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Canaig 1



DTo pazjesl MEXaHUKHU, B KOTOPOM U3YYarOTCsl PT€OMETPUIECKUE CBOMCTBA
JBU2KEHUS TeJT 6e3 ydeTa WX WHEPIIMOHHOCTH U JEHCTBYIONNX HA HUX CHUJI.
Jljist ompeiesieHnsl TIOJIOYKEHUsI JIBUKYIIErOCs TeJIa B PA3HBIE MOMEHTBI
BpeMeHU, HeoOXOIMMO BhIOpATh KaKyH-HUOY/Ib CUCTEMY OTCYeTa, KOTOpast
6yﬂeT CBd3aHa C Ka,KI/IM—HI/I6y,H]) HCIIOABU>KHBIM T€JIOM, II0 OTHOIIIECHHUIO K
KOTOPOMY HU3yYaeTCd ABUXKEHUE.

Cnaitzg 2



@ BEKTODPHBIIL;

© KOODJWHATHBIIH;

@ ecrecTBEHHBIN.

Chaiin 3



Bexropublil criocob 3ajanus JBUZKEHNUS TOUKH ™

IIycts Touka M ABUKETCSI IO OTHOIIEHWIO K HEKOTOPOI CHCTeMe OTCIeTa,
Ozyz. Torma, monoxenne Touku M MOXKHO OIPEJENATH B JIIOOOH MOMEHT

BpPEMEHH, 33J[aB €e PAJINYC-BEKTOP 7, IPOBEJICHHBIM 13 Hadasa Koopaunatr O B
Touky M.

z

3asaHne MOJI0XKEeHUsI TOYKU Yepe3 BeKTop-byHKIuo 7 = r(t), siBiasercs

HanboJiee OOIMUM CIIOCOOOM OIMCAHUS MOJIOYKEHNS TOYKU B BHIOPAHHOMN

cucreMe KOOpJaAruHaT. Cnaiin 4



Koop/unaTHblit criocod 3a/janus JBUKEHUs TOUKN ™

I/I3B€CTHO7 YTO BEKTODP 3a/1aeTCd CBOUMMU IIPOCKIUAMUN Ha OCHU KOOPJIWHAT.
HyCTI) IIPOEKIINN BEKTOPa 7 Ha, OCHU KOOpJAuHAT 0003HAYNM KaK

Q=1
Q@ ry=y;
Q@ r, ==z
st Toro 4Tobbl 3a1aTh 3aKOH JIBUYKEHUST TOYKH, T.€. €€ IOJIOXKEHHE B

IIPOCTPAHCTBE B JII0O0H MOMEHT BpeMeHH ¢, HeOOXOINMO 3HATH 3HAUCHUST
KOOPJIMHAT TOYKHU JJIA KaKJIOTO MOMEHTa BPEMEHM:

z = fi(t),y = f2(t), 2 = fs(t)

Caaiizn 5



EcrecTBennblii criocob 3a/ianus ABUZKEHUs TOUKI ™

Taxkoit crrocod 3a7anmst IBUKEHNS yI00EH TOTIa, KOTIa TPAeKTOPUs
JBUKYIITEHCS TOYKU 3apaHee M3BECTHA. UTOOBI 33/1aTh JBUKEHUE TOUKU
€CTECTBEHHBIM CIIOCOOOM, HEOOXOIUMO 3a1aTh:
@ TpaeKTOPUIO TOYKY;
@ HauaJI0 OTYETa HA TPACKTOPHUH C YKA3AHWEM ITOJIOKUTETBHOTO 1
OTPHUIIATETHLHOTO HAIIPABJICHMUIA;

@ 3aKOH JIBUXKEHUsI TOYKU BJIOJIb TpaeKTopun B Buje s = f(t).

A0

Cuaaiiz 6



BekTop ckopocTn TOUKH™"”

z

X

TOYKa B ToJioxkeHUU M ompejiesisieTcss BEKTOPOM 7, a B mojiozkenun My

— BEKTOPOM T}

nepemerenne Touku u3 M B My 3a Bpems At = t1 — t popMupyer BEKTOp
A7 =7 — 7
CKOPOCTD Vep, = %;

B npeziesie U = lima¢—0(Vep.) = limar—o 37 = G-

Caaiig 7



HxT.107-121

BekTopnsbrit criocob:
dr

dt

V=— =7

KoopuHaTHbIH €110c06 (1€KapTOBBIe KOOPAUHATHI):

_dx __ ;. _dy __ .. __dz _
VZ—E—I,Vy—E—y,VZ—E—Z.

EcrecTBennnlii crioco6:

_ds _
V= E T
_ ds
Vr = %
v, — ajrebpamdeckasi CKOPOCTb TOYKU. DTO IPOEKIMsS CKOPOCTH TOYKU U Ha

TIOJIOZKUTEJIbHOE HallpaBJICHUe KacaTeJIbHON T K TpaeKTOpUn eé JIBU2KCHUA.

Cuaiin 8



BekTop yckopeHusi Toukn™

o __ T,

B MOMEHT BpeMeHU { TOYKa HAXOJUTCA B MOJoKeHun M m mMeeT CKOPOCTh
U, a B MOMEHT BPEMEHU {1 MepeMeniaeTcs B rnojoxenne M u nmeer
CKOPOCTb V1

nepemertnenne Touku u3 M B My, 3a Bpems At = t1 — t, popmupyer
[pUpallleHue CKopocTu Av = Uy — U;

OTJIOKUM BeKTOp AV or Touku M

IIOJIyIMM CPEIHee YCKOPEHHE Acp, = %;

_ . _ . AD do
a = lima¢—0(acep.) = limaio 37 = -

Caaiig 9



HxkT.107-121

BexkTopssbrii criocob:
i W _ *F F
Codt di2

KoopauaaTaslit ctoco6 (meKapToBble KOOPIAUHATHI ):

_dvy _dx . _dyy, Py s dv, _ dPz _ g,
G =" T @z =Ty ="gq T gz —Y¥%0:="g = g =%

EcrecrBennsiit criocob:

p — DaJMyC KPUBU3HBI KPUBOI (TPAEeKTOPHHU JIBUKEHUS ).

Caaitzg 10



CIIPABKA

p= % — paanyc KPUBU3HBI KPHUBOIL.
k — xpuBu3HA.

s kpusoit y = f(x) kpuBusna k B Touke M (x,y) oupeznesnsgercs 1o
BBIPAKEHHIO:

W@l
[+ (2))2]2

Jlyist KpuBoii 3aaHHOI B napameTpuyueckoii hopme ypasHenusamu x = x(t),
y = y(t), kpuBusHa k B npousBosibHOI Touke M (x,y) onpenessercs no
BBIPazKEHUIO:

1,11 i

T @) w3

Caaiig 11



3Hast IPOEKIMH CKOPOCTH Ha KOOD/MHATHBIE OCH, HAHJIEM €€ MOJyJIb U
HanpasieHue (T.e. yribl &, U 7y KOTOPbIe BEKTOP U 06pa3yer ¢
KOOD/IMHATHBIME OCSIMH):

cos(a) = ij
cos(8) = =2
coso) = =

Curaiizg 12



3Hast TPOEKINH YCKOPEHUsI Ha KOOPJMHATHBIE OCH, HAWIEM ero MOJy/b U
HanpasjeHue (T.e. yIJIbl a1, 51 ¥ 71 KOTOPBIe BEKTOD G 06pa3yer ¢

KOODJMHATHBIMU OCHAMHU):
a= /a2 + a2+ a?

a
cos(aq) = —

cos(fr) = —=

cos() = ==

Canaiig 13
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BpamaTenbHoe IBUKEHHEE TBEPIOTO Tega™

Omnpenenenue

BpamareapHbIiM ABUKEHHEM TBEPIOTO TeJia BOKPYT HEMIOIBIKHON OCH
Ha3bIBAETCS TAKOE JIBH2KEHUE, IIPH KOTOPOM KaKHe-HUOYIb JBE TOYKH,
[PUHAJIEXKAIE TeJry (UM HEUM3MEHHO C HUM CBSI3aHHBIE), OCTAIOTCS BO BCE
BpeMsl [IBUKEHUS HEIIOIBUKHBIMU.

[Tpoxositast yepe3 HemoaBuKHBIE TOUKU A 1 B npsimasi AB Ha3biBaeTcs

OCBIO BPAIIIEHUS. Onaitz 2



3aKOH BpaIATEILHOIO JIBUXKEHUS OIPEIEJISIeTCsl YIJIOM MOBOPOTa TeJIa BOKPYT
CBOEH OCH C TeYEeHUEM BDEMEHH {:

o= f(t)

@ 3a mpoMexyToK Bpemenu At = t; — t TeJI0 COBEPIIAET MOBOPOT HA YIOJI
A
Ap = 1 — @, TOrJIa CPeJiHAs yIIOBad CKOPOCTb Wep, = K‘te. B nepenene
At — 0, mosryanm

w=" wm w=¢

dt

@ eciiu 3a IPOMEXKYTOK BpeMeHn At = t; — ¢ yIIoBast CKOPOCTh U3MEHSIETCS
Ha BeJMunHy Aw = Wi — W, TOIJIA CPeJlHee yIJIOBOe YCKOPEHNe Eqp. = %.
B nepenene At — 0, mosyaum

Chaiin 3



HaHpaBﬂeHI/Ie BpallaTE€JIbHOI'O JBUZKEHM A

Q@ w > 0 - Bpalenue IPOTUB XO/a YaCOBOU CTPEJIKU;

@ w < 0 - BpaIenue 1Mo X0y JacoBOM CTPEJIKH;

@ ecii HalpaBJ/IeHUE € COBIaJaeT C HaIpaBJICHUEM W, TO JIBUKEHUE
SIBJISIETCS YCKOPEHHBIM (pHC. a);

Q cciiu HaIpaBleHHE € IPOTUBOIOIOXKHO HAIPABJICHUIO (W, TO ABUXKCHUE
SIBJISIETCsI 3aMeJ[JIEHHBIM (pHC. 6).

g 1

Caaiiz 4



Touka M, HaXOIANIASICS HA PACCTOSTHUU h OT OCcU BpallleHusi Z Tejia, 3a
3JIeMeHTapHoe BpeMst dt coBepiuT nepemerrienne ds. Torna jguHeiiHast
CKOPOCTH IV OIPEIEJISeTCs BhIPAYKEHIEM

_ds
dt
C npyroit croponst ds = h dyp, Toraa

Chaiig 5






__dv _ W2
T.k. Ur = Gi M an = 7, TO

TanreHnuaJIbHOE YCKOPEHTE:
ar =h— =he
HopwmanbHoe yckopenue:

p=h=a,=hw?

ITonroe yckopenue:

a=h+ve%+ wt

Yron M ME2K/1y HOPpMaJIbHBIM yCKOPEHUEM G, 1 IIOJHBIM YyCKOPEHUEM a

nJI

13
tg(p) = o2

Chnaiin 7



[Iposeném u3 Touku O B Touky M pajamyc-BeKTOp T, TOT/IA

- CKOPOCTD:
lv] = |w| h = |w|r sin(a)
W
| = |w x 7|
CutenoBaTeaLHO
V=wXT
- YCKOpEeHUe

a—@— d—a}xf + wxﬂ =a=(EXT)+ (0xD)
“at - \at dt -
THE Gr =€ X T, Qp =W X U

WssecTHO, 9TO
Ex 7| =ersin(a)=ch

|w x 7| =wr sin(90°) = w? h

Cuaiin 8






[Tpumep Ne 01. Yesmosue

1

Vmeercs 3amensienne AByX POJUKOB. B TOYKe KOHTAKTA POJIUKOB CKOJIbKEHUE
OTCyTCTByeT. VI3BECTHBI CJIe/IyTOIIe TapaMETPhl MEXAaHUIECKON CHCTEMBI:

© 3aKoH M3MeHeHMs yrila MoBopoTa posmka 1 — ¢(t) = 212,

@ pajguycel poaukoB — R =1 M, Ry = 0,25 m;
Tpebyercs HANTH AHAJIUTUIECKUE 3ABUCUMOCTH JIJIsI CJICLYFOIIUX
KMHEMATHIECKUX [apaMeTPOB MEXaHWIeCKOil cucreMbl: wy(t), €1(t), wa(t),

Ez(t).
Coaaiig 10



de(t)

wi(t) = == = (2 ), =4t paa/c
et = 20— (4p), = g pa/e?

Tx. v(t) = Rywi(t) u v(t) = Rawsa(t), 10 v(t) = v(t) = Ry wi(t) = Rowa(t),

T.€.
R 4R,
wa(t) = s wi(t) = 7 t pas/c

3Hasi aHAJIUTHYECKOE BbIPAYKEHUE JIJIST YTTIOBON CKOPOCTH wa (t) HaiIEM
AHAJIMTHYIECKOE BBIPAsKEHHUE /Il yIJIOBOIO yCKOPEeHHsI £a(t)

o dOJQ(t) _ 4R1 ' 4R1 2
ea(t) = pran ( 7 t)t T paz/c

Curaiizg 11



[Tpumep Ne 02. Yemosue

54(¢)

PaccmoTpuM MexaHUYECKYIO Iepeady COCTOSILYIO U3 TPEX BPAIIAIOIIIXCS
KoJiéc u peMHs. IIpn KoHTakTe peMHS ¢ Kosécamu 1 1 2, a Tak»Ke IPHU
KOHTaKTe KOJEC 2 U 3 IPOCKAJIb3bIBAaHNE OTCYTCTBYET.

