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JlabopaTopHas padoTta Nel

Omucanue ABUKCHUSA MCXaHNYCCKUX CUCTEM

e padoTsl

[TpuobpeTeHue u 3aKperuieHne HaBbIKOB cocTaBlieHust GyHKIM Jlarpanxka u
YpaBHEHUI TBMKCHUS MEXaHUYECKHUX CUCTEM, OCBOCHHUE TEXHUKH PEIICHUS
HEJIMHEHHBIX U PEepeHITMATEHBIX YPaBHEHUH C TTIOMOIIBIO COBPEMEHHBIX CUCTEM
AHATUTHYECKUX BBIYMCIICHUH.

Teopernueckue cBeeHUs

JIroOble s BemuuuH q,,q, ,...,q, , BIOJHE XapaKTEPU3YIOIINE TOT0KEHNE CUCTEMBI (C S
CTENEHSIMUA CBOOO/IbI), Ha3BIBAIOT €€ 0000WEeHHbLIMU KOOPOUHAMAMU, & TIPOU3BOHBIC
4, — ee 0600w eHHbIMU CKOPOCHAMU.

Hau6onee obmiast popMyIMpoBKa 3aKOHA IBUYKEHUSI MEXaHUUECKUX CUCTEM JAeTCs
TaK Ha3bIBAEMBIM  HPUHYUNOM  HAuMeHbue2o Oeticmeus (WA NPUHYUNOM
l'amunomona). CornacHO 3TOMYy TPUHIMITY KaXmas MeXaHW4yecKas CHCTeMa
XapaKTepU3yeTCs ONpeIeICHHON (DyHKIUEH

L(G. 0,051 Cy:Cp o Cis )
WIM, B KpaTkod 3amwcd, L(q,q,t), TpUYeM JBWKEHHE CHCTEMBI VIOBIETBOPSCT
CIIEIYIOIIEMY YCIIOBHIO.

IlycTe B MOMEHTBI BpeMEHH, t=t M t=t, cHUCTEMa 3aHUMAET OIIPEACIICHHBIC

TIOJIO’KCHUS, XapaKTepu3yeMble IBYMs Habopamu 3HaueHHil KoopauHat qPwm g%,

Torma Mexmy STUMH TIOJOKCHUSMH CHCTEMa JBHXKETCS TakkuM 00pa3oM, 4TOOBI

MHTErpall

t
S =[L(q,q,t)dt

4

HMCJI HaHMMCHBIICC BO3MOXHOC 3HAYCHHC. (DYHKI_II/I}I L Has3wpIBaeTcAa (j)yHKL;ueu”

Jlaepanoica TaHHOM CUCTEMBI, @ UHTETPAl — OeticmaueM.



BriBenem nuddepeHnuranpabie YpaBHEHHS, PEIIAOIINE 3aa4y 00 OnpeaeaecHun
MaKCUMyMa WHTeTpaja aeictBus. [[ns ynpormienus 3anucu GopMyI MPernoa0KuM
CHayaja, 4YTo cucTtema o0JialaeT BCero OJHOM CTENEeHbI0 CBOOOIbI, TAK YTO JOJKHA
OBITH OIpenesieHa Bcero oHa GyHKIUS q(t) .

[Tycts q=q(t) ecTh Kak pa3 Ta GYHKIHS, JJIsI KOTOPOH S MMEET MHHHUMYM. ITO
3HAYUT, 9TO S BO3pacTaeT npu 3amMeHe q(t) Ha Jo0yIo QYHKIINIO BHIA
q(t)+sq(t)
rae oq(t)— yHKIms, Majgas BO BCEM HHTEpPBAJIC BPEMEHH OT t, 70 t, (€€ Ha3hIBAIOT
sapuayueit GyHKIMN q(t)); TOCKOJIBKY MU t=t, U t=t, BCE€ CpaBHUBaeMble (YHKIIUU

JOJDKHBI IPUHUAMATh OJHU | T€ ke 3HadeHus ¥ u q'*), To TOIDKHO OBITH:
oq(t,)=oq(t,)=0
M3MeHeHre S MpH 3aMEHe ( Ha (+Jq JAaeTCs Pa3HOCTHIO
t, b
[ L(a+80.9+89,t)dt— [ L(q,q.t)dt
t t
PasjokeHne 3TOM pPa3HOCTH MO CTENEHSIM Jq W JG (B MOIBIHTETPAIHLHOM
BBIPQKCHUHU) HAYMHAETCS C WICHOB IEpBOro mnopsjaka. HeoOXomumpIiM yciaoBHEM
MHHHMAJIBHOCTH S (BOOOINE — 3KCTPEMAIBLHOCTH) SIBISICTCS OOpalleHHe B HYJIb
COBOKYITHOCTH 3THX WICHOB; €€ HA3bIBAIOT MEPBOM BapHaluei (MM 0OBIYHO MPOCTO
Bapuanuen) narerpana. Takum oOpa3oM, MPUHUMUIT HAUMEHBILIETO JAEHCTBUS MOMXKHO
3armcaTh B BUJIC
tZ
68 =5[L(q,q,t)dt =0,
[

