T 2y ; ov G
?-1_'+—as—-2ph‘—3%=o, T,-=C,ﬂ+(?2—’, s=p| 2, %% ,
ox; ox; ot x, ax, _

2 2Eh 2 2Eh 2
Ci=% 12/, szzzhl’l‘:l"» =2

=11-v; =1 1=v; 1=11+v1

(12)

U3 (12) cnenyer Buipaxenue s CKOPOCTH BOJIHBI PACIUMPEHHS 110 [BY-
MEPHOH Teopuu
-1 1 2 Ehy
Pihy + pahy (11— v}

c
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YJIK 531.383
JL.U. Morunesny, B.C. IMonos, A.M. Yepuos

KOJIEBAHMA YIIPYTOI'O LIMJIMHIPA
KOHEYHOM /UIMHBI, OKPYKEHHOI'O CJIOEM
BA3KOHW HEC)KMMAEMOM KUIKOCTU

HMmeetcs abcomoTHo TBEpROE Ten0 — KOpMyc, CoAepXXaMi LHWIHHApHYe-
CKyt0 kamepy panuycom R,. Kopmyc noasepraercs BozaeicTsuio rapMoHHYe-

ckoro BHOpoyckopeHusa. BHytpu kamepsi Haxoamtcs YUPYTHH UMJIHHAD — LH-
nuHApHYeckas 00004YKa JUIMHOH £, TONMIHHOI hy W BHemHero pammyca R,.
Panuyc cpemunnoii nosepxnoctn o6onoukn R >> hy . BHyTpeHHss noBepxHocTs

Kamepel M 000710uka 06pasyloT UMIHHAD B unwtHHape. OGonouka okpyskeHa
CJIOEM BA3KOHW HEC)KHUMAEMOH XKHAIKOCTH, NNOTHOCTBHIO 3AMOJIHAIOMEH UHJTHHIPH-
HECKYIO WIeJIb MEX/y 000JI0UKOH H CTCHKAMHM KaMephl H COSIHHEHA C KOpIycoM
KECTKOH 3a1enkoi Ha topuax. Topuessie YIUIOTHEHUA HE JOMYyCKAlOT HCTeye-
HHA XKHIAKOCTH Ha Topuax. TONIMHA CI10SA XHOKOCTH & << R,, a amrmumutyna

Nporu6oB ynpyro# 060/109KH 3HAUMTENHHO MEHBIIE & .
CasxeM cHCTeMy KOOpIHHAT Oyx,y,2) ¢ KOPICOM M TONOKHMM, YTO [1e-

pemetennd Baonb ocH Oy, orcytersyior. O6o3HaYMM nepemenenms Kopryca
uepes xp = E sin(0f + @), z,=E,sin(of + ®,0). Beeaem B paccmotpenne
UHITHHIPHYECKYIO CHCTEMY KOOPAHMHAT #, 6, y, MONIOC KOTOPO# CoBNajaeT ¢ Ha-
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qanom koopauHat O,x,y,z,, Hanpasiekua ocei Oy, Oy, 000oux cHCTEM KOOp-
JIMHAT COBMAAIOT.

Beenem 6e3pa3mMepHbie MEPEMEHHBIE H MaJIbI€ NAPAMETPbI 33a4u
E=(r-R,)/8,6=2y/t,0=0, 1=0t, y=8/Ry <<1, A=w, [8 <<,

u=u,l/,v=v,V, w=w,W,h Re= 8’w/v, V, = WUy, Vo =(w,0/W)Us,
V, = a0/ W)EJQRY) U, p= po +pvAG/W? P=pR, [%,sin0 + Z,cosB], (1)

¢ =yE[(po1 -1’ af =k’ [(12R),

34€Ch Y — OTHOCHTC/IbHAA TOJILLKHA CJIOS XUAKOCTH, A — OTHOCHTEJILHBIH mpo-
ru6 06ONOUKH; U,,, V,,, W,, — aMIUIMTY/bl YIIPYTHX MPOAOJLHOIO H OKPYXHOIO
nepemenenni obonouky 1 nporuGa coorsercTBento; U,V W — Ge3pasmepubie
yTIpyrue npoAosibHOE, OKPY)XHOE MepemeileHne 000I04kH U ee nporud coot-
BETCTBEHHO, ¢ — CKOPOCTH 3ByKa B obonmouke, £ — moayns YOura, py— xo3ddu-
uuent [lyaccoma; p,— mnorHocts Marepuaia obonouxw; Uz, Uy, Uy — Gespas-

MEpHbIE COCTAaBSIOIME BEKTOPA CKOPOCTH XMAKOCTH, P — pemXyuMpoBaHHOE
Ge3pasmMepHOe AaBlIEHHE >KHIKOCTH, p, — YPOBEHb OTCYETa AABJICHHUS, p —
UIOTHOCTD JKMAKOCTH, V — KHHEMaTH4YeCKHH K0I(Q(DHUIIMEHT BAKOCTH, ® — Yac-
TOTa KoJjieOaHuH, ¢ — BpeMs.

