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1. BBEJIEHHUE

IIpoexkTupoBanue ciaendmen CHCTEMBI, KaK IPAaBUIIO, BBIIOIHAETCS B CIEAYIOLIEM MTOPSIKE.

1. Ananu3 Ttexnudeckoro 3aganusi (T3). [Ipu ananusze, npexae Bcero, HEOOXOAUMO H3YYUTH U
TIIATEIBHO IPOAHAIU3UPOBATh TEXHUUYECKOE 33JaHue U YOEeIUTbCS B OOOCHOBAHHOCTH KaXKA0IO
TpeOOBaHUS 33JaHUs, COMOCTABHB MPOSKTUPYEMYIO CIEAAIIYI0 CUCTEMY C aHaJOTHYHBIMU
CYHICCTBYIOIIMMHU WJIM BBINOJHUB IPUKHIOYHBIE pPACYETHl. B HEKOTOpBIX Ciy4asX IPHUXOIUTCS
3a/1aBaThCs JONOJIHUTEIbHBIMU HMCXOJHBIMU JAaHHBIMHU, HE YKa3aHHBIMU B 3a/laHUU. 3aKaHYMBAETCS
aHayn3 T3 paccMOTpeHHEM BO3MOXKHBIX BAPUAHTOB IOUIEMEHTHON CXEMbl OCHOBHOM LIENIH CIIEASIIEH
CHCTEMBI, NIPU CONOCTABICHHUH KOTOPBIX CJIEAyeT NOMHHUTh O HEOOXOAMMOCTH KOPPEKTHUPYIOIIUX
YCTPOMCTB U IIPENyCMAaTPUBATh BO3MOKHOCTb UX BKIIIOYCHMUS.

2. Craruyeckuii pacyer ciaeasiuieii cucrembl. OH 3aKII0YaeTCss B BHIOOpPE IJIEMEHTOB OCHOBHOM
LI CUCTEMBI U B COCTABJICHUHU IPUHIMIINAIBHON 3IEKTPUUECKON U KNHEMAaTH4YeCKO cxeMbl. Bbibop
JJIEMEHTOB OCHOBHOW IIeNU OmIpefessieTcss pabouyuM IPOLIECCOM OOBEKTa PErylInpOBaHMS,
MOIIHOCTBIO, HEOOXOAMMOM Ui ympaBiIeHUsT OOBEKTOM, POAOM DSHEPruH, HMEIOIIEHCs B
pacnopspDKeHUH, YCIIOBUSIMU OKCIUTyaTalluu, TpeOyeMoll HaJeKHOCTbIO, JOINYyCTUMOM Maccod u
rabaputamu u T.4. OcymecTBisercs BbIOOP W pacyeT 3JIEMEHTOB CHCTEMbl B  TaKOH
I0CJIEI0BATEIbHOCTH:

BbIOpATh UyBCTBUTEbHBIHN 3IEMEHT (THII, MapKy, KOJIMYECTBO KaHAJIOB U3MEPEHUS pacCOITIacOBaHUs);
paccynTaTh MOIIHOCTb, TPEOYIOIIYIOCS UIsl YHPaBJICHHS OOBEKTOM, W BHIOPATh HCIIOJHUTEIBHBIN
JBUraTelb (TUI, MapKy) U NEPEeAATOUYHOE YHUCIIO PEAYKTOPa;

BBIOpATh CXEMY U PAaCCUUTATh YCHIIMTEIh MOITHOCTH MCXOsl U3 MOITHOCTH YIIPABJICHUS JIBUTATEIIS,

10 33J]JaHHOM TOYHOCTH B THIIOBOM YCTQHOBMBILIEMCS PeXHUME (0 BEJMYMHE CTaTHUECKOW OLIMOKU U
JUIA CUCTEM C acTaTU3MOM IEpBOIO IMOpsiiKa — CKOPOCTHOM) HalTH TpeOyromuiics nepeaaTodHbIi
KO3 QUIHMEHT pa30MKHYTOMN CIIEASIIECH CUCTEMBI,

3Has mepeAaTouHble KOd()PHUIMEHTH YyBCTBUTEIBHOTO 3JEMEHTA, JBUTATENs, PeAYKTOpa, YCHUINTEIs
MOILIHOCTH M, 3a/JaBasicb Ha OSTOM OJTale pacueTa MepelaToyHbIMU  Ko3(dduuueHramu
BCIIOMOTATENbHbIX  AJIEMEHTOB  (CHMHXPOHM3UPYIOIIETO  YCTpOMCTBa,  (Pa30uyBCTBUTEIbHBIX

K,

BBINIPSMUTENICH, CIUIAKUBAIOMUX (QWIBTPOB M T.JO.), HAUTH KOIPPHUIMEHT yCHIICHUS
MPEBAPUTENILHOTO YCUIIMTEINSI CUCTEMBI U3 YCIOBUS TPpeOyeMOi CTaTHUECKOM TOUHOCTH;
BbIOpaTh U paccuuTaTh BCIIOMOIAaTEIbHBIE IEMEHTHI OCHOBHOW II€NH, HE CBS3aHHbIE C BKJIIOUEHHUEM
KOPPEKTUPYIOIIHUX YCTPOHCTB (CHHXPOHU3HUPYIONIETO YCTPOWCTBA, OTPAHUIHUTEIS aMIUTUTY/IbI U T.I1.);
COCTaBUTh MPUHIMIHAIBHYIO 3JIEKTPUYECKYI0 CXEMYy pAacCUMTaHHOM YacTH CHUCTEMBI; IMPH 3TOM
HEO0OXOIMMO TPEeIyCMOTPETh BO3MOXKHOCTh BKJIIOUEHHS TMOCIEAOBATENbHBIX WM MapalielbHbIX
KOPPEKTUPYIOIINX YCTPOUCTB; 0CO00€ BHHMAHME HEOOXOJIMMO OOpaTUTh HAa MeCTa COCIUHEHUS
3JIEMEHTOB JIPYT € APYTOM, KOTOpPbIE JOJKHBI 00ECTIEYUTh IPABUIBHOE UX CONPSIKEHUE.

