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IIpu uccrnedosanuu nomepu ycmoruueocmu GbICMpPOSPAUAIOUC20CSL MOHKOZ0 KPY208020 OUCKA BIACHEHA BO3MONC-
HAS POPMA BO3MYUEHUSL UCXOOHOT KOHMYPHOU OKpyHcHocmu. Llonyuenvt nepevie uemoipe nPUOIUNCEHUS N0 MATOMY
napamempy IUHEApPU308AHHBIX ZPAHUMHBIX YCOBULL U YCOBULL CONPANCEHUS PEUEHU.

Knouesvte cnosa: ynpyzonracmuueckas 3adaua, memoo 803MYyu,eHUs: opmvlL epanutbl, 8PAUAIOUUIICS OUCK,
nomepst YCmouuU8OCmu, KPUMUUECKAs Y2108ast CKOPOCMb.

[TpubiskeHHOE pellieHre aHATUTHIECKUM METO0OM Majioro mapamerpa [1] mrockux ympyro-
MJIACTUYECKUX 33/1a4 TeOPUM MJIeaIbHON TJIACTUYHOCTHU TIPE/IIIoJIaraeT nepeHeceHne TpaHuYHbIX
YCJIOBUH U yCJIOBUM COTPSIKEHUS PelleHnii Ha HeKOTOPBIH MPOCTEUIITNI KOHTYP. DTOMY TIpe]i-
IIECTBYET Pa3BUTHE METO/Ia BO3MYIEHUI (hOPMbI TPAHUIIEI [2] Teja, ABJALIONIENCS B OCECUM-
METPUYHBIX 33/[a4aX OKPYKHOCTHIO. [I0CKOIbKY Hemocpe/cTBEHHOEe TTPUMEHEHNEe YITOMSHYTHIX
JIMHEAPU30BAHHBIX 110 MAJIOMY TTapaMeTpPy YCJIOBUI B HAPS/KEHUAX | 3] TpU M3yIeHUN BO3MOJK-
HOI TIOTE€PU YCTONUUBOCTU OBICTPOBPALIAIOIIUXCS AUCKOB [4] 3aTpyAHUTENIBHO, TPEOYIOTCS YTOY-
HEHUS U KOHKPETU3AINS COOTBETCTBYIONINX COOTHOIIEHUH METO/Ia MAJIOTO TTapaMeTpa.
IlocranoBka 3agauyu. PaccmaTpuBaeTcs Bpalaloniuiicst OAHOPOAHBIN M U30TPOITHBIN CILJIOII-
HOI/KOJIbIIEBOM KPYTOBOM TOHKUI JIMCK MOCTOSIHHOW ToJUHbL. [Ipenen Tekydectn marepuania
JIICKA, MO/LYJTb YIIPYTOCTH, TIIIOTHOCTD, Koadduiment Ilyaccona, a Tak:ke mocTostHHAS yTJI0Bast
CKOPOCTb BpallleHus n3BecTHBI. [ [ninHaiprueckas cucteMa KOOPAMHAT HETIOIBI;KHA OTHOCUTEh-
HO JIMNCKA, TIPUYEM CpPeJIMHHAS TIJIOCKOCTh JMCKA MPUHATA 32 MJIOCKOCTh 70 pajnaibHOU U
yr10Boil koopanHat. Ha Hapy»kHOI O0KOBOII HOBEPXHOCTU # =1, HOJIEPKUBAETCS OCTOSIHHOE
paauanbHOe faBjieHue 160 oHa CBOOOIHA OT BHEIIHUX HAIIPSIKEHMIT (TO JKe IPeIIoaraeTcs 1Js
BHYTpPeHHE GOKOBOI TTOBEPXHOCTHU KOJIBIIEBOTO KcKa). [ojie HeBO3MYIIEHHBIX HATIPSKEHUI
(0600611IEHHOE TIITOCKOE HATTPSIZKEHHOE COCTOSTHUE TPUMEHUTEIHHO K TOHKMM IJIACTHHAM ) OTIpejie-
JIIeTCs1 U3 OOBIKHOBEHHOTO AnDdepeHInaIbHOr0 YpaBHEHUsT KBA3UCTATHYECKOTO PaBHOBECHS,
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YUUTBIBAIONIET0 00bEMHbIE PAJNAbHbIE HATPY3KHU, & TAK)Ke YPaBHEHWIT CBS3K B YIIPYTON 30HE 1
YCJIOBHSI TEKYUECTHU B TJIACTHYECKO#T 30He. BodmylienHnoe coctosiime yrnpyroi 001acTu Iucka

