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IIpoGembr cOBpeMeHHOM Teopuu Moeil U YaCTHIL

[IpobieMbl cCOBpeMeHHO TeOpun IoJjieil u
JaCTUIL
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(What is fields?) Yro Taxoe noxae?

Yro Takoe moJse?

3mech J1 m Jo - BemmumHA HCTOYHUKOB
moJist, a k - pa3MepHas MOCTOSTHHAST
(bynmamenranbras).

Puc.: 2. Cuna, geficTByIOmas MeXIY OBYMS
MaTepHUaJIbHBIMU TeJIaMHI
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povLJgi€EMbl COBPEMCHHON TCOpPHHN 110J1CH H I . \
gacruny,  (What is fields?) Yro Takoe moae?

ITonie maTepmanbHas CyOCTaHIMSA !

Puc.: 4. CunoBble JUHUM MAarHATHOTO ITOJISE

Puc.: 3. M. ®apazeit

METPpHUA U FPaBU



i1 <1 N
qactun  (Matter-geometry) Ioae u marepus - reomeTpua?

"9 camraro:

Q 1. Yro masbie y9acTKU IIPOCTPAHCTBA JAEHCTBUTENLHO aHAIOIUIHBL HEGOIbIIIM
XOJIMaM Ha, TIOBEPXHOCTHU, KOTOPas B CPEIHEM SIBISETCS TLIIOCKOM, & MMEHHO: TaM
HE CIIPABEJIUBbI OObIYHbIE 3aKOHBI [€OMEeTPUN

© 2. Yro 9710 CBONWCTBO UCKPUBJIEHHOCTH Wiin AedOpPMAIMU HEIIPEPHIBHO 1I€PEXO/IUT
C OJTHOTO YYaCTKa IMPOCTPAHCTBA Ha JPYroil HaIo100ve BOJIHBI.

@ 3. Yro Takoe M3MeHEeHWEe KPUBU3HBI MIPOCTPAHCTBA U €CTh TO, YTO PEAJIHHO
MIPOUCXOIUT B SIBJIEHUM, KOTOPOE MBI Ha3bIBAEM IBUKEHUEM MaTepuu, OyIh OHa
Becomas win dpupHas

Q 4. Yro B pusuueckoM Mupe He MPOUCXOIUT HHUYEr0, KPOME TAKUX U3MEHEHUI,
MOMEUHAIOIUXCA (BO3MOYKHO) 3aKOHY HEIPEPBIBHOCTH

V. Knuddopa"

3
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copun 1OJCH 1 2
qactun  (Matter-geometry) Ioae u marepus - reomeTpua?

OTO: I'paBuTanuoHHOE TIOJIE - TeOMEeTpHUsl, MaTepus - Het!

“Bapsia 6e3 3apsaga’.

B OTO unpocrpascrBo-BpeMs He
MaTepuaJIbHO!

B ypaBuenus Diinurreiina TeH30p
SHepruu UMIyIbca Tik ONHMCHIBAET
MaTepuIO, a TEeH30p DIUHIITEHHA -
CBOMCTBa MPOCTPAHCTBA-BPeMeH™! ! !

1
Gik = Rik — ERgik = rTik (2)

v

»

Puc.: 5. Pyudka Yusepa u “3apsj 6e3 3apsaia

MoryT st cBoficTBa MaTepun GLITH CBI3aHBI ¢ TOTOIOTHEH!?

3 2
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i1 <1 N
qactun  (Matter-geometry) Ioae u marepus - reomeTpua?

BHyTpeHnHsis Wiy BHENIHSAS T€OMETPUS !

HWrpaer sz poss B (pu3uKe BHEIIHSISA
KPHMBU3HA IIPOCTPAHCTBA.

MeTtpuka TpOCTPAHCTBA-BPEMEHI

2 ik Ry Ry
ds” = gikdxldx (3)
Ecmu ects 06beMITIONIEE IPOCTPAHCTBO,
TO €ro pa3MepHOCTH JOIKHA ObITH
paBHa, KaK MUHUMYM, 6!

Puc.: 6. Tayccea (BHeNIHsIs1) KPUBH3HA

MozkeT i 06BEeMITIONEE TTPOCTPAHCTBO NMETH MEHBIYI0 Pa3MepHOCTh?

eTpuA ¥ rpaBUTALIUA



(Geometry) ['eomeTpusanua MaTepHaldbHOrO HPOCTPAHCTEA

leomerpuszanusa hpu3mIecKOro MpoOCTPaAHCTBA

Feomerpnsarus dusnieckoro npocrpaHcTea |

Tpusm M rpaBuTAEA 3 nmexabpa 2016 r.



