PACHET CUCTEMbI ABTOMATUYECKOIO YNPABNEHNA
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BBenenue

Haznexunocts u kavectBo pa6orh HPOMBIIIICHHBIX 3/EKTPONPHBOLOB Cy-
LICCTBEHHBIM 00PA30M 3aBUCAT OT NPABHIBHOCTH PELIEHHH, IPHHUMAEMBIX MTpy
POCKTUPOBAHMHU CUCTEM YIIPABIEHUS ITHX 3JIEKTPOIPHBO/IOB.

B ocHoBe cospemennmix crcrenm aBTOMAaTU3MPOBAHHOIO YIPABIEHHUS Jle-
KT TIPUHIMI TIONYHHEHHOTO PEryTHpOBaHHs, 0GOCHOBAHHBIH B 50-e FOJIbI
fipotoro cronetus. C uCmoNb30BaHHeM 0AX0I0B, pa3paboTaHHBIX B paMKax
TIOITUHEHHOTO PeryIUpOBaHHS, CTPOATCS 3JIEKTPOTIPUBOBI ITOCTOAHHOTO U TTe-
PEMEHHOTI0 TOKa C aHAJIOTOBBIMH U IU(DPOBBIMHU perynsropamu. Mcxons us 3to-
I'0, TIOHATHA BaXXHOCTh OCBOGHHS CTYAEHTAMH OCHOBHBIX IPaBHUII IPOEKTUPOBA-
HUSI CHCTEM NOAYMHEHHOTO PeryIHpOBaHHS.

B KkypcoBom mpoekte cremyeT ocylmecTBHTD cHETes PeryasTopoB s
>JIEKTPONPHBOAA MIOCTOSHHOTO TOKA C ONHO3OHHBIM Pery/HpOBaHIem CKOPOCTH

Ha 0a3e IBUraTeNs ¢ He3aBUCUMBIM BO30YKIEHHEM.



1. eas kypcoBoro npoextuposanmsi

BhinosiHeHne KypcoBoro npoekra npefycMaTpuBaeT yriyoneHue u 3a-
KPCIIEHUE CTyACHTAMH OCHOBHBIX CBEAEGHUH M3 TEOPUU aABTOMATUYECKOIO
YUPABJICHUS IIyTEM CaMOCTOATENEHOrO (MOJ PyKOBOACTBOM [PENONaBaTEs s )
PEIICHHST  OCHOBHBIX BOIPOCOB TNPOEKTUPOBAHUSI CHUCTEM aBTOMATHYECKOTO
YHPaBICHUS IPOMBIIUICHHBIMHU 3/1€KTPOIPUBOIAMH.

2. 3ajanue HA KYPCOBOi NPOEKT

3ajanne Ha KypcoBOH MPOEKT BbIAETCS PYKOBOJIUTEEM IIPOEKTHPOBA-
HUSL MHAWBUAYANbHO KaXkAOMy CTYHEHTY. B Buae MCKIIOYEHHS HECKOJIBKUM
CTYIEHTaM MOXET OBITh NpeaioXKeHa oaHa TemMa, UMerolas KOMIIJIEKCHBIN Xa-
paKTep.

B 3ajanun Ha KypcoBo# NpoekT, KaK MpaBuiIo, MPeayCMaTpUBAIOTCS Pa3-
paboTKa M pacyeT CHCTEMBbl YIpPaBICHUs THITOBBIM NPOMBIILIEHHBIM 3JIEKTPO-
IPUBOJOM. B HEKOTOpBIX ciiyyasix cTymeHTam MOryT ObITh MpE/UIOKEHBI pado-
ThI, UMEIOIIIAE XapaKTep TEOPETUYECKOr0 WIIU IKCIIEPUMEHTAIbHOIO HCCIEN0-
BaHUSI.

3. Coaep:xaHue KypcoBOro nNpoeKrTa

KypcoBoii npoext opopmiIseTcs B BHIE MOACHUTENLHON 3alUCKU U IpPa-
buyeckoit gacTu. [loscHumensHas 3anucka JOJKHA BKIIOYATh CIEAYIOLIMe pas-

JAEJIbI:

Pedepar.

Beenenue.

1. HMcxoaHble JaHHBIE IS IPOSKTUPOBAHUSI.

2. CrpykrypHas cxema HensmenseMon yactu CAY.
3. CuHTe3 aHAJOrOBBIX PErYJIsSTOPOB.

4.  Awnanus ananorosoil CAY.

5. Pacyer mudpoBOro peryasropa CKOpoCTH.

6. Amnamus nupposoit CAY.

3aKI04YeHHeE.
bubauorpaduyecKkui Crmcox.
Ipaghuyeckas wacmy KypCcOBOTO MPOEKTA NOJDKHA BBIIOIHATHCS B 00be-

Me, JI0CTATOYHOM JUIsS TMOSCHEHHs BCEX Pa3JielloB MPOeKTa, W BKIOHAThL Clle-
AYIOLIME pa3ielibl:
], CTpyKTypHBIE CX€Mbl KOHTYPOB PETYJIMPOBAHHS K CHCTEMbL B LIRTIONL.
2. I'paduicyu nepexoaHbix MPOLeccos.
3, Jlorapudmuyeckue 4acTOTHbIE XaPAKTEPHOTHKIL,
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B pedepa
TC XpaTko uznaraior
cs
CHCTEMe. OCHOBHBIE CBeieHus o CHHTE3UPOBaHH o

4.2. Brenenue b

B nannom pasaene nomxua

CHHEIE METOkI ee pPeIIeHns.

4.3. Ucxoannie A2HHbIE AJISI NPOEKTHPOBAHMUST
3ananue Ha TIPOEKTUPOBaHKE BKITIOYAET:
= (byHKuMOHanLHy}o CXEMY HEU3MEHSIEMON YaCTH CUCTEMEI YIIpaBICHHUS ;
— THII IBUTATENS ¥ OCHOBHEIE apaMeTpbl HEM3MEHSIEMOH YacTH;
TIOKA3aTeNM KayecTBa, KOTOPbIE MOKHA ODECTIeYHTh CHHTE3NpyeMas

CAY;

— TApaMETPLI BXOAHLIX CUTHAIOB M TOMEXH.

OCHOBHBIMU MOKa3aTENSIMK KAYECTBA SIBIISIOTCS:

— TIOPSIIOK aCTaTH3Ma 10 CHIHAlY 3aaHuUs;

— BPEMsl PEryJIMpOBAHHS;

— 3arackl yCTOHYMBOCTH 110 MOJYJIIO U 110 (ase.

TpebyeMblii MopsiIOK acTaTu3Ma paBeH ABYM MIIM eIuHuIEe. B nocieaHem
cllydae 3aJaeTcs TakXe JOITyCTHMOE 3HaueHHe OTHOCHUTENBHOMN yCTaHOBHBIIEH-
csl OIIMOKHM OTPabOTKY BO3MYILIAIOILEr0 BO3AEHCTBUS.

JI71sl OLEHKH ITOMEXO3AIHILEHHOCTH U (DUIBTPYIOIIUX CBOMCTB CHHTE3U-
pyemoit CAY 3amaeTcsi IpUBeIeHHAas K BXO/y TIOMEXA, COCTOANIAs U3 JBYX rap-

MOHHK.

