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B 3ANHCHY KHHKKY HHEHEPA

Buktop [enucerko, Anekcarap Xansgsko

3awmra oT NomMmex AaTYUKOB

M COEAMHMUTESIbHbIX NPOBOAOB
CUCTEM NPOMBDILLUJIEHHOM
ABTOMATU3ALMUM

BBEAEHME

INonknoueHue JaTYNKOB K UBMEPUTETb-
HOM cucTeMe SIBJISIETCSI OYEHb HETIPOCThIM
JIEJIOM U YacTO BBISIBIISIET HEOXUIAHHBIC
MpOOJEMBI, TTIPUYMHBI KOTOPBIX CKPBITHI OT
MPOEKTUPOBIIMKA: 00 MX MECTOHAXOXIIe-
HUM MOKHO TOJIBKO JIOTaIbIBaThCsI, UX I10-
SIBJIEHWE TPYIHO MpeAcKa3aTh, a yCTPAaHUTD
MOXHO TOJIbKO B IMPOLIECCE IKCIIEPUMEHTA.
Tem He MeHee psil TUTIOBBIX YCJIOBUIA BO3-
HUKHOBEHMS TIOMEX M METOJOB UX yCTpa-
HEHMSI JOCTAaTOYHO XOPOIIOo U3ydeH. O HUX
Y MIOMAET peyb B HACTOSIIIEN CTATHE.

I[loHuMaHue TPUYMH BO3HUKHOBEHMUS
MoMmex TMpu MPOEeKTUPOBAHUM CHUCTEM aB-
TOMAaTU3alllu TO3BOJIsIET U30eXaTh psiga
omnbOK B BbIOOpE OOOpPYIOBAHMSI, €ro
pa3MelleHU, SKpPaHUPOBAHUN U Kabeb-
HOI pa3BojKe, a TaKXe YCKOPUTb IpO-
LIECC BHEIPEHUSI CUCTEMBI.

INapa3uTHbie BO3AEUCTBUS HA MPOLECC
rnepenayyd CUrHajla MOXHO pas3iesiuTh Ha
CleAyIOIIe TPYMIIbI:

o BO3ICHCTBUS 4Yepe3 KOHIYKTUBHBIE

CBSI3W,

e BIMSHHE HE3KBUIOTCHIMAJIbHOCTHU

«3EMJIN»,

e HABOJKM 4Yepe3 B3aMMHYI0 WHIYKTUB-

HOCTbD;

o HABOIKU Yepe3 EMKOCTHBIE CBSI3U;
o BBICOKOYACTOTHbIE JIEKTPOMArHUTHbIE

HABOJIKMU.

Tunbl NCTOYHMKOB
U NPUEeMHUKOB cUurHana
Hctounnku curHama (IaTYUKU TEMITe-
paTyphl, TaBEeHWs, Beca, BIAXHOCTU U
IIp.) MOTYT OBITh 3a3¢MJIEHHBIMU WJIN He-
3a3eMJIeHHBIMHU (puc. 1). [Ipumepamu He-
3a3eMJIEHHBIX (TUTaBAIONINX) NCTOYHUKOB
CUTHAJIA SIBJISTIOTCST OaTapeiikl, NUCTOYHU-
KU CUTHaJIa ¢ OaTapeiiHbIM THUTaHUEM,
TEPMOIIaphl, W30JMPOBAHHBIE OTEepaIN-
OHHBIE YCUJIUTENH, MThe302JIeKTPUIeCKue
naTyuku. CUTHAJIOM B 9TUX CIIydasix sIB-
JISIETCST PAa3HOCTh TOTEHIIMATIOB MEXIY

BbIBOZAaMU MCTOYHMKA (V)). IloTeHuman
BBIBOJJOB WCTOYHMKA OTHOCUTEIHHO
«emnn» (V) sABigeTcSs NapasUTHBIM
(cuH(pa3Has ToMexa) U He TOJKEH BIU-
SITh HA Pe3yJIbTaT U3MEPEeHUH.

V 3a3eMJIEHHOTO WCTOYHWKA CUTHAJa
OIIH U3 BBIBOJIOB 3a3eMJIEH U HaTpsike-
HHE BTOPOTO BBIBOJA M3MEPSIETCS OTHO-
CUTENIBHO «3eMJI». 3a3eMJIEHHBIN UCTOY-
HUK MOXHO TIOJYYWUTh U3 TUIABAIOLIETO,
€CJI OJUH W3 €r0 BBIBONOB 3a3eMJIUTh.
OpHako OOpaTHYIO OTepamuio BBITION-
HUTbH JIOCTATOYHO CJIOXHO, TOCKOJBKY
caM TIPUHIIWI TTOCTPOEHMSI TaTINKa WU
CXeMBbI TpeoOpa3oBaHUsl U3MEPsSeMOit
usnueckoll BeTUUYMHBI B HaIpPsDKEHUE
4acTo He MO3BOJISIET ciearTh 31o. [1oaro-
My TUIaBaIONINe MCTOYHUKM, KaK TPaBU-
JIO, KOHCTPYKTUBHO M CXEMOTEXHUYECKU
CJIOXHEe, YeM 3a3eMJICHHBIE.

WcToyHuku curHajia MoOryT ObITb He
TOJIBKO UCTOYHUKAMU HATIPSTKEHUST, HO U
UCTOYHWKaMU Toka. MCTOYHWKU ToKa
TaKXe MOTYT OBITh 3a3eMJICHHBIMU WU
TJIaBAIOIIVIMHU.

IlpuemMHuK curHama (Hampumep, CUC-
TeMa cOopa JaHHBIX) MOXET IMPUHUMATD
(M3MepsITh) CUTHATT OTHOCUTENIHHO «3EM-
JI» WM OTHOCUTETILHO BTOPOTO BXona. B
MePBOM CJTyyae MPUEMHHUK CUTHAJIOB Ha-
3BIBAETCSI TIPUEMHUKOM C OIWHOYHBIM
(HemudPepeHIIMATBLHBIM) BXOIOM
(puc. 2 a), BO BTOpoM citydyae — audde-
pEeHIUANIBHBIM TIPUEMHUKOM CHUTHaJa
(puc. 2 0).

0) O
14
2 | L V7

Puc. 1. 3asemneHHbliit (a) u nnasatowui (6)
MCTOYHWKM CUrHana

JAnddepeHINANTBHBINA IPUEMHUK CUT-
HaJla M3MepsieT Pa3HOCTh IMOTEHIIMAIOB
MeXmy OByMsi TpoBomHuKamu. [loreH-
IIUATbl OTCUUTHIBAIOTCSI OTHOCUTEIHHO
o011ero mMpoBoxa MpueMHUKa (OTHOCH-
TEJIbHO «3eMJIM» MpUEeMHUKa). Takum
obpaszoM, nuddepeHIUaTIbHbIN TTpUeM-
HUK CUTHAJIOB UMEET TPU BXOJA: IBA CUT-
HaJIbHBIX M OIUH OOIIMN («3EMIISI»).
BaxHo OTMETHUTH, UTO, C TOUKU 3PEHUS
TIOMeX, «3eMJIsT» UCTOYHNKA W TIPUEMHU-
Ka CUTHajla UMeeT pa3Hble MTOTeHIIUAIHI,
TO €CcTh 3TO (DAKTUUECKU pa3HbIE «3eM-
J», ¥ B MATbHENIIIEM Ha cXeMaxX OHU OYy-
IYyT UMETh pa3Hble YCIOBHBIE 0003HaYe-
HUSI.

JuddepeHunanbHble TPUEMHUKI MO-
IYT OBITH NByX THUIIOB: TIOCTPOEHHBIE Ha
OCHOBE HM30JIMPOBAHHOTO (TITABAIOIIIETO)
WCTOYHWKA MMUTAHUS WU HAa OCHOBE CXe-
MBI BBIYUTATEIS, TIO3BOJISTIOIETO OTIpesie-
JIUTh Pa3HOCTh MOTEHIIUATIOB MEXIy IBY-
MsI y3IaMH 2JIEKTPUIEcKoil mermu (mud-
depeHIManbHBIM curHan). I[lpumepamu
TPUEMHUKOB TTIEPBOTO THUTIA SBIISTIOTCS Te-
cTephl, cucreMa cbopa MaHHBIX C KOM-
MBIOTEPOM THUTIA «HOYTOYK» WJIM Majora-
GapuTHbIi ociiorpad ¢ GaTapeitHbIM
nutanueM. [lpuMmepamu muddepeHIN-
aJTbHBIX TIPUEMHUKOB Ha OCHOBE BBIUUTA-
TeJsI SIBJISTIOTCST CXeMBI, TTOCTPOEHHBIE Ha
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Puc. 2. MlpueMHUK curHana c ofMHOYHBIM ()
1 ¢ aucddepeHumanpHbim (6) BxoaoM
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0aze MHCTPYMEHTAJbHOTO IUddepeHLIu-
aJIbHOTO YCUJIUTENS ¢ OOIbIINM KO3 hu-
IMEeHTOM TIOJaBIeHUs] CMH()A3HOTO CHUT-
Hana.

