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METOANYECKHUE YKA3AHUSA
M0 NPOBEJCHUI0 NPAKTHYECKUX 3aHATHI
10 IMCHUILIHHE (MOAYJII0)
«OCHOBBI IPUKJIATHON TEIIOMEXAHUKI)

1 Meroanuyeckue peKOMEHIANNH K NPAKTHYECKIM U CAMOCTOSITeIbHbBIM
3aHATHAM

JUis  OCBOEHMsSI UCUUIUIMH, OOBEKTOM M3yY€HHUS KOTOPBIX SBISIOTCA
yCTPOMCTBA CUJIOBOM Ta30BOM aBTOMATUKM, LenecooOpazHO U 3(P(EKTUBHO
UCIOJIb30BaHUE OCOOBIX 3aJaHU.

[lonOop 3amaHuii HampaBIeH Ha IOJIYYEHUE HABBIKOB IOCTPOCHUS MaTe-
MaTUYECKUX MOJENe W aHanu3a pabodyux MpPOLECCOB CHCTEM, COJEp)KAIlUX Tra-
3000pa3Hoe pabouee Ten0 (TEPMOAMHAMUYECKHE TOJCUCTEMBI, Kak MPaBUIIO,
MIEPEMEHHON MacCchl) U MEXaHHYECKOE 3BEHO (MEXaHUYECKHE IOJICUCTEMBI), 00-
MEHUBAIOILUXCS SHEPTUel B npouecce (PyHKIUOHUPOBAHMUSL.

3amaHusl UMEIOT PA3IMYHYIO CIIOXKHOCTh (3aTpaThl BPEMEHU CTYACHTOB Ha
BBITIOJTHEHUE 3aJaHUil) 1 NOTOMY BO3MOKEH MOAOOp BapUaHTOB JUIsl ayJUTOPHOU
paboThI, KOHTPOJIBHOUN PadOTHI (PyOEKHBIA KOHTPOJIb, TPOMEKYTOUHAS aTTECTAIHS),
y4eOHO-UCCIIEI0BATENbCKOM  pabdOThl  CTY/AEHTOB, CaMOCTOSATEIBHOM  pPabOThI
CTYJIEHTOB, BKJIIOUasi UH/IUBUIYaTbHYIO.

Pa3Hblii xapakTep 3aa4 MO3BOJISIET MPOAHATU3UPOBATh KAKUE ATAlbl aHAIM3a
Y MOJIEJIMPOBAHHUS BBI3bIBAIOT HAaMOOJIbILNE 3aTPYAHEHUS Y TPYIIIbI UM OTIEIBHOTO
CTyJIEHTa M aKLEHTUPOBAaTh BHMUMAaHME HAa 3THUX JTamax (HampuMmep, MOCTPOCHUE
MaTEeMaTHYeCKONM MOJENH, TOHMMaHHE OCOOCHHOCTEM (PYHKUMOHUPOBAHUS —
nepexo oT (PyHKIMOHAIBHON WJIM KOHCTPYKTUBHOM CXEMbI K PaCUETHOM).

[Ipu pabGoTe CTYIEHTOB HaJ 3aJaHUAMM pE3yJbTaT W XOJ BBINOJIHEHHUS
BOCIIPUHUMAETCS KAaK WTEPALMOHHBIA MPOLECC A0 TNOJYyYEHHs, MOHUMAaHUS U
000CHOBaHUS CUCTEMBI JIOMYIIEHUN U BCETO PEIICHUS.

[Ipu HEoOX0MUMOCTH OaHK 3adaHUN MOXKET OBITH JOMOJIHEH IpeIoaBaTeieMm,
UCXOAs W3 COOCTBEHHOTO ONbITAa U HEOOXOAMMOCTH AKICHTUPOBAHHS BHHUMAaHUS
CTYJIEHTOB Ha OTJIEJBHBIX pa3ieiax.

