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Bceryniienne

OCHOBHBIE MOTHUBBI

Kazkaprii paimoiodutesb 3HaeT CAeyIONyIo 3a1a4y: Bbl BbITagIn TPAH3UCTOP U3 MeYaTHOH TL1aThI
WIH JIOCTAJIM OJUH U3 KOpoOKHM. Ecam Ha HeM ecTh MapKUpoBKa, U y Bac yxke ecrb macuopT uiu
Bul MozKeTe MOJyIUTH JOKYMEHTAIMIO 00 9TOM 3JIeMeHTe, TO Bce B nopsiake. Ho ecm mokymentanus
OIYIITBYET, TO BBl MOHATHS He mMeeTe, UTO 3TO 3a dJIeMeHT. T paIuinoHHbIi TOAX0I U3MEePEeHHsT BCeX
napaMeTpoB CJAOXKHBI 1 TpymoeMkmii. Daement moxer Obitb H-TT-H, TI-H-TI, H wan [1-kanaabHbIM
MOCOET rpanzucropom u T.1. Umes Mapkyc @. 3akr09amach B TOM, 9TOOBI IEPETOKHATEH PYIHYIO
pabory Ha ABP MukpokoHTpoJLIep.

Hagajio moeit paboThbl HaJ[ IPOEKTOM

Mog pabora ¢ nporpammubiv obecniedennem Tecrepa or Mapkye @.[1] waganack, moromy drto y
MeHgd OBbLIM MPOOJEeMbl ¢ MOUM IIPOrpaMMaTopoM. Zl KyIuJ IedarTHylo IJIaTy W JIEMEHTBI, HO He
cmor 3amporpammupoBath EEmpom ATwmera8 ¢ gpadipepom Illunmomc 6e3 coobimennst 00 ommOKe.
[TosToMy s1 B3s1 mporpaMmmuoe obecredernne oT Mapkyc @. u u3MeHUT Bce oOpallleHUus U3 HMaMSITH
EEupom k @uam namvsitu. AHagm3upyst nporpaMMHOe o0ecredeHue Jijisi TOro, 4ToObl COXPAHHUTD
NaMATh B JIPYTUX MECTaX MPOTPAMMBI, Y MEHsl MOSIBILJIACH HJes W3MEHWTH pPe3y/abrar (DyHKIINN
PeanAIll w3 equann AIIIT vHa musummsossrer (mV'). Pasmeprocts B mV weobxommma st 1106010
BBIBOJIA 3HAUYEeHM HaupsikeHuns. BEcan oyuknus PeanA/lll Bo3ppalaer 3HaUeHUs] HEIOCPEICTBEHHO
B mV, g4 MOry coXpaHATb NpeoOpa30BaHUsS I KaxKJIO0TO BBIXOJHOIO 3HaYeHHs. Pa3MepHOCTH B
mV MOXKHO TOJIyYUTh, €CJIM CyMMHUPOBATH pe3yiabrarbl 22 nokazanuit AL, cymmy ymaON)KUTHL Ha
2 n pazaesuth Ha 9. Takum mMerogoM MaKCHMaJIbHOE 3HAYEHUE ITOJIYIHIs % = 5001, gto
UJ1eaTbHO COOTBEITBYET HYYKHON pa3MepHOCTH M3MepEeHHBbIX 3HadeHuil nanpskenus B mV . Kpome
TOIO JIOIMOJIHUTEIHHO OBLIA HaJeXK1a, UYTO yBeandeHue, OT mepeauckpern3amnun, pasperrerns ALIII
MOZKeT crocobeTBOBaTh yiydnienuto cantanHoro ¢ AIIIT wanpsizkenust, kak orucano B ABP121 [5]. B
opurnHatbHoi Bepcun dyuknusa PeanAJIll makammuBaens pesyabrar 20 mamepennii AL u nenums
noroMm Ha 20, Tak 9TO pe3ysabTar paBeH opurnHasbHOMYy pasdpermennto AIIIL. T.e., mo sTomy myTn
noseirenne paspernerns ALl weBo3moxkuo. Tak 910 s 10KeH OBLIT C€IaTh HEOOIBITYIO PaboTy,
9100bI m3MeHNTD (byHKIMIo PeagA /1l a 9T0 3acTaBmIo NPpOAHAJIN3HPOBATE BCIO IIPOIPAMMY U H3MEHUTH
Bce «H( cTaTeMeHIl» B IIpOrpaMMe, Ilie 3allpallnBaolsd 3Hadenud Hanpsizkeausi. Ho 91o 6b110 TOJIBKO
HAYaJIOM Moeil paboThl!

[Togsstoch Bee Goibiie u HoIbIe Hieit, 9Todbbl cjreiaTh u3MepeHus 601ee OLICTPBIMH U TOYHBIMH.
Kpowme Toro xoTenoch pacuupuTh AUANa30H H3MepeHnit CONPOTUBJIeHn 1 éMKocTelt. PopmaT BEIBOIA
uadopmanymu Ha JILJI-mucrreit 611 n3MeHeH, Tenephb /I8 JTUOJ0B, PE3UCTOPOB W KOHJIEHCATOPOB
UCTIOJIB3YIONS CUMBOJIBI, & He TeKcT. Jlng mosrydeHus JOMOTHUTENLHON MHMOPMAIMT HEOOXOTUMO
O3HAKOMUTBCH €O CIHUCKOM JOCTYyHHbIX (pynknuit B riiase (1} [lnanupyembie paborbl u HOBbIE ujien
npeacrasrenst B rtase (9] Kcraru, reneps s mory nporpamvuposars EEnpom ATwmera B onepanuonnoi
cucteme JIunynt 6e3 ormmboK.

31ech s xXoTes Obl OOJArogapUTh pa3pabOTUYNKA M aBTOpa IIPOrpaMMHOro obecredenuss Mapkyc
Dpejek, KOTOPbIi MPEIOCTABIII BO3MOXKHOCTD IPOJOJKATH Ha4aTy0 uM pabory. Kpome Toro, st xoTes
OBl CKazaTh cracubO aBTOpAM MHOTOYHCJIEHHBIX 00CYyzKaeHuil Ha opyme, KOTOpPbIE€ MOMOLJIH MHE
HaifiT HOBBIE 3ajaqu, cjaabbie MecTa n omuOKku. Jlagee s xores 661 mobsarogaputh Mapkyc Pecuke,
KOTOPBIH pa3pelin MHe IIYOJUKOBAThH €ro sIpKHe BEPCHH MPOrPAMMHOI0 ODecliedeHHsI Ha cepBepe
CBH. Kpome Toro, HeKoTopble HAeH U IporpaMMmubie Moayaun Mapkyc P. Oblin HHTErpHpOBaHbI B
MOIO COOCTBEHHYIO BEPCHIO MPOIPAMMHOIO 00eCIIeUeHNS.



Taxxke [loadpranr CY. npomenana OoJbimas paboTa MO ATANTAIMU TPOEKTa IO, JTUCILIEH C
kouaTposiepom CT7565. Bosabmmoe cnacubo emy 3a amanramuio MukponporpaMvbl 1.10k K Tekytei
BEpCHUH.

4 nomxken nmobiaromaputh Takke Acio B., KOTOpbiil pazpadboTaa HOBYIO IMEYaTHYIO ILIATY JIJIs
HOBTOPEHU IPYTUMHU paanomoduTensymu. Cienyonryio 0J1arofapHocTh g XoTesa Obl OTIPaBUTh IupK
III., koTopsiit pazpadoTas MOPSIIOK COOPKHU FTOU MEYATHON TIATHI. Y MeHs HUKOT/Ia He XBATUIO ObI
BPEMEHU 3aHMUMATHCS BCEMHU STUMH BEIIAMH OJHOBPEMEHHO C MOMMH Pa3pabOTKaMU IIPOrPAMMHOIO
obecnieuennsi. O1yTBIE BPEMEHHU HE TIO3BOJISET U B JTaJbHEHIIEM Pa3BUBATH MPOTPAMMHOE 00eCIIedeHne
Ha ToM ke yposue. Cracub0 3a MHOTOYHUC/ICHHBIE MPEJIOKEHUS 0 YJIydlleHuio Tectepa dieHam
MecTHOTO otrienenust «/leymuep Amareyp Pamno Lny6 (JAPID)» u3 Jlennecraar. Kpome toro, s
XOoTeJl Obl CKa3aTh clacubo 3a WHTETpaIuio MeToja auckpern3anuu paauorodurens [luerep-Tjepk
(ITA3®DIIM). C nomomuipio 3T0ro MeTo/[a H3MEePEHUs MaJeHbKIX 3HAYCHUIT eMKOCTH U MH/YKTHBHOCTH
zameTHo yayunieno. Ha 3asepirenue, criacubo Hunk JI u3 Ykpaumnbl, 3a 1no/JIep:KKy ueil CBOUMHU
OPOTOTHIIAMHU TIJIAT, TPEJJIOYKeHNe HEKOTOPBIX JIOMOJHEHHUIT W MOJJIePKKY W3MEHEHUH B PYCCKOM
JIOKYMEHTAIHH.



I'maBa 1

XapaKTepuCTUKN

10.

11.

12.

Paboraer ¢ mukpokorTposiepamu ATwmera8, ATmeral68 maun ATwmera328. Tak:ke BO3MOXKHO
ucnojibzoBatb ATmera644, ATwmeral284, ATwmeral280 mwium ATmera2560.

Orobpazkenue pe3yabTaToB Ha cuMBoOJIbHOM JILL/I-mucmiee 2ml6 win 4m20. Ecim ucnonb3yens
MUKPOKOHTPOJLIEP ¢ 00beMOM (DJISII-TIAMSITH, MHUHHEMYM 32K, TO TaKKe MOXKHO ITPUMEHHTD
rpacduyecknii gucieil 128m64 mukcens ¢ kouTpostepom CT7565 mim CCH306. Ilpu srom
4-iposoxnoit narepdeiic CTIN mmm W21 muHa J0MKHB GBITH HOAKIIOUEHB BMECTO 4-GHTHOTO
napaJuiesibnoro unrepdeiica aua CCDH306 konrposnepa. Insa xkonrposiepo HT7108 wmim
KCO0108 Bsl 10/12KHBI HCIIOJIB30BAThH Ipeodpa3oBaTeIb IOC/IeI0BaATe/TbHO-TIapaIe/IbHOro nuTepdeiica
74XII(T)164 wim 74XI1I(T)595. Hucmieit ¢ konrposnepom [TID8812 wm TIIID8814 mMoxer
OBITh UCIIOJIb30BAH TOJILKO 0e3 OOJIbIINX MKOHOK JIJIsi TPAH3UCTOPOB, TaK KaK pa3mMep JIMCILIes
102m65 man 96mb5 nukcesieil HeaOCTATOYEH.

3amyck - ognokpatnoe nHaxkatne kKuonku TECT c aBrooTkTioueHmeM.

BosmozkHa paboTa 0T aBTOHOMHOI'O HCTOYHUKA, T.K. TOK IIOTPebIeHIs B BBIKJIIOUEHHOM COCTOSTHUN
He npepbimaer 20 nA.

Yro6bl yMEHBIIUTD TOK HOTPeOIEHUS B PEXKUME OXKMIaHNA H3MEPEeHH, IIPOrPaMMHOE 00eCIIeYeHne,
HauuHast ¢ Bepcun 1.05k, ucmosb3yer pexkum cHa (Cieen Moge) st MEKPOKOHTDOJLIEPOB
Armeral68 mim ATwmera328.

Apromarnueckoe onpenenenne H-11-H u I1-H-I1 6unonspasix Tpansucropos, H- u [I-kanasHBIX
MOC®ET rpansucroposn, JOET Tpan3ucTopoB, IHOI0B, TBONHBIX JHOI0B, TAPUCTOPOB U CUMUCTOPOB.
Jjist THPUCTOPOB U CUMUCTOPOB YPOBEHb OTKPbITHUS J0J2KeH ObITh JjlocsiraeM Juist Tectepa. st
NTI'BT Tpansucropos curnas 5 V jgoszkeH ObITH JJOCTATOYHBIM JIJIsi OTKPBITAS TPAH3UCTOPA.

ABTOMaTHYECKOE onpegeJaeHue paciioJO2KeHUA BLIBOJOB dJIeMEHTa.

Wszmepenne koddpuimenTa yCUIeHUd U MOPOTOBOr0 HAIPAXKEHU 0a3a IMUTTED OUIIOISIPHOrO
TPaH3UCTOPA.

Tpanzucrops! lapuHrTOHA HACHTUDUIUPYION 110 IOPOrOBOMY HAIPSKEHUIO U KOIMDDUIIUEHTY
YCUJIEHHUS.

Obuapyxkenne 3amuTHOTO auojga B bunonsapusix 1 MOCDOET tpanzucropax.

M3mepenue mOpOroBoro HaIpsAzKeHUs 3aTBOPA, 3HAYEHHE eMKOCTH 3aTBOPa U P ooy 10 HapszKeHIe
zaTBopa okosio 5 V' B Tpanszucropax MOCODET.

Wsmeperue moporoBoro HalpsizkeHusi 3aTBopa u BesimduHbl émkoctu 3arBopa MOCDET.



13. V3meperue 0IHOTO WK JBYX PE3UCTOPOB ¢ H300pazkeHneMI—— CUMBOJIA PE3UCTOPA U TOTHOCTHIO
110 4 pecaruanbix mudp. Bee cuMBOJIbI NPOHYMEPOBaHbI COOTBEITBEHHO HOMepaM Hiyos Tecrepa
(1-2-3). Takum 06pa3oM, HOTEHIIMOMETD TaK¥Ke MOYKET ObITh H3MepeH.

14. Pazpemenne uzmepenusi conporunserus 10 0,01 2, a Bermauna uzmepenus - ;10 H0 M.

15. Ompenenenne n w3MepeHHe OJHOIO KOHIEHCATOPA € M300payKeHHeM CUMBOJIA KOHIEHCATOPa
—— Oupenenenne u usmepenne 0xHOro KOHIEHCATOPA ¢ H300PAZKEHIEM CHMBOJIA KOHICHCATOPA,
¥ TOYHOCTBIO [0 YeThIPEeX JeCATHIHBX Midp. MKOCTh KOH/EHCATOpPA MOKET OBITh 3aMepeHa
or 25 pF' (8 MHz, 50 pF — 1 M Hz) no 100 mF. Pa3spemenne nsmepenns: cocrapiser 1 pF
(8 MHz).

16. ECP kougencaropa u3mepsierisg ¢ pasperernem 0,01 2 11g KOHIEHCATOPOB EMKOCTBIO OoJtee
20 nF' n oTobparkaelst YNCJIOM ¢ JABYMsI 3HAYAIINMHI JeCITHIHBIMI IHMPaMU. DTO BO3ZMOKHO
T0J1bKO 151 ATMeral68 mwin ATmera328.

17. JIna konpencaropoB éMKOcThIo Bhitiie 5000 pF' MoxkeT ObITH OmpeseseHa moTepsi HalpazKeHus
0CTIe BO3/IefiCTBIS UMITY/IbCa 3apsaaKku. [loTepst HAIpszKeHus JaeT ONEHKY J0GPOTHOCTH (KauecTsa)
KOHJIEHCATOPA.

18. Omupenenenne 10 ABYX AUOI0B ¢ H300paKeHNEM HX CHMBOJIOB P M B TPaBUJILHOM
nopsiake. /lomotHuTe IbHO 0TOOpazKaels IpsaMoe IIajieHne HAIPSKeHUs Ha JIHO/Ie.

19. Cereromuon (JIEJ]) onpenessienst Kak JHOM € TPSMBIM HAMPsI?KEHHEM BBIIIE, 9eM Yy OOBITHOTO
auoja. /IBa cBeTomosa B OHOM 3-X BBIBOJHOM KOPITyCe TAKyKe ONPeJIeIsIoNs, KaK JIBa JTU0/IA.

20. CTabuauTpOoHBI MOTYT OBITH ONPE/IEIEHBI, €CTH UX 00pPaTHOe HAIpPsizKeHne pobost Huxke 4,5 V.
Onn oTobOpazKkawrd, KaK JIBa JUOA, U MOTYT OBITh HAEHTH(OUIINPOBAHBI, KAK CTAOUJIUTPOHBHI,
TOJIBKO O HAIpszKeHWo. HoMepa BBIBOIOB, COOTBENTBYIONIHE CIMBOIY JHO/IA, B 9TOM CJIyUae,
UJIeHTUYIHBI. PeaTbHBIN BBIBOJ aHOJA AWOJAa MOXKHO UIeHTHMOUIUPOBATH TOJBKO MO HAIEHUIO
Hanpszkerns (okono 700 mV')!

21. Ecau onpepeigend 6osee geM 3 IH0/a, YUCIO0 JUOTOB OTOOparKaeld JOMOJTHUTEILHO C COODIIEHIEM
O TOM, YTO JEMEHT MOBPEXKIEH. DTO MOMKET IIPOU30HTH, TOJBKO €CJIU JTUOIALI IIPUCOEINHEHBI
KO BCEM TPEM BBIBOJAM, U, 110 KpailHell Mepe, OJIMH U3 JUOJ0B - cTaduIuTpon. B arom ciiyuae
HEOOXOIMMO TTPOU3BECTH U3MEPEHUs, MOJACOEeJIMHUB K JBYM IiiynaM Tecrepa cHadasa oy napy
U3 TPEX BBIBOJOB dJEMEHTa, 3aTeM — JIOOYIO JIPYTYIO Mapy BHIBOJOB 3/JEMEHTA.

22. N3mepenue BeJMYUHBI 6MKOCTH OJMHOYHOIO JIMOJIa B OOpaTHOM HallpaBjieHuu. DunojagapHblit
TPAH3UCTOP MOYKET TaK:kKe OBITh MPOAHAIN3UPOBAH, €CIN MOAKIIYATH 0a3y U KOJIEKTOP N
6a3y u smurrep. Ecin ncnonpsyens ATmera ¢ oobemoMm dumam-namaru 6ostee 8K, To namepsernd
obpaTHBIi TOK aH0Ia ¢ paspemenneM 2 nA. 3HadeHHe BRIBOIUIA HA JIUCILICH, €CJIU OHO OOJIbIINe
HYJIs.

23. O,ZLHPIM U3MepenuneM MO2KHO OIIpeJe/JIUTh Ha3HadeHKe BbIBOJOB BLINIPDAMHUTEJILHOIO MOCTa.

24. Konpgencaropbl éMKOCTbIO HUXKe 25 pF' 0OBIYHO HE ONpEee/dioNsd, HO MOTYT ObITh U3MEpPEHbI
BMeCTe C TTapaJIeJIbHBIM JTUOIOM WU TTapasieTbHBIM KOHJIEHCATOPOM, EMKOCTRIO OoJtee 25 pF'.
B sTom caydae u3 pesysibrara n3MepeHus HeoOX0INMO BBIYECTh éMKOCTD TTOIKIIOUEHHOTO NapaIeTbHO
saeMenTa. /[y KOHTPOJLIEPOB, UMEIOIHX MO KpaitHeit Mepe 32K dusm-naMaT ocyimecTBiaserns
aBTOMaTHYECKUHl 11epexo/ Ha IUKJINYEeCKUH PEXKUM U3MEPEHUs, eC/in KOHJeHcaTop ¢ boJjiee yeM
25 pF nonkmoden k TP1 u TP3. B arom pexume m3amepeHusd KOHAEHCATOPOB Bbl MoxkeTe
U3MEpPHUTH EMKOCTH KOHJIeHCATOPOB HIkKe 25 pF' B TP1 u TP3 nanpsamyio.



25.

26.

27.

28.

29.

30.

31.

32.

33.

s pesuctopoB comporuBiaenuem nm:xke 2100 €, ecan ATwmera ¢ oobemom Oomee gem 16K
udI-amMsiTH, W3Mepsiels WHIYKTUBHOCTh. VIKOHKA WHIyKTHBHOCTHwanv— OyJ/IeT MOKA3aHA 38
nkOHKOHI—. /Inamazon u3mepenuii ot 0,01 mH 1o 20 H, HO TOYHOCTH He BbicOKa. [loyunTn
pe3yIbTaT U3MEePEeHUs. MOKHO TOJBKO C € IMHCTBEHHBIM MOJIK/IIOYEHHBIM 3JI€MEHTOM.

Bpewms TecTupoBanus O0IBITMHCTBA 9JAEMEHTOB COCTABIET TPUOJIU3UTEIHLHO 2 ceKyH/Ibl. V3Mepenue
éMKOCTHU WJIM WHIYKTUBHOCTH MOTYT yBEJIHYUTH BPEMS TECTUPOBAHUSI.

[Iporpammuoe obecrieyenune MOXKET KOH(MUI'YPUPOBATHCs, YTOOBI IIPOU3BECTU Pl U3MEpPEHUi
npexk/ie, YeM nuTanue OyAeT OTK/II0YCHO.

B dyHkiuu camonpoBepKu BCTPOEH JIONOJHUTEbHbIA reHepaTop 4actorbl HAa 50 Hz, 4Todbl
IPOBEPUTH TOYHOCTH TAKTOBOI 9acTOTHI (TOJBKO JJIsl KOHTPOJLIEPOB ¢ 00beMoM Oosee gem 32K
dbsm-namsaTn).

[Moakrouaemoe, B pezKuMe CaMOIIPOBEPKH, 000PYI0BAHUE JI/1sl TAPUPOBKYU BHY TPEHHETO BBIXOIHOTO
COMPOTHBJIEHHUS MOPTA W CMEIEHNsT HyJIsl IPU U3MepPEeHUH EMKOCTH (TOJBKO NI KOHTPOJLIEPOB

¢ obbemoM Gostee yem 16K dusnr-namsitu). [Iist TapupoBKE HEOOXOAUMO MOJAKIIOUUTH K Ty IAM

1 u 3 BHemIHWIT BRICOKOKAYECTBEHHBIN KOHJAeHCATOP éMKOCThI0O Mexkny 100 nF' u 20 pF 91o0bI
U3MEPUTH BEJUYNHY KOMIIEHCAITMY HAIMPSKeHUS CMeNleHUs aHAJIOTOBOTO KOMIAapaTropa. JTO
YMEHBIIUT OMUOKN M3MEpPeHusi eMKOCTH KOHJAeHCATOPOB 0 40 pF. DTOoT Ke KOHJIEHCATOP
OpUMEHSIeTsT IPH KOppeKiun Hanpsizkenns: saytperrero NOH, 3amepenHoro s moacTpoikn
macmrraba AIITT mpu w3mepenun ¢ Bayrperaum MOH.

Orobpazkenne 06paTHOrO TOKa KOJIEKTOpa [cpg MPH OTKJIIOYEHHOH Gase (¢ paspernieHnem
1 uA) m 06paTHOTO TOKA KOJLIEKTOPA TIPU KOPOTKO3AMKHYTHIX BBIBOAAX 0a3bl n smuTTepa Iops
(tonpko miag ATwmera ¢ obbemom dudm-namara Gombire 16K). Dtu 3nauennsa oTobpazkaions
ecJIM OHU He PABHBI HYJO ([JIABHBIM 00pAa30M, Il FéDMAHUEBBIX TPAH3UCTOPOB).

Jnas ATwmera ¢ oobemom ¢udmr-namsitu He Meree 32K Tectep 3amyckaeT MUKJIMIECKHI TeCT
CONPOTUBJIEHUS PE3UCTOPOB, KAK TOJIBKO Pe3uCTOp Oy/1eT 0OHApYKeH B TeCTOBBIX KOHTAKTax 1
(Th) u 3 (T113). Ecain BBl BHIOGpAJIH JOMOTHATENLHOE H3MEPEHUe HHIYKTHBHOCTH JyTst DY HKITHN
HUKJITIECKOro TecTa pe3uctopos B Makeduiie, 3a1as napamerp PMETEP _IIUTX _JI, 1o unjgykrusnoct
TAKzKe MOXKeT ObIThb OlpejesieHa W M3MEpeHa B ITOM PeKUMe. ITOT MUKJIMIECKHH PerKuM
paborhl oboznavaerg [P] wan [PJI] cnpaBa B mepsoit crpoke skpana jguciures. Taxnm ke
obOpa3oM 3amycKaelsd MUKJInIecKoe M3MepeHre 6MKOCTH, eCJIi KOHIeHcaTop, obHapykeH B Tb n
TII3. 1ot pexkum paboThl oTobpazKaens cumposiom [LI] cipasa B mepBoil cTpoke. B uKIn4eckoM
TecTe KOHJIEHCATOPOB, BO3MOXKHO omnpeaenenue émkocteir or 1 pF. Ho ang aBromMaTudeckoro
3aIyCKa MUKJIMIECKOIO TeCTa 6MKOCThH KOHJEHCATOPA A0JIzKHA ObITh Gosibiine 25 pF. [Tuemuaibubie
peXKuMbl MOTYT OBITH 3aBepiierbl HazkaTreMm kjaasumin TECT. Tecrep Bepuens K oObr4HOMY
peKuMy pabOoTHI.

N3 nma/ioroBOro MeHH MOXKHO BHIOpAaTh m3Mepenme 4actorhl Ha mopry 114 maa ATwmera.
Paspemntenne cocrapiager 1 Hz mia mamepsiembix dactor Beite 33 kHz. asg Oosiee HU3KHAX
JacTOT paspernerne MoxkeT ObIThH 110 0, 001 mH z ¢ u3MepeHueM cpeHero mepruoaa. Bel JOIKHBI
O3HAKOMHTBCS C TIOIpa3/1eIoM u3MepeHns 9acToTsl [2.2.4|na crpanune [[3] a1a yrounenns neraseit
MOJIK/TIOYEHNS CUTHAJIA, YACTOTHI.

W3 MeHI0, TPU OTKJIIOYEHHONR (DYHKIIUHU IIOCJIEI0BATE/IHLHOTIO TOPTa, MOXKHO BBI3BATH (DYHKIIHUIO
n3Mepenns Hamnpskennd no 50 V' mpu menmonws3oBannm Aenutend 10:1 ma mopty I3, Ecan
ucnosab3yerss ATwmerad28 B kopmyce TTJIHIL, To mis namepennst MOXKHO HCIOJIb30BATh OAUH U3
OO THUTETHHBIX TOPTOB BMecTe ¢ YAPT. Eciu npucynrsyer mema n3mepeHus CTaOnInTPOHOB



(JLI-1T mpeoGpasoBaTesh), U3MepeHne CTabUINTPOHOB TAKYKe BO3MOYKHO € TOMOIIBIO ITOI
dyuxiun, naxas knonky TECT.

34. U3 MeHI0 MOXKHO BBIOpATh (DYHKIHIO TeHepaTopa YacToThl Ha TecToBoM KonTakTe T'h (ITHB2

nopt ATwmera). B nacrosiiee Bpemst MOKHO IpeJiBapUTeIbHO BoIOpaTh dactorsl 0T 10 Hz 110
2 MHz.

35. U3 nquasioroBoro MeHio (pyHKIHI MOYKHO BBIOPATH BBIBOJ (PUKCHPOBAHHON YACTOTHI ¢ BO3MOYKHOCTHIO
BBIGODA MIUPHUHBL UMITyJIbca Ha TecToBoM KoHTakTe T'b (I1B2 mopr ATwmera). ITlupuna moxer
ObITh yBemueHa Ha 1% npu kparkospemeHHOM HaxkaTuu nau Ha 10% npm Gosee nauressbHOM
nakaruu KHonku TECT.

36. U3 nuaJjioroBoro MeHio (pyHKIIH MOYKHO 3aIIYCTHTD OTAEAbHOE H3MEPEeHNnEe EMKOCTH C U3MEPEeHUEM
ECP. Toabko xoumencatopsl or 2 pF mo 50 mF moryT ObITH W3MEDEHBI B IIeMe, TaK Kak
UCITONIB3Yyeld Hu3Koe, okoao 300 mV HampskeHwne.

37. Ecau Bam konrposnep ATwmera umeer o kpaiineii mepe 32K dusnr-navsaru (Mera328), y Bac
€CTb BO3MOKHOCTH HCIIOJIb30BaTh MeTo 1 nuckperu3anuu AIIIT, KoTopslii I03BO/ISIET HCIIBITHIBATH
KOHJIeHCATOphI ¢ éMKocThio Menbline 100 pF' ¢ paspemenuem 0,01 pF. C npuMeHeHHEM TOrO
JKe MeTo/1a, MOXKHO TaKxKe U3MepPSATh HWHAYKTUBHOCTH KaTYITKH MeHbIe 2 mH co 3HaYuTeIbHO
OO0JIbIIIel TOYHOCTHIO IYTEM CO3J@HKUs PE30OHAHCHOIO KOHTYPa C HAPa/LIeJbHO BKIIOYEHHBIM
KOHJEHCATOPOM U3BECTHON €MKOCTH.

Bol moKHBI yOEIUTHCS, YTO BCe KOHJIEHCATOPHI PAa3PAYKEHbBI Mepe Havaa0M JI00BIX N3MepPeHMi.
TupucTopbl 1 CHMHCTOPBI MOT'YT OBITH OOHAPY?KEHbBI, €CJIU UCIBITATEIbHBII TOK BBIIIE TOKA YAEPKAHUS.

HekoTopbie TUPUCTOPHI U CHMUCTOPBI HY2KJAI0Is B 00Jiee BBICOKHUX TOKaX, 4eM 3ToT TecTep mMoxkeT
obecrieunth. JlocTynHBIR TOK TecTupoBanus Toabko 6 mA! Takke II'BT moryT 6bITh 00HADYIKEHBI,
ecan 5 V' 10CTaTOYHO JJIsi UX OTKPBITUS. 3aMETHTe, YTO MHOIHE JONOJHUTEIbHbIE (DYHKIUA MOLYT
OBITH JOCTYIIHBI MPH HCIOAB30BAHNN KOHTPOJLIEPOB C JOCTATOYHBIM OOBEMOM TaMSITH, TAKHX KakK
ATwmeral68. OpHaKO TOJIBKO IPH UCIIOJIB30BAHIMN KOHTPOJLIEPOB, B KOTOPHIX, 110 KpaiiHeit mepe 32 kB
dum-namsaT, Takux kKak ATmera328 win ATwmeral284 noctynHBI Bee (DYHKIMH.

Buumanue: [Tepen noakaovennem yoeauTech, 9T0 KOHAEHCATOPBI paspaxKeHbl! Tecrep
MOZKeT ObITH MOBPEZXKJIEH U B BHIKJIIOYEHHOM COCTOAHHH. [ICTH TOJILKO HEDOJIBINAs 3aIUTa B OPTaX
ATwmera.

Eciiu Tpebyeng mpoBepuTh 3JIEMEHTHI, YCTAHOBJAEHHDBIE B IIeMe, TO 0D0PY/I0BaHUE JIOJIZKHO OBITD
OIIOEIMHEHO OT UCTOYHHUKA MUTAHMS, U JOJIXKHA OBITH TOJIHAs YBEPEHHOCTH, YTO OCTATOYHOE HANPA>KEHUE
OLLYIITBYET B 00ODY/IOBAHUM.



I''taBa 2

AnmaparHble cpeJcTBa

2.1 IIlema Tectepa

Ilema Ha pHCYHKe ocHopana Ha meme Mapkyc ., u3 npoekra ABP Tpancucroprecrep [I.
I3MeHeHHBIe UM IepeMeleHHbIe 3IeMeHTHl OTMeYeHbl , JOTIOTHATE/IbHBIE 9TeMEHTHI
OTMeUYeHBI KPACHBIM I[BETOM.

Hebosbinue n3mMeHnenus: BHECEHBI B JIEKTPOHHBIN BHIKJIIOYATEb NMUTAHUSA, KOTOPBI CO3/aBaJI
npobJIeMbl B HEKOTOPBIX peanu3anusx. Pesucrop P7 ymennbmen j10 3, 3 k€. Kougencarop 112 ymenbiien
0 10 nF'. P8 nepenecen Tak, 4Tods! BeIBOJ nopra 1116 6611 nogkaioden K konjgercaropy L2 gepes
HEro, a He HelOCPeJICTBEHHO.

JlonoiHuTe /IbHBIE OJIOKHPOBOYHBIE KOHIEHCATOPI JI0JI2KHBI OBITH YCTAHOBJIEHBI Y BHIBOIOB ITUTAHUS
ATwmera n y BBIBOIOB cTabmm3aTopa Hanpsizkenus. JJobaBaeH OauH JOMOTHATEAbHBI MOATITHBAIOITI I
pesuctop Ha 27 k) k BeiBoAy mopTa 117 (BeiBOA 13 ATwMera). B sroit Momudukamnmu nporpaMMHOe
obecnieuenne orkiaouaeT BCE BHyTpenHune nonrarupatoriue pesuctopsl ATMera.

Jobasen pononnureabublii kBapi Ha 8 M Hz ¢ kougencaropamu hl, 'h2 na 22 pF'. Tounocrnb
KBapIla JIaeT BO3MOXKHOCTH 00JIe€ TOUYHOTO U3MEPEHUsI BPEMEHU JIJIT TOT0, 4TOObI M3MEPUTH EMKOCTD
KOHJIEHCATOPA.

HoBas Bepcust mporpaMMHOro obecievdenns MOXKeT HCIIOAb30BaTh MepeKII0UeHne MACIITa0a HAPAKEeHIA
ATIIT. CropocTh nepek/rodenus 3apucut ot BHenrHero kouaencaropa i na APE® (BoiBox 21 ATwmera).
Yrob6br n36e:KaTh 3aMeJIEHIS Ha BEJIMINHY OOJIBINYI0, YeM HEOOX0AUMO, EMKOCTH 3TOI0 KOH/IEHCATOPA
JIOJIZKHA, OBITH yMenblena 10 1 nkF'. MoxHo Boobie yaaanTb Konjaencatop h.

Jlnst aganTaiuy IporpaMMHOro obecriedeHns K KOHKPEeTHOH meMe HeoOX0IMMO ITOCMOTPETh OIIHUH B
Makeduiie B pasaene kondurypanun (4 na crpanure 49|

Coorromenne pesucropoB P11/P12 onpenensier BeTuanny HaNpsizZKeHUs 1151 KOHTPOJIST pa3psiia
Garapen muTaHus. 1 MpECIOCOONIT CcBOe TporpaMmuoe obecriedenne K opurunaaay ot Mapkye @. [I]
¢ Besmmuunamu pesuctopoB 10 kQ u 3,3 kS). ConporusiieHre pe3ucTOPOB B JICJIUTEIC HAPAZKEHNAA
MOYKHO YCTAHOBUTH B Makedue.

Jononaurensroe onoproe Hanpsizkernne 2, 5 V', mogannoe na mopt [1114 (A JI114), MozxeT nenoan30BaThes,
9T00BI TPOBEPUTH U OTKAINOpoBaTh Tecrep Ha mmerorieecs: Hanpsizkenne BIILL (He obsi3aresnbho). B
kadectse LOH moxuo ucnoabsosars JIM4040-A1132.5 (0,1%), JIT1004113 2.5 (0,8%) nnu JIM336-

32.5 (0,8%).



Ecmu me ycranoiaen MMIOH u He mpemycMoTpeHa 3alliuTa ¢ HCIOJIb30BaHUEM pese, Bbl T0MKHBI
ycTanoBuTh norsrusatoniuit pesucrop P16 k I1114 ¢ Beicokum wHomuuamom (47 k). D1o nomozker
nporpamMMHOMY obecriedennto 00HapykuTh onynreyoomuit MOH. Tonosaurensusiii uatepdeiic CTT

OBLIT J100aBJICH JIJIT YIPOIIEHUs 3arpy3Kd HOBBIX BEPCHUil IPOTPaMMHOTO OOeCIIeYeHus .
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. 2.1. HoBag mema TecTepa

Tabnuma MOKAa3bIBaeT Ha3HavueHue MOPTOB [l I pas3sJauvHBbIX JAUCILIEEB W JIOTOJTHUTETHHBIX
nogksaouennit. nst marepdeiica CIIU curmnan JILJI-IIE npucynrsyer ma nopry ATwmera. Bxon
curnana [IE (Hun Exa6me) mucnes takzke moxker 6urmb nogkiaoder k [HIT Bvecro nogkmoderust
ero K Beixoay curnasta JIIJI-TIE ATwmera.

CHuMBOJILHBII CT7565 CT7920 JIILI | HT7108 JIIIJT | CCDH306 JlomoiHATEIbHAS
ITopr JILLT JILTT cepua cepuaut 211 dynkuns
[1J10 JILJI-J14 JIJI-PECT | JIILJI-PECT 595-1TLJIK
b JILI-/15 JII-PC JII-TTC2 DHKOIED 2
11 JILJI-/16 JIJT-CIJIK JIJI-BO 164-595-1TJIK | JIITJT-CJTA
1S JULI-J17 JIJI-CU JILI-TTICT Dukomep 1
[114 JILJI-PC JILJI-PC Buemnsasa gactora
164-595-CEP
[1J15 JILJI-E (JILLI-ITE) JILJI-EH JILJI-EH JILI-CLJT
[1A7 KHOTIKA KHOTIKa KHOTIKA KHOIIKA KHOIIKA

Tabuna 2.1. Haznayenne KoHTaKTOB nopta J i1 TOJK/IIOUEHNS PA3JIMIHBIX JTUCILICEB

[IporpammMuoe obecriedeHe MOYKeT H3MEHSTh Ha3HAYeHHe BBIBOJIOB TopTa /1 /i y100cTBa pa3BOIKH
JII - nucruiest. B raboune 2.2 nokasaubl BapuaHThl moAKI09eHAs 1yist Bepeun Crpun ['pust u nojkIodeHust
rpadugecKkoro HHIMKATOpa K MUKPOKOHTpostepy ATmera3d28. Takzke yKa3aHo HCIOJIL30BAHNE BXOI0B
HOPTOB Il JOTMOTHUTEILHBIX (yuknuit. [Ipu momcoenunenun rpadudeckoro ajgantepa K ILIaTe
sepcun Crpun T'pug (ommus CTPUTITPUI BOAP/i1) dbyHKIms u3MepeHus 9acToThl HE MOKET
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OBITH WCTOb30BaHa, oToMy uTo nopT 1114 (T0) ucnoansyers. Ho 3710 coeuHenne UCIOIb3YeIs B
KUTafCcKOl Bepcuu ¢ rpadudeckuM JuciieeM. B G0bIIMHCTBE CIydaeB JONOJTHUATEIbHbIe (DYHKINH,
TakWe KaK WCIOJb30BaHWE SHKOJepa WM YacTOTOMepa IPOINe Peajn30BaTb B BEPCHU TeCTepa C
CUMBOJIBHBIM JIMCILIEEM, MMOTOMY YTO BCE CUTHAJBI JAHHBIX IMPUCYITBYIOT B pa3beMe MOMKIIOYeHN

AHCILIIES.

Cuwms. JILA | CT7565 JILLA | CT7565 JILI | domomnosauTresHas

[Topr 1l 11 CTPUILTPUT dyHKIUS
[1J10 KHOIIKa

[HU5) JILJI-J17 JILI-CU JILLI-A0 (PC) DuKomIED 2

111 JILL/I-/16 JILI-CLJIK JILI-PECT

I1S JILA-5 | JIIA-A0 (PC) | JITA-CLJIK DuKozep 1
[114 JIL-/14 JILJI-PECT JILJI-CU Buemnugasa gactoTa
M5 | JULE | (ILLIE)

[J17 JIJI-PC KHOTIKA, KHOTIKA,

Tabnuma 2.2. Haznagenus nopros ¢ ommueir CTPUIT_ T'PU_BOAP/I

2.2 YaydinmeHud M pacummpeHus K mmpudbopy

2.2.1 3amwmra nmoproB ATmera

Jlnsa samurer ATMera BBOIUISE OJUWH W3 JBYX BapHAHTOB ITE€MBI 3aIUTHI M3 IIPEICTABACHHBIX Ha
PHUCYHKe B nepBoM BapuaHTe KOHTAKTH 00€CTOIeHHOTO peJe 3ammuinaoT ATvera mpu onynrsuu
HAIIPsI2KeHUsT TUTanust. KOHTaKThI OyIyT PA30MKHYTHI ITPOrPAMMHO, KaK TOJIHLKO HATHEIlsS H3MepeHue.

Bo BTOPOM BapHaHTe 3alliuTa IIPpKu MIOMOIIN ANOA0B YMECHBIIACT BEPOATHOCTD ITIOBPEZKACHUA ITIOPTOB
ATwmera pyu NOAKJIIOYEHNN KOHAEHCATOPa C OCTATOYHBIM HaIlPDAXKEHUEM.

CirenyeT 3aMeTHUTh, IYTO HU OJHA IIeMa He JaeT MOJHOR rapanTun 3amuThl ATvera oT ocTaToIHOro
3aps/ia KoHgencaropa. [loaromy, nepes rectupoBaHueM, KOHAEHCATODP 00S3aTEIbHO PA3PIInTh!

— TP1
— TP2
BITII y . TP3
onep & bar
1 (3 |4 |6
abx?urur Bon Ypere S S -
TVCC 5 YAVYAYVYAY
Fj P6KE6V8A* ‘OO“F%z 7f
PC4(ADC4/SDA) PCO(ADCO) —— > TPI
PCI(ADCI) »— TP2 SRV05-4
PC2(ADC2) >— TP3

(a) ¢ mcosmm30BaHMEM peJte (6) ¢ ucosL30BAHEEM JTMOJIOB

Puc. 2.2. 3amura Bxom0B ATMera
Bui MoxkeTe yIydiuTh 3aluTy, yCTAHOBUB peJie C TpeMd IPyIHaMi KOHTAKTOB, KaK TOKa3aHO Ha
pucynke 2.3 Paspsinustii Tox orpanmuaen pesucropami, Bxogbl ATMera OTKIIOYEHB! B 3aIHITIEHHOM

pexkume. CrieyeT MOMHUTB, 9TO TeCTep He BallUIIEH B PeKUMe TTOCTeI0BATEIbHBIX (IIHKITIECKHX )
H3MEPEHUA.
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BIIII

ozep Ybar abxTHrur

BC547
BOH Y Penasic

O
PCA(ADCA4/SDA) PCO(ADCO) — © o TPI

——+0 ,

© o TP2
L —1 57 °

PC2(ADC2) o'

PCI(ADCI)

Puc. 2.3. Vayudiiennasa 3amura ¢ peJie

2.2.2 WN3mepeHme cTaOMJIMTPOHOB C HampsakKenuem Oosiee 4 B

Ecain YAPT ne tpebyens, mopr 1113 MoxkeT MCIOIb30BaThCI B Ka4eCTBE aHAJIOTOBOTO BXOJA I
U3MepeHns BHENTHero Hanps:KeHud. Hampskenne moxkeT cocTtaBuTh g0 50 V' ¢ J0TMOTHUTETHHBIM
pesuctuBHbIM Jenautenem 10:1. Ha pucynke Ipe/icTaBAeHa TeMa I U3MepeHUs HalpsyKeHue
npobos cTabmanTpoHa 1pu HU3KoM yposHe Ha mopre ITJI7 ATwmera. Tecrep mokasbiBaeT BHEINTHee
nanpszkenne, moka Ber gepxkurte knonky TECT naxaroii. Tok, morpeb/iseMblit oT baTapen nuTaHus,
IpH 9TOM BO3pacTaer, npuMepHo, Ha 40 mA.

|
' Tactep )
i R19 S
U ! ——L—F+—— Vout+l . =
erITepie — ext ! Uext o out+15 Vins }7
2 ‘ —1com DC-DC Conv. 33uH
Cnannysr | — = 1 CI3]1uF IRFU9024
in— (=}
% Vout-15 Vin o= g
serial / PC3 : TMAO0515D 98 z. O J-
! S| &
‘ S
‘ Ubat —H—<
i © 3
1 o
Xar Ilnar3 ayd mep Ilrarune! - ComnTe cemapaT IOCHTHOHUEPT Iepen! —F

Puc. 2.4. [llema a1 u3MepeHus: mapaMeTpoB CTaOUIUTPOHOB

Pesuctusnpiii geaurens 10:1 MoxKeT OBITH UCHOJIB30BAH JIJIT U3MEPEHHST BHEITHUX HAIPSXKEHUI
npu BEIOOpE U3 MeHIo jonoaHuTeabHbIX (pynkmuit B ATmerad28. [Tpucynrsue JI11- 111 npeobpasoBaresis
NI U3MEPEHNs CTabMINTPOHOB HE MeITaeT, Tak KaK KHOIKA He yIeP:KUBACHd B HAKATOM COCTOSHIH
u, coorBenrrenno, HII- /111 mpeobpasoBarens obecrouer. Takum 06pa3oM, MOYKHO U3MEPSATH HAIIPSIyKEHe
HOCTOSTHHOT'O TOKA 710 50 V' TOJIBLKO MOJIOKHATEILHON MOJIIPHOCTH, 00A3aTe/IHHO CODIIONAS MOJISIPHOCTD.

2.2.3 T'enmepaTtop 4acTOTHI

W3 MeHIo JTOHNOJHUTETbHBIX (DYHKIMI, Tpu Hcmoab3oBanun ATMera, MoKHO BBIOpaTh T€HEPATOD
qacTorbl. B Hacrosiiee BpeMs 1ojjiepxKuBaelss BoiOOp dacror B Juanaszone or 1 Hz no 2 MHz.
Beixoguoit curnas 5 V' uepes pesuctop 680 () BuiBommis Ha TecToBhlit KOHTAKT 1'b. B kauectse
curnasia ['HJI, npu sTom, moxuo wucnonb3zoars ['HJI JII-/I11 npeobpazoBaresis wim TECTOBbLI
koHTakT T'b. Tectosbiit kontakT TII3 moxcoeaunen x ['HJI depes pesucrop 680 €. Koneuno, Bor
TaKzKe MOYKeTe HCI0JIb30BaTh nopT 1162 1 moak/odenus oT1e/1bHO# MeMbl YCHIHTEsI-OPMHUPOBATEIS .
Ho Bxox 9T0ii memMbl He JOJIXKEH CO34aBaTh OOJBINYIO0 HATPY3KY I mopra ATwMera.
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2.2.4 H3mepeHHue 4acToOThI

JI1st MCIoIb30BaHus JOTOJHUTEIbHOW (DYHKIHE M3MEPEHNsT 9acTOTHI, MOTpeOyels He3HAYUTeIhHAS
nopaborka Tecrepa. [lag m3amepeHusi 4actoThl ucnosb3yerns mopt [114 (TO/TIITMHT20) ATwmera.
DTOT 2Ke MOPT UCHoJAb3yelsd id nojakaodenus JILJI-aucnies. B cranpapraoM BapuanTe K HOPTY
[114 noakmrouen curnan JILJI-PC, B BapuanTe crpun rpus - curuan JILJI-14. /I1g oboux curaaion
nopt IIJI4 moxkeT ObITH HEPEeKJII0YeH Ha BBOJ, €CJW B JIAHHBIE MOMEHT He Tpebyells BbIBOJIUTD
nadopmanmio Ha JIIL/I-1ucneii.

OHaKO, JIyYIlle UCTO0JIb30BaTh JOTMOTHUTEIBHYIO TIeMY TOJIKTI0UeH!s, H300pazKeHHYI0 Ha pUCYHKe [2.5
Hamnpsizkenne ua BoiBoge nopra 1114 (JIII-PC win JII-/14) 1012KHO GBITH YCTAHOBJIEHO OKOJIO
2,4V upn orkaouennoit ATmera mim mojcrpoeno Bo Bpems u3mepenust dactorsl ATwmera, arodbt
HOJIYYUTh JIYUIIYIO YyBCTBHTE/IHHOCTH K BXOJAHOMY curnasy. Bo Bpems peryauposku JIIT/I-aucrieii
JIOJIZKEH ObITH YCTAHOBJIEH, ITOTOMY YTO TMOJATATHBAIONIME PE3UCTOPHI WHIMKATOPA MOTYT U3MEHHTD
YCTaHOBJIEHHOE HANPSZKeHUe.

A
q 10k
10k 470
PD4 {—{ F——+——TP4
10k 100nF

Puc. 2.5. /Tononnurenbuad mema Jijisi U3MEPEHUSA YaCTOTHI

2.2.5 UlcnoJab30oBaHUE ITOBOPOTHOIO 3HKO/Epa

s 6osee ymobuoro jgocryma k Mento jgomnonnurenpubix dynkmmii gaas ATwmera328, Bor moxkere
JOIOJIHATD IIEMY, YCTAHOBUB HHKPEMEeHTATbHbIN SHKO/ED ¢ KHONKOi. PucyHok [2.6] mokassiBaeT memy
MOJAKJIIOYEHNA K TeCTepy ¢ CUMBOJIbBHBIM J—IM BCG CUTHAJIBI AJId MTOAKJIIOYEHNA IMMOBOPOTHOIO MHKPEMEHTAJIBHC
HKOJIepa JIOCTYIHBI B pa3dbeMe noakaodenus JIL/1. [To stomy, Mogepau3amus BO3MOKHA 1718 OOJbINHHCTBA
CYIIECTBYOMUX TecTepoB. Bo MHOruX cuayuasx rpadudecknii JIIL/I cobpan Ha mepexomHOil TIate n
HNOJKJTIOUEH K KOHTAKTaM, TpeTHA3HAYCHHBIM M5 oK T0YeHns cuMBoabaoro JIIJI. Takum obpazom,
MOAepHU3alud B 9TUX CJAYy4YadX TaKzKe BO3MOXKHa.
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Puc. 2.6. [1lema nojk/roueHnsi TOBOPOTHOTO HKOIEPa

Ha pucynke HOKa3aHa OCOOEHHOCTH PadOThl JIBYX THUIOB HOBOPOTHBIX MHKPEMEHTAJIbHbBIX
9HKOJIepOB. B Bepcum 1 moJiHas 1MOCA€I0BATE/IHLHOCTh COCTOSHUS TepeKaovaTe/eil TPOUIIOANT PU
NOBOPOTE Ha JiBa (PUKCHpPOBAHHBIE MOJIOKEHUs. KOJMYecTBO MOMHBIX MUKJIOB B JIBA pa3a MeEHbIIe
YeM KOJMYIecTBO (DUKCHPOBAHHBIX MOJIOXKEeHUU 3a 00OpPOT 3HKO/Aepa. B Bepcum 2 mpum moBopoTre Ha
OJTHO (PUKCUPOBAHHOE TIOJIOXKEHUE TeHePUPYeTlsd MOJTHBIH UK COCTOSHUS KOHTAKTOB. B aTOM ciiyuae
KOJIMIECTBO (PUKCUPOBAHHBIX TOJIOXKEHUN COOTBENTBYET KOJUYECTBY IMUKJIOB 3a 0O0POT IHKOIEPA.
WNuorna, B Takux SHKOJAEpPaX, B KaxKJIOM (DUKCUPOBAHHOM IIOJIOZKEHUH COCTOSHUE IepeK/iovuare/iei
BCeT/Ia O/ITMHAKOBO.

! ! !
| | |
H | | | TymOiep A
| | |
| | |
. I I I
H | | | Tymbsiep b
! ! !
| | | L
S S T |
cromop f . cromop f . cromop
cocTosiHue 2 0 1 3 2 0 1 3 2 0 1 3 2
Bepcus 2
! ! ! ! ! !
| | | | | |
H | | | | | | TymOaep A
| | | | | |
| | | | | |
- I I I I I
i 1 1 1 l } | TymOsiep B
l l l l l l S
| | | | | |
CTOIOP | CTONOp @ CTONOP @ CTONOP @ CTONOp : CTOMOP
cocrosiHue 2 0 1 3 2 0 1 3 2 0 1 3 2
Bepcug 1

Puc. 2.7. Ocobennoctu ABYyX THIIOB TOBOPOTHBIX MHKPEMEHTAJIBHBIX SHKOIEPOB
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Pucynok MOKa3bIBaeT paboTy IHKOAEpPa, KOTOPBI MMeeT He TOJbLKO «JIpehe3ry KOHTAKTOB
HO W HEYCTONYMBOE COCTOSHUE Nepek/ovareasd B Touke dhukcanuu. Kaxioe uaMeHenue coCTOSHUS
nepexdaTeseil ompe/iessers MporpaMMoil n coxpaHsiend B nukandeckuii 0ydep. [Toaromy, mocieame
TPH COCTOSIHUS IepeKJrodaTesieil MOXKHO IPOBEPUTH IOCJTe KayKJI0I'0 U3MeHeHus cocTogHud. ia
KazKJIOTO IUKJIa MePeKTI0IeHNs COCTOSHUM, B OOIIeN CJIOXKHOCTH YeThIPe MOCIeI0BATETbHOCTH MOTYT
OBITH ONpeJieIeHbl I KayKI0r0 HAIPABJIECHUS BPAIIEHUS.

