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1. BBEJIEHHUE

[TpoexTHpoBaHKUE CUCTEMBI MPUOOPHOTO CIEAAILIETO JICKTPONPUBO/A, KAK MPABHUIIO, BHIMOIHIETCS B
CJIELYIOILEM HOPSJKE.

1. Ananu3 Ttexnmveckoro 3aganusi (T3). [Ipu ananusze, npexae Bcero, HEOOXOAUMO H3YYUTH U
TIIATEIbHO IPOAHAIU3UPOBATh TEXHUYECKOE 3aJaHue U YOEeIUTbCS B OOOCHOBAHHOCTH KaXKIOIo
TpeOOBaHUS 33JaHUS, COMOCTABUB MPOCKTHUPYEMYIO CIEIAUIYI0 CHUCTEMY C AaHaJOTHYHBIMHU
CYHICCTBYIOIIMMHU WM BBIIOJHUB IPUKUIOYHBIE DPACYETHI. B HEKOTOpBIX CcilydasX IPUXOIUTCS
3a/1aBaThCs JONOJIHUTEIbHBIMU HUCXOJHBIMU JAaHHBIMHU, HE YKa3aHHBIMU B 3a/laHUU. 3aKaHUYMBAETCS
aHain3 T3 paccMOTpEHUEM BO3MOXKHBIX BAPUAHTOB IOIEMEHTHOM CXEMbI OCHOBHOM LU CIEASAIIEN
CHCTEMBI, TIPU COMOCTABICHUH KOTOPBIX CJIEAyeT MOMHUTh O HEOOXOJUMOCTH KOPPEKTUPYIOIIUX
YCTPOMCTB U IIPENYCMAaTPUBATh BO3MOKHOCTb X BKIIIOUCHHUS.

2. Craruueckuii pacder ciaeasiueii cucrembl. OH 3aKitoyaeTcsi B BEIOOpE 3JI€MEHTOB OCHOBHOM
LIEMH CUCTEMbI U B COCTABJICHUHU IPUHIMINAIBHON 3IEKTPUUECKON 1 KUHEMaTHUeCcKol cxeMbl. Bbibop
JJIEMEHTOB OCHOBHOW IIeNM Ompeesiercss pabouuM IPOIECCOM OO0BEKTa PErylInpoBaHMS,
MOIIHOCTbIO, HEOOXOAMMOH JUIsl ympaBiIeHUS OOBEKTOM, pOIOM DSHEPruu, HMEIoLIeHcs B
pachopsKEHUH, YCIIOBUSIMU OKCIUTyaTalluu, TpeOyeMol HaJeKHOCTbIO, JONYCTUMOM Maccoll u
rabaputamu u T.4. OcymecTBisercs BbIOOpD W pacyeT »3JIEMEHTOB CHCTEMbl B  TaKOH
II0CJIEI0BATEIbHOCTH
BbIOpATh UyBCTBUTEIbHBIHN 371€MEHT (THII, MapKy, KOJIMYECTBO KaHAJIOB U3MEPEHUS PAacCOITIaCOBaHU);
paccyuTaTh MOIIHOCTb, TPEOYIOUIYIOCS IUIsl YHpaBieHHS OOBEKTOM, W BHIOpATh HMCIOJHHUTEIHHBIHN
JBUraTelb (TUI, MapKy) U NepeaaToOuHOE YUCIIO PEAYKTOpa;

BBIOpATh CXEMY M PAaCCUUTATh YCUIIMTEIbh MOITHOCTH MUCXOS U3 MOITHOCTH YIIPABJICHUS IBUTATEIIS;

10 33JJaHHOM TOYHOCTH B THIIOBOM YCTAHOBHBIIEMCS peXHUMe (10 BEJTUYHMHE CTaTHUECKOW OLIMOKU U
JUIA CUCTEM C acTaTU3MOM IEPBOrO IMOpsiiKa — CKOPOCTHOM) HaMTH TpeOyromuiics nepesaTodHbIi
KO3 QHUIHMEHT pa30MKHYTOMN CIIEASIIECH CUCTEMBI,

3Hasl MepeAaTOUYHbIe KO3(PPUIIMEHTH YyBCTBUTEIIBHOIO AJIEMEHTA, JBUraTelis, PelyKTopa, YCUIUTEN
MOILTHOCTH M, 3aJaBasicb Ha OSTOM OJTale pacueTa IepelaTOYHbIMU  Kod(dduuneHTamMu
BCIIOMOTATENbHbIX  DJIEMEHTOB  (CHMHXPOHM3UPYIOUIETO  YCTpOMCTBa,  (Pa30uyBCTBUTEIbHBIX

K,

BBIMIPSMUTENICH, CIUIAKUBAOMUX (QWIBTPOB M T.JO.), HAUTH KOIPPHUIMEHT yCHIICHUS
MPEIBAPUTENLHOTO YCUIIUTENS CUCTEMBI U3 YCIOBUS TpeOyeMoii CTaTH4eCKONH TOUHOCTH;
BBIOpATh M PacCUUTATh BCIIOMOTATEIbHBIE JIIEMEHThl OCHOBHOM II€TIH, HE CBS3aHHBIC C BKIIIOUCHHEM
KOPPEKTUPYIOIIUX YCTPOUCTB (CHHXPOHU3UPYIOILIETO YCTPOHUCTBA, OTPAHUYHUTENS aMIUTUTYIbI U T.11.);
COCTAaBUTh TPUHIHUINUAATIBHYIO SJEKTPUUYECKYI0O CXEMY pacCUYMTAaHHOW 4YacTH CHUCTEMBI; TMPU STOM
HEOOXOIMMO TPEIyCMOTPETh BO3MOXKHOCTh BKJIIOYEHUS MOCIEAOBATEIbHBIX WM MapajielbHbIX
KOPPEKTUPYIOIINX YCTPOUCTB; 0CO00O€ BHHMAaHHME HEOOXOIMMO OOpaTUTh HA MeCTa COEIUHEHMS
AJIIEMEHTOB JIPYT C IPYTOM, KOTOpBIE JOKHBI 00ECTIEUNTh MPABUIBLHOE UX COTMPSKEHUE.

[Tocne BbIOOpa 2JIEMEHTOB OCHOBHOM LIEMU OMPEIENAIOTCS UX MepeAaaTouyHble PyHKUNUU, U CTPOUTCS
CTPYKTypHasi CXe€Ma CHCTEMbl C y4Y€TOM OCHOBHBIX HEJIMHEHHOCTEW (HACBHIIMIEHUS YCHIMTEIhHBIX
3JIEMEHTOB, 30H HEYYBCTBUTEIBHOCTH, MEPEIATOYHON XapaKTEPUCTUKU JIBHUTATENS U T.1.). OCHOBHAs
9acTh XapaKTEPUCTUK M TTapaMEeTPOB OMpPEESIeTCs] pACYETHBIM MTyTEeM, YaCTh OEpeTcsl U3 CIPaBOYHON
JUTEPaATYPhl U YACTh OMPEEIAETCS IKCIIEPUMEHTAIBHO.

s  ompeneneHuss TMapaMeTpoOB TNepeqaTOYHBIX (QYHKIHK (TepeqaToyHbIXx KOd(PPHUIMEHTOB H
MMOCTOSIHHBIX BPEMEHM) CTAaTUYECKHE XapaKTePUCTUKH JIMHEApU3ylTCs B pabodeM auama3zoHe
W3MEHEHUS BEJINYKH.

3. JunamMuuyeckuid pacyer caeasimeil cucrembl. OH 3aKIIOYAaeTCS B ONPEICIICHUH CXEMBI,
MapaMeTpoB M MeCTa BKIIOUEHUS KOPPEKTUPYIOIIUX YCTPOMCTB, 0OECIEUUBAIOIIUX YCTOWYHMBOCTH
3aMKHYTOM CIIEISIIEH CUCTEMBI M MMPUAIOIINX € TpeOyemMoe KaueCTBO.