B 3aBUCMMOCTH OT ONBITA U MHTEPECOB CTYAECHTA, CIELUAIU3ALMHU TPYIIIbI
(moarpynmel), HAay4YHBIX HHTEPECOB IIPErojlaBaTesii MOXKHO PEKOMEHIOBaTh B
KAauecTBE HAyYHO-UCCIIEI0BATENbLCKOW PAOOThl CTYJEHTA 3aJlaHus MO IMOCTPOEHUIO
cxembl ((PYyHKIMOHAIBHOW, KOHCTPYKTHBHOM, pacu€THON) MO MNpeIIoKEHHOMY
oOpa3lly TEeIUIOMEXaHWYECKOM cucTeMbl (Ta30Bas CHJIOBash CHCTEMa YIPaBJICHMUS,
pYyJEBOM  TIPUBOJ, TAa30BBbIM  PEryJsITOP, IHEBMOKJAIAH, IPOMBILIJICHHBIN
ITHEBMOIIPUBOJ, U IPYTUE MEXaTPOHHBIE MOYJIN ABUKEHUSA).
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2 O01ue moJIoKeHus

HpI/IBC,Z[eM, JIIA y,Z[O6CTBa, OCHOBHBIC 3aBHUCUMOCTH TCPMOIAWHAMHUKH TCJIa
nepeMeHHoﬁ MAaCCbl - 3dKOHBI COXPAaHCHUSA MACCbl WM OHCPIruM OJHOPOJHOTO
PaBHOBCCHOT'O ra3006pa3H0ro TCJIa — OCHOBBI HHXCHCPHBIX MCTOIHWK pacdcTa
TCIIJIOMCXaHHNYCCKUX CUCTCM.

OO0oOuIeHHas pacyeTHas cXxema TEIJIOMEXaHMYECKOW CHUCTEMBbI MPEACTaBICHA

Ha puc. 1.
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Puc. 1. O6001enHas pacyeTHasi cxema
1 - paboyast MOJIOCTH - 1} 2 - conpsKEHHAS MOJIOCTh — (;
3 - MexaHWYeCcKoe 3BeHO (TIOPILEHB) - I} 4 - CONpsHKEHHAs TIOJI0CTh — |.
B oOmem cioydae | - mojocts coobmaetcs ¢ (Q+j) pabounMu TOJOCTSIMH,

IIPHYEM - U3 TOJOCTH | IPOUCXOANT MEePETeKaHUuEe paboyero Teja B | MOJOCTH, a U3 (
MOJIOCTEH - MpHuXoa padboyero Tema B monocTh i. Kpome toro, i-oe pabouee Teimo
TPAHUYHT C I -TIOPITHEH, OOMEHHBASICh ¢ MEXAaHUYECKUMH MOJICHCTEMaMU dHEPIHUCH.
Yepes MOBEPXHOCTH I-0r0 paboyero Tejia MPOUCXOIUT TEIIO0OMEH ra3a co CTEHKaMH
paboueil moJoCcTH.

CocTosiHHEe TEPMOJAMHAMUYECKOTO Telia B I-oM o0beme - Wi B TeKyIIHii MOMEHT
BpeMeHUu - 1 XapakTepusyercs JBYMsS HE3aBUCUMBIMH TNepeMeHHbIMU. [s
OMpe/IeJICHHs] 3HAYEHUN 3TUX MEPEMEHHBIX MCIOJIB3YIOTCS JBA 3aKOHA COXPAHEHUS:
3aKOH COXPAHEHHUS MacChl U 3aKOH COXPaHEHUS IHEPTHUU.

M3MeHeHre Macchl i-ro pabodero Tejga 0OyCIIOBICHO MPUXOJOM BEIIECTBA M3
MOJIOCTEH — (| M paCXOZOM BEIIECTBA B ITOJIOCTH - |.

VYpaBHeHUE, OTpaXkaroIiee COXpaHEHUE MacChl paboyero Tejia UMeeT BU/I:

dml- = z qudt - Z Gl]dt
q J



M3menenne sHepruu I-ro TepMoauHamuueckoro tena — U; oOycioBieHo
IIEPEHOCOM €€ C MPUXOAOM (pacXxoJOoM) MacChl, MEXaHUYECKUM B3aUMOJEUCTBUEM C
ITOPIIHAMH, TEIJIOBBIM B3aUMOJECUCTBUEM CO CPEAOM.

