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JlaGopatopnas paGora Nel
Tema: MaTeMaTH4eckoe MOAeIHPOBAHUE THAPABIHYECKHX
HCTOYHHMKOB MUTAHUA
Heab padoTsl: U3y4eHHE OCHOB MaTeMaTHYECKOI0 MOJIEIUPOBAHUS

¥ TUHAMHKH TUAPABIMIECKUX HCTOYHUKOB MUTaHMS.

Kparkas Teopusi. BBuny BbICOKOH 3HAUMMOCTH MAaTEMaTUYECKOTO
MO/JICIUPOBaHMS B HAyYHO-UH)KEHEPHOU JESITeIbHOCTH OCTAeTCsl aKTyalbHON
3a/laya CO3JaHud MaTeMaTHYeCKHX Mojfeled ycTpoilcTB I'MIpONMHEBMOABTO-
MaTUK{. YCTpOMCTBa TMIPONHEBMOABTOMATUKU OTHOCATCS K HAyKOEMKOM
OTpPACJI MAIMHOCTPOCHHS, YTO CIJIBHO YCIOXKHSIET NX MaTeMaTHYeCKOe MO-
JgenupoBaHue. YacTo mepe] HHKEHEPOM HE CTaBsITCs TAKUE CIIOKHBIE 3a/1a4U
Kak MACHTH(UKANUS MPOLIECCOB MPOTEKAIONINX B I'MIpOANIaparax M oIpe-
JeTIeHne UX XapakTepucTuk. Hanbomnee pacrpocTpaHeHHas 3a/1ada 3TO OIpe-
JIeIeHHE OCHOBHBIX XapaKTEePUCTHK BCEH T'MIPOCHCTEMBI, B COCTaB KOTOPOH
BXOJST TaKHe 3JIEMEHTHI KaK THAPOHACOC, HAPaBIAIONAs U peryIupyromas
THIPOANapaTypa, THAPOABUTaTeNb U T.I. [IpM MPOEKTHPOBAHUM ITHEBMO-
THIPOCUCTEM YacTO WCTOYHHMKH ITMTAHUS PACCMATPUBAIOT KaK HCTOYHHUKU
MOCTOSIHHOTO pacxoja W jaaBieHus /1/. PaccMoTpuM pacdeTHble CXeMBbI Ipo-
CTEHIIBIX THAPOCUCTEM C HCTOYHHKOM IOCTOSIHHOTO pacxona (puc.la) u mo-

CTOSIHHOTO J1aBJeHus (puc.10).

A & /P P e
o -
q -
@
; @ g \@\W
o w1
q, i
H Ap
a) 0)

Pucynok 1 — PacueTHast cxema ruijpoCUCTEMbI C UICTOUHUKOM

IIOCTOSTHHOTO pacxoia (@) M MOCTOSTHHOTO faBiieHus (0).



OCHOBHBIMU  XapaKTEPUCTHKAMHU T'HIPOCUCTEMBI SIBIISIFOTCS 3aBHCUMOCTH
JIaBJICHUS. M pacxoja OT BpeMEeHH. MoJiemMpoBaHHe MPOLECCOB MPOUCXOS-
mUX 1npu paboTe pealbHBIX THIPOHACOCOB OCJIOXKHSETCS HECTAI[MOHAPHO-
CTBIO TOTOKOB pa0bo4el JKHIKOCTH M HECTaOMIBLHOCTBIO PealbHBIX BO3JCH-
CTBHUH Ha THAPABIMYECKYyl0 cucteMy. [1oaToMy ajisi ynpouieHusl MaTeMaTH-
YECKOT0 MOJEIMPOBAHMS IPUMEM CIIEIYIOIINE JOMYIICHUS: XapaKTePUCTHKN
paboueii KUIKOCTH (TUIOTHOCTH, BA3KOCTh U T.II.) IOCTOSTHHBI BO BCEX PEKH-
Max pabOoThl THAPOCUCTEMBI; KO(D(GHUIIMEHTH PacXoI0B, 00BEMHBIA MOIYIh
YIIPYTOCTH TOCTOSIHHBI; TPYOONpPOBOABI a0OCOMIOTHO JKECTKHE, a CXKHMae-
MOCTb JKHJIKOCTH 0OYyCIIOBJIEHA HAIMIHEM B JKUAKOCTH HEOOJBIIOTO KOJIHYE-
CTBa HEPACTBOPEHHOTO Ta3a (Ha MEpBBIX 3Talax MOAEIHPOBAHUS O0BEMHBIH
MOAYJib YIIPYT'OCTU MOXHO IPUHATH HOCTO)IHHI)IM); YTCUKH U NEPETCUKU OT-
CYTCTBYIOT; IMpPOHM3BOAUTEIBHOCTh THApPOHACOCa YCpEOHEHHas (IyJbCaluu
JIaBJICHUSI M Pacxoja OTCTYTCBYIOT); JIaBJICHUE M PAcXO]] )KUIKOCTH — BEIH-
YHUHBI COCPCAOTOUYCHHBIC B ONPCACICHHBIX O6'I)€M3X; MOTCpU NaBJICHUA MPO-
MOPUUOHAJIBHBI pacXoay,; PECKHUM TCUCHUA HEC YUUTHIBACTCH. HpI/IHI/IMaH 3TH
JONMYUICHUA U YUUTBIBAAd 4YTO JABJICHUC U pacXod COCPEAOTOUYCHHEI B 061>eMe
CO (puc.1) ux MOXXHO OTIPENICIUTH BOCHONB30BABIINCH YPaBHEHNEM OallaHca
pacxomoB:
2Qux — 2Qpx + chc =0, (1)
rae XQ,, - CyMMa pacxoIOB OT NPHTOKOB JKUJIKOCTH B COCPEIOTOYCHHBIN
06beM, M/c;
2Quux - CYMMa pacxoJloB OT OTTOKOB JKHJIKOCTH U3 COCPEIOTOYCHHOTO

oobeMa, M3/c;

dw
Qc>|< = I - pacxod KUAKOCTU IIPU CKAaTHUU (paCH.H/IpCHI/II/I) KHUIKOCTH,

M3/c.

YuuteiBasg, 4T0 CXKHUMAEMOCTh JKUJKOCTH XapaKTepU3yeTcs OOIIen3-

1

dw
BC€CTHBIM KOS(I)(bI/IL[I/ICHTOM CXKHUMACMOCTHU B= —WE n 3aMCHHMB €ro Ha

Oonee yacTo MPUMEHSIEMBI 00BEMHBI MOIYIB YIPYTroCcTH xkuakoctu E=1/f
OIIpeZIelIMM U3MEHEHHE JIaBICHHS BO BpEMEHH M3 ypaBHEHUs OallaHca pacxo-
1oB (1):

% = (ZQBX - zQBI,IX) ’ %! (2)

rae W — 06bem KUAKOCTU MEXKAY BXOAHBIM M BbIXOJAHBIM IIOTOKaAMH, MS.



Mooenuposanue ucmounuxa nOCMoAHHO20 pacxood.

