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1. BBEAEHHUE

IIpoexkTupoBanue ciaendmen CHCTEMBI, KaK IPABUJIO, BBINOIHACTCS B CICAYIOLIEM MTOPSIKE.

1. Ananu3 Ttexnudeckoro 3aganusi (T3). [Ipu ananusze, npexae Bcero, HEOOXOAUMO H3YYUTH U
TIIATEIBHO IPOAHAIU3UPOBATh TEXHUYECKOE 3aJaHHe MU YyOeIuThCsl B OOOCHOBAHHOCTH Ka)JOro
TpeOOBaHUSI 33JaHUS, COMOCTABUB MPOCKTHUPYEMYIO CIEIANIYI0 CHUCTEMY C aHaJOTHYHBIMHU
CYHICCTBYIOIIMMHU WJIM BBINOJHUB IPUKHIOYHBIE pPACYETHl. B HEKOTOpBIX Ciy4asX IPHUXOIUTCS
3a/1aBaThCs JONOJIHUTEIbHBIMU HMCXOJHBIMU JAaHHBIMHU, HE YKa3aHHBIMU B 3a/laHUU. 3aKaHYMBAETCS
aHayn3 T3 paccMOTpEHUEM BO3MOXKHBIX BAPUAHTOB IOIEMEHTHOW CXEMBI OCHOBHOM LIEIU CIEASIEN
CHCTEMBI, NIPU CONOCTABICHHUH KOTOPBIX CJIEAyeT NOMHHUTh O HEOOXOAMMOCTH KOPPEKTHUPYIOIIUX
YCTPOMCTB U IIPENyCMAaTPUBATh BO3MOKHOCTb UX BKIIIOYCHMUS.

2. Craruyeckuii pacyer ciaeasiueii cucrembl. OH 3aKitoyaeTcsi B BBIOOpE 3J7I€MEHTOB OCHOBHOM
LMK CUCTEMBI U B COCTABJICHUHU IPUHIMIINAIBHON 3IEKTPUUECKON U KHHEMAaTH4YeCKOol cxeMbl. Bbioop
JJIEMEHTOB OCHOBHOM WEMH OMpefenseTcss pabdodyuM MpOHEccOM OOBEKTa peryaupOBaHHS,
MOIIHOCTbIO, HEOOXOAMMOM [UId yIpaBiIeHUs OOBEKTOM, pOJOM DHHEPruu, HMEIoUlelcs B
pPaCHOpSKEHUH, YCIOBUSAMM JKCIUTyaTallMM, TpeOyeMoll HaJaeKHOCThbIO, IOMYCTUMOM Maccol U
rabaputamu u T.4. OcymecTBisercs BbIOOpD U pacyeT »3JIEMEHTOB CHCTEMbl B  TaKoOH
IIOCJIEI0BATEIbHOCTH:

BbIOPATh UyBCTBUTENIbHBIHN 31€MEHT (THII, MapKy, KOJIMYECTBO KaHAJIOB U3MEPEHUS PacCOIIaCOBaHU);
paccyuTaTh MOIIHOCTb, TPEOYIOIIYIOCS Ul YIPAaBJICHUS OOBEKTOM, W BHIOPATh HCIIOJHUTEIbHBIN
JBUraTelb (TUI, MapKy) U NEPEeAATOUYHOE YHUCIIO PEAYKTOPa;

BBIOpATh CXEMY U PAaCCUUTATH YCHIIMTEIb MOITHOCTH MCXOS U3 MOITHOCTH YIIPABJICHUS JIBUTATEIIS;

10 33JJaHHOM TOYHOCTH B THIIOBOM YCTAHOBMBIIEMCS PeXHMe (110 BEJTUYMHE CTaTHUECKOW OIMOKU U
JUIA CUCTEM C acTaTU3MOM IEpBOIO IMOpsiKa — CKOPOCTHOM) HaMTH TpeOyromuiics nepenaTouHbIi
KO3 QUIHMEHT pa30MKHYTOMN CIIEASIIECH CUCTEMBI,

3Has mepeAaTouHble KO3()(PHUIMEHTH YyBCTBUTEIBHOTO JIEMEHTA, TBUTATEISA, PEAYKTOpa, YCHIUTEIS]
MOILIHOCTH M, 3a/JaBasicb Ha OSTOM OJTale pacueTa MepelaToyHbIMU  Ko3(dduuueHramu
BCIIOMOTATENIBHBIX ~ JJIEMEHTOB  (CHHXPOHH3UPYIOIIETO  YCTPOHCTBAa,  (pa30uyBCTBUTEIBHBIX

K,

BBIIIPSAMUTENICH, CIVIAXKUBAIOIIUX (QWIBTPOB H T.J.), HAUTH KOIPPUIMEHT YCUICHUS
MIPEIBAPUTENILHOTO YCUIIUTENS CUCTEMBI U3 YCIOBHS TpeOyeMOl CTaTHUECKON TOYHOCTH;
BbIOpaTh U paccuuTaTh BCIIOMOIAaTEIbHBIE IEMEHTHI OCHOBHOW II€NH, HE CBS3aHHbIE C BKJIIOUEHHUEM
KOPPEKTHPYIOLIUX YCTPONCTB (CHHXPOHU3UPYIOLIETO YCTPOMCTBA, OTPAaHUYHUTENS aMIUIUTY/IbI U T.11.);
COCTaBUTh MPUHIMIHAIBHYIO 3JIEKTPUYECKYI0 CXEMYy pAacCUMTaHHOM YacTH CHUCTEMBI; IMPH 3TOM
HE00X0/UMO TMPEAYCMOTPETh BO3MOXKHOCTb BKJIIOUEHHsI MOCJIEIOBATENbHBIX MM MHapaieIbHBIX
KOPPEKTUPYIOIINX YCTPOUCTB; 0CO00O€ BHHUMAaHHME HEOOXOJMMO OOpaTHTh Ha MeECTa COCAMHEHUS
3JIEMEHTOB JIPYT € APYTOM, KOTOPbIE JOJKHBI 00€CIIEUUTh MTPABUIBHOE UX COMPSKEHHUE.

[Tocne BbIOOpa 2JIEMEHTOB OCHOBHOM LIEMHU OMNPEIENAIOTCS UX MepeAarouyHble GyHKUNU, U CTPOUTCS
CTPYKTypHasi CX€Ma CHCTEMBI C YYETOM OCHOBHBIX HEJIMHEHHOCTEH (HACBHIEHUS YCUIUTEIbHBIX
3JIEMEHTOB, 30H HEUYBCTBUTEJIbHOCTH, MEPEIaTOUYHON XapaKTEepUCTUKU ABUTaTens U T.1.). OCHOBHas
YacTh XapaKTEPUCTHK U MapaMeTpPOB ONpeeNseTcs pacueTHBIM IyTeM, YacTh OepeTcs U3 CpaBOYHON
JUTEPaTyphl U 4aCTh OMPEIENAETCs IKCIEPUMEHTAIBHO.

Jlns  ompezeneHUs NapaMeTpoB INepeAaTouHbIX (yHKIMHA (meperaTodHbIX Ko3(pdUIMEHTOB u
MIOCTOSIHHBIX BPEMEHM) CTaTHMUECKHE XapaKTePUCTHKU JIMHEApU3yIOTCs B paboyeM JAuana3oHe
WU3MEHEHHUS BEJIMYHH.

3. JunamMuuyeckuii pacyer caeasimeii cucrembl. OH 3aKIIOYAaeTCS B ONPEICICHUU CXEMBI,
apaMeTpoB U MecTa BKIIOYEHHS KOPPEKTUPYIOUIMX YCTPOMCTB, 00ECIEeYMBAIONIUX YCTOMYMBOCTH
3aMKHYTOM crefsiei CHCTeMbI U MPUAAIOIINX el TpeOyemMoe KauecTBO.

Ha »ToM »5Tane nNpoeKTHpPOBAaHUS YCTAaHABIMBACTCS OKOHUYATENbHOE 3HAa4YeHHE KOod(pQHUIMEeHTa
YCUJIEHUSI TPEIBAPUTEIBHOrO ycuiuTens. JIMHAMUYeCKUH pacdyeT CUCTEMbl OOBIYHO COYETAIOT C
9KCIIEPUMEHTAIBLHBIMU UCCIIEJOBAaHUSIMU MAKETA IPOEKTUPYEMOM CIIESAIIEH CUCTEMBI.

