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O ABYX CIYYAAX IBUXKEHNA HEYPABHOBEIIEHHOI'O TNPOCTATA

PaccmarpuBaeTcs ABa ciydasi ABUSKEHHSI HEYPAaBHOBEIIEHHOI'O THpOCTATa: Ts-
KeJIOro AMHAMUYECKH CUMMETPUYHOIO TUpOCTaTa ¢ IPOU3BOJIbHBIM BHYTPEHHIM
MOMEHTOM B3aMMOJIEVICTBHSI 1 CBOOOHOTO TMpOCTaTa Npy HAJIIMINK BHYTPEHHETO
MOMEHTa CIeUAIBLHOTO BrAiA. [IJ15 TSKeIoro rupocTaTa HOJTyvIeHbI 00II1e pere-
HUSI YPAaBHEHUH ABMXKEHMS B 3JUIMNTHYECKUX (PYyHKIMSIX SIKOOM u mccineoBas pe-
SKUM “JIYyHHOTO” IBUKeHus. PaccMaTpuBaeTcsl ABIKEHHE CBOOOTHOTO THpPOCTaTa,
y KOTOpPOTr'O pOTOpP BpAIaeTCs BOKPYT TJIAaBHON OCH MHEPLUHM TeJIa-HOCUTEIs, CO-
OTBETCTBYIOIIEH HAaNOOJbIIEMYy MOMEHTY UHEPLUH, IO AEHCTBIEM MOMEHTA CIIe-
OUAILHOTO BHUfIa. B aTOM ciiy4ae peleHns] AMHAMUYECKAX YPABHEHUH JBICKECHUS
TaK>Ke HAXOMSTCS B SIITMINTHYECKUX (DYHKIUSIX, TOMYCKAOIINX MOCIIEAYIOIIee pe-
menne 3agayn [apOy. [TonydeHHbIe pereHns MOTyT ObITh NCIOIB30BAHbI B IIPH-
KJIaIHBIX 3afja4ax MEXaHUKU KOCMUYECKOTO T0JIeTa, B YaCTHOCTH, B 3ajlayax CIIyc-
Ka KocMmuueckoro ammapata (KA) B arMocgepe, onucanus ABHXKEHHS U IpO-
CTPaHCTBEHHO! IEPEOPUECHTAIUY CIIyTHUKA-TUpOCTaTa.

1. YpapHenns aBmKeHusi rupocrara. [ MpocTaT Kak cUCTeMa TBEPJBIX TeJ, COCTOSIIAS W3
Tella-HOCUTEJSI ! TEJI-POTOPOB, BPAIAIOIINXCS BOKPYT HEMOIBIKHBIX OCE B TEJIe-HOCUTEIE,
paccmaTtpuBaetcs B paboTax [1-20]. B [1, 2] npoBoasiTcs uccaenoBanus, CBI3aHHbIE C aHAIIN-
30M TBEPABIX TeJl, COEeP>KAIIMX MOJIIOCTH C XKUAKOCTHIO, M MMOKA3aHO, YTO MaTeMaTHYECKue
MOJCJIN NBUKCHUA TaKUX CUCTEM, aHAJIOTNYHbI MAaTEMAaTUUYCCKUM MOJICJIAM NBU>KCHUA “SKBI/I—
BAJIGHTHOT'O”’ TBEPAIOT'O TeJja C MPUCOEIMHEHHBIMI POTOPaMU.

YpaBHEHUs ABIKCHHS THPOCTATOB BOKPYI HEMOABIDKHON TOYKH WM SKBUBAJICHTHBIX
TBEPABIX TEJ C MOJOCTSIMH, COAEPKAIIUME XXIUAKOCTh, MOTYT OBITH IPEACTABIEHbBI B BEKTOP-
HOM Buje [4]:

Jm+h+exJm+h) =M (1.1)

rae J — TeH30p mHepImu rEpocTaTa Kak CHCTEMbI Tela-HOCHTENSI BMECTE C POTOpaMH, JTHO0
TEH30p WHEPIUHU SKBUBAJICHTHOTO Tella BMECTE C KUAKIMH Maccamu (‘kmpocrara” [1]); @ —
BEKTOP aOCOJIFOTHOH YITIOBOH CKOPOCTH Teja-HocuTeds; h — cyMMapHbIil KHHETUYECKUI MO-
MEHT BpallaloliXcs pOTOPOB B UX JBIDKCHUU OTHOCHTENIBHO Tela-HocuTess; M — MOMEHT
BHEIIHUX cuil. VI3 ypaBHEHUS CIIEyeT, YTO MOXKHO NEPEHTH OT CUCTEMbI POTOPOB K OTHOMY
pOTOpY C 9KBHBAJIECHTHBIM OTHOCHTENIBHBIM KHHeTHYecKIM MoMeHTOM h. B [4, 8, 18] paccmart-
PHUBAIOTCS CITy4yay, KOria CyMMAapHbIil KHHETHYECKIIT MOMEHT BPAIIAIOIINXCS POTOPOB OTHO-
CHUTEIILHO TeJIa-HOCHTEIS SIBJsieTcs 3ajaHHon (pyHkmei Bpemernn h = h(t). B paborax [4, 6,
16] uccnepyercs: ABUKEHHE YpPaBHOBEIIEHHOTO I'MpOCTaTa, KOIJjJa OTHOCUTENIbHAsl YIJIOBas
CKOPOCTb MOAAIEP>KUBACTCS TIOCTOSIHHOM M BEKTOP KMHETHYECKOI'O MOMEHTa UMEET NOCTOSH-
Hbl€ KOMIIOHEHTHI B 0a3uce, CBSI3aHHOM C TEJIOM-HOCUTETIEM.

JIBrXeHne HeypaBHOBEIIEHHOIO POTOPa OMUCHIBAETCS C MOMOIIBIO TEOPEMbI 00 U3MEHe-
HMM KMHETHYECKOro MOMeHTa [21]:

%[Jr Qo +0)] = M +M; (1.2)
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rae J, — TeH30p MHepIUH POTOpPa OTHOCHTENHLHO HETOABUKHON TOUKH, O — BEKTOP OTHOCH-
TEIHLHON YIIIOBOH CKOPOCTH pOTOpa (II0 OTHOIICHHUIO K TENNy-HOCHTENI0), M, — MOMEHT ciI,

o e o
JACUCTBYIOIUX HAa POTOP CO CTOPOHLI TE€JIa-HOCUTEJIA; M r — MOMCHT BHCIIIHUX CUJI, ICUCTBYIO-

IIMX HA POTOP.

Bynem paccmaTpuBaTh fiBa ciydast ABMKEHHUSI HEYPAaBHOBEIIEHHOTO THPOCTATa: TSKEIIOTOo
MUHAMUYECKUA CHMMETPUYHOTO U CBOOGOIHOIO MPH HAJIUYUK CHENUATBHOTO BHYTPEHHETO MO-
MEHTA B3aUMOJIENCTBUSL.

