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Wccnenyercst HenmuHeliHAas 3aJadya IMHAMUKY peryisitopa Yarrta. [Ipearosaraercs, 4To oH
YCTAaHOBJIEH Ha MalllMHe, KOTOpasi COBepIIaeT 3alaHHble TapMOHUYECKHE KoJieOaHUsT Ma-
JIOi aMIUTMTYABI BIOJIb BepTuKaiv. CUUTaeTCs, YTO B IIAPHUPAX PETYIsITOPa BOSHUKAIOT
CWJIBI BSI3KOTO TPEHUSI, KOTOPBIE SIBJISIIOTCS MalbiMU. B OCHOBHOM paboueM pexxume pery-
JISITOpA €ro CTEPXKHM, HECYyIIMe MaCCUBHBIE IPy3bl, OTKJIIOHEHBI OT HUCXOSIIEH BepTHKa-
JIM Ha TIOCTOSTHHBIN OCTpHhIii yroi. Eciu mpeHe6peyb TpeHneM U BepTUKaJIbHBIMU KOJieha-
HUSIMU MAIIWHBI, TO MOJIYYUM MPUOIMKEHHYIO 3a1a4y, B KOTOPOI IUHAMUKA PETyJIsiTOpa
OyIleT ONMUChIBAThCSI aBTOHOMHOM raMUJIbTOHOBOM CUCTEMOI C OMHOM CTENEHbIO CBOOOIBI.
Ha ¢dazoBom nmoptpeTe mpubIMKeHHOM 3a0a4u paboyeMy peskuMy OoTBeYaeT ocobast Touka
TUIA HEeHTP. TpaeKTopuu, OXBaThIBAIOILLIME 3Ty TOUKY, JIEXKAT BHYTPU CEMapaTpUChl, TIPe-
CTaBJISIIOLLEH COO0II TOMOKJIIMHUYECKYIO IBOSIKOACMMITTOTUYECKYIO TPAeKTOPUIO, KOTOpast
MPOXOIUT 4Yepe3 TOJIOKEHNWE pPaBHOBECHS, OTBEUawlllee BEPTUKAITLHOMY TOJIOXEHUIO
CcTepXHel ¢ rpy3amMu; Ha (pa30BOM MOPTPETE STOMY TMOJOXKEHUIO OTBEYAET CEIJIOBasi 0CO-
6ast Touka. [1pn moMoim Metona MeTbHUKOBA MOJTYYEHO YCIOBUE, MPU BBIMIOJIHEHUN KO-
TOPOTO B MOJIHOM BO3MYIIIEHHOM 3a1a4ye (YIUThIBAIOIIECH TMCCUTIAIINIO B IIIAPHUPAX U Bep-
TUKaJbHBIE KOJIe0aHUsI MAllIMHbBI) HEBO3MYILIEHHAsI cenapaTrpuca pacilerisieTcs.

Karouesnie cnosa: perynatop Yarra, pacllellJieHUe celapaTpUc, XaOTUYECKOE ABUXKEHUE
DOI: 10.31857/50032823523050107, EDN: QNUWBI

Kinaccuueckmii peryiastop Yarra U ero MoauduUKanuyd MpeacTaBIsSIIOT COO0 TeXHUYe-
CKMe YCTPOICTBa, Ha3HAYeHNE KOTOPBIX COCTOUT B 0OECIIeUeHU N TTOCTOSTHHO YTIJIOBOI CKO-
pPOCTH BpallleHUsI Bajla HEKOTOPOI MallIMHBI, HA KOTOPOI peryJsiTop ycraHoBieH. Hauryu-
IITMM ¥ OCHOBHBIM pab0OY1M PEXKMMOM yIPaBJIsieMOI MAIIMHBI SIBJISICTCST TAKOM, KOTIA yIJI0-
Basl CKOPOCTh €€ Bajla OCTaeTCsl MOCTOSTHHOM; TPU 3TOM ITOCTOSTHEH OCTPBIN YToJl MEXIy
CTEPXKHSIMU PETYJISITOpa, HeCYIIIMMM MAacCUBHBIC TPY3bl, U HUCXOMIIeH BepTHUKanbio. [Tpu
M3MEHEHUHU YIJIOBO CKOPOCTH Bajia 3TOT yroJl TakXe M3MEHSIETCS, U, €CIU TPU JaTbHeu-
IEM IBUKEHUWMU yIjioBask CKOPOCTb BHOBb CTAHOBUTCSA l'[OCTOﬂHHOl‘/Jl, TO CTCP2KHU peryjadaTropa
OymyT coBepllaTh (HarpuMep, BCJISACTBE MHEPLIMOHHOCTHU IPY30B) HEKOTOPBIE KOJicOaHUsI
B OKPECTHOCTU UX PABHOBECHOTO paboyero moyioxkeHus. M3ydyeHue aTux KojiebaHWit TIpei-
CTaBJISIET COOOIT OMHY M3 HanboJiee BaXKHBIX 3a1a4 IMHAMUKM PeTyJiaTopa YaTTa.

