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BBOJIIOIII/ISI BPAIIIEHUI TPEXQOCHOI'O CITYTHMKA,
BJIN3KOT0 K INMHAMUYECKHU-COEPUYECKOMY,
HOD; JEACTBUEM MOMEHTOB CUJI CBETOBOI'O JABJIEHMS

VICCHENOBANMIO JIBMKEHUS CI[yTHMKa OTHOCMTEJBHO LEHTPA MACC IOX AEHCTBUEM. MOMEHTOB CHJI Pasd-
JIMYHOI TIPUPOABI (TPAaBHUTALMOHHBIX, MATHUTHBIX, CBETOBOTO ZABJEHMS M ApP.) IOCBIIEHO MHOrO pafot
(cM. [1—6] u npuBeneHHyI0 B TUX paboTtax Gubmuorpaduio). OueHKa BeNMUMHBI MOMEHTOB BO3MYLIAIOMMX
cun [1] noxkaswbBaer, 4TO Ha BHICOTaX, Oogpmmx 35 000—40 000 xM Ham NOBEPXHOCTHIO 3eMiu, Ha
KOCMMMECKME Aammaparhl CyUIECTBEHHOE BIMSHME OKA3LIBAIOT MOMEHTHI CHMJI CBETOBOrO AaBjieHuMd.. Ilpu
[IOMOIIM METOAA YCPEOHEHUS MCCIAEAYETCS BBI3BAHHOE MOMEHTAMM CHJI CBETOBOrO JABJICHMS ABHIKEHUE
OTHOCHTENBHO LEHTPA MACC GIMBKOrO K AMHAMHUECKU-CEPUUECKOMY KOCMHUECKONO ANNapara B CIydae,
KOIJla Anmapar MPEeACTaBIseT co00M TEJNO BpAlCHMUsS. ITOT CIAyuail NPENCTABNISETCS MHTEPECHBIM B TEOpe-
THYECKOM M IIPUKJIAJHOM acreKkTax.

1. Mcxonmpie NPENNOJNOXKEHUS W IMOCTAHOBKA 3aNay. PaccmorpnM mapm(enne
KOCMMYECKOr0 aImapaTa OTHOCHMTEABHO IEHTPA MACC MOX AEHCTBAEM MOMEHTOB CHUI
CBETOBOIO JaBJcHUI. BBemeM TpM mpaBhIX AEKApTOBBIX CHCTEMBI KOOPAMHAT, HAYAJO
' KOOpAMHAT COBMECTMM C IeHTpoM mHepmum coyTEmka [1, 2] Cucrema xoopauHat
OXYZ nmewxercs mocrymareabHo no opbure CosHIa BMECTE CO CIYTHHKOM; OCh Y
[apasuIe/IbHA HOPMAJIM K TUIOCKOCTH OPOHMTH, OCh Z — HANPABJICHUIO PajAyC-BEKTOPA
opOuTH B ee mepuree, och X — HANPABJICHHIO BEKTOPA CKOPOCTH LIEHTPA MACC CILyTHHKA
B nepuree. IlosoxeHne BEKTOpa KMHETHYECKOIO MOMEHTA L. B CHCTEME KOODHMHAT
OXYZ omnpenenuM yIJIaMH p W G, Kak mokasamo B [1, 2, 4, 6]. 119 mocTtpoeHUS
" cucreMsl XoopauHaT OLL,L, CBI3aHHOH C BEKTOPOM L, B mwiockoctu OYL mposeneM
och L,, MEpHEHIUKYJSIPHO K BEKTOPY L M COCTABJISIONMYIO TYHIOH .yroa ¢ OCpio Y.
Ocp L, momonmser ocm L, m L pmo mpaBoit cucremsl KoopaueaT: Ocu CBSI3aHHOM
CHCTEMBI KOOPAWMHAT OXyz COBMECTHM C TJIABHBEIMH LCHTPAJIBHBIMHU OCSMU - MHEPIIHH
CIyTHHKA. B3amMHOE TIOJIOXKCHUE I[VIABHBIX LIEHTPAJIBHBIX OCEM MHEpmuu M oced L,
L,, L, onpepemam yraamu Didnepa ¢, P, 6 [1, 2, 4, 6]. Ilpu sTomM HampasJsromue
kocuHycHt (o) oceit Ox, Oy, Oz oTHOCHTENBHO cucTeMbl OL,L,L BEIPaXXaioTCa YEpe3
yrael Jiinepa ¢, b, 6 mo m3sectHeM dopmynam [1].

Byz(eM CUMTATD, UTO AIMIAPAT HBYKETCS MO S/UIMITHUECKOM opbute Bokpyr CosHua,
a MOMEHTHI BCEX CHUI, KPOME CIUI CBETOBOTO JaBJICHMUS, IpeHeGpexxuMo Manst. Jomycrum,
YTO MOBEPXHOCTH AMNApaTa TPEACTABAAET COGOM IOBEPXHOCTb BPALIEHUS, IIPHYEM
eAMHUYHBIA OpT ocu cuMMmerpum k Bampasnes mo ocw Oz. Kak mokasamo B [1, 3, 5],
B 3TOM CiIyyac Hjid MOMEHTA CHUJI CBETOBOrO HaBJICHUSL M J:(BI/ICTByIOIHeI‘O Ha COyTHUK,
EMEET MECTO (bopmynd

= (a, (e) RY/R) &, x k ‘ - (L1)
a,(e) RIR> = p.S (&) 2’ (), p. = (Eol ) (Ro/R)?

