5 O0masi ITMHAMHUKA BAKYYMHBIX CJI0€B H «BAKYYMHAs 3JIEKTPOCTATHKA)
B stoii rnaBe paccmaTtpuBaeTcs o0uias IMHAMHKa BaKyyMHBIX CJI0€B, U3 KOTOPOH Ipu omnpeje-
JICHHBIX YCJIOBHSAX BBITEKAET «BAKYYMHas JIEKTPOCTATUKA» U «BaKyyMHas 3JIEKTpoAMHaMuKa». Hame-
YeHbI MYTH U3yUYEHUS BPALIEHHUS BaKyyMHBIX CJIOEB BHYTPH sJI€p CTAaOMJIBHBIX BaKyyMHbIX 0Opa3oBa-

HUH (B YaCTHOCTHU BHYTPH SIAEP «IJIEKTPOHA» U KIIO3UTPOHA).

5.1 Pacciioenue «Bakyyma»

[Ipenmerom usyuenus AnreOpel curHatyp (AJICUTHBI) SIBISieTCS 0O0bEM «BaKyymay, T.€. JIO-
KaJIbHBIA y9aCTOK 3-MEPHOM IyCTOTHI {cmompume onpedenenusa Ne 1.1.1, No 1.12.5}.

B pamkax AncurHel «Bakyym» paccllanBaeTcsi Ha Oecko-
HEYHOE KOJUYECTBO BIIOKEHHBIX IPYT B JAPYra Am:n-BaKyyMOB
(puc. 5.1.1), KoTOpbIE BBICBEUMBAIOTCS U3 MYCTOTHI OCPEICTBOM
30HAMPOBAHUS €€ MOHOXPOMATUYECKUMHU JIydaMH CBETa C JJIMHA-
MU BOJH Am-n U3 Pa3MUUHBIX auana3zoHoB AA =10"+ 10" cm, rae
n=m+ 1 {cmompume §§ 1.1 — 1.4}.

B nanHo# ri1aBe 0CTaHOBUMCSI Ha PAaCCMOTPEHUH T€0J1€3HU-

JEeCKUX JIMHHUI HUCKPHUBJIICHHOI'O y4aCTKa TOJIBKO OAHOTI'O U3 Amen -

BaKyyMOB (T.. OJHOrO IOINEPEYHOro 3-MEpHOr0 BaKyyMHOI'O

Puc. 5.1.1. 4,,+,-BaKyyM BIIOKCH B
cnos, puc. 5.1.1). 'eonesnueckne TUHUHM OCTATBHBIX Am:n - BaKyY- Ap-a-BaKYyM, THE Apq > Amn

MOB OIHCHIBAIOTCS aHAJIOTUYHO.
Hanomuum, uro B pamkax AnreOpbl CUTHATYyp CaMbIM HPOCTBIM SIBISIETCS HEUCKPHBIICHHBIN

it 23-1 i 1.21
Y4acTOK 8-MEpPHOU 2°-Am:n-BaKyyMHOUM MPOTSKEHHOCTH {cmompume § 1.21]}, KOTOpas OMUCHIBAETCS

CHUCTEMOU JBYX METPHUK C B3aUMHO MPOTUBOIIOJIOKHBIMU cUTHaTypamu {(1.7.3) u (1.7.4)}:

{ ds"? = 2df —dx*—dy* —dz? = dxo® — dx1>— dx2*— dx3*> =0 c curnarypoit (+——-); (5.1.1)

ds™? = — cdf + d* + dy? + dz* = — dxo® + dx1> + dx2* + dx3* = 0 ¢ curnatypoit (—+++), (5.1.2)

yIOBJICTBOPSIONIMMYU BAaKyYMHOMY YCIIOBHIO
ds?=Y(ds? + ds?) = Vs [(PdP? — d® — dy* — d2?) + (— c2di? + dx* + dy* + d2?) |=
=0-c’df + 0-dx*+ 0-dy? + 0-dz* = O, (5.1.3)
rae © — UCTUHHBIN HOJMb {cmompume onpedenenusa Ne 1.4.1, No 1.12.4}.
MeTpHKO-IMHAMHYECKOE COCTOSIHHE TOTO K€, HO UCKPHBICHHOTO y4acTKa 23- An-n-BaKyyMHOIM

MPOTSHKEHHOCTH OIMKUCKHIBACTCS YCPEeAHEHHOU MeTpukon {§1.21 u §1.22}

186



ds2 = Yo(dsO? + dS(+)2) = 1/2(gl_'i(7) — ggj(+))dxidxj,

rIe

ds?=ds" 2 = g;Odx'dx' ¢ curnarypoit (+ — — ),

() () (&)

8o &0 &0 &0

() () (&)

¢ = o1 & &1 &3
Yy () () ) (&)
g2 &2 8 &3

() (S) (&)
803 &3 823 833

(5.1.4)

(5.1.5)

(5.1.6)

— METPHYECKHii TEH30p «BHENIHEN» CTOPOHBI 2°-Am:n-BAKYYMHON MPOTSHKEHHOCTH {uiu cy6KoHma -

onpeoenerue Ne 1.7.4};

ds?=dsC "% = g;dxidx’ ¢ curnatypoii (—+ ++),

) ) (] (+)

8o 8o 80 &

) (GO (+) (+)
gt = S &1 &1 & (5.1.8)
i Tl W () (+) (+)

8n 82 8»n &

(+) (+) (+) (+)
8oz 813 83 &3

— METPUYECKHUI TEH30p «BHYTPEHHEI» CTOPOHBI 2°- An:n-BaKyyMHOM MpoO-
TSOKEHHOCTH {WJIH aHmucyoxonma — onpeodenenue Ne 1.7.5}.
Baxxno otmeTuTh, uTO BRIpakeHue (5.1.4)
ds®?= 1y, dsO? + )y ds™? (5.1.9)
10 CyTH, siBJIsieTcs TeopeMoii [Tudaropa ¢ = a®+ b? {§ 1.22}. D10 03HaUa-

et, uto otpesku muHui (4 )2dsO u (% )"?ds™) Bcerna B3aumHO nmepreH-

JUKyJISpHBI IO OTHOLIEHHUIO ApYT K apyry: ds) | ds™ (puc. 5.1.2), a nBe
JIMHWY, HAIIPaBJICHHBIE B OJJTHOM U TOM K€ HaIllpaBJICHUH, MOTYT OBITh BCE-
r7la B3aMMHO MEPHEeHUKYISAPHBI TOJBKO B TOM Cllydae, KOrja OHH o0pa-
3yI0T MIPaBUIIBbHYIO (OPTOAOKCANbHYIO) IBOIHYIO criupaiib (puc. 5.1.3).
Taxum oOpa3om, ycpenneHHast metpuka (5.1.9) cooTBeTcTBYyeT OT-
pe3ky 2-«xrytay {onpedenenue Ne 1.22.1}, cOCTOSIIETO U3 ABYX B3anM-
HO meperuieTeHHbIX crimpaneit sO u s, KOTOpEIl MOKHO OmHUCcaTh KOM-

IINICKCHBIM YU CJIOM

ds @)= )/ﬁ (dsO+ids™), (5.1.10)

(5.1.7)

/pds @

Yads©

Puc. 5.1.2. CootHomeHue
otpeskoB dsOu dst”

Puc. 5.1.3. Ecnu crpoenupo-
BaThb JIMHUH HpaBHHbHOﬂ
JIBOWHOW CHUpaJid Ha IJI0C-
KOCTh, TO B MECTE MX IIepece-
YeHHWS OHHM OKAa3bIBAIOTCSA B3a-
UMHO  TEPIEeHINKYIIAPHBIMA
JPYT TIO OTHOIICHHUIO K APYTY

KBaJ[paT MOAYJIA KOTOporo paseH (5.1.4). 31ech i — MHUMas €IMHULA +/— 1, BBITOJHSIOMAs (QYHKIUIO

eJIMHMYHOTO BEKTOpPA, 3a/aI0LIero HampaBleHHe JHHeHHOro snemenTa ds'”), mepneHauKynspHoe Mo

OTHOIICHHUIO K HAIIPABJICHUTIO JIMHEWHOT' O 3JIeMEHTAa dS(_).
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5.2 YpaBHeHHe reoie3sn4ecKoil JMHNHU B IBYXCTOPOHHEH
23- Amsn-BaKYYMHOIi IPOTSIZKEHHOCTH

Kparuaiiee paccrosiHue Mexay IByMsl OECKOHEUHO OJIM3KO pacloyioKEHHBIMU TOUYKAMU p1 U
D2 B UCKPUBJICHHOM 23~ An:n-BaKyyMHOI IPOTSKEHHOCTH, T.€. HAUMEHbIIAs JnHa 2-criupau (5.1.10),

OTIpe/ICIIAETCS Kak dKCTpeMallb (DyHKIIMOHATIA

S=ds®= )5 J(dsO+ids™), (5.2.1)
raec I/IHTCFpI/IpOBaHI/IC HpOI/I3BOI[I/ITC$I oT TOqKle 10 TOYKH p2.

Haiinem ypaBHeHHE JaHHOW 3KCTpEeMaliv, UCXOs U3 YCIOBUS PaBEHCTBA HYJIIO MEPBOM Bapua-

1107051
8= )5 5(ds O+ids )= 0. (5.2.2)
O6e yacTy BeIpakeHus (5.2.2) MOKHO YMHOXKHTb Ha~/2 , IPU 3TOM UMEEM

&S =8 [dsO+is ds™ = 0. (5.2.3)
i ¢ yaerom (5.1.5) u (5.1.7)

8 =6[\g, " didxr +i5]\|g, didx’ =0. (5.2.4)

Bapuanuu B BelpaxkeHnu (5.2.4) M0OXHO pacCMOTPETH 10 OTJEIbHOCTH

51 |g axad =0, 5[ /g avax =o. (5.2.5)

OkerpeManu GyHKIMOHAIOB (5.2.5) onpenensiorcs 0JUHAKOBO, TO3TOMY PAaCCMOTPUM OOIIHiA
ciyuait [34]

P2
S = [ds, (5.2.6)

P

e ds=,| g dxdx’ (5.2.7)

— BJIEMEHT 4-MepHOI JTUHHUHU ¢ JTF000H 13 16-1 BO3MOXHBIX cturHatyp (1.10.13).

PaccmoTpumM nepyto Bapuanuto pyHkiuonana (5.2.7)

8 =6[ds =51 g,did¥' = 0. (5.2.8)

P YCJIOBUH, YTO HAa KOHIIAX pacCMaTpuBaeMoi iunuu (T.€. B TOUKAX p1 U p2) BapualliK paBHbI HYJIO

ods ) =0ds , = 0x,,=0dx,,=0. (5.2.9)

Bocnoneizyemcs BeipaxenueM [34]
dds® = 2ds dds , (5.2.10)

OTKYJa CJIICAYCT
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o %)
ods = Lé‘gi.dx’dx] —L £ =% ox*dx'dx’ + g dx’dox’ + g, dx’ ‘dox’) |, (5.2.11)
2ds ~" 2ds | Ox“

T/IC UCIIOJIb30BaHa KOMMYTAaTHBHOCTH OTIEPAIMi BapbUPOBaHUs 1 AudepeHupoBanus o(dx') =d(dx').

[ToncraBuB Beipaxenwue (5.2.11) mox 3uak unTerpana (5.2.8), pa3nenuB U YMHOXHB Ha ds, MO-

ayunM [34]

0g; dx' dx dx’ d(&")
=— 44 RS ds=0. 5.2.12
J- {6)6” ds ds Lg"" ds B a’sj ds ( )

[IpounTerpupyem BeIpakeHHE B KPYTIIbIX CKOOKax Mo yacTsm [34]:

1% dx’ d (") 1 dx* dx’
Uil &y g ds=—| g, & v g, |a
> I(g‘” ds o dsj ds 2(&”‘ s S ds

P

1% d dx’ dx'
— | —|g,—+g ds.
2 Jl ds (g” ds Ein ds ]

P>

” (5.2.13)

[lepBoe ciaraemoe B 3TOM BbIpakeHUH, BeiencTBue (5.2.9), obpamraercst B Honb. [loacTaBnss

ocrasiytocs 4yacTb (5.2.13) B (5.2.12) u npousBoas auddepeHunpoBanme, IpUXOAUM K BEIPRXKEHUIO

0 O0g . Og. L dx’
& = j{( 8 _SBw gl%'jdidx +2g, ddx }dséic" 0. (5.2.14)
' S

ox'  ox’ )ds ds

W3 Toro, yto unTterpan (5.2.14) oOpamaercs B HOJIb NpHU JIIOOBIX BapHalUax ox*, cleayeT pa-
BEHCTBO HYJIIO BBIPAKCHHS, 3aKIIOYEHHOro B (urypHele ckoOku. OTKyaa, ¢ Y4eTOM COOTHOUICHHUS

g €Y= 4, Tocie HECITIOKHBIX BBIYUCIICHUH Toryunm [34]:

d2 1 d i d J 2 1 i J
AL S . S (5.2.15)
ds ds ds ds ds ds
riae
1 og, 0g, 0g;
[L=_o 26 o8 720 | _ cyumBossl Kpuctoddens. 5.2.16
1738 [8x’ ox' ox* prcrodd ( :

[IponenbiBasi aHAIOTUYHBIE BBIKIAAKY sl Bapuanui (5.2.5), HOTy4YuM JBa ypaBHEHUS

d’x e dx dx

. =0, 5.2.17
ds’ Y ds ds ( )

d’x' dx' dx’
’; +1~;<+>ii:0, (5.2.18)

ds ds ds

IJle COOTBETCTBEHHO
1 ag(f) ag( ) ag_(_—)

ro = 3 g* 8):; + P ny" — cumBoutbl Kpucroddens cyoxkonma; (5.2.19)
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) (+) +)
i Ll 08w 08y 08y

v 2 ox’ Ox' Oox*

— cumBodel Kpuctoddens anmucyoxonma. (5.2.20)

[Tpu paccmorpennu Bapuanmu (5.2.4), ¢ y4eToM MOIy4eHHBIX cuMBOJIOB Kpuctoddens
(5.2.19) u (5.2.20), naiizmem, 9To HCKOMast SKCTpeMaslb pyHkimonana (5.2.1) onpenensercs cieayro-

IIUM yPaBHEHHUEM I'€0/Ie3MUECKOi JTUHUM B UCKPUBJICHHOMN JABYXCTOPOHHEH 23 Am:n-BaKyyMHOI1 Tpo-

TSXKCHHOCTHU
Ci;fl +(7 + iFﬁ”)%% =0, (5.2.21)
N
% =— (7 + iﬂ-,"”)%ddi;, (5.2.22)

B pamkax AnreOpwl curHatyp (AusicurHsl) BbIpaxenue (5.2.22)
orpesieNsieT YCKOPEHHOE JIBUKEHUE JIOKAIIbHOTO JABYXCTOPOHHETO y4acTKa
23- Am:n-BAKYYMHOH HpPOTSKEHHOCTH, KOTOpas IIPH TaKOM YCKOPEHHOM

JBUKEHUH CKPYUHBAETCS B 2-XKI'YT.

Kpyuusanue noo8UNCHOS0 qyacmka 23-1 -n-6AKYYMHOU NPOMS-
Crpy Y e VY P Puc. 5.2.1. Ilpu ycko-

JHCEHHOCMU 8 JHceym NOOOOHO MOMY, KAK 6 OKPYICAlowel HAC Npupode — PEeHHOM nadenuu cmpys

8006l CKpyuugaemcs 8
VCKOpeHHOe 08UdICeHUe CmpYU HCUOKOCMU CONPOBOHCOAEMCS CKPYYUBAHU-

cnupaiob
em ee 6 cnupans (puc. 5.2.1).

Jlanee OyneT mokasaHo, 4TO B BeIpaxeHUH (5.2.22) Takke CONEpKHUTCS MHPOPMAIHS O JHHA-
MUKE UCKPHUBIEHHOTO 3-MEPHOTO CIIOSI «BaKyyMay, MacIITa0bl HEPOBHOCTEH KOTOPOTO COM3MEPUMBI C

IOOim—n

5.3 BocbMuCTOpOHHEE paccMOTPeHHe

bosiee TOUHBIM M TapMOHMYHBIM SBISETCS HE JByX-, & BOCBMHCTOPOHHEE PACCMOTPEHHUE JIO-

KalbHOrO y4acTka 2°-Am:n-BAKyyMHOM NpoTsKeHHOCTH (cmompume 2nasy 1). B ToM ciydae pac-
n n n n

cMaTpHuBaeTcsl He JBe 4-MepHbIe CTOPOHbI oHOro "nucta" {puc. 1.21.1}, a BoceMb "CTOpOH" BaKyyM-

HOro KybOa {puc. 1.6.2}. IloaToMy Ha JaHHOM YpOBHE PACCMOTPEHMSI MCKPUBJICHHOE COCTOSHUE

28~ Am:n-BaKyyMHOH TIPOTSKEHHOCTH OMMCHIBAETCS CYNEPIO3MIMEH He ABYX (KaK B MpPEIbLIYLIMX

MyHKTax), a MEeCTHaAUATH 4-MeTpuk {cmompume (1.20.5)}
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16
ds(zm) :Zg,.(jq)dxidxj = gfjl)dx’dx’ + gsz)dx’dxj + g;?)dx’dxj + gff)dx’dx’ +
g=1

+ gfjs)dxidxj + g;@dxi dx’ + gy)dxidxj + gé.g)dxi dx’ +

(5.3.1)
+ gfj9)dxidxj + gfjlo)dxidxj + gg.ll)dx[dx~’ + gfjlz)dxidx" +
+ g;.mdxidxj + glg.m)dxidxj + gé.ls)dxidxj + g,.(,.“’)dxidxj =0.
rac
(9) (9) (q) ()
oo 8o 820 8
(9) (9) (q9) (9)
@_| 81 &1 Exn 8a (5.3.2)
8jj @ L@ @ L@
g 8n 8»n 8n
(9) (9) (p) (q9)

g3 83 &x»n 83

— KOMIIOHEHTBI METPUYECKOTO TEH30pa ¢-I'0 METPUUECKOI0 ITPOCTPAHCTBA C COOTBETCTBYIOLIEH CUTHA-

TypoH
E++++;: E+++—;: ((—++—))190 E++—+§i
sionlg? )= -t —+++ ——++ —— (5:33)
& ( ij ) (+__+)3 (++__)7 (+___)“ (+_++)15
(o) (e () )

B pamkax AnreGpsl curnatyp Beipaxenue (5.3.1) HazpiBaeTcs 16-KryToM, 0Opa3oBaHHBIM a-
JUTUBHBIM HAJIOXEHUEM (IIEPEIUIECTEHUEM) IIECTHAALATH 4-MEpPHBIX METPUYECKHX IPOCTPAHCTB
{cmompume §§ 1.17 — 1.22}. Tlpu 3TOM 0Tpe30K 16-crimpanu, COCTOSIINN U3 OTPE3KOB 16-1 meperie-

TEHHBIX JTUHUU dS(g), OTIUCHIBACTCS BhIpakeHUueM {cmompume (1.22.31)}

dsaey= mds™™ ) + pads" T + p3dsC D+ padst D +
st pedst™ )+ pdstt I 4 sds© ) (5.3.4)
+7odsC T+ o dsC )+ pudsT T D+ pnds T +

+ i3 ds D Fpa dsC T F s dst T e dsC T .

rne nm (m=1,2,3, ..., 16) — OpTOHOPMHUPOBAHHBIN 0a3uC OOBHEKTOB (MOJOOHBIX MHUMOH EIMHUIIE),
YIIOBJIETBOPSIOIIMX aHTUKOMMYTAaTUBHOMY cooTHomIeHuto anredpsl Kimuddopna
Nt + Ml im = 20mn, (5.3.5)
A€ Onm — equHUYHAs 16x16-MmaTpua.
Otpezok 16-xkryTa (5.3.4) MOXHO MPEICTaBUTh B BUAE CYMMBI JIByX KOMIUIEKCHO COMNpPSDKEH-

HBIX 8-)KI'yTOB (OKTOHHOHOB),
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(5.3.6)

dse) = dss) O+ dsg) ™,

rIe

ds V= Gds"TT + Gds" T+ GdsC )+ Gdst T + GdsC ) +

(5.3.7)

=0,

+Gds" T+ Gds CF )+ Gdst )

ds@ V= G dsC )+ GdsC T+ GdsETT )+ GdsCT )+ GdsC T +

(5.3.8)

+ CodsCTTI+ GdsT T + GdsCT .

,8) YIOBJIETBOPSIIOT aHTUKOMMYTaTUBHBIM COOT-

31ech BoceMb 00beKTOB (r (tne =1, 2, 3, ...

HotreHusM anredpsl Kimmddopnaa:

(5.3.9)

= 25km 5

(mgk +Ck(m
Ompum#k w0 Okm

= k).

1 mpu m

re 0km— cuMBOJ KpoHekepa (Jkm

JlaHHBIM TpeOOBaHUSAM YIOBJIETBOPSET, HAIPUMED, HAOOP 8X8-MaTpuIl THMA:

00 0 O

1

0
0
-1
0
0

1

00 0 0
00 0 0
00 00
00 0 0
0 0 0

0
-1
0
0
0
0

-1

1

00 0 0

g3 =

0
0
0

0
0
0

1 0 0 0 O

0

-1

00 0 0 O

-1 0 O

0 00

0
-1 0 O
0

0

1
0 00 0 O
0 0 0 O

1

0 00 O 0 O

-1

000 0 0 O

¢ =

00 0 0 O0O0OTO

1

1
0
00 0

0

00 0 00O

000 0 0O
1

00 0 0

1

0 0 0
1

00 0 0 0O

1

00 0 O
000 0O

0

1

0000 O0O0O O

0

1

¢ =

0 0
-1 0 0 O

1

0 0 0 0 O
0 0 0 O

o 0 0 0 0 0 O
o 0 0 0 0 O

0

-1

-1
0 0 0 0 O

00 0 0 0 0 O

0
0 0

1 0 0 O

0

-1 0 0 0 O

G =

1 000

0

0
0

1

0 0 01

0

0 00 0O
0 0000
0 00 00O

0 0 0 00O
0 0
-1

1

0

0

-1

-1

0000

0

gs=

00 0 10 0 0O
0 0-100 0 00
0 00 0 O0 O

1
-10 0 00 0 O O

0

-1

0

0o 0 0 00 O0 O

1

-1 0 0

00 0 00 O
00 0 00

1 0 0 O

0 0 0 O

§4=

0

0
0

-1

0 00 O
0 00 O
0 0 0 O

0 0 0

0
0
0
0

00

0 00

-1

0
0

0
0

0
0

-1 0 0 O

0

-1

0 0 0 O

Gy =

0

0

0 00 O
0 00 O
0 00 O
0 00 O

-1
-1 00 O

0 00
0

0 0

1

1 0 0 00 O
-1

0
0 00

0 00 O

0 00 O

00 0

-1

0 00 O

0

0

g7 =

v

-MaTpuIei:

B sTOM ciyyae Oim SIBISI€TCS €TUHUYHOM 8x8
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(5.3.11)

S O O = O O O O
S O = O O O o O
S = O O O O o O
—_ o O O O o o o

S O O O o o = O
S O O O O = o O
S O O O = O O O

3
S O O O o o o ==

PaccmoTpum dyHKIMOHAT

P
S = [ds (5.3.12)

P
rae dsae orpe3ok 16-xkryra (5.3.4).
AHaJOTUYHO TOMY, KaK 3TO ObUIO cIeTIaHo B § 5.2, mpupaBHsAEM NEPBYIO BapUAINIO JaHHOTO

(GyHKIMOHAJA HYJIIO

8 = mS[ds" ) + polds" D + psldst 0 + pasldst 0 +
+y56[dse ) + e 8[dsT ) + prSldsCT ) +sSfdst T+ (5.3.13)
+ 98] dsT ) + 08 [dsT + s fdst T I+ pasfds T +
+ 138 ds D + s [dsC D+ psSTdst D + peddsC T =0
Y TIpoAierbiBas onepamuu tuna (5.2.6) — (5.2.22), nomydnM ypaBHEHUE IKCTpeMalH (T.e. yCpeTHEHHON

re0/1e3M4eCKOi TMHUM) B MCKPUBIEHHOM 2°- An-n-BaKyyMHOM NPOTSKEHHOCTH

d*x!

dx’ dx’
g (771 FIO 4y, O 4, FIO w4y 7109 4 T 1<16>)ds - X _o (5.3.14)
1581051
af2 ! ,(q) dx' dx’
S 5.3.15
(Z ) (5.3.15)
TIe
o (q) p) (q) a (q)
o - 1g 8u 8y _ 98y (5.3.16)
ox’ o' ox*

— cuMBouIbl Kpucroddens g-ro MeTpuueckoro mpocTpaHCTBa ¢ KOMIIOHEHTAMH METPUYECKOTO TeH30pa

(q) (9) (9) (9)
oo 8o 820 &3
(q) (9) (9) (9)
@_| 8 8 8xu 8 (5.3.17)
8ij (9) (9) (9) (9) "

80 8 &» 8

(9) (9) ») (9)
803 8135 813 833

U COOTBETCTBYIOLIEH CUTHATYPOU
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E++++)): E+++—;: ((—++—))190 E++—+;z
sign(g;q>):(+——+)3 (++__)7 (+___)11 (+_++)15 (5.3.18)
=) o) ) )

Boipaxxenue (5.3.14) nmoka3bpIBaeT, 4YTO Ha JAHHOM YPOBHE pacCMOTPEHUSI UCKPUBIIEHHBIN yya-
CTOK 28~ Am:n-BaKyyMHOH MPOTSKEHHOCTH MPEJICTABISAET COOOM CIOKHBIE WKTYTBD» U «y3JIbD», COCTO-

aue u3 16-1 neperieTeHHbIX YCKOPEHHBIX BHYTPU-BaKyyMHBIX TOKOB (puc. 5.3.1).

Puc. 5.3.1. ®paxranbHas WITIOCTpaLMs NEPEIUIETEHHBIX
BHYTpPHU-BAKYYMHBIX TOKOB
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CreyIoIUM YPOBHEM PaccMOTpeHHs aBisercst 2!'%- An.n-BaKyyMHas MPOTSKEHHOCTD {cmon-
pume § 1.16}. Ee TuHAMUKA aHATOTUYHA JUHAMHKE 2°- lnsn-BaAKyyMHOH IPOTSKEHHOCTH, HO B 3TOM
ClIydae MeperieTaloTcs yke He 16 yCKOpEeHHBIX BHYTPU-BaKyyYMHBIX TOKOB, a 256.

Bosee yTOHYEHHBIX YPOBHEH pacCMOTpPEHHs «BaKyyMa» MOXKET ObITh OECKOHEYHOE KOJude-
ctBO {§ /.16}. Ilpu 3TOM KaXXIblil pa3 JUHAMHKA MOCJIEIYIOIIErO MOMEPEUHOT0 YPOBHS «BaKyymay
SBIJISICTCSI PE3YJIBTATOM YCpeAHEHUs (3arpyOJieHus1) TMHAMHUKHU MPEAIICCTBYIOMICTO, 3HAYUTEIHLHO 0O0-

JICC TOHKO U U3AIIHO YCTPOCHHOT'O YPOBH:I.

