Teopurnveckuit MUHUMYM 110 TEOPUTHUIECKOH MeXaHUKe (JI0MyCK K 9K3aMeHy ).
Kunemaruka.

1. Beipaxkenue s pagnyc BeKTOpa U CKOPOCTH TOYKM B (a) JekapToBbix, (b)
UJIUHIPUYECKnX, (c) cepuyeckux KOOpAMHATAX.
(a) Pagnyc-exrop: "= x €, + y €, + z€.; Ckopocrs: P =6+ yey + e
(b) Paguyc-sekrop: = pe, + 0€é, + z €Z; CkopocTn: = pe,+ ppe,+ Ze;
(c) Paguyc-ekrop: "= ré, + 0 €y + 0 €,,; CropocTs: r =716 +r0é)—+ rsinb €55
(*) Yckopenue B JIeKAPTOBBIX: Po=de, + i €, + Zé€.; YckopeHue B IUIMHJIPUIECKUX

2. o Ld L
(v =peospiy=psing 2 =2): 7= (p=pp) &+ T (P"¢)€;+ 2

Yckopenue B cepriuecknx ( =rsinfcosp; y =rsinfsing; z =rcos g;):

P = [ —1(0%+¢?sin 0)] .4 [270+10 —r? sin 0 cos 0] €5+ 27 sin 0421 cos O+r@sin 0] €;

2. Tenzop naepumu. [y1aBHBIE MOMEHTHI MHEPIAY IPOCTERmNX Tex: (a) cTep-
’kKeHb, (b) auck, (c) map.
Tenzop mHEPIMN — TEH30PHAsT BEJIUUNHA, CBI3BIBAIOIIAST MOMEHT MMIIYJIbCA Teja U KUHe-
TUYIECKYIO SHEPIUIO er0 BPAIEHHUsI ¢ er0 YIJIOBOM CKOPOCThIO: L; = Z Iijwj;
J
Erin rot = 5 Z wilijwj, tae I — Ten3op uHepnum, W — yrjaoBas CKOPOCTb, L — MoMeHT um-
ij

nynnca. B asnom Buze: I;; = ka(x%@j—xixj), i,j=1,2,3.;1;; = /p(x%@j—xixj)dv,
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3. KuHeTtu4deckas Heprus TBEPJAOTO TeJja. Y IJIbI Jditjepa.

MR? my . ) .

T = 5 + E 5 [Q X rk] [Ry x Q] E mTg; Tae Ry — paamyc BeKTOp HadaJja Io-
k k

JIBUKHOM CHCTEMBI KOOPJIMHAT B JIAOOPATOPHOIL cCTeMe KOOpauHAT, () — yIIoBas CKOPOCTh

BpalllcHusl TBEPJOro Tesa; Ilpmyem, nepsoe cjaaraeMoe — KUHUTHYECKAA SHEPTUsl MOCTY-

ATEJLHOIO JIBUKEHUS, BTOPOE — BPAIATEJbLHOIO, & TPEThe — CMelnaHHbli dien. Eciu

TBEPJIOE TEJIO IPEJICTABATD KaK JUCKPETHYIO CUCTEMY MATEPUAJLHLIX TOUYEK ¢ MACCAMU 1y



" paJnyC BEKTOPaMMn ’I"_]; n Ha4daJ1O HO,ZLBI/DKHOfI CUCTEMbI KOOP/JIMHAT ITIOMECTUTDHL B IIEHTP

M R? me.=
uHepuuu TBEpIoro reqa, to 1, = 0, caeposarenbno: T = 5 L ZTIC[Q x ) =
k
MR} 1 x