OTa 3amaua sBJsIETCSl OUYEHb CJIOXHOI. B ee Kiaccuueckux UccieqoBaHUsIX yalle BCero
MPUHUMAIOCh MHOTO YITPOLIAIOUIMX MPEANOJIOXEHU ], U, B YACTHOCTH, UCTIOIb30BAIACH JIU-
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Heapu3alMsi ypaBHEHUM ABUXKeHUsI. Pe3ybTrarhl 3TUX MCCIeI0BaHUIA OMTUCAHBI B PSIe MO-
Horpaduit ¥ B ydeGHOM TUTepaType 1o BOMpocaM NMPUKIAAHOM MaTeMaTUKU U MEXaHU -
ku [1-7].

Hwxe nccnenyercss HenvHeiiHasI 3agadya IMHAMUKY PeTyIsITopa YarTa BOJIM3U €TI0 OCHOB-
Horo pabouero pexuma. [Ipeamnonaraercs, 4To MalllMHa, HA KOTOPOI YCTAHOBJIEH PEryJisi-
TOp, COBEpIIIaeT 3aJaHHbIe TAPMOHMYECKUE KOJIe0aHUsI MaJIoil aMIUTUTYIbI BIOJb BEPTUKAIU,
a B IIIapHUPAaX peryJisiTopa BOSHUKAIOT CUJIbI BSI3KOTO TPEHUSI, KOTOPBIE SIBJISIIOTCSI MAJIbIMU.

1. Beenenne. YpaBHenus nmkenusi. Cxema peryyisitopa Yarra mokasaHa Ha puc. 1. [IBa
ONMHAKOBBIX I'py3a A' 1 A" XeCTKO 3aKperieHbl Ha KOHIax cTepxkHeit OA' u OA" onrHako-
BOM NJIMHBbI. CaMU K€ CTeP>XKHU COEAUHEHbI IapHUPOM O ¢ BEPTUKAIbHBIM BpallaloLIMMCS
BasioM O'O. dpyrue nBa ctepxxHst B'M v B" M , Takxe OMMHAKOBOM JUTMHBI, IIADHUPHO CBSI-
3aHbI ¢ MydTOIl M , KOTOpasi MOXET CBOOOIHO CKOJIBb3UTh BOoJIb Basia O'0O. BpaleHue Baia
MaIlIMHBI TIepenaeTcs: (HarmpruMmep, Mpy MOMOIIM 3y04aThIX IIECTEPEHOK, He TIOKa3aHHbIX Ha
puc. 1) Ha Ban O'0 perynsaropa. [1pu Bpamenuu Bana O'O crepxuu OA' 1 OA" OTKJIOHSIIOT-
cs oT Beptukasiu O'MOO, Ha OIMHAKOBBIN Yroa o, TeM OOJbLUMI, YeM OOJIblle YIJIOBast
ckopocTtb Basia O'0. I1pu stoMm ctrepxHu B'M v B" M nepemeiiator Mmydbty M BAOJIb Baa.
IMocrynarenbHoe NBUXKEHUE MY(MTHI IMPU MOMOIIM CIIEIIUATILHOTO YCTPOMCTBA TIepenaeTcs
Ha MEeXaHW3M YIpaBJieHUs Moaadeit paboyero BeIiecTBa PeEryJnupyeMoil MalliuHbl, yCTPOESH-
HBI TakK, 4TOObI IPU YBEJIMUYEHUM YIJIOBO CKOPOCTU BpalleHMs Baia O'O 1momadya yMeHb-
11ajach, a IpyM yMEHbIIEHUU — YBEJIMYMBAJIACh.