[Tocne BbIOOpa 2JIEMEHTOB OCHOBHOM LIEMHU OMNPEIENAIOTCS UX MepeAarouyHble GyHKUNU, U CTPOUTCS
CTPYKTYpHasi CXeMa CHCTEMbl C Y4YE€TOM OCHOBHBIX HEJIIMHEWHOCTEW (HACBHILIEHUS YCHIUTEIbHBIX
3JIEMEHTOB, 30H HEUYBCTBUTEJILHOCTH, ME€PEIaTOUYHON XapaKTEepUCTUKU JBUTaTeNs U T.1A.). OCHOBHas
94acTh XapaKTEPUCTUK U TTapaMeTPOB OIMpPEesIeTCs] PACYETHBIM MyTEeM, YaCTh OEpeTcss U3 CIPaBOYHON
JUTEPaTyphl U YaCTh OMPEIENIeTCs IKCIEPUMEHTATBHO.

s ompeneneHuss TapaMeTpoOB TNepenaTOYHBIX (YHKIUH (MepenaTouyHbIX KOI(PPUIMEHTOB U
MOCTOSIHHBIX BPEMEHM) CTaTHMUECKHE XapaKTePUCTHKU JIMHEApU3yITCsl B paboyeM JAMana3oHe
W3MEHEHUS BEJINYKH.

3. JunamMuuyeckuii pacuer caeasimeii cucrembl. OH 3aKIIOYAaeTCS B ONPEICICHUU CXEMBI,
apaMeTpoB U MecTa BKIIOYEHUS KOPPEKTUPYIOLIUX YCTPOMCTB, 00ECIEUMBAIOIIUX YCTOMYUBOCTH
3aMKHYTOM crefsiei CHCTeMbI U MPUAAIOIINX el TpeOyemMoe KauecTBO.

Ha »ToM »5Tame mnpoeKTHpOBaHUS YCTaHABIMBAETCS OKOHUYATENILHOE 3HAaueHUEe Kod(pQUIIueHTa
YCUJIEHUSI TPEIBAPUTEIBHOrO ycuiauTens. JMHaMU4YecKui pacdyeT CUCTEMbl OOBIYHO COYETaIOT C
AKCMEPUMEHTAIbHBIMU UCCIIEIOBAHUSIMU MAKeTa MPOEKTUPYEMOU CIEASIIEH CUCTEMBI.

Bo BpeMs 1tnHaMuuecKoro pacyera NpOU3BOJIUTCS:

1) mpenBapUTENbHBIN BEIOOP THITA KOPPEKTUPYIOMIUX YCTPOMCTB U MECTa UX BKITIOUCHHUS;

2) ompeieNieHue CXEMBI M ITApaMETPOB KOPPEKTUPYIOIIUX YCTPOMCTB;



3) mOCTpOEHUE MEPEXOIHBIX MPOIIECCOB CUCTEMBI;

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

5) OlLieHKa MOIY4YEHHBIX PE3YJIbTaTOB;

6) omeHka paboOThl cHeAdled cucTeMbl INPU W3MEHEHMHM Ppa3M4YHbIX BHEIIHUX (aKTOPOB
(Temrieparypsl, HAPSHKEHUI MUTAHUSA U T.11.);

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

-IOCTPOEHUE JIOTapu(PMUUECKUX YaCTOTHBIX Xapakrepuctuk (JIUX) He CKOppeKTHpOBAaHHOMN
CJIEJALIEH CUCTEMBI U €€ OLIEHKY;

-noctpoeHue xenaeMoit JIUX u3 ycioBuii, KOTOpbIE NPEABSBIAIOTCA K IIPOEKTUPYEMOU CUCTEME;

-OIpeJIelIeHUE BUJA U ITapaMEeTPOB KOPPEKTUPYIOLIUX — YCTPOMCTB;
-TeXHUYECKYIO Pealn3alli0 KOPPEKTUPYIOLINX YCTPOICTB;
-[I0BEPOYHBIN pacyeT U MOCTPOCHUE MEPEXOAHBIX MTPOLIECCOB.

2. HEJIb U 3AIAYM BBITIOJTHEHUSA KYPCOBOI'O IPOEKTA

[lesnb KypcOBOro IPOEKTa - 3aKPEIUIEHUE U YIIIyOJIeHHE CTYJCHTaMHU TEOPETUYECKUX 3HAHUM,
IpUOOpETeHUEe MPAKTUUECKUX HABBIKOB 110 IPOEKTUPOBAHUIO CIEASIIUX CUCTEM YIIPaBJICHUS
JETaTeNIbHbIMU  almnapaTaMy. YKa3aHHas Lellb ONpeAeiawia  CICAYIOIUE 3a7adyd  KypCOBOIO
IPOEKTHUPOBAHUS:

- OBJIaJIEHUE METOAMKAMU IIPOEKTUPOBOYHOIO pacyeTa CIEIAIINX CUCTEM;

- IOJIy4eHHE MPAKTUYECKOT0 OIbITa NpUMeHeHus: DBM Juis peleHns HHXEHepHBIX 3a/1a4;

- 3aKpeTJIEeHNE HaBBIKOB Pa3pabOTKU 1 0(OPMIIEHHUSI KOHCTPYKTOPCKON JOKYMEHTAIIHH;

- nzyuenue tpebosanuit ECKJ, ECT/, u ap.;

- IpHOOPETEHNE U 3aKPEIIEHNE HaBBIKOB MHKEHEPHOTO TBOPUECTBA

3. OCHOBHBIE O5TAIIbI IPOEKTUPOBAHUSA
3.1. TemaTHKa KypcoBOro MpoOeKTa

TemaTuka KypcoBOrO MPOEKTa MOCBSIIEHA pa3pabOTKe CIEISIUX CUCTEM, HCIOJIb3YEMBIX B
KAaueCTBE MCIIOJIHUTEIbHBIX YCTPOMICTB B CUCTEMAaX yNpaBICHU JIETATEIbHBIX alllapaToB.
OCHOBHBIMU OOBEKTAMHU KYpPCOBOI'O TMPOEKTHUPOBAHUS SIBISIFOTCS AJIEKTPUUYECKHUE CIIEISIINE
CHCTEMBI [TIOCTOSIHHOTO TOKa, paboTaroIyue Mo CUCTeME "TPaH3UCTOPHBIM HMMIYJIbCHBIM YCHIIUTENb -
JBUTATEIb MOCTOSTHHOTO TOKA C HE3aBUCHMBIM BO30YX/J1eHHEM'", IEPEMEHHOI0 TOKa C JIByX(a3HbIMU
HCIIOJIHUTENIBHBIMY JIBUTATENSIMU
3.2. UcxoaHble TaHHBIE K KYpCOBOMY ITPOEKTY

