JIEKIIUS 20

YPABHEHUNA YUTTEKEPA N
AKOBbU. YPABHEHUNA PAYCA.
CKOBKMU JIATPAH2KA

[IpomomzkaeMm m3ydarh ypaBHEHUS MaMUJIBTOHOBON MexaHMKU. Ha mpoIioi jJekmun ¢ momMo-
mbI0 mpeobpa3oBanus JIexkaHpa ObLIN TOJTyYeHbI IEHTPAJIbHBIE YPABHEHUs 3TOTO pasJiesa,
KOTOPBIE HA3BIBAIOTCS ypPaBHEHUSIMH | aMuUIbTOHA. BB BhIsICHEH DPU3NIECKHU CMBIC]T DYyHK-
1 ['aMuIbTOHA; TPUBOAMIICA CIIOCOD MOHU3UTD MOPSIOK CUCTEMBbI, €CJIU OHA WJIH HECKOJbKO
0OOOIIEHHBIX KOOPJIMHAT ABJISIOTCS ITUKJIMIECKUMU.

1. YpaBHenusa Yurrekepa m 2kKobu ajisi KOHCcepBaTUB-
HbIX 1 000DIIEHHO-KOHCEPBATUBHBIX CHUCTEM

Bysem paccmarpuBaTh MaTepuasibHYIO CUCTEMY C 7 CTEIEHAME CBOOOBI. st 910l cucTeMbl
3allMCaHbl ypaBHeHus ['aMuabToHa:
dg; OH dp; _8H
- ) - b
dt  Op, dt 0qg;

i=1,2,...,n. (20.1)

Bynem npeamnonarars, uro dpyukmnusg ['amuibrona H He 3aBUCUT sIBHO OT BpeMenu. Takue
CUCTEMBI, KaK ObLJIO CKA3aHO Ha IPOIILION JIEKIINH, HA3bIBAIOTCS 0000IIEHHO-KOHCEPBATHBHBIMU.
Koncepsarupnasi cucreMa — 9TO YaCTHBIN CjIydail 00001MEHHO-KOHCED-

BaTUBHOM CUCTEMDI.
B 00001éHHO-KOHCEPBATUBHBIX CUCTEMAaX UMeeTCs OOOOIIEHHBIM HHTErPaJl SHEPTUn

H(qy,...,q,,p1s--,D,) = h = const. (20.2)

KoncranTy h MOXKHO Olpee/nTh U3 HAYAJbHBIX YCJIOBUA. ByleM paccMaTpuBaTh JIBUKE-
HUTI€ Ha (bHKCHpOBaHHOM YPOBHE 2HEPI'UM. HeO6XOI[I/IMO Y3HaTb, KaKue JIBU2KECHNA BO3MO2KHBI
Ha 9TOM ypoHe 3uepruu. Vurerpas (20.2) Boiaessier B 2n-MepHoM (HaszoBOM IPOCTPAHCTBE
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HEKOTOPYIO TUIIEPIIOBEPXHOCTH pa3MepHocTu 2n — 1. Ha sToit jekiuu OymeT moka3aHo, 4To
TPaeKTOPHUHU Ha ITOI MOBEPXHOCTHU TOXKE MOXKHO OIKCATH ypaBHEHUAMU ['aMuIbTOHA.

OxkazbiBaeTcst, 9TO pU (PUKCUPOBAHHOM YPOBHE SHEPTUU MOYKHO MOHU3UTH MOPSI0K CH-
CTEMbI yPpABHEHUI Ha JIBe €MHUIIBI. ByaeM mpemmnoararb, YTO XOTd ObI 110 OJHOMY U3 WUM-
IIyJIbCOB YacTHas pou3BogHas pyHkiuu H oTtiimyna oT Hysas. be3 orpannydenus: oOIHOCTH
MOXKHO ITOJIAraTh, YTO 3TO UMILYJIbC IO MEPBOil KOOP/IMHATE:

o0H

7 2o (20.3)
6]01
Torna ypasuenue (20.2), 6y/yun pacCMOTPEHO KAaK ypaBHEHUE HA Py, PA3PEIINMO:
p1=—K(q,- 1, Doy s Dps ). (20.4)