bynem cuutath, 4TO NBUKEHME MTPOUCXOIUT B OIHOPOAHOM I10JIE€ TSXKECTH 1 YTO MalllUHa,
Ha KOTOPOIl YCTAHOBJIEH PEryasiTop, MOABEpXeHa 3aJaHHBIM BEPTUKAJIbHBIM FapMOHUYE-

CKMM KOJIeOaHMSIM MaJIOii aMILIMTYIbl; KPOME TOro, OyIeM CUMTaTh, YTO B IIIApHUPAX pery-
JIITOpa BO3HUKAIOT MaJIbIe ITO BEJIMYMHE CUJIBI BSI3KOTO TPEHMSI.

Ha puc. 1 O, — dukcupoBaHHasi Touka Ha Beptukanu O' MOO, v 0,0 = A cos Qt (¢ — Bpems,
A 1 Q — NOCTOSTHHbIE aMIUTUTY/IA U YaCTOTa BEPTUKAIbHBIX KOJICOAHUIA YIIpaBIsIeMOit MaIlIHBI).
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YrioByo cKopocTh M BpallleHus Baja O'O cuuTaeM MOCTOSTHHOM. 3amauy o KojaebaHUsIX
yria ¢ OyneM McciieioBaTh B HEIMHEWHOM MOCTaHOBKE, MPeIoarasi, 4YTo CTep>KHU PeryJis-
Topa U ero MydTa HEBECOMBI, a rpy3bl A' U A" — MaTepuaabHbIe TOUKU MACChl m Kaxaasl.

M3 TeopeMbl 006 U3MEHEHUHM KMHETMYECKOTO MOMEHTA MMeeM ClieAylollee HeJIMHeiTHOe
nuddepeHIIMaIbHOe YpaBHEHWE BTOPOTO MOPSIIKa, OMMChIBAaloNIee TUHAMUKY PETyJIsiTopa
YarTta 1py MpUHSITHIX BBIIIIE JOTYIIICHUSIX:

mfzip = -ml(g + AQ? cos Qf)sin @ + m®*(* sin @cos P — km(x)ﬁ('p (1.1)
3nech TOUKOM 0003HaUeHo auddepeHIMpoBaHue MO BpeMeHU, / — miinHa ctepxHeit OA' u
OA", g — ycKopeHue CBOOONHOTO MaaeHusi, k — 0e3pa3MepHblii KoaddOULNEHT MOMEHTa
CWJT BSI3KOTO TPEHUSI.

[Mpu oTCyTCTBUM OUccUNalliM HeJlnHeitHoe ypaBHeHue (1.1) paccMaTtpuBaioch paHee [8],
IJe, B YaCTHOCTU, U3y4eHa 3ajaya O CYIIeCTBOBAHUM U YCTOMYMBOCTU MEPUOIUUECKUX KO-
JlebaHuUil yriia (¢ ¢ IepuoAoM, KPaTHBIM MTEPUOLY BEPTUKAIbHBIX KOJIEOAHUIT peryaupyeMoit
MallIWHBI.

[Tonoxum

A=¢l, k=tgd (0O<exl) (1.2)
1 BBeJeM Oe3pa3MepHBIE IapaMeTPhI O, V 110 (popMyiaM

a==5, v=92 (1.3)
o/l o
Eciu B KauecTBe He3aBUCHMOI TIepeMeHHOM IPUHSTH 6e3pa3MEepHYIO BEIMIKMHY & = mf U
BBeCTH 0003Ha4YeHUs @ = ¢, dQ/dE = p, 10 ypaBHeHwUe (1.1) MOXKHO IIPENCTABUTH B BUIE CH-
CTeMBbI IBYX YpaBHEHUIT MEPBOTO MOpPsIAKa:

dg _oH _ , dp_ _OH

— = p, =2 _ ¢ , 1.4
dt dp P dg dq ’ (-9
rae
H=H,+¢eH (L.5)
H, = %pz —0cos ¢ +‘l‘c052q, H =-V° cos(vE)cosgq (1.6)

