YK 52 + 53
K78
BBK 22.313

Kpayse @., Pagnep K.-X,

MarsuTHas rMAPOMHaMUKa CPeHUX MoJiell ¥ Teopus MHamo.
Ilep. c anra. — Moz Mup, 1984, 320 c., ua.

K78

ABTOpBI KHUMW, KPYNHEI® cheydanucTel u3 I'OP, np,e.qcraaunu paspa-
GOTRHHBIA UMK HOBLIR NORXOR K PACCMOTPEHKIO CROXHBIX NPOGNaM Baak=
MOABHCTBHA ¥ MEHepaUWH MArHUTHLIX ¥ ANBKTPUUECKUX NOnelk B NPOBOAR-
wux cpepax. fleTantHo U3NOXeHbl OCHOBHLIe YpABHEHWR, MBTOALI yCpeR-
HBHWA, TEOPHA YCUREHKA Noneit TYPEYREHTHBIMM ABUKEHUAMK U pa3nuy-
Hbl@ NPUNOXEHUA B INBKTPOAUHAMKKE, BCTPOPH3KKe ¥ reoduanke.

[nA cneyvanucToB No usanke Nnasmel, acTpoduaukoe u reodPuankos,
BKMIOYAR CTYQBHTOB U ACNUPAHTOB COOTBETCTEYIOWUX CNELMANbHOCTeR.

i J705040000 — 402 oy _ g4, u. 1. BBK 22.313
041(0 1) — 83 530.1

Pepaxkyun nnTepatrypsl N0 KOCMHYECKHM HCCNeJOBaHHAM,
acTpCHOMHH H reo>u3nke

© Academie Verlag, Berlin, 1980.

(© Nepeson Ha pycckuit A3bIK C
ABTOPCKHMK RONONHBHUAMM,
"Mup", 1984.



Mpeancnoeue

peaaKiopa nepesoaa

B Hacrosiiiee BpeMs ‘TeOpus MeHepalyy MarHUTHbIx noJeii B TypOy-
JesTHOI Cpelie 0CTUI 1A U3BECTHOM CTeneny 3aBepuienHocTH. [lospuics
LeJnit psig 0630poB ¥ MoHOrpadmil, KoTOpbie HAMCaHbI ABTOpaMy ~ CO3-
pareasmu 3roii Teopuu. Ciofia cliefiyeT npex/e BCEro OTHECTH MOHorpa-
¢wu Mapkepa [ 13*], Moddara [12*], Baltmrreiia, 3emomma u Pysmait-
xuna [ 26*]. Baismmelina [25%*], 3emmnorinua u Pysmaliioma [27**], paborni
Bparusckoro u, Koneuno, MoHorpaduio Kpayse u Pansepa, npepnarae-
MYI0 BHUMaHHIO ‘CoBeTCKoro uutarens. Bee sru modorpadum npaxkTy-
4yecKi MOYTY He MmepeKphiBaloTes, HeCMOTPS Ha TO,YTO MOCBAlIeHb! Bm3-
KM BompocaM. IToaroMy He cayuaiino uspareabcTeo "Mup” Beaen 3a
nepesofiom MoHorpadwmii Moddara u [lapkepa npelipuHio uspaxue Ha
PYCCKOM Si3BIKe I@aHHOH KHUMM, HaMCaHHON BUIHBIMM HeMELKMMM yue-
Hbivy, saypearamy [NocynapcrBennofi npemun I'/iP.

Kpayse u Pannep napany co llteenbekom SBASIOTCS CO3/ATEAIMU
nocJjefioBaTebHO# ¥ cTpofitoit Teopuy yCuleHUs MAarHUTHOrO Mods Typ-
OyJieHTHBIMY [ABMKEHNSAMH, XOTH Leklil PAR TAKMX MEXaHM3MOB yxe Ohli
paccmoTpen panee Mapkepom [ 184, 185), Bparunciom [ 18, 191w ip. ~
Hanbosee Baxubie orpaniyenns auHamMo-reopuyt Guiu cHopMyMpPOBaHbI
Kaymnrowm [ 45] v 3eabpnobuuenm [ 299].

Conepxame KHUrY 3HAUMTEJbHO Hupe, YeM cobcrBelHo npobrema
TYpOy/eHTHOrO AiMHamo, MarHuTHaA ru/ipoiHaMKKa CpefHnxX noaeit npef-
HasHaveHa /s OMMCaHMs MPOKOTO Kpyr'a MarHUTHHIX ¥ TMpoiMHaMI4ec-
Kkux siRnenvit B TypOyAeHTHBIX cpejaX ¥ OvueHb BAaXHA He TOJbKO JJis
npobneM acTpodmsuKy, Ho TaKxe [As psja NpaKkTUUECKX 3alay, CBs
SaHHDbIX, HalpuMep, C NPOEKTUPOBAHKEM SEpHbIX peakTopoB, B KOTOPHIX
MMeeTCH XUAKuil npooAsuii TeNNOHOCUTEN: ¥ BO3HUKAET MarHuTHOe
noJie, .

MoHorpagus Kpayse u Pajuiepa oOTAMYAETCS OT IPYTUX HE TOJLKO
BHOOPOM KOHKDETHBIX BOMPOCOB, HO ¥ CTHJEM U3JOXeHns. Jns KHuru
XapaxTepHa noppo6HOCTb- BCeX MareMaTHJYeCKuX BHKAAIOK U obcros-



aea 1, BBEJEHVE,

1.1, Typ6yneHTHOCTL ¥ KpynHOMacTa6HbIe CTPYKTYyphi

Acrpodmsudeckue u reopusuyeckue nccaeoBalns CTUMYIMPOBa-
J¥ BCe BO3PACTALIMIA MHTEpeC K MOBEEHUIO 3JAE€KTPOMArHUTHBIX noJiefi
B SJEKTpUYECKH NMPOBOASIIMX KUAKOCTAX, YUACTBYIOLMX B, HeperyJisp-
HbIX, 0cObeHHO TypOyJeHTHEIX, MBokesmax, [TpeqveroM npucTaibHOrO B
M3HMA CTa/M BXHbIE NPobJeMbl, CBA3aHHbIe C CYIECTBOBaHMEM MarHuT-
HOro moist 3eMau ¥ LMK/a CONHeuHol akTMBHOCTH. BBLI0 oKasanHo, uTo
¥X BO3HUKHOBEHHE TECHO CBA3aHO C TYPOYJEHTHbIMY IBUXEHUAMY B -
pe 3emmm ¥ B KoHBekTUBHOf 30He CoJmna,

JnemMenraphble Habmonerns nopoauau obuiee ybexnerme, 4To Typ-
OyneHTHEIE [BMXEHUS pa3pylialoT CTPYKTYpH Beex BUioB. Hanpumep,
MarHUTHHE M0Js B COJHEYHbIX MATHAX paspylialoTCs B TEYEHHE Heflelb.
Coracso olleHKaM, He YUMTHIBaoLUM TypOyJeHTHOCTDb, MPOJOJKATE b~
HOCTb ¥X CYLI€CTBOBAHMS JI0JuKHA COoCcTaBaAATb Gonee Thicauw JeT. Mx
ObicTphift pacnan obbACHsETCS BiMsHUeM TYpOYIEeHTHOrO IBHXXEHNS Be-
1leCcTBa B COJHEYHOH! KOHBEKTHBHOH 30He,

3ameuarebHbifl pe3yNbTAT HOBBIX UCCNE0BaMNit COCTOMT B TOM,
uTO TYpOYJEHTHOCTL HE BCEr/ia ABNAETCH NpUuMHOH paspyueHus Kpyr-
HomacuTabGHBIX CTPYKTYP, HO NpH ONpe/IeJIEHHbIX YCAOBUAX MOXET UX CO3-
nasarb. Kak nokasaa Bupman [ 16], umenso ammsoTponHas TypOyaeHT-
HOCTb OTBETCTBEHHA 33 HEO/IHOPOJHOE BpallieHHe KOHBEKTUBHON 30HbI
Counnia ¥ fipyrux 3Be3fHbIX 06beKkToB. [lofo6HbEIM Xe 0bpasom TypOy-
JEHTHbIE IBYXEHUS MOr'YT NPUBECTY K reHepaliMi KpYMHOMaciiTabHbIX
MarHUTHbIX noneit. Pperxess [ 66], a Takke ypesuu u Jlebeaunckuit
[90] Bhickasam KA 0 TOM, YTO KOHBEKTUBHbIE [(BHXEHUA OTBETCTBEH-
HBl 33 CYIIECTBOBAHKE MArHATHHIX NIQAei 3eMaM ¥ COIHEUHbIX NATEH.
[Mapkep [ 184] 6611 nepebIM, KTO NpeAJOXHI MEXAHH3M TeHepali.
Pemawoumv 3pech sBasercs sddext uHayKumu "liMkioHndeckodi 1 Typ-

1)[apkep HA3LIBAET LMKNOHWYECKOR TYPOYNEHTHOCTL, CTATHCTUUECKHE
CBOHCTBA KOTOPOA HEe HBAPUABHTHLI OTHOCUTENBHO OTPAXEeHWR. — ITpHM. pef.



Beedenue bl i

6yJAEHTHOCTH" , KOTOpbIfl UMEET MECTO B KOHBEKTMBHBIX CJIOSIX BpallalonyX-
cs tel. Ecau 9107 3¢deKT NpossaseTcs B KoMOUHAINM ¢ HEOAHOPOAHEIM
BpallielieM, To BOSMOXHO CaMoB030YX/eHie KpYNHOMACIITa0HbIX Mar-
HATHBIX TONek,

Tpoueccni, omcannbie Bupmarom u Iapkepom, npeacrasasor coboft
TpUMephl TOT0, Kak MeJKOMaciTabHble TypOyIeHTHbIe ABUKEHNS [IpUBO-
AT K MOSBJEHNIO KpYNHoMAciTabHbIX CTPYKTYP. Ux obuieli vepToit smas-
ercs Tak HashiBaeMbifl o6paTHbill Kackap, T.€. TeYeHHE SHEpruy OT Ma-
ABX MaciiTabos K 604bmYM. ITO MPOTUBOMONOKHO TOMY, YTO OGBIYHO MPO-
ucxomuT B TypOyneHTHoM nBuxennu. Jpyrue npuvephl Takoro Tiuna Obi-
v oOHapyXEeHbl HEMIABHO B MM/IPOMHAMUKE ¥ CTAIM U3BECTHH! KakK "fiB-
JEHUs OTPMUATEJbHOH BasKocTH",

Cpapnuresnbio obias Teopus Obuia PasEUTA HA OCHOBE TEODETHUECKIX
el lilreesGexa [250], xorophili viccaenopal nope/ieine CPEIHIAX 3 JeKTpOMar-
HATHBIX iQielt, T.e, KPYIHOMACIITaOHBIX KOMIOHEHT SMeKTPOMAEMTHLIX mose
B 3NeKTpONpoBOjisiel cpefie ¢ TypOyJIeHTHbIM ANOKeHMeM. 9Ta Teopus HashBaeT-
¢ 06brumo "anexTpommamMikolt cpemx noneli”. B pavkax 3Toft Teopis Haubo-
e YETKO BRIABITOTCH YCJIOBMS [VIR NeHepaipy KpYIHOMACIITAGHbIX MAMHUTHBIX
nioaelt MesxomacarralHoR TypOyieHTHOCTBIO, TloJHOCTHIO GecniopsioUHas, T.e. O/HO-
pOZIHan, U30TPOMNHAA ¥ 3epKaJlbHO-CUMMeTpuuHan TypOyieHTHOCTb BIs-
€T TOJIbKO HA CKOPOCTb pacnasa cpe[lHMX MarHUTHLIX nojeff, mpuBoas K
€ro yCHJIEHHUIO NIOYTY BO BCEX (U3NUECKM MHTEPECHBIX CiyyanX. CaMbiv
C1abbiM BO3MOXHBIM OTKJIOHEHNEM TYpOYNEHTHOCTH OT MOMHOCTBIO Gec-
nopsaoyHoii sBaseTcs cayvalt onHoposHoi ¥ u3otponHo# TypOyneHTHOC-
TH, HO 6e3 3epKaJbHoil cuvMeTpun. B 310M Cllyuae NpaBOBYHTOBLIE U
JIEBOBYHTOBbIE CIMpAJbHEE [IBYXEHUS BCTpeualnTCH ¢ pasauuHoii BepoAr-
Hocrhio. OnHoponHas, U30TPONEES, HO 3epKalbHO-HECHMMeTpHUHas
TYpOYJNEHTHOCTb NPMBOIMT K BechbMa HeoOhiuHoMy 3GQeKTy NosBAeH!s
cpennelt snekTpoaBYKyueH CUIbl, MapaieJbHON MarHUTHOMY TOJI0, —
TaK HaspiBaeMoMy o -3ddekTy. Jlerko noHATH, YTO Npy JOCTATOYHO
CHILHOM -3¢ ¢eKTe MarHuTHOE MoJe, MoKa3aHHoe Ha puc. 1.1, MoxeT
TIPOTHBOCTOATH OMUYECKMM HOTEPSM,

B kouBexTHBHEIX CllOsiX Bpamaiouyxcs Te cuabl Kopuommca npuso-
AST K ciupasbHO# CTpyKTYpe nBukeHnii, mpuueM cymecTByloT obaacTy,
T'lie npeobaanaer opyu TN CIIMpANbHOrO [IBYXEHUS, Bbi3biBal TEM
CaMhiM a-sddext. Takum 06pa3’oM, OTKpHBAETCH MpsaMOfi MYTh s 0GBsC-
HeHR poucxoxXerns KOCMUUECKHX MACHUTHBIX nonelh.

Yrafd Teopusi, KoTopas 0OBACHAET M'eHEpalMIO MarHITHOMO MOJAA
KaK pesyisTar Gosee um MeHee HeperyJsipHbX AiBuxeHui, Obina npepo-
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Puc. 1.1. BoamoxHaR KOHGMrypayuR caMonoaNRepKUBRIOWBIOCA MarHHTHOMO
NoNA B NPOBOARIWER cpefe ¢ a~3hdexToM, T.8. ¢ 3akoHom Oma B Buae

j= o(E + aB). MNposoprwan cdepa Norpyxexa 8 NyCToe HeNpPoBOARWES NPoCT=-
paHCTBO. MarHuTHOe none B ABNARETCA OCECUMMETPUUHLIM. OHO COCTOUT M3 NONOH=
RANbHOA uacTh Bp C CHNOBLIMY NHHUAMK B MEPUAMOHANBHBLIX NNOCKOCTAX U TO-
poupantHoR YECTH By G KpYrOBLIMK CHNOBLIMH TWHWUAMMK BOKPY OCH CUMMETDHH.
Bcnepctene o-addexTa none B, CO3RaBT TOPOMRANLHLIA TOK j, (NYHKTHPHBIO
nUKKK). IroT TOK BbI3LIBAST NONOMRANLHOB MArHKTHOE none Bp » KOTOpoOe, B
CBOIO OUEPEAL, CO3NAET NONOURANLHLIA TOK j | (NYHKTHPHLIG NWHWK), CONPOBOX-
AaeMbIA TopouaanbHbIM MarHWTHLIM NONBM Bp

e
*KeHa ¥ paspaborana Bparurckum [ 18, 19,20, Ona crasa usBecrHa Kax
Teopust "MOYTH CUMMETPUYHOIO [MHAMO" TaK Kak B Hell UCNIOJIB30BANOCH
npenoJioXene o c1aboM OTKJIOHEHUM KPYMHOMACITabHOro Mojs OT 0Ce-
BOJi CHMMeETpUY BpaLIAIOIEroCH MPOBOAAIIEro Tela. Ira TeopUs WUPOKO

ofcyx/Jjanach B CBi3M ¢ MpobaeMoli NpouCXoXIeHHs MarBuTHOrO Moas
3emmt,

1.2. 06 obwei unee MarHUTHO A rYapoAUHaMUKK CpeaHUX nonei

3Jra KHura noceslleHa MarHMTHON ruapo/MHaMuKe cpeHux noned
1 €€ MpUJIoXKeHuIo K mpoblleMe amHamo, u3BecTHON Kak Teopys TypGyJenT-
HOT'O IMHaMO.

MaruutHas rMIpOYHAMMKA CpeIHMX MoJiell u3yvyaer noBejieHue cpes-
HNX SAEKTPOMarHWTHHX M M'uipoJyMHamMudeckux noJeit B TypOyaeHTHOM npo-
posisnett cpene. OHa BKAOUAET B Ce0s 3AEKTPOMMHAMUKY CpEfHUX nonef,



Bseoenue 3

xoTOpas OrpaHMuMBaeTCH ClyuaeM 3aJaHHbiX MMAPOMHAMUUECKHUX CKopoCc~
reli ¥ He YUMTHIBAeT BJMSHMA NIEKTPOMArHUTHLIX NoJel Ka [BHXeHN .

Yra Teopus OyfeT pa3BuTa Ha OCHOBE OObIUHOf MarHUTHON rUApoIMHA-
M Y OFpaHiueHa PALOM YCIOBUH MPUMEHUMOCTH, KOTOpbie HEODXOMMMB -
s ee obocHoBammst, Bo BCex cayuasx MpeanosaraeTcs, YTO NPOCTPaHCT-
8O eBKIMJI0BO. PaccMaTpuBaeMoe BelecTBO SIBASETCH HENMPEpbIBHOR xafl-
Kofi cpefiofi C I0CTATOYHO BbICOKOJi ieKTpyuueCKolt npoBouMoCThio. Ero
CKOpOCTD, fpe/nonaraeTcs Maioil 1o CpaBHEHMIO CO CKOPOCTHIO CBETA B
BaKyyMe.

Jlapum Tenepb KpaTKoe U3J0XeH!e I'IaBHOI uien U HEKOTOpbIX 0Co-
GeunocTelt MaruuTHOM ruapomHaMuky cpefnux nonefi. Myl Haudem ¢ oo-
HOBHBIX ypaBHeHu{i MArHMTHOM MM/POIMHAMMUKY, KOTOPLIE COCTOST U3 ypap-
gemuit MakcBesa, COOTBETCTBYIOLMX YDPaBHEHUH COCTOSIHMSA U ypaBHEHUS
Hasbe — Ctokca. M3 arux ypabHenuit ¢ HoMolibio onepaluyy ycpelHeHns
6ynyT BbiBE[eHbl COOTBETCTBYIOLME YpaBHerus s cpefmx noelt. Tpe-
obpa3oBanKble TakuM 00pa3’oM HeJuHelHble ylleHbl ypasHeHuit OynyT omnu-
ChiBaTh YCpPEOHEHHYIO CBA3b QUIYKTYMpYIOLIMX BeAUUMH CO CpeAHUMH MOoJs-
mi. [Ipu sroM GyneT ucnob30BaTbCst USBECTHBIN MOAXOM K ypaBHEHUAM
Hasbe — CToKkca, p¥ KOTOPOM BBOJATCSH Tak HasbiBaeMble HalpsixeHus
Petmoabaca. -CoorBercTByOLIEH BeMunHON B aN€KTPOIMHAMMKE CPEHUX
nojiefi ABASIETCH CpPENHAR BeJUuMHA MMEKTPOABUXYIlel CHibl, KoTopas
BO3HMKAeT Npy B3aumopeHcTBum QayKTyauuii CKOpoCTH ¥ MarHUTHOT'O MOJAd.
Iry Beswny B nanbHefiwem 6ynemM HasbiBarh TYpOyJaeHTHOl aneKTpo-
neuxymeii cyunoit, OHa U3 raasHbIX Npo6AeM COCTOUT B HAXOXAECHUM TYp~
OynenTHo#t anekTpomsuXyuefl Cuibl Kak (GYHKIMOHAAA OT CpefHero Mar-
HUTHOI'O MOJSt /115 MOJYYEHUS 3aMKHYTo# cucTeMbl ypaBHeHH s

Jeranbubie pe3yabraThi MOryT. OBITH MOJyYeHbl PY ITOM TOJBKO TIy-
TeM BBeJIeHUs orpamiumBalaux npeanojoxennil, [loutn Bo BCEX cayvanx
Oyner paccmarpusarbcsi AByxMacuTabHas TypOyIeHTHOCTb, T.e. Oyner
NpenoaaraTbes, YTo XapakTepHbhle BpeMs U [MHA QAYKTyaIi# MaJib no
CPaBHEHMIO C COOTBETCTBYIOIIVM BeJyUMHAMU s cpefimx noedl, Caolicr-
BO ByxmMacuiTabHocTH obecneuMBaeT YIpPOileHHyo GyHKIMOHANMBHYIO 338
CHMocCTb TypOyneHTHO#H SJEKTpoaBMXYylielH Cuilbl OT CpeHEro MarHUTHOrO
Toas. OHo rapanTupyeT Takxe, 4TO NpaBYia YCpPEAHEHNS O aHCAMOIO
TipiMenyMbl Npy yCpeJHEHUH N0 MPOCTPAHCTBY U BpEMEHHs

Hamu uacto Gyper ucnoab30BaThbes KoppeasioHEoe Npubmokerue
BTOporo nopsiika, B KOTOpoM TYpOyJEeHTHAR WIEKTPOABHXYIIas CHAa U fIpy-
T'e nofobHke BeMMuMHbl BHIUMGASIOTCS C UCTIOAb30BAHUEM CTATUCTUYEC
KHX MOMEHTOB TQABLKO /10 BTOPOro NOpAAKA BKIOUMTeAbHO, [Ipu 9rom or-
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OpacbmaoTc MOMEHTbI TPEThero M Bbicumx nopaaxos. Hano, onxako, or-
METUTb, YT0 KoppeJsMOHHOE MpUbIKEHNe BTOPOro nopaika He fBJAseTcCs
HeoThemAeMoll  0COOEHHOCTbI0 MarHUTHON M'MAPOIMHAMUKM CPEHUX Mo
Jedi, ckopee 3To /Miib nepshbifl war B npoecce urepaumit, Jaxe sror
TepBbift War faerT CpaBHUTENBHO [0JHOE NPEe/ICTABEHNE 0 paccMmaTpuBae-
Mbix ¢usnueckix npoueccax. [pubmnkenus Bbicero nopsaka TpedyioT
SHaUMTENbHO OOoJbIIUMX MaTeMaTHUECKUX youluit, @

1.3. Texuuueckue 3amMeUaHuA

B naabneiiem Bespe Oyner Ucnoab3oBaTbCH. MEXAYHAPOJHAH CHUC-
TeMa epviMll. B ponomnenne K epunnue tecaa (Ta) Ans MarmuTHoH wi-
OyKnuu ucrioabsyercs Takxke raycc (I'cy; 1 Ta = 104 I'c,

[o noBony MaremaTuueckyx cooTHomenult cienaeM cienyonpe 3a-
MeyaHns.

BekTopHhle ypaBHeHust MHOrAa OyayT 3anuchiBaThbCsi HE TOJILKO B
00GbIYHOM CUMBQJMYECKOM BUJIE, HO U B KOMMOHeHTax. Ecam He oroBopeHo
ocobo, To 3T NpeficTaBIeHUs OTHOCATCH K IeKapTOBOH CUCTEMe Koopu-
HarT ¥ UCNOJL3yeTCs corauleHie 0 CyMMUPOBaHIH N0 MOBTOPSIOLMMCS
HHJIEKCaM.

HHTerpasm 6e3 ykasalus MpefiejoB O3HayaloT MHTE PHPOBAHKE M0 BCe-
My NPOCTPAHCTBY W BpEMEHH.

Kax 06biui0, KOMIIEKCHO-CONpSKEHHEIE BEIMUHHB 0003HAYAIOTCS 3Be
nouxoil. ¥cpenuenue Gyner obo3Hauarbes BepxHelt uepTolfe B HEKOTOPBHIX
U3 MOCAEHUX ['1aB, Ifie PAcCMaTDHBAITCH TOJLKO YCpEeJHEHHBIE BEIUuK-
Hbl, UEPTa OMyCKAETCH.



Maea 2. OCHOBHbIE NMOHATHA
SNEKTPOANHAMUWKUA CPEOHUX NONEU

2.1. OCHOBHbLIE YpaBHEHUA

Hame paccmoTpeHte oCHOBaHO Ha HepeASTUBUCTCKON MarHuTHOH rug-
pomuamuke. O6o3HauMM vepes B MariuTHylo MHyKpgo D, H — marmr-
HOe ToJie, E — 3JeKTpuyecKoe Nojie, j — MIOTHOCTD SIEKTPUYECKOro TOKa,
p = MAMHUTHYIO IPOHIAEMOCTb, © — 3J1E€KTPUUECKYX NPOBOIMMOCTD U
u —CKOpPOCTb XHUAKOCTH; u ¥ o OYIYT CUNTATLCH MOCTOSHHbIMU,

Mu: Gynem McroJb30BaTh MarHUTOrUAPOMHaMUIEcKoe NMpubmMxeHue,
T.€. [I0JIAracM, YTO ITH NOAs CBA3AHLI YPABHEHU ML

raE=—98 | rotH-j, divB=0, (2.1)
ot
B=pH, j=oc(E+uxB). (2.2)

9mv ypasHenns onpegensior B, H, E  j npu 3amanHoM u.
W3 aux caenyer, uro

B _ rot(uxB)+——AB, divB=0. (23)
dt Mo
Ecm pemunna B Hafinena u3s atux ypasHenuit, ToH, € u j mMoryr 6biTb
nonyyeHbl u3 ypasreHu#t (2.1) u (2.2).

3neck, Kak 1 B GubIMHCTBe CUIENYIUMX LB, NoXe CKopocTel u
CuMTaeTcs 3aaHHbIM. Takum 0bpa3om, Mbi u36eraeM pacCMOTPEHNA BIMS-
HUA MarBMTHOrO MoJs HA [BMXEHNE XiAKOCTH, XOTH UHOrAa 9roT 3ddexTt
Oyner oGcyxparbes kKauecTBEHHO. Haxonet, B ra. 10 npuBoaurcs 0630p
Pe3yJbTaToB, MOMyyeHNBIX /10 HACTOSIEr0 BpeMEH) B MArHUTOMU/IPOJMHa
Mitke cpemumx monedt.

e S

1
' g R8HHOR KHure BennunHa B 4aCTo HA3LIBABTCA "MArHUTHLIM NONEM"™,
XOTA HMEBT CMbICh MAarHuTHOR UHAYKUMM, — TTpum. pel.
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2.2. Onepauuv ycpenHeHun

B TypbyaenTHoli cpefie Bce paccMaTpuBaeMble HONS HEPEryIApHO
M3MEHSAIOTCH BO BpeMeHU ¥ npocTpaHncTse. [lycth F sigageTcs TakuM Qulyx-
TYUDYIOLMM TOJIEM, PaCCMATpUBAEMBIM Kak cayuvalmas ¢yuxips. Coor-
BETCTByMIee CpefHee none F onpefielseTcs KaKk OXuaaemoe 3HaueHve
F pas ancaMbast ofMHaKoBbIX cucTeM, a F ~ucnoib3osaHo s 0603Ha-
ueHnst pasHocty F -TF. CripaBeiyMBbl CJI€IyOLMe "COOTHOEHNS, HA3bIBa-
embie coo'rHomeHuamu Peitnoabpaca:

F= F +F; F F F=0,

F+G=F+G, FG=FG, FG =0, (2.4)
rae G — ppyroe daykTyupyomee noje. Oneparop ycpelHeHUs KOMMYTH-
pyeT ¢ oneparopavy ntbepeHlMpPOBAHNS ¥ UHTErPUPOBaHKS KaK B 1IPOCT-
paHCTBe , TAK ¥ BO BPEMEHH,

Bwecto ycpenneiis 0 aHCAMOIIO MOXHO TaKke Ofipe/ieiTh Cpejfie 3Ha-
YeHuMs OCPEJICTBOM MHTErpUpOBaHMs [0 NPOCTPAHCTBY WM Bpemeru. He-
KOTOpbie U3 COOoTHOLEeHN# (2.4) BBINOJHAOTCA TOM/IA TOALKO NMpUGMKEH-
HO, XoT# oHY OyZAyT TeM TouHee, yeM MEHblle Cpefinue 3HaueHns u3Me-
HSIOTCH B paccMaTpyuBaeMoii obnacTu unTerpupopamus. Ham ner Heobxo-
IMMOCTY CCBHUIATBCSH Ha XapakTep Onepality yCpeAHeHNs B falbHelmem;
6ynyT uCnonb30BaThCH TOJLKO CBoficTBa (2.4) u ynoMsHyTHe NMpaBuaa
KOMMYyTalyH.

- Hanpumep, BabmoneHns conHevHoHt NOBEPXHOCTH MO3BOJAIOT HONYUNTh
CBe/ICHUs KaK O [oJe CKOpocTel, Tak ¥ O MarHUTHOM Niojle, CBUAETENbCT-
BYKIKe 0 Haauwm GaykTyauuit pa3iMusoro Byaa ¢ pasjMYHbIMK MaciiTa-
6amu. CymecrByiot 1) rpanyasi ¢ anamerpamu okodo 1000 kM u Bpeme-
HaMy Xu3SHI HecKOJbKO MUHYT, 2) Cyneprpasyibl ¢ iMaMeTpaMi OKoJo
30000 k™ ¥ BpeMeHaMM XU3HA OKOJO CYTOK, 3) MMraHTCKue sueliku C ma-
MeTpamy [opsifika COJHEYHOo pajMyca ¥ BpeMEHAMM XU3HH HECKOAbKO
MecsleB, 4) colHeynbie MATHA C AMaMETpamMy 0T HECKOJBKMX COTEH JIo
HECKOJBKVX [IECATKOB THICHY KUJIOMETPOB ¥ BpeMeHaMH XU3HM OT Hec-
KOJbKIX YacoB [0 HECKOMbKUX MecalleB. [lockoabKy cpensee MarnuTHoe
none Counlla 00ycoBIMBaeT CoJHEUHbIH IMKA, TO OHO ¥MeeT BpeMeHHO#
macutab ~ 22 ropa. EcrecrBenHo npeanaaaraTh, YTo NpOCTPaHCTBEH-
Hbill ero MaciiTab — NopsaKa COJHEYHOro pafuyca. ITH RaHHble Mo3BoIs-
10T pu#TH K BBIBOAlY, YTO HeTpYAHO HalTy mopxonsuuii BpemenHo# mac-
mTab pJas onepaluy ycpelHeHWs, COCTapAmoLuMii, Hanpumep, oMH oy, HO
9T0 HEBO3MOXHO CIENATh [AS YCPEAHEHNS MO NPOCTPAHCTBEHHHM KOOpIH-
HaTaM.



OCHOGHBIE NOHANIIA 31EKMPOOUHAMUKI CPEORUX noneli 17

CnefyeT 3aMeTHTb, uTo uccaefioBanue CoHlia 1aeT BO3MOXKOCTD
[1CTPOKTD ancambib, eca paccMarpyparh CoJtille B TEUEHHE OIHONO
a KaK OfYH WiEH aHcambast. 3aTeM MOXHO BBHUIQJHWTH yCpelHeHue

110 pAAY IMKJIOB.

9.3, YpaBHEHWA ANA CpeaHuX nonew

3apava SJeKTPOAMHAMMKM CpeHUX MoJieil 3axmoyaeTcs B ofpefielie-
o sewas B, H, B u J, korna u3BecTHb! nonew u HekoTophie cBofict

pau’.
Vepepuns ypasHernns (2.1) u (2.2), nonyuaem

rotE =—.2—B— rotﬁ ——"_j, div-§= 0' (2.5)
dat
B=uH,j=0(E +uxB+u’xB"). (2.6)

Iru ypasneHus Ovim Obi opmHakoen ¢ (2.1) u (2.2), ecau 6b1 He Obiio eaun-
CTBEHHOI'0 HOBOT'O YJeHau’ x B Y, BO3HMKUIero u3-3a HeJuHelHocTH,
KOTOpbiii IPMBOANUT K JIONOJHUATEbHOM 31eKTPO/BIXKYlUeli Cile B 3aKOHe
Oma past cpearux nodedte M1 6yneM rosoputhb o "TypOyAeHTHOM SJeKTpo-
neuxymeii cuae” u, caenys Pobeptcy [ 2271, Beesem oGo3nauenme

g=ulx B'. (207)
Y70Gb! onpefiemTh Bemunbl B, H, E ¥ j, Mbl IOJKHb 3HATh HE TOJbLKO
noJie U, HO 9Ty MEKTPoABKXYLyo cuny §.

Paccmorpum Tenepb anextponeixyuyio cuiy § Golee fieraisHo.
Noncrasass B=B + B’ u u =T +u’ B ypasrenue (2.3), nonywm:

L —rot{UxB*) —rot(u” xB”) -1 aB°-_9B +rot(UxB) +
ot po ot

+ rot(u’ xB) 4+ - AB., div(B+B") =0,
Ho . (2.8)
31 ypasners onpepensior Beasunny B ®, eciu B, W v u” u3BeCTHbI
Moxtio ostomy pacemarpusats § Kax dyHKiponan or B, U ¥ (Tak Kax
ABASIETCS CpeHUM N0JIeM) OT CPEHUX CTATHCTUUECKHX CBOJICTB Be-
WMMHH u°, Pasymeercs, peeiie ypasuernii (2.8) 3aBucuT OT Haualhb-
HHX ¥ rpanuymbix yesosuil, Hataraembix Ha riosie B®, HO Mbl OT0XMM
12 Bynywee obcyxpenne srux, ycaopuil,
Bepremcs k ypasrermsm (2.5) u (2.6). ockoabky TypbyJeHThas
MeKTposBIxyIan cuna G kak dynxiponan or B, Ty u” u3BecTHa,
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TNoSBASETCH BO3MOXHOCTD oNipesieuTh Beauskbl B, H, E ¥ j U3 u3Becr.
HbiX nosiefi u v u”. Creflorarenbro, onpefieieHre 9TOro (yHKIMOHAIA sp.
Asiercs pemaioueii npobaeMoit B paspuTHY SJEKTPOAMHAMMUKA CPETHUX
noaef.

2.4. O6wve cBORCTBA TYPGYNEHTHON 3NEKTPORBUXYLIEA CHMbI

XapakTepHbiM CBOHCTEOM TYPOYJNEHTHOCTY ABASETCS TO, UTO BeJuuy-
Hbl Tuna u” ¥ B®, B3fThie B HEKOTOpOH NPOCTPAHCTBEHHO-BPEMEHHON Toy-
Ke, KOppeIupyioT ¢ HekoTopoil Apyroit Bemmuntoit B Apyrodi Touke nmpoct-
PaHCTBa-BPEMEHM, €CJiH TOJbKO pas/ielieHHe TOUEK KaK B IPOCTPAHCTBe,
TaK ¥ BO BPEMEHH) He CIMIIKOM BEJMKO. TaKim o6pasoM, [ onpeneieHus
s HekoTopo#t npochch'rBemio-Bpememioﬁ TOYKE HeoDX0MMO 3HaTh
BelMwiHbl B, W 4 u” TOABKO B HeKoTOpofi OkpecTHOCTY 9TOH TouKM, Clie-
JlOBaTebHO, HAuaJbHbE ¥ IpaHidHble YCIOBMS, HanaraeMbie Ha B, He
OynyT BIMATDH Ha 3HaueHus BeauuHbl &, ecam Mbl puMeM, UTO Hayalo
OTCueTa BpeMeHH ¥ rpaHullbl JeXaT BHE yKa3aHHol oxpecTHoCTH. [laab-
HejlMe ¥CCJel0BaHUst OCHOBAHb! HA 9TOM [IOMYIERNM,

Kak yxe ynomuuaioch, Bemiunta B ” MoxeT ObiTh onpeZiefiena u3
ypastenuii (2.8), 3 koropbix ciaeayer, uto B spiasieTcs JuueibiM - (ynk-
HMOHAIOM OT CpefiHero MarHMTHOrO Modst B. Oues#iHo, UTO TaKoe Xe
YTBEpXJEHNe crpaseauBo ¥ Aas TypOyaeHTHO nexTpomsyxymeit Cribl
@, onpenensiemoll ypapnetmem (2.7). Hemm3s MonHOCTBIO UCKIIOWMTD BO3-
MOXHOCTH CYIECTBOBaHNSA HETPUBMAJIBLHOIO pelleHUs ypaBHeHuit (2.8)
Ans veamuitbl B, korpa B = 0. Takas BO3MOXHOCTb NOKa33HA B paboTax
[72, 100]). B sToMm cayuae cieayer oxuaatb, uro § MoxeT ObiThb HeOnHO-
PO[HbIM JMHEHHbIM YHKIIMOHANOM OT CpeiHero MarHuTHoro moas B [ 220]
HavaabHble y rpanuuibie yCIOBUS Takxe MOrYT ObiTh OTBETCTBEHHbIMM
33 Heo[IHOpOHOCTb, HO OHY HECYIeCTBEHHbI NIPY TOM MpPE/MIOJIOXEHHH,
KoTopoe Obijio cpiesano B Hayale aroro pasfiefa. Onsako B fajbHeineM
MBI Gosibiieli YacTbi0 fipUHUMAEM TY TOUKY 3peHusi, 4To Belnwma B’ , a
c Hell u TypOyJeHTHas 9neKTpoaBixyLad cuia §, obs3anb cBouM cy-
1leCTBOBAHUEM B3auMOAEHCTEMIO QAYKTYHpYKLlero nos ckopocTelt v’

CO CpeHUM MarHUTHBIM NoJeM B ¥, CJIefioBaTebHO, UTo G sBasercs au-
HelHbIM OHOPOIHHLIM (PYHKINOHANOM OT B.



rnasa 3. NEMEHTAPHOE PACCMOTPEHKE
NPOCTOIO NPAMEPA

3.1. UCXOOHbLI® NPEANONOXEHNA

B kauecTBe BBEJIEHUS Mbl MCClelyeM Tellepb [0BOJbHO MPOCTOH Gay-
vali, no3BoJsonmii, 0HAKO, MPOSCHATD GYHNAMEHTANbHEbIE BOMPOCH! U
BHBECTH HEKOTODBIE BaXHble PE3YJbTaTbls .

Kax yxe ynomMuHalioCh, IS onpefieneHns TypOyJIeHTHOH eKTpoaBH-
xymefi cuabi G B onpepenentofi NPOCTPAHCTBEHHO-BPEMEHHOH TOuKe Heob-
XOIMMO 3HaTh CpefHee Mojie B TOMbKO B COOTBETCTBYOLIEH OKpECTHOCTH.
Mu mpennonaraeM, YTO JOCTATO4HO Xopollee ofMcanie obecneuBaeTcs
caMMM KOMIIOHEHTaMK B M MX IepBbiMM [IPOCTPAHCTBEHHbIMY NIPOU3BOL-
HEIMM,

B pnanbueiimem npeanonaraercs, 4To cpeaa B CpeliHEM MOKOUTCS,
T.€ U = 0, 4 uTO TYpOYNEHTHOCTb U° B CTATHCTUYECKOM CMBICIE HBISET-
cs ofHopoaHofi, ¥30TponHoO# U cramoHapHoii. MHorna mMb Oynem takxe
Niosararb, 4To TYpOYNEHTHOCTD 3epKaJlbHO-CHMMETPUYHE,

3.2, OgHOPORHOCTB, MIOTPONHOCTL M 3€pKanbHaA CUMMETPHA
TypbyneHTHbIX nonei

OnropopHoe Typ6yeHTHOe MoJe ONpefieieHo TeM CBOfiCTBOM, UTo
Kaxfoe cpenee, nojyyeHHOE NPy YCIOBUM ONHOPOJHOCTY, HE 3aBUCHT OT
KOOpaMHaT wam, fipyrumu cloBaMy, Jobas Takas BeIUYMHA OCTAETCH
MHBapuanTHO} Npy mpocTpancTBeHHOM TpaHCAsIMy noad. [las crauyMoHap-
Holt TypGynenTHOCTH TO XK€ camoe ClpaBe/lMBO N0 OTHOLIEHUIO KO Bpe-
Meiti. Mbi rosopum 06 U30TpONHOM TYpGYAEHTHOM NioJie, €CIM He CYlecT-
BYeT HMKAKOro BhiieleHHOrO HanpasJenyus, T:aKoe noje onpefeseTcs
Tem CBoficTBOM, uTO MOGas XapakTepu3ylias €ro CpefHas BeAuHA
He M3mensiercs, ecuy none HCMLITHBAEST NpOU3BOJIbHOE Bpalllexie BOKpYT
:‘;:g;ﬁ::u. Hakoner, mMbi GynieM rOBOpUTb 0 3EPKAILHO-CHMMETPHYHOM

THOM MoJie, ecly CpeiHue BEJIUUMHDI, NoJNyueHHbe U3 Hero,
MBHTHB! IPY OTpakeHMM NOJist B NPOU3BOALHOM MIOCKGCTH,
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Tpesopanye, uTobH ykasanubie CBOACTEA NPOABISIMCS 1yub B Cle-
IMAJIbHb yelopUAX, COMPIAXEHO ¢ MEHEe KXECTKUMU OrpaHiyeHnsiMH .
Hanpsmep, Typ6ynenTHoe nose MoxeT ObITh M3OTPOMHBIM Sub B ORHOM
TOYKE, My ke OHO MOXET NposBaATh 3€PKAJIbHYIO CHMMETPI0 TONBKO
1O OTHOWEHYI0 K CreLMabHOfi MockoCTH Ml Habopy niaockcredt, [pn-
MEpOM Tykoro rnoas sBisercs TypOyAeHTHOE [BUXEHNe B CoiHeuHO KOH-
BEKTUBHO}; 3oHe: cpennne cpoficTBa 9TOr0 NOJS 0CTAITCH Heyy3MEHHb:
M# TOJbKg nipy OTpaXEHUAX B SKpaTOPHAIbHON IIOCKOCTH Hiy o6l 13
MEpHIMOkg 1yHx naockocTeli - Conta.

Moxer ¢ AYUATHCS, UTO B TYpOyAEHTHOM JBIXEHMN JeBoBpalaTelb:
Hble IBUXenys Goliee BEpOsTHB, YeM NpaBoBpalaTelbHbie, ya Hao0opoT.
B 970M Cayuae mbi GynieM roeoputs o "BHETOBOA" TypGyexrsocTu
[ 265] i, yenonbsyn auramniickuit sxBHBalenT, BBeNeHHb NoddaTom
[ 169], TOBopyTh, UTO TYpOYJEHTHOCTD uUMeeT CnypanbHOCTb, OTpaxe-
Hye Npeolpasyer neBbill BUHT B npasbifi ¥ HA060POT. Caepopatentno,
eca TYpOysenTHOe noJ€ SBARETCH 3ePKAIBHO-CHMMETPHYHbIM XOTH Obl
TIo OTHOWleyy0 K ofHOM NJoCKOCTH, OHO HE MOXET MMEeTb CIpaibHOCTh;
Te€s anKeHMﬂ, CBS3aHHBIE C JeBbiM BUHTOM, TaK Xe€ BEpPOfTHbI, KakK
¥ BUXE€Hy 5 npaBoBUHTOBbIE

3acayyypaioT BHUMAHUS HEKOTOpHIE COOTHOWEHNUS MeX/y OfiHNpPO/-
HOCTbI0, M3oTponmedi  3epKaibHoR cummerpueil, Ontopostoe Typ6ynent-
Hoe 1oJie ye obsizaTebHO M30TPONHO, 8 UOTPOIHOE 110Jie He obs3aTeb-
HO 3epKaly,yo-cuMmMeTpnuHo. OHAaKO eCJi O[HOPO/IHOE T0Je H30TPONHO
xotst Obl B oppofi TOUKE, TO OHO MBOTPONHO BO BCEX TOUKAX. Kpome
TOr0, €CJi nosie, U3OTPOIHOE B OfIHOM TOUKE, 3€PKAIbHO-CUMMETPHUHO
10 OTHOUGKo XoTs Obl K OJHON MIOCKOCTH, TNPOXOAsUiEli uepes sty
TOUKY; TO oo 3€pKaIbHO-CHMMETPYYHO 110 OTHOMEHHIO K Joboit niiockoc-
TH, NIPOXOXguiefi yepes 9Ty TOUKY. HanpoTus, TypOyJeHTHOe rone op-
HOPO/IHO, &ci1 OHO U3OTPONHO B 060 TOUKE; T0Jie U3OTPONkO B OAHON
TOYKe, €Ciyy oHO 3epxa.nbno-cumme'rpu°ﬂi° 110 OTHOWEHUIO K Jioboli mnoc-
KOCTH, MpQxopsmefi ue pe3 3Ty TOUKy. llocae/itie yTBepxienus cnpase/-
JMBHI BCI€ joTRYE TOrO, UTO Jiobas TpaHCAIMA MOXET ObiTh ocymecTRie-
Ha KaK /1By ppaujeHnsi BOKPYT ABYX NapailelbHbiX ocelt u moGoe ppaue-
HHie MOXHQ NpefcTaBuTh Kak [iBa orpaxetns B NJOCKOCT AX, Copepxaumx
0Cb Bpallleyys,

Mocka yrxy opopomuas u3oTpomHad TYPG_Y-"eHTHOCTb CyliecTByeT B
TIPUPOLie, To Tpy/IHO HaliTy ybeuTelbHse COOOPAKEHUT, NoYemy 6bi eff
He ObITb 3epkarbro-cuMmeTpuuoih [lo arofl npuUwINe B JUT€parype no
rUApOAMHAN yecKoll TYPOYAEHTHOCTH CIOBO "u3oTpomsi” yacro ucnos-
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3yeTcs IS ONMCAHUA U3OTPOMHOro 3epKalbHO-CHMMETPUUHOTO Cayyas,
BaxHo orMeTuTh, UTO TEOpUH NHAMO B O[HOpPOAHO# 1 u30TponHO# cpene
OCHOBaHa Ha OTCYTCTBUM 3€PKAJbHOH CUMMeTpHH.

3.3. 3aKoHbl cuMMeTpUH

3epkanbHas cMMMETpUs SBASeTcH QyHAaMeHTaAbHbIM CBOfICTBOM
OCHOBHbIX ypaBHeHu#i Kn1accuueckoit ¢usmuii. OCHOBaHMEM 3TOrO ABAS-
eTcs lpeJcTaslenne, uTo ¥3 n06oli peanbHoll cucreMbl npyras pealib-
Hay cucTeMa MoxeT ObiTb NoJjlyueHa Npu OTPaXEHUH ee B NPOK3BOJILHOM
IJIOCKOCTY W B NIpOU3BOJbHO# Touke. TeM He MeHee B onpe/elieHne
HEKOTOpbIX BEJUWH BKJIIOUEHA NIPAaBOCTOPOHHOCTD. TakuMy BEIMUMHAMHM
SBJAMOTCH BEKTOPHbIE MPOM3BEEHNN WM BeJHUMHbI, ONlpefle]EHHbIE Ole-
paivefi nonyuenHus poTopa rot, a TAKKE CKalspHO-BEKTOPHOE NpOU3BE-
[IEHie TpeX BEKTOpOB, UMeloee cMbica obveMa. Tak kak TpeboBanue
MPABOCTOPOHHOCTH HE MHBAPUAHTHO 10 OTHOMEHHIO K OTPaXeHusM, TO
9TY BeJMUUHBI 110 CBOKM TpaHCOopMalMOHHbIM CBOHCTBAM OTJMYAINTCH
OT TeX BeJWuHH, onpefiejeHye KOTOpbIX He TpebyeT yCJoBus NpaBoCcTo-
porHoCTH. CripaBe/lMBbl CAelyiolMe COOTHOMEH!S A OTpaXeHus B He-
KOTOpO#i Touke:-

aref_ _ga, aref brefaxb, rot a™f 1ot a, (3.1)
pref_ (arefxbrei) . gref =-(axb)-c=-v.

3necb a, b, ¢ — Npou3BOJLHBIE BEKTOpH!, v 0603HauaeT 06veM napa-
Jejemvne]a, onpefiesseMoro sekropamy a, b, ¢. Mupekc "ref " obo3-
HayaeT OTPAXEHHYIO BEJIXUMHY.

Haun ocroBubie ypaBHerust (2.1) u (2.2) cBA3LIBAIT BeM WL, KO-
TOpbi€ UMEIOT pa3nuHbie TpaHC(opMalOHHbIEe CBOJiCTBa NpU OTPaXEHUH
cucremsl koopmmuat. Ilyctb E, j,H, B — pemenns ypasuenui (2.1) u
(2.2) ans 3apanHoro noas ckopoctefi u. Ecam Mbl ocyuiecTBAsEM OTpa-
KeH}e OTHOCHTEIbHO TOYKH, TO, OUEBHJHO, BENWUWHA U, ONUCHIBAIIAs
ABUXEHNE YACTHIl, [OJDKHA U3MEHUTD SHaK, a c Heli j u E, B TO Bpems
KaK BeaumHb H 1 B, coraacso (3.1)  (2.1), ocTaloTC HEU3MEHHBIMI,
[osromy ¥MeeM npu oTpaxeHM OTHOCHTENbHO TOUKY X = 0

ul‘ef(x, t)= —U(—X, t)' (302)
Eref(x, t)=-E(-x,t), jref(x,t)==j(-x, t),
HO

H™f(x, t) =H(=x. t), B"*T(x, ¢) =B(=x, ). (3.3)
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Bexropsi, koropble BenyT cebst kak BeMuuHBl (3.2), 00bIuHO HA3bl
BalOTCS NOASPHLIMY BEKTOPaMK, a Te, KoTopble NofiobHbi H u B, — akcy-
aJIbHBIMY BeKTOpamit. [Ipyrue CHHOHMMB! BKJOUaT B cebs "ncepro-" u
"KOCO-" [UIS BEIMUNH, KOTOPHIE 3aBUCAT OT UCINONb30BaHUS NIPABOCTOPOH-
HOCTH, HalpumMep ckaisp, nofobubil obremy v , Ha3bBaeTCH NICEBJOCKa-
JSIpOM.

JOnst TypbyeHTHOCTH MpeACTaBAseT MHTEPEC ﬁcennocxa.rmp, onpe-
nesieMblii CpefHNM

h=u’-rotu”

. (3.9
Ouernpro, ycaoeme h £ 0 ykaswipaer Ha To, yTo TYpOYJNEHTHOCTb UMeEET
CupanbHOCTh. B cayuae 3epkadibHoll cuvMMeTpun BeamuEa A 101KHA
6LITh, C ON1HO} CTOPOHBI, HEM3MEHHOM, TaK KaK BCe CTaTUCTHUYECKHE CBOM
CTBa NoAsi u” He M3MEHSIOTCS NIPU OTPAXEHMH, a C fipyrofi — oMxHa U3-
MEeHUTb 3HaK, TaK KaK i — nces/lockaisip. [losroMy Anf S€pKajlbHO-CHM-
MeTpuutofl TypbyaenTHocTH h = 0.

3aKoHb! CHMMETpPUH YACTO SBJSIOTCH NOJE3HbIM CPEe[ICTROM [UIH yI-
pouterys obuero npecTaBle s peleHnst OCHOBHbIX ypaBHeruit. Ecau
Mbi 3HaeM, uTo F + G = () sBasieTCst MHTErpajioM JBMXEHUS ypaBHeHui
1 G sBasetTcs lcepaopemuntol, a F — ger, 10 F —'G = 0 Takxe Oyner
peuterneM. CnepoBarelbio, pesyinTar F = 0 1 G = 0 Taxke cnpapems.

Bo3moxHo, uTo HaM NpujieTcs UMeTh fielo C NIpOM3BEIEHUEM pas-
My Beund. Kak cnenyer us (3.1), (3.2) u (3.3), ckaasiproe npous-
Be/ienye NOJSpPHOTo ¥ akCHAJIbHOIO BEKTOPOB SBASETCH NCEBAOCKAAIPOM,
a BEKTOpHOE NpoU3BeJECHNe ITHX BEJMYMH €CTh NOJANpHLI BEKTOp, B
yacTHocTH TypOyJenTHas SnekTpoAsuxywas cuna § sBIsSETCH, KOHEYHO,
NIOJISIPHBIM BEKTOPOM,

3.4. CtpykTypa TYp6YNnEeHTHO M 3NEeKTPORBYKYUIEH CHR bl

Kak yxe Gbio ykasano, TypGyaeHTHAs SieKTpoAsuxyuas cuna §
sBasieTcs QyukiMoHaioM ot B, U ¥ u”. PaccMorpum ee B HekoTopoi
TOYKe MNpocTpaHcTBa — BpeMeHKs CoraacHo NpefnoioXeHnsM, BBe/leH-
HbIM B pasfl. 3.1, OHa MOXeT 3aBUCeTb TOJABLKO OT camoil BeIMuMHbI B,
OT ee NepBbiX NPOCTPAHCTBEHHBIX MPOU3BO/IHBIX B IAHHON TOUKE M OT
3HaueHuli TypOyaenTHofi ckopocTy u” B oKpecTHOCTH 370l TOUKM. Ec-
TECTBEHHO, UTO pacCMaTpUBAIOTCS JMillb Cpe/IHIE BEIMYHMHBI, CBA3aH-
Hble C ToJieM ckopocTediu®.

3amernm, uto Bemunua & u3MensieTCst B POCTPAHCTBE TOALKO
€CJM USMEHSIOTCS TIoie B ¥ ero nepsbie NpoM3BoAlbEe. IT0 SBIRETCS
CIIe[ICTBUEM OJHOPOJHOCTH NoAs u”,
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Vurem Tenepn, uto § — BekTOpHas BeIMUMHA, EpmcrBentbivMu
wmopamu, 3 KOTOpbIX MOXHO NOCTPOUTD G, sBasmorcs B, rotB,
Bx rotB, (B- ¥)B, ..., rae Toukamy oGo3HauEHb COOTBET-
cTBylOLME BEKTOpH! GoJiee BHICOKOro Nopsiaka 1o B, Jlerko suaerb, uTo
peaunHa u” He [1aeT BKIAJA: TAK KaK u” — W30TponHoe cayvaloe no-
e, TO Jiobas Cpe/HAs BeIMYMHa, N0JyYeHHad U3 Hero, 01XHa ObiTh
yHBApUaHTHO oTHoCHTENLHO MO6bIX Bpamemvit, EnnHCTBEHHBI! BEKTOp
¢ TaKUM CBOJICTBOM €CThb HyJeBoi BeKTOp.

3amveuasn, HakoHel], YTO Q €CTb JuHelHbli ¢yHKIMOHAN OT E, Haxo-
MM €[IMHCTBEHHO BO3MOXHOE IIpe[ICTaBlenne:
g=u'x8'=ai —BrotB. (3.5)
Bemuubl @ ¥ B SBASIOTCH NOCTOSHHBIMM, OlpeieaseMbiMi NI0JIEM TYp-
GyaenTHo# ckopocTy u” .

. CootHowenye. (3.5) BriBeieHO U3 OCHOBHBIX ypapHeruii (2.1) u (2.2),
Y, CJEe10BATENbHO, K HeMy NPMMeHNMB! BCe 3aKOHbl CHMMETpHH, pacCMOT-
peHHble B NpeabifyueM pasfiene. Takum o6pa3oM, NpuxomuM K BbIBOLY,
yTo KO3PPUIMEHT P sBASETCH cxa.rmpom, B TO BPEMH KaK o — ICEeB/0-
ckansip, JlonycT!M Tenepb, YTo Noje u” 3epKalbHO-CHMMETPHYHO, T.€.
O[IKHAKOBA BEpOSTHOCTb Kak HeKoTopolt nakHol peam3amuu ancambis
3TOro MNoJs, Tak M peaausatyy, NoJyyeHHol 13 naHHOH 3epKalbHbM
oTpaxerneM. Torna, ¢ oHO# CTOPOHBI, BEAWUMHB & ¥ B HE IOJKHBI U3~
MEHNTbCH, €CJM BHIOJHUTL OTPAXEHHE, TaK KaK aHcambinL He u3MeHuA-
Cs, HO, C [pyro}i CTOpOHBl, KOPOMIMERT o fOMKEH H3MEHUTD CBO
3HaK, Tak KaK OH sBJsfeTcs ncesrockaispoM. [losToMy past opnopozHoi,
U30TpOoIHoj 1 3epKajibHO-CMMMETpUYHOS TYpOyaeHTHOCTH o = 0. Iro
IoKa3aTelhCTBO aHAJOrKYHO TOMY, KOTOpoe Oblio NpUBEJEHO A CIik-
PaibHocTy h , onpefiensiemolt BbipaxerueM (3.4).

3.5. 3aKkon Oma

Bosppamasch Tenepb k ypasHenusm fas cpemmx nodedi (2.5) u (2.6)
M noncraensis Bbipaxenue (3.5), HaxomM COOTHOWEHNE

=01 (E + oB), (3.6)

KoTopoe spnsercs 3akonom Oma fas cpenmux nodefi. 3nech TypOynent-

Has npoeBogMocTs o Jaercs dopmyJoii

o
O‘T=

3.7)
l+pop

JaKon Oma p Bufie (3.6), BMecTo npexuero Bbipaxenus (2.6), u ypasHe-

Hve (2.5) obpasyior nomywo cucreMy ypasHeHuil, KoTopas onpefiensier

Beimumn B, H, E u j, ecam a u B U3BECTHH.
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B ciyuae 3epkanbroli cummeTpuy, o = 0, ypaBHeHMS s CpefiHuX
noznefi, T.e. ypasrenus (2.5) u (2.6) ¢ 3axosom Oma B BuUze (3.6), dopMay.
HO coBnaiawT c ypasHenusmu (2.1) u (2.2) ans HeycpeHeHHBIX noJjefi
npkt u = 0. EMMHCTBEHHBIM pasauMeM ABJIAETCS 3aMeHa MOJEKYISpHOl
MPOBO/MMOCTH 0 Ha TYpOYAEHTHYIO 0 . . OTHowenwe o /o MoxeT Obith
HalineHo, ec.1 U3BECTHA BENMUMHA P . »

B 3epkaabHo-HECHMMETpUUHOM Cllyuae B BblpaxeHuy 3akoHa Oma
RS Cpenx nonell NoSBASETCS SIeKTPONBIKYIAd ciaa oB, KoTopas
napaiienbsa (a > 0) wm avTunapauieassa (o < 0) cpeaneit maraur-
Holi uuaykimu B. 10T HOBHIL 5dbeKT BH3BaH TYpOYNEHTHHIM JBIXE-
HueM i HasbiBaeTcs o-5¢dexTom. Kak Mbl yBuMM Hifxe, OH UTpaeT Bax-
HY10 poJib B AUHAMO-TEOPHH, -

3.6. NpepBapytenbhbie warv ANA onpefeneHvR KoadduumenTos
a ¥ PRpU 4ACTHBIX NPEANONOXKEHUAX

Haunem ¢ ypesuemnii (2.8), npunuman U = 0. Ecim BbiueCTb U3 HUX
ypaBHeHus!, BbITeKaoupe U3 (2,3) Npy yCpelHeHuH, To NOAYUHM

QB__- 1 AB® —rot(u”xB’—u’xB’)=rot{u”xB),
dt uo
divB” = 0.

Opnaxo, uTobb onpefieuTh B © u3 9rux ypasHeHul, HeoGxoauMb! gL
HelluKe npeanonoXeHus AN UCKIIOUEHUs HeJuHelbix yaeHoB. B onpere-
JEHHOM cMbicJjie, KoTopblii GyfieT yrouteH no3xe, norpebyem, urobbl
TypbynenTHoCcTb ObiNa Manoit, M OMyCTUM BCe 4ieHb BbICOKOro IMOpsiaKa
nou” u B”. Taxkum o6pasom, 3amennM (3.8) Ha Beipaxenye

B 1 AB’-rot(u’xB), divB =0. (3.9)
at no

Bouee Toro, orpaiuuuM Haum UCCAe0BaHUs ABYMs Npe/iebHbIMA
CJyuasMy, KOTOpbiE JIOIMyCKAlT [oNoJHUTeAbHOE MaTeMaTHiyeckoe yrpo-
IeH1e U SRJASIOTCH BaXHLIMK C TOYKMA 3penus ¢usuku. B nepsom ciy-
yae npeHedperaeM AuccunaTHBHEIMK 9bdekTamu 1 BMecTo (3.9) Gynem
paccMaTpuBarh ypaBHeHUs

98 rot(u”xB), divB“ =0, (3.10)
at

Bo BTOpOM cayuze, HaPOTHB, MCCUNATHBHBIE 3¢deKThi TPUHUMAIOTCS
HACTOJLKO CHUJAbHBIMY, YTOObI MOXHO ObIIO CUYMTATh BelWYUHY B’
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cramonapHofi B mo6ofi MomeHT BpeMmenu. [losromy Moxuo onycTutb B
phipaxeriy (3.9) npou3BoaHylo 10 BpeMeH! 1 NPUATH K ypaBHEeHUSM
AB’=—porot(u’xB), divB =0, (3.11)

Tlpexzae yem cdopMyMpoBaTh YCJOBUH, NPy KOTOPBIX BHIOJHAOTCS
MpUHSATBIE YIPOLIEHN!S, 3aMETHM, YTO OHY HE FBALOTCH QyHIaMEHTANb-
Hofi YacTbI0 MarHnTHo# ruapomMHaMKKy cpeaHux noaefl. Hanpumep, 3a-
meuaTeabHoe cooTHomenne (3.5) na Hux He ocHoBaHo. OnHako T yn-
poljienist IO3BOJSIOT BHIMMCIUTL HEKOTOphE MO/ [I0BOJILHO NPOCThIM
obpasoM.

BpepnieM Tenepb Ba MacwTaba, XapaxTepu3yoLMX U3MeHERUS OIS
TypOYNEHTHBIX CKOPOCTEH u” BO BpeMeH) 1 MPOCTPAHCTBE, T+€. BPeMst
KOpPeAIBM T oor Y [UMHY Koppeasiyy A cope TTocKonbKy daykTyaimion-
HAA 9aCTb MarHUTHOIO NOJs B~ BO3HKKAET BCAEACTBUE B3aumMopnelicTBus
noast u” co CpeAHHM MarHUTHBIM nofieM B, KOTOpOe Ca1ab0 3aBUCHT OT
BpeMeHHU U KoOpAMHaT, To MacuTabbl 7___ u A XapaKTepU3YIOT TakK-
xenoieB’.

Hawe nepsoe ympomenue — orbpachiBanye 41eHOB BTOPOro rnopsiaka
no GaykTyalMsiM olipasfiaHo, €Cay Mo Kpaliheil Mepe ofMH U3 YJleHOB
B’/0t wm (uo ) ~1AB” spasieTcst GOJBbLMM 1O CPABHEHMIO C YIEHOM

o)l 2B
rot " xB” —u” xB ). Ir0 uMeeT MecTo, ecim

cor cofr

min(Rm, S$) << 1, 3.12)
riae Rm seasiercs MarHuTHBIM wicaoM Pelftnoabaca
Rm=pou’nr__, (3.13)

a$ — wicao Crpyxaas

Seu’_S* @.19)

Ipu onpepeneru Rmu S Mbl Kcnonb30Bam 0603HaveHMe u” s cpefi-
HeKBalpa THyHOH GayKTyalp)t CKOPOCTH, T.€.

AN (s (3.15)

Teopus, koropas ocHoBana Ha ypasaenusax (3.9) u cipasefmBa,
€cay BrinomseTcs: HepaseHeTso (3.12), byner HasniBarbes falee "Kop-
PensiionHbIM MpubJmKeHueM BTOporo nopsaaxa” , ipyroe ee HasBaHue —

CriaXyBamf TepBoro nopska " Ui "npeHebpexenue Kymyas-
Hramu Tperbero nopsuka®. Ilepeoe u nocieisee Hassans cranyt Golee
(noaamfnvm, €clu y4ecTb, YTO HAC MHTEpecyeT HMEHHO BelWuHA U~ x B
aHeB ),
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Tlpunumas, yTo OfUH U3 ABYX WIEHOB B JeBoit yacTi ypasHerus (3.9)
Gonbine apyroro, Mbl mpumau K ypasHegusim (3.10),(3.11), koropbie omu-
CHIBAT fBa MpefieAbHbIX GAyuas. [lepBuili cayuail, oueBunro, Xapaxre-
pU3yeTcs HepaBEeHCTBOM

Teor << WOAZ,, . (3.16)

310 npenea Goabiofi nposoguMocTH. Bo BTOpOM Gllyuae BHIIOIHAETCS

obpaTHoe HEepaBeHCTBO
cor *

Teor >> WOAS . @17

3ro npenen Manoil NPOBOAKMOCTH.
W3 poipaxennit (3.13) u (3.14) noayuaem cBa3b

2
Rm = HoN cor

S. (3.18)

T
cor

YcaoBue (3.12) ¢ yueTom 3Toii cCBA3M NMOKA3LIBAET, YTO KOPPEASUIMOHHOE
npubanxeHie BTOPOro NOpsAKa BHIOJNseTCs NMpu ycdoBuk S << 1 B npe-
nedie Goabiuoii mposoaumocTy ¥ np¥ Rm << 1 B npepene manoii mposoau-
MocTtH. B nepeoM cayuae HeT orpaHnMyenys Ha MarHuTHoe wicao Peiitoabn-
ca Rm ; B yvacTtHOCTK, Rm MoXxeT ObiTh 0yeHb HOJBIIMM, KaK 9TO yacTo
6biBaeT AMA KocMuueckux 06bveKkToB. Tak Kak B oflieM cllyyae npefnoaa-
raoT S = 1, To pe3yabTarh, NoAy4YeHHbE B KOpPe.ALMOHHOM ApHOJMMXe-
HUM BTOpOro Nopsiaka B Npefiede 6oabiuofi MPOBOMMMOCTH ABJASIOTCS UMb
skcrpanaasmuedt or S << 1k S = 1. Kak Mbnl flanee ypuimM, Takas 9KCT-
paNoAsIMA KHO/ia PUBOMT K Y/IORJIETBOPUTEN bHOMY KOJIMYECTBEHHOMY
coraacuio ¢ HabmoneHsaMHK,

3.7. Npenen 6onbwo R NPOBOANMOCTH

Vpasrenns (3.10), omiceiBaupe IroT cayyail, KMEOT CGleyouee
¢opMaabHoe pemeHue:

’, ‘ —
B(x,t) =B (x,t5)+ [ rot(u”(x,t") xB(x,t )dt" divB (x, £)= 0,

fo (3.19)
rne t, — mpou3BoJbHBY MOMeHT BpeMent. CoraacHo MpefpAyIUM [pea-
MOJNOXEHNAM, UHTEpBan t — ¢, 0NXeH ObITh Bmﬁpau HaCTOJIbKO 6OJbIINM,
yTOGbI He 6biio Koppeasiyu Mexay u (x, t) u B (x, t,). Boaee Toro,
YA0OHO MPUHATH HAYAJO0 OTCUETa BpeMeHu HACTONbKO AaaeKuM, YToObi
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jicue3na jmobasn HavaibHas QAyKTyalMs MarHuTHoro noas. Taxkum obpa-
30M, IPUMEM

t =ty > uoT\im. > Toor (3.20)
Pemenye ypasHeruii (3. 10) B 3ToM cayyae npyHUMaeT BUR:

t
B'(X, t)= f rot(u'(x, t') X-ﬁ(x,t '))dt'. (3.21)

to
BbiwCIMM Tenepb TYpOYAeHTHYI0 S1eKTpoaBrxyuylo culy §, ymHoxas
suipaxenye (3.21) Hau”(x, t) ¥ BbinoaHss ycpennerue, OKoHuaTENbHOE
BbipaX€EH!E He 3aBUCHUT OT ¢, MOCKOJbKY BHINOJHEHO ychosue (3.20).
CaenoBaTeNbHo, MOXHO MONOXUTD ¢ = — oo ¥ MOJAYUUTD

t R .
G(x,t)=[ u’(x,t)xrot(u’(x, t7)xB(x,t%)dt". (3.22)

IloppiHTErpaabHOE BbipaXeHHe CYlleCTBEHHO OTJMYHO OT HYJS JMIb B HH-
Teppane t —t ‘< Teor « COragHO NMpeAnonoxennsm pasp, 3.1, pemiuna
B He U3MeHSETCH B 9TOM MHTEpBaJie BpEMEHH, i, CleNl0BaTelbHO, BMec-
'ro_B'(x, t ') MOXHO MOACTaBUTh i(x. t ). Eciu, nakoHell, 3aMeHUTb t* Ha
t -7, TO MpUAEM K cle[yloueMy BhipaXeHuio:

G(x, t)= Fu'(x, t)xrot(u (x,t— 1) xB(x,t))dT. (3.23)
4]

[Ipencrasum Tenepb KoMNoHEHTH! Bhpaxehius (3.23) B npasofi neKkapro-
Boji cicTeMe KOOpIMHAT X4, X5, x4+ Jlnd ofHOponHOl H H3OTPONMHOH
TypOyneHTHOCTH, Kak Mbl yXe 3HaeM, Bbipaxenue (3.23) umeet Bup (3.5).
losromy mpu BbIUYCIEHUH, HANPUMep, KOMIIOHEHTH! G, Hapo BHImACATD
TOMbKO Yaens ¢ B,, 9B, /0%, u 0B, /9%y, a ocraibhbie — By, B,
dB 1/0%,, ... , MoryT OHITb Cpasy omnymeHbl. B utore nonyyaem

8 - 658 6-82
= (W - /7] B, —w +w ’
1 (wgyo 218) By 22 3, 83 dx,
— dB B,
gz ==(wypq4 - wy9,)B;y - wgy 1 4 Wy 95, P (3.24)
axs axl

[ = 9B, I,
5, -~ (wyp1 - wige)By ~ wyy 2, Woy 9B,

dax, dx,
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rie Ucrnojwv3oBadbl 0603HaYeHNs

8 '] -
Wiy = fu (x. ,).ﬂ_(_:;__ﬂ_dT . (3.25)

w,; =fou,f(x,:)u;(x.z —7)dT. » (3.26)

Cpasmnpas dopmynt: (3.24) ¢ (3.5), cpasy xe HaxXouM, uTo

A== (Wayg — Woyg) == (Wygg — Weyy) =~ (Wygy ~Wyge )= (3.27)

1
== (Wypg+ Wogy +Wgy - Wigga = Wagy — Wyy,)

U

B Wy, = gy =gy = _;_( Wy + Wy + Wag)e (3.28)

loacrasans sripaxenus (3.25) u (3.26) B popmyani (3.27) u (3.28), Haxo-
1M OKOHYATEJIbHO

a=-t_ [u'(x, ) rotu(x, t -~ )dt, (3.29)
0
U
B =% Fu'(x, t)-u’(x, t - 7)dT. (3.30)
0

Tlpu BbIBORE 2THX GOPMYN MBl HCHIOJIL30BAMK TOT GaKT, YTO BhIpAXEHMUe
(3.24) umeer cTpykTypy (3.5) CrpyxTypy Bhipaxenus (3.24) MoxHo ycra-
HOBUTb U HENOCPEACTBEHHO, TaK KaK U3 coobpaxenui uso'rpomm NETKO
HaliTH COOTHOIICHNS CUMMETPHY st KO3 GOULMEHTOB W;.p U wy; o I
KO3 ULl HEHTH He IOXKHEI U3MEHATLCS NPU MPOU3BOABHOM Bpamemm
Ecau, Ranpumep, MpousBefieHo BpalleHWe CHCTeMbl koopauHar Ha 90°
BOKPYT' 0CK X4, 70 X ; TCPEXOMT B X3, au’y — Buy, HO X, I€pexoavT
B =%, Hug — B ~uj; X U Uy OCTAIOTCS HEU3MEHHbIMH. I3 BeIpaxe-
muht (3.25) u (3.26) HaxomMM TOTAA, YTO Wygy = — Ways U Wogg = — Wyygs
B.TANACU) 1| = Up 590 UTO N3CT Wy g 4= W, 5, =0. AHAIOTUHO HAXOMM ), | = W, , U
Wyg= Wyg, HO TAKKS Wog = ~Wyy, Tels Wyg= Way = V. Takim myrem uenocpencr-
BOHHO Haxoparcs Bbipaxerus (3.24), (3.29) u (3.30).

Murepechoe cBoficTBo nceBnocKanspHocT KodgguimenTa o cTaso-
BUTCS QYEBUAKBIM U3 BiAd NOJBIHTErpajibHOro Bhipaxems B (3.29),
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KOTOpO® CBA32HO ¢ Beautol ki, onpenenentoli dopmyanoii (3.4). B cay-
qae TYpPOYJEHTHOCTH, 8 KOTOPO# NPABOBUHTOBbIE ABMXEHUS SRISIOTCS
Goniee BEPOSTHbIMY, YEM JIEBOBMHTOBLIE, KO3 (uuijueHT o oTpuLATElEH,
B 0Dp@THOM-CJIyuae OH I0JOXUTEeAbHbIH,

Ouennpas uaterpant (3.29) a (3.30), moayuum no Nopsaxy BEMMUMHEL

o= -_;_u'- rot u T o = — 1 htoor o (3.31)
# (cM. paborni [100, 207])
peu?T . (3.32)
3
Moncrasass ol enky (3.32) B popmyay (3.7), IPUXOIMM K BbIPAKEHHIO
e, (3.33)
1+l pou"3r

13 KOTOPOro BUAHO, 9T0 TypOyJenTHas NPOBOAMMOCTD O, MeHbile MoJie-
KYJASpHOA NPOBOIMMOCTH O «

3.8. MpPUMEHOHNA K CONHEBYHOH KOHEEKTUBHOM 30HE

HnrepecHbiM npuMepoM SBJASETCSH CoJHeYHas KOHBEKTUBHAN 30HA,
Habmopetus rpaHy.1 NPUBOANT K XapakTepHpM MaciurabaM TypOy1eHTHRIX
neuxennti

. =3-10%2¢c; u"=3.102 M/c. (3.39)

7\cor = 10°m, T o

TpoBogumocTsb 06buO NpUiMMaIOT pasHol o = 3+ 103Q —1/M, a s mar-
HUTHOM NPOHMLIABMOCTH BO3bMeM BAKYyMHOE 3HAuUeHHe M=K o= 4. 10~ ['n/m,
Bpewmsi pacriazia MarsuTHONo nons ¢ XapaKTeprol Aol A o mopsiiKa

wkgor = 3. 10%c = 100 Jer; crenoBaTeIbHO, XOPOWO BHIIOJHAETCS

Yecaonve (3.16) pas nperena Goabumodt nposoaumMocTy. U3 9THX olieHOK
Haxooum

Rm=10°, S-10-1, (3.35)

Tak yTo ycaoeue (3.12) Takxe JOCTATQUHO XOPOILO BLIOJHEHO.
Ecau ucnoab3opartb olenky (3.33), HecMoTps Ha TO YTo S MeHbile
1 (5o He ouenb Mauo o cpasrewmo © eyHuLed), To Halinem

.~ 104, (3-36)

~Hou"2T
3 CO|
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4, TakuM obpasom, /s COAHEYHOH KOHBEKTHBHO 30HH!
or = 10740, (3.37)

3710 3HaueHue TYpOYNEeHTHO NPOBOAMMOCTH COracyercs C OLeHKa-
MM BpEMEHM U3MeHEeHUs KpynHoMacmrabHoro marautHoro noas Coanna,
Kpynnomacirabuoe Maruurhoe none CoJiHIE, KOTOPOE onpefienser K
COJIHEYHO} aKTUBHOCTH, SRASETCS NepeMeHHbIM NoJieM C MEPUOTIoM OKONO
22 ner, paBHhLIM yABOSHHOMY Nepuony IMkia. XapakTepHbiM Macurabom
[AMEB A 9TOrO NOJS SBARETCH MAY6UHA CKUH-GIOS, KOTOpas OMKHA BhiTh
NO NMOPSAKY BEJIWYMHLI He MeHblile YyeM pasMepb! HaubOoJbUIMX COAHEYHbIX
NATeH, T.e. HECKOJLKO JEeCATKOB ThiCAY KuJIoMeTpoB. Ilpurnmas
% =50. 102KM u ucroab3ys OLEHKY TypGyA€HTHO!H MPOBOAUMOCTH , 10
JAYUMM TIpaBUJIbLHOE N0 NOPHAAKY BeJIMUMHB] 3HAYEeHHe XapaKTepHOro Mac-
mTaba BpeMeHK T,= uoT'i2 = 30 set. llpu ucrob3OBAHUM MOJEKYASD-
Hoit poBoaMMoCTH STOT BpeMenHolt MacuTab 6yner B 104 pa3 Gosbue,
T+€,, QUEBUIHO, GUMIKOM GosibmuM. Taxum obpasoM, 31ech UMeeTcs
XOpoiieée KOIMYECTBEHHOE Coraacue.

Eciu ucnoabsoBars ¢opmyay (3.37) nas oneHky BpeMeHH pacnaja
COJIHeYHLIX NIAITEeH, TO CHOBA NOJyYaeTCH Xopolilee KOAMYECTBEHHOE COor-
nacue.. OgHako B CONHEYHRIX NATHAX HA KOHBEKTHBHBIE ABKMXEHUS CUIbHO
BAMSET MarMUTHOE NoJie, MHAYE €Ba 1M MOXHO NOHATH MX NMOTEMHEeHHe,
Mpu BoBORE GopMyani (3.37) 3TO BAKSHNE HE YUUTHIBAIOCD, TO3TOMY
NpOHECC pacnana CoHeuHbX naTeH Oyler o6CyXAaTbCH. MO3XKE.

3.9. lNpepen manoi NpoBOAUMOCTH
Jror cayuali omucbiBaercs ypasHenueM (3.11). Byaem pacemarpu-

BATb BCE MPOCTPAHCTBO, HO CHAYAAA JONYCTHM, UTO noJie u” OTJMYHO OT
HYJs TOJBKO B OUPAHMYEHHOH 06JacTH M, Cle[l0BaTeNbHO, GQAYKTYallK
MaruuTHoro noJs B crpemsrcs K Hyuo Ha Geckoneuroctu. Toraa pe-
wenue ypasHenus (3.11) faercsa poipaxeHueM

. b0 rot (u(x®, t)xB(x",t)) 4 ° 3.38
B (X, t ) = Lo I : dx L] ( ° )

4
4 Ix’ - x|

YMHOXMM 5T0 Bhipaxenye Hau’(x, t) ¥ ycpemsuM. Ilocae nopcTaHoBKY
& = x’ - x HaxoAuM Oas TypOyaeHTHO saekTPOABUXYyLIel CHAbI

G- fu’(x,t)xrot(u’(x+§, t)x-ﬁ(:+§,t))£l§£ . (3.39)

47
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Tanepb Mbl MOXeM OTKa3aTbCH OT IIpemIOJIO)KeHMﬂ, YTO U OOJAXHO OBITL
OTMMYHBIM OT HYJS TOJbKO B orpannyenHoli o6aacTy, Tak Kak
wx,t) uT(x+E, )0 mpu £+

3ameuas, uTo pejuurHa B cnabo usMenseTcs Ha paccTosHMAX nopal-

KaA o, o MOACTABUM
B(x+&,t)=B(x,t)+(§- grad, )B(x,t)

p Boipaxetie (3.39) u, BbINOAHSS BEKTOPHbIE ONEpallMM KaK B NpeAbiAylleM

(3.40)

paszene, NoayuuM _
_ ¢ I8,
g1=—(w312 - Wayp) By ~(wgo + Wyags + Wagy + Wages) +
X
—_ 2
° 332
+ (Wyg + Woges + Wepyy + Wagas) ’ (3.41)
X3 -
— 9B,
gz =- (Wyg5 - ’”321)32 - (wgg + Wyggy + W3322 + Wyge ) P +
— X
9B, 8
+ (W + Way1a +Wings + Wyn) ’
1
5 dB,
Gy =—(wagy — w4,) By — (Wy + Woyyg + Wyngs +Wypyy) 2 .
— ax,
JB,
+ (Wgg + Wyggy + Waogas + Wasza) .
ax,
TRe BeIMWAHBI W;; , W;;; W Wijy) ONpEeJeHbl PLIpaXeHHIMy
=Y Lk ug (ke € 1) (3.42)
4 £
dul (x+S,t) 4
Wiig = £ fuf (x,t) o 48, (3.43)
4y o€ 3
dup(x+§,t) d
wiikl =£ fu,-'(x, t)g, § . (3.44)

HopnoGue Mexnay dopmyaamu (3.41) u aHaNOrMYHBIMU BbipaXeHUsaMU (3.24)
B Nipefene Gonboli npoBOIMMOCTH CylECTBYET TOJLKO [Lis WIEHOB,
TIponopwonamuEX B, /15 WIEHOB C YACTHBIMUA TPOMIBOHBIMH TOSBASIOT-
€ Bosiee Croxnmie 106aBOUHbIE BEIMUMHE] W;ipy » CpaBHMBAd BHIPAXEHUS
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(3.41) u (3.5), noayuaem

O == (Wgyo — Wyyg )= — (Wyag — Wagy) =— (Wapy ~ Wiz ) (3.45)

--1 (wyag — Wygg + Wogy — Wyyg + Wagg — Waay )s
3
a TaKkxe »
P=A(wgg + Wyoag + Wagyy + Wygag ) = (Wag + Waggg + Wagyy + Waggy)
= (Wgy + wygg, + Waaaa + Wygey) = (Wyy + Wa1ys + Wirga + Wy )

= (Wyy + Wayyg + Wyggg + Winng) = (Wy, + Wiagn + Waggy + Wagzs2)
1

= (wyy + Wyg + Wgg + Wyyyy + Wigg + Wozgs + Waaag +
+Wiagy + Wayga + Waaze + Waazs + Wasss) s (3.46)

UJU B BEKTOPHOH 3amnucu

as =2 ful(x, 1) ru'er s ) (3.47)
12+« €
B =Y f(E-u (x, tINE- uix+§, 1)L . (3.48)
2% §3

Jpyras dopma cooTnomermit (3.47) u (3.48) man xosdduumenTor
o U B MoxeT ObiTh NOJYYEHA M3 MPENCTaBJIEHUA NOAA TYpOyAeHTHOl CKo-
POCTH C NOMOIIIbLI0 BEKTOPHBIX NOTeHIMaoB. Eciy onpefieMTs noas a,,
a,, ¢ COOTHOMEHUAMN

u =rotd; -~ Vg, diva,=0 (3.49)
Ha; =rotay, ¢=diva,, (3.50)
TO NOAYUMM

u=-Aa,, (3.51)

Ipu Boiwicaeryy kosdduimenTa o ynobHo cunTaTh nojie B mOCTORHHBIM.
Ilpu arom

rot(Aa, x B)=rotA(a, x B) = Arot(a, xB). (3.52)

Torpa ypesrerus (3,11) MoxHo 3amucaTs B Bufe
LB’ =poArot(a, xB), divB’=10 (3.53)

U NOAYUMTH CJefylolilee pelieHue:
B' = u(fl‘ol:(a2 xi) +C, (3-54)
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roe € — MOCTOSHRbIH BEKTOp C paBHbIM HYJIO CpelHUM 3HaueHueM, eciu

oJie 8, 06adnaeT ITUM xe CBOACTBOM. CleloBATENbHO, MOXHO MOJIO-
sutb ¢ =-0. YMHOXaA Bbipaxenue (3.54) na TypOyaeHTHYIO CKOpoCTb u” ,

poJymM

g._--uo u’ x mt(a2xi). (3.55)

Jcnonb3yR Te Xe npueMsl, YTo U npu BeiBoae ¢opmMyasi (3.29), naxomm

a=—>2" u®. rota, , (3.56)
3

Wi, yunThiBas coorHomenus (3.49) u (3.50), °

o =—>2% (a, . rota, —a, - Vo). (3.57)
3 .

Tocaeanuit uiex B (3.57) ucue3aeT, Tak Kak npu yuere (3.49) on pasen
chv(a1 ¢)s @ BeMUMHA a,¢ SBASETCS NOCTOSHHON BCJe/CTBUE NPUHATOMN
OJIHOPOIHOCTH NOJH u’ . Taxum 06pa3oM, OKOHYATEHHO NOJAYYaeM

a=-22 a,.rota,. (3.58)

Jlerxo yBuzieTh IKBUBAIEHTHOCTb IToi dopmyabl U (3.47) , ecay 3anucarb
BeluWHy &, KaK pelletine ypaBHenus [lyaccona (3.51) B xopoio usBecT-

HOM MHTErpaibHOM Bufie, U NOACTaBUTL 3aTeM B (3.56).
TakuMm, xe cnocoboM MOXHO OnpefeiuTb kK03 GduLineHT B, yumTHBask
3asMcuMocTb B 0T KoopAMHaT. B 9TOM cayuae uMeeM

= Ho (a _;?). (3.59)
MHTepecHo OTMETHUTb, UTO
B=-42 T3cy, (3.60)
3 A
eCay
u’ -|—_grad q) ’ (3-61)

Te€ ect u° sBASeTCA NOTEHIMANLHBIM GAYyaiiHbiv noieM. 3ro cBolicT-
BO MOXHO Jierko noiyuwTh ¥ HENOCPEACTBEHHO U3 BhipaxeHus (3.48).
Ecam nopcrasus (3.61), To noywim
B=to e do(x.t) do(x+E,t) Eia_ -

12+ dx, 9 §
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do(x+§,t)
= Mo [—— (p{x.t)—+—"—"2n— -
12“ JE&i§; " 3¢
_9Pe(xt)e(x+E,¢t) 4 I8
9%, 9€; g® »

3neck U B fanbHelieM NpUHATO, YTO NO NOBTOPAIOIUMCH MHAEKCAM IpPOus3-
BOJIMTCH CyMMupoBaHue, Ilepebifi unen B KBalpaTHbIX CkoOKax ucyesaer,
TaKk Kak u” u, GleJoBaTeNbHO, ¢ SBJSIOTCH OQHOPOAHBIMU noasvM. Beeng
KOppPeJIsilMOHHYI0 (yHKIMIO

®(§17)='¢'(xnt)¢'(x-+§nt+T)n (3.62)

KoTopas ABasercsa GyHKI el ToabKo oT € = /€2, noayum

wo  E& a%(&.ﬂ)d ho 1 970 46

[r— Y S,

12w &% 9§;9¢; I2r € 9g 2
__ B0 (050 ge_ M9 40,00=- BT o7 (3.63)
- f§a§2 3 3 3

lNoncranoBka 3Haverns B u3 (3.60) B dopmyny (3.7) naer B sroM
clyvae

o

Op=m—— (3.64)
1-(uog)?/3

T+€. TypOyAeHTHas NpoBOMMMOCTD 6OJblle, ueM MOJEKyAsApHas NpoBOMM-

MocTb. Peam3aips Takoit TypOyseHTHOCTH 00ecrieuBaeTCs XaoTHUeC-

Kol cynepnosuimell 3ByKOBbIX BOJH,

Caenyer oTMeTUTb, YTO, cOracHo Bripaxemusm (3.12), (3.17) u
(3.18),

(ho@) 2 = (nou’A =Rm2 <« 1. (3-65)

cor )_
IloaTomy B dopmyne (3.64) Her Huxaxoli CUHIYASPHOCTH.

Orpanuusmest CayuaeM TYpOyJ€HTHOCTH B HeCxXuMaeMoli cpene U
UCTIONb3YEM NMOoJyYEHHLIe Bbillle pesylbTaTbi Als HAXOKACHUA NOpSAKa
BeJMUMHBI P U3 Gopmyasi (3.48). Tak kax (€ u ) (Eu’) = £2u72/3,
HaXoauM

‘3=%“‘”"”io, (3.66)
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c . (3.67)
1+ (nou"r_ )2/9

gqoT pe3yJbTar Obin Biiepebie onybmkosan llteenGexom [251] B 19631,

3.10. UnniocTpauuA a-3PHeKTa U o-3KCNepUMeHT

BosHuKHOBeH1e TypOyienTHOH sneKTpoaBuKymel cuibi oB, KoTo-
paf NpONOPIMOHaNbHA CPEIHeMY MaITHHTHOMY MQJIO, NPE[CTaBAsReT Co-
6ol xauecTBerHO HOBbI sddexT. [losromMy Lenecoobpasko noscHUTDH
ero ¢u3KMYeCKHuii CMbICT Ha WIIOCTPaTUBHLIX npuMepax. Bosee Toro,
cymecTBYeT 3KCNEPUMEHTabHas NpoBepKa, NoATBepXaillas SToT
apdexT. -

Has nepBoii HAMOCTPAUMK BBEleM J€KApTOBY CHCTEMY KOODAMHAT
{puc. 3.1), rme ocu x u z nexaT B NIOCKOCTU PUCYHKA, A OCb y NepneH-
mxyaspEa K Helle Ilycts B ecTs MaruuTHOe noJie, napaiieabHoe ocH y,
au® — CKOpOCTb, COOTBETCTBYIOLIAS IEBOBUHTOBOMY CIMPAILHOMY [IBH-

g
B'
u, e—_>

E' ZI Z.y
o %
"
C. 3.1. CxemaTuueckui pucyHok, NOKA3LIBAIOWHA, YTO CIMPANEHO ABMKEs

BHe u
*nexy Uy + U; © 0QHOpOOHOM MarHUTHOM none B NpMBOGHT K NORBNEHMIO
PoRBMNYWOH Cunb é. napannenuHof MarHHTHOMY . Nonio (xX-athheKT).
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xenmio. TpeacrasuM u® B Buge cymMmbi u” = u 1 + Uy, Ile u; ONUCHBa
€T BpallaTeNbHOE [JBUXEHUE BOKPYI OCH Z, 4 U, — IBUXKEHUE Napalien.
HO Hanpaplenuio ocu z. B3auMojelicreue BpallaTeNbHOrO ABHXEHMs

U, CO CpeiHuM MAarHUTHBIM NOJEM NPUBOJUT K MOSBJERMIO INEKTPHYeC-
kol nanpsxernoctv E” = u; x B, koTopas HanpapJjeHa napalielbHO
OCH z , BHU3 B N€p:€Hell YacTu oKpyXHOCTH (CM. puc. 3.1) 1 BBEpX — p
saaneit yactu. [loJe E  pbisbiBaeT ToK j© ¢ TeéM Xe CaMbiM HallpaBie-
HMeM. 3TOT TOK cO3AAeT MaruuThoe moje B °, koTopoe nanpasiero
BJIOJb OCH X « BexTOpHOE NPOK3BENEHHe KOMIOHEHThI Uy U MarHuTHOIo
noJs B © nanpapaeno BloJb OCH ¥, T.€s NAPALIEIbHO TPHJIOKEHHOMY
cpeHeMy MariMTHOMY MOJI0 B.

To xe caMoe monyuaercs, eCl¥ CHayana paccMoOTpeTh B3auMopeiicr-
BUE U, CO CPeHUM MarHMTHBLIM NOJieM. 3TO OCTAETCH CNPaBEINMBLIM
TaKxe B TOM Clyuae, eCJi 0Cb CIMPATbHOrO JBUXeHus NOBEPHYTa B
TJAOCKOCTH (X ,z )s CimpasubHOe JBMXEHME C MPOUSBOJbHLIM HANpAaBJIEHNeM
OCH MOXHO PaccMaTpuBaTh Kak CyMMy ABYX CIMPaibHbIX JBUXEHU; of-
HOI'0 C OCbIO B IIOCKOCTH (X, z) M [pyroro ¢ ocbio, napajJebHoi cpej-
HeMy MarHntHoMy noJio. Bee crupanbable ABUXeHUS nepBoro Tuha npu-
BOZIAT K MOSBJEHMI0 JeKTPOABMxyieli cuisi u” x B *, napaineabHoii cpei-
HeMy MarH{THOMy fioJjio. Taxum obpa3oM, YETKO BUIHO, YTO XAOTHYEC-
KH pacipeieIeHHbIe JEBOBMHTOBbIE CIUPATbHBIE [IBUXEHUS BbIShIBAIOT
CPEe[IHIOI0 ANEeKTPOABUXYLIYIO CUAY, NapalebHyl0 CpeliHeMYy MariuTHOMY
noJo. Jlas xaoTuyecku pacnpeseneHHbIX NPABOBUHTOBbIX CIMPAJIbHBIX
JBUMXEHUI 9JIeKTPOJABHXYINAA CUIa aHTUNapaielbHa cpefieMy MarHuT-
HOMY HOJIO.

IponemoncTpuposas a-3¢¢ekT B npejee Maoi NPOBOAUMOCTH,
npuBefieM Taxxe uaMocTpaumio 3ddekTa B npefee 60Jbiol npoBOAMMOC
TH. B 9TOM cayuae cunopas Tpybxa cpelHnero MarHWTHOrO NoJs JOKab-
HbIM CIMpaJbHBIM [JBUxeHHeM fedopMupyercs B Gurypy, nogobHyio ne-
pexpyuenHoii Gykee Q (puc. 3.2). Tox j , Texyumii yepes neto Q ,
UMeeT U3-3a 3aKpyUMBAHUS KOMIIOHEHTY, KOTOpas anTuiapaJieabHa nep-
POHAYANbHOMY MarHMTHOMY NOJAIO NpY NPABOBUHTOBOM CIMPaJbHOM [BU-
XeHMM, KaK NoKa3aHo Ha pUC. 3.2. JleroBUHTOROE CrupalbHOE JBUKEHUE
NPUBOJMT K TOKY, NapajielbHOMY Cpe/lHeMy MarHMTHOMY noJi. Mrak,
cHoBa oGHApyXuBaeM, uTo B ofleM ciyyae JOKaIbHbie CNUpalbHbIe
JBUXEHHS, KOTOphie ChyyalilbiM 06pasoM NOABASIOTCS B mpoBosued XHA
KOCTH, CO3Jal0T TOK,NapaJefbHbiil HiM aHTunapaiie/bHblii npuaoxeH-
HOMy CpeJiHeMy MarHUTHOMY no.l0.
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Puc. 8.2. MarhMTHaA cMnoBan Tpy6Kka non AEHCTBMEM cnypanbHoro ABUXEHWA
npuobpeTaer dopmy CKpYUeHHO# 6YKBbI Q. TIeTNA CoNPoBOXRAETCA TOKOM, KO=
TOpbIf B CAYYae NPABOBUHTOBLIX CNMPANLHLIX ABUKEHUA HMEET KOMMOHEHTY,
aHTVNAPANNeNbHYI0 MAarHUTHOMY MOMio.

30T npUMep NoJobeH ToMy, koTopbiit npuBoaua Hapkep [ 184] ans
obbsicherns SddekTa Tak HasbiBaeMoi IMKIOHIYeCKOi TypOyJeHTHOCTH,
B narbHelieM Mbl yBUIuM, uTo sddext [lapkepa u Ha camMoM Jene MOX-
HO MHTEPNPETHPOBaTh Kak crieliaibublii cayyall o- sdderra.

PaccmorpuM Teneps cocyl (puc. 3.3) ¢ npopoAsiuell XuaKoCTbI0,
naxogsuelics B cocrosmiu TypOyneHTHOro apuxeHus. TypOyaeHTHOCTD
HoaxHA GbITH OHOPORHON ¥ U3OTPONHOMN, HO MMEeTb CIMPAILHOCTD, Te.
OMH M3 BUJOB CIMPaibHOrO ABMXeHns AoJkeH ObiTh Gojee BepoaTeH,
uem apyroi. [pumeM, Hanpumep, yTo GOAbILYI0 BEPOSTHOCTH UMEIOT JEBO-
BUHTOBbIE CIMpasibHble JEMXeHus. [lycTb MaruuTHoe none B Hanpasnero
CleBa HaNpaBo. B 9THX yCIOBUAX JOMKEH NpOoABAATbCS a-3(dexT u, cle-
NOBaTENbHO, AOJKHO CYleCTBOBATh NEKTPUUECKOE NOJe, NapatieabHoe
MarHuTHOMY noaios OHO MPUBOAUT K POSHUKHOBEHUIO NOJOXKUTEALHOTO 3a-
PA7a Ha Jepoii CTEHKE COCY/A M OTPMUATENLHOIO — Ha npasoil. CHapyXu Mbl MO-|
XeM U3MepHTL pasHOCTb MOTEHIMAIOB B HANPABJICH!N, NapalebHOM
MErHUTHOMY HOJIIO.

HoxasareabcTso cymecTBoBanus o-3¢dexTa Gbl10 NOJYYEHO B SKC-
HepuMenrax [ 255, 256], Kak 9T0 CXeMaTHYeCKH NOKA3aHO HA PUC. 3.4.

