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AHHoOTanms. Mccnenyerca ABMKEHUE TMPOCTaTa B CTALIMOHAPHOM ITOJIE CHJI CBETOBOTO JIaBJe-
HUS MOJYEBKIUA0BA IPOCTPAHCTBA. ['MpOCTaT ¢ KHHETUYECKOW OCEBOM CUMMETPHUEN U MTOCTOSIH-
HBIM THPOCTaTHYECKUM MOMEHTOM JBHXKETCS TaK, YTO €70 HOCHTENb BPAIIAeTCs BOKPYT LIEHTpa
nHepuun. [Tome cuit cBeTOBOTO NaBIEHMS OPOKAAETCS CTALIMOHAPHBIM CBETOBBIM IIOTOKOM ITO-
CTOSTHHOM HMHTCHCHUBHOCTH, OOPa30BaHHBIM MapajyielbHBIMU Jy4aMH CBETa, W IMPHHUMAETCS
KOHcepBaTUBHBIM. Ha OCHOBE yCOBEpPLIEHCTBOBAHHOM TEPMOMEXAHUYECKON MOJENIH AUHAMUYE-
CKOTO B3aHMOJEHCTBHUS CBETOBOTO M3IYyUYECHHs C TBEPAOW MOBEPXHOCTBIO CTPOUTCS AMHAMUYE-
CKasi CUCTeMa M paccMaTpHuBaeTcs OrpaHMYCHHAs 3ajjada UCCIeIOBaHus JBIKEHHS 0CO00TO BU-
na. B pesyibrare npumeneHus: ad(UHHOTO NMPEoOpPa30BaHUS NEPEMEHHBIX, OIMPEICISIFOIINX
JBIDKEHHE TUPOCTATA, MOJIyYeHbl TOYHbIE PEIICHUs 3a7a4yil 00 WHTETPUPOBAHUN TUHAMUYECKON
CHUCTEMBI THPOCTaTa B KOHCEPBATHBHOM IIOJIE CHJI CBETOBOTO AABIICHUS. PaccMOTpeHsBI 1Ba pe-
JKUMA JBUKEHUS THPOCTATA U UX aHAJIOTOBAasl MHTEPIPETaLU.
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Abstract. The motion of a gyrostat in a stationary field of light pressure forces in semi-
Euclidean space is investigated. A gyrostat with kinetic axial symmetry and a constant gyrostatic
moment moves so that its carrier rotates around the center of inertia. The field of light pressure
forces is generated by a stationary light flux of constant intensity, formed by parallel rays of
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light, and is assumed to be conservative. Based on an improved thermomechanical model of the
dynamic interaction of light radiation with a solid surface, a dynamic system is constructed and
the limited problem of studying motion of a special type is considered. As a result of applying an
affine transformation of the variables determining the motion of the gyrostat, exact solutions to
the problem of integrating a dynamic gyrostat system in a conservative field of light pressure
forces were obtained. Two modes of gyrostat motion and their analog interpretation are consid-
ered.
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BBeaenue

PaccmaTpuBaercs ABH)KEHHE rUpocTaTa B CTallMOHAPHOM OJIHOPOJHOM IIOTOKE CBETO-
BOT'O M3JIy4YEHUs MPECTABIAEMOr0 MyYKOM MPSAMOJIUHENHBIX NapajuIeNIbHbIX Jy4Yeil MOCTOSH-
HOM MHTeHCUBHOCTHU. [lonaraercs, 4To 3TOT MOTOK MHIYLMPYETCS CTallMOHAPHBIM HCTOYHMU-
KOM CBETOBOT'O M3JyYEHHUsI MOCTOSIHHON MOIIHOCTH, TEHEPUPYIOIIMM CBETOBYIO BOJIHY, B3au-
MOJICHCTBYIOIIYIO CO CPEIOM €€ PaclpOCTPAHEHUsI U BBI3BIBAIONTYIO 2(P(EKT CBETOBOTO JIaB-
JIeHUs Ha TBEp/Ible OBEPXHOCTH (IUHAMUYeCcKuil a¢pgpexm I1.H. Jlebeoesa).

CgetoBoil OTOK (hopmupyer none cun ceemosoco oasnrenus (CH-mone) u mopoxmaer
CHITy JIaBJIEHUS] — MIOHAEPOMOTOPHBIA A(PPEKT CBETOBOIO M3JIyueHHs!, 00YCIIOBIEHHBIN mepe-
Jadyeldl MMITyJIbca 3JIEKTPOMArHUTHOTO TOJS. DTO JaBJIEHHME peau3yeTcs paclpeneaeHHON
MIOBEPXHOCTHOM CWJIOHN, BEIMYMHA KOTOPOU MPONOPLUOHAIbHA IIJIOTHOCTH YHEPIHH CBETOBO-
ro MOTOKA W HEMOCPEJCTBEHHO 3aBUCUT OT ONTHUYECKUX U TEPMOMEXAHMUYECKHUX CBOWCTB
OCBEIIAEMON IOBEPXHOCTH.

B nacrosmieil pabore npuHsATa TEpMOMEXaHUYECKash MOJENb, MPEAJIOKEHHAs B CTAThe
[1] 1 yuuThIBaromas paj JUHAMUYECKH 3HAUYUMBIX 3(PPEKTOB, KOTOpbIE HE paccCMaTpUBAIOT
TPaJMLIMOHHO IPUHATHIE MOJIEIH.

B uutupyemoii cratee uccneayercs 3amaya 00 yCTOWYMBOCTH NMEPMAHEHTHBIX Bpallle-
HUN abcomoTHO TBepaoro tena B CJI-mose, KOTopoe MpH OMpeeIeHHBIX YCIOBUSIX MOXKET
ObITh KOHCepBaTHBHBIM [1]. CBOIMCTBO KOHCEPBATMBHOCTH MOJIS CIIOCOOCTBYET MOIYYEHUIO
pelIeHnit aHaTUTUYECKUMHU METO/IaMU 33/1a4d O HaXO0XKJIEHUU TOYHBIX YaCTHBIX PEIICHUN CU-
CTeMbI YpaBHEHUI cpepHuecKoro IBMKEHHUsS Tena. Takoro poja 3aJadyd SIBISIOTCS aKTyallb-
HBIMU MOJIETIbHBIMHU 3a/1a4aMU KJIACCUYECKON JUHAMMKY TBEPJOTO TeJja.

MHorooOpa3ue TOUHBIX YaCTHBIX PELICHUI ypaBHEHUH JIBUKEHHS MEXaHHUYECKUX CHCTEM
UMEIOT JUTSI MCCEOBAaHUM MX XapaKTEPHBIX CBOMCTB CYILIECTBEHHOE 3HAUYEHHE. DTU PELeHHUs
SBJISIOTCS HOCUTEISIMH OCHOBHOM MH(OpPMAIIMK O TUHAMHYECKH 3HAUUMBIX OCOOCHHOCTSX JBHU-
’KEHUS TaHHOTO MEXAHWYECKOro 00BbEeKTa M MO3BOJIIOT OLEHUBATh BO3SMOKHOCTH MPUMEHEHHUS
NpUOIMKEHHBIX METOIOB HAXOXK/ICHHS PEILICHUH YpaBHEHUH €ro ABMKEHHUSI.

