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Ilpegcmasaeno urenom pegkoareruu B. 1. CmapocmeHRKo

PosrasgnayTo nuTaHHA reHepallil B reoCepeAOBUII eAeKTPOMATrHITHUX 30ypeHb PaAiOXBUABOBOTO
(KinoTepI0BOro) Alala3oHy, IO PEECTPYIOTHCS Ha 3€MHIM IIOBEPXHI. YBary 30cepea’XeHo Ha
MaTeMaTU4YHHUX aclleKTax NpoOAeMH, a BAACHE, aHaAi3l paHillle 3alIpONIOHOBAHOTO HEAIHIMHOTO
PiBHSIHHSA reHepallil TUITY "peakiisa — AUQy3iga”, sKe ONUCye CKAAAHI pe>XKuMHU 30yAKeHHS i
TIOLINPEHHS eAeKTPOMATHITHUX 30ypeHb y PO3TASIAYBAHIN MOAEAL Fe0OCepeAOBUINA — CAMOIIOAIOHIM
CTPYKTYPi, 1110 BU3HAYa€ CEUCMIiuHi Ta eAeKTPOMarHiTHi IIpoIecH B Hill. AAS CIPOLLeHHS PIBHAHHS,
1110 BUBYAETHCS, 3aIIPOIIOHOBAHO BUKOPUCTATU MOTO cuMeTpito. CUMeTPifHUN METOA AQE 3MOT'Y
3BeCTHU PiBHAHHA (200 iX cucTeMy) B YaCTUHHUX IIOXIAHMX ITapabOAIYHOTO THIIY AO BUBUEHHS
CHCTeM 3BMYAUHUX AUQEpPEHIIaAbHUX PiBHAHB. AAS IIHOIO MO’Ke OYTHM BUKODPHCTAHUM K
KAQCUYHUM TEOPETHUKO-TPYIOBUM IiAXiA, Tak i MOro y3ararbHeHHS — MeETOA YMOBHOI iHBa-
PlaHTHOCTI.

The problems of generation within geo-medium of electromagnetic disturbances of radio-
wave (kilo-hertz) region registered on the Earth's surface are considered in the paper. Attention
is concentrated on mathematical aspects of the problem, namely on the analysis of earlier
proposed non-linear equation of generation of the type "reaction — diffusion" which gives a
description of the complicated excitation regimes and propagation of electromagnetic disturbances
in the considered model of geo-medium — self-similar structure, which determines seismic and
electromagnetic processes in it. Review is given on the physical level, and peculiarities of this
equation are analyzed and possible ways of its solution. In order to simplify the equation under
analysis it is proposed in the work to use its symmetry. Symmetry method allows reducing the
equations (or their system) in partial derivatives of parabolic type to the study of a system of
ordinary differential equations. For this purpose both classical theory-group approach and its
generalization — conditional invariance method can be used.

BBeAeHI/Ie. Kaxk m3BecTHO, HU3KOYaCTOTHEIE BO36Y)KAaIOTC$I B MaI‘HI/ITOC(bepe IIPX B3daWMO -

9AEKTPOMArHuTHbIE BOAHBI €CTECTBEHHOT'O MPO-
WCXOJKAEHUS , Ha3bIBaeMbIe Te0IAeKTPOMAarHUT -
HBIMU, CYLIECTBYIOT B 3€eMHOM KOpe, OKeaHe, B
aTMocdepe, noHOC(hepe, MaruuTocepe 1 Mex-
naaHeTHOU cpepe [['yabeabmu, 2007; 20084, 6].
OTrMeuaeTcsa Ux OOABIIIOE pa3zHooOpa3ue: OAHU
IPOHUKAIOT U3 ME’KIIAAHETHOU CPEeABI, Apyrue
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AEUCTBUM COAHEUYHOI'O BeTpa C I€OMArHUTHBIM
IIOAEM B aTMocdepe B pe3yAbTaTe TPO30BOM aK-
TUBHOCTH, TPETBU BO30YKAQIOTCSI BHYTPU3EMHBI-
MU UCTOYHUKAMU. B HacTodllel craTbe cocpe-
AOTOUYMM BHUMAaHMe Ha IIOCAEAHUX, IepeHecs aK-
IIeHT C AMATHOCTUKM 3A€KTPOMATrHUTHBIX I1apa-
METPOB IeOCPEABI Ha UCCAEAOBAHUE AMHAMUYeC-
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KUX IIPOIIeCCOB U MEXaHM3MOB reHepaliuy 1 pac-
IIPOCTPaHeHUs SIAeKTPOMArHuTHON dSMUCCUU AU~
TOC(hepHL.

CoraacHO 3KCIEePUMEHTY, TOPHBIE IIOPOAHL,
obpasymoiue AuTocdepy, 00AaAAIOT ABYMS Xa -
pakTepHLIMHM CBOMCTBaAMU. [lepBoe — 3TO AuC-
KpeTHOCTh. AuTocdepa COCTOUT U3 OAOKOB Trop-
HBIX TIOPOA UAM AOCTA@TOYHO KOHCOAVMAWPOBAH -
HBIX 1 KOHTPACTHBIX HEOAHOPOAHOCTEHN (OTAEAD-
HOCTEeM ) PA3AUYHBIX Pa3MepOB, IMOAUYMHEHHBIX
repapxXuyeckol IIOCAeAOBaTEeABHOCTH. BTopoe
— IIOCTOSIHHBIE KOAeOaTeAbHbIe ABUKEHUS 9TUX
OTAEABHOCTEM B OTPOMHOM AMalla30He MacIiITa-
OOB U 4aCTOT (COTHU KMAOTePI] — AECATUTHICIY-
Hble AOAU Teplla U HUJKe: 3ByKOBasl dMUCCUS,
MHUKPOCENCMBI, IPUAUBHBIE ABUJKEHUS U AP.)
[CapoBckuts, 2004]. ITpu 3TOM, IpOTEKas B AUC-
KPEeTHOM, uepapXuuecku CaMOIIOAOOHOM reocpe-
A€, caM ceMCMHUYeCKUU NpoIlecC HeCeT YepThHl
MepapXU4IHOCTH, AUCKPETHOCTH, @BTOMOAEABHO-
ctu [CapoBckui, 2004].

Cy1iecTBeHHBIN IIPHU3HAK I'eoCpeAbl — IIpH-
CyTCTBUE (DAIOUAOB, IBAFIOIINXCS HAUOOAee TIOA-
BIJKHOM COCTABASIOIIEN IIA@HETAPHOTO BellleCTBa
[ Kucuu, 2008], mpruuem Hanbonree 3HAUUTEAB-
Hble UX COBPEMEHHEBIe NMOTOKU IIPUYyPOUYEHBI K
TEKTOHNYECKHU aKTUBHBIM CTPYKTypaM C BBICO -
KOM IIPOHUIIaeMOCThIO. YCTaHOBAEH AMAroHaAb-
HO-pelIeT4aTO-OAOKOBBIY PUCYHOK COBPEMEHHBIX
reOAMHaAMUUECKUX U (PAIOMAOAMHAMUYECKUX IIPO-
1eccoB. BzaumMopelicTBrie PAIOUAHBIX CUCTEM U
TEKTOHNYECKOTO Ae(DOPMUPOBAHUS COIIPOBOIKAA-
eTCs1 HeAWHEeMHBIMU IIpolleccaMy, IpudyeM yda-
cTue (PAIOMAOB CAYKUT OAHUM U3 OCHOBHBIX (paK-
TOPOB, OIIPEAEASIONINX HEAUHEMHOCTD [AMUTPH -
eBckui, Boropns, 2006; 2008]. Baxkuo, uTo us-
MeHeHre (PU3UYECKUX CBOUCTB CPEABI B HEKO -
TOPOU ee AOKAAbLHOU MTPOCTPAHCTBEHHOM 0OAaC-
TH MOJKET OBITb OYeHb OBICTPHIM (MEXaHU3M B3a-
UMHOTO BO30Y>KAEHUSA: (PAIOUAHBIE IIOTOKM aKTHU-
BU3UPYIOT TEKTOHNYECKHE IIPOIECCH, a TIOCAEA-
HUe IPUBOAAT K YCUAEHUIO MUTPAIUU (PAIOU -
20B) [Kucusn, 2008].

