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TEOPETUUYECKAS MEXAHUKA
OcHOBHbIE MOJIOXKEHHS KYPCa

Yacts 2

PA3JAEJ 3. IMHAMUKA B!ATEPI/IAJIBHOFI TOYKHN U
MEXAHHYECKOH CUCTEMbI

3.1. lunamuxa MaTepHaJibLHON TOUYKH
3. L.1. Ocnosnoe ypasnenue OunaMuKy Mamepuaiviioll mouxky B
n

caIvaae, KOrd Ha TOUKY ICHCTBYIOT /7 CHIL, HMeeT Bux: Hd = Z E :
i=1
OcHOBHOE VpaBHCHHE JUHAMHKH HeC600OOHOH TOYKH VAOOHO
OPCACTABUTD B CACAVIOWCH (opMcC:

ma=F+R.
rac F — Z P; - paBHOHGﬁCTB}-’IOLHaH 3dJaBACMEBIX CH.T, l'IpI/IJ'IO)KGHHLIX

K TOUKE, R= Z R ; - PABHOACHCTBYIOILAS PEAKLIMH CBACH.

Pcakuuu cB#3CH, npu HCOOXOAUMOCTHU, MOLYT OblTb UCK/IKOUCHbI
M3 YPAaBHEHHWH ABW/KECHUA, WIIM HAWACHBI € TTIOMOIIBIO CTIEITHATbHBIX TIPHE-
MOB.

3.1.2. Cuia unepyuu. Ypasnenue KuHemMoCmMamuku Mamepu-
aToHol MouKkd. YpasHenue OuHaAMUKU OMHOCUMETOH 020 OBUMNCCHU A

Cuna unepunn no Hanambepy: @ = —ma - «(pAKTHBHAS
CUITA, TIPUIIOKEHHAST K MATEPHATBHOW Touke, Ompene1eHHOro KOHTPAreH-
Ta B JTAHHOM B3aHMOJEHCTBUH HEeT. B ponu KOHTPAreHTa 34eCh BEICTYTIACT
VHUGENCYAM - BECH MUP, OKPYKAKIINN AAHHYI0 MATEPHAITBHYIO TOUKY.

OcHOBHOE YpaBHEHNE AUMHAMIKH TOYKH Onarojaps BBEICHHIO CH-
;1bl MHCPLUK NPCOOPA3YCTCsL B YPa6rieniie KuemoCanuxis

F+R+D=0
OCHOBHOE VPaBHEHHUE TWHAMUKH OMHOCUMEIbHOZO OBUNCEHIUS TOT-

KH,

mi, =F+R+®, +



—

rac (De =—-md,, O = —md - TICPCHOCHASI U KOPHOJIH-

COF COF
COBA CU.1bl UHCPLUU.
2TO YPABHEHWE OTTHCHIBACT ABIKCHHE TOYKH OTHOCHUTEITBHO HEHWHEPLIH-
anbHOU CUCTCMbl OTCUCTA, COBCPLUAOLICH ABUMKCHUC OTHOCHTCIBHO
WHCPLIUAIbHON CHCTCMBI.

3. 1.3. [se za0auu ounamuru Mamepuatbioi moyku

[lcpeas (mpsimasi) 3a3ada; ONPCICIACHUC HCH3BCCTHBIX BCIHUMH
(HampuMep, peakunH CBSI3EH) TIO 3aJAHHBIM KHHEMATHISCKAM MapaMeT-
paM ABUIKCHUA TOUKU.

Bropas (obpatHag) 3a3a4a; onpeaeacHne IBUAKCHNUS TOYKH TIO 3a-
JAHHBIM CHAAM, CBS3SIM U HAYAIbHBIM VCIO0BUAM,

3.1.4. Pewienue obpamuoil 3a0a4y 1THMHAMUKU CBOOOJTHOM MAaTC-
PUANBHON TOUKU OObIYHO BKIKOYACT B CCOs CACAYIOLINC 3TAMbI:

- COCTABJICHHC CHCTCMBI TU(PPCPCHLNATBHBIX VPABHCHUIL JIBHIKC-
HHA TOUKHW ¥ HAYATBHEIX YCTIOBHH K HUM (opMannsamus 3aJatuun: co3ia-
HUC MATCMATHUCCKOM MOACIN);,

- pewrerne 3agaun Komww: mocTpoeHWe TacTHOTO PELICHAS CUCTE-
Mbl TIPU 33JaHHBIX HAYAIBHBIX VCI0BHAX (padoTa ¢ (opManusoBaHHOMN
MO/C.IbI));

- KMHCMATUMCCKUC UCCACIoBaHUd (MHTCpOpcTauus (GopMaibHbiX
PC3VIIBTATOB).

[IpuveM VvCIOBHE, COTTACHO KOTOPOMY 33JaBACMBIE CHITBI MOTYT
3aBUCCTb OT BPCMCHH, MOJIOMKCHHSI TOUKH U OT CKOPOCTH TOUMKH (HO HC
3ABHCAT OT YCKOPESHHA M MPOW3BOIHBIX OT Hero). Huddepenunanscuere
VPaBHCHUS ABUMKCHUA CBOOOAHONH TOUKU B MPOCTPAHCTBC B ACKAPTOBOM
CUCTCMC KOOPAUHAT MOTYT UMCTh BUL.

mi="F (4,x,y,2,X,9,2),

my =F (1,x,y,2,X,¥,2);

mz=F,(t,x,y,2,X,y,Z2).

210 cuctema AU HCPCHUMANBHEIX YPABHCHUI BTOPOTO MOpPsiAKa
OTHOCHUTC.IbHO HCU3BCCTHBIX hyHKLIUHN

x=x(t), y=y(t), z=z(t). Pewurs cucremy osHauact naiitu
takne dyakunm X, V', Z . KOTOpEIE TIPH MOACTAHOBKE B YPABHEHUS CHC~

TCMBI OOpaLIAIOT HUX B TOXKIACCTBA, CIPABCAJIMBLIC MPH JIKKOOM 3HAUCHHUM



HC3aBuCHMOI nicpevicHHol § n3 npovckytka |0:T|, Ha koropom uccnc-
AYCTCH ABH2KCHUC (MPABasi IPAHULIA MOMKCT ObITh OCCKOHCUHOCTDIO).
[Mpotiecec OTHICKAHUS PEITEHUST HAZBIBACTCS HWHTETPUPOBAHMEM
cucteMbl audpepcHUHANBHBIX YpaBHCHUH. B 3TOM mpoiccee nmpumcHs-
FOTCS PA3IMUHBIC TIPUEMbI. TTIOHIDKEHUE TOPSIKA VPABHEHHS, PasicTeHHE
OCPEMEHHBIX U T. 1.
Copoxynnocte GyHkuuin X, }V, Z . vIOBACTBOPSAIOMIMX BbILIC-

OpUBEACHHON cucTeMe Au(epPeHITNATBHEIX YPABHEHUH, 00pasveT obiuyui
unmecpan. B cnyuae aBHoro onucanud gyexkuui X, V., Z oOmuil uHTe-

rpas OObIYHO HA3BIBAIOT 0OiuM peuteHiesm cuctembl. OQ0mee pemeHne
cucTeMbl AUMPCPCHIMANBHBIX VPABHCHUI ABIDKCHUS MATCPHAIbHOH TOU-
KW MOTYT COAEPXKATh A0 O MapaMeTPOB — TMOCTOSHHBIX MHTETPHPOBAHHS

C-l - C2 R Cﬁ . IlocTosiHHEIE HHTCIPHPOBAHHA OIIPCICTANOTCA B po-

JVIBTATE PEIUICHUSI CHCTEMBI VPABHEHUN. MOIVUAIOIMEHCS B PE3yIbTaTe
COBMELIEHUH ODIIErO PEIIEHNS ¢ HAUYATBHEIMU YCIOBUAMMU.

3.L.5. Hauanoensie ycaoeun (HY) npu pcuicHun 00paTHOi 3a1auun
AHHAMHKH TOYKH — 3TO VCOIOBHA, HAKIAABIBACMBIC HA HAYAIBHYHY CKO-
POCTh U HAYAIBHOC II0.10JKCHUC TOUKH, 3aNMCAHHBIC, HAMPUMCP CIACAYIO-

LIHM 00Opa3oM:
x(0) = xy, ¥(0) = »,, 2(0) = z,,
X(0) = xy, ¥(0) = ,, 2(0) = Z,.

Yucao HayaabHBIX YCIOBMIl JOKHO COOTBCTCTBOBATH YMCIY H
nmops Ky  TuhpepeHITHATEHBIX YPABHEHUH JTBUKEHUS (VCIOBUIO KOPPEKT-
HOCTH MOCTAaHOBKHU 3a1adu Komu) HY 10TKHBI OBITE C(HOPMYITHPOBAHBI B
TEPMUHAX TEX HEHU3BECTHBIX (PYHKIMI, KOTOPBIE VUACTBVIOT B 3aITHCSX
auddepeHINA TP HEIX VPABHCHUIA.

3.1.6. Hexomopete npocmeituiue 3a0a4y NMHAMUKA MATCPUA1b-
HOHW TOYKH, PEIIAEMBIe METOJAMH TTOHIDKEHHS TIOPSIKA U Pa3ICIeHus Ie-
PCMCHHBbIX.

[lvcte cBODOTHAM MaTepHaIbHAS TOUKA JABHIKETCA TIO MPSIMOH

Ox MoJ IOCHUCTBUEM 3aJaBacMON CHIBI, TIPOCKLUS KOTOPOH Ha OChb



F

Oxcers F, - O6o3HauMB — = f . 3anuincM  AUgPCpeHIMATBHOC
m

YPABHEHHUE JABUKEHUSA B MPOSKLIHUIX Ha OCh Ox xax X = f :

1) Pacemorpuv covuail, korza cwia smisiercs (QyvHKIHEH

BPCMCHH (H.1M NOCTOAHHA).
f= (1)
dx

HDG,E[CTEIBI/IB X Kak —— , IOHHKACM TTOPAIOK VPABHCHHS, 4 3a-

dt

Tel\‘l7 }'MHO}KHB 066 JAaCTH HA dt - pa3,l'[e."lﬂel\a{ HepeNTEHHbIe:
di = f(t)dt

2) Cua aBiseTcs GyHKUMEH MPOSKIMH CKOPOCTH V. = X:
dx g
Lo i
dt

a) [vcTs TpedyeTest OnMpeaeTUTE 3aBUCHMOCTE MEKTY TTPOCK-
OUeH ckopocTu X U BpeMeHeM. Y MHOXKas o0 1acTU YPaBHEHUS HA BENH-

UUHY % ( .X') , Pa3aCisCM NCPCMCHHBIC!
dx
2
J (%)
HanuHas 3anuce UMCCT CMBIC ITPU VC10BUHU f (.X) #= () (T.C. JOMIKHO

OBbITH f()() >0 wam f(JC) < O).

6) [NyveTe TpeOyeTcst HANUTH 3AaBUCUMOCTh MK TY BEJTATHHAMU

dx dxdx | dx
= = X U

dit dxdt  dx

X u X . HeiaeM 3aMeHY NepeMeHHON X =

MOTVHACM



X dx

e

3) Cuna sBngercs GpvHKIUEH noioxkeHusa Touku. [locne 3a-

=dx (f(x)=0)

MCHBI MEPEMEHHOU UMEEM: X dx = f (.X) dX . Pewenue 31010 vpaB-

HEHMS HABBIBAKOT UHINCIPATONM IHCPIUU .
IIpuaep. Hekotopoe TeNO, UMES OTPHIUATEILHYVI) IIABYYECTh BEITHUHHOU
. morpyxacTcst B BOJy W3 COCTOsIHMS MOKOs. CHITa CONMPOTHBIICHAS BOABlI PAEB-

ma R=Fk V, rae V- CKOpOCThL IOIPYIKCHHA, k - mocrosHmii KO3(D(PUIIHEHT.
Macca texa #1 . Onpeaenuts CKOpOCTh NOrpy:keHud Tea. (IImaBvyecTsio Ha3bI-

BACTCA PABHOCTh MESKIY CHioif Apxinveta [ ‘, 4 CHIOH TsmkecTd. Ecmu mmasy-

YECTh MOIOKHTEIBHA. TO TENO BCILIBIBACT. 3JECh F 4 mg=—p.
OOBEKTOM HCCICIOBAHKUA ABACTCA MOTPYKAKOINEECH TEI0, MPHHHMACMOES 34
MATEPHANBHVE) TOUKY. [ IyOMHY MOTrpyIKECHUA OVIEM CUHTATh MANIOH B CPABHCHHU
C pamuMycoM 3CMIH, @ BPCMS NOTPYKCHUS OrpaHMuuBaTh He Ovaem: £ € [0;0) .
Uso0paskaeM B NpOM3BOJIBHBIN MoMeHT Bpemenu VI € (0;20) texo (puc. l.a) u

JeHCTBYHOIIHE HA HETO CHIBL. 3AlHCHIBAEM OCHOBHOE YPABHCHHE THHAMMKH TOU-
KU B BEKTOPHOU (popme:
dv - - =
m—=mg+F,+R.
dt 4

Becacm ocb Ox . HANPABICHHYIO B CTOPOHY ABWNKCHMS TC.1A, TOrAa vV, = V.

3ANUILCM YPABHCHUC ABIKCHHS (2) B NPOCKUHMSIN HA OCh Ox
dv ,
m—=mg-F, —R.
dt N
IM0ACTABHB 32IAHHOC BbLIPAKCHUE U1 CH.IbI COMPOTHBICHH X, noayuacsm and)-
(pepeHUHAIBHOE YPABHEHHE OTHOCHTEILHO HEM3BECTHOM (pyHKumm V() :
dv
m = p—kv
t

¢ HavaTbHEIM YeIoBHeM (HY) v, = 0.




v
o ,E;: i
R
Yol e R (i o oplo i e
mg
X D | tu n | t-u.
a §) B

Puc. 1

B Havanc aewkcHus V = Vg = 0 u BBIPAKCHUE ) — kv>0. [TycTs mocaennee

HCPABCHCTBO BBIIOIHACTCA BO BCC BPCMA ABH KCHIA. Pa':}-I[GJIHeM ICPECMCHHBIC,
npeodpasyeM; HHTETPHPYEM:
)

dv i d(p—kv):(__
p—kv p—kv m

m dt ln|p—kv|_(—£)f+(f.
m

Iocrkomsky p—kv >0, 10 | P— kv| =p—kv. U3 dopmymsr a1 cumsr K

Ke
CIHEOYET, 4TO Pa3MEPHOCTh Kod(pduuuenta k& ects 1— . u Torma pasmMepHOCTB
C

m m
[;j| =1z . O6o3HaUNM ? = T - 3TO TaK Ha3bIBACMAA HOCIMOAHHAA BpPeMeHU

penaxcayuy. Haxoaum gaace:
t t
e T4
p—kv=ee "um p—kv=Ce 7,
us HY cneayer, yro (C = p . u toraa nony4acm
f

p. -
v="—(l—e *),
o )



BoipaskeHue % MMECIOIICE PA3MEPHOCTh CKOPOCTH M pasHoe npeacay V(4) npu

‘
[ — o obo3Haunm kak V. I'padux Gynkunn v(I)=v_(1—-e 7)

UMEET TOPU30HTATBHYIO acumMnTory V =V, (puc. 1.0). Bemsmna vV ects TOU-

Hasl BEPXHsISI TpaHuLa (cynpemym) 3HAYCHHH CKOPOCTH. JTY IMPEICIBHYIO CKO-

POCTh MOZKHO OBLIO HANTH H H3 YPABHEHHUA OBIDKCHHA KAK BEIHYHHY, IPH KOTO-
dv

poit BEmoMHAETCA HeobX0auMoe yenosue — = () HATIMHA IKCTPEMYMA; TOTBKO
dt
3JICCh IKCTPECMYM JOCTHTACTCS B HECOOCMBEHHON TOUKE [ —>» o0 .

Ecam Teno nonanact B BOAY ¢ HA4aJIbHOM CKOPOCTBIO Vg >V, TO rpaduk

CKOPOCTH MMCCT BH[, MPHBCACHHBIA HA puC. 1.B. «CBEpPXMPEACIbHOC» ABHKCHHC
HE MOJKET CaMO COOOH MEPEHTH B «AOMPEACIBHOC» U HA00OPOT.

3.1.7. K 3a0aue 06 uccieoosanuu osuxcenus mena, OpouieHHo-

20 NOO yeloM QL K 20pU30HMY C HAYAAbHOU CKOpocmblo V).

Mpu cxopoctn Vi < 30 m / ¢ pacemarpusaror mpocreiimyio

MOJENb 33aJa4H, YAOBICTBOPSIOIIYIO YCIOBUAM:

1) wunHepuuaibHad CHCTEMA OTCUETA — FCOLCHTPUYCCKAs;
2)  yckopeHue cBoOOAHOro naacHus £ MOCTOAHHO,

3) KpWMBH3HA MOBEPXHOCTH 3EMITH HE YIUTHIBACTCS,
4)  BIMSHHUC BO3AYyXa HA JBHIKCHHC TC/IA HC VUUTHIBACTCH.
Torma, B peayasTaTe wHTErpupoBanus quddepeHuraTbHbIX YPaB-
HCHUH JBHIKCHUS, MTOIVIACM KUHEMAMUYECKe YPABHCHUS IBHIKCHHS B

CHCTECMC KoopauHat X Oy (ochb Oy HaNpasICHa BBEPX):

; : 2
X=Vvytcosa;, y=vytsina—gt /2.
V-3 <
JlabHOCTE ODCTpENa. OmpenemIeMas BrpakerneM ——Sin 2¢¢ , gocTu-

&g
racT MaKCHMAJIbHOro 3HaucHus npu o = 45° . [lyns, BLIMYIICHHAS W3 BUHTOBKH
Mocuna 00p.1891r. ¢ HauampHOH CKOPOCTBIO 620 Mm/c, MMena Obl PU BbIMOIHE-
HHH C(HOPMYIMPOBAHHBIX YCIOBHHM MAKCHMAJIBHYIO JAJIBHOCTH MOJCTA OKOJIO0 40
KM (B ACUCTBHTCIIBHOCTH, U3-3a CONMPOTHBICHUA BO3AYXA, MEHee 4 kum).
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Mpu cropocrsx 30m/¢ < v, <250m/¢ ycrosue 4 npeobpasyercs:

BBOAMTCSI CHJIA CONPOTHBICHMS BO3Myxa /. 3aBMCAmAs OT CKOpPOCTH V Tena
COr1acHo (popmyae

v

R=-05C8pv° .
Vv
rae S - mIomage NOMEPevTHOro CEUEH S TENa,
O - naotHocTs Bosayxa (0 =1.3ke/ M MPH HOPMAJIbHBIX YCIOBHAX),
C =(C(v) - xo3dypuuent 1060BOro CONPOTHBICHHS, 3ABUCAIHI OT (op-

MbI TesIa 1 OT yncnaa PeitHonpaca Re . xapakrepmsyromero npouecc 00TeKaHus
TEJIA BO3AYXOM.

vod
u

(opmyiec d 03HAYACT «XapaKTEPHBIH pazMepy» Teaa (HAMp., TMAMETP MYILICYHOTO

Yucno Peimonpaca ompeacmsercs mo gopmyre Re = . B sTon

aapa). (U =17-10"ke/m-c- Bmrocts Bo3myxa. Il IVIICYHOTO sIpa

(" ~ 0.15 ~ const Bo BpeMs IBIUKCHHA H, CIEIOBATEIBHO, CHIA COIPOTHBIC-
HHSI TPOTIOPIHOHATbHA KBAAPATY CKOPOCTH SpA.