K HacrosimeMy BpeMeHHM HE HalJeHbI Kakue-Iu0o o0IIre METONbl OCTPOEHHUSI BUIOB
YaCTHBIX PEIICHUI CUCTEM YpaBHEHHUH IBUKEHUA. B Cuily 3TOro, Kak IpaBUIIO, pacCMaTpuU-
BAIOTCS 3aJla4yd YAaCTHOI'O XapakTepa, pelIacMble B OTPaHUYEHHOW IMOCTAHOBKE B PAMKAX
KJIACCUYECKOW MEXAHUKH.
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B HacToseit pabote paccmarpuBaeTcsi OrpaHMYEHHAs 3ajja4a 0 HaXOXKJICHUM TOYHBIX
YAaCTHBIX PEHICHUH CHCTEMBbl YpPaBHEHHMI C(hpepHuecKoro IBMKEHHUS THpOCTaTa B CTALlMOHAP-
HoMm CJI-1iosie HEeBKIMIO0BAa MPOCTPAHCTBA, MOCTABJIEHHAs AJI OMNPEIEIIEHHOIO Kiacca €ro
JMBUKEHUM MpU 3aJaHHBIX OTPaHUYEHUSX W CTAlMOHAPHBIX CB3AX. JTa paboTa sBIAETCS
MIPOJIOJKEHUEM MCCIICIOBAaHUs, TPUBEIEHHOTO B cTaThe [2].

1. [IpenBapurebHbIE MOJIOKEHUS

CornacHo kinaccu(uKayy, MPUMEHsIeMOl B IPOEKTUBHOM reOMETpUH, paccMaTpHuBae-
MO€ 37ICh TOJTYEBKIIMIOBO MPOCTPAHCTBO SIBJISICTCS JEHCTBUTEIBHBIM aQ()UHHBIM TpEXMEp-
HBIM IPOCTPAaHCTBOM C MHAEKCOM 2 H nedekToM 0. OHO MOKET OBITh OMpenesieHo U KaK Io-
JTyrunepooan4eckoe NpOCTPaHCTBO C HECOOCTBEHHOM aOCOJIFOTHOM IJIOCKOCTBIO.

B nannoli paboTe moja IBM)KEHHEM T'MpOCTaTa (B CMBICIE MEXaHHYECKOTO JBHMIKCHUS)
MIOHUMAETCs TIepeMenIeHre B KOH(PHUTYPaIIMOHHOM MPOCTPAHCTBE €T0 Tesla-HOCUTENS Kak ao-
COIOTHO TBepaoro Tena. [Ipu 3ToM Bce HEOOXOAMMBIE TEOMETPUYECKUE OOBEKTHI U CBSI3aH-
HBIC C HUMU I'COMCTPUYCCKHUEC ITOCTPOCHM, BBOAUMBIC B HY6J'II/IKaIII/I$IX Pa3IMYHBIMHA CITOCO-
0aMu, IPUHATHI 3/IECh COTTIACHO CXEMe, YCTaHOBJICHHOMW B padote [2].

Bcnencreue cymecTByromero romeoMopdusmMa 3a1ada 0 ABMKEHUH THPOCTaTa B IIOC-
koctd JIo0aueBCKOro SKBUBAJICHTHA 3aj[a4e O €ro BpaIlleHNH BOKPYT HEHNOIBIIKHOTO IOJIOCA
B IIOJIyCBKJIMIOBOM IPOCTPAHCTBE C METPHYECKMM TEH30pOM g, = (€, -€;), OTHECEHHOM K

IPOCTPAaHCTBY KOH(UTypaluii, C KOMIIOHEHTAMHU g,, = &,, =—1, g,; =1 npu i = j, rae, kpo-
Me Toro, umeeM g, =0 mpu i # j. 31ech BeKTOPSI €; (i = 1, 2, 3) — OpTHI OCEH 3a/ITaHHOM OPTO-
TOHAJIBHOW CHCTEMBI KOOPJIMHAT KOH(PHUTYpAIIMOHHOTO MPOCTPAHCTBA THPOCTATA.

CornacHo npoekTtuBHON Monenu 3. benbrpamu—@. Kieitna minockocts JlobGaueBckoro
HAarJIAHO MIPECTaBIAETCS B BUJIE BHYTPEHHHUX TOUYEK aOCOI0Ta THIIEpOOINYECKON TNIOCKOCTH

g;x'x) == (x)’ = (x)7+ (x)* =0,
rae xi, x/— KOHTpaBapHuaHTHBIC KOOPAMHATHI.

HOIL THpOCTAaTOM B ITOJYCBKIMAOBOM IIPOCTPAHCTBE B O6H1€HpI/IH${TOM CMBICJIE IIOHH-
MaeTcsl MEeXaHUYECKHU O6’beKT, paCHOJ'IO>KeHHBII7I BHYTPU H30TPOIMHOTO KOHYCa 3TOr0 IIpO-
CTPAHCTBA, a MO HCIIOABUKHBIM IMOJIFOCOM O, COBIIAAAOIINUM C €T0 HEHTPOM HMHCPIUH, OTHO-
CUTCJIBHO KOTOPOI'0 ABMXKCTCA r'MpOCTaT, — BCPIIMHA JAHHOI'O KOHYCA. TOF}Ia AJIg paauyCcoB-
BEKTOPOB TOYCK I'MpOcTaTa CYIIESCTBYET YCIOBHE rf =& /.r_’; rf > (), coriacHO KOTOPOMY JIaH-

HBIE BEKTOPBI, 110 ONPEAETIEHUIO, IBISIOTCS COOCTBEHHBIMHU.

Hacrosimmas pabota siBisieTcs MPOJOJIKEHHWEM HCCIICAOBAHUS 3aJaud O HAaXOXXIACHUHU
TOYHBIX YACTHBIX PELICHUM CHUCTEMBI ypaBHEHUH JBMKEHHUS T'MpPOCTaTa B IOIYEBKINIOBOM
IIPOCTPAHCTBE, IPUBEIEHHOTO B cTaThe [2].

ITycte S(s,, S, , §;) — HAIPABILAIOIINANA OPT CBETOBOTO NIOTOKA, 3aJaHHBIM KOOPANHATAMHU

§; OTHOCHUTCIIBHO OpTO6aSI/IC3, HECU3MCEHHO CBA3aHHOT'O C HOCUTCJIEM IrupocTaTta.

[Ipennonaraercs, yro CJI-moJjie CBETOBOIO MOTOKA ABJISIETCS KOHCEPBATUBHBIM, XapakK-
TEPU3YEMBIM OJTHOMEPHBIM CTAIIMOHAPHBIM KBaJIPATUYHBIM MOTEHIHUAIIOM [1]

U(sy) =[G (sy)dss, (1)
rae GyHKIUS ITTOTHOCTH TMTOTOKA CBETOBOTO M3JIyYeHHS G OMpeIesieTCs PAaBEHCTBOM
G(s;)=n +n,s; (—oo<s,<-1), 2)
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a ¢yakuus U ompeneneHa B OTKPBITON PEryIsipHOM OJHOCBS3HONW 00J1aCTH KOH(UTYpaIuoOH-
HOT'O IIPOCTPAHCTBA IpU yclnoBuu n, #(0. 31ech n, #n, — 3aJaHHbIC IIOCTOSHHBIE TEPMOME-
XaHUYECKHE MOJCNIbHBIE mapaMmeTpsl [1], xapakTepusyronme TeriopU3NUECKUe U ONTHYC-
CKHE CBOMCTBA CBETOOTPAXKAIOIICH M JIydeIOrJIONaroniell abCOII0THO TBEPAOH TOBEPXHOCTH
rupocTara.

