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Pacuer mpoueccoB pa3roHa W TOPMOXKEHUS IPOU3BOJMUTCS HA MPUMEPE
TUAPONPHUBO/IA JPOCCETBLHOTO PETYINPOBAHUS.

1.1. PacueTrHas cxema

CucremMa ypaBHEHH MATEMaTUYECKOW MOJEIM NPOLIECCOB pa3roHa H
TOPMOXKEHUSI TUAPOINPUBOIA JPOCCEIBHOTO PETYJIMPOBAHUS, KaK MPaBUIIO,
BKJIIOYAET HENIMHEeWHble AuddepeHuanbHble YypaBHEHHUS, IO3TOMY pacuer
BBITIOJTHSIETCS HA DBM.

PacueTtHas cxema ruaporpuBoja nokasana Ha puc.l.1, conepxut Hacoc (H)
MOCTOSIHHOM ~ MPOU3BOJMTENBHOCTH,  NApPaUIEIbHO  KOTOPOMY  BKJIIOYEH
npenoxpanurenpHo-nepenuBHoi  knanadH (KII). T'mppoumnuugp (I'Ll) wumeer
HarHeTaTeJIbHYIO U CIMBHYIO MTOJIOCTH OJIMHAKOBOM ILJTOIIA/IH.

MecTHble rugpaBiauueckue conpoTuBieHus HarHetanuss (MCH) u ciuBa
(MCC) wMoryr couepxaTh  pa3MUHYylO  amnmaparypy  (pacxoJaoMephl,
pacupenenuTeNny, KIamaHbl, JPOCCENH, peryasaropel pacxoxaa). Cucrema
pa3oMkHyTas u coaepkut Oak (b), mpeaHa3HAUYCHHBIN 1JIs1 XpaHEHUS, OUUCTKU U
Jerasanuu paboden KUIKOCTH.
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Puc.1.1. Pacuetnas cxema ruaponpuoja: I'll — ruapounnuuap; MCH — mecTHbIe
conpoTtuBiieHus HarHeTanus;; MCC — mecTHbIe cOTpOTUBIIEHUA ciauBa; H — Hacoc;
KII — knanan npenoxpanuTenbHo-niepenuBHoi; b — 6ak



1.2. JonyumeHuss MaTeMaTH4eCKOil MOae N

IIpu HanMcaHUM ypaBHEHUI MaTEMaTUYECKOW MOJIEIM CIEJIaHbI CIETYIOIINE
JOMYLIEHUS:

1. BoiHOBBIE MPOLIECCHI B THIPOJMHUAX HE YUUTBIBAOTCS; IPUHATA MOJEIIb
C)KMMAaeMOCTH  KMJIKOCTH, COCPEIOTOYECHHOM B HATHETATEIbHOM IIOJIOCTH
TUAPOLWIIMHIPA.

2. Paboyas miomaabr MOPIIHS B HarHETaTeIbHOW M CIMBHOM MOJIOCTSIX
TUAPOLMIIMH/IPA IPUHSTA OJJUHAKOBOM.

3. [IpunHsATO NMaBIeHWE HACTPOWKH KIIallaHa Py = CONSt, T.€. Ki1amaH, obmagas
UJCAIBHON  XapaKTEPUCTUKOM, TOIIEPKUBACT IOCTOSHHOE  JIABJICHHE B
TMIPOCUCTEME HE3aBUCUMO OT Pacxo/ia 4yepes KilanaH.

4. Pacxon Hacoca MPUHAT MOCTOSHHBIM Qn = CONSt, HE 3aBHCSIMIUM OT

pa60qer0 AaBJICHUA, T.C. YTCYKH B IIOABMI)XKHBIX COCAMHCHHAX HACOCa HC
YUYUTBIBAIOTCA.

1.3. YpaBHeHHns MAaTeMAaTH4€CKOl MO eI JJIsl Pa3roHa
U TOPMOKEHUSI C YYETOM COCPeI0TOYEHHOM CKMMAEMOCTH
JKMIKOCTH M CHJIbI TPEHUsl, MPONOPLUMOHAJBLHONH CKOPOCTH

~d%s ds
1. YpaBHEHUE IBIKCHHUS: MW =F,(p,—pP)-K—-R.

dt
2. YpaBHeHue pacxoqos: Q, =Q, -Q, -Q..,

rpe M=M_ +M_- [IpUBEACHHAS K IIOPIIHIO T’HAPOLMIMHApPA Macca, M , - Macca
MOJBIKHBIX YacTell 1 My — Macca *KUJIKOCTH;

4
T 2 d
M =% 50 g 2 Su ]
X 4 p 101 P/ (d J

N

£ - INIOTHOCTD KUJIKOCTH,

|, - JUIMHA TUIPOJIUHUM;
d, - BHYTPEHHHUHN JUAMETP THAPOJIMHUM;

d,- IpPUBEACHHBINA TUAMETP MOPIIHSA; S - IEPEMELICHHUE TTOPIIHS THAPOLUMIINHIPA;
S - IEpEMEIICHUE MOPILIHS; t - BpEMS;

