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AHHOTALMUSA
JlaHHas CTaThs ABISETCA ACBITOM 9acThI0 HAYIHOTO MPOEKTa Mo oOmiM Ha3BaHueM «['eomerpmsupoBanHas pu3uka Baky-
yMa Ha ocHOBe Anre6psl curnaryp» [1,2,3,4,5,6,7,8]. B aToii craThe Ha OCHOBE TOYHBIX PEIIEHH BAKYyYMHOIO ypaBHEHMS
DWHIMITEeHHA MPEAIOKESHBI METPUKO-TMHAMHYSCKAE MOACIH SJIEKTPOHHOTO M TIO3UTPOHHOTO «HEUTPUHO» B HAYAIIBHOM CO-
CTOsIHHNH, T.€C. B MOMCHT, KOI'Ila OHO CPBIBACTCA C sAapa COOTBGTCTBy}OH.Ieﬁ «4acTuubD», © B KOHCYHOM COCTOsIHHMHH, KOI'la
MPaKTUYCCKU BCA DHEPTHA BpalllCHUA HAaYaJIbHOTO «HGﬁTpHHO» MEePEXOAUT B €0 YCKOPECHHOC MOCTYNATCIbHOC ABUKCHUEC.
[TokazaHo, YTO pUMaHOBa TeOMETPHUsSl JOIYCKAeT PAacCMOTPEHHE «HEHTPHHO» PAa3IMYHBIX MAaCIITa0OB: MOJIEKYJISIPHBIC
CHEUTPUHO», KIIACTEPHBIC «HEHUTPUHO», INIAHETAPHBIE KHEUTPUHO», TAIAKTUYECKUE «HEUTPUHO» U T.I. B crarhe mpemo-
JKCHbI CHOCO6LI TeHepauu <<H6171TpI/IHO)) Pa3JINIHbIX MaCIlITa6OB, y)lOGHLIX JJIA IPOBECACHUA HEJOPOTUX SKCIIEPUMCHTOB JJIA
YTO4YHEHUsI UX cBOICTB. OcoOBIN UHTEpEC MPEACTABISAIOT «HEHTPHUHO» B KOHEUHOM COCTOSIHIM, T.K. METPUKO-IHHAMHUYECKast
MOJCJIb TaKOI'o «H€I7[TpPIHO>> HE COIACPKUT OFpaHI/IlIeHI/Iﬁ Ha CKOPOCTH €TI0 MNOCTYNaTCJIbHOTO ABUKCHUA. To €CTh,
«HeﬁTpHHO» B KOHCYHOM COCTOSAHHHU IMPAKTUICCKU HE 06naz{aeT HHepHHeﬁ, ", TCOPECTUYCCKHU, MOKCT NNEPCMEIIATLCA CO CKO-
POCTBIO, 3HAYUTCIBHO HpeBBILHaIOH.leﬁ CKOpPOCTb CBCTA. B cratbe MPEAIIOKCH crocod perucTpann CBEPXCBETOBBLIX
«HeﬁTpHHO» B KOHCYHOM COCTOAHHH.
ABSTRACT

This article is the ninth part of the scientific project under the general title "Geometrized Vacuum Physics Based on the
Algebra of Signatures " [1,2,3,4,5,6,7,8]. In this article, based on exact solutions of the Einstein vacuum equation, are pro-
posed metric-dynamic models of the electron and positron "neutrino” in the initial state, i.e. at the moment when it breaks
away from the core of the corresponding "particle”, and in the final state, when almost all the rotational energy of the initial
"neutrino" is converted into its accelerated translational motion. It is shown that Riemannian geometry allows for the consid-
eration of "neutrinos™ of various scales: molecular "neutrinos", cluster "neutrinos", planetary "neutrinos"”, galactic "neutri-
nos", etc. The article proposes methods for generating "neutrinos" of various scales, convenient for conducting inexpensive
experiments to clarify their properties. Of particular interest are "neutrinos” in the final state, since the metric-dynamic model
of such a "neutrino™ does not contain restrictions on the speed of its translational motion. That is, a "neutrino" in the final
state does not have inertia, and theoretically can move at a speed significantly exceeding the speed of light. The article
proposes a method for registering superluminal "neutrinos” in the final state.

KiroueBble cjio0Ba: HEHTPUHO, reHepalus HEHTPHHO, TEOMETPU3UPOBAHHAS (PHU3HKA, TEOMETPOJUHAMUKA, BAKyyM, anreOpa
CUTHATYp, CBEPXCBETOBASA CKOPOCTh.

Keywords: neutrino, neutrino generation, geometrized physics, geometrodynamics, vacuum, Algebra of signatures, super-
luminal speed.

HNPEABICTOPUSA U BBEJAEHUE

JlanHas paboTa sIBIIsieTCs IeBSITON M3 UKJIA cTareil oy o0mum Ha3BaHueM «['eomeTpusupoBanHas ¢usuka Bakyyma (I'®B)
Ha ocHoBe AureOpsl curuatyp (AC)». [lpeapiayinue BoceMb cTaTeil NprBeACHBI B crikcke JuTepatyps [1,2,3,4,5,6,7,8].

Ocobennocmu MamemMamuyecko2o annapama Aneebpvl CueHamyp Heu30eNHCHO GbIHYHCOAIOM 6600UMb HOBYIO MEPMUHOTIO2UIO,
NO2MOMY 0J151 NOHUMAHUSA HANUCAHHO20 8 IMOU pabome, HeODXO0OUMO CHAYANA O3HAKOMUMCSL C NPEObLLOYUMU CILAMbAMU

OaHHO20 npoekma.

B crathe [8] ObLIH IpeacTaBICHBI METPUKO-THHAMUYICCKHE MOJICIIHA BHEITHUX 0000YEK 3JICMEHTAPHBIX «YaCTUID, TBHKY-
IIUXCS PAaBHOMEPHO W NPSIMOJIMHEMHO OTHOCHUTENIbHO BaKyyMa, M3 KOTOPOHl OHM caMU COCTOST. B 4acTHOCTH, BHEUIHSS
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000J104Ka CBOOOHOTO BAJIEHTHOIO «JJIEKTPOHA», IIOCTYNATEIBHO ABMKYLIEr0OCS ¢ MOCTOAHHOM CKOPOCTBIO V, B Hampasiie-
HHMHU OCH Z, GbLIa MPEICTABIICHA MTOJHON COBOKYITHOCTEIO METPUK-penteHuii Keppa ¢ curHarypoii (+ — — —) mepBoro Bakyym-
HOTO ypaBHeHus DiiHmreitHa Ry, = 0, cmotpute metpuku (20) — (25) B [8]:

«JEKTPOH»
JBIDKYIIUICS TPSIMOIUHEHHO U PaBHOMEPHO CO CKOPOCTHIO V, B HampasiieHuu ocu Z

BHemHss 060104Ka CBOGOHOT0 BAJIEHTHOIO «3JIEKTPOHA,
JABIGKYLIErocsl MPSIMOJIMHEIHO U paBHOMepHO (pric.l) 1)
B MHTEpBAJIE [I4, Ie], CHrHaTypa +---)
dr? 2
c2dt? -2 (:) — pd6? — (rz +aZ + ré:)aﬁ sin 9) sin?9dp? + rﬁ:% sin? 0 decdt, 2

T6T
1-—

I d51(+a1)2

v

C
H dsz(+a2)2 = (1 T;r) c?dt? — pdr — pd6? — (r + a2 + % in 6) sin®? 0 d¢? — Zri.#sinz Odpcdt, (3)
\% d53(+b1)2 = (1 + r;r) cdt? — p‘f; — pdf? — (r + a? P 6% iy 9) sin?0dg? + zrspmﬁ sin?@dpcdt, (4)
2
H' dsi“’z)2 = (1 + T;T) cidt? — pﬁ; — pdf? — (r2 + a? TG;% sin 49) sin? 0 d¢? — ZTG;% sin?@dpcdt;  (5)

HleabT «31€KTPOHA
PaBHOMEPHO M MPSMOJINHEHHO ABHXKYILETOCH,

r e [0, «], CI/IFHaTypa +---)
. 2 _ par?
i ds; " = c?dt? — v — pdB?% — (r? + a?) sin? 6 d¢?, (6)
e p=r%+aicos?0, A®=r’-rer+aZ, AP=r’+rgr+aZ,
ag = T;‘C/Z — mmapamMeTp SJUTMIITHIHOCTH, Te C CKOPOCTh CBETA. )

Amnanus coBokynHoct metpuk (1) — (7), npuBenennsiii B §4 B [8], moka3zai, 4To BO BHELIHEH 000I0UKE ABHKYILETOCS «IJICK-
TPOHAY, T.€. B OKPECTHOCTH €T0 S/pa, IBIKYIIETOCS C TIOCTOSHHON CKOPOCTBIO, HABOJAATCS YEThIPE NEPEIUICTCHHBIX JTaMHU-
HAPHO-TOPOUATBHBIX-BUHTOBBIX  (TAMHHAPHO-TYPOYICHTHBIX) K-CyOKOHTHBIX (T.e. BHYTPH-BaKyyMHBIX, CMOTPHTE
[2,3,4,5,6,7,8]) BuXps, KOTOPBIC B CPEIHEM CBOASATCS K IBYM BCTPEUHBIM JIAMHHAPHO-TOPOHIATHHBIM-BHHTOBBIM CYOKOHT-
HBIM BUXPsIM (cMOTpuUTe puc. 74,6 B [8] wiu puc. 1a,6). JlaHHble BCTpEYHBIE JIAMUHAPHO-TOPOU/INIbHbIE-BUHTOBBIE CYOKOHT-
HBIC BUXPH B CPEIHEM MOJHOCTHIO KOMIIEHCHPYIOT MPOSIBICHUE IPYT APYTa, MO3TOMY He Habmomatotes (puc. 16). To ects,
BO BHEIIHEH 000JI0UKe JBIDKYIIETOCS «3JIEKTPOHA) UMEIOTCS KaK JIJAMHHAPHbIE OTTEKAIOIIHe OT €T0 Spa U MPUTEKaIoIINe K
3TOMY Si/Ipy CyOKOHTHbIE TOKH (cMoTpuTe §2.2 B [7]), Tak M BCTpeUyHbIE BpamaTesbHbIe (TYypOYJIEHTHBIE) TOKH, KOTOpPBIE

TaKKe B CPEIHEM KOMIECHCHPYIOT HPOSBICHUS ApYyT Apyra. TakuM oOpa3oM, HaOMIOAESHUIO TTOAAETCS TOIBKO SAPO «IJIEK-
TPOHa», ABMKYIIIEECS C IIOCTOSHHOHN cKopocThio V, (puc. 16).

6)
Puc. 1. (TTosropenue puc. 7 B [8]). Bo BHewHe#t 06onouke (TOUHEE, B OKPECTHOCTH SIAPA) «IJICKTPOHaY, JBUKYIIETOCS C MTOCTOSHHOM
CKOPOCTBIO Vz B CPE€AHEM, HABOAUTCA JIBa BCTPEYHBIX TOPOUJATIbHO-BUHTOBBIX Cy6KOHTHbIX BUXpPA U IBa BCTPCUHBIX (anTeKa}omnx n

OTTEKAIOIMX) CYyOKOHTHBIX JIAMHHAPHBIX TOKA, KOTOPbIE KOMIICHCHPYIOT MpPOSIBJICHHs APYr apyra. [109ToMy HaOIIOEHHIO MOJAeTCs
TOJIBKO JIBHXKYIIEECS SAPO «INEKTPOHA)
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ITpu 3TOM METPHUKO-IMHAMHYIECKAS! MOJIENb BHEITHEH 000I0YKH CBOOOIHO BAJICHTHOTO «IIO3UTPOHA, IBIKYIIETOCS MPSMO-
JIMHEIHO ¥ PaBHOMEPHO CO CKOPOCTHIO I, B TOM e HalpaBieHUH OCH Z, IIPEACTaBIeHA COBOKYIHOCTBIO METPUK-PEIICHUN
Keppa mepBoro BakyyMHOTO ypaBHEHHUs DiHIITeHHA Ry, = 0 ¢ IPOTHUBOIMIOIOKHOM CHTHATYpOM (— + + +), cMOTpHUTE MeT-
puku (26) — (31) B [8]:

«IMO3UTPOH» (8)
JBHKYIIUAACS MPIMOJIMHENHO M PABHOMEPHO CO CKOPOCTHIO V, B HampaBieHnu ocu Z

Bremnss 000/104Kka CBOGOIHOT0 BAJIEHTHOTO KIIO3UTPOHAY,
JBUKYIIETroCs npﬂmommeﬁﬂo U PaBHOMEPHO (HEraTuB puc.2)
B HHTEpBAJE [I4, Ie], cnrHaTypa (—+++)

H’ dsl(_al)2 = (1 r%r) c?dt? + pdr) + pd6? + (r + a? +T6m sin 6) sin? 0 dp? — 2% sin? 0 dgpedt,  (9)
Vo ds{? = (1 %) c2dt? +pA‘f; + pd6? + (r +a?+ Tﬁ;“ sin 9)sm 0dp? + 2% 5in2 9 dgedt, (10)
H  ds{2= (1 %) c2dt? + "‘f,ff + pdO? + (r +a? =% sin 9)sm 0dep? — ZT;T“ sin? 0 dpedt, (11)
I d i_bz)z =- (1 TTTT) cdt? + (b) - pdf? + (rz +a? — %sin2 9) sin>0d¢? + ZTGM =5 —sin? @ decdt; (12)

leabT «IO3UTPOHA»
PaBHOMEPHO U HpﬂMOJ’IHHeﬁHO JABUXKYIIETOCH,
r € [0, ], curnatypa (— + + +)

i dsé_)2 = —c2dt? + pdr =+ pd6?% + (r* + a?) sin® 0 do>. (13)

BHoemHss 0005109Ka «IIO3UTPOHAY», ABWKYIIETOCS C MOCTOSHHOM CKOPOCTBIO, MOJTHOCTHIO aHAJOTWYHA BHEIIHEH 000JI0uKe
JBIKYIIETOCS «dIeKTpoHa» (puc. 1), HO B 3TOM citydae Bce K-aHTHCYOKOHTHBIE JaMHHAPHBIC U BUXPEBBIE MPOIIECCHI IPOTe-
KaroT B POTHBOIOJI0KHOM HaNpasieHuH (puc. 2) ¥ NOBepHYTHI (WK cABMHYTHI 1o pasze) Ha 90° (cmotpure §5.2 B [3]).

6)

Puc. 2. (TTosropenue puc. 8 B [8]). Bo BHemHei 060J04Ke (TOUHEE B OKPECTHOCTH SI/IPA) «IIO3UTPOHAY», ABIXKYIIErOCs C MOCTOSHHOM
CKOPOCTBIO Vz, B CpeIHEM HABOJHTCS JBA BCTPEUHBIX TOPOUATBHO-BHHTOBBIX aHTHCYOKOHTHBIX BUXPSI M JIBA BCTPEUHBIX (IPUTEKAIOIIHX
U OTTEKAIOIINX) aHTHCYOKOHTHBIX JIAMUHAPHBIX TOKa, KOTOPBIe KOMIEHCHPYIOT HPOSBICHUS JIPYT Apyra. [loaToMy HabmoxeHnIo moana-
€TCs TOJIBKO JIBIIKYIIEECS SAPO KITO3UTPOHA»

B 31011 cTaThE PacCMOTPHUM BO3MOXKHOCTb METPUKO-AMHAMHUYECKOTO OMUCAHUS AJIEKTPOHHOTO «HEUTPUHOY» U MO3UTPOHHOTO
«HEWTPHHO». IMEHHO 3THX CTaOMIIBHBIX BaKyyMHBIX 00pa3oBaHuil He XxBaTtajo B §4 B [6] ass 3aBeplLIeHHs TOTHOCTHIO Te0-
MeTpu3upoBaHHOI CTaHAAPTHON MOAENH 3JIEMEHTAPHBIX «4aCTHID.

