6 /IBmakeHuUe «3JIEKTPOHA». «BakyyMHasi 3J1eKTPOAMHAMHUKA

6.1 KpaTkasi aHHOTAal M IJIaBbI 6
B »T0i1 Ti1aBe paccmaTpuBaeTcs IBM)KEHUE CTaOMIBHBIX BaKYyMHBIX OOpa30BaHHUM B «BaKYY-
Me», Ha IpUMepe MPSAMOJIUHEHHOTO IIEPEMEILEHUS «UIEKTPOHA» U «IIO3UTPOHAY», a TAK K€ IPOI0IIKA-

€T pa3BHUBATLHCA IMMOJIHOCTBIO TCOMETPU3UPOBAHHAA «BAKYYMHaAs 3JICKTPOAMHAMUKA.

6.2 BHemHsisi 000/1049KA MOKOSIIIET0CS «3JIEKTPOHA) UJIH «IIO3UTPOHA»
Hanomuum, yTo mpocreiiiias B paMkax AJICUTHbI METPUKO-AMHAMHYECKAss MOJIENb BHEIIHEH
000JI0YKH «AJIEKTPOHAY, MTOKOSAIIETOCS OTHOCUTEIBHO «BaKyyMay (aedopManmeil KOToporo OH SIBJIsI-

€TCs1), OTPEIEISICTCS] COBOKYITHOCTBIO YEThIpEX METPHK (J.8.2) — (5.8.5):

BHemHss 000104Ka MOKOAIIEroCsl «3JICKTPOHA»
B uHTepBane [r5 ~2,3'10 " ey, r3~10"%cm] ¢ curratypoit (— + + +)

2 2
ds2 = 1-10 4 D Nt 12402 +sin® 0 dg?)- (6.2.1)
roo [ vy o J
l——+—
ron
2 2
ds{ " = 1+ri—r—2 c’dt’ —L—rz(a@z +sin29d¢)2)a (6.2.2)
roo . i_ﬁ
r 1”3
2 2
ds{? = [1—r—6—r—2Jc2dﬂ (402 +sin® 0 dg?)- (6.2.3)
ron [T T
[ r 1”32
2 2
dst % = 1ty T era - 2492 ysin? 0dg? ) (6.2.4)
r 7"3 [ 7"6 I"ZJ
I+—=+—
r 7"3

[Tpu 5TOM BHEIIHSISI 000JI0YKA TTOKOSIIETOCS «ITO3UTPOHAY» XapaKTEPU3YeTCss COBOKYITHOCTHIO
YeTbIpex MeTpuK (3.8.12) — (5.8.15):

BHemHss 0007104Ka MOKOAIIECrocCsi KMO3UTPOHA»
B uHTepBane [r5 ~2,3'10 " ey, r3~10"%cm] ¢ curratypoit (— + + +)

2 2
ds T = — l—r—6+r—2Jc2dt2 b 240 +sin0de?): (6.2.5)
roon [ ¢ r J
l-—+—
r 1”3
2 2
dsg 2 = 1+ D2 +L+r2(d92 +sin® 0dg? ) (6.2.6)
r 1”3 [ l"6 1”2]
I+ ——
r 1”3
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2 2
dSyHHQ 2_[1_’"_6_”_2)6261# " dr . +r2(d92 +5sin? 9d(p2)a (6.2.7)
r l"3 _FL_L
[ r ’”32)
2 2
ds\ 2 = —[1+ri+r—2)c2dt2 +L+r2(d92 +sin’ 9d(p2)- (6.2.8)
r l"3

~13 11 31

B OKPECTHOCTH SIPa «3NEKTPOHa» (HIH «IIO3UTPOHAY) re/r3 ~ 107°/10' ~ 107!, mosromy ca-
raeMbIMHU 7/F3> B COBOKYIHOCTSIX MeTpHK (6.2.1) — (6.2.4) u (6.2.5) — (6.2.8) MOXHO mpeHeGpeds.
B pe3ynbrare nostyuum 0oJiee yrnpouieHHble METPUKO-IMHAMUYECKHE MOJIEIN BHEIIHENH 000JI0UKH T10-

KOSIIIIETOCS «AICKTPOHA» U MOKOAIIETOCs «03UTpoHay {cmompume (5.9.6) —(5.9.7) u (5.9.8)— (5.9.9)}

BHeinHsst 000/109Ka MOKOSIIIET0CS «QJIEKTPOHA»

B MHTEpBae [~2,3 10 %em, ~10180M] CUTHATYpOH (+———)
2
ds" 7 =ds"? = (1 —r—ﬁ}czah‘2 __dr r’d6® —r’sin®0dg®  a-cyokonm; (6.2.9)
r l—ri
,
dr?

ds\" % =ds{"? = (1 +riJc:2a’z‘2 - —r2d0* —r*sin> 0dg> b-cybronm. (6.2.10)
r

BHemHss 0007104Ka MOKOAIIECrocsi KMO3UTPOHA»
B unTepsane [~2,3'10"cm, ~10'%cm] ¢ curnarypoit (- ++ +)

2
ds~r? = gg a2 — —(1—r—6jc2dt2 N dr +r2(d92 +sin? Qd(pz) a-anmucyoxoum; (6.2.11)
r 1_&
-
ds{ % =ds{™? = —[l + riJc2dt2 + _dr + r2(d92 +sin® Odgoz) b-anmucyoxonm. (6.2.12)

r

HamomunM 0 paHee BBEIEHHBIX YCIOBHBIX 0003HAYEHUAX {cmompume maoba. 2.1.1}:

Tabmuma 6.2.1

Caoii 23-ln,+n-BaKyyMa YciaoBHoe MeTtpuka c Homep
Ha3BaHuUe CUTHATYPOIi (hopmyanl

BHemnsist cropoHa (IM4nHa) BHEUIHEH a - CyOKOHT ds " (6.2.9)
CTOPOHBI 2°-A,,.,-BaKYyMHO# TIPOTSHKEHHOCTH (+-—-)

BHyTpeHHs1s1 cropoHa (M3HaHKa) BHELTHEH b - cyOKoOHT ds " (6.2.10)
CTOPOHBI 2°-A,,.,-BaKYyMHO# IIPOTSHKEHHOCTH (+-—-)

Buemnss cropoHa (IM4rHa) BHYTpEHHEW CTO- | @ - aHTHCYOKOHT ds " (6.2.11)
pOHBI 2°-1,,,.,~BAKYYMHO#1 [POTAKEHHOCTH (=+++)

BHyTpeHHsist cropoHa (M3HaHKa) BHYTpPEHHEH | b - aHTHCYOKOHT ds "2 (6.2.12)
CTOPOHBI 2°-A,,.,-BaKYyMHO# IIPOTSHKEHHOCTH (—+++)
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Tarxke He0OXOIMMO UMETh B BUAY, YTO B AJICUTHE pacCMaTpUBAIOTCS 16 THIIOB METPUYECKHUX
MIPOCTPAHCTB, OMUCHIBAEMBIX MeTpuKamu (J.11.35) u (5.11.36) ¢ curnarypamu (5.11.33) — (5.11.34).
[TosTomy Ha crnemyromem, 0ojiee TOHKOM YPOBHE PAaCCMOTPEHUS, CIIEAYET YUUTHIBATH NEPEIUICTCHHE
yxe 16 x 4= 64-x 2% 1,,.,-BaKyyMHBIX IIOI-CIOCB. B 3TOM Cilydae MOJEIBHBIC HPEICTABICHUS O

BHYTPH-BaKYyMHBIX ITPOIIECCAX BBITJSIAT 3HAYUTEIHHO O0Jiee CII0KHBIMU (puc. 6.2.1).

Puc. 6.2.1. ®paxTanpHast WIUTIOCTPAIMS CIOXKHBIX BHYTPH-BaKyyMHBIX IPOLIECCOB
Ha Oosee ryOMHHOM ypOBHE paccMoTpenus (cMotpute onpenenenue Ne 1.7.1)
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Hssl 000JI0YKA IBYOKYIIETOCS «JIEKTPOHA» OJDKHA BpaIaThCs M0100-

6.3 BHeluHsis1 000J104KA IBHKY LET0CH m\

«QJIEKTPOHA» HJIH «IO3UTPOHA» I 5
\\\@*o/
OHBIT I/I3y‘lCHI/I5[ HOCTyrIaTCJ'H)HOFO OBUXXCHUS CTa6I/IJ'H)HBIX JI0- \ H"L" I v
. PSR
KaJIbHBIX BOSMYIHCHI/H/I B CIINIOIIIHBIX cpe)]ax IIOACKAa3bIBACT, YTO BHECII- // il | \

HO TOpPOMJAJIbHOMY BHUXPIO B rase wiu B xuakoctu (puc. 6.3.1). Ilo- —~

3TOMY B paccMaTpuBaeMOM MpUOIMKeHUuu (cmompume § 6.2) Bpare-

Puc. 6.3.1. [ToctynarensHoe

HUE BHEIIHUX OO0OJIOUEK <OJIEKTPOHA» M «IIO3UTPOHA» OMHMCHIBAIOTCS ABIKCHHIC TOPOMAIAILHOTO

BUXpSI B Ta3000pa3HOMN WK

cieayromuMu o0o0meHHsIMu MeTprkamu Keppa: KUIKOH cpene

BHemnas 000/10uka ABUIKYLIET0CHA «AJTEKTPOHA»
¢ curHarypou (+ ———)
B unrepaane [~107" cm, ~10" cm]

(6.3.1)

2712 7 ra2 2r.ra
dsl(_a)z _ I—FLZ 208 — . p-dr : —p2d92 |2 pg? 48 . sin® @ |sin® 9d¢)2 +— sin’ Odocdt
P re—rgr+a P
— a-CyOKOHT; (6.3.2)
V) 7 ra2 2r.ra
ds;_b)z _ 1+’”L’2” 247 . p-dr . —p2d92 |22l - sin’ @ |sin® 9d¢)2 + 0 5 sin’ Odpcdt
P r'+rr+a P P
— b-CyOKOHT. (6.3.3)
BHemusa 000J10uka ABUKYHIET0CH «IO3UTPOHA (634)

CUrHaTypoi (— + ++)

B unrepsaie [~10cm, ~10'%cm]

2
rra
2

- - sin® @ [sin® O de® —

242
dsi*” =—(I—chzdt2 S — T
P r —V6V+(1 P

— a-aHTUCYOKOHT;

2rra .,
sin” O dpcdt

2

(6.3.5)
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24 rra* 2r.ra
ds{”? =—{1+r6:]c2dt2+pdr2+ p2d0* +| r* +a* ————sin’ 0 |sin® Odep? ————sin’ Odpcdt

P P’ +rr+a p’ ?
— b-aHTUCYOKOHT, (6.3.6)
rje pl=r?+a’cos’0, (6.3.7)
a=r; V. (6.3.8)
2c

— HapaMeTp SJUIMITUYHOCTU «HaCTHULBD» («JIEKTPOHA» WM «IO3UTPOHA»), NBHKYILIEHCS C MOCTOSH-
HOU CKOpOCThIO V, (B HampaBieHUHU OCH z) KaK €JMHOE BaKyyMHOE€ 00pa30BaHHE OTHOCUTENIbHO Ba-
KyyMa, U3 KOTOpPOTO OHa caMa COCTOUT.