ITycTb M3BECTHBI CIIEAYIONHME IAPAMETPBI CUCTEMBIL:
© 3akoH M3MeHeHms cKopocTH Kosleca 1 — vy (t) = 412 + 4t;

@ pajuycol kosiec — Ry =1 M, Re = 0,25 M, R3 = 0,5 m.
Caaiig 12



Tpebyercss HAWTH aHAJIUTHIECKHAE 3aBUCAMOCTHU JJIsI CJIEITY FOTIIX
KMHEMaTUIeCKUX [1apaMeTPOB MEXaHUIECKON CUCTEeMBbI:

va(t), e5(t), ws(t), aa(t).

Takxke JJId S3HaYeHNA BpEMEHN t= 1,5 C HAliTU YUCJIEeHHbIE 3HAUEHUS ITUX
KHMHEMaTUIeCKUX IIapaMeTpPOB CUCTEMBbI.

Canaiig 13



I/A(t) = 1/23(t) = V12(t) = Vl(t) = 4t2 + 4t M/C

Ho Tak>ke m3BecTHO, ITO

va(t) 4t>+4t
vaA(t) = Ryws(t) = ws(t) = ';%(3) = s paz/c

Torma yrsioBoe yckopenune Kojeca 3 OyIeT ONpPeIeIaThCsT CJIELyIOMIM
BBIPAKEHUEM

8t+4

= dw?)(t) — i(4t2 —|—4t)tl = I paﬂ/cz
3

dt Rs

e3(t)

Haiiném yckoperne Touku A, pacIojioKeHHOI Ha 0001e 3-TO Kojeca
. 1 st+4\° (a2 +at\'
aa(t) = Rgy/e5(t) + w3(t) = aa(t) = Rs R + R M/c
3 3

Curaiizg 14




Haitiném gmcnennble 3nadennss TpeOyeMbIX KHHEMATHIECKIX [IAPAMETPOB
MeXaHHIeCKO! CUCTeMBI JjIsl BpeMeHH t = 1,5 c.

ITapamerp

3HadeHne

va(t), m/c
au(t), m/c’
ws(t), pam/c
es(t), paw:g/c2

15
450,28
30
32

Canaiig 15
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CroxKHoe JIBIZKeHne TOYKn ™™

Onpenenenne

JIBu>KeHue, COBEPIIAEMOe TOUKOMH (MM TEJIOM) OJHOBPEMEHHO IO OTHOIIEHUIO
K JIBYM CHCT€MaM OTYETA, U3 KOTOPBIX OJIHA CUUTAETCS OCHOBHOU WMJIN yCJIOBHO
HEIOJIBY2KHOM, a JApyrasi OMPeIeIEHHBIM 00pa30M IBUKETCS K TEPBOIA,
HA3bIBAETCA COCTABHBIM MJIM CJIO2KHBIM.

Beper

Caaiig 2



Chaiin 3



OrHocuTeIbHOE, TIEPEHOCHOE 1 abCOTIOTHOE
JABUZKEHUS ™'

Paccemorpum Touky M, ABHXKYIIYIOCS 110 OTHOIIEHUIO K IIOABUYKHOM CHCTEME
ordera Ozyz, KOTOpas B CBOIO 0YepPEIb KAKUM-TO 00Pa30M JIBUKETCS
OTHOCHUTEJILHO IPYyTOoil cucreMbl orcuéra O121Y121, KOTOPYIO MOXKHO HAa3BaTh
OCHOBHOM HJIN yCJIOBHO HEIIOJIBUKHOIA.

TOF,Ha MOZKHO BBECTHU CJICJIYIONTUE OIIpEeJICJICHIA ,ILBI/I}KQHI/IfII

Q /Ipm:kenue, coBepInaemMoe TOUKOM M 110 OTHOIIEHUIO K TTO/IBUKHOI
cucreme oruéra (K ocam Oryz), HA3BIBAETCA OTHOCUTELHBIM.

@ /[IsmkeHue, coBepimaeMoe TIOJBUKHOM cucreMoit orcuéra Oxyz (u Bcemu
HEU3MEHHO CBSI3aHHBIMU C HEIO TOYKAME IIPOCTPAHCTBA) [0 OTHOIICHUIO K
HemoBMKHON cucreme (O1T1Yy121, SABJISI€TCS Jjist TOYKU M TIePEHOCHBIM.
CKOpOCTh TOI HEM3MEHHO CBSI3aHHOM € MOABUKHBIMA ocstMu OXyz TOYKU
m, ¢ KOTOPOH B JJAHHBII MOMEHT BPEMEHH COBIIAJIAET JIBUXKYINASICT TOUKA
M, HA3BIBAETCS MTEPEHOCHOM CKOPOCTHIO TOUKH M.

@ /Ipmkemnne, coBepinaeMoe TOUKOM M 10 OTHOIIEHUTO K HEITOABUKHOMN
cucreme oruéra O1r1Yy1 21, HaA3bIBAETCS aOCOTIOTHBIM UJIU CJIOKHBIM.

Caaiig 4



Takum o6pasom:

® [IBUKEHWE IIapa OTHOCUTEJIHLHO HAJIYObl CyAHA OYIeT OTHOCUTEIHHBIM;

® JIBUKEHWE CyJHA II0 OTHOIIEHUIO K Oepery OyaeT s mapa MepeHOCHBIM
IBUKEHIEM, TO €CTh CKOPOCTh TOW TOYKH MayObl, KOTOPOIl B JaHHBII
MOMEHT KacaeTcs map, OyJIeT B 9TOT MOMEHT €r0 IePEHOCHON CKOPOCTHIO
(MOKHO MBICJIEHHO OCTAHOBUTH JIBUYKEHHE IIapa Mo Haaybe CyaHa);

® JBIIKEHUE I1apa 110 OTHOIIEHUIO K Oepery Oyer ero abCcoIOTHBIM
JIBUKEHUEM.

Chaiig 5



TeopeMa O CJIOZKECHNN CKOPOCTGP’ITP“"’G

n)
£

I,:

Pacceymorpum cnoxknoe npmxenne Touku M. Ilycts 9Ta TOoUKa coBepimaeT 3a
IpoMexKyToK BpeMenu At = t1 — t B1oJsib Tpaekropuu AB oTHOCHTE/IBHOE
nepemerrenue, onpejensemoe Bekropom MM’ (puc. a). Cama xpusas AB,
JBUTAsICh BMECTE CO CBOEU CUCTEMOI KOOPAWHAT, MEPEUIET 3a TPOMEIKYTOK
Bpemenn At B HeKoTOpoe HOBoe moJioxkenue A1 Bi. Touka m xpusoit AB, ¢
KOTOpOIi B MOMEHT BpeMeHH ¢ coBajgaeT Touka M, coBepmut, 3a BpeMs At,
nepemertieare mmi = Mm,. Takum obpazom, Touka M TpUIAET B MOTOXKEHUE
M u copepmuT 3a BpeMst At abcosoTHOe nepemernenne M M.

Caaiig 6




W3 BekTopHOro Tpeyrompuuka Mmy My nmeem:

MM1 = Mm1 +TTL1M1

[Momenum 0be gacTu 3TOro paBeHcTBa Ha At U MepeiIEM K IpeIesy

i (MM oy, (M 4 lim my My
Atmo\ At ) T a0\ At Atso \ At

L miMy\ i mMY\
arso\ At ) T atmo\ A ) T e

. Mmy )
lim

HO TaK KakK

At—0 At

lim MM, =7
At—0 At T a6

Chnaiin 7




OTMeTHM, 9TO BEKTOPHBI Vag, Uor U VUnep HAIIPABJIEHBI 110 KacaTeJIbHBIM K
COOTBETCTBYIOIIMM TPACKTOPUSIM, KaK [OKA3aHO Ha pucyHke 6) (cM. ciaiif 6)

IIpu ciroxxHOM JBUYKEHUU aOCOTIOTHAST CKOPOCTh TOYKU PaBHA M€OMETPUYIECKON
CyMMe OTHOCUTEJIbHOI U IIEPEeHOCHON CKOPOCTEM.

Vag = Vor + vr{ep

Cuaiin 8



Motysb abCOTIOTHON CKOPOCTH Vs MOXKHO OTBICKATB MCXOJS M3 CJIELYFOIIIX
CcOoOOparKeHuit:

U2 = Vag - Uag = |Vas| - [Vag| - c08(0°) = [Tag)?
HO
Vs = (Vor + Vnep)” = (Tor + Vnep) * (Vor + Vniep) = Vg + 2+ Vor * Vnep + Vingp
TaK KaK

ng = |EOT|27 viep = |vnep|2

2 Tor * Unep = 2+ |Uon| * |Fnep| - cos(x)

Torna
736 = |va6|2 = |VOT|2 + 2 [Vorl - |vnep| - cos(a) + |vnep|2

Caaiin 9



OKOHYATENBHO TOIYIUM MOLYJIb abCOTIOTHON CKOPOCTH Ugg

Pl = /1Porl? + 2 [Fox| [Prepl c5(0) + [Prcp ?

Caaitzg 10



Bajada Ne 01 Ha BbIUMC/IEHTE CKOPOCTE IPU CI0XKHOM
JABUZKeHu! "

Touka M napuxercs: Bj1osib TpyObr OA ¢ HekoTopoii ckopocThio u. Cama Tpyba
Bparaercs B miockoctu Ox1y; € YIJIOBOI CKOPOCTHIO W.

Ornpeenuth abCOIOTHYIO CKOPOCTD Vys TOYKHU M OTHOCHUTETBHOM
HEIOJIBIKHON cucrembl Koopauaat Ox1y;, npu ycaoBun aro OM = r.

Caaiig 11



Bajada Ne 01 Ha BbIUMC/IEHTE CKOPOCTE IPU CI0XKHOM
JABUZKeHu! "

Perrenne.

@ Pacnosioxkum HabJIoIaTE/ ST BHYTPH JIBUKYIIEHCS TPYOBI, TOT/Ia CKOPOCTH
u Toukn M Oyner sBJISIThCS OTHOCUTEIBHON CKOPOCTBIO CIABUMKEHUS TOUKHU
M.

© 3adukcupyem Touky M B HEKOTOPOM IIOJOXKEHUU 11 B MOMEHT BDEMEHU t,
TOT/IA TIEPEHOCHOE JIBMKeHne TOUYKU M Oy/neT onpene/saThCs JIBUKEHUEM
TPYOEI, UTO HO3BOJISET OIPEJIEJIUTH IIEPEHOCHYIO CKOPOCTD Vyep TOUKH M.

@ Torna Vys = Vor + Vnep, @ MOJYIID abCOJIFOTHON CKOPOCTH OY/IeT paBeH

|Vas| = \/|70T|2 + 2 [Vox| [Vnep| cos(ar) + |vnep|2

Tak KaK Vor = U, Vpep =W - OM =w - 1.

Yros o MeXKly OTHOCUTEJIBHOU Vgp M IEPEHOCHOM Vyep CKOPOCTSAMHU PaBEH
90°, Torya cos(90°) = 0.

Q@ VYuutbiBast BCE BBINIE MTPUBEIAEHHOE, TTOJIYIUM aHAJTUTHICCKOE BBIPAYKEHUE
abCOJTIOTHON CKOPOCTH JIJTsi PACCMATPUBAEMON MEXaHUIECKOU CHCTEMBI

Vo = VU2 + w? - r2

Caaiig 12



Y

0

Tenexka 1 ABHU2KETCA 110 HaKJIOHHO IIOBEPXHOCTHU TEJIC2KKN 2. Tejiexxkka 2
SIBJISIETCs JIBUKYIIEHcsi cucreMoit KoopauHat O1r1y1 Ui Tejieskku 1.
Tenexxka 2 nBUKETCs B HENMOJABUYKHON cucteme koopauaar Oxy.

Canaiig 13



Tpebyercss HAWTH BeJIMIMHBI OTHOCUTEIBHONW CKOPOCTH Vo, IEPEHOCHOMN
CKOPOCTH Vyep U abCOTIOTHOM CKOPOCTH Vag TEJIEXKKHU 1 JJIsT BpeMeH!
t= tl =3ec.