B (1.1) e, — enuHWYHBIA BEKTOP IO HAMPABJAEHHIO PAgWyC-BEKTOpA OPOUTHI, €, —
YyIon MeXxay HaopasaeHusMu e, w k, Tak uto le, X k|l = sin ¢, R — Texymee pac-
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crosaue ot uenrpa CosHIa 10 IEHTpa Mace CIYTHUKA, R, — (buKCHpOBaHHOE 3HAUCHHE
R, HanpuMep, B HAYAJBHBIM MOMEHT BPEMEHH, d, (g,) — KOd(UIMERT MOMEHTA CHJI
CBC’I‘OBOI“O AaBJICHUS, S — IUIOMARb «TEHM» HA IUIOCKOCTH, HOPMANBHOM K IIOTOKY,
Z,) — pacCTOSIHME OT LEHTpa MAacC [0 LEHTpa JABJICHHUSI, P, — BEJIMY¥HA CBETOBOTO
AaBJeHus Ha paccrosuna R ot nertpa Conama, ¢ — ckopocTs cBera, E, — BeqdunHa
II0TOKA DHEPIMM CBETOBOIO NABJICHMS HA PACCTOSHHAW R, or uenrpa ConHua. Ecmm
R, — papmyc opburer 3emnu, Toraa p,, = 4,64-10° H/m2

Hanee monaraem [1]a, = a, (cos £,), aNIIPOKCUMUPYEM @, IIOJAHOMAMH IO CTEHEHIM
Cos g,. MOMEHTEL CuJI CBETOBOIO AABICHMS MMEIOT CUIOBYK (DYHKIHIO, 3aBHCSIIYIO

TOJIBKO OT IIOJIOXEHMST OCH CI/IMMETpI/II/I TEJa B IPOCTPAHCTEE 11 HpeI(CTaBI/IM $yrKIEO
a, (cos £) B BUAC

N

a, = a, + 2a,co5e, - . | o B € V)

YpaBHEHUS BO3MYIIECHHOIO OBMKEHWS CITYTHHKA IPH HAJUUYMK CAJIOBON (yHKIUU
B IepeMmeHHwIX L, p, G, ¢, P, 6 umeror Bux [2; 4]:

= (L sin p)™' 9U/9p, p = — (L'sin p)™ 9U/ 95 + L™ cig paU/dyp, L' = U/}
8" =Lsin 0sinpcos ¢ (A~ — B™') — ‘(L sin 8)~9U/d¢ + L' ctg 60U/oyp  (1.3)
@ =Lcos 0 (C' — A" sin’ ¢ — B™' cos® ¢) + (L sin 6)~' 9U/96

Y= L (A" sin® ¢ + B~ cos? ) — L' (aU/dp ctg p + 0U/ 30 ctg )
- Cunosast hynkmmst U 3aBHCAT OT BPEMEHH ! YEPE3 MCTMHHYIO aHOMATHio v (£)
OT HANpAaBJISIONUX KOCHHYCOB 04, (35, 7; 0CE Oz OTHOCHTENBHO CHCTEMBI KOODAHHAT
OXYZ; ona umeer sup U = U (v (1), o3, 35, 13)-

K cucreme ypaBHemm (1.3) Heo6XOMUMO IPHUCOETMHUTS yPABHEHHE, onncmBanu.[ee
M3MEHEHUE HMCTUHHON aHOMAJIUM CO BPEMEHEM

Cav/dt= 0, (1 — & (1 + ecos v, 0y = 2;rt/T =[x (1 — &) P?]? (1.4)

3necp 0, — cpem{sm YIJIOBAsl CKOPOCTb J:(BI/DKean ueHTpa MAacC 10 JUIANTHYECKOR
opbure, T, — mepuox OOpAINEHUS COYTHHKA, ¢ W P — OKUEHTPUCHTET M (HOKAIBHBIA

mnapaMmerp op6mm COOTBETCTBEHHO, % — nponssez(eﬁne IOCTOSIHHOKM BCEMHUPHOTO TsI-
rorenus Ha Maccy CosHua.
MowmenT crI 1. COOTBETCTBYET cnnonon ‘byHKIIT

U(cose) =—RiR™ [a_ (cose,) d(cose)

Paccmorpum .Bripaxerne (1.2) mra a, (cos g;). Cunopas (yHKI@S B 9TOM cyyae
AMEET BUL
U (cos &,) = —-RiR™> (ay, cos &, + a, cos” &,) | A

