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B AO «IIKK MunaHap» pa3paboTadH MUKPOKOHTPOJLJIED CO CIIeLIMaTU3UPOBAHHBIMU
y3/1aMHU ITUTAaHUSA Pe3UCTHBHBIX, eMKOCTHBIX U UHAYKTUBHBIX JATUYHUKOB,
rnpeobpa3oBaTesieM BpPeMSI-KOZ U CXeMaMU i1 06pabOTKU CUTHAJIOB JATYHKOB

U [Iepefaydy I10JIydeHHBIX JAHHBIX 10 CYI[eCTBYIOIINM Ha 06beKTax JUHUSIM CBSI3U.
BBIBOJ, Ha PHIHOK CIIEL|MAIBHOM TeXHUKHU 3TOr0 YCTPOMCTBA II03BOJUT PEIINTh
mpobieMy UMIIOpPTO3aMelleHHUs B chepe JaTUUKOB,

PA3BUTUE JATYUKOB

B coBpeMeHHbLIX cucTemax cbopa m 06paboTkm MHGOpmMa-
LMW HEYKJIOHHO PacTeT KOMYeCTBO BCEBO3MOXHbLIX aBTO-
HOMHbIX LATYMKOB, MOCTABASIOLMNX TeNEMETPUYECKYIO NH-
bopmaLmIo O TeKyLLeM COCTOSIHMM OBbEKTOB yNpaBneHus.
MpW 3TOM NOBLILLIAKTCS MX TOYHOCTL 1 BbICTpOAencTBMe. Bo
MHOTO pa3 yBeNMYMBAIOTCS U CTAHOBSATCS B0Onee CNOXKHbLIMMK
NOTOKM MHGOPMaLMM, NOCTyNatoLMe OT AaTHMKOB B CUCTe-
Mbl yipaBaeHus. Mo Mepe pocTa Npou3BOANTENLHOCTY MU=
KPOKOHTPONEPOB U CHUKEHUS UX CTOMMOCTU MOSBAAIOTCS
3aMKHYTbIe TOKa/IbHbIE CUCTEMDbI YNIPABIEHNS OTAEbHbLIMU
MOAYISAMUY TEXHONOMMYECKNX CUCTEM M POBOTU3NPOBAHHbIE
yCTPOWCTBA, CNOCOBHbLIE GYHKLUMOHMPOBATL ABTOHOMHO UM
MO ynpasaeHrem rnobanbHbIX KOMaHA U3 BHELLIHEN cucTe-
Mbl yIIpaBaeHuns.

PasBMTME MOLOOHbLIX CUCTEM HEBO3MOXHO 6e3 cosep-
LUEHCTBOBAHMS MHTENNEeKTYaIbHbLIX AaTYMKOB C COOTBET-
CTBYOWMMU MHTepdencamm nepeaayn AaHHbIX M HOPMW-
POBAHHbLIMW (CTaHAAPTU3MPOBAHHbLIMM) GOpMaTaMu nepe-
0a4U AAHHbIX.

Mo Mepe NPOHUKHOBEHMS MUKPOMPOLLECCOPHLIX CUCTEM
yrMpaBs/ieHns BO BCe MeHee rabapuTHbIe 0ObeKTbl yripaB/ieHms
TpeboBaHMA NO MaccorabapuUTHbLIM XapakTepucTKam 1 Ha-
LEXKHOCTM K 3/1eMEHTHOW H6a3e AaTHMKOB Y)KECTOHAOTCS.

CTpeMmUTEeNbHO Pa3BMBAOTCA AATHMKM HA OCHOBE MUKPO-
mMexaHuyeckux cuctem (MIMCQ), HanpumMep MIMC-AaTUmKK,
6- 11 9-0CeBbIe AATYMKM NONOXKEHNS, N3MEPSAIOLLME YT I0BbIe
N INHEVHbIE YCKOPEHNS M MarHUTHOE nojie Mo Tpem Koop-
AnHaTam. CyLecTBYIOT aHanorvyHole no rabaputam 1 To4Y-
HOCTU M3MC-LaTHUKN UHBLIX PUINYECKNX BENTUYMH.

