3asgBKa Ha KOHKYpPC
Nuseptop g BLDC\PMSM

Lless paboThl: pa3paboTKa JpaliBepa CHHXPOHHOTO TPéx(a3Horo ABUraTessi C

SIBHO U HESIBHO BbIPa)KeHHBIMH MarHUTHbIMU o/itocamu (BLDC/PMSM).

TpeboBaHwusi:

Hanpsbkenue niuranus - 400 BobT (96s);

[TvkoBast MOLLIHOCTG - 50-55 KU/I0BaTT;

OxnaxgeHue — XKUJKOCTHOE;

OrnpeiesieHyre TOI0KE€HKSI pOTOPa C MOMOIBIO JaTYMKOB X0J11a WU
Bpallarolerocsi TpaHcopmaTopa (pe3osibBepa);
BojoHenpoHuiiaeMoCTb, FepMETUYHOCTD;

Ynpasnenue - CAN mmu RS485.

HayuHo-TexHuueckui 3azie (B yaCTH, Kacarollencsi pacCMaTpUBaeMou

TeMaTUKH).

B TeueHMe HeCKOJBbKUX JieT BefeTcss paboTa Haj CO3[aHUeM U BHeApeHueM
JpaiBepOB CUHXPOHHBIX M AaCUHXPOHHBIX CEPBOMOTOPOB U JBUTrareseu
00I1IeNTPOMBIIIIEHHOTO TIpUMeHeHUs1. [IpoBOASTCS MCC/ieloBaHUS U SKCTIEPUMEHThI
MO0 ONTUMU3ALMM  AJITOPUTMOB  yMpaB/eHUsi JBUraTe/lsiMA B 3ajauax
BbICOKOTOUHOTO TIO3WL[MOHUPOBAHUSl, @ TaKXe IO BEKTOPHOMY YIIPABJ/IEHHIO
AaCUHXPOHHBIMU JIBUTaTeIsiMU 6e3 oOpaTHoi cBsi3u. Ha pucyHke 1 ripe/icTaB/ieHbl

dboTorpaduru oHOTO M3 BapMaHTOB CepBO/paiiBepa.



Pucynok 1 — ®ortorpacdus gpaiiBepa cepBojBUraTe/isi (C/ieBa), yCTaHOB/IEHHbIE Ha

oOpopy/10BaHUM /ipaiiBephl (CrpaBa).
OCHOBHBIe XapaKTepHCTHUKU IaHHOT'O0 BapyaHTa UCTIOTHEHUSI:

Harnpspkenue nuranus 50 — 350 B.
MakcumasibHbIM TOK aBuratesis 20 A.
MakcumasibHasi MOLLIHOCTE Asurarens 1,5 KBT.
MakcumasnbHast yactora HIVMM 20 kI,
ABTOMaTH3MPOBaHHOE U3MePeHUe XapaKTEPUCTUK JABUTaTeIs.
JlBa KOHTypa 00paTHOM CBSI3U.
WuTepderickl 06paTHOM CBsi3U (2 HE3aBUCHMBIX KaHasa):

O aHa/J0roBbIM CUTHAJI CKOPOCTH (TaxoreHepaTop);

O JaTydKu XO0J1a;

O VHKpDeMeHTa/IbHbIA SHKOZED;

0 abcomoTHbIN 3HKO/ep (MHTepdeiic RS-485, RS-422);

O pe30/bBep.

Ha pucyHke 2 mpejcTaB/ieH BHEIIHUM BUJ UHTepdeiica TNPOrpaMMHOIO
obecrieueHusi, TIpeJHA3HAUEHHOTO [jii HACTPOMKKM W KOH(PUTYpHUPOBaHUS

cepBo/ipariBepa. f3bIK nporpammupoBanus C#.
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PucyHOK 2 — BHeIllHUI BU/ iHTepdelica MporpaMMHOTO 0becrieyeHwusl.

[IpencraBneHHbId ApaliBep CEepPBOABUraTess YCIELIHO TpOILle/l UCIBbITAHUS 10
yTIpaB/IeHHIO BUTaTeIsIMM TTO3WIMOHUPOBAHUSA B 5-M 0CeBOM 00OpabaThiBaroIeM

I[eHTpe.

ITpoekT ppariBepa BLDC/PMSM pBuratesns.
OG61ue npuHLMIEL yripaBienrs BLDC/PMSM

[17151 pabOTBI CHHXPOHHOTO [IBUTATEJISI C TIOCTOSTHHBIMM MarHUTaMH 00s13aTe/TbHO
TpebyeTcsl crcTeMa yITpaB/IeHHs, HarpyuMep, YacTOTHBIA TpeoOpa3oBaTenb WM
cepBoripuBo/l. [Ipy 3TOM cymiecTByeT Oo0JbIlloe  KOIMYECTBO  CIIOCOOOB
yTpaB/IeHus1, peari3yeMbIX CHCTeMaMU KOHTPOJIsl. BeiOop onTumasnbkHOro crocoba
yTIpaB/ieHHs, TJIaBHBIM 00pa30M, 3aBUCHT OT 3aflaud, KOTOpas CTaBUTCS ITepef
3JIEKTPOTIPHUBO/IOM. OcHoBHbIe METO/IbI yTpaBJieHuUs CUHXPOHHBIM

3JIGKTPOABUIdTe/1eEM C IIOCTOAHHBIMH MdI'HUTAMU IIPDUBE/I€HBI B Ta6J'II/II_[E HIDKe.



YmipaBnenue

JocronHcTBa

Henocrarku

CkansipHoe

ITpocrast cxema ynpaBJieHUs

YnpaBneHue He ONTHMaabHO, He
NOAXOAUT  AJs  3ajad, rhe
Harpy3ka MeHsieTCs, BO3MOJKHa
TOTeps YIpaB/isieMOCTH

C naTuvkoM
TOJI0XKEeHUS

[lnaBHass ¥ TOUHasg YCTaHOBKa
MOJIOKEHHsI pOTOpa U CKOPOCTH
BpallleHWsl  IBUraTesis, OOJbIION
[lManasoH peryaupoBaHUsl

TpebyeTcst AaTUMK  TIOJIOXKEHUS
poTtopa

CunycouzianbHOe

BekTopHoe

be3 maTumka

He TpebyeTcs AaTUMK TMOJIOXKEHHUS
poropa. IlnaBHass ¥  ToOuHas
yCTaHOBKa TI0JIOKEHUsi poTopa |
CKODOCTU BpallleHUsl JiBUTaTesIs,

T10JIOXKEeHUs .
OosbIION fuariasoHd | CAIIM ¢ poTopoM C  SBHO
peryJ/vpoBaHusi, HO MeHbIIIE, YeM C | BbIpaKeHHbIMU T0JIF0CaMHU
JaTUMKOM TTOJIOJKEeHUSI (BLDCQ).