T 42
F, = Z -d - momaae MOPIIHS THAPOLMITHHIIPA;

P, - IaBJICHUE HACTPOMKHU KJIamaHa;

4 2
| d ds
p :0.5p(ﬂ-dﬂ+24j(d"j (aj - IIOTEpHU OaBJICHUA B JIMHEUHBIX U MECTHBIX

COIIPOTUBJICHUAX

64
A= Re KO3 PUIIMEHT rUapaBIMUYECKOTO TPEHUS;
e




d? ds . .
Re=—"—.—" - gyucno PeiHonb/cCa;
d -v dt

v - KOO(POUIIUEHT KHHEMAaTHIECKOW BI3KOCTH KUIKOCTH;
R — mocrosiHHAst Harpy3Ka,

K — koaddunineHT tpenus;

Qxn — pacxon KiamnaHa;

Qur — pacxoJ Hacoca TEOPETUUECKHUH;

Q. =Fy % - pacxo/1 TUAPOIMINHAPA;

W d(p,—p) W dp

Q , =— —8 =" — - pacxopn BBEI3BAHHBIN
O E dt E dt ’
JKUJIKOCTH.
HauanbHble yCcnoBUS IPU Ty CKE:
ds d’s
1:| O dt dtZ 0 ?MI(L Qm
- t=0 t=0 B
o = Fo PR Re|=0.

M ' t=0

CXKMMACMOCTBIO



1.3.1. Ucxoonwvie oannvie:

. M, = 300+N- npuBeneHHas K MOPIIHIO Macca MOJBHKHBIX YaCTEH, KT;
p=800+N - I0THOCTb KUIKOCTH, KI/M>;
|,=0.5+0.1N - qnuHa rugpoaUHUH, M,

. d,,=10+0.1N - BHyTpeHHHI TUaMETP THIPOIUHUM, M;

1
2
3
4
5. > ¢=10+0.1N - cymma k03 QHUIIHEHTOB MECTHBIX CONPOTHBIIEHMUIA;

7. R = 10+N — nmocrosiHHas Harpy3ka, kH;

8. K= N — xoadpdurment tpenus;

9. E=1500+N — mpuBeieHHBIN 00BEMHBINA MOTYJIb YIIpyroctu, MIa;

10. p,, = 20+0.1N - maBmeHue HacTpoWkH KiaanaHa, Mlla;

11. Sp = 1+0.01N- HauanpHOE TIepeMEILICHIE TIOPITHS THAPOLMINHAPA, MM,

12. v= 20+0.1N - k03P dUIIMEHT KHHEMATHYECKOW BSI3KOCTH KHUIKOCTH,
cCr;

13. Vmax=0,1-0.001N — makcumanbHasi CKOPOCTh MEPEMEIICHUS TOPIIHS,
M/cC.
['ne N — nBe nocneanue HUQPpPbI 3a4€THON KHUKKH.
OcranpHbIe TTapaMeTPhl THAPOCHUCTEMBI ONIPEACTUTD U3 UCXOIHBIX TAHHBIX T10
U3BECTHBIM MeTOIHMKaM pacyera [1,7,8 ].

1.3.2. Ilpeobpazosanue ypasHeHUll Mamemamuyecko Mooeu
1.3.2.1. TIpeoOpa3oBaHue ypaBHEHUS JBUKEHUS

[locne mOACTAaHOBKM 3HAYEHUW A, Re U p B YPaBHEHHUE JBHKECHUS

MOJTy4aeM:
d’s F,-p,—R [32F, p-v-l (d, “+£ )
dt? M M-d ° d | M
s O5F p 2. (d, ) (dsY
dt M d_ ) Lt
NN

2 2
d_zs:ao_(£+Aj§_B.(Ej ,
dt M dt dt
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a, - Fn-p,m—R’
M
32Fﬂ.p.v'll"ﬂ d]'l 4.
A= . : :
M .dl'l dZ/‘l
0.5F -p- ¢
B:ﬁ(d_n} )
M d,

1.3.2.2. [Ipeo6pazoBaHue ypaBHEHHUS PACXOI0B
[Tocne moACTaHOBKY 3HAYEHUU Q,, M Q,, MOJIyYaeM:

Q. =Q,-F S+ P,
rue
_AﬂLﬁ_&M(EI
F d F  (dt)’
501051
ds ds)’
rc(G)ola)
rue
C:ﬂ, D:M, @ZC.dZSJrz.D.ﬁ.d_ZS,
F, F, dt dt? dt dt?
TOr'1a

ds+W-C d’s 2:D-W ds d’s.