o+ 5Ty A

Vbl Ditepa — Tpu yIiia MOCIEI0BATE/bHBIX ITOBOPOTOB
IIpU IEepexojie OT OJIHOM JIEKAPTOBOI CUCTEMbI KOOD/IMHAT
K JIpyTroi: YTroJ o MexKJ1y OChIO X U JIMHUEH y3JI0B — yIoJi
npereccuu. Yroy 3 MexJly OCAMH 2 U Z — YroJ HyTa-
1Uu. YTOJI Y MeXK 1y 0Chio X U JIMHKUEH y3JI0B — yroJ cod-
CTBEHHOTO BpalleHus. Takue moBOPOTHI HEKOMMY TATUBHbI
1 KOHEUYHOE IOJIOXKEHNE CHCTEMbI 3aBUCUT OT IOPsAJ/IKA, B
KOTOPOM COBEPIIAIOTCs TTOBOPOTHI. B citydae yriios ditse-
pa IPOU3BOJIUTCA CHaTaJ a MIOBOPOT Ha YTOJ (v BOKPYT OCH
2, TIOTOM TTOBOPOT Ha, yTOJI 3 BOKPYT ocu N, i TOCTETHIM
MOBOPOT Ha yroJi vy BOKpyr ocu Z. [lpu srom yron B € [0,7], a yrst o, v € [0, 27).
(IToBOpOTHI 1O v, ¥ B COOTBETCTBUM C MPABUJIOM TIPABOTO BUHTA. )

Mexanuka Jlarpamxka.

1.Ypasuenns Jlarpanxa Il poma (B Tom 4uciie npu HAJIMYAN JUCCUMIATIB-
HBIX CWJI). AJITOPUTM BBIYUC/I€HUS OOOOIIEHHON INCCUTIATUBHON CHUJIBI.
Ecjiu rojionoMHasi MexaHUIeCKast CHCTeMa OlUChIBaeTCst jtarpanykuanom L(q;, ¢;, 1), To ypas-

doL 0L d
Henus Jlarpanrka BTOpOro pojia nmeror BUJI —— — — = ()i, rje Jlarpamkuan mpej-

dt dq¢;  0q;

cTaBJisieT co0O# pa3HOCTb KMHETHUUYECKON U IIOTeHIaJbHO# sHepruii cucrembl: L =T — U,

N -
d —’daTa _’d
a O6OH.[€HH8;?{ JUCCHUIIaTUBHaA CHUJIA.: QZ = Faa—, npuiem Fa — JUCCHUIIaTUBHaA CHUJIA
a=1

(mampuMep, custa Tpenus) u i = 1, § (s — 9UCI0 crenenedi ¢cBOOOIbI MEXAHIMIECKON CHCTEMBbI
s =3N —k, N — KoJinuecrBo MarepuaJibHbIX TOUEK CUCTEMbI, k - KOJIMUYECTBO YJI€PXKUBa-

FOITUX CBsA3€Hi 38 UCKIIIOUCHIEM M30bITOTHDIX ).
N

S o - 0 0 0
Anamuruueckuii anroputm. T.K 7o, = Toi+ya)+2ak, TO Q? = Z F4 Ha + B¢ K + B¢ Pa

<\ " 0gi “ g ** Oq,
a=
[Tycrs cucreme coobIIAeTCs Takoe BO3MOXKHOE IepeMelleHre MPU KOTOPOM HM3MEHsIeTCsi

N —
Z OA(FY) | g
a=1

TOJILKO OJTHa 0D0DOIEHHAsT KOOpIMHATA, a IPYTHe He BApbUPYIOTCs, TOT 1A Qf = 5
rje A pabora cuii JIeHCTBYIONIMX Ha CUCTEMY, OHPEJIEJEHHYIO Ha [IepeMelaoneics TOq‘;Ke
IPUJIOXKEHNS STUX CUJI, COOTBETCTBYIOIIAs BapUaIUi TOJILKO ¢-0if 0DOOIIEHHON KOOp/IMHA-
ThI.

2.06006111eHHbIT UMTYJbC (Ompe/iesieHne). 3aKOH COXPaHeHUs 0000IIEHHOTO
MMILYJIbCA.

Ecnu nuzKenue onucuBaeTcst 0000IEHHBIMI KOOPANHATAME TO IPOU3BOJIHEIE JIarDaHKeBOii

GyHKIMHU 110 00ODITEHHBIM CKOPOCTSIM pP; = —— Ha3bIBAIOTCs ODOOIEHHBIMU UMIIYJIbCAMHM.