HeunneanbHocTh muddepeHImaabHbIX
TIPUEMHUKOB 3aKJTI0YaeTCs B TOM, YTO Ha-
psany ¢ nuddepeHIMaTbHBIM CUTHAIIOM
Ha BBIXOJ] TIPUEMHUKA MTOTafaeT U 0cyiad-
JICHHBI cuHpa3HbIil curHan. Kosddu-
IIUEeHT Tiepenayu cuHOA3HOTO CcUTHaa
MeHble, 4yeM auddepeHImaIbHoro, B
HEKOTOpOe YKCIIO pa3, KOTOPOe Ha3biBa-
ercst Koa(duimeHToM ocnabaeHus CUH-
(asuoro curHana Kqypr- Kosbowuim-
€HT ocNabieHust CHH(a3HOTO CUTHAJA 3a-
BUCHT OT YacToThl. Hanbombimmit nHTepec
IUTSI CICTEM TIPOMBIIJIEHHON aBTOMATH-
3aUM TIPEACTaBIsIeT KOADOUIIMEHT To-
JABJIeHUST CHH(A3HOTO CUTHAJIA C YacTO-
Toit 50 [i1, KOTOPBIiT TTOSIBIISIETCST KaK dJIe-
KTPOMarHWTHAsI HABOJKA OT 3JIeKTpUIec-
Koit cetn 220/380 B.

Hanpsixenue Ha Beixoae nuddepeHn-
aJbHOTO MpHEeMHUKA cuTHayia (puc. 2 6)
MOXHO 3aIcarhb B BUJIE:

=KW -+ Kmpr e ()

3necw V, = (V] + V3)/2 — cundasnoe
HarpsoKeHne,

Ky — maddepeHumanbHbiii Koaddu-
IVEHT YCWICHUS.

Cremyet OTMETUTD, YTO AU depeHII-
ATHHBIN TIPUEMHUK HE MOXET OBITH ITO-
JIydeH C TOMOUIBI0 ABYX OIWHOYHBIX
TMPUEeMHUKOB CUTHaJIa ITyTeM MPOCTOTO
BBIYUTAHUSI CUTHAJIOB Ha WX BBIXOJAX
(puc. 3).

[Mpenmonoxum, 4T0 MBI UCIOIB3YeM
Ba YCWINTENSI C OAWHOYHBIM BXOIIOM,
HampuMep, ABa KaHajla U3 MHOTOKaHATb-
HOU TUTATHI BBOJA C OMMHOYHBIMU BXOZA-
MW, ¥ XOTUM BBIIETUTH nuddepeHInarb-
HBI CUTHAJ TIyTeM BBIUMTAHUS ABYX Ha-
npsoxenuit V) u V,. OnucanHas cutyanys
CXeMaTUYHO M3o0paxeHa Ha puc. 3. s
9TOI CXEMbI MOXHO 3aITHCaTh:

Vo= KV, — K;Vy )
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Puc. 3. UnniocTpauus Toro, Kak Henb3a
CTpoUTb ycunutenu ¢ gucdepeHumanbHbIM
BXO/10M

B uneanbHoMm ciydae, korna K;=K,=K,,
NEUCTBUTENBHO TONMyInM nuddepeHm-
TBHBIN IPUEMHUK CUTHAJIA:

Vo=Ky (V1 = 1))

OpHako Ha caMoM Jiesie KO3 hUImeH-
THl YCWJIEHUsI TPUEMHUKOB OTIMYAIOTCS
OT MIEATBHOTO 3HaUeHA K Ha BETMIMHY
OTHOCUTEJIBHON TTOTPEITHOCTH Y:

Y, = (K — Kp)/ Ky,
Y, = (K() - K, )/K() 3)

DTa TOTPEeNmHOCTh BKIIOYAaeT B cebst
WHCTPYMEHTAIBHYIO TOTPEIIHOCTh TIPU-
€MHUKOB, HaIpsDKEHNE CMEIEeHWs HyJIs,
LTYMBI 3JIEKTPOHHBIX TPUOOPOB H T. 1.

IIprMeM 10 METOMY «HAUXYIILIErO CIIy-
yas» (30eCh — CIIlydaii MaKCHMMaJbHOU
TOTPEITHOCTH Ha BBIXOIE), YTO 3TH TIO-
IPEITHOCTU PaBHBI MEXTY CO0O0IA, HO TTPO-
THUBOIIOJIOXHBI 10 3HAKy U 00 PaBHBI Y
1o abcomoTHOM BenmunHe. Torma, mepe-
MMMCHIBast BeIpaxXeHus (3) B Buae

K=1+yK, K=(1-yK
W TIOJICTABJISISI 3TU 3HAYEHMS B (2), IOy~
YUM:

Vo= Ky (V, = V) + 2y KV, %)

3necy V, = (V] + V5)/2 — Bennuuna
cuHGba3HOTO cUTHANA (TI0 OTIPE/IETICHUIO).

CrenoBaTeslbHO, OTHOCHUTENbHAST TI0-
TPETTHOCTh IPUBENCHHON K BBIXOTY YCHJIH-
TeJist u3MepsieMoit BemmauHbl Ky(V) — 1)),
00yCIIOBJIEHHAsT BIWSIHUEM CUH(}a3HOTO
curHasa, OyJeT paBHa

Ye =2y V. /(Vi =) )

Takum oOpa3oM, B cXxeme Ha puc. 3 CyM-
Ma TIOTPENTHOCTEN YCUIINTENe C OMUHOY-
HBIM BXOIIOM (2Y) YMHOXaeTcsl Ha OTHO-
IIeHVe BeTMIMHBI CHH()A3ZHOTO CUTHAJA K
nuddepenmanbHoMy. [Ipu uzmepenun
CUTHAJIOB TEPMOIIap W APYTUX JAaTIUKOB
9TO OTHOIIEHWE MOXET IOCTUTaTh He-
CKONBKUX TOpsinkoB. [loatomy morper-
HOCTh u3MepeHust nuddepeHITnaIbEHOTO
CUTHaJIa TAKUM METOIOM OyZeT Takke Ha
HECKOJIbKO TTOPSITKOB OoJbiire. Paccmot-
puM nipumep. [penmonoxum, 4To Tpedy-
eTCsl MOTyYuTh A GepeHINnaTbHBIN CUT-
HaJl C paspemramiieil crnocoOHOCTHIO
12 6UT, TO €cTh C OTHOIIIEHNEM CUTHAJIA K
MOTPENIHOCTH, paBHBIM 4096 (mosnaraem
MOMYCTUMYIO  TIOTPEIIHOCTh  PaBHOWU
1 myammeMy 3Havamemy paspsmy —
M3P). [lpeamnonoxuM TakxKe, 4TO TO-
TPEITHOCTh TIOJIHOCTBIO OTIpenessieTCs
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Puc. 4. «3emna» umeer pa3Hble NoTeHuUaNbl B Pa3dHbIX TOYKax
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Puc. 6. IpoBOAHUK, COEAUHAIOWUN «3E€MIN» UCTOYHUKA M NPUEMHUKA

CUrHana, umeeT KoOHeyHoe conpoTuBNeHue
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Puc. 5. Pa3nnune noteHUUanoB «3emMnm» MCTOYHUKA CUrHanNa u

NpUeMHUKa 3KBUBANIEHTHO BKAOYEHUI0 UCTOYHUKA HaNPAXKeHUA noMexu

nocneposaresibHO C UCTOYHUKOM CUTHaNa

cuH(a3HON MOMEXOH, TO €CTb paBHa Y,, 1
Y, = 1/4096. Ecnu npu 3ToM cuHpasHas
rmoMexa B 10 pa3 Gospine muddepeHIn-
aTbHOTO CUTHAJA, TO eCThb V. /(V] — V;) =
10, To u3 popMynsl (5) ciemyet, 4TO TO-
TPEITHOCTh YCUJUTENEN NOKHA OBITh
paBHa
y= (Y, /2)/10 = 1/81920,

4TO TpebyeT MMETh pa3peniarolIyio CIo-
coOHOCTb He MeHee 17 OutT. MubiMU ci1o-
BaMU, TpU CUH(AZHOM CHUTHAJIE, TIPEBBI-
matomeM B 10 pa3 nuddepeHInanbHBII
CUTHAJI, JJISI TIONydeHUsT pa3pernaronieit
CIOCOOHOCTH 12 OWUT KaXmblif U3 CUTHA-
JIOB JIOJKEH OBITh YCWJIEH YCWJIMTEIEM C
paspemamplieil CrmocoOHOCThIO 17 OUT.
[MoaToMy Bo Beex citydasix, KOraa n3Mepsi-
€TCs pa3HOCTD JIBYX HAIPSTKEHUN, HY>KHO
YCUIMBAaTh HMOTEHLMAN V|, M3MEpPEHHBIMA
OTHOCHUTEIBHO V,, a He OTHOCHUTEIHEHO
«3eMJTn». DTa WIesT TOJI0XeHa B OCHOBY
TTOCTPOEHUST OOJBIITMHCTBA TPEIN3UOH-
HBIX ycwiuTeneil ¢ nuddepeHImanTbHbBIM
BXOJIOM.