KpomMe Toro moxaxkeM, 4YTO BO3MOXKHO CYIIECTBOBAaHHUS «HEUTPHHO» JIFOOOTO MacmTaba, HampuMep: MOJEKYJISpHBIE
«HEUTPUHO», KIIETOUHBIE «HEUTPUHOY, INIAHETAPHBIE KHEUTPUHO», FATAKTUUECKUE KHEUTPUHO» U T.A.



Hauwnnas ¢ pabot Bonsdranra [laymm u Dapuko @epmu, HEHTPHHO MOCBsMIeHa O0MMPHAs HAyYHAs JIUTEpaTypa (CMOTpPHUTE,
Hampumep, [15 — 42]), ogHako HE OJJHOW TeOMETPH3UPOBAHHON MOJCTH HEHTPUHO B CEPhE3HBIX JKYPHATIBHBIX TyOIHKAIIHIX
aBTOPOM He 0OHapyKeHo. B 3Toii craTbe MOJIeNIbHBIE NPEICTAaBICHIE O HEHTPUHO 3HAYUTEIILHO OTINYAIOTCS OT OOIIETIPUHS-
TBIX Ha CETOHSLIHUI JIeHb, T0O3TOMY 3€Ch Ha3BaHWE JAHHON YacTHIIbI BBIJEJICHO KaBBIYKAMHU — KHEHTPUHOY.

MATEPHUAJIBI 1 METO/{

1 Ananu3 BO3MOKHOT0 pe3y/1bTaTa CTOJIKHOBEHHs ABMIKYIIeHCs 31eMeHTAPHOH «4acTHLbD»
€ TBEP/AbIM NpPeNnsTCTBUEM

B §5 B [5] 65110 TOKa3aHO, YTO YETHIPE MEPEIUICTEHHBIC JTAMHHAPHO-TOPONIATbHBIX-BUHTOBBIX (JIAMHHAPHO-TYPOYICHTHBIX )
CYOKOHTHBIX BUXPsI, KOTOpbIE HABOASATCS B OKPECTHOCTH JBMIKYILETOCS SJpa «3JIEKTPOHa» (MM «IO3UTPOHA»), 00pasyroT
€IMHOE T'eOMEeTPU3NPOBAHHOE AIIEKTPOMATrHUTHOE 110JIe TOPOUAATIBHOT0 BiAa. Eciii B TOM IT0JIe BBIIETUTH TOJIBKO 3aMKHYThIE
(kombIIe0Opa3HbIC) TOKOBBIC JTMHUH (pHC. 3a U 8a), TO OCTAHETCS TOJBKO CABOCHHBIH TOPOHIATLHO-BUHTOBOW BUXPh CYO-
KOHTa (T.e. TypOyJIeHTHAsI COCTABIIAOIIAsE CYyOKOHTHBIX TOKOB BO BHEIIHEH 000I0UKE «IICKTPOHAY, UITH F€OMETPU3HPOBAH-
HOE MarHUTHOE 110JIe TOPOUATIBHOTO BUAA). JJaHHBIN CIBOCHHBIH TOPOUIabHO-BUHTOBOW BUXPh CYOKOHTA BO BHEIIHEW 000-
JIOYKE JABMKYILETOCS «dJIEKTPOHa» OyZeM Ha3bIBaTh CBA3aHHBIM JJIEKTPOHHBIM gy s ~«HEHTPHHOY.

CBsI3aHHOE 3JICKTPOHHOE €y p¢r ~«HEHTPUHO» BCET/A JBUTAETCS BMECTE C SIAPOM IOJIBUKHOTO «3JEKTPOHA» B BHIE ABYX
JIBOMHBIX BCTPEUHBIX TOPOUIAIEHO-BUHTOBBIX BUXpel (puc. 1 u 3a). IlapaMeTpsl TAKOTO CBA3AHHOTO €cyy,sr ~«HEHTPUHO 3a-
BHUCST OT CKOPOCTH JBHKCHHUSI COBMECTHO C SIIPOM «3JICKTpOoHa». Ho, ecii «3JIeKTpOH» IBMKETCS € IIOCTOSHHOM CKOPOCTEIO,
TO M TIapaMEeTPBI CBA3AHHOTO C HUM €y s ~«HEUTPHHO» OCTAIOTCS MOCTOSTHHBIME (CONSt). B pamkax pa3BuBaemoii 31ech Teo-
PHH TaHHOE CBSI3aHHOE JJIEKTPOHHOEC €,y s¢ ~«HEHTPHUHO» M €CTh Ta JETKasl «4acTHIA», CyIECTBOBAHUE KOTOPOH MpeicKa3al
[Maynm nyist 00bsICHEHHS KQXKYIIETOCs HApyLISHUsI 3aKOHA COXPAaHEHHs SHEPTUH B OeTa-pacnaje.

) 5) ) o 2

Puc. 3. «DIeKTPOH», ABIKYIHICS COBMECTHO CO CBSI3aHHBIM C HUM € gy s¢ ~«HEHTPHHOY (@), CTOJIKHYBIIHCH C TBEPBIM HPEISITCTBHEM (6),
pa3zensercs Ha MOKOSIIUIics «37eKTPOH» (B) U CI0XKHBIN TOPOHIAIbHO-BUHTOBON BUXPB (T'), MPOIOKAIOIIUH IBI)KEHUE B TOM XK€ HalpaB-
JICHUH C TOH K& Ha4aJdbHON CKOPOCTBIO V. JIaHHBIH BUXPB B paMKax pa3BHBAEMOM 31€Ch TEOPHH SIBISIETCS HAYATEHBIM COCTOSIHUEM CBO-
00/THOTO ANEKTPOHHOTO KHEHUTPUHON»

OOBACHEHUIO GeTa-pacnaaa Ha OCHOBC I‘eOMCTpI/BI/IpOBaHHOﬁ (1)I/ISI/IKI/I BaKyyMa HGO6XOHI/IMO IOCBATHUTH OTACIIBHOC HUCCJIC-
AOBAHUE C YyYETOM BEPOATHOCTHOTI'O ONIMCAHUA CJ'Iy‘laﬁHLIX 1 KBAHTOBBIX BAKYYMHBIX IPOLICCCOB. B »Toii cTathe paccmatpu-
Ba€TCA TOJBKO BO3MOKHOCTH CYHICCTBOBAHUS CBO60,HHI)IX ((HeﬁTpHHO)) M CIIOCOOBI UX MATEMATUYECKOI'O OITUCAHUS.

ITycTh Ha Iy TH SAIPa «IIIEKTPOHA», ABHKYIIIETOCI CO CKOPOCTHIO V7, BHEIHSIS 0607109Ka KOTOPOT'O OMUCHIBAETCS COBOKYITHO-
ctbio MeTpk (1) — (7) (puc. 3a), Bo3uukI0 TBEpa0€e mpenstcTaue (puc. 360). [TycTh B pe3ynbTaTe CTOIKHOBEHHS ABUKYIIETOCS
«3JTIEKTPOHA» C TBEPABIM MPEIITCTBHEM, €r0 SAPO PE3KO OCTAHABIMBACTCS W BOCCTAHABIMBACT HUCXOIHYIO CHEPHUECKYIO
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dopmy (puc. 38). [Ipu 3TOM TIOIAPHO BCTPEYHOE TOPOUAAILHO-BHUHTOBOE JIBIKCHHE CYOKOHTA BO BHEITHEH 060I0UKe BH-
XKYIIETOCS «IIEKTPOHAY» (T.€. PAHEE CBA3AHHOE € yps;-«HEHTPHHO») W3-32 HHEPLMH BPALICHUS CPBIBACTCS C €0 OCTAHOBUB-
hIerocs sapa, ¥ NpoJoKaeT ABMKEHHE B TOM )K€ HaNpaBJICHUH C TOM jke Ha4aJbHOW CKOPOCTHIO V; B BHJE CI0KHOIO CyO-
KOHTHOTO 00pa30BaHusl, HATOMUHAIONIETO PACIUIBIBAIOIINIACS BOHHOI TOPOHAAIbHO-BUHTOBON BUXPB (puC. 3T).

Takum 06pa30M, B PE3YJIbTATC CTOJKHOBCHUA ABMKYIICTOCA «QJCKTPOHA» C TBEPAbIM IPCIATCTBUEM 06pa3yeTcsI IIOKOs-

IIUACS «3JIEKTPOH» U CIIOKHBIN CIBOCHHBIN TOPOUIATIbHO-BUHTOBOW BUXPh, KOTOPHIN OyIeM Ha3bIBaTh HA4aJIbHBIM COCTOS-
HHMEM CBOOOJHOTO 3JIEKTPOHHOTO «HEHTPHUHOY (T.€. HAYAIBHBIM CBOOOIHBIM €4 qy¢-«HEHTPHHOY).

UToOBI MOSICHUTH CKa3aHHOE NPEACTaBUM METPHUKY (2) B pa3BepHYTOM BHJIEC

2 2.2
Tel r agcos“ 0 .
dsl(J”“)2 = (1 - )czdt2 - dr? — 2 dr? —r2d0? — a2cos?0dh? — r?sin? 6 d¢p? —
rét+agcos= 6 re+ac-rreg rétag—rre
2 2
(g2 M) in2 2 2T¢Tae .2 14
(a6 + r2+aZcos29 sin” 9 d¢*® + r2+a%cos?6 sin” 0 dgcdt. (14)

3anmmem 9Ty METPUKY B BUAC ABYX CJIara€MbIX

dsl(+a1)2 =d51(:a1)2+d51(:;a1)2,

rac
2

+a1)2 TeT r .
ds(V? = (1 - )czdt2 —————dr? —r2d6? — r%sin? 0 d¢?, (15)

€ r2+ag,cos?0 r2+ag,—17e

(+a1)2 2 1.2 a2, cos?6 2 2 2 2 2 reraZ,sin?0\ . , 2 2r6Tagn -
ds;,, 0 =0-c?dt? — S ——dr? —ag,c0s*0d0* — (a¢, + =—F——)sin* 0 dp?* + —5———sin* O d¢cdt. (16)

ré+ag,—7TTe r%+ag,cos®0 ré+ag,cos?0
_ TeeVz

Qe = 22 an

2c
— [napameTp SJUIMINTUYIHOCTH, CBSI3aHHEBIN C pagnyCcoMm sgapa ABHXKYIIETOCI «OJIEKTPOHA» Tge,;

Vz
Qg = "5 (18)

— mapamMeTp SJITUIITUYHOCTH, CBSI3aHHBIN C paanycoM ropJIOBUHbBI HBOﬁHOFO TOPOUJAIBHO-BUHTOBOI'O BUXPA Ty, , HABOAAIIC-
TOoCs BOKPYT sApa ABUIKYIICTOCS «OJICKTPOHA».

Ecnmu cyOKOHTHOE sIIpO M HABOJSIIUICS BOKPYT HEro JBOWHON TOPOUJAIILHO-BUHTOBON BUXPh CyOKOHTa JIBUTAIOTCSI COB-
MECTHO, TO T, = Tg,~10713 cM u, ClIeI0BATENBHO, Ay, = g, = dg.

IIpy OCTaHOBKE paHee JABUraBIIErOCs spa «3IeKTpoHa» (puc. 3B), T.e. mpu V,= 0, mapamerp ag, (17) Takke cTpeMuTcs K
nyi0. [Toatomy nepsoe ciaaraemoe (15) ctpemutcs k metpuke IBapiimuisaa

2
lim ds& V2% = (1 - :—6) c2dt? — - — r2(d6? + sin? 6 dd?). (19)

age—0 1le (1— T76)

BTOpOC cjiaracéMoc (16) OIIpeaALIIACT METPUKO-JUHAMUYCCKYIO MO/JCIIb HECTaOMILHOIO TOPOUAAJIbLHO-BUHTOBOT'O Cy6KOHT-

HOro O6pa30BaHI/I$I, KOTOpPO€ NMPOJOJIKAET ABUTATHCA IO MHEPIMK B TOM K€ HAIIPABJICHUH, HO IIOCTEIIEHHO pacTBOPSICTCS B
TenV;
BaKyyM€ 110 ME€pPE€ YMEHBUICHUA NapaMeTpa Agy, = % — 0. B aTtom cliydya€ paanyc rOpJIOBUHBI JaHHOI'O TOPOUIAJIBHO-

BHUHTOBOTO BUXPSI I'6n IOCTEIICHHO YBEIUYHUBACTCS, IIPH 3TOM €0 CKOPOCTh V,; mocteneHHo ymensinaetcs a0 Hyist (V,; = 0).

[Tostomy BTOpOE ciaraemoe (16) OMMCHIBAaET MMOCTENICHHO PacTBOPSOIIeecs CYOKOHTHOE 00pa3oBaHne
(20)
sin? 0 deedt] = 0.

a,cos?0 TenraZ, sin? 6

2 2 2
r?+ag,cos?0

dsFV? = Jim [0 cc?dt? — —ZlenTaen

— 1 dr?—a? coszé?d(‘)z—(a2 + )sinzed 2+
in Agn— r2+a,—rre, 6n 6n ¢ r2+a2, cos20



DTO MOXO0XKe Ha ABIMOBO€ KOJIBIIO B BO3AYyX€, KOTOPOEC IO MEPE YAAICHUA OT MECTA €T0 BOSHUKHOBEHHUSA ITOCTETIEHHO 3aMEI-
JIACTCA U paCIIUPACTCA A0 MOJIHOTO UCYHE3HOBCHUA (pI/IC. 4)

Puc. 4. I[LIMOBLIG KOJiblla 110 MEPE yAAJICHUA OT MECTAa UX BOSHUKHOBECHUS
TMOCTCIICHHO 3aMEJIAIOTCA U PACIIUPAIOTCA

[IpoxnenpIBas aHATOTHYHEIE JEHCTBUSA C METPUKOH (5), MOITydnm

. (+b2)2 _ T\ 24,2 _dr?t 5 2 -2 2
Jim ds{2?? = (1+%)c?ae [y~ 17 (d0? + sin’ 0 dg), 1)
(22)

2
a2,cos?0 ) sin? 0 d¢2 — 2rﬁr&sinz 0 d¢6dt] =0.

r2+ag,+rrg r2+a2,cos?0

rera’, sin? 6

b2)2 . 2 1.2
dsSt = lim [O'C dt —
an r2+a2,cos26

dr? — aZ,cos?0do? — (aén -
agn—0

TakuM 06pa3om, B ciTydae CTOJKHOBEHHS JABHKYIIETOC «IIEKTPOHA» C TBEPABIM TpernsTcTBueM (puc. 3), u3 metpuk (2) u
(5) ocratorcst aBe metpuku (19) u (21)

dr? ,

dsev? = ( - rf) c2dt? — @ —r3(d6? + sin? 0 dp?), (23)
dr? ,

ds (D2 = (1 + 76) c2dt? — @ — r2(d@? + sin? 0 dp?), (24)

KOTOpbIE OTHCHIBAIOT METPUKO-JINHAMHUYECKOE COCTOSHHE BHEITHEH 00OJOYKH OCTAHOBHMBIIETOCS (MOKOAIIETOCS) BaJE€HT-
HOTO «3JIeKTpoHay» (cMoTpute MeTpuku (24) — (25) B [7]) (puc. 3B), a Taxxke nse metpuku (20) u (22)

(201
+a1)2 . aZ,cos?0 TenraZnsin? 0\ . 2Tgnra ,
dsSH? = im [O cc?dt? — =" —dr? — a2,cos*0d6? — (agn + St~ ) 5in? @ dp? + —2—"_gin? g d(l)cdt] =0,
n Aen= T24+ag,—TTen r2+ag,cos?0 r2+ag,cos?0
(229
+b2)2 . aZ,cos?0 TenT gy Sin? 0\ . 2T6nTa .
ds 2 = im [0 cc?dt? — 2 ———dr? — af,cos?0do? — (aén + 6”+) sin? 0 d¢p? — —2—"gin? 9 dd)cdt] =0,
n Agn—0 r24+ag, +1r7en r2+ag,cos?0 r2+af,cos?6

OTHCHIBAIONIIE JABA BCTPEUYHBIX TOPOMIAIBHO-BHHTOBBIX BHXPS CyOKOHTa (pHC. 3T), KOTOPBIE ITOCTEIEHHO 3aMEeMISIOTCS U
PAaCILIBIBAIOTCS 10 MTOJHOTO MCYE3HOBEHUS.