,
\

TPUYEM COS £, = 3 COS V + 04 sin Vi % 1 BHIPAXKAIOTCS UEPES p, G, 8, 1]) IO U3BECTHBIM

chopmyam [1] )
ITycre riiaBHBIE LEHTPAIBHEIC MOMEHTH MHEPIUH CIyTHUKA OJU3KY APYT K APYTY
n I'IpBI{CTZlBI/IMH B BHacC . )

A=J,+edA'", B=J,+eB', C=J,+¢eC' . (1.6)
rae 0 < e<<1— mansni mapamerp. IIpeanonoxuM Takxe, uro aq, ~ &€ # a, ~ €, T. C.
MOMEHTH CHJI CBETOBOTO NABJICHMSI ¥ T'MPOCKONMYECKME MOMEHTH MMEIOT OMMHAKOBBIA

nopsamok &, U3 (1.5) cnemyer, uto U ~'e. Uccnenyem pewmenue cucremur (1.3), (1.4)
Ipy MajioM € Ha 0OoJbINOM IMPOMEXyTKe BpeMeru ¢ ~ &', [lorpenrHocTs yCpexHEeHHOro

4 ’ ’ .



pemelys’ Il MEAJIEHHHIX HEPEeMEeHHBIX cocraBisder Beawuuny O () Ha MHTEpBAJIE
BPEMEHM, 3a KOTOPHIA TEJIO COBEPIINT IOpsAKa &' oboporos. Hesasucumoe ycpenaenue
mo , v IPOBOAMM KakK IS HEPE30HAHCHHIX cayuaes [2].

2. IIpouenypa ycpegHeHHS M NOCTPOEHME CHCTEMb! NepBoro npudiamxenns. Pac-
CMOTpUM HeBo3MymerHoe aprxerue (e = 0), xorna ypasuenns (1.3), (1.4) onuceBaoT
-OBIKeHUe chepruuecKd CHMMETPHYHOIO TEJa X MOMEHT CHJI CBerosoro pasienus (1.1)
pasen Hymo. W3 cucremnt (1.3) B sTOoM ciayvae moayumM, uto S, p, L, 8 m ¢
OOCTOAHHBI, a4

V= Lig't + 1])0, lpo = const ' (2 1)
YTO COOTBETCTBYET paBHOMepHomy BPAIIEHMIO CIIyTHUKA BOKPYT BEKTOPa KNHETHYECKOTO
MoMeHTa L, KOTOpEIA ABMXETCA mocrynaresnbuo. IIpm manoMm & # 0 B cucreMe cemu
ypaBuenmit (1.3), (1.4) c yuerom (1.6) MemIcHHBIMU TEPEMEHHBIMH SBJSIOTCS BE-
JIMUWHEL G, p, L, 6, ¢, a 61>Ic'rprMn— Y u v. [Ing DONMyyeHUsS PElIeHus B HEPBOM
Hpn6nn>KeHnH HOCTATOYHO TPOCTO YCPEOHMTh IpaBhie uacTé ypasseHmit (1.3), mop-
CTaBUB B HUX v H3 pemeHus ypaBHerma (1.4) m ¢ u3 (2.1). Hpe;:(nonaraeM, yTOo
JJIL  4acTOT W, ¥ LJ;' He BBHIIONHSIOTCS COOTHOmEHUS mw, + nLJy' # 0, me m n
n — mobsie uensie yucaa. Kak mokasano B [2], B 9TOM HPEATIONOXEHUM YCDPETHCHHE
IO BPEMEHH MOXHO 3aMECHUTb HE3aBHCHMBIM YCDEXHEHHMEM 1O Y W IO v, KaK IO
dynxuu . YcpenHenue mo BpeMeHH (DYHKIWIA, 3aBUCAIIUX OT V, CBOAUTCH, B CHIIY
(1.4), x ycpeaHeHHI0 1O v CIEAYIOUAM o0pasom

MU W) =L [ ) de= e

__f(l eV f ) dy g ey, ON

(I + e cos v)? (I + ecos v)?

Hcnonp3ys m3BecTHbIC BHID2XKEHUS HATIPAB/ISIOIIMX KOCHHYCOB oy, B3, 73 ocr Oz

OTHOCHTEJIBHO CHCTEMBl Kooppaumpar OXYZ [1], momyunm cpefHee mo \p 3HaueHHe
CHJIOBO# (DyHKIMHI . . , .

(U), = — @, RIR™* [(1 — 32 sin’ ) sin’*p cos? (6 — v) + /2 sin? G] @23

Iocre ycpex(HeHmI mo v cormaco (2.2) ¢ yueroM YDPAaBHEHHS JBYKCHUS ueHTpa
MacC CIYTHHKA 1O IUIOCKOM SJUIMNTHYECKON opbure R = P (1 + e cos v)™" cunoBas
dyuxIHuS paBHA .

Uy=— V2 (1 = &)* a RP? [(1 — ¥ sin? 0) sin? p + sin? §] ‘ 2.4
0 . 1 0 .