YPaBHeHI/Ie, OTpaKaromee COXpaHCHUC SHCPIUn pa6oqero TCJIa, UMCCT BU:

dUi = 2 Hinqidt - 2 HUGUdt - Z dLir - dQl
q j T

371eCh

m; ,U;- Macca, BHyTpeHH:IsI SHEpTHs I-ro pabodero Tena;

Gqi ML - CeKyHIOHBIH MacCOBBIM IPUXOJ, YAEIBHBIA IPHUXOJ DHEPIUU M3
MIOJIOCTH (| B TIOJIOCTH I; OTMETUM - HHACKC (azpec) i1 B 3TOM cXxeMe He UCTIOIb3yeTCs;

Gij , IIij - cexyHAHBII MacCOBBIM pPacXof, YAENbHBIA Pacxol JHEPrUM M3
MIOJIOCTH | B IIOJIOCTb |;

dQj- TemooTaaya yepe3 CTEHKH, OKpYXkKaromue i-oe padouee Telo;

dL;,- pabora pacumpenus (cxxaTus) I-ro padodero Tesna, 00ycIoBICHHAS
nepeMeleHrneM paboyeil MoBepXHOCTH MOPLIHS I

z dL; =p; Z Spr dX, = p; z dw;

SprX;- mIomanab, KOOpAWHATA MOPIITHS T
Wi= Wit ) SpX,
r

Wi, — HaudanbHbI 00bEM pabouero Tena.
PaznenuB o6e vactu ypaBHeHui (a) u (0) Ha dt, MOIyYUM UCXOMHYIO CUCTEMY
YpaBHEHUH, OTPAKAIOIINX 3aKOHBI COXPAHEHHUS MACChl U DHEPTHH.

Cucrema ypaBHeHHUii, OTpakalmiasi 3aKOHbI COXPAHEHHS MAaCChl H
JHEPIUH 1JIA 00001IEHHOI pacYeTHOM CXeMBbl.

( dm;
q J

)

dU; dL;. dQ;
dt Z MgiGqi — z WGy~ 0 ~ar ~ ar
\ q j r

CTpyKTypa CUCTEeMBI CIIpaBEJINBA ISl JIIOOOTO YpaBHEHHUS COCTOSIHHUSL.



Bun ypaBHenus cocrosiHusi onpenenut 3aBucumoct I, G or mapamerpoB
pabouero Tena.

OOpaTuM BHUMaHUE, YTO B BHIPAKEHUU I 3aKOHA COXPAHEHUS SHEPTUU 3HAK
MUHYC MIPH CIAaraéMoM, MPeACTABISIIOIUM padOTy, MUIIETCS BCErAa, PU ONMHCAHUU
W paclipeHusi U cxkatug padoyero tena. OOBSCHUTH 3TO MOXKHO CJHEAYIOLIUM
obpaszom: nipu pacmupenur padodero tena dW>0 u ¢ yueToM 3HaKa MHHYC Mepen
cllaraeMbIM BHYTPEHHSII DHEprusi paboyero Teia B pacyueTax yMEHbIIAETCs, MpU
cokatun padouero tenma dW<O u ¢ ydeToM 3HaKa MUHYC BHYTPEHHSS SHEPIHs
pabouero Tena B pacyeTax yBEIMYHBACTCS.

[TpuBeneM QyHKIMOHATBHBIE YPABHEHHUSI, OTPaXKAIOIIHEe U3MEHEHHE COCTOSHUS
I-TO TEPMOJAMHAMUYECKOTO TeJa U pa3pelieHHbIE OTHOCHTEIBHO MPon3BOAHBIX dp/dt
u dT/dt.

B ciydae, korna ypaBHeHHEM COCTOSIHUSA siBisieTcs ypaBHeHHe Knaneiipona

piWi:RTi , 1IN piWi = m;RT;
BBIpKEHUS 17151 TOJHOM 3Hepruu - U; u maccsl pabouero Tena - M; , UMEIOT BU]L
Ui = miﬂ, m; = in
k-1 RT;

Huddepenuupys mo BpeMeHu BelpakeHus st U; u m; , mpupaBHUBAs MIPaBbIe
YacTH TOJIYYCHHBIX BBIPOKEHHM W TpaBble YacTH 3aKOHOB COXPaHEHUs, MOCIe
peoOpa3oBaHUil OJTYYUM BbIPaXXKEHHS 3aKOHOB COXPAHEHUsI MacChl M SHEPTUHU Yepes

BBIOpAaHHbBIC TIEPEMEHHBIC Pi U T .

