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B 3ANHCHY KHHKKY HHKEHEPA

Buktop [enucenko, Anekcarap Xanssko

3awmTra oT NomMeXx AaTYUKOB

M COEAMHMTESIbHbIX NPOBOAOB
CUCTEM NPOMBDILLUJIEHHOM
ABTOMATU3ALMUM

BBEAEHME

INonknoueHue JaTYNKOB K UBMEPUTEITb-
HOM cucTeMe SIBJISIETCSI OYEHb HETIPOCThIM
JIEJIOM U YacTO BEISIBIISIET HEOXUIAHHBIC
MPpOo0JEMBI, TIPUYMHBI KOTOPBIX CKPBITHI OT
MPOEKTUPOBIIMKA: 00 MX MECTOHAXOXIIe-
HUM MOXHO TOJIBKO JIOTaIbIBaThCsI, UX I10-
SIBJIEHWE TPYIHO MPeAcKa3aTh, a yCTPAHUTD
MOXKHO TOJIbKO B MPOLIECCE IKCIIEPUMEHTA.
Tem He MeHee psil TUTIOBBIX YCJIOBUIA BO3-
HUKHOBEHMSI TIOMEX M METOJOB UX yCTpa-
HEHMS JOCTaTOYHO XOPOIIOo U3ydeH. O HUX
U MIOMAET peyb B HACTOSIIEN CTATHE.

I[loHuMaHue MPUYMH BO3HUKHOBEHMUS
Momex Tpu MPOeKTUPOBAHUU CHUCTEM aB-
TOMAaTU3alUu T03BOJIsIET U30eXaTh psiga
omnbOK B BbIOOpE OOOpPYIOBAHMUSI, €ro
pa3MelleHU, SKpPaHUPOBAHUN U Kabeb-
HOI pa3BojKe, a TaKXe YCKOPUTH Ipo-
LIECC BHEAPEHUSI CUCTEMBI.

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

o BO3ICHCTBUS 4Yepe3 KOHIYKTUBHBIE

CBSI3W,

e BIMSHHE HE3KBUINOTCHIUAJIbHOCTHU

«3EMJIN»,

e HABOJKM 4Yepe3 B3aMMHYI0 WHIYKTUB-

HOCTbB;

o HABOIKU Yepe3 EMKOCTHBIE CBSI3H;
o BBICOKOYACTOTHbIE JIEKTPOMATrHUTHbIE

HaBOIKMU.

Tunbl NCTOYHMKOB
U NPUEeMHUKOB curHana
Hctounnku curHama (IaTYUKU TEMITe-
paTyphl, JaBJIeHWsI, Beca, BIAXHOCTU U
IIp.) MOTYT OBITh 3a3¢MJICHHBIMW WJIM He-
3a3eMJieHHBIMU (puc. 1). [IpumepamMu He-
3a3eMJIEHHBIX (TUTaBAIONINX) NCTOYHUKOB
CUTHAJIA SIBJISTIOTCS GaTapeiikil, UCTOYHU-
KU CUTHaJIa ¢ OaTapeiiHbIM THUTaHUEM,
TEPMOITIaphl, W30JIMPOBAHHBIE OTEpaIIN-
OHHBIE YCUJIUTENH, MThe302JIeKTPUIECKue
naTyuku. CUTHAJIOM B 9TUX CIIydasx sIB-
JISIETCST PAa3HOCTh TOTEHIIMATIOB MEXIY

BbIBOZAaMU MCTOYHMKA (V)). IloTeHuman
BBIBOJJOB WCTOYHMKA OTHOCUTEIHHO
«emnn» (V) sdABideTCA NapasUTHBIM
(cuH(pa3Has ToMexa) U He TOJDKEH BIU-
SITh HA Pe3yJIbTaT U3MEPEeHNH.

VY 3a3eMJIEHHOTO WCTOYHWKA CUTHAa
OIIH U3 BBIBOJIOB 3a3eMJIEH U HaTpsike-
HHE BTOPOTO BBIBOJA M3MEPSIETCS OTHO-
CUTENIBHO «3eMJI». 3a3eMJIEHHBIN UCTOY-
HUK MOXHO TIOJYYWTh U3 TUIABAIOLIETO,
€CJI OJUH W3 €r0 BBIBONOB 3a3eMJIUTh.
OpHako OOpaTHYIO OIepamuio BBITION-
HUTbH JIOCTATOYHO CJIOXHO, TTOCKOJBKY
caM TIPUHIWI TTOCTPOEHMSI TaTINKa WU
CXeMBbI TpeoOpa3oBaHUsl U3MEPsIeMOit
usnueckoll BeTUYMHBI B HaIPsDKEHUE
4acTo He MO3BOJISIeT cienath 31o. [1oaro-
My TUIaBaIONINe MCTOYHUKM, KaK TPaBU-
JIO, KOHCTPYKTUBHO M CXEMOTEXHUIECKU
CJIOXHEe, YeM 3a3eMJICHHBIE.

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

IlpuemMHuK curHama (Hampumep, CUC-
TeMa cOopa JTaHHBIX) MOXET IMPUHUMATD
(M3MepsITh) CUTHATT OTHOCUTENEHO <«3eM-
JI» WM OTHOCUTETILHO BTOPOTO BXona. B
MePBOM CJTyyae MPUEMHUK CUTHAJIOB Ha-
3BIBAETCSI TIPUEMHUKOM C OIWHOYHBIM
(HemuddepeHIIMATBLHBIM) BXOIOM
(puc. 2 a), BO BTOpoM cirydyae — audde-
pEeHIUANIBHBIM TIPUEMHUKOM CHUTHaJa
(puc. 2 0).
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Puc. 1. 3asemneHHbliit (a) u nnasatowui (6)
MCTOYHWKM CUrHana

JnddepeHINANTBHBINA IPUEMHUK CUT-
HaJla M3MepsieT Pa3HOCTh IMOTEHIIMAIOB
MeXmy OByMsi TpoBomHMKamu. [loreH-
IIMATBl OTCUUTHIBAIOTCSI OTHOCUTEIHHO
o011ero MpoBoxa TpUeMHUKa (OTHOCH-
TEJIbHO «3eMJIM» MpUEeMHUKA). Takum
obpaszoM, nuddepeHINaTbHbI TTpUEeM-
HUK CUTHAJIOB UMEET TPU BXOJA: 1B CUT-
HaJIbHBIX U OIUH OOIIMN («3EMISI»).
BaxHo OTMETHUTH, UTO, C TOUKU 3PEHUS
TIOMeX, «3eMJIsT» UCTOUHUKA W TIPUEMHU-
Ka CUTHajla UMeeT pa3Hble MTOTeHIIUAIHI,
TO €CTh 3TO (DAKTUUYECKU pPa3HbIE «3eM-
J», ¥ B MATbHENIIIEM Ha cXeMaxX OHU OYy-
YT UMETh pa3Hble yCIOBHBIE 0003HaYe-
HUSI.

JuddepeHunanbHble TPUEMHUKI MO-
IYT OBITH NByX THUIIOB: TIOCTPOEHHBIE Ha
OCHOBE HM30JIMPOBAHHOTO (TIIABAIOIIIETO)
WCTOYHWKA MMUTAHWS WM HA OCHOBE CXe-
MBI BBIYUTATEIS, TIO3BOJISTIONIETO OTIpesie-
JIUTH Pa3HOCTh MOTEHIIUATIOB MEXIY IBY-
MsI y3IaMH 2JIEKTPUIecKoil mermu (mud-
depeHIManbHBIN curHan). Ilpumepamu
TPUEMHUKOB TTIEPBOTO THUTIA SBIISTIOTCS Te-
cTephl, cucreMa cbopa NaHHBIX C KOM-
MBIOTEPOM THUTIA «HOYTOYK» WJIM Majora-
OGapuTHBIN ociwiorpad c GaTapeitHbIM
nutanueM. [lpuMmepamu muddepeHINn-
aJTbHBIX TIPUEMHUKOB Ha OCHOBE BBIUUTA-
TeJIsI SIBJISTIOTCSI CXeMBI, TIOCTPOEHHBIE Ha
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Puc. 2. MpueMHUK cUrHana c OAMHOYHBIM ()
1 ¢ auddepeHumanpHbim (6) BxoaoM
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0aze MHCTPYMEHTAJbHOTO IUddepeHLIu-
aJIbHOTO YCUJIUTENS ¢ OOIbIINM KO3 hu-
IMEeHTOM TIOJaBIeHNs] CMH()A3HOTO CHUT-
Hana.