MU3MEPEHME HANPAXXEHUS
3A3EMJIEHHBIX UICTOYHUKOB
PaccmoTpum, 9TO MpoucxoauT, Koraa
HamnpsKeHWe 3a3eMJIEHHOTO MCTOYHHWKA
curHana e (puc. 4) u3MepseTcs ¢ IOMO-
b0 3a3eMJIEHHOTO TpueMHuKa. [lo-
CKOJIbKY «3€MJIN» UCTOYHUKA W TIPUEM-
HUKa CUTHaJIA TIPOCTPAHCTBEHHO pa3He-
CEHBI, OHU UMEIOT Pa3HbIi MOTEHIINAT 1
0003HaYeHBI HA cXeMe MMo-pa3Homy. Pas-
HOCTB ITOTEHIIMATIOB MEXIy HUMU paBHA
Vg. ITo TeopeMe 00 PKBUBaJIEHTHOM Te-
HepaTope 3Ta Pa3HOCTh IMOTEHIMAIOB

Puc. 7. UsmepeHue curHana 3aseMneHHOro UCTOYHMKA C NOMOLLbIO

AnddepeHunanbHOro npueMHnKa

MOXET OBITh TIPEICTaBIIEHa Ha CXEMe UC-
TOYHUKOM HampsIKeHUs Vg = Rg Ig, rae
Rg u 1g — COOTBETCTBEHHO COTIPOTUBJIE-
HHE «3eMJIU» ¥ TOK Yepe3 3TO COMPOTUB-
JeHue (puc. 5), mpuyeM HampsKeHUE,
NPUIOKEHHOE KO BXONy TpueMHuKa Vi ,
OKa3bIBaeTCSI PAaBHBIM CyMMe HarllpsoKe-
HUU WCTOYHWKA CHUTHAJIA U Pa3HOCTHU
TTOTEHITNATIOB MEXITYy TBYMS «3€MJIISIMU».
Takum 0O6pa3oM, pe3ysnbTaT U3MepeHusl,
BBITTIOJTHEHHOTO TI0 OIMCAaHHOUN cxeme,
OyzmeT comepXarh MOTPEITHOCTh BeJTNYH-
HOU Vg. DTa MOTPENTHOCTh MOXET HaX0-
IUTHCSI B NOIYCTUMBIX TIpeneiax, eciu
WCTOYHUK CUTHATA U IPUEMHUK PaCIio-
JIOXEHBI HeJaJIeKo IPYT OT ApyTa WJIH eC-
JIM HampsKeHWe CUTHala UMeeT OOJb-
IIyI0 BETUYMHY (HampuMmep, TpeaBapu-
TEJIbHO YCUJIEHO).

Cutyarusi MOXeT OBITb CYIIECTBEHHO
VAYYIlleHa, eCJIA TIPOBOJ «3eMJISl» UCTOU-
HUKa ¥ TIPUEMHUKA CUTHATA COEANHUTH
MEITHBIM TTPOBOTHUKOM C HU3KUM COTIPO-
TuBIeHHEM (puc. 6). OMHAKO 3TO HE yCT-
paHsIeT Tapa3uTHOE HaIPSTKeHUe Vg o~
HOCTBIO, TTIOCKOJIBKY TOK, BOZHUKAIOIIWI
BCJIEICTBME Pa3HOCTH MTOTEHIIUATIOB «3€-
MeJTb», TeTIepb OyeT TeUb M0 COeNUHSIO-
meMy ux mpoBonHUKY. Kak mpaBuio, oc-
HOBHBIM KOMITOHEHTOM TOKa SIBIISIETCS
nomexa ¢ yactoroit 50 Ii1, HO GoJbIIOE
HaBelleHHasT
BBICOKOYACTOTHBIMY 3JIEKTPOMArHUTHBI-
MU TonsiMu. B aTOoM citydae 3HAUMTENb-
HYI0 DOJIb UTPAaeT WHIYKTUBHOCTH TPO-
BOIHUWKA, W YCTPAHUTh ee 0e3 MpuMeHe-
HUsA nuddepeHInaTbHOTO TpUeMHNKA
MPAKTUYECKN HEBO3MOXHO.

3HaA4YC€HUEC UMECT U 3.4.C.,

Cxema, obOecreumnBaioiass HaubOJIb-
IIYI0 TOYHOCTh M3MEPEHMs] CUTHasa 3a-
3eMJIEHHOTO MCTOYHWKA, IMOKa3aHa Ha
puc. 7. OHa comepXuT nuddepeHInaTb-
HBII TIpUEeMHUK, KOTOPBIN oOciabiser
cuHda3HOoe HampsiKeHUue IOMEXU Vg B
Kemrr pas.

Crenyer OTMETUTh, YTO B CXeMe Ha
puc. 7 HeJb3sT COeIMHSITH OIMH U3 BXOIOB
C «3eMJI€il» PUEMHUKA, TIOCKOJIbKY TPU
9TOM (haKTUIEeCKM TIOyJaeTcsi cxema C
OIIMHOYHBIM BXOIOM (pHC. 6) CO BCeMU ee
HeJ0CTaTKaMU.

MU3MEPEHME HANPAXEHUS
HE3A3EMJIEHHBIX UCTOYHUKOB
Hampstxenve He3azeMIeHHBIX (TU1aBa-
OIIIX) UICTOYHUKOB CUTHAJIA MOXKET OBITh
JOCTAaTOYHO TOYHO W3MEPEHO TMPUEeMHU-
KOM KaK ¢ OMWHOYHBIM, TaK U ¢ audde-
peHLMATBHBIM BXomoM. OmHAKO TpU UC-
MOTb30BaHUU UM dEpeHIINATBHOTO BXO-
JIa Hy>KHO CJIEIUTD 32 TEM, YTOOBI BEJTNIH -
Ha cuH(bA3HOTO CUTHAJIAa HE BHIIIIA 32
TpaHUIIBl JUana3oHa paboToCrmocoOHOC-
T nipueMHNKa. COMpOTUBIIEHUE MEXIY
TMOOBIM 13 MrdhepeHITNATEHBIX BXOIOB U
«3eMJIEIi» OYeHBb BEJINKO, TIOITOMY JaxKe
MaJIeHbKUI TOK TOMEXW MOXET CO3MaTh
Ha HeM TaieHue HanpsikeHus 6ojiee 10 B,
YTO TIepeBeleT MPUEeMHUK CUTHAJA B pe-
KM HachllleHusl. TOK TIOMEeXW B 3TOM
CJlydae MOXET COCTOSITh M3 BXOTHBIX TO-
KOB CMellleHUs camoro nuddepeHmanb-
HOTO TIPUeMHUKA 1 TOKa IMapa3uTHON EM-
KOCTHOU CBSI3U C UICTOYHUKOM TIOMEXU.
s yMeHbIIIeHUs 3Toro 3¢ deKTa BXO-
o6l nuddepeHIUaNIbHOTO MPUEeMHHUKA
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MOXHO COEIUHUTb C «3eM-
yepe3  Pe3UucTOphl
(puc. 8). Ecim BHyTpeHHee

COTIPOTUBJIEHUE HCTOYHUKA <
CUTHAJa BEJMKO, TO PEe3UC-
TOPBI BHIOMPAIOT C OJMHAKO-
BBIM compoTuBieHueM. [Tpu
HU3KOM COTIPOTUBJIEHUM HUC-
TOYHUKA (KaK, Hapumep, y
TepMoTap) pa3Hulla COIpO-

B (783

Puc. 8. YctpaHeHnue HacbiweHua auddepeHymanbHoro

TUBJICHUU HE urpacTt pojivu, 1 npueMHUKa C NOMOLbIO pe3nuCTopoB

MOXHO HKCITOJIb30BaTh OIHO
M3 HUX BMeCTO AByX. Eciaum MCTOYHUK
CHUTHAJIa COENMHEH C MPUEMHUKOM 4epe3
pa3BA3bIBAIOIINE KOHIECHCATOPHI, TO BE-
JIMYUHEBI PE3UCTOPOB JOJIKHBI OBITH CTPO-
ro ONMHAKOBBL. B M3MepeHuUsIX ¢ BEICOKOM
TOYHOCTBIO 3TH PE3UCTOPBI YIyYIIAIOT
cuMMeTpuio auddepeHInaNIbHON Maphl
IIPOBOIOB U YIy4iIaioT 3G dEKT KOMITEH-
cauny cMHMa3HO! ITOMEXHU.

CoIpoTuBIeHNE PE3UCTOPOB BBHIOMPA-
€TCSI KaK MOXHO MEHBIINM, YTOOBI CHU-
3UTh BEJIMYMHY CUH(PA3HOIO CUTHAIIA, O~
HAKO OHO JIOJDKHO OBITh MHOTO OOJIBIIIE
BHYTPEHHETO COIPOTUBICHUS NCTOUHHUKA
CUTHaja, YTOOBI HE BHOCHUTDH IIOTpELl-
HOCTb B pe3ynbrar uamepenus. [lpu uc-
MOJIb30BAHUN TEPMOIIAp TUIIOBAsI BEJIM-
YYHA COIPOTUBICHUIA JIEXUT B AMAIIA30-
He 10...100 kOm.

