7 MeTpUKO-AHHAMHMYECKUE MOAEIH PA3JIHYHbIX COPTOB «HEHTPUHO»
B PAMKaX aKCMOMAaTHKHU AJIreOpbl CUTHATYP
7.1 TopouaajibHO-BUHTOBOW BUXPb BO BHeIIHEH 000/10UKe ABHKY LET0CH «3JEKTPOHA
B npenpinymeir rnaBe 6 ObUIO MOKA3aHO, YTO YIPOIIECHHAS METPUKO-TUHAMUYECKAs] MOJIETh
BHEIITHEW 000JIOUKH «3JIEKTPOHAY», MBIKYIIETOCS C MOCTOSSHHON CKOPOCTHIO V, B HampaBJICHUHU OCHU Z
KaK eMHO€ BaKyyMHOE 00pa3oBaHHE OTHOCHUTEIHLHO BaKyyMHOHW MPOTSDKEHHOCTH, U3 KOTOPOMl OHO

CaMO COCTOUT, OIMCHIBAECTCSI COBOKYITHOCTHIO METPUK (6.7.1):

BHemHss 00071049Ka ABUIKYLHETOCH «AJTCKTPOHA)
B untepsaine [~10 " cm, ~10"® em] ¢ curnatypoit (+ — — -)

2 2 2
_ rr r“+a;cos 0
dst”? = l-———— [df —————dr’ —(r2 +a’ cos’ 9)d92 -
r*+a’cos 0 P ya -
- — a-CyOKOHT; (7.1.1)
r.ra,sm 0 | . 2r. ra .
—| r’ +al +———— |sin’ Odg’ +——5——sin’ O d cd.
¥ +a’cos’ 0 ¥ +a’cos 0
2 2 2
_ rr r“+a;cos 0
dss"”? =| 1+ ———|di’ —————dr’ —(r2 +a’ cos’ 9)d¢92 -
r“+a; cos 0 r+a; +rr
— b-cyokont.  (7.1.2)
2 s 2
rora;sin” 0 | . 2r. ra .
—| P +al —————— [sin’ O0dg’ + 5—4———sin’ 0 do cdt.
r°+a; cos 0 r° +a; cos 0
IleabT IBHIKYIIETOCH «3JIEKTPOHA» XOTETh
B uHTepBaie [0, o]
2 2
G2 20 pLdr 2 2(2 2)-2 2
dss" =c’dt” —=——5—p;d0” —\r" +a; Jsin" 0de", (7.1.3)
re+a,
e po=r’+a’cos 0; (7.1.4)

re~ 1,710 cM — pammyc sumpa «oIeKTpoHay {cmompume uepapxuio (2.6.20)};

e

a, = Iy —— — MmapaMmeTp AUIMITHIYHOCTH «JEKTPOHA», NBIKYIIETOCS C MOCTOSTHHON CKOPOCTBIO
c

V, (B HampaBJeHHH OCH z) KaK €JMHOE BaKyyMHO€ 00pa30BaHHE OTHOCUTEIBHO IO-
KOSIIEHCS 2°-A.11+.16-BaKyyMHOM IPOTSHKEHHOCTH, U3 KOTOPOM OH CaM COCTOMT.

9 yu g'"” uz merpux Buma (7.1.1) u

VCrionb3ys KOMIOHEHTBI METPUUECKHX TEH30POB g
(7.1.2), B raBe 6 MOTYYCHBI:
- KOMIIOHEHTHl BEKTOpa JIAMUHAPHOTO YCKOPEHHs da-cyokonma (WIH BEKTOpa a-cyOKOHMHOU

nanpsoxennocti E,C?) (6.9.22) — (6.9.24) Bo BHemHE# 060/104Ke JABHKYIIErOCS «IIEKTPOHA»
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(-a) 2 2 2 2.2 2
a  EC0 — Olnyg, = ¢ rﬁ(ae cos’0—r Xr +a; —rrﬁ)

Er or al" * 3 s

2[1 r“rjz(rz +a’ cos’ 0)3

r* +a’ cos’ 0

40 = ECO — oln,/ g, _ c’rria’ sin 20 (7.1.5)
EO 00 60* ~ % 2

21— | (1P +a’cos’ O

[ r2+ajcoszt9j ( ¢ )3

Oln/gL®
g*oo —0
op

b

(za) _ pp(-a) _
aEgp - Eogp =7

- KOMIIOHEHTBI BEKTOPa TYpOYJIEHTHOIO YCKOpEeHMs a-cybkonma (6.9.28) BO BHeUIHEH 000J0uKke
JBHKYILETOCS «IEKTPOHA»

(~a)p . 2 2 2
y cra s1n9(a cos @-r )
(~a) _ (~a)p p(-a) ) _ 6. e

ag, —(—v B, )——

2

1/2 2
(r2 +a’ cos’ 9) (r2 +a’cos’ 60— r6r)

(=a)p 2 2
vo%2cr a, cos@(r +a; — r6r)

(-a) _( (-a)p (—a))__
gy =\ B, )= 2, 2 apW2( 2, 2 2 2’
(r +a; cos 9) (r +a, cos O—rﬁr)

(7.1.6)

v cr.a, sin O(aj cos’ 6 — r2)

2 2 2 0\/2(.2 2 2 2
(r +a; cos 9) (r +a; cos 9—r6r)

(=a) _ (,,(~a)r p(-a) 0(-a) p(-a) \_
ag, —(v B, —v B, )— +

()0 2 2
v 2cr a, cos@(r +a; — r6r)

+
1/2
(r2 +a’ cos’ 9) (r2 +a’ cos> 6 —r6r)

2

- KOMIIOHEHTBI BEKTOpa JIAMHUHAPHOTO YCKOpeHUs b-cyokonma (WA BEKTOpa b-cYOKOHMHOU

nanpsoxernocti E,"”) (6.10.6) — (6.10.8) Bo BHemHei 060/104Ke JABHKYIIErOCS «IIEKTPOHA»

[, b 2 (2 o Vo
g™ = FCY — dlnygy, =~ ¢ ré(ae cos 0 —r Xr +a, +rr6)
Er T Hor T 14 =

(7.1.7)
Oor* ;
r.r 3
2 1+m (r2 +a’ cos’ 9)
_ _ oln,/g!” ctrr af sin 26
agy) =EY) = y—— = e , (7.1.8)
00 3
rr DAt
2 1+r2+a§m (”' +ae COS 9)
Oln,/ gt ?
ay,) =E\ ) =—y——=0—=0; (7.1.9)

op

- KOMIIOHEHTBI BEKTOpa TypOYJIEHTHOIro yckopeHusi b-cyoxkonma (6.10.13) Bo BHelIHeW 000J04Ke

ABMIKYHICTOCA «QJICKTPOHA»
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W ra, sin G(af cos’ 0 — r2)

=)

1/2 2
(r2 +a’ cos’ 9) (r2 +a’cos’ 0+ rér)

2

vP2crr, a, cos«9(r2 +a’+ rér)

=b) _ (y,(=D)p p(=b) | _
aBQ —(V Bor )__

1/2
(r2 +a’ cos’ 9) (r2 +a’cos’ 0+ rér)z

(=b)r

9

(7.1.10)

cr,a, sin G(aj cos’ 0 — r2)

b _ [, (b p(=a) _ | 0(=b) p(=b) | _ 4
aB(p —(V B09 -V Bor )_

1/2 2
(r2 +a’ cos’ 9) (r2 +a’cos’ 0+ rér)

v 2crr a, cos9(r2 +a’+ rér)

1/2 2 °
(r2 +a’ cos’ 9) (r2 +a’ cos’ 0+ rér)

Ilouamusa a-cyoxoum u b-cyokonm cgop-
MynuposaHvl 6 2nage 1 (cmompume onpedeneHus
Ne 1.7.4uNe 1.7.5).

AHanu3 COBOKYIHOCTH BbIpakeHuit (7.1.5)
— (7.1.10) Ha OCHOBaHWUM MAaTEeMATHYECKHX IpHUE-
MOB Auredpsl curHatyp (AJICUTHBI) (CMOTpHUTE
riaBbl 1 — 6) mpuBen K clieyrouieil METpUKO - JIu-
HAMUYECKON MOJEIHN MPSAMOJIUHENHO U PaBHOMED-
HO JIBIDKYIIIETOCS «JJICKTPOHa» B "Bakyyme" (T.€. B
3-MepHOW MYCTOW MHPOTSHKEHHOCTH), YCTOWYMBBIM
HCKPUBJICHHEM KOTOPOU CaM «QJIEKTPOH» SIBIISETCA
(cmotpurte §§ 6.10, 6.11).

Bokpyr paBHOMEPHO M MNPSIMOJIMHENHO
JBUKYIIETOCS A7Ipa «3JIEKTPOHA» HABOJIUTCS TOPO-
UJATBHO - BHUHTOBOUM @ Xb-CcyOKOHMHbBIU BUXPH
(puc. 7.1.1). Tlpm sTomM BO BHeEmHEH 00OJOUKe
«QJIEKTPOHA» MOMHUMO TOPOUJAIBHO - BHUHTOBOTO
BUXPSl UMEIOTCSl JIAMUHAPHBIE BHYTPH-BaKyyMHBIC
TeueHus (T.€. axXb-cyOkonmHvle TOKH), KOTOPBIE C
YCKOPEHUEM IMPHUTEKAIOT K APy «3JIEKTpOHa», a
3aTeM C 3aMeJUIEHUEM OTTEKAalOT OT HEero B MPOTH-
BOIIOJIO)KHOM Hampasienuu (puc. 7.1.1), cmompu-

me§ 6.11.

/ M"’ : \\‘
/o N/ \_sHeuwHas
[83p0 V 000104K2

Puc. 7.1.1. JlamunapHsie U TypOysIeHTHBIC (TOPO-
W/IaIEHO-BUHTOBBIE) aXb-CyOKOHTHBIE YCKOpEH-
HBIE TeUeHHs (TOKM) BO BHEIIHEW 00OJIOUKE NBH-
KYILETOCS «IIIEKTPOHA»

Puc. 7.1.2. TopouaanbHO-BUHTOBOI
axb-cyOKOHTHBIN BUXpb 0€3 sijipa
B €ro TOpJIOBUHE
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Takum 00pa3oM, BO BHEIIHEH 000JIOUKE IBMKYILIETOCS «IJIEKTPOHA» HAINPABIICHUS YCKOPEH-
HBIX TYpOYJEHTHBIX (T.€. TOPOUJAIBHO-BUXPEBBIX) @ - CYOKOHMHBIX U b-cyOKOHMHbIX TOKOB COBIIajia-
IOT JPYT C IPYTOM, a HalpaBJICHUSI YCKOPEHHBIX JAMUHAPHBIX d-CYOKOHMHbIX U b-CYOKOHMHBIX TOKOB
MIPOTUBOTIONIOKHBI Apyr aApyry. Ho B mrobom ciywae, a-cyokonmmuwle u b-cybxonmmuvie BHYTPHU-
BAaKyyMHbIE TOKU HEpEIJIETEHbl APYr C JAPYroM B JABOWHBIE cHHpaiu (T.e. B 2-KT'yThl) (cmMompume

§6.10).

7.2 OnMHOYHBbIH TOPOUAAIBHO-BUHTOBOM
axb-cyOKoHmHbll BUXPD

PaccMOTpUM BO3MOKHOCTH CYIIECTBOBAHUSI METPUKO-AMHAMUYECKON MOJIENHU TOPOUJAIBHO-
BHHTOBOTO BHYTPH-BAKyyMHOTO (a Xb-cyboxonmmno2o) BUXps 0€3 sapa B ero ropioBune (puc. 7.1.2).

OueBHUIHO, YTO B TAKOM BaKyyMHOM OOpa30BaHHMU JIAMUHAPHBIE YCKOPEHHbIE a Xb - cyOKoHm-
Hble TOKU JOJDKHBI OTCYTCTBOBATbh, T. K. OTCYTCTBYET PO U OKpYXKalollasi ero paxkusi, sSBJSIOLIAsCS
OJIHOBPEMEHHO CTOKOM U MCTOKOM JIaHHBIX JINHEHHBIX BHYTPU-BaKyyMHBIX TOKOB (puc. 5.10.5).