3agacTyro BBIXOJ THIAPOHACcCOCAa B THAPOCHUCTEMAX COEAWHEH TPyOO-
MPOBOJIOM C KAaKHM JIMOO MPOTOYHBIM JJIEMCHTOM (KJIallaHOM, PacIpeIeiu-
TeJeM, IPOCCEIeM U T.II.) WU UX TPYMIOH. DTH 3JIEMEHTHI MOKHO YCJIOBHO
MPEICTaBUTh B BHUIIE dKBHBaJeHTHOro npoccens [P (puc.l). [Lmomanp xoto-
poro OymeT 3aBHCETh OT KOHKPETHOTO THApOANIapaTa U yIpaBJIOMNX BO3-
JeiicTBUi Ha Hero. Eciu BBIXOJ Hacoca COCIMHEH C HECKOJBKHMHU MPOTOY-
HBIMHU THIpOANIapaTaMi, TO CIeIyeT B PacUeTHYIO CXeMy BHECTH KOJIMYe-
CTBO PKBUBAJIICHTHBIX JIPOCCENICH COOTBETCTBYIOIIEE KOJIMYECTBY aIlapaToB.
B Hamem cityyae BBIXOJ Hacoca COEHMHEH C APOCCEIEM U pacXoj Ha BBIXOJE
u3 cocpegoroyeHHoro oobema CO (puc.la) MOXKHO ONPEACIUTH MO O0IIen3-

BecTHOU (opmyrre:
2
EQBBIX =W Sup ' \/; ' (pH - Ap - pi): (3)
e | - KO3 GHUIMEHT pacxoaa IpoCcCes;

Sap

Pj - AABJICHHUE HaA BBIXOE OAPOCCEIIA, Ha;
1 2

=iV
Ap=yh g (4)

- IUIo1aab KUBOTO CEUYCHUA APOCCEIIA, MZ;

rie Ap — NMoTepH JaBICHMS MEXJy HACOCOM M SKBHUBAJICHTHBIM JIPOCCEIIEM,
Ila;

Y - yAenbHbIH Bec xuakocta, H/m?;

A — K03 QUIHEHT TUAPABIUIECKOTO TPECHUS;

| — skBUBaJIEHTHAS AMKMHA TPYOOIPOBO/IA, COSAUHSIONIETO HACOC H IPOCCENb,
M;

d — nmamerp TpyOONPOBO/A, COSAUHSIOIIETO HACOC M APOCCEllb, M;

V — CKOpOCTh MTOTOKA XKHUAKOCTH, M/C;

g — YCKOpEHHUE CBOGOTHOTO MajleHust, M/c?.

B CJIydace NpUMCHCHU OJHOIIOTOYHOI'O0 Hacoca

ZQBX = QH’ (4)



rac QH - IPOU3BOJAUTCIBHOCTL HAcOCa. Ecnu xe NPUMCHATCA ABYXIIOTOYHBIC
HaCOChbl WJIN UX I'pyIna, TO CJICAYET YUUTBIBATh UX CYMMAPHYIO MMPOU3BOAU-
TCIBbHOCTD.

B urore TIOJTYYHM CJIEAYIONIYIO MaTMOJEIb HCTOYHUKA ITOCTOSIHHO-

TO pacxona:

dpy _ 2 1 vz E
a QH—H'Sup'\/;'(pu—Y'k'g'—g—pi) W ®)
PemnB nuddepennuansaoe ypaBHenue (5) B mporpamme Simulink
Matlab (puc.2) moncraBiss UCXOAHBIE JaHHBIE (PHC.3) MONYyYUM 3aBHCHMO-
CTH JaBJICHHUS B COCPEIOTOYCHHOM O0BEME P, AABICHHUS Ha BBIXOJE U3 3K-
BUBAJICHTHOT'O JPOCCElIs Pj, IOTEPIO JaBICHUS Ap M pPacxof 4yepe3 HKBHBa-

JICHTHBIN Ipoccels (puc.S).

MATLAB Function

PucyHnok 2 — ®@parMeHT MOJIENH THAPOCUCTEMBI ¢ UCTOYHUKOM

MIOCTOSTHHOTO pacxoxa B mporpamMme Simulink Matlab.



' Editor - Block: Masos_drossel_sim/MATLAB Function

| MATLAB Function® | + |
function [d.Im,QLr.i_I,d.el‘I.:aE',lt,Pi]= fenipn, lamda)

1
2 - pi=z000000:
3 - On=40/ &0000:
4 - Dde=0. 00Z:
LI Der=0_01:
E - L=D0.5:
7 - ro—BB5:
B - E=1 300000 -
5 - mu=0_8:
10 - Shre=0n;
11 - Frr=3.14%({Der~Z) /4:
12 - ne=30410~-E;
13 - Be=iChre/ Bt ) *Derfmus
14 - deltaP={ro*lamda* (L/Ttr) * { (Gux/ 3tr) ~2) ) /25
15 - Fdr=3.14%({Ddr~Zz) /4:
18 - W=EdrtL:
17 - Chrin=mutEdr* { | (2/ro) * (pn-pi-deltalP) ) ~0_5):
18 - dpn= { Grk-Chrin) *ESW:

Pucynok 3 — McxoHble JaHHBIE MOJIEH MIPEICTABICHHbBIE
B 0i1oke MATLAB Function.



u] D.DiD2 D.EIID-Il D.DiDG D.DIDS D.iD‘I D.Di‘l2 D.DI‘I-Il D.Di‘IG D.Dl1l 0.0z
Pucynok 5 — OcrmiorpamMmma npoiiecca MOJICTIHPOBAHUS B
Simulink ruIpOCHUCTEMBI C HICTOYHUKOM ITHTaHHS TOCTOSTHHOTO PacXoa.

Taxxe pemIeHUue MOA€IN TUAPOCUCTEMBI C UICTOYHUKOM MUTAHUA I10-
CTOSHHOTO pacxoJa MOXHO OCYHIECTBUTh C HCIIONb30BaHHEM IaKeTa

Simscape Simulink Matlab (puc.6).



e GH

'PFE.S

PS-Simulirk
c A
ConstantAres y yraviic Flow Rate Comerter
Hydraulic Crifice Sensor / B
Pl s{Pss
o Hydri:lllc H?SUE PS Simulink
:][ Linesr Hydraulic snsor Comverter
Resistance 7 B
4 P
Hydraulic Pressure
Sensord [>{F5 5
fx)=0 |r y i
| PS-Sirnulink
Scoher Constant Volume Ep—t Comertert
Configuration Hydraulic Chamber .
Hydraulic Constant n
6 - Hydraulic Pressure
r !
= Flow Rate Source '-lI PfE.SLIE Refigf . o
Valve £ —
F5-Simulink
Sﬁ/ Comnverter2
]
Customn Hydraulic
Fluid Ll Hydraulic Reference

PucyHok 6 - @parMeHT MOJIENH THAPOCUCTEMBI C UCTOYHUKOM
MOCTOSIHHOTO Pacxoja B makere Simscape mporpammbl Simulink Matlab.
JlaHHBII TaKeT IMO3BOJIET CYMIECTBEHHO COKPATHUTh BpeMsi Ha CO3JaHHe
KOMIIBPIOTEPHOH TPOrpaMMBI 3a CYET HCIOJNB30BaHUS TOTOBBIX MOJENel

YCTPOMUCTB THIPOITHEBMOABTOMATHKHU.
Mooenuposanue ucmouHuKa NOCMOAHHO20 OABIEHUSL.
Kak u B cimyyae MOAenMpOBaHUS MCTOYHUKA TOCTOSHHOTO pacxoja

2Q,.x MOXKHO OTIPEACTUTH IO GOopMyJIe:

2
EQBB]X =W, S;(pZ ' \/E ' (pl - Ap - pZ)! (6)
rze p, - koadduument pacxona npoccens J1P2;
Syp2 - TUIOIIA/Ib JKMBOTO CEYEHHS JIPOCCES, m?;

p - 1aBieHue Ha Bbixoje apoccens P2, [1a;
Pacxon kuaKocTH Ha BXOJE B COCPEIOTOYCHHBIH 00BEM OMpeaeuM
KaK pacxo]l KUJKOCTH Yepe3 dKBUBAICHTHBINA apoccensb JIP1 oT mcrouHnka

MOCTOSIHHOI'O JIaBJICHUS Py -



ZQBX =u- Supl ) E (pH - pl)v (7)

rze p, - koahduumnent pacxona apoccens JP1;
Sp 2

p1 - JaBieHue Ha Beixone apoccens JAP1, Ila.

1 - IJIoMaab )KUBOI'0 CEUYCHUA APOCCLIid, M

Toraa MaTMO1€71h HCTOYHUKA OCTOSHHOI'O JaBICHUS MMpUMET BUA!

d 2 2 1 vz
o= H S /;-(pﬂ—pl)—uz'sﬂpz-\/;-(pl—v-l-g-z—g—pz)
w ®)

PemmB auddepennuansuoe ypaBHenue (8) B mporpamme Simulink

Matlab (puc.7) moncraBiss UCXOAHBIE JaHHBIE (PHC.8) MOIyYHM 3aBHCHMO-
CTH JABICHHS B COCPEIOTOYCHHOM O0BEME P;, JABICHHUS HA BBIXOJE M3 JK-
BHBAJICHTHOTO JIPOCCEIIsl Py, MOTEPIO JaBICHUs AP U Pacxoj 4epe3 HKBHUBA-

JeHTHBIN apoccens P2 (puc.9).