WJIA, IPOU3BES BApbUPOBAHUE:

t
j @5q+a—F§q dt=0.
aq aq

4

. d o
3ameyas, 4yTo ¢ = aciq , IPOMHTEIrpUPYEM BTOPOH YJICH MO YACTAM:

_a
aq

Lot
5S +j[@—ia—'fj5th=0
oq dtag

tf



Ho B cuiy NpHHATBIX YCIOBUHM IIEPBBIM YIEH B 3TOM BBIPAKEHUM HCYE3AECT.
OcraeTrcss WHTErpan, KOTOPBIA JOJDKEH OBITh pPaBEH HYJIO MPU IMPOU3BOJBHBIX
3HAYECHHUAX 6(. OTO BO3MOXKHO TOJBKO B TOM CJIydae, €CIM IOJBIHTETPAIbHOE
BBIpQXKEHHE TOXKJECTBEHHO oOpamaerca B HyJsb. TakuM 00pa3oM, Mbl IOJy4aeMm

YpaBHEHHUE

doL oL _,

dtog oq
[Ipy HaIMUYMK HECKOJBKUX CTENEHEH CBOOOABI B NPHUHIIMIIE HAWMMEHBIIIETO

JACUCTBUSL JOJKHBI HE3aBUCHUMO BapbUPOBATHCSA S pasNUYHbIX (QYyHKIUN ().

Ou4eBUIHO, YTO TOTIa MBI MOJIYYa€M S YPABHEHHUI:

D10 — ucKoMble Iu(depeHInaibHble YPaBHCHUS; OHM HA3bIBAIOTCS B MEXAHUKE

ypasuenuamu Jlazpamuorca.
Iopsa0oK BbINOJHEHUS PA0OThI

Jlnst mpakTryeckoro cocrapieHus GyHKIMU Jlarparka HEOOXOAUMO CIETyFOIIee.
BriOpaB HezaBuCHMBIE  O0OOIIEHHBIE  KOOPJWHATHI, yI0OHBIC JIJIsl ONMCAHUS

paccMaTpuBaEMOI CUCTEMBI, HY>KHO YCTaHOBUTb BU (DYHKIHIA
% =%(q.t) n X =%(q,.t)

U IIOACTABUTHb X BMCCTO BCIIMYHUH Xi n Xi B BLIpaH(eHI/Ie JJTA (I)YHKHI/H/I HarpaH)Ka
L _ T . _ mI .2
- (Xl)_U(X|1t)_Z?X| _U(Xiit)l
i

30€Ch X, - JEKApTOBbl KOOPAMHATHI, (], - 000OIIEeHHbIE KOOpAMHATBHL, T -

KHMHCTUYICCKAA DOHCPI'H:, U - MMOTCHIHUAJIbHAA SHCPI'HA.

B pesynbrate nonyuurcs @yukius Jlarpanxa B 00001IEHHBIX KOOPAUHATAX:
L =L(a. G, t) =T(q,G.t) -U(q.t)

Ecau B MMOJIYIYMBIICMCS BbIPAKCHUUN IJIA L OKaXYTCA CJIaracMbIC, HC 3aBUCAIIINC

oT qk u qk' 9THU CJIara€MbI€ MOXHO OT6pOCI/ITB, TaK KaK OHM HC BHCCYT BKJIdJa B



BenuuuHbl OL/0q u  OL/0OG, u, clemoBaTenbHO, HE OKaXyT BIUSHHUSA HA BUJ

ypaBHeHul Jlarpanxa.

s
m’;o

Puc.1.

Wnorna omepammio HaxoxknaeHus ¢ynkoum  T(0,,0,,t) ymaercs cuibHO

YIIPOCTUTD. D10 OBIBa€T BO3MOXKHO B TEX ClIy4dasax, Korga JICTKO YCTaHaBJINBACTCs
CBA3b MCXKIAY OJJICMCHTAPHBIM IICPEMCIICHUCM YaCTHIIbI ds u IIpUpAICHUAMHA

O606IH€HHBIX KOOpaAuHaT qk' TaK, HaIllpuMCp, B IIOJLIPHBIX KOOpAHWMHATAX Ha

mwiockoctr (puc. 1) mnepemernenre 0S SBISETCS IUArOHAIBIO IPSIMOYTOJBHHKA,

MOCTpOCHHOro Ha cropoHax dr w de (Hy)XHO TOMHUTR O Maimoctn d@).
CnenoparensHo, ds’=dr®+r°de®. Pasmenus oty Benmmumny Ha dt?, momydum