oo oo

_ i _ i
G;L—ZES Oy U)\—ZSUM
i=0 i=0

(A o6o3HAYAET MPOU3BBOJILHYIO KOMIIOHEHTY HAIIPSIKEHUS M IEPEMEIIEHNsT) HAXOAUTCS C YYETOM
TOTO, YTO JINHEAPU30BAHHbBIE TI0 MAJOMY HapaMeTpy O BO3MYIIEHUs yIOBIETBOPSIOT audde-
PEHIMATTBHBIM YPAaBHEHUSIM PABHOBECHST IIOCKO# 3aaun (6e3 yueta BpAIEeHUsT) U yPABHEHUSIM
CBSI3U MESK/Iy HAIIPSKEHUSIMU U [lepeMelieHusIMU B YaCTHBIX TPou3BOHbIX. [IpeameT uccienosa-
HUS COCTaBJIAeT KPUTUUECKAsk yIJI0Basi CKOPOCTb BPAIEHUS IUCKA, TEPSIONIEr0 YCTOHINBOCTD,
KOI'/la ypaBHEHUe BHEIIHell ero rpaHullbl mpuHuMaet Bu [1]

r=Y87(0)=r+Ar(0)=ry+r(8), F=) 87.,(6). (1)
i=0 i=0

qTO6bI OHpe,[[eJII/ITb KpI/ITI/I‘{eCKyIO CKOpOCTb 141 OcyHleCTBI/ITb KOHTpOJIb CXOAMMOCTH, Tpe6yeTCH
HOJIYYUTD 110 KpaifHel Mepe HeCKOIbKO TIePBBIX MPUOJIKEHUN 3HAUCHMSI KPUTHYECKOTO PajIiyca
MJIACTUYECKOU 30HbI, yCTAHOBUB TIPEBAPUTEIHHO BUJI JIMHEAPU30BAHHBIX TPAHUYHBIX YCJIOBUN B
HalIpAKEHUAX, I/ICHO]Ib?)yIOI_LII/IXCH IIpU ITOCTPOEHNUN XaPAKTEPUCTUIECKOI'O ypaBHeHI/IH [1—4]

Boamymenue ¢opmbl rpannnbl. [Ipegnonoknm nosBieHe MajJoro dKCIEHTPUCUTETA X
BHEIITHETO KOHTYpa aucka [1]:

(x—x0)2+y2=r02. (2)
[Tockosbry x =7cos0, y =rsin0, ypaBHeHue (2) 3anuinercs: B Buje
p2 —28pcose—1+82 =0,

rie p=r/1, — Ge3pa3MepHblil Tyl pajnyc, a 8= x, /1, — Ge3pa3MepHBbIil MaJIblil mapamerp.
Meton neonpezeneHHbIX KO3GOUIIUEHTOB s

p= ZSipi(e)
=0

MO3BOJISIET BBECTH B PACCMOTPEHNE BO3MYIIEHHYIO (hopMy rpaHuiibl aucka (1) B Buje

Po=1
pq =cosH,

Py = —%(1—005 20),

p3 =0, @
P4 :_é(3—4c0529+c0549),

p5 =0,

Ps =—5—12(10—15c0529+6cos49—cos69),....
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W3 (3), B yacTHOCTH, CJIEyeT, 4TO UCCelOBaHNE B TPEJIOKEeHHON ToctanoBke [1, 3] camo-
ypaBHOBEIIEHHOW (POPMbBI TIOTEPU YCTOMUNBOCTH TIPU 7= 3, D, ... MIMEET B OTIPE/IeJIEHHON CTeTeHn
(hopmanbHBII XapakTep.