JlpyruMu cioBamMu B 3TOM cily4dae BCE KOMIIOHEHThI BEKTOPA JJAMUHAPHOTO YCKOPEHUS a - ¢)o-

KOHMAa M BEKTOpa JJAMUHAPHOTO YCKOPEHUS b-cyOKonma NOIHKHBI ObITh PaBHBI HYIIIO:

Oln Oln
aEr E( “) gio 0’ a.gfrb) Ezfrb) == gzo 03
or or
6ln g 6ln g
(—a) _ (= a) 00 (-b) _ 1 b) 00
aS?) =E 0 —0,  (72.1 al) =E, > . (722
£o 00 20 (7.2.1) £o 0 20 (7.2.2)
Olny —a) Oln 2 C?
R e R e ]
op op
OTO0 BO3MOIKHO, KOTJa
goo(*“) =const W goo(*b) = const. (7.2.3)

B cnyqae 7 = 0 metpuku (7.1.1) — (7.1.2) npuHUMaroT BUA

2 2 2
r~+a; cos 0
2 2
r+a;

ds" % =c*dt* - dr* — (r2 +a’ cos’ 9)d92 — (rz +a’ )sin2 0dp® — a-cyokour;  (7.2.4)

P’ +a, 2 cos’ 0

2
r+a

ds™? = 224 — dr’ —(r +a’ cos 9)d9 (r2 +a§)sin26?dq02 — b-cybxont, (7.2.5)

Y BBITIOJIHSIOTCA yesoBus (7.2.3).
Metpuku (7.2.4) — (7.2.5) aBIAIOTCSI TOUHBIMHM PELICHUSMU BAKYyMHOI'O YpaBHEHUs OWH-

mTeiHa (2.1.6), moATOMy OHU OINUCBHIBAIOT CTA0MIIbHOE BaKyyMHOE 00pa30BaHHUE.
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B naHHBIX MeTpHKax mapaMeTp ILIUITUYHOCTH

V V
a’=r,—+=r, = 7.2.6
e 6 2C en 2C ( )

3aBHUCHUT OT 76, HO B 3TOM CJIy4a€ 3TO HE XapaKTEPHBIN PAUYC SAPA «IIJICKTPOHA» g ~10 " cm, a nep-
BOHAYAJIBHBIM pajyCc TOPJIIOBUHBI TOPOUJAILHO-BUHTOBOTO BUXPS 7ey, IPUMEPHO PABHBIN XapakKTep-
HOMY PaJInycy siipa «3IeKTPOHA» (Fep = 76).

B pamkax AJCHTHBI JBHXKYIIEECS C IIOCTOSHHON CKOpOCTbIO V, cTabuibHOE BHYTpH-
BaKyyMHO€ (CyOKOHTHOE€) oOpa3zoBaHHe (BO3MYIIEHHE), OMKMCHIBAEMOE IBYMS OJIMHAKOBHIMU METPH-

kamu (7.2.4) u (7.2.5) Ha3pIBaeTCs SAEKTPOHHBIM «HEUTPUHON:

JJIEKTPOHHOE «HEHTPUHO»
B uHTepBaie [0, | ¢ curHatypoi (— + + +)

2 2 2
r*+a, cos 0

ds" " =ldi —-————dr’ - (r2 +a’ cos’ 9)d92 - (r2 + af)sin2 0dp® — a-cyokonr; (7.2.7)
re+a;
(=b)2 ) "2“‘0300529 2 2 2 2 2 2 2.2 2
ds™"" =cdt” ———*——dr —(r +a, cos 9)d9 —(r +a, )sm 0dp” — b-cyokoHnr. (7.2.8)
r°+a,
I eabT 3JIEKTPOHHOT0 «HEHTPUHO»
B uHTepBaie [0, o]
ds™? =c*dt’ —dr’ —r*d0* —r’sin’ 0dg’, (7.2.9)
rie
14
a,=r, —= (7.2.10)
2c

— HapameTp JUIMITUYHOCTH 3JIEKTPOHHOTO «HEUTPHUHO», IBUIKYILETOCS € TIOCTOSTHHOM CKOPOCTHIO V),
OTHOCHUTEJILHO MOKOSIIEHCS 2°-A.11:.16-BaKyyMHOM HNPOTSIKEHHOCTH, BO3MYILCHMEM BHENIHEH CTO-
POHBI KOTOpPOHl OHO sBIsAeTCS (31€Ch Fep — OTO PAgUyC TOPIOBHHBI MCXOJHOTO TOPOUJAIBHO-
BUHTOBOI'O BHUXpsI B HauaJlbHOM COCTOSHUM, T. €. Cpa3y IOCJ€ CpPbhIBaHHsS JAHHOIO BUXPS C spa
«OIEKTPOHAN, Fep = F¢).

Amnanoruussle JIeHCTBUS ¢ MeTpukamu (6.7.9) — (6.7.10) npuBOAAT K CIEIYIOLIEH METPUKO-

JTUHAMUYECKOU MOJIEIIH TIO3UTPOHHOTO «HEHUTPHUHOY

IHo3uTpoHHOE «KHEHTPUHO»
B uHTepBave [0, o] ¢ curnarypout (+ ———)

2 2 2
r“+a;cos 0
2 2
r'+a;

ds“? =—c*dt’ + dr’ +\r* +a’cos’ 6> +\r* +a’)sin’ Odp® — a-cyoxout; (7.2.11)
e e @

2 2 2
r*+a; cos 0
2 2
re+a,

ds"™? = —c*dt’ + dr’ +\r* +a’ cos’ d0* +(r* +a’ Jsin’ Odep*> — b-cybrout. (7.2.12)
e e @
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leabT MO3UTPOHHOI0 «HEHTPUHO)
B uHTepBaie [0, o]

ds? = —c*di* +dr* +r*d0* + 1 sin® 0 do”. (7.2.13)
14

rie a,=r,, — (7.2.14)
2c

— HapameTp JUIMITUYHOCTH ITO3UTPOHHOTO «HEUTPUHOY, JBUKYILIETOCs C OCTOSSHHOM CKOPOCTBIO V),
OTHOCUTEJILHO MOKOAIEHC 2°-A.11..16-BAKYyMHOM IIPOTSHKEHHOCTH, BO3MYLIEHHEM BHYTPEHHEH
CTOPOHBI KOTOPOH OHO SIBIISIETCS (311E€CH Fep — OTO PAJAUYC TOPJIOBUHBI TOPOUJAIbHO-BUHTOBOTO BHX-
P B HA4aJIbHOM COCTOSIHHH, T. €. Cpa3y IIOCIE€ CPBIBAHUSA JAHHOTO BUXPS C SApPA «IO3UTPOHA»,

renzr6)-

7.3 depopmanuu B MecTe HAX0KICHHUS CTA0MIBHOIO 3J1EKTPOHHOI0 «HEHTPUHO»
PaccMoTpuM ucCKaxeHUs! «BaKyyma» B OKPECTHOCTH MECTa HaXOXJAECHUS BaKyyMHOro o0paso-
Banus (7.2.7) — (7.2.9), kotopoe B pamkax AJICUTHBI Ha3BaHO CTAOMJIHBIM SJICKTPOHHBIM «HEUTpPH-
HOM.
O nedopmanusx «HEUTPUHO», IBMXKYILIETOCS C IOCTOSTHHONW CKOPOCTBIO V. B HallpaBJIEHUU OCH
z, GyJIEM CYMTb 110 OTHOCHTEIFHOMY YJIMHEHHIO JIOKAIBHBIX Y9ACTKOB GHeuHell CTOPOHBI 2*-A. 11+ 16

BAaKyyMHOM MPOTSKEHHOCTU {cmompume (2.1.32)}

(7.3.1)

Cuauana, Tak xe Kak B § 2.1 {cmompume swvipadxcenus (2.1.23) — (2.1.36)}, naiinem apudme-

TUYECKOE CPeHEE OT KOMIIOHEHT METPUUECKUX TEH30POB MeTpuK (7.2.7) u (7.2.8)

Do o
g?=;@$“@§w. (73.2)

B pesynbrate Beiuncienuii nmo popmysne (7.3.2), noaydaem

5 17 _ 1
g(()o) =§(g(()0 )+g(()0b))=5(1+1):1 5

(-a) (_,,))_ 1(r’+a’cos’0 r’+alcosO) r’+a’cos 0

o5 1
gl(l)za(gll +g

b

2\ r+al P +a’ P +a’
(7.3.3)

g% =%(g£“) + ggb))= —%((r2 +a’cos’ t9)+(r2 +a’ cos 9))= —(r2 +a’ cos 9),

[(r2 +a )sin2 6?+(r2 +a )sin2 0 ]sin2 0= —(r2 +a’ )Sin2 0,

5 1 N 1
g =5 e )=

OCTaJIbHBIE gg;(f) =0.
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) ONHCHIBAIOIIErO HEHCKPUBICHHOE (HCXOIHOE) CO-

KoMIIOHEHTBI METPUYECKOTO TEH30pa gl'jO(7
CTOSIHUE WMCCIIEYEMOTO y4aCTKa GHeuuHeli CTOPOHBI 2°-A.|1-.16-BAKYYMHOM MPOTSHKEHHOCTH, BO3BMEM
(7.3.4)

13 MeTpukH menbta (7.2.9):
0(-) _ 0(-) _ 0(-) _ 2 0(-) _ 2 .2
g0 =1, gy =-1, gzz( b=, g33( '=—r’sin’ 0.
[ToncraBnsis kommoneHTsl (7.3.3) u (7.3.4) B BbIpaxkeHUEe IJisi OTHOCHUTEIHHOTO YJIMHECHHS
BHEIIHEH CTOPOHBI 2°-A.11..16-BaKyyMHOH MpoTskeHHOCTH (7.3.1), MOMYyUnM ClIeIyIONIie KOMIOHEHTHI
BEKTOpa OTHOCUTEIBHOIO Y/UIMHEHUS CYOKOHTa
=) 1
10 = - 1=0, (7.3.5)
4
2 2 2
2 2 2 r-+ (r, =) cos” 0
_ r~+a;cos 0 6
19 = L2 7 1= 2c -1, (7.3.6)
r-+a 2 z\2
e ro+ (ry =)
2c¢
(7.3.7)
(7.3.8)
T ‘F_L_'_'__'_'—_’_'_i_[’_ | ———

-0.021
&

- 004 /
0 k) - 008 O r* +a’cos’ 6 .
roTA 2, 2 T
|\ +a
e

-o0sr |

8 130

—0140

Puc. 7.3.1. I'papuxu ¢pynkimu (7.3.6) mpu r =10, a, = 0,5, 8 =10
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0.1

\
ey 180

2 2
_ a; cos” 0
10 = 1422 2
0.04 h r
i
0.02 b
o
s
e
e
0 1 1 R ——— ————
0 1 2 3 4
H

Puc. 7.3.2.

04

|
Kr) 021

2
_ a’
\ 10 =1+ % 1.
7
LY
\.
01f !

Puc. 7.3.3. I'padux dynkium (7.3.8) mpu a.= 0,5.

PacueTsl BHIIIONHEHBI € IIOMOLIBIO porpamMmMHoro obecnedenns: MathCad

Amnanu3s rpaduxoB ¢pynkuuit (7.3.5) — (7.3.8) npuBOAUT K BBIBOAY, YTO CTAOMIIBHOE 3JIEKTPOH-
HOE «HEHUTPHUHO» — 3TO TOpouaanbHas aedopmainus cyokowma (T.€. 6HewHel CTOPOHBI 2°-Aji-16-

BAKYyMHOW MPOTSHKEHHOCTH, CMOTpUTE maba. 6.2.1), KOTopasi NepeMelaeTcsi ¢ MOCTOSIHHON CKOpo-
CThIO V. B HAIPaBJIECHUU OCH Z.

Ha puc. 7.3.4 npuBeneHsl pa3iuyHble MOMBITKH MIPOUIUTIOCTPUPOBATH UCKAXKEHUSI CYOKOHTA B
OKPECTHOCTH MECTA HaX0KJICHUsI IEHTPa CTaOUIBHOTO 3JIEKTPOHHOIO «HEUTPHUHOY.
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e

e

I/‘ o il o \\

Puc. 7.3.4. [TONbITKH MPOUILTIOCTPHPOBATH UCKAKEHHS GHEulHeli CTOPOHBI 2°- 4.1 .. 16-BAKYYMHOI POTSKEHHOCTH
B OKPECTHOCTH MECTa HaXOXECHUS [IEHTPa CTaOMIBHOTO MIEKTPOHHOTO «HEUTPUHO»

Ananmuz metpuk (7.2.7) — (7.2.8) u otHOcuTenbHbIX yamuHeHui (7.3.5) — (7.3.8) mokasbiBaer,
uto 1pu a, = 0 (B 4yacTHOM ciydae npu V, = 0) Bce MCKPHBIIEHUS 6HeuiHeli CTOPOHBI 2°-Aq1..16-
BaKyyMHOW MPOTSHKEHHOCTH CIVIQXKUBAKOTCS U AJIEKTPOHHOE «HEUTPUHO» ucye3aeT. To ecTh 3IeK-
TPOHHOE «HEUTPUHO» HE MOXKET CYIIECTBOBATh 0€3 MOCTYNATENbHOTO JIBUKEHUSI C HEKOTOPOIl CKOPO-
CTBIO V.

