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K TEOPHUH I'MPOCKONMYECKOTO MAATHUKA

A. 0. "mauBCKHH

(Hues)

B crarhsx aBTOpa 1, 2] paccMaTpPMBAJIACEL 3aaTU O JBMKCHANM (U3MIECKOr0o MAaATHH-
Ka W JABYXPOTOPHOrO THPOCKONMYECKOr0 KoMnacal mOpHM TPOH3BOJILHOM [ABHKEHUH HX
TOUKHM HOjiBECA [0 NOBEPXHOCTM 3eMJIW, MPUHAMAaEeMOu 3a cdepy.

Kak oKa3ajgoch, mapaMeTphl (pM3MuecKOoro MagTHMKA X HAYaJIbHGLIe 00CTOATEJILCTBA €r'o
[BAKeHAA MOryT OhITH BHOpaHHI TaK, 4TO NPAMasd, COeJMHAKDIAad TOYKY MOJABECA MAATHM-
Ka ¢ ero MeHTPOM TsKecTH, OyjeT IOCTOAHHO TIIPOXOMUTH 4Yepe3 NEeHTp 3eman.. To4ynHO
TAKUM e cBOUCTBOM 00J1aJaeT YYBCTBHTEJILHEIM 3JIEMEHT J[ABYXPOTOPHOI'0O THPOKOMIaca,
ecJI COOTBETCTBYIOIMM o00pa3oM BuiOpaTh ero napaMeTpel M HavaslbHble 00CTOATEILCTBA
ero ABHIKEHMA.

KpoMe TOro, CyMMapHH# COOCTBeHHHIM KWHETHYECKHAUX MOMEHT IHPOKOMNACa B 9TOM
cIydae OKa3LIBAeTCsl BCerla MNCePNeHJAKYJIPHHM K HANPaBJICHUIO CKOPOCTA [BMKCHH
TOYKH T[OjBeca OTHOCHTENLHO HeBpamamieucs cepul S ¢ TeM ke

o

MeHTPOM M TeM jKe pagmycoM, uro ®H Jemus (¢ur. 1); BeamyuHa z° q

YIOOMAHYTOH CKOPOCTH CBS3aHA MPOCTHIM TPUTOHOMCTPHYECKHM COOT- H

HONIEHMEM C YIJOM MEMIy OCAMH COOCTBEHHOI'O BpalleHnus I'EPO-

CKOMNOB. ¥ x*
YxazaHHRIEe CBOMCTBA MMEIOT MeCTO, pasymeercsa, JIMIWUb IpA | R \b

OTCYTCTBHHM TPEHHs B TOUKe IOJBeca, a JJif TUPOKOMNaca — 4 B 0CHAX

KOKYXOB T'MiPOCKOUOB. p

Bonpoc 0 TeOpeTHYeCKOUM BO3MOMKHOCTH OCYMIeCTBIEGHUA IORO00-
HEIX QU3MUECKHX MAATHMKOB ¥ TI'HPOKOMONAcOB OBIJI B TOH HJIM HHOH
Mepe IpeAMEeTOM MCCJIC[JOBAHMM MHOTHX aBTOpPOB, HavYmHasg C Qur. 1
M. Ilynepa (3. Onmako, kak HaM KasKeTcs, 3TOT BOIPOC TAK ® HE
Onls1 pemied B camoM o0mieM ciyvae ¢ HalieKamen creneHbio crporocrm. Ilpmamna 3AKIIIO-
yajiach 9amie Bcero B TOM, YTO JBHI)KEHHE TOYKHM IOJBeca paccMaTPUBAaJIOCh IO OTHOIICHHIO
Kk 3eMie, HajWude BpalleHHs KOTOPOM 3HAYHUTENILHO YCJOMKHAJIO YpaBHEHWS [IBUIKEHHS.
Kpome Toro, y4er cmj MHepOHMH MEPEHOCHOrO ABHKeHWs He BCerja NPOM3BOAMJICA TOYHO.

Beegenme B paGotax 1 2} ynomamyroin Brme neBpamaiomeiica cepul S, a TakKe IIO-
CTyHaTeJbHO MepeMemaiomenca MCXOJHOM CHeTeMBl KOODAWHAT £', n, U ¢ HaganoM
B TOuKe uoaseca (H3WUECKOro MAATHAKA (MM COOTBETCTBEHHO JIBYXPOTOPHOIO TI'HPOCKO-
IAYeCKOTO KOMIACA) VIPOCTHIIO MCCIIEIOBAHUA M CHeJIajI0 Pe3yJbTaThl MX B 3HAYMTEIILHOW
Mepe ACHLIMH. *

HecmoTps Ha Hasnmume 0oOCTOATENBLHOIO McciieoBanmsa b. B. bynraxosa 131 apamormuno
00CTOHUT (eJI0 M ¢ TeopWeld T'MPOCKONMYEeCKOro MasgTHHMKA. [ljda CTpororo M3JoKeHms 3TOro
BOIpOCA, YeMy ¥ MOCBAINIEHA HACTOAINAS CTaTbA, MOMHO BOCHOJIb30BATHCA METOJaMH, BBe-
nemauMu B paborax [ 2); xpome Toro, Heo0X0IMMO dYeTKOoe pACCMOTPeHMe HTPH CHJY
B KapJaHOBOM IIOJBece POTOpa F'HPOMAATHHKA, UTO TaKHe paHee O0CTaBajdoch 0e3 BHHMaHUA.

1°. JlaguMm mpefBapuTeILHO B PAMKAX IPEleCCHOHHOM TEeOpPUA TI'HPOCKOIOB
BEIBOJ, OOIMMX ypaBHEHWI [IBMKEeHHWs OCH THMPOCKONAa, pPOTOpP KOTOPOro IOA-

1 TlocnemHsas 3ajada pacecMaTpuBajlach B paMKax ITPemCcCHOHHONM  (37IeMeHTapHOH)
TEOPUM T'HPOCKONOB.
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BeIleH B KapaaHOBOM mopasece (¢ur. 2). Ilommunamkm ocw BHemHero KoJiabna
S9TOr0 TMOJBeCa pacCHoJIO}KeHBl B TeJlé HEKOTOPOro IOABMKHOI0 OCHOBAHNA.
BryTpennee konpno nogBeca KOHCTPYKTHBHO MOKeT WMMETh, B 4YaCTHOCTH,
¢opmy KOKyXa, B HOANIANHAKAX KOTOPOr0 BPAMAaeTcsa POTOP TMPOCKOLA (Qur. 3).

QDur. 2

CemxeM ¢ OCHOBaHMEM, BHEIIHAM KOJBIOM M BHYTPEHHAM KOJIBIOM
(KOKyXOM), COOTBETCTBEHHO TpH cHCTeMH Koopammat &G, &m,%,, 'Y’z ¢ 00-
mMUM HA4ajiOM B INEeHTpe KappanoBa noaseca. Ocm & m £ HampaBmM mo ocm
BHEIIHEr0 KOJIbLA, OCH 7); HM ¥ — IO OCH BHYTpPEH-
Hero KoJipna (Kox<yxa), a OChb z'— II0 OCH POTOpa
IMPOCKOIA.