BesgarurkoBoe
10/Ie0OPUEHTHPOBAHHOE
yIpaBj/leHUe BO BCeM JuariasoHe
CKOPOCTeU BO3MOXXHO TOJIbKO J1JIs1

be3 obparHoii

IIpocTas cxeMa yripaB/ieHUs

YnpaBneHue He ONTHMaabHO, He
MOAXOAWT A 3ajau, rje
Harpyska MeHsieTCs, BO3MOJKHA
TOoTepsi yrpaB/sieMOCTH

I[MpocTasi cxema yripaB/ieHuUst

TpebytoTcss  gatuvku ~ XoJia.
VmeroTcsi mynbcaliud  MOMEHTa.
[lpesHasHaueH pJil  yripaB/ieHUs
COIIM ¢  TpameuenjaabHOU
obparHoii 3/IC, ripu yrpaBieHUN
cArm C  CUHYCOUJATbHOU
obpatHoit 3/IC cpeiHUl MOMEHT
HUXKe Ha 5%.
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2 XoJina)
¥
3
x| 3
= )
o =
g| 8
5| %
= z be3 gatumka
4]
o
O
o
@)

Tpebyetcst 6osiee MOIIHasI CCTeEMa
yTIpaBJIeHus], HeoOXoanMO
u3MepeHye Ga3HOro HarpsKeHUst

He mnoaxogutr pans paboTel Ha
HU3KUX  oboporax. Kmetorcs
My/IbCaLn MOMEHTa.
[TpeaHa3HaueH /s YIIpaBJIeHUS
COIIM ¢  TpareLenaabHOM
obpatHoii J/IC, ipu ynpaB/ieHUA
CcArm C  CUHYCOWJATbHOU
obparHoii O/IC cpeaHWii MOMEHT
HIKe Ha 5%.

Tabmuia 1 — cpaBHeHue criocoO0B yIipaB/ieHUs] CHHXPOHHBIMU [IBUTATeISIMU.

[7is pellleHUs] HeCJIOXKHBIX 3a/lauy OOBIUHO MCMO/b3yeTCsl TparerenaabHoe

YIIpaBJ/IEHKE TI0O AdTUWKAM XoJna (HaanMep - KOMIIBIOTEPHBIE BEHTI/IJIHTOPBI).

[nsi pellleHUst 3ajay, KOTOpble TPeOyHOT MaKCHMa/bHbIX XapaKTepUCTUK OT

3/IeKTPOTIPUBO/ia, 0OBIYHO BLIOMpAETCsI BEKTOPHOE YIIpaB/IeHuUe.

Wcxopsi w3 mpuBefieHHBbIX [1aHHBIX, B 3a/iauax CWJIOBOTO TMPHBOJA HAWIyullue

IMOKa3aTe/In TIIO3BOJIMT IIOJIYyUUTb IIDUMEHEHKHME BE€KTOPDHOI'O VYIIpdBJIE€HUA C



NATUMKOM abCOFOTHOTO TIOJIOXKEHHsI POTOpa BBICOKOTO pa3spelieHusi. Takxke
BO3MOXXHO peajii30BaTh BEKTOPDHOE yIIpaB/leHWe Ha OCHOBe CUIHA/IOB JAaTYMKOB
XoJia, UCT0JIb3Ys UX [Jjisi pab0Thl Ha HU3KWX CKOPOCTSIX, PX 3TOM Ha BbICOKHUX
CKOPOCTSIX yIipaBJieHre OyJieT BeCTUCh B 6e37aTUMKOBOM pexkume. OIHaKO Takou
BapWaHT MMeeT /iBa CYIIleCTBeHHbIX HeJjocTaTKa: O0/bliie My/IbCcaljii MOMeHTa Ha
HU3KUX CKOPOCTSIX, BO3MOXXHOCTh yrpaBieHuss Tonbko BLDC gBurarenssmu (c
POTOPOM C SIBHO BBIP@KEHHBIMH ITO/TFOCaMH). Takyke TaKOM CIoco0 yIipaBIeHUs
uMeeT 0oJiee HU3KYIO HA/Ie)KHOCTb M HEBO3MOYKHOCTb, B HEKOTOPBLIX C/TydYasX,

oripe/ie/ieHusl aBapUMHON CUTYaLUU.

Ha pucyHke 3 mnpejcraBieHa o0Ijasi CTPyKTypa BEeKTODHOTO YIIpaBJieHHUs

CHMHXPOHHBIM BHUI'dTeJ/IEM C 3aldHEM CKOPOCTH BpallleHKA.
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PI/ICYHOK 3 - 06]]_[89[ CTPYKTYypPa CUCTEMBI BEKTOPDHOI'O YTIDABJ/IEHUS OBUT'dTE/IEM.

CTpyKTypa $BIsieTCs CTaHAAPTHOW W B TIOJDOOHOM ee OMUCAHUU HeT
HeobxogumocTu. OfHako, crefyeT cenaTb OJHO BakHoe 3amMeuaHue. [lpu
MCI0JIb30BaHMY BeKTOPHOI'O yTpaB/ieHusi, yripaB/ieHre BCer/ia Be/leTCsi MOMEHTOM
JIBUraTesisi, T.e. BEKTOPOM TOKa B 00MOTKax. Bce ocTanbHble peXXUMBbI yIIpaB/IeHUs
(M0 CKOpOCTH, TIOJIOKEHUI0) peanusyloTCsd IyTeM OXBaTbIBaHMSI KOHTYpa
yTIpaB/IeHHsI MOMEHTOM ZIOTIOJTHUTE/TbHBIMU 00paTHBIMU CBSI3AMU. TakKe ciieflyeT
OTMETUTb, UTO B 3Ty CTPYKTYPYy BO3MOXXHO J00aBUTH JOTIOJIHUTE/bHbIe OJI0KH,
M03BOJISIOILIE CKOMITEHCUPOBATh orpe/iesieHHbIe MeXaHUuecKue 17}

KOHCTPYKTHBHbIe 0COOEHHOCTM KOHKpDeTHbIX /jBuraTeseii. Ha pucynke 4



npeJiCcTaB/ieHa CTPYKTypa JpaiiBepa, peanu3yloliero BeKTOPHOe YIIpaB/ieHHe

CHMHXPOHHBIM [IBHUT'daTEJIEM.
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PricyHOK 4 — 00611jasi CTpYKTypa ApaiiBepa.
OCHOBHBI€E 3/1eMEHThI:

YnpaBnstoLi KOHTPOJLIED.
[IpaiiBep CUJIOBBIX K/IFOUEN.
Mo/y/ib CUNOBBIX K/TFHOUEH.
JlaTuvKy HarnpsbKeHUs U TOKa ¢as.