_ _ /

Brruscrsis wacrsie nponssogusie U,/ dp, dU,/ 36 or dyaxuun U, (2.4) u yunTHiBag

_ToxpmectBa dU,/ 96 = U,/ 0y = dU,/d¢p = 0, HaxonmM, UTO YCPETHCHHAS CHCTEMA
IIEPBOTO HPHUO/KEHNS [/ MEAICHHBIX IIEPEMEHHEIX HPUHAMAET BUX

¢ =—(1-e)?aqRL'P2(l-3%sin*B)cosp 2.5)
pr=0, L =0,0" = Lsin 0 sin ¢ cos p (47" - B“)

@ =cos 8 [L(C™' — A~ sin> ¢ — B™' cos? @) -

= (1 =& aRiLP? (1 — 325in* p) ] :

3ameruM, uTo KOI(pGhMIMEHT @, NpM YCPENHEHHM HCuesaer.- Jlanee MOmIEXHT
HCCIEAOBAHMIO CHCTEMA ypaBHeBMi (2.5). BexTop KMHETHYECKOr0 MOMEHTa OCTAETCs
TOCTOSIHHEIM II0 BEJHYMHE M NOCTOSHHO HAKIOHEHHHM K HOPMATH K ILIOCKOCTH
OpOUTHL



- PaccMorpum ypaBHEeHHS 1y onpenenenus 6 u ¢ (2.5). OHA OMUCHBAOT HBIKEHHE
"BEKTOpA KMHETHUECKOTO MOMEHTA L. OTHOCHTE/IBHO Tena.

3. Dposmouys BpaweHuil Teepaoro rexa. 3.1. Anarumuueckoe uccredosarnue. Ypas-
HEHMs Jis onpepenenust § u ¢ (2.5) mpuBORSATCS K BHEY (B MENICHHOM BpeMeHH E):

8" = sin 0 sin @ cos ¢, @' = cos 8 (L — sin® @) : ' 3.
E=LfBt, p=@—-p/B B=4"—B" '
y=B"-C", a=— (1 — &)%qRUL;?P (1 = ¥ sin? py)

3nece L, — 3HaueHUE L B HauasibHEN MOMeHT BpemeHH. C yUETOM COOTHONIEHMS
(1.6) m mpemmomoXeHus  a, ~ & ‘nosyunM, uto (. T, O — BENUMHEL O (e). Ona
cucremsl (3.1) mMeeT MecTo mepBHIA HHTErpas :

sm2 O (n—sin’ @) =¢ = 'sm2 8, (u — sin® ¢,) = const ) (32

ITpm OTCYyTCTBMM MOMEHTA CHJI CBETOBOTO AABJICHWS, T. €. IpH a, =0, a, =0,
cucrema (3.1) mpuBommMTCS K BHAY

" 6’ = sin B sin ¢ cos ¢, @’ = cos 0 (W* = sin® @), p* = — ¢/ ‘ (3.3

_ Iomoxum s onpegenensocry A >B>C; rorma <0, v<0, p<0. Beexem
- mepeMeHHYI0 x = cos 8. ITocae pana npeoﬁpasoBaHnn ¢ yuerom (3.2) ypasrenue (3.1)
IJI4 OIpeReeHus 0 JOIycKaeT pas3ne/ieHue EPEMEHHBIX 1 IIPUBOXUTCS K COOTHOIIEHMIO

n (- a=}[@i—®(f—xhr”dn G4

=Ly (B - Ulum—lﬂuh—l—CAu =l-e/@-1)

TaKI/IM o6paszom, 3a1aua CBEJAch K KBaz(paType crpaBa B (3.4) CTOUT SJUIATITHUECKUH
~mETerpai. JIjist Toro, 4yToOH MOMYYHTh penieHne ypasienui (3.1), neobxonmmo npexpae
Bcero ofparuth maTerpan (3.4). Taxoe obpamieHHe IPOBOXUTCI IIO- Pa3HOMY B 3aBHU-
CHMOCTH OT 3HAUYEHHWI KOpHEH B MOADARMKAJILHOM BHIpAXKEHHHM B mHTErpare (3.4).
Ecma momoxute C>B>A, to B3>0, ¢>0. Ilpu p>0, ecma o>y u p<0, ecan
o <. OTH Coy4yau paccMaTpUBAIOTCS COBEPIIEHHO AHAJOrMUHO. PaccMOTpuM CHAYAIA
HEKOTOpPHIE HEPABEHCTBA, KOTOPHIM YIAOBJIETBOPSIOT BEMUuuHE A 1 o’ B (3.4). MoxHo
moKasath, uto hA=1-¢/p <1, h=<d, & =<1, orKyma CIENyiOT HEPaBEHCTBA
h < a < 1. Ou; MOryT YHOBJIETBOPAThCS Kak mpu A < 0, tax u upu A = 0.
ITposexem obpamenue naTerpana (3.4) mia cnyuas A < 0. Tak Kak B 5TOM Caydae
Ixl < a, T0 cuemaeM 3aMeHy NEPEMEHHOH X = acos % Toma OKA3BIBAETCS, UTO
unTerpan (3.4) mpuBOMUTCA K BUAY

T=A(t—ty) = f (1 — &* sin® )72 dX ' L (3.5
0 .

