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CTPYKTYPA JOMEHHOW [PAHUIBI B $EPPOMATHETUKE
C BOJIbIIUM ®AKTOPOM KAYECTBA

TI'. E. Xodenkos

Tlosyuessl B HCCA@AOBaHBI yPaBHEHHS, YCTaHABAMBAMOIUIME NPAMYIO CBA3b MEXAY Teo-
puefi CiionuescKoro H3oanposanhol I K CUK-BOAHOBO! Teopweft. ChiAH-BOMHOBOH BKAAX
BHUACTEH B MepBOM NOPAAKE TEODHH BO3MYWeHHi N0 0GPaTHOil Bemwuiie (aKTopa Ka-
uectsa

B ofwem cayuae OnHCaHHe NOJs HAMArHHYEHHOCTH JOMEHHOH rpaHHMUbl
([AT), Koraa ero NPOCTPaHCTBEHHAs PA3MEPHOCTb NPEBBIUAET eIMHHIY,
TpebyeT NpHBIEueHHs TPYNOEMKHX uHCJEHHBIX Meronos. OcoGoe mosorke-
Hue oHako 3amuMaior JII B OJHOOCHEIX (eppoMarHeTHkax ¢ 6GoabuIAM
¢dakropom kKauectBa Q=K/2nM2>1 (K>0— KOHCTaHTa OJHOOCHOH aHH-
sorponun; M — MoayJib Bektopa HamariuuenHoctr). 3xech JDx. Caonues-
ckum [1, 2] BMecto ypasuennii Jlanzay u Jludumnua Guuin BeefeHs dddex-
THBHBlE yDaBHEHHs AJs NOJOXEHHA IlleHTpa H3oaHpopanhod I u yraa
BEKTOpa HaMarHHYeHHOCTH B HeM. [ToHKasi NPOCTPAHCTBEHHYK pa3Mep-
HOCTb 3ajauyu Ha eNMHHLY, 3TH YPaBHeHHUSl TO3BOJSIOT TNOJNYUYHTH
NPOCTOH aHAJIMTHYECKHA OTBET (WJH YNDOCTHTb YHCIEHHOE HHTErpHpPOBA-
Hue) Ha J1i060i pasyMHBI BONPOC O CTPYKTYpPe, B TOM UHCJE H OLHOMEPHOH
JIT. TIpHGaHKeHHEIE ypaBHEHHS BOCNPOH3BOAAT BCE M3BECTHBIE TOUHbBIE pe-
3yJbTaTH B Npefené Goabuiux Q; Ha WX OCHOBE OmMMCHIBaeTcs Gosblias co-
BOKYIHOCTb 3KCIIEDHMEHTANbHBIX (akTos, orHocammuxes k AL 8 LIMJT
nJieHKax {2].

Tlpeanoxennsiit B [1, 2] BHBOA 3PQEKTHBHBIX YyDAaBHEHHH HCMOJb3YeT
HYMIAI0ULYIOCsi B 060CHOBAHHH NPOLEAYPY «ycPeIHeHHs no Toawwmue >,
B yacTHOCTH, OCTaeTcsi OTKPLITHM BaXKHBI BONPOC o mompaskax mo 1/Q x
STHM 'yPaBHEHHAM, KOTOPHE OTHIOAL HE MAJBl BO BCTPEUAIOUIMXCA NPHJIO-
HKEHHSIX.

B 'oTAenbHBIX CAy4anX TaKHe NMONPABKH BHIMHCASIHCH (cM., Hanp., [3]).
BBISICHHJIOCH, UTO OHH TpPEXAe BCEro OGYC/MOBJEHH CIHH-BOMHOBBIMH. 3¢-
(dexTaMH, B TO BPEMA Kak camd ypaBHeHHsi CJOHYEBCKOTO YUHTHIBAIOT
QML HWIXKHIOW, G6e3aKTHBALMOHHYIO, MOAY CMEKTPAa MaJablX —Konebamwit
180° Ar.

O6mui seiBop ypasHenuil Cuonuesckoro 6bii gan B paborax [4, 5]
METOAOM CHHIYASDHBLIX ACHMOTOTHUCCKHX passoxenuit. OHH CJELYIOT B Ka-
WecTBE YC/JOBHA Pa3peliiMOCTH yPaBHEHHH NEPBOrO NOPSAKA TEOPHH BO3-
Mylennit no-1/Q.