Hamno:

x(t) =313 + 2t M
() =212, M
yi(t) =13 —t, M
a = 30°;

t] = 3, C;

Curaiizg 14



Bajaua Ne 02 Ha BbIYHCIEHIE CKOPOCTEH MPU CJI0KHOM
JIBUZKEHIH

Benuuauna abcoTIOTHONH CKOPOCTH Vg BBIMUCIISETCS IO BHIPAYKEHUIO:

[Vas| = \/lﬁwl2 + 2 [Vox| ‘vnepl cos(a) + ‘vnep‘z

Haiiném cocrapisrornime BXOISIIAE B BHIE TPUBEIECHHOE BhIPasKeHNEe, TO €CTh
MOJLYJIK OTHOCUTEJIbHON Vop U IMEPEHOCHON CKOPOCTE Vyep -

Jlist HAXOXKJeHNs] BEJIMYUHBI OTHOCUTEJILHON CKOPOCTHU |Uyyp| 1I€pEHECEM
HaOJIIoaTe s B IIOJABUXKHYIO cucreMy KoopauHar O121y1.

Kak MOXXHO BUJIETH, OTHOCUTEJILHASI CKOPOCTH |Vor| COOTBETCTBYET CKOPOCTU
Uz1yl, TO €CTH CKOPOCTH JBUKEHUs TEJEKKHU 1 110 HAKJIOHHOM IOBEPXHOCTU
TEeJICXKKI 2.

B cBoto ouepenp CKOPOCTD Uy1y1 ABIACTCS PE3YIBTUPYIOMEH CKOPOCTeH Uy 1
Uy1, HAIPABJICHHBLIX 10 OCAM %1 U Y1 HOJBUXKHOI CHCTEMBI KOODJIUHAT.

Torma oTHOCHTENbHAST CKOPOCTH Vo TEJIEKKHU 1 OyIeT paBHa

Vor = ﬂwlyl = Ug1 + ayl

Caaiig 15



Bajaua Ne 02 Ha BbIYHCIEHIE CKOPOCTEH MPU CJI0KHOM
JIBUZKEHIH

1. BeruncsieHne BeJIMUIUHBI OTHOCUTEIBHON CKOPOCTH Vo).

Moysib oTHOCHTENBHO CKOPOCTH |Tor| Gyuer paBen

Porl = /s |2 + 2 [, | [, ] co5(3) + [, |2
Tne
Uy, = dml =4t, m/c
Uy, = %1 =3t -1, m/c
Haiiném gmcaeHHbIe 3HAUEHNS CKOPOCTEH Uy, , Uy, JJIT BpeMeHn t =t; =3 ¢
Uy, =4t =4-3=12, m/c
Uy, =3t —1=3-32-1=26, m/c
OTmernM, TaK KaK 3HAYCHUS BEKTOPOB Uy, , Uy, OOJIBITE HyNId, TO UX
HaIlpaBJIEHUS Ha PUCYHKE BBIOPAHDBI BEPHO.

Boruncianm snadenne MO/YJIsI BEKTOPa OTHOCUTEJJIbHOM CKOpOCTH

[Tor| = \/\12\2 + 2|12 - |26] - cos(90°) 4 |26|% = 28,6 m/c

C)TMQTI/IM7 9TO yToJI 7y MeXKJ1y BEeKTOpaMUu ﬂxl u ﬂyl PaBEH 900
Caaiig 16



2. Bolunciienne BeJMYUHbBI IEPEHOCHON CKOPOCTH |Tpep|.
W3 pucynka BUAHO, ITO

Vnep = U
B cBoto ouepennp CKOpOCTh TeIEKKN 2 HANIEM M3 3aKOHA €€ TBUKCHUS

dz 9
U= — = 2
u=— 9t +2, m/c

Tenepsb BBIYHUCINM CKOPOCTD Vpep JJIA BpeMeHn t =t = 3 ¢

Tpep =U=9-32+2=83, m/c

Cohabipg 17



3. Boruucienne BesnauHbl abCOTIOTHON CKOPOCTH |Vyg| Temexku 1

IoncraBuM 3HAYEHUA Vop U Vpep B BBIPAXKEHHE MOJLYJId aDCOJIIOTHOH CKOPOCTU
|V a6|

|Zas| = \/]28,6|2 42 - [28,6] - |83] - cos(30°) + 832 ~ 108,75 m/c

Canaiig 18
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Ob1mue cBejieHNs 0 KHHETHIECKON sHeprum™ "

Kunerudeckast sHEprus sBJIsIeTCS XapaKTEPUCTUKON KaK MOCTYHATEILHOTO,
TaK W BpallaTeJIbHOrO JBUKeHusi. KuHeTndeckast SHEPrus siBJIsieTCst
BEIMYNHON CKaJIAPHONA U CYIIECTBEHHO IIOJIOZKUTEILHON.

OTmMeTuM Tak ¥Ke TO 9TO, Ha U3MEHEHUE KWHETUYECKO SHEpPrum Kpome
BHEITHUX CUJI BJAUAIOT U BHYTPEHHUE CUJIBI.

Kunernueckast sueprust obosnadaercs: 1’

2
Enununa nsmepenust kunerndeckoit sweprum: [k = H- M = =5

Caaiizg 2



Kuneruweckoit sHeprueit cucTeMbl Ha3bIBACTCA CKAJIAPHasa Beamdanna 1,
paBHag CyMMe KMHETHUYECKUX SHEPIuil BceX TOYEK CUCTEeMBbI:

T:kaéz/,%

Chaiin 3



[Ipu mocTymare/ ibHOM JBUXKEHUU BCE TOYKHU JABUMKYTCS C OTUHAKOBBIMU
CKOPOCTSIMH, PABHBIMU CKOPOCTHU IIEHTPA MacC VC.

THOCT:kaT'VgY = (ka) % =

14
= Tnoc'r =M <

rine M — macca Bceit CUCTeMBI, KT.

N mpx.

TC = D=1 0
— N mr Yk .
yC—Zkzl M

— N my 2.
C = Ek:l M
e myg — Macca k-oit TOYKU, KT'{ Tk, Yk, Zk — AEKAPTOBBIC KOODJANHATHL k-oit

N .
TOUKH, €. JAamubl; M = )", | mj — Macca BCeii CHCTeMBI, KI.
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Kunerndeckas sHeprusd BpallaTeIbHOIO ABUZKEHU ™"

ITpu Bpamenun tesa Bokpyr ocu OZ (cM. puc.), CKOPOCTh 06O ero ToYKn

Oymer paBHa Vi = w hy, Tie hy — paccrosinue or ocu OZ no k-oit Toukn,
W — yIJIOBast CKOPOCTH TEJIA.

4
i

2 2
B my Vi mg - w hk B w* w
Tw=3 =5 =2 (kahk)E*J 25
rae Jz — 0ceBOif MOMEHT WHEPITHH.
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el

MowmenT unHepimn J; CUCTEMbI MaTePHUaIbHLIX TOUYEK OTHOCUTEIbHO ocu Ol
Ha3bIBAECTCA CyMMa, HpOI/IBBe,HeHI/II‘/JI MacCC 9THX TOYEK Ha KBaJpaT UX
paccrogHust 1 10 ocu Ol, TO ecThb

N
Jl = Z my 7‘,%
k=1
i
Jl = ]\4'/)12
rIe P12 = +/J;/M — pamuyc unepryn.

Coaiin 6



CnpaBKa. MoMeHTBI MHEPIUN ITPOCTLIX OAHOPOAHBIX

TeHTpr,QGG

T
N
g

o
1
B n
T

@ TOoHKWMIT OHOPOIHLIH cTepKenb — J4 = MI2/3;

@ TOHKOE OIHOPOIHOE KOJIbIo — Jo = MR?;

@ KpyrIias OMHOPOIHAS IJIACTUHA WN Huaneap — Jo = M R? /2.
2,

Ennuuna usmepenust MomenTa unepruu [J]| = [Kr - M

Cnaiig 7



@ cuIomHas IPSMOYIoJIbHAs IIacTHHA Maccoit M co cropoHamu a u b (och
2 HAIIPaBJIEHA 110 CTOPOHE G, OCh Y HAIIPABJIEHA 110 CTOPOHE b) —
Jy = Mb?/3; J, = Ma?/3;

© 1psAMOIl CILIONTIHON KPYTJIbIil KoHyc Maccoit M ¢ pagumycom ocHoBanust R
(och z HampaBJieHa BJIOJH och Konyca) — J, = 0,3M R?;

@ curomHoii map Maccoit M u paguycom R (0ch z HaIpaBjeHa BJIOJb
maamerpa) — J, = 0,4M R2.

Cuaiin 8



MowmeHT mHepIUK TeJia OTHOCUTEIHHO JAHHON OCH paBEH MOMEHTY MHEPITUU
OTHOCUTEJIBHO OCH, €il IIapaJliesIbHON, IIPOXOAAIell Yepe3 LeHTp Mace TeJia,
CJIO?KEHHOI C IIPOM3BEICHUEM MAaCCBHI BCETO Tesa Ha KBaJIpPAaT PACCTOAHULA
MeZKJy OCAMU.

JOz = JCz’ +Md2

Caaiin 9



@ Teno, ¢ earpom mace C, COBEpIIAET MOCTYMATEIHLHOE JIBUYKEHIE CO
CKOPOCTBIO V(.

@ Teso Bpamaercst BOKpyr ocu C'P ¢ yriioBoil CKOPOCTBIO W.

@ CioxKHOe JIBUXKEHIEe HEKOTOPOU TOYKH Tejia By Oyer CKIaJblBaThCsA U3
OTHOCUTEJILHOTO CO CKOPOCTBIO Tj, M IEPEHOCHOIO CO CKOPOCTBIO V(.

Q@ 3amerum, uTo U), = w hy, TA€ h) — paccrosaAe oT ToukK By 1o ocm C'P.

Caaitzg 10



WssecTHO, UTO

2
my - v
roy
2
Ho v, = v¢ + V), Torga
vy =vp = (Vo +0},)° = Vg + vl +20c V), = vg + w? hi + 20c 1),

Bamernm, uro U2 = |74 - |7;] - cos(00) = [7;]? = v?

Torma mosryunm

(Z mk) (Z my hk) - + ve Z my Uy,

nJI
2

% w? _
T=M70+JCP?+VC kavk

Curaiizg 11



Crpaska. KosimiecTBo IBUZKEHUST CUCTEMBI ™"

Onpemenenne

KosmuecrBoMm JABU2KEHUsA CUCTEMBbI Ha3bIBa€TCsdA BEKTOPDHasA BEJIMYUHA Q,
PpaBHaA FeOMeTpH‘{eCKOﬁ CyMMe KOJIMIECTB ,HBI/I}I(QHI/IfI BCe€X TOYEK CHCTEMDbI

Q:kavk

Tae My Vg — KOJUIECTBO ABUKEHUSA k-0if Toukm, M

C

Bameuanne. Ecim Ipu ABUKEHUUN CUCTEMBI IEHTP MaccC ocTaéTcsa
HEIIOABU2KHBIM, TO KOJIMYECTBO ABHU2KCHUA TeJIa PAaBHO HYJIIO.

Hanpumep, KomudecTBO ABUXKEHUSI TeJIa, KOTOPOE BPAIIAETCS OTHOCUTEIHLHO
HEIIOJIBU2KHOI OCH, MIPOXO/ISIIEil Yepe3 ero MeHTP Mace, OyJIeT PpaBHO HYJIIO.

Caaiig 12



Kunerndeckast OQHEPI'UA IAJIA O6H.[€1"O cjrydad JIBUZKCHUA

Tpr.303

BriBosr:

Q@ Eciu B KauecTBe moJrroca npuHATH He 1eHTp Macce C, a Kakyo-HUOYIb
TOYKy A Tejla 1 MrHOBeHHas ocb AP He OyaeT BCE BpeMsl IPOXOIUTH
yepes HEHTP MacC, TO KMHETUYECKAas SHEPIHs JJIsi ODIIErO CJIydast
JIBUKEHUSI Tejia OyIeT OIpeessiThCs BbIparKeHneM

vE w? _,
T:M?+Jcp7+l/02mkuk

© Ecinu ke B KadecTBe moJioca BeIOpaH meHTp mace C' Tejla U MCHOBEHHAs
0Ch BCE BpEMs IIPOXOJUT 4yepe3 ero neurp mace (ocs C'P Ha pucyHke
BbllIe), TO OyZeM UMETh TaK HA3bIBAEMOE ILNIOCKOIAPAJLIEIbHOE JIBUKEHUE
resaa. Js 9TOr0 BHAA ABMZKEHUA » My V), = 0, TOraa KUHETHIECKAs
SHEPTrUs OYJIET OMPEIEISITCS BhIPAKEHTEM

2 2
14 w
T=M-FE+Jcp—
2+ cp2

Hanpumep, kardmeecss nHesiehopMupyeMoe KOJIECO UIEAJBHON KPYTJIOi
dOpPMBI IO TTOBEPXHOCTHU JIOPOTH.