5.4 CkpbiTasi ITMHAMUKA MONEPEYHOT0 BAKYYMHOIO CJIOSI
B § 1.18 Ob110 OKa3aHO, YTO METPUKA JIOKAJILHOTO YYaCTKa UCKPUBIIEHHOTO 4-MEPHOTO MO/-
MPOCTPAHCTBA
ds'D? = g\ Delx'd/, (5.4.1)
¢ mMo00if u3 16-u BO3BMOXKHBIX CUTHATYD (5.3.3), MOKET OBITH MIPENICTABICHA B BUAE CKAISPHOTO MPO-
W3BEJICHUS JIByX BEKTOPOB, 33JJaHHBIX B UCKAKEHHBIX a(h(UHHBIX MPOCTPAHCTBAX C COOTBETCTBYIOIIH-

MU cTUTHaTypamu {cmompume (1.18.3)}

ds'? = dsds® = prmDe,, (g, (D pn e, oy Oxidy = gif Ddxidx/, (5.4.2)

rac
ds‘@=rm@e, @, @i, (5.4.3)
ds® = Bin®e, gy ) (5.4.4)

— BEKTOpBI, 3aJIaHHbIE COOTBETCTBEHHO B d-OM U h-OM UCKPHBIECHHOM a((UHHOM MPOCTPAHCTBE C CO-
OTBETCTBYIOLIEH cTurHatypoit {§§ 1.17 —1.18}.
37ech B CBOIO OUEpelb
iD= dx""D/dx/D (5.4.5)
— KOMITOHEHTBI TEH30pa YAJMHEHUH OCeil HCKPUBIIEHHOIO ydyacTka d-ro ad()uHHOrO IpOCTPAHCTBA C
COOTBETCTBYIOIIEH CTUTHATYPOI u3 Matpuisl (1.10.13);
prrD= (e D e, D) = cos (e'y'D "en'P) (5.4.6)
— HaIpaBJIAIOLIMEe KOCUHYChl MEX/y OCSIMH MCKPUBJIEHHOTO y4acTKa d-ro appUHHOro MpOCTPaHCTBA C
TOM 7K€ CTUTHATYPOU;
en'? — GasucHLIi BEKTOP, 331AI0NIMi1 HAMIPABIEHHE M-0i ocH d-ro ahGUHHOTO IIPOCTPAHCTBA;
dx'¥) — GeckoHEUHO Masblii OTPE30K j-0if och d-ro ah(pUHHOTO NPOCTPAHCTRA.
BepHemcs k camMoMy MpOCTOMY YpPOBHIO PacCMOTPEHHUs MCKPUBJIEHHOW JBYXCTOPOHHEH
23-Am:n-BAKyyMHOH IIPOTSIKEHHOCTH. B 3TOM cilydae, BMecTo cucteMbl MeTpuk (5.1.1) — (5.1.2),
BHEIIHSS M BHYTPEHHAS CTOPOHBI HCKPMBIEHHOIO YYacTKa 2°- Anm:n-BaKyyMHON HNPOTSKEHHOCTH OIIH-

CBIBACTCs, COMMPAXKCHHBIMU METPUKaAMU
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ds? = g dxidy¥ ¢ curnatypoii (+ ———) (5.4.7)
ds? = g Ddxidy ¢ curnarypoii (—+ + +), (5.4.8)

KoTopble cornacHo (5.4.1) — (5.4.6) MOXKHO MPEJCTABUTD B BUJIE

ds? = ds‘9ds® ¢ curnarypoii (+———) (5.4.9)
{ ds? = ds9ds) ¢ curnarypoit (— + + +), (5.4.10)
rae I ds'® = prm@e, D, D¢yl ¢ cTurHaTypoit {————} (5.4.11)
H ds®) = pnDe, gD/ ¢ curnaTtypoit {—+ ++} (5.4.12)
A% ds© = prm9e,©ayOdx! ¢ crurnarypoit {+++ +} (5.4.13)
H ds' D = pinde, e Ddx/ ¢ crurmatypoit {—++ +}. (5.4.14)

Haiinem Bapuanmu BCEBO3MOXKHBIX OMHAPHBIX CKAJSPHBIX TPOU3BEIeHUN BEKTOPOB (5.4.11) — (5.4.14)

S(ds9ds®)) = § (ds')ds® + ds @ Kds?)) ¢ curnatypoit (+ —— —) (5.4.15)
5(dsOds D) = § (ds)ds + ds© KdsD) ¢ curnarypoit (—+ + +) (5.4.16)
5(ds9ds©) = § (ds@)ds© + ds@ds@) ¢ curnarypoit (—— — ) (5.4.17)
S(ds9ds®) = 6 (ds')ds® + ds'9 Kds®) ¢ curnarypoii (— + + +) (5.4.18)
5 (ds9ds D) = § (ds)ds@ + dsDKds D) ¢ curmaTypoit (+ — ——) (5.4.19)
S(dsPds®)) = 5 (dsD)ds®) + ds'P Kds) ¢ curnatypoii (+ + + +). (5.4.20)

Cpezm HUX OTIIMYAOIIUMUCA ABJIIFOTCA TOJIBKO YETBIPC BapHallii C pa3HbBIMU CUT'HATypaMu

I AdsOds D) = 5 (ds)ds'D + ds K ds'?P) ¢ curnarypoit (—+ + +) (5.4.21)
H 5(dsVds®) = 5 (dsD)ds® + ds D Hds®)) ¢ curmatypoii (++ + +) (5.4.22)
\ 5(dsVds) = 5 (ds@)ds® + ds D Kds®) ¢ curmarypoit (+———) (5.4.23)
H’ S(ds'Dds ) = § (ds'9)ds© + ds'DKds'®) ¢ curnarypoit (———-). (5.4.24)
Du3UYecKuii CMBICT METPHYECKHUX CJIOEB C CUTHATYpaMu (— — ——) U (+ + + +) 3akmrouaeTcs B

yueTe GECKOHEYHO MAJIOH TOMIUHBI 2°- An:n-BAKyyMHOHN TIPOTSHKEHHOCTH MEYKLY METPUYECKHMH CJIO-

SIMH C CUTHaTypamu (+ ———) u (—+ + +).
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OnpenenyM COBOKYIHOCTb «IICEBJOCUIIOBBIX IOJIEW», TO €CTh MOJIEH YCKOPEHUH JIOKaJbHOTO
y4acTKa «BaKyyMma» pa3lIMYHbIX TUIIOB, UCXOJS M3 PaBEHCTBA HYJIIO MEPBBIX BapUaIUil YEThIpEX BO3-
MO>KHBIX (DYHKIIMOHAIIOB

S[ds D= { D, @y, @ clxi+ (@) S, @y, @ i+ (@ e, (@ Sp1, @ i+ P (@, (@1, (D) Sy =0,

S5 [ds®=]{ 58" De, Dy P)dxi + ) Se, Py + L e, B Sy P + P, Py ® it = 0,
§Ids(“)=I{ PP Ven ol i+ Sem ol Odxi+ Ve SoupiOdx+ P Ve Doyl ddx'y = 0,

5 Jds D=[{ " De, Doy D + "D Se, Dy D + B De, D oy P + frDe, Doy Dsdy = 0, (5.4.24)

KOTOpBIE pa3iaratoTcs Ha Bapuanuu 16-u noa-QpyHKIMOHAIOB
H \% H I i
§Ids(“)= Ié'ﬂpm(“)em(“)api(“)dxi+Iﬁpm(“)&m(”)api(”)dxi+Iﬁpm(“)em(")&pi(“)dxi+fﬂpm(“)em(”)api(“)561'xi=O,

Slds®= [5pir®e, Dy Oy + [B0) S, Oy Oy + [fir®e,®) Say Ol + [fin®e,,b)oy®) i = 0,
§jd3(c): Ié‘ﬁpm(c)em(c)api(c)dxi‘l' Iﬂpm(c)&m(c)api(c)dxi + Jﬂpm(c)em(c)&pi(c)dxi'*',[ﬂpm(c)em(C)api(c) 5dxi2 0,
Slds@ = jgﬁln(d)en(d)a,j(d)dxj + jﬁln(d) Sen Doy Dl + jﬁln(d)en(d) SofDd + | S De, Doy 5y = 0. (5.4.25)

[ToncraBnss Bapuaruu (5.4.25) B Beipakenus (5.4.21) — (5.4.24), nonyuyum 32 Tumna pasziud-
HBIX MOJIEH YCKOPEHUH JTIOKAIBHOTO yI9acTKa 2°- Am:n-BaAKYyMHOH IIPOTSKEHHOCTH, T.€. ICEBIOCUIOBBIX

ToJIeH B UCKPHUBJICHHOM 00JIacTH MyCTOTHI (puc. 5.4.1).

Puc. 5.4.1. ®pakranbpHas HILTIOCTPALUS yCKOPEHHBIX BHYTPU-BAKYYMHBIX TOKOB (T.€. IIEPEIUICTEHHBIX TEUEHHH),

BO3HMKAIOIINX B HCKPUBJIEHHOH 3-MepHOi1 00/1aCTH IyCTOTHI HA YPOBHE PACCMOTPEHHS 26-/1m+n—BaKyyMa
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B pamkax pa3Butusi oOmieil IMHAMHUKH BAaKyyMHBIX CJIO€B CIEAYET PACCMOTPETh P APYTHX
BO3MO’KHOCTEH, KOTOPBIE MOT'YT OKa3aThCs MOJE3HBIMU AJISl PELIEHUs T€OMETPO-AMHAMUYECKUX 3a/1a4.
B ygactHOCTH:

1). B § 1.14 Ob11 paccMOTpeH Croco0 MOMYYeHHUs M3 JUaroHaJbHON KBaJIpaTU4YHOU (OpPMBI,

HarpuMmep, ¢ CUTHaTypou (+———)

q,dx° +q,dx’ g dx' +iq,dx’

ds"? = g, dx’dx’ — g, dx'dx' — g,,dx’dx’ — g dx’dx’ :[ 0 3J (5.4.26)
det

q,dx' —ig,dx"  q,dx’ —q,dx

(rme g, :\/g? ) TUHEWHOU (POPMBI B BUE A4-MaTPHUIIBI

dx’ +q,dxX" g dx +igdx 10 0 -1 0 —i -1 0
A= W8 TR R TR g g ~qd?| . |gd? . (5:4.27)
g dx —igydx’ g dx’ —q,dx’ 0 1 -1 0 i 0 0 1

B sTOM ciiyyae tuHaMMKa BaKyyMHOTO CJIOSl C CUTHATYpoi (+ — — —) olnpeensercsi paBeHCTBOM
HYJIIO TIEpBO Bapuauy (pyHKIIMOHAIA BUIa

— 1 0 0 -1 0 —i -1 0
S A )=5J(%dx°(0 J—qldxl(l Oj—%dxz(i OJ_q3dX3(O J):O- (5.4.28)

AHaJIOTUYHO OIpeeNIAeTCs IMHAMKKa BCEX OCTaJIbHBIX BaKyyMHBIX ci0eB Buja (1.14.6) c Bce-
BO3MOKHBIMU curHatypamiu (1.11.5).
2). B § 1.15 paccMOTpeHO TUPAKOBCKOE MPEACTABICHUE JUATOHAILHOW KBAPAaTUIHON (DOPMBI,
HanpuMep, ¢ CHTHaTypou (+ + + +)
ds?® = goodx’dx® + gridx'dx' + grodx’dx® + gzzdxidx’ (5.4.29)
B BUJIe Mpou3BeAeHUs IBYX apPUHHBIX (TMHEWHBIX) hopM

ds? = ds’ds "= (yoqodx®’ + yiqidx"’ + y2q2dx® "+ p3q3dx® ") (yoqodx” "+ yiqidx' ” + yaqadx® "+ p3qadx® )

T ¢ =g (5.4.30)
%u— OOBEKTHI, YIOBJIECTBOPSIIONINE aHTUKOMMYTAaTUBHOMY COOTHOIIEHUIO anredopsl Kimuddopaa
Yubn T Vn Yu=20un. (5.4.31)

Ycnosuto (5.4.31) yaoBneTBopsieT, HaIpUMeED, Cleayromuii Habop 4x4-matpur Jupaka:

1 0 0 O 0 0 01 0 0 0 —i 0 0 1 O 1 0 0 0
o1 0 o0 joo1o oo o [o0 01 o Jo1 00
oo -1 0" "Tloroof “Tlo-io ol "t oo o] oo 1 o0
00 0 -1 1 000 i 0 0 O 0-10 0 0 0 0 1

(5.4.32)

Bapuanus npousBenenus 1Byx JuHeHHbIX ¢popm (5.4.27) paBHa

Ads’ds”)= 6 (ds’)ds "+ ds’Kds ™). (5.4.33)

B sToM cnyuae nuHaMuKa BaKyyMHOTO CJIOSI C CUTHATypoii (+ + + +) omnpenensercs BEIpaKeHUSIMU
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Sds’= S(yoqodx®”+ yigidx"+ yaqadx® + y3gadx’) = 0, (5.4.34)
Sds = S(yoqodx® "+ yigidx' "+ yaqadx® "+ yagadx® ) = 0. (5.4.35)
AHAJIOTUYHO ONPEACISACTCS AMHAMHUKA BCEX OCTAIBHBIX BAKYYMHBIX CJIIOCB C BCEBO3MOXKHBIMU
cur"arypamu (5.3.18).
PazBuTne naHHBIX HANpaBlICHWH BAaKyYyMHOH JIWHAMHKH OCTaBIISIeM JJIi MaTeMaTHKOB, C

HAJEXKI0M, YTO OHU OYIyT BOCTpeOOBaHbI (PUBUKAMH.

5.5 O0mas ITMHAMHKA METPHYECKOM NMPOTIKEHHOCTH C MOCTOSTHHBIM HCKPHUBJICHHEM [34]
PaccmoTpuM 006001IEHHY IO METPHKY
ds* = gijdx'dy/, (5.5.1)
C OO0 CUTHATYpPOl, KOMIIOHEHTHI METPUYECKOTO TEH30pa KOTOPOil HE 3aBUCST OT BPEMEHHU
gij = const. (5.5.2)
[Tepenumenm kBaapatuunyto hopmy (5.5.1), BEICITMB KOMIIOHEHTHI C HYJIEBBIMH HHICKCAMU:
ds? = c?goo df* + 2cgoa dx*dt + gapdx®dP, (5.5.3)
e o, f=1,2,3;dx" =dt.

K mpaBoii gactu (5.5.3) nprGaBuM U BBIUTEM KBaJpaT BEJIMUYNHBI

2o, dx”
=0 (5.5.4)
&00
B pesynbrare nomyunm [34]
e
ds? = c{ oo dt +M:| —{— 8ap +M}dxadxﬂ, (5.5.5)
CV 800 &oo

OTKYJda I ITPOU3BOJIBHO HMCKPHUBJICHHOI'O Yy4YaCTKa 4-MCpHOI>i MMPOTAXKECHHOCTH HMMECM aHAJIOT c00-

CTBEHHOT'O BpeMeHH [34]

Zoa X" VE00 (dxo +gﬂdxaj.

= dr=
NN
Cy/ 800 ¢ 800

Bropoe cnaraemoe B (5.5.5) — 9T0 KBaJpaT pacCTOSHHUS MEXAy IBYyMS TOUKaMH B 3-MEpHOI

(5.5.6)

METPUYECKOH IPOTSKEHHOCTH

goa8o0p

dP = —(gop — Ydx%dx? wmu  dPP = Yapdx®dxP, (5.5.7)

00
/1€ BBEJIEH 3-MEpHbIN METPUUECKUI TEH30D

goa8o0p

Vop = 8op T
’ ’ 800

(5.5.8)
Bripaxenue (5.5.5) ¢ yuerom (5.5.6) u (5.5.7) npuHHMaeT HHBAPUAHTHBIA BU]I

199



ds?=c2de? — dP, (5.5.9)

COOTBETCTBYIOLINI CUCTEME OTCUYETA, B KOTOPOUM UCCIIEMYEMbIi JIOKAJIbHBIA YY4aCTOK OJHOM U3 CTOPOH
BaKyyMHOU POTSKEHHOCTH MTOKOUTCSI.

Tenepb MOKHO BBECTH 3-MEPHYIO CKOPOCTb JIOKIbHOM 007acTH BaKyyMHOTO CJIOsI, METPUKO-

JTUHAMUYECKHE CBOMCTBA KOTOPOU 3aal0TCS KOMIIOHEHTAMH METpUUecKoro Ten3opa (5.5.2) [34]

c[— ot gwgo'gjdx“dxﬂ
_dl _ cdl _ Lo _ (5.5.10)
d
: Jg—( +g°“dx“j Jg—( +g°”‘dx“j
8o oo

KoBapuaHTHbIE KOMIIOHEHTBI BEKTOPA CKOPOCTH V OTPEEIIAIOTCS BhIpaKEHUAMU [34]

Va=gapVP, V= v

(5.5.11)
C yuetom (5.5.10) ctarrmoHapHyt0 METpUKY (5.5.3) MOXKHO MPECTABUTH B BUIE
ds*= goo(dx’ — godx®)*(1-1*/c?), (5.5.12)
IJIe BBEJICH 3-MEPHBIN BEKTOP
g, =-S5 (5.5.13)
Eoo

KommonenTsi 4-ckopocta u'=dx'/ds, ¢ yaerom (5.5.12) paBusl [34]

1 a a
0 _ gaV a _ v
u-= -t > U =7 (5.5.14)
v &oo l—v—2 c l—v—2 c l—v—2
c c c

JIst onpe/ieNicHNsT YCKOPEHHs JIOKATbHOTO YJYacTKa BaKyyMHOTO CJIOSI BOCIIOJIB3YyEeMCS ypaBHe-
HHEM reojie3ndeckoi tuauM (5.2.15).

Haiinem cumBomnsr Kpuctoddens (5.2.16) mis paccmarpuBaemoro ciydas [34]

I" %0= "2 goo’?

(5.5.15)
I"%0p="2g00 (%p—g“p) — 72 8B G00** (5.5.16)
I %gy= A%+ V2 goolgp (g% — 8%)) + g(g% — g%p)] + V288 & g0’ (5.5.17)

rac ga;;/ — O3HA4YaCT KOBAPHAHTHYIO ITPOU3BOAHYIO, KOTOpAsA B JAHHOM CJIy4ac COBIIAAAcCT C O0OBIYHOI

YacCTHOM Mpou3BOHOM [34]

« 08" o k_0g"
g, = = +1,8" = e (5.5.18)

A%p, — ecTh 3-MepHbIil cumBoa Kpucroddens, cocTaBieHHbIH U3 KOMIIOHEHT METPUUECKOTO TEH30pa

Zap TAK XKe, Kak [ k1 cCOCTaBISIETCS M3 KOMITOHCHT ik .

B 3Tux BbIpa)keHUsX BCE TEH30pHbBIE IEHCTBUS (KOBapHaHTHbIE AU(depeHIUPOBaHUS, TOIbEM

U OINyCKaHUE HHJIEKCOB) MPOU3BOAATCA B 3-MEPHOM IPOCTPAHCTBE C METPUKON Zqp HA 3-MEpPHBIM
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BEKTOPOM g% U CKaJIAPOM g00.
[ToacraBus Beipakenus (5.5.15) — (5.5.17) B ypaBaenue (5.2.5), nomyuum [34]
du®/ds= — F'oo%(u°)? — 2 T'opu’uP — I 5 uPu? (5.5.19)

1, UCTIONB3YsI BeIpakeHUs (5.5.14) 11 KOMITIOHEHT 4-CKOPOCTH, TIOCIIE MPEoOpa30BaHM UMEEM

du _d_ v g Ngw@p-giW v

ds ds | 2 Y 2 o ) (5.5.20)

VYCKOpeHHUe ecTh MPOU3BOJHAS OT 3-MEPHOW CKOPOCTH MO COOCTBEHHOMY BPEMEHH, OIpejie-

JISHHOE C IMTOMOIIBIO0 TPEXMEPHOTO KOBapuaHTHOTO nuddepennupoBanus [34]

@ _. 1_ﬁD_va_c 1_ﬁi v /a4 Vv
2 ds 2 ds\/ 2 \/ 2 (5.5.21)
1

02

1——
2

C yuerom (5.5.17) nnst 3-MepHOTO YCKOPEHUS JIOKAJIBHOTO CTAllMOHAPHOTO yYacTKa BaKyyMHO-
ro cios ¢ MeTpukoi (5.5.1) 1 KOMIIOHEHTaMU METPHUUECKOro TeH3opa (5.5.2) OKOHYATEIBHO UMEEM

(s ynoOcTBa onmyckaeM UHJEKC ) [34]

o 2 6ln\/goo \/—( 085 6ga
@ > ¥ [ (5.5.22)

WJIA B BEKTOPHOM BUJE [34]

) -
a=C—2{—grad(ln\/a)+\/g70{£xrot§}, (5.5.23)

v
==
c
rae g (81,82,83) — 3-MepHBI BEKTOP ¢ KOMIIOHEHTaMH €4 = — ioa ; (5.5.24)
00
sodl _ cdl (5.5.25)

d
: Jg—[ +goadxaj

00
— BEKTOP 3-MEpHOI CKOPOCTH JIOKATHHOTO Y4acTKa BAKyyMHOTO CJIOSI.
Eme pa3 ormerum, 4to BekTOop yckopenus (5.5.23) ¢ xommoHeHTamu (5.5.22) momydeH mpu
YCJIOBHH CTAallMOHAPHOCTH (T.€. HE3aBUCUMOCTHU OT BpeMeHH x° = f) KOMIIOHEHT METPUUYECKOTO TEH30pa

gij {cmotpure (5.5.2)}.
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5.6 BekTopbl HANPSA’KEHHOCTH U HHAYKIUH BAKYYMHOIO CJ1051

Paccmotpum BekTopHOE BhIpaxkenue (5.5.23)

1V2
—~
C

2
a_"ﬁ{gmd(ln\/g)%[ﬁx@mtg?]}, (5.6.1)

BBenem o0o3HaueHus

E,=—ygrad ¢, B.=y goorotzzl/c, (5.6.2)
e
T 2. e=lnyg,. A=g. (5.6.3)
==
c

[Tpu sToM BekTop yckopenus (5.6.1) mpuobpetaet B
a=E +[vxB)], (5.6.4)
CpaBHUM J1aHHBIN BEKTOp YCKOpeHMsI ¢ cuioi JlopeHna
F:=gE +¢q[v x B],
WIn
Fi/q = E +[v x B], (5.6.5)
rre
E — BekTOp Hanps>KEeHHOCTH JEKTPUYECKOTO MOJIS;
B — BEKTOp MHyKIIMM MarHUTHOT'O TOJIS;
¢ — 3apsj YaCTUIIBL.

OueBugHas anayorus BeipaxkeHuit (5.6.4) u (5.6.5) nmo3BosigeT paccMarpuBaTh BEKTOPHI (5.6.2)

KakK:

Ev — BCKTOP HANPAKECHHOCTH BAKYYMHOTI'O CJI0d ¢ KOMIIOHCHTaMU

Oln/ gy, oln./ g, dlny/ g,
Ev1=77a Evz=77’ Ev3=77- (5.6.6)
B, — BEKTOp MHAYKIMH BAKYYMHOT'O CJIOSl C KOMIIOHEHTAMU
og, Og og, 0g g, 0g
B,=r goo[a_x;_g;j’ B,=r goo[a_x;_a_xi s Bi=7480w 5_);_675 . (5.6.7)
rae gl:—&, gzz_&’ g3:_ﬁ.
oo Eoo Eoo
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Bekropsl Ev u Bv onmchIBalOT CcTalMOHApHOE JMHAMHUYE- A

CKOE COCTOSIHUE JIOKAJIbHOTO y4acTKa BaKyyMHOI'O CJIOSl, METPUKO- z' y
M
JTUHAMHYECKHE XapaKTEPUCTUKH KOTOPOTO OMPEACNSIOTCS METpPHU- I gf
o r /1N J' X'
ko (5.5.1) co cramMoHapHBIMH KOMIIOHEHTAMH METPHUYECKOTO 0
i
Tensopa (5.5.2). T
k| /7
st yrounenust pusnyeckoro cmpicia BekTopoB Ev u By Vs Y
1

paccMOTPUM MPOU3BOJIBHOE MBMKEeHUE ahPUHHOM MPOTSHKEHHOCTH
(cuctems! orcuera) K’ (#,x',)',z") oTHOCUTENBbHO TOKOAIIEHCS ad- X

HUHHOU nOpoTsbkeHHOcTH (cucrteMbl otcuera) K (t.x,v,z ncC.
b p ( ) (tx.y.2) (p Puc. 5.6.1. J[BryKeHHE CHCTEMEI

5.6.1). orcueTa K’ OTHOCHTENIBHO TIOKOSI-
miekics cucremsl otcuera K [6]
W3 puc. 5.6.1 BuaHO, 4YTO paauyc-BEKTOPHI I U I, 3aJ1ar0-
IIKE Toa0XKeHHe Touku M B cucteMax K n K, cBSA3aHBI COOTHOIIICHHEM
r=rotr’ (5.6.8)
W xtjytkz=rot+ti'x"+jy’ +k’z] (5.6.9)
rae i, j, k — oproroHanbHble €IMHUYHBIE BEKTOPHI, 33/al0IIME HAMpaBICHHUS OCEHl HEMOJABHKHOM
apduHHON NpoTsHKEHHOCTH K CO CTUTHATYpO {+ + + +};
i, j’, K' — opToroHanbHble €IMHUYHBIE BEKTOPHI, 3a/JalOIME HANpPaBICHUS OCEH IOJBUKHOU
adduHHOI npoTsmKeHHOCTH K' CO CTUTHATYPOH {+ + + +}.
Ckopoctb Touku M (mpuHamnexamiei apguuHoi npoTsHkeHHOCTH K') OTHOCUTEIBHO CUCTEMBI
K nipu ¢= t momyuaetcs B pe3yibTare quddepeHnnpoBanusi 00enx CTOPOH BbipaxeHus (5.6.8) [25]
Vo= drldt =droldt + dr’ldt, (5.6.10)
IIpH 3TOM ¢ ydeToM (5.6.9) umeem
Va=vo+ (x’di'/dt +y’dj'ldt + z’dK'[dt) + ('dx1dt + j'dyldt + K'dz1df). (5.6.11)
Optsl i/, j' 1 K’ mogBmwxkHO#N adHUHHON TPOTHKEHHOCTH K MOTYT U3MEHSTHCS OTHOCHUTEIBHO
adhpuHHON MPOTIKEHHOCTH K TOJBKO BCJICACTBHE €€ BpAIICHHUS BOKPYT TOYKU O’ C yTIIOBOM CKOPO-

ctrio Q. [loaTomy mpou3BoaHBIC TIO BpeMeHH OT i, j' 1 K’ paBHBI IMHEHHBIM CKOPOCTSM KOHIIOB 3THUX

BEKTOPOB IpH BpalieHUH cucteMsl K’ [25]

di'ldt=[Q x1i'], dj'ldt=[Qxj'], dk'ldt=[QxK']. (5.6.12)
[Toacrasmnss (5.6.12) B (5.6.11), momyuum
Va=vo+ [Qx 1]+ ({'dxTdt + j'dyT1dt + K'dz 1dt). (5.6.13)
VYckopenue Touku M OTHOCHUTEIBHO CHCTeMBbI oTcueTa K npu ¢ = ¢ paBHO [25]
a=dvqldt=ar+a.+ ax, (5.6.14)
rie
a,= ('d*>x1df + j'd*y1df + K d*z 1dP%) (5.6.15)
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— OTHOCHUTEJILHOE YCKOPEHHE;
ac = dvoldt+ [dQ/dt x r'] + [Q x [Q x 1']] (5.6.16)
— MIEPEHOCHOE YCKOPEHMUE;
ar = 2[Q x v/] (5.6.17)
— KOPHOJIMCOBO YCKOPEHHUE.
[Mepenumiem Boipakerue (5.6.14) mist crarmonapHoro ciydas dvoldt =0 u [dQ/dt x ¥']= 0, B
CJIeTyIOIIEeM BUIE
a=ap+2[Q x v, (5.6.18)
rae
ape = (Vd*x 1df? + j'd’y 1dP + K'd*21d?) + [Q x [Q x 1']] (5.6.19)
— CTallMOHAPHOE OTHOCUTEIBHO-TIEPEHOCHOE YCKOPEHHE MOABMKHON aQ(UHHON MPOTAKEHHOCTH.
[TpuHuMas BO BHUMaHUE U3BECTHOE B AHAIMTHUECKOM T€OMETPHH COOTHOIICHUE
[Qx v ]=—[vrxQ], (5.6.20)
BbIpakeHHeE (5.6.18) MOXKHO MpeCTaBUTh B BUE
a=ap.—2[vr x Q]. (5.6.21)
CpaBnuuBas yckopenue adp¢unHON npotspkeHHocTH K' B okpectHocTH TOouku M (5.6.21) c

yckopenueM (5.6.4) a = E, + [v x By] oOHapykuBaeM CleAyIOIIyI0 aHAJIOTHIO

E.= Apc, B.=- 2Q, V=Vr. (5622)

Takum 00pa3om, BBIACHSETCS, YTO OTHOCHUTEIBHO TMOKOsmehHcs adPuHHON MPOTHKEHHOCTH

(cuctemsl otcuera) K (x,y,2):

— BEKTODP HAIpPSKEHHOCTU BaKyyMHOIO cjos Ev TOXXIeCTBEHEH CTallMOHAPHOMY NEPEHOCHOMY YCKO-
PEHHMIO C KpPYYEHHEM apc JIOKAIBHOTO ydacTKa MOJABWXHOM adduuHON mnporskeHHOCTH K’ B
OKpPECTHOCTH TOUYKH M,

— BEKTOp MHAYKLHH BAKYYMHOTO cJI0si By TOXKIECTBEHEH yJABOCHHOW CTAlIMOHAPHOM YIJIOBOW CKOPO-
cTH BpameHust {2 TOro e yJacTKa MOABIKHON apUHHOM MpoTsHKeHHOCTH K /)

— BEKTOP CKOPOCTH V COOTBETCTBYET CKOPOCTU MOCTOSHHOTO MEPEMEIEHHUS Vr TOTO ke ydacTka ad-
(buHHON TPOTsHKEHHOCTH K “oTHOCHTENBbHO ad(GUHHON MPOTSHKEHHOCTH K.

