1.1

1.2

BBenenune: npuHINII HAMMEHbIEro JIeiicTBUd

BBenenue K BBeJIeHUIO

Kypc ramunbronoBoii Mexanuku (Mezanuru!): narh npejcrasierue o6
MHTEPECHBIX NPOCMulT 3a/iadax Teopernydeckoil pusukm - “u3dpanHbie
TJIaBBI ...

“MaTeMaTuKa - TO, 9TO MOKHO 00bsicHuts” (7), busnka - HANO TyMaATh
B KaxKJIOM Cjydae (BBIAETUTH MPOCTYIO CHCTEMY U3 CJI0XKHOM). Mare-
MaTH4YecKasi KpacoTa KaK OJWH M3 KpHUTepHeB “TpaBuiabHOCTH (husu-
YEeCKOU TEOpUH.

Kypc KBaHTOBOII MEXaHWKW - €CTECTBEHHOE TIPOI0/IZKeHe!

['maBHOe - pemaTh u craBaTh 3ama4n! ['opa3no BazkHee, 4eM CIyIIATDH
JIIOOBIE JICKITH.

Jureparypa: Jlangay-JIucbumun 1-ii (u 2-it tom?), Aprossn (?), dy6posuH-

HosukoB-@omenko (ri. 5).

Ob6mne dpusnveckre IPUHIIUIIL

[naBuas neib Gusuku (B TOM YHCIe MATEMATHYECKOH) - pemaTh pe-
aJbHbIE 33/1a4d, 00JIee eCTEeCTBEHHBI, YACTO MOMOTAET 3IPAaBBIi CMBICT
7 T.0.

Bce ocHoBBIBaeTCS Ha HEKOTOPBHIX OOIIMX TPUHITUNAX, TTOCTYIATAX - UX
[IPUHSITO CYUTATH €CTECTBEHHBIME, Pe3yJIbTaT HAOJIIOIeH i (II0Ka OIbIT
He TIOKazKeT HedTO TPSAMO TIPOTHBOTOI0KHOE). Dusndeckne mocTyaars
- AHAJOT MAaTEeMATHYEeCKAX aKCHOM.

Teopernueckas ¢pusmka - UMeET JeJ0 C HPOCTBIMU KOHCTPYKIMSIMHU,
qAaCTO HUYETO JPYroro MPOCTO HEIb3sT HAMUCATD ...

dABagercs UCTOYHIKOM OOJIBITHHCTBA 3a/da4 COBpeMeHHOﬁ MaTEeMaTHKH.



1.3 Kaprtuubl mupa

Kunemarukas

e Omucanue cucremsr: obobmennsie Koopauuarol ({¢} win {x}), ux xo-
JITIECTBO — YHUCI0 cmenenetl c60000bt;

e O6o6IerHbIe CKOPOCTH Wn uMITyabewl ({4} win {p});

. (x,j:,i,...):(x,%,%,...)

JlmHaMuKa:

e “Kapruna Teitopa™ z(t) = >, %(t —to)™;

e Ounako (M.M.Hetoron): & = f(z,&) = £+ F(x,i);

o Jlarpanxkepa n ['aMHUJIBTOHOBA KapTUHBI: NPHUHIIAT HANMEHBINTETO Jefi-
CTBUA.

1.4 IlpuHIun HamMeHbBINEro AeiicTBUS

IIpuHUUT HAMMEHBIIErO AefiCTBUA (UM IPUHIUIT [aMIIBTOHA) - HE cae-
dyem HUOTKY/IA.

T
5:/ L(q, ¢;t)dt = Slg, ¢; T}, (1)
0
o Hekoropbiii hyHKIMOHAT OT TPACKTOPHHA (JIOCTATOUHO TJIAJIKKX ), 0T00-

pakeHnii oTpeska B MHOroobpasue ¢ : [0, 7] — M ~ RP;

e 3aBUCUT TOJBKO OT (0GOBIIEHHBIX) KOOPAUHAT U CKOPOCTENl, TIajiKue
TpaekTopuu - “0osbime cucremsr’, S > A;

e Ha Tpaekropuax neobxodumo 05 = 0,
08 = Slg+0q,¢+6¢;T) — Slg, ¢: T (2)

upn maawz 6q(t) (u 6G(t) = Loq(t)).