Kak m3BeCcTHO, B TaKUX Cpepax MexaHudec-
KHe IIPOoIecCHl BCerAa COIIPOBOKAAIOTCS (U BHI-
3BIBAIOTCS) SAEKTPOMArHUTHBIMY, UTO U TIOATBEP-
SKAQeTCSI HeIIOCPEACTBEHHBIMU HAaOAIOAEHUIMU
[ Cypkos, 2000; CapoBckuii, 2004; I'yAbeAbMY,
2007; Llyman, 2007, 2008]. Mo>XHO IpPEeAOAO-
KUTh, YTO TaKad MOAEABb reoCpepbl AaeT BO3-
MO>KHOCTDb IIOABECTH (PHU3UUYECKYIO OCHOBY TIOA
3TU 3PPEKTH, TPAAULIMOHHO TPaKTyeMble KakK
HeAnHeMHBIe, OAHAKO, XOTS 3T MEXaHOAAEKT-
POMarHuTHEIE (UAU CEMCMOIAEKTPOMArHuTHELIE )
3(p(eKTH U3BECTHHL ¥ U3YUAIOTCS OTHOCUTEAD -
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HO A@QBHO, OHU He OPMEeHTHPOBAAUCH HAa OOHa-
py’KeHHe U U3ydeHUe HeAUHEUHBIX CBOMCTB Iop-
HOM HOpPOABL. Boaee Toro, mmoaaraanoch, 4To AM-
HEWHOTO f3bIKa BIIOAHE AOCTATOYHO AAS IIOHU-
MaHMs OCHOBHBIX 3aKOHOMEPHOCTEM 3THX IIpe-
obpa3oBaHUM, B TO BpeMsI KaK HEAUMHEWHOCTH
OTBOAUAACH POAB AOBECKA, YTOUHSIOIIETO AeTa-
Am nponecca. [ToTpeGHOCTh BEIXOAQ 3a MPEAe-
ABI KpyTa TPAAUIIMOHHBIX IPEACTABAEHUN 3AeCh
0COOEHHO OYeBHAHA: TEOPETHYeCKHe UCCAEAO -
BaHM4 TaKUX CUCTEM AeXKaT BHE BO3MOKHOCTEN
MeXaHUKHU CIAOIIHBIX AMHEWHO-YIIPYTUX , YIIPY-
T'O-IIAACTUYECKUX MOAEAEM Cpep M KAaccudec -
KOM 3AEeKTPOAMHAMUKU CIAONIIHBIX NAaCCHUBHBIX
cpep. EcTrecTBeHHO TakKe CUUTATh, UTO OIMCA-
HIUe MeXaHNYeCKUX BUOpaIiuil U SAeKTPOMarHuT-
HOro (hOHa HEBO3MOJKHO 0e3 yueTa CTPYKTYP -
HBIX CBOMCTB cpepbl. OAHAKO CHABHOE IIOTAO -
1leHre MUKPOCEeNCMUYeCKUX 1, 0COOEHHO, SAeK-
TPOMArHUTHBIX BOAH PaAMOBOAHOBOTO AMAIa30-
Ha B 3eMHOU KOpe IIOPO>KAaeT U3BECTHEIE IIPO-
OaeMBl. B 4acTHOCTH, OOHApy KeHHe NIPUCYTCTBUSA
BBICOKOYACTOTHEIX YIIPYTHX BOAH yKa3bIBaeT Ha
TO, YTO OHU, BEPOSITHO, T€HEPUPYIOTCSI paccpe-
AOTOUYEHO BHYTPHU BCETO 00BeMa AUTOCKEPEL IOA,
AeMCcTBUEeM HEeKOTOPOU BHeIlIHeM Mpu4YuHsbl. [1o
MHeHUIO M. A. Cap0OBCKOTO, YYUTHIBASA AUCKPET-
HOCTB reoCpeAbl, eCTeCTBEHHO CUUTATh ee KOAe-
0aHU B PA3AMYHBIX 00AAQCTAX CIIEKTPA COOCTBEH-
HBIMU KOAEOaHUSIMU COCTABASIIONUIUX T'e€O0CpPeAy
OTAEABHOCTEe! pa3HoTro Maciitada, a KorebaHUs
C AAMHaMU BOAH, KPaTHBIMHU XapaKTepHOMY pas-
Mepy OAOKOB, 3aTyXalOT 3HAUUTEABHO cAabee
BOAH, AAHMHA KOTOPBIX TaKOBQa, YTO B OAOKAX He
MOI'YT BO3HUKATh CTOS4YNE BOAHHL, T. €. BCA Cpe-
Ad BeAeT cebd IMOAO0OHO HaboOpy pe30oHaTOpPOB
[CapoBckutt, 2004, c. 349]. OTuM oOBACHSAETCSA
TIOSIBA€HUE OTYETAVBO BBIPA’KEHHBIX MaKCUMY-
MOB HaOAIOAEHHBIX CIIEKTPOB Ha yacTotax fi =
=c/ Ly, rAe Ly — mpeumyIecTBEHHBIN pas-
Mep OTAEABHBIX OAOKOB, ¢ — CKOPOCTH 3ByKa B
HeM. CAepAOBATEABHO, MOKHO IIPEATIOAOKUTD, UTO
3A€eCh IIPOUCXOAUT AEAOKAAN30OBAHHBIM MacIITa0-
HO-WHBAapUAHTHBIU IIPOIECC.

YTo KacaeTcs SAeKTPOMarHUTHOTO IIIyMa, TO
3AeCh HAOAIOAQIOTCS 3aMeTHBIE OTANYUS. Bo-iep-
BBIX, OYEBUAHO, 3TO HECOBMECTHUMOCTD MaCIIITa-
OOB posiBAeHUS 3P(PEKTOB SIAEKTPOMArHUTHOT'O
U3AY4YEeHUSI C AOKAABHBIM XapaKTepoM HUX BO3-
Oy>KAEHU4, T. €. MaKPOCKOIINUYECKUM XapaKTepoM
BO3MYIIIeHUM, paCIPOCTPaHIIONINXCS B reocpe-
Ae AMPPy3noHHBEIM 00pa30oM, U AOKaABHOH (“He-
AP PY3UOHHON ") IPUPOAOM UX TeHepanuu. Bo-
BTOPBIX, 3TO OObACHEHNE (DU3NIEeCKOIO MEXaHU3-
Ma MX PacIpOCTPaHEeHUsS OT MeCT 3apOKAeHUd
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ITAPABOAMYECKHE CUCTEMBI THUITA “"PEAKIJHUA — AUDDY3HA " TIPU MOAEAMPOBAHHH ...

AO ITYHKTOB PerrucTpaliui Ha 3eMHOM [TOBEPXHO-
CTH UAU Hap Helo.

Kax u3BecTHO, 9A€KTPOMarHuTHLIE BO3MYIIle-
HUg KUAOTepPIIOBOTO M BHINIE AMANa30HOB Ha
Tpaccax paclpoCTpaHeHUs Yepes3 IIPOBOASIIE
CAOU 3eMAU UCHBITHIBAIOT CUABHOE 3aTyXaHHue
(omeHkM mokaswiBaloT [['oxOepr u ap., 1985, c.
72—87], 4TO AASI TPACCHI C YAEABHOM ITPOBOAM-
MOCTBIO opoa 6 = 107" CMm/ M Ha yacToTax
104—10° I'iy KoadhuIMeHT 3aTyXaHUsT TPEBHI-
maer 102—10° AO/KM) 1, COOTBETCTBEHHO, C TOY-
KM 3peHUs KAQCCUYeCKUX IIPEACTaBAeHUN OHU
He MOTYT BBIUTH 13 0OAACTel reHepaluu, €eCAU
IrAyOMHA WX 3aAeraHus NIpPEeBHIIIAET XapakTep -
HBIA MacIITab CpeAbl (MOIHOCTE CKUH-CAOS), CO-
CTaBASIOIINYA B pacCMaTPUBAeMOM CAydae He-
CKOABKO AECSITKOB — COTeH MeTpoB. PaccMoT-
PEHMIO YaCTHBIX aCIIeKTOB OTMEUEHHBIX IIPOOAEM,
B YaCTHOCTU AOKAABHOTO XapakTepa aHOMaAuM
BCIIAECKOB 9A€KTPOMArHUTHOTO M3AY4YEHHS Ha
MMOBEPXHOCTU 3eMAU M ero " cBepxpaabHero "
pacnpoCcTpaHeHus], IOCBIIIEeH PSIA IPEABIAYIITNX
pabor [IIyman, 2007, 2008; IllymanH, boraaHOB,
2008a, 6]. B HacrosIel cTraTbe COCPEAOTOUNM
BHUMaHME Ha MaTeMaTWYeCKUX acleKTaxX IIpo-
OAeMBl, @ UMEHHO aHaAu3e HeAUHEeNHOIO ypaB-
HEeHUs TeHepalluu SIAeKTPOMarHuTHOTO IITyMa B
BBICOKOYACTOTHOM ( KMAOTEPIIOBOM ) 4aCTOTHOM
0o0AacTH, NPepNOSKeHHBIX B padorax [lllymaH,
2007, 2008]. OTOT Kpyr BOIIPOCOB IIproOpeTaeT
aKTYaAbHOCTH TaKyXe B CBA3M C HOBOU IIpobAae-
MOM, CTOdIIeN nepep re0dAeKTPUKOM — paspa-
OOTKOU 3A€KTPOAMHAMUKU aKTUBHEIX (BO30YAM -
MBIX ) Cpep, K KAACCYy KOTOPBIX, OYEBUAHO, MO-
>KeT OBITh OTHECEHa M peasbHad reocpepa.