(Geometry) eomerpusanus marepuanbHoro npocrpancrsa (Immersion) Teomerpus BioKeHUS

KakoBa reomerpus mp

IIpunanmn marepuaibHOCTH (DU3HYe
TUIMEPIIOBEPXHOCTH

Dusngeckoe OPOCTPAaHCTBO IPeaCTaBJIACT ‘

000 MHOXKECTBO MaTEPUAJIBHBIX TOYEK ‘,

|
|
‘ 00pa3yomux 3-X MePHYIO THIIEPIIOBEPXHOCTH ‘
|

B 06’beMJIIOH_[6M €BKJIHJOBOM IIPDOCTPAHCTBE ‘

gerspex mamepenuii W4,

Teomerpusi pU3NYECKON TUIIEPIIOBEPXHOCTH
3a/1aeTCs C IMOMOINbBIO (DYHKIUN BBICOTHI:

u = F(x,t)

‘ Kasxo# marepuasnaoit Touke V3 ‘

‘MO}KHO COTIOCTaBHUTH MapKep! ‘ Puc.: 8. ®usmyecKas THIEPIOBEPXHOCTD U
< byHkIua BHICOTHI

puA ¥ rpaBUTALIUA



(Geometry) I'eomerpusanua MaTepuanbroro npocrpancrsa (Geometric markers) Deomerpuucckue MapKepst

Marepuanssocrts VS € E? u reomerpuueckue Mapkepsr

Bri6op mapk

(Fxt)=5
‘B KadeCcTBE MapKepPOB Toqu‘

ofx, 6 + 7 |

MarepuagbHOil (busnueckoit)
IEIepnoOBepXHOCTH OyAeM HCIOIB30BATH

3Hadenus J - QYHKIUH BHICOTHI ‘

Gbu3UIECKOH IUIEPIOBEPXHOCTH.
Toast mapkepos e = e?(X,t) ¢ F
OIIpE/IeJIIM COOTHOLIEHHE:

F=ele(x)]?/2+Fo, (4)

Puc.: 10. OyHKIHSA BBHICOTHI - KBaIPAT
PaCCTOSHUS B MPOCTPAHCTBE MAPKEPOB

3aJaHHBIM Ha KaXXKJOH TONOJOrHYeCcKOM
saueitke V3. 31ecy Fo - 3HaueHHe F B
MuHEMYMe € = 1 (uu MakcumyMme
e=—1):

TpUA U rpaBUTaAlUA



cometry) [eomerpusanua MaTepuanbroro npocrpancrsa (Geometric markers) Deomerpuucckue MapKepst

To TUYECKUE dYeliKh KakK YaCTHUOBI MaTEePHUH

Ompenenenne

TOmOJIOrMYECKON AIEHKOI | GyaeM Ha3BIBATH 06IACTH eBKIMI0BA TPOCTPAHCTBA, P3|
OIPAHUYEHHYIO 3AMKHYTOH 0C000i1 M3010BEPXHOCTHIO (DYHKINUN BBICOTHI JF.
IIpocrpamcTo V2 omHo3Hauno pa3buBaeTcs Ha 00JACTY OCOOBIMHU M30MOBEPXHOCTIMI

F.

TeomeTpuieckoe BOM/OLEHNE 3apAA0B 06pas 3apaJoB B NPOCTPAHCTBE MapKepoB
=
=

DK \ = S

. 5 -

U rpaBu



(Geometry) I'eomerpusanua MaTepuanbroro npocrpancrsa (Geometric markers) Deomerpuucckue MapKepst

Dusnyeckuil CMBICT BBIOOPA N

PeMyMOB

Iycts e', e?, e - reomerpuueckue Mapkepsr. Torma mveeT MecTo (hopMaTbHOE

nuddepeHIaIbHOe TOXK IECTBO:

% (é?) — 4r6(D). (5)

Brech 6(€) = d(e')d(e?)d(e®) - d-bynkmms Tupaka.

JILHOU CBSI3HOCTY

=3. (6)

eTpuA ¥ rpaBUTALIUA



(Geometry) I'eomerpusanua MaTepuaabroro npocrpancrsa  (ldentities) ToxaecTsa B busHIecKHX KOOPAUHATAX

DIEKTPOINHAMIIECKOE TOXK AECTBO

B cayuae, ecu € = e(¥) - dynkuum HoBo# cucrembl koopmunar X = (x5, x2,x%),
To ToxectBo (??) B 3TOM CECTEMe KOOPJAWHAT MPUHUMAET BH:

e (Ml ) = amo(e) = S ad(® = 2. (0

Bnech ex = +1 - BeaUUMHA 3aPAIA, Xk - PEIICHUS YPABHEHS:
€ (x)> =0, k=1,2,...,

Be . 0%,
J—det(a?)7 5 —%e.

J- axobman 0TOOpaXKeHnsT KOOPAUHAT T X,

eTpuA U rpaBH



(Geometry) I'eomerpusanua MaTepuaabroro npocrpancrsa  (ldentities) ToxaecTsa B busHIecKHX KOOPAUHATAX

DIEKTPOINHAMIIECKOE TOXK AECTBO

paBuenue Makcseia

a% <|J|‘:e%> :4W;€k5(?—?k). (8)

Ecan mosrararn:

- g de® o O,
D—|J‘W, (J—det (@), & —%e .)