HeuneanbHocTh muddepeHInaaIbHbIX
TIPUEMHUKOB 3aKJTI0YaeTCs B TOM, YTO Ha-
psany ¢ nuddepeHIMATbHBIM CUTHAIIOM
Ha BBIXO]] TIPUEMHUKA MTOTIafaeT U 0cyiab-
JICHHBI cuHpa3HbIil curHan. Kosddu-
IIUEeHT Tiepenayu cuHOA3HOTO CUTHAaa
MeHble, 4yeM auddepeHImaIbHOro, B
HEKOTOpOe YKCIIO pa3, KOTOPOe Ha3biBa-
ercst Koa(duimeHToM ocnabaeHus CUH-
(asnoro curHana Kqypg- Kosbowuim-
€HT ocNabieHusT CHH(a3HOTO CUTHAJA 3a-
BUCHT OT YacToThl. HanGombimmii nHTepec
IUTSI CICTEM TIPOMBIIIJIEHHON aBTOMATH-
3aUM TIPENCTaBIsIeT KOADPUIIMEHT T0-
JABJIeHUST CHH(A3HOTO CUTHAJIA C YacTO-
toit 50 [i1, KOTOPBIif TTOSIBIISIETCST KaK dJIe-
KTPOMarHWTHAsI HABOJKA OT 3JIeKTpUIec-
Koit cetn 220/380 B.

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

=KW =)+ Kmpr e (D)

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

Ky — macddepeHumanbHbiii Koaddu-
IVEHT YCWICHUS.

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

[Mpennonoxum, 4To0 MBI UCIOIB3YeM
Ba YCWINTENSI C OAWHOYHBIM BXOIIOM,
HampuMep, ABa KaHajla U3 MHOTOKaHATb-
HOU TUIATHI BBOJA C OMMHOYHBIMU BXOZA-
MW, ¥ XOTUM BBIIETUTH nuddepeHInarb-
HBII CUTHAJ TIyTeM BBIUMTAHUS ABYX Ha-
npsoxenuit V) u V,. OnucanHas cutyauys
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 ¢ gucdepeHumuanbHbIM
BXO/0M

B uneanbHoM ciydae, korna K;=K,=K,,
NEUCTBUTENBHO TOMydnM nuddepeHim-
TBHBIN TIPUEMHUK CUTHAJIA:

Vo=Ky (V1= 1))

OpHako Ha caMoM Jiesie KO3 hUImeH-
THl YCWJIEHUsI TPUEMHUKOB OTIMYAIOTCS
OT MIEATbHOTO 3HaUeHuA K| Ha BETMIMHY
OTHOCUTEJIBHOW TTOTPEITHOCTH Y:

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

DTa MOTPeNHOCTh BKITIOYAaeT B cebst
WHCTPYMEHTAIBHYIO TOTPEIIHOCTh TIPU-
€MHWKOB, HalIpsDKEHNE CMEIIeHMs HyJIs,
LTYMBI 3JIEKTPOHHBIX TPUOOPOB U T. 1.

IIprMeM 10 METONY «HAUXYIILIETO CIIy-
yas» (3mech — Ciydall MaKCUMaJbHOU
TOTPEITHOCTH Ha BBIXONE), YTO 3TH TIO-
IPEITHOCTY PaBHBI MEXY CO0O0IA, HO TTPO-
THUBOITOJIOXHBI 10 3HAKy U 00€ PaBHBI Y
1o abcomoTHOM BenmunHe. Torma, mepe-
MMCHIBast BeIpaXXeHus (3) B BUze

K=10+yK, K=(1-yK
W TIOJICTABJISISI 3TU 3HAYEHMS B (2), TTOMIy-
YUM:

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

3necy V, = (V] + V5)/2 — Bennmuuna
cuHba3HOTO cUTHANA (TI0 OTIPE/IETICHUIO).

CrenoBaTesIbHO, OTHOCHUTENbHAS TI0-
TPETTHOCTh IIPUBENCHHON K BBIXOTY YCHJIH-
TeJist u3MepsieMoit BemmauHbl Ky(V) — 1)),
00yCITOBJIEHHAsT BIWSIHUEM CUH(a3HOTO
curHaia, OyJeT paBHa

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

Taxkum oOpa3oM, B cXeMme Ha pUc. 3 CyM-
Ma TIOTPENTHOCTEN YCUIINTENe C OMUHOY-
HBIM BXOIIOM (2Y) YMHOXaeTcs Ha OTHO-
IIeHVe BeTMIMHBI CHH()A3ZHOTO CUTHAJA K
nuddepenmanbHomMy. [Ipu uzmepeHun
CUTHAJIOB TEPMOIIAp W APYTUX JATIUKOB
9TO OTHOIIEHWE MOXET IOCTUTaTh He-
CKONBKUX TopsinkoB. [loatomy morper-
HOCTh u3MepeHus: nuddepeHITnaIbEHOTO
CUTHAJIa TAKUM METOIOM OymeT Takxke Ha
HECKOJIbKO TIOPSITKOB OoJbire. Paccmot-
puM nipumep. [Ipenmonoxum, 94To Tpedy-
eTCsl MOTyYuTh A GepeHInaTbHBIN CUT-
HaJl C paspemramiieii crnocoOHOCTHIO
12 6UT, TO €cTh C OTHOIIIEHNEeM CUTHaNIA K
MOTPENIHOCTH, paBHbIM 4096 (mosnaraem
NOMYCTUMYIO  TIOTPEIIHOCTh  PaBHOMU
1 myammieMy 3Havamemy paspsmy —
M3P). IlpeamnonoxuM TakxKe, 4TO IO-
TPEITHOCTh TIOJIHOCTBIO OTIpenessIeTCs
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Puc. 4. «3emna» nmeer pa3Hble NoTeHuUaNbl B Pa3dHbIX TOYKaxX
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Puc. 6. IpoBOAHUK, COEAUHAIOWUN «3E€MIN» UCTOYHUKA M NPUEMHUKA

CUrHana, umeeT KoOHeyHoe conpoTuBieHue
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Puc. 5. Pa3nnmune noteHUUanoB «3emMnm» MCTOYHUKA CUrHanNa U

NpUeMHUKa 3KBUBANIEHTHO BKAOYEHUI0 UCTOYHUKA HaNpPAXKeHUA nomMexu

nocneposaresibHO C UCTOYHUKOM CUTHaNA

cuH(a3HON MOMEXOH, TO €CTb paBHa Y, 1
Y. = 1/4096. Eciu npu 3T0M cuHpasHas
rmoMexa B 10 pa3 Gosbine muddepeHIn-
aTbHOTO CUTHAJA, TO eCThb V /(V] — V;) =
10, To u3 popmMynsl (5) cremyet, 4TO IO~
TPEITHOCTh YCUIUTENENH MOKHA OBITh
paBHa
y= (Y, /2)/10 = 1/81920,

4TO TpeOyeT MMETh pa3penIarolIyio CIo-
cOOHOCTb He MeHee 17 OutT. MHbiMU ci10-
BaMWU, TIPU CUH(A3ZHOM CHUTHAJIE, TIPEBBI-
matomeM B 10 pa3 nuddepeHInaNbHBIN
CUTHAJI, JJISI TIONydeHUsT pa3peraronieit
CITOCOOHOCTH 12 OWUT KaXAbIil U3 CUTHA-
JIOB JIOJKEH OBITh YCWJIEH YCHJIMTEEM C
paspemamwlieit CrmocoOHOCTbI0 17 OUT.
[MoaToMy Bo Beex cirydasix, KOraa n3Mepsi-
€TCsl pa3HOCTD NIBYX HAIPSIKEHUN, HY>KHO
YCUIMBAaTh MOTEHLMAN V|, M3MEpPEHHBIMA
OTHOCHUTEJIBHO V,, a He OTHOCHUTEIHEHO
«3eMJI». DTa UIesT TOJI0XeHa B OCHOBY
TTOCTPOECHUST OOJBIITMHCTBA TPEIN3UOH-
HBIX ycwiuTeneil ¢ auddepeHImanTbHbBIM
BXOJIOM.

