasaHbl Ha pucC. 5.
=0,m=0 =l,m=1 =0,m=0
=1,m=0 =2,m=0 =2,m=1

Puc. 5. DyHKIUU MJIOTHOCTH pacnpefiesieHus BepositHocTy (PITPB) |l[lklm (r s 0 s ¢) | BO3MOXKHOIO MeCTa HAXOXK/IEHHSI Xa0TUUECKU

O/1y>K[JArOIL[ero S/APBILIKA BHYTPH si/jpa «3JIeKTPOHa» MpH ¢ = 0 ¥ pa3/MuHbIX 3HaUEHHUsIX KBAaHTOBBIX uncen k, [ u m. UeM cBeTIiee MATHO,
TeM GosibLile BepOSITHOCTD TIOSIB/IEHUS SZIPBILIKA B IaHHOM 061acT. PacyeTs! BHIMO/THEHBI C UCI0/Ib30BaHHeM BbipaxkeHus (154)

Y Npe/icTaB/eHbl Ha BeG-cTpanuue: Spherical Harmonic Orbitals.png

W3 puc. 5 BUAHO, UTO KaKJOMy Habopy W3 TpeX KBaHTOBBIX umcen k, | U m COOTBETCTBYeT yHHWKajbHas IIOTHOCTb
pacripefieieHHsi BEPOSTHOCTM MeCTa HAaxOXK/eHUsl XaoTHUeCKH OJy)K[AIOIero siipbIliKa, T.e. IPOCTPAHCTBEHHast
KOH(Urypalys ycpeJHeHHOT0 COCTOSIHHSI pacCMaTpUBaeMoi CTOXacTHUuecKoi cucreMsl (cMotpurte § 3.6 B [10]).

Wtak, MBI IPUXOJUM K He0OXOJUMOCTH yUMTHIBATh, UTO XaOTHUECKH Oy)kJarolee sIPLILIKO BHYTPH Siipa «3/IeKTPOHa»
(puc. 4) MoXeT B CpeZiHEM HaXOJWUTHCS B Pa3/IMYHBIX yCPeJHEHHBIX COCTOSTHUAX (pHC. 5).


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

Ternepb MOXXHO BBIJBHHYTh THUTIOTE3Y, UTO «3JIEKTPOHA» — 3TO Takoe CTabuibHOe chepruueckoe BaKyyMHOe 0Opa3oBaHHUe,
BHYTPY s/jpa KOTOPOTO XaOTHUeCKH OJIy’>KzAarolljee sApBILIKO HaXOAUTCSI B OCHOBHOM (T.e. HeBO30OY)K/JeHHOM) COCTOSIHUH C
KBaHTOBbIMU urciaMd k = 0, [ = 0, m = 0. TIpu 5TOM «MIOOH» U T-«JIEITOHOB» — 3TO «3JIEKTPOH», ¥ KOTOPOTO XaOTHUECKH
Omy>Kzarolriee sAPBILIKO HAXOAWUTCS IEPBOM 1 BTOPOM BO30Y K/IeHHOM COCTOSIHMM COOTBETCTBEHHO.

Toxxe caMoe KacaeTcsi «[O3UTPOHa» M BCEX OCTAJIbHBIX «KBAPKOB» U «aHTUKBAPKOB». HamprMep, MOXKHO TPe/TI0NIOKHUTS,
4yTo C'-«KBapK» U t'-«KBapK» — 3TO COOTBETCTBEHHO TIEPBOEe W BTOPOe BO30OY)KIEHHbIE COCTOSHHUSI U -«KBapKa», a
S*-«KBapK» U b"-«KBapK» — 3TO COOTBETCTBEHHO MEPBOE U BTOPOE BO30YK/JeHHbIE COCTOSTHUS d’-«KBapKa».

OTmurie faHHOM runoTe3bl 0T CTaHJAPTHOW MOJENTU 3JIeMEHTAPHBIX YaCTUI], 3aK/H0YaeTCs B TOM, UTO B pPa3BUBaeMOU
3/leCh TeOMETPU3UPOBAaHHON (HM3MKEe BAKyyMa y «3/JIEKTPOHA», «IT03UTPOHA» U y BCEX OCTANbHBIX «KBApKOB» (CMOTpPHUTE
Tabn. 1) BO3MOXXHO OECKOHEUHOe KOJMYECTBO BO30YXKIEHHBIX YCPEJHEHHBIX COCTOSHUN B 3aBUCHUMOCTH OT KBAaHTOBBIX
yucen k, [ u m.

4.10 MeTpuKo-HHaAMUUeCKass MO/ie/Ib KHEUTPHHO»

I'maeel 6 1 7 B [11] mOCBSIIEHBI METPUKO-TUHAMUYECKUM MOJE/SIM JIBWKYIIIETOCS «3JIEKTPOHa» U «HEHUTpUHO». B 3TOM
CTaTbe MbI TOJILKO TIOBTOPUM OCHOBHbBIE BBIBO/bI, C/le/iaHHble B [11].

ITpu npsiMO/IMHENTHOM M paBHOMEPHOM [IBIDKEHUH «3JIeKTPOHa», HallpUMep, BZOJb OCH X CO CKOPOCTBbIO Vi, €ro BHELIHss
000J104Ka ¥ SIip0 IPUXOAAT BpalljeHHe BOKPYT HallpaB/ieHus ABW>KeHus (prc. 6a), KOTOpoe omuchiBaeTcst MeTpukamu Keppa

2 2 2
rer dr r.ra | ) 2r.ra .
ds;=[1--2-|c*d e’ ——L- L ——p*d 0| r’ +a’+~——sin’ @ |sin’0 d ¢+~ — sin’ B dgcdt,
p r'—rer+a p
(156)
reV:
rae p’=r +dcos’d, a’= GCZX — TIapamMeTp UTUNITUYHOCTH.

Puc. 6. a) SInpo u BHellHsIsE 060/10UKa, ABHKYLIET0CS «3JIEKTPOHAa», BPALIAFOTCS BOKPYT HAMpPAaBJIEHHs €T0 IBHKEHHSI.
6) «HeiiTprHO» — 3TO TOpOW/Ia/ILHOE BIXPEBOe BO3MYIIleHHe BaKyyMa Oe3 siipa B cepe/iviHe, [JBIDKYILieeCs CO
CKOPOCTBIO O/IM3KOM K CKOPOCTH CBeTa

Ecmm sipo JBWIKYIIErocst «37eKTPOHa» CTOJIKHETCS], HallpuMep C si[POM «aToMa» WU SiJPOM JIDYTOTO «3JIeKTPOHa», U
Pe3K0 OCTAaHOBWTCS, TO C HETO MOXKeT COpBaTbCsl TOPOWJA/NBHBIA BUXOPb (PHUC. 66), KOTOPBIA YCKOpSIeTCs O CKOPOCTH
6/M3KO0M K CKOPOCTHM CBeTa. B paMKax reomMeTpH3HMpOBaHHOM (PpM3MKM BaKyyMa TakoW BaKyyMHBI BUXODb Ha3bIBaeTCs
3J1IEKTPOHHBIM «HEUTPUHO». MeTpUKO-AMHaMuUecKasi MO/ie/Ib 37IeKTPOHHOTO «HEeHTPHUHO», Tpe/icTaB/leHHas B I'jaBax 6 u 7
B [11], 3HauUUTe/NBLHO C0XKHEM, OFHAKO B 3TOM CTaTbe Mbl OrPAHUUMMCS TOJBKO TaKUM YIIPOILIEHHBIM YIIOMHHaHMEM O



JaHHOM CTabWJIBHOM BaKyyMHOM 00pa3oBaHMH. Bce oCTasbHBIE COpPTa «HEMTPUHO» — 3TO MOZOOHBIE TOPOMIABLHbBIE
BaKyyMHble BUXDH, [BIDKYIIMECS CO CKOPOCTbIO CBeTa, KOTOpble 00pa3yloTcss Npu ObICTPOM IepeMelljeHHH ApYTux
3/IeMEHTAPHBIX YACTHLI, HAIPUMED, «IIPOTOHOB», «HEUTPOHOB» U T.II.

4.11 Pakus «3/1eKTPOHa»

PaccmotpuMm 6e3Hy-TpeliyHy (Pakuio) BOKPYT sijpa 37ieMeHTapHOM YaCTHILbI Ha TIPUMEpPEe pakuu «37eKTpoHa». Pakuu Bcex
OCTa/bHBIX «KBAPKOB» U «HYK/IOHOB» YCTPOEHbI aHaJIOTUUHO.

PaccMoTpUM BHEIIHIOK 000/I0UKY «3/1eKTPOHa» (PUC. 2), TouHee 06/1aCTb A.1» 1s-BaKyyMa BOKPYT ero siipa. McciefoBaHue
BBITTOJIHUM Ha OCHOBe MeTpHKH (51)

ds:, (157)

CoracHo Mepapxuy paguycoB (44a) rs ~ 107 cMm Ha fgecarb nopsagkosB 6osbiie re ~ 1072 cm. Ilostomy BOAM3M Aapa
~ 2, 2

«371eKTpOHa» (T.e. TIPU ' > rg ~ 107 ¢M) BTOPBIM C/laraeMbIM ~ I's/ I's B KOMIIOHEHTaX METPUUECKOr0 TeH30pa METPUKU

(150) moxxHO peHeOpeyb. B 3TOM cilyuae 3Ty METPHUKY MOKHO YIPOCTUTh

[xs
dsy. (158)
W3 sToi METPUKU BUJHO, UTO IIPU I' = I'e UM€ET MeCTO CUHI'YJ/IAPDHOCTb, T.K.

r r
——2=1-—"=0. (159)
r re

[Monyuyaetcs, uTO r = re — 3TO paguyc chepuueckod 0e3AHBI-TPELIVHBI, KOTOpas OTZAE/SeT BHEIIHIOK 000JIOUKY
«3JIeKTPOHa» OT ero szpa (puc. 2 umu 4). bosiee moApo6HO 3Ta 00/1aCTh A.12.15-BaKyyma paccMoTtpeHa B §4 B [5]).

OpHako mpu Oomee TOYHOM pacCMOTpeHHH, coriacHo Metpuke (150), paguyc cdepryeckodl 6Ge3HBI-TpeIiuHbl I
oripeiesisieTCsl BeIpayKeHHeM

g

o, T
1-—+—5=0 (160)

KOTOpO€ MOXXHO Ipe[CTaBUTh B BHUe Ky6I/IquKOFO YPaBHeHUs

3 2 2
rgtrsry—rsrg=0. (161)
JlaHHoe ypaBHeHHWe, KakK W3BECTHO, UMEEeT TPU KOPHsS I'gy,T 3,1 3 (KOTOpbIe ompeensitorcst mo opmyne Taprasbs-

KapgaHo). 3to 03Havaer, uto ceprueckast 6e3/jHa-TpelliHa, OT/e/TI0Iasl BHEIIHIOI 000JIOUKY OT siJpa, pa3fjerseTcs Ha
TpH chepuIecKux CjIosi.

