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Hear padoThl: MOJy4YeHUE HABBIKOB B MaTEMAaTHUYECKOM ONUCAHUU
JTUHAMUYECKUX 3BEHBEB, COCTABICHUU W TPEOOPA30BAHUU CTPYKTYPHBIX CXEM
cucteM aptomartudeckoro ympasieHus (CAY), ompeneneHue nepenaToyHbIX
(yHKILIMIA 3BEHbEB U CUCTEM.

BBEJAEHUE

ABTOMaTHYECKHE CHUCTEMbl MOXHO TOJApa3/eNuTh Ha JBa KJjacca:
[UKIUYECKHE WM Pa3OMKHYThbIC, JCUCTBYIOIIME IO >KECTKOW Mporpamme,
(cTaHKH-aBTOMAThl), W AalMKIMYECKUE WM 3aMKHYThIC, JEHCTBYIOIIME Ha
OCHOBE MPUHLIUINA 00paTHOM cBsi3u. [IpuHIIMI 0OpaTHON CBSI3M 3aKIIOYAETCS B
TOM, YTO ONTHUMAaJbHOE TOBEICHHE OOBEKTa YIPABICHUS CPABHUBACTCS C €ro
JICHCTBUTENHHBIM TOBEJCHHEM ¥ BO3HHUKAIOMIAs TMPH 3TOM  OIIKMOKa
paccoryiiacoBaHusi HUCIOJB3YyeTCsl B CHUCTEME AaBTOMATHYECKOTO YIPaBJICHUS
TaKuM 00pa3oM, 4TOOBI BEIMUMHA ITON OIMIMOKK CTPEMUIIACH K HYJIIO WIH ObLa
B 3aJlaHHBIX IpejesaXx. ABTOMAaTHYECKOE YIpaBJICEHHWE MpPECTaBisieT co0oil
HauOosnee  P(PGEKTUBHBIM  TPUHIUMI ~ aBTOMATHU3aIllMM, a  CHUCTEMBI
aBTOMATUYECKOTO YIPAaBJICHUSI SIBJISIOTCS OCHOBHBIM CPEJCTBOM JJIsi CO3IAHMS
aBTOMATHU3UPOBAHHBIX MPOU3BOJICTB.

BBIBOP CTPYKTYPhI U IEPBOHAYAJIbBHON CXEMbBI CAY

[Ipy wu3ydYeHUM TEOPUU AaBTOMATUYECKOTO YIPABICHHS BHUMAaHUE
yACSIETCd HE TEXHUYECKUM CBOMCTBAM OTJEJBHBIX AJIEMEHTOB, a (DYHKIIUSIM,
KOTOPBIE OHM BBITIOJHSIOT B CUCTEME yIpaBiieHus. HarnsgHoe nmpeacTaBieHue
00 3TOM AaroT (PyHKIMOHAIbHBIE cXeMbl. DyHKIIMOHATIBHAS CXeMa OOBSICHSET
MPOIIECCHI, MPOTEKAIOIIUE B OTIAEIBHBIX LEMSAX M3JCIUS WM B U3JCIUU B
nenoM. Bce mHOroo6pasue snmeMmeHTOB, BxoAsanmx B CAY, MOXHO CBECTH K
OTPAaHUYECHHOMY KOJMYECTBY HMX THWIIOB, Pa3JIMYAIOMIMXCS MO HA3HAYEHUIO,
noatToMy CAY MOXHO paccMaTpuBaTh Kak HEKOTOPYIO 0OOOIICHHYIO TUIIOBYIO
cxemy. Ha puc.l mnokazana o00o60meHHas (QyHKIHOHAIbHAsA  CXeMa
aBTOMATHYECKOI0 peryjnpoBanus. CUcTEMa aBTOMAaTUYECKOTO PETYIUPOBAHUS
(CAP) coctout u3 00beKTa PEryJIMPOBaHKS 5 U aBTOMATHYECKOI'O PEryysiTopa.
VYcerpolicTBa, BXOASIINE B PETYIATOP, KIACCUDUIMPYIOT CIEAYIOUUM 00pa3oM.
3amaroriee ycTpoiicTBO 1 mpeoOpasyeT ympaBisroliee BO3IAeHCTBHE Xpx B
yIPaBJSIIOMMN cUTHAT Xy, KOTOPbIM MOCTynaeT Ha 3jeMeHT cpaBHeHus OC. B
pe3ysbTaTe CpaBHEHUS YNPABIIAIOIIET0 CUTHANIA U CUTHAJIa 00paTHOM CBsA3U Xoc
AJIEMEHT CpaBHEHHUs BbIpabaThiBaeT curHan owmubku Xop. IIpeoOpasyromiee
YCTPOUCTBO 2 mpeoOpa3yeT (PU3NYECKYyI0 BEIWYUHY OJHOTO BHJA B APYIYIO