Ha »ToM »5Tame mnpoeKTHpOBaHUS YCTaHABIMBAETCS OKOHUATENbHOE 3HAaYeHUE Kod(uImeHTa
YCUJIEHUSI TPEIBAPUTEIBHOTO ycuiauTens. J[MHaMUYecKud pacdeT CHCTEMbl OOBIYHO COYETaloT ¢
AKCIMEPUMEHTAIbHBIMU UCCIIEIOBAHUSIMU MAKETa MPOEKTUPYEMOM CIESAIIEH CUCTEMBI.

Bo BpeMs 1nHaMuuecKoro pacyera NpOU3BOIUTCS:



1) npeaBapuTENbHBIN BHIOOP THUIIA KOPPEKTUPYIOIIUX YCTPOHCTB U MECTa UX BKIIIOUCHUS;

2) ompeesieHne CXEMBI B ITapaMeTPOB KOPPEKTUPYIOIINUX YCTPOMCTB;

3) mOCTpOEHUE MEPEXOIHBIX MPOIIECCOB CUCTEMBI;

4) npoBepka TOYHOCTH PabOTHI CIEAIIEH CUCTEMBI B 33laHHOM PEXHUME padoOThI;

5) OlLieHKa MOJIYy4YEHHBIX PE3YJIbTaTOB;

6) omeHka paboOThl cleAdlied cucTeMbl NP W3MEHEHMM Ppa3iM4YHbIX BHEIIHUX (aKTOPOB
(TemriepaTypsl, HANPSHKEHUI MUTAHUA U T.11.);

7) BHECEHUE TOTIOJIHUTEIBHBIX KOPPEKTUB M OKOHYATEIbHAs OLIEHKA CIIEASIIECH CUCTEMBI.
Haubonpiiee pacnpocTpaHeHHE MOTYYNI METOJ CHHTE3a KOPPEKTHUPYIOIIUX YCTPOWCTB C IMOMOIIBIO
Jorapu(pMHUUECKUX aMIUIMTYIHBIX 4aCTOTHBIX XapakTepucTuk (JIAXY) n norapupmuueckux Gpa3oBbix
yacTOTHBIX XxapakTepucTuk (JIOXY). Ilpu ucnonb3oBaHMM 3TOrO0 METOAA AMHAMHUYECKUN pacyer
CIIEASIILEH CUCTEMBI BKJIIOUAET B ce0sl CIIEAYIOLINE ONEepaLtu:

-IOCTPOEHUE JIOTapU(PMUYECKUX YaCTOTHBIX Xapakrepuctuk (JIUX) He CKOppeKTHpOBaHHOMN
CJIEJALIEH CUCTEMBI U €€ OLIEHKY;

-nocTpoenue xenaemoit JIYX u3 ycnoBuid, KOTOPbIE TPEABABIAIOTCS K TPOEKTUPYEMON CUCTEME;

-OIpeJIelIeHUE BUJA U ITapaMEeTPOB KOPPEKTUPYIOLIUX  YCTPOMCTB;
-TeXHUYECKYIO Pealn3allio KOPPEKTUPYIOLIUX YCTPOICTB;
-[I0BEPOYHBIN PacyeT U MOCTPOEHHUE MEPEXOAHBIX ITPOLIECCOB.

2. HEJIb U 3AIAYH BBINTOJTHEHUSA KYPCOBOI'O ITIPOEKTA

[{esnb KypcOBOro IPOEKTa - 3aKPEIUIEHUE U YIIIyOJIeHHE CTYJCHTaMHU TEOPETUYECKUX 3HAHUM,
IpUOOpEeTeHNEe NPAKTUYECKUX HABBIKOB IO IPOEKTUPOBAHHIO MPUOOPHBIX CHEAALIMX CUCTEM
ylpasiieHus. YKa3aHHas 1ellb OIpeemia CIeAyIOIne 3a1a4l KypCOBOrO IPOEKTUPOBAHHUS:

- OBJIQJICHUE METOJIMKaMU IPOEKTUPOBOYHOI0 pacyera CIleISIINX CUCTEM;

- [IOJIy4€HHE IPAKTHUECKOT 0 OMbITa MpuMeHeHust DBM s pereHus: HH)KEHEPHbIX 3a/1a4;

- 3aKpeIUIeHNE HAaBbIKOB Pa3pabOTKU 1 0pOpPMIIEHUSI KOHCTPYKTOPCKOM JJOKYMEHTAIUH;

- n3yuyenue tpedoBanuiit ECK/I, ECT/, u np.;

- IpUOOpETEeHNE U 3aKpEIIeHHE HaBBIKOB HHKEHEPHOI'0 TBOPUECTBA

3. OCHOBHBIE OTAIIbI IPOEKTHPOBAHMUSA
3.1. TemaTHKa KypcoBOro NpoeKTa

TemaTuka KypcoBOIO MPOEKTa MOCBSIIEHA pa3paboTKe CIEISAIUX CUCTEM, MCIIOJIb3YeMbIX B
KAueCTBE WCIOJHUTENbHBIX  YCTPOWCTB B NPUOOPHBIX 3JIEKTPUUECKUX MPHUBOJAX PA3IUYHOIO
Ha3HAYCHUS.

OCHOBHBIMU OOBEKTAMH KYpPCOBOI'O MPOEKTHUPOBAHUS SIBISIFOTCS AJIEKTPUUYECKHE CIIEISAIINE
CHCTEMBI [TOCTOSIHHOTO TOKa, paboTarolue Mo CUCTeMe "TPaH3UCTOPHBIA HWMIYJIbCHBIH YCUIIUTENb -
JIBUTATEIb MOCTOSIHHOTO TOKa C HE3aBMCHMBIM BO30YyXJAeHHEM', IEPEMEHHOI0 TOKa C JIByX(a3HbIMU
HCIIOJIHUTEJIHBIMU JIBUTaTENSIMU

3.2. UcxoaHble TaHHBIE K KYpCOBOMY ITPOEKTY

OCHOBHBIMHU JTAHHBIMH TEXHUYECKOTO 3aJ[aHHsI, KOTOpble HEOOXOAMMEI ISl IPOBEJCHHUS PACUETOB,
SBIISIFOTCS CIIEYIOIINE:

- TUII CJIeJAIIeN CHCTEMBI;
..~ HaIIpsKeHMsI UICTOYHUKOB NMUTaHus: nmocT. Toka U= 28+3%-5%, nepemeH. Toka

U=36+5%, 400 I'1y;
-MOMEHT CTaTUYECKOTO COMPOTUBIICHUS HATPY3KH M. [kr*m];

-MOMEHT WHEPIIMHA HATrPY3KH Ju [Kkr*M*c**2];



-MaKCHUMaJIbHasi CKOPOCTh OTPAOOTKH BXOJHOTO CUTHAIA QI [pan/c];
- 6 Emax Jc**21:
MaKCHMaJIbHOE YCKOpEHUE OTPabOTKU BXOJHOTO CUTHAJIA [pan/c**2];

-MaKCHUMaJlbHasi MHCTPYMEHTAJIbHAs OIINOKa Xer [pan];

-MaKCHUMaJlbHasi CKOPOCTHasi omInOka X o [pan];
-MaKCHMaJlbHas OlInOKa X max

-TepeperyaupoBaHue Npy CKaYKOOOpa3HOM YIIPaBIISIONIEM BO3/ICHCTBUU € [%];

-BpeMsI IIEPEXO0IHOTO Tpoiiecca L [c].