A=n@-hn"2 B=d/(@-h=<1 ‘

3nech fy — HEKOTOpBI (DMKCHPOBAHHBIA MOMEHT BpeMeHH. Takmm o0pasoM, mo-
JIyYEH SJUTUIITHYECKHI PIHTCPpaJI MEepBOr0 poja. Oﬁpame}me 9TOr0 MHTErpana Aaer
[71 ,

X=amt, cosX=cnr, cos8=acnt - , 3.6)

Avmmryna cos 0 paBea a. Ilo aprymenty T (yHKUMEM €0 T, SO T SBJISIIOTCH
nepuonuueckuMu ¢ mepuogoM T, = 4K (&%), roe K (k%) — monHBIA SIUIMOTHUECKMI

T

uHTErpaa mepsoro poxpa. Ilepwox xonebammit yrma 6 mo- BpeMeHn 6yxer ' paBeH,
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ouesunEo, T, = 4K (k%)/A. Taxum o6pasoM, 3aBHCHMOCTb § OT BiEMEHH BHIUMCIIETCS

M3BECTHEIM 06pasoM uepes dJumMITHyeckue (pyskmum Sxobu.

Jlsi BHIYMCIEHWS HEW3BECTHOM ¢ (f)' OCTATOUHO 3HATH, KaK M3MEHSIOTCI CO
ppeMeHeM (yHKIuM sin ¢ sin 8 u cos ¢ sin 6. Yrobsl OnpeneauTs 5TH (QyHKIWAH,
obparuMcst K mepomy mETerpaty (3.2). Vcmonmbsys 9TOT HHTETpai, moiayvaeM (Ui
onpenenenHocTu Gepercs 3HaK mioc [4]): '

sin @sin 0= [ (h—a)]2dnt, cos@sinf=(l—p)?asnt B EN))

TaxuM 00pasoM, BCE HAIpPaBJISIOMUE KOCHHYCH BEKTOPA KMHETHUECKOTO MOMEHTA
C IVIABHBIMA ICHTDPAJIBHBIMA OCAMH SBJISIOTCS NEPUOTMUYECKHME C mepuonoM T

IpounTerpupyem teneps ypaperue (3.1) g cayyas h = 0. O6oznaunm
h = b* u npeacrasum uHTerpan (3.4) B BUmE

Nt = J (@ - B)(& - BT dx, 33)

Coenaem sameﬁy mepeMenHbX x2 = a* cos® X + b sin® X. Tlocne pspa BBIKJAIOK
nurerpan (3.8) mpmmer Bux (3.5), moe A->an, s > f, a MOAYIb Kk ONMCHBAETCI

coorromenzeM 0 < k* = (a? — b*) @< 1. OOpamenne 9TOro MHTErpaia 3armuIIeTCs
caepyromum obpasom: X =am T, T=an(t— t,). Torma

x=cosf=adnt - . 39

Wcnonpayst mepeuii muTerpan (3.2), moayuymM (C TOYHOCTBIO O 3HAKA)

sin ¢ sin 6 = [p (3 — @)% cn vt cos psin b = [(1 — p) (@~ #)]?snt (3.10)

TaxuM 06pa3oM, B NEPBOM NPUOIMKEHUM METOAA YCPENHEHMS MMEET MECTO aHa-
JIOTHSI pemaeMoi 3agaun co crydyaeM Oitnepa — Ilyaunco (8 ypaBHEHHAX 3D n 3.3
OTJIMYAIOTCS TOJBKO MHOXWUTEMM B 1 ). B MEUICHHOM BPEMEHH T 3a7iaua O ABMXKCHAN
6AM3KOr0 K AWHAMHYECKH-CHEPUUECKOMY TBEPHOTO TEJA INOA HEACTBUEM MOMEHTOB
CHJI CBETOBOIO AABJEHMS SKBUBAJCHTHA 3aJaye O ABIKEHUY (DUKTHUBHOTO TBEPHOIO
TeJIa ¢ IPOU3BOIHHEIME MOMEHTAMY HHEPIMH, DTO 00YCIOBAEHO B3STHM npubnuKenueM
bysxuma a, = a,, + 2a, COS & M SBASETCS OCHOBHBIM KAayeCTBEHHBIM DE3YJbTATOM

HCCIETOBAHNAL.

3.2. Kauecmaennwui ananu3s ¢asosoi naockocmu (8, ). Yccaenyem cucremy uist
8 u ¢ (3.1) ¢ mepseM uHTerpaaoMm ¢, (3.2). B 9roit cucTeme nepeMEHHBIE 0, ¢
uamensorcs B mpepenax 0 < 0 < ;, 0 < ¢ <27, a mapaMerp jL MOXET NMPUHUMATDH
DpOM3BOJIBHEIE 3HAUCHHSA: — © <L < + o (B 3aBUCAMOCTH OT COOTHOIICHUHA MEXIY
MomeHTaMu mHepumu). O6aacts D HOMyCTUMBIX 3HAUCHHA IIapaMeTpoB (¢, W) mpH-
Begena Ha ¢ur. 1. Beigeqmm tpu momofnacti D, , 5 mopobnacTs D, onpeneIsercs
HepaseHcTBaMu W = ¢, = 0 (u = 1), mogobracts D, onpemensercs CASAYIOMUMI CO-
orHOmeHWsmn: - p=c¢,=zp—1 (0=p=1) u - Hakomen, mis D; wumeeM
0=¢=zp—1 (u=0) Homycrumas obracts D IapaMeTpoB CHCTEMHL (c;, L) €CTh
D = D, U D, U D; — 3T0 BCE MHOXECTBO TOYEK, KOTOPHIC HAXOASITCI MEXMY IOMTO-