B TO ke Bpems BO3pacTaeT NOTPEOHOCTb B AATHMKAX GU-
3MYEeCKUX BEAMYUNH, KOTOPble OTANYAIOTCS MOBbLILEHHOW
TOYHOCTLIO U3MEPEHMS MO CPABHEHMIO C TPAAULMNOHHLIMMN

' AO «MKK MunaHap», cneymanmcT no MapkeTuHry,

anufriev.vladimir@ic-disign.ru.

3N1eKTPOMEXAHUYECKMMM YCTPOUCTBAMM, MM AATHMKAX NO-
BbILLEHHOM CTOMKOCTU K BBD (BHELWHUM BO3AENCTBYIOLIMM
bakTopam), nuv 13IMepaoLLIMM GU3MYeCKne BeNYNHbI, He-
LOCTYMHbIE 419 U3MEPEeHMs yCTPOMCTBAaM, KOTOPbIMYW OCHa-
LeHbl CYLLeCTBYIOLWME CUCTEMDBI “M3Mepseman Gurnyeckas
BEIMYMHA — 3N1eKTPUYECKNI CUTHANY.

[ns BbINyCKa NOAOOHbLIX 4ATYMKOB, OTBEYAIOLLIMX COBpe-
MEHHbIM TPeBOBaHMAM K U34en1MaM No4o6HOro poaa, Heob-
X04MMa 1 COBpeMeHHas 3/1eMeHTHas 6asa.

OCo6eHHOCTU MUKPOCXeM AJ151 AATYUKOB. BaXKHO YeTKO
Pa3NMyaTh AaTYMKM MO CAOXKHOCTN M YHKLUMOHABHOW 3a-
KOHYEHHOCTU: MUKPOCXeMbl — 3TO NepBUYHbIE AATHYNKM pa3-
JNINYHbLIX GUINYECKUX BENUYNH. OHM MOTYT BbITbh CHABXXEHbI
BCTPOEHHbLIMW MEPBUYHLIMK NPeobpa3oBaTensMm an Npea-
CTaBNSATL COBOM KOHCTPYKTUBHO U OYHKLMOHAILHO 3aKOH-
YeHHble n3genns.

MprMepoM NepBoM rpynnbl 4ATYMKOB SBAAOTCS MUKPO-
CXeMbl, cofepxkalyme nepenyHbie npeobpasosartens Gusm-
YeCKMX BEMYMH, aHANOroBble y3/1bl NpeobpasoBaHms Gusn-
4eCKOW BEIUYMHbBI B MPOMEXYTOYHYIO I1eKTPUYECKYIO BENN-
YUHY, Y3/1bl IMHEapu3aLmmn 1 TepMOKOMMNEeHCaLMK, a TakxKe
NHTEPPENCHbIE Y3/1bl C BbIXOLAOM CUIHaNa B aHa10roBOM Un
LUndpoBOM BuAe. K TakMM peLleHnsM MOXHO OTHeCTU M-
KPOCXeMbI AATHYNKOB MArHUTHOro nonsg Gupmel Allegro A3213,
A3214 nan AD22151 oT Analog Devices, BbINOMHEHHbIE B KOP-
nycax Tmna SOT23 (ans TpaH3ncTopos) Mmb6o SO8 (ans Mu-
KpocxeMm). 1N CO34aHNA 3aKOHYEHHOr0 M3Aenns — aatun-
Ka, BKJIIOHAeMOro B CUCTEMY, HanpUMep AaTymKa ABVKeHNS
aBTOMOBW/IA B KOPOBKE CKOPOCTEN, — AaHHbIE MUKPOCXEMbI
TPebYIT AONONHNTENbHbLIX CXEMOTEXHUYECKUX PELLIEHWUN.

cnonb3oBaHme Cneumnani3anpoBaHHOro Habopa MMKpO-
CXeM MO3BOAET CO3AaThb (B MUHMMAbHBIX rabapuTax v npu
MWHUMabHbIX 3aTpaTax 3akoHYeHHOe 13aenne) AaTYnK bu-
31M4eCKOWN BEINYMHDI, KOTOPbIN 6e3 AOMNONHUTENbHBIX KOH-
CTPYKTUBHbIX 1 QYHKLUMOHANbHbIX Y3/10B BK/IKOYAETCA B CU-
cTemy cbopa MHGOPMaLMM BHYTPY 0BbEKTa ynpasieHums.
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Obpasuamm GYHKLUMOHANbHO 3aKOHYEHHbIX YCTPOMCTB MOTYT
CNY>KUTb FepMeTU3MpOBaHHbIe AaTYMKM AaABNEHMS OT KOM-
naHun Honeywell cepummn MLHI00 (00 WecTV TUNOB BbIXOA-
HOrO CMrHana v NMUTaHme oT TUHUI MOCTOSIHHOMO Hanpsxe-
HWUA TPeX TUMOB, CM. PUCYHOK), UM CNeLmnan3avpoBaHHble
faTuymkm oT Kulite Semicondactor prodacts ansg koMmnaekTa-
LMV @BUALIMOHHbLIX CUCTEM YNPaBIeHNs.