OCHOBHBIMHU JTAHHBIMH TEXHUYECKOTO 3aJ[aHHsI, KOTOpble HEOOXOAMMEI ISl IPOBEICHHUS PACUETOB,
SBIISIFOTCS CIIETYIOIINE:

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

U=36+5%, 400 I'1y;
-MOMEHT CTaTUYECKOTO0 CONIPOTUBIIEHHSI Harpy3KH M. [kr*m];
-MOMEHT MHEPLIMH HATPY3KU Ju [kr¥Em*c**2];

-MaKCHUMaJIbHasi CKOPOCTh OTPAaOOTKH BXOJAHOTO CUTHANA i [pan/c];

-MaKCUMaJIbHOE YCKOPEHHE OTPAaOOTKH BXOIHOTO CUTHAJIA Emax [pan/c**2];



-MaKCUMaJIbHAsl HHCTPYMEHTaIbHAsl OIINOKa Xer [pan];

-MaKCHUMallbHasi CKOPOCTHasi omnOka X o [pan];
-MaKCcHMallbHas OlnoOKa X max

-TepeperyaupoBaHue Npyu CKaYyKo0Opa3HOM YIIPaBJISIIOIIEM BO3/ICHCTBUU € [%];

-BpeMsI IIEPEXO0THOTO Tpoiiecca L [c].

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

OCHOBHBIM KpUTEpHEM BbIOOpAa YYBCTBUTEIBHOTO JJIEMEHTAa (JaTyMKa paccoriiacoBaHUs
yIII0B Oz U Oyyx) ABISETCS CTAaTUYECKAs MOTPEITHOCTh PEryIMpoBaHus. B TexHmueckoM 3amaHuu ee
BEJIMYMHA COCTaBIISIET HECKOJIBKO YIIIOBBIX MUHYT. TpeOyeMyto TOUYHOCTh MOXKHO 00€CIIeYTh, BHIOpAB
B KaueCTBE  YYBCTBHTCIHHOTO  JJEMEHTAa  Mapy  CHHYCHO-KOCHHYCHBIX  BPAIAIONTUXCS
tpancpopmatopoB: natunka (CKBT-JI) u mnpuemnuka (CKBT-II), paOotamomux B pexume
TpaHc(hOPMATOPHOH TUCTAaHIIMOHHOHN Tepeiayn ¢ OJHUM KaHAJIIOM U3MEPEHHUs PACCOTIIACOBAHUSI.

[Ipu BbIOOpe Bpamatomuxcs TpaHchopmaropoB (BT) HeoOxoaumo  y4UTHIBATH
OKCILUTYTAallMOHHBIE TpeOoBaHMs, TouHOCTHBIE (kKimacc tounoctu BT B pexxume THII He Ooinee
TpeOyeMoll BEIMYMHBI) U SJCKTPUYECKHE (YacTOoTa W HANpPSDKEHHWE MUTAHMS) MapaMeTpbl. YTOI
MOBOPOTA POTOpA HE JIOJDKEH OBITh OrpaHHYEH.

Bbi0Op MCHOJIHUTEILHOTO JBHMraTe/isi 10 JHEPreTHYEeCKUM XapaKTepPUCTHKAM 00beKTOB
peryJiMpoBaHus.
OCHOBHBIE 3Talbl 3HEpreTuyeckoro ananusa ICII

3amaHHbBIe 3aKOHBI ABIKEHUS 00BEKTA PETYIUPOBAHMS MOTYT OBITh BOCIIPOM3BEACHBI CIIEISIICH
CHUCTEMOW JMIIb B TOM CJIydae, €Cld OOeCledeHbl JOCTaTOYHBbIE IHEPreTHYECKHE BO3MOXKHOCTHU
cHIIOBOTO arperata. [loaTomMy SHepreTHdeckuii aHanu3 00bEeKTa PETyIHMPOBAHUS MPH €T0 JIBHKCHUU
0 33JJaHHBIM 3aKOHaM SBIIsieTCs EpPBOOUYEPEAHOM 3a1auell MPOEKTUPOBAHUS CUCTEMBI.

[lenpo 9HEPreTHYECKOTO aHajdM3a SBIAETCS BBIOOP DIEMEHTOB CHJIOBOTO —arperara:
UCTIOJIHUTENIBHOTO JIBUTATeNsl C PEAyKTOPOM U YCWINTEN MOLIHOCTH (3JIEKTPOHHOM CXEMBbI
yIIPaBJICHUS JIBUTATENEM, DJIEKTPOMAIIMHHOTO YCHJIHUTENS MOIIHOCTH, 3JIEKTPOTHAPABINYECKOTO
YCUJIUTENS U T. II.).

DHepreTHYecKuii aHAIN3 CIEAIIEH CUCTEMBI BKIIIOYAET CIIeIyIONIHe OCHOBHBIE TAllbl:

-aHaJIU3 3aKOHOB JIBUKEHUSI 00BEKTOB pEryJIMpOBaHMs;
-OnpeieNieHHe XapakTepa H3MEHEHUS W BEIMYMHBI CYMMAapHOTO HAarpy304HOrO MOMEHTa U
MOIITHOCTH, TOTpeOIIeMOi 00BEKTOM PEryJInpOoBaHus;
-BBIOOP UCTIOJTHUTEIBHOTO AJIEMEHTA-ABUTATENsI M aHAIN3 €r0 TIePerpy309HbIX BO3MOKHOCTEH;
-BBIOOD YCHUJIMTENSI MOIIIHOCTH;
-BBIOOP MEPEAATOYHOTO OTHOIICHHUS CHIIOBOTO PETyKTOPa;
-IpOBEpKa MPaBHIBHOCTH BBIOPAHHOT'O ABUTATENsl U PEIyKTOpa MO BEIMYMHE Pa3BUBAEMOT0 MOMEHTA
¥ MOIIIHOCTH.