Ipu cxopoctax V, > 250m /¢ npuxogmrcs mepecMATpHBATB BCE YC-
NOBHS TICPBOHAYAIbHOM MOAeH. [TpH CBEPX3BYKOBBIX CKOPOCTSX CHAPAIOB Ha-
PCE3HOTO OPYsKHH CHIa 1000BOr0 COMPOTHBICHHS XAPAKTCPH3YCTCH BOJTHOBBIM

CONMPOTUBACHUEM: OKOJIO CHAPsIa 00pa3yeTcs BOJIHA CHIBHOTO CHKATHA. KOTOPas
PACXOMHTCSl OT HETO B BHIC KOHYCA. DTOT KOHYC HA3bIBACTCS KOHyCcoM Maxa u

v E
MMEET yros pacteopa (@ = arcsin— (¢ = 340m/¢ - ckopocts 3Byka). Koad-
V

(pumuenT ¢ mpH CBEPX3BYKOBOH CKOPOCTU JBWJKECHHA V CYHICCTBEHHO 3aBHCHT
OT 3TOH CKOPOCTH.

ITpu cTpensde mox GOTBIIMM YITIOM BO3BBIIEHHS ¢ CO CKOPOCTAMH V,

nopsika 3C W 00NCC 3HAYUTCIHHAS YACTh TPACKTOPUH CHAPSAA MPOJCracT Ha
BBICOTE CBHIME 20 xu, A€ CONPOTHBIICHHE BO3AyXa HE3HA4YHTEIbHO. B 1918r.
TepMaHCKad apTuriepus u3 opyaui «Komoccans» odctpenusana [lapwk ¢ pac-
crostuust 115 xm. Crpensda Benacs npu yre & = 52.5° ¢ HaYaaBLHON CKOPOCTBEO
2000 m/c. HauspiCcInas TO4KA TPACKTOPHH JICKana HAa BbiCOTE 40 v, BpemA none-
Ta cHapsza 3.5 mun (w3 HUX 2 mun B crpaTocepe). Kamadp 210 aw, Bec cHapsiaa
120 ke, anuna creona 34 wm, Bec opyaus 750 monn. 3apsia coctasas okono 200
K& TIOPOXAa M PA3BUBAI JABICHHUE B KaHAJC cTBosa 5000 amm.
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[Tpu pacuerax yUHTHIBATACH 3aBHCHMOCTBH ILTOTHOCTH BO3AyXa H VCKO-
PEHHA CBOOOIHOTO MAJCHHS OT BBICOTHL T€O(H3HUECKHE JAHHBIC O MECTHOCTH,
BIIIIOYAS. KPHBU3HY 3€MHOH MOBEPXHOCTH, 4 TAKKE METCOPOIOTHUECKUE TAHHBIE
0 CKOPOCTU H HANPABJICHHU BETPA, AABJACHHH BO3ayxa u npou. M3 303 cHapsaaos
120 ymano 3a npeacnamu [Napuxa.

Yixe k vauany 1-it MupoBoi BOMHBI TAOMHIIBI OTBECTCTBCHHBIX CTPEIBO
COCTABJLTUCH MO OTHOWICHUI) K 2e/UOyeHmpudeckoti CUCTeMe oTcucTa, Tak, B
Havaje 00 MEKAY HEMELKOW M aHMTMUCKOM dckaapaMu Y DOIKICHACKHX 0CTPO-
BOB B 1914 r. aHrmiickue cHapsibl yIOpHO nokuauch Ha 100 M neeee uemu. Ko-
MAHAOBAHKC 3a0bLI0 MCPCBECTH MOMPABKY HA BPAIUCHHE 3CMJIH, PACCUHTAHHYIO
st 50° ceBepHOl IMPOTHI (B CCBEPHOM TOYIIAPUE JCTSMIME TO MONOroi Tpa-
EKTOPHH CHApsAABl OTKIOHAIOTCA BIpaBO Onaroaaps KopHOIMCOBOH CHiIe HHEP-
MK), HA j02/CcHyIo HpoTy 51°.

3.1.8. Ceoboonsie apmonudecKkue Hezamyxaoujue Koneoanus
MaTEPHATBHOH TOYKH

VYcnoBueMm K0I€0ATCABHOrO ABHIKCHUS SIBJISICTCS HATUYNC 60C-
CMAHAGIUCAIOU el CUIBL, «CTPEMSILIENCS» BEPHYTh MATEPHATIBHYIO TOUKY
B IIOJOKCHUEC PABHOBECHs, B KOTOPOM BEIMYMHA BOCCTAHABIUBAKOLLECH
cuisl paBHa Hym0. [IpocTeitmas Moaeap K01e0aTCIBHON CUCTEMBI — TIPsI-
MOJIMHEUHOE ABHKCHUE TOUCUHOM MACChI MOJA ACUCTBUEM VIIPYTOM CUIIBL,
noguuHsowmeHes 3axkony I'yka (puc. 2,a):

F=cl|Al,
rie C - KO3 PULIHEHT YIPYTrOCTH (PKECTKOCTB) MPYKUHBI,
AZ - acopManus YIpyroro 37I¢MEHTA (IPYIKUHBI): AZ — Z A Z H 5
Z - AJIMHA NPYKUHBL B PACCMATPUBAEMBIM MOMEHT BPEMEHH,

[ 7 - AVIMHA HEAC(OPMHUPOBAHHON MPYIKHHBDI.

— X
Es O m b Ieg,
Falle [Eo

; e B S =0 I B
8 oy 7 s

17,

Sl

a 0
Pug.2
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[Mpu [=1 7 TCIO Maccou m HAXOAMTCH B MOJI0KCHHH PABHO-

BCccHd. B3sB Haua1o koopavHaT () & nonoxcuun PABHOBCCUSI TCIA U
HAMpPaBUB OCH Ox s CTOPOHY VAJIMHEHHWS TIPYVKUHB (Torma X — Al w

F y = —CX), noayyacm AnQ(HCPCHUMAIBHOC YPABHCHUC ABHIKCHUS TCIA

- mudepeHIUATEHOE VPABHEHUE TApMOHHUECKOTO (JUHEHHOTO) ocyui-
aamopa (YCTPOHCTBA, COBCPILAIOLICIO KOICOATCABHOC ABHIKCHHC)
X+k*x=0.
KoaebaHus, onucbBacMBIC JAHHBIM VPABHECHHEM, IIPOHCXOIAT
brnarogaps ISHCTBHID TO.IbKO BOCCTAHABIIMBAOUICH CHITBI U HA3BIBAIOTCSI
CBOOOIHBIMH.

C
BeanuwnHa k — 4|7 Ha3BIBACTCS HUKAUYCCKOU YACIMOMOU KO-

m
1e0aHMA U U3MEPSETCT B PaHaHaX B CEKVHIY (B OTIMUHME OT YACTOTHI,
uamepsiemon B I'cpuax). Huwimucckas uactota CBOOOIHBIX KOJACOAHUM
Ha3bIBAGTCS COOCMGEHHON YACTOTOH KOMedaTe ILHOrO YCTPOHCTBA (OCLMIT-
JasTopa).

[Nepuon xoacOanuii onpeacasicres Gpopymyiaon T = 2 %

Obuice pemchuc TudHCPCHIMATBHOTO YPABHCHHUS TAPMOHUYCCKOrO
OCLHTIIATOPA UveeT B X = C | coskt+C 5 sin kt , 4 JACTHOE

PEWICHUE, VAOBIETBOPSIOIES HAYATBHBIM VCIOBHAM X (O) = Xq>

jC (0) — X() . MOXKHOQ IIPCACTABUTE KaK
X =X, COS kt +fsm kt wan x = Asin(kt + o).

I'padux dhyvHKIIHM .X-(f ) MMCCT BU, CUHYCOH/Ibl, M TAKUC KO,1COAHWY HA-

3bIBAKOTCH FAPMOHUUYCCKUMH,
Avnaurvaa A u Havanbhbii casur O Gasel koacOaHUN HAXOTITCH U3

: X
BBIPAIKCHUI Asina = X0 » Acosa = f

13



Da30i HA3BPIBACTCS 3HAMCHUC APTYMCHTA kt + ot B nanmbit mo-

MEHT BpPeMEHU., DVHKIHA X 33JaCTCA TPEMs MapaMETPaAMMU. A . k oA
XApAKTEPUIVIOIMMH aMILTHTY Iy, 4acToTy U dasy koiebanmii. C momo-
IbIO KOACOATCIbHOrO NPOLCCca NCPCAAOT HHPOPMALMIO IYTCM aMIL1U-
TV, IHOH. YaCTOTHOW W1 (pa30BOM ModVIayu.

3.1.9. Ixeusaienmitas HcecmMKOCmMy CUCTEMBI IBVX VIIPYTHX
3EMEHTOB TIPH MAPATICTEHOM UX COSTHHEHWH PaBHA

C =7 +C 5.

IKBUBANCHTHASA NOOAMIUGOCHb (BETHTHHA, 0OPATHAS JKECTKOCTH)

IPH NOCICAOBATC.ILHOM COCAMHCHUU ABYX VIIPYIHUX JJICMCHTOB PaBHA

11 1

c ¢ G
3. 1. 10. Ceodoonbie 3amyxarwuue Ko.1eOaAHUS MATCPUATLHOH
TOYIKH BOZHHUKAIOT MPH HATHYUH ([IOMUMO BOCCTAHAB.IUBAIOLICH CHTIBI)
CH.IbI CONPOTUBJICHM, HA HATUYUC 3TON CUIbI VKA3BIBAIOT, N300paXas Ha
PHUCYHKE ¢ TAPMOHUYECKUM OCLILTATOPOM OeMIDupyioiyuis 3IeMEHT
(puc. 2.0) B Bunc nuaunapa ¢ nopmucM (Der Dampfer (nem.) -

«YCIOKOUTCIb»). Cu1a ConpoTUBICHUSA R - cacamman cnaa, HAIIPAB.ICH-

= vV
Hasd Bcerda MNpoTHUB BEKTOPa CKOPOCTH: R=—R—.
14
B cayyac, koraa BCIn4uHa 3TOM CUIbl NMPONOPLHMOHATIBPHA CKOPOCTH

(R = by ). a ABMKECHHE NIPIMOITHHCHHO, TIPOCKIIAST CH.THI R v = ~bx .
U A pPCpCHUMATBLHOC VPABHCHUC ABHXKCHU TC1a NPUOOPCTACT BUT

. ) )

X¥X+2nx+k°x=0.

e 0003HAUYECHO 21? = —,
1

2 2
XapaKTepuUCTHUECKOE VPABHEHHUE A +2nA+k-=0 . paccMoT-

PCHHOC KaK MPUBCACHHOC KBAAPATHOC VPABHCHHC. HMCCT JHCKPHMHHAHT

14



D=n"—k* B D >0
D=n"—k" Ecm 2 U, TO ABMIKCHUC TCIA HOCHUT aniCPUOINIC-
CKHMI xapaktep («IUCTOC 3aTYXAHUE)).

Ecu D < () (cygait Mamoro CONMpOTHUBIICHHS), TO TEIO COBEP-
maet cBobogHbIe 3atyvxaromue konedanus. OOimee pereHne ypaBHEHUS
JBHIKCHHS MOYKCT OBITh MPCACTABICHO B BUJC

x=Ae " sin(kt +a).

rac k] Z‘Vk2 —nz.

AMIIUTYABI COCTABJSIIOT OCCKOHCUHO YOBIBAIOILIYI0 FCOMETpPHYC-

CKVIO IIPOrPECCHIO, 3HAMEHATEIb d KOTOPOH Ha3bIBACTCS OCKPeMeHmoM
3aTyXaHHus (XapakTEpPUCTHKA POCTa HasplBaldack Obl uwxpemenmor). Be-

JTUYUHA In d HA3BIBACTCS T02APUPMUHECKUM OCKPEMEHOM 3aTVXAHUS.
3.1.11. @azoessiit «<nopmpenty TAPMOHUUECKOT0 OCLHHILISITOPA
Beeasd nepemennyro ¥V = X, MOXKHO A1 TapMOHHYECKOr0 OC-

HHHJ‘[ﬂTOpEl BMCCTO OOAHOI'O ,HH(b(]JepeHuHa.FleOFO YpaBHeHH}[ BTOpOFO 10~
psiaKa 3amucaTh CUCTEMY ABYX YPABHCHHN MICPBOrO MOPSAKA:

d Iz d
A L

[lepemennrie X, JV = X, yA0BAETBOPSAIOIIHME ITOH CHCTEME, Ha-

3bIBAIOTCS (DA30BBIMU TMICPEMCHHBIMHE, MIOCKOCTh X Oy Ha3bIBAKOT (azo-
BOH TLIOCKOCTBIO; TOYKY ¢ KoopauHaTavu X, ) - H300paKaromel To49-

koi. Tpackropus nzo0Opaxkarouiei Touku — (pazosast Tpackropusi. MHoKke-
CTBO (pa3oBbIX TPACKTOPUH, UCXOMMLIMX M3 PA3HBIX HAYAJIBHBIX TOUYCK,
npeactaBmsicT (ha3oBBIM «IOPTPET» IMPOLIECCA, OMUCHIBACMOrO JTAHHOM
cucteMoit audepeHIMATbHBIX ypaBHEeHHN. JIBrkeHHe H300pakaromieH
TOYKH MO (Pa30BOH MIIOCKOCTH MPOUCXOJUT MPOTUB YACOBOH CTPCIIKH.

®a30BBIC TPACKTOPUH TAPMOHHYIECKOTO OCLHILTATOpPA O€3 COMPOTHB-
JACHUS - JJUTMICHL, HAYA/10 KOOpaAuHAT () — TOUKA PABHOBECUS - SIBIISICTCS
0coDOM TOYKOH THNA «ICHTP» ISl OMUCAHHOMW BBIINIC CHUCTEMBI ABYX
vpasHenuil. Lentp O aBagercs yemoiiyueoii 0co00H TOUKOMH:
M300pakaroImasi TOUYKA HE OTKIOHHTCI OT HECHTpa OO0JbINe, UeM HA pac-
CTOSHHE, 33JaBa€MO¢ HAYATBHBIM (M OCTAIOIIUMCS TIOCTOSHHBIM) 3HAYe-
HUEM MOTHOW YHEPTUM OCHHUILISITOPA.
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da30BbIC TPACKTOPUH OCLUMLIATOPA C COMPOTUBICHHUEM, MPONOPLUO-
HAITBHBIM CKOPOCTH, TMPEACTABISMIOT COOOH CIMpAaTH, TMPHOTHKAIOLIHECS
ACUMNOTOTHYCCKH K TOUKE (), MPHU 3TOM PAJUYC-BCKTOP H300PAIKAIOLICH
TOUKU OECKOHCUHO MHOTO pa3 MoBopauuBactes Bokpyr touxu (). Touka O
MIPEACTaBIIeT COOOM ACHMNTOTHYECKH ycToWumBBIM (okye. Ha puc. 3
n300pakeHbl (Pa30BBIC TPACKTOPHHU KOICOAHUHN, MPOUCXOIMIINX 1O 3aKO0-
Hy X =€ = SII'](]. Or+ C() . TIPH TPEX 3HAYCHHUSIX Tapamerpa O .

A
10—

B cayuac 60ap1moro conpotusacHus ( L= Uy ¢azoBric Tpack-
TOPUU TAIOKE ACUMITOTHYCCKU NpubmikaroTes K touke O, HO paauyc-
BEKTOP M300pAKAOLICH TOUKH, TMOBOPAYHUBASCh MO YACOBOM CTPEIKE, HE
COBEPLIACT #1 0OHO20 MOIHOro 000poTA.

3.1.12. Boinysicoennsie Koaebanus 2apMoRu4ecko20 OCHULISA-
mopa noo oeiicmeuem 2apMoRU4ecKoll 8olHyMcoarouieil cuint

[1ycTh MpOEKLKS BRIHYKIAIOWEH CUIIbI €CTh F i — H sin pt.
0603HaumB H = — , 3amummeM JaddepeHIHATEHOS YPABHEHHE GbIHYH#C-
m
Oennbix Koaebaniii rAapMOHUYCCKOro OCLMILIATOPA OC3 CONPOTUB/ICHUS:
. 2 -
X+k“x=hsinpt.
Pemenne muddepeHIHaIpHOro YpaBHEHHS BEIHYKACHHBIX KOJIE-
OaHuii, yIOBICTBOPAIOIICC HAYATIbHBIM VCIOBUAM

X (O) = Xy X( O) = .72?0 , MO2KHO 3aIIHCaTh B BUJC!
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X0yt By X

rac ¢yukuun X, X, , X3 OMHCHIBAIOT COCTABIAIOLIME KOICOaHU OC-

LALISITOPA:

X, = X, COS kt + ;A S]l’l ki - ceoBoambic KoneOaHmsL,

Xy = B P Sin At - COTIPOBOKIAOIIHE KOTCOAHMS,

Bsin pf - YUCTO BBIHYKACHHBIE KOTCOaHHS,

h
kz_p2

COOOH @biHYIHCOCHHbIC KOTEOAHHUS, CYIECTBYET ITPH YCIOBHH k # 2

=
(8]
Il

npu stom B = . Benuuuna X, + X3, npeacrasasromas

*3.1.13. Boinyscoennbie KoneOanus 601U3U pe3oHanca u npu
pesonance

[TycTp yacTOTa BBIHYKIAIOIICH CHIIBI, BO3pAcTas, MPHOIKACTCA K 3HA-
YEHHIO COBCTBEHHOM 4ACTOTHL Tak ut0 P =k — A, rme A - mamas ermumma.