94
dp; L d "
Nx nponsBogable — = — + (), TakKM 0Opa30M 0DOOIIEHHBIT NUMITYJIbC COXPAHSIETCS, T.€.

dt g



dp;
e = 0, ecsin pyukuus Jlarpan»ka siBHO He 3aBUCUT OT ¢; U COOTBETCTBYIOIIAs 0000IIeHHAs

juccunaruBias cuiia (Q; = 0.
3. O6obuiennasa sHeprus (ompejeseHue). 3aKOH COXpaHeHUs OOOOIEeHHOI
SHEPTrUn.

S S
oL
O606IIeHHAS SHEPTHST TI0 ONPEIeJeHII0 £20 = Z gim———L = Z q;p; — L; Eé npouspojinas
el i=1
d606 oL i . oAd .
= = % -|-Z ¢;iQ); T.e. 00OOIEHHAST SHEPTHsT COXpaHsieTcs], ecain GyHKINs Jlarpamxa
i=1

fABHO HE 3aBHCHUT OT BPEMEHU U OTCYTCTBYIOT JAUCIIaTUBHbLIE CHJIBI.

Mexanuka 'amubToHA.

1. ®yukiusa lamunaprona (onpenesienne). VIHTerpasnl JBUKEHNS.
Oyukius Namusibrona, uin Famuibronnan — yHKIMs, BhIpaxkaioiiast 0O0IIEHHYIO SHEP-

S
rmo H = (g, ¢ — pit) = {ZP@%’ - L}‘q—w(q,t) re. H(p,q) nm H(p,q,t) rne
i=1

p = (p1,D2, ..., Ds) — TOJHBINA HAOOP OOOOIEHHBIX UMITYJIHCOB, OMUCHIBAIOININI TAHHYIO CH-
creMy (§ — gmcsio creneneil ¢cBobobl), ¢ = (q1,q2, ..., ¢s) — HOJHbIH HAOOP 0OODIEHHBIX
KOOD/INHAT.

Unrerpannbl aBuykennst — GYHKIUK BPEMEHH, KOOPAWHAT W CKOPOCTEH TOUEK, KOTOPhIE MPH
JIBUZKEHUN MEXaHUIECKON CHCTEMbI COXPAHSIIOT IMOCTOSHHLIE 3HAUCHU, OIpeIe/sieMble Ha-
JaJIbHBIMHU YCJIOBUSIMK. 1-ble MHTerpaJibl — MHTErPaJibl JIBUKEHHS COAEpPKaIlne CKOPOCTH
TOYEK, 2-ble MHTErpajbl — TakKue (QyHKIMK BPEMEHU KOOPJAMHAT TOYEK M HPOU3BOJIHHBIX
KOHCTAHT, KOTOPBIE TP JBUKEHUHN CUCTEMbBI COXPAHSIOT MOCTOSHHBIC 3HAUCHUS.

0H
Bakon coxpanenusi Lamusbronunana(obobmennoit sueprun): H = Hy= const, eciu r 0,
oOH
Q¢ = 0; 3axon coxpanenns 06OOIEHHOTO MMTIYJThCa P; = Py = const, ecin Frie 0; Q4 = 0.
4di

2.Kanonnveckne ypaBHenusi 'amuiprona (B TOM YucJie Ipyu HAJAYUA JUC-
CUIMATUBHBIX CHJI).
Ypasrenusi FamuiibroHa (TakKe Ha3biBAGMble KAHOHMYECKUMHU YDABHEHUSIMU) — CHCTEMA

. oH . OH d
nuddepeHnanbHbIX ypaBHEeHnit: ¢; = —, p; = ——=— + (Jj; 3Ta cucrema COCTOUT U3 25

Opi dqi L
i depeHnnaabHbIX ypaBHeHNi mepBoro mopsiaka (i = 1, ).
3. Ckobku Ilyaccona (ompenenenune, cBoiicrBa). PyH1aMeHTAJIBHBIE CKOOKH
IIyaccona.
Crobkamu [lyaccona HazbIiBaeTCsl BhIpaskKeHue Jijisi JIByX (PYHKIMH KAHOHMIECKNUX 1TePEeMEeH-

HBIX: [f1, fo] = Z {gjch gﬁ? — gﬁ ggj}, Ero cpoitctBa: [f1, fi] = 0; [f1, fo] = —[f2, fil;
dfi 0fe].

