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Meroanueckue ykazaHus Ui CTyJCHTOB THEBHOU
1 3204HON (HOPMBI 0OyUCHHS

PaccMaTpuBarOTCSt HEKOTOPBIE THIIBI JH(PpepeHIHanbHBIX YpaBHEHUH 1-10 1 2-r0 NOpAIKOB H
MCTOALI MX PCLICIHHNA MIPUMCIHTCIILIIO K OCIIOBIIOH 3a1a4C AMIIAMHKN MAaTCPHAILIIOH TOUKH.

[IpeaHazHaueHbl U8 CTYAEHTOB |-10 M 2-10 KypCOB JIHEBHOI'O W 3304HOI'0 OTIACJISHHH
TEXHHYCCKHX CHEIUAIBHOCTEH.



1 OCHOBHOE YPABHEHHE JUHAMMWKH
MATEPUAJBLHON TOUYKH

OcI1oBoii KJIACCHYCCKON MCXANMKH SABIAIOTCS OCHOBHBIC 3aKOILI OWHAMHKNA MaTCPHAILITOH
TOYKH, OJANNAM W3 KOTOPLIX YCTAIABIHBACTCH MPOMOPUHOINANBIIOCTE CHIBI W yCKopenHs (2-0H
3ak0H HbtoroHa), OH Moxer ObITh CHOPMYIIMPOBAH CIHENYIOLMM 00pa3oM.

Verkopene, komopoe  npuolpemaenm  Mamepudaibiidas mModkd Hod  Oelcmeuem Cuanl 8
UHEPYUATOHON CHCINEME OMCUeHd APOROPYNOHANLIO BETUUNiE CUIBL I UMeenl lanpaeieilue
BERTMOPA CHABL. AHATUUUECKY 3AKOH BLIPANCASTCS CLEOVIOUHM YDAGHEHHEM

mif =1, (1.1)
Lae F — chila, AeHCIBYIOLIAS HA MATEPUANLHYIO TOUKY; #1 — MACCA MATepUallLHON TOUKM; I — ee
YCKOpEHHe.
Ypasnete (1.1) na3siBacres ocroBHbIM YPaBICHHCM JHIAMHKH MATCPHATLIIONW TOYKH.

B cyyac OUHOBPCMCHHOI'O )_lel;'lC’l‘BMH Ha MaATCPHAIBHYH) TOYKY HCCKOJIBKHX CHIL FL.FZ,,..,F”,

12 OCITOBAIMK TPHIILKLIA HC3ABUCHMOCTH ACHCTBHS CHII MOXIIO 3aIIHCATL OCIIOBHOC YPaBHCIIHC
JUIIAMHKH B BHAC

7 =T, (1.2)
k=1

Ao
IAC Y P, — PABIOACHCTBYIOWAN BCCX CHIL, IPUIIOAKCHIILIX K MATCPHAIIBIION TOUKC.
1

Takum oOpazom, UBMKCHUE MATSPHAILHON TOUKU LIPH OUHOBPEMCHHOM AUCHCTBUH CUCTEMBI
cHll OYACT TAKHM KC, KAK M IPH ACHCTBUM OAHOH CHUIBL, PABHOH HX 1I'COMCIPHUCCKON CYMMC, T.C.
PABIIOACH CTRYIOLICE,

Ecun usueHHe marepualbHON TOUKH HMCCIEAYEICH 110 OTHOWEHHID K HE MHEpUHAIlLHON
CUCTCMEC O1CHCTa, TO 112 OCHOBAHWK TCOPCMbBl O CIOKCHHUM YCKOPCIWHU 1IPH CIHOWIOM NBHIKCITUY
TOUKH

W=, + W+, . (1.3)
e W, — OTHOCHTEILHOE; W, — LIEPEHOCHOE; W, — KOPUOJIMCOBO YCKOPEHHE,
Moacrasiusem (1.3) 8 (1.2), 3aunwenm cro B hopme

mi, = ZE— mi, —mh. . (1.4)
=
Biecuem obo3naqcims
dT[, =-mW¥, a = —mi? . (1.5)

BGK’I‘O])I;IZ alfl aHaIBblBa}O’l‘CH, COOTBCTCIBCHHO, llepeHOCHOﬁ 41 KOPI/IOJ[HCOBOFI CHJIaMH
HITCPLHH.
Ypagrernue (1.4) npamaMacT cAeIyIOWHii BHA

:
mh, :fZTwLanL()T (1.6)
k-1

Ypagsnenue (1.6) naspisacres OCHOBHLIM YPaBHCIIHCM AWMHAMUKKH OTHOCHTCIBIONO UBHKCIHS
MaTCPHAILION TOUKH.

Takum 00pazoM, OTHOCHTEILHOES ABHKEHNE MATCPUAILHOH TOUKH MOXKHO PaccMalpusalh Kak
abcoJoToe, cCli K ACHCTBYIOWNM Ha TOUKY CHlaM H0OaBHUTDL IICPCHOCHYIO U KOPUOIWCOBY CHIILI
HIICPLIAH,

OcIIoBIOMy YpaBICIIAIO OHITAMHKH MATCPHANGION TOUKH (1.1) MOXKIO HOpHAATL OPYTYIO
dopmy. s 91010 3alMIIEM YCKOPEHME B BHUE 2-H LIPOM3BOAHOI o1 pauuyca sekropa r,
OHUPEUCIIAIOWECIO HOJOKCHNC MATCPHANILION TOYKH B HIICPUMAILION CHCTCMC OTCUcTa., YUrIeM
TAKKC, YTO PABIOACHCTBYIOWIAd CHII, ACHCTBYIOIIHX IIA MATCPHANLILYIO TOYKY, MOKCI, B oOmicM
cliyuae, 3aBUCSTL OT BPEMEHH, LIOJIOMEHHS M CKOPOCIH MalepualbHOW Toukd. B pesyibrale
lfoJIyuaem ypasHeHHe

mi = F(t,7.7) . (1.7

[peuiionomum, 9T0 3aK0Il UBKMCUHA MATCPHAILIOH TOUYKK 11C W3BCCTCH W Pa3LICKUBACTCH B

BekTopHeil dopme »=r(). Torma (1.7) cleiuyer paccMarpusarb Kak ypasHEHWe, CO;EPkKALLEe



napsAy ¢ [CH3BCCTION BCKTOPHOH (PYIKUMCH #(f) CC UPOM3BOAILIC 7 H 7, 'TO CCIL KAk
TUGBCPCIUIHATLIIOC YPABIICIINC ABMKCITHA MATCPUAILIIOH TOYKH B BCKTOPIIONH hopMc.

Ot Bekropuoi ¢dopmpl ocuosioro ypasiciins (1.7) MOXIIO HCPCHTH K ypaBICHHAM B
NpoeKUMIX Ha ocd. Tak, eciid NBH)KeHHE MATepPHAIBHOH TOUKM HCCIENYeTCs II0 OTHOLIEHMIO K
NEKAPTOBONH cucreme oceil koopaunar, 1o (1.7) Oyler IKBUBUICHTHO 3-M CKAISPHBIM YPABHEH HAM

mi=F.my=F, mz=F_, (1.8)

rac x, ¥, Z — KOOpOMIIATL OBMAKYIOCHCS TOUKA; F,, F,, F. — TPOCKIHHA PABIIOACHCTBYIOMCH CHIT I1a

OCH KOOPUAHHAT.
Cosokyuuocrs ypasuennid (1.8) HazmiBaerca cucremoit jaudpepeHumuanbHbIX  yPaBHEHHI
OBHZKCIIMA MATCPHAJILIIOH TOUKH B ICKAPTOBOH CUCTCMC OCCH KOOPAMIIAT B CKAIAPIIOH (hopMmc.
CiestyeT OTMETHTB, YTO B COOTBETCTBHM ¢ BHJOM LIpaBoil wactu ypasHeHu#d (1.7), paBble uacTH
(1.8), B obwem cirynae, MOy SIBIS TBCH (PYHKUMAMM Bia

Fy = Fyixy,2.59.2) s Fy = Fy(txy,z.5.5.5),

F.=F.(f,x.y.2,%.¥.2). (1.9)

3anuwen BekTopHoe ypasHeHue (1.1) B IIPOEKUMSEX HA OCH €CTECTBEHHOI'O TPEXIPAHHHUKA, T.€.
[I1a KAacaTCILIyIo, DJIABIYIO IIOPManh U OWIIOPMANL K TPACKTOPHH MATCPHANLIION TOYKH:

mi =1, mlW, = m¥F,=F . HcOooms3ycM KHIICMATHYCCKUC BLIPAMCIIMA OM4  MPOCKI[HIT
YCKOPCHUA
dv v
l/Vt =" Wn =" Wb :On
di )

[I¢ v — CKOPOCTDL TOUKH, p — PANHyC KPUBU3IILI TPACKTOPHH TOMKH.
B pesyibrare 11oiyuaem cucreMy €CTeCTBEHHBIX AM(PPEPEeHUHAIIBHBIX YPABHEHUI ABUKOHMUA
MaTCPUAILITOH TOUKK
dv v?

m—=r.,.m—=1Ir. 0=F,. (1.10)
di P

T

JudpdepeHinansaple ypaBHEHHS OTHOCHTEIBHOIO ABIKCHUA MATCPHANBHON TOUKH MOTYT
ObITb 1LOJYYEHDB! LIpOEKTUpOBaHHEM ypasHeHus (1.6) Ha OcH HOUABMIKHOH cuctTeMbl orcuera. Tak,
LPH UCLIOJIL30BAHUM JEKAPTOBON CMCTEMBI OCEI KOOPAHHAT LI0JIY4aem

mx = Z F,+®, . +®, ., mp= Z Flp @y v @y,

=Y P+ D+ D, (1.11)

CocraBuB auddepclHaNbILIC YPABIICHIAA IBIKCIINC MATCPHANLIIOH ToukH B BuAc (1.7), (1.8),
(1.10) nmu (1.11), MOXKHO pemaTh 2-¢ OCHOBHBIE 3a1a4H JAHHAMHKH MaTEPHAIBHONH TOYKH.

nCpBaH OCHOBHAad 3ana4a. 3HEIH MaCC-y Ma’l‘epHHJ[bHOIjI TOYKH H €¢ KHHECMATHYCCKHUE ypaBHeHHH
ABHZKEHHS, HAHTH CHILY, HEHCTBYIOLLYIO HA MATEPHAIBHYIO TOUKY.