KoHTpoJisiep fjaTurKa rosoKeHus poTopa.

Ocoboe BHHMMaHWe ciefyeT OOpaTHTh HAa TO, UTO JpaiiBep THUTAeTCsS OT
BLICOKOTO HampsbkeHUss W Ay obecrieueHnss 0e30macHOCTH  HeoOXOAMMO
o0ecreunTh TaJbBaHUUYECKYI0 pa3BSI3Ky CHIOBOM YaCTWM W BHEIIHWX CUTHAJIOB
yTIpaB/ieHHsI ¥ KOHTPOJISL. ITO BO3MOKHO peasin30BaTh HECKOTBKUMU Pa3TduHbIMU

MyTSMU, HaTIpUMep, MOCTaBMB M30/IMPYIOLIUM Oapbep B Pa3/IMUHbIX MeCTax.
BapuaHThI peasn3aliii TaibBaHUUeCKOUW pa3BsI3KU:

I/IBOJIHI_II/IH CHUI'HAJIOB KOHTDOJIA M YIIpABJ/IEHHWA HEIIOCPEeACTBEHHO Hd BBOE B

YCTpOﬁCTBO. HpI/IMEHHETCH B OCHOBHOM Hd IIPOCTBIX MW Md/JIOMOIIHBIX



YACTOTHBIX TPHUBOJAX IO TPUYHHE TMPOCTOTHI W JEIIeBU3HLL. Y100eH B
WCIMO0JIb30BaHUU C  HEW30/IMPOBAHHBIMU  CHUJIOBBIMM  MOAYJISAMU  CO
BCTPOEHHBIM [IpaliBepOM K/IHOUeM Apyrou repudepren.

PaszesnieHne ympasssrolero KOHTposulepa Ha JABe uactd. [lepsas
obecrieunBaeT 06pabOTKy CUTHA/IOB KOHTPOJISI M YIIPABJIeHHUS], PeaTr3arivio
a/IfOpUTMa yTipaB/ieHusi JBUraresieM, BTOpas — (OpPMUpPOBaHWE CUTHA/IOB
yTpaB/IeHHs] JIpaliBepaMM CHUJIOBLIX KJTIOUeM, W3MepeHHe W CTabuIM3aliio
TOKOB (a3. CBsi3b MeXAy [ABYyMs uacTsMHd oOecrieudBaeTcs uepe3
M30/IMPOBAHHBIA  TOC/Te/loBaTe/ibHbI ~ uHTepdelic. Takoe pellieHue
TIPUMEHEHO B CEPBO/IparBepe, MTOKa3aHHOM BHayalle.

V3onsuus apaiiBepoB CUIOBOr0 MoAy/s. B 3ToM crmocobe ucmosib3yroTcs
rajlbBaHUUYeCKA pasBs3aHHble TpaHCAATOpbl curHanoB IIMM. Takxke
TpebyeTcss rajbBaHWUeCKas pa3BsA3Ka CUTHAJOB [JJaTIYMKOB TOKAa |

HalIpsDKeHMs.

Ins  pellleHWs] [AAHHOW 3a/laud  MPeATNIOUTUTE/IbHBIM SIBJSIeTCS  TIOCTeAHUN

BapHUaHT 110 Py NPUUKH:

[TprMeHeHMe CHUIOBOTO MO/YJIsi OOMBIIION MOII[HOCTH.

[TpumeHeHre W30/ IMPOBAaHHBIX JaTYMKOB TOKA Ha OCHOBe 3(pdekra Xosuia.

[lasee 110 TEKCTy 3TH MyHKThI OYAYT MOSCHEHBI.

OTpenbHbIE 371eMEHThI U BAPUAHThI UX pear3aliyil.
YnpaBnstoLyi KOHTPOJLIED.
3aziauy yrpasJIsitoLLero KOHTpoJLiepa:

[Tpuem curnanoB ynpasnenus (RS-485, CAN);
dopMUpPOBaHKe TpeX KOMIIMMeHTapHbIX CUrHasios LIIVM nss yripasiieHus
CUJIOBBIM MOZYJIEM, C BO3MOXXHOCTBIO 3a/JaHUsi BDEMEeHU MePTBOM 30HbI (7151

NCK/TIOYEHWA CKBO3HOI'O TOKd Uepe3 CHJ/IOBbIE TpaH3I/ICTOpI:>I);



Amnarnoro-uydpoBoe Trpeobpa3oBaHHe CHUTHAJMOB [JaTUMKOB TOKa (a3 u
TIMTAIOIer0 HaMpsHKeHUS;

[IpuemM CcUTHA/IOB OT IaTUYMKOB XOJ1/1a;

CBsi3b C KOHTPOJIZIEPOM JlaTudKa TIOJIO’KeHUs] poTopa JBuUraress u (Win)
peasv3alisi KOHTpOJUIepa TIOJIOKeHHsI poTopa IyTeM (OPMHPOBaHUS
OTIOPDHOTO CHTHaja ¥ W3MepeHHsi 3HaueHWW KBa/IpaTypHOIO0 CHUTHasa
OTK/IMKa JaTuuKa (pe3o/ibBepa);

Peanu3aiiusi a/iropuTMOB YIIPaBJ/IeHUs JBUTaTe/IeM;

KoHTpoJsib paboToCriocoOHOCTH, BbIlaua CUTHA/IA aBapUU;