PaccMOTPUM BBIHYKICHHBIC KOJCOAHUS

lr(cos M — 1) o B k sin At coskf:|

xq + v‘ : R e e e in
k( 2k — A1)

HsBecTHBIC (DOPMYTIBI PA3IOKECHHA TPUTOHOMETPHUCCKHX (DYyHKIUI B
CTCIICHHBIC PSAIBI B OKPECTHOCTH HYJIEBOTO 3HAYCHUA APTYMEHTA

a? , '
! 4!
(1)

3!

cosAt=1-

sin Af = Af —

+ ae

yOCKIAOT HAC, YTO MPH MATOM 3HAYCHUM A B KBAJAPATHBIX CKOOKAX MPCBA/IU-
pyer mocrnennee craracMoe. OHO XapakTepU3yeT PeKuM Oueruti BOIM3H pe3o-
HaHca. Ha puc. 4.a npeacrasieH rpaduk (yHKLHH

=———sin Arcoskt npusmauwenmax A=1 k=2, A =0.1.
A2k - 1)
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. N 2
Wcnons3ys NPUBCACHHBIC BBILIC PA3IOKCHUs H 0003Ha4as yepes O(A”)

2
BEIMUHHY BBICHIETO TIOPATKA MATOCTH, YeM A~ . TOTyJHM

2

, + X, = ——————| sin kt + ———sin k&t — kt coskt + o(1*) |:
- k(2k— 1)
3 T 100 T
1) &) (k v
0 nvnuﬂﬂMMJ.lM 2 i
R it
0 - >
s | 100 | | : :
o 0 100 0 30 100
a 0 B

Puc. 4

lim (x, +x3) = 2k?(sin kit — kit coskt) = %(sin@ —6cos0),

A—=0
h H
rae B, = r = — 03HAYAET CTATHYECKYIO Ae(POPMALHIO YIPYToro 3JIeMEHTA
T C

nox aeHcTBHEM CHbL, BemmiuHol H ;. 6 = ki - 6e3pasmepHoe Bpems.
Ha puc. 4.6 rpadux «sexoBoro» (sccular) uncna & cosf . npucyrer-
BYIOIIErO B BhipaskeHun [1mM( X, + X, ). AEMOHCTPHPYET HEOrPAHUYCHHBIH POCT

AMILTHTY MPH MPOJOKEHHH KOoeOaHuii (PH OTCYTCTBHH CONPOTHBICHHUS! ).
3.1.14. Koahpuyueum ounamuunocmu. A4X (amrumry jHo-

JACTOTHAS XAPAKTEPHUCTHKA) TAPMOHHIECKOTO OCLHILTATOPA
Koopguyuenmom ounamuqnocmu [l HazoBeM Oc3pa3MCpHbIHA

KO(DULMCHT, BBIPAYKAOLIMH OTHOLICHUC aMILTUTYAbI |B YUCTO BbIHYIK-
JCHHBIX KOJICOAHHI K HEKOTOPOHM XAPAKTCPHOH (HOPMHUPVIOIICH) ATHUHE,

HANpUMEp, K CTaTUYCCKOU achopmManuu |BO‘ = Sl i Ik
C

18



1Bl ]
= BO‘_‘l_VZ‘

7

rac V = — osnauact Oc3pa3McpHyo dacToTy. [ paduk >ToM PyHKUMU

(puc. 4.B) mzoOpaxaet AYX rapvonmueckoro ocunmangropa. [lpasas
4acTh rpacduka yOCKIACT HAC B TOM, UTO KOTAA HACTOTA BbIHVIKIAIOLICH
CWIIBI 3HAUUTCABHO NPCBOCXOJNUT COOCTBCHHYED YaCTOTY OCLIMJIISITOPA.
BBIHVAICHHEIC KO1COAHUS BCChMa MaJlbl.

*3.1.15. [leiicmaue npoi360.10H00 nepuodudeckoii cuisl Ha rap-
MOHHUECKUH OCUMTIAATOD

[TyCTb HA OCLWLIATOP ACHCTBYCT HCKOTOPAs MCPUOAHYCCKAS CHITA TC-
puoaa 7 . Torma mpaByrO YACTH AH(PEPEHIIUATBHOTO YPABHCHUS €TI0 JBIKCHHA

¥+k7x = £(0)

MOMKHO MPCACTABUTL B BUAC psida Dyvpbe

iy
fy=a,+> (a,cosnot+b, sinnot),
i1
rac @ =27/7 . B culy NIHHCHHOCTH AU()/)CPCHUKATBHOrO VPABHCHHS IBHIKC-
HHS YACTHOC Cr0 PCLUCHHC MTPCICTABIACT COOOH aHANOrHYHBIH Psid. KOMNOHCHTLI
3TOr0 PAJA. XAPaAKTCPHU3YIOIIHC YTHCTO BBIHY/KICHHBIC KOICOAHHA. HMCIOT KO3()-

(pULmMCHTE TPH  (H)YHKIHAX COSH®I, SIN ! CO BHAMCHATEIAMH BHAA

3 a .
k- — (H(-))“. B cayuae, koraa k = no , umeer vecTo pe3oHanc B — 20 poda.

*3.1.16. JclicTBUC Npou360.1bHOU GHIHYHCORIOW{EH CH/IBI HA TAPMOHH-
YCCKHUH OCLUILISITOP
[lycte B AH((PCpPCHUHAIBHOM YPABHCHHH BBIHYIKICHHBIX KO.JICOAHHWH

TAPMOHIMECKOTO ocuumaaTopa f (1) 03HAYAET MPOM3BOMBHYIO ()VHKLUEO BPEME-
HH, YJOBJICTEOPSIFOILYH) YCTIOBUAM. TIPCIBABISICMBIM K opucunaiam (eM. «ITpcod-
pazoBannc Jlaniaca W oncpALMOHHOC WCUHCICHAC» B KYPCC BbICIUCH MATCMATH-
k). TOrJa YACTHOC PCILCHAC 3TOTO YPABHCHUSA MOKHO NPCICTABHTH B BHIC

Xy = kl_:[f(é’) sin(f — 6)d6 .

TIpHBEOCHHBIA 306Ch HHTETPAT HASBIBACTCA cecpmxoli (pyrkmuit f(f)m sin £ :
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jf(@)sin(f ~0)dO = f()*sint =sint* f(r).

l .
BripaxkcHue Zsm(( — 6) ccTb (PYHKUNA Grustius BHCUWHCTO BO3ICHCTBHS

f(8). ocyCCTBICHHOrO B MOMCHT BPCMCHH (. HA NOJIOKCHHE OCUMILIATOPA
B MOCICIVIOMHI MOMCHT [ |

PCLUCHHC YPABHCHHUS BhIHY#ICHHBIN KOICOAHMH MOYKHO MOCTPOMTL ONC-
PALMOHHBIM MCTOAOM, MCPCNOIA OT HCXOAHBIN (PYHKLMM BPCMCHH (OPHIHHAIOB)
K UX H300paKEHEIM ((PYHKIHAM KOMILICKCHOTO MEPEMEHHOTO /) COTMACHO
(hopmye

1)
x(H)+X(P)= Ix(t)e /8
v
Hs00pazcHue CBCPTKH ABVX (DYHKLUME CCTb MPOU3BCICHUC HN H300pa-

FKCHMI:
jl (f)*.fz(t)+F|(P)'F2(P)-
*3.1.17. Fapyvonuseckuit ocyuaaamop kax 36eno CAY (cucre-
MBI aBTOMATHYIECKOTO ynipaBIeHnA). [lepegaToanas GvAKLAA 3BEHA.
[TocTponm n3odpaxkcHus no Jlanaacy NCBOH W NPaBOi 4ACTCH VpaBHC-
HUSL BbIHYKICHHBIX KocOanuit ocuunnsitopa (n. 3.1.15) npu nviressix nauaiasibix
verogusx (1):

PX(PY+k*X(P)=F(DP).
OTKY 1A N0.I¥4ACM (JOPMATIBHOC BBIPAXKCHUC

1 :

3TO BLIPAXKCHUC OMHCBLIBACT COOTHOIICHUE MCKIY chrnaaom /().

NOAABACMBIM HA 6X00 KOICOATCILHOrO 3BCHA. H 8hX0OMNBIA CHIHAIOM X (P ) .
BoipasxcHuc

|

P +k

HA3bIBACTCH nepedamounoit hiwyueir koacdatcasHoro 38cHa CAY. huok-cxema
CAY wn300paskacT cC CTPYKTYPY. NCPCAATOUHBIC (PYHKLUHK 3BCHbCB XapaKkTCpH-
3VIOT NPCOOPA3OBAHMC YTUMHM 3BCHbSIMH BXOHBIX CUIHAIOB B BbINOIHBIC. B mpu-
BCACHHOM Ha PUC. 5 (PParMCHTC O.IOK-CXCMbI 3BCHO 2 SBIACTCSl CVMMAINOPOM C
ompuyametsnol oopamnol ceszeio. CUCHAL, N0JABACMbIH HA 3aTCMHCHHbII CCK-
TOP. igepmupventcs. T.C. MOAACTCS HA BXOA CYMMATOPA C OPOTHBOMONOKHBIM

W(P) =
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3HAKOM. 3BEHO 4 ABIACTCA, CYIA IO MEPeIaTOMHON ()YHKUHH, KOIEOATEIHLHBIM
3BEHOM C CONPOTUBICHHEM.

7 2 3 4
!
—- W Wi} P2 app. k2 T’
Puc. 5

*3.1.18. Boinystcoennoie kosrebanusi 2apmMoHUHecKozo ocyui-
JAAMopa ¢ conpomueJienuem

[lycTs muppepeHInATBHOS YPABHCHHC ABHYKCHHA OCLMIITIATOPA HMECT
BHUJ;

¥+2m+k’x = hsin pt .
YacTHOE PEmEHHe 3TOTO YPABHEHHA, BBHIY NMPHCYTCTBHA UleHA 271X

umeM B Buae B, COS pf + B, sin pt . TIoACTABHEB 3T0 BHIPAKEHIC B YPABHCHHE,
MOMYYHM, YTO YHCTO BHIHYKICHHBIC KONCOAHUS ONUCHIBAKOTCS (DOPMYJION

X, =—h— 3”19 Jcospl+h k;_ P S s pt =
(k" =p )+ (@2np)° (k" = p°)+(2np)°
= Bsin( pt + ),
rae B = = 5? =,
V& = p*)+(2np)
B 1
KoauipeHT AMBAMUYHOCTH [ = — = — —»
By Ja-v?) +@nv)

n
rac, B gormoaHeHue k 1. 3.1.14, obosnaueno 77 = —.

HccneayeM BO3MOKHOCTb HATHYHST IKCTPEMYMA TOH ()YHKLHK:
du  v(-2n°-v?)
dv  ((1-v))* +(2m)*)"?

[ 2
Orcroma momyuaeM vV = 0 wm vV = /1 — 217° . Tlocnemnee BhIpaKeHUS

CYIIECTBYET NPH YCIOBUH 1] < -7 . AMILTHTY THO-4ACTOTHBIC XAPAKTCPHCTHKH

MPCACTABILIIOT CODOH 3aBHCALICC OT MapamMeTpa 7] CEMCHCTBO KPHBBIX (PHC.0).
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Puc. 6

V2

Kpusas, COOTBETCTBYIOIIAS 3HAUCHUIO 7] = — ., ABILICTCA cenapampu-

COli: OHA pasdeidaem KBAJPaHT Ha ABe oOmacTu. BepxHsist 001acTh COOTBETCTBYET
3HAYHMTEIILHOH PEaKUHH OCHHLUIITOPA HA PS3OHAHCHYIO 03pa3MEPHYI0 YACTOTY

v=41-2n".

3.1.19. I[Ipumepol KoaedbameibHo2o OBUNCEHUS
a) I[lyctb B HavabHBIM MOMEHT BpeMEHHU 3apsaa {f emkocTH (puc.

7,a) paBeH (), KIH0Y PA3OMKHYT, H SICKTPHICCKHA TOK I = (J B KOHTY-

pe orcyrcTByeT: (f = 0. Tox Bosuuxaer npu 3ambikanuu Kmoua. s

COCTABICHUS VPABHCHHUA (PYHKIHOHHPOBAHHS KOHTYPA BOCITOIB3YEMCS
BTOpHIM 3akoHOM Kupxroda: cymMma mageHuil HampsuKCHUS B 3aMKHYTOM
KOHTYPC paBHA HYJIIO:

Ui +Us+L 5 =4,
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q .
Kak wsBecTHO n3 kvpea odmei husukn, U o= U R= Rq _,
C

di .
U . = L ; = Lq (C - IAPAMETP EMKOCTH,, L - cozenonza, R -
{
akTuBHOrO conporusacHus). U3 zakona Kupxroda cnciyer vpaBHCHUC

G+2ng+k’g=0.
R 1

2
rac 2” - N k —_— . HpI/I MATOM dKTHBEHOM COIIPOTHEICHHH

L LC

BCIMYHMHA 3aP41a, TOK U HANPAKCHUC U3MCHAIOTCH COLJIACHO 3aKOHY 3a-
TVXAIOLIUX KO Te0AHUH.
6) BepTHkanpHEIE KOTE0AHNA HUTHHAPUIECKOTO MOMIaBKA (pHUC.

7.0) 11uHOH ) MpU OTCYTCTBUU COMPOTUBICHUS KU IKOCTU OMMUCHIBAIOTCS
VPaBHEHUEM

pﬂgx O
Px

rac X - CMCHICHHC TIOIITABKA H3 [MOTOKCHHA PABHOBCCHEL, pn = I110T-

HOCTE Cr'o MdTCPHATIA. p y IITIOTHOCTD AKHAKOCTH.

B) KoacOanus ¢roa0nKa KM IKOCTH JJIMHOK [ s U/ - o0pasHo
TPYOKC (puC. 7,B) ONUCBHIBAIOTCH CACAYVIOUUM YPABHCHUCM (BCIMUMHA

2 X ectn nepena VPOBHEH SKIAKOCTH),
'+2%x:0

AHAJOTHTIHBIM YPaBHCHHEM NPHOMIKCHHO OMHUCHIBAIOTCA KOICOAHHA
VPOBHA JKHAKOCTH B 3AMKHYTOM MPSIMOYTOIbHOM PC3CPBYape («cchwwar).
r) Y paBHEHHE IBMXKEHUS MATEMATHISCKOTO MASITHUKA (PUC. 7.T):

@+%ﬁn¢:0
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ITO YPABHECHHE SIBTICTCST HEIUHCTHBIN, TIOCKOTBKY auddepeHIn-

2
aJbHBII  OTICPATOP D(({)) = ?(Q)) + % Sll‘l(g()) - HC.IMHCHHBIH

OICpaTop (HCAMHCHHON SBIACTCS ONCpaLUs PacucTa CUHYVCA, MOCKQIbKY
Sil’l(g{)-l + (02) # Sin ¢, + Sin P5). JHAuneiodi ke oncpartop npu
nOOBIX KOHCTAHTAX (), (5 AOJKCH YAOBJICTBOPATE YCIOBHIO!
D(a,p, +a,p,) =a,D(p,) +a,D(p,).
Ecn yroa (7 - manast BETHUHHA. TO MOKHO MPUOTHKEHHO NPH-

HATh, uTo SIN () = (), n Toraa anddepeHINATbHOE YPABHEHHE IBHIKE-

HHUA MASTHAKA CTAHET THHCHHBIM:

. )
O+k“p=0,
2 _ y y
rac k —_— . rapMOHl/I'-lCCl{MH OCLUWJLIATOP UHOrAa HA3ZBIBAKT JIUHCU-

HbIM OCTHJLITATOPOM.

3.2. 'eomeTpusa macc. TeopeMbl AHHAMHKH
3.2.1. Henmp smacc (LCHTP MHCPLUHH) MCXQHUUCCKOH CHCTCMBI
[TycTe MexaAmveckas cucTeMa COCTOUT W3 ! TOWCUHBIX dpar-

MCHTOB. PaccMoTpum HCKOTOPYIO TOUKY (C MPOCTPAHCTBA U N¥CTh /) (- -

paznyc-sektop I -ro dparMenTa oTHocuTeTbHO Tomoca (' (puc. 8). Bei-
i

PaXcHuUC Z m,.?‘,.'(f HA3BIBACTCH CHIGMUYCCKUM MOMENMOA MACC OTHO-
i=1

cuteasHo momoca (. LIcHTp Macce cucTeMbl - Takas Touka C npocTpaHCT-

BA, OTHOCUTETILHO KOTOPOH CTATHYECKUH MOMEHT PABEH HYIFO!

11
2mirp =0
i=1

[ycrs ¥, =¥, () - paanyc-BekTop [ -ro GpparvicHTa OTHOCHTCIIb-

HO Tmomoca () abcomoTHOW (MHEPUHATBHOH) CHCTEMBI OTCUETA.
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Ve =Fop - aDCOMWOTHBIM  paaMyCc-BEKTOP — LEHTpAa  Macce,
n

e =F o + V. Torma, obo3nauus kak M1 = Z m; maccy cucremsl,
=1

. xmr
MOMYIM, 910 Fn = .
m

zZf | C 2
r
G
Y
L m;
0 =
Y ¥
Puc. 8

Ecnu Te10 uMeeT LEHTP THKECTH (LICHTP CUCTEMBI NApaICIbHBIX
CHJT), TO OH HaXOAHUTCS B LICHTPE MAaCC.

3.2.2. Boipaxicenue KoJiuuecmea O8UMNCEHUS CUCEM bl Yepes3
cKopocmyp yenmpa macc. Ypaenenue osuicenus yenmpa macc.

Hcnonr3ys onpeaeneHie UeHTpa Mace, HAXOAUM, YTO KOJTHYECTBO

JABUIKEHHS CHCTEMBI BHIPAKAETCA UEPE3 CKOPOCTh V(- LEHTpPaA Mace:

Q=2 my, =2 mr, =mre =mv..
Teopemy 00 u3meHeHuu konaudecrBa apwkeHud (U, 1, m. 2.1.9)
npu ycaosuu M = CONST MOXHO NPEACTaBUTh KaK YPABHCHHE JBHKC-
HUS LICHTPA Macc:

5 =
mdy = 1.
3.2.3. Teopemuvi Kénuza

a) Ilycte ¢ ueHTpOM Mace CBs3aHa MOABHIKHAS CHCTEMA OTCUETA,
JABIDKYIIAACS MOCTYIIATCIBHO, T.C. KAKAbIA €C MYHKT UMCCT CKOPOCTh

V. Toraa abcomoTHasS KMHCTHUECKAs SHEPTHSI MEXAHUUCCKOH CHCTEMBI

paBHa
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mv(
2 + TOH‘IH

KHHCTUYICCKAA 3HEPIrHUd OTHOCUTCIBHOTO ABHXKCHUA CUCTCMBI.

1=l =

a
TAg Tomu

0) Kunernueckuii MoMeHT aOCOMIOTHOTO ABHKEHHS OTHOCHTED-
Ho menoasuskuoro nomoca (J CBA3aH ¢ KMHETHYECKHUM MOMEHTOM OTHO-

CHUTEIBHO HEKOTOPOTO MOABHKHOTO TTOTOCA C dopmynoit

—

Ky =Fsxmvy +Kp.

Ecm C - LIEHTP Macc, TO K K - KHHETHYECKHH

C.omu

MOMCHT OMHOCUMEIbHO20 IBUXKCHHS
3.2.4. Kunemuueckas nepzus meepoozo meia B TIPOCTSHINNX
Cllydasix ero ABMKCHUs. Momenm unepyuu mejid OTHOCUTEIbHO OCH

a) Ilpu nocTynmaTebHOM ABMKCHUU TBEPAOro Tena V; =V mpu

Vl — KHHCTHYCCKaA SHCPrusa Cro pasHa

2 2
12 v

=L —=—

* 2 2z

0) Ilpn BpamareapHOM ABHKEHHH V, = CD}?-I- (em. Y. 1, m. 1.2.8),

ric h{. - pacctosiHuC OT I -0¥ TOUKH A0 OCH BpPAlCHUA —>
il

2

® 5 ®
T'=—>mh =1 —.

