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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
BBITIONIHSIETCS HAa DBM.

PacueTtHas cxema ruaporpuBoja nokasana Ha puc.l.1, conepxut Hacoc (H)
MOCTOSIHHOM ~ MPOU3BOJMTENBHOCTH,  NApPaUIEIbHO  KOTOPOMY  BKJIIOYEH
npenoxpanurenpHo-nepenuBHoi  knanadH (KII). T'mppomwmmunp (I'L]) umeer
HarHeTaTeJIbHYIO U CJIMBHYIO MOJIOCTH OJIMHAKOBOM IJIOILA/IH.

MecTHble rugpaBiauueckue conpoTuBieHus HarHetanuss (MCH) u ciuBa
(MCC) wMoryr couepxaTh  pa3MUHYylO  amnmaparypy  (pacxoJaoMephl,
pacupenenuTeNny, KIamaHbl, JPOCCENH, peryasaropel pacxoxaa). Cucrema
pa3oMkHyTas U coaepxkut 0ak (b), mpeaHa3HAYCHHBIN JJIs1 XpaHEHUs, OYUCTKU 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 HanucaHuy ypaBHEHUI MaTEMaTUYECKON MOJIEIM CIEJIaHbI CICIYIOIINE
JOMYLIEHUS:

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

2. Paboyas miomagp MOPIIHS B HarHETaTeIbHOW M CIMBHOM TOJOCTSX
TUAPOLMIIMH/IPA IPUHSTA OJJUHAKOBOM.

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

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

pa60qer0 AaBJICHUA, T.C. YTCUKM B IIOJABMIXHBIX COCIMHCHHAX HACOCa HC
YUYUTBIBAIOTCA.

1.3. YpaBHeHHns MAaTeMAaTH4€CKOl MO eI JJIsl Pa3roHa
U TOPMOKEHUSI C YYETOM COCPeI0TOYEHHOM CKMMAEMOCTH
JKMIKOCTH M CHJIbI TPEHUs1, MPONOPLUMOHAIBLHONH CKOPOCTH

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

dt
2. YpaBHeHHe pacxonoB: Q, =Q, -Q, -Q.,,

rie M =M +M_ - IDpUBCACHHASA K HOPLIHIO THAPOLUMIIMHApPA Macca;, M , - Macca
MOJBIKHBIX YacTell 1 My — Macca *KUJIKOCTH;

L - TNIOTHOCTD JKUJIKOCTH;

|, - IJMHA TUAPOJIUHUM;
d,, - BHYyTPEHHUN 1MaMETP TUIPOIUHUN;

d,- IPUBEIEHHBIN TUAMETP MOPIIHS; S - IEPEMELICHNUE TOPIIHS THAPOLUMIINHIPA;
S - IEpEMEIICHUE MOPIIHS; t - BpEMS;

T 42
|:H — Z . dH - IJI0Iaab MOPIIHA T'HAPOUINHAPA,

P, - JABJICHUE HACTPOWKH KJIalaHa,

4 2
I d ds
P =O.5p(ﬂ.dﬂ+24'j(dn] (E] - TIOTEPU JABJICHUSA B JIMHEWMHBIX U MECTHBIX

COIMPOTHUBJICHUAX

A= e KO3 (PHUITMEHT THAPABINYECKOTO TPEHUS;
e



d> ds . .
Re=—"—.—" - gyucno PeiHonn/ca;
d -v dt

-
v - KOO(PPUIIMEHT KHHEMAaTHIECKOHW BI3KOCTH KUIKOCTH;
R — mocrostHHas Harpyska,

K — koaddunineHT tpenus;

Qxn — pacxoJ1 KJ1araHa;

Qur — pacxoj1 Hacoca TEOPETHUUCCKHUH;

ds )
Q.. =Fu ¢~ PACXOA IHAPOLMIMHADA;

W d(pKH_p) W dp

Q ,=— —8 Ad=——.— - pacxon BBI3BAHHBIN
< E dt E dt ’
JKUJIKOCTH.
HauanbHble yCcnoBUS IPU Ty CKE:
ds d’s
t| O dt dtZ 0 ?Kn(|) QHT
t=0 t=0 -
F -R =
a, = P ’ Re| 0

CXKMMACMOCTBIO



1.3.1. Ucxoonwvie oannvie:

. M, = 300+N- npuBeseHHas K IOPIIHIO Macca MOJBHKHBIX YACTEH, KT;
. p=800+N - mI0THOCTb KUAKOCTHU, KI/M°;
I,=0.5+0.1N - nmuHA THAPOIUHUHI, M;

. d,,=10+0.1N - BHyTpeHHHI TuaAMETP THIPOIUHHM, M;

1
2
3
4
5. > ¢=10+0.1N - cymma K03(pHHIHEHTOB MECTHBIX CONPOTUBIICHHUIA;

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 - maBieHune HacTpoiky kinamnana, Mlla;

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

12. v= 20+0.1IN - ko3pduIMeHT KMHEMATHYECKOW BSI3KOCTH KUIKOCTH,
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 3HAYEHUWHW A, Re W p B YPABHEHUE JBHKCHUS