B nacrosmes paGote mpeasaraercsi BAPHAHT TEOPHH BO3MYIIEHWH, OT-
anuuapomuiics or [4, 5] kak BEHGOPOM 3aBHCHMHIX IIepEeMEHHBIX TEOPHH, TaK
M paccTaHOBKOH MPOCTPAHCTBEHHWX MaciuTaGoB. TcopHsi NPHHHMAET CHM-
MeTPHUHYIO CTIEKTPAJbHYI0 (OPMY, 4TO NO3BOJAET BHIUHCIHTL B ABHOM BH-
A€ CHHH-BOJHOBble mompaskH. B obulylo cXxemy BKJIOUAIOTCS H3aydeHHE
CNHHOBHX BOJH aBHxylefics [II [6, 7], Hak/IOH MarHHTHBIX MOMEHTOB B
AOMeHax NMOA ACHCTBHEM BHELIHMX MATHHTHBIX MOJeH H Ap.

@opmyauposka teopuu. Ilycts B peppomarHernke ¢ OJIH, xonauneap-
HOMt ¢ ockio 2, umeetcst 180° I, nosepxHocTh KOTOPOH y=¢(x, 2, ) cnabo
OTKAOHSAETCA OT MaockoeTH y=0. OCHOBHOE TNPEANONOKEHHe HACTOAMmIeH
paGOTHl COCTOHT B TOM, YTO BCE XapaKTepHbie pasMepsi N0 KOODAWHATAM
X, z Ha nosepxHoctd [T npeBocXOAsT NMONEpeYHHIA XapaKTEPHBI pasmep
no wopmanu k [T, ocu y, —wmupuny AT A=yA/K (A>0— koncranrta
HEOJHOPOAHOr0 OGMEHHOTO B3aHMOJEHCTBHA). DTO NPEANOJIOKEHHe B AaH-
HOM CJyuae BNOJHE €CTECTBEHHO, TAK KAK NMapamerTphl HEORHOPOAHOCTH Ha

nosepxsocTs JIT —unpnna GioxoBckoit amunn A=AYQ n, Tem Goaee,
PasMephl HEOAHOPOAHOCTE! MATHHTHLX moJell — npesocxonst A. 1o mpea-
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NOJIOKEeHHe MO3BOJAET TAKXKe HCNOAb3OBATh B NOCJAEAYIOLIEM OZHOMEPHOE
NPHGJIHKEHHE /IS MATHHTOCTATHYCCKOH SHEPTHH,

Bpenem GespasMepHbie KOOPAMHATH y—>Ay, (X, 2)-»A(x, 2) H Bpem®
t—~t(47yM) (y — MarHuTOMeXaHHuecKoe OTHowenHe). MarnuThbie moas H
GyseM H3MepATh B eNHHHUAX 4aM; 2y/no(iﬂo TaKkXe MCHOMb30BaTbh Ge3pas-
MepHbI BeKTOp HamarnuueHHocTH MZ(r; t) =1. B athx o6osHaueHHsx ume-
eM caeiylollee BHpaxehue aas ¢yukuun Jlarpanmxka ypassenufi Jlan-
nay — Jlupwnua (usmepsiercs B eaunnuax K)

J;&%.')L:T_[mmnkw‘” —%M,-ﬁ-amig[ﬂ:‘—
a —{[(";’g)- ME] 4 [, MY + M5 —2 (] Q). o

g OcHOBHOt BKJaJ4 @® COCTOMT H3 SHEPrHH HEONHOPOAHOrO (MO KOOPAHM-
WﬂaTe Y) o6MeHa H OJHOOCHOM aHH3OTpONHH. DHEPrHIO BO3MYIUeHHs wi') co-
CTABJAIOT: HEONHOPOAHBIH (MO KoopauHataM Ha nosepxHoctd O x  z)
o6MeH, OJHOMEpHAs MArHHTOCTATHYCCKAH SHEPrHsl; B3aHMOIeACTBHE C
BHEWHHMH MarHHTHBIMH DNOJIAMH M KHHETHYECKAs SHEPTHA», NepBoe cnpa-
Ba B (1) cnaraemoe.