—3—— |4 - —>—
—— |+ 2 | ——
—_—— 1+ _)_)_)—-——)—
—~— | |+ /> | ——
—+—+ -] ————

Au#0

38.3. MenkomaciuTaHble CNMpP&NbHbIE ABWXEHHA B cocyne NPUBOAAT K pas-
TH NoTeHyuanos BAONL MArHUTHOMO NONA.

Py,
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Puc. 3.4. a-sKCnepumeHT. &) XapakTep TeUeHWA XuUOQKocTH. 6) Cxema yCTaHOB-
Ku: 1 = rnasHuif BXOA MUAKOrO HATPUA; 2 — 3 — BXOObL B KAHANL! TEYEHUR;

4 — TeueHHe B NNOCKOCTM PUCYHKE; 5§ — TeueHne, NepPNeHAUKYNAPHOS NNOCKOCTH
pucyHKa ( @ — COOTBOTCTBYET TEUeHMIO K Habnmogarenio, © — TeueHue oT Habnw-
natenn); 6 — 7 — suixob! U3 OBYX KAHANOB TOUEHWA; 8 — IMEaBHLIA BLIXOA Teye-
HUA XUAKOIO HATPUA; 9 — MEeHbIe NNAcTHHL!, Pasaensiowue KaHan, 710 — Ka-
TYWKa, FeHePUPYIOWRA MABrHUTHO® none; 717 — 72 — aneKTpogw, MeXAy KOTOpbiMH
U3MEPANACH PASHOCTL NOTEHUMANoB, cospasaeman a~-shdeKTom; 73 — cTeHKa

U3 HEPXABeWeR CTanu.

B xauectse pabaueii XMAKOCTH UCNONB30BaNCH XUAKMI HATPUH, TEUerHe
KOTOPOI0 NOAMEPXKUBAIOCH 3epKalbHO-HeCHMMeTpUYHbIM. Crcrema Mel
HbIX JACTHH CO3/1aBaja [Ba KaHala, KOTOpbie HaBUBAJMCh OpTOroHaDb"
HO JIpYr" K JIpyry (CM. puc. 3.4, a). TaxuMm o6pasoM, HanpapJieHne TEUE”
HUs GbIIO CTYNEHYATO 3aKPYUYeHO OTHOCUTEIbHO HAIDABJECHHS MarHuT-
HOr'o noJisi By} sICHO, YTO Takoe ABMXEHUE He 3ePKAIbHO-CHMMETPHUHO
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$uc. 3.5. Gororpadma "o-AUMKA™, T.8. COCyna, ABMAIOWErocA rMaBHOR YacTbIo
a=-IONepUMeHTa. YacTb BrewHeR obonouku CHATA, YTOGL MOXHO 6biN0 BURETL

BHYTPH MBJIHLIE CTEBHKH, KOTOphIE 068CNeUMBAIOT CIMPANLHOE TEUEHHE XUAKOIO
HATpHA.

Ycnoeus, npeacTaBieHHbiE HA PUC. 3.4, COOTBETCTBYIOT - PABOBMHTO-
BOMY CMpaibHOMY [BMXeHno. Xunxuit HaTpuit Tek yepe3 cocyli U3 Hep-
xasetomefi cranu. Ha puc. 3.5 nokasana dororpadus sroro cocyia.
YacTs BHemHelt cTenky cHATA, YTOOH MOXHO ObINO BUAETH MefHble CTeH-
KU BHYTDHU COCY/ia, BEIHYX/AAIINe IBUIaThCH XUIKOCTb C HEoOx0oauMoit
CIUpaibHOCTbIO.

PaccmoTpuM ynpomeHHyo Mogeb SBaeHns], NOSBOISIOLYIO onpee-
aurb anexTponeuxyuyo cuiay §. lycrbu(x), 0 x < 1, ecrb npodman
CKOpOCTH B OZIHOM KaHaJje U

1

wo b u(x)dx. (3.68)
1 o

Onpenemmv nepuommueckyio, ¢ nepuosom 41, dyrKi Mo ¢(x )

‘ u(x)/u’ , 0 x< 1y

ol O » o lcxg2n
~u(x—21)/u, 21 < x< 315 (3.69)

0 , 3lg<xg4l.
To onpeenemio uveem

1
Totx)ax-1, (3.70)
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Pruec. 3.6. YnpouweHHEA Mofienb o-aKcnepHMeHTa. &) NMpodmnb y¥KOMNOHBHT bl
NONA CKOPOCTe# B 3aBUCMMOCTH OT X~KOOPAHHAaTbI; 6) cxema TeueHun; B) npo-
$Unb X-KOMNOHBHTH MHAYMPOBAHHOM SNEKTPOABHXYLeR cHnbl,

Ilone cxopocreit B 9xcnepuMenTe NpelCTaBAfETCS B BUjle
u”=u’(0, ¢(x), to(x 1) (3.71)

HonoxurennHbif 3HaK Z-KOMIOHENTH COOTBETCTBYET JEBOBHHTOBOMY
CIUpaJIbHOMY Mk eHuio, ecim ¢ (x)> 0 ana 0 < x < I (puc. 3.6.). Ompe-
neauM Takxe QyHKIMIO f coraacHo GopMyae

f(x)=f o(e)de - L. (3.72)
o 2

Nmeem

4l
fo flxdx =0, (3.73)

Y.€. CpefiHee SHaveHHe Gyukipw f Ha untepBane 0 < x < 4! paBHO HyJiO.



Dnemenmaproe paccmompenlie npocmozo npumepa 41

- QayKTyUpyioulee MarHUTHOE None BhlMMCIgeTcs U3 ypasHenus (3.11)
Mcnoab3ys Gopmyasi (3.71), (3.72), (3.73) u nonaras
B= (E, 0,0), B= const, Haxomm
By=0
Bj =—uou’Bf (x), (3.79)
B, =F uou’Bf (x—1).
Orciona noJlyyaeM JUIs BEKTOPHOIO Npon3BefeHns
(" xB7), = tuou’?BIf (2)q(x ~1) = o (x}f (x =1)]. (3.75)

Ha puc. 3.6 gra aiexTpoABHXylWAd cyuna B3ATA s Clyuas, KOrja 3HaK-
2-koMIOHeHTH B (3.71) nonoxurenen, OHa uMeeT HanpasJieHue, napai-
_JleJleOGEIIpM noJoXUTeabHoM 3Hake B (3.71) U anTunapaaneasHoe B pas
orpuiaTeabHoro 3naka. Ma dopmyast (3.75) nonyyaeM Ans pasHOCTH no-
TeHIMAJI0B BIOJb O[HOIO KaHaja

1

AU:f(u'x B’)xdx=.t-1—.u0u‘21283 (3°76)
0 2
a ana paBHOCTM noTeHiaaoB Bli0Jab BCEro cocyza c n KaHglamMu ymeem
U= 1 l.uou'2l2'§n~ (3.77)
2

JBa sHaka cooTBeTCTBYIOT IBYM THIAM CIMPAJIbHOIO [ABIXEHU,

Pesyabrar skcnepuMeHTa Jyduie BCero Bufien Ha puc. 3.7. Ha sTom
PHCyHKe [aHO OTHOLIEHMEe U3MepeHHoro Hanpskenns Uy, kK TeopeTnuec-
KoMy 3Havenmio U 13 (3.77), kak dynkims wicaa Crioapra

N-Bil (3.78)
pu’
3necs p 06o3HAYAET MIOTHOCTb XUAKOCTH. €TKO BUHO, UTO OTHOWEH!E
STUX BeaUuMH He chayvaiiio. [as Maabix N, korfia CKOPOCTb XHUIKOCTH Be-
lKa, a MareuTHoe roJie MaJjo, K3MepelHoe Hanpsxete U cocraBasio
oxos0 20% or Teopernueckoro snauenus (3.77). Iro caeacTBMe rpaHAY-
Hbix 3ddekToB, Tak KaK Mbl IPUHIMAIH, YTO MojeJb Ge3rpaHuyHa B
Y= ¥ z-HanpagrjeHusx. Bbilo oGHapYXeHO Takxe, uTo ecau uuciao Crioap-
Ta po3pacraer, To HanpskeHne yMenbliaeTcA ITo OTpaxaeT BAUSHUE
MariuTHOrO noas Ha noje ckopocTefi. VHTepecho OTMETHTD, YTO OTHO-
Renne U, /U ne 3aBuceno oT MaruuTHOro wicia Peltoabica
m=ycly”, B skcnepUMeRTe NMpOBepAIUCH [Ba Npeackasamus Gopmy-
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Puc. 3.7. 3aBuCHMOCTL PASHOCTH NOTEHUHAN0B, H3MEPEeHHOH BaoNL Marnurudro
nong, ot uucna Ctoapta.

ant (3.77), KPUTHYHBIX S CIpaBE/JMBOCTY Teopyi: 1) 3HAK pasHOCTH
noreHipanos U, Mexay SaekTpofaMu He 3aBICHT OT THIA [IBUXKEHNS,

2) OH MeHsieTCs HA NPOTUBONOJIOXHbIK, €CIM NPHJOKEHHO® MAarHUTHOE NOo-
Jie U3MEHsieT CBOe HallpaBJeHie HA NPOTHBONOJOXHOe. Puc. 3.8 noka-
3nBaer A4 pAAa 3HaueHuit MarHNTHOrO noas, 4To Um IeliCTBUTEIbHO
nponopiponanbio 1”2, Us puc. 3.9 Buano, yro nanpsketye U, nponop-
IMOHANIbHO MarHUTHOMY M0JI0, €CJM NoJe Mao. s GoJabLMX NPUIOXKeH-
HBX noJelt-9¢deKT craoBUTCH HeaHeHHbIM,

Kak Oblj10 0TMEUeHo Bhilie, Jerko NoKa3aTb, YTo a-3hdeKT TeCHo
¢BA3aH ¢ IMAaMO-BO36yXaeHneM. CoelMEMM NpoBOJOKoO# 1Ba KoHLla Co-
cyna, n306paxeHHOro Ha puc. 3.3, ¥ HAMOTaeM ee BOKpYr- cocyaa Ta-
KM 00pa3oM, yToObl 0OMOTKA COBAABAJA NQAS C TeM Xe HalpanieHieM,
uro 4 B. Toraa Aas 0CTATOYHO CHALHOIO a-3¢deKTa 3Ta YCTaHOBKA
Gyaer pelicTBoBaTh KaK [MHAMO ¢ camoBo30yxaerueM. [pyras uamocT-
pauys gaxia Ha puc. 3.10. JlBa noasix koabla J0/KHb cofiepkaTb B cebe
NPOBOAsLIYI0 Cpefly, B KOTOpo# Bo3MoxeH a-9¢dekT. [lpumeM, uto B
konblie I ecTb MaruuTHoe noJle B, . OHO BhI3LIBaET BCIEACTBUE a-3PPeK”
T8 TOK j , « ITOT TOK CO3AAET MarkKTHoe node By B koasue I1. Ilone B4



Dnemenmaproe paccMomperiie npocmozo npumepa 43

U, mB

o
25 50 75 100
u? (m/c)?

Puc. 3.8 . Pa3xocTh noTexuxanos, cosnasaeman a=-shpPeKToM, B 38BUCHMOCTH OT
NBGAPATE CKOPUCTH NPH PAB3NHUHLIX SHANSHUAX NPUNONKEHHOIrO MarHMTHoro Nonf,

soF
u=805mpe
40F
Jot
u=575mfc
o=}
X
»ar
0r u=345m/c
———yt L3
0 at g2 a3 87

:"' :- 3.9. PasHocT noTeHuyanos, coznasaeman G-WTBM. B 38BUCHMOCTH
H&USHUA MarHUTHOrO onA AR pAfA SHAUeHHH CKOPOCTH TEUOHHA.



P#uc, 3.10. Mofiens, vnnioCTpupyowan caMoBo36yKAeHHe MarHuTHOro NonA B Cpe-
pe ¢ 3akoHom Oma B Bupe j =0 (E + aB).

BbISHIBAET TOK j ¢ , KOTODBIM CO3/laeT MaruuTHoe noje B, B Koabile
1. ficHo, uto nose B, nonnepxusaer node By . Mbi, cienoBaressho,
MoOXeM OXWAATb, UTO O NOAJepXUBaAIOT ApYr ApYyra fpy AOCTATOYHO
CUIBbHOM a-3¢deKTe, HeCMOTDS Ha HaJMYKe OMIYECKHUX NOTepb. JHEprus
AXoynepa Tenjia, NpoU3BOMMMOro Tokamu, bepercs oT sHepruy TypOy-
JEHTHOrO [BWXEHNS, UMEeWEro CIMpaJIbHOCTb.

Hanomnnm, Hakonel, 4To 6osiee pealMcTUUECKad MOLEJb TaKoro By-
na 6blna onMcana B pasfie 1.2,

3.11. CpepHu#i KBagpaT dnykTYyayui

Jns vsyyenns npeseaa Goabiuoii nposoguMocTy HeobxomMo Bonee
AeTaibHO paccMOTpeTh GU3KYecKylo KapTuy sisaenuii, [pumem 3a ocro-
BY, uTo nose B ° renepupyercs npu p3aumozelicTeuu noas ckopocredi
u” Cco CpefiHMM MarHUTHBIM 110J1€M B. B pamkax KOppeJsIMORHOro npH0-
JMXKeHus BTOpOro Mopaiika STa reHepalys oCylleCTBASETCH 38 BpeMs
NOpSAKA T, CO3AaBas, coraacko (3.10), anementapHoe none BY
NOpAAKa

’ u Tcor -

B, = — B. (3.79)

cor
3arem ¢ayxTyaunonnoe nose ckopoctel u’ U3MEHseTCA NOUTH HQJ!HOCTblO
U, B3anmogeiicTBys ¢ B, NnpouSBOMUT HOBOE 3JeMeHTapHoe noJe Bel s
KOTOpOe HEeCKOppeupoBaHo C NpebiylmM U T.J. Kaxzoe Takoe snemen-
TapHoe 1ioJie 6yleT CywleCTBOBaTh B TEYEHNE BPEMEHN NOPHNIKA po A2
Koropoe, coraacko (3.16), 6oabme 1, . Crenoparelbho, pealbHo
cymecTBywllee noje B srnsercs cynepnosunmeli Takux HECKOpPpeIUpo-

cor’?
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[ 4
BaHHbIX JEMEHTapHbIX NoJieti B, , uncsio KoTOpbIX 7 NPUOMSUTENLHO PABHO

2
p o Moheor (3.80)

T
cor

Hockoabky B ° sRaseTcs cratucTuueckoti CyMMO#i 7 HeCKOPPeJMPOBAHHBIX

nozedt B, To o NOpSAKY BEANUMHE! OHO PABHO /7 OT BEJMUMHE! OJHOTO
9JEMEHTapHOI'o Noaf, T.€., corsacuo (3.79) u (3.80),

B’ = V7B’ ~\Juou'3r__B, (3.81)

K

B°2= uou'21wr'§2 . (3.82)
Ira onenka 6bina nonyuena B pabore liteen6eka u Kpayse [ 262]. Ioao6-
Hbifi xe pesyabrar 6eun nonyven Napkepom [196]:

B2~ RmB?, (3.83)
YTO HAXOAUTCS B coraacuu ¢ (3.82), ecan S = 1, xak 3ro 6blao npunaATO
IMapkepom. Hakonel|, MoxHO OTMETHTL pe3yaAbTaT, noayyeHnbifi Moccom
[179]. Npoussens uicaeHHoe MOAeXMpOBanye ¢ AByMepHoOil TypOyneHTt-
HOCTBIO, Mocc Hawmen

B'2‘—'~= (Rm) 0’782 . (3-84)
Ipsimoe cpasrenne sToro pesyapTara ¢ (3.82) HeBo3MOXHO U3-3a ApYro-
ro 3HaveHus napaMerpa S, npuusToro MoccoM.

OnueHKy (3.82) MOXHO MOAYYUTDh HENOCPEICTBEHHO U3 BHIPAXEHUS
(3.21), ecam cuuTaTh MHTEPBAN t —t , BpeMeHeM XUIHM 9JEeMEeHTapHOro
nons, T t =ty — poA2 . Ioaywm Torna
=7 ¢ = =
B 2-[ ) rot(u’(x,t”) xB). rot(u”(x, t ") xB)dt “dt °*

2 2
t—Moh oo t- HU7\°°,.

(3.85)
Hoavirrerpaibhoe BHpaxeHue CymeCTBEHHO OTAWYHO OT HyAsl TOJbKO B
NoN0Ce WMPHHOM T, BAOAD JUHMK t"=t’’ Bunockoctu (t% t °’).
Taxum obpa3om, HAXOMMM AAs W3OTPONHOrO Ciaydas
*2

— u -

B*2~ (o2 1 ) B2),

cor cor

2
cor

4to coraacyercs ¢ (3.82).
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Ilpu 9TUX BHIUKMCAEHHUAX MBI HCIQIbIOBAMM TOJILKO KayecTBEHHble
paccyxjemns. OTMeTHM, 0IH2KO, yTo ouelkKa (3.82) u aHanoruunie eff
OLEHKH 1451 CAyyas Mol npoBoAUMOCTH noayueHbl CTPOro B Il 7.

B npeznene Manoi# npoBomMocTy oljedka B 4, ananoruunas (3.82),
HeNoCpefICTBEHHO cJenyeT u3 (3.54), ecau orpaHMuMBaTLCH CJYYAEM
HecxuMaeMoit xuakocty . lonyyaeM us (3.54) ]

B”2=p202(B- grad)a, . (B. grad)a, =

d
=_u202l§21[(3a21 )2+(3a22 )2+( Q23 )2]+

dx, dx, dx,
- da 2
+B§[( 2t )+|||] + Illi’
dx ,
YTO flepPeXOmUT s U3OTPOIHOro Clyyas B
B*2- gBZ, (3.86)
rue
da 2 dagg 2
q _ da 4 2+( 22 ) ( ) =
n2o2 dx, x4 *1 .

9 da 2 OJagg 2 G2 2 22 2
I L i Y B R B LA
dx, dx, dx, dx4 *s

—_— 5 Fan 3 Jdz 3
+(3a2a )2= _l_[(aa“u 4)2+( %22 )2+( - ) +(8 X+
dx 3 dx, dx, ax, Xgq
8 i
da P da 2 3022 2 aa28 2
+(aa” 2 ( 23)+( 21 ) e ( )+(a ) 1.
ox , dx, dxg 9% 4 *3
.87
Honyuaem, caenoBaresbno, B KaueCTBE OLEHKY NOPAAKE BeJAUUHHb]
aZz a2
? = 1 3 2 = : = u"zhgor (3-88)
u20'2 3 Azor }‘OOI‘

uB"?~Rm2B2 . (3.89)



nasa 4. OBLLIME METO/bl" BbIYUCIIEHUA
TYPBYJIEHTHOM "QNEKTPOABUHYLLIEU
CUInbl

¢4.1. BeopHble sameuannA. OnpepeneHun

PaccMoTpenKe [ByX Npefle]bHbIX CAyYaes B Opeabiiywei riase
noxasbiBaeT, yTo B obieM cayyae Heobxommel Golee s¢deKTHBHBIE Ma—
TEMATHYECKHEe MeTob!, Tenepb Mbl cTaHeM HMPOKO UCTIOAB30OBATb TEH-
sopHoe ucunclenue. [lpu sToM GyAyT yacTo BCTpeyaThCs USOTPONHEIE
Ten30pbl B €BKIMAOBOM MPOCTPAHCTBE, T.€. TeH30p Kponekepa

1, i=j,
§.. = 4,1
T @
M BHTUCUMMETpUUHbI Tensop JleBu — YuBUTH
1L, i, j, k= 1,2,331,2;2,3,1,
El.].k= 0,i=-i,i=k,i=k, (4.2)
-1, i, j,k=2,1,3;3,2, 151, 3, 2.

YcpepHenue npouspefeHiit XOMIOHEHT BEKTOPOB NPHBOIMT K BBelle~
HIfI0 KOpPEASUMOHHbIX TEH30POB, TAKHX, HANpUMEp, KaK [IBYXTOUEUHHH U
RBYXBpPEeMEHHOH TeH30p NoJsA cKopocTeit

Q1 (x5 &ty 1) =07 (x, t)ul X+ &t 4 1) (4.3)

CMElaHHbi KoppeJALMOHHbIi TEH30p MoJA CKOPOCTe# U MArHUTHOTO Mo~
as

Finto & )= uf (0, 1)BR 06+ & £ +7) (4.9)
Y Koppe asiyyoHmbil TEH30p MArHUTHOrO NOJSA

Byl €2, 1) = BY (%, £) BY(X+ & £+ 7) (4.5)

. IT™H KoppensIMOHHBIE TEH30PbI HAKTUYECKHU YXKEe UCTIOAb3OBATUCD
Tpeminymeii raase. Hanpumep, Bemuuna k, KoTopas onpefieseHa ¢hop~
Mynoit (3.4), npu yyete (4.2) u (4.3) MoxeT GbiTh NpeAcTaBACHA B BULE
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30;

= _ 4.6)
-E..k §=O,T=0. (

k

C rensopom Q { j; TECHO CBASAHbI BEJMYMHB! w; . U w; 1y OTIPEJEJEHHbIE
dopmyaamu (3.25) u (3.26):

00 »
w;; = f Qij(x’ 0ty —1)dT, 4.7)
0

®  3Q;k(xy 0, t, —7)
Yiik= [) F dt. (4.8)
]

Ananoruutbie COOTHOWEHNS MOXHO HANKCATD AJ BEJMUMH, ONpefeses
MHX BHpaxeHuamu (3.42), (3.43) # (3.44).

Bozee Toro, coorHomenus cuMmerpuut (3.27) u (3.28) s koMionenT
TEH30POB w; ; 1t w; ; OTPAKAIOT CBAIb MeX/Y STHMM TEH30paMyu U
M30TpOMHEIMU TeH30pamu, Jlerko nMpoBepuTh COOTHOMEHHS

o4
wiik= — 2— Ei]'k' wii =-ﬂ5iis (4.9)

3aMeTuM, HaKOHel, UTO TypOyAeHTHAS SACKTPOBIKYWAT CHJa MO~
xeT ObiTh NpeAcTaBJieHa Kak

gi =€k ij("' 0,:,0), (4.10)

a cpepuuit KBagpat $AyKTyaumMii MArHUTHOTO M0AS — B BUIE

——

B2 B, (x, 0, t, 0). (4.1)

Wwmetorcst Beckue NpuumHbl A% BBEJIEHUS KOPpeJSUMOHHBIX TeH30poB bo-
Jlee BBLICOKOI'O paHra; HanpuMep, KOpPpeJsliiOHHOr0 TEeH30pa TpeThero
paHra [Jis ckopocTtei

J——

Qijk(x’g’ Wty T,0) = ”i' (x, t)u;()(+ Et+mhupx+ &t +0)

(4.12)

CMeliaHHOI'0 TeH30pa TpeThero paira

e

Piik (xy &My 2y 1,0) = ";(x, t)u;-()(+ ¢t +1) B;c()( +E+myt+ 1+0)

(4.13)
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" cooTBeTCTBleﬂMX BeJWIUH YeTBEPTOIr'O paira

Oijkl (x,"-§, nwity1,0, P)= u: (x, ¢) u;- (x + E t+T)

u;c(x+§§-q,t +1"+o)u'l()(+§+q+§;3 +T+0 +p) (4.14)

Pijkl(x' &Enilt,T, 0, P)= ":_ (x, t) u;(x+ §t+1)

upX +E+n t +T+0)Bj(x+ E+ q+ [, 2 +14+0 +p)e  (415)

Jlanee nosBATCA KOPpEAIHOHEbIE TEHIOPb Pi]., Pk E jk1 npu

¢m(cnp0BaHHbIX, PaBHLIX HYJI0 3HAYEHUSIX HEKOTOpBIX KOOpAMHAT. HoaTo-
My BBEJieM JONOJHUTENLHO TEHIOPH P; ;5 Py ji ¥ Py j ki, onpepenseMbie
H3 COOTHOWEHMH .
P00 2) = Py (0 0y 8.0), Py 065 & £57) = Pipp%, £ 02,7, 0),

(4.16)
Piikl(xz &Ent,1,0)= Pijkl(x'g’q’ 0,2,7,0,0).

CorniacHoO 3THM onpefefieHusiM, TypOyJeHTHAs SAEKTPOABIKYIAs CUia
33/jaeTCs BbIPaXeHneM

gi =€ jkPike (4.17)
Manee nam Gynet ynoGHO OAs YacTH OnepaTopoB, BXOASUMX B ypaB~
Henue uiaykmuu (2.3), BBecTy 0cobble 0603HAUEHNS
d J
in=(“at— ~ )8, =&kl imn — Um (4.18)
X
k
d
%

Fmn= & k1 Elmn . (4.19)

B sryx ¢dopMyJiax X U ¢t SBJAIOTCH KOOPIMHATAMY, 10 KOTOPHIM
"poussomTCs mi¢depenimpoBanmne. Oanako, NpUMERss STU ONepaTOpbi
K Kanomy-m60 KOppeSINOHHOMY TEH30py YaCTHOrO BMAa, Beerna Oye
Rem CUMTaTD, yTO MM PepeHIMpoBaHNe BHIIONHIETCS 0 OTHOMEHUIO K
Toc e v MPOCTPAHCTBEHHBIM M) BpEMEHHbIM KOOPMHMHATAM, Te€e,
Hanpumvep, B ROl 3amicu

. d J -
i =U=— -n S )8in =&kl Elmn 5 g+ &t + 1) I
K

x Pin(xs & ty1)
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jn'ipn x 3n, on, —€ikl Elmn x
X.a u mX+E+m, t:+'r+cr)]Pl n(x,&,‘q'; LT, Oy
€k P
d 9?
© Bjalipn UG =0 e Vo gt

U,(x+ &t +1)] P.ipn (X, € £y T)e

Kak piaHo U3 sTx Gopmyd, apryMeHTaMy NoNs CpefIHMX CKopocTel
BCET/ia SBAAIOTCS CyMMH COOTBETCTBY IOIMX KOOPAMHAT.

4.2. HUepapxua ypaBHeHWi ANA KOppPenAYHOHHLIX TeH30poB

Haynem c ypasHenns MHOyKImH (2.3), KOTOpOE 3AMICHIBAEM Teliepb
B BMJe

D, ,B, * B, (4.20)

] mn ¥
[pousBozs ycpeanenue, noJyyaem ypaBHeHHE
fD B = fD, mn Pmns (4.21)

rfie cnpaBa NOSBISETCH KOPPEJSLUMOHHbIA TEH30p.

3amennm teneph B ypasreHuu (4.20) aprymenTsi x, ¢ Ha X + &,
t + T M BO3bMEM MPOUSBOAHDIE 110 OTHOWEHHIO K § U 1. JlonoaHuTeAbHO
3aMEHMM CIIpaBa MHAEKCH m M n HA n U p. YMHOXAS MOy UMBIEECs ypass
HeHMe Ha u' {x, t) u npou3Boas ycpe HeHUe, NOJAyyaeM

D. P )+ D,

jn"mn= ]"P(Qm" p)+ Linp Pomnp (4.22)

B ypaesenmn (4.21) ans cpepHero MarHUTHOrO f0Jig — CTATUCTUYECH
KO0 MOMEHTA NIepBOro Mopsi/iKa — NMOABJIAETCH KOppelslMOHHbI TeH30p
BTOPOr'O [IOpSiJIKa, T.8. CTATHCTHYECKUH MOMEHT BTOPOro nopsizKa. B
ypaBHenun (4.22) ans koppeasijuonHoro TeHsopa P nosBaseTcs KOp-
peJSUMOHHBI TEH30D TPeThero NMopsfKa, T.€e CTATUCTHYECKUA MOMEHT
TPETHEro MOPsi/Ka. 3T COOTHOMEHUS MOXHO NPOAOmKUTD. Taxum obpa-

30M, HAXO/IHM UepApX¥I0 yPaBHERyit /U1 HEMIBECTHLIX BEJUIH B P,,m,
P ps se+» THi€ NEPBble ypaBHEHNS MMEIOT BUA

fD,an =9

jmnpn;n’
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9 Pan = DipOrn Bp) + D1 ngPrnps _ . e
g)iPP,,.,.p“mi pa(Cmnp Bg) - fDi pl OmnB P+ fDifuz Pmnpg* )

Cucrema (4.23) cocTouT U3 GeckOReyHOro uncliaypasteriit. [Lis peies
- xoneuHoll cucTeMp HeoOXOAMMa KaKas-TO Npolieflypa 3aMblKaHusi.
770 XOOIIO U3BECTHAS obmas npobiema Teopuu TypOyJeHTHOCTH, KOTO~

[0 CHX TIOp €llle yOBJETBOPUTEJBHO He pemena. Myl ne Gyfiem oG~
CyKIBTD npobaemn sTOrO THMA. '

BuieleM 3 (4.23) KOHEUHYI0 CHCTeMy ypaBHEHuUH, yuuThiBasg BO3-
MyTRIOLYIO TypOynEHTHYI0 CKOPOCTb U” C TOUHOCTBIO 10 HEKOTOPOTO Ofl
peneneHHOT0 MOpS/Ka. Takum 06pasom, MH HMeeM JeJi0 TOALKO CO Clas
6oit TypOyAenTHOCTbIO. OHaKo nomyuennbie u3 Takodl Teopun s¢dexTol,
XK NOKA3aHo B fpepbifiyliell riaBe, MOryT CTATb OYeHb BOJbIIMMY, .
[A8BHO MEHAS CBOIO BEJUUMHY B 3aBUCHMOCTH OT NlapaMeTpoB.

4.3. KoppenauuoHtoe npubnnxeHne BTOpPOro nopAAKa

‘3ToT Ccayuall COOTBOTCTBYET TEOPHH, KOTOPAs YUMTHBAET BO3MYMIEH—
108 TypOyJeHTHOe NoJe ckopocTeli u” ToABKO A0 BTOPOro MOPA/KAa BKAWD-
wiresbHo. OT6pacuiBas BTopo# ulieH B npasoll yacTH BTOPOro ypaBHEHMS
cuctembl (4.23), KOTOpBI ABAAETCS YNCHOM TpPETbEro NOPAMKA, NOJyYaeM

D,,B 0 D0 ip, (xs2),s (424)

D, Py & 13 1) <D, (O (Bt s ) Byl + & £+ 1))

NononmurenbHo MMEIOTCS ypaABHEHNSl, KOTOPHE YUUTHBAIOT, YTO MATHUT
0o foJie colieHouAaIbHO®:

B (x, ) AP (xy & t,1)

— _g, " BTy, (4.25)
oz, o€

¥, HaKonelr, umeeTcst rpanyuHoOe ycJoBue

B, & 2,7) + 0 mpu 1 — o, (4.26)

o YcroBre sBaAETCS. OUEBMHBIM U3 Omnpelelenust (4.4) BeIUuMHbE P .
0 03HAvAeT, yTO He CymECTBYET KOPpEASIMY MEXIy TOJeM CcKopoc=
R B Moment BpeMeHH ¢ ¥ MarHUTHbIM 10JleM B 3HaYMTENbHO Golee
MOMEHT BpeMeHH.
Ypasuenus (4.24), (4.25) u (4.26) ABAAOTCS OCHOBHLIMY YpaBHE~
SJIeK TPoMHAMMUKY CpefiHkX NoJeli B paMKax Koppe fIHOHHOrO
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npubankenus BToporo nopsaka. Yrobu onpasjarh (Kpayse u Pobeprc
{131]) npeneGpexeHre KyMyJasHTOM TPETbEro NOps/Ka BO BTOPOM ypag.
HeHu cucTeMHl (4.23), 3aMeTHM, UTO

Ps < u 'Pz 2 (4.27)

TZie p, U p, 0003HAUAIOT MOPS/KY BeJMUMH TeH30poB By, ¥ Pmnp. Pa.
BEHCTBO BHIOJHAETCSA TOJABKO B CJayyae NoJHol koppedstuu. CooTper-

CTBEHHO MOPAMIOK BeJMYMHLL YJeHa TPeThero nopska fD’. n;, Pmnp MOXeT
OBITh OlieHEeH KakK v
Ps 2P (4.28)
lg') ] np Pmn P l - s ;\
;\cor cor

C npyroli cTPpOHH, BeJUYMHA YNEHA BTOPOIO MOpsifika MOXET OuiThb
OllcHCHA BHIPAXEHHEM !

p 2 p 2
| fD].annl » max |{ y —— 1§, (4.29)

Teor uUT\t or

Ifle 3HAK "> " BKJIOYEH TOJBKO JJsi TOro, 4ToObl n3bexath 0bCyxXaeHMst
YJeHa, COfiepXalliero cpeliHIon CKOpOCTb B OepaTope fD]-n.

€paBauBas Tenepb oueHku (4.28) u (4.29), npuxoauM K BhIBOAY,
4TO KoppeJAlonHoe MpubiokeHne BTOPOro MOpAAKa NPUMEHUMO, eCli
up Ao, << py /7., W upy /A oy << /oA, WJM BBINOJHS-
IoTcs 06a HepaBeHCTBa o/jHOBpeMeHHO. CliefloBaTebHO, MMEEM YCJOBlE,
KOTOpOe rapaHTHpyeT IpUMEHUMOCTDb KOppelALMOHHOrO NpubmoKeHns
BTOpOIr'o mopsziKa:
min (Rm, S) << 1, (4.30)

yXe yrnomuHaBuieecs B npeapiaymel raase, Yucao Ctpyxans S u mare
HuTHOE uKclo PefiHonbaca Rm onpepenenbi Beipaxernsivu (3.13) u (3.14)

4.4, KoppenaynoHHbie NpnGAWXEeHNA BLICILWX NOPARKOB

Kak u B cliyyae KOppeJsAIMOHHOrO MPUGIKEHUS BTOPOT'O NOPS/AK2,
MOXHO PasBUTb TeOpUH, YUMTHIBaKINE Koppeasuu Golee BHCOKOro o
paka. Tax, eciu npenebpeyb yieHaMy YeTBEPTOro NOPAAKA B TPETbeM
ypaBHeHUH CHCTEMBI (4.,23), TO npulieM K CAeAyIOWMM ypaBHEHUAM:

ﬁann(x’ t) =fD]'mn Pmn(x! t) (4.31)
fD]'n Pmn(x’ E’ Ly T) ='5Dinp (an(x’ §9 3’1') B—p(x + §, t + T)) +

+ fD]- np Pan(xl Et,1)



Obyue memodv! svivucaenus mypByaenmuoi 3.0.c. 53

9, pFmap®> &ty 7,00 = Djpg(Cmnpls &met, 7, 0) %,
X B_q(x+§+ﬂ,t +T+0))

‘s JONOMHATEbHbLIMY YCIOBUAMY COMEHONIATBHOCTH

aE"(x,t) 0 aP,,m (xs & t,7) -0, oP np(x, & Wty 15 0) -0

_..—-5;;——— =0, -————-———agn .
4 C FPARMUHBIMY YCIOBUAMU (4.32)
P 0% & tsT) > 0 mpu 1o -o,

P & M5 T0) 20 NPU O o — oo, (4.33)

mnp
HanumeM, HaKOHel|, aHAJIOIUUHYI0 CUCTEMy ypaBHeHMH U ycliosuid
s KOppeAAHOHHOrO NpUOMAKEHUA YeTBEPTOrO NOPSXA:

948,06 ) =D Py %y 2), (434)

jn"n
.‘D’.an(x, Et,T)= SD;"up(an(x’ E&t,T) Ep(" +&t+1))+
+&)"nppmnp(x’ g! t!T)!

S)iP P"'"P(x’ LwtsT,0) =SDqu(Qifm‘p(x’ Ewt,T, o)X
XEq(X+§+q,t +T14+0)) -
= O, €, 2, 7) Dip Ep(’“g“" t+T+0)+ D) Pppgts &, 2, 7, 0),
g)iipmnpq("! Saslst, 1,0, p)=
=$iqr(0mnpq(x3 g,\'l,;,t,'l’, a, p)Er(x+ §+‘1+;; t+T+0 +P)).

3B, '
2% t) 0 aPm"(X, &, 1)

a.t" =-Uy a§ =‘03 (4'35)
_apmng(x! Ewt,T,0) =0 aP"mpq(": Enil,ty1,0,m
dnp a, -

Pnn("o§,t,1-)-»0 IpU T 5 — oo,
P
mnp(X, &, Wi, T,0)>0 mpU o »— oo, (4.36)

P
lnpq(xs §"b§,h1',0,9)-'0 IpU p - — oo,
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4.5. TensppHan GyHKYUA ["puHa ypaBHEHHA HWHRYKUHH

J\ns HaxoxaeHnsi obuMX pelermii ypagsesmii, KOTophie ObUl BbiBEJEHD! B
npefbyIHMX pa3felaX, BBefieM TEH30pHYI ¢yukuuio ['puna Gpix, &,
YPABHEHUS KHAYKIMN, YAOBJETBOPAIOUYIO CAEAYIOUHMM YCAOBHAM:

l)Gip(x,g,z,1)=0, ecmt < 1; »

2)G’.p(x,§,t,'r)->0, eci |k — g+ =

3) D6 j'2 A)S £ a—'ﬂ
) DjiCrp s & 8,7} = (aT -n )"'k»_eflm mnk P kx, t)}
x ka(x: §ty1) ='81¢p8A(x =&t —1) npu t > T.

3pech 5(x — &, ¢ — ) 06o3nauaeT S-dynximo lupaka.
" Jlerko nokazaTh, YTO BHpaxeHUe

Byxyt)= [ (Gl & 2, 1) apl& T) dEdr (4.37)
. 0
ABISETCS pelieHUEM ypaRHEHUS

AMAt > t, ¢ HaYalbHbIM ycaoBueM B(x, t ) = 0. lefictBureasHo,
nofiefictByem onepaTtopom 9 ; & Ha noze (4.37) u yutem ycaoue 3):

'g)ikBk = ,—f [ ijkap (%, & £,7) gp (§, 7) dEdr =
A .

=1 18,8 (x = &1 47) g, (£ 7) dEr = ¢; %, ). (439
0

KpoMe Toro, nokaxem, YTo 3a[iaya ¢ HayalJbHEIM 3HAYEHUEM

fD’.kBk =0 npu t> T, B,(x, 1) = B{” (x) (4.40)

MMeeT pemeHue B BUfe

By(xs t) = [ Grplxs & ¢, T) B;,'” (§) d€. (4.41)
Yrobet yOeauTbes B 5TOM, 3aMeyaeM, Bo-lepBhIX, UTO

D, Bi= 1 D4 Cyp ks &2, 7) By (8 dE= (4.42)

= [8;,5(x— & t—7) B (€) dE =B (x) 6(c —7)
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y, CAG0BATEIBHO, middeperumansHoe ypasHenue (4.40) ynoBaeTBopsk
@rcet 0d ¢ > T. Bo-BTOpIX, HAaxoMM Npy AI0GOM MONOXUTENBHOM € !

g te

[ ﬂ)’- & B dt =»B(’.6y,(ﬁ). (4.43)
T-f
B npefieze ¢ - 0 ¥ Mpi yueTe SBHOrO BUJA OflepaTopa EDi & TIOJyYaeM
B, (x, T+E) - Bj(xy T —& )+ O) =-B§” (x)
78K KaK 10 ONpefieleHunio Bi(x, T-€e)=0,a

lim B;(x,7+e) =B ().
’l +0

Taxvm 06pa3om, MOKA3AHO, 4TO Bbipaxenyue (4.41) fABJfeTCH pelieHneM
yPaBHEHMS MHAYKIMY [P} 33fiaHHOM HAUYANBHOM 3HAYEHUM MArHUTHOrO
noAs.

Mu e 6yniem obeyxnath o0uiyo npobieMy cyliecTBOBaHMS TeH30pa
a_“, M [ipyrue nofoGHbie npobmeMbi. B fanbhefiieM Mbi opparuunMes
crielMatbHHIMI THIAMHK [0As CpelHeli CKOPOCTH, IS KOTOPHIX AaMM
SBHHHA BMJ Ten30pa G p* Yrnomsuem, oako, 06 oanoll MnTepecHoll
npobaeme. Tensop G j p MOXET uMeTb cBolicTBO

G,P-'o l'lpu I — 7T >0, (4.44)

& MOXeT ¥ He UMeTh ero. Ecau on He obanasaer cBolicteoM (4.44), TO
npobieMa ¢ HayaJbHEIM SHAYEHMEM ypaBHeHus MHAYKIMK (4.40) umeeT
Helaryxawime pemenusi. Unaue ropops, 5To 03HauaeT, YTO NEpBOHA
WAJLAOE MAFHUTHOe NoJe He UCUe3aeT BCASACTBUE oMiueckol muccHia-
. Vinaykiponnoe felicTBue nons cpepueli CKOpOCTH NpeBHMAET NOTe-
PY MBrauTHOM SHEPIUM M3-33 OMMUECKUX NOTEPb, ¥ , CAC/IOBATEBHO,
MAriiTHOe NMOJe WY OCTAOTCS CTALMOHAPHBIM, WM HEOrDAHWYCHHO
Pacter, B o6oux sTux ciyuasx rOBOPST O MOfieM IMHAMO 'C CaMOBO3-
Gyxnermem.

Ho corsamenmio Mpi HCKMOUAEM BOIMOXHOCTD TOF'0, YTO CAMOBO3-
Oyxnanmeecs AauHaMo 00yCaOBAMBAETCA NOJEM CpeHMX CKOpOCTel.

cebs TAaKMMH NOJNAMH CpeJIHHX CKOpOCTel, /g KOTOPHIX Bbi-

lomsercs yanosue (4.44). Ilpu 5TOM OrpaHMueHt Mbi MOXeM peumMTh
Beo/moponnoe ypasienne (4.38), rae g(x, t) ssasercs 3ananHol ¥ orpa-
WiieHHOM 115 — 0 < ¢ < 4+ o0 DyHKIMeH:

Bihs 1) <1 1 G, 00, 8 £, 7) 0, (8 7) ddr. (4.45)
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Ecayu noae B, onpefieaseMoe Bupaxenusmu (4.37) uam (4.45), npen.
crapiser coboil MarHHTHOE noje, TO OHO HOLKHO GbITh CONCHOMANBbHEIM,
TposeprM Tenepb Ans 0boux STHX cayyaes, uto divB =0, ecan divg = Q,

U3 ceolicTBa 3) Tensopa Mpusa u onpenenenns (4.18) onepaTtopa

D; j nomyuaem

JG
d ¢ 9 kp 95(k— €,t — 1)
= D2Gpp=(— —nA) = 2 (4.
s, ikCkp % n oy %, (4.46)
" 3aTeM U3 BHipaxeHus (4.37)
(-2 _na)dive=f [ (= —na) Yo (&7 de -
ot 1 e _-‘o ot " 9%, P
L ® L B =&t —1) 1\ dEdx -
-l ) gp (Ex7) dEd
oo d
=f [8(x—&¢ —7) .ﬂ d&dr=-divq.
to 9§,

Takum 06pasom, Mbl HALLIM, YTO (ai —nA)divB =0, eamt divig=0.
t
Xopowo u3BecTHO, 4To pemenne U(x, t) ypaBHeHKS
(2 —nb) Ux, ) =0 (4.47)

TOX/IECTBEHHO PAaBHO HYJIO [ £>- £, €CJM OHO PABHO HYJIO [l ¢ =-L g
Tlone B , onpepeasemoe BuipaxenneM (4.37), paBHo HyJIO Aast

t =-t, ClefioBaTeNbHO, U div B =0 Ana ¢ =-t,. [loaTomy umeem divB =0

AnA Beex ¢t 3t 5y ©cmM div q =-0. To xe camoe uMeeT MecTo AnA NOAA

+(4.45), ecam uHTErpal JOCTATOYHO GLICTPO CXOJMTCS B NPESiGIE L -» — .

4.6. MpumeHeHne TEHSOPHOR dyHKuuH IMpuHE K YpABHEHHAM
SNeKTPOaWHAMHKKH CpemHNUX noned

C nomoubio Tensophoi ¢yuxmm I'puna MoxuHo npeobpasoBaTh
ypaBHeHUs, BBe/icHHbI® U3 uepapxuy (4.23), B urrerpaauddepeHmaib
Hbie ypasrenusi. Hanpumep, B ciiyuae KoppeAsiMOHHOrO mpyOmokeHnst
BTOpOr0 NOPAAKA HAXOAHM M3 BTOPOrO yPaBHEHUs cHCTeMEl (4.24)

Pmn(er. £, 7) ='ffG"p X+Ex+ 8t +10 +717) x

I;< Dpgr Omg®s €5 £, 77 B, (x + £y ¢ +77) dE"dx". (4.49)
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-

Ec/u 3aMETHTb, YTO X + § M ¢ + T SBASKTCS apryMeHTaMH ofiepaTopa
‘j)’,p go BTOpoM ypaBHenyu (4.24), CTAHOBUTCS MOHATHBIM MOABJEHNO

9THX apryMeHToB B Tensope I'puna B npasoii yacTy Bbipaxenns (4.48).
CorJacHO YTBEPX[IEHUIO B KOHIE NpefblAyero pa3fielia, BelMuuHa
P, OnpefeaseMas (4.48), ynosaerBopsieT BTOpoMy yCJA0OBUK (4.25).
'Bonee TOro, TaK KaK Q,q 0, €cm 1" > — e, TO yAOBIETBOPRETCH

u ycaosue (4.26). CrenoBaresbHO, MOXHO 38MEHUTb OCHOBHBIE YpaBHE-
K5 KOppeJsiMonHoro npubmoxenys BToporo nopska (4.24), (4.25), u
(4.26) Ba SKBUBANEHTHY IO CHCTEMY

9,-,.51.("'- t) = fD}'.-mn Pmn (x,1),

Prn{(%s e)=1(Tf an (x,x+§¢, t+'r)poq,.(qu(x, §t, 1) x
x l-i; (x+ & ¢t +7)) dE dt,

. 3B, (x, ¢)

-0. (4.49)
ox &

Cucrema (4.49) uMeeT oueBuAHOE NPeUMYIECTBO HAJ cucTeMoil (4.24)
¥ ApYTMMU ypaBHEHUsIMU: BTopoe ypasHenue (4.49) npsmo onpefeaser
BeJWMHY p,. -, B TO Bpemsi KaK BTOpoe ypashenye (4.24) onpefesser
BeMMuMHy £, KOTOpas HENOCPEeCTBEHHO He MMEeT OTHOWGHUS K Ha-
meli 3apave — onpefieleHuI0 CpeHero MariuTHoro noss. [losTomy Mox-
HO MIPE/ICTABUTH OCHOBHBIE YPABHEHUS KOPPEJSIMOHHOr0 MpHGMoKeH s
BTOpOro rnopsfiKka B Bufie Cleflyloueli cucreMsl unTerpomddepenipant-
HbIX ypaBHeHHM:

d d
’(‘5— -nA)sfn_Ei“ Elmn E“m‘x't-”Bn(xtt)”
Gy, (X, X+ & £, £ + 1)

= — d
= Tkl ElmnBpgr Erst ‘a_xk— ff aEq X

% Qs (’;: & t,1) E, (x + & ¢ +7) dEdr,

aBk(x’ t)
—_— =-0.

Ox,, (4.50)

H°“°6*Iy10 npoLeypy MOXHO NPUMEHUTb TaKXe B MPUOIMKEHUSAX BHC~
Nopankos, Taxk, B ciyuae KoppeZsaiyit TPeTbEro NOPAAKA NONYYASM
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‘cHCTEMY

E] S = B -
’(7 —qA)sin—EiklElmn 9% um(x,.t)an(X, t)=

k
0

9G, ;> (X, X+ & ¢, t + 1)
Prapny S ] ¢ e , ] ’
Eikl Elmn €5 k"1 El'm ox, ff . X

agk'

x1Q, 2%, & t,7)B_* (x+ & ¢t +71) -

aénv.’..(x+§,x+§+<q, t+T, L+ T+0)
) _Eink.l. El'm'n' ’T

a“lk" "
X Qi 00 & 2, 720 Byr (4§40, 1474 0) dndo | de
az?,,(x, t)
R Y (451)
ox

n
Hns cayyas koppeAsLuOHHOro NpUbIOKEeHHs YSTBEPTOro NOPSMKa UMeeM:

J = -
i(% —N8)8;, —€jkl Elmn 5 u,, (@) B, (x, t) =

3 aﬁn]-v(x. x+§ t, t+7)
= —{ El E lk l' El' ’ l fr " X
jkl “lmn ®j axk 2 a§k’

x{Q,° (x, &, £,7) En'(x+§_, t+T)—

3G, j" (x+ E X+ E+m, £ 47, +T4+0)
X
_Ei.k.l- "m0 ff

g

x[omm'm'(xs &nt T, 0) En' x+E+m, ¢t :l--r+a)—

_El.ukulu E1"m™n™ X

(" G, =X+ E+my X+ E+n+l, t 47140, t+T+0 +p)
I X

X (Qmm'm' m” & &t 1,0, P) _Qmm'(x’ € tyT) %

X

X Qur -+, l;—§+ N+, t+T+0, L+ THO +p)) x
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x By (x+E+q+1, t +7+0 +p) dldpldndo | dgdr,

3B, (x, t)

=-0. (4.52)
ox

Ecu Tenepb CHOBa BCTIOMHUTD, YTO BeJM4YMHA B ONUCHBaETCH ypaB«
HeHMeM MHIYKIMH
—-—

B e (uxB) — 1 AB =rot §, (4.53)
ot uo .

T0 CTAHOBUTCS OYEBMHBIM CJefiyiollee npeficTaBienye TypOyaeHTHON
gaeKTpoBHXYIel CUIH

8 =(TKyq (x, & ¢,7) B, (x— & ¢ — 1) dEdr. (4.54)

BripaxeHnue s TeH30pa K MOXHO NOAYYUTH METOAAMY SToM IIaBbl,
npHYeM OrpaHuyeHue npuﬁnmxeuuem HU3KOrO MOPS/JKA BHBHBAGTCS
ToABKO GBiCTpo Bo3pacTawimel CACKHOCTBIO BHUKCAeHHH.

B cayuae KoppeasuuoHHOM0 MpubImokeHUst BTOPOro MOpAaKa U3
-popmyami (4.50) [ npaBasi uacTb (4.50), coraacuo ( 4.53), aBAseTCs po-
TopoM -] nonyyaem

port 51 noay 0G,p (X X =& ¢, t — 1)

Kl;“:gy 191')=51mn5pqr Erst X
agq

x Qms (x,—&—1), (4.55)

a [ns npubmKkeHus TpeTHero nopsijKa u3 (4.51) caenyer
aGn.. (x,x — § ¢, t—1)
]
Klt(x9§’ :T)—-Elmnil'k '€y '[ P x
Cx

mem'(x'—g:‘s-T)sn"+ E]"k'l' 1" m"; X

. ff G, * (x, % —’§ sty t—1") )
agk.

aG,,"-' x—€,x=§ ¢ -1 t—1) .
X,

ag :

Qmm m (x' -§ » El ‘.—-'I' ,1' —T)JE’dT']O (4.56)
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Met He cTaHEM MPUBOAKTD 3fieck Ten3op K,, fas npubikenus ueTsepe
TOr0 NOpA/JiKa, KOTOpHIi MOKHO JErKo NoayuuTh U3 (4.52).

B pa3f. 2.4 Mbl yxe yKasuBaly, yTo TYpOyJeHTHAS 5JeKTPOABY-
xymas cuia G sBasercs mueltEbiM GYHKIMOHAIOM OT CpeHEro Noas
B. CootHoenne (4.54) BMecTe c (4.55) u (4.56), onpepeagOWUMHU BHA

Ten3opa K ] ¢» AAET Tenepb SBHOE NMpefCTaBJeHNe 3TOrQ GyHKIMOHaNA
Ias pasmyHbix ypoBHell mpubmoxerms,

4.7. O CXORMMOCTH KOPPENALHUOHHOIO NPUGAHXEHHA

Yrobb! MaTeMaTHueCKH NOATBEPIMTD KOppelaLMOHHoe npubmokenue,
PacCMOTpHM CHaYaja CXOMMOCTD psfia Mpubmixeruil 49 MArHUTHOrO
fiofs1, OJYYAEMOro U3 YPABHEHMUS UHAYKIHH.

Aas cayyas oTcyTcTBUS NOAA cpepneli ckopocTH TeH30p G ;p? BBE"
DeHHbI B pasp. 4.5, iMeeT BUA

Gip(x, & ¢, 1) =8;,Glx — &t — 1), (4.57)
] 0, t <0
pe Glx, t) = (MO )% exp (- BIF ), ;50 (4.58)
4t 4:
3amuem ypaBuenue MHAYKIMK (2.3) B caefyiolieM Byfe:
oB. aumBn
~—". —_— l AB.: € . E — . (4059)
at uo Y L "

Ucnoabsys ¢ynxipmio Mpuna (4.57), MOXHO OT 5TOr0 ypasnemus nepelith
K MHTEerpasibHOMY ypaBHEHUIO

B’.(x, t)=(CG(x —x",¢t —t,) B’- (x°y £ q) dx” —

t ’ » ..
—tik Elmntr [ oG (x axx' St =t") ulx”y £7) B(X" £ ) dx"ds”.
k
° (4.60)
OnpeneauM nocaefopaTeabHocTh noeii B V) * t)yv=0,1,2, .. ca

Rytonpm obpasom: B(®) (x, ¢) — npousBoabHOE MoJe,
B(]_“) s £) =fC(x —x", ¢ —t) B; (x; tq) dx” —
t 9G(x —x", ¢t —t°} e A pV -1’ "
=€kl Stmn [ ( P u, (x5t BY "D ) x
t, Xk

X dx’dt '-, v ='1, 2, sss o (4061)
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[
QueBuaHoO, uTO B (‘.')(x, to) = Bj (% t,) Ans moboro v > 1 u yro B Ccay--
yae CXOMMOCTH HoJle

B (x, t)=1lim B (x, )

v o0

gBJSETCS peuieHueM ypasHeHust (4.60) u, CliefloBaTeJbHO, peleieM
ypaBreHus MHAYKInoL (4.59). Takum obpasom, nose B (x, ¢) npescTas-
nseT coboif pelerye ypaBHOHHUSI MHAYKIMKM [l 3a/lauil C HayaJbHbIM 3Has
YyeHHEM.

Mui He GyZleM 3[eCh [ieTalbHO NPOBEPATh CXOMMMOCTb 9TOr0 psld, a
OrpaHHUMMCS HEKOTOpbIMY 3ameyannsiMus VI3 psaza (4.61) MoxHo noay-
yuTh Apyrofi psz, onpefenseMbill kak

L
b(® (x, t) =B (x, ¢), (4.62)*
bO(x, t)=BM(x, t)—B¥ -V (x, t), val,
¥ npeficTasuth B ) B BUje
B, t)= = bW (x ) (4.63)

v=o

Psp (4.63), kak nokasauno B paborax [112, 1131, aGcomorHo cxomTes
ANA MPOU3BOJLHBIX HauaJbHBIX SHAYEHMI ¢-M ¢ ) ¥ OrpPAHMYEHHOTO [0
ckopocreii u, Ilpu sToM Tpebylorcs Takke onpeleseHHble YCNOBMS OTHO-

CHTEJIbHO HempepbIBHOCTH U muddepenuyupyeMocTy GyHKIWH, UCNoIb3y-
€MLIX B 3aJlaue, KOTopbie MBI He By[ieM 3/1eCb KOHKpeTUSHPOBaTb.
Ecau Tenepb nocrponts psin B V) (x, ), nosaras

BOY(x,y t) = [Glx = X"y t —2g) B;(x", ) dxy (4.64)

TO U3 (4.61) MoxXHO noAyuUTH cJellypiyee MpelicTaBJEHKe:
BM(x, t) = ¢V, x", ¢t, to) Bp (xy t5) dx’, (4.65)
I ’ ip

Il Tensop G(].‘_'p) (x, %", t, t,) ONPELEATIOTCH BLPAKCHUSAMI:
(0 ’ .
c";(xlx ,t,to)=8ipc(x_x ,t—‘o)’

Cs."p)(x, X'yt £,)= 8;,Clx —x",t —tg)+
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t  IGx-x"",t —t")
ekl S [ f
‘0

u (X” ¢ ")IX
axk " ’

1

x Gﬁ“p' D", x5t ", ) de7de”. (4.66)
CX0omMMOCTb NoceA0BaTebHEX Ten30poB GV oBecneuena cxommo-
cTbio nocefiopareabocTy B (V) . CaenosaTe.bho, peKyppeHTHOE 'COOTHO:
weHue (4.66) paeT BO3IMOXKHOCTD NpeACTABHTL TEH30p G ip? BBeJIeHHbI
B pa3sf. 4.5, B BUfe
G;pls %758, o) = lim c§V3 (X, X2, £)e (4.67)!

V00
,

30 NMpeCTABJGHKE rapaHTUPYeT CylecTBOBaHKe TeH30pa G jp DA Jo-
Gorro orpanuyeHHOro NoJisi CKopocTeH.
PaccmoTtpuMiTenepb ypaBHeHHE

B, ow. B 1 dur,B,
] mn _ ___AB.==% E —_—
ot _EI' ki Elmn axk o I jki =Lmn axk ! '
(4.68)
i

» »
U IyCTh Gi p(x; x",t, t") sBAsercsa Ten3opom I'puna Jepoll yacTu

97010 ypaBHeHus. Y pasHeHue (4.68) MOXHO 3aMEHUTDH MHTErpaibHHIM
ypaBHEHHEM : -

Bi (x, t) = [Gpx, X"y, ty) Bp(x',to) dx’” -
acf‘fx}x’9 L, ")

ul (x5 ") B (x", ¢") dx"de” (4.69)
ax;

“Epkl Elmn fr

u onpefieauTh nofo6Ho (4.61) nocaenoBaTenbHOLTH Noneli 8¢ (x, ¢)
cooTHowenuaMu: B (! (x, ¢) — npou3BOJIbHOE 1OJe,

gj(v) x,t)=[ GfP(x'x’»’ t, ;o) Bp(x" to) dx’ —

t ' 9G, (x;x",¢, t°)
—epit Elmn [ [ LA

| to ax,:

u;"(x’, t') X

xB'('V _l)(X',t')dx'dt '. ‘4.?0)
HeT HeoGXOIMMOCTH CHOBA NPOBEPATD CXOMMOCTD STOM NOCJe0BATeAb”
HOCTH. MOXHO Takxe onpege uTb NOCJe0BATSAbHOCT
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PO xy2) = BO(x, ), b™x, £) =B® (x, ) B —D(x, ¢)
(4.71)

x npeficTaBuTh nose B () B syje psna

Bl t)= = BM(x, o), (472)

v=0

xax 970 OBLJO CllefaHo nosje BbIpaXeHUA (4.61). Psin (4.72) Takke MOx~
HO NOAYUHTh NOACTAHOBKON u = + u” B (4.61) ¥ BHINONHEHUEM HEKOTO
puix npeobpasobanuit. [lockoabky fokasano, yro pa (463) abcomorno
CXOMMTCH, TO Xe camoe BepHO s pana (4.72).

Tenepb oueBHIHO, YTO KOPPEJALMOHHOE NPUGMOKEHNe OCHOBAHO Ha
cxopsmefics npoe/iype: Mbl BAXOAMM 1OC.ie [OBATE ILHOCTb g (x, t),
v=-=0, 1,2, e, Nonaras B dopmyaax (4.70) B -8, onpéneasiem
noas

g u® x Em, (4.73)
Tpesmonaras BO3MOXHOCTD H3MEHEHUs NOPAAKA onepamii iepexofia K
mpefieJy ¥ yCpe[HeHH s, NOJyyaeM, YTO NOCAEeJ0BATeNbHOCTD (4.73) Tak-
xe cxomrcs. ClefioBaTeIbHO, MOXHO NPEACTABUTD 'rypby.uen-mylo
SJASKTPOIBIKYILY IO CUJIy B BUfie pefieJa

S, e)=lim G™ (x, t)=lim u’(x, t)x 8™ (x, z) (4.74)

n-»>00 n-'°°




Mnasa 5. [IBYXMACLLTABHAA
. TYPBYJIEHTHOCTb

5.1. BeopaHble saMeuyaHun

MbI ykassipady B pa3fi. 2.2., 4TO He OysieM CCHINATBCS Ha NPUPOy
onepalyy yCpeAHeHNsl, HCTIOAb3Ys TOABKO CBolicTBa (2.4) U MpaBuaa
Kommyzalmi, OfHaKO eciy Teopus NPUMEHEHa K OIMCAHNUIO onpefieicHHo
ro HabaoneHus uiy usMepeHus, To B GoJbIMHECTBE CllyyaeB [IONXKHO Mpo-
USBOMMTLCA yCpeHeHKe N0 NPOCTPAaHCTBY UiM BpeMenu, B sTom cay-
4ae, B YACTHOCTH, NPaBUIA yCPEIHEHUS

F=F, F =0 (5.1)
BLINOJHAITCS TOMLKO NpuGmoKeHHO, OHY BLINOJHSAIOTCS TEM Jyylie, Yem
MeHbllle XapakTepHble MacwTabul ¢aykTyaimii no cpaBHeHMI0 C MacuiTas
6amu cpenHux noeii,

Mostomy, uMesi B BuAy NpUIOKEHHS TEOPUH, yMECTHO TpeGoBaTh,
yTO0b! BHIMOMHANMCH HEPABEHCTBA

A, KA (5.2)
Win
Teor €T (5.3)

uin o6a 5THX HepaBeHCTBa OJHOBpPEMEHHO. 37iech ¥ fialee  u T 0Bo3uas
YaloT XapaKTepHble NPOCTPAaHCTBEHHbI # BpeMeHHoll MacuTalu CpeARiX

noseli, EcJin BHNOJIHEHO OIHO U3 HepaBeHCTB (5.2), (5.3) uim 06a cpasy,

TO F'OBOPAT O AByXMAacHTaGHOM TypOyIeHTHOCTH.

Yxe B pasp. 2.4 6610 NOKA3aHO, YTO Typﬁy.uen-man SJIEKTPOABUXY*>
mast cuja ABASETCH GYHKIMOHANOM OT BeJHUMH B U,u” uyTo peanbrbiil
Bkaaf B § nalor ToAbKO Te uX 3HAuEHMS, KOTOphe B3ATH M3 HEKOTOPOH
OKPECTHOCTH paccMaTpuBaemMoli NpocTpaHCTBeHHO-BpeMerHof Touku. B
cayyae fByxmacmTabHoll TypOyneHTHOCTH, T.€. KOT/3 BHUTOJHEHD! HepaBeH™
crBa (5.2), 1 (5.3), Bemuuny B ynobro npencrasuth psinom Telinopa ¥
nonyuuThb Buipaxenue aas § B pune



Heyxmacuirmabras mypbynenmrnocms 65

—_ - o 9B ey 9B
(== ’ . = N “e + 8 ;i + oo
G, =@ xB); g(:_u;_)B, + 85k po ij ki .
g {x+ VB,
+ glon _L + go 3" B, oo + gV) _f_.__L
L A T KLY fkleen O 9y ... Om, ™)

(5.4)

Ten3opHio KOSuLIUEHTH: g4Y)  sBasi0TCA QyHKIMOHALAMK OT U
u u’. Ecm B pasnoxenuy (5 Ay YUTeHb! MPOCTPAHCTBEHHbIE MPOK3BOA-

HBI@ BILIOTD [I0 NOPSAKA X, & BpEMeHHbe — [0 NOpAIKA v, TO OXHIREMAR
omuﬁxa uMeer nopﬂnom

o (— Vi )

cor cor

Yo (

T

Ec:m qurbmaercn 06paTHAN peaKLusi MBrHUTHOTO NOAk, TO MONA
cxopoc'reﬁ U ¥ u” 3aBucHT OT B . BAXHO OTMETHTL, UTO B 9TOM CJyyae
pasnoxenye (5.4) He Hapymae'rca, TOJLKO TeH30PbL g(KV) ., ABISIOTCH
Tenepb QYHKLUHOHANAMY OT u, u” U B.

5.2. 'UsoTponHblie TEH3OpL!

Wsorponus TypOyeHTHOCTH [OMKHA OTPAXATbCA B CTPYKType TeH-
30POB g; . . . p- ANs U30TpONHOI TypOyJeHTHOCTH BCe CBS3aHHbE C Hell

CpeflHue BeJMUUHBI OCTAIOTCS NPY BPALGHUAX HeU3MEHHbMU. Tensophi
€ 3TM CBOACTBOM Ha3BIBAIOTCS MSOTPOIHHIMH TEH30PAMM.

Msl yxe 3nHaeM M3OTPONHbIE TEH30pHI, Hanpumep Ten3op Kpoxexepa
5,-,. 3TOT TEH30pP MMeeT OJMHAKOBHIE KOMINOHEHTH! BO BCEX KOOPIMHAT
HBIX CHCTeMax; MOHATHO, YTO STO SKBUBAJNEHTHO CBOfiCTBY MMOTh Heud-
MeHHble KOMIOHEHTB! MpK NpOU3BOJbHOM Bpawenu. Tensop € ; j i FBAAIOT
CA NipMMePOM M3OTPOIHOrO TEH30pa TPeThero paHra, a npousaenem&e
TEH30poB & ij Opy SBASETCS MIOTPOHHBIM TEHIOPOM UETBEPTOrO para.

POBEpHM TeNepb CJe/Iy e COOTHOWEHNUS, KOTOPbe BAXHL A5
HauMx flanbHeMX BEIBOJIOB.
1) Ecan Tensop BTOporo pasra a i WeoTponHili, TO
a.’. ='38--¢- (5.5)
2 Ecau tensop Tpetbero panra a { & WBOTpOMHLIM, TO

Yijk=Pe;ipe (5.6)
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3) ticau TeH30p YeTBEpPTOro paHra a; jkl M30TPONHbI, TO
@ikt =080k + b8y +eb; 8y (5.7)

OGo3nauuM MaTpully BpameHus yepe3 Di’., npMYeM uMeeM
KomnioneHTH! Ten30pa npeobpasyiorcsi Mpyu BpalleHu! AO  PABUIY
a(i"?‘) =Di,¢ Dil akl (5.9)

M, clle[loBaTeJbHO, AJIs USOTPOMHOIO TEH30pa BTOPOro paHra npu mpous-
BOJIbHBIX BpallleHUAX BBINOJHAIOTCS COOTHOLWICHUSA

aii =Di,¢ Dfl akl. (5.10)
PacemoTpum ciavana paumenye Ha 180° Bokpyr ock x,:
-100
(D(i-;'.’) =1 0-10 (5.11)
0 0 1

Nopcrasaas marpuuy (5.11) B COOTHOWIEHME (5.10), Haxomum
a13= -a13, a31= _a3ll am=_am, a32=-_am (5@12)

U Opyrue COOTHOWEHUS, KOTOPHE TOXAESCTBEHHO BHNOMHEeHb. CooTHO
mehus (5.12) o3HavalorT, YTO

an=a31=a23=-a32=0, (5013)

Ecau Tenepb copepumTh Bpamenue Ha 180° Bokpyr ocu x,

-1 0 0
(D® )= 0 1 0}, (5.14)
g 0 0 -1
TO NOJYYUM AONOJHUTEABHO
Paccmo'rpuM Ialee BpalleHye npocTpaHcTBa Ha 90° Bokpyr ocu %!
5 0 -1 0
(D(i-’;.)) =] 1 0 0] (5.16)

0 0 1



eyxmacumabuan mypGynexsmuocmb 67

flopcTaiast Matputy (5.16) B bopmyay (5.10), nomyumM
(5.17)

' _-=la 2"

11
ABaJIOI‘W-lHHM oﬁpasom, paccmaTpupas BpaueHue Ha 90° BOKpYI" OCH -
%, paitnemM

‘11 = 033' (5018)

dopmyat (5.12), (5.13), (5.15) u (5.17), (5.18) nokaspiBaior, uTO
ysoTponHEIf TEH30p BTOpOro patira feficTBUTENbHO MMeeT BUA (5.5).

AHanoruuHo MOXHO ioka3aTb yTBepxienue 2). /lns u3oTponHoro
peH30pa TPETHEro patra [oNXHO BHIMONHATHCS COOTHOLEHNE

8;1%=Dil PimPin @ tmne (5.19)
PaccMOTpUM CHayalla Te KOMIIOHeHThl, KOTOphie MMeIoT O[MHAKOoBbIe [IBa
uwm TpH unpexca. lofcrasaas DG i D$P B poipaxenye (5.19), Haxo-
MMM COOTHOLIEHNS, KOTOpbIe TIOKA3LIBAIOT, YTO STH KOMIOHEHTH! paBHBI
CBOMM TPOTHBONOJIOKHEIM 3HAUEHHAM U, CASIOBATENbHO, PABHBI HYJIIO,
TaxuM 06pa30M, HE PABHBIMU HY JI0 MOTYT GBITh TOJBKO KOMIOHEHTHI C
pasuniMu MEfekcaMU, [IpuMenss Tenepb MaTpuuy D(ii;,) , KOTOpas onpefie-
asercs (5.16), k BHUMCIEHUIO KOMIIOHEHTH! @ 1230 HAXOMM

a = -

123 (5.20)

Paccmarpusas Takxe ppamenus Ha 90° Bokpyr oceit x, ¥ x,, NoJyuaeM,
YTO niepecTaHoBKa Jobo#l napb MHIEGKCOB MPHBOMUT K M3MEHeHHIO 3Haka
komnonentsl. Takum o6pa3oM, n30TponHblli TEH30p TpeTber'o paHra
meeT Byl (5.6).

M5 usoTpONHOrO TEH30pa YETBEpPTOro paHra a ij ki ROIXHO BHINOZ-
HATBHCH COOTHOMmEHKE

213

aiikl = DimDin kaDig amnpq‘ (5-21)
Paccma'rpman Bpallenns Ha 180° Bokpyr koOopIuHATHBIX ocefl, MoXHO
*rko ybemThesn, YTO UCUE3al0T BCE KOMIOHEHTH, KpOMe TeX, KOTOphie
¥MEIOT yeTHOe YHCJIO OMHAKOBHIX MHAEKCOB. [Ipon3poss ppamenys Ha
8¢e BOKpYr KOOpAMHATHBIX ocelf, nodyyaeM u3 (5.21), YTo MOXHO nepe-

CTaBuTH MecTamu N00bie IBa MHIEKCA Ge3 M3MEHEHNT 3HAKA KOMIOHEHs
T, B pesysbTaTe HAXOMMM ueThipe IpYMIb! O/MHAKOBBIX KOMIOHEHT

a _ - -
1 = Oggp = B33 =4,

P 3 - . _ o
12 = Gy = Gyyqy = Oygy = Gpgy = Oy =B,
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=C, (5.22)

=q = a = D
@ oo = %12 = %1331 = %ais T “2am T “m;m .

= = = = =aq
@12 = %n21 = G133 = %3 T %23 = %232

Vnrepecro oTMeTHTb, 4TO B (5.22) MMeeTcs yeThipe CBOGOAHBIX Napa-
MeTpa, B TO BpeMs Kak B (5.7) UX TOJbKO Tpu. Jaf OKOHUATENbHOro
pellieHns PACCMOTPUM NMPOM3BOJAbHOE BpallleHne npoc'rpaﬂc'raa BOKpyr
ocH x,, 3ajlaBaemoe MaTpuiieil

cos p —sing 0
Di' = { 8in @ cos p 0], (5.23)
" \o 0 1

I'lie p — yroa spaueHus, [loacrasassa (5.23) B cooTHOmenue (5.21), no—

Ny4uM [ KOMIOHEHTHI @,  BbIpaXeHHe
4 ind 2 102
cos® @+ Gy, Bin @ + co8” @ 8iD° ¢ (a1122 + Gy +

). (5.24)

%1111 = %un

a a
Ot %un t % Y %ap

Tlpu yueTe o6o3Hauenuit (5.22) ¥ ToxgecTBa cos * ¢ + sin? ¢ =
=1 -2 cos:? ¢ 8in? ¢ 9TO BbIpaXEHUE MPUHIMAET BUT

A<A+2cos2osinzp(~4+B+C+D), (5.25)
OTKyJa BBUIy NPON3BOALHOCTH @ ClelyeT

B coraacuu ¢ (5.7) uscao cpobomHbIX napaMeTpoB YMEHbIKAOCH [0 TpeX.
Jlerko BupeTs, yTo (5.22) 1 (5.26) TOXpECTBeHHO coBnasalT ¢ (5.7), ec
M opuHATb B=a, C=b, D=c.

Yro xacaeTcs H3OTPONHLIX TEHIOPOB NPOM3BOJHHONO  paHra, TO yKas
XeM TOJbKO, YTO Takie TEH30PH YETHOI'O paHra npelcTaBAsioT B BUe
CYMMH! Npou3BefieRnt S~TeH30poB, a TEH30pbl HEYETHOI'O PaHra — B B

fe CyMMBI TEH30pOB, KaXIblil U3 KOTOPBIX €CTh NPOU3BEJeHHe ONHOIrO
e~T€H30pa Ha 5-TEH30pbl.

IlpusenemM Tenepb NpumMep KCNONb30BAKUA COOTHOWEHRMI 1) 1 3).
PacceMorpum uHTerpads

[IE)E; € dg n [fEE & ErEdE

rue f(€) ~ dynxuus ot § = /€2, ucuesawuas JoCTATOUHO GHICTPO MPK
£ o9, uTOOL O0eCneupaIach CXOMMOCTD yuTerpaioB. OueBuano, yTo
oba yHTerpaia ABAAIOTCH WIOTPOIHBIMKM TEH30paMy, NI03TOMY, COrIACHO
coorHowenuaM 1) u 3), umeem

[fIE)E; & dg= 48,



Heyxmacumabuan mypOynenmmnocmo 69

() €; § €&y dE=B®;; 8y +8,8;, +5,8; 1) (5.27)

Bo BTOPOM BBHIPAXEHNK Mbl HCNIONL30BAM CHMMETPHI0 MHTErpana OTHO
cUTEJbHO BCEX yeTbipex MHfekcop. CyMMupysi fio napaM MHIIEKCOB B
(5.27), noayuaem

(i) dE= M, (f(€) € 4E= 158, (5:28
¥ OKOHYATEeNbHO ¥MeeM
(1(€)€; & 46 = 5 [1(6) €2 d; (529

1
[EVE; € ExEr 98 =8y Bt +5:sBju +0ubjn ) 3¢ [ f(e)€* 5.

(5.30)
5.3. CTpyKTypbi TEH30pOB g

ewenl

PaccMoTpimM /iBe (M3KuecKue CUCTEMEI, NOBEPHyTHle OTHOCHTE b=
HO ApyT Apyra, 1 Npolecchl, NPOMCXOAAUNME B 3THX cucTeMax. Cornacto
obupm 3aKoHaM (PU3NKH, BCE TPOLECChl B STHX CHCTEMAX NPOUCXOAAT
OMHAKOBHIM 06pa3oM, [losToMy TeH30pbl, ONKCHIBAKLRE (u3myeckue
BeJMUUHE B Kakofi-mi6o pannoff cucteMe, JOMKHB MOJYYATHCH U3 COOT=
BETCTBYIOUMX TEH30pOB B NMOBEPHYTOH cycTeme B pesyJbTaTe npeobpas
30Banus BpalieHus. PyHIaMeHTa bHbIC CBA3M MexX/y Pu3UIeCKUMH BeJH-
uMHaMK He 3aBUCAT OT BbiGopa Tolt nm yHol cucrembl. CrenoBarenbHo,
CBA3YU MEX[ly TeH30paMy JOJDKHbI OCYWeCTBAATBCS TEH30paMy, KOTopbie
VHBAPHAHTHLI CTHOCHTEALHO BpalleHusl, T« USOTPONHBIMK TEH30PaMU,
B mamem yacTHOM cllyyae TeH30pHI 8ij...n BBEMCHHbIE B (5.4), moa-
XHbl 6RITH CBA3AHB! NOCPEICTEOM M30TPONHBIX TEH30PO, ¢ TEH30PHLIMU
BeJMuMHaMy, XapakTepu3youymy TypOyienTHOe ABMXeHHE,

Xopouo U3BECTHO, YTO MOXHO NOAYYHTb peaibHylo (U3MIECKYIO CHce
TEMY C MOMOUbI0 OTpaXeHus Kako¥-ambo [Ipyroft cucTeMsl, Kak STO yxe
obcyxpanoch B pasp. 3.3. [TosToMy (yH/IaMEHTANBHbIE COOTHOWEHNA,
CBA3bIBAOUME QU3KIECKHe BEIMYMHBI, LODKHBI OCTaBATHCH HEHM3MEHHH ~
MM OTHOCHTeNIbHO Onepauuy oTpaxenns. Panee Mbl 0TMeuay, 4To Cy-
WEeCTBY I0T BeKTOpHblE BEJMYMHB C Pa3/MYHLIM NoBeieHMEeM MpH OTpaxe-
HHAX — noJsipHble U aKkcualibibie BeKTopbl. YTo6bl 0606IMTL 5TO ONpe-
fenenye, paccMoTpiM TEH30p n-I'0 paHra a ipigeeip? noJiyyeHHbi#
TipoM3BeientieM n BEKTOPOB, U3 KOTOPHIX k -'aKcuangxme, a(n~k)~
Toaspunie BekTopel. [pn oTpaxenun, coraacto (3.2) u (3.3), aTOT TeH-
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30p npeobpasyeTcs clenyommuM obpasoM:
el (x,t) = (~1)" ~*a, . (~x; ). (5.31)
n

Ecau k neyeTHo, TO N0 onpefieneHUIo UMeeM NCEBIOTEH30D, a A k yer-
HOro ~ Ten30p, Takum obpasom, Ten30p NMPOMSBOABLHOrO PAHra MNpH OTpa-

XeHuy npeobpa3yeTcs Mo 3aKOHY »
(red A—-
a i;---in(x't)=(-l)na"1""n( X, t), (5.32)
U NCeB/I0TeH30p Npeobpasyercs kax
a0 & 1) = (=12 6 oty % ) (5.33)

Tak kak TeH30pb 5 ij We;j 4 VIO ONpENeNenyio NOCTORHHbI, TO, COr
JacHo (5.32) u (5.33), 8 FABJAETCS TEHIOPOM, & &;; ;. ~ NCEBAOTEH30pOM
Bcrencteue paanmmoro nopefieHKs TeH30pOB U NCeBAOTEH30DOB
NIpM OTpaXXeHUAX [Be TeH30pHble BeJMYMHbI MOryT OhITh paBHKIMM, TOJb-
KO ecjs1 obe OHM Wi TEH30pbl, Ui NCeBAoTeH30pbl. Tak kak TypCyaient-
Has snekTpomBixymas cuia § spaserca noAspHLIM BEKTOPOM, a CpeHeE
MArHiTHOE NOJIe ~ AKCHANBHEIM BEKTOPOM, TO BCE BeJHuMHb Bij...n

BBelenHble B (5.4), foNXEL GblTh NCEBAOTEH30paMil,

8.4. NpumMepbl TYpSYNEHTHLIX SNEKTPORBUKYLUWX CUN

CrpykTypa QyHKIMOHANA, OMMCHBAINEro CBA3b MEX Ay GuB;
cTaHOBUTCA Gonee scHOM Npy lyueTe pe3yAbTATOB NpefbiAylero pas-
pena. B pasbreftiieM Mbl orpanuumMes cayyaem, koraa B pape (5.4) no-
CTaTOYHO YUMTHIBATH TOJNbKO NPOCTPAHCTBEHHME NPOX3BOAHBIE BILIOTD
Bo .#epsoro nopsaxa.’ B sTom ciayuae oxniaeMas ommOxa uMeeT nopd-
nox semunnet Of (A __ /)% T, /7. Yripomas obosHavenus

cor

o 5 ik ’ b.','t = 6(:;’} ’ (5.34)
noJyuM BMECTO psifia (5.4) clepyiouiee BhpaxeHHe:

. 38,
gi =Gk Bk +bip 9%, ’ {5.35)

rhe g W by, — NICEBIOTEH30pPbl, ABKCSLIE OT U M u”.

B xauecTse nepsoro npumMepa Bo3bMeM OJHOPO/HOE M30TPONHOE
U cTaupoHapHoe noJe TypOysenTHbIX ckopocTeli u” ¢ papHoi HyJuo cpeft
Helt ckopoeTblo (U = 0). B gaunoM cayuae npurofHnl Als NOCTPOSHNA
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et b ; j.y TOMBKO U3OTPONHbIE TEH30Phl, ¥ OITOMY, CONNACHO
pasfl 5.2, UMEeeM

a; =08 bigr =Beikis (5.36)

rje o ABASeTCS nceBfockanspoM. Takiv obpasom, aasa TypOynenTHol
3JeKTpOoIBHXYlle# CHJbl ToJlyyaeM BhIpaxeHHe

G- aB —prot B, (5.37)

cosnapawouee o dopmyodt (3.5). Ecau npunsts, uro TypOyAenTHoe no-
Je u” 3epKalbHO-CHMMETPUUHO, TO KO3QUIMEHT o UCUe3aeT, TaK KaK
OH [0JDKEH U3MEHUTh CBOJ 3HAK Npy OTpaxeHuyu, B TO BpeMs Kak noje
u” He u3MeHAeTCSH.

CaepyeT oTMETHTD, YTO [/ OIMCAHKS peanbHOil] AOCTATOUHO pad-
pyrolt TypOynenTHOCTH, HE NMOJBEpKEHHOI BRELIHEMY BAMSHUIO, XOPOLIIM
npublrkenueM sBASeTCH Mofieab OHOpO/IHOH, n3oTponHoft u 3epkaibHO~
cummeTpuutolt TypGyaentnocTi. Hanpuvep, stum ceolicteoM obnajaer
TypOynentnocThb, Bo36yX/iaeMas B OIHOPOHOM TeueHUM pemeTkol Ha
HEKOTOPOM pacCTOfHMK OT pelleTku. HeuspecTun ycnoeus, koraa ta-
kas TYpOyneHTHOCTD He 3epkalbHO-cMMeTpuyHa, [losToMy mpefpiny-
umit npyMep ABAseTCH akajemMuueckuM. TeM ne mMeHee Mul Gyniem ero
obcyX/iaTh, NOCKONbKY OH MHTEpeceH B IMHaMo~TeopHH. Kak Mbl yBUIAM
B OHOM U3 NOCJeyIolMX HpHMepoB, Ha CAMOM JeJie CyllecTByeT peadb~
HAs TYpOYJEHTHOCTD C Heucue3ammM KosQOUIMEeHTOM a, HO TONbKO
HEeu30TpONHas.

B kauecTBe mpyroro npuMepa BosbMeM cHOBa u = 0, a TypGyJenTHOS
IBMXEH’e NpuMeM aHW3O0TPOHHBIM, AHU3OTpOINMS OGYCAOBAEHA BEKTOPHBIM
fioJieM g, KOTOpoe MOXeT ObiThb MoJieM I'pa/yeHTa MHTEHCUBHOCTH TypOy~
JEHTHOCTH MJYM NoJieM rpajyeHTa NIoTHoCTM. OrpaHnuKMcs npy nojyye-
HYM NCeBAOTEH30pOE a i ¥ bijk JUHEHHBIMY BHIPAKEHUAMH OTHOCUTENb~
Ho BesmumHb g. Takum 00pa3’oM noAyuuM

S k=Yerki &> biki =Btip (5.38)
Mas Typ6ynentholt snexkTpomBIkywe CUIbL 3TO flaeT
G=—BrotB—ygxB. (5.39)

JnexTpooBKkywAN cuAa, NepHeHUKY ARpHas g U B, B Manbheiimem GyzeT
MHTepnpeTHpopana Kak 9¢dekT HakaukM.

B nauiem TpeTheM npuMepe cpeAHMM ABIXEHHEM MOXET ObITb TBep~
AoTenbHoe Bpauienye, a Ha TypOyleHTHOCTb u” GyIyT BIMATD CpefHee
PBRXerye u u yraopas ckopocTh Q. B mmeitioM no U 1 Q npubmokery
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noJyyaem

@)=Y & b1 By

bipr =Beia—B 1D By ~B, B B Bise (5.40)
Orciopa s TypOynenTHol snexTpospUXyliell cuJbl Haliiem
G=—Pprot B~y uxB —p, (@ grad) B—p, grad @-B).  (5.4])

Unen ¢ B | He BHOCHT BKJa[ia BCIENCTBHE CONCHOMIANBLHOCTY N0 B.
Ipemonoxum, uTo MOXHO npeHebpeub BIMAHNEM CPelHero ABHXERs,
T.€e y" =-0. Torna B oboux noclesux MpUMepax Mbt HMEeM [eJo ¢ Typ-
6y leHTHOCTBI0, onpefielisieMolt TOIbKO OfiHOIl BEKTOPHOH BeJMUUHOIL
Ho, nockoabky B nepoM cilyyae g — NOJApHblii BEKTOp, a B ApYroM
Q — aKcHalbiiblil BEKTOP, MbI NOJyYaeM COBEpIIEHHO pa3Hble pe3yJbTas
Thie

®opmya (5.41) onucbiBaeT TYpOYAEHTHYIO SNEKTPOABMXYLYIO CILLy
nas cayvas typOynenTHocTH, Haxo[sameiica nog AeficTereM KOpPUOIBCO-
Boii cuibl. Ee MoxHo nepemcars B BUge

G=—B rot B -y';x B +uB, Qx-j- — (@, + B,) grad (Q °E). (5.42)

Kax Mpt B fanbnefieM yBuiuM, S1€KTPOABHXYLIAA CHAA, IPONOPLMOHAID-
HaaQ xj , MOXeT TipuBecT! K AelicTBUIO OMHAMO,

Haw ueTsepTift npumMep TecHo cBA3aH ¢ TypOyJEHTHHIMY ABMXKE-
HUAMM B KOHBEKTHBHOM CJioe. Bpallalowerocs Tesa, 3uech clefyeT
yuecTb, YTO MIOMUMO YrJiOBOJ CKOPOCTH BhifleJIEHHbIM ABJAETCH paauaib-
Hoe HaipaplieHne. 3Ta BLIJENICHHOCTD CleiyeT yXe U3 NeOMePPUYECKUX
coobpaxenuii; Gollee TOro, rpaiMeHT MIOTHOCTH MJM TPAIMEHT MHTEHCHB-
HocTH TypOyaenTHoCTH MM 06a BMecTe JOJKHB ObITh NMapanenbHbIMK
panuanbioMy Hanpasienuio. Takum obpa3om, mMeeM TypOyneHTHOCTD
Mpy HAIMYMM NOJSAPHEIX BEKTOPOB U M g U aKCHAABHOIo BekTopa Q. CHo-
Ba npefinoJaras JMHeHOCTb, NOAYYNM

6=l (@ Q)8;; —o; 8 Q%5 BkQ; + Yeik B +Y &
(5.43)
bipy =Bejpy —B ;2 8r1 =B, by —B 32,5, (5.44)

Crenosatenbho, fns TypOyenTHOH 2aexTponpixymell GUIbl B KOHBEK=
THBHOM CJl0€ Bpallalomerocs TeJja HaXo[uM BblpaXeHue:

G =—p rot B -yng -y';xi -B,(@ -grad)E —p, grad Q-u) -
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~a(g-Q)B -a;(9+B)Q—-a’, (R+B)g. (5.45)
0Oco6o OTMeTHM fosBJeRNe 3eKTpoIBIKylel Cuibl — a | (g » Q) B, Ko~
qopasi apajiielibia cpe/iieMy MarHuTHOMy moaio. B otauuue or nepsoro
npuMepa 3[eCb ACHO BU/HO, YTO 3Ta SJEKTPOABUKYIIAS Cilia MOXET
GBITD BIOJIHE €CTeCTBEHHBIM SBJEHIEM B KOHBEKTUBHOM CJloe Bpalai-
merocs Tela.

3 npe/bifiymero paccMoTpeHist CTpykTypsl § Mul He cpenanm ka-
gux J160 BHIBOJOB 00 OTMMuMM OT Hy s KOSOPUIMEHTOB o, B, v, sm «
97oT Bonpoc TpebyeT HOMOJHUTEebHBIX MCCAeioBaHMii,

5.8. MNpencrasnenve TeH30poB g;; . ,

Ipexne yem nodyyaTh pe3yJibTaThl, 00beMHAs BHIBOAL 3TOM ¥

npemblywed rias, X0TeA0CH Gbl OHEHWTb, HACKONBKO Mbl NPOABHHY MCh.

Coornomenus (5.37), (5.39), (5.41) u (5.42) 1a10T HOBOJbLHO KOHKpeT-
Hble BolpaxeHns ana TypbynentHolt snekTponsuxymelt cus G, Henss
BECTHbIMY BEJMUMHAMY ABISIOTCH TOIBKO CKaliphl o), o7, a3, B, By,
B, Bss v, Y » CymecTsenHo, uTo 3Tu Bripaxenys s § nonyuensi
Tpy JOBOJILHO C1aGoM OrpanHMUeBMH: MCHOJIb30BAJIOCh JMilb CBOHCTBO
meyxmacurabHocTH TypOyJeHTHOCTH,

OxonuaTenbhoe onpefielenne G Tpebyer, koneuno, obuero peliess
npobnempr TypOyleHTHOCTH, KOTOPOr'O NOKa He cyllecTsyeT. OAHAKO, Mo-
CKOJIbKY B HallleM CJy4ae Heonpe/iefeHHb! TONLKO HECKOJBKO CKalfpoB,

TO HeLOCTATOYHOCTb TEOpUU 'rypﬁynen'moc'm ABJfeTCA [esoM BTOpPO~
CTeleHHbIM .

Wcnonb3yem Tenepb pesyabTaThl npedpiiylielt raassl, yToObl noay—
WHTb Goliee AiBHBIE BblpaxeHus Al MCEBAOTEH30POB 8ij o lpen-

CraBiss B B (4.45) dopmyuaoit Teitnopa u cpasHuBas peSlebTa'l‘bl c {5.4),
JerxKo nojsyyaem

% = 8(:),0) "K,, (x, & t,7) dEdv, {5.46)
bijk= £GP =~ TK;; (% & ¢, 7) €, dEdv (5.47)
1B obwem cayyae
gov . W g g e )<Y dEdr, (5.48)

u v! L

v+
€= L0 (1 Ky (5, 6 6 m gy vl %)

v!
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TK;; (x E ¢, 1) Epee,T V d&dt. _ (5.50)

(Kv) (- )Kfv
'I" een =° 5'! vl
Tenzop K §j MOXHO B3ATb, HANpUMep, B BUAE (4.55) um B Apyrom Bupe
nas Gosee BbICOKMX NpubBNKeHnit.

Hns Toro utobel IaTH IpeficTABNEHHe O HEKOTOPLIX U3 Oy AYWMX Bhe
BOJIOB, NOJUMM BhipaXeHHs [ ko3(@uimenTos o 1P A oHopoaok
u30TpomHO#i U cTalnonapHo# TypOyaeHTHOCTH C HyJeBoit cpem{eﬁ CKO=
poctbio. Mcnoab3ys koppeauuonnoe npubmixerre BTOporo nopsika,
noayyaeM u3 (5.46), (5.47), (4.55) n (4.57) pripaxenns

L&) g, (-&-ndedr, (551
3

n

%ij =& ImCmnp®pqj )
9G(E, .
by, == imtmmptpa et D £, 01, (-6 ~7)dEdr. (5.52)
[ 3 agn
Tax kak s ogopopHo#t TypGyleHTHOCTY KOppeSILMOHHI Tensop Q g
onpefieiseMblii U3 (4.3), He 3aBUCHT OT NEpEMEHHBIX X M ¢, TO NPOCTO
3anuueM

Qpg (& i7) =uf (X, £) ug (x+§.z +7) (5.53)

M, 32MEHAA X U t HA X — E U ¢ — T, NloJyyaeM CBOHCTBO CHMMETpHH
Q48 —7) =Cgy (& 7). (5.54)
Ms1 yxe SHaeM, uTo a;; =ab;;e TosTomy, npou3sofs cyMMUpOBaHKE
B (5.51), modyuaem

9G(E, 1)

r-2c& 1) "C‘fé 7)., (6 ) dedr -

@ = Eilmemnpe};qi ﬂ qu (&, 1) JEJT =.

c.o‘l»- c.ol»-

&ulq

== o 6y __a_oa"f' dgir.

WUcnonnays 'r'enepb onpeliefieHue (5.53)'xoppem1m01moro TeH30pa, no-
JyynM okonyaTenbho [112 ]

« = % ff G(E, T)u(x, t)s rotu” (x + & ¢ + ) dEdr. (5.55)
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9ra dopmyna obobmaer kak dopmydy (3.29), Tak u (3.47). Ipeminy-
g6 pe3yJbTaThl ABASIOTCH MpefebHEIMY CaydasMi GopMyas (5.55).
PaccMOTpMM cHauana npefiel 60abliofi MPOBOMMOCTH, XapakTepu3ye=
muili BepaBencTBOM T, K qui“ « OTHOCHTE/IbHO MHTErPUMPOBAHUS 1O
NpOCTPAHCTBY 3ameyaeM, YTo QyHKIMA G(E, T) CYLECTBEHHO OTIMYHA
oT Hyast Toabko nipu € £/ 1/uo . llockonbky ckanspHoe npoussenenue
B MOABIHTErpaJIbHOM BhIpaXeHu ucueldaer, eci -r>'1Mr » TO nosiyyaem
£S5 VToop /O <KAo, AAS 06HACTH, Iie NOALHTErpalibioe BHpaxeHHe
CyWeCTBEHHO OTIHYHO OT HyJAa B mpefedie Gobliofi npoomMocTH. B
a70lt 061aCTH CKANApHOe Npou3BelieHNe He U3MEHSETCS, U Mbl [IPUXO~
oM K dopmye (3.29), OCKONEKY

[GlE, 1) dE=1. (5.56)

N 2
B nporuBononoxHoM cayyae poAZ << T MOKHO CUMTATD NOCTOSH~
HhIM CKaJspHOe MPOM3BEAeHHe u rot U M NMPOU3BECTH MHTErpUpOBa~
HH® 1o 1. Tak Kak uMeeT MecTo

1[G (€, T)dr = jfg- , (5.57)

"0 IXOJISNBBM dopmyay (3.47).
Tensop b, . ,, Kak Mbl yXe 3HaeM, UMeeT BU[ [seil. i [osTomy,
 YMHOXAs BhipaxeHue (5.52) nae i ko TIOTYHM
.1 aG (€, 1)
B ~ % €& jkijk =% jk % ImEmnp®pgj ”—ag"—" X
n
X ngql (g, 1) d€dy =
aG(g, 1)

a&n . &k qu (§, T) dng.

1
== (8y18nq +BigBnt) 5 I

{5.58)
Yurem Telepb, YTO QYHKIMA G 3aBMCHUT TONBKO OT BEJMUMHBI £, Te€s

96E T & s,

e _ - - p” . {5.59)
B pesyavrate NOAYYUM
9G(E, R ‘
B =‘3i fr;_ 'ae(g 2 v e ux +, £ + 1)) dgdr.

(5.60)
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J1a dopmyna noaTepxaaeT Kak dopmyay (3.30), Tak u Gopmy.ay (3.48)
u obobuwaeT ux.

MoxHo nipuitTi Kk Opyro¥ opMyae, ecii BBeCTH NPOJOJABbHYI0 KOppe-
NAUMUOBHY 0 QYHKIMIO f, ONpefielfieMylo BbipAXeHHeM

§k0kl (§ 1) =f(, 1) & (5.61)
Noncrasass (5.59) u (5.61) B Beipaxenue (5.58), HaxomM
pom - me-TEhl fig, x) dger. (5.62)

912 dopmyna Guiaa nonyuena Pannepom [ 207 1.



aea 6. OJHOPOOHAA
TYPBYIEHTHOCTb

6.1. BBOAHLI® 3aMeuaHyA

Haunem Gonee perasbroe obcyxaenne ¢ paccMOTpeRust ONHOPOHOM
¥ craiponaphoii TypGynentnoctu. [as Tako# TypbynentnocTu BCe cpen-
H4€ BEIMYMHbI ABASIOTCH NOCTOSHHLIMYK B MPOCTPAHCTBE U BO BPEMEHH M,
B YACTHOCTH, [IOCTOSHHBI TEH3OPH! £;; .., BBENEHHble B NpejbIyuel

rJaBes
Bonee Toro, nockonbky Mexay nosem TypOy’aeHTHbX ckopocTelt u

nojiieM cpefiHel CKOpOCTH CyWeCTBYeT TeCHas CBASb, Mbl PUHUMAEM MOC
TOSIHHBIM TI0Jle Ccpefuell CKOpOCTH u, T+e« u = 0 B coGcTBennol cucreme
xoopaunar. Tensop I'pusa G, s sToM cnyuae Xopowo u3pecren u 3aaa-
ercs pbipaxenuamu (4.57) u (4.58).