S mh =15

2
Bripaxenue z m ihi = sy — / , Ha3bIBACTCs MOMEHMOM

UHepyuY TeNA OTHOCUTEIBHO OCH BPAIICHUS Oz . OHO XapakTEePU3yeT

paszdpoc MaCC OTHOCHTEITBHO OCH Oz u CITYYKUT MCPOU MHCPIIMOHHOCTH
TE/Ia BO BPALIATE/IbHOM JBHUKCHUH BOKPYT 3TOH KE OCH.
B) IIpu mnockonapanicabHOM ABUXKCHUU TEaa (cM. Teopemy Kénura)
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oo
+1c27-

] (z - MOMCHT HHCPLOHH TCIIA OTHOCHTC.IBHO OCH CZ - HpOXO,:[HH.[Gﬁ qe-

T'=m

pe3 teHTp Mace (¢ MePNeHINKY. IPHO TIOCKOCTH aBwkeHus. Econ 1 pz-

MOMCHT MHCPLMHU TC1a OTHOCUTCIBHO OCH, NPOXOAALICH YCPC3 MIHOBCH-
HBIH LEHTP cKopocTer P, To
2

0
r=lp—
3.2.5. Kunemudeckuii MoMeHm patiaronie2ocs meepoozo meia
OTHOCHUTC/IBHO HCMOABUXKHONU OCH CrO BPAalICHUs

BCK"TOp Qf KOTHHICCTEA JBHUKCHHI I -o¥ TOUKHU TEIa HaIlPaB.ICH

Tak XKC. Kak u ¢¢ ckopoctb V; (cM. 4. 1. puc. 3). Ilo npaBu1y pacucra

MOMEHTA BEKTOPa OTHOCHTENBHO ocH (4. 1, m. 2.1.4) moavuum, uto BEIH-

HHHa MOMCHT BCKTOPA Qf OTHOCHTCIIEHO OCH BpPallCHHA OZ PaBHa

2
Q;.' h,- =m jhj () . 3HaK MOMEHTA OTIPSICTIICTCS 3HAKOM TPOSKLIUH

) . . KnHeruyacckui MOMCHT BCCIO TC.IA OTHOCHUTC.IBHO OCH OZ

K, =0.>mh =10, =1_0.

3.2.6. Kunemuueckuii Mmoyenm u Kunemuyueckas Mepzust TBEP-
JOTO TETa TIPU €10 CHEePUHISCKOM TBUKECHUH. TeH3op uHep-
yuu

[pu chepuycckoM ABMKCHUM BOKPYT MO.THOCA 0, CKOPOCTH 1 -0i
TOUKU TBCPAOro T¢1a pasHa (cM. 4. 1, m. 1.5.4)
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|

i J k
0, 0,0,

<
Il
>
X
o
||

X Vi 2

=(z,0, - y0.)i +(x0, - z,0,)] + (3,0, - x0,)k.
Torapa kunemuyeckuit mMorseHm TEIa OTHOCHTEILHO TTOMOCA () paBeH

K(_) =D 1 Xmy; =

=| 0. 2. m, (yxz + sz) — O, XY — O, ) Xz ]? T

2, 2 ~
+|- 0, 2. mXx,y; +wyZm;- (X7 +z; )_(Uzszyx'zz']J +

2 2\ 7
+|- o2 mx;z, —w};Zmszy; +, 2 m(y; +X; )]k

2 2 .
Bripaxenue VY, +Z ; ©CTb KBaIpaT PACCTOAHUA OT [ -Oii TOUKU

2 2
J0 OCH O)C: TaK 4YTO Zmi (yz + Z; ): ]n - MOMEHT HHEpLUMVU

TCJIA OTHOCHUTC/ABHO OCH Ox .
BripaxcHus z mx;y, = / Xy — / yx o

me-xf-z, = [xz = ]zx . Zmiyizi = ]yz = ]zy HA3BIBACTCA

yeHmpo DCHCHBIAMYU MOMEHIINL HHCPIHH.

/ \
[x.x _[x__v _]xz
Crivvierpramas vatpuma J = | — / i ! by T / o |-
\\_]zx_]z_v ]zz/

MATPHULA WHEPLMH - ONPEICISICT MEH30P UHEPYLN Mead B 33 JaHHOH TOY-
KC.
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TeHBOPE — MATCMATHUCCKHS OOBCKTHL. KOTOPBIC BOHUK.IH Kak 0000mCHIE
OOHATHA O BEKTOpax. CKAMAP CYMTACTCS TEH30POM HYJICBOTO paHra. BexTtop B
TPSXMEPHOM HMPOCTPAHCTBE - TCH30P MEPBOT0 PAHTA - MPSACTABILICT COO0H COBO-
K¥TTHOCTb TPCX CKABIPOB, NCPCHHCTICMBIN B OHpC,ElC.'lCHHOi;l nocacaIoOBATCIILHO-
¢t (kopTCik). TCH30p BTOPOrQ paHra B TPCXMCPHOM MPOCTPAHCTBC MOMKHO pac-
CMATPUBATL KAK KOPTCIK H3 TPCX BCKTOPOB.

. A A
[IvCTbh NMPAMOYrodbpHAS ACKAPTOBA CHCTCMA KOOPIHHAT Ox 1 X 2 X5 pas-

BCPHYTA OTHOCHTC/IbHO TAaKOil 5KC CHCTCMbI Oxlx2x3‘ O0o3HAMUM KAK ag}'

t
KOCHHYCBI YITIOB MCKIY OCAMH X' ; | X Mceay npocKUMsIMH p'k HCKOTOpO-

—

ro BCKTOpPAa ). PACCMHTAHHBIMM OTHOCHTCIBHO CHCTCMBI  KOOPIHHAT

Ox! | x'z x'3 . M MPOSKUMAMHU €10 J); B CHCTEME ()}cl X, X3 HMEHOT MECTO

COOTHOLICHHA!

3
! _ —
Pir= Zak/p/ =d, P
/=1

B Takoro poaa 3armucax CUMBO.T CYMMUPOBAHHA OTTYCKACTCA. MO ¥ MOMAHHUIO
NMPHHAMACTCH. YTO CYMMHPOBAHUC TTPOHCXOINT MO NMOBTOPRAKMHMC] HHICKCAM (B

—

JAHHOM Cay4ac o WHICKCY / ). [OBOPAT. UTO BCKTOPBI P> P, Py apador-

Cs1 KOMMOHCHTAMHU TCH30PA P . CCJIH 3TH KOMMOHCHTB! MPCOOPa3yioTCs MO aHa-
=+ —_

mormuHOMy mpasuny: P = dp, Dy Taxkuv o0pa3oM. TCH30p P 33,0aCTCsl

JACBATLH) CKATAPAMH

P P2 Pis
P=\|pyn Py Px
P31 P32 P33

KOTOPBIC MPESOOPA3VIOTCA MO (JopMYy.Ie p' L= A Ay P

HanpssxkeHHO-AS(POPMHUPOBAHHOE  COCTOAHHE CIUIOIIHOTO YOPYIOro TEIA
XAPAKTCPU3YECTCA TCH30POM HANPSUKCHHA B TCH30pOM acqopmanmi (tendo (mar.)
— HANPATAK. HATATHBA). O000meHHBIH 3akoH VKA 3914€T COOTHOIICHHSA MCK-
Iy KOMIOOHCHTAMH 3THX TEH30POB UYEPEs VIPYTHE MAPAMETPH MATSPHATA TEMLL.
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— : — 3k
Ecwt @ = (@, ,,0, ) obosnauacr sextop-crpoky, a () -

TPAHCNOHUPOBAHHLIN BCKTOP (BCKTOP-CTO.I0CU), TO MOKHO 3aIIUMCaTh
ik —
K,=Jo .
(CoraacHo npaBuIy NCPCMHOKCHUN MATPULL PC3V.IbTAT VMHOMKC-
HUST MATPULEI HA CTONMOEH €CTh CTOIOCH, PE3VIBTAT VMHOKEHUS CTPOKH

HA MATpULY - CTPOKa.)
o
CpaBHUM MONYUCHHOC BBIPAXKCHUC 131 K ¢ © BBIPAXKCHHUCM T8l

KOIMHMCCTBA ABMXKCHUS MPHU NOCTVIATCABHOM ABMXKCHUU Q — MV . nx

CTPVKTVPA OJHA U T4 XKC: MPOU3BCACHUC UHCPLUOHHOrO koddduuucHTa
HA KWACMATHYECCKAN NapaMeTp Tena.
OTMeTHM, ITO NPH BPAIICHAW TETa BOKPYT HEMTOABHAKHON OCH Oz

W = (0,0, ., ) . M TOTJa

¥

Ko= (_]xza)z ﬂ_[vz

2
a)Zﬂ]zza)z) - Kz = K()z = ]"(“')zj

gy

my’

B BBIPAKCHUH A.T4 KUHCMUYCCRON Jitepcoin TCI1a j = Z BCIHYHU-

2 242 ;. ..
ool V, = @ hz’ (hj - paccTOsHUC OT [ -0l TOUKH TCAA 10 MTHOBCHHOM

OCH BPALLCHHS Ol . B10.Ib KOTOPOH HanpasicH scktop (). Torna

2
()

2
62 3
I= szr'hi =ln=
rac [, - MOMCHT MHCpLIM TCa OTHOCHTCIbHO MrHOBCHHOI ock. C apy-

2
mv,
roH CTOPOHLL. NOACTABUB B (hOpMyIY T = Z— IIPUBCACHHOC Bbl-

LUC BLIPAKCHUC 17131 BCKTOpA V; , NOIYUUM

T = %(/ o+ l_‘___‘,a)_j +/ o -
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-2l o0 -2 oo -2 0o,),

o T3 T =la3-f;_
2 2

CpaBHHM: IPH MOCTYIATEIBHOM ABHKCHUU TBEPAOrO TEIA

1 A
I'=—vmv =—vQ .

PaccMoTpuM OpT HanpasJIECHUSI MTHOBEHHOM OCH Z0= TAKOM, 4TO
2
- 3 ; " = T
o = C!)ZO. Torma 1 = TZOJ ZO . Y3 cpaBHEHHUs C BBIIETIPHBE-

ACHHOUI (hOpMyIOil CACAYET, YTO MOMCHT HMHCPLUHMH OTHOCHTCIBHO OCH

=g 5%k
Ol naxoautes no dopmyne [ = ZO J1 o - [Iycts ochb Ol HIPOXOIUT
uepes Touxy M na exunnunoii cdepe ¢ ueHTpom 0, MMCHOIIYIO0 KOOP-

auHarel X, V, Z - NpOCKIUU OpTa ZO . Toraa moayaum BBIpAXKCHHUE

1= ]— (L& L 3l g =3l ye—dl 2l )
1
Mamenum macitad paccrosauii. Eciau Touky M na ocu (J/ Gpate Ha

pPacCToAHUH OM = T TO INOJVHUHUM BBIPDAMKCHHC

1,

Lox+1,y* +1,2° =21 ,yz-21 xz-21 %y =1

vy

ITO YpPaBHEHHE TMOBEPXHOCTH BTOPOTO TOPSOKA — IIAUNCOUOA
unepyuu. Benmawnasr X, ), Z - xoopanHaThl TOYKHM M samunconsaa, npu

3TOM paccTosarue UM XapakTepH3veT MOMEHT HHEPIIHH OTHOCHTCIBHO
ocd OM B COOTBETCTBHH C BhlICHpUBEACHHOH hopmynoi. Ocu cummer-

PUH CTO HA3BIBAIOTCH 2iagnb ocsivy uaepuun. Marpuny J  ksagpa-
TUYHOH (popMbl, ONMpeAcAsIOIEH IEBYIO 4acTh VPaBHCHHS S/IUICOMIA,
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MOXKHO € TTOMOIIBIO Heocoben020 NpeodpazoBaHusl, 3aIa0IMIETO NOBOPOT
OCCH KOOpAMHAT, MPUBECTH K guaroHaibHoMmy Buay. KomnoHeHTsl auaro-
HAJTBHOW MATpHLIBI CYTh 2iagHvie momenmor unepyuu. Ocu COOTBETCT-
BYIOIIEH CHCTEMBI KOOPAMHAT HA3BIBAIOTCA TIABHBIMH OCAMH HHEPIUH.
LleHTpoOEKHBIC MOMEHTBI OTHOCHTEIBHO IIABHBIX OCCH PABHBI HYJIIO,

MO’KHO TTOCTPOHTE 3ILTHTICONI HHEPIIUU € LIEHTPOM B JTHOO0H TOU-
ke Tena. Ecnu 3a HEHTp NpUHATE LEHTP Mace TEIa, TO OCH UHEPLUH HA3bI-
BAKOTCS YeHMPaibHbIMU,

3.2.7. Teopema ['niicenca-Illmeiinepa 0 COOTHOLICHUU MEKAY
MOMCHTAMU HMHCPLIMM OTHOCHTEIbHO ABYX MAPALICIbHBIX OCCH, OJHA U3
KOTOPBIX — LIEHTPATbHAS

[TycTe d - PacCTOsIHUE MEXKAY OChI0 Z M MApaIICIbHOMN €M LICH-

TPAJIbHOM OCbIO Z~; /71 - macca Teia (puc. 9.a). MoOMCHTBI UHCPLIMH CBsI-

2
sanpl gopmynoit: [ 7 = / 74 T md .

3.2.8. Momenmoi unepyuu omHocumeIbHo nOI0CA U OMHOCU-
meabHo NI1OCKOCHIU
OTH MOMCHTHI MHCPIIUU OMPEACISIIOTCS AHAJIOTHYHO OCCBBIM MO-

0 1.2 S
MeHTaM (hopmyion L= Z m, /’lz- , TAE ]’II- - paccTosHue OT I -0l TOUKU
O TIOTIOCA MIIH A0 TTOCKOCTH.
= XA

zr:n__h Z 4 IZC @ .
L z Z
0 za <5

a 0 B r

Puc. 9

[ToastpHBII MOMEHT MHEPLIMH OTHOCHTEIBHO HAYAIA # JACKapTO-
BOM CUCTCMBI KOOPAMHAT

1() :Zmi(xz? —I_y.fz +Z:?)-
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MoMEeHTRI HHepHHI/I OTHOCHUTC.IBHO KOO[L);[PIH&TH'HY TIIOCKOCTECH

1!('01 Z‘mz rO’ Z‘m yr > 1()2 me

O"CcBUAHBI COOTHOLLCHHUA
1
[O = ]x.Oy + Ix()z + }‘1‘-'02 = E(lr + ]l + ]z)

3.2.9. Mosienmol unepuuy HEKOMopvix 0OHOPOOH bIX mel
a) CtepokcHb (MPAMOYTOIbHAA NIACTUHA) NOCTOAHHOU TOJIIMHBL

Maccou M u anuHOH 1 (puc. 9.0)
2 2
7 _mi” I ml
Zc VA :

12 3

0) ToHkuit 0Opyv (TOHKOCTEHHAS TpyOa) pauvca R (puc. 9.B)
2
I, =mR".

B) Cnaowmnoi auck (L aMHAp) pajuyca R (puc. 9.r)
1
[, = 5 mR”.

Wcnoap3ys popmyast n.3.2.8, HallACM MOMCHTbI / . = / ;= 1

ana crmomHOro aucka (puc. 9. r). CuuTacM TOIMMHY AMCKa MATOH:

;& O , TOraa

I
1, =1, :%(21+IZ):>1:7”:imR2.

B HCkoTOpBIX 331auax (HAOPUMCP, B CTATMUCCKUX 331a4ax N0 Co-
NMPOTHBIEHHIO MATEPHANOB) TPeOVETCA PACCHUTATL MOMEHT HHEPLIUH He-
KOTOpOit Urypel (CedeHH), MIOTHOCTh KOTOPOH ) VCIOBHO CHHTAETCA

pasHoit ¢auHnme. Toraa, HampwMep, TOCICTHHH MOMCHT OVIET paBeH

|
I = Z 7R * (Macca aucka OyaCT paBHa 7R : 0= 7R 2. 1).
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3.2.10. Homenyuaivnoe cuiosoe noite

Cunosoe mone — wacTh NMPOCTPAHCTBA (UITH BCE TTPOCTPAHCTRO), B
KaKIOM MYHKTE KOTOPOro OMpEeiencHa, TeM WM UHBIM (DU3HYCSCKHM 3a-
KOHOM, CHU/Id, JCHCTBYIOILIAA HA MATCPHUATBHYIO TOUKY, HAXOIAILVIOCH B
TOM TIVHKTE.

Cu10BOC NOJIC HA3BIBACTCS MOTCHUHUAIBHBIM (MMCIOLUM CKAISID-
HbIll NOMEHYAT), eC.TH CYIIECTBYET ABAXKTBI HETIPEePsIBHO U depeHun-

pyevas cuaoean ynxyus () = qo(x .V, Z ) , TAKad, YTO B KAAA0H TOU-

ke moxst ' = gmd P = V(/) , T1€ CHMBONHUYECKUN BEKTOP-OMEPATopP
«HaOMA» UMEET CICAVIOIIUN CMBICT:
— 3 ' - a — 3 3
v)=7,2075,90,
ox oy oz

Toraa padora cuibt F_: IPY NCPCMCIUCHUN TOYKH NPHIIOZCHUAA

CH.IBI U3 MVHKTA | B IveKT 2 paBHa (cM. 4. 1, 1. 2.1.7)

(2)
A, = |Fdx+F.dy+F.dz=

Q)]

25 o o (2)
= | i+l ay+ L g = [dop =0, -,

(1) ox 5)/ 0z (1)

Pabota ompeiensercs TONBKO HAYANBHBIM W KOHEYHBIM 3HAME-
HISIMH CHOBON (VHKLMU U He 3aBHCHT OT (popMbl Tpacktopuu. Pabota
Ha 3aMKHYTOH TPASKTOPHH (KOHTYPE) paBHa HY.TI0. Beipaxkenme ans pa-

OOTBl BEKTOPA CHITBI F OTIPSACTSICT YUPKYAAYUIO HTOTO BEKTOPA BAOTb
TPACKTOPHH TOYKH NMPUIOXKEHUA CUIBl. B MOTEHIMAIBHOM IOIE LIUPKYIS-

oM CHITEL F BI0OJIDb 1r06oro JAMEKHVTOI'O KOHTVP:l PaBH HYIIO!

§Fdi =0

CornacHo dopmyvie CrTokca UUPKYAHS BEKTOPA F Broms
3AMKHYTOIQ KOHTYPA, CTATUBAIOLICTO NOBCPXHOCTh MA10M BCIUYUHDI (TaK
YTO €€ MOMKHO CUMTATh TIIOCKOH), paBHA MHTErPaIy MO INIOMAAH OT MpPO-
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EKLUMH POTOpPa BEKTOPA Fua HOPMATh /! K ATOU TIOBEPXHOCTH (OPUCH-
THPOBAHHYHO COOTBETCTBEHHO HANPAB.ICHHUIO 00X01a KOHTYPA):

§Fdr = [[(rot F),dS
/ (S)

[MoTeHuMATEHOE CHIIOBOE noac, 3aJaBacMoC CKAAPHEBIM ITOTCH-
OHATOM (p . HAZBIBACTCA TAaKMKCE 583824)3‘06661,’14, IMOCKONIBKY B HCM BBITIOI-

usacres yenosue YOl F=0 (pascuctso FOIE gF ad Q= 0 - us-
BCCTHOC B TCOPHH [10.151 TOXKICCTRO).