3.3. BuI0op 3JIeMEeHTOB CHCTEMBI.
Bb160p 4yBCTBUTENIBHOTO 3JIEMEHTA.

OCHOBHBIM KpHUTEpPHEM BBIOOpAa YYBCTBHTEIHHOTO OJJIEMEHTAa (JIaT4MKa paccoriacoOBaHUS
yIIA0B Opx M Opuix) SIBISIETCS CTATHYECKAasl MOTPEUIHOCTh PEryNMpoBaHUs. B TexHUYeckoM 3aJlaHuu ee
BEJIMYMHA COCTABISET HECKOJIBKO YIIIOBBIX MUHYT. TpeOyeMyto TOUHOCTh MOXHO 00€CIIeYTh, BHIOPaB
B KaueCTBE  YYBCTBHUTCIBHOIO  JJIEMEHTAa  Mapy  CHHYCHO-KOCHHYCHBIX  BPAIAIONTUXCS
tpancpopmatopoB: natunka (CKBT-JI) u mnpuemnuka (CKBT-II), paOotamomux B pexume
TpaHcGOopMaTOPHOU JUCTAHIIMOHHON TIEpeIavd ¢ OJJHUM KaHAJIOM U3MEPECHHSI paCCOTIACOBAHUSI.

[Ipu BbIOOpe Bpamatomuxcs TpaHchopmaropoB (BT) HeobOxoaumo — yduuThIBaTh
OKCILUTYTAallMOHHBIE TpeOoBaHMs, TouHOCTHBIE (kimacc TouHoctn BT B pexume THIl He Ooiee
TpeOyeMoll BETUYMHBI) U SJICKTPUYECKHE (YacTOTa W HANpsDKEHHWE MHUTAHMS) MapaMeTpbl. YTOI
MTOBOPOTA POTOPA HE JIOJDKEH OBITh OTPaHUYCH.

Bbi0Op MCHOJIHUTEILHOIO JBHraTesisi 1O JHEPreTHYECKUM XapaKTepPUCTHKAM _00beKTOB
PEryJIHPOBAHMUS.
OCHOBHBIE 3TaMnbl 3HEpreTuyeckoro ananuza ICI1

3amaHHbIe 3aKOHBI ABIKEHUSI 00BEKTa PETYIUPOBAHMS MOTYT OBITh BOCIIPOM3BEACHBI CIIEISIICH
CHUCTEMOW JMIIb B TOM CJIydae, €Cld O0eCledeHbl JOCTaTOYHbIE IHEPreTHUYECKHEe BO3MOKHOCTH
crIIoBOTO arperata. [1oaToMy SHepreTHdecKkuii aHainu3 00bEKTa PETyIHUPOBAHUS MPH €T0 JIBHKCHUU
0 33JJaHHBIM 3aKOHaM SBIIsieTCs IEPBOOUYEPEAHOI 3a1auell NPOEKTUPOBAHUS CUCTEMBI.

Llenpo 9HEPreTHYECKOTO aHajIM3a SBISETCS BBIOOP DJIEMEHTOB CHJIOBOTO —arperara:
UCTIOJIHUTENIBHOTO JIBUTATeNss C PEAyKTOPOM U YCWINTENS MOIIHOCTH (3JIEKTPOHHOH CXEMbI
yIIpaBJICHUS JIBUTATENIEM, DJIEKTPOMAIIMHHOTO YCHIJIHUTENS MOIIHOCTH, D3JIEKTPOTHUAPABINYECKOTO
YCUJIUTENS U T. I.).

OHepreTHYecKuii aHaIN3 CIIEAAIIEH CHCTEMBI BKIIIOUAET CIIETYIOLINE OCHOBHBIC JTAllb:

-aHaJIU3 3aKOHOB JIBUKEHUSI OOBEKTOB PEryJINPOBaHUS;
-onpe/ieNieHHe XapakTepa W3MEHEHUS W BEIMYMHBI CyYMMAapHOTO HAarpy304HOrO MOMEHTa U
MOITHOCTH, TOTPeOIIeMOi 00BEKTOM PEryJIMpOBaHUS;
-BBIOOD UCTIOJTHHUTEIBHOTO JIEMEHTA-ABUTaTENs M aHAJIN3 €r0 TIePEerpy30UHBIX BO3MOKHOCTEH;
-BBIOOD YCHUJIMTENSI MOIITHOCTH;
-BBIOOP MEPEAATOYHOTO OTHOLICHHUS CHIIOBOTO PEIyKTOPa;
-IIpOBEpKa NMPaBHILHOCTH BBIOPAHHOT'O ABUTATENsl U PEIYKTOpa MO BEIMYMHE Pa3BUBAEMOT0 MOMEHTA
¥ MOIIIHOCTH.

DHEPreTUYecKre XapaKTePUCTHKH 00BEKTOB PETYINPOBAHHUS

AHanIN3 3HEPreTUYECKUX XapaKTepUCTUK OOBEKTOB PEryIMpOBaHUs SBISETCS HEOOXOAMMbBIM
3TAallOM MPOEKTHUPOBAHUS CIEAAIIEH CHUCTEMBl, NPEAIIECTBYIOIIUM BBIOOPY HCIIOJHUTEIHLHOTO
anemeHTa. [lox »HEpreTMYeCKMMM XapakKTepUCTUKAMM, KaK IPaBUJIO, MOHUMAKOT COBOKYIHOCThb
SHEPreTUYECKUX COOTHOIICHUH, OMpEAEISIOMMX 3HAYeHUsST MOMEHTAa M MOIIHOCTH, MOTpedisieMon
00BEKTOM PEryIUPOBAHMS P ABHKEHUU 110 33JaHHOMY 3aKOHY B OCHOBHBIX PEKHMax paOOTHI.



PaccMoTpuM sHEpreTuuecKkrue COOTHOIIECHUS Al 00BEKTa PeryaIupOBaHUs, KOTOPBIH XapaKTepH3yeTcs
HQIMYMEM MHEPLHMOHHOM Harpy3ku, MOMEHTOB CONPOTUBICHHS JBWKEHMIO U BO3JEHCTBHEM
BHEIIHETO Harpy304HOI0 MOMEHTA:!

My (t) =3y pay (t)+ M1 [signpeay (t) + kgt pay (1) +
+kran (t)+ Mgy () + Iy dy () +[Mcr[signpay (t) +
+kgr Pay () +kyap () +May (t)

3neck: Oy - yron moBopoTa 00BEKTa PeryIupOBaHUS;

P=E

2
pa, (l‘ ) - YCKOpeHUe 00bEKTa peryIupoBaHHms;
JH— MOMEHT HHepLHMH 00BEKTa PETYINPOBAHNUS;

MC.T(I) = ‘MC.T ‘Signpa,{(t) _MOMEHT CYXOT'0 TPEeHHS;
M, - srewnmit moment Harpy3KH;

k B.T — K03(h(UIIUEHT BA3KOrO TPEHMUS;

k 777 — KO3 PUIIUEHT MapHUPHOTO MOMEHTA.
MouHOCTb, TOTPeOIIEMYI0 0OBEKTOM PErYIMPOBAHHUS, ONPEEIISIOT COITIACHO BBIPAXKEHHIO

P () =My (thern (1),

IIpn onpeneneHUM MOIIHOCTH JBUTATeNsl, HEOOXOOUMOHN i1 0OeCHedeHUs 3aJaHHOTO 3aKOHa
JBUKEHMSI 00BbEKTa yrnpaBieHHs nmoMumMo MolrHocTy, nmoTpediasieMoil 00BEKTOM peryJnpoBaHMUs,
HE00XO0/AMMO 3HATh MOIIHOCTb TEPSEMYIO B CHIIOBOM PEIYKTOpE.