Metpuxku (7.2.7) — (7.2.8), onpenensroniue METPUKO-TUHAMUYECKUE CBONCTBA 3JIEKTPOHHOTO
CHEUTPUHO» OCTAIOTCA HEM3MEHHBIMH JIO TE€X TOP, MMOKa MapaMeTp UIMNTUIHOCTH . (7.2.10) ocra-

€TCs IIOCTOSAHHBIM

Z

= const .

e en

[TapameTp a. MOXKET OCTaBaThCs MOCTOSIHHBIM B TPEX CIydasix:

1) V. ur., HEN3MECHHBI,
2) V. yMmeHbIIaeTcs, IPU 3TOM 7o, MPONOPLUOHATBHO YBEIMYUBACTCS, TaK YTO a, = const ;
3) V. yBenu4mBaeTcs, IpH ITOM Fe, IPONOPLUUOHAILHO YMEHbBIIAETCS, TaK UTO @, = COnSt .

Bo BTOpOM ciyuae, ecnu V. ymeHbIIaeTcs 10 HYIS, TO ¥, YBEITUYUBAETCS 10 OECKOHEUHOCTH.
DTO MOX0KE HAa TOPOUIATIBHBIC ABIMOBHIE KOJIbIIa B BO3yXE, KOTOPHIE 10 MEpe yIaleHUs OT MEeCTa HX

BO3HUKHOBEHHS MIOCTETICHHO 3aMEISIOTCS M PACIIUPSIOTCS 10 TIOJIHOTO pacTBopenus (puc. 7.3.5).
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Puc. 7.3.5. JIpiMOBBIE TOPOUIAIEHO-BUHTOBBIE KOJIbIIA 110 MEPE YAAJIECHHUS OT MECTa
MX BO3HUKHOBEHHS ITOCTEIICHHO 3aMeIsaroTes U pacuupsitores (https://www.slrlounge.com)

B Tperbem ciydae, eciu 7, YMEHBIIAETCS 10 HYJIs, TO V. yBeIU4MBaeTCs 10 OECKOHEYHOCTH.

HeiictBurensHo, u3 Beipaxkenuit (7.2.8) — (7.2.9) u (7.3.5) — (7.3.8) cnenyer, 4To HET HUKAKUX POp-

MaJIbHBIX OIPAHUYEHUM JUIsI CKOPOCTH MEPEMEIICHUs CTAOMIIBHOTO 3JIEKTPOHHOTO «HEUTPUHO» V.

[TockonbKy HyJ€BblE KOMIIOHEHTHI METPUUECKUX TEH30POB U3 MeTpHK (7.2.7) u (7.2.8) paBHBI

(-a) _
2o =1, gy =0,
-b) _ (b _
g(()O _15 gOl _0)
HUMeeM OTHOIIIEHUA
(-a)
(a) __8o1 (~a) _
gr - (_a) N g@ -
&oo
(-b)
-b 8 (-b) _
g,(, ) =% =03 g@
8oo

(-a) _

(-a) _ (-a) _
gn =0, g5 =0,

(-b) _ (-b) _
245 =0, 803 =0,
(—a) (—a)
_So2 =0 a)__8o3
a0 8 TT (o
&oo 8oo
(-b) (-b)
__8n -0 b _ 8o
(=b) ? 0 b
00 8oo

=0,

=0

(7.3.9)

(7.3.10)
(7.3.11)
(7.3.12)

U, CJI€I0BATENbHO, Y JAHHOIO JIOKAIIBHOTO BaKyyMHOTO 00pa30BaHuUsl OTCYTCTBYIOT KakHe-1100 YCKO-

pEHHbIE JJaMUHAPHBIE U TYpOYyJIEHTHbIE BHYTPU-BAaKyyMHbIE T€UEHUS (TOKH):
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a) Ay a (_a
B(();a) = 4 S ag(ﬂ - agé ) = 05 E(—a) = _7/ ahl —gOO ) = 03
2clg| \ 90 ¢ . or*
(~a) (GO —a) Oln (=a)
B((,ga) _IVEw og, _ 98, =0, (7.3.14) E(;a) =—7¢ =0, (7.3.13)
2cy/lg] \ o0 or 00
—a —a —a l -a)
"o Lo 00 )
HI
VH
(~b) = - »
ECD — _ Ol gy, —0 B — /4 g(()ob) Gg; ! _ ogy " —0
or or * ’ " 2e\flg L 90 e ’
Oln,/ g (-b) )
ES” =—7¢ =0, (7.3.15) B = INEw |08, " %8, =0, (7.3.16)
00 2c |g| op or
Oln,/gl? a - -
Eﬁ;b) = _76—*00 =0. BH — 4 g(()o : Ggé ? _ 8g£ ? ~0
4 ? ol Lo a0

[ToaToMy B paMkax AJICUTHBI Yy 3J€KTPOHHOTO «HeTpuHo» (7.2.7) — (7.2.9) oTCYTCTBYIOT Ka-
KHe-JIN00 WHEPTHBIE CBOWCTBA. J[pyruMu cioBamu, MbI MIPUXOJUM K HEOOXOJAMMOCTH PAaCCMOTPEHHS
TUIOTE3bI O TOM, YTO CTaOMIIbHBIE 3JIEKTPOHHBIE «HEUTPUHOY (TOpOUAaIbHbIE BaKyyMHbIE "Tpu3paku”
win "anTombl"), OnUChIBaéMble COBOKYITHOCTbIO MeTpuK (7.2.7) — (7.2.9), He oOnanatoT unepuueil, u
[I03TOMY OHHU MOTYT IE€PEMEIAThCA B «BaKyyMe» CO CKOPOCTHIO BO MHOTO Pa3 IPEBBIIIAIOIIEH CKO-
pocTthk cBeta (V; >> ¢).

Ecnu MBI HaygnMcs TeHEpUPOBATh M IETEKTHPOBATH TOJOOHBIE CBEPXCBETOBBIC OE3BIHEPIIMOH-
HBIC CTa0MIIbHBIC BaKyyMHBIE 00pa30BaHMsI, TO MOTYT OBITh ITOCTABIICHBI 33/Ia4M 110 OPTaHU3AINH Y3-
KOHAIPABJICHHBIX KaHAJIOB CBS3H, CO CKOPOCTHIO IMEpENavyd JaHHBIX 3HAYUTEIHHO IPEBBIIIAOIINX

CKOpPOCTH CBCTa.

7.4 BO3MOKHOCTH I'eHepPaliH YJIEKTPOHHBIX KHEHTPUHO»

[Tpenmonoxum, 9T0 HA MYTH SApa «IIEKTPOHA», JBIKYIIETOCS CO CKOPOCTBHIO V. BHEIIHSS
000J109Ka KOTOPOTO OTHUCHIBAETCSI COBOKYMHOCTHIO MeTpHK (7.1.1) — (7.1.2), BO3HHMKIO TBEpJO€ IMpe-
nsarcTBue (puc. 7.4.1).

JloIyCTHM, 9TO B pe3yJbTaTe CTOJKHOBEHUS Spa C JAaHHBIM INPETSITCTBUEM, OHO PE3KO OCTa-

HaBJIMBAETCSl M BOCCTAHABIIMBAET UCXOAHYIO cPepruecKyro GopMy U TOJIe BEKTOpa axb-cyOKonmubiii
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nanpsoxennocti E,” (puc. 7.4.1). TIpi 5TOM TOPOHIaIbHO-BUHTOBOE IBIDKCHHE BHEIIHEH 000I0UYKHA
JBIOKYLIETOCS «3JIEKTPOHA» M3-3a MHEPLUU CPBIBAETCS C €r0 OCTAHOBMBILIETOCS sJ]pa, U MPOJ0IDKAET
NBUKEHHE B BUJE TOPOUAAILHO-BUHTOBOTO BUXPS B TOM K€ HAIIPaBJICHUU U C TOU e HadyaIbHOU CKO-

pocteio V; (puc. 7.4.1).

| F : 4

/ Voo N/ BHCWIHAS
[sapo V oBonoyxa

Puc. 7.4.1. JIBIKyIIUACS «3JEKTPOH», CTOJKHYBIIUCH C TBEPABIM MPEMATCTBUEM, pa3/IeiseTcs Ha
TIOKOSIIIIUNCS «3JIEKTPOH» U TOPOUIATLHO-BUHTOBOW BUXPb, MIPOJOHKAIONINNA JBUKEHUE CO CKOPOCThIO V = V.
JlaHHBI BUXOpH B paMKaxX AJICUTHBI U SBJIIETCS HAYaJIbHBIM COCTOSHUEM 3JIEKTPOHHOT'O «HEUTPUHO»

Crnenyet 0kuJ1aTh, YTO TOPOUJAIBHO-BUHTOBOI BUXPb, COPBABLIMIICS C A]Ipa OCTaHOBUBLIETO-
Csl «DJIEKTPOHA», U €CTh HAYAJIbHOE COCTOSIHUE JIEKTPOHHOIO «HEUTPUHO». MeTpHUKO-InHAMUYEcKas
MOJIEJIb TAKOTO «HEHUTPHUHO» MOKET ObITh noiydyeHa u3 merpuk (7.1.1) u (7.1.2) nyrem npupaBHHUBa-

(=)

b
HUS HYJIEBBIX KOMIIOHEHT METPUYECKOTO TEH30pa g,,"" U géo ) enmmne:

(o) _ -b) _
8o =L 00 =L

T. K. Y TOPOHJIATBHO-BUHTOBOTO BUXPsI, U3-3a TIOTEPH SJIpa, JOJDKHBI OTCYTCTBOBATh YCKOPCHHBIC JIa-
MHHAPHBIE TEUCHNUs, OLUCHIBACMBIE aXb-cyGronmHuoii HanpsokerHoctbio B, (6.11.5) ¢ coBOKymHO-
cteto komnoneHT (7.1.5) u (7.1.7) — (7.1.9).

[Ipu BeImonHeHuu ycnosuii (7.4.4), uz metpuk (7.1.1) — (7.1.2) mosydum CIeayrONIyr0 COBO-

KYITHOCTb METPHUK:
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HayanbHoe coCcTOsIHME JIEKTPOHHOI'0 «HEHTPHHO»
B untepBaie [~10 " cm, ~10"® eM] ¢ curnatypoit (+ — —-)

2 2 2
_ r“+a; cos 0
ds" " =ctdtt ———<———dr’ —(r2 +a’ cos’ 9)d92 -
r'+a —rr,
., — a-cyokont; (7.4.1)
r.ra;sin" @ | ., ) 2r ra .

en e en e

—————[sin” Odp” +——%———sin" 0 do cdt.

—| P +a +
r~+a; cos 6 r~+a; cos 0

2 2 2
_ r“+a cos 0
dsl( D2 = g —#a’r2 —(r2 + aj cos’ 9)d92 -
r +ae +I’I/'en

— b-cyokontr  (7.4.2)

2 .2
) , rra’sin“0 )., ) 2r ra . 9
—|r+a, ——"—5———|sin" 0do" + —4—=—sin" 0 do cdt.
r~+a; cos 0 r“+a; cos 0

Il eabT HAYATBLHOIO COCTOSTHHSA JIEKTPOHHOI'0 «HeﬁTpHHo»
B uHTepBaie [0, o]

(r* +a’ cos’ Q)dr’

dsy = cdr r*+r*+a’cos’ 0 —(r* +a; cos’ 0)do” — (rz +a; )Sinz 0de®, (74.3)
V

rjae a, =r, — (7.4.4)
2c

— HapaMeTrp 3JUIMITUYHOCTH TOPOUIATbHO-BUHTOBOIO BHXpSl, JIBHXKYILIErocs €O CKOpPOCThio V, (B
HaIPaBJIEHUHU OCH Z), C HAYAJIbHBIM PaJLyCOM TOPIOBHUHBI Fep = 6.

