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JUTS TIPOKIJIAJIKH JIOPOT, T.€. KKPACHOM JIMHUM», WK, NHAYe
TOBODS, JIMHWI HAaMMEHBIINX MEeperagoB BHICOT, a B JIaH-
HOM cCiIydae — JIMHUM HAaWMEHBIINX TPaJUCHTOB «AQ».
Tem cambIM yMeHbIIast HArpy3Ky Ha KOHCTPYKLMH MUHH-
MU3UPYSl PUCKU TEXHOTCHHBIX aBapHid, 0CO00 yUUTHIBas
TO, YTO HAarpy3KH HaxOAATCs B MpOILECcCe MOCTOSHHOTO
n3MeHeHns1. MOXHO, Tak e, cAenaTb MPeIoNIoKeHUe,
YTO TPaHUIBI MOPEH U OKEAaHOB MOBTOPSIOT ABHXKECHHE
MaHTUIHON CyOCTaHIMM 3eMJH, SBISACH €ro KOMIIEHCa-
TOPOM B 3€pKaJIbHOM OTpa)keHUM. T.e. 3Hasl HaIlpaBICHUE
n cwity BiusHAS JIyHHO-COMHEYHOTO MPUTSDKEHUS MOX-
HO COCTaBUTh JOITOCPOYHBIA MIPOTHO3 JAHHOT'O SIBJIICHMUS.

Kpome »3toro wucnome3ys 3HaHua o JlyHHO-
CoNHEYHOM TPHUTSHKEHHH, MOXKHO PACCUNTHIBATH ITHKO-

BbIE 3HAUEHWS NPHINBHO-OTIIMBHBIX BApHAIMNA B OIpese-
JIEHHBIX TOYKax (yJacTkax) 3eMHOU moBepxHocTH. K cra-
TH TOBOpPS, B TIEPBOM TNPHONMIKCHHUH, KOJIMYECTBEHHBIN
pacuer JAHHOTO SABIECHMS MOXHO MPOBECTH C HCIOIB30-
BaHMEM 4YeThIpeX AeHCTBUH apudMeTnkn 0e3 mpuBiede-
HUS BBICIIEH MaTeMaTHUKH UMEIOIIeH, Kak MpaBHiIo, MHO-
TOBapHAHTHOCTb PELICHUS.

Beme  mepeuducnieHHble  IpUMEpPHl  MIPHUKIAAHOTO
NPUMEHEHNS] 3HaHWS O TPABUTAIIOHHOM TMoNe 3eMITu
SBISIETCS, IO-BHIMMOMY, HA CETOIHSIIHMA MOMEHT,
JIVIIb MAJIOW TOJIMKOW NPHUPOIHBIX SBICHUH, POUCXOIS-
IUX TOA BIMSHUEM TPABUTALMOHHOIO IIOJIS 3eMJIH, U
3aCITyXXHMBAIOT TIIATEIBHOTO €TI0 U3y9EHHS.

Dynoamenmanvhvie U NPUKIAOHBIE NPOOIEMbL PU3UKU

HOBBIE YPABHEHU S MAKCBEJLJIA:
HPEOJOJIEHUE BHYTPEHHEI'O
MMPOTUBOPEYHA B KJTACCHYECKOM
SJIEKTPOJNHAMUKE
Menbmos E.H.

Vavanoeckuii cocyoapcmeennviii
MeXHU4ecKull yHusepcumen,

AHanu3upyloTcs ypaBHeHHUs MakcBeia Ajsl Bakyy-
Ma Ha COOTBETCTBHE TPEOOBAaHWAM, NPEIBABISIEMBIM K
JMHAMHYECKIM MOJEIISIM THIIA «BXOJI-BBIXOI»

rot B=c?(0 E/ot), (1)

rot E =- (0 B /o). 2

Vpasuenne (1) BeIpakaeT 3aKOH IIOJIHOTO TOKa B
muddepennmanpaoi  Gopme, ypaBHenwe (2) — 3aKoH

JJIEKTPOMArHUTHON WHAOYKIMHA B JuddepeHnnanpHoOM
(opme. Kakmpiii 3aKOH BBITEKA€T U3 ONBITA HE3aBHCHMO
ApYr OT pyra