Pomop (BUXPb, OH KC curl ) BCKTOpA F onpeac.acTes Gopmy-

J Kk

. o ¢ 0
ox oy Oz
F. F, F,

aF - aF v |7 aF 5 aF - —- 8F % aF 3 T
Z _ . I + — = ] -+ — — - k .
oy 0Oz 0z Ox ox oy

[ToscpxnocTu Buaa (o(x, v.z ) = (', Ha KOTOPBIX 3HAUCHHC

CUI0BOH (DYHKUMU NOCTOMHHO U PABHO 333aHHOU koHcTante (', Ha3biBa-
FOTCST MOGEPXHOCHIAMY YPOBHSA, WIH SKBUMOTCHLHATbHBIMH NOBEPXHOCTSI-
MU

3.2.11. Homenyuanvnas rnepzus

[ToTeHIManNbHAS SHEPTHS [T tera (n vexammeckoii cucTembr
BOOOIIE) CKIAIBIBAETCS M3 TOTEHIMAIbHBIX JIHEPTHH OTAEIbHBIX €ro
(pparMeHTOB.
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BribepeM 0aHY M3 MOBEPXHOCTEH YPOBHS M HAZHAUHM &€ TTOBEPX-
HOCTBIQ 1VA€6020 YPO6iis NOTCHIMAIBHON DHCPIUH, T.C. HA DTOH MOBCPX-

HOCTH CUHTACTCH HO — 0

[loreHuunaneHas JHCPIrUid Maloro (prll"MCHTEl CHCTCMEI, HaXOJ51-

weroca B Toaxe M | TOMd, paBHa paboTe, COBEPIIACMOH CHIOMU F npu

NCPCMCLUCHUU (PParMcHTa U3 TOUKH M | Ha TMOBCPXHOCTb HYJCBOTO
VPOBHSI: Hl = AI—O =@y — Q. Torma
AL =0y =0 =0 =P+ Qy — Py =
=@, =) — (@, — ) =11, - 11,.
U3 cpaBHCHUS C BBIPAKCHUCM Al—z = Py — @ cacayer, uro
dll =—dp=-04. 11=C-0¢p .

3.2.12. Paboma cuavt maycecmu. lloreHupa bHas 3HEPTUA Ts-
KETOTro Tenma

[lvers och Oz HampaejieHa BEpTUKAMBEHO BBepX. Pabota mocro-

SIHHOM cuitbl ML | MPUIOMKCHHOM B LICHTPC TKCCTH TCIA, PABHA

A'l—2 = mg(z.l — ZZ), U.IU A'l—2 = imgh,

rIe h = |Zl — Z,| - mepenam BBICOT MEXAY HAYAIBHBIM W KOHEYHBIM

MOIOKEHHAMH LICHTPA TOKECTH TelIa - Manad BEIHYHHA CPABHHUTEIBLHO C
paauycom 3emnu. U3 Gopmyasr cacayer, uto padoTta HC 3aBUCUT OT (op-
MBI TPAEKTOPHH LEHTPA TSHKECTH, C.TETOBATE.TRHO, TPABUTALMOHHOE TOJIE
NOTCHUUAIBHO, [TOTCHIMA IbHASE FHCPTHUS TC1A 3ABUCUT OT MOJOKCHUS Cro

HCHTPA  TSKECTU! [1= H(Z ) Ilyets H(O) = 0 TOTIa
[I=mgz.

[TyvcTs g = G A% -, rae (G - rpaBHTALMOHHAS TOCTOSHHAA, M — vac-

ca 3evti, Z - pacCTOSTHHE OT ILIEHTPA 3eMIM A0 LIEHTPA TIKECTH TEja.

[Tvcrs H(OO) = O - TOrAQ 1= H(Z) — —G ”ZM
Z

36



Hpumep. Ilycmo mexanmiaeckas cucteMa (puc. 10.a) COCTOUT H3 Tpex Tea
MaccaMmH /1, , M1, , MM, . HEBECOMBIX HEPACTKHMMBIX HHTCH M HEBECOMBIX OJIOKOB.
Ona nveer 2 cTeneHH CBOOOIbI, HA3HAYAEM OOOOIIEHHBIE KOOPIMHATHL X, X, .

OTCUHTBIBACMBIC OT TOUCK CXOJd HUTCH. HOTCHHHH.HBHH}I JHCPrus CHCTCMbI CCTh

dyrxms IT =T1(x,x,). Iycrs 11(0,0) = 0; Toraa
H(x,, x,) = (m, +my —m,)gx, + (m, —m,)gx, .

3.2.13. Paboma ynpyeoii cuivi. TlorcHumanpHas 3HCPIUs VIIPYTLOro
3JICMCHTA

[IyveTe VIIPpYTHH 3IEMEHT MEXaHHYECKOHW CHCTEMBI (HATIp., ITPY/KHHA)
achopMUPYETCS B COOTBETCTBUU ¢ 3akoHOM ['yka (cm. m. 3.1.8). Pabota
VIOPYToil CHiIbl  onpeaenseTes Gpopmyaoi

4, = %(Alf —A2),

rac ¢ — KO3 PHUUMCHT YIPYrOCTH, Al | - HadaabHasg acopmanus, Al 5 -

KOHEYHas nedopMamnusl npykuHbl. Beenem koopamHaty X = Al , TaK
aro I = H(X) , M IIYCTb H(O) = (). Toraa norenumansuas JHEp-

; C
TUs OPYZKHHDI H(.)C) = Exz

[Ipumep. Mexanuyeckas cucreMa (puc. 10.0) coctont m3 ABYX TCaI Mac-
camu M, M, , TECPEMEINAOIIHXCA MO FOPH30HTAILHON HANPABIAIOMEH, H HEBE-
COMBIX MPY3KHH, HMCIOLIMX YNPYIHC napamerpel C,,C,. HasHasacm 0000wicH-
HBIC KOOPAMHATBI X, , X, , 03HAYAIOIHE AOCOTIOTHBIC CMEIUEHHUS TS M3 HX MO0~

SKCHUM paBHOBCCHSI (KOra MPY’KHMHBI HC Ac(OpMHPOBAHBI). 34CCh MOTCHLHMAIb-

nast snepr 11 = T1(x,, x,). Monommv I1(0,0) = O ; Toraa moxysmm, uro
| c c ¢, +c, c
TaGse, 2. = Ele +?2(x2 ~x ) = (1—2“)):12 L X, +72 2 =

- K8aOpamuyHas (hopma OTHOCUTENLHO 0000MICHHBIX KOOPAHHAT.
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T R et e B
I_lm2 Cr Lo
m3
a §) B
Puc. 10

3.2.14. O kunemuyeckoil Iepzuu MeXaHu4ecKoi cucmembl

KHHETHYCCKYIO 3HEPrUI0 HAXOAMM KaK CYMMY KHHCTHHUECKUX
HEPTHH "acTel cucremsl. Ecm crucrema uMeeT OIHY CTENEHb CBOOOIBI, U
KMHCTHUCCKAs DHCPIHUsl MPCACTABACHA KaK (PYHKILHI CKOPOCTH KAKOTO-
THO0 3JIEMEHTA CHCTEMBI, TO CYMMApPHBIM HHEPLHOHHBIH KO DHUIMECHT
HA3BIBAKOT NPUECOCHHbIM K JTAHHOMY 3JICMCHTY.

Hpumep. Mexaunueckas cucrema (puc. 10,B) cCOCTOMT U3 ABYX TCI Mac-
caMm /7, ,/1, . OHA HMEET OAHY CTEHEHb CBOOOmBL. B kauecTee 00OOmMEHHOM
MOKHO HA3HAYHTH KOOPAHHATY X .

[Tpou3BoaHad OT OOOOIUCHHON KOOPAMHATBHI MO BPCMCHH HA3bIBACTCSA
obobwennoii ckopocmuio cucteMsl. [Ipunumas 6apaban 32 OTHOPOIHBIN CIUTOMI-
HOM LHJTHHP, MPCACTABHM KHHCTHUYCCKYO JHCPIHIQ CHCTCMbI B BUZIC

2 =2 2

m, ) ¥ X v

T=|m+=—2 =u—=u—
2 ) 2 2 2

m,

rae V - BEIHYIMHA CKOPOCTH Tema 1. 31ech BeIpakenue L = m, + ABJACTCA

npugeoeHHol Kk meiy 1 Maccoif CHCTEMBI.

. X
[TpunHaB 32 0000MEHHYIO CKOPOCTh BEIIHUHHY () — E , IOJIYIHAM
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m, s _
Boipaenne J = (m, + T)R HA3BIBACTCH FIPUBLOCH I BIM K 1Y 2 MOMEUINOM

Hepyy CACTEMBI (OTHOCHTENIBHO OCH BPAIICHHA T€14).
Kunernueckad SHeprus CHCTEM, H300PaKEHHBIX Ha puc. 10, ABI4eTCA KBal-
PAaTHIHOH (OPMOI OOODIIEHHEBIX CKOPOCTEM:
puc. 10,a:
2

A‘ - - .
T = (m'l +m2 -I-m3)71+(m3 —m, )‘X'I‘XZ —|—(}fn2 -|-n33. ?,

2 R

2

i

puc. 10.6: [ = m, 71 + 5

|w o

3.2.15. Teopema 06 usmenenuu KUHemu4eckol InepeuL

JTa TeopeMa JHHAMHUKH MPUMEHASTCA B 3aJa9aX MEXaHHKH, KOT.1a

- YCJIOBUC 33,3244 ¢(POPMY.IHPOBAHO B TCPMUHAX CUIA — CKOPOCTD
— MEPEMELICHHE:

- TPCOYCTCA UCKIIOUUTD PCAKLIMM UACAIBHBIX CBH3CH (HC COBCp-
LIAKLIAC PadoTh),

- B 33Ja4e WCTHOTB3VIOTCS NOCTYIIATEI WHBIX PaszaenoB (U3HUKH
(MOHATHC PHCPrUU CYLLCCTBYCT HC TOIBKO B MCXAHHKC).

Crawr vioOHO pa3OuTh Ha 1BA KIACCA: BHEITHHE U BHYTPECHHHE.

B auddepeniuaisaoi popye

dl’ = 5AE + 514] HITH g = }Vh + }Vl
[

(Nr "+ N CyMMapHasl MOIIHOCTb BHEIIHUX U BHYTPEHHHUX CH.1) TEO-
peMa 00 U3MEHEHHH KMHETHYECKOH SHEPrHH MPUMEHSETCA T19 HCCIeI0-
BAHUS MCHOBCHHOTQ COCTOMHUA MCXQHUUYCCKON CUCTCMBbI.

B uHTerpaIeHON (opMe TeopeMa NMpUMEHSIETCS, Koraa Tpebyvercs
CPABHUTH COCTOAHUS CUCTCMBI B HAYAIbHOM M KOHCUHOM CC MO1MKCHUMIX:

. 5 !
Tz _Tl - A1—2 + A1—2'
B,JBCB Ti— KHHCTHYCCKAS 3HepFH$l CHUCTEMBbI B HAUAJIBHOM 11010~

, ~ /
YKEHUU, Tz - B KOHEUHOM TIOJOKCHUN, Al—z u A-]_z - paboTa BHEHTHHUX
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H BHYTPCHHHX CH.1 IIPHU NICPCMCUICHHH CHCTCMbBI H3 HAYA.TbHOT'O IO.TOMKC-
HUsl B KOHCHHOC TMOTOXKCHHUC.

3.2.16. Teopevia 06 uzmenenuu Koiudecmsa osudcenus. Hy-
Ry16CHbLE YHKUUL.

Teopema 06 M3MEHEHUH KOIUYECTBA ABIDKCHHS. MPHMEHACTCS B
VCIIOBHSIX, KOTIA

- HCCTEAVETCA MOCTVIIATEIBHOE ABHKEHHE TE1 CHCTEMBI;

- TPCOYCTCS MCKITIOUUTh BHYTPCHHUC CU1bI,

- B YCIIOBHUH 334240 (PUTYPUPYET BPEMS ABHKCHUS:

- CYLICCTBCHHA MH(OPMALHA O HAPABACHUHN JBWKCHUA,

- 33 JAFOTCST UMITVITBCHI CHJT KaK TAaKOBBIC (0€3 pasacieHus Ha cob-
CTBCHHO CHJIV U BPCMsi).

Huddepentnanshbie GOPMBI 3aITHCH TEOPEMBIL!

. =

6) Md -~ = F (Teopema O IBHKCHUH LIEHTPA MACC),
—_ —»E

o dO = dS*.

C L . .
rac dS 7 - CYMMAPHbIN 3.ICMCHTAPHBIA UMITY.TbC BHCLIHUX CHJT.
Tcopema 00 H3MCHCHUH KOJI-BA ABMIKCHUM B HHTCTPaJILHON (hop-

A A _ QE
Qz _Ql - S’l—2 :

MC

)
S¢, = [dS* i ;
TAC Dy _, = - CYMMAPHBIA UMIYILC BHCUIHUX CHJI, TIPUOOPC-
£
TCHHEBEIH CHCTEMOH 3a BpeMS IEPexXoaa M3 HAYANBHOTO COCTOSHHS | B KO-
HCUHOC COCTOAHUC 2.

Yaap TCI ApyYr O Apyra OPOUCXOAMT B TCUCHHC OYCHb MAJIOr0 MPOMC-

KVTKA BPCMCHH, U 3aBHCHMOCTb YAAPHOH CUAbI OT BPCMCHH HA 3TOM HNPOMCHKYTKC
VCTAHOBHMTb 3aTPYIHHTCALHO, AHAMH3 TAKHUX SIBJICHHH MOMHO NPOM3BOAUTL C

HCTIOJIB30BAHKEM (MnVTbCHbIY hvikyun. Onpenenuy ¢yukmmo O, (puc. 11.a):

O, =0mput<0;, 6, = 1 nputel0,7], 6, =0npuit>r.
T
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= .
IMpH 3TOM BCITHUAHA HHTcrpaJaI(S Al=—1=1.
T
0

hage) , mfﬁ;,?ﬂ
i ANEEE
A | i O 4=
T i -
0 T _%.h J
a 0
Puc. 11

O ~hyuxyueit Jlupaxa (MMIy.IbCHOM ()YHKUMCH HYJICBOTO MOPSAKA) HA-

seigaetcs pyuxuma O (1) = 04 (1) = [ym 9 : mpu 3ToM I5 (Hydr=1.

=0 0

B Tcopun obobuennvix ¢niyuit O -QYHKUMS ONPCACIICTSS KAK MPON3-
BOJIHAS! OT CTYNCHYATOH 7] -(DYHKLHMN: (50 (1) =n(f). B cBow oucpcab. npous-
BOZHOH OT HMNYIBCHOH ()WHKLUMH HYICBOTO MOPAIKA SABIACTCA HMMITYIIBCHAA
dhyHEIHA TepBOTO MOpsaKa: O, () = S o () m .1 Kaxnas mvmyIscHas GyHRIES
MOKCT ObITh OMPCACJICHA OTAC/IBHO., NMOJOOHO BBILICHPHBCIACHHOMY OINpPCAC.IC-
HHIO (VHKUMKM HY.ICBOro mopsiaka (puc. 11.0). Ilpu uccacaoBanmn npoucccos,
NPOMCXOIAIIAX BO BPEMEHH, 7] -()VHKIHA CUMTAETCA OeipasvepHoi. Torma O -

-1 -2
)YHKLHA HYICBOTO MOPSIKA HMECT PA3SMEPHOCTD ¢, O - PASMEPHOCTb ¢~ H T

[TycTh rapMOHHYECKHN OCUIILIATOP MPH HYJICBBIX HAYANBHBIX YCIOBHAX
HCTIBITBIBACT BHEIIHEE CHIOBOS BO3JCHCTBHUE. BBIPAKAMOLICECS MPH.IOKCHHBIM B

voMcHT Bpevchr =0 nmvnyibcom  cuibt Sx,‘ YPAaBHCHHC ABHMKCHUSL

mi+ex=5.0(), nvm X+k 2y = ”—‘;(5 (/). Moctpoum u300pamcHNs MO
Jlannacy JCBO# M MPaBOH YACTCH YPABHCHHL.

(P? +k2)X(P):i-1; OTCIOMA
m
X(P):Sx 1 S. k

m PEik? kmpPlik?
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¥
L

Iepexommy k opuraaanay: X (P) + x(f) = —=sin k¢

(CormacHo TaOIUIIE OPUTHHAIIOB H H300DAKEHHUI

. k
O(t)+1, sinkt +——>).
P +k
PCLUICHHC COOTBCTCTBYCT HAYAILHOMY CKAYKY CKOPOCTH BCITHUMHOT
Vo =3,/m.

3.2.17. Teopema 06 uzMeHenut KUHEMUYECKO20 MOMECHMA
UCIQIB3YCTCA B VCIOBUAX, AHAJOTUUHBIX I1. 3.2,16, HO 114 UCCICAOBAHUS
BPaAMCI6HO20 JBVKESHHAS.

HnTterpaeHas GopMa 3arIHCH TEOPEMET:

Ko.z - K(),l = Mo(glkz)»

— = 5
rIe MO (Sl—z ) - CYMMA]PHBIM MOMCHT HMITVIIECOBE BHCIITHHUX CH.T OT-

HOCHUTENTRHO ToJTRoca ().
Teopemy 00 W3MEHEHNH KHHETHIECKOTO MoMeHTa (M. 1. 2.1.9)

MQOMKHO 34IIUCATL B ﬂpOCI{LlHHX Ha OCb OZ i
K =MF
z z
rae K 2" KWHETUISCKUH MOMEHT CHCTEMEI OTHOCUTE.ThHO OCU OZ .

£ ..
M . - TIABHBIH MOMEHT BHEUTHHX CH.T OTHOCHTENTBHO OCH Oz,

[IpyMEHATENBHO K BPAIIAIOMIEMYCS BOKPYT HEMOABHKHOW OCH
Oz TBepooMyY TEIV NONYYACM VPABHCHHE MUHAMHKH BPALIAIOIIETOCS
TBEPAOTO TEIA:

le, =M vl —2=M" um

12 dtz Z
Kaxkaas w3 mocIenuux ABVX 3aIMACEH HA3BIBACTCA Oupeperiyi-
(LAbUBIM YPAGIeIILeAl BPALLATCAbHOIO IBHAKCHIS TCA.
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3.2.18. Dusuueckuil MasimuuK — TBEPAOC TCI0, KOTOPOEC MOMKET
BPAIOATECS BOKPYT HETTOABHMKHOH TOPH3OHTAIBHOW OCH, HE TPOXOASIIEH
yepe3 ero ueHTp Tsokectd. JuddepeHuumanbHOe YpaBHCHHE ABHIKCHHUSA
HMEET BU/JL

[.¢p=—mghsing,

rac (p - VroJj OTKIIOHCHHUA MAaATHHKA OT BCPTHKAJIBHOIO Cro mOJIOKCHHUA —

MOJIOYKCHUSI YCTONYNBOTO PABHOBCCHSI, h- pPacCcTOsIHUE OT LICHTPA TSIMKE-

CTH J0 OCHU BPAIIICHHS (z . D10 HenunciiHOE nnpdepeHunanbHOC ypas-
HCHHE,
PaccMoTpuM Marsie KomeOaHusT MAITHAKA BOTH3H MONTOKEHAS VC-

TOMYHMBOTO PABHOBCCHS, CUUTAS 3HAUCHUS (PYHKIIN (D(f ) U €€ IPOM3-

BOAHBIX MaJIbIMUA BCIUYMHAMH OJWHAKOBOTO mopsaka. C TOUHOCTHIO 10
MAaJBIX BTOPOTO TIOPSAKA BKIOUHTENRHO MOAYIAeM NPHOIMKEHHOE TH (-
(hepCHIMATBHOC YPABHCHHUC IBUYKCHHSI

. mgh

¢+—qp=0.