To ecth y BakyyMHOTO 00Opa3oBaHus, onrckiBaecMoro metpukamu (7.4.1) u (7.4.2) Bce koMIio-
HEHTBI BEKTOPOB a-CYOKOHMHOU HATIPSKEHHOCTU E, " u b-cybxonmHot HaNPSKEHHOCTU E, " paBHBI
Hynto {cmotpure (7.2.1) u (7.2.2)}. Ilpu 3T0M, Kak nokaszato B §§ 6.9 — 6.10, umeem:

- KOMIIOHCHTBI BCKTOpa Typ6y.]'[eHTHOl"O YCKOPCHUA a-cy6KOHma B Ha4YaJIbHOM COCTOSHHH IBMHIKC-

HUS 2JIEKTPOHHOTO «HEUTPUHOY

(—a)p : 2 2 .2
40D (_ v(“”“’B(“”) _ v ?r, a, sin H(ae cos 0 —r )
I 00 )~ ) ) 2 W2 o ) ) 2 >
r-+a;cos"0) \r"+a,cos"0—r,r
(-a)p 2, 2
alo = (v(-awB;r_a)) __ v ""2cr,a, cos@(r +a, _”en”)

5 1/2 i
(r +a’ cos’ 0) (r2 +a’cos’ 6 — renr)

(7.4.5)

(=a)r : 2 2 2
2 = (v(—a)rB(();a) —VG(_a)B((W_a) ): v cr,a, sm 9(616 cos O0—r )

Bo 2, 222 2 2 2
(r +ae) (r +a;cos"O—r,r

(—a)0 2 2
% 2cr, a, cos@(r +a, — renr)

2 2 1/2( 2 2 2 )2’
(r +a60) r*+a;cos” @—r,r
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- KOMIIOHEHTBI BEKTOpa TYpOYJIEHTHOTO YCKOPEHHS b-cyOKoHma B HAYAIBHOM COCTOSIHUU JIBIKCHUS

ANEKTPOHHOTO «HEHTPHUHO

(=b)p
(-b) _ b p(=b) | _ V. ocr,a
ay? = (V"B =~

: 2 2 2
sm@(ae cos @ —r )
2 9

1/2
(r2 +a’ cos’ 9) (r2 +a’ cos’ 0 + r6r)

viP2crr, a, cos@(r2 +al + renr)

(-b) _( (-b)p (—b))__
agy =\v""B, " )= 2 2 2 A \W2( 2 2 2 2 2
(r +a, cos 9) (r +a; cos 9+renr)

(7.4.6)

(~b) . 2 2 2

2t = (v(*”)” BC@ _,000) B(—b))_ v er,a, sin 9(‘% cos” 0 —r )

By 00 or )T 1/2 2
(r2 +a’ cos’ 9) (r2 +a’cos’ 0+ renr)

v 2¢rr, a, cos@(r2 +al+ r6r)

1/2 2 "
(r2 +a’ cos’ 9) (r2 +a’ cos’ O+ renr)

Bmecrte komnonents! (7.4.5) u (7.4.6) onuchIBalOT Ha4ajabHOE COCTOSIHUE a*b-cyOKOHMHO20

TOPOHIATILHO-BUHTOBOTO BUXps (puc. 7.4.2 a).

a) 0) c)

Puc. 7.4.2. mutoctpanuusi TUHAMHUKHA U3MEHEHUSI aXb-cyOKoHmH020 TOPOUIATEHO-BUHTOBOT'O BUXPS,
KOTOpBII B paMKax AJICHTHBI Ha3bIBA€TCSI DJIEKTPOHHBIM «HEHTPUHO

OueBunno, uto MeTpuku (7.4.1) u (7.4.2) He ABIAIOTCSA PELICHUSMH BAaKyyMHOI'O YpaBHEHMUS
OiiHmTeiiHa (2.1.6) (B 4eM MOXHO YOEIUThCS, MOJICTAaBUB KOMIIOHEHTbl METPUYECKOIO TEH30pa U3
3TUX METPUK B JaHHOE YpaBHEHHE). ITO 03HauaeT, yTo MeTpuku (7.4.1) u (7.4.2) He MOTYT ONKCHIBATDH
cTaOuiIbHOE BaKyyMHOE 00pa3oBaHue, T.K. JAMUHAPHbIE YCKOPEHUS BHYTPU-BaKyyMHBIX CJIO€B OTCYT-

CTBYIOT, [I0ATOMY HE IPOUCXOUT IOJIHAsE KOMIIEHCAIIUsI BHYTPU-BaKYyMHBIX JIe(hopMariuii.
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EcTecTBeHHO NpeANnoaokKuTh, YTO HECTAOMIIBHBIN aXb-CyOKOHTHBIA TOPOUIAIbHO-BUHTOBOM
BUXpb, onuckiBaeMblii MeTpukamu (7.4.1) — (7.4.2) (puc. 7.4.2 a), no Mmepe IBUKEHUS B HAIPaBJICHUU
OCH Z BOJIIOITMOHUPYET B CTA0MILHOE BaKyyMHOE OOpa3oBaHHe, OMUChIBaeMoe mMeTpukamu (7.2.7) —
(7.2.8).

Opourorus MeTpuk (7.4.2) — (7.4.4) B metpuxku (7.2.7) — (7.2.8) Bo3MOkKHA TOJBKO 3a CYET IIO-
CTETNIEHHOI'0 YMEHBIIEHUS PaJinyca TOPJIOBUHBI TOPOUAATIBHO-BUHTOBOTO BUXPS Fep 10 HYIIA (Fep — 0).

[Ipu ymeHbIIEHHH paguyca FOPJIOBUHBI TOPOUJAIBHO-BUHTOBOIO BUXPS 7., MAPAMETP AILIUII-
TUYHOCTH d, = Fen V> /(2€) MOXKET OCTaBaThCS MOCTOSIHHBIM TOJIBKO B TOM CJIydae, KOTa €ro CKOpOCTh
NBUKEHUS V; yBETUUMBAETCS IPOTIOPLIMOHAIBHO YMEHBILIECHUIO ey

B aTom ciydae yBenuueHUE CKOPOCTH JABMXKEHUSI «HEUTPUHO» V. MOKHO OOBSICHUTH HEPEX0-
JIOM BpaIllaTeJIbHOIO JIBKEHUS TOPOMUAAIbHO-BUHTOBOTO BUXPS B YCKOPEHHUE €ro IMOCTYNAaTeIbHOIO
JBYKEHUSI, IPU cOOI0IeHnn Oaanca o0IIero KoJnu4ecTBa ABUKCHUSI.

B 10 xe Bpems 1menbT HAaYaIbHOTO COCTOSIHUS SJIEKTPOHHOTO «HEUTpUHOY (7.4.3), 9BOTIOLHO-
HUpPYET B LIEJIbT €r0 KOHEYHOT0 CTA0MIIBHOTO CcOCTOSHUA (7.2.9) myTeM NOCTENEHHOTO YBEIUYEHUS
Fen 1O OECKOHEYHOCTH (T. €. BbIpaBHUBAHUS) U MPONOPLHUOHAIBHOIO €My YMEHbILIeHUs V. 10 Hyis,
[P 3TOM MapaMeTp AUTUNTUYHOCTH @ 110 IPEKHEMY OCTAETCS KOHCTAHTOM.

Ha Gouib1ioM paccTOsIHUM OT TOPJIOBUHBI (T.€. IPU 7 >> F,,) KOMIIOHEHTHI BEKTOpa TypOyJIEHT-

HOTO yCKOpeHus a-cyokonTta (7.4.5) u b-cyOkonta (7.4.6) ynpoiarTcs

(—a)p : (-a)p .2 : (=b)p : (=b)gp_.2 :
oy vV Yer,a, sm@ v r V. sin@ 4D = vi©7%r,a, sinf vV, sin0
ap. = 3 - 3 s Br 3 - 3 s
r 2r r 2r
(—a)p (—a)p_.2 (=b)p (=b)p .2
g0 __Y 2c¢r,a,c080 v 1,V cosf “»_ v P2cr,a, cosf v cosf
BO 2 - 2 ’ Apg = 2 - 2 >
r r r r
(-a)0 (~a)p,.2 —b)8 —b)9_2
g0 Y 2cr,, a,c080 _v'r, V. cos6 w V" 2cr, a,cos0 vrV. coso
Bo 2 2 : an; - 2 - 2 .
r r r r
(7.4.7) (7.4.8)

[Ipu 3TOM KOMIIOHEHTHI BEKTOPA YCKOPEHUSI CYOKOHTa, COriacHo (J.7.2), paBHbI

(RN G IR G
ay,’ =a,"’ +iag’,

a) = aS +ial, (7.4.9)
() _ ) 4 (b
ag, =dag, +idg,".
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[Toacrapinsis komnoHeHTsl (7.4.7) u (7.4.8) B Beipaxkenus (7.4.9) nomydum

12 \/Ev(’”)‘”rein sin@

(=a) _|(,(-a)2 (=b)2
aBr - (aBr + aBr ) 2]/_2

2

“) ( (-a2 +a(—b>2)”2 __ ‘/Ev(fm”;Vz cosf (7.4.10)

Ao B6 = 2 ’

Ay =
p

(,m)l/z _ \/Ev(’”)‘”r;VZ cos6

Bo 2

al) =( Ca2 1 g
-

[ aB¢

OTKyna BUJHO, YTO YCKOPEHHOE (BpalllaTeiabHOE) IBUKEHUE CYOKOHTa Ha OOJIBIIOM paccTos-
HUU OT TOPJIOBUHBI TOPOUIATHHO-BHHTOBOTO BUXPSI MOYKET YBEITMUUBATHCS MTPH YBEITHMUECHUH CKOPOCTH
MOCTYIATEILHOTO IBMYKCHUS BUXPS B LIEJIOM V., WIIH TIPH YBEITHUEHUH PAIAYCa €T0 TOPIOBUHEI 7.

B pamkax AJicurHel paccMaTpuBaeMblil aXb-CyOKOHTHBIA TOPOUAaIbHO-BUHTOBOW BUXPb, OIHU-
CHIBA€MBIN KOMIIOHEHTAMH BEKTOPOB TYypOYyJIEHTHOTO YCKOpeHus a-cyoxouma (7.4.5) m b-cyOxoHTa
(7.4.6) — 5TO 3aMKHyTHIE YCKOPEHHBIE TEUEHHs PAa3JIMYHBIX CJIOEB BHEIIHEH CTOPOHBI 2*-A.ii..16-
BaKyyMHOU TpOTsDKeHHOCTH. C TOYKH 3pEHHs KIACCHYECKOH 3JIEKTPOJUHAMHUKH JaHHOE HadaIbHOE
COCTOSIHHE JJIEKTPOHHOTO «HEHTPHUHO» — 3TO MArHUTHBI MOHOTIOJb, CHJIOBBIC JIMHUM KOTOPOTO 3a-

MKHYTBI CaMU Ha ce0sl.

7.5 Bo3MOKHOCTH I'eHepallii BOASIHbIX «HeHTPHUHO». DpPekT oTnauu BoskoBa

AJcUrHa JIOITyCKaeT CyIIECTBOBAHNE HE TOJIBKO 3JIEKTPOHHOIO M MO3UTPOHHOTO «HEUTPHUHOY.
Bo3MoxHO cyliecTBOBaHUE «HEUTPHUHOY 3HAYUTENIBHO OO0JIbIIEro Maciitada.

Cotpyanuxk MI'Y um. M.B. Jlomonocosa }0.B. BonkoB nomemian ammnyinsl ¢ OUIUCTHILIUPO-
BAHHOM BOJOW (OMIUCTHIIATOM) Ha JIBE HEAEIU B MOIIHOE MAarHUTHOE MOJi€ ¢ MHAYKUUEH mopsjaka
~ 0,5 Tn. Janee 1O. B. BonkoB nHabmogan psn cneayronux 3QpGeKToB ¢ OMarHUYCHHBIM OUTUCTUILIS-
TOM:

- BEC aMITyJl C OMarHMYEHHBIM OUIUCTHIUIATOM yBEIIMUMBAJICA HA ~ 2,2° 10 T;

- KOI'/Ia Ha aMITyJibl ¢ OMarHUM4€HHbIM OUAMCTUIUIATOM HAIPaBIISUICA JIyd KPacHOIO cBeTa (T.e.
Jyd OOBIYHOM JTa3€pHOM YKa3KH), TO OMAarHWYEHHBIN OMJIUCTHILIAT TEPsI 100aBIECHHBIN BEC B TCUCHHE
1,5 — 2,5 MuHyrT;

- ammy/ia ¢ OMarHM4eHHbIM OMAMCTUIISTOM, MOMEIEHHAs! Ha MEHOIUIACTOBBIN IUIOTUK Ha IO-

BEPXHOCTH BO/JIbI, IBUTAJIACh B HAMPABICHUH UCTOYHHMKA KPACHOTO JIy4a cBeTa (puc. 7.5.1);
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Puc. 7.5.1. DddexT ornaun BomkoBa 3aKirouaeTcs B ABHKCHUU aMITyJIbl C OMarHHUCHHOMN
BOJIOH B HAIPaBJICHUU UCTOYHUKA KPACHOTO CBeTa (T.C. JIa3epPHOM YKa3KH):
1 — ammyia ¢ OMarHU4YEeHHON OUAMCTHIIMPOBAHHON BOJOM;
2 — MEHOIUTACTOBBIN TUTOTHK HA MMOBEPXHOCTH BOJIBI;
3 — na3zepHas yka3ka, OCBeUIaroIias THO aMITyJibl;
4 —Ta3 ¢ BOJOM.