BBegem yron « moBopoTa BHEmHEro KOJIBIA
OTHOCHTEJIbHO ocHoBanma (¢pur. 4). Ilpm « >0 cu-
cTeMa §,7,(; IOBEepHyTa HIPOTHB CTPEJIKA YacOB OTHO-
CATEJILHO CHCTeMHl KooppamuHaT &v{, eciam HaOI0OIaThH
34 OBOPOTOM CO CTOPOHHI HOJIOKMTEJILHOM YacTH OCH
t(¢;). AmnanormuHo BBefieM yroi [ IOBOpPOTa BHY-

@mr. 4 TPeHHEro Kojbla (KOKyXa) OTHOCHTEJIILHO BHENIHEro

KOJIbIla KapjaHoBa noapeca. UTHOCHTEIbHBIE YTJIOBBIE

cKkopocTH do /di m df/dt BpameHmsa cMcTeMB KOOpAMHAT &;7;0; OTHOCUTEIILHO

EvC m cumcreMn z’'y’z’ orHocmTenwvHO &,v,0; Hanpasnenw (¢ur. 4) COOTBETCT-
BCHHO 1o ocaMm & (¢) m 7, (¥).

O6Gosnaumm uepe3 o'y, 'y B ', TPOEKOAH YIJIOBOM CKOPOCTH BHYTPEHHEIO
KOJblla OTHOCHTEJBbHO CHCTeMBl KoopamsuaT &°7°(* (T. e. OTHOCHTENBHO HeNo-
IBIKHBIX 3Be3[]) HA OCH CBA3aHHOM C HMM CHCTEMBl KoopjamHat z'y’z’. Itm
IPOEKIMA MOryT OEITH BHIpaKkeHhl (QHUr. 4) uepes YIJIOBYIO CKOPOCTh OCHOBA-
HUA U B yIVIEL « B 3 DOCpecTBOM (opMyit

: : . d
co’x,=ugcosﬁ—l—unsmocsmB—uz;cosasmp+£cos
o, =uU,cosx + u sincac-{—?d—B (1)
vy — ¥ G di
» L 3 d L
®’',; = Ugsin p — u, sin a cos B 4 uy cosx cos B - -&%sm

30ech Ug, Uy U Uy — IPOEKNUU YIJIIOBOM CKOPOCTH OCHOBAHMSA OTHOCHTEJILHO
TOX jKe CHCTeMBl KoopAmHAT £*v*(* Ha ocm cmcreMnl KoopmumHAT E7MC, 3KECTKO
CBA3aHHOM C OCHOBaHWeM (¢ur. 4).

2°. O603Ha9UM CyYMMBI MOMEHTOB CHJI BO3[EeMCTBUS OCHOBAaHWs HA BHEIIHEe
KOJILIIO IIOfiBeCa OTHOCHTEJIbHO Oced &, mM; M {; cooTBeTCcTBeHHO uepes Kg,
K, m Ky. Begem pnanee o6osmavenmst L,, L,, m L, §Ona cymMM MOMEHTOB
CHJI BO3[EUCTBHA BHEIMHEIro KOJbIa HA BHYTPEHHE® OTHOCHUTEJLHO Oce ',
y’ m z’. Hakonen, wepes M,, M, u M, 0003Ha4uM CYMMEI MOMEHTOB CWJI
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BO3JefiCTBEA BHYTPEHHEr0 KoJpna (KOKyXa) Ha PpOTOP T'HPOCKONa' OTHOCH-
TEJIILHO Tex ke oced z', ¥y’ u z'.

Yepes kg, kn, B ky, 0003HAaYAM CYMMEI MOMEHTOB OTHOCHTEIHHO COOTBET-
CTBYIOIMIAX OCEH CTOPOHHMX CHJI?, NPHJIOKEHHKX K BHEMHEMY KOIbIY, dYepes
ly, 1y m 1 — K BHyYTpPeHHEMY KONbIY (KOMKYXY) H 4epe3 My, My T My —
K POTOpY.

B umcno ¢y, HenoCPEeACTBEHHO AelCTsyIOmMWX Ha 9JIeMEeHTH MacChl BHEMI-
Hero KOJbIa, BHYTPEHHETO Kojbha (KO/KyXa) W pOTOpa cjie/lyeT BHJIIOYHTD
cHAEl WHepUWH (IePEeHOCHOTO JBH:KeHWA W KOPHOJMCOBH CHJIHI), 00YCJOBJIEH-
gele ABUKEHAEM CHUCTEeMbl KOOPAMHAT, OTHOCHTEJILHO KOTOpOM H3yuaeTcA JBH-
)KeHHe THUpocKona. Takxofi cucTeMOd B JaHHOM cjiiydae BhIOpaHa cHCTEMA
xoopruuaT £°4°C", 0 KoTOpO#l OBIIO YHOMANYTO BHIMIE.

Tax Kak p#ajJbHENInme NCCIeNOBaHMA IPOBOJATCA B paMKax mpenec-
CHOHHOM (3JIeMEHTapHOI) TEOpHM THPOCKOIOB, TO KHHETHYECKHE MOMEHTHL
KoJlel] KapjaHOBa TOJBeca B MX [(BUKEHHAM OTHOCHTEILHO HCXORHOH CHCTeMHI
KOOPAMHAT (B HameM ciydae chcTeMHl §&'7°(") moryr He yymrhBatbed. Hak
cliefCTBHE 9TOr0 II0jIaraeM PAaBHRIM HYJI0 TIJIaBHEIM MOMEHT CHCTEMEI CHII,
NPUJIOKEHHKX K BHEIIHEMY KOJbIy. TOYHO TaKMM jKe CBOMCTBOM [OJKHA
HaleNATHCA CHCTeMa CHJI, MPHIIOKEeHHHX K BHYTPEHHEMY KOAbIy (KOMYXY).
ITenTpoM npuBefieHNA CHJI B 000MX CHIydasX JOJIKEH
ORITHh HEHTP KapAaHOBa HOJBeca.

PaBeHncTBO HYJII0O CYMM MOMEHTOB BCeX CHJI, e~
CTBYIOIAX HAa BHeMHee KOJIbIO0, OTHOCHUTEJIbHO KaiK-
MOA m3 oced &, 7; ¥ (; UPUBOSUT K ypaBHEHUAM

Ky + ke, — Lg, = 0

Ky, - kn— Ly, =0 (2)
Ky + ky,— Ly, =0
B sTm ypaBHeHHA BXOXAT CYMMBI MOMEHTOB BO- Qur. 5
Kpyroceil &, m; ¥ {; CHI BO3MEHCTBAS BHYTpPEHHETO
KombIA (KOKyXa) Ha BHemHee, o0o3HaueHHBe wepesd — Lg, — Ly ¥ — Lr,.