1=1
it fl =L fl 4 il bl = 20 ] + [ 52

Lf1s (fos f3)] = [f1, folfs + [f1s f3] fos L1, Ufes f3]] + e s, Ail] 4 [fss Ufis fo]l = 0

1ocJjiejiHee CBOMCTBO Ha3biBaeTcst ToxKgectBoM [lyaccona. OynpamenTaibubie ckooku Ilyac-
COHa — CKOOKH OT CAaMMX KAHOHIYIECKHUX MepeMeHHbIX: [¢;, ¢;] = 0; [pi, p;] = 05 [pi, q;] = d4j,

e ¢, = 1,s.
4. HaxoxkgjeHne WHTErpaJaoB ABmKeHusd 1m0 pyHKOun l'amMmmabToHA.
st Toro aTobbl HEeKoTOpas dyukiusa f(q,p,t) npegcrabisiia cobol TEpBBIl HHTErPA

OH
ypaBHEHU ¢; = —, P; = ———, HEOOXOJIMMO U JIOCTATOYHO, YTOOBI BBIIOJIHSIIOCH

Opi 0q




of
ot

dbyuxiun fi(q,p,t) u fi(q,p,t) ABJAAIOTCS EPBbIMU MHTEIPAJAMU KAHOHUYECKUX YPaB-

+ [f, H] = 0; vge onepanust [f, H] — ckobku Ilyaccona. Teopma Ilyaccona: Eciu

HeHuit ¢; = , 10 U [f1, fo] Takske Oyjer MHTErpajioM ITUX yPABHEHUIL, T.e.

A o Pi = 4~
Ipi o
[f1, fo] = C. Eciu dyukius FavMusibrona siBHO OT BpeMeHu He 3aBUCHT, & f (g, p, t) nHTErpas
CUCTEeMbI KAHOHUIECKUX YPABHEHUI, TOIIa, MOXKHO YTBEPXKJIBTH 9TO YACTHBIE TPOU3BOIHBIE
o"f
— = C,.
otn
(rae n mestoe). DTU HHTErpasbl MOTYT OKA3aThCsI HOBLIMU WHTETDAJIAMHE, HE3ABUCHMBIMHI OT
HCXOJTHOTO.

5. Meroa I'amuabToHa - ZKkoOu aj1s HAXO0XK/IeHUS 3aKOHA JIBUXKEHUS CHUCTe-

f(q,p,t) MO BpeMeHU SIBISIOTCS WHTErpAJaMU KAHOHUYIECKUX yPABHEHWH T.e.

MBI.
[Tuimem raMusibTOHMAH, MEHsEM p; — g—i, rie S = S(q1, ..., Gs, t) — DyHKIMS eficTBYS.
Cocrapisiem ypasuenus: [amuibrona-1kobu: %—f + H(p; — ?, ¢i,t) = 0. Umem mosHbrit
uHTerpaJ 3roro ypasuenusi S = S(qy, .., ¢s, t, 01, ..., Q) ql'Z[pOI/IBBOJIbHaH HOCTOSIHHAA.
[To Teopeme fkobu, u3 coorTHOUEHUI p; = B0 B = 8_043; (i,7 = 1,s) naxomum 0606-
IEHHbIE UMILYJILCbL P; = P(q;, t, ;) u Koopjuuarsl ¢; = q(t, o, 5;), npudeM npousBoJIbHbIE

IIOCTOSIHHBIE (v;, (3; HAXOJUM U3 HAaYaJbHBIX YCJIOBHIA.

IlenTpanbHoe MoJie.