Eciu 3a oiHy (pUKCHPOBAHHYIO HO3UITUIO OCYIIECTBJISCIS OJIMH, MOJIHbIN, IIUKJI COCTOSHUN IepeK/Iodareies
TO JJIs MPABUJIBHOTO MOJACYETa JIOCTATOYHO KOHTPOJUPOBATH COCTOSHUE TMEePEK/JII0YaTeN S B OJHOM
kauase ([IIUTX POTAPBI_CIIUTY12 uau 3).

Ecau nng reHepanuu MOTHOTO MUKJIA COCTOSHWH TepeKTiodareseil TpeOyels MOBOPOT Ha JIBe
duKcHpoBaHHBIE TO3UINH, KAK TTOKA3aHO Ha pucyHkKe 2.8 Bol 70IKHBI KOHTPOJIMPOBATH MOCJIEI0BATETLHOCTD
nepeksodennst B aByx Kanatax (IINTX POTAPBI_CIIINTY11).

JLns sukoiepos 6e3 dukcanum, Bel MozkeTe BBIOPATDH JI00YI0 4yBCTBUTEILHOCTD K YIJIy TOBOPOTA.
Suavenne 2 m 3 yCTaHABINBAET HU3KYI0 UyBCTBUTENBHOCTH, | CPEJIHIOI0 YYBCTBUTEIHLHOCTH W D
BBICOKYIO YYBCTBUTEIBHOCTD.

[TojcueT UMITYIbCOB (KOJMIECTBO «BBEPX», KOJMUYECTBO «BHU3» ) MOKET ObITH 0GecIedeH moabopoM
OIIPEJIEJIEHHOT'O aJITOPUTMA, HO, B TO YK€ BPeMs, MOZKeT ObITh yTpayeH U3-3a HeyCTONYUBOIO COCTOSIHUS
KOHTAKTOB TepeKaoJdaresieil B TouKke (hpUKCAIUH.

N I |-

OKOIITeYKO b

| ; ; | : : |
! 3 3 ! 3 3 !
3alesakKa : 3alesakKa . 3allesika

cocrogane 0 2 3 1 0 2

BosmozkHBIE COCTOSAHUS C/leBa HALIPABO:
0 2020 2 3232 3 1313 1 0101 0 2020 2

Puc. 2.8. Dukozaep ¢ «apebe3roM» KOHTAKTOB MepeKIdaTeei

Eciu sukonep He JocTyneH Wik He 1eaecoobpas3ed u3-3a KOHCTPYKTHBHBIX COOOPazKeHnii, BMECTO
JIBYX KOHTAKTOB 9HKOJEpa, BBl MoKeTe MOACOeIUHUTD JIBe He3aBUCHUMbIE KHOIIKH JIJIsI TepEeMeIleHHsT
«BBepx» n «Bauss. B arom ciayuae 3nadenne onmuu [TITX_POTAPBI_CIINTY, mis KoppekTHOi
paboThl MPOTPAMMBI, JOJKHO OBITH YCTaHOBJIEHO 4.

2.2.6 IloakaodyeHue rpaduveckKoro aUCILIes

Boabmoe cnacu6o losipranr Cu. 3a BblOJHEHHYIO PAdOTY MO MHOEP:KKe MPUOOPOM KUTAWCKOM
Bepcun jguciies ¢ Kourposaepom CT7565. B macrosimee Bpemst Bbl TaKKe MOZKETe MOIKIIOYNTH
rpacduaecknit JILLT (128m64 nukceeit) ¢ kourpostepom CT7565. TTockonbky kouTpostep CT7565
HOJIKJTIOYACIIS IO MOCIe0BATEILHOMY HHTePdEHCy, TO TOJBKO YeThIpe CUTHAJIbHBIX JIMHUU UCIIOIb3YeIId.
JlBa BeIBOga mopra JI ATMmera moryT OBITH MCIIOIB30BAHBI A1g Apyrux 3amad. ATwmera mporeccop
JOIZKeH UMeTh, o Kpaiineit mepe, 32 kB daem-naMaTu 1 MDOLIEPKKA T'PapuIecKoro JTUCILIes .
CT7565 koHTpOLIED HCIOIB3YeT pabouee Hanpsizkerue 3,3 V. [loaromy Tpebyens J0MOJTHATEIBHBII
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crabumusarop 3,3 V. Hokymenrtarus K kouTposaepy CT7565 He gomyckaeT NpsiMOro MOAKTIOUEHN
JIOTHYECKUX CHUT'HAJIOB ypoBHsd O V. [ljng cortacoBanus JOru4ecKux yposHeii curnaioB 5 V u 3,3 V
MOZKHO UCTIOJIb30BATD IIEMY, ITPUBEJICHHYIO Ha pUCYHKe [2.9| ¢ NCTI0/Ib30BAHIEM MUK POIIIEMBbI ITPeodpa3oBaTe, s
yposueit 74X114050. Bol MoxkeTe monmpoOoBaTh MPUMEHUTH BMECTO YeTbhipex 3jemeHToB 74X114050
JeTbipe pe3ucTopa, npumepno 2, 7 k. [lagenue HanmpsizkeHEs Ha PE3UCTOPAX NPEJIOTBPATUT YBEJIHUCHUE
HAIIPSI2KeHMWST Ha BXOJAX IpauuecKkoro KOHTpoJLIepa OOJbIle UeM HalpsiKeHue nutanus 3,3 V, a
JIONIOJTHUTE/IbHBIE JIMOJIbI HA BXO/aX rpadpuyecKoro KOHTPO/LIEpa He JOIMYCTAT MOMaIaHns BHIXOJHOTO
curaana b V or ATwmera. Bor qosmxubl yoeanthes, aro opMa CHTHAIOB ¢ Pe3UCTOPOB MOTYT OBITH
HIPAaBUJILHO BOCIHPHUHSATH BXogaMu KoHTposutepa CT7565.

B n06om ciydae, npu TpuMeHeHHH J1eMeHTOB MuKpoireMmbl 74X114050 dbopma curnasia Ha BXoje
rpaduIeCcKOro KOHTPOJIIepa TOUHee COOTBENTBYeT (popMe BhIXoaHOro curHaga ¢ ATwmera.

| : 0cs  LCD ks |
; 2 | [RES P/S |2
4050 ‘ 281 A0 cs6 |-
! 27 4
RES 3 2 ! R/W_WR VR ——
_ RES = s | !
PDO | 200 Rp_E VO 54{}?
RS 5 ‘ | 25 | pRo va |8 1
PDI | 24 7 lu
| DBI V3
7 6 } 2 | pp2 va |8 Il
PD5 ------—-—— > - - » 9 Tu
DB3 VI =
: y 211 ppy cap2 0
204 pps cap2- 1
PD3 SI " 12 19 | bBé6_scL CAPI+ 124{ o
‘ 18 | pB7_st CAPI- |13
PO SCLK ™ 15 17} vpp CAP3+ 144{ m
16 1 vss VOUT 15’4{}?
1 vdd ves 8
r ERC12864-2
MCP1702-3.3
vVCC IN ouT ’ ’ ’
i i i 10? XHUHTEPTPYH/L
GND L Y7 JIE,

oD TlOOH TlOOn T()u -POOn Tm()n b

Puc. 2.9. lMogkmouenne rpadudeckoro jguciiest ¢ kourposiepom CT7565

B tabuaure 2.3 nokasausl japyrue ajibrepHaTuBbl noakovenns ATvera328 wiu 1pyrux MEKPOKOHTDOJLIEPC
o uarepdeiicy CIIN (JILI MHTEPO®AIIE_MO/IE14) wiu ans Tpexaposoasoro coeaunenus (JIII MTHTEP
Paznuunbie TUTIBI MTOICOEIMHEHUI JIJI OTHOTO THIIA TPOIECCOPa MOTYT OBITH BBIOPAHBI ¢ TOMOIIHIO
omnuu B Makeduae CTPUII_T'PUJI_BOAP/I. Haznauenne KOHTAKTOB pa3dbeMa OIpeiesieHo B (aiiie
noudur.x. Eciu Bam HyKHO MHOe MOJK/II0YeHne, Bbl 0MKHB Ha3HAYUTH HOBBIM HOMEpP KOJ1a JIIs
omnuu CTPUIIT'PUJI_BOAP/I u 3a1a1h HACTPOIKY MOJKJIIOUeHHS B (aiiae moHMUr.X.
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KonTpomrep M644 | M1280 | m1280 | M328 | M328 | M328 | m328
CTPUIITPUNI_BOAPII - 1 - 1 2 5

Curnaur:

PEC ITb4 | TTAO | T1A4 | T1O0 | T114 | TI10 | TIII

EH, IIJIK I1b6 | TTA2 | TTIA2 | IIIT | TILT | TILI 1S

PC, /11 IIb5 | TTIA1 | TIA3 | ITh | TIIS I1S B

B0, MOCI IIb7 | TTA3 | TIA1 [1S Ir'n | 1Irn | 1/14

HE, HC I3 | [TA4 | ITA5 | I145 | ITJ5 | I1A5 | IT/15

Tabauma 2.3. Tonkmouenne no CIIN g pa3samdHbIX KOHTPOJLIEPOB

O6wrano CT7565 mwmm CCH306 xourposiep noakaodaens mo 4-nposoguomy CIIU uwaTepdeiicy.
Ho ¢ kontposiepom CCBH306 Bbl TakzKe MozKeTe IOIKJIIOUUTL MHIMKATOP 10 HHTepdeiicy 211
ucnoab30Bas I kak CA u 1115 kak CLLJI curaan. Curaaast CUA u CLLJI 1o/KHB OBITH MOATAHY ThI
pesucTtopamu okoqo 4,7 k) k nanpsizkenuio 3,3 V. Ilpumep noakmouenus OJIE/l aucmies mokaszan
na pucynke 2.10] Curnann munpr N211 peausoanbl TOIBKO Iy TeM nepexodenus nopros ATvera K
0 V. Ilepen noak/modeHreM MOATATHBAIONIMX PE3UCTOPOB K Hanpsykeuuio 5 V', Bl noxubl yoeauTbes,
yro Bam kKoHTposiep gomnyckaer ypoBeHb curfasa 5 V. OOBIYHO BXOJbI KOHTPOJLIEPA JIUCILIEd
BAIMINEHBl JHOJAAMH, KOTOPBIE MOHUMKAIOT YpOBeHb curtaJa jo 3,3 V. Bbl go/KHB yOe uThCHd,
gyro B ATMera 3ammcana mporpaMma ¢ Hojaep:koil naTepdeiica V211 1o Toro, Kax JucILIel GyaeT
nojcoeauued. e Ber 3anucaim B KOHTPOJLIEP MEKPOIIPOIPAMMY € ITO/JIEPKKOM pyroro narepdeiica,
T0 Ha BbIBOMax ATMera MOryT mpuCyInTBOBATH CUTHAJIBI C ypoBHEM H V.

Tax, kak st 0OHAPY KU BAUsiHIE Ha pe3yabrarhl Tecta Moay s OJIE gepes muny V C'C, pekomeH 1y 10
YCTAHOBHUTD JIONOJHUTEIHHYIO PA3BA3Ky M3 MOCJIEI0BATEILHOIO pe3uctopa 68 () u pa3aeuTesbHOro
kouJeHcaTopa 10 pF'. Bmecto 68 () pesncTtopa MOXKHO TaKKe HCIOJIH30BATH HHIAYKTUBHOCTD 1 mH.
Bes ponosauTespHoro dusbrpa Mot Tecrep ¢ guciaeem OJIEJL onpegessii ocrarodnbie TOKH B
KOJLIEKTOPaxX OUMOJIIPHBIX TPAH3UCTOPOB.

Taxzke HyKHO TIPOBepUTH pactosiozxkenne BeioaoB Bamero OJIE]] nucmies. Hekoropsre momyin
uMeroT orsindue B pacnosoxennn GND u VCC.

|
|
|
|
|
—_— I —_—
PD2 SDA ER) PD2 SDA = B
qu——— 2 % s | S — R
. scoL £ EE| 0 T 2K scL A 53
PD5 8 g ¥ l L — 8 g &
3.9k 3 2= ! 68 3.9 3 2z
vee 9 3@ N LDO our 3vi 9 2%
vee - Liou 2 2% | 1 2 23
68 © € = l GND o =
GND GND & E L vee 10u 100nF GND & %
! 100nF l
' GND LT ‘
|
|

MCP1702-3302

Puc. 2.10. IMonkmovenne rpadguaeckoro OJIE mucries ¢ V2L narepdeiicom

Hns moaxarouennss K KouTpoiepam cepun ATwmera644 smecro mopros [1B3 (CILLJI) u I1b4
(CHA) ucnonb3syors noptel ILJI5 u ITI1. Tis MukpokorTposuiepos cepun ATMmeral280 ucnosb3yors
kouTakTsl ITA5 (CLLJT) u ITA4 (CAA). st 3aMeHbl CHMBOJIBHOIO JHUCILIEH HA IPAQUIeCKUil MOXKHO
UCIIOIH30BATH MEPEXOIHYIO EYATHYIO IJIATY-3/IalTep ¢ pa3beMOM aHAJIOIHYHBIM CUMBOJIbHOMY JITT/I,
TaK KaK BCE CUTHAJIbI U MUTAHUE HA HEM JIOCTYITHBI.

Hammoro mpoiiie oK/ II04uTh Juciuieii ¢ konrpossaepom CT7920, moToMy 9T0 KOHTPOJLIEP MO PKUABACT
HanpsizKeHne muTanud 5 V. Jlucmieit momKeH noaaep:KuBaTh pexkuM 128m64 toaek. Momyab guciuies
¢ kouTpotepom CT7920 MoxkeT OBITH HMOJAK/IIOUEH 1O 4-OMT mapaJiiebHOMY HHTepdeiicy Win 1o
CIenuaIbHOMY, OC/IeI0BaTe IbHOMY uHTepeiicy, cornacno pucynka [2.11
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Puc. 2.11. lloakmouenue unaukaropa ¢ kourposiaepom CT7920

JInst ABYX THIOB TMOAKIIOUEHUs HHAMKATOpa ¢ KoHTpostepom CT7920 B Makeduie nomxna ObITH
ycranosjena onmust « [ TTUTX JIIJT_CT756517920». Kpome Toro, npu mojk/IF0YeHIN M0 TOCIeI0BATETHHOMY
uaTepdeiicy, #Ha10 ycranosuth u onnuio « [ IOJIATC 61 -JIIJT MTHTEPOAITE MOIE15».

B Tabaurne MNOKAa3aHO MOJAKII0UEHNe PA3JIAIHBIX MEKPOKOHTPOJIJIEPOB M0 TOCIeI0BATETHHOMY

unrepdeiicy ¢ onmusivu UHTEPOAITE_ MOJIE 5 (CT7920) u 7 (CCHR03).

KonrpoJsuiep M644 | m644 | m1280 | M328
CTPUITTPUI_BOAPI - 1
Curaamn:
EH [1B3 | 1Ib6 | IIA5 | 1115
B0, P/I11 [1b4 | IIB7 | [1A4 | IIII
PECET 162 | TIb4 | TIAO | TLH0

Tabauma 2.4. IopTsl 11 mOC/Ie10BATEILHOIO MOAKIIOUEHHST PA3IdIHBIX KOHTPOJLIEPOB

Tak ke KaK 1 B cJiy4ae MPUMEHEHUS IPYTUX TPapUIeCKUX HHIUKATOPOB, /s JUCILIES ¢ KOHTPO/LIEPOM
CT7920, ormustvu JITJT_CT7565 X _OJINI u JITJI_CT7565_B_®JINII M0KHO N3MEHUTH OPUEHTAITHIO
BBIBOJINMOT'O H300pazKeHUs.

OcobbIM ciTydaem sBJsIels MOKII0YeHre Juciiees ¢ Kontposaepom HT7108 (KC0108, C650108).
[Tocko/MbKY 3TH JUCILIEH HMCIOJB3YIOT TOJBKO MapasielbHbIil 8-OuTHBIN mHTepdeiic, HEoOX0IUMO
HpUMEHEHHE 1MOCJIe0BATEILHO - apaJlie/IbHOrO peodpa3oBaresist uurepdeiicos. [1pocreiimuii criocod
— ucnosibzoBanue MUKpornembl 7T4XIIT164 nan 74XI1[T595. BapuanT Takoro nogk/a04YeHus MOKa3aH

Ha pucyske [2.12]
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(a) ¢ nconpzoBannem 74X11T164 (6) ¢ ncnompzopannem 74X11T595

Puc. 2.12. Tlogkouenue rpadudeckoro auciies ¢ HT7108 kourposiiepom

Tak kak HekKoTOpBIe MOy | JILL /I pazaraarorns mo pacinoa0KeHUIO BBIBOAOB, epe/T MOAKII0IeHTeM
Bl 101:KHBI TPOBEPUTH MOKOAEBKY Barrero quciiiest. HekoTopblie pa3indns B pacioI0:KeHNN BHIBOIOB

aist cepuu JITTJT ABT'128064 nupusesensr B Tabaune [2.5

128064X | 1280641 | 12806411 | 128064b
CurnaJ
B/ (5B) 1 2 4 2
BCC (F'HAO) 2 1 3 1
BO (puse) 3 3 (5) 3
ABb0-1Bb3 4-7 7-10 9-12 7-10
Ab4-11b7 8-11 11-14 13-16 11-14
HC1 12 15 1 15
C2 13 16 2 16
Pecer 14 17 - 17
P /111 15 5 7 5
PC 16 4 6 4
E 17 6 8 6
BEE 18 18 - 18
JIEJIA 19 19 17 (19)
JIEJIK 20 20 18 -

Tabauna 2.5. Pazanyaune B nokosiéske HT7108 moyneit

B ra6uue [2.6| mokazano mogkiodenue mo nocsenosareabaoMy narepdeiicy unaukaropos HT7108
K Pa3IdIHBIM MUKPOKOHTPOJLIEPAM.
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Tabsmuna 2.6. [Noaxsouenune nnpukaropoB ¢ HT7108 o nocsieoBaresibnoMmy unrepdeiicy

Bwi Takke MoxkeTe ncnoib3oBaTh auciieii ¢ Kourpossaepom [TIIP8814, koTopblit 06BIYTHO NCITOIB3Yells,

nanpuMep, B Hokua 1100. Bbl 10/12KHBI TPOBEPUTD, KaKOil HHTepdeic KOHTPOJLIepa HCIOIb3YeIld

B Bamem monyne mucimies. Konrposutep ITIH®8814 moxker mommepxusarh CIlI-untepdeiic 3-x
upoBoaHol man 4-x uposomuoit, M?Il-unrepdeiic n clennanbubiii 3-X IPOBOAHON, KOTOPBIH KI8T
CUTHAJ JaHHble/KOMaHIa B KadecTBe HepBOro Oura B 8 GUTHHIX JaHHBIX. [loTOoMy, 4TO Aucheil
noiepzKuBaeT ToabKo 9165 nukceseit, 60bITHe UKOHKHT JIJ1sI TPAH3UCTOPOB HE UCTIOJIL3YIOIS C 3TUM
KOHTPOJLIepoM. BBIBOJI pe3yIbTaToB MOX0zK Ha BBIBOJL JIJId CUMBOJILHBIX jTucILIee. Kak u O0IbITHHCTBO
rpadudecKux JIHCILIeeB, STOT KOHTpouiep pabotaer ¢ 3,3 V. [losromy Tpebyeris npeobpaszoBaresb
yPOBHeii JJorndeckux curuajaos s 5 V' eeixomoB ATwmera. s CIIV uaTepdeiica n 3-X TpoBOIHOTO
unrepdeiica Bor Mozkere ucnonbzosars onnuio B Makeduie JIITI CITU_OIMNEH_IIOJI («oTkpbrThiii
KoJIeKTOp» nopros ATwmera). Bor gosrzkabt ucnosnb3oBath «[1y/i-Yiy pe3sucTopbl Wik He yCTaHABIHBAT
ommuio ITVJIJIVII_ JIVCABJIE B makedure. B HacTosgmee Bpems ¢ kourposutepoum [1T1P8E14 nporectupoBan

Kontposrep || m644 | m1280 | M328
CurnaJr:

EH b3 | TIA5 | I1/15
PC 12 | TIA4 | I1/14
310 12 | TIA4 | I1/14

[C1 17 | TIA3 1S
HC2 IIb5 | TIA1 | II'b
LJIK I1b6 | ITA2 | IIII
[ILJIK I1b4 | ITAO | I1J0

TOJIBKO 3-X IIPOBOJIHON HMHTepeiic.

ITopT [TIID&814 ITIHD8814 [TIID&814 JomnoanTebHAS
CIIn 3-X TPOBOJIHOMU 1211 dyHKIUA

110 || JOO-PECer | JIL/I-PECcer

I1H JILLI-J1 /11 JILOJI-CIIE Sukozep 2
mr | JLA-CIJIK | JII-CLUJIK | JILA-CANH

s || JILJI-CJIVH | JIIJI-CJIVH Dukonep 1
I1]14 Bremuasa gactora
[1J15 JITJI-EH JILI-CIJIK

Tabsumna 2.7. Haznauenne KOHTaAKTOB Ui PA3JIMIHBIX TUIIOB WHTep(deiicoB KouTpo/iepa [TITP8814

VMmoansrit Ko 114 noaaep:KKn KoaTposutepa [IIP8812 ¢ 102m65 nmukceneil TakKe peaqn30BaH,

HO, TIOKa, He TeCTUPOBAJICH.

2.2.7 TloagknaodyeHnue rpadmviecKoro IMBETHOTO AUCILIIES

B npeaio:keHIAX KUTaHCKUX MIPOJIABIOB BCTPEUAOIS JeIeBbie MOIYJIN I[BETHBIX JIMCILIEEB ¢ HHTepdeiicoMm
CIIN. Ha pucynke MOKa3aH BUJ C33/IM JIBYX MOJIePKUBaeMbIX guciiieeB ¢ 128m128 u 128m160
nukceseit. Pazmep Mojysieil o4enb mMaJi, IO3TOMY TEKCT M CHUMBOJIbI O4eHb Mmejkue. Ho, B 1esom,

BHEITHUT BUJ[ Y€TKWIl W SICHBIN.
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e ———————————

L1.44 SPI 128%128 UL.1.

&4 1L.8TFT SPI 128%160 V1.1

Pwuc. 2.13. Bun czaanm aByx neTHbIx JILT/T

Moyn 1281128 nukceneit uconbzyer koutposuiep NJIN9163. Moayab 1281160 nukceieit ucnoab3yer

KOHTpoJIep odenb Oym3kuit Kk CT7735 kouTposaepy. Mojayaun TecTupoBa/iuch ¢ ILIATON ajlanTepa,
Kotopas coenunser curtayanl CIIM u nuTanue BBIBOJOB I HOPMAJIBLHOTO OTOOPArKeHHsI CHMBOJIOB.
A nmanTamnus BeIXOIHBIX ypoBHei 5 V curnamos ATMera K ypoBHIo 3,3 V' CHIHAJIOB BXOJ0B KOHTPOJLIEPA
obecrnieanBaens nocaepoparenbubiMu 10k pesucropamu. Hamunane noacserku (JIE/]) obsizaresbho,
T.K. 0€3 Hee BBIBOAUMYIO WH(POPMAIUIO HEBO3ZMOXKHO TpOYecTb. [13-3a BHICOKOTO pa3pelieHus o
BEPTUKAJH MOXKHO OTOOPA3UTh HECKOJBKO TEKCTOBBIX CTPOK B 3TUX MOY/IaX. [lng mucrresa 128128
HUKCceJIell MOKHO OTOOpa3uTh 8 cTPOK Tekcra mpudrToM 12m8, mpad auciutes 128m160 nukcesei
noyanM 10 crpok tekcra. Ha pucynke [2.14 Bor Mozkere BUeTh pe3yJIbTaT H3MePeHUs FepPMaHUeBOTO
TpaH3ucTopa Ha jgucitiee 1281128 nukceseii.

%) 3 BJT-PHP
, hFE=136
Ic=1.8nd

2
3

Ube=132nV
ICEO=.43nd
ICEs=17ud

Pin 1=E 2=B 3=C l

4

Puc. 2.14. Uzmepenne dunonsgpuoro ITHIT rpansucropa
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[BeTHOCTH MOMYJICH B HACTOsAIIee BpeMs He Ucmoab3yensd. [[Ber dbona m mBer oToOpaxKaeMbIx
9JIEMEHTOB MOYKHO M3MeHUTH B paitie yy_gedunec.x uin B Makeduie. Konrposiep ucnoabsyer
nporpammuoe 16-O6uTHOE ynpasjenne mBeTHOCTHIO. [[BeT oToOparkaeMoit nndopmamnun MoxKeT ObITDH
u3Menen napamerpom JILJI @I TTOJIOP, a user noacserku napamerpom JILJI _BI' [TOJIOP .

2.3 VYkazaumg mo coopke Tecrepa

B Tecrepe moxer ucnosnzoBarbes JILI-aucrreit 2m16, mporpamvuo coBmectumbrit ¢ X 144780 nnn
CT7036. Bol 10/:KHBI YYUTBHIBATH TOK, HEOOXOAUMBIH /I MOJACBETKH, HEeKOTOpbIM JILL/I-nucmiesm
HY2KeH TOK Huzke, 4eM apyruM. Z neitasiaca npumenuts OJIEI-aucreit, Ho oH cTal IPHYUHOM ITOMeX
upu u3mepenusx gy ATwmera, u s ero He pexkomenjyio. Takxke ucrnonb3oBanue OJIE-auciies
BBI3BAJIO TIPOOJIEMY 3arpy3KH CHEMUAIBHOIO CUMBOJA /I OTOOpaYKeHUs PE3UCTOPA.

Yro0bI MOYyYUTh MAKCUMAJIbHYIO TOYHOCTL HU3Mepenud, pesuctopbl P1 - P6 680 2 u 470 k2
noszxHbl 66T TouHBIME (0,1%). B Tectepe moryT ucnonb3oBarbes ATmera8, ATveral68 u ATmera328.
JI71sT BOBMOXKHOCTH HCIOIb30BATEL BCe (DYHKITNH, peKOMeHayelsa ycTanoBuTh ATmera328.

Cuauaja Ber 1012KHBI cOOpaTh Bee 31eMeHTh TecTepa Ha medarHoii miare 6e3 MEKPOKOHTPOJLIEPA.
B kagectse U112 pekoMenpyens UCI0/Ib30BaTh CTAOMIM3ATOD C MaJIbIM HajieHneM Hanpszxkennd MIIb702-
5002, moroMy 4TO OH HOTPeb/seT Bcero 2 (A W MOXKeT BBIAABATH 5 V IpH BXOIHOM HANpPSKEHHE
Bcero 5,4 V. Ho on HecoBMecTuM 10 BBIBOIaM ¢ m3BecTHBIM 78.J105 B kopmyce TO92 .

[Tocne poBepKH MPaBUILHOCTH MOHTazKa, HEOOXOAMMO IOJCOCJIMHUTHL OaTapero MWW UCTOYHUK
nutanue K miare 6e3 JIJI-qucimes nu mukpokonrposuiepa. [lpu naxaroit knonke TECT moskuo
MPHCYIITBOBATH HallpsazKeHWe 5 V' Ha BBIBOJIAX MHTaHUS MUKpPOKOHTpoaepa u JIL mucnieda. Ecim
ornyctuTh KHOoKy TECT, Hanps:Kenne 10/2KHO UHCUe3HYTh. Ecn HapsizKeHus: B HOpMe, TO HEOOXOIHMO
OTKJ/IIOUUTH [MMTaHKHe, IPABUIIBHO BCTABUTH MUKPOKOHTPOJUIEp U HoJAKI0uuTh JILL - uciieii. [Tepen
noaksiouenueM JI /T juciuies HeodXxouMo BHIMATE/IHHO TPOBEPUTDH NPABUILHOCTH COETHHEHNS BHIBOJIOB
murarust JILJT aucenies (7.k. Ha HekoTOophix JILIJI mucrutesx oxu mogx/rodensl Haobopor) ¢ THJL u
BUII mrater Tecrepal

Ecsiu Bol yBepenbi, 4To Bce B HOpsi/IKe, MOZKHO IIOJCOeIMHUTD uTanue. Besiu Bol yzke 3anporpaMmmupoBa/in
ATwmera, To moxere xparkospemenno naxkath KHonky TECT. Tlpn xparkoBpemMeHHOM HaKaTuu
kHonku TECT ceeronunon JIE'D n noacserka JILL/I-mucriies moikabl BKIOUYATHCA. Kean Boer oriyckaere
kaonky TECT, ceeroaunon JIED He J0/7KeH TacHYTh KaK MHHUMYM HECKOJBKO CEKYH]I (3aBHCHT
OT YCTAHOBJEHHBIX [APAMETPOB MPH KOMIWJLISIUE MPOrPAMMHOTIO O0ecTiedeHus ). 3aMeTbre, YTO
IporpamMMHOe 00eceveHue /I/ist MUKPOKOHTPOJLIEPA JOJIAKHO OBITD 71 UCTOIH3YEeMOTO THIIA MUKPOKOHTPOJLIIE
[Mporpamma mia ATwmera8 me paboraer na ATwmeral68!

2.4 Jlopaborku mjga Bepcuii Tecrepa Mapkyc P.

KonaTposb Hanpsaxenus. [Ipobiema npossisiens ciepayonmum odopaszom: TecTep HEMeJIEHHO OTKII0Yaelis
pU Kazka0M BKAo4deHun. [Ipuaunoil MoxkeT crarh yeraHoBka dbbio3os (Makeduie) KoHTpOJIS
3a noHmKeHneM Hanpsizkenust nutanus ATvera wa 4,3 V. [lpoutmoaut 310 cieayrommm 06pa3om:
nopt 1116 meiTaensg 3apaanth KoHgaeHcaTop L2 100 nf' o yposasa BIIL, 9To BeI3bIBaeT mpoBall
nanpsikenus BIIL (5 V). s pertenust mpo6yiembl KouaeHcaTop 112 MozkKeT GBITh YMEHBIIEH JI0

< 10 nF'. Ecjin BO3BMO2KHO, TO BKJIIOUUTD 1OC/1e0BaTe/IbHO B 11enb [1J16 pe3aucrop conporus/jienuem
Gostee > 220 (2.
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Yayuineune nutauud miembl. Eceim Tectep 3amyckaerng npu waxkarun na kaonky TECT, mo
KJIFOY CPa3y Ke OTIyCKAeIld, TO 4acTO MPUIrHA 3T npodsieMbl B utannu. [Ipodema nmopox ieHa
bosbimm TokoM nogcBerku JII/I-mucmies. Pesucrop P7 x 6aze [I-H-T1I-rpansucropa T3 Obia
BeinanHO# 27 k{2, 9T00bI yMEHBIIUTH HOoTPebIeHne SHeprun. ATo0b yIyUIINTD HePeKTI0IeHe
npu OoJiee HU3KOM HalpsizKeHUU OaTaped WM NMpH HU3KOM Koddduimente ycuienus [1-H-I1
tpan3uctopa T3, HeoOXoaUMO YMEHBITUTD CONMPOTHBIeHHE 10 3, 3 kS2.

Homonaurenpublii moardaruBamoiinii peaucrop noprta ILA7. Omynrue noATIruBaonero pe3sucropa,
ocJie KOpOTKOI'0 BpeMeHH, paboTa 3aKaHInBaels BhIKII0UenneM Tectepa ¢ coobdnenneM « TumeoyTs.
[Iporpammuoe obecriedenue popmupyens ¢ onrueit [ITYJIJIVII_JINCABJIE, 1. e. Bce BuyTpennune
MO/ATSITMBAIOIIHE PE3UCTOPHI OTKJI0UYeHbI. [10 3T0oi npuyanne Hanpsizkenue rnopta [1/17 #He onpeesneno,
ecau yposenb He nepeksiodeH kKHomkoit TECT wnu tpamsucropom T2 x I'HJ/I. Buemrnwmii
pesuctop conporusienueM 27 k) k BIIL pemaer a1y mpobJiemy.

Konaencatrop hh 8 APE®. Muorue ucnons3yior wa kontakte APE® kommencarop uwa 100 nk
tak xe, kKak 1 Mapkyc @. [Toka He 06bLIO HEOOXOAUMOCTH MeHSITH onopHoe Hampszkenne ATITT
- 910 OBLIO XOpomuM perrerreM. IIporpammuoe obecredenne aass ATmeral68 u ATwmera328
UCTIOJIB3YeT aBTOMATHIECKHUil BHIOOP BHYyTpeHHero omopHoro nampsizkenust AIIIT 1,1 V| ecan
BXO/[HOE HampsizkeHue Huzke 1 V. D10 no3Bosser yaydnutb pazpertenune AL npu nebosibimmx
BXO/IHBIX HAPsi2KeHuAX. K coka/leHnio, Iepek/Iiouenne onopHoro nanpszxkenusd or 5V 1o 1,1V
HPOUTIOANT OYeHb Me/yIeHHO. [[o 9Toi nmpuynHe HYKHO YYUTHIBATH JIOMOJHUTETHHOE BPEMS
oxkunaaug 10 ms. [Ipu yMeHbIlleHnn BeslmaWHBI KOHAeHCATOPa M0 1 nF', 3TO BpeMs MOXKeT
OBITH CYIIECTBEHHO YMeHbBIeHO. ¢l He 3aMeTWa YyXYIIIeHWs KadecTBa U3MepPeHUs MPU ITOM
u3Menenuu. Jlaxke ¢ yJaji€HHBIM KOHJIEHCATOPOM HET CYIIECTBEHHOI'O U3MEHEeHUs Pe3yJibTaToB
n3Mepenus. Fceian Bol npeanountaere ocraButh Koujaencarop na 100 nF', 1o MokeTe OTKJIIOYHTD
onmuio HO_APE® TTATl 8 Makedwuse, nisg akTUBAINH yYBEJUYEHUs BPEMEHU OKHUIAHWUS B
nporpamme.

¥YcranoBka kBapna Ha 8 M Hz. Bel moxere ycranouth kBapi Ha 8 MHz ¢ 3aameil cToponbi
nevaTHoON miarkl HermocpeacrBerno K mopram 1156 u TIB7 (BeiBogst 9 n 10). Most cobeTBenHas
nopaboTKa ObLIa caesiana 6e3 KoHIeHcaTopoB 22 pF u paboTaJia XOpOoIo ¢O BCEMH IPOBEPEHHBIMA
ATwmera. Bl Tak ke MozKeTe, BHIOpaB (pbIO3bI, HCIOIH30BATH BHYTpeHHIH reHepaTop Ha 8 M H z
JIJISL TIOJIYYEHHUs JIYUIIEro pas3pelieHus 110 BpeMeHU HPU CTabU/IbHBIX U3MEPEHUSX BeJUYUHbI
EMKOCTEH.

Cria)kuBaHUE NMUTAIOIIEr0 HanpgaXkeHus. B opurunaibHoil meme Mapkyc @. mpuMeHeH TOJIbKO
onuna kougeHcarop 100 nF' mo nanpsbkerunio BIIIL. D1o He maer npuemiemyo (GpUIBTPALNIO.
Bui o1zkHbBL, 10 Kpaiineil Mepe, HCHoJIb30BaTh KOHAeHCATOPb éMKOCTBIO 100 nF' 0KOJI0 BHIBOIOB
nutanng ATMera 1 Bo3Jie BBIBOJIOB BXO/1a B BBIXO/a CTaOMIN3aTOpa HapsazKeHus. JlomoTHuTe IbHBIe
KOHzIeHCATOPBI 10 (' (3JeKTPOTMTHYECKIE WIIH TAHTAJIOBBIE) HA BXOJIE U BBIXO/Ie CTa0UIH3aTOpa
HAINPSYKeHNs MOBBIIIAIT YCTOWYUBOCTE Hanpsixkennsd. Tantamoserit CM /1 kongencatop 10 pF
JIerde UCI0JIb30BATh CO CTOPOHbI IEYATHBIX JOPOKEK, U OH uMeeT 0ObIYHO DoJiee HU3KOe 3HAYEHUEe

ECP.

Bei6op mukpokoHTposiiepa ATwmera. lis ocHoBHBIX GyHKIHI TecTepa BOZMOXKHO UCTIOTH30BAHIE
ATwmera8, ®iam namarh B Heil ucnosnb3yeng npakruaeckn na 100%. ATmeral68 nan ATmera328
coBMmecTuMbl 110 BeiBojaM ¢ ATwmera8, s mory pekomeHI0BaTh 3amMeny. [lpw mcnoian3oBanun
ATwmeral68 wiu ATwmera328 Ber nosydaere cieyiorniue npeuamyinectsa: CaMOnpoBepKa ¢ aBTOMATHIECK(
KaJTUOPOBKOIA.

Viydinenne KadecTBa H3MEPEeHHs ¢ aBTOMATHIECKHM NepekaodenneM mMacmraba AL
N3mepenne wapaykTuBHOCTEH 1ipu conporuiennn Huzke 2100 ).
N3amepenne semanab ECP kougercatopos ¢ émkocThio Boime 20 nF.
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Nszmepenne pesuctopon auke 10 () ¢ pazperrenuem 0,01 €.
UcnonwzoBanne mopra [113 B KadecTre moc/ie10BaTEILHOTO BBIXO/IA WJIN AHAJIOTOBOIO BXOIA
AJId N3MepeHnd BHEITHEro HallPpAZKCeHUNA.

Onynursymoline Ipenn3noOHHOE ONOpHOe HampsxXKeHue. [[porpammvuoe obecriedenne 101:KHO OOHAPY K
HEJIOCTAIOIIHE JIEMEHTHI ONIOPHOTO Hanpsiykenus Ha BuiBoje [1114. B aTom citydae npu BKIIOUYeHUH
nuTanusg Bo BTopoit crpoke JILL/I-nucmtes noskuo nosgsuthes coobmenne «Ho BILL 1 By .

Ecyin 310 coobmienue nosipisgensd npu ycranoBaennoM TOH, Bel 1012KHBI TOAKIIOUATH PE3UCTOP
2,2 kQ mexy soisogom 1114 u BIIILL

2.5 Pacmmpennaga miema ¢ ATvmera644 nion ATwmeral284

Pacmupennas mema st KoHTpoiepos ATwmera644/1284 paspaborana comecrno ¢ Hunk JI. u3
Vkpaunnsl. [llema O3BOJISIET PACHIUPHUTH JIMAITA30H U3MEPSIeMbIX YaCTOT, & TAKXKe COJAEPIKHUT
IMeMy TeCTHUPOBaHMA KBapleB. XOTd PacIIupeHHas IeMa MOYTH HJICHTUYHA IeMe Ha pucyHke [2.1]
Ha3HAYEHHe IOPTOB HECKOJIBKO oTinvaens. [loBopoTHbIil 3HK0/ep Ha 1eme [2.0] 10/17KeH GbITh MoK TI0UeH
Kk [1B5 u IIB7 (Bmecto II'DH u IIS). O6a curnana, a takxke BIIL u I'HJ/I mocTynHbl Ha pasbeme
nporpammupoBanus VICII. Takum o6paszoM, oIK/II0UEHKE TTOBOPOTHOIO SHKOIepa He JOJI?KHO BHI3BATD
sarpyaaenuii. desmrens 16:1 B 74XI114060 Bcerma wmcnogib3yens s dactor Bbime 2 MHz. On
TaKKe MOXKET OBLITh HCIOJL30BaH Mg 4acToT oT 24 kHz mo 400 kHz 1myid HMOBBIIIEHHS TOYHOCTH
M3MepeHHsT YacTOThl ¢ MOMOIIBIO MOJACYeTa eproa. s KOMMyTannyu MepekaodeHnii (JIeauTeh
9aCTOTHl U KBAPIEBbIl TeHepaTOp) UCIOJIb3Yellsl aHAJOrOBbIi nepekaodarens 74X114052. Tabauma
MOKA3bIBAET BAPUAHTHI TMOJIKJIIOUeHUs auciutes K nopram ATwmera324/644/1284. Togkioverue
MHJMKATOPA ¢ nenosbsopannem nurepdeiica V211 BO3MOKHO TONBKO JJid HHIUKATOPOB ¢ KOHTPOJLIIEPOM
CCB306. Curmannr narepdeiica N2I] TpebyIOT yCTAHOBKH MOATATHBAIONIAX pe3ncTopos 4, Tk
nanpszkernio 3,3 V. Curransr mmasr 1211 peaim3oBaHbI TOIBKO TMyTeM MepPeKIIOYeHHS MOPTOB

ATmerax 0 V.
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Puc. 2.15. Pacmupennas mema Tpansucrop Tecrepa ¢ ATwmera644
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[Topt || CumBoasuwiil | I'pacduaeckuit JIL | I'paduueckmit JILL/T JlonmoIHUT e THHBIE
JITTJT CIIN 4-mupe 211 dyHKINH

162 JILJI-PC

I1B3 JILJI-E (JLJI-1IE) JILJI-CILJT

I1b4 JILJI-]14 JILJI-PECT JINA-CIOA

1165 JILL-15 JIDA-PC NCII-MOCHU
IIOBOPOTHBIN SHKOAED 2

1166 JILLI-16 JINA-CLLJIK NCII-MNCO

IIb7 JILLI-Z17 JILI-CU NCII-CLHK
IIOBOPOTHEIN 3HKOAEp 1

Tabauna 2.8. Tloakmouenns aucmiees K nopram ATwmera324/644/1284

BBl TakzKe MOKeTe TOIKJII0YATh Juciiiei ¢ konrposiepom HT7108 (KC0108, C6650108) k Tecrepy,
cobpannomy Ha ATMmera644 wiun ATmeral284 ucrmonb3yst HEOOIBIIYIO MEMY TOIKIIOYCHUS TOKA3AHHY O
Ha PpUCYHKE BbI TaK2Ke JOJIZKHbI YYUTbIBATh pa3/IMdue B HaA3HAYCHUU KOHTAKTOB ,ZLI/ICHJ'IGI'?IHBIX
Moysteit ¢ kourposiepamu HT7108, kak mokazano B TabJimiie Ha, CTPAHHIE

GND GND
1 1

tvcc _L 5] Vss Ivco _L S| vss

vee — ] VDD vce — 2 oD
VEE e S vo = , VEE b L Vo =
2 5 RS =3 5 5 RS S
S PB3 ‘ R/W = S PB3 ‘ — R/W >
= vee 74164 6 m 3 vee 7415595 6 o
B 10k 7 |E = ‘2 PB4 — 0k | o 7 |EB %)
g * e s |DBO  » & 590 DB @
[:C PB6 El N DB1 '5 £ PB6 H‘\—ﬁm DBI1 *5
c \%A a2 ° IDB2 o g s, | s " lpp S

" :
g PB2———— EEQ‘ 1(1’ bRz = E PR oo | i‘l’ bRz =
~ K= ~
— i r— DB4 = — o r— DB4 &
PB7 10 12 PB7 s 12

S 13| DB % >l 13| DBS %
PB5 . S EE— 12| DB6 < PB5 . 257—‘ 14| DB6 <~
DB7 2 S DB7 3
14 vee aND__7. 15 % 1 voo oo 8 15 %
veo 1 16] €51 — vee ] ol st ﬁ
Jlcs2 S 71682 =
10k A 18 /RST — 10k 18 /RST =

100nF | 100nF 50 19| YOUT 100nF | 100nF 50 19| YOUT
20| BLA 20| BLA
L_ﬁ - % -

(a) mpu ucnoss3oBannu 74X11T164 (6) upu ucnonbzoBammn T4XI11T595

Puc. 2.16. [oakmovenune mucrnies ¢ korrpostepom HT7108 k ATwmera644 /1284

2.6 Illema c mcnoan3zoBanmeM ATwmeral280 mam ApaywuHO
Mera

TecTep MoxKeT OBITH CO3MAH C UCIOAb30BaHHeM MUKpoKOoHTposuiepa ATmeral280 mwim ATmera2560,
a TakxKe mocTpoeH Ha 6a3e Apayunno Mera. [llema mokasaHa Ha puCyHKe Haznadyennss KOHTaKTOB
ApayuHO jyTst HOJAKIIOYEHUS IUCILIEs] yKA3AHbBI 3€/IEHBIM BETOM. KKOMIIOHEHTHI, TOKa3aHHbIE KPACHBIM
[BETOM, He 00s13aTe IbHBI /11 TPaBmIbHOM paborer Tectepa. Konrposiep ATmera2560 mmeer 60.1b110€e
KOJIMYECTBO MOPTOB, HO TOJBKO OJIMH TMOPT UMeeT (PyHKIHH, HEOOXOJUMbBbIE s O0DEuX MEeTOIUK
H3MepeHus 9acToThl. ILopT J0/12KeH ObITh OJTHOBPEMEHHO TafiMepoM /CIeTUnKOM JIJTsl O/ICUeTa BHEITHIX
UMITYJIBCOB U TTO//IEPYKUBATH BHEIITHEE TPePhIBAHNE TPU H3MEHEHUN YPOBHS CUTHAIA. DTUMHA (DYHKITHAME
obsragaer Toabko ogun nopr ITE6 (T3/MHTGE). Ha ocranbubix nmoprax raiimepos/cuaerduxon [1/17
(TO0), T1J16 (T1), IIX7 (T4) u IIJI2 (T5) omyursyer BHemiHee mpepbiBaHue. K COXKaJEHUIO, TTOPT
ITE6 He moaxtouer K jsrentounoMy raesay Apaynno. [opr ITES (BbiBox 7) HOAKIOUEH K KOHTAKTY
3 pazbema IIIUM u nepemblakoil Moxer 6biTh coeguben ¢ moprom ITEG (BbrBox 8) ATwmera2560.
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BBIXOHO# CHTHAJT TeHepATOPa YaCTOTH MOYKHO MOy IuTh Ha opTy 1156 (OTB). 910 nopt noakouen

K kKoHTakTy 12 pazbema [TINM. ICII-pa3zbem He Tpebyeris, Tak KaK MpOrpaMMa MOXKeT ObITh YCTAHOB/IEHA
npu momoru 3arpy3unka YCB Apaymno Mera. C mcnosb3oBanneM 3arpy3dnka €CTh HEOOJIbINAN
3a/lepyKKa 3aIyCKa TPOTPAMMBI.

- VCC
TVCC Ubat
Reset
serial = ||
10u g ATmegal280/2560 ~ ———— = Hﬁ
—
— 30 97
RESET PFO(ADCO) (= >— TP1
100 PF1(ADCI) 95 >— TP2
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100n PF3(ADC3) LT1004 . .
|| 98 93 SIRE=1AR=IRE] é
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1n 92 <t <t <
09 PF5(ADCS5) 2.5V
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3K3 Z| |2 §H§ EH%
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| 34 88 vee
[ T XTALLI PKI(ADCY/PCINTI7) [—=
. 22p == 16MHz PK2(ADCIO/PCINTIS) [— —
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L 1 3 | TAL2 85
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T T 10on S| GND
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o © % GND PAT(ADT) [—— Button 10k Rl
Test PAG(AD6) 5 | VEE
80 73 JP1-27 J RS
vee PAS(ADS) 5
74 JP1-26 RW ©
PA4(AD4) —_ P Q
100n PAKADS) | JP1-25 E X
T 81 76 1P1-24 7 by &
GND PA2(AD2) P s
77 JP1-23 N
vee PAL(ADI) 9 &
78 JP1-22 21y A
61 PAO(ADO) 10 o
L vCcC 7 PWM-3 T D3 A
100n & PE5(OC3C/INT5) 3 Input D4
1 GND PE6(T3/INT6) Frequency 12 | s
13
31 ,
: 25 PWM-12 D6
T vee PB6(OC1B/PCINT6) -———————————— Output 14
100n 1 15 D7
1 — GND 21 Q N~
PB2(MOSI) 8 16 ji]
2
PB3(MISO) 33-270
20
PBI1(SCK)

L——— Button

ISP

MISO

SCK

RESET

vcc

MOSI

GND

Puc. 2.17. Ilema Tecrepa ¢ ucnonnzosarmem ATwmeral280, ATmera2560 wian Apaynno Mera

Koneuno, Bel MoxkeTe HOIKIIOUATE Bee ogaepkuBaeMble qucinien 1 K ATveral280 mim ATmera2560
B COOTBEITBUM C TaDJIUIEH
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[Topr || CumBosIb- CT7565 CT7920 HT7108 CCH306 | HomomuureibHbie
ubrit JITTJT CIIn cepraJ cepuaut 1211 dyHKIUN

[TAO || JILIJI-A4 | JIJI-PECT | JIIIJ-PECET | XI1595-PIIK
ITAT || JIIJI-JI5 JIJI-PC JIJI-TITIC2 2 KaHAJI SHKOEPaA
[TA2 || JILJI-J16 | JITL/I-CILJIK Xh64-1T1JIK
ITA3 || JIILI-/17 JIJI-CU JIJI-TIC1 1 KaHaJI YHKOEPA
[TA4 || JILJI-PC JIJI-BO JII-PC JULI-CIA

Xh64-CEP
[TA5 JIJI-E (JILLI-1IE) JILJI-EH JIJ-EH | JILLI-CIIJI
ITA7 KHOTIKa

Tabsuna 2.9. Ioakmouenne pazananbix gucieeB K ATwveral280/2560

2.7 Kuraiickue KJIOHBI C CUMBOJIBHBIM JHCILJIEEM

[To umeromieiicss y mens undopmaiiuu, Tecrep ¢ CMMBOJIbHBIM MHJIMKATOPOM BbillycKaiorT B Kurae B
nByx Bepcusx. [lepsas momesnb mepsoro au3aitaa ot Mapkyc @. 6e3 mopra UCTI. ATwmera8 momeren B
NaHeJ bKYy, Mo3ToMY, Bbl MoxkeTe 3amennTh ero Ha ATwmeral68 wian ATwmerad28. st sroit Bepcun Bor
JIOJIYKHBI PACCMOTPETh BCe MYyHKTHI pasfesna s myuareit crabunsaniuy HANPsSzKeHUsT TATAHTSA
JIOTIOJIHATEIBHBIN KepamMudeckuit konaeHcaTop Ha 100 nF moiKeH OBITH YCTAHOBJIEH MOOJU30CTH
BIII-TH/T w BeiBomos ABIILI-I'H/T ATwera. [Totomy, uto B Tectepe omynrsyer paszbem NCII, Bor
JIOJIPKHBI €10 CMOHTHPOBATH WJIM UCIO/b30BATH /it mporpamvupoBanns ATwvmera nporpammarop c
BHENTHUM pa3beMoM. Kpome Toro, Bl jgo/1KHBI UMETh B BHJLY, UTO, ecJii Bl ycTaHaBanBaeTe KBapil
Ha 8 M Hz, to y Bamero Buemnrnero nporpammaropa NCII nokHa OBITH 9acTOTa CHHXPOHHU3AIUN
WU KBaPII JJIsT TPOTrPAMMUPOBAHUS.