MU3MEPEHME HANPAXXEHUS
3A3EMJIEHHBIX UICTOYHUKOB
PaccmoTpum, 9TO MpoucxoauT, KOrAa
HamnpsKeHWe 3a3eMJIEHHOTO MCTOYHUWKA
curHana e (puc. 4) u3MepseTcs ¢ IOMO-
b0 3a3eMJIEHHOTO TpueMHuKa. [lo-
CKOJIbKY «3€MJIN» UCTOYHUKA U TIPUEM-
HUKa CUTHaJIa TIPOCTPAHCTBEHHO pa3He-
CEHBI, OHU UMEIOT Pa3HbIi MOTEHITUAT 1
0003HaYeHBI HA cXeMe MMo-pa3Homy. Pa3-
HOCTB ITOTEHIMATIOB MEXIy HUMU paBHA
Vg. ITo TeopeMe 00 PKBUBaJIEHTHOM Te-
HepaTope 3Ta Pa3HOCTh IMOTEHIHMAIOB

Puc. 7. UsmepeHue curHana 3azeMaeHHOro UCTOYHMKA C NOMOLLbIO

AnddepeHunanbHOro npueMHmKa

MOXET OBITh TIPEICTaBIEHa Ha CXEMe UC-
TOYHUKOM HampsIKeHUs Vg = Rg Ig, rae
Rg u 1g — COOTBETCTBEHHO COTIPOTUBJIE-
HHE «3eMJIU» ¥ TOK Yepe3 3TO COMPOTUB-
JeHue (puc. 5), mpuyeM HampssKeHUeE,
IPUIOKEHHOE KO BXONy TpueMHuKa Vi ,
OKa3bIBaeTCsSI PaBHBIM CyMMe HarllpsoKe-
HUU WCTOYHWKA CHUTHAJIAa U Pa3HOCTHU
TTOTEHITNATIOB MEXITYy TBYMS «3€MJIISIMU».
Takum 06pa3oMm, pe3ysnbTaT U3MepeHusl,
BBITIOJTHEHHOTO TI0 OIMCAaHHOUN cxeMe,
OyzmeT comepXarh MOTPEITHOCTh BeJTNIH-
HOU Vg. DTa MOTPENTHOCTH MOXET HaX0-
IUTHCSI B NOIMYCTUMBIX TIpeneirax, eciu
WCTOYHUK CUTHAJTA U IPUEMHUK PacCIio-
JIOXEHBI HeJaJIeKo IPYT OT ApyTa WJIH eC-
JIM HampsKeHWe CUTHala UMeeT OOJb-
IIyI0 BEIUYNHY (HampuMmep, TpeaBapu-
TEJIbHO YCUJIEHO).

Cutyarusi MOXeT OBITh CYIIECTBEHHO
VAY4IlleHa, eCJIA TIPOBOJ «3eMJISl» UCTOU-
HUKa ¥ TIPUEMHUKA CUTHAIA COEANHUTH
MEITHBIM TTPOBOTHUKOM C HU3KUM COTIPO-
TuBIeHHEM (puc. 6). OMHAKO 3TO HE yCT-
paHsIeT Tapa3uTHOE HaIIPSTKeHUe Vg o~
HOCTBIO, TTIOCKOJIBKY TOK, BOZHUKAIOIIWI
BCJIEICTBUE PAa3HOCTH TTOTEHIIMATIOB «3€-
MeJTb», TeTIepb OYyIeT TeUb M0 COeNUHSIO-
meMy ux mpoBonHUKY. Kak mpaBuio, oc-
HOBHBIM KOMITOHEHTOM TOKa SIBJISIETCS
nomexa ¢ yactoroit 50 Ii1, HO GoJybIIOE
HaBelleHHAasT
BBICOKOYACTOTHBIMY 3JIEKTPOMArHUTHBI-
MU TofsiMu. B aTOM citydae 3HaUMTENb-
HYI0 POJIb UTPAeT WHIYKTUBHOCTH TPO-
BOIHWKA, W YCTPAHUTh ee 0e3 MpruMeHe-
HUs nuddepeHInaTbHOTO TpUeMHNKA
MPAKTUYECKN HEBO3MOXHO.

3HaA4YC€HUEC UMECT U 3.4.C.,

Cxema, oOecrmeumuBaioiass HaubOJIb-
IIYI0 TOYHOCTh M3MEPEHMs] CHUTHasa 3a-
3eMJIEHHOTO MCTOYHWKA, IMOKa3aHa Ha
puc. 7. OHa comepXuT nuddepeHInaTb-
HBII TIPpUEeMHUK, KOTOPBIN oOciabiser
cuHda3HOoe HampsiKeHUEe IOMeXU Vg B
Kemrr pas.

Crenyer OTMETUTh, YTO B CXeMe Ha
puc. 7 HeJIb3sT COeIMHSITH OIMH U3 BXOIOB
C «3eMJI€il» TPUEMHUKA, TTIOCKOJIbKY TPU
9TOM (haKTUIEeCKM TIOydaeTcsI cxema C
OIIMHOYHBIM BXOIOM (pHC. 6) CO BCeMU ee
HeJ0CTaTKaMU.

MU3MEPEHME HANPAXEHUS
HE3A3EMJIEHHBIX UCTOYHUKOB
Hampstxenve He3azeMIeHHBIX (TU1aBa-
OIIIX) UICTOYHUKOB CUTHAJIA MOXKET OBITh
JIOCTAaTOYHO TOYHO W3MEPEHO TMPUEeMHU-
KOM KaK ¢ OMMHOYHBIM, TaK U ¢ audde-
peHLIMATBHBIM BXomoM. OmHAKO TpU UC-
MOTb30BaHUU UM dEepeHITNATBHOTO BXO-
JIa Hy>KHO CJIEIUTD 32 TEM, YTOOBI BEJTNIH -
Ha cuH(bA3HOTO CUTHAJIAa HE BHIIIIA 32
TpaHUIIBl JUana3oHa paboToCrocoOHOC-
i nipueMHNKa. CONpOTUBIIEHUE MEXIY
TMOOBIM 13 MrdhepeHITNATEHBIX BXOIOB U
«3eMJIEi» OYeHBb BEJIMKO, TIOITOMY JaxkKe
MaJIeHbKMI TOK TTOMEXU MOXET CO3MaTh
Ha HeM TaieHue HanpsokeHus 6ojee 10 B,
YTO TIepeBeleT NMPUEeMHUK CUTHAJIA B pe-
KM HachllleHWsl. TOK TIOMEeXW B 3TOM
CJlydae MOXET COCTOSITh M3 BXOTHBIX TO-
KOB CMeIlleHUs camoro nuddepeHmanb-
HOTO TIPUeMHUKA 1 TOKA MMapa3uTHON EM-
KOCTHOU CBSI3U C UICTOUHUKOM TIOMEXU.
s yMeHbIIIeHUs 3Toro 3¢ deKTa BXO-
o6l nuddepeHIUaIbHOTO MPUEeMHHUKA
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MOXHO COEIUHUTb C «3eM-
yepe3  pe3ucTophl
(puc. 8). Ecim BHyTpeHHee

COTIPOTUBJIEHUE HCTOYHUKA <
CUTHAJa BEJIMKO, TO PEe3UC-
TOPBI BHIOMPAIOT C OIMHAKO-
BBIM compoTuBieHueM. [Tpu
HU3KOM COTIPOTUBJICHUM HUC-
TOYHUKA (KaK, Hampumep, y
TepMoTap) pa3Hulla COIpO-

nEn»

Puc. 8. YctpaHeHnue HacbiweHua auddepeHuymanbHoro

TUBJICHUU HE urpacTt pojivu, 1 npueMHUKa C NOMOLbIO pe3UuCcTopoB

MOXHO HKCITOJIb30BaTh OIHO
M3 HUX BMeCTO AByX. Eciaum MCTOYHUK
CHUTHAJIa COENMHEH C IIPUEMHUKOM 4epe3
pa3BA3bIBAIOIINE KOHIECHCATOPHI, TO BE-
JIMYUHEBI PE3UCTOPOB JOJIKHBI OBITH CTPO-
ro ONMHAKOBBL. B M3MepeHuUsIX ¢ BRICOKOI
TOYHOCTBIO 3TH PE3UCTOPBI YIydYIIAIOT
cuMMeTpuio auddepeHInaNTbHON Maphl
MIPOBOJIOB U YIy4IIaioT 3G dEKT KOMITEH-
cauny CMHMa3HO’ ITOMEXH.