Pasee yxe orMeuanoch, 4To AByXTOUEUHbIA U ABYXBPEMEHHOI Kop-
peaslonHbIA TeH30p Q aBasercs QyHKIMell ToAbKO OTHOCHTEbHBIX
KOODAMHAT £, T U ynoane'raopﬁe'r ycaosmo cummetpun (5.54). Vmeercs
eue u apyroe yonosue- flyeTb x , ¢ ,v=1,2,..., N,spastorcs npoct-
paHCTBEeHHO-BpeMeHHbIMI Toukamu. Torna ans moboro Halopa koMIieKc-

HHIX UHCeA C .y i = 1,2,3wv=1,...N, BHIONHACTCA OYEBUOHOE
HEPaBEHCTBO
N N
' ’
(E Cw Pl t N2 FACH t))> 0. (6.1)
p=1

“pouaaelm onepaliy YMHOXEHUS ¥ YCPENHEeHNs, onyyaem
N

=®
€€ Q.. (X — -
vy W inlx, =%, t, t,)> 0. (6.2)
310 HepasencTBO cocTaBseT conepxanue Teopemtt Boxuepa [ 171 (om-
Takxe [ 501)", koropas yreepxnaer, uto Beamumna Q ;1 MOXeT GbiTb KOp-
' 9va TeopemMa B PYCCKo it NMTEepaT ype 00 bINHO Ha3bIBEETCA Teopemoit Boxne-

P8~ XuHwina, NOCKONLKY XHHUMH [IOKB3EN €8 OHOBDEMEHHO U HOSBBUOIMD. —
Npum . peg.
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PENALMOHHBIM TEH30POM OJHOPOAHOrO i CTAllOHAPHOrO Cyyaiftoro nois
v’ TOrAa M TOJbKO TOPAA, KOrJa OHA ABJSETCS MOJNOXUTENLHO Onpe/lenes-
Ho#t B cmbicae (6.2).

Ecam k Tomy xe TypOyA€ATHOCTb M30TpPONHAA, TO A% NOCTPOSHKS
xoppensTopa Q ;. B HalleM PacriopSKeHHH UMEOTCS TONLKO H30TPONHbIe
Tensope1 8., me ., u Bekrop g« [losToMy obuiee Brpaxerye fas Qs
uMeeT BUA

Q6 1) = AE, TRy + BIE, T)EE, + C (€, T)eye . (6.3)

Dynkim 4, B, C 3aBUCAT TONbKO OT BEMUHHEI § = 1/§ 2 4, cnenoBareb-
HO, 06pASYIOT YeTHYI0 QYHKIMIO [0 nepemenHoit € « Bripaxenye (5.54)
T3 O3HAYAET, YTO OHY ABAMIOTCH YeTHHIMK (YHKIMAMM TAKXKE M MO Bpe-
meHHo# nepeMentoit . Teopema Boxuepa nanaraer gononuurenbusie
orpaHiyeHns Ha 3TH QYHKUMY, HO MHl He CTaHeM 37ieChb MX BbUIMCHIBATD,
T«K. G0nee yrAoGHbIM OKB3HIBAETCH UCIONL30BATh npeAcTasieme Pypoe
IASl pacCMaTpPUMBAEMBIX BeIUYUHe

6.2. Mpeobpasosanne Pypbe OQHOPORHbIX CTALMOHAPHBIX
CcnyuahiHbiX noned '

l'lygrb F(x, t) — dyskus koopaunaT u speMets. Ee npeobpaszopanue
Pypbe F(k, ) onpeleasiercs BopaXeHnem

a 1

F(k"w)EW— ffF(X, t)exp[-—i (kx —(A)t)]dtho (6-4)
Nmeet mecto dopmyaa obpamenss

Fix, t)= ff Flk, o)expli (kx —oot }ldkdko « (6.5)

OTMeTHM HeCKONLKO OCHOBHBIX CBOMCTB:
1) Ecim F(x, t) pewecTsennas QyHkis, TO

P=k —w)= F (K, o) (6.6)
2) Obpas Pypbe npoussenenus Asyx Gyuxuuit Fx, t) u G(x, t) sagaerca
MHTErPaIOM CBEPTKH -

NN Fa) ~ . A A
(F. - G)k, ©)=(F* G)k )= [[FK', &)Gk —k’, &—c')dk ‘de

{6.7)
3) lNonaras B (6.7) k = 0 u w= 0, nonyunm Teopemy INapcesars

[ F(x t)G(x, t)ixdt = (2m)* I F (k o) C*(k, o)dkda (6.8)
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§au B TEPMHHAX cxfj\\.lmpﬂor‘o NpoU3BeNeHHA
A
(F, G) = (2n)*(F, G). (6.9)

Jlas ONHOPOZHOIO M CTAlOHAPHOro cayyaltioro noas, nofobHoro

u’(x, t), npeobpasopanue Pypbe B KIACCHUECKOM CMBICHE He onpepee
HO, TaK KaK rofie u’ He CTPeMUTCS K HyJIO Npu CTpeMACHHH NepeMen-
anx X M ¢t K Geckoneuroctu. Ono, oguaxo, moxer GbiTh onpejeneHo B
dopme DYHKLOHANE, Teeo CUMBOA (F, @) MORMMAETCH He KAaK CKAlApHOE
nponssefielne yHKIi F u @, a kak (ysxuyonan (F, -), neficTayomuii
Ha KOHEUHYI0 QYHKLMIO @s T’gopema [lapceBans 6epercs B KauecTse Of-
penenenus obpasa Pypoe (F, - )idynkumonana (F, - ):

(F, )= (F, o) (6.10)

(2m?

O6pas (I)ypbe$ CylllecTByeT B KNaCCHYECKOM CMHIC/E, TaK KaK QyHKUMUS
¢ ABAAETCH KOHeuHoil (pyuxiuell, T.e. paBHa HyMO BHE Hexo'ropoﬁ KOHeu-
Holt obnacTu. B uensx ygo6ersa Gyaem cuosa nucarb F u F Bvecto
(F, )ulf, ).

Tenepb Mb! B cocrosnun paborarb ¢ npeobpasoBanuaMu Pypbe oa-
HOPOAHBIX ¥ CTAUMOHAPHBIX cayualineix nonell. [loneso raxxe nmern
B Bifly, YTO QyHKIM ¢ B OnpeleaeHun F ne obssareabro nonxHs GbITb
KOHEYHbIMU QYHKIMAMM, HO MOTYT TaKXe SKCIOHEHHMAIbHO YMeHbIaTh~
Csi TipH CTpemMeHny nepeMeHHbIx X i ¢ k 6eckoneunoctn. Takum obpasom,
ecau F siBlisercs OOHOPOAHBIM K CTAlMOHAPHBIM Cay4aliHbIM MofeM
(paccmaTpusaembiM Kak GyHKUMOHaR), a QYHKIMA G JOCTATOYHO GbicTpo
y0uiBaer Ha GeckOHeuHOCTH, TO npeobpaszopanue Pypbe 3TOrO Moast F

onpefieaseTcs Gopmynoii:
(€, &= _1 [fF(x, t)G(x, t)dxdt (6.11)
@m* P ' '

BoabmeM B kauecTse nonesnoro npumepa F(x, t) = 1. 3 dopmyn
(6. 11) u (6. 4) noflyyaem
F, G- (2 Yoy (1 G(x, t)dxdt =G0, 0), (6.12)
T.e. 06pa3 Pypbe F oxasbisaercs S«pysximdii Jupaka
Bk, ©) = 5(k)5(w).

B kauecrse apyroro npumepa Bo3bmem F(x, t) = %+ B atom cay-
Yae

(F, §)=

. 3Gk, )
ff%;Gl3. thdxdt = ('—ﬁ-ii_)ho' o= 0,

2m*
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T.€, QYHKIMOHAN F nponiopUMOHaieH npou3Boanok &-¢yuximu Jupaxa.
Taxum o6pa3om, UMeeM COOTHOLICHUS

Fix, t)=1, F(k ©)=8(k ©), (6.13)
Fix, t)=%, P w)ai 2% (6.14)
ok,
] »
B kauectBe TpeThero npumepa npuseaeM Gopmy.bl
Fix, t)=x.x., Pk o)=— 00 (6.15)
LI I " ok, ak].

6.3. OcHoBHOE COOTHOWENWE, CBA3LIBAIOLIEE Cpeanne oT obpa3soe
Mypbe ¢ o6pa3om Pypbe KOPPENAYUOHHOrO TeH30pa

A A
Ansi GYHKUMOHAIOB t; , u; MMEEM B BLIIEYKASAHHOM CMBICIE

A A 1
(w,, F)u;, G)= — T (I (x )F (x, thu';(x', £)G(x', t')dx’x

1
x dt 'dxdt = yPET JIIfQs;(x" —x, ti~t)F(x, t)x

x G(x', t)dxdtdx’dt’. (6.16)

Hpunumasn Bo BEMManue, YTo npeobpasopanme nypbe KOPPeJALHOKHOrO
TeH3ODaQ (x" —x, t' ~t) no nepemensbiM x*, t’ paBHOQ (k' W' )x
x expl —i (k’x —w't)], u ucnomays Pypbe-06pasel BelueCTBeHHb]X
dyskipi F u G, nonyyaem

;. P, G)= ffé,-,-(k'. (K, o' )G ' k' deo'=
= (17 Q0 ol + K, ot )M, G, o ) i dicde

(6.17)
OGossaunm yepes S npocTpascTBo BewecTBeHubIX PynKumit. Toraa ¢op-
Myant (6.16) u (6.17) onpeneaioT GyHKUMOHANH HA MPOUSBEAEHUM NPUCT-
paHcTB S x S¢

e (u-xu,Fx'G) (u xu,FxC)

A A
(c oueBMHBIM CHMBOMMYECKUM ODO3HAYEHHEM), Ilie U, x u; 0Go3HauAeT
npeobpasosanue Pypve Qynkimonanra u’; x u . Itn (’pyHmMOHa.nbl aBAg-
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0TCA UNTErpalbHBIMK NPeobpasoBaHUAMU C AApaMu

WO G ) = Q" -, ¢ ),

— - A
l?‘. k whu; k', )= Q,-]-(k"; o' )k + k', ot w') (6.18)
6.4. Teopema BoxHepa

Tensop @, j €, 7) BemecrBenHiil, nosromy, coraacto (6.6), rinos-
BAETCS PaBeHCTEO

A Ay
Q"'- (—k' - d = Q ij (k' W)n (6“19’
Bonee Toro, us cootnomenus cummMeTpun (5.54) nonyyaem

Qii = (k' d = Qﬁ' (_kl bl co)tl (6u20) R
KomOumpyn soipaxenns (6.19) u (6.20), naxonum

A A'

Q; (ko @)= Q' (k w), (6.21)

T.€. peobpasobanne Pypbe KOppeNsIMOHHOr0 TeH30pa SPMUTORO,
Hepasencrso (6.2) MOXHO NpelcTaBuTb B Buie

Uaij(k' @) g c;, expli (kx, —ootv)]c;u expl —i (kx, —utu)]x

v, u=1%
x dkdw> 0. (6.22)
Ecau BBecTy HOBblE BeMuMHbI
N . .,
X, =3 cyexpli(kx, —wt,)], (6.23)
V=34

TO MOXHO BMecTO (6.22) 3anucaTb

A
| ]
I1Q;(k @)X (k @)X, (k, w)dkde > 0. (6.24)
310 HepaBeHCTEO BLINOJHACTCA AAS NPOUSBOMBHEIX €., X,, ¢ Tora

H TOAbKO TOrga, Korna
A

Qi o)X X} 50, (6.25)

T<€. eciiy BeuuMHa Q‘.]. (k. @) ABAAETCS MONOKUTENABHO ONpefeNeHHbIM
SpMITOBLIM Ten30poM. Ira dopma Teopembi Boxuepa 3naunTenbro yaob-
Hee, uem pbipaxenne (6.2).
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6.5. UsoTponHan Typ6yneHTHOCTb

Bripaxenuem (6.3) Mbl yxe BBeMM KOppeAAlMOHHBIE TEH30D BTOpPOro
pasra f1a ogHopoano#t, H30TponHOil 1 cTalpoHapHoil TypbyaenTHOCTH.
WUmes B Buay onpegeants npeobpasopanue Pypbe 5Toro Tensopa, Hamu-

meM COOTHOWEHUs
A

2B N aC

BE, ¢ >

i & =~ » Cg. -i 2 6“2

1 > ak‘ 6k] &, 14 ak‘ ( 6)

KOTOpble nerko sbiecty u3 (6.7), (6.14) u (6.15) npu yuete gopmyani

A aG a A A

(F » F » G), 6.27
% )= Ty ( ) (6.27)

BHINOJHAKIIMECH AN npowano.nbﬂmx dyHxumit F " G.

W3 dopmyn (6.3) u (6.26) nonyuaem BhIpaxeHue 1A NpeobpasoBaHKsA
Pypbe KOppeNsIMOHHOI'O TEH30pa BTOPOro paHra B Clyyae OJHOPOJHOM
M30TPONHOH U cTaiyonapHolt TypbyneHTHOCTH:

A 2 A A
Qi (k, w) = Ak, wip;, - BB @) ., 9Clk, @)
ok. ok. ) ‘
A A A ' ak] akk :
Oynkimu 4, B, € 3aBUCAT TOJBKO OT 86COMOTHOI BeMfUHbl BEKTOpa
k. IlosTomy nocie poinonnenns anddepeHIMpoBanKs nonyuaem
A

(6.28)

A 1 B 2B .
Qitk w)=td— 2 9B . _(&B 1 o .
k ok ATy % ok
kik i 3C
—k—z— + ———k 3% El']'kkk‘ (6“29)

Hafigem Terniepb OrpaHiueHis, KOTOpEe Teopema Boxunepa nanaraer
Ha PyHKIpH A BucC. [ns npocToTH 3anuiiem

A

Qpglk )= F(k. oo)s +G(k, o)k, kg +:H(k oo)epq] L, (6.30)
rjpe
S | dB A 1 9°B 1 3B
Fed— ____ » Gu=-— (—— rOTEE —— )

k ok k dk k ok
N A (6°3l)
H=—L aC .

k
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Beanunta Q NONQXHUTENbHO ONpeie]ieHa TOFAa M TOMLKO TOr/a, Korja
1) crel Ma'rpuubl Q j HeoTpUIIATENEH, T.e.

9F + k2G> 0, (6.32)
2) clen TeH30pa anrebpanyeckix nononHexmi q j» ONPENeIAemMOro Bbi-
pa)l(eHHEM

A A A
Gk, @) = €08 00 Qm Qs (6.33)
HEeOTpHUATEJeH, T-€.
A A A A A . A A
 imnti pqQmp@ng = 4F(F + K2C) + 2(F? - k2H?) 3 0, (6.34)
3) onpeneaurels T9H3°Pa Q; Heo'rpuuareneﬂ, Te€e
*ipt pqu-gQ;anf - 6(F + k’ G)F 2 —k2H2) 3 0. (6.35)

Yeaopns (6.32), (6.34) u (6.35) Moxmno 3amenuTb Gonee ynoOHBIMY yCa0-
BHAMYU

A A A A

F+k2G >0, F> |kH|. (6.36)
flcuo, uro ycnosus (6.32), (6,34) u (6.35) BhiTekaloT U3 (6.36). Yrobbl
npoBepuTh 00paTHylo TeopeMy, npumem, YTO ycrobus (6.32), (6.34) u
(6.35) BrnoaHeHbl, & oaHO M3 ycaosuit (6.36) He Buinoaneno. Toraa
BCJAeCTBUE YCI0BM (6.35) AONKHO HAPYUIHTLCH M BTOpOe U3 ycnoauﬁ
(6-36). BuApa)erue (6.34) npMBOAKT K YCIOBHIO. F< 0, uro naer 2F +

+ (F +k2G)< 0p npoTHBOpeuHe (6.32). CaenoBareasso, COrnacHo Teo-
peme Boxuepa, Tensop Q ; » Onpenieasemill Buipaxetmem (6.3), sBaser-

CH KOppeasIMOHHbIM TeHBOpOM BTOPOI'O paHra OHOPO/HOT0 M30TPONHO-
0 ¥ CTanMOHApHOrO Cay4aiiHoro noJs Toraa M TOMbKO TOraa, Korja
A

A 2 A A
B A
A—Zkz >0, A——:—%l:—zléi‘:_L (6.37)

Ito cueayer u3 ycnosuit (6.36) npu yuere oGosnavenwit (6.31).

6.6. Isa yacTHbIX cnyuan: TYPOYNEHTHOCTL B HECKUMAEEMO#H
MUOKOCTH ¥ CNyuaRHble 3BYKOBLIE BONHb

Mas cayuss TypbyneHTHOCTH B HECKMMaeEMOll XuIKoCTH MeeM
’
Ouj (x, t)
e e L —
ox .

=0, (6.38)
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H, CJefjoBaTenbHo, Koppemuuonmﬂﬁ TEH30p yIOBJETBODSAET yCJOBHAM

R, (€, ) 9Q;; (€» 7)

——————— &= 0. ———————————— T2 01 (6u39)
9€; agi

B npocrpancree Pypbe yciopie HecXMMAEMOCTH O3HAYaeT

kiuik, o)< 0, » (6.40)

¥ 115 KOpPeNAlMOHHOIY” TeH30pa

A A

k; Qi ©)=0, kQ.(k w)=0. (6.41)

Ecau, k Tomy xe, TypbynenTHoCcTb M30TpONHAs, TO U3 (6.29) HaxoAum

A 2 a

A- 98 _, (6.42)
ok2

B sToM cayyae Boipaxenye 015 KOPpeASIMOHHOrO TEH30pa YIpollaeTCs:

5 A 2 i aCk )
Q,'i(k. °°) = Q(k: -W)(k 8,‘,‘ - k,‘ k,‘) + —k—_a-ic—)—— Eiihk_h_ ’
(6.43)
roe A
A A
KOk o) =Alk, o) - 1 9Bk o) (6.44)
k ok
Coranacuo reopeme Boxuepa (6.37), mveem
. 1 aCk o)
Qk, w)> | 9k @
R |, (6.45)

A
T.€. BeJuuyna Q siBasercs HeoTpuuateabHol dyHKimedt.
Ycnosue HecxkuMaeMOCTH B §-NPOCTPAHCTBE JNErKO NoJyyaercd nog-

cranoBko¥i Bbipaxenns (6.3) B (6.39):

1 94

3 o€
Wcnonb3ys nonsTie npofoabrodi koppeasimonnoil dynkipy f, BBeneHHol
B (5.61), 3T0 ycaoBHe MOXHO 3anucartb B BUie

A=f+§__a_f_, B.- 1 o
T 2 (6.47)

+E gg +4B- 0. (6.46)
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B kauecTBe BTOPOr0 NpuMepa PacCMOTPHM TYPOYIEHTHOCTD, KOTO-
past peACTaBAseT cobolt ciyualiuble 3ByKOBbiE BOJHBI, MMEIONME NOTEH-
mMan:

uf (% t)=— M__

ax;
t
Gymams O ABIseTCH ofHOpOMHOH cayuyainoht dynxumeit, [ns xoppens-
IJOHHOT'O TEH30pa HaXoauM:
oO(x, t) OP(x+E,t+T)

(6.48)

Q.. (E’ T) = -
t] ax‘_ ag,
=i_[cb(x, t) IO+ &, ¢ + 1) ] —o(x, t)x
ax‘. F) ; .
PO(X+E, t+ 2R(E,
(k& t+7) __ RET) (6.49)
rae R aBnsercs koppeasupontofi dynkimeit:
R(E. T) = CD(X. t)CD(X + E, t + T)o (6050)
B dypbe-npencrasnenuu nMeem
ik @)= k; k. Rk, ©), (6.51)
u Teopema Boxuepa (6.36) npocTo o3uayaer, uro
R(k, )3 0. (6.52)

8.7. MNpeoGpasopanne dypbe TeH30pHOR GyHKkumn T punHa,
Buiuncnenve uHTerpanoB B npegenbHbiX Cnyuanx
Kax yxe rosopunocs, B 510l rnase Mbt orpaHnuMBaeMcs cayuaeM,
korna wer cpepuero Teuenus. Tensopuas dynkuus I'puna B 9ToM cayyae
M3BeCTHa u Bhipaxaercs qopmynamu (4.57) u (4.58). Cnemmanbuas 3a-
BICHMOCTb ee 0T apryMeHTOB NO3BOJSET HanuCcaTb
Cpx&,t, 1)='G; (x =, t —7) (653)
¥ BBecTy. ee npevbpazoanne Pypbe ¢ nomombio gopmyini

Jp(x ~E t —-1)= HG p(k o Jexpl i [k(x —€) — w(t ~7)}ldkdw,
(6.54)
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roe G, p(k oo) 5; G(k @) (6.55)

Pynkipo G Ak, ) MOXHO N€TKO BHYMCAHTD U3 ypbe-npeobpasopasHoro
ycnosusa 3) B pa3g. 4.5, koTopoe, coraacHo {§.4)yv3uauaer

5,
_ 2 ip
(— i ot nk2)G, it T » (6.56)
CaepnoBarenbo, NONYYHM
A 1 1
Gk, @)= . (6.57)

@2 k2 _iw

Yxe B pasfi. 5.5 Gblio BUAHO, YTO HAWM HCCAGNOBAHKA NPUBOAAT K MHTEr-
pajaM, nofuHTerpantbHas QYHKIMA KOTOPHIX SABASETCS NPOM3Be/IeHHEM
¢yuxipm I'puna u HekoTopbix yrKimit o1 koopausar u Bpemern. Ilyctsb
A obo3nauaer Taxoii marerpat. Cornacno Teopeme Ilapcepans (6.8),
MOXHO Halmmcarb

A= f[ GIE, T)F(E, T)dEdr = (2m)* [[ C(k, @)F*(k, o)k  (6.58)

WK B SBHOM BHJe

A= (2 y¥2exp (-
o Am

F(E, 1) = f1_F_(k&) k"‘ °) e

-
(6.59)

YacTo Heobxoaumo 3HATH BeMMUHY A B OHOM U3 NpeAeIbHLIX CAYYaeB:

B npegene Goabiiol MpoOBOAMMOCTH, T.€. KOraa T cor & uo}\fm

1= (w0 )5 0, wm B npenene manol nposoguMoCTH, KOrAa Toor > 1O Azo
i = (uo )~ 5 oo,
loacraBnsn { = vuo € B Buipaxeine (6.59), noayuaem

o0

4 = ff —-—1 e—§2/4'rF( { , :)de'r -
0

(4mr )32 Vo
"OIIW e-{ /4TF(01 1) dr = fF(O, TMT o + 0. (6.60)

0
CrepoBaresbHo, B npenene' Goab1110ft TPOBOMMOCTH MMEeM

A= fF(O T)dT = ff M dkd o (6.61)

—fiw
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B cayuae KOrjga MHTerpal B ¢pypbe-npocTpaicTse He cymecTByeT, Heob-
XofMMa clielpatbHas upTepnperams coornomenus (6.61). Ilycts w(t)
gBASeTcs WHTerpaioM ¢ 8-dynkimelt Buga

§ a2y
wit) = f 5(t')dt’. (6.62)
Toraa
. 1 1
y(w) = el (6.63)

MoxHO NOHKMaTb Tenepb BTOpo uuTerpal B (6.61) kax BemruuHy,
¢ypre-o0pas kotopoit ABaseTcA npeobpasopanneM Pypbe dynkipoHana
(2m)*y(t )5(x). Toraa no onpezenenuio npeobpasopatus Pypbe (pym(uuo-
HAJIOB nepehift maTerpan B (6.61) paBen BTOpOMY.

Topcrasass B d)opmyne (6.59) p = uo /47, Haxomm

2
ePS

4-"3/2 ?f \/FT

A=

, ,,m [ F& - F(E, 0)5dp

ecl o » (. Bhnoangs MHTErpupoBanue No nepeMeHHol p, noayuuM B
npefiene Mano# MpoOBOMMOCTH

v (e,o Flk,
4- 2 1w ff——(kii)-dkdm. (6.64)

B 3T0oM cayyae paBeHCTBO ABYX MHTErpaJOB OYEBUMAHO, Tak Kak GyHKIMA
A sBaseTcs peryJispHhIM pelieHHeM ypaBHeHus

M) = — o FE, 0. (6.65)

CymectByer xopolio u3BECTHOe NpefiCTaBICHNE

A0)a M F(g, 0)
Iycrs A(€) npeacraBneno murerpaiom Pypbe
A(g) = [ AK)ei ¥ dk. (6.67)

Torpaa us ypasnenus (6.65) caenyer

A (k)=% [ ik, w)doo (6.68)
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¥ [0STOMY .
A(0) = [A(K)dk = o rr_fi:'zi)_

Tockoabky dyukips F(E, 0) BellecTBEHHa, TO PaBEHCTBO HHTEIPEJOB B
(6.64) cTaHOBUTCS OUEBM/IHBIM,

»



Masa 7. QNEKTPOMHAMMKA CPEZIHMX MNONEX

1A OAHOPOAHOW TYPEYJTEHTHOCTH
MPY OTCYTCTBWM CPEOHErO TEYEHKA

7.1. Onpepenetive Tensopa a ;.

B pasf. 5.5, Mbl yXe noJyuyuau npeacTaslenne TEH30pa a,: Bpam-
KaX KOppeAAIMOHHOro npubakxeHus BTOPOro NopsiKa. Hpmmmaa BO
prumanye Teopemy IlapceBans (6.8) ¥ CooTHOLIEHHE CHMMETPHH (5.54),
uMeeM, corJaacHo (5.51),

a.. = Eilnfmnpe baj rr a(;(gg"-r) qu-(gl T)dgd'l' =
= = i g pgi [ GLE, ) 2t ) dEde - .1
n o,

kQ; ok )

= i €. kdco.
llm_E mn p& paj k2 ;i d
nk? -t

Oco6riit uaTepec npeacTasaser BeanuuHa a , ONpefieiseMas BHPAXEHHOM
&= —a.. (702)

KOTOpOe cripaBef/MBO TakXe B HEM30TPONMHOM cayuae, Ilpoussens cym-
MupoBauKe 110 uHaekcaMm B (T.1), Haxomum

1 € )
@ =- nzq”G(gnT) ‘—""——"—-qéf d§d7=

n

—

3
-;— G, T)u'(x, t)- rotu'(x +§ ¢t + T)dEdT =
k,,Q,q(k. ®)

1
=
3 enquf_qkT:Tdkdw_ (7.3)

Nepprie gge CTPOKH B STOM BbipaXeHuy NMOKA3LBAKT, YTO ONpeAcAeHHe
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BelIMYMHH a U3 (7.2) NpuBOAUT CHOBA K TO Xe dopMmyle, Kak u B H30TpOn
Hom ciyuae [ cm. (5.55)]; nocneanss cTpoka cleayer u3 Teopemst Ilap-
ceBai,

Kak nokasmiBaeT, anaam3, npousseieHHLt B pa3f, 5.4, 6bi10 Ol MB-

TEpecHO 3HaTh, CHMMETPUIEH JH TEH3Op & ., [list STOrO paccMOTpHM

BEKTOD y@, OnpefieAseMnlli BbIpaXeHHeM »
1
Ych = 2— € ii ha ij' (7.4)

Y no6uo cuuraTh g eMHKUHLIM BekTOpoM, U3 diopmyani (7,1) nonyuaem

1
Y8y = - 5 116 [ ‘7Q!;§(§- N, ) JEdT, (15)
1 9€;
WUcnoab3ys ycaosue cummertpuu (5.54) 1 npouspeas 3aMeny € Ha — €
BO BTOPOM YJleHe MOObIHT€rPalbHOI0 BHIPAXEHHUA, MOXHO NepenucaTh
(7.8) B caenyouem Buje:

_ 1 Q1 (€, 7) -

Y&, =— — [[G(E, 7) [ =15 T) Ky €5 — 7)

k 3 (€, T) 3 - % 1dgd .
(7.6)

9710 BHipaXeHie NOKA3LIBAET, YTO BEJUUMHA @ j CUMMETDIUHA, T.e,
y = 0, AA% pAfa MHTEpPECHBIX CJyuaeB:
1) Tensop a'.". CHMMMeTpuueH Aas TypOyJeHTHOCTH B HECKMMAEMOH xua-
KOCTH;
2) TeHsop @ i cuMMeTpuueil aas TypOyJEeHTHOCTH C KOPPESIpOHHbIM
TEH30POM, YOTHBIM OTHOCHTEJNBHO T,
™™ yTBEpXIeHNS HENOCPEACTBEOHHO caeAyloT u3 (7.6). VHTepecHbiM Npu-
MepOM ClipaBefJMBOCTH YTBEpXIeHus 2) ABAseTCH u30TponHas Typby-
JeRTHOCTb, YyymiBas cooTHOmenns (6.58) u (6.64), jJerko noayuntsb,
yTO
3) TeHsop a . ;j CMMMeTpHYeH B npefieiie MaJioii MpeBoIMMOCTH, -
Komﬁmmpya yrBepxaenus 1) u 3), noarBepxaaem pesyabTar Motbtpa'ra
{169] o Tom, yTo TEH30p a. CHMMMeTpHUeH Al ;'ypﬁ_yneamoc'm B Hec-
XuMaemolt XuaKoCTH B Npeeie mMalol MpoBOaAUMOCTH,
YpaBHeRHe HepaspHIBHOCTH

2|8

+divpu=0 (1.7)
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B KOPPEJIALHOHHOM NpUOMXeHNH BTOPOTO NOPAAKA NPUBOIUT K COOTHO-
HIEHHI0

d - ” - d
e U (X, L) (X4 Gt T) Py, (6, T) = 0, (7.8)

ot ’ a§1
eCJii IIOTHOCTb p NMPECTABUTD B BUAO p +p’« ITO COOTHOMEHNE NO3BOJIA-
er nepenucaTb Bupaxenye (7.6) B Buge:

YO= L [[G(E, 7)x
2p

x u'(x, t)p'(x +€, t+7)+tp'(x+E,¢t -T)]d§dT: (7.9)

u3 kéroporo, ywithiBas (6.61), no.uyqaem B npenee Goubiiol MpoBoM-
MOCTH

Y9=—~ u'(x, t)p'(x, t)=u=0, (7.10)

TaK K&K Mbl [IPHHUMAEM M3 tpuamecxux coobpaxenmuit, uro cpenunii nepe-
HOC MacChl OTCYTCTBYET, T.6. pu = pu + plu’ = 0,

Takum 06paszoM, MOXHO JOBABUTb YETBEPTOE YTBEPXICHHE:
4) Ten30p @ ;. cummeTpuuen B Npesiene 6oabLOA NPOBOMMOCTH.

7.2. 3pdekT Hakauku

Ecm yunThiBaTh TONLKO TY YacTb TypOyaenTHON saekTpoasmxyuel
cuant G, koTopas 06ycC/IOBjleHa aHTHCHMMETPUYHON YacThio TeH30pa
@i » TO, COrIaCHO ONpefieIeHU0 BeauuuHbl g u3 (7.4), NOBe/leHNe CpefiHe-
I'0 MarHUTHOIO MOJIA ONMUCHIBAETCH ypaBHEHHEM

JB -
—— + rot{ygx B) —

at
U3 sroro ypasuenus pummo, uto neficreue § na cpennee MarnuTHOe nO-
de copnagaer: ¢ AélficTereM NOCTOAHHOIO MOJis CKOpocTel u = — y@, T.e.
CpefHee MarHWTHOE M0Jie MOXeT NEpEHOCHTLCH yepe3 TYPOYJIeHTHYIO cpe-
Ay CO CKOpOCTBIO — Y@, XOTH HUKAKOI'O CPEHEro [JBIKEHUS XMIKOCTH He
cymecrsyert. Cleays Jlpobbuuesckomy 1 Kepeny [ 611, M HasbiBaem
Taxoe peficraue TypOynenTrocTH " 3bhdexTom Hakauku",

DpoSuimenckufi u Hdepes UnCIEHHHMY pacdeTamy MOKasay CymecT-

BoBahue sddekTa HAKAYKHM A HECKUMAOMOr0 CTAIMKORAPHOrO SYEHCTO-
o nexennus, NockoabKy Takoe OBHXeHNHE HANOMKUHAET XB0THUECKO®

AB = 0, (7.11)
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FBUXEHKE B Npefiefie MaJol NPOBOAMMOCTH, CleflyeT OXHAAaTb, 4TO yT-
Bepxzenus 1) u 3), noayueHnbie B npegbiaymeM pasjelle, CpaBel MBbi
b npubmokesHo, To, yTo aeso 06CTOMT MMEHHO TakK, Obl10 MOKA3aHO
ModdaTom [ 173], koTophilt paccmoTpen 3J6KTPOABIXYIRYI0 CHIy B pam-
Kax npubmxeHus TpeTbero nopsaka. BoiBeieM NosToMy BblpaxeHue Ans
Y@ Ha OCHOBE KOPpe/AL}MOHHOr0 NPUOJMKEHHUS TpeTher'e Nopaaka,

Coraacso Qopmyanam (4.56), (4.57) 1 (5.46) Ana opnopozno# cTaimo-
HapHo#} TypOyAeHTHOCTH, UMEEM

€, 7)
@i = —€i ki€ | mnf npj [T GIES T) Lo dgdr +
+ El' hlellmrlE ﬂpqE q,sﬁs:jffffG(& T)G(g'o T') X (7-12)
aZ _ —_ "_ , - ’
x Dtk E07n ) edragrar,
9,9,

roe KOppeJIHHMOHHbIﬁ Tensop TpeThEro paura Q pt omnpefiesleH BblpaxeHi-
eM (4.12). [lrn Hero BHMOJHAETCS OYEBHAHOE coo'rnome!me

Qkp:(" g! = §.'o Ty =T ) = Qt ph(g'o §o T'l T)- (7'13)
CaepoBartenbHo,. u3 Gopmya (7.4), (7.12) u (7.13) noayuaem

1 . 9Q(6,7) aQ., (€, — )
Y8; ="'2— ffG(§-T)[-——I—:———-— - ___’if___—r__]dgd-m

d§; g,
32
——-— _”'_”'G(Eo T)G(go T ) -"E:a-'g—-— {Qljk-(gi §" a, 1-')..
Qi (§: €77 7 = Qe (6, 65 ) — U (€ €hm g ?(T'ZTI‘;)

Jas onHoponno# TypbyaeHTHOCTH B HECXKMUMAaeMOH XHIKOCTH koppe-
ASPMOHHBIA TEH30p TPeThero paHra y[oBJleTBOpAeT YCJIOBUIM

anz &, &, T')

-0, (7.15)
8§p
aQPQz(go g, 1') _ aQqu(E'E"T'T') ’ (7.16)
3, 3y
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anqr €. &,7,1)
am—— ’ = 0’ (7'17)
ag,
KOTOpbIE Jerko nonyyaiorcs u3 onpefenetns (4.12) npu yuere yciobus
divu =0, Takum obpasom, fas cayyas TypOyAEeHTHOCTH B Hecxumaemol
AUIKOCTH MMeeM

1 . e 8% , '
¥8; = —5— [J[J G&, TGE', T )W[Qlﬂ(g'g 1 TaT) -

- Q’I h(go g'o Ty T') - Q]h" (€, g'o Ty -r')]d§d§'d'rd-r' . (7'18)

Monenb, usyyennas /lpobbnuesckum u Hdepepbim, a Takxe ModdaromM,
SBAAETCH OJIHMM M3 MPMMEpOB, KOI'Aa He paBHA HYJO BEAWYMHA y, OMpe-
pensiemas w3 dopmyant (7.18).

7.3. [leiAcTBre guHamo AnA cnydas ofAHOPORHON TYpOYNEeHTHOCTH

CumMeTpyyHas yacTh TEH30pa a §j ONMCHIBAET KaueCTBEHHO HOBBIO
YyepThi NOBEJICHMA MAarHWTHOI'O MoJs: muHamo-feficteue TypOysneHTHOro
JBMKECHNKA MpeBblliaeT OMMUECKY miccunaimio, obecneyuBas Taxum 06-
pas3oM poCT MM, B CAyuae PasHOBECHS, COXpaHeH)e MarHWTHHIX noJef,

Jlerye Bcero MOXHO MOHSATb STY CHTYAIMIO, PACCMaTpPUBAA OIHOPO/-
HYI0 H30TPOTHYIO TYPOYJAECHTHOCTD NpH HAIMYMYM CIUPAIBLHOCTH, T.O, KO-
na TypbyienTHan sAexTpoaBuxymas cuia § sagaercs dopmyioh
(5.37) ¢ a # 0, a cpeiHee MarHUTHOE N0JI€ ONMMCLIBAETCH YPAaBHEHUSAMM

9B - -

—a-t-—- =o rotB + nrOB, divB =0, (7.19)
r'ze BBeseH KosbdupenT noaxol MarnurHol middysum

TIT =1 + B - (7'20)

B ra. 3 ¢ nomommio du3MuecKux aprymeHToB yXe Oblla noka3aHa Bo3-
MOXHOCTL BO3OyxaeHns minamo B TypOyienTHOl cpene, obaagaomeit
cnupsnbnoc-mo. 3nech Mbl HayHEM C MpPeCTABACHUA

A

B~ Bexpli (k- x —at)], k- B=0, (7.21)

¥ Oynem uckarb Hesaryxaouue peuienus ypasHenus (7.19), T.e. petenns
CRe(-i &)= 0, INoncraeans (7.21) B (7.19), IOAYIMM CIEAYIOLYIO
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Pwc. 7.1. [1Be BeTBK pelieHHA QHCNEPCHOHHOrO YPABHEHHA QNA ORHOPOAHON, u30-
TPONHON K 36PKANLHO-HECHMMETPHUHON TYPOYNEHTHOCTH. PacTYluHe Moabl CYINecT-
BYIOT ANA BONHOBLIX BEKTOPOB, BMNAKTYAR KOTOPbIX MeHble, YeM | o /f_).r.

anrebpandeckylo cucTemy
L]

(B0 —ioe;pik)B =0, p=—ic+nrk, (7.22)

Ycaosme paspeumoeTd 9To#t CHCTEMBI NPUBOIMUT K JUCHIEPCHOHHOMY
YpaBHEeHHIO

. 1 . . .
det(PS,-’- "'“Eipikg)='6—£iihelmn(p5il ""'“Eiplkp)("sjm" ;ae].quq) x

X(Palm -~f ae hmhr)= p3 —-uzlkzp = p(p + (Ik)(p —-ak) = 0 (7.23)
C [BYMS pelleHusiMu
—io= —nyk?+|alk, -iw=-nk?-|alk (7.24)

TpeTuit kopenb, p-= 0, He COOTBETCTBYET COJCHOMAAILHOMY Moo, INep-
Boe u3 pemernii (7,24) NOJOXHTENLHO AN JOCTATOYHO MAIBIX SHaYCHMH
k, T.e. ono omiceiBaer noas, pactymue co BpemeHeM, Ha puc. 7.1 noka-
aHbl Be BETBY pelleHis IMCTIEPCHOHHONO ypasHeHus,
Taxum o6pazom, Mbl noyunm ¢yHAaMeHTaIbHbI BHBOM: 36pKalIbHO-
HecHMMeTpHYHas!, O[IHOPOJHas ¥ u3oTponHas TypbyjaeHTHOCTb obecneun-
Raer jelicTeue aunamo,



OOHOPOOHAN MypOYAEHMHOCL NPU OMCYMCMBUL CPDEOHE20 MEYeHUR 95

PaccmotpuMm Tenepb obumit cayuait ognopofsoit TypOyA€HTHOCTH,
Korjia SEKTPOJBIXyIIas cuia G mveer Bua (5.35). lpencrasum TEH30p
6; B BUJE CYMME CHMMeTDHYHON u antncummerpuunofl yacreft

8 =% Y YEijRCs (7.25)

Torza ypasHeHHe MHAYKIMA AJs CPeJHero NoJs NpUEHMAaeT BUL:

aB; 9 —~ aB, -
7 ik L Byt by —— T4 mAB,
! m (7.26)
Toacrasass cHoba (7,21), nojayuum HOBYW arrebpanyeckylw cucTemy
@ —fe;jukjop teiink; byynfk,) By= 0, (7.27)
rae
g=p«i(vk- @)= —iwtnk? _i(yk- g). (7.28)

Wccaenys mnamo-o3byxaetme oanopoanofi TypbyleHTHOCTHIO, Oynem
upenebperarhb Ten3opom b, ; . Tak Kak ero pKaaj BTOPOro NopaAKa ro
k. [osToMy; ecam Haiinenn! pacTyume pemeHsus, Bceraa MOXHO CKasaTb,
4TO OHJ CYIeCTBYIOT /LIfi JOCTATOYHO MANLIX 3Hauetmi BOJHOBOTO Bek-
Topa k. .

Ilpenebperas B (7.27) Teusopom b, . npuxomm K cucTeme

@Bj ~ikye ; ppp1)B, = O, (7.29)

Ir'fle He3aTyxawliue pelieHus cooTBeTcTBYOT Re(g) > 0. I1a 3aaaua
BriepBrie Obitta paccmoTpena Moggarom [ 169], a nosguee Kpayze {1171,
JAns onpepnemmeens cucteMul (7.29) Haxomum

det (g5, , —ikye i ph ) = ala? ~ 4,k k), (7.30)
rpe A pq — TEH30D arebpauyeckux AOMOJHEHUA MaTpHI! o j

1
qu = g tpkifgmn® kP IR (@.31)

Kopent g = 0 ne npepcrapaser pas nac unTepeca, Tak Kak coOTBeTCT-
Byer 3aryxaiomemy noaio (eca oHo Boobue cymecrsyer), Takum obpa-
30M, Hago paccMaTpuBaTh MCIEPCHOHHOE ypaBHeHHe

2
T~y koky =0, (7.32)
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U3 sero Buaxo, uro npu A4, 5kpk, > 0 pacylme peluens, T.e, peietns
¢ Re(~ w) > 0, cymecTByIOT 181 JOCTATOYHO MAIHX 3HayeHuii k.

Tenepb MoxHO CHOpMYMPOBATb HEKOTOpble TEOPeMbl OTHOCHTENbHO
mEamMO-Bo30yXAeHN:

1) HeOOXOAMMEIM ¥ IOCTATOYHbLIM YCJOBHEeM CYIeCTBOBAHKA AMHAMO-
BO30YX/leHns 1A HOKOTOPHIX BOJHOBBIX BEKTOPOB k gBISETCA MOJOXATE
Has onpefeJeHHoCTb Ten3opa A g

1°) we cymecTByeT mmuamo-so36yxnerus TOraa u TOJALKO TOrna,
kotna TeH30p qu ABASETCA OTPHULATENLHO ONpEieJCHHbIM,

Iockoabky

det (4 pg) = (det(@, )%, (7.33)

To Ten3op 4 pq He MOXeT ObiTh OTpULATEJbHO ONpe/ieleHHbM, eCay

BefuHHA o\ He CHHryaapHa, [losToMy MOXHO yTBepkiaTh:

2) mHaMO-BO30YX/IEHHe CYIECTBYET s HEKOTOPHX BONHOBHIX BEK-
TOpoB k B clyuae, Korjpa TeHsop a pq He CHHIYJApeH,

370 yrBepxneHMe ACHO MOKA3LIBAET, YTO AAf BO3OYXIAcHUS IMHAMO
He Tpebyercd o #0, XOTH j KaK MBl YBMAMM B falbHefiileM, 3TO YCIOBHE
‘MOXeT ObITb BaXHBIM,

3) « 7 0 aBaseTcs HeOOXOMMMBIM YCIOBHEM BO3OYX/IECHNUS MHAMO
[A% BCEX BOJHOBBIX BEKTOpOB K IOCTATOYHO Manoll aMmamuTyaH,

Yrobrl fokaszaTh 3T0, 3AMETHM, YTO [MHaMO-BO36yXJieHne Il BCEX
k nocrarouno manoli amnauTyan TpebyeT onpefeneHHOCTH KBanpaTHyHoH
dopme! qukpkq, YTO MMEET MeCTO TOraa ¥ TOJbKO TOorja, Korja peiu-
wmHa & NOJIOXHUTEIILHO, M OTpMIATENbHO OnpeneneHa, T.e, a £ 0.

Onpepenm TeH30p &; j BHIPAXeHteM

a'v?' (15.-’- + &'ﬁ' &'ﬁ = 0 (7.34)
1 chopmyaupyem NOCTATOYHOE YCJOBHE:

2 o~ o~
a?>a k1S SBISETCA OCTATOYHLIM YCJOBMEM MUHAMO-BO3OYX-
JleHus ANIM BCeX BOJIHOBBIX BEKTOPOB k 10CTATOYHO MaJOii BeJHuMHLI,
Jlna poxasaTenncrBa BuuncaM U3 (7.31) # (7,34) Beanunny

A - L P a % j 4o
pakphy = 5 [@a? = yay ) k2 - 208, ok + 25543 k)]

(7.35)
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J nepenuieM ee B Buae

1
qu pkg = —[(n _o:“q”)kz'i' (aS’h ..a,,,)(o:SH _a’l)khk +

Tagaa; bk b

Bropoit u TpeTyuii WieHH, OYeBHHO, HEOTPHLATEbHD], a NepBbIi NOJI0XH-
TesieH, COrJIacHo ycJoeuio 4), T.e, TeHsop 4 pq BIAETCH NONOXHTENLHO-
onpeneeHHbIM,

Ipumernm yTBepxenne 17) Kk pByxMepuo# TypOyaenthoctn, Jns
Takoi TypOyJAeHTHOCTH BEKTOPH! MO CKOpOCTEH jJexaT B IIOCKOCTAX,
OpTOrOHAJbHbIX HEKOTOPOMY 32JaHHOMY HaNpaBjeHHIo @, ¥ He N3MEHSI0T-
Cf B/IOJIb STOr0 Hanpasjekus, KoppeasuuoHHbiil TeH30p B NpOCTPAHCTBE

Pypbe B 5TOM Cilyuae NpuHMMaeT BUA .
Ok, @) =5k - 02 &, o), 7.37)
roe k =k —(e - ke, (7.38)
Me QR -0, €0 <0, (7.39)
Hopcrasaas seipaxenwue (7,37) B (7. 1), HaXoM

k Q‘z’(k ©)

a . -3
my "(Emlqanj

ml] n q) fr _TT didw . (7.40)

Tlosoxum Teneps e = (0, 0, 1) 1, cilefoBaTebEO, k= (ky, k,, 0),
Torpa serko supeTs, uTO

=a

a _ _ -
M=y =8y =0, =ay,=0

Caenosarenbo, o ij TPHEMMAET BUJ)

0 0 a
“,-’- =10 0 b
a b0
UTO NPUBOANT K BHIPAXEGHHIO
-b% ab 0
qu = ab -0 2 0
0 o 0

MaTP"ua qu, OYEBHM[HO, OTpULA@TEebHO-oNpeeleHHan, Takum obpasom,
B pamkax koppesuMonHOro NpubayXeHUs BTOPOro MOpsaka nojayyaem
YTBepxenue;
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5) mByxMepHas TYpOyJleHTHOCTb He MOXeT obecneunTh BO30YX/eHHE
JMHamo,

10T pesysbTaT coriacyercs ¢ yrBepxaeHuem 3exbposuua [ 299],
4TO [AByXMEpHOe Nojle ckopocTtefi He MoxeT BO36yMThL AMHAMO,

[Jpyrum MHTEpECHbIM NPpUMEPOM SBASETCS AHU3OTpONHas TypOyheHr-
HocTb BO Bpamawmelics cucreme, Ecim orpasMuMpaTbCs BLIpAXEHUAMY,
JMHEAHBIMY OTHOCHTEJLHO HATPABJICHHS aHM30TPOMMHU @ M YrioBol cko-
pocTv Q , To, coraacHo (5.43), nMeem

@i =048 QB —ay(e; Q, + g;Q), (7.41)

rpea, ¥ o, — HEKOTOPHIE CKAAAPHHE kosbdmpenTo, U3 Bripaxenus
(7.31) aerko noayuyaem

Apa =370 %yg + o (n- A28+ Wy - (8,2, + 84%)1 -
—-a2igx Q) p(8x ) . (7.42)

Tefnepb MOXHO IOKA3aTh yTBePXJeHHE:

6) o, # 0 sBAAETCA HEOEXOMUMBIM ¥ OCTATOUHKIM YCJIOBHEM [IS BO3-
GyxneHus nMHamo,

Ouepipro, uro Tensop A orpunareibro onpenenex, ecim a, = 0,
CnenoaaTe.nbno, corJacho 1 ), ycloBHe o 1 i‘ 0 gaBagercs Heobxo TUMBIM
A Bo3byxetus oHHAMO,

Kpome Toro, mpi nmeem 4 pg8p8q = o 3(8 - Q)%8? m, crenoBarensHo,
TeH30p A, = He ABNAETCA OTPULATENbHO-ONpE/ieNeHHbM, eCan & . f 0,
TlosToMy, coraacko 1), ykasaHHOe yCloBHe SBJAETCH NOCTATOYHBIM AJS
Bo30yxeHus AuHamo,

7 A. Onpepenenye TeHaopa b i K KoahdrumeHnT TypOynenTHOM
MarinTHON auddy3un

B pasp, 5.5 B pamMkax KoppeiisoHHOro npubimkeHus BTOPOro nopsia-
Ka yxe Obliio nosyueHo Bhlpaxenue A1A Tensopa b .. .. Vuuthisas Teope-
my IlapceBans (6.8) u ycnoBus cummetpuu (6, 19), (6.20) 1 (6.21), noxy-
yaeM u3 ¢opmyJnt (5.52)
9G(E, T

e ). €401, HEdT -

biih= _Eilnfmnpqui [
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= Ei 1] memnpequ rrc(gl T)

3

%, (640 ldedr = (1.43)
k" an q(k' @)

*? _iw ok, *

Hauboabumit uuTepec npepcrasaser koaddumment TypbynenTHol Maruur-
goii mbdy3un B, KoTOpHIK onpenessterca ¢opmynoi

—Eilmemnpequ rr

1
p= —6—' €ij hbij ke (7.44)

U3 (7.43) noayuaem Bhipaxenue

1 1 3G,
P 1= 252 6460u 6 e, (7.45)

KoTOpOe coBnanaeT ¢ qopmyJol, noayuennol B pasp, 5.5, B npocTpanct-
Be !I>ypbe nMeeM

#, Ml @) 9
Bom e 12y PO gy,
nk?2 —iw ok ok
q q
=L 1 0 (k- LA Y.
R i et L LR

+0_(k, w)lidkden, (7.46)

Pypre-npepcTapienye AaeT. BO3MOXHOCTb MOAYYHTh MHGOPMALHIO O
3Hake koad¢umenTa . Hanpumep, paa TypOyieHTHOCTH B HECXuMae-
Molt xuaxocTH umeem

1 2a @) Q. (k. «)
nk? —tw 3 n%k4 + o?
i con (k, ®)
t S —,;211}::;_ dkd e, (7.47)

U3 coornowenmit cummerpu (6.19), (6.20) 1 (6.21) MOXHO NOJIYUIHTH
A

Qo @) = Gyt @)= 0 (~k, ), (7.48)

W,cliepoBatensto, cien dypbe-npeobpa3’oBanHoro KOppeaaLyMoOHHOro
TeH3o0pa sBasercs yerHol ynximeli cBoux apryMentos. [losTomy Bropoi
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uuTerpal B (7.47) ucuesaer, Takum obpasom, s TypOYAEHTHOCTH
B HECXuMaeMO# cpenie nolyuaem

g0 R gk, &)
3 W dkdwy 0, (7.49)
TaK Kak ciej Q . cornacHo Teopeme Boxuepa, apnsercs HeoTpuuaTes-
Holt ¢yHKiMelt.
Kak yxe Oblio oT™MeueHo, ipyrofi pesyibTar nojyyaercs, eCiau noje
cayyaltibix ckopocTeli umeer norerimal, llopcrasnis Buipaxenye (6.51)
B (7.46), Haxoum

1 1 A

= d 2

P TS e @) - otk ok
q

1 k? 3

A A
= - o) k' + k (D(k, CD)) ]dkdw .
7 g Ok @)t ——
q (7.50)
B npenese Manoii.npoBOANMOCTH, HCTONL3Y A (6.64), nerxo noayuaem
1 A 2
B=- —— [0k w)dkdow=- T 7.51
E» el (7:51)

yTo coracyetcs ¢ Gopmyaoit (3.60).
PaccmoTpenme npepena Goubiofi mpoBOAMMOCTH HayHeM ¢ BbIpaxe-
i (7.45), KOTOpOE 3alluiieM B BUAE

LT
B= ;— [ GE (6, 1) + §,———————Q";; LR (7.52)
k
B sTom npepene npu yuere ( 6.61) Baxomm
1 o0
P = 3 [ Qu4(0, T)dr = ; [Q4(0, T)d7, (7.53)
0

rje yuThIBaJIOCh, 4TO0, COraacHo (5.54), cien Q, (€, T) sBAserca yer-
Hoit dyHxuMelt cBoux apryMenToB, Mcnoan3ys Tenepb obpas Pypre
BeJMUMHB Q, | IpUXO[UM K BHIPAXEHNIO

B = Q0 Ok 0, (7.59)

M3 KOTOPOro cpas’y BUJHO, YTO B COOTBETCTEMM C TeOpemoi Boinepa
{6.25) xoaduimeHT B HeOTpUpATENEH B Npepete 60abiO# NpOBOAUMOCTH,
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CoraacHo onpepeneuuio (6.89) BemuyHb! B, MOXHO HaNMCATh

bijk=PEijrtPijr (7.55)
roe

Ecau paccMaTpuBaTh Tenepb TOJbKO TY YaCTb SAEKTPoABMxymedt
CHUJAN Q KOTOpas BO3HMKAeT OT YjleHa ﬁe ik TO NOBENEHNWE CpeHero
MarHiuTHOro noas 6yper onpepeiaTbCs ypaanennem

B o+ BB, (1.57)
at
T.e, BEIMUHHA B MMeeT CMBIC KoaddummenTa TypbyieHTHOH MaramTHOR
mmbdy3uH,

‘U3 pusnuecknx coobpaxernit 0GLIMHO OXMAAIOT, YTO BEIUUMHE B
NONOXUTENbHE,  N03TOMY KpaliHe yIUBAAIOTCA ee OTpHLAaTEIBbHOMY
SHAaKy AAf NOTEHIHaJbHOro Teuerns [ cM. (7.51)]1. Onnako, kak nokasmipa-
10T OLEHKK B pasy, 3,8, nosnnili Kosddument maruuTHol mbdysun
n + P nonoxureleH,

Jas paccmoTperns BOSMOXHOCTH OTpHL@TENbHbIX 3HayeHui nojaHoro
kosddummenTa marauTHod mibdy3un MOXHO OIpaHMIMTHLCH NOTEHIMAb-
HblM cayvaltHbiM NoJleM, MOCKOJIbKY, coraacHo (4.49), BKaaa COjleHOH-
NanbHol yacTu moboro noss BCeraa NoJoXuTeNeH,

U3 Boipaxerms (7,50) noayuaeM

B = 1 ( qkz(qkz +i w) a) )
3n (nkz —-i w)z (k, CD)ddeO—
= l n2k4(3caz — n2k4) A
31-] (n2k4 + wz)z q)(kp W)dkd(& (7-58)

Tlockoxsky & > 0 u
k4302 — n2ke
1< R4 n<k9) < 9
M*ks+ory2 = 16 '’

TO MHTerpas B npasel yacTy (7.58) MOXHO NpeACTaBUTb B BU

(7.59)

1
Pe_ 8ff®(k w)dkdo=-2_Rm?o —lges_g__ 7.60
3 (ke o) 3 16 ° (7.60)
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CrenoBaressho, |6Rm?/3| > 1 sBafercs HEOBXOMUMBIM YCI0BHEM
OTpHMUIATELHEIX 3Hayernit koaddummenTa noaxoit marauTHOl muddysun,
T.e, Tpebyercs Rm? > 3, YcI0Bue NpUMEHMMOCTH KOPPEAiIMOHHOT0
npubaixenus BToporo nopsaka (4,30) B 5TOM cilyyae CBOAUTCA K YCJl0-
B0 S < 1 1 Tem Gonee Bunoansercs S /Rm= 1, fuo A2, < 1, 310
ycJosse npeneta foasitot mposogumocTy, korpa p > 0, kak 6bi10 ToMb-
KO 470 NoKa3aHo [ cM, (T.54)]

Taxum o6pasom, MBI BUOKM, YTO NOJHBIA KO9GdHMIMENT MarHuTHOM
puddysun n + B B paMKax KOpPpeIsSHMOHHOro npubimxeHus BTOPOro no-
paaka HeotpuuareneH [ 129],

OrmMeTHM Takxe, YTO B NpefieJbHHX cayyasX dopmyasl (7.45) 1
(7.46) o9 Be/MuMHB B OPMBOJAT K pesyibTaTam, ciefyioumm 13 (3.30)
1 (3.48).

7.5. TypbyneHnTHOCTb nopi neiAcTeeM cui Kopuonuca

B pasg, 7.2 obcyxpaloch BIMAHNE aHH30TPONHON Typ6yleHTHOCTH
Ha TypOyaenTHy0 snekrpomsuxymylo cury & nas cayuas, korna amso-
Tporms 0BycaoBleHa HEKOTOPHM BEKTOpHBIM NoJeM @. IlpeacTasaser un-
Tepec Takxe cayuaii, koraa aHW30Tponus 0bycJioBeHa NCeBIOBeKTOPHBIM
nojem, flpocThiM NMpuMepom 5TOrO cayyas ABiseTcd TypOyleHTHOCTb BO
ppamaiotielics ciucreme, Korpa Ha Hee BIMSIOT TONLKO KOPHOJMCOBH CHJthis
Hpeanonoxum 18 NpocTOTH, YTO STO BiMAHNE NOCTATOYHO caaboe,
yT06n! peHebpeun BCceMM BeIXUMHAMM, CONEPXALlMMH YTUIOBYKD CKOPOCTb
Q B crenem Bhie neppoit, Tak Kak a'.’. ub; ik ARNAIOTCH [ICEBIOTEH30-
pamy, TO UMeeM

a..’. =0, bi’-h=B5""h -'B‘Q" S’k —BZQ’Sh' —Bsghsij’ (7.61)
1K, Mcnonb3ys 06o3Hauerns, BBefileHHbIe B (7.55),
Bijn=Pi28i, -2, —B.0s5; (1.62)

Jlerko npoBeputb, uTO yciosie (7.56) BHIOJHAETCSH.

Buipaxenye (7.43) nosponser cBs3aTh NOCTOAHHNE B B, B, C
KOppeJAIMOBHHM TEH30poM nods ckopocrelt. [las sToro noaydaem u3
(7.61) cooTHOWEHUA

bijj = (=3B, —B, - B, (7.63)
bisj= (=B, 38, -B,)Q,, (7.64)
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bm =(-By -B, - 3B,)9;. (7.65)
CymMMa STHX Bupaxerult gaet
5Q; (B, +B, +By) =~ (byy; b * b ) (7.66)
Jas nOCTOSIHEOM P , TAKNM Xe obpazom nosyuaem
1

H, NOACTABAAA Co/A Bulpaxenus (7.43), npuaem x dopmyde [ 220]

ikl 1 3G(E)
Bzgi == 10 If £ % (3§.' Ef "'§25,'")Qh1(§0 T)dgdr.

(7.68)

Mui He NpMBOIMM COOTBETCTBYIOWMX dopMya Ans [5‘ up,. ITn BeMm-
WHHH Mpe/CTABISIOT MeHblki HHTEpeC, NOCKOJBKY TYPOYJIeHTHAS SJ1eKTpO-
Rewxymas cuaa §, Koraa Tensop b, ;, umeer sun (7.61), onpegensercs
BuipaXeHueM

8= -Bui -, +p,)pal@- B)+uB,Qx]. (7.69)
Ormerim, uTo B, He NOARIAETCH 3AECH U3-32 COJCHOMAAJILHOCTH Mar-
BMTHOIO NoJs, a kosdduipient p , BXOMMT TOJNBbKO B TOT WIeH, KOTOpbIH
EBAKETCA I'PAIMEHTOM, ITa YacTh 3jeKTpoasuxylel cuin Bcerga KoM-
neHcupyercs o6beMHLIMK 38paAamMu ¥ He BIMSeT Ha MAarHMTHOe foJe.

Hau6onee unrepecto#t peraanio (7.69) spiseTcs Hamfy1e 9J1eKTpo-
npxynielt cuasi up_Q x j, uyacTo HasmBaemolt Q x f-sdpdektoM, ITOT
WieH HanoMHHAeT 93)q)ex-r Xoxaaa. Tak xe kax u o -addexr, nmelommii
MecCTO Tipi ofHOpoaHOH, M30TpONHOK ¥ 3epKaibHO-HECHMMETpHUHOK Typ-
CynenTHOCTH Q X j - 5ddeKT BHI3BAH CNUPAILHEMK LBIKEHAAMH, HO HE
Tpebyer pasmuus BKAANOB ABMxenuit npasolt uay Jesolt cnupanbHOCTH,
ARH30TpONMA B COUETAHUK C NPOCTPAHCTBEHHMIM M3MEHEHHEM CpefHero
Marf¥THOrO NoJs CO3/1aeT cpemmit TOK, HeCMOTpsl HA paBHOBEPOATHOCTD
CIMpanbHLIX ABIKeHu 06oMX THIIOB.

PacemoTpum Tenepb nuTepecHbit Bonpoc — BO3MOXHO M BO3OYxX e~
HMe muramo aas paccMaTpusaemolt 3gech TypOysentHocTn? U3 dopmyan
(7.27) MOXHO BUZETB, UTO f1st 9TOr0 HARO HaliTy KOPHYM ypaBHEHHA

det(p5,, + € pekiknBrim = 0 (.70
C Re(~ic)> 0, p=-ictnphd
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Ilopcrapass (7.62) B (7.70), cpasy noayunm
det(t)5” + Eijhkjkmphlm) = p(pz + kz(g . k)zbg )=0 (7.71)

W3 s10ro BripaxeHus BUAHO, YTO He MMeeTcA KOpHell ¢ nojoxuTebroH
peanbHoll yacTbio —i =a. Takum obpasom, paccmatpusaemas TypOyieHT-
HOCTb He MOXeT NpuBecTH K Bo30OyxneHmio quiamo,  #

7.6. [IByxmepHana Typ6yneHTHOCTb

Onpepeennbiii uiiTepec NpeacTaBiseT pacCMOTPeHMe ABYXMepHOIM
TypOyseHTHOCTH, ITa TypOyaenTHoCTb 0OnanaeT ceolictBamu: 1) pexTo-
pbl CKOPOCTH JeXaT B IJIOCKOCTSX, OPTOrOHAJbHLIX 3ajaHHOMY Halpas-
JIeHMIO @ U 2) OHM He UBMEHSIOTCS BOJb STOIO HANPaBIeHU, T.E.

e-u'=0, (6: gradju’ =0, (7.72i
na B npoctpancTee Pypbe

e-u=0, uk o)=5(-  ku2k o), (7.73)
roe k =k —(e - kje. (7.74)

,HJU[ KOppeJAIMOHHOI0 TeH30pa, clefoBaTelbHO, MMEEM

~

Q€ =QRE ), ¢; Q2E 1) =0,

ey Q2E, 1)=0, E<E—~(e- €, (7.75)
Wit Syt 0pacos Bypoe

Qin(k, 1) = 8(e - WOR(K, @), ¢; Q21 (K, @)= 0,

€xQ? (K, o = 0. (7.76)
B pasp, 7.3 yxe 6biio NoKa3axo, YTo AByXMepHas TYpOyJleHTHOCTD He
Moxer Boabyxparb msamo. ObpaTiM Tenepb Halle BHUMAHHE Ha TEH30D
b ;ik n xo3dduumMent npyxmepHoi MarnuTHolt muddyaumu. Haunem ¢ BH-

paxenus (7.43), ucnomsys ¢ypbe-npencrasierue, Onpenenss mdpdepen-
IMpoBaHKe B MJIOCKOCTH, OPTOrOHALHOU @, BHIpAXEHHEM

d ]
—— =@y —¢e;) , 7.77
dk, ij ~ % ak, (7.77)
nocJjieé yaCTUYHOIr'0 BRIOJHEHUS] HHTErpMpoOBaHNa MOXHO HaNUCaTh
d k €xén
b,.. we. ¢ (1L n Mmoo
ik =€ mnpt pgj ([ 3‘& ( T2 i e )+ T i
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2n(e - k A
enkﬂ—ﬁf;—_-‘.—c-o%,—— 1Q4(k, w)dkdeo (7.78)

[lofcTaBisia Tenepb TeH30p (7.76), Jerko nojyyaem

d k A
bijh=tiinfpilf . @K, o)k
ijk = Cilnfpgj '_aq— (m)qu( . w)dkdo+
0RR,w)
€; €E.
+€; h:lq”——‘—_lf{:Tw—dkdm: (7.79)
uIM, ucrnoab3ys Teopemy Ilapcepans ( 6.11),

1 EYelcd) "' ~ ~ . .
bij k= " Eiimtmnp®paj I[§—- —7;—1—)—*3,.&,9‘;} (€, 7)d8dT~

~¢jextag (1™ € 0D € i, 750
Bemmma G2 (€, T) npencrapaser cobolt mpyxmepiyto dymiapeo I'piuna u 3a-
JIAETCS BHIPAKEHUEM

g2
GOE )=t e~ L2 v.81)

Wurerpuposatme B (7.79) u (7.80) NPOM3BOMTCA TIO [LIOCKOCTSM, OPTOMOHAb-
HbIM @, T.e. TI0 JByXMepHOMY MHoroobpasuio.

PaccmoTpum Goslee peranbHo ciyuali gByxMepHO#H, H30TPONHOM 1
3epKaJbHO-CHMMETpHuHO# TypOyierTHOCTH, B 9TOM ciyuae BTOpOi HH-
Terpax B (7.79) wm (7.80), oueBnziHO, He NaeT BKIaAa, TAK Kak OH 8a-
BHCHT OT BeJMUMHB! U’ (X, t) - rotu’(x + §, ¢ + T), KOTOpaAdA OTMYHA
OT HyJs TOJbLKO NPM HEPABHOM BKJaJe JBVXEHMH N0 1 MpOTHB yacopoli
cTpeaku, KpoMe Toro, TEH30p b,-’- g MOXeT ObiTh COCTaBJeH TOJNLKO U3

~

KOMIOHeHT e, , 5;j —¢; €j »€;;1€; M, NOCKOJbKY OH AHTHCHMMETpH-
4eH, nonyyaeM e MHCTBEHHD BO3MOXHOE Ipe/iCTaBjeHne
b, .

h=D1eitjue + bt +boe e (7.82)
C HEKOTOPHIMY MOCTOSHELIMK b, b, 1 b,, B 3epKaibHO-HECHMMETpHY-
HOM cilyyae BOMOXHBI TaKkxe claraeMble, COCTaBJeHHble U3 KOMIIOHEeHT
€. (5,0 ~

[ (a,h "e"eh)' vuuey e,- eiek'

Ymuoxas (7.82) u (7.80) na €), HaxomM, 4To b, = 0. YMHOXaA Ha
Beauy ;
MHbL € ;) €p ME €0 TIOTYUAEM, UTO
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by =b,=B2) = _ f;g.j‘_‘f_‘f'_”_ £12) €, 7)dfdr, (7.83)

rae f (2) sRnzerca n,ayxmepnoﬁ npono.nbﬂoﬁ KoppeasipoHHol yHKuuedi,
onpepenfeMoli Brlpaxexnem

E2r1(6 M= {E 02 €, ), » (7.84)

KOTOpOe aHAJoru4Ho TpexMepHomy ciyuaio [ 132], Haxonen, Haxonum
clleflyionee BhipaxeHue aas TypoylentHoll snexrpoapuxymed cuibt

aB B

(2) oB;
Si =B ey teigle — L = pRIB,, ~cherky .

xh xh

(7.85)

Ecau 570 BHpaxeHne NoJCTaBiTh B ypaBHeHMe MHIYKUMHM A1 CPefHero
noas, Ti€. B ypaBHeHHE

dB, = a8,
= =B =c —, (7.86)
TO [OJY4HM Cllefiyiolliee YPaBHEeHNe:;
% B (2) (5 62§;
- "B =BT 6y —gey) . (7.87)
ax" axh

910 ypasHeHye B oOueM Ciyuae OMMCHIBAET aHM3OTPONHYI0 mididy3uio,

CymecTsyl0T, OfHAKO, ABa CJyYad, KOraa camo cpefHee MarHUTHOe Mo-
Je nmeeT [BYXMEpHylo CTPYKTYDYy. B nepBoM ciyuae MarHuTHoe noje
napanijielbHO BeKTOpY @, T.€.
B-(o-Ble-Be, (e- grad)B=0, (7.88)
B 370M cayuae e[MHCTBOHHAA HEHYJEBaA KOMIIOHEHTa CPeJHero MarHuT-
Horo noss B yfoBjeTBOpsieT AByXMepHOMY ypasHemuIo mpdysuu

9B

at
Tlie n, spaserca noxsniM kosbduipentom MarmTHOR mipdysmm

np=n+p, (7.90)

-npA2 B= 0, (7.89)
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KoTOpbill ONpe/ieNAeTCs aHaJOMHYHO TPEXMEpHOMY cayyam, a Al2) . ppyx-
mepubiit oneparop Jlan.uaca

Al2) = (5, —e; )

ij (7.91)

6x ax

. Bo BTOpOM Cllyuae MarHueHOe 10Jie MMeeT CTPYKTYPY TypOyJIeHTHO-
[0 ABVXEHUS, T.€,

0“8-=0: (O-V)i=0, (7.92)
NO3TOMY, B YACTHOCTH,
B'- = B'- = (8'-’- —-e'- e’-)B’-,
B aToM clyuae cpefiHee MAarHUTHOE NoJjie B Takxe YIOBJIETEOPAET ABYX-
Mepnomy ypaBseHnI0 g Qy3um
a'E,.
—_— _.qTA(Z’B =0. (7.93)

at

OrmeTnM B 3aKJI0YEHME, YTO He CymecTByeT GyHIaMEHTANLHOTO pas-

TS Mexay KosdduimenToM MarautHoi mudPysuu B B Tpexmeprom
clyyae ¥ BelurunHo# B(2) B pyxMepHOM ciyuae, ITO ICHO BUAHO U3
cpasHenua (7.83) u (5.62). Ilepexons, Baxosen, B (7.83) x npeneay 6omb-
WOl NpOBOMMOCTY, aHANOIHYHO TPEXMEpHOMY Cy4alo B pasf. 7.4,
Haxomum

Bl2) _ 1

2

1 ———

r Qhk_(ﬁ, T)d'l' = cor * (7.94)
o 2

7.7 . KoppenAuMoHHbIe NpUBNHIKEHWA BLICWIMX NOPAAKOB:
PeKyppenTHaa topmyna BaiHwTenna
OGo3naunm vepes ik, ¢t) u E(k t) o6pasnt Pypbe no npocrpascT-
BEHHEIM KOOp/MHATaM noas ckopocTeit ¥ MaruuTHOro noas, Kak v panb-

e, cuuTaem cpeiHIO0 CKOPOCTb paBHoi HyMO. YpaBHEHHe MHIYKIMH
1Py 3TOM npusmMaeT BUI

9B,

S PR By =it e ki o By, (7.95)
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e 3Be3[I0YKa O3HAYaeT onepaimio CBepTKY, BBEIEHHYI0 B (6.7).
Ipencrasum MarauTsOe nosie B B BuAe paja

Bk, t)=3 o'ii ") (K, t), (7.96)
e
roe »
BV (k, 1) = B(k) exp(— nk2t) (7.97)
"
9B .
Y +nR2BIM wie ;e n okl "5':'" -1n),
Bk, 0y=0, n> 1. (7.98)

U3 Bripaxenuit (7.96), (7.97) u (7.98), oueBuzHo, Cleflyer, YTo noie
8, onpepensemoe U3 (7.96), B Cllydae CXOOMMOCTH psaja ABASETCA pelle-
HMEM ypaBHeHHs MHIYKIMH (7.95).

Ypaaﬂeﬂue (7. 98) MOXHO 3anucarb B METErpaibHOH Gopme

Bp)=i PE i RE k1 b IeXP[ nk2(t —t )i, * B "-l))dt', n> 1.

(7.99)
Ipumenss 9Ty GopMyay ABaxbl, NOLYIUM
Bim _ t ¢t N
i (ke t) = _lijhehlmemnpepquj ofg MMy (k -k, t*)x

xk;ﬁq(kl —k", tu)ﬁt(ﬂ—Z)(ku’ t")exp{—q[kz(t _tl)+

+R2(8" _t ")]!dk'dk"dt de", (7.100)

MNocnenosaTemyo noxcrasiss 8 & ~3, 8@ =4

11€ KOHIOB NpPUATH K NpeACTaBJIEHHI0 B ) yepes ] o),
Hac vnTepecyer cpenree 3nauenye Bm, OrpmmquaaaCb TOJIbKO
OCHOBHEIMM 4J€HaMH, NOAyUnM cieflyioilee Bhipaxenye:

¥ T.Je., MOXHO B KOH-

T ¢ e -h —_ .
i = ff, e, WY oot T BV e dr, de ™,
o0 0

(7.101)
Caenys pabore Balinureftna [ 281] (cMm, Takxe [ 100] ), paccmorpum
rayccOBCKOe paclipeielieHye Nois CKOpoCTell, st KOTOPOTO BCe KOp-
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pesIpOHHbIe TEH3OPE! HEYETHOrO NOPS/IKA PaBHL! HYJIO, & TEHIOPH yer-
HOFO OPA/Ka PaBHb CYyMMe MPOM3BEAEHNH BCEBO3MOXHBIX TIAHBIX KOp-
peJATOpOB:

%N () B @) =TT @08 @ ®). (a0
1 2 2n o '[3

B sTOM cllyuae caaraemsle psina (7.96) ¢ HEYETHLIMM HOMepaMy paBHb
HyJIIO

Bant 1 _ g, (7.103)

Jnsa cnaraeMbix ¢ YeTHbiMM HOmepamy (7.101) u (7.102) noayyaem Bbipa-
xeHue

= e e’ ‘(Zn—l) .
BE™ = ffo..r  =nd k&, eC0)g B 1 B)For gy

00 o a 'B U o vy

(7.104)
I'/ie BaxHoO# siBAseTca noc1ei0BarebHOCTb BPEMEH

txt'>t" > .. t2M =1 5 20, (7.105);

Kpome TpeboBanns rayccoBCKOro pacnpefiesieHus nods cxopocreii Baitu-
WwTelH npeanonaraeT Takxe, YTO BpeMs KOpPpeJsmuy ropasfio Kopoye
BCEX XapakTepHhIX mMacuTaboB BpeMeHH, ¥ GEPET KOPPEASIMOHHLIH Tes-
30p BTOpOIrO paHra B BUE

Q41 €, ™) = 20, 5(7) Q,, 6), (7.106)
rneQ,.(0)= 2 )

U3 dopmyaet (7.104) nonyunm Tenepob
= ef G0 -
BEM =ppeer 30, i 0= KBy 5 er_¢ B, BOGL.,,
00

0

- (7.107)
The Q,, spasercs o6pasoM Pypbe BeIMUMEBI Q,.;. BBenenHo# B (7.106).

Bripaxenne {7.107) nerxo BblUMCASETCS: CYWECTBYET TOAbKO OIHO
Claraemoe B nofbIHTErpaJbHOM BhHIpaXeHuy ¢ aprymenramy ¢ !, pac-
TNOo0XeHHbIMY B €CTECTBEHHOM nopsizike, coraacuo (7.105), Bo Bcex
OCTaJbHEIX caaraeMblX CymecTByeT N0 Kpalineit Mepe oma napa t (¢,
t®), AJst KOTOpO# MHAEKCHl a M B He ABAAOTCH cocefHuMu, B sTom




1o Tanea?7

clyuae yMeem
[B-D 0, t® -1V <,
[ 5@ —t®yg By L g

(] -9

7.108
(B =1 o, ( )

310 BLIpAKEHHE HCYE3AET, €CAN BHIOAHUTD MHTEPMpOBaHKe 10 ¢ B -n

Taxum ofpasom, OT CyMMBI N07i 3HAKOM MHTerpajia 0CTAeTCs TOIbKO
OfIMH YJieH

¢(2n— l)

Bizm =‘f; oo , (k") —K2)5(" —t")x
: o0 o f1i2

X Q (km ~kta)5(t13) _ga) ., , Blovde’, . (7, 109)

U3 c'rpyx'rypbx (bopMleu (7.109) BuaHO, YTO BeIMUMHA Q iyi, CoBeplIeH-
HO HE CBA3aHA CO CAEAYOmMMY 32 Helt MHOXMTeIAMH, KOTOPhie Npes-
crasasoT coboit cpepnee 3Hayenve B(2" — 2) , Myl Ipux0auM, TaKuUM
00pasoM, K PeKyppeRTHOH Gopmye

t e’
= —E;fhﬁmnpﬁunqurk, r rn kil (k—k', )%

B
B‘Q ")(k' t)

- “q(k' -k, t")B;Z" -2’(k”, t")expt —n[ k2(t —t')+
+ R _t")}dk'dk’ dt "dt " . (7.110)

VuyteBad, 4To coraacso (6.18) u (7.106),

T (=K, £ 9T K £7) = Bk —K")o(t" —#")Q, (K —k")2r

cor?

(7.111)
¥ BHINOJHASA VETErpHpOBaHus, noJjyvaem
e e t [ —
% + 2) 2 "\1h . .
Ban* 2, 4y —orA,-,,exp[—nk (8 =t"NBE™ (k, e')dt" (7.112)
rae
Al't" Tcor €45 hE kRimEmnrE ,-qp ] [k, qu(k' —k)dk’. (7.113)

[Tpu M30TPONHBIX YCAOBUAX BHIIONHAETCH

Toor [k o0k —WdK’ =7 [k, (G) ()ak’ + (kG (k')dk'] =
i
= Bknslq - -—2—- aenlq« (70114)
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ymHOXa# 3TO BHIPAXEH)e NoCleI0BATEIbHO Ha &) g Ve, - JerKo noJy-

yaeM

_ Tcor ~ ’ ’ Tcor 1 -
g__g__rQqq(k )k’ = 5— Q0= —5— wiz 7, (115

i L~ Tcor an
a=T T €1 ghpQy gk’ YK’ = Eplg —— | =
cor—3 nlg®niq nlq 3, I§-—-o.
Tcor it au,;("+§' t) ] ————
= = Elnqul(x' ) a&n §= 0=—3—u raty Tcor“

(7.116)
Mopcrasaas (7.114) B (7.113), noayuum

A= it jgpky + BTy —kik,). (7.117)
Yrobbl npultTy K OKOHUATEAbHON MHTEpNpeTaIlK Pe3yAbTATOB Npoaud-
¢epenupyem pexyppesTryo dopMyay (7.112) no Bpemenn

aﬁqzn + 2)
)

at = -4, B —k2Bpn T D (7.118)
CyMMupys 9TH BHIpaXeHHs H yUMTHIBAA, YTO
B8 (0
0B (0) ) -nkzﬁw’,
at '
noJyyaeM ypaBHEHWe Af CpefHer0 MarHUTHOrO Nojs
9B, _
S = 4B, -n4%8,, (7.119)
Kti’l‘opoe B M30TpOITHOM Ciyyae npHHKUMaeT BUL
dB(k, ) = L. =
5 T —(n+ B)k?B(Kk, t) + iak x B(k, t), (7.120)
WM B KOOpAMHATHOM Npe[CTaBICHUM
dB(x, t) - -
\6;“ =rotaB(x, t) + (n + B)AB(x, t). (7.121)

310 ypapreme nokasssaert, 4To eficreue TypOyJeBTHOCTY CBOIUTCA
K nossaenmo snexrpomsuxymeit cu §, 3anasaemoit popmynamu (3.5)
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uay (5.37). Ho raaBebiM siBJsieTCA TO, YTO BEJMUMHLl a ¥ B B TOYHOCTH
TaKhe xe, KaK B paMKaX KOppesiMOHHOro npub/xenus BTOPOro nopsy-
Ka B npegene Gosbuoi npopommoct [ eM. (3.31) 1 (3.32)1.

7.8 . INCNepCHOHHOe COOTHOWEHWe

Kax yxe orMeuanoch B pasp. 5.1, Ans npumenenuit TeOpun cpemnmx
noaell yMECTHO CYUTaTb, YTO TYpOYIEHTHOCTb ABASETCH AByXMacuTab-
Bbli, Vnave rOBOpS, UCNONb30BaHNe 9ProauYecKoii Teopemsl ABASETCS
npobremarnynniM, KpoMe Toro, asyxmMacurabuas TypOyeHTHOCTD npu-
BOJIMT K MaTeMaTMYECKUM YNPOILEeHHIM (BOSMOXHOCTD pa3JioXeBUs cpefi-
HEro nojs B psfl), KOTOpHe NO3BOJAT NPOBECTH Hotee AeTalbHble uc-
caepoBanus. B cayuae ognopogHoit TypOyieHTHOCTH CymlecTByeT, OfHa-
KO, MaTeMaTuyeckas nponeaypa, Bnepeble npeanoxennas Jlepxe [ 145,
1501, xoTOpas sBAseTCS aibTEPHATUBHON K METOAY paslOXeHus B Pl

PaccmoTpum unterpomnddepenpansnoe ypassenye (4.50), Bbise-
[€HHOE B paMKax KOppeJslIMOBHOrO npubavxeHns BTOpOrO NOps/Ka,
Jas cayuas ognoponnoit TypOyIeHTHOCTH ¥ OTCYTCTBUSA CPEHErO Tede-
HUs OHO MMEET BUJ

d -
(‘— - B, ' =€, dJ aG(ElT)
g1 TAIB O ) = €48 b g g o It 3,

x Q1 (€, T)B, (x — €, t —T)dEdr. (7.122)

MNockoarky mHTErpall B NpaBoi YacTy SBJASETCH MHTErpaloM THIa CBEepT-
K4, TO ypaBHEH)E NpuHUMaeT ocobenHo npocTyio opmy Aaa bypbe-
npeobpazoBaHHbIX BEJMYMH, & UMEHHO:

[£5;4 ~Ajqk, 1B (K, @)= 0, (7.123)
roep = —i w+nk? (7.124)
7
Aiq (k, w)=ie ish‘hlni_enmp‘pqus ff_a%%’l_Q”(E, T) x

x exp[ —¢ (k - § — wT)ldEdT. (7.125)

HeTrpupuanbhble pewesys ypaspennus (7.123) cymecTByOT, TOJIbKO €ClH

det[£5;, ~A; (k, )]=O. @.126)
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CooTrowerue (7.126) npencrapaser coboit aucnepcuonnoe ypasnenne
[ HAXOXAEHUs « NP 33/8HHOM 3HaueHUy BexTopa k.

Tpexne BCero 3aMeyaeM, YTO [ Majbix k 9TO ypaBHenue coBlajaer
C [MACTIEPCHOHHBIM yDABHEHWEM [ clydyas AByxMacuiTabuoit TypOynent-
HOCTHM, KOTOpO€ paccMaTpuBaloch B pasf. 7.3 ¥ 7.5. Jlerko nposeputnb,
yTO BO BTOPOM nopsifike no k

ITRAUNUNLAELINTN R Jw (7.127)

re TEH30PH @, u by p Sanaiorcs dopmyramu (7.1) v (7.43).

Bo-BTOpHIX, MBTErpai B (7.125) ¢ TOYHOCTBI0 [0 MHOXUTEAH (2m)—*
spasercs o6pasom Pypbe pemunibl Q,; G/IE,,. TosToMy MOXHO nepe-
micarb 9Ty PopMmyany, ucnonbsys (6.7) u (6.57), B caegyomeM Buae

’ A . ’
(kn kn )qu(k s @ ) dk’d;,,’
nk —k’)2 - i (@ - ')
(7.128)

Orcwopa noayuuM, 4To Air = O(1) npu k - o, T.e, [MCEPCHOBHOE
ypaBHeH#e uMeeT pelieliie p = 0 um —i w= — nk2 fag k » o, 3TOT pe-
3yJbTaT 9BAsSeTCS OYEBMAHBIM U3 Puaudeckux coobpaxenuii: npouecc
paspyueHis KOPOTKOBOJHOBHIX (yphe-MOJi He NOJBEPXEH BJIUIKMIO Typ-
Gy.JIEHTHOr'O [BMXEHNS,

EBa 11 MOXHO NOAYUYNTb pelerMe ypassenus (7,.128) B obmeM cay-
yae Iy npou3BOJbHbIX sHadenuli k, [losToMy orpaHnymMmcs Ciyyaem
M30TPONHOM, 3epKaNbHO-CHMMETPUYHOH TypOyaenTHocTH. Tak kax
k; 4;; = 0, To uMeeM

Air(k’ w)=—E; g kE klrranpqurks rf

4k w)=ak, @)B; - ), (7.129)

¥ [MCliepcHOBHOE ypaBHEH)e NPOCTO 03HAYAET, YTO p = a , €CIY UCKJIOo-
Yutb HemnTepecHoe peuwenye p = 0, Takum 06pasom, NPou3BOL CyMMK-
poBatme B (7.125), nosyyaem

. 1
ik LT g € Texpl-i (k- § - )l

g€ . 9
¢ (7.130)
Win, ecau yenoab3oparh onpenenenue (5.61) A1 npoaoJbHOHA Koppess-
IMoRHOR (yHKIpM,
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poi k-8 966 T)
I

(&, Tyexpl —i (k - § — wr)dEdr =
(7.131)

ok € & (€, T)expl—i (k - § —co)idEdr.

Moxno nalitTi sKBMBaJEHTHOE NpEACTaBIeHENe A AUCNEPCUOHHOrO ypas-
HEHUsi, €CJM ONpeeUTh BeluuwiHy a u3 ¢opmyanl (7,128). loayuaem
py 5TOM

- [ (- ](kh -kh)Ql h(k’ ')
nk —k')? - § (0 - ')
ki(ki ~k})

=-f ! T X ‘. .
ooy [ o de (7.132)

dk'de’ =

JTa ¢opMa HUCNEPCHOHHOrO COOTHOLIEHVst Haubonee noJe3na npy

MCCIe0BaHMY MHTEPECHOIO BONPOCA O CYWECTBOBaHUKM PacTylnX peilesnit,
T.C. pemenuﬁ C NOJIOXMTEAbHHM 3HayeHneM Re(—i co) Ipeacrasum

4acroTy - B BUAE G = @ + m' , Taxk 4YTo Re(-—zm) w;

IpeanonoxuM cHavala, YTO XUAKOCTb HECKUMAeMasi, TaK YTO
ypastenie (7.132) npuoﬁpta'{ae'r BUA

kk Q. (K, @)
: k ! . ’
—iw= k2 T b _ dk'd'. (7.133)
nk-k')2-i(w—-w')

3arem npeanoaoOXuM, YTO CYIECTBYET KOpeHb, Al KOTOporo Re(—i o) =,
=@ > 0, B sTOoM ciiyuae MOXHO BHOpaTh B Ka4eCTBE w-KOHTypa Be-
1leCTBEHHYI0 0Cb. BO3bMeM BeleCTBERHYI0 YACTb OT 00e¥X CTOPOH Bbi-
paxenus (7.133) (k —k')2 + ®,

Re (ia) = = —nk* - (K —K' ) + (oo )2 kiQja(K @)k’ des
(7.134)

B 370it cBA3M ClefyeT 3aMeTUTh, YTO B 3epKaIbHO- CHMMETDIYHOM CJY-
gae 1o onpepeneHno

Qa (- ¥ @) = Qptk. w). (7.135)

A
CoBmectHo ¢ (6.19) v (6.20) 3TO noka3biBaer, YTO Qi ; ABJAseTCs Beme-
CTBeHHOH Beaunnoii, '



OdHopodHan mypbyAeHMHOCTIb NPU OMCYIMCIMEUL CPEOHE20 MEUeHUR s

Jlepan cropota (7.134) no npeanonoXeHuIo NOIOKUTENbHO Onpese-
sepnaf, a npasaf, COrJacHo TeopeMe Boxnepa (6.25), aBaseTcs oTpy-
gaTebHO ONpe/elieHHo. 3T0 NPOTHBOpeuyie [OKA3HIBAET, UTO NepBoKa-
uamioe npemionoxesne Re(—i w) = w, > 0 nesepno [ 128, 1291

Paccmarpusast npee 601buwol nposommocTH, WOAZ > 1

cor?
sameuaeM, uTo ciaraemoe n(k —k’)? B sHamenarese AaeT 3aMeTHbIH

BKJaf, TOABKO eci k2> po /T . Kpome TOro, NOCKOJbKY BeIMUMHA
di 4(Kk’, ') CYWECTBEHHO OT.fuHA OT Hy.iH TOABKO NpH k' 2 < /A2«
& 0 /7 ;o » MOKHO YIDOCTUTD MCTIEPCHOHHOE ypaBHerue (7.132) n vamy-
cath "

e opt _ g G D)
—io= = - e o) (7.136)

Tenepb MOXHO HCNOJb3OBATH T€ X€ PACCYXAEHUS, UTO ¥ NPy aHAIM3E
$opmyt (7.134). lpeznonaras w; > 0, nonyyaem, Y4T0 BelECTBEHHAR
yacTb AeBoit cTopoHn! (7.136) noM0XUTENLHO ONpenelena, B TO BpeMd
KaK npaBas yacTb BCAEACTBMe TeopeMsi DoxHepa oTpuuarenbna.

Creflyiolne OIEHKY NOKASLIBAIT, YTO B PAMKaX KOppPENAu#OHHOrO
npubmyxeHus BTOpOro nopaaka podOie Hesb3s HaliTv pacTyliMe pellleBHs.

Mas moBokt opsopoaHO#, M30TpONHOH U 3epKalbBO-CUMMETPUYHON
TypbyaenTHOCTH (ypbe-06pas KOppeAsIMOHHOIO TEH30pa MOXeT OLTb 3a-
NKCaH B BUJE

a A A
Qi (k, @) = Q(k, m).(kzsﬁ =k ki) + Q' (ks )k By, (7.137)
npiueM BeaencTBMe TeopemMbl Boxnepa (6.36) BHINOIHMOTC COOTHOLERHS

Ok, ©)> 0, O'(k @) 0. (7.138)

W3 npusepennoro shime uccaenopams cayuas TypOYJEHTHOCTH B HECXKH-
Maemoit cpepie cTanOBUTCS SICHBIM, YTO NIEPBOE ClaraemMoe B BLIPAXEHUH
(7.137) Bcerpa naer oTpuuaTeNbHbIA BKAan B BelanHy o, , MogTomy
BauGosee GaaronpuaTHLIM CllyyaeM A pacTYIMX pelweHuii SBAseTcs no-
Temmanbroe cayualinoe nose, koraa O-o0ud' =030 (B 0bo3nAYe-
*::‘X pa3n. 6.6). [ucnepcuonnoe ypassenue (7.132) npu sTOM ynpomaer-

pupp M KWRTE KT 0L
nk—k)2 _; (- o) Bk, k' dos', . (7.139)




116 I'nasa7

Ilpepnoaaras ceoBa @, > 0, nonyunm

o =mpl— 1L (k- K2 — (- KDtk K24y
nk? (i —K')2 + 0 )2+ (@ —o')?

x ® (&', o )dk'de'], . (7.140)
Ife &' — KOHTYP fBAf€TCH BelwecTBeHnofi ocbio, YcioBue w; > 0 Tpe-
OyeT BBIIOJNHEHUS! HEPABEHCTBA

2 - [ 2
12 (k- k)k "2 = (k- k'))n(k ~K) +w,)¢(k, o )dk'do> 1,
nk (nk —k')? + )2 + (@
r (7.141)
AHau3 noabIHTErpanbHOro BhpaXeHus NoKasuBaer, yTo 061acTb
|k’| <« | k| paer Bcerng oTpunatesbhbii Bkaan. To xe camoe Bepro
pas | k’| =| k| : nogbisTErpaibHoe BLpaxeHHe OTPULATENRHO s
k' = —k, NOJOXMTENbHO, HO MaJo No Belunse Aag k= Kk, nosTomy B
LeJIOM NOJyuaeTcs o'rpuua're.ubnblﬁ BKJ1a]l, C.ueuoaa're.nbﬂo, MOXHO I10-
Jararb, YTo (D(k’ «') = 0B obaactu | k'| < | k| ud)(k‘,m)> 0 st |k >
Ho obaacts, roe (D > 0, xapakrepusyercd Takxe yciobueM | k'| =1 /A,
TaKk uyTo paubosee GiaronpusaTHOM curyaimelt pas cyuecTsoBamusi pac-
TYHIUX MOJ, SBAAETCS I/T\cor > | k|, T.e.cayyalt gsyxmacurabuoi
TypbyaenTHOCTH. B pasp. 7.4, ograxo, 6bl10 yXe noxka3aHo, yTO B Cly-
yae ApyxmMacuTabnoit TypOyaeHTHOCTY HE CYMIECTBYIOT pacTyuMe MOJbl.
CrepoBarebH0, MOXHO 3aKMOUUTh: B PAMKaX KOPpeJsAIMOHHOro npubim-
XeHHus BTOpOrO NOpfA/IKa HET OCHOBaHui cunuTaTh, 4TO OJHOPOJHAN, N30-
TPONHAN ¥ 3epKajbHO-CHMMEeTpUYsas TypOyleHTHOCTb MOXeT BO30yX-
[aTh [MHAMO, .

Oppako v¥MelOTCA YTBepX[eHHs, YTO pacTylme MOAn MOryT
nosBAATLHCA B pamkax npubimnkenuit 601ee BHICOKOro nopsaxka. Kasan-
nes [ 100] npumen x Takomy peay.ub'ra'i‘y, UCNONb3ys JUArpaMMHYI0 TeX-
1uKy. INopasfio Gonee onpenesentbie BuIBOAb noywum Maftauruc [ 72]

n Kpeitunan [ 110}, paccmaTpuBas Bo3byx/enne MMHaMO QryKTyalusaMu
CNYpaIbHOCTH B OJHOPOHOM, M30TPONHOH U 3epKaIbHO-CUMMETPHYHONA
TypGyaenTHocTH, [IpOBEPUTDL 3TO MOXHO TOJBKO B KOppEAsiMOBHOM
npubanXxeHny He Hke YeTBepTOro nopajika.

Fanmruc [72] paccmarpupan [AsyxmacuiTabHyio TypOyJAeHTHOCTb.
TMpepnosaranoch Hamune TypOyAEHTHHIX JEMEHTOB C MacuTabamyu

Acor, 1’ T ua

T
cor, 1 cor, 2’ cor,.