B pamkax AnreOpbl curHatyp kaxmas u3 cuctem orcuera K’ (¢/x'y’z) u K (¢, x, y, z) MOXKET

UMETH JIT00YI0 U3 16-1 BO3MOXKHBIX 0a31COB, TOKa3aHHBIX Ha puc. 1.6.3 co cturHarypoii (1.8.2):
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{++++}Z(: {+++—}1(]’ {—++—}z(l’ {++—+}31
B A et A et o e
j j

{__+_03 {+_+_}13 {_+__23 {____}33

MI03TOMY BO3MO>KHBI 256 BapHaHTOB JBM)KEHUS JIBYX a(UHHBIX CIIOEB OTHOCUTEIBHO APYT JIpyra.

5.7 BeKTOpbI HANIPSIZKEHHOCTH W HHAYKIHUH 2X-1m:n-BaAKyyMHOIi IPOTSKEHHOCTH
B nmyHkTe 5.5 mpuBeAeHbI XOpPOIIO U3BECTHBIE CHEIMATIMCTAM CBEIECHUS U3 TeopuH nous [34].
Teneps BepHEMCS K PACCMOTPEHHUIO 2°-An-n-BaKyyMHON HPOTSKEHHOCTH B PaMKaX HpeCTaBICHHI
AnTeOphl cUTHATYP.
[Tepenumem Beipakenue (5.2.22) B BUE

: , 5.7.1
ds? Y ds ds Y ds ds ( )

OTKYyJla C YYETOM MpEAbLAYLIero MyHKTa BUIHO, YTO JAJISi CaMOT0 MPOCTOro B AJICUTHE YpPOBHS pac-
CMOTpPEHHsI CTAI[MOHAPHOTO COCTOSIHHS HCKPHMBIIEHHOH JBYXCTOPOHHEH 2°-Am-n-BaKyyMHOH IIpOTS-
KEHHOCTU YCKOpPEHHE UMEET BUJ]
a®=2a0 +ja®, (5.7.2)
rae a©) — BexTop yckopenus (5.5.23) B KOTOpBIHA MOACTABISAIOTCS COOTBETCTBYIOIIME KOMIIOHEHTHI
MeTpuyecKoro TeHsopa cyokonta g (5.1.6);
a® — pexrop yckopenus (5.5.23) B KOTOPBIii TIOJCTABIAIOTCA KOMIIOHEHTBI METPHUECKOTO TEH30-
pa antucy6konTa gii " (5.1.8).
KommiekcHOCTb BeIpakenus (5.7.2) o3Haudaet, uto Bektopsl a7 u a'”) B3aumuo neprnenauxy-
JSIPHBI IPYT APYTY.
JIJ1s cTanioHapHOTO CiTydasi BEeKTOpHOE BeIpaxkeHue (5.7.2) ¢ yuerom (5.6.4) mpuoOpeTaeT BU
a® =E,O+ [vOx B, + {(E, D+ [v®Y x B, ™)),
WIH
a® = (E, O +iE, ) + ([v©) x By O] + i[v)x B.)). (5.7.3)
Ha ypoBHe paccMoTpeHus 2°-An:n-BaKyyMHOM TPOTSKEHHOCTH Ha ocHoBaHuH (5.3.14) anano-
TUYHO MOJTYYUM
ago=ma + pa® + y3a® + psa® + (5.7.4)
+n5a® + n6a® + p7a® + pga® +
+n9 a® + 102"+ yrah + ypal? +
+n13at+ 142t + 515215 + 516219
rae a9 — Bextop yckoperus (5.5.23) B KOTOpBIHA MOJCTABISAIOTCS COOTBETCTBYIOIINE KOMITOHEHTHI

MeTpudeckoro Tensopa gii? (5.3.2) ¢ COOTBETCTBYIOMIEH CHrHATY POl u3 MaTpuisl (5.3.3).
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JIist craliMoHapHOTO clilydasi BEKTOpHOE BhIpakeHue (5.7.4) ¢ yuerom (5.6.4) MOKHO mpejcra-
BUTH B BUJIE
", (B @) B
o — q L\ q
dgg =2 1,(EX +[V? xBY). (5.7.5)
q=1
OO0was AUHAMUKA CIeAyIollel no rimy6rHe paccMOTpeHus cTaiuoHapHoi 210 Ay.,-BakyymHOl
MPOTSDKEHHOCTH M IMHAMHKH BCEX MOCIEIYIOIUX 0oJiee TITyOHMHHBIX 2"-Am:n-BaKyyMHBIX CIIOEB IIPH 71

CTpeMSIIICICs K OECKOHEUHOCTH {cmompume § 1.16} MOTYT OBITh Pa3BUTHI aHAJIOTUYIHO.

5.8 MeTpuko-THHAMUYECKHE MOJEH «IJIEKTPOHA» H «IIO3UTPOHA»
Ot pasButus 00MIel JMHAMUKH BaKyyMHBIX CJIO€B MEPEHIeM K UCCIICTOBAHUIO YAaCTHBIX CITy-

9YaeB B3aMMOJICHCTBHIA MEXy BaKYYMHBIMU 00Pa30BaHHUSIMH.

Puc. 5.8.1. ®pakranbHas WUTIOCTPALUS JOKAIFHOIO BAKyyMHOT'O 00pa30BaHUs

IIpexxne Bcero, pacCMOTPUM «AJIEKTPOH» - «IIO3UTPOHHOE» M «IIEKTPOH» - «IIIEKTPOHHOE)
B3auMoJeicTBus. s 3Toro HanoMHUM {cmompume § 2.6}, 4TO B paMKax CBETOI€OMETPUH BaKyyMa,
OCHOBAHHOM Ha NpPUHIMNAX ANreOpbl CUIHATYpP, MOKOALIMNICS «3JIEKTPOH» — 3TO CTallMOHApHOE (cTa-

OuIbHOE) B CpeHeM CPEepUYECKH CUMMETPUYHOE (BBIMYKIIOE) BaKyyMHOE O00Opa30oBaHHE, KOTOPOE Ha
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YPOBHE PacCMOTPEHHS 2°-Am:n-BAKYYMHOU HPOTSKEHHOCTH MPUOIMKEHHO ONKUCHIBAETCS COBOKYIIHO-

cTbto 10-1 METpHK ¢ curHaTypou (+——-):
«IJIEKTPOH» (5.8.1)
CrabuipHOE BaKyyMHOE 00pa30BaHUE C CUTHATYPOit
(+——-)
COCTOSIIIEE U3 CIECAYIOMINX YacTel U HCKPHUBJICHHBIX BaKyyMHBIX clloeB {cMoTpute ( )}:
BHemHsisi 000J104Ka «3JIEKTPOHA)
B UHTEpBaIE [r6, 73] (puc. 5.8.1)
2 2
ds* 2 = 1—’/—"+r—2 cdt’ o —rz(ahé?2 +sin’ Gdgoz), (5.8.2)
roon e +ﬁ
roor
2 2
dsi 2 =1+ s _r_z cdt’ - o 7 (d¢92 +sin” dp’ ), (5.8.3)
roon 1+FL_£
ror
2 2
st = 1= -2 ___a —12(do* +sin> 0de?), (5.8.4)
ron _i_ﬁ
ror
2 2
dsi+777)2 :(1+VL+V_2 cldt? — dr . —rz(d492+sin2 @d(pz); (5.8.5)
roon re r
1+ =+ —
( roor j
Snpo «3aeKkTpoHa»
B HHTEpBaJIE [17, 6] (puc. 5.8.1)
2 2
dst2 = 1= Dl - 2(a0% +sin® 0dg?), (5.8.6)
roor o
roor
(+——)2 & r’ 24,2 dr’ 2 192 | win2 2
ds; =|l+——-— |cdt’ ———~ -7 (d9 +sin” @dep ), (5.8.7)
roor L
oo
2 2
dst 2 =12 g 9T (g% s sin? 0dg?), (5.8.8)
roor _i_ﬁ
r r62
2 2
a5t = (1 N %chdtz A (ae vsin? 0dp?); (5.8.9)
ror A
(1 + "+ 2)
ror
HleabT «3JeKTPOHA»
B uHTEpBaIe [0, )
(5.8.10)
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rne

73~ 410" cM — paguyc, COU3MEPHMBI ¢ paguycOM Spa «TalaKTUKW», BHYTPH KOTOPOH HaXomuTcs
AP0 «IIEKTPOHA»; €CIH SIIPO «IIIEKTPOHA» HAXOIUTCS BHYTPU OHOIOTHYECKON
KIEeTKH TO BMmecto 73 B Merpuku (5.8.2) — (5.8.9) cnemyer moACTaBISTH
rs~ 4,910 cMm {cmompume (2.6.20)}; ecau AApO «INEKTPOHAY» HAXOAUTCS BHYTPHU
A]lpa «IUIaHeThbl», TO BMecTO 73 B MeTpuku (5.8.2) — (5.8.9) cienyeTr moactaBisiTh
ra~ 1,410 c™ u 1.10. {cmompume puc. 2.6.1 — puc. 2.6.3};

r6~1,7-10"3 ecm — paguyc sapa «dnekTpoHay;

r7~5,8'1072* cM — paguyc sApBIIIKA, HAXOIAIIETOCS BHYTPHU Apa «3IEKTPOHAY.

BHemusas o6omouka

Puc. 5.8.1. Bemnsist o60siouka, pakus, Sap0, BHyTPEHHEE SIIPHIIIKO ¥ HEBUAUMBIN IIEIBT
chepryecKoro BaKyyMHOTO 00pa30BaHus (B YACTHOCTH, «3JICKTPOHA) WIIH «IIO3UTPOHAY)

Omnpenenenune Ne 5.8.1 Pakus — 5mo MHO20CI0UHAA cheputecKas epaHuya mexncoy saopom u
sHewHell 00010uKol 1100020 chepuueckozo eakyymnoeo obpaszosanus (puc. 5.8.1 u puc. 5.10.5 —

5.10.8).
Onpenenenue Ne 5.8.2 [llenvm — 3mo ceoeobpasuas namsams o0 HedepopMUpo8aAHHOM COCMO-
AHUU PACCMAMPUBAEMO20 CHepUtecKo2o YYacmKa 6aKyYMHOU NPOMANCEHHOCMU, 8 KOMOPOM HAXO-

oumces 8aKyymHoe o0pasoeanue (8 4acmHocmu, «21eKmpoH» ULl «NOSUMPOHN).
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[Tokosmuiics «MO3UTPOH» — 3TO HETATUBHOE MO OTHOIICHHUIO K «AJEKTPOHY» (T.€. BOTHYTOE)

cTanmoHapHoe (cTabmibHOE) B cpeHeM c(hepruIecKrn CHMMETPUYHOE BaKyyMHOE 00pa3oBaHUE, KOTO-

poe Ha YpOBHE PACCMOTPEHHS 2°-Am:n-BaKyyMHOH MPOTSKEHHOCTH OIMCHIBAETCS COBOKYITHOCTBIO

10-u MeTpuK ¢ CUTHATYpO# (— + + +):

«ITO3UTPOH»
CrabuirpHOe BaKyyMHOE 00pa30BaHUE ¢ CUTHATYPOI
(—+++),
COCTOSIIIIEE U3 CIEYIONINX YCPEJHEHHBIX BAKYYMHBIX CJIOEB!

BHemnsist 000/104Ka «IIO3UTPOHA»
B UHTEpBaE (76, 73] (puc. 5.8.1)

2 2
dsH? = - 1_r_6+r_2 czdtz+L+r2(d(92+sin20d(p2)’
r }"3 1 ri_;,_i
roon

2 2
dS£—+++)2 — _(l_i_ri_r_jczdtz +L2+r2(d92 +sin’ 00’(02)9

7, r
(1+6—2
roon

+12(d6” +sin® 0dp?),

2 2
dsCr? = _£1+i+r_]c2dﬁ +L2j+r2(d92 +sin’ 6’d¢2)=

SAnpo «mo3uTpoHa»
B UHTEpBaE [r7, ] (puc. 5.8.1)

2 2
. di .
ds( 0 = - 1_’”_7+’"_2 c2dt? +;2+r2(d92 +sm29d(p2)’
roor ( roor J
-+
roorg
2 2
_ ror dr .
dsi 2 = 14+ L~ |c2di? +—2+r2(d¢92 +sm29d(pz),
roor (1 ror
T
ror

+ r2(dt92 +sin’ Hd(pz),

2 2
r I, I r

6 1+ 7+~
r g

2 2
ds{ 2 = _[1 o r_)&dﬁ e rz(dﬁz +sin’ @d ¢’ );

HleabT «mMO3UTPOHA»
B uHTepBase [0, «)
dsi " = —c2di? +dr? + 1 (d6? +sin® 0dg? ).

TIe

(5.8.11)

(5.8.12)

(5.8.13)

(5.8.14)

(5.8.15)

(5.8.16)

(5.8.17)

(5.8.18)

(5.8.19)

(5.8.20)

73~ 410" cM — pagmyc, COM3MEpHMBIii ¢ PaJuycOM SIpa «TalaKTHKW», BHYTPH KOTOPOIl HAXOMUTCS

SAPO IIO3UTPOHA»; €CIIH SAPO «IIO3MTPOHA» HAXOIMTCS BHYTPH OHOJIIOTHYECKON
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KJIeTKHu To BMecTto r3 B Merpuku (5.8.12) — (5.8.19) crnenyer mnoacTaBisTh
rs~ 4,910 cm {cmompume (2.6.20)}; ecitu PO «IIO3UTPOHAY» HAXOMUTCS BHYTPU
A7Ipa «IJIaHEThI», TO BMecTO 75 B MeTpukH (5.8.12) — (5.8.19) cienyeT moacTaBisiTh
ra~1,4-10%c™ u 1.0, {cmompume puc. 2.6.1 — puc. 2.6.3};

r6~1,710"% cM — pamuyc sapa «IO3UTPOHAY;

77~ 5,8:1072* cM — payc «SApBIIIKay, HAXOAAIIEr0Cs BHYTPU AIpa «IO3UTPOHAY.

B pamkax ANCUTHBI «3JEKTPOH» U «IIO3UTPOH» MOTYT OBITH BCTPOCHBI B UEPAPXHIO MHOKECTBA
chepruecKux BaKyyMHBIX 00pa30BaHUM, BIOXKEHHBIX JPYT B Apyra noao0Ho marpemkam (puc. 5.8.2 a u

5.8.3) {cmompume §§ 2.5 — 2.6 u puc. 2.6.2}. Ho ayis ynpoIueHus 3/1eCb pacCMaTPpUBAETCS BAKYyYMHOE

O6p330BaHI/Ie, COCTOALICC M3 IMMOCIICA0OBATCIBHOCTH TOJIBKO TPEX U3 HUX.

a)

Puc. 5.8.2. a) ®paxranbHas WINTIOCTpPALHS IOCIIEI0BATEIBHOCTH cheprueckuX 00pa3oBaHUi, BIOKEHHBIX APYT B IpyTa;
0) ®pakraybHast WUTIOCTPALNS HEPAPXHH JIOKATBHBIX BAaKyyMHBIX 00pa30BaHUM

Puc. 5.8.3. ®pakranbHble WLTIOCTPALMH [TOCIIEI0BATEILHOCTH
ceprudeckux 00pa3oBaHU, BIOKCHHBIX IPYT B JApyra
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5.9 BHemHsist 000J104Ka «QJIEKTPOHA» H «IIO3UTPOHA»
PaccmoTpuM BHENIHIOIO 0007104UKy «3JIeKTpoHay (puc. 5.8.1), Haxosmerocss BHyTpH sapa ra-
NAKTUKH ¢ paguycoM 73~ 4-1018 cm.
BOmu3u sapa «dIeKTpoHay 73 >> 1 = re ~ 1,7-10713 cm, mostomy B Metpukax (5.8.2) — (5.8.5)
clIaraeMbIMU /73 MO’KHO TIpeHeOpedb. B 3TOM ciydae sSipo «3JIEKTPOHA» MOXKHO CUUTATh MpPaKTHYE-
CKH CBOOOJIHBIM, @ €r0 BHEIIHSA 000J04Ka ¢ BHICOKOI TOYHOCTBIO (HA YPOBHE PACCMOTPEHHUS 2°- Apan-

BaKyyMHOW MPOTSKEHHOCTH) MOXKET OBITh ONKMCaHA COBOKYITHOCTBIO METPHUK

Bueniusis 000j104Ka «QJIEKTPOHA»
¢ curHarypoi (+ ——-)
B uHTepBaine [~2,3:1073cm, ~10'8cm] (puc. 5.8.1)

2
dst~ 2 = (1 - r_éj&dtz o rz(a’e2 +sin’ Hd(pz)a (5.9.1)
r 1T
r
2
ds{ 7 = (1 B S r(d6” +sin’ 0dg?), (5.9.2)
r
2
dsi—? = (l o \2gpr — 4 rz(d@2 +sin’ Hdgoz), (5.9.3)
r l_l"i
r
2
st = (1 + ijczdﬁ __dar r*(do? +sin® 0dg?). (5.9.4)
r

Yepeanaum metpuku (5.9.1) u (5.9.3), a takxke (5.9.2) u (5.9.4)
V5 (ds1® 24 dssC %) 1 (dso T2 dsd ), (5.9.5)

B pE3yJIbTAaTC IJId ONMHCAaHUSA BHEIIHEN 00O0I0YKH «QJICKTPOHAa» MOJYYUM CJICAYIOIIYIHO COBOKYIIHOCTbH

13 IBYX METPHK

Bueniusisg 000J104Ka «QJIEKTPOHA»
¢ curHarypoi (+ ——-)
B unTepBaine [~2,3:10"3 cm, ~10'8 cm] (puc. 5.8.1)

2
dst % = ds"? = [1—r—6]c2dt2 —( dr —rz(dé’2 +sin’ 00’(02), (5.9.6)

r 1— 1/'L
r
ds{™ 7 =ds{"? = (1+i]c2dt2 - ( dr’
1

r 7,
e
r

—r2(d6* +sin> 0dp?), (5.9.7)
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AHaNOTUYHO JIs1 ONTUCAHUs BHEIIHENW 000JI0UKH CBOOOHOTO «IIO3UTPOHAY UMEEM

Bueniusis 000J104Ka «IMO3UTPOHA»
C curHatypoi (—+ + +)
B uHTEpBane [~2,3:1073 cm, ~10'3 cm] (puc. 5.8.1)

2
ds( % = ds 0 = —(l—rijczdtz P A rz(dﬁz +sin’ Hdgoz), (5.9.8)
r -
r

2
ds{ 0 = ds{? = —(1+ " jczdﬂ (467 1 sin 0de?), (5.9.9)

OTMeTnM, 4TO MpOoIeaypa YCPEAHCHHS ABYX METPUK THNA (5.9.5) COOTBETCTBYET HAXOXKIECHHUIO

KBaJ[paTa MOy KOMIUIEKCHOro yncna sua (5.1.10) ds = / 12 (ds1 + ids2).

HanoMuuM Takxe, 4To JUisi yI00CTBA OMUCAHUS BHYTPH-BAKyYMHBIX MPOLIECCOB B AJICUTHE
BBEJICHBI CIICIYIONINE YCIOBHBIE Ha3BaHUs {cmompume maodauyy 2.1.1}:
a-cyoxoum — POTSIKEHHOCTh, OMUChIBaeMast MeTpukoi (5.9.6) ¢ curnatypoit (+ — ——); (5.9.10)
b-cybxonm — POTSHKEHHOCTD, ONMUChIBaeMast MeTpukou (5.9.7) ¢ curnatypoit (+ — ——); (5.9.11)
a-aHmucyoKonm — IpOTSHKEHHOCTh, OMUCBhIBaeMas MeTpukoii (5.9.8) ¢ curnarypoi (—+ + +); (5.9.19)

b-anmucyboxonm — IPOTSHKEHHOCTbH, OMUChIBaeMast MeTpukoii (5.9.9) ¢ curnarypoit (— + + +). (5.9.13)

5.10 BakyymMHas1 3JIeKTPOCTATHKA «3JIEKTPOHA» H MO3UTPOHA)

Metpuxku (5.9.6) — (5.9.7) u (5.9.8) — (5.9.9) sBnstoTCA CTalMOHAPHBIMH, TIOATOMY BOCTIOJIb3Y-
emcst ypaBHeHusMH (5.5.22) u (5.6.1) — (5.6.7) nns uccnenoBaHUs YCKOPEHHBIX TE€UEHUH BHYTpPH-
BaKyyMHBIX cjioeB (5.9.10) — (5.9.13) Bo BHelIHEN 000J0UKE «3JIEKTPOHA» U «IIO3UTPOHAY.

B mMerpukax (5.9.6) — (5.9.9) Bce cMmemanHbpIe KOMIIOHEHTHI METPHUUECKOTO TEH30pa PaBHBI HY-

JIO

200 =0, 20™@=0, gu"=0, gou*?=0. (5.10.1)

[TosTomy ypaBHeHue (5.5.22) nist paccMaTpUBAEMOTO CITy4asi IPUHUMAET YIPOIICHHBIA BHI:

(-a) (-a)
a‘(x-a) ZES;a) __ ¢’ 0ln+/gy, __ ¢’ 0lnygy (5.10.2)

(-a)2 ox*“ 7, ox*“
14
1- 1+-%
C’2 r

- YCKOpEHUE a-cyOKOHma,
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¢ Onygy” ' Olnygy” (5.10.3)
p2 o ox* r,  ox°

C2 r

(=b) _ p(=b) _
aa - Eva -

1—

- yCKOpeHue b-cyoxonma,

. Onyew” ¢ Omnyew” (5.10.4)

2
(+a)2 ox* ox*’
1% 7,
1- 1+-%
c? r
- YCKOPEHHUE a-aHMUCyOKOHmMA;

[ Gb) [ b
alt? = ECP = — ¢’ d1n /gy _ ¢’ 0lnygy (5.10.5)

a a
_ p b2 Ox \/ r Ox
¢’ r

/i€ yUYTEHO, YTO cornacHo (2.1.48) — (2.1.51)

(+a) _ pl+a) _
a E Y =—

e =

- YCKopeHue b-aumucyoxouma,

W2/cr =y, D22 = pelr | VD22 =, D22 = pefr (5.10.6)

Wa2/c? =y, (D2 c? = pefp, W22 =y, 02/ = — pefr .
[ToncTaBinsist HyJeBble KOMIIOHEHTBI 00 METPUUYECKUX TEH30pOB U3 MeTpUK (5.9.6) — (5.9.9)

g0t ?=1—-rer u  goo™®=1+re/r, (5.10.7)
1 +re/r u goo™=—1-re/r (5.10.8)

(+a) —

00

B cOOTBeTCTBYIoIIME BbhipaxkeHus (5.10.2) — (5.10.5), B chepuueckoil cucreMe KOOPAUHAT MOTYyUHM:

- KOMIIOHEHTBI BEKTOPa a-CYOKOHMHOU HATIPSHKEHHOCTH (T.€. BEKTOPA YCKOPEHUS A-CYOKOHMA):

2 _ 2
S0 oo ___C olnl-r,/r _ . cr
r vr

* b
A 2 1 Te
r r

ag” =EL" =0, (5.10.9)
(=a) _ pp(=a) _
a,” =E, " =0,
rae i: 17 g:—il_r_é)g’
or* gl(1 9 o r)or

- KOMIIOHEHTBI BEKTOpa b-cyOKonmHol HAaNPsHKEHHOCTH (T.€. BEKTOpa YCKOpeHus b-cyoxonma):
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b _ b __ c? 81n1/1+r6/r:_ c’r,

a =
r vr a %k b
\/1+r6 " 2r2\/1+r6
r r
ag” = E" =0, (5.10.10)
(=b) _ p(=b) _
a,”’ =E,7 =0,
0 1 0 1) 0
F,Z[e —_— = (—b)_:_ 1+_ _;
or* g,” or r)or

- KOMIIOHEHTHI BEKTOpa a-aHmucyOKonmHou HaNpsHDKEHHOCTH (T.e. BEKTOpa YCKOPEHUS d - aH-

mucyoxKonma):
a(+a) _E(+a) _ C2 81n,¢—(1—r6/r) _ C27"6
r vr \/1_1/_6 ar* 2r2\/1_7/_6
r r
ay” = E," =0, (5.10.11)
4t = EC9 =0,
0 1 0 r, ) 0
e = S )
or* g1(1+ “ or r)or
- KOMIIOHEHTBI BEKTOpa b-anmucyOKxoHmHOoU HANPSHKEHHOCTH (T.€. BEKTOpa yCKOpeHUs b - aw-
mucyOKoHma):
4P = EOb ¢t Olny-(+r/r) _ 02,-6
r vr a * 2
\/ 1+ : 2r2\/ 147
r r
ay" =E" =0, (5.10.12)
at = EC =,
0 1 0 ) 0
FILG —_—= —b —_—= 1 +— |—.
or* gl(l+ ) or rjor

OmnpenenyM BEKTOp YCKOpPEHHs CyOKOHTa BO BHEIIHEH 000JI0UKE «3JIEKTPOHa» MOJ00HO BEK-
Topam (5.7.2) — (5.7.3)
a0 = a® + jatP = £, +E,D), (5.10.13)

C yuetom (5.10.9) u (5.10.10), KOMIIOHEHTHI TAHHOTO BEKTOPA PaBHBI

2
O _ po _ oz, g N2
ar _Evr - Evr +Evr _—2’

7
2 6

2r 1—72
r

aé") =0, (5.10.14)
a(f,') =0.

AHaJIOrMYHO, BEKTOP YCKOPEHHsI aHTUCYOKOHTa BO BHELIHEH 000J0YKe «IIO3UTPOHA» PaBEH

a®) = q(ta) 4+ jq(D) = | (fa) 4 /g, (D). (5.10.15)
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C yuetom (5.10.11) 1 (5.10.12), KOMITOHEHTHI JAHHOTO BEKTOpPA PaBHBI

al) =0,

+) _
a, =0.

(5.10.16)

B cnyuae r >> r¢ yckopenue (5.10.14) npuHuMaeT npuOIMKEeHHBIA BU

2

(—)ZEHz\EC Ts

a vr 2
2 r

a

(5.10.17)

Tor;[a KaK B KJIaCCUYECKOM SJICKTPOCTATHUKEC HANIPSIXKCHHOCTD 3JICKTPUUYCCKOTI'O ITOJIA TOUCHHOI'O

AIIEKTPOHA B BAKyYME OTPEIEINIACTCS BBIPAKCHUCM:
e
E =——,
4rg,r
rae e=—-1,60219-10"" Kn — 3apsy snexTpoHa;
&= 8,85419-10"'? ®/M — snekTpuyecKas MOCTOSHHAS.

