MWHOBPHAYKH POCCHUH

DesiepansHOe rocyAapeTBeHHOE BIOIKETHOR
0DpasoBaTeIbHOE YUpeK/IeHHE BhICIIEro obpazoBanus
«Tynsckuit rocy aapersenssrii YHHBEPCHTET»

MHCTHTYT BBICOKOTOUHBIX cHeTeM HM, B.IT. I'pazesa

Kadeapa cucrem asromatueckoro ynpasnenns

Y1Bepaaeno ua 3acenanun kadeapsr
«CHCTeMbI ABTOMATHYECKOTO YTIPABISHUS)
«22» sauBaps 2020 r., nporokon Ne 6

Jaseaytonmiixddenpoii
/- 3 O.B.I'opsiues

/

”

o

METO/IMMECKHE YKA3ZAHUS
10 NPOBEAEHHIO NPAKTHYECKHX (CCMHHAPCKHAX) 3aHATHI
MO JHCHHIIHEE (MOY110)

«OcHOBBI NPHKAAANOI TemIOMEXanuKH»

OCHOBHOH npodeccHonaabHoIl 06pazoBaTensHoil nporpaMmbi
Bhicuiero 00pasoBanus — NPOrPAMMBbI ClELHAINTETA

MO CHeHaTbHOCTH
24.05.06 Cucrems! ynpasienus JeTare s bIMH annaparaMmu

CO crienHanu3aHel
CHCTemMBI yIIpaBiICHHS ABHKEHHEM JIeTaTe/ ILHBIX annaparTos
®opma obyyenns: ounas

MaenTtudukanuonnsiil Homep oBpasosarensHoii nporpammst: 240506-01-20

Tyna 2020 roa



PaspaGorank(n) meroanuecknx ykasanmii

((PHO, AOmKHOCTY, YHOHAN CTONEHN, YHEHOE I8RHIE) Unoamien)




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

1 MeToau4yeckue peKOMEHIAUMHU K MPAKTHYECKHM U CAMOCTOAITEIbHBIM
3aHATHAM

JUis OocBOEHUS JUCHMIUIMH, OOBEKTOM H3YYEHHsSI KOTOPBIX SIBISIOTCA
yCTPOMCTBA CHUJIOBOW Tra30BOMl aBTOMATUKH, L€JIeCO00pa3HO U 3(P(HEKTUBHO
UCIOJIb30BaHUE OCOOBIX 3aJaHU.

[TonOop 3amanuii HanpaBlIeH HAa MOJIy4YeHUE HABBIKOB IIOCTPOEHUS MaTe-
MaTUYECKUX MOJENIed U aHajm3a padodyuX IMPOILECCOB CUCTEM, COJEpKAIIUX
razoo0Opa3Hoe padboyee Tesno (TEpMOJIMHAMUYECKHE MOJICUCTEMBI, KaK MPAaBUIIO,
MIEPEMEHHOM MacChl) U MEXaHMYECKOE 3BEHO (MEXaHMYECKUE MOJCUCTEMBI),
0OMEHUBAIOLUXCSI SHEPrUueH B Ipolecce (PyHKINOHUPOBAHUSI.

3aaHusl UMEIOT Pa3IMuHYyI0 CIOKHOCTH (3aTpaTbl BPEMEHHU CTYAECHTOB
Ha BBIIIOJIHEHUE 3aJlaHuil) W TOTOMY BO3MOXEH I0J00p BAapUAHTOB JIs
ayIUTOPHOW  pabOThl, KOHTPOJBHOM pabOThl  (pyOEKHBI  KOHTPOIb,
MIPOMEKYTOUHAs aTTeCTalusA), y4eOHO-HCCIE0BATENbCKOM pabOThI CTYIE€HTOB,
CaMOCTOSITENIbHOM pabOThI CTY/IEHTOB, BKIIOYAst UHIUBUAYATBHYIO.