N3 Bapuanuu jieiicTBUS CJICAYIOT YPABHEHUS JIBUKEHUS, ONPEIeTIONne
TPAEKTOPHIO CHCTEMBI (B MPOCTPAHCTBE KOHMUTY AUl nir 060BIIEHHBIX KO-
OP/IMHAT):

oL oL

0L = Llg+6q,4+6q;t] — Lig, ¢;t] ~ a_qfs% + a—q(s% =

(9L d (LN, . d (0L

(IO TOBTOPSIOMINMCS WHJIEKCAM MOPA3yMeBAeTCsi CyMMUpOBaHue!) Wil ke
MOXKHO CKa3aTbh, YTO BTOPOE CJIAracMOe HHTETPUPYETCA IO 9ACTAM:

T 9L oL | (T d oL
/o dq; 4 dq; 4 0 /0 Wt dq; @)

(3)

Ec/t Mbl KAK-TO 3aHYJIMM TPAHUYIHBIHA YIeH (CyIIecTBeHHeHIas 4acThb - Ipa-

HuHbIe yesousl): manpuvep, 0qlo, = 0, Torma ma skcrpemasm (B Iy
npousBosibHOCTH Bapuannu dq(t) mpu 0 <t < T

d (0L OL

il 2 i1, dimM 5

MOy 9UM YypasHenua Jiaepa-Jlaepanoica.

Teopema: ypaHenus Ditrnepa-Jlarpaurxa (5) npu ¢(0) = qo, ¢(T) = ¢1 3a-
JAIOT €JIMHCTBEHHYO TPaeKTOpHio (Kak cucrema auddepeHInaibHbIX yPaB-
HeHWil BTOporo mopsiika!) Ha Kortopoit dbyukumonan jaeiicrsus Slq, ¢; 1| =
S(qo,q1;T) ecTb uncao (MEHAMATBHOE TIPA HEKOTOPBIX €CTECTBEHHBIX YCIIO-
BUSIX).

Ceoiicrea dbyukun Jlarpanxka L(q, ¢;t):

e 3aBucuT 0T 0600TIEHHBIX KOOPIMHAT U UX NEPEuLT TPON3BOIHBIX (DYyHK-
usl Ha KacarebHOM pacciaoenun 1T'M 7). Boobime ropopst 310 He Tak -
IpHU3HAK PYHIAMEHTAJIbHOHN (PU3NIECKOH CHCTEMBI ...

e OmpeneneHa ¢ TOUYHOCTHIO JI0 TOJTHOM IPOU3BOHOM O BPEMEHN: JIETKO
nposeputs, 4o L(q, ¢;t) u L(q, ;1) = L(q, ¢;t) + %¢(g,t) naor oxmn
n Te ZKe ypaBHeHI/IH JABUZKCHUA.

e AjuTHBHA 118 CHCTEMBI U3 IBYX HEB3aMMOIEHCTBYIOIUX MOICUCTEM.



1.5 CsBoboguasi YacTuiia

CrobGosaoe JpizKeHne (IPUHIUI OTHOCHTEIHHOCTH)
Lfree(Qu Q7 t) = Lfree(d) = l(qz) = %qu

Vpasuenanst DJI qasg L = Liee

dor _ oL _
dtdg;  Oqi
d 0L T
atag Y
C OYEBHUJHBIM pelIeHrueM
d1 — 4o

t

q=qo+vt=qo+ T

(8)

a 320/[HO MPOBEPHJIN W AJJINTHBHOCTE (151 HECKOJIBKUX KOOPIMUHAT Lo =

> 577, I8 HECKOIBKAX CBOOOAHAX 9ACTHIL Liree = Y, ; 5Madl)-

TyT MOZKHO yZ2K€ HaYWMHaATh HENJIAThCA, HO:

e Ha mepBom miare jeiicTBUTE/IbHO OYE€BHUJIHO, 4TO (byHKIUs Jlarpamnxka

3aBUCHT TOJBLKO OT CKOpPOCTedl ¢ = v, a 3HAYHAT %g—f = 0, Te.