OTHMHU 3aKOHAMH PEaTbHO MOITBEPIKIACTCS (akKT
HaIW4gusi B 3JEKTPOMATHHUTHBIX SBICHUSX JABYX CaMo-
CTOSITEJIBHBIX TMPHYMHHO CJIEICTBEHHBIX OTHOLICHHH Me-
Ky ¢mmdeckumu BenmunHaMmu B u E, thoe gerko ycra-
HABJIMBACTCS BEJWYHMHA, SBILIFOIIASICS IPUYMHON («BO3-
IECTBHEM») M — BENMYHHA, SBILIFOIIASCS CICICTBHCM
(«oTkmmkom»). TloaTOMY Kakmoe OTHETbHOE YpaBHCHHE
COIICPIKUT BCe TpH3HAKH Au((depeHIInanbHON MaTeMaTH-
YECKOW MOAENHN THIA «BXOJ — BBIXOI».

B Teopun nuHaAMWYECKHX CHCTEM K TUQQepeHim-
IBHBIM MOJCEISIM THIIA «BXOA-BBIXOI» HPENbSIBISIOTCS
OIIpeZicIeHHbIe TPeOOBAaHUA W, B YacTHOCTH, MOPSAOK
auddepeHIUATBHOIO ONEPATOPa <BO3JAEHCTBUS» He
A0JIKeH NpeBbIATh NOpsiaKa AuddepeHUHATBHOTO
onepaTopa «OTKJIMKa». B IpoTHBHOM ciydae Hapymia-
IOTCSI B TAKUX MOJCISAX (OHH HA3BIBAIOTCS BBIPOIKICHHBI-
MH) OOBEKTHBHO HEOTHEMIICMbIC HHEPIIHOHHBIE OTHOLIC-
HUSL MEXIY «BO3IACHCTBUEM» U «OTKIMKOM». TecTOBbIE
WCIIBITAHUS BBIPOXKICHHBIX MaTeMAaTHUECKUX MOAENeH Ha
CKa4KW «BO3ACHCTBHI», KaK MPABWJIO, BEIBILSIOT OECKO-
HEYHBIE 110 BEIMINHE KOTKIUKI.

B ypaBuenmsx (1)-(2) omeparop «BO3meHCTBHA»
MIPEICTABISIET COO0I MPOU3BOIHYIO 10 BPEMEHHU MEPBOTO
nopsimka O /Ot, a omeparop «OTKIHMKa» SBISIETCA TIPO-
CTPaHCTBEHHOM MPOU3BOAHOI TOXE NEPBOro nopsaka rot.
Co3maercst BIEYATIIEHHE, SIKOOBI, ITOJIHOIO COOTBETCTBUS

(1) u (2) oTMeueHHOMY BBIIIIE KPUTEPHIO.

Teopust yTBepxknaer, 4yTo M3MEHEHHE BO BPEMEHH,
HaIpuMep, MarHUTHOTO TOJIS, BO30Y)XaeT BUXpeBoe Mo
CTpYKType 3iekTpmdeckoe mone FOtE. B martemaTmke
CUHMTAETCS, YTO ONepaTop Ot BEIWICHSIET BUXPEBYIO CO-
CTaBIISIIOIIYI0 BEKTOPHOTO MOJs. 3HAYHUT BekTopa rotB u
rotE, sBisisick XapakTepUCTHKAMH CTPYKTYpbl — BHXpe-
BOHl CTPYKTYpPBI, BO30YXKJAaeMBIX IONEH, MOTYT TOXe
BBICTYNIaTh B KauecTBe OOBEKTHMBHBIX BEJIMYMH JUIA Xa-
pakrepuctukun OMII. Crnemyer 3aMeTHTh, YTO KakIoe
ypasuenue (1)-(2) B cimyuae ero TeCTHPOBAHHUSI COOTBET-
CTBYIOIINMH CKaukamu E nnm B momyckaer 6eckoHeuHbIe
3Ha4YeHUSI BEKTOpOB 0tB mim rotE.