O MaTeMaTH4YeCKUX MOAEASIX reHepaIuu.
Kak y>Ke oTMeuanoch, HEKOTOPble KOHKPEeTHbIe
BOIIPOCHI, OTHOCSAIIHMECS K MeXaHU3My MeXaHo-
3AEKTPOMArHUTHBIX IpeoOpa3oBaHui (Ipeobpa-
30BaHUM HEPIUU ABU)KEHUS IIOPOA T€OCPEALI B
SHEPTUIO0 SIAeKTPOMAarHuTHOTO U3AYyUYEeHUsI) B 1IK-
POKOM AMana3oHe YaCTOT, CTPYKType M 0COOeH-
HOCT$SIM IIPOCTPAHCTBEHHOTO PaclIpeAeAeHNd UH-
TEHCUBHOCTH MU3AYUYEHUSs, BCe ellle OCTAIOTCs AVIC-
KYCCHUOHHBIMU U TPeOYyIOT AAABHEHNIIIeTo u3yde-
auga [ lyman, 2008; Ilyman, Borpanos, 2008;
Boraanos, 2008]. OcTaHOBHUMCSI BHaUaAe Ha AU-
HEeNHBIX MOAEASIX FreHepalliy reOMarHUTHOTO IITy-
Ma. PaccmaTpuBast 3eMHYIO KOPY KaK IIOPUCTYIO
BAAQrOHACHIIIIEHHYIO Cpepy, OOAQAQIOITYIO MAarHUT-
HOU CTPYKTYPOU U HAXOAAIIYIOCSA B IIOCTOIHHOM
MarHUTHOM IIOA€ 3eMHOro dApa, A. B. I'yabean-
MU IIPEAAOIKEHO CAeAYIoIlee AOCTAaTOUHO oOlIllee
AMHENHOe ypaBHeHUe reHepanu, eANHOO0pas-
HO ONIIHCHIBaIOIIlee BO30yKAeHNe MarHuTHOTO II0-
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At B (X, t) B pe3yabTaTe AEMCTBUS YeThIPEX Me-
XaHU3MOB — IIb€30MAarHUTHOTO, MHAYKITHOHHOTO,
AePOPMAMOHHOIO U MHEPIIMOHHOI'O, YYUTHIBA
OCHOBHBIE 3A€MEeHTEI FTeOMEXaHUKH | YyCKOPeHUe,
CKOPOCTB, AedpopMaliuio U HanpsokeHue [[yab-
eapMu, 2007]:

2
9B(x.1) ¢ V2B (x.t)=VxC(xt), (1)
ot 4noc
raA€e 0 — IIPOBOAUMMOCTBH TOPHBIX IIOPOA, ¢ —

CKOPOCTB cBeTa B BakyyMme, C (X, t) = oA + VvV X

ov
XBo+BeE0+VXM,A=¥

HUE TOPHBIX IIOPOA, V — CKOPOCTh, 0L — KO3(-
duieHT MexXxaHoOMarHUTHOM TpaHcopMaluu,
dlnoc

B = 50 0 = VU, U —moae cmerienuit, M —
MarHuTHBIM MOMEHT eAUHUIIBI 00beMa reocpe -
ARL, M = (Y P 8;j +v2Pij)Bgj, Py —uys-
CTBUTEABHOCTH A@BA€HUSI B HaAlpaBA€HUM, IIa-
PAAAEABHOM OCEBOM HArpyskKe.

IMpeanioaaraeTcs, YTO IPOBOAVMOCTE TOPHBIX
IIOPOA, O, TapaMeTPhl MeXaHOMArHUTHOM TPaHC-
dopmaruu o, B, Y; ¥ Y49 , & TAK)Ke CTOPOHHEE
srekTpudeckoe E m MarauTHOe B moas oa-
HOPOAHO pacIipeAeAeHbl B IPOCTPAHCTBE M He
3aBUCAT OT BpeMeHU. K co’KareHMIo, OAHAKO, 3TU
rapaMeTphl U3MEeHSIOTCS B IIMPOKOM AMalia3oHe
3HaYeHUH, C TPYAOM ITOAAQIOTCSI U3MEPEHUIO UAU
OlleHKaM U IPUBS3aHbl, BOOOIIe TOBOPS, K KOHK-
PETHOMY PEruoHY.

OueBHpHO, ypaBHeHUe (1) caepyeT peliaThb
IPpU 3aAaHHOM ABVIKEHUHU CPEABl M 3aAaHHBIX
TPaHUYHBIX YCAOBHUAX . OAHAKO II€eHHOCTh TaKo -
IO pellleHusd AATI UHTepIpeTanuyd KOHKPETHBIX
U3MepeHuil OyAeT HeBeAWKa AO TeX IIOp, IO-
Ka He oIpeApeAeHbl 3HaueHUs (PeHOMEHOAOTH -
YeCKUX MapaMeTpoB cpeAbl. [Ipu mHTeprpeTa-
I HATYPHBIX HAOAIOAEHUY HeOOXOAUMO, BOOO-
11le TOBOPS, 3HATh BeCh HabOp apaMeTpoB reo-
CpeAbl B OKPECTHOCTH TOUKU HabAtopAeHUS [['yAb-
eapMu, 2007]. OTcropa AeraeTcsl BEIBOA O IieAe-
COOOPA3HOCTU MAEU CEMCMOMArHUTHOI'O IIOAH -
TOHQ, TPeAHa3HaYeHHOTI'0 AAS IIOCTAHOBKM CIle-
ITHaABHBIX 9KCIIEPUMEHTOB, OPUEeHTUPOBAHHBIX
Ha OIIpeAeAeHle COBOKYITHOCTU IIapaMeTpoB, OT
KOTOPBIX 3aBUCUT 3(P(PEeKTUBHOCTHb MEXaHOBAEKT-
POMarHuTHBIX IIpeoOpazoBaHuii. OAHAKO CKOH-
IIeHTpUpPyeMCcd Ha APYTOM acleKTe IPOOAEMHEI.
CylleCcTBEHHO, YTO B CUAY AMHEUHOCTH YPaBHe-
Hud (1), AelicTBHe Pa3AMUYHBIX MEeXaHU3MOB Te-
Hepalyuy MOXXHO U3y4aTh HE3aBUCUMO APYT OT
APyTa U CKAAABIBATh IIOAYUYEHHBbIE Pe3yAbTaThI
[C'yabeabmu, 2007, 2008].

— ycKope-
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C ncnoab3oBaHUEM yYpaBHEHU (1) BEITOAHEH
CPaBHUTEABHBIN aHaAU3 OTHOCUTEABHOU 3(hdek-
TUBHOCTHU YIIOMSIHYTBHIX MEXaHN3MOB IreHepaIiuy,
B YaCTHOCTH MHAYKIIMOHHOTO, CBI3aHHOIO C ABH-
>KeHMEeM IIPOBOASIINX TOAIL 36 MHOM KOPHI, KOT-
Aa TeHepalusg MarHUTHOTO IIOAS OOYyCAOBAEHA
CABUTOBLIM TeueHUeM (PAIOHAA B IIOpPax U Tpe-
IIIMHAX OTHOCUTEABHO CKeAeTa TOPHOM IIOPOABI.
YCTaHOBAEHO CyIIIeCTBOBAHUE KPUTUUECKOM da-
CTOTBI, Ha KOTOPOU 00a MeXaHu3Ma OAMHAKOBO
3(p(PeKTUBHBI, IPU 3TOM Ha MEHBIINX YaCTOTaX
AOMHUHUPYET UHAYKIIMOHHBIN MeXaHM3M, a Ha O0AL-
IINX — WHEPLUUOHHBIU,

3aMeTHuM, 4TO ypaBHeHHe (1) IOAy4eHO B KBa-
3UCTAIlOHAPHOM IIPUOAMIKEHNH, KOTAQ M3MeHe-
HHUS COCTOSTHUSI CUCTEMBI IIpeHeOpeKUMO MaAbl
Ha BpeMeHax, 3a KOTOpble CUTHAA IIPOXOAUT pac-
crosHUe R OT HCTOYHHKA AO TOYKHU ero pac-
IIPOCTPaHeHusd. YCAOBUE NPUMEHUMOCTU 3TOTrO
NPUOAVIKEHHUSI IPU PACIIPOCTPAaHEHUN CUTHAAA
B BakyyMe Ry / c << T, rae T — XapaKkTepHBIN
nepuop udMenenuil. K npumepy, aag 100 I'nm yc-
AOBHE€ KBAa3UCTAIlMOHAPHOCTHU BHIIOAHSETCS Ha
paccrosguusax He 6oaee 100 kv, past yacToT 100 K1
— Ha pPacCcTOSHUSX He Ooaee 1 KM OT HCTOYHU-
Ka. Ecam curHan pacnpocTpaHseTcsl B reocpe-
A€, TO 3TU PEe3yABTAThI ACMCTBUTEABHBI AT AUA-
IIa30Ha 4aCTOT, B KOTOPOM CKUH-TAYOHMHa AOCTa-
TOYHO BEAUKA M, COOTBETCTBEHHO, 3TO THII BO3-
MyIIeHHUHM BBIXOAUT Ha IIOBEPXHOCTH U3 0OAAC-
Tel reHepallud Ha rAyomHe. UTo KacaeTcs pa-
AUOH3AYUEHMs Ha 4acTOTaX B AECSATKU U COTHH
KHUAOTEPIL, UAUM pAayke MI'TI, TO, Ka3aAaoCh Obl, OHO
He MOYKeT BBIXOAUTH M3 FAYOMHHBIX O4aros Te-
Hepanuu. B moBepXHOCTHOM >Xe CA0e MOITHOC -
Thi0 10—150 M, COOTBETCTBYIOIIEM CKUH-TAYOU-
He, BecbMa IPpOOAEMaTUYHO HAUTHU AOCTATOUYHOE
KOAWYECTBO UCTOUHHUKOB PAAVIOM3AYUEHUS U ellle
TPyAHee CBsI3aTh ero ¢ CeMCMHYeCKUM Odyarom
UAM AVHAaMUYEeCKUMHU IIpolleccaMy, IIPUBOASIIN-
MU K ero usaydenuto [Cypkos, 2000].

