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AHHOTauus

SPICE cumysnsTopsl (B ToM uMcie 1 LTspice) Ha yauB/ieHHe YHUBepCasbHble IPOrpaMMBbl, O UeM MHOTHe I0/1b30BaTe/n
Jaxe He foraabiBaroTcst. Harpumep, B LTspice 3aripocTo MOXXHO UMUTHPOBATh He TOJIBKO 3/IeKTPUUeCKUe U MarHUTHbIe
TIPOLIeCChI, HO MPaKTUYeCKU BCe, UTO MOXKHO OIUCATh MaTemMaruyecku. Ecy, HaripuMep, Hy>KHO IIPOMOZe/IMpOBaTh
TpoLiecC pacrpeeneHys Telia B eYaTHO! Tiate ¢ HeCKOMbKUMU MCTOUYHMKAMU TeTjla M OXJIaIuTeNs MU, HeT npobsieM.
ITo kpaiiHeii Mepe MHe He pa3 yZjaBaJoCh 3TO C/ieJIaTh, M30erast HeoOXOMMOCTH ITOKYIIKY M 0CBOEHHS
CrieyaTM3UPOBaHHbBIX POrpamMM. Yl pe3ynbraThl MOJe/TMPOBAHHUS XOPOLLO COBMAA/M C peanbHOW KapTHHOH. 5 06
3TOM T'OBOPIO /i/Is1 TOTO, UTOOBI 110/1b30BaTe/ 3TOM MpeKpacHoii IporpaMMbl 60s1ee TBOPUECKU TTOAXOAUIM K eé
CIIOCOGHOCTSIM U He YIIyCKany BO3MOXKHOCTY UCIIO/Ib30BaHMsI eé B KaXK/[OM yZ00HO A1/l 9TOro CiIydae.

1. BO3MOXHOCTU (pyHKLIMOHANBHOIo MoAenMpoBaHusi

B nocnesHee BpeMsi podeccroHabl U MOOUTEN CUIOBO 31eKTPOHHKH BCE Uallje HCI0JIB3YIOT B CBOUX IPOEKTax
pas/nuHble [MPOBLIe U aHAJI0TOBO-IIM(POBBIE KOHTPOJUIEPEL. B 3TOM ciTyuae Bo3HHKaeT He0OX0MMOCTb UIMHUTALIUH
COBMECTHOM paboThI MPOrpaMMHPYeMbIX U aHAJIOTOBBIX Y3710B. MHOTHe B 5TOM MeCTe CHUCXOUTEBHO YXMBUIBHY ThCS,
TIOZIyMaB, YTO aBTOP BHUAVMO He B Kypce O CIelMa/Ii3MPOBaHHBIX ITPOTPaMMax, MO3BOJISIOLINX ITPOU3BOAUTE TI0100HOe
MogempoBaHue. Tot >ke Proteus, Hanpumep. HeT, ripo cyiiecTBoBaHHe MOAOOHBIX IPOrpaMM s B KypCe ¥ HEKOTODBIe U3
HUX JlaXKe UCTIOJb3YI0 B CBOel MpodeccroHaNbHOM MpakTrKe. Ho, K CoKasleHHIo, He BCe MOTYT MO3BO/UTh cebe Takon
codT AJ1s1 IMYHOTO TI0/Ib30BaHMsA. K ToMy >ke He Bcerzia TpeOyeTcst ieTanbHOe MO/|e/TUpOBaHNe Ha YPOBHE peasibHOTOo
MPOrPaMMHOT0 KoZid. 3a4acTyi0 JOCTaTOUHO (YHKLMOHATEHOTO MOZEIMPOBAHUSI, YUUTHIBAIOLIEro paboTy peasbHOU
MHKpPOCXeMbl KOHTpoJuiepa. bosiee Toro, 1o Mepe paboThI B OMpe/ie/IeHHOM HallpaB/IeHHH, 110/1b30BaTe/lb HaKarIMBaeT
OT/JIaKeHHbIe IPOrpaMMHbIe O/I0KU (MOZY/IHN), U3 KOTOPBIX OUeHb IIPOCTO MOXKHO KOMIIOHOBATh YIIPABJISIOLIee
nporpaMmHoe obecrieyeHre il pa3HOOOpa3HbIX HyKJ. Takke MPOWU3BOAUTENN KOHTPOJIIEPOB 3a4acTyIO MpeJijiaratoT
T10/1b30BaTe/IsIM TOTOBbIE ITPOrpaMMHbIe MOZY/IU. B 3ToM ciiyuae IorMUHO HIMUTHPOBaTh TakKe MporpaMMHbIe MOZAY/IN
COOTBETCTBYIOIIMMH (PYHKIIMOHAIBHBIMU 6/10KaMH. JTO YCKOPHT IIPOLie CC MOZIe/IMPOBAHMS U CJieJIaeT ero 6onee
HaIvISIHBIM. A TOCJ/Ie Y/JauyHOoTo 3aBeplieH!s] MO/le/TMPOBAHUS, HY)KHO JIMIIIb CKOMIIOHOBAaThb IIPOrpaMMy B COOTBETCTBHUU
C TO/TyYeHHOM (YHKIMOHAIBHON cxeMol. [ToyuaeTcs YTO-TO THIA JTMYHOTO (PYHKI[UOHATBHO-0JI0KOBOTO s13bIKa
BBICOKOTO YPOBHs1. B 0011]eM 10/1b3a OT MCI0/b30BaHus (PyHKLMOHAIBHBIX O/I0KOB MOKeT ObITh O0bI10i. Bo MHOTHX
KOMIIBIOTEPHBIX MPOrpaMMax, Takux kak Matlab-Simulink, PowerSim u T. ., dyHKUMOHaNBHBIE O/IOKH UCTIONB3YIOTCS
JIOCTaToOvHO akTHBHO. Ho e1rjé 3a 10/ro 10 MacCOBOTO MCIO/Ib30BaHMs TIepPCOHAJIBHBIX KOMITBIOTEPOB, (YHKLIMOHA/IBHbIE
610KM MPOYHO 000CHOBAMMCH HAa CTPAHMLIAX PA3/TMUHOM TeXHUYe CKOM JTUTepaTyphbl, MOCBSIIEHHONH aBTOMaTUYeCKOMY
yTpaB/eHUI0, 3/1IeKTPOTeXHUKe, paIuOTeXHUKe U T.II.

PasmpILsas TaKUM 00pa3oM, st PeInsI co3/aTh CrelraabHy0 6ubaroTeKy GyHKIMOHATBHBIX OJI0KOB /Il CUMYJISITOpa
LTspice.

B naHHBI MOMeHT Habop GYHKIFOHA/IBHBIX OJI0KOB OrpaHIUeH TeMH 3aflauaMH, KOTOpPbIe Pellanych C ero IIOMOIIBHO.
Ho nonararo, uTo, TI0 Mepe MCIOJIB30BaHMsL, 3TOT Habop OyzeT TONMBKO yBeTUUNBAThCS.