Corstant3

Quix tnteg 1

P dener

Re

=

] lamiz

)

2 1

Constant1

MATLAB Function Soope

PI/IcyHOK 7 - d)parMeHT MOAeCIU TUAPOCUCTEMBI C ICTOYHHUKOM

MIOCTOSTHHOTO J1aBiieHus B mporpamMme Simulink Matlab.
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MATLAB Function® | + |

function [dpl,Qvix,deltaP,Be,p2]= fonipl, lamda)

1

2 - PE=2000000:

3 - pr=10000000+

4 - Qn=40/ 60000

5 - Ddr=0.002;

= Der=0.01:

7 - L=0.5:

a8 - To=BB85:

g - E=1300000:

w0 - m=0.8:

1 - F6r=3.14*(Der~2) /4

1z - =304 106

13 - Be=(Qvu/ Ztx) *Dox/nu:

14 - deltaP= (ro*lamda* (L/Dtx) *{ (Quuf3tx) ~2) ) /25
as - Sdr=3.14% (Ddr~Z) /4

1€ - Zdr=Sdrl:

17 - Sdr=Sdsl:

18 - W=Sdrils

15 - dpl= (Qrae-Qrin) *E/W:

20 - {{{2/za)* (pl-pi-delsal) | ~0.5)
21 2/xo)*(pn-pll ~0.5)

Pucynok 8 — McxoiHble JaHHBIE MOJIETH.

11
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Pucynok 9 — OcrimiiorpaMma npoiiecca MOoJISTUPOBAHHS B
Simulink rugpocucTEMBI ¢ HCTOYHUKOM MUTAHUS TIOCTOSIHHOTO JIABJICHUSL.
Taxske peleHre MOJAEIN THAPOCUCTEMbI ¢ HCTOYHHKOM MUTAHHS T10-
CTOSAHHOTO JAaBJICHUSA MOXKHO OCYIIECTBUTH C HUCIIOJIB30BAHUEM IIaKETa

Simscape Simulink Matlab (puc.10).

12
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Corstantires e lic Flow Rate
Hydraulic: Orifice

=S

=

B{Ps S

Sensor

B

o
Dﬂ :l:;:n);la ulic

x

Sensord

P
Hydraulic Pressure

A

]

P'5-Simulink
Comverterd

p{Ps s

i

Hydrauli

Sensorl

ic Fressure

]

F5-Simulirk
Comverter

fx)=0 ||=

Scher
Configuration

J[ Linear Hydraulic

1

)

Constant Volume
Hydraulic: Chamber

[

D]

Hiydraulic: Pressure

FS5 5
D—.

PS5 Simulirk
Comverteri

Resistance1 e
Lﬂ: iﬁ:“EREﬁmm4 D;,
P55 Simulink
Comverter2
Hydraulic Constant
Pressure Source
[
'l
Custom Hydraulic
Fluid Hydraulic Reference
Pucynok 10 - ®parmMeHT MOAEIN THAPOCUCTEMBI C HCTOYHUKOM
ITOCTOSTHHOTO JIaBIICHUS B TakeTe Simscape nporpammsl Simulink Matlab.
Tabauna 1. BapuanTsel HHAUBUAAYAIBHBIX 3a1aHHHA
BapuanT uc- Pacxonu JminHa OOBEMHBIH IImoTHOCTE ITimomans
TOYHMKA ITH- JIaBJICHIE TpyOO- MOJYJIb paboueit CCUCHMS
TaHUs Hacoca Qu | TpoBoaa YOPYTOCTH | KHUJIKOCTH p, JIpocces
H P, 1, M E, MIla Kr/M2 Spps M2
JI/MHH 1
Mlla, co-
OTBET-
CTBCHHO
Hcrounnk Q. =N n n*200 800+N Sip=
IIOCTOSIHHOTO d*n/100
pacxona st

13



YETHOT'O HO-

Mepa B CIIHC-

K€ TPYIIIIbI
Hcrounnk p. =n+10 n*200 800+N S p1=

MOCTOSTHHOTO d*n/10

JaBJIEHHUS ISt S p2=
HEYETHOI'O d*n/100
HOMeEpa B

CIIHCKE TPyTI-

TIbI

rae N — nBe nocieane mudper HOMepa 3a4eTHON KHIKKH;

N — rocJyegHss un(l)pa HOMEpa 3a4eTHOH KHHUXKKH,

d — guamerp TpyOONMPOBOJAa PACCUMTHIBAETCS IO 3aaHHBIM Qy M MaKCH-

MaJIbHOW CKOPOCTH TeUCHUs sKuaKocTH (10 m/c);

p=0,6...0,9;

CIucoK JIuTepaTyphl:

I'pumenxo B.M. Maremarudeckast MoZie/b BPAIlaTEIbHOTO THEBMO-
THJPABJIMYECKOTO MPHUBOJA MEXaHW3MOB IJIsI 000pYAOBaHUS arpo-
npoMbInuieHHoro komruiekca/ ['pumenko B.U., C.1. Boiitos // Co-
CTOSIHHE WU MEePCHEKTHBBI PA3BUTHS CEIbCKOXO3HCTBEHHOTO MAllIH-
HOCTpOEHHMs: Marepuainbl MexyHap. Hay4.lpakT. KOH}. B paMKax
12-i MmexxayHap. ArponpOMEBIIDIEHHON BeICTaBKU «VHTEparpoMar -
2009»/ Pocr. roc. akan. c-X. MmamuHocTp.- Pocros u/1, 2009.

I'pumenko B.M. MaremaTuueckass Mojellb MHEBMOTHAPONPUBOAA
JUISL TIO3MLIMOHMPOBAHMS HMCHOJHUTEIBHBIX MEXaHW3MOB TEXHOJIO-
rudeckoro obopynosanus/ B.M.I'pumenko, B.C.Cumopenko //
MexayHapogHOW HAayYHO-TEXHHYECKOW KOH(EPEeHINH 10 AWHAMH-
ke TexHosnorndyeckux cucrem/JAI'TY.- Pocros v/J],2007.-T.3.

MonenupoBaHue mpoluecca MNO3ULUOHUPOBAHUSI [TOBOPOTHO-

JACIUTCIIBHBIX MCXAaHHW3MOB aBTOMAaTHYCCKOTO TCXHOJIOTHYCCKOTO

14




000pyI0BaHKs YCTPOHCTBAMH C THAPABINYCCKUMHE JIHHUSIMHU CBsI3u/
B.U. T'pumienko [u ap.] // Bectauk Jlon.roc.texH.ya-Ta.-2008.-T.8,
Ne 4 (39).

4. MopenupoBaHue mpolecca MO3MIMOHUPOBAHUS ITHEBMOTHIPABIH-
YECKOTO TPUBOJA YCTaHOBOYHHIX IBWkeHui B.M./ I'pumenko [u

np.] // Ilpomucnosa rigpasiika i maeBMaruka. — 2012, - Ne 1(35).

JlaGopatopHasi padora Ne2
Tema: MATEMATUYECKOE MOJEJIMPOBAHUE
I'naPABJINYECKOI'O
KJIAITIAHA ITPSIMOT'O JIEVICTBUSA

Henp padoThl: H3yueHHE OCHOB MAaTEMATUUECKOTO MOJIEITUPOBAHUS U
JIMHAMUKU THIPABINYECKOr0 KJIaraHa IpsMOro AeHCTBUS.

Kparkasi Tteopusi. IlpumeHeHHe THAPABIMYECKOrO MpUBOAA U
CPEICTB THIPOABTOMATUKHU SIBIISETCS OJHUM U3 NEPCIEKTUBHBIX HampaBiie-
HUN COBPEMEHHOTO pa3BUTHs MammHOCcTpoeHus. Oxoino 70 % ropHBIX, CTPO-
WUTENBHBIX, TOPOXKHBIX, 3eMJIEPONHBIX, MOJHEMHO-TPAHCIIOPTHBIX MAIIUH H
YCTaHOBOK OCHAII[EHBI THAPOTIPUBOIOM.