const, a 3HAUUT v = const mpu mo6oit Gyrkmuu L(v) = 1(v?).

e Jluneiinocrs dyuxuun [(v?) ciaepyer u3 NpUHIUNIA OTHOCHTEIBHOCTH
lannmes: ypaBHeHHS TBUKEHUS KOBAPHAHTHBI OTHOCUTEIBLHO TTPEOOpa-
soBanmii t — t, ¢ — ¢’ = q+ Vit ¢ nocrognnoii V' — CKOPOCTBIO JIBUZKE-
HUS CUCTeMBbl orcyera. /leficTBuTe/IbHO, IpH 3TOM v +— v + V| u npu
MaJIbix V'

L'=Lu+V)=100*+20V +V?) ~1(*) +'(v*)20V =

9
= 1(0) + 00 Y

OTINYAIOTCS HA MOJTHYIO IPOU3BOAHYIO (T.K. 00SI3aHBI 1aBATh OJHU H Te

JKe ypaBHeHUsl JiBzKenus!) ToabKo npu jguneiinoi [(v?) = %mvz.



. . T
e Haxkoner, g5 ¢cBOGOIHON yacTuIn! geiicreue S = %fo dt mv? = %mT(vQ),
T.C. CPEJHUII KBaJpaT CKOPOCTH Ha TPACKTOPHUH, OYeBUIHO MHHUMAb-

HO Ha pelIeHNH YpaBHEHHUi IBUKeHUsS O.JI — IBUKEHHHU ¢ MOCTOSTHHOMI

CKOPOCTBIO ¥ = (V) = L5 HoCKOIBbKY

((v=(v)") = (") = ()* 20 (10)

a 3HAYUT
S =1imT () > imT(v)? (11)

OO0JIbIIIe CTOSIIEro B IPABOil YaCTH JICHCTBUS HA TPAEKTOPHUY IIPH JIIOOOM

v # (v).

1.6 IIpumepsl APpYyrux MeXaHUYIECKUX CHUCTEM

A uro eme MoKHO HanucaTh? BoobIe roBops:
L(q,q) = =U(q) + Ai(q)¢: + %gz’j(Q)Qifb + ... (12)

HIPOCTO paldJjiozKeHue 110 CTEICHAM IIPOU3BOJHBIX C JIIOOBIMH 3a/JaHHBIMHA Ha

M “dynmuavu” U(q), {Ai(9)}, {9:5(a)}-

e UieHbI Bbillle KB IpATHIHBIX HcaTh "He HYyKHO" (?!) - HeCcyIecTBeHHBI
IPU Me/[TIEHHBIX N3MEeHeHUSIX;

e B T0/IbKO 4TO PaccMOTPEHHOM HpuMepe cBo60AHO0I YacTulnl 6bL10 U =
0, A; = 0 u g;;(¢) = 0;j, 4TO JIETKO OTOXKIECTBISETCS C EBKJINIOBOI
Merpukoit B M = R".

e Boobrie rosopst: U(q) - cKaJsSIpHBII MOTEHITHA B3aUMOIeHCTBHS (09e-
My 3HaK MuHyc?), A;(q) - BeKTOp-TIOTeHNHAT (MATHUTHOE MOJIe - TOKA
po Hero 3abyaeMm, T.e. mycth moka A; = 0), g;;(¢) - MeTpuka Ha “Kpu-
BoM” M, wjin poCTO B KPUBOJIMHEHHBIX KOOP/IMHATAX.

MOKHO JIH TIOJIOZKUTH BMECTO 3T0r0 ¢;5(q) = 07

e Yacruunbiit (Ho sipKuiil) oTBeT Ha STOT BOMpOC naeTcst upumepom Jlu-
paka: L(q,q,t) = ¢, npuBoauT K ypaBHeHuwo JBuxkenus ... 1 = 0, T.e.
He Jobag pyukiusg Ha T'M umeer cMmbica pyHKuu Jlarpanzxka;



e Hemuoruwm jiyume nupumep L(q, ¢,t) = ¢, ¢ jarpaHKuaHoM — MOJTHOM
IPOU3BOIHOMN, T.e. OTCYTCTBYIOIIMMH YPABHEHMAMH [BUKCHUS U Jedi-
crBueM S = ¢ — o Ha arbol Tpaekropuu ¢(t). Bupodem, wHOrIA
TAKUe TeOPUH HA3BIBAIOTCS ... MONOA02UMECKUMU.