CpaBumBas (5.10.17) u (5.10.18), oGuapyxuBaem

COOTBETCTBHEC

e V2

o ==, 5.10.19
4re, 2 ° ( )

OTKyZa BHUJIHO, YTO CMBICI 3apsja 3JIEKTpOHa e COOTBET-
CTBYeT pajuycy TopnoBuHbI 76 ~ 2,8:10713 cm (puc. 5.8.1 u
5.10.1), U3 KOTOPOIi BO BCE CTOPOHBI BHITEKACT A-CYOKOHM C
3amemiienneM (5.10.9), 1 Kk KOTOpPOH cO BCEX CTOPOH CTEKa-
etcs b - cyokoum c yckopenuem (5.10.10).

IlonBeneM npOMEXYTOUHBIM WUTOT. AJICUTHA BBEla
MPEJCTABIICHHE O TIOABIKHBIX CIUIONIHBIX TCEBIO-Cpenax:
a-cybkoum, b-cyoxomwm, a-awmucydoxomwm u b - awmucyo-
konm. CylIeCTBYIOT 3TH ICEBAO-CPEAbl WM HET? — AJICUT-
HE Heu3BecTHO. Ho ecnum MaTeMaTudecku OIpeaesieHO
yckopeHnue, Hanpumep, (5.10.9), To Hen30eKHO BO3ZHHUKAIOT
BOIIPOCHI: — KYCKOPEHHUE YET0?» U «OTHOCUTEIBHO Yero?»

AJCHUrHa CUMTAeT, YTO MEepeIUIeTeHHE MOJBHKHBIX
BHYTPH-BAKYYMHBIX CJIO€B (TICEBIIO-CPEN) — 3TO JIMUIb WJI-
JTHO30pHBIN AP PEKT, MOAOOHBIH TOMY, KaK MBI B CBOEM CO-

3HAHUU IIPE/ICTaBIIsIEM, HAIPUMEDP, MOPCKOE TOOEPEKbEe MU

(5.10.18)

0)

Puc. 5.10.1.

a) CxemaTru4Has WUTIOCTpaLUs CTOKa
a-cybkoHma B paxuio, OKpy>Karolryro siipo
«QIIEKTPOHA», K HICTCUCHHUS U3 HEe
b-cybronma
0) @pakTanpHas WUTIOCTPAIUS pakuu,
OKPYKAOILIEH SIIPO «IIEKTPOHA
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JIECHYI0 TMOJsHy. Pa3Hbie TUMBI CyOCTaHIIMOHATBLHOCTEH BBO-
IATCST AJICUTHOM JUIA YMCTO TEXHHUYECKOM IEJIM: aJalTaiiu
HaIIero CO3HAHUS BHYTPH U3Yy4aeMbIX «BaKyyMHBIX» 00pa3o-
BaHuil (cMotpure onpeneneHus Ne 1.7.4 u 1.7.5). Ho npu 6o-
Jiee THIATEIHPHOM PAaCCMOTPEHUU OHTOJIOTMM M THOCEOJIOTHH
MPOTSKEHHOTO bbITHS (T.€. MyCTOTHI) OT YTSIKENSIOMHUX I10-
HATUHN "miceBAo-cpena” U "aHTHIICEBIO-cpeAa” MOXKHO Oyaer
OTKa3aThCs, T.K. HA CaMOM JieJie AJICUTHAa HUYETro HE BUJIWT B
MyCTOTE, KPOME HCKPHUBJICHHBIX 3-MEPHBIX CBETOBBIX JIAH/I-
magToB, T€OAe3NYECKUMHU JTUHUSIMU KOTOPBIX SIBIISIOTCSA HUC-
KpuBJIeHHBIE Iy4n cBeTa (puc. 1.5.1 u 5.10.2).

WUTak, Ha ypPOBHE PAacCMOTPEHMS 2°-Am:n-BaKyyMHOI
MPOTSHKEHHOCTH BBIIIEU3NIOKEHHBIA MaTeMaTUYECKUil amma-
paT MO3BOJISIET CO3/IaTh CIICAYIONIYIO0 BU3YaJTU3UPYIONLYIO UH-
TEpIpeTaluio BHYTPU-BAaKyYyMHBIX IPOIIECCOB B TEpMHUHAX
CIUTOIIHBIX TICEBIO-CPE/I.

Bo BHemHe#l 000504Ke, OKpYy>KaloUled Sapo «dJIeK-

Puc. 5.10.2. MtocTpauusi CBETOBOTO
nanmmadra, reoae3nIeCKUMA JTHHUSIMHI
KOTOPOTO SIBIISIFOTCSL KICKPUBJICHHBIC Y41
CBETa B UCKPUBJICHHOM «BaKyyMe»

TpoHa» ¢ paauycoM 76~ 1,7 + 2,8 - 10713 cM, UMEIOT MecTOo 1Ba BCTPEUHBIX PaUAIbHBIX TCUEHHS:

- OTTEKAIOIINI BO BCE CTOPOHBI OT siApa a-cyoxoum [c 3amemienuem (5.10.9)], u

- MPUTEKAIONTUH CO BCEX CTOPOH K sipy b-cyoxonm [c yckopernuem (5.10.10)].

Bnons xaxmoro paaruaJIbHOTO HAIpaBJICHUA 9TU BCTPCYHBIC TCUCHUS (BHYTpI/I—BaKYYMHHG TO-

KH) 00pa3yroT IBYXCTOPOHHIOK criupais (puc. 5.10.3).

Puc. 5.10.3. a) ciupanu cOCTOSMINE U3 IPUTECKAIOIIUX @-CYOKOHTHBIX W OTEKAIONINX H-CYOKOHTHBIX TOKOB
BO BHEITHEH 000JI0UKE «3JIEKTPOHAY; 0, B) paKTaIbHbIEC HILUTIOCTPALMH EPETIETeHHBIX BHYTPH-BaKyyMHBIX
TOKOB BOKPYT C(epHUIecKOro 00BbeKTa (B 9ACTHOCTH BOKPYT, S/Ipa «IJIEKTPOHAY WIH SApa IIO3UTPOHA)
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Onpenenenune 5.10.1 Buympu-eaxyymmuviti mox — 3mo Jo-
KalbHOe meuenue ncesdo-cpeovl (a-cyoxonma, u/unu b-cyoxonma,
uw/unu a-aumucyoxkonma, u/unu b-anmucyoxonma) no cnupanu 6o-
Kpye 00H020 U3 PAOUATbHBIX HANPABIEeHULL.

[Toaxonasmiedt aHaioruer TakoM CHUpad SIBISETCS MHOIO-

KpaTHO mepekpydeHHas JjeHTta (puc. 5.10.4), mo oaHoil cropoHe

"HAVAVAN
MAVAVAN

KOTOPOH K SIIpY «3JIEKTPOHa» C YCKOPEHHEM IpHUTeKaeT b - cyo-

Puc. 5.10.4. MHOTOKpaTHO CKpy-
YCHHBIC JICHTBI, [0 OJHOU CTOPOHE
oTTeKaeT a-cyoxkonm. Ilpu sTom cormacHo (5.10.6) mpUTEeKaIOMUIA ~ KOTOPBIX € YCKOPECHHEM JBHKETCS
b-cybkonm, a o Apyroit cropoHe B
K pakuu b-Cy6KOHm B Ka)KHOﬁ TOYKC Ha YAAJICHHUU 7 OT HCHTpA A1- MPOTHUBONOJIO)KHOM HAIPABIECHUH C
3aMeJIIICHUEM JIBUKETCS d-CYOKOHM

KOHmM, a TI0 JPYTOil €e CTOPOHE OT TOrO JKE s/pa C 3aMeIUICHUEM

pa «3JIEKTPOHa» UMEET PaJUAILHYIO COCTABIISIONIYI0 CKOPOCTH
Vi) = — (c*relr)”, (5.10.20)
a OTTEKAIOIIUI OT PaKUU a-CYOKOHM B TEX JKE TOUYKAX UMEET CKOPOCTh
Vi = (ctrelr)”. (5.10.21)
DTH CKOPOCTH B CPETHEM IOBCEMECTHO KOMIICHCHPYIOT JIPYT Jpyra
Vi) + v, 00 = —(Pre/r)* + (Prelr)”* =0, (5.10.22)
OJTHAKO COBMECTHOE YCKOPEHHE CKPYUYCHHBIX @-CYOKOHMHO20 U b-CyOKOHmMHO020 BHYTPU-BAKYYMHBIX

TOKOB paBHO (5.10.14)

(5.10.23)

OTMeTuM cienyromue aclekThl U CIeICTBUS, BHITEKAIOIUE U3 U3JI0’)KEHHOH BBIIIE MaTeMaTH-
YECKOU MOJCIIN:

1. Cxopoctu (5.10.20), (5.10.21) u ycxopenue (5.10.23) onpeaensroTcsi OTHOCUTEIBHO MOKOS-
IIETOCs Uiebma «3NEKTPOHA», METPUKO-THHAMHYECKHE CBOMCTBA KOTOPOTO 33/al0TCSI KBa-
patuuHoit opmoit (5.8.10). 3meHenue wenvma «3NEKTpOHA» (HAMpPUMEp, MEPEXOIOM B
JPYTYIO CUCTEMY KOOPIUHAT) MOXKET PUBECTU K HECTAOMIBHOCTH BaKYyMHOT'O 00pa30BaHUsI.

2. B kiaccu4eckoil KBaHTOBOHM 3JIEKTPOJUHAMUKE YUUTHIBaeTcs 3P ekt nomspuzanuu puznye-
CKOTO BaKyyMa BOKpPYT TOYEYHOTO 3apsi/ia, YTO IO3BOJISICT KBAaHTOBBIM TEOPETHKAM BBECTH

npezcTaBieHus 00 3(pPEKTUBHOM 3IEKTPUUECKOM 3apsijie

€ (5.10.24)
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TJIe Me — Macca JIEKTPOHa, /i — moctosiuHas [1nanka.

HarnpsixeHHOCTB 2JIEKTPUUECKOTO MOl BOKPYT 3(hPEKTUBHOTO 3apsiaa MpuoOpeTaeT B

E = € ) (5.10.25)
2 2
dreg?| 1--5 ~In h
6"  4rm,

[Ipu cpaBreHun BoeipaxeHuit (5.10.23) u (5.10.25) ¢ yuerom (5.10.16) BHOBE OOHapyKHBaeM

OYCBUAHYIO aHAJIOTUIO

1 1 (5.10.26)

1
2 2
[ > In h
67 4rm,

KOTOpasi MO3BOJISIET YTBEPKAATh, YTO MOJTHOCTHIO T€OMETPU3UPOBAHHASI BAKyyMHasl JIEKTPO-

CTaTHKa AJICUTHBI MO3BOJISIET O0JIee TapMOHUYHO 0OOCHOBATH JIOTHUECKUE MMOCTPOCHHSI KBaH-
TOBOM BJIEKTPOJUHAMUKH.

. IIpu r = r¢ (T.€. B pailoHe HAPY>KHOW CTOPOHBI pakuu «IJIEKTPOHa», puc. 5.8.1) ckopocTu Te-
yeHus a-cyoxouma (5.10.20) u b-cyoxonma (5.10.21) cTpemsTcs Kk ckopoctu cBeta ¢. OTKya
CJIEIIyeT, YTO CKOPOCTh CBETA SIBISIETCA MPEAEIbHON CKOPOCThIO TEUECHUS BHYTPH-BAKYYMHBIX
cioeB. Jlanee OyJeT MOKa3aHO, YTO MOMBITKA JATbHEHIIET0 YBETMUEHUs] CKOPOCTH NepeMe-
IICHUS JIOKAIBHBIX YYaCTKOB BHYTPU-BaKyyMHBIX CJIO€B MPUBOJIUT TOJIHKO K TOIOJIOTHYECKON
MePECTPOMKE TaHHOU 00JIACTH «BaKyyMay.

. Yckopenue cybkonTa (5.10.23) B TO# ke 00nacTu mpu 7 = 16 CTPEMUTCS K OECKOHEYHOCTH.
Hamomunwm, uto cornacuo (2.1.14) — (2.1.33) oTHOCUTENbHOE YJIMHEHUE CYOKOHTa BO BHEIII-

Hel 000J10YKe MOKOSIIET0Cs «3JEKTpOoHay paBHO (2.1.33)

15 =0 (5.10.27)

OTKyJla BUJHO, YTO B 00NAcTu paxuu (r = re¢) pagualibHas COCTAaBJISIOIIAS lff) TaKkxe cTpe-

MuTcs K 6eckoneunoct. Bmecte Beipaxenus (5.10.23) u (5.10.27) moka3sIBaroT, 4TO B pac-
CMaTpUBaeMOM TPHUOJIMIKEHUHN PO «DJICKTPOHA» HAXOAUTCS B CHIIBHO HAIPSKEHHOM OKpY-
xenun (puc. 5.10.5). Ognako nanee npu O6osee BHUMATEIbHOM PACCMOTPEHHUH BBISCHSETCS,
YTO paxus SBISETCS 3HAYUTENBHO 00Jiee CII0KHOM, MHOTOCTIOWHOM 001aCThI0, OKYTHIBAIOIIIEH

AAPO «KIJICKTPOHA».
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e ———

e 1 o (.

108

nn nn

Puc. 5.10.5. "Buenrssist obomouka', "MHOTOCTHOHHAS pakus”, "sapo" u BHyTpeHHee "SAPHIIKO"
chepryecKoro BaKyyMHOTO 00pa30BaHus (B YACTHOCTH «DJICKTPOHA» WITH «IIO3UTPOHAY )
1 ero (ppakTaabHbIC HIUTIOCTPAIIUH

5. B knaccuueckoi QJICKTPOCTATHUKE MMOTCHOUAJI SJICKTPHICCKOI'O IIOJIA BOKPYT TOYCUHOT'O 3aps-

Ja ¢e ¢ HanpspkeHHoOCThIO (5.10.18) ompenensiercs BIpakeHUEM

0, =—[ B dr == [ Iy = 9= ar_ _4e (5.10.28)
4dre,r dre, * r°  Ane,r

IpY 3TOM MOTEHIMAJbHAs SHEPIUs, 3aKII0UEeHHAsE MEXy ABYMs cepaMu ¢ paaunycaMu ri 1

72, paBHa

[

T 27 1y 7y ry
U, =|[ [odrdodp=az®[Le—dar =" Yar =™ in yy —tnry = Megn 2,
00 y 47er & T €y €y n

n

(5.10.29)
B AJ'ICI/IFHG pOJ'IB HaHpﬂ)I(eHHOCTI/I BHeKTpI/I'-IeCKOFO I10JIS1 BBIITOJIHACT }’CKOpeHI/Ie, H03TOMy 10

anajoruu ¢ (5.10.28) onpenenuM MOTEHIUAT CYOKOHMHOU HAPSHKEHHOCTH BBIPAXKCHUEM
P =— j EQdr=— J’ adr. (5.10.30)

Takum ob6pazom, ¢ yuerom (5.10.14) moreHman cyb6xoHmuol HAIPSHKEHHOCTH BO BHEIIHEH

000JI04KE «JIEKTPOHAY PABEH
c’r, V2 j 1 c’r, V2

2
(pﬁfz—fafidrz—j crﬁﬁzdrz ——dr = - arcsec—+C,
21*2\/1—”6 2 r\/r — T 2 Ts
2
r

(5.10.31)

A€ UCII0JIb30BaH TaOJIMYHBIH HUHTCrpal
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J- dx

X 1 a
=—arcsec—+ C = —arccos—+ C.

1
Xy X* —a’ a a a
I'padux ¢pynkuumm (5.10.31) mokazan Ha puc. 5.10.6.

X

(5.10.32)

— 25132741228 716x10°

|
12 B
- 2513274122871 7x10

III
- 2.5132741228718x10°
b(r)

-2.5132741228719x10°

\
5137274172872 8
2.513274122872=10

- 2.5132741228721x10°

1 ||
10 -3 10

Puc. 5.10.6. 'paduk nmoteHmmana cyoxormuot HanpspxkeHHocTH (5.10.31)

PacueTs! BHIIOIHEHHI C TIOMOLIBIO IIPOrpaMMHoro obecneuenus MathCad
npu 76=2,7-10"3cm, ¢=2,9-10" cm/c, C=0

[orenuman cyoxonmmou HaNPSHKEHHOCTH BHYTPHU SJIpa «3JIEKTPOHa» (PacCMOTPEHHOM B clie-
nytomem § 5.11), ¢ yaetom (5.11.32), paBen
) ) 2c°r 2 r i
o, :—Jamdrz—j—drz—Zc j—d

! w/r; -r

— _c?arcsin | —
—dr =—c arcs1nr62+C (5.10.33)

I'JIe UCIOJIb30BaH U3BECTHBIMN HUHTErpal

x | t=x2
[ =],

|_1 dt
t = 2xdx

1 arcsin d +C L arcsin * +C
) 2 Va _) 2 Va
2 2 - 1 ¢ - 1 x2
—t2 —=-arccos—+ C i X
/(x/E) > 7 ; arccos —= +C
I'padux ¢pynkuunu (5.10.33) nokazan Ha puc. 5.10.7.
T — - T
—1x10%% I,-"J ‘.\"-. -
/ LY
i b
|I.’ \n
f“’ \\
I - 2><10:o' I,'"f 1"\I ]
_ i |
‘r' |
. |
- 3x10% .I'I \
/ |
! |
20| 1 1 1
— 0Ty —02 0 02
r

0.4
Puc. 5.10.7. I'paduk moreHnmana cyoxowmrou HanpspkeHHoctH (5.10.33).

PacyeTh! BEIOTHEHBI C TOMOIIEBIO TIporpaMMHoro obecrieuerns MathCad
npu 7= 0,27 cm, ¢=2,9-10"" cm/c, C=0
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6. Ananornynsiii ananu3 meTpuk (5.8.12) — (5.8.15) u (5.9.8) — (5.9.9) c yuerom yckopeHuit
(5.10.4) — (5.10.5) u ckopocreii (5.10.6), moka3pIBaeT, YTO KIMO3UTPOH» — 3TO HETATUBHASI KO-
sl «AJIeKTpoHa». Eciu cBOOOAHBIN «3MEKTPOH» YCIOBHO HA3bIBATh YCPEIHEHHOM CTAOMIIb-
HOW "BBIMYKJIOCTBIO" B BAKYYMHOM MPOTSPKEHHOCTH € CUTHATYPOH (+ — ——), TO «IIO3UTPOH» —
9TO aHAJIOTMYHas yCpeAHEHHas "BOTHYTOCTh" ¢ IPOTUBOIIOIOXKHONW CUTHATYpOH (— + + +).

7. Ecom B ypaBaenus (5.8.1) — (5.10.27) BMecTo TpOUKH PaaNyCOB 73, I'e, 7 {cMompume uepap-
xuto paouycog (2.6.20)}, TOACTaBIATh JIO0YIO IPYTYIO TPOUKY paJlyCcoB M3 TOW e uepap-
XM, HATIPUMED, 74, 76, '8 WU 12, F'6, 7 W F'1, 6, '8 WU 12, Y6, Y9 U T. J., TO TIOTYy4aTCs] METPHU-
KO-IMHAMUYECKUE MOJIEIH PA3INYHBIX TUIIOB «IJIEKTPOHOBY («IEKTPOHM468, «IIEKTPOHM267,
«QIIEKTPOHN 168, «IIIEKTPOHN269, ...) U KIIO3UTPOHOBY (KIIOZUTPOHM468, KITOZUTPOHN267, KIIO3U-
TPOH» 168, KITOZUTPOH»269, . ..), KOTOPBIE OTINYAIOTCS APYyTra OT APYyTa CTPYKTYpOi paxkuu.

8. Ecnu B ypaBHenus (5.8.1) — (5.10.27) BMecTo TpOHKHU pajinycoB 73, 16, 7 IOACTAaBUTH JTIO0YIO
JIPYTYIO0 TPOUKY PajlyCoB U3 uepapxuu paouycog (2.6.20), Haupumep, r2, r4, rs WIH F1F31s5
WIH 71, ¥4, ¥6 WIH ¥4, ¥'S, ¥7 U T. J., TO TIOJYyYalOTCA aHAJIOTUYHBIE «3JIEKTPOHY» U «ITO3UTPOHY»
METPUKO-IMHAMUYECKHUE MOJIENI COOTBETCTBEHHO 200t (cMoTpuTe onpezenenue Ne 5.10.2):
«IUTAHETBD», «TATAKTUKW», «3BE3BD», «OMOJIOTHUECKON KICTKI» U T.1.

Omnpenenenue Ne 5.10.2 [onoe saxyymuoe obpazosanue — 3mo cmaduibHoe UCKpUsieHue 6d-
KYYMHOU NPOMANCEHHOCMU 100020 MACUmada («371eKmpoHy», «OUoI02UuYecKds KiemKay, «niaHemay,
«38€30a», «2ANAKMUKAy, U m.0.) MEMpPUKO-OUHAMUYECKAs MOOelb KOMOPO20 ONpeoeislemcs COBOKYN-
Hocmoio mempuk muna (5.8.1) — (5.8.10) w/unu (5.8.11) — (5.8.20) u noxazana na puc. 5.8.1. K 2conomy
BAKYYMHOMY 00PA308aHUI0 MOHCEM OblMb NPUMAHYIO MHONMCECB0 Dolee MeIKUX 8aKYYMHbIX 00pa-
306anull. Hanpumep, k sa0py 20101l «nianemoly Mo2ym Oblmb NPUMAHYIMbL MHONCECMB0 MENIKUX «Ud-

cmuy»: «OUONI02UYECKUX KIeMOK», «AmOMO8y», «IleMeHmMapHulx yacmuyy» u m.o. (puc. 5.10.8 6).

0)

Puc. 5.10.8. a) ®pakranpHas WUTIOCTPAIMU MHOTOCIIOWHOM paknuu, OKpyXKatomen
SIPO BaKyyMHOTO 00pa3oBaHus; 0) @pakTanbpHas WILIIOCTPALMKY MHOKECTBA JIOKAIBHBIX BaKyyMHBIX
00pa3zoBaHuii BOKPYT siipa OoJiee KPYIHOTO T'OJIOTO CTA0MIIBHOTO BAKyYMHOTO 00pa30BaHUs
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9. Pa3BuBaeMblii 3/1eCh MaTEMaTHYECKHUIA armapaT MOIXOAUT ISl OTMCAHHS JIIOOBIX CTAOMIBHBIX
20/1b1X BaKYYMHBIX 00pa30BaHUi ¢ pa3audHbIMUA pasMmepamu (puc. 5.10.9). Ilostomy, nzyuas
OJIHO M3 JIOKAJbHBIX BaKyyMHBIX OOpa30BaHMii, HAMIPUMEP, «IJCKTPOH» - IIO3UTPOHHYIO»
napy, Mbl OJHOBPEMEHHO OTYAaCTH MOJy4yaeM HMH(GOpPMAIMIO U 00 METPUKO-INHAMHYECKUX
CBOICTBaxX Mapbl My>KCKON U )KEHCKOW «OHMOJIOTMUYECKUX KIETOK», TOJION «3BE3THO» - «ILIaHE-
TapHOW» cucteme u T.1. M, Hao6opoT, u3ydas, HanmpuMep, METPUKO-IMHAMUYECKUE CBONCTBA

eonoll «mna”eTs (cmotpute puc. 5.10.9 u 5.10.10), MbI Tak)Ke TO3HAEM U CBOMCTBA «DIIEK-

TPOHA» UJIN «IMO3UTPOHA».

a) 0) 9

Puc. 5.10.9. OGonouku: a) 3Be3/bl; b) OMOTOTHUIECKOHN KIETKH; C) «3JIEKTPOHAY.
I1pu Gonee npuUCTaNIFHOM PACCMOTPEHHH Yepes3 IOPHI B pakiy OCYLIECTBIIASTCS B3aUMHBIH 00OMEH
MEXIy SIPOM U BHEIIHEH 000J109K0 1F000T0 cTabMIIBHOTO BaKYyMHOTO 00pa30BaHMs

Puc. 5.10.10. ®pakranbHas WUTIOCTPALUS, OTPAXKAOLIAsl yMO3PUTENbHbIE IPEICTaBICHUS
0 METPHUKO-IMHAMHYECKOH CTPYKTYpe CTAOMIIBHOTO BaKyyMHOTO 00pa30BaHUsI

222



5.11 Sinpo nokosimerocst «3J1eKTPOHA» U «IMO3UTPOHA)
Paccmorpum metpuku (5.8.6) — (5.8.10), onuckiBaronye yCpeIHEHHOE METPUKO - TMHAMHYC-

CKOE COCTOSIHHUE A/Ipa «3JIEKTPOHA» HA YPOBHE PACCMOTPEHHMS 2°- An-n-BAKYyMHON HPOTSKEHHOCTHU

Snpo «3aeKkTpoHa»
B HHTEpBaJIE [17, 6] (puc. 5.8.1)

i 1 H \% H’
2 2
I ds"? =(1—r—7+r—2]czaft2 —d;z—rza’é’2 +r’sin’ @dp® — a-CyOKOHT, (5.11.1)
r 185 _I’L L
( r ”62]
2 2
Ho e [1 W ”_z}zdzz T gp i sin’ 0dgt — boyorom,  (5.112)
roor v
roor
2 2
A% ds"? =(1—r—7—r—2]cza’t2 —d;z—rza’@2 +rsin® @dp® — c-CyOKOHT, (5.11.3)
roor o
( r ”62]
2 2
H’ dsCD? = (1 oy r_z]gdﬁ _ Lz —r2d6* + r*sin® O dp* — d-CyOKoHT; (5.11.4)
r ¥ r, r
I+—=+—
r re

HIeJpT «3J1eKTPOHA»
B uHTepBaIe [0, )

i dsT "D = df —dr* —r*d@” + 17 sin’ Odg’ (5.11.5)
rac
r6~1,7-10" cm — paguyc sapa «dMeKTpoHaY;
r7~ 5,810 cM — paauyc sApBILIKA, HAXOAIIEr0CsS BHYTPHU SAPa «IIEKTPOHAY.

BHauvane ¢ yueTom HEpaBEHCTBA r6 >> r7 IPEHEOPEKEM CIIaraeMbIMU #7/F, IPU 3TOM METPUKU

(5.11.1) — (5.11.4) cBoasTCs K 1ByM MeTpuKkam Je Currepa:

2 2
dsCD? = (l+r—2chdt2 _Lz_rz(dgz +5in? 0d¢2), (5.11.6)
s [1+r2j
T
2 2
dS(—b)2 — (1 —r—chzdl‘z _Lz_ rZ(d92 + Sin2 0d¢2) (5117)
7"62
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ApudmeTndeckoe cpeHee TaHHbIX METPUK 00pasyeT 2-KryT {cmompume (2.2.24)}:

dr?

T
T

Hcnone3yst meroauky, npuBeacHayo B § 2.1 {cmompume (2.1.29) — (2.1.33) u (2.2.24) —

JsC? _ 2 —12(d6” +sin> 0dg?). (5.11.8)

(2.2.25)}, HaiileM OTHOCUTEILHOE yNTHHEHUE CYOKOHTA BHYTPH Spa «3JIEKTPOHA» 10 PopMyIie

(-) _ 400
1) :\/1 4 S _ i _q, (5.11.9)
i )
g ii
TJle yCpeaHEHHbIE KOMIIOHEHThI METPUYECKOTO TeH30pa g\ GepyTes u3 2-xryTa (5.11.8)
O L o en s ©) 1( @) (,b)) 2 ©) 1( (-a) (—b)) 22
g =—(g” + g5 )=_ﬁ’ & =7\&n t8&n )=, &y =z\gn  tg )= sin’ 0,
2 re—r 2 2
(5.11.10)
a KOMITOHEHTBI METPUIECKOTO TEH30pa go GepyTCs U3 MeT- I
A
puku menbTa (5.11.5)
BHCLIHAA

| «<000s104Ka»

g =1, @) == g =—r7sin®0. (5.11.11)

IMoncraBnsass kommoneHtsl (5.11.10) u (5.11.11) B

(5.11.9), nomyuum

1= |—4—~—-1, 5.11.12
R e (5.11.12)
157 =0, (5.11.13)
l((a—) =0 (5.11.14) Puc. S5.11.1. I'padpuk OTHOCHTEITHHOTO

yIuIMHeHus1 cyOkoHTa /., (5.11.12) BHYTpH
A1pa «IEKTPOHAY

I'papux ¢ynkumu (5.11.12) mpeacraBieH Ha puc.
5.11.1, oTkyaa ciemyeT, 4To CyOKOHT Ha mepudepuu smapa

«IJICKTPOHAa» CHUJIBHO PACTAHYT, 4 B CCPCAUHEC dApa paACTAKE-

HUE CyOKOHTA MPAKTUYECKH OTCYTCTBYET.
CornacHo BbIpaxkeHusiM (2.2.27) — (2.2.28) ckopoctu
TEUYEHUS a-CyOKOHTa U h-CyOKOHTa COOTBETCTBEHHO PaBHBI
v = crlre (5.11.15)
Ve = cr/rs . (5.11.16)

Puc. 5.11.2. Bpamaromieecs sapo
BaKyyMHOTO 00pa30BaHUs
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JlaHHBIE CKOPOCTHU B LIEHTPE SAapa «dJeKTpoHay (T.e. ipu r = 0, puc. 5.11.2) paBHbI HyII0, a Ha
nepudepun aapa ¢ paguycoM 7 = r¢ OHU OJHM3KU K CKOPOCTH cBeTa c. TouHee nepudepus siapa Ciox-
HO BPAII[AETCsl CO CKOPOCTBHIO CBETA, MOITOMY paJHalbHbIe TUHUH d-CYOKOHMHO20 U b-cyOKOHmMHO20
TOKOB JIJISl CTOPOHHETO HAOII0JaTeNs BRITJISAAT Kak CIupaibHble pykasa (puc. 5.11.2 u 5.11.5).