Bce ¢yHKLHOHaMEHbIe 6/10KK CO3[aHBI B COOTBETCTBHH C OMpe/e/leHHBIMH TpaBrUiaMi. VIX He MHOTO 1 BOT OCHOBHBIE
Y3 HUX:

1. OtcyrcrBue 3emmu (y3en 0 umu GND) B siBHOM Bujie. B camoM fierne, rie Ha (GyHKIIMOHANMBHBIX CXeMaX Bbl BUZEH
cumBon 3emutn? [TpaBuibHO, HUrge. OJJHAKO, 3TO MPAaBUJIO He CHIIBHO )KecTKoe. MHorve yHKI[MOHAJIbHBIE OI0KH
(Mozie/T1 MUKpPOCXeM, HarpUMep) MOTYT OKa3aThCsl I0CTATOUHO YHUBEPCATbHBIMHU ZJIs1 TOTO, YTOOBI MX MOXKHO OBLIO
WCI0Mb30BaTh AJ1s craiaaptHoro SPICE mogenvpoBanus. K Tomy ke rozipasymeBaeTcs, UTO BCe CUTHAIBI,
obpabaTeiBaeMble ¥ reHepUpyeMble QYHKIMOHATbHBIMU O/I0KaMHU, BCe PAaBHO MPUK/IAbIBAIOTCS OTHOCUTETBHO 3€MJTH.
[To3TOMY, Ha/IMUKe UM OTCYTCTBHE SIBHOM 3eMH Y QYHKLIMOHAILHOTO 6/10Ka OTpeiesisieTCsl UMb Y00CTBOM U
HaIIIHOCTBIO.

2. Iudposble curHabl, reHepupyeMble (HYHKLHOHATBEHBIMU O/I0KaMy, IMeroT YpoBHU O U 1 BOJIBT, COOTBETCTBYIOLIE
JIOTUYeCKHY HY/TIO U efJUHHLIe. DTO I0CTaTOYHO MPOCTO OCYII|eCTBUTH, T. K. JIOTHUeCKHe 371eMeHThl LTspice nmeroT Takue
YPOBHH T10 YMOJ/TYaHHIO.
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2. MNepeyeHb (hyHKLUMNOHANbHbLIX OFIOKOB

ApxuB 6uOIHOTEKN (PYHKIIMOHATIBHBIX OJIOKOB MOJKHO CKauyarh 110 cchbuike [ 1]. ApXHB HEOOXOANMO pa3apXUBUPOBAThH B
Karajor . . \sym\ValVol\fblocks, KOTOpbI pacrosokeH B 00IIeM Karanore OMOIHOTEK YCTaHOBICHHON

nporpammbl LTspiceXVII. TTomHBI# MyTh K 9TOMY KaTajaory 0ObIYHO BBITVISLIUT CIIEAYIOMIAM 00pa3oM:
C:\Users\Username\Documents\LTspiceXVII\1lib

Ha momeHT co3manus omucanus, Onbiamoreka cogepxuT 41 QyHKInoHaIBHEIN OIIOK.

2.1. bnok abc-ap0

Puc. 1. KomnoHeHT abc-alpha_betao
IT=
dyHkIHoHanbHBIH 670K abc-ap0 npeacTasien cxeMHbIM KoMIOHeHTOM abc-alpha_betao,
= A Alpha = n300pakeHne KOTOPOTo NPUBEICHO Ha puc. 1.

biok abc-af0 Beimonusiet npeodpazoBanue 3-x (asHoit cuctembl koopaunatr ABC B 2-x

= B Beta | © ¢asnyro aff. B mureparype mojjo0HOe Mpeodpa3oBaHUE YaCcTO HA3BIBAIOT MPEOOPA30BAHUEM
Knapka (#a anrt. Clarke Transform), B uects Onut Knapk.

Bnok numeer ¢nar naBapuaHTHOCTH TpaHCcPopmarun | T, KOTOpEI MOKET HMETh JIBa 3HAYCHUS
= C O —= IT=0mIT=1

Ecmu ucnions3yetcs ¢uar 1T=0, To mpon3BoguTCS aMIDINTYAHO-HHBapUAHTHOE IIPeoOpa3oBaHue
(coxpaHseTCs aMIUTUTYIHOE 3HAYCHNUE):
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Ecym ucrnionb3yercs dmar I'T=1, To npeobpa3oBaHue TIPOU3BOAUTCS MHBAPUAHTHO MOIIHOCTH (COXPaHseTCs 3HaueHHe
MOLI[HOCTH):
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2.2. bnok abc-dq0
TF= Puc. 2. KomnoHeHT abc-dgo

dyHkimoHanbHbIA 610K abc-dg0 npeacraBieH cxeMHbIM KOMIIOHEHTOM abc-0go0, u300paxeHue
KOTOPOTO TPUBEAEHO Ha pHC. 2.

=i B Ql= brok abc-dgo BeimonHsieT npeobpazoBaHue Mexay 3-X (asHoit cuctemoii koopannar ABC u
Bpamarorieiics 2-x ¢pasnoit cucremoit DQO. Jlist 3amanus BpaieHus ciayxut Bxoz Theta (0), a
YToJI BpallleHHsI 33/1aeTCsl B pajiaHax.

= C O = B mureparype mogo6Hoe nmpeoOpa3oBaHme YaCTO Ha3bIBAIOT MpeobpasoBanuemM Ilapka (Ha aHTII.
Park Transform).
Theta biok umeer ¢uar tpancopmanuu TF, koTopsiii MoxkeT uMeThb aBa 3HaueHus: T F=0 (ock Q
T omepesxaet ock d) u TF=1 (ock Q orcraer ot ocu D). B 3aBucumocTn oT ¢uiara

IIpeoOpa30BaHKs MEHSIOTCS ypaBHEHUsI ITPe0Opa30BaHHsI.
Ecnu ucnonesyercs ¢mar TF=0:
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[Tpu aTOM, B JTF000M Cilydae IPOU3BOJUTCS aMIUTUTYIHO-UHBApHaHTHOE NpeoOpa3zoBanue. To €CTh, aMILTUTYa BEKTOpa
B 2-x (aznoii cucreme DQO paBna ammumntyne Bekropa B 3-x ¢asnoit cucremsr ABC.

2.3. bnok abc-svpwm

A vA

S Goy

&3 C vC
Vdc

Puc. 3. KomnoHeHT abc-svpwm

/'g (I)aBHOFO HWHBCPTOpPA Ha €ro BhIXOAHOC HAIIPSIKCHUC.

2.4. bnok af-dq

OyHKIMOHATBHBIN 610K abC-SVPWM mpezcTaBieH cXeMHBIM KOMIIOHEHTOM abc-svpwm,
HU300paKeHUE KOTOPOTO MPUBEACHO Ha PUC. 3.
Biiok abc-svpwm ucnonb3yercst A1t GOpMHUPOBAHUS CHTHAJIA TIPOCTPAHCTBEHHO-BEKTOPHON
Moayisiiun u3 3-x dasuoro curnana ABC.

Just 100% momyssiuy, HanpsbkeHue Ha Bxoje VAC TODKHO B \/§ pasa npeBbIIIaTh
aMIUIMTYy curHana Ha Bxozgax A, B, C. B aTom ciyyae aMIuinTya curHasia Ha BbIXOJax
VA, VB, vC paBHa 1 B. AMIuuTya npocTpaHCTBEHHO-BEKTOPHOTO CHTHaJIa 00paTHO
NPONOPLHMOHANIbHAS HANIPSDKEHUEO Ha Bxone VdC. DTo mo3BoJseT ucnons3osars Bxox Vdc
JUISL aBTOMaTHYECKOH KOMIIEHCAIINH BIMSHUS HAIIPSHKEHUS IIMHBI TOCTOSTHHOTO TOKA 3-X

Puc. 4. KomnoHeHT alpha_beta-dq
TF=
=3 Aloh D |- dOyHKIMOHANBHBIN 010K af-d(g mpeacraBieH cxeMHbIM KommoHeHToM alpha_beta-dq,
pha n300pakeHne KOTOPOTo NPUBECHO Ha puc. 4.
brok af-dq BeimonuseT npeobpasoBaHue MeXay 2-X (pasHON CHCTEMOl KOOpAUHAT 0.f U
=3 Beta Qs Bpararorieiics 2-x ¢pasnoit cucremoit DQ. [liist 3a1anust BpaiieHust Cirykut Bxoxa 1 heta (0), a
yTOJI BpAILlCHUs 3a/Ia€TCsl B PaJMaHaXx.
Theta B nuteparype nogo6Hoe npeobpa3oBaHne YacTO HAa3bIBAIOT NPE0Opa30BaHUEM CHCTEMBI
T koopauHat Knapka B cucremy koopausat [1apka (Ha anri. Clarke to Park Angle Transform).