4.4. CtpykTyphast cxema nen3mensiemoit yactiu CAY

S : R e
B kayecTBe 06a30BOro BapUaHTa pacCMaTpUBACTC BHSI\TpOHpMB)OA Ha 0C
3 ACCUMUThI-
HOBE JIBUTATE/S [IOCTOSHHOTO TOKA C HE3aBUCUMBIM BO30YK/eHHeM. Pacct

BAeTCs CUCTEMa OJHO30HHOIO peryIMpoBaHus CKOPOCTH. -
JIns nuTaHus SIKOPHOM LIeNM MCIOJNb3YeTCs YIpaBiieMbli TUf e
~ 1007 l-l\wc'\ LL\
BBIIPAMUTENb, JHHAMHUYECKHE CBOHCTBA KOTOPOIO MOKHO onueath ey
HoW pyHKLMe
W, ( p)=——~K——~T“ :
I i
THP +1

o S Ssps e YNOM) HICHES
; : ; VHALYETOS 3AAATE CTRYRTYPHY IO ¢
' s CTYACHTOB OMHO-3a0MHOK hopmbl oGy eHni PeKOMEHAY T ' wlwmu \l“lm‘l %
MEHAEMON yacT CAY, ee napamerpil b nepesennh HeolX0AHMbIN pid
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Kosdduunent nepenaun moxHo onpegenuts 1o HOMHHAIbHOMY 3Haye-
HUIO CPEIIHETO BBINPAMICHHOTO HANpSOKEHUs U, B COOTBETCTBYIOLIEMY MaK-

CHMaJIbHOMY HanpspkeHuro U, , Ha BXOJIE CHCTEMbI MMITYIbCHO-(ha30B0Oro
yIpaBIeHUS:

[TocTosiHHyIO BPEMEHH BBINPSIMHUTE/IS CIEAYET BHIOpPATh M3 YCIOBHS
0,002<7 <0,02 c.

Cucrema aBTOMaTHYECKOro PEryJIMpoBaHusi CKOPOCTH BpallleHHs Balia
ABUIATE]IA, B COOTBETCTBHH € 3aJJaHHEM, JOJKHA OBITh ABYX- UM TPEXKOHTYP-
HOM. B IBYXKOHTYpPHOI cricTeme PEeryimpyeMbIMU KOOpJAMHATAMH SIBJISIOTCS TOK
AKOPST W CKOPOCThL nBHratens. B TpexxkoHTypHO# cucTeme 106aBisieTcs BHYT-
PEHHUH KOHTYP peryupoBaHusi HaTpsHKEH M.

Hatunk HaNpSOKEHUsT OOBIYHO peanu3yercs Mo cXeme, IpUBEIeHHOM

Ha puc. 1. 3neck YT'P — yerTpoifcTBo ranbBaHHuecKoil pasBs3ku, Uy, — Hamps-
’KEHHME Ha BBIXOJIE MaT4MKa HAMPSIKEHHSI.

i
Ui R
W

VAR
N

Puc. 1. JlaTuux HanpsokeHus

[Ipunsto cuurarh, 4ro YIP umeer xosdduumeHT nepenaum, pasHblid
e/MHMILE, TOr/1a KOO((OHULHMEHT 00PATHOM CBSA3M 110 HAPSHKEHHIO PABEH

= i

Ml B 1
TR+ R,

* Jlns crypentos oumO-3a04HOM (hopmel 0Oyverms 7 = 0,01 c.
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[TepBiyHas HHGOPMALIHS O BETHYHHE TOKA AKOPS MOXKeET ObITh MoNyyena
KaK IyTeM HeMOCPEeACTBEHHOr0 H3MEPEHHUS ITOTO TOKa, TaK H IyTeM M3MepeHHs
JEHCTBYIOIIETO 3Ha4eHHst (HazoBOro (IMHEHHOT0) TOKA HA CTOPOHE MEPEMEHHO-
ro Toxa. IIps POEKTHPOBaHUH CUCTEMBI YIpPABIIEHHS PACCMaTPUBACTCS BapH-
aHT H3MEPEHHA TOKA C MOMOLIb LITYHTa, BKIFOYAEMOTO B SKOPHYIO LIeTlb (puc. 2).
IIyHTBI IpEACTABISIOT COOOM KamubpoBaHHbIE COIIPOTHUBJICHHUS 3aIaHHOH BeJIU-
unHbl. [IIyHTbI CTaHAaPTU3MPOBAHBI 110 HOMMHAJIbHOMY TOKY /.,y ¥ HOMHHAaJIb-
HOMY TIaJICHUIO HANIPSHXKEHUS HAa CONPOTHBNEHMH IuyHTa U, ..

YI'P
Of | K, :”:
-

Puc. 2. Cxema usmepenus toka

XapaKTCpPICTI/IKH ITYHTOB IIPEJICTaBJIEHBI B Ta0JI. HUXKE.

Tabruya
S A
IIyHTA
75111C 75 5, 10, 20, 30, 50
7511ICM | 75 75, 100, 150, 200, 300, 500, 750, 1000
150IIIC | 150 150, 300, 500, 750, 1000
300ILIC | 300 20, 60, 75

U_IyHT HOI[6I/IpaCTC$I I10 BEJIMYUHE HOMHHAJIBHOI'O TOKA ABHUTATEIIs ]H UC-
X014 U3 YCJIOBHA
e

B coorBerctBuM co cxemoii M3MEPEHUS TOKa Ko dULHEHT Nepenay
AaTduka ToKa (KoadpuiuenT o6paTHo cBsI3H mo Toky) K, (Om) onpenensiercs
COIJIaCHO BBIPAXKEHHIO

KE=RK.

P 1]

rue Rw=ﬂ.

wn



JlaTunK cKOpocTH (pHC. 3) peanu3yercsi ¢ UCIOIb30BAHUEM TaxoreHepa-
TOpa MOCTOSHHOTO ToKa. IIpenebperas najeHHeM HanpsHKeHUsl B IKOPHOH Lienu
M MHEPIHOHHOCTBIO TaxoreHeparopa, KodG@UIHUEHT epeaayu JaTyuKa CKOpo-
cti K_(B:C) MOXHO ONPENETHTh CIEAYIOIIUMM 00pa3om:

Kc: KTr .___R“__.KJ_
R

3nech Ky — koadduUIMeHT nepeauy TaxoreHeparopa, npeacTaBisiomKH
cobO¥ OTHOWIEeHWEe HOMHHAIBHONW DJIC TaxorenepaTopa E. ., K er0 HOMHUHaJb-
HOM CKOPOCTH M ,,, B C:

i
I
“

el ][
sl Raes 3

Puc. 3. Cxema u3MepeHus CKOpOCTH

TaxorenepaTop BHIOUPAETCsI UCXO/Is1 M3 YCHOBUS My, = Oypay.