- TIpU pa3MarHUYMBaHUU OUJUCTHIUISATA IMOCPEICTBOM KpPAaCHOTO Jiyya CBETa BO3ZHUKAJO U3IY-
YyeHue (He SICHOM MpHUpOJbI) B TOM K€ HaIpaBJIEHWH, KyJda ObUI HalpaBlIeH Jyd JIa3epHOM YKa3Ku.
JlaHHO€ cTpaHHOE M3JIydeHHe 00J1a7ano BhICOKOM mpoHuKaromei cnocoOHocThio. FO.B. BonkoB cra-
BUJI Ha IYTH PACIPOCTPAHEHUS Jy4a KPacHOIO Jiazepa, IPOLIeIUIEro Yepe3 aMiyiny ¢ OMarHH4eHHbIM
JUCTUIUISITOM, pa3jinyuHble TBep/ble npeaMeThl. [lperpaasl He npomyckanu Jiyd jazepa. Tem He MeHee,
CIEKTPOMETP, YCTAHOBJIEHHBIN 3a nperpagaMu, GUKCUPOBAJ NOTOK CTPAHHOIO U3ITY4YE€HHUS, HACTOJIBKO
MHTEHCUBHOTO, YTO BBIILIET U3 CTPOSI YyBCTBUTEIbHBIN 3IEMEHT JAHHOTO Ipudopa.

[Togo6HOTO posIa SKCIEPUMEHTHI MPOBOIMINCH U 110 pykoBoAcTBOM A.B. bo6poBa B Opiios-
CKOM TOCYyJIJapCTBEHHOM TE€XHMUYeCKOM yHuBepcuteTe [14]. B aTux skcnepuMeHTax Ha MyTH pacIpo-
CTpaHEHus Jiyya Jia3epa yCTaHaBJIMBAJIMCh HENPOHMIIAEMbIE Ui CBETa Mperpajsl. TeM He MeHee, 3a
nperpaaoi (pUKCUpOBAINUCh pa3IMUYHbIE IPOSBIECHUS HEKOETro n3ny4yeHus, kotopoe A.B. bobpos u ero
COTPYJIHHKH CBS3BIBAIIU C CYLLIECTBOBAHUEM HAMpPaBICHHOIO BO3JIEHCTBUS TOPCUOHHOTO TOJISL.

st o6bscaenus sxkcriepumenToB FO.B. Bonkosa n A.B. boOpoBa ¢ omarau4eHHo Bogon AJ-
CUTHA BBIJIBUHYJIA CJIEAYIONTyI0 TunoTesy [11].

MHorue 3KCIepuMEHTbI, MPOBOJUMbBIE PA3IMYHBIMU TPYNIaMH HCCIeI0oBaTeNel, TOBOPAT O
KJIaCTEpHOM CTPYKType BOJbI (CM., Harpumep, [26]). Ilog BoAsiHBIMU KiIacTepaMHu B OCHOBHOM IOJpa-
3yMEBAETCS CBA3aHHOE COCTOSIHME OKOJIO IBYX MUJUIMAP/IOB MOJIEKYJT BOJIBI.

BonsHble kinacTepsl MPOSIBISIIOTCS, HApUMEp, NPU 30HIAMPOBAHUU BOJbI KOT€PEHTHBIMH HC-
ToyHUKaMM cBeta. Ha puc. 7.5.2 npuBeneHsl pe3ysbTaThl TAKMX 3KCIEPUMEHTOB. Pa3mepsl BOJSHBIX

KJIACTEPOB OIIEHUBAIOTCS MOPSIKA ~ 5- 10 cm.
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a)mpu t=4°C 0) npu =20 °C B) pu ¢ =75 °C

Puc. 7.5.2 KiacrepHast CTpyKTypa BOZbl. XapaKTepHEIH pasMep BOISHOro Kiactepa ~ 5-107% cm.
®ororpaduu npencrasun A.H. CMupHOB

AJICUTHA TIOJIAraeT, YTo MpHU JUIMTEIBHOM HAXOKICHUHU JTUCTHILUIMPOBAHHOM BOJIBI MOJT BO3/IEH-
CTBUEM MOITHOTO MarHUTHOTO TOJIS €€ KJacTephl 1eOPMUPYIOTCS, a BOKPYT HUX BO3HHKAET Bpalle-

HUE BHYTPU-BaKyyMHBIX CJIO€B, T. €. HABOJUTCS MarHuTHoe mnoJie (puc. 7.5.3).

JIBOIHOH TopoWJanbHO - BHWH-

BonsiHol KIacTep ¢ XapaKrep- TOROil BHXOph BAKYYMd, HABO-

‘ . ~5-10-6¢ i
HBIM pazMepoM ~3-107°cm JGIMACA  BOKPYT  1ehopMHpo-

BAHHOI'0O BOJSAHOTO KJIacTepa

Puc. 7.5.3. BpamarensHoe IBWXEHUE BaKyyMa BOKPYT
JehOpMHUPOBAHHOTO KJIaCTePa BOIBI

JliMHA BOJHBI KPacHoOro ceera A ~ 6,5-107° cM comsMepnma ¢ pasMepaMi OMAarHHYeHHBIX BO-
ISTHBIX KiactepoB. [lodToMy Jiyd ma3epHOM YKa3KM MOXKET CTHMYJIHUPOBATh CpPBIBAHWE BHYTPH-
BAaKyYMHOTO JIBOWHOTO TOPOUIATbHO-BUHTOBOTO BUXPS C BOJISIHBIX KJ1acTepoB (puc.7.5.4).

[Tpu 5TOM copBaBIIKECS BUXPHU, OTTAIKUBAIOT BOJISTHBIC KJIACTEPHI B IIPOTUBOTIOKAPHOM HAIPaBJICHUH,

YTO MO3BOJISIET 00BIICHUTH ekt otnaun Bonkosa (puc. 7.5.1).
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JIyd KpacHOTO cBeTa

JIyu KpacHOro crera \/\

Puc. 7.5.4. BaxyyMmHBIif TOpOUIaIbHO-BUHTOBOM BUXPh CPHIBAETCS C BOISHOIO KIacTepa
C XapaKTePHBIM pazMepoM ~ 5-107° cm

BonsHbie kiacTepbl 3J€KTPUUECKH HEHTPaIbHBL, T.K. BHYTPU JAHHOIO KJIACTEpa HAXOATCS Kak
MOJIOKUTENIFHO TaK M OTPULIATENbHO 3apsbKeHHbIE YacTulibl. [1oaTOMy B paMkax AJICUTHBI yCpEAHEH-
Hasi METPUKO-AMHAMUYECKasi MOJIEIb HAaYaJIbHOTO COCTOSIHUS (T.€. TOJIBKO YTO COPBABILErocs ¢ BOJS-
HOTO KJIacTepa) BOASIHOIO «HEUTPUHO» OMHCHIBAETCS 4EeThbIpbMs MeTpukamu Buaa (7.4.1) — (7.4.2) c
MOIIAPHO B3aUMHO-IIPOTUBOIIOJIOKHBIMHU CUTHATYPAMHU:

HauaabHoe cocToOsIHHE BOASAAHOI'O «HeﬁTpHHo»
B naTepBane [~10 °cM, ~10" eM] ¢ curnatypoit 2(+———) + 2(—+ + +)

2, 2 2
—a)2 2,0 I +a,cos” 0, 2 2 2 2
dsl( D2 = 2t ———5——dr’ —\r" +a, cos”" 0)d0" -
r'+a, —rr,

—a-cyokont;  (7.5.1)

2 2
rra.sin“60 | . 2r ra .
—| P +al + - |sin’ 0dp’ + —=L——sin’ 6 do cdt.
r*+a; cos 0 r° +a, cos” 0

2 2 2
r“+a,cos 0
T2

ds$ "% = c2dr? .
ro+ a, + rr,,

dr’ - (r2 +a’ cos’ 9)d92 —
— b-cyOkonT;  (7.5.2)

2 .2
r,ra,sin” 0 | . 2r, ra :
—| P +al —————Isin’ 0dp’ + 5—=—"——sin’ 0 do cdt.
r“+a,cos 0 r“+a, cos 0
2 2 2
r“+a,cos 6
ds{' " = —c*dt* + ——2——dr’ + (r2 +a. cos’ 0)d02 +
rta,—rr
v — a-antucyokont; (7.5.3)
2 2
rra,sin” 6 | . 2r, ra .
+ 7 +al + = Isin® Odp’ ———<———sin’ 0 do cdt.
r“+a,cos 0 r°+a,cos 0
2 2
r~+a,cos 0
dsy"? =-tdt* ———= dr’ + (r2 +a’ cos’ 9)d92 +
ri+a,+rr,
. — b-antucyokont (7.5.4)
r ra,sin“ 0 | . 2r, ra :
+ P +al - |sin’ Odp’ - ——=—"——sin’ 0 do cdt.
r“+a,cos 0 r“+a,cos 0
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IleabT HAYAJIBHOIO0 COCTOSTHUS BOJASITHOT'O ((HeﬁTpI/IHO))
B uHTepBae [0, ] ¢ curHatypoit (+ ———) + (—+++)

ds? = ds' O + s (7.5.5)

(r* +a’ cos’ 0)dr’

2 2 2 2
r-+r-+a,cos 0

ds? = c2dr —(r* +a’ cos’0)dO* — (r2 + afv)sin2 Odo®.

(r* +a’ cos’ 0)dr’

2 2 2 2
r-+r-+a,cos 0

ds;+)2 N + (r2 + a‘i cos’ 9)d92 + (7'2 + afv)sinz 0 d(Dz.

V
racea, =r, 22 — HapaMeTp IBJUIMITUIHOCTH ABOUHOI'O0 TOPOUAAIBHO-BHUHTOBOTO BHXPA (BOH?IHOI‘O
C

n

«HEUTPHUHO), IBUKYIIETOCS CO CKOPOCTbIO V, (B HANpPaBICHUH OCH z), C HAYaJIbHBIM
-6
paguycoM rOPJIOBUHBI 7y, ~ 5107 cm.
['opnoBuHA BOJISHOTO «HEHUTPHUHO» IMPUMEPHO HA CEMb MOPSAKOB OOJIbIIE FOPIOBHUHBI JJIEK-

TPOHHOTO «HEUTPUHO», TAK KAK Ty / Fen = 107103~ 10’ (puc. 7.5.5).

Puc. 7.5.5. Nnmroctpaiiys cpaBHUTEIBHBIX Pa3MEPOB BOJSHOTO «HEUTPUHOY» U DJIEKTPOHHOTO «HEUTPUHOM,
paanuychl TOPJIOBUH, KOTOPBIX OTIHYAIOTCS Ha 7 MOPSIIKOB

Ecnu paccmarpuBaemast 31ech TUIIOTE3a BEPHA, TO «KHEUTPUHOY» CIIOCOOHO B3aMMOJICHCTBOBATh
C IPYTUMU «4YaCTHI[AMH» B OCHOBHOM TOTJa, KOTJa SIAPA 3TUX «YACTHUID MONAJAI0T B TOPJIOBUHY TO-
pOUIaTIbHO-BUHTOBOTO BUXPS WM IBOMHOTO TOPOUJATBLHO-BUHTOBOTO BUXPS, T.K. UMEHHO B 3TOM Me€-
CT€ BHYTPHU-BaKyyMHBIE€ MIOTOKH HanboJiee CKOHIICHTPUPOBAHBI U MHTEHCUBHBI. [107TOMY BEpOsSTHOCTH
B3aUMOJICHCTBUS «HEUTPUHO» C APYrMMHM YacTUUAMH P, TpONOpUHOHAIIbHA IUIOLIAJAN CEYEHHUS €ro
TOPJIOBUHBI S,,.

Hanpumep, BEpOSITHOCTh B3aUMOJICUCTBUS JJIEKTPOHHOTO «HEUTPUHO» C SIAPAMU JPYTUX dJie-
MEHTAPHBIX YACTHUI] MOXKET ObITh OLICHEHA BBIPAKECHUEM

Pep ~Sen = Ae nrenza (756)
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rae A. — xKo3ppuireHt 3pPeKTUBHOCTH B3aUMOAEUCTBUS 3JIEKTPOHHOTO «HEUTPUHO» C SJIpamMu ApY-
TUX «HaCTHID.

AHAJIOrMYHO BEPOSTHOCTh B3aUMOJIEHCTBHS BOJITHOTO «HEHTPHUHOY OLIEHUBAETCS BHIPAKEHUEM

Pwn ~ Own = Awn-rwnz- (757)

rae A. — ko3(pduureHT 3pPEeKTUBHOCTH B3aUMOJECHCTBUS BOJSHOIO «HEUTPUHO» C SJIpaMH JIPYrUX
«4aCTHUI.

[Toatomy, nipu ycnouu 4,, = A, BOJIHOE «HEUTPUHO» MOXKET NMPUMEPHO Ha 14 mopsakos 6o-
Jiee 4acTO BCTYNAaTh BO B3aUMOJICHCTBUE C sIAPAMU JPYTUX «HAaCTHUI», YEM DJIEKTPOHHOE «HEHUTPUHOY,

T.K.