Cucrema ypaBHeHHUii, OTpakalmiasi 3aKOHbI COXPAHEHHS MAaCChl H

IHEPrUH H pa3pelieHHasi OTHOCHTEIbHO mpou3BoaHbIX dp/dt u dT/dt.

dt W, aitqi = 2 VTG T T Pl T gy
q ]

G T —q) U —1)"U TP T T
q

J

Bxopsiee B cucteMy BBIpaKEHHE JIJIsi CEKYHIHOTO pacxoja (mpuxoja) rasa,

4yepe3 BhIOpaHHBIC IEpEMEHHEBIE P, T UMeeT BUJT

p.
Gij = WijSijko—==Yy;

JRT;

rne



Sij- II0Imaas OTBEPCTHUS, COOOIIAIOIIETO MOJIOCTH | 1 |,
Wij- ko3 HULKEHT pacxosa rasa yepes ceueHue Sjj,,
Ko— KoahpummeHT

(1 npu( < Bj < Bk
bi
2 k+1
_ )1 2k Pi\k (Pj\x pj
Vji=31— |— (—]> —(—]) npuf, <2< 1

ko \Jk—1\p; i “ T

bj

0 npul < —

\ 14

k

( 2 )E
Bre = k+1
BI)Ipa)KCHI/IC JJIs1 YIICJII)HOFO pacxoL[a (HpI/IXOI[a) BHGPFI/II/I HUMECT BU.

kRT,
==

IlpuBeaem, TakiKe, CHpPaBOYHO, (YHKUMOHAJbHbIE  YypPaBHEHMS,
OTpaKawiHe W3MEHEHHe COCTOSIHMSL |-T0 TEPMOJAMHAMHYECKOr0 Tejda H
pa3pelnieHHbIe OTHOCUTEIbHO mMpon3BoaHbIx dp/dt m d p/dt.

OO0o0uIeHHas pacyeTHasl cXxema TEIIOMEXaHMYEeCKOM CUCTEMBbl (BapUaHT 2)
npencTaBieHa Ha puc. B. 2.
B mpaBoii yacTh BBIpaXEHUN NOSBHIIOCH HOBOE CIIAraéMoe, BBOJSIIEE B

paccMOTpeHue BenuuuHbl G, W [I; - CEKyHJHBIA MacCOBBIM TNPHUXOJ Tasa M

VACNbHBIA TPHUXOJA DSHEPrHUM OT CropaHusi ( - TBEpAOW KOMIIOHEHTHI (3apsna),

Haxojsmencs B paboueit monoctu. [Ipoune o0o03HAYEHUS! TOSICHSIUCH pPaHBIIIE.
OTMeTnM, 4TO cllaraeMoe, YYUTBHIBAIOIIEE MPUXOJl SHEPTUM U MacChl OT CrOpaHUus

Hopoxa, MOXHO 6LIJIO 6BI y‘-ICCTB U 110J 3HAKOM CYMMI)IZ 5 HpI/ICBOI/IB B 3TOM
q
Niiu

CJIy4ae UHJIEKCHI (IpuxoJ BHYTPH MOJIOCTH).
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Puc. 2. O6o0mieHHas pacyeTHas cxeMa TeIIOMEXaHUIECKOW CUCTEMBI (BapUaHT
2): 1 - 3aps TBEpJIOTo TOIUIMBA; 2 - CONPsDKEHHAs ( - MOJIOCTh;, 3 - padodas

IIOJIOCTD, 4 -IIOPUICHb, 5 -COIIPsAKCHHAA j - ITIOJIOCTh,.

