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Llenpr0 KypcOBOTO TIPOEKTA SIBIISIETCSI OCBOCHHE ITPUEMOB aHAJIM3a M ICCIICIOBAHHS CH-
CTEM YIpaBJICHHS ICKTPOTEXHUUECKIMHU YCTPOHCTBAMH, PAOOTAIOIIMMH B PEKMMaX CTAOMIIHU-
3allUH BBIXOHBIX M1apaMeTPOB.

HccnenoBanust MpOBOASTCS METOAOM BBIYMCIMTEIEHOTO KCIIEPUMEHTA Ha MEPCOHAb-
HoM kommbioTepe (1K) ¢ mpuMeHeHreM crienuain3upoBaHHOTO MPOrPAMMHOTO 00ECTICYCHUSI.
B kauecTBe HHCTPYMEHTAIBHBIX CPEJICTB MCIIOIb3YIOTCS MPOrpaMMa MOICTHPOBAHS TMHAM -
yeckux cucrem Simulink Bxoasmias B pacumpeHHbIi coctaB nakera MatLab.

VcxoaHble JaHHBIC IPUBOISATCS B 33/IaHMK HAa KYPCOBOM MPOGKT, IIPHU 3TOM B 3aBHCUMO-

CTH OT BapHaHTa 3aJjaHus TpeOyeTCsl paCCMOTPETh OJJHY U3 CUCTEM aBTOMAaTUYECKOTO PEryIiu-
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poBanus (CAP). B MmeTonuueckux ykazaHUsIX HOAPOOHO paccMaTpUBAETCs CHCTEMa aBTOMATH-
YEeCKOr'0 PEryJIMpOBaHMsI IBUTATENIEM IIOCTOSIHHOTO TOKA C HE3aBUCUMBIM BO30YKICHUEM.
[Tpennaraercs ciaenyromuil NOpsI0K paboThI:

1) onpenenenue napaMeTpoB, CTATUYECKUX XapaKTEPUCTUK U OIpaHUUYCHUH 00BEKTa pe-
TyJIUPOBAHUS;

2) pazpaboTka pyHKIIMOHANBHOM cxembl CAP;

3) cozpaHMe MaTeMaTHYECKOro ONUCAHUS OOBEKTOB YIIPaBIEHUS! CUCTEMBI;

4) pa3paboTKa CTPYKTYpHOU CXEMbl M MOJIEIHN O0OBEKTA YIIPaBJIECHUS U IIPOBEIECHUE YK C-
JICHHBIX 3KCIIEPUMEHTOB;

5) napaMeTpUUECKU CUHTE3 PETYISATOpPa TOKA U €r0 UCCIIEA0BAHUE;

6) mapaMeTpUUYECKUI CUHTE3 pEeryasTopa CKOPOCTU U €r0 UCCIIEI0BAHUE;

7) OlLleHKa KauecTBa MPOLECCOB PEryIUPOBAaHUS MPH 3a/IlaHHBIX BHEIIIHUX BO3MYIICHUSX.

B cocraB oopmiteHHOI pabOThI JOKHBI BXOAUTH OSCHUTEIbHAS 3aMIUCKA, CTPYKTYP-
Has cxema CAP ¢ mapamerpaMu v OTpaHUYCHUSIMH, CTATHYECKHE XapaKTEPUCTHKH O0BEKTA pe-
I'YJIMPOBaHUs, MALIMHOTPaMMBI (pacleyaTKu), WLTIOCTPUPYIOIINE AUHAMUYECKUE CBOMCTBA

CAP u ee KOMIIOHEHTOB.



1. OnpepgeneHne napamMmeTpoB U XapaKTepPUCTUK OOBbEKTa
ynpaBneHus

1.1. Cxema o6 bekma ynpaeJsieHus

Ha puc. 1 nmpeacraBnena cxema o0bekTa ynpasiieHus. OOBEKT npeacTaBiseT coooin
JIBUTATEIh TIOCTOSIHHOTO ToKa J| ¢ He3aBucumoii 00MoTKO# Bo30yxnenus OB, ¢ muranueM ot
TUPUCTOPHOTO npeodpazoBarens TII, HarpykeHHbII Ha pabounii Mmexanu3zm PM. TupucropHsiit
npeoOpazoBarTeib BBHIMOIHAET QYHKIIUU YIIPABIIEMOT0 BRIIPSAMUTENS. B HeM BblieieHa cucre-
Ma UMIYJIbCHO-(hazoBoro ympasienus CUDY, tpanchopmarop T u cunoBasi 4acTh TUPUCTOP-

Horo nipeoOpazoBarenss CUTIIL.

U,
O 0O OB

- o Ug=const 4

CUDY | T PM

]
Uy + 0 M, o
—h CUTII : | @‘%“?‘A‘}H

<«
an —

Puc. 1. O0bexT ynpaBiaeHus

U, — neiicTBytoliee TMHEHHOE HANPSHKEHUE IIUTAHUS BBIIPSIMUATEIS;

U, — HanpspkeHue (TIOCTOSIHHOE) MUTaHUsI 0OMOTKH BO30Y KIEHMS;

Uq, |, — Hanpsokenne Ha Boixone TI1 u TOk sikopst IBUraTess;

@ — YTJIOBasi CKOPOCTh BPAIIEHHs ABUIATENs;

M, M — 311eKTpOMarHuTHBII MOMEHT JIBUTATEN st © MOMEHT COIIPOTHBIICHUS HATPY3KH;

U, — curnan ynpasneHus soinpamutenem TII.

HOCTpOCHI/IC MOZCIIN HAYHEM C OIIPCACIICHUSA TapaMETPOB 00BeKTa peryjiupoBaHus.



2.2. OnpedeneHue napamempoe o6 bLeKkma ynpaesieHus

Heucamenv nocmosinnoco moka. B xauectBe npumepa paccmotpum asuraresns tuna 21TH200M

. KOTOpBIﬁ HMECT CIICAYIOINE 3HAUCHUA ITapaMETPOB:

HomunassHas MomuocTs Py, KBT 60
Homunansuoe nanpsokerne Uy , B 440
Homunanbhas gyacrora Bpamenus [y , 00/MuH 3150
MakcumaipHast 9acToTa BpaueHus Ny, 00/MuH 3500
Cormporusienue sikoproit oomotku (pu 15 °C) Ry, Om 0,047
ComnpoTiBIIeHHE 100aBOYHBIX MTOTI0COB R » OM 0,029
NHIyKTUBHOCTD LIETIH SIKOPS L,I, MI'H 1,6
MOMEHT HHEPLHH SKOPS Jy , K-M’ 0,25
Yucno nmap nomocos Pp 2
Koaddumuent nonesnoro sgeiicraus M 0,905

HeHOCpeI[CTBeHHO 10 UCXOJHBIM JaHHBIM MOT'YT OBITh BEIYMCIICHBI HOMUHAJIBLHBIC Be-

JIMYUHBI: YIJ10Basdg 9aCTOTa BpalllCHUA ABUTATCIIA (DN, MOMCHT ABHUIaTCJIA MN y TOK sSAKOpA IN

W HOMHUHAJIBHOC CONIPOTUBJICHHUEC ABUTATCIA IPHU HECIIOABUIKHOM SAKOPEC RN:

oy = T-NN/30=3,14-3150/30 =330 pax/c;

My = Pn/ @y =60-10% 330 = 182 H-um;

Pn 60 - 10°

In= = =151 A;

Un-M 440 - 0,905



Ry = Uy Iy = 4407151 = 2,90 Om.

CyMMapHO€E CONPOTUBIICHHE IIETIN SKOPsI, BKIIOYAIOIIEe B Ce0s1 CONPOTUBIICHHUSI COOCTBEHHO

SIKOPHOU 0OMOTKH R,[ Y JIONIOJTHUTEIIEHON OOMOTKH RH:

Rax = Ryt Ry =0,047 + 0,029 =0,076 Om.

[Ipu OTCYTCTBUU JAHHBIX MOKHO MPUHSATH Rﬂ,z = B - (1-mMm)- RN. J11s1 He3aBHCUMOTO U
napasuieIbHOrO BO30YKIECHUS B = 0,5, 15 cMemaHHOTo BO30YKICHUS B = 0,6, 1 IOCAEI0-

BaTEIBLHOTO BO30YKICHHS B =0,75.

Tupucmopmuwiii npeobpazosameins. Y13 NCXOAHBIX JaHHBIX JUJIsl pACCMaTPUBAEMOT0 BapH-
aHTa U3BECTHO, YTO OH MpeaHa3HavyeH /it paboTsl B | kBagpanTe [2], T.€. €ro BBIXOJHOM TOK U

HAIPSPKCHUE HCOTPULATCIIbHEIL. HomunansHOE BTOpPUYHOC JIMHENHOE HAIIPsSI’KCHUEC TpaHC(l)Op—

matopa U>=380 B, criaxunBarommii peaktop B LEMH BHIIPSIMICHHOTO TOKa OTCYTCTBYET, €T0
uraykTHBHOCTE Ly = 0. CymMMapHOe MpHBeIeHHOE HAMPSUKCHHE KOPOTKOTO 3aMbIKAHNS, Y-
TBHIBAOIIIEE MTUTAIOIIYI0 ceTh U Tpanchopmarop, Uy = 0,15.

Homunaneneie napamerpsl TII: BeImpsMIIEHHOE HapsiKEHUE Ud,N 1 TOK I N TOJKHBIL
COOTBETCTBOBATH NapaMeTpaM €ro Harpy3ku. C ydeToM psiioB HOMUHAJIbHBIX TOKOB U Hampsi-

KEHUHN OJKalIie JOMyCTUMBbIC 3HAYEHUS TTapaMETPOB BBITIPSIMUTEIIS: Ud,N =460 B; IgN =
160 A.

Hamnpspxenune xomocToro xoaa BeimpsaMuTens npu OL = 0 onpenenseT HaubobIee
HaIPsSKEHUE BBITPSAMUTENS Ud,O - DTO HampsHKEHUE MOXKHO BBIPA3UTh yepe3 KodhduineHt

sempamtenns Ky u muueitnoe nanpspkenne BropudHoii ooMotkn Tparchopmaropa Uy mms

Tpex(a3HOW MOCTOBOM CXEMBI:



Ugo= K, - U, = (3-1,41/m ) - 400 = 1,35 - 400 = 539 B. 1)

BrixogHoe conportuBiieHue mpeoOpa3zoBaTelis ONpeAesaeTcs: B IEPBOM MPUOITIKEHUN
(6e3 ydera maieHUsT HANPSDKEHUST HA aKTUBHBIX COMMPOTUBIICHUSX LIEMU TIEPEMEHHOTO TOKA) 110

BBIPAXECHUIO:

R.=A -Us - Ugn/Ign = 0,5-0,15 - 460 / 160 = 0,216 Owm.

Jlunamuueckue cBoicTBa CHIIOBOM yactu npeodpaszosatens CUTII xapakrepusytorces

TaK>K€ MOCTOSHHOMN YHCTOIO 3ala3/ibIBaHHuA TT» IMMOCKOJIBKY CUTHAJIBI YIIPABJICHUA ITOCTYIIAOT HA

TUPUCTOPBI CXEMBI B TUCKPETHBIC MOMCHTBI BPEMCHHU. HpI/I MMMTAaHUU OT CETH C YaCTOTOH fC JJIA

Tpex(da3HONH MOCTOBOM CXEMbI BHIMPSAMIICHHS

Tr=1/(6 - fo) = 1/(6 - 50)=0,0033 c. ()

HOCTOHHHYIO YUCTOI'O 3a1ma3AbIBaHUSA TPUHUMAKOT paBHOﬁ HYJIHO, €CJIN CKOPOCThH U3ME-

HeHust yria ynpasienns [T-ha3zHoro npeodpaszoBarens He MpeBHIIIAET, COrIacHo Teopeme Ko-

TCIbHHUKOBA, KpHTquCKOﬁ YaCTOTbI O‘)Kp:

do/dt< o, =m-n-f,

Ecnu BeIxogHoe COIMPOTUBJICHUC Hp606pa3OBaTCJ'I}I Rl‘[ BKJIFOYUTH B LCIIb SIKOPA ABUT'ATCIIA,

TO CYMMApPHOE€ COITPOTUBJIICHUEC AKOPb — npe06pasoBaTenL COCTaBHT:

Ran = Ryz + Rp=0,076+0216=0,292 Om.
B CYMMAapHYIO HHAYKTHBHOCTb HKOpHOﬁ LETIN CICAYCT BKIIFOYUTh HHAYKTUBHOCTE LICIIN

AKOpA ABUTATCIIA, MHAYKTUBHOCTH ,Z[OHO.HHPITCJIBHOFI LI[ n KOMHGHC&HHOHHOﬁ LK obmoTok. Ec-



JIX COCTaBJIAIOIINC I/IHI[yKTHBHOCTGfI LCIHU B CIIPABOYHHUKE HC 3alaHbl, TO MOKCT OBITh UCITIOJIb-

30BaHa (hopmyna Ymanckoro—JIuuBuiis [1], [5]: 11s1 HEKOMIIEHCHPOBAHHBIX JBUTATENICH C KO-

sdpdurmenrom K, = 0,6, nms kommencuposannsix — K| = 0,25,

Uy 440
Lys= L+ L+ L =K, ——=06-————————=0,00264 I'n.