Hccnenyem Bompoc: MOXKET JiM ¢ (PU3UIECKOM TOUKU
3penust r0B u rotE npuHuMars OeckoHedHbIe 3HAYCHMS ?
JIo1st 3TOr0 YMHOKHM CKaISIPHO 00€ yacTu ypaBHeHwus (1)
Ha BekTop E , a — ypaBHenus (2) Ha B:

ErotB = p,(0 w,/ ot), 3)

BrotE = -, (0 wy, / ot). 4

3nech W, U W,, COOTBETCTBEHHO IUIOTHOCTH 3HEPTHH
9NEKTPUYECKOr0 M MAarHUTHOTO IOJIEH, L, - MarHUTHas
mocrosinaast. M3 ypasuenuii (3)-(4) cieayror, 4To BemH-
ynHabl ErotB u BrotE mpupaBHEHBI COOTBETCTBEHHO Xa-
paKTepUCTUKaM MOILIHOCTH DYHEprud moisd. Tak kak B
NPUPOZE HEBOSMOXHBI OECKOHEUHBIE MOLIHOCTH, MOATO-
My rotB u rotE He nomKHBI NPUHUMATH OECKOHEYHBIE
3HAYCHUSL.

[puxoauM K Ba)KHOMY BBIBOAY, YTO Takue (pu3mde-
CKH€ OTPaHHYEHHS He BBIPAKAIOTCSI MATEMATHYECKH B
ypaBHEeHHsAX MakcBema. DTOT HEJOCTaTOK O0YyCIIOBIEH
TeM, 4YTO KaIoe ypaBHeHHe MakcBeia, SBISCH IU(-
(epeHInaTbHON MOZENBIO THIIA «BXOJI-BBIXOI», HE OTBE-
YaeT KPUTEPHIO €€ TMOCTPOeHUs — MOopsIoK auddepeH-
[MAIBFHOTO OINepaTopa «BO3ACHCTBUS» HE NOIDKEH IIpe-
BBIIIATH MOpsiKa «OTKIMKa». Ilockonbky omepaTop BO3-
JIEeHCTBUA €CTh IPOM3BOIHAS 110 BPEMEHH, TOTAa HE TPY.-
HO 3aKJIIOYUTh B 4eM CyTh Jedekra ypaBHeHHd MakcBen-
Jla — OTCYTCTBYIOT B JIEBOM YacTH Ka)XIOTO YpaBHEHHUS
COCTABIISIOLINE C BPEMEHHBIMHU NTPOU3BOIHBIMH.

Jns ucnipaBnenns «aedeKTa» NpeaioKeHbl ypaBHe-
uus (5)-(6), ypasuenus (7)-(8) xak cieacTBusi MEpBBIX
o6ocHoBausl B [1-2]:

-to(rot H)/ ot + rot H = j + (0 D/ot), 5)
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to(rot E )/ ot + rot E =- (0 B /ot), (6)
to(divD)/ot+ divD = p, (7
divB =0, (8)

TJIE T - HEKOTOpasi OCTOSIHHASL BPEMEHH.

W3BectHO — Kiaccuyeckasl 3JIEKTPOIMHAMHKA CO-
JEPXKUT B cebe BHYTpEHHEE NMPUHIMIHAILHOE IPOTUBO-
peure. OHO MPOSBISIETCS TOTA, KOTA IPUXOAUTCS YIH-
THIBATh B YPABHEHUH JBIDKCHUS 3apsiaa JOMOIHUTEIBHYIO
CHIIy, Ha3BaHHYIO CHJIOW pEakIHWH HW3IydeHHs. JTO Ta
CHIIa, KOTOpasi JSHUCTBYET Ha 3apsLKCHHYIO YaCTHIY CO
CTOPOHBI CO3[@BaEMOr0 €if MOJs DIEKTPOMArHUTHOIO
u3nydenns. Cuiia peakiMu H3IydeHHs Uil DIEKTPOHA
naercst B cucteme CGSE dopmynoit: f= (2e%/3c*)da/dt,
rIe € — 3apsjA, a — YCKOpeHHe. YpaBHCHHE JBIKCHUS
SNIEKTPOHA MAaccoil M moj JedcTBueM BHemHeH cuibl f
OPHHAMAET BUJI

a — (2e%/3c®m)da/dt = f/m,

DT0 ypaBHEHHE OTHOCUTCS K KIACCy YpPaBHCHHH,
ONKCHIBAIONINX HEYCTOWYHMBBIC TUHAMUYCCKUAE CHCTEMBI:
11000 HEHyJIEBOE HAYaIbHOE YCIIOBHE IIPUBEIET K CaMO-
pasroHy 3JIEKTPOHA, YTO MPOTUBOPEUHUT ONBITY U (u3nde-
CKOMY CMBICITY.