TOJTyYaeM:
dZS_F"‘pm_R_ 32Fl‘l.p‘v'|l—ﬂ dl'l 4+K X
a2 M M-d ° d | M
ds O5F,-p- > ¢ (d )" (ds)
dt M d,) \dt
nim
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1.3.2.2. IIpeoOpa3oBaHue ypaBHEHHUS pacX0JI0B
[locie moxcTaHOBKM 3HAUECHUH Q, U Q. MOJIydaeM:

ds W dp
= —F ¢ —_— —‘_,
QKU QHT I dt + E dt
re
A-M ds B-M (ds)
p:—_+— _ y
Fdt F (dt
WA
2
dt dt
rae
A-M B-M 2 2
c=22T p-=2 @:C.d_szrz.D_%.d_zs’
3 F,o0odt o dt dt dt
TOrIa

ds W-C d?s 2-D-W ds d’s
= —F ._+_._+—._._;
Qu =Qu —F, dt E dt? E dt dt?

2 3 2.\? 3
dQ, _ . d’s, .c_%+2-D-w{(d sj ds'ds].

dt "odt? E E dt? dt dt®

1.3.3. Cucmema ypasuenuii mamemamuyeckou mooenu

BBox 00o3Hauenwii: S=Y(), [m];

ds _ .
a_ Y(2)1 [M/C]a
d?s .
F: Y(3), [M/CZ],
d3s

—=Y(4 3:
e (4), [m/c?];

p=Y(5), [a/M?];



Re=Y(6), [1];

Qui= Y(7), [m%/c]
MO3BOJISIET MOJIYYUTh cUCTeMY ceMH IuddepeHlnanbHbIX YpaBHEHUM NEPBOTO
MopsaKa:

dy(l)
l.T_Y(Z),

Y@ _, (K. Alyo)-B. 2
2,T_a0 (M+Aj Y(2)-B-(YQ) ,

3. %: —(%+ AJ-Y(3)—2- B-Y(2)-Y(3),

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

5. mzC'Y(S)WLZD-Y(Z)'Y(S),

dt
6. YO _ d 3,
a d,v
7.9¥(0) _ ¢ .v(3)+WgC @+ 22 (v @F +Y Y @).



1.3.4. HauanvHvie ycrnosus 0nsi cucmemvl YpagHeHUll
npu nycke cuoponpusood

HavanbHble yciaoBusi JjIsi CUCTEMbl ypaBHEHHWH MpPH MyCKE TUAPONPHUBOJA
clIeIyIouue:

YOI=0, Y@[=0, Y(@)|-a, Y(4):—(A[/([+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
Pemute cucteMy ypaBHEHUMH MOYHO HCIOJIb3Ys JIIOObIE COBPEMEHHBIE
CpeIcTBa aBTOMaTH3MpoBaHHOTO pacuera (Simintech, MathCad, Matlab, Maple u
np.). PesymapTaThl pacdeTa mTpeNCTaBUTh BHAC 3aBUCHUMOCTEH IEPEMEHHBIX
apamMeTpoOB TUAPOCUCTEMBI OT BPEMEHHU.
1.4. Ananu3 rpadukoB nepexoHBIX MPOIECCOB
[Tpu ananuze rpaduka nepexomgHoro mpoiecca (puc.1.2) onpenensrorcs

OCHOBHBIC IIaPaAMETPHI Ka4E€CTBA PEryJINupOBAHMI.

1. Bpems niepexoaHoro npoiecca t,, koraa peryaupyemMasi BeJIM4ruHa

JOCTHTaeT 3HaYeHus +0.05H (1), , rme H(t).=Hy - ycraHoBuBIIICECS 3HAYCHUE

BI)IXOI[HOﬁ BCJIMYUHBI, A= 0,1Hy .

Hy

Ts

Puc.1.2. IlepexoHo# mpoiiecc ¢ JaHHBIMU

JUISL OITPEICIICHUS TAPAMETPOB KAUeCTBA PETYJIMPOBAHUS



2. Bun nepexoaHoro nporecca: KoiaeoaTenbHbIN, MOHOTOHHBIH,

anepnoanqecxﬂﬁ.

3. MakcuManbsHas JUHaAaMHUYCCKaAa omunoOKa

o~ HOm=HO. 1550,
max H (t)w )

rae H()y.x - MakcuManbHOE 3HAYCHHE BBHIXOAHOMN BEIMUUHBI.

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

MIePBBIN pa3 JOCTUTAET 3HaUYCHHS Ho .

5. Bpewms t , 32 KOTOpOE peryaupyemMasi BeIMYMHA BO3PACTAET 10

MaKCUMAaJILHOTO 3HaUeHUA H,y .

6. YUacToTa xonebaHuli B Iepex0JHOM Mpoliecce

rje N — KOJMYECTBO KojeOanuii 3a Bpems .
Tak, Ha puc.1.6 t, =t, - oTpe30k abc, n=2.

7. JIeKpEMEHT 3aTyXaHUs MEPEXOIHOTO MPOoIECca
q HOm —HO,
H () i —H(®),,
rae H(t)y.x — MakcumaibHOE 3HaUYeHHE BBIXOAHON BeuuHbL, H(t)x -
yYCTaHOBMBILICECS 3HAUCHHE BbIXOAHOM BeMuuHbI; H(t)yax i — Clieayroriee 3a

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

puc.1.2.
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