—_— + y
dt E dt? E dt dt?
dQ, _  d’s W-C d’ 2-D~W'[(dzsj2 ds'dss]

QKU = QH'I‘ - Fu :

= . + + — | +——
dt Todt? E t E dt? dt dt®

1.3.3. Cucmema ypasuenuii mamemamuyeckol mooenu

BBo1 0003HAYEHMIA: S=Y(1), [m];
S=v0), [wel;
d?s

G = YB3, I/,
‘;_tsj =Y(4), [m/c%;
p=Y(5), [m/M°];



Re=Y(6), [1];
Qui= Y(7), [m%/c]
MO3BOJISIET MOJIYYUTh cUCTeMY ceMH IuddepeHlnanbHbIX YpaBHEHUM NEPBOTO

MOpsIIKA:
1 dY(@)

dt ZY(Z)’
d¥@) _, (K. Al.yo-B. 2
2. 5 = (M+A) Y(2)-B-(YQ) ,

3. %:—(%+ Aj.v(s.)—z-s-v(z)-v(s),

4 d\;?) ) _(5+ A]'Y(4)—2- B-(V(3) -2-B-Y(2)-Y(4),

5. %:C.Y(s)ﬁuznv(z)-v(s),

6. dY(6) _ d:
dt d,-v

Y3

Y.M:—Fn -Y(3)+M.Y(4)+ 2.D-W
dt E

(r@r+Y@-v@).



1.3.4. HauanvHvie ycrnosus 0nsi cucmemvl YpagHeHUll
npu nycke cuoponpusood

HavanbHble yciaoBusi JjIsi CUCTEMbl ypaBHEHHWH MpPH MyCKE TUAPONPHUBOJA
clIeIyIouue:

YO=0, Y(@|=0, Y@@ =a, y(4):_(A1;+A).ao,

t=0 t=0 t=0
t=0

Y (5)|=0, Y(6)|=0, Y(7)|=Q,.
t=0 t=0 t=0
Pemmth cucteMy ypaBHEHHH MOXKHO HCIONIB3YSl JIFOOBIE COBPEMEHHBIC
CpeacTBa aBTOMaTH3MpoBaHHOro pacuera (Simintech, MathCad, Matlab, Maple u
np.). PesynapTaThl pacuera mpeNCTaBUTh BHUJAEC 3aBUCHUMOCTEH MEPEMEHHBIX
napamMeTpoOB TUAPOCUCTEMBI OT BPEMEHHU.
1.4. Ananu3 rpadukoB nepexoHbHIX MPOIECCOB
[Tpu ananuze rpaduka nmepexomaHoro mpoiecca (puc.1.2) onpenensrorcs

OCHOBHBIE TAPAMETPHI KAYECTBA PETYIUPOBAHNUSA:

1. Bpems nepexoaHoro npoiecca t,, koraa peryaupyemMasi BeIM4ruHa

JOCTHTaeT 3HaueHus +0.05H (t), , rae H(t)-=Hy - ycranoBuBIIcecs 3HaUCHHE

BI)IXOI[HOﬁ BCJIIMYUHBI, A= 0,1Hy .

T2

Puc.1.2. IlepexoHo# mporiecc ¢ JaHHBIMU

AJI OIIPEACIICHUS ITapaMETPOB KAa4CCTBA PCTYIIMPOBAHUSA



2. Bun nepexoaHoro nporecca: KoiaeoaTenbHbIN, MOHOTOHHBIH,

anepnoanqecxﬂﬁ.

3. MakcuManbsHas JUHaAaMHUYCCKaAa omunoOKa

Oy = H O ~HO.. 1059 ,
H(t)..

rae H(t)yax - MakcHMallbHOE 3HAYEHHE BBIXOIHOMN BEIMYHHEI.

4. Bpems mepBoro coriacoBaHus ti, 3a KOTopoe peryiupyemMasi BeTnanHa

MEePBbIN pa3 TOCTUTAET 3HAYCHUS Ho

5. Bpewms ty , 3a KOTOpOE perynupyemasi BEIUYMHa BO3PACTAET A0

MAaKCUMAJIbHOI'O 3HAYCHMU HMax .

6. YUacToTa xonebaHuli B Iepex0JHOM Mpoliecce

rje N — KOJIUYEeCTBO Kojebanuii 3a Bpems .
Tak, Ha puc.1.6 t, =t, - OTpe30K abc, n=2.

7. JlekpeMeHT 3aTyXxaHus NEPEXOIHOTO Mpolecca
_in HOm —H ().,
H (t)maxi -H (t)w
rae H(t)wax — MakcuMasbHOE 3HaYCHHE BBIXOAHOW BeMUUHbI; H(t)x -
yCTaHOBUBIIICECS 3HAUYCHNE BbIXOAHOM BeMUMHBL; H (). i — clieayromee 3a

o H
H(t)yax MakcuMallbHOE 3HAYCHUE BBIXOAHON BEIUYMHBI, T.C. d = InH—l , CM.
2

puc.1.2.
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