DHEePreTHYecKre XapaKTePUCTHKH 0OBEKTOB PETYINPOBAHHS

AHalIN3 3HEPreTUYECKUX XapaKTEPUCTHUK OOBEKTOB PETrYIUPOBAHUS SIBISETCS HEOOXOIUMBIM
3TAallOM MPOEKTHUPOBAHUS CIEAAIIEH CHUCTEMBl, NPEAIIECTBYIOIIUM BBIOOPY HMCIIOJHUTEIHLHOTO
anemeHTa. [log »HEpreTMYeCcKMMM XapaKTepUCTUKAMM, KaK IPaBUIO, MOHUMAKT COBOKYIHOCTh
HHEPreTUYECKUX COOTHOIICHUH, OMpEAENSAIOMINX 3HAYeHHUs MOMEHTa M MOIIHOCTH, MOTpediaseMoit
O00BEKTOM PEryJIUPOBAHMS TP JABHKEHUU 110 33JaHHOMY 3aKOHY B OCHOBHBIX PEKHMax pabOTHI.
PaccMmoTpuM sHEpreTuueckrue COOTHOIIEHUS Al 00bEKTa PeryIupOBaHUs, KOTOPBIH XapaKTepu3yeTcs
HaJIMYMEM MHEPLUUOHHON HArpy3KM, MOMECHTOB COIPOTHBIICHUS [BIJKEHUIO W BO3ACHCTBHEM
BHEILHET0 HArPy304YHOI'O 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: (y - yroi moBopoTa 0ObEKTa peryinpoBaHHs;

d

P=E

2
pa, (t ) - YCKOpEHHE 00bEKTa PEryJInpOBaHus;
Ji— MOMEHT HHEepLHMH 00BbEKTa PETyINPOBAHNUS;

MC.T(t) = ‘MC_T‘signpaH(t) _MOMEHT CyXOr'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),

IIpn onpeneneHUM MOIIHOCTH JIBUTATENs, HEOOXOAUMOH I oOecnedeHus 3aJaHHOTO 3aKOHa
JIBUKEHMSI 00BEKTa yINpaBieHHs MOMUMO MoIIHOCTH, NOTpedasieMoil 0OBEKTOM peryiupoBaHMUs,
HE00XO0AMMO 3HATh MOIIHOCTb TEPSEMYIO B CHIIOBOM PEIYKTOpE.

Opnako, Kak MpaBUJIO, Ha MPEABAPUTENBHOM 3Talle YHEPreTHUYECKOro aHajau3a IapaMeTpbl
CWJIOBOTO penyKropa HeusBecTHBI. [loaToMy, 3amaBasice BenmmuumHoM ycinoBHoro KIIZ[ penykropa,
OTIpEe/EIISAI0T 3HAaU€HUE MOIIIHOCTH, MOTPedIIseMOil 00BEKTOM PEryIMpOBaHUs U MPUBEIEHHON K Bally
UCTIOJHUTENBHOrO 31eMeHTa: IlosToMy B psne cilydyaeB HCHONB3YIOT NPHOIMKEHHbIE METOJIbI
pacudera. Tak, HarlpuMep, MOKHO IOJIOKUTh, YTO MOILIIHOCTh, Pa3BUBAcMasi JIBUraTEIeM, PACXOAyeTCs
MIOPOBHY KakK Ha JIBWXXEHHME OOBEKTa peryJupoBaHMs, TaK U Ha JBH)KEHUE MHEPIMOHHBIX MacC U
IIPEOJI0JICHUE MOMEHTOB COIIPOTUBIICHHS CaAMOTO JIBUTaTEIIA.

IIpu sTOM

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

Onpeje/ieHue NepeaaTOYHOr0 YNE/Ia PeAYKTOpPa
3HaueHue MepelaTOuHOro YUCiIa PEeayKTopa, MPU KOTOPOM PE3yIbTUPYIOUIMI MOMEHT Ha Baily
JBUTATENsl UMEET 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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iOHT: My + My + Ih )
M 7 M ,n Jn
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Haubonee pacnpocTpaHeHHBIM OIXOJOM IPH BHIOOPE MEPEIaTOYHOTO YUCIIAa PeIyKTOpa SBISETCS
MOAXOJ, CBSI3AHHBIA € OOECIeUeHWEeM 3aJ]aHHOW MAaKCUMAaJIbHOM BEIMYMHBI CKOPOCTH JIBHIKEHHS
BBIXOJHOI'O Baja.

Ecnu B mpoliecce MpoOeKTUPOBAHUS CUCTEMbI 3a/1a€TCS MAKCUMaJbHAas CKOPOCTh (max, KOTOPYIO
JIOJDKEH pa3BHBATh OOBEKT PETYIMPOBAHUS B PSKUME COTVIACOBAHHMS, TO ONPEACIUTD BETHUHHY |opm
JUTSL peKMMa COTJIACOBAHUST MOYHO 10 BBIPAKEHHUIO!

: Q
|

08.HOM

onm
Q

max
W3 monyueHHBIX 3HAYEHHWH MEepelaTOYHOro 4rcia peayKropa HE0OXOAUMO B3STh MUHHUMAIbHOE,
KOTOpoe obecreuuT Tpedyembie TpeieibHbIe apaMeTphl 3aJaHHOTO 3aKOHA JIBYKEHUS B OCHOBHBIX
peKUMaXx.
OmnpenensTs YKCI0 nap PeAYKTOpa B 3aBUCUMOCTH OT €0 00IIEero MepeaTouHOr0 OTHOIICHHS B
COOTBETCTBHH C TpapuKoM (pHC)
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Puc. K onpezaenenuto yrcia nap npuOOPHOTO PeayKTOpA.
KoadduimeHT mone3Horo AeWCTBUS KaXKI0U CTYTICHU COCTABJISECT BETUIUHY
0.95-0.97.