Jnsg nocTpoeHus MOAETH ABUIraTelsl HEOOXOAMMO OTpeNEeIUTh 3HAYECHHS!
CD,, L,, T,, tie C — KOHCTPYKTUBHAs MOCTOsIHHASI aBuraTens, M, — HOMUHAIIb-
HBIA 110TOK BO30YXKAEHMA, L, — HHIAYKTHBHOCTh AKOPHOU uenw, 7, — 3MeKTpo-
MarsyTHas rnocTosHHas BpeMEeHHU,



3navyenne CD, (B'c) MOKHO HAlTH W3 YpaBHEHHSI 3JIEKTPOMEXAHUYECKO}
XapaKTepUCTHKHU ABHraTes sl Il HOMHHAIBHOTO peXuMa:

o lJrH T REIH

>

Co

H

()

H

rae U, — HOMHHAIbHOE 3HauYeHHe HalpsKeHHs Ha sikope, B; /,, — HOMUHanbHOE
3HaYeHHe TOKa, A} @, — HOMMHAJBHOE 3HAYEHHE YITIOBOH CKOPOCTH BpALLIEHMS,
pazu/c.

[Ipu orcyTcTBHM cBemenuit 0 BenMuMHE HHAYKTHBHOCTH SIKOPHOM LEIH
L,(T'n) ee Bennauny MoxHo OTPEJIEIUTD 110 MPUDIHKEHHOMY BbIPAXKEHHIO

La: B’ U” ’
pw, [

H™ H

IA€ p — 9HMCII0 nap noniocos, B = 0,25 npu HaTUYMK KOMITEHCHPYIOLLEH 0OMOT-
Kau B =0,6 qns HEKOMTIEHCUPOBAHHOIO JABUIATENS.
ONeKTpUYEcKas MOCTOSHHAS BpeMEeHH 7, €CTh OTHOLUEHWE WHIYKTHBHO-

2 L
CTH L, X CONPOTHUBIEHHIO R, SIKOpHOM uenu: 7,=—-. B ToMm ciyyae, Koraa 3Ha-

a

ueHue R, (OM) B macropTHLIX JaHHBIX ABUrATEs OTCYTCTBYET, MOXKHO HUCIOJb-

30BaTh NPUOIIMIKEHHYIO HOPMYITY:
14

Ra=0,5(l—n“)-%i,

A€ 1], — HOMHHAIbHOE 3HaYeHHne Ko3QhULHEHTA 101€3HOTO MeHCTRIS.

4.5. CunTe3 cHCTeMBI NOAYHHEHHOTO peryiupoBanus

Ilpn cunreze CAY crenyer ucmonp3osarh OOLLENPUHSATOE YIpoLIeHHe,
3aKJIroqaroleecs B IpeHeOPEKEHUN BIUSHHEM BHYTPEHHEW 00paTHON CBSI3M 110
npotuBo-2/IC nBuraress.

B stom ciyyae crpykrypHas cxema 3ananHOM gacTu Oyner npencTaBisaTh
CO0OM COEIMHEHHE TUIIOBBIX 3BEHBEB | JaT4UKOB 00paTHBIX CBszeil. Konuyect-
BO KOHTYPOB pEryIHMpOBaHHUs ClELyeT BbIOpATh PaBHBIM KOJIMYECTBY 0OpATHbIX
cBssedd. [lpu cunrese PETYJIATOPOB COOTBETCTBYIOLMX KOOPAWHAT 3/MEKTPONPH-
BOJIA (HanpsKeHNs (IPUITOKEHHOTO K SIKOPIO IBUTraTelist), TOKa SIKOpsi, YI/I0BOIi
CKOPOCTH BpallieHus) cienyeT Hemonb30Bath CTAHIAPTHYIO MPONEAYPY CHHTE3a
PETYIATOPOB CHCTEMbI MOAYMHEHHOIO perynupoBanus. Cuntes CAY 3asepuia-
€TCA OLEHKONW HeoOXoaumMocTu KOMIIEHCAIMH OOpaTHOM CBSI3M 1O TPOTHBO-
SJIC nmurarens. OyeBuaHo, uTo BAMSIHME 3TOj OOpaTHOH CBSI3M YCHIIMBAECTCS

10



Mpy CHHKCHHH MEXaHWYECKOH WHEePLMOHHOCTH 3JIEeKTPOABUraTeNs, OLEHHUBae-
MOH BEITMYHHON 3JIeKTPOMEXaHHYECKOI [I0CTOSIHHO# BpemMeH:

—— JRa

o (G

rae J — MOMEHT HHePLIMM SKOPs ABMraTtess (B KypcoBOM MMPOEKTE MOMEHT HHEp-
LMY paboyero MexaHu3Ma MOIKHO He YYMTHIBATE), U OCIA0ISETCS TIPH yBeIHYe-
Huu 7, CYUTaeTCs, YTO BIMSHUE npoTuBo-2/IC Ha mepexoHble MPOLECCH He
CYIWIECTBEHHO, ecnu 7,, > 47,. B npotuBHOM ciayvae (7,, < 4T,) caenyeT BBECTH
TNOJIOKATENbHYIO 00paTHyro cBsi3b 1o DJIC aBuraTess Ha BXON peryJasitopa
BHYTPEHHETO KOHTypa (puc. 4). [Tonnas koMneHcawus oOecrneyrBaeTCs, eClu
BBITIOJIHSIOTCS! CIIETYIOIME YCIIOBHS:

K
Wk.(p)-w,,,(p)-ﬁ‘jr—fccb,
o

sz(p)'Wu(P):C(Da
rae
1
K, (212 p* +2T,p+1)

Halinenuble Takum obpasom nepenatoussie (byHKLHH Wii(p), Wia(p)
CIIEYET YIIPOCTUTh, HCXOAS U3 YCIOBHM peain3yeMOCTH.

a
Walp)
"‘;Fyg‘ 1 o K o l ]__ > f? o)
W (p)—» —»@-»-R T g P S
]—“’])+J. I £l { “a.l ) "‘I)_'(“MP
(.'11)“ -t
Rl
7 Wea(p)
U’T A 1 i R ™
'Wpf(p) '[/I/pl‘i(pb 1L ’ ) 4 D ir s
4 ] R Tp+l o
CD
}‘u =
Kot

Puc. 4. Tlpumepsr KoMrieHcanm Bns Hus 00paTHOM CBsI3M
1o nporupo-7"J1C

11



JIist CHCTEM € acTaTH3MOM BTOPOro MOPsi/ika MEPEPEryIMpOBaHUe MOKET
NPEBLICUTDL 3a1aHHOE 3HAUCHHE. B sTOM ciiyyae [Uisl CHUXKEHHUsI TTePePeryanpo-
panust qa BxoA CAY HYXHO BKIIOYHTB (GUIBLTP MepBoro nopsaka. Iocrostnyio
BpeMeHH QUIbTPA MPH ITOM CIEAYET ONMPEALTUTH HCXO/s H3 KOMIIPOMHCCA Me-

Ky BPEMEHEM PEeryJIMpOBaHus U nepeperyJupoBaHreM.

