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PoeT Tpe6oBaHHH IC npoeiCTHpyeMbiM CXeMaM H CHCTe

MaM, a TaiC>Ke pa3BHTHe cpe~CTB H MeTO~OB Bbi'IHCJIH· 

TenbHOH TeXHHICH Be~yT IC 6onee WHpOICOMY HCflOnb30BaHHIO 

UH<}lpOBbiX 3BM B HH>KeHepHOM npoeiCTHpOBaHHH. 

Pa6oTa nocBJIII{eHa npoeiCTHpoBaHHIO cTa.U:HOHapHwx JIH· 

HeHHbiX ~HHaMH'IeCICHX CHCTeM B pe>KHMe ~Hanora 'lenoBeiCa 

c MaWHHOH. 
ITo~ npoeiCTHpoBaHHeM 3~ecL noHHMaeTcJI onpe~eneHHe 

CTPYICTypw H 3Ha'leHHii napaMeTpou cHcTeMw, y~ouneTso

pJIIOII{HX flOCTaBneHHbiM Tpe6oBaHHJIM. 

IlpoeKmupoeaHue e pea.!lbHOM Macwma6e epeMeHu 

KaiC npasHno, nponecc npoeKTHpoBaHHJI cHcTeM, B qacT

HOCTH CHCTeM aBTOMaTH'IeCKOrO perynHpOBaHHJI, HOCHT 

HTepa.U:HOHHbiH xapaiCTep, Tpe6yeT BblflOnHeHHJI Tpy~OeMKHX 

pac'leTHbiX, rpa<}lH'IeCKHX onepan;Hii H norH'IeCKHX BbiBO~OB 
OflbiTHOrO HH>KeHepa. B TeX~ cnyqaJIX, KOr~a B03MO>KHa 

peanH3a.U:HJI Mo~enH Ha 3BM, a npe~'bJIBnJieMwe Tpe6oBaHHJI 

pa3H006pa3Hbl, npOTHBOpe'IHBbl H Tpy~HO <}lopManH3yeMhl, 

npoeKTHpOBaHHe 3<}l<}leKTHBHO MO>KeT 6b1Tb BblflOnHeHO npH 

B3aHMO~eHCTBHH C 3BM B peanbHOM MaCWTa6e BpeMeHH. 

llpH 3TOM BCJI pyTHHHaJI pa6oTa BblflOnHJieTCJI MaWHHOH C 

rpa<}lH'IeCKHMH ycTpOHCTBaMH BBO~a-BbiBO~a, a npoeiCTHpOB· 

ll{HIC onpe~enJieT CTpaTerHIO npoeKTHpOBaHHJI H Bb16HpaeT 

BapHaHTbl. HMeJI B03MO>KHOCTb o6maTbCJI c 3BM Ha npH

Bbl'IHOM ~nJI ce6JI JI3b1Ke cxeM H rpa<}lHKOB H pacnonaraJI 

cpe~CTBaMH onepaTHBHOrO BHeCeHHJI H3MeHeHHH B HCCne

~yeMyiO CHCTeMy, npoeKTHpOBII{HK MO>KeT 3a KOpOTKHH CpOK 
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DpOaHanB3BpOBaTL B03HHk&KKQBe Y Hero B,IJ;eH H Dp&kTB-

1feCKB OC~eCTBBTL MeTOA Dpo6 B ODIB60k. 

Ba)J(Jfa.& oco6eauocTL Taxoro B3&Buo.neicTBB.& 11enosexa 

C M&DIBBO:i COCTOBT B TOM, 'liTO OHO C03A&eT DpOCTO:i H AO

cTynu:wi cnoco6 o6y..eua.a, B nepBYJO o11epeAL, uono.Q.Wx 
CDeiUianBCTOB. 