Ecsn mopcrasuts Boipazkenue (20.4) B unarerpan (20.2), mosyuntes ToxaectBo. Cremaem
510 1 npoauddepennupyem (20.2) 110 KOOPJAMHATAM U UMITYTHCAM:

OH O0HO0OK

— =0, :277’]’[/; 205
(9qj Opy aqj' / ( )
OH O0HOK

— =0, j=2,...,n. 20.6
8173' opy apj ! ( )

Ornenum B cucreme ypapaenuii lamusibrona (23.1) ypaBHeHuUst, OTBeYakONe MEPBO KO
OpJIMHATE W UMITYJIHCY.

dgu, OH
= 20.
dp, 0H
st S 20.8
dt dq,’ (208)
dqg, OH
— = — =2, ... 20.9
dt apl Y ? Y 7n7 ( )
dp, OH ,
L= =2,...,n. 20.1
7 90 i=2,...,n (20.10)
[Momenum ypasuenus (20.9) ma (20.7) u npumenum coornormmenune (20.6):
<8H>
dq; Op; K
AN VA i=2 .., (20.11)

dg, (6_[{) p;’
apl

Teneps mopesum ypasuenus (20.10) Ha cooTBeTCTBYIOIIME YacTh TOTO Ke ypaBHenus (20.7)
¥ IpuMeHnM paseHcTso (20.5):

<8H>
dp. 9.
Pi_ N9 _ 9K ., (20.12)

dqy ( 8_H ) 8% ’
Ip,
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Brimmmem IIOJIyHYUBIINECA YypaBHEHUA:

dg;, 0K

= j=2,...,n, 20.13
dq, apj ( )
dp; 0K
i R iy =2,...,n. 20.14
dg, ~ oq, '’ (20414

Ypasuernns (20.13) u (20.14) vazsiBatoTcs ypaBHeHusimu Y urrekepa. Cucrema 3Tux
muddepeHnuaabHbIX ypaBHEHUH nMeeT Topsiok 2n — 2. TakuM obpa3oM, Ha (PUKCHUPOBAHHOM
YPOBHE HEPTUH YPaBHEHUs JIBUKEHHS TOYKE MOYKHO 3aIMCATh B TAMHUJIBTOHOBOI (bOpMe, ITph
3ToM posb dyHKnuu [ammiabrona urpaer dpyuknusa K = —p;, a PoJib HE3ABUCUMOII II€peMeH-
HOIl UT'paeT COOTBETCTBYIOIIAsl KOOPJIUHATA (.

JIupudeckoe orcrymnienue. 1o muenuio jiekropa, kuuru Yurrekepa «Kypc coBpemennoro
aHaIn3ay U «aHAJUTUYIECKasd JTUHAMHUKA» JIOCTOMHBI BHUMAaHUs. B MepBoil U3 HUX XOPOIIIO
W3JIOXKEHBI CITeNnabHble (DYHKIIMH; 3TOT KYyPC PEKOMEHIYeTCs I CAMOCTOATEHLHOTO U3yde-
HUS.

[Ipeanosozkum, aro ypasuenus (20.13) u (20.14) npounTerpupoBansl. Torna HaiieHb!
by ¢; = q;(qy, b, ¢y 5o 0), Pj = Pi(Q1s Ry Con o)y § = 2,0, n. Ecm mosiera-
BuTh uxX B (20.4), TO mosyunTcst GyHKIUS p; OT TeX Ke mepeMeHHbIX. Haiinenubie dyHKImm
P1» G5, P; (J = 2,...,n) 33/1a10T TPAEKTOPHIO B 2n-MePHOM (Da30BOM MPOCTPAHCTBE, & MapaMeT-
poM gBiigercs ¢,. IToObl HalTH ¢ Kak OYHKIMIO BPEMEHN, OJCTAaBUM HaiijieHHble (OYHKINN
B paseHcTBo (20.7):