YpaBHEHUS 3aKOHOB COXPAaHEHHSI MAcChl U SHEPTUH, OTPAXKAIOIINE U3MCHECHHUE
COCTOSIHHSL I-TO  TEPMOAMHAMUYECKOIO Tejla M pa3pelIeHHbIe OTHOCHTEIHHO
npou3BoaHbIx dp/dt u d p/dt umeroT cnenyromuii BUI.

dp, 1 P
E—W{Z(k 1)Hq,Gq,+Z[(k 1)1, 5}? ~X(k=111,G; -

K9 58,,V, ~(k-1) dd?}

dp, _ 1 P
W_W {qu|+Z( JG ZG pzsnrvr}

r7ie BbIpaXEHUE Uil YACJIBHOrO IMpuxona (pacxoja) SHEPruud U3
CONPSIKEHHBIX MTOJOCTEN UMEET BU/I:



BripaxkeHue Ui CEKyHIHOTO TpUxoja (pacxoia) Macchl U3 MOJIOCTH — |
B TOJIOCTh — | UMEET BH/I;

Gij :<ILIS )ij koxf piIOiYij

r7e
1
2 k+1 npu OS_JSﬁk
y o)L [2k [Py (P} 0
’ ko k-1 P P hpu ﬂkﬁ%ﬁl
0 I
p.
npu 1<
P

[TosicHUM TIPUHATYIO CUCTEMY MHJICKCAIUU:

1. Benmuuunst p, T, p(w), U, U, m - npuHaiexaT TePMOJUHAMUICCKOMY TEITY
1 0003HAYAIOTCSI OJUHAKOBBIM C HUM MHICKCOM.

2. Bemmuuner I1, G, p, S, F, Y - wumeror naBa aapeca, OMKMCHIBAIOIIHC
HalpaBJICHUE TEepeTeKaHus paboyero Teja B COMPSKEHHBIX moJjiocTsax ("oTkyna -
Kyza'").

3. Ilpu oTCyTCTBUM MOTEPH B TA30TOIBOIAIIEM KaHAJIe

acx — npuxoo
G i jp = Gi j

acx __ npuxoo
IIi{* = II;;

T.€. CeKYH/HBIIl MaccoBBIil pacxof ra3a u3 nonoctu "i" B momocts "j" (Gj™“)
Opyd OTCYTCTBHM IHOTEPL B T'a30HOABOSIIEM KaHaj€ PaBeH CEKYHIHOMY IPUXOY

rasa u3 monoctr "i" B monocts "' (Gi”*’). AHanoOrMYHO, TIPH TAKOM JOMyIICHHN
nan 1

yAENbHBIH pacxon 3Hepruu u3 mnosoctu "i' B momocts "j" (/i) Oyner pasen
man a
yAEIBHOMY NPUXOJY Hepruu B nosocts "'J" (I7;°).
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3 Ilpumepsnl 3axaHuii

IIpumep 1. 3apganue. [ns cucremsl, IpeICTaBICHHON pAacuE€THOW CXEMOM Ha
puc. 3, 3anucaTh ypaBHEHUs MaTEMaTUYECKON MOJeiH (B BUIE 3aKOHOB COXPAHECHHUS
MacChl W DHEPruM, ypaBHCHWH nBWKeHUsA). [lOSCHUTH BO3MOXKHBIE CIOCOOBI
MPOrPaMMHOTO YITPABJICHUS apaMETPAMMU.

1

Puc. 3. [TneBMaTndeckuii ABUraTeNb.
1 - uctounuk pabouero Tena; 2 - paboyas MOJIOCTb.

B MoMeHT BpemeHH - t,; OTKpbIBaeTCsl OTBEPCTHUE - Spp , HAUUHAKOTCA paboune
npoueccel. [lox Bo3geicTBHEM IUKIMYECKON Harpysku - R, mopiueHb coBepluaer
BO3BPATHO-TIOCTYIIATEIbHBIE IBUKEHHUSI, BO3MOKEH PEXUM P2>P1.

JInst npeacTaBIeHHOM pacyeTHOM cXeMbl HE3aBUCUMBIE TIEPEMEHHBIE: IHEPTUs
1 Macca pabouero Teja B nepBoi noiaoctu - Uy, My (Wi, COOTBETCTBEHHO, 1aBJICHUE
U TeMmIeparypa padodero Tena B IMEPBOM MOJOCTH — p;, 11), DHEPrUs U Macca
pabouero Tena BO BTOpou mojoctu — U, , M, (WM, COOTBETCTBEHHO, JaBJICHUE U
TeMmIepaTypa pabodero Tejaa Bo BTOPOH MOJIOCTH — Pa, To).