AHanornyHbIM 06pa3oM He0OX0JMMO MCCIeJOBaTh M TPU OcTaBIrecs MeTpuku (52), (53) u (54), KOTOpbie B COBOKYITHOCTH
€ MeTpUKol (52) omnpe/ieNisioT MeTPUKO-AWHAMUYECKYIO MO/ie/b BHEIlIHel 000/I0UKH «3/IeEKTPOHa». B pe3ysibTaTe Moayyum
ellje TPU YpaBHEHUs [i/isl OTpe/ieieHnst paauyca chepuueckoli 6e31HbI-TpeleHbl

3 2 2 3.2 2. _ 3, .2 2. _
rg=rsrg—rsrg=0, ry—rsr+rire=0, rg+rirg+rire=0. (162)



ITo o03HavaeT uTo B chepuueckor Oe3aHe-TpelIyHe, OKPY’KAIOLIEeH AP0 «3/IeKTPOHa», uMeeTcs 3 X4 =12 meperieTeHHbIX

cepuuecKux CIoeB.

Ecmm s7po «3/1eKTpoHa» HaXO[UTCSl He TOJIBKO BHYTPU «OWOIOTMUECKOW K/IETKW», HO U BHYTPH APYIMX ChepuuecKux
BaKyyMHbIX 0Opa3oBaHul, Harpumep, Bo «BceneHHOW» U T.A., TO B 3TOM cutyanmu, cornacHo (35) — (38), kybuueckue

ypaBHeHwus (161) u (162) npumyT BU,

3 1 I's _
rG 1 1 1 2 _ rg+ rg_ _0)
1=+ S+5+5|r,=0 i 1,11 1,11
rg \ry r, r; 27T 27 27 27
ry ry rs ry ry rs
(163)
3 1 s
r 1 1 1 - - =
6 2 )
Tt =0 (L1 1] 1,1
Fg \ry r, r;g 2T 2T 2T
ry r, rg ry r, rg
3 1 I's
rG 1 1 1 2__ rg_ rg+ :0
l=—=—|5+5+5r,=0 wm i+ 1.1 1 1 + 1
g \ry ry, r; 27 27T 2T T
ry r, rs ry r, rs
3 1 I's
e [1 1 1), rgt ryt =0
1+_+ _2+_2+_2 rg_o nim l+l+l i+i+l
Fg \ry r, rs 2T 2T 2T T
ry r, rs ry Iy TIs
IIpu sTomM 12 BHEIIHUX C/I0eB cdepuueckoil 6e3HBI-TPeIyHb], OKPY)KAIoI[e sp0 «3/71eKTPOHa», OKa3blBAIOTCS

CBSI3aHHBIMH CO BCeMH c(hepruecKMMH 00pa30BaHUsIMH, BHYTPH KOTOPBIX HAXOJUTCS AP0 «3JIEKTPOHA», B IAHHOM CJIydae
¢ paguycamu «BceneHHol» 1 Mera-BcesieHHOM». JTO 03HavaeT, UToO ec/Iy 3TU OOJIbLIMe PaJyChl CO BpeMeHeM MeHSIFOTCS,
TO MEHSIFOTCSI U CBOMCTBA OKPY)KeHMsI BOKPYT sifipa «3/ieKTpoHa». Ha puc. 7 mpejcraB/ieHa NOMNbITKA POM/ITIOCTPHUPOBATh

MHOT'OC/IOIHOe OKpY>KeHHe si/ipa «3/1eKTPOHa».

a)

Puc. 7. ®pakranbHble WTHOCTPALM MHOTOC/IOMHOTO OKPY)KeHUS siipa 3/1eMeHTapHOU YaCTHULbL.




Benya Mangens6poTa 06Hapy>Ki1, UTO (pakKTansl HeOObICHUMBIM 06pa30M BU3YaIU3HPYIOT
CYTb MHOTHX OTKPBITBIX U CKPBITBIX aClIeKTOB pealbHOCTH

AHanorvyHbIM aHaM3 COBOKYMHOCTH MeTpHK (55) — (58), KOTOpLIe oIpe/esistoT MeTPUKO-JUHAMUUeCKOe COCTOsSIHUE sifipa
«3JIEKTPOHA», C YUeTOM BbIpakeHus (35) — (38) NpUBOJUT K ueThIpeM KyOUUeCKUM ypaBHEHUSIM

1_r7+r8+r9+r10+r_§:0 _|_r7+r8+r9+r10_r_§:0
Iy r?s , Iy I”E ,
(164)
T T rf,_o L T e g re
—r——F— s +r—+?—0.
g 6 g 6

[TosTOMY CO CTOPOHHI siffpa UMetOTCs erle 3X4=12 BHyTPeHHHX C/I0eB chepryecKoii 6e3qHbI-TPeIHHEL

Takum o0pa3oM B cdepruecKoil TpaHMLie MeXY BHelIHel 000/I0UKOH U SAPOM «3/IeKTPOHa» MMeeTcsl 12 BHEMIHUX U 12
BHYTPEHHHUX C/10eB. Bcero nosnyuaetcs 24 ceprueckux ciosi, KOTopble Oyem Ha3biBaTh pakus (puc. 2, 7 u 8).
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a) 6)
Puc. 8. a) Pakus «31eKTpoHa» — 3T0 24-crnoiiHast 6e3/{Ha-TpellHa OKPY Kakolljast spo 3TOM 3/1leMeHTapHON YacCTHL{bl;
0) ®pakTanbHast WTFOCTPALUS BHEILIHUX U BHYTPEHHUX CJIOEB PAKUU «3/1€KTPOHa».

B paccMaTpuiBaemMoll vepapXuyeckol KOCMOJIOTHUECKON MOJIeNIH, aHAJIOTUUHbIE pAKUU OKPYXKArOT fZjpa BCEX CTAaOMIBbHBIX
ceprueckux BaKyyMHBIX 00pa30BaHUI «IO3UTPOHOB», «IPOTOHOB», «HEUTPOHOB», «aTOMOB», «IUIAHET», «TaJlaKTUK» U

T.JI.

IMoussimuel’?7 (pakust) e3smo u3 TOPBI, Bpetiwum, 1: 6 -13 (uiu Bubauu, Beimue 1: 6 -13), 20e Onucbieaemcs Co3z0aHue
cepureckux ceo008 cpedu 8epxHUX U HUNCHUX 800, 8 meueHUU émopozo [JHs TeopeHust.

M Ckazan R’T19X (3JIOXUM — B-T): “/la Gyaer ; . ,
277 (o) mocpesn B @ - (osony w53 D3 VI I BB T3 1 O N

Gyaer ona paspesiom mMexay D°1 (Maum - 6odamu) u "IWN ‘D’fbn '3 5"‘[:\’1 9’?5.171‘1'1& 6’””7{{ o SU’DB
0°n% (y1o-mauM - npomueo-godamu)”. I Cosgan B-T' M e R Mo ema
1777 (5-paxmio) 1 OTaeman 5-Boan moa ) wpT2 - RPN (17 E’P'IL) ‘7&”3 N OB P H’P'h balatq)e)
pakueii oT 5-BoA Haj W’P17 (P - pakueii), ¥ CTa/Io TaK. PRESEE SR R L W = N

Hassan B-T wp1> (-paxuio) DD (HeGom) u Gbun P O TP 2N O e oioN
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Beuep, u 0610 yTpo — [lennb Bropoii. U Ckasan B-T': [la crekyTca 5-Bojbl o/ Hebecamu (pakuell) B 0JJHO MeCTO, U
cTaHer 3puMoi w271 (liabawa - cyuma). X 6buio Tak. 1 HasBan B-T' cymy 3emsieii, a MpPnN (MUKBY — CTeYeHHe,
BojoeM) 0°ni1 ((5) 1-e00) Haspan 0°7° (°(10-10)-80damu). Y Bugen B-I', uro xopomio.

3mo Bbickasbieanue TOPEI Coobwaem kak n PN (3JIOXUM - BC-CWIBbHBIMN, B-T') Pazdenun 600bl. M3yueHue u
pacuwugposgka 3mozo BbiCKasbleaHusi N0380AUM u3eeub UH(opMayuio Kak o6 pakuu (m.e. MHo2OC/AOUHOU chepuueckoli
obosouke si0pa Kopnyckya), mak u o eceli BceneHHol, HanoaHeHHOU KopnycKyaamu (cgepuueckumu 8aKyyMHbIMU
0bpazogaHusmu) pazauuHoz2o macwmaba. Kmo mbi makue umo6bt mpakmogamb Texcm TOPBI? Ho mbl MOJicem Ha ypogHe
002a0oK (2unome3) KOHCmamuposamb HeKomopble cosnadeHus. Hanpumep, cemampus (m.e. yugpoeoe 3HaueHue) caoea
°pI77 (a-paxus) 200+100+10+70+5=385. Ecau pazdeaumb 385 Ha 13(Haubonbwee uucio mecsyes), mo nosayuumcs 29,6,
ymo coomeemcmeyem cpedHemy Koauuecmay COAHeUHbIx Cymok & mecsye. Cnoso 0’1 (a-mMaum) Mbl UHTEPIIPETUPYEM Kak
(5)71-800 u 8 Mempuko-ouHamuueckoli modenu eHewHeli o6onouku (51) — (54) u (59) u s0pa (55) — (58) u (59) «3nekTpoHa»
(¥ Bcex OCTanbHBIX «KBApPKOB») TI0 TISITh METPHK, KOMOpPble onucbledem 8aKyyMHble meueHus. Bcezo smux eod 0’7’ ((10)’-
800). B ebickasbigaHuu: «Co30an B-I' 5-pakuii u Omodeaun 5-6000 nod pakueii om 5-600 HAO pakuell, U CMA/A0 MAK».
TOPA Coobwaem o 5+5=10-ypogHesom cmpoeHuu Mupo3daHusi. Bosmooicno, umo umeemcs Ilamb YpoeHeil JJyXo8Hbix
Mupoe (Adam Kaomon, Ayunym, Bpus, Eyupa u Acus) u namb yposHell ada (2eeHom, waap a-wmuka, 6op, abadoH, weon),
HO He UCK/IOUeHO YUMo 3mda Jice CmpyKmypa noemopsiemcs U 8 Hawlem geujecmeeHHom mupe). I'emampus croeal’’? (pakus
200+100+10+70=380), a cemampus cnoea 0’2 (wamaum 300+40+10+40=380+10=380 u 10).

