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Beéooumvcs noee o6mesncenns — yicoone miio
He MoJycHa poseanamu 00 Mmacu Ginvw HidC
Maca wopnoi dipu, na 0odamox no ooMmedicen-
n10 weuoxicmio ceimaa. Ha 6asi uyvozo oome-
JHCEHHS BUX00AMb HOBI PopMyau i po3wupen-
HA KACUMHUX PIBHAHD 0N MACU, OJIiHU, YACY.
Hoxasyemuvcsa sionocnicms 3apsady

Kmouosi cnosa: meopis eionocnocmi, eup,
Kpenmom, epasimauis, wijibHicms

=, u |

Beéooumcs nogoe ozpanuvenue — Hu 00HO
meno Helb3sa pasozHamv 00 MAccol GovuLe wem
Macca 4épnoil dvipovl, 8 donoONHEHUE NO 02PAHU-
yenuio ckopocmoio céema. Ha 6aze amozo oepa-
HUYEeHUS NOTYUAIOMCA HOBbLEe POPMYTbL U pac-
wmupenue Kaaccuneckux ypasHeHuu 01 Maccot,
onunvt, epemenu. Iloxazvieaemcs omuocumens-
Hocmb 3apsoda

Kniouegvie cnoea: meopus ommocumesnv-
HOCmuU, 600060pomM, KpPenmou, zpasumavusi,
naomuocmo

=, u |

Entered new limitation — not a single body
can not be dispersed to mass more than mass of
black hole, in addition on limiting to velocity of
light. On the base of this limitation new formu-
las and expansion of classic equalizations turn
out for mass of,dliny, time. Relativity of charge
is shown

Keywords: theory of relativity, whirlpool
krepton, gravity, density
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YACTD 6. DJEKTPUYECKUI 3APA]T

B npuBefeHHBIX paHee IJIaBaxX 3apsj HpeACTaBIISAICT
KaK JUI0JIb KpenToHa (KperKasi BOJHA), KOTOPBIN 06pa-
3yeTcs B pe3yJibTaTe yIIaKOBKU B KBaIpaTyPHbIH MJIOCKUI
BOIOBOPOT 1 MMeeT popmy crimpanu (puc. 1). Cpes ciupa-
JIV TIOKA3aH Ha puc. 2 n 3 pacupejeseHue 3apsajia BHyTpU

BOZOBOPOTA /IJidA 9JICKTPOHA U IIPOTOHA.
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Ecnu cpenats cpes mocepeguHe, TO paclpe/ieieHue 3a-
psijia BHYTPH BOJOBOPOTA OT (O,RO) MO’KHO TIPE/ICTABUTH
dbyuxiueit

_[E®R) ..
E(R)= IR) sin(o,f(R)t(R)) [O,R,]
3nechb f(R)=@ - (byHKIUS TPOTIOPIITUOHATBHOCTH

cBeTa

kpentona npu R —0,C(p)— 0,f(R)—>0,tne C_,.., - cpen-
HsIsl BEJUYNHA, XaPAKTePU3YIONasi MI0THOCTh KPEITOHA
(Bakyyma); m, -yactoTa kBaHTa csera, E((R) -amnuuTy-
natyra, t(R) - pyHKIIUSI M3MeHsI0MEerocs BpeMeH! 13-3a
U3MEHEHUSI [JIOTHOCTU KPENTOHA IPU HPUOJIUKEHUN K

IEHTPY BOJIOBOPOTA.

Tak, a1s Bogosopota suzga 1/ XY npu N=2 ypasnenue
OyneT UMeTh BUJL

E,(R)

E(R)= R2

: 2 2
sin (0‘)0 (ROBpemelm + RB]JBMC!IM )Ruumuotm) [0’ RO]

B BOZOBOPOTHOI KPENTOHOBOU Teopuu, KOTOPast Oblia
[PECTaBICHA B MATH MPEABIAYIIUX MyOJUKAIMAX, BCE
YACTUIIBI, & UX OOJIee THICAYH, IPEACTABISIINCH KAK ILIO-
CKHe BOJIOBOPOTBI C MBMEHSIONIENCS KBaIPATyPHOI M1JI0T-
HOCTBIO (P ) KPEIToHa, B KOTOPOH 3JICKTPOMAarHUTHASA
BOJIHA YIIAKOBBIBAJIACH OIIPEEACHHBIM 00pasoM (CBEpHY-
TOU B MJOCKYIO ciupanb). HampsukéHHOCTh aeKTpuye-
CKOTrO TI0Jid, co3/laBaeMast KasKJ0i ajieMeHTapHOW 4acTu-
et (3JIEKTPOHOM, TPOTOHOM, HEHTPUHO) ObIIA IMIOCKOM
U COCTABJISAIA:

qq
R (1)

F ﬂ
B=" 2=t @
E(z)= %Z) =0 3)
pr()pHKUHT'dth(a) = COnSt (4)
pnememJlb(B) = const (5)

rae E - HapsisKEHHOCTH 3JIEKTPUUYECKOTO 05T (BEK-
TOpPHAsl BEJMUYMHA), XapaKTepPU3yollas 2JeKTPHYecKoe
1oJie B JIaHHO# TOUKe.

KitoueBoit MOMEHT BOOBOPOTHON KPENTOHOBOM Teo-
pHUM 3aKJI0YAETCS B TOM, YTO MbI COCTOMM U3 ILIOCKOCTEI,
cospaimux 06beM;

q — AJIEKTPUYECKUN 3apsi]I;

I' - PACCTOSTHUE OT UCCJIe[YEMOI TOUKU TTPOCTPAHCTBA
JI0 TIeHTpa 3apsi/ia;

Propusomrans (&) = BEPOSITHOCTHOE PaCHOJIOKEHUE OCH
yriaa miaockocT XY 110 TOPU30HTANH;

Pucpreans (B) - BEPOSTHOCTHOE PACIOJIOKEHUE OCH YTia
niockocTn XY 1O BepTUKATIY.