4.6. Anaaus anaaoropo CAY

B cooTBeTCTBUM ¢ OOLIENPUHATHIM TOAXOAOM YNPOIIEHUE CHHTE3HPO-
BaHHOM CAY npu aHanuze He JOMYCKAeTcs, T. €. YUUTHLIBAIOTCS M BHYTPEHHSA
oOpatHas ¢Bsi3b 1o mpotuBo-OJIC nBUratTess, ¥ KaHal KOMIIEHCALMH 3TOro
BIMSIHUSL. AHATU3 BKJIFOYAET:

— OIpeZelieHUe 3armacoB YCTOWYMBOCTH;

— TOCTpPOEHWE TPadUKOB M3MEHEHHs] BO BpPEMEHM YIJIOBOH CKOPOCTH
BpalleHus w(7) ¥ TOKa sikops aBurarens, i(r), mpyu nogade Ha xoa CAY emm-
HWYHOIO CTYIIEHYAaTOr0 BO3NAEHCTBHS; \

— onpeneneHue 1o kpuo () (nepexomnnoi Gyuxuuu CAY) nepepery-
JMPOBaHMs U BPEMEHU: PETYIMPOBAHUSI;

— IMpeJCTaBleHHE pe3yJbTara pacyeTa B BHIE JUHAMHYECKOW 3JIEKTPO-
MEXaHUYECKOW XapaKTepUCTUKH O (i);

— IOCTpoeHHe rpadUKoB o(f), i(f), MPEACTABISIOMKX COOOH peaKIUIo
CAY Ha cTyneHYaToe NPUIOKeHHe HArpy3KH /. U COOTBETCTBYIOIIEH 3IEKTPO-
MEXaHMIECKON XapaKTEePHCTHKH o(7); ;

— OIpeJie/IeHHe YCTaHOBUBLIEHCS OMMOKH.

— nocTpoenue rpaduKoB o(?), i(f) u XapakTepucTrku (i) IpH moxade Ha
Bxon CAY nomexu. \ ;

[Tpu ompeneneHuy 3anacoB yCTOMYMBOCTH CIIEYET UCIOIB30BATEL METO
norapuGpMUYECKHX XapaKTepPUCTHUK.

[lepeperynipoBaHye G U BPeMsl PETYJIUPOBAHUsL ¢, ONPENEASIOTCS [0 Me-
pexoaHod (yHKuuH (rpaduky o(f), paccUMThIBaeMOMy Kak peakuus CAY
Ha IMHWYHBIN CTYNEeHYaTbld CUTHAl, MMofaBaeMblid Ha BXox). Haiinenusle 31a-
YEeHHsl O U I, 10JDKHBI ObITh He 00J1€€ 3aJaHHBIX. -

ITo xpuBo#i (r), mpeacraBisitowed codoit peakuuio CAY Ha ciokHyiO
TOMEXY, OTPENeNUTh NPUOIHKEHHOE 3HaueHne Kodadduimenta nepenaun CAY
Ha OCHOBHOM rapmoHuke. [lanee T0 9ke 3HaueHHe Ko3(UnKeHTa OnpeaeInTh
110 JIOrapu(pMUYECKOH YaCTOTHON XapakTepUCcTHKe 3aMKHyToi CAY |

Yeranosuplyocs: omubKy lime(z‘), BBI3BAHHYIO JEHCTBHEM BO3MYLLE-

[—®0
wua I, cnenyer ONPEACTTE N0 COOTBETCTBYIOLIMM KPUBBIM (1), i(7), a TaKxe
HUCTIOAR3YA IpEIeNIbHYI0 TeopeMy Mpeobpasosanus Jlaniaca:

limo(r)=lim/, W, (p),

=@ p=0

12



_o(p)
I.(p)
[Ipu nepBoM MOpsIIKE aCTaTH3Ma [0 HAMACHHOMY 3HAYEHHIO lime(#) ue-

[—D

e W, (p)

lime(r)
0OXOAMMO ONPEACTUTh CTATH3M 22~ COIIOCTABUTL €ro C 3aJlaHHBIM 3Ha-
0)

H

JeHHeM. B Tex ciyvasx xorma cratism CuHTe3upoBanHoi CAY mnpesrimaer 3a-
AQHHOE SHAUCHHUE, HY)XHO PaCCMOTPETH CIIOCOObI YIOBJIETBOPEHUS TPEOOBAHUS.

[lonxon k cuHTE3y cucTem NIOAYMHEHHOIO peryaupoBaHus sBISETCS da-
CTHBIM CITy4aeM OOIIEro CIy4ast CHHTE3a MOC/eI0BATE bHEIX KOPPEKTUPYIOLINX
YCTPOHCTB METOLOM TIOTaPU(MUUECKHX YaCTOTHBIX Xapakrepuctuk (JIAUX).
[TosTomy npennaraercs CHHTE3HPOBATh PErYJISTOP CKOPOCTH TAKKE U MO 3TOMY
METOLy.

[Ipu moctpoenun JIAUX VICXOMHOH CUCTEMBI [ONIaraTh, YTO BHYTPEHHUE
KOHTYpEl CAY CHHTe3MpOBaHbI B COOTBETCTBUU CO CTaHJapPTHOM METOAUKOH
CHHTESa CHCTeM MOAYMHEHHOTO PeryIMpoBaHHusl, 1, KDOME TOro, YYMTBIBATH BCE
CBA3H B cuCTeMe. OCyLIECTBISIEMBIH CHHTE3 NOKEH 06eCredUBaTh BhIMOJHE-
HHE BCEX TPEOOBaHMH, NPENBSBISIEMBIX K CHCTEME. [Iporpamma ananuza coot-
BETCTBYET I1. 4.6.

4.7. Cunre3 ungposoro peryjisitopa CKOpocTH

Peanusanus perynstopa ckopoctn B MdPOBOH (GopMe COOTBETCTBYeET
3aMeHe TepeAaToIHON QyHKUMH Wo(p) (pHc. 5, a) B aHATOrOBOM popme mepe-
AATOYHOM (yHKumen W,.(z) (puc. 5, 6). 3necs W\ (p) — nepenaroyHas QyHKIus
TIOICUCTEMBI PEryJMpOBaHus ToKa (0e3 ympoiueHuit), W.(p) — nepenaTounas
(QYHKIIHS BOCCTaHABIMBAIOIETO YCTpoHicTBa, T — MEPHUOJ KBAHTOBAHUSL.

a >
¢ E '}7' el i p e ) @l
'_3‘_,@,“ M_(.j_;).. p;ﬂ;c ( [_-.'_] EL‘IL{;’Ml 8 (!,_;,) § LS:’ )

4 L [ A )
LJ b
6 [

o)

L2

7 : of
—-@— W (p)— —» W (2 )7 2 )

BN
A

Puc. 5. Crpykryprinie exemnl crerem PEYIHPOBAHISL CKOPOCTH
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Iepenarodnast GyHKUMS HHUPPOBOTO PEryisitopa Ofpesiesercs no nepe-
AATOYHOI GYHKINN QHATOTOBOIO MPOTOTUIIA C IIPUMEHEHHEM:
—  HESBHOI'O METOJA UHCIEHHOIO0 WHTErpupoBaHus Disepa, UCHosb3o-

BAHNE KOTOPOTO COOTBETCTBYET 3aMeEHE MEPEMEHHON p B COOTBETCTBUU C Bhl-

z -1
paxeuuem p = 7 3

24
~ OuiuHEeNHOro mnpeoOpa3oBaHUs B COOTBETCTBUM C IMOACTAHOBKOM
2 2=
L 24l

H1si kaxoro BapuaHTa annpoKCHMAIHK OTPEeIeIUTh alrOpuT™M paboThl
perymnsitopa

U ZaUpc (kT —iT)+ Zbe (kT - jT)

J=0
AN ABYX 3HAa4YeHWH Tepwosa KkBaHToBaHM#, paBHbx 1 = 0,5min(7}, T,)
wd =Smm(l,, 1.).