IIpu ¢ = 0 nmeem npubIMXKEeHHYIO cucteMy ¢ pyHkuueil lamunsrona H ;. Ona obnana-
€T MHTEerpajom
Hy = h = const (1.7)
¥ TTONPOOHO U3yveHa paHee (cM., HarpuMmep, [6]). st 1ieneit Hatrero uccieIoBaHuS CIIeTy-
€T MPUHSITh, YTO MapaMeTp O, JIEXXUT B UHTEpBaJie
O<acx<l (1.8)

[Tpu BBIMOJIHEHUU 3TOTO HEPABEHCTBA MPUOIMIKEHHAsI CUCTeMa UMeeT YCTOMYMBOE T0-
JIOXXEHME paBHOBeCHsI ¢ = ¢, p = 0, OTBeyaloliee OCHOBHOMY pabo4yeMy PeKMMY peryJsiTopa:

cosqgy = O (1.9)
Y npubIMKEeHHOM CUCTEMBI €CTh e11le PaBHOBECHS, TSI KOTOPbIX ¢ = T, HO Tpu ycjioBuM (1.8)
OHU HEYCTOMYMBHI.

2. O ¢da3osom noprpere cucrems! ¢ pynkumeii H,. Ha puc. 2 nokasaHa yacts ¢a3oBoro
TopTpeTa MPUOIVKEHHOM CUCTEMBI, COOTBETCTBYIOIIAST HETMHETHBIM KOJICOaHUSIM peTyJIs-

TOpa B OKPECTHOCTH YCTOMYMBOTO TTOJIOKEHMSI PABHOBECHS (O = ¢.
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O06racTh MI3MEHEHUS O U 4, OTBEUAloNlast 3aMKHYTHIM (Pa30BBIM TPAeKTOPUSIM, OXBATHI-
BaIOLIUM TOUKY ¢ = ¢, p = 0, 3aJaeTCsl HEPAaBEHCTBOM

2
1 1
“E _lch<-a+- 2.1
2 4 4
MuHuMaabHOE g« 1 MAKCUMAJIbHOC @4y SHAYCHUS BEJIMYMHDBI ¢ HA 3aMKHyTOI71 d)a30130171 Tpa-
CKTOPpUM OIIPCACTIAIOTCA paBEHCTBaAMU

COS Gy = 3 =06+,/0<2+2h+%, COS Qs = 25 = OL — /oc2+2h+%

SIBHbIe BhipaxkeHust st byHkuwmii ¢(€), p(€), OTBeYaronMx HeTMHEHHBIM KOJIeOAHUSIM, BbI-
rmcaHbl B ctaThe [8]. HacTora A 3THX KOJIeGaHUIl BEIYUCIISIETCS 10 (hOpMYIIe

m+)-2) \/1 _(-2)(+2) 2.2)
2K(k) I+ z)0-2)
rne K(k) — nonaHblii 311MNTUYECKH MHTErpasl IEPBOTO poja.
®dazoBble TPAeKTOPUU, OTBEUYAIOIINE HEJIMHEHHBIM KOJIeOaHUsIM, JieXXaT BHYTPU TOMO-
KJIMHUYECKON TPaeKTOpuHU (CENmapaTpychl) Y, , MPUOTMKAIOLIEHCS Tpu & — oo K HEYCTOI-
YUBOMY paBHOBeculIO (cenoBoii Touke) g = 0, p = 0. Ha cemapatpuce & = —o + 1/4, a mak-
CHMaJIbHOE 3HAUYE€HUE ¢ = ¢, OTNPeAesieTCs PABEHCTBOM

cos% =Ja (2.3)
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B unrepBane (2.1) yacrora (2.2) siBiisieTcsi MOHOTOHHO yObIBatolieii yHkiueit 2. Ecin
h — —o’ /2 —1/4, TO A MaJIO OTJINYAETCSI OT OCTOSTHHOM V1 — o’ ,anpuh — —o. + 1/4 umeeM
_2nyd -
In(1 — 400 — 4h)