TPEBOBAHNA K KOMNAEKTY MUKPOCXEM

AN 3AKOHYEHHbIX U3AEJIUN

KomnnekTHOCTb. Habop MuKpocxem (ooHa MUMKPpOCXe-
Ma) [O/IKEeH MO3BONATL CO34aBATh KOHCTPYKTUBHO N QYHK-
LMOHANbHO 3aKOHYEeHHbIe MHTeNNeKTyalbHble AaTYUKM, CO
BCTPOEHHbLIMW NOCNe0BaTeNbHbIMN MHTepdencamm 1 yzna-
MW MNTaHWS OT HOPTOBbLIX HU3KOBOLTHLIX CETEN MOCTOSAH-
HOrO 1 NepemMeHHOro Toka.

YHUBepcanbHOCTb. Habop MuKpocxem (0aHa MUKPOCXe-
Ma) LO/KEeH MO3BONSATL CO34aBaTh AATHMNKN M3MEPeHMs pa3-
NINYHbIX GU3NHECKMX BEAVYMH C BbICOKOW TOYHOCTbIO, @ TaK-
ke nepefaBath AaHHble C MPUMEHEHVEM Pa3INYHbIX MHTep-
dercos (Kak aHanorosblx, Tak U LMdPOBLIX).

ManorabaputHocTb. Habop Mukpocxem (ofHa MUKPO-
CXema) I0/KeH NMO3BONATL CO3AABATHL AATYUKM C MUHUMA b=
HbIMK rabapuTaMm 301eKTPOHHOM 4acTn 1N C MUHUMANLHO
BO3MOXHbIM NOTpebneHmnem.

AJanTUBHOCTb K cMcTteMam c6opa MHpopmauuu. Ha-
6op MuKpocxem (ofHa MMUKPOCXema) AO/KeH MO3BONSATb
C034aBaThb AaTUYMKM, KOTOPble MOXHO BKAKOYaTb B pa3amy-
Hble cucTeMbl cbopa MHPOPMaLMK 6e3 BbIMOAHEHNS [0-
MNONHUTENLHOW KanMBbpoBKM W YCTAHOBMIEHWUS aLpecoB
N NPUOPUTETOB.

TUMbl U3MEPAEMbIX BENTNYWNH

Habop Mukpocxem (ofHa MUKPOCXeMa) A0/KEH MO3BONSATL
C034aBaTb KOHCTPYKTUBHO M PYHKUMOHANLHO 3aKOHYeH-
Hble JaTYMKU M3MEpPeHUs CNeayroWwmx TUNOB Gr3nNYeckmnx
BEINYUH:

e JIMHEeNHbIe N YIN0Bble NepemMelleHns, B TOM Yncie bBK
(6eCKOHTAKTHbIE KOHLIEBbIE BbIK/TIOYATENN) Ha Ba3e UH-
OYKTUBHOIO, eMKOCTHOI0, MarHMTHOrO U y/1bTpassy-
KOBOTO MPUHLMMOB M3MEPEHUS,

*  [AATYMKM YCUAWNIA, AABNEHNS M MEXAHMYECKOrO Hanpsi-
SKEHMS Ha OCHOBE Pa3NNYHbIX GU3MYECKX MPUHLUMNOB,

*  pacxodoMepbl XNAKOCTEN 1 ra3os;

* YpOBHEMEpbI M AaTHYNKN U3MepeHns 06beMOB,

e [ATYMKM YIAOBbLIX M IMHENHbIX YCKOPEHNI, MHKIUHO-
Mepbl;

° [ATYUKN XUMMYECKMX BeLLecTB, B YaCTHOCTW cenek-
TUBHbIE.