Bbriok umeer ¢aar tpanchopmanuu TF, koTopslii MokeT uMeTh aBa 3HadeHus 1 F=0 (ocb Q
onepeskaer och D) u TF=1 (ock Q orcraer ot ocu D). B 3aBucumocTtu oT (hirara npeoOpa3oBaHUsI MEHSIOTCS

YpaBHEHHsI TPEOOPA3OBAHMUS.
Ecnu ucnosne3yercs duar TF=0.

Ecmu ucnionssyercs ¢mar TF=1.

Vy cosd sing | |V,
= . . , (33_)
v, —sind cosf | |V,
Vy sind —cosd | |V,
Vq cost sinf | |V,



[Tpu sTOM, B 11000M Cily4ae MpOU3BOAUTCS aMIUINTYAHO-UHBapHaHTHOE npeodpazoBanue. To ecThb, aMILINTY/Ia BEKTOpa
B 2-X ¢pa3Hoii cucteme DQ paBHa ammuTtyne Bekropa B 2-x (hazHOM cucreme of.

2.5. brnok aB-svpwm

= Alpha vA
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Vdc
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Puc. 5. KomnoHeHT alpha_beta-svpwm

OyHKITMOHABHBIN OJIOK af-SVPWM MpencTaBieH cxeMHBIM KoMnoreHToM alpha_beta-
SVPWM, n3o0pakeHrne KOTOpOTo MPHUBEACHO Ha puC. 5.
biok alpha_beta-svpwm ucmonssyerest st GopMHpOBaHHsI CUTHANIA IPOCTPAHCTBEHHO-

o BEKTOPHOM MOAYIALMH U3 2-X (ha3HOTO cUrHama of.

Just 100% mopynsiun, Hanpsbkenne Ha Bxoae VAC T0KHO B \/§ pasa npeBbllIaTh

| o ammiuTyay curHana Ha Bxomax Alpha u Beta. B atom ciyuae ammmutyna cursana Ha

BbeIxogax VA, VB, vC paBna 1 B. AMIuinTya npocTpaHCTBEHHO-BEKTOPHOTO CHI'HaJIa
00paTHO NPONOPIMOHATbHAS HANIPSDKEHUIO Ha BXoze VdC. DTo MO3BOISIET HCTOIB30BaTh
Bx0oz VAC 1 aBTOMATHYECKOM KOMITCHCAIIMH BIMSIHUSI HATIPSDKCHUS ITUHBI TIOCTOSIHHOTO
TOKa 3-X ()a3HOr0 MHBEPTOpA HA €ro BBIXOJHOE HaIpsIKEHHE.

2.6. bnok ap0-abc

IT=
=3 Alpha A=

= Beta B—=

=4 0 Cre

Puc. 6. KomnoHeHT alpha_betao-abc

dyukunoHansHeI# 610K aff0-abc npencrasnen cxemusiM koMnoHenTom alpha_betao-abc,
n300paxeHne KOTOPOTo MPHUBEICHO Ha pHC. 6.

bioxk alpha_betao-abc semmonnsieT mpeobpasoBanue 2-x GpasHol cucTeMbl KoopauHat a0 B 3-x
¢asuyro ABC. B nuteparype nmogo06HoOe npeodpa3oBaHUE YacTO HA3bIBAIOT 00PATHBIM
npeobpasoBanueM Kiapka.

brok umeer ¢nar nHBapraHTHOCTH TpaHchopManmu | T, KOTOPBI MOKET UMETh J1Ba 3HAUCHHMS
IT=0u IT=1.

Ecmu ucnonssyercs ¢uiar 1T=0, To mpOU3BOAUTCSI aMILTHTYIHO-HHBAPUAHTHOE PE0Opa30BaHue
(coxpaHseTcst aMILTUTYIHOE 3HAYCHHE):
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Ecmu ucnionp3yercst duar 1 T=1, To mpeoOpa3oBaHue IPOU3BOANTCS HHBAPHAHTHO MOIIHOCTH (COXPaHSIETCS 3HAYCHUE
MOIIIHOCTH).
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2.7. bnok atan2g
Yy
= g Puc. 7. KomnoHeHT atan2g
atan2 — .
OyHKIIMOHABHBIA OTOK atan2g mpeacTaBieH CXeMHBIM KOMIIOHEHTOM atan2g, nzo0paxeHue
;9 KOTOPOTO MPUBEIICHO HA pHC. 7.

bnok atan29 SABJSICTCA BBIYUCINUTEIIEM YCTBIPEXKBAIPAHTHOI'O aPKTAHICHCA OTHOILICHU L y/ X.

BrIxomHOM yIrimoBo# curHa 0Jioka BBIBOJMTCS B Tpagycax.



2.8. Bnok atan2r

Yy

G Puc. 8. KomnoHeHT atan2r

r
atan2 — y
OyHKIIMOHAIBHBINA OI0K atan2r npeacTaBieH CXeMHBIM KOMIIOHEHTOM atan2r, mo0paxeHue

;9 KOTOPOTO IPUBEIEHO Ha puc. 8.
Brok atan2r sieisieTcst BEIMUCINTEIEM YETHIPEXKBAIPAHTHOTO apKTAHTCHCA OTHOLICHUS y/X.
BrixomHO# yTiioBO# curHAN OJI0OKA BEIBOAWUTCS B pafdaHax.

2.9. bnok cos

Puc. 9. KOMMNOHEHT cos

9
= COS [=

@OyHKIMOHATBHBIH OJI0K COS MPECTaBIeH CXEMHBIM KOMIIOHEHTOM COS, H300pakeHHe KOTOPOro
NpUBEJEHO Ha puc. 9.
B0k COS siBisieTcs BRIYHCINTENIEM KOCHHYca. BXomHO#t yriioBol curnain 010Kka BBOJMTCS B Ipajycax.

2.10. bnok cosr

Puc. 10. KOMMNOHeHT cosr

& cos e

@OyHKINOHABHBIH OJI0K COSK MPEACTAaBICH CXEMHBIM KOMIIOHEHTOM COSK, N300pakeHue KOTOPOTo
npuBeneHo Ha puc. 10.
Brnok COSr ABisieTcs BRIYUCIUTENIEM KOCHHYca. BXoaHo yriioBoil curnan Gy1oka BBOIUTCS B paJuaHax.

2.11. Bnok AlY

Puc. 11. KomnoHeHT delta-line

AY =

dyHKIMOHATBHBIH 610K A/Y mpencraBiieH cxeMHbIM komoHeHToM delta-line, uzobpaxenue
KOTOPOTO MpHUBECHO Ha puc. 11.