Opnako, Kak MpaBUJIO, Ha MPEABAPUTEIBHOM 3Talle SHEPreTHYecKOro aHajn3a IapameTpsl
CWJIOBOTO penyKropa Heus3BecTHBI. [loaToMy, 3amaBasice BenmmuuHOM ycinoBHoro KIIZ[ penykropa,
OTIpeIEIISAI0T 3HaU€HUE MOILHOCTH, NMOTPeOIIsieMOlt 00BEKTOM PEryJIMpOBaHUs U IPUBEACHHON K Bally
UCIIOJHUTENBHOrO0 3JeMeHTa: I[losToMy B psje ciiydyaeB HCHOJIB3YIOT MNPUOIMKEHHBIE METOMbI
pacudera. Tak, HarlpuMep, MOKHO IMOJIOKUTh, YTO MOIIHOCTh, PAa3BUBAcMas JIBUraTEIeM, PACXOAYETCs
MOPOBHY KakK Ha JIBWKEHHE OOBEKTa PEeryJupoBaHMs, TaK M HA JBM)KEHHE MHEPIMOHHBIX Macc U
IIPEOJI0JIEHUE MOMEHTOB COITPOTHUBIIEHUS CAMOTO JIBUTATEII.

IIpu sTOoM

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

Omnpenenenne nepesaTovYHOro YMcJaa peayKTopa
3HaueHue MepeaTOuHOro YUCiIa PEeIyKTopa, MPU KOTOPOM PE3YIbTUPYIOLIUI MOMEHT Ha Bally
JBUTaTENsl UMEET MUHUMAJIbHOE 3HAaYCHHE:

Ipayt)+kgray(t)+ Mcr +kpay(t)+ My (t)
UlJzzdﬂ(t)+ MC.T.,ZZJ

[lepenarounoe YnCIIO peayKTOpa MPU KOTOPOM O0ECIIEYMBACTCSI MAKCHMaJIbHOE OBICTPOICHCTBHE:

lorrr =



2
MCZ + MCZ + JH .
Mﬁn Mﬁn Jﬂn

IOHT

Haubonee pacnpoctpaHeHHBIM OIXOJ0M IPU BbIOOpE MEPEIaTOYHOTO YHCIa PEAYKTOpa SBIsSETCS
MOJXOJ, CBSI3aHHBIM C OOECredeHHWEeM 3aJaHHOW MaKCUMAaTbHOW BEIMYMHBI CKOPOCTH JIBHKEHUS
BBIXOJHOI'O Baja.

Ecnu B mpoliecce MpoOeKTUPOBAHUS CUCTEMBI 3a/1a€TCS MAKCUMaJbHas CKOPOCTh (dmax, KOTOPYIO
JIOJDKEH pa3BHBATh OOBEKT PEryJMPOBAHUS B PEKMME COTVIACOBAHHMS, TO OMPEACIUTh BETHUHHY lonm
JUTSL peKMMa COTJIACOBAHUST MOYHO 10 BBIPAKEHHUIO!

: Q
|

06.HOM

onm
Q max

W3 mony4eHHbIX 3HAYCHHI MMEPeAaTOYHOr0 Yucia PeAyKTopa HEOOXOIMMO B3STh MUHHMAIBHOE,
KOTOpoe o0ecreynuT TpedyeMble MpeeibHbIC MapaMeTphbl 3aJaHHOTO 3aKOHA JBIKCHUSI B OCHOBHBIX
peKUMAX.

OrmpenensiTh YUCII0 Tap PEAYKTOpa B 3aBUCHMOCTH OT €ro O0IIEro nNepejaToYHoro OTHOLICHHS B
COOTBETCTBUH C rpadKoM (pHuc)
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Puc. K onpeznenenuto yncia nap npuOOpPHOTo peayKTopa.
KoaduimenT nonesHoro qeicTBUS Kaxk/I0H CTYIIEHH COCTABIISET BEIUUNHY
0.95-0.97.

IHocTpoenne HeckoppekTHpoBanHoi JIAYX cuctembl BeneTcs Ha OCHOBAHHWU CTPYKTYpPHOU
CXEMBI, IOCTPOCHHOM B MpenbayIieil padore. [lepenaTounbiit KOdQPUITMEHT PA3OMKHYTON CUCTEMBI C
acTaTU3MOM IIEPBOIO MOPSAKA MO YIPABISAIOIIEMY BO3JIEHCTBUIO, KOTOpOH sBisierca AaHHbI OCII,
ONPEIENSAETCS 1O

3HAYEHUIO YCTAaHOBUBIIEHWCS CKOPOCTHOM OIIHUOKU Ko =Cuux I X 0"

JI0OpOTHOCTB CHCTEMBI ONPENENIAETCS KaK

K., = Pma X confxx

oun max cm

IHocTpoenue xkeaaembix JIAYX u JIDYX.
1. Crpoutcs HU3KOYacToTHast yacTh JIAUX, ucxons u3 ycinoBuil TpeOyeMol TOYHOCTH; HAKIIOH €€
OIIpEeNeNIAETCS MOPSAKOM acTaTU3Ma CHCTEMBI, a IOJIOKEHHE IO BBICOTE — KOHTPOJIBHBIMH TOUKaMHU




Am u AKZ_

[lepBast KOHTpONBHAS TOYKA A HaXOJIUTCS HCXOJs M3 JONYCTUMOM CKOPOCTHOM OIIHMOKH.
Opaunara ee

L1 = 20|g KQ ,
Abcuuccy ee OTKIaIbIBalOT Ha yacToTe @ =1, opanHaTa epBoi (HU3KOYaCTOTHOM) acuMiToThl JIAX

Pa30MKHYTOI CHCTEMBI JIFOOOT0 MOpsi/IKa actaTu3Ma Ha yacrore @ =1
paBHa mepeaaToYHOMY K03 PUIHEHTY pa30MKHYTOM cUCTEMBI (B 1bB).

Bropas KOHTpoOJIBHAsE TO4YKa A CTpPOUTCSI W3 TpeOOBaHUN K JAMHAMUYECKOW TOYHOCTU IIO
dbopmynam:

W = Emux / QMAX
2
LZ(C()K) =20lg (QMAX / Emax XyCT.MAX),

rue Xvermax - MakKCUMaJIbHasg aMILUTUTyHa OLINOKH YCTaHOBUBILIETOCST pEXKUMA.

2. Crpoutcsi cpenneuactoTHass 4acth JIAUX, ucxoas u3  TpeOOBaHMII K YCTOMYMBOCTH U
OBICTPOACHCTBUIO CUCTEMBI.

Jlst 3TOr0 4epe3 TOYKYy Ha OCH YacTOT, COOTBETCTBYIOIIYIO 4YacTOTE cCpesa Wcr (umm eciu 3TO
BO3MOXKHO, IIpaBee 3TON TOUKH), MPOBOJAUTCS MpsiMasi ¢ HakioHoM — 20ab/nmek. XKemaemast yactoTa
cpesa orpenensercs 1o Gpopmyie

Dcpixen > aﬂ'/tH,

rae a — KodQQPUIHMEHT, OnpeeieMblil 110 3aJaHHON  BEJIMYUHE TepPeperyInpOBaHUs O 3nauenus
koa¢dunrenTa
"a" IpuBEICHBI HUXKE.

0 % 15 20 25 30

a 1.7 22 3.0 40
Yactrotel m3nomMa @' u @" cpenHeyactotHOM uyactu JIAUX ompeaessrorcs MO MPUOIMKEHHBIM
COOTHOILIEHUSIM:
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Puc. 1. [Toctpoenue xenaemoit JIAUX.

CpennevactoTHas yacth xenaeMor JIAUX compsiraeTcsi ¢ HU3KOYACTOTHON MPAMBIMH, UMEIOIIUMU



HakJoH — 20,-40 wnum (B kpaitHem cinydae) —60 nb/aex.
3. BreicokouacTtoTHas yactb JIAUX CTpouTCS € Y4EeTOM NPOCTOTHI TEXHUYECKOW peann3aiun
KOPPEKTHpYIoImEero ycrpoicrea. CieayeT HUMETh BBUAY, 4T0o 3a mpexenamu L(@)<-20 nb/mex
(pucynoxk 1) cucrema He oTpabaTbhiBaeT HMKakux BozaeiicTBuil. I[losTomy mnrobast nombITKa
CKOPPEKTUPOBATh CUCTEMY HHUXKE O3TOTO YpOBHsS sBisierca Oecrnone3Hoil. Huke 3Toro ypoBHs
xenaemass JIAUX cucrempl JO/DKHA MOJNHOCTBIO coBmagaTh ¢ JIAUX — HecKOppeKTHpOBaHHOMU
CUCTEMBI.