Pa3npiii xapaktep 3a7ad MO3BOJSIET MPOAHATU3WPOBATH KAaKWE ATarlbl
aHaJIi3a U MOJIEIMPOBAHUS BBI3BIBAIOT HAWOOJBIIME 3aTPYIHEHUS Y TPYMIIbl
WIM OTHEJIBHOTO CTYJEHTa W aKIEHTHPOBAaTh BHUMAaHHE Ha JTHUX JTamnax
(Hampumep, MOCTPOCHHE MaTEMaTUYECKON MOJIeIH, TOHUMaHue 0COOEHHOCTEN
(GYHKITMOHUPOBAHUS — TEpPexod OT (PYHKIMOHAIBHON WM KOHCTPYKTHBHOMN
CXEMBbI K pacUETHOM).

[Tpu paboTe CTyAEHTOB Hal 3aJaHUSIMH PE3YJIbTAT M XOJ BBITOIHEHUS
BOCIPUHUMAETCSl KaK MUTEPAIMOHHBIN MPOIIeCcC A0 TOIY4YeHHs, TOHUMAaHUS U
00OCHOBaHUSI CUCTEMBI JOIMYILEHUH U BCETO PEIICHHUS.

[Ipu HeoOXxomumocTh OaHK 3aJaHU  MOXET OBITh  JOTOJHEH
npernojaBaTesieM, HUCXOAs U3 COOCTBEHHOTO OMNbITa U HEO0OXOJUMOCTH
aKLEHTUPOBAHUSI BHUMAHUS CTYACHTOB Ha OTAEJbHBIX pa3jesax.

B 3aBucuMOCTH OT OmMbBITA W WHTEPECOB CTYJEHTA, CICIHaTU3alluu
rpynmnsl  (MOATPYNIBI), HAyYHBIX HMHTEPECOB  TMPEMOAaBaTelsi  MOXKHO
PEKOMEHJIOBaTh B KAayeCTBE HAyYHO-UCCIEN0BATENHLCKOW pabOThl CTYyAEHTa
3aJlaHUsl 10 TMOCTPOCHHIO CXeMbl ((PYHKIMOHAIBbHOM, KOHCTPYKTHUBHOM,
pacu€THOM) MO MpPenIOKEHHOMY O00pa3lly TeMmIOMEXaHUYECKON CHUCTEMbI
(razoBasi CHJIOBasl cUCTEMA YIIpaBJICHUsI, PYJIEBOM MPUBOJI, Ta30BbIN PETYIATOP,
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ITHEBMOKJIAIIaH, MPOMBIIIJICHHBIA MTHEBMOIIPUBOA U JPYTrU€ MEXaTPOHHBIC MOJYJIH
JIBIDKCHHUS ).
2 O01IMe moJIoKeHust

HpI/IBeI[eM, pInIb: | YI[O6CTBa, OCHOBHBIC 3aBUCHUMOCTH TCPMOAWMHAMUKH TCJIa
nepeMeHHoﬁ MAaCCbl - 3dKOHBI COXPAaHCHUSA MACCbl WM OHCPIruu OJHOPOJHOTO
PaBHOBCCHOT'O ra3006pa3H0ro TCJIa — OCHOBBI HHXXCHCPHBIX MCTOIHUK pacdcTa
TCIINIOMCXaHHYCCKUX CUCTCM.

OO0o0uIeHHas pacyeTHas cXxema TEIJIOMEXaHMYECKOW CHUCTEMBI MpEACTaBICHA

Ha puc. 1.
1 2 3
/'I AL /// /'/
/o~ :
/ \i‘_’)// /
';/ [ J —y
® —| %X,
Pir T;
T | —
O™,
Puc. 1. O6001menHas pacyeTHasi cxema
1 - pabouasi MoNOCTH - I; 2 - CONMpsHKEHHAs MOJIOCT — (;
3 - MexaHWYeCcKoe 3BeHO (TIOPILEHB) - I} 4 - CONpsHKEHHAs TIOJI0CTh — |.
B oOmem cioydae | - mojocts coobmaetcs ¢ (Q+j) pabounMu TOJOCTSIMH,

IIPHYEM - U3 TOJOCTH | IPOUCXOANT MEePETEKaHUuEe paboyero Teaa 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 1-0r0 paboyero Teina MPOUCXOUT TEINIOOOMEH ra3a co CTCHKaMH
paboueil moJIoCTH.

CocTosiHHEe TEPMOJAMHAMUYECKOTO Teia 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 — (] ¥ pacX00M BEIIeCTBA B ITOJIOCTH - |.