JIBuKeHHME THpOCTaTa BOKPYT moiitoca O OTHOCUTEIHHO OpTOOa3nca, CBI3aHHOTO C HO-
CHUTEJEM, B CHUJIOBOM IIOJIE CBETOBOI'O ITIOTOKA C ITOTEHIMAJIOM, 3aJaHHBIM COOTHOIIECHHSIMU
(1), (2), cornacHo NPUHATHIM MPEANOCHUIKAM, ONIPEACIISIETCS aBTOHOMHOM CUCTEMOM ypaBHE-
HUH [2]

Ao+ox(Ao+k)=(U,xs),
S+ (®wxs)=0,

3)

riae 0003HaueHo
_ou

U ,=—.
oS

Cornacuo cootHomenusm (1), (2) ma pyaxmun U nmeem [ 1]
1
U(s3):nls3+5nzs§, 4)

I/I€ §3 — COOTBETCTBYIOIINN HAINPABJIAIOIINNA KOCUHYC OpTa S, OIPEIEICHHBIA B JaHHOM IIO-
JIyE€BKJIMJIOBOM IIPOCTPAHCTBE.

BBenem npaBble KOOpJMHATHBIE OPTOOA3UCHI C OOIIMM HayajioM B HEMOJBHUYKHOM IIO-
moce O: oprodaszuc I, HEMOABMKHBINA OTHOCUTEIBHO MHEPLHMAIBHOIO KOH(UTYPAL[HIOHHOTO

IpocTpaHcTBa rupocrata, U oprodazuc I'(Ox x,x;), HSU3MEHHO CBSI3aHHBIH C TEJIOM-

HOCHUTEJIEM THpocTaTa, ocu Oxj KOTOPOrO COBMEILEHBI C €r0 TIIaBHBIMU B moitoce O ocsiMu
npusenenHoro (mo H.E. )KykoBckoMy) TeH30pa HHEPLUHU TaHHOTO THPOCTATA.

O6o03HauuM: A; — AMAroHAJbHBIE IEMEHThl MATPHUIBl TEH30pa WHEPLMHU, SBIISIOLINECS
IJIABHBIMU IIEHTPAJIbHBIMH MOMEHTAMHU MHEPIIMH, COOTBETCTBYIOUIMMU COOCTBEHHBIM 3Haue-
HUSIM omeparopa uHepiuu rupocrara; K (K ;) — KMHETUYECKUii MOMEHT TMpOCTaTa OTHOCH-

TenbHO Tommoca O; K (k;) — MOCTOSHHBIA TMPOCTATUYECKUI BEKTOP-MOMEHT, 3aaHHbIA MPO-

ekusMu k; Ha ocu oprobasuca I'; riaBHbIEe ILIEHTpaJbHBIE MOMEHTBI MHEPLUHN THpPOCTaTa
A, A, — MOMEHTbI OTHOCUTEIBHO HE M30TPOIHBIX (MIEaNbHBIX) IMaBHBIX oceil Oxi, Ox2, a

MOMEHT A3 — OTHOCHTENILHO COOCTBEHHOM IJaBHOM ocu uHepunu Ox3; o (@;) — abComoTHas

YTJI0Basi CKOPOCTh TEJNA-HOCUTENS. 31€Ch U BCIOY Jlajiee TeKYIIUM MHIEKC j MPUHUMAET 3Ha-
uenns j=1,2,3. B vactHoCTH, CUMBON (@;) KpaTKoO 0003HaYaeT BCIO JAHHYIO COBOKYII-

HOCTb JIOIYCTUMBIX 3Ha4eHUll (@), @,, ®;), €CIIH NHOE HE OTOBOPEHO.

Iycts e, (j=1,2,3) — opthl oceii 6azuca I'. Torma BekTop abCONIOTHON YTIOBOU
CKOPOCTH HOCHUTEJISI THpOCTaTa OTHOCUTENBHO noitoca O nmpeacTaBisieTcs: B Buje [2]

0=we+ne—oe,. (5)

J171s1 KOMITOHEHT §; COOCTBEHHOT'O OpTa § UMEET MECTO TPUBHAJIbHOE TOXKIECTBO [2]

||s||25—s12—s§+s§=1. (6)
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Cucrema mapamMeTpoB OPHEHTAIMH MEXaHMYECKOr0 OOBEKTa B HEEBKIHMIOBBHIX IIPO-
CTPAHCTBaX OTHOCHUTENIbHO 3a/laHHBIX OPTO0Aa3MCOB BBOAUTCS IO-PA3HOMY; 3/1€Ch €IMHON
OOIENPUHATON CXEMBI HE CYIIECTBYET.

Crnenyst KOHCTPYKIIMOHHOW CXEME IMOCTPOCHUS MapaMeTPOB OPHUEHTAIIMH COOCTBEHHOTO
0a30BOT0 BEKTOpa § B MOJIyEeBKIMIOBOM IPOCTPAHCTBE, MPUHATON B pabore [2], BBeaeM aHa-
JIOTH TPAAMLIMOHHO IPUHATBIX KIACCUYECKUX YIVIOB Dinepa A, 3, @, olpenensomux OpueH-

Tanuio oprodasuca I otHocutenbHO I, B KOH(uUrypanuoHHOM mpocTpaHcTse. Ilonoxum,
910 S(S;, S,, S3) — OpM, ONPEAEIAIOUINN OPUEHTALMIO OJHOPOJHOIO NapaUIEIbHOIO CBETOBO-
ro MOTOKAa OTHOCUTENBHO 0azuca I' . DTOT BEKTOp SABISACTCS HANpAIAoWUM OPMOM CBETOBO-
ro MOTOKa, OPUEHTUPOBAHHBIM IIPOTUB HAIIpaBJICHUS MaJalONIMX HA [TOBEPXHOCTb HOCUTENS
My4dka Jy4yel cBeta. Ero 3aBUCMMOCTD OT YKa3aHHBIX I1APAMETPOB OPUEHTALIMH OIIPEAEIISIETCS
paBeHcTBamu [2]

(), S,, 83) == (sh3sin @, shYcos @, —ch9), 7
YJIOBJIETBOPSIIOIIMMU COOTHOLIEHUIO (6). 371ech mapaMeTpbl OPUEHTALMU F, ¢ 11O aHAJIOTUU C

KJIACCHYECKUMH yTiIaMu Disiepa OyJeM Ha3bIBaTh NaApamMempamu Hymayuu u co6CmeeHHo2o
spauenus. 1lpu 3TOM naHHbBIE TapaMeTpsl (Kak U UX KJIACCMYECKHE aHAJIOTH) SIBISIFOTCS 0e3-
pa3MepHBIMU BETHYNHAMHU.

Cucrema ypaBHenuit (3), cormacHo cootHomeHusiM (1), (2), (5)—<(9) u BBeaeHHBIM
MPEANOCHUIKAM B MPOCKIUAX HA KOOPJIWHATHBIE ocHu opTobasuca I, mpunumaet Buj [2]

Ao+ A +A)o,o0,+ ko, + ko, =—G(s;)s,,
Aw,—(A+A)o,o ko, — ko =G(s,)s,, (8)
A, + (A —-A)ow, — ko +kw =0,

§, =W, — @8,, S, =08 — @S, 5, =W, 8, — @S, . 9)

Cucrema ypaBHeHUil (9) UMeeT MepBbIM TPUBUATIBLHBIM HHTETPAIIOM TOXAECTBO (6) [2].