[Moctpoenne JIAX  KoppekTupylomero ycrpoicrBa. Jlorapudmudeckas  aMIumMTygHas
XapaKTEPUCTHKA IOCIEA0BATEIBHOIO KOPPEKTUPYIOLIErO0 YCTPOMCTBA HAXOAMUTCS BBIYMTAHHEM
opauHat JIAX HECKOPPEKTUPOBAHHOM CUCTEMBI U3 OpAMHAT *Keaaemoit JIAX.

Haubonee mpoctoii cnoco0 mocTpoeHHs JorapuMUYecKoi aMIUIMTYIHOH XapaKTepUCTUKH
KOPPEKTHPYIOLIEH 0OpaTHOM CBSA3M OCHOBAH Ha MCIIOJB30BAaHUM (POPMYJT SKBUBAJIEHTHOTO IEpexoja
OT OJJHOT'O BU/1a KOPPEKLUHU K APYIOMY:

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

Trac . W BN ( p) -IIepcaaTouHas Q)YHKHI/IFI MMOCJICAOBATCIIBHOTO KOPPCKTUPYIOLICTO YCTpOﬁCTBa;

W o (P). nepenaTovHas QyHKIIHS 3BEHbEB CHCTEMbI, OXBAYCHHBIX
0o0paTHOH CBS3bBIO;

Woc (p)- mepenaToynas GyHKIHS KOPPEKTUPYIOIIETO YCTPONUCTBA B IIEMTH 0OPATHOM CBA3M.
[Tepexona K aMIUTUTYAHBIM YaCTOTHBIM XapaKTEPUCTUKAM, MOKHO
3anucarb

A, (10)= 1/|1+W oxXB (Jw)WKoc(Ja’) I

Jlnig nuana3oHa 4acToT, B KOTOPOM

|W OXB (Ja)) WK.o,C(ja)) |: AO)&? (6!)) AK.O.C (C()) "1’ (1)
AH.K () = [ AOXB (w) AK,O_C (@) 1

B JIOrapu(pMHUYECcKOM MaciTade
201g. A (@)= 12015 Ao (@) 19019 Acoc (@)
Otcrona
20lg Acoc (@) ~ 2019 Anx (@) 4 2015 Ao (@)1, @)

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

Bunx  20lg Ao (@) +20lg Acocl®@) > 11 nb; ecim HepaBeHcTBO (1) nmeer
Bug  20Ig Ao (@) +20lg Acocl@) » 33 1B, ToO morpenrHOCTH paBeHCTBA (2)

menbie 1ab. CnemnoBatenbHo, misi moctpoeHus: JIAX KoppekTupyromeid oOpaTHON CBSI3H Lcoc
(pucyHok 2), mpunaroiieil cucreMe TpedyeMoe KauecTBO, HYKHO Cl0okuTh JIAX mocienoBaTeIbHOTO
KOPPEKTUPYIOIIETO



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

YCTpOMCTBA I—H-K, HaWJEHHYI0 OIMCaHHBIM BbIIIE crmocoboM, ¢ JIAX 3BeHbEB, KOTOpBIE

[IpeIoiaraeTcsd OXBaTUTh OOpaTHOW CBS3bIO I—OXB, U B COOTBETCTBUHM C PaBEHCTBOM (2) HaliTu
3epKaJIbHOE OTOOpaKEHHE CYMMAapHON XapaKTEpPUCTHKH OTHOCHUTEIBHO OCH 4acToT. [lnd oueHku

JMana3oHa 4acToT, B KOTOPOM MOTPEUIHOCTb IOCTPOEHUS AAcoc HE IpEBBIIIAET JOIMYCTUMOMN
BenmunHBl (00brHO 3 b)), cimemyer 3epKalibHO OTOOpa3UTh OTHOCHUTENBHO ocu 4YacToT JIAX

IIOCJIEI0BATEIBbHON KOPPEKLUU L U BBIIETUTh YacTOThl, HA KOTOPBIX opAuHaThl 3ToM JIAX
oospire 111b. B HalineHHON 110JI0CE YaCTOT

W - 0)3’ JIAX xoppektupyroieii oOpaTHON CBS3M MOXHO CUUTATh MOCTPOEHHOW TOCTaTOYHO

TO4HO. /[j1s1 4acToT, Jiekamux 3a rpaHALlaMH IHara3oHa W - Wp J1AX KOppeKTUpyromei o0paTHoi
CBSI3M, IPUXOJAUTCS CTPOUTH 110 TOUKAM, HCTIONIb3Yys TOUHYIO (POPMYJTy SKBUBAJIEHTHOIO IIEpEXoaa

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

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

Lcoc , YCTAaHOBUB U3 peajbHBIX YCIOBUN BO3MOKHBIM BuJ JIAX xoppekTupyronieit oopaTHol CcBs3U

gre monocst W1 - s Ha peicoknx yacToTax, HalpuMep, 3B€Hbs1, OXBaThIBa€Mble 0OpPaTHOM CBS3bIO,
UMEIOT, KaK MpaBHJIO, OYEHb HU3KUN KOI(D(UIMEHT mepeaayd; KOppeKTUpyromas oOpaTHas CBs3b
MIOYTH HE OKa3bIBaeT BIUSHUS Ha paboTy ciensmieil cucremMsl, u ee JIAX Ha BBICOKHX 4acTOTaX MOXKET

OBITH MTPAKTUYECKH JTH000H POpMBI (TyHKTUPHAS TUHUSA Lioc ).

Hanbonee 4acTo KOPPEKTHUPYIOUIME YCTPOMCTBA PEATbHBIX CIESIINX CHCTEM PEaTH3yITCs C
MOMOIIBIO IEPEAATOUHBIX (PYHKIUI BTOPOTO MOPSIKA.
CuHTe3 meperaTO4YHbIX (VHKIHMHA _BTOPOro MOPS/IKA ¢ HCNOJb30BAHHEM HMHTErpajbHbIX
ONepPAMOHHBIX YCHIUTEJICH.
[Tycts mMeeTcs mepenaToynast (yHKIHS MIEPBOTO MOPSIKA CISTYIOIIETro BU/A:

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 ,Ab, nMmeer Bua;



K, =201g A+201g\/(@/ w,)? +1—201g /(0! ,)* +1
Bropoii u TpeTuii 4IeHbl MOKHO IIPEACTABUTH 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, W,
B Touke conmpspKeHHsT 4acTOTHI XapaKTepUCTHKa HIIET BBEpX ¢ HakioHOM 201b/nek, B Touke
XapaKTepUCTHKA UIET BHU3 C HakJIoHOM -201b/ex.

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 MpeaACTaBIACT coboit MMpSAMYIO JIMHUIO

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

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

gactotre “2 . MakcuManbHas TIOTPEITHOCTh aNMPOKCHMAIMH ()a30BOil XapaKTePUCTUKU HAKIOHHBIMU

IPAMBIMH COCTABJIAET 2/ | 4TO 3HAYMTENBHO MEHbIIE AlINPOKCUMAIIMH 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 KycouHO-IMHEHHAS anmpoKcuMaIus Moy GyHKkuuH (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 aMIUTMTYIHOW (a) u ¢a3oBoi (0) XapaKTepUCTUK
OTIEepaIIMOHHOTO MpeoOpa3oBaTelis BTOPOro Mopsiaka.
DYHKIIMA MOXKET OBITh pealin30BaHa M0 CXeMe PHUCYHOK 4 ¢ ucrnoib3oBanueMm 1Byx OVY.