NupdepeHnranbHble  TPUEMHUKHU
cMrHaja Bcerga obecre4yuBaloT Oosee
BBICOKYIO ITOMEXO3AIIUIIEHHOCTb II0
CPaBHEHUIO C MMPUEMHUKAMU C OIMHOY-
HBIM BXOJOM, OJHAKO OHHM TPeOYyIOT
0OJIbLIE COEAMHUTEIbHBIX IIPOBOIOB U
TeXHUYECKU cloxHee. [1oaTomy BBIGOD
Mexny auddepeHInaaIbHBIM WU OO~
HOYHBIM BXOJOM MOXET OBITh CHeIaH
TOJIBKO IIPU PACCMOTPEHUU KOHKPETHBIX
YCJIOBUI MPUMEHEHUs U TPeOOBaHUI K
CHCTEME.

ABTOpaMM CTaTbu OBUIO IIPOBEAECHO
DKCIIEPMMEHTAJIbHOE CpPaBHEHME BEJIH-
YUHBI IIOMEX [JISI MPUEMHUKOB C OIM-
HOYHBIM U A depeHIInaIbHbIM BXO-
moM. B KadyecTBe MCTOYHMKA CHUTHAJa
ObLI BBIOpaH TEPMOPEZUCTOP COMPOTUB-
nenueMm 20 kOM, cOeIMHEHHBIH BUTOM

MMapoii IIIMHOU 5 METPOB C IPUEMHUKOM.
B kauectBe muddepeHIIMATBEHOTO TIPU-
€MHUKa ObUT MCIOJTb30BaH WHCTPYMEH-
TanpHbIN yeuauteab RL-4DA200 u cuc-
Tema cObopa maHHbIX Reallab! dupmbr
RLDA. Ilepexon OT OIMHOYHOTO BKJIIO-
yeHus1 K auddepeHImaIbHOMy B IaH-
HOM CJIlydyae yMEHbIIaeT CpeIHeKBaapa-
TUYECKOe 3HAUeHWEe HATIPSIKEHUST TTOMe-
xu B 136 pa3. DT0 0OBICHSIETCS TEM, YTO
YCWINUTEb C OAWHOYHBIM BXOJOM BOC-
MpuHUMaeT 0e3 ocinabJeHUs IMOMEXY,
KoTopas B auddepeHIInaTbHOM YCUIH-
Tene ocnabngerca B Koyrr (Koaddu-
LIMEHT TONaBIeHNsT CUH(MA3HOTO CUTHA-
Ja) pas.

B nepBoMm npubIMXKeHUM MOXHO cKa-
3aTh, YTO MPUEMHUKU C OJMHOUYHBIM
BXOJIOM MOTYT OBITh MCIIOJTb30BaHbI, €C-
JIM UCTOYHUK W TPUEMHUK CUTHAJIOB
pa3HeceHbl Ha HeOOJIbIIOe PacCTOSHUE
(0 emUHUIT METPOB), €CJIIU CUTHAJ WC-
TOYHUKA TIPEABAPUTEILHO YCUJIEH WU
nMeeT OOJBIIYIO BeTMYuHY (0KoJio 1 B)
€Ccli BBIBOABI <«3eMJISl» MCTOYHUKA U
MpUEeMHUKA COeANHEHBl KOPOTKUM HU3-
KOOMHBIM TIPOBOTHUKOM B OTHOI TOUKE.
Ecnu xoTs1 661 OTHO M3 3TUX YCIOBUY HE
BBITIOJTHSIETCSI, CJIENYeT WCIIOJb30BaTh
MpUEeMHUKY ¢ nuddepeHIInaTbHBIM BXO-
TIOM.
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MOrPELLHOCTU, BbI3BAHHBIE
KOHAYKTUBHLIMMU CBA3IMMU

M cTOYHMKOM MOTPEeLIHOCTU MPU Mepe-
Jlaye CUTHaJla MOXET OBbITb MaJcHue Ha-
MPSKEHUST Vg Ha y4yacTkKe mpoBoja, 00-
LIEM [IJI51 CUTHAJIa U HEKOTOPOI Harpy3Ku
(puc. 9). Takas mapa3uTHasi CBSI3b Ha3bI-
BaeTCsl KOHIYKTMBHOW (PEe3UCTUBHOIA).
Harpy3koii B JaHHOM ciyyae MOXET
ObITb, HAIPUMEDP, HEKOTOPAsi BCIIOMOra-
TeabHas MUMpPOBast cxema, 3a3eMIISTIo-
I TIPOBOJ KOMIIBIOTEPA WIN CIIy4au-
HblIi MPOBOJHMK, 3aMKHYBIIWI MPOBOL
«3eMJIsI» C KOPIYCOM B3HEPTreTUYECKOro
000pyn0BaHUs, Yepe3 KOTOPbIA MPOTeKa-
€T TOK [y OT 9KBUBAJICHTHOI'O MCTOYHU-
Ka ey Jaxe cxema, cocrosdiias U3 He-
CKOJIPKMX ONEPALMOHHBIX YCUJIUTEIEH,
MOXET CO3[JaTh Ha MPOBOIAE [UIMHOW B
20 cM mmageHue HaTpsoKeHus 6onee 1 MB,
YTO CpaBHUMO ¢ BelnuuHoir M3P
12-pa3psimHOTO TIpUEMHUKA CUTHAaJA.
OcobGeHHO OoJbIINe TPOOJIEMBI MOXET
co3aath U@ poBas cxeMa, padorawooiias B
MOMEHT MepeJayu aHaJIOrOBOTO CUTHAJIA.
B pesynabrate BxoaHOe HampsbkeHue V)
OyZeT CKJIaAbIBATbCS U3 HATIPSIKEHUS UC-
TOYHUKA CUTHAJIA €| U HAIpPSKEHUs T0-
MexXu Vg.

PeuienveM omnuvcaHHOW TPOOJIEMbl SIB-
JISIeTCS TIOACOSTMHEHHE «3eMJT» UCTOYHU-
Ka CUTHaJla K MPUEMHUKY OTIEJIbHBIM U30-
JIMPOBAHHBIM MTPOBOIOM, KOTOPBIA HE UC-
MOJIb3YETCSI HU [UISl KaKUX WHBIX LeJaei
(puc. 10).

B of1iieM ciyyae, 4toObl 3apaHee Iipe-
JIOTBPaTUTh BO3HUKHOBEHUE JaHHOW IMPO-
0JieMbl, CJIEMYeT Pa3inyarh MOHATUS «CUT-
HaJIbHasI 3eMJIsl», «aHaJIOroBasi 3eMJISI»,
«uudpoBast 3emisi». Bce atn «3eMiu»
JIOJDKHBI OBITH BBITIOJIHEHBI PAa3HBIMU TIPO-
BOIaMU, U UX MOXHO COECAUHSTH TOJIbKO B
omHoOI 0011elt Touke. CUTHAIBHBIE TETTN
HEJIb351 UCIOJb30BaTh ISl MUTAHUS Jaxe
MaJIOMOIIHOM anmaparypsl.

"HAYKTMBHI:IE U EMKOCTHBIE
CBSI3M

[IpenronoxumM, 9TO PSAOM C CUTHAIb-
HBIM TIPOBOJOM IIPOXOIUT HEKOTOPBI
MPOBOJ, IO KOTOPOMY MPOTEKAeT TOK
amrumTynoi Iy (puc. 11). Torna Benencr-
BUe 3 PeKTa SIEKTPOMArHUTHOM MHIYK-
LIMM Ha CUTHAJBLHOM TIPOBOAE OymeT Ha-
BOAUTBCS HampspkeHue nomexu Vy. B
clydyae CHUHYCOMIAIbHOUW (DOPMBI TOKa
aMIUTUTyJa HaIpsDKEHWST TTOMEXU, HaBO-
IUMOTO Ha CHTHAJbHOM ITpOBOIE, OyIeT
paBHa
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YcnoeHble 0603HayeHns: M — Harpyska, ey — 3KBUBANIEHTHbIN UCTOYHUK, INN — TOK, NpoTeKalowmm

OT 3KBUBANIEHTHOTO UCTOYHMKA Yepes Harpysky.

Puc. 9. Napa3suTHeiit ToK I, NnpoTeKaluwuii No o6uieMy y4acTKy NpoBoAa «3eMnsA», CO3AaeT NafeHne
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YcnoeHble 0603HayeHns: M — Harpyska, ey — 3KBUBANIEHTHbIN UCTOYHUK, INN — TOK, NpoTeKaloLwmi

OT 3KBUBANIEHTHOTO UCTOYHMKA Yepes Harpysky.