IlocTrpoenne HeckoppeKkTHpoBaHHOM JIAYX cucreMbl BEAETCS Ha OCHOBAaHUU CTPYKTYPHOM
CXEMBbl, IOCTPOEHHOM B npeapinymieil padote. [lepenaTounslii K03hHUIIMEHT Pa30OMKHYTOH CHCTEMBI €
aCTaTU3MOM TIEPBOTO TOPSIKA IO YIPaBJISIONIEMY BO3JEHCTBUIO, KOTOpo siBiseTcs naHHbiii DCII,
OIIPELENAETCS 110

3HA4YEeHUIO YCTAaHOBUBIIEHCS CKOPOCTHON OLIHMOKU KQ = QMAX / X o

JI0OpOTHOCTB CHCTEMBI ONIPENIENAETCS KaK

K., = Proc _ X confxx

o max cm

IHocTpoenue xeaaembix JIAUX u JIOYX.
1. Ctpoutcs HuszkouactoTHas yacth JIAUX, ucxons u3 ycioBuit TpeOyemMoi TOYHOCTH; HAKJIOH €e
OTIpEIEISAETCSl TIOPSAIKOM acTaTU3Ma CHUCTEMBI, a TIOJIOKEHHUE O BHICOTE — KOHTPOJIbHBIMUA TOUYKAMH

A y Az,

[lepBasi KOHTpOJIbHAs TOYKa A HaxOJUTCS HCXOAS W3 JOMYCTUMOH CKOPOCTHOW OIIWOKH.
Opaunara ee




L1 = 20|g KQ ,
Abcruccy ee OTKIaapIBalOT Ha yactoTe @ =1, opauHara nepBoi (HU3KO4YaCTOTHOM) acuMnTOThl JIAX

Pa30MKHYTOM CHCTEMBI JIFOOOT0 MOpsijiKa actaTu3Ma Ha yacrore @ =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 aMIIUTY/1a OIIMOKH YCTAHOBHMBIIIETOCS PEKHUMA.

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

HJ'IH 9TOro 4e€pe3 TOUKY Ha OCHU YaCTOT, COOTBCTCTBYIOIIYIO HYACTOTC CpE3a Wcr (I/IJ'II/I €Ciin 3TO

BO3MOJKHO, TIpaBee TOM TOYKH), MPOBOAMUTCS IpsiMasi ¢ HakioHoM — 20anb/nek. YKemaemas gacrora
cpesa ompeneinsercs 1no Gpopmyiie

D cpxen > aﬂ/tn ,

rae a — Ko3(pQUIUEHT, 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

Yacrotel m3nmoma @' u @" cpennewactoTHOW wactu JIAUX ompenenstorcs 1Mo MpHOIMKCHHBIM
COOTHOULICHUSIM:

n
w = (2 - 4) a)cp.:)lc. '
"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 xenaemor JIAUX compsiraercs ¢ HU3KOYaCTOTHOM HPSIMBIMHU, UMEIOLUIUMHU
HakJioH — 20,-40 wim (B kpaitHem cinydae) —60 nb/aek.

3. BeicokouactoTHass wactb JIAUX crpoutTcs C ydeToM HPOCTOTHI TEXHUYECKOM peann3alyu
KOppeKTupymomiero ycrpoiicrea. Cieayer umeTh BBHUAY, 4T0 3a mpeaenamu L(®)<-20 nb/mek
(pucynok 1) cumcrema He oTpabaThiBaeT HUKAKMX Bo3aeicTBUi. [lodTomMy mrobasi mombBITKA



CKOPPEKTUPOBATh CUCTEMY HHXKE OSTOTO YPOBHS sBisieTcs Oecrmone3Hoil. Hmke 3Toro ypoBHs
xenaemass JIAUX cucrembl O0MKHA MOJHOCTBIO coBnaaath ¢ JIAUX — HeCcKOppeKTHPOBAaHHOM
CUCTEMBI.

[Toctpoenne JIAX  KOppEKTHpYIOMIEro  ycTpoicTBa.  Jlorapudmuueckas  aMIuIATyIHAS
XapaKTEePUCTUKA MOCIEAOBATEILHOIO KOPPEKTUPYIOIIETO YCTPOMCTBA HAXOAMUTCS BBIYUTAaHHUEM
opauHaT JIAX HeCKOPPEKTUPOBAHHOM CUCTEMbI U3 OpJIMHAT kesaemoit JIAX.

Haubonee mpoctoii cnoco® mocTpoeHus: Jorapu@MUUecKor aMILTUTYIHOW XapaKTEpUCTUKU
KOPPEKTHPYIOLIEH 0OpaTHOM CBSA3M OCHOBAH Ha MCIOJB30BaHUM (POPMYJT SKBUBAJICHTHOTO IMEpexoja
OT OJIHOTO BUJA KOPPEKIUH K JIPYTrOMY:

W 11 () =HHW 1 (PIW . (PN

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

W o (P). nepenaToyHasi GyHKIIUS 3BE€HbEB CUCTEMbI, OXBAYEHHBIX
00paTHOH CBS3bIO;

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 JIOrapu(pMHUYecKoM MaciTabe
201g. A (@)= 12015 Ao (@) 19019 Acoc (@)
Otcrona
20lg Acoc (@) ~ 201g Anx (@) 1 2015 Ao (@), @)

[TorpemHocTs  MpUONMKEHHOTO paBeHCTBA (2) He mpesblnaer 3nb, ecnu HepaBencTBo (1),
3aMMCaHHOE B JIOTapU(PMHUUECKOM MaclTadbe, UMeeT

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

menblie 1ab. CnenoBarenbHo, 11 noctpoenus JIAX koppektupyromeil oOpaTHOH CBsI3U Lcoc
(pucyHok 2), mpunaroiieii cucreMe TpedyeMoe KauecTBO, HyKHO cioxuTh JIAX mocienoBaTenbHOTO
KOPPEKTUPYIOLLETO



Puc. 2. [Toctpoenue JIAUX nocnenoBaTebHOTO U
MApAIIETBHOIO0 KOPPEKTUPYIOIIUX YCTPOMCTB.

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

IIpeIoiaraeTcsd OXBaTUTh OOpaTHON CBSI3bIO I—OXB, U B COOTBETCTBUHM C PaBEHCTBOM (2) HalTu
3epKaJIbHOE OTOOpaKEHHE CYMMAapHON XapaKTEepPUCTHMKHM OTHOCHUTEIBHO OCH 4acToT. [l oueHku

JMarna3oHa 4acToT, B KOTOPOM MOTPEIIHOCTh MOCTPOCHUS AAcoc HE TPEBBIIIACT JIOMYCTUMOM
BenMYMHBI (00bIYHO 3 1ab), ciemyer 3epKalbHO OTOOpa3uTh OTHOCHTEIBHO ocu dYacToT JIAX

IIOCJIEIOBATEIbHON KOPPEKLUU L U BBIIETUTh YacTOThI, HA KOTOPBIX opAuHaThl 3ToM JIAX
oospire 111b. B HalineHHON 110JI0CE YaCTOT

