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1 OEJIM U 3AJTAYN

[{enbto BBIMOJHEHUS] KOHTPOJBHOU PAOOTHI SIBJSIETCS OCBOCHUE CTYIEHTOM
METOJMKH Pa3padO0TKU AJIEKTPUUECKUX MPUHIMIMAIBHBIX CXEM M METOJMKHU
pacyeTa CXeM.

Bapuant 3aganus BeIOMpaeTcs MO MOCISAHEH mMudpe MOPsSIKOBOIO HOMEpa

CTyACHTA B CIIMCKC I'PVYIIIILL.



2 COAEP KAHUE, CTPYKTYPA Il OBBEM 3AJAHUA

B nponecce BeinosgHeHUs pabOThI CTYJEHT JA0KEH BBIMOIHUTH CIIETYIOIIee:

— pa3paboTaTh QYHKIMOHAIBHYIO CXEMY CHCTEMBI, €CIIH 3aJlaHUE COACPIKUT
pa3paboTKy HM3MEPUTEIBHOW CHCTEMBI, 32 OCHOBY HCIIOJIb3yeTCsl 0000IIEHHAS
CTPYKTypHasi CXe€Ma CHUCTEMbl, MPUBEAEHHAs HA pUCYHKE 1, a Takke HCXOIHbIC
JaHHBIC, COOTBETCTBYIOIINE BAPUAHTY 3aJIaHUs, MPUBEAEHHBIC B Tabmumax 1...5;

— BBIOpaTh KOHKPETHBIE THUIIBI JATYNKOB U3MEPSIEMBIX BEJIMUYMH (€CIIM OHU B
3aJlaHUN €CTh W HE 3a/JaHbl KOHKPETHBIC THITBI), HAPUMEP, BBIOOp MIYHTA, BHIOOD
JaTYNKaA TEMIIEPaTyphl;

— BBIOpaTb MHKPOCXEMBI JJisi MPUHIUIUATIBLHOM CXEMBI: ONepalMOHHBIC
YCUIIUTENHN, MHUKPOCXeMy KOMMyTaTtopa, Mukpocxemy Allll, noruueckue
MUKpPOCXEMBbI, BBIOpAaTh BapUAHTHl peaIU3allii OCHOBHBIX (DYHKIIMOHAJIBHBIX
y3J10B;

— pa3paboTaTh IEKTPUUECKYIO MPUHIUITHATIEHYIO CXEMY;

— BBINOJHNATH PACYeThl, BKJIOYAs PacdéT 3JCMEHTOB CXEeMbI (PE3HCTOPHI,
KOHJICHCATOPHI, TUOJIbI), BBIOOP MUTAIOIINX HAMPSHKEHUH, €CITH 3a/IaHUE COJICPIKHT
pa3pabOTKy M3MEPHUTEIBHOW CHUCTEMBbI, TO HEOOXOJUMO CHeNaTh BBIOOP
JTMANa30HOB 3HAYEHUI aHaJOTOBOTO CHTHAja B KAXKJOM TOYKE MEXIY 3BEHBSIMH,
MIPOBEPKY COTJIACOBAHMS BBIXO-BXO/I MO JOIMYCTUMOMY JHMANa30Hy HAMPSKCHUMH,
M0 BBIXOJTHOMY M BXOJTHOMY COTIPOTHBIICHUIO;

— BBIMOJIHUTh JUHAMHYECKUM pacu€Tt (ecaum TpeOyeTcs), Hampumep,
OTIPEIICTUTh BPEMS 3aJeP’KKH, BHOCHMOW (PHITBTPOM HH3KHX YacTOT;

— BBITIOJIHUTH PACUET MOTPENTHOCTEH, HATPUMEP, BEIYUCIUTD aJITATUBHYIO U
MYJIBTHIUTMKATUBHYIO TTOTPENTHOCTH, BHOCUMBIC yeuauTenem u/wmm ALLIT,

— BBITIOJTHUTH HEOOXOIUMbBIC YEPTEKHU.

OdopmiteHHBIN OTUET O BBIMOTHEHUH 3a7aHuUs JOIHKEH COJIEPIKATh:

— TUTYJIbHBIH JIUCT;

— 3aJ1aHUE;

— BBEJCHUE,



— BBIOODP aTYMKOB (TIPH HEOOXOIUMOCTH);

— pa3paboTKka 1 onrcaHue padoThl (PYHKIIMOHATEHON CXEMBI;

— BBIOOpP MHKpPOCXEM (C BBIOOPOM [IMANa30HOB CUTHAJIOB M IMHUTAIOIIMX
HaIPSHKEHUN ),

— pa3paboTka ¥ ONHCAaHHE PadOThl JIIEKTPUUECKOW MNPUHIUIUAIBLHOM
CXEMBI;

— PACYET DIIEMEHTOB CXEMBI;

— IPOBEPKA COTJIACOBAHUM BBIXOJ1-BXO/1 (ITPU HEOOXOIUMOCTH);

— IMHaMHu4YecKkuid pacuen (Hanpumep, AUX punbtpa);

— pacdeT norpenrHocTeit (mpu HeoOXOAUMOCTH);

— 3aKJIIOYCHHUE;

— CITMCOK JIUTEPATYPHI;

— Ilpunoxenue A  (obsi3aTenbHOE) - IlepeueHp  31ME€MEHTOB
MPUHLIUNHAIBHON CXEMBI;

—  IIpunoxenne b Tabnuia ¢ 1uana3oHaMy CUTHAJIOB U] YPOBHSIMHU
MMITYJIbCOB BO BCEX TOUKAX MEXKAY 3BEHbSIMU;

UYeprexu BhIMONHAIOTCS Ha Oymare Qopmara A3 gomyckaercs A2. B
IIEPEUYCHb YEPTEIKEU BXOIUT:

— GyHKIMOHATBHAS CXeMa CUCTEMBI;

— DJIEKTpUYECKasi MPUHIUITUAIbHAS CXEMa CUCTEMBI;

— MOSICHAIONINE MaTepuaibl (Tpu HEOOXOAUMOCTH), Hampumep, AUX

bunabTpa UK NepexoaHas XapakTepucTuka puibTpa.



3 MHOI'OKAHAJIbBHAS UBMEPUTEJIBHASI CUCTEMA

3.1 3ananme Ha pa3padoTKy MHOIOKAHAJIBHOH W3MepPUTEIbLHOM

CHUCTEMBI

3.1.1 Onucanue 0000MIEHHOI CTPYKTYPHOM CXeMbI

MHorokaHallbHasi U3MEpUTEIbHAS CUCTEMa MpeIHA3HAUYCHA JIJIST U3MEPECHMUS
HECKOJBKMX (U3WYCCKUX BEIWYMH B PA3IUYHBIX TOYKAX KOHTPOIUPYEMOTO
oOwvekta. Ilpeamomnaraercs, 4To Ha OCHOBE aHAM3a H3MEPSIEMBIX 3HAYCHUH,
OCYIIECTBIISICTCS YIIPABIEHUE KOHTPOJIUPYEMBIM 0OBEKTOM.

Ha puc.l npencraBiena o000mIEHHAsT CTPYKTypHas cxemMa CUCTeMbl. Jlis
npeoOpa3oBaHus U3MEPSEMbIX (PU3UYECKUX BEIUYUH B DJIECKTPUUYECKUE CUTHAIIBI
UCITIOJIB3YIOTCSl COOTBETCTBYIOINIME NaTYUKU. C BBIXOJOB IATYUKOB KaXK/IbIH CUTHAII
MOCTYIIaeT Ha COOTBETCTBYIOIIUN M3MEPUTEIbHBIA KaHaJl, B KOTOPOM MPOMCXOIHT
npeoOpa3zoBaHre aHAJIOTOBOTO CUTHANIAa B ya00HYyI0 GpopMy. Hanpumep, ycuienue,
bunpTpanus moMex W T.a. Ha BhIXOgax M3MEpPUTEIBHBIX KaHAJIOB JCHCTBYIOT
YHU(DUIUPOBAHHBIE CUTHAJBI, HAIPUMEP, AaHAJIOTOBOE HAIPSHKEHUE B JIMAIa30HE
ot -5 B no +5 B.