[Moacrasum (1) B ypaBHenus Hasbe-Crokca ¥ Hepa3pbIBHOCTH IS BA3KOH
HEC)KUMAEMOM KMIKOCTH M YPAaBHEHHS JHHAMHKHM YNPYrod LMJIMHIAPHYECKOH
obonouku [1, 2] U onycTuM B HUX 4ieHH nopsaka . B pesynprare nomydyum
HENTMHEHHbIE YPAaBHEHHs THAPOYINPYTOCTH, 3alHCaHHble B 0€3pasMEPHOM BHJE,
BKJTIOUAIOIME B ce0si: ypaBHEHHs AMHAMHKH TOHKOTO CJIOS BA3KOH HEC)KHMae-
MOM JKHIKOCTH M YPaBHEHMS AWHAMHKH LIMJIMHAPHYeckod 00omouky. A Taioke
KPaeBbie YCIOBHA HA HENMPOHHLIAEMBIX NOBEPXHOCTAX KaMephbl H 000JI0UKH, XkE-
CTKO# 3a1e/ikk 000JI04YKH M YC/IOBHE PAaBCHCTBA HYJIO MPOU3BOIHOM Oe3pasmep-
HOTO AaBJIEHHUs MO MPOMONBHOH KOOPAMHATE HAa TOPLAX, COOTBETCTBYIOLLEE OT-
CYTCTBHIO TOPLEBOrO HCTEYEHHSA HHIKOCTH.

Pelrenue 3a/1a4y ruApoOyNpyroCTH HCKAJIH METOAOM BO3MYLUECHHH B BHIE
ACHMIITOTHYECKOrO Pa3sIOXkEHHMs MO CTENCHAM MaJIoro napamMeTpa A
P=Fy+AA +-+,Ug =Ugo + AU +++-,Ug =Ugg + AUg +--, )
Upg=Ugo +AUg +-,U=Ug + AU+, V =Vg + AV +- . W =Wy + AW + -+

[Toncrasnss (2) B 6e3pa3Meprblie ypaBHEHHA THAPOYTIPYTOCTH B HYJIEBOM
NpHOJIMOKEHHH 110 A, JIHHEapU3yeM HX. YUYTEM Hanmu4due B KonebartenbHOH cuc-
TeMe AeMNQUpoBaHus, 3a CYET CJI0A XKHAKOCTH, TO €CTh OBICTPOE 3aTyXaHHe
coOCTBEHHBIX KONCOAHMM M BO3HHKHOBEHHE YCTAHOBMBLUMXCA BbIHYMCICHHBIX
konebauui oaHoi dopmbl. [To3TOMY paccMOTPHM Jlasiee BbIHYKIEHHbBIC KOJie-
Hanus. Petenue nony4yeHHOH JIMHEHHOHN 3a1a4H THAPOYNPYTOCTH HIIEM B BHJE
rapMoHHYeckuxX QyHKLMIH BpeMeHH ¢ k03P dHLMEHTAMHU, 3aBUCALIIMMH OT KOOpP-
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muHat. 3aucumocts U, V u W or £ npeacraBneHa MHOroWwIeHaMmu BTOPOIA,
TPeTeH M YCTBEPTOMN CTENEHH COOTBETCTBEHHO, a MO O — B BHAE rapMOHHYECKHX
(ynkuwmit. Iposons pemenue YPaBHEHUH JHHAMMKH 00onouku metonom by6-
HOBa-["anépkuHa B nepBoM npuGIHXeHHu 1o € u O nomyunm cienyiomee Bbi-
paxenue s nporuba 060moYuKH:

4 -1
16 32 2R
— R2 1- 252 h 2 Y 2 24 2 i
w==poR°(1-C")"| pohyc 21 —147H()+ ag 7

22 4 _ N
+ ARC07 4/5dey(pR, [poty = 1)+ dey [E, cosBsin(ot +¢,q + v (@) +
3 ? Jdeg
+ E,sinBsin(f + 9.0 +y' (@) (1-¢2)?, @)

. LT _ 2 _
rae y (o) = arctg(— b33de,/de7), dey =0 0y, — 0y, de, = Q03 =0y 0y,
dey = o3 0y — 105y, dey =0ysde ~ ayyde, +ouyydes, deg = de? + blde?,

16 R20* 8(2R)* 8 4 2R
b3y ==124By, oy, =~‘_“[ ) ‘ﬁ)‘s‘(l—ﬁlo), Qpy =——(1+pn,),

105 ¢? 5 ¢ 15 ¢
64 2R 16 R*0?  4(2R\? 5 16 5
=To Moy O =———— = | (1+4ad)(1 - p,) - — (1 +a?),
137105 7 Ho 275 o2 3( , J( o)1 -p,) ]5( 0)

g3 = =32/15(2R/€) a2 (2 - po) - (1 + a2)32/35,

22 4 2
Ay = —%ﬁc?— + g%(l +ad)+ %(z;—) al + %(ZTR) a; +2g%aB,,
py - 0% PRy [(E&Jﬁ(i)légﬁJ
cty popRell € ) 105 L ¢ ) 5 315
12 = 2¢*(she - sin s)/[s:2 (che + cose) — 2¢(she + sing) + 2(che — cose)J,
2620 = 2¢> (e(che + cose) - (she + sin€)) . Re .
£?(che + cose) — 2¢(she + sin €) + 2(che — cosg) 2

Haiinem ammmutyanyo wactornyio xapakrepuctuky (AUX) u3 nonyues-
HOro BhIpaXkenua (3) ans nmporuba

1
Aw) = - (4)
\/des (0>8de10(PR2 /Pohy —1)+ d"g)z/(deg [0.84e,(pR, /pohy — 1)+ de, ]2)
snech def =dey|, ., , ded =dey|qyo dey =deg, .