Pemenne BakyymMHOTO ypaBHEeHUsI DWHINTENHHA (2.1.6) U1 Bpalaromerocs Tena ObLIo OTKPBITO
Keppom B 1963 r. Onnako merpuka Keppa B Bune (6.3.2) Bnepsble Obuta mpuBeneHa boitepom u
JlunaxBuctom B 1967 r. HackonbKko M3BECTHO aBTOpY, B JIMTEPAType HET KOPPEKTHOrO BBIBOJA JIaH-
HOM MeTpuku. OJHAKO MpPH MOJCTAHOBKE KOMIIOHEHT METPUYECKOTo TeH30pa U3 MeTpuk (6.3.2) —
(6.3.3) u (6.3.5) — (6.3.6) B BakyyMHOE ypaBHeHHUE DUWHIITEIHA (2./.6) TOIy4arOTCsl BEPHBIE TOXKIIE-
ctBa. Metpuku (6.3.3) u (6.3.6) nonyyaercs npu 3aMeHE BCeX 7 B MeTpukax (6.3.2) u (6.2.5) Ha — r%.

BakyymHbie 00pa3oBaHHs, METPUKO-TUHAMUYECKHE MOJETH KOTOPBIX 33Jal0TCS METPUKAMHU
(6.3.2) — (6.3.3) u (6.3.5) — (6.3.6), TOTHOCTHIO KOMIICHCUPYIOT MPOSIBIICHUS IPYT Apyra, T.K. CymMMa
JAHHBIX YETBIPEX METPUK paBHA HYJIIO, T.€. COOIIOAETCA «BaKyyMHOE YCIOBHEY.

[Ipr OTCYTCTBMHM TOCTYNATEIHHOTO MABIDKEHUS «IJICKTPOHA» WM «IO3UTPOHa» (T.e. TpH
V. = 0 u, cnenoBarensuo, a = 0) merpuku (6.3.2) — (6.3.3) u (6.3.5) — (6.3.6) cBOAATCS COOTBETCTBEH-

HO K MeTpukam (6.2.9) — (6.2.10) u (6.2.11) — (6.2.12).

6.4 ®opma spa ABUKYIIET0Cs «3JIeKTPOHA» WIH KIO3UTPOHA»
Omnpenenum GopMy sijpa paBHOMEPHO U MPSIMOJUHEMHO JBUKYLIETOCS «3JIEKTPOHA» HA OCHO-
BaHUU (popMbI pakuu (T.e. rpaHuLIbl Wi ropusoHTa [lBapummibaa, oTaensomen JaHHOe SApo OT €ro
BHEIIIHEH 000JI0UKN).
[Tomo6no (5.15.50), hopma pakuu MBUXKYIIETOCS «3JIEKTPOHA» MOXKET OBITh HalJIeHa ¢ TTIOMO-
B0 MPUPABHUBAHUS HYJII0O KOMIIOHEHT METPUUECKOTO TEH30pa goo U3 MeTpHK (6.3.2) u (6.3.3)

rgr

gl =1~ ﬁ—’; =1- T ool d =0  — mua pakuu (TpaHuIpl) a-cyokonTa;, (6.4.1)
_ T rr
géof) =1 +§ = l—m =0 - mua pakuu (rpanuIpl) a-cyokonTa. (6.4.2)

CHayana paccMoTpuM ypaBHeHue (6.4.1), KOTopoe MOKET OBbITh MPEJCTABICHO B BUAE KBa-

paTHOro TpexujieHa
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rP—rr+a’cos’0=0 (6.4.3)

C KOPHAMU
7, 7, 2
riy) = Eéi (é’] —a’cos’ 0, (6.4.4)
wiu ¢ yuetom (6.3.8)
peo ey (r_ejz _(ﬁjz 0520 (6.4.5)
’ 2 2 2c

OTkyna ciienyeT MCKOMOE€ BBIpOKEHHE IS ompenencHusi (GOpMbI JIBYX TOPHU30HTOB paKuu

(TpaHuIIbl) MEXKIY SAPOM ABMKYILIETOCS «dJIEKTPOHA» U €r0 a-CyOKOHTHOM BHEIIHENW 000JI0UKOM

2
= 1+, 1- 2 cos?o |. (6.4.6)
’ c

AHAJIOrMYHO, HaXOATCSl KOpHU ypaBHeHUs (6.4.2), onpenaenstoniie Gopmbl ABYyX FOPU30HTOB

Ppaxuu MEXJy IAPOM TOTO Ke «IIEKTPOHA» U €ro b-CyOKOHTHON BHEIIHEH 000JI04KOI

2
’”.;(1_5)2%6 —111/1—%c0529 . (6.4.7)
’ c

I'paduku Gpynkumii (6.4.6) u (6.4.7) (pu V./c=1u r¢= 1) B 3aBUCUMOCTU OT U3MEHEHUS yria

6 moka3aHbl Ha puc. 6.4.1.

Lo _ 1(1 1= Tcos? 0) 1-if TOPU30HT a-CyOKOHTA Lo _ 1(1 - leos? 0) 2-if TOPH3OHT G-CYOKOHTA
2 2

sl 52

90

20

14y 180
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FCD %(_ 1++1—1cos? 0) 1-1i TOopU30HT b-CyOKOHTA PGP = %(_ 1—1-1cos? 0) 2-# TOPU30HT b-CyOKOHTa

I(w) 180

Puc. 6.4.1. 3menenue GopMbl 4-X TOPU3OHTOB pakuil, OKPYKAIONIUX SAPO ABIKYIIETOCT «IJIEKTPOHA
Pacuets! BeimosHeHHI pH V, /c=1 u rg= 1 ¢ momoIneto mporpammuoro obdecrnedenus MathCad

N3 BeIpaxkennii (6.4.6) u (6.4.7) BUmHO:

- IPU MAJIOM CKOPOCTH IMOCTYNATEIbHOTO JIBUKEHUS
«ektpoHay (T. e. mpu V.2/c* = 0) chepuueckas bpopma pa-
Kuu, OKPYXaIoIen ero sapo (CaeaoBaTesibHO, U CaMo SIpo),
IIPAKTUYECKNA HE N3MEHIAECTCH,

- IIpU OOJIBIION CKOPOCTU MOCTYNATEIbHOIO JBHXKE-

" \/ Breutnss

HUS «QNEeKTpoHay (T. €. mpu V, /c= 1), ero pakus paccinanBa- (@ 780 97 s60n0uxa
\
€TCSl Ha YEThIPE TOPU30HTA, UMEIOIIUX (DOPMBI AILTUTICOUIOB
nap e
BpaiieHusa. JIBa M3 3TUX SIUIMIICOMAAIBHBIX TOPHU30HTOB Aopo

CINTIOIIWMBAIOTCA B HAIIPaBJICHHWHU, COBIIAJAIOIICM C HaIlpaB- Puc. 6.4.2. CIUTIOLICHHBIE TOPH3OHTHI

Ppakuu «3NeKTpoHa» (WIH IIO3UTPOHAY),
JIBIDKYILETOCS C MIOCTOSITHHON CKOPOCTBIO

JPYrUX TOPH30HTA CIUTIOIIMBAIOTCS B TMEPIEHANKYISpPHOM /- B HANPaBICHHN OCH Z

JIEHWEM JIBHDKCHHS <«OJEKTpoHa» (T.€. BIOJH OCH Z), a JBa

HarnpasiieHuu (puc. 6.4.2).
Touno Tak ke Gopma sapa «IO3UTPOHAY» MOXKET OBITH HCCIICIOBAHA C IOMOIIBIO IPUPABHUBA-
HUS HYJIIO HYJIEBBIX KOMIIOHEHT gop METPUUYECKOT0 TeH30pa U3 MeTpHK (6.3.5) u (6.3.6)

rgr

r.r
oo =—1+-5=~1+ ;

——— =0 —nna pakuu (rpanunel) a-anTucyoxonta;, (6.4.8)
r-+a”cos 0
1”61”

(+h) _ _1 rsr
2 2 2
r“+a cos 0

ooy =—1——"5=-1- =0 — g pakuu (rpanuipl) b-antucyokonra.  (6.4.9)
P

Amnanu3s Belpaxenuit (6.4.8) — (6.4.9) npuBOIUT K aHAJIOTUYHBIM pe3yJIbTaTaM, YTO U B Cllyyae

SIpa «ITeKTpoHay (pHc. 6.4.2), HO cABUHYTHIM 1o (haze Ha 90°.
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6.5 LlleabT ABMKYLIETOCH «QJIEKTPOHA» U «IIO3UTPOHA)

IIpu r¢ = 0 meTpuku (6.3.2) —(6.3.3) u (6.3.5) — (6.3.6) cTaHOBSATCS raJJIUIEBBIMU:

2 2
ds? =2~ LY 52007 (7 14 )sin? 0 dg?, (6.5.1)
r-+a
2 2
ds'? = —2di? + LML p2a0° + (72 1 a? Jsin? 0 dg. (6.5.2)
r-+a

JIENCTBUTENBHO IIPU BBEICHUN KOOPAUHAT

x=r*+a’*sinfcosq,
y=4/r* +a’sinfsing , (6.5.3)

z=rcosf

MeTpukd (6.5.1) — (6.5.2) npuBOATCS K IICEBA0-EBKINI0BOMY BUITY

ds? = Adi—dx* - dy*— d7, (6.5.4)
ds'?=— 2df + d* + dy* + dZ-. (6.5.5)

[Ipu 3TOM MOBEPXHOCTH ¥ = const NMPEeACTaBISAIOT COOON 3IUIUIICOUABI BpAlllCHUs, ONMCHIBAe-

MBbI€ YPaBHEHUSIMU

X y z
+ +7:1 6.5.6
rP+a® rrta? ’ ( )
HIIn
x2 y2 ZZ
I S— (6.5.7)
7 7 r' +a

MO3TOMY BEITMYMHA ¢ HA3BaHA «IIaPaMETPOM DIUTUNITHIHOCTI.
Takum oOpazom, wervmol (T.€. HeneHOPMUPOBAHHBIC MOJOCHOBHI) MPSAMOJIUHEHHO M PaBHO-

MCPHO ABWIKYIIUXCA «IJICKTPOHA» U «KIMO3UTPOHA» 3aJal0TCA MCTPHUKAMMU:

HleabT «3JIEKTPOHA»,

JBUKYIIErOcsl C HOCTOSTHHOM cKopocThio V, r € [0, ], curnarypa (+———)
2 2
_ dr .
a0 =2t L 52407 (2 462 Jsin? 0.dp? (6.5.8)
r-+a

leabT «1O3UTPOHAY,
JBIDKYIETOCS C MOCTOSHHOM ckopocThio V, r € [0, o], curnarypa (— + + +)
p2a1r2
ds? =—c2d? + 24 5240 + (> + a® Jsin 0 do”. (6.5.9)
r-+a
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6.6 le¢popmauuy BHemHell 000109KH ABHKYLIET0CH «3JIEKTPOHA» U «KIIO3UTPOHA)
O nedgopmanusix BHEHIHEH 00OJOUKU «JIEKTPOHA», JBHIKYILErOCs C MOCTOSIHHOW CKOPOCTBHIO
VZ B HAIIpaBJICHHUHU OCH Z, 6YIICM CYAUTh 110 OTHOCUTCIIbHOMY YAJIMHCHUIO JIOKAJIbHBIX YU4aCTKOB 6Heul-

Hetl CTOPOHBI 2°-A.11+.16-BaAKyyMHOM IIPOTSHKEHHOCTH {cyvompume (2.1.32)}

) _ 500
10 = Jl + % 1. (6.6.1)

gii
Cuauana, Tak xe kak B § 2.2.1 {cmompume svipaxcenusn (2.1.23) — (2.1.36)}, naitnem apudme-

TUYECKOE CpeHEE OT KOMIIOHEHT METPUUYECKUX TEH30POB U3 MeTpuK (6.3.2) u (6.3.3)