Brtopas ocrioemas 3amata. 31as Maccy MaTCpPUAILITON TOYKH, CHJILI, ACHCTBYIOLIHC T1a IICC, A
TaK K¢ ¢¢ HAvalbHOC TOMOKCHME H HAYAILHYIQ CKOPOCTh, HAMTH KHHCMATHUYCCKHE YPaBHCHHS
ABHIKEHHS MATESPHAIBHOR TOUKH.

Peurcinine mepeoii 0CIIOBIIOH 3a0a9H MOXKCT OLITL MAHACIIO MPOCTLIM TH((DCPCIILIHPOBAIINACM 10
BpeMeHH KHHeMAaTHUSCKUX YpaBHSHHH JRUKSHHNS,

B uanbneiwem Oyuaer paccMalpuBarbCi pPELWICHUE BTOPOH OCHOBHOM 3ajadiu HMMHAMHUKH
MaTepHalNbHOIl TOYKU, CBA3aHHOH € HEOOXONUMOCTBIO HHTErpHpOBaHUA AH((EepeHIHaIbHBIX
ypasuennit (1.7), (1.8), (1.10), (1.11).

[Ipcasapurciniio  paccMOTPUM  OCHOBILIC — OOICITHS M OHPCIACICHHA  TCOPHHU
ardepeIMaLITLIX YPaBICIHIA, MCOOX0AHMBIC MPH PCUICITUH YKA3AITITON BBILIC 321290 AHTTAMHKH
MATEPUAIBHOH TOUKH.



2 OCHOBHBIE NOHATHA AUPPEPEHIIHAILHbIX YPABHEHH A

[Tpn n3yycnn GH3MICCKAX SBICITHH OUCIL 9ACTO TIC YAACTCA IICIIOCPCICTBCIIIO HAHTH 3aKO1l,
CBA3ZBIBAKOUIMH HEIABUCUMYI) LIEPEMEHHYH), KOTOPYIO Mbl GyileM 0003Hauars "f" (B MexaHuke — 310
BpeMs, OTCUUTBIBAEMOE OT MOMEHTA HAYAJIA ABHKEHUN) U HCKOMYHO (HEU3BECTHYHO) (PYHKLMIO, 1I0A
KOTOpOI B MEXaHUKE [TOHNMAETCA KOOPAMHATA HIH CKOPOCTE MaTepualbHOM TOUkH (x(1), w(1), z(f),
v(#)). OMHAKO BO3MMKHO YCTAHOBUTh CBA3b MEXKITY HCH3BECTHOH (PYHKITHEH W ¢ MPOU3BOIHBIMU H
9Ta CBA3L BohIpaskactTes audeperumaininiM ypasicaueM. K auddepenunansiiniM - ypaBIemsam
[PUBOAAT MIIOTHC 331a4d M3 MCXAIHMKH, GH3UKU W APYIHX CCTCCTBCHIBIX I1AYK, 4 TAKIKC MIIOTHC
llpOGJ[eMbl TCXHUWKH.

Onpedencriie. YPaBHEHUE, CBA3LIBAIOLICE HE3ABHCUMYIO [ICPEMSHHYIO f, HCKOMYIO (DYHKLIMIO
X(f) v Xors Obl OMHY M3 €e IIPOM3BOUHBIX i(r),i?(r),...,x(”’(f) HazelBaercs Au(hepeHunaibHbIM
YPaBHSHHEM,

Ecuu uckomast Qpyukups x(7) ssugercs pyHkuMerl 04HOI0 apryMeHta £, 1o uddeperunanstoe
YpaBHEHWE Ha3hIBACTCH OOBIKHOBEHHBIM.

[IpousBonbHOE OOBIKHOBEHHOE AU(MpepeHITHANBHOE YPABHEHIEC HMEET BUA

F(t,x(0).3(0)..x" () =0, 2.1).

3neck F ecTh zamannag (M3BeCTHAA) QYHKIUSA OT # + 2 OEPEMEHHBIX, YAOBICTBOPAIOIIAS

OTTPE/ISICHHBIM YCIOBHAM HETIPEPHIBHOCTA W AH((hepeHIHpyeMocTh; x = x(¢) — dyukms ot " —
peurcriie audpHepeIIruanuiore YpaBIcHg, KOTOPOC 11a10 TIAHTH.

Onpederenue. [lopaakom auddepeinuansioro ypasicus 1a361BacTeS HOPSAOK [HAHBLICIICH
HPOH3BOUHOH, BXOAALLCH B YPABHEHHE.

Onpedenenue. Pemenvem nudidepenunansroro ypasuenus (2.1) Hazbisaercs Jiodas Gpynxums,
OIPEICIICHHAs BMECTE€ C COOTBCTCTBYIOUMMH HPOM3BOIHBIMH B HEKOTOPOH 001acTH, KOTOpas,
Oyayun IoIcTaBIeHA B ypaBHEHMe, oOpallaeT ero B TOKIECTBO, CIIPaBEUIHBOE 1M BCEX TOUEK
DTOH 00JIaCTH.

Hpusep. lnddepennuannioc ypaBiciuc /() = In(f) CCTh ypaBIICIHC TICPBOTO Mopanka. Ero

PCIICIIHCM, TIATIPUMCP, SIBIIACTCS (PYIIKIHSI
1,
x(i)y==m(/).
x(f) S (1)

HCHCTBUTCBIIO,
. l ' ln(
x(ty==2In(r)- =L.
2 t t
[Toucragisa B ypaBHEHHE, LIOIYHUM

x(ty=1 In(2)

= In(7},

YTO COBMANAST ¢ MPABOH YACTHIO JAHHOTO YPaBHEHHA. 3aMETHUM, UTO PEIICHHEM 3TOTO YPaBHEHUA
OyacT u mobas QyIKLIHs

xl(t):%lnz(mc,

rac € — mpOH3BONLIIAS TOCTOSIIIAS.

Ipaduk  pewenus puddepeHunaisHoro ypasdeHus Ha wockoctn  Ofx  nasbiBaercs
MHTSIPAILHON KPUBOH JT01I'0 YPABHEHHS,

Fcmn  zamauy o6  OTBICKAaHMM — pemieHdii, KOTopas HasbIBACTCS  HHTETPHPOBAHUCM
nuddepeHIHAIBHOIO YPABHEHUS, YAAeTCA CBECTH K BBIYUCISHHK) KOHEUHOIO YMCIA UHTErPAIoB U
MPOU3BOIIGIX OT W3BCCTHLIX (DYIKIHIA W K alrcOpantIcCKUM OICPAtHsIM, TO TOBOPST, UTO YPaBIICIIHC
HITCTPUPYCTCA B KBaApaTypax.

ot vcciiepoBanus aupQepeHuralbHbLIX  YPABHEHUI, HE UHTCIPUPYEMBIX B KBaparypax,
WHPOKO HPUMEHHEOTCH LIPUONMKEHHBIE W YHMCIICHHBIE METOAbI UX PELISHKH,

IIpounTterpuposars nHQ(pEepeHIHAIEHOE YPAaBHEHUE — 3TO 3HAYUT HalTH T€ WIH HHBIE €I0
pelIeHMs, YTO BCEra CBA3aHHO ¢ HEOOXOMMOCTbI) HHTISIPHPOBATH BXO/ALIME B 3TQ ypPaBHEHHE

PYIIKLIHH.

3 JUOPPEPEHIIMAJIBHBIE YPABHEHHA IIEPBOT'O ITOPSJIKA



HubdepeImpmansiioc ypapIciie IepBoTre MOpsaaKa - 3T0 YPABIICIIHAC, B KOTOPOC BXOIHT JNIL
LEpBas HPOU3BOAIAN ICH3BCCTHON Qynkuun, Takoe ypaBieHHE HMCCT BUL

Fav@a ) =0. 3.1
Ecuu 10 ypaBHEeHHE MOKHO Pa3pelinTb OTHOCHTEIBLHO ¥(z) , TO €U0 MOKHO 3auucats B opme
. 1
V(i) =— R (t,v(1)), (3.2)
™M

rac #1 — Macca MaTCPUANLIION TOUKW. B MCXaImuKe v(r) — 3TO CKOPOCTDL MPAMONHIICHIIOTO ABHKCITHS
MaTepUANBHONH TOYKH, R, (f,v(f)) — IPOCKUHI PaBHOICHCTBYIOLIEH CHII, IIPHIOKCHHBIX K TOYKE Ha
HAIIPABICHHE ABIDKCHUS, YPaBHCHUE B TAKOM BHAC HaspIBaeTCH AUpepeHIHalbHBIM YPABHCHHEM
B HOPMAIBLHOMH dopme.

Joboc auddepenuranniroc ypasIciine HMCCT OCCUMCICIIIOC MITOKCCTBO peetiiii. s
OIIMCAIIMS 3THX MIIOKCCTB BROANTCH IIOIATHC OOLWICI0 PCLUCIIH.