dq,
dt = flqi, hycqy ey 0o ). (20.15)
Orcroza moydaeM BbIparXKeHue J1Jjist BpeMeHH t:
d
t= 7q + ey g (20.16)
DTO HesIBHAS 3AIUCHh 3aBUCUMOCTH ¢ (t, h, ¢y, ..., Cy, o). IloncraBus a1y dyHKIMO ¢ B
BBIPAKEHUA JIIA Py, G, P; (J = 2, ..., 1), HOTY9NM, KaK MEHSIOTCA STU BETMIUHBI BO BPEMEHH,

CJIe10BaTEIbHO, HAMIEM 3aKOH JIBUKEHUS.

Urax, eciin dyukius [aMuabTona He 3aBUCUT OT BPEMEHU U BbIoHseTcst yesosue (20.3),
TO MOYKHO, KaK U B CJIy4ae HAJUIUS ITUKJIMIECKOW KOOD/IMHATHI, TOHU3UTD MOPAIO0K CUCTEMBI
yPaBHEHUI Ha JIB€ €JIMHUIBI. B 3TOM ciiydae MOYXKHO HPEJICTaBUTh YPAaBHEHUS JIBUKEHUS B
raMHUJIBTOHOBOU (popMme, mpudéM postb pyHKIuN 'amuiabrona urpaer dynknua K = —p;, a
pOJIb HE3aBUCUMOM IIEPEMEHHOI — KoOpauHaTa ¢, .

C nowmorpio ipeobpazoBanus JlexkaHpa MOXKHO MPEJICTABUTH ypaBHEHUS | aMUIbTOHA

y def @

qj - dq17
j=2,...,n. Teneps BBeEM byukumio P = P(qy,...,q,,P1,95 s---+4, , ) ¢ TOMOIIBIO TIPE0O-
pazoBanu« Jlexkanmpa:

B dopme ypasHenuii Jlarpanzka (Broporo poma). Beeném obozmauenus ¢, = 1,

P=> pg —K. (20.17)
j=2

Cormacuo (20.13),
, OK

qj = ’
Ip;
/ Zlas nodzomosku k 9K3aMEHAM TNOAB3YUMECH Y4ebHOoU aumepamypot.
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[Torpebyem, 9TOOBI CJIEIYIONINI ONPEAeIUTE/b ObLIT HE PABEH HYJIIO:

n

O’K

det || ———
apj op,

£ 0. (20.19)

J,1=2

pu ycnosmn (20.19) pasernctsa (20.18) MOXKHO pa3permmuTh OTHOCHTETBHO P, HOJCTABUT
B (20.17) m takuMm 06pa3zoM U36aBUTHCS OT UMITYJILCOB p. Iloce 3TOro MOXKHO HAIUCATb
ypaBHeHusd JBr2KeHus B dopme ypapuenuit Jlarpanxka. Poiab dyuknum Jlarpanxka urpaer
dyuknusa P, nasbiBaemas pyHKnueii Jkobu.

— =, j=2,..,n. (20.20)

[Moyuum HEKOTODBIE BaxkHBIE cBOlicTBa dyHKInu Ako6u. [Tpeobpasyem Beipaxkenue (20.17):

~ " 1 . L+H
p= ijqj +p = Zpiqi = q_ P4 = ——. (20.21)
Jj=2 i=1 1521 q

IIycts cucrema koucepsatuHa. lTorna L = T'—11, H = T'+11I, aT' apiseTcd KBaJpaTUIHON
dopmoii o ckopoctsim. Beipazkenue (20.21) B 3TOM ciyuae mpeBpaIaeTcs B