N ,b
g,-(,-’=5( T+ gl ’). (6.6.2)

B pesynbTate Beruncnenwnii mo popmyse (6.6.2) momydaem

1 1 rr rr
) _ (—a) b)) _ _
8o _E(goo + 800 )_5(1_;2 +1+_p62j—1,

©) _l( (-a) (—h))__l P P _ Pz(r2+‘12)
g =581 T8 )= 2 NP N 2 NG
2 2\ =rgr+a’) (r+rr+a’) (" —rr+a’ ) +rr+a’)

—-a) 2

g5 =%(g§2 +g§;”))=—%(p2+p2)=—p :

. 2 -2
5 17 ; 1 rra’sin® 0 rra’sin’ 0| _
g5 :5(g§3a) +g§3b)):—5 Prad + || P rd - |[sin® 8=/ +c12)s1n2 0,

| 1(2rra 2rrd) . .. 2rra .
g =~ (g5 +&5”)=~ (ﬂ + rﬁmjsmz 0="""sin’ 0,

2 2 p2 p2

(6.6.3)
OCTaJIbHBIE gg;(f) =0.
KOMITOHEHTBI METPHUYECKOTO TeH30pa g ), OMUCHIBAIOMIET0 HEHCKPHUBICHHOE (HCXOJHOE) CO-
CTOSIHHE MCCIIEAYEMOTO YUaCTKA GHeutHeli CTOPOHBI 2*-A. 1 1+.16-BAKYyMHOM MPOTSKEHHOCTH, BO3bMEM

W3 METPUKH 1menbTa (6.5.8):

gl =L = p? g0 =7 +d’)sin®0. (6.6.4)

[ToncraBnsis kommoHeHTH (6.6.3) u (6.6.4) B BbIpakeHWE IJisi OTHOCHUTEIHHOTO YJIMHECHHS

BHEIIHEH CTOPOHBI 2°- .11 ..16-BaKYyMHO#T mpoTsmKeHHOCTH (6.6.1), nMeeMm
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2 2
O _ (’” +a)z _1 04 |
lr - 2 25(,.2 2 4
(r"=rr+a)r +rr+a’)

(6.6.5)
Z{g—) =0, I(r) 02 ]

1 =0

0 |
~10 0 10

I'paduk dpysuxum (6.6.5) npure=1ua="V./c=

0,007 mpencraBnen Ha puc. 6.6.1. .

N3 npyrux rpaduxoB toi xe dynkiuu (6.6.5), Puc. 6.6.1. Tpaduk dyrkim (6.6.5)

TIOKa3aHHBIX HA PHC. 6.6.2, BUIHO, YTO MPHU yBETMICHUH mpu 76=1u V:/c =0,007. Pacuersi
BBITIOJITHEHBI € ITIOMOUIBIO TPOrpaMMHOI0
CKOPOCTH JIBHIKEHUS «INIEKTPOHA» V., PAIMyC €T0 paKuu obecneuermst MathCad

(cenoBaTeNbHO, U Pa3MeEpPBl €ro s1Ipa) YMEHbILIAKOTCS.

V. /e = 0,49

Vile=026

0,3 T's I'e I

Puc. 6.6.2. I'padpuxu pynkimu (6.6.5), T.e. OTHOCHTEIBHOTO YIJIHHEHUS JIOKAJIBHBIX YUACTKOB BHEIITHEH
3 . . .
CTOPOHEI 2°-4,,.,-BAKYYMHOM TPOTSHKEHHOCTH BO BHEIIHEN 000IOUKE «IIIEKTPOHAY, JBHKYIIErOCs ¢ IOCTOSHHOM
CKOPOCTBIO V, TIpH 6= 1 U pa3iuuHbIX 3HAYECHUSIX OTHOLICHUS a = V, /¢

Jlepopmariuu BHEUTHEN 000JOUKH «ITO3UTPOHAY, IBUKYIIETOCS C MOCTOSHHOM CKOPOCThIO V; B
HaIlpaBJIEHUH OCHU Zz, OIPENEISAIOTCS C MOMOLIBIO IOJCTAHOBKM KOMIIOHEHT METPUYECKUX TEH30POB
gij ta), ggj“b) " ggjo(ﬂ u3 MeTpuk (6.3.5) — (6.3.6) u (6.5.9) B Beipaxkenus Buaa (6.6.1) u (6.6.2). Boruuc-
JIEHUS 10 3TUM (POPMYJaM MPUBOJAT K aHAJOTUYHBIM OTHOCUTENIbHBIM YIUIMHEHUSIM 6H)mMpeHHell CTO-

POHBI TOM ke 2°-A.11-.14-BaKYyMHOMH NMPOTSHKEHHOCTH (pHC. 6.6.2).
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6.7 yl'lpOllIeHHble METPUKO-AUHAMUYECCKHUE MOIC/IN ABMKYLIECT0CH «IJTCKTPOHA»
U ABHKYIIETroCsl «<IMO3UTPOHA»

HamomuuMm, 4T0 B pamMKax AJICHTHBI «QJIEKTPOH» — 3TO CTAOMJIbHAS «BBHITYKIasD» Ae(opmanus
éHewneti CTOPOHBI 2°-A.11:.16-BAKYYMHON IIPOTSDKEHHOCTH (T.€. CYOKOHMA, CMOTPUTE OIIPEIEICHHE
Ne 1.7.4 u tabn. 6.2.1), HENOABUKHOE METPUKO-IUHAMUYECKOE COCTOSIHUE KOTOPOM OMUCHIBAETCS CO-
BOKYITHOCTBIO METpHK (J.8.2) — (5.8.10).

B cBot0 ouepenp, «IO3UTPOH» — 3TO CTa0MIIbHAS «BOTHYTas» NehOpMaIHsl 6HYmpeHHell CTOPO-
HBI 2°-A.11-.16-BaKyyMHOI NPOTHXKEHHOCTH (T.€. anmucybkonma, cMoTpuTe onpeneienue Ne 1.7.5 u
Tabs. 6.2.1), HEMOJBMIKHOE METPUKO-IUHAMUYECKOE COCTOSIHHME KOTOPOI OIKCHIBAETCS COBOKYITHO-
CTBIO METPUK (3.8.12) — (5.8.20).

C ydeToM mpenrnoaoKeHu, BEICKa3aHHBIX B §§ 6.2 1 6.3, ynpoIleHHass METPUKO - TUHAMUYE-
CKasi MOJIENb «AJIEKTPOHA», BUKYIIETOCS C TIOCTOSHHOM CKOPOCTBIO V, B HAlpaBJIICHUH OCH z Kak
eIMHOE BaKyyMHOE 00pa30BaHUE OTHOCHUTEIFHO BaKYyMHOH HPOTSDKEHHOCTH, U3 KOTOPOW OHO CaMo

COCTOUT, OIMMCBIBACTCA COBOKYITHOCTBIO MCTPUK:

JABYKYIIUICH «IJIEKTPOH (6.7.1)
¢ curnarypoit (+ — — —)

BHemnas 000/10uka )IB]/I)K IIErocCH «JIEKTPOHA
B unrepsaie [~107" cm, ~10" cm]

24 rra’ 2rira
ds =[1- 5 egp P g |2 Y i 6 fsi 0de? + T sind Odpedt
P ri—rr+a p’
— a-CyOKOHT; 6.7.2
¥
2dr? rra 2r
ds\"? = 1+FL: czdtz—%—pzcmz— rr+at - sin® @ |sin® O dop* + ———sin* Odpcdt
D r’+rr+a p’ p’
— b-cyOKOHT. (6.7.3)

Snpo IBMKYIIErocst «3JIEKTPOHA»
B unrepaane [~10* e, ~107" cm]

2 2

2
dsi ¥ = (l—ﬂchaft2 _Zp—d/ —-p’d0’ —| ¥’ +a’
Je r—rr+a o’

2rr
sin® 0dp® + ——— s1n *Odopcdt
ok

— a-CyOKOHT; (6.7.4)

2

a5 = 1450 g AT pAd6
? o’ P Arrta o’

2rr
sin’ 0dg® + ———sin* Odpcdt
o

— b-cyOKOHT. (6.7.5)

286



HleabT ABHAKYILIETOCS «IJIEKTPOHA»
B uHTepBaie [0, o]

252
dsg_)2 =c?dt? —p—drz—pzd@2 —(r2 +a’ )sin e, dgoz. (6.7.6)

re+a
rme pl=r’+ad’cos’d; a= 7y —— — MmapameTp JUIMITUYHOCTH; (6.7.7)

re~ 1,710 cm — pamnyc siapa «3IEKTPOHA;
r~ 5,810 cm — paguyc BHYTPEHHETO SIPBINIKA (T.€. SiApa «IPOTO-KBAPKa»), HAXOISAIIETOCS
BHYTPH S11pa «3JIEKTPOHA».
HpI/I OTOM YyHpOHICHHAasA MCTPHUKO-IWMHAMHUYCCKasA MOJCIIb «IIO3UTPOHA», ABHKYIICTOCA C II0-

CTOSIHHOH CKOPOCTEBIO VZ B TOM K€ HAITPaBJICHHUU OCH z, OIIMCBIBACTCA COBOKYITHOCTHIO MCTPUK:

JABMKYIUICH «IIO3UTPOH) (6.7.8)
¢ curnatypoit (— + + +)

BHemnas 00010uka ABU/KYLHET0CH «IO3UTPOHA»
B unTepBaie [~10 " cm, ~10'%cm]

> e 2
4 = {1 —%}2&2 P e [rz a4+ sin’ QJSinz 0dg? — = sin’ Odpeds
P r P

—rr+d o
— A-aHTUCYOKOHT; (6.7.9)
2dr? rra 2r.ra
ds\” =—(1+&fjc2dt2+%+ p2d92+[r2+a2— “sin’ HJsinzed(oz— —sin’ Odpcdt
p ro+rrta p
— b-aHTHUCYOKOHT. (6.7.10)
SInpo ABMKYHIErocsi «MO3UTPOHA»
B uaTepsaie [~1072 em, ~107" cm]
2di? rrd 2rra
ds*? ={1—iﬁjc2dz2+%+pzd92+ P +d +-—sin’ 0 [sin® 0dg® — ———sin’ Odpcdt
P r—nr+a P P
— a-aHTUCYOKOHT; (6.7.11)
272 2 2
ds;*b>2={1+rf]c2dﬁ+2“”2+ PO +| 1 +a* ~ T osin® 0 |sin Odg? -~ sin’ Odpcdt
o) r'+rr+a o,
— b-aHTUCYOKOHT. (6.7.12)
HlenbT ABMKYIIETOCSH «MO3UTPOHA»
B untepnaie [0, «o]
(+)2 2 3.2 Pzd”z 2 112 2, 2\ 2 2
dss’" =—c dt +r2+a2+p do +(r +a )sm Odo-, (6.7.13)
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rme pl=r’+d’cos’d; a= T Y. _ napameTp JUTUITHYHOCTH; (6.7.14)
c
re~ 1,710 cm — pamnyc siapa «Io3uTPOHAY;
ri~5,810 cm — paanyc BHYTPEHHETO SIIPBINIKA (T.€. SApa «aHTH-TIPOTO-KBAapKay), HAXOsIIIe-
rocsi BHYTPU Spa «I103UTPOHAY.
C oHOH CTOPOHBI, apaMeTp UIMITUYHOCTU @ 3aBUCUT OT CKOPOCTHU JABMXKEHUS «YaCTHIIBI»,

KaK €IMHOTO BaKyyMHOT0 00pa30BaHMUsl, IEPEMEIIAIOIIETOCS] OTHOCUTENIBHO «BaKyyMa», U3 KOTOPOTO
oHa cama coctout. C Apyroil CTOPOHBI, UCKaXKEHHE (TOUHEE CIUIIOIIMBAHKE) MIApOOOpa3HOW (OpMbI
sJIpa «4acTULIbD) Ha BEJIMYMHY @, HEMHUHYEMO BJIEUET 3a COOON yCpeHEHHOE BpallleHUe JaHHOTO sijipa

BOKPYT BBIJIEJIEHHOI'O HAIPaBJIeHUs (B YaCTHOCTU OTHOCUTENILHO OCH z) (cMoTpuTe § 6.12).