KBaJpaT CKOPOCTH YaCTHILIbL: vi=r2+ r2¢2. Haxkomner,
1 1 . .
T= Emv2 = Em(r2 +r2p%)

B choydae 1MIMHAPHYECKUX KOOPAMHAT K MpEApIymmM JByM (fu @)
no0aBisieTCsl TpeThsl KoopauHata Z. llepememienue dS sBisieTCS ITUArOHAJBIO

IPSIMOYTOJIBHOTO Tapainiesenuena co cropoHamu dr, rde u dz. CiemoBartenbHo,
1 22 2.2 s 2
T:Em(r +rQ°+12°).

[MpupaiieHusiM MOIAPHBIX KOOpAUHAT [,$,¢0 COOTBETCTBYIOT TPH B3aMMHO
NEePIEHANKYISIPHBIX oTpe3ka (puc. 2) ¢ amuHamu dr, rd$, rsindde (nmociemuuit

OTPC30K HAIIPaBJICH 3a qepTen() OTPC3KH, MNCPIICHANKYIJEIPHBIC K IINIOCKOCTH YCPTCiKa,

Mbl OyJieM H300paxaTh KPYXKKOM C TOYKOM, €ClM OTPE30K HalpaBjieH Ha Hac, U
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KPY’)KKOM C KPECTHKOM, €CIM OTpPEe30K HampaBieH 3a udeprex). llepemernenue ds
COBMAJMAET C JUArOHAJIBIO MPSAMOYIOJIBHOIO INapauleJeNuIea, MOCTPOSHHOIO Ha

9THUX OTPC3Kax. B nutore
1 . : i i
T =§m(r2 + 1’9 +r’sin® 9¢°).

A ar

Puc.2.

I[JISI ITOJIYUCHUA ypaBHeHI/Iﬁ ABHKCHUA CIICAYCT MCIIOJIL30BATh YPABHCHUA HarpaHX(a

3ananue Ha uccie0BaHNe

1. CoctaButh pynkuuio Jlarpanxa st MEXaHUYECKOM CHUCTEMBI (B COOTBETCTBUU
C BApUAHTOM).

2. CocraButh auddepeHaTbHOe ypaBHEHHE MABMXKEHUS paccMaTpUBacMOMN
CHCTEMBI, HAXO/ISIIICHCS] B OJTHOPOIHOM TOJIe TshkecTH (J— YCKOpPEeHHEe CBOOOTHOTO
MaJIcHus).

3. BBINOJHUTE YUCIEHHOE PEHICHUE MOIYYEHHOTO YpPaBHEHMsS MPHU Pa3IMnYHbIX
HayaJbHBIX YCIOBHAX. /[ peleHus: Ucroab30BaTh OJHY W3 CUCTEM AHAIMTHYECKUX

Berunciiernii (Matlab, Mathcad).



1. Marematryecknii MasTHUK (cM. puc. 3). ([t maHHOTO CItydas, KpoMe TOrO, HATH

. oL
00O0OIIEHHBIN UMITYJIbC P, = o 0000mmenHyt0 cuty Q, = a—I/I SHEPIUI0 MasTHUKA
k k

oL . .
E= Z_.qk - L(qk’th) )
i O

2. JIBOWMHOM TUTOCKHIA MasITHUK (pHc. 4.)
3. MasTHHK ¢ paBHOMEPHO JIBMKYIICHCS TOUKOM To/1Beca. (puc.S)
4. MasTHYK C TOUKOM TO/IBeca, ABIKYITICHCS C IOCTOSIHHBIM yCKOPEHUEM. (puc.6)

5. Yactuila, nepeMeInaromasics o paBHOMEPHO Bpaliaromiencs npsmoit (puc’?)

Puc.5



a
T
- ©
v m
Puc.7 Puc.8

6. [lnockuilt MasgTHHUK, TOYKa MOABECA KOTOPOTO:
d) paBHOMEPHO [IBM)KETCS II0 BEPTUKAIBHOW OKPYXHOCTH C TIOCTOSIHHOU

gactoTon ¥ (puc. 8)
b)  coBepiaeT ropu3oHTAILHBIC KOJIEOAHUS 1O 3aKOHY aC0S yt
7. Cucrema, n300pakeHHasi Ha pucC. 9; TOUKa M, IBMXKETCS IO BEPTUKAIBLHON

OCH, a BCS CHUCTEMa BPAILAETCS C IOCTOSIHHOW YIJIOBOW CKOPOCTBIO ) BOKPYT 3TOM

OCH.