W - 0)3’ JIAX xoppektupyroieii oOpaTHON CBS3M MOXHO CYHTATh MOCTPOSHHOW JOCTATOYHO

TO4HO. /[y 9acToT, Jiekamux 3a rpaHAllaMy THarna3oHa W - Wp J1AX KOppeKTUpytolei oopaTHoi
CBSI3M, IPUXOJAUTCS CTPOUTH 110 TOUKAM, HCTIONb3Ys TOUHYIO (POPMYITy SKBUBAJIEHTHOI'O IIepexoa

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

Bo MHOruX cnydasx, olHaKo, ynaeTcst 000OMTHCH 0€3 BEIYMCICHUM

Lcoc , YCTAaHOBUB U3 peajbHBIX YCIOBUN BO3MOXKHBIN BuJ JIAX koppekTupyromieil oOpaTHON CBSI3U

BHC ITIOJIOChI Wy - W5 . Ha BrICOKHX HacCTOTax, HAIPUMEP, 3BCHbBS, OXBATbIBACMbIC O6paTHOI71 CBA3bI10,
HMCIOT, KaK IIpaBUJIO, OYCHb HU3KHUH KOB(I)(I)I/II_[I/IGHT nepcaaun; KOppPCKTHUPYHOIIas 06paTHa;[ CBA3b
IIOYTH HC OKa3bIBACT BJIMAHUSA Ha pa60Ty CJ'IG)IHHICﬁ CUCTEMBI, U €€ JIAX Ha BBICOKHX YaCTOTaX MOXKET

OBITH MPAKTUYECKH JTH000H POpMBI (TyHKTUPHAS THHUSA Lioc ).

Hanbonee 9acTo KOPpEKTHUPYIOLINE YCTPOIHCTBA PEATBHBIX CIEIAIINX CHCTEM PEaTU3yIOTCS C
MOMOIIBIO IEPEAATOUHBIX (PYHKIMI BTOPOTO MOPSIKA.
CuHTe3 meperaTO4YHbIX (VHKIHMHA _BTOPOro MOPS/IKA ¢ HCNOJb30BAHHEM HMHTErpajbHbIX
ONepPAMOHHBIX YCHIUTEJICH.
[Tycts mMeeTcst iepenaToynast (yHKIHS IEPBOTO MOPSIKA CISIYIOIIETO BUA:

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

©)

Moayib Gyskiun; ? -(ha3oBbIi yrom.

e Cu = A (@] @)? +11 J(0] w,)? +1

Bripaxxenue st Ky b, nMmeer Bua;



K, =201g A+201g\/(@/ w,)? +1—201g /(0! ,)* +1
BTopoii u TpeTnii 4ieHbl MOXKHO IPEACTABUTH B BUAE 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 conmpspKeHHsT 4acTOTHI XapaKTepUCTHKA HJIET BBEpX ¢ HakiIoHOM 201b/nek, B Touke
XapaKTepUCTHKA UIET BHU3 C HaKJIoHOM -201b/nex.

dazoBas nuarpamma GyHkiuu (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 MMPSAMYIO JIMHUIO

C HAaKJIOHOM 2006/6@7(‘ " yriiom P= 45 Ha 9aCToTC @ . COOTBETCTBEHHO B JAHUara3oHe OT @, /10

10 109: opa npenicrasiser coGoit mpsmyio mHmo ¢ Hakionom - 2006/ dek  u yriom =P ya

gactote “2 . MakcuManbHas TIOTPEITHOCTh ANMPOKCHMAIMH (a30BOil XapaKTEPUCTUKU HAKIOHHBIMU

IPAMBIMH COCTABJIAET 2/ | 4TO 3HAYMTENLHO MEHbIIE alIPOKCUMAIMH CTyIEHbKAMH.
[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 mpeacraBiena KycouyHO-IMHEHHAS anmpoKcuMaIus Moayis GyHkuu# (3).
[Toctpoenue (ha3oBoi 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 peajin30BaHa M0 CXeMe PHUCYHOK 4 ¢ ucroib3oBanueMm 1Byx OVY.

Puc. 4. Peanuzaius cxeMbl KOPPEKTHPYIOIIETO YCTPOICTBA

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

IIPOU3BEICHNE JBYX COMHOXHUTEIIEH.
Koadduunent 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 =100xOm, Torma C =0,1mMx®d, C =0,02MkD.

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 a5ekTpruYeCKO NPUHIUITHAIBHON CXEMBI CIIEISIIEN CUCTEMBI BXOIST CIEAYIOIIUE

37eMeHTHI (YCTPOICTBA).



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

Haubosiee mpocTo ¥ HAMIATHO YCUIMTEIBHO-TIPEOOPAsyIOIUe yCTPOHCTBA PEATU3YIOTCS C
[IOMOILbIO  ONEpAalMOHHBIX ycwiutenedl (OVY), o0nagalomuMu  psjgoM I[PEUMYLIECTB Iepes
Tpanzucropamu. Ho B GonpmmHcTBE cBoeM OV TpeOyroT ABYXIOISPHOTO HANPSHKEHHUS MHUTAHUS, U
BO3HUKAET HEOOXOAUMOCTh pacyeTa JIOMOJIHUTEILHOTO UCTOYHHUKA TUTAHUS.

oL E

Da304yBCTBUTEIIBHBIN BBIIPSIMUTEID.

C Bbeixoga CKBT-II curnan paccoriacoBaHus IOCTyaeT Ha BXOJ IIPEIBAPUTEIBLHOIO
yeunurenss DAL. Curnan paccoriiacoBanus npejacTaBiser co0oi nepeMeHHOe HapsyKeHUe 4acTOTON
400I'n 1 aMIUIMTYAOM, IPONOPLUOHAIBLHOM BEJIMYHMHE Yrjla paccorjacoBaHus. lIpenBapurenbHbiit
YCHIIUTENb YCUJINBAET CUTHAJ II0 HAIPSDKEHUIO U OJTHOBPEMEHHO SIBISIETCSI COIVIACYIOIIMM KAaCKaJoM
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 ynpasnstorcst nepeMeHHbIM HanpsbkeHueM dyactotod 4001, cHuMaeMbIM €o
BTOPUYHBIX OOMOTOK TpaHchopmaropa nuTaHus. Tak Kak YIpaBlSIOIIME HANPSDKEHUS, CHUMAIOTCS C
pasHbIX KOHIIOB 00MOTOK, To Kimtoun K1 m K2 3ambikatorcs B mpotuBodasze. B pesyinbrare kimoun
MPOIYCKAaIOT CUTHal TO HAa MHBEPTHPYIOMIMHA, TO Ha HeuHBepTupyroumii Bxoasl OY DA4, yacrora
nepekitoueHus cocrapisier 8000,

Koad¢uimenT ycunenus npeiBapuTeIbHOTO YCUIIUTENS ONPEAEsSeTCs] OTHOLIEHUEM:

Br160p onepaninoHHOTO YCHITUTEIIS.