PaBnosepogarnocTHoe U 0AMHAKOBOE paclpejesenne
ocu yria naockoctu XY MO TOPU3OHTAJNU U BEPTUKAIUN
oo () = Prepmuan (B) —CONST cOBIACT Cchepy omnia-
KOBOT'O PaBHOBEPOSITHOCTHOI'O BO3JCHCTBUSA 3JIEKTpUYE-
CKOHM CHJIBI U HANPAXKEHHOCTU 3JJICKTPUYECKOrO II0JIA.
CraTHCTHYECKH 110 CyMMapHOMY YCPeIHEeHNTO

P
E.QE@)=E,QE@)=E,(X E()=) E ()= % (6)
i
OJIHAKO TOJIBKO [PHU YCJOBUM PABHOH BEPOSITHOCTU
YIJIOB BPAI[EHUSsI 110 TOPU3OHTAJNU U BEPTUKAJIU, KOTOPAsI
peasiuayercs, KOTla MJIOCKOCTH OOBEKTOB PaCIOJIOKeH bl
JaJeKo APYT OT JApyra U UX BJAUSHUEM MOKHO IpeHe-
6peub.
[TosTOMY HALPSAKEHHOCTH

E,=E =E =+ (7
N T

PaBHBI Mek/Y cO60iT BCIEACTBUE CTATHCTHYECKH PaB-
HOTO BEPOSITHOCTHOTO CyMMapHOro Bo3aeiicteus. [lo ana-
JIOTUU — BCJIEJCTBHUE PABHOBEPOSTHOCTHOTO BO3/1€HCTBU
JIaBJIEHMEe HA CTEHKU COCy/a € ra3oM (MJU JKUIKOCTHIO)
OJJMHAKOBO Ha BCEX CTEHKAX COCYAA.

[ToaToMy HANPSI)KEHHOCTh 9JEKTPUYECKOTO TIOJIS
MpejicTaBjeHa B BUIE CYMMbI ILIOCKOCTEH HAIPsIKeH-
HOCTHU 3JEKTPUYECKOTO II0JIsI, 3apsI0B 3dJeMEHTAPHBIX
qacTHI[ 1 corsiacHo ypaBHenusim (1)-(5).

N
E = in—nnocKocTCii
i

Kax BuaHo us puc. 2, 3, obacTh 3apsaga pacTaHyTa
KBa/IpaTyPHBIM BOJOBOPOTOM.

Hapucyewm u paccmMoTpum 3Ty yacTh nogpobuee. Ha
puc. 4 nmoxkazana cunycouzpa SIN(x) Ha yuacTke OT
[O,RO], KOTOpPasi CBepHYTa KBaJpaTypPHBIM BOJZOBOPO-
toM (cM. puc. 1).

Ha pwumec. 5 mokasana 00sacTh CHHYCOHU[BI
[RO,RO +k/4] nian [RO,R0 +n/2] , KOTOPYIO KBaApaTyp-
HBII BOJOBOPOT pacTsaruBaet B 3apsija (puc. 6), To ecTh
061acTh [RO,R0 +k/4] Uan [RO,R0 +1t/2] , TIEPEXOMIHUT,
UM PACTATUBAETCS, BOJOBOPOTOM B 00JaCTh [Ro,oo]
MTPOTMOPIINOHATBHO % (nnn X—)%Q).
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Puc. 4



Puc. 5

A 9(E)
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Puc. 6

Kaxk Bunmo n3 rpadukos puc. 4, 5, 6 1 U3 BOIOBOPOT-
HOI KPeNTOHOBOM (3(UPHOI) TEOPU U, CHJIA MEXKY IBY M
3aps/laMi, KOTOPAs 3aIINCBHIBATIACH KaK

== (8)
nu HaHpH}KéHHOCTB QJIEKTPUYECKOTO IOJIA

=t
q

—e|e

)

BeKTOPHBIE (pU3WYecKkre BETUUYMHBI, XapaKTepusyio-
e 3JeKTPUYECKoe ToJie B JAHHOU TOUYKE W YMCJIEHHO
paBHbIe OTHONIEHUIO cUJibl F, geficTByomeii Ha mpoGHbii
3apsi/l, MOMEeNeHHBIN B TAHHYIO TOYKY TI0JISI, K BeJTUUNHE
3TOTO 3apsja q.

ITu pusnveckre BeTNUNHBI HETOYHBI.

B dopmynax (8) u (9) npaBusibHO MOCTABUTH 3HAK
npubauxkenus (=), U 3aMKUcaTh Kak

[TpaBusbHas dhopMmysa MOJKHA YUYUTHIBATH HAJOXKe-
Hue cunyca (SIN(x)) pacranyroii pynkiuu (puc. 7). Tax
kak gacth pyakiun (SIN(X)) ckpyumBaeTcst B ciupalb, a
KOHEI[ PACTSATUBAETCS BOJOBOPOTOM — TO OH U OTBEYAET 32
AJIEKTPUUYECKUIT 3aPSI/l 4aCTUILHI.

COS(X)

v

Puc. 7
Dopmyast (8) u (9) BepHbI TPUGINKEHHO, TaK KaK Ha
yuactke (0,AR) (puc.7) dpynkuns SIN(x) =1.
Jlnsa HaxoXaeHUS PacTAHYTONW (GYHKIUHM HCIOJb-
3yeM MeTO/l 3aMeHBl TepeMeHHOH B ONpe/eIEHHOM MH-
tepBasie, riae GyHkuuu f(x)=cos(x) Ha NPOMEKYTKE

n .
RO,R0+§ , COOTBETCTBYIOIIEH KOHIY BOIOBOPOTA
npeobpasyercsa B (GyHKIUIO (p(.r):A— Ha WHTepBaJT
r
(Rg,e).