Yxkazanus no opopmiIeHHIO OTYETA
Otuer o 1abopaTopHON paboTe JOHKEH COAEPIKATh:
Kpatkue TeopeTnueckne CBeICHUS.
Kparkas popMynrpoBka ocTaHOBKH 33Jauu.
BreiBoa dynkimu Jlarpanxka.
BriBog muddepeHimanbHbIX ypaBHEHUH TBUKESHUS
JIucTuHr IporpaMMBbl YUCIEHHOTO peleHus auddepeHInalbHOrO YpaBHEHUSI.

TpaeKTOpI/II/I ABYUKCHUS IIPH PA3JIMIHbIX HAYAJIbHBIX YCIIOBHAX.

N o g bk~ w D PE

YeTko chopMyIupOBaHHBIE BBHIBOJIBI.

KoHnTpoabHbIe BONPOCHI

1 Urto Takoe 0000IIEHHBIE KOOPAUHATHI U JJISl Y4ETO OHU UCTIONIb3YIOTCS?

2 ChopmynupyiiTe NPUHIIUIT HAUMEHBIIIETO TCUCTBUSL.

3. Kak onpenensercst ¢pynkius Jlarpanka MexaHU4eCKON CUCTEMBI?

4 OT yero 3aBUCHUT MOPSAOK JAUPPEPEHIIUATBHOTO YPaBHEHHUS, OMUCHIBAIOIIETO

MCXaHUYCCKYIO CUCTEMY.

buoauorpadguyeckuii ciucoxk
1. Jlanmay JI.JI. Teopetnueckas ¢usuka: Yuebd. moco0.:/lns By3oB. /Jlanmay JII.,
JIuiun E.M. B 10T. Tom 1. Mexanuka. M..@U3MATIJINUT, 2001,.-224c¢. (10 »k3.)
2. Tpodumona, T.1. CoopHuUK 33724 110 Kypcy (PU3UKH C penieHusMu : yueb.mocodue
st By3oB / T.W.TpodumoBa .— 8-e¢ uza.,mepepad. — M. : Beicurimk., 2007 .—
591c. (12 7x3.)
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Jlaboparopnas pabota Ne2.

NCCIIEAOBAHUE JIBMXXEHMA B HEMHEPLHHUAJIBHBIX
CUCTEMAX OTCYETA

ean padoTsl
HccnenoBanne 0coOCHHOCTEH OMMCAaHUSI JBMXKEHUS MEXAHWYECKHX CHUCTEM B
HEUMHEPIMATLHBIX ~ CHCTEMax  OTcueTa.  3aKpeIUICHUE  HABBIKOB  PEIICHUS
i depeHITMaTGHBIX ~ YPAaBHEHWA €  HMCIIOJB30BAaHUEM  COBPEMEHHBIX  CHCTEM

AQHAJIMTUYCCKHUX BBIYMCIICHUM.

Teoperuyeckue cBeIeHUSA
Oyukuusa JlarpaHka 4acTUIbl B IPOU3BOJILHOW HEHMHEPIMAIBHON CHCTEME

oTCUYCTa NMCCT BHU .

m2

L:Tv+mv[Qr]+g[Qr]2—mWr—U, 1)

rne W - yCKopeHHE TOCTYMHareiabHOIO JIBWKEHHUSI CUCTEMBbI OTcYeTa, () - yIioBas
CKOPOCTH BpAITICHHSI CHCTEMbI KOOPJIMHAT, I' —paJlyc- BEKTOP YacTHIIBI, V- CKOPOCTH
YaCTHIIBI.

[ToacraBuB 3TO BBIp@XKEHHWE B ypaBHeHHE Jlarpamka TMOIyddM YypaBHEHHE

JABIDKCHIS.

m®_ Y w m[rQ]+ 2mvQ] + mQ[rQ] (2)
dt or

BuaHo, 4TO «CUJIBI MHEPIMU», 00YCIOBICHHbIE BpPAIlIEHUEM CHUCTEMBI OTCYETA,
ciararotcst u3 Tpex dacredt. Cuna m[rQQ] cBsizaHa ¢ HEPaBHOMEPHOCTHIO BPAICHHS,
a JIBE Jpyrue MNPHUCYTCTBYIOT W TIpU paBHOMepHOM BpameHun. Cuma 2m[vQl]

Ha3biBaeTcs cunot Kopuonuca, B OTIWYKME OT BCEX paHEE paccMaTpUBAaBIIUXCS (HE

JUCCUIIATUBHBIX) CHJI OHa 3aBUCUT OT ckopoctd wyactuilel. Cuma m[QrQ]]

Ha3bIBaeTCs yeHmpooedcrnot. OHa HANIpaBJIeHa B IJIOCKOCTH, MPOXOsIiei uepes3 I

n ) nmepneHAuKyJISIpPHO K OCH BpallleHus (T.e. HanpaBieHuto (1), B CTOPOHY OT OCH;