CoIpoTuBiIeHNE PE3UCTOPOB BBHIOMpA-
€TCSI KaK MOXXHO MEHBIINM, YTOOBI CHU-
3UTh BEJIMYMHY CUH(PA3HOIO CUTHAIIA, O~
HAKO OHO JOJDKHO OBITh MHOTO OOJIBIIIE
BHYTPEHHETO COIPOTUBICHUS NCTOUHHUKA
CHUTHaja, YTOObI HE BHOCHUTDH IIOTpELl-
HOCTb B pe3ynbrar uamepenusi. [Ipu uc-
MOJIb30BAHUU TEPMOIIAp TUIIOBAsI BEJIM-
YYHA COIPOTUBICHUIA JIEXUT B AMAIIA30-
He 10...100 kOm.

NupdepeHnranbHble  TPUEMHUKHU
cHMTHajla Bcerja obecreynBaloT Oosee
BBICOKYIO TIOMEXO03allMIIEeHHOCTh TI0
CPaBHEHUIO C TIPUEMHMKAMU C OJTUHOY-
HBIM BXOJOM, OJHAKO OHH TpeOyIOT
0oJIbllle COCUHUTEIbHBIX MPOBOAOB U
TeXHUYEeCKU cioxHee. [1oaTomy BbIGOD
Mexay auddepeHnanbHbIM WIK OIU-
HOYHBIM BXOJOM MOXeT OBbITh CleJaH
TOJIBKO TPU PACCMOTPEHUN KOHKPETHBIX
YCJIOBUII MPUMEHEHUsI U TpeOOBaHMI K
CUCTEME.

ABTOpaMM CTaThbu OBLJIO TPOBENCHO
3KCMEPUMEHTAIbHOE CPaBHEHUE BeJU-
YUHBI TTOMEX ISl TIPUEMHUKOB C OJIU-
HOYHBIM U auddepeHInaTbHBIM BXO-
noM. B kauecTBe MCTOYHMKAa CUTHasa
OBLT BBIOPAH TEPMOPE3UCTOP COTIPOTUB-
nenueMm 20 kOM, cOeIMHEHHBI BUTOM

Mapoii IIIMHOU 5 METPOB C TPUEMHUKOM.
B kauectBe muddepeHIIMATBEHOTO TIPU-
eMHUKa ObUT MCIOTb30BaH WHCTPYMEH-
TanpHbIN yeuauteab RL-4DA200 u cuc-
Tema cObopa maHHbIX Reallab! dupmbr
RLDA. Ilepexon OT OIMHOYHOTO BKJIIO-
yeHus K auddepeHUnaTbHOMY B J1aH-
HOM CJIlydyae yMEHbIIAeT CpeIHeKBaapa-
TUYECKOe 3HAUeHWEe HATIPSIKEHUST TIOMe-
xu B 136 pa3. DT0 0OBICHSIETCS TEM, YTO
YCWINUTEb C ONWHOYHBIM BXOJOM BOC-
MpUHUMaeT 0e3 ocinableHUs MOMEXY,
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
BXOIOM MOTYT OBITh MCIIOJTb30BaHbI, €C-
JI1 UCTOYHUK W TPUEMHUK CUTHAJIOB
pa3HeceHbl Ha HeOOJIBIIIOe PaCcCTOSTHUE
(0 emUHUIT METPOB), €CJIU CUTHAJ WC-
TOYHUKA TIPEABAPUTETLHO YCUJIEH WU
nMeeT OOJBIIYIO BeTMYnHY (0KoJio 1 B)
€clii BBIBOABI <«3eMJISl» MCTOYHUKA U
MpUEeMHUKA COeANHEHBl KOPOTKUM HU3-
KOOMHBIM TIPOBOHUKOM B OTHOI TOUKE.
Ecnu xoTs1 661 OTHO M3 3TUX YCIOBUH HE
BBITIOJTHSIETCSI, CJIENYeT WCII0JIb30BaTh
MpUEeMHUKY ¢ nudGepeHIInaTbHBIM BXO-
TIOM.
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MOrPELLHOCTU, BbI3BAHHBIE
KOHAYKTUBHLIMMU CBA3IMMU

M cTOYHMKOM MOTPELIHOCTH MPU Mepe-
Jlaye CUTHaJla MOXET ObITh MaJcHue Ha-
MPSKEHUST Vg Ha y4yacTkKe mpoBoja, 00-
LIEM [IJI51 CUTHAJIa U HEKOTOPOI Harpy3Ku
(puc. 9). Takas mapa3uTHasi CBSI3b Ha3bI-
BaeTCcsl KOHIYKTHBHOW (PEe3UCTUBHOIA).
Harpy3koii B JaHHOM ciyyae MOXET
ObITb, HAIPUMEDP, HEKOTOPAsi BCIIOMOra-
TeabHasT MUdpPoBas cxema, 3a3eMIISTIo-
IIUIA TIPOBOJ KOMITBIOTEPA WIW CIIy4aiu-
HblIi MPOBOJHMK, 3aMKHYBLIWI IPOBO.
«3eMJIsI» C KOPIYCOM B3HEPTreTUYECKOro
000pyn0BaHUs, Yepe3 KOTOPbIA MPOTeKa-
€T TOK [y OT 9KBUBAJICHTHOI'O MCTOYHU-
Ka ey Jaxe cxema, cocrosias U3 He-
CKOJIbPKMX ONEPALMOHHBIX YCUJIUTEINEH,
MOXET CO3[JaTh Ha MPOBOAE UIMHOW B
20 cM mmageHue HarpsoKeHus 6onee 1 MB,
YTO CpaBHUMO ¢ BelnuuHoir M3P
12-pa3psimHOTO TIpUEMHUKA CUTHAaJA.
OcobGeHHO O6OoJbIINe TTPOOJIEMBI MOXET
co3aath Hu@poBas cxema, paborawouias B
MOMEHT MepeJayu aHaJIOrOBOTO CUTHAJIA.
B pesynasrate BxoaHOe HampspkeHue V)
OyZeT CKJIaAbIBATbCS U3 HATIPSIKEHUS UC-
TOYHUKA CUTHAJIA €| W HAIpPSKEHUs T0-
MexXu Vg.

PemienveM omnuvcaHHON TPOOJIEMbl SIB-
JISIeTCS TIOACOSTMHEHHE «3eMJT» UCTOYHU-
Ka CUTHaJ1a K MPUEMHUKY OTIEJIbHBIM U30-
JIMPOBAHHBIM MTPOBOIOM, KOTOPbIA HE UC-
MOJIb3YETCSI HU [UISl KaKUX WHBIX LeJeil
(puc. 10).

B of1iieM ciyuyae, 4ToObl 3apaHee Tpe-
JIOTBPaTUTh BO3HUKHOBEHUE JAHHOW IMpPO-
0JieMbl, CJIEIYeT Pa3inyarh MOHSATUS «CUT-
HaJIbHasI 3eMJIsl», «aHaJIOroBasi 3eMJISI»,
«uudpoBast 3emisi». Bce atm «3eMau»
JIOJDKHBI OBITH BBITIOJIHEHBI PA3HBIMU TTPO-
BOIaMU, U UX MOXHO COEOUHSTD TOJIbKO B
omHoI 0011eli Touke. CUTHAIBHBIE TETN
HEJIb351 UCIOJIb30BaTh ISl MUTAHUS Jaxe
MaJIOMOIIHOM anmaparypsl.

"HAYKTMBHI:IE U EMKOCTHBIE
CBSI3M

[IpenmonoxumM, 9TO PSAOM C CUTHANIb-
HBIM IIPOBOJOM IIPOXOIUT HEKOTOPBII
MPOBO, IO KOTOPOMY MPOTEKAeT TOK
aMrumTynoi Iy (puc. 11). Torna Benencr-
BHe 3 PeKTa IEKTPOMArHUTHOM MHIYK-
LIMM Ha CUTHAJBLHOM IIPOBOAE OymeT Ha-
BOAUTBCS HampspkeHue nomexu Vy. B
clyyae CHUHYCOMIAIbHOU (DOPMBI TOKa
aMIUTUTyJa HaIpsDKEHWST TTOMEXU, HaBO-
IUMOTO Ha CHTHAJbHOM IIpOBOIE, OyIeT
paBHa
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YcnoeHble 0603HayeHns: M — Harpyska, ey — 3KBUBANIEHTHbIN UCTOYHUK, INN — TOK, NpoTeKalowmni

OT 3KBUBANIEHTHOTO UCTOYHMKA Yepes Harpysky.

Puc. 9. Napa3uTHeiit ToK I, NnpoTeKalwuii no o6uiemy y4acTKy NpoBoAa «3eMnsA», CO3AaeT NafeHne
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YcnoeHble 0603HayeHns: M — Harpyska, ey — 3KBUBANIEHTHbIN UCTOYHUK, INN — TOK, NpoTeKaloLmni

OT 3KBUBANIEHTHOTO MCTOYHMKA Yepes Harpysky.