Bo3MO)KHBI ~ pa3/iduHble  BapUaHTbl  TOCTPOEHMWsl  arrapaTHOM  4YacTh
YIIPaBJISIIOIIEr0 KOHTPOJIIEPA, OJJHAKO ONTUMAJIbHBIM, C TOUKU 3PEHUS CJIOXKHOCTH
CXeMOTeXHUUeCKUX pelleHui, pa3paboTku 10, cTouMOCTH SIBASIETCS TIPUMeHeHHe
COBPEMEHHOr0 MMKpPOKOHTposiiepa Ha ARM sape c pa3BuTor mnepudepuen,
MO3BOJIAIOIEeM Ha arrapaTHOM YPOBHE BHYTPU MHMKDPOKOHTDOJIJIEpA PeLIWTb BCe
MOCTaBJ/IeHHbIE 3a/jaui. bOBIIMHCTBO (PMPM, BBITTyCKAOIIUNX MUKPOKOHTPOJ/IEPHI
MMEIT B CBOEM HOMEHK/aType MOJeH, yAOBJETBOPSIOIINE TpeAbsB/IeHHbIM
TpeboBanusiM. CambIMK  pacCIpOCTPAaHEHHBIMH  MHUKDPOKOHTpOJI/IepaMy  [IjIsl
perieHUs1 TMOJOOHBIX 3a/lau  SIBASIOTCS  TpeAcTaBuUTenyd JiiHeek STM32F4,
STM32G4 dbupmer STMicroelectronics. B nociefiHee BpeMsi, B CBSI3U CO CJIOKHOU
CUTyal[ded C TMOCTaBKaMU 3JIEKTPOHHBIX KOMITIOHEHTOB BO3HHK OIMpe/ie/IeHHbIN
neurut mpoaykuuu STMicroelectronics, B CBA3M C 4eM TakKXe BO3MOYKHO
MPUMEHUTb  MHUKDOKOHTpo/lepbl  ¢upMbl  Renesas  Electronics.  3ToT
TIPOM3BO/IUTEIb MMEeT CBOM COOCTBEHHbIE ITPOW3BOZACTBEHHBIE MOIIHOCTA U
rapaHTupyeT (10 C/I0BaM MeHeI)KepOB KOMIIAaHUM) TOCTABKY KOMIIJIEKTYIOIIUX B

CPOK.



IlpatiBep CU/IOBBIX K/THOUEM.

3afaueii apaliBepa SIBNSIeTCs CO3/jaHUe YCJAOBUM [I/Is1 HaZIe)KHOTO W OBICTPOTO
TepeK/IFoUeHrsT TPAaH3UCTOPOB CUJIOBOTO MOAy/s. Takke Ha Hero MoryT ObITb

B03JI0>KeHbI (DYHKIIUM KOHTPOJISI Y 3all[UThl CUJIOBBIX TPaH3UCTOPOB.

Ha pucyHke 5 cxeMaTUUHO Mpe/iCTaB/ieHa CXxeMa CUI0BOI'O MOZY/IS.

O To
3 Load

PucyHoK 5 — cxema CcH/I0BOr0 MO YJIA.

T.K. CUIIOBOM MO/IyJ/iIb COCTOUT M3 TPeX TPAH3UCTOPHBIN MOyMOCTOB, TpebyeTcs
OZIHOBpEMEHHOe ynpaBjieH’e TPaH3UCTOpaMU KaK BEpXHEr0, TaK ¥ HYWKHEro Ij1ey.
[1pu 3TOM, €C/ii TPaH3UCTOPhI HIXKHUX T1J1eY YTIIPaBJISIOTCS OTHOCUTETBHO 00111eT0o
MPOBOZIHUKA, TO TPaH3UCTOPAMM BepXHUX Tijled HeoOX0JWMO YIIPaB/SAThH
OTHOCHUTE/IbHO (Da3HbIX HampsDKeHWM (TOUKa COeMHEeHUsl TPaH3WCTOPOB OJHOTO
nosiymocTta). COOTBETCTBEHHO TMTaHWe [Jis1 [paliBepOB BEPXHUX KJIOUer
HeoOxouMO (opMHPOBAaTh TakK)Ke OTHOCUTETBHO (Pa3HbIX HarmpsbkeHuidl. Ha

IMMPpAKTHUKE ITPUMEHAOTCA ABd OCHOBHBIX criocoba CIJOPMI/IPOBHHI/IH IMMTaHUA:

C wucnonb3oBaHueM TpeoOpa3oBaTesisi Ha TaK Ha3blBAEMOM «3apsi[0BOM
Hacoce» (Charge pump)
C WCII0/Ib30BaHUEM TOJIHOLIEHHOT'0 M30/IMPOBAHHOI0 DC/DC

npeobpa3oBareisi.

HE,Z[OCT&TKOM rmepBoro criocoba SIB/ISIeTCS OrpaHniyeHHasd MOILINHOCTb M 3dllacC

SHepruu, a TakKe 3aBUCUMOCTb MOLLIHOCTH OT Tepuoja U ckBaxkHoctu LIINUM. T.k.



TpebyeTcss obecrieudTb KOMMYyTanMio Oombiix ToKoB (4o 200 A), cuioBbIe
TPAH3UCTOPBI OYAyT WMETh, COOTBETCTBEHHO, OOJIBIIYI0O €MKOCTh 3aTBOpa, UTO
TpeOyeT obecrieueHUs] Ha/leXKHOTO W MOII[HOTO THUTaHUsS [IpaiiBepOB Ha OCHOBE

n3ompoBaHHbIX DC/DC nipeobpa3oBarerieii.

CrenyeT OTMETUTh, UTO [ TIUTaHUSI [pavBEpPOB HWKHUX KI/IHOUYEM Takxe
JKeraTebHO TIPUMEHUTh OT/enbHble u3osupoBaHHbie DC/DC mpeobpa3oBarenw,
yTOOBI pa3Bsi3aTh HAa YPOBHe [JpaliBePOB OIMUTTEpPhl TPAH3UCTOPOB U

JIMKBUAWPOBATH BO3MOJXHBIE I1dPA3WUTHEIE TOKOBEIE T1€T/IN.

Wcxops 13 3Toro, Heo6X0[MMO peaM30BaTh I1eCTh U30/MPOBAaHHBIX JpaliBePOB

TPAaH3MCTOPOB, OAWHAKOBLIX KdK /IJI1 HXKHHX, TdK U [IJI1 BEDXHUX IJIE€Y.

CoBpeMeHHasi TIPOMBILIEHHOCTb BBIITyCKaeT WHTErpajbHble MUKPOCXEeMbI
npaiiBepoB, obecrneurBaoie Bce HeobxoguMmble TpeboBanusi. OgHUM U3
BApUAHTOB /IS pellleHus JaHHOW 3ajaud sBasieTcsi MUKpocxema  ACPL-344JT

Avago Technologies.

Ha pucyHKke 6 ripe/icTaB/ieHa TUTIOBasi CXemMa BK/IFOUeHHUs paiiBepa.
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PucyHOK 6 — TuroBasi cxema BKroueHus apaviepa ACPL-344)T

Oco0eHHOCTBIO  3TOMU MHUKPOCXeMBbl ABJAETCA  BO3MOXHOCTb  KOHTPOJIA

HaIllpsDKeHHWs TTMTaHWA W MaJieHWAd HaIllpSDKeHHsS Hd OTKPBITOM TPdH3UCTOpe, 4UTO



obecrieurBaeT 3dllIUTY TPdH3UCTOPOB OT IIPEBLIIIEHKUS TOKA W HEIOJ/IHOT'O

OTKPBITHA. ITo 3TUM COOBITHAM ,qpal‘/’lBep BbIAd€T CUI'HAJT aBAPHH.