/ z
9TO - MUHEWHOE YpaBHEHHME rapMOHHYeCKoro ocmuuisitopa. Otopocus
BCIMUUHBI BbICOKUX MOPSAAKOB MAIOCTH, MBI JIUHEAPUZ06AI1 3aa1Y.
JluneapuzosanHoe au(pPepeHINATLHOC YpaBHEHHE MadbIX Koseda-

HUM  MareMmatuueckoro MastHuka (cm. 1 3.1.19) wumeer Buxg

g

(5 +=—p = 0 (Z - anuHa MasTHUKA). CpaBHUM VPABHCHHMSI MAJIBIX KO-

neGaHUH MATEeMaTHUECKOTo W (PH3WYIECKOr0 MAasSTHHKOB. BemmunmnHa

I

Z

h = » HA3BIBACTCS Mpueedennoi Oaunol (PU3MICCKOro MasITHHKA.
m

z

Ecnu mMadTHUK — OAHOPOAHBIN CTEPIKEHb NIUHON Z , TO ==l

*3.2.19. Ilenmp yoapa
[TycTb TBEpAOE TEO Bpamacrcst BOKPYr ocu (Jz ., OyAyuH 3aKpenicHo B

toukax 4 u B (puc. 12). B Touxe, nmexameit Ha ocu (JX HA HEKOTOPOM PACCTOS-
HHHA d, MPUKIAabIBACTCH MIHOBCHHAA
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CHIIA, HMITyJILC KOTOPOH paBeH S . PACCMOTPHM BONPOC O HAXOKICHHH BBI3BAH-

HBIX 3THM YJIapOM VAAPHBIX PCaKLUHH OMmop A 4 H S p - Teopema 00 H3MCHEHHH
KOJIHUeCTBA ABmkeHHA (1. 3.1.16) maer BeipakeHne

nE
SE;? B N ﬁi:
L A
S — 14 &
A
x A
Puc. 12

T P
Q2 S QI — J.S“I_z = .LS + ASY“._E + .LSZ[} 5

Kommuectso aswkenus tena () = mv,, rae Vi = @ X I . 3anucas
TEOPEMY B MPOEKLMH HA OCH, TIOTYYHM:

—my: (a']z _wz,()) = Sx + SA__x + SB_.x.;
mxc(@, —w,0)=8,+8,,+3z,,
0 = AS'.__ +S’A,Z “+ ‘S‘B,:'

3neck @, , 0. ( O3HAYAFOT MPOCKLMHU YIIOBOH CKOPOCTH MOCE U 10

yaapa.
Cormacuo m.3.2.6 KMHCTHUCCKUI MOMCHT BPAILAFOIICTOCS TC1a PABCH

EO =0, (_[xzn_lyza 12:) - _[xzwz? o 1).’2(02.} i [z-za)zk‘

HurerpaasHas (opMa 3anmucH TEOpeMbl 00 H3MCHCHHM KHHCTHYECKOIO
MOMECHTA B MPOCKUMIX HA OCH JACT HAM YPABHCHHUS

1. (@, —@,0)=0aS,, -bS,;
I [}Z (G)Z JE (02‘0) = _dSZ i GSA’X_ + bSB,x;
[zz (o)z @™ (02,0) = dS:'

[lycte  AOmWKHBI  ODpamaTeCs B HYJAb  YIOAPHBIE  PEAKIHH
Sr‘_,l,_x 5 S_th, JSA,), 5 SB.}) ; SA,Z + SB.Z 3 TOF,J],& H3 LHICCTH }'paBHCHHi’{ JABUIKCHHSL

CACAYCT:
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D xS, +¥eS, =0, 1.c yaap AomKeH GbITh HaNPABACH NCPTICHAU-
KYJLIPHO MIOCKOCTH, MPOXOAAIIEH Yepes3 UEHTP TAKECTH H OCh BPALLIEHHA;
2 /{..,=1,. =0, re oce (Jz 10/wKHA OBITH ITABHOM OCBIO MHEPIIHH.

3) d = —— . 370 BEIPAMKEHNE €CTH NPHBEIEHHAA ATHHA (DH3HIECKOTO
X~

MAATHHEKA, TPH YCIOBHH, YTO 0Ch ()X MPOBEIEHA Yepes IEHTP TSHKECTH.
*3,2.20. Hpuobauscennas meopusi SUpOCKona

['upockonoM («vKa3aTeIeM BPaIEHHUS») HA3bIBAIOT TBEPIOE TEI0,
UMCIOIICC OChb CHMMCTPMM, M COBCPIIAXOLICC BPALICHUC BOKPYI TOYKH,

npUHAAIeKaIneH >Toil ocu. IIpuMeM >Tv ock 3a ock (O coODCTBEHHOrO
BpallcHus. YriIoBasd ckopocte (2= |(/')| COOCTBEHHOTO BpAIUCHUS THPO-

CKOTA BEChMA BEIMKA, TaK YTO COCTABIMOMAN K - KMHETHUECKOTO MO-
MCHT@ HPCBAJMPYCT HAJA APYrUMM cocTassiowmumu. Ilvets rupockon B
HAYaNe ABIKCHUA MMEECT YIIIOBYIO CKOPOCTE () = fl, TaK 4TO €ro KHHe-
TUYCCKUIM MOMCHT Kv( 5, =1 bbﬁ ITpuOamkcHHAS TCOPUA THPOCKOMNA UC-

CICOVET Cro IBHAKCHHUC TIPH ManoH MpeOcCCHA H HYTALOHH W TTPCATIO T~
CT, UTO BCIHUYHHA K o OCTACTC MPAKTHHCCKU HcusMcHHON. Kor Jd BCKTOP

K, noBopauuBacTCs ¢ VINIOBOH CKOPOCTBIO ()., MPOM3BOAHAS OT 3TOrO

BekTOpa BEMICHsETCS TT0 (opmyre Ditepa-Tlvaccona K, = @x x / ggf!
KaK CKOPOCTh KOHIIA BEKTOPA K o (murepniperanms Pezaas). CormacHo
TCOPCMC 00 M3MCHCHHHM KMHCTHMCCKOIO MOMCHTA 3TA CKOPOCTb PaBHA
MOMCHTY BHCUHIHHX CHJ M r , Ha3bIBACMOMY 31CCh THPOCKOIIHYCCKHM

MOMEHTOM.
*3.2.21. Yoap mamepuaioHoli mouxu o npezpaoy
BiauMoaclCTBHE ABYX TBEPABIX TENM B PEIVIBTATE KPAMKOEDE-
MeNN020 KOHTAKTA APYT ¢ APYIOM Ha3blBACTCA vaapoM. O003HaUMM ucpes
T NpoIOMKATEIBHOCTE vaapa. CHIa B3auMOAeHCTBHA F IPH vaape Mo-
JKET JOCTHTATh OOJBIION BEAWUWHBI, HO TMPH 3TOM VAAPHBIH HMITYIIBC
T

S v — IF dt mveer KOHEUHVIO Bemuumuy. [lpu yaape mpoucxoant
' 0
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AchOPMUPOBAHUC COVAAPSIOUIUXC TCA, COMPOBOXKAAIIICCCS pacopo-
CTPAHCHUEM BHVTPHW HUX BOTH YNPVTUX faedopvaruii. DT BOJHBI, OTpa-
KasICh OT CBOOOAHBIX MOBCPXHOCTCH U HHTCPRCPUPYSL, COZAAIT CIOKHYIO
KapTUHY PACIpeacIcHH HANPKEHUM BHYTPU Tel. Benuuuna 7 3aBucHT
OT 3TUX (BaKTOPOB, KaK U OT CKOpPOCTeH cOmuxenus Ten. Hanpumep, mpo-
JO2KHTCIBHOCTb COYAPCHUA ABVX JATYHHBIX LIAPOB IHAMCTPOM 26 s

MPH OTHOCHTEIBHON CKOPOCTH cOmmakeHnst 74 /e para 7 =2-107"¢ .
[TycTe Tenmo MamnbIx Pa3viepoB, MPUHWMAEMOS 32 MATEPUATIBHYIO

—_—

TOUKY Maccoii /#1 . IBUTABMICECS CO CKOPOCTRIO V |, viapseTrcs o HENoxA-
BIKHYIO TIperpaay (0 Teno OGScKOHeUHO OOMBIIOI MAcCH) U OTCKAKHBACT

OT Operpagsl €O CKOPOCTBIO U .

Cuutag, 4TO VAApPHBIE CHIBI 3HAUUTEIBHO TPEBOCXOAAT APYLHE
CHJIbI, MPUIOMKCHHBIC K MATCPUAIBLHOIL TOUKC, IPCHCOPCHCM UMIY.1bCAMU
ITHX APYTUX CUJ. 3anuuieM TeopeMy 00 M3MEHEHHM KOIUYECTBA IBHKC-
HU3 MATCPUATBHOM TOUKH!

—

mu—mv==35,,
B npocreiimix 3a1awax 00 ynape OvaeM NpeHeOperaTe W UMITYJIBCOM CH-
JIbl TPEHHUA, TAK UTO MPOCKUUSA CKOPOCTH TOUKH HA KACATENbHVIO ILIOC-

KOCTE K TIOBEPXHOCTH TIPErpaIbl He H3MEHseTes, Toraa Jisa HOPMAaTbHOU

COCTABIIOWICH CKOpPOCTH mMeeM MU, — MV, = S vo.p - [IOCKOIBKY
OTIPEIETICHNE VIAPHOTO HMITYIIECA BRIXOAUT 32 PAMKH TEOPETHUECKOH Me-

XaHUKH, BBeaeM runotesy (HeroToHa):

rac seanuuna K Hassisacres KOODPuyuermon 80cCmanoeelis U Cun-
TACTCH 3APAHCC U3BCCTHON 114 JAHHOTO COUCTAHMS MATCPUANOB U (opMm
Tesr. Iror KOIMQUUUEHT HE 3aBHCHT OT CKOPOCTEHM TE.1 U HUX Pa3MEPOB.

S o v |(1+k).

KO?d)d)HIII/IeHT BOCCTAHOB. ICHHA IMPHUHHMACT JHATCHHA

Toraa =M

0<k<] Ecm k= 1, TO VIApP HAZBIBACTCS (OCOTIOMHO YIPYIUM,

cem k=0 , TO YAAP HA3BIBACTCH AOCOIIOMING HEYAPYIUM.
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*3.2.22. Ilpsmoit yoap osyx mei
ITycte aBa Tema maccaMu 77,1 M1, ABUTAIOTCS BAOMb ocu (X H
yaapsiroTes Apyr o apyra (puc. 14).

v,

/a"a"a"!‘/a’.fa"/‘ .-"'.-".’I.'".-"//'f Pl Al i i P

1 2
Puc. 14

[MycTs ux ckopocTH 40 yaapa pasHbl v, u V, (ocs (OJx Hampasme-
Ha B CTOPOHY CKOpoCcTH V, ). TpeGyercss HalTH UX CKOPOCTH U, H 1. 1O~

cac yaapa. KoapuuueHT BOCCTAaHOBICHUS BBIPA3uM 34CCh UCPE3 OTHO-
U, —u,.

X

CUTC/IbHBIE CKOPOCTH, Kk = (yaap BO3MOXKEH, ecnu Tena coau-

le - vEx
KArOTCA, TaK UTO 3HAMEHATENb JAHHOH APOOH TTOTOKHTEICH).

[IpumeHumM TeopeMy 00 M3MEHEHUH KOJUYCCTBA ABHUIKCHUSI K M-
XaHMYECKOH CHUCTEME, COCTOSALIEH M3 COYIAAPSIIOLINXCS TEN. Y JapHBIC CH-
bl 31ECh BHYTPCHHHUE CUJTbI, M UX UMIV/IbC paBeH HY 0. CrieaoBaTeibHO

myv,. =+ m,v,. =nmiu,,. 7+ m,u,

Ncnonesys 3ty GopMyny U BEIPOKCHUE A1 Kod(hdUUHCHTA X |
HAXOJUM CKOPOCTH TCI TOCIC yaapa:

(m, —km,)v,. +m,(1+k)v,,
m, +m,
m, (] o k)vm t (mz == km‘l )V;u

m, == m,

ulx =

.

X

[Tpu abcoar0THO HEYIPYTOM YAape CKOPOCTH MOCIC VAapa OAUHAKOBBI.
[lpu abcomroTHO ympyroM vaape TEIa OJWHAKOBOM  MacChl
m, = M., OOMCHUBAIOTCA CKOPOCTSAMMU:
u]x = vi‘x? uZ_.x = V]x

OGbIuHO paccMaTpUBalOT ABa 3Tama vaapa. [lepsbiii 3tan — ot Ha-
YQIbHOTO COMPHUKOCHOBCHUS COYIAPAIOMIUXCS TCI J0 MX HAaMOOIbIICH
nedopMariH, KOrAa OTHOCUTEIBHAS UX CKOPOCTh CTAHOBUTCS PABHOM HY-
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10, U TEAa NPUOOPETAIOT OOMIYI0 CKOPOCTh (PaBHYIO CKOPOCTH LICHTPA
Macc, KOTopast OCTaeTcss HEMMEHHOH B mporecce vaapa). ObozHaunM Be-

IMYMHY YAAPHOTO UMITYJIbCa TICPBOrO Tamna Kak S, . Bropoii sran — uac-
TUYHOC WM TOJHOC VIOPYTrO€ BOCCTAHOBICHHME (DOpPMBI M TIPHOOPETCHHE
TEaMU CKOPOCTCH 1, . U, .

[Tycts BTOpOMY 3Tamy COOTBETCTBYCT YAAPHBI UMy asc S, . To-

Sy
T/Ia OKA3bIBAETCS, 9T0 —— = K .
I

Kunernueckasd oHeprus cucTeMbl Tea JO Vviapa paBHa
ot o b ) ) .1 5 ;
l-= 5(11?] v, +m,v;). amnocne ymapa [, = E(mlu1 +m,us) .

Al 1 2 1 2
Beipasxenne 7, = Eml (v, —u,,.) +5m2 (v,, —u,, ) HazbiBa-

0T KHHCTHYCCKOH 3HCPIUCH, COOTBCTCTBYIOLICH MOMEPSIHHBIM CKOPO-

cmsam vy — U

3 G
! le 12x ulx‘

1-4
Mmeer mecto cootnomenune 1, — 1, = ——1..

1+k
[Tpu abcomorro ynpyrom yaape /;, = 1, , a npu abcomoTHO He-

ynpyrom?, =T, =1,.

3.3. MeToa KHHETOCTATHKH

3.3.1. Ilpueedenue cui unepyuu, NPUIOHCEHHBIX K MEEPOOMY
meiy, K npocmeiiyiemy 6uoy

I'naBHBIN BEKTOP CUJI MHEPLUM PABEH MPOU3BOIHOM MO BPEMECHU

OT KO/THUCCTBA ABHZKCHHSI Q C MMPOTHUBOIIOJIOYKHBIM 3HAKOM

-

St

—

rae M1 - macca Tena, d, - yCKOPEHUE UEHTPA MAcC.
['maBHBIII MOMEHT CHJ MHCPIHMH OTHOCHUTCIBHO HEIOIBHIKHOTO

IIOIKOCA O ;
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rac K 0" KHHCTUYCCKHU MOMCHT TCIIA OTHOCHTCILHO MOIKCA O .

(KnHeTrnaeckuii MOMEHT OTHOCHTETRHO TIOBHKHOTO TTOTIOCA OTT-
peaenaercs ¢ noMoLeio Teopemel Kénura).

3.3.2. ¥pasnenusa xunemocmamurxu meepooco mead

Jst MEXAHUUECKOU CHUCTEMBI, COCTOAWEH M3 F! MaTepHalibHBIX
TOUCK, MOKHO COCTaBUTh F!  VPABHCHUM KUHCTOCTATUKW B BCKTOPHOM

dhopme:

a— —_—

F+R+® =0i=12,...n

3acen F; - PABHOACUCTBYIOIIAN AKTUBHBIX CH1, MPHIOKCHHBLIX K [ -OH

TOHUKE CHCTCMDBI, Ri - ])ElBHOI[GﬁCTB}’IOHIﬂS[ pt‘,aKL[Hﬁ CBHBCﬁ, (I)i - CH14

naeprimu. Copeprast aredpanyeckue MeHUCTBHS HA,T 3THMU VPaABHCHHUSIMH,
MOKHO MOTYYHTh Pa3MUUHBIC CMCACTBHUS W3 HUX. HATIPHMED:
a) rIaBHbId BCKTOP BCCX CH1 (3a1aBacMbIX CHM1, PCAKLIMA U CH.1
WHEPLIHH) PABEH HYJTIO!
> s
F+R+D=0.
©) TIABHBIIT MOMEHT BCEX CHT OTHOCHTENBHO HEMOABWKHOTO TO-

aoca O PABEH HYJIIO:
~F | 2 yR | ir®
M, +M,+M, =0

ITocncanuc JBa YpaBHCHUS HBIAIOTCH VPABHCHMAMH KMHCTOCTA-
THUKH TBEPJOrO TEIa. 3aMIcaB UX B MPOSKITHIX HA OCH JISKApPTOBOM CHCTE-
MBI KOOPJAUHAT, OOIVIUM § CKATAPHBIX YPABHEHHH, YTO COOTBETCTBVET
LICCTU CTCIICHIM CBOOOABI TBCPAOro TC.1a B OOLICM CIVUAC CrO ABMIKCHUS,

3.3.3. Juppepenuuaivuvie YpasHeHUS OBUNCCHUS MBEPOO2O
me1a MOMKHO BBIBCCTH, HAIPUMCP, U3 TCOPCM 00 M3MCHCHMM KOJIHUCCTBA
ABHEKECHHH ('neopeMa 0 IBHMKCHHH LICHTPA MaCC) H KHHCTHYECKOTO MOMCH-

Ta.
[Tocmynamensnoe TBUKECHUE TENA ONTUCHIBACTCA YPABHEHUAMHA

e # U ) oe I
mx. = ZF;.X’ my. = ZEL? mzq = ZF;‘.Z?
E E E
rac X¢o, Ve, 2 - KOOPAUHATHI LCHTPA MACC, F; S F;b 5 F;-.Z - [Ipo-

CKIOHH BHCIIHHUX CHII (32],,Z[EIBEICMI:>IX CH.T H pGElKL[I/lﬁ CBH3€ﬁ).
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Bpauerniie T¢1a BOKPYT HCNOABHWKHON OCH OMHCHIBACTCA VPABHC-

1,6=YM,(F").

rac I 7 = MOMCHT WHCPLIMU TC/1a OTHOCUTC/IBHO OCH BPALLCHM OZ R

HHUCM

() - yroa1 moeopoTa TE1a, COMIACOBAHHBIN 10 HATIPABJICHHIO € OCHHO Oz .

Ny 5 .
MZ (F:, ) = MOMCHT BHCHIHCH CHJIBL OTHOCHTCJ/IEHO OCH OZ .

[ThockonapaiieabHoe JBUKEHNE TENA OMTUCHIBACTCS VPARHEHHUIMH
R ) . =15
m¥. =X F ., mp. —ZFH [0 =2 M;(F").

TIe ! 77 - MOMCHT WHEPUMH TENa OTHOCHTEIIBHO HCKOTOPOH OCH Oz .