Bo Bpemst TuHaMu4ecKoro pacueTra mpou3BOAUTCS:

1) npeaBapuTEILHBIN BHIOOP THUIIA KOPPEKTUPYIOIIUX YCTPOHCTB U MECTA UX BKIIFOUEHUS;

2) onpejiesieHne CXEMbI U ITapaMeTPOB KOPPEKTUPYIOMIUX YCTPOUCTB;



3) mOCTpOEHUE MEPEXOIHBIX MPOIIECCOB CUCTEMBI;

4) mpoBepKa TOYHOCTH PaOOTHI CIEAIIEH CUCTEMBI B 33JaHHOM PEKUME PaOOTHI;

5) OlLieHKa MOIY4YEHHBIX PE3YJIbTaTOB;

6) omeHka paboThl cheaduied cucTeMbl NP W3MEHEHMM Ppa3iIMuYHbIX BHEIIHUX (aKTOPOB
(TemriepaTypbl, HANPSHKEHUI MUTAHUA U T.1.);

7) BHECEHUE TOTIOJIHUTEIbHBIX KOPPEKTHB U OKOHYATEJIbHAS OLEHKA CIEAAIEH CUCTEMBI.
Haubonpiee pacrnpocTpaHeHHE MOIYYNI METOJ CHHTE3a KOPPEKTHPYIOIIUX YCTPOUCTB € MOMOIIBIO
Jorapu(pMHUUECKUX aMIIUTYIHBIX 4aCTOTHBIX XapakTepucTuk (JIAXY) n norapupmuueckux Gpa3oBbix
yacTOTHBIX xapakTepucTuk (JIOXY). Ilpu ucrnonb3oBaHMM 3TOrO METOAA AMHAMHUYECKUN pacyer
CIIASIILEH CUCTEMBI BKJIIOUAET B ce0sl CIIEAYIOLINE ONEepaLuu:

-[IOCTPOEHUE JIOTapU(PMUUECKUX YaCTOTHBIX Xapakrepuctuk (JIUX) He CcKOppeKTHpOBaHHOU
CJIEJALIECH CUCTEMBI U €€ OLICHKY;

-noctpoeHue xenaeMoit JIUX u3 yciioBuii, KOTOpbIE NPEABSBIAIOTCA K IPOEKTUPYEMOU CUCTEME;

-OIIpeJIeIEHNE BUJA U ITapaMETPOB KOPPEKTUPYIOLIUX — YCTPOMCTB;
-TeXHUYECKYIO Pealn3alli0 KOPPEKTUPYIOUX YCTPOICTB;
-[IOBEPOYHBIN PACUET U MOCTPOEHUE NEPEXOAHBIX ITPOLIECCOB.

2. HEJIb U 3AIAYM BBITIOJTHEHUSA KYPCOBOI'O IPOEKTA

Llenp KypcOBOTO IIPOEKTA - 3aKPEIUICHUE U YIIIYOJICHHE CTYJIEHTaMU TEOPETUUYECKUX 3HAHUM,
NpUOOpEeTeHUEe MPAKTHUYECKUX HABBIKOB IO TMPOEKTUPOBAHUIO CHEASIIMX CHCTEM YIpPaBIICHUS
JIeTaTeNbHBIMM  allllapaTaMu. YKa3aHHas I[eJib Ompeeiwia  CIEAyIolue 3aJayd  KypCOBOTO
MIPOCKTUPOBAHMUS:

- OBJIQJICHUE METOIUKAMU MTPOCKTUPOBOYHOTO pacyeTa CIEIAIIUX CUCTEM;

- MIOJIy4€HHE IPAKTHYECKOT0 OMbITa npuMeHeHnss DBM s peleHus: HHXEHEePHBIX 3a7a4;

- 3aKpeIUICHUE HABBIKOB Pa3pabOTKU ¥ 0OPMIICHHSI KOHCTPYKTOPCKOW JOKYMEHTAIIHH,

- nzydenue TpedoBanuiit ECK/I, ECT/, u np.;

- MPUOOPETEHNE U 3aKPETUICHHE HABBIKOB WHKEHEPHOI'O TBOPUYECTBA

3. OCHOBHBIE 5TAIIbI TIPOEKTUPOBAHUSA
3.1. TemaTHKa KypcoBOTO MPOEKTa

Temaruka KypcoBOTO MPOEKTa MOCBSIEHA pa3paboTKe CIEASIIUX CUCTEM, UCIOIb3YEMbIX B
Ka4eCcTBE HCIIOJIHUTENBHBIX YCTPONCTB B CHCTEMax yIpPaBIEHHs JETaTeNbHBIX allapaToB.
OCHOBHBIMU OOBEKTAMHU KYpPCOBOI'O TMPOEKTHUPOBAHUS SIBISIFOTCS AJIEKTPUUYECKHUE CIIEISIINE
CHCTEMBI [TIOCTOSIHHOTO TOKa, paboTarolyue Mo CUCTeMEe "TPaH3UCTOPHBIA WMITYJIbCHBIA YCUIUTENb -
JBUTaTeIb MOCTOSTHHOTO TOKA C HE3aBUCHMBIM BO30YX/JA€HHEM'", IEPEMEHHOI0 TOKa C JIByX(a3HbIMU
VCTIOJIHUTEJIbHBIMU JIBUTATEIISIMUA
3.2. UcxonHble faHHBIE K KYpCOBOMY HPOEKTY

OCHOBHBIMHU JTAHHBIMH TEXHUYECKOTO 3aJ[aHMsI, KOTOpble HEOOXOAMMEI ISl IPOBEJCHHUS PACUETOB,
SBIISIFOTCS CIIETYIOIINE:

- TUII cJelsIIel CHCTEMBI;
..~ HaIIpsKeHMs] UICTOYHUKOB NMUTaHUs: mocT. Toka U= 28+3%-5%, nepemeH. Toka

U=36+5%, 400 I'1y;

-MOMEHT CTaTUYECKOTO CONPOTUBIIEHUS HArPy3KH M. [kr*m];
-MOMEHT UHEPLIMH HATPY3KU Ju [kr¥Em*c**2];

-MaKCHUMaJIbHasi CKOPOCTh OTPAOOTKH BXOJHOTO CUTHANA i [pan/c];

-MaKCHMaJIbHOE YCKOPEHHE OTPaOOTKH BXOHOTO CUTHAJIA Emax [pan/c**2];



-MaKCUMaJIbHAsl HHCTPYMEHTaIbHAs OIINOKa Xer [pan];

-MaKCHUMaJlbHasi CKOPOCTHasi omnOka X o [pan];
-MaKCHMaJlbHasi OInOKa X max

-TepeperyaupoBaHue Npyu CKaYKOOOpa3HOM YIIPaBJISIIOIIEM BO3/ICHCTBUU € [%];

-BpeMsl IIEPEXO0IHOTO TpoIiiecca L [c].

3.3. BbIOOp 3/1eMEHTOB CHCTEMBI.
Br160p 4yBCTBUTEIBHOTO 3JIEMEHTA.

OCHOBHBIM KpUTEpPHEM BBIOOpAa YYBCTBUTEIHHOTO JJIEMEHTa (JaTYMKa paccorjiiacoBaHUs
yriaoB Oz U Oyyx) ABISETCS CTaTUYECKAs MOTPEIIHOCTh PEryJlMpoBaHus. B TexHHueckoM 3amaHuu ee
BEJIMYMHA COCTaBIISIET HECKOJIBKO YIIIOBBIX MUHYT. TpeOyeMyt0 TOUHOCTh MOYXKHO 00€CIeYnTh, BHIOpaB
B KAaueCTBE  YYBCTBUTEIHHOIO  JJIEMEHTAa  Mapy  CHHYCHO-KOCHHYCHBIX  BPAIAIOLIUXCS
tpancpopmatopoB: natunka (CKBT-JI) u mnpuemnuka (CKBT-II), paOotamomux B pexume
TpaHc(hOPMATOPHOH TUCTAaHIIMOHHOHN Tepeiayn ¢ OJHUM KaHAJIIOM U3MEPEHHUs PACCOTIIACOBAHUSI.

[Ipu BbIOOpe Bpamarommxcs TpaHchopmaropoB (BT) HeobOxomuMo — y4uTHIBATH
OKCILUTYTAallMOHHBIE TpeOoBaHMs, TouHOCTHBIE (kKimacc tounoctu BT B pexxume THII He Ooinee
TpeOyeMoll BEIMYMHBI) U SJCKTPUYECKHE (YacTOoTa W HANpPSDKEHHWE MUTAHMS) MapaMeTpbl. YTOI
MIOBOPOTA POTOPA HE JIOJDKEH OBITh OTPaHUYCH.

Bbi0Op MCHOJIHUTEILHOIO JBHraTesisi 1O JHEPreTHYECKUM XApPaKTePUCTHKAM _00beKTOB
peryJiMpoBaHus.
OCHOBHBIE 3Talbl 3HEpreTuyeckoro ananusa ICII

3amaHHbIe 3aKOHBI ABIKEHUSI 00BEKTA PETYIUPOBAHMS MOTYT OBITh BOCIIPOM3BEACHBI CIIEISIICH
CHCTEeMOH IJMIIb B TOM CJIydYae, €Cld OOEeCIeYeHBbI JOCTATOYHBIC SHEPreTHUECKHE BO3MOXKHOCTHU
cHIIOBOTO arperata. [loaTomMy sHepreTudeckuii aHanu3 oObEKTa PETyIHMPOBAHUS MPH €T0 JIBHKCHUU
10 33/IaHHBIM 3aKOHAM SIBIISICTCS IEPBOOYEPETHOM 3aJaueii NPOSKTUPOBAHUS CUCTEMBI.