Pe = Zskd(? — ?k)

Vpasuenue (8) MOKHO pacCMAaTpUBATH KaK MEPBOE ypaBHEHWE MakKcBesa 1is
HMHIYKIUH €K TPUUECKOrO I10JI COBOKYIIHOCTH TOYEYHbIX 3aPAI0B:

divD = 47pe 9)

eTpuA U rpaBH



(Geometry) I'eomerpusanua MaTepuaabroro npocrpancrsa  (ldentities) ToxaecTsa B busHIecKHX KOOPAUHATAX

I'paBuTammonHoe TOXKIECTBO

aBHenme Ilyaccona

B dbwusuaeckoii cucreme xkoopaunaar (6) npuarMaeT Bu:

1 0 o
77 e P1ET) =3, (10)

3mech, Kak U paHbIIle:

oxe Oe?

9T0 ypaBHEHHe IPUBOIUTCH K BUAY ypaBHeHHs [lyaccoHa:

J = det (ai), £ = Ox e®.

divg = 47Gpm. (11)

rae g = (47/3)G|J |mo? - ‘yCKOpeHI/Ie CBOOOZHOTO IAIeHUS ‘, a BeJMauHA,

Pm = mg|J| UTpaeT posk [ IOTHOCTH MACCH |, Mg - PA3MEPHBI MHOMKHUTEH MACCHL.

eTpuA ¥ rpaBUTALIUA



(Geometry) I'eomerpusanua MaTepuaabroro npocrpancrsa  (ldentities) ToxaecTsa B busHIecKHX KOOPAUHATAX

HanapsikennocTs (hyHIAMEHTAJIBLHOTO TIOJIS

ITons

= 1 4
D= ﬁa, ? - %Gmoa

Oy/1eM Ha3bIBATD
‘HaHpH)KeHHOCTHMI/I 3JIEKTPOMATHUTHOTO M TPABUTAIMOHHOTO ITOJIE. ‘

TToste a C KOMIOHEHTAMM:

0

«
X ea
Oe?

gu =J1g* = 13|

6y,ILeM Ha3bIBATH ‘ HaIPAXKEHHOCTHIO d)yH,I(a,MeHTaJIbHOFO TI0JI4 ‘

TpUA U FPaBU



Juaamuka, moeit

YpaBHEeHUT MHIYKIINNA (HYHIAMEHTAILHOTO TOJIA |

2Kypasiaes B. M. (Yar'y) eon p u a 3 mexabpa 2016 r. 20 / 58



(Dynamics) Junamuxa (Dynamics) JunaMuka reoMeTpHIeCKIX MapKepoB

Ilepenoc reomerpuvueckux MapKepoOB

CKOpPOCTb MEPEHOCA OIPEIEIsSIeTCs] COOTHOIIEHUEM:
Oe? Oe?
4V =0, a=1,2,3. 12
ot xP (12)
CropocTb mepeHoca onpejensercs u3 (12) oxHo3HAYHO:
ya o O der
Oed 0Ot
4
U3 (12) pya sxobuana |J| ciaemyer ypasaenue:
0
|J|+ = (V) =o. (13)

- 3aKOH COXPAHEeHUs IUIOTHOCTH MaPKEPOB.

eTpuA ¥ rpaBUTALIUA




(Dynamics) dunamuxa (Field variations) Hsmenenua dbynsaMenTanbasix nouei

Kax MeHSIOTCA HAIPAKEHHOCTH CO BPEMEHEM !

Boruucaum IIPOU3BOJHYIO OT KOMIIOHEHT HAIIPDAXKEHHOCTH a, UCHoJib3yda CKOPpOCTb

mepenoca
9G° 013 0x° . . Ox° de® L 0 Ox°
o = oy o TG ar T 5t e (14)

JHunamvuka byHIaAMEHTATIHHON HATPIZKEHHOCTH

ag — ,rot([a x 7]) — 33|V, (15)

31ech yYUTHIBAIOCH:

o_ _0xT0e 0]
V= ded Ot ' ot (|J|7)

eTpuA U rpaBH



(Dynamics) dunamuxa (Electromagnetics) DaexrpomarneTusm

aBHEHHE 3JIEKTPOMarHh it HWHAYKIHUA

Ucmonp3yst cooTHOMMIEHME:
-3
B=R"7,

HAXOJUM:

ABHEHHNE 3JIEKTPOMAI'HU 74 HMHAYKIHNNA

rot (ﬁ) = % +4r ; eed(x — x) V. (16)

D10 ypaBHEHUE B TOYHOCTHU COOTBETCTBYET yPABHEHUIO JIEKTPOMAIHUTHOM WMHY KLU
TS JIEKTPUYECKON MHITYKITH B IIPEIIOJIOKEHUM, YTO:

H=[VxD)+Vou, Ady=—div([VxD]).