In - Pn- ©N 151-2 - 330

Ecan HHAYKTHBHOCTDH CIUIA’KUBAOIICTO PEAKTOPA TUPUCTOPHOTI'O npeo6pa30BaTen$[ Ll'[

BKJIFOYUTH B LCIIb AKOPS ABUTATCIIA, TO CyMMapHad HHAYKTUBHOCTD SAKOPb — HpCO6pa3OBaT€JH>

COCTaBUT:

Lon = Lyx + L;=0,00264 +0=0,00264 T 3)

Pabouuti mexanusm. B 3aJlaHUH OH IIPEACTABJICH B BUJAC OJTHOMACCOBOI'O TCJId, BCC MO-
MCHTBI CUJI U UHCPLUHU BpaAIArOMIUXCA U MTOCTYHATCIbHO ABWXKYIIUXCA MaCC KOTOPOTO IIPUBC-

JIEHBI K BaJly ABUTaTess. MOMEHT MHEpIUHU paboyero MexaHu3Ma pu 3alaHHoOM Koddduiinen-

T€ MEXaHUYECKOM HarpyskKku KH

Jy=J,- K, =025 2=0,50 kr-m>.

CyMMapHbIii MOMEHT MHEPIUU SKOPs U padodero MexaHusma

J=J,+J,=025+ 0,50 =0,75 krm°.

2.3. Cmamu4eckKue xapakmepucmuku o6beKkma ynpaesieHusi

HO)I CTaTUYCCKUMH XapPaKTEPHUCTUKAMHA OOBIYHO ITOHUMAKOTCI 3aBUCUMOCTH MCKIY BC-

JUYUHAMU, XapaKTEePU3YIOIMMHU YCTAaHOBUBIIMICS MpoLiecC paboThl 00bEKTa PETyIUPOBAHUS

(st mBurarens 5to Mmoment M 1> TOK KOs |, ckopocts ©, Hanpsixkerne Uy). Jins mammim
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TOCTOSIHHOTO TOKa HaMbOJIee YaCTO paccMaTpHBaloT dnekrpomexanndeckue M I[(' ,{), MEXaHU-
YEeCKHUE O)(M Zl), CKOpPOCTHBIE 0)(| ;1) u sremmne U s (|,1) XapaKTEePUCTUKHU. 11 BBIIPAMUTEIS

— uermame Uy (Id) U PETYJIIMPOBOYHEIC Ud(OL).
Buemnss (Harpy304Has) XapakT€pUCTHKA BBIIPSMHTEIS IIOKA3bIBAET 3aBUCHMOCTD BbI-

XOOHOI'0 HAIIPSAXKCHUA Ud oT HOTp€6JISIeMOI‘O BBIIPAMIICHHOI'O TOKa Id IIpru HCU3MCHHOM YTJIC

ynpasieHus: Ol. OrpaHUYUMCs PACCMOTPEHUEM PEKUMOB HempepbIBHOTO ToKa [2]. Koadduiu-

€HT OTHOCHUTEIBHOI'O HAKJIOHA BHEIITHEH XapPaKTCPUCTHKHU B €€ JIMHEMHOM 9acTH AJig paccMart-

puBaemoro Boinpsmutens A=0,5. CpenHee BbIIPSIMICHHOE HAIPSKEHUE B PEKUME XOJIOCTOTO

Xo04a Ud,O 1 3KBHBAJICHTHOC (BBIXO,Z[HOC) COIIPOTUBJICHUC Rl‘[ IOJIHOCTBIO OIIPCACIIA0OT BHCII-

HIOIO XapaKTePUCTUKY ISl TEKYIIETO yria yrnpasieHnus Ol.

UN:U(lN):Ud,O'COSOC—|N'RH.:En—|N'RH 4)

PerynupoBouHas XxapakTepuCTHKa Ud(OL) IpeJCTaBiseT co0oil Takxke ypaBHEHHE (4)

IMpU HEU3MCHHOM 3HAUCHUHN BbIXOJHOI'O TOKa Id I[J'ISI OIIPEACIICHUS yIJIa YIIPABJICHUS B q)YHK—

[IMU BBIXOJIHBIX MTAPaMETPOB BBIPSIMHUTEIS JOCTATOUYHO ypaBHEHHUE (4) pa3penuTh OTHOCH-

TeJIbHO OL

o= arccos{(Un + Iy - Ry)/Uq0}-

IloacranoBkoOii B TOJIYYCHHOC BBIPAKCHUC 3HAYCHUN BEJIMYUH A1 HOMHHAJIBHOTO pe-

KHUMa OonpeacIaeTCsa HOMHHAITHHBIN YroJi yImpaBJICHHS:

o= arccos{(Uy + Iy - Ry)/Uq o}= arccos {(440 + 151 - 0,23)/539}=29°.



Cpennee BBIIPSIMIICHHOE HAIIPSKEHUE B PEXKUME XOJIOCTOTO X012 Ud,O,a (OAC ucrou-
HUKA THTaHus [2;)) 1715 HOMHHAILHOTO YIJIa yIIPaBJIeHHs ONPEeTHTCA 110 (hopmye (4) npu

HYJICBOM 3HaueHHH Toka F, = Ud,O,a = Ud,O - COS Oy = 539 - COS 29° =473 B.

Bblpa)KeHI/ISI, HCO6XOI[I/IMBIG AJI TIOCTPOCHUSA XaAPAKTCPUCTUK ABUTATCIIA MOCTOAHHOT'O TOKA C

HE3aBUCHUMBIM B036Y)KI[6HI/ICMI

Uﬂ:Rﬂ,Z 'I;I+E[1,
E.=C, D o, ()
~MH:MH(I$I):CM'CD'I;“

rme  C,, — KOHCTPYKTHBHBI KOSQ(HUIMEHT, 3aBUCSIIHIL OT YHC/IA AKTHBHBIX IPOBOTHIKOB

AKOPA N, uncra napajulebHbIX BeTBEH OOMOTKH SIKOpsl (I ¥ BBIOPAHHBIX €IUHUL] U3MEPEHNUS;

AJI1 HAalIeTo cirydas

2T
Z[J'ISI JABUTATCIIA TIOCTOSHHOI'O TOKa C HE3aBUCUMBIM B036Y)KI[6HI/ICM B HepBOM HpI/I6J'II/I—

YKEHUH, IpeHeOperast HaChIIEHNeM MarHUTHON TN U PEaKIUeil sIKopsi, MOXKHO MPUHSTH MO-
TOK B30y neHus Mammasl moctosaaeiM, @ =CONSt. B sTom cinydae renecooGpasHo momno-

KUTb

C=Cy D.

B CIIpaBOYHHKAX I10 DJICKTPUYCCKUM MalllMHAM HC BCETAA NPUBOJATCA NAHHBIC, HEO00X0-
JAUMBIC OJI BBIYUCIICHU A C B stom CJIydac €€ MOXKHO OIIPCACIIUTD JIs1 HOMUHAJIBHOTO PEKUMaA

yepes Ipyrue cripaBoyHble JaHHbIE, Hanpumep u3 Gopmy (5):

10



E,.= Un-In -Ryx =440-151.0,076 = 428 B;

C=E,/on =428/330=1,30B6.

Cratuyeckue XapaKTepUCTUKU ABUTATENs U BHIIPAMUTENS, IOCTPOEHHBIE IO (hopmynam
(5), mpuBenens! Ha puc. 2. Ha pucyHke oTMeueHbl HOMUHAJIbHBIE 3HAUCHUS [TapaMeTPOB U Ta-
paMeTphbl X0JIOCTOTO X0/, BRIYUCICHHBIEC B JaHHOM pa3jene. Kpome Toro, Ha puc. 2 npuseje-
HBI CTATUYECKUE XaPAKTEPUCTUKHN BEHTUIIITOPHON MEXaHMYECKOM HArpy3KU U BHEIIHSS Xapak-

TEPUCTUKA BBIIPAMHUTENSA (4).

2. Pa3paboTtka (pyHKLMOHaNIbHON CXEeMbl
CUCTeMbl aBTOMaTU4€CKOro perynmpoBaHus

B 3aganuu Ha KypcoBO€ MPOSKTUPOBAHUE OOBIYHO TPeOyeTCst 00€CTIeUnTh CTa0MITN3aIINI0
CKOPOCTH BpalieHus apuratesns. Hanbonee kaueCTBEHHO TaKyro 3a7ja4y B YCIOBHIX HEOMpee-
JIEHHOCTH BHEIIHUX BO3AECHCTBUI MOKHO PELIUTh IIPU UCIIOIBb30BaHUM PETYISATOPA C YIIpaBie-
HHUEM I10 OTKJIOHEHHUIO. BBOJTUM B CHCTEMY KOHTYp PETYIUPOBAHHUS IO CKOPOCTH. J{J1s1 orpanu-
YEeHUST BO3MOXHBIX OPOCKOB TOKA JIBUTATEIISI 3TOT KOHTYP JAOMOIHIETCS KOHTYPOM PETyIINpPO-
BaHUs TOKa. /|1 mOdy4yeHus: Ha BXOJaxX PeryisaTopoB HH(OPMAIMK O 3HAYEHUSX peryaupye-
MBIX BEJIMUUH MOTPEOYIOTCS JaTYUKU CKOPOCTH U TOKa. TakuM 00pazom, MpeuiosKeHHast IBYX-
KOHTYpHAs CHCTEMa YIIPABJICHUSI MOKET pacCMaTPUBATHCS KaK CUCTEMa aBTOMAaTUYECKOTO pe-
rynupoBanus (CAP).

[Tpy KOHTPOIMPOBAHUY JIBYX BEJIMYMH HanOoOJIee YacTO UCIOIb3YETCs MOAUYMHEHHOE pe-
T'YJIMPOBaHUE, IPHU ITOM IMOAYUHEHHBIM (BHYTPEHHUM) Ha3HauaeTcs Hanbosee ObICTpoaei-
CTBYIOIIIMI KOHTYp, B HallleM CJIy4dae 3TO TOKOBBIM KOHTYp. Ha puc. 3 npennoxxena cxema cu-

CTEMbI aBTOMATHYECKOTO YIPABICHUS JIJIST PACCMAaTPUBAEMOTO YJICKTPOIIPUBO/IA.

11



T . U, ~const T ®,=const
(182;330) M
M (I
(142;184) el
89 (151,182)
d
0 [N ] —
B) r)
@ =const
| o | %

(0;339)

0 I 0

N I — Ly I —
Puc. 2. CraTnueckue XapakKTepUCTHUKU 00BEKTa PEryJIMpOBaHHUS:

a — MexaHuueckas asurateis (1) 1 Harpysku (2); 6 — 31eKTpoMeXaHn4ecKas BUraTesIst;  — CKOPOCTHAsI
qsuraress s Uy=const (3) u aist E,=const (4);
2 — BHewHue apuratess (5) u Boimpsamutesst (6); ® — TOYKM YUCICHHOTO 3KCIIEPUMEHTa
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Buyrpennuii kontyp (AP1, OP1, IT) o6pa3oBan perynaropom Toka PT, cucremoit Tupu-
cTopHbIi ipeoOpazoBarenb—aBuraresb OP1 u gatunkom toka JIT. Buemnuii koutyp (AP2,
OP2, JIC) o6pasyercs perymstopom ckopoctu PC, o60bexkToM perynmupoBanust OP2 u narankom
ckopoctu JIC. B xauecTBe 00bekTa perynupoBanus OP2 paccmaTpuBaeTcss BHYTPEHHUN KOHTYP

u pabounit Mmexanusm PM.

AP2

Puc. 3. Cxema I[ByXKOHTypHOﬁ CUCTCMbI aBTOMATHYCCKOI'O PCryJInpOBaHUA:

PT, PC — perymnsitops! Toka u ckopocty; AT, IC — natunku Toka u ckopocty; TIT — TupucTopHsIi npeo6-
pasoBarens; J| — nBuratens; PM — pabounit mexanusm; OP1, AP1— 00bekT 1 aBTOMaTHYECKUI PETYIATOP BHYT-
peHHero KoHTypa ynpasiienusi; OP2, AP2— 00beKT 1 aBTOMaTHYECKUH PEryJIITOp BHELIHETO KOHTYPA YIPABICHHS;
U,+,U,c — cUTrHAIIBI 00paTHBIX CBs3EH 10 TOKY B ckopoct; U, , U, . — CHTHAIIBI 3a1aHus IO TOKY B cKopocTH; Uy,
U, — HanpsDKEHMS TIUTaHKUSA U YIPaBIEHUS 00BEKTa PEryIUPOBAHHS; Iy, @ — TOK SKOPS U CKOPOCTH JIBUTIaTElL
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3. MaTemMaTn4yeckoe onucaHme 351eMeHTOB OObeKTa
ynpaBJrieHus

[Ipu pazpaboTke MaTeMaTHYECKOTO OMKCAHUSI HEOOXOIUMO COCTaBUTh CUCTeMY Audde-
pPEHIMAIBHBIX YPaBHEHUH, TO3BOJISIOLIYIO pacCMaTpPUBaTh NEPEXOAHBIE TPOLIECCHI ITPU HAJIU-
YUU YIPABISIONIMX M BO3MYIIAIOIINX BO3ACUCTBHUMA. 3aTe€M 3TH ypaBHEHH PeoOpa3yroTcs K
BUY, YI0OHOMY JIJIsl MOJICTIMPOBAHUS B 33JaHHON MHCTPYMEHTAIBHOM cpene. PaccmarpuBaercs
BAPUAHT, KOI'/1a UHCTPYMEHTAJIbHAS CPEJla UCIIONIb3YET ONEPATOPHOE ONMMCAHUE TUHAMUYECKUX

MpoucCCoB.