Kpowme toro, ocratorcst aBe metpuku (2) u (3)
@)

2)2 TenT” 27,2 _ (r*+agncos?0)dr? 24 .2 2 2 24 2 TenTagn . 2 2 2 2T6Taen ;2
dse =(1—7)c dt® — — (r* + ag,cos*0)d8* — (r* + az, + sin® 0 ) sin® 0 d¢p* — =—=—"—sin* 6 d¢pcdt
2n r2+aZ,cos26 r2 + a2, -Tent ( 6n 6n r2+a2,cos26 ¢ r2+aZ,cos20 (’b !
(3')

2 2 2 2 2
dsézbl)z = (1 + L) c2dt? — (Craencos0)dr? (r? + a2, cos?6)do? — (rz + a, — e gip?2 0) sin? 0 dp? + -2 _ gin2 9 depcdt,

2402 2 2 2 24a2 2 24q2 2
ré+agycos?6 T2 +agpt rent rétag,cos*0 ré+ag,cos*0



KOTOPBIE OMMUCHIBAIOT HAYAIbHOE COCTOSTHHE IBYX APYTHX BCTPEUHBIX TOPOUIATFHO-BUHTOBBIX BUXPSI CYOKOHTA, IIOKa3aHHBIX
Ha pHC. 3T, B MOMEHT BPEMEHH, KOT/Ia OHH TOJIBKO YTO COPBAINUCH C OCTAHOBUBILETOCA AJIpa «3JeKTpoHa». OHU TaKxke Mpo-
JIOJDKAIOT IBIKCHHE B HCXOIHOM HAIIPaBICHUU OCH Z, HO C YBEIIMIHUBAIOMICHCS CKOPOCTHIO V.

HyeBble KOMIIOHEHTH METPUYECKHUX TEH30pOB U3 MeTpuk (2') u (3")
Ten? (+b1)
1- —) " = (1 +
( r2+aZ, cos?0 Yoo

OITMCHIBAIOT JIAMHHAPHBIE 8,0-CYOKOHTHBIC TOKH, KOTOPBIE TIPUTEKAIOT U OTTEKAIOT K/OT SA/Ipa «dIeKTpoHa» (cMotpute § 2.2
B [7]). [TosToMy B ITBOHHOM TOPOHIATBHO-BUHTOBOM BHXPE, TOJBKO YTO OTHATHMBIIEMCS OT sIApa, OCTAHOBUBIIETOCS «3JIEK-
TPOHAY, 3TH TOKH €IIle MPUCYTCTBYIOT, [I0 MEPE OTJANICHHS OT OCTAHOBHBILETOCS SApa OHU Hcde3aroT (puc. 3r). B pesynprarte
MBI IPUXOAUM K BBIBOJY, UTO JAHHBIN (BTOPOIi) TOJIBKO COPBABILMNCS M HEMHOTO OTAAJIUBIIMKICA JBOMHON TOPOUAAIBHO-
BHUHTOBO# BUXPb JOJKEH OMMCHIBATHCS He MeTpukamu (2') u (3'), a MeTpuKamu

(+al) —

Ten? )
00 2442 2 4
rét+ag,cos<0

+a2)2 _ 3 5.2  (r%+akycos?0) ; , 2 2 2 2 2 2 TenTQén . 2 . o 2 2T6TA6n . 2
dsgy = c2dt? = mm—ldr? = (4 agpeos® 0)d0” — (r* + agy + 2y sin® 0 ) sin® 0 d® — 752 sin® 6 déedt, (25)
dsZ _ 242 (Tz+a§n60529)d 2_(r2 4 g2 20)d6? — (r2 + a2, — TenT@3n o2 0) sin? 0 dd? + —216"%n_ <in2 9 ddedt (26)
S3p | =C o pre—_ %+ agycos T Qn ~ maz ceszg S ) SIN ¢ vl cos7s ¢pcdt.

2 MeTpuKko-IMHAMHYecKasi MOJeJIb HAYAJIbHOI0 3JIEKTPOHHOI'0 «HEHTPHUHO»
2.1 Hauanvnoe cocmosnue 91eKmpoHHO20 « HEUMmpuHo»

IIpoBeneHHBI BBIIIE aHATN3 TTO3BOJIAET cOOpaTh MeTpukH (16), (22), (25) u (26) B 0gHYy CUCTEMY U MOCTPOUTH CIEIYIOLIYIO
METPUKO-JUHAMUYECKYI0 MOJENIb JIBOMHOIO TOPOMAAIBHO-BUHTOBOIO BHUXPEBOTO CYOKOHMHO20 OOPa30BaHUSL, KOTOPOE
TOJIBKO COPBAJIOCh U HEMHOTO OTJAJIMIOCH OT OCTAHOBUBIIETOCS BAaJICHTHOTO «3JIEeKTpoHa» (puc. 3B,r). B pamkax pa3BuBae-
Mol 31ech «I'eoMeTpu3npoBaHHOM GU3MKK BaKyyma» OyJieM Ha3blBaTh TaKO€ BUXPEBOE CyOKOHTHOE 00pa3oBaHHe Hadaib-
HBIM COCTOSIHUEM JIEKTPOHHOTO «HEHTPHHOY (WJIM HAYATIBHOEC €51y ~«CHEHTPUHOY).

Daexkrponnoe KHEMTPHHO»

B HAYAJILHOM COCTOSIHUM (€;4,;-«HEHTPHHO»)

B MHTEPBAJIE [Ty, ©], C CUTHATYPOH (+ — ——)

dsCD2 = 0 c2de? — —Bm<®0 2 g2 05206 — (a2 + Mﬂ) sin? 0 dp? + —meldenl_gin2 g gepcdt 27)

in r2+a2,1~TTen1 on1 onl T 12,42 cos?0 r2+a2, cos%8 !

(+a2)2 _ 25,2 (r2+a,,cos?0)dr? 2 2 2 2 _ ( 2 2 Ten2Talnz .+ 2 ) . o 2 2Ten2Taenz . 2
ds,, = c*dt T — (r* + ag,,cos“6)do r°+agy, + rizménzmszgsm 6)sin* 6d¢ rizménzwszgsm 0 decdt, (28)

(+b1)2 _ 3 5.2  (r®+adnycos?8)ar? . 5, 2 2 _ ( 2, .2 _ _TenaTGns . 2 ) 2 2, 2Ten2Taen2_ _: 2
dsg, " = crde? — e (r? + a2, cos20)do? — (12 + a2, et onerySiN? 0) sin® 0 d¢? + AT sin® 6 ded, (29)
ds(+bz)z —0-c2dt? — aZ,qcos%0 dr? — a2 cos?0do? — (az _ Ten1ragny Sin? 9) sin? 8 d¢2 _ _2TenaTaena sin% 0 deedt; (30)

an r2+aZ, +TTen1 6n1 6nl 12462 . cos?20 r2+a2, cos20 !

IleabT 3JIEKTPOHHOI0 KHEHTPHHO)
B uHTepBae [0, ]
+)2 :
ds{P? = c2dt? — dr? — r2d6? — r2 sin® 6 d¢?, (31)
rae
_ TeniVz1

Aen1 =~ (32)

— [napamMeTp JUIMINTUIHOCTU IEPBOI0 ﬂBOﬁHOFO TOPONAAJIbHO-BUHTOBOI'O BUXPA Cy6KOHTa, C YBCJIMYMUBAONIUMCA paannyCoOM

TOPJIOBHHBI TOPA Tgy,q — 00 U YMEHBIIAOIIEHCS CKOPOCTBIO MOCTYIATeNbHOTO ABMkeHus V,; — 0 (puc. 4);
_ Ten2Vz2

Agnp = 33

n = 22 (33)
— mapameTp JIUTUIITHYHOCTH BTOPOTO JBOMHOTO TOPOMIAIBHO-BHHTOBOTO BUXPS CYOKOHTA, ¢ YMEHBIIAIOIIMUMCS PaJHyCOM
TOPJIOBHHBI TOPA T4y — 0 M yBEIMUHMBAIONIEHCA CKOPOCTHIO MOCTYMATENBHOTO JBHXEHHS V,, — oo (puc. 31).
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Mertpuku (27) — (30) He SIBISIOTCS pEMICHHSIME BAaKYyMHOTO ypaBHeHHs DiHIITeiHA R, = 0 (BBIIONHSIIOMIAMHI POJIb 3aKO0-
HOB coxpaHneHust, cMotpute Beenenue B [5]). Cornacho [5], aTo o3Hauaert, uto Metpuku (27) — (30) onuchBalOT HeCTaAOHIIb-
HOE (BpEeMEHHOE) CYOKOHTHOE 00pa3oBaHHE.

AHanu3 Tousi CKOPOCTel U YCKOpeHUH CyOKOHTA, BBIIOMHEHHBINH aHanorudHo §§ 4 u 5 B [8], mokaspiBaeT, 4T0 METPUKH
(27) — (30) onuchIBaIOT BA ABOWHBIX TOPOUIATBHO-BHHTOBBIX BUXPst. OquH 13 HUX (27) 1 (30) (vnm (20') 1 (22')) mocTeneHHo
OCTaHABIIMBACTCA M PACIUIBIBACTCS 10 TIOJIHOTO MCcYe3HOBeHM. [Ipu 3TOM BTOpO# MBOMHOM BUXPH (28) U (29) cxxumaetces u
yCKOpseTcs.

O6a mporecca pacpOCTPaHEHHS ISKTPOHHOTO «HEHTPUHO)» B3aMMOCBSI3aHBI, T.K. COBMECTHO O0ECIICUHBAIOT BHIIIOJIHCHUE
TpeboBaHus BakyymHoro Oananca Buna: (V4 = 0, 751 = ©) & (Tgne = 0, V,, = ) (cMoTpute Benenue cratbu [1]).

2.2 Yckopaowascsa yacmo 371eKmMPOHHO20 «HEUMPUHO)
PaccmoTpum Gosee mogpoOHO BTOPO CKMMAIOLIMICS TBOWHOM TOPOUIAIHO-BUHTOBOW BUXPB (28) 1 (29).

B Hauane caMOCTOATENHHOTO BUKEHHSI BTOPOTO ABOMHOTO TOPOUIANBHO-BUHTOBOTO BUXP (28) u (29), paguyc ero ropio-
BHHBI Ty, HEKOTOPOE BpeMs OCTaeTCs He PaBHBIM HYJIIO 3a CUST WHEPINH BpalleHus cyOkoHTa. Ho mocteneHno qanHas rop-
JIOBMHA HEU30EKHO CHKUMACTCS (T. €. Ty, — 0), 3amoNHsIsi MECTO OTCYTCTBYIOIIETO siapa. [103ToMy craraemble, CoAepKaIie
Ten2, B MeTpuKkax (28) — (29) cTpemsitest K Hyr0. DTO, COTIIACHO, HATPUMED, BhIpaxeHusM (45) B [8]

+al) __ . T r +al) _ . CT, Aag,: . +al) __
U,E ) = lim ¢ % = 0, Ué ) = lim %Slnz 6 =0, Ué ) =0, (34)
Ten2—0 A T°+ag,, cos* 6 Tenz—0 7> +ag,,c0s%0

03HaYaeT, YTO MOCTENEHHO B3aUMHO IPOTHBOIOJIONKHOE (BCTpEYHOE) BpallleHHe CyOKOHTa B paccMarpuBaeMoil o0JacTH
A-12,-15-BaKyyMa OCTaHaBJIMBACTCS.

BmMmecrte ¢ Tem, mapameTrp SJUIMITUYHOCTH gy, MOXKET OCTaBaThCs HEM3MEHHBIM, €CJIM YMEHbBLICHHE Pajiyca rOpJIOBHHEI
BTOPOT'O JIBOWHOT'O TOPOWAAJIBHO-BUHTOBOTO BUXPS Tgp, , CONMPOBOXKAAETCS MPOMOPIMOHANBHBIM YBEJIMUEHHEM CKOPOCTH
€ro MoCTyNaTeJIbHOro ABMkeHus V,, (T.e.npu 14y, = 0 nonyuaem V,, — 00), Tak 4yro:

. TemaVs
Agny = lim 22 = const, (35)
Ten2—0 c
Vzp—©

Takum 06pa3zoM, Uepe3 JOCTATOYHO GONBIITON MPOMEKYTOK BPEMEHH [TOCIIE TOTO, KAK BTOPO#l IBOHHON TOPOHUIATsHO-BHHTO-
BOM BUXPB CPBIBAETCA C sIpa OCTAHOBHBILETOCS «IIEKTPOHAY, €T0 FTOPJIIOBHHA CKMUMACSTCSI IPAKTHIECKHU 0 HYIS (T. €. Tgpy —
0 ), mpu 3TOM 3HEpreTHKa BPAIICHHS 3TOTO BUXPS MEPEXOIUT B YBEIHUCHHE CKOPOCTH (T.€. SHEPIeTHKU) MOCTYIATENHHOTO
JBIDKEHHST BTOPOTO TBOMHOTO TOPOUIAIbHO-BHHTOBOTO BUXps (V,, — ). B aToM ciydae mpu 7g,, — 0 u BBIIONHEHHH
ycnosust (35) merpuku (28) — (29) mpuoOpeTaroT 0IMHAKOBBII YIPOIIEHHBIN BH/]

. (+a2)2 _ 2 3,2 (T2+a2n cos20) 2 2 2 2 2 2 2 . 2 2
r6l,ll£r—1»od52n = c%dt —Wdr — (1% + aZ,,cos20)do” — (r? + ak,,) sin® 0 d¢”, (36)
Vzo—o0

; (+b1)2 _ 3 4.0 (1PHaEacos?0) , o 24 2 2 2 24 2 P02 2
(im dsy 7 = cPdt —Wdr — (1% + ag,;c0s20)do” — (% + a,,) sin” 6 d¢”. (37)
Vzo—o0

Mertpuku (36) u (37) SABIAIOTCS PEIICHUSIMA BaKyyMHOTO ypaBHeHus DiHmrreiina Ry, = 0 (cmotpure (4) — (8) B [8]). D10
03HAYaeT, YTO OHHM ONKCHIBAIOT CTaOMIIbHOE CYyOKOHTHOE (T.€. BHYTpH-BaKyyMHOe) 00pa3oBaHHe, KOTOpoe OyeM Ha3bIBaTh
IEKTPOHHOE HEHTPHHO» B KOHEYHOM COCTOSHHUH (UM KOHEUHOE €, ;-«HEHTPUHON).