Ha ocnosanmz 1II 3axoma Hploortona onm cBA3amH (¢ur. 5) ¢ MomeHTaMd Ly,
L, u L, cun Bo3feiicTBAA BHEIMHEro KOJbIOA Ha BHyTPeHHee (KOMYX) COOT-

HOIIeHuAMHA

Lg, = Ly cosB -+ Ly sin
L711 Lyf (3)
Ly, = — Lysin + L, cos

VpaBHeHAA paBHOBECHs BHYTPEHHero KojibIa (KOJKyXa) KapAaxoBa IOJ-
Beca B CBOIO Oodepefb HMMEIOT BHI:
Ly 4 Ly — M =0
Ly+1l,—M, =0 (4)
Ly+1ly—My=0

d

1 B HeKOTOPHIX CIydaAX (HanpmMep, B rHPOCKonmYecKoM mnpumbope O6pu) mMeroTCA
CHIIE B3aWMOJEHCTBASA MEKAY POTOPOM W BHEIUHMM KOJIbOOM. lX y4eT INpHBOAHNT K He-

60JIBIIOMY YCJIO}KHEHWIO NOCJIeNYIOMnX BHIKJAIOK.
2 To-eCTh He ABIAOMAXCA CHJAMHA B3aMOJEUCTBWA MEXIY TeJlaMW, BXOIAIIHMHA

B COCTaB MEXaHNYeCKOM CHCTEeMhl TUPOMaATHHKA,— POTOP, BHYTpeHHEE KOJIbIO (KOIKYX)
1 BHeIlllHee KOJIbII0 KapJAaHOBa IioJBeca. |
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3mecy Benmumupl — My, — M, m — M. — COOTBETCTBYIOIIYC CYMMEI
MOMEHTOB CHJI BO3JEUCTBHUA pOTOpa TI'MPOCKOIA.

UckmounMm 1mocpencTBoM cootHomeHnid (3) Benmumusl Lg, L, M Ly, KO-
TOphle BXOAAT B ypaBHeHHA (2). llomyumm

Ke + ke = LycosB+ Ly sinp
K'fh + k"h — L'U’ (5)
Ke +ky =— LysinB 4 L, cos8

Ilna panpHeimero cyliecTBeHHOE 3HadeHHe HMMeIOT BHpamennd M, n M,
IS CYMM MOMEHTOB OTHOCHTEJIBHO ocel X' M ¥y’ CcWi BO3JCUCTBHA BHYTPEH-
Hero KoJjbna (Koskyxa) Ha porop rmpockona. (CoBMeCTHO ¢ HeH3BeCTHBIMH
K,, K¢, Ly m L, WX MOMHO ONIpeJeJuTh, NOJIb3yACh YypaBHeHUAMH (4)
n (0).

Benwunusl K, m Ky upepcraBiasiorT co00H CyMMBI MOMEHTOB OTHOCHUTEJILHO
ocell 7; M {; cHJI HOPMAJILUBIX PeaKkOVU B NOJINIANHHKAX BHeEMHEro KOJIbIA.
Anajoruuno cymme L, n L, o0pa3yioTca 3a cYeT HOPMAJIBHBIX peakIuy
NOAIIAIIHMKOB BHYTPEHHETr0 KojbHa (KO}iyXa). OHAHME CHII peakOuM MO;KeT
OKas3aThCsd, HaIpuMmep, NOJIe3HBIM [JIst ompefesieHMsa CHJI TPeHHWA B IOAIINIT-
HAKaX II0jBeca.

Paspemum vypaBuenus (4) U (o) OTHOCHTEJIbHO Bemwmuund K., Ky, L.,
Ly, My u M,, cunrtag ocrajpusle, T. ¢. kg, ky, ke, Iy, ly, Ly, K, Ly
u M,, rar OB 3agaHHBIMH. liMmeem

Ky = —kn + L,
K. = — kg — (K¢, 4+ kg,) tg B + (M — 1) sec

Ly = (Kg, 4 kg)sec — (My— 1) tg 8

Lo— — 1, + M, | (6)
My = Ly 4 (Kg, + k) secB — (M — L) tg]
My =1, + L,

Cnenyer oOpaTuTh BHAMaHMe Ha TO, KaKUM 00pa3soM BXOOUT B COCTaB
Boipaskenusa M,, cymma kg, MOMEHTOB OTHOCHTCJIBHO OCH ¢; CTOPOHHMX CHJI,
HEeNOCPECTBEHHO NPHJIOMKCHHBIX K BHEMHEMY KOJIBILY, a Tak:ke cymma Kg,
obpasyeMasi CHJIaMH TPEHHWs OCH BHEIIHETO KOJIbIla U CUJaMU B3aHMMOJEHCTBUA
OCHOBAHUA M KOJbIA, CTPEMAIMUMUCA IOBEPHYTh BHEIIHEC KOJbLIO OTHOCH-
TEeJBLHO OCHOBaHMA.

Hepepxo 3mecs pmomyckaioT omubOKy, HENOCPEACTBEHIO IPOEKTHUPYS MO-
mentsl Kz m kg Ha ock 2, 3a0biBasg, 4TO OHM NPHUJIO}KEHBI HE K BHYTPCHHCMY
KOMBILY (KOJKYXY), @ K APYIOMYy TesJy—K BHeHIHeMy KoJbIy KaplaHOBa IOJ-
Beca. B pesyabrate B cocrap Beipayseuus M. Benuuunnl Ky u kg BXOIAT
¢ MHOKHTeJieM cosf, uTto, pasymeercsd, Hepepno. llo-supumomy, »sTa YacTo
BCTpeYalomascs omnoOKa ocTajiach He3aMeueHHoil BeJaeIcTBAEe TOr0, 4TO YIoi §B,
Kak II['aBHJIO, IPEAIOJIarajcd MajbiM H €Os 8 cpasy ke 3aMeHAJICA eNUHHIEH.

B o6GpasoBanmm M, yuactByer Ttarke (npu $==(0) cymma [/, MOMEHTOB
OTHOCHUTEJIHHO OCH poTOpa 2z’ CHII, HeIIOCPeACTBEHHO NPHJIIO;KEHHBIX K BHYTPEH-
HeMy KoAbpIy KapAaaHosa mojaseca, M cymma M, MOMEHTOB CHJ BO3[IeUCTBUA
9TOr0 Koablla Ha porop rupocroma. llocnegnee 00CTOATENBLCTBO Ha HEPBBIU
B3TJIA], KaKeTcA HEOKNJaHHEIM.
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3°. OdparmMca Temeph K YPaBHeHHMAM [BH;KeHUA poropa. B coorBercTBHH
¢ TIPeNecCMOHHOM Teopmeill THPOCKONOB KWHETHYeCKWMA MoMmMeHT potopa £
cumTaeTcs HAUpAaBJIEHHKRIM IO ero COOCTBEHHOM OCH BpAIIeHHsA W DaBHEIM
NPOU3BEJeHNI0 MOMeHTa wuHepnunm poropa C OTHOCHTEJIPHO BTOM OCH Ha €ro
yIJIOBYIO CKOpPOCTh 1, T. €.