BY —= Buok A/Y sBisieTcst ipeo6pasoBarelis “TpeyroibHUK-38e371a”. ITOT BIIOK TTO3BOJSIET

=3 BD npeoOpa3oBarh 3-X (a3Hyro ceTb 0e3 HeHTpasli B SKBUBAJICHTHYIO €if 3-X (azHylo ceTh ¢
CY L= HEUTPaJbHBIM IIPOBOOM.

= CD 2.12. bnok div
N -3

Puc. 12. KomnoHeHT div o
i A B

dyHKIMOHANBHBIN 010K diV IIpecTaBiIeH CXeMHBIM KOMIIOHEHTOM diV, n300paxkeHne KOTOPOro

MIPHUBEACHO Ha puc. 12. )
Brixox Onoka div siBisieTcst pe3yabTaToM JeJIeHHs 3HaUYeHWs], IPUBEICHHOTO K JIEBOMY BXOAY (IelIMMoe), Ha 3HaYCHHE,
NIPUBEJICHHOE K HI)KHEMY BXOJY (JCTIUTEIb).

2.13. bnok dg-aff

Puc. 13. KomnoHeHT dg-alpha_beta
TF=
=D Alpha dyHKIMoHATBHBIN 010K d(-af mpeacrasieH cxeMHbIM KomoHeHToM dg-alpha_beta,
n300pakeHne KOTOPOro NMpUBe/eHO Ha puc. 13.

brok dg-ef BeimonHseT npeobpa3zoBaHie MeXIy Bpalarouieiics 2-x $hasHoi cucremMon
o Q Beta [ KoopauHar DQ u 3-x dasnoii cucremoit ABC. [lyis1 3amanus BpaieHus ciayxut Bxox Theta (0),
a YroJl BpallleHUs 3a/1acTcs B PaiaHaXx.
Theta Bnok umeer ¢unar tpanchopmanuu TF, KOTOpEIil MOXkeT uMeTh aBa 3HaueHus | F=0 (och Q

T onepexaet och D) m TF=1 (ock Q orcraet o ocu D). CoOoTBETCTBEHHO, B 3aBUCHMOCTH OT
¢utara npeoOpa3oBaHus, MCHSIOTCS YPaBHEHHUS IPEOOPA30BAHUS.

Ecmu ucnons3yercst dar TF=0.

Vv, sind  cosd | | Yy
= . . , (58.)
Vg | |—cosf sind | |V,



Ecmu ncnionssyercs ¢uar TF=1.

, (56)

V, | _|cosd —sind | | Vq
v sing  cosd | |V,

B q

2.14. bnok dg0-abc

TF=
={ D A
=1 Q B
= 0 C
Theta
T

Puc. 14. KomnoHeHT dqo-abc

®ynkimoHanbHeI 6710k d0-abc npencrasieH cxemubiM komnorenToM dqo-abc, uzobpaxenue
KOTOPOTO MPHUBEICHO Ha puc. 14.

Brok dg0-abc BeimonHsieT mpeoOpa3oBaHKe MEKIY BpalIaroIeics 2-X Gpa3Hoi cucTeMoit
koopauaaT DQO u 3-x asnoit cucremoii ABC. J[ist 3amanus BpalieHus CIy>Kut Bxoz Theta
(0), a yroxn BpamieHus 3a1aeTcs B pagraHax.

B mureparype nogobHOE mpeodpa3oBaHie YacTO Ha3BIBAIOT 0OPaTHBIM IPEOOpa3OBaHIEM
[Tapka.

Bnok nmeer ¢nar Tpanchopmanuu TF, KoTOpEIii MoXkeT UMeTh ABa 3HadeHus | F=0 (ocs Q
onepexaet och D) m TF=1 (ocp Q otcraet ot ocu D). CooTBEeTCTBEHHO, B 3aBHCHMOCTHU OT
¢nara nmpeoOpa3zoBaHus, MEHSIOTCS ypaBHEHHsI IPpeoOpa3oBaHusl.

Ecnu ucnonesyercs ¢uar TF=0:

v, cosd —sind 1
2 . 2
v, |= co{@—?j —sm(@—?j LI vy |, (62)

V, |
co{0+2—nj —sin(9+2—”j 1
- 3 3 -

v, sin@ cosd 1
] 21 21
V. |[=[(sinfd——| co96——| 1|-|Vv, |, (606

V. A
sin(9+%ﬂ) co{0+2—n) 1

<

2.15. bnok fourier

Fourier
A

P

Puc. 15. KomnoHeHT fourier

dyuknuoHanbHbIH 610K fourier mpeacrasnen cxemubiM komoneHToM fourier, uzobpaxenue
KOTOPOTO MPUBEICHO Ha puc. 15.

brox fourier BeimosHseT Kiaaccuueckoe npeodpazosanue Dypobe.

IMapamerpsl HacTpoiiku KoMmionenta fourier nepeurciens B Tadmuie 1.

Ta6nuua 1. MapameTpbl HACTPOWKU KOMNOHeHTa fourier

F=

MapameTp OnucaHue

F OcHoBHag YacToTa, 'y,

AMITTUTY]a CHHYCHOW COCTABJISIFOIIEH OCHOBHOM YaCTOThI HAXOAUTCS 10 (popmyie:

2 Tf .
An=7 [, f(t)-sin2z-F -t)dt, (72)

T'ne:

T= E - IEPHUOJ MHTETPUPOBAHNS, PABHBIH [UINTEIFHOCTH TIEPHOAA OCHOBHOHN YacTOTEHI,

f (t) - curnan, nonasaemsiii Ha Bxox 6110ka fourier.

AMHJ'II/ITyL[a KOCI/IHYCHOﬁ COCTaBHS[IOIIIeﬁ OCHOBHOM YaCTOTEI HaXoJUuTcCi 110 (bopMlee:



2 T
Am=12 jo f(t)-cos@z - F -t)dt, (76)
AMIUTATY]a OCHOBHOM 9aCTOTHI BEIBOAUTCS Ha BBIXOM A 1 HaxoauTcs 1Mo Gopmyie:

A=A, + A . (78)

Benuuuna (ba30130r0 CIBUTa OCHOBHOM 4acCTOTHI, B paanaHax, BBIBOAUTCA Ha BbIXOJ Pu HaXoJUuTcCAd 110 q)opMlee:

@ = arctg Ao , (71)

in

2.16. bnok fourier_pd

Puc. 16. KomnoHeHT fourier_pd
Fourier_pd
A~  ®yunkunonansHbIi 610k fourier_pd npencrapnen cxemubiM komnonentom fourier_pd,
= sin = y306paskeHKe KOTOPOTO MPUBEAEHO Ha puc. 16.
cos =  EBnok fourier_pd, B onune ot 610ka fourier, Beimonusiet mpeodpaszosanne ypbe Ha
Phi —  cxonp3smem unTeppane. buaronaps sTomy, 610k fourier_pd MOKET OCyIIECTBIATE CKOMb3AIIee

F= N= CHHXPOHHOE JIETCKTHPOBAHKE C YACTOTOM CHHXPOHHOTO JieTekTopa (rerepoanna) F.
[Mapamerpsl HacTpoitku kommonenta fourier_pd nepeuwncienst B Tabmuie 2.