VpaBuenus (8), (9) oOpa3yroT MHOromapaMeTPUUYECKYI0 JUHAMHYECKYIO CHCTEMY C
KBaJIpaTUYHOM HEJIMHEHHOCThIO, B KOTOpPOM mojcucreMa (8) MMEeT 0coOble TOUKH: TOUKY
s,(0,0,1) n mHOXECTBO S ($), 5,, §,), TJI€ KPUTHIECKOE 3HAUCHHE S, =— 1 /n, COOTBETCTBYET
cratu4eckomy ycinoBuio G (s,) =0 u SBIAETCA €TMHCTBEHHBIM TAKOBBIM 3HAYEHHUEM.

Hns nuaamuyeckoi cuctemsl (8), (9) cmasumces credyrowas oepanuueHunas 3adavd.
[Tonmarasi, uro npu teT=[0,+00) anpUOPHO CYIIECTBYET TOYHOE YAaCTHOE pEIIECHUE
{w;(#), s;(t)} naHHON CHCTEMBI, YIOBJIETBOPSAIOIIEE HAYAIbHBIM yCI0BUAM @ (0) = o’ (0%),
s (0) = s° (s°), naiitu 5T0 pelmrenue, yn0BIETBOPSIONIEE HEKOTOPHIM HPUHATHIM OrPAHUYEHH-
SIM, HaJlaraéMbIM Ha XapaKTEPUCTUKU JBHUKEHHS THpOCTaTa.

L]envio nacmoswel pabomsl IBISETCS pelIeHUE TOCTABICHHOM 3a/1a41, MoJydaeMoe Ha
OCHOBE AMHAMHUYECKOI cucteMsl (8), (9) 1 NpeAnockIoK, MPUHATHIX A7 TaHHOM 3a1a4u.

2. /IBM:KeHMe HA TUHEHHOW CBA3H

PaccMoTpuM penieHne mocTaBlIeHHOM 3aauyd Kak JIBMKEHHWE TMpOCTaTa Ha 3aJaHHOM
CTallMOHAPHOW CBA3M, COAEpPIKALIEH JIMHEMHYIO 3aBUCUMOCTh MEXIy BeKTOpaMHu @, S. CooT-

HOIIICHHE TAaKOTro poja ObUIO allpHOPHO MPHHATO B MCCIENOBaHUAX [3, 4], OTHOCAIIMXCS K
ceprudeckoMy JIBUKEHHIO TBEPOrO Tela B €BKJIUIOBOM IPOCTPAHCTBE, U NMPUMEHAIOCH B
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pabote [5], rie paccMOTpEHO IBM)KEHHE TMpocTaTa B I'MIIEpOOJIMYECKOM IMpocTpaHCcTBe. B
3TUX paboTax aBTOPHI, 33/1aBasi BO3MOXHBIN BHJl HCKOMOTO PEIICHUS, PEaU30BBIBAIN TUIIO-
TETUYECKHUE JIMHEHHBIE 3aBUCUMOCTH, CBSI3bIBAIOLIME MEXY COOON IEpeMEHHBIE PEIIaeMbIX
3a1ad.

N3 MHOro0oOpa3usi BO3MOXHBIX JIBUKEHUH, XapaKTePHU3yeMbIX OOBEIUHEHHOH CHCTe-

Mot ypaBHeHuH (8), (9), BbIACIUM ABUXKEHUS (JIOMyCKasi, YTO OHHU CYILIECTBYIOT), YIOBIETBO-
pstomue 11 ¢ € T 3aBUCUMOCTH BUJA

s=Bo+C, (10)
rae nocrossHHble MaTpuna B u BekTtop C He 3a7aHbl U MOJIEKAT ONpEesIeHUI0. 31ech 000-
suageno B =diag (B,,B,.B,),C=[C;]".

Cornacno paBeHcTBY (10) B ocsix oprobazuca I', umeem

s;=B,0,+C, (j=1,2,3) (11)
u npeanoiuaraercs, 4ro B, B, B, # 0, n2 # 0.

[TpeoOpaszoBanue Buna (11) Ha3pIBaeTcs 37ech U JaJiee JUHEUHOU C853bI0 MEXKAY YKa-
3aHHBIMU TIEPEMEHHBIMH. [IpHW 3aJaHHBIX YCIOBHSIX 3Ta TpaHCPOpMAIUS TCOMETPUUYECKU
MOJKET OBITh MCTOJIKOBaHAa KaK HEBBIPOXKIeHHOE ad(GuHHOE mpeoOpa3oBaHUE, SBISIOMICECS
KOMIo3uIel nentpoaduHHOro nmpeodpazoBaHus C LEHTPOM, COBIAJAIOUIUM C HEIMOIBHXK-
HBIM noJitocoM O, U mapasuienbHoro nepexHoca. [Ipu 3Tom Bce MOCTOSTHHBIE B; SBISIOTCS KO-
s punmenTamu neHTpoappuHHOrO NMpeodpa3oBanus, a BenuuuHbl C; — mapameTpaMu napai-
JenbHOTOo nepeHoca. [lepBoe U3 3aJaHHBIX OTPAaHHUYEHUN BBIpaXKaeT YCIOBHE HEBBIPOXKICHHO-
CTH JaHHOTO MpeoOpa3zoBaHus [5].

Hckmroyas n3 o0beIMHEHHOM cucTeMbl ypaBHEeHUH (8), (9) Bce BETUYUHEI §; B CUITY CO-
otHouienuii (11), B pe3ynpraTe moiaydaeM CUCTEMY YCIOBUN B (hopMe PaBEHCTB:

Ao +R oo+ Po,+Q,0,+HC,=0,

A,0, R o,0, — Fo, — Qw, — HC, =0,

B o, + (B, - B,)w,0, + C,0, — C;0, =0,

B,w, +(B, - B) w0, + C,o, - C, @, =0, (13)
B,w, +(B, - B)w o, +C,0,—Cw,=0.

(12)

K paBenctBam (12) cineayeT nprcOeAMHUTH TPEThE YpaBHEHHUE CUCTEMBI (&), HE N3MEHSIOIIe-
ecst mpu ipeodpazoBanuu (11).
B ypaBHeHnusx (12) o6o3naueHo:

mj:Aj+A3, m3:A1_A2’
Pj=HBj+k3, Q_/znzB3Cj+k.i’
R, =n,B,B,+m, (j=12),

H=G(C)=n+n,C;.

OtmeTuM, 4TO ypaBHEHMsI cucTeMbl (12) O CTPYKType COOTBETCTBYIOT YpaBHEHUAM
3a7la4M O JBM)KEHUU TMPOCTATa C PEAKTUBHBIM MPHUBOJIOM, U3BECTHOM Kak 3anaya P. ['pamme-
71 B IMHAMHUKE TBEPAOTO Teja, a ypaBHeHHsI cucTeMbl (13) CTpyKTypHO MJIGHTUYHBI ypaBHE-
HUSM 33Ja4d 00 MHEPIIMOHHOM JIBIDKEHUU THPOCTATa C MOCTOSTHHBIM THPOCTATUYECKUM MO-
MEHTOM OTHOCHUTEIHLHO HETOIBH)KHOTO MOJIIOCA B MTOTYEBKIIMIOBOM ITPOCTPAHCTBE.
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OueBUIHO, YTO COOTBETCTBYHOIIME ypaBHeHHs cucteM (12), (13), paccmaTpuBaeMble ¢
YYETOM TPETHETO YpPaBHEHHUSI CUCTEMHI (8), B CHly cOoOoTHOIIEHHH cBsi3u (11) mOmKHBI OBITH
HKBUBAJICHTHBI 110 IEPEMEHHBIM ;. ClleI0BaTeNIbHO, TH YPaBHEHUSI COBMECTHBI IIPU BBITION-
HEHUH CIEAYIOUINX YCIOBUM:

(A —A)B,— (B, B)A, =0, (14)
A,C,+ Bk, =0, (15)
A, ,C,+PB,_ =0, (16)
A, ,C,~Q,B, =0, (17)
A, ;(B,~B)~R,B, =0, (18)
HC,=0 (j=1,2). (19)

Cucrema (14)—~(19) comepxutr 11 oAHOPOIAHBIX ypaBHEHMI (Cpelrd KOTOPBIX MMEIOTCS
MOMApHO CUMMETPUYHBIE YPaBHEHMsI) C LIECTbIO HeusBecTHbIMU Bj, C; (j = 1, 2, 3), noe-
KAITUMH OTIPE/ICTICHUIO B COOTBETCTBHH C MMEIOLIMMHUCS BapuaHTamu. Kakaplii U3 3TUX Ba-
PHAHTOB OTHOCHUTCSI K ONpEAEICHHOMY PEeXHUMY ABMKeHHUs rupocrata B CJl-moie, ynosie-
TBOpsitorieMy rumotese (11), m 6a3upyercss Ha COOTBETCTBYIOIIEM YaCTHOM pEIIeHHH 00b-
€MHEHHOU cucTeMbl ypaBHeHH (8), (9).

BBeznem ycnoBue cyiiecTBOBaHHMS OCEBOI KUHETHYECKOH CUMMETpHUH rupocraTa [2]

A=A =A>A, (20)

COIJIACHO KOTOpPOMY U3 orpanndenus (14) cnenyer:
m=m,=m=A+A,, m;=0,
B, =B,=B, B#B,. (21)

B cuny ycnosuii (20), (21) Tpe6oBanue (14) TOXKIECTBEHHO YAOBIETBOPAETCS U TOT/1a UMEEM
B=P=HB+k,,
R =R, =n,BB, + m,
BciencTBue yero ycnoBus (16), (18) ompenensitomieil cucTeMbl CBOAATCS K BYM HE3aBHUCH-
MBIM OTPaHUYCHHSIM, TIPUBOIUMBIM JaJIee.
CornacHo NPUHATHIM YCIIOBUSIM, TUPOCTAT, COCTOSTHUE KOTOPOTO XapaKTEepU3YyeTCsl CU-

cTteMoil ypaBHeHHH (8), (9), MOXKET coBepIIaTh ABMIKEHUS CICTYIONINX JBYX POJIOB (COOTBET-
CTBEHHO, JIBYX PEKUMOB JIBHXKCHHUS).

(22)

3. /IBHKeHHe IepBOro poaa
Cornacno orpannuenusM (19) ansa nanpHenero npumemM
H=#0, C=C,=0 (23)

U ypaBHEHHs cucTeMbl (12) cTaHOBATCS OJHOPOAHBIMHM IO MEPEMEHHBIM ;. M3 mepBoro
ycnoBus (23) cienyer C; # s, , uT0, B cuily paBeHcTBa (11), cooTBeTCTBYET TpeOOBaHMIO

-1
@, #B; (s;—5,).
K osuorcenusm nepeoco pooa oTHeceM COCTOSIHUSI THPOCTATa, MPH KOTOPHIX BBIMOJHS-
I0TCSI 3a7JaHHBIE YCIIOBHS (23).
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N3 ToxxnectBa (6), MPUMEHEHHOTO K TOYKE CTATUYECKOTO PAaBHOBECHS THPOCTATa, B KO-
Topoil ® = 0, u cootHowmenui (7), (11), (23), nonyuaem C, =—1, 0TKyIa HENOCPEICTBEHHO

cienyet, yro H =n, —n, #0.
Cornacto ycnoBusim (22), (23) u3 cootHomenut (15), (17) cnenyer:

k =k,=0 (24)

U TOrJa omnpezensomas cucrema ypasaenuii (16), (18), coneprkaias HeU3BECTHBIE TApAMET-
pel B, B,, CBOIUTCS K PaBEHCTBAM

HB’> + k,B— A=0, (25)
A(B-B;)—Bn,BB; +m)=0. (26)

CornacHo paBeHcTBaM (25), (26) pu BBINOJIHEHUHN YCIOBUSA
D, =k;+4AH >0 (27)

JUIsl HEHYJIEBBIX ITapaMeTpoB B, B, nMeem

B =QH) '(-k+./D)), (28)
:(A—m)B (29)
’ A+n,B*’

B cuny pemenus (28), (29) u 3aBucumocteit (20), (21), (23) cucrema ypaBuenuii (13)
MpHU orpaHudeHuH (27) MpUHUMAET KAHOHUYECKYIO (HOPMAIM30BaHHYIO) (hOpMYy:
&, +Q%w, =0 (j=1,2),

&, =0,

(30)

rae 0003HadYeHo
-1 0
Q=B"'(B-B)n".
31ech U BCIOY Aaliee HyJIeBOW BEpXHHUIM MHIEKC OTHOCUTCS K 3HAUEHUSAM BeJIH4YUH mipu ¢ = 0.

K ypaBaenusim (30) cneayeT npuCcOeIMHUTh CUCTEMY HaualbHBIX YCIOBHM, 3a/1aHHBIX B
BUJIE

o) =-Qw), o)=Qw), &=0,
o, 0)=0% (j=1,2,3).

B npoctpaHcTBe nepeMeHHbIX w; cucteMa ypaBHeHUH (30) COOTBETCTBYET CHUMMETpUY-
HOHM cHCTeME TpeX JIMHEHHBIX OCIWUIATOPOB, HAXOMALIMXCS Ha HACATbHBIX CTAllMOHAPHBIX
VIOPYTUX CBS3SX U COBEPLIAIONINX CBOOOIHBIE KOJIEOaHUS BOJb MPSMON JIMHUU. DTU OCIUII-
JSTOPBI CBSA3aHBI MEXKIY COOOM Tak, 4TO HYJIEBOW TJIaBHOW YacTOTE COOTBETCTBYET PaBHO-
MEpHOE MOCTYIAaTEeNbHOE IBUKEHUE JTaHHOW CHCTEMBI, @ HEHYJIEBBIM YaCTOTaM — CBOOOIHbBIE
MPOJIONBHBIC KONEOaHUsI ee KpaHUX OCHMIIIATOPOB. CTPYKTypa JAaHHOW CHCTEMBI OCIIUILIS-
TOPOB MJACHTUYHA CTPYKTYpPE M3BECTHOM KJIACCUUYECKON MOJIENN JIMHEHHONW TPEXaTOMHON MO-
nexynsl (moodens 1. I'onocmetina u /Joc. V. Jluua).

Cuctema ocumyisiTopoB (30) sSBIsSETCS HEBBIPOXKICHHON TTPH BHIMIOJHEHUHN YCIIOBUS

Q=#0.
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Taxkum ob6pazom, B cuiy cuctemsbl (30) pemeHne oObEAMHEHHONH CUCTEMBbl YpaBHEHUM
(8), (9), noquunstomeecs runotese (10) mpu ycnoBusix (23), (24), npeacTaBisieTcs B BUJE:

[o,(2), w, ()] = H,[cos o (1), sin o ()],

0 31
o,t)=w;, ol)=0t+a,

[s1 (t)’ S, (t)] = B[a)1 ([)7 w, (t)]a (32)

s,(t) =5 =B,w) —1. (33)

[Tocrosinubie H|,o B paBeHCTBax (31) onpenemnsroTcss COOTHOIIEHUAMU

H =+ (a)?)2+ (wg) # 0,

(cos a, sin a)=Hl"l(a)?, a)g),

a nmapametpsl B, B; B paBeHcTBax (32), (33) — hopmynamu (28), (29).