Bropas Bepcusi Tecrepa ¢ snemenramu CMJI. Tam ycranosmen ATwmeral68 B CM/JI kopmyce
32TUDII. K cuacreio, ycranosiern paszbém WCIT ¢ 10 xkonTakTamu s mporpaMMupoBanms. 91
IpOAHATU3UPOBAJ Bepeuio mwiaTel «2.1 2012/11/06». Hamresn onay ommu6Ky - ssemeHT « By : yeraHoBICH
cTabUITPOH, a JoJKeH ObITh TouHblit TOH nHa 2,5 V. CtabuaiuTpon HeoOX0IUMO YIAIUTh, a Ha ero
mecto yecranouTh MOH JIM4040AM32.5 mwan JIT1004113-2.5. Hemocraotree onmopHoe HapsKeHHe
YUIUTBIBaEIs nporpaMMubiM obecriedennem jaxke, ecim VIOH we ycranosien. Moit obpazer; Obit
nocTapjaeH ¢ mporpaMMubiM obecnedenneM Bepcun 1.02k. Paszbwém MCII ¢ 10 xkornTakTamu He ObLI
ycranoryen, u s1 uarotrosus nepexogauk ot VMCII6 k ICH0. ¥V moero nporpamvaropa tens ['HJT
nojBeJeHa K Kourakry 10, a Ha miare nenb I'H/ noasenena k konraktam 4 u 6 NCIL. Mapkuposka
ATwmeral68 GbL1a cTépra, U He OBLIO HHKaKo# mokyMeHTarmu. Obio3er 010kupoBku ATwmera ObLIn
YCTAHOBJIEHBI TakKuM 00pa3oM, 4T0 Obl CUMTHIBAHHE HaMsATH ObLIO HEeBO3MOxKHO. Ho ycraHoBUTDH
nporpaMmmHuoe obecriedenne pepcun 1.05k yaaaoch 6e3 npodsemM. Y JApyroro moJib30BaTesst eCTh PO0IeMbl
C IpOrpaMMHBIM obecrietdeneM Toii ke camoit Bepcun 1.05K. Y 3T0ro noab3oBaTesiss KuTaiickas 1miara
«2.22012/11/265. [TporpamMmmMHOe obecriedeHne HATHHALT PADOTATD, €CJIH YCTAHOBATD JOMOJTHATETbHBII
kepammaeckuil kougencatop 100 nF wmexay soiomamu ABIIL (seiBox 18) u 'HJII (BwiBOM 21)
ATwera. ITporpammuoe obecriedenue Bepcun 1.05k ucnosibzyer pexkum cua ATMmera B redenne Bpemenu
oxuanusg uamepenud. [1o 3Toit npudnne TOK NOTpedICHUS U3MEHSIEId 9acTO U PEry/IsaTOp HAIIPAZKEHU S
Harpykaerg oouibite. Jlaee g 3ameru, uro Hanpsazkenue BIIL 610kmpoBano kepaMuaecKuM KOHJIEHCATOPOM
100 nF' u snexkTpoaurudeckuM Koujaencatopom 220 pF nobsmsoctu ot 78/105. BxoaHoe Hanpszkenue
9 V 6J10KMPOBAHO TEMHU K€ CAMBIMU KOHJIEHCATOPAMH, HO He Ha BXOJe CTaOUJIM3aTOPa, a B SMUTTEpE
[T-H-TI-rpansucropa (nmapamiensuo Garapee). Jopoxkka or ATMeral68 1m0 mcmbITATENLHOTO MOPTA
HACTOJIKO TOHKast, 94T0 conporusienne 100 mf) He cMmoxker ObITH W3MepeHO. DTO OyeT TPUINHON
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u3MepeHus conporuaenns MuaumyMm 0, 3 ) 11 1ByX coeMHEHHBIX BBIBOAOB. [Ipu m3mepenuu ECP
9TY BEJUYUHY OOBIYHO MOXKHO CKOMIIEHCHPOBaTh. lIporpammuoe obecrieuenue, HaUYMHAS C BEPCUU
1.07K, yIuTBIBAET 3TO CMEIEeHHE [JIsi TOTO, 9TOOBI H3MEPSITh PE3UCTOPHI conmpoTuBieHnemM Huzke 10 ).

2.8 Kwuraiickue KJIOHBI C rpadpmdecKuM ANCILJIeeM

Hogwie cbopku Tecrepa, kKak, Harnpumep, Bepcus or Pui8840 uctonb3ytor 1281164 Touku rpadpudeckuii
JIACTLTIE. DTa BepCHst UCTOIb3yeT MOAUMUITPOBAHHYIO JIOTUKY YIIPABJICHUS TTUTAHUEM W KHOTTKAMH.
Pucynok [MOKA3BIBAET YACTh MOAU(MUIIMPOBAHHON IIIEMBI.

vee vee +9‘V
=M 3 o | & g =
)z alls pesle |
.77 — o~
~| | & ‘

PC6 PD7 ADCS = I i INP  OUT

’_. 4. =
Reset y D6 D5 T GND
O @]
[ =
SF BT 2[] &

PD6

Puc. 2.18. Yactb membr Bepcuu or Pumm8840

Kaxk Bl MoKeTe BUIETH, BMECTO HIIOHOTO KOI(PMDUIIMEHTA JETUTEIIA, COOTHOIIEHUE COIPOTUBICHUN
PE3UCTOPOB B LMK U3MepeHns Halpsxkennd batapen, P8 u P15 Buibpano 2:1. Kpome Toro, pesuctop
P15 coequnen memocpeacTBEHHO ¢ OaTapeeil, UTO MIPUBOAUT K MOTPEOIEHNIO SJHEPTHH B BBIKTIOUEHHOM
cocroguuu. Pezucrop P15 nosizken 661Tb TOJAKIIIOUEH K CTOKY U1 mIn HA BXOJL pEry/isdTopa HalpaKeHu s
JIJTS TIPEIOTBPAIIEHU s HEHY JKHOTO paro/ia sHeprun 6arapen. COOTBEITBYIOIINE M3MEHEHNS B TIeIaTHOI
iate u3obparkennol Ha pucyHke [2.19, Pesuctop P15 onoemunén ot nopoxkkwu, wiayineir or P17 k /15
U TIPY TIOMOIIHM SMAJIUPOBAHHON MPOBOJIOKU MOJACOEUHEH K CTOKY 1.
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Puc. 2.19. BapuanTt u3menenud B nedarnoii miare Oum8840

Kosddunuenrt neaurens ajist n3MepeHUs HapsizKeHns OaTapen 101KeH ObITh 3a1aH B Maxkeduie
(nanpumep: BAT_HYMEPATOP166) nocite BHeceHusT n3MeHEHU{T B OPHIHHATIBHOE IPOIPAMMHOE 00ecIiedeHue.

Jlng apanranuu padbovero HaNPAXKEeHUS K HAIPSAXKEHUIO KOHTPO/LIepa JUCILIesd, MOAYIb JTUCILIes
tecrepa @ui884(0 ocHaleH perysdaTropoM HamnpsizkeHus 3,3 V. YpoBeHb JIOTHYECKUX CUI'HAJIOB OT
ATwmera—5 V. g ananranuy ypoBHS JJOrTIeCKHX CHTHAI0B ATMera K ypoBHIO CUT'HAJIOB KOHTPOJLIEpa
JIMCILIesT PeKOMEHIyellsd aJanTep, U300parKeHHbI HAa PHCYHKE CurnaibHble JITHAU YeThIpex
JIAHHBIX OCHAIIEHBI 9€ThIPbMsI pe3ucropamu 2.7 k{) nomcoe IMHEHHBIME TOC/IEI0BATEIHHO /I KAZKI0TO
curHajia Ha HeOOJbIION MakeTHON mnare. /Ing mojcoeuHeHUs IJIaThl JUCILIeS K ILJIaTe TeCcTepa
Pum8840, B 3TOM Cilydae, HeOOXOIUMO UCIIOIB30BAThL O0JIee JJIMHHBIC UIH JOTIOJTHUTETHHBIE MEXKILIATHHIE

JUCTAHIIAPYOIIUE CTONKH.

G 3
82 82012

%

(a) Bu aucnutest ¢ ajganrepoM (6) IlomrocThio cobpanubiit TecTep

Puc. 2.20. Aganrep [/ist KOPPEKITHMHU MOTKTIOUEHUS TUCILIEST

Bumecro npusegennoii Boimie Mogudukanyum, Bol MoxkeTe TakzKe HCIOIb30BATh CIICIUAILHBINA PEsKIM
BoiBOa curHasioB 4 CITN ATwmera, 3amas onnuo B makeduae JILI_CITVU_OITEH_ITOJI. C nomoibio

30



9TOH omIum, BBIXOABI He mgocTturaioT ypoBHs BIIIL, Tak Kak BO BpeMsl BBIXOJa BBICOKOTO YPOBHS
HMOJIKJTIOYAIOINS «IIOATATHBAIOIIIE PE3UCTOPBI» HA BECh TEPHUO BEICOKOTO ypoBHst. Kcan onmums ITVJIJIVIT_IC
3a/laHa, TO HEOOXOAMMO YCTAHOBHUTH JOMOJHUTEILHBIN BHemrHuil pesuctop g curaana «PECET»

(I1/10). ITockoIbKY CHTHAJIBL JAHHBIX HUKOL/IA He jocTuraoTr yposrst BLLL, yposens 3, 3 V' koHTposiepa
jucinies He OyaeT npessbiiner. B moeit Bepcun Tectepa @uim8840, Bce CUTHADBI IUCILIES TOAKIIOYCHBI
HAIIPSMYIO K paszbeMy JuciLiesd. Takum odpazom, Bl MoxkeTe MOATOTOBUTH MEYATHYIO ILJIATY IS
MOJIKJIIOUEHNST CUMBOJIBHOTO JUCILIEsI, €CJIM HA Heil yCTAHOBJIEH OTBETHBIN pa3beM U IMOTEHIIHOMET]

JIJISE PETYJIHPOBKH YPOBHA KOHTpAacTHOCTH. O HAKO KOHTAKT 15 J/IsT TIOACBETKHI MOAK/II0OYAeIsd HEITOCPE ICTBEHH(
K BIIII Tecrepa. Ecau Bel nonkatodaere aucinieii mo Takoi meme, Bbl 10KHBI IPOBEPUTD, HAJTHIHE
OTPAHUYHUTEILHOTO PE3UCTOPA MOACBETKH Ha IJ1aTe MOAY/Id quciiies. Kornedno, Bol 10KHBI CKOMITHIHPOBATD
nporpaMMHoe obecredenune 110 TAKOro MOAKI0UeHus auciied. Takas annapariasg 10padoTKa IIpoBepeHa

ag maarel Purm8840.

Bce nonbiTkn n3aMeHuTh mporpaMMuoe obecriedenue Bul jesiaere Ha ¢BOit cTpax u puck. Hukakmx
rapaHTuil He MOXKeT OBITh JAHO IO MO/IePXKaHU0 HOBBIX Bepenii. K coxkasrennto, nnoHas KuTalickas
MHUKPOIPOrpaMMa He MOKeT ObITh COXpaHeHA M3-3a YCTAHOBJIEHHBIX OUTOB 3amuTthl ATMmera328. Tak
YTO HET c1ocoba BEPHYTb HPUOOP B MINOJHOE COCTOSIHUE.

Honoinurenbias Bepcus ¢ rpadudeckuM jauciieem [TIEV_MS8 neuartnoit niatsl n3o6pazkena Ha
pucyske [2.21] Dra cbopka ucnonabsyer akkymyaarop Jlullon AA pasmepa B KauecTBe UCTOUYHHKA
OUTaHWS, KOTOPBIH MOXKeT OBITH 3apsizKeH oT MUKPO ¥ CDB paszbema. dkcmiayatrupoBarh TecTep MOXKHO
TakKe 6€3 aKKyMyJIsaTopa, TpU MUTAaHUU TOJIHKO oT YCB.

Puc. 2.21. Kuraiicknit kion HHIEN_MS§

OrpajiHo, 9TO CUIHAJTBHBIE JIMHUH TUCIIIes (Ha IIaTe aanTepa) OCHAIIEHB! PE3UCTOPAMHU, BKIIOUEHHBIMH
1OC/IeI0BATEIbHO. Bbl MOXKeTe yBHAETH PE3UCTOPHI HA PUCYHKE caeBa. Takum obpazom, Bor ne
JIOJIKHBL 00siThCst, 9T0 b V' curnasbsr ATmera MoryT BeI3BaTh Ipe3MepHOE YBEJIUYEHUE TPeIeTbHOTO
JIOTHYECKOr0 YpoBHA 3,3 V' KOHTpOJLIEepa JTUCILIes.
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(a) Ilnara amanTepa gucrurest (6) OcHoBHas LIATA

Puc. 2.22. Tectep IHIEM_MS8 B pazobpannom Buje

[Ipu obHOBIeHNN 10 Bepcuu 1.12K oOHAPYKEHBI HEKOTOpBIe TpobieMbl. Eciun yctanoButh Etrrenmen
Dyce 0m04 (0mdPII), kKak peKOMeHyerls, HEKOTOPble U3MEePeHUsl BBI3bIBAIN COPOC HPONECCopa n3-
3a KOPOTKOTO TpoBaja Hanpsazxenus «Bporma Oyrs. ¢ mo6aBus [10TOMHATENBHBITT KepaAMUIECKHiT
KoHjiencarop 4.7 pF' 1mo Bxoay peryiagropa Hanpskenus u 10 puF KepaMudecKuil KOHJIeHCATOP Ha
Boixojie (BIIIT) peryastopa. U 10, 1 nocie OGHOBJIEHUST 1 3aMETHJT, YTO B OHIOJISIPHBIX TPAH3UCTOPAX,
Ha 9TOH miare, ompenesens auddepennuanbublii Tok Kosekropa (MIEO win WNIIEc) okoso
1pA. Tlocme 3amenst menzsectroro JIJ1O perynsropa manpsokenust na MI[b702-5002 stor s dexr
ucue3. Pucynok [2.23] nokaspiBaer H3MeHEHHYIO [EUATHYIO IUIATY ¢ KOHJEHCATOPAMH U PEryJsiTOpoM
MIIb702, yctanoBieHHBIMU HaBeCHBIM MOHTaykKOM. Ecyin Bor He zKejtaere npucaymmuBaThCsd K COBETY,
Ber noskabl yeranoputh Emrenaen @yce 0m07 (0mdP) miast noaiep:kanus GecriepeGoiHOl paboTh.
C 3T10ii HACTPOIKOI KpaTKOBpEMEHHBIE IIPOBAJIbI He OyAyT 0OHADPYZKEHHI.

Puc. 2.23. Tecrep LLIEN_M8 nociie Mmogudukanmm

HonoinuTebHas Kuraiickas Bepcud ¢ rpadgpudeckum aucmieeM — recrep «JIJ/I-T4» na nevaruoii
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mwiaTe ¢ XKEaToit Mackoit. ¢ cHan gumcmaeit s 3aMeHBI MPOTPAMMHOIO OOecIledeHHsI Ha HOBYIO
sepcuto. Ha npasom pucyske [2.24] Ber Moxere yBueTh B IPABOM BEDXHEM YIUIy OTBEPCTHs s
ycranoBku VICII pazbéma ¢ mpaBuaIbHO pa3BOIKOIl 1151 6-TH KOHTAKTHOTO MOAKIIYEHNST TPOTPAMMATOPA.
s nporpammupoBanug ATMera s He ycTaHABJIHBAJ IITHIPEBOI pa3béM. Z1 TOIBKO BCTaBUIT INTHIPEBOM
pa3beM B OTBEPCTHd U NPHUIEp:Kaa pasbém Iuieiida BO BpeMms IporpaMMmupoBanus. llpum Takom
cIocobe MTHIPEBOH Pa3beéM MOZKeT OBIThH JIETKO YA IeH | IUCILIeH YCTaHOBIEH HA MECTO JJIsi BO3BPAIILEHUS
1epBOHAYAJIBHOIO BHa pubopa. Kuraiickoe nporpaMMuoe obeciiederHne MozKeT ObITh 3aMEHEHO Ha
Bepcnio 1.12k 6e3 kaknx-simbo 3ameTHbIX mpobseM. Ycranoska Emrrernen @yce 0m04 (0mPIT) s
IPOBEPKH cOpOCa M3-3a KOPOTKOIO IpoBaJia Hanpsazxkenus «Bpomu Oyry» Kakux Jub0 CIOpHPU30B HE
HpHHECIA.

i
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(a) B cobparHOM BHzE (6) Co cusTBIM JUCTIIIEEM

Puc. 2.24. Buemnnit Bun T4 TecTepa

Bui MokeTe yBUIETE CTOWKY 5 mm 1 0OHOBJIEHHbIE Kabe/iu ¢ 3ayKuMaMu nu3Mepenns Ha ¢pororpadun
3ajHeit ctoponbl Ha pucynke [2.25, [TockoabKy curHa bl JaHHBIX i IpadUIecKoro KOHTPOJLIEpa
JIACILIes] He MeoT peobpasoBatelis Jjorudeckux yposaeii (5 V -> 3.3 V'), pekomeH 1yels yCTaHOBUTH
oruio JILJI_CITN_OITEH_ITOJI. B cBa3u ¢ TeM, 4TO I1aTa He MOXKET OBITH JIETKO MOJIEPHIU3HPOBAHA,
«IYJUI-YII» PE3UCTOPBI MOI'YT ObITH HCIIO/Ib30BaHbI IyTem oTksiodenus onmuu [TYJIJIVII JINCABJIE
B MakeduIe. JTa MIaTa sIBISEIs MEHbIEe MPAKTUIHON /I MOCJIeIHUX PACIITHPEHHI, a TAKKe 3aMeHy
JIMCILIeS TPY/IHO Peain30BaTh.
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(a) CTopoHa KOMIIOHEHTOB (6) C kabensiMu M3MepeHUsT

Puc. 2.25. Obparnas cropona T4 rtectepa

Eme onna BepcHsi KHTaliCKOTO KJIOHA ¢ IpaduuecKuM TUCIIeeM mMeeT Haspanue «I'M328». B
9TOI Bepcuu agantep rpapuueckoro NHANKATOPa MOAKII0UYeH depe3 16-TMHOBbIH pa3beM K OCHOBHOM
mwiare. [Topr IT/15 ATwmera nonkioden gepes BoiBoj 6 pazbema Ha IIE (Hun Exnabse) Bxox rpadudeckoro
kouTposiiepa. Curaan CE rakzke mogkaouen k 0 V' (I'H/I) wa norare aganrepa. Pesyabrarom takoro
HOJKI0YeHNs OyeT KOPOTKOe 3aMBIKaHHe B CIydae mepeksodenns mopra I1/15 ATwmera Ha BBIXOIT
5 V. B HOBBIX BepCHSIX MPOrpaMMHOI0 obecriedenust BoiBoguIs curuan HE, naxke ecin on He sBiigensd
HeoOxomuMbIM. 1t mpaBuibHoit padboTsl «['M328» TecTepa ¢ HOBBIMHU BepCUSAME, BbI T0IKHBI O[O IUHUTD
curran LIE (mopr IT/I5 ATwmera) or BeiBoga 6 B pazbeme rpadudeckoro ajanrepa.

2.9 Kuraiickue Habopsbl ¢ rpadndecKNMn JAUCILIEeIMNA

[TostBuiiuch JiBe HOBBIE Bepcuu HAbOpa ¢ rpaduiecKuM JUCIieeM | II0BOPOTHBIM 9HKOiepoM. [lepsbiii
Habop wmcnosb3dyer juciuteii ¢ kKourposstepom CT7565 win comectumbiM (128x64 mukcesneii). B
JIOTIOJTHEHNE K TTOBOPOTHOMY SHKOJEPY, MPEIyCMOTPEH BXO/ JIJIsT W3MepPeHust 9acToThl. JIIst TecTOBBIX
ILIONIAIOK UCIOJIb3yeld 14-KOHTAKTHBIH paszbeM TemToos, Tpu KOHTAKTa II0J HalKy TepMHHAJIOB
JUIsT TIOJIKJII0UeHns Kabesiell u recToBble mwiomaaku s tecra geraneit CM/I. Ha dbororpadun [2.26]
MOKa3aH CMOHTHUPOBAHHBIN mpmOop. OIMH M3 ABYX HArPy30UYHBIX KOHJEHCATOPOB KBapma 22 pF
3aMeHeH TpUMMepOM. TPHUMMEPOM MOXKHO MOACTPOUTH YAaCTOTY MeHepAIMi KBapIa JJIs MOBBIIIEHN
TOYHOCTH B PEKUME YaCTOTOMEPA U TeHEePATOPA.
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(a) CMOHTHPOBAHHBIA BUJT (6) co CHATBIM JHCILTIEEM

Puc. 2.26. Cobpaunusbiit Habop ¢ gucmieem 128x64 nukceeit

[Toszke nosiBuicst HAGOP, KOTOPHIH HCIOJIB3YeT MBeTHOM quciuieii ¢ kKorTposutepom CT7735 (1601128
HKCeJIel ), TOTIOJHUTebHO OCHAIIEH BXOIOM JIJIsT H3MEPeHUsT HAITPSIZKEHHsT 1 BBIXOJIOM JIJIs TeHEePATOpa
gacTtoT. Ho BBIX07 reHepaTopa He Oydepu3snpoBaH, OH TPOCTO MOJK/IIOYEH MapaaIeTbHO K KOHTAKTY
TP2. BoabrmeTp MOXKeT U3MePSATDH MOJ0KATEIbHOE TTocTossHHOe Hanpsizkenue 110 50 V. [IpeobpazoBaTesinb
nanpsukenust -1 qns m3mepenns crabumurponos ue mpeaycmorpen. Ha dororpadmsax [2.27]
NOKa3aH 3TOT coOpanubiii Hadop. Kpome Toro, B 3T0ft Bepcuu ouH HArpy309HbIHl KOHJIEHCATOP KBapIia
22 pF 3aMeHeH TPUMMEPOM (3eJIEHOTO IBeTa).

(a) cMOHTHpOBAHHBIH BU/L (6) co cHATBIM auCIIIEEM

Puc. 2.27. Cobpannslit Hadbop ¢ npeTHbIM 16011128 nmukcesiei aucieeMm

Ob6a nabopa ucnonn3yior ATmera32811 8 JIMII kopiyce ¢ ycTaHOBKO# B MAHEJBKY U He OCHAIEHBI
pazbemom VCII s obuoBiienust 60/1ee HOBLIMU BEpCUsIMEA HPOTPAMMHOIO obecredenusi. [lepsbiii
KOMILJIEKT HCIIOJb3yeT TOJbKO BBIBOAHBIE KOMIIOHEHTHI JjIsI MOHTAYKa, [TeYaTHON IIarhl. Y mosmydma
pesyabrar ndmepenus pesuctopon 680  u 470 k2 ¢ gonyckom 0.1% B 9TOM KHTaliCKOM KOMILIEKTE.
Tak:xe B Habop nobapien koHaeHcarop 220 nf' nig KagubpoBku. KOMILIEKT ¢ IBETHBIM JIHCILIEEM
OCHAIIEH Pa3beMOM JIJIs TOJAKJIIOUEHUsT BHEITHEI'O0 NCTOUYHMKA MUTAHUS [TOCTOSHHOTO TOKa BMecTo 9 V'
barapen. Hekoropsie CM /I KoMIIOHEHTHI OBLIN CMOHTHPOBAHBLI Ha OCHOBHOM ILTaTe, TaK UTO cOOPATH
TecTep u3 TOr0 HabOpa He CjoxKHasd 3ajada. HebobImoil HeJ0CTaTOK BEPCHHU C IBETHBIM JIMCILIEEM

35



— CKOpOCTh BBIBOJA Ha 3KpaH. OcoOEHHO 3TO 3aMETHO NpH IHepeMeIeHud 1o MyHKTaM MeHo. B
JII0OOM cjiydae, IBeTHOH jauciuieii nmeer OOJibIliee paspelreHne, YTO MO3BOJISIET 0TOOPa3uTh OOJIbIIIe
nHOpMAIIK Cpazy.

Ob6a nabopa HCIOJIB3YIOT CTAOUIN3ATOP HalpszKeHud 3.3 V' i NUTaHud KOHTPOJIIEpa JIUCILIes
Ha I1aTe MHAUKATOpa. TOMbKO KOHTAKTHBIA pa3dbeM JIOJIZKeH ObITh NMpHUIAdH Ha IedaTHOoi Iuare
guciniess. B mBerHoit Bepcum nHabopa wucmosb3yens Oydep 1114050, mira aganTaiuu JOTHIECKUX
ypoBHeil curnaJia. ¢ He obHApPYKMJI KaKux-iMO0O 3JIEMEHTOB /I alalTallid ypOBHell curHaja Ha
mwiare ¢ guciuteem CT7565. BeposaTHo, BRIOpaHHAS BepCHs KOHTPOJLIEPA AOMYCKAeT YPOBHU CUTHAJIA,
5V ¢ ATmera328. 4 He oOHAPYKUT 3aIMUTHBIE JTMOIBI HA BXO/e CUTHAJIOB CO CTOPOHBI nuTaHusd 3.3 V/
JIJIST JIAHHOT'O THIIA KOHTPOJLIEPA.

2.10 VYHa euH Tectep Bon Xujgana mut M644

Juecec Haubay 6acuepr ayd mem Cuanrmian Bon Hunk JI. ayc aep Ykpaune cuexe AGOMIIYHD
ayd npep Ceure ?7.

Beament mupa gep Tecrep mut emaem Kuond, aep comoxa Tactep aJjc ayd /Ipexrebep
UCT.

Ep 6uerer oarenge 3yc’T3e:
- nue PpedyeH3MECCYHT
- nep d-T'enepatop
- 10-6ur TIIIIM
- Nmniyncapexredep
- nue Yyaps-MeccyHnr
- Crnannynr yua 3exaepauoger Becrummvysr (6uc dbact 50B).
Jue Ilnatune mct mut emnem 8MX3 Uyaps Gect?kT. Beccep m?pe moxa enr 16MX3 Uyaps, moben
aue Haup?crynr ennec Tpummepc (renayepe @pedyens) cqiuepur uer.
Jne Konrakre G7p aune UCTT-Cunnrnresie cunmg ayd enne 6-mos Jloupenxe yHTEepXaabd gem crenkbapex
Hucniap-Mogyn xepaycred?xpT jaue ¢osren 1 6eJiert uct:
BOH JIMHKC Ha4 pedi;: 1 -Pecer; 2 -CHK; 3 -MUCO; 4 -MOCH; 5 -t5B; 6 -I'H/I.
VM gen Tectep, akTyasucueper 3y K?HHeH, OeH?TUIT MaH enH anrenaccrec Kabes, qmep Man peaTtun
enHday cejdCT eperesiieH KaHH.
Ben nep Aycrmmedepyur uct nep Hynnkpadr-Tecnornken 76ep Byucemneuncren mut nep [lnarune
BepOyH/IEH.

Beu nem yuren abrebuigeren Tecrep mypae jep Colkesa TUPEKT aHrea?TeT VHJ JUe XHePMUT
reciapre Bydcennencre ayd enn Bopxanaenec Onaudbanngkabdes mut [Idocrencrernkep anren?TeT yHI
mut Cupymndcaiayd duruepr.
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IIporpammep AHCuuT BOH 00eH Tectep
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PFL 6 6x0,09/AWG 28

ITIpocrencrenkpepouniep Draubanaxkabder Byucensiencre

Puc. 2.28. Kaben d7p aue IIporpammuepynr

(a) YHTEH Tb omc TII3 dp ‘
Bayrennebectummynr (6) o6en IMunc G?p Aycmaxumen? yus aue NJIE

Puc. 2.29. Xunanyg Tecrep mut Tecronken yua 128m64 [Tumen /lucriabt

Hue Tecrnopu, Th, T'b yua TII3 mepaen G7p aue ayromarucae bayrenmepkennysr 6eHyT3T
yua cung ayd aep [Liarure mut nen Suddepn 1,1,15 25 3,3,3 rekenH3envIHeT.

Hue rirende bezemunynr 6edbunger cud ayd gem CMIL Tecrden

yu1 ec berexT ay4d eune M7rianukent, eurene Tect Kaben anzyir?ren.

Jep Tectnopt T'b mupa aya ¢7p aue Aycrabe nep Conaepdyukrnon ,,-T'eneparop” GenyT3r.
Ine vut JI® 6e3enuneren [unc curg b?p aue Meccynr Bon Uyapsen mut aHueapurep Peconanzdpedyens
BOprecexeH,
yua aue Mut X® 6esenuneren Ilunc cung ¢7p Yyapse mut xoxep Peconanzdpedyens 6ecTUMMT.

Hep Iun @-un mupr sycammen Mmut I'aa ¢7p aue ConmepdyukTtunon Opedyers GeHyT3T.

Yux aep ITun Bemirh mupa remayco mutr I'ag G7p aue CanHyHICMECCYHT
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YHI, 1ue 3eHepanoIeHMecCYHT OeHyT3T.

38



I'maBa 3

VHcTpyKnusi 110JIb30BaTEJIs

3.1 IIpoBenenHue naMepeHuUt

Ucnonb3oBars Tectep mpocto, HO TpeOyIolid HEKOTOPbIE MoscHeHusd. B 60IbIIHHCTBE CIyYaeB IMPOBOJIa

C «KPOKOJUJIaMH» IMOJKJIIOYalOold K NCIIbITaTCJIbHBIM IIOPTaM pa3beMaMU. Takke MoryT OBITD ITOAKJIIOYCHDI

rHe37a JJsi TPaH3UCTOpoB. B oboM ciaydae Bbl MoxKeTe MOIKIIOUATHCA TPeMsl BBIBOJIAMH K TPeM
UCIIBITATE/IbHBIM IIOPTaM B JII000# 1nocsieoBaressbHocTu. e y sjieMenTa ecTh TOJbKO JBa BbIBOJIA,
Bol MozKeTe MOAKIIOIATHCA K JIFOOBIM ABYM HCIBITATEIbHBIM TOpTaM. OOBIYHO TOJAPHOCTH 9JIEMEHTA,
He BaykHa, BBl MozKeTe MOJAKJII0YaTh BHIBOBI 3JIEKTPOJIUTHIECKIX KOHIEHCATOPOB B JII00O0OM MOPSIIKE.
OOBIYHO MHHYCOBOH BBIBOJ MOJKJIIOYAEIS K HCIBITATEJIHLHOMY IOPTY ¢ 0Oojiee HHU3KHM HOMEPOM.
[TonsspHOCTH HEMPUHIUIIHAIBHA, TOTOMY YTO M3MEpPHTEbHOE HalpsazKeHne Haxoaumsd Mexay 0,3 V
u 1,3 V. Ilocje nojk/rodenust 3jieMenTa, Bbl He JOJIKHBI KacaThCs €10 BO BpeMs uaMepenus. Eciiu
OH He BCTaBJsielld B T'HE3/70, TO Bbl JIOJZKHBI IPHKATH €r0 Yepe3 HeIPOBOJIAIILYI0 MPOKJIAAKY. Bb
He JIOJIZKHBI TaKKe MPUKACAThCs K W30JSINAKN TPOBO/IOB, CBA3AHHBIX C MCHBITATEILHBIMIA TTOPTAMHA -
pPe3yJIbTATHI I3MEPEHUst MOT'YT OBITH UCKazkeHbl. [locse BeIBoIa Ha aucILIe# coobienus « TecTuHr...»,
pe3yJIbTAT U3MePEeHUs JIOIKEH MOIBUTLCA, TPUMEPHO, Hocjae ABYX ceKyHI. Ilpu uzmepennn éMrocTn
KOHJICHCATOPA BpeMsd OKOHYAHUS MOXKET YBEJIHINBATHCS MPOMOPIHOHAILHO EMKOCTH.

[TponomkuTebHOCTD U3Mepenus Tecrepa, 3aBUCUT OT KOHGMUTYPAIUKA TPOTPAMMHOTO 0OecIieYeHus .

PexkuMm onHokparHoro uamepenud. Eciu Tecrep ckordurypupoBan /s 0HOKPATHOTO H3MEPEHUs
(ITIOIEP_O®® napameTp YCTAHOBJIEH ), TO OH OTKJIIOYALIsl ABTOMATHIECKH, TOCJIe OTODparKeH s
pe3yabTara B Tedenne 28 cekynia. Cremyioiiee u3MepeHne MOKHO HAYaTh B TeUCHHE BPEMEHH
0TOOparKeHHsI WU O0CJIe OTKJIIoYeHns, BHOBb Haxkap KHONKY TECT. Cienyoinee n3mepenue
MOXKeT OBITH CJIEJTAHO C TeM Ke CaMbIM WU JApyruM 3djaemeHToM. Fcmm Ber He ycranoBumin
3JIEKTPOHHBIE IJIEMEHTHI JIII aBTOOTK/IIOUEHUA, TO TOCJEJHUN Pe3yabTraT u3MepeHus Oy/ier
oTobpazkaThes, IoKa Bbl He HauyHeTe cjeylollee U3MEpEHHe WM He BBIKJIIOYUTE ITUTAHHE
(HEOGXOIUM BHEIIHUI BBHIKIIOUATED).

PexkuM 6€CKOHEYHBIX U3MEPEHUM. IDTOT PEXKHUM ABJIsIeld KOHDUIYypalneir 6e3 aBTOOTKIIOYCHHS .
O6bIYHO Ta KOHMDUIYPALUA UCIOJIb3Yells, eCJIM He YCTAHOBJIEH TPAH3HUCTOP aBTOOTKIIOYEHHU.
B stom cayuae, mapamerp ITOIIEP_O®® orkmouaens B Makedune. asg aToro pexkuma
HEOOXO/IMM BHEITHUI BBIK/II0YaTe/b. Tecrep OyleT MOBTOPATH U3MEDPEHHUs, [MOKA ITMTAHUE He
OyeT OTKJII0YEHO.

PexxuMm MmHOTOKpaTHBIX m3MepeHmit. B yrom pexkume Tecrep oTK/II0OUAIS HE 1TOC/IE OJHOI'O U3MEPEHUs,

a ToCJIe 33IaHHOr0 Yncaa u3mepennii. B srom ciygae mapamerpy [TOIIIEP _O®® npucsausaers
YHCJIOBOE 3HAaYeHne, Hanpumep 5. B crargapraom pexxknme TecTep OTKIIIOUAIIS TTOCJIE D U3MEpPeHHit
6e3 ompeesieHus dIeMeHTa. Eejim Kakoit-imb0 71eMeHT onpejiesieH rectoM, Tectep OTKIIOUHTIsS
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nocie 10 u3mepennii. IlepBoe m3mepenne ¢ HEM3BECTHBIM 3JEMEHTOM TOCJIE CEPUU U3MEpeHMii
N3BECTHBIX 2JIEMEHTOB O6HyJH/IT pPeE3yJabTaTbl U3BECTHOI'O USMEDECHU . TaK}Ke IepBoe u3MepeHue
MU3BECTHOTO 3JIEMEHTa OOHYJIUT PE3YIbTAT HEU3BECTHLIX n3Mepenuii. Kcm aieMeHTh oIK/TI0Yatonsd
HEPUOJIUYECKH, TO STOT aJTOPUTM MOZKET IIPUBECTH K MOYTH OECKOHEYHOM 1OC/Ie10BATEIbHOCTH
usMmepennii 6e3 Haxkatus KHonku TECT B Hauase. B aToMm pexkuMe ecTh XapaKTepHasi 0COOEHHOCTh
JIATeIbHOCTH 0TOOpazKeHus. Eciu 11 Toro, uTobsl BKI04NThL Tectep, kHonka TECT nakara
KOPOTKO, TO pe3y/ibTaT u3MepeHusi orodpazkaels B TedeHue b cexkynj. Ecam Bbl nHaxkumaere

n gepxkurte kuonky TECT ;0o mepsoro coobienus, TO gajibHEHINNE PE3YAbTaThl U3MEPEHUS
orobpazkatong B Tedenne 28 cexkyH 1. Cienyoniee n3MepeHne MOXKHO Ha9aTh paHee, eCJIl HazKaTh
knonky TECT Bo Bpemsi 0ToOOpazKeHusi pe3yJibTaTa.

3.2 Mento gonoaHutedbHbIX pyHknuit gjiaa ATwvera328

Ecau MeHto TOMOTHUTENBHBIX (DYHKITUI TOCTYITHO, TO OHO OYAeT 0TOOPazKeHO TOCIe MPOIOIKATETBHOTO
(> 500 ms) naxarus na kaonky TECT. Dra dyHKINA TaKKe JTOCTYIHA JIJIs IPYTHX MEKPOKOHTPOJLIEPOB
¢ obbeMoM dm-amsaT He MenbIe 32K. Boibupaembie hyHKIUH 0TOOPaXKAIOIs BO BTOPOil CTpOKe
guciies B 2-x crpounom JIIJT wim, kak ormedennbie, B TpeTbeil crpoke s 4-x crpounbrx JILJT.

B 4-x crpounwix JIIJI Bo BTOpoit 1 4eTBepTOil CTPpOKE OTOOpaKaesd NPeAblIYIINA 1 MOCae Ty 0NN
OYHKT MEHIO COOTBelTBeHHO. [locie mimmTebHOTO BpeMeHU OXKujgaHud, 0e3 Kakux JmOo JeficTBHIA,
nporpaMMa BBIXOJINAT W3 MEHIO, BO3BpAIasich K HOPMaJbHOW (DYHKIMHM TpaH3WCTOp TecTepa. [lpm
KpaTkoBpeMennoM Haxkatuu Ha KHONKY TECT, ocymmecTBisielns mepexo K CJIeIVIONeMy MYHKTY
menio. [Tpu muresibnom naxkaruu kuonkn TECT BoiOupaeiisd nim 3airyckaensd orodpakaeMas yHKIU
Mmenio. [locsie muAMKAUY TTOCTETHETO MYHKTA MEHIO «CIUTY 0hh» MPOUTIONUT Tepexos Ha IMepBblii
OYHKT MEHIO.

Ecau B Bartem Tectepe ycTaHOB/IEH MOBOPOTHBIN 9HKOAED, BBl MOKeTe BBI3BIBATH MEHIO JOMOJTHATEILHBIX
dgyHuKIUit TAKKE OBICTPHIM TOBOPOTOM IHKOJEPA, KOI/1a PE3Y/IbTAT IIPE/IbI LY Iero TecTa 0TOOParKaers.
DyHKIUHA MEHIO MOYKHO BBIOPATH MEJIJIEHHLIM BPAIEHIEM IHKOAEPa B OJHOM WU JAPYTOM HAIIPABJICHUN.
Buibop nin 3amyck oToOparkaeMoro myHKTa MeHIO OCYIIeCcTB/Isgels ToIbKo HazxKaTueMm kauonku TECT.
[TapameTpsl BoIOpaHHOI (DYHKIIMU TaKKe MOTYT OBITH BHIOPAHBI MEJJIEHHBIM BPAIICHAEM YHKOJEpA.
BricTpbIM OBOPOTOM 9HKO/IEPA OCYIIECTBIISCIST BO3BPAT B MEHIO JIOTIOTHUTETHHBIX (DYHKIHA.

®peuyenns (uacroromep) lonosnurenbuas dbyukius «Ppedyennpiy (4acroroMmep) ucnojb3yer
nopt [1J14 ATwmera, koTopsrit Tak:ke noaxstodes K JIIL/I-qucnnero. Cuagasa u3amepsiers 4acTora.
Ecan gacrora muxke 25 kHz, TO JONOJHUTESIHHO WU3Mepsiellsl MePHOJi BXOIHOTO CHTHAJA, U
3HAYEHHE ITOH YaCTOThI MOXKET OBITh BBIUHCJEHO ¢ TOUYHOCTHIO 10 0,001 Hz. Eciu napamerp
[TOIIEP_O®® ycranosien B Makeduie, To HPOJIOIKHATEIHHOCTD H3MEPEHHUA YACTOTHI OIPAHIYEHA
10 8 MuHyT. I3Mepenne yacToThl MOKeT OBITH 3aKoH4IeHO HaxKaTueM KHonku TECT u Tectep
nepeitjier B MeHio pyHKITHI.

d-T'eneparop (reneparop vyacror) Eciuu Beibpana dyuxius «d-T'eneparops (remeparop 4actorhl),
TO MOXKHO CreHepHpoBaTh J00yI0 4dactory mexay 1 Hz u 2 M Hz. B moxere 3a1aBarh
3HAYEHWE TeHEePUPYEMOil YaCTOTHI TOJHKO B CAMOM CTaPIIEM pa3psijie 0ToOParKaeMoro B CTPOKe
guca. g crapmux paspsaoB duces dactor or 1 Hz no 10 kH z 3nadenus mudp u3MeHseIs
or 0 1o 9. Jlng crapmux paspsjaoB ducesa 3agaBaeMoil dactorsl Bhime 100 kHz 3nadenus
mudp u3mensens or 0 go 20. B mepBoif mMO3WIMN CTPOKU 3aaHUsT YACTOTHI OTOOpPaXKaers
cumBost > win < , Gostee npogoszkuTeabHoe (> 0.8 ¢) maxarue knoukn TECT ocymiecrsisier
nepexoj K CTapiieMy pa3psjy B 3ajaBaeMoil dactore. [lepexos K mMjajiemMy pa3psiay 4duc/ia
3ajiaBaeMoil 9acToThl, Bo3MozKkeH npu Haxkaruu KHonku TECT > 0.8 ¢ TojbKo TOrma, Korjaa
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CUMBOJI < oTobOpazkaeng. CUMBOI < 0TOOpaXKaels ecand B CTApIIeM pa3psje 3HaUeHne TugpPbI
paBuo 0 u Texkymasa dacrora He nuxke 1 Hz. Eciu Boiopana vactora 100 kHz win Bbiie, TO
cnMBOJ > 3amenstens na OykBy P. Bosee npogomkurensuoe (> 2 ¢) naxkarue knonkn TECT
IpuBe/IeT K OTKIIOUEHNIO TeHEePATOPA YaCTOTHl U BO3BPATY K MeHIO (DYHKIIHIA.

10-6ut ITITIM (10-6mut ITIMIM) dononuurensuas dyrakuus «10-6ur ITIIIM» (10-6ut ITTNM) rerepupyer

PUKCUPOBAHHYIO YAaCTOTY € BO3MOYKHOCTBHIO PETYIUPOBKU IMUPUHBI UMIYJIbCA HA TECTOBOM
koutakTe T'b. Tlpu kparkospementoM (< 0,5 ¢) vaxaruu kHonkn TECT muprnHa uMmyisca
yBesmausaensd Ha 1%, ¢ 6osee jmuanbiv Hazkaruem Kuonkn TECT umuysbe ysesmuusaens Ha
10%. Ecan 3uauenue npesbicnio 99%, to 100% suiantaens n3 pesyabrara. [Ipu ycTaHOBJACHHOM
napamerpe [TOIIIEP_ODP® B Makedmuie, remeparop 3aBepmuT pabOTy mocae 8 MUHYT 0e3
nazkatus Knonku TECT. Basepiuth paboTy reHepaTopa MOXKHO TaK ¥Ke JIHTebHBIM (> 1.3 ¢)
HaxkatueMm Kaonku TECT.

LHECP "Tb:3 /lonomnurensnoit byuknuei « ITLECP " Th:3» M0:KHO BLIOPATH OT/Ie/IbHOE H3MEPEHHE
émroctu 1 ECP xonnercaropos ¢ momoinbio TecToBbIX KoHTakToB 1T'b u TII3. Konaencaropsr o
2 pF" 10 50 mFE moryrt 66T u3Mepenbl. [TockoIbKy HallpsizkeHue u3MepeHusi COCTaB/IeT JIUIIb
ok0J10 300 mV', B BOJILITUHCTBE CJIYyYaeB KOHJICHCATOP MOXKET OBITH U3MEPEeH HeNnOCPEeICTBEHHO
B memMe 0e3 mpeIBapuTeIbHOrO JeMonTaxka. 1Ipu ycranosiernnom napaverpe [IOIITEP_ODD B
Makeduiie, KomudecTBO u3MepeHuil orpanndero 10 250, HO MOXKeT OBITh Ha4YaTO HeMeIJTeHHO
caoBa. Cepus u3MepeHUil MOXKeT OBITH 3aBepIlieHa npu AauTeabHoM HaykaTuu KHonku TECT.

Lnkanyaeckoe n3mepeHnune comporuBdaeHuii [IyHkToM MeHio HEI-3 3amyckaend MUKJITIECKOe
u3MepeHnne pe3ncTopon, MoAKIIOUEHHBIX K Th u TII3. DTor pexxum padboThl OyaeT obo3HAUEH
cumBosiamu [P] cnpasa B nepsoii crpoke aucmiest. [Toromy uro meron usmepenuss ECP ne
HCIIOIB3YeIls B 9TOM PerKIMe, pa3perneHne n3Mepenns pe3ncropos menbire 10  toabpko 0.1 €.

Ecyim dpyuKIns uamepennsi CONpOTURJIEHUH HACTPOEHA C JOTIOJHUTETHHBIM U3MEPEHUEM UH LY KTUBHOCTH,
TO CUMBOJIbI I —waan— 3 OyyT oTOOpazkaThes B IyHKTe MeHIo. Torma mukjindeckas pyHKIU
U3MEepEeHUsT COMPOTUBICHI BKIIOYALT HPOBEPKY MHIYKTHBHOCTH JJIst pe3rucTopoB MenbIie 2100 €.

B srom pexkume cripasa B epBoii crpoke auciuies orobpassis cumodisl [PJI]. s pesucropos
menbie 10 {2 ucmomb3yerns TOT ¥Ke MeTo/ [ u3Mepenust 9To u ist m3mepennst ECP, ecjiu WHAYKTUBHOCTD
He oOHapy keHa. TakuM 00pa3oM, TOTHOCTh U3MEPEHHS PEe3NCTOPOB MeHbIre 10 () MoXKeT J0CTUTaATh
snadenusd 0.01 €. Usmepenus nopropsiorns 6e3 Haxkatusd Kaonku TECT. [1pu naxkatuu KHOIKA
TECT ocymuiecTBsielnist BBIXOJ U3 peKuMa B MeHI0. [ [uKindecKuil pexKiuM u3MepeHunii 3amyckaels
aBTOMaTHYecKH, ecyin pe3uctop noakaoded Kk Tb u TII3 n naxkara knonka TECT u3 ocnoBHOTO
pexkuma usMepenuil. I3 peknMa NUKINYECKOTO U3MEPEHUsT PE3UCTOPOB TECTep, N0 HAXKATUIO
knonku TECT, Bo3BpaTuiisg B OCHOBHOI peyKUM U3MEpPEHHIT.

IHuknangyeckoe n3mepenme émkocTeit [lynkrom meHio 3 3aIlyCKaels MUKJINIeCKOe M3MepeHne

émkoctu KoHmeHcatopoB B Th m TII3. DrTor pexum paborsl Oymer 0003HAYEH CHMBOJIAMU
[LI] cnpaBa B mepsoii crpoke gucmiesi. B 91om pexknme KougeHcaropbl ot 1 pF mo 100 mF
MOTI'Yy ObITh U3Mepenbl. 3Mepenus noBropsiong 6e3 naxarud KHonku TECT. [lpu naxkaruu
knonku TECT ocymiecTBisienss BBIXOJ U3 pexkuMa B MeHIO. Tak Ke, KaK U JIJisi PE3HCTOPOB,
HUKJIMYECKUI PeKUM U3MepeHuil 3allyCKaels aBTOMATUYeCKU, €CJIM KOHJIEHCATOD HOJKJII0YeH
kK Th u TTI3 B ocnoBHOM pexkuMme uzmepenuii. [Tocjae aBroMaTn4eckoro 3amnycka nuKJIn4ecKoro
u3Mepenus éMkKocteir tecrep, no naxkaruio knonku TECT, Bo3Bparuiid B OCHOBHON peKUM
A3MEPEHUA.
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Porapmn eanonep (Ddukomep) Hononuurenbuas dyukius «Potapel eHnoaeps (MoBOPOTHBII IHKOIED)
MO3BOJISIET MPOBEPUTH IHKOJAEP. | pr KOHTAKTA SHKOAEPA JTOJKHBI OBITH MOIKIIOYEHBI B JIIO0OMH
MOC/IeI0BATETLHOCTH K TECTOBBIM KOHTAKTaM Iepe/t 3airyckoM ¢gpyHukiuu. [locse 3amycka pyHkimn
HY?KHO He CJIUIIKOM OBICTPO MOBEPHYTH PYUKY HKOAepa. Ecam TecT 3aBepIIuics YCHOEeIrHo, TO
BO BTODPOIi cTpoke JIIL/ OyaeT cuMBoIndecKn oTobpakeHoO cpabaThiBaHNe KOHTAKTOB YHKOEPA
B KanaJsax. Tectep onpenenser oOmuii BLIBOJ ABYX KaHaaoB. KpoMme Toro, onpeesnsens coCTOIHIE
KOHTAKTOB IIPU OCTAHOBKE. Fc/i KOHTAKTHI 3aMKHYThI, TO oToOpazkaers «11y, ecim pa3oMKHYTHI,

TO 0TOOpazKaers «0». Pe3ysibTar TecTa SHKOAePa ¢ BCer1a PaA30MKHY THIMI KOHTAKTAMHI B (DUKCHPOBAHHBI
MO3UNUAX O0TOOpaKaellsi BO BTOPOH CTPOKe B TEUEHUM JIBYX CeKyH[T Kak «1-/-2-/-3 o». g
TaKOTO YHKO/Iepa KOJNIECTBO (DUKCHPOBAHHBIX MO3UIINN COOTBENTBYET KOJNIECTBY UMITYJIBCOB
B KaKJIoM KanaJsie. Eciu 6y1yT oOHAPYKeHbI 3AMKHYThie KOHTAKTH KAHAJIOB B (DHKCHPOBAHHBIX
HO3MIUAX, TO BO BTOPOH cTpoKe juciuiess orobpazung «1—2—3 [y B Teuyenuu JByX CEKYHJ.
Mue He u3BECTHBI TIOBOPOTHBIE YHKOAEPHI, KOTOPhIEe UMEIN Obl 3aMKHYThie KOHTAKTHI B JIBYX
KaHAJIaX OJHOBPeMeHHO npu (hpUKCHpoBaHHON no3urnn. [IpoMeskyToTHOE COCTOSTHIE KOHTAKTOB
KaHAJIOB MexKJTy (DUKCHPOBAHHBIMHU MO3UINHUAMH TaKzKe OToOparkaelld B CTPOKe 2 B TedeHUH
KopoTkoro Bpemenu (< 0.5s) 6e3 cumBosioB «0» wian «L». Eciu Bel Gynere ucmoabn3oBaTh
SHKOJEP /i BBIOOpA B MEHIO JOMOJHUTEIbHBIX (PYHKIUN, Bbl J0JIZKHBI yCTAHOBUTH OIIUIO
Makeduae ITTUTX POTAPBI_CIITUTY12 a5 9HKOAEPOB ¢ BCeraa Pa30MKHY TBIMU KOHTAKTAMH
(«0») m ycranoputh omuto I TX _POTAPHI_CIINTY11 myisa 5HKOAEPOB ¢ PA3HBIM COCTOSTHUEM
KOHTAKTOB (OTKDBITHIM «0» WM 3aKPHITHIM «I1») B (DUKCHPOBAHHBIX MO3UIAAX.

IT(xF)-moppeurnon C nomotpio 51oii byHKIMN MeHo Bbl MOKeTe N3MeHNTh 3HAYEHHE MOMPABKH
u3Mepenust 60JbIIoi EMKOCTH KOHJAEHCATOpOB. Benumuuny sroil nmonpasku Bbl MoxKeTe 3a1aTh
napamerpom LI X_KOPP B Makedunne. 3Hauenus BbIIe HYJIs YMEHbIIAT BEJIHIUHY EMKOCTH
HA 33/IaHHBII [POIEHT, 3HAYEHUS HUYKE HYJd YBEJUYAT Pe3y/ibral U3MepeHus EMKOCTH Ha
sajanublii npornent. Kparkoe naxkarne KHONKH CHUZKAeT 3Hadenune koppeknuu Ha 0,1 %, 6osree
JUIMHHOE HayKaTHe yBeINYINBaeT 3Ha4deHue Koppeknunu. OUeHb JAIUTEIbHOE HAKATHE COXPAHUT
3HAYEHHE KOPPEKIUU 1 OCYIIECTBUT BBIXO/ B MeHIO. OCOOEHHOCTHIO METO/Ia HCIIBITAHUH KOHIEHCATOPOB
DOJIBINOI EMKOCTH SABJSIEIS TO, YTO KOHIECHCATOP ¢ HU3KUM Ka4eCTBOM, KaK 9JIeKTPOJTHTUICCKHIA,
Oy/leT U3MEPEH C 3aBbIIIEHHBIM PE3YJIbTaTOM 3HaUeHUs EMKOCTU. KOHJIEHCATOP ¢ HU3KUM Ka4yeCTBOM
MOXKHO OOHApYyKUTH 1O Oosiee BbicOKOMY 3Hadenuio napamerpa BJIOCC. B kommencaropax
BLICOKOT'O KauecTsa, npu tecruposanun, onynrsyer BJIOCC mwm ero 3mauenue me 6osee 0, 1 %.
st peryimpoBKH 3TOro mapamerpa Bol JT0JIZKHBI HCIIOIB30BATH TOJBKO BHICOKOKAYECTBEHHDBIE
KOHJICHCATOPBI éMKOCTBIO 60bine 50 pF'. KctaTu, s cauraio, 9T0 3HaYeHHE TOYHOCTH U3MEPEHHS
EMKOCTH 3JTEKTPOTUTUICCKUX KOHIEHCATOPOB HEBAXKHO MOTOMY, UTO 3HAUYEHHE EMKOCTH 3aBUCUT
OT TeMIePaTypPbl U HAIPAZKEHUsI TOCTOSTHHOTO TOKA MPU er0 SKCILIYATAINN.