Taxum 00pa3oM MBI IPUXOANM K CIIEIYIONIEH MOJEIN KOHEYHOTO JIIEKTPOHHOTO €, ;-«HEHUTPHHO», KOTOPOE HaXOANTCS Ha
OO0JIBIIIOM PAaCCTOSHUY OT OCTAHOBUBILIETOCS BAJICHTHOTO «3JIEKTpOHa» (puc. 31).



daexkrponnoe KHEUTPHHO»

B KOHEYHOM COCTOSIHUH (e, -«HeHTPHHO»)

B unrepsaie [0, «o], ¢ curHatypoii (+ ———)
2 2 2
+a)2 r°+agnpco0s°0 .
ds{to? = c2q¢2 — #drz — (r? + a2,,c0s20)d6? — (r% + a2,,) sin® 6 dp? — a-cy6KoHT,
6n
(+b)2 _ 2 4.2 _ 1%+Gn,c05%0 ;o 2 2 2 2 2 2 P2 2 .
ds, = c*dt —Wdr — (r* + ag,pc05°0)d0* — (r* + ag,,) sin” 6 d¢* — b-cyOkonT;

leabT 3JIEKTPOHHOI0 KHEHTPHHO)
B uHTepBae [0, ]
+)2 :
dss( 2 _ c2dt2 — dr? —r2d@% — 12 sin @ do¢?,

rjie coryiacHo ycioswio (34)

_ . Vzz _
Agnz = 761111211 L const

Vzp—
— NapaMeTp SJUITMOTUIHOCTH KOHEHYHOI'O JJICKTPOHHOI'O ee_nd-(<HeI>'ITpI/IHO>>, JABMIKYLICTOCA B HAIIPpAaBJICHUU OCH Z co CKOpO-
CTBhIO VZ — 00 OTHOCHTCIIBHO ITOKOAINCIOCA le,-ls-BaKyyMa, BO3MYIICHHUCM BHEIITHEH CTOPOHBI KOTOPOTO (T.e. Cy6KOHma)

OHO SABJIACTCA.

CrpemiieHrne CKOPOCTH MOCTYTIATEIBHOTO IBIKCHHUS €, 4-«HEUTPUHO» K OeckoHeuHOCTH (V,, — ©0) BBITTISANT HEJOMYCTH-
MBIM, HO B pacCMaTpUBaeMoil MaTeMaTH4eCcKOil MO OTCYTCTBYIOT OTpaHUYCHUE HAa JaHHYIO CKOPOCTh. Bo3MoxkHO, naH-
Hasi MOJIEJIb HE COOTBETCTBYET PEaNbHOCTH, HO IPYTHX METPUK-PEIIeHUII BAKyyMHOI'0 ypaBHEHHs DHHIITeHHa (T.€. cCTaOUIIb-
HBIX BaKyyMHBIX 00pa3oBaHHil) B paccMaTpuBaeMoM cliydae He mnosy4yaercs. CrpaBeInBOCTb 3TOH MOJEIH MOXET OBbITh

TMOATBCPIKACHA TOJIBKO SKCIICPHUMCHTAJIIBHO.

3 MeTpuko-IMHAMHYECKHEe MO/IeJIH TO3UTPOHHOI0 «HEHTPHHO»

Beimonasist ¢ metpukamu (9) — (12) aeiicteust ananoruunsie (14) — (41), nonyuum ciieyromre MeTpUKO-IMHAMUYECKUE MO-

JCJIU TO3UTPOHHOT'O <<HCIZTpPIHO>>.

dsl(,_lul)2 =—0-c%dt® +
dSZ(;az)z -

ds3(;b1)z _

dsi;bz)z

rac

Aon1 =

— IMapaMeTp SJUIUITUIHOCTH TIEPBOTO HBOﬁHOFO TOPONAAJIbHO-BUHTOBOI'O BUXPSL aHTI/Icy6KOHTa, C paguycoM yBEJINYHNBArO-

[Ho3uTponHoe «HEUTPUHO»

B HAYAJLHOM COCTOSIHUH (€7, ;- «HeHTPUHO»)
B HHTEPBAJE [Ty, ], C CHTHATYPOH (— + + +)

2 2 2 in2
QAgp1€0s“ 0 Ten17Agn1 Sin“ 6 . 2T6n17q, .

2 61;1 drz + aénlcoszgdg2 + (aénl + 61211 zm1 2 )SLnZ 6 d¢2 - 61;1 61!; sm'z 6 dd)Cdt'

T24+ag,1~TTen1 r2+ag,,cos%0 r2+ag,,c0s%0

2 2 2 2 2
— c2de? 4 CHlenacos O | 2 4 az,,cos?)do? + (rz + a2, + etz gip?2 0) sin? 0 dp? + —remallenz_ oin2 g g,

T2 4+ aZp, - Tenat r2+a2,,cos20 r2+a2,,cos20

2 302 _ (rP+ad,cos®0)dr? 2 2 2 2 2 2 TenaTagny . 2 2 2 2T6n2T6n2 . 2
—c4dt —m‘f—(r + agp,co0Ss H)dG +(r +a6nz—msm 6 )sin 9d¢ —Wsm Hdd)Cdt,
z 20 Zpasin?0\ . 2 .
—0-c2dt? + 2T gp2 4 g2 cos*0dO? + (aénl - w) sin® 0 dp? + om0 oin2 g dgcdt;
r2+agn 161 r2+ag, cos?6 r2+ag,,cos?6
IleabT NO3UTPOHHOI0 «HEHTPUHOY»
B uHTepBae [0, ]
-— 2 .
dss( 2 = — c2dt? + dr? + r2d0? + r? sin? 0 dp>.
_ TeniVz1
2¢c

IIEHCS TOPIIOBUHBI TOPA Tg,q — ©0 M yMEHBIIAIONIEHCS] CKOPOCTHIO IOCTyNaTeIbHOT0 ABMkeHus V,; — 0 (puc. 4);

(38)
(39)

(40)

(41)

(42)
(43)
(44)

(45)

(46)

(47)



Aonz = _re,nzzCsz (48)

— TapaMeTp JLIMNTHIHOCTH BTOPOTO ABOMHOTO TOPOMIAIbHO-BHHTOBOTO BHXPSl aHTHCYOKOHTA, C PaAHyCOM yMEHBIIA0-
Ieicst TOPIOBUHEI TOPA Ty, — 0 U yBenMUHBaroLIeiica CKOPOCTBIO OCTYNATEeIbHOI O ABMXKeHus V,, — oo (puc. 31).

Ho3urponnoe «<HEUTPUHO»
B KOHEYHOM COCTOSIHUH (€, ;-«Heli TpHHO»)

B uHTepBane [0, ], ¢ curHaTypoi (— + + +)
2 2 2
%dr2 + (r? + aZ,pc0520)d6? + (r? + aZ,y) sin? 0 dp? — a-cybkont, (49)
6n2
r2+ag,pcos?0 dr? 2 2 20)do? 2 2 in20dd? — b-cv6 - (50
5 r* 4+ (r* + ag,,cos*6) + (r° + ag,,) sin ¢ cybkont; (50)

2
T4 +dgna

dsC % ~ — c2dt? +

ds,(l_b)2 ~ —c2dt? +

MleasT MO3UTPOHHOI'O «HeﬁTpI/IHO»
B uHTepBae [0, ]
ds$?? = — c2dt? + dr? + r2d0? + r2 sin® 0 d¢?, (51)

. Vz2

rae a ~ lim rg,, — = const 52

AC Qenz = M Tenz 7 (52)
sz—mo

— mapaMeTp SJUTMINTHYHOCTH KOHEYHOTO TIO3UTPOHHOTO €, ;-«HEWTPUHOY, JABMKYLIEr0oCs B HAIPAaBJICHHH OCH Z CO CKOpPO-

cThio V,, = 00 OTHOCHUTEIBHO MOKOSIICTOCS A-12-15-BaKyyMa, BO3MYIICHHEM BHYTPEHHEH CTOPOHBI KOTOPOTO (T.€. aHmucyo-

KOHMA) OHO SBIISICTCA.
4 ledpopmanuu cyOKOHTA B MecTe HAXO0KACHNS] KOHEYHOI0 3JIeKTPOHHOIO € ,, ;-<HeliTPHHO»
PaccmoTpuM ncKakeHHs CyOKOHTa B OKPECTHOCTH MECTa HaXOXKICHUS KOHSUHOTO €., ;-«HeHTpuHO» (38) — (41).

O nedopmanusax cyOKoHTa OyeM CyIUTh 110 OTHOCUTEIHLHOMY YAJMHEHHUIO JIOKAIBHBIX YYaCTKOB GHeuHeli CTOPOHBI A-12,-15-
Bakyyma (T.e. cyOkonTa) (cMotpute Bhipaxkenue (47) B [3] u §2.8 B [5])

(53)
Chauaa, Tak xe kak B §2.8.1 B [5], ycpenuum metpuku (38) u (39)
dsttP? ~ %(ds,(;'a)z +ds{t9?) ~ c2dit? - rz:;i"—;gjedrz — (r? 4 a2,,c0s20)d6? — (1% + a2,,) sin? 6 dp?. (54)
Beinuiiem ycpeHeHHbIE KOMIIOHEHTBI METPUYECKOT0 TEH30pa n3 MeTpukH (54)
95 =205V + G =1 g =1(gh + ") ~ -t (55)

+ _1r (+a) (+b)y ) _ 1 (+a) +b)y :
922" = E(gzz + 0957 ) = —(r? + any c0s?60),  gs3 = 5(933 + 033 ) ® —(r* + agy,) sin® 6,

¥
OCTaJbHbIE gl.(l. ) = 0.

o(+
KomiioHeHTBI METPHUUICCKOTO TCEH30pa 90(() ), OIMMCBIBAOIICTO HCUCKPUBJIICHHOC (I/ICXO,HHOC) COCTOSIHUC HCCIIEAYyEMOT'O

y4yacTtka cyoKonma, BO3bMEM U3 MeTpukH tenbta (40):

o(+ o+ 0(+ 0(+ i
90(() )= 1, g1§ )= -1, gzg ) = -2, g3§ )= —rZsin?9. (56)
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IMoacraBum komnoneHTs! (55) u (56) B BeIpakeHue 17t OTHOCUTENbHOTO yanuHeHus (53). B pesynbrate nony4um criemyo-
€ KOMIIOHEHTHI BEKTOPa OTHOCHTEIBHOTO YUTMHEHHS CyOKOHTa B MECTE PACIIONIOKEHUS €4y, ;- «HEHTPHHO

I~ \E -1=0, (57)
(+) _ [r?+aZ,,cos?6
L=~ ,’ 726"'22112 -1 (58)
) a2,,co0s2 8
lg’ ~ 1/1 +-—-1, (59)

1) ~ /1 4% g, (60)

I'paduku pynxuuit (58) — (60) npencraBnens! Ha puc. 5 —7

2.0004,
200031 |
e [ 1

200011 / \ 1

r
Puc. 6. I'paduxu Gpynkiuu (59) npu asnz =0,5, §=50°, r=0,09
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2001 : - - ,
2.0008 }) \ 1
1 1
lg;') (r flﬁl ll‘ ]
20002t ‘;/‘ \ J
:Tr—j": - 0 \?‘Hﬁio
r

Puc. 7. I'papuxu Gpynxmun (60) npu asn2= 0,5

Awnanus rpadukos pyukiuii (58) — (60), oTuacTu MpeACTaBICHHBIX Ha PHC. 5 — 7, MPHBOINUT K BBIBOY, Y4TO B paifoHe pacro-
JIOXKSHUSI KOHEYHOTO €, ;-«HEUTPHHOY, IBIKYLIET0OCs C MOCTOSIHHOH CKOPOCTEIO V5, nedopmanus cyoxorma (T.€. gHeuiHell

CTOPOHBI A12-15-BaKyyMa) COOTBETCTBYET (hopMme Topousa BparieHus. Ha puc. 31 u puc. 8 mpuBeaeHbI pa3invHbIe MOMBITKH
MIPOMJUTIOCTPUPOBATh TOPOUNAIBHBIE MCKAKEHUSI CYOKOHTAa B OKPECTHOCTH MECTa HaXOXKICHHS LEHTPa KOHEYHOTO €,y -

«HEUTPUHOY.

a)

Puc. 8. [IONBITKY IPOMILTIOCTPHPOBATH TOPOUIATBHBIE HCKKEHHUSI BHEIITHEH CTOPOHBI A-12,-15-BakyyMa (T.e. cyOKoHma)
B OKPECTHOCTH MECTa HaXOX/JECHUS IIEHTPA 3IEKTPOHHOTO «HEHTPHHO» B KOHETHOM COCTOSTHHHU

Ipu agp, = 0 (1.e. mpu V2 = 0) Bce otHOCUTENBbHBIE yaauHenus (58) — (60) (t.e. medopmarun) CyOKOHTA paBHBI HYIIIO.
TakuMm 006pa3oM, DIEKTPOHHOE €, -«HEHTPHHO» HE MOKET CYIIECTBOBATh 6€3 MOCTYNATENHHOIO JABMKEHUS C HEKOTOPOI

CKOpPOCTEIO V3.