1. ®ysknuu Jlarpamka n 'amMuiabTOHA AJI9 9aCTUMBI C MACCOM M, JABUXKY-
meiicd B IEHTPAaJbHOM I10Jie. Y paBHEHUS JIBU2KEHUsS W WHTETPAJIbl JIBUKEHUS.
IInockocTs Jlannaca. 9ddekTuBHAA NOTEHIINAJIBHAA YHEPTUA.

L = 5772 U(r), H = 2—]?2 + U(r). TpaekTopusi ABUKEHWS IACTUIILI B MEHTPATLHOM
m
noJie MeJUKOMJIeXKAT B OJIHOM TJI0CKoCTH — TutockocT Jlanmaca, mepreninkyiapHoit Mo-
merty M = [ x p]|, me. (M) = 0. BBoguM B 3T0#i MJIOCKOCTH MOJISIPHBIE KOOPJANHATHI:
L= 2024 2 — Ulp), H = =+ —p) + Up). (1) 0w 22— 0 =
= — — = — — : =0wu —
oL 0H
£0 %@2 + p*p?) — U(p) = Ey — unrerpan jpuxenns. (2): 7 =0wm 9,=0 =
oL 2
P = 55 = M = Dy, maerpan g = § = Lo i\/ = (B~ Uugs (o).
p@o

e Uesp(p) = Ulp) + — addexTrBHas MOTEHIMAIbHAS SHEPIHst. Y PaBHEHUE Jijist P

2mp?

MOXKHO PEIUTh B KBaJIpaTypax t — ty =

e
\/ (Eo = Uess(p))

2. /Iukenne B osie U = a/r npu pa3.m/1qulx 3HaKaX MOCTOSHHOMI «. Y paB-
HeHUe TpaeKTopuu, 3akoHbl Kemiepa.
Sakonnr Kemepa: 1-prii: Kaxxpast manera CosHedHONH cucTeMbl 00paIiaeTcs 1Mo SJIIUI-
cy, B ofHOM u3 (hoKycoB KoToporo Haxogutca CouHne. 2-oii:Karkias nianera JBUXKETCS B
MJI0OCKOCTH, TIpoxosmnieil uepes meraTp Cosraiia, MpuaéM 3a paBHBIE TTPOMEXKYTKA BPEMEHH
pajinyc-BekTop, coeuusiomuii Cosnne u mianery, onucbiBaer pahbie miomau. (Iliane-
Tbl JIBUXKYTCA C MOCTOAHHOW CEKTOPHOIl CKOPOCTLIO 0 — %ngb :const.) 3-nii: KBajipars



1epuoioB obpaitienus anet BOKpyr CostHIa OTHOCATCS, KaK KyObl DOJIBITIX HOJIyOCel/I op-
2

T
ouT miraner. CrpaBe JIEBO He TOJILKO JIJIsl ILJIAHET, HO U JIJIsi MX CIIyTHUKOB. T—;Q = 3, rie 17
u Ty — nepuojibl obpalienust JByX mianer BOKpyr CostHIa, a a1 U Ay — JJIMHDI 6OJIbLHI/IX

noJyoceil X opour.
@ o)
Ulr) = 7 a > 0, moma Ueps(p) = =+ ) \Meff(?) 2]
2
Mi T'K'HpHp>0:i2>l§HpH,0—>oo; EZ.
P P

1 1
— < —, 4robel p € N smeprua E > Uy
p Ei

= 00J1aCTh BO3MOXKHBIX JiBrKenuii [1] u [2] (cMm.
pucynok). Paccmorpum [1]: E = B} < 0 =
p € (p1,p2) = Bmxkenne HUHATHOE TEPHOTH-
YECKOE MEXKJIy OKDPYKHOCTSIMU PAJIUYCOB 1, Po.
2]: E = Ey > 0 = p > p3 = [BuUKe-
H1e MH(PUHUTHOE — PACCESTHHOE Ha CUJIOBOM 1EH-
Tpe.