11



IO BCJIMYHHC H€HTpO6C}KHa}I CUjla paBHaA meZ, rac p— pacCToOAHUC YaCTHULIbI OT

OCH BpaIlCHUS.
PaccmoTpum 0c0o60 citydail paBHOMEPHO BpallatOLIEHCs] CUCTEMbBI KOOPIMHAT, HE
UMEIOIICH mocTynarenbHoro yckopenus. Ilonoxus B (1) u (2) Q=const, W =0,

nosyuyuM pynkuuto Jlarpanxka

2

L mTV +mv[Qr]+ %[Qr]z Yy 3)
N YPAaBHCHUC JIBUKCHUA
mﬂ = _Y +2m[vQ2]+ m[Q[r]] 4)
dt or

3ajanune HA UCCJIeIOBAHME
1. HaiiTu oTkJIOHeHHE CBOOOJHO MaJAlOIIEro Tejlla OT BEpPTUKaAIU, O00YCIOB-
JeHHoe BpameHueM 3emid. (YTJIOBYIO CKOPOCTh BpalleHUS CUYUTaTh MAaJIOW.
[IpeneOpeysr BeMMUMHAME C TIOPSIKOM MaJIOCTH BBIIIE TIEPBOTO).
2. OnpenenuTh OTKIOHEHUE OT IUIOCKOCTH JUISl Teja, OpOIIEHHOTO C IMOBEpX-

HOCTH 3eMJIU C HavyaJIbHOM CKOpPOCTBIO V0 .

IMopsok BbINOJTHEHUS] PA0OTHI
Jlnia perieHust OCTaBIECHHBIX 3a/1a4 HEOOXOAMMO.
1. BbeiOpath 060011€HHBIE KOOPAUHATHI.
2. CocrtaButh QyHKIIMIO Jlarpanka paccMaTpUBaeMOM CHCTEMBL.
3. Monyuuts nuddepeHnranbaple ypaBHEHUS IBIKCHHUS B HEWHEPITUATIHLHOM
CUCTEME OTCUEeTa.
4. Pemmth monydeHHble auddepeHIuanbHble YPaBHEHUS ¢ UCTIOJIb30BAaHUEM

CUCTEMBI aHaJIMTHYeCcKuX BhiunciacHui (Mathcad wim Matlab).

12



Yxkazanus no opopmiIeHHIO 0TYETA
OT4et no TabopaTOpHOH paboTe NOJDKEH COACPKATh:
8. Kpartkue TeopeTudeckre cBeICHUS
9. Kparkas hopMyarpoBKa MOCTAHOBKH 331a4un
10.BeiBoa auddepeHITMAIBHBIX YpaBHEHUH.
11.Onwucanue mporerypbl YUCICHHOTO PEIICHHSI.

12.YeTko cpopMynupOBaHHBIE BHIBO/IBL.

KoHTpoJibHBIE BOIPOCHI
1. UeM oTiM4aeTcs ONMMCAHUE ABWIKCHHUS B MHEPIUAIBHON M HEWMHEPUHAIbHON

CUCTEME OTCUETA.
2. Kakne nomosHWTENBHBIE YIEHBI MOSBILIIOTCA B ypaBHEHMsX Jlarpan:xka npu

pa60Te B HGHHepI_[I/IaJII)HOﬁ CHCTCMC OTCUCTA.

bubanorpadguyeckuii cnucox

1. Jlannmay JI.JI. Teopetnueckas ¢usuka: Yued. moco0.:./lns By3oB. /Jlannay
JLA., JTuemm E.M. B 101. Tom 1. Mexanuka. M.:®U3MATJIUT, 2001,.-224c¢. (10
9K3.)

2. Boposuu, N.W. Jleknuu nmo nuHamuke Hprorona.CoBpeMEHHBIN B3TJISA Ha
Mexannky HprotoHa u ee passutrue / W.M.BoponoBuu .— M.;MxeBck : UH-T
KomIbtoT.uccien., 2004 .— 680c. (2 3k3.)

3. Tpodbumona, T.M. Kypc usuku : yueb.mocobme [iasi BY30B /
T.A. TpopumoBa .— 11-e uzn.,crep. — M. : Akagemus, 2006 .— 560c. (3 7k3.)



JlabopaTopHas padota Ne3.