Hampumep BeiOHpaem oneparnuoHHbii yermmutens K140V D23

Obu1ee onucaHue:

K140YD23 — OV c¢ XO0pomio CcOrjacoBaHHON Mapoi ITOJIEBBIX TPaH3HCTOPOB Ha BXOJIE,
00JIBIIION YaCTOTOM €IMHUYHOTO YCHIJICHHs], BHYTPEHHEH 4aCcTOTONH KOPPEKIIUH M BBICOKOH CKOPOCTHIO
HapacTaHUsl BBIXOJHOTO HANpsDKEHHS. MOXET WCIOIh30BATHCS IS TIOCTPOCHUS HIMPOKOMOIOCHBIX
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 motpebnenus, He 6osee, 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
MakcumanbHasi CKOPOCTh HApaCTaHUS BBIXOJHOTO HAMPSKECHUS, 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 BXoIHOE HaIpsKeHue, He Oonee, B +10,0
ComnpoTuBieHUE HArpy3KkH, 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.

Rs3, Rs, Ris, Rig 1 Ri7 BeUMcnsieM u3 yclioBHs paBHOTO Kod(h(UIIMEHTa YCUJICHHS IO
MHBEPTUPYIOIEMY U HEMHBEpTUpYIOIeMy BxogaM. Rz 1 R4 orpannuuBatoT BbeixoaHoi Tok DAL npu
3aMKHYTBIX KIFOYax.

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

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

[Tpu BBIOOpE BEeNMUYMH pe3ucTOpoB B 1emsax OV creayeT npuaepKuBaThCsl HEPABEHCTBA:
2kOM £ Rj £IMOmM
Ecnu R; BBIXOIUT 3a 3TH TpaHUIIbI, TO HAYMHAET CKa3bIBaThCs HewmaeanbHOCTh OV, pexum
paboThl HapyIIaeTCs.
[Tyctb R3 = R4 = Ri5 = Rig =15kOm, 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
JBYXKaHAIbHBIX KOMMYTATOPa, BHIIIOJIHEHHBIX Ha MOJEBBIX 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 AOMYyCTUMBIE SJCKTPUIESCKUE TTapaMETPhl
KommyTnpyemoe Hanpsbxenue, He 6onee, B -25
Yupagssitoiee HanpsbkeHue, He oonee, 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:
Ue
5
3 4

Z

2 [

3

T 8§

5 S

= 1 10 2

6 9

HaprI)KeHI/Ie ynpaBﬂeHm{ KOMMYTaTOpOM CHUMAETCA C BBIXOI0B KOMHapaTOpOB, BBIITOJIHCHHBIX
Ha 0aze OY DA2. DA3.

Cxemsbl KOMITapaTOpOB OJMHAKOBBI U UMCIOT BHU/:

_R7_ DA
T
R9 RS

r: 1
DA2, DA3 - K140YD23
OHpe,Z[CJ'IHCM CONIPOTHUBJICHUEC PE3UCTOPOB:
R5:R5: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 npexncraBisier co0oil 1MOC/IE0BaTEIbHOCTD OIYBOJIH CUHYCOM/IBI,
MMEIOIINX aMIUIMTYy, PONOPUUOHAIBHYIO YIJIy PaccorjacoBaHUsA, M 4acToTy mynbcanuu 8001m.
Jl1s yMeHbIIEHUs MyIbCAlUM HAIPSKEHUSI OTHOCUTEIBHO IOCTOSIHHON COCTaBIISIFOIIEH HEOOXO0IUMO
MOCTaBUTh (DUIBTP HMYKHUX YaCTOT C YaCTOTOM cpe3a B 8-10 pa3 MeHbIIIEH 4acTOTHI IMyJIbCaIUH.

Paccuuraem ¢punbtp beccens ¢ wacrotoit cpesa 1000 .

Cxema duibtpa beccens 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)
I'ne 03=0,756 — xoapdunuent nepeaarounoit pyukiuu punstpa beccens 3-ro nopsaka.

ngzlzKOM
Cy onpenensercs U3 ycaoBUs
Co<Cg-(02"/4P2)
I'ne 02=0,9996 u ,=0,4772 — ko3P punreHTs neperaTouHol GyHKIMu GuiabTpa.
Co<52,30D
Co=47ud

s Ryo u Ryp 3amuimem:

aC, +.JaiC? —4C,C,
47fC,Cy
RzozlzKOM
R21~12xkOM
MoaynsaTop IIUTENbHOCTH UMITYJIBCOB.
M/ BxitouaeT TEHepaTop NUIO00PAa3HOTO OIMOPHOrO HAMpSKEHUST W JBa KOMIapaTopa-

CyMMaTopa.
1. TenepaTop MUI00OPA3HOTO OMOPHOTO HANIPSDKEHUS peaM3yeTcsl ¢ TIOMOIIbI0 koMmaparopa DAL0

u uarerparopa DA12 no cxeme:

Ry, =Ry,

]
LT
— ||
[
S -

AMIUTATY/Ia OTIOPHOTO HAMPSHKEHUS ONPEACIIAeTCS KaK: 1
Unnn/R27'UBmeax/R26:0
I'ne: Uy — aMImumuTy1a OmopHOTO HanpshkeHus1, B
Usxmax = 12B — MakcuManbHOe BbIXOAHOE HamnpsbkeHue st OY.



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

_ (1-2)
Ji =023 T Mnom

M

n

[ToxcTaBUB YMCIIEHHBIC 3HAUYCHUS, TIOTTYIHM:
fik=6200T 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 CONPOTHBIICHUE pe3ucTopa Rog. st aTOro BeIpaxkaem
UHI/IH:
2U1‘[I/IJ‘I: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:TBBKP-TOTKp

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

KOMIIapaTOPOB U3 CIEIYIOIICH MPOIOPLUU:

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

HpI/I R31 =100 OM, R31 = 4,7KOM.
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.