B 3Tux ycnoBHsiX BO3HHMKAeT HEOOXOAMMOCTb CO3IaHUsI HOBBIX M CO-
BEPIICHCTBOBAHMSA CTAPBIX ABTOMATH3HMPOBAHHBIX INPHBOJOB, OTBEYAIOLINX
BCE BO3PACTAMONINM TPeOOBAHUSAM TOBBIIICHUS OBICTPOIEHCTBHS, TOYHOCTH,
HAJEKHOCTH U IKOHOMUYHOCTH TEXHUKH.

OnHUM U3 NMEPCHEKTUBHBIX HANpaBICHUH pELIeHMs 3a7aud sIBISIETCS
HACHIIIEHUE TEXHOJIOTHYECKOTO 000pYJOBaHUS CHCTEMaMHU THAPOIPHBOAA U
THUIPOITHEBMOABTOMATHKH. TaK, MpUMEHEHHE THAPOTIPUBOIOB B METAJUIO00-
pabaTrIBarorieM 000pyIOBaHUN MO3BOJISIET YIIPOCTUTh KHHEMATHKY CTaHKOB,
YIIYYIIUTh Ta0apUTHBIE XapaKTePUCTUKU, TIOBBICUTh YPOBEHb aBTOMATH3AI[UN
WCTIOJTHUTENIbHBIX MEXaHU3MOB, YIIYUITUTh SHEPTETUKY.

BBuay Bcero BbIIIE M3JI0)KEHHOTO OCTAETCS aKTyallbHOM 3a/1ada co-
3aHUSI MaTeMaTHYeCKUX MOJIeNIeH yCTPOMCTB THAPOITHEBMOABTOMATHKH] | -
3]. YcTpoicTBa THAPOMTHEBMOABTOMATHKH OTHOCSITCSI K HAYKOEMKOUW OTPaCIH
MAIlIMHOCTPOEHUS], YTO CHJIBHO YCJIOKHSET MX MAaTEMaTH4YECKOE MOJEIHPO-
BaHue. YacTo mepes MHXKEHEPOM HE CTaBSITCA TaKUe CIIOKHBIE 33/1a4d Kak
WICHTU(HKAIHS MPOIECCOB MPOTEKANIUX B TUAPOAIIApaTaX U OMpeJeie-
HHUE UX XapakTepucTHK. Hanbomee pacrnpocTpaHeHHas 3a/1a4a 3TO Ompezesie-
HUE OCHOBHBIX XapaKTEPUCTHK BCEHl TMAPOCUCTEMBI, B COCTaB KOTOPOM BXO-
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JIIT TaKue 3JCMEHTHI KaK THUIAPOHACOC, HAINPABISIONIAS U PEryIUpYIOIas
TUIIpoarnmaparypa, THAPOIBUTATENb U T.M. KiamaHbl MpsIMOTO JCHCTBHS SIB-
JISTFOTCS. HEOTHEMJICMOMN YaCTh0 HACOCHBIX YCTAHOBOK M OKA3bIBAIOT BHICOKOE
BIIMSIHAC Ha NTUHAMHKY THUAPABIMYCCKHAX MPUBOIOB. [103TOMY B pacueTHOM
CcXeMe KJIalaHa Y4TeM BO3MOXXHOCTh M3MCHCHHSI JTABJICHUS B TOYKE ITOJ-
KIIFOUEHUS KilanaHa kK ruapocucteme Py, (Puc. 1).

Lxn X X0

P 2 |

L Sk FPea lnp

Puc. 1. PacuerHass cxema MNpenoXpaHUTEIBHOTO KJamaHa MpsMOTo
JIEUCTBHUS.

OCHOBHBIMH XapaKTePUCTHUKAMHU THAPOCUCTEMBI SBISIFOTCS] 3aBHCUMO-
CTH JIaBJICHUS U pacxojia OT BpEMEHU. MoieTMpOBaHUe MPOLIECCOB MPOHCXO-
AKX MpHu paboTe peanbHBIX THAPABINYECKUX KJIAMIAHOB OCJTOXKHACTCS HE
CTAIMOHAPHOCTBIO NTOTOKOB pabovel >KUIKOCTH W HECTaOMIBLHOCTBIO peab-
HBIX BO3JICHCTBUH Ha THIpPaBINYECKylo cucteMy. [loaTomy mist ympoieHus
MaTeMaTHYECKOTO MOJICIIUPOBAHUS IIPUMEM CIICAYIONIE JOMYIICHHS: Xapak-
TEPUCTUKH pabodeil KUIKOCTH (IFIOTHOCTh, BA3KOCTh M T.II.) TIOCTOSIHHBI BO
BCEX PEKUMAX PadOTHI THAPOCHCTEMBI; KO3((HUIMEHTH pacXoloB, 00beM-
HBIIl MOZYJIb YIIPYTOCTH TIOCTOSIHHBI; TPyOOIIPOBOABI aOCOIIOTHO XKECTKHE, a
C)KMMAaeMOCTh JKHUAKOCTH OOYCIIOBJICHA HAJIWYHEM B KHIKOCTH HEOONBIIOTO
KOJINYECTBA HEPACTBOPEHHOTO Ta3a (Ha MEPBBIX Taax MOAEIHPOBAHUSI 00b-
eMHBII MOy b YIPYTOCTH MOKHO NMPHHATH MTOCTOSTHHBIM); YTE€UKH H TIepe-
TEYKH OTCYTCTBYIOT; JaBJICHHE M PACXO]l KHUIKOCTH — BEITHMUUHBI COCPEIOTO-
YeHHBIE B ONPEACICHHBIX 00BeMax; MOTEpPH AABICHHS MPOMOPINOHAIBHBI
pacxony; peXHM Te4YeHHs He yuuTbiBaeTcs. [IpuHHMMAas 5TH JOMyLIEHUs
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MOYKHO ONpENEIUTh NABICHUS B COCPEIOTOUYEHBIX 00BEMAX THAPOCHUCTEME,
BOCIIONB30BABIINCH YPABHEHUAMH OalaHca pacxoos B oOimeM suae[1-2]:
z:Q.a,clp —2Qus + Qe =0, (1)
rae £Q,, - CyMMa pacxooB OT HPUTOKOB KUIKOCTH B COCPEAOTOUEH-
HbI 00BeM, M/c;
£Q,p - CYMMa PaCXOJIOB OT OTTOKOB JKHJKOCTH U3 COCPEIOTOUEHHOTO
o0beMa, M%/c;

dw
Qe = ¢ - PACXOI XKHMIKOCTH TPH CKATHH (pacimupeHun) XKUAKOCTH,

M3/c.

Y4uThIBasg, 94TO CKMUMAEMOCTh JKHIKOCTH XapaKTepU3yeTcs oO0mens3-

1

dw
BCCTHBIM KOS(I)(bI/I].[I/IeHTOM CXKUMACMOCTH B = —WE n 3aMCHHB €ro Ha

Ooee yacTo MPUMEHIEMBI 00BEMHBIN MOIYIB YIPYTrocTH xkugkoctu E=1/f
OTIpeZIeINM U3MEHCHHE ABICHHS BO BpEMEHH M3 YpaBHEHUs OallaHca pacxo-
noB (1):
dp E
Fr (ZQ:-)J:Lp - E:QKn) w’
@

rae W — o00neMm KUAKOCTHU MEXKIY BXOAHBIM U BbBIXOJHBIM IMOTOKaMH,

Mooenuposanue npedoOXpanumenbHo20 KIAnaua npsmo20 0eucmeus.