[TpencraBieHHas pacyeTHas cxeMa BKJItodaeT pabouee Teso - 1 (mepeMeHHoi
MaccChl, TOCTOSTHHOTO 00beMa), pabouee Temo - 2 (MepeMeHHON MacChl, TEPEMEHHOTO
o0beMa), MEXaHMYECKOE 3BEHO - MOPIIEeHb. TakuM 00pa3oM (PYHKIMOHUPOBAHUE
CXEMbl XapaKTEepU3yeTCsl MIECThI0 HE3aBUCUMBIMU KoopAuHaTamu (pi1, T1, p2, To, V,
X). s onpenenenus 3HAYEHUM 3TUX IEPEMEHHBIX HUCIIOJIb3YyEeM 3aKOHbI COXPAaHEHUS
MaccChl M 3HEpPruM ajsi padbouero tena - 1, 3aKOHBI COXpPaHEHUS MAcChl U SHEPIUU
pabouero Tena - 2, ypaBHEHHS [BIDKCHUS TOPIIHSA. MoJenb J0JDKHA OTpakaTh
0COOEHHOCTH pabOThl CHCTEMBI - M3MEHEHHE HampaBlieHUS MepeTeKaHus padodero
Tena.

Mopens QYHKIIMOHUPOBAHUS TIPEACTABIICHA CUCTEMOM IIECTH HETWHEWHBIX
muddepeHranbHbIX ypaBHEHUN IEPBOTO MOPSIKA.
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dm
d_tl =-G, +G,

du

d_tl = _H12G12 + H21G21

dm

d_t2 =G, -Gy,

du,
dt

av_1
dt M

ax _y
dt

Ha‘laJIBHBIC yCJIOBPl}IZ

t=ty ,P1=P1x > P2= P2 s T16= Lo » X=Xy, V=0; P15>Pan ; Pc - AABJIECHUE CPEBIL.

o,
dt

[ pzsn - pzs;Y - RH]

=11,,Gy, — I1,,Gy, — p,

KommenTapuu:

- B IIPaBOM 4YacTU YpPaBHEHHUM 3aKOHOB COXPaHEHUs €CTh CllaracMele,
YYUTBIBAIOIIME IPUXO U PACXOJ MACCHI, IPUXOJ U PACXOJ IHEPTHUH B ITOJIOCTH | 1 2.
B 3aBUcHMOCTH OT HanpaBlieHUs NepeTeKanus OyAeT padoTaTh OJJHO U3 ABYX, JOTHUKA
nepexioYeHus peanusyercss pyHkuuet Yo, u Yy, , IPpUHUMAIOIIECH TPU 3HAUYCHUS, B
3aBUCHUMOCTH OT OTHOIIEHUS JABJICHUM B ITOJIOCTSIX;

- TEII000MEH padoyero Tena B MOJIOCTSIX HE YUUTHIBACTCSI.

- BEJIMYMHOM yTEUEK U3 MOJOCTU 2 B OKPYXKAIOLIYIO Cpey MpeHeOperaem.

Ipumep 2. 3apnanme: [[ns NMHEBMATHYECKOIO JBUTATEISI JABYXCTOPOHHETO
NEUCTBUSA, NMPEACTABICHHOIO PAaCUETHOW CXEMOW Ha puc. 4, 3ammcarb ypaBHEHHUS
MaTeMaTU4ecKod MojJenu (B BHAE 3aKOHOB COXPAaHEHUS MacChl U DHEPIuH,
YpaBHEHUH ABUKEHUS) JIs1 BCEX MOJIOKEHUM pacipeneuTes.

Puc. 4. [IlHeBMaTHueCcKuii JBUraTelb IBYCTOPOHHETO JEHCTBUS.
1 - yeThIpEeXTMHENHBINA TPEXTTO3UIIMOHHBIN pACTIPEETUTEb;
2 - mHeBMOJIMHUY; 3,4 - paboune MoJOCTH
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QOYHKIMOHUPOBAHUE CHUCTEMBI XapaKTEPU3YETCs LIECThIO IEPEMEHHBIMHU - P3,
Tz , psa, Ty, V, X. Jlis omlpenesieHus 3HAYEHUN ITUX IEPEMEHHBIX HCIIOJIb3yEM
3aKOHBI COXPAHECHUS MACChl U SHEPTHH JJIs1 pabouux Tein 3 u 4, ypaBHEHUS JBHIKECHUS
ITOPILHS C YYETOM IOJOKEHUS PACIIPEACIIUTEIIS.