Ceadrecr (Pexxum camorecra) lonomnurensuas bynknusa «Cendrecrs (Pexum camorecra)
03BOJISIET CJEJATh MOJHYI0 CaMOIPOBEPKY ¢ KaaubpoBkoil. [IpousBomuis camonpoBepka 1o
tectaMm 11 - T7 u ka/mmOpOBKaA ¢ BHENIHUM KOH/IEHCATOPOM.

Bouarare (Bonsr™merp) [lononnurenbuas Gynkinus «Boarares (BosbTMeTp) J0CTYMHA, TOJIBKO €CITH
oTKII0YeHa (DYHKIHUH TIOCJIe0BATEIbHOrO mopTa uan ucnoanlyens ATwera ¢ He meHee dem
32 BeiBogamu (IIJIIIL) u oqun u3 gomosHuTe bHBIX TOpToB AJII6 wau AJIIL7 ucnonb3yers
st uamepenns. Tak kak K mopry I3 (wmu AJIII6/7) ATwmera mogkiroden geaurensb 10:1,
TO MaKCHUMaJIbHOE BHEIIHee HalpsizKeHue MoxKkeT ObITh He 6osee 50 V. Ycranosaenubrit I11-
JIIT npeobpazoBaTe/ib Jijist TeCTa CTAOMIUTPOHOB MOZKET ObITh BKJIIOUEH 1IPU HAYKATUU KHOIIKHU
TECT. Takum obOpa3oM, cTaOUIUTPOHBI TOXKE MOTYT ObITh u3Mepenbl. [Ipu ycraHoBjaeHHOM
napamerpe [TOIIIEP_O®® B Makeduae n 6e3 nHaxkarus kHonkn TECT npogoKuTesHOCTD

42



M3MepeHust orpannyena j0 4 MunyT. ll3Mepenue MoKeT GhITh 3AKOHUEHO TAKIKE OUeHb JTUTETHHBIM
(> 4 ¢) naxxaruem kHonku TECT.

ITouTpacTt (KOHTpPACTHOCTH) DT0il DyHKIWEH MOKHO BHIODATH YPOBEHb KOHTPACTA /U1 IPAdUIECKUX
JIUCILJIEEB C KOHTPO/LJIEPAMU KOTOPBIE MOAEPKUBAIOT MPOIPAMMHYIO PETYJIUPOBKY KOHTPACTA.
3HadeHne MOXKeT OBITh YMEHBIIIEHO pH 09eHb KOpOoTKoM Hakatun KHOnKH T ECT i moBoporom
BJ1€BO HKO/epa. [lmurenpabiM Haxkatnem kHonku TECT (> 0,4 ¢) wiu moBOPOTOM BIPABO
SHKOJIepa MOKHO YBEJIMYUTH YPOBEHb. BBIX0/ 1 3aliOMUHAHKE BHIOPAHHOTO 3HAYEHUS B SHEPTOHE3ABUCUM
namsit EEnpom ocymecrsisiens odens jynresapubiy vaxaruem kuoinku TECT (> 1.3 ¢).

BankIloaop (user dona) /i BO3MOKHOCTH BbIGOpa TBeTa (OHA B IMBETHBIX JUCIUIESX STOT
MyHKT MEHIO HeOOX0uMO akTuBAPOoBaTh ¢ nomotnbio onnuw JILIJI_HAHT'E_TTOJIOP B makedunie.
JloKeH OBITH yCTAaHOBJIEH SHKOAEP. BBl MOKeTe BHIOpATb KPACHBIN, 3€€HbIH U CHHHUN I[BET
npu 6ojee JINTEILHOM yIepsKaHuu KHOMKH. VIHTeHCHBHOCTD BRIOPAHHOTO IIBETA, OTMETEHHOTO
3HAYKOM » B KOJIOHKE 1, MOXKeT OBITh H3MEHEHa IyTeM II0BOPOTa IHKOIEPA.

®pourllonop (user BriBOogUMOI uHMoOpManuu) st BO3MOKHOCTH BEIOOPA TIBETA BBIBOUMOIO
mpudTa U CUMBOJOB B IBETHBIX JMCILIESX 9TOT IIYHKT MEHIO HeOOXOIUMO aKTHBHPOBATH €
nomorbio onmuu JILJJ_HYAHIE_IIOJIOP B Mmakedunne. JomkeH ObITH yCTAaHOBIEH IHKOIEP.
Boi moxkere BbIOparTh KpacHbIi, 3e/eHblil U cUHUIT 1[BeT npu 0oJiee JJIMTEIHHOM Y/IePKAHUH
KHOIIKHA. I/IHTGHCI/IBHOCTB BbI6paHHOFO IBeTa, OTMEYEHHOI'O 3HaYKOM » B KOJIOHKE 1, MOZKeT
OBITH U3MEHEHA IIyTeM ITOBOPOTa SHKO/Iepa.

IMTous nata (Muadopmanusa o TT) Dyuxrus «ITomr garay (Mudopmanus o TT), kpome HOMepa
BePCUH IPOrPAMMHOr0 00eCIIeYeHnsI, HOKA3BIBACT JaHHbIe KaJauOpoBKu. Hymesoe conporusiienne
(P0) mexk 1y TecToBbiMHE MIomAaAKamu 1: 3, 2: 3 u 1: 2, coorBenTBerno. Kpome Toro, orobpazkaer
COMPOTHUBJIEHUE BBIXOJOB MOPTOB 1Mo OTHOMeHHO K (5 V') Hampstkennto nmutanus (PuXwu) u 1o
ornomennio K (0 V) THI (PuJlo). Tak xe nokaseiBaer 3uadenns mysesoii émxocru (110) Bo
BCEX KOMOMHAIMSX TeCTOBBIX miaomanok (1: 3, 2: 3, 1: 2 u 3: 1, 3: 2 2: 1). 3arem orobpazkarors
3HaveHusl Koppekiuu Jyist kommaparopa (PE®_I1) u ais onophoro Hanpsikenust (PED_P).
g rpadudeckux auciLieeB, TakzKe OyIyT HOKA3aHBI BCE TPHUMEHSCMbIE NKOHKH M CHMBOJIEI
ucnoab3yemoro mpudra. Kazkgag crpanuna orodpazkaens B Tedenne 15 cekyna, Ho, Bel MozkeTe
BBIOpATh cjiejylomntyio crpanuiy Hazxkaruem Kaonku TECT uin noBoporoM sHKojiepa BIPABO.
[ToBopoTom sHKOAEpa BJAeBO, Bbl MOXkKeTe MOCMOTPETh MOCICAHION CTPAHUIYY WM BEPHYIS HA

HOpeBIYITYI0 CTPAHUILY.
Cimutu opd ononuaurenprast pyakimsa « Crmutd odpd» MO3BOJISIET BHIKIIOYNTE TecTep HeMeIIeHHO.

Tpaucucrop (Tecrep Tpausucropos) Koneuno, Bbr Tak:ke Mozxere BEIOpaTh GyHKIMIO « Tpancucrops
(TecTep TPAH3UCTOPOB), YTOOBI BEPHYIIS K HOPMAJLHOMY pexkuMy u3mepennii Tecrepa.

[Ipu ycranoiaennom napamerpe ITOIIEP ODP® B Makeduie, Bce JONOJIHUTEIbHbIE (DYHKIIMH
OrpaHIIeHBl BO BPpeMeHH, 9TO0BI HPeI0TBPATUTH Pa3psal baTapen.
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3.3 CamomnpoBepka n KaaudOpoBKa

Eciim nporpammuoe obecriedenue KoHMUTypupyensd ¢ (yHKIEd caMOIpPOBEPKH, TO CaMOIPOBEPKA
MOKeT OBbITh 3allylieHa MPH COeJUHEHHHM BCEX TPEX HCIBITATEJILHBIX IOPTOB BMECTe W HAXKATUU
knonku TECT. YTobbl HauaTh cAMOIPOBEPKY HEOOXOAUMO B Te€UeHHE 2-X CEKYH]I MOBTOPHO HaXKaTh
knonky TECT, unavye Tecrep npoio/izKuT HOpMaJIbHbIE U3MEPEHUS.

Ecan caMonpoBepKa 3alyIiena, To OyAyT MPOBeIeHbI BCe TeCThl CaMOIPOBEPKH, TPeICTABICHHLIC
B IJIaBe

Ecaun Tecrep ¢KOHQUIYPHPOBAH ¢ aKTUBHPOBAHHBIM MEHIO JIONOJHATEJbHBIX (DYHKIMA (Oriust
IMUTX_MEHY), nonnas camonposepka, Tect T1 - T7, BBIIONHSAONSA TOJBKO NpH BEIGOpe BDYHKIHHI
«Cendrecrs u3 MeHo jonogHUTETBHBIX ByHKIUH. Kpome Toro, mpm KaxkKaoMm BbI30Be (DYHKITHH
U3 MeHIO, MPOW3BOIUI KATUOPOBKA € BHEITHUM KOHJEHCATOpPOM. B MpPOTUBHOM ciydae 3Ta 4acTb
KaJMOPOBKHY JleJlaells TOJBKO TepBhIil pa3. Takum ob6pa3oM, aBTOMATHIECKYIO KATUOPOBKY MOYKHO
OCYIIECTBUTH OBICTpEe.

[ToBTOpEHNS TECTOB CAMOIIPOBEPKH MOYKHO N30€2KaTh, €C/IM HaXKaTh u yjiep:KkuBaTh KHonky TECT.
Taxum obpazom, Bbl MoxkeTe IpoIycTuTh He nHTepecyoinue Bac TecTsl caMonpoBepKu, 1 HAOIIOIATD
unrepecyoiye Bac Tectsl camonposepku, oriyckas knonky TECT. Tect 4 3akoH4uIisg aBToOMaTHIeCKH,
ecin Bbl pasbeMHUTE BCE TPU UCHBITATENBHBIX TIOPTa (yIAJIUTe «3aKOPOTKY» ).

Eciun 8 Makeduse seiopana pyukius AYTO_ITAJI, B pexkume camonpoBepkn Oy1eT OTKATHOPOBAHO
CMellleHne HyJId g u3MepeHHd éMmkocTn. /[1g 3agaum KaaubpOBKH BayKHO, UTO OBl «3aKOPOTKay
MeZKy TpeMsl UCHBITATeJTbHBIMU HOopTaMu ObLIa ylaJeHa BO BpeMd TecTa 4. Bo Bpems KaauOpoBKH
(mocie Tecta 6), Bbl He JIOJIZKHBI TPUKACATHCS HU K OTHOMY U3 UCIIBITATEIbHBIX TIOPTOB WK MOJAKTIOYEHHBIX
kabeJeit. [lynbl go/KHbI OBITH TEMU K€ CaMbIMU, KOTOPbIe Oy/1yT UCHOJIb30BATHCH IS JAJIbHERITNX
I/IBMepeHHﬁ. I/IHaHe CMeIIeHHUEe HYJIA JJId n3MepeHud €éMKOCTH He 6yﬂeT IpaBUJIBHO CKOMIIEHCUPOBAHO.
Benwunna BHYTpeHHEr0 COMPOTUBJIEHUS MOPTA OIpejessdelsd B Hadasle KarxKJI0T0 U3MEePEHUs ¢ ITOi
ONIneit.

Eciim Bor Boeiopann dynknuio cammimarA /Il 8 Makedune onmumeit «[TIUTX _CammmuarAJIIT 1
1», 1Ba crenmua bHBIX Tara BKJIOYAONg B KaIUOPOBOUHYIO mporeaypy. [locie uzmepenus: nyieBbIx
3HAYEHUI EMKOCTH, TAKKe TTPOBOUISI N3MEDPEHNE HYJIEBBIX 3HAUEeHUI éMKOoCTH 15 pyHKInn camrinar A JTTT
(I10camm). B nmociegaem miare KaaubpoBKH TpeOyells yCTAHOBKA KOHJIEHCATOPA B TECTOBbIE KOHTAKTHI
TI 1 u TII 3 ais gasbheiimero Tecta Karyiek ¢ Majoll muxykrusroctsio 13 10-30u®[J1].
3HadyeHne EMKOCTH STOr0 KOHJIEHCATOpa JIOMKHO ObITh Mexkay 10 nF u 30 nF', mia noaydeHus
PE30HAHCHOM YacTOTHI IPH MOCeAYIONEeM HCITBITAHIY WHIYKTHBHOCTeH MeHee YeM 2 m H ¢ mapasieTbHbBIM
HNOJKJIIOUEHNEM B KOHTYD 9TOTO 2Ke KoHjaencaropa. /L1 Tecta karyinek ¢ 6osee uem 2 mH WHAYKTHBHOCTBHIO
OOBIYHBIN METOJ| U3MepPEeHUs JIOJIZKEH JIaTh JIOCTATOYHYIO TOYHOCTb. Vcrnob3oBarb napaJsuie/ibHoe
COeJIMHEHNE KOHJAEHCATOPA JIs ITOTO METOJa nu3Mepenusd He 3hHeKTuBHO.

[locie u3amepenue HyJAeBBIX 3HAYEHUH EMKOCTH MOTpeOyelsi BBICOKOKAYeCTBEHHBIH KOHIEHCATOP C
mobbiM 3HaveHneM Mexay 100 nF u 20 pF'. Korpa Ha qucmiee oToOpa3uIlsd TEKCT 3 >100u®,
Bo1 10K HBI 110/1CO€IMHATD K ucibiTaTe/ ibHbiM BbiBogaM TTI 1 u TII 3 mojaroroBsieHHbI KOHAEHCATOP.
Kongencarop ciemyer MOAKIIOYATH HE PaHbINe, 4eM 3TO coobiteHne orobpasuilsd Ha guciiiee. C
MOMOIIIBIO 3TOTO KOHAEHCATOPA, OyIeT CKOMITIEHCHPOBAHO HATIPSIYKEHNE CMEIeHnsT aHAIOTOBOT0 KOMIIapaTopa,
1 60JIe€ TOYHOIO M3MEepeHUsl €MKOCTH. omoJTHUTeNbHBIR BHIUCpHIN i u3Mepenuin AT mpwu
ucnob3oBanun BayTpennero MOH, ¢ TeMm ke caMbIM KOHJIEHCATOPOM, JTaeT IPUMEHEHHE OIIUN
AVTOCHAJIE AT ajtst oty 9eHust Jiy 9imxX pe3y/AbTaToOB H3MEPEHUsl PE3UCTOPOB.
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Ecau dbynkinus caMonpoBepku He 3alporpaMMUpOBaHa Jijisi BBIOOpa U3 JIOMOJHUTETBHOIO MEHIO,
TO KaJUOPOBKA C BHEITHWM KOHJIEHCATOPOM ITPOU3BOMUIISA MPHU MepBoil KaanbpoBke. Kagubpoeky c
BHEITHUM KOHJEHCATOPOM MOXKHO IIOBTOPHUTH, BBIOpAB COOTBEITBYIONIUN IYHKT JIOHOJHUTEILHOIO
MEHIO.

Cwmemenne nyns masg usmepenns ECP oyaer 3agano seibopom onnuun ECP_3EPO B Makedmure.
Hynesbie 3aauenns ECP mrs Bcex TpéxX KOMOMHAIMAX BHIBOIOB OIIPEIEISIONS IIPH KaXKI0i CAMOIIPOBEPKE.
1ot Mmeron u3meperns ECP ucnosb3yersa Tak:ke nNpyu H3MepeHUU BEJUUNH pe3ucTopoB Huzke 10 €
¢ pazpemenueMm 0,01 €.

3.4 ChoenuaJjgbHble BO3MO>KHOCTH HCIOJIb30BaHUS

[Ipu BrutOYennn TecTep OKa3bIBaeT HaNpsAKeHNe OaTapen nuTtanusd. Ecin HanpsKeHne HUZKe TIpeiesia,
TO TTOCJIe HalpsizKeHus 6aTapen oTodpazKaersd npeaynpexaenne. Ecau Ber ucnonpsyere 9 V' akkymyasaTop,
TO ero HeoOXOIMMO KaK MOYKHO CKOpee 3aMeHUTDb miu nepe3apsaauTh. Ecau Bwl ucnonnsyere Tectep

¢ 2,5V IOH, 1o BO BTOpOIil cTpOKe B TeueHne 1 ceKyH bl Oy1eT 0TOOPAZKEHO HANPSIYKEHNe TUTAHWS

B Buje «BII[Timm.mmBy.

Konnencaropsl T02KHBI OBITH pa3psazKeHBI Mepel] KazKapiM u3MeperueM. Muade Tectep moxker
OBITH TMOBPEXKIEH elre 10 Toro, Kak Oymer Haxkara kHonka TECT. Ilpu usmepenun sneMeHTOB 0e3
JIEMOHTazKa, 000pYyJ/I0BaHKEe JIOJIZKHO OBITH MOJHOCTHIO OTKJIIOUEHO OT MCTOYHMKA nuranus. Kpowme
TOro, Bbl M0/I2KHBI OBITH YBEpPEHBbI, YTO OCTATOYHOE HANpPsKEeHHe B 0OOPY/JIOBAHUU OIYIITBYET. Y
KaKJI0r'0 3JIEKTPOHHOTO 000PY/I0BAHUS BHYTPU €CTh KOH/IEHCATOPDI!

[Ipu mompITKe U3MEPUTDH MaJIble BETUIUHBI PE3UCTOPOB, BBl JOKHBI YUUTBIBATH COMNPOTUBJIEHUE
pa3zbémoB u kKabejeii. O4eHb BaXKHO KAadeCTBO W COCTOSIHHE PA3BEMOB, a TaKKe, CONPOTUBJICHHE
kabeJsieit, MCMOTb3yeMbIX JIJId u3Mepenusd. 10 yKe camoe Ha10 yIuThBaTh npu u3Mmepennn ECP KoHaeHCATOPOB.
IIpn mcnonb3oBanuu ToHKOTO Kabeas BeqwanHa ECP 0,02  moxer sbipactn g0 0,61 €. Ecan
BO3HWKAET HEOOXOIUMOCTh B TMOJKIIOYEHWH HCIBITATEIbHBIX IIYIOB, TO HEOOXOJIWMMO O0eCIevHuTh
HaTe’KHOe MOJKII0UeHNe WM UX NPUIAATh. Torma He 00s3aTeTbHO KayKIbIi pa3 Je1aTh MepeKaJunOpPOBKY
JIJISI U3MEPEeHU sl KOHJIEHCATOPOB € MAJIBIMU EMKOCTIMU, €CJIU U3MEPEHU S ITPOBO/IAL C WM 0e3 U3MePUTE/IbHbIX
ynoB. /g kajauOpOBKH HYJIEBBIX CONPOTUBJCHUN ITO 3HAYEHUE UMEET, eCIU U3MEPEHUS TTPOBO/IATIA
C TOJKJ/IOYEHUEM BBIBOJIOB HEIMOCPEJICTBEHHO B Pa3beMe TecTepa WM Ha KOHIAX H3MEPUTEThHBIX
nrynoB. ToTBKO B MOCJEIHEM CJIydae COMPOTHBIEHUe Kabeldsd W 3aKMMOB IIYIIOB OyAeT yITEHO IPH
nepekanbposke. Eciu y Bac ecTth comuenust, To Byl MoKeTe MpOBEPUTH COMPOTUBJIEHUE 3aMKHYTHIX
IIYTIOB TIPH NMPEIBAPUTEIHHON KATUOPOBKE ¢ HCIOTH30BAHNEM TTePEMBIUEK HEITOCPEICTBEHHO B Pa3beMe
TecTepa.

He crout oxumars ot Tecrepa BBICOKOI TOYHOCTH pe3ysibTaToOB, 0cOOeHHO npu n3mepennn ECP
U WHIYKTUBHOCTH. BBl MOYKeTe 03HAKOMUTHCS ¢ pe3yJbTaTaMy MOell cepuu HCIBITaHWil B IJ1aBe D Ha

crpanmute [69)

3.5 IIpoGjaembl Ipu onpeaeIeHNN 3JIEeMEHTOB

Bol 10/12KHBI IMETH B BHJLY, HHTEPIIPETUPYS Pe3yJIbTaThl U3MepeHus, uTo Mema TecTepa pazpadorana
JUI CTaDOTOYHBIX TIOJYIPOBOJHUKOB. B HOPMAJBHBIX YCIOBUSX U3MEPEHUsS U3MEPUTETbHBIH TOK
MOZKET JIOCTUTHYTH npubsmsuresibio 6 mA. Momable mOIyNIpOBOAHUKE YaCTO UMEIOT TPYAHOCTH
¢ uaeHTuUKaIeil 1 u3MepeHneM BeJMIUHBI EMKOCTH TIePeXo/ia U3-3a TOKa yTedKu. lecTep Tak Ke
He MOYXKeT BbLJIATh JOCTATOYHO TOKA JJIsSI OTKPBIBAHUS WJIM YAeprKaHWs MOIIHBIX TUPUCTOPOB WUJN
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cuMHUCTOPOB. TakuMm oOpazoM, THPUCTOP MOxKeT ObITHL onpenenaeH kKak H-II-H Tpaunsucrop win nuom.
TaK}Ke BO3MOZKHO, YTO TUPUCTOP UJIK CHUMUCTOP OIIpeae/idid KaK HEN3BECTHBII 2JIEMEHT.

Jpyrag mpobemMa - ujieHTH(UKAIMS Oy IPOBOJIHUKOB CO BCTPOEHHBIMU pe3ucropamu. Hampumep,
juoj 6aza-savmuTTep Tpanzucropa bY508 1 me MoxkeT OBITH OIpe/ie/IeH U3-3a MapasIeIbHO TOICOoe TMHEHHOTO
BHyTpeHHero pesucropa Ha 42 ). IToaromy mapameTpbl TpaH3UCTOPA TaK:Ke He MOTYT OBITh H3MEPEHBI.
Takxke ectb nmpobJiema ¢ oOHAPyKeHUeM MOIHBIX TpaH3ucTopos Jlapanarrona. Yacro Berpedarons
BHYTPEHHIE PE3UCTOPHI 0a3a - SMUTTED, KOTOPhIE YCIOXKHSIOT UIACHTU(MUKAIMIO SJIeMEHTa IIPU MaJIOM
U3MePUTETHHOM TOKE.

3.6 WN3mepenue tpan3uctopoB H-II-H u II-H-II

115t HOpMAJIBHOTO U3MePEHUs TPU BBIBOJA TPAH3UCTOPA MOAKIIOYAIONS B JII000M MOC/Ie10BATEIbHOCTH
K UcIbITaTeabHBIM BXogaM Tectepa. [locse naxkarus na kaonky TECT Tectep mokassiBaeT B mepBoii
crpoke tun (H-TI-H wsm [T-H-TI), Bo3MOXKHBII BCTPOEHHBIH 3aUTHBIN IO/ KOJIJIEKTOP-SMHUTTED U
MOCJ/IeI0BATEIbHOCTD BHIBOJOB. JIMOMHBINT CHMBOJI TIOKa3bIBACId B IIPABUILHON MOJAgpHOCTH. BTopas
CTpOKa MOKa3biBaeT Koddduiuent ycunenus [ win hF E 1 TOK, Ipd KOTOPOM IIPH KOTOPOM 3TOT
K03 puImeHT onpeienaeH. Ecau Heob3yeld meMa B3MepeHns ¢ OOIIUM SMUTTEPOM /I ONPe I/ IeHHST
hF E, To Tectep 0ToOpa3uT TOK KoJAeKTopa [ c. Ecin ucmnonb3yeris o01Iuit KOLIEKTOP JIIs1 OIpee e Hus
ko durmenTa ycurenns, To OygaeT mokasan Tok smurrepa le. Cirepyomue mapaMerpbl BbIBOIAIA
MOC/IeIOBATEIBHO JIPYT 3a JPYIOM BO BTOPOIl CTPOKE /IS JBYXCTPOYHBIX jucieen. /g auciiees ¢
OOJILITIM KOJIMYECTBOM CTOK CJIeIYIONINE TTapaMeTPhl BRIBOJSIS /10 3alOJHEHUS MTOCTIeTHEN CTPOKH.
Ecyim nig BeiBoa Beeit nHOPMAIIMT CTPOK JUCILIES He JIOCTATOYHO, TO MOCaeAyIomas nHhOpMaIns
BBIBOJIMIISI B MOCJIeTHEH CTpOKe Ype3 HEeKOTOpoe BpeMsl W, paHbiie, no Haxkatuio KHonku TECT.
Eciin nmeeris 60J1biite napaMeTpoB Jijisd 0OTOOpazKeHus YeM CTPOK B JIUCILIee, TO CUMBOJI b oToOpazKaels
B nocieHeit crpoke. CrremyoniumM 0Tobparkaers moporoBoe Hanpsazxenne 6aza-smurrep. Ecin BO3MOXKHO
U3MepUTh 00paTHBI TOK KOJLIEKTOPA TPH Ppa30MKHYTOi 6a3e [opg 1 00paTHBI TOK KOJLIEKTOPA TIPH
3aMKHYTBIX BBIBOJAX 0a3bl U sMuTTepPa [cpg TO 9TU 3HAYEHHUS Tak:Ke OyayT oroOpazKkenbl. Eciun
BAIMTHBIA JIHOJ YCTAHOBJIEH, MMajieHue Hanpsxkennd U f OyaeT moka3aHno, Kak IIOCIEIHAN apaMeTp.
B meme ¢ obmum smurrepom y Tecrepa ecTb TOJIBKO JiBa BapuaHTa, 4To0bl 3a/aTh 6a30BbIH TOK:

1. Pesucrop na 680 2 orpanmunBaeT 6a30BbIl TOK TpUOJM3ATENLHO BeauunHoii 6,1 mA. Dror
TOK CJIMHIKOM Be€JIMK JJId MaJJOMOIIHBIX TPAaH3UCTOPOB C 60,HBH_H/IM 3HAYECHUEM ﬁ, IIOTOMY 4TO
6a3a macsimaers. [[oCKOIbKY TOK KOJIJIEKTOPA TaK:ke m3Mepsiers depe3 pesuctop 680 €2 1o Tok
KOJIJIEKTOPA He MOYXKET JOCTUTHYTH BEJMYUHDI, OIIpe/IesigeMoil 60biuM 3uadenueM 3. Bepcus
nporpaMMHOTo obecriedeHus oT Mapkyc @. uamepsieT MOporoBoe HampszKeHNe 0a3a-IMATTED IO
sroit meme (Yi...).

2. Pesucrop na 470 k) orpanmuuBaer 6a30Bblii TOK BenmauHoi 9,2 pA. Bepcus mporpaMMHOIO
obecrniederusi or Mapkyc @. Boraucisier 5 no sroii meme (xDE 1...).

[Iporpammuoe obecriedenne Tectepa msMepseT BeJIUUUHY [ JOMOJHUTEIBHO IO IIeMe ¢ OOIIAM
koJsiekropoM. Ha juciuieit BoiBojuilst HanboJibliee 3Hadenne u3 obonx merojoB usdMepenuii. [lema
¢ OOIIUM KOJLJIEKTOPOM UMeeT IIPEUMYIIECTBO, T. K. 0a30BbIil TOK YMEHbBIIIEH OTPHUIATE/THHO 00paTHOI
CBSI3BIO, COOTBEIITBYOIIEl Bendnte 5. B GosbimmaCcTBE ciiyvuaen, 0o/iee TOUHBI pe3y/IbTaT H3MePeHus,
MOXKeT OBITb JOCTUTHYT 3TUM METOJOM JJIsi MOIIHBIX TPAH3UCTOPOB C pe3ucTtopoM Ha 680 2 u jrd
TpansucTopos [lapymarrona ¢ pesucropoM Ha 470 kS). Iloporosoe Hampsizkenue Oaza-smurrep Yd
Ternepb U3MepsIens TP TOM Ke CAMOM TOKe, UTO U JIjIs olpeaeaeHus Beudunbl £. Oanako, eciun Boi
XOTHTE Y3HATH IMOPOrOBOE HalpsizKeHne 0a3a-3MUTTED ¢ TOKOM H3MepeHHs Npuban3uTeabHo 6 mA,
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TO0 BBl J0MIKHBI OTKJIIOUUTHL KOJLIEKTOP U COeJaTh HOBOe m3Mepenue. lIpm 3ToM MOAKIIOUEHUN Ha
JMCILIel BBIBOIMI ITOPOTOBOE HamlpsizkeHne Oasa-amurrTep npu Toke 6 mA. Tak ke Ha aucieii
BBIBOJMIIT 6MKOCTh B 0OpaTHOM BKJOYeHHH mepexona (mmona). Koneano, Bel Takum ke obpazom
MOZKeTe POAHATU3HPOBATH Mepexo (1uo/) 6a3a-KoLIeKTop.

B repmanueBbIX TpaH3uMCTOpax u3Mepselss OOPATHBIN TOK KOJJIEKTOpa MPH PA3OMKHYTO# 0asze
I po 1 06paTHBIT TOK KOJLJIEKTOPA MPU KOPOTKO3AMKHYTHIX BBIBOIAX 0a3bl 1 amurTepa Iops. O0parHbIit
TOK KOJITEKTOPa 0TOOpaskaelss BO BTOPOI CTPOKe WHIMKATOPA mepes oTobOparkKeHueM (3 B TedeHue H
CeKyH/I Win 110 ciaeyomniero Haxarusa Ha KHonky TECT (toapko miag ATwmera328).

[Ipu ox/aKIeHUN TepMAHHEBOTO TPAH3UCTOPA OOPATHBIH TOK MOMKET YMEHbIITHTHCS.

3.7 HWzmepenne JOET u Tpan3smucropon JI-MOC

[Tockosbky cTpykrypa tuna JOET cumMerpudna, HCTOK W CTOK 3TOI'O TPAH3UCTOPA HE MOT'YT OBITH
ompeaeaeHbl. OOBIYHO OJWH U3 HAapaMeTPOB ITOI0 TPAH3UCTOPA - TOK TPAH3UCTOPA ¢ 3aTBOPOM, Ha
TOM 7K€ CaMOM YDOBHE HAIDSIZKeHHsl, KaK M UCTOK (3aTBOD COEJHHEH ¢ HCTOKOM). DTOT TOK YaCTO
BBHITIIE, €M TOK, KOTOPBIHl MOXkKeT OBITH JOCTUTHYT B IeMe m3Mepenus ¢ pe3uctopom aa 680 2. Tlo
9To# nmpuunHe pe3suctop Ha 680 ) momkI0UYeH K UCTOKY. TakuMm 06pa3oM, ¢ poCTOM TOKa MCTOKA HA
3aTBOpE MOJIYYAIOT OTPUIIATEILHOE HALIpsKeHue cMmelenus. TecTep MOKa3bIBaeT TOK UCTOKA B 9TOU
meMe U, JOMOJTHUTEIbHO, HAIIPS?KeHHe CMeIeHusT 3aTBopa. TakuM oOpa3oM, MOTYT ObIThH BbIJIE/TEHBI
pazamaubie Mogean. Tpansuctopsl I-MOC (06enHEHHDI) U3MEPSIIONS TeM K€ METOIOM.

3.8 Uzmepenune E-MOC tpan3ucropoB u UI'BT

Bor goszkabt 3aarb, 9ro Juist oboramenabix MOC rpaunzuctopos ([I-E-MOC uin H-E-MOC) ¢ masnoii
BEJIMYUHON EMKOCTH 3aTBOpa, M3MepeHHe IOPOroBoro Hamnpszkenusi 3arBopa (Vi) saBasens 6Gosee
CJIOZKHBIM. BbI MOZKeTe IOJYIUTDH 60ﬂee TOYHYIO BEJINYUHY ITOI'O HAlIPAZKEHUDd, €CJAN ITOJCOCIJUHUTE
KOH/ICHCATOP BEJIUYMHON B HECKOJILKO N F', MapaJjiiebHO K Iepexo/ly 3aTBop-ucTokK. [loporosoe Hampsizkenue
3aTBOpa OyIeT m3MepeHo mpHu ToKe mpubamsureapHo 3,5 mA mas [I-E-MOC u 4 mA nna H-E-
MOC. PAC unnu, npasunpnee, P oo 1718 E-MOC TpansucTopos u3Mepsers ¢ HalpsaKeHneM 3aTBOPa
noutu H V', 4T0, BEPOATHO, HE SABJIfEINS CAMbIM HM3KMM 3HadeHueMmM. Kpome TOro, COnpoTuB/eHHe
PIIC onpenensienist mpu HE3KOM TOKE CTOKa, YTO OTPAHUYNBAET BO3MOYKHOCTH TOYHOTO ONPEIETeHNs
3nadenusd conporusienusd. Yacro B ciaydae UI'BT, a unorna u ¢ yayumennsivu MOII-Trpansucropavu
JIOCTYIIHBIX B TecTepe b V' HeJIOCTATOYHO JJisi YIPaBJIeHHS TPAH3UCTOPOM dYepe3 3aTBop. B srom
caydae GaTapes, npuMepHo 3 V| MOMOXKeT cJeaaTh 0OHApYKeHHe U H3MEPEHUs ¢ MOMOIIBIO TecTepa.
Barapes mogkmogaertst K 3aTBOPY TPAH3UCTOPA OJHUM IIOTIOCOM, & APYTOil MOJTIOC OaTapen MoK II0YAes

Kk Tecropomy nopry (TTI) Bmecto 3arBopa Tpansucropa. Ecian 6arapesi mojKI09eHa ¢ MPABAIBHOI
HOJIAPHOCTDIO, HaIIpsizKeHue daTapen 100aBselsd K YIPaBALIONEeMY HalPSAKEHHIO TecTepa, i 00HapY KeHHIe
TpaH3ucTopa dosiee BepoaTHO. 3HaYEHUEe HAPKeHUs OaTapen JOIKHO OBITH J0OABIEHO K N3MEPEHHOMY
TECTEPOM ITOPOTOBOMY HAIPS:KEHUIO 3aTBOPA, I/ MOJYyUeHUs IPABUIBHOIO UTOTOBOTO MOPOTOBOIO
HallpAzKeHue 3Toro KOMIIOHEHTA.

3.9 Il3mMmepeHune EMKOCTHU KOHIEHCATOPOB
SHa‘{eHI/IH €MKOCTH BCEera BbIYHCJIAdCHA U3 IIOCTOAHHON BpeME€HHU 110 TEe4YEeHHIO Ollepaluu 3aps/ia

KOH/JICHCATOPA Yepe3 BCTPOEHHbINH pe3ucTop. s Hebo b KOHIEHCATOPOB UCIIOJIL3Y IO PE3UCTOPDI
470 kS) npwm u3MepeHWM BpEMEHHU 0 JOCTHYKEHWsI TMOPOTOBOTO HANpsizKeHusi. [lpm TecTupoBaHWH
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Gobuux, (10 uF u 6oJee) KOHICHCATOPOB OIIEXKUBALIISI BPEMS IPH 3apsijiKe HMITYILCAME ¢ PE3UCTOPAMHE
680 ) m Bbruucssensg éMKOCTb. CoBceM HEOOJIbINAS BEIUINHA €MKOCTH MOYXKET ObITh H3MEPEHa C
nomoribio Metona cammuar A JIL. [Trst anamm3a uMIryibe 3apsiIKi IIOBTOPSIETIST MHOTO Pa3, HAPSIKEHWe
kouTposaupyens ¢ BpemeHHbIM casurom AIIIL AJIIT C X ¢ ucmosb30BaHHEM TAKTOB IIPOIECCOPA.
s mostHOTO MpeobpasoBanusa ALILL ¢ apyroit croponsl HyzkHO 1664 nukioB mporeccopa! o 250
snavennit ATl onpenensonsg u pacCINTHIBAONA OT KPUBOH HAIPSKeHUs 6MKOCTH. Ecan hyHKIms
cammmar A /11 6br1a Brogena B Makedmuiie, Bce konaencaropst 100 pF uamepsiions merogom caMmrtwar A J11T
(mamanurop-merep mome [II] ). Tlpu rakroBoit wactore 16 M Hz MOXKHO TOJYYUTh TOYHOCTH IO
0,01 pF'. Ilpomnecc KaJuMOPOBKH HYJIE€BOH €MKOCTH IIpeJCTaB/sgeT coboii ocodyro mpobiaemy. Meros
onpeaenenus éMkocTu caMiinHrA Il npuMmener Bcerma, Korna Bel BuauTe pesyabTaT H3MepeHHs
émkocTu B pF. Mexay mpounMm, éMKOCTH IEPeX0I0B OTAEIbHBIX JHOI0B MOXKET ObITh H3MepeHa ¢
HOMOIIBIO 3TOT0 MeTo1a. [I0CKOJIbKY MeTo1 MOZKeT U3MepsATh EMKOCTb U IIPU 3aps/IKe U IPU Pa3psiJIKe,
JIBA 3HAYEHU M3MepeHuil éMKocTH orodpazkaionsd. 13-3a pa3noil éMKOCTH HAaNpaB/JIeHHSA TEPEX0/I0B
JINOJIA, 3HAYCHUS Pa3/IUIAION.

3.10 W3mepeHue MHAYKTUBHOCTU

HopwmasibHOE m3MepeHne WHAYKTHBHOCTH OCHOBAHO HA, W3MEPEHUH TTOCTOSIHHOW BPEMEHHU MPH POCTe
toka. [Ipenes obHapyxenus cocrasiser 0koso 0,01 mH , eciin conpoTuBIeHne KATYIIKA Huzke 24 (2.

st 60JIBIIEero CONPOTUBIICHUS pa3pellleHue coctansieT Toabko 0, 1 mH. Eciau conporuBieHue BhIIie

2,1 k€2, 3TOT MeTOJ He MOXKeT OBITh HCIOJb30BaH s H3MEpPEeHHd HUHIYKTUBHOCTH. Pe3yibTarsi
H3MepeHuii 0TOOPaKAIOIA BO BTOPOIi CTPOKe (COMPOTHBIIEHHUE U HHILyKTUBHOCTE ). C IIOMOIIBIO METO 1A
cammimHT A JI1] n pe3oHaHCHO# 9acTOTHI MOTYT OBITH M3MEPEHBI KATYINKH ¢ OOJIBITIME 3HAYEHUSIMA
UHYKTUBHOCTH. Ecu adpdekT obHapyzKeH, n3MepeHHoe 3Ha4eHe 4acToThl 1 100poTHocTH Y oTOOpazKkaersd
JIOIIOJTHUTEILHO B CTPOKE 3.

Metom u3Mepenns: pe30HaHCHO! YacTOTOH MOXKeT OBITH HCIOIb30BaH 115 OlpeaeeHus 3HATCHHS
UH/LYKTUBHOCTH, €CJIA JJOCTATOYHO DOJIBINON KOHJIEHCATOP C U3BECTHON EMKOCTHIO TOJKJIIOYEH TapaJlIe/ IbHO
Masioit nHayKTuBHOCTH (<2 mH).

[Ipu mapa/iieTbHOM TOAK/IIOYEHNN K U3MEPSIeMON WHYKTUBHOCTH KOHIEHCATOPA HCIIOIB3YeIlst
METO/I PE30HAHCHOM YaCTOTDI, HHY KTHBHOCTDH HOPMAaJIbHOIO H3MEPEHHS B 9TOM CJIydae He 0TOOparKaeld,
a 3HAYEHHe COMMPOTUBJICHUS 0ToOpazKaels B cTpoke 1. /11 9Toro pe3oHaHCHOINO KOHTYpa JI00POTHOCTD
Y rtak:ke BBIUAC/sICIs U €€ 3HadeHne 0ToDpakaels 3a 3HAYEHHEeM YaCTOThl, B CTPOKE 3. DTOT THII
U3MEepPEeHNs WHIYKTHBHOCTH MOYKHO OMPEEUTD 110 TIePBOil TIO3UIUH B CTPOKE 2, 33 KOTOPBIM CJIeIyeT
TEKCT « ud » ¥ Jlajee 3HAYCHUE TPEJITOIAraeMoii, mapaLae bHO TOIKJII0YEeHHO, EMKOCTH.

3HadyeHne EMKOCTH 9TOTO IMaPaJIeIbHOIO KOHAEHCATOPA, B HACTOAIIEe BPEMsT, MOXKeT OBITh 3aJI1aH0
TOJIBKO €MKOCTBIO KOHIEHCATOPA, KOTOPBLI OBbLI MCIIOJIB30BAaH BO BpeMsl HPOBEICHHS KaJIUOPOBKHU
(=3 10 — 30nF(J1)).

Jlas muciuieeB ¢ AByMsS CTPOYKAMM, KOHTEHT JIIsl TPEThell CTPOKM MOKA3bIBAEIsl ¢ BPEMEHHOI
3aJIePKKOit B CTPOKe 2.
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I''maBa 4

IIporpammupoBanue TecTepa

4.1 KouadurypupoBanmue Tecrepa

[Taker mporpamMMHOTo obecriedeHus st ‘TecTtepa JOCTYIEeH C WIMOAHBIMU Kojaamu. Kommnuisimeit

MOJTyJIell yupaBJsioT ¢ nomomnibio Makeduire. Pazpaborka Oblia cjiejlaHa B ONEPAIMOHHON CHCTeMe

Junymr Yoyury ¢ THY tooadans (rui Bepcust 4.5.3). MoKHO HCIOJIB30BATH U IPYTHE OHEPAIMOHHbIE

cuctembl, nanpumep, [Hungonrc. YTobbr 3arpy3uTh CKOMIUINPOBAHHBIE JaHHbIe BO PUranr maMars u

namsith EEnpom nporpammoii aspayne (Bepcust 5.11¢BH) 3arpyzkaoT Makednie u yKa3blBAaIOT «Make

ymioay. [Iporpamma aspayae [12] nocrymnua nis onepanmonabix cucrem Jlnaymt u [uamomc. T1-

kommmigrop I'HY rmr rakzke noaaep:kuBaens nmporpaMMubsiM obeciedennem ABP Cryauo u HlurABP
[16],[I7] B onepanuonnoii cucreme lunmome. Bor Moxkere 3amporpamvupoBarh ATwmera JaHHBIME

(.xemn u.eemn) TakKe W JIPYTUMHU HHCTPYMEHTAME, HO TOJIBKO Mosi Bepcus Makeduie aBToMaTHIecKn

3arpy3uT MPABUIbHBIE JAHHBIE B BBIOPAHHBIH MUKPOKOHTPOJLIED. ABp/y/e 3arpykaer IaHHbIE B

ATwmera, eciim Curnarype Breitec, monkmouaéanoro ATwmera, maentndnsl BeiOpanaomy. Ecan Bor

u3Menute Makeduite, To Bce mporpaMMHOe obecliedeHre HyKHO OyIeT CKOMIINJINPOBATH BHOBDb, YKa3aB
KOMAH/Iy «MaKe» WIH «MaKe yiioay. [Iporpammuoe obecrieuenue, ckoMmnuanposanuoe a1t ATvera8,

He paboraer Ha ATwmeral68. Ilporpammuoe obecnedenme, ckoMmmmanpoBannoe mas ATwmera328, ne

paboraer ma ATwmeral68! Vckioduernnem u3 3TOr0 HpaBu/a sIBJsiCls MPOrPaMMHOE obecnedeHue,

ckommuaupoBannoe st ATwmeral68, 3T jgaHHBIE MOTYT TakKyKe HCMOIB30BaThCa s ATwmera328

6e3 uzmenenwnii. Byjbre BHUMaTEILHBI, ecyi Bol He ucnosib3yere moit Makedure.

[Ipu npaBuILHOM BBIOOpE YCTAHOBOK, MOE TPOTPAMMHOe ODecIieueHne 3aITyCKaellsd Ha He JoOpaOOTaHHBIX
ammaparHbXx cpeacrBax or Mapkyce @. Ber monkusr yeranoputs IITAPTHOIMS, u HE ycranapimsaTh
onnur HO_APE® _TIAIT u ITVJIJIVII_JINCABJIE. TakToBast 4acToTa MOXKET TaK!Ke ObITH YCTAHOB/ICHA
8 M Hz ¢ ¢dbro3amn, yKa3bIBAIOIUME, 9TO KBaPI He Tpebyers!

Jlnga koudurypupoBanug mporpaMMmuoro obecrnedenue Barrero Tectepa gocTynHbI ciiejyioniue
oMW, OTpe/ieseHHbIe B Makedue.

ITAPTHO OmucsiBaer nejeBoit MUKPOKOHTPOJLIED:
M8 1 ATwmera8
M168 op m1681u 1 ATmeral68
M328 op M328m 1 ATmera328
M644 op m644m 1 ATmera644
M1284m 1 ATmeral284
M1280 1 ATmeral280
M2560 1 ATmera2560
[Mpumep: ITAPTHO 1 m168

HINTX MEHY AktuBupyeng MeHto BbiOopa dbyukmmit mia ATwmera328. Boer cmoxkere BeIOpaTh
HEKOTODBIe JONOJHUTEIbHBIE (DYHKIME PaboThl TPUOOpa U3 MEeHIO npu JuresbHoM (> 0,5 )
naxkaruu KHonkun TECT.

TMpumep: TIOTATC +1 -AMIATX MEHY
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MAIITI_MEHRY JIMHEC 3Sta onmug yKa3biBaeT MaKCHMAJIbHOE KOJHYECTBO CTPOK i BHIOODA
orobparkaeMbIX (pyHKIHH MeH0. OOBITHO KOJINYECTBO CTPOK BBIBOANIIA B COOTBEIITBUN C KOJTHIECTBOM
cTpoK auciies. [ToCKOIbKY MyHKTOB MeHIO OOJIbITe 9eM CTPOK JTOCTYIHBIX Ha JIHCILIee, BHIOOD
IMUKJIMYIECKH MpOKpy4uBaend. O6paboTKa BbIBOJA HA JUCILICH BO BpeMs MUKJIXIECKOr0 0OMeHa
TpebyeT 3HaYUTe/ILHOTO BPpeMeHU, OCOOEHHO /st OOJIBIIUX IBETHHIX MHOMOCTPOYHBIX JUCILICER.
OrpaHnvnBasg KOJHIECTBO CTPOK STOM OIIKeif, BpeMs BBIBOIA BO BpeMs BBIOOPA MEHIO MOKET
OBITH YMEHBIIEHO, 9TO YCKOpsieT paboTy. 3HaUYeHue /sl ITON ONIUN O YMOJYaHUIO PABHO ).

TMpumep: TIOTATC t1 - IMAITMEHY_JTMHEC:3

OINTX POTAPDBI CIIINTY Ucno/sib3oBaHue 10BOPOTHOI'O HHKPEMEHTAJIBbHOI'O YHKOJIEPA B KAUECTBE
onnuK I GBICTPOTO JOCTYIIA B MEHIO JOTMOJHUTENbHBIX (DYHKIMA (cMOTpHTE onmcanue
B pasjese YiydlieHns W PaciTuperns K npuoopy). Eciau KoMndecTBo MUKIOB MePeKTI0UeHnsT
KOHTaKTOB, 3a KayKIblil 000poT Barrero sHkoiepa, COOTBENTBYET KOJTMIeCTBY (DUKCAPOBAHHBIX
no3unuit, Ber nomkabl yetanoBuTh 3Hadenne [HUTX _POTAPBI_ CIINTY12 nnu 3. Eciu nosabi
MUK TePeKTI0UeHns TpedyeT MOBOPOTa IHKO/IEPA Ha JABe (DUKCUPOBAHHBIC TIO3UIUU, TO OMITHIO
HINTX_POTAPBHI_CIHINTY nyx)uo ycranoButs 11. Yeranoska onrun [TTUTX _POTAPBI_CIHINUTY
paBHOI 5 BBHIOMpaET MAKCUMAJTHLHOE PA3PEINeHus SHKOAepa. KaxKaplii MUK/ MepeK/JTI0IeHns B
JIBYX KaHaJaX JaeT 4 pe3yJbraTa COCTOSHHS cIeTIYnKOB. OOBIYHO 3TOT MapaMeTp IoJe3eH
TOJIBKO I 9HKOAepoB 0e3 ¢pukcamuu. 3uadenne onmuu HINTX POTAPBI_ CIIUTY pasHoii
4 HeoOX0IMMO, eCJIM YCTAaHOBJIEHO JIBe OT/IeJIbHbIe KHONKYN «BBepx» n « BHU3» BMecTo 9HKOAEpA.
He ucnonbzyiite 3uavenune 4 ecau y Bac ycranosien sukosep!

TMpumep: TIOTATC f1 -AMTATX _POTAPHI_CITATi1

YAHTE POTAPHI JIMPEIITNOH Ornnus n03B0Jis€T HPOIPAMMHO H3MEHUTDH HAIPABICHUE J[BUZKECHUSI
kypcopa npu moopore 3ukojepa. Ommugs YHAHI'E POTAPHI_JIMPEIITUOH pasro3znawHa
dpu3mIecKoil IepecTaHoOBKe BHIBOJIOB KAHAJIOB SHKOJIEPA.

Ipumep: LHPJIATC 1 - TIAHIE_ POTAPHI_INPELITUOH

POTAPHI 2 TITMHIIIII Ormrus mo3Bo,isteT TporpaMMHO U3MeHUTh Ha3Hadenne mopta [I'D. Jlyamee
perrenue /sl TIOAKI0UeHNsT HHKPeMeHTaJIbHOT0 SHKoAepa 310 mopT 11D u T1S. Tak kak mepssiii
npoekT ucnoab3oBas [IL1 Bmecto [1I'D, To BepHyTHCS K cTapoMy BapuaHTY BBl MoxKeTe, mepeonpe ieTuB
[1'D u ycranoBUB cieayontyo oniuio Hactpoitku no ymordanuio: IO TAT'C b1 - IPOTAPBI_2_TTMHiIIII
st Broporo KaHaJjia HKOJiepa MOXKHO MCIIOJIb30BaTh J11000# cBoboublit nopT I1] ykazas ero
HOMED.

Tpumep: TIOTIATC 1 - TPOTAPHI_2 TINHITIII

YU _JIAHTYATE Omnpemenser BoIOpaHHBI si3bIK
B macrosiinee BpeMsi 10CTyIHBIL:
JIAHI'_BPACIJL, JIAHI 1I3EY, JTAHI' _JTAHUILL, JIAHD _JIVTY, JIAHI' _EHIJIMII,
JIAHI' TEPMAH, JIAHI' XYHI'APUAH, JIAHI UTAJIMAH, JIAHD JIMTXYAHUAH,
JIAHT_ITOJINI, JIAHT _PYCCUAH, JTAHT'_CJIOBAK, JIAHI'_CJIOBEHE,
JIAHT _CITAHUII u JTAHI VYKPAUHUAH. Pycckuit nian ykpannckuit s3eik Tpedyer JIITJI-

JUCILIEH ¢ KHPWILIMYECKON KOJUPOBKOM.

IMpumep: YVU_JTAHT'VATE 1 JIAHTI _PYCCUAH

JILLT_TTBIPUJIJIVIL Heobxomuma s nekoropbix JILLI-uciiiees ¢ KoaupoBKoOii Jjis eBponeiicKux
UJIN KAPUJIIAIEeCKUX sI36IKOB. CuMBOJIBL 44 1 ) OIYNTBYIOT B uX KonupoBke. e Bor BeiOpasin

STy OIIIHIO, TO 00a cuMBOJIa oTobpazKkatongd Ha JIL/I-1uciiee mporpaMMHO.
[Ipumep: HOJIADI'C 1 -AJIL I _TIBIPJIJINLL

JIITI_JTOT'M Jloszxua 0BT yecTanoBIeHA, ectn npumensiers JI1/I-aucneit ¢ korrpostepom CT7036
(tunr IOT-M). Kourpactaocts JII/I-auciies: yeTaHABJIMBAIOT KOMAHIAME IPOTPAMMHOTO OGeCIIe e H ST
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Ecan 3HaUYeHme KOHTpAcTa H3MEHEHO He KOPPEKTHO M Ha JHCILIee HHYero He BUIHO, TO Bb
MOZKETE MONBITATHCH €0 OTPErYJANPOBATH DU HPOCMOTPE JUCILIE 1O/ DOJIbITUM yrjioM. Fem
1 9TO He penmyio npobaemy, To Hamo nepenucarh comep:xkumoe EEITPOM npu nomomu MCIIT
IpPOrpaMMAaTOpA.