Takmm 06pasom, MWUKPOCXeMbl AN OATYUKOB [0OJK-
Hbl COAEPXKAaTb HECKONbKO 3N1eKTPOHHbIX Y3108 (0T ABYX-
Tpex 00 AecATW), ONTUMW3MPOBAHHbLIX A1 06paboTKm
CMMHANOB MepBUYHbLIX MpeobpasoBatenen GU3INYECKMX

JaT4YuKY OaBIeHHS 0T KoMIaHuU Honeywell
cepyru MLH100

BE/IMYMH De3 AOMNOHUTENbHbIX BHEWHMX aKTVBHbIX HAaBeC-
HbIX 31eMeHTOB.

AHAJIU3 OYHKLMUOHANILHOIO HABOPA
MWUKPOKOHTPOJIJIEPOB 42191 PA3PABOTKHU

U U3rOTOBJIEHUA UHTENNEKTYAJIbHbLIX
NATYUKOB

Pe3yNbTaTbl aHaNM3a NpuUBeAEHbI B TabA. 1, rae nokasaHbl Ha-
6op ®3 B cepnm 1986 (no Bcem cepuin 1986 oT AO «MKK Mu-
naHAap»); Hanbosnee yaauHbIn No coctasy @S MUKPOKOHTPON-
nep ot STMicroelectronics cepmun STM32; MakCUMasbHble No-
Kasatenu 418 MMKPOCXeM AaTHMKOB B KOprycax He 6onee
7x7 MM; Xenaemble nokasatenn (Mo pesynbTatam exerof-
HOro onpoca noTpebuTenei). MMKPOKOHTPOANEPbI C paAno-
KaHanaMmm He pacCMaTpUBatoTCS.

M3 TabnviLbl BUAHO, 4TO HABOP MUKPOKOHTPO/IIEPOB Ce-
P11 1986 CoaepXKMT AOCTATOYHOE KONMYECTBO YHMBEPCa/lb-
HbIX NepudepumnHbIX YCTPOMCTB ANA CO34aHMa PIA m3ge-
nnin B n BT.

B TO>Ke Bpems oTCyTCTBME TaKKMX Y3108, Kak EEROM, OTP
ROM, onepaunoHHbIX ycunutenen, PGA, KoMnapaTopos,
npeobpasoBaTenen eMKOCTb-KOA, Y310B MNTAHWUS BHELLIHMUX
[LaTYNKOB W YHNOULMPOBAHHOIO MHTepdenca C ranbBaHmnye-
CKOWM pPa3Bs3KoM, a Takoke 60/1blUMe pa3Mepbl KOPMyCoB rnpe-
NATCTBYIOT BHEAPEHMUIO Cepui 1986 B CTO/Ib MaCCOBbIE 13ae-
Nns, Kak nepydepuiiHbie MHTeNNeKTyalbHble AaTHUMKN NO-
[BVXXHbLIX 0OBLEKTOB.

B TO >xe BpeMs 415 CO34aHVA MHTeNNeKTYaNbHbIX AaTHW-
KOB MMKPOCXeMbl OT 3apybexkHbIX MpOoV3BOAMTENEN MOSb-
3yH0TCH BOMbLWMM CMPOCOM MO TEM XKe NPUYUHAM.

Cy4eToM TOro, 470 OCHOBHYIO LO/IIO CTOMMOCTW MUKPO-
cxeMbl MKK «MunaHap» ¢ npuemkor «5» (6onee 60—-80%)
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Ta6muna 1, OyHKIMOHATBHBIN HA60p MUKPOKOHTDPOJIEPOB

IIppMeHsIeMBbIe JKemaeMble
®dyHKuua (6710K) 1986* STM32F078
6J10K1 6J10KH

Tum mpoleccopHoro sapa 32bit Cortex M3 Mo $ MoO/3

TaxkToBas yacToTa IIpolieccopa, MI'Lg 144 48 0120 Jo 100

I13Y komaHpA, K6auT 128 128 OolM 128

O3V, K6auT 48 16 Jo 128 Jlo 64

EEROM, K6aiT - - Lo 8 Ilo 2

OTP ROM, K6aHuT - - o 2 Ilo 256

TariMepsl
32-pa3psagHEble 2 1 o 4 Jo 2
16-paspsagHble c PWM* 6 o 12 Lo 6
RTC 1 - o 2 &1