YHudunupoBaHHbIE CUTHAJIBI TOCTYMAIOT Ha BXOJbl aHAJIOTOBOTO
KOMMYTAaTOpa, C BBbIXOJa KOTOPOTO CHUTHAJI TOCTYIMaeT Ha aHajaoro-mudpoBon
npeodpazoBarens (ALIT). B Hem mnpoucxoauT npeoOpazoBaHUE aHAJIOTOBOIO
curHaia B uudpoBoit nonunbiii koA. C Beixoaa ALl gBonuHBIN Koa TiepenaéTes
B MUKPOKOHTPOJLIEP.

[Ipeamnonaraercsi, 4YTo B MHUKPOKOHTPOJUIEPE pEalM30BaH aJTOPHUTM,
KOTOPBIN OCYIIECTBIISIET 00pabOTKy M3MepuTensrHON mHbopmanuu, B pesynpraTe
dbopmupyeTCst yrpaBiieHHe KOHTPOJIUPYEMbIM 0ObEKTOM.

B 3apmauy 3amaHusi BXOJUT TOJBKO pa3pabOTKa TOW YaCTH CXEMbl, KOTOpas
oOecrieunBaeT W3MEpeHWE 3aJaHHBIX (QuU3NYecKnx BenuuuH. B Tabmume 1

IMPHUBCACHLI BApHAaHThI SaﬂaHHﬁ, YKa3aHO, KaKME BCIIMYMHBI HCO6XOI[I/IMO HU3MEPATH
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M KOJIMYECTBA MW3MEPUTENIbHbIX KaHaioB. Hampumep, ans 1-ro Bapuanta
HEO0OXOMMO pa3paboTaTh CUCTEMY, UMEIOIIYIO 3 KaHalla U3MEPEHUS TTOCTOSTHHOTO
HanpspKEeHUs U 1 kaHaa u3MEpeHUs MOCTOSHHOTO TOKA.

[TapameTpsl 171 KaHAJIOB U3MEPEHUS HAIIPSKEHUSI TIPUBEICHBI B Ta0uIe 2.
Hanpumep, nns 1 BapuaHTa H3MepseMOe HaIpsKEHHE MOXKET HaXOJUThCS B
npeaenax or 0 qo + 5 B, mynbcanuii HEeT, TO ecTh HET HeoOxoaumoctn B OHY,
BBIXO/IHOE comnpoTuBieHue ucroynnka 1000 OM, TO ecTh HY>KE€H MOBTOPUTEIb B
KaHaJie U3MEPECHUS HAIPSKECHUS.

[TapameTpsl UIsi KaHAJOB WM3MEPEHUS TOKAa MPHUBEICHBI B Tadymie 3.
Hanpumep, mna Bapmanta 1 nmana3oH usMmepsembix TOkOB oT 0 mo 100 MmA.
JlomyctuMoe majicHue HaNpsHKEHUs Ha BXOJI€ AaT4WKHh Toka 75 mMB. Tak kak TOk
HEOOJbIION, 17 mnpeoOpa3oBaHMs TOKa B HANpPsKEHHE 11e1ecoo0pa3Ho

HCIIOJIB30BATh PC3UCTOP.
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Ta6numna 1 — BapuanTsl 3agaHuii 1j11 MHOTOKaHAJIBHON U3MEPUTEILHON CUCTEMBI

Ne N3mepsiembie puznueckue KomnuectBo BapuanTt Yuudunuposas- 3ajgaHHas Bpewms ognoro
BAP BEJIMYUHBI KaHaJIOB [1apamMeTpoB HBII IIOIPEIIHOCTD U3MEpEHUS
U3MEpSEMOi CUTHAJ Ha BXOJIC
BCJIUYMHBI AIIIT
1 2 4 5 6 7

0 [TepeMeHHBII TOK 1 1 (Tabmn.4) 0..+5B <0,5% <lc
[TocrosiHHOE HanpsHKEHUE 2 2(Tab1.2)

1 [TocTostHHOE HAIIPsKEHUE 3 1 (Tabmn.2) 0..+5B <1% <lc
[TocTosiHHBIN TOK 1 1 (Tab6mn.3)

2 [TocTosiHHOE HaNPsHKEHUE 1 3 (Tabmn.2) 0..+5B <0,5% <lc
ITocTOSIHHBINM TOK 1 2(tabmn.3)

3 [TocTosiHHOE HaNPsSHKEHUE 3 1 (Tabmn.2) 0..+5B <5% <10c
Temmeparypa 1 1(ta6m.6)

4 [TocTosIHHBII TOK 3 3 (Tabn.3) 0..+5B <0,5% <lc
[TocTosiHHOE HaNPsSHKEHUE 1 1(tabim.2)

3) [TepemeHHOE HaNpsIKEHUE 1 1 (Tabm.5) 0..+5B <0,5% <lc
[TocTOSHHBII TOK 1 2 (Tabn.3)

6 [TepeMeHHBII TOK 1 2(Tabn.4) 0..+5B <0,5% <lc
[TocTostHHOE HaTPSKEHUE 1 1 (tabm. 2)

7 Temmeparypa 1 2(1a0:1.6) 0..+5B <5% <10c
[TocTOSIHHBIH TOK 2 2 (Tabm.3)
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1 2 3 4 5 6 7

8 |Temmeparypa 1 1 (Tabm.6) 0..+10B <10% <10c
[TocTOsSTHHBIN TOK 4 (Tabmn.3)

9 |l[lepeMeHHOE HaNPsHKEHUE 1 2 (Tabn.5) 0..+5B <0,9% <lc
[TocTosiHHOE HaNpsKEHUE 2 3 (Tabn.2)

10 |[TocTostHHOE HAMpPsHKEHUE 2 2(Tabm.2) -5.+5B <0,5% <lc
[TocTosIHHBIN TOK 1 3 (Tabn.3)

11 |[TocTostHHOE HaNpsKEHUE 4(tabm.2) 0..+5B <5% < 10c
Temmnepatypa 2 (Tab5.6)

12 |TTocTosTHHBIN TOK 2 5 (Tabn.3) 0..+5B <0,5% <lc
[TocTosstHHOE HANPSKEHUE 2 1 (Tabmn.2)

13 |Temnepatypa 1 1 (Tab61.6) 0..+10B <5% < 10c
[TocTosTHHBIN TOK 2 6 (Tabmn.3)

14 |TlepeMeHHBII TOK 1 3(Tabmn.4) 0..+10B <0,5 % <lc
[TocTosiHHOE HANPSHKCHHE 2 2 (Tabn.2)

15 |Temnepatypa 1 2 (Tab11.6) 0..+10B <10% <10c
[TocTosiHHOE HANIPSHKCHHE 2 3 (Tabmn.2)
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1 |2 3 4 5 6 7

16 (IlocTossHHOE HAMPSHKEHUE 2 1 (Tabmn.2) 0..+10B <5% <lc
Temmeparypa 2 1(1a6:1.6)

17 |ITocTostHHBIN TOK 3 3 (Tabn.3) 0...+10B <0,9% <10c
[TocTosstHHOE HANIPSKEHUE 2 1(ta61.2)

18 (IlepemenHOE HaIpsIKEHUE 2 2 (Tabmn.s) 0..#5B <0,5% <Ilc
[TocTosiHHOE HaNpsKEHUE 1 3 (Tabn.2)