2. [IBHKE€HHE TSKEJIOro HEeyPAaBHOBEUIEHHOr0 TMpOCTATa ¢ MPOM3BOJHHBIM MOMEHTOM
BHYTPEHHero B3aumMojeiicTeus. Beeyiem cnenyroiue ciucteMbl KoopauHat: OXyZ — NoiBUXKHAST
CHUCTEMA, KECTKO CBSI3aHHASI C TEJOM-HOCHTEJEM, C HAyalloM B HENOABIKHON Touke O;
OXYZ — HenopiBmKHasI B aGCOFOTHOM TPOCTPAHCTBE cucTeMa KooppuHat; ock OZ Hanpagie-
Ha B CTOPOHY, NPOTHUBONOJIOXKHYIO CHJIE TSKECTH. MOMEHT CHIIBI TSKECTH B MPOEKIUSIX HA
MOJIBUKHbBIE OCH PABEH

M = (Pay,, —Pay,;, 0) 2.1)

rae P — Bec rupocrara, a — paccTosiHue OT UEHTpa TSKECTH THPOCTATa /IO HETOABIKHON TOY-
ki O, Y, — HanpaBJIsIIOIIUEe KOCUHYChI €JUHUYHOIO BEKTOpa BEPTUKANbHOH HEIOJBILKHON
ocu OZ B nopeizkHOI cucteme Oxyz (i = 1, 2, 3). Och BpallieHHsI pOTOPA COBNMAAAET C OCHIO JI-
HaMIYECKOIl CHMMETPHH Z rupocTaTa u Touka O IpruHAJIeKUT 3TON OCH.

JuHaMuvecKre ypaBHEHHUST IBIDKCHUSI TSKEJIOTO CHMMETPUYHOTO THPOCTATa B OCSIX CUCTeE-
MbI KoopamHaT OXyz, cornacuo (1.1), (1.2) u (2.1) 3anmmnyTcs B Buae

Ap+(C—-A)gr +C.qo = Pay,
Aq+(A-C)pr—-C,po = —Pay, (2.2)
Ci+C,6 =0, C(f+0) =M,

rie A=A, + A, C=C, + C, — MOMeHTBI HHepun rupocrara B cucreme Oxyz A, = B, C, —
rJ1aBHblE MOMEHTBI UHEPLUH Tella-HocuTend; A, = B;, C, — MOMEHTBI HHEPLUH POTOPA;
o = (P, g, ') — yriioBast CKOPOCTb HECYHIETO TeJjla, 0 — OTHOCATEIBHAS YIIIOBasi CKOPOCTh Bpa-
LIEHUS pOTOpa.

KunemaTnueckue ypaBHEHUs! BKIIOUAIOT B ceOs ypaBHeHmit Ilyaccona [21] u ypaBHeHue
JIJIs1 yIila BpallleHusl POTOPa OTHOCUTEILHO HECYILETO Tella

Vi=1¥2=QYs V2= PYa=TYy, V3= Gyi—PY, 8=0 23)
ITo ananoruwu c [21] 3anuuieM Tpy NEPBbIX UHTETpajia CUCTEMbI ypaBHeHMi (2.2) u (2.3):
VitVatys = 1 24)
A(py; +ayz) +(Cr+Co)y; = Ky 2.5)
Cr+C,0 = K, (2.6)

Nurerpansi (2.5) u (2.6) onpefensoT cOXpaHeHUe NPOEeKIUI KHHETHYECKOTO MOMEHTA Ha He-
MOABIKHYO BepTHKainb OZ 1 Ha OCh JMHAMIYECKOI cuMMeTpr Tupoctata Oz
Tl mowcKa 9eTBEepTOro MHTErpaia BOCIOIL3YeMCsI TeOpeMOoil 00 M3MEHEHNN KUHETIIe-
CKoI1 aHepruu [21]:
]
LA+ D) +C 12+ C(r +0) =T, = —Pay, + [M,dd 2.7
2[ (p q) nl r(r 0)]_0—_aV3Ir ()
0
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rae T, — HauanbHas BeJIM4MHA KuHeTHYeckoi sHepruu. IIpegcraBum mocaenHue ABa ypaBHe-
HUsI cucTeMbl (2.2) B Busie

CJtf =-M,, C/(f+0) =M, 2.8)
‘YMHOXas IepBOe ypaBHEHUE Ha I', a BTopoe — Ha (I' + 0):
1/2C,dr® = -M,rdt, 1/2C.d(r + 0)* = M,(r + o)dt

" CKJ1ajbIBasi AJBa NMOCICAHUX COOTHOILICHW, HOJ’Iy‘-II/IM pa60Ty BHyTpeHHeI‘O MOMCHTA
° 1
[Md5 = 5[cnr2 +C,(r +0)% +const (dd = odt)
0

Comnocrasusist 3Ty (pOpMyIy U BbIpasKeHHe, 3aNnIeM YeTBEPThII HHTErpaj B BUE:
V2A( p2 + qz) + Pay; = const (2.9)

ITepseie unTerpansl (2.4)—(2.6) u (2.9) coBnagatoT ¢ aHaJOTHYHBIMI NIEPBBIMHI MHTErpajla-
MU JIBIDKEHHS TSDKENIOro TBEpAOro Teja B cnydae Jlarpanxka [21]. O4eBUaHO, YTO JUHAMUYE-
CKU CHMMETPHUYHBIN TSXKEJbIil ypaBHOBEIICHHBIN THPOCTAT COBEPILAET ABIKEHUE, TOIOOHOE
ABUXKEHUIO TSKEJIOTO OCECHMMETPUYHOTO TBEpAoro rteia. Panee B paborax [15, 18] kaue-
CTBEHHO IOKa3bIBAJIACh BO3MOXKHOCTh 00O0OIIIEHHUS 3a1a4y O ABIDKCHNUH TSDKEJOro Teja B CIy-
vae Jlarparxa ij1sl ypaBHOBEILIEHHOT'O THPOCTATAa U ABIKECHUS Tella B KUAKOCTH.

Haitnem o6mmue pelnieHnst ypaBHEHHN TBIKECHUS TSKEIIOTO HEYPABHOBEIIICHHOTO THHAMMU-
YecKd CHMMETPUYHOro rupocrata. [lepeiiieM OT HanpaBISIOMIKMX KOCUHYCOB K yriiam Disepa
[21], 3anucaHHBIM 7151 T€Ia-HOCUTEIS

y; = sin@sing, vy, = sinBcos¢, Yy, = cosB
u 3aMeHnM ypaBHeHud Ilyaccona (2.3) Ha KUHeMaTUYECKUE YpaBHEHUsT Diinepa

p = (sin@sing + O6cosh, q = PsinOcosh —Osind, r = Pcoso + P (2.10)
Jlanee Bocnonb3yeMcst aHaJIOrue ¢ 3afaden o ABIDKEHNUN TSKelloro Tepaoro tena [21-23]. C
nomolsko ypaBHeHuit (2.10) uarerpansi (2.5) u (2.9) npusenem K BUgy

{sin®0+ Rcos® = G, 6"+ (%sin°0 +2gcosd = H

g = Pa/A, R=K,/A, G =K,/A

ITocne 3aMeHbI mepeMeHHBIX U = COs O BTopas popmyina u3 (2.11) npeBpaiaercs B Kyou-
YeCKHUl MHOTOYIECH OTHOCHTEILHO U, IMEIOUINI TP BEI[ECTBEHHBIX KOpHS: Uy, U,, 1 U'

(-l <u; SUy U, <1 <U <), Uy = cosBy):

@2.11)

%EZ = f(u) = (H-2gu)(1-u®)—(G—Ru)® = 2g(u—uy)(u—Uu,)(u—u) (2.12)

OueBuHO, YTO NEepeMeHHasi U oJIXKHA U3MEHAThCA B Ipefenax U, < U < U,. C noMolibo BBe-
JleHUsI HOBOI1 IEpEeMEHHOII &:

u= ulcoszi + uzsinZE (2.13)

Ha OCHOBaHUHA MO2KHO 3alluCaThb

% - g f1-KPsine) B = Jow—urz, K = 32;31 0sKe<f] (2.14)
— Y1

da =
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MHTerpupoBaHme gaeT CIEeRYIOMIHA pe3yIbTaT:

3 t
[—2— = s[pat

e AN1-KPSnE 9

e &, HaXOAUTCS U3 ypaBHEHHs cos B = U;cos’E,, + Uysin’E, a 3HAK Tlepe/ MHTETPANoM B Ipa-