Onpederenue. O0WKMM peweHueM AndrpepeHuualsHoro ypasaenus (3.1) uepsore nopauxa e
rekoTopoil obmactn D mmockocti 0fv 11aspBacTes (HyIKUEA vir) = ¢(r.C) , 3aBUCALIAL OT { H OT
OJIIOTO MPOM3BOIBIIOTO MOCTOAMIOTO MapaMceTpa C H yAOBICTBOPAIOMIAS CICIYIOMINM yCIOBHAM:

1) aTa YIKIUA YAOBICTBOPACT THdpCcpCmanniioMy ypaBICIMIo, TO CCTh  ABIACTCA CTO
PELICHHEM [P N000M KOHKPETHOM 3HAYCHHH IIOCTOAHHOH (' = C,;

2) s JnodOH  Lapbl 3HAYEHHUH  (fy.vg), OUPEUCSHSIOWHX BHYIPESHHIOW TOuKy obuacrtn D,
MOKHO HAHTH TAKOE SIHHCTBEHHOE 3HAUCHHE IapaMerpa ¢ = C,, 4To PyHKUMA vii) = 9(/,C,,) OyueT
YAOBIESTBOPATE YCHOBHIOY V(1) |,_, = vy, T.€ UPH f =1y v=v;,

[Tpu oupeaecieciu odwero pewenus puddepernuansiuore ypasucims (3.1) gacto nomy4acres
COOTHOTIIEHHE BHAA P(r,v(1),C)=0, U3 KOTOPOTo BRIPA3UTEL V(f) B 3NeMeHTapHbIX (PYHKIHAX He
BCET/1a BO3MOKHO; B TAKHX CITydasx o0liee pemeHne OCTaBIs0T B HEABHOM BHE,

Onpederenue. Pasencrso @(i,v(1),Cy=0, oupeuensiowiee odUiee peleHne v(t) =v(,C) Kax
HEABHYIO (PYHKLUHMIO, HA3bIBACTCH OOWMM HMHTEIPAIOM UMPPEPeHLNAILHOIO YpaBHEHHA. r1a
bynKuus  @(r,v(r).C) TOXRICCTBCINIA PABIIA IYTIO MPH 3aMCIIC () MOOLIM YacTIILIM PCLUCIIHCM,
KOTOPOC [10J1yHACTCS U3 OOLLCIO PSLUCITHS 1IPH COOTBETCTBYIOWUCM 31a4CHHHU OCTOSNN10M .

Onpeoeaenye. Yacrusim peweHuen auddepeHunaibioro ypasuenus (3.1) nazsiBaercs jodas
hyukuus viz) = @(r,C,)) . KOTOpas 11oJNy4acres U3 o0Wero pewenns vis) = (+.C), cCild B 110CICUIICM
LIPOH3BOJILHYIO LIOCTOSHHYIO UPHHATH PaBHOR (. CooTHOWEHHE &(1.(1).C,)} =0 Ha3bIBagICA B
3TOM CITyUae YACTHRIM WHTErpajoM MTH(GPePeHIHATEHOTO YPaBHEHUS,

C rcoMCTPHUCCKOM TOYKM 3PCIIHA OOIIMH HIITCTPATL CCTh CCMCHCTBO KPHBLIX 11a KOOPIMIIATIION
IUIOCKOCTH,  3aBUCHLICC OT OANMON mpou3BoAncd mocrtosaiiod C. DTH KPUBLIC ILa3LIBAIOTCH
I/IH'I'eI'pa.JlebIMI/I KpHBblMIA HAHHOL O ypaBHCHHH.

UacrHoMy WHTEUPAIY COOTBEICTBYE!T O4HA KPWUBAY JT0I0 CEMEHCTBA, UPOXOailIas depes
HEKOTOPYIO 33/IaHHYE) TOUKY [UIOCKQCTH.

OTMeTHM BKHEHIITYIO 3379y, KOTOpas HaszpBaeTcd 3aMadeii Komu g anddepennuannaoro
ypasueHus (3.1) 1epBOIO HOPSAKA: CPEUH BCEX PELUCHHIT TPedyercs HAHTH 1AaKOE PELICHUE v =v(r)
Janmoro JuePeHuHaILIOre YPasICHi, KOTOPOC YAOBIACTBOPACT YCIOBHIO v(/) =v, , TAC (f),%))
— 3anaHHas Touka obhacrn D (M BCe PABHO 4TO, TAKOE PELICHHE v=v(r), B KOTOPOM (DYHKLIMA
v=y({} IPUIIAMACT 340ALIIOC YHCIOBOC IAYCIUC v, [IPH 3ALAIIIOM 3UA4CIHH f, ICPCMCIIIOHN £, TO
ECTb (i) =v, ).

Y CIOBUC, UTO UPH { = {, QYIKUHASL v(r) DOILKIA PABIATLCS v, HA3LIBACTCS IAYAILIILIM
YCIIOBHEM; HMCIA £,,v, HAZLIBAKYTCH HAYAILHBIMH JAAHHBIMH.

3apaqy Kown reomerpuuecku MOXKHO chOPMYJIMpPOBaTh CHEAYIOILMM 00Pa3OM: CpeiaM BCex
UHTETPANBHBIX KPHBBIX AM(p(epeHIHANLHOTO YpaBHEHHS HafiTH HHTETPalbHYK KPHBYIO,
HPOXOUSALIYH) HEPE3 3aUAHHYIO TOUKY My(1y,vg) ofuacru D.

Tlpy  OUpPEUCIEHHBIX YCIOBHUAX, HANAragMblX HA upasyw  dacte  auddeperuHaibHoro
YPABHEHHMS, CYLLECTBYEST pewweHne 3auaqn Kown v oHo eAMHCTBEHHO.

Bonpoc o eauncreendmocTH zagaun Komu npeicraBiser 3HAUMTENBHBIH HHTEpEC UL
MHOIOUMMCICHHBIX PUIOKCHHHA THpbepeHIManbiEIX YPAaBHCHMIE, TAK KAK 3HAs, 4YTO PEIICHHE
CHAMICTBCINIO, MBI YBCPCILL, 9TO APYIMX PCLICIHNA, YIOBICTBOPAIOWIMX TCM KC HAYILIILIM
ycuoBmsiM, 1et. B Borpocax mMexarmiku, (PM3HKH M T.1. 3TC IIPHBOJUT K TOMY, 4TO MBI [I0JY4acM



BIIONIIC  ONPCACHCHHBIN,  COMWIICTBCINIBIH  3aKOI  ABIICHHSA,  ONPCACIACMEIN  TOIDLKO
anddeperiuualiLiibiv ypasiciiieM U HAYILHLIM YCJIOBUCM.,

4 JUPPEPEHIIHAJIBHBIE YPABHEHUA BTOPOI'O IIOPAJAKA

Hudhepermarnioe ypapIcHue BTOPOTO MOPAIKA UMCCT BHI
100, O.F(0)) =0
HIN

¥t#) = L R, (1,x(0,%() . 4.1)
i

B mexartinke x(7) — 310 KOOPLHMIATA, OHPCUCISIOWAA LIOJIOKCINUC TOUKH 1IPH CC LIPAMOJIHIICHTIOM
MBUIKSHUHU.

O0um pewennem Audpbepenunansioro ypasaeuus (4.1) Bropolo 1OpsiiKa B HEKOTOPOId
otulactu D nazwisacres (pym{unﬂ x(1) =, C,Cy), 3aBHCAWAA OT [ W O UABYX [POH3IBOJILIILIX
TOCTOAHHEBIX (|,C;, KOTOpasA MPH MOOBIX 3MAYCITUAX 3THX MOCTOSIMIBIX ABIACTCS PCUICHICM 3TOTO
YPaBIICITHL.

VpaBHeHne Buja @1, C,C;) =0, OUpPLUASIAIOLILCES o0wee PCLICHUE KAK HCHBHYIO C])yl—lKU,H}O,
Ha3bIBACTCH OOLIMM MHTSUPAIOM AUPPEPEHLIMAILHOIO YPaBHEHHS,

Jliodas dhyHkums (MM HHTErpall), KOTOpas 1oJyuaeres U3 odwWero pelieHrs LPH KOHKPETHLIX
3MAUCITHAX  HOCTOANNLIX (|, (5, HA3bIBACTCH  YACTIILIM  PCWICIIMCM  (MACTIILIM - UIFTCIPAJIOM)
ypasuenms.

Zapaveir Kowwn wis auddepenumnansuoro ypasneuus (4.1) sroporo lopsiiuka HasblBaglcs
3a/a4a OlpEUeNeHUs CpedAM BCeX PEeLeHMH TakoI'o pelueHus x(f) 31010 ypaBHEeHUs, KOTOpOe
YAOBJICTBOPACT 3a1aITILIM [TAUAIILIBLIM YCJHOBHAM, 1.¢. (DYHKUUS x(7) BMCCTC € CC IIPOU3BOUIION X(7)
OPHAITAMACT 3a0AHHLIC 3MAUCHAA x,,. X, PH 3a0AITIIOM 3ITAYCITHE /, TICPCMCIIIOH £.

Xapakrepnas ocobetiocrs 3anaur Kown B TOM, 40 yCHOBHS, HAJIAIACMBIC 1A PCLUCHHC (1)
3a34a107T¢s IPH OAIIOM 1 TOM K¢ 3HAUCHHK 11C3ABUCHMOM LICPCMCHHTIOH.

Eciu u3secrno oduiee pelieHne ypasHSHHMs BTOPOI'O HOPSIAKA, 1O JUid peuleHus 3auaquu Kowu
HOCTOANULIC ),y ONPCACHAIOTCH U3 CHCTCMBL YPABIICUWH xy = lf,, (1. Cy), Xy = ey C1.C ).

Besikoe peuciie x = x(f) B MCXAIIMKC COOTBCTCTBYCT IICKOTOPOMY IBIDKCHHIO, BBIPAXKAacT
3aKOIL 3TOTO ABIDKCHHA, KOTOPLIM SBIIACTCH 3aBUCUMOCTD ITOJIOKCIINA TOUKH OT BPCMCIIH.