Hyxnesoe npuGauenue w© B yraoseix nepemeHHrx M=M(sin 9 cos @,

sin'® sinwg, cos ¥) umeer peuennem 180° AT

o9 _ A—25in@cosd 5
ay?
sin® = ch=! (y—gq), /0y >0, ¢ = ¢ (x, 2, #). 2)

3nech 0 — MOARPHBIE, a (— a3UMYTAJbHbIA VTAM, OTCUHTHBAEMbE OT
“ oceli z ¥ X cooTBeTCTBEHHO. ([l/isi moc/enyioulero ypabHense 8 (2) 3anH-
\ caHo B pasMepHoMm BHAe.) B Hyacsom npubanxenun AT BHpomiesa OTHO-
CHTE/IbHO HEOJHOPOJHBIX CMEUIeHHH Y=g (X, 2, [) H NOBOPOTOB a3HMYTallb-
%‘ HOro yraa B Heil ¢=@(X, 2, ). OTH nepeMeHHHe, BXOAALUIHE B YPaBHEHHS
CJIOHUEBCKOrO, ONPEAEISIOTCS YPaBHEHHSAMH CJIeyIOUlero MopsaKa.

Jast ux onpenenenHs NepefiieM K JIOKaJbHHM OTHOCHTeabHO (2) Ha-

’

% MarHu4eHHocTAM m(r, ¢), mphuem, m?=1, ¢ NOMOWbBIO OPTOrOHAABHOR MaT-
A

§ puiLbl 10BOPOTOB R (¥, ¢)

‘cosBcosqp —sing sinBcos g 5

A A
M:Rm,k: cosBsing cosg sinBsing |, o =
ey

(&)

. —sin® 0 cosh -

JKeHHs  BBIDA3HTb  ©e  uepe3  KOMIOHEHTH /My, y,  YYHTHBAS,  4TO
= (1 —mi—m))'2, a TaKKe TOT (akT, uTo pemeHmio (2) coorser-
TByeT Bektrop m=m (0, 0, 1) B npeo6pasopanun (3).

Peenue BO3HHKAIOUIHX YDAaBHEHHH Pa3bICKHBAEM B BHAE DANOB

Mo, (5, Y, 2, 8) = miD), - m®, 4 .

peo6pasoBaHHbIA BEKTOP HAMArHHUCHHOCTH C/IEyeT NOACTABHTL B DyEK-
unio Jlarpanxa (1) ¥ AJA MOJNyueHHs NPHBEICHHBIX BHIIIE YDABHERHWR ABH-

- o, 2. H =00 + ¢+ .5

@
3 § sin® = ch~t[y—gq (%, 2, O);
& a5 2 ) =q" +¢" 4 ...
A 3}J.ECb BEPXHHE MHJEKChl YKasblBaiOT Ha MOPAAOK COOTEETCTE)’IQ“—‘HX BRE-
§quun 10 1/Q; Y=y—g — soKanbHas He3aBUCHMAt KOOPAMHATA NeONepex

Ve, Yoy Vo | { 82802
et

a7
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AT. Teopus Bosmyuwenuit [4, 5] B oTinane or (4) onepHpyer c pasioe- ~
HHSIMH B, p H ¢, KDOMe TOrO, OHa CONEPXHT CHHTY/INPHOE BO3MYyIIEHHE
(OM/0y)?/Q wu3-3a HHOTO, NO CPABHEHHIO C HAIIHM, BHIGOPA NMPOCTPAHCTBEH-
HHX MacuTabos. &)1
Tlocaenyiouiie BRYHC/ACHHS OTPAHHYHBANOTCA JHIL MEPBHIM Heucdesa- Co
Ol#M NPHOTHXKEHHEM MO mL‘,'y " ly'm, qlo), MO3TOMY HHXKE BEPXHHE HH-
nexchl 6ynem onyckaTb. OCHOBHBlE 3aBHCSAIIME OT M,y BKJIAAL B SHEPTHIO

Yy,

Hx

HMEKT BHA N
A Py . b R
Aw({m, }/2=mLm [Vx,,8~sm9c050(vq;)"] m/Q+ i“]
+ [c0s B (yBy) -+ v (sin By 7 /Q — H., [sin O, -+ €
+ cos® (m2 + m2)/21Q + ... . () ‘i‘