BOI YacTH OIIpEAECTISAETCA Ha4YaJIbHBIMU YCJIIOBUSIMU ABU2KEHUI.
C NIOMOUIbIO aMITATYAbI SAxobu IMOCJIEJHCE BbIPAKCHNE MOKHO NEPEINUCATH B BUIC

& = am(Bt +a, k), = const

&o q
a = I %€
o N1—k’sin’E
TOrga O6IH€6 pemeHHe IJIsL yrna HyTaHI/II/I HpI/IMeT BUJ

cosO = (uz—ul)snz(BtHx, k) +u,; (2.15)

KBagparypa s yria npeneccuu ciefyeT U3 IepBoro cootHoueHus (2.11) u pemre-
Hus (2.15) m npuBOAUTCS K KOMOMHALMU HEMOJHBIX 3JITUNTHYECKUX UHTETPATIOB TPETHETO
pona [23]:

t
G —Rcos6

-y = [t = GI,—RI,
{ sm29
11 = s,y M E 1K) =N (E, 1 )
2 = a0 gy (MM & 1y k0 + & g )
& =am(z k), z=pBt+a (2.16)
_U—U _ U—-Up
A AT L e STy
M, n k) = M(E,n,k)=T1(Ey n, K)
&
_ _ dE
(g, n k) =
{(1+nsinZE)A/1—kzsinZE

rae M (&, n, K) — HeMONMHBII SMTUNITHYECKHUIT HHTETPAJ TPETHLETO POJIA.
W3 xuHeMaTHYeCKUX ypaBHEHMI Diiepa Mmocie B3ATUsl aHAIOTUYHBIX KBaJpaTyp ClefyeT
3aBHCUMOCTB JJIS yIJIa COOCTBEHHOT'O BpallleHUs

t t
- G —Tcosh
d—¢o = {(r(t)—llJCOSG)dt = {%(t)—siTcgscos%dt =

t (2.17)

= [r(t)dt—Gl, + R(I;~1)
0
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OueBHAHO, YTO pEIICHNE IS yTIa COOCTBEHHOTO BpAIEHNS TeIa-HOCUTEIS 3aBUCUT OT TPO-
[OJIBHOY KOMITIOHEHTHI YITIOBOM CKOpOCTH I (1), KOTOpas onpefessieTcss MOMEHTOM BHYTPEHHE-
r'O B3aUMOJIENCTBUSI COOCHBIX Tel M, (t).

IIycts, HanmpuMep, MEXAY TeTOM-HOCUTEJIEM B POTOPOM AEHCTBYET MOCTOSHHBII MOMEHT:
M, = M = const. 13 AByX OCIEHUX YpaBHEHUI CUCTEMBI CIEAYIOT 3aBUCUMOCTH JJIsl YTJIOBBIX
CKOpOCTEH I', O M yIJ1a OTHOCHTEJILHOTO BpaleHus O

MC MC 2

n n*=r

r(t) = r—Mt/C,, o(t) =

r

Torpa mpu 1efICTBUX IOCTOSTHHOTO BHYTPEHHETO MOMEHTA peleHne (2.17) 3anuieTcs B BUfiE:
- = n,M1E&,n, kKN(G+R) +

¢ ¢ 0 2[3 ( U ) [ 1 (E 1 ) ( )
(2.18)

+1M(E, Ny, K)(G=R)] +(ro— R)‘—gﬂé

AHanormyHbIM 06pa30M MOXKHO HaliTH pelIeHNUs! IPU JICHCTBIY UHBIX BHYTPEHHIX MOMEHTOB.

Bri6op Bujja BHYTpEHHETO MOMEHTA MO3BOJISIET PEATN30BBIBATH 3a/JaHHbIE CITydau JBHKe-
HUSI THPOCTAaTa, HalpuMep, “TyHHOe” IBIKEHHE, TP KOTOPOM HecyIiee TeJIo Beeraa ooparie-
HO OJTHOW CTOPOHOH K HEMOABIDKHON BepTuKanbHO! ocu OZ. HaiiieM BUI BHYTPEHHETO MO-

MEHTa, 0GECTIEUNBAIOLIETO “IYHHOE” ABUKEHUE IPU KOTOpoM ¢ = — Y cosB = 0. Torna
Ha OCHOBAHMM NEPBOro ypaBHeHUs (2.8) yKa3aHHBII MOMEHT ONpEeAesIeTCsl CIeAYIONUM
o0pazoMm

M, = -Cf = -

d RcosB
; n ndt(chose) = (65— Reosd cos(%

ndtD sn’0

2
_ _2Rcose—Gcos e_GGC

.3
sin" 6

n

C yuerom perern (2.15) momyaum

_ 2((uy—u)sn* (Bt + 6, K) + u) (2R—G((Up ~u) ST (BL+ @, K) +up))

) (1= (U~ u) (Bt + 0, K) +uy))” (219
x (u,—uy)Ben(Bt + a, k)dn(Bt + a, k)

Kaxk cnegyeT u3 pemenus (2.17), Ipu TakoM BHYTPEHHEM MOMEHTE yrojl COOCTBEHHOIO Bpa-
meHust OyfieT INHENHON (PyHKIMEN BpeMEHN

0 GeceosB,— Rcos” e(g
¢(t) = (ro=s)t+do 5=
0 sin 90 U

PesxuM “IyHHOrO” ABMXKEHUS PeaM3yeTcsl NpY IOCTOSIHCTBE Yriia COOCTBEHHOTO BpallleHHs
(¢ = const). 310 BO3MOKHO, Kak cieayet u3 (2.20), npu 1y, — S = 0, YTO PaBHOCWILHO CIIEAYIO-

meMy yCIOBUIO, HaKJIaIbIBAEMOMY Ha HaYaJIbHBIC TapaMETPhI IBU>KEHUS

i +
8y = arctgpoan)o 900500 (2.21)

Mo

(2.20)

Taxum o6paszoMm, “MyHHOE” ABIDKEHHE Peannu3yeTcs IPU JIEICTBUU BHYTPEHHETO MOMEHTa
Brfia (2.19) m HavanbHBIX mapaMeTpax, obecrneunBaromux yciuosue (2.21). B npakTudeckux
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3ajayaX MEXaHUKHA KOCMUYECKOTO NTOJIETa PEXKUM “TIYHHOTO’ IBIDKEHHS MOKET OKa3aThCs MO-
JIe3HBIM B OJJHHUX CIy4asiX M ONAcHBIM B Apyrux. IIpuMeHUTENbHO K 3ajjaue HeYIpaBIsIeMOro
cycka KA B atmocepe [23], Korga peannsyeTcs IBIKEHHUE TIO]] IENCTBIEM BOCCTAHABIIMBA-
FOILIETO a3pOAMHAMHYECKOIO MOMEHTA, aHAJOTMYHOE ABIXKEHMIO B ciydae Jlarpamka, “myH-
HBIN PEeXXUM SIBIISICTCS] OTACHBIM. DTO CBSI3aHO ¢ TeM, yTo KA Bcerma obpaiieH K Haberaro-
IIeMy TIOTOKY OfJHOY CTOPOHOM, YTO MPUBOJUT K HEPAaBHOMEPHOMY 00rapy ero Temo3aluT-
HOT'O HOKPBITHS, a, CIEeOBaTENbHO, K Pa3BUTHIO HecuMMeTpru4HOCTU KA, BO3HUKHOBEHUIO
PE30HAHCHBIX PE>KMMOB IBUKEHS, THOO K pa3pylieHuto. [IpuMepoM none3Horo ncrnonb3oBa-
HUSI JIYHHOTO peXXHMa SIBIISIETCS ABMKEHME 3apSKEHHOTO (MAarHATHOTO) CIYyTHHKA-THpOCTaTa
B OJIHOPOAHOM MarHUTHOM II0JIe, KOT/ja BO3HUKAIOIasi paBHOMEpHasi pereccrs (Tak Ha3bIBa-
eMas npeueccust Jlapmopa [24]) mo3BOISAET COXpaHITh OTHOCTOPOHHIOIO HAIIPaBIEHHOCTD pa-
604X 37IEMEHTOB CIIYTHHUKA (AaHTEHH, TaHeJIel COTHEUHBIX OaTapeit u Ip.).