ITocnenoBaTenbHble HHTePelCH
SPI (1°S) 4 2 Jo 2 1 mo 2
1°C 1 2 2 o 2
UART, USART, RS-485° 4 4 4 T, Ao 2
USB 1 1 1 N
Ethernet 1 - \ y
DC-PLC® - - N N1
CAN, LIN -

LIA-ipeo6pa3oBaTenu } <
ALTII 1o 12 pa3psiioB 2 1 o3 N1
DS-ALIITY 8 - Jo6 Jlo 4
JAV:ND 2 1 o2 T, 0o 2

OnepallMOHHBIe YCUINUTeNIH, PCA - - o 2 T, 00 2

KommapaTtopsl 2 2 Jo 8 T, 0O 2

JaT4YHK TeMIIEPATYPhL 1 - 1 1

TeHepaTOPhl TAKTOBBIX YaCTOT? 4 6 Jo 6 T, 0o 4

CRC-6510K!® 1 1 l, 02 1

Kpunro-60K - 4,1 J

IIpeo6pa3oBaTesib eMKOCTH ~ KO/ - - N Jo 2

EMKOCTHBIE CeEHCOPEHI - 23 40 o 4-6

Unique ID - 1 1 N1

CTabunm3aTop MUTAHUA A4 paA 1 - 1 1

Y3eJa MUTAaHUS BHEIITHUX NATYHMKOB - - Jo 2 Jo 2

MpumeyaHus:

' [ns cepun 1986 yKazaHsl ny4Llme XapakTepucTnkm. ° [AnauHTepdenca RS-485 nogaepskka noayaynaekcHOro pexxmma.

2 Brpade «[pumMmeHseMble 60KM» «1» 03HAYALT, HTO AAHHbIN Y36/ He °  MHTepdhenc DGPLC — nocneaoBaTenbHbIN MHTEpdEnc, MHBApUaHT-
NONYYNA LWMPOKOTO PACNpOCTPaHEeHWS. HbIW K cpefe nepefayu 4aHHbIX, apbuTpaxky M NpoToKonam

* B rpade ©Kenaemble 6510KM» 3HAK «4» 03HAYAET, YTO AAHHBIN y3en 7 CnporpamMmMupyemMbiM YyCUAUTENEM Ha BXOAE.
DYHKLMOHANLHO yCTapen Uam ero NpuMeHerre Heobs3aTenbHo; 3Hak 8 CBO3MOXHOCTbIO OPraHn3aLnm reHepaTopa Toka, Hanpumep «Metns
«T» 03HaYaeT, 4TO AAaHHbIN y3en xenateneH Bo BCex MoANPUKaLMaX 4-20 MA».
MUKPOKOHTpO/I/iepa. ° B TOM u4Mcne BHyTpeHHue RC.

¢ CBO3MOXHOCTbIO OpraHM3aLmn MHorodasHoro pexxnma WM. ©° MoxeT paboTaTth B COCTaBe NoC/ieA0BaTeNbHbLIX MHTEPhENCoB.
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COCTaBAAKT 3aTPaThl HA UCMLITAHUSA U OTOPAKOBKY, 3KOHO-
MUYeCKM HeuenecoobpasHo BbiMyCkaTb MUKPOKOHTPOJIIE-
Pbl C HEHBOraTbIM GYHKLUMOHAIOM. 38 NCK/IIOYEHWEM Cy4Haes,
KOT[a pasmep KpuUcTasna BbICTYNaeT Ha MepBbIv MaaH.

rnostomy AO «MKK MunaHap» npucTynaeT Kk pa3paboTke
Cepum MMKPOKOHTPOINIEPOB, B KOTOPbLIX OCHOBHOE pa3BmTme
NONY4YMI0 HANOMHEeHWEe KpuCTanaa MakCMmMaabHO BO3MOMK-
HbIM KOMMYeCcTBOM @3, npefHa3Ha4YeHHbIX 415 MOCTPOeHMS
WHTEeNNEeKTYaNbHbLIX 4aTYMKOB.

[Mpn COBPEMEHHbIX MPOEKTHbLIX HOPMaX M3roTOBAEHMA
MUKPOCXeM BO3MOMXHbI pa3paboTka v M3roTOBAEHMEe Crne-
LManM3NPOBAHHOIO MUKPOKOHTPOIIepa C NMAOLWAALIO KPU-
cTanna He 6onee 30—-35 MM?, MaKCUManbHbIM KOAMYECTBOM
BbIBOAOB A0 64 1 pazMepomM Kopryca He 60/1ee 7x7MM.