Llenpo SHEPreTHYECKOTO AaHadW3a SBIAETCS BBIOOP DIEMEHTOB CHJIOBOTO — arperara:
UCTIOJIHUTENIBHOTO JIBUTATeNsl C PEAYKTOPOM M YCWINTEN MOLIHOCTH (3JIEKTPOHHOM CXEMBbI
yIIPaBJICHUS] JIBUTATENIEM, DJIEKTPOMAIIMHHOTO YCHIJIHUTENS MOIIHOCTH, 3JIEKTPOTHUAPABINYECKOTO
YCUJIMTENS U T. II.).

OHepreTHYecKuil aHaIN3 CIIEAAIIEH CHCTEMBI BKIIIOUAET CIIETYIONINE OCHOBHBIE JTAllb:

-aHaJIU3 3aKOHOB JIBUKEHUSI 00BEKTOB pEryJIMpOBaHMs;
-OnpeieNieHHe XapakTepa H3MEHEHUS W BEIMYMHBI CYMMAapHOTO HAarpy304HOrO MOMEHTa U
MOIITHOCTH, TOTpeOIIsIeMOil 00BEKTOM PEryJInpOBaHus;
-BBIOOP MCTIOJTHHUTEIBHOTO JIEMEHTA-ABUTaTENs M aHAIN3 €r0 TePerpy30UHBbIX BO3MOKHOCTEH;
-BBIOOD YCUJIMTENS] MOIHOCTH;
-BBIOOP MEPEAATOYHOTO OTHOIICHHUS CUIIOBOTO PEIyKTOPa;
-[IpOBEpKa MPaBUIIBHOCTH BBIOPAHHOI'O ABUTATENs U PEIyKTOpa MO BEIMYMHE Pa3BUBAEMOr0 MOMEHTA
¥ MOIIHOCTH.

DHEepreTUYecKre XapaKTePUCTHKH OOBEKTOB PETYINPOBAHHUS

AHalIN3 3HEPreTUYECKUX XapaKTEPUCTHUK OOBEKTOB PETrYIUPOBAHUS SIBISETCS HEOOXOIUMBIM
3TAallOM MPOEKTHUPOBAHUS CIEAAIIEH CHUCTEMBl, NPEAIIECTBYIOIIUM BBIOOPY HMCIIOJHUTEIHLHOTO
anemeHTa. [lox »HEpreTMYecKMMHM XapakTEpUCTUKAMH, KaK IPaBUJIO, IMOHUMAKOT COBOKYIHOCTh
HHEPreTUYECKUX COOTHOIICHUH, OMpEeAesSIOMNX 3HAYeHHUsT MOMEHTAa M MOIIHOCTH, MOTpedsieMoi
O00BEKTOM PEryJIUPOBAHMS TP JABHKEHUU 110 33JaHHOMY 3aKOHY B OCHOBHBIX PEKHMax pabOTHI.
PaccMmoTpuM sHEpreTuueckrue COOTHOIEHUS TSl 00bEKTa PEeryIMpOBaHMs, KOTOPBIN XapaKTepU3yeTcs
HaJM4MeM MHEPUMOHHOM HAarpy3kKd, MOMEHTOB COIPOTHUBIICHHMS JBW)KCHUIO W BO3JEHCTBHEM
BHEILHET0 HArpy304YHOIO MOMEHTA:!



My (t)=Jp p°ap (t)+[Mcr[signpay (t) + kg pay (t) +
+kprory () + Mgy () + Iy () +[Merlsignpay (1) +
+kgr pay (t)+kpap () +May (t)

3nech: Xy - yroa moBopoTa 0ObEKTa peryInpoBaHus;

d
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pa, (t ) - yCKOpeHue 00beKTa peryIupoBaHus;
Ji — MOMEHT uHepIuH 00BEKTa PEryTupOBaHHUS;

MC.T(t) = ‘MC_T‘signpaH(t) _MOMEHT CyXOT'0 TPEHHS;
M 4, - sremmmit moment Harpy3Ku;

k B.T — K03(h(UIIUEHT BA3KOIO TPEHMUS;

k 777 — K03 PULIHEHT MIapHUPHOT'O MOMEHTA.
MotHOCTb, OTPEOIIIEMYIO OOBEKTOM PETYINPOBAHMS, OIPEAEIISIOT COIJIACHO BBIPAYKEHUIO

P (t) =My (t)eryy (1),

[Ipn ompeneneHny MOIIHOCTH ABHraTelis, HEOOXOAMMON Ui oOecredeHus! 33JaHHOTO 3aKOHA
JBIDKEHUS. OOBEKTa YIPaBJICHUS MOMHMO MOIIHOCTH, MOTPEOIsIeMOl O0BEKTOM PETyIUPOBAHHMS,
HE00XO0AMMO 3HATh MOIIHOCTb TEPSEMYIO B CHJIOBOM PEIYKTOpE.

Opnako, Kak MpaBUJIO, Ha IPEABAPUTEIBHOM 3Talle 3HEPreTUYECKOro aHajau3a IapaMeTpbl
CWJIOBOTO penyKropa HeusBecTHBI. [loaToMy, 3amaBasice BenmmuumHoM ycinoBHoro KIIZ[ penykropa,
OTIpEeIEIISAI0T 3HaU€HUE MOIIIHOCTH, MOTPEOIIsieMOl 00BEKTOM PEryJIMpOBaHuUs U IPUBEACHHOMN K Bally
UCTIOJHUTENBHOrO 31eMeHTa: IlosToMy B psne cilydyaeB HCHONB3YIOT NPHOIMKEHHbIE METOJIbI
pacudera. Tak, HarlpuMep, MOKHO IOJIOKUTh, YTO MOILIIHOCTh, Pa3BUBAcMasi JIBUraTEIeM, PACXOAyeTCs
MIOPOBHY KakK Ha JIBWXKEHHME OOBEKTa PEryJupoBaHMs, TaK W Ha JIBUKECHHE MHEPIMOHHBIX Macc W
IIPEOJI0JICHUE MOMEHTOB COIIPOTUBIICHHS CaAMOTO JIBUTaTEIIA.

IIpu sTOM

Py (t)~2My (M) ()~ 2P (1)

OnpeneneHue nepeiaToyYHOro Ync/aa peAyKTopa
3HaueHue MepeaToOuHOro YMCiIa PEeIyKTopa, MPU KOTOPOM PE3YJIbTUPYIOIIUH MOMEHT Ha Bally
JBUTATeNsl MMEET MUHUMAJIbHOE 3HAUCHHE:

Jpdy(t)+kpray(t)+Mcr +kyay(t)+ Mgy (t)
UlJﬂdﬂ(t)Jr MC.T.,ZZJ

Hepe;[aTquoe YHUCJIO pCAYKTOpaA IpHU KOTOPpOM o0OecrieunBaeTCss MaKCUMAaJIbHOE 6BICTpOI[CﬁCTBHCI
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Haubonee pacnpocTpaHeHHBIM OIXOJOM IPU BbIOOpE MEPEeIaTOYHOTO YHCa PEAYKTOpa SBISETCS
MOAXOJ, CBSI3AHHBIA € OOECIeUeHWEeM 3aJ]aHHOW MAaKCUMAaJIbHOM BEIMYMHBI CKOPOCTH JIBHIKEHHS
BBIXOJHOI'O Baja.

Ecnu B mpoliecce MpoOeKTUPOBAHUS CUCTEMbI 3a/1a€TCS MAKCHUMaJbHasl CKOPOCTb Qmax, KOTOPYIO
JIOJDKEH pa3BHBATh OOBEKT PEryJUPOBAHUS B PEKMME COIVIACOBAHMS, TO ONPEACITUTH BEITUUHHY |opm
JUTSL peKMMa COTJIACOBAHUST MOYHO 10 BBIPAKEHHUIO!
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W3 monyueHHBIX 3HAYEHHUH MEepelaTOYHOro Yuciia PeayKTopa HeoOXOAMMO B3STh MUHUMAIBHOE,
KOTOpoe obecreuuT Tpedyembie TpeieibHbIe apaMeTphl 3aJaHHOTO 3aKOHA JIBYKEHUS B OCHOBHBIX
peKUMaXx.
OmnpenensTs YKCI0 nap PeAyKTOpa B 3aBUCUMOCTH OT €ro 00IIEero MepeaaTouHoro OTHOIICHHS B
COOTBETCTBHH C TpaPuKoM (pHc)
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Puc. K onpezenenuto yrcia nap npuOOPHOTO PeayKTOpA.
KoadduimeHT mone3Horo AeWCTBUS KaXKI0U CTYTICHU COCTABJISECT BETUIUHY
0.95-0.97.