2T
pP=—. (20.22)
a4y
Beimuiiem BbiparkeHue st KWHETHIECKOW SHEPIUH:
I & . .
I= 2 Z @ir GGk = 41 G, (20.23)
i k=1
1 n
re G = 3 > a;.q;°q,’. Y xoucepBaruBHOil cucrembl 1"+ II = h = const. Torga u3 dopmy-
i k=1
. h—11
aet (20.22) caenyer, 910 ¢y = -
242G
P=——=2(h—1)G. (20.24)
a4

YpaBHeHnud Yurrekepa u ZlKkooum He OyyT MOJIPOOHO PACCMATPUBATHCA B JIAHHOM KYPCe.
CrymerTaM BaXKHO TOJIBKO 3HATH, 9YTO OHU €CTh, YTO OHU OTBEYAIOT OIPEIEJTEHHOMY YPOBHIO
suepruu. /laHHble ypaBHEHUs PUTOIATCA B PEIIEHUN OJIHON 3a/Ia9u U3 3a/IaHUA, & TaKKe IIPHU
BBIBOJIE OJTHOTO W3 BAPUAIMOHHBIX MPUHITUIIOB MEXAHUKU, KOTOPBIN Oy/IeT MOJIyYeH B KOHIIE
9TOr0 CEMECTPA.

2. YpaBueHnusa Payca

Y1006 TOJIyunTh ypaBHeHUs [aMuIbTOHA, HY2KHO OBLIIO IepeiiTu OT repeMeHHbIX Jlarpanxka
q,q,t K mepemeHHbIM ['amuabTOHA ¢, p,t € ITOMOIIBIO ITpeobpa3zoBanus Jlexamnapa. Payc mpe-
JIOYKUJT HECKOJIbKO MHOM TIOJIXO/1: IPUMEHUTH IpeoOpa3oBanue JIexkaHpa TOJIBKO JIjId 9acTh
KOODJIMHAT, & OCTaJIbHbIE OCTABUTH B BHJIE JlarpaH:KeBbIX ITEPEMEHHBIX.

/ Zlas nodzomosku k 9K3aMEHAM TNOAB3YUMECH Y4ebHOoU aumepamypot.
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[Iycts cucrema obsamgaer n crenensmu cBobosbl. IlepemenubiMu Payca na3biBaioTcst
BEJIMYUHBL ;, G;,ys Poyt, THe 1 =1, ...k, o = k+1,...,n. BBes1éM 006001IIEHHBIE UMITYIHCHI
JIJIsI TIOCJIEJTHUX N — Kk KOODIUHAT:

oL

Da :a—q.a, a=k+1,..,n. (20.25)

YT00BI ¢, BRIpAXKAINCH Yepe3 p,,, TOTpedyeM, ITOObI ONpeenTeNb l'ecca 1 HUX ObLT

OTJIMYEH OT HYJIA:
n

0*L

det T

£0. (20.26)

a,f=k+1

Ecnu cucrema natypaJsibHa, TO 9TO YCJIOBHUE BCErJia BBINIOJIHseTCd. B camom jene, pa3
KUHETUYIEeCKas SHEPIUs ABJIAETCS IOJIOKUTETBLHO OIPeIeIEHHON KBapaTudHoit dopmoit, T' =

n .. 0°L 0T .
2 %;1 ;1. 4;45, TO 93 00 95 9i. Apps & det aglls sy 1 O KpuTepuro CuibsecTpa
TIOJTOXKUTEJIeH. o« o«

[Ipousseném npeodpazosanue Jlexxanapa s nociaenuux n — k Koopaunat. Bee ocraibubie
k mepeMeHHBIX UTPAIOT POJIb MapaMeTpoB «. Takum oOpa3oM, mapamMeTpamMu IIpeodpas3OBaHUsd
ABJIAIOTCS BCE 0DOOIEHHBIE CKOPOCTH, TIEPBBIE k OOOOIEHHBIX CKOPOCTEN U BpeMs.

n

R= Y pui,—L. (20.27)
a=k+1
[TogcraBuM croma BbIpasKeHUst s §,, KOTOPbIE MOJIydaroTcs u3 coorHomennii (20.25).
Torna R = R(q;,G;,4,,Pa:t), © = 1,...,k, @« = k+ 1,...,n. I3 Teopembl 06 obpamieHnn
npeobpazoBanud Jlexxanapa cieryer, 4To