4.8. Ananns ungposoit CAY

[Iporpamma ananusa coorBerctByet . 4.6. [Ipu 3TOM, KaKk cieayeT u3
n. 4.7, He0OXOAMMO PAaCCMOTPETh YEThIpE BapHaHTa.

4.9. 3akaoyenue

B 3axmouennu ciielyeT NPUBECTH COMOCTaBUTENLHYIO TaOmuIy (cM. hopmy
Hwke) mokazarenei kayectBa CAY u copMynupoBaTh BbIBOJIL.

CDop.wa

! Cumez meroaom JIAYX

[Tokasarenu kauecTra

Koapduumenr nepenaus

Tun peryasropa ckopocTh o |4 |AL|Ae Awc Ha 4acToTe O = ©
P Oy YUCTIEHHbIN no
akenepument | JTIAHN

( HCTEMA nonqn_ucuuorOJ)ervnupoaaum

Heaenuiin metoa | 1= 0,5min(7,, 7,) B
Macps 7= 5min(7,, T.) | B

A I'=0,5min(7,, T,) i
npeobpazosanne | 1= Smm(?,,I)

e T ———— e o — S —— - - t

E
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4.10. bubamorpapuueckuii cnucowk

Ecan npu pacyere HCnonb3ylores roTonbie dopmy s, rpapuKu, pexomey-
NALMH, TO CCBITKA HA NHTEPATYPHBIN MCTOUHUK, OTKY 1A GBI B3sT COOTBETCTBYO-
LM MaTePHa, TaCTCs B TEKCTE HOMEPOM, MO/l KOTOPBIM OH YHCIUTCH B Crimcke
HCTIONIL3OBAHHOM JTMTEPATYPb, NPH 3TOM HOMep Gepercsi B KBAAPATHBIE CKOGKH:
Hanpumep, [6] O3HAYACT CCHUIKY Ha JIMTEPATYPHBIH MCTOYHMK MO HOMepoMm 6.
CrincoK MCMONB30BAHHON JTUTEPAaTyphl NPUBOMUTCS B KOHLE MOACHUTENLHON 4.
MACKH, TAE JUT KHUTH MTOCNICJOBATENBHO aeTCs MOMHBIH MepeveHs aBTOpOB ¢ yKa-
3aHHeM (PaMHIMK 1 HHMIMATIOB, HA3BAHUE KHUIH, MECTO H3/[aHUs KHUTH, HauMe-
HOBAHHE M3IATEIBCTBA, MO U3JaHHs, OOLIee KOMMYECTRBO CTpaHuil. [[is KypPHaTb-
HOM CTaThH YKa3bIBAIOTCS JaMUIMM M HHHLMANE! aBTOPOB, HAUMEHOBAHHE CTaThH,
Ha3BaHWC KypHaJa, TOJ U3NIaHMs, HOMep XypHasa i HOMepa CTPaHHLI, Ha KOTOPHIX
pacToIOXEHA CTAThSI.

S. Odopmirenne KypcoBoro npoekTa

Hosicaurensryio 3amucky crnemyer ohopMiIsTe Ha Gelioif Gymare cTa-
AapTHOro dopmara 297x210 mm®, Bce pacyeThl BHIMOJHATH B MEX/YHAPOAHOM
cucreme enrHul (CH). Pesynbratel pacueTos, BKIIOUYAs M MPOMEKYTOUHbIE BbI-
HUCJIEHWSI, TIPE/ICTABIIATh, KakK MPaBMiI0, B TaOIMYHOM HopMe U Mpu HeoOXOoaU-
MOCTH B IIOSICHUTE/IBHOMN 3aIMCKe TPUBOIATCS YEePTEXKHU, MOSCHSIONIME X0 Pac-
YETOB.

[TosichuTenpHas 3anucka JOMKHA HAYMHATRCS C THTYJIBHOTO JIHCTA. 3aTeMm
creyroT pedepar u ornasienue. OCHOBHOE COlepKaHHE MPOEKTa MPUBOIAUTCS
B [IOCJIEIOBATENLHOCTH, PACCMOTPEHHOM B pasjl. 4. [loscuurenpHas 3amucka 3a-
KaH4YMBAETCS CIMCKOM HCIIOIB30BaHHOM JTUTEPATYPHI.

['pachuyeckas yacTh MpoekTa OPOPMILIETCS Ha ABYX-TPEX JIUCTAX YePTex-
Ho# Oymaru @opmara A4. Ilpu ¥300paXKeHHH TPUHLMIHATBHBIX, (YHKIMOHATE-
HBIX ¥ CTPYKTYpHbIX cxeM BbIxoabl CAY cienyer pacrosararh cripaBa, a OCHOB-
HbIE BXOJIBI C/IeBa, T. €. CXeMbl M300paxaTh Tak, 4TOOb! B mpsimoM kanane CAY

CHIHAJIB] TTPOXO/WIIHM ClIeBa HaIpaso.
OdopmiieHHBIH B COOTBETCTBUM C NPUBEAEHHBIMU [IPABUIAME KYPCOBOI|

NPOEKT repesl ero 3alIMTOH J0KeH ObITh MOANMCAH CTYACHTOM.



HIDKC.

Jaganue Ha KypeoBoi npoekT

l]/’l/l./]())/(/i/{l///i /
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(ﬂﬂﬁ C'l‘yHCHTOB O'-IHO-33.0‘”IOH (])OprI O6y IeHHﬂ)

1+001p
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-1

(4

(1+pTa)

Ra

Lo

o

CdH

A

Kr

A

s Beex Bapuantos CPy

o}

! it 4acTH CHCTEMBI YIIPABIIEHUs Mpe/cTap esy Ha puc
(eMa HEM3MEHSCMOH vac .
CIpyKTypHas cXem

=1 B-c, K¢ = 1 Bc, ocranbHble qaHHbIe COAEPHKATCS HUKE:

Homep Hannble 11s pacuera s
BapHaHTa Ta, ¢ TM, ¢ Ra,Om | Kr,B/A | Kn |
1 0,02 0,08 Ol T 037 | 3,5 |
2 0,037 0,106 0,17 0,52 25 |
3 0,02 0,09 0,14 0,4 5,2
4 0,048 0,189 0,136 0,5 o aa
5 0,034 0,108 0,138 0,55 5 |
6 0,02 0,08 0,1 0,35 o
7 0,042 0,121 0,056 0,4 6.5
8 0,021 0,23 0,2 0,6 43
9 0,062 0,09 0,08 0.1 e
10 0,044 0,09 0,2 0.2 4
[ 0,052 0,1 0,03 0,36 1,8
i) 0,031 0,011 0,2 0,21 S
13 0,034 0,08 0,02 0,32 22
14 0,052 0,09 0,15 0,44 43
b S 0,031 0,08 0,04 0,52 3.1
— :g 8,841 0,07 0,024 0,34 2.8
,024 0,05 0,02 0,22 3,5
B T 0,11 0,28 0,21 [[ 4.5
bl 1Y 0,049 0,118 0,037 D Y
002 | o Lo 024 | 27
-——3i~.~,~-9;9},5,-.~%_,_ G Y R VN 1,9
—t ... | 0.026 1 001 T N 4
e 1 0037 4 ik 1 Y 0,31 ! 4,1
SIS e g R N A 0,040 0,36 1,5