Sy /Sen = Fun/ren” = 1072/10720 ~ 10", (7.5.8)

Puc. 7.5.5a. ®pakranbpHas WUTIOCTPALUS CTOIKHOBEHUS sIpa 3JIEMEHTAPHOM «YacTHULBD» C TOPIOBUHON «HEHTPUHOY

Takum oOpa3zoM, BOASHBIE «HEUTPUHOY (€CITH MX CYIIECTBOBaHHUE OyI€T MOATBEPIKACHO) MOTYT
ObITh OoJsiee H3PPEKTUBHO HUCIIOJIB30BAHbI 711 PA3BUTHS HOBBIX (BO3MOKHO CBEPXCBETOBBIX) TEXHOJIO-
rui mepenayu naHHbX. OHAKO CIeNyeT YYUTHIBATh, YTO JABOMHBIC (CYOKOHT - aHTUCYOKOHTHBIE) TO-
pOUIaIbHO-BUHTOBBIE BUXPU MOTYT MHAU€ BJIMATH HA BEILECTBO, YeEM OJMHAPHBIE (CYyOKOHTHBIE MU
AHTHCYOKOHTHBIE) TOPOUAATIbHO-BUHTOBBIE BUXPHU.

Emie oiuH BO3MOXHBIN C110CO0 MOIY4YE€HUS MaKPOCKOIIUYECKOTO «HEUTPUHO» CBSI3aH C TOPOU-
JaJIbHOM KaTYIIKOW MHAYKTUBHOCTH (puc. 7.5.6). MarHuTHoe 1oJje TOpouaibHOW KaTylIIKU ¢ MOCTO-
STHHBIM TOKOM HaIlOMHHAeT TOPOUIaTbHO-BUHTOBON BUXPh. C TOUKH 3peHUs] AJICUTHBI 3TO U €CThb 3a-

MKHYTbIE€ BHYTPHU-BaKyYyMHbIEC TEUEHUSI.
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He uckitoueHo, 4to eciu Takyro KaTylIKy ¢ TOKOM 3acTa-
BUTbH MOCTYNATEJIbHO JIBUTaThCs, a 3aTEM PE3KO 3aTOPMO3UTH, TO
C TaKOM KAaTyIIKH MOYET COpPBAaThCA KaTYIICYHOE «HEUTPUHO»
(T.e. TOpOUIATbHO-BUHTOBOW BUXPb, COCTOSLIUM M3 3aMKHYTBIX
BHYTPHU-BAaKyyMHBIX TOKOB MaKpOCKOIIM4ecKoro macurada). [lpu
3TOM CJIe[lyeT 0’KMJaTh, YTO MEPBOHAYAIbHBIN PaguyCc rOpIOBH-
Hbl TaKOT0 KAaTYIIEYHOTO «HEUTPUHO» COU3MEPUM C PATUyCOM

TOPOHMAATBHOM KaTymkH (puc. 7.5.7).

Puc. 7.5.6. ToponnansHOE MarHUTHOE
T0JI€ TOPOUAANBHOM KaTyIIKH C IIOCTO-
SIHHBIM TOKOM

Puc. 7.5.7. nuttoctpanusi TOpOMIaIbHO-BUHTOBOTO BaKyyMHOT'O 00pa3oBaHus («HEHTPHUHO)
IUIAaHETAPHOT 0 WM IalaKTHYeCKOro MaciTada

Anrebpa curHatyp He Hak/IaJbIBaeT OrPAaHUYEHHMs] Ha pa3Mepbl TOPOUIATIbHO-BUHTOBBIX
BAaKyyMHBIX 00pa30BaHUM, KOTOPbIE YCIOBHO Ha3bIBaIOTCS «HEHUTpuHO». Hampumep, gomyctumo cy-
[IECTBOBAHHNE «HEUTPHUHOY» TUIAHETAPHOTO, TAJAKTHYECKOTO U 0oJiee 3HAYMTEIBHOTO MacmTaba (puc.

7.5.7).
7.6 Bo30y K/1eHHbIE COCTOSTHUS «HEHTPHHO»

Belmie OblIM paccMOTpPEHBI CaMble MPOCTbIE BAPUAHTHI «HEUTPUHOY», KOTOPbIE UMEIOT BUJ TO-
POUIAIBHO-BUHTOBBIX BUXpel (puc. 7.4.2).

B riaBax 3, 4 OpUH 3a5105K€HBI OCHOBBI KBAHTOBO-CTOXAaCTHYECKOEH T€OMETPUH, i OBLIIO TTOKa-
3aHO, YTO YCPEIHEHHbIE METPUKO-ITUHAMUYECKHE COCTOSIHUS CTAOMJIBHBIX BaKyyMHBIX OOpa30BaHHMA
3aBUCST HE TOJIBKO OT OajaHca MKy eopMalUsIMU JJOKAIbHBIX Y4aCTKOB BHYTPH-BAKYYMHBIX CJIO-
€B U UX YCKOPEHHBIMU T€UEHUSMHU, HO U OT CTENEHHU BO3OYKICHUS UX XaOTUYECKOTO JIBUKECHHUSI.

B 37011 rinaBe Mbl He OyJieM 10IpoOHO KacaThCsl Pa3IMUHbIX aCIIEKTOB KBAaHTOBO - CTOXacTHYe-

CKOU reoMeTpuH Oe3sEPHBIX CTAOMIBHBIX BaKyyYMHBIX 00Opa30BaHHU. DTOMY HAIpaBJIEHUIO CIEIYET
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MOCBATHTH OTJAEIBHOE O0IMHMpPHOE uccaeaoBanne. OTMETUM TOJIBKO, YTO «HEHTPUHOY» TaK XKe, KaK siji-
po anekTpoHa (cmompume 2nasvi 3, 4), MOKET HAXOAUTHCS B PA3IMYHBIX BO30YKIECHHBIX COCTOSIHHSIX
C pPa3NUYHBIMH YCPEAHECHHBIMU KOHQPUTYPAIUSIMU METPHUKO-THUHAMHYECKOU CTPYKTYphl BHYTPH-
BaKyyMHBIX cJioeB. [Ipu 3TOM KaXJ0My YpPOBHIO BO30YXICHHOTO COCTOSIHHSI «HEUTPHUHO» MOXKET CO-
OTBETCTBOBATh YHHKaJbHAas YCPEIHEHHAss KOH(QUTYpalys BaKyYyMHBIX CIIO€B W TEPETUICTCHHS YCKO-

PEHHBIX BHYTPHU-BaKyyMHBIX TeueHul (puc. 7.6.1).

Puc. 7.6.1. ®pakranpHble WIUTIOCTPAIMU BO3MOXKHBIX YCPEAHEHHBIX KOH(UTyparmit
BO30YXK/IEHHBIX COCTOSTHUI OJJHOTO U TOTO K€ «HEHTPHHO»

He uckitoueHo, 4to MIOOHHOE «HEHTPUHO» U T - JIeTl-
TOHHOE€ «HEUTPUHO» — 3TO COOTBETCTBEHHO MIEPBOE U BTOPOE
BO30YKJICHHBIE COCTOSIHUS 3JIEKTPOHHOTO «HEUTPUHOY.
Tak xe cienyer paccMOTPETh TaKOM TUI BO3MYILEHHUS
TOPOUJAILHO-BUHTOBOTO  BUXpS  (Hampumep, 3JIEKTPOHHOTO
«HEUTPHUHO), KaK YCpeIHEHHas MPEeLecCUusi OCH €ro BpallleHus

BOKpYT HampaBJlieHUs ABHKEHUs z (puc. 7.6.2).

KBanToBbie 3(dekThl, CBA3aHHBIE C YCPEIHEHHOW IIpe-
Puc. 7.6.2. WMnmtoctpanus mnpeueccuu
LIeCCHeN OCH BPALUCHHUSI HEHTPUHO», MOTYT OBITH OIMCAHBI 10 ocy ppamieHHs TOPOHIATHHO - BHHTO-

aHAJIOTMHU C ONMCAHHUEM MPELECCUH OCH BPAIIEHUS SaApa JBHKy-  DOrO BUXPA BOKPYD HANPABICHHA €ro
JABUXXCHUA Z

HIETOCs «AJIEKTPOHA» (cMoTpume § 6.12).
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7.7 1IpoTOHHOE «HEHTPUHO»

MeTpuko-auHaMUYecKass MOJIeb TOKOSIIETOCs «IpoToHay (2.9.21) ¢ TOMOJOTHYECKONW KOH-

¢burypauueii (2.9.9)
dK+(+ T+ _)
u; (—+ —4) (7.7.1)

U (= =+ +)

pr=++ B

IIPHU Y4€Te, UTO B OKPECTHOCTHU €T0 SApa F's >> s, MOKET ObITh MPEJCTABIIEHA B YIIPOLEHHOM BU/IE

«IMTPOTOH» (7.7.2)

B CPEJIHEM «BOTHYTOE» CTAOMIbHOE MHOTOCTIOHHOE BaKyyMHOE 00pa3oBaHUe
(puc. 2.9.1), c cyMMapHO# CUTHATYPOI

F++ )+ (+-DF(—F+H=C++1)
COCTOSIIIEE H3:
dK+-«KBapK» (7.7.3)
¢ curnarypoii (+ + + —)

Buewmnsas 000/104Ka d,:-«KBilpKa» +++-)
B MHTEPBAIE [Fs, 7¢]

2
dsl+++—)2 :(1_1/_6)026#2 +L+r2d92 —1/'2 sin29dg02a
r 7'6

2

ds{™ 2 = 1+ |c2gs? +L+ r’d0* —r’sin’ 0de’;
r 1+ri
r

slapo d,. -«kBapka» (+ + + -)
B HHTEpBaJIE [rq, 7]

2 2
_ v or dr ;
dsl(+++ )2 _ 1__7+_2 Czdtz+—2+I’2d02—l"2$11'129d(02a
roor (1_1/7"'1/)
2
r 183

2
B 7 r r ;
dS;+++ )2 _ 1+L__2 cldt? +—2+l/'2d02 —r Sll'lzed(Dza
r g (1+V7 r

2 2
ds3+++—)2 _ [1 —ﬁ—r—chzdlz +L+ r*d@* —r*sin’ 0de’,
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2 2
_ rnoor dr )
ds 7 = (1 LI _2}261;2 + < +77d0” — 1 sin* 0dg’ ;
r 7, V- r
6 1+ L +—
ro

IeabT dK+-«KBapKa» (+++-)

B uHTepBae [0, ©]
dS;HJr_)2 =c’dt* +dr* +r’d0* —r*sin’ Odo’ .

U; ~-<KAHTHKBapPK» (7.7.4)
¢ curnarypoit (—+—+)

Buemnsisi 000/109Ka U, -«<AHTHUKBapKay» (— +— +)
B MHTEpBAJE [rs, 7]

2
dSl —+=+)2 _ _(1 —ijczdtz +L
L
r

r
2
dsC 2 = | 1+ 5 |2ar? 240 4 sin? 0do’;
d 1+
r

Anpo u, -«aHTHUKBapKay» (— + —+)
B MHTEpBAJE [7s , 17]

—r*d0* +r*sin’ 0do’,

2 2
7 s
B — ‘Lt —e“dt" + —————<—7r + 7 Sin >
I T "0’ +1sin’ 0 dg’
roor r r’
="+
roor
dr’

—r*d0* +r*sin’ 0de’,
2 2
ds3_+_+)z _ _(1 _ _’”_jczdtz +L2 —72d0* + 7’ sin’ Odgo2 )
2 2
ds( 2 = —(1 + 7y r—jczdzz b a0 4 sin’0 do’;

IleabT u; -«aHTUKBAPK» (—+ — +)
B uHTepBane [0, oo]
dS;_Jr_Jr)2 =—c*dt’ +dr’ —r’d0* +r’sin’0do’ .
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U, -«CAHTUKBApK» (7.7.5)

(-=+)

Buemnsisi 000/109Ka U, -«<AHTHKBApKa» (——+ +)
B HHTEpBaJIE (75, 7]
dr? .
]cr‘)clt2 ——[ +7r’d0* +r’sin® 0de’,

- r
dsi 7 =—1--%
.