AUX (4) ompenenser TPH BOIMOXHbIE PE3OHAHCHBIE YACTOTHI. Cornacto
(3) amminTyna koneGaHui Ha ONpeAENEHHBIX YACTOTax obpaiaercs B Hynb.
JlanHble 9acTOTHI ONPENENIIOTCA H3 YCIOBUSA 4/5de,(pR, [Pohy =1)+dey =0.
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PaccMOTPUM MCCIIENOBAHHYIO BbILIE 33/1a4y B PaMKax OJHOMAacCOBOH MO-
aenn [3]. Juin MonenvposaHus nporuoB IIMHAPA BBEJIEM YNPYTYIO CBA3b, C
NpHBEICHHBIM KO3(DMHLUHEHTOM KECTKOCTH 71, MEXITY KOPIYCOM H LUIHHAPOM.
[IpH 5TOM cuMTaeM LMIHHAP a0COMOTHO KECTKMM C IPHUBECHHON Maccoi m, .

Jlns onpeneneHua m, ¥ n NPEACTaBAM LWIMHAD YNPYroi Gankoi ¢ TopueBbiM
3aKpeMUIEHHEM, JOMYCKAIOIMM YIIPYTOe NepeMeLe e TOPLOB:

3'w/oy* FR(ES)Y'W =0, 3*W/oy* =0 npu y=1+1£/2, (5
saeck P —  kodbduuHEHT  KECTKOCTHM  OTHOCHTENBHO  mporuba,

o :2711(2}10(1222 +ht /4) — MOMCHT HHEPUMH OanKu-UMIMHIpPA OTHOCHTENLHO

OCH.
CornacHo MeToJIy IpHBEAEHHOH Macchl [3], moyunm
1 my(20160 +1050B* 2> +17*% ¢°) EJp*
g T, ,n=48——— (6
35 B* 0 +24) B*e® +24

3necy B* = P(EJS el mq = 2R, hylp, — Macca GaTKU-LIHITHHAPA.

B panHoMm ciydae A=x;/8<<] — OTHOCHTENbHOE CMELUCHHE LEHTPa
Macc TBEPAOrO LWIMHAPA, a YPAaBHEHHE ABHXKEHHA LEHTPa Macc TBEPAOrO LHM-
JMHAPA C PHBEICHHOM MacCOH M yNpyro CBA3bIO BAONb OCH (X UMEET BHA

myX, +nxy =-myXy + N, ., )

rae N, =m¥y—Mx; — KX, — peakuus cos XHIKOCTH, NPHIOKEHHAA K LEH-
TPy MacC UWIMHIPAa MNOJyYEHHas W3 pElICHHs YPaBHEHWH IWHAMHKH ClOS
XKHAKOCTH, m= 1:R22 /p -~ Macca KMAKOCTH B 00BbEME UWIHHAPA,
M= 2m~:.20L(\uRe)_l ~ IpHCOeTHHEHHaA Macca xuakocTH;, K = 12ymo(yRe)™
- ko3¢ duumenT neMndHUpoBaHHs; X, — NEPCMELIEHHE LEHTPa MacC LWIHHIPA.
Jlns ocu Oz; popMysibl aHATOTHYHBI.

3aKoH MEepeMELIEHHH LEHTpa Mace XECTKOrO LWJIMHOPA C YNPYroH CBs-
3b10 BAOJIb OCH OX| UMEET BUJ

X = AmE,,u)2 si(o! + @, + ‘P(m))/\/[n —(m, +M)mz]2 +K*0?®, )

snech W(w) = arctg(Ko/[(my + M)o® = nl), Am=m - m,.
Beipaxenue (8) onpenenser AUX
A,(@) =1/ \Ja=(m, +Mya? n)? + K /n? . ©)
AUX (9) onpenenser pe3oHaHCHble 4acTOTHl konebaumii wwmuapa. Co-
rnacHo (9) KanHbie 4aCTOThI 3aBUCAT OT 3HaYeHHH m, U n . CnenoBarenbHo, co-

OTBETCTBYIOUIMM BBIGOPOM [ * MOXHO 0becreunTs COBNajeHHe Pe30HAHCHBIX
yacToT KoJiebaHHi 0IHOMACCOBON CHCTEMBbI M CHCTEMbI 000JI0YKA-CIION XKHIKO-
cti. 3nauenue koddduunenta B*, obecneunsaioiiee TOUHOE COBMAJEHHE pe-
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