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



dmi = z qudt - Z G”dt
q J

V3MeHeHre 3Heprud i-ro TepMoauHamMudeckoro Tena — Uj o0yciioBieHo
NMEPEeHOCOM €€ € MNpuxoaoM  (pacxooM) MAacChl, MEXaHHMYECKUM
B3aMMOJICHCTBUEM C MTOPIIHAMH, TEILUIOBBIM B3aNUMOJIEUCTBUEM CO CPEIOM.

VYpaBHEeHHE, OTpa)karollee COXpPaHEHUE DYHEPTUU pabodero Tena, UMeeT
BT

dUi == Z Hinqidt - Z Hl]Gl]dt - 2 dLir - dQl
q j T

371€Ch

m; ,U ;- Macca, BHYTPEHHSIS SHEPTHs I1-T0 paboyero Tena;

Ggqi /1 - ceKkyHIHBII MacCOBBIM NPUXOJ, YACIbHBIM NPUXO0J SHEPTUH H3
IIOJIOCTH (] B IIOJIOCTH |; OTMETHM - UHAEKC (agpec) il B 3TOH cXeMe He HCIOJIb-
3yeTcs;

Gij , 1lij - cexyHIHBII MacCCOBBIM PacXol, YACIbHbII PacX0 SHEPIUU U3
MOJIOCTH | B TIOJIOCTH |;

dQj- TermooTaaua Yepe3 CTEHKH, OKpYy’KaroIue i-oe padodee Telo;

dL;;- pabota pacrmmpenus (cxxatusi) i-ro padodero teja, 00yCIOBICHHAS
nepeMeIieHreM pabouei MoBEpXHOCTH MOPIIHS I.

z dLy =p; Z Snr dXr = p; z aw;
r r r
SprX;- IIomanak, KOOpaAWHATA MOPIITHS T;
Wi = WiH + anrxr
r
Wi, — HavanbHbIi 00BEeM pabouero Tena.

Pasnenus 00e yactu ypaBHeHuit (a) u (0) Ha dt, mOTyYHM HCXOIHYIO CH-
CTEMY YpaBHEHUM, OTPaKAIOIIUX 3aKOHBI COXPAHEHUS MACChl U DHEPTUH.

Cucrema ypaBHeHMi, OTPa:Kawasi 3aKOHbI COXPAHEHUSI MACCHI U
JHEPrum JJis 00001IeHHOI pacyeTHOM CXeMbl.
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CTpyKTypa CUCTEMBI CIIPABEAINBA JIs1 JTIFOOOTO YpPaBHEHUS] COCTOSIHUSL.

Bun ypaBHenusi coctosiusi omnpenenut 3aBucumoctd I, G ot mapamerpos
pabouero Tena.

OOpaTtuM BHUMaHUE, YTO B BBIPAXKEHUH U1 3aKOHA COXPAHEHMS SHEPTUU 3HAK
MUHYC IIpPH CJIaraéMom, MpeacTaBisIoNMM padoTy, MUIIETCs] BCErAa, IPU OMHCAHUU
U pacuMpeHuss M cxartus padodero Ttena. OOBACHUTH 3TO MOXKHO CIEIYIOIIUM
oOpasom: mpu pacumperuu padodero teaa dW>0 u ¢ yueToMm 3HaKa MHHYC TEpe
cllaraéMbIM BHYTPEHHSSI SHEpPrus paboyero Tejla B pacyeTax yMEHbIIAeTCs, Mpu
ckatun padouero tena dW<O um c ydeToM 3HaKa MUHYC BHYTPEHHSSI SHEPIHs
pabouero Tena B pacyeTax yBEIMUHBAECTCS.

[IpuBenem (pyHKIMOHATBHBIE YPaBHEHUS, OTPAKAIOIINE U3MEHEHUE COCTOSIHUS
I-TO TEPMOJAMHAMUYECKOTO TeJa U pa3pelieHHbIE OTHOCHTEIBHO MPon3BOAHBIX dp/dt
u dT/dt.