[Mosromy 3anava Koww cocrour B r1oM, urodul M3 BCCX ABWKCHWH, OUPCACHACMBIX FIUM
YPaBICITHCM, ITaHTH OBIDKCIIHC x = x(/) , KOTOPOC VAOBICTBOPACT HAYANBIEIM YCIOBHAM IBIDKCHIA!
x=xy,.%=v, UpH t = 0, TO CCTL MAHTH TAKOC UBKXCIHC, B KOTOPOM TOYKA 3aiuMalia Obl B
3amannbli (I1a4aIbIIblii) MOMCIT BpeMenH £ = 0 3a0anmoe (Ha9ainiioc) HOMOKCIHC x, H HMCIO Obl
3a4aHHYHO (HAUaIbHYIO) CKOPOCTE v, .

5 CUCTEMbI JUPPEPEHUMANBHBIX YPABHEHHH

[Tpu pelieHnn MHOIMX 3a/1au Tpedyercs HalTH PYHKUNN v (1), v, (1), KOTOPbIS YIOBISTBOPSIOT
cucreme MAPPEPEHUHAIBHBIX YPABHEHHH, CONEpKAILUX aPUYMEHT f, HEHM3BECTHbIE (PYHKLHH
vi(®), v,(1) u uX upowssounvic. K paccmorpenmio cucrem  audpeperunaliibiX - ypaBHCHH
UPUBOAST (PU3MUCCKHC 3a1auM, B HaCTIOCTH, 3a4aud AMUAMHKH MaTCPUAILIIOH TOUKH (B ITOM
CIIy4ac v, ({), v»(#) CCThL IPOCKIHH BCKIOPa CKOPOCTH TOYKH 114 OCH I[PAMOYIOJBIOH CHCTCMDI
KOOpOHUIIAT).

Cucrema auduhepeuraliniibix ypasHSIHE ICPBOIO LIOPALKA UMCCT BH

myy(£) = R (1,v (1), v2(0)).

7’”‘-"2(") =R, (t.vi(f), vy(N))

(5.1)



/1€ T — MACCA MarTepHalibHON TOMKM. R, (r,v (7). v2 (1)), R, (#,v,(), v1(r)) — u3BecTHble PyHKuUmMM (B
MCXalMKC — 3TO LPOCKLUMHM 114 OCH KOOPAMHAT PaBHOACHCTBYIOWCH CUIL, HPWIOKCHILIX K
MaTepHANBHOH TOUKE, IIPH €€ KPUBOIHHEHHOM JIBHKEHHH ).

CucreMa, B KOTOpPOH JIEBBIE 4YacTU €CTh IIPOH3BOJIHBIE TIEPBOrQ TOPIJAKA HEH3BECTHRIX
(hyIIKUMIA, a MPABLIC YACTH IIC COACPIKAT MIPOU3BOAILIX, HA3LIBACTCS IMOPMANLIION. Ecnn dhyTkinm
R (t.v (1) vo (D)), R (t,v (7)., v,(r)) HE 38BHCAT ABHO OT BPCMEHH f, TO CHCTEMA YPaBHEHHE HA3KIBACTCA
ABTOHOMHOM (CTALMOHAPHOM ).

Pemenuem cuctemnl quchdepeHnmnanbabix ypaBHeHui (5.1) HazpBaeTca modas COBOKYITHOCTE
GyHkUAR v () = (), va(f) = ,(t), ODPAIAIOWKMX BMECTE €O CBOMMH IPOM3BOAHLIMK  BCE
YPaBHECHHS CUCTEMBI B TOXKUESCTBA.

Obwmm pewennem cucremsl quddepeHunainbabix ypasaeuuni (5.1) Ha3biBaeICs COBOKYIIHOCTb
DVIKIAT v, (1) = @, (£, C,,C). v, (1) = @4 (¢.C,, C5), 3a8BHCAMIEX OT ABYX IMPOH3BOALIILIX IIOCTOMIIIILIX
C,,C,, KOTOPBIE TIPH MOOBIX 3HAYEHUSAX MOCTOAHHBIX C|.C, O0palllaldT YPABHEHHUS CUCTEMBI B
TOKJECTBE, TO €CTh SARIBIFOTCA €€ PEIISHHEM,

3apaua Ko anst cucrembl audppepeHIMaNbHBIX ypaBHeHuil (5.1) cTaBuTCsS CIEAYHOIIHM
o0pa3oM: cpeud BCEX PELICHMI CHUCTeMbl  HATH  PEeHUE v (1), v4(f) ITOH  cuUCTEMBI,
YAOBJICTBOPAIOLLEE HAYAIBHLIM YCJIOBUAM

Vel =ty = Vin Va0 |12y = Van s
UAE Vip. Vo — 384aHHbLIC udcia. Apyrumu ciioBaMu, PYyHKUHH v (£).vo(f) UPUHAMAIOT 331aHHBIC
YHCIOBLIC 3MAUCIIHA vy, Vo, [PH 3a4aIII0M 3IAUCIHH {, [ICPCMCHIION £.

COBOKYIIIIOCTL  ABYX (DYTIKLHE, MOIYUAIOIIHXCS M3 OOLICTO PCUICIHHSA CHCTCMLI [P
OIpe/IeIeHHBIX 3HAYEHUAX MOCTOSHHBIX (), ¢} HA3bIBAETCS YACTHBIM PElIeHHEM CHCTEMEI. Permas
sanauy Koumm, Mbl BCer/la HAXOUM HaCcTHOE PEMIeHHe CHCTeMBL. [l 3TOro Hajao pelnTb CHCTEMY
YPaBHEHUH @, (1,.C\.Cad = vy, 9501, C.C;) =v5, OTHOCHTENBHO €, U C, U LOACTABHTE HAHUACHHbBIS
3MAYCIHA HOCTOSINLIX (7, ¢ B 0OLICS PCUICITHE CUCTEMDI,

K cucreme jddepenumanbibiX  ypasHendii moxer ObITh  CBCJACHA  3a/a4a  JAMIIAMHKH
HPAMOJIHHEHHOTO JBWKEHHS TOUKH, JMpepeHHauIbHOE YPABHEHHE JIBIKEHUA MATEPUAILHOH
TOYKH MMCCT B 9TOM CIyHac BHI X(f) = R, (£, x(¢{),X(1)) .

YuuTnisag, 9To

x(1) =v(#),
rae w(t) — anmredpanyeckas BEJIMYWHA CKOPOCTM TOUKH, LOJIYHHM cHCTeMy tddihepeHMalibHbIX
YpaBHEHHIA
x(1y=v(),
{\'—’(1) =R (£, x(#), v()).

Pewenue 310M CHCTEMbBl YPABHEHUH OLIPEACNIAST HOIOKEHUS M CKOPOCTh JBUXKEHHA TOUKH B
1000 mMoMeHT BpeMeHu f. HauaibHble yCIIOBMA HMBIMKEHHS 331aKT LOIOKEHHS TOUKH H €€
CKOPOCTL B HAYAILIILI MOMCIIT BPCMCITH £,

x(1) "f='fn = X, W(#) |r=m =¥y

6 OCHOBHBIE THIIbI JUHDDEPEHIHAJIBHBIX YPABHEHHH
HMETO/AB HX HHTETPHPOBAHHA

1) AuddepeHumaisioe ypasHeHue B1jla
LORFAGVEIOR (6.1)
rIC MpaBas 4acTb CCTL MPOW3BCACHHC (PYIKUMM, 3ABHCAWCH TONLbKO or "M ma ¢yukuuio,
3aBUCALLYIO TOJLKO OT Vv, Ha3nBacTes AU(PCPCHLMAILILIM YPABICINCM C Pa3ACISIOLMMHCS
[IEPEMEHHbIMH.



. dv dv
3amenss v(r) Kak — » 3AIMLICM 510 YPaBICHMC B BUC = f{ndr . Murerpupys JicBy1o
74

f2(v)
yacrs paseHcrsa o "W, a upasyro o "¢, vosyuum obwnit warerpan ypasuenus (6.1)
dv .
—= | i+ C.
[ L

3amcuarme.  IlpocrciimmM — audppepeiuansIniM — YPABIICIIHCM ¢ PA3ACHMIONHMECS
dy o
HEPEMCHHBIMHK €CTh YPABHEHUE BHIA o = 75y, Ero oBuuii HHTSIPA v = _[f(t)df +C.
t
2) Juddepenupanniioc ypasIciue Buia
. v .
1’(") = f(l_] Ll (62)
Korua  (pyHKuus f(i] 3ABHCHT  TOJBKO  OT  OTHOLWEHHSH i_ﬁ HA3bIBACTCH  OAHOPOUHbLIM
! t
auddcpCHuIaNBILIM YPABIICIIHCM TICPBOTO ITOPAIKA.
. v(t)
[Tpu peuieHuK TaKoro ypasHeHus BMecTo QyHkuuu v(¢) sBoauTes Hosas PyHKUMS E(r) = ——.
' t

Torna  v(t) =&, w(0) =& + (). TlojcTaBiss B HCXOAHOE ypaBHEHHe, HOIYUMM YPaBHEHUE

é(f)r+ E(H) = f(E(r) , ABNSOUICECSH YPABHSHHEM C PasiCHSHLKUMUACH LICPEMSHHbBIMU

S C— (6.3)
fEn-&n o '
OOwwii uurerpai ypasuenns (6.3) ecrb
J‘ dE di
— = |—+
fEn=-gn i
Omnpenenus GyHKIMIO &(7), TOTYIUM v({) = &(/) — obIree penienne ypagHeHnd (0.2).
3y JuddepermansHoe YpaBHSHUS BHAA
V(1) + P = Q) (6.4)
HA3LIBACTCS JIMIICHIILIM AU CPCIIUMAILIILIM yYPaBIICIIMCM TICPBOTO TOPSAKA. B »stom

ypasrceuuu £(f), O(r) 3agamsic, ICnpepeIBILIC Gyrkurmr ot "1,

Ecim O(r) = 0, To ypasHeHHe (1) + P(Nv(/) =0 Ha3bIBagICs JUHCHHBIM OJHOPOLHBIM, KOTOPOE
ABnfeTcq NH(pQepeHIATILHEIM YPaBHEHNEM ¢ pa3JeIaoLNMUCA IepeMEeHHBIMH.