TTOCKOIBKY HyJIEBBIE KOMIIOHEHTHI METPHIECKHX TeH30pOB 13 MeTpuK (38) — (40) mpubamKeHHO paBHbI

g9 =1, gi9 =0, giiY=0 gi?=~o0, (61)
b b b b
P =1 giP =0, gHP =0, g%’ =0, (62)

HUMCCM OTHOILIICHUA
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(+a) (+a) (+a)
(+a) _ _ g (+ta) _ _ 9 _ G+a) _ _ 9 ~ 0
Ir - (()ia) ~ 0! gg - % - 0' g¢ Y= (()ia) 0' (63)
00 00
(+b) (+b) (+b)
(=b) _ _ 9 _ by _ _ 9 _ (+b) _ _ g _
g =—n=0, 9y =-"G5=0. g, =—"G5=0 (64)
Yoo Yoo 00

MO3TOMY Y KOHEUYHOTO €,,,;-«HEHTPUHO» MPAKTHIECKH OTCYTCTBYIOT YCKOPEHHBIC JIAMHHAPHbBIC U TypOyJICHTHBIC BHYTPH-
BaKyyMHBIE TOKH (cMoTpute §5.2 B [8]):

U@ _ ggg‘”( (+a) _9g B a)> ~0 FCO - _ ain |goo® =0
or ZC\/— ’ or y Ar* 4
y]eC® 0 aglt oy _ _ 0 Jo5”
B(+a) {900 " [ 8g; ~0 (65) E 20" =0, (66)
06 2¢/1gl ap ’
a aln g( @
(-a) -a) - ECY = —— =0
B(—a) Yy900 " (999 ~ 0g ( @ -0 o nd ap* )
o¢p 20\/@ '
. ain |geoD o B( b ,g(();b) Bg‘(p_b) 3g§_ab) _o
or =TV T4 - T el \ 98 a9 |
am gt» _ _
(-b) _ _ %™900 _ v [gCD) ) gD
E, =-v e = 0, (67) B( by _ ¥Yy900 "(dgy " 99 "\ _ 0, (68)
2¢4/19g1 ap ar
dln f -b)
=b) _ Joo ~ _ -
Eo¢ = _VT = 0. B( p) _ Yy 9(()0‘1) ng_b) _ c’)gﬁ_b) -0
219l ar a0 |~

B pamxkax pa3BuBaeMoii 371ech reOMETpU3NPOBAHHON (PM3UKH BaKyyMa Y JIEKTPOHHOTO «HEHTPHUHO» B KOHEYHOM COCTOSTHUH
(eonq-«HeriTpuHO») (38) — (41) mpakTHYECKH OTCYTCTBYIOT HHEPTHBIE CBOMCTBA. [IpyruMu CIOBaMH, MbI IPUXOJNUM K HEOO-
XOZIMMOCTH PACCMOTPEHHS TUIIOTE3bl O TOM, YTO 3JIEKTPOHHBIE €,,,;-«HEHTPMHO» U TIO3UTPOHHbIE €. ,-«HEHTPUHO» B KO-
HEYHOM COCTOSTHHH — 3TO TOpouaaisHbie ""hantombl" (v "TeHu'""), KOTOpBIe MPAKTHIECKH He 00naaroT uaepimeit. [loatomy
TEOPETUYECKU OHU MOT'YT NepeMelIaThCs B BAKyyMe CO CKOPOCTBhIO BO MHOT'O pa3 IpeBbIIatonieii ckopocth ceeta (V; >> ¢).
BwMecre ¢ TeM, ciiexyer 0xuziaTh, YTO OHU NPAKTHYECKH HEYJIOBHMBI, T.K. — 3TO OYCHb CJ1a0ble MTHOBCHHBIE «TyHOBEHHMSD)
BaKyyMHOTO BO3MyIIeHUs (puc. 8.1), KOTOpbIE MOTYT TEPSIOTCS Cpely BaKyyMHBIX (DIyKTyaruii.

Puc. 8.1. ®pakranpHas WUTIOCTPAIHS 3JIEKTPOHHOTO ¥ MO3UTPOHHOTO HEHTPHUHO» B KOHEYHOM COCTOSTHHU. JTO c1adble TOPOHJaIbHBIE
CyOKOHTHO-aHTHCYOKOHTHBIE «(JyHOBEHUS», T.€. JIETKHE (MPaKTUIECKN OE3BIHEPIIHOHHBIE) BO3MYIICHHUS BaKyyMa
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Ecnm ynactcst reHeprpoBaTh U JETEKTHPOBATh JaHHbBIC CBEPXCBETOBBIC OE3BIHEPIIMOHHBIC BAKYyMHBIE 00pa30BaHUs, TO MO-
I'yT OBITH IIOCTaBJICHBI 3a/1a41 110 OPTraHU3aIMY Y3KOHANPABJICHHBIX KaHAJIOB CBSI3U, CO CKOPOCTBIO MEpeaayr JaHHbIX, 3Ha-
YUTEJIBHO MPEBBIAIOIINX CKOPOCTh CBETA.

5 HpOTOHHLIe, IVIAHETAPHBIC, TAJIAKTHYECKUE U JIpyrue «HeﬁTpHHO»

IMpemtoxeHHBIE B 3TON CTAThe METPUKO-IUHAMHYECKHE MOJETH «HEHTpHHOY (27) — (32) u (38) — (41) U «aHTHHEHTPUHOY
(42) — (47) u (49) — (52) npuroAHBI AJIsT OTIUCAHKS MOAOOHBIX BAKYYMHBIX 00pPa30BaHUi U TPOIIECCOB HA PA3INYHBIX YPOBHSIX
opranmzaiyu BeeneHHO. AHAOTHYHO MOTYT OBITh HCCIIEIOBAHBI: ME30HHbIE, IIPOTOHHBIC, HEUTPOHHbBIE, HYKJIIOHHbIE, ATOM-
HBIE, MOJICKYJISIDHBIC U JPYTHE «HEHTPHHO» HA OCHOBAHWUHM METPHKO-JAMHAMHUYECKHX MOJEICH 3TUX CTAOMIIbHBIX U HECTa-
OMIIBHBIX BAKYYMHBIX 00pa30BaHMiA, IPEUIOKEHHBIX B cTaThsX [6,7,8].

Jst mpuMepa, paccMOTPUM KOHEYHOE COCTOSIHHE TIPOTOHHOTO «HEHTPHUHOY», KOTOPOE MOXKET COPBATHCS C PE3KO OCTAHOBHUB-
IIETOCS «IIPOTOHA» B TOMOJIOTHYECKOM KoHburyparuu (92) B [6]:

df(+ + + )

Us (— + — +)
U (= — + +)

pri+ + )

B paMKax paSBHBaeMOﬁ 34CChb TCOpHH, MECTPUKO-AUHAMUYICCKAA MOAC/Ib TAKOI'O IPOTOHHOT'O ((HeﬁTpHHO» B KOHCYHOM CO-
CTOAHHUH UMECT BU/I:

IIporonHoe «HEUTPUHO» (69)
B KOHEYHOM COCTOSIHUHU (P ,pq ~«HEHTPHHO») (pHC. 8.2)
B untepsaie [0, o], c cyMMapHO# cUrHaTypoii (+ + + ) + (—+ —+) + (——+ +) = (— + + +)
COCTOHT H3:
dx'end-KBapKOBOE «HEHTPHHO»
¢ curHatypoit: (+ + +-)

+a)2 r2+a2,,c0s%6 ,
ds,sla) ~ c2dt* + #dr2 + (r? + a2, cos20)d6? — (r? + a2,,) sin® 0 d¢p? — a-cyOKoHT,
6Nn2
+b)2 r2+a2,,cos%0 .
dsG? ~ c2dt? + #drz + (r? + a2, cos*)do? — (r* + aZ,,) sin? 0 dp? — b-cy6xonr;
6n2
Us end-KBapKOBOE «HEATPHHO»
¢ cUrHaTypoit: (—+—+)
—a)2 r2+aZ,,cos?0 ,
ds,s3a) ~ —c?dt? + #dr2 — (r? + a2, ,c0s20)do? + (r* + aZ,;) sin? 0 dp? — a-cybkonr,
6n2
—-b)2 r2+a2,,co0s%0 .
ds$;7? ~ — c2dt? + #drz — (r* + aZ,,cos*)dO? + (r* + a?,,) sin? 0 dp? — b-cy6xonr;
6n2
Ur end-KBapKOBOE «HEHTPHHO»
¢ curHaTypoit: (——+ +)
_ r?+ag,,c0s%0

ds\T? ~ — c2dt?

ns 2 2
T4 +agy,

ds(4—b)2 ~ — c2dt? — r2+a,,cos?0
ne

dr? + (r* + aZ,,c0s20)d0* + (r* + aZ,;) sin? 0 dp? — a-cybxonr,
. dr? + (r? + aZ,,co0s2)d0? + (r? + a,;) sin® 0 dp? — b-cy6koHuT;
IllenbT NPOTOHHOTO «HEHTPHHOY»
B uHTepBae [0, ]
ds{7)% = — c2dt? + dr? + r2d6% + r2 sin® 6 dp>.
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Ecnu Bo Bce ypaBHEHUs JaHHOI cTathu BMecTo s~ 10718 cM (pamuyca siapa snemen-
TAPHOM «YaCTHIIB», B YACTHOCTH SJIpa «3JIEKTPOHA») TIOICTABUTH JIFOGOM ApyTOii pa-
nuyc u3 uepapxuu (44a) B [6]:

ry~ 10% cm — paauyc, cousMepuMblii ¢ paauycoM Mera-BceneHHol; (70)
r2~ 10%° cm — paauyc, cousMepuMblii ¢ paauycoM HabmoaaeMoil BeeneHHoi;

r3~ 10 cm — paamyc, COM3MEPUMBIIi ¢ PajMyCcOM s/Ipa FaTaKTHKY;

rs~ 108 cm — pammyc, COM3MEPUMBIIA C PalMyCOM spa IUTAHETHI HITH 3BE3/IBL;

rs~ 10~3 cM — paguyc, cCOU3MEPUMBIA C PaJKycoM OHOIOTHYECKOM KIETKH;

rs~ 1073 cm — pamyc, COM3MEPUMBIIA ¢ PainycoM s/ipa 3JIEMEHTAPHON YaCTHIIbI;

r7~ 1072* cM — pafuyc, COU3MEPUMBIIA ¢ pajiycoM spa IpOTO-KBAPKa,;

rg~ 10-3* cM — panuyc, COU3MEPUMBIIA C p PaJUyCcOM sijipa IIAHKTOHA;

ro ~ 10° cM — pajuyc, COM3MEPHUMBII € PaJIMyCOM s/Ipa MPOTO-IUIAHKTOHA;

ro ~107% ¢M — papuyc, cousmMepuMBIii ¢ pajidycoM Spa MHCTAHTOHA,

TO TIOJIyYMM «HEUTPHHO» PA3INYHOTO MacIITada.

B paMKax pa3BUBACMbIX 3/1€Ch HpeZ[CTaBJ'ICHPIﬁ, IJIaHETapHOC ((HeﬁTpHHO» WU 3BE3/1-
HOC ((HeﬁTpHHO» — 9TO COpPBABHICECs C «IUIAHCTHD) WJIN CO «3BE3AbD» UX TOPOHUAAIIb-
HBIC MAardiuTHBIC IT0JIA (pI/IC. 9) AHAJOTHYHO TaJlaKTHIECKOe ((HeﬁTpHHO)) — 9TO CO-
pBaBLICECA C TAITAKTUKH €€ HAMAIrHUYCHHOC Irajio U T.A.

[TpruanHO#t 006pa3oBaHNs MIIAHETAPHBIX «HEHTPUHO» MOXET ObITh, HAIPUMEP, CTOJIK-
HOBeHHE «IuiaHeT» (puc. 11), 9To MOXXEeT MPUBECTH K CPBIBY X TOPOUIAIBHBIX Mar-
HUTHBIX MOJIEH.

Puc. 9. MaruutHoe 1oJji€e miaHeThbl

Puc. 11. O6pa3oBaHue INIAaHETAPHBIX «HEUTPHHOY (T.€. TOPOUTATIBHBIX MATHUTHBIX ITOJIEH)
HPH CTOJIKHOBEHUH JIBYX IUIAHET
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AHaJIOTHYHO MOTYT 00pa30BEIBATHCS T'ATAKTHUECKUE «HEUTPHUHOY» TIPH CTOJIKHOBEHHUH JIBYX ranakTuk (puc. 10).
6 B0o3MOKHOCTH reHepaniy «HeHTPHHO» Pa3INYHbIX MACIITA00B

PaccMmoTpeHHbIE BhIIIe MATEMAaTHICCKHE MOJICITH AIEKTPOHHOI'O «HEHTPUHOY U MO3UTPOHHOTO «HEHTPUHOY, OCHOBAHHBIC Ha
METPHUKAX-PEHICHUAAX BAKYYMHOTO YpaBHEHUsI JUHINTEIHA, HE TAIOT MOJHOTO MPEJCTABICHUS O JaHHBIX KBA3UCTAOUIIBHBIX
BaKyyMHBIX oOpa3oBanuii. Hanpumep, B GopMynax OTCYTCTBYIOT OrpaHHYCHHE HA CKOPOCTh MOCTYMATEIBLHOIO JABHKCHHUS
V,, «HCHTPHHO» B KOHEYHOM COCTOSHHH. HescHO, 3a Kakoil MepHoj BPEMEHH 3JICKTPOHHOE HEHTPHHO» MEPEXOIUT W3
HagasbHOTO cocTostHus (27) — (33) B koHeuHOE cocTosiHue (38) — (41) m T.1.

JIist MoATBEPKACHUS CIIPABENINBOCTH IPEIOKEHHOW MaTeMaTHYECKOH MOJIETH «HEHTPHHO» M YTOYHEHHS €€ TapaMeTpoB,
HEOOXO0ANMO MPOBEICHHUE IKCIIEPUMEHTOB.

Hrke mpuBeieHbI BOZMOXKHBIE CIIOCOOBI TeHEPALUU «HEUTPHHOY, MPUTOAHBIX IS AKCIIEPHUMEHTAILHON POBEPKU U3Jarae-
MOU 3/1€Ch THIOTE3bI. [Ipr ITOM MBI HCXOAMM M3 TOTO, YTO «HEHTPUHO» Pa3HBIX MacliTaboB (Hanmpumep, AJIEKTPOHHbIE, MO-
JIEKYJISIpHBIE, IJIaHETapHBIE U IPYTHE «HEHTPHUHO») UMEIOT aHAJOIMYHOE CTPOSHHE U CBOIICTRA.

6.1 Boosanvie «neumpunoy. Ipgexm Bonkosa

BomnkoB lOpuit BacuinbeBud cotpymHiuK MOCKOBCKOIO rocyaapcTBeHHOro yHuBepcutera uM. M.B. JlomonocoBa (MI'Y) B
nepuon 2001 — 2009 rr. 9acTo JEMOHCTPUPOBAJ CIEAYIOMINH dKcIepuMeHT. OH IMoMeIal aMITyJIbl C IBaX bl TUCTHILTAPO-
BaHHOU BOJOW (OMIUCTIILIATOM) Ha JIBE HEJIEIH B MOIIHOE MarHUTHOE ToJie ¢ MHAYKuuel nopsinka ~ 0,5 Tm. danee FO.B.
BomnkoB Habmonan psij ciaeayomux 3GpdexToB ¢ oMmarHuyeHHbM Ouauctmistom [10,11,12]:

- BEC aMITyJI ¢ OMATHHYEHHBIM OMAUCTHIUIATOM yBeIuduBancs Ha ~ 2,2:107r;

- KOTJIa Ha aMIyJbl C OMarHMYCHHBIM OMIUCTWIIIATOM HAIpPABISIICS JIyd KpacHOTO cBeTa (T.€. Jyd OOBIMHOW JIa3epHOI
YKa3KH), TO OMarHMYCHHBIN OMIUCTHILIAT TepsuT ToOaBICHHBIN Bec B TeueHue 1,5 — 2,5 MuHyT;

- aMIlyJia ¢ OMAarHUYCHHBIM OUJUCTHIIISATOM, TOMEIICHHAs] Ha MICHOIUIACTOBBIH IUIOTHK HAa MOBEPXHOCTH BOJIBI, IBUTAJIACH B
HAIpaBICHAH KCTOYHHUKA KPACHOTO JTy4a cBeTa (puc. 12).