Vpasuenusim (5)-(8) coorBeTcTBYET B ONEpaTOpHON
dbopme cuna f,, uckrOUaromas camopasroH 3apsia;

npu 0 <t < 2nt, Fy(p) = —~{rom/[(1+pr)(2n) T}V (p);

npu t>27,

Fy(p)={2tm[1—ch2rep))/[(1+pt)2ne)*I}V(p) ,

rae 1,=(2%/3e,c°’m) = 10%c, V(p) — omeparopuast
CKOPOCTb.

OTMeTUM, 9YTO HOBBIC YPAaBHEHHS OTPAHHYUBAOT
YHCIO0 BO3MOMKHBIX JJICKTPOMATHUTHBIX KOJIEOAHWM mpe-
JIEIbHOMN IJIMHOM BOIHBI Ayyy = CT.
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Vual'TV, IUTY I

Oobmenpr3HanHas KoHenms 00 oopa3zoBannu Bcee-
JIEHHOW B pe3ysbTaTe BonbIIoro B3phiBa B «CHHIYISIp-
HOI» TOYKE, KOTJa He OBUIO BPEMEHH M T€OMETPHIECKIX
pasmepoB, passura B pabore C. Xokwnra [1]. 3akoHsr
oOpa3oBaHus U pa3BuTHA cucteM B [Ipupone, m3ydaeMeie
MAaKpO3KOJIOTHEH, TIO3BOJIIOT YCOMHHUTRCS B 3TOM [2].

Ho nawama XX Beka BceneHHas mnpencraBisuiach
BEYHOW WM coTBOpEHHOM boroM. Hayunsle nmoucku nep-
BOIPUYMHBI CYLIECTBOBaHUS BceneHHOW BO3POAMINUCE,
korga A. @puaman TeopeTHdeckd ToKasal, uTo Beenen-
Has HE JOKHAa OBITh cratudeckor. «Coenacho obuell
meopuu omHocumenvHocmu  JuHwimetna, Bcenennas
00JIJICHA uMemb Hauano, a modxcem Ovimv, u koney»[1].
HecMmotps Ha pa3BuTHE TeOpUid, B HACTOSLIEE BPEMSI «Ha-
yao» BceneHHoi - CHHTYISPHOCTh HE MOXKET OBITH TEOo-

pEeTHYECKH TpEACTaBIeHa, CYLISCTBOBAHHE TalaKTHK HE
OOBSICHSIETCA, a «KOHEI» BO3MOXKEH TO JIU B CXKATHH, TO
au B pactpeHud. C. XOKHHT OTMeYaeT TPYJHOCTH KOH-
uernuy bospnroro B3peiBa:

1.«Ilouemy panusas Bceneuwnas Oviia makou eops-
yei?

2.1louemy Bcenennas max 0OHOPOOHA 8 OONLUIUX
macwmabax?

3.Houemy Bcenennasa pacuupsiemcs co cKOpocmoio,
Onu3KOU K Kpumuueckotl, paszoertioujeli mooenu ¢ no-
BMOPHBIM COHCAMUEM U BEUHBIM PACULUPEHUEM?

4.Ilouemy 60 Bcenenuoll cyuyecmeyom HeoOHOpPOO-
HOCmU, makue, KaK 368306l U 2an1aKmuxu?»

Teopusa ynépnacv 60 muozue Hepazpewiumvle 60-
npocwi. «Pa3pabaTpiBaloTcsi Maen <HHEJISIIMOHHOMN
craauu» pa3Butus BcesleHHOH, Koraa 3a Bpems mpu-
mepHo 10 ¢ Bceslennas pacumpsiiach 10 SKCIOHEH-
Te. Ho TeopeTHueckn mosty4yaercs 6ecKOHEYHOE YHCIO0
BO3MOKHBIX MOCT-MH}ISIHUOHHBIX BCeJeHHbIX» [1].
T'0e mozoa mecmo naweii Beenennoi?