Marematuueckass Mojaenb (YHKIIMOHMPOBAHMS JJS TIEPBOTO  PEXHUMA
(mepBOro TOJIOKEHUS paclpeleiuTeNss - CM. pHUC.) IpelcTaBlieHa CHCTEMOU
audepeHnnaIbHbIX YPaBHEHUH MIECTOTO OPSIKA.

dm,
E
du,
dt
dm,

dw
=11,,3G 3 — ps d_t3

= _G4a
du, dw,

-I1.G. —
at 4aY4a = Py at

dv. 1 ,
E=M[pssn - p4sn _RH]

dX

dt

I'ne:

Gyus , I3 - CeKyHIHBIM MAacCOBBIM TNMPUXOJ raza W3 MCTOYHHMKA B PabOUyIo
MOJIOCTh 3, YACIBHBIN MPUXO] IHEPTUH U3 UCTOYHUKA B pabOUyIO MOJIOCTh 3;

Gya , Iy, - CEKYHIHBIN MACCOBBIM pacxXoj] ra3a, yACIbHBIA pacxXoa dSHEPTUH U3
nojoctu 4 B atrmocdepy;

M- npuBenieHHas Macca; Ry- nmpuBeneHHas Harpys3Ka.

MaremMarndyeckue MOACIM  JJISI  BTOPOTO M TPETHEro  IMOJOXKEHUS
pacrpenenuTens (BTOpod U TPETUN PEKUM):



amg _ dm, _

dt . dt

du, dw, du
.G —p Vs 3__

dt 3aY3a ~ P3 dt dt

dm, dm

— =G 4 =0

a " dt

du, dw du
-7 _p W s __

dt wa9us ~ P dt dt

dv 1 av 1

—=—1p.S,-p,S.-R —=

M [p3 7~ Pgdp H] at M

o _, o _,

dt dt

[lenecooOpa3Ho TpH MOJETH CBECTH

pacrpeneamTens

du,
dt
dm,
dt
du,
dt
av. 1

dt M
ax _y
dt

= aHI/I3GH3 - bH3aG3a -
= _aG4a

=-all, .G, +bil,,G,,— p,
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aw,
ot

dw,

Dm7ﬂ—

_[ pssn - p451’7 - RH]

B OJIHY, YYUTBIBasi JIOTMKY pPaOOTHI

aw,
Ps dt

+bG,,,
dw,

dt

_[ pssn - p4S;7 - RH]

3HaueHust TOrnYecKux KodPUIMeHToB a u b npeacTaBiieHbl B TA0IUIE.

3Ha4yeHune
Pexxnm q b
Pexxum «1» 1 0
Pexxnm «2» 0 1
Pexxum «3» 0 0
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IMpumep 3.

3ananue:

- [osicauts mpuHIMI pabOThl CHUCTEMBI - TEHEPATOp IMOPOXOBOTO rasza ¢
MIPEIOXPAHUTEIBHBIM YCTPOMCTBOM (pHC. 5).

- amucaTh ypaBHEHHUSI MaTEMaTHYECKOU MOIeNU (B BHI€ 3aKOHOB COXpaHEHUS
MaccChl ¥ SHEPTUH, YPAaBHEHUH IBUKEHUS).

- [JosicHUTH BO3MOYKHBIE CITOCOOBI IPOIPAMMHOIO YIIPAaBJICHUS TapaMETPaMH.