[Ipumep: HOJIATC 1 - JILA_JTOI'M

OOVYP _JIMHE JILL TIpenycmarpuBaer yctanoBKy cuMBosibHOTO 411120 JILLI 17151 Gostee neraabuOro
oTOOpazKeHHs JIONOJTHUTEIbHOM nHMopMmanuu. g rpadudeckux KOHTpo LiepoB 128x64 ycranoBKa
9TOH oMK He 00sI3aTe/IbHA, TAK KaK /s HUX HH(OpMaIus BHIBOJIUIIA BCEIIA B YeThIPE CTPOKH.

Tpumep: LIOIATC 1 -APOYP_JTMHE I/

A PAM _O®PPCET Hekoropble CHMBOJIbHBIE TUCILIEN UCIOAB3YIOT pa3andnbie I /1-PAM craproBbie
ampeca I Hadada Kaxkaoi crpoku. OOBIIHO s cTpokm 1 HagaabHb agpec [IJI-PAM
0. Hekoropsie juciuren, nanpumep THh604 nam TH602 ucnonbsyior 128 (0m80) mist Havasa
cTpoKH 1. DTa OMIHS MOKET PA3PENINTh TAKYIO MPOOIeMy.

TMpumep: TIOIATC ¥1 -1 PAM_ODDCET 1 128

JIIT _JIMHE JIEHTTX120 3amaer KoJimdecTBO CHMBOJIOB, BBIBOAUMBIX B OJHY CTPOKY /TSI OTOOPAZKEHU ST
Ha JIIIJI. Cirenyer 3aMeTnTh, 9T0 J1715 rpadpudecKux nHARKATOPoB 128x64 BhIBOAMII 16 CHUMBOJIOB
B CTPOKY. DTOT IIapaMeTp UTHOPHUpYelld Jijid TAKUX UHITKATOPOB.

[Tpumep: HOJIATC %1 -AJILJI JIMHE _JIEHI'TX120

AITATE MOJE IIpu npumenennn nngukaropa 420 JILJT wiu rpadpudeckoro nnaukaropa 128x64
TOYEK, MO3BOJITeT H3MEHHTH cIoco0 BHIOOPA MYHKTOB MEHIO: HEMOJABUYKHBIN KypCcOp B TpeThei
CTPOKe C MepeMeleHreM MTYHKTOB MeHIO W MTepeMelaeMblil Kypcop MO MyHKTaX MeHIO.

Tpumep: LIOIATC 1 -ATTATE MO/IE

HINTX JIIIA CT7565 Dta onnus JI0JXKHA YCTAHABJIUBATHCS ITPU UCIOJIB30BAHUN I'PadHIECKOrO
1281164 Touek JILIJI ¢ xouTpoiepom CT7565, KOTOPBIH MOAKIIOUEH O MOCTIEIOBATEILHOMY
untepdeiicy CTIN wmu N211. [j1g 37010 THIA AUCILICS JOJZKHDL OBITH YCTAHOB/ICHBI JOMOTHATEILHBIE
napamMerpbl, KOTOpbIe YKa3aHbl B Tab/IUIe ITpu ucnonnzoparmn Koarpostepa CT7565 Bri
JIOJIZKHBI YCTAaHOBUTH 3HAYEHHE 3TOro rmapamerpa 1 uiau 7565. Bbl TakzKe MoXKeTe HCII0Ib30BaTh
copMecTuMbIit KonTpostep CCH306 BMecTo KouTposiepa CT7565. D10 M0KHO OBITH CJIe/IaHO
nyTeMm yctanoBku nepevennoi [ITX _JIIJI_CT756511306. ITommepkuBaelis auciniei ¢ KOHTPOJLIEPOM
[TITP8812 nym ITTIP8B14, eciiu onus ycTaHOB/IEHA HPABUILHO. TakzKe MOKeT ObITb HOJIKJIIOYeH
nmuciieit ¢ koarpostepom CT7920 wan HT7108. s koarposutepa HT7108 HykHO nCIoabn30BaTh
ITOCJIeI0BATEILHO-TAPAJLICIBHEI Tpeobpasosarens nntepdeiicos 74XI(T)164 nnn 74XII(T)595.
[Ipumep: IHUTX _JILJL CT75651 1

JINMJI MHTEP®AIIE MOJE /g koarposiepa CCBHB306 Bo3MoKHO HCTIOIb30BaHTe HHTEPdeiica
211 ¢ agpecom Om3m BMecto 4-mposomuoro CIIV maTepdeiica. Jlig MCIoab30BaHmS TaKoil
BO3MOKHOCTH, 3HadYeHne napamerpa JILJ MHTEP®AIIE MO/E ycranopute paBubiM 2. s
kouTposaepa CT7920, npu MOAKIIOUEHIH IO CIEIUATLHOMY IOCIeI0BATEILHOMY HHTepdeiicy,
TOT HapaMerp JIOJIZKEeH ObITh yCTAHOBJIEH PaBHBIM O. Bce BO3MOXKHbBIC, HA TEKYIIU MOMEHT,

spavenus JILIJJI_ MTHTEP®AIIE MOJ/JIE u IIINTX_JIIII_CT7565 ykazanbl B Tabane
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Tun auciies Mrepdeiic | TIATX T CT7565 | JIJ] NHTEP®ATE MOJIE |

CUMBOJIBHBIA 161112, 4-But napasien [Tapamerp [Tapamerp ork/049€H (1)
cuMBOJILHBII 20114 4-Bur CIIN orkatouén (0) 4
1211 9
rpacdpuyecknit CT7565 4-Bur CIIN 1 wam 7565 [Tapamerp oTk/IIOUEH (4)
rpadpuaeckuit CT7565 1211 1 mam 7565 2
rpaduueckuiit CCH306 4-Bur CIIN 1306 [Tapamerp oTk/I09EH (4)
rpacpuueckuit CCH306 1211 1306 2
rpacdpuyecknit CT7920 | 4-bur napasien 7920 [Tapamerp oTkII0OUEH (1)
rpacdudecknit CT7920 2-but cepuan 7920 5
rpadguueckuit HI'7108 | 8-Bur napajuien 7108 [Tapamerp oTKJIIOUEH (6)
i KC0108 bt 74X11T164
rpacdpuyeckuit 1111P8Y12 CII1 8812 [Tapamerp oTKJIIOUEH (4)
rpaduuecknii [TI1P8]14 CIIN 8814 [Tapamerp oTk/IIOUEH (4)
21T 8814 p
3-TIpOBOTHOM 8814 3
rpadgpuyecknii V11119163 4-Bur CIIN 9163 [Tapamerp oTKJIIOUEH (4)
128m128 [omop
rpacdpuyeckuit CT7735 4-Bur CIIN 7735 [Tapamerp oTKJIIOUEH (4)
128m160 omop

Tabsmna 4.1. Hacrpoiika naTepdeiica moak/JIH0IaeMoro JIHCILIes

B Tabaure 3nauenne Koja B CKOOKaX yKa3aHo JIJid CIPABKH U UCIOJIb3Yells BHYTPUIPOTPAMMHO.
[lo sToMy, mapameTp, 3HaUYeHHE KOTOPOTO YKA3aHO B CKOOKAX, IIPU HCIOJIH30BAHUU TAKOI'O
JTUCILIes JI0JIZKeH OBITh OTKJIIUYEH B Makeduie.

[Tpumep: HOJIATC b1 -IJIII_MHTEPOAITE_MO/IE:2
JILLA_CIIN _OIIEH 11OJI C ommmeit JILJI CIIN_OIIEH _IIOJI ypoBens curnana gannsix CIIN

untepdeiica He gocturaer HemnocpeactseHHo yposusa B, Huskuit ypoBenb curnajia pabeH
yposuio ['H/I, a BbicOKUil ypoBeHb OI'DaHUYEH UCIIO/Ib30BAHUEM <IIOJITATMBAIONIUX Y PE3UCTOPOB
ATwmera. Ecan ommus [TVJIJIVII_JINCABJIE ycranopieHa, 1o Tpebyers BHEITHHI PE3HCTOP
qutst curaagia PECET. s apyrux ¢curHa/ioB BHyTpEHHIE «TOATATHBAONNE» pe3uctophl ATvera
ucrob3ytons, gazxke ecan omnnus [TVJIJIVII_JINCABJIE ycranosieHa.

[Tpumep: HOJIATL $1 - I _CITM_OITEH _L1O.JI

JINO _M2IT_AJJP Axapec nia xortposaepa CCH306 npu nogxmodennn no uarepdeiicy W21 .
Bbl MozxkeTe BHIGpaTh JABa BapuanTa: 0m3i| ecau BoiBoj KoHTposutepa /11 noakmoden k T'HJT
u Om3n ecom x BIIII.
[Mpumep: HOJIATC b1 - IJITI_M211_A JT/IP101m3 1

JILLA _CT7565 PECUCTOP _PATHUO Srta onius M03B0JIAeT BHIOUPATH COOTHOIIEHHE PE3UCTOPOB,
JIJIT BHYTPEHHETO perysasaTopa Hampsikenus KoHTposaepa CT7565. Ha mpakTuke 00BIYHO 3TH
zuadenus or 4 o 7. Bo3amoxkna ycranoska 3uadenuii ot 0 10 7.

TMpumep: JIT_CT7565_ PECICTOP_PATHIO 1 4

JIIIT_CT7565_X_®JINIT Dra oumust mo3BoJsIeT mepeBepHyTh BhiBoauMoe Ha JIIL/I uzobpazkenne
o ropu3oHTa . Bo3amoxkubie 3uadenns: 0 - 6e3 mopopota; 1 - ¢ IepeBOPOTOM.

TMpumep: TIOTIATC f1 -JIIT_CT7565_X_OJINIT 1 1
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JIITI_CT7565 X OPDPCET TopusoHTaIbHOE aJpecHOe MPOCTPAHCTBO KOHTposIepa (132) Gobine
gem Buaumas obmacts JIIJ (128). B 3aBucuMocTH OT KOHCTPYKTHBHOR OCOOEHHOCTH MOTYJIsI,
JIJIsT IPABUJIBHOTO 0TOOParKeHUsI, MOYKeT MOHaI00UThcs 3a1aTh 3Hadenns 0, 2 miu 4.

[Ipumep: HOJIALI'C 61 -AJILJT_CT7565 X _ OPDPCET 14

JIITT_CT7565_B_®JINII Dta onnus mo3BoJisger mepepepHyTh BeiBoaumoe Ha JIII/I m3o0pazkenne
no Beprukasu. 3uadenne () - 63 mepeBopoTa, 1 - ¢ MEPEBOPOTOM H300PAYKEHHS 10 BEPTUKAIM.

[Ipumep: HOJIAI'C 1 -AJILI_CT7565_ B _OJIMIL 11

BOJIVYME_BAJIVE [lna kourpostepos CT7565 man CCDH306 MoKHO TIEpeonpeieIuTh 3HAUeHne
kKouTpactuoctu. g konrposiepa CT7565 3nadenue 1o1:kKHO ObITh Mexk 1y 0 u 63. s KonTposiiepa

CC'H306 snavenne mHyKkHO BBIOpATH OT 0 10 255.
[Ipumep: HOJIATI'C $1 -ABOJIVME_BAJIVE 1 25

JILLA_CT7565_bl_ CTAPT C stoit ommueit Bor MoxKeTe ycTaHOBUTH MEPBYIO CTPOKY IIPABUILHO,
T.e. BBepXy 9KpaHa. [lepBasi ¢cTpoKa B HEKOTOPBIX BEpPCHUSIX IUCIIEEB CMEIIeHa K CepeIuHe
BUIMMOI oOmactu. ns Takoro BapuaHTa AUCILIess, BBl MOXKeTe CMeCTHUTh IIePBOI0 CTPOKY K
BEDPXY BHIMMON 00JIACTH, €CJH ONNUs yeTaHOBAeHa 32 (MOJIOBHHA BBICOTHI BHIUMON 00JacTH).

TMpumep: TIOTATC b1 -JLIT_CT7565_BI_.CTAPT 1 32

JIIII 9YAHTE ITOJIOP Dra onmnust pacimmpsier (PyHKIUA MEHIO W O3BOJISET HU3MEHHUTH I[BET
¢dona u nBeT BbIBOAMMOI nH(popMaruu. Fein 3Ha4eHne yCTAHOBJICHO PABHBIM 2, TO IIBETA CHUHUI
U KPACHBI{ MEHSIONS MecTaMu. Bbl MOyKeTe BHIOPATh 3TY OMIUIO TOJIHKO JIJIsd IBETHBIX JIUCILICEB
(konTposnep CT7735 wiu WJI19163).
[Ipumep: HOJIAT'C $1 -AJILI_HAHI'E_LTOJIOP11

JILLI_BI' _ITOJIOP 3anas 16-6uTHOE 3HaYeHNE, MOZKHO BHIOpATh 1BeT poHa. Kax npaBuio, crapiine
5 OUTOB UCIIOJIB3YION 111 KPACHOI'O IIBETA, CpeaHne 6 OMTOB HCIIOIB3YIOIS 111 3€JIEHOTO IIBeTa,
a MIaamue 5 OUTOB HCIOJIL3YIONS I CHHEero npera. lHorma OUTHL 11 KpacHOrO W CHHEro
OBCETa MEHAIOIAd MeCTaMH. BbI MOZKeTe BbI6paTb 9Ty OIINHIO TOJIBKO JJid IBETHbLIX AMCILIEEB
(rkorTposiep CT7735 wau NJI19163).
[Ipumep: HOJIAT'C 1 -AJILJT BT _TOJIOP10m000dh

JIITI_®T _ITOJIOP Dt1um 16-6utHbiM 3HaYeHEEM Bbi MOZKETE BHIODATD I[BET BBIBOAMUMOI HH(DOPMAIIHH.
B npuBenennom mnpumepe — Oesiblii 1BET ISl TEKCTa W CHMBOJIOB. BbI MOKeTe BHIOpPATH 3TY

OIIIUIO TOJBKO [l BeTHBIX Jucitiees (KouTposuiep CT7735 wiu WJI19163).
[Ipumep: HOJIATI'C 1 -AJILI P _1TOJIOP10mbdpdd

®OHT 8I1116 Bri jgosrkubl BHIOpaTh pazMep nipudra s rpaduaeckoro KoHTposuiepa. JlocTymHb
cJIeIyIoIie pasMepbl cuMBoIoB mpudToB ¢ umereM « POHT _» u3 HuKenepeuncIeHHbIX (ITUPHHA
X BeicoTa). Pasmepst 61118, 81118, 711112, 811112, 811114, 811115, 81I115TxuHn, 811116 u 1611116 Tx1H
ceituac jocryunbl. [pudrs 8x16 u 8x16Txun nanbdosiee 3(pHeKTUBHO UCHOJIB3YIOT I'PadUIECKoe
npocTpaHcTBO auciies 128m64 nukcess.

[Mpumep: HOJIATC 61 - IPOHT 811116

H®JIATC %1 -ABUT _TII Onnus m03B0JIsIeT HE3HAYATEIHHO YBEJIUIUTH MIPUQT HOMEPOB BHIBOIOB
TII na rpaduyeckom n306pakKeHun.

[Ipumep: HOJIAI'C 61 -ABUT _TII

H®JIATC %1 - IMTHBEPCE_TII Ounus no3BojisieT BLIBECTH HOMEPa BHIBOIOB HA TpadpudeckoM
n300parkeHn HHBEPCHO - «1depHoe Ha Oejoms . Vcnors3oanue omun MTHBEPCE _TTI apromarutieckn
orkaodaeTr onmuio BUIT_TII, nockoabKy Tpebyers MecTo JIid 0OpaM/ICHH.

[Tpumep: HOJIAI'C #1 - AMHBEPCE_TTI
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CTPUII TP _BOAPI Dta onius MO3BOJSIET U3MEHUTh Ha3HAUEHHST BBLIBOIOB mopTa JI s
HOJIKJII0UeHns auciies. bostee noapodbHoe onmucanue Bel MOXKeTe HAWTH B OITMCAHUN AIIIAPATHBIX
CPeJICTB TJIaBbl Ha crpanuie [0] Bol rakzke MozkeTe BHIODATH aJbTePHATHBHOE O KII0UEHHE
BbIBOI0B ATMera K rpadumdueckomy ubaukaropy. lns xuraiickoro xkiona «T5» Bel q0/2KHBI
ycranoputh 3Haderne CTPUII_ T'PUJI_BOAP15. Ilpu agprepHaTHBHOM Ha3HAYEHUH KOHTAKTOB
s rpadudeckoro aucities nonkaodenne KHOnKH TECT ocraens Hern3MeHHBIM.

Mpumep: TIOIATC 1 -ICTPUTT_ TP BOAPI

HINTX CEJI®TECT Ecau B BoiOupaere 9Ty OIIUIO, IporpaMMHoe obecriederHue Oy1eT BKII0IaTh
dyuknuio camopuarunoctuku. Camopuarnocruka Oyper Hadara, ecjin Bol coejiuanre Bce 3 MCHBITATEIbHDI
nopra BMecTe «mnepembukoity n naxkmere knonky TECT. Ecyim pyukiug Beibpana, 3amyckaers
TosibK0 Kaanbposka. Camomunaraoctuka T1 - T7 Bo3MOoXKHA TOJBKO TIpH BBIOOpE (DYHKINU W3
JIOTIOJIHATETFHOTO MEHIO.

Ipuvep: LHOJIATC %1 -AIINTX CEJIOTECT

HO _TECT _T1_T7 Sta onnus oTKJIIOYaET BhIToNHEeHNEe QyHKIU camoguardoctuku T1 - T7. Dtn
TeCTHl CAMOTMATHOCTUKHY TIOJIE3HBI 17151 OOHAPY2KEeHU OIMOOK B AlllIaPATHBIX CPEJICTBAX, HAITPUMED,
HETTPABWJILHOTO U3MEPEeHUs CONPOTUBJIEHUH WM TpoOaeMbl ¢ uzoJsnueil. Eciu Bol yBepeHsr,
4T0 000pY/I0BaHUEe UCITPABHO, TO JIJIs YCKOpeHus: KaJuOpoBKY Bbl MOKeTe IIpoIyCcTUuTh CAaMOJIUAIHOCTUKY
T1 - T7, ycranoBus 3ty onruio. [Ipn Brmoyennoit onnuu tectol T1 - T7 camomuarnocTuku
3aIMyCKaOIs TOJIBKO W3 JONOJHUTENHHOTO MeHI0 «Cendrects. Ecam ¢ MEKPOKOHTDOIEPOM
ATwmeral68 mcmoabp3ytonsg oba meroma u3Mmepenns XPE, To dyarnmun camommaraoctuku T1 -
T'7 mponyckaroig aBTOMaTHIeCKH.

Tpumep: LIOIATC 1 -JTHO TECT_T1.T7

HHIOPT_YHIAJI_MCTI' Ecuu tecrep He OTKaInOpOBaH, TO 0ToOpazKaelst CoODIIeHne A1l IPOIecCOPOB,
o Kpaitneit Mepe, 32 K (asn-naMaT. DTo HAIIOMHHAHAE ¢ KPATKUM OIUCAHHEM, KaK TecTep
MOXKeT OBbITh OTKAJUOpPOBAaH. DTO OIMHCAHHE He OTOOparKaels, ecju Bbl ycTaHOBHTE OIIHIO
ITOPT_VHITAJI_.MCT B Makedure. C roit onmmeii, Tectep orodOparkaeT TOJIHBKO KPaTKOEe
HAITOMUHAHWE, COCTOSIIIEE U3 OJHONW CTPOKU. DTO YMEHbITAeT TpedyeMblit 00beM (DIIII-TTaMSITH,

a TaK»kKe BpeMs II0Ka3a JIJIs I0JIb30BaTe /e, KOTOphIe Y2Ke 3HAIOT, KAK OCYIIECTBUTH KaJTUOPOBKY
TecTepa.

Tpumep: LIOIATC 1 -AMTOPT_VHIIAJI. MCT

HO MIIOHC_OJEMO 3rta onnud OTKJIIOYAET JOIOJHUTEILHYIO JTeMOHCTPAIIUIO 3HAYKOB U BBIBO/I
HabOpa CUMBOJIOB ¢ TIOMOTILIO hyHKIUE MeHI0 «IlokazaTh nanubiey. 9To yMeHbITaeT TPeOyeMbIit
obbeM JIBII-TaMATH, 8 TaKKe BpeMsi 0TOOParKeHusl J/Is 110J1b30BaTeIs.

TMpumep: TIOTATC 11 - THO MITOHC_IEMO

HINTX _POTAPBI_YEIIK Sra onnus n03BoJIs€T HCIIOJIb30BATH AOMOJIHUTEIbHYIO (DYHKIUIO MEHIO
JIJIS IPOBEPKH MTOBOPOTHOTO 3HKOAepa. /list Tecta Bbl J0/I2KHBI MOAKIIOYUTD SHKOJIEP K TECTOBBIM
koartaktam T'b, T'b u TTI3. O6parure BHuManue, 970 Bbl He MOXKeTe MPOBEPUTH BCTPOSHHBIH
9HKOJIep TecTepa!l Bol Takke MoOKeTe HCIOJIb30BATH SHKOAED /I y106cTBa paboThl TecTepa ¢
ommueit [HIUTX_POTAPBI_CIITNTY.

[Mpumep: HOJTATC #1 -AHINTX POTAPBI_YEIK

HO _®PEY LHOYHTEP C nomoribio 91o# omiuu Bl MoKeTe OTKJIIOUUTD (PYHKIHIO YACTOTOMEPa,
TecTepa. ITo 0COOEHHO Toe3HO0, e KOHTakT 11/14 (ATMmera328) He MOXKeT HCIOJIb30BATHCSI
BMeECTe € TOAK/II0YeHHBIM juciieeM. COOTBENTBYIONIAs IIYHKT B MeHIO (DyHKImii He Oyaer
0TOOpaXKATHCA. ITO TAKKe CIKOHOMHUT Tpebyembrit 00beM (hIdTm-naMsaTa.

TMpumep: TIOIATC +1 -THO_GPEUITOVHTEP
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HINTX ®PEYYEHIIBI INBUJIEP Sta onmus 100aBasgeT IyHKT MEHIO I 33/ IaHuI 3HAUCHUT
HnpeJiIe/IuTe s TP U3MepeHun JacTorbl. Koaddumuent moxker ObiTh BbiOpan B 1: 1, 1: 2
1: 4, 1: 8, 1:16, 1:32, 1:64 u 1: 128. droT MapameTp MOJE3EeH, €CJTU TACTOTA HU3IMEPSIeNd C
UCIIO/Tb30BAHUEM BHEITHETO IIPe e uTe s, HOAKII0YEHHOro K TecTepy. BoiBoauMoe 3nadenue
YaCTOTBI U MEePHOJIa U3MePEeHUl OVIYT YIUTHIBATD BHIOpAHHBIN KOX(MDMUIIHEHT npe e/ TuTe s,

Tpuvep: IIOJIATC %1 -AIINTX OPEYYEHIIB IUBIIEP

HINTX CammuauuarAILL C sToit ommueii, Tecrep nucmoab3yer Meron mauckpermsanuud ALl mpu
onpeIeneHHbIX u3MepeHusx. Vcmoan3yenst Bpems muckperusanun ALl ¢ mmarom 1, 4 ninm
16 TakTOB TpoIECCOpa I TMOBTOPSIONINXCS CHTHAJIOB M OBICTPblEe M3MEHEHUS HalpszKeHH
MOTYT OBITH OIUIEXKEHBI. Bpemsi 3apsjkm MajeHbKux KOHaeHcaTropos Hmxke 100 pF mozxer
KOHTpoIupoBaThcsd ¢ paspeinenueMm 0,01 pF' npu TakToBoil dacrore nporeccopa 16 MHz. C
HOMOIIBIO TAPAJLJIEIBLHO TOAKIIOUEHHOr0 KOHAeHCATOpa, 110 pe3oHancHoi yacrore JIL-kouTypa,
MOXKeT OBITH OIpejieJieHa MHAYKTUBHOCTH MaJIeHbKUX KaTylnek Huzke 2 mH. Ecam éMKocTb
NapaJjie bHOTO KOHJ/IEHCATOPA W3BECTHA, MHYKTUBHOCTh KATYIITKHA MOYXKeT OBITh PACCINTAHA C
BBICOKO# TOYHOCTBHIO, UIMO/IST M3 PE30HAHCHOIT 1acTOThl. B KavecTBe JONOJHEHNSI, 10 3HATCHUTO
PE30HAHCHOH YaCTOTHI, MOYKET OBITH OleHeHa T0OPOTHOCTH U KOHTYPa. DTy 0COBEHHOCTH MOKHO
BKJIOUHMTD yeranoBKoi ommuu IIIWNTX _Cammauar AL [Tpu kaanOpoBKe TOMOJHHTEIEHO H3MEPSIellst
HyJIEBbIE 3HAUEHUS EMKOCTHU JIJISI METO/A JUCKPETU3AINU, U MOCe ITOTO U3Mepsiells 3HAYCHHe
éMKOCTH yCTaHABIMBAEMOro KoHeHcaropa s JI-kouTypa npu onpejiesieHnn nH Iy KTUBHOCTH
HEU3BECTHON KaTyIIKU.

Mpumep: IMNTX _CammanarAJIIT 1 1

MINTX ITITAJI Ecim dyskmus CammauarA /Il sxirowena u B Tecrepe ycranosiaen 16 MHz
kBapi (OTT_MX3 1 16), To 3Ta onmus MO3BOJISET TECTHPOBATH KBAPIIHI W PE30HATOPHI. Eciu
BO3MOYKHO, TO OTIPEIEJISIONS TaCTOTHI JIJIs TIIeM € TapaJlieTbHbBIM H MOCTIeI0BATETbHBIM PE3OHAHCOM,
a Takzxke mapamerp (), — JSKBUBaJEHTHass EMKOCTH MeXaHWIeCKOH KOaeOaTeTbHON CHCTeMbI

pe3oHaTOopa.
Tpumep: TIOTATC b1 -JTITATX ITITAT

MINTX_VJT Drta ounnus mo3BoJsieT MPOBOAUTH JOIOJHHTEIbHBIE TECThI JJIS OJHONEPEXOIHBIX
rpau3uctopoB. Ecan pyuknusa CammmarA /Il Bkmodena, TecTep mhITaels MOCTPOUTEH Te€HEPATOD
¢ Tectupyembim Tpauzuctopom. Tun YJT obnapyxusaerns n 6e3 ¢dpyuaknun CammanarA I Ho
6e3 onnuu LNTX_VJT onHomepexoaHble TPAH3UCTOPBI OLPEILIIION KaK JIBORHON U0,
[Ipumep: HOJIAI'C b1 -AUTX_YVJT

HINTX IIVT Srta onnust H03BOJSET IIPOBOJUTD JOIOJHATEIbHBIN TECT TPOrPaMMHUPYEMBIX OIHOIEPEXO/IHD!
rpauzuctopos (IIVT). Bes sroro napamerpa ITYT 00bYHO ompejeisienss Kak OUIOJSIPHBIIL
TPAH3UCTOP.

TMpumep: TIOIATC b1 -AIMIATX TIYT

PET _Macc Dra omius mMO3BOJILET IPOBOAUTH AOMOJHATEIbHBIE H3MEPEHHS JIJIS BEIYUCICHUST TOKA,
croka Umace, ecam Tok He Bbime 60 mA. Onenka m pacder TOKa BBIMOJTHSIONS C TPUMEPHO
CpeIHeKBaIPATUIHON TOYHOCTHIO.

[Ipumep: HOJIAI'C t1 -ADPET WUacc

OPEYYEHIIBI 50X3 Curuaj 50 ['n 6y1eT renepupoBaThCs Ha BHIBOJIAX UCIBITATE/ILHBIX IOPTOB 2
U 3 B Te€YEHUH OJIHON MUHYTBHI B KOHIIE CAMOJIMATHOCTUKU. DT OIIU JOJIKHA OBITH YCTAaHOBICHA
TOJIBKO JJIsT OCOOBIX CJIYYaeB - TPOBEPKH (PYHKIIUU 3aICPIKKH.

TMpumep: TIOTIATC 1 -IOPEUYEHIIBI 50X3

HO_ITOMMOH _HOJIJIEIITOP _X®E Yta onnus oTk/I04aeT MeToa n3mepennsa XPE Tpamn3ucTopon
no meme ¢ obImuM KOJLTeKTOpoM. [lo yMo/s9aHuio BKJIIOYEHBI 00a METOAA JJisi M3MepPeHUsd
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x®E, HO B maMaTH TporpaMM MHKpOKOHTposLaepa ATmeral68 e xBaTaeT Mecta I GyHKINMA
camouarsocTuku. C moMoIbio 3Toil onun Ber MoxkeTe 0cBOOOIUTH MAMATH MEKPOKOHTPOJLIEPA
ATwmeral68 nns dyakmumii camommaraoctuku T1-T7.

[Ipumep: HOJIATC %1 - IHO_TTOMMOH_LOJIJIEHTOP _XOE

HO_ITTOMMOH_EMUTTEP_X®E Sta onmus oTkodaer Meron naMepennst XPE rpansucropos
1o 1eme ¢ oo1uM SMuTTepoM. 1o ymosrganuio BKIouenb 06a metosa jiid udmepenns xPE, no
B IIAMSTH porpaMM MUKpokoHTposuiepa ATveral 68 ne xpataeT mMecta jijid (DYHKIINN CAMOIMATHOCTHKH.
C momoripio 9T0i onmuu Bel MoxkeTe 0cBOOOAUTD TaMaTh MUKpOKoHTposutepa ATmeral68 miist

dyuxuuit camouposepku T1-T7.
[Mpumep: HOJIATC 1 - THO ITOMMOH EMUTTEP _X®E

AVYTO_IIAJI B nponeaype caMOIUATHOCTHKHI OyIeT TOMOJHUTEIHHO H3MEPEHO CMEeIeHne HyJ I TPU
u3Mepennn éMKoCcTH. JlomoHuTeIbHO Oy Ly T H3MEpPEHbI CMEIeHne aHAJOIOBOTO KOMIIAPATOPa
(PE®_II_KOPP) u (PE®_P_KOPP) nanps:kenne cMelneHust BHyTDEHHETO OIIOPHOTO HAPSIZKEeHHS,
ecaim Bl OJIKJIIOYNTE KaveCTBEHHBIN KOHieHcaTop ¢ Beaunannoit émkoctu ot 100 nF' 10 20 uF
K BBIBOJIAM HCIBITATEIBHBIX HOPTOB 1 M 3 Imocjie u3MepeHus CMeNeHnd HyJIsd PH U3MEepPEeHHH
émkocTu. Bee HalimeHHble BeIUYUHBI OVAYT 3anucanbl B EEmpoM n 6yayT ucmoib30BaThes JI1s
JAJbHEHIINX N3MEePEeHHiT aBTOMATHIECKU. SHAYEHUs BBIXOIHOIO CONMPOTHBJICHUS HOPTA OYIyT
ONIPeeSIThCSA B HaYaJe KaxKI0ro H3MEPEHHs.

[Mpumep: HOJIATC 61 -JAVTO_ITAJI

MINTX_AYTO_PE® Onnus no3BojsieT aBToOMaTHYeCKH CINTBIBATH OIMOPHOE HANIPSIZKEHNE, ITOOBI
nosryauTh (hakrrdeckuii KosbdurmenT, 11 n3MepeHns MaJIbX Beanand éMrocTeit (Hike 40 puF).

[Ipumep: HOJIAI'C b1 - AU TX AYTO_PE®

PE® 1T KOPP Onpeaensier cmerntenne A1 OMOPHOTO HANPszKeHust B mV . DTa oniust TpuMeHsIers
JIUIST KOPPEKIUU BeJUIUHBI EMKOCTU TIPW U3MEPEeHUH HeOOJIBINX EMKOCTeH KOHIEHCATOPOR.
Besmuuna koppekiuu 10 MyHKTOB HOHHXKAET PE3YJbTaT U3MepeHHus Tpubau3uTesbHo Ha 1%.
Ecaun ommust AYTO _LAJI seibupaens smecte ¢ ommusavu IIHUTX _CEJIOTECT, PE® 11_KOPP
TO BeJTMIMHA CMEIeHUs OYeT paBHA PA3HUIIE H3MEPEHHOTO HANPSIZKEHU S TECTUPYEMOTO KOHIEHCATOPA
1 BHYTPEHHET'O OMOPHOIO HAIPSIKEHUSI.

TMpumep: TIOTIATC f1 -IPED 1L KOPP112

PE® JI KOPP Oupegensier jponojinuTebHoe cMmernenne B mV K OHOPHOMY HAIPSIKEHUIO [PH
n3meperns Beinanabl wHAyKTuBHOCTH. CMerernne PE® _JI_ KOPP u coorBenTByomas BenanHa
CMEIIeHns TP KaJInOPOBKE OyIeT JOMOTHUTEIHHO UCITOIH30BATHC TTPU N3MEDEHUN WH/IYKTHBHOCTH.
Buavyenue PE®_JI_ KOPP 6yner BoiaTeno s udMepenud 6e3 pesucropa 680 2 u jpodasieHo
npu m3Mepenun ¢ pesucropom 680 2. Bennunna xkoppeknun B 10 IyHKTOB U3MeEHsIET Pe3y/IbTaT
usMepenus npub/usuresbuo na 1%.

TMpumep: TIOTATC 11 -JIPED_TT_KOPP170

II_X_KOPP OnpenensieT BeTUIUHy KOPPEKIUN PU U3MEPEHUH OOJBITHX éMKOocTeil. Y Beandenue
3Ha4YeHnd mapaMerpa Ha 10 HyHKTOB HOHUKaeT pesyabrar m3mepenus na 1%.

[Mpumep: IOJIATC 61 -A11_ X _KOPP110

HINTX_YAPT Onnus no3sojsieT UCIOIb30BaTh TopT 1113 17151 mocie10BaTe/IbHOTO BHIBOAA JAHHBIX
(mporokost B24). Ecaun onnusg e Bei6pana, mopt I1113 Moxker uCmogb30BaThCs 1151 H3MEPEHUsI
BHerHero Hanpsizkenns ¢ geuresaem 10:1. C gonmosauTebuoi memoit Bor Moxkere mpoBeputh
HAIIPSAKEeHHe Mpo0os CTaOUIUTPOHOB, OoJbliee, dyeM 4,5 V. DTo u3MepeHue HOBTOpsiels C
JacToTolt 3 pa3za B ceKyHy, moka Bel He oTrmyctuTe kKHONKY TECT.

[Ipumep: HOJIAT'C $1 - AU TX_YAPT
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TUPIT_AOIL6 Ommus THPII_AJILI6 onpeaensieT BO3MOXKHOCTE UCIOTH30BAHUS aHAJIOTOBOTO BXOIA
AJIIT6 ATwera B kopiyce THU®DIT wan UOH Bmecro AIIL3 (TT113). C sToit onmnumeit BO3MOKHO
U3MepeHre BHEITHEr0 HAIPSYKEeHHsI, He3aBUCHMO OT ucrnoab3oBanns 1113 B kauecte YAPT.
AJII16 BXOM HCHOJIB3YeIs [I/Ish K3MePEeHNs CTAOMINTPOHOB HJIM BHEITHET'O HAPSXKEHUSI B 3ABUCHMOCTH
oT BeIOOpa M3 auaJsioroporo merio B ATwmera328.

[Tpumep: HOJIAT'C $1 - ATYUDIT_AJILLI6

TUPIT AALL7 Onmus TUDII_AJIILT onpegesser BO3SMOXKHOCTD UCIIOIb30BAHIS AHAJIOTOBOIO BXOIA
AJII7 ATwmera B kopryce TU®IT wiu YPH smecro I3 (AIL3). C s1oit onmueil BO3IMOKHO
U3MEpPEHNe BHEIIHEIO HAIPSKEeHHsI, He3aBHCHUMO OT ucnojb3oBanus [1113 B kagecte YAPT.
Eciu ata onmus ncnosib3yeris 6e3 omrun THUDIT_AJIT6, To n3mepenune cTabuInTPOHOB U BHEIITHETO
HAIPSZKEHWS MPONU3BOINIIA ¢ HCIIOJB30BaHIeM BXOIHOTO aHaaoroBoro mopra AJII17 mpu Beibope
u3 JonoaHuTebHOro MeHo B ATmera328. Ecin onmnus yecranosieHa copmectro ¢ THOIT A JILIG,
TO M3MepeHHe CTa0MINTPOHOB HocTymHo Ha AJIII6, a BHeNTHHX HaIps:KeHUH Ha 00eHX MOopTax
B 3aBHCHMOCTH OT BBIOOpa U3 HomoJHUTEThHOTO MeHio ATwmera328. Ob6a pxomubix mopra AJILL
JIOJIZKHBL OBITH 000PY/IOBaHbl Pe3UCTUBHbIME JiesuTesasavu 10:1.

Tpumep: TIOTATC f1 -TTUDIT_ATITT

HINTX BEIIT Paspemraer u3MepsTb BHeEIIHEe HalPsSKEHUE C UCHOJb30BAHUEM PE3UCTHUBHOIO
nenurens 10:1. Eciu we Buibpana onmuss TUDIT AJIIG6 wim TUDIT A7 gua ATwmeral68
nnn ATwmera328, To mopt 1113 mcnons3yens ajis n3mMepeHus BHEITHETO HAMpsizkeHust. Onmus
HINTX_VAPT, B aTOM ciaydae, T0MKHA OBITH OTKIIOYEHA.

[Ipumep: HOJIAI'C $1 - AU TX _BEILLIT

PMETEP _ITINTX_JI upu Beibope 3TOI OIIUK B pezKUMe MUKINIeCKIX H3MePEHUl COIIPOTUBIeHII
pe3uctopoB B Tb u TII3 M0oxKHO n3MepaTh M HHAYKTUBHOCTD. TaKoil pexkuM padoThl 0TOOparkaels
cumposiamu [PJI] B KoHIe TepBoil cTpoku auciuies. [Ipu BKIIOYEHHH TOTO, JOTOJHUTETBHOTO,
TeCTa NH/LyKTUBHOCTH BPEMs M3MEPEHus COpoTuB/ieHunit peauctopos nuzke 2100 €2 yBesimanBaers.
Tax xe pesucrop menbire 10 2 ve moxer ObiTh u3Mepen merogom ECP 6e3 aroit ommun, Tak
KaK HeT JAHHBIX 4TO MHIYKTUBHOCTH HE MOJK/IIOYEHA, & U3-3a TOr0, YTO B METO/Ie U3MEpPEeHUS
ECP wucnosbp3yiong KOpOTKHE HUMIYJIbCH TOKA, HMHIAYKTHBHOCTbL HE MOYKET OBITH H3MepeHa.
Conporusiienne pe3uctopa Menbine 10 (2 usamepsensg ToabKo ¢ paspemenuem 0.1 € 6e3 sroi
OmUH, TaK KaK TOJILKO MeTo ] n3mepenns ECP cnocoben obecnednts pazpertenne 0.01 Q. [pu
YCTAHOBKE 3TOi OINIMKU BCE MPEJbIAYIIHEe OrPAHUYCHUS HE BJIUAIOT HA PE3yJIbTaT, HO BpeMs
TecTa yBE/JTUIUBACIIS.

Ipumep: LHOJIATC %1 - IPMETEP _IINTX_JI

IHATI_EMIITBHI JIEBEJI Sta omrus onpeie/isieT ypOBEHD HAPSIZKEHUS /15T PA3PI?KEHHOT0 KOHIEHCATOPA
(B mV'). Bbl MoxkKeTe ycTaHOBUTH 3HaueHue ypoBH# Bbiie 3 mV, ecniu Tectep He ycmeBaer
pa3pskKaTh KOHJAEHCATOP. DTO TPOUIIOINT B ciIydae, ecau TecTep 3aKaHUYMBaeT W3MepPEHHE 3a
boJee AaUTENBLHOE BpeMd ¢ coobrmenuneM «Llemn!».

Tpumep: 1IOIATC 1 -JITATI_EMIITHLJIEBET3

AVTOCHAJIE_AIII Ilo3Boser aBTOMATHYECKH IepeKandarh omopHoe cMmemtenne ALl wan
K BII wm x Buyrpennemy MOH. Buyrpennuit MOH 2,56 V' mma ATwmera8 u 1,1 V' mnsa
ocTaabHbIX MUKPOKOHTPOJIepoB ATMmera. JIisa ATvera8 apromarndieckoe nepekrroYeHne OnopHoro
HAIPSI’KEHNS HE MCIOIb3YIOIS.

[Ipumep: HOJIAI'C 61 - JAYTOCHAJIE_AJILT

PE® P KOPP Ompegensier cmemenne s BHyTpeHHEro omopuoro nampsizkerws ATl B mV.
D10 cMmernenne yautbiBaels npu nepeksodenun ¢ BIIIL 6azosoro AIIIl na sayTpennunit TOH
AIIl u MoxkeT OBITH MCIOJB30BAHO IIPH M3MEPEHUH pe3ucTopoB. Ecam Bel BeiOepere ommmio
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AVTO_IIAJI B pexxuMe caMOIMarHOCTHKHM, 3TO 3HAUEHHE OYIeT JOMOJHUTEILHON BeJIHIYNHON K

HafiieHHOMY HamnpsizkeHnto cMmerenns B omun AV TO_ITAJI.
[Tpumep: HOJIATC 1 -IPED_P_KOPP110

ECP _3EPO Oupenesnsier cMmernenne HyJis Tpu u3Mepennn Majibix conporusiennit u ECP. Cvemenue
HYJIsT JIJTs1 JTIOOBIX KOMOMHAIMH TECTOBBIX BBHIBOIOB OIIPEIE/ISCIs B PEKIMe CAMOIUATHOCTUKH U
3aMeHseT PeyCTAHOBIEHHOE CMEIeHre Hy 1. DTa BeJINYnHA Oy/IeT BRIITeHa U3 BCEX N3MEePeHHil
conporusenni 1o 10 2 u ECP.

[Ipumep: HOJIAI'C 1 -AECP _3EPO129

HO_APE® ITAII Coobiiaer nporpaMMHOMY obeciiedennio, 4To y Bac net konjgercaropa (100 nF),
ycTaHoBJIeHHOro Ha BbiBoje APE® (BbiBom 21). DTO TMO3BOJISAET COKPATHTH 3aJE€PIKKY sl
AVTOCHAJIE_AIIIL npur nepekmodenun Ha apyroit MOH. Konmencarop na 1 nF He BHOCHT
ucKazkenuii B pesysbrarsl namepenuii. Ha pucynke u HOKA3aHO BPEMsl IePEKJIIOUCHI
¢ KoujencaropoM Ha 1 nF'. Bel MoxKere BHIETH, 4TO nepekaodenue ot b V' jgo 1,1 V mamuoro
MejIJIeHHee, YeM rnepekaodenne Hazam, oT 1,1V go 5 V. Ecan y Bac ycranoBien kKoHaeHcaTop

Ha 100 nF', Bpems nepekaodenus: Oymer moJbiire B 100 pas!
[Ipumep: HOJIAI'C 61 -AHO_APE® _ITAII

RIGOL WAIT T, . L N | T RIGOL (m=hy [Ty S 1.261)
w -
7] ]
(1% 1%
MEFEE 1.@61 Time 28.88us 043 1.50us MEFER 1.G5GL Time 58.88ns O+ 194.0ns
(a)c5V o 1,1V 6)c1,1V g05V

Puc. 4.1. Tlepexstouenne APE® ¢ émkoctbio 1 nF

PE® P KOPP rut6t eunen Oddpcer G?p nue narepue Pedepens-Cnannynr wa mB-Eunxenren an.
Mut mumecem Oddceer kann ewne [Iuddepens ben mep Ymcuantysr jaep PedepenscranHyHr
&?p mme Llunepcranacmeccynr abrersinden mepaed. [lenn que AYTO _HAJI-Onrron remt?xar
mypae, uct auecep Llepr nyp eun Oddceer 3y mep redpynmenen Cnannyurc-/Iuddepens un
jgep AYTO TIAJI @yukruow.
Beucnmen: IOJTATC b1 -JIPED _P_KOPP110

OII_MX3 CoobmiaeT mporpaMMHOMY obeciiedeHunio, Ha Kakoit uactore B M H z 6yaeT (byHKIINOHUPOBATH
Bam Tecrep. IIporpammuoe obecnieuenue mposepeno Tobko ua 1 M Hz, 8 M H z u, JoN0JTHUTE/IHHO,
Ha 16 M Hz. 8 MHz pekomeHnjyerd Jjs JIydIIero pa3perieHus Mpu U3MEPeHuu EMKOCTH |

HHTy KTHBHOCTH.
[Ipumep: OIT_'MX3 18

PECTAPT _OEJIABI TUIIC Eciu ATwmeral68 wim ATwmera328 ucmonb3yons ¢ BHYTPEHHUM
Pll-rereparopom BMecTO KBapIia, TO BeJIMIMHA YCTAHOBKY JOJIKHA OBITH 6. Ecan 3170 3HaUYeHHE
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He ycraHoBaeHo, To mpu Beixoge u3 CJIEEITI MOJIE ATwmera ¢ kBapiieM, IporpaMMHOe 00ecIedeHne

OIYNTHIBaET 3a/IepkKKy B 16384 TakTa.
[Mpumep: HOJIATC $1 - APECTAPT_JIEJIABI_TUIIC:16

YCE_EEITPOM Omnnus 1mo3BoJjsieT HCIOJIB30BATH JJIsi Pa3sMeNneHns (PUKCHPOBAHHOIO TEKCTa U
tabsni, namgaTh KEnpoM. B nporuBHOM ciiydae ucCHoJib3yerd HporpaMMmHas namarh Piari.
Pekomenayerist ucrnonb3oBaTh namath EEnpom (omiust ycranopiieHa).

[Ipumep: HOJIAI'C t1 -AYCE_EEITPOM

EBII_CTBIJIE Omrus 3amaer cTujib 0TOOPaKeHWsT Pe3yJIbTATOB MPH ONPEIETeHNN HA3HATCHU
BBIBOJIOB 3jieMeHTOB. Ecin akrusaa ommug [IPJIAI'C b1 -JIEBI_CTBLJ/IE To nrdopmMarus o
PACIIOJIOXKEHUH BBIBOJIOB TPAH3UCTOPA OyIeT 0TOOpaKaThCst OTHOCUTEIbHO HA3HAYEHHS BBIBOJIOB,
Hanpumep: «EBIN231» wmm «EBIL 1312». Onmusa suga HOJIATI'C t1 -JIEBL_CTBILJIE1321
HO3BOJISET 3aKPEIUTDh BbIBOJ HH(pOPMAIUU OTHOCUTEIBHO 0OPATHOIO PACIIOJIOKEHUS TECTOBBIX
noptToB B npubope, nanpumep: «3211BHE» win «3211EBILy. Ecau 3Tn onmun He aKTUBHBI, TO
dopmar BEIBOAA OyaeT 6a3MPOBATHCS OTHOCHTEIBHO TECTOBBIX BBIBOIOB B TOpPsaAKe «1231...»,
Hanpumep: «1231B1E» nm «1231EBI».

[Ipumep: HOJIAI'C 61 - AEBI_CTBIJIE

HO_HAHO Oumnpejenger, 9T0 JeCATUYHAA IIPUCTABKA «HAHO» He Oy/IeT UCIIOJIb30BATHC IPH 0TOOparKeHIN
U3MEpPEHHBIX pe3yJIbTaTOB. JHaYeHus orobpaxkaioud B uF Bmecto nF.

[Tpumep: HOJIAT'C 1 HO_HAHO

HO _JIOHI' IINHJIABIOYT mnospojaser u3dexkaTb JJIHHHOI'O CTHJS OTOOParKeHUsl Ha3HAUEHUS
BeIBOOB « Ilmam 11E 216 3illy. Ecam ommug ycraHoBieHa, UCHIONIb3Yyelsd KOPOTKHH CTHTH
orobpaxkenus Ha3zHaveHus BbiBO/OB « [Iun 1231EBILy.

TMpumep: TIOTATC $1 HOJTOHT TIMHIABIOYT

IIVIIJIIVII_INCABJIE Oupenenser, uro Bul He Hy:XKIaeTech BO BHYTPEHHHUX MOATITUBAIONIAX
pesucropax. Ecam Ber BeiOpaJsin 31y onnwmio, To y Bac josizkeH ObITh yCTaHOBJIEH BHEITHU
pesucrop ¢ BeiBoga I1J17 (BeiBoz 13) k BIIIL. D7a onmus npeaoTBpalmaeT BO3MOKHOE BIHsIHIE
MOJTATHBAIONINX PE3NCTOPOB HA PE3YJIbTATHl M3MEPeHUH B U3MepHUTeIbHbIX mopTax (mopt b u
nopr 11).

[Ipumep: HOJIAI'C 61 -AITVJIIVII_INCABJIE

AH3_MECC Srta onmus onpejeiser KOJIHYECTBO cuuTaHHBIX 3HadeHuin ALl nig BeramcieHns
cpeanero 3Havenus. Bbl MoxKeTe BbIOparh Ji060e 3HadeHwe Mexkay b u 200 aad mojcuera
cpenHero 3HadeHus onaoro naMepenns AL Bosee BeicoKMe 3HAUEHHST JAIOT OOIBITYIO TOYHOCTD,
HO yBesimunBaioT BpeMsi m3Mepenusi. Oyiao cpemnee 3uadenne ndmepenuit Al co 3navennem
44 Tpebyer npubJIU3UTENTLHO 5 M.S.

[Ipumep: HPJIAI'C $1 - JAH3_MECC155

ITOMIEP O®P Sta onmus BrIOYaeT HYHKIINIO aBTOMATHIECKOTO BBIK/TIOUEHNS MUTaHUs. Kcin
Bui He ycranoBuTe 3Ty ONIWIO, M3MEpPeHus OyAyT uATn O€CKOHEYHO, TIOKA He Oy/IeT OTKII0YeHO
nutanue npubopa. Ecim y Bac Tecrep 6e3 meMbl OTK/II0UEeHHS NMHTaHHsA, TO Bbl MoxKeTe He
BeiOupath IIOIEP O®®. Ecau Boi #e ycranopuiau ommuio ITOIIEP O®® ana npubopa c
aBTO OTKJII0YEHUEM, TO TecTep MOYKHO BBIKJIIOUUTH U3 MEHIO BEIOOPa (DYHKIH{T TPU aKTHBU3UPOBAHHOM
orruu [TTATX _MEHY. Bol Mozkere Takzke OnpeaenTh, H0CjIe CKOJIbKUX U3MepeHuii 6e3 onpe/ienenus
anemenTta Tecrep Buik/ounIg. TecTep TakKe OTKJIIOUAT MUTAHUE MOC/E BABOE DOJIBIIETO YUC/Ia
U3MEepEeHHnii, ¢IeJaHHBIX IIOCIeI0BATE/IbHO 6€3 HeyIaBIIerocsd MOUCKa 3JIeMeHTa. JTO IIO3BOJIAeT
u30eKaTh MOJHOIO pas3psjaa darapeu, eciad Bbl 3a0bLau ONMOEIMHATH TECTHPYEMbBIH 3J6MEHT.
Brui6op onpegensens kak LIIOJIATC b1 - ATTOTEP _O®®15 nrs 5 mocaenoBaTeIbHBIX H3MePEeHUH
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0e3 ompeaeaeHns dIeMeHTa. TecTep TakzKe BHIKIIOUNI mocae 10 u3MepeHnii ¢ onpeaeseHneM

sneMenTa. Bejm jiobas 1moc/e0BaTe/IbHOCThL U3Mepenuil Oy/ier mnpepBaHa JpyruM TUIOM, TO

U3MepeHns MpooJIzKald. Pe3yiprar n3amMepenust orobpaskaels Ha, JUCILIee B TeUeHune 28 CeKyH/I

JIJISE OJTHOKPATHOI'O U3MEPEHHS, JI/Id MHOTOKPATHOIO U3MEPEeHHS BpeMsi OTOOPazKeHUsd YMEHbITEHO
10 5 cekyHn (BbiGop B mondur.x). Ecin kHonka TECT naxkara Gojiee JIUTENbHOE BPeMs,

TO BpeMsl OTOOparKeHHsl JJIT MHOTOKPATHOIO M3MepeHHs Tak:ke 28 cekyHa. MakcuMmaabHOe

saavenne 255 (IIOJIATC %1 -JATTOITEP_O®d1255).