_m)

o> CBASAHHBIX YCIOBUAMHK A >A

cor,1 cof
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KT > Teor, 2t . Cornacno pesynbraram, KOTOpHe GyIyT NOAyYeHb
nam,ueﬁluem (ra. 9), menxomacurrabuas TypOyaeHTHOCTD, BHEIPEHHAN
B OJMH BHXPDb KPyMHOMacurrabroli Typ6yIeHTHOCTH, NO-BUMMOMY, NPUBO-
[T K CIMPaIbHOCTH. Taxum obpasom, Goabioii BUXpb MOXET aelicTBo-
paTh KaK MHamo, Bo3byxjalonmee MarHuTHOE N0Je C XapakTEepHbIM
MacmTE00M AMHBIA
Kpeitunan [ 108, 110] cnenoban Gonee negyxTveroMy nytH. On noay-
g1 B YETBEPTOM NOpAJKe OTpUIATeNbHLIA BKAal B koshduimenT TypOyien-
tro#t MartauTHO! mddy3mn, 00ycroBaerHbli QaykTyaipamMu cnupaibpoc-
TH, BrioZiHe BO3MOXHO, YTO NpY COOTBETCTBYIOLIEM BbIGOpe XapakTep-
HHIX MacliTaboB OTpMUATe bHEIR BKIaL CTaHeT npeobaajaonmmuM, NpuBoas,
rakuM obpasoM, K pacTymmm Mopam,
OrmeryM, Hakoser, oOumpHOe uccaea0BaHne NUCNEPCUOHHOTO ypaB-
HEHUsi, BhIoJHeHHoe B paboTe [ 821,

7.9. Cpennvit kBagpaT GnyKTyrpyowWwero MardHuTHOro nonsa

Mpeanonoxum, YT0 MarHMTHOE noJje nocrosmuo. TorAa B paMkax

KOPpeJAIMOHHOrO NpubJInKesni BTOPOro NopsaaKa QAYKTYaLmy MarHITHOIO
noad OMKCHIBAOTCA CHEMYIONKM ypaBHEHMEM MHAYKIUMM:

3 , ~ duy
S B = e, B —, (7.142)

i
UnK B nipocTpancTBe Pypbe
) + 2 A
(—iw T]k)B =€ ik him m:kut. (7.143)
oTclolla e MyyaeM BoipaxeHue AJ KOppeJsiMOHHOIO TeH30pa B ,» BBE-
Nenroro s (4.5):

B, )= r(”ﬁi (k, m)ﬁn(k',m' Jexplli (x (k + k*) = ¢ (w+ ©’)) ] x

x expli (k'§ — w't)dkdk dwdw” = (7.144)

kbl (k, ), (K, o)
(k2 —iw)nk 2 —i ')
xexplt(x(k+ k') - t{w+ o’))lexpli (K'E — 't jdkdwd k'de’ B, B,

-Efihehlmenpqeqrs (rrr
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Nopcrasans cona (6.18), nosyunm [ 301

5 kik .
in€, 1) = E it hlmenpqeqrs f erlr(k: @) X

x expli (kg — wr)kdwB_B,. » (7.145)

W3 aroit gopmyan naxommv aast cpensero kBagpara ¢paykryammit mar-
HHTHOT'O NOJIA

B2 _ B, (0, 0)=q,, E”Es , (7.146)
rpe
A Py A
s = H[Qu(k. W)kmks —Q‘sq(k' W)kmkq “le(k' W)ktks +
A dkdaw
+8 . Q, (ko) & ] . 7.147
ms lq( %y q n2k4_fwz ( )

Ans u3oTpommo# TYpGyAeHTHOCTH, OYEBHOHO, g ms = @5, « Bolnoatss
CyMMupoBatie, noJyuaem us (7.147)

1 K0,k @)+ ik 0y (ke w)

= . |
3 TV dkdw (7.148)

Teopema Boxnepa rapastupyer nolOX1TeIbROCTD BEIMYMHEL g

Tenepb Mbl MOXeM CTPOro foKa3aTh cooTHoweHus (3.81) u (3.87),
Aast npocToTnl npumem divu’ = 0, B sTom cayuae u3 (7.148) cnenyer
npu n » oo

A
Q (k, ®) 1
qzdg..l,..” u dkdeo w2 - 1 pe
n k2 3n2 cor 3
' (7.149)

B cornacun ¢ (3.88). B npepene 6oabmoit nposogumMocTy n » 0, OACTas-
Jsst @ = nw B (7.148), noayuxm
N, (k 0)
1 szu( ’

™ A
- ——————— dkdw=___ [0, (k, O)dk =
q 3n [l iy v Y 3n Fontt O
1 n
W) Wt BT g
n n n

K nonobuomy xe pesyabTary npuuea Jloy [ 1611, Ormernm nm‘epecny!o
HHTepnperaimio coorHowenus (7.151), U (7.146) u (7.150) caemyer, 4T°
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— -—

B'? 1B*=ngin. (7.151)
JleBas yacTb 3TOr0 BHpaxeHusi npejcTasasgeT coboit oTHolEeHNe
marHuTHOA SHepriy, HAaKONJIEHHOA B GAYKTyalusX, K SHEPIMH, 3aKJIoYeH-

goit B cpeliHeM MarHMTHOM Nole. 3T0 OTHOUEBHe BEJMKO, ECIH BEIMKO
ortroweHne kosdduuvenra TypbyaenTHolt maruuTaoli middy3un K Koad-
GuipeHTy MoJIeKyApHO# MarauTHOA nnddyaum. CoraacHo faHHBIM pasy.
3.11, naa Comua n,. ~ 10%n. 310 03HAYAET, YTO SHEPIUA MATHUTHEIX
¢ayxryauult B fecsTh THCHY pas Goablie sHepruM, 3anacenHoi B cpef-
HeM MArHUTHOM noie,

Jlia cpepnreKkBafpaTHUYHBIX 3HaYeHMit QAyKTyaimii MArHUTHONO NOJs
pa noBepxuocTy CoJHua Haxomum

B’ : B~ 100. (7.152)

970 OTHOWIEHNE NOSCHAET, HACKOILKO TPYIHO HAEXHO BHICIUTL Be-
JHUMHY CPeHero MarHUTHOIO NoJs na nopepxsocty Connna us Habmona-

eMBIX ero 3HayeHui,



nhasa 8. TYPBYNEHTHAA

IANEKTPOABUHYLLAA CUIA
nPA HANNHAU

CPEIHEIO TEYEHWA

»

8.1. BeofiHbie 3ameyaHun

PaccMoTpehue, Npobeiernoe B npefblaymeil raase, yxe OpUBeAo K
pAfly BaXHBIX PE3YAbTATOB, pacliMpuB, TAKUM 00pa3oM, NMpeJCTRBAEHNE
o npeamere. Onpaxo, Yro KacaeTcd NpuMenemtit K Kocmuueckoi ¢uam-
Ke, TO NPEAnoNoXenus o0 OMHOPOAHOCTH Y HAINYNK CPEHEro TEYeHUs
OKa3bIBATCH HECTIPABEMMBbIMY 15 TEX 33]a4, KOTOphie Mbl XOTUM pe-
warb. Haubosee sarasyipbiM npyMepoM B 3TOM OTHOLIEHMH SBASETCSH KOB-
Bekms BO BHewne# yactu Coavua. B xonBexTvero# 308e CoaHla Bee ¢u-
3KYECKHe BeIMUMHbl, TAKME, KaK AaBieHne, TeMneparypa, NIOTHOCTb Mac-
CHl ¥ ToJle, CHILHO 3ABUCHAT OT pafuaibaoit koopmsarst. [losToMy KOHBeEk-
110 HeoOXOAUMO paCCMaTPUBaTh KaK aHMSOTPONRYI0 M HEOAHOPOAHYIO, 38-
BUCSHIYI0 OT 9T0#l Koopaunarsl. Bonee Toro, TypOyienTHOE KOHBEKTHBHOE
IBUXEHUE MCIIBITHIBAET BAMSHME BpalleH!s, T.€. UMEETCH CpelHee ARkeHne
CrenoBaresibHO, XeJaTelbHo Pa3BUTb TEOPHIO B BYX HANpaBlEHUSX: BO-
nepBbIX, C YYEeTOM CpeHEro TeYeHus M, BO-BTOpPHIX, € yueTom Goaee ob-
umX, ocoberHo "BeoAnopoAHKIX", Moaenelt TypOyreHTHOCTH,

Kak noxazano B ri. 4, A1s pasBuTHs TEOpUM B MEPBOM HANpaBIeHUH
Beo0XoIMMO yMeTh oflpefensiTh Ten3op I'puna Mpy HaIMuMM CpefHero Te-
YeHus, YTO ABASETCSH 3alayeil, koTopas BpsA Ay MoXeT ObiTh peunlena B
obmem Bune. OBHAKO 15 TeYEHMI C MOCTOAHHBIM CKOpOCTSiMY fedopMa-
it Tensop ['puna Moxer GHITH npencTaBien nouTy B siBHOM Buge [ 112,
113, 117, 120). Ha ocroBe 3TOr0 NpEACTaBASHAS yXe MOrYT GHTb nony-
YeHbl CyIECTBEHHbIE PE3YAbTATH, OCKONbKY, BO-EPBHIX, BPAlATeIbHOE
ABUXEHHE — 3TO ABYXEH!E C NOCTORHHBIMU CKOpoCTSiMu aedopMmalmit u,
BO-BTOpHIX, B Ccayyae [ByxmMaciitabnofi TypbyreHTHOCTH ABHXEHHe Takoro
TUNA MOXeT OBITh XOpowWwKM NpubIMXEHMeM s NpOUSBOJIbHOIO By KSHNA e

Yro xacaercs pasBuTus Teopuu ¢ yietrom Gonee obmmux mopexnedi TYp-
GyneHTHOCTH, TO 3A€ch OynyT NpuBEe[eHb HEKOTOpHIE MpUMephbl HEOAHOPOX
soli TypOynenTrocTH, ucnuThBalome# Bmsuue cui Kopuoamca. Crenyer
OTMETUTb, YTO Mbl NOAOHLIN K BONPOCY, KOTOpHI BCE elle HeJoCTaToYHo
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cCABNOBAH. FloaToMy NpefCTaBJEHKEe 3/1eCh PE3YILTaTH, OCOBERHO KO-
;qecmeﬂlﬂie» HMEIOT OrPaHMYEHHOE NPHMEHEeHHUE,

2. Ten3op [PUHA ANA TEUEHUA C NOCTORHHBIMK CKOPOCTAMM

" nedopmaumi
TpevicTaBAM noje ckopocty B Bulie
%= yﬂxl + ug; > Yijs g; — NOCTOSHHKE, (8.1)
agraxxe BBE6M TEH3OP vy (t):

«'n’= ugg Ykj ° Y,','(o) —5,','- (8.2)

B coOTBETCTBHH C Teopielt 0OBKHOBEHHbIX Au¢{iepentMarbHEIX ypasneni
0YeBMANO; YTO Y;; CYECTBYET ¥ ONPENeSSTCH O/MHCTBOHHbM obpa3oM.
Tax, HAUPUMED, AN CIBUTOBOTO TEYEeHHs!

u = &=, us = u3 =0, (8.3)
meat N e 0
vy (2)= <0 1 0., (8.4)
\0 0 1
[lag BpamaTebHOr0 ABMXEHUA
u=9Q xx, Q= comst, (8.5)
noAyIM o
vij(e) =-§,7[Q'.Qi + (@78, —©;Q;)cosQ¢] ¢ jjFoin Os..
{8.6)
Tpu ¢ - 0, orpammunBasics nepEHM MOPATKOM, MOXHO HANUCATS:
Y?i(‘)=5ﬁ * oy, (8.7)
¥ro CupaBeAnBo Aast obmero THNa apuxerns (8.1).
3amerum, yro
Yiilest 63) =y (81) y; (25), (8.8)
Yy l-) = y3 (o), (8.9)
% Yj(e) = vij ) ujpe (8.10)
c?mmm (8.8) oueruaro, Tax kax oba remsopa ¥;;(¢) = y;(t +1))

M .
Yiyle)= Y (#) v (£,) ynosrersopsior ypasremo (8.2) ¢ BAUAILHHM
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'ycioBuem i"ii( 0)= ¢‘i (0) = y;;(¢,), T.€. TOXIECTBEHHBI ApyT Ipyry,
Ecm B (8.8) monoxurn ¢, = — ¢, = _¢, To Cpasy HOMYUaETCH COOTHO-
wenue (8.9). J1rddepemmpys cooTnomenue yi,-( t) Yik(—t) =5
AyUuM

Yij (t) Yk (—t) - Yij (t);’,'k(—‘) =0,

a ucnoib3ys (8.2), Moxsxo Hanucarb »

ik o~

vir (=) w5 () — v (£)wy; 1=0,

OTtkyna u caefyet coornouesnue (8.10).

. _ﬂ.na onpepeuTens y = det( yii) C yueToM cooTHome ! (8.9) umeqy
Y = vy (t )y,-'- (—¢)y(¢). Ha ocroBamm Bhipaxerus (8.2) noayuum

Y(£) = ugyy; (€)yj; (= )y (2) = uyy(t), (8.11)

MM OKOHYATENLHO

y(t) = exp(divu.¢). (8.12)
YpaBrerne ABMXeHHUS

x=u (8.13)

np¥ u , 33/1aHHOM BbipaxemneM (8.1), Moxer ObITH NPOUHTErpUPOBAHO:

t
2 (£) = v (e)xg; + or vij (7) d7 ugj - (8.14)

Ucnonbays (8.2) u (8.14), nafizem
t
%= Yij %oj * vijuoj = wirl = Lyiy () dTug; 1+

t
+ Yi]'"Of = uy oz + ugj [Yif —_({yi,-('r)d'r]_= e + i,

noATBepxnas, Takum obpas’oM, clelaHHoe Bhille YTBepXIEHHE.
Boipaxetme (8.14) omMCHIBAET TPAEKTODHIO YACTHIH], JRMXKYMEACT
BMecTe C OTOKOM, KOTOopas Haxoquiach B TOYKE X, mph ¢ = 0. TakuM

06pasoM, MOXHO BBECTH CONYTCTBYOIHE KOOPJMBATH X~
-t

A=y (=t)m v [y (T)drug; - (8.15)
0

¥ 3amcarb YpaBHEeHUd A MaruMTHOrO noasd B BUAe

d B; o dves. s - 1 9°B;
3¢ - (—dvud; +u;)B; ;_;—?'ir(_‘)ykr(—‘)-é—xiré';’:"

(8.16)
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JB.

I

r

dv B=v, (—1) = 0. (8.17)

Broas npeoSpasosanie Pypbe N0 NpOCTPaHCTBEHHBIM KOOpAKHATAM X,

noAY' MM

3 B; (K, : 1
i%-i‘i_‘_L{-[awu * e Yor () yg () By 15y ¢
4

+ u,.,.}ﬁl.(k,z), (8.18)
v, (—t)k B; (k1) =0. (8.19)
Wcnoaw3y# (8.2) u (8.12), serpynno naliTu pememne
5-(k,t)=7ii(t) expl ——1— e=1(e)k k] By, (k) (8.20)
: y(¢ uo P9 pg” T0j 1T
npuyeM
k Byj (k) = 0. (8,21)

B Bripaxemy ( 8.20) BBenen cuMMeTpuysbii, N0J0XHTENbHO-ONPENENEH-
Hbiit Ten30p Cp—ql , 3anannbiit caeayommm obpazom:

t
g (t) =—:—-({ Ypr (=) g, (=7) d7, (8.22)

rAe ofo3paueHe yKasbiBaeT Ha TO, YTO B AaibHeilmeM O6ygeT UCNoab-
30BaTLCA 00paTHbili TEHIOP ¢ ., YAOBIETBOPSOMUI YCAOBUIOC , ¢ ;rl =
llore By (k) B BHpaxeniu (8.2q0 ), OYEBHIHO, SBASETCS (bypbe-o%pas(m
BAYAIbLHOro noas B'. (x, 0).

Tyers X, — KoOpAMHATH TOUYKM, KOTOPAA ABUXETCS CO CKOPOCThIO
9, IpHyeM x — ee KoOpAMHATH B MOMeHT BpeMenn ¢ = 0. Mcnoabays
(8.14), MoxHo namcarn sBHO

t
(x); = v (), + [ yij (1) d7 ugje (8.23)
0.
Torpa Koop/muary x” B (8.15) MoXHO, OuUeBH/HO, 381aTh KaK
rEx,. (8.24)
2 CooTBercTBuy ¢ npeobpasopanueM Pypbe uveeM

i(xe)=y §,-(k, t)exp (ik-x_,)dk,
B,(x,0) = [ By; (K)exp(ik-x) dk.  (8.25)
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Noacrasass Teneps (8.20), npencrasum B(x, t) B Buae
B;(x,t) = [ G;; (x, § ¢, 0) B; (€, 0) d€, ' (8.26)
riie TeH30p G'.,. CyTb .

Gi, (x! Ev t, T)= Yii(‘ —T)G' (x_(g_-r) _g’ t -1 l-i), (8.27)
»

1 1 t -1 :
_ —— e (e)k k +ikexld
a 67(x, (f8)=4 y(o) (2w | P! T P )”z;ox "
0, t<0.
(8.28)

Bripaxemme (8.26) sBasiercs pemenrem 3a1aul ¢ HAYAIbHBIMA YCIOBUSIMY
IA% ypaBHEHMA MHIYKIMM B-CAyuae Tedyeruit ¢ NoCTOSHHBIMY CKOPOCTSMH
nedopmainit. CreoBareaso, Tensop G; i 3afjauubit ¢ nomompio (8.27)
u (8.28), nelicTBureabno ABAAeTCH TeHsopoM ['puna, BBefeHHEM B pasl. 4.5,

Ilyetb C;; ABASIETCS NOJNOKUTENLHO-ONPENENEHHBIM TeH30pOM. Tor-
ua nMeeM

. 1 1

- xpd ~Cyr bk, + ike€} dk = —= -

(zn Fol Cuhyhy * ikeg] db = e e
Xexpl——‘ll—Cp'; b, (8.29)

COOTHOWIEH!E, KOTOpOE Nerko AoKasarhb, npeobpasys TeH3op Cj; K rias-
HBIM OCSM, 3TOT pe3yabTaT No3BONAeT BLIUKCINTD uBTerpal (8.28) u no-

AYUUTD -
uo\y Ve _Ho
( Tl't) 2 '—‘—"Y exp. -4—t- cpqxpxq}, t )0,
6 (x, ¢ |u) = (8.30)

0, t <0,

VimMeercs v Aipyroe npeAcrasaerme rensopa I'pusa G, 7 » KOTOPOE OKaKer-
¢4 nofle3HBIM B AanbueiimeM. OnpefieauM TEH30p d

pq(t)= Crs “)er(—‘)ysq.l _‘)o (8.31)

:Toma u3 (8.27) ¥ (8.30) MOXHO NOJYWATH HECKOAbKO HHOE mpepcTasieit
Tensopa 'puna:
Gij(x, & ¢, T) = v3j(t —T)G(x—§ _,, 2 -7 | u), (8.32)
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ppHueM dysxims G 3ajaercs B Buie

(-ﬂ-)l/’ Vd exp {—-:—c- dpq % % }, t>0,

4wt t
Gix, ¢t ju)=
0, t<0
(8.33)
MNpuBeneM COOTHOUIEHHE
1 ¢ -
d;ql(l) =—t_ 6‘. Ypr (T)qu(T)dT = Cpql (_t)v (8.34)

koropoe Burrekaer u3 (8.8), (8.22) u (8.31). Kak crencrsue umeem
d,p,,(t)= cpq(-t)._ (8.35)
B naKI0yense 9TOro paszfiena XoTeJoch 6bl CoenaTh HECKQIbKO B3aMeya-
mit.

Temsophl ¢, ¥ dp, CyTb TEH30pbI KpoHekepa He TOJbKO B clyyae
u= 0, Ho ¥ ANA BPAMATENLHOTO ABIXEHNUS, T.K..
Yir (8) v, () = 8ppe

s cnevroBoro Teverms ( 8.3 ) u3 Bhipaxemus (8.34) naiinem

1+ 1 (c* £)? Lare 0
3 2

- 1
dpql(‘)zc;ql(—t z—od"t 1 0 |, (8.36)
0 0 1
1 —-l—od"z 0
2
dpq(¢)=c (—t)=——11— —_!_.od"t 1+_L(od"t)2 0 .
Pe 1+—E<c.s"z)2 2 3

0 0 1/

(cm, [ 113, 206]). (8.37)

" fns Tevyenns obmero suia (8.1) orpamtuuMcs nepBbM TOPSAKOM
TpMBesiem pesymrar

d - 1 '
pq(t)—cpq(_:)=qu —2—(upq+ ugp) £, (8.38)
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H3 KOTOPOro BUAHO, UTO TEH3OPh! ¢, ¥ d,, HENOCPEACTBEHHO CBW3a-
Hbl C leQopMalMsiMK, KOTOpbie HCIBITHIBAET SAEMEHT XUIKOCTH NpH IBK-
XeHH.

8.3. Npeacrasnexnne Typ6YNEeHTHON SNEKTPOABUXYIYEi CHNbI

ByaeM ucxomaTh U3 npefcTaBaerms semunasl § B pamkax Koppe-
JASUMOHHOTO NpHOJIMXEH!A BTOPOro NOpaKa:

66 (x,x—E_,t,t—';')
gi (x, t) = Ei,'kelmnenquf H x
9,

x Qip (x, =& & —7) By(x—§, t —7)dEd7,  (8.39)

KoTopoe noxyyaercs 3 (4.54) u (4.55). Noacrasass (8.32), walinem

ac(!—(X’— )1-, l—)
Gix, ¢) = €ijk Etmnnpg JJ Vi1 (7) 13 et g

x Qpl(x, — & t, —7) B, (x —& ¢ —7)dEd. (8.40)
Bseflem HOBYIO nepeMennyo £
x-§ = (x=§), (8.41)
¥, TAKMM o0pa3soM, MOXeM NlepenucaTb MHTerpal B Bupe
e (Vvrm (7Y 96(g, 7 | W)
y(7) 9E,

gi (x't)zeiikelmnenpq ] x

x Qjplx, (x=8) _, —x, 8, £7) By ((x =§)_,, ¢ —7) d§ d;

(8.42)

npy Hanucawk sTolf PopMyabl wtpux y § wavu onymen. Ecau nofcra-
BUTh COOTHOMIEHUS

€imn= Y(T) € gy Via (= T) Y (=T)ypu (=), (8.43)
€apg™ Y (=T)evunYon (T)yyy (T)yzg (1), (8.44)

TO M3 Bhipaxenus (8.42) ans npou3soibHOro Habopa HEMBIX MHAEKCOB
MOXHO NONYyuUTh
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dG(§ | W)

G (% &) = €ijkthkimEmmp [/ T Vg () X
A1) =
x iq(x,(!—f)_.r—x, ¢, —T):p(_r) B,((x—f)__r, t —t)d€dT;

(8.45)
5 MHTEpIpeTalyy 3Toi GopMyIHl npexie BCEro BBE/IEM CHCTEMY KO-
OpIMHAT ¥ , COMYTCTBYIOLYIO CPEAHEMY TeueHio u

t -t )
%= 71;[(‘_‘0)’7 + {Ykl (T)dT ug;; (8.46)

B MOMEHT BpeMeRK ¢, obe cucreMbl copnananT. [uddepenmpys no spe-
memm Bbipaxeme (8.46), u3 (8.13), (8.14), nonyunm .
dw, _ _ - Y, '
-‘-I—;——- uklxl-u0k+ Ykl (t—to)Tt—- . (8-47)

0603HAYMM YEpPE3 V CKOPOCTb OTHOCHTENbHO CONYTCTBYWINEH cucTeMs
KOOPAMHAT:

v
de
YusThiBas, yro
dx -
T'=n=n+n', (8.48)
KMeeM
(ys )=y, (g —t) u] (x, ¢), (8.49)
WX, t) =y, (¢ Ztg)vy(y, t), (8.50)

The aprymentsi cBsi3anb COOTHOMEHU MK

o~t’
Eap""“m'l‘eﬂbm K unrerpany (8.45) ¢, crenyer savemnTs HE ¢, 8 ¢ —
¢ ~7. Us Buipaxemit (8.49), (8.50) u (8.51) nonywm
dG(§, 7| m)
-_— X
9

Si(x, 1) = Cijk EkimEmp S
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.. Ypr (T) =
X Q,'n(x, "‘E’ L, —Tl n) —’;—)—- Br((x_g)_-r, t —T)dfd’

(8.52) |
r/le BBe[ieH - KOppeasiMoHHbill Ten3op

Q' (x, Ev i, T |;)= v'(xv ‘)vn(‘+§v t +7), (8.53)

0o6pa30BaBHBI}’ #3 KOMIOHEHT CKOPOCTH OTHOCHTENLHO CHCTEMEI OTCYery,
COITCTBYIOWEH CpeiHEMY IBMXEHHIO,

PaccMarprBas NOCIEHOI0 YacTb NOJLIHTErPATbHOIO BhIpAXEHH (8.52)
obpaTuMc K XOpomo H3BECTHOMY NPEACTABNEHHI0 PEMERUs YPABHEHUS yy,
AYKIM B Clyyae HAealbHO MPoBoAsilel Cpefibl. ITo pemerte MOXeT Gur,
BanKUCaHo B Bule

B(x, ¢) _{ B(xo: 20)
P(x ) \p(xg ¢q)

Tfie p — IWIOTHOCTb Macchl i x(x,, ¢t ) — METErpaN ypaBHeHUS IBHXEHS
x= u. U3 ypaBHenus nepasphiBHOCTH

. sra&o)x(xo. to), (8.54)

3
Py divpu=10 (8.55)
at

u onpefienems y [ cM. Boipaxenie (8.12)] moxso noayuwTs
p(x, t) 1
P(‘é‘, to) Y(‘ —to) :

(8.56)

Crenosarensto, u3 (8.14) suaro, uro none —£— YprlT) E ((x—§)_p,t-7)
y(7)

6bl1o 6H1 TOXAECTBEHHO B (x —&,-t), ecin Gbl cpefinee MarHTHOE 1016

6110 BMOpOXeBa' mcpe.qnee ABuxenue. JIpyruvu cioBamy, fio Tex nop no-

Ka CpefiHee MarHMTHOE 10/ie MOXHO CUMTATb BMOpOXEHHEIM B cpefHee ABF

XeHue, CrpaBelIHBO COOTHOMEHHE

- Ypr(.r) -

B, (x, t)= B ((x- —1) (857
p(x )= "= B ((x=8)_p ¢ =7)

CaepoBarenbHo, ( 8.57) MoxeT ObiTb HCIOAL30BAHO NS soiuncaenst (8 52

B ClyuYae, KOrjia cpefiHee MarHuTHoOe 1oJie He CHALHO An(pdyHIHpYeT 3@
TMPOMEXYTOK BpeMeH! IMTEJbHOCTBIO T, .« Iro npefnonoxeme HaM y#e
XOpOIIO 3HAKOMO M3 PACCMOTPEHUS nByxmacm'raﬁuoﬁ TypGyaenTHOCTH B
pasfi. 5.4. Ilpu TakoM yciosuu Buipaxenue ( 8.52) npumvaeT BUl
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If dG(§, 7| u) -
J§; I

gi‘!, t) = €ijkEkimEmnp x

x (% — & =7 W) By(x-§ ¢) dgdr. (8.58)
agH0® NpE/ICTaBICHHE anekTpofiBnxymesi cunbl § mm HessAUMTENBHO OT~

{pruaeTcd OT NPE[ICTABIEHHS B CIYYae, Koraa 2=0.
[IpeanoXaras Takxe, UTO CpefiHEe MAMHUTHOE 110]1e ABYMEpHO 110 MpoC-

ypARCTBEHHHM KOOD/IMHATEM, U3 BbIDAXEHHS (8.5) Anst TewsopoB a;

p,
bmno-ny‘MM _
Gyp = Eijk EklmE mop ff—‘LG—(;g’—Tm Qjn(x —§ ¢, —7|0)dEdr,
: (8.59)
G(E |1 .
bipg™ ~Cijh® kim* mnp ff—a—f,%llﬂ €0, (X, = § ¢, —7| W) dEdr.
: (8.60)

8.4. O BNMAHWK CpenHero ABWXEHWA HA KOPPEeNnAYWOHHLIA TeH30p

U3 sbimenpusefieHHbix pe3yapraros (8.58), (8.59) u (8.60) BuaHo,
YTO HAM BCe Xe HeobX0oaMMO onpefieUThb KOppeasHOHHbIi TeH30p C yue-
TOM BAMSHMSA cpefHero Asuxemns. Jlas sToro clenyer HCXOIMTb U3 CHC-
TeMbl ypaBHenuil, BKmovames! ypasnenne Hasbe — Crokca, ypapHenue
HEPa3pBIBHOCTH, ypaBHEHME COCTOSHMA ¥ T.4. OueBuano, wro HaliTh fo-
CT2T0YHO 00wy MaTeMaTH4ecKylo Moflelib, KoTopast MoXeT GbiTb 1poc-
TO MHTEepnperHpoBana, noytn 6e3uafexuo. [losToMy orpamMuuMes cay-
WBEM HECXKHMMaeMOro TeYeHus, T.e. paccMoTpuM ypasHemne Habbe — Crok-
Ca B Buje

du 1

a\-t"+(l'V)n=_-—Vp +F + vAnu, (8.61)
P

".YDaBuelme Hepa3pLIBHOCTH

diva=o, (8.62)

Ynecs p - neBaenne, F — cuibl ¥ v — BA3KOCTb. YCpe/iHsas, NONYUM
YPeBrenn Peftnonnaca:

u -

: Iy - ap.

R L Y — vAT = __._1 ap + F.— 90 (x, 0, ¢, 0),
kax,‘ ' p 9x; ' dx,

(8.63)



130 I'naea 8

diva=0. (8.64)

Vpasuenve 118 u” noxyyaercs sblunranueM (8.63) u3 (8.61) u umeey

BHL:

dy-

.._'.. - vA u; = .__.1_
o)

dt

ap” d - P
—— (uu t ou,u)t
dx; d x;, o . :

”, a s -
+ Fl. + axk (ui uk —Qik(x, 0, t,O))- (8-65)

Ilpeanosaraercs, uro TypOysenTHoe ABMXEHHE o0ycaOBAEHO cuoii F*,
r.e. F” HexoTopbiM 06pa3oM, KOTOpbifi Mbl He KOHKPETU3HDYEM, BOGGyx-
naeT u’.

OrpanuyuMcs Tenepb KOppeisMOHHBIM npulJXeHeM BTOPOro mno-
panka u npenebpexeM, TakuMm obpa3zoM, B ypaBrernu ( 8.65) wienom,
KBagpaTHyHeM 1o guykryaimsM. Torna reobxoaMMo paccMoTpeTh ypas-
HEHA S

9y T
—vAu = —_ 9 _ 9 (Fu’ + u’;.-) + F7, (8.66)
dt i P ax'. axk k™i k“i i
ous
divu® =—t = 0. (8-67)
x.

1]
Jra npouenypa fonycTiMa Beskuil pa3, korfa

min (Re, S) << 1, (8.68)

rae S GBUIO Yxe onpefieieHo ¢ noMombio Beipaxenus (3.14), a Re —
uncio Pelinoabica:
Re =t Neor (8.69)
\Y

TMomust 0 TOM, yTo HaM HEOGXOAMMO ONpENeAHTh xoppenmmouﬂblﬁ
TEH30p B CUCTEME KOOpPAMHAT, COIYTCTBYIOIE! CpefiReMY NBHXEHHIO,
OrpanMuMMCH TAKUMM TUNAMSY IBUXEHNUHA, KOTOphie HMEIOT NOCTORHHbIE
ckopocTy nedopmaii 1 BOCNOAb3YEMCS KOOPAMHATAMM, BBEEHHbIMU C
noMotiplo Boipaxerus ( 8.46 ). M3 sripaxemns (8.49) c noMoubio (8.2)
u (8.10) naxoaum

dv; duj _ Ou; ., 9%
P =y (ta—-t)I t g —Ll - 1. 8.70)
e il dt Lax, o, (
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4 06pa3oM, NpHXOMM K npe/cTasaennio ypasneruii (8.66), (8.67)
1 (IyTCTEYIOLIEl CUCTeMe KoopauHar:
8

ﬂ- -—
3,’ + 2650 — vy (0 —¢) vy, (£g —t) x

ijoi
Y
i ) 20 sy )
— T Y (tg-2t)y (—t——~— , (8.71
Xayiayk ij ‘"0 kj ) ayk
o0,
=0 (8.72)
%
1eco { © 03nAYAET CHIY B ComyTCTBYIOmEH CHCTEME:
f{y, ¢} = vij (2o —t) Ff (x, ¢). (8.73) -

Bropolt wien B neBo#t uacTu ypasrnerus (8.71) MoxHo nomMmaTh Kak
dobmennble cunkl Kopnoanca.

BeeneM Tenepb npeobpasosanye Pypbe no NpoCTPAHCTBEHHEIM KOOPAK-
wraM. M3 Boipaxenuit (8.71) u (8.72) caenyer

avi
- +20u u"u, vy (tg —€) g, (89 —2) X

(8.74)
X Biky 5= —y;ileg = £) vyj (2 —2) il + 7,
k§=0. (8.75)
feunoya s lapiemye, NOAYUAM
o
i tg — -
< ials, vij (8o —t) vy (2o —t) Fy Ky = &
¢ ip~ y,,.,(to—t)y,,,(zo_z)k,,,k,, Pe°9
+inr(to—I)Ykr(to—t)k]'kk;i =
i (tg—t) vy (tg —t)ogky | ~
=[sip_y'l(° Vrij(to -tV ks | 22 (8.76)
Ymr (tg =) Yp, (2o —t) K ky

¥xe na mannoM srane BWHO, YTO LISt OBILIEro CAyyas NONyYHUTCH pe-
% T, KoTopriit GyneT TPYAHO HHTEPNpeTHPOBaTh. [l03TOMY B NaibHeH-
' PamMuuMcH BpamaTenbHbMK ABMKeHnamy ¥ 6yneM dopMyaupoBaTb
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CBOM BRIBOJIbI, ormpasncy wa crarbio [ 240 ). INpu nocaenyomem aHaNyge
ypaBrerns ( 8.76) MoXHO orparMYMTLCH TakXe Teoprel nepeoro Nopsiy
no cpefnemMy newxeno [ 113]. a

8.5. O BAWAHWM BpalLaTeNnbLHOIr O ABUXEHURA
Ha KOppenALUOHHbI TeH30p

Jas spamarensroro mewxenus (8.5) ypasnenue (8.76) npuwmmaey
BU]
03, f

i 2 2 - o~ 25 .72
a—t— +_icT (k Sip —kikp)upqvq‘l'vk v, -(kSi

- b
p Kikp) —o

(8.77)

A A
Bsesiem ¢ypbe-06paskl v; , f; 10 NPOCTPaHCTBEHHBIM KOOPAMHATAM K
BpeMeHt. Toria MOXHO HAIMCATb

2g. e

9(0) =
! (vE? - iw)k?

, (8.78)

rae v(0), ouesnaro,. ecTh To noe TYpOYAEHTHOCTH, KOTOpOE BO3GYX-
nanoch 6l cunamu f° npu orcyrcTeMn cpefinero asuxenus. Cuabl f°
He JIOJMXHbl 3aBKCETh OT CpefHero Isuxerns. B naibneiem 6ynem cun-
tatb, uyto v(0) MMeeT npocTyio CTPYKTYpY, HANpUMMeEp ONHOPOAHYIO U
K3OTPOIHYIO MK HEO[HOPOJHYIO M @aHU30TPOIHYK OTHOCHTENbLHO ONHOTO
BblJeJEeHHOr0 HanpaBlierus. Himxe 6yneT uccaenoBaTbcs BIMSHME Bpa-
IaTeJbHOro ABMXEHUS Ha Takylo TYPOYNeHTHOCTb.

Jlas &, ypaenenve (8.77) MOXHO 3auCaTh B Bije

Dzt §; = o0, k; & = k; 5,(0) =g, (8.79)
1 2Q-k
-1 = -

rae D" = &, E R 7 Sk ke (8.80)
Cucrema (8.79) Moxer 6uiTh o6paieHa 1 npeicTaBleHa Kak
b, = D;j ,‘,‘].(0) , k8 = K 580V =0, (8.81)

= 1 209k 82)
rae D,.]. = 8,.]. + T T ¥ ‘ijk kk (8.

B nepsoM nopsaxe no Q. Bemrunna D, . spasercs ueTHol dynxupet k.
IprBeneM TakXe BCTIOMOraTelbHble COOTHONEHHS:
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4;i0Q-k
Da O~ Bij ¥ vikt + o) € ik brs (8.83)
g b= Dinkn = Ei- (8.84)
{fa (8.53) CAGAYET; UTO

Q..i(l- & ¢ T|uW) = fféi]'(1, k, ¢, T |1) x

xexp[i (k+E — wr)ldkdw, (8.85)
ppHIeM :
ytm & b @0} = 19 (k7 7)) 3 (k, @) x

xexpli((k+k”)x— (0 + o )t)dk dw’. (8.86)

Myors é.(,-‘” (x, k, ¢, @) GyAET COUTBETCTBEHHO ONpe/IeNeHo KaK (3,.].

5 (8.86), Torna B cuxy (8.81)
6,-]'(3’ k, ¢, Wli) =

(2“)4 ff D"‘ (k'r 00’) D]'[ (k’ c‘9) X

x 0800 (x +x", k, e+e] yepl —i((k + k') "~

—(wtw )t ))dk do dx de”. (8.87)
B cayuse onsoponsolt cramonaproit TypOyaeHTHOCTH v (0) nonywm
6i/fh ©|®8) = D} Djy é,flo) (k, @) (8.88)
Niyers 6,&0) saBucKT MHeHHO OT x; TakuM o6pasoM, MOXHO HAHCATH

a A(0)
0{}”(, +x"k, @) = QAI&O) (x, k, @) + %~ AL N

m dx
(8.89)
Tol‘naus(g.m) clleayer, 4To
4%k o|F)= L2, (k @)Dy (K, @) 0L (x, k, ) +
ap%(k, adiN(x, k, w)
¢ PEE D o w) G =
ok I dx
m m

(8.90)

06a
,bon%"'“omemm (8.88) u (8.90) pemaroT NocrapieHHylo 3a4a4y, a HMEH-
Peneseme aysmms CpElHero ABMXEHHS HA KOPpeASlMOHHbIA TEH30p
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[ paCCMOTPEHHbIX 3716Cb OCODBIX Clyuaes TYpOYNEHTHOCTH, _C.Ileﬂye,r
OTMETHTb, B YACTHOCTH, YTO Teflepb MOXHO PacCMOTPeTb Gonee Peay,
TUYHbIE THTIb TYPOYAEHTHOCTH CO CMpaibHOCTLIO. [lycTb

A A
A9 = Q(k28;,— kyk; ), Tak uto

A A

Qi]' (x, k, wlﬁ)‘= Q[(kzsi]- - kik]' ) + %‘;%sz;_ka;zeijk kk ] (8.91)

B cuay (8.88), (8.83), (8.84). IlocaeprmM caaraeMbiM omChBaeTcy He
YTO HHOE KaK CIMPANLHOCTb, T.€. HECKOMIEHCHPOBAHHOCTD ABYX THUIOR
BUMHTOBbIX /B XeHuil, ONHaKo B AAHHOM Clyyae WHTErpalbHad Clupalts-
HOCTb

h=iegy [Tk Qi (x, k | §)dkdo, (8.92)

HcuesaeT, TaK Kak é siBasiercs uerHoit Qynkiuedt « B cuny (6.20). Ec
au TypbynenTHOCTL asmu3oTponHa, Ho v O Bce eme COJIEHOMAANBHO,

TO é HOJIXHO ORITH 3aMEHEOHO HA é(k, w)+ Q'(k, ») g-k, rne é’

siBasercH Hevernoii pynkumel « B cuay (6.20). B aToM cayuae umrer-
pajibHas enupaibHoCTb (8.92) okaskiBaeTcd oTHuHON OT HYAS.



ga 9. TYPBYJIEHTHAA JSNEKTPOABUKYLLIAA
CUNA B CITYYAE BPALLIATESIBHOIO
CPEAHEITO NBUHKEHUA

na

9.1. UNNIOCTPATHEBHbLIE NPUMEpbI

B KoHile npeAbiayueil raabbl GbII0 NOKAa3aHo, YTO TYpOYAEHTHOe [ABK-
xemre, He obanamee u3HayalbHol cnMpalbHOCTbIO, Npiobperaer ee,
eCaH YYacTBYeT Bo Bpaulenii. IT0 MOXHO BUETb KaK B Clyyae nepso-
HaualbHO M3OTPONHOM, TaK 1 amwsoTponHol Typbynenrnoct#. Ilpeanono-
Xemie 0 HECXMMAEeMOCTH 1eAaloCh TOJbKO AJS yAobcTBa BRIYUCAeHMiL.
PaccMoTperte TYpOYJIEHTHOCTH B CxuMaeMoit cpefie noTpeboBaio Gbi 60ib-
mMx MareMaTuueckux ycuani,

TNpuBeneM dusuueckue apryMeHThl B N0Ab3y TOCO, YTO CIHMPAILHOCTD
COBEpIIEHHO €CTECTBEHHOE CBOHCTBO TYpOYJIEeHTHOCTH BO BpaumaioneMes
texe. Ha puc. 9.1. nokasana curyaims B CxumaeMollt cpefie; 9ToT Cay-
qaji oTpaxaer ycioBHs B KonsekTuBHOM 30He CoHlla B CEBEPHOM NoJynia-
piu. [lopuuMaromeecs BemecTso OyAer paciMpATLCS ¥ BpalaThCH NOJ
Reficreuem cun Kopuoamca, npuBoasi, TakuM o6pasoM, K IEBOBHHTOBOMY
CHMpaibHOMY ABMXEHHIO, OnycKaonieecs BenecTBo CxXMMaeTCs i NoA Aelt-
creueM cun Kopuosmca BrIHYX/I€HO BpamaTbCs B MPOTUBONOJOXHOM Ha-
TpaBIEHNH, ONATL-TAKU COBEpIAs JEBOBHHTOBOE CIMPAIbLHOS IBHXEHHE,
TNonsro, uro konBexmus B ceseproM nonymapmyu Connua ¢ Gobieii Be-
PORTHOCTBIO NMPUBOMMT K JIEBOBMHTOBBIM: CIIMpaJbHbLIM IBHXEHUAM, YEM K
TpaBOBKHTOBEIM. (UEBHAIHO, YTO B I0XHOM noaymapuy 6ynyT npeobaanars
TpaBoBKHTOBLIE CiMpalbHbE ABHXEHUS.

Puc. 9.2 wamocTpupyer yciosus Anst necxmuMaemoll uixoctv. Bananc
JBBOBUHTOBEIX 1 IPABOBHHTOBbIX CIMPANbHBIX BHXEHH YCTAHOBUTCS B
KaKom-m6o croe cpefibl (nepeceueHne CloeB @ ¥ ) TONBKO NpH OTCYT-
CTBuy TFpalMeHToB MHTEHCUBHOCTY TYPOYJIEHTHOCTH, NNOCKOALKY ONMH K3
TMIOB Crmpanbubix B el npuxoauT cumsy (cnoi a), a npyroft -
CSBepxy (ot 6 ). CienoBarenbro, Kak noKasaHo Ha puc. 9.2, FpaueHT

eHcuBHOCTYH TypOynenTHoCTM B TYpOyAenTHo#l cpene-obecnewBaer
PaZibHOCTL Bo BpamaomeMcs Tele B cyuae Iockoli reomerpunt. Jas
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I\\

P u c. 9.1, CxemaTtnueckoe nsobpaxesue, NOACHAIOWES, YTO B CEBEPHOM nony-
wapuu ConHya NeBOBHHTOBLIe CNHPANLHLIG ABHXEHHA BoNee BEPOATHLI, YeMm npa-

BOBHHTOBbD®,

Betasssccavttscsncsvecnscacerng, 9scssncesvacannacrascsssranns
. B .

secnannces

Y

........t........
|

|
;

.
.
.
.
.
.
.
.
.
.

.
L R Ty T T T T T Y YV TR Y Sessvnvessascssvssrorsenannsine

1 2
P u c. 9.2. B HeCHMmaemoi cpeie HECKOMNEHCKPOBaAHHOCTL npaéoaun‘roaux ]

NEeBOBUHTOBLIX CNMPANbHbIX ABUXEHKHA MOXeT GbiTh O6ycnossiena rpaRHeHToOM
MHTEHCHBHOCTH TYpPOYNeHTHOCTH u’ Z,

cheprueckosi reomeTpuy 3Ta HECKOMIIEHCHPOBAHHOCTb MPAaBOBUHTOBBIX U
NeBOBMHTOBBIX [iBMXemnii Syier ¥Merb MecTo Jilb NPy onpefeneHHoN 38-
BHCHMOCTY WHTEHCHBHOCTH TYpOYNeHTHOCTH OT pacCTOSHUA OT HEeHTpa. Bo-
ofie Xe GTAMYHYI0 OT HYAS CIUPAILHOCTb MOXHO OXWAATh BO MHOFMX CIY
YyagX.

9.2. KoppenAyWOHHbI# TeH30pP ANA HEOAHOPOAHON
TypSGyneHTHOCTH

OrpannuuMcest npefielbHbIM CliyuaeM AsyXmacmrabuol TypOyaenTHoC
4. [Ipy paccMoTpenuu BeofiHopoarofl Typ6yaeHTHOCTH NPEANOAoXUM, YT0
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CHMOCTb CpEfilMX 3HaueH!} OT MPOCTPaHCTBEHHbIX KoopaHaT crabas,
s KoppeasuHoHHbii TEH30p Q( 0) ppenaonaraercs JMHEHHO 3ABACAUMM -
-X M HE 38BUCSIIUM OT . Bozide Toro, GyneM uMeTh B BI/LY EO3MOXHOCTS
‘;meﬂamn [AHHOTO Clyyas [UIS KOHBEKTUBHBIX 30H KOCMHYECKUX 0Dbex-
0B B 9TOM CIIY4a6 pajialbHOe HANpaBIere SBISeTCs HApaBieHteM
W ¥ e[MECTBEHRBIM HANPABJEHHeM, B KOTOPOM MEHSIOTCS CPefi-
e BeUHMHbL. [losTomy npennonaraeM, Yro KoppeasimoHHbi remsop Q(IO)
aI¥30TPONEH 110 OTHOIIEHIO K ONpE/IENIEHHOMY HANPABACHNIO @, 3ABHCHT
or @°X ¥ JMBEEHTIO @ ¥ X. 3amMmeM Buipaxerse:

A . A(_ 01 )(k,
QA(-O) (xy k} (0) = Q.(.olo) (k’ CD) + I3 g Q'l CD) .
] i _._2 i P

A
+ (g-x) Qgim)(k, @), (9.1)
rae cpasy SACHH NPUYUHBI, [0 KOTOPbIM HAMM BBEJIEHO BTOpOE ClaraeMoe
B MpaBoi YaCTH.
W3 onpenenemus (4.3) KoppeasiMOHHOro TEH30pPa UMEEM TOXIECTBO

¢ (x-g &)= Q0 (x, - & - ), (9.2)

KoTopoe, Gy/iyus NpHUMEHEHHEIM K TEH3OpY, 3aiauHoMy BhipaxemeM (9.1),
HpHBOIUT K YCJAOBHIO

aQ(Ol)(k @)

" : A
000 (K, ) + :2‘_ g im0 (K, ) =

m ak
AL (k@
- ig (00) -k, — +.
m akm Q ( w) 2 Bm %
a0 (k, @) A (o1
[ akm -k, — T En¥m Oi("o ) =k —a).
9.3

Nlpexe scero MMeeM o)
0f.01) A

i (""0)=Qi(,°l)(—k,—w) (9.4)
"_"a"cﬂe.uc-rsue

86!.01) oD,
RRICER Y
L akm -k -0 T 7 ok : (3.5)
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U3 (9.3) caepyer, Takum obpasom,
0590 (K, @) = G190) (~k, ~ ). (9.6)

Hano 3aMeTHTh, Y4TO TEH30p Q (0 nomxen yrorreTsopaTh YCaoso,
COOTBETCTBYIOLIEMY TeopeMe Boxsep, KoTopas Moxer GHITb BhiBellena i,
(6.1). Orcionia, B YACTHOCTH, CJAENYET, YTO TEH3OP (I-°° ROMXEH Gy,
TOJIOKUTENBHO NONYONPEEEHHHM | YTO X 3aJaHO B OTPAHAYEHHON of.
JACTH.

[IpennonoxumM, YTo XHUAKOCTb HECKUMAeMa, TaK 4To

A
3050 (x, k, @)

= ik 050 (x, k@), 080 (x,k, @)= 0.

9 x;
(9.7)
Noncrasass (9.1), nalinem ycnosus
A A
k, o,.(l.°1) =, "iQi(im) =0, (9.8)
k Q(OO)__ g; Q( 01) Q(OO) = g 0(01) (9.9)

A
3nech Q,.(I- 01) smasercs ¥3OTPOMHEIM #3-3a TpeSoBatms mnefirocrn Q40
OTHOCHTENILHO g, TIOSTOMY

L0V (K, @) = Oy(k, @) (K%,; — k; k), (9.10)
npuueM

A A

0y (k, ) = Oy (K, o). (9.11)

HUcnoassyeM aas 0(00) obliee NpeiCTABNEHKE, T.C.
Q(°°)(k co)"{A+(k -9) A" V&%, + LB+ (k-9) B} x
X k'. kf + Ckigi +iC” kl-gi,
 nalizem w3 (9.9) :
B==A=0(kw), 4 =B =0 (k o), (9.12)

e 1 A
C= ~C __"2_ Ql(ky w)r
rae O(k, @) = O(k, — w), 0" (k @) = - §” (k, — w), (9.13)

Beaeacrsue (9.6 ). OxoHuaTe bHO NOMYUsM
0L (% k@)= 1 (ko) + (k-g) 0 (kw)}x
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1 9k2Q, (K, o
k ol gl

x (k28;; - kikj)+4;:"(k-9){

1 30, (k, )

k, "i} -i0, (K @)k g *

E ok
+(9%) 0, (k, @) (A28, —k; k; ), (9.14)
’ A ﬁ' n
re Tpu Gymxmm Q (k, «), Q°(k, «) % ¥j(k, <) ynosrersopmor (3.11) #(9.13), u
Sik, @) +(k-g) 0" (k, @) > 6, (9.15)
Kax caencTeue TeopeMbl Boxnepa. Onnako Ans él TipH HE caMuKoM Golb-
moM X HET aHAaAOI'YHOI'0 COOTHONIEHU H. *

Coorromemme (9.12) — sanbornee obmee npeacraBienue KoppeiaiMOH-
HOO TEH30pa HecxuMmaeMoro Typbyaenrroro Teuenus. OHo sBASETCS MKW
uefinoit GyHKuMell BekTopa @, XapaKTepu3yOmero Kak HalpaBleHHe aHu-
30TPOIMY, TaK ¥ HanpaBleHue HeOAHOPONHOOTHs

Pesynbrat (9.14) cosnagaer c pesyabraroM, noayueBnbiM Panje-
gom [ 207, 216 ) nns TypGyneHTHOCTH, HEONHOPOAHOCTh KoTopoili obyc- ,
Z0BJE€HA TPAIMEHTOM €€ MHTEHCHBHOCTH [IA CAyyas, Koria Beauunta ¢,
nponppiponaipua Q.

Haxorel, HanoMuuM, YTO claraeMbie 6( kzsii ~k k) m
(g-x) l(sz,.l. — k; k;) B (9.14) sBasmorcs YerHbiMU 110 k', a oCTalb-
Hble claraeMule HeyeTHbIE.

9.3. Onpenpenexne TeH3opa bip q AR HEOAHOPOEAHOM
Typ6yneHTHOCTH NpH Hanuuuu cun Kopuonuce
Aas vanmx neneft crenyer nepemicathb (8.60) B cBepHyTOM BUAE:

A -
kl aQi,,(X- krwlu)

l'ipq("): —~€iikEkImEmap J EYERR ok, X
9 kl A 4 -
x dkdw=¢€..,¢ € ff-( )Q-n(x,k,wlu)x
kE Kl . 1
AR ok, \ok? -i

llocxonbxy BKAA[ B uHTerpan B Bbipaxemm (9.16) naer Toapko yer-
Has yacry Qin , 43 (8.83), (8.84), (8.90) u (9.14) noaywm
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_ 9 ky
ipalx) = ikt immmp 11 53— (,r,,—:;) .

x D% (K, @) Dy, (k, @) 1 Ok, @) + (8 %) (k, @) }

x (K26, — k k, ) dkde =

€ijk kImE map

x1 Ok, @) + (8-%)07 (K, o)} (K2 8 — kiky) dkdeo —

. d kl -
—~45e..,¢ € € Q. [f— (
LERI —_—
if m-mnp “jnr s akq e X

(0(k, @) + § (K, w)( v Bk e (0.7
X @ y @ , X} — . (9

1l @) (g x) Sihe oz Ckde )
OueBw/IHO, YTO NEPBoOE ClaraeMoe umeer Bull Pe; P YMHOXas ero na
€;pq » MONYTM

0(k, @) + (g~ x) Qi (K,
ﬁ=2—ff0( @) * (8- x) Ailk @) B2dk deo. (9.18)
3 nk? - jw

Jro cooTHolere Moxer GhiTh nepenucano Kak
A
Q" (x, k, wli)
p=t gy S
3 nk‘ —-iw
HOCKOJIbKY 6 -2 kz(é + ( g-x)él) siBAsiercs yeTuniM 110 k B cuay
(8.90) u (9.14).
€ nomonwio (9.19) obobumm npencrasreme xo3dpdmmenra Typoy-
nenrnoft auddyum B Buze (7.47) Ha cayvail neonnopoAHOH HecxkyMaeMoi

TYpOyJEeHTHOCTH MY HANMUMHM BPaIATEIbHOT'O [BUXKEHH
Jas Broporo caaraemoro B (9.17), T.e. aas p ipq [ eM. oBosnauente

7. :
é 55_)] Hiﬁ-ﬂe: 5 + 5 0 ("]kz —iCD)Slq - 2ﬂklkq
ipg~ —%i (8,5, * 8,5,)R7 [f F = i) (oI kA + o)

x ok k { Q(k o) + (g -x) @, (k, 0)} dkdw=

dkdow, (9.19)

= —-..2_ Q rf (Siqsps + Sisqu)‘.3ﬂ2k4—5‘°2) "‘8712"45,-,,5,3 x
L (n2k¢ + o?)? (vt + o)

x & Q0 (x, ko [T)dkdo. (9.20)
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BBEIUMCAEHHH HCTIONBL30BANOCH ( 5.27 ). ITOT pesyabrar Gbln yxe npef-
cxasal B pasi. 7.5. [ins BBelenHLIX TAM CKansipos B, B,, P 5 TONYUUM

[231]..

2 [ (3n2k* — 5w?)w?

= Ax k -
B~ P2~ (T T ) (VAT ) O,,(x, , @] ) dkde
(9.21)
16 ﬂzk'i‘*’zéﬁ (x,k o|u)
Bs= 15 (n2k4 + o?)2(v2E4 + w?) dk de. (9.22)

Brepbble BHpaxenus ins B, B,, B, Gbimu nonyuens Pannepom [ 2111
Baxso OTMETHTD, YTO BEJWUMHBl B, B, ¥ B, OTIMYANUCH OT HyAs
yXe B Cllyuae, Korfia HeBO3MYIEHHas TypOynenTHOCTD 6BLIA OAHOpOA-
poli ¥ usoTponHOl, T.€e. Koraa O (?l = 0. Havmu noxazano, 4To Heof-
HOPOMIHOCTb, 110 CYMECTBY, He NPUBOAMT K HOBBIM cBolicTBam.

9.4. Onpenenexne TeH3opa g ;p ANA HEOAHOPOAHON TYpOYNEeHTHOCTH
npu Hanuuuu cun Kopuonuca
Bynem croba ucxonutb u3 coornomerus (8.59), nepemcannoro B
CBEDHYTOM BHJeE: k)
a.

lp= iel'iksklmsmnp ff ;;’cT:_Tw Qin (x, k, (4] l ﬁ)dkd&). (9.23)

AJI."'I pacCMOTpEHHOr O 3[eCb cayvyas HeCxKuMaeMol Cpefibl OHO CBOMTCHA

K Biay .
k O'k(xr k,CDl E)
— Px]
aip—lsiikff nkz_iw

Cuepsa npefmonoxuM, yTo TYpOYNEHTHOCTb OIHOPO/IHA, TAK 4TO (31 = 0.
Coorromemms (8.83), (8.84); (8.88) u (9.14) NpuBOAAT K BbpaXeHHIO:

dk deo. (9.24)

kp 5(0)
- "oy ff - (Dfi Dy ) dedeo =

wkzkmk,.pr (k, @)

= —~4e
ijk ]kl B Cn ff (nk? — iw) (vt + o?)

dkdw =

_8n o wkS07(k, @)
15 (n2k4 + o?)(v2ke + wZ)

x dk dwf S.p(8- (e, + &)L (9.25)
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TakuM o6pasoM, 1A Beduunubl o , sBefenHolt B (7.2), naifnem [ 240 )

8n [ wkﬁé'(k, )
9 (n%k4 + o?)(viEY + &?)

Ins TOoro yrobLl OLERUTh STOT PE3YAbTET, CAENYET OTMETHTD, YTo
3fieCb BIIEPBBIE NONYYEHA BEJYYHHA &, OTJMYHAS OT HYAS OJS PealbHoi
TYPOYNEHTHOCTH, B HAleM Cayyae — [/ OHOPOAHOH aHM30TpomHON Typ-
6yAEeHTHOCTY NpY HAIMYMH BpallaTEAbHOTO JBMXEHUs. ITO CAefyer roa-
YepKHYTh BBMAY BAaXHOCTH BEJWUMHb a B CBASH C Bo30YXIEHNEM una-
Mo, KaK [I0Ka3aHo B pasf. 7.3.

Beanuxpa o 0Ka3biBAETCH TIPONOPLMOHANBHON CKAAAPHOMY Npou3-
BefleHMIo g + Q , T.€. [ KoHBexTHBHOM 000/mykm Bpamaiowerocs Teda Gy-
[ET AHTMCHMMETPHYHON NNO OTHOMEHMIO K 3KBATOPUAILHON MIOCKOCTH.

Hakonen oTmerumM, 4TO TEH3Op @, ipB (9.25) cuMMerpuueH B COOE
BETCTBUM C pe3yIbTaTaMy, NONyYeHHbIMU B pasi. T.1.

Orpamvyenue, CBA3aHHOE C OAHOPOAHOCTBIO, OyieT Tenepb CHATO,
T.€. 6ynem npeanonarats ¢, # 0.

Jas Toro urobul yCCAENOBATh GHTHCHMMETPHYHYI0 YACTh, BBEEM

Q= —

dkdw(g- Q). (9.26)

x __ Ke
mmpyl & o kG k e |T)
Y&l __._.E.pk aip =?- If TR dk do. (9.27)
Coraacro (8.84), (8.90) u (9.7) umeem
a Qo) (9.28)

kl élk = - i'fDnl ka—a—"'—‘

u us3 (9.14) naitnem, Taxmm obpasom:

K, — bk, A
1 kn — 7k™n_ 01(k, o)dkdeo +
% ¥ _ s @ @W
YR = Fn i Y B 1
-icokmkp

01(k, ) dkdeo
(nk? — iw) (v2k4 + ) Uik, )

= ; If nk* 6 (k, w)dkdwgk

-2 g 0, o) kd o) 9.29)
—é— (n2k4+oaz)(v2k4+co2) 8 pim Bl % m- O.
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pE3YJbTATE ACHO, YTO LA HEOHOPOAHOK TypOyaenTHOCT™M TEH-

pip 97010 _

90p a ﬂBJlﬂe'l‘Cﬂ HeCMMMeTpu‘-leIM. Ero amucumme'rpuqﬂy!o YacTpb 1e-
'5;) = ek (YBE + Y € kim&I Q) (9.30)
npu!leM

k4 A
7-——- ffm'—— 0, (k, @) dk dw,

.2 k20, (k, @)
Y 7TF Y02kt + o) (vt o)

B oTaMuKe OT CIAy4aeB, PACCMOTPEHHbIX B pasf. 7.1, B cayuae neoAHopoa-
poli HecxumaeMolt TypOyaenTHOCTH MMeeT MecTo 3¢ekT Hakauku, faxe
B OTCYTCTBME CcpefiHero Buxems. Cpelinee BMXEHUE JHIb KIMEHAET Ho-
fpaBicHie, B KOTOPOM NMEPEHOCATCS Cpefiee MarkuTHoe noje.

Jlasi Toro uTOGH ONpEAEMTH CHMMETPUYHYIO YACTb a;, TEHSOPa a ;
BCTIOMEMM, UTO OOIMit By STOr0 TEH30pa YXe W3BeCTeH, 8 HMEHHO 3a1aH
supaxereM (5.43).

Takum obpasoM, MOXHO HAIMCATD

dk de. (9.31)

Sp= —ay(9-Q)8;, —a,(Q g + Qpg; ), (9.32)
o
%= Ty 249, (9.33)
rhe
’ip." T SIPSIT - aZ(Stq pr 8irqu) (9.34)
CYTb M30TpONHbI TEHIOP YETBEPTOTO paHra.

Tlycrs
Dy = 6;; + DQe it by By, (9.35)
A

(0) = A A A

O" %;j t gk[ Tijk + xkOl(kzsii - k; kl- 1, (9.36)
Tne
D=2 1

[E Y e (9.37)
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a Taxkxe .

AL A, | § aQ A

%k = (0" + oo —ﬁ—) (%8, ~kik; Vb, +.iQ\(kyby; —F, 5,,),
(9.38)

B ouny (8.82) u (9.14). »

Vs hipaxemit (8.90), (9.24), (9.35) u (9.36) waiinem, Takum obpa
30M:

: k € tke
1. =2 ik i € pjk
ipgr = 9 I nkz Tiw {(D*e €ls ksOpm t
1o 9D
+ Deyp by B )k,c'}lmq +il2 > )kq jls ks by +

+D*Eilqkr +D*E’- s qT]O(kSkl —kkkl)ldkd&)-

(9.39)
Haitelt 3aziauelt sBnsieTCA onpenenetue CKanipoB o, U o ,, WNY K-
BUBANEHTHBX BeAUuMH, TaKkoBHIMH SBISOTCH, nanpumep, ckanspbl [;; iigq
ul ipip» KOTOpHIE MOTYT ObiTb nonyyennl ¥3 (9.39) npu noMowy cBEpThH-
patusl. [Tockoabky

A . 66 A
kgliimg = L B0 ro— akl + 20,) 1 (&%, — kik, ), (9.40)
A - 2/” .A "- aél
€ijm imi = (k 0+ i0, to— k —a—I;-)e,-i, k , (9.41)
-
otk g = (820" + 2"'él +?' kakl Vi k; (9.42)

B cuny (9.38), n3 (9.39) noayuum

A

a0

k4 .zﬂ' A 1
PR - —_————— D* —« DY (-~ + 2 + +
Lisg fr i {( ) (- 2ik20Q 0, kak )
aD*. 10 =
+[4k2a kz) + 80*]0Q,!} dkdw
- - ((D* - D) (~2k20" - 50, +

2—1(.0
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2082 5y ar2s2 0 (D* + Dy + 8D*]x
1 8(%2?)

nk? -iw
x 0,1 dkdew, (9.43)
k* * . 2()*
Lipip= — ff—-—;o— {(D* — D)(-2ik*Q" +
. a0, aD* A
+[482 5= - D +5D*} O, } dkdw=
+ 201 +k ak ) [ a( 2) Ol @
=t - (D" - D) (- 2ik2Q"~50, +
nk* -
2nk2 - 2 * .
+ . “N& 2k D* + D) -
nk? - iw Ql) [ a(kz)( )
~D+50*10, } dkde. (9.44)

Hac B ocHOBHOM BCerfia MHTEPECOBAIO ONpeieleHHe BeAMUMHBl o, OfiHOM
Tpertbell oT Clena TeH3opa a; ps RS KoTopo# u3 Ebipaxemnmit (9.32), (9.33)
¥ (9.34) nalinem

1

@z Iy, £y Q, = = %g(8°2), (9.45)
npuYeM

- 2 1
R T (9.46)

Takum obpa3oM, craHoBUTCS OUESBHAHBIM, uTo B (9.43) MBI yXe onmpese-
B a . Tloncrapass ashble Buipaxems gas D u3 (9.37), nocae nexo-
TOPHIX ynpomemit noayuum [ 2401,
o= 80 [ whSQ” (K, ) dkde

0" ™7 (n2E: + o) (p2h0 + o?)

4 k%0, (k, «)

t— .rf 1 - 2 8
3 e T ) (s T AT S

+ (3n2 + 4y — v2)w4k4 - ¥ dkdc. (9.47)

Neproe craraemoe yxe #3BecTHO 3 (9.26 ). UrobH NORYWITH BTOpO®
YPaBHeRue 115 CKAAAPOB O, M @, BCIOMAYM, UTO B Clyuae OfHOPOA-
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Hoft TYpOYAEHTHOCTH OHM PABHbI PYT APYTY, NO3TOMY MOXHO OXM/&Th,
YTO MX pastocTb 6yAeT npocThM BhipaxemeM. U3 (9.34) caenyer, yro

1
a,—a, =-6— (Iipip - Iiigq ) (9'48.)
lMoncrasasas (9.43) u (9.44), naligem
oy — a2=.l. _rf_ﬂ__(u +3D%) x ’
6 " nk? - iw
3 _ 2 B2kt + o?) ~
x ¢, (kw) dkd
(ko) dkdw =— ”(nzk4+ YR +w2)01(k,co)d(dm.
(9.49)

3TOT pe3yALTAT NOAHOCTBIO OMpeieNseT TeHIOp a;, AL HOCKUMEEMOro,
HEOJHOPOAHOr'o TYPOYNERTHOrO Teuemsi, MCNbHTHBAIEro BAUSHAE Bpa-
WaTeabHOro ABMXeHnA. B uacTHoOM™, BUAHO, YTO HEOJHOPOJHOCTb COB-
MecTHO C am3orpormell obecneunsaer Hamune o-3¢dexra.

9.5. O6cy»aeH1e TeHsopa %p

Mul paccMoTpeny Heo[IHOPOAHYIO, HECKHMAEMYI0 TypOyleHTHOCTD,
AAst KOTOPO# 110 MPEANOA0XEHAIO HEOAHOPOAHOCTb COCTOMT B JMHelHo#H
38BHCHMOCTH CPEIHMX BeSMUYMH TYpOYNEHTHOrO NMoAs CKOPOCTH OT (@ * X).
[pu 3THX ycaoBusx Gbiia HalneHa TypOyl1eHTHAS SJEKTPOABUXYMAH CH-
Ja

§=-ygxB, (9.50)

rae y 3aiauo BoipaxenueM (9.31).
Yrobhl MHTEPNPETHPOBATb STOT pe3yAbTar, W3 Bbipaxewit (8.85)
u (9.14) naiinem

W= [[200(k w) + (9-%) 0k, o) ] K2dkdow (9.51)
¥ nonyym.
Vut= 2 [f 0 (k, o) K2dkdog. (9.52)
Ecam fj'éll;zdkdwt 0. 7o (9.50) MoxHO nepemicars B BUfeE

[ B0, (4, o dk de
g-_n _ nEra (Vu? xB). (9.53)

6 Ifk0,(k w)dkda
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Tenepb BUAHO, YTO Cpe/IHEe MAHUTHO® NI0A© BHTECHASTCH U3 obaactu Typ-
ZeHTHOCTH I1pH Y CIIOBHH, UTO oba unTerpasa B (9.53) uMeloT oaMHaKoBuiit
ggaK. IT0 N03eNeHHe CPefIHero MarHUTHOro NoAA 6nao HasBaHo
‘PSIUGPOM [ 207, 209) "rypbynenTsbiM auamarserysMoM”. PamiepoM 06-
gyMARICH cayuail, Koraa HeoIHOPOAHOCTD oﬁycnog‘nena TOABKO MPAIMEHTOM
o2 M 6BLIO nalineno, wro ¢, nponopiponansio (J, , ciefoBareabso, ¢,
poerfia OIHOro 3HaKa. Toraa oTHomee HHTErpaloB B (9.53 } nonoxurenn-
go. OnBaKo B HameM HeMHOro Gosee obueM cayuae peT ycaosh# OTHOCH-
gebHO 3RAKA ’Ol. Brioane BO3MOXHO A&xe, Uro u” 2 = const , ¥ BCE TaKK
0,
Y CooTrouense ( 9.30) nokasuipaer, YTo JONONHMTENLHbE NepeHOC cpel-
gero MACHUTHOIO 10/ POMCXONKT B HANPABACHMK ¢ X 2, KOTOpoe CB#-
880 C HANHUHEM Cpe/iRero BpamarenbHoro ABwxennd. Ilockospky g x Q
pepaLIelbHO U, TO CMBICA 3TOr0 WIGHA aHANOIMYEH CMBICAY TOro WieHa
p Bupaxeniy (5.45), koTopbii conepxut ckaxsp y” . Takum oGpasoM,
BUIHO, UTO CKAASPH ay, o, y”* B (5.45) Ha caMom feJe HE omACHBAIOT
pesaBuCHMHIX 3¢ dexToB.

Jiast Toro uToOH oLEHMTh POJb CHMMETpHUHOl YyacTH TeHsopa Gy CHE-
fyer NOoAYEPKHYTb, YTO CYIECTBEHHbIl pe3ylbTaT COCTOMT!YXE B TOM, UTO
noxasano CylllecTBOBaHMe Henynesoro a-3¢dexra ans peanntoit TypoyaeHT-
ooy, Borpoc o ToM, MOTYT M BeIMUMHN a g, « ;5 @, GBITH HCOAB30BE-
HW JUisi KOHKpETHBIX MCCAeIoBankil wiu Xe ClleflyeT UCTIOAb30BaTh Kakoh-
mbo fpyroit MeTon, Mu ocTaBasieM a5 06CYXKASHU S,

Jiag nonyueHus oLEHKU N0 NOPAAKY BeAMYHHB! 0GPATUMCH K COOTHOMmE-
B (3.30), nalinennoMy B npelelbHOM cayyae BbICOKOH NPOBOAUMOCTH.
Toxyuum

az ';o, [u rotu” |, (9.54)

¥ a OKa3nBaercs NponoplMoHaNbHO# MHTEHCHBHOCTH TYPOYJIERTHOCTH u?,
Rexennot na HekoTophiit MacmTab AmmHbl, ckaxeMm Ag. IroT MacmTab M-
BH A, Moxer Gbirb noxyyeH au6o u3 rpaiuenra s’ 2 Win Apyro# cpel-
Bek BEAMYUHBI NIONA TYPOYAEHTHOCTH, 60 M3 IPalMeHTa ILIOTHOCTH MAC-
CH way namnenns, Kak, Hanpumep, MacmTab BHCOTH. Bosee Toro, ussecr-
80, ITO HEHYAEBYIO CIMpAJbHOCTL MOXHO OXHAGTDH TOALKO NPH HAIMUYK
Cpennero Epamareabnoro Asuxerns. [IoaToMy oyeska o JOIKHE BKIO-
aTh MPOHIBEfieHHS QT - Bce 3TH apryMeHTH NPUBOMISAT K COOTHOMEHMIO
*2.2
lajt_Tcor o (9.55)
L
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B ToM cayuae, korna wcao Crpyxaas S npeanonaraercs npuGinmetiyg
»
PaBHbIM €MHMIIE, T.E. Teor U 2 cor » HMEEM OLEHKY

|G|$¥ = u QO {9.5
A cor * 56 )

0
9.6. [lancHeiuMe pe3ynbTaThl, OTHOCAWMECA K TEH30pY L.

»
Mni BbISICHWJIK, HACKOJbKO BAXER TEH30p 6, M, B YaCTHOCTi, Benyyy.

HA @ AJ8 pemenud npobiembl aunamo. Ito Gyaer see Gonpuie nposieasy.-
Csl B NOCAeNYIONX riaBaX, NOCESIIECHHbIX MeHepaluy MarHUTHBIX nodeli
KocMuueckux Tel. Beualy Takoll Henocpencreennoit CEA3N NEpBHE pesyy.
T&TH, OTROCAIMECH K @, WK &, CONEPXATCS YXE B paHHMX paborax
no Teopsy AiKamMo. IIpexie Bcero caefyer ynoMsRYTb MMMOHEPCKYIO pabo-
ty ITapkepa [ 184}, a Taxkxe [ 189, 190, 192 ), PaccmaTpubas cpennue
noas ¢ ocecuMMerpuunoit reomerpuell, ITapkep oGHapyXuJi, uTo Cpeatee
NoJoHAAIbHOE MarrHMTHOE o€ BOIHMKAET #3 TOPOMIANbHOIO nojl AeiicT-
BHEM TaK HasbiBaeMol IMKAOHMUECKOH TYPOYAEHTHOCTH, T.€. IBUXEHUS

B KOHBEKTMBHBIX sfu2fikax nol peficrbueM cua Kopuoauca. B rammix rep-
MuHax 9ToT 3¢ ¢$aKT MoXeT pacCMaTpiBaTbCs KAk YaCTHOE NMpOsBIeH1e
a-3¢dexTa.

AHaJIOTKUHbE PE3YAbTATHI, XOTS ¥ OCHOBAHHBIE HA COBEPIIEHHO MHOM
noaxofe, 6btan nonyuers Bparunckim [ 18, 19, 20). On paccmaTpusan
cpelHue MoJisl, KOTOpbl€ ONpENeAIiCh KaK CPellHUe N0 a3uMyTalbHOMY
yriy, ¥ BbiBeJ YpaBHEHuS, OMMCHIBANWME 3TH N0Jis B npegeae Goabuyx Mar-
HMTHBIX Wcel Pelironbaca. ITpsMoe cpasHenme Rauiero nopxoaa ¢ nojaxo-
nom Bparunckoro ciienars Tpynso. ONHAKO TOT ¥ ApYroi nprBoasT K aHa-
JOTHYHBIM YPABHEHMAM JList CpeluX noeit. B teopus Bparunckoro Tax-
Xe nosmasercs s¢gpekr, cooTBercrBylonmit a-sdgekty (cm. Takxe [ 243,
244, 274, 276 1).

IlepBbie onpenesnienus Teusopa a,; 4 « Obuin GakTyeCcks BHIOAHEHN
llreenbekoM, Kpayse u Pagsepom [ 26518 npefieNie HU3KOA MpOBOAMMOC-
TH ¥ A5 TYpOYAEHTHBIX Mosiedl CKOpOCTH THNa

ul0)=exp [ag-x]rotrat (A(x, t)exp[—(a + b)g-x]),

rae A ofHOpoZAHO M NnocTosikHO. Besmunna ag, oveBuaHo, sBAsETCH P
[MEHTOM ILIOTHOCTH, 3 bg — rpamsentom ul0), Umeiorca u HekoTOpble

[pyrye orpaHuyeHis, KOTOpble CIUIIKOM CIOXHBI sl TOro, uTobbl Ha HHX
3leCh OCTAKABAMBaTbCA. Pe3yibTar NokasbiBaeT CymeCcTBOBaHe oT1HY
HOro OT HyJisi a-3ddekra, obycaoBiernoro B3anmMonelicreueM ofHoro 13
rpaiMenTos C BpallaTelHbIM JBkerreM. [lis oTHomems a , @ a, Ob-

Jio HalijneHo 3navenne — 1/4.
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Bes BCAKNX OrpaHvyeHu¥ Ha NpPOBOAUMOCTD, YUUTHIBASR CPEIHIOI0 HEOll-
HOpOAHOCTD BPALIEHYS,, AkalorKyHble Bblunciemia nponenas Kpayse [ 1121,
KpoMe MOATBEPARCHAR Bbl€YNOMSHYTHX pesyuTaTop 6blia onpefierena
aneKTPOABIKYIMAA CHAa, OOYCIOBNEHHAR TEH30POM CKOPOCTE! AedopMa-
mﬁ ((’lli',axi + aul-/axi )n

‘Ha ocroBe .Mernaa ABofiHbIX npeobpasopammit Pypwe Pobepreom u
CoyopaoM [ 231] 6bis noayuer pal pe3yibTaToB, OTHOCSIIMXCS K TCEB-
poTeH3opaM a;, b, ik HekoTopbia u3 pe3ysbTares ITHX aBTOPOE, Kak

MMHAIOCH EBIlIE, COBNAaloT ¢ HamyMA. Tak, s OTHOWEHHS a , @ a
soMu TaKXe GbUIO Nionyyero 3uavenune — 1/ 4.

Mozeab, Bo MHOT'OM CXOfHaA ¢ Haweili, Gbuia npepsioxena & pabore
[ 126). Onnaxo ona 6buia MaremaTHyecku Gosee TPYNOEMKOH, Tak Kak
BHYMCAEHU S IPOBOAUICD B { X, £ )-DOCTPARCTBE. .

Moddarom [ 170, a 6 nassuelimem u Coyopaom [ 247 6bin onpe-
feneH TEH30p a;, [isl CAYuaiHOH Cyneprno3uipMy MEePUMOHHBIX BOJH BO
ppamaiomelics npoBoasmed xunkocty. MccaeroBanusi, BbUIOIHEHHbIE B
[ 170), a Takxe B [ 239], He orpanyurBaIMCh MalbiMyM BpallaTeIbHbIMU
CKOpOCTSIMH. JIHTEpPECHO OTMETUTD, YTO /Jisi GHICTPOro Bpall€HUs TEH-
0P a;, CTAHOBUTCS ABYXMEPHHIM OTHOCHTENBHO OCH BpallleHyS, T.ey Npy-
HHMaeT BU/

Q; Q
a;,7a (B;p — -'5;"—), mpu Q -+ o, (9.57)
rie a = O(1).

B paborax [ 91 — 93 ] 6biin BhimoSHEHH! MCCAEIOBAKMS, OCHOBAHHBE
Ha 3akone Oma C yueToM wiena, cBs3anHoro ¢ 3¢dekroMm Xoana. [as op-
BOPOAHOM, U3OTPONHOM OTPAXATEILHO- HEMHBAPUAHTHO TYPOYiEHTHOCTH
NgpameTpl o ¥ B OKa3bIBAIOTCS BO3PaCTAONMMY QYyHKIMAMK napaMeT-
paXoana, onnako Bausime 3ddexra Xoina yMeHbaeTCs MpH yBeIne-
B 3neKTpuuecKolt MPOBORMMOCTH. .

Crenyer Takxe ynoMsiHyTb UCCAENOBaHUS, B KOTOpbIX 3TH 3ajauwy pe-
mamics we B obuiem Buze, a CKopee Ha OCHOBE YacTHbIX Mopenieit, TypOy-
AeTHAs Nuddy3ua MarmMTHLIX 06aacTell B ConHeuHoH KOHBEKTHBHON 30-
Be B pesyabrare npotiecca cayualisoro Gayxnamus ¢ yueToM spamenus,
Bidbepermannioro no yraam u no raybune, 6buia ommcana B [ 141, 142).
;P$0Tu [ 295 — 297] Taxxke BHBOAATCS OCHOBHBE YPABHEHMS CPEHMX

zeti, :



Masa10. Ob OBPATHOM BO3OENCTBWA
MArHUTHOI'O MNMOJIA HA OBUHKEHUA

10.1. BBofiHbie 3aMeuaHKA

Jo cux nop Hamu paccMoTpeHus GbutH OCHOBAHH Ha [ONYIMERH o
TOM, YTO JBHXEHHE He NOABEPXEHO. BIMANMIO MarHuTHoro nons, Cko-
POCTb cuuTaNach 3aqannoll BeauuyHON, ¥ MB M3YUAAHM ee BAMAHKE HA
MarHuTHOe foXe. Ira CHTYAIMS XapaKTepH3yeTCs HePABEHCTBOM

2
B« P (10.1)
2 ") 2
T.€, CpeHsa MarHiTHad 3peprus MaJja no Cpa.BHemO C KHHETHYOCKOH
snepruel. '

Hacrosmas raasa xak pa3 npM3BaHa AaTh HEKOTOPOE NPEACTaBIeHHe
0 cuTyamusiX, Koraa obpaTHoe Bo3aelcTEMe MBrHHTHOrO NOAS HA ABUXE-
HME CTaHOBMTCH 38MeTHbM. fICHO, UTO B 9TOM Clyuae COOTHOMEHUA CTa-
HOBATCA HeMMHeAHbLIMY, B YaCTHOCTH TYpOyNeHTHAR SAEKTPOABHXYWAsn Ch-
Ja Q Goabme He ABAsieTCH AuHEHHNM QYRKIMOHANOM CpeAHero MarHuT-
HOT'O 1ioAs, a NCEeBIOTEeH30pH a;;, b;.; , HANpPUMED, CTAHOBATCSA (yHK-
uusmMi B,

Kak npasusno, noxaraioT, 4ro TypOyAeETHOCTD NOAABASETCH MarHuT-
HBIM TI0JIEM ¥ UTO TaKHe XapaKTepHble.NapaMeTpHl, KaK o ¥ B, ABASOT-
cs yonpawomumu Gysximuavu B'. Ho 3T0 yrBEpXenue He Bo BCeX Gly-
yasx sBiAfeTcs B M. KaK MH yEyauM B aabHelimeM, HHTEHCHBHOCTD
TYpOYAEHTHOCTH U~ MOXer BO3PACTATb A MAIHX B, X0TH OHA CTpe-
MHTCS K HyZO 1ip# B - cs. Bosiee Toro, SKCNepuMeHRTH C XMIAKUM HAT-
pueM, omcannnie B pabote [ 102] gaa cayuas, xorna nBuxemns mpouc-
XoiWwm MexJly IAOCKOOTSAMH, TeprIeRIHKYASPHLIMH NPHIOKEeHHOMY Mar-
HUTHOMY [10JII0, ¥ HE MEHSUIMCb B/IONb MBCHUTHOTO TOAfA, NOKA3HBAIOT,
910 TYpOYAEHTHOCTL He MPOCTO NOAABASETCH NMPUIOKEHHHM MarHUTHHIM
noaemM, a npeobpas’yeTcd B ABYXMEPHKIO CTPYKTYPY. ITOT pesyAbTar SB-
nfeTcs A0CTATOYHO oueBHARbIM, IlycTn
B= (0,0, B), B= const,
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. 04 04
v (==, -
" a‘y dx 0): A= A(x: 7):
TOFAA TNONYYHM COOTHOLIEHHE
uxB=(-Bd4 _ 94 oy ad (4B, (10,2)
dx dy

noxashblBalomee, YTO SAEKTPOABKHXYWAA Cuia u x B fpasercd rpaamen
TOM M NOTOMY KOMIeHcHpyeTcsi o0beMHbIMK 3apafamMy, ClefioBaTeabHo,
OJHOPOAHO® MarHATHOE NOAe ¥ JBYMEPHOE HeCXKUMAeMoe TEUEHHE He
peanMopelicrByoT mMexay cobolt.

Mccaenosanus TYpOyAeHTHHX NPOBOASIIUX XHAKOCTE!H, nonBepxen-
HbIX BAMAHMIO MarHMTHOro noas, Onau HauaT Jleneprom [ 148 ], nocae-
Ayomue pesyabTarbl 66U nonyuenn B paborax [ 56, 168, 176, 177, 180,
217, 231, 237, 282 ). Teopernueckuit GopMarmaM, KorophiM Mbl Gyrem
3[1eChb NOAL3OBAaTHCH, paspaboran B ocHoBHOM Ponwurepom [ 237), Ha-
My paCCMOTPEHHA OCHOBAHM Ha MpUOMIXe M, B KOTOPOM YUTEHH Kop-
peasips4 BILIOTH [Io BTOpOro NopsAxa. ITo o3Hauaer, 4ro quykryupyomee
MAarsHTHOE N0Ae Mo N0 CPABHEHMIO CO CPEe[AHMM MArHMTHHIM [I0AEM, T.C.

B°2 << B2, (10.3)

M3 aroro coorsowenns u (7.150) Buaso, uro kpome (3.12) Ml loMKEDI
norpebopaTh
fin (Rm ,RmS )<< 1, (10.4)

OrpamuunBasch KOppeAsiMAMM BTOPOro NOPAAKA, HEBO3MOXKHO TaK-
Xe paoCMOTpeThb Taxue ClydaH, A5 KOTOPHYX CYIECTEEHHO B3auMozeil-
CTBHE | QUYKTYMPVOmEro, MarHUTHOTO NOAf ¥ QUYKTYUpYIGmero * oAs CKo-
poory, Nosromy Ml He Gynem NPYBOIMTHL KakKX-ubo yrBepxnemuit, ces
3aHHEX ¢ runoTe3oi Barvesopa [ 13]

B3
gT‘NVv—p— u'g. (1005)

koropas uacro npe/nosaraercs cpase/usoll, [us Takux uccresiope
Huit TpebyoTea PriciNe KOPPeASIMOHHBIe NPHOMAXeHUS i OnpeleleH BN
IpONielypa 3aMbIKAHMA WM APYTHe MeTOAK. 3[eCh Ml OTCHIZEM UHTa-
Teas x paboram [ 67, 681°.

e —

D i-lemropua WAed, OTHOCAMHECR K HHAMO-MOAGNAM, YUNTHIBAIOWHM 05PaT-
HOB BNRMANKE MBrHHTHOMO NONR HE ABWXeMMA, 05Cyxnamcy Kpayse [_10']_
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10.2. BnrAHKWe ORKOPOAHOrO MArHMTHOIO NONA Ha
KoppenAYHOHHbIA TeH30p

Paccmorpum Hecxumaemoe TypDyaeHTHOe Teuelne, NoJiBepXeHHoe
BJIMAHMIO MarHuTHOrO Noas, npuueM B Gyzer nocrosmno # u = 0. [lone
ckopocTH nofyynseTc ypassenuio Hasbe—Crokca (8.61), roe F onpe-

feasiercs Kak cymma cuibl JlopeHlia, neseHHol Ha MIOTHOCTL MACChl M
cuin Fo , Bo36yxaome#l TypOyaeHTHOE JBUXEHHE, T.C.

1
F=—rotBxB +~Fo . (10.6)
up

Orpanuuusaficb KoppeasLMOHHBIM NPUOJNXKEHHEM BTOpOro Nopsiika, UMe-
em (8.66). IIpeanonaras, kpome Toro, (10.3), noayuum ypasuenns

du; GE B’ 1 ¢
J - vAu:=——1—- -——a'_J ——1—- 11 +—1--—B. —_—
at p dx; P A% up T ax,
(10.7)
ou;
dive’= —_ =0, (10.8)
ax,
3
Jns dypbe-KOMIOHEHT MMeeM
A
: . ) A A L = A A
(—iw + vk2) = —ik, (2 - LB 8 )+ iw-B)B+F,,
Pooue (10.9)
ki, =0, (10.10)
¥ HaXo[MM ) b
. . t -\ A kl ] A
(= iw + vk3) 4 =_;; (k-B)B, +(5; - m ) Fgj, (10.11)

ecIy HCKIOUM aBJeHHe,
Iins ucyesaoue” manoro cpeasero marsutsoro noas ( 10,11) mpu-

MeT BUJ _

. 3y A(0) = k" ki )? (]0 12)
(—zw+vk)u‘ —(5‘-’-— T3 0j * o
Npeanonoxum Teneps, uro cHaa, Bo3Gyxaaomas TypGyleHTHOe [BHXE-
HHie, He 3aBUCUT OT HPHJIO)KGHHOPO'MaPHMTHOPO noad, Torna Mbl MOXeM
namcarb ( 10,}1) B Buge
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: - A
(mie + VAP ) (8 = () = Z_(k-B)B,, (10.13)
up
, TaKM 0OpasoM, MMeoM YpaBKetMe , KOTOPOe ONUCHBAST MCKAXeHHE TYp-
GyAGHTHOCTH u(0), BH3BaHHOe CpPefHMM MAarHUTHBIM NOAEM.

Cucrema ypaBHeumil, omucpiBalowux Hauy dusuueckyio cucremy, Ja-
MEIKBETCH YPABHeHUEM MHIYKIH, KOTOPOe B [AHHOM CJIyuae ¥MeeT B

(=it +nk3)B; =i (k-B)i} . (10.14)
Obvemmsd (10.13) u (10.14), nonywm

4 (B ! B (ks @)= 000 (k, @)
{'_ p (—iw +qk9)(—iw+vk2) L7 @ u; 2 @)

(10.15)

IlepemxchiBas 9T0 ypaBHeHMe elle pa3 AJld MHAEKCA j M BpryMeHToB k
@ M rnepeMHoxad oba 9T ypaBHenus, noayum u3 (6.18) nocae uurer-
prpoBaHMa No k ¥ o

: (k- B)3 1 }
{” o (mietnl@)(—ie i) ]
* .l"‘ (k.i)g 1 v } 6{‘(":0’ = A{(O)(k.w).
{ up (iw * k) (i + vEDy ) y= o
(10.16)
Wy, 6onee sipuo [ 238],
é{-(k @)= 6‘(1'0)('('&) .
' 14 (k-B)?  2qvkt —2a7+ (k-B)/up
up (03t + o?)(v3kt +o?)
(10.17)

aA

06a Tensopa, Q, i 6,&0) » SBASIOTCA NOAOXUTEJbHO-TIONYONPEie NCHHbI
MY, Kornia ofuMH U3 HUX NQAOXKHTEIbHO NonyonpeaeenHbill, Tak Kak MHO-
Xurens B (10.16) u (10.17) sBasercs, OUSBHAHO, NOJOKHTEIbHHM,

OueHb BaxHHIM, XOTS TAKXe BIOJHe OYEBHIHEM DE3YJbTATOM, AB.IS-
®rCa Tor daxr, uro, cornacko ( 10,17), xoppeasmmoitnit Ten30p ABYMED-
Hoit TypGynenTHoCTH, NpeCTaBCHHOH BhipaxereM (7.76 ), He MenseT-
C4 MpM HaAMWH MArHKTHOrO NOJA B CAyYae, KOrja € fNapaniejhbo B.

10.3. O6cyxpenme pesynbTara

P aGCMOTpMM CcHauyaJia Clellaﬂ cJaboro MarsMTHOro nojsf, Koraa U3
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n A

i (ky ) = (0) (k, w 1_("‘6)2 2 'qvlc‘—c.a2
Ql( ) Qq ( ){ np (q2k4 +0>2)(v2k4+w9)}'

(10.18)

\n5 MHTEHCUBHOCTH TYpOYJEHTHOCTH MbL i:aﬁnezwl, TakuM o6pasoM,
i SR L Y T
0 np sz4 + wZ)(Fk‘_'_.wZ) kk

(10.19)

CoBepienno HEOXUIAEHO OKA3LIBAETCH, UTO TYPOYAEHTHOCTD He ABJfeT-
cs ofs3aTenbHo 3aTyXaolliell, Tak Kak nepsblit MHOXHTENb B MOALIHTErPaib.
HOM BLIDAXEHHK He MMeeT onpelle/ieHsoro 3Haka, Buipaxemue (10.19)
MoxeT OHITb Nepenucato B BAAS

A(0) MOV —
I T B,B, Q' (k@) + ;7 (K, —a) y

- u

0 np . P49 . dw

2

mctgﬂ%.
x '1""2 *ol  dkde, (10.20)

(n—-v)k

KoTopbifl NOKas3LIBAET, YTO HHTEHCHBHOCTL TYPOYJEHTHOCTH BCErla yMeHb-
meHa AN TAKUX TUNoB TypOyJleHTHOCTH, Korja @lfio )(k,_ w) + é.‘io (k, ~w)
fABAsercs yOnpaomel dyuxupedi npy NoNOXUTEABHBIX . [lng yBeauenus
4 2 HeobXommMo Bo3pacTtanue sTolk QyHKipmM B focTaTouHO 0OabiIOM MH-
TepBale w.

Benyunta-o okasbBaeTcs caefiyiouel:

. 4 2
s o g,— BB, it lglkm(qvk - )
0 3 X
up (n2%* + ) (viE* + w?)
A(0)
€.,k Q. k, @
ik ¥ ik (% ) dk do, (10.21)
qkz —iw

¥ Mbl BUIMM ONAiT, YTO & TAKXe He 06A3aTeJbHO yMeHbmaeTcs nof Aelk-
CTBHEeM MarmuTHOro noad. OnHako B npefefie Hu3Kol npoBopuMocTH 00
BeAWUMHB, KAK u 2 Tak M o, GYOYT yMEHDIIHH, YTO HeTpYAHO YBMAETD
u3 (10.19) 1 (10.21) npu n - . Ur0 Kacaercs T’T, 9TOT pe3yabTarT
HAXOMMTCH B COrJACHK C SKCIIepHMEHTaMH, onucauHbivu B pabore [ 2]



00 08pamiom e030eficMmeus MA2HUMHO20 NOAR KA OsUNCeHUue 155

MycTs B menepb Gyner 6oJbumM 1 HCKIIOUMM cayuait nsymepuo#t Typ-
6ynenTHOCTH. PaocMorpum cpenseksajipatutoe sHavenve daykryauyit
ckopocTi ¥ 13 (10.17) nafinem

o0 00 1r Q“ (k, ) k¥dksin6d 6 dw

2"_[.,.{, ! (1+ AB%cos 36)(1+ A* B cosde)  (10.22)

npudeM i
L . 10.23
A=25 (Mk —iw) (VA —iw) (10.23)
Moxacraeass s = —E cos €, noayuum
o oo B k, w)k?dkdsdw
W= 2“ ! 0 (1 ) . (10.24)
2w -8 (1+ As3)(1+A%s?) .

Paccma'rpunaa Tenepb Npefie B -» o, Ml 0GHapyxuM, YTo MHTErpaJj npu-
HUMaeT xoueqnoe sHavewsie. Orciona creayer

'2 = O(—.— ). npu B 00, (10-25)

Jo Hexo'ropoﬁ CTeNeH! ITOT pe3yibTaT ABAAETCS HEOXMJAHHbIM, TaK

3 (10.22) na nepsniit B3rass MoxHzo Obio 6bl 0OXHMAATL yMeHbIEHIE
u 2 B 3aBucumocty ot B*.-OueBugHo, 3HauwMTEIbHO GoNee MeNeH bl
pacnaj o6yciaoBaen Moniamy ¢ ke« B0,

OTHOCHTEILHO 3TOr0 MELIEHHOrO Paciiafa Mbl [IOJKHEI CAENATH Bbk
BOJl, 4T0 TYPOYZeHTHAA EKTPOMBHXYHad cuia He OyfieT CTPEMUTHCH K
HYJUO pyt B - 00, MIOCKOJbKY OHA CBA3aHA C NPOUSBE/IeHHEM Bk . Op-
HaKo, paccMaTpuBas [MHaMo-Bo30yxX/ieHne, MOXHO OXHIATb, o Mar-
HUTHOe TioNle TAK NOBAMAET Ha [BUXEHYe, YTO OHO NOTEPRET CrocobHOCTD
RanbHefimelt rerepalby MarKUTHOrO MO

« PaccMoTpum onHoposmyio M30TpONHEYylo TypOyleHTHOCTD, Korja ee
KoppeusimonHbifi Tensop 3anaerca (6.43). B pasp. (3.9) 6but0 noxasa-
HO, YTO CaMoBo30yx/eHne 0CyCIOBAeHO o-3(deKTOM, T.6. Crocob-
HOCTBIO [IBMXEH}S CO3/IaBaTh SAEKTPOABMXYUIYIO CHIY, NapaiiebHyio
Bo30yxnaemMoMy MaruuTHOMY nomo. Tlosromy s3anaaumes ponpocom,

Kax Befier ceba KoMIOHeHTa (§, NapalienbHad B npu B o0 . Y3 (5.35)
u (7.1) naxomem
B kj qu (k, @)

e . BS% _. B; B;
g“ - B " il B’l I nk? —iw

Boabmewm 6( ) ya (6.43) u ¢ nomouio ( 10.17) noxymm

g =y B kcos?08in 6
1=-wB /Y (nk? = i) (1+ 4B con30)(1+ 4-BPc0n 76) "
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«9€ grdede =
3%

_ r {N tB 8.2, aC
o0 B (nk2 —iw)(1+4u2)(1 + A*u2) Ok
* (10.27)
OnsTh MHTErpal IO u CXONMTCA K KOHEUHOMY SHAYEHUIO PH B - 0. Crie-
JoBaTeJbHO, CTAHOBUTCA OYEBUIHBIM, UTO

8= 0(-%-2- )s ipt B > o, (10.28)

di de.

T.€s KOMIOHeHTa TypOyaenTHo#l suexTpoarmxymel cuan §, napaines-
Hafl CpefiHeMy MarayTHOMY NOJIO, CTPEMUTCSH K HYJIO, €CJM CpefHee Mar-
HUTHOE NoJie CTpeMUTCA K 6ecKkoHEeUHOCTH, ITOT pesybTar AehcTBUTENL-
HO CBU/IETEJLCTBYET O TOM, UTO [BMXEHHUE TEpAET CNOCOCHOCTH M'eHEPH-
POBATH MarHYTHOE MoJe NpH HEOrPAHMYEHHOM HApPaCTaHUM MoJd.

10.4. RsyxmepHanA TypbYNeHTHOCTb

B pasp, 10.1 ynomunanocs 06 skcnepuMenTax ¢ xUOKMM HaTpHEM,
KOTOpHIe NOKA3BbIBAIT, YTO TYpOyJEeHTHOCTb CTAHOBUTCA ABYXMEpHOH Mo[
BJMSHHEM CUJILHOI'O MarHMTHOIO noas. BnepBble 5TH pe3yabTaThl Obiin
onybuuxopans B [ 102], a B paborax [ 105, 106, 291, 292] uccrenopanus
O npononxent. Ilepexon omxoponuoi# TypOyaenTHOCTH U3 H3OTpONHO-

I'0 ¥ TPeXMEPHOro HAYAJLHOI'O COCTOSIHUA B AByXMepHoe Onin mposeMon-
CTPHPOBAH TaKX€ WACGAEHHBIM SkcnepumenToM [ 2421

B pasp. 7.6 O6bin nosyuen apyxmepHbift ko3¢$uIMeHT MaruuTHoli aug-
bysmn. s pesyabrara (7.94) BuaHo, 4TO MO NOPAAKY BEAMUMHBI HET OTJM-
w{s OoT TPEXMepHoro ciyyad. OfHako pesyabTar Ol noJyyeH B paMKax
SJEKTPOIMHAMUKN cpefHuX noaelt, T.e. 6e3 yuera obpaTHoro Bo3gelcreus
MarHWTHOro noAs Ha Ayxenue. [losromy MBI He MOXeM ckasaTh, PUMEHMM
2K 3TOT pe3yJbTaT B Clyyae CHJIbHBLIX MarHMTHHIX nojei.