3.1. AnekmpomexaHu4eckuli npeobpasoeamersib

AHaJIN3 UCXOOHBIX TAHHBIX MMO3BOJISIET CAEIATh YIPOIIEHUE U PACCMOTPETH B KAYECTBE
€IMHOT0 AJIEKTPOMEXAHUYECKOI0 TPeoOpa3oBaTeisi CUCTEMY JIBUraTeNb—padounii MEXaHU3M.
[Tpu mocTpoeHUH MOAETHU 3IIEKTPOMEXaHMUECKOTr0 TPeoOpa3oBaTesi MPUHATHI CIEIYIOIINE 10-
MYUIEHUS: TapaMeTpbl MAlIMHbBI JUHEUHBIC; TOK JBUTATEI HEMPEPHIBEH; PEAKIUS AKOPS HE
YUUTHIBACTCS; BHEITHSS XapaKTEPUCTUKA MTpeoOpa3oBaTes JIMHEHAS; SKOPb JBUTATENS U pa-
00umii MeXaHU3M MPeJICTaBICHBI OJJHOM BpaIIAIOIIEHCss MacCOH.

Hcxonubie ypaBHEHMS 1JIs1 MTHOBEHHBIX BEJIMYMH IIPUMEHUTENBHO K JBUTATEIO MIOCTO-

STHHOT'O TOKA MPHU OJTHOM 00MOTKe BO30YykaeHus [1]:

uﬂ:iﬂ'Rﬂ-l-Lﬂ‘—"'(Dan'LlZ'iB1 (6)
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rne  Ug, Iz — HanpsbkeHue U Tok 00OMOTKH BO30YyxaeHus; Uy, |y — HanmpsbkeHne U TOK sKop-
noit o6motkn; Ry, Ly — conporusnenne n nunykrueaOCTs 06MOTOK BO3GYKACHUS; (D0 =0 /
Pn — anexrpuueckas yriosas ckopocTh BpallleHHs SIKOPS;

L 15 — B3ammmHas MHIYKTHBHOCTD OOMOTOK BO3GYK/ICHHS 1 SKOPS.
[Ipeobpa3zyeM ypaBHeHUs K yI0OHOMY Ul MOJIeTMPOBaHus BUy. BBeneM o0o3HaueHus

TIOCTOSHHBIX BPEMEHH 0OMOTOK BO30yxKeHus 1 5 = LB / RB u sixops 15 = L,I / R,I .
Onpe/ieuM HOCTOSIHHBIE BPEMEHH SKOPHOM 1enu 1 s, ¥ DIIEKTPOMEXaHUYCCKYIO T10-

CTOSIHHYIO JBUIaTCIsA T M-
Ran-d  0292.0,75
Lsn  0,00264 T, = = = 0,130 c.
T5n= - = 0,0091 c; C2 1,30°
Ran 0,292

OGo3HauuB oneparop Au(GPepeHHpoBaHIsT O = d / dt, sanucsiBaem st memu Bo3-

Oy>KIeHUS:

U =R, (1+ T, p) - is

C ncnonp3oBanneM nepeMennbix JJIC aBurarens € u moToKa ABUTaTeNs @D snekrpo-
MEXaHUYECKYIO YaCTh CUCTEMBI (6) MOKHO TIPEICTAaBUTh B BUJIE:
di,
uﬂ_lﬂ'R;I_l_Ls{' +e)1;

rae € = MWy Lo 'iB=pn'(D 'le'iB =Cy, D o,

COOTBETCTBCHHO B OIIEPATOPHOM BUAC!:

Uy = Ry (1+ T, - p) -y + ey,
M,=C, -®-i,.
15



HpI/I IIOCTOAHCTBC MAaroHuTHOI'O ITIOTOKA €0 MOXXHO MCKJIFOUYHUTDH U3 ypaBHeHHﬁI

uﬂ:Rﬂ'(l"'Tﬂ'p)'i;["'en;
M, =C-1i, , @)
e;=C-o.

Hanpsoxenne Ug Ha siIKOpHOH 0OMOTKE paBHO MPUIIOKEHHOMY BBIXOJHOMY HAIPSHKEHUIO
MUTAIOIIET0 TUPUCTOPHOTO peodpaszoBarens Uy, a Tok sikopst | paBeH ero BEIXOAHOMY TOKY

lg. BHemHss craTudeckas XapakTepUCTHUKA MTPeoOpa3oBaTeisi OMUCHIBAECTCS ypaBHEHUEM (4).

O6o3HauuB € — Ud,O - COS O , ¢ yueroMm ypaBHenus (5) mosydaem aiis 3JEKTPUYCCKOM Ya-

CTH ABHUI'aTCJIIA:

1R,
I, = - (en—ey) . 8)
1+ T p

W3 ypaBHeHus (6) mosryyaeM orepaTopHYIO 3allHCh ISl MEXaHUYECKON 4acTy MPUBOJA:

1
o=——(M,-M,). (9)
J-p

B paMKax IMpoOeKTa MOMCHT, CO3/1aBacMBbIil pa60‘lI/IM MCXaHU3MOM IIPpUBOJA (MOMCHT CO-

MIPOTHUBJICHHS HATPY3KH ), MOKHO MPEJCTAaBUTh KaK
— - 2
MC—M0+M1+M2—M0+K1°C0+K2°(D )

rnie My, My, M5 — momenTsI cyxoro TpeHus, BS3KOro TPEHHS ¥ BEHTHIATOPHOI COCTAB-
JSOIIEN HAarpy3KH;

K1, K5 — ko3¢ umenTsr BI3KOro TpeHus 1 BEHTHISTOPHOM COCTABIISIONIEH HATPY3KH.

[l paccmatpuBaeMoro BapuaHTa
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M. =K, -0 . (10)

KoadduureHT BEeHTHIATOPHON COCTABISIONICH HArPY3KH Il PACCMaTPUBAEMOT0 Bapu-
aHTa 3aJIaHUs OIIPEACIIACTCS U3 YCIOBUS PAaBEHCTBA B HOMUHAJIBHOM YCTAHOBUBLIEMCS PEKUME

MOMCHTOB ABUT'aTCJId U CHUJI COITPOTHUBIICHUA:

My 182

K= =0,00167 H-m-c?,

oN 330°

MoMeHTy COIPOTUBIIEHHS C YU€TOM YpaBHEHHUsI (5) MOCTaBUM B COOTBETCTBUE CTaTHYE-
CKHUH TOK IC = MC/ C; AJIs1 HOMHUHAJIBHOI'O pCKHMa €10 3HaA4YCHUC
My 182

len= = =140 A.
C 1,30

3.2. TupucmopHsbIl npeobpa3zosamersb

[TonpobHO MOEIMpPOBaHNE TUPUCTOPHBIX Npeodpa3oBarenel u3inoxeHo B [4]. B ynpo-
HIeHHOM Mojenu (cM. puc. 1) cunoBas yacTs TUpHcTOpHOTO IIpeoOpaszoparens CUTII pacecmart-

pYBaeTCcs B BUAE PETYINPYEMOU dIEKTPOABUIKYIIEH CUIIBI ICTOYHMKA TUTaHusA. B onepatopHoit

dopme ¢ yuetom (1) u (2)

en = Ugo- Cos a-exp(-p-Ty) = K - Uz- Uy - exp(-p -Ty), (11)

9IS Uy' = COS O — ymnpasnstomuil curian ot CUDY.

| — —
J171s1 HOMMHAQJIBHOTO peXuMa Uy,N = COS Oy = COS 23°=10,923.
Cucrema UMITYIIbCHO-()a30BOTO YIIPaBICHUS 00ECIIEYNBALT 110 33IaHHOMY CUTHAITY
yIpaBIeHUS Uy dbopMUpOBaHKEe, CAHXPOHU3AIMIO U paclpee/ieHuss UMITYIbCOB YIPaBICHUSI.

C yueTroM (pUIBTPYIOLIUX CBOMCTB BXOJHBIX LieTiel (10 yciaoBHI0 nmoMexoycroiunoctu) CU-

DV mMokeT ObITh MpeICTaBlIeHA KaK HHEPIIMOHHOE 3BEHO MEPBOTO MOpsaKa ¢ KodhpuimeHTom
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YCHUJICHUS Kn ¥ octosiHHO# Bpemenn 1 . st CUDY ¢ BepTHKaNbHOI crcTeMoit hazoBoro
yIpaBieHUs NOCTOsIHHAS BpeMeHu Haxoautes B npenenax 0,001...0,008 c. nsa paccMmarpuBae-

MOro BapuaHTa npuaumMaercst 1 = 0,004 ¢ .

Kosddumment yennenust K, mpuanmaem ncxonst u3 crenyromero. IIpeamonaraem, 4To

CUCTEMBI YIIPaBJIEHUS U PETYJIMPOBAHUS PEAIM30BaHbl HAa ONIEPALIMOHHBIX YCUIIUTEINAX C MUTa-
Huem *12 B. ['apanTupoBaHHBI 1Mana3oH JUHEHHON paboOTHI ONepauoHHbIX yeunuTeneit £10
B. 3agaeM HOMUHaNIbHbIE 3HAUEHUS YIPABJISIOIIUX CUTHAIOB, IPUBEICHHBIX Ha puUC. 3, Ha

ypoBHe 18 B:

Uy,N :U3.T,N :U3.C,N :UO.T,N - Uo.c,N =8,0B. (12)

Jlnst HomunansHoro pexuma K = Ule' / Uy,N =0,923/8,0= 0,115.

Taxum o6pazom, CUDY moxkeT ObITh peAcTaBlIeHa B ONIEPATOPHOM BUJIE:

Ku
U/= —-Uy. (13)
1+ TH' P

4. Pa3paboTKa CTPYKTYPHOMN CXeMbl OObEeKTa yripaBrieHUs n
npoBeAeHNe YUCNIEHHOIo 3KCNepuMeHTa

4.1. CmpykmypHasi cxema cucmembl d8u2amesib—Haz2py3Ka

CrpykTypHas cxeMa NpeacTaBisieT co0oi rpadguyueckoe ornucaHue, BHITOJTHEHHOE B BU-
JIe COCTMHEHHI THIOBBIX TMHAMHUYECKUX 3BeHBEB (0710K0B). TUmoBoe 3B€HO H300paXkaeTcs B
BU/JIE MPSMOYTOJIbHUKA, BHYTPH KOTOPOT'O 3alKchIBaeTcs nepenarounas ¢pyHkuus. [lpu ucnomns-
30BaHUH MHCTPYMEHTAJIBHBIX CPEJCTB U MAKETOB, KPOME TUIIOBBIX, BO3MOXHO HCIIOJIb30BAHNE
U JIpYTUX BUJIOB OJIOKOB.

Beimonaum Ha puc. 4 NocTpoeHNE CTPYKTYPHON CXEMBI ISl CUCTEMBI IBUTATEIb—

pabounii MEXaHU3M paccMaTpuBaeMoro Bapuanrta (mojaeins ).
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Puc. 4. CtpykTypHBIE CXEMBI 2JIEMEHTOB O0BEKTA YIIPABJICHHUS:

@ — DIEKTPHYECKAs YacTh; 6 — MEXaHHIECKasl YaCTh; JJIEMEHTHI IPE0OPa30BaHUs: TOK — MOMEHT JBHUTATENS (6),
ckopocth — DJIC nBuratens (), CKOPOCTh — MOMEHT CONPOTHBIICHUS HATPY3KH (0); e — MOJHAasI cXxeMa 00beKTa
ynpasieHus (6e3 THPUCTOPHOTO NMpeodpa3zoBaTens)

DneKTpuYecKasi 4acTh JBUTATEINS, COTIACHO (8), TpeIcTaBIIseT cOO0M arnepruoaniecKoe
3BEHO, Ha BXOJIE€ KOTOPOTO BBIMIOJIHAETCS BhIunTaHue (puc. 4,a). MexaHudeckas 4acTh MPUBO/IA

10 BeIpakeHUIo (9) naet uHTerpupytoiee 38eHo (puc. 4,0). bioku, Beraucisoniye mno Gopmy-
nam (7) moment aeuratens M, n ¥ OJIC nBurarens €, NpeACTaBIAIOTCA B BUIE O€3bIHEPLIMOH-

HBIX 3BeHbEB (pucC. 4,6 11 4,2). MOMEHT CONPOTUBIIEHUS paboyero MexaHusma (Harpy3ku), co-
rinacHo (10), mpeacrapinsiercs B Buje 010ka, 00ecreyrBaroiero Bo3BeAeHHE BXOIHOM nepe-
MEHHOM B KBapart (puc. 4,0).

[TonmHast cxema cucTeMbl ABUraTeIb—pabounii MEXaHu3M, coryiacHo (6), ¢ y4eToM yrpo-
IIEHUH TaHHOTO BapuaHTa 3aJaHus IpuBeeHa Ha puc. 4,e. B 3Tolf cxeme MOXXHO BBIICIHTD JBa
JTMHAMHYECKHUX 3BEHA: HHEPIIMOHHOE MIEPBOTO MOPAKA (XapaKTepU3yeT NEKTPUIECKUE MPo-

1IeCChl B OOMOTKE SIKOPSI) ¥ HHTErPaJIbHOE (XapaKTepU3yeT MEXaHUIECKHE MTPOIIECCH TPUBO/IA).
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Ha puc. 5,a npuBesieHa cxema, IoJy4eHHas MyTeM Ipeobpa3oBanust ucxogHoi. Iomy-
YyeHHas CXeMa IPeICTaBIsAEeT COO0I MOEIb, KOTOpasi MOXKET OBITh Pealn30BaHa COOTBETCTBY-

OIMUMHA HHCTPYMCHTAJIbHBIMHA CPCACTBAMU.