4.12 CB0OO/HBIE «3JIEKTPOH» H «II03UTPOH»

OueBK/IHO, UTO B OKPY)KArOIeM HAC MUpE CYILECTBYIOT «3/IeKTPOHbI» U «IIO3UTPOHBI» C paguycamu saep rs ~ 1072 cm,
KOTOpble He HaxO[aTCs BHYTPU KakKUxX-TMOO WHBIX C(epruueckux BaKyyMHbIX 00pa3oBaHUi (HampuMmep, «aTOMOB»,
«TIJTaHET», «3BE3[», «TANAKTHK») KpoMe BceseHHOH ¢ rp ~ 10% cm. Takue «3/71eKTPOHBI» U «TIO3UTPOHBI» Oy/IeM Ha3bIBaTh
CBOOOTHBIMHU.

Ha pmaHHOM 3Tare uccrie/joBaHUsI OYeHb CJIO’KHO CYZAUTb O pa3Mepe BHYTpPEeHHero siipblllIka CBOOOJHBIX «3/IEKTPOHa» U
«TI03UTPOHa» (cMoTpuTe puc 2). U3 coobpakeHHII CUMMETPUM MOXKHO NpeJTIOJIOKUTh, UTO TIOCKOJIbKY OTHOIIEHHe
pagyycoB ry/rs ~ 10* cM, TO MPUMEPHO TaKUM Ke [JOJDKHO ObITh OTHOLIEHUE re/rx ~ 10% cm. OTKyza ciiefiyet ry = ryp ~ 107°
CM — paJlycC, COM3MepHMBIil C pa3MepoM siZjpa UHCMAaHmMoHa (CMOTpUTE HepapXHio pajuycoB (44a).

Ecnu mpupep>XuBaThCsi 3TOW TUIOTE3bl, TO AJsI CBOOOZAHBIX «3TE€KTPOHAa» U «IIO3UTPOHA» BAaKyyMHble ypaHeHws (20)
YTIPOLIAKTCA

Ry+gu A+ gy Ag*+ gy A,,=0,

165
Ry—gu Ao =g Ae— i N1o=0. (165)

ITpu 3TOM METPUKO-JIUHAMHUECKHUe MOJe/Id CBOOOJHBIX «3/IeKTPOHa» U «IO3UTPOHa» octatoTcs npexkaumu (50) — (59) u
(60) — (99), TONBLKO B 5T METPUKM BMECTO I's HY)KHO TOACTaBUTE I ~ 10%° cM, a BMECTO 7 Hy»KHO MOJCTaBUTE o~ 107 cm.

4.13 CooTBercTBHE MEXAY Aredpoii curuatyp u CTaHAapTHOH MO/Ie/IbI0 3/IEMEHTaPHBIX YaCTHIY

l'eomeTtpu3upoBaHHas ¢H3MKa BakKyyMa B paMKax pHUMaHOBa NpubmbKeHUs (cMOTpuTe Hauarno Beegenuss B [5]) ¢
UCII0/Ib30BaHKEM BceX 16-1 BO3MOXKHBIX CUTHATYD

b (166)

Mo3Bosiwsia COPMHUPOBAThH TMPEACTABIeHUs] 0 16-U LIBETHBIX «KBapKaxX» M «aKTHKBapKax» (cMoTpure B Tabs. 1) u 16-u
L[BETHBIX «(OTOHaX» M «aHTU(OTOHAX» (cMOTpUTe §4.6), N3 KOTOPBIX y/1aeTCsi CKOMOMHUPOBaTh METPUKO-AMHAMUYeCKHe
MO/Ie/I BCEX M3BECTHBIX «JIENTOHOB», «0apUOHOB», «ME30HOB» U «D030HOB» (KpoMe 6030Ha XUrrca), BXOJSIIUX B COCTaB
CraH/apTHOM MO/Ie/iy 3/IeMeHTapHbIX YacTHUI] U aHTUYacTHl] (puc. 9)



IenToHLI Keapku

e T o u,c,t
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C?Boson Xurrca

Puc. 9. dnementsl CTaHAAPTHOW MOZE/U 3/IeMeHTapPHBIX UaCTHI]

B mpepnaraemoili 37eck MepapXuueckoil KOCMOJIOTMUECKOM MO/|e/T OTCYTCTBYET TOHSITHe «Macca», TI03TOMY OTIajiaetr
HeoOXOJMMOCTh BO BBEJEHWH TIPEACTAaBIEHUN O T1oje, O0ecreuvrBarolleM MeXaHW3M CHOHTAaHHOTO HAapyLLeHHs
3/1eKTpocnaboil CUMMETPHH, M COOTBETCTBEHHO O KBaHTaX 3TOro mosisi — 6o3oHax Xwurrca. OfHAKO He HCK/IIOYeHOo, UTO B
MIO/THOCTHI0 T'eOMETPU3MPOBAHHON TeOPHUH BO3HHMKHYT METPUKO-JMHAMUUeCKHe MOJeld BaKyyMHBIX 00pa3oBaHUM C
XapaKTepUCTUKaMH, aHaJIOTHYHBIMUA XapaKTepUCTHKaM JaHHbIX 0030HOB. Harpumep, He BbIICHEHA CyTb «IaHAmadToOHa»
(130).

Taxke U3 LIBETHBIX «KBapKOB» U «aHTUKBAPKOB» yJIaeTCs CKOHCTPYUPOBATb BCe «aTOMBI», BXOASIME B MePUOAUYECKYIO
Tabnuiy xumudeckux 3eMeHToB .M. MeHzieneeBa, a U3 «aTOMOB» MOTYT OBbITb COCTaBJIEHBI BCE «MOJIEKYJIbI».

Bmecte c Tem, mpessiaraeMasi 37eCb TeOpUsl CYIIECTBEHHO OTJIMUAeTCS OT COBPEMEHHBIX (HU3UUECKUX BO33DPEHUH,
TIOCKOJIbKY B T€OMETPU3UPOBaHHON (U3KKe BaKyyMa Bce CTabuibHble U HecTabW/IbHbIe BaKyyMHbIe 00pa30BaHUsI CTPOSITCS
U3 LIBETHBIX «KBApKOB» U «aHTUKBApKOB» U U3 [IBETHBIX «(OTOHOB» U «aHTU(POTOHOB». T0 eCTh B Mpe/ijlaraeMoi TUroTe3e
W3Haua/JbHO OTCYTCTBYeT mpobsiema GapuoHHOM acummeTpur BcenenHoil. OfjHaKo, Mbl [Ja/ieKd OT OTBETA Ha BOIPOC: —
[MoueMy He aHHUTHJIMPYeT MUp, KOTODBIA B CpeJHEM TOJHOCTBIO CUMMETPUYeH U cOanaHCUPOBAH OTHOCUTENBLHO HYJs
(T.e. Bakyyma)?

5 YpoBeHb «IIaHeT» U «3Be3/»

B mpegpipymem §4 Obutd HamMeueHB! KOHTYPBI MOJE/TBHOTO MeTPHKO-AWHAMHWYeCKOTr0 OTMCAHHUSI YPOBHS 37eMeHTapHbIX
YacTuL, T.K. 3TOT YPOBeHb Harbosiee XOPOILO U3yUeH.

B pamkax pa3BHUBaeMoOM 3[eChb T€OMETPU3UPOBAHHOW (M3MKH BaKyymMa Ha OCHOBe AJreOpbl CHUTHATyp BCE OCTajIbHbIE
YPOBHU Mupo3jjanus UjeiiHO yCTpoeHbl TOUHO TakxKe. TO/IbKO U3 KOMIIOHEHT MeTpuueckoro TeHsopa (35) — (38) meTpuk-
perenwii (23) — (32) BakyyMHBIX ypaBHeHHH (22) HY>KHO BbIOpaTh CjlaraeMble Cofiepskaiijye rs (Toraa 3to Oyaer «3Be3qHo-
TJIaHeTapHBINA» YPOBEHb PACCMOTPEHMUS) WM I's (TOT/ja 3TO Oy/IeT «rajakTUYeCKUi» YPOBEHb PACCMOTPEHMST) WK T (TOTja
3T0 OyJieT «IIPOTOKBAPKOBKIM» yPOBEHb PACCMOTPeHUs1) U T.[. [lanee ¢ BbIOpaHHBIMUA METPUKaMU HEOOXOAUMO BbITIOTHEHbI
BCe ZIefiCTBYs, KOTOPbIe ObLIN MPUBEAEHEI B §4.

[ToSICHUM BBIILIECKA3aHHOE Ha «IUIAHETAPHOM» YPOBHE. PAacCMOTpUM «ILIaHeTy» C pajuycoM saapa rs ~ 10° cm, koTtopas
HaxoJUTCA BO BeenenHoi ¢ paguycom r;~ 107 cwm.

B 3ToM cityuae mosyuaroTcst Bce 16 MilaHETapHBIX LIBETHBIX «KBADKOB» M «aHTHUKBAPKOB», MOKA3aHHBIX B Tabm. 1. [is
TIpUMepa MPUBeZeM OJVH U3 «aHTHUKBapKOB»:

IUVIAHETAPHBIN u,-«AHTUKBAPK» (167)



HecTabuibHOe "BBINMYK/I0-BOTHYTOE" MHOTOC/IONHOE A712-BaKyyMHOE 06pa3oBaHue
C CUTHAaTypoi: (— + + —), cocTosiilee u3:

BuelHsisi 000/104Ka M/IAHETAPHOTO U, -«aHTUKBapKa»
B UHTEpBaJIe [y, I's]
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SIApo IaHeTapHOIO U, -«aHTHKBapKa»
B UHTEpBaJie [Is, I's]
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[TensT N/IaHETAPHOIO U, -«aHTHKBapKa»
B uHTepBare [0, o]
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W3 16-u naHeTapHBIX «KBAapKOB» M «aHTHUKBapKOB» CK/a[bIBAIOTCS I1aHeTapHble «HYK/IOHB» (T.e. «IIJIaHETBbI») U
TIaHeTapHble «Me30HbI» U T. 1. B CBOIO ouepeib U3 CKOTUIEHHUS «TI/IaHET» TOJIyYalOTCS «3Be3/bl» MoA00HO TOMY, Kak B §4
U3 «KBapKOB» U «aHTUKBApKOB» YPOBHS 3/leMEHTapHbIX YaCTHUL| CK/Ia/bIBAlOTCSl «HYK/IOHbI», «Me30HbI» U «aTOMbI», a U3
«aTOMOB» CUHTE3UPYIOTCS «MOJIEKYJIbI» U T.J.