Cenaparpuca Y, 3a1aeTcsl ypaBHEHUEM
2 .24 2q
p~ =4sin —(cos = — 0() 2.4)
2 2

Ha BepxHeMm ee yuyactke, rie p > 0, BeIMYMHA ¢ TP yBeJIUUeHUU & BO3pacTaeT OT HyJIsl 10
g = q,, a Ha HUXXHEM ydJacTke rae p < 0, mpH yBeaudeHUW & KOOpAWHAara g yObIBaeT OT
q=g;n0q=0.

Haiinem dyukuuu ¢(§), p(§), onuchiBaoliye IBUXEHUE PETYISTOPA, COOTBETCTBYIONINE
cemnaparpuce (2.4). PaccMoTpuM HMXXKHUI y4acTOK cernaparpuchl. M3 mepBoro ypaBHeHUs
cucremsr (1.4) u paBeHctBa (2.4) crenyer, 4To Ha 9ToM y4yacTke byHkuwms ¢(§) moKHa yno-
BJIETBOPSITH MU bepeHIMATLHOMY YPaBHEHUIO

dq . q 24
— =-2sin< [cos" L - 0) = (2.5)
e 5 5 (9(0) = ¢,)

7151 ero MHTErpUpOBaHMS CAeJIaeM 3aMeHY TTepeMEHHBIX

cos% =Jox (1< x<1/Va) (2.6)

M3 (2.5), (2.6) moayyaeM, 4TO HOBAsI IEpeMEHHAsI X AOJIKHA YIOBJIETBOPSTH AU bepeHIIN -
aJTbHOMY YPaBHEHUIO

X _ (1 - WaP -1

dg
¢ HavasibHBIM yciaoBueM x(0) = 1. [loaToMy uMeeT MeCcTo paBEHCTBO

X

J' du _ &
2. [ 2
1(1—ou )Wu" —1
BobIuncianB uHTErpai B JIEBOIl YacTH 3TOro paBeHCTBa, notyduM x(§) u u3 (2.6) 3arem Haii-
JIeM, UYTO Ha HUXKHEM Yy4acTKe cerapaTpuchl

Joch(V1 = of)

q(&) = 2arccos 2.7)

V1 + ash2(V1 = o)

IloncraBus (2.7) B 1IpaBylo 4acTh ypaBHeHU:I (2.5), Haxoqgum
oy = 2= oosh(v1 — o) (2.8)

1+ osh’(W1 — o)

BQ2.7)u(2.8)0<E < +oo.
Ha BepxHem yuyactke cenapatpuchl dyHkumu g(&), p(§) Te e, YTo U Ha HUXKHEM yJacTke,
HaJIo TOJIBKO B hopmytax (2.7) u (2.8) cuutars, 4to —oo < § < 0.
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Cenapatpucy Y, MOXHO 3aJ1aThb ypaBHEHUSIMU

g=q9E-&), p=pE-&, (2.9)

e qu p — byakuuu (2.7) u (2.8), a &, — npousBosbHas nocrosiiHas. Ecim B (2.9) mosio-
kuth & = 0, TO MOMYYMM TOUKY Ha Y, ¢ KoopauHatamu q = q(-&;), p = p(-&;). Ilpu nsme-
HeHUU &, OT —co 10 +oo 3TA TOUKA “Ipoberaer” BCIO CernapaTpucy ;.