Puc. 10. Pewenue I1p0611eMbl: «3eMan» UCTOYHUKA CUTrHaNa U NpUeMHUKa cneayet CoeguHATb

0TAe/IbHbIM NPOBOAOM

3nece M — B3auMHasi UHAYKTUBHOCTh
MeXIy TIpoBogamMu; L — WHIYKTUBHOCTH
CHUTHAJILHOTO MpOBoaa; W = 271, f — Jac-
TOTa TOKA MOMEXHU; R; — BBIXOXHOE CO-
NPOTUBJIEHNE NCTOYHMKA CUTHANA; R —
BXOJTHOE COTIPOTUBJICHUE TIPUEMHUKA.

Benmmuvna B3aMMHON WHAIYKTUBHOCTH
TPOTIOPIIMOHAIBHA TUTOIIAIN BUTKA, KO-
TOPBII TIepPeceKaeTCcsi 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 TIPOBOIOM, BXOIHBIM
COTIPOTUBJIEHNEM TTPUEMHUKA, TIPOBOIOM
«3eMJIV» U BBIXOTHBIM COTIPOTUBJIEHHEM
WCTOYHWKA cuTHama. s yMeHbIIeHUs
B3aMMHOW WHAYKTUBHOCTH TUIOIIAIb
MIAHHOTO KOHTYpa MOJIXKHA OBITh MUHU-
MaJbHOM, TO €CTh CUTHAJIBHBIN TIPOBOM
IOJIKeH OBITh TPOJIOKEH MAaKCUMAaIbHO
OJIM3KO K <«3eMiie». D(PDEKTUBHYIO TIIO-
anb «BUTKa» MOXHO YMEHBIIWTb, €CITN
PACTIOJIOXUTH €r0 B TJIOCKOCTH, TIEPIIeH-
MAKYJISIPHOU TIIOCKOCTM KOHTYpa € TO-
KOM, HABOJISIIITUM TTIOMEXH.

W3 dopmynsl (6) ciaeayer, 4TO0 MHAYK-
TUBHAST HABOAKA YBEJIMIMBAETCS C POCTOM

YACTOTBl U OTCYTCTBYET Ha TOCTOSTHHOM
Toke. HampspkeHue nmomexu Ha puc. 11
BKJTIOUEHO TIOCTIEI0BATEIbHO C UCTOUYHU-
KOM CUTHaJIa, TO €CTh BHOCHT a[INTUB-
HYIO TIOTPEITHOCTh B PE3YJIBTaT M3Mepe-
Hug. [Ipu 6GeckoHEYHO OOBIIOM COIpPO-
TUBJIEHUU R; HampskeHHE Ha BXOIe
TPUEMHUKA UMEET BUI:

Vi,=e +wMI
¥ HE 3aBHICUT OT COTIPOTHBIIEHUS] UCTOU-
HUKa CUTHAJA.

EmKocTHas HaBoaka uepe3 HapasuT-
HYIO €MKOCTb MeXiy npoBoaHukamu C,
HA000POT, TTOTHOCTHIO OTIPEETISIETCS Be-
JIMYUHON BHYTPEHHETO COTIPOTUBICHUS
HCTOYHMKA CUTHajga R,, TIOCKOJIBKY OHO
BXOJIUT B JIJTUTENb HATIPSIKEHUST TIOMEXH,
COCTOAIIMI U3 COIIPOTUBNIEHUS R;, BKIIIO-
YEHHOTO MapajenbHo R, u émkoctu C.

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

JI+(©@-(R |[R,)-C,)

Kax crenyer u3 (7), npu R; = 0 émkocT-
Hasl ToMeXa ITOJIHOCThIO OTCYTCTBYeT. B
NENCTBUTETbHOCTA CUTHAIBHBIN TIPOBOI-
HUK WMeeT HEKOTOpOe WHAYKTUBHOE U
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B 3BANMUCHYIO KHUXKY UHXEHEPA

Tabnuua 1. TunoBble AAaTYMKM U NOPAAOK BENUYMH UX CONPOTUBNEHMUIA

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

PE3NCTUBHOE COTIPOTUBIIEHUE, IajeHue
HATpsSDKeHUsI TIOMEeXM Ha KOTOPOM He
TTO3BOJISIET TIOJTHOCTBIO YCTPAHUTh EMKO-
CTHYIO HABOJKY C TIOMOIIIbIO KICTOUHHKA C
HU3KUM BHYTPEHHUM COIIPOTUBIIEHUEM.
Oco06eHHO BaXXHO YYUTHIBATH WHIYKTUB-
HOCTh CHUTHAJTHHOTO TIPOBOJA B Ciydae
BBICOKOYACTOTHBIX TIOMEX.

[Mopsimok BeMMYrH COTTPOTUBIICHUH TH -
TIOBBIX UCTOYHUKOB CUTHAJIA TIPUBENEH B
Tabsn. 1.

JlaTuuku, uMerolne OOJbllIoe BHYT-
peHHee COTPOTHUBIIEHWE WJIM Majioe Ha-
MpsDKEHNEe CUTHaIa, HYXHO WCIOJIb30-
BaTh COBMECTHO C YCWJINUTEJIEM, PACIIONO-
JKEHHBIM B HETIOCPEICTBEHHON OIM30CTU
K JIaTYUKY, a K IPUEMHUKY CIIeIyeT Tepe-
JaBaTh yXe YCUJICHHBII CUTHAJL.

C npyroif CTOPOHBI, IS YCTPAHEHUS
WHIYKTUBHOM HABOJIKU HOCUTEJIEM CUTHA-
JIa TOJKEH OBITh TOK, a He HaTIPSKeHUe, TO
€CTh MCTOYHWKOM CUTHAJIA TOJDKEH OBITh
WIeabHBII UCTOYHMK ToKa (puc. 12). Tok
WICTOYHUKA TOKA HE 3aBUCUT OT XapaKTepa
HAarpy3Kku (110 OTpeeNIieHII0), B TOM YUCIie
OT BeJTMYMHBI HABEAEHHOM 3.11.C.

Taxum oOpazoM, [JIsI CHUXKEHUST EMKO-
CTHOU HABOIKM CUTHAJ HYXHO Tiepena-
BaTh C TIOMOIIBIO UI€ATHHOTO UCTOYHUKA
HATPSDKEHUsI, a IS CHIDKEHUST WHIYK-
TUBHOU HAaBOJKYN — C TIOMOIIIBIO MIeaTh-
HOTO UCTOYHUKA TOKA.

Bri6op HocuTenst wHGoOpMaunu (TOK
WY HATIPSTKEHUE) B KAXKIOM KOHKPETHOM
cilydae 3aBUCUT OT TOTO, Kakasl TomMexa
peodIafaeT: HAYKTUBHAS WK EMKOCT-
Hast. Kak mpaBmiio, EMKOCTHBIE HaBOIKU

IN

WcTouHuk curhana

MonHoe conpoTusneHue

Tepmonapa <200m
Tepmopesuctop >1kOm
Pe3ucTuBHbIN AaTYMK CONpOTUBNEHUSA <1kOM
MonynpoBOAHWUKOBbLIN AaTYUK AaBAEHUS > 1 kOm
TeH3opatymk <1kOmM
CTeknAiHHbI pH-3nekTpos > 109 Om

TMoTeHUMOMETPUYECKIIN faTYNK NEpeMeLLeHNs

o1 500 Om 10 100 kKOm

0I'|epaL|VIOHHbII7I ycunutenb

104 Om

MpeodanaloT Halx WHIYKTUBHBIMU, €CITN
HUCTOYHUK TIOMEXW WMeeT OOJbIlIoe Ha-
npspkeHue. UHIYKTUBHBIE e TTOMEXU CO-
30a10TCS TOKOM, TI0O9TOMY OHM BEJINKU B
city4ae, KOTJa UCTOYHUKOM TTOMEXU STBJISI-
eTcsl MOIIIHOe 000pymIOBaHUE, TOTPEOsI-
folee 60bII0M ToK. OTMETUM, UTO 3Kpa-
HUPOBAaHNE MAarHUTHOU HABOIKHU TEXHU-
YeCKU TOPa3/o CIOXHEe, 4eM EMKOCTHOIA.