busznueckyr0 BeIMYMHY, YyIOOHYIO JJii HUCIHOJB30BaHUS B  IPOIECCE
pEeryJupoBaHUs. Y CUIUTENbHBIA B3JEMEHT 3 MNpeIHa3HAuYeH [Jid YCUJICHHS
MOIIIHOCTH CHWTHaja YIPAaBJIECHUsS, OH YIPABISAECT IIOTOKOM SHEPTHUH,
MOCTYMAKOMIEH OT MOCTOPOHHETO MCTOYHHKA. VICHOJHUTENBHOE YCTPOWCTBO 4
BbIpa0aThIBACT PETYIUpYIOlee BO3JACHCTBUE Xp Ha OOBEKT PEryIUpOBaHUS S.
Cxema COACPXKHUT ODJIEMEHTHI MECTHOM 6 U TIJaBHOW oOpaTHOW CBsI3U 7.
OyHKIIMOHAIBHAS CXEMa SBISIETCS OCHOBOM JUII COCTABIICHUS CTPYKTYPHOM
CXEMBI.

BT AR = ET T e pes = -
Xax(f}i / xlk/ 'Yow_ 2 3 i Xp: 5 XB!{(Z?
| - :
Pezyﬂnmop 4 Xoc 7 |

Puc.l. ®yHKIIMOHAIBHAS CXeMa aBTOMATHYECKOTO PETYJIUPOBAHUS

CTpykTypHOH cxXeMOil Ha3bpIBaeTca rpapuieckoe MpeACTaBICHUE
maremaTudeckord monenu CAP B BuJle COCIMHEHUN 3BEHBEB, YCIOBHO 000-
3HAYaEMbIX IPSIMOYTOJIbHUKAMH, C YKa3aHUEM BXOJIHBIX U BBIXOAHBIX BEIUYUH
U TiepeIaTOYHON (PyHKITUH.

PaccmoTpum mpumep cocTaBieHUsT CTPYKTYPHOM CXEMBI CIESIIETO
ANEKTPOTUAPOIIPHBOJIa OOBEMHOT0 peryiupoBanusi. Ha puc. 2 npeacrabieHa
€ro  MOJYKOHCTPYKTUBHAs  CXeMa.  OJEKTPOTHAPOIPUBOJ  COACPIKHUT
cnenytomue (yHKIMOHaNbHBIE y31bl. DazoBwni  guckpumunHatop (D/)
MPEACTABISIET COOOM yCTPOMCTBO, MpEIHA3HAYCHHOE Jisi MpeoOpa3oBaHUs
pasHocTu a3 IBYX CHHYCOUIAIBHBIX KOJICOAHWW OJIMHAKOBOM YacCTOTHI B
HanpsokeHue. OcHOBHOM — xapakrtepuctukoi @DJ] sBusieTcss 3aBUCHUMOCTh
BBIXOJTHOTO HAMPSDKEHUS OT pasHoCcTH a3 JBYX BXOJHBIX HANPSKCHUM:

pabouero (omopHoro), npeacrasientoro ssipakennem Up(t)=Upsinat, u

curHana obparHoit cBasm U (t) =U, Sin(a)t + (ﬂ). DIEeKTPOMATrHUTHEIH

npeobpazoBarens  (OMII)  mpeoOpasyer  SHNEKTpUYECKHE  CUTHAIBL,
nocrymnatomie o @®J w yCWICHHBIE DJICKTPOHHBIM YCHIIUTENEM, B
COOTBETCTBYIOLIEE MEXaHUUECKOE nepemMenieHue. [Ipuaunn aeicTBrus OCHOBaH
Ha B3auMoJeHCTBHM  (DEPPOMATHUTHBIX TEI C MArHUTHBIM  IIOJIEM,
CO3/IaBa€MbIM  YIPABISIONIMM  dJeKTpudeckuM  curHaioM Uy.  Skopb
npeoOpazoBaTeNsi MEXaHWYECKH CBSI3aH C UYETBIPEXIIEIECBBIM 30JI0THUKOM
ruapoycuautens (I'Y).
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Puc. 2. ITonykoHCTpYKTHBHAs cXeMa 3JIEKTPOTrUAPONPUBOAA

CepBolMuIMHAP CIOYXKUT Il TOBOPOTA JIOJBKU  PETYJIHPYEMOTO
aKCHAJIBbHOTO MTOPIIHEBOIO HAcCOcA.

Perymupyemsiit  tupponacoc (PT'H) npuBomutcss BO  BpalieHue
aBTOHOMHBIM H3yiekTpojaBuratenemM (3]1), ¢ OCbl0 KOTOPOro MKECTKO CBSI3aH
JIOTIOJIHUTEINIbHBIN TUPOHACOC MOJMUTKU JJIS CHUCTEMBI yrpaBiieHus. Ha ocu
MIOBOPOTa pblUara y CBSI3BIBAIOIIETO INTOK CEPBOLMIIMHIPA C JIFOJIBKOM
pEeryJIMpyeMoro TrujpoHacoca, yCTaHOBJIE€H KpyroBoil wunaykrocun (KN),
MpeHA3HAYCHHBIA IS ompeseieHus] (aKTHIECKOTO TOJIOKEHHS padodero
opraHa (yrjia moBopoTa), Ha KOTOpoM OH yctaHoBiieH. KW cocTout u3 nByx
IIKaJI: OJIHA — HEMOJBHUXHAs, a Apyras — nojBwkHas (HoHuyc). HemoasuxkHas
[IKajla TMPEeJCTaBIsIET COOOM KPYriyw IUIACTUKY |3  (DOJIBrHpPOBAHHOIO
TEKCTOJINTa, HAa KOTOPYKO METOJIOM TMEeYaTHOTO MOHTa)kKa HAHECEHbI I10
OKPY)KHOCTH  3Ur3arooOpasHbie  NpOBOAHUKM  (MeaHap). I[IpoBomnHuku
00pa3yroT BUTKU Karymiku. [lojBrbkHas IIKajga KOHCTPYKTUBHO BBITIOJIHEHA
AQHAJIOTUYHO HEMOJBUKHONW M OTJIMYAETCS OT HEE TEeM, 4YTO MPOBOJHHMKHU
00pa3yroT JB€ KaTYIIKH CO CMEIIEHHBIMU MO OKPY>KHOCTH MPOBOJHUKAMU HA



1/4 gacTp mara BUTKa APYT OTHOCUTENBHO npyra. lllar BUTKa COOTBETCTBYyET
onHomy rpaaycy. lllkanbl HakiIaAbIBalOT APYr Ha Jpyra ¢ 3a3opoM 0,2 MM.
[TonoOHBIC U3MEPUTENHU SBISIOTCS TUKIMYECKUMHU, T.K. H3MEPSIOT TOJIOKEHUE
pabouero opraHa B mpenenax omHoro mara. Ha o6e oOMOTKM MOIBHXKHOMN
IIKaTbl TIOJAIOTCS CHHYCOWIajdbHBbIe KoyiebaHus ¢ dyactoto 4 kl'm (B
HEKOTOPBIX KOHCTpyKuusax 10 kx['1) paBHOW aMIUIUTYHABI, HO CIBHHYTHIE IIO
(daze Ha 90°. Ha nepBoif 0OMOTKE HampsiKeHUE