@ P
Baymaga Kemnepa U(r) = ——, (a > 0), = e _ Foo
I pa U(r) el ), pp) chos(@_%) e py = =
2EP? |
napamerp, € = {\/1+ ——* — skcenrpucurer. I[lpn € = 0 = p(p) = po, & = U}
ma

— okpyxkHOCTB. IIpn 0 < ¢ < 1 = Uglf’f” < FE1 <0 (p1 < p < p2) — suumnc. Ipu
e=1= Ey=0 (p> p3) — napabosa. € > 1 = F3 >0 (p > py) — runepbosa.

3. 3agaga aByx tea: ¢pyukiuu Jlarpamxka n 'amMuabroHa, mHTErpaJbl aBU-
kenus. Pynknum Jlarpanxka n l'amMuabToHa /14 CJTydas TPAaBUTAIIMOHHOTO B3a-

HMO,Z[GfICTBHSI Me}K,Z[y TEeJIaMMNU.

="M g, —U(), H=—— (P + —P2 4+ —— P21 U
> 5T U, S g LA Faprtr + qppate U,

mims . =
— IpuBeJieHHad Macca, R — paJinyCc—BEKTOp IeHTpa Macc, 7 — OT-

rme M = ———
my 4 my _
HOCHT. paJiuyc BeKTop dacTull. Murerpannr mmkenus: (1) Pz = (m; + my)R =const —
MMITyJIbC TleHTpa Macc. (2) P, = Mr?p =const — MOMEHT HMIIYJILCA. (3) g% = grom _

§M (7* 4 r*¢?) + U(r) =const — obobmennas sueprus (B TaHHOi 3a/a4e¢ COBIAIACT C

noJiHO# sHeprueit). P, = M7 — 000OIEHHbI UMITYIbC. T, @ — MOJSIPHBIE KOOPMHATH B

mjiockocTr Jlarsaca, B KOTOpPO# NMpoucxoiuT jiBuzkenue. Jjist ciadasi rpaBUTAIMOHHOIO B3a-
mymsa

wmojteiictrusi: U(r) = —v
r

B pengaruBucTCKOM M HEpPEJATUBUCTCKOM CJIydae 3amncaTh QyHKIUN
Jlarpanxka, 'amunprona, ypaBaenue I'amuiabroHa-Akobu n mHTErpaIbl
JBUKEHUS JIJIA CJEAYIONINX CUCTEM:

1. yacTuma ¢ Maccoil m B OJHOPOJHOM II0JIE€ TAYKECTH;

L:%(j:2+y2+z'2)—mgz; LZ?TLCQ[

\/1 — (72 + g2 + 22)
2. yacTua ¢ MacCol m M 3apgda0M € B IIPOU3BOJIbBHOM 3JIEKTPOMArHUTHOM

moste E(r, t), H(r, t) B qekapToBbIX, IMINHAPUYIECKUX U ChepUIeCKNX KOOP/In-
Hatax. CKaJApHBIA U BEKTOPDHBIN MOTEHIAAJIBI 3JTEKTPOMATHUTHOTO MoJisd (00-

e (bopmysibi);



3. yacTua ¢ Maccoil m m 3apdI0M € B OJHOPOAHBIX IT0OJIIX: MAarHUTHOM H
3jieKTpudeckoM F,. CKaJagpHbIii 1 BEKTOPHbBI MMOTEHITNAJIBI JIJI MOCTOSHHBIX U
O/THOPOJHBIX JIEKTPOMATrHUTHBIX TI0JIEI];

4. yacTuIa ¢ Maccoii m Ha cdepe pajguyca R B OJJHOPOIHOM MOJI€ TAXKECTH;

5. 9aCTHIA C MACCOM M B IEHTPAJIHLHOM M0Jie (BYX M TPEXMEPHBIi ciry«aii);

6. OHOMEPHBII TApMOHUYECKUN OCOUJLIATOP;

7. 9acTuia Ha TMOBEpPXHOCTH 2z = f(x,y) B 3aJaHHBIX IJTEKTPOMATHUTHBIX U
rPABUTAIMOHHBIX TIOJIAX.