Mukpocxema uMeeT BHYTPEHHIOIO ralbBaHUUECKYH0 BCEX CUTHA/IOB YIIpaBJ/IeHHUs
¥ KOHTPOJIsA, UTO TpeOyeT obecrieueHNsI MUTaHUS KaK CO CTOPOHBI YTIPaBJISIOIIETO
KOHTpOJI/IEpa, TaK M CO CTOPOHBbI CWJIOBBIX TPaH3UMCTOpPOB. [lisg 3TOro
WCTI0/b3yeTCst 130/TMPOBAHHbIN TPaHC(OPMaTOPHBIN ripeobpa3oBareb
HampsbkeHus1. [Tomo6HbIe Mpeobpa3oBaTesi UMEIOT CTaHAAPTHYI0 CXeMOTeXHUKY U

He TpeOyOT 1MoIpOOGHOT0 PACCMOTPEHMUSI.
Moy/ib CUIOBBIX KiTtOuei

Mogynb CUMOBBIX Kitoued obecrieunBaeT KOMMYTAl[Mi0 (a3HBIX TOKOB B
cootBeTcTBUU C IIIMIM curHajsioM ¥ COCTOMT U3 ILIECTU TPaH3UCTOPOB. OOBIUHO
ucrionb3yetcsi crpykrypa IGBT, kak HauOosiee moaxofsiiasi st KOMMYTaI[UH
OonblIMX TOKOB W  HampsbkeHWd. B mocnenHee  Bpemsi  TOSIBMSIIOTCS
BBICOKOBOJ/IbTHBIE TPaH3UCTOPbI MOSFET, Takke oOecrieunBaroljyie KOMMYTaLlAO
OOMBIIMX TOKOB, HO IIMPOKOTO pacrpOCTpaHeHUsi OHHU ellje He TIOJyUdIu BBUZAY

OYeHb BLICOKOU CTOUMOCTH.

Moyib MOXKeT ObITh Peai30BaH Kak B BU/le MHTerpajbHOTO PellieHus], TaK U B
BUJle IUCKPETHBIX TPaH3UCTOPOB. OpHako, m0OpUMEHEeHWe [UCKPETHBIX
TPaH3UCTOPOB  OMpaBJaHO TOJbKO /ML TIPU  pellleHnd  KaKux-mmbo
cneruduueckux 3ajady, T.K. MHPOBasi MHAYCTPHs BBIMyCKaeT [JAOCTaTOYHOE
KOJINUeCTBO WHTErpa/ibHBbIX pellleHUM TIPaKTU4YecKu moj JitoOble 3azaun. Takke
OOMbIIMM  JOCTOMHCTBOM HWHTErDUPOBAHHOTO DeLleHUs] SIBSeTCs Haladuue
rOTOBOTO TeIJIOBOTO WHTepdelica /s pa3MUUHBIX CIIOCOOOB OTBOZA Terla.
Haripumep, A1 >KUAKOCTHOTO OXJIaXJEeHUs Ha 3aJHed TOBEePXHOCTU MOAYJISA
dopmupyeTcss ~ paAvaTtop,  ONTUMU3UPOBAaHHbIM  MPOM3BOAUTENIEM /IS

Ka4eCTBEHHOI'O MU HaJEXXHOI'O OXJ/IdXKAEHKA BO BCEX PEXXHMMdAX pa6OTI:I.

s peltieHWsT TIOCTaB/IeHHOM 3aziaud TpebyeTcs 00ecreunTb KOMMYTAIUIO

cpegHux TOKOB A0 150A mpu HanpspkeHun 400B. CooTBeTCTBEHHO, UCXOMS U3



PEeKOMeH/Ialiii TIPOM3BOUTe e, HeOOXOANMMO NPHUMEHHUTb CUJIOBOM MOAY/Ib C
MaKCHMaJ/IbHO JOMyCTUMbIM TOKOM He MeHee 450A W HarpsbkeHHMEM He MeHee

650B.

OpHuM U3 UepoB B cdepe CUIOBLIX Moayed siBasieTcss KomriaHus Infineon
Technologies, nmornoTuBiilass HEKOTOpPOe BpeMsi Has3aZ, OZHOTO U3 JIUJUPYHOIUX

NPOU3BOAUTENeN CUIOBOU 3/1eKTPOHUKH.

Kommanusi npejcTaB/isieT MMUPOKUM CIEKTP Pa3/lMUHbIX CUIOBBIX MOJYJied, B

TOM 4UHCjie COOTBETCTBYIOIIINX 0003HaYeHHBIM BBIIIIE TPE6OBaHI/I$[M.

B kauecTtBe mnpumepa MO)KHO BbiOpath T FS450R07. Mopynbk COCTOUT M3
mectd IGBT TpaH3UCTOPOB, MakKCUMa/IbHO JOMYCTUMBIN TOK 450A, HanpsokeHye

650B. Ha pucyHke 7 mipeficTaB/ieH BHEIITHUM BUJ, CUJIOBOTO MOZYJISL.
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PucyHok 7 — BHewHu Bup Moy FS450R07.



Ha BaAHEﬁ CTOpPOHEe MOAYJIS BBIITOJ/JIHEH WUro/IbYUaThIn paauaTop, HOBBOJ’IHI-OH_[I/II‘;I
OX/IaXX1dTb JKUAKOCTBHO HeEINoCcpeaCcTBEHHO CaM MOAYJIb, 0e3 IMpUMEHEHUA

MPOMEXKYTOUHBIX TEIJIONPOBOASILIMX KOHCTPYKIUH.

Ocoboe BHUMaHUe C/leflyeT yAeauTh obecrieyeHHI0 KaueCcTBa KOMMYTHPYEMOT0
HarpsbkeHUst ¥ GUIbTpaLMU rioMeX. [Ijist 3Toro Heo6XoAUMO B HEIOCPeCTBEeHHOM
6/IM30CTH C MOAY/IEM PACIIO/IOKUTE PUIBTPYIOIINM KOHieHcaTop. st 3TUX Lenei

BBIIYCKAIOTCS CreLraJTu3MpOBaHHbIe TIJIEeHOYHbIEe KOH/IEHCAaTOPHI.
JlaTuvKy HarnpsbKeHUs U ToKa ¢as.

Nlnsa  obecrieueHWs1 a/JTOPUTMOB BEKTOPHOTO yIIpaB/eHUs, Heo0X0JuMOo
KOHTPOJIMPOBaTh TOK B Tpex (pa3ax jBurarens. Ho, T.K. M3BeCTHO, 4TO CymMma
TOKOB B (ba3ax paBHa HY/IIO, U3MePSITh HeOOXOAWMO 3HaueHUs TOKOB TOJILKO B
IBYX (hazax.