B aTOM KOHTEKCTe, OUEBUAHO, PeIlleHNe 3aAa-
Yy TeHepaluy 3A€KTPOMarHUTHOTO IIIyMa PaAro-
BOAHOBOTO AMAlla30Ha U ero " aHOMaAbHO AAAB-
Hero" pacmpocTpaHeHUs KakeTcsi O0oAee ecTe-
CTBEHHBIM MCKaThb B paMKaxX HeAUHEWHBIX MOAE-
A€l TeOCPEABI C YUeTOM dMIINPUYECKUX 3aKOHO-
MEPHOCTeM, CBUAETEABCTBYIOIIUX O CBA3HU €ro
CBOMCTB U XapaKTEPUCTUK CO CTPYKTYPOU U AU-
HaMUKOU IeOCUCTeM. SICHO, 9YTO B 3TOM CAydYae
Ha IIepeAHUU IIAQH BBEICTYNAIOT HEYCTOUYUBHIE
CUCTEeMBI 1 BO30YAUMEIE (QKTUBHBIE) CPEABI, Ae-
MOHCTpPUPYIOIUe, KaK U3BEeCTHO, OOABIIIOE pa3-
HoOOpa3ue TUIIOB AMHAMUYECKOTO IIOBEACHUS U
camMoopraHusanuu [AaBeIpAOB U Ap., 1991].
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Kaxk mn3BecTHO, pacnpepereHHas BO30yAuMas
Cpejpa COCTOMUT U3 CBSA3AHHBIX AOKAABHO APYT C
APYTOM aKTUBHBIX 3A€MEHTOB, CIIOCOOHBIX (hOP-
MHPOBATh 3A€KTPOMArHUTHBIN UMIIYABC B OTBET
Ha IIPUXOA BHEIITHEr0 MEXaHU4YeCKOTO CUTHAAA.

MMIOyABCHI, pacIpoCcTpaHsgroluecs B BO30y-
AAMBIX CPeAAX, YaCTO Ha3bIBAIOT aBTOBOAHAMHU,
IIOAYEPKHUBAs TEM CAMBIM TOT (DAKT, 4TO UX Xa-
PaKTepUCTHKHU ((popMa, CKOPOCTH PAaCIpPOCTPa -
HEHUs ) ONIPEAEATIOTCS, B OCHOBHOM, Ilapamer -
paMM CpeABl U IIPAKTH4YeCKU He 3aBUCAT OT Ha-
YaABHBIX YCAOBUM. OO1Iel TEOPHUY AKTUBHBIX CPEA,
Ha AQHHBIM MOMEHT He CYIIEeCTBYeT, a Ka’KABIA
AOCTATOYHO IIOAPOOHO MCCAEAOBAHHBIN IPUMeEP
TAKUX Cpep,, KaK IPAaBUAO , ITIOKA3bIBAET HOBEIE
TUIBI UX AMHAMHKU U CaMOOpTraHus3anum [Aa-
BBIAOB U ApP., 1991] u HeT OCHOBAHUM IIPEATIO-
AQraTh, 9YTO TaKHUe IPUMEPEL IBASIOTCS YHUKAAB-
HBIMU.

CoraacHO UMEKIINMCS IPEACTABACHUAM, CY-
IIeCTBYEeT MHOKeCTBO MEXaHU3MOB MEXaHO3AEK-
TPOMAarHUTHBIX IpeoOpa3oBaHuli. B vacTHocTH,
OHU MOTYT OBITH CBSI3@HBI C (PUABTPAIIMOHHBEIM
IepeTOKOM IOPOBOTO (pAIOUAA Ha PPOHTE 3a-
XBAUEeHHOU BOAHBI, (DOPMUPOBAHUEM aHCAMOAS
MHMKPOTPEIINH, COIIPOBOKAAEMBIM Pa3AeAeHUEM
3apsIA0B, BO3AEUCTBUEM BapHUAIlUU HAIPSKEH -
HOT'O COCTOSIHUS CPeAbl Ha AOMEHHYIO CTPYKTY -
Py 3€peH MarHUTHBIX MUHEPAAOB M APYIHMH
dakrTopamu [AesiieHko, 1995; Cypkos, 2000]. Yro
KacaeTcs crIoco00B (POPMUPOBAHUS 3AEKTpOMaAr-
HUTHOI'O IIIyMa PacCMaTrpUuBaeMOro 4aCTOTHOI'O
AMAIla30Ha, TO IIPeAlloAaTraeMble TUIIOTe3bl MO-
I'yT OBITb OOBEAVHEHEI B AB€ PAa3AWYHBIE TPYII-
nel. O4eBHAHO, K II€PBOM CAeAyeT OTHECTHU re-
Hepaluy, CBA3aHHBIE C peAaKcanuel 3apsA0B B
pe3yAbTaTe 3AeKTPUUECKOro Npo0os, MpoTeKa -
HUEM TOKA II0 YCThIO TPELINH, 3MUCCUIO 3AEKT-
poHoB [ Cypkos, 2000]. BeposTHO, K 3TOMU Xe
rpymne MO>XHO OTHECTU U IepeXOAHOe U3AyUe-
HUe (mepexopHoe pacceuBaHue) [[mH36ypr, Libl-
ToBUY, 1984].

Kak u3BecTHO, U3AyYeHHe 3TOrO THUIIA BO3-
HUKAaeT IIPU ABUJKEHUM 3apsAa@ C AFOOOM CKOPO-
CTBIO, €CAU AUIAEKTPUUYECKass MPOHUIIaeMOCTb
OKpY’Karolllel ero cpepbl U3MeHsIeTCsI B IIPOCT-
PaHCTBe UAU BO BpeMeHU. [TepexopHOe m3Ayde-
HUe UMeeT MeCTO AaKe AT HEIIOABUJKHOTO 3a-
PSIAQ, €CAM AUDAEKTpHUYEeCcKas IIPOHUIIaeMOCTh (1,
CAeAOBaTeABHO, Da30Basi CKOPOCTH CBeTa) 3aBU-
CUT OT BpeMeHH. SICHO, YTO pacKphITHe U 3a-
KPBITHE TPELINH NIPU IPOXOKACHUM 3aXBAadeH -
HOU BOAHEI, U3MeHeHHe 00beMa IyCTOT, (PUABT-
PanMOHHBIN IIEPETOK IIOPOBOTO (DAIOHAA, APY -
THie SBA€HUS, COITyTCTBYIOIINE ee IPOXOKAEHUIO,
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MOTYT CO3AQTH HEOOXOAUMBIE AAST TIOSIBAEHUST 3TO-
IO U3Ay4YEHUS YCAOBUSL.

BaskHOe CBOMCTBO ITEPEXOAHOTO U3AYUEHUS —
€T0 y3KOYTAOBas HAalIPAaBA€HHOCTD, YTO CAEAYET
HEIMOCPEeACTBEHHO U3 IIPOCTHIX KUHEMAaTHIeCKUX
coobpakenutt [['mu30ypr, LisiToBuy, 1984].

Ko BTOpO¥ rpymie MOXHO OTHECTH, COIAAC-
Ho paboTte [Cypkos, 2000], Tak Ha3kIBaeMble BU-
OparmoHHbIe MEXaHU3MbI TeHePAIUH, CBSI3aHHbIE
C U3MeHeHNeM 3AeKTPUIeCKOro MoMeHTa chop-
MMWPOBABIINXCS AUTIOABHBIX UCTOYHUKOB B pe-
3YABTATE aKyCTUYECKUX KOACOAHUN.