[Ipu oTCyTCTBMM MOMEHTA BHYTPEHHETO B3aUMOJIEHICTBUS IMEET MECTO YPABHOBEIICHHBIN
rupoctat (0(t) = O, = const) 1 ero ABIKEHNE OYyJET aHAJOTHYHO JBIKEHUIO TBEPAOIO TENA B
ciydae Jlarpanska ¢ 3KBUBaJICHTHBIMH MHEPIMOHHO-MACCOBBIMHU ITapaMeTpaMH U YIIIOBBIMH
CKOPOCTSIMIL.

IIpuBeneM cpaBHHUTENbHBIE pe3yabTaThl (pur. 1), HOTyYEeHHbIE YACIEHHBIM HHTETPHPO-
BaHMEM ypaBHeHuil (2.2), (2.3) (moka3aHbl CBETIBIMUA TOYKAMH) U IO aHATUTHIECKUM (Pop-
Mysam (2.15), (2.16) u (2.18) (moxa3aHbl CITIOMIHBIMYA JINHUSIME). PacyeThl NpoBOAUIINCH IPH
CIIe[[yIOLIUX NHEPIMOHHO-MAaCCOBBIX U HauaJbHBIX NapaMeTpax ABmkeHus: A= 5, C, = 1.5,
Cr=2[KI"M2]; P=100[H]; 1 =02 [mM]; M=const=1[H -M]; p,=1,0,=0,r1,=2,
0, = 6Tt [pan/c]; 6, =0.47, ¢, =Y, =0, =0 [pan].

OueBWIHO, YTO JBIDKEHNE C APYTMMH 3aKOHAMH N3MEHEHNS YIila COOCTBEHHOT'O BPAILCHHUS
MO>KHO pealln30BaTh BbIOOPOM COOTBETCTBYIOIIETO BHYTPEHHETO MOMEHTA.

3. JIBimzKeHns1 CBOGOHOTO HEYPABHOBEIIEHHOTO THPOCTATA NPH HAIMYHMHA YHPABJISIIOIIET0
MOMEHTA CIeNUAJIbHOro BUAa. bynem paccMaTpuBaTh CBOOOJHbBII HEYPAaBHOBEILLIEHHBIN T'MPO-
CTaT, COCTOSIIIMI M3 Tella-HOCUTENs ¢ TPEXOCHBIM 3JUIUICOMAOM HHEPLUM M AUHAMHYECKU
CUMMETPUYHOTO POTOpA, BPAILAIOIIErocsl OTHOCUTEIBHO IJIaBHOW OCH MHEPLUUU THpocTaTa Z
Cormnacho (1.1) u (1.2) ypaBHeHHs IBUKEHNS CBOOOJHOTO FUpOCTaTa IPUMYT BAJ

Ap+(C-B)gr+C,qo =0, Bg+(A-C)pr-C,pa =0

3.1
Ci+C,6+(B-A)pg =0, C(f+0) =M, G-
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HccnepoBanne ypaBHOBEIIEHHOTO CBOOOJHOIO FMpOCTaTa MpoBEAEHO B padote [4], B KOTO-
poii m3 o6palIeHns ITUNTHISCKOTO HHTETpajia IIepBOTo poJia CIACAYIOT MapaMeTPH30BaHHbBIC
3aBHCUMOCTH JJIs1 YIJIOBBIX CKOPOCTEH Tea-HoCuTe 1. MOXHO NPEANoNOoXKUTh, YTO U B HEKO-
TOPBIX CIy4asiX IBUKEHHS HEYPaBHOBEIIEHHOIO THPOCTaTa PEIIeHus Il TapaMeTpoB Mpo-
CTPAHCTBEHHON OPHEHTALH TAaKXKe 3aIHIIYTCS B 2JUTUNTHYECKUX (PYHKIMSIX. [TocTaBum 3ama-
4y oIlpefieIeHNs BUjjJa MOMEHTOB BHYTPEHHETO B3aNMOJICICTBIS TeIa-HOCUTEIIS 1 POTOPa, 10-
CTaBJSIIONINX JUHAMAYCCKAM YPAaBHCHUSIM JIBIKCHWS AaHAIWTUYCCKUEC pEIICHUS B
SIUTANTUYECKUX (DYHKIUSIX.

Bynem nonarats, uro A < B < C, a Takke, 4TO OnKcaHue ABUXKEHUSI HAYMHAETCSI C MOMEHTa
BPEMEHH, KOT/Ja KOMIIOHEHTA YITIOBOM CKOPOCTH (] TPOXOAUT Yepe3 Hoab () = 0). IIposenem
HCCTIEIOBaHNE MBIKEHUS THPOCTATa aHAIIOTMYHO KIIACCHIECKOMY CITyJar0 Dijiepa IBUKCHUS
TBEPIOTO Teja U ero reoMetrpuyeckoil uarepnperauuu [lyanco [21]. Kak usBectHo, nMeeTcst
TpU cy4asi pacioyIOXKeHHs MOJIOUN OTHOCUTEIBHO JUTMIICOU/a MHEPIHH: 1) KOHYC MOJIOUH
(1 cama MOJIONUST) COAIEP>KUT BHYTPU OCh Z THPOCTaTa, COOTBETCTBYIOIIYIO OCH HauOOJBIIETO
MOMEHTAa MHEpIMH; 2) KOHYC MOJOAUN COACPKUT BHYTpU och OX, COOTBETCTBYIOIIYIO HaW-
MEHBIIIEMY MOMEHTY WHepInH; 3) KOHYC TOJOANH paciaaeTcs Ha IBE TNIOCKOCTH, IPH 3TOM
caM# TOJIOMUM TIEPEXOMST B J[Ba SJUINIICA, & MITHOBEHHAs! OCh BPAIICHUS ACHMITOTHYECKH
CTPEMHUTCS K OCH CPEJHETO MOMEHTA UHEPLUH. Y CJIOBUAMU peanu3anuu ciydaes (1)—(3) sBs-
10Tcq [25, 21] cnenytoliyie HEpaBEHCTBA, COOTBETCTBEHHO

D>B (3.2)
D<B (3.3)
D=8 (3.4)

rme D = K2/(2T), K — BemumHa KHHETHYECKOTO MOMEHTA, | — KHHETHIECKAasi SHEPTHS TBEPJIO-
ro Teja. YKa3aHHBIM CIIyYasiM COOTBETCTBYIOT TPH BUJA PEIICHUN JIJIST KOMIOHEHT YTIIOBBIX
CKOpOCTel TBEPAOTO Teja B 3JIIIUNTHIECKUX (PyHKIUAX [21].