Tabnuua 2. [NapameTpbl HACTponkn komnoHeHTa fourier_pd

MapameTp OnucaHue
N Yncno nepmogoB ycpeaHeHus
F OcHoBHas YactoTa, 'y

AMHJ’II/ITy,I[a CHHYCHOﬁ COCTaBHHIOH.[eﬁ OCHOBHOM YaCTOTEI BBIBOAUTCSA HA BBIXO/ Sin " HAaXOOUTCA 110 (bopMyne:
2 .

A, =— j f(t)-sin(27z - F -t)dt, (8a)
T 1

T'ne:

T = — - unrepan ycpeanenus, papuslii enomy yncay N mepromoB ocHOBHOI 4acTOTH,

f (t) - curnan, nonasaemsiii Ha Bxox 610ka fourier_pd.

AMHJ’II/ITy,I[a KOCHHYCHOﬁ COCTaBJ‘I?[IOH.[eﬁ OCHOBHOMH 4aCTOTBI BBIBOAUTCS HA BBIXO[ COS M HAXOOUTC IO (1)0pMyne:
2 ot

Ao =] f(t)-cos@z-F-tydt, @86)
T 1

AMHJ’II/ITy,I[a OCHOBHOM YaCTOTBI BBIBOAUTCA Ha BBIXO/ A 1 HAaXOAUTCH I10 (I)OpMYJ'IC:

_ 2 2

A= A%in + A:os ' (SB)

®Da30BBIA CABUT OCHOBHOM YaCTOTHI BBIBOAMTCS B pajnaHax Ha Bbixon Phi u Haxomgurcst mo ¢hopmyse:
@ =arctg Ao , (8r)

In
V' ®ynkuuonansHeI 6ok fourier_pd cosnan u npucnan Ky6oe Bradumup.

2.17. bnok idt_ir
5 | & Puc. 17. KomnoHeHT idt_ir
S

TI= IV= dyHKIMOHANBHBIN 050K idt_ir npeacTaBieH cxeMHbIM KoMIIOHeHTOM idt_ir, u3o0paxeHue
LL= UL= KOTOPOTO TMPUBECHO Ha puc. 17.
IMapamerpsl HacTpoiiku KoMmoHeHTa idt_ir mepeunciiens! B Tabiue 3.

Ta6nuua 3. MapameTpbl HACTPONKN KOMMNOHEHTA idt_ir

MapameTp OnucaHue
Tl MNMocTosiHHas BpeMeHu nHTerparopa, Cex.
v HavanbHoe coctosiHne nHTerpatopa, B
LL HwxxHUn npegenbHbIn ypoBeHb, B
UL BepxHuii npefenbHbIvi ypoBeHb, B




Brok idt_ir mpeacrasiser cob6oit uHTErpaTop ¢ BHyTpeHHUM cOpocoM. T.e. HHTerparop copaceiBaeTcs B Ha4alIbHOE
COCTOSIHHE, €CJIM YPOBEHB Ha €ro BeIxoJe JocturaeTr Bepxuero UL wim Hmxaero L L noporosoro ypoBHsi.
[epenarounast GpyHKIMS HMHTETPATOPa ONUCHIBAETCS CJIEAYIONIMM ONEPaTOPHBIM YPABHEHUEM:

1
W(s)=—,(
6)=—=.

2.18. bnok idt_r

Puc. 18. KomnoHeHT idt_r
o3 j "
DyHKIHOHATBHBIHM 610K idt_r mpeacraBieH cxeMHbIM KOMIOHEHTOM idt_F, u3oOpakeHue
TI=IV= KOTOPOTO MPHUBEICHO Ha puc. 18.
IMapameTpsl HacTpoiiku KoMmionenTa idt_r mepeuuncienst B Tabmue 4.

Ta6nuua 4. MapameTpbl HACTPONKN KOMMOHeHTa idt_r

MapameTp Onwucanue
TI [MocTosiHHasA BpeMeHn nHTerpatopa, Cek.
v HavanbHoe cocTosiHne uHTerpartopa, B

Brok idt_r mpencrasisier coboii uuterparop 6e3 BHyTpeHHero copoca. [lepenarounas GyHKIMS HHTErpaTopa
OMHUCHIBaETCsI ypaBHeHHeM (7).

2.19. bnok igbt

Ui Puc. 19. KomnoHeHT ight
VS= TR= . . .
DV= DR= PyHKuMOHanbHEI 610K igbt npesicTapneH cxeMHBIM KoMIoHeHToM ight, n300paxenne
KOTOPOTO MPHUBEICHO Ha puc. 19.
OroT 6310K MpeacTaBiseT co0oit uaeansHbIi ight ¢ aHTHapamIenbHBIM HOIOM.
TpaH3UCTOP OTKPHIT, ECITU HA €r0 3aTBOP IOJaH YPOBEHDb | BOJIBT U 3aKPHIT, €CIIM HA 3aTBOP MOAAH HOJb.
IMapameTpsl HacTpoiiku KoMIoHeHTa igbt nepeunciiens! B Tabnure 5.

Tabnuua 5. lNapamMeTpbl HACTPOWKN KOMMOHEHTa igbt

MapameTp OnucaHue
VS HanpsixeHune HachblLLeHns OTKpbITOro TpaHaucropa, B
TR ConpoTuBneHne oTkpbITOro TpaHamctopa, Om
DV [MageHwe HanpsbkeHne Ha aHTMnapannensHomM auoae, B
DR ConpoTtrBneHve aHTMNapannensHoro amoaa, B

IIpumeuyanne: VYmpasisiiomue ypoBHH MPUKIAIBIBAIOTCS OTHOCUTEIBHO 3€MJIH, & HE OTHOCUTEIBHO 3MUTTEPA
TpaH3UCTOPA.

2.20. Bnok isent

© /‘\? Puc. 20. KOMMNOHeHT isen

K=1 DOyHKIMOHAIBHBIHN OI0K iSEN MpeICTaBIeH CXEMHBIM KOMIIOHEHTOM iSeN, n300paxeHne KOTOpOro
npuBeneHo Ha puc. 20.
brok isen npencrasiseT co00i U30IMPOBAHHBIN [aTYHUK TOKA. EquHCTBEHHBIH TapameTp K atoro 6ioka onpesensier
ero ko3¢ durment nepenaun. Ha BrIxo/e 0J10Kka MPUCYTCTBYET MOJIOKUTEIBHBINA YPOBEHb, €CIIA TOK BTEKACT B BEIBOJ,
OTMEYECHHBIA TOYKOM.

2.21. bnok limiter

B % e
| dyHKIMOHATBHBIN 0510k limiter mpencrasnen cxeMHbIM KoMIoHeHTOM limiter, u3obpaxkernue
LL= UL= KOTOPOTO TpHBEAEHO Ha puc. 21.
[Mapamerpsl HacTpoiiku kommoHeHTa limiter nepeuuciens: B Tadnuue 6.

Puc. 21. KoMmnoHeHT limiter

Tabnuua 6. NapameTpbl HACTPOWNKN KOMMOHeHTa limiter

MapameTp OnucaHue

LL HwXHUI ypoBeHb orpaHuyeHusi, B

UL BepxHui ypoBeHb orpaHu4eHusi, B




Brok limiter umeer exuHnYHBIA K03 GUIIHEHT nepenayn, HO GUKCHPYET BBIXOJHOW CUrHAT Ha HkHeM LL wiu
BepxHeM UL ypoBHe orpaHndeHus, eciIu BXOAHOW CUI'HAJ HIDKE WU BBIIIE 9TUX YPOBHEH.