19 (IlocrosiHHOE HaNpsKEHUE 2 2(Tabm1.2) -5.+5B <0,5% <Ilc
[TocTOSIHHBIN TOK 1 3 (Tabin.3)

20 |[TocTosiHHOE HAIPSHKEHHE 3 4(Tabmn.2) 0..+5B <1% <lc
Temmnepatypa 2 2 (Tab.6)
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Ta6J'II/IHa 2- BapI/IaHTBI mapaMCTpOB AJIA KaHaJlda U3MCPCHU ITIOCTOAHHOT'O HAIIPSAKCHUA

Ne Jlnarnas3oH u3MepseMbIX Hannuwne nynscannii fep BrixogHoe conporuBiieHne
HaNpsHKEHAN (reob6xomumocTs OHY) OHY HMCTOYHHUKA U3MEPSEMOTO
HaIpsKEHUS
1 0..+5B — 1000 Om
2 -5B...+ 5B — 10xOm
3 0..100 B 10 I’y 100 Om
4 100mB...+100MB 10T 1000 Om
Tabnuna 3 - BapuanTta nmapaMeTpoB KaHaja U3MEPEHUs MOCTOSTHHOTO TOKa
No | JTnana3zoH uaMepsieMbIX 3alaHHBIN THII Honyctumoe naneHue Hanuuue fep
TOKOB JaT4YMKa HalpsHKEHUs Ha JaTYnKe yJIbCallun OHY
(uryHTE) (He0OXOAMMOCTD
OHY)
1 O...100mA — 75 mMB + 10T
2 0..10A — 75 MB — —
3 0...1MA — 100 mB — —
4 0..1mMA — 100 mB — —
3) -10MA...+10MA — 100 mB — —
6 -100MA...+100MA — 100 mB — _
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Tabnuia 4 - BapuaaTel mapamMeTpoB JIsl KaHala H3MEPEHUS IEPEMEHHOTO TOKa

I[I/IaHaSOH HU3MCPACMBIX

3alaHHbBIN THIT

)_IOHYCTI/IMOC AMINNIATYIHOC

YacTtora ToKa

TOKOB (JIEUCTBYIOLIEE JlaTYuKa naJIcHUe HaNpsHKEHUs Ha
3HAYCHUE) JaTYuKe (IIyHTE)
1 0...50A — 100 mB 50T
0...10A — 100 mB 400 I'a
3 0 ..300mMA — 100 mB 50T
Tabnuua 5 - BapuanTsel napaMeTpoB sl K3BMEPEHUS IEPEMEHHOTO HAIIPSIAKEHUS
Ne | Tnana3zoH naMepsieMbIX 3agaHHBIN THI BrixoiHOE conpoTUBIECHHE Yacrora
HaIPSKEHU JaTyuKa UCTOYHUKA U3MEPSIEMOTO
(meiicTByrOIICE CUTHaJja
3HAYEHHE)
I 0..10B — 10 Om 50T
2 0...100 mB — 10 kOm 400 I'g
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Tabnuua 6 — BapuanTel napamMeTpoB AJi U3MEPEHUS TEMIIEPATYPhI

No Jlnamnazon 3agaHHbBIN T Bup curnana Ha Jnamnazon Jnana3oH 3aganHas
U3MEPSEMBIX JlaTYnKa BBIXOJIC JJaTUMKa CUTHaJIa Ha JIOITY CTUMBIX MOTPEIIHOCTh
TeMIIEpaTyp BBIXOJIC JATUYUKA | COIPOTHUBIICHUMN JlaTYnuKa

Harpy3Ku
1 0...+600° C TXAVYMetpan-271 Toxk 4-20 MA 100.. 1000 Om 0,5
0,5(0...600)° C
4-20 MA
2 0...+100° C TCMY Mertpan/274 Toxk 0-5 MA 100.. 1000 Om 0,5
0,5(0...100)° C
0-5 MA
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B cooTBercTBUM €O CBOMM BapHMaHTOM CTYJEHT JOJDKEH pa3paboTarthb
(YHKIIMOHATBPHYIO ~ CXEMy  YCTpPOWCTBa,  BBIOpAaTh  MHUKPOCXEMBI TSt
IPUHIUIUAIBHON  CXEMBl —  ONEPAlMOHHBIE  YCWIMTEIH, MHUKPOCXEMY
KoMMyTaTopa, Mukpocxemy AIlll. BpiOpareb mnurarmomme  HamnpsKEHUs.
Pa3paboTaTh 3JE€KTPUUECKYIO0 MNPUHIUIHAIBHYIO CXE€My. BBINONIHUTH pacuéTsl,
BKJIOYAsi pacyeT 3JIEMEHTOB CXEeMbl (pE3UCTOpbI, KOHJEHcaTophl). BriOpath
JIAAINa30Hbl 3HAYECHUW AHAJIOTOBOTO CHUTHAJA B KaXJOW TOUKE MEXIY 3BECHBSIMH.
BBINOIHUTE POBEPKY COINIACOBAHUSA BBIXOJ — BXOJ IO JOIYCTUMOMY JUAIIa30HY

HaHpH)KeHHﬁ, I10 BBIXOAHOMY U BXOJHOMY COIIPOTHUBJICHHIO.

3.2 MeToanueckne yKa3aHus Mo pa3padoTke PyHKIUOHAIBHON CXeMbI

[Ipu pa3zpaborke (PyHKIIMOHAIBHONW CXEMBI 32 OCHOBY HEOOXOJHUMO B3STh
0000IIEHHYIO CTPYKTYpHYIO cxeMy. M3 Hee HEoOXOAMMO yIalduTh Te OJIOKH,
KOTOpbIE HE UCHOJB3YIOTCA. OCTaloTcs TONBKO TE HW3MEPUTEIbHBIC KaHAIbI,
KOTOopble 3anaHbl B Tabmune 1 3amanus. [lpuuéM KOJWYECTBO KaHAJOB TaKKe
JIOJDKHO COOTBETCTBOBATh Tabiuile 1, HarpuMep, €ClIi YKa3aHo, YTO JOJDKHO OBITh
3 KaHaja IS TOCTOSTHHOTO HAIpSKEHUS, 3HAUYUT, UX HEOOXOJAMMO HApUCOBaTh 3
IIT.

B xaxmom kaHame HEOOXOJUMO OCTaBUTh TOJBKO Te€ OJIOKH, KOTOpBIC
HEOOXOMMMBI [IJISl PEIICHHs] TOCTaBICHHOW 3amaud. [lpu 3TOM HeoOXoammo
cenaTh Cleayoliee.

[TpousBectu BbIOOp nMaTuuka (eciu OoH He 3adaH). CTaHIAPTHBIN JaTYUK
MOKHO H300pa3uTh «IPSIMOYTOJLHUKOMY». B HEKOTOPBIX Clydasx MAaTYMK MOXKET
OTCYTCTBOBATh, HANpPUMEpP, TMPH H3MEPEHUU IIOCTOSHHOTO HampspkeHus. [lpwu
BBIOOpE JaTYMKa HEOOXOJUMO YUUTHIBATH JHMAMA30H U3MEpPAeMON (PU3MUECKOU
BEJIMYMHBI, 33JIaHHYIO MTOTPEUTHOCTh, TPEOyeMoe OBICTPOICHCTBHE.

Jlist ciiydaeB U3MEpEeHHs IEPEMEHHOTO TOKa IUIM EPEMEHHOT0 HAPsSKEHUS
HEOOXOIMMO BBIOPAaTh BBHIMPSIMHUTENb. Ecan BXOIHOE H3MEpSIeMOe HaNpsHKEHUE

60J'II>HIOC, a Tpe6yeMa51 TOYHOCTHh HCBBICOKAsi, MOXHO HCIIOJIB30BaTh ,Z[PIO,Z[HLIfI
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BeInpsaMutens [12. crp.9]. Ecnu TpebyeTcst BbICOKas TOYHOCTb, TO HEOOXOAMMO
WCIIOJIb30BaTh MPEIU3UOHHBIN BRIIPSIMUTENS [8, cTp. 93].