[Mpumep 1: HOJIATC 61 -ATTOITEP _O®®15

[Ipumep 2: HDJIAT'C 1 -ATTOITEP _ODD

BAT YEIIK Ilo3Bosager npoBepaTh Hampszkenue darapen nutanugd. ceau Bor ne BoiOupaere sty
omtuio, To Ha JIIJI-mucniee BMecTo Hanpsizkenus 6yaeT oTodpazKaThCsd HOMEP BEPCUHU TTPOTPAMMHOTO
obecrieveHns. JTa ONMIWS oJe3Ha 171 Bepcun Tectepa, paboTaromieit 0T aBTOHOMHOTO HCTOTHIKA
NUTaHWS, YTOOBI HAIOMHUTH O pa3ps/ie MCTOYHUKA MTUTAHUS.

[Ipumep: HOJIAT'C $1 -ABAT_YELK

BAT _OVYT Ilossossier otobpazkarh Hanpsizkenune 6arapen ua JI/I-nuciuiee (ecan BoiGpana omust
BAT YEIIK). Eciu B nenu nuranus 9 V' ycraHOBJIEH THOJ, TO JJIsl TIPABUJIBHOIO U3MEPEHUs
BBIXOJIHOI'O 3HAYEHMs] HEOOXOJAMMO ydecTh HallpsizKeHue najeHust Ha nem (B mV'), juist 91010
ucro b3yiire BAT _OVYT 1600. Takzke 310ii oniueii MOKHO yINTHIBATH T4 I€HUE HATIPIKEHUS HA
tpansuctope T3. Tloporoserit ypoBeHb He BinsieT Ha ypoBHE npoBepku Hanpsizkerusi (BAT _TIOOP).
[Ipumep 1: HDJIAI'C 1 -ABAT_OYT1300
[Ipumep 2: HDJIAT'C $1 -ABAT_OVT

BAT ITOOP VYcranoBka HUXKHETO YPOBHS HaIIpsizKeHHs OaTapen, 3ajasaeMoro B mV . Eciu Hukuuii
YPOBeHDb cocTaB/igeT GoJbine 4yeM 5,3 V', To ypoBeHb HpeayIpexKIeHus O pa3psie daTapen Ha
0,8 V Boimme, yeM yKa3aHHBIA HHUXKHUH ypoBeHb. Eciam HMKHUI ypoBeHL cocTaBasgeT 5,3V
Wl MeHee, TO yPOBEeHb lpejylpezKienus o pa3pgje darapeu Ha 0,4 V Bblire, 4eM yKa3aHHbBI
HUZKHUT ypoBenb. Ken Hukuuii yposennb Huzke 3, 25 V', T0 ypoOBeHb NPEIyIPeKJICHU O Pa3psIe
barapen na 0,2 V BbIlie, 4eM YKa3aHHBIH HUXKHHUI ypoBeHb. EC/JM HUKHUNM yPOBEHL HUKE
1,3 V, To ypoBeHb mnpeaymnpexiaenud o paspsjae 6arapeu Ha 0,1 V' Bbllme, dem yKa3aHHBII
HUKHHI ypOBeHb. YCTaHOBKA HUXKHETO YpoBHA 5,4 V He peKoMeHIyels JIJIsT epe3apsazKaeMbIX
9 V akKymy/isTOpOB, IIOTOMY YTO 3TO YBEJUYUBAET PUCK IOBPEXKJIEHUHA AKKYMYJIATOPA W3-
3a raybokoro paspsaal Eciaun Ber xoture ncnomb3oBars 9 V' akkyMyisiTOp, TO PEKOMEHTyers
ncro/ib3oBaThk Peagabl To Yee i akKymysrsTopa u3-3a 00Jjiee HU3KOTO CaMOpPa3psia.

[Tpumep st o apon peryiarop (5,4 V): HOJIATC b1 -IBAT TIO0P15400
[Tpumep st 7805 Thine peryirarop (6,4 V): IPJIATC %1 -JIBAT _TIOOP16400

AI_IIITTP YpoBenb HampszkeHus B mV HW3MEpeHHOT'O IIPU TecTe HalpsxkeHus nutanusd Tecrepa,
BBIIIIE KOTOPOTo yeTanapaupaelsd pexkuM « /11 _TTimp_Moge». O6prano Tectep pabortaer oT 6aTapeu
U IIPH 3TOM BCe JOTOJHUTENbHBIE (DYHKIUN oOrpannydensl Bo BpeMenu. B pexxume « I _ITmp_Moge»,
npeJo/araensd, 9ro Tecrep paboraer OT BHENHEro 0JI0Ka MUTAHUS, HOITOMY JOIOJTHUTE/IHHBIE
dyuknun paboraior 6e3 orpanundenuns 1o spemenu. [loromy uaro JIII-/II1 npeobpa3osaresn He
paboraet rpu BxoHOM Hampsizkenun Meubie 0.9 V| pexkum « I _TTmp_Moje» Takzke ycTanaBInBaers,
eciu OOHApPY2KEHO HallpsizkeHue nuTanus batapen nmke 0.9 V.

[Ipumep: HOJIATC b1 - AL _TIITITP19500

BAT HYMEPATOP 3nadenue qucainTesis COKpaIIEHHOR IpOOH IIPU PACIETe PE3UCTUBHOIO JETUTE IS
JIJI I3MePeHns Hallpsi2KeHns OaTapen. B peKoMeHI0BaHHOM JeJIUTe e HAPSKeHUs, COCTOSAIIEr0
1000043300

u3 pesucropa 10 k{2 m pesucropa 3.3 k), Bol nomyquTe crenyiomee BhIpaxKeHne: — ol =
133

33 -
Tpumep: TIOTATC +1 - IBAT_-HYMEPATOP1133
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BAT _JEHOMMHATOP 3Hauenne 3HaMeHaATeIs U3 COKPAIIEHHON IpoOK IpH pacuére pe3suCTHBHOIO
JIeJTUTE IS JIJ/Isl U3MEPEeHUS HAlPSAKeHUs OaTapen.

TMpumep: TIOIATC +1 -IBAT_JIEHOMUHATOP133

EIIIT HYMEPATOP 3nauenue uucjanresisi COKpaIieHHoil podu pu pacuére pe3sucTUBHOIO JAeJANTe s
AJId U3MEPEeHNd BHEITHEr'o BXOAAIIEero HallPpAZKeHUA. ECJH/I AeJIUTeJIb COCTOUT M3 PE3UCTOpPa
180 k9 u pesucropa 20 kQ, To coorHomnrenne oymger: 180000420000 TTncje cokparmenust apobu
) 20000
10

IIOJIyYHUM: T

[Ipumep: HOJIAI'C t1 -AELHIT HYMEPATOP110

EIIIT _JIJEHOMMHATOP 3nauenue 3HaMeHaTe sl COKPAIIEHHON! Apo0H IpK pacyére pe3nCcTUBHOIO
JIeJIATeIS /ISl M3MepPeHUsl BHEITHETO BXOIAIIEI0 HAPSIKEHUS.

[Ipumep: HOJIAI'C 61 -AEIIT_JAEHOMWHATOP11

NMHXUBUT CJIEEII MOJIE 3anpemaet ucnosb3opanue CJIEEII MOIE. Obsrar0 nporpaMMHoe
obecnedenne ucnoab3dyer CJIEEIIMOIE ana 6omee aiauresnbHoit padorsl. Vcnosb3oBanue
9TOTO cocoba JeHCTBUTEILHO SKOHOMUT 3aps1 6aTapen, HO CO3MaeT TOMOJIHATENbHYI0 HATPY3KY
JIJTST CTADUIM3aTOPA HAMIPSIZKEHH .

[Mpumep: UHXNBUT_CJIEEII_MO/E 1 1 (mas Bepcnii mo 290)
[Tpumep: UHXUBUT_CJIEEII_MO/E 1 0 (s Bepcun 291 u Bbiiie)

ITPOTPAMMEP Yka3biBaeT THII IPOrpaMMaTOpa Jjis mporpaMMHuoro unrepdeiica aspye. [IpaBuibubrii
BBIOOD 3TOi onmuu HeoOXoauM, ecan Bbl HCIOIB3yeTe KOMAHIY <«MaKe VILIOad» WIN «MaKe
dycec» sroro Makedusie. 3a gononnutesbHoit nHMOpMaIeil obpaTuTech, MOXKaayiicTa, K
ONUCAHUIO aBPJy/e U OHJAH — JoKyMeHTanuu [12].

[Mpumep: TPOTPAMMEP1aspucs

ITPOTPAMMEP crennr aen IIporpammep-Toin G7p gac aBpayne CIHUTIITE/IEHTPOTPAMM €HH.
Ewune puarure Enncrenaynr mec TIporpamvep-Toime (yuz [Mopn) ner HoTmesaur.

WNu Maxkedmnie uct crangapam??ur Ilporpammep gep @upma luamern enHrecTe LT,
Bopbepeurer cunag abep aya YCBacn Bon @ucunep yua Apayuro Mera.

Qajuic eun anjiepep [Iporpammep Bepiien e cenn cosire, mycc ep ua Makeduiie ayprenommen
mepaeH yua aep, ouc jerst akryemne, Mar B am Andanr nep Semae adrem?xuT mepaeH.
Eun Beuctimen G?p ane Benyr3yur Bon YCBrunsr [1porpammep:

B cerrunr ¢pop YCBrunn NCII

[TPOI'PAMMEP1ycoTunnt

Burllionki10

ITOPT1yco

VH]I enH 1enTepep beucnmesr:

B cerrunr dop Ilosony nporpammep

B ITPOI'PAMMEP1cTK50082

B Burllnonxil.0

B Iopr 1 /nes/rrotALIMO

Beucnuen: IPOI'PAMMEP1aBpucs

Butllnonk Beibupaer qacrory cuaxpoHu3anuu jiist nporpammaropa. Cum. onucanue -b mapamerpa

JIJIS aBPAy/ie.
[Tpumep: Burllnomnki5.0

ITOPT Beibpanustiit mopt, uepe3 koropsiit Barr MukpokoraTposiep ATMera MokeT ObITH JOCTYTHBIM

JIUTST aBp/Lyie. 3a JOTMOTHUTE/IHHON mHMOpMaliueit 00paTuTech, MOXKAJIYHCTA, K OIMUCAHUIO aBP/LY/IE.
[Ipumep: IIOPT1yco
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JlomoTHUTEIbHBIE TapaMeTPhl MOTYT OBITh YCTAHOBJIEHBI B (baiiax TpaHCUCTOPTECTEP.X U IMOHMHUT.X.
Daiin moH UT.X COMEPKUT I106ATBHbIE IEPEMEHHBIE U OIPeJIessieT OPT /KOHTAKT W BEJTHIHHY PE3UCTOPA,
KOTOpbIE HCIONb3YIONS i u3Mmepenus. Pailji TpaHCHCTOPTECTED.X OIpeesasdeT HmapaMeTpbl I
PA3JUIHBIX THIIOB MHKDPOKOHTPOJIEPOB, 3a1epkKy u dactory ALIIL. O6praHO HET HEOOXOIMMOCTH
U3MEHSTh ITU 3HAUYEeHUs.

4.2 TIlporpamMmmupoBaHue MUKPOKOHTPOJLJIEpa

4 mybsiuky 1o mporpaMMHOe obecriedenue 11 MUKpokonTposurepa ATmera ¢ umoaaeiv Koj1oM. Pazpaborka
¢lleJIaHa B CpeJie OlepaInuoHHoi cucreMbl JIuuyn (YOYHTY) ¥ KOMIHIAPYeIls ¢ moMoInbio Makedue.
Makeduiie j1aér yBepeHHOCTD, YTO IIpOorpaMMHoOe obecliedenue OyjieT KOPPEKTHO CKOMITUJIUPOBAHO Y

Bac ¢ npeaapure/ibno BoiOpanubiMu onmusaymu B Makeduse. Hekoropbie cTpyKTYPbI HPEIKOMITHIHPOBAHBI
c urmogaukoM. [Toxkamyiicra, emorpure PeanMe. it daiin B karanore Codrmape/ nedayar u FJIaBy

Ha CTDPaHUIE Pesynaprar KOMOUIATUU TpejicTaBieH daiilaMu ¢ JBYMs PACIIUPEHUSIMHU .XeIl

u .een. [lo ymomuanuio umena Oyaytr TpancucropTecrep.xem u TpancucropTecrep.een. Paitn c
PACIIUPEHUEM .Xell COAEPKUT JaHHble s naMstu nporpamm (®mam), a daiin ¢ pacmmpenuem

.€€Il COMIEPKUT Janubie i namsatu KEnpom mukpokouTposiepa ATmera. Oba daitia ¢ gaHHbIMEI
JIOJIPKHBI OBITH 3arPy’KEeHBl B COOTBEITBYIOINIIE 001aCTH maMsTi MUKPOKOHTpotepa ATwvera.

JlonoHuTeIbHbIE OMIUU COCTOSHUS MUK POKOHTpOoJLTepa ATMera T0T2KHBI OBITH 3aIPOTPAMMIPOBAHBI
dborozamu. Ecin Bor Moxkere ucnosnb3oBaTh Mot Makeduse ¢ nmporpammoii aspayae [12], Bam ne
HYKHbI JIeTa/IbHbIe 3HAHUs O Pbio3ax. Bbl JOKHBI TOJILKO BHIOpaTh «Make dycec» , ecau y Bac ner
KBapla, wim «Make (ycec-nipsicraiy , eciin Bor ycranosuiu kBapr na 8 M Hz na cBOIO ne4aTHyIO
wiary. C cepueit ATmeral68 Bor Mokere Takzke HUCIIOIB30BATh, «Make (hyCcec-IpbICTA-/IT» , 9TOODI
UCTIOJb30BaTh KBAapIl ¢ HU3KUM MOTpebieHHeM MommHOCTH. Hukorna He BBIOMpaiiTe yCTaHOBKH C
KBapueM, ecan KBapil Ha 8 M H z y Bac #e ycranonien. Ecyim Bol He yBepensl ¢ dbio3aMu, ocTaBiseTe
uX 3aBOJCKUMHU U IpuBeuTe Tecrep B paboyee cocTogHue B 3TOM pexkuMe. Pabora nporpaMmbl MOZKeT
3aMeJTUTHCH, €C/in Bbl UCIIOIb3yeTe TPOrpaMMHbBIE JIAHHbIE, Onpe/enennbe 1ad paborsl Ha 8 M H z,
HO Bbr cMmoxkere mcmpaBuTh 3TO mO3kKe! A BOT HempaBWIbHBIN BHIOOP (PHIO30B MOMKET 3alpPeTHTH
B Oyaymem VCII-mporpamMmupoBanme. Koredno, mporpaMMa aBpiay/e JA0JXKHA MOJIePKUBATH Balll
nporpamMMmaTop, u Koudurypanus B Makednie 1omkHa cOOTBENTBOBATH Bareii cpesie pa3paboTKH.

senane*-0,5 v

4.2.1 DBenyt3ynr aep Makeduse yurep JImaynt
Y™ jien Tectep 3y nporpammuepen, M?ccen 3yepcT llporpamminakere HHCTAIIREPT MEP/IEH:
"OMHYTHIC-aBP’, 'aBpayie’, 'aBp-audI YHJ TIHI-aBp’.

O?p nuejeHUreH, aue HUYT repHe cupenOeH, ouerer cud enHe entdade MTTIMIKEHT UCT TUECEC
Xauabyu ayd eunen YCB-Crunk konuepen yug un Jluwaymn 7dduen.

Hanau qwe Mayc 3ym Hamen gec JTokymentec, anco 3ym Temr (trecrep.nad) db?xpen, xuep
aunke Maycracre ap?uken yua jgac Jlokyment ouc 3ym qunken Pann nec Buijacaupmc 3uexen, 6uc
et enH M’raudec Paxmen anreseurt mupA. Hyn mupa que Mayc Jiocresraccem.

e AnmenTyHr HUMMT HYH aue JauHke X7iadre mec bunacuupmc emn. Jerst 3y mmecep Cewnre
HaBHUI'UEPEH, Ouc 3y jauecem Terr:

CyJIO anT-reT WHCTAJJI aBpAy/ie aBp-suOI OMHYTHIIC-aBDP TII-aBp
Um u?4cren Cupurt mups [Crpr] b [Anr] b [r] rrenusentur reap?ukr, ym nac Bedexiacdencrep 3y
?dduen. Jduec mupa nyn ayd raeundep Ileuce 3ym peuren Pang gec Bujgcaupmec Gerert.

en oben renanten Temt um auHkemM Percrep, Oew reap?KTep JUHKeH MaycracTe MapKuepeH,

mue Mayc ayd nac Kypcop aec pearen Bedexicdencrep d?xpenys gypd ap?uKeH
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nep murriaepep Maycracre (Cuposn-Pan) meuntep amc [MT] abrek?p3ar muesep ennd?ren.
Hau nem Becr?rurynr mur [EnTep), mupsa Bon ‘cyao’ Hou BenyT3epnacciinops BepIanrt.

Angepe anc 6en Ilungonie mupa nac [accmopr Banng ennrereben yux mut [ExTep] Gect?TurT.

Jamut mepaen nyn aaie Codprmape Ilakere gypd 'ant’ mHCTAJLIHEPT.

V.V. myce MaH gasmucyaen, Oparen aypu [J] Gecr?Tures.
Burre napayd auren, mac um Jluaym smnmcden ['po? yua KiaenncupenbyHr yHTepcUIneaeH Mup.
Ausico muar mur [j] congepn mut [J] anrmopren!

Bym Jdomunoan gep Uyemren yunx aep Jlokymentarunon ayc nem CBH-Apuns mupns nac ITaker
‘cyOBepcuon’ rebpaydr. Jluec mups eppendr MUT enHep AHIEHCYHT:

CYJIO alT MHCTAJLJI CyOBEPCUOH
VHI HAY jeM jgac IlakeT mHCTAIIREPT OIypie MUT:

CBH 9erKOYT CBH:/ /L. MUKDOIOHTPOJLIED. HET / TDAHCUCTOPTECTED
mupa, gac kommaerte Apuns xepyuareprenases.lllenn Cue nuecec Apuus OGepent; xepyHTepreiaieH
1y p/e, mepjaed MuT aueceMm Bedexi Hyp Heye Vmjgarec XxepyHTepresaieH.

Donriug myce gue Benyrsyur gep Cunuriresuien G?p nen Hyrsep (ycep) BopGepeurer mepieH.
YCB-T'ep?Te x7unen gaypu Eunrade son ’yicycd’ um Bedexichencrep epkannT mepaen. I'eben Cue
JIcycd’ 3yeper oxHe yHJ JgaHH MHT aHrecaioccenem Y CB-TIporpammep eus.
Eun Bepraenu gep Eprebuucce nokamucuept gen Y CB-IIporpammep.

Jac Eprebuuc BoH Jcych KaHH CO ayCCexeH:
Byc 001 [JleBume 001: WI 1166:0002 Jlunym ®oyHmatuoH 2.0 pooT xyb
Byc 002 [leBume 003: WI 046x4:11050 Jlorutew, Uunm. Pl 250 OnTtuman Moyce
Byc 002 [JleBume 058: N[ 03e6:2104 Atmesn lopm. ABP UCIH mMxWU
Byc 002 JleBume 059: WNJI 2341:0042 Apnyusmo CA Mera 2560 P3 (LAL ALM)
Byc 002 Jlerume 001: U] 1166:0001 Jlunym ®oymmaTtmon 1.1 poor xyb

Xuep mypae anc Jesune 58 enn ABP MCIT mx U epramur (JJVMAMEIT AJIJI-ABP). Tue 1T 03e6

uct enHe XepcreanepkeHHyHr yua aue /1 2104 eune llponykTkennynr. luece Gennen KennyHTreH

mepen gep Jdareu /eri/yues/pyiec.n/90-armen.pyrec 6eH?TUIT YHI, epeTe/iT MUT Xujide BOH:
cyno men /ern/yaes/pyiec./90-aTmen. pysec

WNu nuecem Beuncnmes 6ecrext aue Hdarenm 90-armest.pysec ayc emHep 3ene:

CYBCHCTEM11"yc6", ATTPCumBergmoplt11"03e6", ATTPCupllpomynTlki1'2104", MOJE1"0660",

TPOVIL"mnyrmes"

Huecep Euntpar epyayor nen 3yrpudd ayd nac lep?t b?p Mutriuenep aep I'pymme ,,miryriaes”.

Ym gaue meucren [Iporpammep Bepinenjien 3y k?7uHeH, mup/j dosrengec Temr un 90-armes.pyJsec

%Mﬂ[g?ﬁf(%c dunme To /etu/ymes/pynec.m/90-aTMen.pynec

B ABP UCH MxWA - JWAMEI AJIJI-ABP

CYBCHCTEM11"yc6", ATTPC unBempmoplk11"03e6", ATIL umpllpomyurlk11"2104", MOAE1"0660",

IPOVII 1 "mnyrzes",

b YCB UCM-nporpammep ¢?p ATMen ABP

CYBCHCTEM11"yc6", EHB JEBTHIIERr11"yc6bmesune', CHC®C mpBempoplk11"16m0", MOJE1"0666",

CHC®C wuallpomyurlke 11 "Ob5mm",

B YCB acn mporpammep

ATTPC unBenpoplk11"16m0", ATTPC uzllpomyurkiir"0bzm'", I'POVIL'"nayrmes", MOOE1"0660"

B YCBTumus mporpavmep

ATTPC upBerpmoplk11"1781", ATTPC wugllpomyuTiii"0n9¢", T'POVI1'"unyrmes", MOJE1"0660"

b Momomy mporpammep

CYBCHCTEM11"yc6", ATTPC unBempmopl11"16p6", MOJE1"0666"

Haua nem nme [latem epctesiT mypie, KanH ane EpcrennyHr yua IEXaaAT KOHTpOLIREpeH MUT:
necc /ern/ynes/pynec.n/90-aTmen.pyrec

Jlac ebendaic aac desune 59 epkannre YCB I'ep?t Apayuno CA Mera 2560 Coicrem ep3eyrT ente
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Byrpuddbem?rimukent ayd mac cepuemnne Tep?r . /nes/TrotAIIM0” &?p Murrauenep gep I'pymnme
Aoy T’

Hecmeren cosuite jaue enrere Benyr3epkenHyHr comoxa Mutrianen gep ['pynme ‘miayraes’ agc
ay4d aep I'pymne 'mguanoyr’ ceun. Jac Kommanio:

cyzno ycepMmon -a -I' quanoyr,miyraes $YCEP
cosiTe jaue 3yrex?pUrKenT cuuepcTesiieH. Jer3T cosuire eumn 3yrpudd MuT aBpayae ayd Oeunje
lep?te M7ty cenr. KoHTposuineper KaHH MaH ec MUT jgeM Kommanmo: 'u’.
Hamur nac Opurunan epxanared Osen6r yHa Jga cua Tepmunandencrep nmmvep uH ../xome/, ycep®/
?dduer, mupa emndoxseH, opt cenn Apbennpep3endnnc Mut jieM Hamen MbiTecTep 3y BepJieres,
MuT dosrenaen Ennraben:

1 rpancucroprecrep/Codrinape/ TpyHK /
yHa gaHH aypd Eumnrabe o 'jic’ gac YHTepBepsemdHwuc, aec ,,0en!rurren Tecrepc Mogenc”, 3y
duneH.
Ben nen doarenyen 3men Kommannoc, quece syeper HYP eund?ren, oxue [Enrep| 3y np?uken: !

ur -p "Msi'T’ Msitecrep/
Jlac Bepzewunuc gec 6en?turren Mogenc mut jgep Mayc mapkumepen. Hyn Kypcop mur Xunde
Bol [[Idennracre-nuukc| 3yp gersrem 3enven gec Temr "Mpui'T” nocuruonnepen ynj auece 3enden
a?caen. Hau mem fgac sersre 3ewden rest?cuar mypae, aue [MT] Tacre nep Mayc np?uken. Epcer jerst
[Exrep] Genyrsen. Tamur ncr aue ApGenmymrebynr epcresir. /lue Konrpomie gep Emmcrens yus
WNuxajn uct M7TIud MUT:

qudbd "Mui'T” Meitectep/
BoOen mycc 'Mpr'T”, e Bopxep, d7p nac Bepsenunuc gec ,,6en?’turren Tectepc Mogenc” aycreraycar
mepaen. Mut gem Jjier3teH AHITEnCyHr:

au -¢ ~ /rpancucroprecrep/Codrimape/Tpynk/Meirectep ~ /MsbiTecrep
mup, are Bepku?ndyHr 3ymM ApOenIBep3enTHIC epCTeLIT.
A6 jersT eppenur MaH amecec Bepsewmunuc cexp emHdad MUT:

[Ctpr] b [Ant] b [1], i [Jleep] Mot [Ta6] [Enrep]
VH/ C40H ucT MaH wH Oen’Turred Bepzemunuc. Mut “sic’ cuext man gen Nuxasr.
ITenTep rext ec 3ym Geapbenten BoH Makeduae MUT, HH3MIACUYEH OeKaHHTEM AHITENCYHT:

e Ma [Ta6] [Enrep]
Xwuep uct am mmmururcreH, e BOPXAHJIEHEH YCb-lIporpamMmep anmesien.
Cuexe mazy um Kanuren [4.1] ayd nep Cenre [61] Txema ITPOI'PAMMEP.

Ponarenge Aybpyde cunm 3y emidexJieH:

Make TjTleaH 3yM penHuTeH 1ec ApOenmymreOyHT

MaKe 3yM 76epcersen jec [Iporpammc

Make pycec 3yM cer3en BoH ATwMmera ,,pycec” oxune Uyaps

Make dycec-peictaa  3yMm cersen BoH ATwmera ,,pycec” HYP mut Bepcuon mur 8M H z Uyaps!

MaKe YILI0a/I 3ym Jajen jgec Toepcr3rer [Iporpammce 76ep aue MCII Cuanurnrenne nua ATvmera

Buemtenar menger gac Ilporpamm aspayne ennen @exgep Genm Cerzen gep emrenger Pyce
edyce. [ac Jlecern Bon yuGenyraren Pyce bui uct 6eum ATwmera asc ,,17 cuesudusuepr, adbep gac
aBpayuae IIporpamm mMackueprt aue ynbenyrt3rten bun, co na? ec eumne ,,0” $7p amwie yHOeHyT3eH
Bur epmaprer. Hopmanepience comnre que edyce ayd OmdiIr receTs3T mmepaeH, abep aBpayae JUecT
emre 0m04 mut gep Macke 3yp?uk. Man kann gue laren aspaye.moud 7HiaepH, ym mac Bepxanren
BOH aBpiayae 3y ‘HuaepH oxep aue edyce ayd 0m04 cerzen. Amne edpyce-lllepre K7HHEH MHT JeM
Bezenunep EQYCE_BAJI am Audanr aep /laren ceryn.mk um BepzenmdHuc TpyHK recersT mepIeH.
[Haxpcuennnuy cung aue Pycec abep ayd mut jgep PexsiepMesIyHr PUUTHT FeCeT3T.

4.2.2 MHWcnoan3zoBanme Makeduisne B OC JImaym

B Bepcun OC Jlunym ocnoBannoit na lebuan, Bel MoxKeTe MHCTAJIMPOBATDH HMAKETHI IPU IOMOIIA
CHIHAIITHUIL Uan JuKr. Ilaker «cyOBepcHoH» H0JIzKeH ObITh MHCTALIUPOBAH I 3arPY3KH UIIOJIHUKOB
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u poxkymentarnuu u3 CBH apxusa.

C HOMOIIBI0 KOMAH/Bl «CBH YeIKOYT CBH:/ /I MEKPOIOHTPOJLIED.HET / TpancucToprecreps Bol
MOYKeTe CKadaTh IMOJIHBI apxuB. Konedno, Bel Tak:ke MoykeTe 3arpy3uTh TOIBKO MOAKATAIOTH W3
apxuBa. [l1g ucnosibzopanusg Makeduie B 0HOM U3 MOJIKATAIOIOB, HEOOXOUMO YCTAHOBUTD MTaKeThI:
Make, OMHYTHJIC-aBp, aBpAy/e, aBp-aubIil u rim-asp. [locae 3Toro, Bel g0JI2KHBI MOATOTOBUTH JTOCTYII
nostb3oBaTe s K unrepdeiicy. Eciu Bol orkpoere okHO Koncosu ¢ noakrodenubiM NCIT mporpamMmmaropom
n YCB uaTepdeiicom, T0 KOMaHI0i «1cycO» OyaeT BhIBEAEH CIIHCOK MoaKaoUeHHbx Y CB yerpoiicTs.
[Ipumep pesyiabrara 0OpadOTKU KOMaH/IbI «JICycO» TMOKa3aH HUZKE:

Byc 001 Jlerume 001: U] 1166:0002 Jlunym ®oymmaTtmor 2.0 pooT xyb

Byc 002 [JleBume 003: WI 046x4:11050 Jlorutew, Mum. Pl 250 OnTtuman Moyce
Byc 002 [leBume 0568: UIl 03e6:2104 Atmen lLopn. ABP UCII MxlH

Byc 002 [JleBume 059: WNJl 2341:0042 Apnmymuo CA Mera 2560 P3 (LAL ALM)
Byc 002 Jlepume 001: UJ 1166:0001 Jlurym ®oymmaTtmor 1.1 poor xyb

Yerpoiicrso 58 onpenesero kak ABP MICIT mx U tunr (JIMAMEIT AJIJI-ABP). 3aech unentndukarop
03e6 sto M/ mpoussoautens, a M/ 2104 sto maentudurarop npogykra. Oda uIeHTUDHIKATOPHI
HeoOxomuMbl st 3anucu B daitn /ern/yaes/pyiec.i/90-armen.pyiec. B stom npumepe daiin 90-
ATMEJL.PYJIEC UMECT OJHY CTPOKY:

CYBCBCTEM11"yc6", ATTPCunBenmopki11"03e6", ATTPCuzllpomyurki1"2104", MOJE1"0660",
TPOVIIL"mnyrmes"

DTa 3amuch MO3BOJIAET HOJYIUTh A0cTyl K YCD yerpoiicTBy 58 /71s WIEHOB IPYNIBI «ILJIYTAEBY .
Taxxke YCB yerpoiicto 59 pasperiaer 10CTyI K TOCIeg0BaTeIbHOMY TOPTY «/1eB/TTeiAIIMO» st
YIEHOB IPYIIIBL « TUAJIOYT». I1o3TOMY, yUeTHAas 3aIIUCh MOJIb30BATE ST JOJXKHA OBITh WICHOM IPYIIIIBI
«IIyrAeBy u 4aeHoM rpymmbr < IumanOyrs.

C nomompio KoMauasl «ycepmos -a -1 gunasoyT,mayraes $YCEP» 101KHO OBITH yCTaHOBIEHO
4IeHCcTBO B obeux rpynmax. [locsie Takux HacTpoek IporpamMma aBpjyje OyaeT UMeTb JIOCTYII K
000MM YCTPOMCTBAM.

B okne koncomu Bol go/KHBI cHadaJia HepeiiTh B HYKHBIH TOJKATAJIOr B JI€peBe KaTaJOroB C
MIOMOIIbIO KOMaH bl «I1». Ternepb Bbl moxkere uamendarb ounuu B Makedusie ¢ mMOMOIIBIO J1IF0OOI0
TEKCTOBOTO PeIAKTOPa. /15 KOMIUISATINT MUK POIIPOTPAMMBI JOCTATOYHO 3AITYCTUTH MIPOCTYI0 KOMAHTY
«Make». Ecian mporpamvarop B Makeduse HacTpoeH MpaBUIbHO, TO KOMAHIA «MaKe yILI0a/ 1y J0JIKHA
zanucaTh Mukpomnporpammy B ATwmera depes matepdeiic NCII. Iloce sToro tax:ke HeoOXOIUMO
HpaBUIbHO ycTaHoBUTH Pycec B ATMera. 9To MOXKHO ClIeJ1aTh ¢ IMOMOIIBIO KOMAHIBI «MakKe dycecs
win «Make ycec-1pbicTay.

Bepograo, nmporpammva aBp/y/e coobmmt o6 omubke npu ycranoske Emrenmen @yce (edyce).
Yrenne vencnoab3yembix Pyce out ATmera onpenesser Kak «1», HO aBpyIe CKPHIBAET HEUCIIOIH3YEeMbIE
Dyce 6uT u Bce Heucnosbzyemble Oyce 6uT cuntaer paBabiME «(». OOBIYHO JomOTHUTEIbHBIE Dyce
JIOJIZKHBL OBITH ycTaHoBJIeHb Omidi, HO aBpayae cuuTaer ux mpu npoepke 0m04. Bul 10/KHBI
U3MEHHTD (ails1 aBpAyae.MoHG ITOOBI U3MEHUTD ITOBEIeHHE aBPY/Ie IIH YCTAHOBUTH TOMOIHUTEIbHBIE
Dyce (edyce) 0m04. 3nauenne Bcex JONONHUTEIbHBIX Pyce MOMKHBI OBITH YCTAHOBJIEHBI OMIHeii
E®OYCE _BAJI B magaje ¢aiisa ceTyn.MK B AUpeKTOpun UIMIOAHBIX (aitios. Beposrrno, Emrrenmen
Pyce OYAYT YCTAHOBJIEHB IPABUILHO U € 3TOH OIMIUOKOIA.

4.2.3 Ucnoan3oBanue nporpammbl [ IlunABP B OC ITlunmgoric

Ecim Bpl ucnonbsyere onepanuonnyio cucremy [lmmamgonie, To cambril Jerkuii cmocod IMMOJTYyYUTD
IpaBUJILHO 3amporpamMmmupoBanublii ATMera coctouT B TOM, 9TOOB Hcnob30oBaTh naker [HnaABP
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[16],[17]. Jaa yeranosku dbbio3os ¢ nomomnbio Makedute Bol Mozkere ucnonb3osaTh Moit Ilata dhop

MuaABP [18]

Ha pucynke mokaszano mMeHo ®Puie rpadudeckoro uarepdeiica nmoap3oparess HuaABP g
otkpbiTust daitta Makedbuie (Onen) u fjist Toro, 9To0bl cOXpaHuTh n3MenéHublit Makeduie (Cage).

= Open.. b x

Open Project(s)... encoder with Push Button. The button can be connec|.
Tareii Transistor Tester.
H enable the support for this extension.
of pulses at any switch as indexed positions (de’
CH to 2 or 3.
nt of indexed positions, you should set the WITH_Rt

d position or with an indexed position at every chi
B saveal Cer+ShifteS  fimes the count of pulses) you can set the

the best resolution.
SEnli g B_burtons For Up and Down instead ot the rotary em

Encoding ICH to 4 for the UP/DOWN push-buttons.

wuw| §

Close Project(s)

Recent Files Ctrl+S

(

Exit

Export N changes the rotary direction by swap of switches

Properties... Alt+Ente thE rotary switch is PD1 and PD3, because this set
S TEMEC |t the first draft has used PD2 instead of PDL

5 | Close CtrleF4 can override the ppl default setting with the fol'
Close Project(s)

Close All SIL, LANG_CZECH, LANG_DUTCH, LANG_ENGLISH, LANG_GEI
HUANIAN, LANG_POLISH, LANG_RUSSIAN , LANG_SLOVAK, |
Print... -

Print Setup... v

Recent Files

#
#
#
#
#
#
Cl
#
#
#
#
#
#
#
#
#
u:
=

oo

Exit

M Find Results [=] Qutput = Find Results [=] Output

Open an existing document R Save the active document

(a) OrkpeiTh Makedunie (6) Coxpanurs Makeduie

Puc. 4.2. Ucnonab3opanue nporpammbl HIunABP

Crenyronuit pucyHox nokasbiaer Menio Toosic rpacdpudeckoro unrepdeiica 10ab30BaTeIs
MnaABP agist Toro, aro6sr ckommmnpoBaTh mporpammy (Make AJn) u it TOro, 91066 3aPOrpaMMUPOBATE
ATwmera (ITporpam) mporpammMoii aBpy/ie.
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‘o] File Edit View Window  Help et File Edit View Window  Help

DO E 8| tnenng [ < @ Fnd - ‘D O[BE @] 8| tinetnding | O WENEN - -
Makefile | v | UseTabs v | UseTabs

b % Makefile | 4p %
# The best d n" [WinAVR] Make All “Ysh Button. The button can be connec . # The best chol [WinAVR] Make Al I_h Button. The button can be connec .
# parallel to t\w_ — {1 # parallel to tl )
# A define of © @ pport for this extension. # A define of t’wm___\ ppurt for this extension.
# If your encod [WinAVR] Program any switch as indexed positions (deD # 1f your enco [WinAVR] Program 'any switch as indexed positions (deD

# you should se # you should s
# If your encod Stap Tools Ctrl+Shift+K ositions, you should set the WITH_R¢ # If your encod K ositions, you should set the WITH_R¢
# FOr rotary en ith an indexed position at every ch # For rotary en rith an indexed position at every chi
# the state of Opt of pulses) you can set the # the state of Opti of pulses) you can set the

# WITH_ROTARY_C e '\ut‘lun # WITH_ROTARY_C (S Tuti on.

# You can also USE TWO Separdte push-buttons p and Down instead ot the rotary em # You can also uSE TWO Separate pusi-puttons p and Down instead ot the rotary em
# You must set the WITH_ROTARY_SWITCH to 4 fnr the UP/DOWN push-buttons. # You must set the WITH_ROTARY_SWITCH to 4 For- the UP/DOWN push-buttons.

CFLAGS += -DWITH_ROTARY_SWITCH=2 CFLAGS += -DWITH_ROTARY_SWITCH=2

# the option CHANGE_ROTARY_DIRECTION changes the rotary direction by swap of switches # the option CHANGE_ROTARY_DIRECTION changes the rotary direction by swap of switches
#CFLAGS += —DCHANGE_ROTARY_DIRECTION #CFLAGS += -DCHANGE_ROTARY_DIRECTION

# The best solution for connecting the rotary switch is Pbl and PD2, because this set # The best solution for connecting the rotary switch is PD1 and PD3, because this set-
# with character and ST7565 LCD. But the first draft has used PD2 instead of PDL. # with character and ST7565 LCD. But the first draft has used PD2 instead of PDL.

# To return to the old setting, you can override the ppl default setting with the fol # To return to the old setting, you can override the ppl default setting with the fol
# CFLAGS += —DROTARY_2_PIN=PD2 # CFLAGS += -DROTARY_2_PIN=PD2

# select l‘mur language: # select ¥our’ Tanguage:
# available Tanguages are: LANG_BRASIL, LANG_CZECH, LANG_DUTCH, LANG_ENGLISH, LANG_GE| # available languages are: LANG_BRASIL, LANG_CZECH, LANG_DUTCH, LANG_ENGLISH, LANG_GEI
LANG_LITHUANIAN, LANG POLISH, LANG RUSSIAN , LANG. SLOVAK, | # LANG_LTTHUANIAN, LANG_POLISH, LANG_RUSSIAN , LANG SLOVAK, |

#
UL_LANGUAGE = LANG_UKRAINIAN UI_LANGUAGE = LANG_UKRAINIAN

| | 3

| 100% 0.72s
8 Mz uper-anun conﬁgur-ed

AVR Memory Us

: 470 bytes of eeprom written
: verifying eeprom memory against ./TransistorTester.eep:

Toad data eeprom data from input File . /TransistorTester.eep:
input file ./TransistorTester.eep auto detected as Intel Hex
input file ./TransistorTester.eep Zontaine 470 bytes
: reading on-chip eeprom data:

Device: atmega3?8

Program: 29340 bytes (89.5% Full)
(.text + .data + .bootloader)

bytes (9.2% Full) Reading
Cltta + bss o momes

| 100% 0.16s

avrdude: verifyin

754 bytes (73.6% Full) avrdude: 470 bytes of eeprom verified

EEPROM
(. eeprom)
avrdude done. Thank you.

> Process Exit Code: 0

> Process Exit Code: 0
> Time Taken: 00:05

> Time Taken: 00:13

< i, < m

£ Find Results =) Qutput = Find Results =) Output

(a) Cozpanue upommsku (.xer/.eei) (6) IIporpammuposanune ATmera

Puc. 4.3. Ucnoas3osanue [unABP

4.3 Ilouck HemcrnpaBHOCTEM

B GoapmuHCcTBe ciiydaeB BO3HHKAIOT IMPOOJeMBbl ¢ BbIBOjIoM TekcTa Ha JIL/I-mucmeit. Coadana Bor
JIOJIZKHBI IIPOBEPHUTE, uTo cBeToauol JIED me ceeruig, ecoim Bor ornyckaere knonky TECT.

IIutanue He BkaO4aens. Eciau ceeroauon JIED ne ceerunsg, nu BIII 1 5 V Bo Bpems nHaxKarTus
knonku TECT, MEKpPOKOHTPOJLJIEP He BKJIIOYaeT NuTanue. B mepByio odepeib, MEKPOKOHTPOJLIED
JIOJIZKeH JlepxKaTh MUTaHne, epekaodad ypoBenb [1/16 va 5 V. Ecnu Bor yiepkuBaeTe KHOTKY
TECT, nuranue J10J2KHO ObITh BK/IIOYeHO. Tak Bbl MOxkeTe IPOBEPUTDH BEJIMYMHY HAIPSKEHUS
nutanus BIIL u ognoBpemenno Benuuuny nanpszkenusd wa [1J16. Ecan nanpsxxenunsa BIII 1
5V, a nanpszxenne Ha [1/16 nuxke 4 V', T0 MUKPOKOHTPOJLJIED HE 3AIyCKaeT nporpaMmy. B arom
caydae Bol 10/IZKHBI IPOBEPHUTD, ObLI JI1 MEKPOKOHTPOJIJIED 3alPOrPAMMUPOBAH HAIIEKAITAMHE
JMaHHBIMHU I ycraHoBjgeHHoro y Bac tuna ATwmera o @uam u EEmpom, m npaBuIbHO Jin
cpopMupoBaHbl GbIo3b1. Ecin MukpokoHTpOoLIep mepeBoaut coctoguue [116 B 5 V', Ho muTanue
He ocraens nocie ornyckanusa KHonku TECT, To 3to ycnoxuser nouck npuanabl. CHadaa
Bwi moxkere 3amkHyTh cBetonuos JIED m monpobosars eme pas3. Ecinu Tecrep 3amyckaeris,
To cBeroauo s JIED MoxkeT ObITh AedeKTHBIM UM YCTAHOBJEH ¢ HEIIPABUILHONU HMOJIAPHOCTDIO.
Ecau npuanna He 3Ta, TO HeJocTaTodeH Koy duiument yeunenus: rpansucropa T3 (BLIH57IL).

Onynryer tekct Ha JIII/I-nucnaee. [Iposepbre Hampsizkenue Ha KOHTAKTE KOHTPACTHOCTU B
JILL/I-mucninee. YcTaHOBHTE 3HAUEHUE, OTIPEIEIEHHOE B TEXHUYECKOM OTTMCAHUYT U ONTUMU3UPYHTE
1171 KOMOPTHOTO TpocMOoTpa. [ HEKOTOPBIX JHCILIeeB MOXKET MOHATO0UIS OTPUTIATETbHOE
HalIPsizKeHMe JJIs PeryJIMpoBKu KouTpacta. B arom ciyvyae Bol Moxkere uctojibzosars UILJT 7660
JIJIS TeHEPAINY OTPHUIATETHbHOI0 HATIPSYKeHUS U3 ToJIoKuTebHOTO b V. [Iporpammuoe obecriedenue
MOKeT ObITH CO3/IAHO JIJI PA3HBIX KOHTPOJIIEPOB U PA3HBIX WHTEPGEHCOB MOIKTIOYEHNST TUCTLTe.
HeobxomnMo mpoBepuTh COOTBENTBHE YCTAHOBJIEHHOIN MporpaMMbl IeMme Barmero tecrepa u
npuMeHseMoro B HeM auciuies. Ecan ma JIL/I-1ucmiee HeT HUKakoit mHGOpPMAINH, a MOICBETKA
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€CTb, TO HEOOXOMUMO OTKJIIOUHTH MUTAHWE W MPOBEPUTH YeThIpPe IMMUHBI JTAHHBIX U JIBE CBS3U
YIPABJISIONNX CUTHAJIOB. Ecin BCE HOpMAJIbHO, €IMHCTBEHHONW TPUIUHON, KOTOPYIO I BHKY,
SIBJISTEITST HETIPABUIBHBIN BHIOOP BPEMEHHBIX MTAaPAMETPOB YIIPABISIONIMX CUTHAIOB. DTO MOZKET

OBITH BBI3BAHO DOJIee Me [JIeHHBIM KOHTpoJutepoM JIL/I-nuciiies, 9eM 3a10:KeHO B TPOT PAMMHOM
obecrieveHnn Wn paboOTOM TPOrpaMMHOTO obecliedeHHsT HA HETPABUJIBHON TaKTOBOW 4YacTOTe
ATwmera. Heo6xoamMo TpoBepUTD, 17151 KAKO# TAKTOBOM 9aCTOTHI OBLTH CKOMITHJIIPOBAHBI TPOTPAMMHBIE
JIaHHBIE W COOTBENTBYIOT Jin (pbio3bl BuiOpanuoit yacrore ATwmera. Ber maiinére mapamerp
4acTOThl B coorBenTByIomnieil crpoke Makeduie. Ecin Tecrep cobpan 6e3 orkjodenus, Boi
MOZKeTe IPOBEPUTH pabOTy MPOTPaMMBI C HOMOMIBIO CBETOINO/IA, MOIKITIOYEHHOTO K HCIBITATeTbHBIM
BBIBOIaM. Eciiu ¢cBeTO MO MUTaeT, TO MporpaMMa padoTaeT TPaBUIbHO. /119 HEKOTOPBIX I'paduiecKux
JIACILIeeB KOHTPACTHOCTH HacTpauBaeld n3 GYHKIMYN B MeHIO. Eciu Bel u3amenwin 3HaveHue
KOHTPACTHOCTH, TaK 9TO HUYErO HE YUTACIsl HA dKpaHe, Bbl MoxeTe mompodoBaTb yBUIETDH
nH(MOPMAIIIO Ha JAUCILIee TIPU TPOCMOTPE o/ OOJBIITUM YIJIOM, a He cuepegu. B aroMm ciyuae

Boi Moxkere monpoboBaTh OTPeryimpoBaTh KOHTPACTHOCTH M3 MEHIO. B TPOTHBHOM cjiyyae,

Bor poxubl nepenucars ganabie EEIIPOM UCII nporpamMmmaropoM jajs copoca 3HAYEHHS
KOHTPACTHOCTH.

Yro-TO, HO He Bce ynTtaemoe Ha JIII/I-nucmiee. [IpoBepuTh, MpaBUIbHBIE JIH .€€1I IAHHBIE 3aIPYy7KEHBI
B naMaTh EEmpom ATwmera. Eciin Bce jaHHBIe 3arpy2KeHbI MPABUIBHO, TO HEOOXOIMMO ITPOBEPUTH

TAKTOBYIO YaCTOTY, TPOrPAMMHBIE mapaMmeTpbl JaHHBIX (Makedune) m ycraHoBKE (HbbIO30B
ATwmera.

Meajientnoe n3aMepeHne u n3MepeHHasg €éMKOCTh B 8 pa3 MmeHbIne. lIporpammuoe obecneuenne
st 8 M Hz, a paboraer ATmera na 1 M Hz. Ilpoepbre npaBujibHOCTH YCTAHOBKH (PHIO30B.

CrpaHHbBIE 3HaYeHUst n3mMepeunnii. /g Toro, 4rods npoBoauTh uamepenus, VICII nporpammaTop
JOJIzKeH OBITH oroeauHeH. OUeHb 9acTO NPUYMHA HENPABUIBHBIX U3MEPEHHH - NCIOJIb30BAHNE
HPOrpPaMMHOTO obecredenusi, ckommuaupoannoro ¢ omnmueit AY TOCHAJIE_AJIL u ¢ onnueii
HO_PE® TIATI, a na BeiBoge APE® kongencarop émkoctsio 100 nF. HenpaBuibHbit MOHTAXK
WM OCTaTKH (DJII0CA TAKKe MOTYT HapymuTh udMepenue. [lToxasyiicra, ecjii BO3MOXKHO, TPOBEPHTE
dyuKImMeit caMonpoBepKH porpammuoe obecriedenue Tecrepa. [logpobnocTu cmorpute B I1ape
H.Dl
OcMoTpHuTe €BOIO ILIATY BU3YaJIbHO U IPOBEPHTE BEJHUUHBI PE3UCTOPOB oMMeTpoM. rsd sroi
npoBepku Bul MoxKeTe MCIoIb30BaTh BHIBOAL ATMera, Hanpumep, 9Tobbl mposepuTh P1, Bui
MOZKeTe MPOBeCTH m3Mepenust Mexk 1y BoiBomamu 23 u 14 ATwmera. Cmorpure 1mieMy Ha pucyHKe
VianaTb MUKPOKOHTPOJLIEP He 0043aTeIbHO, TOCTATOTHO TOJHKO OTKIIOYUTH OaTapero win
JIeKTPONUTAHHE.

TecTep BBIKJIIOUAET NUTAHUE IIOCJTIE 2 CEKYH] OTOOpa>KeHUd HA JAUCIJIEE. IJTO MOYKET MPOU30iTH,
ecJIu OIYIITBYEeT BHENTHUi noararusatoniuii peucrop c nopta [1J17 k BIIL, niu knonka TECT
yJepKuBaend HaxkaToil. [[porpamMHOoe BKIIOUeHHE BHYTPEHHHUX MOATATHBAIONIUX PE3UCTOPOB
BJIASET Ha Pe3YJbTaThl U3MeDPEeHUs, MOITOMY HeOOXOIWM BHENTHUI MOATATHBAIONINI PE3UCTOp

27 kL

Tectep oTobparkaet Toabko Bernrimmi.imrB Bo BTopoii ctpoke DTa npobdJiema HosaBIsels, eCIn
HOATATHBAIONIUI pe3ucTop Ha BuiBoAe 117 omynrsyer, Hencpapen i kHonka TECT yaepkuBaeris
B HAa)KaTOM IIOJIOKEHHH, & IIPOrpaMMHOe obeciedeHne CKOHMUIYPUPOBAHO € OTKIIUYEHHEM
YAPT (ommus [TNTX_VAPT ork/amoueHa) n OTKIIOYEHHBIM BHYTPEHHHM MOJTATHBAIOIIAM
pesucropom (c ormmeit [TYJIJIVIT_INCABJIE). Heobxoauma ycTanoBKa MOATATHBAOIIETO PE3NCTOPA
Ha BBIBOsE [1/17.
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I'maBa 5

Onucanme npoueayp m3MepeHud

YuporenHnas mema nopra Beoga/Beieoga ATMera nokasaHna Ha PHCYHKe Katoq [TV oTkmogaer
Bee nogrsarupaionue pe3uctopbl ATmera. Cocrosiaue BpIX0/[a TOPTA MOZKET ObITH IEPEKIIOUCHO KJAI0YOM
JUT. Bxox mopra mozxket yupapiaarbes Hesapucumo ot Kiaoda JIJ1. Koo [TOPT obbrano onpemenser
BBIXO/HOM yPOBEHB, HO TaKyKe W Tepek,/iodaeT noararusatoniuit pesucrop. [lockoabky kaoun [TOPT
u /1/] #e MoryT OBITH H3MEHEHBI OTHOBPEMEHHO, & TOJTBKO OJINH 3a JPYTHM, MOATATUBAIOIINE DESUCTOPHI
MOTYT HapynuTh u3Mepenue. [losTomy g mpeaBapuTeIbHO OTKIIOYAIO MOATATHBAIOININE DE3HUCTOPHI
kiaouoM 1TV/I. Koneuno, Bce KON - 3JIEKTPOHHBIE W BEJTUYWHBI COMPOTUBJICHUN pesucTopon 19 ()
u 22 ) npubIn3uTebHBI.

AVCC
PUD
>—O/O—O Pull up
—O
to ADC Mux, Port C only
22 4
—— +—=o0
oo—0" 0
—+H—oO
I | DD y
|
|
PORT PIN

Puc. 5.1. Yupomennas mema Kazkaoro BeiBoga moprta ATwmera

Kaxaprit u3 Tpex u3MepuTe bHBIX IYyHIOB TecTepa KOHCTPYKTUBHO COEJMHEH ¢ TPeMs BBIBOJIAMU
noproB ATMmera, KOTOpbIe MOKA3aHBI HA YIPOIIEHHOM 1IeMe UCIbITATeILHOr0 BhiBoga 1'b (cpennui,
u3 tpex BeiBogoB TII, T'b u TII3) na pucynke .