IlocTrpoenne HeckoppeKkTHpoBaHHOM JIAYX cucreMbl BEAETCS Ha OCHOBAaHUU CTPYKTYPHOM
CXEMBI, IOCTPOEHHOM B npeabiayiieil padote. [lepenaTounslii k03D HUIIMEHT Pa3OMKHYTOH CUCTEMBI €
aCTaTU3MOM TIEPBOTO TOPSIKA IO YIPaBJISIONIEMY BO3JEHCTBUIO, KOTOpo siBiseTcs naHHbiii DCII,
OIIPELENAETCS 110

3HA4YEHUIO YCTAaHOBUBLIECHCS CKOPOCTHON OLIMOKU KQ = QMAX / X o

JIOOpOTHOCTB CHCTEMBI ONIPENENAETCS KaK

K., = Proc _ X confxx

o max cm

IHocTpoenue xeaaembix JIAUX u JIOYX.
1. Ctpoutcs HuszkouactoTHas 4acth JIAUX, ucxons u3 ycrnoBuil TpeOyeMoi TOUYHOCTH; HAKIIOH ee
OTIPEIEISAETCSl TIOPSAIKOM acTaTHU3Ma CHUCTEMBI, a TIOJI0KEHHUE IO BBICOTE — KOHTPOJIbHBIMUA TOUYKAMH

Air y Az,

[lepBasg KOHTpoOJIBHAs TOYKA A HaXOJUTCSI HCXOJs M3 JOINYyCTUMOM CKOPOCTHOH OIIMOKH.
Opaunara ee




L1 = 20|g KQ ,
Abcruccy ee OTKIaapIBalOT Ha yactoTe @ =1, opauHara nmepBoi (HU3KOYaCTOTHOM) acuMnToThl JIAX

Pa30MKHYTOH CHCTEMBI JIFOOOT0 MOpsijiKa actaTu3Ma Ha yactote @ =1
paBHa nepeaaToyHoMy K03 GUIIMEHTY pa30OMKHYTOH cucTeMbl (B Ab).

Bropass KOHTpOJbHAs TOYKa A CTPOUTCS M3 TpPeOOBaHUI K NUHAMHUYECKOW TOYHOCTH IO
dbopmynam:
Wk = Emax | iax

Lz(a)K) =20lg (Qj/IAX / Emax XyCT.MAX),

rae Kveraax - MaKCUMaJIbHasl aMILIUTY 1a OIMMOKU yCTAHOBHUBIIIETOCS PEKUMA.

2. Crpoutcsi cpennevactotHas dactb JIAUX, wumcxons u3  TpeOOBaHUN K YCTOWYMBOCTH H
OBICTPOCHCTBUIO CHCTEMBI.

,HJ'IS[ 9TOro 4e€pe3 TOYKY Ha OCH 4YacCTOT, COOTBETCTBYIOLIYIO 4YaCTOTE CpE€3a Wcr (I/IJ'H/I cCiim 3TO

BO3MOJKHO, TIpaBee TOM TOYKH), MPOBOAMUTCS IpsiMasi ¢ HakioHoM — 20nb/nex. YKemaemas yacrora
cpesa ompeneinsercs 1no Gpopmyiie

D cpxen > aﬂ/tn ,

rae a — Ko3(pUIUEHT, OnpeensieMbli 10 3aJaHHONH  BEJIMYUHE MepeperynpoBaHus O . 3nauenns
KodpunmeHTa

", n

a" IpuBe/IEHbI HUXE.
0 % 15 20 25 30
a 1.7 22 3.0 4.0

Yactorel m3moma @' mu @" cpegneyacroTHoil uactu JIAUX ompeneisroTcs 1Mo MpHOIMKEHHBIM
COOTHOIICHUSIM:

n
w = (2 - 4) a)cp.:)/c.’
"o 2 "
w = a)cp,m/a) _
L,06
<~ Axr
VN
0
I Am” )
sob ® ;
ot | ! ‘ P g,
i
b o0k i { T #
0 4 o . SalCavd:
T A
_{55;’[:1- = 1__ e ¢ |
_70
gp V= P \ T
304 \
—45F f
0 1 1 | Lo tx
1 ' 100

Puc. 1. Iloctpoenue xenaemoit JIAUX.

CpenneuactoTHas 4acThb xenaemol JIAUX compsraercs ¢ HU3KO4aCTOTHON NPSIMBIMHU, UMEIOIIMMHU
HakJioH — 20,-40 wim (B kpaitHem cinydae) —60 nb/aek.

3. BeicokouactotHass wactb JIAUX cTpouTcs C ydeToM HPOCTOTHI TEXHUYECKON pealn3alyu
KOppeKTupymoliero ycrpoiicrea. Cieayer umeTh BBHIY, 4TO 3a mpeneinamu L(@®)<-20 nb/mek
(pucynok 1) cucrema He oTpabaTbiBaeT HHUKakux Bo3zaeicTBuil. [loaTomy mro0as mombITKa



CKOPPEKTUPOBATh CUCTEMY HHXKE OSTOTO YPOBHS sBisieTcs Oecrmone3Hoil. Hmke 3Toro ypoBHs
xenaemass JIAUX cucrtembl A0MKHA MOJHOCTBhIO coBmaaath ¢ JIAUX — HeCKOppEeKTHpOBaHHOM
CUCTEMBI.

[Toctpoenne JIAX  KOppEKTHpYIOMIEro  ycTpoicTBa.  Jlorapudmuueckas  aMIuIATyIHAS
XapaKTEePUCTUKA MOCIEAOBATEILHOIO KOPPEKTUPYIOIIETO YCTPOMCTBA HAXOAMUTCS BBIYUTAaHHUEM
opauHaT JIAX HECKOPPEKTUPOBAHHOM CUCTEMBI U3 OpaAHHAT xenaemoit JIAX.

Haubonee mpoctoii cnoco® mocTpoeHus: Jorapu@MUUecKor aMILTUTYIHOW XapaKTEpUCTUKU
KOPPEKTHPYIOLIEH 0OpaTHOM CBSA3M OCHOBAaH Ha HCIIOJIb30BAaHUH (POPMYJI SKBUBAIEHTHOTO MEpexoia
OT OJIHOTO BUJA KOPPEKIHMH K JIPYTOMY:

W e () =HHW 1 (PIW . (P

rIe : W . (P) -riepeiaToYHast PYHKIIMS TOCIIEI0BATEILHOTO KOPPEKTHPYIOILETO YCTPOCTRA;

W o (P). nepeaaTovHasi yHKIUS 3BEHbEB CUCTEMbI, OXBAYCHHBIX
00paTHOM CBSA3bBIO;

W k.0.c (p)- nepenarouHasi QyHKIUS KOPPEKTUPYIOIIETO YCTPOMCTBA B IIETH OOPATHOM CBSI3H.
Ilepexons K aMIUIUTYAHBIM YaCTOTHBIM XapaKTEPUCTUKAM, MOXKHO
3anucarhb

A, (10)= 1/|1+W OxXB (Jw)WKoc(Ja’) I

Jliig nuana3oHa 4acToT, B KOTOPOM

|WO)$(J'60)WK_0_C(J-CU) |= onzs (@) AK.O.C(w) "1, (1)
AH.K () = [ AOXB (w) AK,O_C (@) 1

B JIOTapu(PMHUECKOM MaciiTade
201g. A (@)= 12015 Ao (@) 12019 Acoc (@)
Otcrona
20lg Avcoc (@) ~ o1 A (@) 4 201g Ao (@) @)
[TorpermHOCTh  TPUOJMKEHHOTO paBeHCTBa (2) He mpeBbiaer 3ab, ecnu HepaBeHCTBO (1),
3aMMCcaHHoe B JIOrapu(MUYECKOM MacIITabe, MMeeT

Bunx  20lg Ao (@) +20lg Acocl®@) > 11 nb; eciiu HepaBernctso (1) umeer
Buax  20lg Ao () +20Ig Acoc@) 2 33 1B, TO MOrPENIHOCTH paBEHCTBA (2)

menblie 1ab. CnenoBatenbHo, 1 noctpoeHus JIAX koppektupyromeit oOpaTHOH CBSI3U Lcoc
(pucyHok 2), mpujaroiieil cucreMe TpedyeMoe KauecTBO, Hy)KHO ciiokuTh JIAX mocnenoBaTenbHOTO

KOPPEKTHPYIOLLETO



Pid

N\
7

RIS AR RN

Puc. 2. [Toctpoenue JIAUX nocnenoBaTebHOTO U
MApAIIETBHOIO KOPPEKTUPYIOLIUX YCTPOUCTB.