- ‘ HaIIPpAXKEHHOCTHh MAarHUTHOTO TI0JIA ‘, SHeKTpI/I‘{ECKI/Iﬁ TOK:

eTpuA ¥ rpaBUTALIUA



(Dynamics) dunamuxa (Gravitation) I'pasaranua

aBHEHWE I'D aBIITH.L[IIOHHOﬁ NHAYKIAN

Ucnonp3ysa coornomenue:
7 =""m,7, a7

HAXOIAM:

YpaBHEHHNE I'DABATAIINOHHON WHIYKIAX

a@T = —rot([? X 7]) - 47TG,07. (18)

HaHpﬂ)KeHHOCTI) I'PaBUMAarddTHOI'O II0JIA ‘Z

7 =g x V]

IIJIOTHOCTHh UMITYJIbCa TOTOKa:

—i> = 47er7

C IIJIOTHOCTBHIO MACCHI:
p = mol|J]|

eTpuA U rpaBH



Juaamuka, moeit

IHTerpasbl JIBUKEHUI
U IeOMeTPUYECKOe yCpeJIHeHue

2Kypasiaes B. M. (Yar'yv) eon p u a 3 nexabpa 2016 r. 25 / 58



(Averaging dynamics) JlunaMuka B cpeAHEM

leomerpudeckoe ycpeanenwe

B cuny ypaBrenwns:

% +div<|J\7) =0

IIOTHOCTE |J| COXpaHsSIeTCs:, 9T0 MO3BOJISET BBECTH FEOMETPHYECKOE yCPEAHEHNUE.

‘ l'eomerpuyueckoe ycpeguenue ‘

Iycts Q(?,t) - GYHKIMS KOOPAWHAT U BpeMeHu. Toraa

— 1
Q- V/ Qx, )|V, (19)
0

rue
Vo :/|J|dV. (20)
Vo

3mecs Do - 06pa3 obnacTe Vy B JEeKAPTOBOH KapTe KOOPAMHAT €, a Vo - Besquumna obbema
obsnactu Dy, cooTBeTCcTBYIOMEH V).

TpUA U rpaBUTaAlHUA



Xa_fa_
Uaifai
o ey

a =a

<3|V,
I|AV = /V“|J|dV,
Vo

X°|J|dV = / (V? +VBVj’5)|J|dV.
Vo

(21)

(22)

(23)

Wurerpan 6epercsa mo odbeMmy, OTpaHUYIEHHOMY H3MOBEPXHOCTHIO MyHKINn J,

IepeHoCUMON 110J1eM 'V .

eTpuA U rpaBH




) Unrerpane: asurxenns

I"IHTGFPH.IH)I JABUKEHUA U reOMeTPUIeCKOoe yCpeaHenue

epXKIaeHue:

Ecin dynxuus I(X,t) yaoBiersopser ypaBHeHuio:

ol o« O
a +V BXO‘ =0. (24)

TO TEOMETPHUYIECKOe CpesHee 3HAUEeHre STON (DyHKIHm:

<I>= L/I(§>,t)|J|c1v
Vo
Y

ABJIAETCA COXPAHAIOMENCT BeJTMIUHON

d<I> 1d o 31
& T Ve I(X,t)]J]dV = — /( +V >\J|dV_0 (25)
A%

Curencraue: | Jliobas byskmus mapkepos I = I(e!, e?, e®) nomeit e*( X, t) sBasercs

UHTETrPaJIOM ABUZKEHUA YCPETHEHHDbIX ypaBHeHHﬁ. ‘

Tpusm M rpaBuTAEA 3 nmexabpa 2016 r.



(Particles dynamics) Ypasnenua Hpiotona u lllpeaunrepa

,.D;HHHI\JHK& Y9aCTHIT

JmHamuKa gactur, YpaBHeHus HproToHa

n [Ipequnrepa

Tpusm M rpaBuTAEA 3 nmexabpa 2016 r.



(Particles dynamics) Ypasnenua Hpiotona u lllpeaunrepa

VYpasaenus HoroTona

Ucmonp3ys ruapoanHaMuaecKoe TOXKIECTBO:

NV VoV 87 + 3 VIVE - [V xrotV]. (26)

ot oxB

7 BBOAA (POPMATLHOE TIPEICTAB/ICHIE: 7 _ —’yo_A> + ?X (27)

AJ1d YCKOPEHUA 9aCTUlbl HAXOJANUM:

_>
1 0A - 1=
A(t) = =— / (fyo— — Vo —|—’yo[7,rotA] +V 7|7|2 + v%®P + Xt )|J\dV
Vo ot 2

>Kypasaes B. M. (Yal'V) TeoMeTpua M rpaBATAIMA 3 nmexabpa 2016 r.



(Particles dynamics) Ypasnenua Hpiotona u lllpeaunrepa

(Newtonian equations) Ypasnenus HeoTona

OIINYECKHUE TI0JIA

YcpeaHeHHBIE YPABHEHUS - YPABHEHUST

Hgeiorona!