B cnyuae, korga ypaBHEHUEM COCTOSIHUS SIBJISIETCS ypaBHeHUe KitanerpoHna

piWi:RTi , 1IN piWi = m;RT;
BBIPAXKEHUS 17151 TOJIHOM 3Hepruu - U; u maccel paboyero tena - M; , UMEIOT BU

RT; P;
Ui = m; _L, m; = —lWi
k-1 RT;

Huddepenuupys mo BpeMenu BoipakeHus ais U; u m; , mpupaBHUBas NpaBbie
YacTH TIOJIYYCHHBIX BBIPAKECHHM W TIpaBble YacTH 3aKOHOB COXPaHEHHS, MOCIe
npeoOpa3oBaHUi TOTYYUM BBIPAKEHHS 3aKOHOB COXPAHEHHS MacChl M SHEPTUU Yepes
BBIOpAHHbBIE IEPEMEHHBIE PiU T .

Cucrema ypaBHeHHUii, OTpa:Kalmiasi 3aKOHbI COXPAHEHHS MAaCChl H

IHEPrUH M pa3pelieHHasi 0THOCHTEIbHO mpou3BoaHbIX dp/dt m dT/dt.
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Bxopsiiee B cucteMy BbIpaK€HUE NIl CEKYHIHOTO pacxoja (mpuxonaa)

rasa, 4cpcs BBI6paHHI>I€ IIEPEMCHHBIC P, T umeert BUJ

p.
Gij = wijSijko—=Yy

JRT;
rac

Sij- IIOLIaab OTBEPCTHS, COOOIIAIONIETo OJIOCTH | H j,
Wij- K03 GHUIMEHT pacxoia raza yepes ceyeHue Sjj,,
Ko— K03 durmeHT

(1 npu0 < Bj < Bk
i
1 2k p % p ==
Vj=31— |— (—j>k—<—])knpuﬁ <—=<1
kO k—1 pi pi “ i
0 npul < i
\ i

( 2 )E
Bre = k+1
BripaxkeHue s yAeIbHOTO pacxoja (Ipuxo/ia) SHEPTUU UMEET BHUI:

kRT,
==

IIpuBeneM, TakiKe, CHPAaBOYHO, (PYHKUMOHAJIbHbIEC YpaBHEHMS,
oTpa’kalolue W3MeHEeHHe COCTOSIHHS I-T0 TePMOAMHAMHYECKOT0 Tesia W
pa3pelnieHHbIe OTHOCUTEIbHO mMpou3BoaHbIx dp/dt m d p/dt.

OO06oOmeHHass pacyeTHas CXeMma TeIJIOMEXaHUYECKOU CHCTEMBI
(BapuaHT 2) mpencrasiieHa Ha puc. B. 2.
B mpaBoi yacTu BBIpAKEHUN IMOSBUJIOCH HOBOE CIIAraéMOE, BBOJSIIEE B



paccMOTpeHWe BenuuuHbl G, W [I; - CEKYHIHBIM MAacCOBBIM MNPUXOJ ra3a u

YACIbHBIA TPUXOJA SHEPrMH OT CropaHuss ( - TBEpPAOW KOMIIOHEHTHI (3apsna),

Haxojsmencs B pabdodeir monoctu. [Ipoume o0o03HAYCHUS TOSCHSIUCH DPaHBIIIE.
OTMeTHM, 4TO cllaraeMoe, YYUTBHIBAIOIIEE MPUXOJl SHEPTUU U MACChl OT CrOpaHUs

Imopoxa, MOKHO 6I>IJIO 6I)I YUCCTh W IIOJ 3HAKOM CYMMBIZ , IPUCBOUB B 3TOM
q
Hiiu

ciydae uHaeKchl” 11" (Mpuxo1 BHYTPH MOJIOCTH).

5
N
.y
-

N

il

O
) N

/0N

N

Puc. 2. O6001enHas pacueTHasi cxeMa TeIUIOMEXaHUYEeCKOM CHCTeMbI (BapHuaHT
2): 1 - 3apsa TBEpAOrO TOIUIMBA, 2 - CONPsDKCHHAs ( - MOJOCTh; 3 - pabouas

MIOJIOCTh; 4 -TIOPIIIeHB; 5 -COMpsHKEHHAs | - TIOJIOCTH;.