HEKOTOPBIE 3AJIAUU [TPUKJIA THOU
TUIPOT A30JIMHAMUKU

eab padoTsl
[TprnoOpeTeHre HaBBIKOB PEIICHHMSI TPOCTEHIINX 331a4 THAPOTa30qMHAMUKH.
Teoperuueckue cBegeHUs

['maporazoguHamMrika — HayKa, M3y4darollas 3aKOHbI JBUKCHUSA JKUIKOCTEH

IIPU UX B3aUMOJCHCTBUM C TBEPABIMHU TEJIAMH M MEXIY CAMHUMH KUIKOCTIMU TIPU
CKOpPOCTSIX CYIIECTBEHHO MEHBIIUX CKOPOCTH CBETAa, T. €. KOIJa CIPaBEIJIUBBI
3aKOHBI KJIACCUYECKOM MeXaHUKM HpOTOHa W OTCYTCTBYIOT PEISTUBUCTCKUE
3¢ (DeKTHI.
JKuoxocmsamu Ha3bIBAIOTCS CyOCTaHIIMH, OOJIANIAIOIINE J1€2KONOOBUNCHOCTIBIO WIH
meKyyecmoio, T.€. HENPEPHIBHO M CKOJb YTOJHO CHUJIBHO JACPOPMHUPYIOIIHECS IO
JIeHCTBUEM CKOJIb YTOIHO Majoro CPE3BIBAIOIIECTO HAIPSHKCHUSL.
JIerkonoIBM>KHOCTHIO B PaBHOM CTENEHH 00J1aJar0T KarelbHbBIE KUIKOCTH U Ta3bl.
[ToaTOMY ¥ T€ U APYTHE HA3BIBAKOTCS OJUHAKOBO — HCUOKOCHID.

[IpuknagHass TrUapOra3oMHAMHKA, B  KOTOPOW NPUHHUMACTCS  PsiA
VIPOIICHHBIX MOJECIICH JKUIAKOCTEW W WX JABWKCHHUM, IMO3BOJISIONIMX IOJYUYUTh
PE3YIBbTAThI, YAOBJIECTBOPSIOIAE MO TOYHOCTH MPAKTUKY, SIBJIETCS JIMIIL BETBBIO
MEXaHMKH KHUJIKOCTH.

[IpukmagHas THAPOra30JUMHAMHUKA COCTOMT M3 2UOPOCMAMuKU, B KOTOPOUH
M3YYaeTCsl PABHOBECUE KUIAKOCTEH W TEI B HUX IMOTPYKEHHBIX, KUHEMAMUKu, TNIE
HCCIIEAYETCSl JIBUXKEHUE JKUAKOCTEW BHE CBA3M C ONPEACISIOIIMMU JIBUKECHHE
B3aUMOJICHCTBUSIMUA, W OUHAMUKU, W3YYAlOIIeH JBIDKEHUE KHUJAKOCTEH TIpU UX
B3aUMOJICICTBUU C TBEPJIBIMU TEJIAMU U C KUJIKOCTSIMH.

JlnHaMyKa UMeEeT ABa pazjena:



1. 'mapoaMHaMHUKa — H3y4aeT 3aKOHbl [BWKEHHUS HEC)KUMAEMOM
x)uakoctd. [Ipu ABWKEHWH HEC)KUMACMOW JKUIKOCTH paccMaTpUBaeMbI 00beM
MOKET Ae(POPMUPOBATHCS, HO HE MOYKET U3MEHUTH BEJIMUMHBI.

2. a3oBass UHaAMHKa — H3y4yaeT JIBIKEHHE Ta30B MPH CYIIECTBEHHOM
U3MEHEHHUHU UX TUIOTHOCTH. OCHOBHAs OCOOEHHOCTh ra30JMHAMUYECKOT0 Mpolecca
— HEpa3pbIBHAs CBSA3b OJHOBPEMEHHO MPOTEKAIOIMIMX MEXAHUYECKOrO Mpolecca
JBW)KCHUS ra3a U TEPMOJMHAMUYECKOTO IPOLIECCA €r0 PACIIUPEHUS WM CKATHS.
[losToMy i1 aHaNW3a W pacdyeTa ra30qMHAMHUYECKUX IPOLIECCOB HMCIIOIb3YIOTCS

3aKOHbI MCXaHWKH U TCPMOJUHAMUWKH.

O6was nocmaHo8kad 3aday 8 nNpuk/1adHoU 2udpo2a300UHAMUKE.

Jano:

1. OGnacTh TeUEHHUS )KUJKOCTU U €€ CBOMCTBA.

2. Teepaple Tena, o0TeKaeMble KUIKOCThIO, WIIM KaHal, 10 KOTOPOMY OHA TEUET,
Y DHEPTreTUYECKOE BO3JCHCTBUE HA KUIKOCTD.

3. 3HaueHue MapaMeTpPoB KUJIKOCTH Ha TpaHUIE 00JaCcTU B HAYAJIbHBI MOMEHT
BPEMEHH.