Coaaiig 13



Kunerndeckast OHEPIuAd CJIOYKHOIT MeXaHNYeCKOl crucTeMbl

Ecin mexanmyeckasi cucreMa COCTOUT M3 HECKOJIBKHUX TeJI, KOTOPbIe UMEIT
Pa3JIMUHBbIE BEKTOPHI CKOPOCTEil, Macchl (0OCEBble MOMEHTHI UHEPIHT) U MOXKET
OBITH Pa3IUIHbIE BUIBI ABMXKECHUI, TO KHHETUIECKAs SHEPTHST TAKOW CJIOKHOM
MEXaHUYECKON CUCTEMBI Tycp OMPEJIENIAETC KaK CyMMa KUHETHYECKUX
sHepruit T; KaxKJa0ro 3 TeJ COCTABJIAIONINX CACTEMY.

N

Tener = ZE

i

Cuaaiizg 14



3arZLaanpr,304

v

- —
ANy > U

77

MexaHu3M cocTOUT U3 ABYX TeJs — moyisyHa A u crepxkusi B. Crepxkenb B
COEJIMHEH C TOJ3YHOM A IMAPHUPOM U MOITOMY MOYKET COBEPIIATH BPAIIEHUE C
YIJIOBOM CKOPOCTHIO w. [Tosiyn A nBuzKeTcst TPSIMOJIMHEHHO CO CKOPOCTBIO .

006 stleMeHTaX paccMaTPUBAEMON MEXAHUIECKON CUCTEMBI M3BECTHBI
CJIe/LyIOIINe JTaHHbIE:

@ wvacca nosyna A — My;

© wmacca crepxkusa B — Mp;

@ una crepxkusg B — .
Tpebyercst HAfITH aHAJTUTUIECKYIO 3aBUCUMOCTb KMHETUIeCKO# snepruu T jijis

paCCManI/IBaGMOﬁ MEXaHNYIECKON CHUCTEMBI IIpyu 33 IaHHOM YTIJIe (.
Caaiig 15



Baﬂa}qa}"ppr.sm
Pemenne.

Tak Kak MexaHU9IeCKasl CUCTEMa COCTOUT U3 JIBYX JIEMEHTOB (Tes), TO
KAHETUIeCKasi SHEPTUsi CUCTEMBI OyIeT PaBHA CyMMe KHHETHIECKUX YHEPTHt
KazKJIOr0 U3 3JIeMEHTOB MeXaHU4eCKONH CUCTEeMBbI

T=Ts+1T5

rae T — KuHeTHIecKas SHePTusl MeEXaHUIeCKOU cucTeMbl; 14 — KHHeTHIeCcKas
SHEPIus MoI3yHA; Tp — KNHETHYECKAsT SHEPT U CTEPIKHS.

Tak Kak MOI3YH COBepITaeT MOCTyNATEIbHOE JIBUKEHNE, TO €er0 KHHETHIeCKas
SHEPIUs OYyAEeT OImpeeaTCs

u
Th=My—
A A

CTrepzKeHDb COBEPIIAET CJI0YKHOE JIBUXKEHHE, HO €CJIM B KaveCTBe IIOJI0Ca,
BBIOpATH MEHTP Macc crepkHsi C'; TO JJIsi BBIYUCICHNS KHHETUIECKON SHEPTUU
CTPEXKHsT MOYXKHO HCIIOJIB30BATH (DOPMYILY IJjist KHHETHIECKONU SHEPrun
IJIOCKOIIapaJlJIeIbHOT'O JIBUXKEHU A

y2 w2
Trn = Mpn 5 + J~
B 32+02
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CKOpOCTh U sIBJIsIETCST aDCOJIIOTHON CKOPOCTHIO JIBUYKEHUsI CTEPXKHs B u 1o
CyTH OTpeeisieT abCOMIOTHYIO CKOPOCTh JIBUKEHMsT €ro meHTpa Mace C.

Torma
Vo = Vorn + ﬁnep

TIE Vory = W %; Viep = U.
Haitném 72, = [7c|? = w? % + [uf? + 2w L 1l cos(a) nmm

l2
(4.)2 —

7% = |u* + [ wl cos(a) + 1

Cohabipg 17



3arZLaanpr,304

Tak Kak 0Ch BpallleHusi CTepKHs B mpoxouTh He depe3 ero 1entp mace C, To
HEOOXOJIMMO BBIYHCJIUTH MOMEHT HHepIUH Jo OTHOCHUTENHHO IIEHTPA Macc.
Bocnonibayemcest Teopemoit I'ioitremnca, Torja mosyaum

I 2
Jo=Ja—Mp <2)

rie J4 — MOMEHT MHEPIUH CTEPXKHsI OTHOCUTEIHLHO TOYKU A.

Mg

Ja 3

Torma

B Mgl?> Mgl? B Mgl?

3 4 12

Takum 0O6pa3oM, KUHETUIECKAsT SHEPIHs CTepXKHsI B Oyjier paBHA

12> n Mp 1% w?

Jco

M
Tp = TB (|u|2+|uwl cos(oz)—l—wQZ 54

Cuaaiizg 18



Kunernyeckas sHeprus paccMaTpUBaeMOil MEXAHUIECKOI CUCTeMBbI Oy1eT
paBHa

w? Mp 12 M312w2
= Mas — 5 —|2 — 27 b =
T A5 T (|u| + |u|wl cos(a) +w 4>+ o
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DjeMeHTapHasd paboTa CHJIBI™ "

Pabora cumbl siBsteTcst XapaKTEPUCTUKOM [TeHCTBHS, OKA3bIBAEMOTr0 CHJION Ha
TEJIO IIPA HEKOTOPOM €ro IepeMelleHuN.

Ompemenenne

DJieMeHTapHOM paboToii cuibl F', npujioxkeHHoi B Touke M Ha3bIBAa€TCS
CKaJIsIDHAST BEJIMYNHA

dA=F, -ds

rjie
F, — mpoektus cuIbl Ha KacaTeabHyio M7 K TpaekTopun Touku M
ds — MOJIyJIb 3JIEMEHTAPHOI'O IlepeMenienysi scouku M.




DjeMeHTapHasd paboTa CHJIBI™ "

3HaK 3JIeMEHTapHON PabOThI:

@ ecim cuila HAIPABJIEHA B CTOPOHY JIBHKEHHUS TeJIa, TO SJIeMEeHTapHasl
pabora nonoxkuresnbHa (dA > 0) (Teso yckopsiercs);

© ecyi cusia HaIpaBJIEHA B IIPOTUBOIIOJIOYXKHYIO CTOPOHY JIBU2KEHUIO TeJjla, TO
ssieMeHTapHasi pabora orpurarenbra (dA < 0) (Teso 3amemisercs);

@ ecyim custa HapaBJIeHA MEPIEHNKYIISIPHO JIBU2KEHUIO TeJIa, TO
ssieMeHTapHast pabora paHa Hyno (dA = 0) Ha 3TOM HanpasieHnn ds.

F

dA>0 dA <0
F

Coaiig 3



Eciu yaecrs, uro ds = |d7|, e dr — BEKTOpP 3JIeMEHTAPHOIO [EePEMEIIeHNUs
TOYKH, TO djileMeHTapHas pabora Oy/ieT BbIparkeHna

Eciu BBIpa3uTh CKaJIsSpHOE TPOU3BEJIEHNE BEKTOPOB F' U T Uepe3 ux MpOeKIUn
u npu 3ToM dry = dx, dry = dy u dr, = dz, To HoIy M

dA = Fydx+ Fydy + F. dz

Canaipg 4



Pabora cuibl Ha KOHEUHOM IlepeMenieHun ™"

Pabora cumer na mo6om nepemertnennu MoM, paBHa B3ITOMY BIOJb 9TOTO
[IEPEMEITEHUs] THTEIPAJTY OT SJIEMEHTAPHOIH PabOTHI

(M)
A(MOMl) = / dA
(Mo)

nJjaimn

(M)
A(vomy) :/( F,ds

M)
I

(My)
Aorn) = / (Fpdx+ F,dy + F, dz)
(Mo)

F F

@ F M;

M, M
T 5, B
=

>

2
Ennnuna mamepenns: paboTe! B cucreme CU: 1 Ik =1H-m =1 530,
Jlaia b



[IpuMmeps! BbIUKCIeHUsST paboT™ "

1) Ha resio geiicTByer MOCTOSIHHAS 110 HAIIPABJIEHHIO U MOJYJIIO CHJIA

F, = const (cMm. pucyHOK Ha npensiaymmeM ciaiine). Oupenennm pabory
copepiiaemyto cuinoit F; na nepementenun MoMy, To ectb A(nar)-

(My) (M)

A(MOMI):/ FTdS:FT/ ds = F, (M — My) =Frs
(Mo) (Mo)

rje s — nepemerieHue ToYKu (reJa).

2) Pabora cuibl Tsizkectu. Ilycrs cuita Tsizkecru P HanpasieHa BIOJIb OCH 2,
TOTJIA

z1
A(M0M1) = / (*P) dz=—-P (21 - ZO)|ZU>21=>(21—20)=—h =P-h
20

rje h — mepeMenenne ToIKn (Tesa) Mo BePTUKAJIBHON OCH.

Cuaaiiz 6



[IpuMmeps! BbIUnCaeHUsT pabor™™ ™

3) Pabora cuiibl yupyrocTu.

Cuna ynpyroctu F, = —cx, Torjga
T X1 1.2
A(I\/IOMl):/ Fmdx:/ (—cx)dx:—07|
Zo o

rae ¢ — KoM UIMEHT »KECTKOCTH.

Caaitn 7



4) Pabora cusbl TpeHUsI.

(M) (M)
A(M0M1):/ FTpdSZ—/ deS
(M, (Mo)

e f — koaddurment tpenusi; N — CHia HOPMAJIbHOIO JABJICHUS (PEaKIs).

Cuaiin 8



Teopema 00 M3MEHEHNN KUHETUYIECKOI SHEPrunl TOUKU ™"

IIycTp MaTepuasbHas TOYKa M, IepeMeraeTcs u3 moyioxkenusi My, B KOTopoit
eé CKOpOCTDb ObLa Tg, B mojioxKenne M, B KOTOPOM TOYKA MMeEJIa CKOPOCTH 7.

PaCClV[OTpI/IM OCHOBHOI1 3aKOH JUHaAMUKN

mar; = § Fyr
KacarenbHoe yckopeHne @, MpejcTaBuM B BUJIE

B dv  dv ds dv ds dv

T A rl P T P

Torma s
dv

my% :ZFkT

YMHOKUM 00e JacTu Ha ds

ml/dV:ZFkT.ds

Caaiizg 9



ITo mpaBuny muddepennupoBanust npocTefmmx (GyHKIUN TOTy IUM

1/2
md(7> = ZFk,-ds

Buecém koncranTy m nox 3HaK guddepeHnuana, a Tak ke yITéM, 9TO

dAy = Fir - ds

Taxum 06pa30M MOJIyIUM CJIELYIONLYI0 TEOPEMY

d (m2”2) =Y a4,

Caaitzg 10



Teopema 00 M3MEHEHNN KUHETUYIECKOI SHEPrunl TOUKU ™"

[IpounTerpupyem obe 9acTu MPEABILYINEro YPABHEHUS B IIPEIEIIAX,
coorBeTcTByIOIUM Toukam My u M;. B pesynbrare moaydum Teopemy o0
U3MEHEHUU KUHETUIECKON SHEPTUU TOYKU B MHTErPaJbHOU (opMe.

Teopema 006 n3MeHeHNN KUHETUIECKON SHEPTIUU TOUKHU B
MHTerpajbHo hopme

mvi m 1/0
5 =2 Awian)

njim

Ty — 1Ty = ZA(MOMl)

M3MmeHeHMEe KMHETUYIECKOM SHEPTUN TOYKN IPM HEKOTOPOM €€ IepeMeIleHnn
PaBHO aJiredpamvecKoil cymMme paboT Beex JAefICTBYIONUX HA TOYKY CHUJI HA TOM
2Ke IIepEeMEICHNHN.
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[Tpumep Ne Q17v-=

I'pys maccoit m = 2Kr, 6pOIIEHHBIH O CKOPOCTHIO Vg = 20 M/c U3 Toukn A,

HAXOJISIIErocst Ha BbicoTe h = 5 M, umeer B TouKe najerus C' CKOPOCTh
v = 16M/c.

Ornpesieniurh, YeMy paBHa pa6031 JIefCTBYIOIIEN Ha T'PY3 IPU €r0 JIBUKEHUN
CWJIBI COTPOTUBJICHUS BO31yXa K.
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Pemenne.

[To ycsoBuio 3aj1a4u, Ha ITPY3 BO BPEMsI JIBUKEHUS JEHCTBYET CHJIA TIXKECTU
P =m - g u cuna conporusjieans R. Ilo Teopeme 06 m3MeHeHUN KUHETUIECKOI

QHEPTruu Jijid TOYKU IOy IUM

2 2
mvi muyg

— =AP)+ A
LT AP) + AR)
2 2
Tt = S5 = mgh + A(R)

mu2 mu2
A(R) = =+ = =7

Brermosnus anredbpanveckue nmpeobpa3oBanusi U MOJCTABAB YUCIEHHBIE
3HAYEHUSI, TTOJTY UM

— mgh

AR)=m (% (i —15) — gh) = —243 Ix

Canaiig 13



[Tpumep Ne 02

qu: 0/1//(;
AV
| A A
Fd 7 ¥ rd X
] - Mm [yf;/ 4
2’0: 0/11 I, N I _1?1
i 4 77
y p:m;
R/
[ 7 ///% X

[ITap, Kk KOTOpOMY TIpUKpEIJIeHa PYKUHA, YACP:KUBACTCS B TOJOXKEHUN T,
CKOPOCTD IlIapa, B nojioxkenuu o = 0M, paBHa vy = 0M/c.