Pewenue ypasneuus (6.4) wwieres B BUAS HIPOHU3IBEAEHUS ABYX QYHKUMI v(£) =) (D, (7).

DOVIKLHA ¢ ({) ONPCACIDICTCA KAK HACTIOC PCIUCIIMC YPABICIHS w: (£} + P(Hu () =0, 1OCIC
Iroro (byHKLLHH i, () OLIPEHNLIHCTCH KaK obuwee PeWECHHUE YPABHEHUS u, (2he (1) = OF) .

YpaBiicuuss 10t w(f), u5(¢), KaK 1IC TPYAIO BHICTH, CCTL YPABICIHAC € Pa3iCiMIOLIAMUCH

MCPCMCIIILIMHA.
4) Judbdepenuuanniioc ypasIiciine Biaa
v(t) + P(Ov() = Q(w ()" (6.5)
Ha3blBaercs ypaBHeHHEeM BepHylLIM (n = 0,5 # 1), KOTOPOE MOKHO 3alIMCATE B BUNS
ve) ") + Pev(n T = ) (6.6)

Vpaguenue bepHYUTH MOXKHO TPUBECTH K JIHHEHHOMY YPaBHEHMEO 3aMEHOH (/) =w() "',
Torna ity =(-n+v(t) "% W noucravuss B ypasueHue (6.6) (HONYHUMM JIMHEHHOE YPaBHEHHE
() + (= +NHPOw(f) = (—n+1)Q) .

5) JuddepeHumansHoe ypaBHEHHE BTOPOTO OPAIKA BHAA

HOENIOF (6.6)

O0uige pelieHHe T0I0  YPABHEHMUS  1IOIYHASICs  [IYIEM  ABYKPATHOIO MHTSIPUPOBAHMS
x($) = _[(J'f(r)dr}IHClHCz .

6) YpaBHeHHE BUI

X1y = f(x(L0), (6.7)
IIC COOCPJKAILCC SABIIO IICH3BCCTIION (YIKUWHM x(¢). BRoauTca tomasg dyukuma () =x(r), TorZa
@(r) =¥(r). B pesynbrare, orHocurensHo PyHkumun u(f) uoiyuaercs auddepeHunaiibnoe ypasHenne
HEPBOIO 1OPAAKA



() = f{u)r). (6.8)
Oupenenus odwiee peuwieHye  ypasHeHust (6.8), ONHOKpPATHLIM HHTCIPUPOBAHHEM  FIOLO
pElLIeHHs NOIMydaeTcst ODllee penieHue ypaBHeHus (6.7).
6) YpaBsucimc Buaa
X(1) = f(x(0).x(0)) (6.9)
HE cojiepkaniee ABHBIM 00pa3oM HE3aBHCUMYIO epeMEHHYIO "',
BBoauTcsa Takke, Kak H B IpeAplayllieM ciIydae, HOBaf (DYHKIHA, HO 37[€CH OHA CUMTAeTCA
(Ppyukunei o1 "x ", ane or "M kak B 1. 6

H1) = PU),FE) = dP(x) _ dP(x) dx _ P(x) dP(x) '
dt dx  di dx
B pesyibrare 1OJYyUHM ypaBHEHHE LIEPBOIO  IIOPHAKA OTHOCUTEIBHO (PYHKUMH  P(x).

dP(x)

FP(x) = f(x(5). P(x)). UHTETpHPYH 3TO ypaBHEHHE, HAXOAUM P = P(x, (). L4 oupeneneHusd x(r)

HOJIYYacM YPaBIICIIUC ¢ Pa3AC/IAIOIIHMHCH [ICPCMCHIILIME x(/) = P(x.C)).
7)  Auddepernnanniioe ypasiciiue BHaa

X(1) + ay x(1) + ayx(r) = £ (1) (6.10)

HA3bIBAETCH JIMHEHHBIM HEOJHOPOAHBIM U (epeHIHalbHBIM YPABHEHHEM BTOPOrQ IOPS/IKA ¢
HOCTOAIIILIMA KO3 QULIHCIITAMHE,
Ecmu f{£) = 0, TO YpaBICITHC 11A3LIBACTCA OAOPOIITLIM.

KBagpatiioc ypaBIciiue 2° +ah +a, =0 1A3bIBACTCA XAPAKTCPUCTHUCCKHM IUIS YPABICITHS
(6.10).

IMycrs %k, — KOPHM XApPaKIEPUCTUHECKOI'Q YPABHEHHS (OHH MOI'YT ObITb JEHCTBHUTEIIbHBIMH
HIIM KOMIUIEKCHBIMH). KOpHU }.(,%, B ClIydae, eci OHH KOMIUIEKCHBIE, OyAeM 3alHCchIBaTh B BHIAE
oy =y B kg = o =i =41,

OTIIOCHTCNLHO IPaBOH YacTH PACCMOTPHM TONBKO CIydail, KOrJa Ola MMCCT CICIHANLHEIL
B

L) =P wm f(0) =™ (g, () cos(B) + ¢, (Y sin(Br))
FUC P(t),q,(1).g>(7) — MEHOTOMWICHLI 0T "t", (B HACTIHOM ClIy4ac 310 MOUYT GulTh HOCTOSMIILIC) Ao, —
NEHCTBHTENBHBIS 1I0CTOSHHbIE.

Teopust audepeHMaNbHBIX YPABHCHUH YKa3aHHOLO THIIA MOZBOIICT HAXOAMThL HX 00miee
pelieHHe Mo KOPHAM XapaKTepHCTHYSCKOrO YpPaBHEHHS W BHAY TpaBOif YacTH, HE BBRITOIHIA
OTICPALMH HIITCTPHPOBAITHS.

Eciiu M3BeCTHBI 1BA JIMHEHHO-HE3ABUCHMBbIX PELIEHUS x({1},x,(f) OJHOPOLHOI'O YPABHEHHUS, 10
o0Imee pellieHHe 3TOTO YPaBHEHHS PABHO

Xp ()= Cox (1) + Caxs (1)
rae (.C, — IPOH3BOIBHEIS IIOCTOAHHEIES.

Ofmee perneHne HEOAHOPOHOrO A epeHITNATEHOTO YPARHCHHS ONPEICIICTCS KaK CyMmMa
00Wero xy(7) PELUSHHS COOTBEICTBYHOWEIC OLJHOPOUHOIO YPABHEHHUS H YACTHOIO X, (f) PELIEHHA
IICOAIIOPOAIIOrO YPABIICIIHA. x(/} = x, (/) + x, (£} .

Kakum o0pazoM 3anmcnlBaThL OOLICC PCLICIIHC OANOPOANIONO M HYACTIIOC PCIUICIHC [IC
OAIIOPOIIIOTO JIANCHILIX AP CPCIIIHANBILIX  YPABICITHH BTOPOr0 HOPAAKA € HOCTOAIIILIMU
koappuumuenramn ykazaHo B ratu. 1. B 3roii rabuuue P(f) — MHOIOWIEH € HEOHPEUEIISHHBIMU
KO3 PHUUCIITAMA TOA KC CTCHCIIM, YTO M MIorowictl p(f); O (1).0-»{(f) — MIIOTOWICIEI, CTCICIID
KOTOPbIX PABHA HAHOOIILIISH U3 CTEIEHEH MHOI'OWISHOB ¢ (f).q,(7) .

Ormerum o0wmid Buy MHOIOWIEHA crelienn i

POY= A" + A" L At A (A4 20).
B 4acTHOCTH: P(1)= A1+ 4, — MHOTOWICH MEPBOH CTEMEHH; P(/) = A" + 4y + 4, — MHOTOWIEH

il

BTOPOIL CTEIICHH H T.A.
B ciryuae, ecim 0AMB U3 MHOUOWICHOB g,(f) WM g,(f) pased HyI0, B JOpMyNIe Ui HacTHOL'O

PCUICIIAS AOKIIBI OLITE YUTCILI KaK MITOTOUICIT (¢}, TAaK © Q- (1) .



Ecin 1ipasas vacrte f{f) ypasnerus (6.10) ecrb cyMma HECKOILKUX DYHKUME £, (1), f> (D £, (1),
TO HAJAQ HAITH YaCTHBIC PELISHMS ¥TOI0 YPaBHEHMS, COOTBETCTBYIOMIME 3THM pyHKUUsM, HacrHoe
petierue ypasHerus (6.10) B 3roM ciryyae Oyluer paBHO CyMMe YKa3aHHBIX YaCTHbIX pelleHuH.
8) OTHOCHTCHBIIO CHCTCM OU((CPCIIHANBIILIX YPABIICIIHN OTMCTUM CHCTCMY BHIA
J vty = A () + Apva () + f1(0),
1132 (£)y = Ayv (D + Ay (O + £ (0.
Cucrema ypasaenuii (6.11) vasbiBaercs JiMHeHHOH (HeusBecTHbIe PYHKLUHMH W HX IIPOU3BOAHbIE

(6.11)

BXOMUSAT B CHCTEMY B 1IEPBOI CTEIICHH U JIMHEHHbIM 00pazom).

OMHUM U3 IPUEMOB PELISHHS CHCTEMbI JIMHENHBIX JudpepeHunaibHbIX YPABHEHNI ABISETCH
MeTO HeKmueHus, Jng atoro audpdepenumpyror mo "' od¢ UACTH OMHOIO W3 YPAaRHCHHIA
CHCTEMBI, HAIPUMED, IIEPBOTO

(1) = A (0 + A (0 + A0, (6.12)

B momy4eHHOM YPAaBHEHHH v,(f) 3aMEHSIOT COrJIacHO BTOPOMY YPABHEHHID CHCTEMBI, 4YTO

[IPUBOIUT K YPABHEHHIO
(1) = ALV (1) 4+ Ay (g vy () + Ay va (D + () + f1(1). (6.13)

Bripaxkas v,(¢) M3 MepBOro ypaBHeHus cucTembl (6.11) v moactarnas B ypasHenwue (6.13),
MOMYIUM TH((EpeHIMATEHOE YPaBHEHHE BTOPOTO Mops/Ka (B o0IMeM cliydae He OMHOPOAHOE) C
MOCTOAIIILIMH KOIPQHLUHCIITAMH OTHOCHTCILIIO (DYITKIHH v, (1) .