3. O pacmenyenun cenaparpuchbl Y, npu 0 < € < 1. [Ipu € # 0 cuctema ypaBHeHuii (1.4)
nonyckaet (kak u ripu € = 0) peuienue g = 0, p = 0 (orBeyaroulee npu € = 0 ceI0BOI 0CO-
0oii Touke). JInuHeapuzoBaHHas B oKpecTHOCcTU pelieHust ¢ = 0, p = 0 cuctema (1.4) oiim-
9aeTcsl OT ABTOHOMHOM MaJIBIMU TIOPSIIKA € MOTPaBKaMK, UMEIOIIUMHE Tiepron 27/v 1o &.
JIuHeiHOM, 27T/V -TIepHOANYECcKOi o & 3aMeHOI OHa MOXET OBbITh MPUBEIECHA K ABTOHOM-
HoMi nuHeliHo# cucteMe [9]. IIpu 3ToM cOOCTBEHHBIE 3HAYEHMSI MAaTPUIIbl IIPUBEAESHHOM CU-
CTEMbI aHAJIMTUYHEI 110 € U 1Ipu € = 0 paBHBI V1 — o.. M, TakuM 0Gpa3oM, B pacIIMpeHHOM
azoBoM mpocTpaHCTBe g, p, & Ha mwiockoctu & = 0 (mod 21/v) pewenuo g = 0, p = 0 cu-
crembl (1.4) oTBevaeT cemioBast ocobast TOUKa.

IIpu sTOoM cenaparpuca Yy, He oOsa3aTtenbHO coxpansiercs [10]. IIpu € = 0 oHa urpaer
pOJIb KPMBOM, pa3mesioNieil TpaeKTOPUH Pa3IMYHBIX TUIIOB Ha ¢a30Boil IutockocTu. Ecimm
ke € # 0, To 3Ty poJib OyIeT UrpaTh HEKOTOpasl KpuBag . OTa KpuBasi Ipu € = 0 coBMnagaet

C KPUBO1 Y, (0O0pa30BaHHOM €€ BEPXHUM M HUXXHUM yyacTkamu). Ho nipu € # 0 3ta kpusas

COCTOMT yXe M3 IBYX BETBEii, KOTOphIe Ha iockocTH & = 0 (mod 21t/v) 613Ky Y, , HO, BO-
o06111e TOBOPS, pa3inuHbl. HecoBnaneHre 3TUX BETBell HA3BIBAIOT SIBJICHUEM PaCIICTUICHUS
cerapaTpuc.

Iomyaum, caenys [10—12], ycaoBust paciienyieHus cermaparpuc. s 3Toro paccMoTpuM

nepuoandeckyto pyrkimio J(&), onpenensieMyio paBeHCTBOM

JGo) = [ (Hy, Hy)d&+38 [ p'dg (3.1)

3neck (H,, Hy) — ckobka ITyaccona,

OH,0H, _9JH,9H,
dg dp  dp Jq

B (3.1), (3.2) dynkuuu g u p 3apaiorcs ypaBHeHusimu (2.9).

(H,, Hy) = = v’ psin g cos(vE) (3.2)

IIpu BbIUKCIIEHUU IIEPBOTO U3 MHTErpajoB B IIpaBoil yacTu paBeHcTBa (3.1) mpumeM
BO BHUMAaHWUE, 9TO p = dg/d& Ha cemapaTpuce U AJIsl BEIMYUHBL p Sin ¢ MOXHO TOJTYYUTh
u3 (2.7)—(2.9) cnenyiouiee BolpaxkeHe

. d d Chz V1 —O((&—E_,o) :|
= = -200—
psing gcosq o L o x/l—(ﬁ p

U ecnu BMecTo & BBeCTH HOBYIO He3aBUCHMYIO TiepeMeHHyo 1 = V1 — ol — &) u npuHATh
ob6o3HaueHue |L = v/v1— o, To (Mpu yuyeTe YeTHOCTU U HEYETHOCTH CIIaraeMbIX B TIOAbIHTE-
TpaibHOM (DYHKIIVN) TTOTYINM

b " shmch
[ (Hy, Ho)d = 401 - oy’ sinvE, [ 1D

S sinpundn =
Sl +ash™n)

+oo
= 81 — oy usinve, [ —OSHN
(- v §°£a0h2n+2—ocn
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Ho, yuutsiBas ([13], cMm. unTerpaib 3.983 Ha cTp. 519)

oo msin (E arccos h 2—_0()
J- cosun dn = 2 o
pach2n+2-a 41— osh HT
2
IMToaTOMy, OKOHYATEIBLHO, UMEEM
oo sin (L arccos h 2= OL)
W1l -—a

(3.3)

[ (Hy, Ho)dE = A(0,v)sinvE,  A(o,V) = 2nv°
o sh ( VTT )

NI
Bropoii naTerpan B paBeHcTBe (3.1) paBeH miomaay 9acTu (pa3oBOi IIIOCKOCTH, 3aKITI0YSH -
HOIi BHYTPH CenapaTpuChl Y,, B 4eM JIETKO yOeIUThCsI, TaK Kak Ha cernaparpuce d& = dq/p.