XKUTEIBHOMA OCHI0 A0CIMCC M GUCCEKTPHUCOl, NAapasieorpaMM, MEeXIy OTPUIATENbHON
OCBIO abCIucC ¥ CABMHYTOM BHM3 Ouccekrpucoit (dur. 1).

OcobbiMu  MOAMHOXKECTBAMA  cHCTeMBl  (3.1)  sIBSFOTCS TPaHUIEL MOXOOIACTEN
D, ,; B ofmacrsx D, m D, HBMXCHWE HPEACTaBIAET COGOK kosnebanus mo 6 m

koaebarus wm Bpamenus 1o ¢. Cenaparpuca mis obaact D, 3aaercs COOTHOMICHUEM
sin?f = (w— 1) (p—sin*¢)™', a mis ofmacrm D, nomywmm sin’ 6= p (-
— sin® ¢)™' = 1. B obmactu D, umeror MecTo Konebamus mo 6 u @.



Gur. 1

Dur. 2

MoxHo paccMorperp 11 pasjuuHBIX XapaKTEPHBIX CIydaes BGOpa napaMerpa L
Dp=0, Hp=1 Hp=+0 Hp==-0 Hp=1+35 6 p=1-3,
D p<<=1,8 pu>+1,9 ps—-1,100 pS+1, 1) p=1/2 0<8<< 1).

CewmeitcTBO 'rpacdmKkoB 3aBucumocTa 8 or ¢, TOIyUEHHHIX UMCIEHHO m3 (3.2) mpu
= 0 (cayuait ), npencrasiero Ha ¢ur. 2. Dt rpaduxn COOTBETCTBYIOT KOJIEOAHMIM
IPY PA3/IAYHBIX HAYAJIbHHIX YCIOBHMSIX. S3aBACHMOCTH § OT ¢ mpa p =1 (cayuait 2)
nojyyaercss u3 u3o0paxeHHOW Ha ¢ur. 2 capurom Ha st/2 Bpoms ock . Ilpm
p'=—1,7 (cnyuait 9) rpadmueckme 3aBUCHMOCTH 0 OT (¢, TOJIyUCHHBIE UUCICHHO W3
nepeoro uurerpana (3.2), npencrasaeHsl Ha ¢ur. 3. Sty rpaUKu COOTBETCTBYIOT TOIBKO
xonebanmsam 1o 6. ITo ¢ — xonebanms BHyTpH cemapaTpuch sin® 6 = (n — sin>¢)™!
¥ BpaiueHus BHE ceniapaTpucel. Ecma p > 1 (cryuam 5, 8, 10), To rpachuueckue 3aBICHMOCTH
HMEIOT Takoi € BHN, HO IIPOHMCXOTMT CABMT ‘Ha It/2 BIOMb OCH ¢. Ilpp p» — o
(cmyuait -7) sasucumocTd O ((p) CTAHOBSTCS NApaUIEIBHBIMA Tpsvbvir. Ilpa p = 0,95
(cyuait 6) BOSMOXHEI TONBKO Konebamma u rpacuueckue 3aBucMMocTs 0 OT ¢ mmpen-
crasiessl Ha ¢wur. 4. 3aBucumocts 6 oT ¢ WpE p = + 8 (caywalt 3) momyyaercs u3
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NpuUBEACHHOU Ha ¢ur. 4 coorsercrsyromeit nedopmarueit: [Ipu pu = 0,5 (cayvair 11)
. TpaduUECKNE 3aBUCEMOCTH KOJEOATENbHBIX ABHXXKEHWH IpEICTABNEHBI Ha (ur. 5.

- 4. VccnenopaHue 9BOJIOLMH BEKTOPA KUHETMYECKOrO MOMEHTA B OpOMTAJLHON
cucteme. Ypapaerue (2.5) mia 6 B cayuae A< 0 ¢ IIOI(CTaHOBKOI/I (3.6) mocie psima
npeo0pa3oBanmil IPUEAMAET BU -

ds/dt=d (1 — 3a®>cn? 1), 1= A(t — t*) 4.1)
d=(1/2) (1 — & a, REAB cos p,Li® (4 — B)" (= ¢)™ |

TAe p, — 3HAUEHHUE p B Haqanbnmn MOMEHT BpemeHHu. [lociae MHTErpupoBaHUd ypas-,
HeHus (4.1) monyuum

6 = o+ d [t (1 + 3¢’/ k) — 3E (g, k) @2/ K] 4.2)

3pecy E(g, k) — dnaunTUyecKuil HHTErpaa BTOPOro poaa, k — MORyJb SJUIAITHA-
4eCKOM (yHKuwWH, k' — NONOJHMTENBHBIA MOMYJb, ‘G, — 3HAUECHAE G B HAYAJBHBIA
MOMEHT BPEMEHH, & = am T — JJUIANTAYECKAS aAMIUIUTYHA.