Haxonaum ofmiee permeHue 3Toro ypaBHeHus v, = ¢, (7,C;,Cy) W IMOICTABIAA B TICPBOC YPABHCHHC

cucTeMel (6.11), onpcacnacM MCU3IBCCTIIVIO PYIIKIIHIO vy = 9, (4,C7,C5) .

7 NMPUMEPLI HHTETPHPOBAHHS YPABHEHHH JJHHAMHKH
MATEPHAJIBHOMN TOUYKH

Pacemorpum upumeHeHue Meroaos ubTerpuposanns  auddepeHumaibubiX  ypaBHeHni Ha
KOHKPEeTHBIX MpHMepax ANHAMHKN MaTepPHATEHOM TOUKH,

bBynem cumrarb, yre moJ ACHCTBHEM CHII MATCPHAILHAS TOUKA COBEPIIACT NPAMOIMHCHHOC
IOBIUKCITHC, TOITOMY BCIHYHIA x(f) — 3TO KOOPIOHIATA, ONPCACTAIOMIAS TOMOKCITHC TOUKH; v(i) —

anrcOPanICCKast BOIMYMIIA CC CKOPOCTH (IIPOCKLMSA CKOPOCTH 114 OCL, [HANPABICIITYIO N0 MPAMOH,
110 KOTopod asukercs rouka). [lpassle uactu An(PepeHUHMAIBHBIX YPABHEHMH UBHMKEHUS
MATEPHAILHOM TOUKH B YKA3aHHBIX HHME UPUMEPAx CUEAYST PACCMATPUBAIL KAK BEIUYMHY
HPOEKUMEH HA YKA3aHHYI) BbIIE OChb PABHOACHCTBYIOWEH CHJI, LPHIOKEHHBIX K TOUKE,
HPUXOUALLYHOCH HA SAMHULY MACCHI 310H TOUKH.

1) CKOpOCTD TOUKH 1(7) YAOBICTBOPSACT MPPepCHUpaInliioMy YPABIICITHID

i1y = -2 (7.1)

+1
IlpaBag vacTh ypaBHeHHS (7.1) MOKAa3RIBACT, UTQ HA MATSPHAIRHYIO TOUKY ACHCTBYST CHIA,
3aBUCSLLAN OT BPEMEHH H CKOPOCTH TOUKK. B HAUallbHBIA MOMEHT BPEMEHH
t=0:v =1, w0 (7.2)
OnpenenuTs 3aK0H H3MEHEHH CKOPOCTH MaTepHANBHOH TOUKH OT BPEMEHH.,
Vpasuenue (7.1) ecre qudpdepeHumnalbHOS YPaBHCHHE C PA3ACHAFOLUIMMUCH LIEPEMEHHbBIMH
_ dv(f)  dv(f) _ t(r)  dv(r) ot ” J-dv(t') _ 7J- t

’ 1 - (1129 - L{t
et di (+1 v() (+1 v() {+1

v(1)

Haxo,uu M HEOUPCHCICHHBIC NHTCIPAILI

do(t) oot i el e
bk T P - I

=f— ln|f + 1| + 1n|(.7| .

(=

=

1]

=

=

b=y

|

—
=
=
—
I}
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npOHBBOJIbHHS{ HOCTOAHHAS 3alIMChIBACTCa B BUUC |l1|(' , UTOQ ABIACTCH HaACTO yﬂ.O6HblM HPH 3ATHCH

o0LICIo peLctus ypasicius

| v(1)
|z +HC

I={ M) =e " w(t)=Ce "(t+1),

O

In|v(t.)| =—i+ In|f + l| + In|C|.I|*.

(7.3)
obwee pewenue ypaguenus (7.1).
Haxomum moctosrryto C, HCIIONL3YA [IaYaILIoc yeaosuc (7.2). [logcTaBmiacM B paByIo 4acTh
(7.3)r=0,BncByio v = 1 m/c. 1=Ce’(0+1) C=1.

Torna
vie)=(t+1e” (7.4)
4acTHOE peleHue ypasHeHus (7.1), yLOBISTBOPSHOLLEE HANAIBHOMY YCIOBHID (7.2).
Vpasueuuem (7.4) oupeiensercs 3aKOH HM3MEHEHHS CKOPOCTH MATEPUAILHOH TOYKH OT
BPEMEHH.
2) Ckopoctb MarepHalibHOH TOUKH YAOBIETBOPAET UHPPEPEHUHAIBHOMY YPABHEHUID BHAA
v=-2tv+ cf"2 sin(t) .
B nauaibHbiil MOMEHT BpEMEHH
t=0; v =2wmlc. (7.5)
Oupeaennrs 3aKOH M3MEHEHHUS CKOPOCTH MATEPHANLHOH TOHKH o1 BpeMenn. [lepenecem uien
YPABHEHHH —2iv , COASPKALHME HEH3BECTHYIO (DYHKLHIO BIEBO

v+2iv=c¢ " sinll). (7.6)
VYpaeuenue (7.6) ecTh JNHHEHHOE HeomHOpoAHOEe AMdepeHIUANbHOE YPaBHEHHE IIEPBOTO
uopsaxa. Ero pewlenne uuem B BUAS LPOM3BEUSHUA ABYX (PYHKUNI v =, . DyHKUMA u (1)

OTIPeICASTCA KAK TACTHOS PENICHMS YPaBHEHHSA & + 24 =0, KOTOpOE SABIACTCA YPABHSHUEM ¢
pasaeNMIOMHMEICA [IEPEMEHHBIMH,
Torna

du du 2 e
—L =2y, —L= —2£dr,ln|ul| =—t,u =e

dr oy
Terrepb QYHKIHSA ,(f) HIIETCS KAK OOLICE PCHICHHE YPABHCHHUS

-
i,e ' —e ' sin(f),

HIH
du. .
—2Z = sin(r},
dt

KOTOpOC TaK KC ABIACTCA YPaBIICIIHCM C pPasaCcIBIOIITHMHACH ICPCMCIIITLIMIL.

uy =—cos(+C,v=e 4 (—cos(N+Cy=Ce © —e © cos(l).

Hcnonp3ys nmagansiioe yemosuc (7.5) maxomuM moctoaryio C

2=C-1;C=3,

Torna v=_(3- cos(t))e’rl JacTHOE pelieHne ypaBHeHUs (7.6), YAOBICTBOPAOIIEe HAYATLHOMY
yCIoBHIO (7.5), ONPCACTIAIOMICC 3AKOI H3MCIICIIH CKOPOCTH MAaTCPHUAILIION TOUKH OT BPCMCIIH.
3) Ckopocrb MarepHalbHOH TOUKM v(r) yuosuersopaer nuddepeHuualbHOMY YPaBHEHUIO
BHA
v = 2vig(0) — v sin(z) . 7.7
B naganciisiii MOMCIIT BPCMCITH
t=0; v =02 v/ (7.8)
OnpenenuTs 3aK0H H3MEHEHHSA CKOPOCTH MaTePHAIBHOM TOUKH OT BPEMEHH.
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Zanuwem ypasiucume (7.7) B cacayrowceii Gopme v 2wig(r) = v  sin(r) . DTO YPABICHHC CCTL
audrhepeniansbooe ypasuenue Bepayiuid, 3anudiieM ero B BHAE v v — 2y ‘ig(f) = —sin(r), HCIIOAB3YS
3AMEHY u(t) = v’[(t) , HOIryvaem JIHHEHHOR HECOAHOPOAHOS YPABHCHHE 1 () + 2u(f)ig(t) = sin(¢) PELISHHE
KOTOPOTO HINEM B BH/C HPOH3BSACHUS ABYX (DYHKIUUI w(t) = u (Hu, (). Beimonasasa ganee aeiicTBUs

AHANOTHIHBIC TIPAMEDY 2), HMSeM
du du
=L = e, —L = 2te(Ddi, o, | = 2 nfcos()], u, (1) =
7 gl 4 1 1
it 1,

= cos” (1)1, (.’)cos2 (£) = sin(!),

dus :Sin_?(’) an,
T ocost(r) T cos(r)

o) = —— = S
w(f) 1+ Ccos(r)

oburee pemrenue ypasHenus (7.7). Haxomaum moctossuyr0 C, HCHONMB3yA HAMAIBHEIC YCIOBHA (7.8)

02= !
1+C

+ C () = (1+ Ccos(t)ycos(t),
(7.9)

=4,

sec(r)

Torma v(f)= ——
A @ L+ 4cos(¢)

CCTh HMCKOMBDIH 3aKOII H3MCIICITHS CKOpPOCTH M&TCpPIEU'ILIIOﬁ TOHYKH OT

BPEMEHH,
4) OnpenenuTh 3aK0H ABIKEHHS MaTePUATbHON TOUKM IO/ JISHCTBUEM CHITBI, 3aBHACAIICH OT
BpCeMCITH 110 AU(GCPCIIHAILIIOMY YPABICIIHIO JBHKCIIHS

¥=3¢" +5c0s8(21), (7.10)
x H3MEPSIETC B METpax, { — B CEKYHIaX) H HAYAIRHEIM YCIOBHAM
P p YH ¥
t=0; x=-025m;x=2 m/c. (7.11)

Tak Kak x(1)=v(), TO ¥{#}=v(F) H LOPHUOK unf])(l)(.‘pc:llunaubnoro ypasiciua HOIMKACTCs 10

MCPBOTO v =377 + 5cos(2f) , DATBITCHIICC PCLICITHC MOKCT OBLITH BLITONIICIIO CICAYIOIIHM 00pa3oM

& _ 312 + 5c0s(24), Ia’v = I[BIZ +5cos(2e) et v = 1° +isin(21) +C . (7.12)
dt 5 ‘
dx
HO v=
dt
dc 5 5
orcrna — =" +=sm(28)+
— > 20+,

Idx = I(t3 + %sin(Ef) +C))dr x = % —30()5(21) +Cit+Cy . (7. 13)
loacrapnas B (7.12) m B (7.13) HavaneHble AaHHBIE, UMeeM: —025=—125+(C,,C=2,C; =1,
Haiigernnic 30a9ciing NocTOAINLIX (), C, MOACTABIACM B obmice pewciue (7.13)

x =025 ~1.25cos(20) + 2/ +1 (M) (7.14)
ecTh 4acTHoe pemnenne ypaBHeHus (7.10), ymoBrieTBopsroliee HadaibHBIM yoioBusaM (7.11) m,
OJHOBPEMEHHO, ONIPEASIIIIONISE 3aKOH ABMKEHIS MaTepHAIBHOH TOUKH.