VYpaBHEHHUS 3aKOHOB COXPaHEHHS] MACChl M SHEPTUH, OTPAKAIOIINE H3MEHEHHUE
COCTOSIHHSL I-TO  TEPMOAMHAMUYECKOIO Tejla M pa3pelleHHbIe OTHOCHTEIHHO
npousBoaubIx dp/dt u d p/dt umerot cnenyrommii BuI.

dpi _ 1 Py
E R O o ] e O L




P38,V —(k—l)%}

dp_ 1 _&j e
oW {%qu+§gj(1 5 Ggi ;Gij p;smvr}

r7Ie BbIpaXEHUE ISl YACJIBHOTO TMpuxojaa (pacxoja) DSHEPrud U3
COIPSKEHHBIX MOJIOCTEN UMEET BU:

__kp
17” - k_lpi

BripaskeHue Juisi CEKyHJIHOTO MPHX0/a (pacxoja) Macchl U3 MOJOCTH — |
B ITOJIOCTh — | IMEET BHI:

Gij :(lLlS )ij kox/ pipiYij

rac

[losscHum IIPHUHATYIO CUCTEMY MHACKCALIUHN:
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1. Benmuunst p, T, p(w), U, U, m - npuHaiexar TepMOJUHAMUYECKOMY TEITY
1 0003HAYAIOTCS OIMHAKOBBIM C HUM HHJIEKCOM.

2. Bemmuuner II, G, p, S, F, Y - wumeror nBa aapeca, OMKCHIBAIOIIHE
HAIpaBIICHUE TEpeTeKaHusl pabdoyero Teila B COMPSDKEHHBIX mosocTsax ("oTkyna -
Kyna").

3. Ilpu oTcyTCcTBUM NOTEPH B Ta30M0ABOAIIEM KaHaJe
Gipacx — Gijnpuxod

]

acx __ npuxoo
I5{7 = I ,
T.€. CeKYHJHBII MaccoBBIil pacxof rasa u3 nonocty "i" B momocts "j" (Gi“)
P OTCYTCTBHH IOTEPH B Ta30MOABOJSAIIEM KaHaj€ PaBeH CEKYHIHOMY IPUXOJY

nan 1

raza u3 nonoctu "i" B momocts " (Gi*°’). AHAJIOTMYHO, IPH TAKOM JIOMYIIEHUH
ij 5
yAENbHBIH pacxon 3Hepruu u3 monoctu "i" B momocts "j" (I;7*”) Oyner paseH
man 0
YACIBHOMY NIPUXOAY dHEepruu B monocts "j" (I1;"").

3 lIpuMmepsbI 3a1aHui

Ipumep 1. 3apnanue. /s cucremsl, IpEeICTaBIEHHON pPAacUYETHOM CXEMOM Ha
puc. 3, 3anucaTh ypaBHEHUsI MaTEMATUYECKON MOJENH (B BUAE 3aKOHOB COXPaHEHHUS
MacCchl W DHEpPruM, ypaBHEHUN JBWkKeHUsA). [loACHUTH BO3MOXHBIE CHOCOOBI
IIPOTPAMMHOT0 yIIPABJICHUS ITAPAMETPAMM.

1

Puc. 3. [lneBMaTU4eCKUM IBUTATEND.
1 - uctounuk pabouero Tena; 2 - paboyasi MoJOCTh.

B MomeHT BpeMeHU - 1, OTKpBIBACTCSI OTBEPCTHE - Sp, , HAUMHAIOTCS paboune
npouecchl. [lon Bo3aelcTBUEM IUKIMYECKON HArpy3ku - R, mopiieHb coBepiiaer
BO3BPATHO-TIOCTYTMATEIbHBIC IBUKEHHUS, BO3MOKEH PEXKUM P2>P1.