Yenoxuum npumep Jdupaka: nycers L(q, §,t) = —U(q). Torna pemenusamu
ypasaenuil neuxkenns dU = 0 sasaserca q(t) = ¢* = const dukcupoBaHHBIN
(munamuku Her!) HAbOp KpuTHdecKux Touek dbyukmuu U(q) Ha MHOroOGpa-
3un M. Curyanust OHAKO CTAHOBUTCS HETPHBHAJIBHON, KOIa YCA0BHE

oL

04
HEe3aBUMOCTH OT CKOPOCTeH BRIIOJTHAETCS 10 4acmu epeMeHHBIX. Torna ypas-
HeHus D.JI 110 COOTBETCTBYIOMUM IIEPEMEHHBIM HPEBPAIIAIOTCSA B YPABHEHHSI

0, i=1,....m<n (13)

CBsI3ei oL
8_20’ i=1,....,m<n (14)

q;
MAaKCUMYM IIE€PBOr0 MOPAJAKA 10 BPpEMEHU, U IIPU yAade UX MOXKHO IIPOCTO Pa3-
PEIMATH OTHOCUTEJIBHO (1, - - - , @y, T.€. COKPATATH YUCJIO PEAJIbHBIX CTEIeHEeN

¢cBODOIBI HA M < M.

Ilycrs, nakonen, M = RP, g;:(q) = md;;, Torna ypaBHeHus! IBUKCHUS B
obieM ciydae

oL oU oL
% 9 AG. i 4 A
8% a%’ + al qu7 an mg; + l(Q)
. oU ) . 1
mg; = o0 Fijq; = fi(q. d;1), (15)

npeacTaBasior coboil 2-it 3akon HboToHA /Ui CHJIBI B MOTEHIHAIBHOM [ =

—%Z (3mak — mpocro coramenne!) 1 B MArHUTHOM 1OJIsAX (cmta Jlopenma).

e 3akon HpooTOHA - yTBEDPIKIEHUE, YTO KJAACCHYECKAS MEXAHUKA OIHCHI-
Baercs JuddepeHIuaIbHBIMU YPABHEHHSIME 2-TO MOPS/IKA: COCTOSHUE
CHCTEMBI OLPEJEIAeTCs € KOOPIMHATAMH W CKOPOCTSIMH (MMIIYJIbCa-
Mu), B3aumoeiicTBue 3apucnt Hux xe. Jnddepennuanbaoe ypashe-
HUE BBIYUC/ISAET YCKOPEHUS 10 KOODJAMHATAM M CKOPOCTSAM M 33JaeT
(omHO3HAYHO!) COCTOSIHUS CHCTEMBI B TOCTIEYIONIe MOMEHTH BpeMe-
HU.



e Buj ecrecTBeHHBIX B IPUPOJIE B3AUMOAEHCTBUI TTOUYTH OJHO3HAYHO OTIPe-
JlesisgeTcs TPOCTBIME CBOMCTBAME JefiCTBUS - OOJIbIIle MPAKTHIECKU HU-
Yero Hesib3s HamucaTh! Bosee ciioKHble SIBIeHU - SBHAS 3aBUCAMOCTD
OT BPEMEHHU U T.II. - D0JIee XapaKTePHbI JIJIsd “HeJIeMEHTAPHbIX CUCTEM.

Cucrems! gactuir; ¢ — {qi,...,qy} € (RPN
Y om
L(an):ZTqu_U(QhaQN) (16)

2-11 3axon HproTona

Y
4,

mde = a=1,...,N (17)

rae CWABl ONPEIEeSIAITCA MOTEHIINAJBHON JHEeprueil, m 3aBUCAT MOADKO OT
B3auMHOro pactojoxenus Tea, U(qr,...,qn) = ., V(|da — ap)).