2.22. bnok Ipfl

Puc. 22. KomnoHeHT Ipfl

= LPF1 [=

®ynukrmonanbHeIi 610K Ipfl mpencrasnen cxemusiM kommonenToM Ipfl, n3o6paxkenue
KF= FC= KOTOPOTO MPHBEAICHO Ha PHC. 22,
IMapamerpsl HacTpoiiku kommonenTa Ipfl mepeunciens B Tabmwie 7.

Ta6nuua 7. MNapameTpbl HACTPONKN KOMMNoHeHTa Ipfl

' Mapametp Onucanue \
\ KF " KoachdmumeHT nepenayn |
| FC | YacTota cpesa dunbtpa, My

Brok Ipfl npencrapiseT u3 ceds GUIBTP HIKHUAX YaCTOT MEPBOTO MOPSIKA C TIEPENATOUHOH ByHKIHEH:

W(s)= KF%, @)

rie @, = 27 - F; - xpyrosas uacrora cpesa.

2.23. brnok Ipf2

Puc. 23. KomnoHeHT Ipf2
= LPF2 |=

®ynkumoHanbHbIN 010K |Pf2 mpexcraBien cxeMHbIM KoMIToHeHTOM 1pf2, n3obpaxenue

KF= FC= DR= KOTOpOI0 npuseieHo Ha puc. 23.
[Mapamerpsl HacTpoiiku kommonenta Ipf2 nepeuncienst B Tabmuie 8.

Ta6nuua 8. MapameTpbl HACTPONKN KOMMNOHeHTa Ipf2

MapameTp OnucaHue
KF KoadpduumeHT nepegauu
FC YacToTa cpesa gunstpa, Ny
DR KoadhpmumeHTbl gemndpuposaHms

brox Ipf2 npencrasnser u3 ce6st GUIBTP HUKHUX YaCTOT BTOPOTO MOPSIKA ¢ TIEPEIATOUHON (HyHKIMEN:

2
e ©
F )
s?+s5.2.Dr-o, +o,’

G(s)=K

e @, = 2- 1 - F; - kpyrosas yacrora cpesa.

2.24. bnok mono2
Puc. 24. KOMNoHeHT mono2

& 1[ Q ® OysKuMOHANBHEIN GIOK MONO2 MPEACTABICH CXeMHBIM KOMIIOHEHTOM MONO02, n300paeHue
KOTOPOTO TPUBEICHO HA pUC. 24.
Bbrox mono2 npexacrasiser u3 ce0s 0JHOBHOPATOP ¢ HACTPAMBAEMON IIMPUHOI reHepHPYEMOTO
T HMITYJIbCA.
[uprHa UMITyTbCa paBHA HAMIPSDKEHHWIO BHEITHETO CHUTHAJA, TI01aBaeMOT0 Ha HIKHHUN BXOJ
610ka. B 3aBucHMOCTH OT 3a/1eHiCTBOBAHHBIX BXOZIOB OJHOBHOPATOPA, €T0 3aIlyCK MOXKET MIPOM3BOAMUTCS IO GPOHTY
W/WIIN Cpe3y BXOIHOTO CHT'HAJIA.

2.25. Bbnok mosfet

Ul Puc. 25. KomnoHeHT mosfet
RN= RF= .
DV= DR= PyHkumonanbHeiii 610k mosfet npencrasnen cxemubiM komnoHnenTom mosfet,
N300pakeHne KOTOPOTO IPUBEAEHO Ha puc. 25.
O10T OII0K NpeAcTaBIeT cOO0H ueanbHblil mosfet ¢ aHTUIapaIeNnbHbIM JUOJOM.
TpaH3UCTOP OTKPBIT, ECIIM Ha €r0 3aTBOP IOJaH YPOBEHB | BOJIBT M 3aKPBIT, €CJIM Ha 3aTBOP MOAAH HOJb.



[MTapameTrpsl HaCTpOiikK KoMIOHeHTa MOSfet mepeuncnens! B Tabmme 9.

Ta6nuua 9. NapameTpbl HACTPOIKM KOMMNOHEHTa mosfet

MapameTp OnucaHue
RN ConpoTuBneHue oTkpbITOro TpaHamctopa, Om
RF ConpoTuBneHne 3akpbIToro TpaHamctopa, Om
DV [MapgeHue HanpsixeHne Ha aHTMnapannensHomM auoae, B
DR ConpoTvBneHue aHTMNapannensHoro avoaa, B

IIpumeuanune: VYmpapisolue ypoBHHU NPUKIIAABIBAIOTCS OTHOCUTEIHHO 3€MIIU, 2 HE OTHOCUTEIBHO HCTOKA
TpaH3UCTOpA.

2.26. bnok mult

Puc. 26. KomnoHeHT mult

&) >< % ®ynxumonansHIi 610k Mult mpeacTaBIeH CXeMHBIM KOMIOHeHTOM MUlt, H306paerue KOTOPOro

TIPUBEACHO Ha puc. 20.

T Bsixox 6moka mult siBsieTcst pe3yabTaToM YMHOXCHUSI 3HAYCHUS, TIPUBEICHHOTO K JIEBOMY BXO/IY,
Ha 3HaYCHHUE, IPUBEACHHOE K HIDKHEMY BXOY.

2.27. bnok pc

Puc. 27. KomnoHeHT pc
&) K =
@OyHKINOHATBHBIN 070K PC MPEACTABICH CXEMHBIM KOMIIOHEHTOM PC, H300pakeHHe KOTOpOro
KP= MIPUBEACHO Ha puc. 27.
Bnok pc mo3BoisieT yMHOXKATh BXOTHOE 3HAYCHHE Ha HEKUH (PprukcupoBaHHBIH KodppummeHt KP.
OTOT GJI0K MOKET HCIOIB30BATHCSA B KAYECTBE IPOMOPIHUOHAIBHOTO PETYISITOpa.
[TpomoproHANEHBII PETYIATOP MMEET CIACAYIOIIYIO EPeIaTOYHYI0 (DYHKIHIO:

W(s)= K, (10)

2.28. bnok pi

Puc. 28. KomnoHeHT pi
& PI e

DyHKIMOHAIBHBIN OJI0K Pi MPEACTABICH CXEMHBIM KOMITOHEHTOM Pi, H300paskeHe KOTOPOro

KP= TI= NPUBEJICHO Ha puc. 28.
LL=-1k UL=1k [TapameTpsl HacTpoiiku KoMIOHeHTa Pi nepeunciens! B Tabmuie 10.

Ta6nuua 10. MNapameTpbl HACTPOMKM KOMMOHEHTA pi

MapameTtp OnwucaHue
KP KoadhpmumeHT nepegayum
TI lMocTosiHHasA MHTerpMpoBaHus, ¢
LL HWKH1 ypoBeHb orpaHnyeHus, B
UL BepxHuii ypoBeHb orpaHuyeHus, B

Briok pi mpencrasisiet u3 cedst MPOMOPIHOHATEHO-HHTETPATBHBINA PErYIsATOpP. BBIXO perynsaTtopa MOKHO OTPaHHIHUTE
CHM3Y U cBepXy Iipu oMoy napamerpos LL u UL. [IponopriionanbHO-UHTETpaIbHBIN PETYIATOP NMEET CJISTYIOUIYIO
NepelaTouHyI0 (PYHKIHUIO:

P'(1+S'T|)

W®=K ,(12)

2.29. bnok sin

Puc. 29. KOMMNOHeHT sin

g
= SIN =

DyHKIMOHATBHBIN OJI0K SiN TPe/ICTaBICH CXEMHBIM KOMITOHEHTOM SiN, M300pakeHHEe KOTOPOTO
NpUBEIeHO Ha puc. 29.
B0k SiN sBJISE€TCS BBEIYKMCIIUTENEM CHHYCa. BXOIHOM yIIIOBO# CHrHaj GJI0Ka BBOAUTCS B IPaaycax.