Puc. 10. Pewenue I1p0611eMbI: «3eMan» UCTOYHUKA CUrHaNa U NnpueMHUKa cnepyet CoeguHATb

0TAe/IbHbIM NPOBOAOM

3nece M — B3auMHasi UHAYKTUBHOCTh
MeXIy TIpoBoJamMu; L — WHIYKTUBHOCTH
CHUTHAJILHOTO MpOBoaa; w = 271, f — Jac-
TOTa TOKA MOMEXH; R; — BBIXOXHOE CO-
NPOTUBJIEHNE UCTOYHMKA CUTHANA; R —
BXOJTHOE COTIPOTUBJICHUE TIPUEMHUKA.

Benmnunna B3amMHOW WHOIYKTUBHOCTH
MPOTIOPIIMOHAIBHA TUTOIIAIN BUTKA, KO-
TOPBII TIepeceKaeTcsi MAaTHUTHBIM TIOJIEM,
CO3/IaHHBIM TOKOM [. «Butkom» B naH-
HOM cJIydae sIBIISIeTCSI KOHTYp, 10 KOTO-
pOMY TIPOTEKAaeT TOK, BBI3BAHHBINA 3.1.C.
nomexu. Ha puc. 11 aToT KOHTYp 00pa3o-
BaH CUTHAJIBHBIM TPOBOIOM, BXOIHBIM
COTIPOTUBJIEHNEM TTPUEMHUKA, TIPOBOIOM
«3eMJIV» U BBIXOTHBIM COTIPOTUBJIEHHEM
WCTOYHWKA cUTHanma. s yMeHbIIeHUs
B3aMMHOW WHAYKTUBHOCTH TUIOIIAIb
IAHHOTO KOHTYpa MOJIXKHA OBITh MWHU-
MaJbHOM, TO €CTh CUTHAJIBHBIN TIPOBOM
IOJKeH OBITh TPOJIOKEH MAaKCUMAaIbHO
OJIM3KO K <«3eMiie». D(PDEKTUBHYIO TIIO-
anb «BUTKa» MOXHO YMEHBIIWTb, €CITN
PACTIOJIOXUTH €r0 B IJIOCKOCTH, TIEPIIeH-
MAKYJISIPHOU TIIOCKOCTM KOHTYpa € TO-
KOM, HABOJISIIITUM TTIOMEXH.

W3 dopmynsl (6) ciaenyer, 4TO0 MHAYK-
TUBHASI HABOAKA YBEJIMIMBAETCS C POCTOM

YaCTOTBI U OTCYTCTBYET Ha TOCTOSTHHOM
Toke. Hampspkenue momexu Ha puc. 11
BKJTIOUEHO TIOCTIEIOBATEIbHO C UCTOYHU-
KOM CUTHaJIa, TO €CTh BHOCHT aIINTUB-
HYIO TIOTPEITHOCTh B PE3YJIBTaT M3Mepe-
Hug. [Ipu 6GeckoHEeYHO OOBIIOM COIPO-
TUBJIECHUU R; HanpsXeHHE Ha BXOIe
TIPUEMHUKA UMEET BUI:

Vi,=e +wMI
U HE 3aBUCUT OT COTIPOTUBIICHUS] UCTOU-
HUKa CUTHAJA.

EMKocTHas HaBoaka uepes HapasuT-
HYIO €MKOCTb MexXy npoBonHukamu C,
HAa000POT, TIOJTHOCTHIO OTIPEIETISIETCS Be-
JIMYUHOW BHYTPEHHETO COTIPOTUBICHUS
HCTOYHMKA CUTHajga R,, TIOCKOJIBKY OHO
BXOJIUT B JIJIUTENb HATIPSIKEHUST TIOMEXH,
COCTOSAIIMI U3 COIIPOTUBNIEHUS R;, BKIIIO-
YEHHOTO MapajenbHo R, u émkoctu C.:

v e+ m'(Ri ||Rin).cc _61(7)

JI+(©@-(R |[R,)-C,)

Kax cienyer u3 (7), npu R; = 0 émMKocT-
Hasl ToMexa ITOJIHOCThIO OTCYTCTBYeT. B
NEeNCTBUTETbHOCTA CUTHAIBHBIN TIPOBOI-
HUK WMeeT HEKOTOpOe WHAYKTUBHOE U
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B 3BANMUCHYIO KHUXKY UHXEHEPA

Ta6nuua 1. TUnoBble AATYMKM U NOPALOK BENUYUH UX CONPOTUBNIEHUIA

Puc. 11. Mytn npoxoxpaeHna EMKOCTHON U NHAYKTUBHOI NOMEXH OT NCTOYHMKA ey

PE3NCTUBHOE COTPOTUBIIEHUE, IajeHue
HATpsSDKeHUsI TIOMEeXW Ha KOTOPOM He
TTO3BOJISIET TIOJTHOCTBIO YCTPAHUTh EMKO-
CTHYIO HABOJKY C TIOMOIIIbIO KICTOUHHUKA C
HU3KUM BHYTPEHHUM COIIPOTUBIICHUEM.
Oco06eHHO BaXXHO YYUTHIBATH WHIYKTUB-
HOCTh CHUTHAJTHHOTO TIPOBOIA B CiIydae
BBICOKOYACTOTHBIX TIOMEX.

[Mopsimok BeTMYrH COMTPOTUBIIEHUH TH -
TIOBBIX NICTOYHUKOB CUTHAJIA TIPUBENEH B
Tabsn. 1.

JlaTuuku, uMeroline OOJbllIoe BHYT-
peHHee COTPOTHBIIEHWE WJIA Majioe Ha-
MpsDKEHNE CUTHaIa, HYXHO WCIOJIBb30-
BaTh COBMECTHO C YCWJIUTEJIEM, PACIIONO-
JKEHHBIM B HETIOCPEICTBEHHON OIM30CcTU
K JIaTYWKY, a K IPUEMHUKY CIIeIyeT Iepe-
JaBaTh yXe YCUJICHHBII CUTHAJL.

C npyroif CTOPOHBI, IS yCTPAHEHUS
WHIYKTUBHOM HABOIKU HOCUTEJIEM CUTHA-
JIa TOJKEH OBITh TOK, a He HaIIPSKeHUe, TO
€CTh MCTOYHWKOM CUTHAJIA NTOJDKEH OBITh
WIeaIbHBII UCTOYHMK ToKa (puc. 12). Tok
WCTOYHUKA TOKA HE 3aBUCUT OT XapaKTepa
HAarpy3Kku (110 OTpeeNIieHII0), B TOM YUCIie
OT BeJTMYMHBI HABEAEHHOM 3.11.C.

Takum obpazoM, [JIsi CHUXKEHUST EMKO-
CTHOU HABOIKM CUTHAN HYXHO Tiepena-
BaTh C TOMOIIBIO UI€ATHHOTO UCTOYHUKA
HATPSDKEHUsI, a IS CHIDKEHUST WHIYK-
TUBHOU HAaBOJKYM — C TIOMOIIIBIO UIeaTh-
HOTO UCTOYHUKA TOKA.

Bri6op HocuTenst wHpoOpMaunu (TOK
WY HATIPSTKEHUE) B KAXKIOM KOHKPETHOM
cilydae 3aBUCUT OT TOTO, Kakasi TioMexa
TpeodIafaeT: HAYKTUBHAS WK EMKOCT-
Hast. Kak mpaBmiio, EMKOCTHBIE HaBOIKU

IN

WcTouHunk curnana

Nonuoe conpoTtusneHue

Tepmonapa <200m
Tepmopesuctop >1kOm
Pe3ncTuBHbIN AaTynK CONpoTUBNEHUA <1k0m
MonynpoBOAHWUKOBbLIN AaTYUK AABNEHUS >1kOm
TeH3opatumk <1k0m
CTeknsiHHbI pH-3nekTpos > 109 Om

nOTeHLl,VIOMeTpVNeCKVIFI [aTYnK nepemelieHna

o1 500 Om go 100 kOm

Ol'lepaLll/IOHHbIﬁ ycunutenb

104 Om

MpeodanaloT Hal WHIYKTUBHBIMU, €CITN
HUCTOYHUK TIOMEXW WMeeT OOJbIlIoe Ha-
npspkeHue. UHIYyKTUBHBIE e TTOMEXU CO-
30al0TCS TOKOM, TI0O9TOMY OHM BEJIMKU B
city4ae, KOTJa UCTOYHUKOM TTOMEXU STBJISI-
eTcsl MOIIIHOe 000pymIOBaHUE, TOTPEOsI-
folee 60bIIOoM ToK. OTMETUM, UTO 3Kpa-
HUPOBAaHNE MAarHUTHOU HABOIKHU TEXHU-
YeCKU TOPa3MIo CIOXHEe, 4eM EMKOCTHOIA.