Jlnst mpeACTaBICHHOM pacueTHOM CXEeMbl He3aBUCUMBIC TIEPEMEHHBIE: SHEPTHUs
1 Macca pabouero Teja B mepBoi nosjaoct - Uy, My (W1, COOTBETCTBEHHO, 1aBICHUE
U TemmepaTypa pabouero Tejga B IMEPBOM MOJIOCTH — P, 1), DHEPrUs U Mmacca
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pabouero Ttena Bo BTOpod mnonoctd — U, , M, (WK, COOTBETCTBEHHO,
JaBJICHUE U TeMIIepaTypa pabovero Tejia BO BTOPOM MOJOCTH — Py, T).
[IpencraBneHHass pacdyeTHass cxeMa BKIO4YaeT pabodee Teno - 1
(mepeMeHHON Macchl, TOCTOSIHHOTO 00beMa), pabouee Teo - 2 (IepeMeHHON
Macchl, MEPEeMEHHOro 00beMa), MEXaHWYECKOE 3BEHO - MOPIICHb. TakuMm
oOpazoM  (YHKIIMOHUPOBAHUE  CXEMbl  XapaKTEPU3yeTCs  IIECThIO
HE3aBUCUMBIMH KoopauHaTaMu (pi1, T1, p2, Tz, V, X). i ompeneneHus
3HAUYEHUN STUX TMEPEMEHHBIX MCIOJIb3YEM 3aKOHBI COXPAHEHUS MAacChl U
SHEpruu sl padodero Tena - 1, 3aKOHBI COXpaHEHUSI MAacChl U DHEPTUU
pabouero Tema - 2, ypaBHEHHWS JBIKCHHsI TMOpPIIHA. Momens TOJDKHA
OTpa)xkaTb OCOOEHHOCTH pPAaOOThl CHCTEMBbI - HM3MEHEHHE HaIlpaBJICHUS
nepeTeRdioe prOOYSIMKTRIGHUPOBAHUS  MPEJCTAaBICHAa CUCTEMOM  IIECTH
HEJTMHENHBIX AuddepeHInaIbHbIX YPAaBHEHUHN MEPBOro MOPSIKa.
dm,

W - _G12 + G21

du

d_tl = _H12G12 + H21G21
dm,
dt
du dw.

d_t2 =11,,Gy, - 11,G,, — p, d_t2

dv. 1 ,
E:M[pzsn - pzsn _RH]

= G12 - G21

HauansHblie ycnosus:
t:tH ;pl:plﬂ ) p2: p2H y TlH:TZH s X:XH y V:O’ p1H>p2H 5 pc - HaBJICHUC
Cpelbl.

KomMmenTapuu:

- B IIPaBOM YAaCTH YPAaBHEHUN 3aKOHOB COXPAHEHHUsI €CTh Cllaracmele,
YUYUTBHIBAIOIIME MTPUXO U PACXOJ MACCHI, IPUXOJ U PACXOJ IHEPTUU B MIOJIOCTH
1 1 2. B 3aBUCUMOCTH OT HampaBieHUs NepeTekaHus: OyaeT paboTaTth OJHO U3
NBYX, JIOTMKa TMepekitoueHust peanusyercs ¢yHkmued Y, U Yo
MPUHUMAIOLIEH TPpU 3HAYEHUS, B 3aBUCUMOCTH OT OTHOIIEHUWS JABJICHUN B
MOJIOCTSX;

- TeTI000MeH paboyvero Tea B MOJIOCTAX HE YUUTHIBACTCSI.

- BEJIIMYMHOW YTEUEK M3 TOJOCTU 2 B OKPYXKAIOUIYyI0 Cpeay
npeHeOperaem.

IIpumep 2. 3apanume: J[11  NHEBMAaTUYECKOIO  JIBUTATENS
JIBYXCTOPOHHETO JIEHCTBHUSI, MPEICTABICHHOTO PACUETHOM CXEMOW Ha puc. 4,
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3anucaTh ypaBHEHUS MAaTeMaTUYeCKOW MoJeNu (B BUIE 3aKOHOB COXPaHEHUS! MACChI
Y DHEPrUU, YpaBHEHUN JBUXKEHUS) ISl BCEX MOJIOKEHUN pacTpeIeTUTeIs.

Puc. 4. [IlHeBMaTn4eCcKnii JBUTaTEIb IBYCTOPOHHETO JECHCTBUS.
1 - YeThIpEeXIMHENHBIA TPEXIO3UIIMOHHBIN PACTIPEEIUTED;
2 - THEBMOMHMNY; 3,4 - paboure MOJIOCTH

OYHKIIMOHUPOBAHUE CUCTEMBI XAPAKTEPUIYETCS MIECTHIO IEPEMEHHBIMU - P3,
T3 , pa, T4, V, X. Jlis onpeneneHus 3HAYCHUM STUX TMEPEMEHHBIX HCIIOJIb3YEM
3aKOHBI COXPAaHEHHUS MAacChl U DPHEPTUHU JIJIs1 paboumX Tell 3 U 4, ypaBHEHUS JIBUKEHUS
TOPIIHS C YYETOM IOJIOKEHUS PACTIPEACTATEIIS.