Puc. 12. Dpdexr otnaun Bonkosa 3akimouaercst B IBHKEHUU aMITyJIbl C OMarHHUEHHOM BOJIOM B HANPaBJIEHUH HCTOYHUKA KPACHOTO CBETa
(1.e. ma3zepHOit yka3ku): 1 — ammysa ¢ OMarHU4eHHON OUITUCTHIIIMPOBAHHOM BOJIOM; 2 — MEHOIUIACTOBBIM IJIOTHK Ha MOBEPXHOCTU BOJBL,
3 — nazepHas yka3ka, OCBEIIAOLIasl THO aMITyJibl; 4 — 6ak ¢ BOAOM

- IpY pa3MarHMYMBAaHUM OWAMCTHIIIATA MTOCPEACTBOM KPAcHOTO Jyda CBETA, BOHUKAJIO M3Jy4YeHHe (HEesICHOW NPHUPOJBI) B
TOM >X€ HalpaBJICHUH, Ky/Ja ObUI HAlpaBJIeH JIyd Jla3epHOl yka3ku. JJaHHOe cTpaHHOE M3Jy4eHHe 00I1a1a10 BBICOKOH Ipo-
HuKaromel croco6rocTeio. F0.B. BonkoB cTaBui Ha myTH pacnpoCTpaHEHHS Jy4a KPacHOTO Jia3epa, IPOIMIEANIero depes
aMIlyJly C OMarHM4€HHbIM AMCTUIUISTOM, pa3jIMuyHble TBEpAble mpeaMeTsl. IIperpanpl He mpomyckanu iayd Jiazepa. TeMm He
MeHee, CIIEKTPOMETp, YCTaHOBICHHBIN 3a IperpasamMu, GUKCHPOBAJ IOTOK CTPAHHOTO M3JTy4eHHS, HACTOIBKO HHTEHCUBHOTO,
YTO BBIIIET U3 CTPOSI UYyBCTBUTEIBHBIH IEMEHT JaHHOTO IIpHOopa.
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[Tomo6HOTO poja SKCIIEPUMEHTHI TIPOBOIUINCH U 11O pyKoBoacTBOM A.B. BoopoBa B OpioBCKOM rocyapCTBEHHOM TEXHHU-
yeckoM yHuBepcuteTe [12]. B 3Tux 3kcrneprMeHTax Ha IMyTH paclpoCTPaHCHHUs JTyda Jla3epa YCTaHABIMBAIUCH HEPOHUIIAC-
MBIE JJIs CBETa Mperpaabl. Tem He MeHee, 3a MPerpajon (PUKCUPOBATIKMCH PAa3IMYHBIC MPOSBICHUS HEKOCTO H3ITyYCHHS, KOTO-
poe A.B. BoOpoB 1 ero COTpyAHUKH CBSI3BIBAIH C CYIIIECTBOBAHUEM HAIPABICHHOT'O BO3/ICHCTBHS TOPCHOHHOTO TOJIS.

st o0bsicHenust skcniepumentoB 10.B. Bonkosa u A.B.
BobpoBa ¢ OMarHMYCHHO BOJION TIPEIIOKCHA CIICTYIOIIAas
runotesa [10]. MHorue 3KCIepUMEHTHI, IPOBOAMMBIE pa3-
JUYHBIMHU TPYIIIIAMH UCCIIEI0BATENeH, TOBOPAT O KJIacTep-
HOHM cTpykType Boubl (cM., Hampumep, [13]). Tlox Boms-
HBIMH KJIACTEPaMH B OCHOBHOM IOJIPa3yMeBAETCs CBS3aH-
HOE COCTOSIHHE OKOJIO JBYX MHJUIHAPIIOB MOJICKYJ BOIBI.
[Ipexamnonaraercs, 4YTo MPH UINTEIBHOM HAaXOXICHHUHU JU-
CTHHHHpOBaHHOﬁ BOJBI IO BO3I[efICTBPIeM MOIIHOI'O Mar-
HHUTHOTO TIOJISI €€ KIacTepbl 1e(OPMHUPYIOTCS, 8 BOKPYT HUX
BO3HUKACT BpalICHUC BHYTPU-BAKYYMHBIX CJIO€B, T. €.
HABOJHUTCS MarHuTHOE Touie (puc. 13).

Puc. 13. B qucTiiumpoBaHHON BOJIC, HAXOASAIICHCS MEXKITY TI0-
JIIOCAaMH MarHuTa, HaBOJSATCS TOPOUJANIbHBIC BAKYYMHBIE BUXPHU
(T.e. KIIacTepHBIC MATHUTHBIC TTOJIS)

JInMHa BOJIHBI KPacHOTo cBeTa A =~ 6,5-107° cM comsMepuMa ¢ pa3sMepaMy OMarHUIEHHBIX BOISHBIX KIacTepoB. IlosToMy iy4
Ja3epHOM yKa3Ku MOXKET CTHMYJINPOBATh CPhIBAHKUE BAKYYMHBIX TOPOUJAIBHBIX BUXpEH (T.€., TT0 CYTH, TOPOUAAIBHBIX Mar-
HUTHBIX MOJIEH, WM BOISHBIX «HEHTPHHO») C BOISHBIX KiactepoB (puc.l14). [Ipu 3TOM MarHWTHBIE BUXPH (T.€. BOISHBIE
«HEHTPHUHO») U BOJSHBIE KIIACTEPHI OTTAIKUBAIOTCS IPYT OT Apyra (T.e. UMeeT MecTo 3P dEeKT oTaaum).

Puc. 14. @) JTa3epHblii Iyd KPacCHOTO IBETA CTUMYJIMPYET CPbIBAHHE BAKyYMHOTO TOPOHAAIBHOTO BUXPS (T.€. TOPOUIATIEHOTO MATHUTHOTO
T0JIs1, MIIM BOJSIHOTO «HEHTPUHON») C BOASHOIO KIACTepPa ¢ XapaKTePHBIM pa3mepoM ~ 5-10-8 cm. TIpu 5ToM BoasHOI K1acTep ¥ MaTHUTHBII
BUXPb OTTAIKHBAIOTCS APYT OT APYra, T.e. uMeeT MecTo addext otaaun. 6) MmocTpanus Npeleccuy U HyTallui OCH BPAIeHHs] KOHEed-
HOTO BOJITHOTO «HEHTPHHO» BOKPYT HAIIPABIICHHUS €r0 IBIKEHUS Z.

Wurerpanbhpiii 3¢ ¢GeKT oTnaun, Npu CPbIBAHMK MHOXECTBA MArHUTHBIX TOPOUJIAIBHBIX BUXPEH (BOJASHBIX «HEUTPUHO») C
PA3IMYHBIX KJIACTEPOB BOJBI, MOXKET CITy>KUTh NMPUYUHON JBIKCHUS aMITYJIbl C pa3MarHHYHBAOIIUMCS OUIUCTHIUIATOM B
HaIpaBJICHWW UCTOYHHKA JIyda cBeTa (puc. 12).

Ecmm sTa runotesa, o0pscHstonas 3G et oTnaun Boakosa, oKakeTcs BEPHOM, TO MBI ITOTyYUM MIPOCTOM U TOCTYIHBIHA IS
9KCIEPUMEHTOB UCTOYHHUK BOJSHBIX HEUTPHHOY. JlaHHBIE KHEUTPHHOY» MOTYT OBITH 3(h(heKTUBHO MCIIOIB30BAHBI JJIS HCCIIe-

JTOBAHUS CBOMCTB 3THX KBAa3UCTAOMIIBHBIX BaKYyMHBIX 00pa30BaHHA.

rOpJ’IOBI/IHa BOJIAHOI'O ((Hef[TpPIHO)) B Ha4YaJIbHOM COCTOSHUU IMPUMEPHO HA CEMb MOPSAJAKOB Ooublie TOPJIOBMHBI HAYaJIbHOT'O
SJICKTPOHHOT'O «HCﬁ’I‘pHHO», TaK KaK paanyCbl BOASTHOI'O KJIACTEpa U dApa 3JICKTPOHA OTJINYArOTCA NPUMEPHO Ha 7 MOPsAAKOB

17



(re/r. = 10°5/101%~107). B ocTansHOM BOASHOE KHEHTPHHO» H HIEKTPOH-
HOE «HEHTPHHOY» HE JIOJKHbI 3HAUMTENHO OTIMYATHCA APYT OT JApYra.
OJHaKo ClIEYeT 0KUIATh, YTO BOJASHBIE «HEUTPUHO» MOTYT B3aUMO/IEH-
CTBOBATH C PYTMMHM YaCTHIIAMH CO 3HAYMTENLHO OOJIbLIEH BEPOSITHOCTBIO,
TaK Kak OI[YTHMOE B3aUMOJIEHCTBHE JOKHO MPOMCXOAUTE TOJILKO B TOM
Ccllydae, eciM YacTHIIbI TIONaJaoT B TOPJIOBUHY HAYaIbHOTO «HEHTPHHOY,
IJle BAKYYMHBIE TOKH HauOOJIeE CKOHIIEHTPUPOBAHKI, & CKOPOCTH HX TeYe-
HUsI MaKCUMallbHEI (puc. 15).

C npyroit CTOPOHBI, CKOPOCTH BaKyyMHBIX TOKOB B TOPJIOBHHE 3JICKTPOH-
HOTO «HEHTPHHO» 3HAYUTENHHO OOJIbIIE, 3 KOHIIEHTPALUS TOKOBBIX TMHUH
3HAYUTENIEHO HHTCHCUBHEN, 4eM B TOPIIOBHHE BOISHOTO «HEUTpHHOY. [1o-
3TOMY €CIIH, HallpUMep, AP0 CBOOOJHOTO «3JIEKTPOHA» MOMaAeT TOYHO B
TOPJIOBHHY HA4albHOTO IEKTPOHHOIO «HEUTPUHOY, TO TAKOE B3aUMOIEH-
cTBHE OyJeT OYeHb CHUJIBHBIM, HO MaJOBEPOSITHBIM, T.K. BEPOSTHOCTbH Ta-
KOro IoIlaJaHus IIPONOPIHMOHAIIbHA IUIOIIAJX CEYCHMSI TOPJIOBHHBI Puc. 15. MiuttocTpanys CpaBHUTEINIBHBIX pa3Me-

HAYaILHOTO JIEKTPOHHOTO «HeHTpHHO» ~ (1071%)2 = 10726 cm?, POB  BOJISIHOIO «HEHTPHHO» M ICKTPOHHOTO
«HEHTPUHOY», HAYaNbHbIE PagUyChl TOPJIOBHH
KOTOPBIX OTJIMYAIOTCS Ha 7 TMOPSIKOB

BeposaTHOCTh B3aUMOIEHCTBHUS JIEKTPOHHOTO «HEUTPHUHO» C S ApaMU Apy-
THX DJIEMEHTAPHBIX YaCTHII MOXKET OBITh OLlEHEHA BBIPAKCHUEM

Pen ~ Sen = 4. nrenzy

rae A. — k03 dunneHT 3¢ HeKTUBHOCTH B3aUMOJICHCTBHS dJIEKTPOHHOTO «HEUTPUHO C SAPAMH APYTUX «YaCTHID).
AHAaJOTUYHO BEPOSTHOCTh B3aUMOJICUCTBHS BOASHOTO «HEUTPHUHOY» OLICHUBAETCS BBIPAKCHUEM

Pwn ~ Sun = Aw ran?,

rae Aw — ko dummert 3h(heKTHBHOCTH B3aNMOICHCTBHS BOJIHOTO «HEHTPUHOY C SAPAMH APYTUX «IACTHID.

[pu ycnosun Aw = 100 4., BomgsHOEC «HEUTPHHO» MOXKET MPUMEPHO Ha 12 mopsAKoB Oojee 4acTo BCTYHaTh BO B3aUMOJICH-
CTBHE C SIPAMH APYTHX «IACTHUID, UM IEKTPOHHOE KHEUTPHHOY, T.K.

Pen/ Pun ~ Swn /Sen = Aw Fwn?/ (4 renz) ~10%, (71)

Ninroctpanys BO3MOKHBIX IIOCIEICTBUN NIONAJaHUS SAPA JIEMEHTAPHON «4aCTULbD) B TOPJIOBUHY «HEHUTPUHOY, IIOKa3aHa
Ha puc. 16.

BonsiHble «HEHTpHUHO» (€CNM X CYIIECTBOBaHHE OyJEeT MOATBEPIKICHO IKCIEPUMEHTAILHO) MOTYT ObITh 3()(EKTUBHO HC-
TI0JIb30BAHBI JJIsl Pa3BUTHSI HOBBIX (BO3MOYKHO CBEPXCBETOBBIX) TEXHOJIOTHI Nepeaud HHGOpMaIiu

Puc. 16. ®paxrambHast WILTIOCTPAIHS HOCIEICTBHI CTONKHOBSHUS S/Ipa JIEMEHTAPHON «JIaCTHIBD) C TOPJIOBHHON «HEHTPHUHON.
a) Jlo momaganus spa «4acTULED) B TOPIOBHHY «HEHTpUHO»; 0) [locne monagaHus siipa «4acTULBD B TOPIOBUHY «HEUTPUHOY.
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6.2 Kamyweunoe «unetmpunoy

MosxeT OBITh MpEJIOKEH elle OAWH CIoco0 TOJyYeHUS! MaKpPOCKOIHMYECKOTO
«HEUTpHUHOY». MarHUTHOE MOoJIe TOPOUJAILHON KaTyIIKU C IOCTOSHHBIM TOKOM HAaIlOMU-
HaeT BaKyyMHBIH TOPOHIAIbHO-BUHTOBOW BUXPB (puc. 17).

Ecnu Takyro KaTymiky ¢ TOKOM 3aCTaBHTh MOCTYATEIBHO IBUTAThCS C OOJIBIION CKOPO-
CTBIO, @ 3aTE€M PE3KO 3aTOPMO3UTH (HAIIpUMep, MOCTABUTh Ha €€ IMyTH TBEPIOE MPETIAT-
CTBHE), TO C TAKOW KaTYIIKH MOXKET COPBATHCS KATYIICYHOE «HEHTPUHOY .

HavanpHOE 11 KOHEYHOE COCTOSHUE TAKOT'O KaTyme4YHoro «HeﬁTpHHO» MOKET OBITh OITH- \Srff/:_/}

CaHO COBOKYITHOCTSMH METPHK, HalIPUMEp, COOTBETCTBEHHO (27) — (33) u (38) — (41). ‘; =5
RN
Creyer O0Xuaarh, YTO [EPBOHAYAIBHBIN paguyc TOpJIOBHHBI Karymednoro  Puc.17. MarautHoe mone Topo-
KHEUTPHUHO» COM3MEPHM C PaIIyCOM TOPOUIATbHON KaTyIKH (puc. 17). UIANIEHOM KATYIIKK C TIOCTOSH-
HBIM TOKOM

6.3 Tokosoe «neumpuroy

He ucxitodueno, 9T0 epeMEHHBIN IEKTPHICCKIH TOK ¢ OOJBIION aMIUTUTYI0H U BEICOKOW YacTOTON MOXKET SBIATHCS TPH-
YHHOHW 00pa30BaHMUs AIIEKTPOHHBIX U MO3UTPOHHBIX «HEHTPHUHOY». B 3TOM citydae, eciiii H3MEHEHUE HATIPABJICHUS ABIDKCHHUS
3apsIoB (B YACTHOCTH, «AJIEKTPOHOB» U IIO3UTPOHOBY») B METAJUIMIECKOM MPOBOJHHUKE MPOUCXOIUT OYC€HBb OBICTPO, TO UX
pe3Kasi OCTaHOBKA TIepe]l CMEHOW HANpaBJICHUS JBIDKCHUS MOXET NMpHUBeCTH K 3 eKTy cpbiBaHUS TOPOUJAIBHBIX MarHUT-
HBIX I10JIEH (T.€. SJCKTPOHHBIX M MO3UTPOHHBIX «HEUTPHUHO», cMOoTpuTe prc. 20a B [8]) C simep 3apsuKeHHBIX «YaCTHID.