CrpemiieHrie COBMECTUThH TIperMyIiie-
CTBa Mepenavyy CUTHaia B popMe ToKa U B
bopme HampsKeHYs TPUBOIUT K Tiepeia-
ye WHOGOPMAUWN CUTHAIOM OOJBIION
MorrHocTU. OTHOIIIEHNEe MOIITHOCTY CUT-
Hajla K MOLIHOCTA TIOMEXH OIpenessieT
BEJIMUUHY MOTPEIIHOCTH, BHOCUMYIO TIO-
MeXaMU B pe3yJbTaT U3MepeHusi. DTOT ke
BBIBOJ CJIEyeT HEIMOCPEACTBEHHO U3
dbopmynbl (6): TpU COMPOTUBIICHUSX Ha-
IPY3KU ¥ UCTOYHUKA, CTPEMSIIINXCS K HY-
JII0, HATpSDKEHWE TIOMEXW TaKXe CTpe-
MUTCSI K HyNMIO (a mepenaBaeMasi MOII-
HOCTbh — K OECKOHEYHOCTH).

MAPA3SUTHBIE CBSI3U
B AUPDEPEHLIMAJNIbHBIX
JIMHUS X NEPEAAYU CUTHAJIA
KapauHanibHBIM CPEACTBOM YCTpaHe-
HUSI MTHOYKTUBHBIX U EMKOCTHBIX CBA3Ci
SIBJISIETCS] IPUMEHEHNE UCTOYHUKOB CHUT-
Hajma ¢ auddepeHInaTbHbIM TOKOBBIM
BBIXOJIOM ¥ TIPUEMHUKOB C HU3KOOMHBIM
(TOKOBBIM) mu(phepeHIInaTbHBIM BXOI0M
(puc. 13). B HMX MHIYKTUBHAsA HaBOIKa
MaJia, TIOCKOJIbKY MH(OopMalius rnepeaa-
eTcs B hopmMe Toka, a EMKOCTHASI HABOIKA
MaJia, MOCKOJIbKY MPU XOPOIIel CUMMET-

oo Lo

I Ym

Puc. 12. KaHan nepepayu curHana c noMolLbio TOKa MeHee YyBCTBUTENEH

K UHAYKTUBHbIM HaBOAKaM

Haunyylee peweHue I1p061'IeMI:I KayeCcTBEeHHOW nepeaayv cMrHana

pYY JIMHUM TIepeNavyrl OHA SIBIISIETCS CUH-
dazHoi1 1 TTomaBsIeTcs BXOTHBIM nudde-
pEeHLMATBHBIM TIPUeMHUKOM. JlommomHm-
TEJIBHOU 3aITUTON JIMHUM SIBJISIETCS €€ IK-
paHupoBaHue. TOKM NCTOYHUKOB TOKA Ha
puc. 13 cTporo paBHBI MEXIy CO0OIl U
TIPOTUBOIIOJIOXKHO HAIIPABJICHBHI.

17151 TIOJTy9eHMsT BBICOKOTO KayecTBa I1e-
pemayu CUTHaJbHBIE TIPOBOAA JOJDKHBI
OBITH 9KPAHVPOBAHBI 1 BHITIOTHEHBI B BU-
IIe BUTOU TIApBI, YTOOBI OOECTIEYUTDH JIyd-
IIYI0 COTJIACOBAHHOCTh WX TPOIOJIBHBIX
VMITEIAHCOB U MMIIeJaHCca Ha «3EMITIO».
Pa3nauna B iyiHe MpoBOIOB ¥ B YaCTOTHBIX
XapaKTepUCTUKAX WX WMITENAHCOB MOXKET
OBITh TIPUYMHON TOSIBIIEHUST cUHGba3HON
TIOMEXU Ha BBICOKMX YaCTOTAX.

J11s1 TIOBBITIIEHUST CTETIEHN COTJIACOBAH-
HOCTU JIMHUI B BUTOW Mape JIydllle KC-
MOJIH30BATh MTPOBOA, CTIEIIMAIEHO U3TO-
TOBJICHHBIE W aTTECTOBAHHBIE IJIST MHCT-
PYMEHTAJIbHBIX WHIYCTPUAIBHBIX TTPUME-
HeHuii (Hampumep, pupmer Belden). Uc-
MTOJTIb30BAHUE JIBYX BUTBIX, COETMHEHHBIX
MapaijiebHO, 1Tap BMECTO OTHON TO3BO-
JISIET CHU3WTH TPOMOJBHBIA MMIIEJaHC
MPOBOIOB 1 TIOBBICUTH TOYHOCTH Tiepesia-
YU CUTHAJA.

IMpumepoM peanuzanmu auddepeHIIn-
TBHOTO CTIOcO0a Tiepenadyy CUTHajla MO-
XeT CIyXuTh Tapa arddepeHInaTbHOTO
TOKOBOTO Tiepenatunka SSM2142 n nud-
depeHumnanbHOro npueMHuka SSM2141
(Analog Devices), KoTopass nUMeeT KOo3(p-
durmenT ocnabieHns ciHGa3HOTO CUTHA-
na 100 ob na gacrore 60 Iir 1 paGoTaer Ha
Harpysky 600 Om, co31aBast Ha Heil MaKCH-

MaJibHOe TlaficHre HanpsokeHus 10 B.

Puc. 13. lucdcpepeHunanbHblit UCTOYHNK U NPUEMHUK TOKa —
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Jns mpemoTBpaIlieHUsT Hachl-
LLIEHUS BBIXOAHBIX KAaCKaIOB MC-
TOYHUKOB TOKA Pa3HOCThIO TOKOB
(/; — 1) MOXHO WCIIOIb30BaTh <
CITI0Cc00, aHAJIOTUYHBIN TTPEeICTaB-
JICHHOMY Ha pHcC. 8, OHAKO pe3u-
CTOPHI B TAHHOM CJTy4dae JOJDKHBI
OBITh COEIMHEHBI C «3€MJIEN» HC-

TOYHUKA CUTHAJIA.

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

TOYHWKA W TIPUEMHUKA CUTHAajIa <>
el

OTHOCHUTENILHO «3€MJIM» HAIIpsi-
JXKeHUEe EMKOCTHOW HaBOIKU SIB-
JISIETCSl MaKCUMaTbHbIM. [Tpume-
HEHHE PEe3UCTOPOB I OTBOJA
TOKa TOMEeXM Ha 3eMJio (puc. 8) —
yJIy4IlIaeT CUTYalMIo, OMHAKO 3TH
pPE3UCTOPbI HE MOTYT OBITh BbI-
OpaHbl OYeHb MAJTBIMU, TTOCKOJTb-
KY TP 3TOM YBEJIMYMBAETCS BIIU-

AHME UX paccoriacoBaHMs HaA I10-
TPEUIHOCTD II€PEaadYM TOKA.

DKPAHUPOBAHME
CUTHAJIbHBIX MPOBOAOB
Meronbl 3KpaHUPOBAaHUSI CUTHAIIBHOTO
MPOBOJIa BEIOUMPAIOTCS B 3aBUCUMOCTH OT
MyTel MpoXoXaeHus: nomexu. s ycrpa-
HEHUS Mapa3suTHON EMKOCTHOW CBSI3U UC-
MOJIb3YIOT 3JIEKTPOCTATUYECKUI SKpaH B
BUJI€ TPOBOSIIEH TpyOKHU (UyJiKa), OXBa-
THIBAIOLIEN SKpaHUpyeMble MPOBOAA, a
IUIS 3alUThl OT MArHUTHOTO TMOJIA UC-
MOJIB3YIOT 3KpaH U3 Marepuaia ¢ BbICO-
KOV MarHUTHOM MPOHULIAEMOCTBIO.
Henb3sa coenuHsATh 31€KTpocTaTUYeC-
KU 9KpaH ¢ «3eMJIEH» MCTOYHUKA U TIPU -
€MHHUKa OJHOBpeMeHHO (puc. 14), mo-
CKOJIbKY TIpU 3TOM Yepe3 3KpaH TeyeT
TOK, 0OYCJIOBJIEHHBI!I HEPABEHCTBOM IO-
TEHIIMAJIOB 3TUX «3€MEJib» U NOCTUTAl0-
LMl B LIEXOBBIX YCJIOBUSIX HECKOJBKUX
aMmmep, a pa3HOCTb MOTEHLMAIOB <«3€-
MOXET JOOCTUIaThb HECKOJbKUX
BOJIBT. TOK, MPOTEKAIOIIU 110 3KPaHY, 5IB-
JISIETCSl UCTOYHUKOM UHAYKTUBHBIX HABO-