Bepuemcs k paccmotpenunto metpuk (5.11.1) — (5.11.4). Ycpenusis naHHbIE METPUKH

Jg-abed? =%(ds(—a)2 ™2 4 gsto2 4 ds(—d)z), (5.11.17)

MOJIy4YUM 4-KT'yT

—abe dr’
ds( abcd)2 =cZa1t2

N 2 2 2 2
l—ri+r—2 1+ri—r—2 1———% 1+ri+r—2
ror ror v ror

—r*d@ —r*sin’ 0dg* . (5.11.18)

[ToacTaBnsisi KOMIOHEHTBI METPUUECKOro TeH3opa u3 4-xryrta (5.11.18) u mensta (5.11.5) B

BeIpakeHus (5.11.9), HailieM OTHOCUTEIBHOE yIJIMHEHNE CyOKOHTa BHYTPHU SIApa «AJIEKTPOHA» B JIaH-

HOM cllyuyae

() _ 400
l,@thL%—l: . . . ~ L (5.11.19)
En l—ri+r—2 1+ l—ri—r—2 1+ri+r—2
r Ve r Vs r Ve r Ve
) _ 500
19 = 1+%_1=0, (5.11.20)
g22 2 T T T
) _ ,00)
1O = 1488 83 1_¢ (5.11.21)
¢ () 15F .
83
o 1 ]
I'padux dynxmuu (5.11.19) npencras-
neH Ha puc. 5.11.3. 13 ganHoro rpaduka BUIHO, o5
oy .
YTO CYOKOHT CHJIBHO PACTSIHYT HE TOJBKO Ha
nepudepur, HO U B LEHTPE sIpa «IJIEKTPOHA o i J i
=10 -3 o 5 10

(puc. 5.11.2), rne pacmonaraeTcsi €ro BHyTpEH-
Hee SAPBILIKO {m.e. «NPOmMo-e -K8apK», cMom-
pume (2.6.20)}.

CKOpoCTH BHYTpPHU-BaKyyMHBIX CIIOEB,

HaxXOJAIINXCs BHYTPH spa 3JICKTPOHA IMOJTYyYUM

aHayornyHo (2.1.48) — (2.1.51)

Puc. 5.11.3. I'padpuk OTHOCHTENBHOTO Y/UIMHEHHUS CyOKOHTa /.,
(5.11.19) BHYTpH simpa «3IEKTPOHA». PacueTsl BHIIOIHEHHI C TO-
MoIIbI0 porpammHoro obecneuenust MathCad 14 mpu r¢= 10 u
r7=0,01. Ipu r¢ = 2-10"3 u r7 = 6:10>* nauusiii rpadpux Gymer
AQHAJIOTUYHBIM, HO BCIUIECK IOocepenuHe OyneT dYpe3BbluailHO
c1abo 3aMeTeH
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I nns a-cybxonta (5.11.1)

1= rlr+ Plre* = 1= v — vED = o(— rr/r+ rPlre?)

H nns b-cyOGkonTa (5.11.2)

1+ rilr—rlre? = 1= v %2 — v = c(rilr— r*re?)

V  nmns c-cyokonrta (5.11.3)

1= rlr — Plred = 1-v%? — v =c(— rilr— r*lréd)"?

H nns d-cyGkonTa (5.11.4)

1+ ralr+ Pl = 1w DY = 3D = c(rafr+ Plred) 2

[Ipu r = re (T.€. B pailloHe nepudepun gapa «3INEKTpPOHa») BcCe
ckopoctH (5.11.22) — (5.11.25) cTpemsitcs K ckopocTu cBeTa c¢. Takxke
npu 7 = r7 (T.e. B pailloHe pakuu BHYTPEHHETO SAPBIIIKA) BCE CKOPOCTH
(5.11.22) — (5.11.25) cTpemsTCs K CKOPOCTH CBETA C.

TakuM 06pa3oM, Ha YpOBHE PACCMOTPEHHS 2°-Am:n-BaKyyMHOM
MPOTSKEHHOCTH, BHYTPU SApa «IJIEKTPOHA» HA KaXKI0€ pagualibHOe
HaIpaBJICHWE HAMOTaHbI YEThIPE BHYTPH-BAKYYMHBIX TeUEHUS (TOKa).

JIBa M3 3TUX BUHTOBBIX TE€UCHUU (b-cyOKOHMHLIL TOK U C - CYO-
KOHMHbLI TOK) OTTEKAIOT OT Nepudepun siipa «3JIEKTPOHAy, CHadala co
CKOpPOCTBIO OJIM3KOI K CKOPOCTH CBETa, Aajiee 3aMeIsIsICh U 3aTeM Yy pa-
Kuu BHYTPEHHETO SPHIIIKA CHOBA PAa3TOHSSCH 10 CKOPOCTH CBETA.

JIBa ApyTUX BCTPEUYHBIX BUHTOBBIX T€UEHHS (a-CyOKOHTHBINH TOK
U d-CyOKOHTHBIN TOK) OTTEKAIOT OT pakuy BHYTPEHHETO SApbIIIKA, CHA-
yajla cO CKOpPOCThbIO OJM3KON K CKOPOCTH CBETa, Jajee 3aMeJIsisich, a
3ateM y mepudepuu siipa «3JeKTPOHA» CHOBA Pa3TOHSSCH 10 CKOPOCTH
OnM3Koii K ckopocTu cBeTa (puc. 5.11.5).

B § 5.10 6pu10 OTMEUYEHO, YTO TSl HATJISTHOCTH YI00HO TIPEIo-
JIO)KHUTh, YTO BCTPEUHBIE d-CYOKOHTHBIN U b-CyOKOHTHBIA TOKH TEKYT IO

JIByM CTOPOHAM OJIHOM U TO e CKpydeHHOU neHTsl (puc. 5.10.4). [Ipu

(5.11.22)

(5.11.23)

(5.11.24)

(5.11.25)

»

J ,‘/"

E,
»
)

e

}.

A

Puc. S5.11.4. MmuorokpaTHo
CKPYYCHHBIH 4-TpaHHHK, IIO
OJHOIl CTOpOHE KOTOPOTO C
YCKOPEHHEM JBHKETCS a - CYO-
KOHmM, TIO0 IpYrold CTOpPOHE Te-
4yer b - cybxowm, 1O TpeTbei
CTOPOHE TEUeT C-CYOKOHM, TIO
4eTBEPTOMl  CTOpPOHE  TE4eT
d- cybxonm

HaJIM4MH JKTyTa U3 YETBIPEX BHYTPHU-BAKYYMHBIX TOKOB MOKHO IIPOJOJIKUTH MJCIO C JICHTOH, U CUH-

TaTb, YTO JAHHBIC IMMOMMAPHO BCTPCUHBIC TOKU TCKYT 10 YETHIPEM CTOPOHAM MHOTI'OKPAaTHO CKPYYCHHOI'O

yeThIpexrpanHuka (puc. 5.11.4).

BwMmecTe ¢ Tem, 115 cTopoHHEro HaboAaTens nepudepus sapa «3JIeKTpoHa» U nepudepus ero

BHYTPEHHETO SJIPHIIIKA CIIOKHO BPAIIAIOTCS CO CKOPOCThIO OJIM3KOM K cKopocTH cBeTa (puc. 5.11.2 u

5.11.5).
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Puc. 5.11.5. ®pakranbHble WITIOCTPALUU NIEPENIETEHHBIX BHYTPU-BAKYYMHBIX TOKOB BOKPYT
panuagbHOTO HANPABJICHHUS KaK BHYTPH, TaK M CHAPYKM BPAIIAIOMIETOCS SAPa «3IEKTPOHA»

PaguansHble cOCTaBIISIONINE BCKTOPOB YCKOPCHUA BHYTPU-BAKYYMHBIX CJIOCB B SAOPC «IJICK-

TPOHA» ONPEEIUM C IOMOIIbIO YpaBHEHM Bua (5.10.2)

2 (=m)
(m____ ¢ Olnygy (5.11.26)

a 5
1 \/ V(_m)2 axl
1- 2
C
(=m)
wm gom ¢ 1 Olnygy (5.11.27)
‘ e g o
1Y
C

OCTaJbHbIE COCTABISIONINE TaHHBIX BEKTOPOB PaBHBI HYIIO, T000HO (5.10.9) — (5.10.12).

[ToncraBnsisi B BeipaxkeHue (5.11.27) cOOTBETCTBYIOIINE KOMIIOHEHTHI METPUYECKUX TEH30POB

gl(l”’) u3 meTpuk (5.11.1) — (5.11.4) u panuanbHble cocTapmstonue ckopoctu (5.11.22) — (5.11.25), no-

JTYIUM
~0ln /1—7+7 [2 22J
} — YCKOPEHHE a-CyOKOHTA,
2
7
B
\/ roor
2
Oln /1+Q_L cz(r7+2rJ
2 2 2 2
a™ = 14 I "% — YCKOpeHHe h-cyOKOHTa,
" ror or roo?
2 1+ - —
r 7"6
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6 — YCKOpEHHE c-CyOKOHTA,
2
,
1 -

r,  2r

dln /1+—+— 2[—2j
f _,_'i_,__ L — yckopenue d-cyokonTa. (5.11.28)
2
\/1+ r—z
roor

B sTom ciyuae obiiee paguanbHOE YCKOpPeHHE CyOKOHTa MEXIy nepudepuen sapa «dIeKTpo-

A S

Ha» U pakuell ero BHyTPEHHETO SAPBIIIKA 3a1a€TCsl KBATEPHUOHOM (cmompume § 5.7)
a0 = a9+ jatD+ jaCO+ fald = g 1 gD 1 g 1 g (5.11.29)

KOTOPBII ONHCHIBACT MEPEIUICTeHUE 4-X BHYTPHU-BAKYYMHBIX TOKOB BOKPYT K)KJOT0 paJdaIbHOTO
HanpasieHus (puc. 5.11.5,5.11.6 u 5.11.7).

Moy BeKTOpa 00IIEro paAHalbHOTO YCKOPEHHUS CyOKOHTa paBeH

D= a4 a2 a2 (5.11.30)

Puc. 5.11.6. MnnrocTpanus NeperuieTeHus yCKOPEHHBIX BHYTPU-BAKYYMHBIX TOKOB,
HAMOTAHHBIX BOKPYT paJUajbHbIX HAIPABICHUI
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Puc. 5.11.7. ®pakranbHble WUTIOCTPALUYU PA3IUYHBIX ACIIEKTOB MPOSIBICHUS
cheprueCKH-CUMMETPUIHOTO JIOKaJIbHOTO BAKYyMHOTO 00pa3oBaHus




Ecnu B Beipaxkennsx (5.11.28) npeneOpeyus cimaraeMbIMH 77/7, TO IOy 9HM:

2
(~a) _ cr
R
2 r
¥ 1+ —
Ts
2
b _ cr
N
) r
2 1-1
Ts
2
. cr
at™ = —F—— — yckopemue c-CyOKOHTa,
) r
2=
Ts
2

at = __ " _yckopeHue d-cyOKOHTA. (5.11.31)

2

r
7’62 1+72
-

OO0riiee yCKOpeHUE CYOKOHTA B SIIPE «AJIEKTPOHA» B 3TOM CIIydac PaBHO

— YCKOpEHHE a-CyOKOHTa,

— YCKOpeHHe b-cyOKoHTa,

2 2 2
_ - - — - cr 1 1 1 1 2cr cr
aﬁ)z\/af, P 4a? 400 a0 = + + + =

2
v 2 2 2 2 2 s[4 4
7, r r r r _
6 roo_r ro_r 5 r \/r r
I+— 1 I+— 1 ,,6\/1_ 6

4
Ts

(5.11.32)
SIIpo MOKOSIIEr0Cs «IO3UTPOHA» HA YPOBHE PACCMOTPEHHMS 2°- An-n-BaKyyMHOM HPOTIKEHHO-
CTU SIBJISIETCS HETATUBHOM KOMUEH siIpa «3JEKTPOHAY, B YEM JIETKO YOCIUTHCS, MPO/IeTiaB aHAJIOT Y-
HBII aHaIKU3 ¢ UCIoJib3oBaHUEM MeTpHK (5.8.16) — (5.8.20) u Bepakenwmii Tuma (5.11.6) — (5.11.32).
IIpu MCCNEeOBAHUH Apa «INEKTPOHA» HA YPOBHE PACCMOTPEHHs 2°-An-n-BaKyyMHOH MpOTS-
KeHHocTH Kaxaas metrpuka (5.11.1) — (5.11.5) npencraBnsiercs B BUIE€ CyMMBbl CEMHU TakKuX K€ MeET-

PHK, HO C CUTHaTypaMu U3 JieBoro pawxupa (1.13.1) wim (5.11.33)

+ + + ----)
- - — +) ++ +-)
+ - - +) -+ +-)
- -+ -) +t+ -1 (51134
G s L ) (1133) C -4 ( )
-+ - =) (= + )
+ -+ ) -+ -4
(+ — — — ) (— + + )
Hampumep, metpuka (5.11.1) ¢ curnatypoii (+ ———)
2 2
ds? = (1—”—7#’—2}26&2 —‘1';242(5102 +sin’0dgp?)  —a-CyOKoHT
r re }’7 r
e
r ¥
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MPEACTABISAETCS B BUJIE CyMMBI CEMHU aHAJIOTUYHBIX TOJI-METPHUK ¢ curHaTypamu (5.11.33):

2 2
a A dr .
ds"? = 1-L+ = |Pdt* + —————<+r’d0’ +r’sin’ Odg® —  — a1-CyOKOHT
ror r,or
l——"—+—
r 1’6
roort ar’
~ 1=+ 55 | - ——rd0” +r’sin’ Odp’ +  —a2-CyOKOHT
ror r,or
l——"—+—
r F6
2 2
A dr )
+ 1——7+—2 czdtz——z—r2d92+r2 sin® @de” — — a3-CyOKOHT
r 1’6 }"7 r
r }"62
roort dr’
—|1=Z+— |c%dt* - —+r°d0’ —r*sin’ 0dp* +  — as-CyOKOHT
roor r, or
r F6
2 2
rnor dr .
+H 1= T+ |cde + ——r’d0” —r’sin’ @dp’ —  —as-CyOKOHT
roor r, o r
r F6
roort dr’
—[1-Z+— [Pd* + . —r’d6* —r*sin’ @dp® +  — ac-CyOKOHT
r i"6 I"7 r
r 7’62
oot dr’
+ 1=L 4= |7dt’ ——————<+rd0” —r’sin’ Odp’ . —ar-cyOkont. (5.11.35)
roor ror
l——"+—
r 7,

6

IIpu MCCIeNOBAHKMY SPA KHO3UTPOHA» HA YPOBHE PACCMOTPEHMS 25-An-n-BaKyyMHOH HpOTS-
KEHHOCTH Kaxknas merpuka (5.8.16) — (5.8.20) mpencraBisieTcss B BUJA€ CYMMBl CEMHU aHAJTIOTUIHBIX
METpPHK C CUTHaTypamH U3 paBoro panxupa (1.13.1) wnu (5.11.34).

Hamnpumep, metpuka (5.8.16) ¢ curnarypoi (—+ + +)

2 2
ds{*”? = —(1 Ly F—chdﬁ b (0% +sin?0dp?) — @-aHTHCYGKOHT
r Y,

MPEACTABISAETCS B BUJIE CYMMBI CEMH TOJI-METpHK ¢ curHaTypamu (5.11.34)

2 2
v, dr )
ds"? = =L+ |*dt’ —————<—r’d6’ —r’sin* Odgp’ + — a1-aHTUCYOKOHT
ror r,or
I——"—+—
roor
2 2
rnor dr .
+ 1——7+—2 c’dt? to——< r*d@* —r’sin’ Odep* — — a2-aHTHCYOKOHT
ror A
l——"—+—
roor
2 2
r,or dr )
—(1 -7 +—2j02dt2 b+’ dO* - r’sin’ Odp* +  — a3-aHTUCYOKOHT
roor
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2 2
rnor dr .
LR <10’ +r’sin’ dp’ - — (4-aHTHCYOKOHT
roor roor

2
roorg

2 2

2 2
- [1 LB g o a0 1 sin? 0dg? + — as-aHTHCYGKOHT,

ror A
)
roor
r dr’
+1=ZL+— |c*dr? —+7°d6” +r*sin* @dgp’ —  — A6-aHTHCYOKOHT
roorg r, o r
-+
r i"6
v dr’
R - —r*d0* +r*sin’ Odo’ — a7-aHTUCYOKOHT. (5.11.36)
ror ror
-4
S

MareMaTtuueckue npueMbl B OTHOIICHUH aHalu3a COBOKYMHOCTe MeTpuk tumna (5.11.35) nnm
(5.11.36) na ypoBHe paccMOTpeHuUs 25 An-n-BaKyyMHO IIPOTSKEHHOCTH OCTAIOTCS TAKUMH Ke, KaK U
Ha YPOBHE PACCMOTPEHHS 23-An-n-BAKYYMHOH NIPOTsKeHHOCTH. Ho B 9TOM cllydae MposBIAIOTCS 3HA-

YUTEIHHO O0JIee TOHKKE U 3aMBICIOBAThIE NIEPEIUIETCHUS BHYTPU-BaKyyMHBIX TOKOB (puc. 5.11.8), xo-

JINYECTBO KOTOPBIX YBEIUYUBAETCS B 7 pas.

Puc. 5.11.8. @pakranbHble WUTIOCTPALUH NTEPENTIETEHUS BHYTPU-BAKYYMHBIX TOKOB
Ha yPOBHE PaccMOTPEHHUS 2°-A,+,-BaKYYMHO# NPOTSXKEHHOCTH
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Ha yposne paccmoTperus 2'0-An.n-BakyyMHON NPOTSHKEHHOCTH KaxJas U3 CEMH I10J-METPHK
(5.11.35) unm (5.11.36) npencraBnsieTcs B BUJE CYMMBI €II€ CEMH MOA-TIOJ-METPUK C COOTBETCTBYIO-
UMW CUTHATypaMu U T.4. (cmompume § 1.16). Takum o0pa3om, ¢ y4eTOM clieayromiero naparpada,
Anrebpa curHaryp (AJICMTHA) MpejyiaraeT MaTeMaTHYECKUM arapar, MMO3BOJISIONIMKN 3arisHyTh B

OECKOHEUYHYIO O€3HY.

5.12 M3ocnuH s1Apa NOKOSAIIET0CH «3JIEKTPOHA» U KIMO3UTPOHA»

Hanomuum, 4ro kBaapatuyHyio (opMmy c 000 W3 BO3MOXHBIX CHUTHATYp W3 PaHKUPOB
(5.11.33) — (5.11.34), mpencraBieHHYI0 B JHWaroHaAJIbHOM BHjae [Hampumep, metpuku (5.11.35) u
(5.11.36)], MO’KHO MHOXECTBOM CITIOCOOOB 3amUCaTh B BUJIE JETEPMUHAHTA CIIMHTEH30pa BTOPOTO PaH-
ra (cumompume § 1.14).

Hanpumep, nuaronanusupoBaHHas KBajpaTuuHas ¢opMa ¢ CUTHaTypou (+———)

ds? = goodx’dx’ — giidx'dx' — grodx?dx® — gssdx3dx’ (5.12.1)
ABIISIETCSA AETEPMUHAHTOM OJHOM M3 SPMUTOBBIX 2X2-MaTpHIl (CIIUHTEH30POB)
Vodx” +y,dx’  y dx' +iy,dx’

ds? =g, dx’dx’ — g, dx'dx' — g, dx’dx’* — g, dx’dx’ =
goo gll g22 g33 yl dxl _lyzdxz yodxo _y3 dx3

} (5.12.2)

(tme ¥, =4/g; ), KOTOPYIO MOXHO MPEICTABUTH B BUIC A4-MaTPHUIIBI

A +y.d" y dd +iy,di 1 0 0 -1 0 —i -1 0
AD =| PO TR T e N R W . (5.123)
ydx —ip,dé  y,dx’ —y,dx’ 01 -1 0 i 0 0 1
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rac

4 e D] e
01 -1 0 i 0 01

— Habop matpur [laynu.

AHaJIOTMYHO, A AMAarOHAIN3UPOBAHHON KBaJIpaTUYHON (OPMBI C MHBEPTUPOBAHHOM CHUTrHa-

Typoii (— + + +) UMeeM OJIMH U3 BAPHAHTOB €€ MPEACTABICHUS B BUAC A4-MATPHUIIBL:

V@ +pidx” iy di + y,dx

ds? =—g A" + g d'dx' + g, dCdY + g dXdy =
8oo &1 82 833 i, ' _yodxo —yodx°+y3dx3

] (5.12.5)

Wy, dx —y,dX =y, dx’ +y,dx’ i 0

-1 0 0 i 0 1 10
o) = L ) = . (+---) _ - (+--2) _ 5.12.7
B K

— Habop Matpun Kamu.

A"+ y.dx” iy dx + y,dy -1 0 0 i 0 1 1 0
A‘(‘.;.) :[yo X +y,ax w +), ]z_yodxo(o 1j+y1dxl[ :)j+y2dx2( . j+y3dx3[0 lj R (5126)

rac

[Tos105%KKMM, YTO BCE DJIEMEHTHI JUIMHEI dX’ paBHbI eaunumIie (dx’ =1), Torma A4-marpuiml (5.12.3)

u (5.12.6) npuHUMAIOT BU]

A‘(‘):[J’o"”.)% yﬁ%}(yo OJ_(O —%J_(.O —%J_[—J@ 0} (5.12.8)
=0, Vo= 0 N 0 y, 0 0

Ay):(.yo"'% iy1+y2J:{_YO 0]_'_(.0 lylj+[0 yzj+[y3 OJ’ (5.12.9)
W =Y, Nt 0 v 0 -y 0 0

Jlnia npumepa npeactaBuMm MeTpuky (5.11.1) B Buae nerepmMuHanTa cnuHTeH3opa tuna (5.12.5)

2
/1—ﬁ+r—2cdt—rsin6d¢) —;dr—irdﬁ
ror / 7 r
I H roor
H V)

1

———dr+irdf PR )
roor? 1-—L+—cdt+rsin@p
-+ roor
roor

det

3anuineM JaHHbIH COMHTEH30p ¢ yueToM dx’' =1
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/l—r—7+——rs1n6? _
h_i A
- r fl——+—cdt+rsmt9
o 7

TMETHM TaKXe, 4TO JI WHApH BITHE C BEPOSATHOCTBIO MCXOaa Y2 (Hampumep, Bpa-
Otme aKKe, 4To JII000e OMHApHOE COOBITHE C BEPOSITHOCTBHIO MCXOJa Y2 (Ha ep, Bpa

(5.12.10)

LIIEHUE 11apa MO- WIK NPOTUB YaCOBOW CTPEJIKH; BbIMAJCHUE MOHETHI Ha CTOPOHY OpJjia MU PELIETKH)
MOTYT OBITh ONHMCaHbI cliMHOpaMu. Hampumep, BpaleHue 1mo 4acoBoil crpenke (popMalbHO 3aJaeTcs

cnuHopami (T.e. "Opa-" u "ker-" BeKTOpammu)

|Z+>=\g@ u |Z+>*=<Z+|=\g(1 0) (5.12.11)

(2 +]2 )= 0)@:%

[Tpu 3TOM BpalieHue MPOTUB YACOBOH CTPEIKH POPMATLHO 33a€TCsl CIIMHOPAMH

Z)- ;@ n |22 =(z —|_\ﬁ (5.12.12)
(z—|z—>:%(01)((3:%, <Z—|Z+>:%(Ol)((l)j=0.

Ha ypoBHE pacCMOTPEHHS 2°-An:n-BaKyyMHOM NPOTSIKEHHOCTH BHYTPH Spa «3JIEKTPOHA

TaKUMHU, 4TO

TaKHUMH, YTO

HMMEETCsI YeThIpe BHYTPU-BaKyyMHBIX cios (5.11.1) — (5.11.4), mosTomy /U1t HCCAEAOBaHUS UX H30TO-

MMNYCCKOT'O BPAIICHUA (I/I3OCHI/IH8.) BOCITOJIB3YCMCs CIICAYOIHUMU CIIMHOpaMU

|Z+>=\E((l)] u z+>*=<z+:\/z(1 0) (5.12.13)

z-)= i@ 1 |Z—>"=<Z—|=\E(O1). (5.12.14)

Ucnonesyst crimaTeH3op (5.12.10) u comuopsr (5.12.13), ompenenum 4-BEKTOp H30CMUHA

a-cyOKoHTa
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2

1—ﬁ+r—2—rsin9 - ! —ir
ror o ﬁ
2
<S<-a>>=\F(1 0 T 11 (5.12.15)
4 : 40
- +ir ror .
ror? 1-L+— +rsind
- T r 7"6
r 123
2 0 a 1 2
h us 0 _h T
ror ror . .
1 N1 1) 1 0 —iry1) 1 -rsid 0 Y1
=4(10 0*1(10 0+7(10_ 0 0+Z(10 0 .olo
3 1 r 7St
0 1_ﬁ+L -
ror hr 0
C KOMIIOHEHTaMH
AL
r 7”62 1 3
St(fa)zl(l 0 le _ﬁ+%’ (51216)
4 0 — 0) 4\ r r
AT
r 1’62
0 B 1
_hr
ror |
s =11 o _o, (5.12.17)
4 0
3 1
2
l—ﬁ-i-% 0
rorn
1 0 —iry1
Co—2(1 0 =0, 5.12.18
% 4( )(ir OIOJ ( )
@ 1 -rsind 0 Y1)} 1 .
s5”==(1 0 , =—rsind. (5.12.19)
4 0 rsind)\0) 2
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AHanoru4Ho, nzocnuH b-cyOkonra [T.e. metpuku (5.11.2)] onpenensiercst 4-BeKTOpom

(s = \E(o 1

ror
I+1— 0
1 h
= 4(o 1
0 nor
+—=—
r
C KOMIIOHEHTaMU
50
sf,'b)
1
b _
Sy =
b _
Sy =

0 1
1+ﬁ—ﬁ
ror _
1 0) 1 0 —ir
+-(0 1 +—(0 1) .
4 | 1) 4 ir 0
h 2
1+ﬁ—r—2 0
ror
L
roT
0 2
(01 S W
1 4 ror
0 a
r }’62
1
0 —
n_r
2
r s 0
(01 =0
1
n_r 0
r F62

1
7

2
o . .
1+—7——2—rsm¢9 —_—— —jr
ro roop?
+*—72=
r 7% 1
1 .
-t r, r .
v l1+-+—— +rsinf
7 2
I++-=— ror
ror

4

-

1
+
)3

(5.12.20)

(O 1)[—rsin9 0

0 rsind

(5.12.21)

(5.12.22)

(5.12.23)

(5.12.24)
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4-BeKTOp aHTHU-U30CHUHA c-CyOKoHTa [T.e. MeTpuku (5.11.3)] ompenenum c npuMeHEHHEM

criuHopoB (5.12.14)
2
l—ﬁ——z—rsiné’ —;—ir
o n_r
2
[s9) = \F(l 0 Tt 12 (5.12.25)
4 4\0
- r7 1- ———+rs1n9
0 1
IR 5
ron ron . .
1 1 1 1 1 0 —irYl1 1 —-rsind 0
=—(10 +~(1 0f +=(1 0) +-(10 ,
4 0 > 0 1 0/ 4 ir 0,0 4 0 rsind | 0
N _
ror 1ﬁ_f 0
ror
C KOMITOHCHTaAMH
o
r 7’6 1 2
o=l o )_1 nr (5.12.26)
4 0 P 0 4 ror
_o_r
v 7’62
0 1
nor
r 7"62 1
O 21(1 0 =0, (51227)
"4 ) 0
5 0
r 7"62
§0 2 411(1 O)@ —Oer(l)]: ’ (5.12.28)
1 -rsind 0 Y1 1 .
:Z(l 0 0 olo :—2rsm¢9. (5.12.29)
r'S1
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AHaNOTUYHO omnpeensieTcs: 4-BeKTOp aHTU-U30CIIUHA d-CyOKOHTa [T.€. MeTpukH (5.11.4)]

<§d§=Jim 1

—;H”’ ror .
ropt 1+-L+— +rsind
I+7+— ror
ror
2 0 B 1 2
14‘&4‘7‘*2 O 1+ﬁ+%
r I’;,) r }%
1 0) 1
=—(01 +-(0 1
4 0 5 1) 4
1+ﬁ+r—2 - >
r r6 1+E+L 0
C KOMITOHEHTaMH
2
1+ﬁ+r—2 0
a1 T 0y 1/ r r
s70==(0 1 - h_r
‘4 1) 4\ r i
0 r I"2
1+21+—
rorn
1
0 B 2
1+ﬁ+r—2
1 (!
sSP=2(0 1 =0,
4 1
3 1
2
0
1+ﬁ+r—2
rorn
1 0 —irY0
sy ==(0 1) =0,
4 ir 0 A1
1 -rsind 0 YO\ 1 .
s57==(0 1 _ =—rsind.
4 0 rsind\1) 2

2
r,or . 1 .
I+L+— —rsin —————-ir
roK v
I+—+-+— =
ror

(5.12.30)

0) 1 0 —irYO) 1 —rsind 0 YO
+-(0 1 +-(0 1 .
1 1) 4 ir 0 A1) 4 0 rsinfhl

(5.12.31)

(5.12.32)

(5.12.33)

(5.12.34)
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KomnoHeHThI 00111eT0 BeKTOpa N30CIHA CyOKOHTA B SAPE «IJIEKTPOHAY TOJI0KHUM PABHBIMH

S0 = s s s 0 Ja——+—) <1+———) (1————) L
7 r r 4

’%

1
2 b

) =0,

e
S,
sfg) 0

o

(5.12.35)

o

- _ 1 1
s, (a2 +s( b? +s,, ()2 +s (d) 4\/1” sin® @+r2 sin® @+77 sin’ @+ sin’ H—Ersmé?