H=0Cn | (7)

CTporo roBops, 10 BeJUYMHOH 72 cjeflyeT HOHMMATh IMPOEKIUIO HA OChH
poTOpa ero yrjoBOil CKOPOCTH OTHOCHTENIbHO HEMOABEIKHBEIX 3Be3n. OmHakKo
M3-3a YPEe3BBYAHO OOJILIION BeJMYMHBI TaK HA3bLIBA€MOl COOt TBEHHOM YTJIO-
BOII CKOPOCTM POTOpa, T. €. ero YIJIOBOW CKOPOCTHM OTHOCHUTEJIbHO BHYTPEH-
HEero Kojibla (KOsKyXa) IO CpaBHEHHIO ¢ YIJIOBOM CKOPOCTBIO CaMOI0 KOJIBIA,
MOKHO HC JellaTh pAa3iinyMAd Me}<[Ay BCJIMYMHOW n U YHOMAHYTON COOCTBEH-
HOU yTJIOBOM CKOPOCTBIO.

PacemorpnM cropocTh Komnma BeKTopa /7 OTHOCHTEIBHO CHCTEMbl KOODJAMHAT
¢*q*(*, cumras, 4YTO ero HAuajJo COBIAjfaeT ¢ Hadajiom »T1oil cucremsl. He-
TPpYAHO BHACTH (pur. 0), 4TO HPOEKNUH ITOH CKOPOCTH
Ha OCH CHUCTEMBL Koopiunat x'y’'z’ IpencTaBidiOTCA
BBIpaKelnsAMuU

o' H — o' M, dH /di¢ (8)

rge o'y, o,y U 0y, KaK YyKe yIOMHHAJIOCH BHILIC,
ABJIATCH TPOCKUUAMHI HA OCM Z'Y’'z2" yrJI0oBOH CKOPOCTH
BHYTPEHHEI'0 KOJIBIA (KOKyXa) OTHOCHTEJILHO CHCTEME
KoopxuHaT & ¢ . Hak M3BecTHO IO 3aKOHAM MeXaHWKH,
BEIpakeHuA (8) COOTBETCTBEHHO PaBHEI CYMMaM MOMEHTOBR
CHJI, JAEUCTBYIOUNX Ha pOTOP OTHOCUTEJIBHO TeX ke oceu z', y' m 2z’, T. e.

Qur. 6

dH
dt

&)’ny —_— mxr"i"fo, E— O)’er — my: —l— ...Myr, — mzf + M:! (9)

3aMeTUM, UTO BeJIMUYMHA M, IpeacTaBisgeT cOOOH, KaK NIPABHUIIO, MOMEHT
TOPMO;KCHHA POTOpPa €O CTOPOHBI BHEINHEINl CpeAbl B cliydyae OTCYTCTBHS, Ha-
IpUMep, TepMUYECKH 3aKpHITOro Koxyxa. Benmuwmna M, cnaraercs m3 Mo-
MenTa TpeHusdA (KaKk B IOJNIMIHMKAX, TaK U Yyepe3 cpefy) poTopa O BHYTPeHHee
KOJBIO (KOMYyX) M MOMCIITA, BpAaUaIONIero pOTOp; dalle BCEro IMOocjie HUM
SIBJIAETCS MOMEHT, Pa3BHBaeMbIH MArHUTHBIM IIOJIeM CTaTopa, 3eCTKO CBA3aH-
HOTO C KOMYXOM. ‘

Jamenssa B paBenctBax (9) Boipaskenmsa M, w M, corjacHo ABYM IO-
cienunMm ¢gopmyiam (6), mosydaem cleqyoliue ypaBHEHUA JBUKEHHA POTOpa
rUPOCKONa IpH HAJMYNHA KapaaHoBa IIOJ[Beca:

o' yH =my + Lo+ (Kg, + ke )sec B — (M, — 1) tg 8
—_—— (O’JC’ H e my, -—l— ny + Lyr (10)
dH/dt:mz;—l—sz |
Coornomenusa (10) ppum ydere d¢opmyn (7) m (1) mpencrasisaoT cobou

COBOKYIHOCTH TpeX AuQepeHmUAILHEIX YPaBHEHMMU, COJep:KalidXx TPH HMCKO-
mble QyHKOoW Bpemenm « (i), B () m n(?).
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4°. Ilpum mcciegoBaHME TEOPAM THPOCKONMHUYECKOI'0 MAATHHKA IpHMEM, Y4TO
CHNIH TPEHHA B OCAX KapjAaHOBa IOABeca OTCYTCTBYIOT, pPaBHO KaK OTCYT-
CTBYIOT M CHJIBI B3aHMOMEHUCTBHA, CTpeMAInHMecsd NIOBEpPHYTH BHEMHee KOIIbIO
OTHOCHTEJILHO OCHOBAHHA H BHYTPeHHee KOIbHO (KO3KYyX) OTHOCUTEJIbHO BHEII-

HEero, T. €.
KEJL:L'U":O (11)

Ilaymee, ecnm cumTaTh, 9TO POTOP BparjaeTcsad B 3aKPHTOM KOMKyXe C IIO-
CTOAHHOH YIJIOBOM CKOPOCTBIO 1, TO

my = 0, My =0 (12)

IIpmmMeMm, HaKOHem, 4YTO CTOPOHHHME CHJIEI, HIPHJIOMKEHHEIe K BHEIIHEMY
KOJIbIY, He CO3MAIT CYMMAapHOI'0O MOMEHTa BOKpPYI OCH 3TOro KOJIbHA §;, a
CHJIBI, IPHJIOKEHHBIe K BHYTPeHHEMY KOJbIYy,— OTHOCHTEJIbHO ocH 2z', T. e.

ke, = 0, Iy =0 (13)

B npakTmuecKMX ycCJIOBHAX 3TO O3HAYaeT, YTO BHEIMHee KOJbOO YpPaBHO-

BeIIeHO, a IEeHTP TSAKeCTH BHYTPEHHEr'0 KOJIbIA JISKHT Ha ocH 2z', T. e. Ha

OCH POTOpa THPOCKOIA.
[Ipn cmenaHHBIX uwpepnonoskeHAAX ypasHeHusa (10) smaumTensHO ympomia-

JOTCS H CBOJATCA K BHUAY

Wy H = My + Ly, — O H = my 1 (14)

rae H — mocroAHHAsA BeJIMYHMHA.

5°. Ilna panpHeWmiero CymecTBeHHO 3aMETHTh, 4TO BHJ STHX YpPaBHEHHK
COXpaHAeTCA [Jid IPOM3BOJILHOM CHCTEMBl KOODAHHAT XYz, €C/IH €€ HAdajo
TAK)Ke PACIIONIO}KeHO B IEHTpe KapAaHoBa HOfBeca, a OCh 2 COBMAJaeT ¢ OChIO
z’ cucTeMBl KOOpAHMHAT Z'y'z’, MeCTKO CBA3AHHOW € BHYTPEHHHM KOJIBUOM IIOA-
Beca (KOMKYXOM).