MCECJIb»

IIOK Ha COCEIHUX IMPOBOMAX M MPOBOMAX,
HaxOIsIIUXCs BHYTpU 2KpaHa. HaBomka
Ha TIPOBOJIa BHYTPU KPaHa MOXET UMETh
3HAYUTENbHYIO BEJTMIUHY TPU HETOUHOM
WX IEHTPUPOBAHUY BCIIEACTBHUE TEXHOJIO-
ruaeckoro paszopoca. [loatomy skpan
HY>XKHO 3a3€MJISITh TOJIBKO C OHOM CTOPO-
HBI, TIPUYEM CO CTOPOHBI ICTOUHWKA CUT-
Hasa. B oO1iem ciyyae npu nepenave 1miu-
POKOTIOJIOCHOTO CUTHAJA OT YAAJIEHHOTO
HMCTOYHUKA C BBICOKUM COTPOTUBICHUEM
PEKOMEHIyeTCsl MCTIONIb30BaTh TOITYJISIP-

A

Puc. 15. Npumep npaBunbLHOro 3a3emneHns IKpaHa npu
nepeaaye CUrHana ot yAaneHHoOro UCTOYHMUKA C BbICOKUM
conpoTuseHnem

HYIO CXeMy TUOpUIHOIrO 3a3eMJICHUS
(puc. 15). B mannoi cxeme éMkocth Cpp
TO3BOJISIET OCJIA0UTh BBICOKOYACTOTHYIO
COCTaBJIAOLLYI0 ToMexu. Takum oopazom
HU3KOYACTOTHBI TOK, CO3NAIOLIMI WH-
NYKTUBHYIO HABOJKY, OCTA€TCSl MajlbiM, a
BBICOKOYACTOTHBIE HABOIKHU 3a3€MJISIOT-
cs yepe3 EMKOCTb.

DKpaH, 3alIMALIAIIUA OT Mapa3suTHBIX
WHAYKTUBHBIX CBS3€H, CHEIaThb TOpas3io
CJIOXXHEE, YeM 3JIEKTPOCTATUYECKUN K-
paH. JlJ11 3TOro Hy>KHO UCIOJIb30BaTh Ma-
TEPUAJ C BBICOKOW MarHUTHOW MTPOHULIA-
€MOCTBIO U, KaK MpaBWO, ropa3no 00yb-
LIel TOJUIMHBI, YEM TOJIIMHA 3JEKTPO-
CTaTUYECKUX IKPaHOB. I YaCTOT HUXE
100 xIir MOXHO WCTIOIB30BaTh SKpaH U3
cranu uiy nepmaios. Ha Gonee Bbico-
KHX 4acTOTaX UCHOJIb3YIOTCS aIIOMUHUIA
U MeJb.

B cBs13U CO CII0XHOCTBIO 9KPaHUPOBA-
HUSI MAarHUTHOW COCTABJISIOLIEN TTOMEXU
oco0oe BHUMaHHUE CJENyeT YAEIUTH
YMEHBLIEHUIO WUHAYKTUBHOCTU CUTHAJIb-
HOTO MPOBOJA U BBIOOPY MOAXOASUIEH
CXEMBbI IPUEMHUKA U NlepeaTunKa.

Ecnu ucToyHUK cUrHana He 3a3eMJIEH,
KaK, Hampumep, B ciiyyae OOJIbIIMHCTBA
TO 3KpaH
MPUMEHSIOT B coueTaHuu ¢ auddepeH-

TEMIICPATYPHLIX OaT4UKOB,

LIMATBHBIM YCWINTEIEM U Pe3UCTopamu
Ha BXOJie, Ha3HaYeHUe KOTOPBIX 00CYKa-
Jock paHee. [1pu 3TOM 3KpaH 3a3eMIISIOT,
Kak MokasaHo Ha puc. 16 a.

ABTOpaMu CcTaTbu OBUIO TIPOBENEHO
SKCTMIEPUMEHTAIbHOE CPaBHEHWE pPa3ind-
HBIX CITOCOOOB TTOMKITIOYEHMST ICTOUHUKA

r)

a) aMnauTypa nomexu — 15 mMkB

6) amnautyaa nomexu — 61 mkB

B) aMnauTypa nomexun — 78 mMkB

r) amnnutyna nomexu — 3584 mkB

Puc. 16. 3aBMCMMOCTb CpeAHEKBAAPATUYECKON
aMNAUTYAbI HANPAXKEHMA NOMeXH OT cnocob6a
BKJIIOYEHUNA YCMANTENA U IKPaHa

curHasna (TepMOpe3UCTOP COTIPOTUBIIEHU-
eM 20 kOM) yepe3 S5KpaHMPOBAHHYIO BU-
Ty1o napy (0,5 BUTKa Ha CAaHTUMETP) TN -
Hoii 3,5 M. BbuT ncTiob30BaH MHCTPYMEH-
TajapHbIN yernutenb RL-4DA200 ¢ cucre-
Moit coopa maHHbIX RL-40Al dupmsr
RLDA. By momexu ist cxeMbl Ha puc. 16
a npeacrapieH Ha puc. 17.

Kax cnenyer u3 puc.16, oTka3 oT 3Kpa-
HUPOBAHUS yBEJIMUIMBAET aMIUTATYIY TI0-
Mexu B 4 pasa (puc. 16 6), mepexon K onu-
HOYHOMY BKJIIOUEHUIO BMecTO audde-
peHIManbHOro (puc. 16 B) yBeauuuBaer
e€ B 5 pas, a ecIu ellle ¥ OTKA3aThCsT OT IK-
paHa, TO aMIUTUATYa TIOMEX! YBeTNINBa-
ercs B 230 pa3 (puc. 16 r). Ha pucynkax
TPUBENCHBI CPeIHEKBAApPATUIECKNE 3HA-
YeHUST aMIUTUTYIbI HATIPSDKEHUST TTIOMeX B
nojoce yactot 0,01...5 Ii1, mosydyeHHbIE
Ha BBIXOJIe 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 HABOISATCA OT TaKUX MCTOY-
HHUKOB, KaK Paayo U TeJIEBU3NOHHBIE TIe-
peIaTYnKy, MOOWIBHEBIE U paguoTeiedo-
HbI, THUPUCTOPHBIE IIpeoOpa3oBaTeln,
KOJIJIEKTOPHBIE 3JIEKTPOABUTATEIIN, DJIEK-
TPOCBapOYHOE O0OPYIOBAaHUE, AUCILIEU
KOMIIBIOTEPOB M CAMM KOMITbIOTEPHL. I10-
Mexu ¢ yactoToit Beie 100 xIir o6b1YHO
HaXOMASTCs 33 FPAHUIIEN YACTOTHOTO AMa-
Ma30Ha M3MEPUTETbHBIX CUCTEM, OJHAKO
BBICOKOYACTOTHBIE ITOMEXM MOTYT OBITh
HeXeJIaTeJIbHBIM 00pa30M BBIIPSIMIIEHBI
WJIN IIEpEHECEHBI B 00J1aCTh 00JIe€ HU3KMX
4acTOT IO IPUYMHE HEJIMHEAHOCTU Xa-
PaKTEPUCTUK AMOAOB U TPaH3UCTOPOB,
pPACIIOJIOXKEHHBIX Ha WM3MEPUTEIbHOMI
IUIAT€ ¥ BHYTPY MUKPOCXEM.

B cucremax ¢ 04eHb BBICOKOI YYBCTBHU-
TEeJIbHOCTBIO MOTYT HA0JIIOIAThCS Tapa3nuT-
HbIE HAIPSDKEHUS, BEI3BAHHBIE TEPMOIJIE-
KTpu4ecKuM 3G (PEKTOM B KOHTAKTaX pa3-
HOPOIHBIX METAJIOB, TPUOOIEKTPUIECT-
BOM, BO3HUKAIOLIUM IIPY TPEHUU UK~
TPHMKOB APYr O ApYyra, Ibe303JIEKTPUIEC-
KUM 3G GeKToM 1 3(PEHEKTOM 7IeKTPOCTa-
TUYECKOIO WX 3JIEKTPOMATHUTHOTO 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 MMOUCKA UX HUC-
TOYHUKA. [[JIH 9TOr0, B IICPBYIO OYEPEADb,
CJIEAYyET U3BMEPATbL YPOBEHBL IIOMEX OT-
JCJIbHO B IIPUEMHUKE CUIHalla, B UCTOY-
HUKE U B COCAMHUTCIBHOM Kaoee.