Bo3mokeH apyroil TN HM30TONMUYECKOTO BpaIICHHUsS, KOTOPBIA (OPMaIBHO 3a7aeTCs KOM-

Y+>:\/£@ no|ve) =(v+| :\/%(i 0) (5.12.36)

(Y +|Y +) =%(z’ 0)(8}:—%.

a TaKKC KOMINJICKCHBIMH CITMHOPaMHU

v )= im n |Y—>*:<Y—|:\E(Oi) (5.1237)

INICKCHBIMU CITMHOPaMHA

TaKHUMH, YTO

TaKHUMH, YTO

(Y-|y-) :%(0;‘)[?}:—%, (Y-|Y+) =%(Oi)((i)] =0.

[ToacraBum B Boipaxkenus (5.12.15) — (5.12.34) kommiekcHbie cniuHOpPHI (5.12.36) — (5.12.37)
BMecTO cnmuHOpoB (5.12.13) — (5.12.14). B pesynbprare, moJy4uM IPOTHUBOIOIOXKHBIC 3HAYEHUS KOM-
MOHEHT 4-BEKTOPOB M30CIIMHOB a-CyOKOHTa, h-CyOKOHTa W aHTHU-U30CITMHOB C-CyOKOHTA U d-CyOKOHTA.

IToxaxxem »TO Ha MpuMepe N30CIMUHOBBIX CBOMCTB Cl—CY6KOHTa

sy = L o " 1@: (5.12.38)

1 .
———tir nor
oot 1-—ZL+— +rsind
1-1+— ror
ro
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1
’ R
I I
-2+ 0 =740
ror . ro . N : .
1, iy 1, iy 1,0 (0 —irYi) 1, -rsiB 0 Yi
=—(i 0 +7(1 0) +f(z 0) . +-(i 0 ) .
4 0) 4 0) 4 ir 0 \0) 4 0 rsind\O
0 5 P I
_7_1’_7
r r62 Iz r2 0
_7_1’_7
s

OTKyaa BUJIHO, 9TO B 9TOM CITydae KOMIIOHCHTHI 4-BEKTOpa H30CIHHA d-CyOKOHTAa HMEIOT TIPO-

THUBOIIOJIOXKHBIC 3HAYEHUS IO OTHOIICHHUIO K COOTBETCTBYIOMUM KoMIoHeHTaM (5.12.16) — (5.12.19)

LA
ror . >
so=Li o g P P S (5.12.39)
4 0 — o) 4\ r 7
_7___
r }%2
0 1
5
r I"2
1 * (1
s9=—(1 0 -0, (5.12.40)
4 . 0
nr 0
r }’62
0 —irY1
s;”:;(l o)(ir O’FI(J: 0, (5.12.41)
o1 -rsind 0 Yi) 1 .
s59==(i 0 , =—rsind. (5.12.42)
4 0 rsind\0/) 2

[ToaTOMYy KOMIOHEHTHI OOIIET0 BEKTOpa M30CIHMHA TAKOTO SiApa «3JIEKTPOHA» CJeayeT moJjia-

TaThb TaKKC MPOTHUBOIIOJIOKHBIMHA

2 2 2 2
R OO A LB T P P L S L
H oo 7 7 ror 2
) _
s, =0, (5.12.43)
SH—
e ~ VYo

2 2 2 2 1 : 3 ) : 1 .
s, =—\/ sf;“) +sfp b +s(;) +s;f]) =_Zl \/ rsitt @+17 sitf O+17 sitf O+7° sirt 0 =—§rsm¢9.
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Pesynbrats! (5.12.35) u (5.12.43) okasanuch aHANOTUYHBIMU CIIMHOBOMY KBAaHTOBOMY YHCITY
KJIACCUYECKON KBAHTOBOM MEXAHUKHU S = £>.

[TonBeneM NpoMeKyTOUHBIE UTOTH:

1. B 3TOM myHKTE MpUBEICHBI TOJIBKO HaualbHbIE CBEIEHUsI 00 M30CIMHOBBIX CBOMCTBAX IHa-
TOHATBHBIX KBaApaTHIHBIX GopM. C y4eToM H3II0KEHHOTO B §§ /.14 — .15, naHHbIe Hccie-
JIOBaHUSI MOTYT OBITh MPOJOJKEHBI JI0 TOTY4YEeHUsI MHOIMX HETPUBUAIIBHBIX PE3yJIbTaTOB.

2. IlpearnonokeHue, YTO BHYTPU sIpa TMOKOSILErOCs «3JIEKTPOHa» JBa BHYTPH-BAKYyMHBIX
cinos [Hampumep, (5.11.1) u (5.11.3)] uMeroT U30CHUH C OAHUM HAIpaBJICHUEM, a JIBA JPY-
rux ciost [Hanpumep, (5.11.2) u (5.11.4)] uMeroT U30CHHUH C TPOTUBONOIOKHBIM HarpasJe-
HUEM, IPUBOAUT K TOMY, YTO JAHHBIE U30CIUHBI B CPEAHEM IOJHOCTHIO KOMIIEHCHPYIOT

MPOABJICHUA APYT Apyra. Bwmecte ¢ TEM, O6H.IHﬁ N30CIINH AApa «QJICKTpOHAa» OKa3aJICid aHa-

JIOTUYHBIM CIIMHOBOMY KBAHTOBOMY YHCJIY 3JICKTPOHA B KBaHTOBOM MEXaHMKE.

Puc. 5.12.1. ®pakranbHble WUTIOCTPALINH IEPEKPECTHBIX N30CITUHOBBIX IIPOIIECCOB,
MPOUCXOIAIINX BHYTPH siipa chepHIecKOro BaKyyMHOTO 0Opa3oBaHMs

3. UccnenoBanust M30CIMHOBBIX CBOMCTB MeTpUK (5.8.16) — (5.8.19), onuckiBaromux sapo «Io-
3UTPOHA», IPUBOAAT K aHAJIOTMYHBIM pe3ysbTrataMm. Hampumep, 4-BeKTOp U30CIUHA a - aH-

TI/ICY6KOHTa MOYET OBIThH 3aaH C UCIIO0Jb30BAHUEM CIIMH-TCH30pa, MOJYUCHHOTO U3 MCTPH-

ku (5.8.16):
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2

ror )
1——7+—2 +rsind
ror

. 0
_ l_ﬁ_{_i 0 7"7
ror
I 1
Oj +Z(l 0)
0 ~ 1_ﬁ+r: L
2
r r62 1—ﬁ+r—2 0
ror

(5.12.44)

1 1 0 iryl 1 rsid 0 1
+—(1 o +-(1 0 ,
0/ 4 —ir 0)\0) 4 0 —rsind)\0

a KOMIIOHCHTbI OGH.IGFO BCKTOPA U30CIIHMHA TAKOI'O AApa «IMO3UTPOHA» TAKKC OKA3bIBAIOTCA paBHBIMU

2 2 2 2
2 2 2 2 1 ror ror ror r,or, N4 1
s;”=\/s,<*“> +sE 45T T == 1L+ 5)+(1+ L -5+ L )+ L) =—=—,
4 ror ror 7 ror 4 2

s =0

”

s =0,

) _
S¢ =

(5.12.45)

4 4 4

4. UccnenoBaHusi M30CHHHOBBIX CBOMCTB sijpa
«QJIEKTPOHA» M «IPOTOHA» Ha YpPOBHE pac-
cMoTpeHust 2°-Am:n-BaKyyMHOH IIPOTSKEHHO-
CTH, HampuMep, C HCIOJIb30BAHUEM METPUK
(5.11.35) MOXxeT IpUBECTH K 3HAYUTEIHHO 0O-
Jiee CIOKHBIM, HO TAPMOHUYHBIM Pe3yJIbTaTaM.

5. Ecmu B ypaBHenus (5.11.1) — (5.12.45) Bme-
CTO JABOWMKH pagNyCOB 76, 77 TOJCTaBUTH JIO-
Oy10 ApyTylo NBOWKY paJUyCOB U3 uepapxuu
paouycos 2.6.20, Hampumep, r2, r3 WIH 71, s
WIH 74, 6 M T. 1., TO MOJIy4YaTcs aHAJOTHYHBIC
METPUKO-TMHAMUYECKHE MOJIENN sAep U UX
U30CIIMHOB COOTBETCTBEHHO 20/10U: «IUIaHe-

ThD», «TaJIaKTUKHN», <«3BC3IbD», «ouonoruye-

CKOM KIIETKW» U T.J. (CMOTpI/ITe OIIPECACIICHUC

Ne 9.2.1).

P P 2 2 1 5 3 5 : |
\/ S0 +s(¢+b) 4507 gD :Z\/ r2sint 0+77 sin® @+r7 sin® @+ sin” =§rsm¢9.
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5.13 BeposiTHOCTHOE OnICaHUE

B cunmy MHOXecCTBa BHEUIHMX U BHYTPEHHHX
BO3JICHCTBUH AJIPO «3IEKTPOHA» (KaK U AIpO JI000ro
JPYToro 201020 BaKyyMHOTO 00Opa30BaHus) MOCTOSH-
HO KOJICOJIETCS M UCKaXaeTcsl MOJ00HO mapoobpas-
Homy >kene (puc. 5.10.5 m 5.13.1). B 1O e Bpewms,
BHYTPEHHEE SAPBIINIKO, HAaXOASIIeecs BHYTPHU sjapa
«anexrponay (puc. 5.13.1 u puc. 3.1), mocTostHHO Xa-
OTHYECKH OJIy)KITaeT B OKPECTHOCTH IEHTpa JaHHOTO
BaKyyMHOT'O 00pa30BaHUs.

XaoTHueckoe JABM)KEHHE BHYTPEHHETO Sj-
pHIIKa MOAPOOHO HMCclenoBaHoO B riaBax 3 u 4. B
3TOM IIYHKTE PAacCMOTPUM OJHMH M3 BapUaHTOB OITH-
caHus (GIyKTyaluii CyOKOHTa BHYTPH sIIpa «dJIEK-
TPOHA» U AHTUCYOKOHTA BHYTPHU Spa «TIO3UTPOHAY.

V3MeHurBbIE MCKaXEHUs BHYTPH-BAKYyMHBIX
CIIOEB PACCMOTPHM Ha TpUMepe OmHucaHus (IyKTya-

uuii a-cyokonra (5.11.1)

Puc. 5.13.1. Sapo n11000r0 roJOr0 BaKyyMHOTO
oOpa3oBaHus (B TOM YHCIE SIIPO «IIEKTPOHA)
MIOCTOSIHHO KOJIEOJIeTCS M MCKPHUBISIETCS, 2 BHYT-
pCHHEe SIIPBIIKO IOCTOSHHO XaOTHYECKU OITyiK-
JaeT B OKPECTHOCTH LIEHTPa JaHHOTO BaKyyMHOT'O
obOpazoBaHus

2 2
ds™9? = (1 —r—7+r—2]czdt2 —Lz—rz(dﬁz +sin’@dg?) — a-cyOKonr, (5.13.1)
o L
( r rezj

[TogoOHbIe (hIyKTyaluu OCTaNBHBIX TPEX BHYTPHU-BAKyYMHBIX CJIO€B ¢ MeTpukamu (5.11.2) —

(5.11.4) onMchIBatOTCS aHAJIOTHYHO.

Hanomuum, uro merpuka (5.13.1) MoxxeT ObITh IPECTaBICHA B BUAE CYMMBI CEMH TO/I-METPUK

(5.11.35) ¢ curnatypamu (5.11.33):

2 2
ds©? = (1 —r—7+r—jc2dt2 +d;+r2d6’2 +r’sin’ @dp® — — a1-CyOKOHT (5.13.2)

2 2
—(1—”—7+’"—jc2dt2—L—rzdeurzsmmaw+ —ax-cybkonr  (5.13.3)
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2 2
+[1f_7+r_2jczdtz(erdewsmmwz ~areyGromr  (5.134)
1—

2 2
_(1_17#_2}25”2 I 40— sin0dg’ + —areyoromr  (5.13.5)
roor ( r rj
-4 5
r 7’6
2 2
+[1—1i+57)c%h2+ dr ——r*d@* —r’sin’ Odg® —  —as-cybkont  (5.13.6)
roor ( 7, rJ
-4
r 7’6
2 2
1=+ | + dr —12d0* —r*sin* @dg® +  —as-cyOkont  (5.13.7)
o 1_’i ’i
r 1’62
roor? dr’
+| 1=L+— |c?de* - +7r°d6* —r*sin’ @dg* . —ar-cybkont.  (5.13.8)
r 7"6

PaccmoTpuM TOJIBKO OHO M3 CEMH CllaraeMblX JaHHOTO BhIpakeHus, Hampumep, (5.13.5) c

CUTHATYpO# (— — + —) (ocTaJbHBIC CllaraeMbIe TAHHOTO BBIPAKEHUS OTIMCHIBAIOTCS aHAJIOTUYHO).

Kax 656110 0Ka3ano B § 5.12, mog-metpuky (5.13.5) (Buma s "% =—y0 -7 +37 -7 ) MOKHO

TIPEJICTABHT B BUJE ACTEPMHUHAHTA OHOM m3 n A} -Matpu Buma (5.12.8):

(_yo"'iy} y1+y2j [.Vo"'iys yl"')’z} (_y0+iy3 _y1+y2J (yo+iy3 _y1+yzj
VitV Yoty Wty —Yytiy; Nty Vo iy Yty —yotiy

[%+n — Yo +1vs

[yf"yz yo+iy3J Nt _yo+iy3j (_yl+y2 yo+iy3j
Yoty =yt

Vot =Vt Yo +1y; Nty Vot Yty
(J’o"'iyl Vit J Yot —Vs +y2J (yo"'iyl _y3+y2J
—V3tY, —y iy YVit+), Yoty YitY, —y,tiy

Vit yo‘”)ﬁj —Vit» _J/o+iy1j (_yz""yz Yot+in

stV Yoty

Yo+ iy, %+hj
y

(}@ TV, — Yyt
Yo

+iy, Yt ), Yoty —y;ty, Yoty Yst+Y, Yot Vit

(yo"'yz _y1+iJ73j [yo"'yz y1+iy3j [_yo"'yz _y1+i)’3j [_yo"'yz y1+iy3j

My =Yoot yy) \mnty =Yty Nty oyt =Y+ Yoty
(5.13.9)
rac
Vo = [1—%+:—z]cdt, V= dr ,  y,=rd0, y,=rsinbdp. (5.13.10)
6
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Ecnu npeanonoxure, 4To Kaxkaas u3 Af”H -matpurl (5.13.9) peanuzyeTcst ¢ HEKOTOPOil Be-

OSITHOCTBIO ¢ (f) (KOTOpasi MOYXET MEHSTBHCSA CO BPEMEHEM £), TO CPETHIOI0 AT _mar HUIy MOKHO
i > 4

MPEACTaBUTh B BUJIC

AT =EOATT + EOLTT+ EOLTT o+ EOATTTT (5.13.11)
i A =04, (5.13.12)
i=l1
rae e =1. (5.13.13)
i=1

B camom 1pocToMm ciydae, koraa Bee ¢, = 1/n, Beipaxkenue (5.13.12) npunumaet Bun
1 n
(—=+) _ i(—=+-)
A7 == 4. (5.13.14)
i=1
YacTh XapaKTepUCTHK PACCMaTPUBAEMbBIX CIyYaWHBIX MPOIECCOB MOXKET OBITh IMOJIy4eHa Ha

OCHOBAHUHU CIIMH-TCH30PHOI'0 aHaJIn3a
S =+ A o)+ A )+

rac «6pa» " «KCT» BCKTOPBI UMCIOT BU

A Ny,),  (5.13.15)

(v.|=(c ),0)=¢,)(1,0) ly,) = (""g)j =c (z)@ : (5.13.16)
w/um (| =(ic (1),0)=¢,)(i,0) lw,)= (icfo(t)j =c, (z)@ : (5.13.17)

rae ¢ (f)u ¢, (f) — KOMIUIEKCHO CONPSHKECHHBIC aMILTUTY bl BEPOSTHOCTH.

AHAIIOTUYHO MOTYT OBITH ONMHCAHBI XaOTHYECKHE (PIyKTyalmu Bcex
noa-cioes (5.13.2) — (5.13.8) u cnoes (5.11.2) — (5.11.4) cyOkoHTa BHYTpH
AP «AJICKTPOHAY.

Takxe ¢ npumenenuem metpuk (5.8.16) — (5.8.19) u (5.11.36) moryT

OBITH ONMUCAaHBI PIIYKTyallM1 BCEX CJIOEB U MOJI-CIIOEB aHTUCYOKOHTA BHYTPH

A7Ipa «IO3UTPOHAY.

BeposTHOCTHOMY ONMHMCaHUIO BHYTPU-BaKyyMHBIX (IyKTyanuii HEOOXOOUMO TOCBSATHTH OT-
JeTbHOE MCCIIeI0OBaHNEe, KOTOPOE BBIXOIUT 32 PAMKH HacTosImel padoTsl. OJHAKO OTMETHM, YTO BCE
METPUKHU U JUHEHHbIE (POPMBI, C KOTOPBIMU ONEpUpyeT Ajredpa CUrHATYp B HACTOSAIIEM HCCIEelI0Ba-
HUHU, SBJISIIOTCS JIMIIB PE3YJIbTATOM YCPEIHEHMS YPE3BBIYAMHO CJIOKHBIX U 3aMbICIIOBATBHIX HAJIOXKCHUN
BHYTPH-BAKYYMHBIX CIJIOEB, MOJ-CJIO€B U TOJ-TIOJA-CIIOEB ... U CIUIETCHUH CYOKOHTHBIX M aHTHCYO-

KOHTHBIX MOTOKOB (TOKOB) (puc. 5.13.2 u 5.13.3).
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Puc. 5.13.2. ®pakranbHble WUTFOCTPALNHN PA3IHYHBIX ACTIEKTOB BaKyyMHBIX (DIyKTyaIuit




Puc. 5.13.3. ®pakranbHble WUTIOCTPALUHU PA3IUYHBIX ACIEKTOB MEPEMIETEHUS] BHYTPU-BAKYYMHBIX:
CYOKOHTHBIX MJIM aHTHUCYOKOHTHBIX M T€YEHUH (TOKOB)




5.14 BpameHnue siipa «3J1eKTPOHA» U «IO3UTPOHA)
Snpo m0o00ro 201020 BaKyyMHOT0 00pa3oBaHus, B TOM YUCIIE SAPO «IJIEKTPOHA» W/HIIU «I103H-
TPOHa», BPAIAeTCsl OTHOCUTEIBHO CTOPOHHEro Habmronarens (T.e. HabIoAaTens, HaXoIAlIerocs co

CTOPOHBI €T0 BHEIIHEH 0007109KH), cMoTpHuTe puc. 5.11.5 u 5.14.1.

Puc. 5.14.1. Bpauenue siapa «3I€KTPOHA» UMEET JBE COCTABIISIIOIIUE:
1) BpamieHre BOKpYT MTHOBEHHOH OCH, U 2) XaOTHIECKOE N3MEHEHHE HAIIPABIICHHSI CAMOW OCH BpAIICHUS

Bwmecte ¢ Tem, kak ObUT0 OTMeUeHO B § 2.3, 71 HAONIo1aTesl, HaXOAAIIErocsi BHYTPH Bpallia-
IOIIErocs sapa J1to00ro BAaKyyMHOTO 0O0pa30BaHUs JaHHOE BPAICHHE MOXKET MPAKTHYECKU HE MPOSB-

AsThCs. B 3TOM cityyae JOKHO BBIMOJIHATHCA ycloBuUe (2.3.14), B 4aCTHOCTH

Y, =0,
Y, +@, =0 wm (5.14.1)
@, =0.
rae
Y;zv :K/JK/ +K,uaﬁ[<7ﬁ+Ka,u /i +Kaﬂ ﬁ_}/Zg-yv(l<ﬂ.l</1 +K/1#‘Ki/“’) (5 142)
— ten3op Kaprana-Cxoyrena (2.3.5);
(5.14.3)

i i s 1 pn i i s
D, = Z{V[,»‘D i T Dy Dy~ 58,8 V. D, Dy (IM,,])}

— Ten3op Baiinen6eka-Buranu-Illunosa (2.3.8).

Bpamenue sapa BakyyMHOro o0pa3oBaHUsl (B YAaCTHOCTHU S1pa «3JIEKTPOHA») — 3TO UPE3BBHI-
YaifHO CJIOKHOE SIBJI€HME, TpeOyrollee OTIeIbHOro OOUIMPHOro HccaeaoBanus. B atoit pabore Hame-
THM TOJIBKO BO3MOYKHBIC HANPABJICHUS JAHHBIX MCCIICJOBAHUI Ha NMPHMEpE KaueCTBEHHOTO PAacCMOT-

PCHUA BpallICHUA sAApa «3JICKTPOHA» (I/IJ'II/I «HO3I/ITpOHa»).
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[Ipexae Bcero, OTMETUM, 4YTO, Kak OBLIO MOKa3aHo B § 5.11, kaxmas Touka nepudepun sjpa
«3TIEKTPOHA» J0JIKHA JIBUTATHCS C TMHEHHOM CKOPOCTBIO GIM3KO0#H K ckopocTu cBeTa v, = ¢ [cMoTpH-
Te (5.11.22) — (5.11.25)]. D10, 1O CyTH, SBISETCA YCIOBHEM CYIIECTBOBAaHUS CYOKOHTa Ha TPaHUIIE
MEXIy SAPOM U BHEIIHEW 000s10uKoii «anekTpoHay (puc. 5.8.1 u 5.14.1). Takoe BpamarensHOe IBU-
XKEHUE MepueprH Ipa MOXKET OBITh OIMMCAHO CIEAYIOIAM 00pPa30M.

Ecnu Gbl MOBEpXHOCTH si/ipa «3JEKTPOHA» Bpallia- %
mack moJo0HO TBepol cdepe, TO CKOPOCTh MepeMertie- As
HUS TOYEK, HAXOAIIUXCA HA ee dKBaTope ve'”, 6blaa Obl

MaKCHMAaJbHOM, T.e. OH3K0# K ckopocTH cBera (ve) = ¢),

a CKOpPOCTh JIPYTHX TOYEK Ha AToM cdepe Obuta ObI OIIry-

Mo Menbe (V) < ¢) (puc. 5.14.2).
(=)

UT0OBI CKOPOCTh HEDKBATOPHAIBHBIX TOUYEK HA I10- Ve X5
BEPXHOCTH sipa Oblia Takke OMU3KOW K CKOPOCTH CBETa,
OHH MOMHUMO BpallaTeIbHOTO JBHKCHHS CO BCe cdepoit X4
B IICJIOM, JIOJDKHBI €III¢ Y4acTBOBAaTh B OJHOM WJIM B HE- .

Puc. 5.14.2. JIuneitHple CKOPOCTH TIEpEMeETIIe-

CKOJIBKMX TIOBEPXHOCTHBIX BpAIIaTEIbHBIX JIBHKCHHUSX: HHs TOYEK Ha Bpamaromencs cdepe
LIMKIIOHAX W/UIU aHTUIUKIOHAX (puc. 5.14.3) ¢ momoiHu-

TenbHOM cKopocThIo v, Tak urobsr v +v.O = c.