[TnaHeTapHble U 3Be3/IHbIe «HEHUTPUHO» — 3TO TOPOU/ja/IbHble MarHUTHBIE M0/ «IUIaHeT» U «3Be3f». 1o Bceil BUANMOCTH,
TJIaHeTapHble W 3Be3[Hble «HEHTPUHO» TOXKEe MOTYT DPacrpOCTPaHATHCS Oe3 siiep «IUIaHeT» U «3Be3[» BHYTPH, Kak
TOpOUZANbHBIE BAKYYMHbIE BUXDH TUIAHETADHOTO WM 3Be3AHOr0 MaciuTtaba. Ecv Takve mMpoCTpaHCTBEHHO-BpEMEHHbIe
WCKpUB/IEHUs (T.e. TOPOW/ja/IbHbIe BAKYYMHBIE BUXPHU) MOMYUUTHCST 0OHAPYKUTh, TO 3TO OYZET OLIyTUMBbIM apryMeHTOM B
T0JIb3y pa3BUBAaeMOM 3/1eCb FUIOTe3bI.

I[aHeTapHble «GO30HbI» TaK YK€ COCTAB/ISIOTCA M3 TJIAHETAPHLIX LIBETHLIX «(DOTOHOB» U «aHTH(OTOHOB», NPUBEAEHHLIX B
TabJ/1. 2, HO C J/IMHaMU BOJIH B guanasone A = 107 — 10" cm.

6 HyneBast KocMoJ10rusi

"Mup cnacet Kpacora"
® .M. JIocTOeBCKUM

Ha ocHoBaHuM MeTpuK-peliieHuii (23) — (32) ynpoleHHOro BaKyyMHoOro ypaBHeHus (20)
10

R,t%g, >, A,=0, (168)
m=1

BbIlle ObIa PacCMOTpPeHa MEeTPUKO-AWHaMUYecKas MOJelb HepapxXuueckod wernoykd wu3 10-M mocsiefoBaTesibHO
BJIOXKEHHBIX JIPYT B Apyra chepuueckrx BaKyyMHbIX 00pa30BaHUi («KOPITYCKYJi») C XapaKTepHbIMU paguycamu (44a).

Ceifuac Mbl TOHUMAeM, UTO BHYTPU Camoil 0OJIBIIION «KOPIYCKY/Ibl», KOTOPYHO MBI HasbiBaeM Mera-BcesenHast ¢ ri~ 10%
CM, HaxozuTcs GeccueTHOe KOMMUECTBO TaKMX HepapXU4ecKUX I10C/efl0BaTeNIbHOCTEH C Pa3/MUHbIM YUC/IOM «KOPITYCKYJ/I»
B pa3HbIX 1eroukax (puc. 10).



Puc. 10. Vinntoctpanys nepapxuueckoil KOCMOJIOrMYeCKOH MOZIesH, COCTOsIIel N3 MHOXKeCTBa chepriyecKruX BaKyyMHBIX 06pa3oBaHHi
(KOpIycKyi1), 110-pa3HOMY B/IOKEHHBIX ZIPYT B /ipyra noziobHO MaTpelikam

To ecTb Hy)KHO pacCMaTpUBaTh CUCTeMY C Oecurc/ieHHBIM YHC/IOM YPaBHEeHUH

10 10
Ry+%g, 2, A=Y, >, A,=0, (169)
m=1 n=1
5 5
R, +Y2g, Z Am_l/zgikz A,=0,
m=1 n=1

7 7
Ry +%2g, Z Am_l/zgikz A,=0,
m=1 n=1

g g
Ry +%2g, Z Am_l/zgikz A,=0.
m=1 n=1

Bce 3T0 GecunciieHHOe KOMUeCTBO ypaBHeHUs! 00beJUHSIeT TPH 00CTOSITENbCTBA:
1) Bo Bcex ypaBHeHusx (169) Tensop Puuun R, ofus 1 ToOT e, TouHee JaHHBINA TeH30p OMHAKOB BO BCEX TOUKAaX Mera-
Bcenennoti (puc. 10), uTo COOTBETCTBYeT OJHOPOAHOCTH 1 M30TPOITHOCTH TaKoro Mupa;

2) Bo Bcex BakKyyMHBIX ypaBHeHHsiX (13) IPUCYTCTBYeT JUCKPeTHBIN MepapXudecKuii Habop cdep ¢ pajuycamu U3 psja:
R S T4 1039, Iy~ 1029, rs~ 1019, 1 7% 108, I's~ 1073, e~ 10713, rs~ 10724, rg~ 10734, g~ 1045, g~ 10755,



3) B cnen 3a kapavHanoM Hukonaem Ky3aHckum, TipejiriosiaraeTcsi, UTo LieHTP Takoi Mera-BcesieHHON HaxoquTCsl BHYTpU
Ka)X/J0H MepapXuyecKou IerMoyKy «KOPIYCKYJI», r/ie Obl OHa He HAaX0/U/ach.

U3 311X 3-X 06CTOSATENBCTB CIEAYeT, UTO /Il BCeX MepapXHUuecKrX IIerouek «KOPIyCKYJI»
OOLIMMK SB/IAIOTCA KaK camasi 0OJIbIasi «KOPIyCKyJ/ia» (BO3MOXHO € ri~ 10* cm), Tak u
camasi MajieHbKas «KOPITyCKy/a» (BO3MOXHO C rip~ 107° cm). To ecTh Bce GecuuciieHHoe
MHOJKeCTBO MiepapXHUuecKhX LerovYeK «KOPMyCKy/» HauMHAeTCsl C OZHON caMoi OO/bIIon
«KODIIyCKy/b» (Mera-BceneHHo!l) M 3akaHUYMBaeTCsi Ha OJHOHM caMOW MasleHbKOU
«KOpMYyCKy/e» (MHCTaHTOHe). OTO elje MOXXHO BoOOpasuTb, HO CJefyloiiee
BbICKa3blBaHMe HAaxOAUTCS 3a TIpaHblO0 37paBoro cmeicia. Ecium  paccmarpuBaeMoe
BakyyMHOe 00pa3oBaHHe 3aMKHYTO (a W3 peJMIMO3HBIX MCTOUHHKOB, B UYACTHOCTU U3
JIypaHCKO# Kabbasbl, ciieflyeT 4Tto, OHO 3aMKHYTO), TO MbI BBIHY)KJEHBI 3aK/IFOUHTh, UTO
camasi OosibIlasi «KOpIyCKy/aa» (Mera-BceseHHast) HaXO[UTCSl BHYTPU CaMOW MasleHbKOM
«KOPMYCKY/bl» (MHCTaHTOHe), T.e. Mera-BcesleHHasi BbIBOpauMBaeTCsi Haw3HaHKy. Kak
TIJTaHUPYeTCs TIOKa3aTh B CJIEAYIOLIUX CTaThsIX, BAKYYMHBIE TOKA CHa4ajaa CTEKaloTCs T10
BCEM HepapXWuecKUM IIeMoYKaM «KOPIYCKY/I» OT pakuu «Mera-BcesmeHHOV» K pakuu
«UHCTaHTOHA», TaM OHU Pa3BOPAYMBAIOTCS U TEKYT B 0OPAaTHOM HAIpaB/IEHUH 110 TEM Ke
L[eI0UKaM OT PaKWUM «HMHCTAaHTOHa» K pakuu «Mera-BcenenHobi». To, uTo ObIIO KHU3Y,
OKa3bIBaeTcsl HaBepXy, U Ha060poT. C HEKOTOPBIMY aclieKTaMU BaKyyMHOHN «OUCCeN» MOYKHO MO3HAKOMUTBLCS B [11].

Cucremy ypaBHeHHi1 (169) BO3MOKHO TTBITAaTbCS PellaTh TOJBKO CTaTUCTHUECKUMH MeTojaMu. [103ToMy ycpeHHUM Bce 3TH
ypaBHEHUS

1

e ¢}

R +égik(z kmAm+Z_knAn):0' (170)

ik m=1 n=1

rae ki - 06[1186 KOJ/JIN4YeCTBO chep («KOpl‘Iy'CKyI[») C paguycoM r; .

O6e yacTu 3TOrO YPaBHEHHSI MOXKHO YMHOXXHUTB Ha OO, B pe3y/IbTaTe MoJIyuyrM

Rik+gik(z kmAm+z_knAn):O' (171)
m=1 n=1

Ycnoere BakyyMHOTo 0OamaHca (KOTOpOe TJIACHT, YTO M3 BaKyyma MOTYT TOSBUTCS TONBKO B3aUMHO TIPOTUBOIIONOXHBIE
00bekThl, cMOTpUTe BBesenue B [1]) TpebyeT, uToObI BbIpaykeHHe B CKOOKaX PaBHSIOCH HYITO

i k,A,+2, —k,A,=0. (172)

[TosTOMy yCpesHeHHOe KoCMojorMueckoe ypaBHeHue (171) Bo3Bpamjaercsi K HMCXOAZHOMY BHZY, T.e. K IIepBOMY
BaKyyMHOMY ypaBHeHMI0 DiiHInTeliHa (6)

R;=0. (6)

B HekoTopoMm (cBoero poja ¢pakTaqbHOM) CMbIC/Ie Hes caMO-3aMKHyToN BceneHHOit B 3Tol BenuKoil Qopmysie
HOBTOpU/IACh: — «To, UTO GBUIO B Hauajle — 0Ka3a0Ch B KOHIIE».

MeTpUKU-pelleHus epBOro BAKYYMHOT0 ypaBHeHust (6) yxke ObUTH paccMOTpeHsI B §2 B [5]

- C curHaTypo# (+ — —-):



ds;’ (173)
dss’ (174)

dsy (175)

- C TIPOTHBOII0JIOXKHOW CUTHATYPOH (— + + +):

ds;’ (176)
ds; (177)
dss’ (178)

Mertpuku-perenus (173), (174) u (176), (177) npobseMHble, T.K. OHA TIPUBOZAAT K METPUKO-JMHAMUYeCKOMY OITMCAHHUIO
JBYX B3aMMHO TPOTHUBOIIONIOXHBIX C(hepHUUecKUX BaKyyMHBIX 00pa30BaHU C COBEpIIEHHO HeOOBSICHUMOW TMOJIOCTBIO B
cepenvte (cMotpure §2.8 B [5]).