4o = %]pa, a=k+1,..,n (20.28)
7l =50 (20.20)
%]qa _ _STI;’ (20.30)
ki =5 (2031)
g_f[L]t = _88_175;' (20.32)
Hamomuum, uto mcxonbie ypaBuenus Jlarpan:ka uMesn BU
%g—z_g—i:o, i=1,...n. (20.33)

Ecsn nuznekc j sBiaseTcss ofHuM n3 HEepBHIX k nHIeKcoB, To u3 (20.29), (20.31) u (20.33)
CJIeJlyeT, YTO HOBOE YDPABHEHHE JIs KOODJMHATHI ¢; BBITIA/IUT TAK JKe, KAK U UCXOJIHOE, TOJIBKO
L 3amenserca Ha —RR.

d J[,. |

dt o1~ i

/ Zlas nodzomosku k 9K3aMEHAM TNOAB3YUMECH Y4ebHOoU aumepamypot.
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OcraJjibHble YpaBHEHUA UMEIOT BUJ

dq ol

—= — = = 1.... 20.

" h]p"” a=k+1,..,n, (20.35)
dp 0]
o = —— = 1 cee . 2 .
Pe o ae  a=k+l.m (20.36)

Ypasuenus (20.34), (20.35) u (20.36) nasbiBatorcs ypaBHeHusimu Payca. HacTb ux HuX
nMeeT BUJ ypaBHenwuil Jlarpam:xka, a octajbHble nMelOT Buj, ypaBuenuit 'amunbrona. Oynk-
nusg R #asbiBaercsa pyukiueii Payca.

B Texmudeckoit mureparype ypaBHenus Payca 4acTo MpPUMEHSIOTCs, YTOOBI TOHUKATH
MOPSIOK CUCTEMBI C MUKJINIECKUMU KOODJIMHATAMU U, CyJisl IO BCEMY, 9TO ObLI OJIUH M3 CAMBIX
pPaHHUX CIOCOOOB MPUMEHEHUS STUX yPABHEHUIA.

3. IlonmkeHnue ImopdaaKa CucremMbl C IUKJIINYECKNMU KO-
opanHaTaMi IIPpHU ITIOMOIIIHN ypaBHeHI/Iﬁ Payca

HyCTb CHUCTEeMa nMeeT HEKOTOPOE YUCJIO MUKJIMYEeCKUX KOOPpAWHAT. Ob6o3HaYNM 3T KOoOopau-

HATBI KaK ¢,, @ = k+1,...,n. COOTBETCTBYIOIINE UM HMIIYJIbChI IIOCTOSHHBIL:
oL
= — = ¢_ = const. 20.37
Pa = 5, = Co ( )

ITycrs Bemosmsierca ycaosue (20.26). Torga coornomenus (20.25) MOXKHO Pa3peInTh OT-
HOCHUTEJIBHO (,. 3aluIiieM ypaBHeHus Payca, oyb3ysCh MEeTOIUKOIl, OIICAHHOM B IIPE/IbILY-
IeM pasjerie:

dal,. 9| .
pr _6h]qj — _8h]qj =0, j=1,..,k, (20.38)
0
% - 8_}[L]pa7 a:k+17"'7n7 (2039)
d 0

_ . . . o 1
Torma R = R(qy, -, Qi G1s - s Qpr Cps1r -1 Cpst)s =1, k, ao =k +1,...,n. ' Ilepsoie k
ypaBuenuii cucreMmbl (a umento, (20.38)) ormessitorest oT ocTaiabHbIX. OHU COJEPKAT TOJTBKO
KOHCTAHTBI Cp, 1, ..., C,, KOODIUHATHI (, ..., (;, ¥ CKOPOCTH {, ..., (). Taxum obpasom, mops-
JIOK CHCTEMbI YpaBHEeHUI MoHuKeH Ha 2k equuuil. Eciu ynacres pemuTh cuctreMy ypaBHEHUIA
(20.38), MOKHO TIOZICTABUTD HaiifgeHHyo dyuknuo R B ypaBaenus (20.39) u, mpouHTErpupo-
BaB UX, IIOJIYyYUTh 3aBUCUMOCTD ¢, OT BPEMEHHU.