6.8 YckopenHoe qBukeHHe BAKYYMHOI'O CJIOSI

YCKOpEHHBIE JBHKEHHS JIOKAIBHBIX YUYACTKOB Pa3IMYHBIX CIOEB 2°-A.11-.16-BAKyyMHOM MPOTS-
KEHHOCTU B OKPECTHOCTU SJIpa IBUXKYILENHCS «4acTHUIIb» PACCMOTPUM Ha MPUMEPE MEPEMEILAIOIEr0-
Csl «QIIEKTPOHA.

[TocTosIHHO, paBHOMEPHO M IPSIMOJMHEWHO ABWKYIIUKCS «AJIEKTPOH» SIBIIAETCS CTAllMOHAp-
HbIM 00beKTOM. TO ecTh, KOMIIOHEHTBI METPUUYECKOTO TeH30pa B MeTpukax (6.7.2) — (6.7.7), onucel-
BAIOIIUX €r0 METPUKO-IMHAMUYECKOE COCTOSIHUE, HE MEHAIOTCA cO BpeMeHeM. lloatomy i onwmca-
HUS JUHAMHMKHU KaKJ10T0 BAKYYMHOTO CJIOSl B OKPECTHOCTH Spa ABUIKYIIETOCS «3JIEKTPOHA MOIXOJUT

BEKTOP yCKOpeHus (35.6.1)

2

a=C—{—gmdan\/%)%[vx@mté]}, (68.1)
1%

C KOMIOHEHTamH (3.5.22)

ol at Ve aP e | (6.8.2)
JJig MCII0JIb30BAaHUS TAaHHBIX BBIPAXKEHUN OTPEOYIOTCS CIIEIYIOIINE CBECHMUS:
1. I'paguent mo6oii ckanspHoit pynkuuu G (x,),z)
grad G = 29499 1,96 (6.8.3)
ox oy 0z
B HCKPUBJIEHHBIX KOOpAMHATaX MpocTpancTBa Pumana umeer sua [31]
. 0G
VG :eigﬂF, (684)
X

r7ie e;— KOMIIOHEHTHI €IMHUYHOTO BeKTopa (i, J, k);
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glj — KOHTpPaBapUAHTHBIC KOMIIOHCHTEI MCTPUUYCCKOTO TCH30pPa, KOTOPBLIC OMPEACIAIOTCA C IIOMO-

11610 BeIpaxeHus [31]

g’ =%, (6.8.5)
rae g Z“g,juz—(rz +a’ cos’ 9)2 sin® 0 (6.8.6)

— OIIPCACIINTECIIb, A," — anredpandeckoe JOIIOJIHEHUEC COOTBETCTB ICT0 JICMEHTA MaTpUlbI (g ).
y y

2. Porop mo6oro Bexkropa F

. (oF, OF,)\ (oF. oF, . (OF, oF,
rotF = = — i+ ——=\|j+|————k (6.8.7)
oy 0z 0z ox ox oy e
B HCKPUBJIEHHBIX KOOpAWHATax umeeT Bua [31]
L DF) e _L_(OF, _OF | (6.8.8)
\/E Ox' o) \/7 ox'  ox’ ’ o

ijk

e e’ mociie CyMMUPOBAHHMS CTAHOBSITCS €' — KOMIIOHEHTAMH eXMHIYHOTO Bektopa (i, /, k).

6.9 YckopeHHbIE TOKHM a-CYOKOHTA BO BHEIIHEH 000/10YKe IBHKYLIET0CH «3JIEKTPOHA».
OcCHOBBI BAKYYMHOI1 3J1eKTPOAUHAMUKHU

[Ipumenum Bekrop Buaa (6.8.1) ans ompeneneHus YCKOpPEHUs a-CyOKOHTa BO BHELIHEH 000-

JIOYKEC JIBHMIKYHICTOCH «QJICKTPOHA»

2
g =_—_< — {—grad(ln ,lg(()a“))+l[\7x,lgéaa)rot§(_a)]} (6.9.1)
v ¢
2

1—

C KOMIIOHEHTaMH

» ¢ aln,/g 5 6ga Car
At = — 00 / gl ( ) , (6.9.2)
\/1_ c’
(—a)
—a g
re ge " =—=, (6.9.3)
800
B B
PP = d d . (6.9.4)
( a) \/g( a) g( a)
(d 4 S0 0” dx]
goo

— KOMIIOHEHTBI BEKTOpa 3-MEPHOM CKOPOCTHU JIOKAJIBHOTO y4acTKa @-CyOKOHTa;
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v — ckopocTh, KOTOpast onpenensiercst moxo6uo (2.1.48) — (2.1.51) wmn (2.2.27) — (2.2.28) nocpen-

CTBOM IIPUpPABHUBAHUS HYJIEBOH KOMIIOHEHTHI oo U3 METPUKU (2.1.45) ¢ HyneBOl KOMIIOHEHTOI goo(fa)

u3 MeTpuku (6.8.9)

P2 rr
1-—= =]l-——s— 6.9.5
( ¢ j ( r2+a2cos29j ( )

—a r.r
V( ):—C m . (696)

BexTop (6.8.1) MoxeT OBbITh IpEACTaBIICH B CIEAYIONIEM Buae {cmompume (5.6.1 —5.6.7)}

2™ = E,?+ [vE? x B,C], (6.9.7)

OTKyJia ClieayeT

rac

ag @ =E, = -y grad( In \/g(()aa) ) (6.9.8)

— BEKTOp JIaMUHAPHOTO (MIPSMOJIMHEMHOTO) YCKOpPEHHUS a-CyOKOHTa (MJIM BEKTOP a-CyOKOHTHOM
nanpsoxennocti E,C?);
(—a) (—a)p

og gt v
€0 = [yx B, V] = y4/g" (2L~ e 6.9.9
ag [vx 1= 780" ( o P P ( )

— BEKTOp TypOYIECHTHOTO (BpAIIATEIBHOIO) YCKOPEHHUs a-cyOKoHTa, 31ech B, — Bektop a - cy6-

KOHTHOM MHIYKUHH, U

2
C

y = —V(—a)Z . (6.9.10)
1- 2
V c

Komnonentsl BekTopa (6.9.8) ¢ yuetom (6.8.4) umerot cieayromuid Buj {cmompume (5.6.6)}:

Oln ~a)
L

arx
aiy) =Egy" = %, 6.9.11)
o - i =
e Lo—gtwld O _pmad 0 _ nw 0 (6.9.12)
or* o’ 00% 20" og* P

Komnonentsl BekTopa (6.9.9) ¢ yuetom (6.8.8) umerot ciemyromuii Buf {cmompume (5.6.7)}:
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(-a) (-a) - - (-a)
(-a) _ GB(_a) B (pB(_a) B Y\ oo 0 8g9 a _ag’E a) e ag’E a) _ag(p a
gy =V Bop =V DBog |~ v + + v + + ’
c or 00 o or
(—a) (-a) - - -
(_a) ) (_a) ” (_a) _ }/ gOO ? ag(p a agé a) . agé a) ag,(, a)
agg =\V"By,. " —v Bo(p = % - — |V - —
c 00 op or 00
(-a) - (-a) (-a) -
caor_[rpea_opca)_ V80 | [agf? | o[0%2," agy”
Ay, =V By, —Vv B, |= v —— |V — —
c op or 00 op
(6.9.13)
e ﬂ;# 0 0 :L 0 i;# 0 (6.9.14)

o' afglor 00" 2flg]00° oo 2 e dp

Hamomuum, uto Beipaxenue (6.9.7) ananoruvyno cuiie JIopeHiia B KJIaCCUYECKON IJIEKTPOIU-
Hamuke {cmompume (5.6.4) — (5.6.5)}. Ho B pamkax AJICUTHBI JAHHOE BBIPaXEHHE OMNMCHIBAET HE
JBIDKEHUE 3apsHKCHHOW YacTUIBI B HEKOEM a0CTPAKTHOM D3JICKTPOMATHHTHOM IIOJIE, 8 YCKOPEHHBIC
JaMUHApHBIE M TYpOYJICHTHBIE TedeHUs (TOKH) CyOKOHmMA W aHmucybKouma 2°-A.1..1¢-BaKyyMHOMN
MPOTSHDKEHHOCTH, KOTOPBIE YBIIEKAIOT JIOKAIBHBIE BAKyYMHBIE 00pa30BaHUs MOJOOHO TOMY, KaK Tede-
HUE PEKH YBJIEKAET BCE, YTO HAXOIUTCS B BOJIC ITOU PEKH.

BhINHIIeM KOMIIOHEHTBI BEKTOPA d-CyOKOHTHOH HampsikeHHOCTH E,"” i KOMIIOHEHTHI BEKTO-

pa a-cy6KOHTHOI nHIyKuuH B,

[ o= (=a) (-a) -
E(_a) _, Oln g(()Oa) RCa) _ YV &0 (ag(p a ) agé a)J
- or ’

or 8]"* ) c 89+ a¢+

Oln,/ ) [ (o) _ _
Eé_a) = —7—g00 V&0 | 0gt B ogy

o = : BUD — r i
89* 00 Cc 8¢+ 8r+
o a) (A (- .
ECa _ _, 0ln g(()o ) ) Bla) 7 gooa 8g((9 “ _ 8g£ “
¢ op* ¢ c ot 20"
(6.9.15) (6.9.16)

OmnpenenrM KOMIIOHCHTBI BEKTOPOB E,"” u B," Bo BHemHelH 0605109Ke «QIIEKTPOHAY, JIBU-
KYILETOCS C MOCTOSTHHOM CKOPOCThIO V. [lyst aToro Bemuiiem o0o0mennyo MeTpuky Keppa (B koop-
nuHarax bolepa — JIunakeucra) (6.7.2), oNKUCHIBAIOIIYI0 METPUKO-IUHAMUYECKOE COCTOSTHUE a - CYyO-

KOHTa BO BHEILIHEH 000JI0UKE JBUKYIIETOCS «AJIEKTPOHA», B PA3BEPHYTOM BUJIE
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2 2 2
a rr r"+a cos 0
ds,( 2 = 1—# czdtz—#drz—(r2+a2 cos’ 9)d¢92—
r“+a cos 6 ri+a —rr,
(6.9.17)
2 .2
rra sin“0 | . 2r.ra )
—| P’ +a’ +———" |sin’ Odp’ + —————sin’ O do cdt.
r“+a cos 6 r“+a cos 0

[ToncTaBnsis KOMIIOHEHTBI METPUYECKOTO TEH30pa gij(fa) u3 metpuku (6.9.17) B BbIpakeHUS

(6.8.5) — (6.8.6), moy4rM KOHTpaBapUAHTHBIE KOMIIOHEHTBI

(r2 +aer2 +a’ cos’ 9)+r6 ra’ sin’ 0

l"6 ra
(r2 +a’ —VI%XI"Z +a’ cos 9) 0 0 (r2 +a’ —rngrz +a’ cos 9)
0 - l"z +a2 _1’7"6) 0 0
g — r* +a’cos 6 |
0 0 > +a’cos 0 0
rora 0 0 —(r2 +a’ cos 9—rr6)
(> +a* =17, )i +a° cos ) (> +a* =, )i +a° cos O)sin® 0