Hopmupyromuit ycunutens (HY) HeoOxoaum Juist corflacoBaHus AMana3oHa
CUTHazia, nocrymnaruiero Ha Bxog HY ¢ nuamazonom cursana, nmocTynaromero Ha
Bxong ALl Jlng 53Toro, Kak MOpaBUiIO, HCIOJIb3YIOT HWHBEPTUPYIOIIHE WIH
HEUHBEpTUpYOIMEe ycwntenu [3, 5]. HenHBepTupyromuid yCUIUTENL CIEAYET
WCIIOJB30BaTh B TOM CJIy4ae, €CJIM BBIXOJHOE COINPOTUBIICHUE IPEABLIYLIETO
Kackaja OoJIbIIIOE, HO MPU ITOM 3HAYEHHMsI COMPOTUBIICHUH PE3UCTOPOB HE BCEr/Ia
yAOOHBI. Y HHBEPTUPYIOIIETO YCUJIATENS 3HAYCHUS COMPOTUBJICHUS
MoJy4yarTcss  0oJiee «KPYIJIBIMI», HO BXOJHOE CONPOTHUBIIEHUE HEeBbICcOKoe. [Ipu
WCITI0JIb30BAaHUU MHBEPTUPYIOIIETO YCHIUTEINS HEOOXOAMMO MPOCIEIUTh, YTOOBI Y
BCEr0 KaHalla MHBEPCUM HE ObUIO (TO €CTh B KaHaJIe JOJDKEH OBITh €Il¢ OJUH
WHBEPTUPYIOIINIA KacKa).

Owubtp HU3KUX YacToT (OHY) npennasHadeH s MOJABICHUS MyJIbCAIIHUA
uiny nomMex. B Tom cnydae, ecii U3MepsieTCd MEPEMEHHBIA TOK WM MEPEMEHHOE
HarpspKeHUe, PUIBTP UCIOJIB30BaTh HYXKHO 00si3arenbHo. Ha cramuu pa3paboTku
(YyHKIHMOHAJIBHOM CXEMBbl JOCTAaTOYHO BBIOpaTh KOI(PPUUMEHT MOAABICHUS
bunbTpa IS YaCTOTHI MyJbCAallUii WM YKa3aTh 4YacTOTy cpe3a ¢uibTpa (B
HEKOTOPBIX BapHaHTaX dYacToTa cpe3a 3ajaHa). B  OoJbIIMHCTBE CiydaeB
JIOCTATOYHO HMCIOJh30BaTh GUibTp 2-ro mopsaka Ha ogHom OY. B Tom ciydae,
€CJIH IyJIbCaIluu U3MepsieMoro curHana Hebonpmme, ®HY ciaemxyeT NCKITIOUNTS.

Bo mHorux ciydasx (QyHKIIMOHAJIBbHYIO CXEMy HEOOXOAUMO JOTMOJIHUTH
CXeMOW «caBura» curiana. Hampumep, eciii CUrHaJI MOKET MPUHUMATh 3HAYCHUSA
oT -5 B 1o +5 B, a na Bxox AILIII moxxHo nmonaBath 3HadyeHust OT 0 1o 10 B. B Tom
Cllydyae CXE€My CABHUTa MOXKHO BBIMIOJIHUTH B BHUJIE CyMMaTopa, Ha OJUH BXO/I
KOTOPOI'0 MOAAETCS CUTHAJI, @ Ha IPYTOM BXOJ - MOCTOSIHHOE HanpsbkeHue +5 B.

Jlnst BeIOOpa KOMMyTaTtopa HEOOXOJAMMO BBIOpPaTh KOHKPETHBIM THII
MUKPOCXEMBI U BBIOpaTh JJId He€ nuTaronye Hanpsokenus. [lpu stom HeoOxoaumo
YYUTHIBaTh TpeOyemMoe KOJIMYECTBO BXOJOB W  JIOMYCTUMBIA  JTMAIa30H

KOMMYTHUPYEMBbIX HAMPSKEHUH.
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st Beibopa ALl HeoOxoaumMo BeIOpaTh KOHKpEeTHYIO Mukpocxemy AIIIL.
[Ipy 3TOM HEOOXOAMMO YUYWUTHIBATH TPEOYEMYIO0 TOYHOCTH (TOYHOCTb, HPEXKIE
BCET0, CBSI3aHa C KOJMYECTBOM Pa3psioB), TpeOyeMoe ObICTpoACCTBIE, AUANa30H
HanpsbkeHuit Ha Bxozae AL Ta6nuues! ¢ paznuunasiMu ALIT npuBenens: B [1].

JIisi BapuaHTOB 3aJlaHMsi, B KOTOPBIX pa3paldaThIBae€TCs H3MEpUTEIbHAS
CUCTEMa, Ha (PYHKIIMOHAIBHOW CXeMe HE YKa3bIBaTh MUKPOKOHTPOJLIEP U BCE, YTO

ITOCJIC HETO.

3.3 MeToanueckne ykazanus K pa3padoTke NpUHIMIHAILHONH CXeMbI

3.3.1 O01ue moJ10KeHus

[Tocne pa3paboTku (PYHKIIMOHAIBHONW CXEMbl HEOOXOIUMO pa3paboTaTh
NPUHIMIHATBHYIO cxeMy. B mporecce pa3paboTKuM NPUHIMITHAIBHONW CXEMBbI
HEOOXOJMMO BBIOpATh M PAaCCUUTATh BCE IJIEMEHTBI CXEMbI M TPOU3BECTH BCE
ocTalibHbIE pacy€éThl Ha dYepHoBUKE. [lokazaTh pe3ynbTaThl MPENOAaBATEIIO.
Tonpko TOCHIE TOTO, KaKk OYJIeT YBEpEHHOCTh B TOM, YTO CXeMa OKOHYATeIIbHAs,
MO>KHO TPHUCTYIATh K BBHIYEPUYMBAHUIO CXEMbI Ha KoMmribtoTepe. [locie Toro, kak
cXeMa Ha KOMIIbIOTepe clieslaHa, HE0OXO0IMMO BBHITIOJIHUTh HYMEPAIUIO AJIEMEHTOB.

Bce aneMeHThl HyMepyroTCsl CBEpXY BHHU3, CJIEBA HANPABO, pUcC.2.

R1 R3
R2 R4

—+— —

Pucynok 2 - Hymepanus 351eMEeHTOB

Kongencaroper wymepytores C1, C2 ..., aHaJIOroBblE MHKPOCXEMBbI
nymepytores DAL, DA2..., uudpossie Mukpocxemsl DD1, DD2..., pesuctopsl R1,
R2..., muoawr VD1, VD2..., tpanzucropsl VT1, VT2...., pazbembl X1, X2..., IIyHTBI

(ae pe3ucTop, a UMEeHHO u3naenue - myHT) RS1, RS2...

ERv)



Tonpko mocne TOro, Kak BBIMOJHEHA HyMepalus, CleQyeT MPUCTYIMaTh K
omucaHuio paboTel cxembl. llpu ommcaHuuM ciemyeT  cCchulaThCA  Ha
OpoHyMepoBaHHble 3neMeHThl. Hanpumep, «una OY DAl  BeimonHeH
HOPMUPYIOLIUN  yCUIUTENb, KOA(P(OUIMEHT YCUJICHUS KOTOPOro 3aJaeTcs
pesuctopamu R1 1 R2».