VvCcC
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Pwuc. 5.2. YupomenHad memMa KazKJI0TO UCIBITATEIbHOTO BhIBoAA Tmyma 111

69



Kaxkapiit nenbITaTe bHblil BBIBOJ (M3MEPUTENbHBI TIOPT, MILYTl) MOXKET UCIOIb30BATHCS B KAUECTBE
1ppPOBOro WM AHAJIOTOBOTO BXOAA. ITa BO3MOKHOCTH M3MEPEHHA He 3aBHCHT OT MCIIOJb30BAHUS
OpTa B Ka4ecTBe BBHIXOAA. KarKIblii HCIBLITATCILHBIA IIOPT MOYKET ObITh IePEeKII0YeH Ha BbIBOA. B
9TOM COCTOSTHUE OH MOzKeT ObiTh nojakaoded K T'HJL (0 V') wau BIIL (+5 V) HemocpeacTBeHHO Wi
yepe3 pesuctop 680 2 mau pesucrop 470 kS2. Tabauna MOKA3BIBAET BCE BO3MOYKHDBIE KOMOMHAIIMH
H3MepeHnii. 3aMeThTe, UTO MOJIOKATEILHOE COCTOSHIE MOXKET OBITh OJIY 9eHO MOJAKII0UCHIEeM HelOCPEICTBEH]
Kk BIIIT (mopr I1) mau uepes pesucrop 680 Q k BIIL] (ITopr B). Takas ke BO3MOXKHOCTH €CTh
W I/ OTPHIATEJBLHOrO COCTOAHUA NPHU HOAKIIOUeHnd ucnbitareabnoro nopra k HJI. Cocrosnue
HCIBITATETHHOTO TIyHa MOXKeT ObITh OTKPBITHIM (Bxon), coemuuénnbiM uepes pesuctop 470 kQ k

BUIL wiau 'H, mim vcublTaTe IbHBIH YT MOXKET OBITH MOJAKJII0UYeH depe3 pesuctop 680 €2 x BIILL
wia 'HII.

Coctogrne myna 1 | Cocrosguue myna 2 | CocTosgHue myna 3
1. | momoxkuTEIHLHOE OTpHIIATEIHHOE TECT
2. | TOJIOXKUTEIBHOE TECT OTPHIIATETHHOE
3. TecT OTPUIATETHHOE HOJIOYKUTETTHHOE
4. TeCT [OJIOYKUTETHHOE OTPHUIIATETLHOE
D. OTPHUIIATETHHOE TECT HOJIOZKUTETTHHOE
6. OTPHUIIATETHHOE MOJIOZKUTETHHOE TECT

Tabuna 5.1. Bece koMOuHAIINN U3MepeHMiA

Eciu Tecrep ckoudurypuposan Jijisi usMepeHus EMKOCTH, TO TecTep IONbITaeId Pa3psUTh
KOH/JIEHCATOPbI, COeJIMHEHHBIE CO BCEMU UCIBITATE/ILHBIMY BhIBOIaMU. Fc/ti pa3psiaka moTepuuT Heyiady,
KOTOpasd 03HAa4YaeT, YTO OCTATOYHOEe HANIPAKeHNe BRICOKOE, pa3ps/IKa Oy/1eT npepBaHa MpuOIu3UTeTbHO
Jepe3 12 cekyuj ¢ BoiBojoM coobrenus «llemtly. DTo MokeT MpoOM30HTH TaK Ke, €CJIM HUKAKOIL
KOHJIEHCATOD He CBA3aH HU C KAKUM HCOBITATETHbHBIM BBIBOJOM. lIpmumuoit MoxKeT OBITH TO, YTO
HAIPSIKeHNST OTKJII0YeHUsT BBIOpano Hu3kuM iyt 31oro ATwmera. Boer moxkere BoiOpaTh 6oJiee BBICOKOE
nanpsizkerne onnueit [TATI_ EMITTHI _JIEBEJI 8 Makedmue.
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5.1 WN3mMmepeHue NOJyIPOBOJHUKOBBIX 3JIEMEHTOB

UccnenoBanue syieMeHTa HEOOXOAUMO HAYMHATH ¢ 00ECTOYEHHBIM YIIPABJSIONINM BBIBOJOM (Tperuii
BbIBOI, HasBad TpuCrarellun). TpuCrarellun uccseyeMoro sJeMenTa BO BpeMsi HCIBITAHUST SBJISCIIsT
0a30BBIM WM OTIIPABHBIM. OIHH HCIIBITATEIbHBIM BBIBOJL BHIOPAH MOJI0KHTEILHONU CTOPOHOI 3/1eMeHTa
u nojkaoven nernocpejcreenno k BIHIL /Ipyroit ucnbiraresibHblil BIBOJ, BbIOPaAH OTPUIATEIbHON
cTopoHoit emenTa. OTpunareibaas cTOpona moacoeanaena qepes pesuctop 680 2 k ['H/I. Cocrosame
MOJIEBBIX TPAH3UCTOPOB 3aBHCHT OT HampsizkeHusi Ha 3arBope. Cuauasna, TpuCrarellun ma 5 ms
nojktovaens 4depes pesuctop 680  Om x I'HJ/L m m3mepsdend HampsizKeHHEe Ha OTPHUIATEILHON
cropone. Jlanee TpuCrarellun nepekimodaens Ha BBos (BbICOKOE TIOJHOE BXOJHOE COMPOTUBICHUE) U
CHOBa uU3Mepdelsd HallpAzKeHUue OTPpULATEe/IbHOI'O HUCIIbITAaTE/JIbHOI'O BbIBO/A. BaTeM HpeﬂHOﬂaFaeMbIﬁ
3aTBOpP coenuusgens 4depe3 pe3uctop 680 2 ma 5 ms xk BIIIL u croBa m3mepsierst HampsKeHWe Ha
OTPUNATEJHLHOM cTOpoHe. Eejin m3MepeHHoe HAlPSzKeHue HUXKe TePBOro pe3y/abTaTa U3MEpeHus, TO
9Ta IeMa OyJIeT Hpe/InoJaraTbcsd, KaK IpaBuIbHasd. 3aTeM HAlIpsazKeHue CHOBa U3Mepsiells ¢ 00eCcTOYeHHBIM
TpuCrarellumn.

Ecin manpszkenne oTpUIATEILHOTO UCIBITATE/IHLHOIO BBIBOIA € (PUKCHPOBAHHBIM HAIPAZKEHUEM
TpuCrarellun Beime wem 115 mV | a ¢ obecrouennsim TpuCrarellun ve ke 100 mV , npeanosaraerns,
YTO 3TO 00CMHEHHBIN TPAHIUCTOP.

Y OUIIOJIAPHBIX TPAH3UCTOPOB, UMEIOIINX MOBBIIIEHHBI 0OPATHBIN TOK KOJLIEKTOPA, OH 3HATUTEIHHO
MOBBITIIACIIA B PEKUMe ¢ 00ecToOuYeHHO 6a30ii.

IIpu npoBepke ¢ 060MMHU HAITPAXKEHUAMHI MOZKHO U30€KaTh HEIPABUIHLHOTO OOHAPY ZKEHU A HEKOTOPBIX
repMaHIeBBIX TPAH3UCTOPOB ¢ 60J1ee BBICOKIM 0OpaTHBIM TOKOM KOJLIEKTOPA, KaK 00€ THeHHBIX TPAH3UCTOPOB

(JOET).

Jlasiee TpOBOJSIA JIOMOJHATE/IbHBIE TecThl 10 onpegenennto H-kanagabaoro JOET mmum H JI-
MOCOET u I-kanasproro JOET wiu I1-JI MOCDOET. Bepcurn MOCOET moryT 66ITH OmipeieieHbt
1O OILYIITBYIOIEMY TOKY 3aTBopa Ipu JioboMm cocroguuu TpuCrarellwum.

Yrobbl noayunts napamerpol @ET o06epnénnoro Tuma, ux usMepsior ¢ pesucropom 680 €2 B
HCTOKE, KaK MMOKA3aHO Ha PUCYHKE . DTO U3MEpeHne Jeaaelss BMeCTO OOBIYHOTO U3MEPEHNT TOKA
yAepKHUBaHUsI 3aTBOpPA HA YPOBHE MCTOKa, moroMy, 4Tto Ipgs PET Tpansmcropa yacto He MOKeT
OBITH JIOCTUTHYTO U3-33 OTHOCHTEJIHLHO BBICOKOI'O COIPOTUBJeHUs pe3ucTopa 680 €.
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Puc. 5.3. 3amepenune nampsizkenus 3aTBOp-ucTok n Toka ucroka H-JOET rtpansucropa

Ecin y s/eMeHTa HET TOKA MEZK/LY IIOJIOXKUTEIbHBIM I OTPHUIATE/IbHBIM HCIIBITATEIbHBIMU BHIBOIAMHE
6e3 curnana Ha Tpucrarellun, To mepexomuM K TecTaM OmpeJe/eHus, ONUCAHHBIM B pa3zesne [5.1.1]
Ecsin ToK GbL1 0GHAPYZKEH, TO CJEAYIOMUN TECT ONUCAH B 0 JIHOJIAX.

5.1.1 W3mepenmue II-H-II Tpara3sucropa nan II-Hauaea-MOCPET

CuauaJia u3MepsioT Koadpduiuent yeuaenus npeanoaaraemoro [I-H-I11 Tpansucropa B meme ¢ o01mum
KOJLIEKTOPOM (3MUTTEPHBI OBTOpUTEIB ). [[lemMa n3MepeHus moKa3aHa Ha PUCYHKe . Ecau nanpskenne
6asbl (UB) usmepennoe ¢ pesucropom 680 €2, Boie 9 mV, to koaddunuent ycuaeHus: BoIaucsens
no ¢opmyne hF'E = UEU’TUB. Hanpsxenue UE 310 pa3HocTb MKy HalpsKEHUEM Ha IMUTTEDE U
BIIIL. Paznuune mexay pesucropamu 22 €2 u 19 ) we yunreiBaens. Ecian nanpsikernne UB Huxke
10 mV, usmepenue penaior ¢ pesucropoMm 470 k€2 B 6aze. B aToMm ciydae KodDGUIUEHT YCHICHHS

_ _UE-470000
BBIUHCIsACIS 110 (bopmyne hFE = UB-(680+29)"
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Puc. 5.4. Usmepenune xXOE [1I-H-I1 Tpan3ucropa B 1meme ¢ o6IUM KOJLIEKTOPOM

3areM gemaioT TecThl mis npeanonaraemoro 1I-H-IT tpan3ucTopa B meme ¢ obIUM IMUTTEPOM.
[TostoxkuTe/ibHAST CTOPOHA dJIEMEHTa Tenepb nojk/ardeHa nupsmo ¢ BIIIL, orpunarenbras cropoHa
gepe3 pesuctop 680 €2 moakmoduena k I'HJ/I, kak moka3zaHo HA pHCYHKe Ecin na orpunarenbHoit
CTOPOHE JIEMEHTa eCTh HallpsizKeHue Boime 3,4 V', korma 6a3oblii pesuctop 680 €2 moakaoden Kk 'H/L,
3aaqut 10T djaeMenT uin [I-H-II tparsucrop unn 11 kananpueiit @ET. Kakoit u3 HuX - MOKeT OBIThH
JIETKO YCTAaHOBJEHO IO HaIpsizKeHHio 0a3bl. Ecim mHanpsizkenne 6a3wl 6osbiie 0,97 V', 3T0 mo/IKeH
obiTh 1I-H-TT Tpansucrop. s Toro, 4rodbl u3MepuTh KOIDOUITUEHT YCUIeHHS, B TIelb 0a3bl BMECTO
pesucropa 680 (2 Braogaens pesucrop 470 k). Koadduiment ycnrenns BuIYucasienst mo (popmyie
hFE = % . Hanpsizkenne V110 apigensd HalnpszKeHueM Ha KOJJIEKTOPHOM pe3ucTope 6e3
H6azoBoro Toka. Kak npemio/iaraens, NpaBuJIbHBIM gBJsiels 601ee BICOKUN KOYDMUITUEHT YCUICHUI,
oIIpeieIeHHbIN TePBBIM MJIH BTOPBIM ciiocoboM. B Bepcun 1.08k K03(DbPUIUEHT yCUICHHS B IIEMe C
OOIIMM SMUTTEPOM OIIPEIE/ISIEIST TOJIBKO /st MUKPOKOHTpOoJL1epoB ATMera328. st Apyrux MUK POKOHTPOJLITE

HCIIOJIB3Yyeld TOJIBKO IIeMa C O6H_H/IM KOJIJICKTOPOM.

Suavenus, Haigenusie a4 [1-H-I1 Tpamsucropa, aeficTBUTEIbHBI TOJBKO, €CJIH CJIeJTaHbl JOIOJTHATEIbHbIE
uzMepenusi. Urobbl mpegorBparuTh obHapy:kenue [I-H-II TpansmcTopa B MHBEPpCHOM BKJIIOYEHUN
(KOJLJIEKTOD € SMUTTEPOM IMOMEHSIHBI MECTAMH ), U3MePeHue ¢ 60Jiee BBICOKMM KOIMMUIUEHTOM YCUTCHHS]
cuIuTaels TpaBUIbHbBIM. FKeim nanpszxenne 6a3sr Huke, gem 0,97 V', To 310 nomxken Ovrrs [I-E-MOC.

B sTtom ciyyae moporoBoe HaIlpsizKeHUe 3aTBOPA U3Mepsiels MPH IJIABHOM MEPEKJTI0YEHUN 3aTBOPA
¢ pesucropom 470 k€2 or BIIL mo I'H/, oxxugag na mudpoBoM BXoje H3MEHEHUs] CUTHAJIA CTOKA, U
3aTeM, CUYUTBHIBACIS HAIPsXKEeHHEe 3aTBOPA.
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Puc. 5.5. Ucubitanue u usmepenne xPE 1[-H-II Tpansucropa B memMe ¢ 00IIHEM IMUATTEPOM

5.1.2 W3mepenme H-II-H Tpan3ucropa nan H-Hauaea-MOCPET

Nzmepernune H-TI-H Tpansucropa naumnaenss takum ke obpaszom, kak u I[I-H-IT Tpamswmcropa, c
u3MepeHust KodpduImenTa yCUJIeHud B eMe ¢ OOIIUM KOJIJIEKTOpoM. [lepBoe uamepenue cierano c
pesuctopoM B 1enu 6a3b1 680 2 mogkaodenusiM K BIIL. Eciu Hanpszkenne Ha pe3ucTope B Ieru 6a3bl
CJUIKOM HU3KO0, BMecTo 680 ) Gepéns pesucrop 470 k). Torma msmepeHue mpogo/zKaels B IeMe
¢ 0bIMM 3MHUTTEPOM, KaK I0ka3aHo Ha pucyHke .6l Ecsu nanpsrkenue kosuiekropa Huxke 1,6 V u
pesuctop B rienn 6a3wr 680 € coenurén ¢ BIIL, To 3To moxker 6uiTh H-T1-H Tpansucrop, H-kanaanHbI
MOCOET wiau tupuctop/cuMuctop. THPHCTOD WM CHMHUCTOP MOTYT OBITH HAeHTHMUIUPOBAHDI
JIByMsl IIPOCTBIMH TeCcTaMH. Ecaum pe3ucTop Ha YIPaBISIONEM BBIBOJE, COCJUHEHHBIA B TeUeHHE
10 ms ¢ 'H/L obecrounThb, TOK B aHO/E JIOJKEH OCTATHCH. /M pe3ucTop aHo/a KparkoBPEeMEHHO
noakountb K ['H/I u, 3arem, nopropuo ok ounTs K BIIL, Tupucrop He /10/12KeH CHOBA BKJIIOYUTHCS
(Her Toka). Nmeiite B By, uro Tecrep MoXKeT IPOBEPATH TOJBKO MAJOMOIIHBIE THPHCTOPHI, TOTOMY
9TO TOK y/Iep:KaHHus MOXKET JTOCTUIaTh TOJIbKO 6 mA. Eciau 0ba TecTra CBHAETEILCTBYIOT O THPUCTOPE,
TO HeOOXOTUMO cjieJIaTh TECThI ¢ OOPATHON IMOJSPHOCTBIO, YTOOBI HCKIIOUHTDL MU OATBEPIUTD
CUMHUCTOP.
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Puc. 5.6. Ucubitanue u nusmepenne xXPE H-I1I-H Tpansucropa B memMe ¢ 00IIHEM IMUATTEPOM

Eciu 11 TMpucTOp, HU CUMHCTOD He OBLIN TOATBEPXKICHBI, TO 3TO MOKeT ObITh H-11-H Tpansucrop
nian H kanaaeasit E-MOCOET. Bazosoe nanpsizkenne H-T1-H Tpansucropa 6ymer 6/iM3K0 K HATTPAZKEHUTO
SMUTTEPA, TAKUM 0Opa30M, 3TOT THII MOXKET ObITh UJICHTU(MHUIMPOBAH onpeentento. KoaddumumenT
YCHJICHHUS B IIIeMe ¢ ODIIUM SMUTTEPOM BBIUHCIACIs 110 hopmyie hFE = (V(‘(’;ggig;){%%ggo)oo. Ecin
HaIpsizKeHne 6a3bl WM 3aTBOPA MOBBIIIIEHHBIE, TO B 9TOU MeNN TOKA HeT WM OH MaJl, 3HAYUT, JIeMEHT
oymer H-kanampubivm E-MOC (MOC®ET oforaménusiii). B 3ToM cydae mOpOroBoe HampsizKeHHe
nu3Mepsens Ipu JIABHOM Tepek/iodenun 3aTBopa ¢ pesucropom 470 k) or BIIIL 1o TH/I, oxxunas
Ha TnHPOBOM BXOJIe M3MEHEHWS CUTHAJIA CTOKA, W 3aTeM CUYUTHIBALIS HANPSKEHUE 3aTBOPA. ITO
u3Mepenue Jenaerd 11 pas ¢ makomwtenueM pesyabraros AL kak nokasamno na pucymnke[5.7] Pesyabsrar
YMHOXKaelld Ha 4 1 jiejunsd Ha 9, YTOObI MOy YUTh HampsizkeHue B mV .
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Puc. 5.7. Usmepenune nmoporoporo nanpsizkenuss H-kanansanoro MOCOET

76



5.1.3 VYmnpoiieHHasa O6JI0K-IIIeMa TeCTUPOBaHUA TPAH3UCTOPOB

CheckPins
Start

680

!
update_pins = 1

n.cnt+p.cnt>1?

N7

vCEs > 115 ?

(n.cnt!=1)ll(n.b==p.b)?

vCEs*2+20 > Ip_otr ?

N-—channel

Ip_otr
Ip_otr = e vCEs = e v
5 ey
S, S
" N
y
checkDiode =
‘ P—channel

n.cnt = n.cnt+1

date_pi
up 2?_%)ms

n.b = TristatePin
n.e = LowPin
n.c = HighPin

p.cnt = p.cnt+1

date_pins
up i?_{})lns

‘ p.b = TristatePin

p.e = HighPin
l@—| p.c=LowPin

hpl > (hp2+599) ? '

Yy
tp2 D
S ﬂ '
S) CheckPins
Exit

Y N
L] L
Part = FET Part = FET
Typ = N-D-MOS Typ = N-JFET

Part = FET
Typ = P-D-MOS

Part = FET
Typ = P-JFET

Cutoff V

n.cnt = n.cnt+1
n.ice0 = Ipx—tpx
n.uBE =Ipl
n.gthvoltage = Ip1-tp1
n.current = Ip1/680

Cutoff V

'

p.cnt = p.cnt+1
p-ice0 = tpx—hpx
p.gthvoltage = tpl-hpl
p.current = (VCC-hp1)/680

Puc. 5.8. Bjok-mmema rectupoBanus tpaunzucropos. Jacts 1: JOET u JI-MOC
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Part2

¢_hfe=(VCC—hpl-tpl)/tpl H ¢_hfe=(VCC-hp1)*470k/680/tp1

]

:..

Ip_otr < 1977 ?

checkDiode

—

Ipl > 34227
L Y

Part = TRANS
tp2 > 2000 ? Typ = PNP
e_hfe = (Ip1-lp_otr)*470k/680/tp2
update_pins = 0
p.hfe = e_hfe
_ B p.cnt >0 or
p-uBE = hp2 — (p2 e_hfe > p.hfe ?
update_pins = 1

N

p.hfe = c_hfe
p.uBE =hpl —tpl
update_pins = 1

c_hfe > p.hfe ?

N A‘

update_pins = 1 ?
Ip_otr<97?

Ipl > 2000 ? p.ice0 = Ip_otr/680

p.ices = VCEs / 680

Y4

Part = FET

o

N-Channel

(VCC—tpl) < 107

tpx = VCC - tpl
c_hfe = (Ip1 - tpx) / tpx

checkDiode

rtp = VCC — tp2

rthp = VCC — hp2

Typ = P_E_MOS

hp2 > Ip1+250 ?

Typ =P_E_IGBT

gthvoltage = VCC — tpx

Y
Part = TRANS N
Typ = NPN \—$
e_hfe = (rhp—Ip_otr)*470k/680/rtp
update_pins = 0
$ Ip_otr<97?
rhp > 3400 ?
n.ent=07?or
e_hfe > nhfe ? Yy
Part = FET
n.hfe = e_hfe _
n.uBE = tp2 — Ipx Typ =N_E_MOS
update_pins = 1 ‘

I

hp2 >1p2+250 ?

Y Typ = N_E_IGBT
n.hfe = e_hfe
N n.uBE = tp2 — Ipx
update_pins = 1
b4
update_pins =1 ? Y*l
p.ice0 = Ip_otr / 680
N p.ices = (VCC-vCEs) / 680 n.gthvoltage = tpx
e
) ‘
saveNresult -

Puc. 5.9. Baok-mema TectupoBanus tpansuctopon. Hacts 2: BJT u E-MOC
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hp3 hp4

) Ces0 -
i i
S)

hp3 < 1600 ?
hp1+150 > hp4 ?
hp2 > 4400 ?

Part = THYRISTOR
n.cnt =n.cnt + 1
n.uBE = tp2-1p2

n.gthvoltage = hpl-Ip2 -

Non conducting?
)

(&0 -0

Switched

tpx > 977
hpx <733

Part = TRIAC

Puc. 5.10. Byiok-1mema tectuposanus Tpan3uctopos. Jacts 3: Tupucrop u cumucrop

5.1.4 WN3mepeHwme amoa0B

Ecan mpenBapuTe bHBIME TecTaMu OyIeT OOHAPYXKEH TOK, TO JJeMeHT Oy/IeT OMO3HAH KaK JHOI.
[Tagenue nanpsikeruss ¢ pesuctopoM 680 2 momxkuO OBITH Mexkay 0,15 V u 4,64 V. Ilagenune
Hanpsizkeauss ¢ pesucropom 680 2 momkuO 6bITH B 1.125 pasa Oosibiie majieHUs] HANPSZKEHUE C
pesucropom 470 k) u nagenue Hanpszkenus ¢ pesuctopom 470 k€2 moakuO ObITH B 16 pa3 Oosblire,
9eM TajieHne HampsizkeHust ¢ pesuctopoM 680 (). JlomogmHUTEIBHO: TPYU BO30OHOBJIEHUN W3MEPEHWS
¢ pesuctopoMm 470 kS) HampsKeHWS TOKHO OBITH He BBINE, YeM B TPEIbAYIIEM U3MEpeHHH C
pesuctopoMm 680 2. { Hageroch, 9TO ITOT MeToA Beeraa uaeHTudunupyer auoi. [Ipu unentudnkanun
JIBYX JIMOJIOB, BKJIIOUEHHBIX BCTPEYHO-I1APAJIIEIbHO, HEBO3MOZKHO OlIpe/ieJIeHHe TOKA YTeUKH B IPOTUBOIIO/I0ZK]
Hanpasaenuu. eiu odnapykeH TOJbKO OJUHOYHBIN U0/, TO TOK YTEYKH B 0OpATHOM HAITPABICHUN
u3mepsierist ¢ pesucropom 470 kS2 moakmoderasim K BIIT. Pasperenne oxosio 2 nA. Eciu Tok yreukn
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Gonbie 5,3 pA (manpsikenue Ha pesuctope 470 k) cocraBisier Gosbine dem 2,5 V), u3MepeHue
npousBouiis ¢ pesuctopom 680 (). B srom ciyuae paspemrenne 1o6K0 0K00 1 A, Kpome Toro,

JIJIsT OJIMHOYIHOTO JIN0/A, MOYKeT OBITh M3MepeHa EMKOCTh B 00paTHOM HAITPABJIEHUN.

5.1.5 Pe3yabTaThl pa3jIMiHbIX U3MEPEHUN

Citeytorue Tab/IuIbl TOKA3BIBAIOT PE3YJIBTATH HCIBITATEIbHBIX HCCIIOBAHNN C PA3IMIHBIMA MUKPOKOHTPO)

ATwmera8, ATwmeral68, ATwmera328.

| Tuu anona | Mera8"8MX3 | Meral68 "8MX3 | Mera328 “8MX3 |
1H4148 Huone, 715mB, Jnone, 718mB, Juone, 715mB,
1n®d 0n®d, 2uA 1n®, 40A
1H4150 Huone, 665MmB, Jnone, 672mB, Jnone, 6668,
1n® 1n®, 40A 2n®, 6A
BA157 Hunone, 619mB, Inone, 6218, Hunone, 615mB,
191 d 17u®, 122A 180®, 120A
BbI398 Huone, 538mB, Jwnone, 541mB, Huone, 537mB,
161d 14n®, 63A 150®, 63HA
1H4007 Huone, 6560mB, Hwnone, 655mB, Huone, 650mB,
13ud 10n®, 6aA 130®, 6A
JIEJL rpeen Hwnopne, 1,968, 5ud Hwnone, 1,958, 4nd Huone, 1.958, 4ud
3IIILI,7 2ut/In, 743mB, 2,538 | 2m/lu, 737MmB, 2,52B | 2m/lu, 733mB, 2,51B
BY508A BHE Hnone, 609mB, Juome, 611MB, Hnone, 606MmB,
5,15u® 5,20u®, 0,39y A 5,25u®, 0,4yA
BY508A BhIl Hnone, 582mB, Juone, 586MB, Jnone, 587mB,
256ud 255m®, 21uA 2590®@, 19uA
AH28 BrE Hunone, 272mB, Huone, 277MB, Huone, 273mB,
0nd On®d, 2,2yA 0n®d, 2,3yA
AH28 BrE Hunone, 349mB,
C OXJIaZKJICHUEeM 140u®, 0,57y A
MBP20100LT | 2ut/Tu, 337mB, 337TmB | 2mi/Iu, 338MmB, 338MB | 2mi/lu, 336MB, 335mB
MBP20100I1T Huone, 337mB, Jnone, 339mB, Huone, 337mB,
345n® 351ud, 29uA 350n®, 25uA
MBP4045I1T Huone, 243mB, Juone, 233mB, Huone, 235mB,
C OXJIaZKJIeHUEeM 1,80u® 1,94u®, 1,7y A 1,95u®, 1,8y A
CK14 Jnone, mB, Juone, mB, Juone, 263mB,
O0n®d n®, vA 0n®d, 0,57y A
CK14 Huone, mB, Hunone, MB, Hunone, 334mB,
¢ OXJIaZKJIeHUEeM u®d n®, vHA 88ud, 4uA
CD38T Jnone, 519mB, Jwuone, 521MB, Jlnome, 516mB,
107ud 10501®, 2A 106D, 20A

N3zmepenne obpaTHoit éMKocTH 115t j1BoitHOTO Jinoa MBP404511'T Bo3M0OXKHO TOJIBKO € OXJ1aKIEHUEM.
9TO BHI3BAHO BBICOKHM TOKOM yTeukn 31oro 40 A amoma. Takzke obpaTHast 6MKOCTh mepexoa Ha3a-

Tabauma 5.2. Pe3yabraTsl u3MepeHust THOI0B

SMUTTEP repManmeBoro rpauzucropa A28 moxker OBITH H3MEPEHA TOJTBKO C OXJIAKIEHHEM.
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Tun Tun Mera8 Mera328 Mera328 Mera328
Tpanzucropa np-TH 001 it 001 it o0Imit
KOJIJIEKTOP KOJIJIEKTOP SMUTTED
BY508A HITH £19, 601mB £19, 597mB £19, 598mB (14, 484mB
2H3055 HITH 120, 557uB £121, 550mB £121, 550mB (16, 442mB
BI1639 HITH £1148, 636MB | 51172, 629mB | 1172, 629vmB | 51158, 605mB
BI1640 ITHII £1226, 650mB | (51176, 609mB | 1171, 655MB | 51177, 608mB
BII517 HIIH £123,9x, 1,23B | £124,8k, 1,22B | £125,1k, 1,22B | (1764, 1,23B
BbII516 ITHII 61759k, 1,21B | /176,2k, 1,20B | /176,2k, 1,20B | 51760, 1,23B
bll546b HIIH 1285, 694mB | (51427, 687TmB | 1427, 687mB | 51369, 683mB
BII556b ITHII 51304, 704mB | 51254, 668mB | (1235, T09mB | 51255, 668mB
AH28 (Te.) ITHII £163, 191MmB £159, 191MmB £157, 193mB /43, 117uB
BYJI38/1 HIIHno £137, 627vuB /141, 617uB £140, 624MmB 136, 562MmB
APaACUTHUIL [THITu /111, 654mB £181, 543mB 5110, 656MB | (5183, b41mB
BPBI55/200 | Txsipucr. 0,84B 0,81B 0,81B 0,82B
MATI97AG6 Tpuair 0,92B 0,90B 0,90B 0,90B

Tabsuna 5.3. Pesyabrarsl nuaMepenus OUMOJIIPHBIX TPAH3UCTOPOB

HexkoToppbie pe3yabTraThl 3HAUUTEIBHO OTJIHYAIONS OT PE3yJIbTAaTOB, IMOJYUYEHHBIX B 00Jiee PAaHHUX
BepcHsxX mporpaMvuoro obecnedenust or Mapkyce @. Hanpumep, tpansuctop Hapaunrrona BII517
ObL1 m3MepeH Oojiee paHHuUM mporpamMMHbiM obecriedenuem: xPE1797 Bmecto 77200 m HanpsizkeHue
6aza~-avuTTep 1 1438 mV . DT0 BBI3BAHO JOMOJHUTEILHBIM H3MepeHneM KoM DUImenTa yCueHns B
memMe ¢ o0IIUM KOJIJIeKTOpoM. KpoMme Toro, HoBast BepCus IIPOrPaMMHOIO O0bOecIiedeHns TI0KA3bIBAET
Takoi »Ke HU3KU pe3yynbrar XPE B 1meMe ¢ oOIIUM SMHTTEPOM, YTO MOXKHO YBHJIETH B ITOCJETHEM
CTOJI01IEe TAOJIAIIHI Hanpsizkerne 6a3a-3MATTED U3MEPEHO KaK OTAebHbINH 1o/, Tenepb HAIpsizKeHHE
Oaza-dsMuTTED U3Mepsiels Ipu ToKe u3Mepenus Koaddunuenra yeunenns (1,20 V). HITH-rpausucrop
BYJI38/1 umeeT Mexky KOJIEKTOPOM M 3MUTTEPOM BCTPOEHHBIN 3alllUTHBIN IO/, KOTOPBIH MOYKET
cripoBonpoBaTh orpeeienne mapasutaoro [THI[-rpan3ucropa ¢ 6a30ii Ha MecTe KOJLIEKTOPa TPaBUILHOTO
HIIH rpansucropa. C Bepcuu nporpammuoro obecrnedenus 1.10k oba TpaH3ucTopa 00HAPYKUBAIOIIA
U IoMedaiongd jgobaBjaeHueM cuMBOJIa p. IlpaBmibHblil Tpan3ucTop OyaeT HaiigeH NpH CPaBHEHUU
éMKocTu 1nepexosia 0a3a - smurrep. Ilpejnosaraens, 410 HpaBUJIbHbIA TPAH3UCTOP uUMeeT OoJiee
BBICOKYI0 €MKOCTh TMepexofa. FKcanm HaykaTh W yJIep:KHBATh KJIABUIIY 3aIyCKa BO BPEMs BBIBOJA
pe3ysbTaTa u3MepeHusi, TO Oy/IyT MOKa3aHbl TapAMETPhI MaPa3uTHOrO TPAH3UCTOpa. Harmdmne mpaBuIbHOTO
TpansucTopa 6yger ormedero unaekcoMm H (ITHITw). TTapasuTHbIil TPAH3HUCTOP OMPEIETSEIsT TOTBKO
C 3aIIUTHBIM JTUOJOM, PACIIOIO0KEHHOM HA TOM K€ KPHUCTAJLIEe, 9YTO U HPABHILHBIA TPAH3UCTOD, a He
C BHEIITHUM JTHOIOM.

Crenytorast Tabanmna MOKa3bIBAET Pe3yJabTaThl M3AMEPEHUs JIJIS TepMaHueBbIX TPAH3UCTOPOR,
KOTOpbIE SBJIAIONS HPOOJEeMHBIMU H3-3a TEMIIEPATyPHO 3aBUCUMOCTH M BBICOKOTO OOPATHOIO TOKA
Ko/IekTopa. lIpeacraBiensl BMecTe pe3yabTaThl OPUTHHATBLHON Bepenu oT Mapkyc @. n pe3yIbTaThl
Bepcun 1.10x. Bepcus 1.10k ma ATwmera328 usmepsier Ko3(pUIMEHT YCUIEHHS B IIeMax ¢ OOIIIM
KOJIJIEKTOPOM M OOIIUM 3MUTTEPOM € YIeTOM 00PATHOI'O TOKA KOJIJIEKTOPA, ¥ BHIBOJIMT 00JIee BHICOKMI
pesysabrar. OOpaTHBIl TOK KOJIJIEKTOPA HEe YJIUTHIBAJICS B 00Ji€e PAHHUX BEPCHAX MIPOrPAMMHOTO
obecreyeHus.

81



Tun Mera8 1MX3 Meral68 "8MX3 Mera328 "8MX3
tpau3ucropa | OpuruHaabHAS BEp. Bepcusg 1.10k Bepcuga 1.10x
Mapxkyc ©.

AR28 ITHII, p152, 279vB [THII, 159, 184mB | TIHII, 159, 191mB
AHh16-65 ITHII, £1505, 378MmB | ITHII, £172, 146mB | TIHII, £172, 149vB
AH16-145 ITHII, £1485, 294mB | TIHII, 1146, 161mB | TTHII, 51146, 163mB
AR76-65 HIIH, 198, 235mB HIIH, 158, 94mB HIIH, p156, 96mB
['"h22 [THII, £184, 368mB [THII, p155, 117mB | TIHII, 156, 117mB
['L301 [THII, £48, 289mB [THII, £139, 184mB | IIHII, 5139, 188mB
AB61 HIIH, £1360, 230mB | HIIH, £1296, 126mB | HITH, 51298, 128MmB
ADH62 [THII, p12127, 280mB | TIHII, £189, 107mB | TIHII, 5189, 107mB

Tabuna 5.4. PesyabraTsl u3MepeHuil repMaHHeBbIX OUITOISIPHBIX TPAH3UCTOPOB

B Tabiune MOKA3aHbl PE3yJIbTAThl M3MEPEHUs] HEKOTOPBIX IMOJIEBLIX TPAH3uCTOPOB. OmHuM
u3 u3Mmepsiembix napamerpoB E-MOC TpaH3ucTOpOB sIBJIgelsl HANPSKEHNE 3aTBOP-UCTOK, KOTOPOEe
3aMepsiells 110 U3MeHEeHHIO cocTosHus IudpoBoro Bxoga ATwmera, HOAKIIOUIEHHOMY K CTOKY dYepes
pesuctop 680 2. I13-3a HebOJIbINOi EMKOCTH 3aTBOPA, HAIPsIKEHHE HA HeM U3MeHseld 09eHb ObICTPO,
YTO YMEHBIIAaeT TOYHOCTDL (pUKcAIUU ITOro HampsizkeHusi. Hampumep, y tpansucropa BC250 310
HaNpsizKeHne u3Mensyiochb or 2,6 V o 2,5 V', npu nogk/JII0UeHUN JIONOJHUTE/IBHOTO KOHJEHCATOPA
émkocTbio 10 nF napaJsiieibHO BBIBOIAM 3aTBOP U UCTOK. /IpyruM u3MepeHHbIM TapaMeTpoOM B/
3HaYeHNe EMKOCTH 3aTBOPa. EMKOCTH 3aTBOpa M3Mepsellsd MyTeM TepPeKJII0UeHns BbIBOJIa UCTOKA U
3aTrBopa Ha I'H/I. loctymHoe Hamps:Kkenue 5 V' Ha 3aTBOpe TecTepa dABJdels HeJTOCTATOTHBIM JIJIs
reHepaly JI0CTaTOYHOro ToKa g HeKoTophix MI'BT. D10 Melaer mpaBuabHOMY 0OHAPYKEHHIO.
B GosbiinacTBe Ciydaes oOHAPYKUBaeCld TOJBKO 3AIUTHBINA JIM0J KOJUIeKTOP-aMuTTep. MeTovynuk,
npuMepHo, 3 V', MOJAKIIOYEHHBLIHT K BBIXOMY, MOXKET PEIuTh npobjemy ¢ obHapyxkenuem. J[pyroii
OJIFOC UCTOYHUKA JI0JIZKeH OBbITh oaKaoueH K TectoBomy BeiBoay (TII) TecTepa BMecTo coennueHmst
3aTBopa. Ilpu npaBuibnoil mosgprocT batapen Tectrep josKen obonapyxkuth UI'BT. Orodbpazkaemoe
HAIIPSIZKeHHE MePeKJII0UeHUs 3aTBOP-CTOK JOJI2KHO OBITH YBEJINYCHO Ha BEJIUIHHY HAIIPsIzKeHHUsT OaTapen,
4T0o0bl 110JIyYUTh lIpaBU/IbHOE Hallipsizkenue nepeksrodenusd. g JOET rpan3ucropos B Kadecrse
XapaKTePUCTUKH YacTO NpuBeleH TOK Vjce, aBiagionuiics TOKOM CTOKA IIPU HAIPIZKEHUU 3aTBOP-
uctok pagaom 0 V. B nannoii peajm3anuu, OJTHAKO, TOK HE MOYKET ITPEBHIIIATH BEJIMYUHbI, ONPEIeJTeHHOM
conporuByienneM Harpy3ku B croke JOET Benmumnuoit 680 ). Harpy3o4Hblit pe3sucTop reHepupyer
obpaTHoe Hanpsizkerue Bre, KoTopoe Takzke oToOpazkaels Ha HHAUKaTOpe. C HArPY309HBIM PE3UCTOPOM
470 k) B menn ucroka JOET Tok mcTok-cTok Oymer modTu Hy/1eBbIM. TakKuM 00pa3oM, HAIIpAKeHHne
onedku Bre_odd ucTok-3aTBOP MOKET OBITH OMPEAEICHO JIOCTATOYHO TOYHO, IIPU YCJIOBHH, YTO OHO
He ipeBbicuT 5 V. C 3rumu AByMs pabOInMu TOIKAMHI MBI MOZKEM OIPeIeTUTh TOK 3aTBOP-ncTOK Urce
C MOYTH CPEJIHEKBAIPATHIHON TOYHOCTHIO. Ecau pacdeTHbiii Tok Menbime 40 mA, TOMOJHATEIHHO
HPOBOJIMI U3MepeHHe 0e3 CONpPOTHUBJICHUS B Ienu uctoka. 1lo Gojee BBICOKOMY HAIpsSKEHHUIO Ha
BBIBOJIE HCTOKA 0€3 Pe3UCTOpa MBI MOYKEM BBIUHUCIUTE JIONOJHUTEIbHOE 3HAUeHHe ToKa. Vcmonb3ys
9TH Pe3yJIbTaThl U3MEPEHUI, CHOBA BBIYMC/ISEM TOK 3aTBOP-UCTOK lljicc, npu 9TOM OH HE J0JIZKEH
npeBbicuTh 3Hadenus 40 mA. 3-3a cummerpuanoit koacTpykiun Tpansucropos JOET, HeBo3moxkHO
OTJIUYUTH CTOK OT MCTOKA.
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Tpanzucrop Tun Mera8~8MX3 Meral68 “8MX3 Mera328 “8MX3
3BHJb20A H-E-MOC 1, 1,6B, 147u® I, 1,5B,141u® 1, 1,5B, 140u®
NP®530H H-E-MOC | ]I, 3,6B, 1.55u® 1, 3,6B, 1,54u® I, 3,6B, 1,54u®
BC170 H-E-MOC 1, 2,6B, 78ud 1, 2,6B, 68ud I, 2,6B, 68u®d
MPJ13803 H-E-MOC | I, 2,3B, 9.81a® 1, 2,3B, 9,71a® I, 2,3B, 9,740
NPOY120H H-E-MOC 1, 4,2B, 909u® I, 4,2B, 9130® 1, 4,2B, 911u®
BY371A H-E-MOC 1, 3,2B, 714u® I, 3,2B, 708u® 1, 3,28, 705u®
3Bb106A [T-E-MOC I, 3,2B, 122u® I, 3,2B,115u® 11, 3,2B, 1160®
NP®5305 [I-E-MOC | 1, 3,6B, 2.22u® I, 3,6B, 2,22ud I, 3,6B, 2,22ud
BC250 [I-E-MOC 1, 2,6B, 53ud 1, 2,6B, 43u® I, 2,6B, 44u®
NP®Y9024 [I-E-MOC 1, 3,58, 937u® I, 3,6B, 9450® 1, 3,5B, 933u®
J310 H-JOET 3.1MA Bra2.2B 3.1MA Bra2.2B 3.1MA Brea2.2B
N ncci124-60mA Nacc135mA
2H5459 H-JOET 2.1MA Bral.5B 2.1MA Bral.5B 2.1MA Bral.5B
Nacci4-16mA Nacc18.2mA
B®25611 H-JOET 3.4MA Breai2.4B 3.4MA Bra2.4B 3.4MA Breai2.4B
Nacc1ll-18mA NaccildmA
B®245A H-JOET 1.1mA Bre1.75B 1.1mA Brei0.75B 1.1mA Brei0.75B
N acc12-6mMA Nacc13.6mMA
b®245b H-JOET 2.5MA Bral.7B 2.5MA Bral.7B 2.5MA Bral.7B
Nacc16-15mA NaccilOmA
Bd24511 H-JOET 3.9mA Brci12.7B 3.9mA Brci12.7B 3.9MA Brci12.7B
Nacc1l2-25mA Naccl TmA
A75 II-JOET 3.2mMA Brca2.2B 3.2uA Breai2.2B 3.2MA Brcai2.2B
Naca7-60mA N acc126mA
2H5460 I[I-JOET | 0.78vA Brci0.54B | 0.77vA Brca0.54B | 0.78MA Brci0.54B
Nacerl-bmA Nacc12.6mA
BCC169 H-/I-MOC 2,6MA Brail,8B | I, 2,6mA Brcail,8B | JI, 2,6mA Breil,8B
['TI07H20 H-E-UT'BT | 1113,81u® B114,2B | 113,765® B114,2B | 1113,740® B114,2B
4111130 H-E-II'BT [1:2.220D

¢ barapeei B112.0B53.2B

Tabnuma 5.5. Pesynbrarsr mamepennit MOTI-Tpan3uctopos
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5.2 WN3mMmepeHue pe3ucTOpPOB

Kaxkaprit pe3ucTop n3MepeH 9eTbipbMs PA3TUIHBIMU TUIAME U3MEPEHUS B OTHOM HAIIPABIECHUU TOKA.
Tot ke caMblil PE3UCTOD TaKKe U3MEPEeH TeMH YKe CAMBIMH YeThIPbMs TUIIAMHU U3MEPEHUs B IPYTOM
HAMPpABJIEHNN TOKa. VI3MepeHHe B TPOTWBOIOIOKHOM HAMPABIEHUN UCHOJIB3YEls TOJIbKO JIJIS TOTO,
4T00bl MACHTUDUIUPOBATH PE3UCTOp. Kem HecooTBenTBUE MeXKIy 0D0MME M3MEPEHUSIME CJIMIITKOM

GoBITIOe, TO 9TO HE PE3UCTOP.

5.2.1

N3mepenue pe3ucropa ¢ pe3ucropamMu 680 Om

N3mepenue nensBecTHOro pesucropa Pir ocymecrsisiens AByMst ClI0cOOAMU ¢ HCIOIB30BAHUEM IPEII3HOHHbIX
pesucropos 680 ). YupoleHHas 1eMa 3Toro u3MepeHus JJist uenbirareabbix BeiBogos 1 (Th) u 3
(TTI3) mokasama Ha PUCYHKaX u KaK IIPUMep IIeCTH BBIOPAHHBIX KOMOUHAINIT HCIIBITAHNUSL.

VvCC

t

19
22
19
22

ADCMUX \L \L ADCMUX
PCO @ PBO PBI PC2 @ PBS
of [— Zl N 2| [n 2l o
2| | S e RE X 1p3 8| |~ 5l ]
Puc. 5.11. smepenne Tumna 1 ¢ pesucropom 680 €2
VCC
2/ & 2] A 2/ & ZIN'D 2] = 2/ & 2| A
! !
ADCMUX \L \L ADCMUX
PCO @ PBO PBI PC2 @ PB4 PB5
2| |— Z| | =1 %) Z| o
8| |~ 5 TP1 RE X Tp3 gl |~ Sl

Puc. 5.12. smepenne Tumna 2 ¢ pesucropom 680 €2

C J1eBOit CTOPOHBI PACIIOJIOXKEH HCIBITATETBHBIN BBIBOJ 1, C TPaBOl CTOPOHBI - MCHBITATETBHBII
BBIBOJ, 3. B 0benx quarpavmax Bor BuguTe, uro BeBOj 3 (mpaBas cropona) coeauuén ¢ BIIIT, BeiBos
1 (meBag cropona) coeguuen ¢ 'HJ/I. HampapiieHrne TOKa, TEKyIero depe3 pe3sucTop Pun sipisers
OJIMHAKOBBIM. 3HAUEHHUs TOPTOB, MePEKJTIOYeHHBIX Ha BBIXOJ, TTOKA3aHbl KDACHBIM I[BETOM, 3HAUEHUS
MOPTOB, UCHOJIH3YEMBIX B KaueCTBE BX0Ja, OTOOPAXKAIOIS CHHUM I[BETOM, Oe3efiCTBYIONINE TTOPTHI
- 4epuble. B 000MX TOKa3aHHBIX TUINAX U3MEPEHHS TOK JIOJZKEH ObITh OJMHAKOBBIM, MOTOMY YTO
cymMMapHhasi BesmauHa pesnctopos Mexkay BIIL u TH/T unentnana (ecin n3MepuTebHbIE PE3HCTODDI
OJINHAKOBBIE — B WA IbHOM caydae). OOBIYHO H3MEepeHHOe HAIPSZKEeHHe He OJIMHAKOBOE, HOTOMY YTO
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MEHSIOIS TTOAKTI0UeHHbIe pe3ucTopbl. CuMBOI B Ha Auarpamme orMedaeT TOPTHI, NCHOJIb3YeMbIe JIJTs
u3MepeHnus Hanpskenusd. B obenx konurypanusax BeJindnna pesucropa Pt MozxeT ObITh BbIYHCIEHA
10 U3BECTHOH BeJIMYNHE PE3UCTOPA M U3MEPEHHOMY HAIPAZKEHWIO, €CJIU OTHOIIEeHHE pe3ucropa P
K 680 ) He caumKoM BeJMKO. TeopeTndeckoe OTKJIOHEHHE HAIPAZKEHHUs IIOKA3aHO Ha pucyHke [5.13]
I/le BeJUINHA Pe3UCTOPa MOKa3aHa B JIOTAPpUPMUIECKOM MacIiTabe.

o000 brornno——oooooo

4000 /

an)
=
? 3000 II112, Teima 1
= 1110, Teima 2
: /
2 2000
=
z
o

1000

0

100Mm 1 10 100 1x 10k 100k
pesuctop Pur / Oxm

Puc. 5.13. Hanpsizkermne npu u3mepennsx Tuma 1 u Tuna 2 ¢ pesucropom 680 €2

I'paduk nzmepernns Tuma 1 mokazaH HAa PHCYHKE ¢ U3MEHEeHHBIM MacITaboM n300pazKeHus
JIJI MAJIBIX 3HAYEHU pe3sucTOpoB. 3/1eCh BUIHO, YTO IS HOJIYIEeHUS TOYHOTO U3MEPEHUST BeTUINHBI
pesucropa Huzke 2 {2 Heobxoaumo Jydiree paspemtenne AL, wem cranmapraoe paspemenne 4,9 mV ¢
5V MOH. Ectb Tosbko 3 omuera AT or 0 Q mo 2 Q. Ommua AYTO_CIAJIE_A 11, nepexaouarorias
nuanazon AT, moxker moMous B 3TOM ciaydae. TOT ke caMblit y9acTOK ¢ W3MEHEHHBIM MACITITabOM
u300pazkeHus Juana3ona u3Mepenus Tuna 2 nokasan va pucyske [5.146 K coxasienuio, Mbl He MOzKeM
UCTIOJTH30BaTh BbIcOKOe paspemierue ALl s uaMepenus Tuna 2 B 9TOM JHANA30HE, TOTOMY YTO
HAIIPsIZKeHHE CJIMIIKOM BBICOKO, a y npumenénnbix ATwmera ner auddepenimaibaoro sxoma AL
N3zmepenus ¢ pesucropamu 680 {2 mpoBoasIs Jisi moaydenus pesyabrara u3dmepeHuii mpo 20 kS
(n3MepenHOe HaIpsizKeHune Tuma 2 Oyaer Huxke 169 mV).

g Gostee BBICOKUX 3HAYEHHN U3MEPSEMOrO PE3WCTOpA W3MepPeHUs MPOBOJALAISA € PEe3UCTOPAMHE
470 k). Ecsim BCe TeCcThl CBUIETENBCTBYIOT O TOM, YTO 3TO He JPYTOil TUI JIeMeHTa, TO MOJTYYeHHAs
BeJIMYNHA 000UX M3MepeHnit Gepers B KauecTBe BETMINHBI COMPOTUBJICHUS PEIUCTOPA I OTOOPAZKEHUST
Ha guciiee. Ecan Beibpana ommus AYTO_CHAJIE_AJII, w oxno m3 HanpszkeHuit 000X THIIOB
u3Mepenns nuzke 0,98 V', B3BerenHoe cpejnee 3HAYEHHE BBIYUCAAIOT ¢ Koddumumenrom 4 Jis
9TO# BenumuuHBI. /lpyrasd B3BellleHHAad BeJUYNHA nMeeT K0dddummenT 1. DTo caeqaHo s TOTO,
9TOOBI NPENOUecTh KOXPMDUIHeHT 4 s JydIIero paspenenus 3toro u3mepennsd. Kosdpdumnuent 4
B3SIT TOJIHKO JIJIsT MUKPOKOHTpoLtepoB ATmeral68 u ATmera328, nia ATmera8 B KauecTBe BECOBOTO
ko3 duimenTa B34TO 2, ecsu Hanpszkenune nuzke 0.98 V| moromy 4rTo onopHoe HallpsizKeHUe Jis
AIIIT ATwmera8 2,54 V Bmecto 1,1 V gy ATmeral68 u ATwmera328. Jlna ATwmeral68 uw ATwmera328
n3MepeHne HANPSI’KeHUsT HAa Pe3nucTopax OyaeT 3a1ep>KaHo, TToKa He 00OHapyKallst O0JIbITTNE N3MEHeHWS
WU 3aKOHYUIS JUMUT BpeMeHU. [Ipu ucnoab30BaHnn 3TOTO MeTOIa OOJIBITHE KOHIEHCATOPHI OoJTee He
OTIPEJIENIONS, KAK PE3UCTOPHI, MO OIMMOKe, U COMPOTUBIIEHNE MOCTOSHHOMY TOKY OOJIBIIAX KATYIIeK
UH/LYKTUBHOCTH OyJIeT U3MEPEHO HPABU/ILHO.
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200 4850

195 'HHQV ol —— 4845 VHL[O,' TRITT 2
190 4840
185 4835
180 4830
2 17 2 4825
~ 170 ~ 4820
B 165 = 4815
= 160 B 4810
Z 155 E 4805
150 4800
145 4795
140 4790
135 4785
130 4780 1
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
oxuop P / Oxum ozxnop Pur / Oxum
(a) Usmepenue Tuma 1 (6) Usmepenune Tuna 2

Puc. 5.14. Teopernueckoe namnpsizkerune ot 0 2 1o 10 2

5.2.2 MHN3mepenue pe3ucropa c pe3ucropamm 470 kOm

Caenytontue pucysku 5. 15| u[5.16] mokassiBalOT Ty Ke CaMyo IPOIELy Py U3MEPeHUs C MPEI3HOHHbIME
pesucropamu 470 kS). TTockonbky 470 k2 ouenn Go/bIne OTHOCUTEHHO BETHIMHBI PE3UCTOPA MTOPTA
19 Q wam 22 €2, BeIUInUHBI pE3UCTOPOB MOPTOB HE YUUTHIBAON /151 BBIYUC/I€HUS BETHIHHBI PE3HCTOPA
Pm.