Puc. 4. Peanuzanus cxeMbl KOPPEKTHPYIOIIETO 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.
JleHcTBATENBHO, KOO(D(MUIMEHT MEPENAH ONIEPAMOHHOTO TPE0OPA3OBATENS MOKHO MPEICTABHTH KaK

IIPOU3BEICHNE JBYX COMHOXHUTEIIEH.
Koadduuuent 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 =0,01Mx®D, C =0,01MxD .

Pa3paboTka ycHJInTeIbHO-NPEOOPa3yOLIMX YCTPOHCTB.
B cocTaB 35ekTpruYeCKO NPUHUMITHAIBHON CXEMBI CIEISIIEN CUCTEMBI BXOIAT CIEAYIOIIUE

37eMEeHTHI (YCTPOICTBA).



@Da3049yBCTBUTEIIbHBIN BBIIPSIMUTEIb
CraaxuBaromuii GuibTp
Ycunutens 1 KOPPEKTHUPYIOLHH GuibTp
MonysaTop JUINTEIbHOCTH UMITYJIbCOB
Yceunurens MOIHOCTH
HcTounuk nuranus

Haubosiee mpocTo ¥ HArIATHO YCUIMTEIBHO-TPEOOpPAsyIOIUe yCTPOHCTBA pEau3yIOTCS C
IIOMOILBIO  ONEpAalMOHHBIX ycwiutenedl (OVY), obnagalomuMu  psjaoM [PEUMYILIECTB Iepes
Tpanzucropamu. Ho B GonpmmHcTBe cBoeM OV TpeOyroT ABYXIOJSPHOTO HANPSKCHHUS NMUTAHUS, U
BO3HHUKAET HEOOXOAUMOCTh pacyeTa JOMOJIHUTEIIBHOTO HCTOYHHUKA TUTAHUS.

oL E

Da304yBCTBUTEIIBHBIN BBIIPSIMUTEID.

C Bbeixoga CKBT-II curnanm paccoriacoBaHus IIOCTyNaeT Ha BXOJ IIPEIBAPUTEIHLHOIO
yeunurens DAL. Curnan paccoriiacoBanus npejacTaBiser co0oi nepeMeHHOe HaupsyKeHUe 4acTOTON
400I'n 1 aMIUIMTYAOM, IPONOPLUOHAIBLHOM BEJIMYHMHE Yrja paccorjacoBaHus. llpenBapurenbHbiit
YCUIIUTENb YCUJINBAET CUTHAJ IO HAIIPSHDKEHUIO U OJTHOBPEMEHHO SIBISIETCSI COIVIACYIOIIMM KAacKaaoM
mexay CKBT-IT u pazouyBcTBUTENBHBIM BBIIpsiMuTesieM (DUB).

Cxema ®YB umeer Bua:

K1
| R1
—
—_— R3 R15
)+ [
R4 R16
T | I |
DA
|
R1
K

T 1L
Kiroun K1 u K2 ynpasnstorcst nepeMeHHbIM HanpsbkeHueM yactotod 4001, cHuMaeMbIM co
BTOPUYHBIX OOMOTOK TpaHc(hopmaropa nuTaHus. Tak Kak YIpaBlSiOIIMe HANpPSDKEHUs, CHUMAIOTCS ©
pa3HbIX KOHIIOB 00MOTOK, To Kitoun K1 m K2 3ambikatorcs B mpotuBodasze. B pesynbrare kimoun
MPOIYCKAIOT CUTHAl TO HAa MHBEPTHPYIOMIMHA, TO Ha HeuHBepTupyroumii Bxoasl OY DA4, yacrora
nepekitoueHus cocrapiusier 8000,
Koad¢uimenT ycunenus npeiBapuTeIbHOTO YCUIIUTENS ONPEAEISeTCs] OTHOLLIEHUEM:

BrI160p omepanmoHHOro yCHITUTEIISI.

Hampumep BeiOHpaem oneparnmoHHbii yermmutens K140V D23

Obu1ee onucaHue:

K140YD23 — OVY c¢ Xo0pomio cOorjacoBaHHON Mapoi ITOJIEBBIX TPAaH3HCTOPOB HAa BXOJIE,
OOJIBIIION YaCTOTOW €AMHUYHOTO YCUIICHHS, BHYTPEHHEW YacTOTONH KOPPEKIUH U BHICOKOW CKOPOCTHIO
HapacTaHWs BBIXOJHOTO HAMpsDKEHHsS. MOXKET HCIONB30BaThCs ISl MMOCTPOCHHUS IMUPOKOIOIOCHBIX
YCTPOMCTB.

Onextpuueckue napamerpsl (mpu Umnr=115B, Ry=2kO0Mm):



MakcumanbHOE BBIXOJHOE HaNIPsKEHHE, HE MeHee, B +12

Hampsoxkenue cmenienus, He 6oee, MB 10
Bxonnoii Tok, He Ooiiee, MA 0,2
Pa3HoCTb BXOIHEIX TOKOB, He Oojee, MA 0,05
Tok motpebienus, He Oonee, MA 10
KoaddumnuenT ycunenus HanpsoKeHUsI, HE MEHee, ThIC. 25
YacroTa eqIMHUYHOTO yCWIeHUs, He MeHee, MI 1 10
KoaddurumenT ocnabnenus cuHpa3HbIX BXOIHBIX HANPSDKEHUN, HE MeHee, 1b 80
KoadduimeHT BIusHUS HECTAOUITLHOCTH UCTOYHUKOB MUTAHUS HA HATPSHKCHUE

CMelleHus, He MeHee, 1b 80
MakcumanbHasi CKOPOCTh HapacTaHUS BBIXOJHOTO HAMPSKEHUS, HE MEHEe 30
BpeMs ycTaHOBJICHUS BBIXOIHOTO HANPsHKEHUS, HE Ooiee, MKC 0,75

[IpenenbHO 1OMyCTUMBIE 3HAUYEHUSI 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:

OaaHCcUpOB +Umn
Bxox Brixo
Bxoj1 HEMHBEPTHP YOI OaJIaHCUPOBK

Onpenensiem conp'oL%EﬂineHHe PE3UCTOPOB.

Rs3, R4, Ris, Ris 1 Ri7 BbluMcisieM M3 YCIOBUS PaBHOTO Ko3(pPHUIMEHTa YCHIEHHUS IO
MHBEPTUPYIOILEMY U HEMHBEpTUpYIOIeMy BxogaM. R3 u R4 orpannuuBatoT BbeixoaHoi Tok DAL mpu
3aMKHYTBIX KIFOYax.

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

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 1ersax OV clieyeT NpuaepKuBaThCs HEPABEHCTBRA:
2kOM < Rj £IMOmM
Ecnu Rj BBIXOIWT 3a 3TH TpaHUIIbI, TO HAYMHAET CKa3bIBaThCs HewmaeanbHOCTh OV, pexum
paboThl HapyIIaeTCs.
[Tycth R3 = R4 = R15 = R1g =15kOm, TOr1a:
15 U

6X

w2 " 15015 2



6bix] 6b1x2

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

B xauectBe kmouedr Hambonee dwacto — mcnosb3yercs coOopka KI19OKT2II, coxpepxammas 2
JBYXKaHAIbHBIX KOMMYTATOPa, BHIIOJIHEHHBIX Ha MOJEBBIX TPAH3UCTOPAX.
DnekTpuyeckue napamerpbl kommytatopa K190OKT2I1

U
u,.=-U,.,=— 28" , ip R16=2R17=30kOM

ConpoTuBJICHHE OTKPBITOTO Iepexoaa, He donee, Om 50
Toxk yTeuku Mo HanpasJISAIOIMIUM BXOJaM, He O6osee, MA 30
[ToporoBoe HanpspxkeHue cpabaTeiBanus, HEe Ooiee, B -6
[IpenensHO AOMYyCTUMBIE SJICKTPUICSCKUAE TTApaMETPhI
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
KommyTtupyewmslii Tok, He Oonee, MA 50
MomtHocTh paccenBaemasi, He 6osee, MBT
[Tpu T=-45++85°C 200
ITpu T=+85°C 150
I{okoseBka Kopiryca:
Ucw
5
3 4

Z

2 [

3

= ¢ £

5 S

=1 10 2

6 9

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

Cxemsbl KOMITapaTOpOB OAMHAKOBBI U UMCIOT BU/I:

_R7_ DA
| I |
R9 RS

_,_—l: 1
DA2, DA3 - K140YD23
OHpeHCHHCM COIIPOTUBJICHUEC PE3UCTOPOB:
Rs5=Rs=R10=R11=20kOm
R7=R12=10xOmM



Ro/Rs=R14/R13=0,02

Rs=R13=100xkOm

R9=R14=100-0,02=2x0M.