4.2. HYucneHHbIU 3KCepuMeHmM Ha KOMIMbromepe

ITox yrcIEeHHBIM SKCIIEPUMEHTOM IIOHUMAIOT MIOJIyYEHUE CBEIEHUIN 00 UCCIIEyeMOM
00BEKTE IIyTEM U3YUEHUS IOBEIECHUS €r0 MOJIENH, PEAJIM30BAaHHOM Ha IIEPCOHAIBHOM KOMIIBIO-
tepe. Ha puc. 5,06 nokaszan npumMep peanuzanuu Mojenu J{ (cuctemsl 1BUratenb—Harpyska) B
nakere Simulink. {is yno0cTBa paboThl Bce MOACTHUPYIOLIKE OJIOKA HMEIOT TTO3UIIUOHHBIC
0003HaYeHMsI. YKa3aHbl TAKXKe UIEHTU(PUKATOPbI BXOJHBIX U BBIXOIHBIX IEPEMEHHBIX.

Wi (p) — aniepriogndeckuii 6JIOK MepBOro MOPSIIKA COOTBETCTBYET SJICKTPUUSCKON YacTH JIBUTa-
Tes,

W(p) — uHTErpaTtop — MOJICIUPYET EKTPOMEXaHHUYECKOE MPeoOpa3oBaHKe SHEPTHH JIBUraTe-
neMm;

W3(p) — npornopiuoHanbHbii OJI0OK — MOJEIUPYET 0OPaTHYIO CBSI3b C IIMTAHUEM JIBUTATENS 1O
ero D/1C;

W4(p) — mokazatenbHast GYHKIUS — MOACIUPYET OOPATHYIO CBSI3b 110 MEXaHUYECKOM HArpy3Ke
C BEHTUJIITOPHOU XapaKTEPUCTUKOM.

[Ipu moxenupoBanuu Ha DBM HeoO0X0uMO 3a/1aTh YUCIEHHbIE 3HAYEHUS TapAMETPOB
Moienupyromux 6;10koB. CpaBHHUBasi 0003HauU€HUS, IPUBEJCHHBIE HA CXeMaX PUC. 5, HETPYJHO
OTIPENIeIUTh BBIPAYKEHHS JUIs BEIYMCICHHSI 3THX MapamMeTpoB. [ 6J10K0B, coepxKalux HHTe-
IPUPYIOIINE YaCTH, HOTpeOyeTcs TaK)Ke BBECTH HayaJIbHbIE YCIOBUs. BHEIIHUE 110 OTHOIIEHUIO
K MOJIEJIM BO3JEHCTBUS MOACIUPYIOTCA B BUJI€ BO3MYIEHHN. [I0AroTOBIEHHBIE TaHHBIE CBO-

JATCA B Ta6J'II/IIIy " IPUBOJATCA B MOSICHUTEILHOM 3aIHCKe.
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Puc. 5. CtpykTypHBIE CXEMBI JJIEKTPOMEXAaHUYECKON YacTH 00BEKTA YIIPABJICHUS B

TEepPMHHAX JMHAMHYECKUX 3BEHBEB (a) M HHCTpYMeHTalbHOro cpeactaa Simulink (b)

IIpuHrMaeM U1 UCCIIEIOBAHUS PEXUM IIyCKa ABUTATEIS 110 HATPY3KOU IIpU BKIIIOYE-
HUU Ha [IOJIHOE HAIIPSDKEHHE. DTO COOTBETCTBYET 3aJaHHUIO BHEIIHETO BO3AEHCTBUS V B Buze
CTyINeHYaTol QYHKIMHU U HYJIE€BbIM HaYaJIbHBIM YCIOBHIM. 3a/1aeM CIIEIYIOIINE 3HAUCHUS e

[apaMeTpOB: BEJIMYNHA BO3JACUCTBUSA A =E, =472B, Bpems nosenenus {5=0 c. Illar pacuera

H=0,001 c, BpeMs1 MOJEITUPOBAHUS T=1c. llar pacdera ¥ BpeMs MOJEIUPOBAHUS B XOJI€ IKC-

MNEPUMEHTOB MOT'YT USMCHATHCA I MMOJTYYCHHA ITPUCMIIEMOTO IO YCIIOBUTIO YCTOI\/’I‘—II/IBOCTI/I

YUCJICHHOI'O METOZa pE3yJibTaTa. HpI/I MOZJCIIMPOBAHUU COXPAHAIOTCA Fpa(I)I/IKI/I B (bYHKI_II/II/I

BPEMEHM IS TOKA [ ,{(t), CKOPOCTH (D(t), a Takke rpaduk CKOpOCTH OT TOKa iH(O)) u Qaiin ¢

OIMUCaHUEM MOACIIN.
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Ha puc. 6 moka3aHbl PE3YIbTATHI YUCIICHHOI'O S3KCIICPUMCHTA AJId MOACIIN pacCMaTpuBa-
€MOI'0 ABUIaTclIsl IOCTOAHHOI'O TOKAa C HC3aBUCUMBIM BO36y)K[[eHI/IeM.

Pe3ynbTarhl 4ncIeHHOTO AKCIIEPUMEHTA JIOJDKHBI ObITh 00paboTansl. [Ipu o6paboTke
OTIPENIENSIOTCS TapaMeTPhl TOYHOCTH MOJISIIMPOBaHus Toka lg u ckopoctu (M. IIpu 3TOM 110-

TPCHIHOCTH OIPCACIAIOTCA IO PE3YIIbTATY YCTAHOBUBLICTOCS 3HAUYCHU A BCIIMYNHBI B YUCJICH-

HOM J3KCIIEPUMEHTEC 1 HOMUHAJIbHOMY 3HAYCHHIO IMapaMETpa, TaK JJIA TOKA AKOPs IIOJIydacM:
€j=100 (Iﬂ,y— IN) / In . (14)

Jns norpemHocteit, 6oabmux yem 0,5%, TpedyeTcst HAaUTH HCTOYHUKH UX BO3HUKHOBE-
HUS U, [10CJIE IEPECYETa [1apaMeTPOB, IOBTOPUTH YUCICHHbBIE SKCIIEPUMEHTHI.

VYcraHoBUBILUECS 3HAUEHUS TOKA SIKOPA |y y M CKOPOCTH JBUraTens vy OTMEYAIOT Ha
pacUeTHBIX CTaTMUECKUX XapaKTepucTukax (cM. puc. 2). Ilo pesynpraTam MOAEINPOBAHUS
OIIPEIEISAIOT TAKXKE BPEMSI IEPEXOTHOTO MPoLecca T pep, BPEMS JOCTHKEHUS MAKCUMYMA T yaic U

nepeperyIupoBaHue
Gj =100 (IH,MaKC - Iﬂ,y) / Iﬂ,y . (15)

JIMHaMUYECKYIO XapaKTEPUCTUKY (D(M Zl) PacCYUTHIBAIOT 11O XapakTepucTuke | ﬂ((x)),

nonyqaeMoﬁ B XO0€ YHUCJICHHOI'O SKCIICPUMCHTA, U TAKKE€ HAHOCAT Ha COOTBETCTBYIOIYIO CTa-

TUYECKYIO XapaKTEPUCTHUKY.
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a — BPEMCHHLIC JUarpaMMbl: 0— JAuarpaMmma IMHaMHUKU; Iﬂ,MaKC — aMIUIMTYyJla TOKa K0P, |ﬂ’y— YCTaHOBUBIICCCH

3HaY€HUE TOKA AKOPS; Trep, Tyaxe — AMUTENBHOCTD MIEPEXOTHOTO MPOIECCa U BPEMS JOCTHXKEHUS MaKCUMyMa JUIst
TOKA SAKOPS
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5.3. Modenb mupucmopHo20 npeobpasosamerisi
Ha puc. 7 npuBeIeHbI CTPYKTYPHBIE CXEMBI JUIs IBYX BapUaHTOB Mojienu. Bribop Bapu-
aHTa 00yCIIOBIMBACTCS COOTHOMIEHHUSIMH Mexty mapamerpamu 1 u 1, a Takxke crocoGom 3a-

JaHUs BOSMYIICHHS 110 ITIMTAaHUIO. Ha pHuc. 7 1o JIMHUAMM CBA3U JaHbI 0003HaYEHH S MOACIN-

PYEMBIX BCIIMYHH.

a | ChDY | CUTrI |
vi) Wa(p) (1) Wep) (M, We®) (M)
X7k |Y7 X6 g Xas Y5
N K-e-(T'p) S
Uy, 1+Tp U, o en
Vo Xus|KXaXo
—
U
6) Uy cytn ¢
[
We(p) (1 Wyp)
Vi X6| K |Y6 X6 KT: Y5
N —_—
Uy 1+Tp U, X1 X2 e

Puc. 7. Monenu TuprcTOpHOTrO rpeodpasosatens B makere Simulink:

@ — BapUaHT C UCTIOIb30BaHHEM OJIOKA MEPEMHOKEHHSI; O — BAPUAHT C UCIIOJIb30BaHUEM OJI0Ka
orpaanuenust; T, M, Sat — 6ok moxenu CUTII, 1 — moxens CUDY

Oco0eHHOCThIO BapuaHTa puc. 7,a ABISETCS MOAPOOHOE MOJIEIUPOBAHUE YpaBHEHHM
(11) 1 (13). Jis 6oxa We(p) moskro Hasuaunts K =1. B 9ToM BapuanTe He ydTeHO CyIie-

CTBYIOIIIECC OTPAHUYCHUEC HAa MAKCUMAJIbHOC 3HAUCHUC 3I[C HCTOYHHUKA IINUTAHUA COTJIaCHO (1)

Jlyist ero ydeTra J0CTaTOYHO JIOTIOTHUTENILHO BBECTH 010K orpanuueHus. J{is 6moka W-(p)
NIPUHUMAETCS K= KH, T:TH.
B BapuanTe Ha puc.7,0 BBeIeHO OrpaHUYEHUE TI0 MakcuManbHOMY 3HaueHuo DJ[C

(6:10x W5(p) ); mitst 3TOr0 6J10Ka MOKHO MPHUHSATH KT =K, - Ug; X1=0, X2 =1. B 61oke

We(p) mpursto K = K, T = TT,H = T, + T, 9T0 cOOTBETCTBYET MOCIHPOBAHHIO CYM-

MapHOTO BPEMEHH 3aIma3bIBaHUsI THPUCTOPHOTO MPEeoOpa3oBaTENsI.
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[Tocne oObenMHEHHSI MOJIEIH THPUCTOPHOTO MPeodpa3zoBaTesst ¢ MOJCIbIO ABUTATENs

Heo0X0UMO Hccie1oBaTh noinydeHnyto cuctemy TII-/I. MccnenoBanue npoBoautcs mpu 3a-

naromeM Bo3zeiicteun V1 B BUzE cTyneHuaToil GyHKIMHM ¢ BpeMeHeM nosBinenus (g = 0 u am-

nmuryoit A= Uy,N = 8. 'paduxu B pyHKIIMM BpeMEHU JUIsl BCEX BEIMUYUH U (paiiiibl ¢ onuca-

HHEM MOJIEJIE HEOOXOIUMO COXPaHUTh.

5. CuHTe3 perynsatopoB 3neKkTponpueBoaa
5.1. OnpedeneHue napamempoe 0am4uKoe

OOBIYHO AATYUKU TOKA U CKOPOCTH IO YCIOBUIO O0ECIIEUEHUsI yCTONUYNBON pabOThI
MUMEIOT B CBOMX BBIXOJHBIX HETsIX GUiIbTpel. [Ipumem, 4To MOCTOSTHHBIE BPEMEHH dTHX (HITb-

TPOB 3HAYUTCIIbHO MCHBIIC ITOCTOAHHBIX BPEMCHH BXOJJHBIX (i)I/IJ'ILTpOB CUDY. D10 1103BONISIET

CUMTATh JAaTYNKHU Oe3biHepIHOHHBIME. Koo duimeHTs nepenaun ams 1aTanka ToKa KH_T u

JIaTYMKA CKOPOCTH K n.C

Kir = Ugrn / In=87151=0,0531;

Kie = Ugen /ooy =817330=0,0242.

5.2. lMponopyuoHarnbHO-UHMez2pasibHble pe2ysiimopbl
[IponopuronanbHo-UHTErpaIbHbIN perynstop (IIM-perymnstop) nonydaercs npu napaii-
JIETHHOM COEIMHEHUH TTPOTIOPIIMOHAIBHOTO 3BeHa ¢ KodddurmenTom ycuneHus: K u 3BeHa uu-
CTOrO MHTETPUPOBAHHS C IOCTOSHHOM BPEMEHH | ;. DTOT PEryIISTOp COOTBETCTBYET THIIOBOMY
M30JJpOMHOMY 3BEHY. 3a CUET HAJIMUUS B 3TOM PETYJIATOPE MHTETPUPYIOLIETO 3BEHA KOHTYp pe-

TYJINPOBAHUA o0ecreunBacT acTaTU3M (OTCYTCTBI/IC OIJ_II/I6KI/I) I10 3a1ar0ICMy BO3ACHCTBUIO.

Ero nepenarounast pyHKIMsI MOKET OBITh 3allicaHa pa3InyHbIM 00pa3oMm:

1 1+T,.p 1
= K. = -1+T,-p), @6
TI/Ip Tap TI/Ip

Wi () =K +

e 1, = K - TH. — DKBUBaJeHTHas nocrosguHas I -perynaropa.
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[TepenaTounas ¢pynkius (16) MokeT OBITH MPEACTABIICHA B BUJIE MTOCIIEOBATEILHOTO
COETMHEHUS JIBYX 3BEHHEB 1/ ( T, p) u (1 + T3 . p) [lepBoe u3 HUX OOecrieynBaeT acTa-

TU3M, BTOPOC KOMIICHCUPYCT HanboJee MCIJICHHOC alICpUOaANYICCKOC 3BCHO OGT:GKTa, ITO3BOJIAA

MOBBICUTH OBICTPOJCHCTBHE KOHTYpA.