BHYTPWM MUKPOKOHTpOAIepa ByayT pasmelleHbl ciefyto-
WMe yH1BepCanbHble GyHKUMOHAAbHbIE y3/bl (Ta6. 2).

DNemMeHTbl, NpMBeAeHHbIe B Tab/. 2, He NO3BONSIKOT ONTU-
ManbHbIM 06pa3omM 1 C MUHUMANbHBLIM MPUMEHEHWEM HaBeC-
HbLIX 31EMEHTOB BbIMOAHUTbL MHTENNEKTYaNbHbLIN AaTHMK.

OYHKLUMOHANbHbBIE Y3Jibl,

KOTOPbBIE MPEBPALLAKOT YHUBEPCAJIbHbIE
MWUKPOKOHTPOJUJIEPbI B MUKPOKOHTPOJIJIEPDI
ANS JATYUKOB

Y3/1bl NMUTAHUSA AATUYMKOB. 15 CHUXKEHNS KONMYECTBa Ha-
BECHbIX 3/1eMEHTOB U YMeHbLLEeHWS 06bema 31eKTPOHHOM Ya-
CTV MHTENNeKTYanbHOro AaT4mKa B COCTaB MUKPOKOHTPOI-
Jlepa BBOASITCS Y3/bl MUTAHMA AaTyMKa. B MHTennekTyanb-
HbIX AaT4MKax n3imepseTcs He CaMa d)l/IBI/I‘—IECKaQ BeNMYMHa,
a NpONOPUMOHANbHbLIE eV 3N1eKTPUYECKME BENUYMHDI, K KO-
TOpPbIM OTHOCATCA (MO YObIBAHMIO YACTOTLI NMPUMEHEHMSA)
CONPOTUBNEHNE, MHAYKTUBHOCTL WMAM eMKOCTb YyBCTBW-
TeNbHOr0 3/1eMeHTa. Pexke UCMONb3YITCS YYBCTBUTEIbHbIe
3/1EMEHTLI, Y KOTOPbIX MeHatoTCa D4C nan yactoTta 1 dpasa
MEXaHW4eCKOro pe3oHaHca. Takmm 0bpasom, ANg nuTaHus

0ATYMKOB TpebyeTcs cTabunbHOe MOCTOSAHHOE UAM nepe-
MEHHOEe HanpsKeHre, MO3TOMY AN MUTAHNSA YYBCTBUTE b
HbIX 3/1eMEHTOB B COCTaBe MUKPOKOHTPO/I/Iepa 06s3aTesnb-
HO AO/IKHbI BbITb Y3/1bl IUTAHUSA.

Pa3HoObpasme YyBCTBUTENbHbLIX 31EMEHTOB Npeobpaso-
Batenen GUINYeCKMX BEUYMH HACTONLKO LWMPOKOE, YTO He-
BO3MOXHO B Mpefeniax 04HOro Kpucrania MUKPOKOHTPOSI-
fiepa BbIMOIHWTL BCE TUMbI Y3/10B MUTAHUSA AATHNKOB.

YKa3zaHHbIM TpeboBaHMAM MO MUTAHUIO YYBCTBUTENb-
HbIX 3/1IEMEHTOB Hambosee NOMHO OTBeYaeT Habop Mu-
KpOCXeM, coaepxalwmm oT ABYX A0 YeTbipex 6a30BbiX M-
KPOKOHTPO/I/1EPOB, CO BCTPOEHHbLIMU CNeLnann3vpoBaH-
HbIMW MOAYNAMMK (OPMEHTUPOBAHHLIMK Ha 06paboTky
CUTHANOB MEPBUYHbLIX AATHYUKOB DUIUYECKMX BEAUYUNH,
C nocaeayolLen nnHeapmsauven n Hopmanamsaumen no-
KazaHui) U MOAYASAMU Mepeaadn AaHHbIX. Pacnpeaene-
HVe GYHKLUMOHANbHbLIX Y3108 MO HABOPY MUKPOKOHTPO-
IePOB AO/HKHO MO3BONATb BbINMOMHATb MHTENIEKTYa bHbIe
[ATYMKM 6e3 AONONHUTENbHbIX CIOXKHO QYHKLIMOHANbHbIX
(CD) cxem He meHee YyeM B 80% Cy4aeB NpuUMeHeHus. Tak-
Ke B HAbop MMKPOCXeM A0/DKHbLI BXOAWTbL OAHA-ABE MU=
KPpOCXeMbl A1 CO34aHMS Y3/10B MUTAHNS 0ATYMKOB C MO-
TpebageMor MOWHOCTLIO A0 1-2 BT M HANPSAXKEHUAMU M-
TaHus bonee 5 B.