(6.9.18)
Brinuiiem HylieBbie KOMIOHEHTHI METPUUIECKOTO TEH30pa U3 MeTpukH (6.9.17)
2r.ra sin’ 0
oo g =gl =0, g =SC 6.9.19
oo 200l 01 02 Eos 2 ool O ( )
[Ipu sTOoM cormacuo (6.9.3), umeem
(—a) (~a (—a) .
g =50, g S . — 2@”’51“2 0 (6.9.20)
200 200 oo ¥ +a’ cos O-rr
u, coraacHo (6.9.5)
c’ c’ c’
Ve el
- ;
c P

[logcraBuM KOBapuaHTHbIE KOMIIOHEHTHI MeTpHueckoro TeHsopa (6.9.19) u koHTpaBapuaHT-
Hbl€ KOMIIOHEHTBhl METpU4ecKoro TeHzopa (6.9.18) B BblpakeHUs ISl KOMIOHEHT BEKTOPOB a - cy0-

konmuoti Hanpspxerroctd E,C? (6.9.15) u a-cy6ronmmoii nngykuun B, (6.9.16).
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B pesynbTate BbIYMCIEHUH JUIsl KOMIIOHEHT BEKTOpa a-CYOKOHMHOU HANPSKEHHOCTH E,

(6.9.15), c yuetom (6.9.10) u (6.9.12), momyuum

dD — ECO alnq/goo(_a) __ czré(a2 c0529—r23Xr2 +a’ —rré) (6.9.22)
r or ar* el ’
rr 2
20l-——5 | (r*+a’cos’ 6
( r2+a200529j ( )3
[, :
al = ECO =y Oln g*oo _ c’rra’ 513n 20 ’ (69.23)
00 3
rr
d1-—— 4 | (r*+a’cos’ 0
( r2+a200529) ( )3
) ) oln yg’y?
WG =EGO =y 0, (6.9.24)

6(,0*

- 2 o
Buumanue! Pasmeprhocmv KOMNOHEHMbL Eéga) (6.9.23) nonyuaemcsa 1/cex’, omauunoi om

pasmeprocmu komnonenmol EC® (6.9.22) m/cex’.

Ipadukn byrxmit (6.9.22) u (6.9.23) mpu r~10""em u V. /c =0,00098 mnpencrapicHsl Ha
puc. 6.9.1.

21

1.27801930° | =
Ex(0) Eo(6) o —

1.2780192980°"

12780192946 -1-10%
- 0 b - 0 i
) )

Puc. 6.9.1. Ipaduku dyskmii (6.9.22) u (6.9.33) mpu r ~ 10 eM u V. /c=0,00098.
PacueTsl BHIITONHEHBI ¢ IOMOIIBIO porpaMMHoro obecnedenus MathCad

[Ipu a = 0 BeIpakenus (6.9.22) — (6.9.24) coBnanatot ¢ BeipaxeHusaMu (J.10.9), 3aparommmu
KOMITOHCHTBI BEKTOPa a-CYOKOHMHOU HANPSHKEHHOCTH BO BHEITHEH 000JI0YKE TMOKOSIIEroCs «JICK-
TPOHaY.

[Tpu moacranoske (6.9.19) — (6.9.21) B (6.9.16) c yuetom (6.8.6) u (6.8.8) 1151 KOMIIOHEHT BEK-

TOpa a-CyOKOHTHOM MHIYKIIUU B, Bo BHemHe# 060104Ke JBUXKYILIET0Cs «QIEKTPOHA» MOJIY4YUM:
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2 2

(—a) (-a) —-a
car _ V€00 (ng, og} )] _ 2crr, acos&(r2 +a’ —rér) (6.9.25)

T 2e\lgl L 00 Op (r2 +a’ cos’ «9)]/2(r2 +a’cos’ 6 - rér)
(~a) a)  ggt® i «9(a2 cos 6 —r2)
peo 8w | 28" %, ]: €l SIn : 6.9.26
o0 zc\/g ( L) or (r2 +a’cos’ «9)]/2(r2 +a’cos’ 0 —rér)z ( )
0 (A0 A
g _ 18 (6g9 _ ! ]: 0 6.9.27
" 2efg Lo o0 ( :

Buumanue! Pazmeprnocms komnonenmoi BS,® (6.9.25) m/cex, moeda kak pasmeprocmp Kom-

nonenmul B, (6.9.26) 1/cex.
TocTaBIIsisl KOMIIOHEHTBI BEKTOPa a-CyoKoHTHOI HHaykmud B, (6.9.25) — (6.9.27) B BbIpa-

KEHUS JJI1 KOMIIOHEHT TypOYJIEHTHOTO YCKOPEHUS a-cyOKoHma BO BHEUTHEN 000JI0UKe IBHKYILLEroCs

«anexkTpoHay (6.9.13), monyuum

v %cra sin 0(a2 cos’ 6 — r2)

1/2 2
(r2 +a’ cos’ 0) (r2 +a’cos’ 0 — r6r)

2

(ma) _ (—a)p p(-a) | _
aBr —(—V Bo@ )__

v 2 cr, acos 0(r2 +a’ - r6r)

1/2 2
(r2 +a’ cos’ 0) (r2 +a’cos’ 6 — r6r)

2

(=a) _ (y,(—0)¢ p(-a) | _
Apg _(V Bor )__

(6.9.28)

v cr.a sin 0(a2 cos’ 0 — r2)

1/2 2
(r2 +a’ cos’ 0) (r2 +a’cos® 0 - r6r)

(=a) _ (y,(-a)r p(=a) 0(-a) p(-a) | _
ag, —(v B, —v B, )—

v 2cr acos 0(r2 +a’ - r6r)

+ 2 2 2 n\V2(..2 2 2 2
(r +a” cos 0) (r +a” cos 0—r6r)

b

rie Yp OTIPEIEISAIOTCS BhIpaXXKeHUsIMH BUAA (6.9.4).

I'pauk BTOpoil KOMIOHEHTHI a';” 3 (6.9.28) mpescTasien Ha puc. 6.9.2.
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—18

Af(0) 0

19 |

-5.10

Puc. 6.9.2. I'padyik BTOpPOIf KOMITOHEHTBI ag_g") u3 (6.9.28) mpu r ~ 9 cm,

V./c=0,087 u vP# =1 m/c. Pacuers! BBITIONHEHDI C nomo1upsio [10 MathCad

B coBokynHocTH BeIpaxeHus (6.9.22) — (6.9.28) onpeaensioT BEKTOPHOE I10JI€ JAMUHAPHBIX U
TYpOYJICHTHBIX YCKOPEHUHN a-cyOKoHma BO BHEIIHENW 000JIOUKE «3JIEKTPOHA», IBUXKYILEr0Cs C MOCTO-
SITHHOW CKOpPOCTH V. B HaIIPaBJIICHUH OCH Z.

BMecTe ¢ TeM aHHBIE BBIPAXKEHUSI ONPENEIISAIOT OCHOBBI «d-CYOKOHMHOU IIEKTPOJANHAMUKIY,
B paMKaxX KOTOPOW HANpsKEHHOCTh U UHAYKLUS 8AKVYMHO20 €05l — 3TO COBOKYIMHOCTb BEKTOPHBIX
MOJIEH, OIPEIEIISIOIINX HAIIPABJIEHUE YCKOPEHHBIX TEUEHUN (TOKOB) a-cybkonma (T.e. TNYUHbBI BHEUI-
Heil CTOPOHBI 2°-A.11:.16-BAKYyMHON HPOTSHKEHHOCTH, CMOTPUTE Taln. 6.2.1) BO BHEIIHEH 060J0YKe

ABMIKYIICTOCH «QJICKTPOHA».

6.10 Yckopennblie TeueHusi (TOKU) b-cyOKOHTA BO BHeIIHe
000J104Ke IBHKYIIET0Cs «3JIEKTPOHa»

[MoBenenne b-cybxonma (T.e. U3HAHKU BHEIIHEH CTOPOHBI 2°-A.11-.16-BaKyyMHOM MPOTSKEHHO-
CTH, CMOTpUTE Tabu. 6.2.1) Bo BHEIIHEN 000104YKE JBUKYLIETOCS «IIEKTPOHA» OMHCHIBAETCS BTOPOM

00606menHoi metpukoit Keppa (6.3.3)

2 2 2
_ rr r“+a“cos 0
dSl( b2 _ [1 +6—29jczdt2 - A - (rz +a’ cos’ 9)d92 -
cos

r’+a’ rrta’ +rr
(6.10.1)
A
r.ra-sin“ @ | . 2r. ra )
—| P +a’ ——ft——"— [sin’ Odo’ + —————sin’ 0 do cdt.
r“+a cos 0 r“+a cos 0
B sToMm ciyyae HyieBble KOMIIOHEHTBI METPUIECKOTO TEH30pa HMEIOT BH/T
_ _ 2r.rasin’ 6
h _14 s g =gth b __“6'F> Y 6.10.2
= > 01 — 802 > & . (6.10.2)
Eoo P +a*cos 0 ® 2 +a’cosd
[Ipu sTomM
(-b) (-b) _ )
b __8o__ b __80 _, o 85 2r,rasin’ 0 6.103
r - 0 b 8 TTT T T2, 2. 2 (6.10.3)
goo goo gOO " +a CcoS 9+}"6}"
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2 2
¢ ¢ (6.10.4)

7/ = = .
(=b)2 (=b)
\/1 - vr ? \/ \/g
c P

KommoHeHTHI KOHTpaBapUAHTHOT'O MCTPUYCCKOT'O TCH30pa IIPH 3TOM UMCIOT BUJ

(r2 +a2Xr2 +a’ cos 9)—r6 rd sin’ 0 0 0 rra

(r2 +a’ +rr sz +a’ cos 9) (r2 +a +rr sz +a’ coS 9)

0 —(r2 +a’ +rr6) 0 0
b _ ¥ +d’ cos 0
& = -1

0 0 ¥ +a’ cos 0 0
rra 0 0 —(r2 +a’ cos 9+rr6)

(r2 +a’ +r7; sz +a’cos 9) (r2 +a’ +rr; sz +a’ cos ¢9)sin2 0

(6.10.5)

[Togo6HO TOMY, Kak 3TO OBLIO CHEJIaHO B MPEABIAYIIEM IYHKTE, HCIOJIb3YEM BbIPAKEHUS

(6.10.2) — (6.10.5) wist onpenernerus kommoreHToB BekTopos E, ) 1 B, ).