YCTpOMCTBA I—H-K, HaWJEHHYIO OIKCaHHBIM BbIIIE crocoboM, ¢ JIAX 3BeHbEB, KOTOpBIE

MPEANOJIaracTcsi OXBaTUTh OOPaTHOM CBA3BIO I—OXB, U B COOTBETCTBUHM C PAaBEHCTBOM (2) HaWTH
3epKaJbHOE OTOOpaKeHHEe CYMMapHOW XapaKTEpPUCTUKU OTHOCHUTEIBHO OCH 4YacToT. s oleHKu

JMarna3oHa 4acToT, B KOTOPOM MOTPEIIHOCTh MOCTPOCHUS AAcoc HE MPEBBIIIACT JIOMYCTUMOM
BennuuHbl (00bivHO 3 1b), ciemyeT 3epKalibHO OTOOpPA3UTh OTHOCUTENBHO ocu dYacToT JIAX

IIOCJIEI0BATEIbHOM KOPPEKLUU L U BBIICIUTh 4YacTOThl, HA KOTOpBIX opAuHarhl 3ToM JIAX
6onbie 111b. B HalineHHo# nooCce 4acToT

Wu. Wz JAX KOPpEKTUpYIOIIel 0OpaTHOW CBSI3U MOXKHO CUMUTATh MOCTPOSHHOM 1OCTAaTOYHO

TOYHO. [[)1s1 4acToT, JIe)Kaux 3a IPaHuLIAMM THaa30Ha W - Wp J1AX KOppeKTUpytolei oopaTHoi
CBSI3M, IPUXOAUTCS CTPOUTH 110 TOUKAM, HCIIOJIb3Yys TOUHYIO (OPMYIly SKBUBAJIEHTHOTO IIEPEX0/1a

Acoc(@) _ |1- WH.K(ja))l/ [ong(a)) AHK(G))]

Bo MHOruX cnydasx, olHaKo, ynaeTcst 000OMTHCH 0€3 BEIYMCICHUM
Lcoc , YCTAaHOBUB U3 peajIbHBIX YCIOBUN BO3MOKHBIN BUI JIAX KoppekTupyrouieil oopaTHON CBS3U

BHC ITIOJIOCBI Wy - W5 . Ha BrICOKHX HacCTOTax, HAIPUMEP, 3BCHbBS, OXBATbIBACMbIC O6p8.THOI>i CBA3bI10,
HMCIOT, KaK IIpaBUJIO, OYCHb HU3KHUH KOB(i)(l)I/II_[I/IeHT nepeaavun; KOppCKTUPYroIas 06paTHa${ CBA3b
IIOYTH HC OKa3bIBACT BJIMAHUA HaA pa60Ty CJ'IG)ISIHIGﬁ CUCTEMBI, U €€ JIAX Ha BBICOKHX YaCTOTaX MOXKET

OBITh MTPAKTUYECKH JTF000H POopMbI (TyHKTUPHAS TUHUS Lioc ).

Hanbonee 4acTo KOPPEKTUPYIOUIME YCTPOMCTBA PEaTbHBIX CIESIIINX CHUCTEM DPEATU3YIOTCS C
MOMOIIBIO EPEAATOUHBIX (PYHKIMI BTOPOro MopsiaKa.
CuHTe3 mnepenaTo4Hbix (YVHKIMIi _BTOPOro TMOPS/IKA € WCHOJb30BAHHEM MHTErpajibHbIX
ONepPAMOHHBIX YCHIUTEJICH.
[Tycts mMeeTcst iepenaToynast (yHKIHS IEPBOTO MOPSIKA CISIYIOIIETO BUA:

e, (jo) = A(jol o, +1) I(jo !l o, +1) = K e'*

©)

MoysTb QyHKIUH;  -(ha3oBbIi yrod.

e 2 = A\/(a)/a)l)2 +1/\/(a)/a)2)2 +1

Bripaxxenue miist K, ,Ab, nMmeer Bu:



K, =201g A+201g\/(@/ w,)? +1—201g /(0! ,)* +1
Bropoii u TpeTuii 4WiIeHbl MOKHO IIPEACTABUTD B BUJIE ACUMIITOT, TaK KaK

w —> 0 20|g\/(a)/a)l)2+1=20|glz0;

pu

201g /(0 / @,)? +1 =0
o o 2019 (0] @) +1~201g(w/ ;) .

pu

v, 2019(@] @,)? +1 201y ] ,)

npu

, W,
B Touke conmpspKeHHs 4acTOTHI XapaKTepUCTHKA UJIIET BBEpX ¢ HakioHoM 201b/nek, B Touke
XapaKTepUCTHKA UIET BHU3 C HaKJIoHOM -201b/nex.

dazoBas quarpamma GyHKuuu (3)

@(w) = arctg (v / w,) —arctg (o / w,) .
npu @ < @, /10 arctg (o / w,) = O;

upn @ > 100, ArCY(@/ @) = 90 .

L @<aw,/10 arctg (o /w,;) ~ 0.

1p
4 @ >10w, arcty(o/ o) = -90".

w, /10

1p

Takum 06p8.30M, ACHUMIITOTA OT TOYKH J0 TOYKH 10601 MMpeaACTaBIACT coboit MIPSAMYIO JIMHHUIO

C HaAaKJIOHOM 2006/0@7( " yriom P= 45 Ha 4aCTOTC @ . COOTBETCTBEHHO B JHUara3o”He OT @, /10

10 109: opa npencrasiser coGoit npsmyio mHmo ¢ Hakionom - 2006/ dek  u yrom =P a

gactote “2 . MakcuManbHas TIOTPEITHOCTh ANMPOKCHMAIH (a30BOil XapaKTePHCTUKU HAKIOHHBIMU

IPAMBIMM COCTABJIAET 2/ | YTO 3HAYMTENLHO MEHbIIE AIIPOKCUMALIMH CTYIIEHbKAMH.
[Tpumep. CuHTE3UpOBATH YACTOTHO-()Aa30BYI0 XapaKTEPUCTUKY BUJA:

K (joo) = (@ /100)+1, 0 (j/10000) +1
(jw/500)+1  (jw/1000)+1

Pemenne. O603HauMM 4acTOTHI Cpe3a
w, =100, w, =500, w, =1000, @, =10000.
Mopyns ¢hynkumu, nb,
K, =201g10+201g /(@ / ®,)? +1—201g /(@ @,)* +1—201g /(& | @)% +1 +

+201g (o ®,)? +1.

Ha puc. 3a nmpeacrasiena KycouHO-IMHEWHAS anmpoKcuMaIus Moayis GpyHkuuu (3).
[Toctpoenue (ha3oBoit AUarpaMMbl

p(w) =arctg (w/w,)—arctg (w/w,)—arctg (vw/w,)+ arctg (v/w,)

NpeJICTaBIeHO Ha pUc. 30




Puc. 3. [IlocTpoeHue anmpoKCUMHPOBAHHBIX aMIUIMTYIHOW (a) u (a3oBoi (0) XapaKTepUCTUK
OTIEepaIMOHHOTO MpeoOpa3oBaTelis BTOPOro Mopsiaka.
DyHKIMA MOXKET OBITh Peain30BaHa Mo CXeMe PUCYHOK 4 ¢ Hcroiab3oBaHueM IByx OVY.

Puc. 4. Peanuzanus cxemMbl KOPPEKTUPYIOIIETO yCTPOMCTBA

45 iy

Y0 ‘ 60+

50 I

20 I ) 4“5t

S ot

. a;1 ﬁ;z c:JJ a; - wz/10
4 -45L

‘ |
a o -0 {- ]
) 80 6) N
BTOPOTO MOPSIJIKA HA JIBYX OTEPAIMOHHBIX YCHIIUTENSX.
JlelcTBUTENBHO, KOO(D(MUIMEHT MEPENadH ONEPAMOHHOTO ITPE0OPA30BATENS MOYKHO MPEICTABHTH KaK

IIPOU3BEICHUE IBYX COMHOXKHUTENEH.
Kosdduunent nepenaun neporo OY

U,m(jo)/U, =R,(joR,C, +1)/ R, (joR,C, +1).
Nmeewm:

R,/R, =1 1/R,C, =100 1/R,C, =500

[Mpumem R =100xOwm, Torma C =0,1mMx®d, C =0,02MxD.

Amnanorunuso ans Broporo OY nmeem :
R,/R, =10 1/R,C, =1000 1/R,C, =10000 _

[Tpunss R, =100xOwm , HaligeM R4 =10xkOm , C =0,01MxD, C =0,01MxD .

Pa3paboTka ycHJInTeIbHO-NPEOOPa3yOLIMX YCTPOHCTB.
B cocTaB 3nexTpuueckoil IPUHLIMIINAIBHON CXEMBI CIEASIIENH CUCTEMBI BXOIAT CIEAYIOLINE

AJIEMEHTHI (YyCTPOUCTBRA).



@Da304yBCTBUTEIBHBIN BBIIPSIMUTEID
CraaxuBatomuii GriibTp
Ycunutens 1 KOPPEKTHUPYIOUHNH GUiabTp
Monysarop JUINTEIbHOCTH UMITYJIbCOB
Yceunurens MOIHOCTH
HcTounuk nuranus

Haubosiee mpocTo M HAMIATHO YCUIMTEIBHO-TPEOOPA3yIOIINe yCTPOHCTBA peau3yroTcs ¢
[IOMOILbIO  ONEpAalMOHHBIX ycwiutenedl (OVY), o0nagalomuMu  psjgoM I[PEUMYLIECTB Iepes
Tpanzucropamu. Ho B GonpmmHcTBE cBoeM OV TpeOyroT ABYXIOISPHOTO HANPSHKEHHUS MHUTAHUS, U
BO3HHUKAET HEOOXOAUMOCTh pacyeTa JIOMOJIHUTEIbHOTO UCTOYHHKA ITUTAHUS.

oL E

Da304yBCTBUTEIIBHBIN BBITPSIMUTEID.