Torma momyunm:

n
Ro++
P

E, | COS(X)dX:EOTCOS(i)d(i)z

0

E, 7, 1 1
= X-([(_F)COS(E)dr

ITepenecém s ynpounienus ocb opauHar 8 R,
n
R0+E

E, [ COS(X)dX=
Ry

E, 7 1 n R, T
= [(-———)COS( ==t~ T )=
A }[ (R0 +r)2

2R, +Ar 2

(10)
1
A M=
1+—r
0

E, 7 1 b
=0 [(——)SIN(=
A}[((Ro+r)2) G

T 1 n 1
- ql((RO ) ISING g

Kax Bugno ns puc. 7, popmya (8) n (9) (10), nHyxHO
YUYUTBIBATh U3MEHEHUE 3apsijia OT paccTosinus r. To ecTh
3apsi/l ecTh QYyHKIMSA OT paccTosiHus (T) U BBIBOJUTCS, U
3aMMCHIBAETCS KaK

q(r):qxsm(ﬁ L ) (11)

21+0Or

Tounas dopmyia, Kak cjaegyeT U3 TEOPUH, JOJKHA 3a-
IIACBIBATLCA KaK

2
F=—39 SIN(E ! ) [Ry, ]
(R,+1) 21+0r

(12)



q T 1
E=———SIN| = R,,c0 13
(R, +r1)* (21+®r) [Roye<] (13
E,(R) .
E(R) = %{2 sin (0‘)0 (RORpeMeHH + Rnpeuem12 ) Ri}'lOTHO(‘,TH)
[0.R,] (14)

A ;
rae © = R K03hGUIIMEHT pacTsKeHU s, 3aBUCA TN
0

OT CKOPOCTH CBeTa CPebl (Ccpw) .

N3 ypasuennit (12) u (13) MokHO BUIETH, YTO HA
HeGosbmKux paccrosuusax (r), rme Or=0 (yHKuMA

SIN(EL)zl, a R, r n e MoxHO npeHebpeup u

21+0r
ypasuenus (12), (13) nepexonsat B ypasaeHus (8) u (9)

a
r?e

E
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B
q

Ho na 60/1bIINX PACCTOAHUAX HANO YYUTHIBATD ACii-
CTBUE pacmpejiesleHHOTO 3apsnaa - ypasHenne (11), nanm
dbyukMio pacupesesenns 3apsijia B IPOCTPAHCTBE!

T 1
—sIN[ E
() (2 1+®r)

(15)

Ha 6OJIBITUX paccToOAHUAX byarmUa

N(%1 1@ )<1, a R, r u cio Hexb3s npeHedpeds, u
+0r

ypaBHenud (12), (13) MmoxHO 3anucarh Kak

2
F=91 SIN(E L )
T 21+0r
Ezg2

SIN(E ! ]
r 21+0Or

YTO CYIECTBEHHO OTPAHMYMBAET JIefiCTBUE 3apsijia B
MPOCTPAHCTBE 110 CPABHEHUIO C TPABUTAIIMOHHOI (hyHK-
nueit. B nannom cayuyae ¢popmysa 3apsjga moaydaeTcs
He 9KCIePUMEHTANbHBIM MYTEM, & BBIBOAUTCS U3 TEO-
pum.

Ananornyno 6yzeT cleJIaHo U [Jisi TPABUTALUH.

(16)

)

m,m,
)

F=G
(18)

koTopast (Kak Oy/eT IOKa3aHO JaJiblile), TOXKE HYKIa-
€TCs B YyTOUHEHUU.

B BOMIOBOpPOTHOI TeOpUM 3aps]i PacCMaTpUBAETCs
KakK AUIOJIbHOE cMellleHne KpernTona (ajeMenTa adupa)
(puc. 8).

Ha puc. 9 kpenron uzobpaxén 6e3 cmemteHus (Heil-
TPAJbHBIIT).

Puc. 9

Ha 5Tux pucyHKaxX NpUBEICHBI TaKKe 0003HAUCHUS:

H - kpenTonut, oTBeYaoONMii 32 MArHUTHYIO COCTaB-
NSO 10;

E — KpenToHuT, oTBEYAOUIHii 3a 3IEKTPHUECKYIO CO-
CTABJIAIONIYIO.

Cuta B3aMMOJEHCTBUS MEKY YCJIOBHBIMU NIAPHKAMHA
kpentonom H u kpentonom E npoucxoant no anasorun
cwuret JIopenTia, M HalpaBJIeHUS WX ABVKCHUS TTEPIIEH TN~
KYJAPHBI APYT APYTY, BCJIEACTBUE Y€r0 UX OPOMTHI TakK-
Ke IepIeHUKYIAPHbL APYT APYTY F =[ELH]. 06
yerpoiictse kpenrtonntos E u H u mouemy onun obmaznaior
TaKUMK CBOMCTBaMHU, OYA€T ONMCAHO B MOCJEAYIONNX
rmaBax. Bce ypaBHEHWS TNpPEACTABIECHBI B IEKapTOBON
cucTeMe KOOPAMHAT /s HALJISIIHOCTH W IIPOCTOTHI, HO B
JaTbHEHTIEM I TOUHOCTH OYAY T 3alINCAHBI B TOJISPHBIX
KOOp/IMHATAX.

YACTD 7. TPABUTAIIVA

B BOIOBOPOTHOI KPENTOHOBOU TeOpUHU, KOTOPast ObLia
[pecTaBieHa B IECTH MPEAbIAYIUX IIyOIMKanusax, Bce
YACTHUIBI, a UX O0JIee THICSYM, IPEACTABISAINUCH KAK MJI0-
CKHe BOJIOBOPOTHI ¢ U3MEHSAIOIIelicd KBapaTypHON MJI0T-
HOCTBHIO (p) KPernToHa, B KOTOPOW 3JE€KTPOMAarHUTHAS
BOJIHA YIIAKOBBIBAJIACH OIPE/leIEHHBIM 06pa3oM (CBEPHY-
Ta B cniupats). Hamps:kéHHOCTh TPaBUTAIIMOHHOTO TIOJIS,
co3maBaeMast Kask/I0i aJileMeHTapHOl yacTulleil (3JIeKTpo-
HOM, IIPOTOHOM, HEHTPUHO), NJIOCKA ¥ paBHA

GmM
E(x)=@= r’ =GM2 (1)
m m T
Gmlz\4
e e h @)




Fe)

E(z)= = A=const 3)
pl""Ph;;uH’la:m ((p) = COHSt (4)
pBCpTHK’(L‘lb(e) =const (5)

rae E - HANpsKeHHOCTb TPABUTAIMOHHOTO MOJST —
BEKTOPHAs BeJIMYMHA, XapaKTepuaylonias TPaBUTAIIHOH-
HOe€ TI0JIe B IAHHOW TOUKe U YUCJIEHHO PABHASI OTHOIIEHUTO
CUJIBI TATOTEHUS, JelCTBYIONIEell Ha Teso, IOMENIeHHOe
B JAHHYIO TOYKY TOJIsg, K IPaBUTAIIMOHHOI Macce 9TOTrO
TeJa.