TIePTIEH MKV TIPHOU TIIOCKOCTH TBMIKEHMUS.

HuddcpeHuManbHbIC YPaBHCHUS Cepuyeckoo ABUMKCHUA COIACP-
’KaT B CBOEM BHIPAKSHNH KOMITOHSHTHI TEH30PA HHEPIIHH H TIPOSKINH VT -
MOBOI CKOPOCTH. JTH VPABHEHWS MOTVT OBITh NPOHHTCTPHPOBAHEI B
KBAPaTVPaxX TOMbKO B CICUUAILHBIX CIVUHAAX.

HuddepeHunanbHple YpaBHEHHA IBHKCHHA ¢60000HOZ0 TBEPAO-

ro 1¢.1a COCTAB AT 06bl'-ﬂ-10 KAK YPABHCHHA JABHIKCHUS 1LCHTPA MACC U
VPaBHESHUS CHEPHIECKOro IBHIKESHHS BOKPYT LICHTPA Macce.
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4. AHANUTHYECKAsA MEXAHHUKA

4.1. Kiaccudukauus ceszei

PacemoTpuy cBszn, 3a1aHHEC aHaTUTHUECKH. (CBSI3M BEIpAXKaroT
VCITORMS, HAKTA/BIBAEMEIE HA TIONOKEHUS U CKOPOCTU Fl TOYEK, COCTAB-
TSFOIIUX MEXAHHYECKYIO CUCTEMY,

A) Ilyers venoBus CBsI3CH 3a,1aHbI KK [ HCPABCHCTB!
Sl X, V1.2, %5 002, X, V1, 2,5y, 2, ) =

= f By, P F L, F )20, k=12...1

CBa3H B 3TOM CIviUae HASBIBAIOTCA ocpanuvusdiowans. Ecam venoBug
CB33U 347aHbl B BUJIC PABCHCTB — YPABHCHUH CBA3CH

Jo @@Lyl F oy, k) =0,
TO CBS3U HABBIBAKTCH yOepycusaiouiiyi (U.IM HANPs>KCHHbIMU ),

Byaem pmanmee u3yuaTh MEXAHUUECKHE CHCTEMBI, MOJYMHEHHBIC
VACPIKUBAKOIIKM CBA3AM,

b) Ecnu ypaBHEHHA ¢BsI2eH ABHO COAEPIKAT BPEMA, TO CBA3M Ha-
3BIBAIOTCA HECHAYHOHAPHBIAMI (AT PEOHOMHBIMH — «TEKVIHMH»). MHaue
CBsI3H HA3BIBAKOTCS CHIGYUOHAPHBLAIY (HJ'H/I CKIICPOHOMHBIMU — <GKCCTKU-
MHY).

B) Ecau vpaBHCHUA CB3CH COACPIKAT NPOU3BOAHBIC OT KOOPIHU-
HAT, TO CBA3H HA3BIBAIOTCA OuPQepeHuaibHbiAMg, VTHAYE OHU Ha3BIBalOT-
CSL NO3UYUOTIBIMIL,

Ecmu ypasrenust auddepeHIHaIbHbIX CBsi3ei kak anpdepenm-
ATBHBIC YPABHCHUS OTHOCHUTCIbHO KOOPAUHAT VIACTCH paspcuiuTh (npo-
UHTETPUPOBATH), TO AUPEPECHIIMATBHBIE CBI3H HA3BIBAKOTCS HWHTETPH-
pveMeiMi. MexaHnueckad CHCTEMa, NOAYMHEHHAA TMOSHLUHAOHHBIM MU
AuPPCPCHUMANIBHBIM HHTCIPUPYCMBIM CBU3SMM, HA3BIBACTCH 20.40HOMUOU
(040 — Bech, memsiit; vo'1tod — saxon).

[') Ecam peakumu CBsI3¢H COBEpLIAIOT HYNEBYIO paboTy MpH MIO-
OBIX BHPTYQJbHBIX NCPCMCLICHUAX TOYCK MCXAHHUYCCKOH CUCTCMBI (CM,
HILKE), TO CBA3H Ha3bIBAIOTCS HOe16H bl MY, NHAYE — HEUJCATEHBIMUL.

4.2. Bupmyaiouste nepemeienusi. Q600uennvie canl

4.2.1. Bupmyaiounie nepeyenienus - 310 OCCKOHCUHO MATbIe

MCPCMCIOCHIA 5 I"l TOYECK MEXaHUIESCKOM CHCTCMBI, COBMCCTHMBIC CO CBA-

3MU (YAOBJICTBOPSIIOIINE YPABHEHUAM CBA3CH), COBEPLIAEMBIE B OKPECT-
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HOCTH PACcCMATPUBACMOTO MOIOKCHUSI CUCTCMBL IIPU MTHOBCHHO OCTAHOB-
TECHHBIX («3aMOPOKEHHBIX») CBA3AX (ecli OHM HecTauuoHapHbie). Cum-

Bo1 «O » O3HATaCT M30XPOHHYHI0 Bapnatmio (yHkumn F;  (pagmyc-

BCKTOpA I -Oif TOUKU CHCTCMbI) — GCCKOHCMHO MAJIOC MPUPALICHUC STOi
pvHKUMH IpH (PUKCHIPOBAHHOM 3HaYcHMHM apryvMenTa (Gyuxmun [ . Bapua-
UA (PYHKUOUE OJZHOI WM HECKOIBKUX MEPEMEHHBIX PACCUMTHIBACTCS IO
TEM K€ TIPABMIAM, Kak U ee JudpdepeHnnat, HO mpu VCIOBUHA ot=10.

BupryaneHble NEPEMEIMEHUST TMPU  CTALMOHAPHBIX CBA3SIX  HA3BIBAKOTCS
TAKKE BOSMONCHBIMIL,

CyMMy 3/1CMCHTApHbIX Pad0T 33aBACMBIX CH.1 F; HA BUPTYAlb-

HEIX (BO3MOXKHBIX) TIEPEMEIICHHAX TOUEK MEXAHUIECKOH CHCTEMBI OV IeM
HA3BIBATH BUPTYANBHOH (BO3MOXKHOH) paboTOH 32,1aBASVBIX CHIT.

noo_, -
oA o= Z F; o ;‘; . Bupryanenas pabora peaxnuii cBsa3ci Ri CCTh BC-

i=1
no_,
auauna OA R= Z Ri o }’7'; . @ BUPTYaJIbHAs padoTa 1a1aMOCPOBBIX CHII
i=l

MHCPLIHH

i i
i=1 i=1
4.2.2. Hoeaironbie ceszu
W acanbHbIME HA3BIBAKOT CB3U, PCAKIIHH KOTOPBIX HC COBCPILAIOT
padoTy HA BUPTYATBHBIX MEPEMEIIEHHIX TOUYSK CHCTEMbI, T.€. BHPTYATb-
Has paboTta peakidii paBHA HYIIIO mpu TI000M Hadope m3 71 BEKTOPOB

SAy, =3 D87 == ma,dF .

o ?_”1, o Fz aree, o }7;1 (coxpalcHHO 0003HAYMM MOCICAHCE VCIOBUC KK
Yo i’; ):
no_L
SA, =S RSF =0, V6F.
4.2.3. Hpunygun BH})_}:?_}’aﬂbHMx nepevenjenuii ( 11BI1)

JList TOro, uTe0bI HCKOTOPOC MOJI0KCHUC MCXQHUUCCKOU CUCTCMBbI,
TIOTUMHCHHOW HWCAJTbHBIM CBS3SM, OBIIO TTOOKEHHUEM PABHOBECHS, HeE-
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00X0AUMO U J0CTATOUHO, UTOOBI BUPTVAILHAS PadoTa 33a3ABACMEIX CHU.1

F;_» 8 DMOM ROJ0Ce L ObLIA PABHA HYKO!

—_—

§A4, =3 F6F =0:V5F.
i=1

4.2.4. Obugee ypasrenue OUHAMUKY CUCMEM b

B kaxAablii MOMCHT BPCMCHU ABMIKCHUA MCXAHHUUCCKON CUCTCMBI,
MOJAYHHCHHON HICAIBHBIM CBSI35IM, CYMMA BHPTYAIbHBEIX padoT 3a1aBac-
MBIX CHJT M CHJ1 MHCPLIMM PABHA HYJIIO!

no_ no_
SA, +84, = F.6F +3® 87 =0:VSF.
i=l i=l
4.2.5. Obobuennsie cuivi
[Tverh MCXaQHHUUCCKAS! CHCTCMA COCTOUT M3 F1 TOUCK H UMCCT S
CTCICHCH CBODOABl, TaK YTO MNOJOMKCHUC CUCTCMbL ONPCACIICTCS CC

0000ICHHBIMU KOOPAHHATAMH (f |, (f 5 .+« . ¢ . TlyCTh panyc-BCKTOPSI

—

v

; TOYEK CHCTEMBI 331aHBl Kak (YHKUMH OOOOIICHHBIX KOOPIWHAT W

BPCMCHH (3aBUCHMOCTb OT BPCMCHH XapaxkTCpHA 151 HCCTAL[HOHAPHbBIX
CBI3CH):

’7; — x{'(q'lﬂqza"'qnat);.+y1'(ql,q2,...q”3t)}+
+2,(41595 Q)5 =F(415925-+-q,01).

Bapwauws [ -ro paanyc-BeKTOpa paBHa

. or,
o7, = Zaiéq}(c?t =0).

q;
CocTaBUM BBIPAXKCHUC /181 BUPTVAIbHOI PadOThl 3a4aBaCMblX CU:

no_ n S or.
o1= 3 F67 = 3 Fy S 157, =

i=1 i=1 1:156](;
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S{ »n _ A
-S| SR
1 0q;

J=N\i= J

" . OF

Benuuuna 0 . = ZF d
= i

| 5qj

COOTBETCTBYIOIIEH 00ODIEHHOI KOOpAMHATE (f Iz

S
5@{;‘ = ZQ‘;&I‘;-
j=1

Ha3bIBACTCS OOOOIICHHOM CH10M,

L'

O00DImEHHYIO CHITY Q j MOXKHO HAWTH CIETYFOIIIIM 00pa30oM.

1) @urcupyey Bee 0600IMEHHBIE KOOPIUHATHI, 32 UCK.TIOUEHHEM (f I

60q, =0¢,=...=0¢, 1=0q¢,;,,=...=0qg =0,

a KOOPAMHATC qj OPHIACM IIPUPALCHKUC o q j > ().

2) BolpaskaeM 1epes O q j TEPEMEILCHIS TOYEK MPUIIOKCHHUS 3a/1aBae-

MBIX CH.T M HAXOIHUM CYMMAPHYI BUPTYATBHVIO paboTy o4 7, j ITHX

cuit. KoadduuucHr npu ob1meyM MHOKUTCIC O q j B BHIPKCHUM 3TON
54y,

o4,

Jl14 onpcaciCcHUs NOTCHIMAIBHONM QOODICHHON CU/IBI  HAJO
NpEeICTABUTD TOTCHIMATEHVIO SHEPTHIO CUCTEMEL B BHAE MVHKIMHA 0000-

«IAPLHAIbHOW» PAOOTHL U CCTh [ -4 00OOLICHHAS CMJ&Q j =

menHbix koopaurar 11 = H(q] N/EPEEED q%) ., ¥ TOrIa j - 1 0600-

an
aqj |

Paboty cuabl conpoTusBacHus OvACM CYHUTATh OTPULATCABHOU BCIM-
THHOH TIPH TF0060M BO3MOKHOM MEPEMEIIEHUN TOMKA TIPHIOKEHHS CHITBL.

HICHHAA CU.1a PABHA Q i —
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4.2.6. Knaccot oboomietubix cu
Homenyuanbrbie ciibl ONPEACASFOTCS U3BECTHBIM YVIKE HAM YCJI0-

ol'l
BreM: (yHKIHS IT= ﬂ(q,t), TakKas, 9To Qj = -

oq ;

J
[ upockonuyeckue cuibl OMPEACTAIOTCS YCIOBUEM
S
N g = Z Q j q j =0 . T.€. B TFOOOH MOMEHT BPEMEHH CyMMapHas
j=1
MOIIHOCTE TAKUX CH.I PABHA HYJIK),
Huccunamuenvie cuivl XapakTCPHbL TEM, YTO UX CYMMapHas MOLI-

HOCTb Nd S 0

Eciu cBsasu CTAllMOHAPHBI, 4 HA CHCTCMY ,E[GﬁCTB}'TOT TOJ/IBKO IT1O-
TCHIHAJIbHBIC U THPOCKOITMYCCKHUC CHIIbI, TO CHCTCMA KOHCepeamiteHd, T.C.

nonunas mexannucckas sueprus £ =1 + 1 = const. Ecau novu-

dE

MO 3THUX CHI ACUCTBYIOT AUCCUNIATUBHBIC CUJIbI, TO —— < O ;

dt

4.2.7. Boipancenue INBIT 6 mepmunax ovoouiennbix cui

Jist TOro ITOOB HEKOTOPOE TOTOKEHHE MEXAHHIECKOH CHCTEMBI
OBIJIO ObI MOJI0KSHUEM PABHOBECHS, HCOOXOAUMO U JOCTATOUHO, YTOOBI B
3TOM TTOTOKEHHH BCE OOODIMEHHBIE CHITBI 0OOPAIIATHCH B HYJTb:

0,=0,=...=0 =0.

IIpumep. MexaHUUECKAasi CUCTEMA COCTOMT W3 TPY30B, HUTCH H OJIOKOB
(puc.15,a). CrombKeHHE HATEH MO 000IBIM OJIOKOB CUMTACTCA OTCY TCTBYFOLIHM.

Maccer Ten 0603HaUCHBI COOTBETCTBEHHO Kak F2y, Iy, .o o, Mg . TpeGyercs

HAUTH YCIIOBUS PABHOBECHS CHCTEMBI.
OnpeaenuM YHCIO CTETIEHEH CUCTEMBI H HA3HAYHM OOO0OINEHHEBIE KOOp-

AuHATEL. [1oM0KCeHIE TPY3a 1 MOKHO 3a1aTh KOOPAHHATOH X, KOTOPYH) YIOOHO
OTCUYHTBIBATH OT KOHCTPYKTHBHO 33aJaHHOr0 HAYANA — TOUYKH CXOJA HHTH
¢ 6noka. 3aduxcupyem koopausary X, . Ilpu HemOABIKHOM rpy3e 1 BO3MOKHO

JABHKCHHC rpy3a 2 u 070Ka 6, KOTOPbIA MPU 3TOM Kak Obl KaTHTCS O€3 CKOJIbKE-
HHSL O ACBOHM BETBH HUTH. (CACA0BATCIBHO, YMCIIO CTCHCHCH CBOOOIBI CHCTEMBI
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OoapIme eTHHALBL. BBEaAEM KOOPIHHATY X2 . Ecut 3a(puxcHpOBATh KOOPIMHATEL
xl u x2 . TO JBMKCHUC CHCTEMBbI HCBO3MOKHO. CICI0BATCIBLHO, YHCIO CTEIEC-

HCil ¢BOOOABI PABHO 2, A BCIMYHHBI xl 71 x2 MO’KHO TPUHATE 32 000OILCHHBIC

KOOPIHHATHI JAHHOM CHCTEMBL

4 5

Puc. 15

OnpeaenuM 000OIUEHHYH) CUILY Ql’ COOTBCTCTBYIOIIYI0 KOOPAHHATC
X . PaccMOTpHM TOJIOKCHHC CHCTCMbI, COOTBETCTBYIOIICE MPOH3BOIBHBIM 3HA-
YEHHAM KoopamHar X u X, . @ukcEpyem koopauHaty X, . a KOOpAMHATE
X IPHAAIUM TI0I0/KUTEIBHOE IPUPALUCHHE o X| (puc.15,6). I'py3 3 u uentp

0moka 6 MEPEMECTATCH BBEPX HA BEITHUHHY o) X531 = 0,55 X, . llapupansHas
padoTa 331aBACMBIX CHJI TSHKCCTH

0Ap, =mg -6x,—(myg+msg) 0x;, =

m, +m

MHOKHTETH TIPH 0 X| B IIOCTICTHEM BBIPAKCHHH CCTh 000DIIEHHAS CIJIA

m, +m
O :(ml_%)g-
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, m., +m
AHATOMHUHO QZ = (m2 — J—G)g

CoraacHo TIBIT yClnoBHSI PABHOBCCHSI MMCHOT BHT Ql = Q2 =0.

HTO JACT HAM IBA YPABHCHHA PABHOBCCHA CHCTCMEL B IIPOH3BOIBHOM €€ ITOTIOMKE-
HHH

my =my =0,5(my +myg) .
OOODIICHHBIC CHThI MOXHO TAKKC HAWTH, COCTABHB BBIPAXKCHHUC /LTI NO-
TCHLHANTBHON 3HEPTHH CHCTEMBI I[1= H(X 1>%9 ) :
HasHauaemM HAYANBHEINL VYPOBEHBb OTCUETA JHEPIHH IT. IyCTh

H(0,0) =0.8B MPOU3BOILHOM TOTOKEHUH CHCTEMBI IPY3bl | B 2 ONMYIIECHBI
Ha Xyu X,. a rpys 3 W UCHIp O6I0KA 6 TOZHATBI HA BBICOTY

X3 = O,S(X-l + x2) . (OrMernM. uTO B THOOOH MOMEHT BPEMEHH CIIPABESI-
TuBa QopMyIa .72,'3 = 0,5(361 + )‘CZ)- puc.15. B). Toraa

X, + X,
[l=-mgx —m,gx, +(my,+m;)g———=.

B34 0T 3T0# (pYHKUMU UACTHBIC NPOH3BOAHBIE MO X u X, . HaxoauM 0000-

HICHHbIC CH.1bIL.
4.2.8. Obwee ypasnenue OURAMURKY CUCMEMbL 8 MEPMUTLAX 060D-
LIEHHbIX CUT
[Tpu vCIOBHH HACATBLHOCTH CBSA3SH B THOO0H MOMEHT BPEMEHH
JABWKEHHS MEXAHUUECKOU CHCTEMBI KAXK1as1 0O00IIEHHAS 2a1aBacMad CH-

1a O ; YPaBHOBCIIHBACTCS COOTBETCTBVIOIEH 0OOOIIEHHOM CH.10H

MHEPLHA ZJ-:
Q;+Z,=0; j=12,...,s.
Sace Z, =3 P, o Sma I
- =l 8(]‘} i=1 aq‘j
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4.3. Ypaeuenusa Jdazpansrca. ¥Ypaguenus avuremona
4.3. 1. ¥Ypasuenus Jacpanica emopoco pooa (vpasHucHus Jla-
rpaHka-2)

O06o01meHHas CH1a HHEPLUH Z | MozKeT OBITE BEIPAKCHA UCPE3

KHHCTHUCCKYIO 3HCPIrHIO T CHCTCMBLI:

d o oT
7 dieg, oq,

MUz . 4.8 momywaem § vpaBHEHUH Il'élrpamka 2 poaa:

d or aT:Qj, j=12,....8
dtoq, 0q, |

Hi1st TOro 4TOGH COCTaBHTb vpaBpHeHHs Jlarpam:xa-2, HaJ0 BEIpa-

3UTh KHHETHMECKYIO DHEPTHUIO B BUIC (DVHKIUHN OT 2s +1 TTEPEMEHHON:
00O0IIEHHEIX KOOPIUHAT, ODOOIIEHHEIX CKOPOCTEH U (TP HeCTALlMOHAD-

HBIX CBS39X) BPEMCHU: |
T'=T7(q.49.1)

(3aece { ecte BexTOp OOOOMEHHBIX KOOpAMHAT, {f - BekTOp 0600IIEH-
HBIX CKOPOCTEH ).