J1sl TUIPAaBIMYECKOTO MPENOXPAHUTENIBHOTO KJlallaHa MPSIMOro Jei-
CTBUA MOXXHO ONPEACIUTH YPaBHCHUA 6ancha pacxog0B HaxoJAIIUXCA B
obvemax Wy u W COOTBETCTBEHHO:

Qa;{p - Qm + Qcm =0,
®)

rae Qy, - pacxos paboueil KUAKOCTH TPH OTKPHITHU KJlanaHa, M°/c;
Qsp- Pacxo]1 paboueii XKHUIKOCTH B IKBHBAICHTHOM apoccerne M%/c;

dw
Qe = ¢~ PACXOI XKHMJIKOCTH TPH CKATHH (pacmmpeHun) XKUIKOCTH,

M/c.
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3auacTyro BXOJl IMPEAOXPAHUTENIBHOIO KJlalaHa B THUAPOCUCTEMAX CO-
€lIMHEeH TpyOONpOBOJOM C HAINOPHOW JIMHWEH 4Yepe3 TPOWHHK, KOTOPBIH
MOJKHO YCJIOBHO TNPEJICTaBUTh B BUAE IKBUBAJIEHTHOIO apoccens (puc.l).
Pacxoj Ha BX0O/ie MOXKHO OIPEICNIUTh MO 0011en3BecTHON popmyte:

2
Qopp = Hopp * fomp * /;*(Pn_PKn): 4)

TIE Lo - KO3 QHUIHUEHT pacxoa JpOCCes;
fonp - TUIOLIA/IL JKUBOTO CEYEHHS JIPOCCENS, M,
P, - naBneHue HanmopHo# nojocty, [1a;

P, — naBieHue HaCTPOMKM KiamnaHa, [1a;

Pacxoz[ pa60qel71 JKUIAKOCTH IIPU OTKPBITHUU KJIallaHa:

QKJI zlftm*fxn* IE*(PKH_PCJI)I (5)

TO€ [y, - K03(DGHUIUEHT pacxosa KilallaHa;
fin - TUIOIA/Ib )KMBOTO CEYEHUS KIlaNaHa, M2,
P, — naBieHue HacTpoiky Kiamnasxa, Ila;

P., - naBienue cinuBa, [1a;

Pacxox paboueil KHUIKOCTH B YIPABIISIONICH JIMHIH:

2
Qcm = #cm*ﬁ:}x* ’;* (PKJT _Pp)’

(6)
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THC Yoy - KOIQHUIUEHT pacxoa ynpaBIsONICH JTUHUHY;
fuxc - TUIOIIAb KUBOTO CEUECHHUS, M2,
P, — naBieHue HaCTpPOMKM KiamnaHa, [1a;

Py — JaBJIeHUE ynpasisitouie nuau, [1a;

JUis THAPABIMYECKOTO MPEAOXPAHUTEILHOTO KJlamaHa MOYKHO OIpe-
JICITUTh YPABHEHUSI U3MCHEHHUS JaBJICHHs BO BPEMEHH M3 YpaBHEHUs OanaHca
pacxomos (3):

APy, E
at (Qs,qp - an) * WO,
()
rie W, — HadaJbHBIH o0beM paboueil XUIKOCTH B KJallaHe,

W- o6bem paboueil xuakoctH, m°

JIBImKeHue 3alopHO-PEryMpYOLIero 3JeMeHTa KiIanaHa OIHChIBACT-
Csl CIICAYIONIMM yPaBHEHUEM:

d?x
m_5 = B,

*an_cnp*(xo'i'x)_FciFyl (8)
rJe X - IEPEMEIIECHHE 3aTI0PHO-PETYIUPYIOLIErO DIIEMEHTA, M;
m-Macca 3aropHO-PEryIUPYIOLIEro JIEMEHTA, KT

S,y -TUIOIIA/b TOPLA KIIANaHa, M2,

Cpip-KECTKOCTh MPYKUHBL, IpUHAMaeM, H/u;

X-HadaabHOE CXKATHE, M;

F.,-cuiipl cONpOTUBIICHUS ABUKECHUIO KilanaHa, H;
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E,-cunibl peakuuu ynopos, H

PemmB nudepenunansubie ypaBHenus (7) u (8) B mporpamme
Simulink Matlab moncTaBisAs HMCXOMHBIC JAaHHBIC IMOJYYUM 3aBHCUMOCTH
masienus P, B cocpemoroueHoM oObeme W, maBieHms Py B
cocpenoToueHoM obbeMe W, nepeMeleHue 3ai0pHO-PETYIUPYIOIIETo di1e-
MeEHTa KJj1anaHa X (puc.5).

B scope — — o T151 o]
T = Puc.4. 3aBUCUMOCTh
L nasnenust B, B COCPENOTOYEHOM

[ 00BeMe W, OT BpeMeHH t..

#10

e . .
! ; ! T Puc. 5  3aBucumocts

001
CKOPOCTH V OT BpEMEHMU t.
i S

0006

I .
01 i

%10
T Puc.6. 3aBUCHUMOCTE

HepeMenieHns 30J0THUKa X OT
BpEMEHHU t

: IIpu MoapenupoBaHuu pa-
| I SRS S J wiwbinsiionionnd | OOTBI THAPABIMYECKOTO KJIATIaHA
; ; MIPSIMOTO  JIGHCTBUS KECTKOCTh U
‘ i ks s MIPEABAPUTENHLHOE CXATHE IIPY-
' | KuHBI MOAOHMPANOCH C YYETOM
JlaBJICHWE HAaCTPOWKH KiamaHa -
10 MIla. Ha puc. 5 Bugno, yro npu nasineranu 8 MIla (mpomexyTok Bpeme-
HH ot 0 1o 0,1 ¢) knaman 3akpeIT (Ha puc. 6 nepememmenne x=0). I[Ipu mo-
BBHIIICHUH JaBJICHUs Ha BXoJie kianaHa 1o 12 MIla, kianan oTKpbIBaeTcs (Ha
puc. 6 B mMomeHnT BpemeHum 0,003 ¢ mepeMerieHHE CTAaHOBUTCS DPaBHBIM

Time offset 0
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x=0,0003 M) 1 naBieHuE ManaeT n0 AaBJeHUs HacTpoiiku kinamaHa 10 Mlla

(Puc. 4).

HcxonHbIMY JaHHBIMU CYUTATH TIAPAMETPHI PACCUUTAHHBIC B Ta0HMIE 1.
CHHCOK JUTEepaTyphl

5. I'pumenko B. U. Martemarnueckoe MOAEIMPOBAaHUE THJI-
paBimueckux uctouHukoB nutanus/ B. U. ['pumenko, 1, A, ®enopos, A. C.
CepoB// DnexTpoHHBIH COOPHUK MaTepHanoB W AoknanoB MO3M-Mocksa
2015. ISBN 978-5-7046-1682-5.

6. I'pumenko B.J. MaTtemaruueckass MOJEIb BpPallaTeIbHOTO
ITHEBMOTH/IPABIMYECKOTO MPHUBOJA MEXaHW3MOB AL 00OPYHOBAaHUS arpo-
npoMbInuieHHoro KoMiutekca/ ['pumenko B.U., C.1. Boiitos / CocTosHue u
HNEPCHEKTUBBI Pa3BUTHUs CENBbCKOXO3SHCTBEHHOTO MAIIMHOCTPOECHHS: MaTe-
puansl MexmyHap. Hay4.npakT. KoHQ. B paMKkax 12-if MexmyHap. Arpomnpo-
MBIIUIeHHOH BbIcTaBku «MHTeparpomamr -2009»/ Poct. roc. akazn. c-x. Mma-
mmHOoCTp.- PocToB H//1, 2009.

7. I'pumenko B.M. Maremarndeckass Moa€iab MHEBMOTUIPO-

npuBoaAa I MO3UIUOHUPOBAHUA UCIIOJIHUTCIIbHBIX.

JladopaTopHas paGora Ne3
Tema: MATEMATUYECKOE MOJEJINPOBAHUE
I'nAPABJIMYECKOI'O IPEJOXPAHUTEJIBHOI'O KJIAITAHA
HEIIPSIMOI'O JTEVMCTBUS

Iesan padoThI: H3y4eHHE OCHOB MaTeMaTHIECKOT0 MOAEIHPOBAHUS U
JUHAMUKY THAPABINYECKOTO KJIAllaHa HEPSIMOTO AEHCTBHS.