[Mpu 310M Urnop=Usgixmax:Ro/(Re+R9)=12-2/(100+2)=0,235B.
CraaxuBaromuii GribTp.

Hanpsokenue ¢ Beixona @UB npexacraBisieT coOoi 1MOCIEN0BATEIBHOCTD OJIYBOJIH CUHYCOU/IBI,
MMEIOIINX aMIUTUTYy, PONOPUUOHAIBHYIO YIJIy PaccorjacoBaHUsA, U 4acToTy mynbcanuu 8001m.
Jns1 yMeHbIlIeHUs MyJIbCAIlUU HAMPSKEHUS] OTHOCUTENIBHO MTOCTOSTHHOM COCTABJISIFOIIEH HEOO0XO0IUMO
MOCTaBUTh (PUIIBTP HMKHUX YACTOT C YAaCTOTOM cpe3a B 8-10 pa3 MeHbIIIEH 4acTOTHI MyJIbCaIU.

Paccunraem ¢punbsTp beccens ¢ wactoroii cpesa 1001 .

Cxema uiibtpa beccens 3-ro mopsiika iMeeT BU:

Kosddunuent mnepemaun Bcero ¢uubTtpa paBeH 1. Bolumcnsgem 3Ha4YeHHS €MKOCTEH H
COIPOTUBIICHUN:
[Tycts Cg=C7=100D, Toraa mist Rig momyunm:
Rio=a1/(2nf.C7)
['me 01=0,756 — koo dunuent nepeaarounoit pyukiuu punstpa beccens 3-ro nopsaka.

R19712xOM
Co onpenensercs U3 ycaoBUs
Co<Cs-(012?/4P2)
I'ne 02=0,9996 u 2=0,4772 — ko3P puureHTs neperaTouHol GpyHKIuu GuiabTpa.
Co<52,30D
Co=47u®d

s Roo m R21 3ammummem:

aC, +.JaiC? —4C,C,
47fC,Cy
R20~12xOM
R21~12xkOMm
MoaynsaTop IIUTEIbHOCTH UMITYJIBCOB.
M/I BxJtOUaeT TEHepaTop NHUIO00PA3HOTO OIMOPHOTO HAMpPSOHKEHUS M JBa KOMIapaTopa-

cymmMmaropa.
1. T'enepatop MUIOOOPa3HOTO OMOPHOTO HAIIPSDKEHUS pean3yeTcs ¢ ToMomsio koMmapatopa DAL0

u uarerparopa DA12 no cxeme:

Ry, =Ry,

1
| S|
— |
[
s -

AMIUTATY/Ia OTIGPHOTO HAMPSHKEHUS OMPEACIIACTCS KaK: 1
UHI/IJ‘I/R27-UBblxmaX/R26:0
I'ne: Unun — aMmuIuTy1a OMIOPHOTO HANpshKeHus1, B
sxmax = 12B — MakcumanibHOe BbIX0JIHOE Hanpsbkenue s OV,



[Ipu Upux =5B nonyuum cootHomenue ais Rosu Ro7
5/R27=12/R26
R26=2,4R27
[Tycth R27=10kOmM, TormaR26=24xOwm.
Ornpenenum TpeOyeMyI0 YaCTOTY OMIOPHOTO HAIIPSIKEHUS:

_ (1-2)
Ji =023 T Mnom

M

n

[TocTaBUB YMCIIEHHBIC 3HAYCHUS, TIOTYIHM:
fk=6200I 11
TOTJIa IEPUOJT KOMMYTAIlUU OYAET:
T=1/fi=161,5MKc.
Konnencarop Ci3 nepesapsikaercs 3a nmoiaynepuos, 1.e. 3a 80,5 Mkc.
Omnpenenum eMKoCTh KoHAeHcaTopa Ci13 U conpoTuBlieHHe pe3uctopa Rog. s 3Toro Beipaxaem
UHI/IJI:
2UHI/IJ'[:UBblxmaX't/R28C13
Ortcroz1a nony4mnm:
R28C13=9,66-10°
[Tpu C13=33001D, R2s=30xOmMm.
2. Kommapatopsr — cymmaropsl DA13, DA14 BeimonneHs! ananorugHo kommaparopam DA2, DA3.

Bpewms 3anaznpiBanus T onpeaensercs Kak:

T=Tzakp~Torkp

T=6-1=5MKc.
Teneps, onpenenuB BpeMs 3aACPKKH, MOKHO BBIYUCIUTH TIOPOTOBOE HANPSKCHUE CPAOATHIBAHUS

KOMIIapaTOPOB U3 CIEIYIOIIECH MPOIOPLUU:

/2 U,
r’4 u,,
Otcrona Unep=0,31B.
OmnpenensieM BETUYHHBI COTPOTHUBICHUI:
Unop = UnurR31/(R30+R31) = 15- R31/(R3o+R31) = 0,31B
0,979R31 = 0,0207 Rao
R30 =47,29R31

[Tpu R31 = 100 Om, R31 = 4,7xOm.
Amnanorununo: Rz = Rzo = 4,7kOM, R33 = R31 =100 Owm,
R34 = R35 = R3s = R37 = Rag = R3g = 20xOm.
R40 = R42 = Rg = 100xkOm
R41 = R43 = Rg = 2kOmMm, R4g = Rag = 20xkOm.

Ycunurens MOIITHOCTH.

KitoueBbIMH 3JI€MEHTAMU YCHUIIMTENST MOIIHOCTH SBIISFOTCS MOIIHBIE TpaH3ucTopsl VT2 - VTS,
BBITIOJIHEHHBIE 1O cxeMe Jlapmuarrona. bonbmol kodddummeHt mnepemadyud Toka [3 MO3BOJISAET
BKIIIOYaTh WX HemocpenctBeHHo mocine OV (VT3, VTS). Tpamsuctoper VT2, VT4 seusrorcs
KOMIUTUMeHTapHbIMH nTapamu VT3, VT5.

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

VT2, VT4 n-p-n tuma 2T827b

3Hast mapamMeTpbl TPAaH3UCTOPOB, MOYKHO OIIPEICITUThH BEJIMUYUHBI COMPOTHBIICHUH.

R44 :R53 < UBLIxmaX “6
I'ne: Uguxmax — MakcuManbHOE BRIXOAHOE Hamnpspkenue OY, B

I6 = lxmax/2[3 - TOk 6a3bI OTKpBITOrO TpaH3ucTopa VTL1.