C Bbeixoga CKBT-II curnan paccoriacoBaHus IOCTyaeT Ha BXOJ IIPEIBAPUTEIBLHOIO
yeunurenss DAL. Curnan paccoriiacoBanus npejacTaBiser co0oi nepeMeHHOe HapsyKeHUe 4acTOTON
400I'n 1 aMIIMTYAOM, IPONOPLMOHAIBHOM BEJIMYMHE yIyla paccoryiacoBaHus. lIpenBapurenbHblii
YCWINTENb YCHWIMBAET CUTHAJ IO HANPSHKCHHUIO U OJHOBPEMEHHO SIBIISIETCS COIVIACYIOIIMM KacKaJoM
mexy CKBT-IT u pazouyBcTBUTENBHBIM BBIIpsiMuTesieM (DUB).

Cxema ®YB umeer Buna:

K1
| R1
—
— R3 R15
—_— ) 31 [
R4 R16
—

T | IS |
ﬂ DA
|
R1
1 K

Kiroun K1 n K2 ynpasnstorces nepeMeHHbIM HanpsbkeHueM yactotor 4001w, cHuMaemMbIM co
BTOPUYHBIX OOMOTOK TpaHc(hopmaropa nuTaHus. Tak Kak YIpaBISIOIIME HANPSKEHUS, CHUMAIOTCS C
pasHbIX KOHIIOB 00MOTOK, To Kimtoun K1 m K2 3ambikatorcs B mpotuBodasze. B pesyinbrare kimoun
MPOIYCKAIOT CUTHAJ TO HA MHBEPTUPYIOLIMM, TO Ha HeumHBepTupyrouwmil Bxoasl OY DA4, yacrora
nepekitoueHus cocrapiuser 8000,

Koad¢uimenT ycunenus npeiBapuTeIbHOTO YCUIIUTENS ONPEAEsSeTCs] OTHOLIEHUEM:

Bb100p omnepanmoHHOro yCUIUTENs.

Hanpumep BeiOupaem oneparmonssiid ycumrens K140YD23

Ob11ee onucaHue:

K140YD23 — OVY c¢ XO0pomio cOrjacoBaHHON Tapoi MOJIEBBIX TPAH3UCTOPOB Ha BXOJIE,
00JIBIIION YaCTOTOM €IMHUYHOTO YCHIJICHHs], BHYTPEHHEH 4aCcTOTONH KOPPEKIIUH M BBICOKOH CKOPOCTHIO
HapacTaHUsl BBIXOJHOTO HANpsDKEHHS. MOXET MCIOJIh30BATHCS JISi TTOCTPOCHHS IIHPOKOIIOIOCHBIX
YCTPOMCTB.

Onexrpuueckue napamerpsl (npu Up,=115B, Ry=2xO0m):



MaxkcumanbHOE BBIXOAHOE HANIPSKEHHE, HE MeHee, B +12

Hampsoxkenue cmenienus, He 6oee, MB 10
Bxonnoii Tok, HEe OoJiee, MA 0,2
Pa3HoCTb BXOOHEIX TOKOB, He Oojee, MA 0,05
Tok motpebienus, He 6onee, MA 10
KoaddurnuenT ycunenus HanpspkeHUsI, HE MEHee, ThIC. 25
YacroTa eqIMHUYHOTO yCWiIeHus, He MeHee, MI 1 10
Koaddurnuent ocnadbnenus cuHpa3HbIX BXOIHBIX HANPsDKEHUN, HE MeHee, 1b 80
KoadduimenT BiusHus HeCTAOUILHOCTH UCTOYHUKOB MUTAHUS HA HATPSHKCHHE

CMelleHus, He MeHee, 1b 80
MakcumManbHasi CKOPOCTh HapacTaHUS BRIXOJHOTO HANPSHKEHUS, HE MEHEe 30
BpeMs ycTaHOBJICHUS BBIXOIHOTO HANPsHKEHUS, HE Ooiee, MKC 0,75

[IpenenbHO MOMyCTUMBIE 3HAUYCHUSI TAPAMETPOB:
Hanpspkenue nutanus, B

He menee +13,5
He Gonee +16,5
CundaszHoe BXoJIHOE HaIpshKeHUe, He Ooree, B +10,0
ComnpoTuBieHUE Harpy3Kku, He MeHee, KOm 2
Bxonnoe muddepennunansnoe Hanpsikenue, e doinee, B 20
Temnepatypa okpyxkaroieit cpezsl, °C -10++70

LlokoseBka kopmyca:

OaaHCHPOB +U
Bxox Brixo
Bxoj1 HEMHBEPTHP YOI OaJIaHCUPOBK

Onpenensiem conp_oL%i?fﬁneHHe PE3UCTOPOB.

Rs, Rs, Ris, Rig u Ry7 BeuncnsieM u3 yciioBUs paBHOTO KOd(h(HIIMEHTa YCHJICHHS I10
MHBEPTUPYIOILEMY U HEMHBEpTUpYIOIeMy BxogaM. Rz u R4 orpannuuBatoT BeixoaHoi Tok DAL mpu
3aMKHYTBIX KIFOYax.

Ycunenue no HeuHseptupyomemy Bxoay (K1 3amknyt, K2 pazomknyT):

R R
_ 17 18
_Ueble - R R R 1+ R U@x
4 + 16 + 17 15
VYcunenue o HHBEPTUPYIOLIEMY BXOJY:
_ RIS
6b1x2 6x
R, + R

[Tpu BEIOOpE BeNMWYMH pe3ucTOpoB B 1emsx OV creayeT npuaepKUBaThCs HEPABEHCTBA!
2kOM < Rj £IMOmM
Ecnu R; BBIXOIUT 3a 3TH TpaHUIIbI, TO HAYMHAET CKa3bIBaThCs HewmaeanbHOCTh OV, pexum
paboThl HapyIIaeTCs.
[Tyctb R3 = R4 = Ri5 = Rig =15kOmM, TOr1a:
15 U

6X

w2 " 15015 2



6bix] 6b1x2

U
UBbl‘Cl = L 1+E st = - .
’ 15+30+15 15 2

B xauectBe kmouelt Hambonee dwacto — mcnodb3yercs coOopka KI19OKT2II, coxmepxamias 2
JBYXKaHAJIbHBIX KOMMYTATOPa, BHITTOJIHEHHBIX Ha MOJIEBBIX TPAH3UCTOPAX.
DnekTpuyeckue napamerpbl kommytatopa K190OKT2I1

U
U =-U =— 26x , IpA R16:2R17:30KOM

ConpoTuBJICHHE OTKPBITOTO Iepexoaa, He donee, Om 50
Toxk yTeuku Mo HanpasJISAIOIMIUM BXOJaM, He O6osee, MA 30
[ToporoBoe HanpspxkeHHue cpabaTeiBanus, He Oonee, B -6
[IpenensHO AOMyCTUMBIE SJCKTPUIESCKHE TTapaMETPhI
KommyTnpyemoe Hanpsbxenue, He 6onee, B -25
Ympagsistoiiee HanpspKkeHue, He 6onee, B
3aTBOp - UCTOK -30
CtoK - 3aTBOp -30
Hamnpsokenue mexny BeiBogamu 6 u 5. He 6onee, B -25
KommyTtupyemslii Tok, He Oosiee, MA 50
MormtHocTh paccenBaemasi, He O6omee, MBT
[Tpu T=-45++85°C 200
ITpu T=+85°C 150
I{okoseBka Kopiryca:
Uew
5
3 4

Z

2 [

3

T 8§

5 s

= 1 10 2

6 9

HaprI)KeHI/Ie ynpaBHeHI/ISI KOMMYTaTOpOM CHHUMACTCA C BBIXOOOB KOMHapaTOpOB, BBIITOJIHCHHBIX
Ha 0aze OY DA2. DA3.

CxeMsbl KOMITapaTOpOB OJMHAKOBBI U UMCIOT BU/:

_R7_ DA
T
R9 RS

r: |
DA2, DA3 - K140YD23
OHpe,Z[CJ'IHCM COITPOTUBJICHUE PE3NCTOPOB:
R5=R6=R10=R11=20KOM
R7:R12:10KOM



Rg/R8:R14/R13:0,02

R3=R13=100KOM

Rg:R14:lOO-0,02=2KOM.

[Ipu 310M Uji0p=Uppxmax-Ro/(Re+Rg)=12-2/(100+2)=0,235B.
CraaxuBaromuii GribTp.