OnucaHue npozpaMMW 

IIporpaMMa npe.IJ;Ha3uaqeua .IJ;JI.a npoexTHpoaaua.a eTa

IUIOH&pBLIX JIHHeiuwx .IJ;HH&MH1feCKHX CHCTeM. 0Ha COCT&B

JieHa .IJ;JIR pa60TLI B ,IJ;H&JIOrOBOM pe>KHMe, TO eCTb Dpoex

THpOB~k CT&BHT Depe,IJ; M&DIBHOB BODpOCLI H, HCXO,IJ;R H3 ee 

OTBeTOB, ODpe.nen.&eT ,IJ;&JILHeiUIBe CBOH ,IJ;eBCTBHR. 

B OTJIH1fHe OT Dporp&MM, ODHC&HHLIX B JIHTepaType 

/cu. /1,2/ /, cBcTeua 3a.naeTc.a CTPYKTypuoi cxeuoi npo

H3BOJILHoro BH,IJ;a C O,IJ;HHM BXO,IJ;OM H O,IJ;HHM BLIXO,IJ;OM H 

Depe,IJ;&TO'IfHLIMH ~YHKIUIRMH COCT&BJIRIO~X ee 3BeHbeB. 

Pe3yJILT&TOM pa6oTw nporpauuw .asn.aiOTc.a rpa~•
qecxue xapaxTepacTHKB CHCTeuw, nonyqaeuwe ua ocuo

B&HHB H3BeCTHLIX B kJI&CCH1feCKOB TeOpHH peryJIHpOB&HHR 

MeTO,IJ;OB pacqeTa BO BpeMeHHOB, 1f&CTOTHOB H KOMDJiekCHOB 
06JI&CT.&X. 

,lJ;H&JIOr C M&DIBHOB CJie,IJ;yeT H&1fHH&Tb, HCXO,IJ;R H3 

H3BeCTHLIX CTpyKTypHOB CXeMLI CHCTeMLI H Depe,IJ;&T01fHLIX 

~yuxn•i scex ee 3BeHbeB. 

IIepsouaqanbua.a cTpyxTypua.a cxeua onpe.nen.aeTc.a H3 

YCJIOBHB TeXHH1feCKOrO 3&.IJ;&HHR, ODLITa, a HHOr,IJ;a H HHTyH

IUIH DpOeKTBpOB~k&. q&CTb D&paMeTpOB 06LI1fHO H3BeCTHa, 

3H&1feHH.& OCT&JILHLIX 3&.IJ;&IOTCR DpOekTHpOB~kOM, H&3LI

saeMLIM B .nanLueimeu DOJib30BaTeneu. IIpH nepsou o6-

pa~eHBH k 3BM DOJib30B&TeJib Ha TepMBHane DOJiyqaeT 

CDp&Bky 0 B03MO>KHOCTRX Dporp&MMLI. 3aTeM C DOMO~LIO 

CT&H,D;apTHLIX H306pa>KeHHB 3JieMeHTOB CXeMLI H OIUI~POB&H
HOB xoop.nHHaTuoi ceTxH Toqex ua 3Kpaue .IJ;Hcnne.a *, ~op-

"''faxoi Dporp&MMHLIB DpHeM D03BOJIReT "pHCOB&Tb" 
Ha .IJ;Hcnne.ax 6e3 opraua o6paTuoi CBR3H. 
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MBpyeMLIX Dporp&MMOH, OH D03JieMeHTHO C03,IJ;&eT H306pa

>KeHHe CTPYKTypuoii CXeMLI, OC~eCTBJI.&.& BBOA ee B 3BM. 

O,IJ;Hospeueuuoe oTo6pa>KeHHe BBOAHMLIX 3JieMeHTOB ua AHCD

nee DOMOraeT DOJIL30BaTeJIIO BH3yaJILHO kOHTpOJIHpOB&Tb 

CBOH ,IJ;eBCTBH.&. llocJie OkOH1f&HH.& DOCTpOeHH.& CXeMLI DpO

rp&MM& 3&Dp&DIBB&eT BXO,IJ;-BLIXOA CHCTeMLI H 1fHCJieHHLie 

3H&1feHH.& k03~H~HeHTOB Depe,IJ;aT01fHLIX ~YHk~HB 3BeHbeB. 