Onpeie/iuTh aHATUTHYECKOE BBIPAYKEHUE JIJIsl BBIYUCIEHUsI CKOPOCTH Uy, M/C,
JIJIsT HEKOTOPOT'O TIOJIOYKEHUST X1, M.

W3BecTHBI ciieayToNIe MOCTOSHHBIE TTAPAMETPBI CUCTEMbBI: MAacca, Iapa m, Kr;

JKECTKOCTH IPYKUHBI ¢, KI'/M; Koacbclj(nulgelillr Tpenus f.
J1ai



[Tpumep Ne 02
Pemenne.

IMTo mampas/ieHnIO NepeMenenus mapa (Hamnpas/enue X) paboTy COBEPIIAIOT
JIBE CHJIBI: CHJIa yIPYTOCTH NPy Kuubl Fy,, u cuia Tpenus Fp.

Cuta ynpyroctu npy»Kunsl Fy,, 6yaer popMIPOBaTEH HOJIOKUTEILHYIO PaboTy
A(Fyup) > 0, Tak Kax cua Fyy,, HampasiieHa II0 XOLy ABHKEHU IIapa s
pPACcCMATPUBAEMOrO MOMEHTA.

Torma Kak cuyia TpeHus Fy, HaIpaBileHa IIPOTUBOIIOIOKHO HAOJIIOIAEMOMY
JIBUYKEHUIO I1apa, TO eCTh paboTa OT ITOU CUJIbI OYIeT OTPUIATEbHON
A(Fyyp) < 0.

To ectb corsacHo Teopeme 00 M3MEHEHNNM KUHETUYECKON IHEPIUU TOUKH,

TIOJTY IUM
2
mvi m 1/0 A
2 (zox1)

2 2
muviy  muy

2 2

= A(Evnp) + A(FTp)
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[Tpumep Ne 02

Packpoem BpIpazkenus paboT, coBepIiaeMbIX cumaMu Fyn, u Frp, mpn
PACCMATPUBAEMOM JIBHKEHUH IIapa.

T 1
A(Fynp):/ Fynpdl":/ C-l‘dng(x%—a:g)

0 0

A(FT):/ 1*.FTpd.’E:*f'|]\”\/ 1d$:7f'|N‘(£E171C0)

0

Tak xak |[N| = |P| = mg, rae g — yckoperue cBOGOIHOIO NaeHUsl, TO
A(Frp) = —fmg(z1 — 20)
VuursiBag To, 9T0 vy = 0M/C, TOJyIUM

mV2 C
21 :ﬁ(xf—wg)—fmg(ml—xo)

n =S =) -2 g o — )

Ecim y49ecTb, 9TO COIJIACHO YCJIOBUIO 3aJlavYu Ty — 0, TO TIOJIyIUM
Caaiig 16



QYD: 0/’//(

R4
] X o B,
Xo=0 4 X, p z K2
74
| P:m»;
V1, A,
2 7 4 X

1/12\/(%331—29']0)%1
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Eciu paccmorpers Kakyio-HUOY/Ib TOUKY CUCTEMBI C MACCOU M, MMEIOIei
CKOPOCTB Vj, TO JIJI STOM TOYKHU IOJIYINIM

2
d (m’;”k> — dAG + dAS

rie dAj,, dAS — snemeHTapHBIE PAOOTHI JEHCTBYONUX HA TOUYKY BHEITHUX H
BHYTPEHHUX CUJI, COOTBETCTBEHHO.

CocraBiisist TaKre YpaBHEHUs JIJIsl KaXKJIOW TOYKU CUCTEMBI U CyMMUDYsI 9TU
YPaBHEHUS MOWIEHHO, MOy UM

d(z m’;”’%) =S "aAg+ > aas
dT =Y dAG + ) dAS

nJI

Chang 18



[IpounTerpuposBas 0be YacTu TPUBEIEHHOTO BbIle AuddepPEeHITnATHLHOTO
yPaBHEHUE II0 ITEPEMEIEHIIO CUCTEMBI U3 HEKOTOPOI HAYAJIBHON TOYKH, TII€
KWHETHYIECKas YHEPTHUs CUCTEMBI paBHa 1() B IIOJIOXKEHUE T/1€ KHHETUIECKAST
SHEPTUsl paBHA 3HAYEHUIO 17, MOy IuM

Ty —To=Y Ai+ ) A

W3MmeneHre KMHETUYIECKOI SHEPTUU CUCTEMBI IIP HEKOTOPOM €€ IIepeMeIleHnn
pPaBHO cyMMe paboOT Ha 3TOM IEPEMENICHUN BCEX IIPUJIOKEHHBIX CHCTEMe
BHEITHUX W BHYTPEHHUX CHUJI.
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Bazknbre jomytenms™

PaCCMOTpI/II\fI JIBa Ba2KHBIX JIOITYHICHU S, IIO3BOJAIONINX YIIDOCTUTDH BbIPDazKE€HU A
TeoOpeMbI 00 M3MEHEHUU KUHeTUYECKON CUCTeMBI.

Q@ Henedbopmupyemas cucrema, TO eCTh MEXaHUYECKasl CUCTEMA C
abCOTIOTHO KECTKUMU SJIEMEHTAMU.

(2] Mexanndeckast cucTemMa C njaeaJIbHbBIMU CBA3AMU.
Ecim JJIA CBHSeﬁ, HE USMEHAIOIINXCA BO BpEMEHU, CYMMa pa60T BCEeX
peaKHI/IfI CBA3€EN IpU 3JIEMEHTApPpHOM IIepeMelieHn CUCTEMbl paBHa HYJIIO,
TO TaKHE CBA3U Ha3bIBAIOTCA UOCAJIbHBIMU.

[Ipusmaky uaea bHBIX CBA3EIL:
@ 10BEpPXHOCTHU, TPEHHEM O KOTOpPbIE MOXKHO MpeHeOpeUb;
© abCoJIIOTHO KECTKHE 3JIeMEHTDI CBsI3€il.

Ecin canrtarh, 9T0 HA MEXaHUYIECKYIO CUCTEMY JEeHCTBYIOT UjeajbHble CBSI3N,
TO BbIpaskeHust 00 M3MEeHeHUN KUHETUIECKON SHEPIUU CHCTEMbI B
nuddepeHImaibHOl U MHTErPaIbHO (hopMax OyIyT UMEThb CJIeAyONuil BUI:

Caaiig 20



dT = " dAg

T —To=) A}

rme y A§ — cyMMa aKTHBHBIX PabOT AefiCTBYIOIINX HA TOUKH CHCTEMDI
BHENIHUX U BHYTPEHHUX CHUJI.
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MrHOBEHHBIM TIEHTPOM CKOPOCTEIl HA3BIBAETCSI TOUKA IIJIOCKOI (DUTYDHI,
CKOPOCTBH KOTOPOH B JAHHBIIT MOMEHT BPEMEHH DaBHA HYJIIO.

Ecnn Tesio nBuzKeTcst He IIOCTYIIATEIBHO, TO TaKas TOUYKA CYIIECTBYET B
KaK/JIbIfI MOMEHT BPEMEHH ¢, IPUTOM TaKasi TOUKa OyJeT eJUHCTBEHHOII.

Curaiiyg 22



Crpaska. MrHOBEHHBII IEHTP CKOPOCTEH™ ™

[Iycts B MOMeHT BpeMenu t Touku A u B 1JI0CKOH (DUTYPBI UMEIOT CKOPOCTH
VA U Up, COOTBETCTBEHHO. [Ipm 9TOM CKOPOCTH 9THX TOYEK HE MapaJLIebHBI
npyr apyry (cm. pucynok). Torma rouka P, jexalnas Ha IepecedeHun
[EPIEHINKYJISIPOB Aa K BEKTOPY U4 U Bb K BeKTOPY Up 1 6y/1eT MITHOBEHHBIM
IIEHTPOM CKOPOCTEIA.
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Crpaska. MrHOBEHHBII IEHTP CKOPOCTEH™ ™

CitetoBaTeIbHO, CKOPOCTH TOYEK ILIOCKOU (DUTYPBI ONPEJIENISIOTCS B JAHHBII
MOMEHT BPEMEHU TaK, KaK ecjid Obl JIBUKeHIe (PUTYyPBI ObLIO BpAIlleHuEM
BOKDPYT' MTHOBEHHOT'O IIEHTPA CKOPOCTEN.

Torma
va=w-PA, (UAJ_PA)
a TaK2>Ke
vg=w- PB, (7BJ_PB)
nJjim zKe
va _ vp
PA  PB

TO €CTb CKOPOCTHU TOYEK TJIOCKOT1 CbI/IprbI OPONTOPIIMOHAJIBHBI UX PACCTOAHUAM
OT MI'HOBEHHOI'O II€eHTpa CKOpOCTeﬁ.

JlJist onpejieieHrst MTHOBEHHOI'O IIEHTPa CKopocTeil P HeoOX0IUMO 3HATH
TOJILKO HAMPABJIEHUsT CKOPOCTE U4 M Up KaKUX-HUOY/IL ABYX TOYeK A u B
IJIOCKOM (DUTYPHI.
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Ecsmn ckopocrn Touek A u B (V4 u Up) mWIOCKOH (GUTyPHI HAPAJIENBbHBL PYT
JIPYTY ¥ TIpH 3ToM JnHUst A B TepneHnKyssipaa U4 (1 Ug), TO MTHOBEHHBIH
IIEHTP cKopocTeil P ompenessercs IOCTPOEHUEM ITOKa3aHHOM Ha PUCYHKE
HITZKE.

i %,
B U
pdyw
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TEOPWSI KOJIEBAHWN

CBA3N U NX KITACCNDUNKALINA. OBOBLLEHHBIE KOOPOVHATDI.

MexaHnyeckom cnctemMom Has. tobyto COBOKYMNHOCTb MaTepuarnbHbIX TOYEK.
YcnoBus, orpaHnymBaroLLne nepeMeLLLEHNS TOYEK MEXAHNYECKOWN CUCTEMBI,
Ha3bIBaKOTCH CBA3AMM.

MaTtemaTnyecku CBsI3N BblpaXkatoTCca ypaBHEHNAMU NN HEPABEHCTBaMU, B KOTOPbIE
MOryT BXOOUTb KOOPAMHATbI, MPON3BOAHbIE KOOPANHAT OT BPEMEHU, BPEMS.

[nsi ogHONM TOYKM ypaBHEHNE CBA3M B OOLLIEM C/lydYae MOXXHO Bblpa3nTb B hOpME:

iy d s 2 )

na mexaHnyeckom cuctemsl, coctosilen n N Touek, | ypaBHeHMIN CBS3eN
NpPeacTaBAAlTCS CUCTEMOWN YPaBHEHWU:

Gk o e
L 17 ¢

Nhgekc k npuHnMaeT Bce unm YyacTb 3HaveHnn ot 1 go N Kak gnis koopauHar, Tak
NPOV3BOOHbIX.

Ecnn e YpaBHEHNA CBsi3ell BXOOAT TONbKO KoopanHaTtbl TOYEK N HE BXOOAT
npon3BogHble OT KOOpAOUHAT, TO TakKne CBA3N Ha3biBalOTCA NreOMETPUHECKNMI.

/[;’ //[/f/ 96 Ce 2 = C



Ecnu s yp-ne CBs3en KpoOMe KoopamnHaTt BXOOAT ewe 1 X Npon3BoHble Mo BpeEMEHN
nnn ToJ1IbKO OgHN NPon3BoAHblE, TO TakKne CBA3N Ha3. KNHEMaTUn4eCKNMIn.

B atom cnyyae yp-usa ceagsen ssnsaoTca anddepeHumanbHbiMu ypaBsHeHaSMA. Ecnu
yOaeTcs NPONHTErpUpoBaTh YPaBHEHNSA KUHEMATMYECKMX CBA3€EN (3TO HE MOXET
NONYYUTBLCS), TO U3 KNHEMATUYECKNX CBA3EWN NOMyYatoT reoMeTpuyecKme.

Bce reomeTpunveckmne n NHTerpnpyemMble KnHemMatTn4eCkmne CB431M Ha3blBaloT
rOJIOHOMHbIMW.

KuHemaTtnyeckune cesasn, KOTOpPble HEJTb34 CBECTU K reOMEeTPUHECKNM, ABTAIOTCA
HEroJ;IOHOMHbIMW.