CrpemiieHrie COBMECTUThH TIpenMyIIie-
CTBa Mepenavyn CuTHasia B popMe TOKa U B
(bopme HampsKeHYs TPUBOIUT K Tiepeia-
ye WHOGOPMAIMN CHUTHAJIOM OOJBIION
MotrHoCcTU. OTHOIIIEHEe MOIITHOCTY CUT-
Hajla K MOUIHOCTA TIOMEXW OIpenessieT
BEJIMUUHY TOTPEIIHOCTH, BHOCUMYIO TIO-
MeXaMU B pe3yJbTaT U3MepeHusi. DTOT ke
BBIBOJ CJIEyeT HEIMOCPEACTBEHHO U3
dbopmynbl (6): IpU COTPOTUBIICHUSIX Ha-
IPY3KU ¥ UICTOYHUKA, CTPEMSIIINXCS K HY-
JII0, HATPSDKEHWE TIOMEXW TaKXe CTpe-
MUTCSI K HyMO (a mepenaBaemasi MOII-
HOCTb — K OECKOHEYHOCTH).

MAPA3SUTHBIE CBS3U
B AUPDEPEHLIMAJNIbHBIX
JIMHUS X NEPEAAYU CUTHAJIA
KapauHanibHBIM CPEACTBOM YCTpaHe-
HUSI MTHOYKTUBHBIX U EMKOCTHBIX CBA3Ci
SIBJISIETCS IPUMEHEHNE UCTOYHUKOB CHUT-
Hana ¢ auddepeHInaTbHbIM TOKOBBIM
BBIXOJIOM ¥ TIPUEMHUKOB C HU3KOOMHBIM
(TOKOBBIM) muphepeHITnaTbHBIM BXOI0M
(puc. 13). B HMX MHAYKTUBHAsA HaBOIKa
MaJia, TIOCKOJIbKY MHGOopMalius repeaa-
eTcs B hopme Toka, a EMKOCTHASI HABOIKA
MaJia, MMOCKOJIbKY MPU XOPOIIel CUMMET-

oS Lo

I Ym

Puc. 12. KaHan nepepaym curHana c noMolbio TOKa MeHee YyBCTBUTENEH

K UHAYKTUBHbIM HaBOAKaM

Haunyywee peweHue I1p06!leMbI KayeCTBEHHOW nepenayuv curHana

PV JIMHUM TIepeNavyrl OHA SIBIISIETCS CUH-
dazHoit 1 TTomaBIsIeTcs BXOTHBIM nudde-
pEeHLMATBHBIM TIPUeMHUKOM. JloTmomHm-
TEJIBHOU 3aITUTON JIMHUM SIBJISIETCS €€ IK-
paHupoBaHue. TOKM NCTOYHUKOB TOKA Ha
puc. 13 cTporo paBHBI MEXIy CO0OIl U
TIPOTUBOITIOJIOXKHO HAIIPABJICHBHI.

17151 TIOJTy9eHMsT BBICOKOTO KauecTBa Iie-
pemayu CUTHAJIbHBIE TPOBOAA JOJDKHBI
OBITH 9KPAHVPOBAHBI 1 BHITIOTHEHBI B BU-
IIe BUTOU TIApBI, YTOOBI OOECTIEYUTDH JIyd-
IIYI0 COTJIACOBAHHOCTb WX TPOIOJIBHBIX
VMITEIAaHCOB U MMIIeJaHCca Ha «3EMITIO».
Pa3znauna B iyivHe MpoBOIOB ¥ B YaCTOTHBIX
XapaKTepUCTUKAX WX MMITENAHCOB MOXKET
OBITh TIPUYMHON TOSIBIIEHUST CUHGbA3HOMN
TIOMEXU Ha BBICOKMX YaCTOTAX.

J11s1 TIOBBITIIEHUST CTETIEHH COTJIACOBAH-
HOCTU JIMHUI B BUTOW Mape JIydllle WC-
MOJIB30BATh MTPOBOJIA, CTIEIIMAIEHO M3TO-
TOBJICHHBIE W aTTECTOBAHHBIE IJIST WHCT-
PYMEHTAJIbHBIX WHIYCTPUAIBHBIX TIPUMeE-
HeHuii (Hampumep, pupmel Belden). Uc-
MTOJIb30BAHUE JBYX BUTBIX, COETMHEHHBIX
MapaijieNbHO, TTap BMECTO OTHOU TO3BO-
JISIET CHU3WUTH TPOMOJBHBI MMITEJaHC
TPOBOIOB W TIOBBICUTH TOYHOCTH Tiepea-
YU CUTHAJA.

[MpumepoM peanmzanmu auddepeHIIn-
TBHOTO CTIOcO0a Tiepenayy CUrHajla Mo-
XeT CIyXuTh Tapa arddepeHInaTbHOTO
TOKOBOTO Tiepenatunka SSM2142 n nud-
depeHumnanbHOro npueMHuka SSM2141
(Analog Devices), KoTopass UMeeT Ko3(p-
durmenT ocnabieHnst ciHGAa3HOTO CUTHA-
na 100 ob Ha gacrore 60 Iir 1 paGoTaeT Ha
Harpysky 600 Om, co31aBast Ha Heil MaKCH-
MaJibHOe TlafieHre HanpsokeHrs 10 B.

Puc. 13. iucdcpepeHunanbHblit UICTOYHUK U NPUEMHUK TOKA —
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Jns mpemoTBpallleHUsT Hachl-
LLIEHUS BBIXOAHBIX KAaCKaIOB MC-
TOYHUKOB TOKA Pa3HOCThIO TOKOB
(/; — 1I,) MOXHO WCIIOIB30BATh <
CITI0Cc00, aHAJIOTUYHBIN TTPEICTaB-
JICHHOMY Ha pHc. 8, OTHAKO pe3u-
CTOPHI B TAHHOM CJTy4yae JOJDKHBI
OBITh COEIMHEHBI C «3€MJIEN» HC-

TOYHUKA CUTHAJIA.

HemoctaTkoM TOKOBBIX KaHa-
JIOB Tiepefiayd MHMOpMalum siB-
JISIETCSI TO, YTO B COOTBETCTBUU C
BeIpaxkeHueM (7) TIpu GECKOHEU-
HO GOJIBIIIOM COTIPOTUBJIEHUN UC-

TOYHWKA W TIPUEMHUKA CUTHAaja <>
el

OTHOCHUTENILHO «3€MJIM» HAaIIpsi-
JXKeHUe EMKOCTHOW HaBOIKU SIB-
JISIETCSl MaKCUMaJTbHbIM. [Tpume-
HEHHE PEe3UCTOPOB I OTBOIA
TOKa TOMEXM Ha 3eMJio (puc. 8) —
YJIy4IlIaeT CUTYalMIo, OMHAKO 3TU
pPE3UCTOPbI HE MOTYT OBITh BbI-
OpaHbl OYeHb MAJTIBIMU, TTOCKOJTb-
KY MIPU 3TOM YBEJIMYMBACTCS BJIU-

AHME UX paccoriacoBaHMsA Ha I10-
TPEUIHOCTD II€PEaadYM TOKA.

DKPAHUPOBAHME
CUTHAJIbHBIX MPOBOAOB
Meronbl 3KpaHUPOBAaHUSL CUTHAIIBHOTO
MPOBOJIa BEIOMPAIOTCS B 3aBUCUMOCTH OT
MyTel MpoXoXaeHus nomexu. s ycrpa-
HEHUS Mapa3suTHON EMKOCTHOM CBSI3U UC-
MOJIB3YIOT 3JIEKTPOCTATUYECKUI SKpaH B
BUJI€ TPOBOASIIEH TpyOKHU (UyJiKa), OXBa-
THIBAIOLIEN SKpaHUpyeMble MPOBOAA, a
IUIS 3alUThl OT MArHUTHOTO TMOJIA UC-
MOJIB3YIOT 3KpaH U3 Marepuaia ¢ BbICO-
KOV MarHUTHOM MPOHULIAEMOCTBIO.
Henb3s coenuHsATh 31€KTpocTaTUYeC-
KU 9KpaH ¢ «3eMJIEH» MCTOYHUKA U TIPU-
€MHUKa OJHOBpeMeHHO (puc. 14), mo-
CKOJIbKY TIpM 3TOM Yepe3 3KpaH TeyeT
TOK, OOYCJIOBJIEHHBI!I HEPABEHCTBOM IO-
TEHIIMAJIOB 3TUX «3€MEJib» U TOCTUTAI0-
LM B LIEXOBBIX YCJIOBUSIX HECKOJBKUX
aMmmep, a pa3HOCTb NMOTEHLMAIOB <«3€-
MOXET JOOCTUIaTb HECKOJbKUX
BOJIBT. TOK, MPOTEKAIOIIU 110 IKPaHY, 5IB-
JISIETCSl UCTOYHUKOM UHAYKTUBHBIX HABO-

MCECJIb»

IIOK Ha COCETHUX TMPOBOMAX M MPOBOMAX,
HaxOIsIIUXCsS BHYTpU 2KpaHa. HaBomka
Ha TIPOBOJIa BHYTPU KPaHa MOXET UMETh
3HAYUTENbHYIO BEJIMIUHY TPU HETOYHOM
WX IEHTPUPOBAHUY BCIIEACTBHUE TEXHOJIO-
ruaeckoro paszopoca. [loatomy skpan
HY>KHO 3a3€MJISITh TOJIBKO C OHOM CTOPO-
HBI, TIPUYEM CO CTOPOHBI ICTOUHUKA CUT-
Hasa. B oO1iem ciyyae npu nepenave mmiu-
POKOIIOJIOCHOTO CUTHAJA OT YJAJIEHHOTO
HMCTOYHUKA C BHICOKUM COTMPOTUBICHUEM
PEKOMEHIyeTCsl MCIOJb30BaTh TOITYJISIP-

A

Puc. 15. Npumep npaBunbLHOro 3a3eMneHns IKpaHa npu
nepepaye CUrHana ot yAaneHHoOro UCTOYHMUKA C BbICOKUM
conpoTuseHnem

HYI0O CXeMy THUOpPMIHOTO 3a3eMJICHUS
(puc. 15). B nannoi cxeme éMkocth Cyp
MO3BOJISIET OCJIA0MTH BBICOKOYACTOTHYIO
COCTaBJIAIONIYIO TToMeXy. TakuM ob6pa3zom
HU3KOYACTOTHBINA TOK, CO3MAIOLIMA WH-
IYKTUBHYIO HaBOIKY, OCTAETCS MaJIbiM, a
BBICOKOYACTOTHBIE HABOJAKU 3a3eMJISIIOT-
csl yepe3 EMKOCTb.