[Ipu nccnemoBaHNN ABIDKEHUS TUPOCTATA CIEAYET YIECTh YKa3aHHbIC Pa3iINIMs B PACIIONO-
skeHnn nosnonuii. Kak Gymer BUIHO U3 CIEAYIONNX HIDKE perneHnil, ciaydan (/)—(3) mist rupo-
cTaTa peanus3yroTcs npu yenobusix (3.2), (3.3) u (3.4), COOTBETCTBEHHO, € TOM JUIIL pa3HULEH,
qT0

2 2 2
D= K2 _ A"py+(Cry+ C,0;) 35)
o K Apg+(Cr0+C,00)r0

OtMeTtnM, 9TO B BbhIpaxkeHnu (3.5) ckassipHoe mpown3Benenne o - K He sBisieTcs yABOSHHOM
KIMHETHYECKOI HEprueil rmpocTaTa, Kak B cllydyae JuIsl TBEpOro Tena, Tak Kak K mpepcras-
Js1eT cOO0Y KMHETUYECKUII MOMEHT CUCTEMBI JIBYX Tell, a ) — YITIOBYIO CKOPOCTh TOJIBKO Te-
J1a-HOCHUTEJISI.

PaccmoTpum Kaxabiil U3 yka3zaHHbIX Bbllie caydaeB (1)—(3). [lycThb BbINOMHSETCS yCIO-
Bre (3.2). ITocrynum ananormyHo [25] u OyfeM HCKaTh pELICHUs [jisi KOMIOHEHT YITIOBBIX
CKOpOCTEN B BUJIE CIEAYIOIIMX 3aBUCUMOCTE, ONpeNieIsieMbIX JUNIMNTHYECKUMU (DYHKIUSIMUA

p(t) = poen(At, k), q(t) = bsn(At, k)

(3.6)
r(t) = rodn(At, k), o(t) = oydn(At, k)

e Py, Iy, Oy — HaYaNbHbIE 3HAUCHUS] CKOPOCTel, a mapaMeTpsI A, K n b mopmeskar onpepene-
Huto. TToKakeM, YTO HCKOMBIE TapaMeTphbl A, MOAYJIb SJUIMITHIECKUX (PYHKIMI K 1 ammuruTy-
Jla B POEKIIMHA YIIIOBON CKOPOCTH Ha 0ch Oy GYAYT OJHO3HAYHO OMPEENSATECS U3 HAYAIBHBIX
ycinoBuil fBukeHus. [IJIsl TOXECTBEHHOTO BBINOJHEHUS MOCIEHETO YPABHEHUS CHCTE-
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MbI (3.1) mpu BRIOpaHHBIX pemreHusx (3.6) HeoOXoIUMO, YTOOBI MOMEHT BHYTPEHHETO B3au-
MOJIETICTBHS UMEI BUJ

M, = —C,K°A(ro + Op)SNAtcnAt (3.7

IMoxncrapnsis BeipaxkeHns (3.6) B nepBble Tpu ypaBHeHHS (3.1), MONYyYUM CIEAYIOLIYIO CHCTEMY

anre0panvyeckux ypaBHEHUN:
—Apgh + (C-B)bry+ C,bo,
BboA + (A—-C)poro—Cpe0y = 0 (3.8

—Crok®A + (B=A)bpy,—C,k°AG, = 0
N3 cucremsr (3.8) nmeeM ciepyromue (GOPMYITBI A HCKOMBIX TapaMeTPOB:

b2 = (C=A)ro+Cag)poA _ (K,(0) ~ Arg)Apg
" (C-B)re+CogB (K (0)-Vro)B

A2 = A_lB((c—B)r0+c,oo)((c—A)ro+Croo) = (K/0) =Bro)(K,(0) = Arg)  (39)

2 = PA(B—A) _ PA(B-A)
= (€= B+ C,00)(Cro7 C,0p)  (Ky(0)—BroK(0)

rae KA0) = Cr, + C,0, — HayanbHas BeJIMYMHA NPOEKINH KNHETHYECKOI'O MOMEHTa Ha Ipo-
JONBHYIO 0Ch Z OYEBUAHO, YTO MOAYJIb K He OKEeH MPEBbIIIATh CAUHUIIBI, YTO COOTBETCTBY-
€T YCIIOBHIO C y4eTOM BbIpaskeHus (3.5).

IMpumeM Ist ONpefeNICHHOCTH, UTO [, > 0. [[71s1 Toro 9To65! mapameTps! b, A 1 K 6b11n He-
HYJIEBbIMI OI'PAaHMYCHHBIMU AEHCTBUTENBHBIMU YHCIAMH HEOOXOUMO, KaK 3TO CIEAyeT U3
(3.9), coBMECTHOE BBINOJTHEHHE CIEAYIOIINUX YCIOBUIL:

(K,(0) = Brg)(K,(0) — Arg) >0 (3.10)
(K,(0) = Brg)K,(0) >0 (3.11)

Tak kak A<B< Cur,> 0, To coBMecTHOe BbInoaHeHue ycnosuil (3.10) u (3.11) obecneunBa-
€TCs1 BBITIOJTHEHAEM OJTHOTO W3 PABHOCHITLHBIX HEPABCHCTB

K,(0)<0, K,0)>Br, (3.12)
Ycnoeue (3.2) MOKHO TakxKe 3amucaTh B BUJIC
2 2
K;(0) — BroK,(0) > A(B— A)p;
KOTOpOE CBOIUTCS K CIEAYIOIINM PaBHOCHIFHBIM HEPABCHCTBAM:
K,(0)<a, Ky 0)>p (3.13)
a = U2(Bro—/d), B = 12(Bry+./d), d=B*Z+4A(B-A)pi>0 (3.14)

ITonyuyennsle HepaBeHcTBa (3.13) (umu (3.2)) oxBaThIBaIOT ycaoBHA (3.12) ¥ TO3TOMY SIBIISIOT-
sl ompeNessIFoIuMe. 3HaK mapamerpa b 3aBucut oT 3HaKa A M BHIOMpAETCS Ha OCHOBAaHHUU
TepBOro cooTHouIeHus u3 (3.8).
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ITpoBOMIST aHATIOTHYHBIE PACCYKACHHST 4TSI CITydast KOorfa I, < 0, MOXKHO IMOKa3aTh, 4TO Be-
mmaunbl b, A, K takske 6yayT meficrButenbabiME 1 [K| < 1, KOraa BBITOMHIETCS OHO U3 PABHO-
CUIIBHBIX HepaBeHCTB (3.13), ¢ TeM JIUIbL 3aMeYaHueM, YTO B 9TOM CIIy4Yae BEJIUYMHBI O U [3
BBIYHCIISIFOTCS CIIEYIOIIM 00pa3oM

o = U2(—Brg —4/d), B = L2(-B|ry + /) (3.15)

Hrak, ecnu HavanbHble MapaMeTPhl IBIKEHUS YAOBJIETBOPAIOT HepaBeHcTBaM (3.13), To
OyayT cpaBemNIuBbI perienus (3.6) mpu geficTBUN BHyTpeHHero MoMeHTa (3.7). BrinmoaHenue
HEPABEHCTB MOXKHO 00ECIEeUnTh BbIOOPOM HauyalbHON BeMNUUHbI K, MyTeM 3ajiaHusl Hadallb-
HOI YIJI0BOH CKOPOCTH POTOPA Oy, TGO TEIa-HOCUTES [ .

OtMmeTnM, uTo pemeHus (3.6) MOXHO paccMaTpUBaTh KaK IMapaMeTPU3ALUI0 IPOCTPAH-
CTBEHHONl KPHBOH, COOTBETCTBYIOIIEH IMOJIOANH, OTKYAa CIEAYET, YTO IMOJIOAHNS CONEPKHUT
BHYTpH OCb Z Ycnosue (3.2) cymecTBoBanus pernieHni (3.6) SBIseTcs yCIOBUEM IBUKEHUS C
KOHYCOM HOJIOAuUI, Cofiep3KallM OCb HanOOJIbIIEr0 MOMEHTA HHEPLUH.