Hayxka pasnmBunyma mpenenst Bcenmennoit 10 obOHa-
PYXHBaeMbIX ceiiuac TajJakTHK Ha paccTosHuM 14 mupm.
CBETOBBIX JIET, HO €I HAJEETCsl Ha HAXOXAEHUE €€ rpa-
HHIL U HadYalla: «3aKOHbl HUYE20 He 2080PAN HAM O MOM,
Kax eviensidena Bcenennas, ko20a oHa Moabko 603HUKAA,-
3a6ecmu Yacvl U 8bIOPAMb HAYATO 8CE-MAKU MO2TO ObIMb
Odenom bBoea. Ecnu e Bcenennas oeticmeumenvbHo He
umeem epauuy, HU Kpaée, mo moz0a y Heé He OO0AHCHO
OblMb HU HAYAAA, HU KOHYA. OHA NPOCMO ecmb U 6cé!
Ocmaémes u moz2oa mecmo 0ns cozoamena?»[1]. Bos-
HHUKaeT Bompoc. «He IOCTpOeHBI M 3TH TEOPUM IS
obocHoBaHusI cyliecTBoBanust TBopra?». Bompoc, my-
yuBIIMd A. DHHIITEHHA: «kax Beenennas cozdasanacey?»
- HE UIM€EET CMBICIIA, €CIIM COTJIACUTBLCS C KOHIIENIINEH O €&
BEYHOCTH M GeckoHeyHOCTH (IO KpailHe# Mepe, B CpaB-
HEHHHU CO CPOKaMHM CyIiecTBOBaHMs 4enosedecrsal). ['u-
noretraeckuit Cozmarenp Beenennoit (6omee 100 mutpy.
rajakTUK) B COOTBETCTBHU C IPaBHJIaMH OOpa30BaHUS
CHCTEM JOJDKEH ObII ObI OBITH MHOTOKPATHO O0JIee CIOXK-
HOW CHCTEMOW M ero mpHuAyMBIBaHWE — Oeccuine Hayku!
[2] Bcenennas ectb, OHa HE CTallMOHAPHA, OHA HEMpe-
PBIBHO Pa3BUBACTCHL.

Buixo0o uz mynuka meopuit bonvuiozo é3pviea 603-
MOMCEH NPU CUCHEMHOM NOHUMAHUU MUPOYCHPOTCH-
6a [2]. IIpeonazaemca omkas om HeKOMOPvIX 002MANO6
COBPEMEHNO20 eCIECTEO3HAHUA.

1. Omka3s om modeneii, onepupyrowux NOHAMUAMYU C
pasmepamu HeCousMepuUMbIMu ¢ usgecmuvimu 8 Ilpupode.
Pazeumue mamemamuxu, ompuvleasacb om peanbHO20
mupa (UCKpUGIEHHBIE U MHOZOMEPHbBLE RPOCHPAHCMEA),
noseonsem onucamv n100ble AGNEHUA, HO MaAKue pe-
3ybmamel, KaK HAnNpumep, Cyuwiecmeosanue cunepcm-
PYH, He UMEIOUWUX MOTWUHbBL, HO HAMAHYMBIX 8 HEKUX
2UNEPRPOCIMPANCIEAX C YCUIUAMU 6 MUTLTUAPObL MUT-
JAUAPOOS MOHH, 8DAO U MOHCHO CHUMAMb eCHeCEeH-
HOHAYUHBIMU.

2. OTka3 ot MU(OTBOPYECTBA U NMPH3HAHUE Bed-
HOCTH M OeckoHeuHocTH Bceenennoii. Teopus 3apoxie-
Husl BceneHHOW M3 CUHIYJISIPHOCTH POKAAJach MpelcTa-
BUTEIISIMU Hapoa, KOTOphIH, cornacHo bubnuy, BeigeneH
Borom. DiHimireitn pa3mbiiuisut «Kakoit BbIOOp ObuT Y
Bora, korma on co3znaBan Beenennyro?». CHHTYISIPHOCTh
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