DKpaH, 3aMMINAOIINNA OT Tapa3uTHBIX
WHIYKTUBHBIX CBSI3€M, cCIejaTh TOpasmo
CJIOXHEe, YeM 3JIEKTPOCTATUYECKUI K-
paH. J1J1s1 5TOro Hy>KHO MCITOJIb30BaTh Ma-
Tepuraj C BHICOKOM MarHUTHOM ITpOHMIIA-
€MOCTBIO M, KaK MpaBWJIO, TOPA3no 00Ib-
el TOJIIMHBI, YeM TOJIIMHA 3JIeKTPO-
CTaTUYECKUX dKPaHOB. JIJIsI 4acTOT HILKE
100 kIir MOXHO MCIOJIB30BaTh 3KpaH M3
cranu uau nepmasuios. Ha Gosiee Bbico-
KHX YaCTOTaX MCIOJB3YIOTCSI aJIFOMUHUI
W MeJib.

B ¢Bs131 CO CII0XXHOCTBIO KpaHUPOBa-
HUS MArHUTHOM COCTaBJISIOLLEN MOMEXU
ocoboe BHUMaHHE CJenyeT YACIUTb
YMEHBIIEHUIO WHAYKTUBHOCTU CHUTHAJIb-
HOTO TIPOBOJA M BHIOOPY ITOAXOISIIEH
CXeMBbI TIpUEMHUKA U TlepeIaTInKa.

Eciii uCTOYHUK cUTHaIa He 3a3eMJIEH,
KakK, Hampumep, B cliydae OOJIBIIMHCTBA
TO 3KpaH
MPUMEHSIOT B codyeTaHuu ¢ auddepeH-

TEMIICPATYPHLIX OaT4MKOB,

LIMATGHBIM YCWJINTEIEM U Pe3ucCTopamu
Ha BXOJie, Ha3HaYeHMe KOTOPBIX 00CYKa-
Jiock paHee. [1pu 3TOM 3KpaH 3a3eMIISIOT,
Kak MokasaHo Ha puc. 16 a.

ABTOpaMHu CcTaTbud OBUIO TIPOBENEHO
SKCTIEPUMEHTAIbHOE CPaBHEHWE DPa3ind-
HBIX CITOCOOOB TTOMKITIOYEHMST ICTOYHUKA

r)

a) aMnauTypa nomexu — 15 mMkB

6) amnautyaa nomexu — 61 mkB

B) aMnauTypa nomexun — 78 MkB

r) amnautyna nomexu — 3584 mkB

Puc. 16. 3aBMCMMOCTb CpeAHEKBAAPaTUYECKON
aMNAUTYAbI HANPAXEHMA NOMeXH OT cnocob6a
BKJIIOYEHUNA YCUMANTENA U IKPaHa

curHasna (TepMOPe3UCTOP COTIPOTUBIEHU-
eM 20 KOMm) yepe3 S5KpaHMPOBAHHYIO BH-
Ty1o napy (0,5 BUTKA HA CAaHTUMETP) TN -
Hoii 3,5 M. BbuT ncronp30BaH MHCTPYMEH-
TajabHbIN yernutenb RL-4DA200 ¢ cucre-
Moit coopa maHHbIX RL-40Al dupmsr
RLDA. By momexu 1ist cxeMbl Ha puc. 16
a npeacTapieH Ha puc. 17.

Kaxk cnenyer u3 puc.16, oTka3 oT 3Kpa-
HUPOBAHUS yBEJIMUIMBAET AMIUTATYIY TIO-
Mexu B 4 pa3a (puc. 16 6), mepexon K onu-
HOYHOMY BKJIIOUEHUIO BMecTO audde-
peHIManbHOro (puc. 16 B) yBeauuuBaer
e€ B 5 pas, a eI ellle ¥ OTKA3aThCs OT IK-
paHa, TO aMIUTUTYa TIOMEX! YBeTNINBa-
ercs B 230 pa3 (puc. 16 r). Ha pucynkax
TPUBENCHBI CPeIHEKBAApPaTUIECKNE 3HA-
YeHUST aMIUIUTYIbI HATIPSDKEHUST TIOMeX B
nojoce vyactot 0,01...5 Ii1, mosydyeHHbBIE
Ha BBIXOZIe TIPUEMHUKA CUTHAJIA U TIPUBE-
NEHHBIE K €TO BXOLY.
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B 3BANMUCHYIO KHUXKY UHXEHEPA

BbICOKOYACTOTHDIE
JNIEKTPOMATHUTHBIE U APYIME
TUNbI NTOMEX

BBICOKOYACTOTHBIE 2JIEKTPOMATHUT-
HBIE TTOMEXU HABOIATCA OT TaKUX MCTOY-
HHUKOB, KaK Paauo U TeIEBU3NOHHBIE TIe-
peIaTYuKu, MOOWIBHEIE U paguoTeiedo-
HbI, THUPUCTOPHEBIE IIpeoOpa3oBaTeln,
KOJIJIEKTOPHBIE 3JIEKTPOABUTATEIIN, DJIEK-
TPOCBapOYHOE O0OPYIOBAaHUE, OUCILIEU
KOMIIBIOTEPOB M CAMM KOMITbIOTEPHEL. I10-
Mexu ¢ yactoToit Beie 100 kIir o6bIYHO
HaXOMASTCs 33 FPAaHUIIEN YACTOTHOTO AMa-
Ma30Ha M3MEPUTEIbHBIX CUCTEM, OJHAKO
BBICOKOYACTOTHBIE ITOMEXM MOTYT OBIThH
HeXeJIaTeJIbHBIM 00pa30M BBIIPSIMIIEHEI
WJIN IIEpEHECEHBI B 00J1aCTh 00JIe€ HU3KIUX
4acTOT IO IPUYMHE HEJIMHEHHOCTH Xa-
PaKTEPUCTUK AMOIOB U TPaH3UCTOPOB,
pPACIIOJIOXEHHBIX Ha WM3MEPUTEIbHOMI
IUIAT€ X BHYTPY MUKPOCXEM.

B cucremax ¢ 04eHb BBICOKOI YYBCTBHU-
TEeJIbHOCTBIO MOTYT HAOJIIOAThCS Iapa3nuT-
Hble HAIPSDKEHUS, BEI3BAHHBIE TEPMOIJIE-
KTpu4ecKuM 3G (PEKTOM B KOHTAKTaX pa3-
HOPOIHBIX METAJIOB, TPUOOIEKTPUIECT-
BOM, BO3HUKAIOILIUM IIPY TPEHUU UK~
TPHMKOB APYT O APYyra, Ibe303JIEKTPUIEC-
KUM 3G HeKToM 1 3P HEeKTOM 27IeKTPOCTa-
TUYECKOTO WIX 2JIEKTPOMATHUTHOTO MUK~
podoHa. DTU MCTOYHUKM ITOMEX OIACHBI
TEM, YTO BCTPEYAIOTCS PEIKO, ITOTOMY O
HMX 3249aCTYIO 3a0bIBAIOT.

C YEro HAYATH

Ha mpakTuke perieHue mpoodieMbl Mo-
MEX CICAYET HAYMHATh C MOUCKA UX HUC-
TOYHUKA. [[IIH 9TOro, B IICPBYIO OYEPEOD,
CJIEAYET U3BMEPATHL YPOBEHBL IIOMEX OT-
JEJIbHO B IIPUEMHUKE CUIHalla, B UCTOY-
HUKE U B COCAUMHUTCIIBHOM Kaoee.