Cssasu, B YpaBHEHNA KOTOPbLIX BpeM4A 4BHO HE BXOOWUT, HAa3bIiBaOT CTalMOHAPHbIMIA U
CKITIEPOHOMHbLIMW.

Ecnn BpemMa BXoOUT ABHO B ypaBHEHME CBA3U, TO CBA3b HA3blBAETCH HeCTaLI,I/IOHapHOVI
NN PEOHOMHOMN.

CBsa31 Ha3bIBalOT HEOCBOOOXKAAOLMMN U OBYCTPOHHUMU, ECAN OHU BblpaXkaloT
MaTeMaTn4yeCKMmMun ypaBHeHNAMN, n ocBoboXK AWMU NN OOHOCTOPOHHNMMN, eCJIn
OHW Bblpa>XaloTCA HepaBEeHCTBaAMMW.
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TEOPWSI KOJIEBAHWN

MOEAJIbHBIE CBA3W. OBOBLUEHHBLIE CUJbI.

NOEAJIbHBIE CBA3N.
OnemMmeHTapHas paboTa cusbl Ha BO3MOXHOM MEPEMELLEHNN €€ TOYKN NPUIOXKEHNS
BbIYMCASOT NO OBbIYHBIM hopMynam ansa anemMeHTapHon paboThbl:

v
A =2 Fr Ih
k=1
7,«22 J’ Ve — ZW Wf/”r—é ey eete.

OnemeHTapHas paboTta cu/l Npu 3TOM 3aBUCUT OT BbiGOpa BO3MOXXHOIO NepemMeLLeHs
cucteMbl. O603HAUMM peakLnn CBA3EN /1A TOYEK CUCTEMbI . Zk

Torga MOXKHO BBECTU onpepeneHne ngeanbHbIX CBSI3el: CBSI3U CUCTEMbl Ha3bIBalOTCS
ngeasibHbIMU, eciaun 4is JIO60ro BO3MOXHOIo nepemeLyeHnss cuctemMmbl
BbIIMOJIHSIETCS ycsioBue o/ __

Z ﬁl«‘cf}};}; = ©
kel

CyLLIeCTBYIOT crieaytoLme TUNoBble naeanbHble CBA3N.

1) B abcontoTHO TBEepOoM TeJie TOUKN CBA3aHbl BHYTPEHHNMW CUlaMin, OJ1A KOTOPbIX
CyMmMa 3J1ieMeHTapHbIX pa60T, ons ntoboro QJNIEMEHTAPHOro nepemMeLleHna To4eK
CNCTEMDI, paBHa HYJO.

S N L
ero

2) ABConoTHO rnagkas NoBEPXHOCTb SABNSAETCS naeanbHoOn cBsasbio. Hanpumep,
LWapHUpbI (MOABUXKHbIE 1 HEMOOBWMXKHbBIE) MPUHUMAIOTCS, Kak NpaBusio, WwapHupamm 6e3
TPEHMUS, YTO COOTBETCBYET abCOMOTHO ragKon MOBEPXHOCTU B LWAPHUPHOM
COELVHEHNMN.




3) Mmbkune HepacTs>KMMbI CBS3U. Hanpumep, HegedopMnpyemble KaHaTbl.

YISO ET/ 94

7éro

4) 3akpensieHHble TOYKM (ngeanbHble TOUKN CBapKM).

ik LIl
@ . . -

5) LLlepoxoBaTasi MOBEPXHOCTb A/ KATKOB, KOTOPbIE KaTATCH MO Heil 663 CKOJIbXXEHUS
N MPW OTCYTCTBMUN TPEHNS KaYeHUs (He nyTaTb C TPEHMEM CKOMbXeHMs!).

Mpu CKONbXXEHNM Xe Tena Mo LWepoxXoBaTo MOBEPXHOCTN A06aBNSOT CUY TPEHUS,
KOTopas Hanpas/ieHa NPOTUBOMOJIOXXHO HaNpPaBEHMIO OBMXKEHMS Tena.

@

W 1
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=




OBOBLLEHHbBIE CUJIbI.

Cymma anemeHTapHbIX paboT cun, AeNCTBYHOLMX HA TOYKY CUCTEMbI Ha €€ BO3MOXXHOM
nepemeLLeHNN:

e
JA- 5 frdi
k=4

Ecnu cuctema ronoHomMHas u UMeEeT h cTeneHen cBo6oAabl, TO €€ NOSIOXKEHNE B
NpPOCTpaHCTBE 6y,u,eT onpenensitbcs h 0600LLEHHbIMY KOOPpAMHATAMM 4 4, ?4
Torpa ans J’ /. L2

le

Taknm 06pasomM Nosy4mmM Bblpa>keHne 0606LLEeHHON CUIlbl, OTHECEHHOW K 0606LLEHHON
KoopauHate

% 0x): L (EA 5 0 E %

=4

4 h

<Al 0

JA- T B (2
kc"f

To ecTb 0606LeHHas cuna byaeT onpeaensaTbca

_47/ =
G =F e =
k=4 37,,

O606LeHHy0 cuny ﬁ MO>XHO 3anucaTb B AEKAPTOBOM CUCTEME KoopamHaT

% Z, /ﬁ;x% '[Z’%*ﬁ;i&)

2, A 2;




@976 /[l;x, /Cr” ez T NPl Gt tupyy pq oce /&0792‘/6’&?/
iy Y, 2e —WMW Totyer, Pl i Ctony,
Fe.

Tak kak

i é&)z Jq.

TO pa3MepPHOCTb 0606LLEHHON CUsbl, B 06LLEM cnyyae, ByoeT onpeaensiTtbCa

cnepyowmm obpasom:
(L LY

BbluncneHve o0606weHHON cuibl. CyLLECTBYET HECKOIbKO CNOCO60B BbIYMCIEHNS
0606LLeHHON cunbl. Hanbonee yoobHbIM Ha NPaKTUKE SBNSETCS CReayoLLni.

Heobxoanmo coobwmntb cucteme Takoe BO3MO>KHOE nepemelleHmne, npu KOTOPOM
nameHsietcsa Tonbko OAHA o606LeHHas KoopauHata, a gpyrme o606LeHHble
KOOPpAMHATbLI HE N3MeHsOTCS. TO eCcTb J’%#o , @ OCTasbHble dg, = g, __«Jz.:a

- L z«ju
Y1

Nhaoekc 4, ykasbiBaeT, 4TO CyMMa 31eMEHTapHbIX PaBoT BbIUMCSETCS Ha
BO3MOXXHOM MepeMEeLLEHNM, NMPU KOTOPOM U3MEHSIETCS TONTbKO KoopanHaTa 171 . Ecnu

n3MeHaeTca KoopauHara 4‘: , TO e
Z )
= o/’l’k %

, f 9.
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TEOPWSI KOJIEBAHWN

YPABHEHWE JIATPAH>KA 2-I'O POJA.

Mpexne Bcero ypaBHeHus JlarpaHy>ka 2-ro poga (ganee NnpocTo ypaBHeHus JlarpaHyka)
HamMm HeobXxoauMbl ONga peleHns 3agad Teopum KonebaHum.

[MoaTomy gaBsan paccCMOTPUM BOMPOC O TOM, Kak >XXe NPUMEHSAT ypaBHeHus JlarpaHxka.
OcHoBHas chopma ypaBHeHus JlarpaH>ka 2-ro poga UMeeT cnenyownin Bug;

A 8/77 = ﬂ = Q' ;:7;77 (4)
Jt 99, 09i

-

’Lyf T jcunetuneceass 3 g ee s cchee l

g, — (-af oS0 HE MM AT /90’7”9""“‘s L

e B

Q., [—an ododynras ceora .

YpaBHeHue JlarpaHxa 2-ro poga (1) npeacraesnset cobon anddepeHymanbHoe
YypaBHEHNE OBMXXEHUS CUCTEMbI B 00006LLIEHHBLIX KOOpAMHaTaX, MPY 3TOM YNCO 3TUX
YPaBHEHUIN paBHO YNCy CTeneHen cBoboabl CUCTEMBI.

Mo cBoen cytn, ypaBHeHus JlarpaHxa (1) npeactaBnsaoT cobon obLuyto
MaTemMaTu4ecKyto moaenb MexaHunveckon cuctemol, HO TOJIbKO OJ14 CUCTEM C
FTOJTOHOMHbIMW CBA3AMM!

Hawa 3agava Hayuntbcs n3 obLuen matemaTuyecKomn MoLem MexaHN4eCcKom CUCTEMbI,
TO eCTb U3 ypaBHeHusa JlarpaHxa 2-ro poga nonyyatb MatemaTuyeckme Mogenu
KOHKPETHbIX UCCNEAYEMbIX MEXAHNYECKNX CUCTEM.



B KOHEYHOM nTOre Mbl NoNy4YMM 0bblKHOBEHHOE AnddepeHUnansHoe ypaBHEHE
BTOPOrro nopsigka ans Kaxkaow cTeneHn cBoboabl cuctembl. To eCcTb camas
npocTenwan MexaHmyeckas cuctema byneT npeacrasneHa ogHUM O6bIKHOBEHHbBIM

o depeHLmanbHbIM ypaBHEHNEM BTOPOIro nopsiaka. A ecnm y Hac cuctema MMeerT,
Hanpumep, Tpu CTeneHn cBoboapl, TO MaremaTnyeckasi Moaesb Tako MEXaHNYEeCKOM
cucTteMbl ByoeT NnpeacTaBfieHa CUCTEMOMN NX TPeX 0ObIKHOBEHHbIX AnddepeHumnanbHbIX
ypaBHEHMIN BTOPOro nopsaka.

CyLuecTByeT HEKOTOPbIN NOPSA0K paboThl ¢ ypaBHeHUsMU JlarpaHxka 2-ro poaa,
KOTOpPbIN NO3BOSIET NEPENTN OT O6LLEeNn 3anncn ypaBsHeHUI JlarpaH>ka K
MaTemMaTn4ecKon MogenN KOHKPETHON MEXAHNYECKON CUCTEMBI. TakXe, MMEHHO 30€ECh,
HaM NPUroasaTCcs 3HaHWS MO TEM BOMPOCaM, KOTOPbIE Mbl Ha4ann paccMaTpuBaTh C
camMoro Ha4dana cemecTpa.

Mpu cocTaBneHnn ypasHeHui JlarpaHxa 2-ro poga Ansi KOHKPETHOW MexaHN4YecKom
CUCTEMbl PEKOMEHAYETCS ClieayoLLMiA NOpPAaoK OENCTBUIA:

1) yCTaHOBUTb YNCNO CTENEHEN CBOOOAbI CUCTEMBI 1 BbiOpaTb 0606LLEHHbIE
KOOpANHAaThI;

2) n306pasnTb CUCTEMY B MPOU3BOSIBHOM MOMIOXKEHUN N MOKa3aTb HA PUCYHKE BCe
OENCTBYOLMNE CUMbl (ECIN paccMaTpuBaeTCcsl CUCTEMa TONbKO C naeanbHbIMU CBA3AMN,
TO M300paxKarTCH TONbKO aKTUBHbIE CUJbl). TaKoW PUCYHOK €LLE Ha3biBalOT pacHEeTHOM
CXEMOW NN KOHLLENTYyaslbHON MOLESbIO;

3) onpenennTb KUHETUYECKYHO 3HEPIUO T CUCTEMbI NPY €€ ABUMXKEHUN OTHOCUTENBHO
NHepLUManbHOM CUCTEMbI OTYETA U BbIPa3uUTb KMHETUYECKYIO SHEPruto T CUCTEMBI Yepes
06006LLeHHbIE KOOpAMHATBI gi 1 0606LeHHbIE CKOpoCcTK dqi/dt;

4) nogcunTaTb COOTBETCTBYIOLLME YacTHble Npon3BogHble oT T no qi u dqi/dt;

5) BbluncnnTb 06061 EHHbIE bl Qi, NPy 9TOM BO 136eXXaHnn oWnboK B 3HaKax
06006LLEHHbIX CUJ, KaXXO0€e coobLiaeMoe CUCTeMe BO3MOXKHOE NepeMeLLEHNE OOTIKHO
ObITb HaNpaB/IEHHO Tak, YTOObI NpMpaLleHne COOTBETCTBYIOLLEN KOOPpAUHATbI 6bIs1o
NONIOXXUTESNBHBIM;

6) NoACcTaBUTb BCe HalaeHble BENMUMHbI B ypaBHeHWe JlarpaHxa 2-ro poaa.
PaccMOTpUM HECKOJIbKO NMPUMEPOB, AEMOHCTPUPYIOLLMX Kak MOXHO NO/Ib30BaTbCA

ypaBHeHneMm JlarpaH>a 2-ro poga ans nosayyYyeHns MatemaTnyeckon MOaenm
KOHKPETHOWN MEXaHNYECKON CUCTEMBbI.
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OrTy

TEOPWSI KOJIEBAHWN

KonebaHus B HenuHemHom cucteme. ABTOKoJIebaHus.
MNMoHsAiTMEe 00 aBTOKONIEO0aHUSX.