TepBble aBa ciraraeMele CIpaBa YYHTHIBAIOT HCONHOPOAHBIA OGMeH H
OIHOOCHYIO aHH3OTPOMHIO, MOCJeRHE — BK/I2J BHEUIHEro MAarHHTHOro MOAs
1O OCH z C NPEBBHIIIEHHEM TOYHOCTH, KOTOPOE MOHANOGHTCA B NOCAEAYIO-
1eM, MHOrOTOUHe TOAPA3yMeBaeT ocTajibHbe cocTasisioutue (1), KoTopme
Ge3 TpyJa BHIYHCASIOTCS C NOMOWBIO (3).

2

v

A
Onepatop L u3BecTeH M3 TeopHu Masbix KoneGauuit 180° AT

2 = —d?%/dY? + cos 20(Y), (6a)

€ro CMEeKTP COCTOMT H3 ABYX YacTed, 06pa3yIollHX OPTOHOPMHPOBAHHEIA Ha-
Gop:

ﬁx,, =0, ¥, =ch-'Y/2!/% (66)

A P
Ly, = {1+ £ %,y X, = (tk—thY)exp (kY)Y 2n (T + F%) —  nmHCKpeTHO¥
6esakTHpaunoHHOM MOAs [T — )¢y M CIIHH-BONHOBOH MOJBI — Ypre

«KuHetnyecknii> BKJIAA B ypPaBHeHHs NBHXeHHs (3) BHMHIEM B BHAS
papuanyu, Mves B BHAY, 4TO MO 3HAKOM HHTEIPAja IO BPEMEHH BEIHUH-
Ha T ompefeeHa ¢ TOYHOCTBIO /O MOJHON TPOM3BOAHOA, 3aMETHM, yTO ee
Baprauus npeacrasuma B Buae 87=(2/Q)x (M 8M,— MM /M (M M ).
Orciona 6yneM HMETb

8T = 2 [sin G(i) -+ r}ty/rnz + d:cosem‘/m',] 8m,/Q + o

.
+2[—8—m/m, g cosbm /m,] Sm,/Q. (712“\!_

YpasHenns nons HaMarHH9eHHOCTH u3oauposanHod JII. CoGupas rmo-
JyueHHble BHIIE BHPAXEHHs, MPHXOAMM K ypaBHeHHsM mnepsoro mo 1/Q x
octoBHoMy cocrosrnio 1T (2) nopsaaka

3 A ;
—m,/Q+ Lm, = [sin8(p— y*¢— H,) - sinBcos B [(vg)* —
— (v9)?—sin? 9] 4- H,cos 8 cos g 4 H,cos 8sin ¢l/Q;
. A —
mJQ+ Lm, = [sin® (g + v*¢ — sin g cos p) — 2 (ygvep) sinBcos 6 —

—H,sing + H cos 9)/Q. (8

Ec/in HafiieHB! pelleHHsi STOTO ypaBHeHHs, TO, COrJIacHo (2), moJe Ha-
MarHuyeHHOCTH H3oanposaHoi [IT onpeseasieTcs Kak

sin@cos @ ‘cos 6 cos prm, — sin gm,,

M(r, §) =( sin0sing |+ cos@sin pm, - cos om, |- (]
cos @ —sinbm,

3«




[image: image5.jpg]3€ T'. E. Xopenkos

B nponssoanbx mo BpemeHu m, = O0m, /0f—qdm, /0¥ noapasymesa-
ercsi yueT MEepBOro C/araeMoro NpH YC/IOBHH, YTO HMEIOTCS YacTOTH, CPas-
HHMBIE ¢ yacToToi PMP.
IMepexoas K PeMICHHIO OCHOBHBIX ypaBHEHHir (8), CJAeIyer OTMETHTb,
A

yTo onepatop L siBasercst ocobbim Ly, =0. [To3TOMy HEOAHOPOIHBIE ypas-
HeHusi (8) pa3pemIMMB, €CJM HX MNpaBble YacTH OPTOTOHAIBHHI %ir, WTO H
NPUBOAHT K ypaBHenusm CJloHUeBCKOro B HX mpocTefiieM BapxanTe (Ges
yyera QHCCHNAIMH H AP.):

o=vq+H.: (10)
= Vlp—singcosq - n(— H,sing 4 H cos¢)/2.