ITosToMy ocTaroTcsi TO/IbKO MeTpUKHU-peliieHus (175) u (178),
ds: (179)
d s‘;“
KOTOpBLIE OTPee/IAIOT B CpeJiHeM HeMCKPUB/IEHHOe COCTOSIHYE ABYCTOPOHHero 2°-A, ,~Bakyyma (cmotpure [1, 2, 3, 4, 5]).
Mertpuku (175) u (178) Takke B cpejHEM TTOJTHOCTHE) KOMITEHCHUPYIOT MPOSIB/IEHNs APYT ApyTa
% (180)
CuUrHatypHblii (T.e. paH)KUPHBIIT) aHa/IOT 3TOT'0 BhIpayKEeHUS
(181)
(r——-)
(=+++)
(000 0).

Ilpu Gosee [geTanbHOM pacCMOTpeHUM B AJjirebpe CUrHaTyp ToKasbiBaiics (cmotpute §82,3,5 B [5]), uTo pelieHuem
BaKyyMHOI'0 ypaBHeHUs (6) sIB/IsieTCsl pacillelyieHHbIN HOJb:

(182)
0= (0000 + 0000 =0
= + + + ) + ----) =0
= ---1%) + ++ +-) =0
= + - -4) + -+ +-) =0
= - -+ -) + ++ -+ =0
= + + - =) + - ++ =
= -+ --) + +- +1) =
= + -+ =) + -+ -4 =
= (= + + 4 + (G| =
= O 0 0 0 + O 0 0 0 =0



Takum 06pa3oM, BakyyMHast (HysieBasi) KOCMOJIOTHSI TIOKa3bIBaeT, YTO HECMOTPSI Ha TO, YTO MUp HarosiHeH Oecurc/ieHHbIM
MHO)KECTBOM ~C(epruecKUX BaKyyMHbIX 00pa3oBaHuil (BBIMYK/IOCTEH, WM «KOPIYCKYJ») W aHTH-00pa3oBaHWi
(BorHyTOCTEH, UMM «aHTUKOPITYCKY/I») Pa3UUHOro MaciuTaba, OH B CpeJjHeEM OHH ITOJTHOCTbIO KOMIIEHCHUPYIOT NPOSIB/IeHUs

APYT Apyra.

Kak Takoit Mup cyiriectByer (T.e. IOUeMy OH He aHHUTWIMPYeT)? I10 Bcell BUAMMOCTH MBI He HaiiieM OTBET Ha 3TO BOIIPOC
B paMkax auddepeHI[HaIbHON reoMeTpud PuMaHa. YcioBHe cOO/IO[ieHHs BaKyyMHOro OajiaHca BCsikuil pas Oyger
TIPUBOZUTE HAC K JIOTUUECKOMY TYIIHKY.

B03MOXXHO CyIlecTBOBaHMe TakOro B CpeJHeM IyCTOrO W IIOCKOro Mupa oOyc/ioBI€HO ero NMOCTOSHHBIM M3MEeHEHHEM,
HarpuMep, paclliupeHUeM WM CKaTHeM, MOCKOJbKY CTaTUyecKas IyCTOTa HeMUHYeMO aHHWTWMpyeT. OfIHaKO BHYTPH
yCpeJHeHHOMH ITyCTOTHI HEeT pecypca /s ee pacIliupeHysl.

[ToCKO/IbKY MBI MBIC/IUM y>Ke B TeueHHe HeCKOJbKUX ThICSUesIeTUM, 0CTaeTCsl TpernoioxuTth, uto UbSA-TO I'panavosHas
Bonst MeHTanbHO pacluupsieT HaJ-MPOCTPAaHCTBO, B KOTOPOM pa3MellleH Halll B CpeiHeM IMyCTol Mup.

7 HyneBass KOCMOroHUA
«Hayka 6e3 peaueuu xpoma, peaueust 6e3 HayKu ciena»
A. Ditamrredin, "Hayka u penurus”, 1941

Brime 6bu1a mpefsio’keHa Hepapxuueckas KOCMOJIOTMUecKas MoOJeslb, KOTopas B CWIy yCIOBHSI BakKyyMHoro OanaHca
OIMMCHIBAET B CPeJHEM IyCTOH W IUIOCKMH MHp. OTOT MHp 3arojHeH pa3HOMACIITabHBIMM «KODITyCKy/laMu» U
«AHTHKOPITyCKYyJIaMH», HO B HeM HeT HU Lles, HI DHepreT4yecKoro pecypca Jjisi pa3Buthsi. Takoi KOpITyCKYJISIDHBIA MUD
nofiobeH MepTBOMY (T.e. Ge3[yIIHOMY) Tely, KOTOPOe MOXKET CTPEMHUTHCSI TOMBKO K COCTOSIHHIO TepMOJWHAMHUeCKOro
paBHOBecHs (T.e. K TEeIJI0BOM CMepTH).

,Z[O 3TOr0 MOMEHTA Mbl Hd YPOBHE€ THIIOTE€3bl, HO CTapa/jlaCb C/1€40BdATb OCHOBAM HAYYHOI'0 MHWPOBO33p€HUA U HaquOﬁ
MeTO0J/IOTUH. B sTtom IIYHKTE BHOCATCSA HEKHe aCIIeKThbI peHHFHOBHOﬁ METaCl')I/IBI/IKI/I.

Mo)XeT /M yuYeHHBI CTPOWTh MOJie/NbHBIE TIPeJCTaB/leHHsT 00 OKpy’KawlleM MHpe Ha OCHOBAaHWUM PeUrMO3HOM
Muposiorni? Bo3MOXHO, 4YTO TpejaHWsi MYJpelioB [pPEeBHOCTM He OTBevyaloT KpUTepuio HayuyHoct Ilommepa
(panscudpuppyemoctr). OfHAKO 3HAHWS TPEJKOB MOTYT ObITh B UTOre BepUGUIMPOBAHBI, T.e. MOATBEP)KJEHbI Ha
MpakTHKe. B 3ToM maparpade BbICKa3aHbI THIIOTE3bI, KOTOpPBlE COOTBETCTBYIOT KapTHHE MHpA JIypUaHCKOW KabOarbl
[MozaTBEpAATCS T 3TY anpHOPHbIe Wed Ha MpakTHKe? Hewn3BecTHO, HO 0TOpackiBaTh WX 03 TPOBEPKH He Ljesiecoo0pasHo.

Bblilie Mofipa3yMeBaioch, UTO KOMIIOHEHTHI METPUUECKUX TeH30poB g;” meTpuk-perienuii (35) — (42) AO/WKHBI OBITh
(YHKLUSIMU He TOJIBKO caMuX fieopMHpyeMbIX ceprueckux KoopauHat (ct, r, 6, ¢), Ho u dyHkuued koopauHat (Xo, Xi,
X5, X3) wm (ciTy, Xi, Y., Zi), omnipefiefsitolUX MeCTO pacIio/IoKeHHsI pacCMaTpHUBaeMOM HepapXuuyeckou 1erouku
«KOPITyCKYy/», Bo BeenenHoit (puc. 10).

®DoHOBOE [IBYXCTOPOHHEE MPOCTPAHCTBO C METPHUKAMU

ds 2= Cldle — dX12 — dY12 — lez, (183)
ds R=_ C1dT12 + dX12 + lez + lez,

MOYKHO PacCMaTpUBaTh KakK BTOPOH An.”-BakyyM, KOTOPbIN BLICBEUUBAETCA U3 «ITyCTOThI», IOCPECTBOM €€ 30HUPOBAHUSA
nydamu CBeTa CO CKOPOCTBIO C2, KOTOPasi MHOTO GOJIbIlie, 4eM CKOPOCTb CBETA C; = C; B MEPBOM A, -Bakyyme (T.e. ¢2» ¢1).

BTOpOi1 Any?-Bakyym, MoJXeT GBbITb HCKPHMBIIEH U HAXOAWTCS BHYTPU TPETHETO Ay, ’-BAKyyMa, KOTOPBIA BLICBEUMBAIC U3
TON e «IyCTOTh» Jydamu CBera co CKOpoCTh ¢3 , KOTOpas MHOTO 6osibiie, yeM CKOpoCTh CBeTa C; BO BTOPOM Ayq2-
Bakyyme (T.e. c3» ¢2» ¢1) (puc. 11).



Puc. 11. VInmocTpaLys BIOXKEeHHsT OHOr0 UCKPUBIEHHOTO A, Y-Bakyyma B
Jpyroii 60/lee TOHKHiA HCKPUBIEHHBIH An, " D-Bakyym

Takoe MoC/IeJ0BATE/IbHOE BIOKEHUE: Ay, -BakKyyMa B An,?-BakyyMm B A,,,*-BAKyyM B ... MOXKET MPOJO/IKATHCS [0 TEX
1op, TI0Ka CKOPOCTh PacHpOCTPaHEeHMsl BOJHOBLIX BO3MYIIEHWH C, B An."-BAKYYME He foCTUrHeT 6eCKOHEUHOCTH
(cn = ), T.e. 10 TAaKOTO YPOBHSI I'/le BpeMsi OCTaHaB/MBaeTcsl, T.K. t = L /c, = L /oo = 0.

JlypuaHckas kabbana ebldensiem u3 8ce2o0 MHodxcecmea /lyxoeHblx YpoeHelli u noo-YpogHeli bbimus,
Mo/bKO nsimb OCHOBHblX ComeopeHHblx Mupog: Adam KaodmoH, Ayuaym, Bpus, Eyupa u Acus,
coomeemcmaylowjux nAmMuU  Cumeondam, npucymcmsyrowum 6 Beaukom u I'po3Hom HmeHu

BCEBBIIIIHET'O 71-1-11-* (kou-Mi0d-Keii-Bas-Keii). ITpuuuHoii u IcmoKoM 8cex cOmBOpeHHbIX MUPOS
Hcxodupii DOHMH CO®, Bapuxy (BECKOHEYHBIM, Faazocnoeen OH). O  ckopocmsx
pacnpocmpaHeHusi 8o3mywjeHuli (uHgopmayuu) e /[yXxo8HbIX Mupax 6 kabbarucmuueckux UcCmoyHuKax
asmop He ecmpeuan. OOHAKO 8NO/He Pe30HHO NpeonoaoXCUMb, Umo, uemM ebiwie Mup, mem 6onbuie
cKopocmb pacnpocmpaHeHus uHpopmayuu 8 Hem, a Ha camoii Bbicweii Cmynenu SMH CO®, Bapuxy,
Ckopocmb Peakyuli u Bocnpusimusi 6eckoHeuHa (4mo 03Haudem OCMAHOBKY epemeHuU). HanomHum,
umo Hcaak HblomoH (8ocnumaHHuk TpuHumu-koanedxica Kembpuoxickoeo yHugepcumema) ces3biedn
Abcomommyro cucmemy omcuema ¢ AbcomomubiM HABJIFO/JATEJIEM (m.e. ¢ BCEBBIIIIHHUM), a
ITpocmpaHcmeo oH Hasbigan «Hyscmeunuwjem EduHoz2o B-I'A». O0HopooHocmb u EduHobodcue no
HbiomoHy o3Hauaem, umo Ha ecex YpogHsix Bbimus Oelicmeytom o0Hu u me dce b-)KECTBEHHBIE
YcmanoeneHus u 3aKOHbL.