BBuay BBICOKOM 3HAYMMOCTH MAaTEeMaTH4YEeCKOTO MOETHPOBAHUS B
HayYHO-MHXCHEPHOH NeATeNTbHOCTH OCTAeTCs aKTyalbHOH 3ajada co3qaHus
MaTeMaTUYeCKUX MOJIeNiel yCTPOUCTB ruporHeBMoaBTomaruku [ 1-3].
VYceTpoiicTBa THAPONHEBMOABTOMATHKH OTHOCATCS K HAyKOEMKOH OTpaciu
MAaIIMHOCTPOEHHUS], YTO CUJIBHO YCIOXHSET MX MaTeMaTHYECKOE MOJIEIHpO-
BaHHe. YacTo mepes MHXKEHEPOM HE CTaBATCS TAKUE CIOXKHBIE 3afaudl Kak
UIeHTH(HUKALUS TIPOIIECCOB MPOTEKAIOINX B THpOANIaparax M oIpejaerne-
HHE HX XapakTepucTHK. Hanbonee pacnpocTpaHeHHas 3a/1a4a 3TO Olpeaese-
HHE OCHOBHBIX XapaKTEPHCTUK BCEH TMIPOCHCTEMEBI, B COCTaB KOTOPOH BXO-
AT Takue 3JEMEHTHl KaK THAPOHACOC, HAINPABIAIOMIAS M PETyIUpYIOIas
THIpoanmaparypa, THAPOABUTATENs U T.N. [IpemoxpaHuTEeNbHBIE KiIamaHBI
HENpsSIMOIO JEUCTBHUS SIBJSIIOTCS HEOTHEMJIEMOM YaCThbIO HACOCHBIX YCTaHO-
BOK M OKa3bIBAalOT BBICOKOE BIMSHHE HA AMHAMHUKY THIPABIMYECKUX HPUBO-
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J0B. TloaTOMYy B pacyeTHOH cxeMe MPEAOXPaHHTEIHLHOIO KialmaHa ydTeM
BO3MOXKHOCTh W3MEHEHHS JaBJICHHUs B TOYKE MOJKITIOYEHHUS KilamaHa K THII-
pocucteme P, (Puc. 1).

3 o
W T ( &
. n
______ Ny
R
l s ¢ Xo

v AP lnp

Puc. 1. PacdyetHas cxeMa npegoXpaHUTENBHOTO KIalaHa.

OCHOBHBIMHU XapaKTEPUCTUKAMU THAPOCHCTEMBI SIBISIOTCS 3aBHCUMO-
CTH JIaBJIEHUS U pacxoja OT BpEMEHU. MOIEeNUpOBaHUE MIPOLIECCOB MPOHCXO-
JSIIUX TpU paboTe pearbHBIX THAPABIMYECKUAX KJIAIAHOB OCIIOXKHSIETCS He-
CTaIMIOHAPHOCTBIO NMOTOKOB paboyell KUIKOCTH U HECTaOMJIBHOCTBIO peallb-
HBIX BO3JCHCTBUI HAa TMAPABINYECKYIO cucTeMy. [loaToMy [uisl yrpoieHus
MaTEeMaTHYECKOTO MOJICTUPOBAHUS IIPUMEM CIETYIONINe TOMYIIECHHUS: XapaK-
TEPUCTUKHU pabouell KUAKOCTH (INIOTHOCTH, BSI3KOCTh H T.II.) IOCTOSHHBI BO
BCEX PEXUMAax pabOThI THAPOCUCTEMBI; KOI(DGHUIMEHTHI PAacX0J0B, 00bEM-
HBIIl MOZYJIb YIIPYTOCTH TIOCTOSIHHBI; TPyOOIIPOBO/IBI a0COIOTHO KECTKHE, a
C)KMUMAEMOCTb KHIKOCTH OOYCIIOBJICHA HAIWYMEM B XHIKOCTH HEOOJIBIIOTO
KOJIMYECTBA HEPACTBOPEHHOTO Ta3a (Ha MEepBBIX ATAlax MOJEIHMPOBAHHS 00b-
€MHBIH MOJYJIb YIPYTOCTH MOKHO IPHHATH ITOCTOSIHHBIM); YTEUKH M TIepe-
TEYKH OTCYTCTBYIOT; AABJICHHE M PACXOJ] KHJIKOCTH — BEIHYUHBI COCPENOTO-
YEeHHbIE B OIPEJCICHHBIX 00BEMax; IOTEPH JaBJICHUS IPOTOPILMOHAIBHBI
Pacxoly; peKUM TeueHUs He yuuThiBaeTcs[4-5]. TIpuHuMas 9T JOMyHIeHHS
MOJKHO OTIPE/ICIINTh JAaBJICHUS B COCPEIOTOUYEHBIX 00BbEeMaxX THIPOCUCTEMEI,
BOCIIOJT30BABIIINCH YPAaBHEHUAMH Gasianca pacxooB B obmem Bume[ 1-2]:

2Qux —EQpux + Qex = 0, (l)

rae XQ,y - cyMMa pacxoJ0B OT IPUTOKOB KUIKOCTH B COCPENIOTOUECH-

HbIi 00BeM, M¥/c;
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2Q,.x - CYMMa PacxofoB OT OTTOKOB XKHIKOCTH U3 COCPEAOTOUEHHO-
ro o6bema, M%/c;

dw
Qe = ¢~ PACXOI XKHMIIKOCTH NPH CKATHH (pacmupeHnn) KUIKOCTH,

M3/c.

VYuuTeIBas, 4YTO CKMMAEMOCTBH JKHIKOCTH XapaKTEepU3yeTcsl o0Iens-
1 dw
BECTHBIM KOA(PQHUIIMEHTOM CKUMaeMocTu [3 = —w 3, Y 3aMCHHB €ro Ha
p
Ooee yacTo MpUMEHSIEMBI 00BEMHBIN MOIYIB YIPYrocTH xugkoctu E=1/f
OIIpeNieNIM M3MEHEHHE JTaBIICHHS BO BPEMEHH U3 ypaBHEHH OanaHca pacxo-

noB (1):

E
at = (ZQBX - z:QBMX) ' w’ (2)
rae W — 00beM JKUAKOCTH MCKAY BXOAHBIM WU BbIXOAHBIM IMOTOKAaMH,

Mooenuposanue npedoxpanumenbHO20 K1anaua.

J1s THOpaBINYECKOTO NMPEIOXPAHUTENBFHOTO KilalmaHa MOXHO OIlpe-
TENUTh ypaBHEHHS OaaHca pacxol0B Haxomsmuxcsa B o0bemax W, m W,
COOTBETCTBEHHO:

QTL_QKJI_Qy-l_QC)K:O;
Qy - Qson + Qcm =0, (3)

e Q,, - pacxon paboueil KMIKOCTH B HANIOPHOM JIMHUH, M°/C;

Qyx - pacxoz1 paboueii JKUAKOCTH NPH OTKPBHITHH KilanaHa, M°/c;

Qy - pacxox pabouel JKUIKOCTH B YNPABJIAIOLIEH JIMHHH, M%/c;

Qs0n - pacxox paboueil >XKHUAKOCTH IIPHU HEpEMENICHUM 30JI0THHKA,
Mm/c;

dw
Qe = ¢~ PAcXOIl KHMJIKOCTH TPH CKATHH (pacmmpeHun) XKUAKOCTH,

m¥c.