B pe3ynbpTaTe BEIYMCIICHHI 17151 BHEITHEH 000J0YKH ABMKYIIETOCS «3JIEKTPOHAY MOTyIHM:

— KOMITOHEHTHI BEKTOPa b-cy6ronmuoti nanpsvkernoctn E,

oln+/g, " c’r, (a2 cos’ 0 —rZXr2 +a’+ rré)

at? =B =y e - 5 , (6.10.6)
r.r 2
1+ 85— | (r*+a’cos’ O
( r +a2cos29] ( )3
Olny/ gt ” c’rr.a’ sin26
dap =E,y ==y . Qg*‘” = = : (6.10.7)
r.r 2
Q1+ | (P +d’cos’ 0
( ¥ +a’ COSZQJ ( )3
olny/gl”
o =B = B g, 6.108)
o9
— KOMITIOHEHTHI BEKTOPa b-cyOKOHMHOU UHITYKITUN B,
Do D) (-b) 2, 2
) Y gl g, 08y |_ 2crrgacosO\r” +a” +rr (6.10.9)
or T 00 P (2, 2oV 2, 2 2 2 o
2c |g| @ (r +a” cos 9) (r +a” cos 9+r6r)
W&o (g™ ") cra sinfla cos 0—7°) (6.10.10)
0§ (5 2 1/2( o 2 2° ) '
ZCM aor (r +a cos2¢9) (r +a cos2¢9+r6r)

(=b) (=b)
T8 (6g g ]_0_ (6.10.11)

”*”_20\/ﬂ or 00
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TToACTaBUM KOMIIOHEHTHI BeKTOpa b-cy6ronmuoti nuaykmn B, (6.10.9) — (6.10.11) B BbI-

paxeHus Il KOMIOHEHT TYpOYICHTHOTO (BpalaTeabHOT0) YCKOpeHust b-cyokonma

(=) (-b) b b (=b)
a5 =10 BCH o) TVEW ] o) %o g oo %y
14 op o c (3}/‘ 60+ 8(0 a]/'+
0 b (D) -b) b
ag—eb) =(v(” BED B(—b)) V&0 N g, 5g ~ .| 02y ag( )
" ¢ 00" op" at o0 (6.10.12)
(=) (=) () (-b) (-b)
al? = (v B - eB(—b))=7 oo | %", %o 0 of %25 Ogg
’ ¢ C 6(0 al"+ 804- a¢+

B pe3ynbTare nosyunm:

— : 2 2 2
vi%cra sm@(a cos 6 —r )

=b) _ D) p(=b) ) _
aBr ( v BOG )__

b

1/2
(rz +a’ cos’ 8) (rz +a’ cos’ 0+ r6r)z

8 _ ( b (717)) B V2, acos@(r2 +a’ +r6r)
%po B, ") == 2, 2 2aW2(2, 2 2 2 2
(r +a”cos 8) (r +a”cos 8+r6r)
(6.10.13)
(=b)r : 2 2 2
. 0 b ) my(— v cra sm@(a cos"@—r )
all = (v( Drgea) _,,0b pi-h) )= 6

1/2 2
(rz +a’ cos’ 8) (rz +a’ cos’ O+ r6r)

v e a cos@(r2 +a’+ r6r)
+

1/2
(r2 +a’ cos’ 8) (r2 +a’cos’ O +rr

I'paduk BTOpOif KOMIOHEHTHI a( ) 113 (6.10.13) npexcrasien Ha puc. 6.10.1.

: /\/\
AL(0) 0

-5.10 !

Puc. 6.10.1. I'pachuk BTOpOI KOMITOHEHTHI a( 9 13 (6.10.13) mpu r ~ 9 cwm,

V./c=0,087 u vP# =1 m/c. PacueTsl BBIMONHEHDI C oMot IT0 Mathcad
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JlanHbIN rpaduK MpaKTUYECKH MOJHOCTHIO COBMAnaeT ¢ rpagukom Ha puc. 6.9.2. 3to roBoput
0 TOM, YTO Ha JOCTaTOYHO OOJBIIOM PACCTOSHHUHU OT SApA ABIKYILIETOCS «3JIEKTPOHay (T.e. mpH 7 >>
76) UHAYKUMOHHBIE (TypOyJIEHTHBIE) COCTABIISIOIINE YCKOPEHHOTO JBHKEHUS a-cyokonma U b - cyo-
KOoHma BO BHEUTHEN 000JI0UKE JBIIKYIIETOCS «3JIEKTPOHA» BEIyT ce0s MPAaKTHUECKH OMHAKOBO.

JlecTBUTENBHO, NIPH ¥ >> 1¢ BbIpaxkeHus (6.9.22) — (6.9.27) u (6.10.6) — (6.10.11) npunumarot

YIPOILEHHBIN BHJT

ECY ~ <re ECD & <, ’
or 2]/2 b or 2r2
ECO ~ c’rya’sin20 ECD o c’roa’ sin 20
00 = 27'5 ’ 00 ~ 2]/‘5 9
E! " =0. (6.10.14) E.) =0. (6.10.16)
oy 2criacos®  rlV.cosO peb o 2crsacosd 12V, cosf
Bgr = r2 ~ I/'2 > or r2 rz ,
. o
B o STl sind _ rV_sin@ BH o CTid sinf T V. sinf
00~ 7'3 ~ 27'3 s 06 }’3 2r3 ,
) _
B, =0. (6.10.15) B =0. (6.10.17)

OTkyna BUIUM, 9TO Ha OOJBIIIOM YAAJICHUH OT SApa JIBHIKYIIETOCS «IJICKTPOHAY» JTAMHHAPHBIC
(IpsIMOTTMHEWHBIC) YCKOPEHHSI a-CYOKOHmMAa U b-cybxonma B3aUMHO TIPOTHBOIIONIOKHBI IPYT IPYTY, a
TypOyJICHTHBIC (BpallaTelbHbIE) YCKOPEHHUsS a-cyoxouma u b-cyokomma {c yuemom (6.9.28) u

(6.10.13)} manpaBieHBI B OAHY U Ty K€ CTOPOHY.

6.11 YckopeHHbIe BAKYYMHbIE TOKH BO BHEIIHEH
000J104Ke IBHKYIIErocs «3JIEeKTPOHa». BakyyMHasi 3JIeKTpoAMHAMMKA

OO0miee BEKTOPHOE T0JIE€ YCKOPEHHBIX @-CYOKOHMHBIX U b-CcYOKOHMHbIX TOKOB BO BHEIIHEH
000JI0YKe TBHKYIIETOCS «3JIEKTPOHAY», COTIIACHO T€OMETPU3UPOBAHHON BAaKyyMHOH DJIEKTPOAWHAMHU-
ke Ancurasl {cmompume §§ 5.1 —5.7}, onpeaensercsi BeIpaxeHueM Buaa (J.7.2)

ay=a""+ia™", (6.11.1)
rre
2™ = E,09 + [y x B, (6.11.2)
— YCKOpEHHE a-CYOKOHMA BO BHEITHEH 000JI0UKE JBIDKYIIETOCS «IIIEKTPOHAY;
a®” = E, P+ [v\? x B, (6.11.3)
— yCKOpeHwue b-cybxonma B TOH K€ BHEITHEH 000JI0UKE ABMKYIIIETOCS «IJICKTPOHAY.

Boipaxxenue (6.11.1) ¢ yuerom (6.11.2) u (6.11.3) MoxeT ObITh PEACTABICHO B BUJIE
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arO= (" +iE, ) + ([v*) x B,C] +i[v*? x B, (6.11.4)

Takoif Buj 3amucu st OOIIET0O BEKTOPHOTO
MOJISE BHYTPH-BAaKYYMHBIX YCKOPEHUH CBSI3aH C TEM,
YTO TOKOBBIC JIMHUU YCKOPEHHBIX a-CYOKOHMHbLIX H
b-cyboxonmubix TeUeHHUI (TOKOB) BCETAa B3aUMHO TIep-
NEHAUKYISpHBL. JIpyruMu  cloBaMu, JaHHBIE CO-
HaNpaBJCHHbIC BHYTPH-BaKyyMHBIE TOKH TepeIuieTe-
HBI B )KTYTHI BOKPYT' HalpaBJIeHHUS OOMIETO JABYKCHHS
(puc. 6.11.1 upuc. 5.11.5—5.11.6).

Ananu3 BelpaxeHudt (6.9.22) — (6.9.24),
(6.9.28) u (6.10.6) — (6.10.8), (6.10.12) c yuerom
(6.11.1) — (6.11.4) npuBOIUT K CJIETYIOIIMM BbIBOJIAM:

- TI0JIE BEKTOpa CYOKOHTHOM HANpPsDKEHHOCTH E,"”

. Puc. 6.11.1. ®pakranbpHas WUTIOCTpAIUS TeperieTe-
(TOuHEe BEKTOpHOE TOJie JIAMHUHAPHBIX YCKOPEHUM HHSL YCKOPEHHBIX a- U b-CyGKOHMHbLX BHYTPH-

BaKyyMHBIX TEUEHHH (TOKOB)

cyOKOHTa)

ag (GO EO(*) - EO(*a ) 4 l-EO(*b)
BO BHEIIHEH 000JI0YKE ABMKYILETOCsS «IEKTpOHay cIumoiuBaercs (puc. 6.11.2), 4To MOJHOCTBHIO
COBIIAJIA€T C BHIBOJIAMH KJIACCHUYECKOW AIIEKTPOAMHAMUKH;

- BEKTOPHOE T0JIe TypOyIeHTHBIX yekopennii cyokonta az”) = [vC* x B,"] + i[v” x B,"”] orm-
CBIBAaET TOPOUIATBHO-BHHTOBON aXb-cyOKOHMHbII BUXPH, 00Pa3yIOMIUKCS BOKPYT JBIKYILETOCS sapa
«anekTpoHay (puc. 6.11.3).
flone E'

[10K0FULE20CH
3apaoy
~,

y Y
.X,
£
£ Bﬂutm}m
I g J oﬁmmlm
X \\\v&%/
A J Mone F sapsda,
dﬁu»r(/taezocy Adpo
¢ V=const
a) 0)
Puc. 6.11.3. Tlome BekTOpOB TYypOYy-
Puc. 6.11.2. CrumtocHyToe TIOJ€ BEKTOPOB CYOKOHTHOM JICHTHBIX  YCKOpPEHUH  axb-cybxonma
HaNpsOKEeHHOCTH EO(’) OIMCBIBAET JIAaMUHAPHBIE YCKOPEHHUSA OIHMCHIBAET TOPOMJAIBHO - BHHTOBOM
axb-cybxonma BO BHEINHEH O0OOJIOUKE «3JIEKTPOHA», JBH- axb-cybronmmubiti BUXPb BO  BHEIIHEH

000JI0uKe «BJICKTPOHA», ABMKYHICTOCA

HKYIIErocs C MOCTOSHHOM CKOPOCTHIO V, o
C IOCTOSHHOM CKOPOCTHIO V,
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Ha puc. 6.11.4 a mnpezacraBiieHa MOMNbITKA OTOOPa)KEHUS JIAMUHAPHBIX U TYpOYJIEHTHBIX CO-
CTaBJISIFOIIMX BEKTOPHBIX MOJIEH, ONUCHIBAIOLIUX MEPEIIETEHUE YCKOPEHHBIX @ Xb- cYOKOHMHbBIX TeUe-
HUM (TOKOB) BO BHEITHEH 000JI0YKE «IJIEKTPOHAY, IBMKYIIETOCS C MOCTOSTHHON CKOPOCTHIO V.

\‘4—‘ :"- \\
/7 N/ \_Heuwmas
[0 \/ oBon0kKa

a) 0)

Puc. 6.11.4. a) YckopeHHBIC TaAMHHAPHBIC U TYPOYJICHTHBIC a Xb-cyOKkonmiuble TEUCHUS (TOKH)
BO BHEIIHEH 000I0YKE «IIEKTPOHA», IBIKYIIETOCS C TIOCTOSHHON CKOPOCThIO V,; 6) DdpakTaibHbie
WILTIOCTPAIIHMH pa U BHENIHEH 000T0YKH CTAOUIHBHOIO BAKYYMHOTO 00pa30BaHusl, IBHKYIIETOCS
C MOCTOSIHHOW CKOPOCTBIO B «CPEe», U3 KOTOPOH OHO CaMO COCTOUT

B Ilpupone cymecTByeT MHOTO aHaJOTOB JIBHXKY-
meMycsi BaKyyMHOMY 00pa3oBaHMIO, IIOKa3aHHOMY Ha
puc. 6.11.4. Hanpumep, ABM>KEHHE BOPOTHUKOBOI'O XKIY-
THUKOHOCIIA (OAHOKJIETOYHOTO OPraHu3Ma) B BOJIE BbI3bIBa-
€T aHAJIOTMYHBIA TOPOUJAIbHO-BUHTOBBIE BOJSIHBIE TEYe-
6) Hus (Tokn) (puc. 6.11.5).