CoraacHO MHO>KEeCTBEHHOCTH MeXaHHU3MOB Te-
Hepaluy SAeKTPOMarHUTHLIX BO3MYIIIEHUH, B pa-
oore [LLIyman, 2007] npeAlpHHSTA [TOIBITKA y4e-
Ta cyMMapHoro 3d@deKTa BCero pacCMOTPEHHO-
o KOMIIAeKca (paKTOPOB reHepalyuy IIyTeM BBe-
AeHU4 B IIpaByIO YaCTh ypaBHeHUS ['yAbeAbMU —
AeBIIeHKO (1) HeAMHeNMHOU (DYHKITUHY, 3aAQF0IEN
UHTEHCUBHOCTE IIPOIIECCOB MeXaHOIAEKTPOMaAr-
HUTHBIX TpeoOpa30BaHUM, TPOTEKAIONINX B JAe-
MEeHTapHOM OO0'beMe BO30OYAUMOU CPEeABl (HeyC -
TOUYMBOM CUCTEMBI AUTOC(epHBIX OAOKOB). [Tpu
35TOM YUYUTBHIBAETCS TO OOCTOATEABCTBO, UYTO 00 -
IIEIPUHSTHLIM ONUCAHUEM PearbHbBIX BO3OYAUMBIX
CpeA SIBAGIOTCS NTapaboAryecKye YpaBHEHUS (UAU
UX CUCTEMEI) THIla "peakius — auddysusa” [Aa-
BBIAOB U Ap., 1991]:

aaLtjzocv2u+F(u), 2)

rae U — BeKTOp COCTOAHUS IAEMEHTAapPHOIO O0be-
Ma BO3OYyAMMOM CpeABl, 0. — MaTpuna (Koadgpdu-
nueHT) aAndgdysun; F (U) — HearuHeliHas BeK-
TOpHAasA MYHKINA, 3aAQI01asi UHTEHCUBHOCTD Me-
XaQHOSAEKTPOMArHUTHBIX IIPe0Opa3oOBaHUN.

IMTocae cAeraHHBIX 3aMEUYaHUM U C YU4€TOM AU-
HEWHOro ypaBHEHUs reHepallui SAeKTPOMarHuT-
HBIX CUTHAAOB (1) (IIpH BBEIBOAE KOTOPOI'O 3€M-
Has Kopa paccMaTpuBaAach aBTOpaMU Kak IIOpU-
CTOe BAQTrOHACHIIIIEHHOE TEAO, 00AaAAIOIIee Mar-
HUTHOU CTPYKTYPOU U IIOMeIlleHHOe B II0CTOSH-
HOe MarHuTHOe II0A€e 3eMHOTO SIAPa) IIONBITaeM-
CsI BBIIIACATBh OOOOIIIeHHOe HeANHEHOe ypaBHe-
HUe UX reHepalluy B CUCTEME AUTOC(HEPHBIX OAO-
KOB B CAEAYIOILIIEM BUAE!

0B;
Ttlz(xijszj-'-Fi(B)’ (3)

TAe Ojj — MaTpula AU Py3uy; Bj — HHAYK-
nug; Fj (B) — HeanHeliHas (pyHKIIHSA, oIIpepe-
AsieMasi AMHAaMUYHOCTBIO IIPOIeCcCOB AePOPMHU -
poBaHUsA BO30yAUMOMH ( ME’KOAOKOBOI ) CpEABL U
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XapaKTepu3ayromlascsad HabopoM MeXaHU3MOB Me-
XaHO3AeKTPOMAarHUTHBIX IIpeo6pa3oBaHUM.

[Tpu 3TOM XapaKTePUCTUKU SIAEKTPOMArHHUT-
HBIX BO3MYIIIeHUHN (MMITyABCOB UAU @BTOBOAH) OII-
PEAEATIOTCA IIapaMeTpaMM CPeAbl, @ BeAU4YnHa
MarHUTHOU MHAYKIUU B — U3MeHeHUSIMU Ha-
IpsI’KeHHOTO COCTOSTHUSI B CUCTeMe AuTOChep -
HBIX OAOKOB, XapaKTepHU3yIOIlerocss 3HaYuTeAb-
HBIMU IpaprieHTaMu. O4eBUAHO, TAOTHOCTD HaBe-
AEHHOTO TOKA B AOKAABHOM 0OAAQCTU TaKOU Cpe-
ABL MOJKET OIIPEAEASIThCSI He TOABKO HaIlpsIKeH-
HOCTBIO 9IA€KTPUYECKOTO IIOAT B 3aAAHHOU TOUKeE,
HO U TeM, KaK OBICTPO OHO U3MEHSIEeTCS OT TOUKH
K TOuKe. B uTOre CBA3b MeKAY TOKOM j U HaIps-
SKeHHOCTBIO 9A€KTpUUecKoro noAs E npunumaer
BUpA [BpepoB u Ap., 1985]

JE,

m ’ (4)

i =0ij Ej + &ijk
TA€ TIO TOBTOPSIIOIINMMCS MHAEKCAM ITPOU3BOAUTCS
cymMupoBaHue oT 1 Ao 3. fIcHo, uTO peHOMEHO-
AOTMUYECKHE IIapaMeTphl paBeHCTBa (4) ompeae -
ASIIOTCSI COBOKYITHOCTBIO (DAaKTOPOB, CPEAU KOTO-
PBIX MOT'YT OBITH YIIOMSIHYTHI BKAIOUEHHS C IAEKT-
POHHOU UAU MOHHOU IIPOBOAUMOCTBIO, PEOAOTH-
4eCcKas PaCCAOEHHOCTh CPEABL, ee HAIIPSI)KEeHHOe
COCTOSTHUE, TEMIIEPATYPHBIN U (DAIOUAHBINU PEKU-
MbI. HO, Kak CBUAETEABCTBYET UMEIOIINNCS OIBIT
OonmcaHus BO30YAUMBIX (AKTUBHBIX) CPEA, OCHOB-
HbIe 3aKOHOMEPHOCTU 0Opa30BaHUsA aBTOBOAHO -
BBIX CTPYKTYP MOT'YT OBITH BOCIIPDOM3BEAEHEI YoKe
B PaMKaxX ABYX-TPEXKOMIIOHEHTHOM CUCTeMEL, [Aa-
BBIAOB U Ap., 1991], KoTOpytO, € yueToM (3), B Ipo-
CTeHIIIeM CAydae MOKHO IIPEACTaBUTh B CAEAYIO-
el popme:

9B; 5

W=(Xijv B] + Fi (B,G),

0G;i

a—t'=ﬁijvzej+spi(5,e), (5)

rae pyHKIUSA G OIpepeAsieT UHTEHCUBHOCTD AW-
HaMWYeCKUX UCTOYHUKOB B 3eMHOU Kope. DyH-
kuusa Py (B, G), B mpuHnuie, Mo>XeT OBITh MO-
HOTOHHOM MAU Ad’Ke AMHeMHOU [AaBBIAOB U AP.,
1991], B To BpeM4 Kak pyuknusa F; (B, G) obbru-
HO 3aAa€eTCsl TOAMHOMAaMU UAM KYCOYHO-AWHEH-
HBIMU PYHKIMAMU [A@BBIAOB U Ap., 1991]. Tlpe-
AEABHBIM CAy4al, Korpa € = 0, COOTBETCTBYET OA-
HOKOMIIOHEHTHOU CHUCTEME,

MeToABI TEOPETHUKO-IPYNIIOBOr0 aHaAMU3a
cucTeMbl YpaBHeHUI (3). Ypasuenus (5) mpea-
CTaBASIOT COOOU CAOJKHYIO HEAUHEUHYIO CUCTe-
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H.M. [JUDPA, B. H. IIYMAH

My YPaBHEHUH B YaCTHBIX ITPOU3BOAHBIX BTOPO-
ro IIopsAKa. AAS YIIPOIIEHUS 3TOM CUCTEMBL IIPEA-
AaraeTcsd UCIOAB30BaTh ee cuMMetpuio. C 1o -
MOIIIBI0 METOAA CUMMETPUUHOM PEAYKIMNU HUC -
XOAHAs CHUCTEMA CBOAUTCS K CHUCTEME ypaBHE -
HUM C MEHBIIUM YUCAOM He3aBUCUMBIX IIepe -
MEeHHBIX , B YaCTHOCTU K CHCTeMe OOLIKHOBEH -
HBIX AU PEepeHIUaAbHBIX YPAaBHEHUN . AaAblIlle
MOJKHO HCIOAB30BATh METOABI KaueCTBEHHOI'O
aHaAM3a OOBLIKHOBEHHBIX AU depeHIMarbHBIX
YPaBHEeHUH, a TaK)Ke YUCAEHHbIe MeTOABL. Ecan
JKe IIOAYUYEHHYIO PEAYLIMPOBAHHYIO CUCTEMY YAQ-
€TCs IPOMHTETPUPOBATH, TO IIOAYyYaeM TaK Ha3hI-
BaeMble UHBApUAHTHbIE pellleHNs], KOTOPhIe SBAS-
IOTCH Ha CaMOM AeAe HENOABVI)KHBIMU TOYKaMM
HEKOTOPHIX MpeoOpa30BaHUl 3aBUCUMBIX 1 He-
3aBUCHUMBIX IIEPEMEHHBIX , 00pa3yIoIIUX IPyIIy
An.