PaccmoTprM mprMep, KOTOPBIH y2Ke pacCMaTPUBAJICS Ha MPOIIION JEKITUN — 33/1a9y JIBYX

TeJI.

IIpumep 18 IlycTh B mpocTpaHCTBE MMOKOUTCA MaTepuaJsbHas TOYKa ¢ O0JIbIIoN Maccoir M.
Tak>ke mMeeTcd TOYKa ¢ Maccoil m, HAMHOI'O MeHbIIel, deM M, Tak 9TO MOXKHO CUHTATD,
YTO TepBasi TOYKa BOOOIIE HENoABMKHA. Kak ObLIO MOKa3aHO B IIPOIILJIOM CEMECTPE, JIBUXKe-

U Jlextop omubesa! R = R(qq, s QnsG1s s Grs Chp1s s Crs t)-

yn?

/ Zlas nodzomosku k 9K3aMEHAM TNOAB3YUMECH Y4ebHOoU aumepamypot.
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7/

]\2':-%(1[;@.--20-.1----

HHUEe CHCTeMbI I10cKoe. IlycTh 3Ta m1ockocTh — II0CKOCTh pucyHKa 20.1. 3a 0000mEHHBIE
KOOPJIMHATHI IPUMEM KOOPIUHATHI 7" U .
Boimuimem HeobxomuMble (DyHKITUN:

T = %m ((h? +w??), 1= —yM—[mh]. (20.41)

L=T-T, H=T+IL (20.42)

Koopmunara ¢ — mukimdeckasi. OOOOIMEHHBIN UMITYJIbC IO HEl TAKOB:

L .
Py = Z—¢ = mr?¢p = cy = const. (20.43)
BHaunT, ¢ = c—% Cocrasum dyukimio Payca:
mr
. 1 i Mm 1 Mm Ci
R=cyp—L=cy—>5— 5™ ([h]2 + 72 2r4) fy—[h] =—-m[h]* —~ [ 1+ 2
(20.44)
Bamnumem ypaBuenus Payca:
ol ol
E%Hh] - %]W =0, (20.45)
o mM Ci
h h| — = 0. 20.46
]+ = (20.46)

[Tocste Toro kak ypasuenue (20.46) GyeT TPOMHTErPUPOBAHO, 3aBUCHMOCTD () OT BPEMEHU
MOXKHO HalTH ¢ MOMOIIBI0 paBercTsa (20.43).

[TocmorpuMm Ha 3Ty 3aja4y nHade. BBeéM Tak HA3bIBAEMbINl IPUBEAEHHBIA MOTEHITHAAJT,
niu norennuas Payca I1:

(20.47)

Torma 3anumem ypasuenue Jlarpamxka s dyukmuu L, = T, — II,. D10 Oyner To xe
camoe ypasuenue (20.46). *

[Mukryeckne KOOpAMHATHI TAKYKEe MHOT/IA HAa3bIBAIOT CKPBITBIMU WM UTHOPUPYEMBI-
mu: B ypasaenun (20.46) ¢ we dburypupyer, oJHAKO JBUKEHUE MO ITOH KOOPJAMHATE TPOSiB-
JIAETCA B KOHCTAHTE ILIOMAMEN ¢4, OT KOTOPOW 3aBUCHT THUII JIBUXKeHUs. B BhIpazkeHnn s
[IPUBEIEHHOTO MMOTEHITNAJA K UCXOTHOMY MOTEHITUATY J00ABUIOCH CJIaraeMoe 3a CUET CKPbI-

/ Zlas nodzomosku k 9K3aMEHAM TNOAB3YUMECH Y4ebHOoU aumepamypot.
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toro jpuxenus. Lenpux lepr B nauaste XX Beka IpesIozKusl KOHIIENIIUIO, YTO BCE TIOTEHIIH-
AJIbHBIE CUJIBI OOYCJIOBJIEHBI CKPBITHIMU JIBUZKEHUAMUA. DTa ujles He 0Ka3asach ILI0J0TBOPHOM
B TEOPETUYECKON MEXaHUKE.