Martematuyeckas Mojieldb (DYHKIIMOHMPOBAHUS [UJII TEPBOTO pexXUMa
(mepBOro TOJIOKEHUSI PACTPEACIUTENsE - CM. PHC.) TNPEICTaBlIeHAa CHCTEMOU
muddepeHnmanbHbIX YPaBHEHUH IECTOTO TOPSIKA.

dm,
&~
du dw,
dt3 =11,,3G 3 — ps d_ts
dm, B
dt 4a
du, dw
=11, G, — 4
dt 4aY4a ~ P4 dt
dv 1 ,
E = M[ pssn - p4S17 - RH]
dXx

dt

I'ne:
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G , I3 - ceKyHAHBIA MAacCOBBIN MPUXOJ ra3a U3 UCTOYHHUKA B pabOUyro
MOJIOCTH 3, yAENbHBIN NPUXO0/l SHEPTUH U3 UCTOYHUKA B pabOUyI0 MOJIOCTh 3;
G2 , Iy - CexyHIHBIH MACCOBBIM pacxojl Tas3a, YIACHbHBIA Pacxo

DHEPTUU U3 MOJ0CTH 4 B aTMOCchepy;
M- npuBenieHHas Macca; Ry- npuBeeHHas Harpy3Ka.
MaremaTuyeckue MOJEIU [JIi BTOPOTO W TPETHETO MOJIOKEHUS

pacnpenenuTens (BTOPOM U TPETHM pexuM):

dm, _
dt 3a
du, dw
= —I1.G,. — 3
dt 3aY3a 7 P3 dt
dm,
dt =LOu4
du dw
d'[4 =11,,G,,—p, d_t4
dv 1 ,
E:M[pasn - p4s17 _RH]
ax _y
dt

an, _,
dt
dU3_

at
dm,
dt
du, _
dt
v 1
ol
aX _,,

4

e

dw,
dt

dw,
dt

pasn - p48;7 - RH]

[lenecooOpa3HO TpU MOJENIH CBECTU B OJIHY, YUUTHIBAS JJOTUKY paOOThI

pacrpeneuTes

dm, _
dt
du
dt3 = a‘HI/I3GH3 - bH3aGSa -
dm,

dt
du dw
dt4 =-all,G,, +bll,,G,, - p, d—'[4

dv 1 .
E :M[p3sn - p4SH - RH]
dX

dt

aG,,, —bG,,

dw,
P3 dt

=-aG,, +bG,,

3HaueHust ToTudecKnXx Ko PUIMeHToB a u b mpeacTaBieHbl B TaOIUIE.
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3HayveHue
Pexxnm a b
Pexxum «1» 1 0
Pexxum «2» 0 1
Pexxnm «3» 0 0

Ipumep 3.

3ananue:

- [osicauTs mpuHIMI pabOTBl CHUCTEMBI - TEHEPATOp IMOPOXOBOTO rasza C
MIPEIOXPAHUTENBHBIM YCTPOMCTBOM (pHC. 5).

- 3anucaTh ypaBHEHUSI MAaTEMaTUUYECKONW MOJIENU (B BUJI€ 3aKOHOB COXPaHEHUS
MAaccChl U SJHEPTUH, YPABHEHUHN JBH)KEHU).

- [TosicHUTH BO3MOYKHBIE CLIOCOOBI IPOTPAMMHOTO YIIPABJICHUS TapaMeTPAMHU.

X - G ATMOC? 5
—_—
q
s
2
X l l | I (o)
1)
| N EY
SRR IR IR
P 8e 0l 08 080 9.0 0.8
- SRS
O +% %% % %% % %% % %%
(OTPESHTE - PoroteTetatotetetetotets

Puc. 5. I'enepaTop rasa ¢ nperoXpaHuTeIbHbIM YCTPOUCTBOM:
1,2,3 - pabouue mosiocTy; 4 - Mpy>KMHA KJIallaHa; S- KJlanaH;
6 - mopoxoBoii 3apsia; 7 - TeHepaTop raza