5.3. CuHme3 peaysissmopa moka

ITox cuHTE30M B paMKax IPOEKTa IIOHUMAETCS IAPAMETPUYECKUN CUHTE3, T.€. HAX0XK-
JICHUE [TapaMeTPOB PETYIIATOPa, ONTUMU3UPOBAHHOTO 0 KaKOMY-IH00 kputepuio. st obec-
IeYeHMs acTaTu3Ma (OTCYTCTBHSI CTATUYECKHX OLUIMOOK) MO 3a/laHUI0 KOHTYP PEeryJIupOBaHMs
JIOJDKEH UMETh XOTs Obl OJJTHO MHTErpUPYIOIee 3B€HO. B kauecTBe ONTUMU3HUPYIOIIETO KPUTe-
pusi BHIOMpaeTcsi MaKCHMaJIbHOE OBICTPOACHUCTBHUE IIPH IMTPUEMIIEMOM TE€peperyIupoBanuu. Jis
MOBBILIEHUS OBICTPOIEHCTBUS PETYJIATOP OCHALIAETCS 3BEHbSIMU, KOMIIEHCUPYIOIIUMHU 00JIb-
IIKM€ TIOCTOSIHHBIE BPEMEHH 00BEKTa.

JUig ynpoleHus: aHaIMTUYECKUX BBIPAYKEHUH IIPU BBIYMCIIEHUN [IaPAMETPOB PETYIIATOPA
UCIOJIB3YIOT alMpoKCUMAIUIo 00beKTa peryiaupoBanus. B HameMm ciydae ctpykrypy CUOY
paccMaTpuBarOT B BUJIE OJJHOTO UHEPIIMOHHOTO 3B€HA (CM. pUC.7) C MOCTOSIHHOW BpEMEHH, YUU-

TBIBaIOHIGﬁ YUCTOC 3alia3IbIBAaHUC:
T=T,,=T,+ T, =00033+0,004 = 0,0073 c.

[TepeMHOXUTENB B KOHTYPE PETYIMPOBAHUS OyAET NMPECTaBICH CBOMM KO3 pHIreH-

TOM YCUJICHUA KB " HAIIPSPKCHUEM CCTU U2. B uenom TPIpPICTOpHBIfI Hpe06pa30BaTeJU> apena-

CTaBIIsieTCs NepeaaTouHon GyHkIuen WT,n(p). [TockonbKy TOKOBBIN KOHTYp ObICTpOAEH-

CTBYIOH_II/IP'I, TO MIPUHUMACTCA, YTO 3a BPEMs €TO OTpa6OTKI/I CKOpPOCTb ABUTATCIIA (0, a 3HAYUT U

ero D/IC €;; CymecTBEHHO HE U3MEHAIOTCA. DTO MO3BOJIAET IIPU PACYETE BHYTPEHHETO PETYIIs-

TOpa HE YYUTHIBaTh 00paTHYIO cBA3b 10 DJIC ABUraTens u mpeacTaBUTh ABUraTeNb YIPOIICH-
o o o ]

HOU mepeaToyHon GpyHKIHEeH WII (p) 3BEHO, NPEACTABIIAIONIEE TaTUYMK TOKA Wﬂ'T(p), pu

PaccCMOTPEHUH KOHTYpa peryjIupoBaHus MEPEHOCUTCA B MIPSIMYIO LIETb, M TAKUM 00pa3oM MoJy-
yaeTcs KOHTYp C €IMHUYHOU 00paTHOM CBsA3bI0. [Ipu ykazaHHBIX JONYLICHUSIX MepelaTouHas

(byHKLMS pa3OMKHYTOTO KOHTYpPa PEryJIHpPOBAHUS TOKA
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KiKyU; 1R,
WT(p):Wp.T(p)'WT,H(p)'WJI'(p)'WJI.T(p):Wp.T(p) e 7 'Kﬂ.m (17)
1+TT,H p 1+T51,r[ p
rae WpT(p) — UCKOMas mepeaaTovHast GyHKIUS PETYIsITOpa TOKA.
[MN-perynsTop MOKET KOMIICHCUPOBATHh HAUOOJBIIIYIO TIOCTOSTHHYIO BpEMEHHU KOHTYpa U

00eCIICYUTh aCTaTH3M I10 3aar0ICMy BO3JICHUCTBHIO:

1+T,.-p 1
Wp.T (p) - Kp.T = ——— A+ Tp.T ’ p)! (18)
Tp.T p Tp P

rac Tp.T — OKBUBAJICHTHAA IIOCTOSAHHAA BPCMCHU PEryJIATOpPA TOKA,

T p — HOCTOSIHHAsI BPEMEHHU HHTETPAIbHOM YaCTH PEryssiTopa TOKa;
Kp.T =T p.T /T, p — KOODULHMEHT YCHIICHHS PETYIIATOPA TOKA.
Jljig KoMIieHcay HanOoJIbIIEH MOCTOSHHON BpEMEHU ClIEAyeT NPUHATh Tp_T =T, a0

Haumenbiast moctossHHas BpeMeHH 00beKTa TT,H 0CTaeTCsl HEKOMIIEHCUPOBAHHOM 1 obecrie-
YUBACT IOMEXOYCTOMUNBOCTh CUCTEMBI. OCTAETCsI ONPENEIUTH TIOCTOSHHYIO BPEMEHH HHTE-
IpanbHOI YaCTH PeryasTopa Toka 1 p.

[lepenaTounas GyHKIUSA 3aMKHYTOI'O alllIPOKCUMHUPOBAHHOT'O KOHTYpa PeryIupOBaHUs

TOKa IpH Tp_T =T, 5,1 TOKA MPEJICTABIIAET COOOM 3BEHO 2-TO MOpAIKa:

W.(p) 1 L
@, (p) = - - - @)
1+ W, (p) 1+ T3 p+T°p°  1+24Tp+ Ty T, p’

rne 1 1 — IIOCTOSIHHAs1 HHTETPUPOBAHUA
1 KOHTYPHOTI'O PETYIATOPA;
TM — 3KBHBAJICHTHAA MaJiasd IIOCTO-
sSIHHasi BDEMEHHU KOHTYpa peryJIMpOBaHus;
=T Ty.;
O
0,0 4,5 t/ T

o

Puc. 8. [lepexoaHble XapaKTEpUCTUKHU IS
3BEeHa 2-ro nopsaka



T
=T 1/ (2 T 2) = E ) T_l — ko3¢ dunment aeMnpupoBaHusl.

u

B kauecTBe KpUTEpHs ONTUMHU3AIMH UCIIOIB3YIOT XapaKkTep AeMI(PUPOBAHUS IEPEXOIHO-

T'O IIpouecca. Paznmugaror CICAYIOMIUE CTCIICHU ,Z[eMH(l)I/IpOBaHI/IH 3BCHBECB. CUJIBHOC — C >1,

nopmaisHoe 0,707<C<1 u cnadoe 0<{<0,707. [lepexoaHble XapaKTEPUCTUKH 3BEHBEB IIPUBE-
JieHbl Ha puc. 8. J{1s HacTpOMKH peryisTopa Ha ONTUMYM 110 MOJYJIIO (TEXHUYECKUN ONITUMYM)

[2], [6], [7] Be1OUpatotr (=0,707. ITpu stom 11=2 - TH’ TZZ\/E~ TH’ BpeMsi [IEPBOTO JOCTHU-

JKCHHS! yeTaHOBUBIIerocs 3uadenns 4,771, nepeperymmposatuue 4,3 %.

U3 (19) MOKHO OTYYUTh NEPEIaTOYHYIO (DYHKIHIO PA30MKHYTOTO KOHTYpa PEryiIupo-

BaHUWA IIpU HaCTPOﬁKe Ha TEXHUYECKUHN OIITUMYM:

1

W, (p) = - (20)
2.T, .p-(1+T, -p)

B kagecTBe 35KBMBaJICHTHOW MaJIOM MOCTOSIHHOM BPEMEHU JJIsI pAaCCMaTPUBAEMOI'0 BapH-

aHTa MPUHUMACTCS HEKOMITCHCUpyeMas MaJlasi TOCTOSTHHAS BPEeMEHU 00BEKTa PeryTHpOBaHUS
T, n= TT,H. U3 (17), (18) u (20) nns Hactpoiiku [T1-perynsropa Ha TEXHUYECKUH ONITUMYM I10-

JTy4yaem:

Ty =T,=2T KKy Uy K, /R 5 =2:0,0073:0,115-1,35-380-0,0531/0,292=0,158 c;
T, =Tpr = T4, =0,00911c;

K=K,+=T,+/ T,=0,00911 /0,158 =0,0577

6.4. UccnedosaHue KOHMypa peaysiuposaHusi MoKa

[lepen BBOAOM mapaMeTpoOB MOJETH B MOJCIHUPYIOIIYIO IpOrpaMMy HEOOX0IUMO MO/~

T'OTOBUTH I/I306pa)KeHI/IC Cpr1(TypHOI71 cxeMmbl. Ha cxeme YKa3bIBaAOTCS TUIIBL 6J'IOKOB, 0003Ha-
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YEHUS ¥ YUCIICHHBIC 3HAYCHUS UX MApaMETPOB, UACHTU(PHUKATOPHI IPOTPAMMHBIX MTEPEMEHHBIX
1 0003HAYEHUSI MOJICTUPYEMbIX BEITMYHH.

IIpu uccnenoBaHuy KOHTYpa PETYJINPOBAHMS TOKA BHAYAJIE CIEAYET IIPOBECTH YNCIICH-
HBIE DKCIIEPUMEHTHI OTAEIIBHO C PETYJIATOPOM TOKA. B kauecTBe 3aaarommero Bo3AeHCTBUSA

MO>KHO HCIIOJIb30BaTh, HAIIPUMEP, JIBE CTyIEeHYaThie (YHKIIUU: OJHY ¢ ypoBHeM 8 B, monaBae-
myto B MmomerT Ig = 0,1 ¢, apyryio ¢ ypoaem 16 B, mogaBaemyto B moment {g = 0,4 c. I'padu-

KU COXPaHSIIOTCS.
3aTemM HE00X0AMMO MOCTPOUTh MoAelb cucteMmbl PT—TII-/I, BKirogaronyro: perymisiTop

TOKa, THPUCTOPHBIN IIpeoOpa3oBaTelib, ABUTATENb U €r0 HArpy3Ky. Takum 00pazom moiaydaeT-

cst onHokoHTypHass CAP (6e3 perynsitopa ckopoctH). IIpu mocrpoennn 3Toil MOJI€H MOJIE3HO

U3Y4UTh puc. 9. BHauane npoBoAsT Hccae10BaHus Ha pacUE€THBIX TapaMeTpax IpU CTyleHYa-
ToM 3azaromeM Boszeiictun U 3.5 34TEM IIPH CTYIIEHYAaTOM U3MEHEHUU Uz. W3meHnenneMm Ko-

3(1)(1)HI_II/IGHT3 YCUJICHHS PETYJIITOPA TOKA HAXOAAT I'PAaHULY Koj1ebaTebHON YCTOﬁqHBOCTH.

CDI/IKCI/Ip}/IOTCH Ha 6YM8.)KHBII7I HOCHTCIIb l"pa(bI/IKI/I YIIPpaBJIAOMIUX U BBIXOAHBIX CUTHAJIOB B

dyrKiuy BpeMenn, 3aBucuMocTb |y (), a Taxke onucanne mozemu. I1o pe3ynsraram umc-
JICHHOTO SKCIIEPUMEHTA BHOBH OTPEICIISIOTCS MOTPEUTHOCTH MOJISIUPOBaHUs ToKa lg 11 ckopo-
ctu (D, BpeMs IEPEXOAHOTO Tpoliecca U NepeperyaInpoBaHie A TOKa U CKOPOCTH. 3aBUCH-

MOCTh lg ((D) HaHOCST HA CTATUYECKYIO CKOPOCTHYIO XapaKTepuCTUKy aBuratens. ['paduku ¢

npuMepamMu UCCIICAOBAHUSA paCCManHBaeMOﬁ MOJCIIN NPUBEACHBI B KaTaJlorax demo_sim nu

demo_ewb.

6.5. Cunme3s pezaynssmopa ckopocmu

Br16op THna perynsaropa ckopocTH 3aBUCHUT OT TpeboBanuii kK CAP. Eciu npenbsaBisert-
csl TpeboBaHME acTaTU3Ma TOJIBKO T10 33ar0lIeMy BO3AEUCTBUIO (3a1aTYUKY CKOPOCTH), TO Ta-
KO€ peryjanpoBaHue MOXeT obecrieuuTs I-perymnstop (mponopuroHaibHbli perynarop). Cu-
cremMa OyieT o0maaaTh CTAaTU3MOM (CTATHYECKOM ONMTMOKOM) MO0 OTHOIIEHHUIO K MOMEHTY COTIPO-
TUBJIeHUs. [Ipy MpoBeeHNN ONTUMH3ALUN HCTIONB3YeTCs KPUTEPH TEXHUUYECKOTO ONTUMYyMa.
[Tpu TpebGoBaHNM 00ECTIEUYUTh ACTATU3M MOMEHTa Harpy3Kd HE0O0X0auMo npuMeHuTs 111-

PEryJIATOp; €ro HaCTPOHKa MPOU3BOIUTCS HA CHMMETPUYHBIN ONITUMYM.
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[Tocne HACTPOKU BHYTPEHHETO KOHTYPA TOKA OH MOXKET OBITh allPOKCUMHPOBAH
urepronnsM 38eHoM W 5 (p) ¢ oCTOsIHHO# BpeMenn 1y 5. JI1s1 5TOro HeoOGX0AMMO IO BbI-
paxkenuto (20) 3anmucarh nepeIaTouHyro (yHKIHIO 3aMKHYTOTO KOHTYpa U OTOPOCHUTH BEITUYH-

2.
HBI BTOPOI'O IMOopAAKa MaJIOCTU 2 TP’ .

W.(p) 1 1

Wea(P) =@, (p)=———— = = . 1)
1+WT(p) 1+2Tup 1+TT.a'p

ITocTostnnas BPEMCHH aAllIIPOKCUMHUPYIOMICT'O 3BCHA IJIA YCJ'IOBI/Iﬁ mpumMepa

I'=2-T,=2-T,;=2-0,0073=0,0146 c.