EcJIH DOJib30BaTeJib o6uapy>KHJI OIUH6KH DpH BBO.IJ;e, TO OH 

,nenaeT COOTBeTCT:O}'JO~e HCDp&BJieHH.&, DOCJie qero Dpo

rpaMMa BLI1fHCJI.&eT 3kBHB&JieHTHYIO Depe,D;a T01fHYIO ~YHK~ 

CHCTeMLI H Dpe,IJ;JiaraeT BLI6pa Tb MeTO.IJ; pacqeTa: DO qac

TOTHLIM HJIH BpeMeHHLIM xapaKTepHCTHk&M. 

B CBOIO oqepe.D;b, H3 1f&CTOTHLIX MOryT 6LITb DOCTpoe

HLI &MDJIHTY.IJ;Ha.&, ~&308&.&, &MDJIHTY.IJ;H0-~308&.& /Dp.&Ma.& 

H HHBepcua.a/, se~ecTseuua.a xapaxTepHCTHKH. IIoJib3osa

TeJib BLI6HpaeT THD xapaKTepHCTHkH H, OTBeqa.a Ha BODpOCLI 

uamHHLI, onpe.nen.aeT ueo6xo.IJ;HMLie napaueTpw anropHTMa, 

H&DpHMep, 1f&CTOTHLIB .IJ;H&D&30H, BH.IJ; B03,IJ;eBCTBHR H BpeMR 

ua6niO.neuH.a s cHcTeue .nn.a nepexo.nuoro npo~ecca, o6nacTb 

HCCJie,IJ;yeMOB kOMDJiekCHOB DJIOCkOCTH .IJ;JIR kOpHesoro rO,IJ;O

rp~a, 1fHCJIO pacqeTHLIX Toqex H uexoTopwe .npyrHe. IIony-

1fHB He06XO.IJ;HMLie .IJ;&HHLie, 3BM BLI1fHCJI.aeT BLI6paHHYIO 

xapaxTepHCTHKy. IIpH 3TOM, ecnH nonb30BaTenb yxa3an 

Dpe,D;eJILI ee H3MeHeHHR, TO OHa DOT01fe1fHO BOCDpOH3BO.IJ;HTCR 

Ha AHCDJiee; B DpOTHBHOM cnyqae rpa~HK CTpOHTCR ~eJIHkOM 
nocne OKOH1f&HH.a pacqeTa. 

O~euHsa.a xapaKTepHCTHKy, nonb30BaTenb MO>KeT npe

psaTb npo~ecc c1feTa, H3MeHHTb napaueTpw anropHTMa H 

DOBTOpHTb BLI1fHCJieHHR, 3&DpOCHTb .D;pyroi MeTO.IJ; pacqeTa, 

H3MeHHTb CTPYKTYPHYJO cxeuy nyTeM .no6asneuH.a HJIH y.na

JieHHR 3BeHbeB, H3MeHHTb 3H&1feHHR K03~H~HeHTOB Depe

.IJ;&T01fHLIX ~YH~HB, H3MeHHTb BH.IJ; H T01fkY DpHJIO>KeHHR 

B03,IJ;eBCTBHR. llpH Heo6XO.IJ;HMOCTH MO>KHO DOJIY1fHTb DpOTOKOJI 

pacqeTa ua neqaTaiO~eM ycTpoicTse H 3apHcosaTb KpHswe 

Ha rp~ODOCTpOHTene. 