Puc. 5.14.3. TTUKIOHBI{ % : ¥ aHTULIHUKIOHBI {3 HA IOBEPXHOCTH
BPALIAIOIIErocs sipa BaKyyMHOI'0 00pa30BaHus (B YACTHOCTH «AJIEKTPOHA») MOJOOHBI IUPKYJISLIUH
BO3/lyXa Ha [TOBEPXHOCTH ILIAHETHI
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Puc. 5.14.4. ®paxranbHble WUTIOCTPALMU PAa3IMYHBIX 30H HA TOBEPXHOCTHU BPALAIOLIETOCs
sITpa TOJIOTO BaKYyMHOTO 00pa30BaHus (B YaCTHOCTH P «AJICKTPOHAY)

Ha nmoBepxHoctn paccmaTtpuBaemoii cdepsl (puc. 5.14.2, 5.14.4) ocrarorcs eie ABE TOYKH:
«CEBEPHBII» U IOKHBIN» TOI0CA, KOTOPBIE BOOOIE HE YYaCTBYIOT BO BpalaTeIbHOM JIBMXKeHUH. Ho
U OHU B CHWJIy TPAaHWYHOTO YCIIOBHS TaKXKe JOJDKHBI JIBHTaThCS CO CKOPOCTBIO OJMM3KOH K CKOPOCTH
csera. [103TOMy OCh BpalleHus S/pa «3JIEKTPOHa», MPOXOIAIIAs Yepe3 STH MOJI0Ca, TOXKE J0JDKHA TIe-

pEMENIAThCs CO CKOPOCTHIO CBETA B HANIPABICHUH TEPIICHANKYIIPHOM dKBaTopy (puc.5.14.1 u 5.14.3).
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B pesynbrare Han0XeHUSI HECKOJIBKUX BBIMICTICPEUUCICHHBIX MTPUYHH TOYKH, HAXOASIIHUECS B
nepuepuiiHOM clloe SiApa «AJIEKTPOHA», TOJDKHBI Yy4acTBOBAaTh B UPE3BbIYAWHO CII0)KHOM MOBEpX-
HOCTHOM JABWXeHUU. [Ipun 5TOM MrHOBEHHasi OCh BpalIEHUsI BCETO sAJIpa B LIEJIOM JOJIKHA MPELECCUPO-

BaTh M0 MPAKTUYECKH Xa0THUECKOI TpaekTopuu (puc. 5.14.5, 5.14.6).

h [5) 13

Puc. 5.14.5. Xaotnueckoe n3MeHEHNE HAMIPABICHUS OCH BPALICHHUS SApa BAKYyMHOTO 00pa30BaHuUs
(B 4aCTHOCTH $17Ipa «3JIEKTPOHA») CO BPEMEHEM OTHOCHTEIIEHO CTOPOHHETO HAOIogaTeNs

Cuanmok Conana ammaparom Trace CoutHile B HH(pPaKPaCHOM CIIEKTpE

Puc. 5.14.6. Ha nosepxnoctu CoJHIIa BUJJHO MHOKECTBO BUXPEOOPA3HBIX TeUECHHUH (CIHKYJI), ABUTAIOIINXCS
co ckopocThio Om3koit k 50 000 km/4. He nckmodeHo, 4To Ha IMOBEPXHOCTH Spa JIF0OOTO ToJIOro BaKyyMHOTo 00paszoBa-
HUS (B TOM 4YHMCIIe Ha MEpUQEPHN sIIpa «IIIEKTPOHA» ) IPOTEKAI0T aHAIOTUYHbIE BUXPEBbIE BHYTPH-BAKyyMHBIE TEUECHHS
(TOKM), HO CO 3HAYUTENIFHO 00JIee BBICOKUMH CKOPOCTSIMHU
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M3HayanbHO HEM3BECTHO, B KAKYI0 CTOPOHY BpAIIAETCA PO «AJIEKTPOHA», HO U3BECTHO, UTO
TaKUX BO3MOYKHOCTEH BCETO JIBE: «II0 YaCOBOM CTPENIKE» U «IIPOTUB YACOBOH CTPEIIKN», @ BEPOSITHOCTh
1r000r0 U3 ITUX HANpaBJICHUH BpallleHHs paBHA /5.

M3-3a XaOTHYECKOH MpPELecCHy OCH BpallleHHs sApa «3IEKTPOHa», I JII0O00ro Hamepes 3a-
JTAHHOT'O HaIIPaBJICHUS OHA YaCTh BPEMEHU COBIAAAET C ITUM HaIlpaBJIICHUEM, a IPYTYIO PaBHYIO 4acTb
BPEMEHU JaHHAas OCh IPOTUBONOJI0KHA eMy. [IoaTOMy y simpa cBOOOJHOTO MOKOSILErOCs «IEKTPOHA
COOCTBEHHBI MOMEHT BpAIllEHUs JUIsl TF0OOT0 HAIIPABIEHHS B CPETHEM PABEH HYJIIO.

PazHble poONbHBIE U TIONEPEYHbIE CIOU SIIpa «IJIEKTPOHA» JIBUTAIOTCS C PA3IMYHBIMU CKO-
poctsimu (5.11.22) — (5.11.25) B 3aBUCUMOCTH OT yAaJCHHS OT €To0 IeHTpa r. Eciau Ha mepudepun sapa
BCE YEThIPE MONEPEUHBIX CJIOSI CYOKOHTA B CPEIHEM JABHUTAOTCS MPAKTHUECKU TOJIBKO MO MOBEPXHOCTH
cdepsl ¢ paaAuyCcoM 76, TO IO Mepe NMPHUOIMKEHHUs] K BHYyTPEHHEMY SPBIIIKY T€YEHHUE YeThIPEX IMepe-
IJICTEHHBIX CJIOEB CYOKOHTa CTAaHOBSTCS Bce Oosee u Oonee pamuanbHbM (puc. 5.11.5 u 5.14.1). On-
HAKO BO3JI€ BHYTPEHHETO SAJIPHIIIKA UX CKOPOCTH BHOBb B OCHOBHOM HAIIpaBJIeHbI 10 cepe ¢ paany-

coMm 77 (puc. 5.14.7 u 5.14.8).

Puc. 5.14.7. ®pakranbHble WUTIOCTPALNHU BPAIIaTEIFHOTO ABIKEHHS BHYTPH-BaKYYMHBIX cJIoeB. Bosne BHyTpeHHETO
SOPBIIIKA C PAJIyCOM 77 CKOPOCTh CyOKOHTA BHOBb YBEIMYHMBACTCS M BO3PACTAET €€ TAHT€HINAIbHAS COCTABIISIONIAS.
To ecTb BO3Ie pakuu BHYTPEHHETO SAPBILIKA 00pa3yeTcsi CyOKOHTHBIN BUXPh
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Puc. 5.14.8. ®pakranbHbie WUTFOCTPALMHN BPaIIaTEIFHOTO ABIDKEHIS BHYTPH-BaKyyMHBIX clioeB. Ha mepudepun sapa
«3IIEKTPOHA» C PaJIyCOM 7's U BO3JIE €r0 BHYTPEHHET0 AJPBIIIKA C PAJIyCOM 7 CKOPOCTh CYOKOHTa B CPEIHEM UMEET TaH-
TEHIMAIBbHYIO COCTaBIIAIONIYIO, @ MEeXIY nepudepuei spa «3IEKTPOHA» U PaKUEH €ro BHYTPEHHETO SAPBIIIKA B CPEIHEM

JIOMUHHUPYET pafinaibHasi COCTABIISIOIAs CKOPOCTH CyOKOHTa

[TosTOoMy mpoeKIuu CKOPOCTEH MOMEPEYHbIX CI0EB CyOKOHTa HA MOBEPXHOCTH c(ep ¢ pas3and-

HBIMU pajinycaMu 76 > r > r7 OyqyT pa3IndHbIMU. M3-3a 3TOro pa3auuHbIMU SBISIOTCS U MPOAOJIBHBIE
CJIOM sifipa «dNeKTpoHa» (puc. 5.14.9).
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Puc. 5.14.9. ®pakranbHas HIUTIOCTPaLUs YCPEAHEHHOTO COCTOSHUS Pa3IMYHbIX

MMPOAOJIBHBIX CJIOCB A/pa «3JICKTPOHA»

PaCCMOTpI/IM HCKOTOPBIC ACIICKTHBI, KACAIOIHECS CIIOKHBIX IMPOLCCCOB BpalllCHUSA CY6KOHT8. nu

aHTUCYOKOHTA B si/Ipax rojIbIX BaKyyMHBIX 00pa30BaHUM, B YACTHOCTH B AJPaX «3JIEKTPOHA» U «IIO3H-

TPOHAY.
[Iycth Touka M, HaxondIascs Ha PACCTOSAHUU 7 OT LICH-
Tpa Apa «3IEKTPOHa» (T.€. MEXKIY ABYMS PaKUSIMHU 76 > ' > F7),
JBHKETCS BOKPYI MTHOBEHHOM OCH BpPAlLlCHMs C JIMHEHHOUN CKO-
pocTsio (puc. 5.14.10) [48]
vV = OXr, (5.14.4)
rae

o = e dp/dt (5.14.5)

— YIJIOBasi CKOPOCTh BpaIlleHUs siapa (e — €IUHUYHBIA BEKTOp,

HaIpaBJICHHBIN BJ0JIb MTHOBEHHOM OCH BPAIIICHUS).

Puc. 5.14.10. Onpenenenue yrinosoi
ckopocTH BparieHus [48]

[Tycth omopHas cuctema oTcuera xi, x2, x3 (puc. 5.14.10), ocTaeTcs HEMOJBUKHOMU, a CUCTEMA

V1, 2, ¥3 «KXaO0THYCCKN» MPCUCCCUPYCT BMECTC C MT'HOBEHHOH OCBIO BpalllCHUA AApa «3JICKTPOHA». Ocu

KOOpJMHAT OMOPHON M CMEUIaloIIecs CUCTEM OTCUETa B ATOM CIIydae CBSA3aHbI MEXKIYy coO0il cucte-

MOM TpeX JTMHEWHBIX YPaBHEHHI

Va = Pai(t) x1+ Pa2(t) x2+ Pas(t) x3,

(5.14.6)

rne fox(f) (a,k =1,2,3) — HanpaBsAOLIIEe KOCUHYCHI, SIBISIONUECS CITy4allHBIMU (DYHKLIUSMHU BPEMEHH.
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[Mpomuddepenumpyem ypaBuenus (5.14.6) [48]

X, X, X,
5 =o)Xy, =| o) o0 o0 | (5.14.7)
Bu®) Ba) Ba)

rae wq(f) — MITHOBEHHOE 3HaUY€HHE MPOEKIUU BEKTOpa YIJIOBOM CKOpPOCTH ()(f) Ha OCH OMOPHOMN CH-

b B
=

CTEMBI OTCYETA X1, X2, X3 B MOMEHT BPEMEHU {.
[TpupaBHuBas K03((HUIMEHTHI IPU OpPTax X« , U3 ypaBHeHus (5.14.7) momyyaem cUCTEMY ypaB-

HCHHI JJIA CKOpOCTCfI HU3MCHCHU A HAITPABJIAIOIINX KOCHUHYCOB

dBar/dt = Ba1*= w2fu3 — @3fa2, (5.14.8)
dPa2/dt = Bap®= @3fa1 — @13, (5.14.9)
dfas/dt = fa3® = @18up— w201, (5.14.10)
KOTOPYIO MOKHO IPE/ICTaBUTh B MAaTPUUHOM BUJIE [48]
) (0 —o o YA
B, = o 0 -o|p,| (5.14.11)

L]
B -0, O 0 A\B.
O6'BeI[I/IHHH TpI/I ManI/ILIHBIX ypaBHeHI/IH B OAHO, HOquI/IM ManI/II‘IHoe KHHCMAaTHUYCCKOC ypaB—

Henue [lyaccona [48]

B B B 0 — (t ) , (t ) By B Py
By Bn By |=| @ (t) 0 -0 (t) Bo Bn Byl (5.14.12)
B Py P — 0, (t ) @, (t ) 0 Bs P B
KOTOpOE ONpEeNsieT CMEIIeHUe TOUKU M 10 cdepe ¢ paiuycoMm 7.
Cornacho (5.11.22) — (5.11.25) ckopoCTH BHYTPU-BAKYYMHBIX CJIOEB B SIAPE «IJIEKTPOHA» OT-

HOCHUTCIIBHO Ha6HIOI[aTeJI$I, HaxoJA1eCrocs BHYTPU JAHHOTO dJpa, paBHbI

vi(r) = c(— ri/r+ Plré*)'?  — ckopocTs a-cybKkoHTa; (5.14.13)
vih(r) = c(rilr— Plre®)'?  — ckopocTh b-cyOKOHTa; (5.14.14)
Vi) = c(— rilr— Plré?)'?  — ckopocThb c-cyOKOHTa; (5.14.15)
Vi) = c(rilr+ r*lre)'?  — ckopocTh d-cybKoHTa. (5.14.16)

OnHaKO OTHOCUTETIHFHO HAOIIOIaTeNsl, HAXOSIIErOCs CHAPY> KU BPALIAIOIIErocs: (OTHOCHTEIb-
HO HEro) sA7pa «3IeKTPOHAy, JTaHHbIE CKOPOCTH PAacKIabIBAIOTCA HA PaAUaNbHyIO V- ") (r) 1 TaHreH-

LUATbHYIO COCTABIISAIOININE Vrt(_m)(l")

viD(r) = v CO@) + v CO(); (5.14.17)
Vi) = v ) + v D r); (5.14.18)
Vi) = v SO + v S, (5.14.19)
vir) = v CNUF) + v C(r). (5.14.20)
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HpI/I OTOM TaHI'CHUOHAJIbHAsA COCTABJIAIOMIAsA CKOPOCTH KAXKIOTO BHYTPH-BAKYYMHOI'O CJIOSA MO-
XKeT OBITh OIICHEHA BBIPAKEHHEM
Vie T(r) = @(£)xs (5.14.21)
rze s©”) — IpOCTPaHCTBEHHbII BEKTOP U30CIIHHA /1-TO BHYTPU-BAKYYMHOTO CJIOS.
Hampumep, TaHTeHIMAIbHAS COCTABJISIONIAS CKOPOCTH a-CyOKOHTa BHYTPH SIpa «JICKTPOHAY)
MPUOIMKEHHO paBHA
Ve C(r) = () s, (5.14.22)

rze s©% — mpocTpaHCTBEHHBIH BEKTOP M30CIMHA a-CyOKOHTA ¢ KoMIoHeHTamu (5.12.17) — (5.12.19):

r (4

59=0, s57=0, s =—%rsin6’. (5.14.23)

N3 Beipaxkenust (5.14.17), ¢ yuetom koMrnoHeHT (5.14.23), moayduM OLEHKY MOJIyJIi MTHOBEH-
HOTO 3HAYCHHUsI TAHTCHIMATBHOM COCTABIISAIOIIEH CKOPOCTH @-CyOKOHTa MEXy JByMs pakusIMH sapa
«IEKTpoHay (r6>r > r7)

V@) = Y5 sind [oi(£) + wa(6?]% (5.14.24)

[IPU YCIJIOBUH, YTO Ha nepudepu sapa ¢ paanycom 76

v (re)| = Va1 sin O [01(£)* + 02(1)*]*=c, (5.14.25)
U B pailOHE paxuu BHYTPEHHETO SAPBIIIKA C PAJUYCOM 77 BBHITIOJIHACTCS YCIOBHE
V()| = Va1 sin O [o1(£)? + 02(£)*] = c. (5.14.26)

W3 Beipakenus (5.14.17) cnemyeT, 4To paauanbHas COCTABJSIONIAs CKOPOCTH a-CyOKOHTa

BHYTPH SIpa «3JEKTPOHA)» MPUOIMKEHHO paBHA
vir COr) = V() = vil(r) = (= rilr + PPlre?)? — Var sin 0 [o1(£)* + 02(0)*]% (5.14.27)

Ha ocHoBanuu Takoro >xe aHaiuza BeipaxkeHui (5.14.18) — 5.14.20) MoryT OBITH MOJTYYEHBI
TaHTCHIMAJbHBIC U PaJUAIBLHBIC COCTABIISIIOIINE CKOpPOCTEH b-CyOKOHTa, c-CyOKOHTa, d-CyOKOHTa
BHYTPH S]Ipa «3JEKTPOHA».

AHaJIOTUYHO OINUCHIBAIOTCS BpalllaTeIbHbIE MPOLIECCHl BHYTPH sIIpa «IO3UTPOHA» MPU UCIIOIb-
30BaHNH MeTpUK (5.8.16) — (5.8.20) ¢ MPOTUBOIIOIOKHON CUTHATYPOH (——— +).

Ecnmu Bo Bce ypaBHEHHS JaHHOTO MYHKTa BMECTO PaJlMyCOB 76, #7 TIOACTABUTH JIIOOBIE IpyTHe
napsl pajinycoB U3 vepapxuu (2.6.20) (Hanpumep, ra, r6 WIH 2, ¥9 WU 15, 7 U T.1.), TO TOITYYUM

OINMMCAHUC BpPAINATCIIbHBIX ITPOLECCOB BHYTPU JIF000Tr0 Apyroro roJioro BaKyyMHOI'O 06p8.30BaHI/I$[,
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HaTpUMep, sJIpa TOJNIOH «TalaKTUKWy», SApaA TOJON «IUTAHETHD), SIApa TOJO0H «OMOIIOTUYECKON KIICTKI

" T.J.

Puc. 5.14.11. ®pakranbHble HILTIOCTPAIMH CJI0KHBIX MHOTOCIIOMHBIX BpallaTeIbHBIX MPOIIECCOB,
MPOTEKAIOIIUX B SApE BAKyyMHOTO 00pa3oBaHus (B YACTHOCTH B SI/IPE «QJIEKTPOHA)

Eme pa3 orMeTuM, 4TO B 9TOM IMYHKTE HET 3aBEPIICHHBIX PEIICHUN MOCTaBJICHHBIX 3aJ1ad.
311ech TOJIBLKO HAMEUEHBI Iy TH OMUCAHUS BPALEHUS Pa3InYHbIX CJIOEB siIep BaKyyMHbIX 00pa3oBaHUil,

B HACTHOCTHU ALCP «IJICKTPOHA» U KITO3UTPOHA».
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5.15 Pakusi BOKPYT s1Ipa «3JI€KTPOHA» U «IO3UTPOHA)

Bepremcs k paccMoTpeHnto MeTpuk (2.6.9) — (2.6.12) ¢ curnarypoit (+ — — —). 3anuiiemM aaH-

HbIE METPHUKH C y4eToM (2.6.5) — (2.6.8)

1 1 1 1 1
St ottty

2
n n n n rn K n Lk I n

- n+r+rn+tr,+tr.+r.+r+r+rn+n
dsl()2=1_12345678910+(
r

-1
D A A e b o A LA A A 1 1 1 1 1 1 1 1 1 1
1AL TR TR T T TR TR T ]°+7+7+7+7+7+7+—2+—2+—2+—2r2 ar?—
r h nh o n I B LK L I
—rz(de2 +sin’ 9d¢2),
(5.15.1)
- ntn+tr+rtrtrtrntrtnt+n 1 1 1 1 1 1 1 1 1 1
dsg)zz 1+ 2 2 3 4 5 6 7 8 9 10_[2_|_2_,_24_2_,_24_2_’_2_’_24_2+2 72 czdt2
4 nh n o n n I o LKk L

-1
n+rntrntrtrtrt+rntrn+ntr 1 1 1 1 1 1 1 1 1 1
AT TR Is Tle T T 10_7+7+7+7+7+7+7+7+7+7r2 dr’ —
r n L o n o n K n LK L K
2 2 < 2 2
—r(d6” +sin>0dg?),
(5.15.2)
- Kn+rn+n+r+rtr+rn+n+n+n 1 1 1 1 1 1 1 1 1 1
ds§>2:1 \Th TR T T T T TR T 10—j+f2+7+7+7+7+—2+—2+—2+—2r2czdtz
r n n o 5 r o n L L K

-1
rn+rntrntrtrtr.+r+r+rn+r 1 1 1 1 1 1 1 1 1 1
_ 1 1 2 3 4 5 6 7 8 9 10_£2+2+2+2+2+2+2+2+2+2 r2 dr2_
r non o n N rn r 1 R L kK
—r2(d92+sin29d(/)2),
(5.15.3)
_ r+r+rn+r,+r.tr.+r+rn+r+r 1 1 1 1 1 1 1 1 1 1
dsy?=q1+41—2-3 45 6 T8 D W4l 44—ttt —+—+— [Pl
r n n N n I n LK L I

-1
—{1+ U B Tk Bk skl Tl Bkl I T +(12+12+12+12+12+12+12+12+12+12Jr2 dr’ -
r nh n 5 o n r n L L N
- rz(al@2 +sin’ Hd(pz),
(5.15.4)

dsO? = *dt* —dr® —r*(d6* +sin’ 0dg?), (5.15.5)
TJIe COrJIacHO uepapxuu (2.6.20):

r1~3,4'10% cM — XapakTepHblii paauyc 3aMKHYTOI BeenenHoii; (5.15.52)

r2~1,2:10” cM — XapaKTepHBIii pasyyc sSapa METaralakTUKY;

r3~410"8cM  — xapakTepHbIii paguyc SApa raJaKTHKH;
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ra~1,4'103cM — XapakTepHbIi paauyc apa 3Be3/bl (IIAHETHI);

rs~4,9'103 cM — XapaKTepHbIii paguyc 6MONOrHYECKON KIETKH;

r6~1,7-10"3cm

— XapaKTepHBIA pauyc sSapa 3J1eMEHTapHON YaCTHIIb;

r7~5,8102*cM — xapaKTepHBIi pafryc sapa IPOTO-KBapKa;

rg~2,1'10>*cM — xapakTepHbIif pafryc sA1pa MIIaHKTOHA;

ro~710% cm

— XapaKTepHbIN paguyc sapa MpOTO-IIIaHKTOHA;

10 ~ 2,4:107° cM — XxapaKTepHBI pafinyc sA1pa HHCTAHTOHA.

Ilepenumem metpuku (5.15.1) — (5.15.5) B Buze

2 2
r r
)
e Iy

J}Czdtz _{1_”3 trtn
r

ds\? = cd” —dr? - r*(d0” +sin® 0dg?)

TIe

R RN R R S
np=h TR+t

L1, 1 1.1 1
I T R ML WL I
oo n

1_1+ +1+1
= 2 Tty 2
y R 9 10

l"z l”z l”z
Hs+5+5
,

]} dyz_,,2(d92+sin29d¢2) (5.15.6)
}drz_VZ(d92+sin29d¢2) (5.15.7)
J} ar _rz(a’H2 +sin29d¢’2) (5.15.8)

J} & —(d6P +sirt dgp) (5.15.9)

(5.15.10)

(5.15.11)

(5.15.12)

(5.15.13)

(5.15.14)
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B cBs13u ¢ BEIIOTHEHHEM PaBCHCTB

2 2 2 2 2 2

v +r +r r r r v r Y r T r
Ll el Al R il il R et Rl [ St
r 7"1 7"6 I"Y r I"6 r ]"[ r I’Y

v,+r.+r r r r v r r. r 7 r
1486 'L _ _2+_2+_2 =1 _L__z _[1__6 — +(1+_B__2
r T o ¥ roor ron ro
2 2 2 2 2 2
r,t+rtr r.r r rnor g r g r
1——— —2+—2+—2 - ————2 - l+—+—2 + 1————2
r o K roor rorn rorn

2 2 2
rpt+rtr r.r r r r’ 7 r’ 7y r
I+=—"——+ 5+5+5|=|l+—+5 |- |15 || I+ —+—
r o Ky roor ron ro

MeTpukH (5.15.6) — (5.15.10) MoryT NpuHATH BUJ

2 2 2 2 2 2\
ds? = 1—”—L+r—2 — 1+3—r—2 + 1—”—‘9+r—2 dr - l—r—LJrr—2 — 1+E—V—2 + l—r—5+r—2 dr’ -
ror ror ror ror ror ror

—r (d92 +sin’® <9d(02)

-1
2 2 2 2 g ’
o { ﬁ_rz]_[l_hrz]{lgg_rz}w ] {[ +n_g]_(1_rs+g}(l+r3_g]} ar-
r r(, r r[ r ry r ré r r[ r rY

—r (d¢92 +sin’ ¢9d(p2)

2 2 2
ds™” ={1—FL —rzj—{lﬂ +r2j+( s —Zj}uzd
r 1’6 r 7'1 r FY

—?(d6P +sir? 0dg?)

—?(d6? +sirt 0de?)

-1
7, r2 T l"z 1, VZ
r —{ —L —ZJ—[HG +2j+(l—3 —zj} dr —
r 7% r }’I r }’Y
a
2 2 2 2 2 2
ds > ={1+r +r2]—( % —ZJ+(1+FB +"2]}8d¢2 —{pﬁ +ZJ—( - —ZJ+(1+’"B +Z]} ar -
ror ror ror ror ron ror

(5.15.15)

(5.15.16)

(5.15.17)

(5.15.18)

(5.15.19)

(5.15.20)

(5.15.21)

(5.15.22)

(5.15.23)

B OKpECTHOCTH sifipa «3JIEKTPOHA» C paguycoM nopsaaka re ~1,7-107'2 ecm {cmompume uepap-

xuro (5.15.5a)} Bce TpeThu cnaraemble B MeTpuKax (5.15.19) — (5.15.22) (wanpumep, 1 — ra/r + r*/ry?)

MO>KHO paccMaTpuBaTh B KaueCTBE MOCTOSHHOTO (Heu3MeHHOro) (ona. IlockonabpKy B quana3zoHe AjauH

oTrs~4,9'102cm 1o 77~ 5,810 cM orn IPAKTUYECKU HE U3MEHSIOTCS
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Iy Iy Iy r 7y

r r r r?
(l—r—’3+—2 ~ const, l—r—B+—2 ~ const, I—V—B+—2 ~ const, l—r—B+—2 ~const, (5.15.23a)
r r r

T.K. B pailoHe fzpa «3nekTpoHa»: r8/re ~ 10>~ u  re?/ry? ~ 1034 ~ oo

Kpome Toro, ecnu ycpenuuth Bce TpeThu ciiaraeMble (5.15.23a) B merpukax Buga (5.15.19) —
(5.15.20) ¢ curnarypamu (+ — — —) u (— + + +), TO OHU MOJTHOCTHIO KOMIIEHCUPYIOT MPOSIBJICHUS APYT
JpyTa COrjlaCHO BaKyyMHOMY YCIIOBHIO.