Yr00bl BHeCTH O8abuy0 scHoCTB, comaeMcs Ha cooTomerye (10.2),
KOTOPOE NOoKa3biBaeT, YTO B3auMofieliCTBHE NOCTOAHHONO MarHUTHOI'O No-
Jisl C IByXMEpHbIM TEUeHHEM HecxnMaeMoll XuIKocTH He Bo30yxJaeT TOKOB.
Tlepefinem Teneps k Gonee obmet Mopeau [ 132} nycts MarsuTHOE NO-

Je Oyner napaiieJbHo HANpaBAEHUIO ocM Z AEKApTOBOH CHCTEMBI KOOp-
[MHAT %, y, 2z, @ 38BMCUMOCTb OT NPOCTPAHCTBEHHLIX KOOPAMHAT ¥ BpeMeHH
nycts OyzeT npon3poabHoH, T.e.

B= (0,0, B(x, Ys t)) (10'29)
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3aBucHMOCTb B oT z orcyrcrByer Bcaencteue divB = 0. /lByxmepHoe
reyelie ¥ OyzeT Bceraa NpOMCXOIMTD B MIOCKOCTSX, OPTOrOHAJbLHBIX B
4 He Oyzer MeHsiorcs BHoJb Hanpagaenns B. Ilosromy ono mMoxer ObiTh
npe/ICTaBJeHo B BUje

u = rot A, npuuem A = (0,0, A(x, 4, ¢£)). (10.30)
Hupo 3aMeTuTb, yTO B3anMofelicteue u u B Bo3byxpaeT TOKHM, TaK Kak
rot (u x B)= grad A x grad B. (10.31)

9TH TOKH MOJHOCTBIO HAXORATCE B ILIOCKOCT®X, OPTOMOHALHBX HANpaB-
JeHMI0 Z, ¥ HE MEHAeTCS BOJb z. ClefoBaTelbHO, MEAYUMPOBRHHOE Mal~
msTHOE nosie Takke umeer pua (10.29), T.e. oHO Hanpasnexo BAOML Z K
He MEHIETCHE B 3TOM HaNpaBAEHKH.

PaccMOTpHM Telepb 3aBHCHMOCTD OT BpeMelH. INeKTPOABIXyas
cuja MHAYLMPYeTCE cornacHo NeppoMy 3akony Makcseana:

rot E = ~B. (10.32)

Toxu, Bu3BaHEBE 3Tol 3nexTpoasuxkyllell cunolt, HaXOARTCH ONETH B
NAOCKOCTHX, OPTOrOHAMbHBIX B, ¥ He MeHsioTCs oAb B, Taxkum obpa-
30M, NpUXOAXM K BHIBOMY: MarmuThoe none tuna (10.29) ocraercs no-
JeM 3TOoro xe Tina npy p3auMogeficTBIM C ABYXMEPHHIM TeUeHHeM He-
cxumaemoft xupkocty suza (10.30).

Cuna Jloperna

IxB=L ;xpxB= -1 grad B2 + (B grad )B (1033)

M 2u m
Ax maruurroro noas (10.29) orauuna or Hyas, HO SBASETCS IpajueH-
TOM, TaK Kak ( B + grad )B=0. Crefopareabto, cuaa Jiopeslia aan paccMar-
PMBAEeMOro MarHMTHOIO NOJA YpAaBHOBEIIMBAETCA NABJSHUEM H He BAUIeT
Ha [BHXeHne.

Taxum 06pa3oM, NpUXOUM K 3aMeuaTeIbHOMy pesyJbTary, 4To
AByxmeprOe Teuenme THna (10.30) moxeT okaswBaTh BAMNHKE HA MarHuT-
Hoe noJsie Tuna (10.29) u uckaxaTb ero, Npu STOM He MCILITHBaZ 5o3pefi-
CTBUN Camoro noad, faxe OYeHb CUABHOIO.

Tpumenim a4 BHBOAH K GAyYalo, KOraa u = u” ABAXETCH JBYXMep-
HHIM, M30TPOIHBIM, XBOTUYECKHM JBHXEHHEM THIIA PACCMOTPEHHOIO B
Pasp. 7.6. Kak u panee, pasjioxum B Ha ycpenHEHHYIO ¥ QUyKTYMpYIOU[yio
KOMNOHeHTH!

B(%, 5 t)=B (% 5,t) + B (x, ¥, t ) (10.34)
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u.OysieM nojaraTh, YTo xapaxrepubifl macTab ycpensennoi KOMIOHeHTH
6oabwe Macutaba quykryspyiomeit, Torna B coOTBeTCTBHH C pesyabTaTa-
My, NOAYUEHHLIMY B pasl. 1.6, cpennee Maryyruoe noxe Oyaer aaryxars
¥3-38 TYPOYACHTHHX [BHXEHNUA, h[mqu Kos¢uimenT asykMepHol TypGy-
Aenrholt MarauTHOR MUy P 2) naerca phipaxemamn (7.83) u
(7.94). 30T pesyALTAT OCTASTCH B CHJe LA CPEAHErO MArHUTHOrO NOJs
Tuna (10.29) npouzBoaLEOA HANPAKEHROCTH B OTJHYHE OT CAydas 3aTy-
anns, B3BAHHOTO TPpexMepHOH u30Tponuo# TypOyIeHTHOCTbIO.

Taxum oBpa3oM, BUAHC, YTO JRXKe CUAbHOe MarHNTHOe noJe, NoaaB-
ass TypbyseHTHOCTb, HE nepecTaeT 3aryxarhb. Ilose amub genaer Typby-
JeHTHOCTDb AByXMepHOH W, 3aTyxas, He BAMAET Ha CTPYKTYpy TypOyaent-
HBIX ABuxeuit.

C Touky 3pennn npumeHeHut K COMHEUHBIM NATHAM 3aMETHM, YTO Bhi-
wienpyBe/IeHHNe pe3ybTaTh OCTaOTCH CnpaBeAMMBlMK Ais cTpaTnduim-
poBaHHo# cpemni ¢ p = p(2), Tak xak apuxenns Tvna (10.30) ynosaer-
BOpSIOT yPaBHEH!IO HepaspuBHOCTH divp u = 0 u B 9TOM cayuae.

10.5. lNpumeHexne K pacnagy CONHEUHbLIX NATEH

Cornacso JaHHMM, KOTOphie NPHBE/IeHN B pasf. 3.7 418 xoHBEKTHB-
no#t aoam Conmnia, MMeeM

n=1_=10°w/c, (10.35)

no
U 7S CONHEUHOTO MATHA fMaMeTpoM A = 104 kM Hafinem Bpems pacna-
Aa

>

T=

o 3'103 Jer, (10.36)

|
YTO SIBHO MPOTHBOpeuUT HabmoneunsM. Jlesio B TOM, 4TO 9TO ABJEHKE Cie-
AyeT MHTepnpeTHpOBaTh KaK TypOyJeHTHui pacnaj. CorslachHo JaHHbIM
pasg. 3.7,

n=p =107 M?/c 2104, (10.37)

Buiuycassa Bpems pacnaja COJAHeYHOrO NMATHA

T =—Lz0,3 rozia = 4 Mec., (10.38)
n

obnapyxuBaeM NpaBUIbHLIA NOPANOK BEAHUHHb], XAaPAKTEPHbIR fus 1o~
rOXMBYMHX, HaB/MGAAEMBIX B TeueHHe HecKOJbKuX 0boporos Coamla nsi-
TEOH. ° ’
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TNpuBepernbllt BHllEe aHam3, ONHAKO, HMEET CyMeCTBOHHb Hepo-
CTATOK, MOCKOJIbKY BJIHMSHNE CHJBHOI'O MAarHUTHOIO M0J B CONBEYHOM
naTHe He yuuThiBanoch. [losTomy ceiluac pas Hac OkaxyTcs BaXHLIMK
BHBOAB NPefnayliero pasfena. XoTs MarHUTHOE noJie BAMSET Ha Typ-
6yJeHTHOCTb, [ieJad ee ABYXMepHOH, noje He nepecraer 3aryXarb. [pyx-
Mephad TYPOYJIEHTHOCTb YCHANBAET 3ATYXAHUEe MACHUTHOrO NOAS B TOI
Xe CTeleHH, B Kako#l 570 3aTyxaHue ycumsaioch 6ul nop neHcreuem
TpexmepHO#t TYpOyJeHTHOCTH TOrO Xe Macurraba. Takum 00pasom, oten-
xa (10.38) ocTaetcs cnpasefumBoli, ecin 3aMEHHTb 1. Ha nf2)
CaefiyeT OTMETHTb, YTO NPEANONOXKEHHE O NOARBNEHHO! KOHBEKUMH 06bsc~
HeT MOHWXEHHYIO APKOCTb COJHEYHBbIX NATEH, HO He 0OBACHAET UX Obic-
Tpift pacnan B TeueHME HECKOJbKHX HEfeJb WM MecslieB. Ilpeanonoxemnne
0. ByxMepHo$t TypOyaeHTHOCTH B COJHeYHOM MATHEe o0bsicHAer KaK Gno-
Tpift paciiaj, TaK u NOHIKEHHYIO SPKOCTb, NOCKOJLKY. ABYXMEpHas Typ-
BYAEHTHOCTb NPEnsTCTByeT KOHBEKTHBHOMY NEPEHOCY FHEPI'H TaKxe
BJO/ib MECHUTHOT'O NOJI%.

Paccmorpenne npocTolt Mozieau nokasHBaeT, YTo KOHlemms Typby-
JIGHTHOI'O 3aTyXaHWA MarHMTHLIX nojell B COJNHEUHBIX NATHAX MOXeT BhTh
MCTIONL30BaHa Takxe Ais obbicHeHHs TORKHX fieranel, oOHapyXeHHwX
npu HabmofeHusAx .

B kauectse B(x, 5, t) B (10.29) BO3bMEM

exp(—r2/4q‘2):) r2= 22 + 92,

(10.39)

310 BHpaxXeH!e ONMCHBAET 3aTYXalIee MArHMTHOe NI0Je B HANPaBAe-

HuH -z, xoTopoe npyu ¢ = 0 koutienrpupyerca B Touke r = 0. [ToTox

D, » NpoIstaLBAIONMH MIOCKOCTB (X, ¥ ), HE BEABHCUT OT BPEMeHH.
lpencrasum reub naTHa B BUAE KPYroBo# obaacTy, rae HANpEXeH-

HOCTb MarHHTHOrO 104 6oJbie KpuTHUecKoro suauenus B . Tlycrs

Iomans sroft obxact# Oyzer 4, , a ee pamyc —r , « Bemrumsn A, u

Ty SBAAIOTCR QYHKUMAMM BpeMeHH, 3ecb T O3HAYAET BPeMS XKU3HH

nnma. Npu t = ¥ Mmakcumaibhbiv 3nauenueM B Oyper B ,a A crpe

MuTCs K Hymo, Mopcrasans B, u¥ B (10.39), nonyunm

1
B(x, y,t) = ®, come
(%, » ) 0 (2)

B(xyt) =B, _:_ exp (- r2/ 49(2)1), (10.40)
a 'raxx(e Haﬁnem COOTHOWEHHe

f2
1= ol (10.41)

t ’ 4n(2)t
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H, CIeIOBATENbHO, AJf MOJeNy TEH!

A, (t)= 4m 2t (IgT - Igt). (10.42)
Bunuo, uto A (¢ ) umeer Maxcumymnpu ¢ _, = T/ e, 8 HMEHHO
_ 4n
uwmax = o nZ)s, . (10.43)

u, Oosee Toro, nmpu ¢ =T obaacTb ¢ MIOWAZBIO Au (2 ) pacnapaerca
CO. CKOPOCTBK :

dAu (2)
— Vo om=—4m 2. (10.44)
W3 anam3a 6oabworo upcna nabmogenn#t Bamsamaliep obnapyxain 3a-
BHCHMOCTD

$=0,1 Au’ max (10.45)
T'ie BpeMf XU3HM BHIpAXEHO B CyTKax, a MIoWAgb — B MUIJMOHHBIX [0~
Asax Biaumoro nosymapus Coanua. Verepnperupys (10.43) xax npasu-
Jo Banbamaliepa, noayunm ouenxy

(

4_1{_ n (Tz) - 10—5 (nnowane nonywapua ConHyga) ) (10.46)

¢ CYTKH

T.€. K02bduiment TypOyenrrol muddy3umn NpUOMSUTENHO paBeH
14202 74107 m2/¢, (10.47)

Coraacke c (10.37) mocraroyuo ynoaersopuresbtoe. Tor dakt, yre
3HaueHne g 7(.2) » NoJyyeHHoe U3 npasuaa Baibamaitepa, okasanoch
Goubiie, Y4€M 3HAUEHHUE, NONyUEHHOE M3 aHaMM3a KOHBEKIHH, CTaHeT fAc-
Hee, ec/ 00paTHTHCA K 6osee noapobHEIM MccaenoBaruaM Bymbu [ 351 «
Bymba npeacrapua pesyabTaThl CTATUCTHUECKOrO GHAIM32 3aBHCHMOC-
TH NJOLAAH CONHEUHBIX nNATeH oT BpeMenns O oOHapyxua Ase Kkarero-
Py rpynn conHeynbix nATeH: A) rpynnbi ¢ GHICTPHIM YMEHbIIEHUEM 1110
wany; B) rpymms ¢ nosoruM yyacrkoM Ha Kpusoit cnapa. Bee rpynimbl,
KoTopnie ObicTpo pacryr u pacnajalwTcs B nepshie [HM, NPUHAZIEXET K
kareropuy A. Hekoropeie 13 rpynn, KOTOpbE XMBYT J0JrO Ha MPOTS~
XeHnyu HecKoJkux oboporo Coumlia, 1 0coOGeRHO rpynibi, HabJmo e~
MbI€ K KOHLY cBOeli XM3HHM, CTRHOBATCH MELIEHHO U3MEHAIOWUEMUCT 1
npuHagaexar K kareropuu B.
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Alt)a

600

. 400

200 100

6 1" 16
a cenmalpe & aseyem

P u c. 10.1. MogentHbie KpuBLI® ( WTPUXOBLIG NHHHH ), HANOXKEOHHLIe HA Kph-
BLI6 PASBHTHA B BPBMEHH NNOWANReH FPYNN NATEH ANA HEPEKYPPeHTHLIX rpynn
No. 18195 (&) u No. 18143 (6), nonyueHibie BymGoi. PoCT H pacnag CooT-
BETCTBYIOT 3HBUGHHAM KOIPPHUUEHTR TYPSYNeHTHOH Rupdy3HH "121' » GonbwmMm,
UBM 3HAYSHHA KO(PPHIMENTA KOHBEKTHEHOH AMOY3HH B HEBKTHBHBIX OGNBCTAX
8 70 pas B cnyuge (&) M B 20 pas 8 cnyuae (6).

U3 ananmza Bym6w BuzHO, uTo foaroxuByume naTha (kareropud B)
pacnafaloTcs K KOHIUY XH3HM C NOCTOSKHON CKOPOCTBLIO, HE3aBUCHMO OT
X pasmepa. I1or pesyabTar coraacyercs ¢ coortomenmeM ( 10.44). Cxo-
POCTb pacnajna, nalinennas us nabmonenuit, pasHa

(dAu = _49- 10 (nnomazb noaymapus Coasa)
de /t=% 2 !
CYTKH
(10.48)
¥ 13 (10.44) crepyer, uro
2
q.(.‘} =107 M2/ ¢, (10.49)

3ror Pe3yabTar nopasuressHo cornacyercs co 3tuauenuem (10.37), no-
TYNEHHBIM U3 nannpix o nabmoaaemoll KOHBEKIN.
nome:;HMM Teneps Kpupbie Haweh mopem ( puc. 10.1) ¢ KpuBbIMK,
on pOCTaMu U3 nabaonenuht naomanei TPYNM COMHEUHBIX NATEH B Me-
pc. 10,1 ¥ HavyasbHol creuuu yMesbmenis ( kateropus A ). Ha
Habmon; mfxm FiBa IEpRMepS, FNie MOfiedbHbe PacyeThi NPUBA3AHLI K

M IBYX rpynn NATEeH ¢ COBEPIEHHO PA3iMYHbIMK 3HAUEHUA-
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MK MakcuMymoB niomagel, a Takxe 1n{2), U3 olenku ckopocTH yMeHb-
meHus nioman, caenantoit Bymbolt nas Goabworo wucaa rpynn conxey-
HHIX NATEeH KaTeropuu A, clenmyer, uro

(nf2)) , = 25(n$2) ). (10.50)

Tenepb BUAHO, NOUEMy 3HAYEHNE "(7‘2) r OJyueHtoe U3 npasuaa Banbpe
maliepa (10.45) u (10.47), sexur mexay 3HaueHMsAMH [1s KaTeropuit
A 1 B: npasuro Baabamaltepa nosyueno npu ycpenneHuu o BCceM rpyTi-
naMm COJHEYHbIX MATEH.

O6nemmmusns (7.94) u (10.50), npuned K COOTHOWEHMIO

(mTcor )Az 25(:'?1'(:01' )b (10.51)

KOTOpO€ 3aKJjyaeT B cebe obuicHere pa3iMuHoro NoBeleHUs NATeH
Kateropuit A ¥ B, ocHoBanHOe Ha pa3smuuuy B MacmTabax TypOyJaeHT-
HoctH. JelicTBuTenbHO, BCIIBIBAHME NMATHA — 9TO BHIHYXOEHHBIH Mpo-
Hecc, KOTOphiit Takxe MOXeT nopoxnarh TypOyneHTHOe ABMXenne. Bo3-
pacranueM TypbyJeHTHO#! CkopocTH B 5§ pa3 mMoxHO Obiao Obl 00BsC-
unts (10.51). Bosee Toro, Benubianne 60abwo#t rpynmsl NATEH SBAS-
ercs B Goubuell creneny BoIHYXIEHHBIM NPOLECCOM, YEM BCILILIBAHUE
Maloii rpynmbi. 3TO MorJio Obl OOBLICHUTL SHAUNTENBHOE PasiMyKue Mexay
3HAYEHUSAMH q1(2) Ansi ABYX npuMepoB Ha puc. 10.1.



MNasa 11. NMPOBJIEMA OUHAMO B
MAMHUTHOM MAPO OMHAMUKE

11.1. BonpoC 0 BO3HUKHOBEHUW KOCMUUECKUX MArHUTHbLIX nonem

[IpobaeMa auuamo, xoropost OyayT noceslleHb NOCAEAYIOLUME IiaBh,
BO3HMKJA rJIaBHEIM o0pasoM Oaarofaps xeaanuio HaikT obbsIcHEHuE BO3-
HUKHOBEHHS M nopefienus MaruuTHeX noae#t 3eman, Conniia 1 apyrux
KOCMMUECKHX ODBEKTOB:

HanoMruM BKpaTlie caMoe OCHOBHOE, "ITO M3BECTHO 00 3THX NOAsX
(6onee noapobuas uudopMmaims cofepxurcsa B pasf. 17.1, 17.3 u 17.5).
¥ 3eman nabmonaercs MaruuTHoe Noje, KOTOPOE HA NOBEPXHOCTH U B
OKOJI03eMHOM KOCMMYECKOM NPOCTPAHCTBE MMeeT [UIOJbHYI0 CTPYKTYDYs
310 nosie no HexoTopo# crener! CMMMETPHYHO OTHOCHTEJLHO OCH Bpa-
IIEHNs, 32 JIMTeNbHbIe MHTEPBAAL BpEMEHH €r0 MOXHO CUMTaTb CTaly-
oHapibiM. Ha CouHle Obiio obHapyXeHo OrpoMHOE YMCJIO MArHMTHBLIX SB-
aenmit, Oy cBfA3aHB ¢ O0WMM MATHUTHBIM NOJEM, KOT0POE B OCHOBHOM
COCTOMT U3 ABYX { N0 OJJHOMY B KaX/JOM HOJymapiH) NPOTHBONOJIOXHO Of-
EHTHPOBAHHBIX NOJNOBEPXHOCTHLIX MOSCOB ¥ M3 MAIQULHOA cocTapstomel,
NPHYEM BCe STH NOJS B USBECTHOH! CTENEH CHMMETPHUYHB OTHOCHTEJIh-
Ho ock Bpainerus. Obmee noje oCIMATMPYET C NEPHOZIOM LMKIA CONHEY-
Holt aKTMBHOCTH, T.€. 22 rofia. ¥ HEKOTOPBIX 3Be3/l Takxe oOHAapyXeHb
MarHuTRblE oJs. Bo MHOrMX ciyvasx cuMTaloT, YyTo CTPYKTYPa STHX
noJiel sHauMTeNLHO OTKJAORSETCH OT CHMMETPHI OTHOCHTEJbHO OCH Bpa-
wenus. [ns nabmozarens, spalalmerocs BMECTe CO 3Be3/io#, ouu
MOr'yT ObiTH CTALMOHAPHBIMH,

B pasnsHelimeM nposHaM3KUPYyEM BO3MOXHbIE NPHYMHBL NOABJICHUS
TaKux MarHuTHbIX nodefl, Kak u3pecTHo, MArHMTHbIE (1011 NOABASIOTCH
I60 Gaaroaps HaMarHMUMBAHUIO BEWECTBA, KoTopoe obycaop/ieHo
MarHMTHHIMM MOMEHTaMY, JOKAIM3OBAHHEIMKM B 8TOMaX WM MOJEKyJaX,
460 MHAYLMDYIOTCS SAEKTPUUECKAMY TOKAMH, BBI3BAHHBIMM IBHXEHEM
CBOOOAHBIX 3aPSAKEHHbIX YACTHLI,

Hamarmuusanue, K0TOpo€ NPENNONOKUTEILHO ABASETCS HCTOUNM-
KOM MarsurHoro noJs, JOMXHO OBITb ¢eppoMarHUTHHIM No CBOel mpupo-
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fe. CyumecrsoBanue ¢peppoMarieTH3Ma, o/IHAKO, 3aBUCHT OT 0CODBIX
ycJoBuit (HanpuMep oT TEMIEPATYPHI), KOTOpHE BPS/ JM BbHIOJIHSIOTCS

B YNOMSHYTHIX KOCMUUECKMX Telax. VICTOYHKKY MarHUTHOro noas 3em-
JH, no BCelt BEPOATHOCTH, HAXO/ATCS B €ro fA/ipe, TeMIeparypa KOTopo-
ro TaK P~ICOKa, YTO BCAKUi GeppoMarHEeTH3M ONXER OLITh MCKIIOUEH,
Yro kacaercs Coauia, TO 37ieCb BOSHUKAET JONOJHATEIbHAS TPYAHOCTS,
cBS3aHHan ¢ HeobxoMocTbio o0bsACHUTD H3MeHeHUs noas. [lo aruM ¥
ApYrMM NPHUMHAM KaK MCTOUHHK MArHUTHBIX noJell paccMOTpeHHBIX 0bbex-
TOB (eppOMarHeTH3M MOXHO MCKJIOUHTb.

Jas cymecTBOBaHNS SJEKTPMUECKUX TOKOB TpebyeTcsa Kak aneKTpu-
YeCKy NpOBOo/sIee BELIECTBO, TAK ¥ SAEKTPHUECKOE foie WIH NEKTPo-
JAmokyume cuble Hepipa 3eMiay ¥ IlaHeT COCTOST M3 BEUECTBA C METall-
Juyeckumyu cpoiicrBamu. Bewecreo Costilia ¥ HOPMAJLHBIX 3BE3]] HAX0-
MTCS B COCTOSIHMM Maas3mbl. Takum obpasom, Bo BCex aTHX obnekTax
AEKTPHUYECKYIO NPOBOMMOCTDb MOXHO CUMTAThH BHICOKOH.

O6cynum crauana cayvall, Korna asekrpuyeckoe noae, Oyayw cos-
JlaHHBIM HEKOTOPLIM 00pasoM, NPOJIoJKAET CylleCTBOBATL B OTCYTCTBUE
9JEKTPOABUXYUIMX ciul. B moboM cayuae 3To sjekTpHyeckoe nole, M,
CJENIoBATEbHO, EKTPHUECKIE TOKH M CBA3ZHHOE C HUM MarHUTHOE Ko-
Je [I0JOKHBI 3aTyXaTh. JHEPrius, 3anacerHas B 9THX MOJsX, NpeBpamaeT-
cs B Tenno. Bpems 3aryxanus noast 3emin Ohiio OL[@HEHO M OKA3a10Ch
nopsaka 108 aer (cp. ¢ pasg. 11.3). [losromy HaaMume reoMarHuTHOrO
ToJisi, KOTOPOE OCTAeTCs IMOCTOAHHEIM B TE€UEHHE ropasfio Golee fgiHTENb-
HO'O BpEMeHM, HeAb34 NORNTH 63 NPE/NOAOXEHHS O COOTBETCTBYIOMX
anexTpoaBMXyUMX cunax. B cayuae Cosnna uay 3Be31 CpaBHUMBIX pas-
MEPOB BpeMeHa 3aTyXaHUs MOryT JOCTHrarb MJM NpEeBbIAThb N0 NOPH/-
Ky Beduunisl 100 ser u, cliefoBaTeNbHO, IPEBLILATH NPE/NOJaraeMuIe
BO3pacThl 3THX 06bexToB (Cp. ¢ pasfi. 11.3). Tem ne Meree npesmnoo-
Xenue 06 M3HAUaILHOM N0JIE HE MOXeT JeXaTb B OCHoBe OObACHEHUS
COJIHEYHOI'0 MarHMTHOro NoJsd, TaK KaK oHO EpHOIMYECKY MEHAETCS CO
BpemeHeM. Te 3Be3/IHHIE MAarHUTHBIE N0Jis, KOTOPhIE HE3HAUUTEAbHO
MEHSIOTCH BO BpEMEHH, MOT'YT pacCMaTpHMBarhbcs KaK OCTATKH OT paHHWX
craauit 3Be3Holl 5BOLOLMH ¥ MOrYT Tenephb CyllecTBoBaTrh 6e3 nomMo-
mu Kakoit-nibo anexrpoapuxyuell cuap. Koneuno, nepiulble NPOLECCHI,
KOTOpBIE IPUBEJH K I'eHepalluu STHX nosell, Bce ewe SBAAIOTCS npef-
MeTooM Aasi ofbcyxaeHns.

Yro xacaeTcs NEKTPOIABMXYLMX CHJ, ‘To OyaeM pasiuyaTh CHILI He-
SJIEKTPOMarHuTHOA 1 anekTpoMartuTHol npupobl. K NepBuiM oTHECEM
Takue 9JEeKTPOABUXYIME CHJILI, KOTAa 3apSXEHHBIE YacTHIIbl ABUXKYTCS



IIpoBnema dunamo 6 maznummoll 2uopodunamuse 165

T0JbKO NOJ fEACTBHEM IEKTPOMArufTHBLIX onel, a Ko BTOPbIM — BCe
0CTaAbHbIE CJYyyaK.

B KOCMIUECK:X Teaax MoxXeT AeHicTBOBaTb PAL SAEKTPOABMXYIIMX
cua HesJekTpoMmaruuTHo# npuponnl. Paszanuye B Maccax noJoxurensHo
¥ OTPHUATEbHO 3aDPSXKEHHbIX YACTHL] NPUBOANUT K PASIMYHOMY MHEpL| HOH-
HoMy [ioBEIeHHIO DM YCKODEHUM, OCODEHHO B Cayuae Bpaueus. Pesyn-
TaTOM 3TOro SBJASETCS SJEKTPOABMXYWAA CHAQ, aHaJorMyHas Toil, koTo-
pas nosipaserca B apgekre Toamena, HabMonaeMoM B TBEPAOTEbHBIX
npoBOAHMKAX, HeoxHopoaHOCTH coCTaBa U TEMNEPATYPHl BEWECTBA MO~
ryT TakxXe Bbi3BaTh SJEKTPOABUXYIKE CHIbl, KOTOPHIE COOTBETCTBYIOT
ralbBaHo- ¥ TepMoaieKTphuyeckum sdpdekram. [lonpoburili anarus noka-
SBIBAET, UTO BCE SIEKTPOABHXYILIME CHJBI STOrO TUIA BPAA JH NOIXONT
1Ag o0BACHEHMS MACHUTHDIX [10Je# PASCMOTPEHHbIX KOCMHUECKHX Tel
B cayuae 3eMam nosis, KOTOPblE MOTYT IeHEPHPOBATbCH TakuM obpasoM,
oTJuyaloTcs or HabaloaaemMoro noJd Ha MHOMO NOPAAKUB BEAMYMHBL AHa-
Joriyso MaruuTHoe noje Coanija eiBa JM MOXHO NOHNATH HA 3roll OCHOBE,
xoTs Obl BCJEJCTBUE ero 3aBHCHMOCTH OT BpeMeHu. [lns HekoTOophIX
3Be3[] JEKTPOABMXYIAS CHIa, O0YCIOBAEHHAS Pas3IMUHbIM HHEPLHOHHBIM
noBe/leHHeM pPa3HOMMEHHO 3apSDKEHHBIX yaCTHll, MOXeT NpHBECTH K no-
JSiM C HAlPSKEHHOCTBIO B HEGKOJLKO COT I'ayCC, O[JHAKO MX reoMeTpuuec-
Kie cTpyKTypHl GyayT npoTvBopewnTh HabmonemaM. Bo BcakoM cayuase,
MOXHO YTBEpXfaTh, UT0 SMEKTPOABMXKYIIME CHIbl HeSNEeKTpOMarHuTHON
NPUPOZB! HE NOAXOANAT s o0uwero o6bACHeHns MarHUTHBIX noaelt kocMu-
Yeckux obnekros 1.

ObpatiMcs K JEKTPOBIXYIMM CHAaM SJIEKTpOMarHUTHolH npupo-
aui, Ipocrefinedi 3 mmx seAseTcs upesBbyaiiHo BaxHad fag scelt Mar-
HUTHOH} rUOpOIMHAMMKY SIEKTPOABMXYIAA CHAa, KOTopas fAeficTByer B
BellecTse, ABMXKyWEMCSH B IPUCYTCTBMY MarHUTHOro noas. OHa onuchl-
BaeTcs yaeHom Jlopenia B 3akone OMa, T.€. yieHoM u x B B locnen:
HeM ypasHenun (2.2). Kak ¥3BecTHO, 3Ta SJEKTPOABMXKYIAA CHAA TaKXe
OTBeTCTBEHHA 3a paboTy AMHaAMO-MalliH, HCNIOJb3YEMBIX s NOJdyUECHUS
3JexTpuyeckoro Toka. B AuHamo-Maumue, Bo36yx/1aemoit u3pke, Mar-
HHTHOe noJie, HeoOXoMuMoe s NOABAEHKS SJEKTpoABUXYyleH CHibl B ABM-
Xyllemes sKope, CylleCTBYET HE3aBHCHMO OT STOH CHIN ¥ BHSHIBAEMBIX
€10 TokoB. B munamo-maumse ¢ camoro3byxzieneM, Ha BOSMOXHOCTH
e ——————

D mmeerca pag pabot (cM., Hanpumep, [7**, 8**]) B KOTOpBIX nokasaHa
BaxHan, a BOIMOXHO, H ONPERENAIOLAA PONb raNbBaHo- # TEPMOMABrHHTHBLIX AB-
NeHNi oA OBLACHEHHA MarHWTHBIX none#d HeGecHbIX Ten. — [IpHM. pel.
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KOTOPOrO BIEpBHIE YKa3al CHMeHC, MarHUTHOE NIOJEe FeHepUpPYETCs NpH rio-
MoIlM 3THX TOKOB. T0JbKO B NEpPBbI; MOMEHT [Jist [IyCKa MalliHbl Heo6Xo/y-
MO MarHMTHOE NoJjie OT HEKOTOPOro BHENHEr0 HCTOYHMKA. JTO 3aTPaBoy-
HOE I10Jie MOXET ObITb NPOM3BOJLHO MaibiM. OHO JHIb MHULMHDYET Npo-
Liecc, B KOTOPOM SJEKTPOABIXYWAd CHAA, JEKTPHUECKHe TOKHM M MarHuT-
Hble TIONs HENpEpLIBHO PaCTyT, yCuJubas Apyr Apyra. orfa, oueBHIHo,
BO3pAcTal0T Takxe cuanl JlopeHlia, koTopbie NpoTHBOAEHCTBYIOT ABMXeE-
Buio skops. Ecay uMelolpecs Mexatuueckiie Ciibl 60abHe HE CIOCOOH
noajepxuBarb ABMKEHUE MAM-©CJM BCTYNalT B feficreye apyrke orpa-
HEyunpamme s¢dexrsl, To poct NpekpartHTcs. B 3aBMCHMOCTH OT Clielw-
aJibHOH KOHCTPYKIMH MALIMH MOT'YT rekepHpoBaThCs Kak [IOCTOSHHbE,
TakK ¥ nepeMeHHbe TOKH ¥ COOTBETCTBYWIME MarHUTHbE 1015,
Boznukaer BOIpoC, MOryT JM MarHMTHHIE HOJSA KOCMUYECKHX Ted
NOPOXJaThbCs NPOLECCOM, aHaJIOrMUHbIM TOMY, KoTophill KMeeT MecTo
B JMHaMo-Malll¥e ¢ CaMOBO30yxaenneM. ITa BO3MOXHOCTb 10 OTHOLIe-
uuio k-Conniy Bnepsbie Yka3ana JlapmopoM [ 139). Kak 6niiio nokazaso
BHIllE, 3aTPABOUHLE QIS MMeITC Beeraa. KpoMe Toro, MoOXHO NoJararh,
YTO BO BCEX KOCMIUECKNX TeJliaX, KOTOphe 3/eCh PacCMaTpUBAIOTCH,
MMeITCS BHyTpeHHue ABMxeHus, OHako cymecTByeT BaXHOE pasiuuie
Mex[y CHTyalMsMi B /IMHaMo-MallHe ¥ KoCMuueckoM obsekre. unamo-
MAHMHA COCTOMT HE TOJBKO M3 IPOBOASIIKMX, HO M M3 M3OJIUPYOLMX Yac-
Tell, B YACTHOCTH MMEIOTCH COEMHUTEJbHLIE NMPOBOAA, OKDYXEHHbIE
n3oasmueit. [losroMy npopopsnmii Marepuan 3anoHseT MHOMOCBA3HYIO
obaactb. Ocoboe pacrosioxeHue NpoBOJOB No3BoaseT Haltrk koHUrypa-
LMIO TOKOB M, CllefioBaTe/bHo, KoHQUrypall Hio ¥ BeJHMYMHY MarHUTHOTO
NoJs JAs TOro, YTo0Hl YOBAETBOPHTD TPeOOBAHHAM NPHHIMIA AMHAMO.
[IpoBonsmee BemecTBo KocMKUYecKoro obLeKTa B obllieM cayuae naJ-
HOCTRIO 3aNoJHAeT HeKOTOpYIo OJHOCBA3HYI0 0baacTs. Eca ucxomnoe
Mard UTHoe NoJe ¥ JBlXeHHe 3aJialkl, To TeM CaMbiM QUKCHpyeTcs
pacnpejesieHye AEXTPUUSCKOro TOKA M MeHEpUPYEMOro STHM [BHXe-
HMEM MarHuTHoro nojs. Brijio 611 HauBHO noJararb, yTO IS pelleHUs
IIOCT@BJEHHOr0 BOMPOCA JOCTATOUHO MMETb MCXOAHbe MarHuTHhe oS
H [IBIKEHN A, KOTOpBIe IPMBOAAT K NpolleccaM, aHalorMYHbIM POHCXO-
ASuMM B [MHAMO-Mamuue ¢ caMoBo3byxaenueM. Tobko Nocae 3HauK-
TeJbHbIX UCCAEeIoBaHui MOXHO npuiiTH K BbIBOJlY, YTO MarHMTHbIE NoJs
nefcTBHUTEAbHO MOT'YT MEHEPHPOBATLCA TAKUM cliocoboM. [lpumipn muua-
MO npeficcTaBull HauboJsiee npuBJieKaTelbHyO ¥ Haubosee ybeluTeabHYIO
BO3MOXHOCTb Beeobbemaiomero 06bsicHe sl BOSHUKHOBEHUS MarHuT-
sbix nosefl, HabalogaeMsix y KocMitdeckyx obLekTOB,
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11.2. O6wH A 0630p NpoGNemMbl AMHAMO

PaccMoTpeHte BOSHUKHOBOH!S KOCMHUECKHX MarHUTHEIX naJell, cne-
nandoe B peabiaylielt raase, MpUBOAUT K npobaeMe MHAMO B MartMTHOH!
ruppomiamuke. B s1olt casau Gynem rosoputb o "muamo", ecau mar-
EWTHO® 110Jle FeHepHpPYeTCs MJK NOJlepXuBaeTCs Gaaroaaps ABHXEHNIM
BHYTpH IEKTPHUECKY NpoBozisell Xuakoi cpe/it, Koropas 3anoJHseT
ONHOCBA3HYW o6aacTb. MHoOrAa Takas curyalms Taxxe HasbiBaercs "of-
HOPO/IHO® AMHAMO" — C LieJibio IO/IYEPKHYTh, UTO Cpefa He CONePXHUT Ka-
Kol-nmbo u3ampyomeli yacti. Teneps kKpaTko 06CyAMM HEKOTOpbIE ACTIEK~
TH npobJieMbl IMHAMO.

PaccmoTpiM TeJ0 M3 XMAKOro SJEeKTPHUEeCKH NpoBOAllero BelecTsa,
3aHMManiee OJHOCBA3HYI0 06JacTb M OKpyXeHHoe BakyyMoM. Bynem
npenefperarb KakuM-1u60 HAMarENUMBaHKeM BellecTBa i JIoOLIMA SieK-
TPOABMXYIMMY CHIAMM{, KpOME TeX, KOTOphIe ONMCHIBAIOTCS yaenom Jlo-
penia B 3akose Oma. [lycTb B HexoTophift fauHbIi MOMENT CymecTByeT
cnaboe MariuTHoe noJe, B orcyTCTBHE OBUXEHMUSA OHO, QUEBMAHO, Oy-

Ier 3aryxars. 'Ero 9Hepris u3-3a OMIUeCKol Auecunalmy NpespaTHTCs B TEILIO.
[lpexne Bcero BaxHO BbIACHWTL: MOXHO JiM B0oOOIIe OTHICKATb TaKue
BHYTpeHHUe [IBIXeHHs, YToOB MarHMTHoe NoJje He 3aTyXalo MK Aaxe
uapactato? OueBnaHo, s STOro HEOGXOMMEI HEIPEPHIBHLIE 3aTPaTHI
MexaHnyecKkol SHepriy, KOTopas NpeppaliaeTcs B MArHHTHYI0 SHEPIUI0

¥ B KOHeUHOM cuere B Tervio. [locTapiessbsi 31ech BONPOC MOXHO CBECTH K
CleflylolieMy: MOXHO J1 HaliTy Takue [ABUXEHHS, 8 TAKKE MarHUTHHE
flosis (CTanMoHapHLIe KIH OCIMILIMpYIOLMe), KOTOpLIE NOAJIEPXHBAMCH

Obl aTHMK [BMXEHUAMU?

[lpemmonoxum Tenepp, UTo OTBET HA STOT BONPOC NOJNOXKHUTEALHBIH
¥ UTO COOTBETCTBYWILUME MArHUTHBIE NOJA ¥ JBUXEHUSA USBECTHBL. TOr-
Aa Bo3HMKaeT cheayomuii BoNpoc: NMpy KaknX YCAOBMAX ¥ KaKMMM TUNG-
MH CHJI MOT'YT CO3/IABATHCA TAKHO [RMKEHUAT

MarnuTHOE nose, KoTopoe SBASETCA PACTYUMM B NAHHHHA MOMEHT,
HenabexHo nponomxaeT pacTH, NoKa XapaKTep ABMXEHUS He H3MEHUTCSH.

B RefiCTBATEAbHOCTH, OAHAK, HA JBYXEHUS OKA3LIBAIOT RINSHME CHJIbI
Jlopetma, 06ycaoBeHHbE MarHHTHEIM OJEM. JTHM BIMSAHUEM MOXHO Tpe-
Hebperarh /10 Tex op, [I0Ka MarHuTHOE N0Je SBJAETCS [OCTAaTOYHO CJa-
6biv. Ecan marmuTiOe oJie CTaHeT CuibHee, TO ero BIMsme GyneT upes-
BhrualiHo BaximM. OHo NpensTCTBYET HeNPePHIBHOMY BO3PACTAHMIO [0S

¥ onpefieasier ero BeMMuMHy B KOHEYHOM COCTOMNMM. JL1s NOJHOrO pac-
CMOTpeHUs Npo6eMbl IMHaMO HEOOXO/MMO YUECTDb STO GIOXHOE B3aKMO-
Reficrane MaruuTHOro noas ¥ AByKeHuH.
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Mui 6ynem rosoputb 0 npoGiemMe KMHEMaTHUECKOrO JMHAMO M O MO-
AeJsix KMHEeMaTHYeCKOro [HMHaMOo, eCiM ABMXeH!e 3a/iaHo 6e30THOCHTEb-
HO K IMHAMHYECKMM aclieKTaM. ITO O3Hauaer, YT0 KakuM-aubo oGpaTHbiM
BJMSTHMEM MarHMTHOrO NOJA Ha ABMXeHus Mbl npeHebperaem. Pewenve
3a1a4 KHHeMaTHuecKoro AMHaMo fiaeT yCJOBMEe BO3DYXAEeHUS MarHur-
HOro noJs, a He ¥udopMalMIo O ero BeMuHe. M3ayueHug KyHemaTHyec-
KO} 3a71auy clefyer paccMaTp¥BaTh Kak nepBhili war K pemenmio noiHok
MarHuTOr¥ApoAMHAMIYECKOH 3aauy, yuuTHIBAOIeH MMHAMUKY [IBUXEHNUS,
KOr'/la /IBMxeHie pacCMATPUBAeTCs kak cielcTBue Apyrux $axkropoe, B
YaCTHOCTH TeX CHJ, KOTOpbie 00yCA0BAEHH MArHUTHHIM HoJeM. TOoJbKo
B pe3yJbTare pelienns STofl noaHoi MarumToruApoMHuaMiueckoit 3aaa-
i MOXeT ObiTh ompeqie/ieHa BeIMYNHA MArHUTHOIO NOJS.

11.3. Maremarnueckanr ¢opMynMpoBKa npobnemb QHHEMO H
npocTLIe CNEACTBHA

Ilpobnema avHamo, Koropas obcykaanach B npefbilylieM pasaee,
SKBMBaJIeHTHA MaTeMaThuecKol 3aaue, koTopas 6yaer ceiiyac cdopmy-
JHpOBaHa.

Kax u Boile, pacCMOTPUM TEJO U3 XUAKOTO HNEKTPUUECKH IPOBO-
Asuero BeuecTsa, 3aHMMaloLero OJHOCBA3HYI0 OrpaHHuYeHHyio 061acTb.
IIpeanosaraeM, yTO BCe NPOCTPAHCTBO BHE STOI'0 Tela UMEeT 3JMEeKTpo-
MaruuTHbie cpoficTa BakyyMa. O6o3HauuM 3Ty obaacTb BHyTpH Tena V,
ee NoBepXHOCTb — S , a PHemHee npoctpanctso — ¥ °. Hanpasaennyio
Hapyxy e MuauuHyl0 HOpMaJb K S 0003HauuM uepes n, a CKauok JioGolH
peauuyibl F 5a S 06o3nawnm [ F].

[lo-npexneMy npefnonaraem, YyTo MEKTPHUECKH NpoBoslice BELECT-
BO He 00afiaeT HAMArHUYEHHOCTBIO M YTO HET JPYTMX 3NEKTPOABIKYLIMX
cuJ, KpoMe NpeAcTaBlieHHbix yietom Jlopenna B 3axone Oma. Mcxons
U3 OCHOBHBLIX MAarHMTOrMAPOAYHaMUUECKUX YpaBHeHnl 18 MarHUTHOM
MHAYKIMK B , OJyuYH™M ypaBHEHUS

1_ rot(l—rotB) —~rot(u x B) +_3_B_ =0, (11.1a)
divB =0, puyrpu obaacty V. (11.16)

Crauaaa He Gynem neJaTh OrpaHiyeHuli Ha roje CKOPOCTH u BHYTPH BE-
WecTBa. B oTAMUME OT BEAMUMHLL 11, KOTOPAS TOXIECTBEHHO paBHa BaKy-
YMHOMY 3HAueHHI0, NEeKTPOIPOBOJHOCTb 0 MOXET 3aBHCETb OT K OOp[y-
Har, Y10 KxacaeTcs NpoCTpaHCTBa BHe TeJa, TO B COOTBETCTBHM C Mar-
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FUTOrMIPOMMHAMUUSCKHM TIPUOIKEHNEM YUUTHIBAIOTCS TOMBKO KBA3MCTA-
JMOHAPHbI® 3MEKTPOMAarHUTHbIe MpOLECChl, TaK uTo
rotB=0, divB=0 B obractu V°. (11.24a,6)

TTocKOAbKY HET OCHOBaHUS BKJIOUATh B PaCCMOTpeHie IOBEepXHOCTHbIE
TOKH, TO IIPHAEM K YCJIOBHIO
[B] =0 Ba noBepxHocTH S. (11.3a,6)

Oxo npefnonaraet, yron - rotB = 0 Ha 8. [lng Toro urobni obecneuwnTs
HEU3MEHHOCTb GOpMH TeJa, noTpebyem, urobbi
n-u=0Ha$S. (11.38)

Haxounen, 6yayT paccMaTpMBaThCs TOJbKO MarHUTHbIE NOJA, 00YGIOB~
JeHHble caMoBo36yX/ienueM B pe3yabrare NpolieccoB BHYTpM Teda. C

[eJbl0 UCKAOUUTh BHENHee BO36YXKIEeHHE MCTQUHHKAMK, JOKaIM30BaH-

HEIMK Ha GeckoHeuHOCTH, noTpebyeM, uyTobbi MarHuTHOe Iode Cianano
Ha 6ECKOHEYHOCTH 1O Kpajieli Mepe KaK noJe AMIioNs, Ts€.

B=O(7r~3)npu 7 » o0, (1.9

Cfie 7 — PaccTOosHMe OT TOUKM BHYTPH Tela.
3azaya NOCTPOEHUS MOIeJM KMHEMaTHUeCKOro AuHaMo COCTOUT B

onpefieneluu noaxoasAuero rnoJjs u . OHo [oaxHO 6biTh BLIGpaHO Tak,

yrobbi ypaBHeHns M cGopMyIHpOBaAHHbIe 3[eCh YCJOBHS JONYyCKalu CylecT-

BoBauue noJs B, He ucuesaollero npu t - « . Ecay orpasnunThea cra-

IMOHAPHKIM COCTOSHMEM, TO JIOCTATOUHO HAWTH HETPUBUAIbHOE IoJe B.
INonesno Takxe paccMoTpeTh 3Hepretuueckut 6anauc. Vcxons

ONATb U3 OCHOBHbIX ypaBHeHuH A8 SMeKTpoMarHMTHbIX noxell B maruuro-

TUAPOAMHAMUUYECKOM NPUBIMKXE K, HONYIHM

. 2

2
d_ f _B_ dx =— f_l__ dx — [ u- {j x B)dx. (11.5)
dt p,p+ 2u vo 14

3necs B2 /2y — nnoTHOCTH MarHuTHOH 3Hepriuy, j2 /o — CKOpPOCTb OMM-
uecKof auccunamy B efMHKyHOM 06veme, a u - (jx B) — pabora, cobep-
waemas cuJioit Jlopenlia B efuiuyHOM o6veMe B enuuuIy BpeMenn. Moxio
Jerko nokasarb, YTO

~fu. (jxB)dx=
| 4
=L (e - A divu. 5;)B;Bjdx— 1 [ (u-B)B.df),
TR 4 2 " 1L6)
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rhe ¢;; — TeH3o0p ckopocTy fedopMalu, Onpenensembili creayoLMM
obpasom:

)s (1L7)

a df — 371eMeHT NoBepXHOCTH, Napaiiebibili prewHel Hopmam. [Too-
aefnuit ynen B npasoi yacty (11.6) pasen Hyio, He TOMbLKO Korfa CKo-
PocTb u ofpaijaeTcd B HyJb Ha S, HO # KOI/ia OH& COOTBETCTBYeT TBep-
noTeablomy Bpamerno Se Kax suamo us (11.5) u (11.6), ana npespaue-
HHS MeXaHiyeckoli SHepruu B MarHHTHYI0 UJM HaoGopoT Tpebyerca ne-
¢opmaums npoeosismelt cpelnl, KoTopas, KOHEYHO, BCErAia CBS3aHa C ffe-
bopmaipedt cHaOBRIX JMHMA MArHUTHOrO NoAs. MaruuTHad sseprus po3-
pacTaeT B Ciydae paCTHXKEHMSE ¥ YMEHbIIAeTCA B Clyyae COKPAUIOHUS Ci-
JIOBLIX JvEMH 11015

PaccMorpiM crayata nokosuiyiocs cpejy. B 9ToM cliyuae noesenye
MarmMTHOro noJis onpefeiseTcs ToJsKo omuueckol auccunaipedt. Kax
BuAKO U3 (1L.5), mo6oe MaruuTHOe Nose GyaeT 3aTyxarb. Bpems 3ary-

xams T moxeT 6uiThb olieneso #3 (11.1) um1 (1 1.5) obbiunbiM 0BpasoM.
Tlonaras, yTo ¢ MOCTOSAHHO, NOLYWAM

T=unol3, (11.8)

3pnech L —xapaxTepHbift MaciuTall MarHUTHOIO NOJS, NOPALOK KOTOPOIO,
no xpaiieli Mepe B npocrefiunx cayuasx, Oyrer coBnaarh C Xapakrep-
HEIM pasmepoM npoBoasaumero Tela. Kax Gyner nokasaHo B pasf. 14.4,
ans cdepuyeckoro Tesa paauyca R HeobxomuMo noxoxutb L =-R/w.
Torna T GyneT cosnajgars CO BpeMEHEM, 38 KOTOpOEe YMEHbIIAeTCH B €
pas3s Moas, 3aTyxaillas HauboJslee MeAJeHHO.

Tenepb MOXHO 0GOCHOBATL HEKOTOPHEe OLEHKH, HCIONb30BalHbie B
pasf. 11.1. /lns 3eMHOro siipa MOXHO NPUHATb B =14 = 4w 10 -7B-c/(A- M),
o=3.105/0Om-mu L=R/w,rbe R=-3- 10 m. CrenoBarennno,
T=1. 104 er. Yro Kacaercsa CouHlia, TO NOAATaEM K =g ,
o=107/0M MuL =R/n, roe R 7« 108M, noayyas, Takum ob-
pasoM, T= 2. 101 ger.

HeolxomMbiM yGAOBHEM A1% CYHIECTBOBANNS IMHAMO ABASETCH Hax
JMuse TAKOrO AOCTATOYHO MHTEHCHMBHOIO [BMXeHUs C noaxoasiel reo-
MeTpueil, yToOn MHAYKIMORHB 9ddeKT Toro ABMXeHUs ypaBHOBelHBA~
Cs1 M NpeBoCXomuy 66l uccknatyprnili addexr, paccMoTpeH sl
Builie. Kak yxe obnsicHIoCH, ABMKEHNe JOIKHO NPMBOJMTD K AedopManmy
Cpeibl, KOTOpas CyuleCTBEHHO PACTArHBAET CHJIOBHE JUH{H MarHATHOrO
noast.
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CpaBHUM BeJIMYHHY MHIYKIMOHHOI'O M AMCCHIATHBHOIO WIEHOB B
(11.1) nan B (11.5)« Ecim o no-npexuemy npeanoJiaraeTcst NOCTOAHHBIM,
70 OTHOLIEHME ITHX WIEHOB, KaK MOXHO OLEHUTb IO NOPAMKY BeIMUMHDY,
pe 6yneT NpeBbillaTh MArHUTHOrO YMCia Peitnoasaca Rm, onpepease-

MO0 KaxK

rne U — xapakTepHoe 3HaueHue CKOpOCTH, a L MMeer TOT xe cMbicCl,
yT0 ¥ Bhine. TOMLKO B Glyyae COOTBETCTBYIIel reoOMeTpHH NoJs CKO-
pOCTH YTIOMSHYTO® OTHOUeHKe AeliCTBATENLHO MOXET JIOCTHI'Th 1io-
panxa Rm. B ouenke, oTHocsmiefics x (11.6), BMecTo oGbiunoro nossast
eTcs MOAMGUIMpOBaHHOe MarHuTHOe uncao Peltnonbaca, Rmt , a umenno

Rm* = o U+L3, (11.10)

npuyem U+ — xapakTepHOe 3Hayenue TOH yacTy rpajueHTa CKOpOCTH,
KoTopasi COOTBETCTBYeT JiedhopMalk cpesbl, a L uMeer TOT xe CMEICH,
yro ¥ Bhinie. CrieqyeT oxuaaTh, UTO B CJaydae JpHaMo oba wicha, KaK
Rm, tak ¥ Rm*, fomxHb! NpeBbiwaTh HEKOTOpbIE NpefiebRbie 3HaYeHN s,
6/M3KKe 1o NOpAAKY BeJMuMHbl K euuuue. Kak Gyner nokasaso B pasa.
11.4, nas cdepuueckoro Teda paauycom R cHoBa pasyMHO NOJOXHUTD
L= R/w xax B (11.9), Tak u B (11.10).

Jns kocMuueckyx Tea 3HavyeHns Rm 4 Rmt, xax npunsto cuurars,
MoryT 6hITh MHOTO GoJbine efuHuilb, JTO SABASeTCH MNMaBHhM 06pasoM
cieficTBieM 6OJbLLIMX pasMeEpPOB 3THX 06bekTOB. Jlas Toro yrobbt 910
TPOAEMOHCTPHPOBATh, CHOBA PACCMOTPUM 3eMHOe »/ipo. Mcnoubays nis
o ¥ L Te xe camblie yucleHHbIe 3HAYEH!S, YTO ¥ Bhille, HaM Heobxoau-
MO 11010xuTh Beero Juub U =~ 3. 10~ m/cu U+R = 9. 10 -8 m/c,
NS TOro uTo6bi Noayuuth Rm ~ 11 Rm* = 1 cooTBetcrBenno. Ofuaxo,
HECOMHEHHO, CYUECTBYIOT BHYTpeHHHE IBHXEeHu, uMelollie MHOIo Gob-
wre suavemus U u U+ R,. Tak yro 3Havenus Rmu Rm+ Takxe okasmpalor-
cs MHOTO GoabummMK. AHamoruyno aas CoJnla i ApYruX noaobHEIX 06beK-
TOB CJjelyeT OXH/aTb, yTO BeauuHn Rm u Rm* 3HauuTELHO NpeBocxo-
AST emHHLLY.

Xoresoch 6bi BOCIpOM3BECTH Npollece AuHaMo B Jaboparopuy B co-
OTBETCTBUY C NPONECCOM, KOTOpHI, KaKk CYUTAeTCH, UIMEET MECTO B KOC-
Mugeckux Tesax. [Togxoasium BellleCTBOM MR TakKMX SKCIEPUMEHTOB
SBASTCR KUIKuH HATpUH, AN KOTOPOrO W =1, M o= 6+ 10°/OMe M.
Pacemorpum cdepuueckuit obvem narpus maverpoM B 1 M, nonaras
L=R/w, roe R=0,5m. Toraa, uro6n noayuwts Rm= 11 Rm* = 1,
Heobxomumo U = 0,8 m/c u UTR =~ 2,6 M/c. OTciona MoXHO cieaaTh Bhi-



172 Inasa 11

BOJl, YTO BO3MOXHO SKCIIEDMMEHTAJbHOE OCyliecTBJIeHne npollecca re-
HepalMy MarHUTHOIO NOJs ABMXEHUAMM npopofsiiedt xuakoctu. s
srtoro TpebyloTcs, 0HAKO, OrpOMHbIe TexHMyeckue ycuams, [lo cux nop
SKCIIepUMENTDH! TAKOr'0 THIIA He ObliiM BHITONHEHbls

B aroii cB#3M clefyeT HANOMHUTDH, YTO B OTAEJbHBIX THMIIAX TEPMO-
S/lepHbIX PeakTOpOB, B YACTHOCTH PeaKTOpOB-pasMHOXUTEMeN! Ha BhiCTphIX :
Hejirponax, OxJaxJeHue NPOMCXOMT C NOMOIIbIO IMPKYJLAIMU XKHUIKUX Me-
TaJJIOB, HANpUMep XUAKOro HaTpusi. s oueHnb GoabuMx oxnaxaalonmux
CHCTEM C BbICOKMMH CKOPOCTSIMU OXJax/alollero sewecTsa Halo yuu-
THIBATb BO3MOXHOCTD SKCILIyaTalMOHHOA HEMCIIPABHOCTH, OBYCIOBNEH-
Hott Bo36yxzen1eM MarHuTHbIX NoJett (cM. , Hanpumep, [ 15, 199] ).

Jlo cux nop Mbi ¥MeJu fesio C KMHeMaTHueCKUMH acnekTamu npob-
aembi auHamo. Ilpu paccMoTpermy noanolt MaruToruapoauuammyecko
3ajlayu ypaBHEHUS, NpMBe/IeHHbIe Bhillle, CJeflyeT [JONOJHUTb YpaBHEeH!-
SIMM, ONMCHIBAIONMMH TIOBEJEHHE TIOJNH CKOPOCTH u. BrinumeMm Juuwb ypas-
senue Hasbe — CToxca, fonoisenHoe cudol Jloperila, U ypaBHeHue
Hepa3phIBHOCTIA:

p(ﬂ +(u-V)uy=-Vp 4+ _l.rothB+pF, (11.11a)
at u =~
9P | div(pu)=0, BayTpu V. ~ (11.116)

ot

3pech p — IIIOTHOCTbL MaCCH, p — FMApoAMHAMMUYEcKoe farJenue, F —
pasiMyHbie CHJH, TaKue, KaK rpaBuTalOHHble, TPeHus i T.A. B 3aBucu-
MOCTH OT KOHKpeTHOH paccMarpuBaeMolt Mojies STH YPaBHEHUSA [OJXKHEI
6hiTh ONOJNHEHb APYIMMH, HANpUMep YPaBHEHMSMHM COCTOSHUA WJM
BHyTpeHHell SHepruy, ¥ COOTBETCTBYIONMMH I'PAHHUHEIMY YCJIOBUAMM,

11.4. HexoTopbie HEO6 XOAMMbLIE YCNOBWA ANA AUHAMO

TpyasocTy HocTpoeHus mMofedeli AuHamMo 00YCIOBJEHb! He BEIM -
Ho# ckopocTell, a ckopee reoMeTpnieckoll CTpYKTYpo#i KaK MarHuTHOrO
[0Jisl, TaK u noas ckopocTu. [lonyunm HeKkoTOphie TEOpeMbl, CoaepXaiine
HeobxomMMbie yCJoBHS, Onpejesionye MreoMeTpuIeckie CTpYKTYpbi no-
aelt.

Baxuas TeopeMa 970ro THna 6bia fokasana Kaymmrom [45] u B
HEKOTOPBIX OTHOWeHHsX 00obuena Apyrumy apTopami. CoraacHo aroii
Teopeme, NOCTOSHHOE MAIHUTHOe noJe, Gynyun CHMMETPUIHBIM OTHOCH-
TeJbHO HEKOTOpOH OCH, HO MOXET NOAAEpXUBAThCS NOCTORHHBIM N0JeM
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CKOpOCTH, CUMMETDHUHBIM OTHOCHTEIbHO ToH e ocu. Herpyano noxa-
3aTh, YTO TAKOE MAarHUTHOE MoJie He MOXET NO[IePXUBATbCH HUKAKUM
Apyr¥M nasem ckopoct. Takum obpasom, TeopeMa Kaymmira npuso-
IMT K BHIBOAY O TOM, UTO [IOCTOSHHOE OCECHMMETPHYHOE MAarHUTHOe rNoJe
HUKOI'IA HE MOXeT NO/IepXnBaThCs ieficTBHeM MMHAMO.

Jas cepruecknx mopienelt ¢ nocTosHHON SlEKTpuyeckol nposom-
MoOCTbI0 912 TeopemMa bbina o6obuena Bparuucknm [ 18] Ha cayuaii He-
CTaUMOHAPHbIX MarHUTHHIX nojeil. OH nokaszal, uro moboe note, cuMMeET-
pUUHOe OTHOCHTEJbHO HekoTopolt ocH, 6yAeT 3aTyxaTh, €Cay NoJe CKO-
POCTH COJCHOMAAIBHO ¥ CUMMETPHYHO OTHOCHTEILHO Tol Xe ocue. Moxuo
nobaBUTb, YTO 3TO yTBEPX[EH!e 0CTAeTCH ClpaBe/liMBbiM [JIs BCEX CO-
JIeHOM/IBJbHbIX NOJEH CKOPOCTH HE3aBHCHMO OT X CBOHCTE CHMMETpPHH.

B To Bpems kak AMHAMO AJS CTall HOHAPHBIX OCECUMMETPUYHEIX Mar-
HUTHBIX NOJie} OKa3biBaeTcsi HEeBO3MOXHBIM, AMHAMO LISl CTALMOHAPHOI'O
0CECMMMETPUYHOIO NOJS CKOpPOCTH He 3arnpeluero. [Ipumep noanepxa-
HUS HEOCECHMMETPUYHOr0 MarHUTHOIO HOJH CTALYOHADHHIMU OCECHMMET-
PUMUHBIMK JIBMXEHHsIMHU Gbil npoieMoHCTpuporan IMaitmrucom [ 701

Kpome Teopembl Kayaunra, kOTopylo MOXHO paccMaTpiBaTh Kax
yCAoBHE [l MArHUTHOrO NOJIS, MMEIOTCS [pyrHe TeopeMbl, KOTOpbie
coziepxar ycJioBue AJs Aemxenuite Teopema aroro Tuna nosiBUNach B pa-
Hux paborax Jubsaccepa [ 62], Byanapna u IM'eanvana [ 33], a 3arem
6bina BHOBD nepecMoTpera Moddatom [ 175). Tlpu atom no-npexuemy
npennoJaraeTcH NOCTORHCTBO MEeKTpuueckol nposogumocTy. B Teo-
peMe yTBepx[aeTcs, YTO MarHMTHOE IoJie He MOXEeT HoJiepXuBaTbhCs
COJCHOMAJLHBIMA IBY XemiaMy 6e3 paualbHbIX KOMIIOHEHT, Tee.
COJIEHOMAAAbHHIM TEYEHHEM C JHHUSIMH TOKa, JeXalluMH Ha KOHLEHTpH-
YecKMX cepuYecKuX NOBEPXHOCTSX. €M CaMbiM IofpasyMeBaeTcs,
YTO MarHMTHOE NoJIe MOXET NOJIepXUBAThCH IBHXEHUAMN HeCcxumMaemo
Cpelibl TONbKO B TOM Cllyyae, ecll y 9THX ABuxeHuHi UMEIloTCs Takxe
pammanbuble KoMroseHTbl. Bosiee Toro, nopepxarmie MarHMTHOIO HOJS
OKa3biBaeTCH HEBO3MOXHbIM Jlaxe B CAyyae cxuMaeMoli cpelbl, eciu,
HanpuMep, uMeeTcst TOMbKO BpaliareJbHOe ABMXEHHe, IPHUEM 3aBUCH-
MOCTb YT'JIOBO# CKO pOCTH OT pajiMyca MiM OT HHMPOThbi HE UMEET 3HAUEHUH,
Hiokuss rpanuila BeJUMHBl pajyaibHoli ckopocTy, HeobxoauMoli s
ReficTBus muamo, 6ei1a noayuesa Bycce [ 39].

Teopema Bakaca [ 11] kacaercs kak reoMeTpuueckolt CTpyKTypbl,
TaK ¥ BeJMuMHBI NoAst ckopocTH. OHA Hanaraer yCJIOBKe Ha TEH30p CKo-
PocTs negopmaimn e ; , onpenenentsili Bepaxetmen (11.7). Jpuxenve
Tio-npexeMy npefnonaraeTCs ColeHOMAANLHBIM, T+, divu = 0, Tax uTo
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Hauboabmee cobcTBeHHOE 3HaueHe 3TOr0 TeH30pa NOJOXUTENbHO. Ko-
HEYHO, KaK ¥ caM TeH30p, 3To HauboJbiiee cOGCTBEHHOE 3HAaYEHHe TakK-
xe MeHsiercs B npoctpascTee. Teopema Bakaca Tpebyet, uyrobhl ero
MakcHMalbHas BeJuMHa BHYTDM TeJa, ckaxeM Ut ., mpeBocxomina
Wi Gblna papHa HauEn3mell ckopocTH 3aTyXaHus MarHUTHOrO IOJIH B OT-
CYTCTBYe ABHXeHUsl. IT0 MOXHO copMyMpoBaTh KaK ycJoByue AdH Mo-
mAudMippoBanHoro MarmuTHoro wiciaa Pefinomaca puaa (11.10). Orpa-
HyuMea cepuyeckoii MOIebI0. ¢ OCTOSHHON SneKTpuueckol npoBom-
MocThi0. TOrsia 510 YCJIOBME 3alMETCH B Bule

woU+ _R3/m2 3 1, (11.12)

max

rae R no-npexxeMy O3HaYaeT pajiyc NPOBOJMHIIErO TeNa.

Hakonely, ynomsnem Teopemy Yatinapecca [ 44, kacaomyocs senn-
YHHBI NI0JS CKOPOCTH. OHA KOJMUEeCTBEHHO OTpaxaeT TOoT (akT, YTo B
clyyae auHamo MarHuTHOe uicao Peltnoabaca suaa (11.9) nomkuo npe-
BbIIaTh HEKOTOpoe KpuTHueckoe. Jlus pasHbix Mopedneil Obmy olleHeHb!
Takue KpuTHueckie 3HaueHus, B cayvae cdepuyeckolt mopesnn ¢ noc-
TOSHHON 3JexTpuueckoil NPOBOMMMOCTLIO M COJEHOMAIbHBIMA JIBHXEHH-
SIMM NOJIydaeTcs

wU  R/w> 1, (11.13)
rpe U, . — MaKkcumaJbHas OTHOCHTEJbHAs CKOPOCTb BHYTpM TeJa

pamsyca R.

11.5. YcneuHbie nonbiTKW NOCTPOSHKA Moaenen
KWHEMAaTHYECKOr 0 QUHAMO

Jenamch MHOrOuUMCEHHbie NONBITKYM NOCTPOeHus Moelel ku-
HEMaTHYECKOI'0 IMHAMO, T.€. HAXOXIEHHS pemenuii COOTBETCTBYIONMX
MareMaTHyecKux 3aaay. MHorue u3 HUX oka3ainCh HEYJAauHbIMU M3-38
OI'POMHBIX TPyAHOCTeH, BO3HMKAIONMX 10 pa3HbiM NIpHUMHAM, o0cobeHHo
KaK CJlefic TBHe HeobxomMbiX ycuiopul, 06CYXAABUIMXCH Bhilie.

INepuen6eprom [ 94] 6uina Bnepssie NocTpoena Mofiedb KHHEMATH-
yeckoro auHamo. Ero peuenue cooTBETCTBYIONMX ypaBHEHHHA Takke Cbif -
pajio CBOIO POJib B NOATBEPXAEHUH cyllecTRopannd sddekra muamo. B
ero Mojie/ MpOBOAsIias cpepa 3anojuseT cdepy. Cpeia NokOHTCH, 3a
MCKJIYeHreM [BYX pas3fieJeHHbIX chepuuecknx obaacrell, uyTpu sroi
ctepbie B xaxpolt u3 amux asyx obnacrell ona BpailaeTcs Kak TBep/oe
Teno. CaMopo36yx/Aerne NPOUCXOIUT TipH olipe/ile]leHHbIX CKOPOCTHAX
BpallieHus ¥ OnpefeseHHHX pAaclioNoxeHusX ocell ppamenns. Kak Guiio
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rioxa3ato B padore [ 71], BoamoxHO BO36yXIeHHe HE TONbKO CTaUMOHap-
EbiX, HO ¥ OCIJLIMPYIOIMX MArHUTHBIX nojeil. AHaloruunbie MOLem ¢
pemst cipepiuecKiMI poTopamy, nefiCTBHe KOTOPBIX B ONPEJEJeHHOM OT-
HOWIEHMH IOHATL Jerye, Obubt MoGheNoBaHk! B paborax [ 78, 79, 135, 136).

Momdmkaums Mone [UEaMo, B KOTopo# iBa cepuueckux poTopa
6L/ 3aMEHEHb! IByMA LMIMHApHYeckuMy, Oblia nocTpoeHa B Bujle Ja-
GopaTopHO} yCTaHOBKY ¥ yclewHo npusefiena B Aeficraue [ 163, 1641,
KaKk HenoABMXHAs, TaK ¥ NOABKXHBE YacT OGbli clieJaHnl U3 TBepaoro
QIeKTPONPOBOAALIEro MaTepHaaa, 8 KOHTAKT MEeX/y STHMM YACTAMK
OCYMECTBAICS C IIOMOLIBIO [IEHKH.

Jlpyrue npumepnbi KHeMaTHYeCKUX AMHAMO MOXHO HailTu B paboTax
[169, 160). B nepsoit u3 3™HX paboT paccMoTpeHa MoAe b AN Caydas
GecxoHeyHoii posoamuel opefil. ABTOPOM NIOKa3aHO, 4To ocobhie, He-
oCeCHMMEeTPUUHbIE CTalMOHapHbe ABMXEH!A BHYTPH IMIMHAPMUeckol ob-
NacTH, JMHMK TOKA KOTOPBIX HBJSIOTCS CIMPANiMKU, CIOCOBOHBI noaaepxy-
BaTh CTAIMOHAPHOE MarHUTHOe IoJie, KOTopoe Takxe 6yaer umerb He-
KOTOpYIO CIMpaJbHYIo CTPYKTYPY. Bo BTOpo# pabore paccMarpusanach
npoBojsas cpeja B BuAie TOpa, OKpyXeHHOro BakyyMoM. B arom ciy-
yae TaKkxe 0cobbie crmpajibHbie JBIKEeHHS MOTYT NO/IePXHBATh MarHuT-
HOe IloNie, KOTOpoe B BakyyMHol obracTy GyneT oceCHMMETPHUHLIM,

WUpewu, paseutbie Teepckum B paboTe [ 279] npuBean k apyro# mnre-
pecuolt kuHemaTMyeckoit Moie/ mHaMo, paspaborannoti B [70]. Moaw-
¢$ukaius ee 6bina Mccaenopana B pabore [ 73)s [popoasmas cpena ciosa
npefnoJaraiacs, 3aHumaiomeli Bce NpoCTpaHCTBO. /IBixeHre orpaHnus-
BaJOCh Aapoli TOHKNX BUXpeBbX Kojel. OHo 6BlI0 CHMMETPHYHO IO OTHO-
WeHNI0 K HeKoTOpo# OCH, K IIOCKOCTH, NiepneHMKyaapHol aroft ocu, u
KO BCEM IJIOCKOCTSM, CofepxallMM 9Ty ocb. MarnuTHble nons aekcTeu-
TEJbHO MOT'YT NOIEPXUBATBCS STMM NPOCTHIM THIOM JBMXeHus. B cor-
Jacun ¢ Teopemoli Kayaunra 9y noJist 1O KHb! ObiTh HECHMMETPHYHbI-
MM OTHOCHTEJLHO YIIOMSHYTOH oCH.

Unrepecibie Hoclenopanus Moeselt KiuHeMaTnueckoro AMHaMo Gum
Bnoanerb Byanapaom u Mexamatiom [ 33]. B arux Mozexnsx nposoast-
mas cpesia npescraeisier coboit cdepy, Haxoasulylcs B Bakyyme. ABTo-
Pamu npensioxen MaremaTHYeCKul MeTOf, KOTOpbili O3BOJNET CBECTH
OCHOBHble ypapHeHust 6e3 Kakux-/ub0 orpanuyueHuii Ha MarHuTHOE noJie
Wau neuxenme Kk Geckoneynolt cucreme middepeHUMaTbHBX ypaBHeHuiH
Ans cxauspubix Gynkipi. B cramonapuoM cayyae nas otix GyHkuuit
TOAYYAeTCH CHcTeMa 0GHIKHOBEHRBIX muébdbepeHIMaibHbX ypasnerit, Jns
cnelmambHoll Mopes, T.e. Npy chelMaibHoi CcTpyKType ABwxerui, Bya-
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Japa ¥ lesival nbITaMMCh YMCIEHHO PELIMTh 9Ty CUCTEMY ypaBHeHu,
OnMaxo MX BHIBOAB O TOM, UTO AaHHasd Mojelb obecrneyuBaeT paboTy nu-
HaMo, 6bita oTBepruyra I'ubconom u Pobeprsiom [ 81], xotopbie ykaza-
J1t HAa PAcXOI¥MOCTb MCTIOJNB30BAHHOIO YMCieHHOrO MeTopa. Momdmkarms
arofi Mofiean, npeanoxetnas B [ 157], 6bu1a onposepruyra B pabore
[ 198], rne, B ceoio ouepenp, Ghiia MpeAnoxena Moaelb, KOTopas, 1o-
BUMOMY, AefiCTBUTENbHO NPUBOINT K paboTawmemMy mHamMo. B 9roli mo-
Jexy Mpenosarajioch, YTo TeyeHus obpasyioT cdepuyeckie KOHBEKTHB-
Hble fveliky, YTO OTpaXalo CUTYaLMIo BHYTPH 3€MHOTO fpa.

YnomuHaBmecs A0 CUX NOp IMHAMO-MoZieJM, 3a UCKIIOYEeHHeM TIoCc-
Jepnel, BpA M NpUMEHUMBI K CUTYalusiM, XapakTePHbIM s 3emin,
Coxnna ¥ 3pesp. Onxnako ymeeTcs ABa NOAX0Ja K paCCMOTPEHMIO IpoLec-
COB IMHAMO M K KOHCTPYKpOBaHUIO MoJieJeli [MHaMo, KOTophie IpefcTas-
JSIOT MHTEpEeC AJs ITHX KocMudeckuX Tel. OCHOBHbIE YepThl 060MX nop-
XOZOB OYeHb CXofHbi. B 060MX Gayyasx MarHuTHOe moJe u Nnoje CKopoc- *
™™ pasfelsioTcs Ha cpejHee M ocTaroyHoe. Cpennue NoJs onpeiessior-
cf ¢ NOMOIIbIO noaxoAslel npol efypyl yCpeaHeH!s, KOTopas NO3BOJSET
VIPOCTHTL T€OMEeTPUUYECKYI0 CTPYKTYDY M 3aBUCUMOCTL OT BPEMEHH, B
TO BpeM$ KaK OCTaTQUHbIE NQJisl ¢ HeoOXOMMOCTbIO NposiBAsIOT Gonee Cox-
Hoe noBefieHke. BMecTO NoJHOr0 MarHUTHOrO NOJS paccMarpuBaeTcH
TOJILKO €0 Cpe[HHA YacTb, OBeJieHe KOTOpOH o BMsHUEM 33/18HHO-
ro JBMXEH!S Onpefieisercs CPe[HMM NOJNEM CKOPOCTH Y HEKOTOPbIMU
3aBUCSIIMMMU OT OCTATOYHOTO IOJS CKOPOCTH YCPENHEHHBIMU BeJMUMHAMHU.

INepeniit M3 ABYX YIOMSHYTHIX Bbille NOAXOAOB — 9TO TEOpUA "noyuTH-
CHMMETPUYHOrO ArHaMo" npefnoxerHas Bparunckum [ 18 — 201. B stom
cJayyae Cpe[IHUMH NOJSIMU SBJSIOTCS Te YacTH UCXOAHBbIX noJeli, koTopbie
CHMMeTpUYHbl OTHOCHTEJLHO HEKOTOpOH oci. B pamkax Taxoro nmoaxona
6bLM paccMOTpeHH! Mopesiu chepuyeckoro AMHAMO, B KOTOPEIX MArHUT-
HOE I0Jie NOSBANETCS KAK CJeCTBIE OJHOBPEMEHHOIO IIPUCYTCTBUS Cpell-
HEro, T«€. OCECHMMETPUYHOI'O [BHXEHUsi, COCTOSILero u3 auddepenyu-
aJbHOIO BpAINEHUH Y MEPUIMOHAILHON MpKY AWK, ¥ HEOCECUMMETDHS-
HbiX gBwxenuit yacrtaoro Bupa. Mofesu Takoro THia NO3BOJSIOT OGBAC-
HATb CylleCTBOBaHMe ¥ HEKOTOpbie OCHOBHbIE CBOSICTBA MArHUTHOI'O MOJH
3emimt.

Bropoii noaxon, koTopeifi 06CyxXaancs B npebiyllKX riasax, OCHO-
BaH HA MaruuTHO! IUApOMHAMYKE CpeMHMX Nofel M YaCcTO HA3bIBAeTCS
reopuelt "rypbysentHoro auHamo". B 9roM cayuae cpeimue nods onpe-
DEJIs0TCH OGBIMHO CTATUCTHYECKHMA CPEJIMMA WM CPEIHMMUA [0 POCTPAHCTBY
WM BpEMeH! Y NOTOMY MOT'YT ObiTh He 0bs3aTesbHO 0CeCHMMETPHYHBIMKs
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Kax 6GbLIO NOKa3aHOo B NpeALAYIIKX riasax, OIHOPOAHAS, H30TpolHas,
oTpaxareibHO-HeMHBapUaHTHas TypPOYJeHTHOCTb, KOTOpas MPUBOIMT K
a-9pdexTy, crocobna noanepxuparb cpefiHee MaruuTHOe nose. Bonee
zoro, 6BIO NoKa3aHo, uTo TypbyJeHTHHe ABMXEHUS BO Bpalllaloumxcs Te-
A8X, T.e. noJl AelicrBiem cull Kopuossica, Toxe npuBoasar k a-3dpdekry.
[oxa3auo, YTO Chepuueckue MoJelit JMHaMO BO3SMOXHEI B TeX CiyJasx,
KOrZia MarHUTHOE 1oJie 06yCJOBIEHO TOALKO a-3ddekToM. Brm Takxe
[OCTPOEHb MOJie M ChepuuecKoro IMHAMo, B KOTOPbIX MarHUTHoe IoJie
HOMIEPXUBACTCS KAaK CpeJHHMM [BMXEHHsiMHM, Hanpumep middeperimanb-
HBM BpallenneM, Tak U «-3hdexroM W ApyrvMH sdidexTaM, Bbi3BAH-
HbIMH TYpOyJeHTHRIMM IBHxeuamMu. K Hacrosiiemy Bpemeny uccieoBaH
nesbilt pan Mofenelt Taxoro THna, KOTOpbie NIPUTOAHB AJs OOBLACHEHUA
PO3HMKHOBEHUS M NOBEEHUS MArHUTHBIX NoJieli HEeKOTOPbIX KOCMUULCKMX
ren, B yacTHOCTH 3emim u CoaHLa,

B nocJenyiomux riapax Mbi OCTAHOBUMCS. HA pACCMOTPEHHM O[IHOT'O
¥3 HanpapieHult ucclenopammii AMHamMo, a UMEHHO Teopist TYpOyleHTHOT O
[MHAMO M HEKOTOPbIX ee NpUIOXe Al K KoOCMUUECKAM OBbeKTaM.



Masa 12, OCHOBbI TEOPUA
TYPBYJIEHTHOIO AMHAMO

12. 1. OCHOBHbI® NONOXEHUR

Ilepeitnem Teneps k paccmoTpenmio npobieMbl fMHaMo, KoTopas 06-
cyxjanach B npefsifylieli raape, B paMKax MardMTHO! MrUApPOOMHAMMKY
cpemsx noseit. Bbito nokasauo, uro B obiemM cliyyae npM HAIMUMM JuHa-
Mo-fIpoLiecca KaK MarHUTHOe IoJie, Tak M ABuxeHue 6ynyT uMeTb JOBOJb
HO CJIOXHYIO I'eOMeTpHYEecKy0 CTPYkTypy. Hac 6yAyT uuTepecoBarb 3aech
He JieTalu CTPYKTYpbl MarHUTHOTO I0Jis, @ TOJbKO €ro cpeiHue 3Haye- *
Hu3, NOJyyeHHHE B pesyJbTaTe COOTBETCTBYOmEH Npolleiyph ycpe/He-
Hu#, KoHeuno, opefieHie 3TOro cpeiiero MarHMTHOO NOJS 3aBiiCUT
He TOJIbKO OT CPeHero NoJs CKOPOCTH, HO M OT JeKTpoasuxyuielt cu-
JH, Bbi3BanHOM ocTaTouHol yacTeio noas ckopocTv. Taxum ofpasoM, Mul
HaTOJKHYJMCh Ha clielyaibHbili clyvaii B npobreme muamo. [Tockonbky
aToT Cayvall TaKXe NPUBOIMT K MHAMO C TypOyJeHTHHIMH JBIXKEHUAMK
H, CIefOBaTe/bHO, TYpOyJeHTHHIMK MArHUTHHIMY NOJSIMM, OH CTal U3-
BeCTeH KaK Teopus TypbyJeHTHOro AMHAMO.

OTmetumM ToT daKT, uro obwas uaes MarHuTHOH ruApOIMHAMUKH
cpenuux noJeii npuMeHuMa Bcerpa, korja NpoM3BOIMTCSH yCpelHeHHe
MEeKTPOMArHMTHBIX ¥ rUApoAMHaMuyeckuX noneii. [Ipu srom e saxHo,
COOTBETCTEYIOT JiM 9T NOJA Kakomy-imb0o onpenenennto TypbyreHTHOC-
TH. Heobxoaumo b NoTpeGoBaTh BLINOAHEHNS CoOTHOUEHuH PeiiHoab-
ca (cp. pasf. 2.4). Anajornyso npuMeHeHHe obIKX pe3yJbTaTop fak-
Holi rJaBbl He OrPaHMYMBAETCA CJydasMi, KOraa UMeeTCs Kakas-TO
Typ6yJentHocTb. MoxHo Takke paccMarpupaTh 60osiee uini MeHee pery-
aApHble THnb TedeHul. TeM He MeHee GyneM NpUEPXUBATHCSH TepMu-
HOJIOrMHM, NpuHATOR a8 ciayyaep C TypOyJleHTHOCTbIO.

IIpexe Bcero npenoaoXuM, YTO ppefHMe NOoaH 3aiaHbl CTaTHCTH-
YeckUM CpelHHM, 451 KOTOpOro cootHouenus Peitnonbica aBromaTiyiec
K# yoosleTpopsiorca. Kpome Toro, 6ynem npunepxuBarbcst Npesrioio-
xeHutt u obosuavetuti, BBeaeHHLIX B pasd, 12.2, npu MaTeMaTuyeckolh
dopMynpoBke npobaemMbl JMHAMO,
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Beuay Toro uro 6yayT MCNOJb30BaHb TOJLKO CTATHCTUYECKHE Cpel-
gHe, OCHOBHbIE JIEKTPOMArHUTHHE YPaBHEHUS s cpenmmx nonel (2.5)
% (2.6) MOTYT PacCCMATPHBATLCH BO BCEM NPOCTPAHCTBE; ipu TOM, Ko-
HOuHO, . HE IOJKHO ObiTh SMEKTPUYECKHX TOKOB B BakyyMe. Mcxoas u3
9rix ypaBHenuit i ycpemas cootHowerus (11.1) — (11.4), Moxuo ser-
K0 TIOIYUUTb YPaBHEHMH, JeXallie B OCHOBE TyPOYJeHTHOI® MHHAMO. Ypap-
HEHMs, OMVCHIBAIOIINE CPEIHIO MATHUTHYIO MRAYKIMIO B BHYTpH NPOBO-
aswelt cpelibl, UMET BUA

JB

1 oe(L-rotB) —rotluxB + )+ =— =0, (12.1a)
u o at
divB =0 BuyTpH ¥, (12.16)

rae no-npexueMy § — SJekTpOABMXYWas CuJa, BHI3BAHHAN QIYKTyalM-
OHHBIMM [IBUXEHUSIMM, T+€. TOX/IECTBEHHO paBHasi u’ x B 4 Jlis HexoTo-
phix uenielt ynobuo npencrasutb Boipaxerus (12.1) B Buse

l.rot(—lérot E)—rot(;x B+ g+)+§£ =0, (12.2 a)
u ot at '
divB =0 BHyTpH V, (12.2 6)

npuyemM TypOyNeHTHAH NPOBOMMMOCTb O U NPUBEJEHHAs S1EKTPOMBHXKY-
mas cuna §+ onpepensorcs caenyomumum obpasom:

o7 =o/(1+ pop), G*= €+ pretB, (12.2g,r)
The B 3anaeTcs noaxoasumm obpasoM. Kpome Toro, umeeM ypapHeHus
roti=-0, divB=0 B obreme V (12.?; a,6)
H ycaopus

[B]-0, n.5=0 ras, (12.4 a,6)
B=0(r-3) opu r » o0 , (12.5)

Kak 65110 noxasano B pasne 2.3, slexTpoaBuxymLyo CHJIY MOXHO
ToinvATS KK QyHKIpoHal oT u, u” u B, KoTOpbili OKasbisaeTcs el
HuM 110 B, CooTeeTcTBeHHO BhillenpuBeNeHHbIe YpaBHEHUS! IOJKHb! ObiTh
Aorioasens cooTHoMmEHMEM

€- &(®), (12.6)

KOTopoe shipaxaercs yepes u u u”, Bo Boex Cliyuasx, KoTophie 6ymyr
5 8CCMOTpetk!, npegnionaraeTcs, uto § obpaiaeTcs B HyAb, eClM B
®30e cTpemues K Hyawo, M uro § B aHHON TOUKE MOXET GBITb BHPaXEHO
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Yyepes camo B 1 ero nepsble NPOCTPAHCTBEHHbIE TIPOK3BOJHbIE B 3Tol Xe
Touke, Torza (12.6) ceroauTCH K yacTHOMY BHAY

- dB;

Si=aiB; + by, 3

’ (12.7)
*r
The a;; ¥ by;, BaBMCST TOMLKO OTU ¥ u”.

Yr00bl OCTPOMTL MOJEJb KUHEMATHYECKOro AMHAMO, Haps/ly C nonem
u HeoBXoMMO 3a1aTh CBOHCTBA NOMS u” ¥ B KOHEYHOM CYETe SJEKTpo-
nBuxyuyio cuny G TaxuM o6pasom, uro6bi copMyMpoBanHLe Bhille
ypaBHeHus fonyckaiu pelueHus fas B, koropbie ve! mcuesam Obl mpu
troo,

Bo MHorux cayyasix MHTEPECHO MMeTb yDaBHEHHe SHEepriH, aHaio-
ruusoe (11.5). CpefHss NIOTHOCTb SHEPrMy MarHUTHOrO Noas B2 /2 u
Bcerga moxer ObiTh pa3jielieHa Ha JBe 4acTH B J2um B2 /2u , KOTO-
pbie OTHOCHTCH K cpefHelt y QaykTyupyiouelt coctassouell MariiTHoro
noas. [Jas Eac npefcTaBIseT UHTEpeC TOJbKO Nepeas JyacTh. Vcxoms u3
OCHOBHBIX ypaaﬂem«ﬁ (2.5) 1 (2.6) ans cpefimnx noJelt, nodyuum

—f __..dx—-f ’ dx-—fu H xB)dx+f #8dx.  (12.8)
dt g, p* 2u Ve .

Iro cooTHowenue Gyaer Takxe clipaBefJuBo, €CiM 3aMemnTs o U § na
ocr u§G+. .

Eca BMecTo Mopesy KMHEMarMueckoro MHaMO paccMa TpUBaeTcs
peanMcTHYHAas MarHUTOrMAPOIMHAMIYECKAN MOJENb, TO HEOBXOIMMO'
YUMTBIBaTb, YTO MarHUTHOE IoJie BAMSieT KAaK HA CPefHIOn, TaK U Ha ¢uyk-
TyUpYyoIlylo YacTy ABiwxenusi. Taiknm o6pasoM, BOSHKKAET [OBOJLHO
cloxnas npobaema. MoxHo cHauana JONONHUTD yPABHEHUS 15 B (12.1)
COOTBETCTBYIOUNMA ypaBreHusMu Anst u « Mexozs uz (11.1) u orpamuun-
pasch Hecxumaemoli cpenioll, T.e. CayyaeM p = const , HOIYUUM

p(£+(i-v)i)=-v'5+ L rotBxB + p(F+9), (12.9 a)
d

t M
divu=-0 Buytpu ¥, (12.9 6)
roe
Gae(u -V)u '+ 1 rotB’ xB”. (12,9 B)
e

Ananornuso § nossunace nobasounas e uMHA %, onpenensemas Gayk-
ryaimsavi u” u B ®. Ypasrenus nis otux Qaykryauuii MoryT GbiTh BbiB€”
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gems 3 (11.1) v (11.11), u ony Takxe conepxar u u B, Taxum oSpasoM,
MOXHO TONBITATHCS HaiiTi cooTHomenus, cssbisaioume G u § ¢ u,
§ u, HANDUMEp, CUIAMH, BbI3BIBAIOLYMM TypbyenTHoCTb. TEM cambiM
@MIONAraeTCsl, YTO CYWECTBYIOT HYXHbie pelleHUs YIOMAHYTHIX ypas-
genmii. Ecm 661 HaM nelicTBUTeAbHO yanoch YCTAHOBUTb 3TH COOTHO-
mernst paa G- u F.  TO MBI MOrM 6bi IOACTABATD MX B ypPaBHEHNs
(12.1)n (12.9). Taksum obpasom, Mbl npuuLIy Obl Toraa K cucTeMe mo-
(epeHIMANBHBIX ypaBHEHu} B 4aCTHbIX NPOMBBOAHBIX AJf u U B, KoTOpbie
ocranoch Obl npoyHTerpupoBaTh, /o HacTosuero BpeMeHn 3aTpoHyTas
afiech npobaemMa 6biia Aarexa OT NOJNHOrO PelleHH!s.

12.2, 3aMeuaHKA, KacawwHecn npoueayp yCpeaHeHuA u Macuwrabos
CpeHnX ¥ (PnyKTYUPYIOWMX BEONHYKH .

[pumensis U3N0XEHHY0 Bbillle Ue10 K KOHKDETHHM 33/layaM, clely-
er 06patuTh 0coboe BHIMAHNE HA HEKOTOPbie BOIPOCHL

Jlo cux Iop MCIoNb30BaIMCh CTATUCTHYECKHe cpefnue. s cpas-
HEeHUs! TEOPETUYECKHX PE3YIbTATOR ¢ HabmoNeHusaMH XeaTelbHo TaKxe
MCIONb30BaTh yoperHeHHe o NpocTpaHCTBY M BpeMeld. Ha arom nyTi
MBIl IONKHBI MUPUTBCS. C HEKOTOpEIMU OT'paHMYeHMsiMU Ha MacmuTabhbl cpef-
Hero u gaykryupyiwomero nonel. B naibneliem usnoxernu 6ynemM 06os-
BavaTb XapakTepHbie MacuTabbi [UMHBE M BpeMeHM CpeHux noteh A u T,
8 QayKTYMpYOUMX ~ Ao, U Tcor *

PaccmoTpumM cHayana npocTpaHcTBeHHbIe cpefiiue, olpefelsiemble
MBTErpupoBanueM Io HekoTopol TpexmepHol obaactu. MacmTab obaacty,
Iio KoTOpO¥ Npou3BOMMTCH ycpenHerne, 06o3HawM A . o Jlast Toro uTo-
651 6biTh yBEpenHbMK B chpaBefaMBOCTH CooTHomemnt Pefinoabaca,
Heobxommo notpeboBaTh BHIIOJIHEHUS] COOTHOLIEHNS!

AN 5> A (12.10)

cor *

Bexwuna X mukorna se Moxer IIPEBOCXO[MTD XapaKTepHbie pa3Mepbi
fipoBoAsunero rena. [losromy A cor HOMXHO 6biTb MHOI'O MEHbille ITUX
Pa3Mepop. Hanpumep, B Moze/ 3eMHOT'O sipa MOXHO PaccMaTpUBaTh
KaK QaykTyalun To/mko Te HEperyJspHbie JBHXeHus, MacuTabbi KoTo-
PhiX MHOrO Menbie pasmyca sinpa. AHANOTMUHAS TPYMHOCTH NOSIBASET-
::: B Cayuae xonBekTHBHOM 30HH ‘CoMHIa AaA ABIXEHHH MTAHTCKIX

eeK,

Ormetm eme ogno sarpynsenve. [Ipu ycpeenusix no mpocTpaiCTBY

Sakon Oma, T.e. nocuemHee ypaererue (2.2) u, cienoBaTebHo, YpaBHe- -
MR vBnyapm (12,1 a) u (12.2 a) 4% Cpermx noael, OCTAIOTCS ClpaBes:
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JMBBIMH, TOJBKO €CJHM NPOCTPAHCTBEHHBE U3MEHEHU SeKTPUUECKO
IPOBO[MMOCTH o NpeHeOpexumo majbl B obaacTu ycpenuenus. Boobue
xe Bynier cymecTBoBaTh CKauoK 3JEKTPUYecKol NpoBOAUMOCTH Ha rpa-
Huie. Jlist Touek, HaxoasumxcH B 06JAaCTH ycpenHeHus, colepxaueli
3TOT cKauok, ypaphenus (12,1a), (12.2a), a Taxxe (12.3a) Hesb3s cuy-
TaTh BrioJHe cnpaselauBeiMU. [Ipu 9T0M BOBMOXIDbIE OLMEKH 10MKHDI
6HITH OLleHeHb! s Kax/JOoro OTAeJLHOro Cayyas.

CymecrtByer, ofHako, yacTHbi cayyait ycpeHeHus no ApoCTpaHcT-
BY, KOTOpbil 3aK/moyaercs B MHTErPMPOBAHKY 110 OfHON KoOp/MHATe,
Aas sroro Tuna ycpenuemus, no kpalielt Mepe npu cnelMaibHbIX Npej-
HIOJIOXEHUAX, CHUMAKTCH OrPaHMYEH!s], KOTophie 00CYXAaMCh Bbillle.
Wcnoab3yem, Hanpumep, LuMHIpUYEcKyl0 MM chepuuecKyio CUCTeMy
Koop[MHAT ¢ a3uMyTaabHolt koopauHaToH ¢ » YNOMAHYTOE yCpelHeHue B
clyyae CKanapHoii GyHKIMK olipefielsieTCH HOPMMPOBAHHBIM HOAXOAMIIUM
obpasomM uHTErpaioM oT STolt PyHKIMM IO BCeM ¢, a B Cjiyyae BEKTOpa —
ycpelHeH\eM €ro KOMIOHEHT OTHOCHTEJALHO OfIHOM M3 9THX CHCTEM KO-
oppuuaT. Torpa, oueBniHO, BCE YCpe[HEHHEbIe NOJsl ABTOMATHYECKY fB-
JS0TCS CHMMETPUUHBIMY OTHOCHTEJLHO HoJapHO# ocKH cHCTEeME! Koop-
mart. Jlas sroro ocoboro ycpeanenns cootnomenus Peiioabzca -
noJusorcs: TouHo. Ilpennonoxum raxxe, yro ¢opMa NpoBOAsILEro Teja
¥ pacnpefieenie SNeKTpUYeckol mpoBoIMMOCTH CHMMETPHYHbI OTHOCH-
TeJbHo NoJsipHo# ocu. Torna ocHOBHbIE YpaBHEHUR NS CpepnmX nojelt ..
(2.1) u (2. 2) u cootHomerns (12.1) — (12.5) ocrawres B citne 6e3
Kakoro ~jnbo orpaHnyenus.

PaccmoTpennoe ycpe/iHenne mMpoOKO MPUMEHAETCS B T@OPUM NOYTH
CHMMETPUYHOTO [MHAMO, 3eCh OHO Taike MoXeT 6BITh MCTIQL308ak0. OfiHako,
npUMeHss ero, HeobXomumMo NOMHUTD, UTO Jaxe B ciyyae noJeli ¢
KpyNHoMacuiTabHoli cTpykTypoii cooTBercTBYyMOllee cpPellHEe NoJe MOXeT
CTpPeMUThCH K Hyo. Tak npoucxomT Bceraa, Korfia STo noje He Cofep-
XUT 4yacTH, CHMMETPHMHONA 1[I0 OTHOUIEHMIO K YNOMSAHYTOH OCH.