IIyTeM cpasueuH.a xapaxTepHCTHK cHcTeuw npH H3ue

ueHHH cTpyKTypw H /•n•/ napaMeTpos DOJib30BaTeJib ua6JllO

.naeT H3MeHeHHR B DOBe,IJ;eHHH CHCTeMLI, .IJ;06HB&RCb MeTO.IJ;OM 

npo6 H oiUH6oK nonyqeuH.a >Kenaeuoro pe3ynLTaTa. TaKHM 

o6p&30M 3KCDepHMeHTHpy.a C MO,IJ;eJibiO, OH MO>KeT 3& KOpOT

xoe speu.a HCDLIT&Tb HHTepecyiO~e ero sapHaHTLI. 
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OpraHB3~BJI nporpaMMW Taxosa, 'ITO nocne ICaJKAoro 

B3MeHeHBJI B CTpyiCType CBCTeMW HnB 'IBCJieHHWX 3H&'IeHBJIX 

IC03~~eHTOB nepe~&TO'IHWX c}lyuiC~R BWnOnBJieTCJI npe· 

o6pa30BaHBe CTpyxTypuoi cxeMw c nony'leHBeM nepe~a
TO'IHOR c}lyu~ Me)I(,Ay 3&~aHHWMB TO'IIC&MB BXO~a B BW· 

xo~a. 

~YH~HOHa.JlLHO nporp&MM& COCTOBT H3 CJie~)'IOIIUIX OC • 

HOBHWX 6JIOICOB: 

1/ 6JIOICa BBO~a TOnOJIOrBB CHCTeMW, BBO~a 3H&'IeHBR 

nap&MeTpOB nepe~&TO'IHWX c}lyHIC~R 3BeH&eB, 3&~&HBJI BXO· 

~a B BWXO~a CHCTeMW, BW'IHCJieHBJI 3ICBBBaneHTHOi nepe

~a TO'IHOR c}lyu~BB W (p); 
2/ 6JIOIC& p&C'IeTa 'I&CTOTHWX xap&ICTepBCTBIC ~JI B3· 

BeCTHOR nepe~&TO'IHOR c}lYHIC:UBB; 

3/ 6noxa pac'leTa nepexo~wx nponeccos ~· B3BecT

HWX nepe~&TO'IHOR c}lyu~BB W(p) CHCTeMW B B306paJKeHBJI 

F(p) B03~eicTBBJI no Jlannacy; 

4/ 6noxa nocTpoeHBJI xopHesoro ro~orp* ~· B3BecT

HORnepe~&TO'IHORc}lyHIC:UHB. 
KalK,AWR B3 nepe'IBCJieHHWX 6JIOICOB MO)KeT 6WTh BC

noJI&30BaH C&MOCTOJITeJI&HO. 

Ilporpauua HanxcaHa npeBMYJneCTBeHHO Ha JI3WICe 

~OPTPAH IV ~· uanoi 3BM HP 2116C, uueeT osep

~eiHYJO cTpyxTypy B Tpe6yeT oxono 15K enos onepaTBBHoi 

naMJITB. Maxcuuan&Hwi pa3Mep cxeuw orpaHB'IeH 24 3BeH&

JIMB, nopJI~OIC CBCTeMW He npeswmaeT 15, M&ICCBM&JihHOe 

'IBCJIO p&C'IeTHWX TO'IeiC ~JI xapaiCTepBCTBIC - 300. 

MemoObl pac~ema 

KalK,AaJI nepe~aTO'IHaJI c}lyHIC~JI ~On)I(Ha 6wT& oTHome

HBeM nOnBHOMOB, p&3JIO)KeHHWX BnB He pa3JIO)KeHHWX Ha 

MHO)KBTeJIB. 

Pac'leT 'I&CTOTHWX xapaxTepBCTBIC ~· B3BeCTHoi ne

pe~aTo'IHoi c}lyu~BB npOB3BO~TCJI DO COOTBeTCTBYJOIIUIM 

c}lopMyJI&M C BCnOJih30B&HBeM apBc}lMeTBICB ICOMnJieiCCHWX 

'IHcen. 