ClielyeT 0XU/aTh, YTO BCE Ay ,"-BaKyyMbl OJUMHAIOTCA OJHUM U TeM )Ke 3aKOHaM, T.e. ONMCHIBAHOTCS

OJlHOU yHUBepcaabHOU AuddepeHIIMaTbHON reoMeTpueid, HO C ABYMsI OTIMUUSIMMU:

- KakaoMy An,,’-BakyyMy COOTBETCTByeT XapakTepHas CKOPOCTb CBeTa ¢; (T.e. CKOpPOCTb
pacripocTpaHeHre BOJHOBBIX BO3MYIIEHHI WK TIepejau HHPOPMALMH), TIPU STOM Cp» ... » C3» C2» Ci
=c;

- ¥ Ka&XKI0ro An,-Bakyyma CBOW MapaMeTpuuecKuii paauyc BeeseHHOR R, , TIpU 3TOM Ry, » ... » Ry »

Ry»R,i»R,.

Takum 06pa30M, KOMITOHEHTBI MeTPUUYECKOro TeH30pd, OIlpeaesidroljre MeTPUKO-AWHaMHU4yeCKoe COCTOAHHEe JIOKa/JIbHBIX

YUACTKOB TMEPBOTO An,-BaKyyMa, 3aBUCHT, TaK K€ M OT COCTOSHHUs BCEX OCTajbHBIX 00jee TOHKUX A, -BaKyyMOB,
BJIO>KEHHBIX JIPYT B Ipyra



g = gi(ct,r,0,9; 1T1,X1,Y1,Z1; C2T2,X2,Y2,Z25 .. s caTnXn,Yn Zn).
(184)

YTt0o0OBI 0CO3HATH, UTO (HOHOBOE MPOCTPAHCTBO peasbHO, TipejjlaraeM Mpo/iesaTh /iBa KCIIeprMeHTa:

JKcnepuMeHT 1: 3aKpoliTe TJa3a, NPOKPYTUTECh BOKPYT CBOel OCU JiecsiTh pa3, U OTKpOTe ra3a. [Ipy 3ToM yBUAWTE, KaK
(hoHOBOE TIPOCTPAHCTBO BPAIjaeTCsi OTHOCHUTETLHO BHEIITHET0 MHUPa.

JkcnepuMeHT 2: IloAHMMUTe BHITSHYTYHO DYKy Ha YpPOBeHb IJla3, U y/ep)KuUBaiiTe ee B TaKOM MojoxeHUH. C ofHOU
CTOPOHBI, MBIIIIBI Ballleld PyKU — 3TO Upe3BbIYaliHO CJIOKHO TIeperyieTeHHOe COCTOsiHHe [e)OPMUPOBAHHOTO BaKyyma B
BU/Ie MUUTHOHOB «KOpPMHYCKy/». C APYroil CTOPOHBI, PYKY B TIOAHSITOM COCTOSIHMW Y[€P>KUBAeT BOJIEBOE YCU/IHE Balllero
co3HaHus. To ecTs, B JaHHOe BpeMs Ha Ballly PYKY BJIMAIOT [jBé OCHOBHBIE CUJ/IbL: CUJ/IA TSDKECTH, BJIeKylllas PyKy K 3eMe, U
CuJla BOJIH, 3aCTaB/ISIONIast PYKY OCTaBaThCsl Helo/BIDKHOM. [Tomydaercs, uTo Ballle CO3HaHUe, B paMKaXx ero KOMITeTeHLUY,
B COCTOSTHUM YIIPaBJ/ISITh «KOPITyCKysiamu». CKeNTHKU CKaXKyT, YTO HE CaMO CO3HaHWe yrpaBisieT PyKod. OHO TO/IBKO
C0o00IIIaeT CBOe >XeaHrue MO3ry (T.e. HEMPOHHOUW CETH), a MO3T T0/[aeT KOMaHAy HEPBHOW CHCTeMe TaK COKPATHUTh MBIIIIIIBI
DYKHM, UTO OHAa OCTaeTCs B TIOAHSATOM COCTOSHMM. Tak M ecTb, HO Balle BooOpakeHWe (HeMaTepualbHasl MbIC/b),
¢opmupyroliee cocTosiHMe (OHOBOTO TPOCTPAHCTBA, BCE PAaBHO He MOXKET OBbITh WCK/IIOYEHO W3 paccMaTpUBaeMOi
CUTyalLuH, T.K. HeT [pyroi MpUUMHBI, 3aCTaB/sFOILeN «aTOMbl» Mo3ra I10/jaBaTh KOMaHy HepBHOW CHUCTeMe yZep’KUBaTh
PYKY Ha 3alaHHO BbICOTE.

Heobxoaumo moHsiTh: — «Kak Paccyqok B/usieT Ha MeTPUKO-JIUHAMUUECKOEe COCTOSIHWE MPOCTPAHCTBA?» DTO KIHOU K
OTBeTY Ha MHOI'Me BOIIPOChI, HAallpUMep:

- KaK chopmMmpoBasach nepBast OH0JIOTYecKast KIeTKa?

- KaK (popMHUpYIOTCS pa3/iMuHble OMO0JI0TMUeCcKHe OPraHUu3Mbl U3 OJHOIO THIIA IIPOTOK/IETOK?

- 1104eMy OJjHa U Ta ke CTBOJIOBas K/leTKa, Pa3BUBaeTCs B OZHOM CJ/lyyae B OJHY TKaHb WM OpraH, a B Jpyrux Clydasx B
Jpyrve TKaH! U OpraHbI?

[IpUMeHUTeIbHO K KOCMOJIOTHYeCKHM mpobnemam, He uckmoueHo, utro BCEJIEHHCKUM PACCYIOK 3akpyuuBaeT
BTOPO# An.?-Bakyym (T.e. dpoHOBOe mpoctpanctso ¢:Ti, Xi, Yi, Zi, T.e. IlueBmy ([lyHoBenwe, Jlyx)), uTO TIPUBOAWUT K
BO3HUKHOBEHUIO LIEHTPOOEKHBIX CHJT UHEPLMH KOTOpbIe, B UTOre, MPUBOAAT K PACIIMPEHHUIO MEPBOro A..)-Bakyyma, T.e.
Mera-BcenenHoit Hatero Mupa (puc. 10).

B nepuod c 20 no 23 mapma 2014 2. 8 2opode Boponedxc asmop 6 npucymcmeuu Basenmuna Ilagnosuua XpamuxuHa npuHsia
yuacmue 8 HeCKO/bKUX CeaHcax «noodkmoueHus» meduyma Cepees I'pueopbeguua Ilpoxopoea K HeKOlU KOCMUUECKOU CyujHOCmu.
Yepes. ITpoxopoea C.I'. 6b110 coobujeHo caedyroujee:

1). Mempuxa «ITycmombl» ob1adaem 08yMsi munamu nposieneHuii:

— € 00HOU cmopoHbl, «ITycmome» npucywu npu3Haku npomsijceHHolU mesecHocmu (Cy6CMAaHYyuoHAAbHOCMU), NOOBEPHCEHHOU
decpopmayusam u mekyuecmu;

— ¢ Opyeoli cmopoHbl, Mempuka «IIycmombl» cnocobHa ompaxcamb U3MeHYUgble nposieneHus Mbicaecpopm, opmupyembix
Tokamu Pasyma, nodobHo momy, Kak Haw paccyOdok popmupyem obpasbl 8 HAWeM CO3HaHUU.

2) Tok Pasyma eausiem He HA CaMy MempuKky Nnycmombl, d HA MAKYI0 ee Xapakmepucmuky Kak KpydeHue. Pasym noposcoaem
ncee0o-cu/bl UHepyuu (aHanoeuuHbix cunam Kopuoauca), komopble, 8 umoee, UCKpUB/SIOM JA0KA/bHble yUaCMKU 8aKYyMd.

3) Ipu 6osnee demanbHom paccmomperuu Toku Pazyma eausitom He Ha camo KpyueHue U KpUBU3HY 8aKyyMd, A HA HEKYIO C0NHCHYIO
«npocnoliky», komopas pasodensiemcs Ha 10 ypoeHeli. Camblil 8bicokuli (1-Ui) u3 HUX — MO 3MOYUOHA/ILHbIU YpOBeHb nposieneHull
Yembipex MuUNO8 memMnepameHma: MeAdHXONUK, (haeeMamuK, CAHeBUHUK U Xo/fepuk; a cambili Huskuil (10-l) ypoeeHb
coomeemcmeyem Yembipem 8UOAM Cmuxuli: 3em/s, 800d , 8030yX U 020Hb (3emMas U 800a cmpemsimcs 8HU3, 8030yX U O20Hb
cmpemsamcs 8gepx U m.0. no Apucmomento).

4) Cen3b medcdy Mupamu ebicokoll moHkocmu ¢ smum Mupom ocyujecmenstomcest uepe3 pakuu (ccpepuveckue MHO2OCAOUHbIE
6e30HO-mpewjuHbl, OKpyscawwue s0pa CmabulbHbIX BaKYYMHbIX 06paszoeaHuil). B uacmHocmu, pasymHoe uenoseuecmeo
si8/151emcst 0OHOU U3 NI0KA/ILHO-Y3/108bIX NPOCAOEK paKuu naaHembl 3emasi. Kasicoblll uenoeek 3mo cnodicHeliwull eewjecmeeHHo -
OyXxoeHblil y3en (cMompume uamocmpayuio Ha puc. 76 u 12), uepe3 sk3ucmeHyuio komopozo 8 smom Mup Ilpocgeuugaemcs
Bbicwee BBITUE (no Xatidezeepy — mbicb yenogeka oaem Cnoeo BBITUFO).