VYeaoBust conpsizkenust. [[ist 11060# KOMIOHEHTBI HATIPSKEHUsT f, COOTBETCTBYIOMIEN KOH-
TYPHOMY YCUJIUIO P = Py, UMEEM

f=i§ifi(r0 +87)=isi ii_d]fl(r())(87)] — i 87/ d]fi(TO) = o
i=0

i=0 j:()]! dr’ i, j=0 J! dr’

OTCIOIIH C Y9€ETOM paS.HO)KeHI/Iﬁ

7= r12 +0-2n1y +62(2r1r3 + r22)+ 83(27174 +2r273)+54 (2nrs + 211y +r32)+...,
7= r13 +5'31’1272 +8° (31’121’3 +371r22)+63(37’127’4 + 6117973 +723)+...,
7= 714 +8-4r13r2 +82(4r1373 +6712r22)+...,

75 :7'15+8'57’1472 +...

METO/IOM HEOIIpEeICJI€HHbIX KOS(I)(I)I/IHI/IGHTOB ImoJiydyaeM JinHeaprn30BaHHbIE I'DaHUYHbIC YCJTOBHA
B BU/E

fo = DPo>
Ji+for =0,

/ /7 1 VA
Jo+ fin+ fory +§fo”12 =0,
Vs ’, 1 Y/ /7 VA 1 Y/
J3+ for+ firy +§f1f12 + fors + Johir “‘gfo’ﬁ3 =0, (4)

4 7 1 VA ’, Y/ 1 V/
it f3n+ fon +§f2712 + firs + fifir +gf1f13 +

oo L 1., 1 .4

rje MTPUXoM 0003HAYEHA MPOU3BOAHASA 10 7. YciaoBus (4) He 3amucaHbl Yepe3 KOMIIOHEHThHI
OCHOBHOU CUCTEMBbI KOOpAWHAT U HE MOI'YT 6bITb HEIMOCPEeACTBEHHO HCIIOJIb30BaHbI IIpU 7 = 7’0,
OJTHAKO TIO3BOJIAIOT YCTAHOBUTD YCJIOBUS COTIPSIKEHUS PEIIEHNIA Ha YIIPYTOIJIaCTUYECKO TPaHuIle

T =1 +82 Sirm,k(e)
i=0

B BHUIE
[fi +/on:]1=0,
[fZ + i+ Joro +%fo”712*] =0,
[fs + fors+ fir +%ﬂ'71%e + Jor3e + Johst +é 6‘/12] =0,
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1., 1
[f4 + faris + forps +§f2”71* + fir3e + fiFars +€ 17'1‘1 +

A O 1) b [y, 4 0<4>r1i] -0,...,
2 2 24
r7ie. KBaJpaTHbIE CKOOKM 0003HAYaIOT cCKaueK (DYHKIIUU B TOUKE 7 =1, ,a BMeCcTO f Hoo4epes-
HO JI0JDKHA OBITH 3aIIiicana Kaxk/asi KOMIOHEHTA HAPsUKeHnst R:=0,,, @:=0gy, T :=T,4.
Ipanuunbie ycnosus. IIpu nepexoje k OCHOBHOI cucTeMe KOOPAMHAT HOPMaJIbHOE U Kaca-
TeJIbHOE HAIPSIKEHNUS JTI0JDKHBI OBITh IIPEICTaBJICHBI COIJIACHO hopMyJIam

6= Rcos? 0" +Osin® 0" + 2T sin 0" cos 0",

. * * 2 A% 2 A% (5)

T=(0®—-R)sin® cos® +7T(cos”6 —sin“0"),
e

cos0" =cos0, cos@+sin@;sinB, sin®" =sin6; cos®—cosO, sin6,

cos 0 =Y , sin@; = R —

[ Py 21’

(Toukoii ob6o3HayeHa npousBopHas 1o 0 ). IlockoabKy

x=(1ry+0r)cos0, y=(r,+0r)sin0,

& =—(1y +87)sin@+87 cos®, 3 =(r+87)cosO+5sind,
¢ yaetoM pasiuoxenus (1) u obosuadenuii p; =7; /1, , p; =7; /1) monydaem

% + 8_ O . * 7 — oi
cos® = o7 d'c; sin®” = il d's; (6)