)J;nJI nony'leHBJI pea~B CBCTeMW H& ~eTepMBHBpOBaH· 

HWe B03~eRCTBBJI BCnOJI&3yeTCJI B3BeCTH&JI CBJI3h Me)I(,Ay 
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nepexo~u npo:qeccou x(t) B seJQeCTBeHHoi 'I&CTOTHoi 

X&paJCTepBCTBJCOI /BqX/ / 3/ 

2 ""' pt .. \ 
x( t ) = - f ~ sin w t • d w , 

1T 0 (L) 

r~e P(w)= Re [tL(p)] . , L(p) = P· W(p)F(p), 
p=j(i.l 

P(w) - o6o6meHHaJI Bqx cucTeMw. 

MeTO~ JIBJIJieTCJI npB6nB)KeHHWM, nOCICOJI&ICy Heonpe

~eneBBWi BHTerpan no~C'IBTWBaeTCJI no c}lop:wyne ~· onpe

~eJieHHOrO BHTerpana, B ICOTOpOM BepXHBi npe~en B 'IHCJIO 

Y3JIOB BHTerpBpOB&HBJI 3&~WOOTCJI non&30BaTeJieM no B~y 

BliX. Knacc B03MO)KBWX B03~eicTBBi onpe~enJieTCJI B3 

ycnoBBJI, 'ITO see nomoca c}lyHIC~B L(p) pacnono)KeHw 

CJieBa OT MBHMOR OCB ICOMnJieiCCHOR nJIOCICOCTB. 

KopHesoi ro~orpac}l CTPOBTCJI ~· cBcTeM, B xapax

TepucTB'Iecxoe ypasHeHBe ICoTopwx uccne~ye:wwi napaKeTp 

K sxo~BT JIBHeiHo, TO ecT& nepe~aTO'IH&JI c}lyHIC~JI pa-

30MICHyToi CBCTeMW ~On)KH& BMeT& BB~ 

K·H(p).exp( -rp) 
G(p) 

r~e H(p) , G(p) - nonBHOMW, r - speMJI 3&na3~WBaHBJI. 

)J;JIJI 3TOR nenB MO)KBO BCnOJih30BaTh 6JIOIC 1 nporp&MMW. 

AnropBTM noCTpOeHBJI OCHOB&H H& pacTpOBOM npOCMOTpe 

Y3JIOB ceTICB, noxpwsaromei npJIKoyron&HYJO 'I&CT& xoKn

nexcuoi nnocxocTH, onpe~eneHHYIO non&30B&TeneM. Ilpo

rpauuuaJI peanx3a:UBJI anropBTMa nony'leHa nepepa6oT

xoi /4/. 
CsepTWBaHBe cTpyxTypHoi cxeuw c nony'leHBeM W(p) 

npOB3BO~TCJI no anropBTMY, ICOTOpWR BCnOJI&3yeT B onpe

~eneHHOi nocne~OB&TeJI&HOCTB OCHOBHWe npaBBJia npeo6-

pa30BaHBJI CTpyiCTypH.biX CXeM C nepeiCpeCTHWMB CBJI~JIMB. 

B 3&J(JIIO'IeHBe &BTOp C'IBT&eT CBOBM ~OJirOM B.blp&3BTh 

npB3H&TeJI&HOCTh r .C.llxapTBWBBJIB B JI.Il.llxapTBWBBnB 

3a none3uwe o6c~eHBJI B nponecce nocTaHOBICB 3a~a'IB; 

C.B.Me~e~ 3& co~eicTBBe, no3sonxsmee B cpaBHBTen&

HO ICOpOTICBR CpOIC OTJI&~BTh nporp&MMY, a T&I()Ke 3& nOMOI:uh 

npB pe~aiCTBposaHBB pyxonxcu; C.H.OpuaH~esy 3& npax

TB'IeCICBe npBMepw, H& ICOTOpWX BCnWTWBan&Ch nporp&MM&. 
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_1_U6biX. 

Puc. 1. 3AeKJipu<~ecKa.JI cxeMa ycUAulleAbHozo KacKaoa. 