J1si mpoBEpKU MpPUEMHUKA CJEAYyeT
MAakKCMMaJIbHO KOPOTKHMM IIPpOBOAOM CO-
CANHUTDL €TI0 BXO[ (I/IJ'[I/I BXOObI IJISI I[I/I(I)—
(bepeHIIMAaTbHOTO MPUEMHUKA) C BBIBO-
JOM «3EMJISI» CUCTEMBI. Henb3sg ocTaBisaTh
YJacCTb BXOIO0OB MHOTOKaHAJIBbHOW CUCTEMBI
He3aszemiieHHo#. Ha BBIXOAEC IIPU OSTOM
OyayT BUOHBI COOCTBEHHBIE IIYMbl MPU-
€MHUKA CUTHaJIa. Hy}KHO y6CI[I/ITI)C$I, qTo
YPOBEHb LITYMOB COOTBETCTBYET CIleLIU(U-
Kalu1 Ha U3OCIINEC. Ecnu umerorcsa pac-
XO0XIE€HUA, TO BCpOHTHOﬁ HpI/I‘II/IHOfI MO-
IyT OBITh UCTOUYHUKU IIOMEX, BO3I[CI7[CTBY—
OIKEe HENTOCPEACTBEHHO Ha IJIaTy U3ME-
pI/ITeIIbHOfI YacTu CUCTEMbBI, WM HEIIpa-
BUJIBHOC IMMOOKITIOYECHUE ueneﬁ IIMTAaHUA U
3a3€EMJICHU . D,JIH nux O6Hapy)K€HI/I$1 MOX-
HO HOHpO6OBaTI> MU3MCHUTH MECTOIIOJIO-
2KECHHUC HBMepI/ITCJII)HOfI qacTu.

[lIIH U3MEPEHUA YPOBHA IMOMEX, HABE-
JEHHBIX B Ka6ene, HYXHO ITOAK/IIOYUTH

ero K cucreMe cOopa HJaHHBIX W 3aKOPO-
TUTH KabeJb CO CTOPOHBI UCTOYHUKA CUT-
HaJjla, TO €CTh UMUTUPOBATH HYJIEBOE BHY-
TpeHHee COMPOTUBJIeHNe ncTounnka. Ec-
JIA YPOBEHb TIOMEXU OyIeT CUILHO OTIIH-
4yaThCsl OT €€ YPOBHS B CIIydae, KOT/a Mc-
TOYHWK CUTHAJIA TIOAKITIOUEH, TO TIPUIM-
Ha MOXET OBITh B HEIOCTATOUHO HU3KOM
COTIPOTUBJIEHNN WCTOYHWKA, U JJISI €r0
YMEHBIIIEHUSI CIIeYeT UCTIONb30BATh MO~
XOMSIINI COTTIACYIOIINI YCUTUTETh WU
BBIOpaTh O0JIee TTOMEXOYCTONIMBBINA CTIO-
co0 Tiepenaun CUTHamA.

J1Jis1 OTIEHKM YPOBHSI TIOMEX MCTOYHUKA
€ro Hy>XHO COeIWHUTh MaKCUMAaJIbHO KO-
POTKWM TIPOBOIOM CO BXOJIOM IIPUEMHUKA.

Ecnmu uctounmk momex 3apaHee HeW3-
BECTEH, €TO MTOMCKY MOXET IIOMOYb CTIeK-
TPaJIbHBII aHATN3 TIOMEXMU.

Jist yBeMUeHWs] TOYHOCTH Tiepenayu
KaXblii CUTHANl JOJDKEH TIepeaBaThCs
BUTOM MMapoil B MHAWBUIYAIBHOM 9KpaHe.
[Ipu n3roToBneHNY BUTHIX AP TSI UHITY-
CTPUATTLHBIX IPUMEHEHMI 0coboe 3HaUe-
HUE yIesieTcsl CUMMETPUN MMIIeJaHCOB
MPOBONOB B Tape W PaBHOMEPHOCTH WX
YACTOTHBIX XapaKTepUCTUK B TIOJIOCE pa-
6ouymx yactoT. PaBHOMEpHOCTh XapakTe-
PUCTUKY TTO3BOJISIET BBITIOJIHSITH KOMITEH-
Calrio aCUMMETPUN JIMHUN U TEM CaMbIM
YMEHBILIATh BIUSIHYUE MApasuTHBIX HaBO-
oK. sl yMEHbIIeHUsT TTapa3uTHBIX Ha-
BOJIOK, CO3aBaeéMbIX Ha Kabeje MarHuT-
HOU COCTaBIISIONIEN 2IEKTPOMArHUTHOTO
U3TydYeHUsl, HeoOXomuMo o0ecTeunTh
MUHUMAJIBHO BO3MOXHBIN IIAr CKPYTKHU
MMPOBOAHUKOB B BUTOM Mape U MUHUMAJTb-
HyIO TUIOINANb TIeTeTh, OOpa3yOLINXCs
MPY TOAKITIOYEHUY BUTOM Maphl K UCTOU-
HUKY U TPUEMHUKY CUTHAJIA.

Ilpu HeBBICOKUX TPeOOBAHUSIX K TOU-
HOCTH MOTYT OBITh MCITOJIb30BAHBI BUTHIE
WJT HEBUTBIE CUTHAJIbHBIE TPOBOAA B 00-
meM skpaHe. OqHAKO B 9TOM Cllydae mo-
SIBJISTIOTCSI MHAYKTUBHBIE M EMKOCTHBIE
B3aMMOBIIASTHUST TIPOBOIHUKOB B Kabere,

a TaKKe KOHIYKTHUBHBIC CBSI3U Yepe3 00-
LW TIPOBOJ, 3a36MJICHUS SKpaHa.

Ecnu monoca 9acToT curHajga MEHbIIIE,
YyeM ToJ10ca MIpUeMHKKA, WJIM €CJTA HEKO-
TOpBIC ITApaMeTPhl CUTHAJIA U3BECTHHI 3a-
paHee, OIS YMEHBIIEHUS TOMEX MOXHO
HCIIOJIb30BaTh aHAJIOTOBBIE (PUIIBTPHI Ha
BXoJe cucTeMbl. [l ocnabaeHusT mome-
xu ¢ yactotoit 50 uau 60 Iix 0OBIYHO KC-
MOJIB3YIOT (OWIBTPHI TPETHETO ITOPSIIKA,
uMewmure HakioH AYX B moisioce 3a-
rpaxneHuss —60 n1b Ha mekanmy. Eciau us-
MEpEeHUs] TPOU3BOASATCS Ha YacTOTax,
OJIM3KMX K TPAHUYHOI YacToTe (PUIbTpa,
clieyeT YIUTBIBATh MOTPEITHOCTD KO3~
¢unmeHTa nepenadyn GuIbTpa B IOJIOCE
MPOITyCKaHUS.

JlanbHeiiiee ocnabieHre MOMEX BO3-
MOXHO ITyTeM HU(POBO (UMIBTpALIUN.
OnHako OHa He MOXET IMOJHOCTBIO 3aMe-
HUTh aHAJIOTOBYIO B CBSI3U C TEM, UTO €e
BO3MOKHOCTH OTPaHUYEHBI OBICTPONEHCT-
BHEM CUCTEMbI cOOpa TaHHBIX, TPEOYeMBbIM
BpEMEHEM HU3MEPEHUs U Pa3psSIHOCTHIO
aHaJoro-1rgpoBoro nmpeodpazoBaTeIs.

SAKNIOYEHMUE

K mnpobGieMe momMexo3amuiineHHOCTHA
CHCTEeM WHAYCTPUATbHOI aBTOMATU3aLNN
clieyeT OTHOCHUTBCS € MaKCHUMaJIbHBIM
BHUMaHUEM, ITOCKOJIbKY HeTpaBUJIbHBIN
BBIOOp CXEMBI TOIKIIOUEHUSI, Pa3BOIKU
KabeJeif, CUCTEMbI 3a3¢eMJICHUS W JKpa-
HUPOBAHUS MOTYT CBECTH Ha HET JIOCTO-
WHCTBA JOPOTOi M, Ka3aJloCh ObI, KpailHe
HaJIeXXKHOM 3JICKTPOHHOM YaCTH CUCTEMBI.
B To ke BpeMs TpaBUJIbHOE ITOHMMaHUE
OIMMCAHHBIX TPOOJIEM ITO3BOJINT B psine
CIy9aeB TOCTUYb XOPOIIUX PE3yIbTaTOB C
MMPUMEHEHNEM OTHOCHUTEIIBHO HEIOPOTOo-
ro 000pyIOBaHUs. ®

AgBTopbl — coTtpyaHuku Research
Laboratory of Design Automation
(RLDA)

Tenedonsi: (86344) 214-57, 224-23

Eille Edt “iew Tools Help
|IDd| =S| e o e B | | Reallab | Conuolttods [Felzy I Y O R

00:00:20 00:00:30

gl Bl

00:00:40 00:00:50

Fieady

H H
H H H H H t H e
e AL | g et el U st R R = b=t e e

00;01:00

an01:10 00:01:20 00:01:30 00:01:40

2

[ %

Puc. 17. Bup nomexu, COOTBETCTBYIOLLMI CXeMe BKAOYEHUA puc. 16 a
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