[Tocne omucaHus NTPUHIUNHATBLHOW CXE€MBl HEOOXOAMMO BBINOJIHUTH
pacuéTel U BHIOOP BCEX AJIIEMEHTOB CXEMBbI, IPOU3BECTH TpeOyeMble MO 3aJaHHUI0

PaCUCTHhI.

3.3.2 JlaTYuKH HANIPSIZKEHUs

Bo MHoOrmX ciy4asx maT4uK HampsDKEHUsT He TpeOyeTcs, m3MepseMoe
HaIpsHDKEHUE TMOJAETCsl HEMOCPEJNCTBEHHO Ha cxeMy. B Tex ciywasx, korja
u3MepseMoe HanpsbkeHue oosbioe, 6osee 10 B, natunkom HanpsokeHUs sIBISIETCS
JISITUTEINb HAMIPSHKEHUST Ha COMPOTHBIICHUSX, pUC 3. PacdeT menuTens nmpuBelIeH B
[3, cTp.15].

[Tocne naTumka HaOpsDKCHWS, WM  HEMOCPEACTBEHHO Ha  BXOJC
U3MEPUTENIBHOTO KaHaja, BKJIYAI0T TOBTOPUTENs HanmpsbkeHus [3. ctp. 186]. On
HEOOXOJMM B TEX CIy4asX, KOrJa BBIXOJHOE COMPOTUBICHUE NaTuyUKa WITU
BBIXOJTHOE COITPOTHUBIICHUE HCTOYHUKA U3MEPSIEMOT0 HAMPSHKEHUS 0O0JIBIIOE (CM. TI.
3.4). BpIXogHOE CONPOTUBICHHE HWCTOYHUKA H3MEPSAEMOr0  HampsHKEHUs
npuIesieHo B Tabn. 2 u B Tabiu. 5. Korga ucnosnb3yercs JeauTelNlb, €ro BHIXOJIHOE
COMPOTUBJICHUE, KaK MpaBujo, Oojbiioe. [loBTOpuTENns HampsHKEHUs ClenyeT

BBINMOJHUTE Ha ojiHOM OV, puc.3.
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Pucynok 3 - Cxema JieauTesns ¢ IoBTOPUTEIEM

Ecnu nociie genurenns BKIIOYEHA CXeMa HEMHBEPTUPYTOLIETO YCWINTEINS Ha
OV, TO NOBTOPUTENh HE HYKEH, TaK KaK y HEWHBEPTUPYIOLIETO YCUIIUTEISA
BXOJTHOE€ CONPOTHUBIEHHE Oojbimoe. B koHeyHOM cyeTe, HEOOXOIUMOCTh
HOBTOPUTEISI IPOBEPSIETCSI IIPH BBINIOJIHEHUU 1. 3.4,

B HekoTophIX cilydasx HEoOXOquMa rajbBaHUYECKas pa3Bs3Ka, MPU STOM

UCIIONIB3YIOT NaTuyukul pupmbl LEM wnm usmepurtenbHubie TpaHCHOpMaTOPHI.

3.3.3 J/laTunku TOKA

[Ipu manbIx U3MEpsiEeMBbIX TOKaX B KAa4E€CTBE JAaTYMKA HCIOJB3YIOT MPOCTO
pesucrop. [lanenue HanpsKeHUs Ha PE3UCTOPE NMPSIMO MPOIOPLIMOHAIIBHO TOKY. B
pe3yibTaTe MoJydaeM JBa BBIBOJA PE3UCTOPA, PA3HOCTh MOTEHLUAIOB MEXIY
KOTOPBIMH SIBJISIETCS MHPOPMATUBHBIM HapameTpoM. s Toro, yToObl MOTYYUTh
CUTHaJ B BUJE HANPSKEHUS OTHOCHUTEIBHO «3€MJIM» HEOOXOAMMO HCIOIb30BaTh

nuddepeHnanbHbIA YCUITUTEND, PUC.4.
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Pucynox 4 - Pe3uctop B ponu nryHTta u auddepeHuaibHbli YCUIUTENb

Pesuctop Rl paccunThiBaloT Mcxomas U3 TOro, YTOOBI MaJCHUE HAIPSHKCHUS
Ha HEM HE IMpPEeBBIIAIO 33JaHHOTO 3HaueHHUs. MOIIHOCTb, pacceuBaeMas Ha
pesucTope HE JODKHA mpeBblmath 2 BT, mHade pasmepsl pesucrtopa OyayT
ciuukoM 6osbire. Haubosee pacipocTpaHeHHBIN TUIT TOYHBIX pe3UCTOPOB - C2-
29B. Hamnpumep, ecnu tpedyetcst pe3uctop conpotusieHrneMm 10 OM, MOIIHOCTBIO
0.25 BT, ¢ Tounocteio 0,1 %. TO MOTHOE HAMMEHOBAHWE ITOrO pe3ucTopa OyaeT
C2-29B-0,25B1-100 OM*0,1 %. Ilepeuens pe3uctopoB npuseeH B [22,23].

[Tpu pacuere pe3nCTOPOB ClIEAYET YUUTHIBATh TPEOOBAHUS COTJIACOBAHUS 110
BBIXOJIHOMY - BXOJHOMY CONpPOTHBJICHHIO. BBIXOIHOE CONPOTUBICHHE IIyHTA
paBHO €ro COOCTBEHHOMY CONpPOTHBICHHIO. BXomHoe  compoTuBieHHE
nuddepeHIIMaTbHOTO YCUITUTEN PaBHO compoTuBieHuio R2, mpuuem R2=R3.
Takum 06pazom, R1 momkeH ObITh Ha HECKOJIBKO TOPSIKOB MEHbBIIE ueM R2.

[Tpu GonpIIMX U3MEPSEMBIX TOKaX, Ooyee 1 A, HCMONB3YIOT CHEHAIbHBIC
mryHThl. HIyHT mMeeT cneunduyeckyro KOHCTPYKIUIO, Y HETr0 €CThb TOKOBBIE
KJIEMMBl W TMOTEHIMaJbHble KieMMbl. CTaHIApTHBIA IIYHT II€JIeCO00pa3HO

UCI0JIb30BaTh COBMECTHO C MU PepeHIIMATIbHBIM YCUIIUTENIEM, PUC. 5.
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Pucynok 5 - lllyHT 1 nuddepeHnuanbHblid yCUITUTENb

Hanpumep, mynT tuna 751HICM-50A npenHazHayeH U1l U3MEPEHUS TOKOB
10 50 A, npuuém npu Toke 50 A majgeHue HanpspKeHus coctabisieT 75 MB. Psag
IIYHTOB TpuBezcH B [21].

Ecnmn nmomyctumMoe mnaaeHue HanpspkeHus MeHblie 75 mMB, wim ecinm
TpeOyeTcs rajbBaHMUYECKas pa3Bsi3ka, UCHOJb3YIOT TpaHC(HOPMATOpbl TOKAa WU

natuvku ¢pupmel LEM.

3.3.4 /luoaHblil BHINPSIMUTEIb

Jist  mpeoOpa3oBaHus TIEPEMEHHOTO HAMpsHKEHUST B IMOCTOSHHOE B

HpOCTGﬁIlICM CiIydqac, CCJIM TOIpClIHOCTbL HC HNMCCT OOJIBIIIOr0 3HAYEHUS.

MCMOJIB3YIOT IUOAHBIN MOCT, puC.6.

ZE VD1-
PPE | VD4
F—

2

Pucynok 6 - JlnoHbIil MOCT
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[Ipu >TOM BHIOWPAIOT JOUOABI, HMCXOAS U3 TMPEACIBHO JOMyCTUMOTO
HapsHKeHUsT (HEOOXOIUMO YYUTHIBATh aMIUIMTYJHOE 3HAYCHHE) W TPEACIIBHO
JIOIYCTUMOTO TOKA, KOTOPBIN B U3MEPUTEIBHBIX CXEMaxX OYEHb MaJl, HO YKa3bIBaTh
ero Hajo.