-4.0 •3.2 -2.4 -1.6 -o.a 0 0.8 1.6 24 3.2 4.0 

-·r 
-1.6l 

I 

I 
-2.4 

- 5.6f / 

C= 10 -~ 
-7.2 

Puc. 2. AMnAumyoHo· rjja306ble xapaKmepucmuKu cxeMbl. 
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llpUAoJtteHue 

B IC&'IeCTBe O,IUIOro B3 DPOCTeiumx DPBMepos BCDOnlo30 • 

BaHH.K Dporp&MM:W MO>KHO DpBBeCTB pemeHBe 3&,A&'IB DOBCIC& 

.waxcB.wan~oHoi ycToi:'IHBocTB ycBnBTen~oHoro xacxa,Aa Ha 

onep&JUIOHBOM ycBnBTene 1 YT 401. ~n• .wan:wx sxo)UI:wx 

CBrH&nOB 31CBBB&neHTH&.K nBHeiHa.& CXeMa /pBC. 1/ COCTOBT 

B3 B,Ae&nloHOrO YCBnBTen.a, .ABYX 6y~epH:WX IC&CIC&,AOB, pa3-

,AeneHH:WX RC BHTerpBPYIODUIMB 3BeHh.&MB, B u;enB o6paT

Hoi: CB.K3B. PaCCM&TpBB&nC.K Cny'I&B BBe,AeHB.K rny6oxoi 

OTPBil&TenloHOB o6p&THOi CB.K3B C nepe,A&TO'IHOB ~YHICilHeB 

1 + pT 
K /ynpyroe AB~epeHu;Bp)'IO~ee 3BeHo/. 3To no-

1 + KPT 

3BOn.&eT CMeCTBTh O,ABH B3 DOniOCOB CBCTeM:W B o6n&CTh 

P(l.))l 
18.0 

12.0 CzO 

' 
4.0 

240.0 

1\"" ~~-~ I 0
j 6o.o I\'-. - d:> w(ce~<-1J 

-4.0 

-8.0 

-12.0 

-16.0 

-2Qj 
Puc. 3. Ber~~ec•eeHHble 'lac•o•Hwe xapaKIIepuc•uKu cxeMbl. 
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0 ~ 8 12 16 20 C(ncp) 
Puc. 4. Tpa(JuK OAJI at.r6opa aeAU'lUHbl C . 

6onee BbiCOKHX 'laC TOT, 'ITO COOTBeTCTByeT llOBbiWeHHIO 

ycTOH'IHBOCTH cHcTeMw. 

II pH H3BeCTHbiX R a = 5,1 KOM, R b = 33 KOM, R 1 = R 2 = 
= 6,8 KOM, C a = C b = 20 n<P, K y = 3000 noA6Hpanacb 

aenH'IHHa eMKOCTH C B u;enH o6paTHoil CBJIJH. AHanHJ 

CBCTeMbl OCyJ.QeCTBJIJIJICJI 'laCTOTHbiM MeTOAOM. ,Ll;JIJI pa3-

JIH'IHLIX JHa'leHBH T = R 
1 
C 6wJIH nocTpoeHLI aMnnBTYAHO

l}la,JOBble xapaKTepBCTHKB /pBC. 2/, B3 KOTOpbiX BBAHO, 'ITO 

MaKCBMaJibHOH yCTOH'IBBOCTB CBCTeMbl COOTBeTCTByeT Be

JIH'IBHa eMKOCTB C = 2 n<J>. 

r 

K aHanorB'IHOMY JaKJIIO'IeHBIO MO)KHO npaiiTB H nyTeM 

aHaJIBJa aewecTBeHHLIX qacTOTHLIX xapaKTepacTBK I puc. 3/. j 
Ha puc. 4 nocTpoeH rpal!laK OTHoweHBJI S MaKCBMaJib- · 

Horo JHa'leHBJI B"t!X K ee JHa'leHBIO Ha HyneaoB: qacToTe 

B JaBBCBMOCTB OT BeJIB'IBHbl eMKOCTB C . 
IloJiy'leHHbiH pe3yJibTaT llOATBep)I(AaeTCJI BCllbiTaHBJIMB 

Ha peanbHOH cxeMe. 
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