Hanpsokenne ¢ Beixona @UB npeacraBinser coO0i MOCIEI0BATENBHOCT IOJYBOJIH CUHYCOHUBL,
MMEIOIINX aMIUIUTYy, PONOPLUUOHAIBHYIO YIJIy PacCOriacoBaHUs, U 4acToTy myibcaruu 8001m.
Jl1s yMeHbIIEHUs MyIbCAlUM HAIPSKEHUSI OTHOCUTEIBHO IOCTOSIHHON COCTaBIISIFOIIEH HEOOXO0IUMO
MOCTaBUTh (DUIIBTP HMKHUX YaCTOT C YaCTOTOM cpe3a B 8-10 pa3 MeHbIIEH 4acTOThI MyJIbCAIlAM.

Paccuuraem ¢punbtp beccens ¢ wacrotoit cpesa 1000 .

Cxema uiibtpa beccenst 3-ro mopsiika iMeeT BU:

Kosddunuent mnepemauun Bcero ¢QuiubTpa paBeH 1. BolumcinsgeM 3Ha4YeHHs €MKOCTEH W
COIPOTUBIICHUN:
[Tycts Cg=C7=100u®D, Toraa mist Rig momyunm:
R19:OL1/(27'CfCC7)
['ne 03=0,756 — xoapdunuent nepeaarounoit pyukuu punstpa beccens 3-ro nopsaka.

ngleKOM
Cy onpenensercs U3 ycaoBUs
CgSCg-(OLzZM-Bz)
['ne 02=0,9996 u ,=0,4772 — k03P PurrieHTHI epenaTouHoil GyHkuuu GUIBTPA.
Co<52,30D
Co=47ud

s Ryo u Ryp 3amuimem:

aC, +.JaiC? —4C,C,
47C, Cy
RzozlzKOM
R21~12xkOM
Monynarop JUINTENbHOCTH UMITYJIbCOB.
M/I BxitouaeT TEHEpaTop NHUIO00PAa3HOTO OIMOPHOrO HAMpPSOHKEHUST W JBa KOMIapaTopa-
CyMMAaropa.
1. T'eneparop MUIOOOPA3HOTO OMOPHOTO HAIPSDKEHUS pean3yeTcs ¢ oMomslo kommapatopa DAL0
u uarerparopa DA12 no cxeme:

Ry, =Ry,

]
LT
— ||
[
S -

AMIUTATY/Ia OTIOPHOTO HAMPSHKEHUS ONPEACIIAeTCS KaK: 1
UHHH/R27-UBLI)(maX/R26:0
I'ne: Upyy — aMmumuTya omopHOTO HanpsbkeHus1, B
Usixmax = 12B — makcumanbpHOE BeIX0AHOE Hamnpspkenue s OVY.



[Ipu Upy,; =5B nonyuum cootHomenue ais Rogu Ro7
5/R27:12/R26
R26=2,4R27
[Tycth R27=10kOmM, ToraR26=24xOm.
Omnpenenum TpeOyeMyro 4aCTOTy OTIOPHOTO HAIPSKCHUS

_ (1-2)
Ji =023 T Mnom

M

n

[ToxcTaBUB YMCIIEHHBIC 3HAUYCHUS, TIOTTYIHM:
fik=62001 11
TOTJIa TIEPUOJT KOMMYTAIlUU OYAET:
T.=1/f=161,5MmKc.
Konnencarop Ci3 nepesapsikaercs 3a moaynepuos, 1.e. 3a 80,5 MKc.
Onpenenum eMKOCTh KoHAeHcaTopa Ci3 M CONPOTHBIICHHE pe3ucTopa Rog. It aTOro BeIpaxkaem
Ul'll/lﬂ:
2U1‘[I/IJ‘[:UBLI)(maX't/R28Cl3
Ortcro/1a nony4yum:
R2sC13=9,66-10°
ITpu C13=3300HD, R2g=30xOm.
2. Kommapatopsr — cymmaropsl DA13, DA14 BeimonneHs! ananorugHo kommaparopam DA2, DA3.

Bpewmst 3anaznpiBaHus T ONpeaesaeTcs Kak:

T:'[:3a1<p"[:on<p

1=6-1=5MmkKc.
Teneps, onpenenuB BpeMs 3aACPKKH, MOKHO BBIYUCIIUTH IIOPOTOBOE HANPSKCHUE CPaOATHIBAHUS

KOMIIapaTOPOB U3 CIEIYIOIICH MPOIOPLUU:

/2 U,
r’4 u,,
Otcrona Uye,=0,31B.
OmnpenensieM BETUYUHBI CONTPOTHUBICHUI:
Unop = UmirRa1/(Rao+R31) = 15- R31/(R30+R31) = 0,31B
0,979R3; = 0,0207 R
R3o = 47,29R31

[Tpu Rz = 100 Om, R3; = 4,7xOm.
Amnanorununo: Rz = Rzg =4,7kOM, R3z = R3; =100 Owm,
R34 = Ra5 = R3s = R37 = R3g = Rag = 20xOm.
R40 = R42 = Rg = 100xkOm
R41 = R43 = Rg = 2KOM, R48 = R49 = 20kOM.

Yceunurenb MOITHOCTH.

KitoueBbIMH 3I€MEHTAMU YCUIIMTENS MOIIHOCTH SBIISIOTCS MOIIHBIE TpaH3ucTopsl VT2 - VTS,
BBITIOJIHEHHBIE 1O cxeMe Jlapnmuarrona. bomnbmol koddduumeHt mnepenadun Toka [3 MO3BOJISET
BKIItOUaTh WX HemocpenctBeHHo mocine OV (VT3, VTS). Tpamsuctoper VT2, VT4 seusrorcs
KOMIUTUMeHTapHbIMU napamu VT3, VT5.

VT3, VT5 p-n-p tuna 2T8255.

VT2, VT4 n-p-n tuma 2T827b

3Hast mapamMeTphl TPAaH3UCTOPOB, MOYKHO OIPEICITUTh BEIIMYUHBI COIPOTHBIICHUH.

Ra44 =Rs3 < Ugyxmax /ls
I'ne: Ugxmax — MakcuMaabHOE BRIXOAHOE HanpspkeHue OY, B

I6 = lxmax/2[3 - Tok 6a3b1 oTKpBITOrO TpaHzucTopa VT1.

[ToscTaBUB YNCIIEHHBIE 3HAUCHUS, TIOTYUIHM:

R44 :R53 < UBLIxmaX'ZB/ IKmax = 24xOM



Pesucrops! Rys, Rs1 ymenbmaror Bpems 3akpeiBanust V12, VT4,
Ra5 =Rs1 > Ugonac /Iras
I'ne: Ugsnac =1 B — nanenue HanpsokeHHs Ha repexojie 0aza — SMUTEp OTKPBITOTO TpaH3ucropa V12,
IRas = limax/2-1s;
Is = 22,6/(R4f) — Tok 6a3sl oTKpBITOrO TpaHsuctopa VI2;
R, — akTUBHOE CONPOTHUBICHHE OOMOTKHU SIKOPSI ABUTATEJISL.
[ToxcraBuB yMClIEHHBIE 3HAUCHUS, TIOTYIHM:
ls =4,9 MA
|R45 = 20,1 MA
R45 = R51 =100 Om
Ru6 HaliieM U3 COOTHOIICHUS:
Ui / (Ras + Rag) = lkmax / 2
lkmax = SOMA
R46 = R52 = 1kOm
R47 = Rso < Ugimax/ Is
ls = 4,9MA
R47 = R50 < 2,45KOM
R47 = Rso = 2kOm.
HcTtounuk nuranusl.
Jna nutanusa OY ABYXMOJSPHBIM HampsDKEHWEM HEOOXOIMM OTAENIbHBIN MCTOYHHUK MUTAHUS CO
CTaOUIM3MPOBAHHBIM HarnpspkeHreM +15B. VcTouHMK nUTaHus BKIIIOYAET:
- moHmwxkarouwmi Tpancopmarop Ha 400 I['m;
- BBIIPSAMUTENbHBIN TUOIHBIA MOCT;
- JIBYXIIOJISIPHBIN cTaOMIIN3aTOpP HAIIPSKEHHUS.
Jlnst  HOpManbHOM paboThl  crabunusaropa HanpsokeHus KI42EH6 HeoOXxomumo, dTOOBI
BBIIPAMIICHHOE HampshkeHUe Ha BbIBogax 15-8 u 6-8 Obuio He Hmwke 20B. CnenoBarenbHo,
HaNpsDKEHUE Ha BTOPUYHBIX 0OMOTKAaX MOHIKAIOIIETro TpaHchopMaTopa JOHKHO ObITh HE HUXKE!

20 . .
U, =—==14,2B - aelicTBymollee 3Ha4YCHUE IIEPEMEHHOI0 HanpskeHus yactoroit 4001 m.

V2

[Tonmxaromue 0OMOTKH TpaHc(hopMaTOpa COeAMHEHBI Iocae0BaTenbHO. CpeiHss ToUKa —
001K TTPOBO/I.