Onpenenute MPOCTPAaHCTBEHHO-BPEMEHHBIE TOJISI BCEX MapaMETPOB TEKYIIEH

KUAKOCTH, T.C. CKOPOCTH, INIOTHOCTHU, NABJICHHUA U TCMIICPATYPLIL:

u=u(xy,zt); v=v(x,y,zt);
w=w(X,Y,z,t);

p=p(xy,z2,t); p=p(XxVy,z1t);
T=T(x,y,z,t),

i€ U,V,W — TPOEKIUHU BEKTOpa CKOPOCTH >XUAKOCTU W Ha OCH X,Y,Z
IIPOM3BOJIBPHO BBHIOPAHHOM CHCTEMbI KOOPJMHAT; po,P,T — INIOTHOCTh, JABIICHUC H
TEMITEPATYPA )KUIKOCTH.

Pazmuuaror crenyromme TUnbl 3amad.  Buympennue 3ajaud — TIOCBSIIECHBI
WCCJICAOBAHUIO TEYEHWUW >KUJIKOCTH B Pa3MUHbIX KaHAlaX. Buewnue 3amaud —
paccCMaTpUBAalOT BHEIIHEE OOTEKAHHWE TBEPJBIX TEJ, HaIpUMEp, JIETaTeIbHOIO
ammapara B IOJIET€ WM €r0 MOJIEIN B a3poJMHAMUYECKoi Tpyoe. Cmipyiinble 3a1aun

— MOCBALIECHBI U3YYEHUIO TEUYEHUsI CTPYH JKUIAKOCTEHN, BBITEKAIOIIUX U3 OTBEPCTUU B
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IPOCTPAHCTBO, HE OIPAHUYEHHOE TBEPJBIMU CTEHKAMHU W 3aIIOJHEHHOE >KHUJIKOCTBIO
TOrO K€ arperaTHoro coctosiHus. Hampumep, B3anMoAeHCTBHE CTPYH BBIXJIOIHBIX
ra30B PEAKTUBHOIO JBUTATEIS C BO3IYXOM.

[IpuknasHas rUApPOra3oMHAMHMKA HMEET MPOCTYH0 JIOTMYECKH CTPOMHYIO
CTPYKTYpPY. AHaJIU3 BCEX TEUCHUI U pEIIeHHE BCeX 3ajiad: 0a3upyeTcsi BCEro JIMIIb
Ha CJEQYIOIMX YEThIpEX OCHOBHBIX 3aKOHAX (U3MKKM M TIECTHU OCHOBHBIX

YpPaBHCHUAX, BBIPAKAIOIINX B MaTeMaTUYECKOM CI)OpMC BCC TC 7K€ YCTBIPC OCHOBHBLIX

3aKOHa.
OcHOBHOM (pU3NUECKUI1 3aKOH OcHoBHOE ypaBHEHUE IIPUKJIATHON
T'HJIPOTa30JMHAMUKH
1. 3aKOH coxpaHEHHs MACCHI 1. YpaBHEeHHE HEPA3PBIBHOCTH TEUECHUS

(Bropoii 3akon HeloTOHA O IBMYKEHUN) |IIPOCKITUSAX HA OCH KOOPJIUHAT X, Y, Z

3. 3akoH  COXpaHEHHI U 5.VpaBHEHKE SHEPIUM

IIPCBPAICHUSA SOHCPIA

2. 3aKOH COXpaHEHHUS HMITYJIbCA 2, 3, 4. YpaBHEHUE KOJIMYECTBA JBUKECHUS B

B o0miem cimyyae 3TH MIeCTh YpaBHEHUMN SIBISIFOTCS HE3aBUCUMBIMU. B 4acTHBIX
Cllydasix BCE€ OHHM OCTAlOTCSl CIPaBEIJIUBBIMH, HO HEKOTOPhIE MOTYT OBITh

3aBUCUMBIMH. Hampumep, Mpu TEYCHHH HECKUMAEMOM JKUAKOCTH ( p =const)

HEU3BECTHBIX OCTAETCS MATh W YPAaBHEHHUS KOJMYECTBA JABUKEHUS WU SHEPIUU
CTAHOBSATCS 3aBUCHUMBIMHU.

B nononmHeHwe k TepedyHCICHHBIM (PYHIAMEHTAIBHBIM TMPUHIIMIIAM B aHAIIM3E
MCIIOJIL3YIOTCSl BCTIOMOTATEJIbHBIE 3aKOHBI M YPABHEHMUSI, OMTUCHIBAIOIINE KOHKPETHBIC
CBOMCTBA M3YyYaeMbIX JKUJIKOCTEW: YpaBHEHUE COCTOSIHUS COBEPIIECHHOIO Tasa,
3aKOHBI HBIOTOHA O TpeHHH B KHUIKOCTAX, Pypbe — O TEIUIOMPOBOIHOCTH, Prka —
o mupPy3uu u T. 1.