KitoueBoit MOMEHT BOZIOBOPOTHOI KPENTOHOBOH Teo-
pPUU B TOM, YTO MBI COCTOUM H3 IIOCKOCTEH, CO3/1AI0TIIX
o6bem, moatomy E =const u B mepBoM HpubIMIKEHUN
MOJKHO CYUTATh PABHOW HYJIO (XOTSI MATHUTHAS COCTAB-
JII0IAst CO3/1aéT CBOE U3MEHEHe IIJIOTHOCTHU U CBOIO I'pa-
BUTAINIO). A TPaBUTALUS — 9TO UBMEHSIONAs ITIOTHOCTh
KpenToHa (KPENTOH - KPelKkas BOJIHA).

G —TpaBUTAIMOHHAS TOCTOSHHAS,;

M —rpaBuTaIMOHHAS MACCa TeJA — UCTOUHHUKA TTOJIST;

I' - PacCTOSIHME OT UCCJIelyeMO TOUKN ITPOCTPAHCTBA
IO TIEHTPA MACC TeJla - UCTOYHUKA TTOJIS;

Propusonman (@) - BEPOATHOCTHOE PACTIOJIOKEHUE TLIO-
ckocTHOro yria ocu miockoct X0Y 1mo ropusoHTany;

Pueprmcarn(0) - BEPOATHOCTHOE PACIOJIOKEHUE I1JIO-
CKOCTHOTO yria ocu mrockocti X0Y mo BepTuKaIn.

PaBHOBepOSITHOCTHOE U OJIMHAKOBOE paciipejiesienne
ocu yrza mniockoctu X0Y 1o ropusoHTaJ M U BEPTUKAIN
Prapmrarasi(9) “Prmsns(8) =CONSE COBTACT Cpepy omimaKo-
BOTO PaBHOBEPOSITHOCTHOTO BO3/EHCTBUS TPABUTAIIMOH-
HOH CHJIBI M HANPSI)KEHHOCTHU TPABUTAIMOHHOTO TOJS, U
CTATUCTHYECKH 110 CYMMapHOMY YCPeJHEHHIO PABHO:

E.(YE(@)=E, (S E(p) =
~E(ZE@) =X E(0)=G1p(0.0) ©)
B =G25p0.0)

[Ipu p(6,0)=1 ypaBuenue (6) uMeeT KIacCUYECKHUI
BU/L;

E(r)=GM2 )
T

rae p(6,9) - GyHKIINSA BEPOSTHOCTHOrO pacrpejeJie-
HUS.

Ho tosbko nipu ycioBuu paBHOM BEPOSITHOCTU YTJIOB
BpaIeHus 110 TOPU30HTAMN U BepTukaan p(6,9)=1, koto-
past peajin3yeTcsi, KOrjia MmIoCKOCTH 0ObEKTOB JaJIeKO 1 UX
BJAMSTHUEM MOKHO IIpeHeOpedb.

[Toatomy:

EZ=EX=EV=GM2 )
i T

HaAINPSKEHHOCTU IPaBUTAIMOHHBIX CUJI 110 ocaM X, Y,
7 paBHBI MeXIy c000il, H3-32 CTATHCTHYECKU PaBHOBe-
POSATHOCTHOTO CyMMapHOTO BO3AEHCTBUSA, IIPU KOTOPOM
p(e,(p)=1- Ilo amajsioruu gaBjieHUd HA CTEHKU cocyna ¢
rasoM (MM JKUJKOCTHIO) — M3-32 PABHOBEPOATHOCTHOIO

BO3/leiicTBUA /aBjeHNe OAMHAKOBO Ha BCeX CTEHKaX CO-
cyna.

[ToaTomMy rpaBuTanus IpejicTaBjeHa B BUIE CYMMBbI
TPaBHTAIIMOHHBIX MJIOCKOCTEH ¥ TJOCKUX TJOTHOCTEN
9JIeMEHTaPHBIX YACTUYEK cOoTIacHo ypasuenusam (1-3).

N

= z Pi—n:l()TH()cTci'k (9)

N
E = in—nnockoﬂcﬁ
i

B KOTOPOM I'DaBUTAIMS NPeACTaBIeHa Kak cdepa

M

Y
1,l,r2

Puc. 11

[I10THOCTD Ha KPasX KpyTa yObIBaeT MPOIOPIIOHA b-

1
HO ~ /|21 00paTHO MPONOPIHOHATIbHA KBA/APATY PacCTo-

auus (puc. 10). [ToaTomy rpaBuTaius Kak cymMma rniocKo-

cTell yMEHbBINAeTcst MPOMOPIUOHAIBHO ~ /12 1 00paTHO

r
NIPOINOPIMOHANbHA KBAa/[paTy paccTosAHUs (IIpe/cTaBIseT

co0oil aHAJIOT [aBJIeHNsI HAa CTEHKU cocyaa). PaccrostHue
MEK/y TJOCKOCTAMM BEJUKO U BCE IJIOCKOCTU Bpalla-
I0TCH, CO3/1aBasi PABHOBEPOSTHOCTHOE paciipe/ieJieHUe 110
chepe (puc. 11). 13-3a TOr0, 4TO MJIOCKOCTH YIAJEHDI APYT
OT JIpyra Ha 60JIbIIOE PACCTOSTHIE, MBI [IOJy4aeM CyMMap-
HYIO CUJIY, paBHYIO 110 cepe:

Mm
2 (10)

F=G

N CYMMapHYIO HallpAKEHHOCTb TI'PaBUTAIUOHHOTO
1I0JIA:

EzGM2 npu p(6,9)=1 (11)
r



Ha puc. 12 nuzo6pasxena cepa bl TpaBUTAIHOHHO-
IO TOJIs, TAIe T - PACCTOSTHUE OT UCCJIeLyeMOI TOUKH MPO-
CTPAHCTBA JI0 TIEHTPA MACC TeJA - UCTOUHUKA TTOJIS.