7 B3aumopeiicTBHe KOHEYHOTr0 3JIEKTPOHHOIO €, ;-«HEHTPHHO» C MOKOSIMMCSH «3JTEeKTPOHOM)
7.1 Mempuko-ounamuueckas Mooeib c60600H020, K6A3U-NOKOAUE20CA, BALEHMHO20 (INCKMPOHAY

PaccMoTpuM cienyromyo Moieab BO3MOXKHOIO B3aUMOIEHCTBUS IIOKOSLIETOCS «3JIEKTPOHA» C KOHEUHBIM €., ;~«HEUTPHUHOY.
Ecnu koHeYHOE 3IIEKTPOHHOE €., ;- «HEHTPHHO» (ONUChIBAEMOE YCpEAHEHHON MeTpuKoi (54)) HAJICTUT TOYHO Ha LEHTP M0-
KOSIIIIETOCS «3JIEKTPOHAY, TO BMECTO pacuimpernoi moaenu (2) — (10) B [7], a1 Manmoro mpoMexyTka BpeMEHH MOXKET ObITh
COCTaBII€HA CIIesINas YIIPOIEHHAs! METPUKO-THHAMUYECKasi MOJEIb KBAa3HU-TTOKOSIIIET0Cs «AJIEKTPOHA» (CMOTPHUTE METPUKH
(24) - (25) B [7]):
«JEKTPOH»
CBOOO/IHBI, KBA3U-TIOKOAIIMICS, BAJIEHTHBIH,
C cUrHatypoii (+ — — —), COCTOSIIMI HU3:

BHemnss 06010uka
CBOOOIHOTO, KBa3U-TIOKOSIIIETOCS], BAJIEHTHOTO «3JIEKTPOHAY
B HHTepBaue [I2, 's] (cMoTpuTe prc. 1 B [7])

dr? ;

s = (1=3) e*ae? — gy —r*(6? +sin? 6 dg), (72
dr? .

ds{M? = (1 +r76) c*dt? —@—rz(dﬁz + sin? 0 d¢?); (73)
Snpo

CBOOOTHOTO, KBa3U-TIOKOSIICTOCS, BAJICHTHOTO «3JICKTPOHAY
B uHTEpBae [rs, 1] (puc. 1 B [7]))

2 2

dS§+)2 — _(1 +:_2) Czdtz —Lﬂ—rz(dez +Sin29d¢2), (74)
‘ (%)

ds? = _(1 __) c2dt? — — " —2(d6? + sin? 0 dop?); (75)

6

2
Te6
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MeabT
CBOOOJTHOTO, KBA3U-TIOKOSIIIIETOCS, BAJICHTHOTO «IJICKTPOHAY,
T.€. €4~ «HEHTPHHO»
B uHTepBase [0, ]

dr? — (r? + a2cos?0)d0? — (r? + a?) sin? 6 d¢?, (76)

2
ds(+)2 ~ c2dt? — r2+aZcos?0
5 r2 + a2

rIe Uil COKpALEHUs 3allUCU IIPUHATO
2 _ 2 Va2 - o
ag = Agnz = Tenz S, — MAPAMETP JIUTUITUIHOCTH €y ~«HEUTPUHOY.

VYepennsist metpuk (72) u (73) (emotpute §2.8 B [5] u (27) B [7]), momyunm uist ciaydast yIpoOLUIEHHOW METPHKO-AWHAMHUYE-
CKOH MOJIeNN BHEIIHEH 000I0YKN KBa3HCTATHUECKOTO «3JIEKTPOHA)

dsl(;)2 = %(dslm2 + ds{P?) = c?dt? -

r2

2
T .
sdr? —r2d6? —r? sin? 0 d¢p?. (77)
-y
AmHanorn4Ho, ycpenssist Mmetpuk (74) u (75), uMeeM I ciydasi YIPOIIEHHOH METPUKO-IHHAMUIECKON MOIETH SIpa KBa-
3UCTaTHYECKOTO «IJICKTPOHA»
dr?

4
Te

7.2 epopmayuu enewineti 060104Ku c60000H020, K8A3U-NOKOAUE2OCS, BANECHIMHO20 «INEKMPOHAY

ds§)? = (ds§? + ds(P?) = —c2de? - —r2(d6? + sin? 6 d¢p?). (78)

O medopMarusax BHEITHEH CTOPOHBI A.12,.15-BaKyyMa (T.e. CyOKOHTa) BO BHEITHEH 0000uKe (T.€. ¢ BHEITHEH CTOPOHHI sApa)
CBOOOJHOTO, KBa3H-IIOKOSIIETOCS, BAICHTHOTO «JJICKTPOHA» OyIeM CYIHTh IO OTHOCHUTEIBHOMY YyIIHMHEHHIO (47) B [3]
(cmotpuTe Takxke §2 B [7])

H_
9ii —Yiio _
1+*-F%-1=

iio

-1, (79)

IJI€ B PACCMaTPUBAEMOM CIIy4ae:

) KOMIIOHEHTBI YCPEHEHHOr0 METPHYECKOTO TeH30Pa HCKPUBJICHHOTO yYacTKa CyOKOHTA BO BHELIHEH 060I0UKE KBA3H-
CTaTHYECKOTO «3JIEKTPOHAY,

gi(i? — KOMITOHEHTBI METPHYECKOTO TeH30pa IebTa (B JaHHOM CIIydae €., - «HSHTPHHOY).

) o G
ITonctaBuM B BEIpaXkeHMs (79) KOMIIOHEHTHI g;; ~ M3 YCPEJHEHHONH MeTpuku (77) M KOMIOHEHTHl g;;n’ U3 MeTpukH (76).
B pesynbraTe amst BHEIIHEH 000JI0UKH KBAa3H-TIOKOSIIIETOCS «3JIEKTPOHA TOITyIHM

) _ ) _ r’e? tag +) _ S @ _ [ rZsmze
lt =0, L= (r2-r)(r2+aZcos?6) L le T \[r2+a2cos?6 L l¢ T\ (r2+a2)sin2 0 L (80)

I'padukn OTHOCHTENBHOTO YAJIMHEHHsI CyOKOHTA B OKPECTHOCTH SiIpa KBa3H-MOKOSIIIETOCs «IJIEKTPOHA» MPE/ICTaBICHbI Ha
puc. 18 — 20.

20



50
|\ m//’ T ef
I / \
» { /
10 |\ N/,. \;a
1 /'
/ / | \
x10™4 1 Vo
)\ + g
(+) - 7 . t:(- )(9) >( | !
ey —_— ] \ A /
f
/
1107 AN /,/”J
3 . PN 4
g -05 0 05 1 ™
r 7

Puc. 20. I'paduku GpyHKIHM l((;) (80), mpu as =0,005, re=5-10"%5, §=30°, r=5-10"12

7.3 eghopmayuu s0pa c60600H020, K8A3U-NOKOAUWE20CS, BATICHMHO20 (IJLeKIMPOHAY»

+ . +
IMoactaBuM B BbIpaxkeHus (79) KOMIOHEHTHI gi(i e ycpenHeHHOH MeTpHKH (78) M KOMIIOHEHTHI gl.(io) u3 metpuku (76).
B pesynbTaTe 11 siapa KBa3U-IOKOSIIET0CS «3JIEKTPOHA MOIY4UM
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+) _ +) _ re(r? +a§) _ +) _ r? _ +) _ r2sin29
lt =0, L= (r¢-r*)(r2+aZcos?6) L 19 T \Jr2+aZcos?0 L l¢ T\ (r2+a2)sin2 6 L (81)

I'padmkn OTHOCHTENBFHOTO Y/UTMHEHHS CyOKOHTa BHYTPH Sipa BAJICHTHOTO KBAa3U-TIOKOSIETOCS «3JIEKTPOHAY IPEICTABICHBI
Ha puc. 21 — 23.

) -05 ] 0.5 1 m

=02 T T T
= s
-04f N / 4
N ¥ /
\ P
) 4 ) g 0
l‘(;) (" - J 14) (@)
¢ \ /
\ /
X /
\\\‘ /‘
-08F \ / —
‘/
5 L \"’ !
-1 =05 0 05 1
r 0

Puc. 23. I'paduku GpyHKIHH l((;) (81),mpmas=1, re=1, 6=60°, r=0,5
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CpaBHuBas rpad Kl OTHOCUTENBHBIX yanuHeHu (80) u (81), mpencraBieHHBIX HA puc. 18 — 23, ¢ COOTBETCTBYIOLINMH Tpa-
¢bukamu Ha puc. 5 1 14 B [7] BumuM, 4To KBa3H-TOKOSIIHIACS, BATEHTHBIH «31eKTpon» (72) — (77) (T.e. «dIEKTPOHY», y KOTO-
pOro wensm — 3TO BIEKTPOHHBIC €,,,; -«HEHTPHHO») 3HAYUTEIBHO OTINYACTCA OT OOBIYHOTO IOKOSIIETOCS BaJCHTHOTO
«anekrpona» (1) — (10) B [7] (mpu 1, = 0 u 1, = 0). BO3MOKHO, YTO 3TH OTIMYIHS MOTYT ObITh OOHAPYKEHBI B IKCIICPH-
MEHTax.

7.4 KGCI&’M-VZOKO}ZWLZ}ZC}Z, BAJICHMHAS «niaHemay

HccnenoBaTh KBa3U-MTOKOSIIIUIACS, BAICHTHBINH «3JIEKTPOH» OYEHb CII0XKHO, T.K. OHM MPAKTUYECKH HEIOCTYIHBI IS HEMO-
CPEICTBEHHOTO HAOIIOCHUS.

Onnako, eciu B §7 3aMeHuts Bee s~ 1071 cm Ha s~ 108 cM (u3 uepapxum (44a) B [6] win (70)), TO MBI IOITYYHM IPHOIHU-
KCHHOE METPUKO-TUHAMUYECKOE OTIMCAHIE KBA3H-TOKOSIICHCS, BAICHTHOW «ILJIAHETHD.

[Tpome HaOMOAATH «IUIAHETY», IIEIBTOM KOTOPOH OKa3bIBaeTCs KOHEUHOE IUTaHeTapHoe PLy, ;-«HelTpuHO». Ho ocTaercs
OTKPBITHIM Bompoc: — "Ha CKoJIbKO BEPOSATHO MOSBJICHUE B MTOJIC HAIIIETO 3PCHUS KBAa3H-TIOKOSIIACCS «IUIAHEThI»?"

3AKIIOYEHHUE

B nanHoit aeBsaToit yactu «['eometpusnpoBanHoii Gpusuku Bakyyma (I'DB), ocHoBanHoit Ha Anredpe curHatyp (AC)» npen-
JI0’KE€HBI METPUKO-TNHAMHUYECKHE MOJIETTN KHEHTPHHO». DTO TeOMETPU3UPOBAHHAS MOJIEINb TTOCIECIHEH «9acTUIIBI», KOTOPOH
He XBaTayio B §4 B [6] ju1s 3aBepIIeHNs OTHOCTHIO FTEOMETPU3UPOBaHHOI CTaHIapTHON MOJIEIHN JIEMEHTapHbIX «YaCTHID.

B pa3BuBaeMoii 31ech TEOPUHN «HEUTPHHOY — 3TO, IO CYTH, IBOHHOE TOPOHIAIEHO-BHHTOBOE T€OMETPH3NPOBAHHOE MarHUT-
HOE 110JIe (TOYHEee JIBa BCTPEYHBIX TOPOUAATHHO-BUHTOBBIX BUXPSI CyOKOHmMA, CMOTpUTE puc. | u 3a), HABOAUMOE BOKPYT spa
JIBIDKYIIENCS «YaCTHIBD) (B YACTHOCTH, «3JIEKTPOHAY MU «IIO3UTPOHA»), PACCMOTPEHHBIX B cTaThe [8].

B HEKOTOpBIX ciIydasx, HapUMep, KOTJa «3JIEeKTPOH», ABMKYIIHHCS ¢ OOIBIION CKOPOCTHIO, PE3KO OCTaHABIMBAEeTCA (pHC.
3B), TOT/Ia ABOWHOM TOPOHUIANEHO-BUHTOBON BHXPh cyOKkoHma (T.e. BHEIIHEH CTOPOHBI A-12-15-BaAKyyMa) MOXKET COPBATHCS C
sJpa OCTAHOBUBIIETOCS «3JIEKTPOHA, U MPOAOILKATh ABWKEHHUE B IIPEXKHEM HarpaBiaeHUH (puc. 3r). JJaHHOE caMOCTOSITENb-
HOE€ BaKyyMHO€ 00pa30BaHHE B 3TOW CTaThe Ha3BaHO AJICKTPOHHBIM «HEHTPHHO» B HAYAJILHOM COCTOSHHUH (MJIM HadalbHBIM
3NEKTPOHHBIM «HEUTPHHOY, COKPALICHHO €44y~ «CHEHTPHUHOY).

CaMOCTOSITETLHOE CYIIECTBOBAHUE €44yt~ «HEUTPUHOY» CBSI3aHO C MHEPIIMEH BpalIaTeIbHOTO IBIKEHUSI CYOKOHTa BO BCTPEY-
HOM TOPOUAAJIBHO-BHHTOBOM BHXpe. To ecTh, BpalieHHe CyOKOHTa HE MOXKET CPa3y OCTAaHOBUTHCS.

BwMmecTe ¢ TeM, €5;q,+-«HEUTPUHOY» HE SBISACTCS CTAaOMIBHBEIM BaKyyMHBIM oOpazoBaHueM. Metpuku (27) — (32), onpexnersiro-
M€ METPHUKO-TNHAMHUYCCKYIO MOJETD €4y -«HEHTPUHOY, HE SIBISIIOTCS PELICHUSIMU BAKYYMHOTO ypaBHEeHHs DifHIITEHHa,
KOTOpOE BBIPaXKaeT Ie€OMETPHU3UPOBAHHBIE 3aKOHBI COXPAaHEHHUS.

Co BpeMeHEM CBOOOTHOE €4 ,,+-«HEUTPUHOY» pa3AeseTCs Ha 1B BCTPEUHBIX TOPOUJAILHO-BUHTOBBIX BUXPSI CYOKOHTA.

OnuH 13 HUX, YAAIAACH OT S/ipa OCTAHOBHBIIETOCS «3JICKTPOHa» (T.€. OT MECTa CTapTa), yBEJIMUMNBAETCS B pa3Mepe U 3aMe/l-
JSIETCS 10 MOJHOTO PACTBOPEHHS BO (QIIYKTYUPYIOIIEM BakyyMe (II0J100HO IBIMOBBIM KOJIBI[AM B BO3/IyXe, CMOTPHTE puUC. 4).