YpapHenue HbO0TOHA 9aCTUIIBI B 3M. IOJIE:

d_ _ S _
SV =cwE -0 [V x B] — VXU + Fq.
(28)

3aech:
U=|VI?/2+ xt + 7%,

B =r10tA, E= 7<V¢fc—1At>

cpemnue (Makpockommaeckue) moss, g -
“KBAHTOBas IOMPABKA’:
[e i e
Fo = 70[\/ xB] Jav,
Vi

Oyukuua P, u BekTopHOe n0JIe A

WHTEPIIPETUPYIOTCS KaK

MUKPOCKOIUYECKHUE LIOTEHIUAJIBL

3JIEKTPOMATHUTHOTO TI0JIsl, TAK UTO:
10A

E=-veo_ -2
v c ot’

- MUKPOCKOTIMYECKNE HATPSIKEHHOCTH
3JIEKTPOMArHUTHOTO ITOJIS.
OcTaTOYHBIN TOTEHITUAJT

H = rotA.

1
U(X7t) = §|V|2 + Xt + 70¢7 (29)

110 CMBICJIy HOCHUT He
9JIEKTPOMATHUTHBIA Xapakrep!

‘ Macca JacTHIrbr: ‘

’ M:/MW:%.
\%

TpUA U rpaBUTaAlUA
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(Particles dynamics) Ypasnenua Hrpiotona u lllpeaunrepa  (Schrodinger equation) Ypasuenna Lllpeaunrepa

Amnanor ypasaenug SIxko0un

Ocrarounstii morennman U:

1
UG, t) = 51V 4+ + 700, (0)

MOXKHO (HOPMAJIHHO 3AMKUCATH B CAEAYIOIIEM BUIE:

1 Al

U=
2

+ Ug.

Torma coorromenwne (30) MOKHO 3aTMCATh B BUIE ‘ ypaBHeHust fkobu ‘ OTHOCHUTEJILHO
byHKIIHT X:

1 AlJ
xe + 2 (191”4 290(A, V) + 231AP) + 00 - 7$ ~Ug=0. (31)

ODyuKus Y UrpaeT pojb PYHKIWHU TeACTBUS.

puA ¥ rpaBUTALIUA



(Particles dynamics asnenua HpoTona u lllpeaunrepa  (Schrodinger equation) Ypasuenna Lllpeaunrepa

¥ = /[3]eX/" (32)

YAOBJIETBOPAET ‘ ypasHeHmio Illpemunarepa: ‘

ih%f - %( v — yoA)2w + (09 - Us)e=0.  (33)

eTpuA U rpaBH



(Parti ynamics) Ypasnenns He 1a u lllpeaunrepa  (Schrodinger equation) Ypasuennz Illpeaunrepa

Ypasuenune [IIpeguarepa

¥ = /[3]eX/" (32)

YAOBJIETBOPAET ‘ ypasHeHmio Illpemunarepa: ‘

ih%f - %( v — yoA)2w + (09 - Us)e=0.  (33)




(Mass and ene Macca u sHepras moam

DHEPrus U Macca

OHePIus, Macca,
U IIPUHIUII S9KBUBAJIEHTHOCTH

Tpusm M rpaBuTAEA 3 nmexabpa 2016 r.



(Mass and ene Macca u sueprua noas (Energy) Dueprus sJeKTPOMAarHATHOTO MOJIA

Wurerpansl nBukeHnst yCpeIHEHHBIX YPAaBHEHMI

Ecma byaxnms I(?, t) ymOBIETBOPAET yPABHEHMIO:

Ol .0l
Gt VigL =0 (34)

TO TEOMETPHIECKOEe CpeHee 3HAUeHNEe STON (DyHKImN:
<I>= /1(?,t)3dv
A%

SABJIAETCA COXPAHAIOMENCT BEeJITMINHON

d<I> d = ol o O1 -
S =@ /I(?,t)Jdv = / (& +V Txa) dv = 0. (35)
v A%

Crencrsue: JToGas bynkmus [(e?, e?, e®) moseit (X, t) sBisiercs maTerpasom
JABUKEHUA YCPeTHEeHHbIX ypaBHeHI/Iﬁ.
v

3

pum u rpasuTannA 3 mexabps




lacca u sueprus nona (Energy) Dueprus i1eKTPOMarHUTHOTO HOJAZA

9 HEeprud 3JJ€KTPOMAarHuTHOI'O I10JId

%
Ilycte D - mnnyknua dyrmamentaapbaoro mosis. PaccmorpuM BeKTODHBIE OIS BAAA:
g =t(F)VF, (36)

rae F - GyHIaMeHTaJIbHBINA TOTEHITHAL.
Toruma Benmunna:

Ie = / (ﬁ?)dv (37)

ABJIdeTCd MHTerpaJioM [ABU2KEHUA YyCPEeIHEeHHbIX ypaBHeHHﬁ.