CootHomenus (31) ABAAIOTCA MapaMeTPUYECKUMHU YPAaBHEHMSIMH IOJABHKHOTO (OTHO-
cuTeapbHO oprobasuca I') romorpada BekTopa @ ¢ mapamerpom ¢, a paBeHcTBa (32), (33) —
YpaBHEHHSIMU TAKOTO ke poJa /i opta S. O4eBUIHO, YTO 3TH ToAorpadsl IBISIOTCS M0100-
HBIMH HEBBIPOXKJIEHHBIMH F€OMETPHUUECKUMHU (hUrypamu.

Cornacno 3aBucuMoctsM (31), Hecymiel MOBEPXHOCTHIO MOJBMKHOTO Toxorpada Bek-
TOpa ® B MPOCTPAHCTBE KBA3MKOOPAWHAT ; SIBISIETCA KPYroBOM HUIMHAp pamuyca Hi ¢
ypaBHEHHEM

o +w,=H}, (34)

o0pasyrolye KoToporo napauieiabHsl ocu Oxsz oprodasuca ['.Ilpu sToM mapameTpsl 1aHHON

3a/1a4M B3aMOCBS3aHbl TOXKIECTBOM
2 0y 2
—(BH)  +(s3)" =1,
I7e BeJIWn4YrHa sg =—ch9’ u onpexensiercss paBeHCTBoM (33). 3necy $ — ananor (B mo-

JYEeBKJIMIOBOM ITPOCTPAHCTBE) yIJIa HYTAIIMA OCH KHHETHYECKOW CHMMETPHH TUPOCTATA.
TakuMm oOpazom, nuHEHOe mpeoOpa3oBanue Buaa (11) muHamudeckoi cuctemsl (8),
(9), peanuzoBanHoe npu yciosusx (20), (21), (23), (24), (27), cooTBETCTBYIOLIEE JBUKEHHUIO
MIEPBOTO POJIa, BBIICTSET U3 MOJHOTO MHOKECTBA BO3ZMOYKHBIX JIBIKEHUH THPOCTATa B CTAIlU-
oHapHOM KoHcepBaTUBHOM CJI-1T0JIe ero IBMKCHHE, HICHTHYHOE JIBIDKCHUIO B TIPOCTPAHCTBE
KBa3UKOOPJMHAT (j CUCTEMBI TPEX H30TPOIHBIX CTAIIMOHAPHBIX CBOOOJHBIX JTHHEWHBIX OC-
UAJUTSITOPOB, ONpeAessieMbIx cooTHomeHusMu (31)—(33).
U3 cootnomenutii (7), (32), (34) cneayrot XxapakTepHbIe YCIOBHS:
A =N, ¢0=N,, 9@1)=39" (35)
TJIe TIOCTOSTHHBIC BEJTMYHHBI PaBHBI
N,=+H,(sh8"", §°%20,
N,=-—Q=0.
3nmeck 3HaK mapamerpa Ni ONpeaensieT HAMpaBICHHE MPEIECCUPOBAHUS OCH KUHETHYECKON
CUMMETPUHU THPOCTATa; BTOpoe yciaoBue (36) MCKIIOYAeT KPUTUYECKYIO TOUKY M3 JIMara3oHa
W3MEHEHUS TapaMeTpa OpUeHTauH J.
Urak, pemenne (31)—(33) cucremsr ypaBuenuii (8), (9) mpu ycnosusx (20), (23), (24),
OTIPENICIISICT pecyapHYIo npeyeccuto HOCUTEIS, COBEPIIAeMYI0 TIPU MOMEHTHO-CHIIOBOM BO3-
JIEUCTBUU HA TUPOCTAT CTAlIMOHAPHOTO oAgHOpoaHor0 CJI-Tos.

(36)
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4. JIBusKeHHe BTOPOT0 poaa

PaccMoTpuM pexuM JBYMKEHUS THPOCTATa, MPU KOTOPOM PEIIeHUE 0ObEIUHEHHOUN CH-
creMbl ypaBHeHUH (8), (9) BMecTo orpanuueHuii (23) yIOBIETBOPSIET OAHOMY XapaKTePHOMY
yciosuo H =0, corimacHo KOTOpOMY

¢, =s,, (37)
rae s, — YNOMSAHYTOE paHee KPUTHYECKOE 3HA4YEHME IapamMeTpa s;; Jalee IoJaraeM
(C,, C,) #0. IlpunaATeie 31eCh YCIOBHS XapaKTEPU3YIOT IJIsl TUPOCTATa OBUNICEHUS 6MOPO20

pooa.
CornacHo paBeHCTBY (4), B KpUTHUYECKOW Todke moreHuuan U (s;) MMeeT U301IHpO-

BAaHHBIN JIOKAJIbHBIA SKCTPEMYM, XapaKTEP KOTOPOTO ONPEAEIIAETCS 3HAKOM [1apaMeTpa na.
Bsenem ycnoBus
kj;éO (j=1,2,3), (38)

K KOTOpbIM npucoequuum orpanudenus (20), (21). B cuny cootnomenuit (20), (21), (37)
ycioBus (14)—(18) cBoAsTCS K CAEAYIOMNUM:

(n,B,C, +k,)B— AC, =0, (39)
A,C i+ Bk, =0 (j=12), (40)
AC; + Bk, =0, 41)
kC,—k,C, =0, (42)

npu4eM orpaHudeHue (42) BblpaxkaeT KOJUIMHEapHOCTh Ipoekuuil Bekropos k, C Ha koopau-
HaTHYIO II0CKOCTh Ox,x, oprobasuca I' mpu ycnosusx (38) u (C,, C,) #0.

W3 ypaBHenus (41) npu n,k, #0, cormacHo ycnoBusM (37), (38), HEMOCPeICTBEHHO

CIIe/TyeT:
B= ﬂ (43)
nyky
a B cuily cootHouienui (39), (40), (43) umeem
B} — ik, B, — 11, A, =0, (44)
e 0003HAYEHO AL, = n;l (j=1,2). U3 ypaBHenus (44) Haxonum
1
B3:E/u1(k3i\/D2)’ (45)

D, (k,)=k; —4Ans, >0
U 13 paBeHcTBa (40) cneayroT BhIpaXKeHUS:

Cjz—A;]B3kj (j=172), (46)
yIoBIeTBOpstomue ycnosuio (42). Ilpu 3ToM BennunHa napamerpa k3 orpaHHMueHa yCIOBHEM
D, >0, a pa3nu4Hble 3HaKU Iepesl paJuKaioM B paBeHcTBax (45), (46) UMEIOT MeCTO JHIIb
npu D, #0.