TeiicTBuTesipHO (PHr. 7), DPOCKIMH ®y, ©y H ; YTJIOBOM CKOPOCTH TAKOH
CHCTEeMH KOODAMHAT TYz HA ee COGCTBEHHEIE OCH CBA3AHH € IPOEKIUAME Gy,
0w, W Wy YIrJIOBOU CKOPOCTH CHCTEMEl KOOpAHMHAT X'y'z’

’

gy Y :

HA OCH DOCJIeJJHEed COOTHOUIEHUAMU

4 ’ o

Wy == Wy COS Y - Wy SIN Y
- W, = — W' sin 7 4 w,’ cosy (19)
‘ ' ’
2’z * © =,/ + dy/dt

Our. 7 3mecs 7— yroi Mexay ocamm r’ m z; npm 7 >0 cu-

cTeMa KOOpJAHMHAT ZYZ DOBEpHyTa HPOTHB CTPEJIKA YacoB
OTHOCHTEJIFHO cHcTeMH Z'y’z’, ecim HaOno0gaTh 3a NOBOPOTOM CO CTOPOHEI HO-
JIOKUTEJILHOM dYacTd ocd 2z (2).
IlopcraBum B mepsbie ABe GopMyJbl (10) BEIHMIAHE Wy
paBeHcTBaM (14). 3ameuas, 4TO BBEIpayKEHHA

’

A w," COIIacHO

(mxr —J- lxr) COS Y —+- (my: —+ lyr) sin T= My + lx (16)
— (my + 1) siny + (my + L) cosy =my + [,
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MpefCTaBAAIT CO00H CyMMBI MOMEHTOB OTHOCHTEJIBHO OCeHM & @M Y CHII, IpH-
JOMKEeHHKX K BHYTPEeHHEMY KOJbOYy H K POTOPY THPOCKONA, HOJIYy9YAM ypaBHe-
HusA

o H = my + Ly, — o H =my+1, (17)

6°. IlepeiimeM Temeps K OCHOBHOMY BOIPOCY — HMCCJIEIOBAaHHIO IIOBEJeHUA
IrIPOCKONMYECKOr0 MasATHHKA, TOYKA IOJBeCa KOTOPOro mepeMemaercd IPOHu3-
BOJIBHEIM 00pa3oM II0 HOBEPXHOCTM 3eMiH, a cllefloBaTelIbHO, M IO IOBEPXHO-
¢cTH HeBpamamiomencsa chepsl . '

Hak yKe oTMedanoch BHIIE, ABH;KEHHEe OCH I'HPOMAsATHHKA OyJeM HM3ydaThb
OTHOCHTEJILHO cHcTeMHl KooppamHaT £*v*(*, He HM3MeHAION[EU CBOGM OpPHEHTANHUH
I0 OTHOIICHHMIO K HENOABH;KHEIM 3Be3[aM. |

B ypasuenusa (17) BxopgAT JHIOb CTOPOHHME CHJIBI, IPHUJIO;KEHHEIE K BHYT-
PeHHeMY KOJIbIy KapiaHoBa IojBeca (KOMYXy) H K pOTOpPYy TIHpOCKONa; MO-
MEHTHI CHJI PeaKOéil CO CTOPOHHI BHEMHEro KOJIbIla B JTAHHOM CJjydae OTCYT-
crByioT. COrjlacHO 3aKOHAM MEXaHMKH OTHOCHTEJIBHOrO [BH;KEHHSA, B YHCIO
MelCTBYIOIMMX HA BHYTPEHHee KOJIbIO (KOKYX) M PpOTOp CHJI, NOMHMO CHIL
TACOTCHAA, MOJKHE ORITH TAK)Ke BKJIIOYEHEHl CHJIBl HMHEPHUHW HEePeHOCHOro [BH-
JKeHNs W KOPHOJIMCOBH CHJIKI, O0YCJIOBJIEHHEE [BUKCHHEM HCXONXHOM CHCTEMEL
roopauHAT £**C*. OpmmakKo mocjemHme OTCYTCTBYIOT, TaK Kak cmcrTema 5 ("
mepeMemaeTcs mocTynaTeJbHO. OJeMeHTapHble CHUJIH HWHepHnud IepPeHOCHOro
IBI;KEeHIA, OYAYyYMm IO TOHM jKe INpWIMHE DapajljieIbHBIMH, CBOJATCA K eJHH-
CTBeHHOM cumiie (), IPHUIOKEHHOM K oO0meMy IeHTPy
TS)KECTH BHYTpPEHHET'O0 KOJbIa (KO;KyXa) M poTopa TIH-
POCKoOIaA.

OGo3HAYMM Yepe3 w,, Wy M W, NPOSKIAHA HA OCH
T, Yy U Z YCKOpPEHHA IEHTpa KapjgaHOBa InoJBeca I'H-
POCKOIIA, MJIM, 9TO TO ;Ke, CACTeMH KOOpAHWHAT §*0*(*.
B coorBercTBAE ¢ TeopeMaMH MEXaHMKHA OTHOCHUTEIBLHO-
I'0 ABUKEHUs OPMYJIBL

2

Qx = — muwy, Q, = — mw,, Q,=—mw, (18)
Qr*Fx

ompefesigfloT IPOeKIMH Ha Te Ke OCH MCKOMOU CHJIHI
MHEPOUHA IEePEeHOCHOI'0 JBUKEHUA.

Hax m B paborax [1:2], mpeAmosoKMM, 9TO CHJIEL TATOTEHUA K 3eMile dJje-
MEHTAPHEIX YacTUI] KOJIbI[A M POTOpa CBOAATCA K eJHHCTBEHHOW cuie F, mpo-
XOMAIeH depe3 WX OoOIMI MeHTP TAKEeCTH U HaIpaBJIEHHON K HEeHTPY 3eMIId.
IIpumeM, 91O OO IEHTpP TAKECTH BHYTpPEHHEro KoJibHna (KOMKyXa) H poTopa
JIeKAT HA OTpHUHATe] bHOU dacTH och z(z') (T. e. Ha OCH poTOpa) HaA pac-
CTOAHHH @ OT Hadajla KOOpPAHMHAT. Torga B COOTBETCTBHMH C HM3BECTHHIMH (POP-
MyJIaMHA CTaTHRH (CM. Tak:ke ¢Qur. 8) mmeeMm

mx + lx = a(Qy + Fy), my -+ ly = —a(Qx+ Fy) (19)

QPDur. 8

1 Pazymeercsa, ypaBaeHHns (17) moryr OHTH nojiydeHH ¢ 0e3 nprnBeJeHHHX BHIKJIAIOK,

eciii o0paTUTBCA K BEKTOPHOMY XapakTepy cooTHomeHnu (14), corjiacHO KOTOpPHIM BEKTOP
' 4 4

¢ KOMNOHEHTaMn ., W o, , HepOeHJUKYJAPeRn BeKTOPY ¢ KOMOOHEHTaMH m, - [, X

Y
m,,+ |, & MOIYJHn HX MPONOPHAORAJLHEL.
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B stux ¢opmynax uvepes F, m F, 0603HaUCHH NpPOEKIMM cUIBl F Ha ocCH

x u y.llomerasnaa ¢opmynsr (19) B paBenctsa (17), momyunm OKOHYATENbLHEIE
\'PaBHeHHA IBM;KCHMA THPOCKONHYECKOTrO0 MAasTHHKA

Wl = a(Qx + Fy), wyll = a(Qy + Fy) (20)

Ha ocuoBanmu u3JI0KeHHOrO BHINIE HTH YpaBHEHHA CIPaBeJJINBbL IPH
IPOU3BOJILHOM BHIOOpE CHCTEMBl KOOPAMHAT ZyZz C HAYajioM B I[eHTpe Kapja-
HOBA T10iBeCa W OChIO0 Z, HANpPaBJIEHHOM IIO OCH pPOTOpAa, HNPH OTCYTCTBHU CHUJII
Tpenilsd B OCAX IOABECA W YCHUJIMU, CTPeMAIAXCS TIOBePHYTH BHEIIHEE KOJBIO
OTHOCHUTEJILHO OCHOBaHHA.