CymiecTByeT JBa OCHOBHBIX criocoba wu3MepeHMs a3HBIX TOKOB C

HCITI0/Ib30BAHKMEM I10/Ty MOCTOBBIX K/TIOUei:

YcTaHOBKa AaTUMKOB TOKd B SMUTTEPAX HHUXKHUX KJTIouen

YcTaHOBKa JaTYMKOB TOKA HEMOCPeCTBEHHO Ha (ha3HbIX MPOBOJHUKAX.

YcTaHOBKa [AAaTUMKOB B (a3HbIX TIPOBOJHUKAxX T[03BOJIsieT Oosiee TOYHO

HN3MePATb 3HaUe€HKME TOKOB.
ITo TUITY AATUYHUKH OE/IATCH Ha:

Pe3ucTrBHBIE (LLIYHTHI)
WNHyKTUBHBIE WA MarHUTHBIE (TOKOBBIM TpaHC(OPMAaTOp, TOKOBBIN JaTUMK

Xona)

Pe3uctuBHBIE AaTUMKH O6]Ia,Z[aI-OT AByMs CyILIeCTBEHHBIMKM HEJOCTATKAMM:
BbI€/IEHME  MOIIHOCTM Ha IOYyHTE U HEO6XO,Z[I/IMOCTB ,E[OHOJ'[HI/ITEJ'H:HOI‘/JI

rajbBaHUUeCKOW pa3Bsi3KU.

ToKOoBBIM TpaHCPOPMATOP U TOKOBBIM JaTUMK X0J1/ia TTI03BOJISIFOT U3MEPSITh TOK

OeCKOHTaKTHBIM METOZIOM, OJIHAaKO TOKOBBbIM TpaHC(hOpMaTOp He TI03BOJISIET



HU3MepAThb TTIOCTOSTHHBLINA TOK. MCXO,E[H U3 3TOro HauboJiee npearnoyTuTe/IbHbIM
AB/IAeTCAd  IIPUMEHEHHE  NdTYMKOB XOJ'[J'Ia, YCTAHOBJIEHHBIX  Hd (baBHbIX

MPpOBOJHHKAX.

[ v3MepeHUs HaNpspKeHUs: IATaHWS CWAJIOBOM YaCTH  BbIITYCKArOTCS
CrieLianr3vpoBaHHbIe VHTerpaJ/ibHble MHUKDPOCXEeMBbl, obecrieunBarolye
raJlbBaHUUeCKd pasBg3aHHYK TpaHC/ALMI0 CUTHajla 3HauyeHUsl HarlpshKeHUs.
BbIxo/iHOM cHMrHaM MOXKeT ObITh KaK aHa/IorOBbIM, Tak U LidpoBbiM. B KauecTBe
rnpuMepa MOXKHO TipuBecTH Mukpocxemy ACPL-C87BT. Ha pucyHke 8

rnpeacTraB/ieHa ee TUIIOBds CXeéMad BK/IFOUEHUS.
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PucyHnok 8 — tunosas cxema Bkmouenusi ACPL-C87BT.
KoHTposiep faTuvka mosioyKeHusi poTopa

s orpefiesieHrsl TIOJIO’KeHHsI POTOpa C TIOMOIIbIO pe3o/bBepa HeobX0auMOo
cchopMHpOBaTh OMOPHBIM CUTHAJ/T CUHYCOW/Ia/IbHOW WX MPSMOYTO/bHOM (hOPMBI U
W3MEpHUTh 3HAUeHHs CUTHAJIOB OTK/MKa, TPe/CTaB/SIONUX Cc000H CUHYCHYIO U
KOCHHYCHYIO COCTaB/sitoiue. [lanee mpy MOMOILIM OUEBUAHBIX MaTeMaTUUYeCKHX
npeoOpa30BaHM TTPOM3BO/UTCS BBIUHC/IEHHE TIOJIOXKEeHHS poTopa. OTH (DYHKLAN
BO3MOXXHO peann30BaTh IyTeM TPUMeHeHUs CIielMau3uPOBaHHbIX MHUKDPOCXeM
WU JKe CpeJiICTBaMH yTIPABJISIOIIEr0 KOHTPOJI/Iepa. DKCIIepUMEeHThI, POBe/leHHbIe
Ha cepBoipaliBepe, U300pa)KeHHOM Ha pUCYHKe 1 TIOKa3a/d, YTO Cpe/iCTBaMH

MUKPOKOHTposuiepa cepur STM32F4 B03MOXHO TI0JIyYUTh paspeLlarollyro



criocobHoCcTh mopsaka 1/2° — 1/2'% obopota, uro 6Gojiee ueM [JOCTAaTOYHO IS

peleHus JaHHOW 3a/jauHy.

[Ipy Mcnosb30BaHUM [JaTUYMKOB XOJUla [Jig OmNpejie/ieHrsl TI0JI0XKEHUsT poTopa
Kakoro-nmubo BHeIIHero KOHTposuiepa He TpeOyercs. [lonokeHue ompe[ensieTcs

MyTeM MPOCTOT0 Tab/IMYHOT0 rpeoOpa30BaHKsl CUTHAIOB IaTYMKOB U YTOJI.
KoHTpo/ib HercIripaBHOCTeH U OTKa30B.

[lpy mpoekTUpOBaHWM HEOOXOJUMO Y[eNUTh 0Cc000e BHUMaHHe 00ecrieueHHI0
be3oracHoit paboTel ycTpoiicTtBa. [ 3TOro HEOOXOAWMO BBeCTH Kak

IMMpOorpaMMHGbI€, TdK U dIllldpaTHbIE CPeACTBd AUAT'HOCTHUKH U CAMOKOHTPOJIA:

[IporpaMMHBIM KOHTPOJ/Ib Be/TMUUHBI HallPsDKEHWs MUTaHuS;
[IporpaMMHBIM KOHTPOJIb TOKOB;

AmnrapaTHyt0 3alIUTy OT MPeBbIIeHUs TOKa;

AnrmapaTHbIM KOHTPOJIb CUTHA/IOB aBapHU OTZE/IbHBIX 3JIEMEHTOB;
[TporpamMMHBIi KOHTPOJIb 1[eJIOCTHOCTU TTPOrpaMMHOr0 obecrieueHus;

[TporpaMMHBIi KOHTPOJIb 1|e/IOCTHOCTH JAaHHBIX MHTepdelica yrpaBieHus!.