2.30. Bnok sinr

Puc. 30. KOMMNoHeHT sinr

N SIN e




CDyHKHI/IOHaJ'ILHHﬁ 6ok sinr npeaAcCTaBJICH CXEMHBIM KOMIIOHCHTOM Sinr, H306pa>1<eHHe KOTOPOIo MpMUBEACHO HaA pUC.
30.

Bi1ok SiNr ABAsETCA BEIYUCIATEIEM CHUHyca. Bxoanoit yFJ'IOBOﬁ cursaj 0joka BBOJUTCH B pajuaHax.

2.31. brnok sqrt

Puc. 31. KomnoHeHT sqrt

= SQRT |-

OyHKIMOHANBHBIN 00K SQIt mpencTaBiIeH CXeMHBIM KOMIIOHEHTOM SO I't, n3o0paxeHne
KOTOPOTO TIpHBeeHO Ha puc. 31.
brok sqrt siBnsiercst BEIYMCIUTENIEM KBaIPaTHOTO KOPHSL.

2.32. bnok sum

Ki1i=1 K2=1 Pwuc. 32. KoMnoHeHT sum
+ .
OyHKIIMOHAIBHBIA OTOK SUM TIPEACTaBICH CXeMHBIM KOMIIOHEHTOM SUM, M300paXeHHEe KOTOPOTO
MIpUBEACHO Ha puc. 32.
+ [MapamMeTpbl HaCTPOWKH KOMIIOHEHTa SUM TiepednciieHs! B Tabmure 11. BerxomgHoit curaan 6imoka
sum sBJISIETCS CYMMOM cUrHaJIOB Bxozal u Bxoaa2.

Ta6nuua 11. [NapameTpbl HACTPOWMKN KOMMOHEHTa SUM

' Napametp Onucanue ' Mo ymonuanuio |
K1 KoadhbmumeHT nepegayum no exogy 1 1
K2 KoadhomumeHT nepegayum no exoay 2 1

2.33. bnok tab6x5

s Puc. 33. KomnoHeHT tab6x5
= tab6x5 —=
dyHkHoOHAIBHBIH 010K tab6X5 mpeacTaBieH cxeMHbIM KomoneHToM tab6x5, uzobpaxenue
c T KOTOPOTO TPUBEICHO HA pUC. 33.

broxk tab6x5 npencraBiser co6oi TabnuIly 3HaYEHHI, YITAKOBAHHBIX B MATPUILy 6X5 (6 CTPOK U
5 cron610B). BeiOop TabMMYHOTO 3HAUEHUS OCYIIECTBISETCS MOJaueil COOTBETCTBYIOIINX HAMIPSHKEHUN Ha BXOJIBI S
(ctpoxn) u C (konouku). Hampumep, asist BBIOOPKHU 3HAYEHUS, PACTIOJIOKEHHOTO Ha MIEPECeUeHUH 3-i CTpOKH U 4-i
Kook (S34), He06X0IMMO Ha BXOJ S MOAATh 3 BOJIBTA, a Ha BXOJ C 4 BOJIbTA. DTH HAMPSDKEHUS! JOIDKHBI ObITh
YCTAaHOBJICHBI C TOYHOCTHIO He Xy)ke 0.1 BOJBT.

Ipumeuyanue: Eciu HampsbKeHUE HA BXOIAX S WK C BRIXOAMT M3 IOMYyCTUMOTO AUAIa30Ha, HA BHIXOJIC TAOIHIIbI
MPOIOJDKACT OCTABATHCS MOCIIEAHEE KOPPEKTHO BEIOPaHHOE 3HAUCHIIE.

2.34. bnok tab6x7

Puc. 34. KomnoHeHT tab6x7

3
= tabbx7 =

DOyHKIMOHATBHBIN 010K tab6X7 mpemcraBineH cxeMHBIM KoMIOHEHTOM tab6X7, m3obpakerue
ct KOTOPOTO MPUBEIEHO Ha puc. 34.
Brok tab6X7 npesncrasnser coboit TabHIly 3HAUCHNUH, YITAKOBAHHBIX B MATPHILy 6X7 (6 CTPOK 1
7 cton61oB). BeiOop TaOMUIHOTO 3HAYEHUS OCYIIECTBISETCS MOAadeil COOTBETCTBYIONMINX HAMIPSDKEHUH Ha BXOJIBI S
(ctpoxn) u C (komouku). Hampumep, a1t BBIOOPKH 3HAYEHUS, pACTIOIOKESHHOTO Ha MIEPeCeUeHUH 3-i CTpOKH U 4-i
koJIOHKH (S34), He00X0MMO Ha BXO/JI S TIOAATh 3 BOJIBTA, a HA BXOJ C 4 BOJIbTa. DTH HANPSDKEHUS JOJDKHBI OBITH
YCTaHOBIICHBI C TOYHOCTBIO He Xyxe (.1 BOJBT.

HpnMeqa}me: Ecmu HAIIPsSPKEHHUE HA BXOJaX S WK C BBIXOAMUT U3 JOIIyCTUMOIO AHWara30Ha, HA BBIXOAE Ta6J'II/IIILI
MMpOAO0JIKACT OCTABATHCA NOCIICAHEE KOPPEKTHO BI)I6paHHOG 3HA4YCHUC.

2.35. bnok tdel

- Puc. 35. KomnoHeHT tdel

o time, | _
dyuknnoHanbHbIHM 010K tdel mpencrasinen cxemubiM komronenToM tdel, nzobpaxenue
TD= KOTOPOTO MPHUBEICHO HA puc. 35.




Biox tdel nepeaact BXOZ[HOﬁ CHUI'HaJI Ha BBIXOJ 6e3 HU3MCHCHMUS, HO C 3anep>i<1<oi/'1 BPEMCHHU. Bemuunna 3aACPIKKHU
BPEMCHMU OINPCACIIACTCA IMPU OMOIIH IMapaMeTpa TD.

2.36. Bbnok tfcn

Puc. 36. KomnoHeHT tfcn

= G(s) =

®yHKIMOHANBHBIN 010K tfCN mpexcTaBiieH cXxeMHBIM KOMITOHEHTOM tfcn, n3obpaxenue
KOTOPOTO TIPUBEICHO Ha puc. 36.
[Mapametpsl HacTpoiiku KoMmoHenTa tfcn nepeunciienst B Tabmume 12.

Ta6nuua 12. MNapameTpbl HACTPOWKM KOMMOHeHTa tfcn
MapameTtp OnucaHue

K OO0t k03 HUIMEHT nepeaayn

BO..B4  KoadduimeHTsl nonnHOMAa YUCIUTENS

A0..A4 | KoappuumeHTs! MoJrMHOMa 3HAMEHATEIs

bnok tfcn mo3Bossiet co3naTh NIPOU3BOIBHYIO TPOOHO-PALIMOHATIBHYIO IEPENaTOuHY 0 (YHKLHIO 4-TO MopsiaKa (M
HIwke). Pesynsrupyromias nepenatodnas GyHKIus OyIeT UMETh CIEeIYIOMNil BUM:

2 3 4
W(s)=K- B, +B;s+B,s"+B;s°+B,s
A+ As+AS +AS +Ast
Ecmu tpeOyeTcs mepenarounas GyHKIUSA Oojiee HU3KOTO MOPSIKA, TO JHUITHIE KO3 PUIIMESHTH IPUPABHUBAIOTCS K
HYJIFO.