\/(To +87) +(87)* i i=20 ) \/(ro +87) +(87)? ) %

rie
CO :1,
C1 :O,
1.9
) =—§P1y

c3 =p1pi —PiPo,

3, .. 3. o . 1.
o =—§pfpf +2p,P4P5 +§p? +PoPT —PiP3 —=P3, -

2
So :0,
St :_p1’
Sy =p1P1—P2,

. .1, .
S3=—P1P1 +P1P2 +§pf +poPy —P3,
__3 .3 3. _9 L2, 3 .9. . . L
Sg = §P1P1+P1P1 P1P2P1 P1P2+§P192+P193+ng1+92p2 Pss---
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(cp. ¢ [1, 3]). Ha ocroBe (6) nanpsikenust (5) 3auiiyTcst B BUje

c=Y8c;, 1=> 81, (7)
i=0 i=0
rae
oy = Ry,
o1 =R = 2Typy,
Gy = Ry = 2Tip; + (O — Ry )i + 2Ty (pyfs —P2),
03 = Ry = 2Typ; + (01 — R )Pt + 271 (p1py —p2) —
=20 =Ry )(pipi ~PpiP2)+ 2Ty (~Pips +P1pa +P7 +Pabt ~P3),
G4 = Ry —2T3py +(Oy = Ry)pi + 2T (pip —Po) —
—2(01 = R)(pip = p12)+ 2T3 (—piPy +Pyy + 7 +Papy —P3)+
+(0) =Ry )(3pipi —4piPiPa —Pi —2paPt +201P3+p5) +
+ 2Ty (=347 + i1 —2p1PaP1 —P1P2 + 31D +PiPs +P3Ps +PaPs —Ps),
To = Tp,

Ty =11 —(0y —Ry)py,
Ty =Ty = (01 = R)py +(Og — Ry )(pipy —p2) — 2Tyt
Ty = T3 = (O = Ry)py +(O1 = R )(pypy —py) = 2107 +
+(©9 = Ry)(=pipy +PiPy +07 +Papy —Pg)+ 4Ty (PPT ~P1Pa),
T4 =T —=(@3 = Ry)py +(® = Ry )(piy —po) = 217 +
+(0; —Ry)(—pipy +piPy + 07 +Papy —P3) + AT (piP7 —PiP2)+
+(0) — Ry )(=3pipi +pipy —2p1PaP1 —Pids + 3PP +PiP3 +
+ P3Py +Papa —Ps)+2To (=3p1P7 +3piP1Py +P1 +2papt — 20403 —P3),

[Toacrasasist ©;, T; (7) B (4) BMeCTO f; 1 yunTbIBasi, 4TO B ocecuMMeTpryHoii 3agade T =0, mo-
JIy4aeM JIMHeapu30BaHHbIe FPAaHUYHbIE YCIOBUS Ha OKPYKHOCTU ¥ =17}

1-e mpubIMIKeHnE R +Rip; =0, T,—(©y—Ry)p;=0;
2-e npubmukenne Ry —2Typ; +(©) — Ry )Pt + Rip; + Rip, +%R6'pf =0,

Ty =(©1 = R)p; +(Og = Ry)(P1p1 —P2) +{T1 —(©g — Ry)py}'py = 0;
3-c npubamkenne Ry —2Top; +(©; = R)PT +2T1(pypy —Pa)—2(0) — Ry (pypi —p1p2) +

b e 7 7 1 VA
+HRy — 2T, +(0 — Ry )1 ) py + Ripy + §R1P% +
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4-e IpuOIIKEH e

+Rip3 + R{pips +éR6’ =0,

—(©y = Ry)p; +(©; = R (pypy —Pa) — 2T3p7 +(O — Ry ) (—pipy +
+piPy + pig) + PP —P3) H{TH = (O = R)P1 +(Og — Ry )(P1p1 —P2)) Py +

b ’ 1 ”
T =@ = Ry)pi} Py + 5 {T; = (@ = Ro)py}pi =
Ry =2T3p +(©y - R, )P% +2T5(p1p1 —P2)—2(0 - R1)(P1l5% —PiPo)+
+2T,(—p2py +PiPy +P5 +Papr —P3)+(Og — Ry )(3p1p? —4pypips —pf —
~2poP1 +201P3 +P3 ) +{Rg —2Top; +(©; — R)PT +2T,(pypy —P2) —
~2(©9 = Ry)(pipf —p1Pa)Y pr+1{Ry = 2T3p; +(O) — Ry )pi Y py +
1 hd b ” ’ 7. 1 ¥/