K Hambonee BOCTpebOBaHHbLIM y31aM MNUTaAHUS AaT4u-
KOB OTHOCATCA: Y3/1bl MUTAHUSA MOCTOBLIX, MOJYMOCTOBbIX
N OOMHOYHbLIX Pe3NCTMBHbIX Npeobpa3oBaTenent Gusnye-
CKMX BEIMYUH C TOKaMK noTpedbneHms o 3-5 MA. Takmx
Y3710B MOXET BbiTb A0 Tpex-4eTbipex (OAHOTUMHBIX), a Mo
CTPYyKType 3TO MpOrpamMmmupyembivi cTabunmsaTop Hanps-
SKEHMS UK NPOrpamMMMpyemMbIv CTabunm3aTop Toka, B 3a-
BUCKMMOCTW OT TUNA NPUMEHAEMOro YyBCTBUTEIbHOIO 3/1e-
MeHTa. Tak)Ke 4acTo BO3HMKAeT NOTPebHOCTL BO BHELIHEM
bydepHoM ycnnnTene, KOTOPbI MOXKET BXOAUTL B KOMMIEKT
MWKPOKOHTPONEepa.

Ta6muua 2, YHHUBepcanbHble GYHKIIMOHAIBHEIE Y3/IbI MUKPOKOHTPOJLIEDA

Ilnomanb MOIIIHOCTb,

HaumeHoOBaHUe 2
CM MBT

IleHTpasbHOE IIPOLIECCOPHOE AP0 0,4-0,7 100-150
03Y, 10 16 K6a¥iT, pnemr-maMsTh IIporpaMM, 1o 64 K6aiit, EEROM u/unu OTP-aMsTh o015 ~
KOHCTAHT, A0 2 K6aiiT. CYMMapHO ITaMsITh MOKeT 3aHUMATh 0 30-35% KpUcTasia
ALIT 12 paspanmoB 0,1-0,2 20-40
ITAII 12 pa3ps/0B C BRIXOOHBIMH Y3/IaMH I10 TOKY MJIM HAIIPSSKEHH IO 0,1-0,2 20-80
IIporpaMMHUpYyeMBIe YCHIHUTEIU ¥ TeHePaTOPhl TOKOB 0,1-0,4 20-80
TeHepaTopsl 4acToT, PAITY U TariMephl o 1-2 1-40
ITocnenoBaTenbHble HHTEPeICH o 2 1-40
YHUBepCcalbHBIe Y3/IbI (06111as IJIOIALb K MOLUHOCTB) oo 22-25 100-500
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CnefyloWm No 4acToTe NPUMEHeHMS — CUHyCcoMaaNnb-
HbI FeHepaTop MepeMeHHOro Toka AN MUTAHWUS UHAYK-
TUBHbIX W/ NI EMKOCTHbIX HyBCTBUTE/bHLIX 31EMEHTOB. He-
PeAKO 3TV 371eMeHTbI TPeOYIOT MOBbLILEHHOrO HAMPSXKEHWS
NWUTaHKS, KOTOPOE MOXHO MOAYYUTL C MPUMEHEHMEM BHe-
LWHWX YyCUNNTENENn.

Y3/1bl NpefBapuTe/ibHON 06paboTKM BXOAHbIX CUTHA-
NoB. 115 NOAaBNEHMS Napas3nTHbIX MOMeX B LN NUTaHms
AATHMKOB 334aCTyH0 BBOAMTCS MOAYMPYIOWMIA CUTHA, NO-
3BONAIOLLMN BbIAENNTb MNONE3HBIV CUrHAN. KpOMe TOro, npu
NUTaHUM AATYMKOB NepemMeHHbIM TOKOM TpebytoTcs y3nbl
AEMOAYNALUMM BXOAHOTO CUTHaNa.