T

25 0,04 A R N . R 7 S

26 0.026 0,11 0,21 e T

27 0,034 0,11 0,052 o T T 7

28~ 1 0015 0,09 0,028 0,21 48
| 29 0,051 0,11 0,016 0,15 4,1
30 0,045 0,114 0,035 0,36 Zt |

31 0,022 0,08 0,064 0,37 3,5

32 0,037 0,106 0,17 0,52 2,5

33 0,012 0,09 0,14 0,4 50

34 0,058 0,189 0,136 0,5 2,8

35 0,024 0,108 0,138 0,55 5

36 0,025 0,08 i 0.35 20

37 0,046 0,121 0,056 0,4 6,5

38 0,021 0,24 0.2 0.6 4,5

39 0,062 0,095 0,08 0,1 3

40 0,044 0,098 0,2 0,2 4

4] 0,052 0,16 0,03 0,36 1,8

42 0,031 0,019 0.2 0,21 3,5

43 0,034 0,078 0,02 0,32 )

44 0,052 0,091 0,15 0,44 43

45 0,031 0,08 0,05 0,52 3.1

46 0,041 0,07 0,029 0,34 28

47 0,024 0,05 0,028 0,22 3,5

48 0,036 0,11 0,282 0,21 4,5

49 0,049 0,118 0,057 0,35 17

50 0,024 0,06 0,03 0,24 2,7

51 0,035 0,11 0,05 0,31 1.9

52 0,026 0,11 0,03 0,25 4.4

53 0,032 0,11 0,025 0,39 4.1

54 0,037 0,118 0,049 0,34 %

55 0.04 0,076 0,03 0,23 2.4

56 0,026 0,11 0,21 0,28 4,0 |

57 0,034 0,11 0,052 0,32 3.5

58 0,015 0,09 0,028 0,21 58 |

59 0,051 0,11 0,016 0,15 0

60 0,045 0,114 0,035 0,36 L

2. JMonoaunrenprpie TpeGoBaHUs.
2.0, Tlomexa copepikuT JABE rapMOHHYECKHX COCTABAAIOWIMX C HacTotami SO 1 150 T

AMIIATY G 1IepBOil rapMoHuKH paBa 1 B, a Tpetbeit 1/(n + 1), rae »n — Maaumas
uidpa nomepa BapuanTa.
22, CHuTesupoBanHas CHCTEMA 40KHA HMETD:
2.2.). Tlopaaok actaruama 1o curnaiy 3A4aHHA v =1 18 HOMSTHLIN BAPHANTOR, 1t v
= g veriax, Crarusm ne Gonee 0,001N, rae N - nomep sapuana.
222, Beawwnny nepeperynposanns o ne Gonee S + 1) %, tae n - v tudpa

HOMEPE BapHal1a,
22.3. Bpemn perynuposanus - (p - 0,1 - 04 ¢.

Al
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3. Conepkanne KypeoBoii paboThi.
3.1, Canres peryastopa roka.
3.1 Onperennths NepeaTounyro QyHKUMIO peryastopa Toka. HCTTOS T3y 51 YIPOIers i
METO CHHTE3A — MCTOA IMOAUMHEHHOTO PEryTHPOBAHUS.
3.1.2. Tloctponts JIAYX pasoMKHYTOro KOHTYpa TOKa.
3.1.3. BamucaTh TEPEAATOUHYIO (YHKUMIO 3aMKHYTOrO KOHTYpa TOoka y MOCTpoOuTYE
JTA®YX.
32, Cunres peryasitopa CKOpOCTH.
3.2.1. PaccumTarth M NMOCTPOUTH YACTOTHBIE XaPAKTEPHCTHKH HEM3MEHSIEMOM YacTy CHCTEMB-
- JIAQYX;
—rosgorpa¢ Haiikeucra.
3.2.2. OnpeaenuTs NOJIOCH M HYJIHM YaCTHOM XapaKTEPUCTHKH HEH3MEHSEMOH qacTy [To-
CTPOHTb aCHMNTOTHYECKYIO JIAUX M cpaBHHTH ¢ XapaKTePHCTHKOM, MOTyyeHHoi g
nn. 3.2.1.
3.2.3. TlocTpOnTh XKenaemMylo 9aCTOTHYIO XapaKTepHCTHKY KOHTYpa CKOPOCTH.
3.2.4. OnpeznenvTs NEpeAaTOYHyIO QYHKIHIO PEryISTOPa CKOPOCTH.
3.2.5. TlocTponTs YaCTOTHBIE XaPAaKTEPUCTHKH PA3OMKHYTOTO KOHTYPA CKOPOCTH:
—JJADYX;
—rozgorpa¢ Haiiksucra.
3.2.6. HaitTu nepenarounyio QyHKIHMIO 3aMKHYTOH CKOPPEKTHPOBAHHON CHCTEMBI U 110-
CTPOWTE:
- JIAQUX;
- roporpad Mmuxaiinona.
3.3.  AHanu3 ycTOUYMBOCTH,
3.3.1. BanucaTh XapaKTePUCTHYECKOE YPABHEHHE MTOTYYEHHOH CHCTEMBL.
3.3.2. BbInoMHuTh aHanM3 yCTOHYMBOCTH MO anreGpanyeckum Kputepusm [ ypsuua u
Payca.
3.3.3. Ucnonp3ys pesyabTaThl . 3.2.5. OLEHUTb YCTOMYMBOCTS 110 KpuTepHio Haiikprcra.
Haiitu 3amacel ycTOMYIMBOCTH 110 MOAYIIIO M (hase.
3.3.4. I'lo pesynbraram nm. 3.2.6 OLUEHHTb YCTOHYHBOCTD 10 KpUTEPUIO Muxaiinosa.
3.3.5. OnpeaesMth rpaHUyHbIA KO3QGHLUHEHT YCHIIEHHS.
3.4, Anayu3 TMHEHHON CHCTEeMbl BO BPeMEHHOH 001acTH.
3.4.1. PaccyuTarh ¥ MOCTPOMTH PEAKLHIO CHCTEMbBI Ha €AMHUYHOE CTYIEHYATOE BO3ICHCT-

BUE (NEPEeXOAHYIO (PYHKIIHIO).
3.4.2. PaccuuTaTh M NOCTPOUTH H3IMEHEHHE OLIMOKH CHCTEMBI [P JEHCTBUM CTYIIEHIATO-

0 BO3MYILIAIOLEro curuana /..
3.4.3. PaccyMTaTh peaxuuio CHCTEMbl (BBIHYXKACHHYHO COCTABIAIOUIYIO) [PH ACHCTBII

TApPMOHWYMECKOI0 CHIHANA W CPaBHMTb aMIUIMTYAY 4 a3y O 3HAYEHMAMH, BBIYHCIICHHBIMII
1O 4ACTOTHOH XapakTepucTHKe (nm. 3.2.6).