Eule mpoute NpHATH K 3THM ypaBHeHHAM, ecan B Qynkuwuio Jlarpanxka,
o6pasoBaunyio H3 (5) u (7), MOACTaBHTb My, y=Cx, y)Y4r W MOCAE MHTEIDH-
posahus no Y npoBapbupoBath ee no aMmanTyaam Cx y. ITO HarasiHO
nokasbiBaer, yto (10) y4YHTHIBAIOT TOJNbLKO Ge3aKTHBALHOHHYIO MOAY CIEeK:
Tpa (6). Ilpu seBoge (10) Gbiio mogokero, yro aMmautyas C, 4 coxpa-
HsiloTest BO Bpemenn. Ecan B (9) nposapbHpoBaTh NEpBOE claraeMoe cmpa-
82 H NMOJOXKHTb d%=my H ¢=my; B HEM, TO BOSHMKAKIIAH BAPHAUHA B
TOUHOCTH CcOBMazaer co BTOpbiM caaraembim B (9). Takum o6pasom, Ges-
aKTHBALUHOHHBIE COCTABJSIOUIHE My, ONPCAENANT HaualbHble 3HAYEHHH §
1 @, KOTOpbie MOAHOCTBIO MOrYT GbiTh yuTeHsl B (10).

Ho BuiBenenHbie 3jech ypapHeHHs (8), NMOMHUMO CJCAYIOUIHX H3 HHX
ypasuenuii (10), coiepxaT eule AONOMHHTEJbHYIO HHDOPMAlHKIO OTHeEH-
Teapto cTpykryper AT, Ee Moxno u3pieus, pasnaras (8) mo CMH-BOMHO-
BON MOAC Yp, H YUHTHIBASL NDH 3TOM HaJHuWE YCJOBHH COBMECTHOCTH —
ypasHenuit (10).

Ipesxzae BCero BHISICHMM CMBICJ C/araeMbiXx B Mpasblx uacTax (8), mpo-
nopunonasbhbix sin®cos®. Judpdepenunpys ocHoBHoe ypaBHeHHe B (2)
no wupue JII A, HAXOAHM, UTO 3TH CJaraeMble BEAYT K, /My y, KOTOPHE
nponopuuoHanbisl d/dA=y-sin 8/A% Ilo3ToMy COOTBETCTBYIOIUIHE BKJIAABE
YUHTBIBAIOT M3MeHeHye TQaUIHHBL JII' M3-32 OTK/IOHEHHsI ee CTPYKTYpPbl OT
Gaoxosekoii @=0. [lociennte BO3HHKAOT B CHAY AMHAMHYECKHX 3pgek-
TOB, HAJHYHsl MarHHTHBHIX Tosielk Hy , B Ga3NCHOM INIOCKOCTH W HPHCYTCT-
BHsi GJIOXOBCKHX JIMHME, DPaspelieHHbX ypasHenusimu (10), B ee cTpysTYpe
HAp.

JIpyro#t aaiuTHBHBIA BKaaj B nonpaskd K (10) BROCAT MarHWTHBIE nO-
as Hy, y, KoTopble 37€Ch MPEATIONATAIOTCS MANBIMH O CPABHEHHIO C MOJCM
0AHOOCHO} anH3oTponui. [IpHBENeM HHXKE TONLKO ONHOMEPHBIC CTaTHYe-
cKue pewenus (8)

m, (y)= sin*g-y/(2Q-chy) +- (H cos -+ H sin g} cos 6/Q;
m, (§) = (H,sing— f,cos9) f (5)/2Q; (1

= (5 —thy) | - ‘ﬁ.:’/:yd: 3

KOTOpHle cJaeayer moactasaath B (9). Buipaxenus (ll) 3anucans B Gop-
Me, IOKa3kBalollleli HX OPTOTOHAJBLHOCTH X¢r. HeHcuesawliHe BKnazsl ume-
10TCs KaK B [VIyGHHAX JOMEHOB, IZie OHH OMHCHIBAIOT HakiOHH M, Tak u B
uentpe AT

m, (y=0) = (H,sing— H, cos ¢) (G— 0,5)/Q, (12)

(G=0,9159... — noctosnas Karanauna), rae paboraior ypasHenus (10).
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Yroa ¢ 8 (11), (12) Buipaxkaercs uepes noas Hy , ¢ noMowbio BTQPOTO
u3 ypasHeuuit (10).