3aaHue Ha UCCJIeJ0BaAHNE

1. Onpenenuth MIOTHOCTh BO3/yXa B Balllell KOMHATE, 3a/IaBIIMCh HEOOXOIUMBIMU
napaMmerpamu. CpaBHUTE €€ C IJIOTHOCTHIO BOAOpPOAA MPHU TEX KE MapaMeTpax.

(Monekynsipaas Macca Bo3ayxa 28.97 «kr/monb; Bomopoaa 2  Kr/MoJib;
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yHHUBepcalibHasi ra3oBas moctosiHHas MR =8320 J[x/(monp K). VYpaBuenue

mR
COCTOSIHUS MJICAJIbHOTO Ta3a p=— pl .)
m

2. Ucnonw3yst naHHbIE MEXKIYHAPOAHOW CTaHAApTHOM aTMochepbl (IpUIIOKEHHE
1) onpenenuTh s JETATEIBLHOIO ammapaTra ¢ XapakTepHbIM pasmepom L =1 m
U3MeHeHue oOjacTel Te4YeHus, C TMOJAbEMOM Ha BBICOTY, BIUIOTH [0

CBO6OI[HOMOJ'ICKYJ'I$IpHOFO TCUCHMUS.

3. OnpenenuTpe NPOEKIUN HANPSHKEHUSI MACCOBOM CHJIBI HA OCH KOOPAMHAT B ITOJIE

CUI TAKCCTH Ha YPOBHC MOP:, CCJIIN OChb Z HallpaBJICHA BAOJIb paanycCa 3CMIJIH.

4. B COOTBETCTBMM C PUCYHKOM H300pa3uTe CXeMy CHJI JAeWcTBUS 4YacTh | Ha

wiomanky AS yactu 2.

5. KakoB (puzndecknii CMBICIT AUHAMUYECKOTO KOI(PPHUIHEHTa BASKOCTH L ?
6. [ToueMy p raza He 3aBUCHUT OT JABJICHUS?

7. Honyuuts Gopmyiny (15), ucrnons3yst ypaBHEHHUE COCTOSHHS MJI€aJbHOTO Trasa,

(14), (11). (cm. nexuun)

8. KakoB ¢u3nueckuii CcMbICI MOJyJis YNPYrOCTH WU Y€MYy OH paBeH s

aOCOJIFOTHO TBEPAOTO Tea.

9. JlokaskuTe, 4To Npu u3MeHeHun napienus Ha 107 Tla (mpumepro Ha 100 aT™.)

MJIOTHOCTH (00BEM) BoibI M3MeHsieTcs Becero Ha 0.5 %.

10. Bo ckonbko pa3 mpu aTMOC(PEpHOM JABJICHUH U HU30TEPMHUECKOM IPOIIeCcCe

C)KMMAaeMOCTh T'a3a OOJIbIIIE CKUMAEMOCTH BOI[BI?
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11. Kakoit ra3 wumeeT OOJBIIYIO COKMMAEMOCTh MPU H303HTPOIHOM IPOIIECCE:
BOZIOpOM, BO3ayX, renwii mnu (peon.(Ilokazarens w303HTpONBI BOomopona 1.4;

Bo3ayxa 1.4; remus 1.67; ppeona 1.14)

12. ITogcunutath CKOPOCTH 3ByKa B BOJOPOJIE, Bo3myxe u ¢peone nmpu T =288 u

900 K. CpaBHUTB 3TH BEJIMYUHBI CO CKOPOCTHIO 3BYKa B BOJIE.

13. Jlokaszatb, uto npu H =0.5 km, ckopoctu momera W =108m/c u npu
H=11...25 kM u W =93 wm/C, BO3IyX MOXXHO CYHTATh HEC)KUMACMBIM C

norpentHocTeio Ap/ p <6%.

Yka3zanus 1o 0popMJIEHHIO 0TYETA
Ortuer o 1abopaTopHON paboTe JOKEH CONEPKATh:
1. Kpatkas popmMynupoBKa MOCTAHOBKHY 33714
2. XoJ ¥ pe3yibTaThl UCCICTIOBAHNUS

3. Uertko chopMyIupOBaHHBIE BHIBOIBI.

KoHTpoJibHBIE BONIPOCHI
Yro n3yyaeT ruiporazoJuHaMuKa?
Kakune nomymieHust NpUHATH B MPUKIAIHON THAPOTa30AUNHAMHUKE?
Kakwue cumbl 7eMCTBYIOT Ha KUIKUNA 00BEM?

Yo Takoe CKOpOCTh 3BYKa, uncio Maxa?

o~ WD E

Chopmynupyiite 3akoH Hpl0TOHA O TPEHUM B KUAKOCTAX ?
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