BeimpsiMuTensHbIN THOHBIA MOCT paccUMTaH Ha 00OpaTHOe HanpsbkeHne He MeHee S0B u npsimoit
ToK 200MA.

VS1 — KI405A. OH umeer cieayromue XapakKTepUCTUKU:
Uosp = 400B, I, = 0,5A.

Crabunusarop Hanpsbkenuss K142EH6 paccuntan Ha HoMuHanbHbIN TOK Harpy3ku 200MA. Tok
notpebaenus ognoro OY K140V 123 ne npessimaer 10MA, cienoBarenbHo, Bce OY noTpelisior
TOK 0koJi0 140MA.

Konnencaropst C; — Cg 00ecrieunBaOT yCTOHYMBYIO paboTy crabuiusaropa.

C1 = Cz = C5 = Cs = 10MKCD, C3 = C4 = 0,01+0,2MK®.

. BUBJIMOI' PA®GUYECKUI CTTUCOK
OcHoBHas JiMTEparypa

1. Enenkast, ['anmuna [TaBmoBHA. DneKTpOMEXaHUYECKUE YCTPOMCTBA MEXaTPOHHBIX CUCTEM : yuel. mocooue
/ T'. T1. Enenxast, H. C. Unroxuna, A. I1. [TaakoB ; Tynl'Y .— Tymna : U3n-Bo Tynl'VY, 2018 .— 224 c.
2. Emucdanos, A. I1. OcHoBbI a5ekTponpruBoaa : yaebnoe nocooue / A. I1. Enudanos. — 2-e uzn., crep. —
Cankr-IlerepOypr : Jlanp, 2021. — 192 ¢. — ISBN 978-5-8114-0770-5. — Texkcr : anekrpoHHsIii // Jlans :
ANEeKTpOHHO-OubmoTeunas cucrema. — URL: https://e.Janbook.com/book/167740 (Bxon no yuéTHon
3aIucH)
3. Kupmiios A.A. OCHOBBI 37€KTPONPUBO/A JETATENbHBIX alapaToB: YueOHoe nocodue A By30B. —
Mockga: bubnuo-rinobyc, 2013. — 208c.



4. Komeutos, W.I1. Dnekrpudeckue MamuHbl: Y4ueo. mocooue mist By30B / M.I1. KomsutoB .— 3-e uzg. mermp.
— M. : Breicm. mk., 2002 .— 607c. : ui.
5. DnexTponpuBo/ JeTaTenabHbIX annapatoB. /Ilox pea. B.A. [Tonkos- HukoBa. - Mocksa,
MamuHoctpoenue, 1990 r.-352ctp.
6. YUemonanos, b.K. Cnensuue npuBoasr: B 3 1. T.2. Dnekrpuueckue cneasmme npuBo-asl/E.C. bieiis ,
B.H. bponogrckuii, B.A. Beeaenckuii u ap. / llox pen. b.K. UemonanoBa .— 2-¢ u3., nepepad. u gom. —
M. : MI'TY um. H.D. baymana, 2003 .— 979c. : u.
7. OCHOBBI pacueTa U NPOEKTUPOBAHHS MEXaTPOHHBIX MOAYJIEH CUCTEM HaBEeIEHUS U CTa-OMIu3auu,/
O.B. T'opstues [u np.] Tyna: U3a-so Tynl'Y, 2011 — 233 c.
JlonoJiHUTe/IbHASA JIUTEpaTypa

1. Enudanos, A. I1. Dnextpuyeckue mamunsl : yueonuk / A. I1. Enudanos, I'. A. Enuda-noB. — CaHkT-
[TerepOypr: Jlanb, 2021. — 300 ¢. — ISBN 978-5-8114-2637-9. — TekcT : anek-TpoHHbIHN // JlaHb :
ANeKTpOHHO-OMOmMoTeunas cucrema. — URL: https://e.lanbook.com/book/167448 (Bxom 1o yu€THOU
3aIIMCH)
2. PabunoBuu JI.B. /Inunamuka cuctem npuBoioB: Yd. mocobue - M.:BUBJIMO-T'JIOBYC, 2016. 266 c.:u.
3. Pozanos 0.K. DiiekTpoHHBIE YCTPOMCTBA AIEKTPOMEXaHUIECKIX CUCTeM: Y4eO. mocoOue i By30B /
10O. K. Pozanos, E.M. CokonoBa. — M.: M3natenbckuii ieHTp «Akanemusi», 2004. - 272 c.: un.
4. Tepexo, B.M. Cuctemsl ynpaBiieHuUs 3J1€KTPOIIPUBOIOB : yueOHUK 115 By30B / B.M. Te-pexos, O.1.
Ocwunos; mox pexn. B.M. TepexoBa .— M. : Akanemus, 2005 .— 304 ¢.  DHeproarommsaar,l1982r.-
392cTp.

6. Hectepenko b.K. uTerpansublie onepannonusie ycunurenu. — M.: DHeprousnaart 1982. — 128c.



MHWHOBPHAVYKHU POCCHUH
®enepanbHOE OI0AKETHOE FOCYAaPCTBEHHOE 00Pa30BaTEIbHOE
YUpPEX/I€HUE BBICILIEr0 00pa30BaHUs
«Tynbckuii rocy1TapCTBEHHBIN YHUBEPCUTET)
WMHCTUTYT BBICOKOTOYHBIX CUCTEM
nmenu B.IL. I'pszeBa
Kagenpa «Cucrembl aBTOMaTH4ECKOTO YIPaBICHUS

[losicHuTenpHas 3anucka
Ha KypCOBOM MPOEKT
0 JUCHUIUIMHE «DJIEKTPONPUBO/ JIETATEIbHBIX allllapaTop»

Crynent rp. 120331 C.C. Imutrpuen
PykoBoautens: mpod., K. T. H. O.B. T'opsiuen

Tyma — 2021

[Ipunoxenue 1



[Ipunoxenue 2

MHWHOBPHAYKHN POCCUN
®enepanibHOE OI0JKETHOE TOCYIaPCTBEHHOE 00pa30BaTeIbHOE
YUPEKIECHUE BBICIIETO 00pa30BaHUS
«Tynbckuil rocygapCTBEHHBIN YHUBEPCUTET
NHCTUTYT BBICOKOTOYHBIX CUCTEM
umenu B.II. I'psizeBa
Kadenpa «CucreMbl aBTOMaTHUYECKOTO YIPABICHUS
3AJJAHUE
Ha KypCOBOM IPOEKT
0 TUCHUIUIAHE «DJIEKTPONPUBO/L JIETATENbHBIX allapaToBy

CTYICHTY
WHJICKC TPYIIIBI damuns, THAHAIBI

HcxonHble jaHHbIe
- TUII cIelsIIel CHCTEMB;
..~ HaIIpsKEHMsI UICTOYHUKOB NUTaHUs: ocT. Toka U= 28+3%-5%, nepemeH. Toka
U= 36+5%, 400 I'ny;

-MOMEHT CTaTUYECKOTO CONMPOTUBIICHUS HATPY3KH M. [kr*Mm];

-MOMEHT UHEPLIMH HATPY3KU J [Kr¥Em*c**2];

-MaKCHUMaJIbHasi CKOPOCTh OTPAaOOTKM BXOJHOT'O CUTHAJIA Oux [pan/c];
-MaKCHUMaJlbHOE YCKOPEHHE OTPAOOTKU BXOITHOTO CUTHAJIA Emax [pan/c**2];
-MaKCUMaJIbHAsl HHCTPYMCHTAIbHASI OIINOKA Xer [pan];

-MaKCHUMaJIbHasi CKOPOCTHAsl OIInOKa Xe [pan];

-TiepeperyIupoBaHue PU CKAYKOOOPa3HOM YIIPABJISIFOIIEM BO3JICHCTBUU ¢ [%];

-BpeMsl TIEPEXOJHOTO MpoIiecca L, [cl;
-YCIIOBHSI SKCILTyaTalluu:

a) TemriepaTypa okpyxaroieit cpeasl — 20° C;

0) TpeOyemslit pecypc - 1-10° wukos.

Bomnpocsl, momiexammue pazpaboTke
1) Bei6op snementoB cuctemsl (03.10.18).
2) Pacuer penykropa (onpeaeneHue nepeaarounoro orHomenus) (17.10.18).
3) CocraBieHue HECKOPPEKTUPOBAHHON CTPYKTYpHOM cxeMbl cuctembi(31.10.18).
4) Bo160p cxeMbl KOPPEKIMH U pacueT KOppekT. ycrpoiicT(14.11.18).
5) Pa3paboTka npuHIMITHAIBHON 3JIeKTpryeckoi cxeMbl mpruBoaa(28.11.18).
6) Pacuer nmepexoaHbIX mpoil. pu oTpadoTke Hav. paccori. 0.01 pax.
u 0.1 pan(c ucnonp3oBanuem Simulink) (05.12.18).