7°. Beepem tpexrpannuk [laply x°y°z° ¢ BepiumHOi B LeHTpe KapHIaHOBA
nomBseca, pedpo z° Koroporo HopmasibHO cfiepe S, a pebpo z° HampapIeHO IO
BEKTOPY CKOPOCTHM v IleHTpa 1ojBeca (IOJOKeHUe
TpexXrpaHHNKa TeM CaMbIM OIpefendeTcsa OJHO3HAaY-
o). Herpyano yOepgutheca (¢ur. 1), uro npoexnum
YIJIOBOM CROpPOCTH ° TpeXrpaHHUKA OTHOCHTEILHO
CMCTeMBl ROOpAMHAT §*v* * (ujm, 4TO TO ’Ke, OTHO-
CUTeJBhHO HeBpamamwinelca cdepsl S) mna ero pedpa

x°, y° W z° OoupeHesIAITCS paBeHCTBAMU
| .
O O
Wy == O: Wy = B (21)
Qur. 9 Uro ke KacaeTcsa TPOEKIINHA YIOMAHYTOU YIJIO-

BOI cropocTH Ha pedpo z°, TO OHa MO;KeT OBITh IIPO-
W3BOJLHON (yHKUumell BpemeHu (21, Kroropyio ob6o3naumm depesd o(t). Taxum

oOpasom,
(x)zoo — ) (t) (22) .

v (t) =p, () (23)

onpefenaAeTcss Teojle3MdecKi paguyc KPUBH3HBL (. chpepuYeCKOU TPACKTOPUHU

BepPIDMHLI TpeXIpaHHUKA.
[Tpockuum ycropenms BCPIIMHBI TpeXrpaunuKa na ero pedopa z°, y° u z°

BEIpaskaoTesA (21 popmyiamu

2
Wy %—Ui, Wyo == WV, W, = _ZR (24)

[Tonp3ysch HEKOTOPOH TPOM3BOJILHOCTBHIO BHIOOpPA CHCTEMBI KOODAMHAT XYz,
HallpaBUM OCh £ 3TOU cICTeMbl B IIJIOCKOCTH 2X°, COfepsKamieN oCh pPOTOpa
z’ (z) u pebpo z° tpexrpannnka [lapOy (¢ur. 9). Tem campmm och ¥y, Kax
nepuenguKyaApHasd K pebpy z° (x° comepsKUTCs B TIIOCKOCTH %), OKayKeTCA
B IIJIOCKOCTH Y Z°.

O6o3nauuM uyepe3 P yrojl MeKAY OChl0 X U pedpoMm z°, a dYepes U — yrod
MEKIY OChI0 Yy M pedpoMm y°.

OrnocurenbHAA YIJIOBas CKOPOCTH CUCTEMBI KOOPAMHAT XYz OTHOCHMTEJBHO
TpexrpaHHuKa 2°y°z° paBHA reOMeTpPHYECKOW CyMMe OTHOCHTEJILHOH YIJIOBOU
ckopoctu df / dt, umeromeii HanpassieHne pebpa x°, u yrioBou cropoctn db /dt,
HaIllpaBJIeHHOX [0 OCH Y.
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Herpymuo mocTponTh TabJMIY KOCHHYCOB YIJIOB MEKAY OCSAMH CHCTEMEI

OOO

KoopAWHAT Zyz W pebpamu TpexrpaHHuKa z°y°z°. OHa mmeeT BHL:

- -

‘ x° y"" >©
T | cOS ¢ sin O sin ¢ -—c0s 0 sin ¢
q .
J, 0 cos 0 sin 6 (29)
z | sin ¢ —sin 6 cos ¢ L cos 6 cos vy

[Tpu mocTpoenum 3TOH TAOJIMILI MOJIE3HO BBECTH BCIIOMOI'aTeIILHYIO CHCTEMY
rkoopauuat z"y"z” (¢mr. 8), ocb x" KoTopoill coBmajaer ¢ pebpoM x° Tpex-
rpanauka [lapOy, a och y" —c¢ ochio y cucremnl koopauHat zyz. llomokm-
TEJILHOMY 3HAYEHWI0 yrJjia 0 cooTBeTCTBYyeT MOBOPOT BCIIOMOTATEJIBHOM CHUCTEMBL
roopamHaT £"y"z” TMPOTHB CTPEJIKM dYacoB BOKpyr pebpa xz° (ocm z”), ecnm
Ha0JII0laTh 32 MOBOPOTOM CO CTOPOHBI IOJIOKHMTEIILHOM dYactTH ocu x . llpm
>0 cucrema KOOpAMHAT XYz IOBEPHYTa aHAJOTMYHBIM 00pPa3oM OTHOCHTEJIHHO
BCIIOMOTATEJILHOM cHCTeME X"y z” BOKpyr ocu y” (y).

Ncnonssya tabnuny (20), yuuthiBag ¢gopmyasl (21) m (22) u upunumas
BO BHUMAaHHWE CJleJIaHHBIe BHIE 3aMeyaHWs O HANpaBIeHUM OTHOCUTEJbHBIX

yTJIOBRIX cKopocted db/dt m db /di, monydaem caegylomme (GopMyJIBL:

d0
0, = ﬁ— sin 0 sin Y —  cos 0 sin b + o7 COS
: d
Wy = % cos O + wsin 0 d(f . (20)
v d0
w, = — — sin b cos Y + o co< b cosb —}— smu

R

3mech, KaK M paHee, Wy, 0, A 0, — IPOCKIUH YIJIOBOM CKOPOCTH CHCTCMBI
KOOPAMHAT XYyZ OTHOCHTEJILHO HENOJBWKHBIX 3Be3J] Ha ee COOCTBEHHBIE OCH.
Cumna tarorenmsa /' HampaBiieHa mo pagaycy cdepsl & K ee IEHTpPY, T. e.
BJI0JIbL OTpHMIaTesibHOro Hanpasienus z°. CoraacHo tabimne (20), mMeeM clie-

nywomue GOpMYyJIbl:

F,=Fcosbsin, F,= — Fsinb, F.=—Fcosticosd (27)

y
o

IJIA OPOCKIMEA DTOH CHIJIBI HA COOTBETCTBYIOIHE OCH CHCTEMBI KOOPIHIAT XYZ.