ABTOKONEOaHNS NPeacTaBnsoT cobon He3aTyxarowme KonebaHnsa B HENUHENHON
AnccmnaTmMBHOM CUCTEME, BUL 1 CBOMCTBA KOTOPbIX ONPeaenstoTcsl CTPYKTYpO caMmon
CUCTEMbI N HE 3aBUCAT OT HavasbHbIX YCNOBUN. Tak>Xe BaXXHO OTMETUTb, UTO
aBTOKONebaHNsa NOAOEeP>KMNBAKOTCS 3a CHET MOCTOSAHHOIO NCTOYHMKA SHEPTUN.
[MOCTOSAHHOrO B CMbIC/1IE HENEPUOOVNYECKOrO NCTOYHMKA SHEPIUN.

) Brororesanig ) boiet
/ -
rone T e

22 ﬂéle
et e Wﬁwlne

orodpapca pp .9
pdcc/wo‘/’ £t (e 977}7/{ /

W(/amw/:/f 7L /h/!

na A/ﬂ?ﬂ%k .
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To eCTb Mbl MOXET B35ITb Ha4asIbHblE yC/10B/A O4YEHb 6nm3Kune K HynO nnm goctato4yHo

OTAaNeHHble, HO BCE PaBHO TPaeKTopus NpUOET K yCTaHOBUBLUMMCS KonebaHusm ¢
onpeneneHHon aMmnanTyaon n 4YactoTown.

34ecb BCce HA0OOPOT, Kakue Bbl Mbl He 6pann HavasbHble YCNOBUS, YCTONYMBBIX
KonebaHnin He hopMUPYHOTCA.

Mpn Manbix Ha4YanbHbIX YCNOBUAX KonebaHnsa 3aTyxatoT, npu 6onblunx — cuctema
BOOOLLE CTAHOBUTBLCS HEYCTONYNBOW.



[MonyycTonyumBbie aBTOKONEOaHMS - 3TO PA3HOBULOHOCTb HEYCTONYMNBBIX
aBToOKONebaHui.

70 p

ﬁaAgW?ﬁ t{uﬁblf d//ﬂa%me 5¢t/¢w2

Y Taknx TpaekTopuin Takas 0Co6eHHOCTb. [1pn 60nbLINX HaYabHbIX YCNOBUSAX
yCTaHaBnMBaroTCs aBTokonebaHus, a npyn Manbix KonebaTenbHbIN NPOLLECC 3aTyxaeT.
Ho paxxe ecnn aBToKoneb6aHUn yCTaHOBUIUCb, BCE PaBHO CUCTEMA He aBnsieTcs rpyboun
1 Npun Baprauumn napameTpoB KonebaHus MoryT 3aTyXHyThb.

Ecnu npu nobbix Ha4anbHbIX YCNOBUSAX (KOHEYHO XKEe B HEKOTOPOW 06/1acTn) BO3HUKAOT
aBToKoNebaHWs, TO Takon BapuaHT Ha3bliBaeTCs "MArkumM" Bo36y>XKaeHnem
aBToKonebaHum.

() Mosroe” posSymcnme Alre A e Sy
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Ho 6biBaeT 1 gpyron BapuaHT Bo30y>XKaeHust aBTokonebaHnn. Korga Heobxoanmo
HadvasbHble ycnoBus "3abpocTb” B onpenenénHyto obnacTb.

- )[(ec/p,gae z /6055?3096/&%2 almooneSaseccs
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To ecTb ecnu, HaNnpumMep, HavanbHble ycnoBus byayT B nepegenax umkna Ne 1, To
aBTOKONeb6aHNN He BO3HUKHET - KoNebaHus 3aTyxHyT. A onsi obpasoBaHus
aBToKonebaHnn Heob6xoaMmo YTobbl HaYabHbIEe YCNOBUSA GbiNKn "3abpoLleHbl” 3a
npenenel uukna Ne 1.

Takon BapuaHT BO36y>XOeHNSA aBTOKOIEO6aHNI Ha3bIBAETCS - ">XXECTKMM".
M eLle nBa NOHATUSA CBA3AHHbIX C aBTOKOEebaHUSAMMN.

[MepBoe - 3TO Tak Ha3blBaeMble aBTOKOIE0aHMS YCTONYMBBIE B "MasioM", HO He
ycTonymBble B "60MbLIOM".

To ecTb ecnu HavanbHbIE YCNOBUS nexar B6am3n uykna Ne 1, To passumBatoTcs
ycTon4ymBble kKonebaTenbHble ABMXKEHNUS - aBTOKONEbaHns, HO ECNN HaYasbHble
yCnoBus nexkart 3a npegenamu umkna Ne 2, To cuctema CTaHOBUTLCS HEYCTOMYNBOWN,
aMmnanTyga KonebaHmn pactet 6eCKOHEYHO.
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A BOT BapuaHT, KOTOpPbIA Mbl paccMaTpuBanu Bbille, KOraa roBopuan o6 ">Xectkom"
BO36Y>XaeHMN aBToKonebaHnin, HAO60POT, UMEET 3aTyxaroLume KonebaHus npu Boibope
Ha4yasnbHbIX YCOBUIA BHYTpU Lmkna Ne 1 n ecnm HavanbHble YCNoBuUS BblibupaTh 3a
npegenamm umkna Ne 1, B651M3mn oKpecTHOCTU umkna Ne 2, To pa3BuBatoTCs yCTONYMBbIE
KonebaHus - aBTokonebaHus.

Takow BapmaHT aBTOKOIe0aHMIN Ha3biBAETCA - HEYCTONYMBbIE B "Manom", HO
ycTonymBble B "60MbLLIOM".
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OTOT TOT MUHUMYM, KOTOPbIN TpebyeTcHa 3HaTb NPO aBTOKONebaHNsA B HENUHENHbIX
cuctemax Ha gaHHoOM ypoBHe Bawero ob6pasoBaHus.




OcCHOBHbI€E NOJIOXKEHUS MeToAa rapMOHquCKOﬁ JINHeapu3auuu.

A Tenepb AaBaiTe paCCMOTPUM OAVH BaXKHbI MHXEHEPHbI METOL, O6HapPYKEHWS!
aBTOKONE6aTENbHOrO ABUXEHUSI U YCTAHOBNEHMS 3HAYEHMIN ero NapameTPoB.

OTOT MeTOA Ha3blBAeTCS METOL FrAPMOHNYECKON NMHeapu3aunmn nnm MetTog,
rapMoOHM4yeckoro 6anaHca.

Mol 6ygem paccmatpuBaTtb Camblii NPOCTENLLWIA CrlyYal, Korga B CUCTEME UMEETCS
BCEro 0AHO HeNMHENHOE 3BEHO, KOTOPOE peannadyeT CTaTUYECKYIO HEIMHENHOCTb, TO
€CTb KOrfa HeMHENHOCTb 3afaHa Kak (yHKLUMS OT KoopauHaTtbl (MMEHHO OT
KOOpAMHATLI, a He OT Kakon-nmbo Npon3BOLHOMN KOOPAMHATbI), TaK Xe Mbl Oygem
paccmaTpuBaTb CTaTUYECKNE HENMHENHOCTN, KOTOPbIE 3aBUCAT TOIbKO OT OAHOWN
KOOpANHATbI.

anMepbl TaKnX CTaTUYECKNX HENMMHENHOCTEN NOKa3aHbl Ha PUCYyHKe.

oM.
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Takxe npum paccMoTpeHnn HENMNHENHOW CUCTEMBI, Kpome HENNHENHOro 3BeHa
BblOENAOT ele n J'IVIHeVIHyPO 4aCTb CUCTEMbI.

YKPYMNHEHO TaKyto CUCTEMY MOXXHO PacCMOTPETL B BUAE CNEAYIOLLEN CXEMbI.

Hepunesuoe

B 4bene

Saneina g
Yyac*

[MycTb y B HawWen rmnoTeTMYeCKon CUCTEMbI TOJIbKO OfAHA HENTMHENHOCTb U 3Ta
HEeMMHENHOCTb ABNSETCA CTATUYECKOW.

Mopoaonm Ha BXo4 9TOW HEMMHENHOCTUW, NN Nyylle cKasdaTb HeNMHENHOro 3BEHa,
rapMOHNYECKMIA CUTHAN

X= Aa-Sih [u?é] (1)
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B peaynbTare nony4mMm peLleHne, KOTopoe MOXKHO HalnTu rpaduruyecki.
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To ecTb, KOrga, BxogHon curHan x = a*sin(wt) nonagaet Ha obnacTte 0...b1 (obnacTtb
HEe4YyBCTBUTENbHOCTN) HENMNHENHOW XapakTepucTukn F(x), To Ha Bbixoae Mbl Byoem
NMETb HOJMb. JTO yyacTok 0...t11 Ha BbIXOOQHOW XapakTepuCTuKe.

3aTteMm, 4acTb BXOOHOro curHana x (yyactok t1...t2) nonagaet Ha MMHENHO
BO3pacTaroLLy0 YaCTb HENMMHENHOWN XapakKTEPUCTUKIW, YTO OAET YaCTb CMHYCa Ha
BbIXOL4HOW XapakTepucTuke (yyactok t1...t12).

W 3atem cnepytolas 4yacTb BXOOQHOrO curHana nonagaeTt Ha ropn3oHTasbHbIA y4aCTOK

F(x). 3TOT yyacTok HasbiBaeTcs 061aCTbtO HACbILLEHNS. DTOT Y4aCTOK OrpaHnynBaeT
OanbHEeNWnin pocT BbIXOOQHOIO curHana.

370 yyacTok t2...t3. 3aTeM Bce NOBTOPSAETCS LIMKITNYECKM.



Mbl paccMOTpenn TONbKO HENIMHENHOCTb, KOTOpas BK/IOYEHA B COCTaB CUCTEMbI.
Tenepb BbIxogHOM curHan y=F(x) ¢ aToro HeNMHeNHOro 3BeHa A0/KEH ObITb NOAaH Ha
BXO[, IMHENHOWN 4YacTu CUCTEMbI.

To ecTb HaM HEOBXOAMMO KakuM-TO 06pa3oM NPeAcTaBUTb OAHHbIV BbIXOAHOW CUrHa
aHanuTn4eckon yHKUmen, 4Tobbl Mbl MOV aHANN3NPOBATb Hally CUCTEMY.

Boobue, BbIXOQHOW CUrHan npeactaBnsgeT cobom COXKHY Nepruognyeckyro (yHKUuIO,
a Takune pyHKUMM yoobHO NpeacTasnsaTb B Buae psga Oypoe

A (o2 (0 DE) +/5n "t/moéj]
Y=FlaSmiot)= 5 * L*[ o)
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Tenepb gaBanTte 06paTnMCS K IMHENHOW YacTu CUCTEMBI.

K nuHenHom yacTu ToXXe ecTb onpeneneHHble TpeboBaHus.

JlnHenHasa yacTb gomkHa obnagartb CBOMCTBOM (hunbTpa HU3KMX YacToT (PHY).
To ecTb NnponyckaTb HU3KOYaCTOTHbIE COCTABNAOLLME C/TOXXHOIMO rapMOHNYECKOro
CurHana v 3Ha4YnTenbHO 0CNabnATb BbICOKOYACTOTHbBIE COCTABASAOLMNE CITIOXKHOMO
rapMOHNYECKOro curHana.

OTO BO3MOXHO, ecnu JIAYX nuHenHon yacTtn 6ygeT MeTb cnenyowmin BUa...
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OTmeTuM, YTO MHOIME N3 peanbHbIX cucTem obnagatoT ceonctesom OHY.

Ecnun Ha BXo4 Takoro SIMHENHOro 3BeHa NnofaTh C/IOXKHbIN FapMOHUYECKMWIA curHan, To
3TO 3BEHO ByAeT XOpOoLIO NPonycKaTb NePBY rAPMOHUKY HENMMHENHbIX KonebaHuin y
ocnabnsaTb BCE BbICLUME FAPMOHUKW, NO3TOMY NepeEMEHHast X Ha BXOAE HETMHENHOMO

3BeHa OKaxxeTcsi 6IM3KOoM K CUHYcounae:

rra. S [O€)



Boobue, konebaHus MOryT ObITb CUMMETPUNYHbIMN N HECUMMETPUYHbIMI. Mbl
paccmatTpmuBaem, TOJibKO CUMMETPUNYHbIE KonebaHus.
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Taknm 06pasomM Mbl NOAOLWSIN K PACCMOTPEHMIO METOLA FAaPMOHNYECKOW NMHeapu3aunumn
OJ151 CaMbIX NPOCTbIX CUCTEM, KOTOPbIE XapaKTEPU3YIOTCS CeayoLLMMN CBONCTBAMM:

1) ooHa HENNHENHOCTb;

2) HENMMHENHOCTb CTaTuyeckas;

3) nuHenHas YacTb obnagaet ceomnctesom PHY;

4) konebaHns CUMMETPUYHbIE.