TakvmMm 06pa3om, CyLLeCTBEHHOE OT/IMYME MUKPOKOH-
Tponnepa ANa AaTYMKOB — Hanuyue creumanmsrpoBaH-
HbIX Y3710B MUTaHWS YCTPOMCTB OMpeAeneHHOro Knac-
ca, YTo CTUMYAMPYeT MOsBAEHME CheLnanm3npoBaHHbIX
MWKPOKOHTPO/IIEPOB.

3apybexkHble NpOM3BOAUTENN, CTPEMSCH CHU3UTL CTOM-
MOCTb MVUKPOKOHTPONAEPA, BbINYCKAIOT LeNbiv psa MUKPO-
CXeM, KOTOPbIe Pa3NnyaoTcs o o6beMy NamsTi, KONUYeCTBy
Y BUOY NOCef0BaTeNbHbIX KaHANO0B, APYTMM CEPBUCHLIM Xa-
paKTepucTyKam. Bce 370 MpUBeNo K WMPOKOW HOMEHKATY-
pe MUKPOKOHTPONNEPOB.

daKkTnyeckn cepus 13 ABYX-4YeTbipex MUKPOKOHTPO/IEe-
POB MO3BOMUT 3aKpbiTb 6onee 80% NoTpebHOCTY B Creuna-
NN3MPOBAHHbIX MMKPOKOHTPOMEPAX AN MHTENNeKTyanbHbIX

[aTYMKOB B V34€1MAX BOEHHOW TEXHUKM 1 CHU3NTL 3aBUCK-
MOCTb OT 3apybeXkHbIX MPOV3BOAMTENEN. TTOCKONbKY YKM3HEH=
HbLIM LMK BOEHHOM TEXHUKW B TPU-YETbIpe pasa npesblillaeT
SKN3HEHH LIV LMK MUKPOCXEM MPaXKAaHCKOW MPOAyKLUMK, Ta-
KO€ pelleHVe MOo3BO/NT CHU3UTb M3LEPXKKM Ha BbIHYKAEH-
HYIO MOLEPHM3ALMIO U3AENNN, BEAb MUKPOCXEMbI CHUMAKOT-
CA C NpOWM3BOACTBA A0 CPOKA X MOPabHOro yCTapeBaHus.
[MprMepomM MOXKET CIY>KNTb MuKpocxema 512[1C8, koTopas
3a 6onee yem 25 fieT BbINyLleHa TMpaxkom 6onee 30 MAH WT.
Apyrumu cnosamu, 3To bosee Yem yaayHasa cneumanmsnpo-
BaHHAs MMKPOCXeMa /151 UCMOJTb30BaHMSA B boenpurnacax.

[l0CTaTOYHO KOHCEPBATUBHbIV PLIHOK AATHMKOB NEPBNYHOM
MHPOPMALIMM He MOAUYNHSAETCA 3aKOHY Mypa. TToKoneHns He-
KOTOPbIX YCTPOUCTB (HanpvMep, AaT4YMKN AaBAeHUs, Moo=
KEHUA U AP.) MEHSIOTCS He yalle Yyem pas B 15-20 1eT B CU-
NIy HEM3MEHHOCTM 6a30BbIX PU3NYECKMX 3aKOHOB ABVXKEHMS
061EeKTOB yrpaBaeHus. BbINyck Ha pbIHOK CNeLuanbHom Tex-
HUKW MVKPOKOHTPO/IEPA C TaKUMM CMELLManM3MpoBaHHbLIMM
Y31aMW, KaK y3/bl MNTAHWSA PE3UCTUBHbLIX, EMKOCTHbIX U UH-
LOYKTUBHbIX ATYMKOB, MpeobpasoBaTesb BpeMs-KOA U Apy-
FVIX MUKPOCXeM A5 06paboTKmM CUFHAN0B AAaTHMKOB U nepe-
[a41 NONYHEHHbIX AAHHbLIX MO CYLLEeCTBYIOWMM Ha 06beKTax
JIVHVIAIM CBSI13W, MO3BONNT PeLnTbL Npobaemy uMmnopTosame-
LLeHWA B TAKOM KOHCEPBATUBHOM 061aCTH, KaK AaTHUIKK. @
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