KhaccuueckuMm NOpUMeEpOM UCIHOAB30BAHUS
CUMMETPHUU YPABHEHUS ABASETCS IIPUEM, UCIIOAD-
3yeMBbIU IIPU IOCTPOEHUU PELIeHUN TUlla Oery -
1lell BOAHEBI (B TOM YHUCA€ COAWTOHHEIX pelle -
HU), KOTOPBIU COCTOUT B CAeAyIoleM. B ypas-
HEHUM B YaCTHBIX TPOU3BOAHBIX B OAHOPOAHOM
cpepe BBOAUTCS IepeMeHHass { =—-X+Vyt u
IIPEeANIOAATaeTC s, YTO UCKOMOe pellleHue 3aBU -
CUT TOABKO OT IlepeMeHHON (. B s3TOM cayuae
CHCTeMa YpaBHEHUM B YaCTHBIX IIPOM3BOAHBIX
CBOAUTCS K CUCTeMe OOBIKHOBEHHBIX AupepeH-
LIIMAABHBIX ypaBHeHUM. [Ipu 3TOM MOCTpOeHuHn
HesIBHO OBIA@ HCIOAB30BaHAa WMHBAPUAHTHOCTH
HUCCAEAYEMOU CUCTEMBL YPABHEHUU OTHOCUTEAD-
HO IpeoOpa3oBaHu TpaHCAAmui: t' =t + a,
X=X+ b, rae a, b — mpousBoAbHBEIE TTOCTO-
sIHHBIE, AeMCTBUTEABHO, [TepeMeHHast { SBAsieT-
Cs WHBApMaHTOM TIPyHNIBl AW C TeHepaTopoM
X =ady + Pd¢, nockoasky X =0, ecan no-
CTOSTHHBIE Ol ¥ 3 YAOBAETBOPSIIOT COOTHOIIIEHUE
BVy — o = 0. SIpruM IpuIMepOM UCIIOAB30BAHUS
3TOTO ITOAXOAQ SIBASIETCS TaKyKe IIOCTPOeHMe aB-
TOMOAEABHBIX PellleHn, 0a3UPYIOLINXCA Ha UH-
BApUAHTHOCTU OTHOCUTEABHO IIpeoOpa3oBaHMU
AVAQTAIUU (PacTs>KeHUM).

OueBHAHO, UeM IIIMpe Irpylia MHBapUAaHTHO-
CTH ypaBHeHUs, TeM OOAbIIIe BO3MOKHOCTH I10-
CTPOEeHUsI NHBApPHUAHTHEIX pelleHul. OKa3bIBa -
€TCsI, AASI IOCTPOEHUST PEAYLIMPOBAHHOI'O OOBIK-
HOBEHHOIO AU PEepPEHITUAABHOTO YPaBHEHUS, CO-
OTBETCTBYIOIIEro YPaBHEHUIO B YaCTHBIX IIPOM3-
BOAHBIX , MOJKHO HCIIOAB30BaTh HE TOABKO T'eHe -
PaTOpPBI KAACCUUYECKOM cuMMeTpuu A, HO Tak-
>Ke U ollepaTophl YCAOBHOM cuMMeTpuu [Bluman,
Cole, 1969; Fushchich, Tsifra, 1987]. IIpu sToM
oIepaTophl
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rae xe R" — omeparophl KAacCHYeCKOH CHM -
MEeTPUU YPaBHEHU],

V(X,U,U(l), U(z),...,U(k))=0, (7)

ecaAn
XV =0 )

Ha MHOFOO6paSI/II/I
V =0. 9)

3AeCh CHMBOAOM U () OOO3Ha4YeHa COBOKYII-
HOCTb YaCTHBIX TPOU3BOAHBIX (DYHKIIAH U TIO TIe-
peMeHHBIM X, i =1, N A0 mopsiAka k; X (k)
— TPOAOAKEHHBINM MH(PUHUTE3UMAABHBIU OIle-
patop (moppobHee cM. [OBcsiHHUKOB, 1978; OA-
Bep, 1989]).

Ecan >xe X gBAgeTcCs ollepaTOpOM YCAOBHOM
CUMMETPUHU, TO PABEHCTBO (8) AOAKHO BBITIOA -
HATHCSI HAa MHOTOOOPa3ny, 3aA@aHHOM YpaBHEHU-
eM (9) ¥ AOIOAHUTEABHO YPaBHEHUEM

(10)

3 e () 2 = n(xw)

U BCex ero pudPepeHIuarbHbBIX CAEACTBUM AO
nopsiaka K — 1 BkaroumTeabHo [Fushchich, Tsif-
ra, 1987 Zhdanov et al., 1999]. Habop aTux ypas-
HeHUM 0603HauMM cUMBOAOM [DX]. ITosTomy Kpu-
TepUI YCAOBHOU MHBAPUAHTHOCTHU 3AIUIIETCA B
TakoM BuAe [Zhdanov et al., 1999]:

x(k)v\vz =0. (11)

[DX]

CootHowenuene (11) 6oaee craboe, 4eM ycao-
BUe KAACCUUYeCKOM MHBapuaHTHOCTH (8), (9). Kaxk-
ABIY OTlepaTop KAACCUYEeCKOU CUMMETPHUHU YAOB-
AeTBOpseT U (11), a TO3TOMY IBASIETCS U Ollepa-
TOPOM yCAOBHOU cuMMeTpun. OOpaTHOe yTBep -
KAeHUe HeBepHO. AAs IpUMepa PaCCMOTPUM He-
AWHeMNHOe ypaBHEHUE TeIIAOIIPOBOAHOCTH:!

Ut + Uyy = A (u3 + u), A =const. (12

/AerKo MpoOBEPUTH, YTO

Q=at—%\/ﬁuax+%k(u3+u)au (13)

ABASIETCA OIlepaToOpOM YCAOBHOfI CUMMeTpHuu, HO
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He SIBASIETCS OIepaTOpoOM KAACCUYECKOU CHUM -
MeTpu#. ITOT OIepPaTopP MOPOKAAET TaKOM aH -
3all, 3aAAIoIIUK HesaBHO U (t, X):

Darctg U — /24 x = ¢ (),

®=-1In 1+i2 — 3At, (14)

u

rae ¢ () — HeusBeCTHas PyHKIIU.

Amnzarn (14) peaynupyer ypasBHeHue (12) K
OOBIKHOBEHHOMY AU PepeHIIMaAbHOMY YPaBHe-
HUIO

”

20"=0¢"+(0")>.

OO01iee pellleHre 3TOTO YPAaBHEHUS UMeeT BUA

@ = 2arctg ¢, e® — 1+ c,,

rpe Cy, Cy = const. [ToacTaBasgs (15) B (14), no-
AydaeM yCAOBHO-WHBApPUAHTHOE pellleHNe ypaB-
HeHud (12). OueBHUAHO, BeCcbMa crienuUYeCKUM
CAy4aeM CUCTeMHI (9) ABAsdeTCsd ypaBHeHUe (12).

ApyTuM 0000IIIeHreM MeTOAd KAACCUYeCKOU
CHUMMETPHU SIBASIETCSI IIOCTPOEHNE aH3alla, pe-
AVIMIPYIOIIEro BCXOAHOE YPaBHEHMe B YaCTHBIX
IIPOU3BOAHBIX K CHUCTeMe OOBIKHOBEHHBIX AU -
bepeHITUaAbHBIX YPaBHEHUN C IOMOIIBIO OIle -
paropoB cumMeTpun Au — BakayHaa. B pabore
[Svirshchevskii, 1995] npearoskeH METOA PEAYK-
VY HEAMHEWHBIX 3BOAIOIIMOHHEBIX YPABHEHUHN C
ABYMSI He3aBUCHMBIMU IIepeMeHHBIMU, KOTOPBIN
Oasupyercsa Ha cuMMeTpun A1 — B3KAyHAQ OOBIK-
HOBEHHBIX AMHENHBIX AU (PepeHInarbHBIX YPaB-
HeHui. B pabote [ Tsyfra, 2004; Liucdpa, 20006 ]
3TOT METOA 00001IaeTCsa Ha HeAMHeMHbIe OOBIK -
HOBeHHBIE A PepeHIIaAbHbIE YPDABHEHMS U I10-
Ka3bIBAaEeT, YTO ero MOJKHO IIPUMEHSTh He TOABKO
K YPaBHEHHSIM 3BOAIOIIMOHHOTO TUIIQ, &, BOOOIIE
TOBOP4, U K IIPOM3BOABHOMY AP depeHITuarbHO-
MY YPaBHEHMUIO.