U, =U,sing_,,
Ha BTOPOU
U,=U,sing,,,
TE (Psn, ABISIETCS 3aJaHHBIM YIJIOM CMEIICHUS, TPOIIOPLUHUOHAIBHBIM BEJIMUNHE

nepemeneHus: padbodero oprana. [Ipu mepemernieHny MoABMKHBIX OOMOTOK Ha
BBIXO/I€ HETMIOIBI)KHOM OOMOTKH MHIYLUPYETCS HAPsKEHUE

Uoe =U, -sin(e,, _%b) )
IIe @ — (AKTUYECKHH yron cMemeHus (asbl, OTpakKaromMi (aKTUYECKOe

nepemenienne pabodero oprana. Ecnu pabouuii opraH HaXxoquTcsl B 3aaHHOM
MOJIOKEHHUH, TO
(0311():(04) u UOC:O.

DNEKTPOTUIIPONIPUBO, paboTaer ciaemyromuM obpazoM. Paccmorpum
CHaydaja paboTy pa3sOMKHYTOrO MO IMOJIOKEHHUIO MPUBOAA, MPEAHA3HAUEHHOTO
IUTSL TIOAAEPKAHUS IMOCTOSIHCTBA YAaCTOThI BpalleHus ruapomoTopa. 1lpu nmoxaue
Ha BXoj (azoBoro auckpumunaropa (@J[) ¥ B KaHanm NMHUTaHHUS KPYTOBOIO
unaykrocuna (KW) nmanpsokenuit Ug u Up ¢ 9acToTON g , OTIMYAIOIIUXCS IO
¢daze Ha BenuuuHy @, Ha Bxox OMII B HauanmbHBII MOMEHT OyAeT MOCTYIATh
CUTHAJI yIPABJICHUS, IPOTIOPIUOHAIBHBIN CABUTY (Da3 @p, a UMEHHO:

Uy =K-0p.
IIpu »toM cmecturcss skopb OMII W TEepeBUHET YETHIPEXIIEICBOM
JIPOCCENBHBIN 30J0THUK ['Y OT CpemHero mojoKEHUs, HalpuMep, BJIEBO, U
IIOJACT MAacJIO B MOJOCTh IpaBoro ceppommnHapa CLI, kKuHeMaTn4ecku cBsi3aH-
Horo ¢ Jironbkor Hacoca PI'H. CepBouunuHIp HAYHET MMOBOPAYMBATH JIIOJIBKY
(HaKIOHHYIO Mai0y) aKCHAIBHO-TIOPITHEBOTO HACOCA OT CPEIHETO MOJOKCHUS
Ha Yroyl Yy, W3MeHssd noaady Hacoca. OZHOBPEMEHHO 4Yepe3 OCh IOBOpPOTa
JIOJIBKU JIBUYKEHUE COOOIIUTCS KPYrOBOMY MHIYKTOCHHY, Ha BBIXOJI€ KOTOPOTO
oOpazyeTcsi cuHycouganbHoe Hanpsbkenne Uoc, MpOnopuuOHaIbHOE CABUTY 1O
¢daze unaykrocuna. Ha ®J] nmocrynsat padounii curHan Up v curHasl oOpaTHOM
cBs3u Ugc. Ilo Mepe moBopoTa JIOJIBKM Pa3HOCTh 3TUX CHUTHAJOB Oyner
yMEHbIIAThCS, U MpU JOCTHKeHUH Uy BEIMYMHBI, PAaBHOW HYIIO, 30JIOTHUK
BEPHETCSI B CpellHee MoJiokeHne U ruapomorop ['M Oyner Bpamathes C
4acTOTOM, OmMpeesieMor BeIMUYUHON ciaBura ¢a3wl ¢ BxomHoro curHana Up.