I[MTosTomy
+oo R gy 45 p 2q
dé = 2| pdg = 4] sin<,[cos” = — aud.
Lp € gpq g 2,/ 5 q

Ecnu coenats 3ameny (2.6), ToO ITOJy4nM OTCIOIA

_L pPdE = 8a ! x? —ldx = f(o), f(a)=4V1—0a—2a lnii—\/_ “1:3 (3.4)

B paccmarpuBaemom uHTtepBaine (1.8) dyHkums f(o) sABAsSIETCS MOHOTOHHO YOBIBalOIIEH,
npuueM 4 > f(a) > 0.

Takum o6pazom st pyHkmu (3.1) mosrydeHo cienyroliee aHaTMTUIeCKOe MPeICTaBICHUE:
J = A(o, v)sin vE, + 8f (o), (3.5)

rae A u f onpeneneHsl papeHcTBamu (3.3) u (3.4).

ITycTh mapaMeTphl ¢,V TakoBbI, uTO A(0, V) # 0. Torma paciieruieHre cermapaTpuc mpo-
WCXOIUT MPU TAKMX 3HAYEHUSX &, ISt KOTOPBIX

sin vy + 8% -0 (3.6)

W3 (3.6) ciaemyer, 4To yCIOBUEM PACLIETUIEHUS CENapaTpPyC SIB/ISIETCS BHITOJTHEHME HEPABEHCTBA

5 < AY) 3.7)
J(@)

ITpu BBIOJIHEHUH 3TOTO YeaoBus GyHKIMS J(Ey) MEHSIET 3HAK IPU IEPEXOJIe Yepes3 3Haue-

Hue &, yaoBieTBOpsIollee ypaBHeHMIO (3.6), a 3TO 03HAYAET, YTO BETBM BO3MYLIEHHOIA ce-
MapaTpucCH ), TIepPeceKaroTCsi TPAaHCBEPCAIBHO.

Pa6oTta BeimosiHEeHa 3a cyeT rpaHTa Poccuiickoro HayyHoro ¢oHpaa (rmpoekT Ne 19-11-
00116) B MOCKOBCKOM aBHAaLIMOHHOM MHCTUTYTe (HanmoHanbHOM HMCCIeI0BATEIbCKOM
YHUBEPCUTETE).
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On Splitting of Separatrices Corresponding to the Working Mode of the Watt Regulator
A. P. Markeev**

“ Moscow Aviation Institute, Moscow, Russia
#e-mail: anat-markeev@mail.ru

The nonlinear problem of the Watt regulator dynamics is investigated. It is assumed to be in-
stalled on a machine that performs the specific harmonic oscillations of small amplitude
along the vertical. Viscous friction forces is believed to arise in the hinges of the regulator,
and these forces are small. In the main operating mode of the regulator, its rods, carrying
massive weights, are deflected from the downward vertical by a constant acute angle. If fric-
tion and vertical oscillations of the machine are neglected, then we obtain an approximate
problem in which the dynamics of the regulator is described by an autonomous Hamiltonian
system with one degree of freedom. On the phase portrait of the approximate problem, the
operating mode corresponds to a singular point of the center type. The trajectories sur-
rounding this point lie inside the separatrix, which is a homoclinic doubly asymptotic trajec-
tory that passes through the equilibrium position corresponding to the vertical position of
the rods with weights. In the phase portrait, this position corresponds to a saddle singular
point. The Melnikov method is used to obtain the splitting condition for the unperturbed
separatrix in the complete perturbed problem, taking into account dissipation in the hinges
and vertical vibrations of the machine.

Keywords: Watt controller, separatrix splitting, chaotic motion
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