1_’"6]
7
(——++)2 r 2 7,2 dr’ 2 102 L) 2
ds, =—| 1+ |c°dt” ——~<+r°dO° +r’sin" 0do~,
v ( 7,

1+6j

Anpo u, -«aHTUKBapKa» (—— + +)
B MHTEpBaJE ¢, 7]

2 2
_ o dr .
dsi " = 1-L 4 = |2di’ - ———<+rd0’ +r’sin’ Ody’,
roor rnor
-+
ror
6
(——++)2 v r’ 2 7,2 dr’ 2 102 2 .2 2
ds! = l+—=——lcdt’ ————<+r'd6" +r'sin"0dyp",
roor LI
T3
roor

di”z 2 102 2 .+ 2 2
+7r°d0” +r sin“0do”,

r 183
r re

roort dr®
=1+ + | Par? (—szez +sin’0de?,

2
12 r
1+7+2j

eabT U, -<AHTUKBAPK» (—— + +)
B uHTepBae [0, o]
ds$ ™ =—*dt* —dr’ +1*d0’ +r*sin’ 0dg’ .

rae {cmompume uepapxuro (2.6.20)}:
re ~1,7-107" em: ~ SIIPO DJIEMEHTAPHOM YaCTHUIIBI (B YACTHOCTHU «JIEKTPOHAY)

24
r7 ~5,8:10 7 cM: ~ AP0 «IIPOTOKBAPKAY.
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Ecmu «npoton» HauMHAeT ABUTATHCS OTHOCH-
TENBHO 2°-A.11-.16-BAKYYMHOM IIPOTSKEHHOCTH, Aedop-
Maruend KOTOPO OH cam SBJSIETCS, TO B €ro BHEIIHEH
000JI04KE HABOAMUTCA TOPOUIAILHO-BUHTOBOE Bpallia-
TEIBbHOE JIBIDKCHHE TI0JI00HOE JBMXEHHUIO BO BHEITHEH
000JI04KE JIBUXKYILETOCS «3JIEKTPOHA», HO 3HAYUTEIILHO
6omee cnoxuoe (puc. 7.7.1).

CnoXHOCTh BpallICHWS BHEIIHEH 000JIOYKH
JBUKYIIETOCS «IIPOTOHa» OOYCJIOBJIEHA TEM, YTO OHA
SIBJISIETCSL PE3yJAbTaTOM HAJOXKEHUS TPEX MEePeTUIeTEH-
HBIX METPUYECKHX CJIOEB 2°-A.1..1¢ - BAKyyMHOMH IIpO-
TSDKEHHOCTH C Pa3JIMYHBIMU CUTHATypamu (TOTOJIOTHS-

MH).

Puc. 7.7.1. Mnmoctpaliysi TONOJIOTHYECKOM
KOH(HUrypaluy BHENTHEH 000I09KH
U si7Ipa «IPOTOHAY

Puc. 7.7.2. ®paxranbHasi WLTIOCTPAIMSA AApa U BHEIIHEH 000JI0YKH MOKOSIIETOCs «IPOTOHAY

B pamkax AJICUTHBI METPUKO-AMHAMUYECKAsi MOJIEJIb BHEUIHEH 000JI0UKH «IIPOTOHAY», ABHXKY-

IIErocs C TIOCTOSIHHOW CKOPOCTBIO V,, 3adaeTcsi CleayIomeld COBOKYITHOCTRIO METPHUK [aHATOTHYHBIX

Metrpukam (7.1.1) — (7.1.4), HO ¢ APpYrUMH CUTHATYpaMHu]:
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BHemHsisi 000/1049Ka IBUKY IIETOCS
«IMTPOTOHA» (7.7.6)

C CyMMapHO! CUTHATypo
(+H++)+(+-D+(—+H)=(—+++)
COCTOMT H3:

BuemHsisi 0007104Ka ABMKYLIErocs dy, -<KBapKa» (7.7.7)

¢ curnatypoii (+ + + —)
B unrepsane [~107"7 cm, ~10" cm]

r +a, cos’ 0
dst ™ =|1-——- — 5 ——dr’ +(r2 +a; cos’ 9)5192 —~
r +a cos’ 6 r +a, —rr
— a1-CyOKOHT;
, . Igraysin®@ . 2r,ra,
-\ r'+a, +——-5———|sin" Odp” — sin® @ do cdt.
P 2
r +a cos 0 r +a, cos™ 0
r +a cos’ 0
ds™" =| 1+ —5—— —— L ——dr* + (r2 +a, cos’ 9)d92 —
r’ +a cos 9 r +a, +r7;
— b1-cyOKOHT
7. ra’ sin® @ 2r;ra,
. 6
—| P +a. ———L——— |sin’ Odgp’ - —L——sin’ 0 do cdt.
r°+a,cos” 0 r +a,cos” 0
BHemHsist 000104Ka IBHKYILIETOCH U; ~-<AHTHUKBAPKa» (7.7.8)
¢ curnarypoit (—+—+)
B unrepsaie [~107"7 cm, ~10" cm]
2 2 2
rr r~+a; cos 6
dsi? = 1-——35—— [d® +———L——adr’ —(rz +a, cos’ 0)d02 +
r-+a,cos 0 rta, —rr
i — (>-aHTUCYOKOHT,
2 1.2
r.ra, sin” @ 2rgra,
6 . 6
+| r’ +a, +—————— [sin’ 0dp® ————5——5—sin’ 6 do cdt.
r°+a,cos 0 r*+a,cos 0
2 2 2
~ rr r“+a cos 6
dsy"? = 1+ —5>—— |dt’ +——2——dr’ —(rz +a, cos’ 0)d02 -
r°+a,cos 6 rota, g
—b,-aHTHCYOKOHT
2 .2
rora sin” @ | | 2r. ra .
+ P +a - |sin’ 0dp’ ————>—L——sin’ 0 do cdt.
p 2 2 2 2 2 2
r‘+a,cos 0 r°+a,cos 0
Buenrnsisi 000/109Ka IBHKYLIETOCS U, ~-<AHTHUKBaPKAa» (7.7.9)

¢ curnatypoii (—— + +)
B unrepsaie [~107" cm, ~10" cm]

2 2
} rr r*+a’cos 6
s = 1-——_|2ap -~ T 7 42 (1 4’ cos 06 +
r*+a,cos 0 rra, -
— @3-aHTUCYOKOHT;
2 22
rra;sin 6 | 2r.ra )
+H 1P +a +———— |sin’ 0dg’ ———5—"——sin’ 0 do cdl.
r*+a’cos 6 r*+a’cos 6
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2 2 2
- rr r“+a, cos 0
dsi™? =1+ —F%—— |c’di ———L5——dr’ +(r2 +ai cos’ 9)d92 +
r’+a,cos 0 rota, +rrg
— b3-aHTUCYOKOHT
2 1.2
rra sin“ 0 | . 2r.ra i
+ P +ad - |sin’ Odp’ ———>—L——sin’ 0 do cdt.
P 2 2 2 2 2 2
r“+a,cos 0 r°+a,cos 0
HleabT ABMKYLIET0CH «3JIEKTPOHA» (7.7.10)

C CyMMapHO! CUTHATypoOi
(+++)++-D+(—+H=(—+++)
B uHTepBaie [0, «]
dS£—+H)2 — dsé(‘++%)2 + dsé(‘—+4)2 + dS4——H)2

2

rac
252
2 2 PyAr 2 102 24 4% )sin? 2
dS4+++) =cdt” + 2p 2+ppd9 —(7’ +al’)81n Qd@ ’
r +ap
252
dr -
r +ap
2 52
)2 20 Pydr 2 102 24 4% )sin? 2
ds\ " =—c*dt’ ——+ p2d0 +(r +ap)sm Odo”,

r +ap

2 2 2 2
rae p, =r"+a,cos 0;

-1 o
re~ 1,710 cm —paanyc siapa «IpOTOHA», MPUOIU3UTEITHFHO PABHBIA PAINYCY SIAPaA «IIIEKTPOHAN;

V
a, = r,—= — mapamerp LIUINTUYHOCTH «TIPOTOHAY, JABMKYIIEr0Cs C MOCTOSHHON CKOPOCTHIO V,
LY

(B HanpaBJIEHUX OCH Z) KaK €MHOE BaKyyMHOE 00pa3oBaHHE OTHOCUTEILHO MOKOSIIEHC 2°-A.1 - 16-
BAaKyyMHOM MPOTSYKEHHOCTHU, U3 KOTOPOW OH CaM COCTOMT.
O4eBUHO, YTO MHEPTHBIE CBOMCTBA TAKOTO CTAOMJIBHOTO BaKyyMHOTO OOpa30BaHUS JOJIKHBI
OBbITh 3HAYUTENHLHO 00JIee OLIYTUMBIMH, YEM UHEPTHBIE CBOMCTBA JIBUKYIIETOCS «IJIEKTPOHA.
AHAJIOTMYHO yCTPOEHA BHEIIHSISI 000JI0UKAa «aHTUIIPOTOHA» (T.€. B CPEIHEM BBINYKIOTO CTa-
OMJIBHOTO MHOTOCJIOWHOTO BaKyyMHOTO 00Opa30BaHUs), KOTOpasi COCTOUT M3 BHEITHUX 000JIOYEK TPex

«KBapKOB», HaIIpuMep, ¢ curnarypamu (2.9.13)
d (- —+-)
u (++ — ) (7.7.11)
e (+——4)
pr(+ ==
To ecTb BHemHSsA 000JI0YKA «aHTUIIPOTOHA» OMHUCKIBaeTCs MeTpukamu Bumda (7.7.7) — (7.7.10),
HO ¢ curHarypamu (7.7.11).
[To anamorum c (7.4.1) — (7.4.3), HauanbHOE COCTOSIHME MPOTOHHOTO «HEUTPUHO» (T.€. cpasy

IIOCJIE TOTO KaK OHO CPBIBAETCS C si/ipa «IIPOTOHA») MOKET OBITh 33JaHO CIEAYIOIIEH COBOKYIHOCTBIO

METpHK:
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HayanbHoe cocTOsIHME IPOTOHHOI0 KHEHTPUHO» (7.7.12)
B naTepBane [~10"° cm, ~10"™ eM], ¢ cymmapHoii curaaTypoit
(+++ )+ +-D+(—+H=(—F+++)
2 2 2
r’+a, cos 0
dst 0 =*drt +——L——dr* + (r2 +a; cos’ (9)d¢92 -
re+a, —rr
. — a1-CyOKOHT (7.7.13)
,  Tgra,sin” 6

2
—|r*+a, +

2r,ra i
2—172S11'12 0 dQ) cdt.

sin’ 0dep® ——
r°+a,cos 0

4 af, cos’ 6

2 2 2
~ r“+a’ cos 0
ds" T =t +2”—dr2 + (r2 +ai cos’ 0)d02 -
r +Clp+l"l"6

S}

— bi-cyokonr  (7.7.14)

2 =2
rorasin“ 0 | 2r. ra )
—| 7 +al———L———|sin* 0dp* ———>—L——sin" 0 do cdt.
r’ +a,cos 0 r°+a,cos 0
2 2 2
dsi % = + r+d,cos 0 dr’ (r2 +4a’ cos’ 0)d02 +
{ — R Dt B R
r’ +a,27 —rr; p
— ap-aaTUCYOKOHT  (7.7.15)
2 2
r.ra- sin” 0 2r.ra
6 . 6 .
+| r* +a, + 55— |sin’ 0dg’ ————F5—sin’ 0 do cdt.

r2+aicos 0 r2+apcos 0

2 2 2
L r“+a, cos 0
ds\ " = —ctdr? +#er —(r2 +ai cos’ 0)d02 -
r +Clp+l"l"6

— by-antucyokont (7.7.16)

2 2
r.ra-sin- @ 2r. ra
6 . 6 .
B I i A S— sm2(9d(o2 ———> 7 _ sin’*6 do cdt.
P 2 2 2 2 2 2
r°+a,cos 0 r*+a,cos 0

2 2
¥’ +a. cos 0
ds, " =—c*dft ———L——dr’ + (r2 +a, cos’ (9)61«92 -

rota, —rr
. — az-aHTtucyoxont; (7.7.17)
s, Kra,sint@ | 5 2rgra, .
+Hrita,+——5———|sin" 0dp” ———————sin" 0 do cdt.
r* +a; cos’ 0 r’ +a, cos’ 6

rt+ ai cos’ 0

dsy "% = —ctdt - ——L dr’ + (r2 +a cos’ 0)d02 +
rtta, + 1
— bsz-antucyokonr. (7.7.18)
2 .2
rra,sin“ 0 | . 2r. ra i
+ P +al - ——L——— |sin’ 0dp’ ————"——sin’ 0 do cd.
r°+a,cos” 0 r°+a,cos 0
IleJbT HAYAJIBLHOTO COCTOSIHHSI POTOHHOI'0 «HEHTPUHO»
C CUTHAaTypoi
(+++ )+ (+-D+(—+H=(—+++)
B uHTepBae [0, oo]
dsi % =dsS 7 4 dsi T w1 ds ’ (7.7.19)
e
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2 2
dr
=+ 2 g (i 0

r +ap
2 52
)2 2.0 Pydr 2 112 2 2\ s 2 2
dsf‘”) =—c2dt +r2p+—a2_ppd9 +(r +ap)sm 0dop-,
p
2 52
)2 20 Pyar 2 192 2 2\ 2 2
ds{ % =—c’dt -~ +p,d0 +(r +ap)sm 0do”,

r +ap

rae p,=r’+a,cos’0; (7.7.20)

re~ 1,710 cm — paanyc sapa «IpoTOHAY, TPUOIUKEHHO PAaBHBIA PAIUYCY SIAPA «IIICKTPOHAY;

— z o
ap =Ty Z — MapaMeTp SJUTMIITUIHOCTH «ITPOTOHA», ABHXKYHIETOCA C IOCTOAHHOU CKOPOCTBIO VZ

(B HaIpaBIEHUU OCH z) KaK €JMHOE BAKyyMHOE 0Opa30BaHME OTHOCHTENLHO IMOKOSAIEHes 2°-A.1 - 16-
BAKyyMHOM MPOTSYKEHHOCTHU, U3 KOTOPOH OH CaM COCTOMT.