KryTukoHOCEI] aHAJIOTHYEH CIUTIOCHYTOMY SIIPY

ABMIKYHICTOCA «IJICKTPOHA», a BBLI3BIBACMOC UM TOPOHU-

Puc. 6.11.5. a) BOpOTHHKOBBIC KIyTHKO- TATbHOE TBIXKEHUE BOJBI TTOJAO0HO a Xb-CYOKOHMHBIM TO-

HOCLIbI (BOAHEIE OHOK/ICTOYHBIC OPraHH3- KaM (TeueHusM) BO BHEUIHEW 000JI0UKE JBHUKYIIETOCS
Mbl); 0) TopounmanbHBIAH TOK BOJBI, BBI-
3BAHHBIN JBMXEHUEM KI'yTUKOHOCHA [28] «BJICKTPOHAY.

B nanHO#l MeTpuKO-AMHAMUYECKOW (ITOJHOCTHIO
T€OMETPU3UPOBAHHON) MOJCIIN <«AJEKTPOHAY, IBUKYIIES-
rocs ¢ MOCTOSTHHOM CKOPOCTBIO V; B «BaKyyme» HU3 KOTO-
pOTO OH CaM COCTOUT, COJIEPKUTCS BO3MOKHBIM OTBET Ha

BOIIPOC O MPHUPOJIC UHEPIIUN CTAOMIBHBIX JIOKAIBHBIX Ba-

KYYMHBIX 00pa30BaHUH.
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JIBukeHne cTaOMIbHOIO BaKyyMHOTO 00pa3oBaHHsS HEM30€KHO MPUBOAUT K BO3SHUKHOBEHHUIO
CJI0HOTO TOPOUAAJIbHO-BUHTOBOIO BUXPS B €ro BHELIHEH 000JI0UKe (T.€. BOKPYT JABUXKYIIETOCs Sii-
pa), a Tak K€ K YIJIOTHEHUIO U CIUTIOIMBAHUIO JaHHOTO sifjpa (puc. 6.11.4 a). Uem ObicTpee IBUKETCS
Takas «4acTUlla», TeM OO0JIbIlIe CKOPOCTH U YCKOPEHUS a Xb-cybkonma B TOPOUIATbHO-BUHTOBOM BHX-
pe. CoOTBETCTBEHHO, B TaKOM BHUXpPE OKa3bIBaeTCs OOJIbIIE 3allaCeHHON IHEPreTMYHOCTU (T.€. MOo-
nBuKHOCTH). [lo3TOMY ABMXKYIIYIOCS «HaCTHUILY» CIIOKHEE elle OOJIbllle pa3orHaTh U CIOXKHEE MoMe-
HSATh HaIIPaBJIEHUE €€ JIBUKEHUS U3-3a THPOCKONUYecKoro 3 dekra.

C apyroii CTOpOHBI, €CJIH Pa30THATh «IJIEKTPOH» JI0 ONPEACIICHHOW CKOPOCTU V., TO OH Tak
OyJeT MOCTOSTHHO JIBUTAThCS B «BaKyyMe» (T.€. IPH OTCYTCTBUU JIPYTUX «UYACTHUI») C JAaHHOU CKOPO-
CTBhIO M B U3HAYAJILHO 33/IaHHOM HallpaBJICHUH.

WuepTHble CBOMCTBA JIOKAIBbHBIX BAKYyMHBIX 00pa30BaHMi 00yCIOBIEHbI HHEPTHOCTHIO CaMO-
ro «BaKyyMa», KOTOpbIE BbIPaKE€HbI B KOHEUHOCTH CKOPOCTU PacHpOCTPaHEHHUSI BAKYYMHBIX BO3MYIIIe-
HUi (T.e. cKopocTH cBeTa). Takum oOpa3oMm, B AnreOpe curnaryp (AJICUTHE) OTCYTCTBYET HEOOXO 1~
MOCTh BBEJIEHHS JOTOJHHUTEIBHBIX CYHNIHOCTEH THIa OO30HOB XHITCA Ui OOBSICHEHUS WHEPTHBIX
CBOWCTB JABIKYIIMXCS CTAOUIILHBIX BaKYYMHBIX 00pa30BaHHH.

B sToi#1 rmaBe AisicurHa paccMoTpena caMblid IMPOCTOM BapyUaHT NEPEIUIETEHHs BYX BHYTPH-
BAaKYyMHBIX TOKOB (T€UeHHH): a-cyokonma u b-cybkonma ¢ 0IMHAKOBOM curHatypoi (+ — ——). Oxana-
KO HEO0OXOIMMO TIOMHUTB, YTO KaXKJasi METpUUYecKasi MPOTHKEHHOCTh ¢ MeTpukamu (6.2.9) u (6.2.10),
KOTOPBIE€ YCIOBHO HA3BaHBI a-CYOKOHM U b-cyOKonm, MOXKET OBITh MPEJCTaBICHA B BUJE CYIEPIO3HU-
MU CEMHU METPUYECKUX MOA-TIPOTKEHHOCTEH ¢ curHatypamu (J.11.33) momoobno (5.11.35). Iloatomy
Ha cienyomieM, 0osiee riIyOMHHOM YpPOBHE pacCMOTPEHHs, BHYTPH-BaKyyMHBIE€ MPOIECCHl BO BHEMI-
Hell 000J104YKe JBUKYIIETOCs «3JEKTPOHa» BBIMJISAST 3HAUUTEIBHO O0Jiee CIIOKHBIMU U pazHoysem-

Hbimu (B CMBICTIE IIBETOB BaKyyMHOUM XpomMoauHamMuku) (puc. 6.11.6).

a) Pucynok B. A. JlebeneBa 0) ®pakTanbHas WUTIOCTPALIUS TOPOUJATEHOTO BUXPS

Puc. 6.11.6. VumrocTpariuy BHEITHEH 0007I0YKH IBHXKYIIETOCS «IJICKTPOHA
Ha yPOBHE paccMOTpeHust 2°- 4, .,-BAKYYMHO# MPOTSKEHHOCTH
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Hamomunm, uto Ha ypoBHE 26-ﬂ,m+,,—BaKyyMH0171 IIPOTSKEHHOCTH TKaHb BBITHSA CIIeTeHa yxke
HE U3 JBYX 4-IpaHHBIX «HUTEW» (4epHOUN M Oenoi), a U3 16-U pa3HOLBETHHIX 4-IPaHHBIX «HUTEI»
(cmompume §§ 1.11 — 1.13): 7 yeemnvix numeu + 1 b6eras nums + 7 ysemuwvix anmu-rwumei +
+ 1 uepnas nums = 16.

B pamkax AnreOpbl curatyp kaxzaas 4-rpaHHasi «KHUTb» SIBJISIETCS PE3yIbTaTOM IMEPEIIeTEHUS
CEeMU «IOJI-HUTE», U TaK MOXKET MPOJI0JIKATHCS 10 OeCKOHEYHOCTH. YeM riry0xke ypoBEHb PaccMOT-

peHus, TeM 0oJiee U3SIIHBIMU BBITJISIAT JIOKAJbHBIE BAKyyMHBIE 00pa3oBanus (puc. 6.11.7).

Puc. 6.11.7. MiumtocTpanuu JOKaJIBHBIX BAKYYMHBIX 00pa3oBaHHUi HA YpOBHE
paccMoTpennst 2°-4,,..,-BaKyyMHO# TIPOTSHKEHHOCTH

6.12 Ilpeueccust ocu BpameHus siapa S
JABHKYIIETOCH «3JIEKTPOHA» //

CnuH sapa JIBHXKYLIETOCS <«QJIEKTPOHA» — 3TO

N

S
~

YPE3BBIYAITHO CJIOKHOE SIBJICHHE, W3YYCHHIO KOTOPOTO

/

CJICOAYCT MMOCBATUTL OTACIBHOC O6HII/IpHO€ HCCICI0BAaHUC.

3nech AJcurHa 3aTparvBaeTr JIMIIb HEKOTOPBIE MOBEPX-

74 PN \/ Buewnsaa
HOCTHBIE aCTIEKTHI 3TOTO BHYTPHAAEPHOTO MPOIIECCA. /s / 2 ) g Y B
Ve / 000JI0UKA
Kax mokazaso Ha puc. 6.12.1 u puc. 6.12.2 supo \\B\/“:S*S///
JIBUIKYIIErocs dIeKTPOHA HAXOJUTCS B TOPIOBHHE TOPO- stopo =

WJIaJIbHO-BUHTOBOIO BUXPA MOJ BO3ACHCTBUEM MPAKTHYE-
Puc. 6.12.1. Sapo ABMXKYIIETOCS «IJIEKTPOHAY

o <h.
CKH TMPAMOJIMHEHHOr0 W MOCTOSHHOrO TeYeHust axb- OJUTCH B FOPIOBHHE TOPOMIATBHO - BUHTO-

cyOKOHmMa, OTHMCHIBAEMOTO0 BEKTOPOM CYOKOHTHOW HWH- ~ BOTO BaKyyMHOrO BHXps, II€ HMECT MECTO
MPAaKTUYCCKU MOCTOAHHOC U OAHOPOJAHOE IT10JIC

) )
nykunn B, ¢ komnonentamu (0, 0, B, ). BEKTOpa BakyyMHOH uHaykuuu B, (0, 0, B,.)
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HanomHuM, 4TO CIMHOPHBIE CBOMCTBA, HAIIPUMED, a-CyOKorma Ha nepudepuu siipa «JIeKTpo-

Ha, OIHMCBIBAIOTCS YIIPOIIEHHBIM CIIMHTEH30pOM (cmompume §§ 5.12 — 5.14)

r 1 1
1_72 +rsin0 +ir 2 0 5
7 | - o -2
1=
r(.’

¢ 0 ir rsin@ 0
= + + + ,
—ir 0 0 —rsin@

(6.12.1)
JIETEPMHUHAHT KOTOPOTO CBOJIUTCS K 00001IeHHOM MeTpuke ae Cutrepa (2.2.19).
Tpu mocrneqHUX cilaraeéMblX B MpaBoil yacTH BbIpaykeHus (6.12.1) ABISAIOTCS KOMIOHEHTaMU

IIPOCTPAHCTBEHHOI'O CIIUH-BEKTOPA G (0, 0y, T,):

)
[

6 [ 0 ir) [rsin@ 0 J (6.12.2)
r bl O-g = . bl O-(p = bl

0 —rsin@

I-—
T

XaoTHuecKoe BpallleHne BHYTPEHHOCTH sJIpa «3JIEKTPOHA», HAXOSIIErocsl B IOCTOSIHHOM BeK-

TOPOM T0JI€ CYOKOHTHON UHIYKIIMH B,”, onmceiaercs JIBYXKOMIIOHEHTHBIM CITMHOPOM

[¥(e)) =

p efix(r)B;;)z

eix(r)B;;)z >

‘ ‘Ir’(t)>+ = <‘P(t)‘ = (r ¢ MNB . gMBL ) (6.12.3)
r

rae A(r) — MOMEHT MHEPLMOHHOCTHU CJIOS SApa «AJIEKTPOHA», HAXOAIIEroCsl Ha PaCCTOSHUM ¥ OT €ro

LEHTPA.