TpUA U FPaBU



(Mass and ene Macca u sueprua noas (Energy) Dueprus sJeKTPOMAarHATHOTO MOJIA

OHeprus JEKTPOMATHUT

IToncraBnsas e (36) B (38), umeem:

Ig = / |g||3f(f)7°‘ﬁv FVsFdV = / ||J|f}')dV.

Tlockombky R = /2| Fo — F|, a F = Fo + %?2, To IR - MHTerpas JqBUKEHIS.

Benuunna:

I = / (B,?)dv (38)

puA ¥ rpaBUTALIUA



(M e Macca u sneprua noas (Energy) DHeprus saeKTPOMArHHTHOIO HOIA

Ot sHeprum K mMacce

Boibupas

T = Vo = 4rVR?/3,

MOJIyJaeM PaBEeHCTBO:

W= ;TV/(B,?)dv:v/ﬂdv.




(Mass and ene Macca u sueprua noas (Energy) Dueprus sJeKTPOMAarHATHOTO MOJIA

Ot sHeprum K mMacce

W= i/(ﬁ,ﬁ)dvz/umv.

v \4

¢ rouku 3penus CTO u OTO couepuT BCIO MacCy 4acTULbI.

Macca - 310 06beM TPOCTPAHCTBA MAPKEPOB, COOTBETCTBYIOIIMIT JaCTHTIE

M:/mdv.
A\

OTcroma ciaemyer COOTHOIEHUE DHHIITEHHA, ‘(npn c=1):

eTpuA ¥ rpaBUTALIUA



lacca u sueprua noaa (Principe of Equivalence) [Ipunuun skBHBazeHTHOCTH

HI)HHL[HH 3KBHUBAJIECHTHOCTH W I'DPABUTAIIUOHHOE II0JI€

IInoTHOCTH MaCCHI P!

pm = mo|J]|

BXOOHUT MACHTUYIHbIM 06pa30M U B YPaBHEHUA NBUKEHHUA U B ypAaBHEHUA
TPABUTAITUOHHOTO TI0JIA:

divg = 47Gpm,
% = 71‘0(}([? X V]) - 47TGP111V-

TpUA U FPaBU



leomerpraeckme mompaBrm

Tomoorndeckass CTPYKTypa sddeeK-TaCTHUIl |

Tpusm M rpaBuTAEA 3 nmexabpa 2016 r.



s IfI(l)HK&HHH TOII TMY9ECKUX AY9eeK

g=3

Puc.: 13. Knaccuduraruss npocTelimumx
TOIIOJIOTHYECKHUX AYeeK

Puc.: 14. Ilpocreiimne CTPYKTYPEI - JIEITOHBI




IfI(I)I’IK&LLIIH TOIIOJIOTHYIECKHUX dAYeeK

Puc.: 16. Tonosoruveckasi peKOHCTPYKITUS
pacmaja (-OHa

Puc.: 17. Tpu Tuna He#TpuHO




Pyuxka Yunepa

Puc.: 18. Bapuonst




G-Average PacmupenHoe reoMeTpudYecKoe yCpeaHeHue

leomerpraeckme mompaBrm

Y4eT HeeBKINA0BON TeOMeTpun

IPOCTPAHCTBA MapKepPOB

>Kypasaes B. M. (Yal'V) TeoMeTpus M rpaBATAIMA 3 nmexabpa 2016 r.



G-Average Paclunpennoe reoMeTpHHuecKoe yCpegHeHNE

O60b6mEnHOE yCpeaHeHne

VrBepxkaenne. ['eomerpudeckoe ycpeamenue ¢ dbyHKImei
T =1()1J],

rie I(?) - 1000l MHTEerpaJs ABUKEHUs, 001a1aeT TEMH Ke CBONCTBAMHM, 9TO U
WCXOJHOE TEOMETPUUIECKOE yCpeaHeHrne. B 9acTHOCTH, BBIMOJIHIETCS YpaBHEHME
COXpaHeHus

g—f+a% [V‘ﬁ] —o.

Kpowme storo, mwiorHocTs 3HEprun YacTuipl OyAeT Onpeae/aTbCa COOTHOMIEHTEM:

pm =T =1()]1].

Oynxnmo [(€) 6yzem HazpiBaTh Macc-bakTOPoM |

puz u rpasuTannA 3 mexabps



IIpeamosarast, 9To0 Macc-pakTOp MMEET CJIeyIONIUi BUI:

I(e) = y/1+ R2/R2. (40)

TTorygaem 06beM IPOCTPAHCTBA MTPOCTOM TOMOJIOTUIECKOM sTIefKM:

V= gwRE’; + Ry (1 + 4ma), (41)

rae

3 1 1 1

YucioBoe 3HaYEHUE (v PABHO:

1

0 = To-gomoigg = 0-007247582520.