[Ipu cxkatunm o6bBEKTa B YEPHYIO ABIPY, TIOCKOCTH
CABUHYTCS M HAYHYT MENIaTh APYT APYTY, BCJIEINCTBUE
3TOTO BEPOSITHOCTL PACIpeleseHUsT IIOMEHSETCS M II0-
MeHseTcs cymMMapHasd kaptuna. Ha puc. 14-17 moxasano
M3MEHEHUE paclipe/ieJieHnsl IPaBUTAIMU 110 Mepe IMpPH-
OGnukeHust K 4épHoii apipe. Ilo Mepe npubIMKeHUS K
4épHOIi ZbIpe, BEPOSATHOCTHAS DYHKI[US paclpe/eenus
p(6,¢)# 1 He paBHA eAMHNUIIE, UYTO IPUBOAUT K U3MEHEHUIO
KJIACCUYECKUX YPABHEHUU /s TPABUTAIMU U B OOIIEM
BHJl€ 3alIHICBIBAETCS KaK:

BePOATHOCTHO® Nepe-
ceveHue NNocKocTen

NimeHeHuUe
rpaBUTaLMn

0| ERRERR
AN WRRREEfS
o

B =G7p(0,0)
Ex(D=G 5 py(0.0)
E,()=Gp,(0.0)

M
E,(=G5p,(8.0)

(12)

(13)

BEpOATHOCT pacnpeaeneHns yrna

no BepTUKanu

No ropuioHTanNu

EepoATHOCTHO® Nepe-

ceYeHMe NNockKocTen NimeHeHWe

F rpaBUTaLMM

BEepOoATHOCTHOS Nepe-

ceveHUue NnocKocTen NsmeHeHUe

rpaBvUTaLMM

E€pOATHOCTHOE® Nepe-

ceYeHWe NNocKocTen MasmeHeHMe

rpaeuUTaymMm

mpgiis ¥

Puc. 12
BEepPOATHOCTE pacnpegernieHUs yrna
Mo BepTUKanMU Mo ropusoHTanNM
P aﬁp
\; N
Puc. 13
BepoOATHOCTL pacnpenerneHUn yrna
Mo BepTUKaNM no ropusoHTanNu
P I P
N
Puc. 14

BEepPOATHOCTE pacnpegeneHWA yrna
no BEepTUKanm no rocpMsIoHTanM

Puc. 15



BepoOATHOCTHOE Nepe-
ceYeHWe NrnockKocTen NimeHeHUe
rpaBMTaumm

EBEepoATHOCTE pacnpegeneHMA yrna
no BeprtuKkanmn no ropUsoHTanmM

Puc. 16

BepOoATHOCTHOE Nepe-
ceveHMWe NnockocTemn NimeHeHUe

rpaeMTaumm

BEPOATHOCTE pacnpeneneHuMa yrna
no eepTUKanu no ropusIoHTaNM

Puc. 17

Uépnas apipa He Kpyrias — oHa myockas (puc. 18) ns-
3a IEHTPOOEKHBIX CUIL.

Puc. 20

Wcexons u3 aToro, rpaBuTaiius eé moJs ue cdepa, a aJi-

T
munconp (puc. 19) B murepsase [_E’E] ITO CIeCTBUE
Puc. 18 BOJIOBOPOTHOI KPENTOHOBO TEOPUN.

\ HamoMHMM, YTO B NpeAbIAYIIUX IJaBaX HalpsKeH-

z HOCTb 5JIEKTPUYECKOrO 11051 3I€MEHTAPHBIX YACTUIL IPEJ]-

i CTaBJISAJIACh IJIOCKUM BOJOBOPOTOM, B KOTOPOM 3JIEK-

- TPOMarHMUTHAsl BOJHA YIIAKOBbIBAJaCh ONpPEeAeNEéHHbIM

22 p ob6pasom. Mzobpaxenne éé B AeKapTOBBIX KOOPAMHATAX
nokasano Ha (puc. 20).

Jlns HaTJIAIHOCTU MOSKHO MPECTAaBUTD Bpallaiolne-

N cs mnactunkn uwian C/I nucku. Ha Gosbinom paccTosHun
\.‘_.

UX BpallleHle He MelaeT APYT APYTY, a BOJIM3U OHU B3a-

N

UMOJICHCTBYIOT U yTHopsiiounBaioTcd. Beiencrsue dero

/ b IJIOTHOCTD PACHPEACHCHHS 0 BEPTUKATIU Poeprean (0) 13
_/ paBuomepnoit (rpacduk-1 puc. 21) nepexoauT K HOpMaJb-
P HOMY BEPOATHOCTHOMY paclpejeneHuio (rpadux-2, 3, 4

T
a i
> puc. 21) Ha yIJI0BOM UHTEpPBaJie —*,*} U nMeeT BUJL:

22

e 20 (14)

1
f(8)= W (0)=
( ) pneme(mm( ) G\/%



Ecanu nocrpouts rpaduku dyukuuii Ha MathCAD B
MMOJIAPHBIX KOOpAMHATaX Q(pml)mw(e),e) , OHM 0TOOpa3AT
rpaduku puc. 12-17, u 110 Mepe yMeHbIlIeHUs JUCITEPCUU B
nepBoM IpubauKeHud OyAyT XOPOIIO OMUCHIBATHCS 9JI-
auricom (puc. 22).

leepmxanb ( 9 )

1
-ni2
yros ro BepTuKanv
Puc. 21
A ZJ\
E(F) ra W
z 1
1 » b
1
F, e : F,

v

Puc. 22

Takum o6pas3om, rpaButanusi OT cepbl MEPEXOAUT K
SJLTUIICOUAY (B IEPBOM IIPUOIIMIKEHUU OHA TOYHO OIUCHI-
Baetcs ypaBuenuamu (12) u (13)), (puc. 19) na unrepaJie

T
yrioB _§y§ AJId BCEX 3JIEMEHTAaPHBIX YaCTHUI[ TeJia.