HavanpHoe cocTOsiHME aHTUIIPOTOHHOIO «HEHTPUHO» MOMKET OBbITh 3a/laHO COBOKYIHOCTHIO
Metpuk Buga (7.7.13) — (7.7.20), Ho ¢ curnarypamu, Hanpumep, (7.7.11).

ITo ananoruu c (7.4.1) — (7.4.3), METpUKO-TUHAMUYECKUE MOJIEIN KOHEYHOI'O COCTOSIHUS IPO-

TOHHOTO «HEUTPUHO» U AHTUIPOTOHHOTO «HEUTPUHO» B paMKaxX AJICUTHbI UMEIOT BU/L:

IIpoToHHOE «HEHTPUHO» (7.7.21)
B uHTepBaie [0, «o] ¢ cyMMapHOM CUTHATYypoOit
(+++)++-D+(—+H=(—F+++)

2 2 2
r“+a’ cos 0
(+++-)2 _ 2 7,2 )4
ds =c°dt t———

& + (7 +a’ cos’ 0)d0* — (1 +a2 Jsin> 0dg®  (7.7.22)
r-+a
P

> +a*cos’ O
e T ok ol i ot 0739

2 2
r-+a

P +a12, cos’ 0

2 2
r +ap

ds™ % = _c2dp? — dr + +a; cos’ 0)6” + +a; Jsin?0dg>  (7.7.24)

leJbT NPOTOHHOI0 «HEHTPUHO» (7.7.25)
B uHTepBaie [0, o], ¢ curHatypoi (— + + +)

ds? =—c*dt* +dr* +r’d0* +r*sin’ Odo’.
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AHTHIIPOTOHHOE «KHEHTPHHO»
B uHTepBate [0, o], c cyMMapHOM CUTHATYypOit

=+ )+ E+—)+(F——H)= (-I- ——-)
r*+a; cos’ 0

2 2
r +ap

A% = _c2d — ar’ +(r2 +a; cos’ 9)d92 —(r2 +a )Siﬂ2 0dg’

2 2 2
r“+a cos 0
ds"* 2 =ctdt + ——L——adr? —(r " +a, cos’ 9)“’92 —(r ’ +ai)5m2 0dy’
r+a
P

2 2 2
r“+a’ cos 0
dS(+——+)2 :czdtz _%

e dr’ —(r2 +a; cos’ «9)d¢92 +(r2 +a; )sin2 0do’

leabT AHTUNIPOTOHHOI'0 «HEHTPHHO»
B uHTepBaie [0, o], ¢ curHarypoit (+ — —-)

ds'"? =c*df —dr’ —r’d@ —r*sin’ 0dg’.

7.8 "Keaudoconnt" u "po3ocoHbl"

(7.7.26)

(7.7.27)

(7.7.28)

(7.7.29)

(7.7.30)

Anrebpa curaaryp (Ascuraa) HaOJIIOIaeT Ba Kjiacca CTaOMIBLHBIX BAKYYMHBIX 00pa30BaHUiA.

[lepBrlif Kiacc cTaOMIIBHBIX 00pa30BaHUN MMEET SBHO BBIPAXEHHOE 3aMKHYTOE€ PO, OKPYKEHHOE

paxueti (MHOTOCJIOMHON 000JI0YKOM), C BHYTPEHHUM SAPBIMIKOM (MJIM MHOTMMU BHYTPEHHUMU S[I-

PBILLIKAMH) BHYTPH JTaHHOTO siapa (puc. 7.8.1)

Puc. 7.8.1. ®pakranpHble WIUTIOCTPAIMU YaCTHIIE-T10JJOOHBIX BaKYYMHBIX 00pa3zoBaHuii ("keandocoHoB"),

HMEIOIIUX SBHO BBIPAKCHHOE 3aMKHYTOE PO, OKPY)KEHHOE paxuetl (MHOTOCTIONHON 000I0UKOI),

Y MMEIOIINe BHYTPEHHEE SIPBIIIKO (M SAPBIIIKH )
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Bropoii knacc cTabMiIbHBIX BaKyYyMHBIX 00pa30BaHUM — 3TO BCAKHM pa3 OUEHb CIOXKHBIA y3ed,
CIUIETEHHBIM U3 BHYTPU - BAKYyMHBIX TOKOB, KOTOPbIE B CBOIO OUYEpeb COalaHCUPOBAHbl BUTHEBATHI-
mu neopmanmsamu (puc. 7.4.2 u puc. 7.8.2). Takue BakyymMHbIE 00pa30BaHMs OCTAIOTCS CTAOMIBHBIMU
Onarojapsi HOCTOSSHHOMY OY€Hb CIIOKHO IEPEIUIETEHHOMY, 3aMKHYTOMY JIBUJKEHHUIO €r0 CJIO0EB. JTO
CBOEr0 poJia COJUTOHBI, HO C IBUKEHUSMHU U JeOopMalUsiMu, 3aMKHYTBIMU CaMU Ha ce0sl, U 4acTo ¢

[epeTeKaHUEM BHYTH-BaKyyMHBIX TOKOB OT CJIOS K CJIOIO IaHHOTO BaKyyMHOTO 0Opa3oBaHUsl.

Puc. 7.8.2. ®paxTanpHble WUTIOCTPALUH PA3IMIHBIX YCTOMUUBBIX CAMO-3aMKHYTBIX HeperyIeTeHU
BHYTPH-BaKyyMHBIX TOKOB, KOTOpbI€ Ha3BaHH! "'po3oconamu"
[lepBrIii KJ1acCc BaKyyMHBIX 00pa3oBaHui yacTuue-nogo0Horo Bujaa (puc. 7.8.1) OyzneM Hazbl-
Bath "kenugoconamu" (kelyphosons) oT rpeueckoro ciioBa KEAVQOG (o6onouka), a BTOPOM THIT BAKYYM-
HBIX 0Opa3oBaHHWil COJMTOHHO-TIOIOOHOTO BHua (puc. 7.8.2) OymeM Ha3bBaTh '"pozoconamu"

(rozosons) OT rpedeckoro ciioBa poLog (yzen). Jannas TepmuHoorus npepioxena I»sunom Pugom.
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Bce tunel «HEWTPUHO», PACCMOTPEHHBIE B JIAHHOM IJIaBE, — 3TO IPOCTEHUIINE MPEACTABUTEIN
"p0O30COHOB", T.€. 3aMKHYTBIX COJIMTOHHO-TIOJAO0OHBIX BAKYYMHBIX 00Opa30BaHHIi.

[lo MHeHUIO AJICUTHBI, U3yY€HUE METPHUKO-TMHAMHYECKUX U KBAHTOBO-CTOXACTUYECKUX
CBOMCTB pa3zIMYHbIX COPTOB «HEHUTPHUHO» — 3TO OJIMH U3 MEPBBIX 1IArOB Ha IYTH MCCIEJI0BAHUS JaH-

HOI'o Kjiacca CYHIHOCTGI\/'I, HACCJIAIOMINX OKPYKArOIICC HAC ITPOCTPAHCTBO.

7.9 3ak0ueHnue 1o riaase 7

B oroil rnaBe paccMOTpeHBbI TOJIBKO HEKOTOpbIE AacleKThl, CBA3aHHBIE C METPUKO-
JUHAMHYECKON CTPYKTYpOH, JUHAMMUKOW M 3BOJIOLUEH pa3BUTHUS O€3bsAEPHBIX JOKAIBHBIX BaKyyM-
HBIX 00pa30BaHMil, KOTOpble AJICUTHA HA3bIBAET «HEHTPUHOM.

N3ydyeHnio METpUKO-TMHAMUYECKIX CBOMCTB Pa3IMUHBIX COPTOB «HEUTPUHO» CJENyeT MOCBS-
TUTh OTAENIbHOE OOIIMPHOE UCCIIEOBAHNUE, KOTOPOE MOKET MPUBECTU K PA3BUTHIO PA3IMUHBIX Olepe-
KAIOIINX BaKYyMHBIX (HYJEBBIX) TEXHOJIOTUM.

B vactHOCTH 371€CH HE 3aTparuBaMCh BOIPOCHI, CBA3AHHbBIE
CO CTOJIKHOBEHHEM JIBYX «HEUTpUHO» (puc. 7.9.1), u He uccneno-
BAJIUCh MHOTHE JIPYI'He acleKThl UX B3aUMOJCHCTBHUS.

WuTepecHa npobiema opraHu3aly IBHKEHUS «HEUTPUHO»
10 3aKOJIbIIOBAHHOM TPAeKTOPUU JJISl CO3AaHUS HEPEPHIBHBIX HO-
cutene nHbopMaIum, u T. 1.

OTMeTHM Takke, YTO B JAHHOU IJIaBe MPeI0OkKEHbl METPHU-

KO-IJMHAMHUYCCKHUEC MOACIU TOJIBKO MHUKPOCKOIMMYCCKUX «HGI\/’ITpI/I-

HO». OJJHaKO HAIIOMHUM, YTO MaTeMaTUYEeCKUi ammapar AireOpsl

CHTHATYD YHMBEpPCAJlCH, M TPHTOJCH JUlA OMHMCAHHs MeTpuko-  Puc.7.9.1. Cpakranbnas wumoctpa-
Iyl CTOJIKHOBCHUS IBYX «HEUTPHUHO»

JTMHAMUYECKAX CBOWMCTB BaKyyMHBIX OOpa30BaHWUN pa3IMYHBIX

MacmTaloB.

Ecnu Bo Bce METpUKM TaHHOM TJ1aBbl 7 M MPEIBIIYIIEH TJIaBbl 6 BMECTO pajguyca siapa «dJIeK-
TpoHay (WK «IpoToHay) s ~1,7-10"° cM moxcraBmsiTh M060IT Apyroii pamuyc u3 uepapxuu (2.6.20),
HATIPUMep, PAANyC sApa «UITaHEThI» («3Be3mbl») 74 ~ 1,4'10° oM, wmm pammyc sapa «ranaKTHKI»
r3 ~ 410" cM, To mONMyUNM OmHCAaHHE TOPOMIATEHO-BHHTOBBIX BAKYYMHBIX OOPa30OBaHHH, COOTBET-
CTBYIOIIUX TOJBMKHOM «mU1aHeTe» (WU «3Be3ne») (puc. 7.9.2) win MOJBIKHOW «TaJIaKTUKE» (pHC.
7.9.3).

Takum 00pa3oM, B paMKax AJICUTHBI MOTYT OBITh TIOJHSTHI BOIIPOCH O BO3MOXKHOCTH OOHapy-

KEHUS U TeHepaluy «HEUTPUHO» IUIAHETapHOIO M rajakThuyeckoro macimraba. He uckitodeno, yro,

HalpuMep, MPHU CTOJIKHOBEHUH IUIAHETHI ¢ KPYIIHOM KOMETOH, C HEE MOYKET COPBAThCS I0JIE BAKYyM-
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HOM MHAYKUUHU (T.€. MAarHUTHOE I0JI€) B BHUJE TOPOUAAIBLHO-BUHTOBOTO BUXPS (T.€. MJIAHETAPHOIO
CHEUTPUHOR).

AHaJ'[Ol"I/ILIHO, MardmMTHOC I10JIE€ PE3KO OCTaHOBUBIIIEHCS «(TaJIaKTUKN», MOKET COPBATHECA C HEC
1 00pa3oBaTh TOPOUIATbHO-BUHTOBOW BUXPh BHYTPHU-BAKYYMHBIX TOKOB TaJJaKTHYE€CKOTO MacIiTtada

(T.€. TaTaKTUYECKOE KHEUTPUHON).

Puc. 7.9.2. Muttoctpanusi TOpOHIaibHO-BUHTOBOT'O MOJIsi BAKYYMHOW MHAYKIMH (T.€. MATHUTHOTO TIOJIS ),
HABOAMMOI'O BOKPYT IOJIBM)KHOM M Bpaluaroleics mianetsl (viu 38e3/sl) (http://static.euronews.com)

Puc. 7.9.3. Muttoctpanusi TOpOHIaibHO-BUHTOBOT'O MOJIsi BAKYYMHOW MHAYKIHH (T.€. MATHUTHOT'O TIOJIS),
HABOAMMOI'O BOKPYT ITOJIBM)KHOM M Bpamatoeiics ranaktuku (https://ic.pics.livejournal.com)
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