Ilpm Maneix 3HAUECHASX & MOXHO [TOJIb30BaThCS panamu i E(g, k) [7]. HOI{CT&BJIHSI
ux B (4.2), momyumm

6 = o + d {(2Ky/m) [1 + 3@ (k? — E/K)] — - -

— 3@ [(1 — k*/4) (2 sin 2y + &* sin 4y) + : 43
+1/4 ((1 + k) siny + &2 sin 3y) ((1 — &*) cos y +

+ &2 cos 3y) (1 — ©/2) 1} + O (k)

3preck y = 1 (2K)'; K, E — mostHBIE 9/UIMITHYECKIE HHTErPAIBL IIEPBOTO ¥ BTOPOTO

pona. @opmyna (4.3) cnpasenamBa Aas JIOOBIX y M MaJbIX k. M COCTOHT K3 JmHenHoro
¥ K0ae6aTeNbHOro CaraéMeIx 1o f.

Ipw k, 61M3KOM X EIMEMNE, ¥ HEOONBIINX 3HAYCHUSIX g MOXHO IOJIb30BATLCS
COOTBETCTBYIOIIMMHA  Pa3/NOKCHUSIMH IS E(g, k) [8] CoxpaHss WIEHB! O (k'%),
MOJIyuMM TIOCJEe IIOACTAHOBKHM MX B (4.2) BHIpaxeHue'

6 =6, + d {T(l + 3a2k'%?) = 3a%k? x | (4.4
X [(1 — Vak'®)Intg (V2 am T + nu/4) + Vak™ sn ten2 T]}

g h = 0 ypaBuenume aig ¢ (4.1) ¢ mopcranoBkoi (3.9) mocie paaa mpeobpasosaHmit
MPUHAMAET BUJ

do/dt=N(1-32d2 1), t=an(t—1y @.5)
N = (1 - e)” a RL;'AB (A~ B)™ [p (b — 1 — c) 17 cos p,

Iocae wHTErpHpoBaHMS ypaBHeHHS (4.5) Haxomum '

6 =6, + N [t — 3a%E (g, k)] (4.6)
Ilpm maneix k, ucnonpays pasnoxenue E(g, k) B pax [7], onpememam

6 = 6, + N [(2Ky/x1) (1 — 3a’E/K) — (51/8) a?* sin 2y] + O (k*) ' 4.7

- 3pecy y = qut/ (2K). @opmyna (4.7) cnpasemmBa IS JIEOOHX Yy 1 Mamex k W
COMEPXMUT NUMHENHOE M KOJeOATENbHOE CJAraeMble.
[Ipn k, Gnu3koM X eauHMIE M HEOONBIIMX g, MCIonb3yst pasnoxenue E(g, V9]
[81, momyunm

6 =6+ N{t— 3a (- 1/4k’2) In tg (1/2 am T+ 1t/4) + 1/4k'2 snten~? t]} (4.8)

Kak cnegyer ms ypasuenus mig 6 (2. 5) mpu 0 6Jm3KOM k 0 wm 5t ckopocTh G°
3HAKOOIPENEeICHHAS OTPUIATE bHAd IpH cos p > 0 u monoxurensHas, e cos p < 0.
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B ofmeM ciyyae IEpeMEHHAS G MOXET MMETh XapaKTep BPamATENBHOIO WM
KoiebaTenbHOro ABMKEHMS. Ecnu 6 cumiapHO M3MEHAETcs, TO  BHIPAXXCHUE
1 — 34 sin® 6 MoxeT OHITh 3HAKONEPEMEHHBIM. B pe3yibraTe 3HAUEHUE G MOXET OBITh
npakTuueckn nocrosHEbM npu (1 — 32 sin? 8) = 0. AHanu3 HOKa3HIBAET, YTO CyIe-
 CTBYKT 3HAYEHWs IIApaMeTpoB W, 6, ¢, IPH KOTOPHX G = const. '

B paccMaTpuBaeMoii 3a7a4e KapTHHA SBOJTIOLUH JABIDKEHIS OKA3EIBAETCS 00JIee CI0XKHOM