Paccmorpum pudpepeHniiarbHOE ypaBHEHNE

(15)

au 2 oMu
H| X, u, ,au,..., = 0.
d X axf axlm

(16)

[TycThb ob111ee pelleHne ypaBHeHUd (16) Mo -
KeT OBITh IPEACTaBAEHO (IO KpaiHel Mepe, AO-

KaAbHO) B BUAE
U=F(X, Cl,Cz,...,Cm), (17)

rae C;,Cy, ..., Cyy — IPOU3BOABHEIE (DYHKIIUN
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OT N — 1 mepeMeHHBIX Xg, X3, ..., Xp. B pabo-
Tax [Tsyfra, 2004; Lludpa, 2006] mokaszaHo, 4TO
ecau Q =V0, — omeparop cummerpun Au —
bsrayHAQ ypaBHeHUs (16), To aH3an

u:F(X’(pl’(p27°"’(pm) (18)

peayuupyert (9) K cucreMe He OoAee yeM m AU(D-
(hbepeHIINaAbHBIX YPAaBHEHUUN AASI HEU3BECTHBIX
GYHKIUIT @1 (X9, ooy Xp )1 ooor @y (Xg 4oy Xy ). EC-
AW UICXOAHAsI CHCTeMa SIBASIETCSI CUCTEMOM C ABY-
MsI He3aBUCUMBIMY IlepeMeHHBIMU, TO PEAYIIH -
pOBaHHas cUCTeMa OyAEeT CUCTeMON OOBIKHOBEH-
HBIX A depeHMaAbBHBIX ypaBHeHU. OTMeTHM,
4TO B O0IIEeM CAydYae PeAyIMPOBAaHHAS CACTEMA
COAEPIKUT HeM3BeCTHbIe (PyHKIMU @ , K =1, m,
X IPOU3BOAHBIE I HE3AaBUCUMYIO IIepPEMEHHYIO,
KOTOpYy!O 0003HauuM Y ( X) . [ToaToMy B obiiem
CAy4ae OHa HeaBTOHOMHas. Ho cyiiecTBoBanue
XOTs1 OBl OAHOTO OllepaTopa CUMMETPUHN ¥ PEAY-
IIMPOBAHHOW CUCTEMBI

m
Q=a(y)o, + ¥ nk((pl’-"’(Pm,Y)a(Pk
k=1

IIO3BOASIET IIOCTPOUTHL 3aMeHY IlepeMeHHbIX

t=t(y, 01, Om),

VEi=Vi(y, 01, 0m),

i=1,m,

yAOBAeTBOpﬂIOH_H/IX ypaBHeHI/HO
Qt=1, Qv' =o.

B HOBBIX IepeMeHHBIX CUCTEMA HE COAEPIKUT
B IBHOM BUAE HE3aBUCHUMYIO IEPEMEHHYIO Y U 5B~
AsieTCs aBTOHOMHOMM.

ChaepyeT OTMETUTH TOT (DAKT, YTO AAST OOAB-
ITUHCTBA HEAMHEWHBIX CUCTEM OOBIKHOBEHHBIX
AU pepeHIaAbHBIX YPaBHEHUM IIOUTH HUYETO
He yAAQEeTCs CAEeAaTh, KpoMe OOIUX YTBEPIKAE -
Hut. [To3TOMy O4eHb Ba’KHO OTBICKATh CTAIVO -
HapHbIe pelleHUs (HeIIOABUKHbBIE TOYKU ) U U3Y-
YUTH ITOBEAEHNE pellleHuY HEAUHEUHOU CUCTEMBI
BOAM3HM HENOABMI)KHOM ToukKu. DyHAAMEeHTaAbHAsT
TeopeMa XapTMaHa — ['pobmana [['ykeHxeliMep,
Xoamc, 2002] u3 Teopum AUHaMUYECKUX CUCTEM
IIPUBOAUT YCAOBHE, KOTAQ NCCAEAOBAHUE IIOBE -
ACHUS pellleHUY HEAVMHEMHON CUCTEMBI CBOAUT-
Cd K aHAAOTUYHOMU 3apaue AASI AMHeapu30BaH -
HOM CHUCTEeMBbI, KOTOpas, B CBOIO OUepeAb, ropas-

AO TIpOTIIe.
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Ba>KHBIM Tak>Ke SIBASIETCSI BLIAGAEHUE U3 Y-
POKOTO KAAcCa HEAMHEWHBIX CUCTEM (5) TexX, KO-
TOpBIe 0OAGAQIOT XOTh KAKOU-TO HETPUBUAABHOU
cuMmMeTpuelt. Tak, HallpuMep, U3BeCTHO, UTO ypaB-
HeHMe TeIIAOIIPOBOAHOCTH

1
U = — Au (19)
A
WHBAapPHUaHTHO OTHOCUTEABHO I'PYNIEI ['arnaes ¢
reHepaTopaMu

Qa =2ty —AXaUdy, a=1,3. (20

Ecam HapO MOCTPOUTE HEAMHENMHOE yYpaBHe-
HHE

Uy :%AU+F(U), (21)

CcOoXpaHsolee raAMAeeBYIO0 CHUMMETPUIO, TO OKa-
3bIBAETCS, YTO PYHKIIUSA F (U) MO’KeT OBITH TOAD-
KO AMHeHHOM, a UMeHHO F (U) = atu, o = const .
B TO ke BpeMs AAS CUCTEMEL (5), ecan

1 1
Oii = — 8, Bii= — &,
=5 Qi Bij 5 Ol
rae 8 — cumBoA KpoHekepa, CyILIeCTBYIOT
dynkouu F; u P, Bupa

B2 +G?
F=f|l———— |B;,
BG
B2 +G?
P = “ac G, (22)

rae f, p — mpousBoAbHBIE TAaAKTE (PYHKIUH,
3a@BUCSIINE OT OAHOTO apryMeHTa, KOTOphle Co-
BMECTHO C CUCTEMOH (5) 00pa3yIoT raAuAed-1H-
BAPUAHTHYIO HEAMHEWHYIO cucteMy. ['eHeparo -
pel rpynnsl ['aaunres Q4 B 3TOM CAydae UMeEIOT
BUA

Qa :2taxa -

3

“xa| Y (Bdg, +Gidg, )| 23
k=1

Am3all, KOTOPBIN ABASIETCS OOIINM BUAOM TaAU -
AeM-MHBapUaHTHOTO pellleHus, TOCTPOEHHBIN C
TIOMOIITBIO OTIePaTOPOB (23), UMeeT BUA

B = o AXx7/4t b(t), G _ e ixtiat g(t). (24
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IMTopcTaBasia (24) B cucreMmy (9), (22), moayyaem
PEAYLIMPOBAHHYIO CUCTEMY OOBIKHOBEHHEIX AUD-
dhbepeHIMaAbHBIX YPDAaBHEHUIN:

b2 2
b'(t)z_ib+f b *9 b,
2t bg
, 3 b’ +g°
t)=— " g+p|——|g. (25
g (t)=- 9+p g |¢ @

B wacTHOM caydae, koraa f =0, p=0, u3
CHUCTEeMEI (25) MoAyYaeM XOPOIIIO U3BECTHOEe KAAC-
cudeckoe (pyHAaMeHTaAbHOe pellleHue ypaBHe -
HUA TenAOIPOBOAHOCTH (19). [To-BUAMMOMY, CAe-
AyeT BEIAGAUTH B CUCTeMe (5) caydal, Koraa Fj =
—a(B2+G?%)B;,P =B (B2+G?2)Gj,o.p=
= const , KOTOphIe, O KpatiHeh Mepe popMaAb-
HO, aCCOIMUPYIOTCS C KyOMYeCKUM HEeAMHENHBIM
ypaBHeHUeM llIpepnHrepa, HHTEIPUPYEMBIM Me-
TOAOM OOPATHOU 3aAa4M PACCEIHUA.