[TpomyKThl cropaHus 3apsjaa W3 MOJOCTH - | TOJAr0TCs Ha TOTPEOUTENb U
3aMOJIHSIIOT TIOJIOCTh - 2. B paboueM (pacueTHOM) peXuMe cuiia JaBJICHHS Ta30B - P
U YCUJIME TIPYXKUHBI - 4 yACP)KUBAIOT KJamaH - 5 OKOJIO MOJIOKEHUs - Xy , B Cllydae



NOBBIILICHUS JAaBJCHHUS BbIIIE PACUYETHOIO KJalaH M[epeMellaercs Ha
KoopauHaTty X>Xg , OTKpbIBas cOpPOC MOPOXOBOrO raza M3 MOJOCTH - 2 B

aTMocdepy depe3 0OTBepCcTre

OYHKIIMOHUPOBAHUE

MepeMeHHbIMU P1, 11, p2, T2, p3, T3, V, X. Jlns omnpeneneHus 3HAYCHUI
MIEPEMEHHBIX MCMOJIb3yeM 3aKOHBI COXPAHEHUSI MAaCChl U YHEPTUH JJIsI pabOUnX
ten 1,2,3, ypaBHEHUs ABWKEHMS KialaHa, C y4eTOM IOJIOKEHHMsS KiarnaHa

X<X0 u X>X0.

dm
dt
du
dt

dt
du

dv

dX

1

dm,

dt
dm3 —
-
du,

dt

dt M

dt

15

- Sqa

CHCTCMBI

—= Gll - GlZ _Gln

=G, —aG,

2= 11,G,, —all,,G,, — p,
—bG,,

=-bl1,,G,, — p,

. [(pz - Ps)S,, _77X]

B Monenu npuHATH 0003HAYEHUS:
Gi1, I3 - cekyHIHBIN TIPUXOJ ra3a, YACIbHBINA TPUXO SHEPTHUH OT

CrOpaHHUs IOpoXa;

dQq, dQ,, dQs - TemonoTepu pabodero Tena;

S«; - IIJIOIIAIb KiIalaHa;
1 - )KECTKOCTh MPYKUHBI KJIanaHa.
[Tpu mOCTPOCHMH MOJIEIH IIPUHSTO, YTO OTBEPCTUE S, OTKPHIBACTCS

MOJIHOCTBIO U MTHOBEHHO NpHU X=X.
3HadyeHre KO3(PGUIMEHTOB a U b B 3aBUCHMOCTH OT KOOPIHMHATHI

KJallaHa IIpCACTaBJICHEBI B Ta6J'II/II_Ie.

XapaKTepU3yeTcs

= H11G11 - H12G12 - HlnGln -

dt

aw; _ dQ,
dt dt

aw, _dQ,

dt

KoopnuHnara a b
X <X 0 1
X = Xop 1 0

BOCCMBIO
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KommenTtapuu. Jlpyrue BapuaHTbl MOJIETH MOTY OBITh TOCTPOEHBI C YU4ETOM
pa3MepoB KJlaraHa u cOpOCOBOT0 OTBEPCTHS; IPU HEYyUETe TUHAMUKH KJlaraHa.

IIpumep 4. 3ananme: BOCCTAaHOBUTH pACUYETHYIO CXEMy IO BHIY
IIPEICTABICHHON MAaTEMaTUYECKON MOJIEIIH.

dm, _

dt

du,_do du
dt  dt dt
dm2:0

dt

du, di,
dt dt
av. 1
L — = (p -p.)S
gt (PP
X _y

dt

[Topsimok u CTPYKTypa MOJEIH MOKa3bIBAIOT, YTO pacdeTHas CXeMa BKIIIOYaeT
pabouee Teno 1 (MOCTOSTHHOM Macchl € MOABOJIOM TEIIa U KOHTAKTOM C MOPUIHEM),
pabouee Teno 2 (IMOCTOSHHOM Macchl, ¢ KOHTAaKTOM C MOPIIHEM) U OJIMH MOPIIECHb,
KOHTaKTUPYIOLUI ¢ pabounmu ternamu 1 u 2.

['padmyecku pacyeTHYIO CXeMY MOYKHO MPEACTABUTh B CIEIYIOIIMM BHJIE, CM.
puc. 6.

—

x\/l;l

Puc.6. BoccTtanoBieHHas pacueTHasi cxema.