3a4acTyio BXOJ NPEAOXPAaHUTEIHFHOTO KJallaHa B THAPOCHCTEMAX CO-
eMHEH TPYOONpPOBOJOM C HANOPHOH IMHHEH dYepe3 TPOWHHK, KOTOPHIH
MOXHO YCJIOBHO INPEICTAaBUTh B BHJE SKBUBAJICHTHOro npoccens (puc.l).
Pacxon Ha BX0Jie MOXKHO OIPEAENUTh 110 00LIen3BecTHOU hopmyie:

Qn=ﬂaup*f;11p* ’%*(PH_PKJT)’ (4)

TIE [yyp - KOIQOUIMEHT pacxoza APOCCEs;
fonp - TUIOLIAJIb )KMBOTO CEYEHHS IPOCCEIIS, M
P, - naBneHue HaropHo# nosiocty, [1a;

P, — naBieHue HacTpoOMky KiamnaHa, I1a;

2.
1
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Pacxon pa6oqeﬁ JKUIAKOCTH IPU OTKPBITUM KJIallaHa:

Qm z.uxn*ﬁcn* /%*(PKJI_R:JI)! (5)

TIE [y, - KOOPHUIUEHT pacxoa KilanaHa;

ficn - TUIOIIA/Tb KUBOTO CEYEHHUS KIIanana, M;

P, — naBieHue HaCTpOMKM KiamnaHa, [1a;

P., - naBnenue ciuga, [la;

Pacxon paboyeli )KUIKOCTH B YIIPABIISIONICH JIMHUM:

,2
Qyz.uy*fy* ;*(Pxn_Py)l (6)
e fty, - K03 GUImenT pacxona ynpasJrOeH JIHHAN;
fy - TUIOIIA/Ib KHBOTO CEYEHHA, M2,
P, — naBieHue HaCTPOMKM KianaHa, [la;
B, — naBnenne ynpasssromei munuy, [la;
JIJI THApaBIHYIECKOTO IPETOXPAHUTEIHFHOTO KiTallaHa MOKHO OTIpe-

JICITUTh YPABHEHUS N3MCHEHHsI JaBJICHUsI BO BPEMEHHU U3 ypaBHEHHs OanaHca
pacxomos (3):

APy E
?= (Qn _QK}I _Qy) *Wn’
dP.
d_ty = (Qy - Qso/l) * Wiy’ (7)

rne W, — obvem pabodeli )KUAKOCTH B HAIIOPHOW IOJIOCTH KIIaIlaHa,
W, - 06beM pabodel JKUIKOCTH B YNPABIIAIOIIEH JIMHAM KIIallaHa, M3

JIBrKeHUE 3alOpPHO-PEryJIMPYOLIero 3JeMeHTa KianaHa OIHMChIBACT-

Csl CIIEAYIOIUM yPaBHEHUEM:
2
m%=Py*Sm_Cnp*(xO'l'x)_FciFyx (8)

IZie X - IepeMeIIeHNe 3alI0PHO-PETYINPYIONIETO 3JIEMEHTA, M;

m-macca 3alopHO-PEryJIMpyOLIEero 3JeMeHTa, KT

S,;-TLIONIAIb TOPLA KIalaHa, M2;

Cpyp=KECTKOCTh NPYKUHBI, IpUHUMaeM, H/m;

Xo-Ha4yallbHOE CKATHE, M;

F.,-cuiipl cONpOTUBIICHHUS ABUKECHUIO KilanaHa, H;

E,-cuibl peakuuu ynopos, H
PemmB muddepennnansupie ypasaenus (7) u (8) B mporpamme Simulink
Matlab nozgcraBisisi HCXOJHbIE JaHHBIE TIOIYYHM 3aBUCUMOCTH JIaBieHHs Py,
B cOCpenoToueHoM oobeme Wy, naBnenus B, B cocpeioroucHom o0beme W,

MEPEMCIICHUEC 3alIOPHO-PETYJIUPYIOIICTO 2JICMCHTA KJlallaHa X.
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W cXoaHBIMU TAaHHBIMH CUUTATH NTApaMETPhbl pacCUNTaHHbIEe B TadHIE 1.
CnHcoK TuTepaTypsl

1. I'pumienko B. 1. Maremaruueckoe MoAennpoBa-
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peHIMM 1o AauHaMuKe TexHojormdeckux cucteM/II'TY.- Pocros
u//1,2007.-T.3.

4, MogenmupoBanue mponecca MO3HIHOHHPOBAHUSL
MOBOPOTHO-JEJIUTENBHBIX MEXaHU3MOB aBTOMAaTUYECKOTO0 TEXHOJIIO-
THYECKOTO O0OpYIOBaHHUS YCTPOWCTBAMM C TMIPABIMYECKUMH JIU-
ausmu cesizu/ B.U. T'pumnenko [u ap.] // Becthuk JIoH.roc.TeXH.yH-
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5. I'pumenxo B.U. TloBblieHHe TOYHOCTH OBICTPO-
JICHCTBYIOIIETO ITHEBMOTHAPABINYECKOTO INPUBOJA MEXaHH3MOB
MaliH// JAuccepTalys Ha COWCKAHWE YYEHOH CTeleHH KaHAuaaTa
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BepcureT. Poctos-Ha-ony, 2010.
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MaTeMaTHYeCKUX MOJeNell YCTpOHCTB TruaponHeBMoaBTOMaTHKH [1-3].
VYcrpolicTBa T'HIPOIHEBMOABTOMATUKM OTHOCATCS K HAyKOEMKOH oOTpaciu
MAaIIUHOCTPOEHHUS, YTO CHUJIBHO YCJOXHSAET UX MaTeMaTHYeCKOe MOAEIHPO-
BaHHe. YacTo mepes MHKEHEPOM HE CTaBATCS TaKUe CIOXKHBIE 3afaudl Kak
UIeHTU(HUKALUS TIPOIECCOB MPOTEKAIOIIUX B THIpOAIIaparax U onpejaerne-
HHE MX XapakTepHcTHK. [Ipyn IMpoeKTHpoBaHWU THAPOCHCTEM YacTO pacipe-
JEIUTENN PAcCMaTPUBAIOT KaK COBOKYITHOCTh SKBHBAJICHTHBIX APOCCEIEH C
MIEPEMEHHBIM CEUCHUEM, 3aBHCSIIEM OT YIPABISIOIIETO BO3ACHCTBHS Ha 3a-
MOPHO-PETyIUPYIOMHKI 3JIeMEHT (KJIalmaH, 30J0THHK). YTIPaBISIONINE BO3-
JEWCTBHA Ha THAPOPACTIPENCIUTENN C 3JIEKTPUYECKUM, MEXaHHYECKHUM H
PYYHBIM YIIPaBICHUSIMH YacTO MPEIACTABILIOT CO0O0# peledHBId W KBa3H-
peseiiHbIi CUTHATBL. A paclpefeNIuTell ¢ THAPOYIpaBIeHIEM UMEIOT Oolee
CJIOKHOE MAaTeMaTH4ecKoe OIMCaHWE, BKIIIOYAIOIlee ypaBHEHHs OalaHca
pPacxoJ0B U YpaBHEHHUE ABMKCHMS 3allOPHO-PETyIUPYIOMUX 37IeMeHToB. [o-
3TOMY PaCCMOTPHM PacuETHYIO CXEMY I'MIpPOpACHpeAenuTeNs 30JI0THUKOBO-
TO THIA C TUAPOYTpaBieHHeM (puc.1).

Puc.1. PacueTHas cxema ruipopacipeiesiuTess 30J0THUKOBOTO THIIA
C THAPOYNpPABICHUEM

OCHOBHBIMH XapaKTePUCTHUKAMHU THAPOCUCTEMBI SBISIFOTCS] 3aBHCUMO-
CTH JaBJIEHUS M pacxoja OT BpeMeHH. MojiennpoBaHue MPOIeccoB IPOUCXO-
JSIIUX TIpH paboTe peabHBIX THIPOACHpeenTeNel OCIOKHIETCS HeCTaIH-
OHApHOCTHIO TIOTOKOB pabouel JKUIKOCTH M HEcTaOWIBHOCTBIO pealbHBIX
BO3JICHCTBUH Ha THIpaBINYECKylo cucteMy. [loaTomy, uid ympomeHus ma-
TEMaTUYECKOT0 MOJECTUPOBAHMSA, IPUMEM CIIEIYIOIINe JOMYIIEeHUs: Xapak-
TEePUCTUKH pabouell KUAKOCTH (IJIOTHOCTH, BSI3KOCTH M T.II.) TIOCTOSHHBI BO
BCEX PEeKUMax pabOTHl THAPOCHCTEMBI; K03(HUIMEeHTH pacxoroB, 00BeM-
HBI MOJIyJIb YIPYTOCTH MOCTOSIHHBI; TPYOOIIPOBOIBI aOCOTIOTHO KECTKHE, a
C)KMMAaeMOCTh JKHUAKOCTH OOYCIIOBJIEHA HAJIHMYHEM B JKHAKOCTH HEOOJIBIIOTO
KOJINYECTBA HEPACTBOPEHHOTO Ta3a (Ha MEPBBIX Talax MOAEIHPOBAHUSI 00b-
€MHBIH MOJYJIb YIPYTOCTH MOKHO NPHHATH ITOCTOSIHHBIM); YTEUKH M TIepe-
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T€YKH OTCYTCTBYIOT; HPOU3BOJUTEIBLHOCTh TUAPOPACIPENETUTENs YCpel-
HeHHas (IMyJbCcalluy AAaBJICHUS U pacxoj]a OTCYTCTBYIOT); NaBJI€HUE U PAcXojl
JKUJIKOCTH — BEJIMYMHBI COCPEIOTOYCHHBIC B OMPECICHHBIX 00beMax; MOTe-
PH JaBIICHUS MIPOMOPIUOHATBHEI PACXOJy; PEXKUM TCUCHHS HE YYUTHIBACTCS
[4-9]. lpuHuMmast 3T JONYINEHHS ¥, YUUTHIBAs, YTO JaBJICHHE U PACXOJ CO-
CPEeIOTOYCHHBI B 00BEMax, MX MOXKHO ONPEAETHTh, BOCIIOIb30BABIINCH
ypaBHeHHsIMH Oaanca pacxonos [1,2]:
2Qpx = ZQpux T Qi = 0, (1)
rae XQ,, - CyMMa pacxoA0B OT IPUTOKOB KHUAKOCTU B COCPENOTOUYEH-
HbI 00BeM, M/c;
2Qpux - CYMMa pacxoJ0B OT OTTOKOB >KUJKOCTH U3 COCPEIOTOUEHHO-
ro oosema, M%/c;