OcoGennocts BHpaxeHus (11), oTiuuaollas €ro OT BCTPEHAIOLIHXCS
B JIMTEPATYpE, COCTOMT B TOM, YTO OHO JA€T HEJHHEHHLIH no BHEUIHHM O-
JIAIM BKJAJ, XOTs H B nepsoM nopsigke no 1/Q. Mckaiouennem sBasiotest 06-
JIaCTH B OKPECTHOCTAX Touek mepeopuentaumn AL mo (10) — |Hy ] =2/x.
3nech, kak NOKa3WBaeT GoJiee TOUHOE PACCMOTPEHHE HA OCHOBAHHH TEOPUH
BeTRJIeHHA [3], BO3HHKAIOT passokeHns mo Q112

Jlpyrofi HHTEpeCHbIi BOMPOC CBSI3AH C H3/IyYEHHEM CIHHOBBIX BOJH [BH-
JKylledcs B NMOCToAHHOM MaruuTHom noae H, [T [6, 7). Coraacho (10) B
JIT npoMcXonuT mpeueccuss MarHUTHOLO MoOMeHTa ¢=H.f, conposoxaawo-

mascs ocunansuusaMu AT g=sin 2¢/2. TIpn BENOJHEHHH STHX ypaBHEHHH
cucrema (8) mpuHuHMaeT GopMy

—m,/Q+ L= — sin B cosOsint H,1/Q;
(13)
A
mQ+Lm, =0,

B TOYHOCTH COBMAJAlollyl0 ¢ Ge3qHCCHNaTHBHBIMH mpeaenamu pabot [6, 7]
Hanyuentne umeeT MECTO, ecqn moae H, JOCTHIraeT MOJOBHHBI OT BENHUMHBL
noss anu3oTponkH. [ToHiKeHHe NOPOrOBOrO MOJs NPOMCXOAHT B Gosiee BhI-
COKHX TOPSAKAX TEOPHH BO3MYIIEHHS, MPH HAJUYMH B NMPaBbix uactax (13)
HCTOYHHKOB GOJiee BBHICOKOWH 4aCTOTH, OGYC/IOBJCHHBIX HHBEIMH, UeM MarHi-
TO-AHOOAbHBIE, MexaHH3MaMH. CaMH ypaBHeHHs (13) MOXHO JONOJHHTENb-
HOo onpasaarts, ecaH B3ATh B (1) B kauectse @® peamunny (OM/dy)*
—2H,M,/Q, xotopoii otBeuaer TouHoe peumenne ¢=FH,t/Q; sin®=1/chy.
EcaR Tenepb ¢ S5THMH BLIPAXKEHHAMH NPOBECTH BBIUHC/CHHS, aHAJOTHUHBIC
npoBeieHRbM TipH BEBoAe (8) (masi atoro (§) u (8) 6bLK 3amHMcaHBL C npe-
BBILIEHHEM TOYHOCTH), TO PEe3y/IbTHPyIOllHe ypaBHenus copnanyt ¢ (13).

OCHOBHOJi pe3y/bTaT HaCTOslleli paboThi — ypapHenus (8), ycramas-
JIHBAOILKE NPSMYI0 CBSI3b Mexay ypasnenusmu Cuonuebckoro (10) u
CIIHH-BONHOBOA Teopueli. Baarofaps BBeleHHIO JOKAJbHBIX HAaMArHHYEHHO-
creft (3) TeopHsi NMPHHHMAaeT CHMMETDHUHYIO CNEKTPaJbHYIO (opmy, yuH-
THIBAIOULYIO WHBAPHAHTHOCTh HCXOJHOTO pelIeHHSl OTHOCHTENBHO HEOIHO-
poaHbIX cMetleRu# u nosoporos JIT.

HHCTHTYT 21CKTPOHKIX YMPaBASIOUILX MaImIl TMoctymuaa & peakunio
Mocksa 27 nexaGpa 1993 .
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