4.3.2. Dyuxuus Tazpanoica
Oynknua Jlarpanxka (kMHeTHUECKUI TOTEHITHAIT) €CTh BRIPAKEHHE

L(q,q.t)=T—-11

Ypasucuaus Jarpanka-2 npu HaIu4uu TOJBKO MOTCHIUAIbHBIX CU1

HMCEOT BH,T
d oL OL
dtdq, 0q,
a Hpﬂ HAJIHYMHHA KAK NOTCHIHAJABHBIX, TAK H HCIIOTCHLIHAJIEHBIX Q ] CHhJ1

d oL OL :Q; =128
dt 0q 8q |

4.3.3. Cmpyxmy pa y paeﬂeuml .;’Iaepau MHea-2

M3 BrIpaKCHMs AJT paIHyC-BCKTOPA I’; B I1. 4.6 HAX0AUM, UTO
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_d. noFE . oF
V, =—F = qj_]_ :
dl‘ :156} ot

Toraa kuneTnueckas BHG]‘JFHH CHUCTEMBI paBHa

|
LlSmpi=t¥a s 5l il +3h, iy +
2 i=1 2 k=l 1
n or. Or, n or, Or,
rae 4, = XM, ——-ak‘j,bj m, ———=
A 86}] 0q ' i qu ot

2

1.2 or,
=—>m,
2;2 ot

C yueToM noyuCHHOTO BbIPAXKCHUS 1151 (PYHKLUU 7 w3 48
CAeayeT, uTo ypaBHEHuUs Jlarparika — 2 sIBJSIFOTCS YPABHEHUSIMU 6IMOPOC0
MOPSIIKA OTHOCHTEIIBHO O0O0OIICHHBIX KOOPAUHAT.

or.

Ecnu ¢BA3M CTAMOHAPHEL, TO VZ O H TOTJa KHHETH-

ot

HqecKas SHEPTHs ABIACTCS K6AOPAMUYHOU (hopyoli 0DOOIIEHHBIX CKOPO-
CTEH, TIPUTIEM OTIPEACSIIUTENs MATPHIIBI KO PHITHEHTOB

det(a,; ) #0.

4.3.4. Bapuayuounotii npunyun I'amuismona

TIycTh 3aaH IPOMCKYTOK BpeMeHH |7 0: 511 ]. Ha xoropom mc-
CIeAyCTCS  ABIDKCHHUEC  KOHCCPBATMBHOM  CHCTEMBI.  BripaxcHue
f]
W = IL dt ,rae L - Gyukuus Jlarpanska, Ha3bIBACTCsI Oelicmeuem no
t[i
avunemony. Pa3MepHOCTE 3TOH BETWIHHBI lﬂ MHC + C . JnaueHHUE Be-
TTHYIHHBI W sasncur oT TOTO, KaKHe dyaxuHH

q, (f ), q, (I ), vees g (f ) (n, crmemoBaTempHO, Kakue  (VHKIAHA
q 1 (f ), q 2 (f ), cees q S (f ) ) BXOAST B BBIPAKEHHUE AITs £, Hencreue no

[amuapTOoHy npeactapaseT co0oi oToOpaxeHue Hadopa Gynkumii ¢ ;j Ha
MHOKECTBO JCHCTBHUTCIBHBIX UHCEI M HA3BIBACTCH VHKYUOHATOM.
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dyHKIMOHAT MOKHO CUMTaTh (YHKUMEH OT ()yHKyuu, B paccMaTpHBac-
MOM cavuae — pyHkuuei ot S QyHKumi q j

Habop pynxkumii ¢ j YCTOBHO HA3BIBACTCS 1)/MEM CHCTCMEL. [pu
ABIKCHHUM CHCTCMBI PEAIU3YCTCH MYTb, HAa3blBACMbIM mpameiM. Jpyrue
nyTH, 00pasyrolmecs 0narogaps BAPbHUPOBAHUIO BEAMUMH (] ;B KK I0U
Touke [, HA3BIBAOTCS OKOMBHBIMH My TssMH. OKOTBHBIE TIyTH HAYHHAKOTCS

Y 3AKAHYMBAIOTCS B TEX KE TOUKAX MPOCTPAHCTBA {q 1 }, 4YTO U NPSIMOH

nyTh. [lpuHuun aMuabTOHA 3aKIOUACTCS B YTBEPIKACHHM, YTO MPSIMOU
MyTh OTIMYACTCI OT OKOIbHBIX MVTCH TEM, YTO HA HEM JCHCTBUEC MPUHH-
MACT AKCTPEMATBHOC (CTALMOHAPHOC) 3HAYCHHUE. JKCTPEMATBHOC 3HAUC-
HHAe (PYHKLIHOHAT TIPHOOPETAET NPH VCIOBHH OOpaIIEHUs B HYIIb €r0 Ba-
pUaLHH, T.€. HA TIPSIMOM TTYTH ow =0.

I[eiiCTBHTeano.

S oL
SW = jéLdz > —5ql+a—5qj df =

l, =1\ 94; qj

&x
®))
| =
=

; I
HpHBTOMJZd a—é‘q! =i, to 0

T.K. B HQUaJbHOW U KOHCUHOM TOUKAX BCC MYTH CXOSITCS. B 3TUX TOUKAX

oq

q =0.B CUITY ypaBHeHHH Jlarpamka-2 nmomyaaem oW =0.

60



*4.3.3. Ypasnenus aviutomona
BBCacy BMCCTO JarpaHKCBbIX NCPCMCHHBIX {f , {f 2dyibmono-
ébi iepevennsie P, ¢ . 3aeck ) - BEKTOp 00OOIEHHBIX UMY TBCOB, OTl-
peaesemsix popMyIaMu
pj - a . - a .
q; q;

(HOT CHIHA.1bHAA SHCPrus 3aBUCHT OT NCPCMCHHbIX q j H HC 3aBHCHT OT

q j ). Toraa kaxnoe vpasHeHue Jlarpamxka-2 MOXKHO 3anmcaTh Tak:

oL 0T oIl

o9, %4, o4,
] 9
ITycTe cBA3M cTauMOHAPHEL == Z d i kq jq - Torma cmpa-
k=1
S ol ol
BEITUBO PABECHCTBO Z—q = 2T uwm | = Z—q j -7,

j= ]aq)r Q_/

O1crona noavuum

oT ol ol
ar=x a4, +5qa 5L aq -5 a
aq.} aq.} 86}_] aq.f

UITH, ¢ VUETOM BBCICHHBIX BETUYUH [) It

dTZqudpj —Za—d%
J
oT

C apyroii cTopoHbl, BbIpakcHus P j = ~. DpoacTaBsior

8qj

Co0OH MUHEHHYIO CHCTEMY YPaBHEHHH OTHOCHTENBHO (f j» OMpEIETUTETD

pj:

KOTOpOIi d.et(a j /() = (mpcaaoxkeuuc n. 4.3.3). Torga cyiuceTeyCT

CAMHCTBCHHOC HCTPUBUAIBHOC (HCHV.ICBOC) PCLICHUC 3TOI CUCTCMBI, U
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BC.THYHHBI qj MOYKHO BBIDA3UTH UCPEC3 pj U TIOACTABHTE B KHHCTHYIC-

CKVIO 3HEPTHH) T TIPEACTABUB €€ KaK (PYHKITHFO TAMUITETOHOBBIX TIepe-

MCHHBIX
L.=T.p.q)
OtMeTuM, uTO H* = H(q \ p) = H(Q) ). UMeeMm nanee

o1 o1
dp, +2.
8pj. 8(31

HOCKO.‘ILK}-’ d T * — d T . IIOMYIACM. YTO

oT. o(T.+11) or  oT.

op,  0Op, 0q,  0Oq,
or ol oI, +11)

%, 4, °q,
dyuxumio ( J25 (]) =7, + 11 uasssaor Qynxumcii Ta-

MHUJIETOHA. HpH CTALHOHAPHBIX CBA3AX OHA CCTh IMO.THAA MCXAHW'ICCKAA

dl. =3 dq;.

9,

Torna p i =

DHCPIruAa E CHCTCMEI, BRIPAKCHHAA B TAMHIBTOHOBEIX IMCPCMOHHEIX.
(DYHKL[HTO ["aMuITETOHA MOYKHO MpCACTABUTH TAKMNKE B BHIAC!

S
j=1

Cuctemy 25 AuddepcHIHAIBHBIX YPABHCHUH NCPBOro Nopsaka

OTHOCUTCIbHO GyHKUMI [) ju qj

dp,  0H dq; ©oH

dt  dq. dt op,

J
HA3bIBAKOT KAHOHUYCCKUMHU YPABHCHUSIMU [ aMUIbTOHA ABUMKCHUS KOH-
CEPBATHBHOW CHCTEMBI.
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4.3.6.* Huxnuueckue Koopounamoi

O6Gobmennas KoOpAMHATA (f; HAa3BIBAETCA LUKIHYECKOH. €CITH

OHA SIBHO HC BXOAWUT B BeIpakeHue (pynkouum Jlarpamka, T. €. ecam

oL dp,  OH

—=1). Torma = EFe—— T O, OTKyJa CIIEAYET

an dt a‘?k
Pr = const,

T. €. HMCCM OJMH M3 HUHTCIPANOB cucTeMbl auddepecHIuaIbHbIX VpaBHE-
HHI JBIDKEHHUSI.

4.4. Manvie kolebanus KOHCEPBAMUBHOH CUCMEM bl BOTU3U 110~
JIO’KEHUSI YCTOUUUBOTO PABHOBECHSI

4.4.1. Teopema Jlazpauica 06 ycmoiiuusocmu nojaox3NceHus pae-
Hoeecus

ITycte KOHCEpBATUBHASI MEXAHUUECKAS CHCTEMA HMEET MOIOKE-
HUC PABHOBCCHUSA, T.C. MOJOXKCHUE, B KOTOPOM OHA OCTACTCA OCCKOHCUHO
JOTTO, €CITH OHA FIMETA B 3TOM TIOTOKEHHH HYJIEBBIE 0O00IMEHHBIE CKOPO-
ctu. Ilycth 3HaucHUA 00OOIICHHBIX KOOPAUHAT B MOIO0XKCHUU PABHOBECUS
pasubl HYI0, [lycTh Takke 3HAUCHUE MOTCHIMAIBHON JHCPTUU B 3TOM

TIOJTOKEHHH PABHO HYIIIO!
11(0,0,...,0) = 0.
[MonoskeHUE paBHOBECHSI HA3BIBACTCS YCMONYUGHIM, CCITH Ve >0

<0,

% & nanl‘ o to, ] = 132,...,8.

346 > 0 raxoe, uto u3 VCAOBHIA 20 caeayer

Teopema: ccii B HEKOTOPOM TIOIOKCHUU PABHOBCCHUSI KOHCCpPBa-
TUBHOH CHCTCMbl MNOTCHLMUAAbLHASA DHEPrUs UMCCT CTPOrMM MHHUMYM, TO
3TO MOJOMKCHHUEC PABHOBCCHUS ABJIACTCA }’CTOI‘/JIIII/IBBIM.

Jloka3aTensCTBO TEOPEMBI MPEATIONATAET «KOHCTPYHPOBAHUEY BE-

4.0 C?j,o

AuuuHbBl O 1O 3afaHHOM Beauuune & . Mlacs A0Ka3aTeabeTEa A1d cay4ad
OAHOI nmepeMEHHON n3obpaskeHa Ha puc. 16.

Ecau moMuMO MOTCHIUAIBHBIX M THPOCKOMUUCCKUX CHUIT ACHCT-
BVIOT CLIC U JUCCHUNATHBHBIC CUJIbI, UMCIOLIMC CTPOrO OTPHULATCIBHYIO
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MOIIHOCTb, TO H30IMPOBAHHOC IMOIOKCHUC PABHOBECHUS SIBIISICTCSI aCUM-
ATOTHYCCKH YCTOMUIMBBIM: (f ) —> 0, CI(I ) —p OHpH [ — 0,

Ipeonoscenue. OnpeacncHUC YCTOMYMBONO MOMOKCHHA PAaBHOBCCHS
c(hopMyTHPOBAHO Jis1 OE3Pa3MEPHBIX OOOOIIECHHBIX KOOPAUHAT H OC3Pa3sMEPHOTO
BpeMeHU. Paccmotpure cryvall pasMepHbIX BeMyuuH. Beaute macmraOHbIC KO-
3(ppuumeHTH 1 MOMPOoOYHTE CPOPMYIHPOBATH BHOBB 3TO ONPCACIICHHC.

II(x) 1

-£ 8€ X

Puc. 16
4.4.2. Manbvie konebanus KoncepeamueHoil cucmempl BOIN3N
TTOJIO’KEHUSI YVCTOMYHUBOTO PABHOBECHS

[TycTe B TOJIOKEHMHM YCTOMYMBOTO paBHOBeCHS ( = O, 8.

ql —_ qZ — e — q‘g — O H ITIYCTh I_I(0,0_,-..,O) — 1—[0 —
P&CCMOT})HM ABHUZKCHHC KOHCGpBﬁTHBHOﬁ CHUCTEMBI BOIM3U IOJIO-

’KeHus paBHoBecHs. Paznoxum ¢yakmuio Il B okpecTHOCTH TOYKH paB-
HOBecHsl B psia MakaopeHa:

S [ oIl 1 s o°1I
Ll=lls i 20— | @t 2 | o———= Fify, foom
e oq 7 2 k2l 0q ,0q =

Ilo ycaoeuro HO =0; KPOMC TOTO, COrIaCHO MPUHLMILY BUP-
TYaJIbHBIX MICPEMEIICHUH B TOJIO’KCHUH PABHOBECHS 0000IICHHBIC CHITHI

ol'l
0.0=|—| =0.
Jn aq]

OT6paceIBas WICHH TPETHETO H BHICIIHX TOPLIKOB MATOCTH OT-
:
011
09 j0q

HOCUTCILHO ( ; o0o3Hauad =C j,k » HOTyHM
= b ke
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1 2
HZE 2. Cikd 9k
Jok=]

H} CThb CBA3H CTAIIHOHAPHEI. Pasnmoxxum B BBEIPAAKCHHHN

1 S
T = 5 Z aj.kqjqk KO3 PUITHECHTBI aj-k (qb q2 e qg )
IR
TAKXKE B PSIIBI:
0
a;:(q,,92,---4s)=a ji +-+
C ToTHOCTBIO 0 MATBIX BTOPOrO MOPSIIKA BKIIOTHTETHHO HMEEM:
| R
T — z a{:} L] L]
= k4 9k
2 k=1
Takum 00pasoM, KUHCTUUCCKAs SHCPTUM M MOTCHLMANBHAL 3HCP-
THSl  MPEACTABIICEHBI KAK COOTBETCTRYIOIMHE MOIONCUMETABHO ONPLOeIeH-
Hble KBaApaTUIHBIE (opMbl 000OIMEHHBIX CKOPOCTEH U KOOpIWHAT. Y pas-
HeHus Jlarpamka-2 mpuodpeTarT BU CASAVIOMIECH THHEHHON CHCTEMBI
> (0
Z (a‘j,/c qk + Cj,k qk ): O '
=1
Bvacm uckath peLicHUC 3TOM CUCTCMBL B CICAYIOLICM BUAC!

g, =u;sin(wt+a).
[MoacraBus B cucTemy au(ppepeHIHATBHEIX VPABHEHWH 3TH (Hop-

MY.1bl U OPUPABHAB KOIDPULIMCHTHL Npu Sil’l((f)ll + ) , IOJIY4UM CUC-

TCMY OJHOPOIHBIX JTUHEHHBIX _VpElBHGHI/Iﬁ OTHOCHTCIIBHO aMILTHTV U j :

kg“
2 0 .
— ! j— j—
Se, —w%d, Ju, =0, j=12,...5
k=1
HerpuBuaabHOC PCLICHUC NOCACAHAA CUCTCMA UMCCT TP YCIOBUM Pa-
BCHCTBA HYJIKO CC OTIPCACINUTCIS, T.C.
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2 2 2
Chp=W Ay Cpp =W dpCg —W dg

2 2 2
Co) — W gy Cgy =W dgy ' Cqq — W Ugg

I[EIHHOG VPABHCHHC HA3LBIBACTCA YaCTOTHBIM VPABHCHHCM. HIIH 6¢-
2

Py

rogobia. OHO ABIACTCA VPABHECHUEM .S - TOH CTENEHH OTHOCHUTEIBRHO ()
braromaps CUMMETPUMHOCTH M TIONOKUTEIBHON ONPEASICHHOCTH MAaTPH-

IIbI a fk KBASHHHCPUHOHHBIX KO?(])(])HLII/ICHTOB H CHMMCTPHYHOCTH

2
MaTpPULBL (C ) KBA3UyNPYrux KO>GQuuuCHTOB BCC KOpHU (), BCKOBO-

Tk
2
I'o ¥paBHCHHS ABTIANOTCA HCOTPHUOATCIBHBIMH. KEI)K,I[OI\J}’ KOPHIO CD}C Cco-

OTBCTCTBYCT CBOsA CUCTCMA OAHOPOAHBIX JMHCHHBIX YPAaBHCHUHM OTHOCH-

k
TCIPHO aMILTHTVI uj . TEIK KdK OIIPCOCIHTCIb CHCTCMEBI pPaBCH HVIIIO.

CVIICCTBYCT OECKOHETHO MHOTO €€ pGUIGHHﬁ. Ecm TMOTJONKHTE, HalTPHMC].

k k k k
u, = 1, 1o ocranbumic ammuatyapl Uy U5 5. .U BHIpOKAIOTCS W3

CHCTEMBI VK€ OAHO3HATHO M TIPESACTAB.TSIFOT COOOW OTHOIIEHWS COOTBET-
CTBYIOIINX aMIUTUTY K TEPBOW aMrumaTy1e. COBOKVITHOCTE 3THX OTHO-

IMEHHH HA3BIBACTCA (POPAMOH KOIEOAHUH, COOTBETCTBYIOIEH JacToTe (1)) |
OTHOLICHUS AaMILTUTYQ HA3BIBAIOT TAIOKC KOXQGuyuenmami Gopm.

Ksanpatuansie hopver \( n \C jk ) MOAKHO OTHHM H TeM

Jk
ISf

K€ HEOCOOCHHBIM MPEOOPA3OBAHNMEM TEPEMEHHBIX (] ;= Zb jkn I
k=1

(«HEOCOOEHHOE» O3HAUAET det(b jk) * 0) TIPUBECTH 00€ K JHAroHaTb-

HOMY BHIY, W TOrAa AM(pepeHLHATbHBIC YPABHEHHUS! ABIDKSHHST OVIYT
HUMETDb BH

i, +o'n, =0. j=12,..5

Hoppic 0000IICHHBIC KOOPAUHATHL T} j HA3BIBAIOTCH 1HOPMANDIIbI-
A Koopdunamarit KoacOaTC.1bHON CUCTCMBI,
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