Paccmotpum cityvaii iBuKeHust 2), cooTBeTcTByrommi yciaosuto (3.3). IIpu aToM pemieHus
J71s1 YTIIOBBIX CKOPOCTE 1 00eCTieYnBatONi NX BHYTPEHHNI MOMEHT HIIYTCS B BHIE

p(t) = podn(At, k), q(t) = bsn(At, k)
r(t) = roen(At, k), o(t) = ozen(At, k) (3.16)
M, = —C,A(rg+ 0p)snAtdnat

ITocne mopcranoBky BhIpakenuit (3.16) B guHaMmyeckyro cucremy (3.1), 3anmch u pemieHust
anreOpanvecKoil CUCTEMbI, aHAIOTYHOI (3.8), MOXKHO ONpeNieNTh CIeAYIOIIE BeIMINHbI:

b2 _ (Kz(o)_ArO)Kz(o)
- B(B-A)
2
A2 = po(B—AI\S)I((K(z(()()))—Aro) (3.17)
2 = (K,(0) — Ary)K,(0)
PoA(B—A)

B aTom cnyuae ycnosue (3.3) oOecieunBaeT k? < 1, oHAKO He 0GECIEUNBACT TIOJOKATETLHO-
cTH npaBbIX yacreit (3.17) u, ciieqoBaTeNbHO, JENCTBUTENbHBIX 3HAUEHUN UCKOMBIX ITapaMeT-
poB b, A, k.
AHaJOrM4YHO cinyvaro 1) MOXKHO MOKa3aTh, YTO IpH Iy > 0 Bce MCKOMbIE TapaMeTphbl HEHY-
JIeBble U ieiicTBITENbHbIE U K < 1, KOrja BBINOIHSETCS O{HO U3 PaBHOCUIILHBIX HEPABEHCTB:
a <K,(0) <0, Bry<K,0) <P

[7ie BEJIMYUHBI O ¥ 3 BeIunCIeHb! o hopmyiam (3.14), a pu r, < 0 — KOraa BBIIOIHSIETCS Of-
HO U3 HEPABEHCTB

a <K,(0) <-Bfrg, 0<K,(0)<p
I7ie BEIMYMHBI O U 3 BBIYUCIEeHBI IO hopMynaMm (3.15).

B cnyuae (3), korma BeinosasieTcst yenosue (3.4), umeet Mecto paBeHcTBO K= 1. TIpu aTom
smnTryeckue PyHKym u3 (3.16) cBOAATCS K THNEPOOTMIECKIM

_ Po _ _fo
P= g 97 bt T =
(3.18)
% e it
0= g M= CMro* ooy
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3.4) (34)
(3.2) (3.3) (3.3) |( (3.2)
. N A :',(/
B

a 0 Br,

2(0)

®ur. 2

ITopcranoBka (3.18) B ypaBHeHus (3.1) mpuBOgUT K anreOdpandeckoil cucreMe, peueHue KOTo-
poii moBTopsieT Bbipaskenwust (3.17) ¢ Toit pasuuneit, uro k = 1. Benuuuns b u A ipu aTOM SIB-
JSIFOTCS! AEUCTBUTENBHBIMHY, KOT/]A BBIMOJIHSIETCSI OJIHO U3 PABHOCUIILHBIX PABEHCTB

K, 0) = a, K, 0) =8 (3.19)

I7ie BelU4uHbI O U 3 B cnyvae r, > 0 Beraucisirorest o popmyiam (3.14), a B ciyyae ry < 0 — o
¢opmynam (3.15). U3 pemennii (3.18) crenyeT, 4TO ¢ TeYeHINEM BpEMEHH KOMIIOHEHTHI YIII0-
BOi1 ckopoctu P, I — 0,a q - bsign(A), uTo o3HayaeT cTpeMIIeHIe MTHOBEHHO! OCH Bparie-
HUS K OCH CPETHETO MOMEHTA WHEPIUH.

[NonydeHHbIe pe3yabTaThl XOPOIIO WITIOCTPUPYIOTCSI CXeMOIl MHTepBaJioB (¢ur. 2), r7e
IpeJICTaBlIeH cllydait, Korja r, > 0. IIpunss B Busie cBoO60HOM A1t u3MeHeHus1 Benuuuny K,(0)
(unu Bennuuny O, = (KL0) — Cr()/C,) npu puKcupoBaHHBIX 3HAYEHUAX Py U I4(C, = 0) MOXKHO
pasgenuTb obaactu peanusauun ycinosui (3.2), (3.3) unu (3.4). Buyrpu unrtepsana (0, Bry)
HeficTBUTENbHBIE pemeHus OTcyTcTByoT. OTMeTnM, uro napameTp K =0 mpu K,(0) — +oo u B
toukax K,0) = Bry, KA0) = 0. ITpu atom B Touke K,0) = Br, npoekuusi yrioBoii ckopocTu Ha
CBSI3aHHYIO OChb, COOTBETCTBYIOIYIO MOMEHTY MHEPUUH A, MOCTOSIHHA, IPUYEM NapaMeTpbl
ABUKEHUS! M BHYTPEHHUIT MOMEHT OCTAIOTCSl OTPAHNYEHHBIMH B OTIIMYNE OT OCTANBHBIX yKa-
3aHHBIX TOYEK

b° =15, A = py(B-A)IB, 0, = ro(B-C)IC,

p(t) = po, q(t) = bsinAt, r(t) = rocosAt, o(t) = g,cosAt (3.20)
M, = poro(C—B—-C,)(B—A)SnAt/B

3aBucumoctu (3.20) COOTBETCTBYIOT paBHOMEPHOMY BpallleHHIO TMpocTaTta BOKpyr ocu OX,
IIpU AEHCTBUU NIEPUOANYECKOTO BHYTPEHHETO MOMEHTA.

Ilepeiipem K pemennto 3afgauu HapOy [8], T.e. K oNpefeaeHno TPOCTPAHCTBEHHOTO MONIO-
SKEeHWsI THPOCTaTa MO M3BECTHBIM YITIOBBIM CKOPOCTSM. BbiGepeM B KauecTBe HETMOABIKHON
OCH, OT KOTOPO# OTYNTHIBACTCS YTOJI HyTal[1, HEN3MEHHOE HallpaBJICHNE, COOTBETCTBYIOIIIEE
MOCTOSTHHOMY BEKTOPY KHMHETHYECKOro MoMeHTa. Torpa yribl Dfsepa HaxofsaTcs CIeyro-
M obpasoM [21]:

K
cosh = —%, tgd = -A-E, W = [K AI‘?-”L—Bq-—dt 3.21)
K Bq A?p® + b%q’

2 2 2
rae K= J A"py+ (Cry+ C,0()" — Heu3MeHHas BeIMYMHA KHHETHYECKOIO MOMEHTA.