[ToscTaBUB YNCIIEHHBIE 3HAUCHUS, TIOTYUHM:

R44 =Rs3 < UBLIXITIaX'ZB/ lkmax = 24xOM



Pesucropst R4s, Rs1 ymenbmaror Bpems 3akpeiBanus V12, VT4,
Ra5 =Rs1 > Ugonac /Iras
I'ne: Ussnac =1 B — manenne HanpsokeHHUs Ha riepexojie 0a3a — SMUTEp OTKPBITOTO TpaH3ucropa V12;
Iras = lxmax/2-ls;
Is = 22,6/(R,43) — Tok 6a3sl oTKpBITOrO TpaHzuctopa VI2;
Ry — akTUBHOE CONPOTHUBICHHE OOMOTKHU SIKOPSI ABUTATEJIsL.
[ToncraBUB yMCIIEeHHBIE 3HAUCHUS, TIOTYUHM:
ls =4,9 MA
Iras = 20,1 MA
R45 = Rs1 =100 Om
Ra6 HalieM U3 COOTHOIICHUS:
Unir / (Ras + Rae) = lkmax / 2
Ikmax = SOMA
R4 = R52 = 1kOMm
R47 = R50 < UBblxmaX/ |6
ls = 4,9MA
R47 = Rs0 < 2,45kOM
R47 = Rsp = 2kOm.
HcTtouHuk nutaHusl.
Jnsa nutanus OY ABYXMOJSPHBIM HaMpsDKEHUEM HEOOXOIUM OTAENbHBIM MCTOYHHK MUTAHUS CO
CTaOUIIM3MPOBAHHBIM HamnpspkeHreM +15B. MlcrouHuK nuTaHus BKIIOYAET:
- moHmwxkarouwmi Tpancpopmarop Ha 400 I'm;
- BBIIPSMUTENbHBII TUOIHBII MOCT;
- JIBYXIIOJISIPHBIM CTaOMIIN3aTOpP HAIPSKEHMUSL.
Jlns  HOpManbHOW paboThl  crabunusatopa HanpsokeHus KI142EH6 HeoO6xomumo, dTOOBI
BBIIPAMJICHHOE HampsbkeHHe Ha BbIBoAax 15-8 u 6-8 Obuio He Hmke 20B. CnenosarenbHo,
HalnpsHKeHHEe Ha BTOPUYHBIX OOMOTKaX MOHMKAIOIIET0 TpaHc(hopMaTopa JOIKHO ObITh HE HIKE:

20 . .
U, =—==14,2B - aelicTBymolee 3Ha4YCHUE IIEPEMEHHOT0 HapskeHus yactoToit 4001 m.

V2

[Tonmxaromue 0OMOTKH TpaHc(hopMaTopa COeAMHEHBI Iocae10BaTenbHO. CpeiHss TouKa —
001K TTPOBO/I.

BeinpsiMuTensHbIN THOHBIA MOCT paccUMTaH Ha 00paTHOe HanpspkeHue He MmeHee S0B u mpsimoit
ToK 200MA.

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

Crabunusarop HanpsbkeHuss K142EH6 paccuntan Ha HoMuHanbHbIN TOK Harpy3ku 200MA. Tok
notpebnenus ognoro OY K140V 123 ne npessimaer 10MA, cienoBarenbHo, Bce OY moTpelastor
TOK okoJi0 140MA.

Konnencaropsr C1 — Cg 00ecrieunBarOT yCTONINBYIO paboOTy cTaduIu3aropa.

C1=C2=C5=Cp=10mMxD, C3=C4s4 =0,01+0,2MKD.
. BUBJIMOTPA®UYECKUI CITMCOK

1. DnexrpornpuBoj netarenbHbIx annaparos. /Ilog pen.B.A.IlonkoBHUKOBA

-MockBa,Mammnoctpoenune,1990r.-352ctp.
2. Cnensmue ipuBojiel. B 3 1. /Tlox pen.b.K. Uemonanosa. Tom 1- Mocksa, U3n-Bo MI'TY um
baymana, 1999r.-904cTtp.
3.. Uemonanos, b.K. Cnensmue npuBons:B 3 1. T.2. Dnextpudeckue crneasiye
npuBoiel/E.C.bieiiz,B.H.bponosckwii, B.A.Beenenckwii u ap. / Ilox pen.b.K.Uemonanoa .— 2-¢
u3 . nepepad.u gorn. — M. : MI'TY um.H.D.baymana, 2003 .— 979c. : u.
4. Muxaiinos O.I1. ABToMaTU3UpOBaHHBIN TPUBOJI CTAHKOB U MIPOMBIIIJIEHHBIX pOOOTOB. -
Mocksa:MammHoctpoenue, 1990 r. - 304ctp.
.5. bammrapun A.B. u nip. YipaBiieHue 3J1€KTPONPUBOJAaMHU. - JICHUHTpa:


http://library.tsu.tula.ru/cgi-bin/zgate.exe?ACTION=follow&SESSION_ID=6052&TERM=%D0%A7%D0%B5%D0%BC%D0%BE%D0%B4%D0%B0%D0%BD%D0%BE%D0%B2,%20%D0%91.%D0%9A.%5B1,1004,4,101%5D&LANG=rus

OHeproaromusnart,1982r.-392ctp.
6. Hecrepenko b.K. MaTerpansubie onepanmonHbie ycumutenu. — M.: Dueprousnmar 1982. — 128c.

[Tpunoxenue 1
MHWHOBPHAYKHN POCCUU
®enepanibHOE OI0JKETHOE TOCYJaPCTBEHHOE 00pa30BaTeIbHOE
YUPEKIECHUE BBICIIETO 00pa30BaHUS
«Tynbckuil rocygapCTBEHHBIN YHUBEPCUTET
NHCTUTYT BBICOKOTOYHBIX CUCTEM
umenu B.IIL. I'psizeBa
Kadenpa «Cucrembl aBTOMATHUECKOTO YIIPABICHHUS

[loscauTeNnLHAA 3amcKa
Ha KypCOBOM MPOEKT
1o AuctuIuMHe «Creasuuil 2JIeKTPOIIPUBO] MEXATPOHHBIX CUCTEM»

Crynment p. 120331 C.C. Amutpuen
PykoBonutens: mpod., K. T. H. A.II. ITankoB

Tyna — 2018



MHWHOBPHAYKHN POCCUN
®enepanibHOE OI0JKETHOE TOCYJaPCTBEHHOE 00pa30BaTeIbHOE
YUPEKIECHUE BBICIIETO 00pa30BaHUS
«Tynbckuil rocygapCTBEHHBIN YHUBEPCUTET
NHCTUTYT BRICOKOTOYHBIX CUCTEM
umenu B.II. I'psizeBa
Kagpenpa «CucreMbl aBTOMaTHUYECKOTO YIPABICHUS
3AJJAHUE
Ha KypCOBOM IPOEKT
1o nucuuiuiiae «Cleasuiuil 3JeKTPOIPUBOJL MEXaTPOHHBIX CUCTEM)

CTYICHTY
WHJICKC TPYIIIBI damuvs, THUIHAITBI

HcxonHble jaHHbIe
- TUII CIeJsIIel CUCTEMB;
..~ HaIIpsKEHMsI UICTOYHUKOB NUTaHUs: nocT. 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 BXOAHOTO CUTHAJIA Emax [pan/c**2];
-MaKCHMaJlbHasi HHCTPYMEHTAJIbHAsI OIMOKa Xer [pan];

-MaKCHUMaJIbHasi CKOPOCTHAsl OIInOKa Xe [pan];

-TiepeperyIupoBaHue TPU CKAYKOOOPa3HOM YIIPABIISIFOIIEM BO3JICHCTBUU ¢ [%];

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

a) TeMrieparypa okpyxatorieit cpeast — 20° C;

6) TpebyemsIii pecypc - 1-10° muKioB.

Bompocsl, noanexaiue pa3padoTke
1) Beibop snementoB cuctemsl (03.10.18).
2) Pacuer penykropa (onpeaeneHue nepeaarouHoro otnomenus) (17.10.18).
3) CocraBieHue HeCKOPPEKTUPOBAHHON CTPYKTYpHOI cxembl cuctembi(31.10.18).
4) BeiOop cxeMbl KOPPEKITUU U pacueT KOppekT. ycTporcTs(14.11.18).
5) Pa3paboTka NpuHIMIUATBHON MeKTprueckoi cxeMsl mpuBoaa(28.11.18).
6) Pacuer mepexoHbIX Tpoil. pu oTpadoTke Hadv. paccori. 0.01 pax.
u 0.1 pan(c ucnonp3oBanuem Simulink) (05.12.18).
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