[TocpencrBoM Toit ;e Tadaunsl (20) U dopmyn (24) monmydaem [jIs HPOEK-
AU YCKOPEeHWA IfeuTpa HojBeca Ha OCH CHCTEMBl KOOPAMHAT ZYzZ CIeRVIONnine
BBIPAKEHIISA: |

dv v° .
st 4 wv sin 6 sin Y 4 s 6 sin ¢
Wy = = COSY - nos - 5 €O W
2 |
w, = v cos i - - sin i . (28)
W, = de Sin Y — v sin 6 cos u - - cos 0 cos W
Z n}t R

llanee mo dopmynam (18) mHaxoguM nmpoeKmUM HA Te K€ OCHM CUJIBL HHep-
mmu (). llomcraBuM mX BMecTe ¢ BeIpaskeHusAMH (27) B IpaBble 4acTH ypaBHe-
nuu (20). B nepwix wactax ypaBaenmid (20) 3amenmM w, # ®, HX [OpeNCTa-
BJICHHSAMM corJiacHo d¢opmyiiam (26). '
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B pesyapTaTe moiyuymM CJefyOmYyI0 COBOKYIHOCTH ABYX nudpdepermn-
aJbHEX YpaBHEHHM [JIA OTHICKAHHMA MCKOMEIX (yHKOmi BpeMmeHHE 0(¢) m ¢ (f):

(é—sinﬁsin‘{)—mcosﬁsin@ -+ %cos tP)H=
= q [(F—m;)cosﬁsintp——m(j—f cos Y + wv sin 0 sin t{))] (29)
(% cosﬁ—l—wsinﬂ+%)H:a[—(F———nE;)sinﬁ——mmvcosﬁ]

Ecam ma cdepe S 3agaHo JBMKeHHMe TOYKH IOJBeCa THPOMASATHHKA W TEM
caMbiM TpexrpanHmKa [lap0y, To ¢yHKuHR

v = v (i), w = o ()

B ypaBHeHHAX (29) ciemgyeT cudMTAaTh H3BECTHHIMH. laxkuM o00pasoM, COOTHO-
menua (29) npepcraBnAlT co00M NpH CAEIaHHEIX B KOHHOE n. 6° mnpexnoso-
JKEHMAX TOYHEe YPABHEHHWA IBIMKEHHA OCH TMPOCKONMYECKOTO MAATHAKA.

8°. Ilpm upom3BONbHEIX 3aJaHHHX (QYHKOUAX v(f) B ©(l) 1 KOHEYHHX
3HAYeHMAX HMCKOMEIX yrJaoB 0 m ¢ pemeHume ypaBHeHnmii (29) npepcraBiifgeT
3HAYMTeJbHEEe TPyAHOCTH. OQHAKO €C/IM OrPAHAYATHLCA MAJIBIMA 3HAYCHAAMHA
yriioB 6 m O m coXpaHUTH B ypaBHeHHAX (29) NHML YiIeHH IEePBOr0 NOPAKA
MaJIOCTH, TO COOTBETCTBYIOIE ypaBHEHUSH

dO , @ muy? a dv
d—z“‘[“’ T H (F‘ R )]‘P““fimaz

ot (=)o =

(30)

OKAa3HRBAOTCA JIHHEVUHHBIMH AUQPepeHnnalbHEIMI YPABHCHHUAMA C NepeMEeHHEEIME
KO3QpUUUeHTaMH, [ONYCKAIIMAMA HHTEerpHpOBaHHe B KBajApaTypax.
Bocmonbayemes mpeskpge Bcero B ypaBHeHHAX (30) mopcTaHOBKOM

0=—"rv+9 (31)
Ilonyunm B pe3yipTaTe clEAYIOIMYI0O COBOKYHHOCTH YypPaBHEHHN:
dd d
D_py=0, L4 p)s=gq( (32)
rie
2 2 2 1
pO=o+z(F="%), a0 =T (F-"F)—%]r ©@3

Ypasuenua (32) MoryT OHITH 3aMEHEHHl OXHHM, a HMEHHO

X ip(t)y = iq (1) (34)

3nechk y (1)— mopJiesxamas onpejleliIeHNI0 KOMIJIEKCHO3HaYHasA QyHKIOAA Bpe-
MEHH, CBA3aHHAA ¢ HCKOMEIMEH (QyHKumAMH < (f) m () cooTHOmMeHHEM

X (t) = (8) + 13 () (30)

Ob6mee pemeHme ypaBHeHHA (34) mMeeT CIIefyIOIAU BHJ: ~ (36)

t { { !
x@W=Cexp(—i\ptydy+i({ ¢ (&) exp (:{p(1)ar) dtjexp(—i{p (a1
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3HaUYeHHe KOMIJIeKCHO3HAYHOU IPOM3BOJIBLHOM MOCTOAHHON C pemenums (30)
ompejiesisieTCd HAYAJLHBIM IOJIOMKEHHEM OCH THpoMaATHUKA. JlercTBATENBHO,

C =%(0) =8 (0) + % 0) (37)
9°. Ocobmli mHTEpec mpejicTaBiiAeT Caydan
q(t)=0 (38)

9TO, COTJIACHO BTOPOMY paBeHCTBY (33), BOBMOKHO IIPH COOTBETCTBYIOIIEM BHI-
6ope mapameTrpoB [/, m W a IMML TPA NOCTOAHHOM 3HAYEHAHA CKOPOCTH ¥
IBU;KEHNA TOYKH NofiBeca rupoMasTHHKA no cdepe S. llpm manou cropoctH
JIBY}KEHWS TOYKH TIOfABeca OTHOCHTEJIbHO 3eMIH II0 CpPaBHEHWIO, HaNpHMep,
¢ OKPYKHOM CKOPOCTBHIO TOYWEK DKBATOpAa 3eMJIM C HM3BECTHHIM INPUOIHKeBHEM
MOKHO CYHMTATH

F — m};; = mg (39)

rie g — YCKOpPeHHe CHIIN THKEeCTH B MecTe HaXOKIeHHA TI'HPOMasATHHKA.
Ycnosue (38) mpmBOAMTCA Tenepb ¢ ydeToM BTOporo pabeHctBa (33) m (39)

K BHMY ea -
=V (40

T. e. K m3pectHOMYy ycnopuio lllymepa — byaraxosa 31
IIycts ToskpmecTBO (38) OCyIecTBIIEHO W, KpoMe TOro, HavyajhHEIE 006CTOA-

TCJIbBCTBA ABHMHCHHUA TaKOBLI, YTO

+(0) =0, ?(0) =0 (41)
Torga, corsacro ¢opmynam (36) m (38), mMeeM
Y (1)=0 _ (42)
OTciofa B COOTBETCTBHH C PaBEHCTBOM (30) MMEIOT MeCTO TOKAeCTBa
9 (2) _ 0, O (1)=0 (43)

13 BTOpOTO TOW(HecTBa (43) caenyer (¢ur. 9), 9TO OCh Z CHCTEMEl KOOp-
amHEAT XYz #W pebpo x° TpexrpaHHmKa [lap6y cosmagaior. Bexrop ckopo-
CTH BepPIIMHEI TpPeXTPaHHMKA v (TOYKH IOABECA I'MPOMaATHHKA) OTHOCHTEJIBLHO
ceprr S Bampasnen mo pebpy 2°. CmemoBaTenbHO, OCh 2z (OCH pOTOpa T'HPO-
CKOIIa) PacHoJIOKeHA B INIOCKOCTH ¥Y°z°, MEPIEeHAUKYJIAPHOM CKOPOCTH V.