Takum oOpa3om, aJs perieHus: cucteMsl ypaBHeHUH (8), (9), MOMYMHEHHOTO THIIOTE3e

(11) u ycnosusim (37), (38), umeem

S=BCO+C (]=1,2),
J J J (47)
Sy =By, + 5.
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Brinensis B cucteme ypapHeHu# (13) TMHEHHYI0 KOMOWHAITUIO BHIA

L(w,w,)=Cw+C o,
B pe3yJIbTaTe MOJyyaem
L(w,w,)=bo,+c)(Co,-C,a), (48)
rae 0003HadueHo
b=B'(B,—B), c¢=B's,.
CormacHo TpeTbeMy ypaBHeHHUIO cucteMbl (13) u3 paBeHnctBa (48), B pe3ysbrare UHTE-
rpupoBaHus 1pu yciosuu (20) Haxoaum

L(wl,a)Q):B{%ba)g +ca)1+B‘le, (49)

rae D — agiuTUBHO BXOAIIasi TOCTOSTHHAS HHTETPUPOBAHUSL.
Ionaras @, =u u audpdepeHuupys 1o ¢ TpeTbe ypaBHEeHHE cucteMsl (13), B cuity BBI-

paxkenuii (46), (49) nonyuaem
@, + P(w;) =0, (50)

rac
P(w)= Y c (@)

— MOJIMHOM ¢ K03 purmenTaMmu

c,=B2cD, ¢ =c*+B bD—(A’B)'Bk* ¢ =bc,

2
, =%b2, k=4 k2 + k2

(5D

Y TIapaMeTpoM k.
K Boipaxkenusim (51) cienyer npucoeMHUTH OIpeenstolye paBeHcTBa (43), (45).
VYpaBuenue (50) siBnsieTcs pe3yJbTUPYIONINM, OMIPEACTSIONINM BETUIUHY 03, TTOTYYCH-
HBIM B pe3yJbTaTe peaylupoBaHus cucTeMbl ypaBHeHuH (13). OTo ypaBHeHUE MMeeT HepBbIi
UHTETpal

(52)

du
T | ——=1,
j\/Q(M)

/1€ TOJINHOM
1 4 2 3 2
Q(M)=—Ec3u —gczu —cqu” —2cu+2H.

3necy H — BTOpasi MOCTOSTHHAsE MHTETPUPOBaHMs. 3HAK B JIEBOW YacTH paBeHCTBa (52) BhIOH-
paetcs, ucxozs u3 yciosus ¢t > 0.

WuTerpan B paBeHcTBE (52) SBISETCS AITUNTHYECKUM HHTETPAJIOM TEPBOTO POJIa, TIPU-
yem BemmunHa Q° (1) — anrebpandeckas GyHKIHs xkaHpa 1. Dta GyHKIMA B Ga30BOM mpo-
CTpPaHCTBE TE€OMETPUUYECKH HHTEPHPETHPYETCS Kak KJIAacCUYecKas MOBEPXHOCTh Pumawna,
MIPEJICTaBICHHAS B BUJIE OJJTHOCBSI3HOTO HEBBIPOKACHHOIO TOPA.

B panpHelinem npeamnosiaraeTcsi, 4To BCE KOPHU NMOJUHOMA (1) SIBISIOTCA MPOCTHIMH.
B unoM ciydae unrterpai (52) He sSIBIAS€TCS SJTUNTUYECKUM U BBIPAXKAETCS B 3JIEMEHTAPHBIX
(KpYrOBBIX TPUTOHOMETPHUYECKUX WIIA THIEPOOTHUECKUX ) (DYHKITUSIX.
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OO0parias craHgapTHBIM METO/IOM [6, c. 320] 3aBUCHMOCTH (52), B pe3y/IbTaTe MoxydaeM
1 ! 1 4 - 1
u(l)=up+ZQ ) 8,5, 83) - ZQ w,)] (53)

rne (t; g,, 8;) — dumunrudeckas pyHkuus Beliepmrpacca ¢ HHBapuaHTaMU
1, 1
g, =—cC; ——C,c,—C;H,
2 2 1 3 0-2 3

83 :é[Q(iclz _écocz +C3H) - éciH]+éc(2)C3,
Up — TPOCTOM JIeHCTBUTENbHBIN KOpeHb nmoluHoMa Q(u); WTpUX 0003HAYAET MPOU3BOIHYIO
(GYHKIUIO OT yKa3aHHOM MEepEMEHHOM.
B cuny paBencts (7), (47) umeem
ch3=—(Bu+s,), (54)

OTKYJIa, COTJIACHO perieHuro (53), ciaenyer, 4To B JBMKCHUH THPOCTATa 10 mapamMeTpy ¢ och
€ro KMHETHYECKOH CHMMETPHH COBEpIIaeT NEPUOANUYECKHE MEepeMeleHus] B KOHPUTYypalu-
OHHOM IIPOCTPAHCTBE. DTO JBIDKEHUE pealn3yeTcsl B 00JacTH KOH(MUTYPAIIMOHHOTO IIPO-
CTPaHCTBa, HAXOASILErocs MEX1y IByMsl COOCHBIMHM KOHYCaMH ¢ 001l BEPIINHOMN B MOJIOCE
O, PAacIoyIOKEHHBIMU BHYTPU 3aJaHHOTO M30TPOMHOI0 KOHYCa, BEpPIIMHA KOTOPOTO COBMeE-
HieHa ¢ TeM ke nontocoM. IIpu stom, cornacHo paBeHcTBaM (45), (54), s BenUUUHBL k3
MMEET MECTO CIIEYIoIIasi OIEHKAa CBEPXY:

ik, £ [D, (k) 1< =2(1+5,).

[Ipencrasisist paBeHCTBO (53) B COKpallleHHOM BHJie, Kak u = D (1), u moyaras

F@)=b®(@)+c+#0, EJ.:B_ICJ. (j=1,2), (55)

u3 ypaBHeHui (13) npu ycnosusix (20), (21), momyyaem pa3eieHHYIO CUCTEMY:
o -Ft)w,=—1,d(),
o, +Ft)o,= 1,D(1),
npeacrasisiemyto s ¢ € T npu F #(0 B BUae
&, —Nao,+F’w,=L(1) (j=1,2), (56)

riue 0003Ha4YeHO

L) =b"'[A(F ~c)F — A,cN],

L (t)=b""[4,cN+ A, (c-F)F], (57)
_F®
N(@t)= 6

3neck ¢pyakiuu F (1), @(t) B3auMOCBsiaHBI PaBEHCTBOM (55).

PaccmarpuBast ypaBHeHUs JTHHEHHOW cucTeMbl (56) cHavana 0e3 MpaBbIX YacTeH, IMo-
noxuM @; (1) =w;(7) (j=1, 2), e HOBas MEpPeMEHHAS

r:IF(s)ds. (58)

B pesynbrare nanHas cuctemMa ypaBHEHMM IPUBOAUTCS K BULy [7, c. 430]
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wi+w, =0 (j=1,2), (59)

rzie mTpux o06o3HavaeT quddhepeHupoBaHUe TI0 IEPEMEHHOM T.
O0paras 3aBucuMocTb Buja (58) ¢ aymummnrTuyeckoit pynkuuen F (r), momydaem

1=J(1),

rae J — 3JuIMNTUYecKuil uHTerpan nepBoro poga. Coxpanss npexHue o003HAUYCHHUS, U3 pa-
BeHCTB (57) HaxoauM 3aBucuMocTd Buja L; (7). Toraa mpeoOpa3oBaHHas cuctema, COOTBET-
CTBYIOIIAsl cUcTeMe ypaBHeHUH (59), umeeT BUj

wtw, =L () (j=1,2). (60)

Pemenne cucremsl ypaBaenuit (60) npeacrasmisiercs B popme

wj(r)=wgcosr+(w;.)°sin r+j-Lj(s)sin (t—s)ds (j=1,2), 61)
0

TAC HYJICBBIC HHACKCHI OTHOCATCA K 3HAYCHHUAM BCJIWYHH IIPU T = 0.