J1si mpoBepKU MpPUEMHUKA ClEeAyeT
MakKCMMaJIbHO KOPOTKHMM IIPOBOAOM CO-
CANHUTDL €TI0 BXO[ (I/IJ'[I/I BXOObI IJISI I[I/I(I)—
(bepeHIIMAaTbHOTO MPUEMHUKA) C BBIBO-
JOM «3EMJISI» CUCTEMBI. Henb3sg ocTaBisaTh
YJacCTb BXOIOOB MHOTOKaHAJIbHOW CUCTEMBI
He3aszemiieHHo#. Ha BbBIXOAE IIPU OTOM
OyayT BUOHBI COOCTBEHHBIE IIYMbl MPU-
€MHUHUKA CUTHaJia. Hy}KHO y6C,Z[I/ITbC$I, 9To
YPOBEHb LITYMOB COOTBETCTBYET CIleLIU(U-
Kalu1 Ha U3OCIINEC. Ecnu umerorcsa pac-
XO0XIE€HUdA, TO BepOHTHOﬁ HpH‘-II/IHOﬁ MO-
IyT OBITh UCTOYHUKU IIOMEX, BO3I[CfICTBy—
OIKEe HETOCPEACTBEHHO Ha IJIaTy U3ME-
pI/ITeIIbHOfI YacTu CUCTEMbBI, UMW HEIIpa-
BUJIBHOEC IMMOOKITIOYECHUE ueneﬁ IIUTAaHUA U
3a3€EMJICHU . D,IIH nux OGHapy)KeHI/ISI MOX-
HO HOHpO6OBaTI> MU3MECHUTH MCECTOIIOJIO-
2KECHHUC HBMepI/ITCJII)HOfl qacTu.

[LTIH MU3MEPEHUA YPOBHA IMOMEX, HABE-
JEHHBIX B Ka6ene, HYXHO ITOAKIIOYUTH

ero K cucreMe cbopa HJaHHBIX W 3aKOPO-
TUTH KabeJlb CO CTOPOHBI UICTOYHUKA CUT-
HaJjla, TO €CTh UMUTUPOBATH HYJIEBOE BHY-
TpeHHee COMPOTUBJIeHNe ucTouHnka. Ec-
JIA YPOBEHb TIOMeX! OyIeT CUJILHO OTIIH-
4yaThCsl OT €€ YPOBHS B CIIydae, KOT/a Mc-
TOYHWMK CUTHAJIA TIOAKITIOUEH, TO TIPUIH-
Ha MOXET OBIThb B HEIOCTATOUHO HU3KOM
COTIPOTUBJIEHNHN WCTOYHWKA, U JJISI €Tr0
YMEHBIIIEHUSI CIIeyeT UCTIONb30BATh MO~
XOMSIINI COTIACYIOIINI YCUTUTETh WU
BBIOpaTh O0JIee TTOMEXOYCTONIMBBINA CTIO-
co0 Tiepenayn CUTHaA.

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 yBeTMUeHWs] TOYHOCTH Tiepeaayu
KaXblii CUTHAN JOJDKEH TIepefaBaThCst
BUTOI MMapoif B MHIWBUIYAILHOM 2KpaHe.
[Ipu n3roToBneHNY BUTHIX AP TSI UHITY-
CTPUATTLHBIX IPUMEHEHMI 0coboe 3HaUe-
HUE yIesieTcsl CUMMETPUN MMIIeJaHCOB
MPOBOIOB B TIape W PaBHOMEPHOCTH WX
YACTOTHBIX XapaKTepUCTUK B TIOJIOCE pa-
6ouymx yactoT. PaBHOMEpHOCTh XapakTe-
PUCTUKY TTO3BOJISIET BBITIOJIHSITH KOMITEH-
Calrio aCUMMETPUN JIMHUN U TEM CaMbIM
YMEHBIIIATh BIUSIHYUE MApa3suTHBIX HaBO-
oK. st yMeHbIIeHUsT TTapa3uTHBIX Ha-
BOJIOK, CO3aBaeéMbIX Ha Kabeje MarHuT-
HOU COCTaBIISIONIEN 3IEKTPOMArHUTHOTO
U3Ty4YeHUsl, HeoOXoauMo oOecTeunTh
MUHUMAJIBHO BO3MOXHBIN AT CKPYTKU
MPOBOAHUKOB B BUTOM Mape U MUHUMAJTb-
HyIO TUIOINANb TIeTeTb, OOpa3yIOLINXCS
MPY MOAKITIOYEHUY BUTOM Maphl K NCTOU-
HUKY Y IPUEMHUKY CUTHAJIA.

Ilpu HeBBICOKUX TPEeOOBAHUSIX K TOY-
HOCTH MOTYT OBITh MCITOJIb30BAHBI BUTHIE
WJT HEBUTBIE CUTHAJIbHBIE POBOAA B 00-
meM skpaHe. OqHAKO B 9TOM Cliydae mo-
SIBJISIIOTCST MHAYKTUBHBIE M EMKOCTHBIE
B3aMMOBIIASTHUST TIPOBOIHUKOB B Kabere,

a TaKKe KOHIYKTHUBHBIC CBSI3U Yepe3 00-
LW TIPOBOJ, 3a3eMJICHUST KpaHa.

Ecnu monoca 9acToT curHajga MeHbIIIE,
YyeM T1oJ10ca MIPpUeMHKKA, WJIM €CJTA HEKO-
TOpBIC ITapaMeTPhl CUTHAJIA U3BECTHHI 3a-
paHee, I YMEHBIICHUS TOMEX MOXHO
HCIIOJIb30BaTh aHAJIOTOBBIE (DUIIBTPHI Ha
BXoJe cucTeMbl. [l ocnabaeHusT mome-
xu ¢ yactotoit 50 uau 60 Iix 0OBIYHO KC-
MOJIB3YIOT (OWIBTPHI TPETHETO ITOPSIIKA,
uMewmure HakiaoH AYX B moJsioce 3a-
rpaxneHuss —60 n1b Ha mekanmy. Ecinu us-
MEpEeHUs] TPOU3BOASATCS Ha YacTOTax,
OJIM3KMX K TPAaHUYHOI YacToTe (DUIbTpa,
clieyeT YIUTBhIBATh MOTPEITHOCTD KO3~
¢unmeHTa nepexadyn GUILTpa B 10OJIOCE
MPOITyCKaHUS.

JlanbHeiilee ocnabieHre MOMEX BO3-
MOXHO ITyTeM HIU(POBOi (MIBTpALIVN.
OnHako OHa He MOXET IOJHOCTBIO 3aMe-
HUTh aHAJIOTOBYIO B CBSI3U C TEM, UTO €e
BO3MOKHOCTH OTPaHUYEHBI OBICTPONEHCT-
BHEM CUCTEMbI cOOpa TaHHBIX, TPEOYeMBbIM
BpEMEHEM U3MEPEHUs U Pa3psSIHOCTHIO
aHaJoro-1rgpoBoro mpeodpazoBaTeIs.

SAKNIIOYMEHMUE

K mnpobieMe momMexo3aluiineHHOCTUA
CHCTEeM WHIYCTPUATbHOI aBTOMATU3aIN1
clielyeT OTHOCUTBCS € MaKCHUMaJIbHBIM
BHUMAaHUEM, ITOCKOJIbKY HeTpaBUIbHBIN
BBIOOp CXEMBI TOIKIIOUCHUSI, Pa3BOIKHU
KabeJeif, CUCTEMbI 3a3¢MJICHUS M 3Kpa-
HUPOBAHUS MOTYT CBECTU Ha HET JIOCTO-
WHCTBA JOPOTOi M, Ka3aJloch ObI, KpaiiHe
HaJIeXXKHOM 3JICKTPOHHOM YaCTH CUCTEMBI.
B To ke BpeMs TpaBUJIbHOE ITOHMMaHUE
OINMMCAHHBIX TPOOJIEM ITO3BOJIUT B psile
CIy4aeB TOCTUYb XOPOIIUX PE3yIbTaTOB C
MMPUMEHEHNEM OTHOCHUTEJIBHO HEIOPOTOo-
ro 00OpyIOBaHUs. @

AgBTopbl — coTpyaHuku Research
Laboratory of Design Automation
(RLDA)

Tenedonsi: (86344) 214-57, 224-23
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Puc. 17. Bup nomexu, COOTBETCTBYIOLLMIA CXeMe BKAOYEHUA puc. 16 a
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