[lepenarounas pyHKIUS pa30MKHYTOTO BHEIIHETO KOHTYpa CKOPOCTH CTPOHTCS O€3
yuaera BiustHus u3MeHeHus: J/[C neurarens. Torga nepenatounyro QyHKIIMIO KOHTYpa TOKa

MOKHO IPpECACTABUTH B BUIC!:

Wc (p) = Wp.c (p) ) ) o K}Z[.Cv (22)
K}Z[.T (1 + TT.a : p) J- p

rne Wp‘C (p) — MCKOMas nepeiaToyHast (QyHKIMS PETysITopa CKOPOCTH.
Cunmes I1H-pezynamopa ckopocmu. llepenarounas Gpynkius [I1-perynsaropa ckopocTu

1+Tp.c'p 1+Tp.c°p

Wp.c (p) - Wrm,c (p) - Kp.c e = —, (23)
Tp.c P Tc P

rae Kp_c =T, p.c /T, ¢ — koapunuent ycunenus [11-perynstopa ckopoctu;
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T

pc— OKBHUBAJICHTHAA IIOCTOSAHHAasA BPEMCHU HI/I-peryJIﬂTopa CKOPOCTH,;

T, — nocrosiuHas BpemeHn uHTErpagbHOI yactu IIM-perynsTopa CKOPOCTH.

[Tpu HacTpoOiike CHCTEMBI PErYIUPOBAHUS HA CAMMETPUYHBIN ONITHMYM 00€CTIeYrBaETCs Iepe-

perynupoBanue 55% u, cornacHo [2], [3], ypaBHEHUE PA30OMKHYTOT0 KOHTYpa 3TOU CUCTEMBbI

1+4.7,'p)

W, (s) = (24)

8. (T, p)?- (L+T."p)

1
rac Tlvl — HCKOMIICHCHUpYEMad Majiasd IIOCTOSAHHAA BPEMCHU KOHTYpa CKOPOCTHU.

Ipupasuupas (22) u (24) u npusnmas 1, M' = T’ 2 = 0,0146, nonyuaem mapamerpsi I11-

peryidaropa, O66CH€‘II/IBaIOH_Iel"O CI/IMMeTpI/I‘IHHﬁ OIITUMYM:

(1+4'Tu"p)'KH.T'(1+TT.a'p)"]'p 1+Tp.c'p
Wnn,c(p): 5 = E—
8'(Tul'p) '(1+Tul'p)'C'Kz[.c Tc'p

e Tpe=4-T, = 40,0146 =0,0587 c;
T.=8- T,u'2 -C - Kyl (Kyr - J) = 80,0146° -1,3-0,0242/(0,0531-0,75) = 0,00136 c;

Kyo=T,c/ T:=0,0587/0,00136 = 43,1.

Cunmes Il-pecynsamopa ckopocmu. Ilepenarounas pynkmnus [1-perynsropa

Wpe (p) = Wy (P) = Kpee -

[Tpu HacTpoiike HAa PTEXHUYECKUI ONTUMYM aHAJIOTUYHO KOHTYpPY ToKa (20) MOXKHO 3amucaTh

JUTS JKeJTaeMOoM Tiepe1aTOuYHON (PYHKITMH Pa30MKHYTOTO KOHTYpa PETYIUPOBAHUS CKOPOCTHU:

1
W, (p) = . (25)
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2.TH' .p.(1+TM'.p)

IpupasuuBas (22) u (25), yuuThiBas, uto 1 MI = T’ 4 v pa3peuras ypaBHEHHE OTHOCH-

remsro W, (), monydaem:

KA.T'(1+TT.a'p)° ‘]p KII.T'J

Wp.c (p) = Wn,c (p) = = '
2:Trap-(1+Tap)C Kie 2-Tha-C Ky

JInst paccMaTprBaeMoro nmpuMepa rmojrydaem:

K, =0,75-0,0531/(2 - 0,0146 - 1,3 - 0,0242) = 43,1.

6.4. UccnedoeaHue KOHMypa peaynupoeaHuUsi CKopocmu

®opmupyercs mozens cucteMbl PC-PT-TII-/1, Bkitouaroiieid peryisitop CKOpOCTH U
Mojenb oqHOKOHTYpHOU CAP ¢ perynsaropom Toka PT-TII-/]. Takum o6pazom nosnyyaem
IBYXKOHTYpHYI0 CAP cTabunuzanuu ckopoctd. CxeMbl TaKOH MOJIENH B TEPMUHAX MPOTPaMMBbl
Simulink mpusenens! Ha puc. 9, a B Tepmunax nakera EWB — na puc. 10. Ha puc. 9,6 npuBenex
BapUaHT BBIIIOJIHEHHUS PETYIATOPA CKOPOCTH € OOJIbIIEH yCTOMUYMBOCTBIO K YHCIEHHBIM pacye-
TaMm.

[Ipu uccnenoBanuu 1ByxkoHTypHOH CAP BHauane cnenyer JOOUTHCS MOIYYEHHs HO-

MHUHAJIBHBIX MAPAMETPOB ISl YCTAHOBUBILIETOCA MPOLIecca MPHU CTYNEHYATOM 3aIa0IIEM BO3-
neiicreun U 3.c. 3aTeM npoBepsercs nosenenne CAP mpu 3a7aHHBIX BO3MYIIAIOIIUX BO3ICH-

CTBUAX. Pe3y.]'IBTaTBI 1 OIIMCaHUEC MOJCIIN (I)I/IKCI/IpyIOTCH Ha 6YMa)KHOM HOCHUTCIIC. HpI/IMCpLI

rpaduKoB npuBereHbl Ha puc. 11.

HCO6XO,Z[I/IMO BBITIOJIHUTH OLICHKY CTaOUIILHOCTH yCTaHOBHBLHCf/'IC}I CKOpPOCTHU Q)] npu
CICAYIOMUX CTYIICHYATBIX BO3MYIIAOIINUX BO3JICHCTBHSX:

Habpoc Harpy3ku ¢ 0,15 - MN mo 0,5- MN ;
copoc Harpysku ¢ My o 0,5+ My :
HaOpOC MUTAIOLIETO HATPSKEHUS C U2,N mo 1,1- U2,N ;
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cOpOC NMUTAIOLIETO HAPSYKEHUS C UZ,N 10 0,9 - UZ,N .

ITo pe3ynabTaTamM MOJETHUPOBAHKS BEIYMCIISIFOTCS COOTBETCTBYIOIINE H3MEHEHHUS CKOPO-
CTH, HaIlpuMep JJIs1 Habpoca HarPy3KH:
(0,15~ Wo,5
Aw,, = - 100,
o5

rae (0 15 (DQ 5 — YCTaHOBHUBIINECA CKOPOCTH TIPH MOMEHTaX CONPOTHBJIEHHS COOTBETCTBEHHO

15 u 50 % oT HOMHHAJIBLHOTO.
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PC PT TII I
| - u | B3(P)
e)l
C
B12 (Pi)  B13(Sat) B9 (Pi) B10(Sat) B7(1) B6(T) B5 (M) Bl (1)
US. Kt U3T Kt U’ en — -
; KP~C'(1+ YI;-C)UP-C f @*Kp.T(l-i-Tp.T) Up'T i & Kn L _T.S% 1/R9|,n =
-— e !
T TheS X X TS Yox, | |G KXy Xy 1+TanS
vzg
B8 (P)
UO.T
B11(P) Ko
U,
= Kie
B3 (Dea)
Y3 K X
6) X 3
_ B2 (In) X
X2 1 Y2
Bl (P) s Upe
U3.C Xl Yl p.C
Koo
U

Puc. 9. iByxkoHTypHas CAP perynvpoBaHus CKOPOCTU ABUraTens NoCTOSAHHOIO TOKa C He3aBMCHMMbIM BO30OyXaeHUeMm:
a — CAP c HacTpoWkon Ha CUMMETPUYHbIA ONTUMYM; 6 — BapuaHT NU-perynsaTopa ¢ NOBbILLEHHOW YCTONYMBOCTBIO K

pacyeTamMm
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Perynatop ckopocTtin

Perynatop Toka MpeobpasoBaTenb [Buratens
I [ [ B9 (Gain) ||
) Y9 X9
B14 (Gain) B10 (Gain) K
Y14 X14 Y10 X10 = =
K[ KT )
-+ ESEES
- = . €x ic B4 (Mult)
B11(Integr) oT B7 (Integr.) B5(Tr. func)  B6(Lim) | B1(Tr. fung) B2(Integr.) | B2(Gain) XB4
U X7 Y7 X5 Y5 XA
v xai_yu| Uy . X6 ﬁsé X1 v2| x3r—va X V4
@ B4 [ RTReT /TR f T o K
Use “U me . = I T RESr— T Q(S) T | —
o.c - - = = = - —
B12 (Gain) B8 (Gain) B13 (Gain)
X12 Y12 X8 Y8 Y13 X13
(% 1K K
T . = = e T

Puc. 10. Mogenb asyxkoHTypHon CAP anekTponpusoaa B nakete EWB
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Puc. 11. Ilpumep moaenupoBanus 1ByxkoutypHoit CAP (maker Simulink)

B 3akrountensHOM 9acTH MPOeKTa He0OXOIUMO MTPUBECTH PE3YIbTAThI 00paOOTKH BCEeX
YUCJICHHBIX dKcriepuMeHToB. 1o kaxmoi moaenu (I, TII-[] u T.1.), MPUBOAATCS MOTPEUTHOCTH
MOJEJIMPOBAHUS YCTAHOBUBILUXCS BEJIMYMH, 3HAUCHUS TIEPEPEryIUPOBaHUs, BpEMEHU JOCTUKEHUS

MakKCUMyMa U JJIMTCIbHOCTH NCPEXOJHBIX ITPOUCCCOB AJId TOKAa U CKOPOCTH.

Cnuncok pekomeHayeMou nutepaTtypbl

1. Ynaukuu M.I'. u ap. Teopust aBTOMaTU3MPOBAHHOTO AJIEKTPONPUBOIA: Y UEOHOE MOCO-
oue nis By30B/ ML.I'. Uunukun, B.U Kimroues, A.C. Cannnep. — M.: Dueprus, 1979. — 616 c.

2. CnpaBOYHHK 10 NPOEKTHPOBAHNIO ABTOMATH3UPOBAHHOI0 3JIEKTPONPUBOJA U CH-
CTeM yIpaBlieHHs TexHonoruueckumu npoueccamu / [lox pen. B.M.Kpynosuua, FO.I". bapriouna,
M.JI. Camogepa. — M.: Dueprousaat, 1982. — 416 c.

3. Pemmmun B.U., SImnoasckuii [1.C. [IpoexTrpoBanne u HaaIKa CUCTEM MTOTIMHEHHOTO
peryJnpoBaHusl dJIEKTponpuBoI0B. — M.: DHeprus, 1975. — 184 c.

4. Iunmuaio B.II. ABroMaTu3npoBaHHBIN BEHTHWIIBHBIN J1eKTponpuBoa. — M.: DHeprus,
1969. — 400 c.

5. ®umbeiin B.I'. Pacyer cuctemM NOJUMHEHHOTO PEryIMpPOBaHUS BEHTHIIBHOTO 3JIEKTPO-
MPUBOJIA OCTOSIHHOTO TOKa. — M.: DHeprus, 1972. — 136 c.

6. CnpaBOYHHK 0 aBTOMATH3HPOBaAHHOMY 3jekTponpusoay / Ilox pea. B.A.Enuceesa

u A.B. lllunsiackoro. — M.: Dueproaromusaar, 1983. — 616 c.
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[1]. Becbma ocHOBatenbHas kHura. [1onpoOHO M3I0KEHO OMMCAaHUE MEXAaHUYECKUX TTOJICH-
CTeM (ABYX-TPEX MAaCCOBBIX) , JaHO MosicHeHue Gopmyibl YManckoro — JInauiuis. [IpuBenensl
CTPYKTYPHBIE CXEMbI MEXAaHHUYECKOM YaCTH, ABUTATEIIS IOCTOSTHHOTO TOKA, (B TOM YHUCIIE C MOCIe-
JI0BaTeIbHBIM BO30YKICHUEM ), aCHHXPOHHON M CHHXPOHHON MallluHbI. PaccMOTpeHO Mo unHEeH-
HOE€ PEryJIMpPOBaHKUE, TEXHUYECKUH U CUMMETPUYHBII ONTUMYM, MOJPOOHOCTH HACTPOUKH pa3iuy-
HBIX CUCTEM aBTOMAaTHUYECKOI'0 PETyIUPOBaHUs, aHAIIU3 MIEPEXOAHBIX MTPOLIECCOB.

[2]. Kmaccudukanms 31eKTponpruBOIOB 110 KBAJApaHTaM, UX CTPYKTypHas cxeMma. [lemmndu-
POBaHME U €ro BBIOOp, onTUManbHOE AeMiipupoBanue. OnpenencHrne HeKOMIEHCUPOBAHHOM TT0-
CTOSIHHOM B CJIO’KHBIX CITydasx.