Orpamnuumcs 30eChb pacCMOTPEHHEM TOJBKO TEX YACTHBIX CIyuaeB,
AAs KOTOPbIX PMMEHNMA yNOMSHYTas npoleaypa ycpenxenus. Heobxo-
IMMO NIOMHUTb, YTO €CJM UCIIOJIb30BAHO 9TO ycpe[HeHne, TO AQJIKHbI
66T BMIOM3MEHEHb HEKOTOphie M3 COOTHOWEHNH 15 CPeHMX BeJWit,
npuBefieHHble B NpeLiyliMX riaBaXe

PaccmoTpuM Teneps ycpeziHerne 1o.- BpeMeHy, KOTopoe onpeneiner-
CH KaK MHTerpupoBaHye 1o onpefe/eHHbIM POMEXYTKaM BpeMeHM.
Bpems ycpenHenus oGossayaeTcs T, . Yro kacaercs COOTHomeEHHH
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pellB0abIca, TO Heobxommmo noTpebopath, yTobb!

F> Tay > Toor * - (12.11)
yopenHenye o BpeMery, Boobiie rosops, okasbipaercs Gojee nomxoas-
gy AI8 Mopedeli, pe/iHasHAYeHHBIX sl NPUMEHEHNUsS K KOCMUYECKHM
ofvexTaM, YeM ycpe[Henus [0 NPOCTPAHCTBY, KOTOphIe IpefiesioTCs
yETErpMpOBAHMEM 10 TPexMepHol obaacTu. MMes feno ¢ Mofeanio
3eM4, MOXHO MCIIOJb30BATb TOT (aKkT, YTO ClEKTp Hanbonee BaXHbIX
MaciTaboB BPEMEHN COOTBETCTBYINMX BEMUMH COISPHUT SBHbIH NpoBal,
paspeamionmii o6nacTy GoabumX i Mabix Maciirabos. Boabume macura-
6hl MMEIOT 3HAYEHUs NopsifKa Macurradba apefida MarsuTHOrO NoOJIs B
sanajiioM HanpasaeHuy uin bonee, T.e. He Melbiie yeM 102 net. Bee
;pyrue npefcTasasioLie yHTepec macuTabn Menbie 1 ropa. [losromy
yRoGHO BLIOpPATh MHTEpBaJ YCPEJHEH!S B HECKOJIbKO eCATKOB JeT. Ta-
KM obpa3om, cooTHowerue (12,11) okaswBaeTcst BHIOJHEHHBM. Bee
BeJHUMHD], HMEIoNHe yKa3aHnkbie 6obliue MacTabbl, UMEIT CMBICT
cpeHuX noJel, a Bce ¢ MaabiMu MacuTabamMy paccMaTpUBaOTCH KaK
$ayxryali, He3aBHCHMO OT MX HPOCTpaHcTBeHHOH npoTsxenHocTH, B
caydae CoJHlla XapakTepHble Kpymine MacuTabbl ppevenn Goubile uim
PaBHH NEpHONly COJHEYHOrO IMKJIA, T.€» 22 rofam, a Maibieé CpaBHUMBI
HJ¥ MeHblile nepuona BpaleHus, T.e. oJHOro Mecsia. [loaxonsmmm uu-
TepBAJIOM YCpeHeHuA oKashiBaeTcs ofiH WK Ba rofa. B sToM ciyuae
OpMMEHMMbL BCce NpHBEEeHHble Bhlle PacCyXeHnsd, .

Ilpu ycpennenuu no BpemeHy, eciu sneKTpUyecKas NpOBOMMOCTb CO
BpeMeHeM He MeHSIeTCH, Jerko y6e[MThes B CIpaBeIMBOCTH OCHOBHBIX
Ypaesenwit nns cpephux noxed (2.1) u (2.2) u cootnomemii (12.1) —
(12.5).

Tenepn obpaTumes X o6cyxenmo npeanoaoxermi, Opu KOTOPbIX
MexTpoasuxyman cuna § npurnmaer vactHbil up (12.7), KoTopbiti Gy-
AT KCnoJib30BaH AJAsl BCEX PaCCMOTPEHHbIX HuXe Mopenei.

Bo-neppoix,, He byneM yuuThiBaTh Hamuse kakoi-anbo yacTu g,

He 3apucsamelt or B, koropas 6bina 6bi oTimMyna ot Hyas mpu B = 0. Kax
ToKa3axo B pasp. 2.4, MOXHO OXUAATb NOSBIEHUs KOMIOHEHTbi § , He
3aBucsmedi or E, TOJNLKO B TOM CJiyyae, Korpa ans gelicTsus [uHamo
AoCTaTouHO GuIyKTYyaUMOHHMX ABMXEHUH B OTOEIbHBIX MATbIX 0DJACT X

CTO Toro yrobbl pacCMaTPUBATh 3M€Ch 3TY BOSMOXHOCTDb, COlLJIEM-
Ci Ha cooTBercTBymEe obcyxienve B pabore [ 220, -

llallee. Q B paHHolt Touke, Booble roBops, 3aBUCUT OT o B
B Hexoropoli okpecrHoCTH arofi Tauku. Cootnomenne (12.7) npeanonaraer

¥TOYHO Caaboe uaMenenKe rniods B, Tak uTo ero noBepeHye B Irolt
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OKPECTHOCTH ONpefie/sieTCs 3aaHneM BeJMUMHBI B ¥ o8 TIEPBLIX IIPOCT-
PaHCTBEHHBIX NPOM3BOJHLIX B faHHO} Touke. Takium obpa3oM, He3aBuCy.
MO OT ycJioBuil, SBASOLMXCS CAeCTB1EM NPOL eypbl YCPelHeH!s, Hogp-
ASUOTCH AONOJNHUTENbHBIE YCIOBHA A% MacuTaloB cpefiX u QuIyKTyu-
PyoOUMX BeJUUHH. 0603Hatmm npocTpascTBeHHbI} M BpeMeHHol MacuiTa-
6bi BeMUHHbI B yepe3 A M T , MACHTabhl ynomuHasijelics OKpecTHOCTH
yepes At u T+, a MacuTabbiu uyepe3A T, . OueBHaHO, HEOG-
xoIMMo noTpefoBarb, YTOObI

AS> A+, To> 1+, (12.122,6)

Coraacro HaummM obumm npepcrapnemmam o §, pemnusn At u T+ He
MOryT NPEBOCKOMMTL NopsiaKaA . u 1., CooTBeTcTBeHHO. OHM faxe
MOrYT GhITb HAMHOIO MeHblile, yeMA . u T, . Ha ocHoBamuy pesymsra-
TOB pa3fi. 4.6 u 4.7 MOXHO clielarb BHIBOJ, YTO B NpubXeHHH Kop-

pensuyit BToporo nopsigka

At = min(T\cor v VToor /M), (12.13a)
Tt =minlr_, poAdq ) (12.136)

Anajoruynbie COOTHOWEHUS MOryT GHITh HANMCAHB! AAA BHICWMX Npubam-
wenult.

O6paTuMcs CHOBa K CHTyally, XapakTepHol aas 3emmm. Vicnoansy-
€M ycpejHeHue 1o BpeMeHy, [4s Kotoporo cnpasesmBo (12.11). Torpa
(12.126) Taxxe ynomiersopsercs, Ocraercs Tolbko obcymrb (12.12a).
Pasymno npe/inoioxuTs, YTO BeauuMHa A NOPSAKa pamyca Spa, T..
3. 108 M. [lns A+ npumem ycuosue (12.13a) u nomyunM, yro A+ <
< \/_Tc-o,/_uc_ Ecm ., < 1ropau o= 3. 10°/(0Om - M) (cp. pasn.
11.3), To nalineMm A+ < 1. 10 M. Takum 06pa3oM, COOTHOLIEHUE
(12.12a) MoxHO cunTaTh BHINQIHEHHHIM C GQJbIMM 3anacoM. AHAJIOr1Y-
Has cuTyaimi okaspiBaeTcs B cayuae Coanna. [lo npuuunam, koropbie
6yayT obbscHenn! Huxe (cp. pasf. 17.4), MOXHO OrpaHMuUUTBLCS paccMT-
pelneM coneynol konrpekTieHol 30ubl [TpelmonoxuM, UTo A NOpsKa
TOJLMHBI KOHBEKTUBHOH 30HbI, T.€. Nopaaka 108 M. CHoBa KcnoabzyeM
AYS Voo /00 TIpH 10, < 1 Mecatia o = 3+ 102/ (OM - M) (cp.
pasp. 17.4) noayum A+ < 3. 10 M. CoorHomenue (12,12a) no-npex-
HEMy MOXHO CUMTaTb BhINOJHEHHKIM.



rnasa 13. TOPOUOATTBHBIE U TNONTOMAANBHBLIE
BEKTOPHBIE | 1ONA

13.1. MpeasapuTenbHbie 3aMeUaHnA

[Ipu paccmoTpenny Mopedeit cdepuueckoro MMHaMo OKa3biBAETCH
yAOGHHIM NPEICTABUTH BEKTOPHbIE NOJIs aHAJIOIHYHO [IOJI0 MArHuTHOH uH-
AyKU MM B BiJie CyMMBbI Topou/aibHoll i NoJouabHON KOMNIOHEHT U Boc-
10Ab30BATHCH NPEMMYLIeCTBaMH, KOTOPbIE BHITEKAT U3 0COGbIX CBOJCTE
orux nosefl. T'akoe npepcTapienue 03800, HanpuMep, B pabore
[33] cBecTu cooTBeTCTBYOLME BEKTOPHLIE YPAaBHEHUH K CHCTEME ypap-
HeHuii 0Js CKaJApHbIX QyHKIMHA. AHaJOrnuHEIM 06pasoM MOXHO HOCTY-
IMTb U B Teopuk TypbyJeHTHOro AMHAMO.

OcrasoBuMes nogpobHO B faHHO# riaBe Ha onpefeleH! U HeKOTo-
pHX {cBofiCTBAX TOPOMAAILHOIO ¥ NOJNOMAAILHOrO BEKTOPHLIX Nojel,
[lpu s7oM Gynem caenosaTs uaesM pabotsi [ 215). Ormerum Takxe u
Apyr#e paboThi, BBoAsuIMe B 9TH npoGaeMul, Hanpumep [ 225].

Bynem paccmaTtpusath B panbheltiuem BexTopHoe noJe U, onpene-
JeHHOe BHYTpH HekoTopofl ofHoCBs3HON 06MacTy 9BKIMIOBA NPOCTPaK-
oTBa, ¢opma koTopol Gyner KoHkperu3upoBaThes Huxe. Ilpeanonaraer-
CH cyuiec TBOBaHMe NPOCTPAHCTBEHHLIX HPOM3BOAHBIX (yHKIMK U. go Bro-
POro nopsiaka BKIOUHTENLHO,

Bsepem cdepuueckyio nosipHyi0 CUCTeMY KOOPIMHAT C KOOpAUHATaMu
7, &, ¢, KOTOphie COOTBETCTBYIOT ©[IMHUIHLM BEKTOPAM @, , @, e u
Pamuycy-pexropy r. Jas moboro ckaispa F umeeM

o | ¢ 086 r8inb do
AF _1? (ai (r 23_p )+QF), (13.16)
r r r
2
0F 13 (gnedF ), 1_ 2, (13.15)

sinf 96 ae sin20 Jd¢?
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rae (1/r 2)Q — oneparop Jlannaca Ha NOBEPXHOCTH 7 & const. Jns uy-
TerpaJioB TI0 TAK#M NOBEPXHOCTAM MCIQAb3yeM 0Bo3HaueHne

- "™ 2%
$$FdS=f [ Fsin6dode. (13.2)
6=0 9=0
OGosnauas komnoneHTH U uepe3 U, , Ug u Uq,. NOAYUMM
diVU=_1_ _(_3__ (r2U')+ 1 J (BinBUG)+
+2 reing 0
1 aU
N v ) (13.38)
rsinf 3<p

rotU= L (2_(sin00,) - g )e, +
rsinf J8 a¢
S (L Y L9 (hu,)e +
r sinB d¢ ar
au
1 (9 (rUg- —
+ — 0= 55

r Or

Jeg . (13.36)

13.2. ToporpanbHbie ¥ NONOUAANLHLIE BEKTOPHLIe NONA B
0CECHMMETPHUHOM Cnyuae

TipeanonoxmumM chavasa, YTO BekTopHoe moxe U, a Takxe 061acTh
ofnpeaelenus ABJISIOTCS CHMMETPHUHBIMY M CHCTEMa KOOpJMHAT noBep-
HyTa TakuM o0pasom, YTO ee noJspHai OCb COBNAAAET C OCbI0 CHMMET-
puu. Torpa xomnonentsi U, , Ug u U, He 3aBUCHT OT ¢.

PaccmoTpuM Tenepb noJe U kak cymMmy TopoupasbHoro nods U, u
NOJOMAGANBHOIO NOJs Up s T@K 4TO

u=u,.u,, (13.4)

¥ onpenemM '

CllepoBareibHo, MOXHO YTBepX[aTb, YTO

(1 Ecmu B HexoTopoli Touke U = 0, Torpa Takxe U, =U, =0.

(1) * s moBoro ckaasipa a BeauuHa al, sBasieTcs TOpOAGIbHOA,
.a aUp - noJougaibHol.

am Ecm Ut~ npousBoanHoe oCeCHMMETPHYHOe BEKTOpHOe N0Je,

10 B J1oGolt Prukcupopantol Touke peaywna U x U, pasxa
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nymo, semumtb UF x U, u U x U, nosoupaishs, a
U-;x Up ~ TopoupaibHa. B yacTHOCTH, ¥ X U, ~— NOJOKAAIBHO,
a rxU, — ropoupabHo.

(IV) divU, = 0.

(V) rotU, sBasieTcs noJOMIAJILHEIM, a rotU, — TOpOMAAIbHDBIM.
(v1)  EcmrotU, .0 o Beeli oGnacty, Toraa U, = 0.
(vID) B ool 3apanno#t Touke U, y U, OpTOrOHAJIbHEI, T.€

Ut L} -Up =-0.

MEor#e U3 NpeabAyuMX yTBepx/ieHuii caMooueBU bl ¥ YIOMHHAIOTCS
¢ neabio obobienys B panpHelmeM. Yreepxaemus (IV) u (V) cratossir-

cs QUEBHJHBIMM, ecu 3anucaThb Bbipaxemns divU, , rotU, urot U
ciepuueckolt cucreMe KOOp/MHAT, NIOMHSI fpX ITOM, .UTO npomaomme no
@ AOMKHB! OTCYTCTBOBATb. Yro xacaercs (V1 ), To 6aarogaps ogHoCBA3-
nocry obaacty Beiuuuta U, pomxua GbiTh rpaMeHTOM OJHO3HAYHOIO
norexuana, eci rotU, =.0,. OueByiHO, 3TOT rpaMenT A0JLxXeH ObiTh
0CeCHMMETpUYHBIM. T'aKue rpaenTrl, OIHaKo, BCeraa NnoJOMAAIbHbL,
CrepoBaresbHo, coraacho (1), umeem U, = 0.

B cBasu ¢ yreepxaenusamu (IV) u (V) caenyer oTmeTHTb HEKOTO-
pHe cBoiicTBa BeauuuHbl AU, KoTOpas MOXeT OBITh 3anucaHa Kak
AU, + AU, , npuuem

AU, =—rotrotl, , (13.6a)
AU-p =.—~ rotrot U-p + VdivUp . (13.66)

flcno, uto AU, okasbiBaeTCsi TOPOMZAIbHbIM, & AUp — MOJOUANLHBIM,
IIpeanonoxum Tenepb, YTO ocecuMmerpuyHoe noJje U. IBAseTcH

CONCHOMAANbHEIM, T+€. YAOBJIETBOPSET COOTHOWIEHHIO

divU.=.0, (13.7)

ﬂocxo.nbxy U, Bceraa colleHOWAANbLHO, TO U JOJXHO OHTH JaKxe ¢o-
"eﬂoﬂﬂaﬂbm- ‘Caeposarebho, Uy, MoxHo samemm: narotU, rae U —
Bekropibiit norenupan. Npeanosaras, yro U TaKxe SBASETCS 0COCHM-
MeTpiuHbIM, MOXHO NpeacTasuTh ero B BuaeU, +U,,. Tockoabky
DosonanbKbiM GyneT TOMbKO rotU, , To TopouaabHLIf Bekrop rotU,,
H0MkeH 5blTb paseH Hymo. Takum 06pa3oM, MOXHO 3anucarb

U, ~rotl, . (13.8)

Amasoryyno U, noreuuman U, Takxe Moxer 6bITh BHIpAXEH Yepe3 OfIHy
Cxangpiryo Bemmy.
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Tpeanonoxenue oTHOCUTENLHO 0 e sBasercs Cepbe3HbM OrpaHy-
uereM. Ecam U umeer obwuit BUA M €ro KOMITOHEHTH! SBRIOTCS OfHO -
‘3HAYHLIMY QYHKLMSAMY ¢ TO [OCJ]E YCpeJHEHUS 110 ¢ OH CTAHOBUTCS
ooecnmmeTpmmm. MNockonbky Bemtuna U, npefnoiaraercs Henpepbm-
Ho#t BO BCeM 6eCKOHeYHOM IpOCTpAHCTBe, TO CYLIECTBOBAHKE TAKOro 0
MOXeT GhITb JierKko fokasano. Ecau, onnako, Uy oGnagaer stumu cedficr-
Bamy JMUb B OrpaHiueHHol 06.1acTH, TO CyWecTByloT 0cobbie cayuyau,
Korja Takoro norexuyaia U e cywecrsyeT. Hanpumep, U,=r Jr®
HenpepLIBHO BO BCEM NPOCTPAHCTBE, 38 HCKIIOYEHUEM HauaJla KOOp/MHar,
HO OHO He MOXeT ObITb npejCcTaB/eHo npyu nomowy U ¢ pacCMOTpeHHbIMK
Bhlle CBOWCTBaMK.

13.3. HacTHoe npepcraBneHe BEKTOPHOI O NonA

Paccmorpum npoussoJstoe noJe U, onpesielieHHoe BHYTpH ceprl
uau cdepuueckoit o6onouxu, IoMecTum LeHTp chepbi Uiy 060J0uKY B
HauaJo cepuueckoii cuctemsl koopauuat. Panuyc cdepbl npu 9Tom
MOXeT ObITb CKOJb YTOJHO 6OJbIM.

Tipexpe Bcero JoGoe HenpepbiBHO AuddepeHIMpyeMoe BEKTOpHOe
noJje U mMoxeT ObITh npeACTaBJeHO B Buje

U=rx VU+rV + VW (13.9)

C OMOLIBIO Tpex OIHOZHAYHO-ONpeAeJeBHbIX CKaJApHbIX noaeit U, V u W.
B KOMIIOHEHTAX 3TO BLIlAJUT TaK:

y-wse 2, (13.10a)
ar
v, 1L v L1 LA (13.106)
smp dp 7 9O
LA LB (13.10s)

? g0 rsin® J9¢

Yr006bl 060CHOBATDL 3TO NpeACTaBJeHle, pacCMOTpPHM CnepBa nole
Ugeg + Uge,, » Kax u3BeCTHO, M0G0 Taxkoe noie MOXer Gbirh npel-
CTaBJIeHO Ha CQepUUecKoil IOBEPXHOCTH 1 =-const C NOMOLbIO OHO-
3uaurofi gysxym Toka U u OfIHO3HAuHOro noTeHuyana W takum o6pasoM,
uTo6bl BeMoJHsAMCh (13,106) u {13.108). Jast nons U, e, Mbl BCerpa
snpape Hanucarb (13.10a), BBeas AONONHUTENbHYIO OJHOSHAUHYIO (YHK-
o V, Takum obpasoM, ast cymmbl srux noteii U, e, + Ugeg +Uge,
noayunm (13.10).
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OTMETHM, UTO A5 onpepenenus ¢yukuuii U, V u W B obileM cay-
qae TpeOyeTCs MHTErpUpOBaNHe CUCTeMbl YPaBHEHHI B UACTHBIX NPOU3-
BOMHBIX, @ MMEHHO CHCTEMBbI (13.10), rpe U, , Ug u U, caepyer
paccMaTpUBaTh Kax npasbie YaCTy HeO/HOPOMHbIX ypaBHenuii. OcHOBHas
TPYAHOCTb COCTOUT B OrpejeseHu U u W, Us (13.10€) u (13.108) noaywm

3 v

U= (— (sinBUy) — —— ), (13.11a)
sin 6 a6 de
T . au

oW = ( J (sin@Ug)+ __® ), (13.116)
sind d@ d¢

Ecmu W usBectro, To u3 (13.10a) cpasy noayuaem V.

TNpencrasnenye (13.9) aAnst U. npemonaraeT BO3SMOXHOCTb KaaMOpo-
BOuHbIX npeoGpasosauuit U, V u W, Ouesupio, U VHBAapUAHTHO OTHOCH-
reibHo 3aMeHbi U, VuWHaU, V u 17 1p4 YCAOBMH, UTO

U-U=g, v-p=-L %  w_iizn, (13.122,6,8)
y dr

rae g ¥ h MoryT ObiTb IIPOU3BOJLHEIMY GYHKIMAMY 7, HO TOJhKO He 6
u ¢. [lpeobpasoBannsi, 3ananHbie Bhipaxenusvu (13.12), oxasbipalorcst
€{HCTBEHHO BO3MOXHbIMU, YT0o0bI NOKa3aTh 970, Yoemvcs, yro (13.10)
Iipu U, =Ugq =-U, =-0 ponyckaer B xauecTse peleHus Toabko U = g,
V=es1/r . .dh./gr u W=h, roe g u h Te x2, Gro U Bhille. U3
(13.106,8) noaywm QU = 0 u, crefosareasto, U =g, -[losromy ypas-
werus (13.106,8) cpasy npusopst k W = b, a us (13.10a), xpome Toro,
¥MeeM V =— 1/1’ «dh/dr.

Crenyer oTMeT!Tb, uTO He ToJbKO U, HOur xVU ur¥V + VW
He MeHRIOTCs! Npyu KAMOpoBOuHbIX npeobpasopanuax. ClepobarebHo,
J06oe nosie U. MoxeT GhiTh ©JMHCTBEHHBIM CIOCOOOM pa3soXeHo Ha [pe
Cocrasamouye sugar xVU urV + VW,

Aas nexoTophix neseli Heobxommo obecnewnTb eaMHCTBEHHOCTD U,
¥ u W npu nomowm ycioBust HopMupoBKH. B 9T0M cMbicae U, V u W
MOXHO onpepemTb, ecian noTpeboBaTh, YTOOL A BCEX ¥
AU dS = WS = 0 (13.13)
Kak serxo nokasarb, 910 ycioBie Moxer GHTh Beerpa Benoaxero. Eca
BMecTo ¢yukipii U, V u W, ypoaersopaionux (13.13), nann apyrue
bynxipm U, ¥ u W, To MoxuO nosoxuTsb

§Udd = dng, §Wdd ——4anh. (13.14a,6)
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Torpa (13.12) onpeneasior U, V u W B coorsercTeuu ¢ (13.13). [To-
cxQubKy (13.12) sBasioTCS €IMHCTBEHHO BO3MOXHBIMM KaMOPOBOUHbIMY
npeobpasopamsamy, To (13.13) pelicTBuTesbHO €AMHCTBEHHbLIM 06pazoM
onpepensior U, .V u W, *

Ecan 3anausi Toapko U u V, To yciaosus (13.13) MoryT 6HITh 3ame-
HEHHbl Ha »
SUAS=FVdas =0, (13.15)

JruM ycloBusSIM BCerja Jerko yaosaersoputb. Torpa U u V peiicr-
BUTEJbHO onpe/iesieHbi OAHO3HAYHbIM 06pa3oM, B To BpeMs kak W onpe-
JeJieHa TOJbKO C TOYHOCTDBIO J0 a//IMTHBHOM NOCTOSHHOM,

Tlpu ucnoan3osasm npeacrasaenus (13.9) caegyer Takxe NOMHUTL
COOTHOLIEH!A U3 BEKTOpHOro anamsa. s moboro ckarspa F uveem
rot(rF)=—rx VF, (13.16a)
rotrot(rF)=—rot{r x VF)=— rAF +V—'?— (rF), (13.166)

ar
rotrotrot{t F) = A(r x VF)=—rot(r AF)=rx VAF, (13,168)
txrot{rF)=—r x (r xVF)=-1_ -a—a— (r2F)+ V(r3F). (13.16r)
r T

B cBsi31 ¢ yCJI0BHsIMY HOPMUPOBKI OTMETUM,. uTo Ais aoboro F
NO-NpexHeMY

£Q Fds =.0. (13.17)
C nomombio (13.16) nonyunm, yro
§PA FdS=-0, ecan §$FdS=-0. (13.18)

13.4, TopoupanbHEe ¥ NONOKAANbLHLI® BEKTOPHbIE NONA
B ofiyemM cnyuae
PaccmoTpum cefluac npou3sBosbHOE BekTopHoe noJie U, 3agaHHoe
BHYTpM Wapa uau ctepuueckoro clos. Kak u B ocecumMeTpuysom cly-
yae, B 9T0M oluieM cryuae OysieM nonumarh noa U cymmMy Topoupaaib-
HOr'o U-t ¥ noJouAaIbHOrO Uy, nonefl, Tak uTo
U=U, +U,. (13.19)

Ompeperum U, u U, , -rpelysi, uToObI OHY Moru OBITH IPEACTaABIEHD]
B BUJle
U, =r xVU, (13.20a)

Up=rV + VW, (13.206)
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M 15 KOMIIOHEHT

U, = 1 ﬂea+.§£_e¢_, (13.21a)
¢ sin ¢ a6 1 oW

aw .1 oW g 1 e,. (13.216)
upn.(rV+—-—ar )e, + ~ 30 0t e 99

B coOTBETCTEMY C IpeAbIAYIIMM pacCMOTpeHueM Jio6oe BEKTOpHOE MoJie:
U peficTBUTENbHO MOXHO NPEACTABHTh B TaKoM Bune, roeU, u U.
onpefieieHbl OfHO3HauHbLIM obpasoM. Ouesuano, To onpepesenve U,

# U, Bxmouaer B cebs onpejesienye, caesatiHoe AJs 0CeCHMMEeTPUYHOro
caydas. Tockosbky B 9TOM cliyuae B CHCTeMe KOODIMHAT, BhiOpaHHoii
HoAXoAsMM obpasoM, umeeM U /d¢ = dW/d¢ = 0, To (13.5) 1 (13.21)
COTIaCyIOTC S, \ .

B ofwem ciyyae passoxeHue aaHHoro rnoias U Ha cocrasJsiomye
U, uU,, sBasercs Goliee GIOXHbIM, YeM B OCECHMMETPUYHOM CJayuae.
Jaa sroro TpeGyercs 3uanue U, .V u W, koTopbie, Kak NOKasaHo Bhille,
Boobule FOBOpS, JOJLKHBI ONpeAeIsTbCH U3 peiteluit cucTemsl Mnbde-
PEHIMAJIbHKIX YpaBHEH!H B YaCTHBIX NPOU3BO/IHBIX. 31€ch NosBAseTCs
elme ofHo oT/MuMe. B ocecMMMETPUYHOM Cliyuae AJf pa3IoKeHUs NOJA
B JaHHO} Touke He Tpebopaloch Kakoii-1bo uHGopMally O NOBEEHIH
STOro noJist B OKpecTHOCTH 370l Touku. B obuleM xe ciyyae pasnoxe-
Hie B 1IaHHOH TOUKe 3aBUCUT OT NOBEJEHHUS 1O Ha NOBEPXHOCTH
7 =-const, copepxauleii 3Ty TOUKY.

Ecan mone 3anano B Buae npasoit vacru (13.20a) uau (13.206), To
©HO, OUEBH/IHO, SBASETCS TOPOMAAILHBIM Mi¥ NOJOUAAJIbHEIM COOTBET-
CTpenHo. B uacTHOCTH, BCsKMit Mpa/menT ofHO3HauHO# QyHKIDM fBAS-
©€TCA 110JI0M J8IbHbBIM,

Tenepb MoxHO cpienarb yTBepx/JeH!s, aHAJIOFUYHbIe TEM, KOTOpble
Beramch Ans 0CECHMMETPUYHOrO Clyyas:

L)) ‘Ecan U.=.0 1a noBepxHocTH r =-const, TOrAa TaKxe
U't ==U = 0.
14
(m Jna cxansipa a , 3aBUCAErO TOJIBKO OT 7, HO HE OT 6 U @

aU, sBiseTcs TOPOMAAIbHBIM, @ U, — NOIOUAAILHBIM .
(tm) r x U, —nosonzanbuo, av x U-p ~— TOpOUAAJIbHO.
(tv) divU, = 0.
V) rotU, — nosoupaibHbil, a rotUy, — ToponaaibHbil.
(VD) Ecmt rot U, = 0 Bo Beeii oBaacty, T0 Uy = 0.
(Vi) U, u U,, OprorosaJbHbI ApYT ApYr'y B TOM CMbiGJe, YTO
U, . U, dG-= 0.
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Yreepxaeive (1) MoxeT GbITh JIEMKO JOKA3aHO C NOMOIIKIO BHIKNATO0K
wero pasjesa, coraacio kotopuiM U.=-0 npusonut x U - g5 oTkyna
onaTh noayuwmM U, =0 u, creposarensto, U, = 0. Yreepxunerue (I1) sp-
JseTca NpocTeiM clepcreuemM onpefeaenus (13,20), Yro kacaercs yr-
Bepxzeruit (IIT), (IV) u (V), To ony AoKa3BIBAIOTCH € NOMOLLIO BEKTOpP-
HO# Gopmyast (13.16) ¢ yueTom onpepenenus (13.20). Yrobrr obockoBaTs
yreepxpetve (VI), BHoBb ofpamumcs K opsocBsisHOCTH oBaacTy. Bo-
IepBhiX, U3 yclosus rotU, = 0 3akmouaeM, uro U, sBasieTCS rpamm-
©HTOM OJHO3HAYHOro norenikana. [IoCKOIBKY TakKie rpameHTs Beer-
Aa noJoypanbusl, noxyuwM U, = 0. OTHocuTenbHO yrBepxaenus (VII)
3aMeTUM CHayalia, yTo
o 1 T U aW U W )4eq4,
U, uas-Lf o (L= - =
7 6=0 g=0 06 J¢ de 96
2 =n T = 21
Ly wr gyt de), (13.22
r 0 dp ©=0 0 de g¢=o0
rje HYXHAS CTPOKA NOJNYUAETCS B PesyabTare YaCTUYHONO MHTErpUpoBa:
Hus, I3 Toro yro U. npennonaraerca HeCUHIYJASpHHIM Be3je, CleayerT,
uyr0 W, /39 =0 tiput 6 =-0 1 6 =7 , ¥ NoToMy nepshifl MHTErpal B HYX-
Hell cTpoke ucyesaer. B cuay Toro uro U ¢ W ofHo3HAuHbIe, BToOpoil
UHTErpan Taxkxe UCUe3aeT.
3amevanns oTHOCHTELEO AU, Cpesanuble [ls 0CECHMMETPUYHOT0
GJyuas, OCTalTCs Crpase[JUBbIMA U, B UACTHOCTH, OCTAETCA B CHJe
Boipaxenue (13.6). Bemmunna AU, cHoBa OKa3HIBAETCS TOPOMAANBHOM,
a AU, — nosonzaanbhoil.
ﬁaccma’rpmaaa noans U, KOTOpble SBJIAITCSH COJNeHOUAAIbHBIMY,
MOXHO, 10 CyuleCTBY, NOBTOPUTb Te Xe caMble PACCYX/EHUS, UTO U [Jf
ocecuMMeTpuutioro ciyuas, Ilockoabky U, MoxeT GhiTb NMpescTaBieHo
C NIOMOIlbI0 BEKTOPHOIO NOTEHIMANA 0‘, KOTOpBIii ARASETCH OJHO3HAY-
HblM, TO CHOBa npuxomMM K (13.8). Yro xacaercs cymecTBoBaHus N0
xoasmicro U, To couLteMcs Ha 3ameuanns, clefyoliie 3a BhpaxeHy-
em (13.8).
B oTanuKe oT 0CECHMMETPUYHOTO ClyYas, NpUBEAEHHbII 3xech 00-
umit cayuait OCHOBLIBAETCS Ha NPEZNONOXEHKN O TOM, 4To noje U 32
faHo B cepuueckoii 0baacTi. 3aTeM [1s onpejeneHus Topouaa bHOH
U noJouanbHol uacteit U, u U, ucnoavayercs ciepuuecxas cucreMa
KOOp/HAT, 8 UMEHHO cdepuueckas KOOPAUHATHAS 10BEPXHOCT = const .
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JPo3HMKAeT BOIPOC, MOXHO J¥ PAcIpOCTPaHUTDb STO PacCCMOTpeHHe Ha
ppyrye ob1acTv WM APYT¥e CUCTEMbl KOODAMHAT TaKHM olpasom, uro-
61 yTBepX/emus, asanoruuinie (1) — (VII) ocrasamich B cune. He-
TpyIHO CHOBA NPE/CTaBUTb Nole U- B BUle CyMMBI [IBYX yacTeli, koro-
pbie onpejieiebl ananoryuto U, u U, , Ho [0 OTHOWEHHIO K ApyriM Mo-
pepxHocTAM. O[IHAKO TOJLKO B Cayuae ILIOCKUX uii cHepuyeckux no-
ocreit Moryr GbiTh cAgianbl yreepxaekus Tuna (IV) u (V)
(cm. [218]). Yxe B cayuae snmncoMaalbHBIX NOBEPXHOCTEH Takye yT-
pepak/ietusi 6ynyT He0GOCHOBAHHBIMMU,

13.5. PasnoxeHnn No cepuHeckiM PyHKUKWAM

Kax oTmeuanoch, Als onpefeleHs TOpouaalbHOM ¥ noJougalbHo i
yacreit JanHoro BexropHoro nots U, Boobite rosops, Tpebyercs pe- «
meHue cucTeMbl nddepeHIMAIbHbIX ypaBHeHuii B YaCTHBIX NPOUBBO/-
HBIX oTHOCHTEIBHO QyHKiMii U, V u W, Bo MEOruX cayuasx Lenaeco-
obpasHo pa3noxuTb 3TH Qynkimu no chepuueckum qyukimam, Takum
obpasom, unTerpypoBanie anddepeHMalbEEIX YpaBHeHHil cBeleTca K
KBagparypam. B sToM paspene npusegeM HeKOTOpble COOTHOMEHNHA, OT-
HOCSIIMECHA K TAKMM PaslokeHusM no chepuueckuM QyHKImaM,

Tlpencrasum. kaxayo u3 Gynxuuit U , V u W B Buje pasioxexus
F=8% FR(r)Y7(0,9) (13.23)

n,m
Synxipm F spASioTCA KOMIIEKCHBIMY BEJIWUMHAMH, a cepuueckue
¢yEKImM YT onpepeasioTcs caeAyiomuM o6pasom:

Y,':' =P I,':'I (cosB)ei""p s (13.24)

Tne P — npucoeuuennnie nosutombl Jlexannpa. CymmupoBaiie 1po-
U3BOMMTCA no BceMn um, rae n» 0 u [m| < n. Tockoabky F por-
XHO ObiThb AeficTBUTebHLIM, HE0OX0AUMO noTpE0OBaTh, YTOOH!
F Mo FM*,
n

Bekroproe none U MOXHO, OUEBU[IHO, pACCMATPUBATb KaK CyMMy
OTAeJbHLIX NoJel, KOTOpble COOTBETCTBYIOT uleHaM B pasnoxenusx-U,
VuW.31tum noasm NPUIUCHBAIOTCS KOHKPETHbIE® MYJIBTUNOLHOCTH
Bynem siasnisats Bee nonsi, CooTBeTCTBYIIMe Yaewam U, V um W
Cn=1 punospHbiMu nonsiMu, B Clyuae n =-2 — KBAIPYNIOIbHBIMY TO-
AAMY, 71 =-3 ~ OK TYNOJIBHBIMA NMOJAMM Y Tolle

Kax usBectho, chepuueciue QyHkupum yaoBAeTBOpAIOT Mbdeper-
mmHOMy YPaBHeHsI0
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QY:'" +n(n+ l)Y;'" =-0 (13.25)

M YCJOBHIO OPTOIOHANBHOCTH

" am B B
HFYPY a5 =.[‘4n secamn=v m=y, (13.26)
0 B npoTMBHOM clyyae.

Ucnomnsya vopmmposky ®eppepa aas P, noaymm

Ar(n+|mj)!

2n+ 1)(n -}m|)
C nomonbio (13.16) w3 (13,19) u (13.20) noaywim
QU=r-. rotU, (13.28a)
QV =~r . rotrotU, (13:2286)
QW=r. rot(rxV), (13.28p)

rae (13.28a) u (13.28B) Bcero auub noropenus (13.11). lpegcrasaas
U, V u W B Bitge paznoxennit Tuna (13.23) u ucnonbsys (13.25) u
(13.26) , nonyuum

Ul - (n(n+ 1) A7) 1§ (r- rotU)Y T 45, (13.292)
Vit =(n(n+ 1) A7) (r- rotrotU)Y 7 5o (13.296)
Wih-_ (n(n+ I)A,':')"‘#(I' - rot(r x U)) x (13.298)

+Y S, pany L

Anajoryuso, NpuxouM K COOTHOLIEHUAM

rer ¥ e, U (13.30)
or
1 aW.:'" 2/4my -1 . -
Ty =(r2AP)"MP(r V)Y T dE (13.31)
r Or
aaan 3. 0,

Baaropaps BosMoxuocTH KanmbpoBauHkIX npeobpasoBanmii, i\lg He onpe-
AeJsieTcs ITUMM CooTHOme UMY, @ V' u W3 poaxun Jomb yaosreT-
BOpATH cooTHouewuio (13.31).

B cayuae CONEHOUABILHOrO U. MOXHO UCNOJIb30BATh (13.8) mmMecTO
(13.200) u Bbipasurb U, B cootBerctsuy ¢ (13.20a) uepes dynkimio
0.B pe3ylbTaTe NnoJy4uM

QU =r-U, (13.32)
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Dme(nln+ DAT) "' G- V)Y 37dS pasn> 1 (13.39)

~
Baaropapst BOSMOXHOCTH KaJuGpoBouHbIx npeobpasosamuii, U § Moxer
6pTb BHIOPAHO MPOU3BOJIbLHO.
OTHocHTeNbHO NpHBEeeHHbIX 34ech COOTHOLIeH)I 3aMeTHM, YyTo

anst mobuix U u F
r-rotU=—div(r xU), (13.34)
¢f(r - rotWYFd G=— fFdiv(r xU)FdS=_FU . (rx VF)da.

(13.35)



Maea 14. NPOCTAA MOJENb IMHAMO,
OCHOBAHHOIO HA & -O%®ERTE

14.1. OnncaHue mopenu

9ra ruasa nocssieHa upe3sbluaiio npocToit chepuueckoli Mopen
TypOyaenTHoro aunamo. PaccmotpuM cdepy U3 siieKTpuuecKu NpoBojs-
wefl cpefibl, B KOTOPOIi OTCYTCTBYeT Cpefiiee IBUXEHUE, 8 UMeeTCs
Jyuib OHOpOAHAs, U30TPONHas, OTpaxarelbHOsHeUHBAPUAHTHAS, CTAIfO
HapHas TypbyaenTHOeTb. [lpeanonaraeTcs, uto BamsnHue aToit TYpOyeHT-
HOCTM Ha 3JeKTpOMarHUTHbIe NOJsA NpOCTO Y NPaBUIbHO OMMUCHIBAETCSH
TypOyJenTHoOl 3/eXTponpOBOAHOCTHIO U a-3¢dexroM. Tem cambiM cumTa-
eTCsl, B YaCTHOCTH, YTO MaclTabbl TypOyIeHTHOCTY JOCTATOUHO Manbl
1o cpaBHeHMI0 ¢ Macitabamu cpejrero maruuTHoro noJs. Ilposopsmas
cpena no-npexHeMy NpeANoJaraeTcs OKpYXeHHON BakyymoM.

Cravalla Mopedb Oyner paccMmoTpeHa ¢ KMHEMAaTU4ecKo# Touky 3pe-
HUsl, T.e. BIUsHIHe MarHMTHOI'O NOJs HA [iBIXEeHUe yuurbiBaThC He Oyrer.
Jluub B KoHILle 3TO¥ raaBbi Mojedb 6yleT BuoOM3MeHeHa JoNyleHeM o0
obpaTHoM s803pelicTBIYM MarHUTHOI'O NoAs Ha TYpOyJeHTHOCTD U, cJefio-
BaTeJbHO, Ha o -3¢ deKT.

Jo nacrosmero BpeMely npepjaraemasi Mojelib paccMaTpuBaliach
Iuub B clyyae OCECMMMETPUUHBIX MarHUTHbIX noJeii. B pamkax aToro
noaxopa Kpay3se u llreentek [ 134] uccaenoBaiu craumonaphbiii, a Poirt-
Man [290] Takxe u HecrauuMonapbii cayuail. PioaurepoM [ 236] 6b1a ce-
JaH nepsblif war B paccMoTperuy obpaTHoro Bo3peficTBUs MarHUTHOIO
noas Ha TypOyaenTHocTb. Hitke 9TH paccmoTpenns 6yayT obobuienbi Ha
cayyail npou3BOJbHBIX MarHUTHbIX NoJeii.

OueBuAHO, Halla MOJelb fBJSETCS AOCTATOYHO HepeanuCTUYHOMN.
TpyAHO NpeACTaBUTb MEXaHU3M, KOTOpbiit Obl coslaBal u nofepxuBan OH>
POAHYIO, U3OTPONHYI0, OTPAXKATENLHO-HEMHBAPUAHTHYIO TYPOYJEHTHOCTD.
KpoMe Toro, paxe eciy Takas TypOyJeHTHOCTb cyuiecTBYeT rae-To BHYT
pu cdepbl, To BOau3Y rpanulbl TypOyleHTHOCTD Jo/bxHa ObiTh HEeOAHOPOA-
Holi u anu3oTponHOA B 9TOM cllyuae 3JeKTpPOMarHuTHLIe noJs OyayT uont
THIBaTh JIpyrue Bo3MeiicTBUsA, KOTOPLIMY, OIHAKO, 3ech npeHebperaeTc
TeM He Menee paccmoTperve 3Toli Mofeay oueHb noyuuTebHo. [lockob”
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Ky OHa JONYCKaeT aHAMUTHUECKOe HCCAEN0BAHYe, Ha Helt yaoOHo npoge-
MOHCTPHPOBATDb HeKoTopbie ocobetHocTH TYpOyAeHTRBIX auHamo. Takum
06pa30M, OHA CIYXUT OPHEHTUPOM A ucclieloBanus Golee peamucTy.
HHIX mopeJell, KOTOpLie BO BeeX cllyuasiX TPeGYIOT OrpOMHBIX YUCHEHHBIX

p@cquOB.

14.2. OcHOBHble ypaBHEHWRA. 'CBefleHne WX K YypaBHEeHUAM ANA
ckanApHbIX GyHKYUWH

Yrounum ocHosHble ypaBHenust (12.2) — (12.5) anst Mopeseft Typby-
NeHTHBIX MHAMO NPUMEHUTENbHO K PACCMOTPEHHBIM 3/1eCh YACTHLIM CJIys
yasM. [lo-npexteMy Gyzem ucnoib30BaTh chepuueckyo cucTeMy Koop-
MMHAT C.KOOpAMHATaMu r, 6, ¢ U painycoM-sekTopoM r . Hauano koopgu-
HAT OMECTHM B HeHTp cdepbl, 3anoanekHoi nposofaweli cpegoii. Pamuyc
ctepbl 0603nauumM R. Uto kacaercs BHyTpeHHe# yacti cbepbl, TO noJo-
xuvii =0 u G+ =B, a o, u « Gylem cunTarb nocrosmmbiM. Taxum
06pasoM, MoJyuMM ypaBHEeHUS

1 = = & ~
—AB +arotB - — =10, (14.1a)
MO, at
divB =0puar <R. (14.16)
HeobxonmMo ponoanuTnb ux ypasxerusM
rotB = 0, divB = 0 gasir > R, (14.2a,6)
H yeaoBuamMu
_[_B] =0Har =R, (14.3a)
[ Ofr —3) npu r - oo, (14.36)

Tlpu pewenn a1 ypasuenuit o6paTHMSs K MATeMATHYECKAM BBIKIa/l-
KaM npensiyueii raapbl. McnoabsyeM ocHOBHbI® WieH pasn. 13.3, 13.4,
13.5, ocobenno yrBepx/fierus (1) — (VII ), 6e3 xakux-m60 oroBopok.
Az npocrorm B JaibHefiuiem emecto B GyneM nucars B.

Bo-nepseix, pasnoxuv B 1a Toponpanbuyio B ¢ ¥ noJontanbuyo B p
CocTaBnmoume rak, uro

B-g, . B, (14.4)
icmly (14.16) u (14.26) mMoxHO nosoxwTH

p=rot A, (14.5)
r

he A: ~ UYMCTO TOpoMAabHbi BEeKTOPHbI noTentman.
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Paccmorpum ypashense (14.1a). Ioncrapass (14.4) u otaeass To-
POMAAIBLHYIO ¥ NOJOKAAILHYIO COCTABASIONYe STOIO YPABHEHUS!, NOAYwiM

, 3B,
AB, + arot B, v — =0;! (14.62)
Mo b at
T
1 JB,, . »
— AB, +arotB, — —— =0 pas r <R. (14.66) -
HO at

Bseuny (14.5) nepBoe ypaBHeHye MOXHO nepermcaTh Kak

1 88,
—A(B: - “UT“A:) - —— =0 pag r <R, (14.7a)
MO at
4 BTOpOe MOXHO NPOMHTErPUpOBATh U NOJYYHTD

1 aAt
—AA, + 0B, ~ — = 0 pam r <R, (14.76)
HO at

Ananoryuno u3 ypaBHenus (14.2a) umeem

B,=0, AA, =0 pmn r>R. (14.8a, 6)
Ycaosus (14.3) pator
B, =0, (rot A,]J=0 na r =R, (14.92,0)
A -00"%) 1pursoe (14.98)
Tenepb npepcrasuM B, u A, B Bufie
B, =~r x VT, (14.10a)
A, = -r xV§, (14.106)
rie T u S — OBHOSHAUHBE cKaifpHble (QYHKIMY, HOPMUPOBaHHLIe CAeAy-
M obpasom:

€p Tdio= P Sdfs = 0. (14.11)

Heobxofumo 3aMeTTb, uTo, obneamusas (14.4), (14.5) u (14.10),
MOXHO NOJyUYUTD

B=-rxVT-rAS + V-aé- (rS). (14.12)
r
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Bo3ppaTHMCs onaTh K ypasrernaM (14.7). Mcnoabsys (14.10), moxxo
©peCTH MX K Bily

oL a0 —aesy - 25| =0, (14.13a)
rx Ho, at
1 . 3s
¢ x ;v{—— AS +oT% = | =0 ms r<R. (14.136)
1oy at

Orciola Cpasy MOXHO 3aKJIOuMTb, UTO Bhipaxerus { ...} sBAMOTCH QyHK-
msamMu TOJIbKO 7 i t . Beaencreue (13.18) u (14.11) sTu dynkipm, ofHAKO,
oRa3BIBANTCs papHbMu Hymo. Takum obpa3om, HMeeM

L Ar-yoasy- 2T 1, (14. 1a)
o at .

Y s eoT-9 0 mar<nr. (14.146)
Ho at

Asnanoruyro u3 (14.8) noayuum

=0, AS=0 pas r>R. (14.15a,6)
Okonuareablo Ha ocHoBe (14.9)-umeem

T=0,[S]1=[98/0r]1=0 wa r =R, (14.16a,6)
S =0(r-3) npu 1 - oo, (14.168)
Beenem Geépasmqpﬂble KOOPIMHATH

X=r/R, 1= t/uo R? (14.172,6)

¥ Ge3pasmepriit napameTp
C~ uo'TaR' (14.18)

KOTophilt smasercs KomuecTpenmol Mepolt Belmuunb a-sbdexra. Kpome
Toro, onpesenum onepatop D, :
; 1 (o ( af
bg_. 1 (9 xz-—)—n(n+1 f! 14.19
" x? (ax dx ok ( )
The f — mobas Qyuxmms, a n — Nedoe.
e Toro, pasjoxumM ¢yrkmmu T u S B pap no chepuueckuM QyHk-

T:f}f"(*' 7Y, © o) (14.20a)
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S-RS ST (3% 7)Y, @, 9)- (14.206)

Mnom're.nb R ofecreuBaeT OAMHAKOBYI pasMepHOCTD BeasutiaM T, y
S, Yro xacaercs Y,'» TO oTchilaeM K Boipaxenusm (13.24) — (13. 27)
CymmupoBanue npousBoauTCA N0 BCeM num, rAe n» 1 u {m |
Beaencteue (14.11). 3wauenue n = 0 crepyer UCKIOIUTD. l’locKoany T
us FlONKEDI 6niTh neﬁcTBmeJlbnbmn BeJuuuHaMu, TO noTpebyem, uTobi
T," = T'" uS;" = s'"

Ypasnenna (14 14) pas T u S cBopsiTcs Tenepb K BuAy

D (T -CS;) ~dT,/d+=0, (14.21a)
D,S7 +CT - 387/91=0 pas 0g xg 1. (14.216)
Us (14.15) u (14.168) caenyer, uto

T =0, ST =alx "D amox31, (14.22a,6)

npuueM a,':' He 3aBUCHUT OT x. Torfa Buipaxenue (14.16a) sxeupaienTHo
clefiyloueMy:

I
T, =0 mu x=1 (14.23)
U3 (14.166) noayyaercs

S:' = a:', 98/9x = —(n+ 1)a, opy x=1, (14.24a,6)

¥ NOCJe UCKIIUEHUS a:'
9877/0x + (h+1)S =0 mp x=1. (14.25)

B pesyabrare npopenanHbix npeoGpa3osanuii pemenye cucrembl Aud-
bepenLalbHEIX ypaBHeHuii B uacTHbIX npou3poanbix (14.1) u (14.2) ¢ ycuo-
Busmy (14.3), koTopas omMCHIBAET BEKTOPHOE Noje B BO BCEM IPOCTPAHCT-
Be, CBOAMTCA Tenepb K pemenuo puddepenimanbubix ypasueruit (14.21) ¢
rpasuunbiMu yeaosusmu (14.23) u (14.25). Ypaprenus (14.21) cBA3BBA0OT
ckanspreie Gynkumu Ty u S B urrepsate 0§ xg 1.

Crenyer o6paTuTo BHUMAHIKe HA TO, YTO HY ypabuenus (14.21), uu
ycdoBus (14.23) u (14.25) ne BaloT Kakoro-Go 3allenyieAns Mex/y napa-
MU T'" u S AN pasHbiX n-uiy m. Kpome Toro, stu ypaBHeva u ycao-
BUH He saancsrr OT m.

Haxkowrell, oTMeT#M, YTO OCHOBHbIe ypaBHeHUs s B MoryT GbiTb
chipaBeAIMBbHIMY, TOJbKO ecl MacwTabel B IpeBbialoT HEKOTOpbie pe-
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JleIbHBIS, ONpeensiemMbie Macimrabamy TypOynentHocT. TeM caMbiv Ha-
KAA/IBIBAETCS OrpaHiuenye Ha IOCTATOUHO MaJbie n-u m.IIpy cauukom
GoALIIMX 1 ¥ m Halle paccMOTpeHue TepsieT Gu3uueckuil cmbicl.

14.8. CTaunoHapHbil cnyua#

O6paTUMcs criepBa K cTalloHaphbiM B-noasM. B stom cayuae ypas-
perns (14.20) coasTcs K

p,(Tn —CS;)=0, (14.26a)

Dns;" +C'T::l =0 paa O0gxg 1. (14.266)

3gech cHOBa Heobxofumo fobasuTb ycaosus (14,23) u (14.25). Takum
ofipasom, MMeeM 3a/lauy Ha CoOCTBeHHbie 3HaueHusl, B KoTopol C spaser-
cs1 cobCTBEHHBIM YHCTIOM.

Ipexne uem nepefiTu K AaibHeluMM 3aMeUYaHUAM, pACCMOTPUM T":'
u S'" AJst npou3BOJIbHOM, HO ¢mKCHpOBaHHOM Napbi . U m. Cnyqaﬁ c=0
cllqana OILyCTHM.

U3 (14.26) MOXHO noAyuMTb ypaBHEHUE TOJbKO IS T’" 4 ¥MeHHO

(D, +CHTT =0 mam O xg 1. (14.27%

Ero efmucTBEHHOS HECHHT'YIspHOe pelleHlie B pacCMaTpuBaeMOM MHTep-
Balle MMeeT BHJL

o =(ci/ Vo), ,, (Cx) (14.28)
— dysxims Becceust nopaka n-+%. B ou-

I
Tlec ' — K('):{cTaaTa, aj, %
Ay (14.23) ¢, =0, eciu yciosue

Jp 4y (£)=0 (14.29)

He Brinonneno. B cayuae ¢y = 0 us (14.22) — (14.26) veTpy/iHO BHzieTh,
90 T)* = $™ = 0 aas Beex x. OBpamaem 0coboe BEuManKe Ha Clyail

nk 0 Ko'mpblﬁ ¥MeeT MecTo NpH BhINOAHeHuy ycJoBus (14.29). Irum
YcXoBueM onpepensioTcs OMcKpeTHbie 3HaueHus C, KoTopbie npeicTaBis-
0T cobolt cobeTBennble 3HAaueHKs Halel 3afauu. [Ipexge uem npeno-
XUTh 06cyx/enye, NpeANoa0XUM, 4To C SABIAETCS OJHUM M3 3TUX coberT-
BeHHNIX snauenuit. Tenepb, ucnoab3ys ypasterue (14.26a) u cHoBa MCKIO-
a8 CHHry AspHOCTH, NOXYIUM
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c,m
ST - (‘:_"_\/?]n+ LCx) +dl<" mn 0 xg 1, (14.30)

-

rae d:' sBasieTcA HOBO# koncranToil, [l1s Toro urobul yHoBAETBOPUTD
ycaosuio (14.25), 9Ta KoHCTaHTa A0NXHA OBHITH COOTBETCTBYIONMUM 00pa-
30M onpellejeHa. Mcnoab3ys 3ateM obupe cootTHomesus fas GyHKipit
Becceas, nonyuum

24 c
n R n
Sp = (5 Tnen(@)= 5o T,y (OF)
a0 xg 1. (14.31)

O6pamasco K coorHomerusm (14.22) u (14.24a), nonoarum (14.28),
(14.29) u (14.31) BLpaxenusvMu

T, =0, (14.32a)
cm
Sy ='z,Tn‘ g @R mnxy 1 (14.326)

Has cayvas C = 0 KOTOphIii OyZieT yuuTHIBaTHLCA B NOCKe[lylonieM pac-
OMOTpeHH, HOTpYAHO HakTH, uTO T,' =S, = 0 ans Beex x.

Bepuemcs k paam aas T u §, KOTOpble 3a/iaHbl BHIPAXEHUIMI
(14.20). Ouesuano, 3Mech CHoBa UIpaldT poib Bce num, Ten > 1 u
|m| > n: o Tex nop noka C He coBnajaeT HY C OAHUM 0050TBeHHblM
3HauenneM, onpefeasembiM (14.29), peauumnnl T u S Beioay obpaaior-
¢i B HyJb . Kak Toapko C paBHO oflHOMY M3 3THX COOCTBEHHEIX 3Haue-
Buil, To T u § Moryr oramyarbest OT HyJsA. B cooreTcTBMM CO CBoicTBa~
M# J,, , 3, COOCTBeHHEIe SHAYEHNS [LI PASINUHBIX 72 BCET/A OTIMGHS!
apyr ot Apyra. Ilosromy B pasiokxeHusX fif T ¥ § cyMMMpOBaHue 10 n
MOXHO ONYCTHTb} OCTRIOTCH TOALKO BKIAJB OT OHOI'O YacTHOro n. Oue=
BUHO, cOOCTBEHHEI> 3HAUEHUN st RAHHOI'O 11, HO PA3JMYHEIX m coBnaja-
K0T, T.e. uMeeTcs Bhipoxaenue 1o m. CieloBaTelbHo, T M S MOrYT oC-
TABATHCH CYyMMaMi UJEHOB C pasUHbIMU m.

M3 9HX BRMMCAeHK I BUAHO, YTO CTalMOHapHbIE B-T0Js1 BOSMOXHbI,
TOJBKO Korfla napametp C, KOTopbiii fBAseTcs Mepofl Beluuuns!l a-s¢dek~
T4, NpUHKMaeT ocobble 3HAUEHNS, & MMEHHO YNOMAHYTble coOCTBeHHbie
3HayeHus. Iru B -I0AH COOTBETCTBYIOT MyAbTHIIOASAM 3aJlaHHONO NOpHAKE,
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KoTOpbifi 32BUCHT OT KOHKpeTHoro cobcrBenHoro sHauenus. Hamuue B -Mo-
[pl IOPSIKA 7t UCKJLIOUAeT nossJeHye MO/ ¢ Apyrsmu n. OfHako cocywect-
poBaHMe MO/l C OAHUM M TeM Xe n, HO PasAUUHbIMU m BO3MOXKHO.

OcraHaBIMBasch Tenepb Ha HEKOTOPHIX NOAPOOHOCT AX, OrpaHNUMMCH
cnieppa ciyyaem o 3 0, nay, yro To xe, C 3. 0. PaccmoTpum cHoBa Xapax-
TepUCTHYECKOe YDaBHeH!e (14.29). Coraacuo cBolicTeam Ty 4 3y D051 TIO-
Goro 3a/iaHHoro n-umeeM OeckoHeunbiii pAA coOCTBEHHBIX 3HAaUEHUHA, KOTO-
pift oBossawm C ,, rae I = 1,2,... . Pacnonoxum C,; TaK, uroBul OHy
MonoToHHO Bo3pacranm ¢ . Onare, obpamasich k cBolicram  J %
MOXHO YTBEpXAaTb, uto C,, AJs Moboro QMKCHPOBAHHOrO ! TaKXe MOHO-
TOHHO BO3pacTaloT ¢ n: [loaromy C, | OkasbBaeTCH HAUMEHBUIMM U3 BCeX
spaueri C, ;. .

O6cymim cayuait n = 1. CooTBeTCTBYIOIMMY B-MOAaMM SBASIOTCSH M~
nofbHbie noid. Moasl ¢ m= 0 y m = +1 oTIMYAIOTCH TOMLKO NIOBOPOTOM OT-
HOCHTeJLHO OCH, Npoxoasiulell uepes Hauano cucTeMbl KOopauHar. V3 Bhipa-
xenus (14.29), koropoe aas n= 1 ceopuTes K BUAY

(l/C“)thm ~-1=0, C,>0, (14.33)
nOJyYuM

C, =44934, C,,=17,7253, (14.342,6)
C,s= 10,9041, cC,, - 14,0662. (14.345,r)

C nomomisio (14.12), (14.17), (14.28), (14.31) u (14.32) moryr GbiTh pac-
CUHTaHN cCOOTBETCTBYIOmMe Bsnoad, Jns noas, npunaniexaunero ! =1,
JMHUM NIONS noKa3ans! Ha puc. 14.1. B cayuae I > 1 nose BuyTps chepbi
uMeeT Gonee CHOXHYIO CTPYKTYDY. '

Paccmorpum Tenepb ciyuait n > 1 1, caenobaresbHo, B -Moabl, KOTO-
Pble COOTBETCTBYIOT KBAPYNOJbHBIM NOJAM, OKTYNOJIbHbIVI IIOAAM U T.J.
Takue mofn c m=0, m=-+1,... , 06AAJAKT COBEPUEHHV PASIUUHBIMU
Kouurypaiusmy noasi. OHM MOTYT CTaTh KOHIPYSHTHBIMU B pe3yibraTe
TNOBOPOTa TOMBLKO B YACTHRIX Cayuyasix. B 9rolt cBS3u 3aMeuaTebHO T0,
UTo CoBCTBeHHbI? SHAUeHMs He 3aBucAT or m. Mcxons u3 (14.29), moxuo
nonyuurh:

Gy, =5,7635, C,, = 9,0950, (14.352,6)
Ca3~12,3229, «¢,, - 15,146. (14.358,r)
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.,
N

P u ¢, 14.1, CTauMoHapHoe B-fione. B cnyuae n=l=1. B nesok NONOBUHE PUCYH:
K@ nokasaHbl NWHWH NOCTORKHOM BENWUYKHLI TOPOWAANLHOIC NONA, B NPaBoi
nuHMM nonowaansHoro nona (em. [134)).

OueBunito, ypaprerns (14.26) u cooTBETCTBYIONe MpaHMUHble YCJIo-
BYS OCTAIOTCH CNpaBefJMBLIMU U NPY U3MEHeHuH 3Haka y C, a Takxe Ju-
6oy T, im6o y S. CieloBaTeJbHO, s KAXIOro NoJOXUTENbHOr0 cobCT~
BEHHOro 3HaueHus C,;, CymecTByeT OTpUiaTelbHOe cobcTBeHHOe 3HAUEHUE
a MMEHHO —-C'l T Hexons u3 B -noasi, COOTBETCTBYIOWEro Cn 1 » TIOJyUMM 110~
7ie, coorBercTBylonee ~C ,, nyTeM u3MeHerus 3Haka mGoy B, 1160

yB o
14.4, HecTay1onapHblit cnyuai

Tenepb nepexoauM K paccMOTPeHHIO 3a/lauy ¢ HAYaNbHbIMY YCJOBUSA-
My Ans noast 8. [Ipednonoxum, uro B(x, 0) 3agano u TpebyeTcs onpefie-
aurb B(x; t) npu ¢> 0. Vicnoab3ys npe/ibiiyiie BbIBO/bI, STY 3aj4auy MOX=
HO TaKKe cq)OpmynnpoaaTb B Tepwmax T"' u Sn B arom cayuae Oypem
npeanoJarars, u4To Bee 7, "x,0) u § (x 0) 3aaaun U Tpebyercs onpe-
peauts T,'(x, T) u S"‘(x ) npur> 0,
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[Ipensapureabho cleAyeT pemnTb Godee NpocTyo 3afauy. Bysem
ycxarh B-olis ¢ WCTO 9KCMOHEHIMAAbHON 3aBUCHMOCTDIO OT BPEMeHH,
.. B Bufie B(x, 0) expiAt}, rne A — mexoropas BellleCTBEHHAs OCTOMH-
pad. C 970l tebio 6yflem uckatb T:' uS,' BBUge

T =T (%) expia,; T}, (14.36a)
s =S (x)expiA 7} (14.366)

MopasymeBaeTCs, Uro eci Takue T, u S’ CymecTsylT, TOA,; HE Mo-
xeT 3aBucerb oT m. Miiekc ! GyneT KOHKPETU3MDPOBAH HUXe.
Paccmotpuym ypauesus (14.21). loacrasnss (14.36), noayuum

D (Ty - CSp) =2, Ty =0 (14.37a)
DSy + GTyy =2, Sy =0 ans 0< x< 1. (14.376)

Obiwee, HeCMHIYISIPHOE pellleHue B PACCMATPUBAEMOM MHTEpBaJie MMeeT

cwm @
. Cm ® n @
T, = = sl ¥+ NS Jo 4w gy %) {14.38a)
o Wm ¢ @m

m nl 1)

) 2) x)

ﬂ
(2)\/—- Tn ¢

nl = T ~ (u
u(l) - n+%'\nl

ma 0gxg 1, (14.386)

ul? o (e /e -m ). (14.39)

Yeaopus (14.23) u (14.25) coBMecTHO ¢ COOTBETCTBYIONMMHU COOTHOLIEHUS -
MU st GyHximit Beccenst NpUBOAST K BBIPAXEHUSAM

— MNpoU3BOJibHbIe NOCTOSHHbBIEe U

c MDm

a
T e “’)+c‘,.’,""1,. _%(u‘”)—» (14.400)
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ByneMm uckaTb TOAbKO HeTpUBUAABHBIE T’" " S'" -Bonee KoHKpeTHo,
umem 77 4 Sy, T.e. ™ uec (2)’" , KOTOpble He obpamaloTes ofyo-
BpeMeHHO B HyJb 18 Kl06oro q;uxcupoaaﬂﬂoro nyum.B 3ToM ciyuae

(14.40) o3navaer, uTo *

T e @, @) =T, @D, 6 =0 (a4

310 cooTHomenue, 6ynyuu gononnennoe BbipaxenueM (14.39), onpenens.
-eT Oeckoreunblit psin 3Hauensl A a1 A% Kaxaoro 3ajanHoro n u C. Ilpo-
Hyfiefyem Tenepb A, ¥ COOTBETCTBYWIlME T'" u S'", HMHJleKcaMy

l =1,2,... TaxuMm obpasom, YToOHI A ; A .moﬁoro ¢MKCHPOBAHHOrO 7
Bo3pactaty ¢ I. [lis Toro 4To0bl BHUMCIUTD A ni KaK ¢yuxkm C, ynobHo
CHavaja OnpefieluTb Naphl uul) u u(z) Torna B3auMoCBA3aHHbIe BENHuM-
HBl A, U C HAXOMATCH U3 Bbxpaxeﬂnﬁ

Ay = ,‘",’u,‘j’, (14.42a)

)
c=ul+u), (14.426)
KoTOpble SBASIOTCH caencteuem (14.39).

Taxum 0bpa3oM, MOXHO onpeleUTb B-MOABI C YMCTO SKCIOHEHIHAL-
HOJi 3aBUCHMMOCTBLIO OT BpeMEHH.

B uactHoM ciyuae C =-0 914 Mozibl coBnafialoT co cBoboAHO 3aTyXal-

uumu Moflamu. [lns sroro cayuas ¢ yuerom (14.426) nosoxum

ul) = -um =u,;,roeu,; > 0. Ycnoapsys ceoficrsa ], _ "

w], . y» (14.41) MoXHO 3amMeHuTb Teneps Ha

]n—%(unl)]n+%(unl) =0, (14'43)
a (14.42a) — na

Ay == ()2 < 0. (14.44)
Jlns IMIoAbHEIX MoA, T.e. nn =-1, noayunm

sinu, ((1/u,,)tg u;, —1)=0 (14.45)
- Halizem

Ay == Ag,=— (4,4934)% (14.46a,0)

Ayg=—@m% A, =—(7,7253)2 (14.468,r)
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A 1=123 4 5 6

P # c. 14.2. 3aeMcUMOCTDb ln, orCanan=1ul =12 _.., , 6. 3HaveHun
lﬂ i cmmiqypuuuu no C. WrpuxoBan NUHUA COOTBETCTBYET YACTHOMY IHAUSHMIO

€, Henonb3oBaHKOMY B NpHMepe, KOTOpLIA paccmoTpen B Tekcre (oM. [290]). -
AHAZOrMYHO 018 KBAJDYNOABHHMX MOJ, T.6. 1= 2, MOAYIMM

Ay =—(4,4939)%, A, =— (5.7635)°, (14.47a,6)
2
Ay = (1,7253)% Aza== (9,0950)2 (14.47s,r)

B cayuae C £ 0, B-noas - nosepxeHb BIMSHUIO o -9bdexTa u A
He oba3areanto orputiaTensubl. s gocratouno Goabmmx |C| mMoryr
CYlecTBOBATH TAKXE NONOXUTEAbHbIE A,; ¥ CooTBeTCTBYWNMe MOALI By-
AyT pactu co Bpemenem. Yro kacaercs JJ.MI'lOJlele 1 KBAAPYNOJbHBIX
Mon, 1.e. n=1un=2, To 3aBUCHMOCTD A,; or C noxa3sana a puc. 14.2
K 14.3, Ouesunio, A, =0 cootsercTBYET cTanuonapnuM MoJiaM, AAs
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Az =123 4 §

F u ¢. 14.3. 3aBHCHMOCTD lﬂ, orCagmn=2ul=12,... , 5. 3HaueHun

A, cMMMeTpHuKLI no C, iTpHXOean NUHWA COOTBETCTBYBT YaCTHOMY 3HAUeHWIO

C, ¥Ccnonb3OBaKHOMY € npUMepe, KOTOpbIK paccMOTPeH B TeKkcTe (CM.. [290]).
ixo'ropialx C=C,,. Cpapuupas A_; npu n06oM dmkcupoBantioM C Aad pas-
JWUHbIX Mofl, HalileM, 4TO OonY TeM OoJibille, YeM MeHbllle 3HaYeHHe

| C,; | , cBa3anHoe ¢ 3TMMu Mofiamu. [loaTomy Mofa, npuHaiiexamas
AaHHOMY | C,:|» Oyner pactu mennetnee (beicTpee 3aTyxaTb), YeM MOA3
C MeHbIIuM | CMI . .

Jnsa moboro dukcupoBanHoro C 3HaYeHus An ; YBEIMUHMBAIOTCS C poc-
oM n wiu [ . [losTomy B-Moan! ¢ MeHbuMK 2 M | 3aTyXai0T Me/JieHHEE
(6bicTpee pactyT), YeM Moabl ¢ Gosee BbICOKMMU n-u [. ITO CTaHOBUTCH
MOHATHbIM, €CJ/iu PACCMOTPETb CBA3b MeXIY n u | u reoMeTpuyeckol
cTpyxTypo# B-noseii. OueBusiHO, YTO n XapakTepusyeT 3aBUCUMOCTD B
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or 06U ¢ Bosnee TouHu, B ciyyae m =-0 nosie 3aBUCHT TONBKO OT 6; ec-
ax Xe n-QMKCHPOBaHO, a |m| yBemuuBaeTcs, TO 38BUCHMOCTH OT ©-
crasosuTca bolee cxaboft, a or ¢ — Gosiee cuabHoi.1? Kpome Toro, 3a-
gHCHMOCTD B OT 7 XapakTepu3yeTcs l. C pocroM [ 3aBMCHMOCTB OT r
CTAHOBUTCS CJIOXHee. Yem cuibHee 3MEHEHUs NMOJA B B NpOCTpaHCTBe,
reM 9 deKTHBHEe NPOUCXOMAT OMUUECKas MMCCUNAINS, T.e. paspyieHie
pois. )
Tenepb BO3BPAaTUMCH K NOCTABACHHON Bhillie 3a/laue ¢ HaYaJIbHbIMK
yCIOBHAMY AAR MOAS B. MoxHo noka3aTb, YTO OHa UMeeT elMHCTBEHHOe
pemeHye. Ha ocnoBanuu npefbiiyumx paccMoTpenuit Bce OCHOBHbIE CO-
oruomenus Aas B, t.e. (14.1) — (14.3), yooBleTBOpMOTCA, OCAK NONOKATH

7‘:‘ =-§ T:‘"l (x)expﬂ-nl'rl, (14.48a)
S:l" =-$S"?, (x)exp{}\”l'rl mpu 0O0gxg1 (14.486)

M RONOAMMTH uX; cornacho (14.20) u (14.22a), cooTBETCTBYOMUMY COOT-
Homenuamy mpy x > 1. Ouesupno, {14.48) sBAsiercs pellenmeM 3ajaum

C HAYANbLHBIMM YCAOBMSAMM, €CIU T':"(x, 0) u S":'(x, 0), xoTopsle cienyer
pacCMaTpUBATH 3a/IaHHBIMM, HO, KOHEYHO, yAoBAeTBopsomumy ¢ 14.23) u
(14.25), moryr GhiTb NpefCTABIEHH B BUIE

1:(': 0) =32 T;nl (x): (14.49&)
1

S::' (x, 0) =-ZS:'I (x) npu 0g xg T (14.496)
1

Hamucars coornowenye npu x > 1 we cocraBasier Tpyfa. B cayuae C =0
Jierko nokasaTb, uTo npeacraBienus Buaa (14.49) Bcersia BO3MOXHB.
Aas C 4.0 poxasaTeberBo okashBAETCS Goliee CAOKHBIM.

He Basasick B noapobHOCTH, NPELNOIOXMM, UTO HAMEMY PeleHHIO
3aflaw ¢ HavabHBIMK ycloBusaMHU [Js nois B yaoBieTBopsior B aeficTBu-
TelbHocTy Bce Moxoanble noJs. [lpencrasum cebe yacTHoe 3Havenue C,
Takoe, uto, Hanpumep, A 11 ¥ Ay, OyayT NOAOXMTENBHHIMM, B TO BpeMS
Kak Bce Apyrue A,; — OTpuIATEAbHHIMM; 9Ta CUTYALlS COOTBETCTBYET
WTpuxoBod mumu na puc. 14.2 u 14.3. IlpennonoxuM, B YaCTHOCTH, YTO
\

1)

10 yrn ABTODLI UMeloT B BUfly, 4TO chepuueckan QPyHKUMA Y:' uMeeT n  Hyneh

YO u|m| wyne# no yrny @. — lpum. pen.
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cpell UCXOAHbIX nodiell NPUCYTCTBYIOT Takue MO/AK, KOTOPHe COOTBeTCy.
BYIOT A“ MA,,, T-€. OTAeJbHble AUNOMbHbIE ¥ KBANPYNONbHEIE MOfit,
Toraa GynyT HapacTaTh UMEHHO STH MOJHI, B TO BpeMS Kak Jpyrue Gynyy
3aryxatb. [lockoabky A, ;> A,,, TO MO/BI, COOTBETGRBYIOILME A 110 Tee.
AunoabHble MOfibl, OyIyT HapacTaTh GbicTpee, 4eM MOAH, COOTBETCTBYk).
mye A, ,, T.e. KBA/IpynoJbHhie MOfibl. He3aBucuMo oT HaYalbHOro OTHo-
WeHUS BeMUMH A¥NOJbHEIe MOJB! Yepe3 HeKoTopoe BpeMsi OyayT npeoG-
naparb. [pyrumu cioBamu, OynyT npeobaajiaTh Takue MOAbl, KOTOPLe
OTBeYAlOT HauMeHbilleMy 3Haderuio |C ,| .

3ru BuisoAbl OyAyT BaxHbl Takxe A1d Apyrux mopesneh. Ioka crpa-
BOAMMBO YTBEPXKIEHMe, UTO 3HAYOHUS A ) AIS PA3IMUHBIX MO/ TeM Gon-
lle, YeM MeHbille COOTBETCTBYIIME | C,;| » Mol ¢ naumenbumm | C
B obmem cayuae OynyTr npeobrafaThb.

IpoBoaKBIIEECS 1O CUX NOpP PACCMOTPEHHe MOAENM KHHEMATHUeCKo-
T'0 IMHAMO MOXHO CuMTaTh 3ajavell Ha ycToiunBocTb. BO3MOXHOCTH poc-
Ta MarHuTHLIX nojefi coorBercTBYyeT HeycToltumBocTH. B TepMuuax Teo-
puy ycroltunsocTu Mu uMeeM ycToHMBOCTb NPy A,, < 0, npenensuyio
ycToitunBocTb Npu A, , =0 u neycroituusocts npu A, > 0. B 370M CMbic-
ne C,, crefiyer HasBaTh NpefeibHbIM 3HauYeHueM C.

nll

14.5. PaccMmoTpesuye, skniouakulee o6paTHoe BO3fleACT BHE
MarHMTHOro NONA Ha ABHXEHHA

[Jlo cux nop Mofieab pacCMaTPUBAACh C KMHEMATHYECKOH TOUKU
3penusi. B uacTiocT, npenebperanoch BmsnueM cuinl Jlopenna Ha ABk-
xeHue cpennl. [lockoabky cunia Jlopennia nponopimoHalbHa KBapaTy Mar-
HUTHOr'O N0Jisi, TO €l0 MOXHO npeHebpeub, ecliu MarHUTHOE noJjie JoCTa-
TOYHO MaJ0, HO C OCTOM MNOJS OHA CTAHOBUTCS OYeHb BaxnOM.- Ycpel-
HeHHas yacTb cuinl Jlopenlla npuBoMT K CpefiHeMY ABHXEHMIO TaK, YTO
u Gyner oTAMYHO oT HyAS. PAykTyMpyOmas yacTb Gyler BAMATH Ha TYP-
6yAeHTHOCTD ¥, CASMlOBATEABHO, Ha SJeKTpolBuXymyio cuiy &, koropad
craHoBuTcH Heauneluoli no B. Takum obpa3oM, nepefl Hamu AOBOJBHO
ClioXHad cuTyalus.

B paccMaTpuBaeMo 3fiech Mofleau He OynyT oOcyxaaTbhCs BCE at-
GekThl, CBA3aHHbIe ¢ MATHUTHEIM nosieM. [las Toro urobel yka3aTh H3
HEeKOTOpble cnelyalbibie ciyuau, OynyT BBeIeHbi CHAbHLIE yNpolenus.
Kak u npexne, cpeliiee Apwxenve He OyfieT NPUHUMATHCS BO BHYMAHNS-
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i
yro K8CAETCH a¢bexToB, 00YCIOBIEHHbIX TYpPOYAEHTHOCTHIO, TO BUIOU3-
yegM CAOTAHHbIE npefnoaoxeHus, AONYCTUB, YTO TOABKO & MOXET 3aBy-
erb OT B, B 90 BpeMil KaK 0 . 6yZleM cuMTaTh NO-NPEXHEMY NOCTOSH#
gBM. PaccMOTDUM TOJLKO c-raunonapﬂuﬁ cayuali. Torna BMecTo ypaBHe-

ans (14 1a) umeem

1 AB +rot(aB)=0 npy r<R. (14.50)
Wor

B cuiy 3aBUCHMOCTH o OT B 9T0 ypaBHeHHe HeluHelHHO OTHOCUTeNbHO B.
Coorromerns (14.16) — (14.36) ocraiorcs Ge3s usmenennit. I[lpeanonoxum,
vro noje B Malo ¥ HanuiieM

2
PRSP 1) (14.51)

rfe g U &y — NOCTOSHHbIE. INpemnonaras 3apasee, uro | | ymeHbliaer-
cs ¢ pocToM | B |, norpeGyem, uTobhbl oy u oy uMens O/MHAKOBBIe 3HAKH;
A2S NPOCTOTBI PACCMOTPHM TONBKO &, ap > 0. Boiiee Toro, paccMorpum
cayuaft, korfia o, HeCKOJbKO MPEBHILAGT &, ,, HO HE fipyTve &, , rfle a ,
OPE/IBJISHEI C TIOMOIIBIO- COOTHOWEH!S po o R =C ;. CrenioBaTesibHO,

&y =ay, +da, (14.52)

rpe Sa — mMajas noAOXUTENbHAN NOCTOAHHAS.
flcro, yTo B HOMXHO CTPEMUTBCS K HYAIO npu Sa, CTpeMsLIEMCH K
Hyno. [loaToMy ecTecTBEHHO MOKOXUTD

S { %
B =.{~°‘ ) b (14.53)
%g
H flonycTuTs, uro b MoxeT GhiTh NpefICTABASHO B BUJe CTENeHHOro psijia:
b=b@ L p® @D, (14.54)
The e — Mannit napamerp, onpefieasembilt kak
€ -=-8q/u_n. (14-55)
T;“‘"M obpa3om, ypaeuetue (14.50) ceomuTcs k
Mo 1

1
;Ab” qrotb @ = —a ror ((1-b® b @), (14.566)
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1
— 86 @ +a ot b @ = —a rot((1 b @2 bM_2(b ®, b(l))b(O)).

uo
T
(14.56s)
31 ypaBHeHus HeoGX0MMO [IONOAHUTD COOTBETCTBYIOMMMY COOTHOWERys,

MH, BhiTekalomumu u3 (14.16) — (14.3s).

Chauana paccMaTpuBalorcs ypastenns Aist b ‘9. Onu umelor nerpy.
BHaJIbHOe pelieHye, KOTopoe MoxeT ObiTh noiydyeHo u3 pasf. 14.3. g
pellienye onpeie/ieHo C TOYHOCTHIO [0 MOCTOSHHOrO MHOXHUTES. UTo Kacy,
ercs ypasrenuit Aus b 1), npasas uacts koropsix 3asucur ot b @ 5,
OTMETHM, YTO COOTBETCTBYIOIIHE UM ONHOPOJHLIE YPABHEOHUS TaKXe HmMe.
10T HeTpuBMAIbHOE pelieHie. CliefloBaTebHO, CHCTEMa ypasteruii ionyc-
KaeT HeTPUBHMAJBHOE PellieHne, eciy TOALKO NpaBasi YaCTh yAOBJETBOpser
HEKOTOPOMY YCJIOBHIO, UTO CBOAUTCS K yeJioBuio st b 9. Takum obpazoy
naxomum b (9. Kone!mo, b onsms COLEpXHUT CBODOAHYIO MOCTORHAYIO, '
Vpasrenus aas b ??, B csowo oqepem: MPUBOAST K YCJOBUAM, KOTOpLle
NO3BOASIOT NOAHOCTHIO onpefeuTs b 1. Tem cambiM, UleHbl B pasioxe.
Huu (14.54) MoryT ObITH NOCI/ENOBATEINLHO ONPEieJeHbl.

Uro KacaeTcs fetanell 3Tux pacyeToB, TO obpaTuMcH Kk crarhbe [236].
Jns o6baCHeHMS NONYYSHHBIX TAM pe3yAbTAaTOB CHOBA BOCHONB3YEeMCS
npeficraBieHueM nois B ¢ nomombio (14.4), (14.5), (14.80), (14.11)u
(14.17). PaccMoTpuM CHavala HyJieBoe npubauxeHne, TOra pasJiokerie
(14.54) ans b obpuiBaeTcs Ha wiene b 97, uro cooreercrayer e =-0. Cor-
JACHO CeAAHHbIM Bblllle NpefnoioxeHusmM, pasioxenus (14.20) pis T u
S MoryT cofepxaThb JMb YieHb ¢ n = 1. Be3 orpanuuenus obmrocT
MOXHO l'lOJlO)!(MTb 3peck m=-0. OueBufiHo, noiie B ABASGTCH [MNOALHBIM.
3neén T U S CHOBa JaioTcs BhipaxeHnsvu (14.28), (14.30), (14.31)u
(14.32) npu C C, ;» ¥ KapTHHa NOAA UCHTHUHA NPUBENIGHHON Ha PHC. 141
Tenepb MoXHO [00aBUTE, UTO

c ‘l) =2 (Sq /QB)”, (14.57)

rie z — 6e3pasMepHas nocTosAHHAN. UMCieHHble pacueThl NOKA3HIBAT,
uTo
z=1,1525. (14.58)

0)
Pacemorpum Tenepb nepeoe npuﬁmm(eﬂme, KOFfia NoMUMO wiena b ¢

YYTeH Takxe uieH, cofepxaliuii b (M) 1.6. BBeMleHH Malible nONOXUTEN”
Hbie . B aToM ciiyuae T ¥ § CofiepXaT He TOAbKO WieHbl ¢ n =-1, HO ¥
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P ¥ ¢c. 14.4. Ctayuonapioe B-none B mopenu ¢ sasucumocTso & oT B B cny-
ysen =1 =-1, B NeBON YacTH PUCYHKA NOKA3AHDI NiHWH MOCTORHHON eeniMHb
TOpouaanbHOro NONA, B NPaBOi — CHUMNOBLIE NKHKK NONOKMAGNLHONO NONA, WTpuxo-
Bbié NUHKUK COOTBOTCTBYIOT € = 0; OHU COBNARAIOT CO CNNOWHBIMK NUHUAMY Ha
PHcynke 14.1. 3neck CNNOWHLIG NWHWA COOTBETCTBYIOT £=-1/¢,  (CM. [238]).

YAGHH € n-=-3, npuyeM Ais BeeX Hux m=-0. Takum obpasom, nose B
#B1%ieTCS cCymmoli aunosbHo# u okTynonbHol yacreit. PyHKUMK T‘l’ S 1°,
Tg u Sg yXe [0CTATOYHO CAOXHBIe ¥ MPUBOAUTHES 3flech He OymyT.
Ha puc. 14.4 noxasana kondwrypamys noas aasie = 1/c 10 T-€-
U baR 1. Mo CpaBHeHuIo co ciiyyaeM e =-0 kak JAuHus MakcuMaib-
HOTO TOpOMAAABHOrO NOAS, TaK ¥ JMHUS HYJAGBOIO MOAOMAAIBHONO NOAs
CMeIleRH Hapyxy.

accMoTpenHas 3flech 3a/aya, Tpebylouas HeAuneiHbx ypapHeHui
Rag OlMcanus B » H3y4anach TakXe Ha OCHOBe [Ipyrux MeTofioB. Tak, B

:l'a'rbe (238] ypapuenws 15 B Gbutu UHCAEHHO NPOMHTEIPUPOBAKDI C NIO-
OWslo MeTopa ceTok.



Masa 15. CGEPUMECHME MOOEIM
TYPEYNEHTHLIX AMHAMO ONA
KOCMWYECHUX TEN1: OBLLIEE PACCMOTPEHUE

15.1. Ofuwes onncaxne mopnenei

OctatoBuMCS Tenepb Ha ChepuyeckuX MOfIeasIX IMHAMO, OTPaXal-
WyX CymecTBeHHble Y4epThl NPOLeCcCoB, KOTOPhIE MPENON0KUTEABHO fpo-
UCXOAAT B KocMuueckuX obrexrax. Chepuueckoe Telo, CoCTOsMIee 13
SMeKTPUYECKH MPOBOASIIEr0 BEUECTBa, NO-MpeXHeMy BO: BCOX CRyYasx
OyZer npeanoiaraTbcs BpamawuyuMcs BoKpyr ¢urcupoBaHsoh ocu, npo-
xopsuilelt yepes ero uentp. Hapsny ¢ ocbl0 BpaileHus onpefieieHa Tak~
Xe SKBAaTOpMANbHAS IIOCKOCTb. Pacnpefiefienne 31eKTponpoBOAHOCTH
npeinoiaraeTcd CUMMETPUUYHBIM OTHOCUTONBHO KaK OCM BpalleHus, Tak
U 9KBATOPHANBHOK NAOCKOCTH, B [aibHelleM Mbl OFpaHKUMMCS ClyuaeMm,
KOrA2 NpOBO/IMMOCTD 3aBUCHT TOJBKO OT paiuyca. [lockoabKy paccmar-
pMBaeTCs yCpelHEeHHOe ABiXeHUe, B NpocTelimeM clyyae npelmoiaraer-
c$ TOAbKO TBEpAoTeabHoe Bpamenue. Kpome Toro, yureM mibdepentn-
aJbHOe BpallieHue C YrAoBOH CKOPOCTBIO, KOTOPAR MOXET 3aBUCETb OT
paluyca Wiy OT WMPOTHI, ¥ MEPUAMOHANBLHYIO LMPKYASIMIO. OfHAKO B JI0-
6omM cayuae no-npexseMy TpebyeM chepuueckyio CHMMETPHUIO CpefiHEro
RBUXEHHUS OTHOCHTEJNbHO KAK OCH BpalleHusl, TaK ¥ SKBATOpUANbHOM
IJIOCKOCTH M, KPOMe TOro, ero cralonapHocTb. Hapsigy co cpefiuimM
[BYXEHMEeM NPEANoAaraeTCR CymecTBoBanke QUYKTYATMBHBIX K TYpOY-
NeHTHHIX ABKXeRui, KOTOpbie NPUBOMAT K NOABAGHUIO 3lEKTPOMArHUTHBIX
CHJI; BIMAOUMX HA CPeflHMe SMeKTpoMarHuTHele noas. [lpefnosaraeTcs,
YTO 3T [IBUXEHUS TaKXe CTAlMOHAPHBI M UMEIOT Ty Xe cumMeTpuio. 'o-

1
) OcHoBHbie pe3ynuTaThl 3TOA IMABbl CORBPIKATCA TAKOKe B CTaTbe papnepd

[15°], xoTopan nosBunack nocne BuixoRa aHrMUACKOrO H3RAHMA RAHHON KHWMH ¥

Hanucasa 6onse noapobyo. NanbHefune pes3ynbTaThl, OTHOCALMECA K saaumone?
CTBHAM MEXOY TOPOMRANBHLIMA W NONOMAANLHLIMK NONAMME H BO3MOXHbIM peani=

3aYMAM AUHAMO-MBXAHUSMOB, MOXHO HARTH Takxe B paSoTax Pannepa [147, 18°
u Peiixepta [22°].
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g 6osee TOUHO, Mbl TpeOyeM MHBAPUAHTHOCTH BCOX CPElIHUX BeJMUHH,
@BHCSIIX OT STUX ABuxenuli, OTHOCUTEJbHO NPOM3BOIbHBIX BUPTYalb-
gBiX OBOPOTOB daykTyupyomero nois CKopocTell BOKpPYT ocu BpameHus,
oTHOCHTEJILHO GTPAXEHUS ITOr0 Nos B 9KBATOPHAJIBHO NAOCKOCTY U OT-
BOCHTEABHO CABUI'OB BO BPEMeHH. Yro Xe KacaeTcs cpefiHell SMeKTPOABH-
xymeft CHIB, TO Mbl OTPAHUINBAEMCS TAKUMY CHTYALWMAMY, KOTAA 3Ta
poXNUHHA OTAHUHA OT HYJAS TOJAbKO NPy HAMMUMYM CPE[IHEr0 MArHUTHOIO
pois ¥ MoXeT OBITb BEipaXena B 1aHHON TOYKe Yepe3 MarHUTHYIO MHIYK-
mao B ¥ ee nepBble MPOCTPAHCTBEHHBIE MPOU3BO/IHEIE B 9Tol TOuKe. Bee

TPAHCTBO BHE NPOBOASIIEro TeAa CUMTAETCH BAKYYMOM.

M1 6yfileM uMeTb [iefio TOALKO C KHHeMAaTHIECKUuMH Mofleliamu. Baus-
gEMeM MarHMTHOrO NoJis Ha Buxenus 6yneM npenebperars. B arux pam-
Xax MB MOXeM U3YyuaTh NosiBJeHUe [IYHaMO, YCAOBUS CYIleCTBOBAHUS U
CTPYKTYph! MArHUTHBIX noJefl aas cayuas caabbix noseit. Bonpoc o nope-
fileHnH AMHAMO B Cayuae CHMABHBIX NoJjell ocTaeTcs OTKPHITHM.

15.2. OCHOBHble YPaBEEHHA W HEKOTOPbLIE UX
CBOACTBA CHMMETPHH

HauneM cuoBa ¢ obuux ypaBrenwit (12.1)... (12.5) nis mMozeneit T}}p-
Oysenrruix nunamo. Kax u B npeanymefi raase, Gynem ucnoab3oears
cdepuueckylo noAAPHYI0 CUCTEMY C KOOPAMHATAMM 7, 8 ¥ @ ¥ PallUyCOM-
BexTopoM r . Havaio koopaunar.BbibepeM B LeHTpe npoBofsuiefi chepsl ¢
NoAspEO# OChI0 BIOAL OCH BpamweHns. B fanbueilieM akcuanbHas cuMMer-
Ppus Oyfier nommMaTbes Kak CHMMeTpH S OTHOCUTEIbHO OCH BpallieHus.
Paguyc ctepsl 0603nauMM yepes R. Kak u s noss B, BHYTPM NpOBOAS-
el Cpe/sl uMeeM ypaBHEHUS

1 i T —

".‘rot(]—rotB)—rot(IIxB +8)+ ig—- =0, (15.1a)
u o at

WvB<0 gum r<R, (15.16)

o . =
feo,uu@ onpe/leAfIOTCS COrAaCHO NPUHATHIM Bhilie NPEANONOKESHUAM .
BOB& ML MOXeM 3aMeHUTb o U G ma o U G*. Kpome Toro, uMeem

YpasHeuys
B =0, divB =0 gan r>R (15.2a,6)
'!c-lomm
1.0, v.5 -0 mpu r =R, (15.3a,6)
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B=0¢"3) npu r »e. (15.3p)
[peanonoxenus o cuMMeTpUy pacnpeliefieHns MPOBOAMMOCTY M ABMXeHuii
npuBOAAT K 0cobkIM coficTBam pemenult 3Tux ypaenenuft. PaccMoTpum
CHauala Mofie/u, cooTBercTByloume ypasrerusm (11.1) . . . (11.4), Qépa-
TYM BHMMAHWe Ha CBoficTBa CMMMETPUU OTHOCHTEJNbHO BpameHuii u oTpa-
xeunl, npucymux noism u u B aAnst gandoro cayuasi. Tounee roBops, pac-
CMOTPHM Bpallenus BOKpYT noJisiproi ocu, koTopsle npeoGpasyor u B
u™ ¥ B B B™, Tak uto

u:,o(t), ¢(’p 0, '?) =- u',e' ‘(r, 0, P - @o), (15.43)
B, o7 0 @) =B, 8, glT> © ®— o) (15.46)

A1S HEKOTOPOro Yraa ¢, a OTpERERI B SKBATOPHaIbHON NAOCKOCTH Mpe-
obpasyer u B u' uB BB, rak uro

ef
U olrs 6 9)=u 78, 9),

ug(r, 8, @) =—ug(r, w0, 9), (15.5a,6)
B:f‘fP(" 6 ¢) =--Br, (p(" w -0, 9),
B (r, 0, 9) =-Bylr, m — 6, 9)- (15.58,r)

Ecau ypasrenus (11.1) . . . (11.4) cnpasennussl fas faHHbIX u u B, omt 00
TATCS CNpaBefiMBEIMY NP 3aMeHe U ¥ B Ha u™°t ¥ B! i ma v u
B™ . Yepennsa (11.1) . . . (11.4), nosyuaeM ypaBrerus fns cpensnx noxelt
(12.1) . . . (12.5). OueBuano, oHM 0DAANAIOT TeMu Xe CBolicTBaMu. OHAKO,
COrJiaCHO HAUMM NpeANoJoXeHnsM, nepexofl oT u K ufet i X u* ef He pmAt
eT Ha CpefiHue NOAS U, B YACTHOCTH, Ha U, § u B. ClefoBaTebHo, NpuMe-
muMocTs (12.1) . . . (12.5) He HapywaeTcs, faxe ecau Toabko B 3aMeHseT
csina B™ um B, Mbl MoxeM npunsTh, uTo B nOSBASETCR TOTHKO B BA-
Ze E; G Moxer OuiTh BHIPAXEHO Yyepe3 U ¥ B. Takum obpa3om nosyuaeM,
uro cnpasefmsoctb (12.1) . . . (12.5) coxpansiercs, ecim B 3aMeHeHO H3
B i B"L Mockonsky ypasrenus (12.1) . . . (12.5), no cyru fesa, COB*
nagaioT ¢ (15.1) . . . (15.3), MoxHO yTBEpXHAaTh, uTO 4K060E NoJie B, KOTO
poe sBaAsieTcH pelekneM ypasnemuii (15.1) . . . (15.3) ocraercs peierseM
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9TUX ypaBHeHU# u noclie npeobpasoBanuii uiu oTpaXeHus, COrJACcHO (15.40)'

uam (15.5 B,r). AHANOrMYHBIe 3aKAYEHUS 10 OTHOMIEHMIO K CABMI'AM BO

BpeMeHH MOXHO NOJYUUTb U3 YCIOBKiE CTalMOHAPHOCTH pacnpefeieHus npo-
BOAMMOCTH ¥ OrpaHHueHN Ha BPEMEHHYIO 3aBUCHMOCTb ABMXeHMIL

15.3. (lapyransH bie MO bi MEBrHNTHOr @ NONA

Jio6oe B-Nofie MOXHO pasJoXuTh Ha napiyaibabie Mofibl. CHavana
Mbl pasfesM ero Ha ABa NOJAs B u B s» Tle B — aHTUCHMMeTpuYHas ,
a B — CHMMeTpuYHas YacTy o'mocm'e.nbno 3xsa-ropuanbnoﬁ NJIOCKOCTH.
MGIIOJleyﬂ pasnoxenye Pypbe, MOXHO NpefiCTABUTh KaxAoe u3 nojeit
KaK CyMMY BOIEeCTBOHHBIX M MEMMRIX yacTell KOMILIeKCHBIX BeAMUIMH
puaa C™'™?, rjie C™ — KOMILIEKCHO® OCECHMMETPHUHO® BEKTOPHOE noJie,
a m-lieloe HeoTpuliaTeibroe uucio. OueBuano, m =-0 coorBeTCTBYET
OCECHMMETPUUHOMY, a8 m #-0 — HEOCeCHMMETPHUHOMY OO,

TlpeanonoxumM tenepb, uro B-noje yAoBAETBOPSET OCHOBHBIM ypAB-
nemusM (15.1) . . - (15.3). Ecau B He sBasiercs ofinol U3 yrnOMSAHYTHIX
MOJ, TO MOXHO €ro pa3jioXuTb No TakuM Mofilam. BedeficTsue AuneliHo-
CTH OCHOBHALIX ypasHeHult ¥ YNOMSHYTHIX CBONCTB uX pelleHui i MOXHO
YTBEpKAATb, UTO pellieHHeM ABASeTCH KaxAas oTAeAbHas Mofia.