XapaKTepI/ICTI/IKH I9TOTO aJIInIICa:

Ri — paanyc ajemMeHTapHOI 4aCTHUILHI;

0. - 6oJTBIIAs IIOJIYOCh 0L =T + ¢ = R—w :
cVl-e?
b - masas nonyocs; b= ——;
e

¢ - oxasbHOE paccrosgHue (MOJIYPACCTOAHUE MEXKIY

R, epecene
dorycamm) rae 2c=R, "R, =R NN ¢ = — 2ot

niepeceyeHns

p - boxambHEIi MapaMeTp; rae p=a(l—e?);

r, - mnepudoxycHoe paccrosnue (MHUHUMAlb-
Hoe paccTosgHue oT (okyca 10 TOYKM Ha DJJIHUICE) T, =
R - 2C = R - RlleCCC‘lCIIIA)l ;

Ty - alI0(OKYCHOE paccTosiHre (MaKCMMaJbHOE PACCTO-
sSHUe OT (hoKyca 10 TOUKH Ha aJIJTuICce) uin rq =a(l+e);

)
c b
€ - OKCHECHTPUCHUTET 9JIJIUIICA € = —= 1—7
a a
m
c 2 1
nime=-—= = 5
a R _ Ruepeceueunﬂ 2R — 1

2 R

nepeceyeHus
rie (0< e <1)
[Tapamerpuyeckoe ypaBHEHME 3JIIUICA AT JleKap-

TOBOW CHCTEMbI KOOPJIMHAT 3AIMCHIBAETCS CJEAYIOMIM
obpasom:

XZ 22

rtir=1

a> b (15)
{z:bsine

x=acosh 0<o<2n (16)

Takum o6pasom, ypasuenue (10) ais Kaxao0ii seMeH-
TapHOI YaCTHUIIBI HA/I0 TTlepenncaTh Kak

E, = GMQ(bsin9+a)
r

E = GMZ(acose+a)
r (a7

Jlns TpexMepHOro MpOCTPAaHCTBA 3TO CIJIIOCHYTBIHT
annutncons Bpamenus (cdeponn) Borpyr ocu Oz, Beaen-
CTBHUE TOTO, YTO HA IJOTHOCTD PaclpejieieHus 10 ropu-
goHtamu p, () BIMSHHE HE OKA3BIBACTCA, I KAHO-
HUYeCcKoe ypaBHeHue, rie a=b# ¢ 3amuceiBaeTcs B BUJE:

2 2 2
% 2721 (18)
a b
3mech A - Yy2n080U AKCyUeHmpucumem PaBeH

a
A — <
= arccos( )

Torna mapamerpnyeckoe ypaBHEHHe 3alUIIETCS CJe-
ayomuMu popmysnamMu:

E = GMQbsinﬁ
r

E = GMQ(ac059+a)><c05(p
r

(19)

E, = GMZ(acose+a)><sin(p
T

[lomyuyuB pacupenesenue rpaBuTaIum 175 OJHOM 3Jie-
MEeHTapHOH yacTUIlI (mapameTpudeckoe ypasuernue (19)),



HOJIyYUM paclIpe/ie/ieHlle TPAaBUTAI[UU JJIsI BCEro TeJa.
[Tpocymmupyem 1 BO3bMEM HMHTETPAJ 110 aHAJOTHYHOMY

chepouny (puc. 11).

E(X,y,Z) = 2 2 injk(XYYVZ) =
i j k

a

b T (20)
JIEijk (x,y,z)dxdydz = J.E(r)dr

St—

[Mosryumm ypaBHeHuUs1, aHaJOTHYHbIE ypaBHeH IO (19).

Wcexo/ist 13 BBIIEN3JI0KEHHOTO, MOSKHO C/l€/IaTh BBIBO-
Ibl, 9TO A/ obyacreit, rae o6aacth nepeceyenust pasia 0,
10 ecTh 2A=R, MR =R vens =0 ¥ paccrosimme mMexay
JJeMEHTapHbIMU yacTuamMu R>> R, B3auMHBIM BiIus-
HUEM IJIOCKOCTEeN MOKHO 1peHebpeun. Torna ypaBHeHue
HANPsKEHHOCTH IPaBUTAIINN OYZET UMETh KJIaCCUUECKII
BU/I.

nepeceyeHnss

]ngZZEX:Ey:GM2 2c=R,NR;=R =0
: T

R>> R, (21)

[Ipn cxxatum B 4épHYyIO IBIPY, KOTOpasi UMeeT BUJ
mjockoro cgeponsa, B3aMMHBIM BJIMAHUEM I1JO-
CKOCTEl 3JIEeMEHTapHbIX YacTUll [peHeOpeub Hesb3st
2c=R, MR =R ccnms 0 - TOTIQ ypaBHEHNE HATPSAKEH-
HOCTH TPABUTAIMOHHOTO [1OJI4 IPUMET BUJL:

EZ:GMstinG 2c=R;nR;=R #0
¢ A

nepeceyeHus

E = GMz((acose)+a)><cos<p
T

(22)

2C=Riij=R #0

nepecedeHust
M .
E, = Gr—Q((acose) +a)xsing
2C = Ri M R_i = Rnepeceqeuuﬂ # 0

U UMeeT BU/JI, KaK MOKa3aHo Ha puc. 23.