[3]. O6ocHOBaHKE cHCTEM ONTUMAIILHOTO YIIPABICHHUS, MOIYJIBHOTO, CAMMETPHYHOTO OII-
TUMYMa, ¥ ONITUMYMa Ha MUHHUMAJIbHYIO K0JIe0aTeIbHOCTh. PACCMOTPEHBI 3JIEKTPOIPUBO/IBI ITPO-
KAaTHBIX CTAHOB, U3JIOKEHUE OYEHB OJIM3KO K HOPMaThbHOMY HH)KEHEPHOMY YPOBHIO, TIPE/IITOJIaraet
HEeKOoTOpoe 3HakoMcTBO ¢ CAP

[4]. ®opmyna YmMaHckoro-JIMHBUILIS, YpaBHEHHS CTATUKU U JMHAMUKH IS IBUTATENS T10-
CTOSIHHOTO TOKa M aCHHXPOHHOTO JIBUTaTessl. ACHHXPOHHAs MallliHa CBEJIEHA K JIBUTATENIO MTOCTO-
STHHOT'O TOKA.

[5] TToapobHO paccMOTpeHa IBYXKOHTYPHAs CHUCTEMa yIpaBlieHHs Ha 0a3e ABUTraTels 1Mo-
CTOSIHHOTO TOKa. M31okeHune J0CTyIHOe.

[6] YpaBuenwue Jlarpamnxa. CTpyKkTypHas cxema H MepeiaTouHbIe QYHKIMHA TPEXMACCOBOM
MOJICJIN AJIEKTPOTIPUBOJIa. PacCMOTpEHBI XapaKTEPUCTHKU U CTPYKTYPHBIE CXEMBI JIBUTATENEH 0~
CTOSIHHOTO TOKa MPU PA3TUYHBIX CUCTEMAX BO30YKIEHUS, XapaKTEPUCTUKN aCUHXPOHHBIX U CUH-
XpOHHBIX 1BUTaTenei. [IpuBeneHbl cCBeACHHS O IPeoOpa30BATENAX JIEKTPUIECKON IHEPTHH JIJIS
ANEKTPONPUBOIA U CIIOCOOAX YIIPABICHUS AIEKTPONPUBOJOM. J[aHBI CTPYKTYPHBIE CXEMbI aBTOMa-
TU3UPOBAHHOTO YITPABJICHUS JIEKTPOIPHUBOIOM IMOCTOSSHHOTO U IEPEMEHHOT0 ToKa. PaccMoTpeHbl

IMPUMEPLI UCITOJIB30BaHUA SJICKTPOIIPHUBOAA JJIA Pa3JIUNIHBIX cq)ep IMPUMCHCHMUS.
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3agaHuve Ha NpoeKTUpoBaHue
Bbaank 3apanus

denepanbHOE rocyIapCTBEHHOE OI0HKETHOE 00pa30BaTeIbHOE YUPEKICHUE
BBICIIIETO TTPO(ECCHOHATEHOTO 00pa30BaHUS
“ITerepOyprckuii rocyaapCTBEHHBIM YHUBEPCUTET ITyTEH COOOIICHMS
Nwmneparopa Anekcanapa i”
Kadenpa «3nexrpocHabkeHue xeae3HbIX JOPOD»
3AJAHUE
Ha KypCOBOM MPOEKT M0 TUCIUIUIMHE
"TEOPUS ABTOMATHUYECKOI'O YIIPABJIEHU A"
Ha TeMy

"UccnenoBanue AMHAMUYECKUX TIPOILIECCOB B CUCTEME aBTOMATUUECKOTO PETYIUPO-
Banus (CAP)"
Crynenty UBanoy 1.1.
1. UcxoaHbie JaHHBIE
Bapuanrt:1

OOBeKT perylnupoBaHusl: KOJUIEKTOPHBIN JBUTATEIb IOCTOSIHHOTO TOKA;

Bun BO36y>KI[eHI/I${ JABUIaTCIId NIOCTOAHHOI'O TOKAa: HE3aBHCHMOC,

HomunaneHass MomHoCTh asurareisa, kBT, Pn=1,1;
HomunansHOE HanpsbkeHue nutanus, B, Un=110;
HomuHanbeHas 4actoTa BpanieHusi, 00/MHH nn=1500

HomuHnanbHbIH K03 QHUIMEHT mosIe3HOTro AeicTBus N=72,5

Comnporusienne 06Motok mpu 15°C, Om:

AKOPS R,=0,52
JOIIOJIHATEILHOM R,=0,54
BO30YKICHUS R,=295

NHaykTUBHOCTH OOMOTOK KOS, MI H L,=21

MoOMEHT uHEepIMH SKOPH, KIM> J;=0,012

Uwuco map mosocoB p=2

[Tapametpsl Harpy3ku asuratens (M =Ko+Ki-o+ Ko ©0°):
MOMEHT CyXOTO TPEHHS, Ko=2,33;
KOX(QPHUIMEHT BSI3KOTO TPEHUS, K;=0,015;
KOd(UIIMEHT BEHTHIATOPHOM coctapisitoniei, Ky =9e-005;
KO3 PUIMEHT MexaHn4deckoi Harpysku, K;=J, / J; =0,3;
3aKOH PeryJIMPOBaHUS: CTAOMIIH3AIMS CKOPOCTH BPAIICHUS;

[TapameTpsl cTyneH4YaThIX BOZMYIIAONIMX BO3IEHCTBUI HA BXOE:

33JJaTYUKA CKOPOCTH . . .. oo v o v vv . +0,1* oy

3aJATUUKA TOKA . o . o eveeeeeen e +0,1%*
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MUATAIOIIETO HANPSDKCHHS. . . . . ... ... . +0,1*Ug;
MOMEHTA COTIPOTUBIICHUS. . . . . .. .. ... +0,5 * My;
HucrpymenTansHoe cpenctBo uccienosanuss CAP: MATLAB-Simulink.
2. Conepxxkanue padboTbl

2.1. Onpenenenue napamMeTpoB, CTATHYECKUX XapAaKTEPUCTHK M OTPAHUYCHUIN 00bEKTa PeryInpo-
BaHMUSI.
2.2. Pa3pabotka pynkmuonansHoi cxembl CAP.
2.3. Co3nanue MaTeMaTU4eCKOro ONMMCAHUS CUCTEMBI.
2.4. Pa3paboTtka crpykTypHoii cxembl CAP 1 onpeneneHue mapameTpoB peryiasiTOpoB.
2.5. MccnenoBanue cpecTBAMU MOJEIIMPYIOLIErO IAaKeTa JMHAMUYECKUX CBONCTB!

00BEKTa PETYITUPOBAHUS U €T0 IJIECMEHTOB;

perynaropa;

onHOKOHTYpHOUI CAP;

IBYXKOHTYpHOU CAP.
2.6. Ouenka ycroitunBoct CAP 1 kauecTBa mpoueccoB peryIupoOBaHHUs.

3. CocraB ogopMiIeHHOH padOThI

3.1. IlosicHuTenbpHAs 3amucKa
3.2. CtpyktypHas cxema CAP ¢ napamerpamu ¥ OrpaHUYEHUSMHU.
3.3. Ctatuueckue XapakTepUCTUKH 00ObEKTa PETryIUPOBAHMUSL.
3.4. MammHOrpaMMBl, HIUTIOCTPUpYIOLIME JuHamudeckue ceoricta CAP.

4. CiicoOK peKOMEHyeMbIX HCTOYHHKOB

1. TeopeTuyeckue 0CHOBBI YIIPABJIEHHS B 3JIEKTpPOIHepreTuke. MeToauueckue ykasa-
HUs K KypcoBomy npoekty. Pazpaboramu: A.T. bypkos, A.W. Bypesnosatsiii, C.H. IToaropax,
A.Il. Camonun, B.I'. XKemuyros. — CI16: ITI'YIIC, 2000. — 32 c.

2. OcHOBBI aBTOMATHYECKOT0 ynpasJienus. Y4eOHoe nocodue BypesiHoBatsrit A.U.,
Ky3pmun C.B., CasBos B.M., llatnes O.U. — CII6: III'VIIC, 2011. — 101 ¢

3. Mupomnuk U.B. Teopus aBTomatnyeckoro ynpasneHus. Jinaeiinsie cucremsl. — CI10.:
ITurep, 2005. — 336 c.

4. Kiimnaués H. B. Teopus cucrem aBTOMaTHY€CKOI0 PEryIUpOBaHuUs U YIIPaBJICHHUS:
VYuebHo-meronnueckuit kommiekc. - Offline Bepcus 1.7. - YenstOunck, 2002. - 543 ¢aiina, ui. Pe-
xuM noctyna: http://vissim.nm.ru/tau_lec.html http://vissim.nm.ru/tau_knv.zip
http://www.vissim.nm.ru/tau_knv.zip.

5. OcHoBbI Teopum ynpasJieHusi. Yacts 1 (koHcnekT nekuuit). Aptop: Kpusomees B.I1.,
penaxtop: Mnbnn A.A. BiaguBoCTOKCKHI rOCy1apCTBEHHBI YHUBEPCUTET SKOHOMUKH U CEPBUCA.
Pexxum moctyna http://abe.vvsu.ru/Books/I_osnteorl/page0008.asp#xex15

6. Hukyasues E.B. IIpaktukym no Teopun ynpasnenus B cpeae MATLAB: Yue6Hoe no-
cobue. — M.: MT'AIIN, 2002. — 88 c.; Pexxum nocryna:
http://window.edu.ru/window/catalog?p_rid=69666
3aaHue BBIJAI:

HpMMeHaHM,CI. 1. HpOeKT OOJIXeH OBITh nperncrapjyieH Ha MaAallMHHOM HOCUTEJIE€ M B pPaclledaTaHHOM BUIE.
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http://vissim.nm.ru/tau_lec.html
http://www.vissim.nm.ru/tau_knv.zip
http://abc.vvsu.ru/Books/l_osnteor1/page0008.asp#xex15
http://window.edu.ru/window/catalog?p_rid=69666

BapuaHTBI HCXOIHBIX IAHHBIX K KYPCOBOMY NPOEKTY

Bap | Py Uy | Wn | Mn kO k1l k2 Kj N Npax | KNO R, R, R, L, J, p

kBm | B |pas | HM | Hwm | Hw/ H*n/ 06/ | 06/ Om Om | Om | mlH| xe*

/c pan/c (pam/c) "2 2

MUH | MUH M
1 1, 110 | 157| 7,0 | 2,33 | 0,015 | 0,00009 ,3 | 1500 | 4000 | 72,5 0,520 | 0,540 | 295 | 21,0 0,012 | 2
2 1, 220 | 157 7.0 | 2,33 | 0,015 | 0,00009 6 | 1500 | 4000 | 74,0 | 2,200 | 1,570 | 81 [83,0] 0,012 | 2
3 ) 110 | 314 | 7,0 | 2,33 | 0,007 | 0,00002 ,9 | 3000 | 4000 | 79,5 0,160 | 0,146 | 295 | 5,7 | 0,012 | 2
2 ) 220 | 330| 6.7 | 2,22 | 0,007 | 0,00002 2 | 3150 | 4000 | 81,0 0,520 | 0,510 | 81 |21,0] 0,012 2
5 ) 110 84 | 101,5 | 33,82 | 0,404 | 0,00482 , 800 | 3000 | 81,0 0,047 | 0,029 ] 17 | 1,6 | 0,250 4
6 ) 220 g4 | 101,5 | 33,82 | 0,404 | 0,00482 ) 800 | 2500 | 82,0 0,188 | 0,116 | 61 | 6,4 | 0,250 | 4
7 ) 440 84 | 101,5 | 33,82 | 0,404 | 0,00482 | 2, 800 | 1850 | 82,0 | 0,796 | 0,506 | 61 |25,5] 0,250 | 4
§ | 13,0 | 110 | 147 | 110,8 | 36,95 | 0,315 | 0,00269 | 2,4 | 1120 | 3500 | 84,0 0,026 | 0,016 | 17 | 0,9 | 0,250 | 4
5 | 13,0 | 220 | 117 | 110,8 | 36,95 | 0,315 | 0,00269 | 2,7 | 1120 | 3000 |85,0| 0,106 | 0,061 | 61 | 3,6 | 0,250 | 4
10 | 13,0 | 440 | 105 | 124,1 | 41,38 | 0,395 | 0,00377 3 | 1000 | 2500 | 84,5 0,485 | 0,303 ] 61 | 16,8 0,250 4
11 | 22,0 | 220 | 157 | 140,1 | 46,69 | 0,297 | 0,00189 | 0,3 | 1500 | 3500 |87,5] 0,047 | 0,029 | 53 | 1,6 | 0,250 | 4
12 | 22,0 | 440 | .| 140,1 | 46,69 | 0,297 | 0,00189 | 0,6 | 1500 | 3500 | 87,5 | 0,246 | 0,130 | 61 1 0,250 | 4
13 | 36,0 | 220 | 930 | 156,3 | 52,09 | 0,226 | 0,00098 ;9 | 2200 | 3500 | 88,5 0,026 | 0,016 | 46 | 0,9 | 0,250 | 4
14 | 36,0 | 440 | 230 | 156,3 | 52,00 | 0,226 | 0,00098 2 | 2200 | 3500 | 89,5 0,106 | 0,061 | 46 6 | 0,250 | 4
15 | 60,0 | 440 | 330 | 181,9 | 60,63 | 0,184 | 0,00056 5 | 3150 | 3500 | 90,5 0,047 | 0,029 | 35 6 | 0,250 | 4
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lNpunoxeHue

«lMpumep paspabomku moodenu ariekmponpueooa MNOCMoOsIHHO20
moka e nakeme MatLab»

Hcxonabie qanHble, MpeacTaBIeHABIE B M-(daiine, moka3ansl Ha puc. [1.1.