B coorsercTBHE ¢ TepBHIM TOKAECTBOM (43) m paBeHcTBoM (31) mMeem

b = — 'Zav (44)

JTO 03HAYaeT, YTO OCh Z OTKJIOHAeTCA OT pebpa z°, T. €. OT IeOmeHTpPH-
YecKOM BepTHKanm (pagmyca 3eMiid) B CTOPOHY MOJIOKHTEJNHLHOM YacTH Ha-
npaBJieHnss Y~ Ha yroji, DpPONOPHMOHAJBLHBIA CKOPOCTH V.

Tawkmm 00pa3oM, IpHM HW3BECTHHIX BeJIMYMHE W HANPABIeHAH IIOCTOSHHOM
CKOPOCTHA ¥ TeONEeHTpUYEeCKasA BEPTHUKAJIb MOKeT OBITh IOCTpoeHa 0e3 ocoOhIX
3aTpyaHeHui. Tak, HanpmMmep, OOCTOMT AejI0 HA IJOByYeM MasgKe, I'le CKO-
POCTH ¥ paBHA OKPY;KHOM CKOPOCTH TOYEeK COOTBETCTBYIOMEN TNapajliesid 3eM-
JIA W HalpaBjieHa Ha BOCTOK. |

B ciyuae rmpomMasATHEHKA, pacmoJIOKEHHOro, HampmMmep, Ha Kopabjie, I
TIOCTPOEHMS BEePTHKAIM He0OX0JMMO 3HATH, NOMHMO ero Kypca, TakKMe H CKO-
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pPOCTH €I'0 [ABM)KEHHA OTHOCUTEJbHO JeMJId, 4YTO ¢ TOYHOCTBIO [0 CKOpPOCTH
TedeHnsa obecmeumBaercda jaroM. llpm sTom cumraercsa, d9ro ycsaosue (38) co-
OJII0HaeTcA ¢ JJOCTATOYHOA CTEeIeHBLIO TOYHOCTH.

Ecnn nauasneaeie ycioBma (41) He BhinonHeHH, TO corjacHo gopmyme (36)
och z (Och pOTOpa THpPOCKOoma) OymeT coBepmarh KOHMYECKOe IBHM;KEHHE C YT-
JIOBOH CKOPOCTBHIO 00x0Aa ! — p (1) BOKPYT NOJIOKEHHs, KOTOPOMY COOTBETCTBYIOT

YIJI6]
ma

7 U b= 0 (490)

YunrwnBasg npuOIMmKeHHoe paBeHCTBO (39Y), MOMKHO, cOrjiacHO TepBOM (op-
myiie (33), mpeacTaBATs p(i) B BHAME
p(t) =0+ (46)
OTcioga ciegyer, 4TO IpM HEeNOABHKHOM OTHOCHUTEJILHO 3€MJIM TOYKE IO~
Beca BeJIM4YMHA

b = —

/

__mga 1/ &g
VETH "‘V'E- (47)

npejicrasisger co00il BUAUMYIO (T. €. OTHOCHTEJIHHO 3eMJin) VIJIOBYIO CKOPOCTE
00X0/la BOKPYr IOJNO:KeHHA (49).

10°. IlpencraBiserca BO3MOMKHEIM IOCTPOCHME T'eONCHTPHYCCKOM BepTHKajdm 0e3 3Ha-
HUS1 BEeJIMYMHEI B HanfaBjleHUsA CKOpPOCTH v [Iyia 3TOM HeJaH ciefyeT AMeTh JABA THPOCKO-
NHYECKAX MasATHHKA, THPOCKONB KOTOpPHIX BpamlalOTCA B NPOTHBONOJIOMKHEIC CTOPOHH.
Torpa npm cobioaeHM: COOTBETCTBYIOIMIMX HavaslbHBIX 00cTOATENLCTB B yedoBua (28) ock
poTora OJHOro M3 HEX OyJeT OTKICHATHCA OT IeOUEHTPAYECKOHW BepTHKANAM Ha Yroj, Ol-
penensembin GopMydIon (45), a OCh JIPYroro — Ha TAKOH e IO BeJMYHHE Yroj, HO Ipo-
THBOIIOJIOAHOI0 3HAKA.

[Ipu aTom o0e ocm cOrilacHO WM3JI0KEHHOMY BRI OYRYT JIleKaTh B NJIOCKOCTA, Iep-
NeHUKYJIAPHOd BeKTOpY ckopoctm », CiegoBareipHo, OHCCEKTpHca YIaa MeXAY OCAME
poTOpOB Oy/ieT HanpaBjleHA NO TeOHEeHTPMYEeCKOU BepTHMKAJIW, a CAMEIA yroj B MacmTtabe
BOCIIpOM3BejleT BeJIMYAHY CHOPOCTH .

[TogobHOE ABYXTMPOCKOLHYeCKOe YCTPOWCTBO WMeeT. CBOWCTBA, CXOQHEIE ¢ I'EPOTOPH-
30HTKOMDAacoM, OLHCAHHHM B pabore (2], JledcTBHTEJIbHO, NPH ABMIKEHUHM TOUKH IIOABEcCA
10 napajjiein NJOCKOCTh, cojep:amas ocm 000MX pPOTOPOB, COBIAAACT C MJIOCKOCTHIO Me-
paamana. llpm xKaxkoM-a1m0O0 APyroM IBH)KeHMHM TOYKH NOMBEca 3Ta INIOCKOCTb, KAaK MOKHO
IIOKa3aTh, OTKJIOHAETCA OT NJIOCKOCTH MepHAHAaHA Ha yroJl, PaBHRIHM KJACCHYECKOU CKO-

POCTHOU JeBMAUHMM THpOKOMEaca [3,2i,
YKa3aHHHIC 38KJIIOYEHHA ABIAIOTCA CJIeCTBAEM paccMOTpeHHs! JIAHeHMHEX Huddepen-
nuajJbHHX ypaBHeHHH (30) ®, cieqoBaTelIbHO, BepHHEI JIAIIb ¢ HEKOTOPHIM NPHOJIMKEHHEM.
Mosxkuo, omHako, coelnmHAA 00a TEHpOCKOna B OJHY MeXaHHYECKYIO cucTeMy [2], moy-
YATh T€ K€ pe3yJbTarh ¢ OoJibliedl NPAHOENHAJIBHOA TOYHOCTHIO.
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1 Tlox yrioBou cKOpocThi0 00X0ga 3jech cJaeiyeT IOHHMATL COCTABJIAIOIIYIO BOJIL
NpAMOU (490) YrilOBOM CKOPOCTH BooOpaKaeMoOro Tejla, HACA’KEHHOI'0O HA 3Ty NPAMYIO, KaK
HAa OCh, W YBJICKACMOI'O CBA3aHHOM ¢ TCJIOM OCBLIO z (3aMETHM, YTO YroJl MEKAY YIOMAHYTOU
OCBI0O M OCLIO Z B cmiy paBeHcTBa (36) npm ¢ (¢) =0 ocTaeTcsd HeH3MeIHLIM).