Ycunurens MOITHOCTH.

KitoueBbIMH 3JI€MEHTAMU YCUIIMTENSI MOIIHOCTH SBIISIOTCS MOIIHBIE TpaH3ucTopsl VT2 - VTS,
BBITIOJIHEHHBIE 1O cxeMe Jlapmuarrona. bonbmol koddduunmeHTt mnepemadun Toka [3 MO3BOJISAET
BKIIIOUaTh WX HemocpenctBeHHo mociae OV (VT3, VTS). Tpamsuctoper VT2, VT4 seusrorcs
KOMIUTUMeHTapHbIMH nlapamu 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 Hamnpspkenue OY, B

I6 = lxmax/2[3 - Tok 6a3b1 OTKpBITOrO TpaH3ucTopa VT1.

[TomcTaBUB YNCIIEHHBIE 3HAUCHUS, TIOTYUHM:

R44 :R53 < UBLIxmaX'ZB/ IKmaX = 24KOM



Pesucrops! Rys, Rs1 ymenbmaror Bpems 3akpeiBanust V12, VT4,
R45 =Rs1 2 Ugonac /Iras
I'ne: Ugopae =1 B — manenune HanpsokeHus Ha iepexojie 6a3a — SMUTEP OTKPHITOro Tpansucropa VT2;
IRas = limax/2-1s;
Is = 22,6/(R4f) — Tok 6a3sl oTKpBITOrO TpaHsuctopa VI2;
R, — akTHBHOE COMPOTHUBIIEHUE OOMOTKH SIKOPS JBUTATEIISI.
[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 < Ugixmax/ Is
ls = 4,9MA
R47 = R50 < 2,45KOM
R47 = Rso = 2xOm.
HcTtounuk nuranusl.
Jna nutanus OY ABYXMOJSPHBIM HAMpsDKEHUEM HEOOXOIWM OTAENbHBIM MCTOYHHMK MUTAHUS CO
CTaOUIM3MPOBAHHBIM HarnpspkeHreM +15B. VcTouHMK nUTaHus BKIIIOYAET:
- moHmwxkarouwmi Tpancopmarop Ha 400 I['m;
- BBIIPSAMUTENbHBIN TUOIHBIA MOCT;
- JABYXIIOJISIPHBIA CTAOMIIM3ATOP HAIPSIKEHUS.
Jlns  HOpManbHOW paboThl  crabunusaropa HanpsokeHus KI142EH6 HeoO6xomumo, dTOOBI
BBIIPAMJICHHOE HampsbkeHHe Ha BbIBoAax 15-8 u 6-8 Obuio He Hmke 20B. CnenosarenbHo,
HanpsDKEHHE Ha BTOPUYHBIX 00MOTKAaX MOHIKAOIIETro TpaHchopMaTopa JOHKHO ObITh HE HUXKE:

20 . .
U, =—==14,2B - aelicTBymollee 3Ha4CHUE IIEPEMEHHOI0 HapskeHus yactotoit 4001 .

V2

[Tonmxaromue 0OMOTKH TpaHc(hOopMaTOpa COeAMHEHBI Mocae10BaTenbHO. CpeiHss ToOuKa —
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 Hanpsbkenus K142EH6 paccuntan Ha HoMuHanbHbIN TOK Harpy3ku 200MA. Tok
notpebaenus ognoro OY K140V 123 ne npessimaer 10MA, cienoBarenbHo, Bce OY noTpelisior
TOK 0koJ10 140MA.

Konnencaropst C; — Cg 00ecrieunBarOT yCTOHIMBYIO paboTy crabuinsaropa.

Cl = Cz = C5 = Ce = 10MK(D, C3 = C4 = 0,01+0,2MK(I).
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MHWHOBPHAYKHN POCCUN
®enepanibHOE OI0JKETHOE TOCYJAPCTBEHHOE 00pa30BaTeIbHOE
YUPEKIECHUE BBICIIETO 00pa30BaHUS
«Tynbckuil rocygapCTBEHHBIN YHUBEPCUTET
NHCTUTYT BBICOKOTOYHBIX CUCTEM
umenu B.II. I'psizeBa
Kagpenpa «CucreMbl aBTOMaTHYECKOTO YIIPABICHUS
3AJJAHUE
Ha KypCOBOM IPOEKT
1o qucuuIuiiae «Cleasiui 3JeKTPOIPUBO] MEXaTPOHHBIX CHCTEM)

CTYICHTY
WHJICKC TPYIIIBI damuvs, THUIHAITBI

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];

-MaKCHUMaJlbHasi CKOPOCTh OTPAOOTKU BXOJHOTO CUTHAJIA Oux [pan/c];
-MaKCUMaJIbHOE YCKOPEHHE OTPaOOTKH BXOJAHOTO CUTHAJIA Emax [pan/c**2];
-MaKCHMaJbHasi HHCTPYMEHTaJIbHAsI OIINOKa Xer [pan];

-MaKCHUMaJIbHasi CKOPOCTHAsl OIInOKa Xe [pan];

-TiepeperyIupoBaHue TP CKAYKOOOPa3HOM YIIPABIISIFOIIEM BO3JICHCTBUU ¢ [%];

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

a) Temreparypa okpyxaroieii cpeasl — 20° C;

0) TpeOyemslit pecypc - 1-10° wukos.

Bompocsl, noanexaiue pa3padoTke
1) Bei6op snementoB cuctemsl (03.10.18).
2) Pacuer penykropa (onpeaeneHue nepeaarounoro ornomenus) (17.10.18).
3) CocraBieHue HeCKOPPEKTUPOBAHHON CTPYKTYpHOM cxembl cuctembi(31.10.18).
4) BeiOop cxeMbl KOPPEKITUU U pacueT KOppeKT. ycTporcTs(14.11.18).
5) Pa3paboTka NpuHIMIIHAIBHON eKTprueckoi cxeMsl mpruBoaa(28.11.18).
6) Pacuer mepexoaHbIX mpoil. mpu oTpadoTke Hadv. paccori. 0.01 pax.
u 0.1 pan(c ucnonp3oBanuem Simulink) (05.12.18).
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