3.5, AHaiu3 KauecTBa JTHHEHHON CHCTeMbI.
3.5.1. Haiivn pennunny ycraHOBHBIIEHCS OLIHOKH CHCTEMBI [0 BXOAHOMY BO3/ACHCTBIN |

110 BOIMYUIEHUIO.
3.5.2. Tlo nepexonnoil Qynxumu (nn. 3.4.1) onpeaenuthb nepeperyanpoBaue, BPM [

TYAHPOBAHNS ¥ CPABHUTL C 3aJAHHLIMH. |
353, Paccumrare 4 u300pasuTh Ha KOMIJEKCHOM ILIOCKOCTH KAPTHHY Paciipe e e

' : WWW’O ym"ﬂ““ H ONpeiacinTh Crencih )\‘1uil~ulmwm B CICHUH
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3.6. AHQJIU3 CHCTEMBI C YYETOM HelUHeHHocTelt.

3.6.1. Paccunrarb W MOCTPOUTEH MEpPexo /il [POLECC B cHCTEM
YCRIIHTENS B PErynaTope Toka. Haitti npsiMble nokasareny xavecr
aevE B . 3.5.2.

3.6.2. ToCTPOUTL peaKLMIo CHCTEMBl Ha MEPHOAHYECKHH BXOOHOW curHan. Ofbacuurs
BIHAHMC HACBIUCHHMA HA XapaKkTep OTpabOTKM rapMOHMYECKOr0 CUrHANA B BBIHY K IEHHOM
PEXHME.

3.6.3. VccnenoBarb BO3MOYKHbBIE EPHOANYECKHE NBHKEHUA B cucteme. [l aBrokonefa-
HUI HAWTH MX aMINTATYAy ¥ yactoty. Onpenenuts Takoi Koopuument nepenaun, npu xo-
TOPOM aBTOKO/IEOAHUS OTCYTCTBYIOT.

3.7.  KOHCTPYKTHBHBIH pacyeT perysTopos.

3.7.1. PaspaboraTte cxeMy M HalTH napameTpbl aHAIOTOBOIO PEryjasaTopa TOKa C yYeToM
OrpaHMYEHMs BBIXOJIHOTO CHIHAJA. :

3.7.2. OnpesemTh CXeMy U IapaMeTphl AHAOrOBOIO PEry.IsSTOpa CKOPOCTH.

3.7.3. HaliTit nepenaTounyio hyHKIMIO MH(POBOTO peryisropa CKOpOCTH.

3.7.4. TlocTpOUT MEPEXOAHYIO XapaKTEPHCTUKY CHCTEMBI C LH(QPOBBIM PETYIATOPOM CKO-
POCTH ¥ CPAaBHHUTH C HAWCHHBIMHU paHee.

€ TIPH y4erte nachinenuy
Ba W CPaBHUTEL ¢ Halie-
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ITPHTIONKEHIE >

Cuures permeTopa TOKA MEeTo10M NOA"THMHENHOT 0 Peryimmposauns

Jns Haxoxenus MEPENATOYHON (yHKIIMH perynstopa roka u MOCTPOEH U

oy Hacrtor-
HBIX XapaKTEPUCTHK KOHTYpPa TOKA BOCIomb3yemes nporpammoii Mathead:
Mexoansie aantbie:
Ra:=0.2 Ta :=0.05 Kp =20 Tu:=0.01 Ch = | Tm:=04
Kt:=04 g =l
MepenaTtoynble DYHKUMM anemenTos HEeusmeHaemom yactu CAY:-
- Kp 20
Wp(p) := TPy %\2 Wdl (p) := ] o ]
i : ) : :
J e e LS AR S
Ra =)
Wd2(p) = i 0000000000000000000

CP-p-Tm p
Mepenatounas dyHkums PETYNATOPa TOKa Npu HacTPOiike Ha MOAYNbHLIA ONTUMYM:

Ra

Kpt = 1.25 Tpt := Ta Tpt = 0.05
2:Tu-Kp-Kt

Kpt =

-2
Kpt-(1 + p-Tpt) 1.2500000000000000000+ 6.2500000000000000000 10

lepepatoyHbie dyHKUNM Pa3OMKHYTOTO W 3aMKHYTOTO KOHTYpa Toka:

5000.
o ; -Wdl -Kt ynpoctutp —» —-——
Wkt(p) := Wpt (p)-Wp(p)-Wdl (p)-Kt ynp (100.+ p)p I
WZk[(p) = ynpOCTHTb =P
Kt-(1 + Wkt(p)) 100.p + p> + 5000,

Wkt (p) 12500. !
|
|

YacToTHbIE XapaKTEPUCTUKN PA3OMKHYTOrO ¥ 3aMKHYTOrO KOHTYPa TOKa:

i

= i =il =N e ——
Wkl(a)) := Wkt(p) substitute ,p =io — e © ok |

12500. |

Wda(w) = Wzki(p) substitute ,p =i0 - -
10010 - + 5000.

20






HIPHTIOKEHUE 3

Hocrpoenne acumnrornueckoii JIAUX
HCH3MEHICMOK MACTH KOHTYPA CKOPOCTH

Jnst CHHTE3a KOHTYpa CKOPOCTH METOI0M KEJTAEMBIX YaCTOTHRIX X
00OXOAUMO HOCTPOUTH aCUMIITOTHYeCKYIO JIAUX Hensmensemoit yactu. s aroro cravana
npeodpasyeM CTPYKTYPHYIO CXEMY, NEpEHECS! BHYTPEHHION 00paTHyI0 cBI3b 110 DJIC Ha
BXOJ TUPHCTOPROIO npeobpaszosarens. [Toce 4ero, nepenaroynas GyHKUUS JErKO BEITHCII4-
CTCs ¢ MOMOUIBIO NporpamMMbl Mathcad:

APAKTEPUCTUK He-

McxoaHble AaHHble: 7

Ra:=0.2 Ta:=0.05 Kp:=20 Tu:=0.01 Chr=ri Tm:=0.4
Kt:=0.4 Kei=1

lepesaTouHble yHKLMM anemMeHTos HensameHsemon yactu CAY::

Kp 20 ] 1
Wp(p) := Wdl(p) := T = 2
e 62, “ Al i) T e
Ra :50000000000000000000
Wd2(p) := —

CD-p-Tm p

MNepeaarouHas yHKUMS perynsitopa Toka Npu HAacTpolike Ha MOAYNbHbIA ONTUMYM:

Ra
Kpt :=

e Kpt = 1.25 Tipt := Ta Tpt = 0.05
2-Tp-Kp-Kt

-2
Kpt-(1 + p-Tpt) 1.2500000000000000008 6.25000000000000000000 ‘p
-
p

Wpt(p) :=

MNepeaaToyHble GyHKLMM PA3OMKHYTOrO 1 3a8MKHYTOTO KOHTYpa TOKa:

5000.
Wki(p) := Wpt(p)- Wp(p)- Wdl(p)-Kt ynpoctuts — ——--—— \

(100.+ p)-p !