Cnenyet y4ecTh, YTO MaJACHUE HAIPSPKEHUSI HA OTKPBITOM JIMOJI€ COCTABIISIET
okoso 0,7 B. mo3ToMy IMOJHBIM MOCT BHOCHUT HOTpemHOCTh OokoJjio 1.4 B. Ero
WCITOJIb30BaTh MOXHO B TE€X CIydasXx, KOTJa M3MEpseMoe HanpspKeHHE OOJIbINoe,
HarpuMep, npu u3mepsieMoM HarpsbkeHnr 100 B morpentHocts OyaeT cocTaBIsATh

nopsiaka 1,4 %.

3.3.5 [Ipenu3uOHHBIN BLIIPAMUTEIb

Kak nipaBuiio, on BeinosiHeH Ha AByX OV, puc. 7, Ha Bxoa noaa€rcst curHai

B BUAC IICPCMCHHOI'O HAIIPAKCHHA OTHOCHUTCIBHO «3CMJIN))» CXCMEI. Ha BBIXOJC -

MyJIBCUPYIOHICC ITOJIOKUTCIIBHOC HAIIPSAIKCHHUC.
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Pucynoxk 7 - [Ipenn3rnoHHBIN BBIIPSIMUATEID

Pacuersl mpusesens B [8, ctp. 93]. DTy cxeMy MOKHO UCIOJIB30BaTh B TOM
Cllyyae, €CJIi BXOJHOW CHUTHaJl HE TMPEBBIINIAET JOMYCTUMOTO BXOJHOTO

HanpspkeHus 1 BeiopanHbix OV (kak mpasuiio, ot -10B 1o + 10 B).
24



3.3.6 InddepeHuuaibHbIi yCHIUTEND

HuddepeHumanbHblii  yCHWIMTENb MCHOJIB3YIOT B TEX Cilyyasx, Korja
UMEETCS JIBa BXOJHBIX CHIHaja, pPAa3HOCTb MEXAY KOTOPBIMH SIBISIETCS
uHpOpMATUBHBIM mapameTpoM. Hampumep, mnpu HCHOJIB30BAHMM  IIIyHTa
NOTEHIIMAIbHBIE KJIEMMbl IIIYHTa HEOOXOAMMO TMOJKIIOYUTh K  BXOJaM
muddepeHnnansHoro ycuwiurens, puc. 5. Ha Beixome auddepeHunnasbHOro
YCWINTENS JACUCTBYET HAIIPSIKEHUE OTHOCUTEIBHO «3EMJIM» CXEMBI, PAaBHOE
Pa3HOCTU BXOJHBIX HamnpsbkeHud. Pacder nuddepeHmanbHOro yCHIMTENs: MOKHO

B3SITh B [8, cTp. 56].
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3.3.7 Hopmupyouuii yCwJinTejb

Hopmupyromuii  ycunmurens NPUBOAUT AUAINA30H M3MEHSEMBIX BXOJHBIX
3HAUCHUW HampspkeHust K TpeOyemomy auanaszony. Hampumep, eciv BxoaHoe
HaIpsHKEHUE MOXKET U3MEHAThCA B Tipenenax ot -1 mo +1 B, a st AL Tpebyercs
IHana3oH or - 5 go + 5 B, TO HOPMHUPYIOIIMK YCUIIUTENL HOJDKEH HMETH
kodpduimenT k = 5. MOXKHO UCHOJIb30BaTh KaK WMHBEPTUPYIOUIUH, Tak H
HEUHBEPTUPYIOLIUA  yCUIUTENb.  VHBEpTUpYIOIIMN  YCWIMTEIb  CIIEAYET
MPUMEHSTh, TOJIBKO €CJIHM MPENbIAYIINA KacKaJ HMMEET HHU3KOE BBIXOJIHOE

CONPOTHBIICHHE.
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B ToM cnydae, ecau BXOJHOM CUTH&JI MOXET NPHUHUMATh Kak
HOJIOKHUTEIbHOE, TaK U OTpHULaTeNbHOE 3HaueHue, a ans ALl tpeGyercs ToiabKO
IOJIOKUTENIBHOE HAINpPSKEHHE, HEOOXOAMMO NPUMEHUM, cxeMy cMmemieHus. /s
3TOr0 MOKHO HCIIOJIb30BaTh CYMMATOP, HA OJIMH BXOJ KOTOPOTO MOJAETCS CUTHAJ,

a Ha Ipyroi BXOJ| MOCTOSIHHOE (OMOPHOE) HANpsDKEHHE, puc. 8.

Cxess CMBLIEHNA Ha OCHDES

HHuBepTHDYIOWIAR . _ .
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Pucynok 8 - MaBeptupyromnmii ycusuteab Ha OY 1 cxema CMelIeHus

OP07

Pacuérsl a1eMeHTOB cXeMbl ipuBeIcHbI B [3. cTp. 184, cTp. 192].

B OompmmHCTBE CcllydaeB CIEAyeT WCIOIb30BaTh HEHMHBEPTHPYIONTUI
YCWJIMTEIb, TaK KaK OH UMEET OO0JIBIIIOE BXOHOE COMPOTUBIICHHUE, CIIEI0BATEILHO,
JIETKO COTJIaCyeTcs C MPEABIAYIINM KackaJoM. B moboM ciiydae TpoBepKy IO
BBIXOJTHOMY - BXOAHOMY COTPOTHBIICHHIO TPOBOJUTH BCE PaBHO 00s3aTEIBHO.

Cxema HCUBCPTHUPYIOICTO YCHUIIUTCIII COBMCCTHO CO CXEMOM CMEIICHUS

IIpUBE/ICHA Ha pHuC. 9.
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CXOMA CMBLLIBHIA HA OCHOBE

HeuHBEPTHDYIOLLMGA
HENHBEDTHPYIOWEND CYMMaTOPS
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Pucynok 9 - Heunpeptupyromuii ycunurenb Ha OY 1 cxema cMeieHus

PacuéTel 3meMeHTOB cXeMbI TIpUBEeHBI B [3, cTp. 184. ctp. 192].

3.3.8 ®PWJIbTP HU3KHUX YACTOT

®HY mnpomyckaeT HHU3KOYACTOTHBIN (MOJIE€3HBIM) CHUTHAI W MOAABISET
BBICOKOUYACTOTHBIE (Memaromue) curHanbl. Heooxomumocts B @HY Bo3HMKaeT
MIPY HAJTWYHUH MYJIbCAIi B MOJIE3HOM CUTHAJE (3TO 33JlaHO B TaOJIMIIAX 3aJaHus).
Ecnu m3mepsieMblil CUTHAII — IEPEMEHHOE HANPSHKEHUE WJIW NTEPEMEHHBIA TOK, TO
MOCJIe MPEIM3UOHHOTO BBIIPSAMUTEN He00Xxoaumo BrItouyatr GHY.

st pacuéra ®HY, xak mpaBuiio, onpeaensoT TpedyeMbid KodhPuimeHT
MOJABJICHUA TIOMEXM 3aJaHHOM 4acToTbl. Hampumep, eciau HCHONIb3yeTcs
BBINIPSIMUTENb JIJII W3MEPEHUS [EPEMEHHOTO HaNpsKEHUs, TO Ha BBIXOJE
BBITIPSIMUTEIST IEUCTBYET MOCTOSIHHASI COCTaBJISIIONIAs (TIOJIe3HAs) U TIepeMeHHast
COCTaBJIsIrOIIas (MelaroIias) HanpsbkeHus. Eciau yacToTa BXOAHOTO HANpsHKEHUS
50 T'u, To wacrora mynabcauu B 2 pa3a Beime, To ectb 100 I'm. OHY
pacCUMTHIBAIOT TakuM oOpa3om, uToObl Ha uactore 100 'y ocyiiecTBisIIOCH
nojaBjieHWe B 3aJaHHOE 4Yuciao pa3, Hanpumep, B 1000 pa3 (mpu sTOoM
norpemHocTh 0,1 %). Takum oOparom, chopmymupoBano tpeboBanne k¥ OHUY:
ko3P dULIMEHT mepenayd MO IMOCTOSHHOM TOKY paBeH 1, a Ha yactore 100 I'i

paBeH 0,001. B HekoTOpbIX BapHaHTax 3aJaHus Cpa3y 3aJaHa 4YacToTa cpesa
27



¢mibTpa f., mpu 3Trom pacuér ynpomaercs. CxeMol caMOro pactupoCTPaHEHHOTO
®HY Broporo nopsaka Ha OV sBisercsa crpykrypa Camiena - Ku, npuBeaeHHas

Ha puc. 10.