‘B-Mozini 0Go3nauaeM yepes 4 Wi S COOTBETCTBEHHO AAS CAYYAEB
8HTUCHMMMETPUYHOCTH MM CUMMETDHUHOCTH OTHOCMTEAbHO SKBATOPUAD-
Holt nuiockocTy M fobasiseM 3HaUY0K m, onpefesiomuil 3aBUCKMOCTD OT
9. Ipocrethune npumepn B-mop Tvnos 4 0, S 0, 41, S 1 faworcs Aunosns-
HEIMM U KBAJIDYNOABHBIMY NOJAMH. CooTBeTcTByOIIHMe 00pass! noss
Aann Ha puc. 15.1. Koneuto, B 00ueM ciyuae He CliefyeT OXUAATb, YTO
B-Monnl, KoTopele sBasiorcs pemenusmy (15.1) . . . (15.3), Gyayr uucro
AMNOJbHBIMY MY KBAAPYNOALHBIMY NOASMM. ITH NOAK TOABKO MUIPAKT HOMb
OCHOBHbIX Y/IeHOB B pa3J0XeHUX N0 MyAbTUIOASM, KOTOpble CofiepxXar
TaKXe WIeHnl BRICWIKX NOPALKOB C TEMM Xe CaMbIMU CBO/CTBamMu CHMMeT-
pun.

Bynem Tenepb yuutsiBath, uro B 06mem chiydyae B MenseTcs co Bpe-
MeHeM. PacnpocTpansis pasfoxeHHe Ha STOT Cayyail, noJyuwm B -Mofibi,
HMelomve By pemecTBenEO WM MHEUMON yacTeit OT BelMuHHbI
Cmex_P (imp + pt), roe C™ Tenepb KOMIAEKCHO® OCECUMMETPUYHOE BEK-
TopHOe noJe, He 3amucsIee OT ¢, a p-KOMILIEKCHAS NOCTORHHAs. Ecan
B-nose, KOTOpoe ABAReTCH pelieHHeM OCHOBHbIX ypasHemuii {16.1) — (15.3),



*BUOU LHBHOUWOM XIAHIUEEHOdOL YHHWU MWIEOdU 1aHBY BXHAOKD HiDBh YOWKNHH g
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ge MeeT Buila OfiHol U3’ BBe/IeHHbIX 3fiech B-Mofi, OHO MOXeT Ghirb pas-
x0XeHO 1o TakuM MofaM. [lo-npexseMy MOXHO NOKA3aThb, YTO KaXAas
13 MOJ TAKKe ABJISeTCA peleryeM ypastesmi. TloaroMy,-uocaenys muaMo-mage-
au, onpefielsiembl2 ypasaenusvy (16.1) — (15.3), Moxuo orpasnunTbes
3TYMK MOJLGMH.

Yrobm Gosiee feTalbHO UCCAENOBATH -B--MOJIbI, NOJOXUTh p =N — iQ.
Torfa UX 3aBUCHMOCTL OT @ ¥ ¢ MOXeT ObiTb BhlpakeHa Yepe3
cos (mp — Qt )c“  sin (mp — Qt)c)“. OcecuMMeTpuuHbie MOfIbI, LS
koTopbiX m =-0, B obleM cliyyae COOTBETCTBYIOT PACTYLMM UIM 3aTYXal0-
muM xonebamuaM. HeocecumMeTpuuble MOfbI, st KOTOPBIX m # 0, siBag-
0TCS BOJHAMM, PACIPOCTPAHMOWMMUCH B a3UMYTalbHOM Hanpasiemm. Ko-
HEUHO, B 9TOM cryuae peyuuna Q Oyler 3aBUCETb OT MCNOABL3YeMOit Ko-
opaunaTHoit cucrembl. s kako#-ambo AaHHOH! MOMb BCErAia MOXHO BhiG-
PaTb TAKyl0 CHCTEMY KOOPAMHAT, B KOTOPOii Q Gbl uCUE3J0, YTO COOTBET-
crByeT crosiuelt Boane.

15.4. fleTrann3aunA cpeanero NONA CKOPOCTEA W TYPOYNEHTHBLIX
SNEeKTPORBAKYIUMX CHR!

Cpennee nose 8 6yieM npeficTaBAATL Kak CyMMY [BYX YJeHOB

S, 4, (15.6)
TJie U, OBS3AHO C BpAWEHHEM, a U p — © MEPUIMORATLROH IppKyASIeit
Coraacto npunsTHM NPeANOIOXEHUAM, KK U , Tak U U p 00aanaIoT onpe-
Renernolt cummeTpuell OTHOCHTEIBHO OCH BPAWEHNUS M SKBATOPHAIbHON
IIOCKOCTH, T.€. OHY MHBAPUAHTHbI OTHOCUTEJLHO npeobpasoBanuil Buia
(15.4a) u (15.5a,6) u cramonapusl. Coraacto Haumm 0603HAYEHNAM, Be-
AMIHHNU, ¥ U, COOTBETCTBEHHO TOPOMAANBHE! M NONOKJANBHEL.

B namnefimem U, Gynem npescrasaftth B Bi/ie

i‘ =wxf, w=0& (15.7a,6)

Tfie @ — yrioBas CKOpOCTb, a & — elMHMUHbIA BeKTOp BAOAL NOAAPHON OCH
CicteMbl KoopauHat. ClefyeT OTMeTHTb, UTO B Npefbilyulel riaBe BMec-
TO wU & UCNoAb30BAIUCh 0003HaueHns @ ¥ Q. KoMnoHenTsl U, 0Go3Ha-
SaoTcs kak u, u ug. Coraacko (15.3), mnl TpeOyeM u, = 0 npu r =R.
Tpu paccmoTpenms saexTponsuxywel cuisl § MoxHO ucxoauTh U3
CoorHomenus (12.7), poibupas yacThelit Bu kos(duipeHTOB L biih
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COrIacHoO MpUHATHIM 37ech npeanonoxenueM. flonobuo ypaprenusm (I1.1),
U3 KOTOpBIX MOr'yT ORITh nosyyennl cootHomenus (12.7), oHu moxxub Gbitn
COrJiacoBaHbl C BpAIIEHUAMY U OTpaxeHusMu nojeli u u B, Kak 910 Ciefly-
et u3 (15.4) u (15.5). Mpu Bpamenusx u orpaxennsx Bemmuuna & npeod-
pa3yeTcs Kak BelMuuHa u x B, KO‘I‘Opaﬂ B CBOIO ouepellb BefleT ceba Kak
u; nosToMy. MoXHo onpefieauts Gt u § el CooTBETCTBEHHO TAKMM Xe
obpasom, Kak u™®t u vl Ecam (12.7) cnpaBefiuBO Aas AaHHbX §, u
¥ B, OHO OCTAETCS ChpaBefJuBbIM Npy 3aMeHe 9TuX peduund Ha §™°',
u® B ywau ua 7, u™ u B™. Corsacko nammm npenosoxenus,
KO3PdMIPIEHTH! a . ., b. iji2 SABMCSLE TOILKO OT U, HE 3ABUCAT OT 3ame-
HHL U HA U™ w U Cnenosa-rem:no, BpallieHu s WK OTPAXEHUS TOIBKO
Belywn G u ‘B se napymawr npuMernMocTy (12.7). FT0 npuBOAUT K on-
pefie/ieHHbM OTPaHHUEHUSM Ha CTPYKTYPY a,. ¥ b 4+ Kpome Toro, cBsi3p
Mexay § u B u, ClleOBATEALHO, MEXAY a 'y b" 4 He 3aBUCHT OT Bpe-
menu. Hanbosiee obuiee Bripaxemnye ms G, Ko-ropoe YIOBAETBOpSET BCOM
9TUM TpeboBaHuAM, SBASETCH OUYeHb CAoXHBM. Ono OyneT npuBefieHO B
KOHIle [JaHHOr0 pa3fiea.

O6paTuMcs cnepBa K YaCcTHOMY ciayyalo. HanoMuum paccmorpense,
npuBefieHHoe B pa3fl. 5.3, # ucnoib3yeM Mofielib C NOCTOSHHON 3JEKTpO-
NIPOBOAMMOCTBIO ¥ TOJBKO TBEPAOTEALHHM CpefiuM ABuxenueM. Ilpeano-
JOXUM, YTo TYpOYACHTHOCTH HEOJHOPO/IHA, & UHTEHCUBHOCTD €€ 3aBUCHT
TOABLKO OT pafuyca. TypOyleHTHoe noJie He uMeeT Kakux-1mbo BbllelieH-
HBIX Hanpaslenul, KpoMe Tex,KoTopbie JA0TCH rpajMeHTOM MHTEHCUBHC-
CTH ¥ OCBIO. BpallleHysi, T.6. OMHUUHLIMY BeKTopamu f, rief =r/r, u &
Kpome Toro, orpanuuuMcs cliyyaeM, KOrfa rpaMeHT MHTEHCUBHOCTH U
CKOpOCTb BpalleHus IOCTATOYHO MaJbl, TaK UTO BeJuuuty § MOXHO
cuuTaTh Junelino 3aBucauelt or kaxnol u3 sTux Beawumd. Toraa noiy-
uum _

G =—~BrotB ~yf x B —81(6 . V)E -

-6, -8,)V(&-B) = (f- &)B —a,((F - B) b+

+(S - B)) - (T -B)O~- G- B)); (15.8)
HeKO‘I‘Opble qJieHbl MOXHO nepenucaTb corJiacdo

~8(8-V)B ~ (5, ~5)V (& - B) = 85, &xT —5,9(&5 - B), (15.98)

~o,((p-B) &~ (& - B)7) = (& xF)xB. (15.96)
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:
‘Ech" TypOylienTHOE noje HUKCUPOBAHO, TO KOIPIMIMEHTHI By, . . .
3aBUCSTT TOJLKO OT 7. [To cpaBHennio ¢ pasg. 5.4 u 9.3 o6osHauenus
3[e6b HECKOMbKO UIMEHEHbI lyTeM BBefletnA &) =B, u -8, =P ,+B,.

Hecmorps H& YNIOMSHYThle Bbillie CllEMAJbHbEIE NPEe[NOIOXEHUH, COOT-
pomenns (15.8) ans G- oxsaremaior Bce 3¢PeKTH . KOTOPHE, Kak ObLIO
"TIOKA3aHO, CYIeCTBeHHb! 1A% OCHOBHBIX MHAMO-MEXaHU3MOB, PaCCMOTpeH-
HbIX O Hacrosuiero BpeMeny. B fanbuefitieM Mbl GyfieM copinaThes raas-
HbM 00pa30M Ha 3Ty cooTHowenus. Jns koadpduimentoB B, y, . . . Oyder
YUMTHIBATHCA 38BUCHMOCTb KaK OT 7, TaK U OT ; KoHeuwo, OyneT Tpebo-
BaTbCS CHMMETPUS OTHOCHTEJbHO SKBATOPHAILHOM NIOCKOCTH 6 = 17/2.
HanoMuMM KPaTKO CMbICA pa3iMYHBIX Ko3bduiMenToB, Aaomux Bkial B §
u Bxofsumx B Buipaxenue (15.8). Unen ¢ p oTpaxaeT BOSMOXHOCTb BBefle-
Hus TypOyJieHTHOM 3J1eKTPOPOBOAHOCTH, ¥ MMEKTCS OCHOBAHHSA Npe/ino-
AOXuTb, 4T0 1/uo + B > 0 (cMm. pasa. 3.5 — 3.9 u 7,4). UseH ¢ y onvcel-
BaeT NepeHoC MArHMTHOT'O NOTOKA, NOJODHLI nepeHocy ; CBA3AHHOMY cO
CpenHuM ABMXeHMEM B palMaibHOM Hanpasierum. [lo cBoeMy CMBICIY OH
cesi3al ¢ TypOyAeHTHON MarsuTHO#M NporNuIlaeMOCThI0 (CM. pa3f. 5.4, 7.2 u
9.4). Haubosee BaxHo# yepToil “JIEGHOB X 81 u &, ABASETCS TO, YTO OHK
OHUCHIBAKT wXx j -3¢deKT, T.e. NoSBACHUE SAEKTPOABWNYIeH CHJL], PO~
nopimonatbHofi dx §. 3To BumHo u3 npapoi uactu (15.9a). IddeKT SKBU-
BaJEHTeH NOSBIEHMIO aHU3OTPONHOH 3AEKTPONPOBOAHOCTH (CM. pa3l. 5.4 u
9.3). Hakonen, 4ieHkl C «, &, H a, CBA3aHH C a-3¢dekToM. U3 stux
4ieHOB HauGoJiee BaXEH TOT, KOTOPhIA CONEPXUT o , ¥ onucbiBaeT «-3¢-
dexT A% ciayyas ONHOPOAHOH, USOTPONHOM, HO HE 3epKalbHO-CUMMETPHY-.
Holi TypbyaenTHocTy (cM. pasf. 3.5 — 3.10, 5.4, 7.3 u 9.4 — 9.6). B sTom
cMeicae 6yaeM ropoputh 06 "uaeaau3upoBaHHoM a-3¢dekTe”, Koria pac-
CMaTpUBAETCH TOAbLKO WieH C «,, ¥ 0 "pealbHoM a-3¢ipekTe", ecy yuu-
THIBAIOTCS Takke Apyrie WieHsl. UieH ¢ o, onuchiBaeT aHU30TPONMIO & -3¢-
bexra. Kax suiso u3 (15.98), wie ¢ o, OnpefleAsieT NepeHOC MarHUTHOro
noToka, nofobxo nepeHocy [As BpallaTeJbHOI'O ABHXEHHI.

B nabneitimem GyneT noka3ana Gosbuas BaxuocTsb o-3ddexra. Jas
MHOrux npuioxetn#i noie3Ho BBeCTH Beluuuny o2 onpefieasieMylo Kak

cos 0. (15.10)

+ A A
A = . = -
Gl(r W) =—a,

Ouepmaio, posib o nonobHa poly BeduMHbl o LA clyyas OfHOPOAHOH
H30TponHoOM, HO He SepKaibHO-cuMMeTpuuHOR TypOyienTrocTH. ChelyeT
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w-adijexr U up-aqxpem, a MHAYKIMOHHbIe 3peKThl QAYKTYAUMOHHBIX ABy-
XeHuii, onpefiejiseMble OTAEALHEBIMY UJIEHAMYU BQ, — KaK p-addekr, Y-9¢-
ekt U T.0.

15.58. flo6aBouHbie CBOACTBA CHMMETPHH OCHOBHbLIX YPaBHEHHA
»

Ormetum cymecTBerEble cBolicTBa oCHOBHBIX ypaBHenuit (15.1) — (15.3),
KoTopble GyAyT MCnoJb30BaHH B ajibHelumeM. JLis aToro paccMoTpum
cHayaja Mofleiu, cooTBercTByloulue ypasienvuam (11.1) — (11.4). Ecom
panbllie Mbl OFPaHUUMBANKCH BpalieHusiMK Rojieli u 1 B BOKpYT ocu Bpaue-
HUS M MX OTPaXeHUSMHU B SKBATOPHANbHON NIOCKOCTH, 06paTMMCS Teneps
K OTPaXeHUAM B MEPHAMOHAJILHEIX MAOCKOCTHX. C yueToM BO3MOXHOCTH
BpaieHu# oCTaTOYHO PACCMOTPETh OTPaXeHue B miockocTy ¢ ¥ 0, KoTo-
poe npeobpasyer u B u™ y B BT , Tak uro

u:‘:;. (r, 8, @) =u,_g(r, 8 —), u'f(f, 8, @) =-u,(r, 8, —¢),
(15.16a,6)

B°Lr,0,9) =B, o(r,9,~9) B (60, 0)=B(n 0, —p)
(15.168,r) .

CnpasenmBocts ypasrenuit (11.1) — (11.4) no-npexuemy coxpansercs
npu 3aMere u u B na u™® u B ref 310 BepHO Takxe aas ypaBHenuil cpef-
nero noast (12.1) - (12.5). B oramume oT pacCMOTPEHHBIX Bhiliie Bpamexui
U OoTpaxeHut, oOTpaxeHye u B MEPUAMOHAIbHON NIOCKOCTH, T.e. 3aMeHa
u Ha u™, B obmeM cayuae MeHsieT KaK U, Tak u 6. Ecau, coraacro
(15.6), npefCcTaBATb U KaK CyMMYy i‘ u Ep, NOAY4UM i'f‘ =-u, ¥

i‘:‘ = b [as npocToTh! orpaHUuEMCs YacTHbIM ciydaeM (15.8) nas
Beauusnibl §. TyreM Takoro xe anam3a, KaK BIIOAHEHHBI! Bbillle 15
cllyuaeB Bpamenvit U oTpaxenuii, nolyuuM, uro cnpaesefauBocThb (15.8)

He napymaeTcs npu 3avere § Ha 'Q'd. Ira 3amMeHa oCylleCTBASETCS
anajorudko savene u a u™® v B na B, npu KoTopo#t ko3ui-
eHTH B, v, - . . 3amensiorcs va p™, y*%, ... . U3 sroro rpebosamms
ErKo 3aKAouuTh, uto B =8, v =y, HO (3':‘ =B (a'zef =—B,
aref o o " a’;‘ =—a, ¥ or‘:;"f =—a,. [lpunumas BO BHUMAHKE, ITO
npeobpa3oBaHue (15.16a,63 MeHSieT noJie u TakuM obpa3oM, YTO npaBoe
cnupajibHOe BpamieHue MeHSeTCH Ha JeBoe u 00paTHO, y6exnaeMcs B TOM,

4TO 3HaKK NpeobpasoBaHHbIX BeJAUUHH NOJYYESHH! NPABUALHO.
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JroT pe3yAbTAT NPUBOUMT K MHTEpPeCHbIM 3akioueruaM. [lpsanoso-
%uM, UTO pelllena: 3ajiaua, onpefleisiemas ypasrenusmu (15.1) — (15.3),
(16.6) u (15.8) Ans vacTHHX snavenui U, Uy, By v, - . . . Jpyrvmu
CcJIOBaMH, NIPEONONHM, YTO H3BECTHH COOTBETCTBYIMe nois B. Tor-
[ia MOXHO PACCMOTpeTb [PYrylo 3a/iauy, OMACHIBAEMYIO STHMH Xe ypaB-
perusAMH noce npeobpa3oBaHus

5, 4T, T, (15.17a,5)
BB, YoV (15.17s,r)
ﬂl "_ﬂ‘\:ﬂz +-Bgy (15-1'.”‘!3)

‘x'-.'—-u'l, [« ]

1 -»..uvz,aa-»—u

) 3 (15.17x —u)

Torfa pellerue COOTBETCTBYET npeobpazoBanuio
B-B"f, (15.18)
rae B'*f onpenesero us (15.168,r).

15.6. (pruBefeHrne OCHOBHbIX ypaBHeHHH

Obparumes k pasa. 14.2, B koropoM ypasrehus (14.1) - (14.3), onu-
CHIBAIONpE OYeHb NPOCTYIO Moielib TYpSyAeHTHOrO MHAMO, NPUBEIEHH! K
YpaBHeHuAM LSl HECKOJAbKUX CKapHbIX QyHKimi. C ypaBHEeHHAMHU
(15.1) = (15.3) Moxuo ofpamarscs nofgobunm xe o6pasom. st MpocToTH
BMecTo B u u B JaibrelineM GyfieM nucathb B u u.

" Kak u npexze, pasfemm nojie B Ha Topou/iajbHylO yacTb B ; 4 nodo-
WAATbHYIO B, TaK uTO

BB, .8, (15.19)

¥ Ha ocroamm (15.16) u (15.26) noxoxum
Bp =rot A, (15.20)

Fhe A, — uicro TopouiaibHbIl BeKTOPHEIA NoTeRIMAN.
OrpannuuMcs cHavana ClydaeM 0CeCMMMETDPHUHOro nois B. Ypapxe-

Hust (15.1a) Bmecre c (15.19) paior
1 dB,

~——rot ( l—rot B, ) —rot ((u x-B)p +-'gp) + =0, (15.21a)
H c

dt
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Gbit onpepiedennl Aaxe Ge3 pasioxemusiu x B u G, Kak 370 Gb110 Clie.
AaHo B (15.25) u (16.26), T.k. u3 (15.29) crenyer

C®B)_ (uxB). L ] (15.36a)

D®B) = ror(u x B) - @, =rsinBdiv((uxB)xe, /rsme), (15.366)
cd-g. (15.368)
D) = rot Q; +'6, =1 sin@ div (G x e,/ sin6). (15.36r)

Bripaxasi u uepe3 w u u,,aB yepe3 B u A, noayuyum
cB)_, _ (/r sine)up - V(r sin0 4), (15.37a)
pB)_ _, sinﬂdiv(upB/r 8in0) + (Vo x V(r sin6 4)) - LR (15.376)

Ucnomsys G B sune (15.8), noayuum
C(g)=-BA'A + 1L ?a_ (r4) _51".‘, .V B _or]_(? . @)B, (15.38a)
8

r
© r
D) _ s sin6 div(—F 5 V (rsin®B))+ — - V(yrB)+
[ 4

r sin

A

5 r.oxe ‘
+78infd « V( A A‘+(V5 x V ( v{rsing4)))- by +
7 sin© rsmﬂ;
a,(f- @) X2 A
+rsm9d1v(————-—-lv(rsm6A))+(r xe) V( (& xeq,)x
(r sin0)2
a, o,

(Fxe,)- V(rsmeA))+(V(-—)x

X V (rsin 04))+ (b x e,) -V (

rsin®
x V(r sin 64)) « L (15.380)

U3 (15.37) MoxHO 3aKMOUWNTH, YTO TBEPAOTEJbHOE BpaljeHye, T.e. Bpalle-

Hye C w= const, He BAMSET Ha ocecuMMeTpuyHoe nolie B. [lonobubiM xe

odpasoM (15.8) nokasbisaer, uro 5,- wm o 3 -9dbekT cooTBeTCTBEHHO

He MrpalT Kakoit-mbo poau, ecan 5 =.const mm eCIH o /r =-const.
Paccmorpum Tenepb obumit cﬂyuaﬁ ‘“T.€. HE oﬁaaa-renbno ocecH™

MeTpuunnie noasi B. [as NPOCTOTHl NPEMNIOAOKHM B STOM CIY4ae,
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70 OpOBOAUMOCTb 0 33BUCHT TOJILKO OT 7. Torzna ypaprenus (15.21) —
(15.24) ocTaloTCH no-npexHeMy cnpasepausbivu. CooTromerms (15.25)
u (15.26), OfiHAKO, HE COXPAHAIOTCS.

[loxoxiM Tenepb

B, =—rxVT, (15.36a)
A =51 xVS, (15.396)
KpoMe TOro,

(ux B), ==t x VU ®B) (15.40a)
rot (4 x B), = —r x VP(4P), (15.406)
G, =érxA u(§) (15.40p)
rotGlp = —# x VP, (15.40r)
u norpebyem

HTdS = F5dT = . . = VM5 - 0. (15.41)

310 no3poaser npusectu ypasuerns (15.21a) u (15.22) k Buay

1 do d : aT
% (AT - — Er— . (rT))+V(“B)+V(§) - > =0,
(15.42a)

— as + 0B, gS) _ Z_S -0 ms r<R, (15.426)
ypasnenus (15.23) k Buny t
T=0, AS=0 gams r>R, (15.434,6)
8 ycaosus (15.24) k suny
T=0, [S]1=[3S/9r]1=0 ®a r=R (15.44a,6)
S=Q(r=?% npu r > (15.44p)

Ocraercs nafiru COOTHOLIEHUS, CBA3LIBaOL{1e y(B), vB) y & " V(Q)
CTuS.BosbMeM rot oT ypasreruh (16.40) u yMHOXHMM NOAYYEHHbIE
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ypaBHeHust Ha r« Toraa noayuum

QU®B) wy . rot {u xB), (15.453)
QV“B) = _r . rot rot (ux B), (¥5.456)
oU(§) =~r: rmt §, {15.455)
Qfl(g) =—r . rotrot §, » (15.45r)

rfie npaBble YaCTH MOT'YT OLITb TaKKe nepermicaibl ¢ noMoubio (13.34),
Bripaxasiu u B yepe3 w, u b’ T u S, nocae npocTbiX npeobpasoBanuii
NOJNYYHM .

QUMB) = ¢ (V (r U,y x VT) —wQ 95 _aw (u,QS) +
de

. d
+ V(f . up) . (fAS -—VE: (fS)), (15-463)
oVEB) . _0(6 2T | U, - VT)+ &v(r x (V(r - u,) xVT)) -
do L4
- O (wid-(rAS -V —;— {rS))) —div(r x (6x6(wQS)))+
r

+div(r xrot ((r xu,)AS +u, xV —‘?h rS)). (15.460)
4 14 ar
Bri6upas G. B une (15.8) u cropa Buipaxas B uepes T u S , noaywm

o) s . yvp xv -:— (rT) = div(rx(r xp V AS) +
4

+1 - (V(yr)xVT) — div(r x (r x -Z—V __0_ (rS)H-
r ar

-& - V.(5,QT) + V(5/(r - &) - (rAT _;v?a’ 7))+

aT
)_
B

+1 - (V(By(r - &) xVAS ) —r > (VE, x V

—r (v, x V(& -(ras -.V:;?- (rs)) +
. r
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sdiv(r x(Fxo(f - S)VT)+r - (V(ai(? . 4-3))xV—Z—lfS))—
r

a2+d‘3 o a8
r g (15.47a)

Qv ) -~ div(r x(r x V(B AT) +VE xY - (7)) -
14

- 1 _a_(rzr.-.(v‘ngAs))~:+Q (y-—aT ) —div (r x(V (yr)xVT)—
r Jdr 3 or a8, a7
1 4 2, Y S — (5 —r 1 —_— -
-— (r% (v.(—’ ) xV o> (rS)) — (5, -7 = )a 39

\ 3 o
5. - VT(,S—:)H (& - V) (U8B, "V'aT('T)))+
+0Q(8, - VAS) - div(rx (A(5,(r- w)) x VAS)) +

+div(r x (V8; x V %——))+le(’ x (VB xV(@«(rAS—V —-(rS)))))+
o

LA —(12r V(e (F - B xTTY) —div(r x (r xa,(F - HUAS)+
8

+div(r x (V (o (F - &) x (rAS - \776' S -

PN a +a3
~div(r x (0 x V( QS)) +
r
I gR— A=
b0 (277 9T o223 4. (S —y - (rS))). (15.476)
7 de 7 or
Murepecro 3ametuts, uro A1 mobbix f u F
div(r x (r x fUF)) == Q(fF) —div(f x (r x FVf)). (15.48)

Ecamaf/aq;=-0, TO
ro(Vfxvrya 8 9F

. 15.49
rsin®@ 90 do~ ( )
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K coxanenmo, ypaBrenus (15.46) u (15.47) neab38 npsAmMo NPOHHTErPUPC =
BaTh. TeM He MeHee OHM NOKa3LIBAIOT, YT B OTJIMUME OT Clyyas oce-
CHMMETPHYHOTO NoiA B, cpefinee BpalleHue C o =-const, 8 TAKXE K 430
PeKT ¢ o 3 /T =-const BIMSIOT HA HeOCECMMMeTpHUHOE node. Kak u
npexie, 5, -3¢dexr He BO3HUKAET, €Cly 5, =-const .

Bo3sBparumcs ele pa3 k yTBepx/IeHUAM, OTHOCSIIMMCS K npeobpa-
3osamnsiM (15.17) ¥ (15.18). las ocecummeTpuuroro noas B-npeobpaso-
Baume (15.18) npocro osnauaeT, uTo B, »-B, u B, - Bp, # YNIOMSHY-
THie yTBepXIenusi MoryT ObTb cpasy NOATBEepX/eHb! C NOMOIBIO ypas-
remmit (15.21) — (15.26). B obuiem cayuae, BKIIOUAIIEM HEOCECUMMET-
puunoe nose B, npeobpasopanme (15.8): skpuBanentro T(r, 0, @, t) »
+—T(r,0,—9,t) u S(r,0,9,t)+S (r, 0, —9, t). 310 yTBEpXIE-
Hue MoxeT OHTb Takxe noiyuero u3 ypasnemnit (15.42) — (15.44),
(15.46) u (15.47), xoTs Gosee CAOKHEM COCOBOM.

15.7. Bo3aMOXHble BHMAMO-NMeXaHH3Mbl

Y1061 y3HATD, Kakue THIIL! TYPOYJEHTHBIX IYHAMO-MEXaHH3MOB BOS-
MOXHH, Hccle/lyeM, Kakue KOMIOHEHTH! CPEeiHEro ABMXEHNUS U 3JEKTpo-
IOBuxyuiedl cuanl, 00ycaoBJeHHble DIYKTYATUBHLIMY JBWKEHHAMM, MOTYT
MEeHEpUpPOBATDL ¥ NOAJAEPXHMBATH MarHMTHBIE NMOJA.

Cpeumee nqne ckopocteii u, coraacto (15.6), cuosa 6yneM nonumars
KaK CymMmy [iByx yacrefiu, uu p» OMUCHIBAIOIMX BpAIlISHHO U MepHIMOHATL-
HYI0 IMpKyasipio. Kak u B cllyuae 31eKTpoABHXYeH Cuibl Q, eCJu HeT
DONOJHHUTENbHBIX 3ameuanuil, Oynem NPUHMMATD BO BHUMAHHE TOJILKO
unentl, Bxofsme B (15.8), u Oyaem cunratb nosoxureasubM 1/po +B.

To-ripexuemy Oyiem paccmaTpusaTb noJe B, kak cyMMy Topoufalib-
HO# ¥ noJoupanbHoll yactelt B  uB P’ Tlpu ofcyxziennyt BOSMOXHBIX IyHAa-
MO-MEXanu3MOB HaJl0 pasiuyaTh PasiIuuHbie TUNbI CBS3H Mexay B, u B b

Cuavana paccmorpuM cliyuali, korfia nojie B u, clefioBarelbto, B, u
B p OCECHMMETDHUHHI. U3 ypaenensit (15.21), (15.25).u (15.26) Hernocpef-
CTBEHHO BHAHO, KAK BJMAIOT Ha B, u B, 3ddeKTs!, Casmsaiibie Cu U 6. Cxe
Ma 3THX 3aBucuMocCTel ana Ha puc. 1%.2. CreflyeT nOMHUTD, UYTO Cpefi-
Hee BpallieHne CTAHOBUTCS 3(OdeKTHBHLIM, T.e. nosBiseTcs w-3¢dexT,
TOJbKO €CJIH « U3MeHAeTcs B npocrpancTse. [lofobubiM xe obpasom

5, -adpexr MrpaeT poib, TOMLKO ecii O, He NOCTOSHHO.
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Puc. 15.2. Bnum-lue MHAYKUHOHHBIX 9DeKTOB, CBA3AHHLIX C U M g H8 TOPOMu-
AANBHYIO H# NONOKAANBHYI0 KOMNOHEHT.I B # B ocecHMmeTpuutoro B-nona,

Jlnst Hauaia BHSICHUM BO3MOXHOCTDb [Hamo Ge3 kakoil-nm6o cBssu
Mexay noismu B u B . Cornacro cxeme Ha puc. 15.2, imHamo Takoro
THNA MOXET cymec'rBona'rb TOJIbKO BCIGACTBHE U, -, » B- nau y-sddexTon.
Ypobu u3bexare Kakol-anbo ceisu noneit B , B 0’ Boobie rosopsi, Halo
HCKMOUNTE 3P PEKTH o, Oy O, O 5, u 5, Ilono6roe avramo cno-
co0HO reHepHPOBATh MM UMCTO TOPOMAANBHOE MMM YUCTO NONOMAAIBHOE
B-none. OT™MeTHM, UTO AMHAMO C YMCTO TOPOMAAJBHBEIM B -moJieM mpej-
craBisier cobolo "HeBuIMMOe AMHAMO", TaK KakK MoJe 5TOro THNa BCer-
Ra 3aKJ0YeHo B NpoBoAsuieit coepe, T.e. paBHO HYJIO Ha €€ NOBEPXHO-
CTY ¥ BO BHELHeM npocTpaHcTse. KpoMe Toro, B 9T0M ciyuae JocTa-
TOYHO MCKJOUATD TONBKO & - X ) -3(1>d>e|cru W=y G,y Ay U 5,
stipexTn! BoOOIE HE NOSBAAIOTCS.

TJocKonbKy MBI paCCMaTPHBAEM 3/16Ch TONBKO OCECHMMETpHYHOE
nojse B, u3 TeopeMb Kaymura clesyer, uTo AAs CTALMOHAPHBIX mojeil
He cymec'mye'r IMHAMO, 00YCAOBJICHHOIO u, » B- uam y-3ddexramu.
EW u, 4 yr COJeHOMIANRHO, a B noc'rommo, TO, COrMIACHO TeopeMe
Kaynusra B gopme Bparunckoro, IM#aMo OTCYTCTBYeT Takxe LISl He-
cralporaprbiX noJeil. Hakoneu, ecmu,_= 0 u y = 0, To BcleAcTBue
(12.8) moboe aunamMo HeBO3MOXHO. B 3akOueHHe OTMETHM, YTo B 60Jb-
LMHCTBe cayyaes AMHamo Oe3 cBf3u noseit B , uB , HE CyllecTByer. Hu-
4ero nofiobHoro Helb3st YyTBEpPXAATH, 6CHH TaKas CBA3b UMEETCS.

Tpennosoxum Tenepb, YT0 MMeeTCs CBS3b Mexay B, u B , koropas,
OllHAKO,- NpOoABAsieTCH UK B OLHOCTOPOHHEM BJIMAHNN B na B b’ uau B pna
B » HO HE JlonyckaeT B3anMo/lelicTBUst MeXAy B | B [IocKoany IMHAMO
6e3 B3anMuoit casizu B, u B, HOBO3MOXHO, cne,zwe'r 3amomﬂ'b, YTO He-
BO3MOXHO TaKxe mmamo C TAKUM MPOCTHIM TUIIOM CBS3H.
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Takum obpa3oM, ofHOBpeMeHHOe BIMsHMe B, Ha B p U obpaTHo, T.e.
B3aumorielicTeue B, u B p» FBISETCS NPEABAPUTEIBHBIM YCJAOBHEM CYIieCT.
BOBaHUS AMHAMO LISl OCECHMMeTpHYHoro noas B. Kak punno Ha puc. 15.2,
9r0 B3auMo/ieficTeue TpebyeT o, wm 5 -3ddekra. [losromy HAJHUHe
o, WM 5,-3¢pekTa NpeACTaBIseTCH -Be00X0MMBIM yCOBHEM AJSI Cy-
MEecTBOBAaHMS AMHAMO OCECHMMETPHUHBIX noJeii. PaccmaTpusas funamo
Anst  -5¢dexra, HauHeM CO Clyuasi, KOr/ia HeT HUKAKHUX TYpOyJeHTHbIX
3¢ekToB, kpoMe o, -3ddekra, U He yIUTHIBAETCS Kakoe-mib0 cpelinee
ABUXEHNE, KpOME TBeploTeJbHOro Bpamenms. Jaxe B 91roM npocToM
CAyuae BO3MOXEH AMHAMO-MEXAHH3M, KOTOpH NOepXHBAeT CTaIMOHap-
Hoe noJe B (cM. pasn. 16.3). INockosbky reHepaims Kak B, u3 Bp, TaK Y
Ip u3 B, ofycrosiena o -3¢dekToM, MOXHO FOBOPHTD O o?-Mexanu3Me
um o co?-nponecce. THnUUHBIM NPU3HAKOM STOO MEXAUW3Ma WBISETCS
omHakoBhit nopAfoK BeayunH B, u Bp.

O6patum BEMMaHKMe Ha SHepreTHdeckoe coorHomerne (12.8). Jns
9TOr0 Cayuas AuHaMo npasas qactb (12.8) HeoTputiaTeabHa. [lockoabky
nepewii UleH AaeT OTpHIaTebHb BKAAJ, BTOpO paser Hyo, TpeTuil
YieH foJkeH obecneuuTh AocTaTOUHO 60AbMON MOAOKHTENAbHEI BKAAL.
Taxum obpasoM, HeoGXoMMoe YCIOBHE AAf « 2-MeXaru3Ma COCTOMT B
TOM, YT0OH! GyHKIMS cxl(? . @)(j - B) 6bL1a B OCHOBHOM OTpHIATEAbHA,
TaK yToObl MHTErpai OT 9Toil BeauuuHsl, B3ATHH no o6veMy nposozsile-
ro Teaa, SBALNCS OH OTpHIATEALHBIM. ITO SKBMBAJEHTHO TpeboBaHUIO,
qr0bn Qynximsi o*B - rotB, rae a* onpeneasercs cornacuo (15.10), B
YTOMSIHYTOM Bhllie CMEICAe Gblia 66 B OCHOBHOM NOJOXHTENbHOHA. W3Me-
HHM Tenepb UCXOAHBIE MPENOOKEHUS yTeM 3aMeHH «, - 9¢dekTa Ha
Sl-atpq)ex'r. U3 eoorromennsi (12.8) nerxo yBufleTb, 4TO B 3TOM Clyuae
mynamo me paGoraer. Tperuil uneH, kak u BTopo#, B npaBo# yacTy (12.8)
PaBe# HyJIO; NMOABIHTErpabHoe BRIpAKEHNE paBHO HyJicBeiofy. [loaromy moboe
B-nose 3aryxaer.

PaccvoTpiM Tefiepb BO3MOXHOCTb IMHAMO, KOTOpOe [ieficTByeT B pesylibra-
T KOMOHAINM o - MM 5 -5(DeKToB C APYrUMH MHAYKIWOHHBIMY st dek-
Tamu.

Eciu o -3bdekT BXOomMT B KOMOMHAIMK C PYrHMH uﬂngmmonnbmn
s¢dexTamu, To cllelyeT OXMAATbE HEKOTOPOro USMEHEHHS o “-MeXaHU3Ma.
ByAieM aHANH3MPOBATE TOABKO KOMOMHAIMIO o, -3(deKTa C HEORHOPOIHBIM
BpamenyeM, T.e. ¢ w-3ddexrom. [oka w-3¢dekT HeBeaMK, AMHAMO B
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oCHORHOM OYAET onpefiensitbCst o 2-mexanm3moM. OHAKO [IOCTATOYHO
cHAbHOE HEOJHOPOAHOe Bpallerue rapasfo Gosee sbdekTUBHO A1s reHe-

pam B, u3 Bp YeM o -9Q)<1Jem. Takum oOpasoM, CTaHOBUTCS BO3MOX-

HBM 'raxoﬁ [MHAMO-MEXaHU3M, NPY KOTOPOM IeHepaims B u3 B obyc-
NOBJEHA MaBHLIM 00pa3oM HEOAHOPORHLIM  BpAIIEHHEM, 'r.e. co-'a(M)eK-
TOM, @ CYILIeCTBEHHAs! poJib aiatbtbex'ra orpanuueHa resepamyeli B, us
B,. Taxoit MEXaHU3M MOXET MONeP¥MBaTh KaK CTAIMOHAPHOE, TaK ¥ OCLMIF
Jupyomee B-nose (cM. pasp. 16.4). B stux cayuasx GyneM roBoputh
06 aw-Mexann3Me um aw-npouecce. O NpUBOAAT K ToMy, 4To B, Ha
nOpsAOK NpeBblliaeT Bp. UurepecHo croBa obpatutbes k (12.8). Iockoan-
Ky HeollHopo/iHoe Bpauehne obecneunBaeT SHeprueil cpefiiee MarHuTHOe
noiie, BTOpOit uNieH B MpaBoit YacTH BHOCUT MOJOXUTENBHHI BKAal B
crosee TaM Bbipaxenue. s aw-Mexanu3Ma ReobxofiumMa KOMNeEHca-
WS IEpBOro YIeHa BTOPLIM WISHOM, B TO BpeM$ Kak TpeTHil uieH sBas-
©TCH HECYIIECTBEeHHbIM.
He eam no cebe 8, -3QdeKT, @ TONBKO ero KOMOUHAIMY C APYTHMU
MBEAYKIMOHHBIMM 3(dexTamy NpUBOAAT K NOABIEeHMIO AuHamo. [Tofobro
a« -3¢dekTy, SiBQ)Q)eKT, COBMECTHO C IOCTaTOYHO CHABHBIM HEOLHOpPO/-
HHM BpallleHHeM, T.€. ¢ w-3PPeKToM, Co3/IaeT BO3MOXHOCTb AMHAMO-
Mexauusma. [lo-npexnemy B p renepupyer B, , ri1aBHbIM obpasomM Bcaes-
cTBie w-3¢deKTa, a Bp u3 B, reHepupyetcs SI-SQ)Q)eK'rOM. TakuM obpa-
30M MOXET NOAEPXUBATLCH KAK CTALMOHADHOE, TaK ¥ OCLMJIMpYilee
B-nose (cM. pasa. 16.5). ARAROIUUHO Co~MEXAHU3MY MOXHO I'OBOPHTD
0 Sw-Mexanu3me uim o Sw-npoliecce. B sToM ciyuae B, muoro GoJbe,
YeM B, .
03BpaTHMCH elle pas K cootHomermio (12.8). B E:nyqae Sw-Mexanu3-
Ma Tperuii uner B npaeoit yacry (12.8) paBen nyao. CpefiHee MarHMTHO®
NnoJle, TOYHee I'OBOPS, €0 TOPOWAILHAS KOMIOHEHTA, NONYYaeT SHEPruio
TONBKO OT HEO[HOPOAHOI'O BpAIICHNUS. 51-3¢q)ex'r He MoxeT obecneuuTn
SHepruelt cpennee MarHMTHOE noje; oH obecneuyBaeT TONBKO Nepenavy
SHEpruy OT TOpPOMIANBHON K MOJOHAANLHON KOMIIOHEHTE.
Ocraercs uccaeiopaTb, MOXET Ji koMOuHaIMs 5, -3¢ dekra c 5,-
Oy~ WU o 4-3¢peKTOM MpUBECTH K AHCTBUIO AUHAMO. HACKONBKO Mbl
BHAMM, He MMeeTCS CTpOruX apryMeHToB!, IpoTHEOpeyalyx CYIeCTBOBA-
HUIO Takoro MuHamo. C ApYyroi CTOpPOHH, [I0 CHX NOp HE NMPeAI0KeHb Npk-
Meph [vHaMo Takoro THia. lockoabky o ,-3QQeKT urpaet Ty xe poib,
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uTo U w-3QdeKT, kKOMOuHAUNS 5 -3¢ddeKTa ¢ IOCTATOUHO CHABHBIM o ,-
sddexToM HonyckaeT OMHAMO-NPOLECC, aHalorudHbiil &o-npoleccy.

B cBa3K ¢ 3THM HAZl0 NOMHUTD, YTO HApAIY C 5 - Ha -3¢q>ex'ramu, BO-
0b1le roBops, CyWECTBYIOT 1 IPYrH#e mmyxmonnble 3qoq)ex'rb1, HanpuMmep
l-aqubex'r, TaK YTO MEXaHU3M, PacCMOTpPEHHHIN 3/lecb, KOHKYPHPYET C
C pYTMMM, HANPUMEP C & 2-MEXaHK3MOM M, BO3MOXHO, HUKOT/Ia HE IOMU-

HupyeT.

UamocTpaums rerepatum ocecummeTpuynoro B-noast Tuna kak A0,
TaK u S0.MoCpPeACTBOM « 2-, aw- ¥ Sw-MeXaHu3MOB AaHa Ha puc. 15.3
15.4. 3neck nokasano, KaK B, -OAst BOSHMKAKT U3 B, -noJeit u o6paTHO
BCIEOCTBHE al-aq)tbelcra " Sl-atbq)ex'ra WY HEO/IHOPOJIHOr'O BpAUIEHUS C
pajnalbHoil 3apHCHMOCTBIO YTIOBOH CKOpPOCTH, T.€. w-3ddekTta. Jas nc-
XOJIHOT'O MOJS! TpefioNaraeTcst NpocTast AUIoNbHAS NN KBAJpYNOAbHAS
cTpykTypa. OrpannunMcst caydasMu, koraa «,, §; M dw/dr HE uSMEHsIoT
CBOEro 3HaKa BHYTpM npoBoAsieit chepht. Ilo-npexuemy Oyaem unTepeco-
BaTbCs TONBKO AUNOJLHON M KBAAPYNOAbHOA KOMIOHEHTaMy pe3yAbTHpYIO-
1[ero noas; KOMIOHEHTH 0oJee BLICOKOH MyabTunoibHocTH 6ynem oTbpa-
coiBatb. Ha puc. 15.3 u 15.4 MoxHO yBu/leTb pa3iuuHbie THIbL! B3aHMO-
neiicteuit Mexay B, u Bp, KOTOpELIE COOTBETCTBYIOT pa3HbIM THIIAM ImHa-
MO-MEXaHU3MOB.

Herpyaso yeuners, kakuM obpasom B3anMoAelicTeue B, u Bp, onpe-
ReasieMoe o, -3¢xpeKToM, BefieT K MOANEepXaHuio CTauMORapHbIX B -nozeil,
T.e. Kakum obpa3om paboraeTr o 2. mexammsM. OfiHaKo HE BUJIHO BO3-
MOXHOCTEH reHepUpOBaTh 3THM MEXaHM3MOM OCIJIIMPYIOIHE NONs-

Mnas cutyauys Bo3HMKaeT Npy 3aMeHe a,-3hdekTa Ha § -3¢ dexT.
Pasmune cocTout B opuentamm B, u Bp. B cooTBercTBUM C NOJMydYEH-
HbIM Pe3yJbTATOM O HEBO3MOXHOCTH AMHAMO, CBS32HHOI0 TONBKO C
& I-SQ)Q)eK'mM, HET Mexann3Ma, KOTOpbiii Mor 6b! nojiepXMBaTh cTauoHap-
HH2 B-noasi. Tpynuee o6bCHUTE TO 00CTOATENABCTBO, YTO OCLMIAIMDPYIO-
e B-NOAst TaKkke HE BO3HMKAIOT.

Boseparumcst k kombunatpm o -3¢dekTa ¢ CHIBHbIM HEOAHOPOAHBIM
BpaUCHUEM, T.€. C CUIBHBIM -3GO (EeKTOM, KOTOPbIA NPUBOAUT K & w-MeXa-
Husmy. Toka semumna ot ocraeTcs nonoxwureasHol B ceBeproii nonycde-
pe, MOXHO OXHAAThH NOSBJSH!S CTaIMOHapHbIX B -noseit Tuna A u SO,
eci dw/dr COOTBETCTBEHHO NONOXUTENBHO MM OTpULATeNbHO. PacnpocT-
paHsisi paccMoTpeHie Ha 06a 3raka o, NoayuuM, UTo NOMBASIOTCSH CTALMO-
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Puc.15.3. B -nongs Tuna AQ, Bosnukaowme u3 B, -nonell Toro xe Tuna, a Tak-
e, HaoGopoT, B u3 B noR AefCTEMOM Maeanu3upoBaHHoro c-atdexTa, wX f -3¢~
GexTa u ueonnoponnoro BpalweHunA. npencTaBneHun nonef#l coOTBETCTBYIOT pHC. 15.1.
3nax ot cooreercTeyet & < 0. ECNM 3HaKH ot, dw/dr unu & wnbie, To obpauwa-
10TCA TAKXE HANPABNEHWA BOSHUKAIOWKUX NONSH,
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PHuc. 154. Bt-nonn Tuna S, sosuukaowmue us B, -nonell Toro we Tuna, a Tak-
e, neabopot, B p¥3 B ¢ noR fAeficTeuem WABaNK3upoOBaHHOrO a-3ddexTa,

o X f - sheKTa 4 HEORHOPOAHOro BpaweHKA, 3aech CRpaBenyBbl PASLACHOHHA
K puc. 15.3.
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gapHuie noast Tuna A0 uay SO B 3aBHCHMOCTH OT TOT'0, COBNIAJAIOT MM
pa3IuualoTCs SHaKH at udw/dr B cepepnofi nonycdepe. Kpome toro,
odBJEHNE OCIMLMpYiomyX noaeit Tuna SO nau ‘AQ BOSMOXHO JLIsl ADYruX
xoMOuHaIMi 3HAKOB,

Haxosel, OCTaHOBUMCS Ha. KoMOuHaLmu Sl-atbq)ex'ra H HEORHOPOJHO-
ro Bpalliekus, T.e. CHIbHOrO w-3(dekra, KoTOpad AONycKaeT nefcTue
Sco-mexamaMa. [last 3Toro ciyyas BO3MOXHO CTaLMOHapHOe B -none, Tuna
kax A, Tak u S0, npu mobom 3nake § , ecau 3naku 5 u Sw/dr pasube,
¥ ocimmMpylolliee B-none, ecu 3TH 3HaKKU COBNAAAT. CrefyeT noAyepK-
HYTb, YTO PACCyX/JeHUsl, OCHOBAHHbIE HA PHC. 153 u 15.4, cnpasefuBH
TONbKO NPH YKASAHHBIX YACTHHIX NPEANONOKEHUSX O 3HaKaX o , &, U
dw/dr . Boaee roro, Mu nperebperau Bcemy KOMIOHeHTamu B -noaeit, ko-
TOpbie COOTBETCTBYIOT BLIGIMM MYJbTHIIVIAM. Yke 110 STO} Npyrse Hanm yT-
pepX(iesisi HOCHT Npe/BapyuTesbibiii Xapakrep, OHi MOTYT TOJBKO NOMOUL OpHeH-
THpoBaTHCA B 3a71a4e. Jleraibhoe HOGIENOBAHE MOKAZHIBAET, YT0 HEKOTOPHIE
M3 91X yTBEpX/eiiii, 0C00EHHO Te, KOTOPHIe OTHOCHTCH K YGIOBUSM [IS OCIAN
JMpYOIMX nodei, LOMXKHB OBITH USMEHEHDL.

CimmeM Tenepb orpanuyerme 00 oceBoii cumMeTpuu B -mosei, T. e.
BEpHEMCS K NMPOU3BOAbHEIM B -noasm. Torna 3asucuMoctb u ¥ § or
Bt uB p He onpefieasercs Goabue u3 ypasrermii (15.21), (15.25) = (15.26),
a TpeGyer Gonee AeTaapHOro MccaeoBanus Ha ocHoBe (15.42), (15.46) u
(15.47). Cxema uckomoii 3aBucuMocTy fana Ha puc. 15.5.

u,
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P u c. 15.5, Bruanue MHAYKUMOHHBIX 3dheKTOoB, CBA3AHHLIX C U M 'g. HA TOPOM~
RantHyI0 U nonoupanbHyio komnoventl B, u B, B cnyuae npouseonehoro,
T.6. He 06RsaTenbHO 0cecHMMETPHUHOrO B-nonA. SbdekThl, yKasaHHbIe HKXe
NYNKTHDHBIX NUHKA, NOABNAIOTCA, TONBKO 6CMH COOTBETCTBYIOUME KOS(dHLM-
HTLl, T.6.8, Yy u 5,, 38BUCAT OT WHPOTHI,
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Ilo cpaBHeHMIO CO ClyyaeM OCECUMMETPHUYHLIX noaell B cUTyamyst
3/ieck Gonee Cr0XHAsS U BHISICHEHUE BO3MOXHOCTH IMHAMO-MEX3HU3MOB!
tpebyer Goabumx ycuauit. IlosToMy Mb! pacCMOTPUM TOJNBKO YaCTHbe
cayyau. Kax u pasblie, BbISIGHUM CHayala BONPOC O BOSMOXHOCTH AMHaMo
6e3 xaxoli-mmbo cssau B, uB wmc ofHocTopoHHelt cBA3bI0, 6e3 B3anm-
Horo BausEns B, u B npyr Ha Apyra. [lo-npexsemy GoabIIMHCTBO Takux
BO3MOXHoCTe S ucxmoqae'rcﬂ. Hean3si yrBepX/aTh, YTO AMHAMO CYIIECT-
BYET ¥ B OCTaJbHbIX MOMKOOHHX clydasx.

ObpaTumcst Tenepb K clyyalo B3aumoie ACTBYIORMX B, u B, . Cornac-
HO puc. 15.5, B3aumofielicTBue obecneuuBaeTcs u-, a;- mm 5 - 9ddex-
TamMy Wi, eciu B, y uiu 8 3aBHCHUT OT WIMPOTHI, Takxe P-, y- mm & 9(1)-
dexramu.

HmMeloTcst ocHOBaHMS NpellnONAraTh, YTO CYWECTBYIOT cdepuyeckie
[MHAMO, CBS3aHHBe ¢ MEpUAMOHANbHON IpKyAsimel, T.e. c u p-a(btbex-
TOM. I10 MOZAMUKALMH IMHAMO TAKOr'O THUIA, KOTOpHKIH ObLn npeAaoxeH
afturucom [70]. B sTom cayyae aykTyaTuBHble JBMXEHUS HE UrDAIOT
Kako#-Jub0 poim. MoryT rerepupoBaThcsi TOMbKO B-noas 6e3 ocecumer-
PHYHOI KOMIIOHEHTH!.

Bbimie obcyxaamch auaamo, o0ycaoBieHsbie «, -3¢deKToM, T.e.
a?-Mexamsmom. Jo6asuM, uTo a,-3¢dexT crnocoben renepupoBaTh He
TOJBKO OCECHMMETPHYHBIE, HO M HeOCeCUMMETpHYHbIe B-noas (cM. pasa.
16.3). ApryMeRTHI, MCKAIOUAONKUE OMHAMO, OCHOBAHHOE HA 81-3cpq)ex're,
OCTaIOTCH BEPHBIMM AJS HeocecuMMeTpyulbix B-noaefl. Kak u npexge,
CleAyeT paccMOTPeTh KoMOuHAIMY « - umm §,-3(DeKTOB ¢ HROIHOPO/-
HBIM BpallieHUEM, T.€. C w-30(eKToM, KOTOpble BEAYT K aw- WM Seo-
MexaraMam. -Clelyer, OlHAKO, MOMHUTh, YTO STH MEXAHU3MbI NpEJICKa3bIBa-
10T regepalMio HEOJHOPOAHbIM BpallieHMeM [OCTATOYHO CHABHOIO TOPOM-
AaJbHOrO NOASt Y3 MoAoMAaIbHOro noas. COOTBETCTBYWME MPOLECCH
HEM3IBECTHE! 1151 HEOCECHMMETPHUbIX 0ell, XOTS! /1St OCECHMMETPHUHBIX
nonelt OHM BO3MOXHH. FT0 NPUBOAMT K Npe/iCKa3aHui0 0 HEBO3MOXHOCTH
resepaliy WM MOANEPXKaHUA HEOCECUMMETPUUHBIX nofell aw- uim So-
MeXaHi3MaMy.

BosMoXHOCTE ByHaMO, 06yCAOBAEHHOrO P -3 heKTOM, TaKkKe HCKIIO-
YeHa Ha ocHobe cooTHowenust (12.8). He umeeTcs: onpefieneHHbIX yka-
3aHuit 0 BO3MOXHOCTHM AMHAMO Mpoliecca B pe3yibTaTe y- WIH Sz-atpq:ex-
TOB.
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Puc 158, ‘B,-nons Tuna A1, BOSHHKEIOWHE W3 B, Jonefl TOro XKe THna, a
TaKxe HaobopoT, B, #3 B, , noA AeACTEBMEM HAeanu3upoBanHoro d-adidexTa K
wx i-3¢¢ek'ra."r\&ng:'ra‘mwun nonefl cOOTBETCTBYIOT PHC. 15.1. 3Hak o tco-
OTeeTcTBYeT a < 0. EcNu 3HakH atu 81 MHbie, TO OGPALAOTCA TaKxXe Hanpaane-
HUA BO3HMKAloWH X nonei,

WUamocrpaiym, npusefiennbie Ha puc. 15.3 u 15.4 axst ocecummMerpuu-
HbIX B-nozefi, o6o6mentl va puc. 15.6 u 15.7Ha cayuyalt HeocecuMMeETpHY-
HHIX B-nonest xak Tuna Al, Tak u S1, Obmee obbsicHerue Takoe xe, Kak
¥ Npexzie, oNHAKo HEOAHOPOAHOE BpaleHye 3Aech He paccMoTpeHo. Kak
Y paHbille, MOXHO YBHIETb, uTO B3aumofelicrsue B, u B , 13-08 -3¢~
dexta Moxer obecneunTn noflepxanue noJel u YTO AHAMO U3-38 OfHO-
ro8 -spdexra HEBOSMOXHO.

Caenyer ormeTHTb, UTO B MPEABIYIIUX PACCYKASHUSX HIHOPUDOBA-
f0Ch BaxHoe 0BcrosTe bCTBO. B cayuae HeocecummeTpuudoro B 5 moxs
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P # c. 15.7. B,-nonA Tuna S 1, Bo3nMKaowHe U3 Bp-noneﬁ Tolo xe Tuna, a Tak-
we HeobopoT B, w3 B,, nos neficTenem Waeanu3npoBanHoro a-stdexra u

X j-athdexTa. 3aeck NPHMeHHME! PA3BLACHEHHR, NPUBEAEHHbie B NOANKCH K
puc. 15.6.

a-3¢deKT BefieT He TOAbKO K MeHepally B, -noast, HO u K U3MEHEHMIO
ucxoakoro B, -noas. 910 M3MEHEHHE COCTOMT r'IaBHBIM 06pa3oM BO Bpa-
IeHNY BOKPYT OCH paccMaTpuBaemoro Tea. [loaroMy HeocecHMMeTpHY-
Hble B-1oast, NofdepxupaeMbie o 2-9dbbeKToM, UMEIT BUA BOAH, Gerymmux
KpYroMm Mo SKBaTopy.

TNonbiToxMM pesyabTaTH paccMOTpeHust Bo3MoXHoCTell cymecTBo-
BaHus [uHaMo-mMeXanu3MoB. ClellyeT NOAYEpKHYTD, YTO UCNOIb30BaICH
obuwit Bug (15.6) Aast cpenneit CKOPOCTH U, HO TONLKO OAHA YACTHAS
¢opma (15.8) nast snexTpomsuxymeit cuap §. KpoMe AuHAMO-MEXaHK3ME,
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cpASAHHOTO C ofiHO# IMuIb Mepunuoga.nbnoﬁ IMpKyAsumeil, Halnens Tpu
npyrux, a UMMEHHO MHAYKIMOHHbIC a "=, Quwr U Sw-MexaHMBMbI, KOTOpbie
o6yCAOBIEHH ¢uykTyaTuBHEMY ABWKEHMAMU. B TO Bpems kak o Z-npo-
necc CTocoBeH MEeHEpUPOBATH i MO/IEPXMBATH KAK 0CeCUMMeTpHIHbe,
raK ¥ HeOCeCUMMeTpUuHbie B -oast, npoliecchl aw U S npeumyuiecT-
BeHHO BeflyT K OCECHMMETpHYHbIM nolsM. C Apyroll 0TOpORK, TOALKO
{5 ABYX MOCAEHUX NPOLIECCOB MOXHO OXHULATH NORBAGHKR OCSCHMMET-
pUUHBIX noneft ¢ ociunmpyoweit BpeMetriolt 3anucuMooThio. Ecan 3ame-
HuTH yacTHyio Gopmy (15.8) Ang saextponpuxywei ouan § ma obuywo
dopmy (15.11), BLABARETCH MHOXECTBO PAINMYHBIX HOBBIX BO3MOXHO-
crefl LIS AUHAMO-MeXaHU3MOB, HeKoTOphie 13 HUX — 5TO NPOCTO MO/~
uKaLMM YIOMSHYTHIX paHee Mexanu3moB. OfHAKO NPy MOJAHOM HCCJERO0-
panun o0HApYXUBAKTCR NpOUBCOH!, CBA3AHHBI2, HANPUMED, ¢ KombuHa-
wsmvu B3, (8 uan 5 NoaddekTon ¢ w-sddekTom.

15.8. NlanwHeilee npuBeEnEHHe OCHOBHbLIX ypaBHeHu#

B npenniiylieM pasfiene Mbi NpuBelu ypaBHEHUS, olpefeasiomue B -
nole, K YPRBHEHUSM ISl HEKOTOPHX CKaAfpHLIX QyHkimi. B cayuae oce- -
cummeTpuutoro B -nosast Moxuo ObUio orpasuuuThes ypaBHeHusamu (15.33) —
(15.35), (15.37) u (15.38) nas B u A. [losBaenue onepaTopa A~ noxcka-
3HBAET LenecoofpasHocTh pasaoxetnst B u 4 B psl N0 NpUCOeAMHEHHRIM
no/mHoMam Jlexan/ipa P; (cos 8). Ha sroii ocrope lllteenGexom u Kpayse
{262, 263] 6bLm nposesenb: nepehie uccaeoBamus chepuyeckodi Mofeam
TypOyaerTHOrO AMHamo. B obuieM ciyyae, KOrfia NpMHUMAIOTCS BO BHU-
Mahie HeoceeMMMETpHYHbIE B-noas, HAJI0 MCNOAb30BATh ypaBHEHUS
(15.42) — (15.44) u (15.47) nas T u S. Llenecoobpaso pasaoxutb T u S
B Al O 1wapoBbM QYHKIHSIM Y':" (0, ¢). Taxum obpa3oM noayuum coor-
Howenusi, naubonee yfobuble 15t u3yueHust Mofieneil TypbyneHTHOro MuHa-
Mo.

Cuavana sBefieM HekoTopbie Ge3pa3sMepHbie BeMuMHRLL st mpoBoau-
MOCTH 3anmueM
0 =07, (15.50)
Tiie O, — MocToRHHas, a & — Ge3pasmepHast QYRKIMSA; €CIu o NOCTONH-
HaR, TO NONOXUM G =0 o> T*€ & = 1. Kpome Toro, onpesemm Ge3pasmep-
Hble KOOpAMHATH COOTHOLICHHAMM
X=r/R, v= t-/ucoRz (15.51a,6)
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u oneparop D), nocpeAcTBoM

1 d 2 df - 1
Df = }T[—d;'(x -:i-;)- n(n + 1)f), (15.52)

rie f — npousBoJibHas QyHKUMS, @ n — LeJaoe WO,

Kak obbsicieHo B pasa. 15.3, moGoe B-noje, KOTOPOE HBASETCS,
pellieH{eM OCHOBHBIX ypaBHEHMi, MOXHO pa3JOXUTh Mo B-MoflaM Am- y
Sm-THnos, KOTOpHE TaKxe ABJSIOTCS pentleHUsMH 3TuX ypasHennil. Byneym
paccMaTpuBaTh TOJBKO 3TH YacTHbie MOAbL [lns sichocTu GymeM 3xech
roeoputb 06 Al- u SI-MofiaX, T.e. 0003HauaThL BBE/ICHHE patee napamerp
m yepes l.

Ilns kaxpo# w3 B-mon dyakim T u S, a Takxe y™8?, p(4B) U(g)

u v NpeACTaBYM B ByjJe pasioXeHus no WwapoBhiM QyHKImAM. 3amﬂuem

T=T', $ =RS", - (15.53a,6)
y(uB, ) (ucoR)’"l (uB .Q) p(uB, Q)_(WOR%—quuB,gy

e (15.538,1)
rne 7%, 8% vB $7" | B, §) onpenesensi B dopme

F+=(Z F™(x) Y7 (8, o) expl (A — iQ)7l. (15.54)
Muoxuteau R, (uo, R) U (o, R?)™ obecneunpaior o HAaKOBYIO pas-
MEpPHOCTb BEIMUUH ’I"" S, yuBs Gim gy plu, Gym Cynxuym
Y, onpefiensioTcs u3 (13 24) — (13.27). Kak A, Tak u Q, — BelecTseH-
Hble BeJMYMHBI, He 3aBucsiue oT n U m. CyMMUpOBaHME MPOUSBOAMTCH
noeceMnum, rien 0,a|m| < n. Onnako Bcreacteue (15.41)
unend! ¢ n = 0 Bago orbpachiBarh. Kpome Toro, anst Bcex Al-MOZ BeJn-
uEbl T o Vrf"B ™ ye paBHM HYMIO, TONBLKO eCit nn =1 + 2k u

m=tl, a Sy nU("B Y _ronekoecmin=10 +2k+1 um==l,
rfie k - neo'rpnuawe.nbnoe uenoe uucio, Jas Sl-Mon npuaeM k asaioruy-
HOMY BBHIBO/ly; [IOCTaTOYHO TOJbKO MOMEHNTH APYT C [APYroM [Ba COOTHO-
WEHNSA NS 1.

Tenepn mMoxno npuBectu ypasrenust (15.42) aas T u S k Buay

dlnc uB m (g) — -— ]

(15.55a)
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p, s+ ULE™ + Uf‘g)”‘ —(A-iQ)S"=0 ars 0<xg 1. (15.556)

Hs (15.43) u (15.44B) crenyer:
=0, s” =a;"x‘(n D g oxy 1, (15.563,6)

raea, mnocrosmbl. Hakoren, (15.44a,6) naer

m
™ =0, +(n+1)S7=0 mpux=1. (15.57a,6)
Ms cooTHomerni (15,45) Ans U‘:B ym VS‘B)'", Uig)'" " Vrfg)m
clellyeT: .
UB)I™ - o RB P (r - rot (uxB) Y™ d&, (15.58a)
Vrf"B)'" = o ORZB;" 4B (r - rot rot (u x B))Y " d3, (15.586)
v o RET 5 (1 - 1ot @)Y "3, (15.58s)
V™ _ o RPE™ 65 (r - rot rot Q) Y™ dB, (15.58r)
rie BT =[n(n+1)ATF . (15.59)

Hurerpanm onpenenent Tak xe, kak B (13.2), a A;" onpefensieTcs u3
(13.27). Kpome Toro, uaTerpaibl MOryT GLITH NepenuCcani CoraacHo
(13.35). Bemuuna B B Bhipaxennsix u x B u G Moxet 6HTH NpepCTaBIEHA
Yepe3 T u S. Ecan 310 npofienats, TO NOANHTErpaibHbie BhpaxXenus Oy-
AyT oramuaTbes OT npapoit yacTu coorHomenuit (15.46) u (15.47) Toabko
MEOXUTeNeM Y. [as T u S MOXHO MCNIOIB30BATh YIOMSHYTOE pasio-
*euye, Torna US:‘B m V'(.“B)i", U;g)’" " Vig)'" MOI'YT GbITh BLIYUCIESDI

Kak ¢ynkipum or ’I‘:’, Sr:" M X NPOM3BOAHLIX. /sl YACTHLIX Cly4YaeB
Un§ sBHBe, XOTH M NIMHHBE, BHDAXEHUS AN US‘B 'IIm oy pluB, Gym
noayyenn B paGore [214]. PaccMoTpenibie B aHHOH raaBe Mofe M KuHe-
MaTHYeCKOro AMHAMO MOXHO MCCIE/IOBATh C TOUKU 3PeHUs TEOpHH CTabUIIb-
HocTH. 3nauenue A = 0 cooTBeTCTBYeT npefieabHOM! cTabuabHOCTH. B 9TOM
CMbicie B lanbHeliweM Mbl 6y/ieM rOBOPUTH 0 NpeieNbHbIX 3HAYEHUSIX napa-
MeTpos, onpeseasiouyx A, 0 NpefieAbHLIX B -Molax U T.A.



Masa 16. COEPUHECHUE MOOE/ A

TYPBYJNEHTHBIX OUHAMO
anA KOCMUYHECHUX TE:
PE3Y/IbTATb! BbIHUCITEHWA

16.1. Obwme onpefeneHurA

[Ipeppinymas raasa Ona nocesueHa obeMy paccMOTpeRHIO Takux
chepuuecknx Moaeneit TypOyneHTHbIX IMHAMO, KOTOPLIE NPECTABASIOT
MHTEpeC Npy U3yyYeHuu KocMuyeckux Ted. Boabiioe KoamyecTBo yucaeH-
HBIX uccaefioBanuit Ob0 BoIMOAHEHO ANs MozeJedt, AeficTByloumx Ha oc-
HOBE a %-, o oo~ ¥ Seo~ MeXxann3MoB. CliesaeM 0630p 0CHOBHBIX 0CObeH-
HOCTel NONyueHHbIX pe3yIbTaToB)

Bynem npuznepxuBaTtbcsi npeanonoxeHufi, BBeCHHbIX B Npefplay-
weit raase. [IpoBoauMocTk ¢ cuntaeM nocTosHoM, ecau He GyneTr oro-
Boperio waue. Jlis snekrpomsiokymeiics cuwibt § Gynem mpymMaTs Bo BRI
MaHue TOJbKO BKJA[, onpeaeasemsiit snipaxenueM (15.8). Jas sxops-
LMX TyAa KO3(QPHIMEeHTOB NONOXKIM

ul =_uo&'1’ (12:-(10&'2, . u3=-010&'3, (16.1&, 6, B)
8, =8By, 5, =5¢02 (16.1r, 1)
B=BB  Y=Yor, (16.1e,x)

rie ag, 84, By My, — NOCTOSHHbIE, a &,, o, — De3pasMephbie Be-
JMuMHBL, KOTOpLie B 00LEM Caiyuae 3aBUCHT OT x M 0. J1s cpeanero
nByxeHus, onpeliesiieMoro u, odbpatumest K (15.6) u (15.7) u nobasim

o =0, + Aow (16.2a)
U, =ugvy, Ug ="1Ugvp> (16.20, &)

rle wg, Aw M u, — NOCTOSHHBIE, & w, v, U vy — Oe3pasMepHbie QyHKIH
x U6,

1
) Yucnennbie UccnefoBaHun Paanepa [14"], pe3synbTaThl KOTOpbIX GbiNu HC~

NoNL30BaHL! B aHHoN rnase, Tenep NPooNXKeHb. COBPeMEHHOe NPEACTABNOHHO
06 sTHX peaynbTaTax fiaHo B paGotax Pspnepa [ 20*, 21*].
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Kpome TOro, onpe/ie/iM NapameTphl

¢, =uoo %0 R Co=nabor (16.3a, 6)
s --uabﬁ 0 & = U0y YORJ (]6.33, P)
bu--uao Awkzt Cu = uco Ug Rl (]6.3% e).

xoropsie Takxe Ge3pa3MepHbl. Omy SBAAIOTCH HOPMUPOBAHHBIMY MEpaMK
yHAYKIMORHBIX S EKTOB, BXOMSUMX B Guu.

B coorrouerne (15.54) yxe Ovlaa BBellena Ge3pasMepHas yacToTa
Q ana B=Moms. [l ocecuMMeTpHuHO! MO/b! B AaibHeliweM BospMeM
Q3 0. Jlns HeocecuMMeTpUUHON MOZILI OTHECEM Q K CHCTEME oTCHeTs,
B KOTOPO# SKBATOp MOKOUTCS, ¥ HUKCHPYEM 3HAK TAKMM 00pa3oM, uTobn
Q> 0 umm Q < 0 coorBeTcTBOBa/O 681 BOCTOUHON WM 3anamnofi Murpas
. OnuchiBas pe3yAbTATH YHCACHHHX PacueToB, MH BOSJICPXMMCS OT
OIMCAHHUS YHCHEHHBIX METOM0B M OrPAHMYMMCS CCHAKAMH HE PaboThi. -

16.2. OnpegenennA ANA HaCTHbIX THNOR MOneneh

B nanbuetimeM Mu 6yneM paccMaTpuparb pa3mMyHbie Mofiesm, KOTO-
peie onpefieA0TCs pas3MuHHIMU YACTHHIMH GOPMEMU 3JeKTPoaBMKyLIeH
cum § u cpenmedt CKOPOCTH U, Te€o DYHKIMAMU G 4, G py oee 5 @ U,y Uge
Ilo pany npuumn oriesbHbe NpUMepbl B3ATH M3 uceenopammii Panjepa
[221, 222). Cretyambhbii pwbop hyHximiA Ans 3TUX CayyaeB Gyner obvsce
HeH,

Jns onpasnanus cnenuannroro pribopa § obpatumes k coorsereT
BYIOUMM pe3ybTATaM, NONYYEHHBIM BO BTOPOM MpubmixeHny (cM.
pasn. 9.3, 9.4 u 9.5), u npe/NONOKUM, YTO 3ABUCHMOCTD T g oo
OT KOppPeAIMOHHOTO TeH30pa MoJs TYpOyNEHTHBIX CKOpocTeH u” poxer
ObiTs, MPOCTO CREeHA K 3ABUCHMOCTH OT U2, Meor U T, - Boree Toro,

U2 MoXeT 3amIceTs OT pamyca, HOA M T_  CUMTAIOTCH NOCTOAHHBIMIL
Torna nonoxum

&, =dy/dx, &,={,/a,, &,=0, (16.4a, 6, B)
5w, 5. 0580 (16.4r, )
B =x, ¥=dy/dx, (16.4e, x)

", KpoMe Toro,

u'?o g2y (16.5)
PyHKIMs y, KOTOPasi MOXET 3aBUCETh TOABKO OT x, MPEeACTaBseT CO6O0I0
HOPMUpOBaHHOE pacnpefieieHie MHTeHCUBHOCTH TYPOYJCHTHOCTH; u'q
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¥MeeT CMBICJ XapaKTepHoro 3uavenus TypOyaenTtHol cxopoctu. [lapamer.
pbi { , 1 g nMpesnonaraiorcs He 3aBucAUMMY OT x. Kax 0OBSCHEHO Bhie,
o ~3pdexT SKBMBAJEHTEH HEOAHOPOAHOMY BpAIIEHMIO YACTHOrO BHIa,

TaK YTO Npe/NoJOXeHue & ; =-0 He FBJSETCSH CEPhe3HHM OrpaHHUCHH-
eM. Pyukims y BoiOpasa TakuM o0pasoM, 4TO

(0 man =< my —dyy;

-1—6— (8 +15 € —10¢® + 36), E= it

pas x —dx1< %< %y +'dx1;
X= l 1 onn %y +-dxl< %< %y, —dxz', (16.6)
1 3 $ &
— (8 —15&+ 10g° - 38°), E=
i (8- 185 10 =380, £~ =

pad x —dx2< xg %y s +'dx2;

Loﬂﬂﬂx2+d Xe

X X2

n

B-panbreifieM Mbr GyzeM pasauuaTth [Ba pasHBIX clyyas, @ U b,
coorBetcTByloume x(0) #-0 u x(0) = 0. B cayyae a TypbynenTHOCTD

AA
/1
]
]
]
]
| , L
a sz_dlz Ixz"'dxz 1 X
ZAA
I ------- I
i i
| {
! I
] | )
b .Tll_dxl Ilri‘dxl 112—0;2 Ixz+0}z/ i )

P u c. 46.1. (Mpodunu HOPMHPOBAHHON UHTEHCHBHOCTH TYPGYNEHTHOCTH X,
ofpenenfeMoi ua (16.8); TnyvaA ar TYPSYNeHTHOCTL OXBATLIBAOT YOHTP RAPE;
criyvaf b: TYpGYNEHTHOCTL OFPARHHYEHE ONPEeNEHHLIMH CIOAMM CEpbl.
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0 | I
Ill‘dtf Ixz'd‘rz

P uc, 18.2. Pacnpepenetne SHaKOB BENHYHHbLI a+. onpepenfreMoR u3 (15.10),
AnA npomneR HHTEHCHBHOCTM TYPOYNeHTHOCTH THNOB & M 6, NOKB3AHHLIX Ha
puc. 16.1. 3peck B3ATHI 3HAKM, COOTBETCTBYIOUME &, >0, T.6. C,.> 0, 3Hak

HBNO W3MEHHTSL, ecnk a < 0, T.e. ‘C, < 0.

OXBaTHIBaeT LEHTP Cepbl, a B Ciyyae b OHA OrpaHMYEHa OfpefiefeH=
HBIMM BHeliHuMy caosmu cdepol. CooTBeTCTBYIONIME NpOdPUAN y MOKA3A-
Hbl Ha puc. 16.1. Umes B Buy farbueliwee paccMoTperKe, Ha puc. 16.2
NpUBEIeHO pacripefieJerMe 3HAKOB « *; onpe/ieaseMbix u3 (15.10) pas
pasmuHbIX THNOB Npoduneit x. KoHeyHO, MOXHO OTCTYIMTB OT apry-
MEHTaIMH, npuBefieHHON B CBsi3M ¢ cooTHomeHusMy (16.4), 1 ucnoab3o-
BaTh UX, He MHTEpNpeTHpys y coraacHo (16.5),T.e. ‘kak HopMupoOBaH=
HYI0 MHTEHCHBHOCTD TYpOy leHTHOCTH. [105TOMY pe3ysbTaThl BHYUCAE-
HMil, pas KoTOpBIX Mcnodb3osaubl (16.4) u (16.6), MoryT GbITH MpUMeEHe-
HH NP1 pasIMYHLIX Npe/NOJoXenusix o pemunne G,

BepreMcs k 06cyxaenuio cpeneii ckopocty u. Ilpeanonoxum, yto
YrJoBas CKOpPOCTb BpalleHUs  3aBUCUT OT pajuyca U BO3bMEM

0 nns £< %, —dy 3

—xw

we{@eie-g), g T
; d

w

(16.7)

B %y, —dy, K%< Xy +dy, s

1 pas Xy, +dy, < %
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wh
wa +tApk-————-—-—_———— = °

]
]
Wy T ]
{ |

L \ A L

X,y Xray »f &

P u c. 18.3. Mpodunb yrnoeoh cKOPOCTH & ANA HEORHOPOBHOIO BPALLBHURA,
onpemnmuﬂ us (16 2, 8) u (16.7)). ATa BOCXOAALWAR KPHBAR COOTRETCTBYOT
Aw> 0, T.8. C >0. Cnapaowan Kpusan Guina Gbi 8 cnyuse Aw< 0, T.0.
C,<0.

CxopoCTb MepUAHOHAABHON LMPKY AALHK v, MpeArnosaraeTCs CONeHOH~
fanbHo#l, Tak uTO

1 . e L 9 (xy), (16.8 a,6)
e B (O e o g vk (R
rfie v — Qynxkuus Toka, onpefielaeMan Kak
W =—f sin 8 cos 8, (16.9a)

0 nns x< x5

= 4(x — 1- .
f={ g, ga 2 =M1 = =) (16.96)
(1 - x,)?

s oz, € x< L.
Ipodman w 1 AMEMKM TOKA = const” JAHH Ha pUC. 16.3 n 16.4.

P U c, 16.4. 'insm NOTOKA \y =C onst MEPHIMOHATLHON LUPKYNALKH, ONpelsnAeMbio
3 (16.2e, 6}, (16.8) ¥ (16.9). HanpaBneHue CTPeNOK COOTBETCTBYOT Clyualo
4 >0, T.6. C, >0, u RonxHO GbiTh obpaweHo, ecnu 1< 0, T.8. C, < 0.
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Jlns yKasaHHBIX YACTHBLIX clyyaes seauusa C > 0, ec mbde-
peHLMabHOe BpalleRMe XapaKTepu3yeTcs dey/dr > ﬁ’, uC, <0, ecm
deo/dr < 0. Ec C, > 0, Mepunyonanbhas UMPKyJISLMS BO BHEUHUX
CJ0sIX POMCXOMUT OT SKBATOpa K noaiocam, a ecam €, < 0 — ot noao-
COB K 9KBATOpy. JHaverus C , =-: 2 O3HAUAIOT, YTO 32 O/HO U TO Xe
BpeMst po, R? BHEllHKe CJIoH COBEpUIAlOT HA OfMH 0Gopor Goablie, U
HA OIMH MEHblle, YyeM BHyTpeHHUe. AHajoruyHo sToMy C, = +1 COOTBET~
cTByeT MpubIM3UTELHO OJIHOMY NOBOPOTY 06JACTH C MAKCHMAbHOM
CKOPOCTBIO 33 TO Xe Bpemsi po, R2.

16.3. tMogenn C'a2-MexaHu3MoMm

OcTa’oBMMCH Ha MOJEJSAX, [ KOTOpbIX MATHUTHOE MOJe reHepu=
pyercs o 2-Mexamu3moM. Kak nokasamo Bbiue, B 9TOM Cllyyae reHepa-
IMst TOpOMIIAJNBLHOrO NOJSA U3 NoJNoualsEoro 1 obpaTHo. obycaoBiena
a-s¢dexTom. ITo TpeOyer He paBHOi Hylwo Bemuntbl C . Orpanuyim-
cs1 obecyxennem ciyyas C >0, Vcnoab3ys pesyabTaTsl Ans Coq > 0,
npoctbiv 00pa30M HaliileM COOTBETCTBYOLME pe3yAbTaThi Ans C, < 0
C NOMOLIBIO BHIBOZIOB, MOMyyeHHbIX U3 (15.17) 1 (15.18).

B nanbonee npocToM cliyyae HUMKAKuE MHAYKIMOHHBE 3G eKThl, Kpo=
Me uieaJu3MpoBaHHoro a-sbdekra, e OyAyT paccMaTpuBaThCi. B
STHX pamkax OyZieM roBOpUTh O UMCTOM o 2-MeXanu3Me.

TlepBbie Mone/M € pereHepanyeit MAMHUTHOIO NOJA o2 ~MEXaHU3MOM OblmM
npepnoxent! llilreenbekom n Kpayse [ 259, 2631, 3T Mogeayu Gbiau mo-
CTpoeHb!, yToObi OOBSICHUTE NPOUCXOXIEHNE MATHUTHOTO O 3eMJin.
TpunuMancs 8o BHUMAHME TOMBKO YNCTHIN o-Mexanu3M. [ist Goapbumed
uactu ucciefiopanuii, na koropbie GyZeM ccriiaThes, Kospdumpent &
Obin BbIGpan B Buzie

0 ma x< X,

A —% )21—
R SR % (x ~%a) (1 =~ ) (16.102, ©)

Jlﬂﬂxa<x<1

st pasmuymbix 3HAYEHMi %, . Dol pacCMOTpEHb! TOMBKO  OCECHMMETPUY-
Hble Benoasi, T.e. AD- u S0<moabl, ¥ OHM OKA3AMUCH CTALMOHAPHBIMY, 3a-
BlCHMOCTD npefieabRbIX 3HaueHndt C or x, Aana B Tabf. 16.1. CTpykTy-
Pa nosist A5t OAHOO YacTHOrO CJyvas u3o0paxena Ha puc. 165 u 16.6.
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P # C. 16.5. :‘Mofienb u4cTOrO a’-Mexauusma @ . onpenenfeTcA u3 (16. 10},

« =0,5. Npumep nonA AnA mMoRLt AD, coo'rse'rcraymueﬁ Cy =3,164,B neso#
c'ropoue NOKa3aHb! NUHUU TOPOMAANLHOrO NONA NOCTORHHOM aenuuuubl, e npasoht
YACTH NOKA3aHbL! NYHMK NONOMBANLHOIO NONA, |

Tabmuya 16.1

Npenenbhbie anauesmn C, AnA MoR A0 u S0 B 3aaucumocm OT X,
3™ MOfib! CTaLMOHEpHDI, r.e Q =0. Mofienb ¢ YHCTHIM & -Mexa-
HU3MOM; u, RaeTCR BbipaxeHuemM (16,10)

%y A0 S0
0,0 3,734 ¢ 3,732
0,1 3,656 3,654
0,3 3,467 3,471
0,5 3,164 3,174
0,7 2,712 2,726

0,8 2,628 2,638
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%

o

P uc. 16.6. Mofiens uMcToro o 2-Mexanusma; & onpenennerch us (16.10),
*, =0,5. Mpumep nonA ana Mogsl SO, cooTeeTcTByloweh C « =3,174. 3nechb
CNPABOANHBL! PASHLRCHEHURA K puC, 16.5.

B pa6ore [ 228] pesyabraThi lliTeenbexa u Kpayse Gbiim noarseps
XJEHE! i JOMNOJNHEHH BLIYUCIEHUAMM, KOTOpbIE TaKXe OCHOBLIBAJMCH Ha
NpPeMONOXEHMA O YUCTOM a?~MeXaHu3Me U TaKxke Oblm orpaHuyeHbi
chyyaem ocecuMmMeTpiuHbix nosei, Pabora [ 233 ] nocsuena u3yyennio
Mogpeueii ¢ a?-MexaHU3MOM, MOIMGMIMPOBAHELIM HANMYUMEM nmptpepen'u
IPAJLHONO BpAlE s, ABTODBI TAKKe BKIIOWA/I CJyuail HeoCeCHMME TPUYHbIX
noaeit, Hakouett, B uccrenosaniax [218, 14*%, 20% 21*] B fono/Hewe K Hacam
PoBaHHOMY o~3(pekTy Obly yuTeHbl Apyrue MHAYKIMOHHbIe 5§ ek Thl
M U3yyamch Kak OCECMMMETpHUHbie, TAK U HEOCECHMMETPHYHBIE MO~
Al Ha ocroBe pesyantaToB, orobGpansbix u3 pabor Ponsepa [222],
O0bSICHUM M NPOMILTIOCTPUPYEM CylECTEEHHbIE BHIBOALI MogeJeli ¢ a2«
Mexanuspom, st sTHx ciyyaes cnpapellMBbl OrpaHuueHus pasf. 16.2.

Chauana cHoBa pacecMOTPUM YuCTHIA o2<MeXaHu3M M NPeZNoNoXKUM,
4yTo & 4 onpeziensiercs u3 (16.4a) u (16.6). Torna okaswviBaeTcs:, yTo
BO3MOXHB KAK OCECUMMETPUUHbIE, TaK Y HEOCECHUMMETPUUHBIE MOUbl.

B a6 16.2 1 16.3 u na puc. 16.7 nanw npenenbbe 3uavens C o
COOTBETCTByIONME 3HAUEHUs Q s y-npoduneit yacTHoro euaa Tna a u b«
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P u c. 16.7) Monenb uuoToro a?-mexaHusme; &, onpenenneTce us (16,48) u
(16,8); npodmnb X THNR &, x, , +dy K0, Xy 5 = 0,8, Mpenenbrvie shauenun C
AlHbI B SBBUCHMOCTH CT dxa' Ona Mo AOn SO BSATO Q =0, pnA Mcg Al M S
€ ONPOLGNEHC UMCTIAMM HA KPHBbIX, ! :

Bo Bcex uccnenioBaHHLIX cayyasx mompl A0, SO0, Al u S1 coorper-
STBYIOT GAUSKMM npefienbHbiM 3HauenusM C . Bonpumucteo AG-Moz
MMEIOT HauNeHbluse U3 STUX npefiebHnX 3Hauenuit. [losTomy BCe STH
MoJbl MOr'yT Bo30yX/IRTHCA NIOYTH OJMHAKOBO NpocTo; Mosl AQ B obiem
clyyae HeMHOro npeobaasaior. Mozt A2 u S2 cooTseTcTByIOT HanGob-
MM NpefienbHeiM 3Hauenuam C, u Bo3byxaaloTcs HeMHOro npouie. Pas-
JMyHBIE CBOHCTBA pasHbiX MOJ MOI'YT ObiTh CIECTBMEM TOr0, YTO A
nosedi ¢ Gonee npocroli reoMeTpHyeckol CTPYKTypoli IMCCUNATUBHLIE

1
) HexoTopuie 3 PHCYHKOB BTOM IrNaBbl, KOTOPbie GbinM HEBEPHBIMK B aHrnki-

CKOM OPUIMHaNbHOM M3RaHWM BTOR KHUIMM, NaHb! 346Cb B NpaBUNbHOM BMOE. 30 OT-
HOCHTCA K puc. 16.7, 16.8, 16.9, 16.11, 16.14 u 16.16.
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Tabnuya 16.2,

MpeAenbHE® IHAUCHHA C, ¥ COOTBETCTBYIOWME SHBHEHMA G, MoReNk C YuC-
ThiM 0 2-MBXBUHSMOM; & | ABIOTCA BbipaxeHuAMu (16.48) W (16.6); X-Npodu-
nu T""- a mﬂ xxl + dxlg ol xxz = 015' dx2 =o'4

A0 S0 Al 51 A2 §2

C, 486 4,74 4,85 4,78 6,2 8,27
o) 0 0 ~ 0,20 1.9 -~0,15 081

Tabnuye 16.3.

Npenenbibie SHAYSKUR Ca H COOTBSTCTBYIOWME 3HAYBHHA Q. Moflenb ¢ UMC-
-~

Thim O Z-MEXBHUIMOM; Gy ORIOTCR BbIPBKOHUAMU (16.4a) u (18.8); x-npodunu

e b gnA xx] =08, xxzz'ovgv dxl = dx2 =0,1

A0 so A1 51 A2 52
Co 2,68 2,70 2,78 2,77 3,12 3,12
Q 0 0 -139 -—265 -024 —0,85

addexTnl nposiBasIOTCSH B Menbiuelt cTeneny, yeM A nogedt ¢ Goxee
CIOXHOH CTpyKTypoHt. )

B cayuae y=rpodmaeii THIA @ C HEOCECHMMETPUIHEBLIVY MOAMY Npeobiar
NaeT Murpammua B BOCTOUHOM HanpaBJleHU!. ITOT BHIBOJ, CTAHOBHTCS
OYEBHIHLIM, ECAM PACCMATPHBAETCH paclpefieNenye SAeKTpomBumkylueh
CHIbI, 00ycrioBaeHHOE o ~3¢dPeKTOM, Ans NPOCTHIX CTPYKTYp o, Jlerko
lipocaesuThb, uTO AAS TAKUX CTPYKTYP U3SMEHeHHe BO BPEMEHU BKAKYaeT
MUIPaLMio B BOCTOYHOM Hanpasierwm. [ns y-npoduseli Tuna b Bo3Hue
KaeT Murpamys B 3anafHoM HanpasJeHuwnt. [lockombky Takue npotduasu
CoOTBeTCTBYIOT HoJee CAOXHOMY pacnpefieleHUI0 3AeKTpoBuXyllel cH-
Jbl, NoJyyeHHsle pe3yabTaThl TpylHee MHTepNpPeTHPOBAThb.

Bxaounm tenepb B paccMoTpeHne Hapsifly ¢ Ueanu3HpOBAHHbIM
a-3¢ipexToM apyrue unaykiponubie sdexTni. Tounee roBops, B KaXiom
Cayuae OyZiem BKMIOUATH TOABKO €lie oMH HOBH 3¢dexT. U3yuas cuas
iasa nepexofi OT UACAM3KPOBAHHOMO K pealibHOMy a«dddeKTy, HOMyCTHM
9T0{ ., He papHO Hymo. IMEIOTCA OCHOBAHUS AyMATh, UTO [& B obuem
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P v c. 16.6. Mofenb, BKNIOYAIOWER & j= U & h-@dxpex'ru; @, onpepenneTcA us
(18.4a) v (18.8); npodwnb x Tuna a, :x, +'dx‘<0, %ya = 0,5, dX2 =0,4,
Npepencibie anavenun C, panb: B 3aBUCUMOCTH OT { .. AnA Q cnpasepnuen
PasSbACHOHUA K pHC. 16.7,

clyyae OTPULATEJLHO; B YACTHBIX CJyyasX Oblio HanfieHo, yTo {, =-~ 1 /4
(cM. pasfi. 9.6). Bo Bcex uccaeJoBaHHBIX CAyUaAX C yIPoduIAMY TUIIOB
a u b npeflenbuble 3Havenns € BO3pacTalT, €ClM yMEHLWAETCH [, o
To-npexnemy momnt A0, S0, Al u S1 obaagaior ouenb GaM3KuMY nipe-
[eJbHBIMK 3HaueHnsmu C, . Tunuunbiil npuvep npuseneH Ha puc. 16.8. 1
B sToM cllyyae [i1 0CTATOYHO MaJIX [ HAMMeHbIlee NpefielbHOe SHae
vetye € ¥uMeeT He A0-mopa, a S 1=moza, T.e. oHa HauGoJee Jerko
B0o30yxnaercs. )

3amenuM Tenepb HCXOHYIO SAEKTPONPOBOSHOCTD Ha TypOyJeHTHYIO,
T.€. BKJIOUMM P ~3¢peKT, TaK yTO napaMeTp s Tenepb He paBeH HyJIO,
B oTmune ot ucxonno#t nposommocty TypOyJeHTHas NpoBOIMMOCTD
3aBUCUT OT paanyca. [lpeanonaras, uto TypbyJlenTHas NPOBOMMMOCTD
BCer[ja MeHblle, YeM Ucxofnas, noayuM s > 0. Caeflyer oxunats, 4To



0 { 2 3 {4 S
P uc. 18.0. Mofienb, BKMOYAIOWAR o 1B s¢¢exﬂ'>| a, M P,y onpenenmorcn
W (18.4} u (16.6); npodunb X THna a, % o+ ‘xl‘ 0, %,,=0,5,d,,=04.
Mpegenthbe aHayennn C, Ranb B saaucumoc'ru oTs. ﬁnn Q cnpasennusu
PA3BACHEHNHA K PUC. 18.7'.

Npeflesbunie 3Hauenus C, pacTyT ¢ pocToM s . IMeHHO Takas 3aBUCHMOCTD

OT s ¥MeeTcs BO BCeX [0 CHX MOp UcclefoBaHHBIX CJyyasX, COOTBETCTBY=
o yenpoduasM THIOB ¢ uan b, TvnuuHLIA NpiMep NpuBesied Ha
puc. 16.9,

PaccMoTpum Tenepb nepeHoc MArHUTHOrO NOToKa, 00ycoBeHHbINA
y*3¢dexTom, xoToprili cBg3aH ¢ napameTpom g. [lockoabky y=abbexT
onpefieasercs rpasMeHTOM MHTEHCHBHOCTH TYpPOyJeHTHOCTH, MMeeM
& > 0. Ilepenoc MarauTHOrO NOTOKAa MOXeT CHITH OMMCAH Takxe NOCpef-
CTBOM BO3pacTaloueli MarHUTHOMN npoHULaeMocTH. ITo obcToATENbCTBO
YKA3hBAET, YTO NMpefebinie 3Haverus C, BO3pACTAKT C BO3paCTAHUEM
g« Bee uccnenopanus nokasnbatr, 410 s'ro IelicTBUTEIbHO HMeeT MeCTo,
Tpimep npusenen na puc. 16.10.
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P u c. 16.10. ‘Mogens, BKAIOUAIOWAR « ;- M Y-3dMPeKTEI, o 4 M ¥ ONPEeaenRIOTCA
u3 (16.4)  (16.6); npodmnt x Tuna a, x, ; +thl £0, Xyg = 0.5, dX2= 0,4. ¢
Mpenenthbie shauenun C Ranb! B 3aBACMMOCTH OT g. FnA Q cnpasepnMBb!
PasSbLACHBHUA K pHC. 16.7.

K coxanenuio, nmeioTcs TONBKO OYEHD HEMOJHbBIE pe3yIbLTAThl O BJlMe
st 8« u 5,-3¢¢exToB,

‘PaccmorpuM Tenephb BausHue pudipepeHIMANBHONO BPAlIEHHS], Te€o
Bo3bMeM He pasHoe Hyamo C_, Ilpefensibie sHaverns C, , [as PASHBIX MOA
OKa3biBAlOTCS pa3/iuHbiM obpasom 3apucsummy of €, Bo Boex u3yuens
HbIX cNyyasx AJs focTaToyHo Gonbiumx snHauenuii |C | “Bcerna ofna u3
OCEeCHMMEeTPUUHBIX MOZ SIBHbIM 0DpasoM npeobrafiaeT Hall BCeMy Apyri=
mu Mopamm. Jlas y-npoduneli Tuna a mofta A0 npeobaasaeT, ecm C,, >0,
a mopa SO0 — ecn C_ < 0. Tlpumep npusesert Ha puc, 16.11. Pasmyunoe
nopezenye Mop A0 u SO moxeo nossTh. Ha puc. 15.3 u 15.4 BuaHo, uTO
Aas Moml A0 nubdepenumanbiioe Bpauienve B cayyae C >’ 0 criocoGHo
nojiepxuBaTh a=3(¢eKT npu reHepaiy TOPOUAAILHOrO NMOJSA U3 MONOK
FATBHOrO; TO Xe camoe umeeT MecTo s Mok SO B cayvae C < 0. B
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P u c. 16.11. ‘MoRenb, BKNouaKOWAn « =¥ c-abdeKTb & °‘1 ONPOReNAETCA U3
(16.4e) u (16.8); Npodmnb X THna @, 'x, ; +dy; < 0, %y, = 0,5, dy;=0,4 wonpe-
RenseTcA u3 (16,7), x,, = 0,5, dw=o. Hpenenbuue anavenun C panb! B 38-
BuCHMOCTH OT C , [INA Q cnpaBeAnMBb! PASLACHEHUA K pHC. 16 r.

06aacTH © MalbiMy SHauermamy | Cp|  cuTyamms Gosee croxHas. Pesyib-
TAT CHABHO BABUCHT OT npoduneli x u w, Cliefiyer oTMETUTD, YTO B
pabore [ 233 1-o6napyxeHo npeobaananue Mofibl S1 115 OTACbHLIX 3Ha=
venist | C | .