12500.
Whi(p) YNpoCTHTL —>

Wiki(p) :=

T K]+ Wkt(p)) 100:p + p2 + 5000, |

22



UHas PYHKUNS HenamMeHsemMoil yacty KOHTypa ckopocry:

Wzkit(p)- Wd2(p)-Ke YIpocTuTs

collect, p 5

I + Wzkt(p)- Wd2(p)-C- 1
Wpt(p)-Wp(p)

6250, : 20.+ p
(7050.—p + 120.-p2 + p3 + 105000)-10

TIOCTPOCHHS aCUMITOTHYECKOH JIAUX Pas3JIOKUM IOJUHOM B 3HAMEHATENE Ha
ITEIH, IS Yero HalIEeM ero KopHu:

~49.40835451692234836 - 50.155272944609517547
):p + 105000.50lve ,p — | -49.40835451692234836  50.1552729446095 17541
' A ~21.183290966155303278

92234836 I 5'0,1552729446095]754—7
51692234836 I 50.155272944609517547

55303278

: HHbIM KOPHAM COOTBETCTBYET NONMHOM

B ,p2”+ 98.81670903384469672p + 4956.7369002181604889

OHHY) : i H B
TOUHYI0 (YHKLHMIO HEM3MEHAEMOI YacTH KOHTYpa cxopocT .
€HHS THIOBBIX AHHAMHUECKHX 3BEHBEB, ONPEJISNHB HX 112

D mbl Mathcad:

E

b K(1+ p:TI)
I o ‘ 2 2)
() + ’R'W)'(l + 28 Tp+ T p






TH MOTYT OBITE ToCTpoeH JTA Y

.

Shiioa: X n JIdbYyx HEU3MEHsIeMOit yacry

MCTUKN OTACNBHbIX 3BEHBER:

It 4 ] )

Wi(®) =1 + io-T1

W3(w) = ek =
1+ i02ET -0 ~T2

ACTVIKa HEUSKEHSEMOI YacTu KOHTYpa CKOpOCTH:

= W(o) Wio) W2(w)-W3(o) :

o 1-10°
(0}

uv"f Feed ’4 ¢

o(W(o)) + arg(Wl(m))+ arg(W2(0)) + arg(W3(0)))

L
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ITPHIIOKEHHE 4

Iocrpoenne swenaemoin JIAUX
PAZOMKHYTOI0 KOHTYpa CKOpOCTH

JUisi CHETE3a KOHTYPA CKOPOCTH METOMOM KeNaeMbiX YACTOTHbIX XApAKTEPUCTUK He-
OOXOMMO  WOCTPOUTL  acuMITOTHYECKYI0 JIAYUX HEU3MEHIECMOH  YaCTH, TiepesaToymas
QYHKUMS KOTOPOH HalACHA ¢ MOMOLIBIO nporpammel Mathcad (ripust. 3).

K-(1 4 p-T)

Wnke(p) :=
p-(1+ p-T2)-(l + 2.6 Tp + Tz-pz)

rae B MUORL ] = 00506 T2< 0047 G T=0.014 C &=0.702

i \
=20
Ga(w) ~40 \\\\
L \
-80 \\

~100 3
| 10 100 110

(Y

ViexoaHbIMu TaHHBIMK 715 OCTpOeHHS KemaeMoit JIAUX SABJISIFOTCS |

— IOPSIIOK acTaTU3Ma;

— BEJIMYHHA [IEPEPEryTHpOBAHHS;

— BPEeMs pPeryJIHpOBaHHs.

Bpewms perymmposanns nossonger BBIOPATE HACTOTY Cpe3a CHCTEeMBI 110 bopmyie

AT

0e:=—
ip

IZie ). onpeensercs mo HOMOTpamme .
Beanunna nepeperymuposanus sasucut ot 3alaca yCTOMYUBOCTH, SBJISIOLIErOCS BTO-
PBIM PACYCTHBIM NapaMEeTPOM. Takske OMpPEAENIEMbIM 10 HOMOTpammMam.

!
Bopnuk s 10 1e0puy ABTOMATHYECKOO pery o " ; .
BaHHs 1y npasien WL pea. B AL bece

W.-—M,:“‘y‘a,wm._snc. Yiup A QHMSL / 110]1 pen

26



\-—_
o =30

A=4 AL =16

e = 3] 416 Ke=1
AL
Tod= 2 0% gy T2 Kibmal
o oo Tad T3d

SREAITONHYI By HKLI NREACTAEMM B By

A8 NOCNeAOEaTENEHOrD
EEIX AWHAMUNLCKNY 3BRHE R

1
1+pT3d

1 ;
= 1 + T2d W =
T s A e )

ATONHAA PyYHKUNA

W) W)

W Gl

CH nToTHyeckyto MAYY Heusmenaemal yacTy, kak cymmy MAYY zper
v e Sy ;

| . : : " ' \KOPQCTH

bl Mathcad noetpoena kenaemast JIAUX xontypa ¢ Ny
m%‘:ﬂnﬁ. gla atom ke rpaduike npencraniena JAHN
fachnag paiiee (npui. 3).






BKenaemoit JIAUX konry

Keil Pa CKOpocTH ¢ acrary
JITOPA HA CHMMETPH Y11 1if

i 3MOM BTOPOIo rromg .
OTTHMYM) MOXHO Hen >

016308ty Mporpammy

,nmx KOHTYpa ckopocTi.

tp := 0.4 o =30
A=4 AL = 16

w2t e = 31.416

02 = wc- 10 Tld = -l- T2d := —I- Kd = ol -wc
. wl 2

5
10.000000000000000000 - 7> ~2—

2
p
P

10000000000000000000 -2 10
Tt . b1

1

o E

1+ 1.0000000000000000000 - 10"2-2.10°
S

i

s ‘5113. S 1 7 :
B '5 1+ .10000000000000000000 -B-]o
HOEEIE : i bis

-2 S
1 + 1.0000000000000000000 - 10™*-£ .10
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mnToTuieckyto NAYX,

ACTHKA HEH3IMEHSC-
(PEISTICHIS 1Iepe-




TPHIONE Y, 5
Koppexuist CAY meronom Kemaemoii JIAYX

€33 PEryJIATOPa CKOPOCTH Mpeiaraem iy MeTo/10Mm
o Heo6x0/mmo 1o
JOrapHPMUUECKYIO YacToTHYIO XapakTepicTHky 4 x, CTpo-
& apakre
(npun. 4). PAKTEPUCTHKY Heysyre.

10 100 1-10°
® 1000

2 KOPPEKTHPYIOIIErO YCTPOHCTBA (perynsaropa ckopocTH) MOXeT GbiTh Haiige-
IUTa u3 xenaemoit JJAUX Gda(w) yactoTHOI XApaKTEPUCTUKH HEU3MEHSE-

3 Onnaxo, N01y4aeMO€e B 3TOM Clyyae KOPPEKTUPYIOLIEE YCTPOHCTBO MOKET

HBIM TIPH pealn3almy. : - :

€HHus Hosee mpocToro KOPPEKTHPYIOIIEr0 YCTPOMCTBA H3MEHUM jKenae-

3MECTHB YaCTOTHI Ieperuda xeaemMoi XapaKTEPUCTHKH U UCXOHOM:

= 20-(log (Kd) - 2log ())

B

S . : : ) b
0,20-log (m-Tld)) = A9
— = 19899
T2d
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 Re(W(0))
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0€ KOPPEKTHPYIOWIEE YCTPOiCTRO 1107 UHTCH, ecny
s, T
i . y y bIOpary, BTOpoi

\

(s +_p.-TId)

‘ (l + 2ETp + 12,2)

KUMS perynatopa MoXeT BbiTb annpokcumuposaHa M 3seHom.

Wks (p) ' simplify

i
Y(p)i= = =
(p) 1 + Wks (p) p |convert ,parfrac,p

y(t) := Y(p) inviaplace ,p —