>Kypasaes B. M. (Yal'V) Tpusm M rpaBuTAEA 3 nmexabpa &



acIIMPEHHOE F€EOMETPHUYECKOE yCpeAHEHUE

O6beM TPOCTPAHCTBA MAPKEPOB

IlocTosirHas TOHKO#M CTPYKTYPHI

(Fine-structure constant) IocToannas ToHKOH CTPYKTYPbI

F&‘()l\l&"l‘pll‘i(:‘(}l(aﬂ HJUIIOCTPpaUA

HopwmupoBounsit kKoad dunment B
MIPOCTENIIeM CIIyvIae €CTh 00beM
mapabosionia B 4-X MEpHOM
[IPOCTPAHCTBE ¢ mapoM paauyca Ro B
OCHOBAHUMU:

V =R} {47T/\/1+7X2x2dx} =
— 47R} E\/ﬂ SIn(va - 1)} .

Ecmu o6o3nasurs Vo = 4/37R3, Torma:

V-V
T8:1+47ra,

TIe

1 1
T 137.0770423°  “° T 137.0359998

3nauenue o

3 1 1
o= [§ﬁ+§ln(\/§_1)_§

_1
ar

Puc.: 21. Ornuumne o6beMoB
MHTEIrPUPOBAHUS

puA ¥ rpaBUTALIUA



i-Average Pacmupennoe reomerputeckoe ycpeanenne (Fine-structure constant) Ilocrommran Tonxo# cTpyKTypst

IIpumep BBIUmCIEHUS MACCHI MIPOCTON STYEHKU

Macca mpocToit sueiiku

B pesysbraTe MacCy mpOCTOi aaeiikm (B3ATYIO IO MOJIYJIIO) MOYKHO 3aIlUCATh B BUJIE:

M =Rjmy %71—1— (1+4ma)| .

TpUA U FPaBU



3-Average Pacmmnpennoe reomerputucckoe ycpeanenue  (Fine-structure constant) IHocToannas Tonkoli cTpykTypbl

MoMeHT MHEePIUK ITPOCTON AYEHKH

gaefiku

Cdpepruaeckne KOOPAUHATEL HA IPOCTPAHCTBE MAPKEPOB:
el = Rcos®sin®, e2 =Rsin®sin®, e®> =RcosO.
[Tosie nepeHoca B MPOCTPAHCTBE MapKEPOB MMEET BUJL:
¢ R
7€ _ 29 d x @,
ot R

rae 6 - BEKTOP YIVIOBOH CKODOCTH:
6 = (f Qo sin d, Qo cosd),Ql).

3;[6(2}: Ql = d), Qz = @

OceBoii MOMEHT WHEDIIHH [JIs BPAIeHHs BOKPYT OCH e’

C MOCTOAHHOM 21 MMeeT BUI:

133:///((e1)2+(e2)2),/1+R2/R3R2sinedeq>de.
0O 0 O

TpUA U rpaBUTaAlHUA



G-Average Pacmunpennoe reomerputucckoe ycpeanenaune  (Fine-structure constant) IHoctoannas Tonkoli cTpyKTypbl

MomMmeHT nHEpIUH A9eHKnr

T Ro
Iz = 27r/sin3 ede/\u +R2/RZR'dR = —RO/\/l + x2x*dx.
0 0

O603Ha9KM:
T Ro 1
(0) .3 4 _ 8ms 4
I33 =27 [ sin” ©dO [ R"dR = ?RO x dx.
0 0 0

MomMmeHT nHEpIUK A9eHKNI

8 s 0 8w
1o = 5783 ((7/48)V/) - 1) (V) - 1)) . 1 = STR3

eTpuA ¥ rpaBUTALIUA



G-Average Pacmunpennoe reomerputucckoe ycpeanenaune  (Fine-structure constant) IHoctoannas Tonkoli cTpyKTypbl

MomMmeHT nHEpIUH A9eHKnr

O6o3Ha9MIM:

Vo=—RE, Vi=R3 [%77 +(1+ 47ra)]

s 1) 190v2+33Im(v2-1)) 1

1
2\ Vi Vo 90(3v2 +1In(v2—1))  136.5584965

AIEUKN

IIycrs Lo = 2 M1R3/5 MOMEHT MMILYJIbCa, mapa ¢ Maccoih M1 = Vimg, a L = Q1133
- HOJIHBIH MOMeHT umiyJibca. Toria:

= —5aL.

eTpuA ¥ rpaBUTALIUA



G-Average Pacmunpennoe reomerputucckoe ycpeanenaune  (Fine-structure constant) IHoctoannas Tonkoli cTpyKTypbl