PaBenctBa (61) mpencTaBisIOT MapaMETPUUECKUE YPAaBHEHUS OPTOTOHAJIBHOW MPOCK-
[IUU TOABMXKHOTO rojorpada BEKTOpa  Ha KOOPJIWHATHYIO TUIOCKOCTH 0asuca [, opToro-
HAJIbHYI0O OCH KMHETUYECKOH CHMMETPHH THpOocTaTa. DTOT rojorpad sBISETCS PEOHOMHOU
TFEOMETPUYCCKON (PUTYpOid, ypaBHEHHS KOTOPOH MapaMeTpHU30BaHbl IPUBEICHHBIM BPEMEHEM
7. CoriacHO OMpeAeNIoneMy TOXKIECTBY (6) u cooTHOIIeHUsM (47), B ciiydae cOOCTBEHHOTO
KHHETHIECKOT0 MOMEHTA TUPOCTATA IMOIyIaeM TOXKISCTBEHHOE PABEHCTBO

B*(w; + w3) - Biw; - 2B,C;0, + 2B(C o, + C,,) =0,

rae C; =s,. 3/1eCh UCMOIB30BAHO OYEBUIHOE TPUBUAILHOE TOKIECTBO

—-C;-C3+C; =1,
KOTOpPOE TIPEACTABISIET CO00M ypaBHEHUE AJUIMIICOU/IA, OXBATHIBAIOIIETO 00JaCTh MPOCTpaH-
CTBa KBa3UKOOPAMHAT @), COAEPIKAIILYIO TIOJBUKHBIN rogorpad BEKTOpa .

Wrak, nuHeliHoe mpeoOpazoBanue Buaa (47) nuHnamudeckoid cucremsl (8), (9), peanuzo-
BaHHOE npu ycnoBusx (20), (21), (37), (38), D, >0, cooTBETCTBYIOLIEE JBUKEHUIO BTOPOTO
poJa, BeIIETSET U3 TTOJIHOTO MHOYKECTBA BO3MOXKHBIX JIBIDKCHHM THpOCTaTa B CTAIMOHAPHOM
KOHCEpBAaTUBHOM OJiHOpogHOM CJl-mone aBa BUJIa JBUXKEHUI: IEPUOJUYECKOE 10 MapaMeTpy
9 nBWXEHHWE, COOTBETCTBYIOIIEE BHIpAXKEHUIO (53), M IBM)KEHHE CHCTEMBI IBYX M30TPOITHBIX
nuHeHHbIX octuIATOpoB (30), (60), HAXOAAMUXCS MO 3aJaHHBIM HECTAIlMOHAPHBIM JTHHA-
MHUYECKHUM BO3JIeUCcTBUEM (57).

3aKjao4eHue

PaccmoTtpeHnHas B cratbe 3ajjada OTHOCUTCS K KJIacCy 3aad O ABUKEHUU THpOCTaTa Mo
JIEMCTBUEM CTAIIMOHAPHOTO OJIHOPOJIHOIO KOHCEpPBATUBHOrO cuiioBoro CJ/l-moiist, Haxosiie-
rocsi B 3aJJaHHOM MOJIYEBKJIMJIOBOM MPOCTPAHCTBE. PellieHne mocTaBaeHHON 3aaui 10CTUTa-
€TCs MYTEM BBEJICHHS TMIIOTETUYECKOW JTMHENHON 3aBUCHMOCTH, CBS3BIBAIOLIEN IEPEMEHHBIC
®, S — YIJIOBOM CKOPOCTH HOCHUTEJSI TUPOCTATa W HAINPABIIOMIETO OpTa OJHOPOAHOrO Mapa-
JIEIBHOT'O CBETOBOI'O MOTOKA MOCTOSHHOM MHTEHCHBHOCTH. JTOT IMOAXOJI SBISCTCS N3BECTHBIM
npueMoM uccienoBanus, BocxomsammuM K padoram H.E. XKykosckoro m B. Bombsreppa [4],
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KOTOpbIi npumensiica B uccienopanusax C.A. Yanneiruna, [1.B. Xapnamona [3], E.W. Xap-
namoBo# [4]. WMcnonp3oBaHuE AAHHOTO TMoaxoja B padoTe [3] mo3BOIWIO CO3AaTh HOBYIO
KOHIICTIIIMIO TTOCTPOCHUS PEUICHUN YPaBHEHHUM JBH)KEHUSI 110 MHEPLIMM TBEPJOrO Teja, orpa-
HUYEHHOT'O MHOT'OCBSI3HOW MOBEPXHOCTHIO, B MOKOSALICHCS Oe3rpaHnYHON HI€aTbHON OJHO-
POIHOM JKUAKOCTH, U TIPOU3BECTU KIACCU(PUKAINIO HAACHHBIX TOYHBIX PEIICHUI.

Jlannbplii pueM peanu3oBaH B pabote [4], rae 3amaya o ABMKCHUU TUPOCTATa B ICH-
TpaJIbHOM I'PaBUTALlMOHHOM I0JI€ CBeieHa K Kiaccuueckoil 3amaye H.E. XKykoBckoro o0 un-
TErPUPOBAHUM YPABHEHUU JBMKEHUM TBEPJIOTO Tejla C MOJOCTSIMH, MOJHOCTHIO 3alOJIHEH-
HBIMU HJICATBHON OJTHOPOJAHOM KUAKOCTHIO, Pa3pELICHHON B KBaApaTypax.

Kiacc 3ama4, B KOTOPBIX NPUMEHSETCS YINOMSHYTasi TMIIOTETUYECKAs JIMHEHHAsT 3aBU-
CUMOCTB, OOYCIIOBJICH XapaKTepHBIMH CBOWCTBaMU ad(GHUHHOTO TpeoOpa3oBaHUsl, CBS3HIBA-
IOIIETO JTHHEHHOW 3aBHCHMOCTBIO NEpeMEeHHbIE @, S. [IpuMeHeHne 3Toro mnpeobpazoBaHHS
MO3BOJIIET U3 BCETO BO3MOKHOTO MHOT000pa3us IBUKEHUIN TUPOCTAaTa BBIICIUTD JABIKECHUS,
00J1aaronye CBOMCTBOM KOMIIO3UIIMM TOMOTETHH W TMEPEMEIICHUS] B KUHETHKE. DTO CBOU-
CTBO SIBHO OTPa)X€HO B COOTHOIIECHUAX (32), (47), COOTBETCTBYIOLIUX JBUKEHUSIM IIEPBOTO U
BTOPOI0 pO/ia, COOTBETCTBEHHO.

TakuMm 00pa3zoM, JTHHEIHOE M —S Mpeodpa3oBaHUE UCXOIHON AUHAMUYECKOM CHCTEMBbI
JUTSE M300pakaromiell TOYKM B MPOCTPAHCTBE KBA3MKOOPAMHAT (v MPUBOJUT K JBUKCHHUSIM
JBYX BUJIOB: K JIMHEWHBIM KOJICOAHUSIM, COBEpPIIAEMBIM TOJI BO3JCHCTBUEM 3aJaHHON BHEIII-
HEH HECTallMOHApPHOM IUHAMHUYECKOW Harpysku L, (7), L,(7), U K NEPUOJUYECKOMY IBHKE-

HHUIO B OJHOMCPHOM IIPOCTPAHCTBE C KBaSI/IKOOpI(I/IHaTOI\/'I W, =U. Takas HUHTEepHpeTanusa Co-

OTBCTCTBYCT H3BECTHOM OCIII/IJ'IJ'ISITOI)HOI\/JI MOJCIIN ABWXKCHUSA TBEPAOTO TCJIa B CTAIMOHAPHBIX
CHJIOBBIX ITOJIAX.
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