C yuerom (5.15.23a), ycroitunBas «BeImyKias» aedopmarus (KOTOPYIO MbI Ha3bIBaeM «DJIEK-
TPOHOM») Ha MPAKTUIECKN HEN3MEHHOM (pOHE MOXKET OBITh ONHMCaHa CIIEAYIONEH yTOYUHEHHOW MHOTO-

CIIOMHON METPUKO-IMHAMUYECKON MOJIEIBIO:

«IJIEKTPOH» (5.15.24)

«BrImyKI10€» MHOTOCTIORHOE BaKyyMHOE 00pa30oBaHKE C CUTHATYPOI

(+==-)

COCTOsAIIECE U3:

BHenHss1 060/109Ka «3JIEKTPOHAY
B UHTEpBaIE [71, 6] (puc. 5.8.1 mwmm 5.15.1)

2 2
dsl(+77)2 =[1- r—é + r—z]czdtz - Lz - l"z(dgz + sin2 9d(02) - a'CYGKOHTa (51525)
ror ( r, r
-4
ron
2 2
dss 2 = 1+ 2 - T le2ar - Lz —1?(d6* +sin’ 0dgp?) —b-cybronr,  (5.15.26)
ron e
oo
2 2
dsi 2 =1 _Ts ’”_2 c2d? __ar r2(a’02 +sin? gd(pz) — c-CyOKOHT, (5.15.27)
r r _ VL _ ﬁ
roor
2 2
ds{ 7 = (1 +5 4 ”—ZJC%Z - Lz — (6> +sin® 0dgp?) —d-cybxont;  (5.15.28)
T [l +56 4 ZJ
r 1y
Snpo «dneKkTpoHa»
B UHTEpBAJIE [76, 7'10] (puc. 5.8.1 wmu 5.15.1)
2 2
dst % = (1 S lerar - Lz —1*(d6” +sin” 0dg?) — a-cy6onr, (5.15.29)
ror L
roor
2 2
dsit 7 = (1 o ”_zjczdﬂ - dr -7 (a’92 +sin? Hd(pz) — b-cyOKOHT, (5.15.30)
r s
1
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) roort) o, dr?
ds§+"") =|1l-+t—-——|c*dt ————

2
r

2
T

2
r

2
T

—1*(d6> +sin*0dg?) — c-cybron,

—r*(d6 +sin*0dg?) — d-cybronr;

HleapT «31€KTPOHA»
B uHTepBase [0, ]

dsC 7 = Pdr —dr? - (d6 +sin* 0dg?),

r r6 rL
,
2 2
. v, dr
N TN
roor 7
¢ 1+L 4+
r
rmue

Puc. 5.15.1. BuzyanusupoBaHHasi METPHKO-AWHAMHYECKAsi MOJIETb CTAOMIIBHO-

r0 MHOTOCJIOMHOT'O BAKYYMHOT'0 00pa30BaHusl (B YaCTHOCTHU «3JIEKTPOHA» WU

«IIO3UTPOHAY), COCTOSILAs U3 BHELIHEH 000JI04KH, pakuu, Sipa U BHYTPEHHETO
SITPBIIIKA, ¥ €r0 (PpaKTaIbHAS HIUTFOCTPAIUS

\\| Buemusns ofomouxa

n=0r+RK+hL+h;

(5.15.31)

(5.15.32)

(5.15.33)

(5.15.34)

(5.15.35)

Breinonnsis aHanoruvHele ACHCTBUSA ¢ MeTpukamu (2.6.14) — (2.6.18), moiy4um CIeayronryro

YTOYHEHHYIO METPUKO-IUHAMUYECKYIO0 MOJIETb «IIO3UTPOHAy (T.€. MOZENIb TOYHON HEraTHBHON KOIUU

((SJIGKTpOHa») .
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«ITO3UTPOH»

«BorayToe» MHOrocI0iHOE BaKyyMHOE 00pa30BaHHE C CUTHATY PO
(—+++)
COCTOsALIEE U3:

Bueniusis 000J104Ka «IIO3UTPOHA»
B MHTEpBae [71, r¢] (puc. 5.8.1 nim 5.15.1)

2 2
. r, r dr .
ds{ 2 = 1-"+— |di’* + s~ 1’2(a792 +sin’ 9d(/)2) — Q-aHTUCYOKOHT,
ror re 1
l——=+—
T
oo dr’
ds{ = 14+ — ~ cdi? + —~+ rz(dez +sin? 0d¢2) — b-aHTUCYOKOHT,
roor L
oo
ron
r,or dr’
ds§+"“)2 =1-- c2d* + —~+ rz(dez +sin? ed(pz) — C-aHTUCYOKOHT,
ron [ |_Te T
2
ron
dr’

+ rz(dﬁz +sin’ 9d¢2) — d-aHTUCYOKOHT;

Snpo «mo3uTpoHa»
B MHTEpBAJE [76, 0] (puc. 5.8.1 mmm 5.15.1)

2 2
,,, r,or dr )
st =-1-L+ — ccdt* + ——~ rz(ah92 +sin’ (9d(p2) — a-aHTHCYOKOHT,
roor roor
roor
2 2
- v dr .
ds{ 2 = 142 - = cd? + —~+ rz(dez +sin? Hd(pz) — b-aHTUCYOKOHT,
roor A
I+—=—-—
roor
2 2
,,, r,or dr .
dsi 7 = 1= _ = cdi + ~+ 72 (dgz +sin? 9d¢2) — C-aHTUCYOKOHT,
roor roor
oo
2 2
___ roor dr .
dsj* 2_ |14y . 2di? + —+ r2(d32 +sin2 9d¢2) — d-aHTUCYOKOHT;
r V6 VL r
1+-—=+—
r V6
leJbT «IIO3UTPOHA»
B uHTepBane [0, o]
dsTH P =i + di? + 1 (d6P +sin® 0dg?).
rae I =h TR+t

(5.15.36)

(5.15.37)

(5.15.38)

(5.15.39)

(5.15.40)

(5.15.41)

(5.15.42)

(5.15.43)

(5.15.44)

(5.15.45)

(5.15.45a)

(5.15.456)
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BnusiHre TOTOMHUTENBHBIX ClIaraeMbIX HAa METPUKO-IWHAMHUYECKOE COCTOSIHUE BHEUIHEH 000-
JIOUKH M S7[pa «IJIEKTPOHa» (WM «IIO3UTPOHA») PACCMOTPUM Ha TpHUMEpe a-CyOKOHTa (OCTaJIbHBIC
CyOKOHTHBIE W/MJIM aHTHUCYOKOHTHBIE CJIOM OIMCHIBAIOTCS aHAJIOTMYHO). 3anumeM MeTpuku (5.15.25)
1 (5.15.29) ¢ yuerom paBeHcTB (5.15.45a) u (5.15.456):

- JUTsl a-CyOKOHTA BO BHEITHEH 000JI0UKE «3JICKTPOHA

2 2 2 2 2 2
- oot ot ot or dr .
s 7 =| 1=t bt e - T 2 2 2 ~r(d6? +sin’ 0y’ ).
T A S A A reo oro ot ooty
-+ —+—+—+5+—
rn n 5B n 5
(5.15.46)

- 1A Cl-Cy6KOHTa B AAPC «OJICKTPOHA»

2
. 7. 7: 7 7, r .
ds(~ 2 = - L&D 0, cldt? — 5 —rz(d¢92+s1n249d(02).

ror r r

(5.15.47)

Cornacno uepapxuu (5.15.5a) paauycsl BakyyMHBIX 00pa30BaHUI NpUOIU3UTENLHO HA 1ECAThH
MOPALKOB OTJIMYAKOTCS APYT OT APYTa F1>> 12 >> 13 >> 14 >> 15 >> [q >> 17 >> 13 >> 19 >> ri0. IlooTo-
My MOMHUMO CJaraéMblX, COJEpKaIlIUX paguyc SApa AJIEKTPOHA 76, HAOOJbIIEE BIUSAHUE B METpPUKE
(5.15.46) umerot cnaraemele #*/rs’, a B MeTpuke (5.15.47) JOMUHHPYIOT JOHOTHUTEIbHBIE CIAraeMble
r7/r. Ecnu mpeHeOpedb BCEMU OCTALHBIMU JOMOJHUTEIBHBIMH CIaraéMbIMH, TO MBI BEpHEMCS K MET-
PHUKO-TUHAMUYECKON MOJACIIH «IJIEKTpoHay (2.6.23) — (2.6.31).

OpmHako Ha TPaHUIIE MEXKIY SIAPOM «IJIEKTPOHA» U €ro BHEIIHEH o0osoukoi (puc. 5.10.5), xo-
TOopasi B JaHHOU paboTe Ha3biBaeTcs pakus (puc. 5.15.1), nomonHUTENbHBIE CllaraeéMble OKa3bIBAIOT
ourytumoe BiusiHue. i 00bsICHEHUs] TaHHOTO OOCTOSITENILCTBA PACCMOTPUM CHaydaia camoe rpyboe
(mepBoe) npubIMKEeHNUE, Ha IpUMeEpe ynpolieHus MeTpuk (5.15.46) u (5.15.47):

- 7151 a-CyOKOHTA BO BHEITHEH 000JI0UKE «IJICKTPOHA»

2
ds( ) = (1 - r—6jc2dt2 R r*(d6” +sin” 0dp?), (5.15.48)
r 7,
1 6
(-3
- st a-CyOKOHTA B /[P «3JEKTPOHA
r’ dr?
ds! % =|1+— |Pdi’ - ——~ - rz(a’H2 +sin? 9d(02) (5.15.49)
" 1+ r—z
Fs
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Pamnyc IBapummibaa, KOTOPBIMA, IO CYTH,
SBJISICTCSL PANyCcOM CPepruecKo TpaHulbl (paxuu)
MEXIY SIIPOM «IJIEKTPOHA» U €ro BHEIIHEH 0005104-
Ko (puc. 5.15.2), kak U3BECTHO, COOTBETCTBYET Ta-
KOMY PACCTOSIHHIO 7s OT IIEHTpa BaKyyMHOTO 00pa30-
BaHUs, IPU KOTOPOM HyJieBasi KOMIIOHEHTa METpUye-

CKOro TeH30pa paBHa Hymto [34]. Hanpumep, B ciy-

yae Merpuk (5.1548) wu (5.15.49) paguyc

Puc. 5.15.2. ®pakranpHas HUTIOCTPAIUs chepbl
IIBapumuabaa ¢ paiuycoM 7y, OTAENAIOIIEN AP0

[[IBapummabaa s ONPEaEasIeTCs BEIPAKEHUSIMU

r 7/'2 «IJICKTPOHAa» OT €TI0 BHEIIHEN O6OJ'IO"IKI/I
- 6 =) _ s _
gy =1---=0, gi!=1+=5=0. (5.15.50)

I 7y

OTKynaa Clenyer: rss=1r6 U Fsc=1r6.

Takum oOpazoM, mpu camMoM rpyOom (TiepBOM) MPUOTMKECHUH BBISBIACTCS YETKas TpaHHIlA
MEXIY SAPOM «IJIEKTPOHA» U €ro BHEIIHEH 000I04KO0i. DTO sIBHOM IpaHuleH (T.€. pakuell) IBIsETCS
cdepa ¢ paaguycom 76 (puc. 5.15.2).

[Ipu Gomnee neranbHOM (BTOpOM) paccMoTpeHun MeTpuku (5.15.46) — (5.15.47) npuobperarot
CIEAYIOIINNA BU:

- IJIA a—CY6KOHTa BO BHEIIIHEH 000JI0UYKe «QJICKTPOHa»

2 2
ds;; =(1—i +r—2jczdt2 —Lz—ﬁ(dy +sin’ 0dg?’); (5.15.51)
2
rors
- U a-CyOKOHTA B SIIPE «IIIEKTPOHA»
rnoor dr’
ds¢ = 1= D \a - T pd6* +sin0dg?).  (5.15.52)
r 1’6 ( r7 7 )
-+
r 7
B stom ciyuae, o ananoruu ¢ (5.15.50),
ror roor
g =1-L+>5=0, gl =1-T+=5=0, (5.15.53)
r I r ¥
KOTOpBIE TTPeo0pa3yoTcs B KyOM4eCKue YpaBHEHHS
gégz =r + r52r - rszr6 =0, (5.15.54)
Gor =1 +10r =101 =0, (5.15.55)

rae, corjacHo uepapxuu (5.15.5a):
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rs~4,9'1073 cM  — XapakTepHbIil pauyc 6HOJIOrUUECKON KIETKH; (5.15.56)
re~1,7-10"3cMm  — XapakTepHblil paguyc Aapa «IeKTPOHAY;
r7~5,8'102*cM — XapakTepHblii paauyc spa IpOTO-KBapKa.

Kak u3BecTHO, TpH KOpHs KyOWYECKOro ypaBHEHHUs BUIA ° + p,y+q, =0 ONpPEIeNsOTCs Mo
dhopmynam Kapaano [52]

3% =a+pf,; y2,3=a;ﬁiia;ﬁ\/§=0: (51557)
e _3| 4 +( _3l- ‘f_k_ (5.15.58)
3 2
—| Pe e | 5.15.59
o (1) M 5155
B gactHOM cimyuae ypaBHeHUs (5.15.54):
Pk=ps=75s,  qk=qs=—rs5rs, (5.15.60)
a B ciyvae ypaBHeHus (5.15.55):
Dk= pe=716,  qk=(qc=—Tr6rT. (5.15.61)

[Toncrarnss Benmuuuns (5.15.60) B (5.15.58), umeem

3 2 3 2
J_ \/(ﬁ} (7] ﬂJ_ J[ﬁj (78] 5.15.62)
2 3 2 2 3 2

Hanee Ha ocHoBanuu (5.15.56), (5.15.57) u (5.15.62) nomyuum Tpu KopHs ypaBHeHHs (5.15.54)

ry = 2,1x107 +i2,1x107°, (5.15.63)
2,1x107° +i2,1x107°  2,1x107° —42,1x107°
e i e e SN (5.15.64)
5 2 2
-3 . -3 —3_~ -3
- 2,1x10 +212,1x10 2,1x10 212,1x10 A (5.15.65)

AHaIOTU4YHO, MOJCTaBIsAsA BenmuuuHsbl (5.15.61) B (5.15.58), umeem
3 2 3 2
LN 0 I et 0 P S Ly (A B el i (5.15.66)
2 3 2 )7 2 3 2

3atem Ha ocHOBaHMH (5.15.56), (5.15.57) u (5.15.66) mosyuum Tpu KopHs ypaBHeHus (5.15.55)
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v, ~0,99x107" +0,99x10™", (5.15.67)

0,99x107" +i0,99x10™"°  0,99x107" +i0,99x107"
’jch ~ 2 +1 2 \/_ H

(5.15.68)

0,99x107"” +i0,99x10™"  0,99x107" +i0,99x107"
Fe13 ® —! V3.

’ 2 2

(5.15.69)

OueBuaHO, uTO paguycsl (5.15.63) — (5.15.65) cBsi3aHbl ¢ paclIeINIEHUEM U pacIIUpPEHUEM pa-
kuu (T. e. mosica [IIBapmmmibaa) BOKPYT a-CyOKOHTHOM 000JIOUKH OMOJIOTHYECKON KIIeTKH. Toraa Kak
pamuycsl (5.15.67) — (5.15.69) cBsi3aHbI C pacuielJICHUEM U PACIIUPEHUEM @ - CYOKOHTHOU paxuu (T.€.
nosica llIBapummibaa) BOKPYT siipa «3JIEKTPOHA».

AHaJoru4Hoe paccMOTpeHHe BceX MeTpuk (5.15.25) — (5.15.32), mo3BossieT NOIyYUTh BOCEMb

KyOMYeCKHX ypaBHEHHUI:

I Goon =1 +1r —r'r =0 (5.15.70)

I H Qoo =1 — 1 —rr =0 (5.15.71)
v ooy =1 =1 + 171 =0 (5.15.72)

H’ g\l =r ey +1lr, =0 (5.15.74)

I g =k =il =0 (5.15.75)

H H Quor =1 — 1T — 11 =0 (5.15.76)
v Gors =1 = 1T 41 =0 (5.15.77)

H’ g =r+rlr +rlr=0. (5.15.78)

KOTOpBIE ONPEIEIIAIOT PacILEIUIEHUE U paclIMpeHue (B paMKax BTOPOIO YPOBHSI paCCMOTPEHMSI) BCEX
qeTbipex a,b,c,d - CyOKOHTHBIX pakuti BOKPYT JBYX BIIOKEHHBIX JIPYT B ApyTa siJiep BaKyyMHBIX 00pa-

30BaHWN (B JIAHHOM cCiy4ac OOOJIOYKH OMOJOTHYECKOW KIICTKH W sapa «3JIeKTpoHa») puc. 5.15.3,

5.15.4.

Puc. 5.15.3. ®pakranbHast WILTIOCTPALUS pa- Puc. 5.15.4. ®pakranbHas WUTIOCTpaLUs pacIEIIEHHs U pac-
Kuu — MHOTOCJIOMHOM IpaHUIIBI MEXIY SpOM mmpenus paxuu (T.e. cepudeckoro nosica [lIBapummnbaa)
«QIIEKTPOHA» U €ro BHEIHeW 000JI0YKOn BOKPYT A/Jpa cTaOMIBHOTO BaKyyMHOTO 00pa3oBaHHus (B TOM

YHCIIe BOKPYT SApa «3JIEKTPOHA)
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[Ipu yyere HyneBbIX KOMIOHEHT MeTpHK (5.15.25) — (5.15.32) Ha TpeTbeM ypOBHE paccMoTpe-

HUS, IMEEM BOCEMb KyOMUECKHUX YpaBHEHUI:

I Qoon =1 +rir —rirg=0 (5.15.79)
I H Qoo =7 =r'r —rlr =0 (5.15.80)
\ Qoors =1 =r'r 711, =0 (5.15.81)
H’ Qoola =7+ 1T 11 =0 (5.15.82)
I Goou =1 15T =171, =0 (5.15.83)
H H Qloon =1 =1 —1ir, =0 (5.15.84)
\ Qs =17 =151 + 171, =0 (5.15.85)
H’ Qoora =17 F15r +10r, =0, (5.15.86)
rae cornmacHo (5.15.34) — (5.15.35):

=1ttt (5.15.87)

1

1 1 1 1 1?2
r, = —2+—2+—2+—2+—2 . (51588)

JlaHHBIE YpaBHEHUS OIMKCBHIBAIOT MHOTOCIOMHYIO CTPYKTYPY pakuil (CepudecKHX MOsICOB
HIBapummmibsaa) BOKPYT siIep pacCMaTpUBAEMBIX BaKYyMHBIX 0Opa30BaHHA.

Paxusam (t.e. chepudyeckum mosicam [lIBapiimmipaa), okpyKaronuM siipa CTaOMITIBHBIX BaKy-
YMHBIX 00pa30BaHUl (HampuMep, AIpo «IJIEKTPOHAY), CIEAYET MOCBATUTH OTAEIbHOE OOIIMPHOE UC-
CJIEIOBaHUE, KOTOPHIE MOTYT IPUBECTU K NEPECMOTPY HAIIMX OTHOLIEHMH K Muposnanuto. Ho yxe
ceiiuac U3 COBOKYIMHOCTU ypaBHeHuUi (5.15.79) — (5.15.86) BUAHO, UTO pakus 3TO Ype3BBIYANHO CIIOXK-
HO YCTpOEHHasi MHOTOCJTIOWHas obonouka sapa (puc. 5.15.5, 5.15.6). Ha dopmupoBanue cTpyKTypsI
KOKIOW pakuu OKa3blBAlOT BIMSHHME Bce cepuueckre BaKyyMHble oOpa3oBaHHs C paanycamu
(5.15.5a), B KOTOpBIE BIOKEHO U3y4aeMOE SIAPO, U KOTOPbIE HAXOASTCS BHYTPU HETO.

Hanpumep, B paxuu «31€KTpOHa» UMEETCS MOA-CIIOW, CBSA3aHHBIA ¢ BCelleHHOU; Ipyroi mou-
CJIOM CBSI3aH C raJJaKTUKOW; TPETUI NOJ-CJION CBSI3aH C IUIAHETOM, B KOTOPBIX OH HAXOJIUTCS, U T.]I.

Taxum o0pa3zom, Mbl 0OHapY>KMBaeM, YTO BCE BIIOKEHHBIE IPYT B JIpyra cpepuyecKre BaKyyM-
Hble 00pa30BaHUs (HE3aBUCHUMO OT UX MaclITaboOB) BIUSIOT ApyT Ha Apyra. 3MeHeHue paxuu 0JTHOTO
U3 HUX HEU30EKHO CKa3bIBACTCS HA pakusAX BCEX OCTAIBHBIX WICHOB MEPapXUU. DTO MPABUIO COOT-

BeTcTBYeT «lIpunnuny KocMuueckoit OTBETCTBEHHOCTHY.
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Puc. 5.15.5. ®pakranbHble HWUTIOCTPALKH CJIOXKHON M MHOTOCIIONHOM pakuu (T.e. 000J109KH
i chepugeckoro nosica llIBapummsaa), OKpy>Karoliel SApo CTaOMIBEHOTO BaKyyMHOTO 00pa30BaHUS
(B 4acTHOCTH, SAPO «AJIEKTpoHa»). [loa-crou paxuu cBsI3aHHBI C COOTBETCTBYIOIIUMU pakusmuy u3 uepapxuu (5.15.5a):
pakueil BceneHHOM, MeTarajlakTUK{, TaIaKTUKY, TUIAHETHI, KJIETKH, ... , IPOTO-KBapKa, MHCTAHTOHA




T
) i
S R TN

Puc. 5.15.6. ®pakranpHble WLTIOCTPALNHT PaKuy — MHOTOCIOIMHOM TPaHUIIBI MEXAY SIIPOM CTaOUIHHOTO
BaKyyMHOTO 00pa30BaHusl (B YACTHOCTH, SIIPOM «3JICKTPOHA») U €ro BHEIIHEH 000JI0UKOiA,
B KOTOPOH MPUCYTCTBYIOT SIIPHILIKH-CITyTHUKH, IOAOOHBIE CITyTHUKaM 3BE3]1




Koowcanwiii nokpose mena swcusomnozo (puc. 5.15.7) -~

noooben pakusam vacmuy, 36e30 u canrakmuk. Kooica ocugo-  sssumeanomn ——
Stratum lucidum*

20 cywgecmeda umeen MHOAHCeCne0 63AUMOCBA3ARRbIX Cl0es, Stahamgromiosun ——__

Stratum malphigil

{Spinosum - .
Kaxcovlll U3 KOMOPbIX BbINOJHAEM C8010 (YHKYUIO, U CO-  Swmmgseminman //‘-

{hasabs)

Damal papillae
2JIACHO npe()cmaeﬂenuﬂm Ancuenvt umeem c6136 ¢ coom- Py d_}f—/:‘:/ St
Raticuly — .-f"'-/-'/' A

.
eemcmeyrouumMu KOCMU4eCKumu U amomHo - MOJNEKVIIAD- N-"*NM'ﬂ‘ﬁ_‘

Blood vessals
HbIMU CIMPYKIMYPAMU.
B nannoit pabote mMbl He Oynem yriayOnsTbes B UC-
. . Puc. 5.15.7. MHOrOCNOMHBIN KOKaHBIN
clieZIoBaHUE pakuti CTAOMIBHBIX BaKyyMHBIX 0Opa3oBaHUH. MOKPOB TeJa JKUBOTHOTO
Ho nnis Hauana uccnenoBaHus BIMSHUS MaKpO- M MHUKpPO-
CKOMHUYECKHX CTPYKTYp Ha pakuto «3JIEKTPOHAa» PEKOMEHIYyeM IMpeACTaBUTh, HApUMEp, METPUKY

(5.15.25):

2 2
B ”1 — |’ - dr —r*(d0 +sin> 6dg?)
B T Tt 2
I"l 7"2 }’3 7"4 1’5 l—ri+ r
, T 1 1 1

(5.15.89)
B BUAC COBOKYITHOCTH ITATH OTACJIBbHBIX MECTPUK
(+-—)2 Tsa 2 5.2 dr’ 2(702 4 <in? 2 5.15.90
ds( 0 m 1= e - —r*(d6? +sin* dgp?) - (5.15.90)
r ”1 1 Foa 1’
roor
2 2
- r dr .
dsl(:; 2 o 1_6_2+_2 cldt? —rz(dﬁz +Sln29d(02)’
r r, r6,2 L
roory
2 2
d .
dsl(;——)z ~ 1__+_2 cldt? - il —rz(dﬁ2 +sin”’ Hd(pz)’
ron 63 T
l-——=+—
rooon
v 2 dr’® .
ds (72 & 1_ﬂ+r_2 cldt? _;—rz(dﬁz +sm26’d(/)2)’
’ rooor, Fos 1’
1 7‘?‘72
rooor
7, ? dr’ ;
dsl+———)2 ~ (1_£+r_zjczdt2 @ rz(al&2 +sin 9d¢2)'
r ry Tss r
[EERLERTE
rooor
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Taxoke meTpuky (5.15.29)

R+,

2 2
+5 |ear - ar —12(d6” +sin’ 0dg*)  (5.15.91)

dst— = 1 :
r 7y 1_r7+r8+r9+r10+r

2
r Ty

B TOM XK€ HpI/I6J'II/I)KeHI/II/I MOKHO IPpEACTABUTD B BUAC UCTBIPEX OTACIIbHBIX MCTPHUK:

2
ds(y 7 = 1= I fetar - dr —r2(d6? +sin* 0dg?), (5.15.92)
r ]/‘6,7 1 r, 7"2
roorg
)2 }"8 7'2 2 2 dr2 2 2 L) 2
dsf; 2 l——=+—|c7dt” ———< 7 (dé’ +sin” @do ),
r r6,8 1 r8 r2
rooTes
.y ry 7"2 2 1,2 dl”z 2 2 .2 2
dsG 7 1= 2 L |e2ar —12(d6* +sin> 0dg?),
r 7‘6’9 1_;/'i rz
roor,
2 7 ? 2 7.2 dr’ 2 2 a2 2
dsito % = 1=+ — |c?di® - —r (d9 +sin” Odo )
r Tsio "o r’
="+
roor

ITocne uccrnenoBaHus JaHHBIX METPUK MO OTAEIBHOCTH, CIEAyeT ONpEeAeIUTh MpaBuiia 00b-
€MHEHHUS MOJIyYEHHBIX PE3YyJIbTaTOB, HAIPUMED, YCPEIHEHUS U CyNEPIIO3ULIIY.

AHanoruyHele ACHCTBUS CIEAYET MPOU3BECTH CO BCEMU OCTaIbHBIMH MeTpukamu (5.15.25) —
(5.15.44).

Ecnu sapa v BHemHue 000JI0YKH BCEX CTAOMIIBHBIX c(hepruecKUX BaKyyMHBIX 0Opa3oBaHH B
CpeIHeM IMOJ00HBI APYT APYTY, TO UX paKkuu YHUKAIbHBL, T.K. OKPY>KEHHUE S7Ep 3aBUCAT HE TOJIBKO OT
TOr0, BHYTPH KaKUX SiIEpP OHU HAXOJATCS, U KaKHE sJipa HAXOAATCSA BHYTPU HUX, HO U OT UX MECTa I0-
J0XeHus BO BeeneHHou.

JlanpHele ucciaenoBaHusl pakuii BaKyyMHBIX 00pa30BaHUN B paMKax aKCMOMAaTUKHU AJreo-
PBI CUTHATYp MOKET IIPUBECTU K PA3BUTHUIO MOIHOTO MATEMAaTUYECKOrO ammapara, KOTOpbId B COBO-
KyIHOCTH C (PpakTaJbHOW BU3yallM3alldel MO3BOJHUT PACHIMPHUTH HAIW TPEICTABICHUS O TOHKOU
CTPYKTYypE BaKyyMHBIX 0Opa3oBaHUI.

Eme pa3 nouepkHeM MOpPa3UTENbHYIO CIIOCOOHOCTh ()PAKTAJIOB BU3YaIM3HPOBATH pa3IMyHbIC

ACIICKTHI NPOSABIICHUSA BAKYYMHBIX CTPYKTYP. MO:KHO IBITAaThCA JOJIT0 U HOI[pO6HO OIMUCBIBATH KOHTY-
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pBI BU3YAJIbHBIX ONIYIICHHA, KOTOPhIC HABEBAET MaTeMaTHUSCKUW ammapar AJreOpsl curHaTyp (Aui-
CUTHBI), HO, TTIOPOH, TOCTATOYHO BOCXUTHUTHLCS BHUIAOM OJHOTO ¢pakTtana (Hampumep, puc. 5.15.8), uro-
OBl OOIIMPHBIC CIIOBECHBIC OMHMCAaHUS OKa3aJKCh JIMITHHUMU. MaTemaTuka, corjacyromnascs ¢ (pak-
TaJTbHBIMU CIOJKETaMU, MPUOOPETAaeT OTTEHKU OCHOBATEIBHOCTH, a JIOTUYECKUE TTOCTPOCHUS AJICUTHBI

HAaXOJAT BO (hpaKTasax oropy B BUJE OCA3aEMOT0 COIPUKOCHOBEHHUS C PEATbHOCTBIO.

Puc. 5.15.8. ®dpakransl yaAuBUTEIBHBIM 00pa30M BU3YaIH3UPYET T€OMETPHUYECKYIO CYyTh BAKYYMHBIX 00pa3oBaHui 1
BHYTpPH-BaKyyMHBIX TIporieccoB. YacTo ¢pakran conepkKuT Takoi 00beM 00pa3Hoi HH(OPMAINH, Ha OIIMCAHHE KOTOPOi
NoTpeOoBaIrCh ObI IECSATKN CTPAHUIL TEKCTA, HO M TAKOM MOAPOOHBIN TEKCT He 001aai Obl HCUEpITBIBAIOIECH
MIOJTHOTOM TapMOHUH (hPAKTATEHOTO N300paKEeHHS

5.16 BuiBoawbl o riase 5
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B nannoii rinase:

- U3JI0’KEHBI OCHOBBI OOIIEH AMHAMUKHN BHYTPU-BaKyyMHBIX CJIOE€B, M YAaCTHBIN CIy4yaill reoMeT-
PU3UPOBAHHON BaKyyMHOU 3JIEKTPOUHAMUKY;

- WCCTIeIOBaHa METPUKO-IMHAMHYECKAss MOJAEIH sipa CTaOMILHOTO BAaKyyMHOTO OOpa30BaHHUS
Ha TIpUMeEpeE siIpa «IJIEKTPOHA» U SApa KIIO3UTPOHAY,

- IPEIJIOKEHBl BApUAHTHI Pa3BUTHS JUHAMHUYECKONH MOJENU BpAIICHUS Pa3IWYHBIX MPOIOJb-
HBIX U MONEPEYHBIX CJIOEB BAaKyyMHOH MPOTSHYKEHHOCTH BHYTPH SApa CTA0MIBHOTO BaKyyMHOTO o0Opa-
30BaHUs (B YaCTHOCTH, SAPA «IJEKTPOHAY U SApPa KIIOZUTPOHAY);

- 3aJI0’)KEHBI OCHOBBI JJIsI H3yYEHHUsI MHOTOCIIOHHOTO cheprueckoro mosica [lBapummmibaa (T.e.
paxuu) OTACISIFOIIETO AP0 CTAOMIBHOTO BAaKyyMHOTO 00pa30BaHMs OT €r0 BHEIIHEH 000JIOUKH; OTYa-

CTHU PACCMOTPCHBI paxkus «IJICKTPOHA» U paKusl «IO3UTPOHA».
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