$ TAY. KII. ®EBPAJIb 2013 MNPUBOJ MNOCTOAHHOT'O TOKA. BYPBAHOBATHN A.N.

% IJIA NOOKJIIOUEHMA B SIMULINK:

clc; date

BH3BATE BJIOK "IOJICUCTEMA"

MACKMPOBATE EI'O

[IPVI PEIAKTVPOBAHMM MACKM 3AJIATHL: Icon & Ports disp ('PARAMETRY')
[P SAIAHVE Block Properties: 3AJIATb B Calbacks: OpenFcn aib_ .m

disp ('MICXOIHHE IOAHHHE: ")

Pn=60E3
Un=440
nn=3150
nmax=3500
kpd=0.905
Skpd=1
Ra=0.047
Rd=0.029
$Rv=61.6
La=1.6E-3
Ja=0.25
pn=2

U2=400
usum=0.15
TOP)
Udn=460
Idn=160

315, 400,
spause
A=0.5
0.5, 0.26
fc=50

m=6

Lp=0

Kn=2

K0=0

K1=0

o°

HOMIMHAJIBHAA MOHNHOCTE IBUI'ATEJIA, BT

HOMMHAJIBHOE HAIIPAXEHNVE IBUT'ATEJIA, B

HOMMHAJILHAA CKOPOCTL IOBUT'ATEJIA, OB/MVH

MAKCVMAJIEHAS CKOPOCTL IBUTATEJIA, OB/MUH

KOD®OUIMEHT IMOJIE3HOT'O OEVICTBYA IOBUTATEIA

UOEAJIBHEMA KO3®OUIMEHT I[IOJIE3HOT'O OEVICTBYA OBUT'ATEIA
AKTVBHOE COIPOTHBIIEHME OBMOTKUM AKOPA IIBUT'ATEJIA, OM
AKTVBHOE CONPOTUBJIEHUE I[OIOJIHATEJIBHON OBMOTKM AKOPS, OM

o® o A° o° od° o° o° o

o°

VHIOYKTVBHOCTE PACCEAHNMA OBMOTKNM AKOPA IBUT'ATEJIA, T'H
MOMEHT MHEPLOVNM IBUT'ATEJIA, KI'*M*M
UJ)CJIO TIAP TIOJIIOCOB OBMOTKM IBUI'ATEJIA
HEKIJIETIAEB

HOMMHAJIBHOE HANPAXEHVE CETU,B: 115,

o° o

oe

120, 208, 230,

o oP

o°

HOMMHAJILHOE HANPIXEHWE BHIPAMUTENS,B: 115, 230, 460, 690
HOMMHAJILHH TOK BHIPAMUTEJNI, A : 4, 5, 6.3, 8, 10, 12.5
%16, 20, 25, 31.5, 40, 50, 63, 80, 100, 125, 160, 200, 250,

o

500,

o°

KOSOOMIMEHT HAKJIOHA BHEINHEV XAPAKTEPUCTVKM BHIIPSAMUTEJIA :

UACTOTA MNUTAKINEV CETM, TII

UNCJIO TIYJIBCALMA BHIIPAMATEIA
VHIOYKTVBHOCTE CIJIAXVMBAKIEI'O PEAKTOPA, TH
KOD®OUIMEHT MEXAHUUYECKOW HAT'PY3KU
KO3OOUIVEHT [OCTOSHHOW HAT'PY3KM, H
KO20OMUVEHT BA3KOI'O TPEHWA, H/ (PAL/C)

o® o° od° o° o

o°

Kwn2=Mn/wn"2;

K2=Kwn2
Tp_=0.004
Uyn=8
Uym=10

[}

% pause;

o°

KODOOUIVMEHRT BEHTUIIAIVIOHHOM HATPY3KM, H/ (PAL/C)"2
[IOCTOAHHAA BPEMEHM CHoy,C: 0,001....0,008

HATIPAXEHVE BHXOIHOE PEI'YJIATOPA JJI9 HOMMHAJIBHOT'O PEXVMA, B
MAKCVIMAJIEHOE BHXOIHOE HAIPAXEHVE PEITYJIATOPOB, B

o o

o°

41

Puc. I1.1 McxoaHble naHHbIE TPOEKTA

AKTVBHOE COINPOTHBIIEHME OBMOTKWM HE3ABVCHMOI'O BO3BYXIEHVHA, OM

400, 690
HAIIPAXEHVE KOPOTKOI'O 3AMHKAHMA (IIMTAKMAA CETH + TPAHCOOPMA-




Kox st pacdera mapamMeTpoB CHCTEMBI CTAOMIIN3AIUU CKOPOCTH AJIEKTPOITPUBOA TTO-
crossHHOTO TOKa B cpene MATLAB npusenen na puc.I1.2.

disp ('HOMMHAJIEHHE BEJIMUVHHE IOBUTATEJIA: ')
wn=pi*nn/30

Mn=Pn/wn

In=Pn/ (Un*kpd)

Rn=Un/In

Rasum=Ra+Rd

disp ('TMPUCTOPHHV MNPEOBPA3OBATEJb: ')
Kv=3*1.41/pi KO30OMIMEHT BHIIPAMIIEHNA

o°

Ud0=Kv*U2 s MECTUIIYJIBCOBAA MOCTOBAA CXEMA
Rp=0.5*usum*Udn/Idn % BHXOIHOE COIPOTUBIJIEHV/E BHIIPAMUTEJISI, OM
Tt=1/(6*fc) % IIOCTOAHHAA UMCTOT'O 3AIMNAS3IHBAHMA BHIIPAMUTEIA, C

wkr=m*pi*fc KPUTUYECKAS CKOPOCTL, PAIL/C

Rap=Rasum+Rp CYMMAPHOE COIIPOTUBIJIEHVA AKOPB-IIPEOBPA3OBATEJIL, OM
Lasum=0.6* (Un/ (In*pn*wn)); % CYMMAPHAHA MHIYKTMBHOCTb SAKOPHOM OBMOTKM, TI'H
Lap=Lasum+Lp $ CYMMAPHAA MHIOYKTVBHOCTH AKOPHOW LENNM, T'H

o°

o

disp ('PABOUVI MEXAHW3M: ')

Jn=Ja*Kn $ MOMEHT MHEPLIM PABOUEI'O MEXAHN3MA, KI'*M*M
J=Ja+Jdn
disp (' BHIPAMUTEJIL ¥ EI'O CUCTEMA VYIIPABJIEHVA: ')

o

alphan=acos ( (Un+In*Rp) /Ud0) *180/pi
Uynl=cos (alphan*pi/180)
HOMMH . PEXMA (Cos (an))

Ep=Ud0*Uynl

HATPY3KI, Ep=UDOa), B
UdOa=Un+In*Rp

HATPY3KM, Ep=UDOa), B
Ed=Un-In*Rasum

HAT'PY3KM, Ed=Ud(I=0) ), B

C=Ed/wn % OJIEKTPOMEXAHMUYECKASA TIOCTOAHHAA IOBUI'ATEJIA
(UEPE3 3IIC), BB
Cl=Mn/In % SJIEKTPOMEXAHMUECKAS IIOCTOSHHALA IBUT'ATEJIA
(UEPE3 MOMEHT), BB
$pause

YT'OJI HOMMHAJIBHOT'O YIIPABJIEHVA, T'PAJ
KO30OMIMEHT YIIPABJIEHVA BHIIPAMUTEJIEM [JIA

o

o°

30C BHIPAMUTEJA (HANPAXEHUE IJI9 HYJEBOW

o

SIC BHIPAMUTEJA (HANPAXKEHVE IJIA HYJIEBOW

o

SIC IOBUTATEJIA (HANPAXEHME [JII HYJIEBOWM

disp ('MOIEJIL IBUT'ATEJA: ")
Ic=Mn/C

TY, A

Tap=Lap/Rap

Tm=Rap*J/C"2

IBUTATEJIA, C

oe

TOK, COOTBETCTBYKIM/ HOMMHAJILHOMY MOMEH-

o°

MTIOCTOAHHAA BPEMEHM AKOPHOM IENN, C
SJIEKTPOMEXHAMUECKAA TIOCTOAHHAA BPEMEHU

o°

disp ("MOIEJIb BHIIPAMUTEJIA C CUDY: ')
Kp=Uynl/Uyn

o°

KOSOOUIMEHRT YCUIIEHUA CUOY

Ttp=Tt+Tp % NOCTOSHHAS BPEMEHM BHIIPAMUTEJIS COBMECTHO
C Cuoy, C

Kt=Ud0 % KOSOOUUMEHT YCUJIEHMUA IUIS BHIPSMATEIA
(Ud=Ud0*Uy1)

o\°

Kdt=Uyn/In
Kdc=Uyn/wn

KOSOPUIMEHT IATUMKA TOKA
KOSOOUIMEHT IATUMKA TOKA

o°

disp ('MOIEJIb PETVJIATOPA TOKA:'")

Tp=2*Ttp*Kp*Kv*U2*Kdt/Rap % Tu - IIOCTOAHHAA BPEMEHM MHTETPAJIBHOT'O
3BEHA IMN-PETVYJIATOPA (IIAPAJJIEJIBHAA ®OPMA)
Tpt=Tap % Ts - OKBUBAJIEHTHAA IIOCTOAHHAS BPEMEHU

IN-PETYJIATOPA (IIOCJIEIOOBATEJIEHAA ©OOPMA)
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o

Kpt=Tpt/Tp
HOT'O 3BEHA ([IAPAJUJIEJIEHAA ®OPMA)

K - KO3¢OMIMEHT YCWJIEHVA MTPOIOPIVOHAJIE—-

disp ('MOIEJIb PETVJIATOPA CKOPOCTMN: ')

Tmj=Ttp % HECKOMIIEHCMPOBAHHAA IIOCTOSAHHASA BPEMEHU B
KOHTYPE TOKA, C

Tta=2*Tmj % IIOCTOAHHAA BPEMEHM 3BEHA, ANPOKCHMMPYIO-
NETO OBUT'ATEJIE B KOHTYPE TOKA

Tmjl=Tta % HECKOMIIEHCVPOBAHHAA IIOCTOSAHHASA B KOHTYPE
CKOPOCTH, C

Tpc=4*Tmj1l % OKBMBAJIEHTHAA IIOCTOAHHAA PETVYJIATOPA CKO-
POCTH (IIOCJIEIOOBATEJIBHAA ®OPMA), C

Tc=8*Tmjl"2*C*Kdc/ (Kdt*J) $ IIOCTOAHHAA BPEMEHM VHTET'PAJILHOW UACTHU
PET'VJIATOPA CKOPOCTU (IIAPAJUIEJIBHAA ®OPMA), C

Kpc=Tpc/Tc $ KOD®OUIMEHT YCWJIEHUA MPOIMOPIVOHAJILHONM

YACTU PEI'VJIATOPA CKOPOCTUM (IIAPAJUJIEJIBHAA ®OPMA), C

tt=cputime $ OVKCALMA BPEMEHM OKOHUAHVA PACUETA [IAPA-
METPOB
disp ('-————-—-—-—— - end —-—-—-——-—-—-—- ')$ TAY KYPCOBOJM NPOEKT APBY-

30B B B VMBAHOB E B IIOIIOBA JI 0

% "MCCJIEOOBAHME IVMHAMUUECKMX TIPOLECCOB B SJIEKTPOIPVBOIE"
$ ¥ WUCCIIEIOBAHVA JIVMHEMHOT'O OBBEKTA LTI CUCTEMH SISO

eleg

digp (! ===mmmmmmmmm===== Begin-————————————— e 0
disp ('APBY30B-VBAHOB-IIOIIOBA")

date

ttt=cputime % METKA BPEMEHM CPU [JI4 KOHTPOJIA IVMAT'PAMM

Puc.I1.2. KOI[ pacucTa XapakKTCpUCTUK CUCTEMBI ABTOMATHYCCKOT'O PETYJIMPOBAHUA

Cxema monenu aurarens ¢ Harpy3koit B Simulink mpusenena nHa puc.I1.3.

A F 3
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1/0.292 N b
& - S aea|
—"| 0.00915+1 \‘ ) 7 . .

h Ints It
- Dwig egrato .

Ep RM
::IZIﬂ;U.umsms .
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De (2 Yia=ha Cow

h 4

Kaic =

] 013 [y L

VY

kiic
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XT
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» 13
Wd1
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Puc I1.3. Mogenp nBuraresns ¢ MEXaHU4ECKON Harpy3Kou

Cxema H3MepHTeJ’ILHOﬁ HaCcTu MOJCJIM IIOKa3aHa Ha pI/ICH4
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CxeMa orbITa 110 HCCIICI0OBAHUIO HA0pOca MUTAIOLICTO HAIIPSHKCHUS 1oKa3aHa Ha puc.l1.6
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Puc. I1.6. Cxema onbiTa AJI1 UCCIICAOBAHUA U3MCHCHUS IMMUTAOIICTO HAIIPAXKCHUA

Ha pHuc. I1.7. HpI/IBe,I[eHBI OCHUJIJIOIPaMMBI OIIbITa UCCIICAOBAHUA UBMCHCHUA ITUTAIOIICTO

HAaINpPsSHKEHUS 3JIEKTPOIPUBOIA

Puc I1.7. OCL[I/IHJIOTpaMMLI NEPCXOAHBIX PCIKUMOB IIPHU UBMCHCHUU MUTAIOIICTO HAITPAKCHU A
a, 0- CKOPOCTB ABUTATCIIA.B - TOK AKOPSA ABUTaTCIIA, I' - HAIIPSXKCHUEC YIIPABJICHUS Ha BBIXOAC
peryjidaropa Toka, 1, € - BBIXOAHOC HAIIPAKCHHUEC TUPUCTOPHOT'O npeo6pa30BaTeﬂ>1
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