I’ICHpaBHeHHbIe YpPaBHE€HUA MHAYKIWU I'PABUTAITAOHHO II0JIA

Crnenysa dbopmysie UCIIPABIEHHON IIOTHOCTHA MACC:
po =1L(R)|J] = /1 +R>/R3|J],

TOJIyYaeM MCTIPABJIEHHYIO (DOPMYJIY MJIs TIOJIsI HATIPSIKEHHOCTH TPABUTAIMOHHOTO

I10J14d: 4 G 4 G
7 =TI IR)IE = oo 22 F

YpaBHEHUS I'PABUTAIIMOHHOTO IIOJIS

divg = 47Gp(R)pp,

@ = —rot ([? 7]) — 47’1’GD(R)pD7.

roe ‘ Gp - 3 dexTuBHBII TapaMeTp rPABUTAIMOHHOIO OIS ‘:

Go(R) = GC(R) = G L4R°/Ro +3

SN TS (42
31 rremy (2

puz u rpasuTanna 3 mexabps



G-Average Pacmunpennoe reomerputucckoe ycpeanenune (Dark matter) Temmas marepus

Temuas marepust

14R*/R3 +3
3 1+R2/RZ’
GD(R()) = 7/6G0 > Go

Gp(R) =G

Tonenornyeckas: . | Tonenornyeckas
AveliKa i AYEiKa ",

Puc.: 22. Temuas marepust = 3¢ PeKTUBHAS IPABUTANUOHHAN IOCTOSHHAS

(

>Kypasaes B. M. Var'y) TeoMeTpua M rpaBATAIMA 3 nmexabpa 2016 r. 54 | 58



(Conclusions) Caeacreus

O6uime BBEIBOABI |

YHacruna Beerga JI0/KHA PACCMATPUBATHCA KaK 3JIEMEHT TOIOJIOIMYECKOM si9eiKu,
KOTOpas ee co/iepKut. 1loaToMy ee AUHAMUKA, ONPE/IE/ISeTCs 00IIeil CTPYKTYPOit
TOIIOJIOIMYCKON si9eiiKu.

Yepennennsie ypasuenust HbioTOHA

Vcpenuennsie ypasHenus: HbioToHa IIpeacTaBIioT OO0 ypaBHEHUS IS IUCKPETHBIX
KOMIIOHEHT TOIIOJIOFMYEeCKUX A4eeK U OIIPeeIdIoT ABUXKEeHNEe BHY TPDEeHHUX KOMIIOHEHT
OTHOCHTEJBHO, COAepKAMKEN NX AICHKNA.

Macca - reomerpust

Macca gacTur oupenensgercs KaK MHOXKATEIb B ypaBHeHnu HpioTona g
OTHOCHUTEJbHOTO OBUKEHUA TIeUKN BHYTPH A9eiKH CHCTEeMBbl OTCYeTa U PaBHA
00beMy SYEHKN B TTPOCTPAHCTBE MAPKEPOB.

eTpuA ¥ rpaBUTALIUA



(Conclusions) Caencreua

O6uue BBIBOIBI 11

Obuiee rpaBETAIMOHHOE 1101

[ paBATAIIMOHHOE TTOJIE B JAHHON TEOPWH ABJISAETCS TOYTH HHIOTOHOBCKWAM:
div(g) = 47Gp(R)pp,

HO TIepeMEeHHO€ TI0JI€ CBA3aHO C IPaBUMAarHUTHBIM II0JIEM 7 YpaBHEHUEM WHIYKITAN:

9 = —rot([? X 7]) — 4TI'GD(R)/)D7

ot

CBHSI) C 3JIEKTPOMArHUTHBIM IIOJIEM

FpaBI/ITaLII/IOHHOG I10JI€ CBA3aHO C d)yH,I[a,MeHTaJ'IbeIM JICKTPOMAruiuTHBIM II0JIEM
COOTHONIIEHUEM

7 = %GRSI(R)B

pum u rpasuTannA 3 mexabps



(Conclusions) Caeacreus

O6mue BeBOABL 111

Db dekT CKPBITON MACChl ABJILETCs CJIEACTBUEM KPUBU3HBL IPOCTPAHCTBA MaPKEPOB

M BBIPAXKAETCs B TOM, 9TO B yPABHEHHsI TATOTEHHUS BXOAUT (D dEKTUBHAS NOCTOSHHAL
TATOTEHUST:
Go(R) = G 14R?*/R3 + 3

p(R) = ST+ R/RE
BuyTpu siueiiku s¢gpexTuBHASI TPABUTAIMOHHAs [IOCTOSIHHAS MEHSIETCS B JUAA30He
[1,7/6]. Macca gacrun, Beraucsiercst Kak 06beM (HeeBK/INUI0B) si9efiKu IPOCTPAHCTBA
MapkepoB. IIonpaBKy KBAHTOBOW T€OPUY, CBSI3aHHBIE C HOJISPU3aMell BAaKyyMa, eCTh
LONPABKY Ha HEEBKJIMIOBOCTD IPOCTPAHCTBA MAPKEPOB.

eTpuA ¥ rpaBUTALIUA



(Conclusions) Caencreua

Cnacubo 3a BHEMaHnE!

-

N’ .

-~
N

| Cnacu6o 3a pamManue!
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