Ecnu ymenpmmmth ciBur (passl BXOJAHOTO CUTHANa, TO B HAYaJbHBI MOMEHT
BPEMEHHM CHUTHaJ OOpaTHOM CBA3M OyAeT mpeBblmarh padoumit curnan Up, u
CUTHAJI YIPABJICHHUS] U3MEHUT cBOM 3HAK. OMII nepeMecTuT 3010THUK BIIPaBo,
TUAPOLMIIMHAP HayHeT pa3BopauuBath Jroinbky PI'H B HanpasineHun
YBEJIMUEHUS yIja Y, a Takke OyJeT BO3Bpalarb KpyroBol HHAYKTOCHH B
HCXOJHOE MOJIOKEeHHE. J[BIyKeHue mpeKpaTuTes, Korjaa ¢ga3a BXOJIHOTO CUTHAJIa
Oynet paBHa (ha3e curHanga oOpaTHON CBs3U. PaccMOTpeHHBIN MOPSIIOK PabOThI
CXEMbI OCYILECTBISIET YIpPaBJICHHE PEKUMOM padoThl TUAPOMOTOpPA IIO
nporpaMme, 3aaaBaeMod curHaioM Up, M TpPUMEHSETCS B PETYIUPYEMBIX
NPUBOJAX TJIABHOTO JIBKEHUS CTAHKOB, Korja TpeOyeTcs Mojaaep:KaHue
MOCTOSIHCTBA YacTOThl BpALICHHs IIMUHICHS WJIA H3MEHEHHE pEeXHMa ero
paboThI MO 3a/1aHHOI MporpaMme.

CocTtaBuM CTpyKTypHYIO cxeMy. llpumem ¢a3oBblli ITuUCKpUMHHATOP 3a
DJIEMEHT CpaBHEHUs ¢ Kod(p¢puuueHToM nepenaund Koy, B 9TOM cilydae €ro
nepenaToyHasi GyHKIIUS paBHa:

W(p)d)ﬂ = chﬂ-

OnextpoHasd  ycuutenb (Y) wmmeer kodbdumment mnepemaun  Kyy.
DNeKTpOMarHUTHBIA TpeoOpa3oBaresib CEPUHHOTO HCIOIHEHUS UMEET [BE
NOCTOSIHHBIE BpeMeHU: Ty — MOCTOSIHHAS BPEMEHU MOJIBUKHBIX MEXAHUYECKUX
4yacTell, MPUBEICHHBIX K SKOPIO (B T.4. 30JI0THUK), U T5 — MOCTOSIHHAs BPEMEHU
anektpuueckont yactu. Eciu Ty > 10T5 , To mepenarounas pyHKIMS paBHa:

— K OMI1
WaMn(p) TA24]?2+2§MTM]?+1'
['uppoycunurtens (30JO0THUK M CEPBOLMIMHAP) MNPUMEM 3a OJIHO 3BEHO
nepenaTouHon GpyHkunen
K Iy

Wry(p) p(szz +2§Tp+l)'

rae napametpsl T, Kry, & MoxxHO onpenenuts no [2, c. 564]. B sTom 3BeHe 3a
BXOAHOH MapaMeTp NPUHUMAIOT TIepeMellleHHe 30JI0THUKA, a BBIXOJHBIM
HapaMeTpoM CUYHMTAIOT NEepeMellleHre MTOKAa CepBOLMIMHAPA. [ uapoaBurarens
O00BEMHOTO PETYIUPOBAaHUS COBMECTHO C PETYJIHPYEMBIM T'HIPOHACOCOM
IIPUMEM 3a OJIHO 3BEHO, y KOTOPOT'O BXOJHBIM MapamMeTpoOM MPUHUMAETCS YToJl
MOBOpPOTAa pOTOpa THUIAPOHACOCA, @ BBIXOJHBIM IMAPAMETPOM CUHTAIOT YIOJ
oBOpoOTa poTopa rufapoasurarens. [lepegarounast pyHKuIUs UMeeT BUA:

K
p(sz2 +2&Tp +1)'

W(p)=

CrpykTypHas cxema 3JIEKTPOTUJIPaBIMYECKOrO CIEASIIEro IMpPUBOJA MpU-



BeJeHa Ha puc. 3. [lng ompeneneHus nepenaTouyHorl (YHKIUU Pa3OMKHYTOMN
CUCTEMBbl  pEeryjsiTopa IpeoOpa3syeM CTPYKTYpPHYIO CXEMy, 3aMCHHB
MOCJIEZIOBATEIbHO BKIIIOYEHHBIE 3BEHbS MPSIMON IIETIH OJHUM 3KBUBAJICHTHBIM
3BEHOM C MepeaTOuHON QyHKITUECH:

Wl(p) =K,y 'WaMn(p)'WTy (p)
Torna nepenarounast PyHKIUS Pa30MKHYTOM IETIH PEryJIsaTopa MPUMET BU/I;
Wpaa(p) = KOC Wl(p)s
a mepeaaTouHas GyHKIIUS 110 YIPABJISAIONIEMY BO3AEHCTBHUIO
’ Wl( p)
U P [1+W1(p)- Koc] .
OkoHuaTenpbHO  TepenaTtovyHas (QYHKIMS — SJIEKTPOTHIPONPHUBOAA  OyaeT

npejcTaBieHa Kak (YHKIUS JBYX IOCIEI0BATEIbHO BKIIIOUEHHBIX 3BEHBEB:
pEryJaTopa U UCIOJIHUTEIBHOIO 3BEHA:

w,,(p)=

W, (p)-W(p)
[L+W,(p) Ko ]

wfn<p>=£=ww<p>-vv<p>

Ue, en —{io Y 2l w(p) -0

1 uOC . KOC Uo

Puc. 3. CtpykTypHas cxema CleIsIero 31eKTPOruapoIpruBoIa

HOPAAOK BbBIITOJIHEHUSA PABOTDI

1. O3HaKOMUTBCA C PYKOBOJICTBOM 10 BBIMOJHEHUIO MPAKTUYECKON PaboThI,
NOJIYYHUTh 3aJjaHUE Y IIPErnojaBaTels.

2. I3yunTth MaTepuasbl METOANYECKUX YKA3aHUN U JIUTEPATYPHI.

3. [loaroToBUTH OTUET.

OPOPMUIEHHUE OTYETA

OTyer npeCTaBIsAeTCs KaXK/IbIM CTYICHTOM B IMCbMEHHOM BHUJIE U JIOJDKEH
COJZIePKATh CIIETYIOIIEE:
1) Ha3BaHme pabOTHL;
2) 1ienb paboThI;



3) UCXOIHBIC JaHHBIC IJIsl PACYETOB M YCIOBHS 33]1a4;
4) BBIBOJ 11O pe3yJibTaTaM padoTHI.

Ha TUTY/IBHOM JIMCTE JOJDKHBI OBITH YKa3aHBI HOMEp TPYMIBI U (haMuius
CTY/ICHTA, IIPEICTABUBIIIETO OTYET.
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COCTABJIEHUE ®YHKIIMOHAJIBHBIX CXEM CAY.
I[TOCTPOEHHME CTPYKTYPHbBIX CXEM U OIIPEAEJIEHUE KOOODOUIIMEHTA
INEPEJJAYU B CTATUKE

Meroanueckue yKazaHus
K BBITTOJIHEHHIO MPAKTHYECKON pabOTHI

CocraBui. TUXOHOB Jlenuc AnexcanapoBud

Penienszent M. B. CTekoIpHUKOB
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