Haxorel, yuremM MepUIMOHANBHYIO ITMPKY JSLMIO, T.€q NPENONOKHUM,
YTO He paBHO HYJIO C CymecTByeT yIMBUTEILHOS nofobue Mexay 3a~
BUCHMOCTSAMU npe.uenbﬂblx anauenuit C, o1 C, ¥ o1 Cye Bo Bcex u3yuen~
HBIX cllyyasx Ans fAOCTATOYHO GOJbmUX anaqelmﬁ icC, | 0CeCHMMETpHY=
Bble Mo/bi npeobaasfialoT HAaZl HEOCECHMMETPHUUHBIMM, Cpenu ocecusiMeT-
PHUHBbIX MoJ, Kak i npexfe,momi A0 um S0 Bo36ykal0TCs COOTBETCT
BeHHO Jerue, ecau C, < 0 um C,, > 0. TlpuMep npuBesiex Ha puc. 16.12.
B ormruve or muddepermanbioro spamenms B Clyyae 0CECHMMETPHUHBIX
MO/1, MepiioHabHas LMPKyAALys He obecneunBaeT Kaxoli=-mmbo cBa3K
MexX[ly TopoMAANbHKM ¥ NOJOKAAALHEM NoasMKu, OIHaKko OHA, DUEBU/IHO,
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P u ¢, 18.12. ‘Mopenb, BKNIOUAMILAR = U up-acbtbex'ru.; o, ONPeRenAeTCA u3
(18.4a) v (16.6); npoduns X Tvna a, %4 +:dXl g0, wx2=~0,5. dXZ =047
v, W vg ONPeENAIOTCA u3 (16.8) U (16.9), x, = 0,1, Tpegentbie sHausHws Cq
1aHb! B 3ABHCHMOCTH OT Cu. Ann Q cnpaBeannBLI pAa3bACHEHUA K PUC, 16.7,

crnocobHa BIMATH Ha CTPYKTYPY OCECHMMEeTpHUHOro foJs Takum obpa-
30M, YTO BO3pacTaeT B3auMofeHcTaie noneli, BH3BAHIHOS a3 HeKTOM,

16.4. 'Mogenn iC o crMEXaHHSMoOM

PaccmoTpuM Teneps Mofiedn, no3BoAsonpe NoANepXKHBATL MATHUT=
Hble MOJIs HA OCHOBE aw~ MexaHu3Ma. B sToM ciyuae reHepauus noJjo=
WIANBHOrO MOJS U3 TOPOUJANLHOrO CBA3aHA C a~3dpdexToM, Oonee TOU='
HO — C a,~5hdexToM, & renepalins TOPOUIANLHOrO U3 NONOMAANLHOIO
ToJisl — C HEOLHOPOAHKIM BpalEHUEM, T.e. C w-3pPexTom, CrieloBaTEILHO,
KaK C, Tak u C_ He paBHbl Hymio. [lo~lpexHeMy Mbi OrpaHHuiMCs CJly=
vaeM C, >'0. OGobwerue Ha cayuaii C, < 0 Jerko BbHIOJHKTD C NO=-
Moitbio cooTHomeHust (15.17) u (15.18). !

IpemmonoxuM cHauana, HTO He UMeeTCs APYrHX MHAYKIMOHEBIX 5¢=
dexTOB, KpOMe MleaM3UPOBAHHBIX o= ¥ cr3(PEKTOB, ¥ YTO TOPOLAILHOE



Cfepuvecxise MODeaK: PESYALMERR BbINNCAEH LT 2]

0% TeHEpUPYeTCS TOJBKO wraddexToM, T.e. Ge3 noMouy a-3ddexTa.
EcJu 9TO NPe/IONOXEHe BHINONHALTCS, GylleM I"OBOPUTH O UHCTOM
a@*MEXaHu3IMe. UsteThifl acy-MeXaHn3M, MeHepUpYIoLHi ocecHMMeTpHU=
gwie B-iloAd, DUEHb NPOCTO 3aBUCHT OT C,, u C,y & uMeHHO KaK Co C
Yrobui yOOIMTECH B 5TOM, y00HO HCMIONBL30BATH YACTHDI BUA ypaBHe~
ek (15.212) ¥ (15.22) nns senwunn B, u A, ¥, COrJIACHO NPUHATHIM Bbillie

Npe/MIONOXEHHASM, IEPEMUCATh HX MyTeM BBe/eHus: C, u C B ypaBHeHus"
panB, u A?:'. rpe A.‘; =.C;‘ A,. Tlockomky B (15.21a) unex ¢ «, ony~
mes, pe3yJbTupyloune ypasHerus cogepxar € u C , TOJbKO B Bufle

(;q C.» B ormmue or ycnopuit resepaliin ocecUMMeTpUUHBIX B ~noseit

974 yonosua aas B, u A% MoryT 3aBuceTb Kak oT Cy, T2K U OT C,, Ha~
xe ecim e usmensiercs C  C . U3 npefbigymero caegyet, 4To oTHOIme~
meB, kB p BeleT cebs Kax €./ Ca)” » €0 OUMKCHpOBAHA BEJMUH~
B C, Cop CrepiyeT NouEpKHYTh, 4TO STU YTBEPXIEHHA HENPUMEHUMbI
A8 HEOCECHMMETpHUHEIX B srioeii.

TepBuie MozeJss, KOTOpbie MPUBOMAIM K MeHepaly MAarHUTHLIX N0
et cco-Mexanmuamonm, Guum paspaborans lireenbekom u Kpayse [ 259,
262 ]. 3T# Mo zeam NpeAHasHAaYaMCh A4 oObacHeHus curyauun Ha Conke
ge. [lpunuMalncs BO BHUMaHME TOJBKO YUCTHIH ac-MeXaHn3M. Briuncaenns
BHIOMHAVCE B IIPEJTIONOXEHIH

~ 1 X — Xy
Eymime (140 (— )], (1611a)
1 X —2Xy

w

rie ® ~ pysxips ounGoK A pasSIMUHBIX %y, dy, %, ¥ d,, « ABTOpHI
paccMoTpeat TonbKO 0OcecCHMMeETpuYHbe B-Moani. Oy HanuM Takue Mo~
Al ¢ ocuuLMpyomel 3apueUMocThio OT BpeMeHd. Kax npumMep, pace
CMOTPUM uacTHbi Cayyall, onpefenseMutit suavernsmy x, =-0,9, &, =
=0,7ud, -d, =0,075. B sToM Ciyuae CyliecTByeT OCIMLIMPYOLAS
Al=~Mopa ¢ NpefleabHbM 3Havennem C, C =2,07-10*n Q =31,8. Tpyne
Hee Bo30ymmTs ocumumpyouyio S 0=Mozy. Psn npuMepos noneft aas pas»
IMaHbIX a3 KodebGamsii ADsMopn nokasax Ha puc. 16.13.

Pesyabratni lireenbexa u Kpayse 6uum nogrsepxieb B pabore
[53]. Paccmorpensian aBTopami Mofiellb TakXe COOTBETCTBYET YHCTO-
MY aweMeXaHu3My, HO BeJMUMHA &, CBe/leHa K [leNbTa~(pyHKINH, a w~
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K cryneHyatol (ynxumu, [lo-ripexueMy paccMaTpuBamMCh TOJIBKO OCe~
CcHMMMeTpHUHLIe B +Mo/isl. ABTOpPL HANIIM Takue MOJibl, OCIHMJMpYIONHe

BO Bpement. B pabore [266] sTa Mosenb Guiiia MOmMbHIMPOBAKA TAKKM
o0pa3om, 4ToOb yuecTb a=gddekT npu reHepamyuy TOPOUAANLHOTO NOAS

¥ PacCMOTpPeTh TaKkxe HeocecHMMeTpHuHble B -Mofibl. Jdanpuefiee ucce-
IoBanue Mofenell C aw=MEXaHU3MOM, JONYCKAOMHX OCUHIIPYIONHe

B -Moanl, Onisio nposepero B paborax [96 — 99, 54, 103, 228, 233, 269,
2711. B nexoropsix 3 5THX pabor Hapagy ¢ a~3¢¢eKToM uccaenoBas '
Juch apyr¥e typOylenTHbe MhyKIMoHabie 3¢deKTn ¥ Hapagy ¢ Audde-
PeHIlMabHBIM BpallleHeM — MepuIMOHANbHAS UMPKYIAIMS .

Jo cux nop Mbl obpamany BHMMaHe TOJIbKO HA OCHMIUIMpYLHMe
noast. Caefiys Bparunckomy [20 1, 8 pabore [228] 6buio nokazano, 4T0
& o*MEXaHU3M TPH HATMUMH MEPUIMOHAILHON IMPKYIALMY APHBOMMT TaK~
Xe K NOABJEHHIO CTAIMOHAPHBIX 0CECHMMETpPUYHEIX Mof, Miccnenopanus,
cpeaannbie B [ 154], nokasamt, yTo ynCTHIH aw=MeXaHU3M MOXET reHes
PHpoBaTh CTAIMOHAPHbIE OCECHMMETPHUHBIE B-MOEl. 3TOT pelyabTar
noarsepxneH B pabore [269 1. Jamuefinee uccaenosanme rexnepauym
CTaIPOHAPHLIX OCECHMMETPHYHBIX B -Mo7 BhinoaseHo B paborax [ 54, 55,
222].1

To obcrosTebCTBO, HTO MOZEND G=MEXAHH3MA AOMYCKAET pas>
JuuHbie B sMo/Ibl, CTABUT BOMPOC, KaKas Mofa npeobaajaeT Npy AaHHBIX
YCJIOBUSIX.

PaccMoTpum cHayana TONBKO CTAUMOHAPHBIE OCECHMME TPUYHBIE MO~
Able OrpanuuuMest CllyuasiMi, korfia ot He MeHsieT 3HAKA B CeBEpHOMH nJm

IaKHOl noaycgepax, 4, KpOMe TOr'o, & 3aBUCAT TOJBLKO OT ry 8 do/dr

He MEeHSET CBOero 3Haka, Kak MoXHO oxu[aTh U3 paceMOTpPEeHH

puc. 15.3 u 15.4, Bo Bcex UcCiie/IOBAHHBIX CJAyYyAAX Cpe CTAIMOHAPHBIX
Mozt AQ-Mopa npeobaasiaet Hag S 0-Mopoil, &cim B cepepHOil noaycdepe
3Haky ot U de/dr coBnajaor, & S 0=Mona npeoGiranaeT Hag AO-Mopok
€CJ¥ 3HAKY PasJiyHbl.

Bonee cnoxHoli sBAsS€TCS CUTYaIMs C OCECHMMETPHYHBIMH OCIMI
mupyloummy Mofamu. Tlofepxanye ocipampyioumx MoZ ripefionpeles
JAETCS IOBOABHO CAOXHBIMY Tpoliecoamu. B yacTHoCTH, Jias pereHepa-
MY TOPOUAAIBHOIO ¥ TOJOUNANLHOIO NOJs JOKHE ObITh BHINOAHEHbI
crienpalibHble Ha30Bble COOTHOWE M. Jlaxe npH CTONb NPOCTHIX NpEfNor
Joxemnsix o at v do/ dr ocuunmpyomas Moza S 0 He Bcerna Jerye:
BCcero so306yxpaeTcs Npu OMHAKOBLIX 3HAKAX at ' dw/dr B ceBepHOH
noxycdepe u He Bcer/ia Jerue Bcero Bo30yXAaeTcs OCLMAIMpYyIOWAS
mozia AQ, bcau STH SHAKM PA3IMYHH,
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MHTepecHO, BO BCSKOM cllyyae, BHIACHATB, KakKue U3 MO npeobia=
MRIOT — CTaUVOHAPHbIE WK OCIMILIMpYOLIe. B GoabumucTBE MCcaepo-
paHHbIX MofieJieli a=3¢idexT ¥ HeOHOPO/IHOE BpAlleHNie CKOHLICHTPUPO-
paHbl B HEKOTOPBIX TOHKMX CJ0siX. [lo-BuaumMomy, paccrosuue Mexzay
oTHMM CJOSIMHU CYILIECTBEHHbIM 00pa3oM onpefiesieT xapakTep MOJIbl,
xoTopas Bo30yxaaeTcs Jerue scero. B pabore [ 55] usyyanace Mozenb
C YHCTHIM &=MEXaHH3MOM, 118 KoTopofi
&, =0(x —x4 ) ? =5(x —x,), (16.12a, ©)

r

roex, #“x, NOCTOSHHB. P ACCMOTpeHbl TOJBKO oCeCHMMeTpHUYHble MO~

Pl B MofleJ ¢ JOCTATOUHO OOJBIYMM NPOCTPaHCTBEHHHIM pasjielieHHeM
HHJYKIMOHHBIX s¢deKToB, T.d. 4a58 BoCTaTOUHO OoMbioll BemuMHbI

E —x, |, Bcerna npeobnajiaeT ofHa 3 CTalMOHApHBIX MOA. B cornacun

C NpuBeeHHHM Bbille oObsicHeHUeM 5Toli Mopoii Oypet AD, ecan C. C,> 0,
u's0, ecnt C,C, < 0. Tlpu HexoToprix Mamix SHauEHHAX | %4 — x|
Jerye Bcero Bo30yxzaoTcs ocuulIMpyomme Mofbl,

CpenaeM 3aMevaHKe 0 XapakTepe 0CeCHMMeTPUYHON ocinampyiommed
B-Mojpi, Bo30yxaaeMoll a cw=Mexan3moM. Kak MoxHo BY/IeTh U3 npuMes '
pa, NpyBeieHHOr0 Ha puc. 16,13, He TONLKO BeJMMMHA NOJs, HO ¥ €ro reo-
MeTpueeckas CTPYKTypa CO BpeMereM uameHsieTcs, Tummunoli yeproli Ta~
KUX MofleJielf sB1seTCs MUrpalis NOsICOB TOPOUAARBHOIO N0, ITa MUI'pa-
s, koTopas UrpaeT BAXHYIO poib Ans mogeJeli Coxmna, MoxeT OuITh
o0psicHEHa B TepMUHAX MHAMO-BOJH, OTKpbIThIX [lapkepom [ 1891,

Kak nokaszano B pa3g. 15.7, te=MexanusM, No-BummMomMy, Hecno *
cobeH renepupoBaTh WM NOAAEPXMBATH HEOCECHMMETpHUHDIE B oM.
Bo BcsikoM cayyae, s Bcex paCCMOTpPEHHBIX [0 Cux flop MoZelefi He
Hoxasana BO3MOXHOCTb CYLIECTBOBAHUS HEOCECUMMETPHUHBIX nonel,
ecu JeficTByeT uMCTHIl o c~Mexanusm. Ha nepewilt B3rasa mozean
Kpayse [ 115 ], koTopas npefmonaraet uucTbil ac-MexXaHU3M, HOMyCKaeT
nosiBJieHye HeoceCHMMeTPHUHBIX B =Moz, OIHaKo HCNIOAB30BANKHE TaM
npenoJoxexus HecnpapeMBbl [ pacCMOTPEHHBIX MO,

Ans unmocTpamm U3NOXEHHBIX Bhille yTBEpXeHN OCTAHOBUMCS
Ha HeKOTOpBIX YacTHbIX pe3ylbTaTax, noAyueHHnix Psinepom [222],

AL KOTOpLIX CnpaBefJuBbl NpeAnoNoxeHus pasf. 16.2,

Paccmotpum Moziem, skaiovaiomue o ~5$dekT, TouHee, o ~3ddexT,
1 HEOHOpOZHOe BpalieHke, T.£. w=3hthexT, Ecam C, He paBHO HyJI0, HO
PasHo nymo C _, T0 uMeeM a?=Mexanusm, a ecau C_, Bo3pacTaeT, TO Q=
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P u c. 18.13. MoRens uuCTOro cc-mexamama; & . M w ONPefienfTCcA us
(18.11), x, = 0,8, xy, =0,7, dg =0y, =0,075. NpuMeps! NONA AR OCLUNAKDYIO-
weh mogst AO cootsercTeywT CoCo,=2,07-10%, 8 Q=31,8 —ann 8das. B



Cfepusecxus MoOeAU: PEIYAOMAMLi sbiNuCAeNul

Qe=6nfB Qt=7nB

MOBLIX YACTAX PUCYHKOB NOKASAHD! MIMHUM TOPOUAANLHOMO NONA NOCTORHHOA BE-
MMHb!, B NPaBLIX YACTAX AAHL!I NMHUM NOMOUAANLHOIO NONA,
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P N
1500
Cs Al St

| F— 1 | i

-2000 - 1000 000 C, 2000
P u ¢, 16,14, ‘Mofenb, BKNIONAIOWAR O ;- U waddexTs, &y ONPBRENABTCA M3
(16.48) u (16.6); Npodwnb X THAA &, xy; +dy 1 § O, %y y = 0,5, dy; = 0,13 w
onpenenneTcA us (16.7), ¥,,=0,8, 'd,,=0,1. FipeRentHbie shauenma C naHbl

B 3aBHCHMOCTH OT C . [1nA cTayMoNapHbIX MOR Q =0, ANA BCEX APYTHX MOA
Q pAHO UMCNAMM HB KDHBBIX, ¢

(=1 2

mexanu3m. [lonesHo uccaepnosate nepexon ot B+=mojl, Bo30yxAaeMbix
a?=MexaHu3MoM, K MoaM, Bo30yX/IAeMbIM & w+=MEXaHN3MOM.-

OGpaTiv BHUMANNE HA MOJlesib YaCTHOrO BUAA, B KOTOpOH a = ‘1
wdbdekTn pelicTBYOT B JOBOJBbHO TOHKUX, Pas/iesieHHbIX Apyr oT [py=
ra cepuueckux clofx; yctb a=3¢¢heKT CKOHISHTPUPOBAH BO BHYTpEH~
HeM, & a3 dexT — Bo BHewHeM cioe. Ha puc. 16.14 nanu npesienbunie
3Hauenust €, ¥ COOTBETCTBYMIUME SHaueHus Q IIJ pasmuHbX B -Moz.

Ocrasoumcs na cayuae C,,>!0. Ecam C,, He ouenb Maso, HauGo-
nee nerko Bo30yxaaeTcs cranuorapuas mMofa A0, na Mamix C | 510
CBA32HO C & 2=MeXaHu3MOM, a Ais 6oabmux C ¢ — C XcrMEeXaHn3MOM,
Jas 6oxpumx C,C,, npenenvtoe 3Hauene C  C,, nepecTaeT U3MEHATb
cf npy flanbefimem Bospactamuk C , Ha puc. 16.15 BufiHo, 4T0 370 Ha-
crynaer, fio xpalinei mepe, ipu €, > 1000. Tosnko Torma cramponaps
nas A0-Mofia reHepupyertcs Gosee UM MeHee YHCTHM G c=~HpoleccoM,
Te€e k=3pdeKT CcTAHOBHTCSH ropasjio MeHee 3¢deKTHBHLIM B I'eHepalyy
DOoXOUJANBHONO oA, YeM wraddexT.
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P u c. 16.16. Mopens, 9:'1: ::::"" @1 ¥ addekTul, & onpepenneTc ua
(16.“) L] (168); npo¢uﬂ ¥ _ -a' xxl +'le‘ <0, 'xxz = 0,8, dxz =0,y w
onpenenneTch us (16.7) w=0.8, d,,= 0,1 NpenensHbie aHaueHuR C, Che

Hbi B 38BMCMMOCTH OT v ANA CTaumMonaPHOA MoRL! AO.

Obene M
Corcem apyroe ﬂ'l‘lanlelmﬂze? (;r:lMOHapﬂoﬁ S0 Mc;‘m npu C >ﬁ0._
910 ObBAICHSAETCS mﬂ%"bexfrom . XaHK3Ma, KOTOpbIA B HEKOTOPO! nCTe'
[OHH H3MEHSETCS ced , HO xw=MeXxanusmM He MogBaAseTcs. [lono6-

1AluS -
HBIM Xe 0BpasoM Moﬂy 1 BpsIA ;m MoryT GbITH CBA3AHDI C X

MeXaHU3MOM, - COMOTDRHHEX MO

B ormume o pP; M, KOTOPHIe CyleCTBYIOT Kax Jiph
Masix, ax v nip 607 X Cop ' OCWAIMDYIope A 1 SO MO oS~
JF0TCH TOABKO TpH ﬂoc‘ra'roqno Gonbmuex .C , Bro sBARETCS ClefiCTBUEM
acoMexamama, Tlpe ﬂ@-’lbﬂble SHauetus C C = cTpeMATCH K NOCTOSHHBHIM
¢ poctom C " _ . i

Bonee cioxias & VAW 1k cayuas C < 0, kotopwiiise Gyper
3pech obcyxaaThes £ élemm Yxexxem Toabko, UTO ML OCHHAIHDYIo-
e AQ- y S0~piom? - CPROTCH acrMexaruamom. flis Mozienelt atoro
THNa; Korya a3 (p(pef"r KOHLIEHTPUPYETCs BO BHENHEM ClOe, a wr3hdekT
BO BHyTpeHHeM, fio.y 4€Hbl OYEHD NOXOXKE Pe3yJbTATH. .

Octaetca obcys, » KAKiM 06pasomM Apyrue MHIYKIMOHHNE Sder
Thl, KpOMe o = ¥ con JdexTon, BISIOT 1A aco-Mexamuam. [lopexon o
Heanusuposansoro ﬁ’e”"HOMY a~3¢pdeKTy He ouenb BaxeH. Ecau
pACCMATpHBABTCS T o/'PKO OCeCHMMETDHUHOe Nione, ITOT NEpeXof BJAMA
eT Mub 12 BKIAN _Jddexta 5 FeHEepAIMIO TOPOH/IAILHOTO OAS K3
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0’8 1 ) IR T T T
o t
C,,=10000 »
06
P Mc. 16.168. Mofienb , BKNIOUAOWEA O '
04+ 1~ ¥ e-aPdexTel; o, u 5, onpepenmoT-
! AD cmay, cn u3 (16.4a), (16.4r) u (16.6); npodgmnb
i X THNA a, 1 +dx1< 0, ”x2=°'5'
dxz a 0,1; w onpenenneTch ¥3 (16.7),
g2t *,=0,8, d, = 0,2. Mpepenbhuie sHaue-
WA G, npu C = 10000 paKbi B 3RBUCH.
) 1 012 L 0:4 1 d&’ MOCTH OT CB/Co( ORA CTALWMOHAPHOR MO~

G /C'u_ ' Avt AO,

TIONOUJANLHOIO, NPUYEM STOT BKJAJ BCEr'iA Mal U faxe NpeHeOpexum
110 CpaABHEHHIO C BKJAJIOM OT HeoJHopoaHoro Bpawenus, Curyalulo, ana
JOCMUHYI0 CJyualo o 2sMeXaHu3Ma, UMeeM NpU PacCMOTPEHUH U3MeEHes
HUSL SJEKTPONPOBOAHOCTY U»3a P ~dddexTa uay TypOyseHTHOr O NepeHo~
ca MarHuTHOro NoToka u3-3a y=5{pexta. B 3THX CAyuasX MOXHO OXU=
HaTb, YTO NpefieJbHble 3Hauekys C_, a Takke COOTBETCTBYIOLME 3Haye~
Hus Q, 6y/JyT BO3pacTaTh C BOSPACTAHUEM s U g. ITO MOATBEPXAETCH
pesyastaramu pabor [ 96, 103 1.

Usyuasn poab wx j~3ddekTa, ClellyeT NOMHUTD, HTO 5TOT 5¢dexT
Daxe Ge3 BCAKOro yyacTus a=3¢pexTa COBMECTHO C-HEOAHOPO[HBIM
BpaleH{eM NPUBOJKT K MeXaHu3My Swrmueamo. Ecau vapany ¢ «,~3¢-
¢exToM cyuwecTByeT &;~3¢deKT, hospaseTcs KOMOUHAILMS acr U Soom
MeXxaHu3MoB, ITH [Ba MeXaHU3Ma MOrYT NOAJepXUBaTh WM NOJABIAThH
Ipyr mpyra. [lpeanonoxum cHoba, uTO a+ He MeHsi€T CBOH 3HaK B ceBep~
Holl uam 10xHOM noaycdepe u uTo 5, BooGiie He MeHsieT 3uaka. PaccMor

"puM cnepsa cayuafi, korfia oba SHaka B cesepiofi nonycdepe cosnanas
1ors Kak Bugio u3 puc. 15.3 u 154, pefictere acMexanusma ans AQ=Mofbi
ocnabepaeT B NPUCYTCTBHY SwsMeXann3ma, & As S0-poab — youlupas
ercs, Ecom suaku ot u 8, B cepepnoli noaycepe pazmunsi, o A0=-Mo-
Aul yowmsaiores, a S 0«Moaw nogasasiorcs. HacTHul pesyabTaT, NoATEEp
XAatowuit 5ToT BHBOJ, BoxasaH Ha puc. 16.16. 1
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“ BaysiHMe MepUIMOHAJIBHBIX MpKYAauuti Gonee caoxHo. Kak caemyer
w3 paGor [228, 233 1, Mepunnonansubie IMpKyasimuy B Goabluefi cTeneHn
NOA/IepXHMBAIOT CTAIMOHADHHE OCECHMMETpHUHBIE B MO/, MeM ocLy -
aupy’ompue MOMle
Mol « =MeXaHu3Ma ¢ obpaTHHIM BJMSHMEM MAHUTHOTO IOJA HA
a~g9ddexT Golam uccaenosasn B paborax [ 98, 991.

16.5. Monenn ¢ 5o-MEXaHHSMOM

Toc e p6CyX AEHUA BOSMOXHOCTEeH noZAepKanus MAMHUTHEIX noneft
a*MOXAHK3MOM nepeliieM K Se=Mexany3Mmy. B sToM ciyuae paboraer
se a=3¢dexT, B wx j-3¢pdekT, bauaxko TopouAaibHoe noje no-rpexue~
My BO3HMKAET U3 MOJOKJANBHOTO NOA AeHicTBYEM HEO[HOPOIHOrO Bpailie~
fus, [loaToMy xax ‘Cg, T8K ¥ Co, OTHUHBL OT Hyas, OrpanuuumMcs ciyyas
em Cy > 0; uro KacaeTcs cayyas Cg < 0, To HAZO UCNOABL30BATH pe3y b
TaTH, BhiTekaonme 13 (15.17) u ( 15.18).
MMeeTCs aHANOIUA MeXAY aw= i SerMexanuamamu. Ecim, xpome
WX ,-sqy(pexrra, 124 53~3QdeKTa, 1 HEOIHOPOAHOTO BpANEHNS, Toe.
weddpdekta, HeT APyrix URAYRUMOHHBIX 3¢ PEKTOB M, LlefoBaTeNbHO,
reHepalyus TOPOUJANBHOIO NOJs OCYUECTBAAETCSH TOMBKO HEOIHOPO=
HbIM BpallleHNeM, MOXHQ I'OBOPHTDH O YUCTOM Bco-MexaHusMe. Y cioBus
resepaimu oéééumewpmmx B-roneit YHCTLIM & wo=MEXaHU3MOM, KOTO~
puitt 3aBucur or Cg u G, MOryT GbITh CHopMy MPOBAHH KaK Or'paHyyes
HUS TOABKO Ha Cy Ew
Ilepsas Mopean, B koTopoli MarHUTHOE MoJie MeHEPUPOBAJOCH Sco=
s dexToM, Gbina NpefJoxeHa u paccunrasa Papnepom [212, 213).
Paccmarpusanca uncbift Swo-MexaHn3M A8 0CECHMMETPHUHBIX MO,
TpiyeM Oblio mpuisTO

5, =], w=-x. (16.13a, ©)

Oxasanoce, uto Mozia SO BQ3byxAaeTcs Jerye BCero, a npeaeibHoe
Supuenne CgxC,,= — 166,5. [lpumep noas ans 970l Mozl NpuBe/ieH Ha
puc. 16.17. OcHoBHule BUAB yKa3aHHBIX paboT Onlav NOATBEpX AEHD! ¥
Ronoasensi B pabore [2281. B pabote [ 222] nponosxeno pa3purie
3THX pabor.

Kak nokazano B pabotax [ 220, 222 1, uncThifl Seo-MexaHH3M MOXET
FeHepupoBaTh TakXke OCLMLMpYIOLME OCECHMMETpPUYHbIe NoJis. ITOT pe-
SyabTaT noArBepx/jéH B pabote [ 271 ).



27 Tnoea 16

Puc. 16.17. Mofienb YMCTOro Sw-MexanMsme; 5, u w onpepennioTch us (16.13).
Mpumep nonA anA MoAbt S 0 cooTeeTcTeyeT Cg C , = ~ 166,5. B neso# uacTu
PUCYHKE NOKA38HL! IMHMM TOPOMAANBHOMO NONA NOCTORHHOA BENWUMHLI, B NPaBoA
4ACTH AAHB! NMHKM NONOKAANLHOro RONA.

Kak obbsceno B pasp, 15.7, uucThill Sc=Mexanu3M, NO-BUAMMOMY,
He MOXeT NnojifiepxinBaTh HeoceCHMMeTpuuHble B =Mo/ibl.

CHoBa nepesi HaMi BONPOC, Kakas u3 Mo npeobaafiaeT npu JaHHBIX
yeaosusx. K coxaJsenuio, Ha 3TOT BONPOC HET YOBJETBOPUTENLHOI'O
oTBeTa. OrpaHiuMMCs YHCTHIM Sw-TIPOLECCOM, KOM/IA o 3ABUCHT TOJBKO
OT r ¥ NMpE/NONOXUM, YTO 8§, ¥ dw/dr He U3MEHSIOT CBOMX 3HaKoB. M3
obcyxpetnst puce 15.3 u 15.4 Moxuo npuiiTh K BEIBOAY, UTO CTALOHAp~
Hble MO/IEI NOSBJAIOTCS, TOJbKO eCiM 3Haki §, ¥ dw/dr pasinyubl. 310
NIOATBEpXAaeTcs NS BCeX UCCAeJOBaHHLIX Cayvyaes. B 3aBucHMOCTH OT



Cepuueckue MOOenUu: pesybmamb: sbiuucnenull ¥ 1/}

Tabnuya 15.4.
(pepenbHbIe SHAUGHHA CsC, MR CTayMOHAPHLIX MOR AO M SO npy pasnuunbIX
oBNacTAX U3MEHEHHA 8, W ., Mogens ¢ UMCTBIM Sca-Me XaHUIMOM; 5, nawTcA
suipaxenuAMU (18.4) U (16.8); w GepeTca us (16.7).

O6nactb 51 O6nacTb © AO SO
%y +dy 1€ 0 %= 0,5 - 1154 —1108
%32~ dx2 21 d,,=0,5
%, =075, dyy=0,25 %yy= 0,75 —166,4 -~ 165,6
%2 -dx2 1 d,,=0,25
/ Tabmya 16.5.

MpepenbHble SHAYEHWA Cscw W COOTBETCTBYIOUME SHAUOHUA Q AN OCUHNAH-
pyiowux mon A0 w SO, Mopenb ¢ YHCTbIM SwexmuaMw;S‘ HAIOTCA BbIpaxe-
HUAMK (16.4) u (18.8); npodunb X Tuna b,x . =0,8,d, . = 0,2, xyg =dya > 1;

. x1 * X1 ’
w GepeTch us (16.7), *,,=0,5, dy; = 0,2,

AO A0 ) )
CsC, — 2349 19268 - 2217 4914
Q 168 73.4 6,5 35,4

yacTHoro suaa npoduielt &, 1 c B HEKOTOPbIX Clyyanx AOMHHUPYET CTas
iMotaprasn AO-Mona, B Apyrux — craumuonaphas S0-Mopa. [ns Becex kome
Ounaiuii 3nakos &, M do/dr Gbiiu OOHAPYXEHbI OCIWATMPYIOWME MOZLI.
IpounnocTpUpyeM M3M0XeHHOe 3iech OObICHE S Ha NpUMepe umcs
TOro ScweMexanu3Ma, Hecaefopantoro B pabore [ 222 1. CxoBa ucnosb3y-
eM OrpaHyuenys , BBeeHHHe B pasf. 16.2, u Kccienyem TOJbKO 0CecHM=
MeTpuuHbie B -MOmbt.
Nmeetcs yemilt pan Moperefi pist pa3AMUHBIX YACTHBIX 3HAUEHHH
8, ¥ w, 418 KOTODBIX OLIAM Halifennl cTauMoHaphbie Mopsl AQ u S 0.
Npegenntnie 3Haverms € 5Cw ANst pas3/MuHbIX CllyuaeB faun B Tabn. 16.4.
B 3asucumocTy ot obnacrelt usmenennfi §, u c Oy et npeobiasath -
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60 A0~, mibGc S 0-Mopna. PesyabTaTsl Aast Mofiells, lonycKalouel ociyie
mapywoume Mol A0 u S0, faun B Ta6a. 16.5. Jng storo cayvas S O-mo.
Aa Gyner npeobaajaTth, ecm CzC, < 0. He nafinero crausonapHsx mop,
KOTOpbie MO Onl BO36yXAThCH Jerye, YeM OCHMJUIMPYIOUIHE MOJpl.
Ocraetcs obcyauTb, KakuM 00pa3oM u3MeHseTCs Sw=MeXaHH3M,
eCJy BKJIOYHTD JIpyrie MHAYKIHOHHLE s¢dekThl kpome &= U w-3(dex ToB

8 ~adhibexT 0BnuHO conposoxpaeTcs 5 ,~addextom. Kax yxe obusc:
HANOCh, §_+3(deKT BIMseT Ha AMHAMO-NPOLECC TOJIBKO B TOM Cliyyae,
ecm 5, He nocTosHAO. ONHAKO JAXKE B TAKOM CJlyyae STOT Npolecc Me-
Hee BaxeH /Wi Sw-mexann3va, Ecmn & 2 SABHCHT TOJBKO OT ry TO
5 ,-9¢xpexr BT JMIb HA MEHEPALIEO TOPOMIAIBHOrO N0, KOTOpAi I'o-
pasfo shdekTnHee obecneunBaetcs w-3dpdektoM. 'ITo Xe kacaeTcs
TypOyaenTHOR 3JEKTPONPOBOMHOCTH M TypOyAEHTHOI O NepeHoca MarHuT-
HOr'O NOTOKa, TO CHTYAIMs NofobHa Cayyalo a?-Mexanu3ma. OnHaxo cre-
IMaJbHBIX MccleoBaHui 3THx 5¢deKToB He UMeeTcs.

Ecau yuntoipaercs a~3¢gdekT, TO CHOBa HMeeM KOMOMHAIIO o co=
 Seo~MexaHu3MoB. PaccMoTpeHne 3TOro Cayuas JaHo B OpeapiayuemM
paspee. Biusaxne MepumoHaibhoi UMPKY AALMH Ha Sw-MexaHH3M 10
CHX TIOp HE PACCMOTpPEHO.



Maea17. NPUMEHEHUA K
KOCMHUYECKUM OB bEKTAM

17.1. PeaynbTartul HabniogeHit MarHMTHLIX nonew 3emMnu,
Nyubl ¥ NnaveT

Jlyume Bcero cpel KOCNHUECKMX MATHUTHBIX NoJjell H3yueHo nos
e 3eMI — reoMaruuTHoOE Tojie. B oT/muKe OT Nosedt Apyrux kocMuuecs
kMX OOLEKTOB OHO JIOCTYIHO /NS MPSAMBIX HASEMHBIX U3Mepenmii. annbie,
noJiyueHHble Ha KOCMHMUECKUX aNnapaTax, [alT HHpopMauuio 06 5ToM no-
Je BHe 3eMJ.

I’pyGo ropopsi, MarHUTHOE NOJje B HENOCPEACTBEHHONH OAMB0CTH OT
3emMau UMEET CTPYKTYpY MMINOJBHOIO MOJS C ONpelesieHHoi cuvmMeTpHeli
OTHOCHTEJBHO OCH BpauleHus, BeMunna MarHuTHO! MHOYKIMK Ha 9KBa-
Tope okosio 0,3 Mc. Bonee petanbhblii aHa/m3 NoKasHIBaeT, UTO MoJe
He MOXET ObITh MOJHOCTBIO ONMCAHO JUNOJeM, PACIIONOKEHHBIM B LIEHT~
pe . Junosb ABASETCS TOJABKO IIABHLHIM YJNGHOM MYJABTHIOABHOIO pa3iio~
Xenusi, Ha nopepxHocTy MMnosibhas KoMmosenTa npubmsutesbHo B 10
pas npepocXomUT Apyrue. Hanbosee cyuecTseHHoe OTKOHEHHe MO OT
CHMMETpHH OTHOCHTEJBHO OCH BpalleHHs! COCTOMT B HaKJOHE OCH Ao~
aa Ha yroa 11° . HepunosbHas yacTh TaKxe He BrojHe CHMMETpPHUUHa.

Ha nepsbifi B3rasi/l MarHuTHOE Noje 3eMAK MOXET CUMTAThCS CTalHO
HAPHBbIM, OJIHAKO HAa CAMOM JieJle OHO 3aMETHO MEHSEeTCH CO BpeMeHeM,
He 6ynem obpawmaTh BHIMaHKE Ha CNEKTP CAalbIX JOKaJbHBIX BapHarmit
¢ MaciuTaboM U3MeHeHHl BO BpeMeHH OT MMHYT JI0 I'OJIOB, MCTOUHVKH
9Tux Bapuauuil sexar Bre Tesa 3eman. OT™MeTHM, O[IHAKO, BEKOBLIE Ba-
praipm. Qcb Aunosst npelieccupyeT B 3anajHoM HaNpaBJEHUH CO CKOpOs
¢Tbi0 okojio 0,05° B rof, a HeocecuMMeTpHuHAs CTPYKTypa noJs, CBi3ak
Hasi C BBICUMMY My JAbTHIIONAMH, ApefidyeT Ha 3amaj co ckopocTbio 0,2°
B r'ofl. 3T0 COOTBETCTBYeT ofiHOMy obopory 3a 7-10° u 3a2-10° seT.
[aseomaruuTHbe fanHble AT HEKOTOPYIO HHGOPMALKMIO O FeOMArHHT=
HOM nojie paHHKx 3nox. Okasanoch, uTo Nojie AMNONBHOIO THIA, MO BeJi
uyte 6um3Koe K COBPEMEHHOMY, CyNIeCTBOBANO NIOUTH BCE BpeMsl. James
uaTeSibHEIM (paKToOM siBJgeTcs obpalleHye 3HaKka nols, T.e. BHE3ANHOS
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U3MeReHHe ero NONSIpHOCTH. JaKTe ILHOCTD HHTEPBANOB C NOCTOSHHOM
TNOASPHOCTBIO MEHsAch CJiyvakiuniM obpasom B npepenax ot 10° fio 6o-
Jee uyem 107 Jier; XapaKrepHoe BpeMst CMeHBI SHAKA Y N0JA GblIo MeHhIM,
uem 105 ser. *

CoBeplueHHO HEOXUMIAHHLIM Obli0 OOHapyXeHHe HeGOobLIOro Mars
serusma y Jlysnl, KoTopsii HabAlONAKCH C TOMOWBIO KOCMHYECKHX anna-
paros. [lose, HabalosaeMoe y noBepxHOCTH, cocTaBiseT nopsaaka 10— -
10-3 I"c, ¥ nuBuTENbHON XapakTepHOl uepToli NoMs SBARETCS €ro Kpaline
HeperyJaspHast cTpykTypa. Ecav Boobue cyliecTByeT IMnoabHas KOMIO-
HEHTa, TO OHA OYEHb MaJsa N0 CPABHEHMIO C [PYrHMM KOMIOHEHTaMH. He-
KOTOpble U3 NiafeT Takke MMEeIOT MarHuTHule noss. CyliecTBOBaKMe 1o~
as Kourepa 6110 yeranoBeHo Ha ocHoBe pammMonabmoaenuii. Jletambuas
CTPYKTYpa 3TOr0 Nosis ¥ onpefieleHHas kHGOpMaLs O NOASX JIPyruX nja-
HeT NoJYyYeHb! NPY NMOJeTAX KOCMHUECKHX aNlapaToB.

[Tone Knurepa: cuabtee noast 3emims. OcHOBHAS KOMIIOHEHTA 3TOrO
TNIOJiSl TAaKXe AuIoJbHas. Beanwma noas Ha 5KBaTope COCTaBASET OKOJO
4T'c, aoch mMmois HaKJOHEHa K OCH BpalleHus Ha yroa akodo 10°.

Ilpeobsagaomias mmonbHas KOMIOHEHTa XapakTepHa Takxe AJs
noast Mepkypusi. ITose Ha skBaTope okodo 4-1072 I'c, a ocb punoas,
NIO~BHOMMOMY, HaKJjioHeHa Ha T°.

Crepnyer orMeTHThb, uTo Mapc o6sazaeT MarHMTHbIM NOJEM CI
nojeM C BeJMuMHON HA noBepxHocTH Beero nopsaka 10-23 I'c,

Yro xe Kkacaercsi Beneprl, TO y Hee He OOGHapyXeHO MArHUTHOIO
noas, Koropoe mpepbmgso 661 5+ 10-% "c. Ocrampibie maaHeTH
[0 CHX TIOp HEeJIOCTATOUHO KCCHENIOBARE! C TOYKY 3peHMA HANMUNA Y HUX
MarsMTHOro o,

17.2. QuHaMo-TeopvA 3@MHOM0 MAarHUTHOrO NONA

B Teopuy MarsuTHOro nois 3eMa Npexzie BCEro HAo NOHSATb, Kas
KO} MeXaHu3M MOXeT NOJJIEPXHUBATH CTAIMOHAPHOE NoJie [MIIONBHOrO
THna. OGbIYHO CUMTAIOT, UTO 3€MHOE MATHUTHOE Node ABJSeTCH CAels
CTBHEM HMHAMO-TIPOLECCa BHYTPHU 3eMHOT0 sigpa, flapo obnanaer snek-
TPONPOBOAHOCTBIV, NOAOOHON 31eKTPONPOBOMHOCTH OOLIUHBIX METANNIOB
U, BEpOSITHO, MO KpaiiHe# Mepe B onpefiesentbix obracrix sapa, cylecT-
BYKT Teuenusi. MaHTus u BHewnmne o6xacTy, NPOBOAMMOCTD KOTOPBIX MHO>
10 Mekbllle, HI'PaOT MaJyIo posib B YNIOMSHYTOM Bhilie MPOLECCE.

PaccMaTpyBas 3eMHOe MarHMTHOE NOJie KaK CTAlMOHAPHOE, Mbl
HMeeM B BHLly MHTEepBaJbl BpeMetn Mexay obpalnieHMaMM 10Js, KOTOPHIE,
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KK MpABILIO, Mo (MHOMa MHOPO JUlsHHee), yem 10° Jer, T.e.
weM BpeMs CBoBOfiHOro pacnajia nons (cM. pasp. 11.3). Obpatenns no~

ast TpeOy T CleHanbHoro o0bACHeH ! .

ViHTepeCcHbIM ¥ BaXHBHIM STANoOM O0LsCHEeHUs NPOUCXOXKAECHUS U 1o~
pePHUS 3eMHOT'O MAIHUTHOI'O MOJIA HBJSETCH TEOpUA NOYTH-CHMMETpHY~
goro fMHAMo, paspabotansas Bparuuckum [ 18 — 201 (cm. pasg. 11.5).
Kak Ob1IO OKa3aHo Bhillle, B 9TOH TEOpUH paccMaTpHBAIOTCS CpelHue
nois, onpezefiieMble OCECHMMETPHUHON KOMITOHEHTO! HCXOAHbIX Todie
(c™. ‘pasn. 12.2). Bh1j0 NoKa3aHo, UTO B 9TOM CJyYae HEOJHOPOLHOE
Bpalliesne, MEPHIMOHANbHAS LMPKYASIMA ¥ HEOCECHMMETPHYHbIE [BiKe~
HUf CNelMaNbHOrO BUAA MOTYT NOJANepXUBaTh CTAMOHApHOE NoJje [ue
NOJBEOO THIIA. Mexahu3M rexepaliuy Nois nofobeH aw-MexXaHusmy B
reopi TYpOy JieHTHOro AuHamo. TopouZanbHoe Nojie BO3HAKAET U3
NOJOMAAIBHONO N0Jisl NPY HEOIHOPOAHOM BpalleHH, a NOJOKHIANbHOE Mo Jie
BOBHHUKAET, B CBOI0 OYepe/lb, U3 TOPOMAAIBHOIO BCAECTBHE HEOCECHM~
MeTpHuHbIX IBuxetnit, TopoKtasbHOe NoJtie ropasyo cuibHee NoJOUNaNbs
Horo nojsi. OlHAaKO TeOpUs NOYTH~CHMMETDPUIHOrO [MHAMO MOXeT obbsice
HUTb TOJBKO- OCECHMMETPUUHYI0 KOMIIOHEHTY MeoMarHUTHOro noks. Yo
Xe KacaeTcs HeoCeCMMMeTpHUHO! wacTH M ee Sanajsoro fpeiida, To
Bparunckuit [ 23 1 npeanosoxus, uTo 5TH 0COGEHHOCTH MO CBSI3AHB! C
TaK HasbiBaeMbiMiH MAK-BOJHAMM, T.e. MarHUTOrUAPOIMHAMHUECKHMH
BOJHAMHK 0Co00r0 BH/Ia, KOTOpble BOSHUKAKT NPH HAMUMH TLIABYYECTH U
KOPHOMMCOBLIX ciil (M — o3HAYaeT MaruuTHbe, A — apXUMe/IOBb,

K — kopuomicoss! cuibi).

€ymecTBennblil war B 06bCHEHUH NPOUCXOXACHHS 38MHOI'O MATHUT~
HOI'0 10Jis ¥ ero xapakTepHsix ocobeHHoCTel Obli cliesial B TeopyH Typby-
JEHTHOro fuHamo. Ileppag Mogesb Takoro popa 6eia npefsoxena lllteens
Gexom 1 Kpayse [259, 263 1. B nannhefiem Mbl 06cy/M HeKoTOpble MX
pe3yabraThl.

Bynem paccmarpusaTh Mofiesm chepuueckoro ImuHamMo, clieflys
pasp. 15.1, u vcnosb3yeM Bee YNOMSIHYTHIE TaM orpanuuetns . [To mpu-
UMHAM, U3J0OXEHHbIM B pasi. 12.2, onpenesinM cpefiHie MATHUTHLIE N0~
A KaK Cpe/iHKe No BpeMeH! C MHTEpPBAJioM YCpeHEH!S B HECKOJIBKO Jle-
CATKOB Jer. OToxecTBUM CepHuecKoe SMEKTPONPOBOAILICE TS0 C 3eMe
HHM S7IpoM ¥ Nipe ANOJOKKM, YTO NPOBOAXMOCTD NOCTOsHHA. Vcnonb3yem
O0biunble Npe/noioXeHHs 0 XAPAKTEPUCTHKAX 3EMHOIO S/pa, KoTopble
YXe npupogmumich B pasf. 11.3, Bo3bMeM R =3 - 106 M, p = py = 41 -

* 1077 (B.c)/(A-M)no = g = 3-10° (Om)~*. (M), ManuTHio 3emm,
K&K ¥ BHellHee MPOCTPAKCTBO, GyZIeM CUMTATD H30JATOPOM.
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Ilpu onpegenenuy cpeanero mBixedus OylleM yUMTHIBATD Bpamenye
3eMHOro sifpa. BpalieHne sipa B OCHOBHOM TakKoe Xe, KaK BpalieHue
MaHTHH, T+€. O/IMH TIOBOPOT B CYTKH, WM wy= T,3 + 107° ¢~*. [lo noso-
Ny CyllecTBOBaHUs HEOOABIIQro OTHOCUTENBHONO [JBHXEHAN SApa ¥ Mak~
TUK HET eMHOIO MHeHHsl, ECAM OTHOCHTENBHOI'O BpallCHHs HET, N0J0-
*uM A = 0, uto o3nauaer C, = 0. Onnaxo uMeloTCsl CHOBAHMA Npels
nojarathb, YTO CKOPOCTb BpAIEHHs] OCHOBHOM UacTH S/Ipa BCE X€ HEeMHos
r'o OTAMUAETCH OT CKOPOCTH MaHTHH. Tor/ia BHenHNHe CJOM S1pa [0JDKHK
BpaillaTbCst HEOAHOPO/IHO. B psifie paboT npemoJaraeTcs, YTO AUNOJbe
HAf YACTb NOJS YYACTBYeT BO BpALICHHH BHYTPEHHET0 f/lpa OTHOCHTEIbe
HO MaHTHM ¥ UTO 3anagHbiil ipeiid HenocpeCTBEHHO YKa3piBAET Ha STO
Bpauete. B sToM cayuae Aw = 3 - 107! ¢, a C = 100. IToka et
OCHOBaHMil npe/oJarath CyLIECTBOBAHKE B siApe MEPUMOHAIBHOM LMPKY»
as. [losToMy npuMeM chauasa u, =0 4, clepoBaresbho C,, = 0.

PaccMoTpuM Tenepb GUIyKTyaimoRHble asiwkenus. Mivelorcs cepbese
Hble OCHOBAHUH IpeAnofiarath, uTO BHyTpeHHee §fpO, pa/Myc KOTOpOro
cocTaBJfeT NpHOMM3HTE AbHO NOJOBHHY pajiyca Bcero sifpa, fBaseTcs
TBEepObIM. Chie/ioBaTeibHO, QAYKTYALHOHHbIE ABKXEHHUS CYLIECTBY 0T
TOJNBKO B OCTaBwelics, BrewHell uacTh siapa. Takue [BIXeHUs MOTYT
OBITH CJeICTBHEM HECTAOUABHOM CTpaTHUKALIM siipa, UaM Npeleccun
3emum, MaM KaKuxeau6o Opyrux npuunH. K coxanenuio, NouTH HeT Hake
HBIX O CTPYKTYpe, aMIAWTYJaX UM XapaKTepHbIX NPOCTPAHCTBEHHbIX U
BpeMeHHbIX MaciuTabax 3TUX [ABMXeHuil.

Mcnoab3yst pesysbTaThl KOPPEASLHOHHONO NPUOMLKEHHA BTOPOIO
nopazika, MOXHO rpybo ouenntb napametpul C,, Cs, s M g. Pacomor
PUM CHaualsa BeiMunny uo, A2, ./T,, . Pa3yMHO NpeAnosoxurs, uto
Ao >5-10° Myar_ < 1cyr. Torna nonyunm, uto oA L or /Teor
npesbimaet 102 ¥, caenopaTensio, MoXeT OHITH ClpaBEIMBLIM NPHOH-
XeHHMe rpefiesibHo G0 JbI0it TPOBOMMMOCTH.

Mas onpenesenus C,, cobinasch Ha (16.3a), 3amernm a, Ha BeJu-
unHy |« | , KoTOpas onpefensercs u3 (9.60), uZ Ha L2 QHawg, @

A, k2 R. Torna noayumm, uto | C, | uMeeT nopsfiok poyu 3weTeope
lNonaras, nanpumep, u , = 107 M/c, a *___ = 5-10* ¢, noayum

| €1 oxono 20. Kokeuro, 3T Beuutb! ouenb Heonpeenersl. Tem
He MeHee BH/IHO, uTO Besutunha | €, | MOXeT NpeBbilaTh efuHMIY.

AHAJOPHUHY 10 OLEHKY MOXHO cfienaTb fust Cg. Buano, uto | €5/ Cq |
nopsiixa (uoA? /7 . )~'. Corsacho noayueHHBIM pesyibTaTam, 3ra

cor'
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pommuuna Merbe 1072, Tlostomy [C5| MoXHO cunTaTh MHOTO Menbiled,
yeM | Cu | *

HakoHeil, BeAMUMHbL S ¥ € OpSAKa wogu T . Vicnosbsys npuns-
rHE BHIILE OlEHKH, NIOKYUMM 3HAUCHHS § U g OKOJIO 2, T.e. NOPsfKa ey
HMlbl.

IlepeiigeM K pacCMOTPEHHMIO HEKOTOPHIX OOLMX XapAKTEPHCTHK MO~
zefi TypOyJeHTHBIX IMHAMO, TIPUIOJHBIX sl OOBSCHEHHS TPOUCXOXAECHHS 1
OCHOBHbIX CBOWCTB 3€MHOI'0 MarHUTHOIO IOJis.

O6cy v cHauasa chyuali, Korja cpeliuM IBHXEeHHeM SIBASETCS
IpoCTOE TBEPAOTEAbHOE BpalleHKe, TaK uTo Cw= C, = 0. Torpa paGoras
eT TOMbKO & 2eMexaHH3M, KOTOpHIii 061t Brepebie npeasoxet llTeenbexom
u Kpayse [262]. PaccMoTpuM 3TOT cayuail, HCTIOAb3Ysl pe3yAbTaThH
pasn, 16.3.

B npocrefimx Moziessx STOrO THNA HE YUHTHIBAITCS KaKKe-inbo
TypOy JenTHbIe 3dbexTH, KpOMe HealU3HPOBAHHOTO a~3hdeKTa, T.c.
uncToro a?-mexanusma, CpapHuBas npefiesbhbie 3Hauenus C  [Js pHs
BeJIeHHOrO BHILLE NpivMepa ¢ -oleHkaMK C, B npefblAyuMX pas/ienax,
ybexpmaemcsl, uTO MMEIOTCS OCHOBAHMS CUMTATD BHINOJHEHHBMH YCJO~
BHs! MeHepalMK MarHUTHLIX NoJei. YCOBEpLIEHCTBOBAHKE STHX MoJelei
nyTem pobasaeHus Apyrux typOyJseHTHBIX 3({eKToB, KaK NpaBuio, yBe~
JMuMBaeT npefebibie 3hauerus | C o | , T.e. yXy/lwaeT npuMeHMMOCTD
STHX ychoBHit, OHAKO ¥ B STUX CJyyasx HET CTPOrMX yTBEPXK/EHHUH,
MCKJIIOYSIOLIMX BO3MOXKHOCTDb IMeHepalii¥ MarHWTHLIX noJeii.

IToutn BO BCex M3yueHHbIX Cayuasx npefiebubie 3xauerus | C_ |
Aast AQ=Mopb! HEMHOIO Melbllle, ueM s Jipyrux Mof. [losTomMy Mok
HO OXHMJATb, YTO MArHUTHOE NoJe OyfieT B OCHOBHOM COOTBETCTBOBATD
A0-mopie, Tak yTO MIABHBIA BKJAA B NOJOMIANBHYI0 KOMIOHEHTY OyzeT
AaBaTh IMIIOJbHOE NOJe C OCHI0, NapaifielibHOl OCH BpaLICHUs,

Ilpepenbibie 3HAYEHYS C, nasmon A0, SO, Al u S1 Bcerpa 6/m3-
Kyt apyr zipyry. IlosToMy MOXHO oyMaTb, UTO MArHUTHOE NOJE CONEPXUT
He TOJbKO KOMNOHEHTY, nofobHyo Moze A0, Ho ¥ HeboabluMe BKJaibl
or S0, Al- u S1- moa. HanoxeHne KoMIokeHT, NpHEafiexanmx AQ«
¥ S 1-MoJiaM, NPUBOIUT K NOMIO HAKJOHeHHOro Annous. HeocecuvmeTpius
Hble MOfbl, B yacTHOCTH MOpl Al 1 S1, He CTaLUMOHAPHBI, 2 MUTPHPY 10T
BOKpYI" OCH No 3KBaTOpy. [103TOMY NposiBiEHHEM HEOCECHMME TPHUHBIX
KOMIOHEHT MArHUTHOIO NOJAS sBAAeTCH UX ApefidoBoe mpyxelne. B
YaCTHBIX PACCMOTPEHHLIX BhILUE CJyuasX HaNpaBlieHHe MUTPAIUA 3aBU~
‘CHT OT pacnpesieieHus TypOy enTHocTH. [ToCKONBKY BHyTpEeHHEE AAPO

»
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CUMTAETCH TBEplblM, paclipefleneike THNA a MeHee BEpPOATHO,

yeM Tuna b. Pacnpelienenre THNA @ NPHBOIUT K BOCTOUHOMY M 3anaj.
HoMy fipesidy, a Tuna b ToubKo K 3anajHomy. Bpems npeligos oro o6 pa-

W esmst BOKPYT OCH NOPATKA 2o, R%/ Q. Vcrionbays NPUHSITHIE Bbilie OLIEHKY, Tio-
Ay Bpems (9,2/ Q) « 105 ner. Iro 3HAUEHKE JErKo CPABHATD C TIEPUHOIOM Hab
aopaemMoro pefiga. Cnellyer, ONHAKO, OMHUTB, YTO Q CYLIECTBEHHO yMe
HblIAEeTCA NPK BO3PACTAHNHK § U g

Kak BuHO U3 Hallero paccMOTpeHHsl, MoAe i TypOy JIeHTHOrO /-
HaMO, OCHOBaHHble HA o 2eMeXaHU3Me, NPUBOANAT K UHTePECHOH BO3MOX~
HOCTH OOBSCHEHHS HE TOJBKO CYWECTBOBAHUA 3EMHOIMO MAPHHTHOIO Mo
151, HO ¥ ero JUMOJBHON CTPYKTYphl, HEOCECHMMETPUYHON! YacTH NoJs
U ero 3anajHoro Apefida.

Ho cux nop cpefisee ABKXeHUe PACCMATPUBAJOCH HAMY, KaK TBeps
Hotenbtoe Bpamwenue. Haune HeoHOpOAHOrO BpaleHHA MM MEpHk~
OHaMbHON IMPKYJIAIMY NIPUBOIUT K COBEpIIeHHo apyrofi kapTuse. Jaxe
NpY 7I0BOJIbHO MaJbix 3kavenudax | € | u|C,| npepesbhbie 3HaueHns
C, nas Mo AQ, SO0, Al uS1 nepectaior GbiTh OMI3KUMK APYT APy~
ry. [losTomy npuBefieHHOe Bbille 0OLACHEHNE HEOCECHMMETPHUHBIX KOMe
NIOHEHT MArHUTHOTO NMOJS M UX 3alajHoro Apeiida okasSHBaeTCH HEeco~
CTOATENbHBIM o

[pennonoxum Tenepb, 4To 3eMHOE PO BpALIAETCH HEOJHOPOJHO
TaKuM 06pasom, uto | C | no .nopssxy npessiuaeT emumly. B sTom
cllyyae BKJIKYAKTCH acr U Swy=MeXaHn3Mbl,

PaccMorpuM cHavasa Mopedi, IOMyCKaouMe o p-Mexaiu3M. B stom
ciyvae npefeabhble 3Havenus | C, | n1a npeobaananoupx Mo 06BIYHO
MHOI'O Metibliie, YeM B cJyuae C = 0, Korzia BO3MOXEH TOMbKO o 2+
Mexann3M, JonycTiM, YTO BHINOJHEHS! yCAOBUS MeHEpaLii MATHUTHBIX
noseit. Torpa, yuuTbiBas nosyuetHsie Bble OUEHKH A C ) MOXHO yT-
BEepXJaThb, YTO pH C = 100 HHKAK HEJb3A OXMIATD IeCTBUA YHCTOIO
acrMexamsMa OIHAKO st MeHepalUy TOPOUAAJbHOrO NoJs a -5 ¢eKT
no-npexsxeMy Gy/ieT UrpaThb BaxHy0 pods,

Io oTHoweHuo K 3eMJie clefyeT BLIOKPATDL Takue MOfEAH, LIS KO-
TOpBLIX K PEAJNbHEIX YCJOBUAX HAUMEHbLIEE U3 NpelelbHbIX 3HAYeHNi
| C, | npunangexano 6bi cTanuokapkoi mosie A0, Tax YTo6H 9T2 MOzA
Bo30yxaanach Haubonee npocTo. [lpu BEMONHEHM yCAOBHHA STOrO TH=
Na CHOBA BOBHUKAET BO3MOXHOCTb OObSICHEHUS] MATHUTHOIO NOJs 3eMiin,
TOYHee I'OBOpS, €r0 0CECHMMeTPHUHOI YacTH.

OcHoBHOe OT/IIUKE & 2= OT a=MEXEHHAMA COCTOUT B PA3/H{YHOM OT
HOWIEHMY BEeJMYHH TOPOMIANBHON ¥ NOJOKJAJIBbHOA KOMIOHEHT Nojis. B TO
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ppeMsl KaK B Clyuae « 2.MexaHM3Ma OHU OFHOI'O NOPsIKA BEJMYMHBl, B
cJyuae aweMeXaHu3Ma TOpou/aibHas KOMIOHEHTA 3HAUMTENbHO NpeBbl-
AT NOJOKAANBHY 0, ITO pa3/MUKe, KOHEYHO, OYEHb BAXHO [ AMHAMKs
KH 3eMHOTo si7ipa,

B oT/yuse oT clyuas o 2=MeXaHU3Ma I8 aw=MexaHH3Ma npefielib
Hhie 3HaueHus: C, COBEpUIEHHO pasMfuHbl AAs pa3bix Mof, [losTomy TO
ofpACHEeHHe OTKJIOHEHHS 3eMHOT0 MarHUTHOIO MOJA OT oceBoil CHMMeT-
pi, KOTOpOE ObliI0 NPeiIoKEHO Bhillle, NepecTaeT ObITh CpaBe/lMBbIM,

Kak yxe oTMeyaloch, UMeeTCs aHANOTHUs MeX/y MOJlelIAMH NIOYTHs
cUMMeTpHutoro muamo Bparukckoro u MosensiMi Ty pby IEHTHOrO [ijHA
MO C aw=MexaHu3avMoM. . B oboux ciyuasx, XoTs ¥ O pasHbIM NpHUMHAM,
Mbl NIoJyYaeM eHayala obbsicHeHHe TONBKO OCECHMMETPHYHOI KoM=
HEHTBbl 3eMHOr0 MarHUTHOrO noJid. Vicxons U3 npenosoxeHust 0 CHb
ol TopounanpHol Komnowente noss, Bparutckuit [ 23] nan obwsicres
HHE NOABJEHUS Y NoBe/leHUs HeOCEeCUMMETPUUYHON! KOMIIOHEHTHI C 10~
moubio MAK-Boas. OTMeTHM, uTO Takoe OOBbSCHEHHE NPHMEHHMO TaKXe
ns Mojielieit ¢ aw=MexaHn3MoM. OcTaercs obcy MTh BO3MOXHOCTD
Scrmexatu3Ma, Corsiacko C/IeaHHbIM BhIllle OLEHKaM, Bedmnta | Ly |
MHOT'0 Menblie, ueM |C, |+ [loaToMy SweMexaHu3m, No-BHIUMOMY, HUKOM=
Aa He npeobaafiaeT HaJ o w-MEXaHU3MOM,

B 3aKniouetre 0TMETHM, UTO TeOpUS TYpOYJIEHTHOrO MHAMO npels
Jaraet MHorooGemamuyme obocHOBaHUA LIS O6bACHEHHS NPOUCXOX IEHUS
¥ HEKOTOPBIX OCHOBHBIX XapaKTePUCTHUK 3eMHOIO MArHUTHOro noJs, Frap.
Hble TPYBHOCTH AJs [eTalbHo# pa3paboTkyu noaxonsiumx Mofeleit coce
TOST B OTCYTCTBUM MHopMallii O [BIKeHUX BHYTpH sifipa. Bosee Tous
Hble Mo[ielid, oTpaxapuye 6ojlee TOHKHE CBOCTBA 3eMHONO MAMHKTHO=
o 110151, NOABJSICTCS N0 MEPe YTOYHEHHs HAIUKX NpelcTaBiennit 06
STHX [IBUXEHUAX, :

17.3. QaxHbie HabniopeHnit MarHMTHbIX nonelt Ha ConHye

Couile IEMOHCTPUPYET MHOXECTBO MATHUTHBIX 5B Jenutt, Hamm
SHAHUSA O COHEYHbIX MArHUTHBIX NMOJAX OCHOBAHBI HA M3yYeHUH 3eeMas
HOBCKOI'O pacuieNeHHs crieKTpalbebix Jutnit. /aBHO H3BecTHO, UTO
TaKue NposiBJeH!s CONHeYHOl aKTHBHOCTH, KK COJHEeYHble MATHA,
BCMBIKK ¥ NpOTyOepaHiibl, CONPOBOXAAITCS JIOKANIBHBIMIA MAarHUTHEIMKA
NONAMY C BEJIMUMHOM MArHUTHON MHOYKIMKM BIJIOTH [0 HECKOMNBKUX THICSY
raycc. iMewTcs octoBauns oGbLICHATD JOKAJAbHBIE MarHWTHEIE TIOJS Kak
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P v c. 17.1. Ouarpamma "GaGouku MayHAepa”, cornacHo HabmofeHnAM C
1874 no 1913 r., NnokasbiBaKWanr o6NacTb CYWeCTEOBaHHA CONHEYHLIX NATEH B
SaBHCHMOCTH OT renHorpaduyecikoi WHPOTHI H (pasbl CONHEUHOro yHKna, QT,

nposBaeHua obuero nosis, paCnoJOXEHHON0 B OCHOBHOM NOJI IOBEPXHO-
crbio ConHIla, KOTOPoE MMEET TOT Xe NMOPHJOK BeJulHbl ¥ MEHAEeTCS CO
BpeMEHeM C NEPHOZIOM COJHEUHOT'O LUKJa, T.e. 32 22 roja.

ConseyHble NATHA OOBIUHO NOSBASIOTCH NAPAMM, BHICTPOEHHBIMH
npubm3KUTEeNbHO NO WHPOTe BAOJL napaineeit. [laTha napbl uMeloT pase
HYI0 MarHUTHYI0 noJisipHocTb, Mest B By Bpawenne CoJHna, MOXHO ro-
BOPHTDb O Be[lylieM ¥ BeZIoMOM NATHe nmapwl, B cliefynouem noiynepuose
BCe NOJSPHOCTH MeHsIOTCH Ha obpaTHble, PacnpesieieHye CoJHeuHbIX
NATeH MO WKpOTe U3MeHsieTcs ¢ da3oit uukna, B gavane noaynepuozna
NATHA NPeUMYLIECTBEHHO NOSBASIOTCH HA Cpe[HUX WMPOTax, a 3aTeM Ha
umpoTax BO6IM3M IKBaTOpa, ITO NOBEieHke MOXET ObITh ONMKCAHO C Mo~
Moulbio0 AuarpamMM Brga "6abouek Mayhnepa" , kak noka3aso Ha puc. 17.1.

3 Habnofesnit CoJHEUHbIX NATEH MOXHO NMOJNYYUTH BBIBOMBI O CTpoe~
HMM ¥ TIOBeieHuK oBuEro MaruuTHoro noas, OHO, NO~BUIMMOMY, TOpOH=
[ANBHOE, CHMMETPUYHOE OTHOCHTENLHO OCH BpauleHus ¥ aHTHCHMMeTpUY=
HOE OTHOCHUTENBHO IKBATOPUAJNbHON NJIOCKOCTH, OHO COCTOMT B OCHOBHOM
U3 [IBYX NPOTHBONOJNOXHO OPUEHTHPOBAHHBIX NOSICOB, N0 OfHOMY B KaX=
IoM Nonymapww. B Havane kaxoro noJynepuosia T4 nosica NOABASIOTCH



Hpumenenua x kocmuueckum obvexmam 281

Ha cpeuux mmporax. [lo mepe Bo3pacTanms Nnods, a TaKXe NpH ero yooe
BAHMM 9TH N0SICA CMEMAITCH K SKBATOpY« JKCTPEMYMHl M HYJiM 9TOrO 1o~
st COOTBETCTBYIOT MAKCHMyMaM ¥ MUHHMYMaM COJIHEUHO! aKTHBHOCTH.

CielyeT NnoAuepkHYTb, YTO MBl HApHCOBAJH HECKONBKO YIPOLIEHHY 0
KapTHHY COJHEUHOro MarHuTHOro nois. Haao ormeruts, uto Habnionas
JACH CEKTOpHA# CTPYKTYpa, T.€. OTKJOHEHHE T10Jii OT 0CeBO# cuMMeT-
pii, pHueM KoJiebatius NnoJist 66l He BIOJHE MAPMOHKYHBL,

17.41 ' [luHaMoO-TEOpPUA COMHEUHOI O YMKNa

K NI0UOM K MOHMMAHHMIO MAMHUTHBIX siBJeHuit, Habnogaemeix Ha Cosle
1e, SBJSETCH, NO~BUMOMY, NOHUMAHKE NPOUCXOXK/EHNS MArHUTHOIC 10~
I, CTPYKTypa KOTOPOI'O M ee W3MEeHeHMe BO BPEMEHM OMICAHb BHILIE.
Ocipnnsouy nosist ¢ NepuofoM 22 rofia BpsJ JiM OXBaTHIBAIOT Iaybokue
caon Connna. BenepcTeie ckuusaddexta OHM MOTYT NPUCYTCTBOBATD
TOJBKO B HEKOTOPBHIX BHELHKX closiX, OObIuHO cuKTaioT, uTo obulee Mars
HuTtHoe noJe Counla sBAseTCs CAeICTBHEM [MHAMO-IPOLIECCOB, KOTOPBIE
CTpOro OrpaHUYMBAIOTCH 001aCTbI0 KOHBEKTUBHON 30Hbl, TOJMMHA KOTO
poit okono 159, ot pamuyca Conmna,

uonepckas paboTa B TEOPHH COJHEYHOr'O AMHAMO NMPHHAZJEKHUT
Mapkepy [ 184 ]. Ona 6nna coenana Torga, Korja eile He CynecTBOBas
10 MarsuTHON ruApomMHaMuKy cperux noJeit. Caenys unee Babkoka
[5], Mapkep npeAnonoxun, uTo TOPOUAAILHOE TOJEe MEeHEPUPYETCH U3
nosoupaNbHoro noas MdpdeperanbubiM ppaesneM. On nokasasn,

YTO MOJIOMRAJbHOE 110Je, B CBOIO Ouepe/lb, MOXET CO3JABAThCH U3 TOpO~
HIANBHOrO TOJis NOA JeficTBreM LMKJIOHKHIecKo# TypOynenTHOCTH. B
MarsuTHO! rufipoAMEaMmKe CpefHMUX nonell STOT Mpolece ONKCHIBAeTCs
Kak a-addekT.

Nmento teopus TypOynenTHOro Antamo Haubodee ycneuso obbsice
HSIeT NIPOMCXOXK/ieHe U noBefiesre obuero MaruuTHoro noJis ConHua u
NIO3BONSET TNOHSATD NPUPOLY COJHEUHOro IMKAa. B paMkax sToit Teopuu
Neperle Mozeay Oblum NpefJoxeHbl ¥ Uccaelobanbl (lTeeHbekoM 1
Kpayze [259, 262]. O6cym™ 31ech HeKOTOpHIE OBIIME XAPAKTEPUCTHKHA
Mozesedt TypbysenTHoro muamo Aas Coumua.

PaccMoTpum Mopemt cheprueckoro MHAMO ¢ CUMMETPHYHOM CTPyK=
Typoil, Kak 910 Gbin0 omucano B pa3fi. 15.1. Ilo npuuunam, koropie 06
CyXnamch B pa3g. 12.2, ucnonbsyeM onpefielieHne CpefHUX BEJWYNH
KaK CpefHMX 1o BpeMeHH C HHTEepBaJIOM yCPe[HeHUS OMMHeIBa Iola.
Oroxpecteum pamyc R Mofles C CONHEUHHIM pajifyCoM, T.e. BO3bMEM
R=17-108 M, a [ MACHUTHOM NPOHMIIAEMOCTH CHOBA NPUMEM BEJMYMs
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‘HY p= pg= 4w -+10"7 (B.c)/(A-M). Bynem npemmonaratsb, 4TO SJek
TPONpPOBOAHOCTDb 0 3ABHCHT MO KpaiiHeit Mepe oT pasmyca. Ilposommocts
KOHBEKTHBHON 30Hbl nopsifxka 3 + 103 Om~1. M1, Kak nokasano s pas3.
3.8, TypOyJeHTHAS NPOBOAMMOCTD O ;. KOHBEKTUBHOM 30HLI NPUMEDHO B
104 pa3 menblie, B nanbrefiiieM ucnonp3yem ypaBHeHHs, B KOTOPBIX O
3aMEHEHO Ha 01 , T.€. HCTIONb3YeM (12.2), a xe (12.1)c aTo¥ HEABIO
Ml BoiGepeM a,, =-3 « 107 Om~1. m—1,

CkuHoBas ToJUMHA d [is NepeMeRHOr0 3JeKTpoMarHTHOro nas
¢ nepronom T onpesensiercs Kak d = (T /uo %, [lonaras T = 22 ropa,

M =y, M OTOXIECTBJSH 0 L0y, NONYUMM d = 4 .107 M, T.e. d = 0,06 R.
Taxum 06pasoM, NOATBEPXKAAETCH NPENOJOXEHHE O TOM, UTO MMHAMO~
NpoleCcc B OCHOBHOM NPOMCXOIUT B KOHBEKTHBHOM 30He.

Ilpu paccmoTpeny cpefHux ABMKEHMit Hano yuects Bpametue Couns
na. Kak usBectHo, CoJnne obiafiaeT augpdepeniualbHpM BpalleHeM,
¥Yrsaopasi CKOPOCTb Ha MOBEPXHOCTH, KOTOpas HENOCPE[CTBEHHO Onpefies
1feTCs U3 HABNIO[EHU), SABHCUT OT IIKPOTHl, T.€. dew/08 # 0. Bpems
obpaniesus 9kBaTopHablblX obaacreit okono 25 cyr. CooTBeTCTBERHO
ITOMY BosbmeM'ooo = 2,9.10~° ¢, Bpems obpaliesus NONSpHbIX 06~
nacTeii 0koJo 27 CyT, UTO COOTBETCTBYeT Aw= 2,2 - 1077 ¢!, s e
HAMO~TEOpMH OUEHb BAXHO BHATH 3aBUCHMOCTD YIJIOBO# CKOPOCTH OT
rayOunbl. K coxanennio, 3Ta 3aBUCMMOCTDb HeJIOCTYyIHA AJs HabnoneHui.
CyLeCTBYIOT pa3sIMyHble MHEHIS He TOJbKO IO NOBOAY BEJMUMHLI, HO U
1O NOBOAY 3HaKa dw/dr . Pa3yMHO NpeanonoXuTh, 4TO 3aBHCHMOCTD w
or r we Gozee caabas, uem oT 8. Mcnoab3ys STH OlEHKH, NOJYUMM, YTO
IC,| > 4:10% OtHocurebHO MEpUAMOHANLHON UMPKY IS HET Ha-
nOJareNbHLIX JaHHBIX. [lonoxuM nostomy u, = 0 u, clelloBaTelbHo,
C,=0.

Hac GynyTt uetepecoBaTb Te QJIyKTyaTHBHbIE [BMXECHUS B KOHBEK=
THBHOI! 30He, KOTOPEIE CBSI33HEl ¢ MpaHyJAMHK WM CyNeprpaHyJaMH, ITH
[BUXEHUA XAPAKTEPH3YIOTCS TUNMUHBIMY CKOPOCTSMY 1y, THIHMUHBIMK

AMMHAMU A ¥ TMIMYHBIMM BpeMeHaMu 1_,, « Jast Tpaxyn BosbMeM

rd . t
ug=2-10M/c, A__, =2-10°mit7_, =310 ¢, a uast cyneprpas
Hylug=4-102 m/c, A, =310 Mu1___ = 5.10% c. Hapo smarp
He TOJBKO YNOMSIHYThIE XapaKTEpHble [UIMHDbI, HO M LKAy BHICOT h [
NJIOTHOCTH BeuecTBa. BosbMeM h =105 m,
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Jlns rukcnesns napameTpoB Cy, Cy, s ¥ g HaJo cHavuana HayTy
BeJMUKHY po}\iw/—,cm anHﬁTbIe OlieHKH NawT Kak LJs rpaHyJt, TakK U
s cyneprpaty . Bemsunky wod? /x> 107, [losTomy MoxHO HCTONb~
30BaTh NpUbMoKenne Gonblof NPOBOIMMO CTH.

Jlasi ouenb rpyGofi ouenxu C  MOXHO CHOB2 KCnoab3oBath (16.3a),
B KauecTBe « ; B3HThb Be.rmquy |a} , KOTOpas onpefiesiela BHpaXeHHEM
9.60), BaMGHMTb w2 Hay” LQHaWH A Ha h. Torpa nonyunMm, 4To
| C,, | 10 nOpsiAKy BeJuumHbl paBHa Wo oL’ g 26012, R/he IT2 BeIMuMHA
paBHa 10, u 10? coorBeTCTBEHHO AJs I'paHy ] U cyneprpatyn, [Tostomy
clefyer oxuuats, uTo |C, | BO BCsKOM cayuae GoJbile eMHMIEL.

U3 nonoﬁﬂblx xe ouenok Anst Cy cnenyer, uro | C5/C, | mopspxa
(wor?, Steor)” 'h/R. 310 BHipaxetne, HeCOMHEHHO, Metblie yem 1071,
Cnenoaa'renbﬂo, | Cs| muoro mewbue, uem | Cq | «

Hakonen, MOXHO NOKa3aTb, UTO s ¥ g — 3TO BeJMUMHEI OZIHOI'O No~
panka. [lockoabky npelnoJoxeHo, UTO 0, OfHOrO NOPALKA C 07y MOXHO
3aKJIOYKUTD, UTO s 5 @ TIOTOMY ¥ g NOPSMKA €/WHHIbI.

Kakoft xe Tun muamo-MexaHu3Ma OTBETCTBEH 32 COJHEYHOe Mars
HUTHOE noJe? a?sMexaHu3M MoxeT ObiTb MK aoueH. HeT ykasauuit, uto
OH MOXET NOAJIePXUBATb OCECHMMETPUUHbIE N0, OCIMIIIpPYOLyEe BO
BpeMeHH, [1o3ToMy Hazo paccMOTpeTb acwe M Sc=MeXaHU3Mbl.

Bo Bcex 710 CHX NOp HCCJEJOBAHHBIX MOJEJISX NPe/MOJATaKCH o o
Mexanu3M, CpassnBast BLIBOAB pa3f, 16.4 ¢ NosyueHHbIMK BBILIE OLEHs
Kamu C u C_, yOexnaemcs, 9T0 3TOT MeXaHU3M MOKET N0AZiepXHBATD
MarHiTHble NOJS C HYXHOI CHMMeTpHei OTHOCHTENLHO OCH BpallleHUs U
SKBATOpHaJbHO NJIOCKOCTH, OCHMIIMpYIOUMe Bo BpeMert. Ha puc, 16.13
NpKBEeJIeHbl NIpKMepkl NoJell, nojyueHHnx B pabote [ 262 1. [lepuon kone-
Gauit naeTcs BeamumHol 2o R?/Q, KOTOpas NpK HAWMX NIPeANOoXKes
Husx papha (4,8« 104/Q) Jet, T.e. 80 rogam, 4TO NO NOPSIAKY BeJIAUMHEI
coryacyeTcs ¢ HabJIOEHHIMK,

OcTaeTcst BONPOC O TOM, ONUCHIBAIOT JI4 MOJEJH TAKOrO THIA Mpte
I'pALMIO NOSICOB TOPOKOAJBHOMO NOJA K 9KBATOPY B TEUEHME KAXAOro
noJynepuoa, Kak 3T0 clelyeT U3 puarpamm Buja "6abouek Mayupepa”.
Jiis criempaibHeX Mopiedefi 9TH AMarpaMmbl PACCUMTHIBAIACE HA OCe
HOBE NPeJINoNOXEHUS, YTO COJHEUHbIE NATHA NOSBAAIOTCS TOJBKO B TeX
06JaCTHX, I'le BEJMUKHA TOPOUAANLHOIO NOJS Ha HeKoTopol riybute
NpeBLIlIaeT KPUTHUECKOe 3HaueHue, [las Mozenn, coOTBeTCTRYyOMEH
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P H c. 17.2. Quarpamma "6a60uku™, BbimclieHHan OfiA MOQENH YMCTOr0 O w-Me-
XaHH3Ma, PAaCCMOTPEHHOIO B pa3f. 16.4 H NPOHNMIOCTPHPOBAHHOIO Ha PHC. 16..13.

SawTpuxoBanHbie 06nacTH COOTBETCTBYIOT B, > (1/3)B, npuyr ABENEEI 3RUTPH-
XoBaHHble o6nacTH — B t>[ (2/3)B,, ,x: TRE B, — BenWuHHa TOPOHAANLHOrO No-
"R, a B, ., — MaxCHManbHo® 3nauenHe ANA BCeX obnacTei u BpeMen.

puc. 16.13, paccunTanusie JuarpaMmsl "6aboyek"” panbl Ha puce 17.2.
Cornacue ¢ HabAOIEHUSIMA SBJASETCH BIEUATASOLMNM,

HocTursyTo MHOTO ycnexop B OThICKaHin Mofie Jieit, Hanbonee noje
HbIM 00pa30M OMMCHIBANIMX FaHHbe Habmaneri, ColleMcd CHOBA Ha MCce-
nosanust Pobeprca u Ctuxca [ 233 1, Pobeprca [ 228 1, Mommypst [295,
297, 298], Kenepa [ 1031, Ctukca [269, 271], Heinuep, Kucceposa u_
Cruxca [54], [xenna [ 99] u Upanopoii u Pysmaliknna [96 — 981. B
o630pe [ 272] npuse fennl HauGolee CyuIECTBEHHbIE pe3yAbTaTbl, OTHOCH™
IHECH K MOJEesM COJIHEUHOro [MHAMO.

PaccMOTpHM 371ECh TOILKO OJMH U3 9THX pe3yabTaToB. [lo-pumemo-
My, OOIMM NpaBUJIOM ABASETCS TO, YTO MHUIpaLMs MONCOB TOPOHIAJILHO™
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[0 NI0JIs K SKBATOpY BO3MOXHA, TOJBKO €CJH pasmuaiorcs 3Had o U
dewddr B CEBEpHOM NOJyWaphy; C 9T TOUKHM 3peHis BeJHuKHa dw /08
He BaxKHa.

Coruacso pe3yabratam pa3f. 9.1, KOTOpble JeMOHCTPUPYIOTCS Ha
pHC. 9.1, B CeBEpHOM NOJyLAPHY NpeoblaZAIOT NEBOBUHTOBbIE CNIHpa b
Hble apuxenus, [losTomy Bestunba ot MONOXKTEbHA B 9TOM NOJYMAPHH.
To xe camoe cJepyet U3 Tpebopanusi, uTobbl (a30BLIe COOTHOLIEHUS
MexX/y TOPOMEANBLHBIM U ITOJOUAJNBLHLIM NONSMHU COTJacOBAMKCH ¢ Hal
JnoneHnsMu, (M. [272]).

Takum 06pasoM, MBI IPUXOAMM K BHIBOAY O OTpHLATEJbHOCTH
dw/dr . OT™MeTIM, UTO ITOT pe3yJbTaT [MHAMOTEOPHH NPOTUBOPEUNT
HEKOTOPEIM TEOPETHUECKUM KCCleJOBaHusM IuddepeHIHanbHoro Bpas
LIEHHUS B KOHBEKTHUBHOM 30He, COIJacHO KOTOPBIM dw,/dr B OCHOBHOM
TI0AOXKUTENBHO.

Hapsiny ¢ acweMexann3moM, § wsMexaHU3M Takxe MOXeT Noafep~
XMBAaTb OCUMLIMPYIOLHE MAarsUTHbIe 110J4s. OfHako U3 NMpUBEIeHHbIX BbIIlE
paccyxpenmuii crepyer, uto |C, | muoro Gospue | Cgl « TlosTomy Masos
BEpOSATHO, YTO Sco~MExaHU3M OTBETCTBEH 3a COJHEUHOe MarHUTHOE ToJe.
Kpome Toro, uccienosanus 9Toro mexanusma B pabore [ 271 ] nokasamm,
YTO OH BpPAJ J¥ MOXeT obecneyuTb MUrpalHio NOSICOB TOPOMAANBHOIO
NOJIA K 9KBATOPY.

17.5. [anHble HAONOAeHHWH MarHMTHLIX noned y 3BesaHbIX
006beKTOoB

MaruuThble nons Habaopamuch y psajia 3se3/. [loutr Bo Beex ciy-
yasx 3TH NoJs Oblw oGHApYXEHbl U3 3eeMaHOBCKOI0 C/IBUMa CreKTpaibe
HbIX sunmit. MocnepoBanke aTx 3¢deKTop Anis 38e3]] ropasgo cloxHee,
ueM s Comua. B yacTHOCTH, NPHXOIUTCS H3yuaTh ropaszo Gosee cla-
Gble NOTOKKM M3Myuenns. KpoMe TOro, NOTOK M3JAyueHHs: BOCIPUHHMAETCH
MHTEerpafibio OT Bcell 38e3/1Holt NOBEPXHOCTH, XOTH M3NYYAKT pa3auy-
Hble ee YYaCTKH{ C Pa3JMUHbIMK MarHWTHHIMY NOJSMK, TEYEHUSIMU U ApYTH-
MM XapakTepHcTHKamu. Jlomep-sdibekT ¥ apyrue sgpdeKTsl CAOXKHBIM
obpa3om BAMAIOT HA CNEKTPaJbHble AMHMA ¥ MOTYT 3acCJOHATH 3eeMAaHOB=
ckuit apdexT. [losTomy naxe B Haudyuwem cayuae ynaercst o6HapyXHUTb
TONEKO IMobanbhble nosst He mekiee 102 I'c, Ecm 651 Coanne pacnosaras

JIOCh CTOJb Xe JalieKo, Kak 3pe3/pl, OblNo Obl HeBO3MOXHO 0OHADYXHTD
€ro MariuTHOE TOJe. Cyuiec'moaaane OUEHb CHJIBHLIX MAPHATHEIX TOseH ¥
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3Be3/l ¢ MarHyTHo# uuAykimeit cebie 107 ['c MoxeT GHITh 0OHApYXEHO
TaKXe 1O NIOJNPH3AINE HenpepbiBHOro criekTpa. Hanbomsuwee e sio 3Be37,
y KOTOpbIX Oy OOHApyXeHbl MarHuTHbE TOJs, 110 CBOEMY CNIEKTPAJbHO-
My THILy OTHOCSATCE K Kaaccy Ap-3Be3s. MMeercs okosio COTHM TaKux
3Be3/, Ais KOTOPHIX W3MepeHbl MarHUTHble Nois. Mx MaruuTHas uHIyKe
umust nopsimka 102 um 104 I'c. Omaxo, HecoMHerHO, BCe 3Be3[bl 9TOr0
CINEeKTPAILHOro THUNA 06JaIAI0T pas3./MYRLIMY MAMHUTHBIMY NOASMH. B
GonbMKHCTBe Cllyuaes obHapyXeHHbe NOJS NepHoYeCKH H3MEHsIoTCs

BO BpEMeHHM C NEePHOZIOM Nopsi/ika HeCKoabkux Axeil, Haubosee BeposiTHoe
obbsiCHEHNE STHX H3MEeHEeHU! COCTOMT B NPe/NoNOXEe M O HeoCeCHMMe
TPUYHOM pOTATOpE, T.e. 00 OTKJOHEHHN OCH CHMMETpUI MArHUTHOIO No
If OT OCH BpalEH!s; B NpoCTeffileM Clyyae noje MOXET COOTBETCTBOBATH
[MIIOMI0, hexaueMy B Sksaropuaibeoll niockocTw. Torna Bcaencr-
Bie BpalleHus 3Be3[bl HenmosikHbll Habmioparesab Oyner perucrpw
poBaTh NepHoMdeCKHe M3MeHelks nojd. CymecTBEHHOH 0COBEHHOCTHIO
9THX 3B€3]l C MACHUTHHIMY TIOJSIMY SBASETCA aHOMaNbHOE COJIep KaHne He-
KOTOPBIX XMMHYECKHX S1eMEHTOB, B NEpBYI0 ouepelb pelKuX 3eMelb, B
HEKOTOPbIX CAYYAAX 9TH aHOMEJMH M3MEHSIIOTCA CO BPEMEHEM C TEM Xe
MEepHOIOM, YTO ¥ MarHuTHOE nose. BeposTHO, MArHUTHOE NOJE KaKMM-TO
06pa3soM NPUBOJMUT K HEOHOPOJHOMY pacipellefeHHI0 SAEMEHTOB 110 Mo~
BepxHocTH. Tor a HabsofaeMbple BapUallis COJIEepXaHus IAeMEHTOB -fiB-
NSI0TCH NPOSABJAEHUEM BpAIEHUS U HEOAHOPOAHOTO pacipefieeHHs,

Cpeu GeJbix KapJMKOB TAKKE OOHApYXeHbl 0OLEKTHI C CHABHBIMY
MAarHMTHEIMM NOAMMH. VX MarHuTHas MHAYKUUS COCTABJASET NO NOPSAKY
Bemunnbl ot 106 10 10° I'c. Zlo cux nop HeT faHHBIX O reoMeTpUuecs
Koil CTPYKTYype ¥ BPEMEHHOH 3aBHCUMOCTH 9THX 10l

CrenyeT no6aBuThb, uTO OYEHD CHABHBIE MAIHWUTHBIE NOJS NPEANO~
JaraioTcs y nyibcapoB, NOCKOABLKY MHBIM 00pa3oM He yaaeTcst 06bACHUTD
psaa HabxofaeMblx ABseHMuA, TAKUX, KaK B3aMefJeHHe MX BpAlIeH!s W CUHe
XpOTpOHHOE W3nyuehre. Jonyckaercs, yTo nose pocturaet 102 uau
1013 I'c, a ero CTpyKTypa COOTBETCTBYET HAKJIOHHOMY POTATOpY.

17.6. 3aMeuaHHA 0 AHHAMO-MEXaHU3Max B MarHUTHbIX
3Be3anax

Kak orMeuelo B pa3f. 11.1, MarkuTHeie noss, HabmozaeMble y
MarHUTHBIX 3Be3[, MOryT obbseHsThCa psafioM npuunk. Hecomuento, npeas
NIOJOXEHHe, YTO OHM NOJEPXUBAIOTCH IMHAMO-MEXAHU3MAMH, SBIASETCH
Hanbonee peposTHEIM, [TocKONBKY HET HabalofaTeMbHbIX AAHHBIX O KAKHMX~
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160 BpEMEHHBIX H3MEeHEeHHsIX NOJieH, KPOMEe TeX, KOTOpble CBS3aHbl C
BpameHHeM, STH NI0Js MOXHO PACCMATPHUBATD KaK pelukToBbie. TeM He
Mmetiee BylieM HCClieoBaTh BOSMOXHOCTb TOIO, YTO MArHMTHbIE MOJS
reHepUpYIOTCH BHYTPeHHNIMH [IBHXEHUAMH.

Pa3ymMHO Npe/moN0OXKUTD, YTO MpaBUTAIMONHAS SHEPIUA MArHKTHbIX
3pe3/ BEJMKA N0 CpaBHEHHUIO C SHepryeil BpalieHks, KOTOpas B CBOK
ouepen Gosbie MarsmTHoit, TloaTomy OyreM cuuraTh MarHuTHYYO 3Be3ny chepis
YecKMM TeJioM U TNPeIoJoKYM, YTO B HeM CYLIECTBYIOT BHYTPEHHME [IBHKE~
Huf, KOTOpBle 00nafanT onpeseJeHHoi cuMMeTpHell OTHOCHTEJbHO OCH
BpalIeHUs # SKBATOpHANbHON NiockocTH. Touliee ropops, paccMOTpHM
MoZleJM, OlUCaHHble B pa3f. 15.1. ByaeM uckath muaMosMeXaHU3Mbl,
cnocobHble NoAepKaTh HEOCECHMMETPHYHbIE MATHUTHEIE NOJS.

PaccmoTpum cHauadsa clyuail, Korfia ABUXeHUs He ¥MeloT QJyKTya-
TUBHO! KOMINOHeHTHl. Torpa MHaMO BO3MOXHO TOJBKO BCJAEACTBHE Me~
PHIBIOHANBHDIX LMPKY AAIAH; OBUXKEHUST MOTYT W3MEHSTb CBOl XapakTep
np¥ HaJMuMK JndpeperumalibHoro spametns. Kak crefiyer u3 teope~
Mbl KayJmtira, MariuTHoe NoJie, CO3aBaEMOE TAKKM TUIIOM [AMHAMO, CO~
IEPXUT TOJBKO OCECHMMETPUUHYI0 YacTb, B uacTHOCTH, eCJH B pasjio
KEHUU N0 My ALTHIIONSAM TTOSBJSETCH OMIONAD, OH JIOMKEH JexXaThb B
3KBaTOpHaAbHON NAOCKOCTH,

Ecum uvelorcs gayxryaTvBHEe ABWKEHUS, TO CTAHOBATCS BOBMOKHBIe
MH MEX3aHH3MBbI TYpOYJEHTHOI'O [MHAMO, T.. 2=, acye H Sco=MeXaHU3~
Mbl, OfjHako, COraacHo NpebiAylM pesy AbTaTaM, HeOCeCHMMeTpHUHLIe
TOJISt MOXHO OXHZATH TOABKO B Clyuae o >-Mexaumsmos. Ilostomy clie-
OyeT norpeboBaThb, yTOOH OTKJOHEHKE OT 0CeBOH cuMMeTpuH Gblo Hes
Benko. Tounee rosops, | €| mo nopsymxy He noaxwo npessimats 10°.
Hanomuum, uto anst conseusioro mddepetuanbtoro spatienus | C ol
Bpsi 1 MeHble ueM 5- 104. CrepoBaTtesibio, paccMaTpUBaeMbie Me«
XaHU3MbI TYpOYJAEHTHOro IMHamMo MOryT 00ecrneunTb HeoCeCHMMETpHY-
Hble N10JiF TOJBKO B Cliyuae I0CTATOUHO MaNo# HEOJHOPONHOCTH Bpas
LEeHKs,

IlockosbKy MarHuTRbIE NOAs Ap~3B€3]] JOBOJBHO BEJHKH, MX BIMAHHE
Ha [IBUXEHMUS MOXeT UIpaTh BaxHy0 poJb. [lofo6Ho 9TM nossm BHYTpeHs
HUE [IBMXEHHMS MOI'YT TakXe 33aMeTHO OTKJAOEATbCS OT CHMMETDHH OTHO-
CHUTEJIbHO ocH BpanleHns. OHAKO HeJb3A OXUIATD, YTO CHMMETPHS OTHO
CHUTEJIbHO 5KBATOPHANBHOI NJOCKOCTH TaKxe HapyluaeTcs. KpoMe cne~
IMaNBHOTO Cliyyasi, KOrjia COBNajialnT yCcJaoBust BO3DYXJeH!s s pasiitys
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HbIX MO/ MArHUTHOI'O TNIOJIS, MeHEePUPYIOTCsT TOJBKO NOJsS, CHMMETPHYHBIe
OTHOCHTENBHO 9KBATOPHANBHOM IIAOCKOCTH. 3Ta CHMMETDHS He paspyliaers
sl B3aMMOJIefiCTBMEM MArHUTHBIX NOjeil 1 ABke M.

Takoe paccMOTpeHKe NPUBOUT K HEOOXOMMMOCTH HMETD BO3MOX=
HOCTb OINCHIBATh JaHHble HADAIEeHHN MarHUTHEIX 3B€3]] TAKMMH KOHK-
rypammsmy noseil, KoToppie CUMMeTpPHUHB! OTHOCHTENBbHO SKBATOPHAJBHOH
naockocty [ 115, 124 1. "CumMeTpuunbIf poTaTOp" SBASETCS ANbTEpHa-
TMBO# "HaK IOHHOTO POTAaTOpa", KOTOPOMY OTABAJIOCH NPE/NOUTEHNE [0
HacTosiwero BpeMeln, HepoctarounocTh cymecTBy foumx HabaonaTe it
HBIX [IAHBBIX He NO3BOJIAET O[HO3HAUHO BHIOpATh Kakylo-aubo U3 MoJe-
sedt, Jetanvhbit anamms Haubosiee XOpoIIO ¥3yueHHbIX Ap~3Be3] Obif Bbie
nosseH B paborax [181, 182] na ocHoBe NpeAnonoxexust 06 SKBATOPHA b=
HO# CHMMeTPHM KaK MarHUTHBIX NoJef, Tak ¥ HeoAHOPOJHOCTeH pacnpeze-
JeHKs XMMUYECKHX 3JieMeHTOoB. Takum 06Gpa3oM, CTAHOBUTCSH OUEBUIHOM
TeCHas CBA3b MEXJy MreOMETPHUECKUMH KOHPUTypaMsIMK 9THX JBYX Bes
JIMUKMH, YTO NO3BONSET HAEATHCH Ha Jyyllee MNOHMMaHWEe MeXaHH3MOB,
CO3JjAI0NMX AHOMAJILHBIE CTPYKTYPbl JAHHBIX KOCMUUECKHX 06HEKTOBY o

1
) HexoTopble NPOGNEMEI MarHHTHLIX 38630 GbINH HEQAAHO PacCMOTpeHb
Kpayza [9°].
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