DWALTH HMUIKNE Y3CTOT
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Pucynoxk 10 — ®HY Broporo nopsiaka na OY

C mnoMomipl0 3TOM cXeMbl MOXHO peanu3zoBath (QuibTp bartrepBopra,
UeObImieBa, duANTUYECKU U apyrue. s TeX, KTo He MMeeT OOJBIIOrO OIbITa
pa3paboTku GUIBTPOB, PEKOMEHAYETCS HCIONb30BaTh GuibTp barTepBopra.
[Ipuuem, ecnum 3agatbes KOI(P(UUHUEHTOM ycuieHus (UiabTpa B MOJI0CE
nponyckanus paBHbiM eauHune, Kgy=1, To R3=0, R4=c0, mpum sTOM cCXeMa
ynpoinaercsa. Jlamee mo MeToauke, mpuBeaéHHOW B [8. cTp. 82] paccuuThIBarOT

cxemy OHUY.

3.3.9 Be100op MUKpOCXeMbl KOMMYTATOPA

KoMMyTaTop BEIOMPAIOT MO CAEAYIOIIUM MTapaMeTpam.
Konuuecmeo kommymupyemvix cuenanog. CylIeCTBYIOT MHUKPOCXEMBI

KOMMYTaTopoB, umeromue 2, 4, 8, 16 BxomoB. Bribupate HyxHO Ommkaiiiiee
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oonbiee uncio. Hampumep, ecinu B pa3pabaThiBaeMOM CXEME 5 CUTHAIIOB, HY)KHO
BBIOMpATh §-BXOJIOBBIH KOMMYTATOP.

Jluanazon Oonycmumeix Kommymupyemvlx Hanpsiscenuu. OH JTOJDKEH
NEpPEKPhIBaTh JUANa30oH KOMMYTHPYEMbBIX HAINpsOKEHUH B pa3zpadarbiBaeMoun
cxeme. B Ttabnuiax 3agaHust ykazaH yHU(PUUIUMPOBaHHBIA curHain Ha Bxoae AL,
ATO M €CTh JIMANa30H KOMMYTHUPYEMbIX HANpsDKEHH B pa3pabaTbiBaeMoOl cxeme,
TaK KaK KOMMYTAaToOp BKJIIOYEH HemnocpenctBeHHo Ha Bxoae ALIL Cruenyer
oOpaTuTh BHUMaHHE Ha MOJSPHOCTh KOMMYTHPYEMBIX HampsbkeHuid. Ecimu B
pa3pabaTeiBaeMoOil cxeMe TpeOyeTcsi KOMMYTHpPOBAaTh HalpsDKEHUS 000MX
MOJIIPHOCTEM, TO HEJNb3Sl MCIOJb30BATh OJHOMOJISIPHBIA KOMMYyTarop. Y
HEKOTOPBIX MUKPOCXEM KOMMYTaTOPOB MMEETCS BO3MOKHOCTb MEHSATH JIHAIla30H
KOMMYTUPYEMBIX HANpSOKEHUW, W3MEHSsl HANpsOKEHUS MUTaHUSA, Hanpumep,
mukpocxembl KS61KIIT u K561KII2.

K  Hambonee  pacnpOoCTpaHEHHBIM  MHKPOCXEMaM  KOMMYTaTOpOB
(mynpruminexkcopam) otHocarcs KS590KH4, KS590KHS, K590KH6. KS561KII1.
K561KI12, puc. 11.
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Pucynox 11 - Mukpocxembl KOMMYTaTOpPOB
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3.3.10 Boioop ALLII u 3;1eMeHTOB «00Bsi3KI» ALIL

Beibop ALIl MoXHO TpoBOAMTH Kak Ha dTane  pa3paboTku
dbynkuuonambHOM  cxeMbl  (tunm ALl  MoXeT mNOBIMATH Ha  COCTaB
(GyHKUIMOHAIBHBIX Y3JIOB) TaK M Ha dTane pa3paOOoTKH NPUHIUIHAIBHOU CXEMBI.
Hus Berbopa AT nHeoOxomumo BbiIOpaTh KoHKpeTHYI0 Mukpocxemy ALIL Ilpu
TOM HEOOXOJIMMO YUYUTHIBATh TPEOYEMYIO TOYHOCTh (TOYHOCTb, MPEXKIE BCETO,
CBSI3aHA C KOJUYECTBOM pa3psyioB), TpeOyemoe OBICTpOJCHCTBUE, AHANa3oH
Hanpspkenuit Ha Bxojae ALLLL Ta6nuist ¢ paznuunsivu ALIT npuBeaenst B [16].

Bo MHorux cnydasx Bozine Mukpocxembl ALl BKIIOYEHBI pa3ivyYHbIC
JOTIOJTHUTENIbHbBIE KOMITOHEHTHI: UCTOYHUK OTIOPHOTO HaIPSHKECHUS,
OJIOKUPOBOYHBIE KOHAEHCATOpPhl M T.M. /[ BbIOOpAa 3THX 3JIEMEHTOB CIELYET
MPUIEPKUBATHCSI PEKOMEHJALNM, TpUBEAEHHBIX B onucanuu nanHoro AILIIl. Ha

puc. 12 npuBeaeHsl HECKOIBKO pacrpocTpaHeHHbIXx ALIII.
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Pucynok 12 - Mukpocxemsr ALT

3.4 Meroau4yecKkue YKa3aHMU 110 BBINOJHEHUIO NPOBEPOYHOIO pacyéra

BBIXO0A-BX0 MECKIY KaCKalaMHu
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[IpoBepouHbIil pacyeT BHIXO1-BXO/1 BBIITOJIHACTCS ISl KQXKAOU TOYKH MEXKITY
3BeHBSIMH (Kackazamu) cxembl. OH BKJIIOYACT B CeOS POBEPKY IO JOMYCTUMOMY
HaIPSKEHUIO U ITPOBEPKY IO BBIXOJIHOMY-BXOJHOMY COIPOTHUBIICHHUIO.

[IpoBepka MO JOMYCTUMOMY HAIPSIKEHUIO 3aKIIOYAETCS B CpPAaBHEHHH
JMara3oHa U3MEHEHMS CUTHAJIa Ha BBIXOJI€ IPEABIAYIIETO Kackaja ¢ IOMyCTUMbIM
JIMAra30HOM BXOJHBIX HaIpsKEHHUN MOCIEAYIONIEro Kackaaa. Jluana3oH curHana
Ha BBIXOJI€ MPEABIAYIIEro Kackajaa HeOOX0AUMO YUYUTHIBATh C YUETOM ITyJIbCalUH,
a TpU UCIOJIb30BAHUU IMEPEMEHHOTO TOKA WJIA HAMNpsSKEHUH HEOO0X0IUMO
VUYUTBIBATh aMIUIUTYJIHOE 3HaueHue. Ha BbIXoAe BBIIPSAMHUTENS  TaKXKe
HEOOXOJMMO BBIYUCIHTH AMIUIMTYAHOE 3HaueHue. J(omyCTHMBbIA uana3oH s
MOCJEAYIOMICI0 KacKala, Kak MPaBWIO, COBIANAET C JOIMYCTHUMBIM IHANA30HOM
BXOAHBIX HanpsbkeHnd OY kommyraropa, ALLL, koTopeie yka3aHbl B TaCIIOPTHBIX
JAHHBIX HA 3TU MUKPOCXEMBI.