+§{Rz —2Typy +(©y — Ry)p? )Pl + Rips + Ripipy +€R1l5? +

1
+ROP4+ —R{(2pp3 +p3)+— Rof)1P2+24 (4)Pf 0,

—(©3 = Ry)py +(Oy = Ry)(piy —P2) — 2T +(©; — R)(—pipy +
+piPy +P7 +PaPy —P3)+ AT (P1PF —P1P2)+(Og — Ro)(=3psp7 +pipy -
~2p1paPy = PiPa +3PTPa +P1P3 P3Py +PaPs —Pa)+{T3 (O~ Ry)py +
+(©1 = R)(P1p1 = P2) = 21101 +(© ~ R )(=Pips +Pipa +P] +Papy -
=03}’ Py +H{To = (O = R)Py + (O — Ry )(p1p1 —P2)} P2 +
"%{Tz —(© = R)p; +(Og — Ry)(pip1 —p2)) Pt +{T3 —(©g — Ry )py s +

HTy =@y = Ry} pipa + (T (O — Ry} 7 =

(mTprxom 0b03HaUYeHa TPOM3BOHA 110 P; cp. ¢ [1, 3]).

YTounenHbI# BU BO3MyTIieHUS (DOPMBI TPAHUITHI, & TAKKE KOHKPETU3NPOBAHHBIE TPAHMYHbBIE
YCJIOBUS U YCJIOBUSI CONPSIZKEHUS [TO3BOJISIIOT PA3BUTh METOJI [I0C/Ie0BATEIbHBIX IPUOINAKEHUI
K PEIIeHMIO 3a/[a4i O MOTePe YCTONYMBOCTH BPAIIAIONIErOCs [UCKA: MOJYYUTh TIePBbIE YEThIpe
IpUOJIMKEHNST 110 MAJIOMY TTaPaMETPY sl XapaKTEPUCTUYECKOTO YPaBHEHUsI, KpUTUIECKOTO Pa-
Jyca MIacTUIeCKON 30HBI M KPUTUUECKON YTJIOBOM CKOPOCTH.
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JO METOZY 3BYPEHD ¥ 3AJAUI [TPO ITPYXHOIIJIACTUYHY
HECTIMKICTD IUCKA, IIIO OBEPTAETHCS

[Tpu mocuiKeHHI BTpaT CTIHKOCTI TOHKOTO KPYTOBOTO JIUCKA, 1[0 0OEPTAETHCS, 3'ICOBAHO MOKIUBY (hopMy
30ypeHHsI BUXITHOTO KOHTYPHOTO KoJ1a. OiepsKaHo TepIiri YoTUpr HabIMKEHHST 32 MaJIUM TTapaMeTPOM JiiHeapu-
30BaHUX MEKOBUX YMOB Ta YMOB CIIPSTAHHS PO3B’A3KIB.

Kmouosi caosa: npyxcroniacmuuna 3adava, memood 30ypenns popmu medxci, OUCK, wo obepmaecmocs, empama
CIATIKOCTE, KPUMUYHA KYMOBA WEUOKICTY.

D.M. Lila
Bohdan Khmelnytsky National University of Cherkasy
E-mail: dim_I@ukr.net

ON THE METHOD OF PERTURBATIONS IN THE PROBLEM
OF ELASTOPLASTIC INSTABILITY OF A ROTATING DISK

In the study of the loss of stability by a rapidly rotating thin circular disk, a possible form of perturbation of the
initial contour circle is elucidated. The first four approximations are obtained for the small parameter of the li-
nearized boundary conditions and the conjugation conditions for the solutions.

Keywords: elastoplastic problem, boundary shape perturbation method, rotating disc, stability loss, critical angular
velocity.
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