Puc. 12. ®pakranbHas WTIOCTpaLUs pakKUU «I1JIaHeThI»,
Yyepe3 KOTOPYO MpocBeunBaeTcsl JJyXoOBHOCTb

ITo Bceii BUAUMOCTH, Oe3 peleHHsi MpobieMbl CUXO(GU3UIECKOro NapanienisMa, Haj, KOTOPOM pasMbILuisii [lekapr,
Mans6paHii, JIelOHUL, U MHOTHe Jpyrve ¢uaocodsl U yueHble, MbI He CMOXKeM MpPOJBUHYTHCS W B DEIleHHH 3aJad
KOCMOJIOTHU.

B oTHOmeHun TeopUun «boJbiioro B3pbIBa», OTMETHUM CJ/ieJyrolllee.

Jlypuanckas kabbana coobwaem, umo BC-BBIIIIHUHI ece Teopum uepe3
PooicoeHue, BckapmaugaHue, B3pawjueavue u Bocnumanue scugoti CywjHocmu. Bee
8 npupode meopumcsi N0 CpedCmeoM PONHCOeHUs: KAemKU Nopoxcoaom Kiemku U
ebicmpaugearomcsi 8 opeaHusmbl. Bcs BcenemHas — smo u ecmb Ilepsas
Buonozuueckass Knemka. OHa dice siensiemest McxooHoli MamepuHckol Ympoboll,
eHympu Komopoti nocmeneHHo Pazeusaemcs Bcenenckuili Yenoseueckuii ImMbpuoH

(puc.13).

B nobom ciyuae, TI0se3HO CPaBHUTH 3Tarbl pa3BUTHSI BcesieHHOMH,
paccmaTpuBaeMble B pamkax (CTaHJapTHOM KOCMOJIOTMUeCKOU
MO/IeJH, C TIepPHUO/IaMH Pa3BUTHS UesioBeueckoro sMOproHa B yTpobe MaTepH.

Puc. 13. ®pakrasbHble WITOCTPALMH U HOTO SMOPHOHA B MaTepPHUHCKOW yTpobe



Bo3moxkHo, uTo He TemHasi mMaTtepusi (dark matter) u TemHas sHeprusi (dark energy), a Ceemmwii dyx (Light Spirit)
TIPUBOJUT BCE B OCO3HAHHOE /IBIDKEHHE.

3AK/TFOYEHME

ITpensiaraemas B 3TOM CTaThe Wepapxudeckast (MHOTOYPOBHeBas) KOCMOJIOTHUeCKasi MOZIeJTb — 3TO TOJIBKO TIpeiBapyTe/TbHast
ruroTesa, KoTopas TpeOyeT [JeTasibHOM mpopaboTku. Kakapli TYHKT 3TOM CTaThM HYXKAAETC B 3HAUMTETLHOM
pacIMpeHUy ¥ U3yYeHHH Ha OCHOBAaHWM MaTeMAaTUUYeCKOTo amrapara U MeTOZoB AnreOpbl CUTHATYP, U3/IOXKEHHBIX B [1, 2,
3, 4,5]. HekoTopble JOTOHUTEbHEIE aCTIEKTHI T€M, 3aTPOHYTHIX B 3TOH CTaThe TeM, U3/I0XKeHbI B [11].

OTMeTHM, UTO pa3BHUBAEMOE 37eCb MOJe/IbHOE Tpe/CTaBIeHHe 0 KocMoce (KOOHOG — KpacoTa, MOpsi/[OK) OCHOBAaHO Ha
CcaMOM TIpOCTOM BapuaHTe Au¢¢epeHLMaTBEHON TIPOCTPAHCTBO-METPUM — Ha TeoMeTpuy Pumana (CMOTpHUTe Hadasio
Beegpenust B [5]). To ecTs mpensiaraeMasi 37eCh KOCMOJIOTMYeCKasi MOJIe/lb — 3TO TOJbKO rpyObIfi KapKac, Ha KOTOPBIH
HaHMU3bIBaeTcsi GecurciieHHOe KOMMYeCTBO OoJiee CJIOKHBIX M TOHKMX mporjeccoB. Kpome Toro, yxe ceffuac sICHO, UTO
reoMetpusi PumaHa oueHb OefiHa [yl paspelleHus psifja npo6sieM, BO3HHMKAIOLMX B IIpeZsaraeMoll KOCMOJIOTMYecKoi
MO/IeJI!.

CoryiacHO THUTIOTe3e, U3/I0KEHHOM B 3TOH CTaThe, OKPY)KAIOIed Hac MHpP COCTOUT W3 TIPAKTHUECKH OeCKOHEUHOro
MHO)KeCTBa C¢epruuecKnx BaKyyMHBIX 00pa30BaHMi («KOPMYCKY/»), MO pa3sHOMY BJIOKEHHBIX ApPYr B Apyra 1ozo00HO
MaTtpelikaMm (cmotpute puc. 10).

Takasi MHOrOCJIOMHast MOJie/Tb JIETKO COTJIaCyeTCsl C HAllMM UYyBCTBEHHBIM ONbITOM. Kakoi Obl GpyKT Wiy OBOIL MBI He
B3/I1 BCerJa (ppakTarbHO IOBTOPSIeTCS] OJHA W Ta Xe Hjes. BHyTpU KaxJoro Iofa MMeeTcsl OfjHa UM HECKOJBKO
KOCTOUEK, BHYTPU Ka)K/[0H KOCTOUKH HaXOZAATCsl OHMO/Iornueckye KJIeTKH, BHYTPH K/IeTOK — siipa ¥ IPYTHe OpraHesuibl U T.J.

B 3T0ii cTaThe MBI MOMBITAMCH TIPOCTIEAUTE TOJBKO OZHY LierouKy K3 10-u rmociefoBaTenbHO BIOKEHHBIX APYT B Apyra
cdeprueckuX BaKYYMHBIX 00pa30oBaHMi («KOPIYCKYJ», CMOTPUTE MepapXui0 paguycoB (44a) v puc. 1) Ha OCHOBaHUU
MeTpuUK-peleHni (23) — (32) paciMpeHHOro BaKyyMHOro ypaBHeHus (20), yrnporueHHoro fo 10-u namba uieHoB.

ITpu Gosiee MMPOKOM B3TJIsAZe, OAOOHBIX MepapXUUecKUX Llerouek «KOPIYCKy/» GecurcieHHOe MHOXKECTBO, HO BCE OHHU
HaxOZATCSl BHYTPH CaMoi OOJIBIION «KOPITyCKYJIbI», KOTOPYHO Mbl Ha3bIBaeM Mera-BceneHHOM.

YcioBust OTpaHMUEHHOCTH Y 3aMKHYTOCTH OKpYJKawoIlero Hac Mwupa BBIHYXKJAIOT TIPUATH K HeopAUHapHOMY
TIPe/ITI0JIOXKEHHI0, UTO BCe Decurc/ieHHOe MHOKECTBO MEPAPXUUYECKUX LIeTIOUeK «KOPIYCKYJl» HaUMHAETCs C OJHOU CaMOM
OOJIBILON «KOPIYCKY/bl» (Mera-BceseHHOM, BO3MOXHO ¢ r; ~ 10° cM) M 3aKaHuMBaeTCss Ha OAHOM CamMoOl Ma/leHbKOM
«KOPITYCKyJie» (MHCTaHTOHe BO3MOXKHO C rip~ 107° cm).

Ha camom fene Mbl He3HaeM CKOJBKO BJIOXKEHHBIX [JpPYI B Jpyra «KODIYCKy/l» B Hepapxyhueckoil Ijerouke. Ha
CEerofiHsAIHNM JeHb HalleMy HaOMOAeHHIO [JOCTYIHBI TOJbKO AUCKPETHBIM DSl M3 LIeCTU JIOKalbHBIX ChepudecKux
00pa30BaHUli C XapaKTepHBIMU PaZiyCaMy U3 vepapxuu (44a):

ra~ 10% cM — paguyc, cou3MepuMBIii ¢ paguycoM Hab/rogaeMoi BeeneHHON™;
ry~ 10" cM — paguyc, COM3MEPUMBIi C PaJuyCOM sifipa TaJaKTHKY;

rs~ 10°cM — pagyc, COM3MepUMBIH C PaJiiyCoM si/[pa IUIAHEThI WK 3BE3/IbI;
rs~ 107 cM — pagiyc, COM3MepPUMBbIH C PajiiyCcoM GHOJIOTUUECKON KIETKY;
re~ 107 cM — paiyc, COM3MEPUMBIIA C IAPOM 3/IEMEHTAPHOU YaCTHULIbI;
r;~107* cM — paJiyc, COM3MEPUMBIi C pa3MepoM MPOTO-KBapKa*,

* «KOPIyCKY/IbI» C pafuycaMu ro~ 10 cM u r;~ 107 cM MoJaroTcs U3yUeHHI0 KOCBEHHBIMMA METO/AMHU.

[Tpobnema HepapxXxuuecKoil KOCMOJIOTMUEeCKOH MOJend, pa3BHBaeMOl Ha OCHOBe VIIPOILeHHOM reoMerpud PumaHa,
3aK/TI0UaeTCst B TOM, UTO L[e[0YKa BIOXKEHHBIX JIPYT B PyTa «KOPIYCKY/» He MOXKET 3aKOHUMTCS. Ec/ii 3Ta nepapxudeckast



1IeroYKa OOpBIBAETCS, TO OKA3bIBAETCs MapaJioKCanbHas CUTYalLlUs, KOrja camas OoJjbliasi «KOPIYCKy/a» OKa3bIBaeTCs
BHYTPU CcaMoii MaJiIeHbKOMN «KOPITyCKYJbl» (CMOTpUTe BhIpaskeHUs (35) — (42)).

[pyrasi He MeHee CJIO>KHasi TIpobieMa B IpejjjiaraeMoii nepapxXuueckoi KOCMOJIOTUeCKON MO/Ie/H 3aK/TIF0YaeTcsi B TOM, UTO
Bce CTaOW/bHBIE JIOKaJbHBIE BaKyyMHble 00pa30BaHHSI COCTOSIT U3 «KBAapKOB» M «aHTHKBApKOB». TO eCTh BhIpaXKasiCh
JPYTMMU TeDMMHAMH MaTepUs U aHTUMAaTepUsi B Mpe/ijlaraeMoil MOJIe/Ti OKa3bIBaeTCsl TiepeMellaHHbIMUA. C OJJHOW CTOPOHBI
peraetcst ipobsieMa GaprOHHOM aCUMMETPUM BeIIeCTBa, OJHAKO C APYrod CTOPOHBI HEMOHSATHO: - MOYeMY B3aUMHO
TIPOTUBOIIO/IOKHBIE UCKPHUBJIEHHs BaKyyMa He aHHUTWIMPYIOT, T.e. He pa3r/Ia)KUBAlOTCsA. B pamkax reomerpuu Pumana
JaHHasi mpobsieMa He pelnaetcs. [0 Bcell BHIMMOCTH TIOMCK «CITYCKOBOTO KpIOUKa» COTIPSDKEH CO 3HAYUTETbHBIM
yCIoKHeHHeM auddepeHIManbHON reoMeTpud. B 3ToH craTthe cZlelaHO TIpeATIoNIOXKeHHWe, YTO BO3MOXKHOCTB
CYILIECTBOBAHUSI B CpPeJHEM OTCyTCTByIoLjero Mupa oOyC/OB/IEHO ero pacilMpeHHeM 3a CUeT paciliupeHHst (OHOBOro
MIPOCTPAHCTBA.