3akaoueHue. Kak CBUAETEABCTBYET JKCIIE -
PUMEHT, 3eMHasl Kopa SBASIETCSI 3AeKTPOAWHA -
MUYECKM aKTUBHOU CPEAOH, CIIOCOOHOMN I'eHEePHU -
pPOBaTh 3AEKTPOMArHUTHBLIE BOAHBI B IIIHPOKOM
AMalla30He 4aCTOT. DTO OTKPHIBAeT HOBBLIE BO3-
MOJKHOCTHM UX MCIIOAB30BAHUS AASL IIOAYUEHUS
AOIIOAHUTEABHOU MH@OPMAIuu 00 ee CTPYKTY -
pe U AMHaMHKe. YCTaHOBAEHO, UTO 3eMHasl Kopa
00AapaeT BEIPA)KeHHBIMU HEAMHENHBIMU YIIPY -
rUMU CBOMCTBAMMU, MOJKET IIpeTepIeBaTh OBICT -
pble BpeMeHHbIe U3MeHeHUsI B CBA3U C U3MeHe -
HUeM Halps>KeHHOT'O COCTOSHUSI U BO3AEUCTBUI
drroup0B. OCHOBHOE CBOUCTBO (DAOMAOB — 3TO
OBICTPOTa IlepeHOCa 3HAUYUTEABHBIX OO0BHEMOB
9HEePTruH U CIIOCOOHOCTD ee KOHIIeHTPAIlUuU B OT-
HOCUTEABHO AOKAAM30BAHHBIX OOAACTAX IIPOCT-
PaHCTBa. fICHO, YTO B 3TOM CAyYae Ha IePEeAHUN
TIAQH BBICTYIIAIOT HEYCTONYMBEIE CUCTEMEI M BO3-
OyAuUMEBIe cpeAbl. [TprueM B IIMPOKOM IIOHUMA -
HUU reO(PAIOMAOAMHAMUKA OXBATHIBAET IITUPOKUMI
CIIEKTP T€OAOTMUECKUX MOAeAeN U reopu3nyec-
Kux noaeri. OU4eBUAHO, HEYCTOMYMBOCTb TaKMX
CHCTEM IIPUBOAUT K OHypKaluuu M BEIOpOCaMm
SHEPTUHU U BellleCcTBa. B TakuX cpepax MeXaHU-
YyecKue MPOIeCChl BCETAQ COMPOBOXKAQIOTCS (U
BBI3BIBAIOTCS ) 3A€KTPOMArHWTHBIMU IIpoliecca -
Mu. B wacTHOCTH, Oerymjue BAOAB 30H COUAEHEe-
HUSA OAOKOB (BAOAB PA3AOMOB) AOKAAM30OBAHHBIE
HepaBHOBECHBIE 0OAACTU, COIPOBOKAAEMBIE ObI-
CTPBLIM U3MEeHeHUeM ITOPOBOTO A@BAEHUS U (PUAB-
TPAIMOHHBLIM IIePETOKOM ITOPOBOTO (PAFOKAQ, pac-
KPBITUEM U 3aKpPBITHEM TpeLInH, U3MeHeHHeM
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ITAPABOAMYECKHE CUCTEMBI THUITA “"PEAKIJHUA — AUDDY3HA " TIPU MOAEAMPOBAHHH ...

o0BeMa ITyCTOT, CIIOCOOCTBYIOT MEXaHOIAEKTPO-
MarHUTHBIM ITpeoOpa30BaHUusAM, BOSHUKHOBEHUIO
MarHUTOTUAPOAMHAMUYECKUX U DAEKTPOKUHETH-
yeCKUX 3(P(PEeKTOB, & HeYCTOMUYNBOCTb CKOABJKE -
HUSI BAOAD Pa3AOMOB BeAET K HEYCTOMUMBOCTH Ae-
dopMaluu TeoCpPeAbI.

Kak u3BecTHO, OOIENPUHSATON MaTeMaTUu4ec-
KOM MOAEABIO OTMCAHUS ITOAOOHBIX aKTUBHBIX
(BO3OYAMMEIX ) Cpea, , AEMOHCTPUPYIOUINX OOAB-
1roe pa3HooOpasyne TUIIOB AUHAMUYECKOTO TIO -
BEAEHUSI U CaMOOPTraHu3alluu, SBASIOTCS Iapa -
OoAMUYecKUe YpaBHEHMS WAM UX CHUCTEMBlI THUIIa
" peakuua — apuddysua ", uMerole B o01EeM
CAydae IPOCTPAHCTBEHHO-AOKAAU30BAaHHEIE, He-
TIOABVKHBIE U CAOKHO ABUWIKYIIIUECS peIIeHUs
[ ATayanraxaHoB U Ap., 2007]. C yuyeTOM HMeEIO -
MIUXCS TEOPETUUECKUX IIPEACTAaBACHUM U TTOAe-
BOTO 3KCIIepuMeHTa, B pabote [Illyman, 2007 ]
OBIAO TIPEANOKEHO AOCTATOYHO 00IIlee HeAUHEH-
HOe ypaBHeHUe IeHepalliy CIIOHTAHHBIX 9AEKT -
POMarHuTHBIX CUrHaroB. [Ipu aToM crenycm -
JecKue BO30yAUMEIE CBOMCTBA F€OCPEAEL C yue-
TOM MHO>XECTBEHHOCTU (DU3NYECKUX MEeXaHU3 -
MOB MX I'€HePAlluU OIPEAEAdOTCa (POPMOU He-
AMHEUHOM (PYHKLIUU, WHTEIPAABHO XapaKTEepH -
3yIOIel (3aparolleli) MHTEHCUBHOCTh MEXaHOo -
3AEKTPOMArHUTHEIX peoOpa3oBanuit. Ha dpusu-
YeCKOM YPOBHE A@eTcs 0030p U aHAAU3UPYIOT -
Csl OCOOEHHOCTU 3TOTO YpaBHEHHS W BO3MOX -
HbIe IIYTH U METOABI ero penleHusi. K coskane -
HUIO, OAHAKO, MaTeMaThueckas CTOpoHa IpooOAe-
MBI B AQHHOM CAy4Yae SIBASIETCS KpalHe CAOXK -
Hol. Kak nIpaBHUAO, HeAVHENHEIEe YPaBHEHUS UAT
WX CUCTEMBI IMeIOT OOAee YeM OAMH THII pellie-
HUM ¥ Ha NepPBBLIA NAAH 3AeCh OOLIUHO BBIXOAST
KauyeCTBEHHbIE METOALI UCCAepoBaHUd. C IEeABbIO
YIPOILIeHUsI aHAAN3UPYeMOYM CUCTEMEI B CTaThe
ImpepAaraeTcst UCIIOAB30BaTh €e CUMMETPUIO: C
IIOMOIIBIO METOAQ CUMMETPUUHOU PEAYKIIAY UC-
XOAHAs CUCTeMa CBOAUTCS K CUCTEMe YpaBHEHUN
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C MEHBIITUM YNCAOM HEe3aBUCUMBIX ITeEPEeMEHHBIX,
B YaCTHOCTH K CHCTeMe OOBIKHOBEHHEIX Audde-
PEHIIMAABHBIX YPABHEHUMN.

Takum 06pa3oM, CUMMETPUNHBIN METOA M03-
BOASIET CBECTH 3aAauy HCCAEAOBAHMS CHUCTEMBI
YpaBHEHUMN B YACTHBIX IIPOU3BOAHBIX IIapabo-
AWYECKOTO THUIIA K M3YUEeHUIO CUCTEMEBI OOBIKHO-
BeHHBIX AU PepeHINAABHBIX YPABHEHUM, IIPEA-
CTaBASIOIIEeN KOHEUYHOMEPHYIO AMHAMUYECKYIO
cucteMy. AASI 9TOTO MOJKET OBITh HCIIOAB30BaH
KaK KAACCUYECKUU TEOPETUKO -TPYIIIOBOY IIOA -
XO0pA,, TAK U ero o0001IeHe — MeTOA YCAOBHOU
WHBapPUaAHTHOCTH. [Ipy 3TOM ecAmM IpUMeHsIeTCs
MeTOA TOUYEYHON CUMMETPUU, TO PEAYIIMPOBAH -
Hasl CUCTeMa COAEPKUT CTOABKO JKe YPaBHEeHUH,
CKOABKO U MCXOAHAs CHUCTeMa TUIla " peaKluu
— auddysun" . [1py NHCIOAB30BAHUU KEe CUM -
MeTpuu AU — B3KAyHAQ ITOAyUYAeTCSH PeAYIH -
pOBaHHAsA CUCTeMA, B KOTOPOM YUCAO ypaBHe-
HUM OOABIIE, YeM YMCAO YPAaBHEHUU UCXOAHOU
CUCTeMBIL. B TO JKe BpeMs cAepyeT OTMETUTh, UYTO
IIOAYYEHHasI CHUCTeMa He OYAET IlepeolIpepAeneH-
HOM, T. €. YUCAO YPABHEHUN B PEAYIITUPOBAHHOM
cucrteMe He OyAeT IPEeBOCXOAUTDH YUCAO HeH3Be-
CTHBIX (DyHKIIWNA.

O4eBUAHO, OAHAKO, YTO HaXOKAEHUE AasKe Ka-
YeCTBEHHOTO pellleHus (ToKa He OITpeAeAeHE] Be-
AWYMHBI (DeHOMEHOAOTUYECKUX ITapaMeTpOoB cpe-
ABI) MOJKET OKa3aThCsl CAUIITKOM CUABHBIM TpPebo-
BaHUEM, U yIIOp AeAdaeTcsl Ha IOHUMaHue IIoBe-
AeHUs UCCAeAyeMOol cucTeMbl. OAHAKO Hem30eXK-
HBI B AQHHOU CUTYAIlUU CKEIITUIIA3M MOJKET ObITh
3aMeTHO OCAabOAeH, eCAM IPUHATH BO BHUMaHUe
OIMCaTeAbHbIE BO3MOKHOCTU aHAAU3UPYEMOH Cu-
CTeMEI. B 3TOM KOHTeKCTe IPUHITUIIHAABHOE 3Ha-
JyeHMe IpUoOpeTaoT BEIYUCAUTEABHBIN 3KCIIEPU-
MEHT U IIOAeBLIe HaOATOAEHUS.

3aMeTUM Tak’kKe, UTO NPUHIUI CUMMeTpPHUH
MOJKHO MCIIOAB30BaTh B KaUueCTBe IIpaBHUAa OTOO-
pa dyuruun F; u P} B cucreme (5).
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