[0 CPaBHEHMIO CO CJydydeM AMHAMUYECKH CHMMETPHYHOIO cinytHHKa (A = B # C), Tak
KaK OHA COAEPKMT GONMbIIee YMCIO (HA EWHALY) MEUVIEHHBIX NEPEMEHHBIX.
5. YacrHbie cayyau JBuKeHHs Tena. 3Hauenme 0 = 0 sBiserca cranuoHapHON
TOYKOHN YpaBHEHUs. (3.1) nna onpenencuns 0. Ypassenne mis ¢ npu 0§ = 0 npuEIMacT
BUJ(, JOIYCKAIOWMI pasxesIeHue nepeMenHux. Ilocae MHTETPUPOBAHKS HOJTYHHM IPH
p > 1 BrIpaxesnme

tg @ = Itg [rE + arctg (I"' tg ) 1 < ‘ | S
=W/ = D1 r=(pG- D% E=Lpt |

Ilpu p <0 pemenve ypasHeBms (3.1) s dnpezxenenmx ¢ (6 = () npuHEMMaeT BUA
tgp=1I1tg[—rE+arctg ("' tg )] ' (5.2)
Ecmm 0<p<1, To mmeeM ' ' '

tg ¢ = j [g exp (st) — wl [g exp (sE) + w]™' 5.3
g=1+[1-wp'1?tge, s=2[pd-pl?

w=1-[(1-pp'121g g j= W/ (1~ w2

TIpu maneix 6 cucrema (2.5) 3amMCHBAETCA CJACKYIOMMM 06pa30M

oo=—(1- e"‘)” a, RZLS'P72 cos py, P = Py (5.4
L=L,#0b —LBsmtpcosqp(A '—B™)

=L, (C™' — A7'sin* ¢ — B~ cos” ¢) — (1 — &) a, RIL;'PT (1 — 35 sin? po)

31ech YWreHbl WICHBI nopsn.u(a 6. YpaBHeHuE /1 ONPEAETEHUS @ B CAyYae MajbIX
f coBmagaeT ¢ COOTBETCTBYIOIMUM ypaBHeHHeM npu 0 =0 m ero pemeHHe MOXKET
6ot mpencrasneHo B Bume (5.1)—(5.3). Ilocie mvTErpmpoBaHMsS ypaBHEHUS A
onpenenenusa 6 (5.4) ¢ yuerom (5.1), momyumm mpm p > 1:

62 = 82172 (P cos® @, + sin? ;) {cos? [rE + arctg (' 1g ¢o) | + | (5.5
. !
+ P.sin? [rE + arctg (I tg ¢,) 1}

IIpn p < 0 pemeHwe ypaBHEHMS NI HAXOXACHMS yria HyTamum (5.4) ¢ mopcra-
HOBKOM (5.2) mMeer BHAO

= 022 (P cos? g, + sin® @,)~" {cos? [— rE + arctg (I tg ¢p) 1 +
+ P sin? [— rE + arctg (I7' tg ¢p) 1} : _ o (5.6)

Ecmm 0<p <1, To ¢ yuerom (5.3) ompenemmm
13 : : .

6 =0, exp [ F(E) d§, 5.7
0

J [ exp (2sE) — w’]

F@® = [g exp (sE) + w)* + j* [q exp (sE) — w]?
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. B pesynbrate mHTErpMpoBaHMS ypaBHEHMS VIS onpez(eﬂem_/lsi 6 (5.4) momyumm
6 = — (1 — )™ a REL;'P~ cos p, + 6, : ' (5.8)

- OTMeTHM, YTO g[S CTPOrO  NMHAMMYECKM  CAMMETPHYHOTO CILy THHIKA
(A =B + O (¢%) ypasuenua mist 8, ¢ (2.5) Moryr GbiTh TIPOMHTETPUPOBAHLL B BUAE

8=10,, L=1Ly p=py0=-— (1,"' &) a REL;'P~t X
X (1 — 32 sin* B) cos py + G5, @ = Ly (ot = ) cos B¢ + @, 5.9

Taxum o6pasoM, HCCIEOBAHA SBONIONKMS BDAIMEHMH CIYTHHKA, GIMBKOTO K H-
HAMUYECKH-C(HEPIUECKOMY, TIOA AEHCTBUECM MOMEHTA CHJI CBETOBOTO AABJICHMS, IPH
ANIIPOKCHMALMK KOTOPOTO YYTEHH HYJEBAsl M NEPBAs IapMOHHKY, BEISBJICHBI Kaue-
CTBEHHEIE 9(hEKTH. SHAUNTEBHBIA HHTEPEC B TEOPETHUECKOM ¥ IPUK/IAXHOM aCEKTAX
MOXET IPEACTaBUTh AHATHM3 3a7aun JUIs OoJsee MOTHOM MONETH YKa3aHHOIO MOMEHTA.

Asropsr 6raromapar @. JI. Yeproychko u B. B. Benenxoro 3a IEHHBIE COBETHL

PaGora BeImonHeHa mpu ¢huHAHCOBOM mommepxke Poccmitckoro tdorma dyunamen-
TaJRHBIX HccnaepoBanmit (xoxm 94-01-01368), coBmectrOro rpanmra Mexnynaponsoro
Hayunoro ¢orna, Poccmiickoro ¢oupa (yHniaMeHTaNBHBEIX WHCCAEHOBAHME ¥ MuHM-
crepcrsa Hayku PO (J17100) u Mexuysaponsoit COpocOBCKOit IPOrpaMMBl OAAEPIKKA
obpasoBanus B obnactu TouHEX Hayk (APU051058). -
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