TpeTbsl C/IOKHOCTB CBSI3aHa C Te€M, UTO B 3TOW CTaThe U3/I0’KeHa He COBCeM KOCMOJOIHUs, a CKOpee reOMeTpU3MpOBaHHbIE
TIpe/ICTaB/IeHUsT O CTPYKTYPHOW OpraHuW3alyy BeljecTBa. KocMosiorideckre BOIIPOCHI, HarpaBjeHWe Ha W3ydeHue
BO3HUKHOBEHUS «BCesleHHOM» 1 ee YCKOPEHHOTO PacIIUPeHUs 3aTPOHYThI TOJIBKO B BUJle MeTaU3UUECKUX PACCYKAEHUH.
HOns obcyxmeHuss 3THX 1MpobseM B paMKax [pejjiaraeMoi IOJIHOCThI0 T[eOMeTPHU3MPOBAHHOM HepapXuuecKoi
KOCMOJIOTUYECKOW  MOfiend  TOTpeOyeTcss — pellleHre MHOTHX JIDYTUX — [OTIONHWUTENBHBIX — 3a7lad, TaKuX Kak
reOMeTPU3UPOBAaHHOE OMKCAHUE JIeKTPOMAarHUTHBIX, IE€KTPO-CIa0biX, CUIBHBIX U TPaBUTALIMOHHBIX B3aUMOJEMCTBUN U
T.1. [IpeinoaraeTcsi, YTo 3TH BOMPOCHI OYyT PACCMOTPEHbI B TIOC/IEYIOIIUX CTaThaX Mpe/|jiaraeMoro npoekta. OTuactu ¢
HEKOTOPLIMU acrieKTaMH pellieHus 3TUX 3a/lad MOXKHO Mo3HaKoMuTcs B [11].

B wncxogHOM paciMpeHHOM BaKyyMHOM ypaBHeHHHM (13) MpHCYTCTBYyeT AMCKPETHOCTb «KOPITYCKYJ» C Pa3IMYHbIMU
pazfnycaMH I, OGHAKO KaKue 3TH paZuyChl U3 3TOr0 ypaBHEHUs BBIICHUTh HEBO3MOXKHO. [I/1s oripefiesieHUst uepapXxuu I, B
TOM CTaThe MPUMeHeHa 3BPUCTUUeCcKast hopmya (43) ¢ TpeMs KOHCTaHTaMu: ¢ ~ 310" cm/cek — CKOpPOCTh CBeTa B BaKyyMe,
R, 10* cM — mapameTpUueckuil paginyc BeeneHHOM U t. & 1 ceK — meproj GreHust YeloBeUecKoro Cepyia.
[TpucyrcTBue ckopocty cBeta B ¢opmyne (43) obocHOBaHO TeM, UTO 3TO IpefiesibHas CKOPOCTh B BakyyMe, a
rapameTpu4eckui pagnyc BceneHHoO — 3TO MOATOHOUHBIH MapameTp.

3HauUTe/TbHbIM MpernMy1ieCcTBoOM npe,qnaraeMoﬁ TUIIOTE3bI, TI0 MHEHWIO aBTOpa, ABJIAOTCA ABa 06CTOHTE]H:CTB3, KOTOpBbIe
BBIAEJIAIOT HepapXu4yeCkKyro KOCMOJ/IOTHYECKYI0 MOJe/b U3 MHOTOUHC/II€HHBIX ADYTUX KOCMOJIOTUYEeCKHUX Teopnﬁ, BKJ/TIOUas
CTaH'E[apTHyI-O KOCMOJIOTHUYECKYI0 MO/JeJib.

Bo-TiepBbIxX, Hepapxuueckas MoJie/ib Ha MUKockormueckoM (10" — 10'® cm) ypoBHe pacCMOTpeHMs MpejijlaraeT MeTPUKO-
[JVHaMHuecKue MoJend Bcex 3jeMeHTOB CTaHJAPTHOM MOJenyd 3/eMeHTapHbIX YaCTUL| <«JIe[ITOHOB», ME30HOB»,
«baproHOB» U «0030HOB» (3a UCK/TIOUeHHneM 6030Ha XUrrca).

Bo-BTOpBIX, B NpejjiaraeMoii THUIIOTe3e JIETKO Pa3pellaeTcs MPOTUBOPEUHs MeXAy oOIeil Teopred OTHOCHUTETLHOCTH U
KBaHTOBOW MeXaHWKOW. Bakyym 00safiaeT CBOWCTBaMHU YTPYTOMJIAaCTUYECKOW Cpe/ibl, B KOTOPOW BO3HMKAIOT Pa3/UuHbIe
JIOKalbHble W TyI00a/bHble WCKPUB/IEHUs W PACIPOCTPAHSIOTCS MHOXKECTBO BOJIHOBBIX BO3MYIIEHHM, I03TOMY sijpa
CTabWIbHBIX BaKyyMHBIX 00pa30BaHui («KOPIYCKy/i») JH060ro MaciiTaba MoCTOSHHO XaOTHUECKH OTy’K/JAl0T BO3/Ie TOUKH
paBHOBecHs1. Y CpeZiHEHHe TI0JIHOM MexaHU4YeCKol 3Hepruu moboro xaoTuuecku oiyxaarorero sigpa (136)

tZ
0S>6=[ 1640
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MO>XKET OBbITh BBIPQ)KEHO Uepe3 aMITIUTY bl BEPOSTHOCTH MeCTa HaxXOKJeHus ux LeHTpa (137)
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OTO ypaBHeHHE OIMChIBAeT yCpeJHeHHble KBAHTOBblE COCTOSHUS XaOTHUeCKH OmyX7arolux sfep J/o0bIX pasMepoB, OT
Apa «IIPOTOKBAPKa» U «3JIEKTPOHA», JI0 sifiep «OMO0JIOTMUECKUX KJIETOK», «IIJIaHeT», «3Be3/» U «TalakTUK». OTIMYaoTcs
TOJBKO BpeMsi yCpeJHeHHs MX XaOTUUecKoro roBefeHus. Haripumep, Ais ycpefHEeHUs XaOTHUECKHUX KosjieOaHWMH sifipa
O1oMornvYecKoi KeTKy MoHa005TCs Uackl, ISl SApa «IUIaHEThbD» — CTOJIeTUS, AJIS siipa «Ta/laKTUKU» — ThICSIUH JIeT.

AHanu3 XaoTU4YeCcKOro TOoBe/leHUs] BHYTPEHHETO siIPhIIIKa (TTPOTO-KBapKa) MO3BOJIA/IO BBIIBUHYTH THUIIOTE3Y, UTO «MIOOH»
U T-«JIETITOH» - 3TO TIePBOE M BTOPOe BO30YXKJeHHOe COCTOSIHHE «3/1eKTpOHa». [1py 3TOM C'-«KBapK» U t'-«KBapK» — 3TO
COOTBETCTBEHHO TIEDBOE W BTOpOe BO30YXK/EHHBble COCTOSIHUSI U'-«KBapKa», a S'-«KBapK» W b'-«KBapk» — 3TO
COOTBETCTBEHHO TIEPBOE U BTOPOe BO30Y)KeHHBIe COCTOSIHUS d'-«KBapKay.

Takum 06pa3oM, B paMKax IpejjiaraeMoil B CTaTbe KOCMOJIOTHUECKOW TWIIOTe3bl, 00Iasi Teopusi OTHOCHTENBHOCTU U
KBaHTOBAasi MeXaHUKa TOJIbKO JIOTIOJIHSIOT PYT Jpyra.

B cnenyrommx CTaThsX AaHHOTO IPOEKTa MO OOLIMM Ha3BaHWeM «I'eoMeTpHU3MpOBaHHas (U3HKa BaKyyMa Ha OCHOBe
AnreGpel  curHatyp» [1,2,3,4,5] mipeamosiaraeTcsi pacCMOTpPETh  METPHKO-IMHAMHUECKHE MOJEMU  [IBHKYLLErocs
«3JIEKTPOHa» W «HEWTPUHO», Pa3BUThb TeOMETPU3MPOBaHHBIE MOJEIM 3JIeKTPOMAarHUTHBIX, Ca0bIX, SAEPHBIX |
IpaBUTALIMOHHBIX B3auMogelicTeuii. C npe/iBapyuTe/IbHBIMU MaTepranaMy 10 5TUM TeMaM MOXXKHO 03HaKOMUTbCA B [11].
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4.3 MeTpuKO-AHaMAUeCKHe MOJIelIU «IPOTOHa» U «aHTUIIPOTOHA»

4.4 MeTpUKO-IuHaMU4YecKast MOJ[eJIb «HeHTPOHa»

4.5 MeTpuKo-A1UHaMUAYecKasi Mojie/lb «aToMa» JiedTepust

4.6 MeTpuKO-A1HaMAYEeCKHe MOJe/Id «aTOMOB»

4.7 MeTpyKO-AVHAMUYeCKe MOJIeNld «Me30HOB» U «DapHOHOB»

4.8 Mogenu «6030HOB» B Ajirebpe CUTHATyp

4.9 T'eoMeTpU3UPOBaHHbIE MOJIEN «MIOOHOBY, T-«JIEMITOHOB», C,s’,b*,t"-«KBapKOB» U ¢S ,b,t -«aHTUKBApKOB»
4.10 MeTpuKo-ArHaMUuUecKasi MOZie/lb «HeUTPHUHO»

4.11 Pakusi «3/71eKTpOHa»

4.12 CBoOOZHBIE «3JIEKTPOH» U «II03UTPOH»

4.13 CootseTcTBUe Mexay Asredpoii curdatyp v CTaHZApPTHON MO/Ie/TbIO 3/IEMEHTAPHbBIX UaCTHI]
5 YpoBeHb «11/1aHeT»

6 HyneBas kocmonorus

7 HyneBasg KOCMOTOHUS

3AK/TFOYEHUME

CIINCOK JINTEPATYPEI
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