T'opioBrHA BTOPOro JBOHHOTO BCTPEYHOTO TOPOHIAILHO-BUHTOBOTO BUXPSl, HAOOOPOT, CO BPEMEHEM IOCTEIIEHHO CYKaeTCs
MPAKTUYECKU 10 HYJIA, IIPU 3TOM €ro Bpall€CHUE MOCTCIICHHO OCTaHABJIMBACTCA, @ CKOPOCTH €TI0 NMOCTYNATCIIbHOTO IBUKCHUA
Bce Oosee u Oosiee yBenmuuBaetcs (puc. 8). MHepius (Miu SHEPrUTHYHOCTh — CYTh T€OMETPU3UPOBAHHASI DHEPTHS) Bpala-
TCJIBbHOT'O ABMXXCHUS Cy6KOHTa BO BTOpOM JIBOI\/’IHOM BCTPEYHOM BUXPE Cy6KOHTa, TIOCTEIICHHO NTEPEXOANUT B YCKOPEHUE T10-
CTYHAaTeNIbHOTO JABMKEHUSI ATOTO KBa3HCTaOMILHOTO BAaKYyMHOI'0 00pa30oBaHus B 11eJI0M. B pe3ynbrare co BpeMeHeM Bpailiie-
HHUE CYOKOHTA B €44t ~«HEHTPUHO» MPAKTUYECKH ITOJHOCTHIO OCTAHABJIMBACTCS, IPU ATOM OCTaeTCsl CTaOuibHas aedopma-
Ul CyOKOHTa TOPOMIANBHOTO THIA €., -«HEHTpHHO» (pHC. 8B), KOTOpas MABMKETCS CO CKOPOCTBIO, 3HAYUTEIHHO
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MIPEBBIIAIOIIEH CKOPOCTH cBeTa. ToUHEE, MPEATI0KEeHHAS B 3TOH CTaThe METPUKO-AMHAMHUIECKAsI MOJIENIb KOHEYHOTO COCTO-
SIHUSL CBOOOHOTO 3NIEKTPOHHOTO €,,,4-«HeiTpuHoy» (38) — (41) He uMeeT orpaHUYCHHUIT HA CKOPOCTH €ro MOCTYIATESIbHOTO
MIEpEMEIICHHS B TOKOSIIEMCS A12,-15-BaKyyMe, TOJBIDKHOM Aedopmanuell BHEIIHEH CTOPOHBI KOTOPOTO OHO CaMo SIBIISIETCH.

KoneuHoe e,,,;-«HEUTPHHO» — 3TO Kak MIHOBEHHO MpoJjeTarollee Jierkoe ''myHoBeHue" (MpakTUUeCKH Oe3bIHEPIIMOHHBIN
"(arToM", prc. 8B), KOTOPHIil TOYTH COBCEM HE B3aWMOJICHCTBYET C NPYTUMH CTaOMIHLHBIMI BaKyyMHBIMH 0Opa30BaHUSAIMHU
(3meMeHTapHBIMH «dacTuIlaMm»). OTHAKO, €CIH KaKas-TO «4acTUIlla» (HallpuMep, «3JCKTPOH») 3aXBAaTHT KOHEYHOE AIICK-
TPOHHOE €, ;-«HEUTPUHOY (T.€. €CJIU ITO TOPOUAAITBHOE «TyHOBEHHE» 110 KaKUM-TO IPUYMHAM CTAHET IIEITbTOM TaKOH «4a-
CTHLBI»), TO TAKOE COCMHEHNE MOKHO HHTEPIIPETUPOBATH KAK B3aUMO/ICHCTBUE €, ;- «HEHTPHHO» C «YaCTHLEH», 4TO, KaK
MOKa3aHo B §7, JOJKHO MPUBOIUTH K BIIOJHE OIYyTUMBIM ITOCJICACTBUSAM.

MHOT0 Hay4HBIX CTaTel MOCBSAIIEHO Macce HEUTpHHO, Harpumep, [14, 22, 30, 39, 41, 42]. B pamkax ['coMeTpu3npOBaHHOM
¢usuku Bakyyma (I'®B), penmaraemoii 8 cepuu crareii [1,2,3,4,5,6,7,8] u B manHoit crathbe, oHATHE ""Macca" OTCYTCTBYET,
TaK Kak B MOJHOCTBIO T€OMETPU3UPOBAHHYIO TEOPHIO B MPHHIMIIE HEBO3MOXKHO BBECTH Pa3MepHOCTh Kuiorpamm. OmHAKO
aHaJIOroM MHEepTHO Macchl B ' OB siBisieTcss MHTErpalibHas HHEPIIMOHHOCTh YCKOPEHHOTO JINHEWHOTO (J:AMUHAPHOTO) U Bpa-
HIATENBHOTO (TypOyJICHTHOT0) ABUIKEHHS Amn-BaKyyMHBIX ciioeB (cMotpure §7.2 B [3] u §4,5,6 B [4]).

B 3T0i1 cTaThe BBIACHWIOCH, YTO UHEPTHBIE CBOWCTBA «HEUTPUHO)» 3aBHUCAT OT €ro cocTosiHusA. Hampumep, 35eKTpoHHOE
«HEWTPUHO» B pa3HbIX CUTyalUsX 00JaiaeT pa3Hoil HHTErpaibHOU (0011Iei) HHEPIIMOHHOCTHIO.

B cirydae cBS3aHHOTO AIIEKTPOHHOTO €,y s ~«HEHTPUHO», CKOPOCTH U YCKOPEHHs CyOKOHTa, yYaCTBYIOIIETO B TAaHHOM OH-
HApHO-BCTPEYHOM (T.€. 4-CIOHHOM) TOPOHIATEHO-BUHTOBOM BHXPE BOKPYT IBIDKYIIETOCH SIIpa «dIEKTpoHay (puc. 1 u 3a),
3aBHCSAT OT IIOCTOSTHHOM CKOPOCTH V7, BCETO 3TOTO CTa0MIFHOTO BAKYYMHOTO 00pa3oBaHus. DTO 03HAYACT, YTO HHTETpaTbHAS
MHEPIMOHHOCTH (aHAJIOT MACChl) TAHHOTO €syp st~ «HEUTPUHOY» MOCTOSIHHA, HO 3aBUCHUT OT CKOPOCTH V.

HauansHOoe cBOOOJHOE 3IEKTPOHHOE €414y -«HEUTPUHOY, T.€. OM-IBOHHOE TOPOMAATLHO-BUHTOBOE BHXPEBOE CYOKOHMHOE
o0pa30BaHue, KOTOPOE TOJILKO COPBATIOCH M HEMHOT'O OTAAIMIOCH OT OCTAHOBUBILETOCS BAJIGHTHOTO «3JIEKTPOHA» (pHC. 3T),
XOTS B CyMMe€ U 00J1a/1aeT MOCTOSHHOW HaYaJIbHOW MHTErpaJIbHOW MHEPIIMOHHOCTHIO, HO 3T HHEPIIHOHHOCTh BHYTPEHHE TIe-
pectpauBaercs. To ecTh, 4aCTh JAHHON MHTETPAJIbHON MHEPLIMOHHOCTU PACCEUBAETCS B BAKYYME BMECTE PAaCHIMPSIOLUMCS
JIBOWHBIM TOPOHMJAJIbHO-BUHTOBBIM BUXPEM (I10JI00HO JABIMOBOMY KOJIbILy B BO3JyX€, pHuC. 3T 1 4), a BTOpast 4aCcTh UCXOAHOU
HHEPIUOHHOCTH €7y ~«HEUTPUHO» NMEPEXOJUT U3 BCTPEUHO-BPAIIATEIFHOTO YCKOPEHHOTO IBKEHHS CyOKOHTa BO BTOPOM
TOPOUAAIBHO-BUHTOBOM BUXPE, C IIOCTOSIHHO YMEHBIIAIOUIMMCS PaJUyCOM €r0 TOPJIOBUHBI, B YCKOPEHHOE IIOCTYIIAaTEIbHOE
JIBIDKEHHE BCETO 3TOTO TOPOMJIAIBHOTO CYOKOHTHOTO 00pa3oBaHMs B eJIoM (pHc. 31).

KoneuHoe cBOOOIHOE DIIEKTPOHHOE €,;,4-«HEHTpHHO» (puc. 371 1 8B) MpaKkTHUECKH He 00Jia/laeT BpallaTeIbHOW HHEPINOH-
HOCTBIO. B 3TOM COCTOSHMH IPaKTHYECKH BCE M3HAYAIBHOE TOPOUIAIFHO-BUHTOBOE BpallcHHE CyOKOHTA MIEPEIIO B TOCTY-
MaTeIbHOE ABMKEHHUE CBOOOTHOTO €,,,4-«HEHTPUHO» CO CKOPOCTHIO, BO MHOTO pa3 MpeBbIIIaroiieii ckopocts ceeta (V; >> ¢).
To ecTh, KOHEUHOE CBOOOHOE MIIEKTPOHHOE €4y, ;- «HEHTPHHO» — 3TO MPAKTUUECKH HE BpaIlaloIasics TOpouJaabHas 1edop-
Mallusi BHEIIHEH CTOPOHBI A-12-15-BaKyyMa (T.e. cyOKonma, puc. 8B), MPU STOM OHO PAKTHYECKU HE 001a/1aeT MOTeHIIUATIHHON
HMHEPIMOHHOCTHIO CYyOKOHTHOM HATSHKEHHOCTH, TaK Kak omuchiBaeTcst MeTpukamu (38) u (39) ABISIOMUMHUCS PELICHUAMHU
BaKyyMHOTO ypaBHEHHUs1 DHHIITEHHA JUIsl IPOCTPAHCTBA CO CIUTIOCHYTBIMH KOOpIUHaTaMu. TO eCcTh KOHEYHOe CBOOOIHOE
€ ona - CHEHTPUHOY» — 3TO MpakTH4ecku "(panToM" (MpU3pakK, TeHb), HO HE COBCEM TEHbB, H 3TO BCEJISET HAZICHKIY BO3ZMOKHOCTH
€ro JeTeKTHPOBATh.

Wzydenne crmocob0OB W3Iy4EHHS U JCTEKTHPOBAHUS CBOOOJHBIX KOHEYHBIX (T.e. MPAKTHUYECKH OE3BIHEPIMOHHBIX)
«HEUTPUHO» SBJISIETCS] BaXKHOI 3aadei, T.K. pa3BUTUE ITOM BaKyyMHON TEXHOJOTHH MOXET MPUBECTH K BO3MOXKHOCTH I1e-
pelauy IaHHBIX 110 OECPOBOJIHOMY Y3KOHAIPABJICHHOMY KaHAITy CBSI3M HA OTPOMHBIC PACCTOSIHUSI, C BEICOKOH IPOHUKAIO-
el CrocoOHOCThI0, TOMEXO03AINIIEHHOCTRIO U CO CKOPOCTSIMH, 3HAYUTENILHO IPEBBINIAIONIMMHI CKOPOCTh CBETa. DTO HE
HapylIaeT NMPUHIMIIOB TEOPUH OTHOCUTEIBHOCTH, T.K. CBOOOJHOE KHEHTPHUHO» B KOHEYHOM COCTOSIHUM IPAKTUYECKH I10-
JIOOHO TeHH, a Oe3bIHEPIIMOHHAS TEHb MOXKET IIEPEMEIIATHCS CO CKOJIBKO YTOHO OOJIBIION CKOPOCTEHIO.

B §§5 u 6 mpemnokeHo HECKOIBKO CITIOCOO0B HCKYCCTBEHHOW T€HEPAINH «HEHTPHUHOY» PA3IUIHBIX MAaCIITa00B, KOTOPHIE MO-
ryT OBITH MCIIOJIB30BAHBI JJIA OKCTIEPUMEHTAJIBHOTO UCCIICTOBAHUA UX CBOICTB.
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MeTpHuko-AMHAMUUECKUE MOJIENIN «HEUTPUHOY», MPEUIOKEHHBIE B 3TOM CTaThe, UCXOAAT U3 TOUHBIX PEIICHUN BaKyyMHOTO
ypaBHeHHs OHWHINTEHHA, T.e. NpeJHa3HAYEHHBIX JJIsI ONUCAHUsS CTaOWIbHBIX BaKyyMHBIX oOpasoBaHuii. CBOOOIHBIC
«HEUTPHUHO» JIFOOBIX MacIITa0OB U COPTOB HE SIBISIIOTCS CTAOMIBHBIMU OOBEKTaMH, OHU TIOCTOSIHHO U3MEHSIOTCSI, CTPEMSICh
K KOHEYHOMY CTaOMIIBHOMY COCTOSHHIO OE€CKOHEYHO J0JIT0. MBI IPENNONIOKWIN, YTO «HEHTPUHO» MEHSIOTCS JOCTaTOYHO
MEJUIEHHO, YTOOBI pacCMaTpUBaTh X KaK KBa3UCTAOWIIBHBIE TOPOUIAILHBIE 00pa30BaHMs, T.€. IPUMEHMIA METPUKH OIUCHI-
BaIOIIUE MIOBEJCHNE OCTATKOB CTAOMIILHOTO IBOWHOTO TOPOUIATIBHO-BUHTOBOTO BUXPSI, IIOCIIE €TI0 CPBIBAHMUS C siJjpa CTaONIIb-
HOTO BaKyyMHOTO 00pa30BaHUsL.

Henmocratkn MareMaTHyecKoi MoJenu (T.e. UCIOJIb30BAHHBIX KBA3MCTAOMIBHBIX METPHK) HE MO3BOJSIOT PACCUUTATH P
Ba)KHBIX [TAPAMETPOB MCCIIEYEMOro siBjieHus. Hampumep, He yAaeTcsi OLCHUTh BPeMsl JKU3HH, CKOPOCTh U YCKOPEHUE H3Me-
HSISI COCTOSIHUS «HEHTpHHOY». HesicHO, nMeeTcst Jin pe/ieNbHBIN paanyc, 10 KOTOPOTO MOXKET YBEIMIHUTCS PAJANYC FOPIOBUHBI
PAaCCEUBAIOIICHCS YaCTH KHEUTPUHOY, U MIPECIBHBIN Pauyc, 10 KOTOPOTO MOKET YMEHBIIIUTCS PaIUyC FOPIIOBHHBI KOHIICH-
TPUPYIOLICHCS YacTH «HEUTPUHO» U T.A. [lOMy4YHTh OICHKY HEJOCTAIOIIUX I[MapaMeTPOB MATEMATHUCCKOW MOICIH
CHEUTPUHO» MOXKHO TOJBKO IKCIICPUMEHTATIBHO, BO3MOYKHO C HCIOJIH30BAHUEM METOJIOB FCHEPAIUU «HEUTPUHOY, TIPEIIO-
JKEHHBIX B §§5 1 6.

BMmecTe ¢ TeM, UCIOIB30BaHHAs B ATOH cTaTbe MaTeMaTHYecKas MOJENIb «HEHTPHUHO» He CONEPXKHUT OrpaHHUCHHUH Ha Mac-
mTabbl «HeHTpUHO». Kak yxke oTMeuanoch B §5, ecliu BO Bce ypaBHEHHUs TaHHOM cTaThu BMecTO Is~ 1071 oM (panmyca snpa
3JIEMEHTAPHOM «YaCTHUIIBI», B YaCTHOCTH SAPA «3JIEKTPOHA») MOACTaBUTh JIF000H Apyroi paanyc I, TO MOTy9IUM «HEHTPHUHON:
MOJIEKYJISIPHOTO, KJIACTEPHOTO, KIETOYHOT0, IUIAHETApPHOT0, TATAaKTHYECKOTO U JPYroro MacmTaoa.
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