CTH 2JIEKTPUUECKOIO IOJIS 3apsja IIOKa3aHO Ha PHUC.
20. YpaBHeHmne HANPSIKEHHOCTH IJTEKTPUUYECKOTO TTOJ S
3apsijia, KOTOpOe MOJIYYeHO B MPEeABIAYIUX TJIaBax, 3a-
MHICBIBAETCS KaK:

E

_[E®R) )
AJIEKTPUYECKOTO (R) - ( f(R) ]511'1 ((Dof(R)t(R)) [O’RO] (23)

E

3,'1el<'1'pwle(‘1<01'c( )

_E®) 24

RZ

sin (coo (R Rimmm) [0.R,]

2
OBpemenn R BpeMeHH )

spech  f(R)=f(p) - OdyHKIMA OPONOPIUOHATE-
HOCTU WM3MEHEeHWS TIJOTHOCTH KpernToHa, Mpu
R—0,C(p)—>0,f(R)—>0, rue C,,,,, - CPEIHSS BEIUYNHA,
XapakTepuayioomnias IMJOTHOCTh KpenToHa (BakyyMma);
®, - yactora KBaHTa cBera, E (R) - amnauryna nyra,
t(R) - dynkuusa namensgmonierocs BpeMeHU M3-3a U3-
MEHEHUS MJIOTHOCTU KPENTOHA TPU TNPUOIMKEHUU K
IEHTPY BOJLOBOPOTA.

BuyTtpennee pacnipenenenne E — Hanpsi;keHHOCTD rpa-
BUTAIMOHHOTO MOJISI TAK K€ MEHSIETCS, KaK OBLIO TT0Ka3a-
HO paHbllle U3 IKCIEPUMEHTOB Ha Bojie (TJ1aBa 2), KoTopast
6paJsiach Kak MOJIEJb.

W3 BomoBOPOTHON KpenToHOBOU (3pupHOil) Teopuu
cjenyer, 4To J0O0E YCKOPEHHE CO3MaéT M3MEHEHUe
IJIOTHOCTH U, CJIe/IOBATENbHO, - TpaButaiuio. [loaTomy
HAMPSKEHHOCTH AJEKTPUYECKOTO T0JISI CO3/IaCT IPaBU-
TAIUIo, MPONOPIMOHATBHYIO HAIPSI)KEHHOCTHU 9JIEKTPHU-
YECKOro MoJs.

Wcxons ux BBIIIE M3JI0KEHHOTO, GOPMYJIY TPaBuU-
TalUU [JJs DTEKTPUUYECKOTO MOJST MOXKHO 3aIlucaTh
KakK:

E,(R)
f(R)

E(R):(I)(p)( )[1+sin(m0f(R)t(R))] [0.R,] (25)

rie ®(p) — koabhdUNMEHT TPONOPIINOHATIBHOCTU B
00111eM caryvae 0JKEH 3aBUCETH OT MJIOTHOCTH KPENTOHA
(adupa) — rpaBuTaAIIAN.

OO6uiee ypaBHeHUE
rPaBUTAIIMOHHOTO IIOJIS
OyjleT COCTOSATH U3 Tpa-
BUTAIIHOHHOTO II0JIS BO-
JIOBOPOTA U TPaBUTAIN-
OHHOTO I10JI51 CBEPHYTOH
BOJIHBI.

M Tak kak rpaBu-

N e

7St R O

Y g O G A P, 4\
e e T AN,
s A e

TAIlMOHHOE TIOJIEe CBEP-
HYTOI BOJIHBI CO3/aéT
u3MeHeHue MJIOTHOCTH,
TO 06IIast UX MIOTHOCTD

>

E; Y i — rpasutanua Oyjpet
paBHa
Puc. 23
Kak 1okasaHo Bbllle, IpaBUTallUs dJeMEHTapHOI M E,(R) .
YaCTHUIBl BJAMAET Ha CyMMapHylo FpaBUTallMI0 4EPHOM E(R):GE‘HD(p) fO(R) [1+51n((’30f(R)t(R))]

JIBIPBI.
PaccmoTpuM BHYTpeHHee paclipejiejieHre TpaBuTa-
nuu B obmacTu (O,RO). Pacripenesnenme HampsKEHHO-



I'paduxk eé nmokasan Ha puc. 24. HeonHopoaHocTh Ha-
HPSIKEHHOCTH TPABUTAIMOHHOTO TOJISI OKAXKET BIIUSTHIE
Ha paclpejejieHue BelecTBa, Ha (OPMUPOBAHME rajak-
THYECKNX PYyKaBoB n obpasoBanme crnupaseil. Daxrn-

YECKM, CMOTPSI Ha CIIMPAJbHYIO TaJaKTUKY, Mbl BUIUM
CTpPOEHUE 3IEKTPOHA U MPOTOHA. I TO M APyroe BCero
JIUTITh BOTOBOPOTBI.

A E
Fan
[
P
! \
f
1
fa S
Fa] 2l
{ \
A
0 X -
>
Puc. 24

IpaBuranus — nepeBEéPHYTHI KOJIOKOJI

[Tomoiiiem Kk OCHOBHOMY BOIIPOCY TPaBUTAIINH — a TTpa-
BUJIBHBI U HACKOJBKO TOUHBI (DyH/IaMeHTaNbHbIE ypaBHe-
HUS TPaBUTAIUU.