dw
Qe = ¢ - PACXOM KHMKOCTH MU CKATHH (pacmupeHun) KUAKOCTH,

M3/c.

Y‘II/ITBIBEU[, YTO CKHUMACMOCTb KUAKOCTHU XapaKTCPU3YCTCA 06]].[61/13-
1

BECTHBIM KO3((HUIIHCHTOM CXHUMAaeMOCTH [3 = —W-% Y 3aMEHHB €Tr0 Ha
Ooee yacTo MPUMEHIEMBI 00BEMHBIN MOIYIB YIPYrocTH xkuakoctu E=1/f
OTIpeZIeINM U3MEHCHHE ABICHHS BO BpEMEHH M3 YpaBHEHUs OallaHca pacxo-
noB (1):
% = (ZQBX - 2:Qm;lx) ’ %: (2)

rie W — 00beM JKHJIKOCTH MEXLy BXOJHBIM M BBIXOJHBIM HOTOKaMH,
Me,

3a4acTylo BBIXOJBI THAPOPACIPENCITUTENS B THAPOCUCTEMAX COE/IH-
HEHBI TPyOONpPOBOAAMH C KaKHM JINOO THIPOJIBUraTelIeM HWIH IIPOTOYHBIM
3JIEMEHTOM (KJIAIIAHOM, APOCCEJIEM H T.II.), WM MX TPYIIOH. DTH 3JIEMEHTHI
MOXXHO YCIOBHO TPEACTaBUTh B BHJE SKBHUBAJIEHTHOro napoccens /[P
(puc.1). Ilnomwane ero OyAer 3aBHCETh OT KOHKPETHOTO THpoOamniapara u
YIPaBJSAIOMNUX BO3ACHCTBUI HAa Hero. Eciu BbIXO/bI pacipeieIuTeNs CoOeau-
HEHBI ¢ HECKOJIbKUMHU IIPOTOYHBIMU THIpOAIiapaTaMu, TO CJIeyeT B pacyer-
HYIO CXeMY BHECTH KOJIHMYECTBO 3KBHBAJICHTHBIX APOCCENIEH COOTBETCTBYIO-
Iee KOIMYeCTBY anmnapaToB. B HameM ciydae Ay MaKCUMaJIbHOTO YIIPOIIe-
HHSI MaTeMaTHYeCKOW MOJENN BBIXOJbI PACHpE/ICINTENs COSTMHEHBI C 3KBH-
BICHTHBIMH JIPOCCEJISIMH M PacXo/bl B COCPEIOTOYEHHBIX 00beMax Wy, W,
Ws (puc.l) ompenensrorcsi U3 ypaBHEHHH OajlaHCOB pPacxo/i0B, COOTBET-
CTBEHHO:

Qsonl - Qs,qpl + QC)KI =0,
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Qa,qpl - Qa,qu + Qc>|<2 =0, (3)
Q:—mpz - Q30J'12 + QC>K3 =0,
rae Q,o, — pacxos paboueii JKUAKOCTH Yepes KPOMKY 30JI0THUKA, M%/c;
Qszp — Pacxom pabodel KHUAKOCTH 9EPE3 SKBUBAJIEHTHBIH JPOCCEND,

M/c;
aw . 3
Qo = 5 - pacxon paboueil JKUIKOCTH NPU CXKATHH, M°/C.
VYuuThIBas, YTO CXKUMAEMOCTb XHUAKOCTH XapaKTepPH3yeTcsi oOIiens-
1 dw
BECTHBIM KOX(QHIIMEHTOM CKHUMAeMOCTH 3 = ——:—— M 3aMEHUB €ro Ha

W dp
Ooee yacTo MPUMEHIIEMBIH 00BEMHBIA MOJIYJb YIPYroCTH *kuakoctu E=1/
OTIpeJIeNIUM M3MEHEHUE JIaBJICHHSI BO BPEMEHH U3 ypaBHEHUs OanaHca pacxo-
noB (1):

d E
% = (Q30]ll - Qa,upl) Wl
d E
% = (Qaﬂpl - Qa,qu) Wz 4)

dps _ E
dt (Qs,qu - Q3on2) ' W3

rae W — o00beMm KUAKOCTHU MEXKIAY BXOAHBIM U BbBIXOAHBIM IMOTOKaMH,

Qup — PACXOJL Yepe3 HKBHBAIICHTHBII JIpocceb, M%/c;

2
Qazlpl = Uspp1* fa;{pl ; (p1 —p2) (5)
2
Qa,qu = Msgpz ' fsapZ /; (pZ - p3)
2
Qson1 = Hsont * faomt ; (Pn—1p1) (6)
2
Qson2 = Usonz * faonz Z (P3s — Pen)

fron-TUIOIIAABb 30JI0THHKA.
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f30111 =m-Ds-x (7)
f30ﬂ2=7'['D3'(X0—X)

dppl

=(Qn - Qpl)w sy ®)
(Qpl QyZ) W1 pr

TJI€ Pp — JAABJIEHHUE XUIKOCTU Ha TOPIBI 30JI0THUKA PACTIPEIETUTENS C
IIPaBOM U JIEBOM CTOPOHBI COOTBETCTBEHHO, I1a;

Qy — pacxoj *KHUJKOCTH B JIMHUSX YNPABJIEHHS PACIpPEJENUTENEM B
MpaBoOM U JIEBOU 4aCTHX, M¥/c;

le = HUy1 'fyl ’% (pyl - ppl) (9)

Qy2 = Uy 'fyz

dppz

2
; ' (sz - pyz)

JlBrKeHUE 30JI0THUKA pacIIpeeIUTeNs OMUCHIBACTCS CIEAYIOIUM
ypaBHEHHEM:

d?x

mm=pp1-5p—pp2-Sp—cnp-x—FCiFy (10)

IJie M — Macca 30JI0THUKA PaCTIpeIeTUuTeNs, KT; Sy, - IIOIIaIb TOpia
30JI0THHKA, M%; €y~ KOOhGHIUMEHT CxaThst IpyKuHEL, H/M; x - mepemere-
HHE 30JI0THUKA, M; F, - CHIIbI CONPOTUBJICHHS JBUKEHUIO 30JI0THHKA, H; F), -
CHJIBI peaKkuuu ynopos, H.

PemuB nuddepenunansieie ypaBaenus (4), (8) u (10) B nporpamme
Simulink Matlab mojacrassis HCX0OAHBIE JaAHHBIE TOJIYYEHBI 3aBUCHMOCTH
JIABJICHUS B COCPEOTOYCHHBIX 00heMaX OT BPEMEHH U TIEPEMEIIEHHUSI 30JI0T-
HHKA.

VIcXOoHBIMU JTaHHBIMH CUHTATh TTAPAMETPHI pacCUMTaHHbIe B Tabuuie 1.
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