Ha ocnoBanuu (3.21) 3anuieM peleHus Al yrios Jilepa st BceX TpeX 3aBUCUMOCTEN
yroBbIX ckopocTelt (3.6), (3.16) u (3.18); mpu 3TOM B NEpBBIX ABYX ClIydasx yrosl Npeneccum
BBIUUCIISIETCS. KBAAPATypOH OT SJJIMNTAYECKUX (PYHKIMN, a A BbIpaxkeHuit (3.18) ceoguTcs K
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3JIeMeHTapHBIM (PYHKIUSIM. 3aBUCHMOCTH YTIIOB Diljiepa OT BpeMeHH ISt COOTHOIeHMi (3.6)
AMEIOT BUJL

cosb = %(Cr0 +C,0p)dnAt, tgd = %ﬁx
_ o AP+ (BD®— Apy)sn’At i (3.22)
J A%p2 + (B%b® — A%p2)sn’At
Jns cootHomenuii (3.16) UMEIOT MECTO ClIeAYIONIHE 3aBUCUMOCTH:
cosO = l(Cr0 + C,0p)CcnAt, tgp = M
K BbsnAt
ApadnAt + Bb®sn®At (3.23)
AZpidn®At + B’b*sn’At
a s cootHotneHuni (3.18) aHaIOrnyHO MOKHO 3anucaTh
= ﬁ—;—g-?—pgarctgg B—ZEZ\;-T’;Z&%thM§+§%—BIn%%% + const (3.24)

d = [Apy(B°" - A'p)

Pemennst (3.24) cOOTBETCTBYIOT aCUMITOTHYECKOMY IPUOIIKEHUIO ABUXKEHUSI CHCTEMbBI K
BpAIIIEHIIO BOKPYT OCH CPEJHETO MOMEHTAa WHEPIHH; NPH 3TOM YroJl HyTaIlluy CTPEMUTCS K
T2, a yroJy COGCTBEHHOTO BpAIIeHNS — K TT

3ameTnM, 4TO B cilydae AMHaAMHUYECKON cuMMmeTpunl (A = B) rmpocraT coBeplIaeT paBHO-
MepHBIEe BpAIICHUSI COTIIACHO 3aBHCUMOCTSIM, CIEAYIOIINM U3 peleHui (3.6), mprieM B 3TOM
cily4yae yKa3aHHbIA BHYTPeHHUI MOMEHT BbiposkpaeTtcs (K= 0):

p(t) = pgcosAt, q(t) = ppSinAt, r(t) =r, o(t) = g,
k=0 A=Cry+Coy—Arg, M =0

r
YTO TaKXKe CIEeyeT U3 pelICHU . BurtenOypra [4] mnst fuHaMUYeCKH CHMMETPUYHOH CH-
CTEMBI.

ITonyueHHble pe3yabTaThl MOTYT ObITh UCIOJNB30BaHbI B MPUKJIAHBIX 3alauaX MEXaHUKHU
KOCMHYECKOI'O MOJIETa, B YaCTHOCTH, B 3a/laue N3MEHEHNS XapaKTEePUCTUK NTPOCTPAHCTBEHHO-
IO [ABIDKEHMS U IEPEOPUEHTALMU CIIYTHUKOB-TUPOCTATOB. BO3MOXKEH CAEAYIOIIUI alITOPUTM
peleHus 3agaun. B ciydae, Korga COyTHUK-TUPOCTAT HAXOAUTCS B YPAaBHOBEILIEHHOM PEKU-
Me, BBINOJIHSISI CBOIO LEJIEBYIO (DYHKIUIO, OMMCAHUE ET0 ABIXKEHUS IIPOBOIUTCSI HA OCHOBE pe-
meHuit [4]. [Tpu He0GXOANMOCTH N3MEHEHHS XapaKTEPUCTHUK JIBIDKEHNS WX IepEOPUEHTALIN
THpPOCTaT MEPEBOANTCS B HEYPABHOBEUIECHHBIN PEKUM, KOIfla CO CTOPOHBI TeJla-HOCUTENS Ha
PpOTOp NOJAETCsl OfMH U3 YKA3aHHBIX BBIIIE BHYyTPEHHUX MOMEHTOB, KOTOPbIE 00ECIIEYNBAIOT
mepexoy] K ABIKCHHIO, OMCbIBaeMOMY OfHIM u3 petneHwnit (3.6), (3.16) mt6o (3.18). Ipu mo-
CTUKEHUH TPeOyeMbIX XapaKTEPUCTHUK CITyTHUK-TUPOCTAT MEPEXOIUT B PEKUM YPaBHOBEIIECH-
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W2

®ur. 3

HOI'o OIBU2>KCHUS. TpeGyeMble XapaKTEPUCTUKU NPOCTPAHCTBEHHOI'O ABUXKEHUA MOTYT TOCTU-
raThCs IOCPEICTBOM CEpPHU TEPEXONOB Yepe3 pa3MyHble HEYpaBHOBEIICHHBIE PEXXMMBI,
¢opmupyeMble TpeMsl YKa3aHHBIMU BIIAMU BHYTPEHHUX MOMEHTOB.

Hanst nprmepa npusesieM (ur. 3) pe3yabTaThl YACISHHOTO HHTETPUPOBAHMS ISl yIila Hy-
Taliil B CEpUM TIEPEXOIOB Yepe3 YPaBHOBEIIEHHbIE U HEYPABHOBEILICHHbIE PEXKUMBI JBHKeE-
HUSI TEpOcTaTa. PacueT mpoBOMIICS JTTsl CIIEAYOIIMX NHEPLMOHHO-MACCOBBIX TApaMeTpPOB T'H-
pocrara: A=5,B=6,C=9,C, =25 [xr - Mz]. HavanbHbIe ycIOBHS IBUKEHHS, COOTBETCTBY-
FOIIMie TOYKaM Mepexoyia MPUBEICHbI B TabIIHIE.

Pexxmmet 1, 3, 5 u 6 (TOHKHE JTMHAN) MPEACTABISIOT COOOH ypaBHOBEIICHHbIE PEKUMBI, Ha
KOTOPBIX CIIpaBEANIUBEI pelieHns BurtenOypra, a pexxumsl 2 1 4 (HOJTy>KUpHbIE JIMTHNAN) SIBJIS-
IOTCS HEYpaBHOBEUICHHBIMH, Ha KOTOPBIX ClpaBefuBhl pemeHus u (3.6) u (3.16), cooTBeT-
crBeHHO. KOHeuHbIe 3HaUeHMsT KasKIOTo MPEABIAYILEro peskuMa SIBIISIOTCSl HaJaIbHbIMA 3Ha-
YeHUSIMH 181 cnefyromiero. Touku L-Q SBISrOTCS TOUKaMH IEpEX0ofoB MeKy pexkxumamu. B

Tabauua
Do 1/c qo» 1/c ro. 1/c Oy, 1/c | 6y, panm | &y, panm | Yy, pam | A, l/c b, 1/c k
L 3.5 0 1 1 0.989 1.571 0 1.092 3.473 0.984
M 1.307 | -3.222 0.408 0.408 1.347 -3.468 36.591 - - -
N -3.435 0 1.218 0.408 0.962 -7.854 62.866 0.983 -3.431 0.975
P -3.435 0 1.218 0.408 0.962 -7.854 | 150.606 - - -
Q -3.154 1.394 | -1.113 | -0.373 2.121 -7.366 | 174.352 - - -
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Touke L BeimomHsieTcs ycinosue (3.2), T.e. pesKuM 2 COOTBETCTBYET ABIDKCHHUIO C KOHYCOM IIO-
JIOAMIA, COiep3KalM och Z, a B Touke N cnpaBegymBo ycnosue (3.3), moaToMy A peskuma 4
XapakTepeH KOHyC nmononuii, cogepxkamuii ock OX. Takum 06pa3oM, OCPeACcTBOM Iepexofa
2-3—4 ocymiecTBiseTcs U3MEHEHNE MOJIOXKEHUs1 KOHyca nojofuil. [lanee, npu nepexoge ¢ pe-
>KuMa 4 Ha YpaBHOBEIICHHBIN pPesKUM, KOHYC TTOJIOfII BO3BPAIAeTCsl B MOJIOKEHNE, IPU KO-
TOPOM CHOBa cofiepXuT ock Oz, OTHAKO B 3aBECIMOCTH OT MOMEHTa BPEMEHH, COOTBETCTBYIO-
IIero TOYKe NMEepexofia, MOKHO OOeCmeuynTh MO0 BO3BpAIeHHE K MapaMmeTpam 3 peskuma
(Touka P u pesxkuMm 5), 160 OCyIIECTBUTH NIEPEOPUSHTALINIO THpocTaTa (Touka Q u peskum 6).
Bbrixop Ha pexxuM 6 COOTBETCTBYET NEpPEOPUEHTAUH IPOIOJIbHOM OCU Z THpOCTaTa B IIPOTH-
BOIIOJIOSKHYIO CTOPOHY IO OTHOIICHHIO K HemopBIikHOM ocu OZ. YKa3aHHBII pUMEp MOKa-
3bIBae€T BO3MOKHOCTH MCIOJB30BAHMS TIOYUYEHHBIX PE3yJIbTaTOB /ISl pelIeHus 3a7a4 Iepe-
opuentamyyn KA u m3MeHeHns] XapakTEpPHCTHK €ro MPOCTPAHCTBEHHOTO JIBIDKEHUS 32 CUET
MOMEHTOB BHYTPEHHET'O B3aNMOJIEIICTBHS TEJI.