(12)

2.37. bnok v3f

Puc. 37. KomnoHeHT v3f

OyukIroHansHeIH 610k V3f mpencrasnen cxeMHbM KoMmnoneHToM V3f, n3o6paxkenne
KOTOPOTO TPUBEICHO Ha puc. 37. N
IMapametpsl HacTpoiiku Komionenrta V3f nepeuncnenst B Tabmuie 13.

Ta6nuua 13. MNapameTpbl HACTPOVKM KOMMOHeHTa v 3f C
MapameTp OnucaHue Mo ymonyaHuio
VL [JewncTeyloLlee nuHerHoe HanpsbkeHne, B -
F YacroTa, 'y - VL= F=
PH O6wwimit pasoBbIv caBur, rpagychbl 0 PH=0 RS=1u LS=1u
RS Conpotuenexue dasbl, Om 1 MkOm
LS MHaykTuBHOCTL dhasbl, MH 1 MKIH

bnok v3f npexacrasiser u3 ceds HICTOYHUK TPeX()a3HOTO HANPSHKEHUS ¢ HEHTPaIbHBIM IIPOBOJIOM.

2.38. bnok vsen

+ K 1 Puc. 38. KomMnoHeHT vsen
OyHKIIMOHATBHBIN OJI0K VSEN MpeAICcTaBIeH CXeMHBIM KOMIIOHEHTOM VSEN, n300pakeHne KOTOPOTO
[>—E puUBEACHO Ha puc. 38.

Brnok vsen mpencTapisieT co00# U30IMPOBAHHBIN TaTYMK HaNpspkeHns. EnquacTBeHHbIH mapamerp K

3TOTO OJI0KA OTIpeIeIIsieT ero Ko uImeHT nepenadn. Ha Beixoe 6J10ka MPUCYTCTBYET

MTOJIOKUTENBHBIA YPOBEHB, €CIIH BXOTHOE HANIPSDKEHUE MPUIIOKEHA B COOTBETCTBUH € TIOJISIPHOCTHIO
N3MEPHUTEINILHBIX BXO/IOB.

2.39. bnok vst

Puc. 39. KOMMNoHeHT vst

VS= @OyHKIMOHAIBHBIH 010K VSt pecTaBIeH CXeMHBIM KOMIIOHEHTOM VSt, n300paxkeHne KOToporo
TS= TT= [pusencHo Ha puc. 39.
[TapameTpbl HACTPOWKK KOMITOHEHTA VSt iepednciieHsl B Tabmuie 14.



Ta6bnuua 14. MNapameTpbl HACTPONKM KOMMOHEHTa Vst

MapameTp OnucaHue Mo ymonyaHuio
VS BbicoTa ckayka HanpsbkeHusi, B -
TS Bpems Havyana ckauyka, cek -
TT [OnuTenbHOCTb OPOHTa CKayka, cek -

Brnok Vst mpezcrasisieT U3 ce0sl reHepaTop CKauka (CTYMCHH) HAPsHKCHUS.

2.40. Bnok vtm

Puc. 40. KomnoHeHT vtm

@OyHKINOHAIBHBIN OT0K VEM mpencTaBIeH CXeMHBIM KOMIIOHEHTOM VM, H300pakeHne KOTOporo
npuBeneHo Ha puc. 40.

[MapameTpbl HaCTpOWKH KOMIIOHEHTa VIM miepeuncieHs! B Tadmume 15.

Ta6nuua 15. MNapameTpbl HACTPOMKM KOMMOHEHTa Vim

NapameTp

OnucaHue Mo ymonyaHuio

ST

MowmeHT cTapTa, cek 0

brnok vtm MPEACTaBIACT U3 cebs TEHEPATOPp HAPSIKCHUS IIPOTIOPHUOHAIBHOIO BpEMCHU.

2.41. bnok vtr

Puc. 41. KOMMNOHEHT vtr

@OyHKIMOHATBHBIHA 010K VLI IIpecTaBieH CXeMHBIM KOMIIOHEHTOM Vir, n3o0paxeHne
KOTOPOTO MPHUBEEHO Ha puc. 41.
[TapameTpbl HaCTPOWKK KOMITOHEHTa VI iepeunciieHsl B Tabnuie 16.

Vpp= F= D=
DCoff=0 Tst=0

Tabnuua 16. NapameTpbl HACTPOVKM KOMMOHEHTa Vir

MapameTp OnucaHue Mo ymonyaHuto
Vpp Pa3smax TpeyronbHoro HanpsikeHus (OT nuka oo nuka), B. -
F YacTtoTa, 'y -
D OTHOCUTENbHAA ANUTENBHOCTL HAapacTaLWENR YacTu. -
DCoff CwMeLleHne HUXKHETOo Kpasi TPeyronbHOro HanpsixxeHus, B. 0
Tst Bpewms 3anycka, cek. 0

Bbrox VIr mpezacrasinser u3 cedsi TeHepaTop TPEYTONBHOTO WK MTHIIO00PAa3HOTO HATPSIKEHUSI.

2.42. Bnok zoh

= 8
ZOH Puc. 42. KomnoHeHT zoh
TD=0 KP=1 .
FS DyHKIMOHAIBHBIH 010K ZOh mpecTaBieH CXeMHbIM KOMIIOHEHTOM Z0Oh, n3obpakenne KOToporo

MPUBEJICHO Ha puc. 42.

IMapameTpbl HaCTPOMKK KoMITOHEHTa ZOh mepeunciensl B Tadmuie 17.

Ta6nuua 17. MNapameTpbl HACTPOWKM KOMMOHEHTa zoh

MapameTp OnucaHue Mo ymonyaHuto
TD Bpems Hayana nepBon BbIOOPKK, CEK. 0
KP KoadhdmumeHTsl nepenaym brioka. 1
FS YacTtoTta crnenoBaHus BbIGOPOK. -

Briok zoh mpencrasisier u3 cebs hukcarop HyaeBoro nopsiaka (zero-order hold) wim, mo-mpoctoMy, cxemy BEIOOPKH-
XpaHeHHs. DTOT OJIOK MOKHO MCIIOIb30BaTh /it uMuTanuu ysna AL nudpoBoro koHTpoOsIIEpa.

3. Mpumepbl
B apxuBe 6ubaroTekn GyHKIIMOHATBHBIX OIIOKOB, B manke Examples, ects HeckonbKo (aiioB AeMOHCTPALHOHHBIX
MOJIECH:

3-phase grid-link inverter with solar panel.asc — Tpex¢a3Hsblii HHBEPTOP BEAOMBIi CEThHIO;

Phase Lock Loop in ABC-DQO.asc — cuctema ¢a3oBoii aBTOMOACTPONRKH 4aCTOThI 475t 3-X (asHoil ceTH;
Phase-Lock Loop.asc — cucrema (a30BOii aBTOMOACTPOMKH YaCTOTHI 1jIsk OAHO(A3HOM CETH;
Space_vector_pwm.asc — cucTeMa IIpoCTPaHCTBEHHO-BEKTOPHON MOYIISIINHL.



NHcpopMaLNOHHbIE UCTOYHUKM:
1. http://valvol.xyz/soft/fblocks.zip