BH=G = (GM)() @7)

CorsiacHo BOJIOBOPOTHOI KPENTOHOBOW TEOPHUH, BCE
aJIeMEHTapHble YaCTHUI[BI - 3TO BOJOBOPOTHI (IJI1aBa BTOpas
- AKCIEPUMEHTBI B BaHHOW KOMHATe - BOJOBOPOTHI). A
BOJIOBOPOT (BOAHBIN BOAOBOPOT WM 3(UPHBIHN, KPENTO-
HOBBIH U T.JI.) — 3TO [I€PEBEPHYTHII KOJIOKOJI, 1 IT0 CBOEMY
pacrpeseseHnio 6au30K K rpaduky HOPMAJIBHOTO pac-
npezeneHust Ha060poT (U3 IKCIIEPUMEHTOB Ha BOJIE, IJIaBa
2) kak nmokazano Ha puc. 26, rpaduk (2). Huxuss touka
[JIOTHOCTH HE MOJKET ObITh PaBHOI HYJIIO, - OHAa OrpaHu-
YyeHHa MMHMMaJbHON IJ0THOCTBIO. [loaTomy ypaBHeHue
JUJIST HATIPSIKEHHOCTHY TPABUTAIMOHHOTO TTOJIST HAJIO TIepe-
ucaThb KakK:

M M

E(r)=G =G -
®) Ar? +1? (GM)Z )
C2 +1

(28)

GM

npesomMieHus C 2

Ar=

rae Ar - MUHHMaJbHOE PACCTOSIHUE, COOTBETCTBYIO-
mee MUHUMAJIBHONW MJIOTHOCTU APyunnmansioe (3HAUCHUE,
nMelolee BaKHOe 3HAUeHNe JJIs BBIBo/A TpeTell (hopmy-

JIbl TEOPUU OTHOCUTEJbHOCTH, TJiaBa 1). Ypasuenue (28)
— 9TO TIepBOE pacliupeHre TpaBUTAIIMOHHBIX (hopmys. Ha
puc. 25 u306pakén rpad Kk HOPMaJIbHOTO PACHPENETEHU s
u rpaduk 06paTHON KBaAPaTYy PhI.

Y AP/\
. . /
/ AR
APZ L
"
Aﬂ ]
7 2
P, -
X/
Puc. 25
h °
Yo .
©
1,
.
L]
P, s
.'2 ..... AN
. o E i
. e P 1AR
1 AP1§
i |
V.
3 >
AP
X
0
Puc. 26

Mo3KHO BHIETH COBIIaJIeHUE 3TUX I'PapUKOB: B BEpX-
Heli yacTu 06s1acTh 1 u pacxoxaerue B 061acTu 2 HUKHel
YaCTH.

I'paduku cuenanbl ¢ noMourbio nporpammbl Mathcad.
N3-3a ux copmnajgenusi B obsactu 1, rpaBuraius Oblia
IpUHATA KaK KBajgpaTypHas (pyHKLIHS, U XOPOLIO OINU-
ChIBaeTCst Ha HeGOJMBIIUX PACCTOSAHUSAX (110 CPABHEHUIO
¢ BCeJIEHCKUMU paccTosgnusamu). Ho aag Goapmmx pac-
CTOSTHUI pasHUIlA CTAHOBUTCS CYIIECTBEHHOU U TpebyeT
Koppekiuu (M3MeHeHWi), 4TO BUAHO Ha rpadurax 06-
jacth 2, puc. 25, 26.

Tax:xe BUAHO, 4TO TpaduK HOPMATbHOU (YHKIIUN
orpaHuveH IJOTHOCTBIO Kperntona Pl - MuHUMaIbHOU
IJIOTHOCTBIO U IMIJIOTHOCTHIO P2 - MaKkcHMaIbHOM IIJIOTHOC-
tpio. [lng rpaduka xBajgpaTtypHOil (pyHKIUU eCcTh Oorpa-
HUYEHHE 110 MUHUMAaJbHON nyotHoctn Pl - BBejienHoe B
nepBoM pacmupenuu (popmymna (28)), Ho HeT orpanuye-
HUsl 110 BEPXHEll MJIOTHOCTU — 06J1aCTh 2 U HEBO3MOYKHO
BBECTH OTpaHUYeHUe I BepxHell objaacTu KBajparyp-
HOI (yHKI[MM, KAaK MTOKazano Ha puc. 25 u puc. 26. 13
BBIIIIE U3JI0KEHHOTO, GOPMYITY [/ HAPSIKEHHOCTHU I'pa-



BUTAIMY, KaK GoJiblile NPUOIMKEHHYIO K PEeaJbHOCTHU, B
obmIeM ciydae cIefyeT 3amucaTh B BUE:

2

E(r)=GMx Ap+% 1 e 2’ (29)
(Ar) ov2n

WJin 14 HOPpMaJIbHOTO BHU/la KaK

E(r)=GMx Ap+(1€’2 (30)

Ar)2

WJin B IEPBOM HpI/I6JII/I>KeHI/II/I

4
E(r)=GM e =GM—e" =S " (31)
(Ar) GM GM
c
uiu 06001EHHO
1 c .
E(r)=GM@e P(B.0) =1 ¢ PO.0) (32)

Taxoe pacnpezgesenue MO3BOJAET CyIECTBOBAHUE
TpeTbeil cTabUIbHON YaCTUILBI — HEHTPUHO, AJTUHA BOJ-
HBI KOTOPO KpPaTHO YKJIQ/IBIBAETCS B BOJOBOPOT yKe He
KBa/IpaTypHOTO a HOPMaJIbHOTO pacrpenenenus (puc. 27),
XOTSI M HAXOAMTCS BAAJIM OT HUuX. B ranbHelimem sTo Gyaer
PaccMOTPEHO MOAPOGHET.

PAy

R

U

; é A
HAn M H é
MPOTOH  3MeKTPOH HeWTpHHO 7,
X
Puc. 27

Bblre usnoxennbie (pOpMyJIbl OJIyUeHbl Ha Gaze SKC-
NEePUMEHTOB Ha Boge (KoTopas Opajach 3a MOJAEIb MPO-
CTPaHCTBA) U IIPEACTABIEHUH O IIPOCTPAHCTBE KaK O CBEPX
Teky4ell cyOcranuuu, obnagaionieil onpeaeséHHbIMu
CBOMCTBaMU. DJIEMEHTOM 3TOU CPeJbl ABJISLETCS KPENTOH
(KperKas BoJHA) - AaHAJIOT MOJIEKYJIbl BOJBL.

Jlannas rnasa - 9TO eIMHCTBEHHAS aIbTEPHATHBA MEK-
Iy 3/paBOMBICJIMEM KJACCHYECKOil Gpusnku u Gesymuem
YepHOl Martepuu, oxBaTuBIIeil pusnky. OHa co3gana Kak
aJIbTepHATHBA TEOPUHU YEPHOI MaTepPHH.
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