Torpa psg Pypbe 6yoeT MMeTb CrieayroLwmnin BUA:

Y= M, lx (4] + Ay Con (2¢)
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KoadhduumeHTbl rapMOHUYECKON NIHEapPU3aLIMN MOXKHO HalTK pasHbIMi criocob6amu.

Ecnu HenuHenHoCTb 3apaHa aHanMTUYECKN, TO MOXKHO NpsiMo no chopmynam (5)
onpeneneHns KoaPULMEHTOB rAPMOHNYECKON NTHeapu3aunn BbINOSHUTb
BbIYMCNEHUA.

PaccmoTpum npocton npumep.

nyCTb HENMNHENHOCTb 3adaHa Bbipa>keHneM:

)= bope BiX

Torga mbl nonyynm cnepytollee 3HavyeHne KoadduumnenTa g(a), cornacHo [[onos E.IT.
Teopusi HENMMHENHBIX CUCTEM aBTOMATUYECKOrO PEryIMpoOBaHns 1 yrnpasieHust.]:
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Takoe pelueHmne o4eHb xopoLlee, Tak Kak OHO aHaAIMTUYECKOE N Mbl MOXKEM BUAETb Kak
y Hac 6ygeT 3aBnCUT KO MUMEHT q(a) OT pasnnyHbIX NapameTpoB HENNHENHOCTN.
Bonee Toro, Mbl MOXXeEM MCNoNb30BaThb anrebpanyeckmne MeToabl NCcnegoBaHNs
CBOWCTB CUCTEMDI!

Ho...

[Mopon HanTK aHaNUTUYeCKoe BbipaXkeHne ans KO3MULNEHTOB rapMOHNYECKON
NHeapun3auun MHTErPUPOBaHNEM aHaNUTMYECKON (DYHKLMW HENIMHEMHOCTM HE Tak
npocTo.

XoTs BCe 3aBUCUT OT OonbITa.



Ho, TeM He MeHee, NS TUNOBbLIX HENMMHENHOCTEN Y>Ke HanOeHHble aHaNnnTUJYecKune
3aBUCUMOCTU aNnst KoadhdMUMEHTOB rapMoHnyeckon nuHeapmsaunm [Kum L. . Teopus
aBTOMATUYECKOro yrnpassieHusi, Tom 2], Hanpumep,

Ta6anuuna 3.1. Kospdunuentsr rapmonndeckonn nureapusanuu H3 ¢ omuos-
HAQYHOM XapaKTePUCTUKON

e Henuneitnble xapak-

KosdppunmerTs rapMOHAYECKON JIMHEAPU3AIIAL
TEePUCTUKHA

a

el 5 a(A) = = b2i 5 |:a,rcsin % — arcsin % +
1 —b —a

| | A=t [fweng- 5 ()

Ecnu >xe HenMHeNHOCTb «HeTunoBasi» U Bbl camun 3aTpyaHsAeTeCcb HaNTK oNs Heé
aHaNMTMYECKOE pPELLEHNE, TO MOXXHO NonpoboBaTb UCMOJIb30BaTb CUCTEMbI
KOMMbIOTEPHON anrebpbl NN BbINOSHUTb YACTIEHHOE MHTErPUPOBaHME N NOAYYUTb
rpacdukun 3aBmucumocTen q(a) u q'(a). 3t rpadukm 6yayT O4eHb MNONE3HbI MPY MOUCKE
aBToKoNebaHnm y CUCTEMBI.
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TEOPWSI KOJIEBAHWN

Anre6panyeckun cnocob onpeaeneHns CUMMETPUYHbIX aBTOKOJIe6aHuN

[MycTb Mbl UMeeT 0OOBLLEHHYIO CXEMY CUCTEMbI YNPaBEHNSI C OQHUM HENUHENHbIM
3BEHOM, KOTOPOE SABNAETCS CTaTU4ECKON HEMMHENHOCTbIO.

Hexunesin. toero

—> é]:/f[)()

Nunecre.  ¥ero

Wi (1) = - [=—

[MycTb NUHenHas YacTb UMEET CrneayoLLyto nepeaaToydHyto pyHkumio (Md) n obnagaet
cBoncTBOM punbtpa OHY.

-R(p)
K(p)

YpaBHEHUS NMHENHOWN YaCTW CUCTEMbI U HENMMHENHOrO 3BeHa ByayT cnenyroLume:

Wi (p) = 4+

Cpr=-tpy , 9=1%, r=ic
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Mepnoguyeckoe peleHmne (3) ypaBHeHUs (5) COOTBETCTBYET Nape YNCTO MHUMbIX
KOpHew A,,z = ¥ jW xapaKTepucTnyeckoro ypasHeHus (7). NoaTomy ans oTbiCKaHNs
9TOro peLleHnst NoACTaBUM B HErO ;]: Ju).

JreA Mymm
&/d&&) -f/?[)@}v[@/ﬁ/v‘gﬁ//ﬂjjro /F)

Bbl,ﬂ,eﬂVlM B ypaBHEHNN (8) BeleCTBEHHYO 1 MHUMYIHO YaCTu B BUOE:
X(a,w) + jY/(a,2) =0 (70)
B pesynbTtare nosay4nmMm cnctemy n3 oByx aﬂre6pa|/|'~|eCK|/|X ypaBHeHI/II7I:

X/, LD) =0

Y/g/O/:O

(17)




Pewas coBMecTHO ypaBHeHusi cucTtemsl (11) onpegennm nckomyo amnanTtygy a v
4yacToTy W KonebaHmin nepmogmnyeckoro peweHus (3).

HanpeHoe neproanyeckoe OBMXKEHWE eLLE He SIBNSETCH aBTOKONebaHneMm, Tak Kak OHO
MOXXET 3aTyxaTb UM HAa06OPOT ero amnInTyaa MoXKeT 6ECKOHEYHO YBENNYMBATHLCS.
To ecTb HEO6XOANMO eLLle foKasaTb, YTO HangeHoe Nepuoanyeckoe peLleHme
YyCTON4YMBOE.

[N NpOBEPKUN YCTOMUMBOCTY KOJ1Ie6aTeNbHOro pelleHnss Heo6XoANMO BbINONHUTL ABa
KpUTEepuUsS.
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nodemabny UCKoIHHE ZHACLULS .

B OoononHeHne K aTOMy KpUTEPUIO HY>XHO NoTpeboBaTh, YTOObI B XapakKTepUCTUYECKOM
ypaBHeHUN (7) BCe oCTasbHble KOPHU (KPOME NPOBEPEHHON Napbl YACTO MHUMBbIX
KOPHEW) MMenn oTpuuaTesbHble BELLECTBEHHbIE YacTu. [N 3TOro Heo6XoANMO YTOObI
MHOro4sneH

G+ L) / 9 %3) [13)

)l—f Vo

yposneTsopsin Kputeputo N'ypeuua (unv Mmnxannosa nnv KOPHEBOMY KPUTEPUID).

B cnyyae cuctem, NOpsiAoK KOTOPbIX He Bbilwe YeTBepToro, ycnosue (13) MOXKHO He
NPOBEPSTb, @ A4OCTATOYHO NOTPE6OBATL NNLLL NOIOXUTENBHOCTUN KO3 ULNEHTOB
XapaKTeEPUCTNYECKOro ypaBHeHus (7).
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TEOPWSI KOJIEBAHWN

YacToTHbIV cNOCc06 onpefenieHns CUMMEeTPUYHbIX aBTOKONe6aHun

[MycTb Mbl UMEEM Te Xe YCIOBUS, YTO N paHee:
1) ooHa HENNHENHOCTb;

2) HENMNHENHOCTb CTaTU4ecKas;

3) nnHenHaa YacTtb obnagaet ceonctsom GOHY;
4) konebaHnsi CUMMETPUYHBIE.

[MycTb Mbl UMeEET O60O6LLEHHYIO CXEMY CUCTEMbI YNPaBfeHNs C OOHUM HENNHENHBIM
3BEHOM, KOTOPOE SABNAETCS CTaTU4ECKON HEMNMHENHOCTLIO.

Hewunesin. tleno

— y:/f[y)

Nunecre.  ¥ero

Wa (1) =+

Kak n paHee, pelueHne 6yaem nckartb B BUAE:

x=a fn(ot) (1)
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|_|yCTb 3agaHa HeIMHEeNHOCTbL B BUAOE

9= F7%)
MepenaTouHast (hyHKLWS SIMHENHOM YacTu
/P///
Yip)

BbINOMHMB rapMOHNYECKYIO TIMHEapu3aunio HennHenHocTn F(x), nonyymm:

Wip)= —=

Fe=/ 2

Torpga MoXHO 3anmncaTtb nepenaToyHyto MYHKLUNIO HEIMHENHON YacTu:
F 1z
Wolejp)- 79+ >/

Tenepb NnepengemM K YacTOTHbIM NepenaToYHbIM PYHKLMSM, BbINOSHMB (hOPMasbHYHO
NOACTAHOBKY P = jw.
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Wald, i) = gral + 4 q74)



Pa30MKHEM HENMHENHYO CUCTEMY

Wy (40

Wa ljw) Wita,ja

2
v

Wh (j) =<

Torga amnnntygHo-(asoBasi YacToTHas xapaktepuctuka (APYX) pazoMkHyTON
cucTembl BygeT onpeaensTbCs Kak

R

/4 ¢ é/ X /4 30/'//:/4 7//7914' Y Ernu ewce s s/

Kak n3BecTHO, Neprnognyeckoe peLleHne NMHeapnu3oBaHHOW CUCTEMbI NMOJTy4aeTcs B
TOM Clnyyae, eCniv eCNN Y XapakTEPUCTUNYECKOro YPaBHEHNS 3aMKHYTON CUCTEMBbI
MMeeTCs nNapa YNCTO MHUMbIX KOpHeN. Torga, cornacHo KpUTEPUIo YCTOMYMBOCTU
HainkBucTta, Hanmums y cucTembl Napbl YUCTO MHUMbIX KOPHEN, COOTBETCTBYET
npoxoxgeHuto rogorpada APGYX pa3zoMKHYTON CUCTEMbI Yeped TOUKY (-1, jO) nnn
npocTo -1.

Torpa nepmnopnyeckoe pelleHune (1) MOXXHO HanTK N3 paBeHCTBa



W/(/'u)) =1

Wa (j0) Wh(z s2) = —1

1/
Wil 24

'/(//l /Jw) =

1
Wi = = YA+ §I

/(2]

YpaBHeHue (2) NO3BONSET ONpenennTb MCKOMbIE NapaMeTpbl KonebaHnn — amnantyay
a 1 4acToTy W. OTO YypaBHEHME MOXHO PEWNTb rpadnyeckn, oas Yero HEo6XoaMMo

nepenTn K anrebpanyeckon popme 4YacTOTHOM NepenaTo4HON PyHKLMN IMHENHON
yacTu.

W (jw) = Utd)+ jVie)

ﬂ/meJ aduyplrlazy Wm Yoy

[E wiiflleriar; YREU Celepg s



Ha komnnekcHon nnockoctu (U, V) BbivepumBaeTcs rogorpad APYX nuHenHon yactu
CUCTEMBbI...

WV pgay

Ik,

n =1~ eﬂ/b@/

W,=0 fai’/c

Hanee, nobaBnsiem Ha KOMMIEKCHYIO MNIOCKOCTb 06paTHyto ADYX HenmHenHOro 3BeHa
CO 3HAKOM «MWHYC», TO €CTb

W « /a/({bo)

(M.
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WH(a) *lﬂ

Ha nepeceueHnn oByx rogorpados - Touka B, onpegenstotTcs napameTpbl
NepPUOANYECKOro peLEHNs — aMmnanTyga a n yactora w.

YacTtota w onpegensietca no rogorpady Wn(jw), amnantyga a onpegensercs no
rogorpacdy -1/WH(a, jw).

Takxxe Kak B criydae ¢ anrebpandeckmm cnocobom HaxoXXaeHNs aBTokonebaHnin, B
4aCTOTHOM crnocobe ToXE CyLLECTBYET KPUTEPUN NPOBEPKM YCTONYMBOCTU HAMAEHHOIO
NepPUOANYECKOro peLEHN — YCTONYMBOCTU KONebaHni.



OTOT KpUTEPUIN MOXXHO C(hOpMyMpOoBaTh Tak: NepuoanyYeckoe peLieHne siBnsieTcs
ycTon4ymBbiM (B cucTeme Habno4aroTCcAa aBToKoneb6aHns), ecnv nosiIoXKUTesbHbIN
oT4yeT aMnNuTyAbl a (Pyrummn cnoBamm yBenmvyeHue amnauTtygbl a) B4oJb
roporpada -1/WH(a, jw) 6yaeT HanpaBieH N3HYTpU BOBHe Yepe3 rogorpadcd Wn(jw).

To ecTb Ha PUCYHKE BblIle NOKa3aH Criy4yan yCTOMYMBOro KonebarenbHoro ABM>XEHNS -
aBToKonebaHus.
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