KoHcTpyKijus

Ha pgaHHOM »3Tame BecTd TIPOPabOTKY KOHCTPYKTOPCKHX peIlleHWH HeT
HeoOX0UMOCTH, T.K. caMa KOMIIOHOBKA W BHEIIHUN OO/JMK yCTpOMCTBa OOJIbIIe
3aBUCUT OT TrabapuTOB IIPUMEHSIEMBIX 3/IEMEHTOB, a TakKKe TpeOOBaHMM II0
3aHMMaeMOTo 00BbeMY M pacrojioyKeHHi0. [Ipy KOHCTPYMpPOBaHWH YCTPONCTBA U
KOPITYCHBIX JieTasiel Heobxoaumo o0ecrieunTb HeoO0XOoAWMble MeXaHHUeCKHe
XapaKTepHUCTUKHU TI0 CTOMKOCTH, KOTOpbIe He yKa3aHbl B TPeOOBaHUSX U JO/DKHbI
ObITH COTJIacOBaHbI TO3/Hee. ['epMeTHUYHOCTh YCTPOMCTBA o0OecrieurBaeTcs
CTaH/JapTHBIMHU METO/IaMH, yTeM TIPUMEHEHMs] YIUIOTHUTEJIEH,
repMeTH3HPYIOIIMX COCTaBOB. BHeIIHMe pa3beMbl TakKyke He00X0UMO TTPUMEHSITh

repMeTUYHOTO HCIo/iHeHus. Ha Kopryce yCTpoiicTBa HeOOXOAWMO PAaCIO/IOKUTh



ra3o0MpoHUIlaeMy0 MeMOpaHy /il BbIDABHUBAHUS [IaBJieHUA BHYTPU U CHapPY>XU
ycTpoiicTtBa. Bce 37eKTpOHHbIe KOMITOHEHThI TleuaTHble TIaThl JO/DKHBI OBbITh

IMMOKPBITHI 3dIIJUTHBIMHU COCTdBAMMU.

Maket apanBepa

Ins  ampobaruu W JAeMOHCTpal[id  pabOTOCIIOCOOHOCTU  pellleHuH,

Npe/iCTaB/IeHHbIX BbIllie, ObLT pa3paboTaH ¥ U3rOTOB/IEH MaKeT YCTPOMCTBA.
[17151 3TOrO HUCII0/Ib30BaHBI:

CwioBori Mopynb Ha IGBT tpansucropax FS450F07A2P2 c¢ c
YCTaHOBJIEHHOW Ha HeM IulaToM JparBepoB. MakcumanbHOM TOK 450A,
MakKCUMaJibHOe HarpskeHue 650B.

IaTuvku ToKa, paboratoiiye Ha 3 dekTe Xosia. i3smepsiembie Toku -300 —
+300A.

OUNbTPYOLUH KOH/IeHCaTop CreLyanbHOro VICTIOJTHEHMS],
TpeHa3HaueHHbIA /I TIpUMeHeHUsT B MoJo0HbIX 3afadax. EmMkocts 1000
MK®D, Pabouee HaripsbkeHue 450B.

OtT/1ajoyHas naaTa Ha OCHOBe MUKPOKOHTpoJiiepa STM32F407.

OtpenbHble  OUCKPETHble  KOMIIOHEeHTBbI,  IpeJHa3HauyeHHble  JJIs

dJOPMHpOBaHHH IMUTarOIMX HaHpH)KeHHﬁ, COI'JlaCOBaHUA ypOBHEﬁ CHUI'HAJIOB.

B xone pa6OTbI, [0 ITIOCTPpOeHHA OKOHYATE/IbHOI'O 00/1MKa MakKeT ObLI co6paH B
BHJe OTAe/IbHBIX Y3/I0B AJId IIPOBeAeHUS ITPeBaPUTE/IbHBIX ITPOBEPOK XU TECTOB HA

Pa3/IMUHLIX TUIIAX ABHF&TEHEﬁ.

Mojenb KOHCTPYKTMBHOI'O MCIIOJTHEHMS MakKeTa YCTpPOWMCTBa pa3paboTaHa B

cpepie ripoekTrpoBaHus SolidWorks v rokasaHa Ha pUcyHKe 9.



Pucynok 9 — 3/1 Mozie/ib MakeTa yCTPOMCTBA B Pa3/IMUHBIX BUJAX.

Kopnyc Makera COCTOMT KX TpexX 4YacCTel: OCHOBaHUS, MNPOMEXYTOYHOI'O
KOpIlyca U KpbIIKWA. Ha OCHOBaHMM BHYTPM 3aKpeIlleHbl KOHJeHCaTop, CHUJIOBOU
MO/lyJIb, YCTQHOBJ/IEHHbI Ha a/lOMUHHEBOM BOJOOIOKe CUCTeMbl OXJIaXK/AeHUsl.

CHapy>X# TpeyCMOTPEHO MeCTO KpeIlIeHUsl IIaThl YIIpaB/ieHusl, Ha KOTOpOe



BIIOC/IEJICTBUM BO3MOXKHO OyZleT YCTaHOBUTb pa3MuyHble BapUaHThl IIar.
[IpoMeXXyTOUHBIA KOPIyC CAYXKWAT /sl KpeIvleHus JAaTUMKOB TOKa W BBIBOJA
CWIOBBIX MeJHbIX IIMH (pa3. CBepxy KOpIyC 3aKpbIBaeTcs KpBILKOW. [leTanu

KOPITyCa BBITTIOJIHEHBI M3 IJIACTUKA WU U3I0TAB/IMBAIOTCA METO0M 3,[[ rneyaTu.

Ha MoOMeHT HamucaHWsi [JOKyMeHTa KOPIyCHble [leTalld HaxoJsaTCs B
MpoM3BOACTBe. MakeT 4YacTUYHO coOpaH i TIpOBeJeHUS  JaJbHEUITHX

vcnbiTaHu. @Potorpaduss vacTUUHO COOpaHHOTO MakeTa TIpeJCTaB/ieHO Ha

pucyHke 10.

Pucynok 10 — ®oTtorpacdusi uacTuuHO cOOpaHHOTO MakKeTa.

Ins mpoBefieHUs [AaJbHEWIIMX WCIBbITAHUA W UCCAeOBAaHUW OXKUAAEeTCs
rocTaBKa Tpex(}a3HOTO CUHXPOHHOTO TSTOBOTrO 3jeKTpojBuraresisi. OCHOBHBIE

XapaKTepUCTUKU:

MomHocts 60 KBT.
Pabouee HanpsvkeHue 400B.

Pabouwnii Tok 150A.