“J

N

Puc. 5. 'eneparop rasa ¢ npe1oXpaHUTENbHBIM YCTPONCTBOM:
1,2,3 - pabouue mosiocTy; 4 - Mpy>KMHA KJIallaHa; S- KJanaH;
6 - mopoxoBoi#i 3apsif; 7 - TeHepaTop rasa

[IponykThl cropanus 3apsaa M3 MOJOCTU - | MOJarTCsd Ha MOTPEOUTENh U
3aMOJIHSIOT TOJIOCTh - 2. B paboueM (pacueTHOM) pexXuMe cuiia JaBJICHUS Ta30B - P
Y YCHUJIME TIPYXKUHBI - 4 yAEpKUBAIOT KJamnaH - 5 OKOJO IMOJIOKEHUS - X, , B Cllydae
MOBBIIICHNS [1aBJICHUS BBIIIE PACUETHOTO KJIANAH MEpPEMEIIAETCS] Ha KOOPAUHATY
X>Xy , OTKphIBasi cOpOC MOPOXOBOTO Taza M3 MOJOCTH - 2 B aTMmochepy uepes
OTBEPCTHE - Sg,.

OYyHKIMOHUPOBAHUE CUCTEMBI XapaKTEPU3YETCS BOCEMBIO IEPEMEHHBIMU D1,
T1, p2, To, p3, T3, V, X. Jlna onpeneneHuss 3HAYEHUN MEPEMEHHBIX HCIIOJIb3YEM
3aKOHBI COXPAaHEHUsI MacChl M SHEPTUM A pabouux Ten 1,2,3, ypaBHEHUS IBUXKEHUS
KJIallaHa, C YYETOM IOJIOKEHHUS KianaHa X<Xp u X>X.
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dm,

F = G11 - GlZ - Gln
du do
d_tl = H11G11 - H12G12 - HlnGln - d_tl
dm
dt2 =Gy, -aG,,
du dw, dQ
dt2 =11,,Gy, —all,,G,, — p, d_tz - dt2
M _ G
dt 3a
du, dW, dQ
=-bll. G, —p,———2
dt 3a3a p3 dt dt
dv 1
—_— = - S —nX
dt M [( p2 p3) K7 77 ]
ax _y
dt

B Monenu npuHATE 0003HaYEHUS:

G, [y - CeKyHIHBIN MPUXO/ Ta3a, YACIbHBIN MPUXO SHEPTUU OT CTOPAHUS
1I0poxa;

dQq, dQ,, dQs - TemonoTepu pabouero Teia;

S - TUIOMIA/Ib KJTAIaHa,

1 - )KECTKOCTb MPYKUHBI KJIAIlaHa.

[Ipu nocTpoeHU MOJENH MPUHATO, YTO OTBEPCTUE S, OTKPHIBAETCS
ITOJTHOCTBIO U MTHOBEHHO NpH X=X.

3HadyeHue Kod(PGUIMEHTOB a U b B 3aBUCUMOCTU OT KOOPAMHATHI KJlanaHa
Ipe/ICTaBIeHbI B TaOIHIIE.

KoopauHara a b
X <X, 0 1
X=X, 1 0

Kommenrtapuu. Jlpyrue BapuaHTbl MOJIETU MOTY OBITh TOCTPOEHBI C Y4ETOM
pa3MepoB KJlaraHa u cOpOCOBOr0 OTBEPCTHS; IPU HEYyUYETe JMHAMUKHU KIIalaHa.

IIpumep 4. 3agaHue: BOCCTAHOBUTH PACUETHYIO CXEMy MO BHUIY
MPEJCTaBIICHHOM MaTeMaTUYECKON MOJIEIIH.
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dm,_
dt

v, _dQ,_d,
dt d dt
dm, _

dt

au, __dL,

dt dt

dv 1

2 e~ (p-p.)S
ot M(Dl P.)
X _y

dt

[Topsinok U CTpyKTypa MOAEINN ITOKa3bIBAOT, YTO PACUETHAsI CXEMa BKIKOYAECT
paboudee Teno 1 (MOCTOSHHOM Macchl € MOABOJOM TEIIa U KOHTAKTOM C IOPILHEM),
pabouee Teno 2 (IOCTOSHHOM MaccChl, ¢ KOHTAKTOM C MOPIIHEM) U OJIMH MOPIIECHb,
KOHTaKTHPYIOLUH ¢ pabounmu tenamu 1 u 2.

['padpruecku pacyeTHyIO CXeMy MOKHO MPEACTABUTH B CIEAYIOIIUM BHUJIE, CM.

puc. 6.

|
‘A/'_}

Puc.6. BoccTtanoBieHHas pacueTHasi cxema.
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