Uccnenyem cucteMy JIByX TeJl HA HAJIAYUE U YCTOWYUBOCTH KPYTOBBLIX JBuzKenuil. IlycTsb
r =7y = const. Torga c, = mriw.

o1l ymM ¢
=T (20.48)
,ZLOJI}KHO BBIIIOJTHATHCA yCJIOBI/Ie
M 2,4, 2
mE TRy, (20.49)
TO m'/"o
M
w= | (20.50)
To

Nrak, B 3a7a49e IByX TeJ CyIIECTBYIOT KPYrOBble OPOUTHI. Terepb ONpees M, SBIAIOTCI
JIX 9TH OPOUTHI yCTONIUBBIMU. BBIYUCIUM BTOPYIO TPOU3BOIHYIO ITOTEHITUAIA TIO T

o1 2yMm 3¢}

(9_[2h] (ro) = = mw? > 0. (20.51)

r3 mrt
r=ro
Ha ocnoBanum Teopembr Jlarpanzka 06 yCcTONYMBOCTHU TTOJIOYKEHUS PAaBHOBECUsI KOHCEPBa-
TUBHOHN CHUCTEMBI MOXKHO 3aKJ/IIOYUTH, YTO KPYTrOBbIe OPOUTHI B IIEHTPAJILHOM IIOJI€ CUJT STBJIS-
I0TCH YCTOUYUBBIMU.

4. Ckobkmu Jlarpamx>ka

Paccmorpum 2n dynkiumit or nepemennbix z, y: ¢, u W, j=1,...,n. CocraBum Taxkue onpe-
JICJTATEJIN:
09; 99,
or 0Oy 0¢; 0V,  0¢; 0V, :
= — =1,...,n. 20.52
Ov; OVI ™ 9z 9y Oy Oz’ J= e ( )
or 0Oy
CocraBuM CyMMy BCEX TAKUX OIPEIETATENIEN:
" (0¢p,0V. O¢.0V,
> ( 03 0%; _ 99, J) . (20.53)
~ oxr 0Oy 0y Ox
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Cymwma (22.41) naseiBaercs ckobkoit Jlarpamxka aia dbynkmmit ¢; n V. Ona obosnaya-
ercs [z,y]. Ona obiagaer cBOHCTBOM KOMMYTATHBHOCTH:

[z,y] = —ly,x]. (20.54)
Ckobxka Jlarpanzka oT OJHOTO M TOTO Ke apryMeHTa paBHA HYJIO:
[z,2] =0,  [y,y] =0. (20.55)

B kauectBe npumepa paccMorpuM GyHKmm ¢; = q;, W, = p; 11 HEKOTOPOH CHCTEMBI €
n crenensaMu c¢Bobojbl. [logcanraem HekoTopble ckoOKu Jlarpanzka s Takux OyHKITAN.

[9;,q,] = 0, [p;,pi] = 0, (20.56)

9, P] = Sis (20.57)
rae 0, — cumBos Kponekepa. Boipaxkernus (20.56) u (20.57) Ha3bIBaroTCsi OCHOBHBIMU, WJIH
dbysagamenTambHBIMU CKOOKaMu Jlarpamxa.

Crenyromast JIeKIus HATHETCs ¢ paccMoTpenust ckobok Ilyaccona. Drto nonsiTre, 1MOX0-
JKee Ha, CKOOKHM Jlarpam»ka, HO OHO OKa3aJIoCh DOJiee BayKHO B MaTeMaTHUKe U B JIUHAMUKE.
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