INonydennsle B HacToOAIIEH paboTe pe3ylbTaTbl MOTYT OBITH NCHOIB30BaHbI IJIS1 aHAIN3A
OpOHUTAITLHOTO M aTMOC(EPHOTO ABMKEHMSI KOCMUIECKUX alllapaToB C ABOMHBIM BpallleHHEM
U CIIyTHUKOB-THPOCTATOB.

Pa6ora BrimonHeHa npu mogaepkke Poccuiickoro ¢oHga pyHIaMeHTaNBHBIX UCCIEIOBa-
Huit (mpoekTsl 03-01-00151, 04-01-96500p) u ITporpammer Ilpesuaenra PP mo momaepskke
MOJIOfIBIX YUEHBIX U BeAYIIMX Hay4yHbIX IIK0J Poccuiickoit Penepanun (MK-2263.2004.8).

CITMCOK JIMTEPATYPBI

1. XKyxosckuii H.E. O [BUKEHUU TBEPAOTO TeJa, MMEIOLIEro MOJIOCTH, HAIOJTHEHHBIE OTHOPOJHOM
KaleJabHOU XUIKocThio. M.; JI.: I'ocrexusgar, 1931. 142 c.

2. Moucees H.H, Pymanuyes B.B. [luHaMuKa Tena ¢ IOJOCTSIMU, COlep>KalllUMU XXUAKocTb. M.: Ha-
yka, 1965. 439 c.

3. Pymanyes B.B. O6 ycroitunBocty ABIKeHui rupocraTtos // [IMM. 1961. T. 25. Bem. 1. C. 9-16.

4. Bummenbype . JunaMuKa cHCTeM TBepAbIX Tesl. M: Mup, 1980. 292 c.

5. Xapaamos I1.B. Jlexuun no auHaMuke TBepporo rena. HoBocubupcek: M3a-so Hosocub. yu-Ta.
Y. 1, 1965.221 c.

6. I'opp I'.B., Uaroxun A.A., Kosaaes A.M., Casuenrxo A.5l. HenuHeHbIN aHAIU3 TOBECHUS Me-
xaHn4yeckux cucreM. Kues: Hayk. nymka, 1984. 287 c.

7. Xapaamosa E.H., I'opp I''B. O Ge3HyTallMOHHBIX JBUKEHUS TBEPAOTO TeJa, UMEIOIIEro Helo-
ABIKHYIO TOUKY // MexaHuka TBepporo tena. Knes: Hayk. gymka, 1976. Bemm. 8. C. 23-31.

8. Kownsaxos B.H. 3ajaun {HHAMUKH TBEPAOTrO Tejla W MPUKIATHON TEOPHUU THPOCKONMOB. M.:
Hayka, 1985. 286 c.

9. Cmpuvieun B.B., Cobones B.A. BnusiHue reoMeTprUueCcKUX U KUHETHYECKUX MapaMeTPOB U JUC-
CHUIIAI[IM SHEPTHUU Ha YCTONIMBOCTH OPUEHTAIMN CIIyTHUKOB C IBOWHBIM BpameHueM // Kocmmy.
ucciaenoBanus. 1976. T. 14. Ne 3. C. 366-371.

10. Cmpuwieun B.B., Co6oaes B.A. Paznenenne IBUKEHUI METOIOM HHTETPAIBHBIX MHOTOOOpA3HI.
M.: Hayka, 1988. 256 c.

11. Volterra V. Sur la theorie des variations des latitudes // Acta Math. 1899. V. 22. P. 201-358.

12. 3apgaum crabunu3anuu cocTaBHbIX cnyTHuUKoB. / ITox pen. B.B. Beneuxoro. M.: Mup, 1975.
206 c.

13. Pymanuyes B.B. O6 ycTOMYMBOCTH BpallleHUS TSAKEIOTO TMPOCTaTa Ha FTOPU30HTATBHON MIIOCKO-
ctu // U3B. AH CCCP. MTT. 1980. Ne 4. C. 11-21.

14. Heun E.A. PazpeneHne nepeMeHHBIX B 3ajaue O ABMXeHuH rupocrata // Bectauk MI'Y, Cep. 1.
MaremaTuka, Mexanuka. 1985. Ne 3. C. 69-72.

15. Opewkuna JI.H. O6bequHeHue BYX 3aiay AuHamMuku TBepproro tena // U3s. AH CCCP. MTT.
1986. Ne 5. C. 36-43.

16. Axva X.M. HoBble MHTerpupyeMble cllydal 3afadd O ABMXKeHuH rupocrata // Becrn. MI'Y.
Cep. 1. Maremarunka, mexannka. 1987. Ne 4. C. 88-90.

17. Hetiwumaom A.H., [Iusosapos M.JI. Ilepexop yepes cenapaTpucy B JUHAMUKE COYTHUKA C IBOM-
HbIM BpamenueM // IIMM. 2000. T. 64. Bein. 5. C. 741-746.

54



Mexanuxa meepdozo meaa, Ne 4, 2006

18.

19.

20.

21.
22.

23.

24,
25.

bopucos A.B., Mamaes H.C. [lunamuka tBepporo tena. Mocksa-Mxkesck: PX], 2001. 384 c.
Acaanos B.C., [lopouwun A.B. Crabunusanysi cycKaeMoro ammapata 4acTHYHOH 3aKPYTKOM
NIpH OCYLIECTBIEHUN HEyIpaBiseMoro cmycka B atMmocdepe // Kocmmu. nccnegosanus. 2002.
T. 40. Ne 2. C. 193-200.

Acaanos B.C., Jopowun A.B. [IBUXeHUEe CUCTEMbI COOCHBIX TeJ NepeMeHHOl Macchl // [IMM.
2004. T. 68. Beim. 6. C. 999-1009.

Lyxeoavy H.H. OcHOBHOH Kypc TeopeTudyeckoil Mmexanuku. Y. 2. M: Hayka, 1972. 332 c.
Toaybee B.B. Jlekuuy 1Mo MHTETPUPOBAHMUIO YpPaBHEHUN ABUXKEHUS TSKEJIOrO TBEPAOro Teja
OKOJIO HEMOABMXKHOM ToukHu. M.: ['octexuspar, 1953. 288 c.

Acaanos B.C. IIpocTpaHcTBeHHOE IBUKEHHE Tella IpH ciycke B atMocdepe. M.: duzmatiurT,
2004. 160 c.

T'oaocmenin I'. Knaccuueckast Mexannka. M.: Hayka, 1975. 415 c.

Jlam6 I'. Teopetnueckast Mmexanuka. T. 3. M.; JI.: 'nas. pen. o6meTexH. aut-pe1, 1936. 296 c.

Camapa [TocTynuna B pegakyuto

23.05.2005

55