5) Judrpcperimmanniioe ypaBIICIING ABMKCIIHI MATCPHAILIION TOUKH HMCCT BHIT
X

(7.15)

X=— - .
e +1

CrepoBarensHo cHila, ASHCTBYIOMAL Ha MATEPHANBHYIO TOUKY, 3aBHCHT OT CKOPOCTH €€ JABHKCHIS
i OT BpeMeHH. HalfTn 3aK0oH ABIKEHUS MaTePHATLHOM TOUKH, ¢CIIH B HAUAIBHBIH MOMEHT BPEMEHH
£ = 0 oHa pacuoiaraiacs B LIOJOKEHUN C KOOPAHHATONH x = | M M umena ckopocts v = 4 m/c.

Tak Kak x(/)=v(/) — CKOPOCTL TOYKH, TO i(f)=v(). B pe3synerare, OTHOCHTCILIIO v(r)
moaygacM  THBPCPCIUHAANLIIOC YPABIICIIAC TCPBOTO MOPAAKA {v(z):—‘:(—fl. Ilpumeiras mcron
e
pazaeieHud [epeMeHHEIX, HMEEM
S (7.16)
v e +1
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Wirrerpai, crosiwuii B 11paBoii HacTH, HaHICM, LIPUMCHHB IIOACTAIOBKY ¢ =u

di du du du .
= |l—-=|—- =In(e"y—In(e' +1) =7 —1In(l+¢") .
'[e’ +1 Iz.{(z.{ +1) m Li +1 ) (c ) nl+e)

13 (7.16) Haxouum

h1|v| =—+In(1+e)+ In|C1

, In
C(1+e")

v=C(1+ee™, v=C/(l+e™). (7.17).
o dx

Tak Kak CKOpOCTH TOYKH CCTH TICPBAs MPOM3BOANAS OT KOOPIAMUATION (DYIIKITHH v == TO CIHOBa
t

OPHMEHSS MeTO/1 PA3/ISISHHS MePEMEHHbIX, TOIIyHaeM

[ar = feaveyr x=Cr-e™)+C,. (7.18)
Heronbays Hauanbubie YCHoBus 7=0;x =1 w;x =4m/c, a TaKike Beipaxenue i ckopoctn (7.17) u
ob1iee pelneHHe (7.18), orpereIaeM 3HAYCHHE IOCTOSAHHBIX .G, .
4=C-2,C,=2-C; +(, =1,C, =3. [loacTapmaacM 3I1a4CHHA MOCTOAMMILIX (;,C, B OOIICC PCILCINIC
(7.18) ¥ HAXOIMM UCKOMBIH 3aKOH JIBHKEHUS MATEPHATLHOR TOUKK x =2(7 —¢ ") +3 (M).

6) JuddepennransHoe ypaBHeHHE IBIDKEHHUA MaTepHaNbHOH TOUKH IO NeHCTBHEM CIUIBI,
SaBI/ICHIJ_Ieﬁ OT CKOPOCTH ABHAKCHHA TOUYKH H OT KOOPIHHATBI TCUKH UMCCT BHI
e
g2 (7.19)
2x+3
Ol'[pCI[CJIHTL 34aKO0II H3MCIICIIIA CKOpOCTH MaTCpHaJ'IL[[OfI TOYKHM OT KOOpI[I’IIIaTI)I M1 3aKoIl
ABITKCIIAA TOYKH, CCIIH ITAYAIBLIILIC YCHOBPIH JBMCIINMA TAKOBDLI

t=0; x =2, x=14 we. (7.20)
BBeneM (QYHKIMIO CKOPOCTH MATCPHAILHOM TOYKH, CUMTAs €¢ 3aBUCANICH OT KOOPJAHHATHI
TOYKH £({) = v(x), TOrAA ¥(f)= %% = v(_x)@. Huddcepenupanvioe ypasiciue (7.19) npuBonures
dax i ox
K CICMYIONIEMY BHAY
vy B 292

dr  2x+3
HpI/H\r[CHf[H MCTOO pa?o,[[C.]—[CHHH HCpCMCHHbIX, AMCCM

; 2
ﬂ: 2dx ,]n|v|:In|2x+3|+1n(Cl), v=C(2x+3),
v 2x+3
dx dx
— =, (2x +3), = |Cdt, 721
R )IZ.r+3 je (7.21)
f) o 4
%111|2x +3| =(t +%111|C2|. %ln malut] Ct,
: . (7.22).
T+ 3 \ .

Henonnzys (7.20), (7.21), (7.22) maxonuM 311aUCIINs MOCTOAINIBIX (), (5

o1
2
Mojcragui HAHACHHBIC 3HAMCHHS LIOCTOSHHLIX C},C, B (7.21) u 8 obtee pewenne (7.22), Haxouum

(C, =30y =7, 14=C(2:2+3), ¢, =2.

3aKOIT M3MCIICHHA CKOPOCTH MATCPHANLIION TOYKH OT KOOPAHHATHI v=2(2x+3), M/C M 3aKOI
ABHAKEHHA MATEPHAIBHOMU TOUKH X = 0,5(7¢" -3y, m.

7y AuddepeniniansHoe ypaBHEHHE IBIDKEHMA MAaTePHANBHON TOUKH IIOI OEHCTBHEM CHUIIBI,
3aBUCAIIEH 0T KOOPAHHATEI TOUKH, €€ CKOPOCTH U BPeMEeHU HMEeeT B

¥=3%-2x+2e

B mauaneHEeI MOMeHT f = () TOUKAa HAXOQHIACE B COCTOAHHH ITOKOA B [TONOXKEHHH ¢ KOOPAWHATOH x
= 0,1 M. OupeacanTE 3aKO0H ABMKCIIHA MATCPUAILIION TOUKH.

3anumen aHdepeHuHaILIOe ypasenue B Gopme

13



F-30+2r=2e . (7.23)
Ypasiicuue (7.23) spuscres JMICHIILIM COLIOPOAULIM  AH(DCPCHUHAILIILIM  YPABIICIHCM
BIOPOIO LIOPAUKA ¢ LoctosuiuuiMi Ko3dduuuerramu. Ero obwee peweiive vweM B BHAC CyMMb]
o0LICTO peHICTIAA COOTBCTCTBYIOWICTO OAIIOPOIIOTO YPABIICIAA X —3x + 2x = 0 M 9aCTIOTC PCIICTIAA
HEOAHOPOMHOIO YPABHEHMS x=x,+x,. KOPHU XapaklepUCTHUECKOI'O YpaBHeHus A% -3i+2=0
paBIGI A, =2k, =1, Tak kak i, #%,, TO 0OIICC PCIICIIHC OAIIOPOAIIOTO YPABIICIIHS 3aIIHCLIBACTCA B
COOTBEICTBUH C 1IEPBOIi CTpOKOl Tadiuubl, B popme x, = Cle® + Cye' . Tak Kak k=34 L # ks, 10
YACTIIOC PCWICHIMC [ICONIIOPOAIONO YPABIICUUSA UMCCT BUI x, = Ae . Tlocrosinyio 4 naxoaum us
YCJIOBHS, 910 31a Gynkums 10/nKna 00palwatL 1COAIOPOLIIOE YPABIICIUC B TOKICCTBO
£, =340 %, =94 (9A+94424)e " =2¢7,204=2,4=0,].
Obwee pewedue ypasHeHus (7.23) 3almiuem tetiepb B BHAES CYMMBbL
x=Ce” +Cpe +00e7. (7.25)
Huddepenuupys cro, tosryvuacm
£=2067 + Gyt —03e . (7.26)
[Mocrosmnwic €,C, vaituem vz (7.25). (7.26) v navalisliblX yeIoBHid
t=0; x=0IM, x=0;
00 =C +Cy +0);
0=2C+C, —03:
¢, =03, =-03,
TToucrasusst 3HaueHus 1OCTOAHHBIX B o0wee peweHue (7.25), HAXOAUM 3aKOH ABHKEHMS

M a’l'CpMEUIbHOFI TOUKH
2t

¥ =03 =Y+ 00e ¥ (m).

8) Cuuaa, uchHerBytowas 1a MarcpHalIbIYIO TOUKY, OTIICCCINAY K MAacCe MATCPHAILIION TOUKH,
3aBHCHT OT KOOPAMIIATHI TOYKH, CC CKOPOCTH W BPCMCIH F,/m=5v—6x+3¢”, B mavampimii
mMomcur Bpemeun ¢ = 0 Touka 11aX0AMIaCh B HAYAIC OCHM x M MMCNIA CKOPOCIL v, =3 M/C.
Oupeuciir, 3aK01 ABHXKCIHS MATCPHAILITOH TOYKH.