[ToxcraBum O6pa u ket BekTopsl (6.12.3) cnea u cripaBa oT ciuHTeH30pa (6.12.2)

2

—iA(r)B )t
—X(BS B re
re e

(6.12.4)

p eih(r)Bf,;’t

r .
1——2—rs1n9
r

e

B pesynpTaTe HECHOXKHBIX NpeoOpazoBaHUN MaTpuUuHOM KoHCTpyKuuu (6.12.4) c yuerom

(6.12.1) u (6.12.2) mosydnM CIEAYIONINE MPOCKIIMU YCPEAHECHHOTO 3-MEPHOTO BEKTOpa CIMHA <$>
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nepudepunHOro Cios spa IBUXKYILEroCs «IEKTPOHA», HAXOSIIErocsl B TOPIIOBUHE a Xb - cyOKoHm-

HO20 TOPOUAAaJIbHO-BUHTOBOT'O BUXPH:

(s.)= (6.12.5)
(s,)=——=—=—=cos [27L(r)BU(Z’)t]’ (6.12.6)
=Y _sin2x(r)B ¢ ] (6.12.7)

N3 Beipaxenuii (6.12.5) — (6.12.7) BuaHo, 4to
OChb BpallleHUs epU(YEpUHHOro CII0s sApa «IIIEKTPO-

Ha» XaOTHUYCCKU U3MCHAIACTCA, HO B CPEAHEM OHa IIpEC-

LIECCUPYET BOKPYI OCHU z, TOYHEE BOKPYI HalpaBiie-

HUS BEKTOpa cyOkonTHOM Huaykimn B, (0,0,B,.7)
B CEKTOPE M C YacCTOTOMH, 3aBUCAIIMMH OT BEJIHUMHBI

Puc. 6.12.2. YcpenneHHast perieccusi OCH BpaIIeHUs

o -
Z-KOMIIOHEHThI BEKTOpa CYOKOHTHON MHIYKUIUU B, S JIBIOKYIIErOCH «JICKTPOHY BOKDYT HATDABIIC-

(puc. 6.12.2), KoTOpas B CBOIO OYepelb 3ABUCHT OT HHsl BEKTOPA BakyymHo# unaykumu B, (0,0,B,.) B
TOPJIOBUHE TOPOUAAJIBHO - BHHTOBOI'O BUXPS
CKOPOCTH JIBHDKEHUs «OJIEKTpoHa» V. {cMorpure
(6.10.15)}.
Eme pa3 oTMeTHM, 4TO B 3TOM Taparpade TOIbKO HaME4eHO HaIlpaBIeHHeE, CBA3AHHOE C HC-
CleZIOBaHIEM BPANIEHHs AApa ABUKYIIEToCs «3NEKTPOHAY. V3ydeH IO CII0KHOTO TIPOIIECCA BPAIIEHHS

sJiep JBUXKYIIUXCS JIOKAIbHBIX BaKyyMHBIX 00pa3oBaHU HEOOXOJIMMO MOCBATUTH OTJENbHOE HCCIIe-

JOBaHUC.

6.13 IIpsiMosinHeiiHOEe M PABHOMEPHOE IBHKCHUE «IIO3UTPOHA»
B pamkax AJCUTHBI METPUKO-AMHAMUYECKAs MOJEIb «II03UTPOHAY, IBHIKYILLErOCs C MOCTOSH-
HOU CKOPOCTHIO V, (B HANpPaBICHUH OCH Z), SIBJSETCS HETaTHBHOW KOMHEH METPUKO-THHAMHYECKOU
MOJIENH <«ATeKTpoHay (6.7.2) — (6.7.7), u onUCHIBACTCS TaKMMU k€ 0000meHHpIMI MeTprukamu Keppa

(6.7.9) — (6.7.14), HO C MPOTUBOTIOJIOKHOW CUTHATYpOH (— + + +).

a 0(+b)

N
[IponenbiBasg ¢ KOMIIOHEHTAMHU METPUYECKOTO TEH30pa ggj( ) n gij u3 Merpuk (6.7.9) u
(6.7.10) ananoruYHBIC OTIEPALNH, TTOTYIUM IS BHEITHEH 000JI0UYKH «ITO3UTPOHA:
o +
— KOMIIOHEHTBI BEKTOPA a-anmucybxonmuoi Hanpskerroctd E, 1 koMmoHeHTs BekTopa

a-anmucy6ronmuoii nagykan B,
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c2r6(a2 cos’ 6 — rQXr2 +a’ - rr6)

2crr, acos 0(r2 +a’ - rér)

E;" = 3 BU = 7
or 5 - — -
e 20, 2 2 (l”2+azco520) (’”2+61200529—r6r)
Al-5—5—5— (r +a- cos 9)3
r-+a“cos” 0
(+a) c’rra’ sin 20 B0 cra sin@(a2 cos? 9_,,2)
EoH == 3 s 00 5 N 5 2( 5 5 5 s
2 (r +a” cos 9) (r +a” cos 9_’%’”)
) P LA 2( 2,42 29)3
P +alcos’g) | 4%
+a) __
E;" =0. 6.13.1)  B.=0 (6.13.2)

. +b
— KOMITOHEHTBI BEKTOpa b-anmucybronmuoii nanpsokennocta E, " n komMmonenTs! BekTopa

b-anmucybronmnuoii nagykuun B, ™):

c’r, (az2 cos’ 60— rZXr2 +a’+ rrﬁ)

2crr; acos@(r2 +a’+ rér)

oh) — (+b) _
E," = 3 B," = 2 2 2 W22 2 o 22
i1 rr 2( s s, )3 (r +a” cos 9) (r +a” cos 9+r6r)
+ﬁ r“+a cos 0
r“+a“cos 0
. . 2 2 2
EGD — c2rr6a2 sin 20 , B —_ crya s1n9(a cos O —r )
00 3 06 5 N > W2 5 ) ) 5 s
rr 2 N r +a cos @) \r'+a cos 0+rr
21+ 53— (r2 +a? cos? 9)
r“+a cos 60
-b) _
ED) =0; (6.13.3) Béq, =0. (6.13.4)

Puc. 6.13.1. ®pakranbpHas WUTIOCTpAIMs Teperie-
TEHUS CyOKOHT - aHTUCYOKOHTHBIX BHYTPH-

BAaKyyYMHbBIX TOKOB

CpaBuuBas Boipaxenus (6.13.1) — (6.13.4) c co-
OTBETCTBYIOIIMMH BBIPAXCHUSIMHU JJI1 BHENIHEH 000-
JOYKU «dJeKTpoHa» (6.9.22) — (6.9.24), (6.9.25) —
(6.9.27), (6.10.6) — (6.10.8), (6.10.9) — (6.10.11), oOHa-

pyKuBacMm, 4TO OHU B CPECAHEM ITOJITHOCTHIO KOMIICHCH-

PYIOT IIPOSBIICHUS OAPYT Apyra:
E,""-E, =0, B, -B,""=0; (6.13.5)
E,”-E =0, B,”-B,"”=0. (6.13.6)

Takum 00pa3om, KaxJIOMy YCKOPEHHOMY JIBH-
KEHUIO cyOKoHma BO BHEUIHEW 000JIOUKE «AJIEKTPOHA
COOTBETCTBYET MPOTHBOIOJIOXKHOE YCKOPEHHOE IBIIKE-
HUE aumucybKoHma BO BHELIHEH O000JIOUKE «IIO3UTPO-
Ha», YTO MOJHOCTHIO COOTBETCTBYET BAKYyMHOMY YCIIO-

BHIO (cmompume onpedenenue Ne 1.12.4).
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6.14 23-/1_11+_16-Ba1cyyMHaﬂ IUHAMHKA
B coBokynHoctu Bblpaxenus (6.9.22) — (6.9.24), (6.9.25) — (6.9.27), (6.10.6) — (6.10.8),
(6.10.9) — (6.10.11), (6.7.13.1) — (6.13.4) onUCHIBAIOT YCKOPEHHS PA3TUIHBIX CTOPOH (CJIOEB) OJTHOM U
TOM *e 2°-A. 1+-16-BaKYYMHOU MPOTSKEHHOCTH.
OG11iee 1oJIe YCKOPEHHH B KA I0M JTOKAILHOM Y4aCTKe 2°-A.11..16-BAKyyMHOMH IIPOTSKEHHOCTH

OIMHUCBIBACTCSA BEKTOPHBIM KBATCPHUOHOM

ar=a""+ia™ + 2"+ ka"?), (6.14.1)
rne
2™ = E,09 + [y x B, (6.14.2)
— BEKTOP YCKOPEHHS a-CYOKOHMA BO BHEITHEH 000JI0UKE «IJICKTPOHA (D;
a™ = E,+ [v7? x B, (6.14.3)

— BEKTOP yCKOpeHus b-cybxonma B TOH ke BHEIIHENW 000s104ke «anekrpoHa» (H);

a® = E,9 + v x B, (6.14.4)
— BEKTOP YCKOPEHHS a-aHmMucyOKoHma BO BHEIIHEW 000J109Ke «mo3uTpoHay (V);

a™ =E, + [v? x B, ] (6.14.5)
— BEKTOp yCKOpeHust b-anmucybkonma BO BHEUTHEN 000710uke «mmo3utpoHay  (H).

YdeT COBMECTHOTO JEeWCTBHS BCeX 4-X B3aWMHO TEPICHIUKYISIPHBIX BEKTOPHBIX ITOJIEH
(6.14.2) — (6.14.5) NpUBOAUT K CO3JAHUIO MHOTOCIOMHOM 2°-A.11..16-BaKyyMHOH IMHAMMKH (DHC.
6.13.1), koTOpas nMpu yCpeAHCHUH TMEpeIIeTeH-
HBIX CYOKOHT - aHTUCYOKOHTHBIX T€UYE€HUHU (TO-
KOB) BO MHOTHX aCIleKTaX CBOJUTCS K KIJIACCH-
YecKOM anekTpoauHamuke. JlanHoe o06cTosi-
TEeNIBCTBO ObLTO OTMeYeHO B [20, 22], u npearno-
jaraeTcsi, 4To OyneT 6oJiee oApoOHO UCCIIeI0-
BaHO B JaJbHEUIIIEM.

OTmeTM TakXke, 4YTO NpejaracMmas
37eCh MHOTOCIOMHAsA 2°-A,,.,-BaKyyMHasl JHHA-
MUKa yHUBepcaibHa. Eciin BO Bce ypaBHEHUS
JaHHOUM TIaBbl BMECTO pajnyca sapa «dIIeK-
TPOHA» WJIU «IO3UTPOHA» 76 ~1,7'10'13 CM IIOJI-

CTaBUTh JIIO0OUM Ipyroil paauyc U3 Hepapxuu

(2.6.20), TO TOJy4YUM AHAJIOTUYHYIO CYyOKOHT-

Puc. 6.14.1. ®pakranpHas WUTIOCTpAIUS SApa BaKYyMHOT O
00pa3oBaHUsi KOCMHUYECKOT0 MaciTada

AHTUCYOKOHTHYIO JUHAaMHUKy, HO B JpYrux

Mmacmtabax. Hanpumep, mojicraBiisis BO Bce
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-~ v 1 -
YPABHEHHMS TAHHOM IIABBI BMECTO F'g XAapaKTepHBI pasmep r3 ~ 4:10'® cM, consmepuMBlii ¢ pagnycom

A/Ipa TaJaKTUKH, TTOJyIHM 2°-A16:20-BaKyyMHYIO TUHAMUKY (pHc. 6.14.1, 6.14.2).

Puc. 6.14.2. OpakTanbHble WITIOCTPAIHH 2°-4;6.00-BaAKyyMHO TMHAMUKH ralaKTHIECKOro MacimTaba
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