3ak/IroueHue

B Xoane CHUCTEMHOI'0 IIPpOEKTHPOBAHUA, I/ICCJ'IE,E[OBaHI/Iﬁ nu pa3pa60TKH 1o

paccMaTprBaeMoO TeMaTHKe T0JlyueHbl C/IeAyIol[1e OCHOBHbIE Pe3y/IbTaThl:



[MpoBeseH 00630p ¥ aHaMM3 akTyadbHBIX aATOPUTMOB YTIpaB/eHUs
CUHXPOHHBIMH JIBUTATeJISIMU MOCTOSTHHOT'O TOKa.

PaspaboTtana oO0Iiass CTPyKTypa YCTPOMCTBA, pPacCMOTPEHbI BOIIPOCHI
yHUGHUI[MPOBAHHBIX PellleHrH JJis IITMPOKOTo Kpyra 3afiau.

BbImosiHeHbI aHa/lIW3 M OlleHKa BapHaHTOB TIOCTPOEHUS W palldOHaIbHbIX
TeXHUUYECKUX pellleHU.

O6ocHoBaHa HeOOXOAWMOCTb TIPUMEHEHUs OTpefie/ieHHbIX TeXHUUYEeCKUX
pellieHW{ C TOUKM 3peHUsi [JOCTMXKeHUs BBICOKUX TIOKasaTeseild 10
KpuTepusiM 3 (PeKTUBHOCTH, Hafle)KHOCTU, CTOUMOCTH.

Pa3paboTaHbl y3/1bl ¥ CIPOEKTHPOBAH MaKeT yCTPOMCTBa.

YcrmelHo MpoBeAeHbl YdCTUYHbIE NCIIBITAHWUA MdKETA.

PEByanaTbI Ha60paTOprIX HCIIbITAHUM MdKeTa IMOJIO>KHTEe/IbHBIE,

nmoaTBepKAE€HbI OCHOBHBIE PACUETHBIE TT0OKA3dTE/IU U XdDAKTEPUCTUKU.

Marepuan HacCTOAIIEro OTYeTa HOCUT, B OCHOBHOM, O030pDHBIM XapakTep W He
BKJIFOYaeT IIyOOKOTro aHaiu3a OTAe/bHbIX TeXHWuYeckux pelleHui. KoHKpeTHas
peanu3anusl yCTPOWCTB W ONTMMHU3ALUS TeXHUYECKUX U KOHCTPYKTHUBHBIX
pellieHUd MOyKeT ObITh yTOUHEeHa W aJlalTMpOBaHa T0J, KOHKpeTHble TpeOOBaHMs

3dKd3UHMKad.

O1leHKa SKOHOMMYECKMX T[I0Ka3aTejieli He TMpOBOAWIACh, T.K. CTOMMOCTb
M3rOTOB/IEHUS] yCTPOMCTBA B 3HAUUTESHLHOW Mepe 3aBUCHUT OT TpUMeHsieMOM
3/IeMeHTHOU 6a3bl, KOHCTPYKTUBHOT'O MCIIOJIHEHHS ¥ BO3MOJKHBIX CIel[i(uuecKux
TpeOOoBaHUH, Harpumep, K/IMMaTHUKO-MeXaHUUeCKUX BO3/le1CTBUM,

3JIEKTPOMAarHUTHBIX U3/TyYeHUM U IIpoyee.



IIpunoxkenue 1

WHudopmaliyst 0 KOHKypCcaHTe
Bbonenxwnit EBrennii boprcoBruu
INox poxxaenus 1989

I'. Kypck

O6pa3oBanue Boiciiee, 2012r. FOro-3amnasHbIi roCy1apCTBeHHBIA YHUBEPCUTET,
r. Kypck, MarucTp TeXHUKU U TEXHOJIOTHH 110 HarnpaBieHuto «HbopmaTuKa u
BBIUMC/TUTE/TbHAs TeEXHUKa», K.T.H. 05.13.05 DneMeHTbI U yCTPOUCTBA

BBIUMC/IUTE/IbHOM TEXHUKW U CUCTeM yTipaBiieHus. HayuHble Tpy bl — 19 1T.
OnbIT paboT B pa3mMuHbIX cepax:

Pa3paboTKa 3/1eKTPOHHBIX YCTPOWCTB: reHepalyy U (hOpMHUPOBaHKsI CUTHAJIOB,
B ToM uucie BU u CBY, cniekTpa/sbHOr0 aHanusa, yrnpas/eHus Ipolieccamy,
o0beKTaMUd M 3/IeMeHTaMH, BU/eOHA0/II0/ieHNs], pacro3HaBaHUsl OOBEKTOB U
COOBITHM, MOHUTOPWHTA TIapaMeTPOB U COCTOSIHWM, cOopa [JaHHBIX,
BBICOKOCKOPOCTHOM 00pab0oTKM CUTHAJIOB, CU/IOBOT'O TIPUBO/IA, TUTAHMUSI.
Pa3zpabotka I1O a5 MUKPOKOHTPOJIJIEPOB Pa3MUUHBIX ITPOU3BOJUTENEH,
CUrHa/ibHbIX TiporjeccopoB Texas Instruments, TTJIMC Xilinx u Altera, TIK.,
pellleHMs1 3a7ja4 KOHTPOJIs, yNpaB/ieHusl, MaTeMaTU4eCKOW M CTaTUCTHUUeCKOU
00paboTKH JaHHBIX.

Pa3paboTKa TeYaTHBIX TUIAT pa3/IMUHON CTeTNeHW CJIOKHOCTU. [loAroToBKa
JIOKyMeHTallUU U COTIPOBO’KJeHHe MPOU3BO/ICTBA.

KoHCcTpyupoBaHWe  KOPMYCHBIX — 37IeMEHTOB, CHUCTeM  OXJIaK[eHus U
5KpaHUPOBaHUs1, yCTPOUCTB B 1jesioM B cpefie Solidworks, Kommac.

AHanu3 U oNTUMM3aLMsl KOHCTPYKLMU IO MPOYHOCTHBIM U TePMHUECKUM
nokasaressim B cpegie Solid works simulation.

PeMOHT OBITOBOM ¥ TIPOMBIIIJIEHHOW 3/€KTPOHUKU: TpodeccroHambHast

¢doToTexHMKa, YaCTOTHBIE Ipeobpa3oBaTesiv, CepBO/[paiiBephl.



Pa3paboTKa a/rOPUTMOB, MaTeMaTHYeCKUX U WMUTALMOHHBIX Mo/esen
00paboTKM CUTHA/MOB U CUMYJISILIAM TPOLIECCOB B CpeflaXx MaTeMaTUYecKoro

MO/IeJIMPOBaHus1, B TOM Uuc/ie B cpefie Matlab.
X0066u TexHUYeCKOW HarpaB/IeHHOCTH: aBUaMO/IeJIH3M.

KoHrakTHasi uHhopmalus:
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