Hecioun3ys  OCHOBIIOW 3aKON  AMIIAMHKHM  MATCPHAILIION TOUKH, 1OJIYUACM  CJICUYIOLLCC
auddepeiualinioc ypasueiue ABHKSINS

¥—35i+6x=3e". (7.27)

KopHu Xxapakiepuctuyeckoro ypaBHeHus &> -5i+6=0 pasHbl i, =3k, =2. Obuwee pewenue

OAIIOPOIITOTO YPABIICIIHS 3AIUIICM B BHIC
Xp =Ce¥ +Che™

Tak Kkak A =2#A,A=%i,, TO HACTHOE PECWICHHE HEOAHOPOAHOIQ YpaBHCHUS BbIDEpeM B
COOTBCICIBUM CO BTOPOi CIPoKoii 1abiuupl x, = Are? . TloacraBiss 10 powenue B ypasiuciue
(7.27). oupecucnscm A

dde™ = 441e™ +54e™ — 10Awe™ + 641e™ =3¢, - de™ =3¢, 4= 3.

Takum obpazoM x, =-3re” . Obuiee pewenne auddepeHuuaiibaoro ypasrenus (7.27) upencragum
B BuUle CYMMbl OOWIEIO pElICHUH COOTBEICTBYIOLIEI'0 OMHOPOAHOI'O YPABHEHHH ¢ 4acTHOIO
PELIECHUH HEQAHOPOAHOIO YPABHEHUS

i 2
=3t

x= e+ ('302
Huddepetuupyst © =3Ce™ +2C,¢* =3¢ —6¢™ 1 UCHOIB3YH HAYAIBHBIE YCHOBUK (=0: x=0, x=3
M/C IONYHACM CHCTCMY YPABICIIHE IS OUPCACICIES TIOCTOSINLIX C;.(
[ 0=C, +Cs;
[3=3¢+2¢, -3,

OTKYIA HAXOMUNM (| = —C, =6 WCKOMBIH 3aKOH JIBUKESHUS MATEPHAILHON TOUKY UMEET BH/L
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X = 6(@'” - )- e’

%) BoccramapinuBaromas CHila, ACHCTBYIOIAA 114 MATCPUALIIYIO TOUKY, OTIICCCINIAS K MAacce
TOUKH, pasna F,/m=-9x. Bo3mywalowas cuia orneccnnas K macee MarcpHalinliol TOMKM paBua
£, /m =2sin(2/) . Hafi'ru 3akoH koslebanuil MarepralbHOMH TOUKH LIPH HAYAIBHBIX YCIOBHUAX

t=0x=02wv, x=-0]wc.

Auddepenuualibuoe ypasiciiue ABUMKCIHS MaTCPHAILIIOH TOUKH UMCCT BH2

¥+9x = 2sin(21) . (7.28)

Kopim xapakrepucrutcckoro ypasiciua 22 +9=0 MIMMDBIC X, = 3ih, =-3i. Takum obpazom
a, =00} =3 u obLlee peleHHE OLHOPOUHOIO YPABHEHHA 3AIIMLIEM B COOTBEICTBUH CO CTPOKOR 7
TabmuILI x, = €| cos(3/) + C,sin(3/) TaK KaK o =0.p =2, # [, TO YACTIIOC PCUICIIHC IICOAIOPOAIIOTO
ypasiienus suidupacm B popme: x, = Acos(2e)+ Bsin(20) . Juddepecuuupys., uMeem

X, —44cos(2r)—48sin(20) .

[ToncraBum 31H (ynkumn B ypasrcrme (7.28)

—4.4¢cos(21) —4Bsin(2() + 94 cos(21) + 9Bsin(21) = 25in(20) .

[Mpupasiusas koadduuucirrul upu cos(2¢) u sin(2¢) B JCBOK U LPABOH vaCTAX, HCJHyvacm 4 =
0, B =0,4. Takum obpa3zom x, =04sin(2r), a oDLLee pelIEHUE HEOAHOPOUHOIO YPABHEHHA HAXO UM
CYMMHPOBAIIUCM. x = x, +x, = cos(3) + C, sin(30) + 0.4sin(20) . duddepenunpyem 210 BuIpaskciue
¥ ==3C, sin(3r) + 3C; cos(37) + 0.8 cos(2r) . Tlocrosivable  ().C; HaxouuM OICHHUA 110 HAYaIbHbIM
YCIOBHAM. (; =10,2; C, =-0,3. TarkuMm obpazoM 3aKor1 Koacdarmii MaTCpHaNLIION TOUKH HMCCT BHI

x = 0,2c08(31) — 0.3s5in(3r) + 0,45in(27) (m).

10y Boccranagiidsaiowas cuiia, ASHCTBYIOWAs HA MATCPUAILHYIO TOUKY, OTHECCHHAN K MACCe
TOUKH, paBla /. /m=-16x. Bo3Mylaromas cumia OTIICCCINIAA K MAacce MaTCPHAIIBLIION TOUKH paBIia
P./m=sin(4ry. Hairn 3akon kouchaimii Marcpuaibiiol TOYKW UPH  HAYAILILIX  YCIOBHAX:
(=0:x=03M x=0375v/c.

Huddepernpansiioe ypaBIciiue ABHKCIIAA MATCPHATLIION TOUKHA UMCCT BHI

¥+ 16x = sin(4d¢) . (7.29)

Kopimu XapakTCpuCTHUCCKOTO YPABICIHA A’ + 16 =0 MIIMMGIC A, = 4/, 4, = -4; . Takum o6pazom
o, =0, B, =4 1 obwee pelieHue oANOPOUIIOIO YPABIICUHS 3alIMWCM B COOTBEICTBUM CO CTPOKOH 6
radunup

xy =C, cos(40) +Cysin(4h) .

Tak kak a=0p=4f,=f. TO HacTIIOC PELICIIUC UCOAIOPOUIIONO ypasliciius BLIdHpacM B
COOTBEICTBHM € TOH e cIpokoi 6 radiuubl B hopme x, = (Acos(dr)+ Bsin(4r))r; unpdpepeHunpy,
HMEEM

Xy = (—44sin(40)} + 48 cos(d)) + Acos(4e) + Bsin(4r),
Xy = (=164 cas(41) - 168 sin(d)) — 8.4 sin(4s) + 8B cos(dd).

TToactasum 31u pyHKUKK B ypasHeHHe (7.29)
(—16Acos(41) — 168 sin(4:))r —8Asin(4r) + 88 cos(d) + (16.4 cos(4) +

IMpupasuusas KodpduumeTot LUpH
+ 168 sin(48)) = sin(4r). pup (1(1 t p

\ - o 1
sin(4¢) w cos(4f) B JCBOH W 1paBoi wacTax, uouydacm A = B8 = 0. Taxum obpazom

1
Xy = fglctxs(ﬁll) , @ o0Lce peleiue LICoOANOPOMIICLO YPABICIINS 1aX04MM CYMMHPOBAIIMCM

) Y. 1 ‘
x = cos(d) + C5 sim(de) _Et cos(4e) .
Huddepernippycm 310 BLIpaxcnue

. ‘ . 1 | .
x = =4, sm(4) +4C; cos(4d) —gcos(4t) +?f. sin(4¢) ;
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HOCTOSHHBIC ). C; HAXOAMM Q1CHUA LI0 HAYAILHBIM YCIO0BHIM | =0.3; &, =025, Takum ofpazom,

34dKOH KOJIeGHHMﬁ Mﬂ'J'epMaJIhHOﬁ TOUKHW HMECT BU L
x=(03-0,125¢)cos(4t) + 0,25 sm(4¢) (M).
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Tabmuua
Kopuu Obmee [TpaBas gacTh Bun ITpaBas yacTh Buxa
XapaKTCPHCT pCIIcIc YPaBIICITHS JACTIIOTO YPaBIICITH YACTIIOTO
HUCCKOIO OALOPOINIOTO | (1} = p(i)e’” pewcius | S{t) = pCLicIms
ypaBHEHUA ypasHeHusl HEOUHOPOA | = ¥ (g, (r) cos Bt + | HEOUHOPOUHO
HOI'O +(12(I)Sin[3£), 1’0 YPaBHCHHWA
YPaBHEHUS | 1 )
HCHCTBUTCIL
HbIS
Ay, CreM et AEIGLE R, P - e (O (Heos(BOY +
I O (s}
hoy# 7y Cle;‘-lf + Czef'-zf A=k, uma i=%, P(l)eml - e (O (N cos(Pe)+
1 G5 (Dsinf3)
hi=h, Ce"V +Cyettt ARy P()e™” - 2™ (@, (DY oos(BrY 1
+ 0 (1) sin{Br}
A=k, Ce™ + Chettiy h=k P()e™ s’ - 2™ (O (Ncos(Bey )

) O5(Osin(Be)
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[Tpouoikenue Tad.

Koprm Obmec [TpaBas wactnb Bun [1paBag gacTo Bun
XapaKTepucT pelcHne ypaBHECHUS JACTHOTO YpaBHEHUS YACTHOTO
HYSCKOTO OIHOPOJHOTO | 7(r)= p(r)e™ pemeHust | /()= peleHAs
YpaBHEHHH YpasHEHHA HeouHopoa | _ " (g, (£) cos i + HEOUHOPOAHO
[10ro + gy ()sin ) I'0 YPaBIICIILA
YpaBIICIIHA g2 (1)sinpl),
B=0)
KoMrrckermt
¢
=y 1B, e (€] cos(Pyr)+ - P(5)e’ (o, z0) ™t x
ho=oy =iy, (B 2 1 ¢, sin(B0) wn (B # ) x(Qr{t)eos(Bo) +
+0- (1) sin(Pr)
hy= o+ iy e cosBy) 1 - P(e™ o #oLp P e™ %
Fa= o =BGy 29 oy singpyn x (0, () cos(Br) +
+0O, (D) sin(Be)ye
= iy C, cos(p 1)+ - P()e"" By =P et x
ho==iBi (g ={]  +C, sin(B7) x (O (ryeos(Bry+
+ 0, (7)sin(p1)
=B, C, cos(B 1)+ - P(e™” =00 =p {O( cos(Pr)+
7= =P (o, =0 +C, sin(B,7) +0, (1} sin(Bn)
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