[IpoBepka 1O BBIXOJHOMY-BXOJHOMY COIPOTHUBJIEHUIO 3aKJIIOYaETCs B
cienytouieM. Heobxoaumo o0ecreyuTs BXOJAHOE COMPOTUBIICHUE MOCIEAYIOIIETO
KacKkaZa 3HAYUTENIBHO OOJbIEe, YEM BBIXOJAHOE COMPOTUBICHUE MPEIbIIYIIETO
Kackaga, npuyéM BO MHOro pas. Ecmm 310 cootHomenue B 100 pa3, To
HOTPEIIHOCTh OyIeT COCTaBIATh 1%, MOATOMY HY)XKHO JOOMBATHCS COOTHOILLIEHUS B
1000 u Gonee pas.

Pacuer BBIXOJTHOTO COMPOTUBJICHUS WHBEPTUPYIOIIETO u
HEUHBEPTUPYIOIIETO ycuiauTenend mnpuBeneH B [8]. BbeixoaHoe compoTUBIEHUE
IIYHTa PABHO COMPOTUBIICHUIO LIYHTA. BBIXOAHOE CONMPOTUBIEHHE PE3UCTUBHOIO
JENUTeNsl  HaNpsbKeHUs U3 JABYX  PE3UCTOPOB  PAaBHO  SKBUBAJIECHTHOMY
CONPOTHUBJICHUIO [IBYX BKIIOYEHHBIX MapaJJIeIbHO Pe3UcTOpoB. BbIxonHoe
CONMPOTHUBJICHUE KOMMYTAaTOpa CKJIAJbIBAETCSd U3 BBIXOJHOTO COMPOTUBICHUS
KacKaJia, BKIIOUYEHHOTO JO KOMMYTaTropa W CONPOTUBJIIEHUS OTKPBITOrO KIIOUYa
KOMMYTaTopa (ClpaBoYHas BEIUYNHA).

BxogHoe ~ cONpOTHBIEHHWE  MHBEPTUPYIOLIETO  YCUJIMTENS  PaBHO
CONPOTHUBJIEHUIO BXOJIHOT'O pe3ucropa, BXOJIHOE COIPOTHUBJICHUE

HCHUHBCPTHUPYIOLICTO YCUIIUTCIIA PaBHO BXOOIHOMY COIIPOTUBJICHUIO
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HenHBepTupymouero Bxojaa OV (cnpaBouyHast BennunHa). BxogHoe conpoTuBiieHne
AVII - cnpaBo4YHast BeJIMYMHA.

JUJi1 HEKOTOPBIX MHUKPOCXEM HE YKa3aHO BXOJHOE CONPOTHBJIEHHE BXOJOB,
HO yKa3aH BXOJHOM TOK |y, minm Tok yreuku mo Bxony. Ilpum sTom BXxomHOE
COIIPOTUBIIEHUE MOYKHO PACCUUTATh, Pa3/IeINB MaKCUMaIbHOE MOJE3HOE BXOIAHOE

HanpspkeHUE U,y o HA BXOJTHOU TOK:

UBx.max
RBx = ——
IBX

Ecan HpOBGpO‘lHBIﬁ pacdcT IIOKA3bIBACT, YTO COIJIACOBAHHC BBIXOI-BXOI
IIJIOXOC, HGO6XOI[I/IMO WX AOIIOJHUTCIIbBHO BKIIOUHUTH CXCMY IIOBTOPHUTCIIA

HaIpsKCHUS UJIW MCHATDb CXCMY HPEABLIAYIICTO UJIW ITOCIICAYIOIICTO KaCKal0B.
3.5 MeToxmqecmle YKa3aHud 110 BBINMOJTHEHUI0O JTHHAMHAYECKOTO pacqéTa

JIvHAMHAYECKHUI pacyeT: BBIIOIHAETCA [0 HWHAWBUAYAIBHOMY 3aJaHUIO,
KOTOPOE€ BBIIAET MPENMOAABATENb.

OnuH W3 BUIIOB JIMHAMUYECKOIO pacuera — pacyéT BPEMEHHM U3MEPEHUS
oHOM (u3myeckoll BenMWYWHBI. Bpems u3MepeHus CKIaIbIBaeTCsd M3 BPEMEHH
MEPEXOJHBIX TMPOLECCOB BCEX KACKaJOB CXE€Mbl B IMPEANOJOKECHUU, YTO
u3MepsieMasl BeJINYMHA U3MEHWIACh CKaYKOM.

Toom — T1 + Ty wenn +TA]_U-[

Bpemsi mepexoaHbIX MPOIECCOB 3aBUCUT OT ObicTponeiictBus OV, oT
yacToThl cpeza DHY. Bpems npeobpazoBanust ALl - cipaBoyHOE 3HAUCHHE.

JluHaMUYEeCKU pacdyeT MOXKET OBbITh BBINOJHEH B BHUAC MOICIUPOBAHUS
OJIHOTO M3 Yy3JI0B CXeMbl, Hampumep, noctpoenne AUX OHY wim nepexoaHoun

xapaktepuctiku ®HY ¢ momorero IITIT Micro Cap 9.0.
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3.6 MeToanueckne yKa3aHus 1Mo pacuyéTy MorpenrHocTu

Pacder mnorpemHOCTH BBINOJHSAETCS 1O WHIAWBHAYaJbHOMY 3a/aHUIO,
KOTOPOE BBIIAET MPETO1aBATEND.

ANIUTABHAs W MYJbTUIUIMKATUBHAS ~ COCTABIIOUIME  IOTPEIIHOCTH
YCUJIMTEJICH BBIUMCIISIOTCS TI0 METOMKE, TPUBEAEHHOH B [8].

[TorpemHocT, BHOCUMBIE JATYMKAMH - CIPABOYHBIC 3HAYCHMUSI.

[TorpemrocTr, BHOcuMbIe ALIIT onricans B [1].

CyMMapHasi OTpelIHOCTh CUCTEMBI (10 KaXKJIOMY KaHaJly 1O OTJEIbHOCTH,
MYJIbTUIJIMKATUBHAS W aJIMTUBHAs - MO OTACJIBHOCTH) CKJIaAbIBACTCA U3

HOTpEeNIHOCTeH KackanoB [25].
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4 COCTABJIEHHME ITEPEYUM J3JIEMEHTOB

[lepeyeHb  27IE€MEHTOB  SIBJSIETCS  HEOTHEMJIEMOM  YacThlO  CXEMBI
ANEKTPUUYECKON NPUHITUIINATIBHON, HO PACOJIaraeTcsl B MPUIOKECHUU.

B mepeune 31eMEHTOB yKa3bIBa€TCs MO3UIIMOHHOE O00O3HAYEHHE M TMOJIHOE
Ha3BaHUE Kax010 3ieMenTa. Hampumep:

R1 (C2-33H-0.25B-10kOm+5% OX0461.093 TY

Cl KI10-17-18-30n®+10% OXKO0460J107 TY

[To3unmonukie 0003HAUECHHS JIODKHBI OBITH 1O andaBUTy: CHadala

kouaeHcatopsl (C1.C2...), 3atem mukpocxemsl (DAL...), u T.1.
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