Jlns oboux Tumo m3mepenus ¢ pesuctopamu 470 k(2 usMmepsienist TOJIBKO OIHO HAIpsizKeHUe,
IIOTOMY 4YTO TOK HaCTOJIbKO HH30K, YTO HUKAKOE Pa3/JIN49Iue HAIIPAZKEHNA BO BHYTPEHHUX PE3UCTOPAX
nopra ATwmera He MoKeT OBITh H3MeEPeHO (KaK 1 03KH/1a710Ch ). TeopeTndeckoe OTKIOHEHNE HATIPSIZKeH NS
1nokaszaHo Ha pucynke[5.17|re BesmunHa pe3ucropa nokasaxa B jorapuduudeckom macmirabe. Teopernueckoe
OTKJIOHEHHE B dTOi auarpamme 3akandupaens Ha 100 M2, Ho dakTudeckoe 3Havenue g Tecrepa
orpanndeno 60 M), unade Tectep ompeae/iger, 9To pe3UCTOp He MOAKIIOUEH. B3Belennoe cpennee
quc/10 00oux THUIOB u3MepeHus: B34TO B KAUYeCTBE PE3yJIbTaTa C TEMU 2Ke caMbiMU KO3dduiimenramu,
ONMCAHHBIME JIs n3Mepenwuii ¢ pesucropamu 680 2. Tisa Bcex MmukpokonTposaepos ATmera s openean,
9TO B3BEIIEeHHBIE pe3ysibTaThl ¢ pesuctopamu 470 k2 6o7ee ToaHbI, ecu Oy1eT 700aBIEHO TOCTOSTHHOE
cMmererne 350 (). DToT cMeleHne MOXKeT OBITH 110100paHo onpeaenenueM Beanduabl PX_OPQOCET
B baitne noudur.x

19
22
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22
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o—{_ ¢
22
19
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ADCMUX
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h
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<
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470k
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>
680
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470k
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Puc. 5.15. Usmepenne Tuma 3 ¢ pesuctopom 470 kX2
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Puc. 5.16. smepenne Tuma 4 ¢ pesuctopom 470 kS2
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1000 /

0 N L

10k 100k 1M 10M 100M
pecuctop Pur / Oxm

Puc. 5.17. Hanpsizxkenne npu u3mepenunsax Tuma 3 u Tumna 4 ¢ pesucropom 470 k€2

5.2.3 Pe3yabTaThl U3MEpPEHUl pe3ucTopa

Pucynok MMOKA3BIBAET OTHOCUTE/HLHYIO IMOIPEITHOCTh n3MepeHuii pesucropa tpems ATwera8 .
JIoTOTHUTEIHHO TPUBEICHBI PE3YJILTATHI C OPUTHHAJIBHBIM TPOTPAMMHBIM obectiedernneM ot Mapkyc @.
(«Mera8opur») ¢ omanm ATwmera8. Ha pucynkax u HOKa3aHbl Pe3yJIbTaThl U3MEPeHHUil ¢
ATwmera8A u ATwmera8J/1. Pucyrok MOKA3BIBAET Te ke camble u3Mepenus ¢ ATwveral68 (Meral68

- pesyabrarhl 0e3 ommmu AYTOCIHAJIE_AIL, Meral68ac - Te e camble H3MepeHHs C OIIHUeil
AVTOCHAJIE_A/IL). ITpumenenne ATmeral68 maer BO3MOKHOCTH H3MEDEHUS PE3UCTOPOB B IUATIA30HE
or 20 © mo 20 M ¢ rounocreio +£1%. na usmepennit nuxe 100 Q Bol no/KaB IMETH B BHILY,
9YTO JI0ObIe U3MEPUTEbHBIE TPOBO/IA TAKZKe UMEIOT CONPOTUBJIeHNE. JIyHUlle HoACOeTMHUTD PE3UCTOD
HETIOCPeJICTBEHHO K KOHTAKTaM TepMUHAJIA. Ec/ii 3TO HeBO3MOYKHO, BBIYTHTE BEJIMYUHY COITPOTUBIICHNUS,
U3MEPEeHHYI0 ¢ 3aKopodeHHbIMHU Trymamu. Hampuwmep, ecau pesmctop mapkuposan 30 2 u Tecrep
nokasbeiBaeT Beananay 30,6 (2, a y 3aKOpPOUEHHBIX IIYIOB 3aMepera Bejudnna 0,5 (2, T0 nu3MepeHHas
BesmmanHa pesncropa cocraBut 30,1 . [Inga conporupienunii Huxke 10 (2 oguH omduer paspenieHns
naér ommoKy Gosbine, yem 1%!
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Puc. 5.18. OrHOCHTEIbHAS TOI'PEITHOCTD U3MepeHuil pe3uctopoB Ha ATMmera8
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(a) ATmera8A (6) ATmera8J1

Puc. 5.19. OrHOCHTEIbHAS TOTPENTHOCTh W3MEPEHNH PE3UCTOPOB
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Puc. 5.20. OTHOCHTeIbHAS MOTPEITHOCTH U3MepeHuil pesuctopos Ha ATmeral68

Pucynok [TOKA3bIBAET MOTPEITHOCTh H3MEPEHNUsI /Il TPeX MHUKPOKOHTpoJiepoB ATmeral68
nepe 1 KATHOPOBKOIl - TOUKAMH, IMTOC/Ie KAJIUOPOBKY - JINHAEH. AHAJIOIMIHAST TOTPEITHOCTH M3MEPEeHU
qutg Tpex ATmeral 68 A mokasaHa HA PUCYHKE a MOIPEITHOCTh n3Mepenus g Tpex ATmeral6811
HoKa3aHa Ha PUCYHKE . [Torpemnocts u3mepenus misg tpex ATmera328 mokazana Ha PHCYHKaX
[.23a]u[5.236] [Tocte aBTOKATHOPOBKI OTHOCHTEIBHAS TOTPEITHOCTH H3MEPEHUST DE3UCTOPOB B THAIA30HEe
or 10 Q — 20 M o6biuno naxoauns B upegenax +1 %. Toabko onno usmepenune pesucropa 22 kS2
¢ ATwmera32811-13 moka3biBaeT 6o0Jiee BBICOKYIO MOTPENTHOCTH. llepes KagmOpPOBKON MOIPemnHoCTb
HEKOTOPHIX MUKPOKOHTPOJLIEPOR cocTapiasiia + 3%. DTo GblIO0 CKOPPEKTHPOBAHO MEPEKII0TCHIEM
ormoper ALIT ommmeit AYTOCHAJIE_AJILL. [IpsMoe cpaBHeHNe HAIpsIZKeHUs HA KOHIEHCATOPe HUKe
1V, omHokpatHo m3mepeHHoro ¢ omnopo#t BIILI, m apyroe oJHOKpaTHOe M3MepeHWe ¢ BHYTpPeHHeM
OIIOPOii, MOXKET ITOACTPOUTH 3TY HOIPENIHOCTD. VI3Mepenne HaupsizKeHusl ITPOU3BOINIIS TEM YKe CAMbIM
KaHAJIOM MYJIbTUILIEKCODA, a BHYTpeHHsa onopa cBsa3ana ¢ BeiBogoM APE® ATwmera. K coxanennto,
IpsSIMOe M3MEPEHUe OMOPHl CO CBOUM KAHAJIOM MYJIBTUILIEKCOPA TMPUBOAAT K CMEIEHHI0, KOTOPOe
MO2KeT OBITH BpyuHyIo 1ojicTpoeno onmueit PE® _P_KOPP win aBromaTuyecku ommuei caMoIrpoBepKu
AVTO_IAJIL. 3uauenne PED®_P_KOPP gpnsens IomoJHUTEIBHBIM CMEIIEHHEM K aBTOMATHYECKH
oupeaenéanomy 3nadenunio ¢ onnumeir AYTO_TIAJI!
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Puc. 5.21. OrHOCHTEIbHAS TOTPENTHOCTh M3MEPEHNH PE3NCTOPOB
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Puc. 5.22. OrHOCHTEIbHAS MOTPENTHOCTD U3Mepenuit pesuctopos Ha ATmeral68T1
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Puc. 5.23. OrHOCHTEIbHAS TOTPENTHOCTh M3MEPEHNH PE3UCTOPOB
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5.3 N3mMmepeHune KOHAEHCATOPOB

N3mepenne BeJIMIUHBI EMKOCTH KOHJIEHCATOPOB C/Ie/IaH0, KaK OT/JAeAbHad 3a/1a4a U3MEPEHUs BpeMeHn
3apdAJIKU 10Cje BeexX JApYyrux m3Mmepenuit. OpurnnaibHoe nporpammuoe obecredenne ot Mapkyce .
9TO JieJIaeT B IHUKJE ITPOTPAMMbBI, KOTOpas YHTAET COOTBENTBYIOmNE HMUMPOBLIE BXOIbI, IIOKA He
HPOU3O0ILI0 OTKJIIOYEHUE, U CHUTAET KOJMIECTBO IUKJIOB. Y 3TOr0 ClIoco0a eCTh OI'PaHrYeHe: pa3pelieHue
U3MEepeHNs BPEMEHU OTPAHIMIEHO BPEMeHEeM, TPeOYIOTIIMCs JI/Tsl OTHOTO IMUKJ/IA. DTO OOBITHO /1e/1aerd
BO BCEX IMECTH KOMOUHAIUSX JIJIS BCEX TPeX UCHbITaTeIbHBIX BhIBOIOB. HoBOe mporpaMMuoe obecriedenue
UCIIOJIB3YET JBa PA3HBIX CIIOCO0A MOy YeHUsT BpEMEHH 3aPsIKU TOJIHKO B TPeX KOMOMHANMAX /s TPEX
HUCTIBITATETBHBIX BBIBOJIOB.

[TostoxKuTe/IbHBIN BBIBOJ, KOHJEHCATOPA BCEIJIa HOJKJIOYEeH K MCIIbITATe/IbHOMY BbIBOJY ¢ OoJiee
BBICOKUM HOMEPOM. FC/Ii KOHJAEHCATOP U3Mepdeld Napa/ljieibHO C JTUOJIOM, MOJSPHOCTH MOXKET ObITh
B JPYTOM TIOPSIJIKE.

5.3.1 Pazpaaka KoHaeHcaTopa

B momkubl Beerga pazpszkarTh KOHJIEHCATOD LpexKjie, YeM HoacoeaunuTh ero K Tecrepy. Tecrep
JIOTIOJTHUTETLHO pa3psizKaeT KOHJIeHCaTop nepe iiobbiM n3Mepennem. Ecin nanpsizkenune nuzxe 1300 mV,
KOHJIeHCATOD OyJIeT 3aKOPOYeH BBIXOJAMU IIOPTA, COeMHEHHbIME €O BXogamu nopra AIIIT (mopt LI).

4 mosararo, 9TO ITO AOMYCTHUMO, MOTOMY YTO BBIXOJ MOPTa MMeeT BCTPOEHHBI DPE3UCTOP OKOJIO
20 Q. Pucynok 149 (mare 258) rexmmdeckoro omucanus (crpanuna 258) [2] moxkaseiBaer majenue
HalpszZKeHns Ha Bbixogax o 2 V. Konewyno, g He MOry rapanTHPOBaTh, YTO HUKAKOE IMOBPEZKJICHUE
HEe MOXKeT npousoiitu. ¢ mpoepus pyHKIHIO ¢ KOHJAEHCaTopaMu O0abIuMHU, YeM 15 mF MuOrO
pas, u g HUKOI/A He 3amMedast mpobsembl. Tok gosizken ObITh HUKe ykKazaHuHoro npejesita 40 mA u
OBICTPO YMeHbIIIeH Npu pa3psake. KonewHo, moBpexKaeHne MOXKeT Npou30iiTh, ecin Bl He paspsianTe
KOHJIEHCATODP (BBICOKOE HATIPSIZKEHUE) TPEeXKe, YeM coequHuTe ero ¢ Tecrepo.

5.3.2 U3mepeHme KOHIEHCATOPOB OOJIBIITON €MKOCTHI

Opna cropona Kongencaropa mnoaksodena k I'H/I. /Ipyras cropona KoHjeHcaTopa IOAKIIOYEHA
gyepes pesuctop 680 2 k BIIL na 10 ms. BriocaeacTBun 3TOT HCIBITATEIbHBII BEIBOJ, OYIET HePeKII0YeH
Ha BBOJ (BbIcOKHiT mmmemanc). [Tocse sroro, 10 ms uMIiysbca TOKa, 3aMepsielisi HAIDsiZKEHHe Ha
KOHJIeHcaTope 0e3 Toka. e HanpsgkeHne He JOCTUTIO MUHUMAIbHOTO 3Hadenus 300 mV | nMiryibe
3apsiakn Oyaer moBTopen 0 499 pas. Eciam nocie 127 uMnysbcoB He JOCTUTHYTO MUHHMAJIbHOE
Hanpsikenne 75 mV (npubiusuresbHo 2 s), JanbHeilnast 3apsaka OyJ1eT OCTaHOBJIEHA, TTOTOMY YTO
300 mV #He cMOryT GBITH JOCTUTHY THI OCTAIOIINMUCS HMITYIbCaMu 3apsaaku. Pucynok [5.24 mokasbiBaet
Tpu (HPa3bl U3MEPEHUS BeJIMYMHBI EMKOCTH KOHjleHcaTopa. Bejinunna éMKOCTH BIYUC/ISelsd 110 KOJIUYeCTBY
UMITYJIbCOB 3aPS/IKH M BeJTUYUHE JIOCTUTHYTOTO HALIPIZKEHU 3apsjia u3 Tadbauipl. Tadauna comepzKuT
KO3 PUIMEHTHI, 9TOOBI TOJIYYUTh 3HaYeHUue B nF OT BpeMeHU 3apsa/K1 U JIOCTUTHYTOTO HANPAZKEHUAS
¢ marom 25 mV. IlpomexkyTounas BeJIndnHA HAIPAXKEHUA OYIET HHTEPIOJTHPOBAHA.
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CnanmnyHr-meccnxace jgec¢ KoHaeHCATOPC

Puc. 5.24. Pa3pgaaka KoHJAeHcATOpa U 3apsaKa nMIyIbcoM 10 ms 10 HalmpsKeHnus, He JOCTUTAIONIErO
spadennga 300 mV

B pesyiprare HU3KOTO HampszKeHUS 3apsda H3MepeHHe MPOUIIOAUT HAMHOTO OBICTpee, deM B
OPUTHHAIBHOW BEPCHH MPOIPAMMHOT0 ObeciedeHnsl, MOTOMY 9TO 9TO IPEUMYIIecTBO paboTaeT TaKKe
npu paspgaake. TakuMm crmocoboM MOTyT OBITH W3MePeHbI OOJIbITHe KOHIeHCaTOphl. Kpome Toro, ecoin
JIMOJT, HOJIKJTIOYEH ITapaJlyIeJIbHO KOHJIEHCATOPY, TO OH, B OOJIBIINHCTBE CJIydaeB, He HAPYIIaeT H3MepeHne,
NOTOMY 9TO, JijiI OOJIBITUHCTBA JIUOIO0B, HE MOYXKET ObITh JOCTUTHYTO IMPSIMOE NAJCHUE HADPIZKEHUS.
Hauunasi ¢ Bepcum nporpammuoro obecrnedenus 1.12K, WCHOJB3yelsd HEKOTOpas OCOOEHHOCTH JIJIs
U3MepeHnsT OCTATOYHOI'0 HAIPSI?KeHN ST KOHJIEHCATOPa TIepe] n3MepeHneM ero éMKocTH. B 3aBucumocTtn
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OT MPEIBIIYIIEro TeCTa KOHIECHCATOPA, OCTATOYHOE HANPAKEHNE MOXKET OBITh KaK MOJOKHUTETbHBIM,
Tak u orpunarebHbiM. OTpunaresbabie HampsizkeHus He MoxkeT ObiTh m3mepeno AIIIL Tlo sroit
NpUYNHe, HANPS’KEHNe HA OTPUIATETHHOM KOHTaKTe moaTaruBaers pesucropom 690 () mpumepHo
o 132 mV, kak mokaszaHo Ha pucynke [9.250 Ilpu paznocTn Hampsizkenuil, U3MepEeHHBIX Ha 00EUX
CTOPOHAX KOHJIEHCATOPA OCTATOYHOE HANPSZKEeHHEe MOXKeT OBITh W3MeDPEHO MPH JI000H MOITPHOCTH.
Hanpskenne mo1oKuTeIbHOTO TECTOBOTO KOHTAKTA OCTACIIS TOJOKUTETHHBIM B JIIOOOM CIydae, TayKe
€CJIM KOHJIEHCATOP UMEET OTPUIATETbHOE OCTATOYHOE HAIPSKEHNEe HeCKOJIbKO mV/ .
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Puc. 5.25. IamepeHne ocTaTOIHOTO HAIPAKEHUS Mepe] 3apsa0M KOHIeHCATOpa

Pucynok MOKAa3bIBaeT 3apsA/IKy W pa3psaiky Koujaencatopa 229 pF. Ilnockas Bepruna
JiarpaMMbl OT KOHIIA 3apsi/IKH 1 JI0 HavaJia Pa3Ps/iKNA BbI3BaHa H3MEPEHUEM U BpeMeHeM BbIUUC/IeHU ST
ATwmera. Pucynok [5.266 nokasbiBaer Takoe e u3MepeHne Konjencaropa b mF. 3amerbre, 4ro Bpems
U3MepeHnsT COCTABIIO MPUOIN3NTENbHO 1,5 s, BKItoUYas pas3paaky. [lociieaanii npuvep mokasbiBaeT
H3Mepenne ¢MKOCTH Koujencaropa 15 mF wa pucynke [5.27]

T

RIGOL STOF MQVWMM F B 482wl RIGOL STOR F 288ml)
-ﬂ - “ -
I}j k n_/\ - v
[MEFER 1E8EmL) Time 268.868m=s ok 1.891= [UH 1~ islsiin) Time 20@.Bm= DH2ES . EHms
(a) 229 pF koumencarop (6) 5 mF komgencarop

Puc. 5.26. 3apsaka u pa3psaka KOHIEHCATOPa OOJIBIION EMKOCTH 1711 U3MePeHust
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Puc. 5.27. Bapsaaka u paspsjika KorgeHcaropa 15 mF g usmepeHus

[Toce u3mepenus EMKOCTH KOHIEHCATOPA Oy/1eT MPOBEPEH CAMOPa3 Pl OzKUJAHIUEM ITPOIOPIUOHATBLHO
nepuojLy, KOTOPbIi noTpedoBaJia 3apsdaka, U CHOBa Oy/eT OCYIIECTB/JIEHO CUUTHIBAHUE HANPAZKEHUS
3aps/ia. B3Bemrennas mojinasg éMKOCTh OYAeT CKOPPEKTHPOBAHA M3-3a ITOIO IMAJICHUA HAIPAZKCHU.
TecT ¢ mapa/aeabHO HMOAKIIOUYEHHBIMH KOHJeHcaTopoM 68 pl' u pesucropom 2,2 k) mokasbiBaeT
3 deKTUBHOCTD 3TOTO MeToIa. M3MeperHoe 3nauenne éMKocTH 6e3 pesuctopa 66,5 pF', ¢ mapanieTbHbIM
pesuctopom 2, 2 k) mamepennoe 3aadenne émxoctu 66, 3 pF'. [list cpaBaenust, pe3y/ibTaThl, T3MEPEHHBIE
mystbTuMmeTpoM [eakTeu 3315. bes pesucropa 3nadenue éMrocTu 68, 2 1 F' ¢ napa/uieibHbIM PE3UCTOPOM
2,2 kS) 3nagenne émkoctu 192 pF.

5.3.3 l3mepeHue KOHIAEHCATOPOB MaJioii EMKOCTU

Ecan neppwriit, 10 ms, uMiyabc 3apsaaKu mepe3apsiin KOHIeHCATOD, UCIOIb3Yells APYTroil aJropuTM
u3meperus. Y MuUKpokoHTpostepa ATvera ecth BCTpoerHBINH 16-OUTHBIN CIETYNK, KOTOPBIH MOZKET
paboTarh Ha TAKTOBOIl YacTore MUKpOKOHTposIepa (1 M Hz wiu 8 M Hz). Y 9TOro c4érdnka ecrhb
TaK:Ke BO3MOXKHOCTDH COXPAaHATH MOJACUYUTAHHOE 3HAUEHUE BHEITHHUM CUTHAJIOM. DTOT CHI'HAJ MOYKET
OBITH BBIXOJ0M KoMIaparopa. Kommaparop moxker padborars ¢ jiiodbim Bxogom AL u 3amnpeniennoi
3omnoit omopst. Pucynok [5.28 mokassisaer ynpomennyio memy n3meperns. Iltak, s pa3psazkalo KOHIECHCATOD,
MOJKJII0YAI0 KOMITApaTOp K COOTBENTBYIONIEMY BXOHy, cOpacbiBaio cu€éT4unk B () M cpa3y HaYMHAIO
3apsaaKy KOHJAEHCATOpa, MOICOeIMHEHHOTO0 0/THOM cToporoi K ['H I a npyroit ctoponoit, Yepe3 pe3aucTopom
470 kS2. Temepb s1 mpoBepsdio B mpejesax MeTJH MPOrpaMMbl HepernoJHeHne CYETUYNKA W CHIHAJI
3axBaTa MO BXOJAY (BHemHuil curnas). £l cauraio coObITHS MEPEIOJHEHHs, [I0Ka He 00HADYKUBAIO
BXO/IHO#l CUI'HAJ 3axBaTa. B 3TOM cJjiydae si OCTaHABJIMBAIO CYETUYMK U IMPOBEPSIIO, HE HYXKHO JIH
MOJACYUTATH JOIIOJTHUTEJIbHOE TEPECIIOJTHEHHUE, BOSHUKIIIEE, ITOKa CUYETYHUK HE 6[)1.)'[ OCTaHOBJICH BXOJHBIM
CUTHAJOM 3axBaTa.

BxoaHo#t cuéTumk 3axBaTa W CIETUYNK MEPENOJTHEHNH COBMECTHO ONPE/IeIIIOT TMOJTHOE BpeMs, 10
KOTOPOMY MBI MOYKEM PacCUYUTaTh (PAKTUIECKYI0 éMKOCTb. [IporpaMMuoe obecrederue HCIOIb3YET
TabJINILY C TEOPETUYECKOH 3aBUCHMOCTHIO BPEMEHH 3aPsAKH OT HAIPSIKeHusl KoMrnaparopa. Tabsuma
cocrasJieta ¢ marom 50 mV u Gyjer HHTEPIOIMPOBaHA COT/IACHO (PAKTHIECKOMY OITIOPHOMY HANPIKEHUIO.
Dta tabauna Oymer akruBHA ToJbKO ¢ omnmueil IIUTX AVTO_PE® B Makedure. V3 moaydennoi
BeJIUUMHBI 51 BBIUHUTAIO Mpefonpejie/ileHHOe, TMOTyUYeHHOe YKCIEePUMEHTATbHO, MOCTOSHHOE 3HAYEeHHe
AW 3HAYeHUe CMeIleHrue HyJad, HalJeHHOe NOCJeJHell CaMONPOBEPKON € YCTAaHOBJEHHON OIIUeil
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AYTO _TAJI. Cmertienne HYJIsT MOZKET MEHSIThCSI B 3aBUCUMOCTH OT TUIIA MEYATHOHN ILIATHI, HCIIOIB3YEMOTO
HCIBITATETHHOTO 00OPY/IOBAHNS WM MHKPOKOHTpOJIepa. CaMonpoBepka ¢ YCTAHOBJICHHOI omimei
AVTO_ITAJI onipegennT cMelnenne HyJIs aBTOMATHIECKH.

4 3ameTm1, 9TO CTAOUIBHOCTD OTIOPHOIO HAPAZKEHW HECKOJIBKO MaJia, 9To Bl MoxkKeTe BRIOpAThH
ommuio PE® 11 KOPP B Makeduie. [lociae kamubpoku ¢ ommmeit AYVTO_ILIAJI, PED I KOPP
OyIeT cMelneHneM K W3MEePEeHHOH pa3HUIle HAMPSKEHUI MeKIy 3apsiKeHHBIM KOHICHCATOPOM U
BHyTpeHHEH o1opoit. VI3mepennoe onopuoe Hanpsizkenue Oyaer Toraa 1o0aBaeHo K Bamemy 3Had9eHuio
(B mV'). Ecom ontiust IIIUTX_AVTO_ PE® He ucnosib3yerist, TO IPUMEHEHB! CIIPABOYHbBIE HAIIPSIZKEH ST
s ATmera8, ATmeral68 u ATmera328, npusenenusie B rexundeckux omucanugx [2] u [3]. Tunosoe
U3MepeHre 10 TOMY aJTOPUTMY MOKa3aHO Ha pUCYHKe [5.29] BpeMms m3MmepeHus 1718 KOHIEHCATOPA
22 pF 6ouspire 2,6 s, moToMy uTO 17 3apaaku ucnonab3yend 470 k€). Ho paspsaka B 3ToM ciaydae

HAMHOT'O ObICTpPee, YeM 3apsijIKa.

,—0 TOV1
Count - L
Bandgap Clock Cont.rol Clear : Timer Counter
Reference ACBG Logic Direction | TCNTI I -
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Puc. 5.28. I3mepenne mMaJioit EMKOCTH ¢ KOMIIAPATOPOM

RIGOL STOF :xﬂwwm ] ¥ 4 521
I . 4

[ 1

[EEEEE SEEML Time S08.8ms OF3.500=s

Puc. 5.29. 3apsika un pa3psjika KoHjgeHcaTopa 22 uF s u3MepeHust

B mpunimumme sToT aaropuTM U3MEpPEHHST MOXKeT TaKxKe OBITh MpoAeaaH ¢ pe3uctopom 680 2
HO, ecym KommapaTop paboraer, AIIIl He MoxKeT HCIOJB30BATHCS, W Yy MEHsI HET BO3MOYKHOCTH
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KOHTPOJTHUPOBATH HAIIPSIZKEHHE 3aPs,1a, TIOKA KOMIIApAaTop He OCTaHOBIeH. Kcan ecTh HEOOHAPY KEHHBII
JIMOJI, TTAPAJIIEIHLHO COeIMHEHHBIH ¢ KOHJIEHCATOPOM, TOK 3aps/IKA KOHJICHCATOPA MOYXKET ObITh IIOIJIONIEeH
JHOOM (TIOPOTOBOE HAIPSIZKEHHE ), i HAIIPsIZKeHHe 3alPeNeH O 30Hbl HUKOT/a He Oy/IeT JOCTHIaThCS.
Meto1, IpuMeHEHHBI B IIPOrpaMMHOM ODeCIIeYeHUH JIjId OOJILIINX KOHJIEHCATOPOB B pasjese [5.3.2
He JIONYCKAeT 9TY KOHIEHTYAJIbHYIO OIMHOKY.

5.3.4 U3mepeHme OYeHb MAJIBIX 3HAYEHUN €MKOCTH METO/I0M BbIOODPKU

Pamunomoburens [Tuerep-Tjepk (ITA3PIIIM) urTErprpOBa BOSMOXKHOCTH U3MEPEHHN OY€Hb MAJbIX
suavennit émroctu (< 100 n®) merogom eeiGopku. Ilepuox npeobpasoanus AIIIl Ha camom jese
CJTUTITKOM JIJTUTETBHBIH JIJIT HeTOCPeICTBEHHOTO 0TOOpa OBICTPO N3MeHsoIerocs curaaia. Ho Hanpskenue
BXOJIHOTO CUTHAJIA YEPKUBACIlsl 33/ JaHHOe BPeMs IUKJIa npeobpasoBanusi, BO BpeMst (S H) BoIOOpKH

n yraepxanug. Al tpebyerns 13 takTom mnsg mogHOro npeobpasoBanus, a takTel ALl 3amaromna
myTeM JeJeHNsT 9acTOThl mporneccopa Ha 128 win 64. Bxoanoe nanpsizkeane AL dukcupyerns ToaHO

1,5 TakTa 11 HeNPEPBIBHBIX HUKJIOB W3MepeHuii. Eciim BXOIHON cUTHAT MOYXKeT ObITh CreHePUPOBaH
CHOBA U CHOBA, MBI MOXKEM CJIBUHYTH BpeMsi BEIOOpKU ALLIT oT mpeapiayInero K cyie Iy omeMy moBTOPEHHIIO
CUTHAJI, YTOOBI MOy 9UTh HOC/IE0BATEILHOCTH BBIOOPOK OBICTPO M3MEHSAIOIIEr0cst curaasia. OObraHbril
nuka AT 3anumaer 13m164 1 832 TakToB ¢ TakToBOI acToroit 8 M H z. Ecu Mbr mOBTOpsieM BXOTHOM
CHTHAJ C TAKTOBBIM mMIyJabcoM 831, to npu uenpepbisroM AIITT (pexkum cBOGOIHOTO 3amycka),
KasKJIbIi MOCJeIVIONNI pa3 HaUpszKeHne CUTrHaJja Oy/leT CYUTHIBATHCI HA OJUH TaKT MO37Ke UeM
npefpaymuit. Mbl 10KHBL yOeIUThCA, 9TO ¢ MOMOMIBIO 9TOTO MeToJa IMepBas BBIOOPKA CHUTHAJA
ANII 6ymer BoinosiasATHCS B ykazanuoe Bpemsi. Bpems caepytomux uzmepenuit AL 6ymer capunyTo

HA& OJINH TAKTOBLIl UMITYJIHC IIPOIECCOPA MO3/IHEe PH KaZKJIOM MOCEYIONIEM TOBTOPEHUN CUTHAJIA.
Ecyim curnan MOXKHO TOYHO TIOBTOPUTH, TO OOBEIMHEHHBII CUTHAJ MHOTHX MEPUOJIOB OYJIeT TaKuM

JKe, KaK JINCKpeTu3alus u npeobpaszoBanue merocpeactsenno ¢ momorisio AIIL, paborarorero c
TaKTOBBIM CHTHAJIOM mporieccopa 8 M H z. Pucynok MOKA3bIBAET TPWHITUI BBIOOPKH TeCATHKPATHO
MIOBTOPSIOIIETOCs CUTHAJA JJIs TOJTyYeHust gecstu Bbioopok (1110 - 1T19). B aeiicTBUTeIbHOCTE OTHOCUTETbHBIi
BPEMEHHOI CJBHUI' MOCEI0BATEILHBIX BLIDOPOK HAMHOI'O MEHbIIIE.

e

SHO SH1 SH2 SH3 SH4 SHS SH6 SH7 SHS SH9

Puc. 5.30. CkanupoBaHue CUTHAJIOB HAIPSKEHUS ¢ MTOMOIIBIO MeTO/1a BHIOOPKH

Oana npobsiemMa COCTOUT B TOM, YTOOBI CHHXPOHU3UPOBATH TOTHOE HAMAJIO CUTHAJIA C HEITPePBIBHBIMU
TaKTOBBIMHU UMITYJIHCAMU TPOIECcopa. TOTbKO TPUTTED BHEITHETO CUTHAIA MOYKET COPOCUTD JIeTUTETh
TakTOBBIX UMITy1bcoB AL, Ecsm 661 ALILI 3amyckasicst mporpaMMHOR HHCTPYKIIHE, JeTHTeIb TAKTOBBIX
HUMIIYJIbCOB BO30OHOBMII OBl JesieHue ¢ Hadasa. ToIbKo mporpaMma, HalucaHHas Ha S3bIKe acceMOJiepa,
MOXKET TOYHO OLPEIEJIATh MOMEHTBI BPEMEHH JIJIsi 3TOM TeXHUKH BRIOOPKU. KazK Iblit TAKT MUKPOKOHTPOJLIEPA
BaykeH JIsi TOCTPOEHHST IIPOTPAMMHBIX IHKJIOB. AHAIN3UDYS XapaKTEPUCTHKY HANPSKEHUs] TPH
3apsiike HEOOJBIONO KOHJIEHCATOPA, BBl MOXKeTe BUJIETh, 9TO MOCTOSHHAST BPEMEHU HE SIBJISIels
HEIPEPBIBHOM BO BpeMs IIepHrojia BBIOOPKH. D10 ObLIO mokasano Iluerep-Tjepk Ha npesenranuu B
«60. YKII-Tarynr na Illenaxenms». BayTpenaunit kongencarop okoao 10 pF', KOTOPHIi yaepKuBaeT
BXOJIHOE HAIIpgzKeHne s npeodpa3oBanus, onoeannsgend B I1I-BpeMst 1 cHOBa HMOJIKJIIOUACIIA depe3
nea TakToBbix mukaa ATl Kpome Toro, ectb HeGobINe 3a/1€PKKHI JTAHHBIX T€pe3 MOJATOPa, MHUKJIA
JI0 TMOBTOPHOTO MOJCOEINHEHHUsI, KOTOPHIE, BEPOSATHO, CBSI3AHbI ¢ MEPEKTIOYEHNEM MYJIbTHILIEKCOPA.
Oba MoMeHTa YYHTBIBAIOIg IpU 0OpabOTKe JAHHBIX IIPOrpaMMHBIM obecriedenueM. IIporpammuoe
obecrieyenne BHIOOPKH MOKeT oOpabarTniBarh J10 255 TakToB curtaJa. [Iporpammuoe obecnedenue
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TaK:Ke MOXKeT BBIUHCISTH CpeJHee 3HAUeHHe W3 32 mocjenoBaTeIbHOCTel 3apsaku. l[locpencTBoMm
MOCTPOEHUSI cpeHero 3uadenns 3 dexT ryma Oyaer menbiie. [IporpamMmvuoe obecrieyernne BhIOGOPKH
MOZKET KOHTPOJUPOBATH U 00pabaThiBaTh KakK 3apsji, TaK W pa3ps)i Koujaencaropa. [lockoabKy oda
HAIIPaBJIECHU UCHOJIB3YIONA /I U3MEPEHUA BeJTUYUHbl EMKOCTHU JUO0J/Ia B OOpATHOM HallpaBJICHUH,
3a/1a49a KAJIHOPOBKH U3MepseT 3HAUYCeHHe HYJIeBOM EMKOCTH B 000X HAIIPABJICHUSX JIJIS BCEX KOMOMHAIIM
KOHTAKTOB. V3Mepsdasa BeJIHUHHY €MKOCTH JIMOJA B 0DOMX HAIPABIEHUSX 3apsigd, MOXKHO TOKa3aTb
pa3HuIly MexK1y obonmu 3HadeHusMu. [Ipu 3apsijike BesindnHa EMKOCTH U3Mepsiels BOJIM3U HAIIPSIXKEHU s
0 V, a npu paspgaje éMKOCTh u3Mepsells BOJM3u Haupsizkenus b V. [ljas msmepeHust oObIIHOIO
KOHJICHCATOpa HET pAa3HUIbl B 3HAYCHHAX EMKOCTH C TAaKOHl HEOOJIBIIONH pa3HOCTHIO HOTEHIHAJIOB,
KOTOPYIO MOKHO OOHApPY2KHUTH. [lodTOMYy 1JId M3MepeHHs MaJbX EMKOCTEH HCIOJIb3Yeld TOJBKO
nanpasyenue 3apsia (<100 n®). [Muerep-Tjepk onTUMU3UPOBAT CBOK (DYHKIHMIO st paboThl ¢
takToBOi wacroroit 16 M Hz. B 3roit kondurypamuun Bbol nosyuure paspemtenune 0.01 pF'. s
pabotsl ¢ wacroroii 8 M Hz AIIIIl Gymer paborarh Ha 4acTOTe B [ABa pa3a MEHbIIE, 4TOObI MOy YUTH
BBITIIEYTIOMSIHY Thle YPOBHY HAIPSIyKEeHUsI CUTHAJIa B TeX »Ke TOYKaxX, 9TO W Ipu pabore Ha YacTOTe
16 M H z. lloreps pazpenienus ¢ yactoroit 8 M H z 6yner HeaKTyaJIbHOH /1)1 O0IBITHHCTBA 0JIb30BATEIEH,
a JOMOJHUTEIbHOe BpeMsl TecTupoBanus Gomee meaaeHHbM ALl B 95TOM pe:kuMe TOXKe HOIMYCTHMO.

5.3.5 WN3mepeHmne 3kBuBajJIeHTHOTO comnpoTuBjenus ECP

DKBUBAJEHTHOE MOC/IeI0BaTeIbHOe conporuBaenne FSR [§] swisiens, K mpuMepy, XOpOIUM HHIUKATOPOM
CTApeHUs JIEKTPOJUTHIECKAX KOHIEHCATOPOB. PHCYHOK MOKA3bIBaET SKBUBAJEHTHYIO TIEMY
koujieHcaropa. Pesucrop Rp - conporusjienne yredku Konjaencaropa, .S L - 9xkBuBaieHTHAST HOC/IE0BATEIHHE
UHIYKTUBHOCTD U F.S R npesacrasiser cob0ii SKBUBATEHTHOE MTOC/IEI0BATEIbHOE COMPOTUBIICHHE.

Rp

C ESR ESL

Puc. 5.31. DxBruBaJIeHTHAS 1TeMa, KOHIEHCATOPA

O6pruno, 3nadyenue KSR nokymenTupyens g 4acToThl ucnbitTanus 100 kH z mpu Temieparype
20°C. Pucynku u HOKa3bIBAIOT 3HadeHus: FSR konjencaropos npoussojacrsa [lanaconury
cepuit @I u «jgom ECP» OP. O6e cepun cnocobubr paborars 10 Temmeparypsl 105°C. Ha pucynke
NpUBEJIEHBI JaHHble 00€UX Cepuil ¢ JIONyCTUMBIM pabounM Hanpsizkenuem 25 V. Eciau B psje
UMEIOISl PA3JIMIHbIe THITHI TOW Ke EMKOCTH M JIUANla30Ha HANPIKEeHUs, TO [T arpaMMbl BHIODAHbBI
¢ caMbIM HuU3KuUM 3HadenueM FSR. 3nadenue éMKocTd U FSR 371eKTPOJHTHIECKUX KOHJIEHCATOPOB
3HAYUTEIHHO OTJIMYACIS B 3aBUCUMOCTH OT paboveil TeMuepaTyphl.
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Puc. 5.32. Jlokymentuposanuoe 3uaderne ECP cepun @I Tanaconun
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Puc. 5.33. Hokymentuposannoe 3unadenue ECP cepun OP [lanaconur
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Puc. 5.34. Conocrasnenne 3uadennit ECP cepuit @1 u OP

Her mpocroro cnocoba m3meputs ESR na gactore 100 kH z ¢ ucnosp3zoanuem ATwmera, moromy
gro Hr AL He MoxkeT paGoTaTh Ha CTOJIb BBICOKOH YacTOTE BXOIHOTO CUIHAJA, HA CYIIECTBYIONIA
ImeMa He MOXKeT mojaep:kuBarh curaan ¢ 4acroroii 100 kH z. Huke onucanbl JBa MeTO1a N3MEPEHUST
ESR, koTopble BO3MOXKHBI B CyIecTBYIOIel nmeme. O6a MeToa HCIOAb3YIOT IPSIMOYTOAbHBI CHTHA
JUUTsT W3MepeHusi. Pe3yibTaTel HUKOTIA He OY/IyT TAKWMHE Ke, KaK MPHU W3MEePEeHHBIX CHHYCOUIATbHBIM
CUTHAJIOM. B nepBoM MeTojie u3MepeHnble 3HaUYeHnd OJTM3KU K TeM 3HAYCHHAM, KOTOPbIe ITPOBOIAIA
curnajgoMm dactoroit 1 kHz. Ho Bropoit cmocod nMeeT IpeuMyIIecTBO B TOM, 9TO HYJI€BOe 3HAUCHHE
MOZKeT ObITh OHPEJEeHO ¢ 3aKOPOYEHHBIMU TECTOBBIMH ILIONIQKaMu. Kpome TOro, m3amepeHHoe
snauenne KSR 6osee 6u3K0 K 3Ha4eHn0, n3Mepennomy curaasiom 10 kH z. B nacrosiiiiee Bpemst Mue
HEe M3BECTHO METO/Ia N3MePEeHUsI, KOTOPHI MOYKET ONpeaeanTh 3Haderne /.S R, 6,in3Koe K pe3yabrary
uzMmepenust 100 kHz. B rtabsuie MOKAa3aHa 3aBUCUMOCTH pe3yiabraroB KSR oT uzMepseMoit
qacToThl. Bee korencaTopsl, KpoMe 47 pF'| cepun @I mpoussoactsa llanaconun. Dtamonnble 3SHATEHAA
u3mepensl [TeakTeq 2170 JILIP uzmepurenem. Bee pesysibrars: TpancucropTecrep nuzmepsjinch MeTo10M
2 Kongencaropsr 00/b110# EMKOCTH TPYAHO H3MEPUTH C HUCIOIb30BAHHEM W3MEDPUTETHHOMN
gactorel 100 kH z u3-3a Bausans uaaykrusHoctn (ESL) Ha pe3ynbraThl H3MepeHusl.

Hoxkymentarug | IleakTeu | [leakTeu | [leakTeu | Tpancucrop-
Emxocts 100 kX3 100 kX3 | 10 kX3 1 kX3 Tecrep
1ly® / 50B 2,4 1,27 1,75 4,31 2,1
2,2y® / 50B 1,8 1,07 1,34 2,76 1,6
47y® / 50B 1,3 1,19 1,40 2,37 1,5
47y® / 50B 1,3 1,19 1,40 2,37 1,5
10y® / 50B 1,3 1,26 1,45 2,05 1.5
22y® / 10B 2,0 1,52 1,76 2,24 1.9
47y® / 63B ? 0,46 0,50 0,63 0,52

Tabauna 5.6. 3uavenns ECP pa3auvHbIX 37eKTPOIUTAICCKAX KOHIEHCATOPOB
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5.3.6 N3mepenue ECP, nepBrlit MmeTo

Ecm émrocTh u3MmepsieMoro Koujencaropa oymger dosbiie, yem 0,45 pF', o Tecrep Oyner uamepsarnb
TaKzKe [OoC/Ie/I0BaTe/IbHOE colpoTuBIeHne. g 3nadenusd 6obiie, ueM 3, 6 pF' ucnob3yelsg HopMaabHasd
takToBag dacrora aiast ALl — 125 kHz. Jlns Goee HU3KHUX 3HAYEHHH €MKOCTH, YTOOBI YCKOPHUTH
n3MepeHne, UCIoab3yelsa 0ojiee BEICOKas TakToBas dactoTa - H00 kH z. Tounocts pesyabraros AL
Oyzer Boilie ¢ Hojiee BHICOKON TAKTOBOW 4acTOTON, HO 9TO MOYXKET HPUBECTH K BBICOKUM 3HAYEHUSIM
ECP konmencaropos ¢ 6osee Hu3koil Beqnunuoit émkoctu. Muade uzmepenne ECP stum meromom
OyIeT HeBO3MOYKHO JIJIsd 3HaUYeHU it MeHbIe, ueM 1, 8 pf' npu HOpMa/ibHOI TakTOBOM dacToTe 125 kH 2.

Ctporo ropopsi, ECP Konaencaropa 3aBUCUT OT 4aCTOTHI U TeMiiepaTypbl. OOBIYHO B TEXHUIECKHX
ONMMCAHUAX HpUBEIeHA BeJIUYMHA, H3MepeHHas Ha CHUHYCOMIaJIbHOM curuajie dacroroir 100 kHz.
Taxoe n3mepenue ne moxker ObITh cienano ATwvera 6e3 BHemHero obopyaoBanus. OnucaHHasT HUKE
METO/INKA, OCHOBAHHAS HA CTaHAapTHON TakToBO# yacrore AL, uctonb3yer a7 n3MepeHust MPaK THIECKH
NPSMOYTOJIbHBIN curHa dacTtoToit Huke 640 Hz. C takrosoit wacroroit AIIIl 500 kHz wacrora
u3meperns Oymer 2400 Hz. Ytober momyunth Benmumry ECP, Oymer m3MepeHO HalpsizKeHWe Ha
000MX BBIBOJAX KOHJIEHCATOPA BO BpeMs 3apsiAKH B OJHOM HAIPAaBJICHUH ¢ BHYTPEHHUM OIOPHBIM
nanpsiokennem AT (1,1 V). Tocsie usmepennst TOK 3apsiiku OyJeT OTKJIIOYEH, U HAIPSI?KEHHE Ha
KOHJIeHcaTope Oy/aeT n3MepeHo cHoBa 0e3 Toka. Fciu 3To Hanpszkerue auzke 3 mV | mocJjie10BaTe/ ibHOCTD
n3Mmepenns Oyjer nmopropena. Ha pucynke [5.35| npejacraBiieHbl COOTBEITBYIOININAE TTEMBI.
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Puc. 5.35. lllema uzmepenns ECP xonmencaropa

Pasuuna nanpsizkenusd Ha KOHIEHCATOPE C TOKOM H 0€3 TOKa IPONOPIHMOHAIbHA BHYTPEHHEMY
COMPOTHUBJIEHUIO KOHIeHCAaTOPa. OXKHIIaeMoe HAPszKeHNe 3TOH pa3sHUIlbl HACTOIBKO MAJI0, YTO OTHO
U3MepeHne He MOYKET IPUBECTH K YI0BJIETBOPUTEILHOMY pe3y/ibrary. [loaroMy TOk Oy/ier nepexJoyeH
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HA MPOTHBOIIOJOKHOE HAIIPaBIeHUEe, U OyIeT MOBTOPEHO TO XKe caMoe u3Mepenue. lIzmepenust OyayT
HPOBEJICHBI IOCJIeI0BATEIbHO 128 pa3, u pe3y/abTaThl U3MEPEHUil HalPAKeHus Oy Iy T CyMMIPOBATHCS.
Taxum obpazom, y HaC OYAYT 3 cyMMBbI HaNIpsizKeHuii: Hanpsizkenne Ulp ¢ HU3KOH CTOPOHBI KOHIEHCATOPA

¢ TOKOM, Hanpsizkerue Uhp ¢ BBICOKOI CTOPOHBI KOHJIEHCATOPa C TOKOM U Hamnpsizkernue Uc ¢ BBICOKOM
CTOPOHBI KOHAeHcaTopa 6e3 ToKa. CyMMa HAIPS>KEeHUI ¢ HU3KO# CTOPOHDBI KOHJEHCATOPA IPEJICTAB/IACT
co0boii TaieHne MOTEeHITNAJIA IIPH 3aPsIKe Ha BBIXOIHOM CONPOTHBICHNN opTa Rport. Pa3uuna nanpskeHuit
C BBICOKOII 1 HU3KOI CTOPOH KOHJIEHCATOPA MIPEJICTAB/ILET HAIIPSZKEHNE Ha KOHJIEHCATOPE [IPU 3aPsijiKe
Udiff = Uhp — Ulp. Pazauna Uesr = Udiff — Uc pomKHa TpeacTaBIaTh NajJleHHe HAPSIKeHHs

HA BHYTPEHHEM COIPOTUBJICHUU KOHJIEHCATOPA MpH 3apsjKe. Borauc/isgeM BeJIMIUHY CONPOTHB/ICHUAA

KaK oTHoIIeHHe HampsKkenus Uesr K Hanpsikenuio Ulp, ©3MepeHHOMY IIPH H3BECTHON BeJIUYHHE
BBIXOJIHOT'O COIPOTUBIAeHUs opTa Rport. KoadduiuenT nponopnuoHaIbHOCTH BHIOpaH TakK, ITOOBI
noJyiyunTh paspemtenue conporusienns 0,01 Q: Resr = %l-fpm Pucynok [5.36| mokasbiBaer 4acTb
KPHUBOil HANpszKeHust HA KOHteHcaTope 4, 2 pF' Bo Bpems uamepennst ECP. UTobbr nosicauTs Biusinme
ECP, x koraeHcaTopy mobaBieH mocaea0BaTeIbHbI pe3nctop 6, 8 (2. KpaTkoBpeMeHHOe OTKII0UeHne
HAIIPSKEHHUST TOCJe 3aps/IKU KOHJICHCATOPa HHTEPIPETHpYellsd IIPOrpaMMHBIM ObecliedeHrneM, Kak
nepexo K uaMepennio ECP. BoJibiiree nagenne nanpsizkenus K norennuanay I'H/I Bo BpeMs uamepenns
BBI3BAHO BBIXOJAHBIM comnporusjienuem mnopra 0koso 20 €. Ilpu srom usmepenun Tecrep BbIBOIUT HA
muciieil nosayo Beananay ECP 7,5 ). Borunras BesmmunHy mocjenoBaTebHOro pesucropa 6,8 €2,
nosryanm ECP 0,56 2. Ha pucynke peCcTaBAeHa IunarpaMMa N3MePEeHNs /TeKTPOJTATHIECKOTO
KoHjiencaropa 2,2 puF ¢ ECP 6,5 () na 6o/iee BBICOKO 4acTOTe M3MEPEHUS.

RIGOL STOP i : | F B 132w RIGOL STOP B - | F 132ml
T ¥ T T
1Y
(1Y
(EFEE 180 |5 Time 200.6us GH2.304nms  (MEEED 106U g Time 20Q.Bus @42 .328ms
(a) meacypen one imu o T'HJT (6) meacypes uH TO UH

Puc. 5.36. KpuBag nanpszkenus Bo BpeMs usmepenuss ECP konzgencatopa 4,2 uF
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RIGOL STOP ik [ : |t B -18Emy RIGOL STOF i i ; It @ -13Em
T Y

[HEFEE 1600mL) |2 Time 38.08us O-3.544m= [HEFET  16Eml) =] Time 58.00us 0-3.59%4ms

(a) meacypen one iua o ['HJT (6) Meacype MH TO TTHH

Puc. 5.37. KpuBas nanpszxenus Bo Bpems u3mepenus ECP kongencaropa 2,2 uF

Tounocts uzmepenusi ECP He BbIcOKa 110 HECKOJIBKUM MPUIHHAM:

1. 3mepenne nampsizkeHust Ha 060UX BBIBOJIAX KOHJIEHCATOPA HE MOXKET ObITh C/Ie/IaHO OJIHOBPEMEHHO,
a TOJILKO IOCJIeI0BaTe/IbHO. B IpoMexKyTKe MezK 1y 000MMHI U3MEPEHUSIME TOK 3apsIKA U3MEHIeIId
n3-3a 3apsaa KoHjpeHcaTopa. IIporpamMma mbiTaens KOMIEHCHPOBATH ITOT (hpaKT KOppeKIueii
EéMKOCTH B 3aBUCAMOCTHU OT HAIPIKEHUS HU3KONH CTOPOHBI.

2. Al maymHaeT U3MepsTh HAIPsKEHHE € 33aJeP:KKOH Ha 1,5 TAKTOBBIX MMITYJIbCAa C Hadaja
npeobpazosanusi. [IpeobpazoBanue naunnaers 1o nepegaemy Gpoury TaktoBoit uacrorsr AT,
ecJIM yCTaHOBJIeH cTapTOoBbIi Out. Eciu Tok 3apsaku Oyaer orkiitouen panbine, To AT 3acpukcupyer
HENPABUJILHOE HAlpsyKEHUe s U3MEpPeHus ¢ TOKOM. Kciam TOoK 3apsjku OyjeT OTKJIIOYeH
M032Ke, KOH/IEHCATOP MOy IUT OOIBIINI 37IeKTPUIecKuil 3aps/I, 4eM MpU HaJJIeyKaIieM n3MepeHun
€ TOKOM 3apSIKH. DTO JACT CAUNTKOM BBICOKOE H3MepeHHOe HalpsizkeHne 6e3 Toka. BeIKIoueHne
TOKa B HYKHOE BpeMs MPEJICTABISIET TPYIHOCTU IS MPOTPAMMHOTO 00ecIeYeHus .

3. B kadecTBe 0MOPHO# BeTMINHBI J/I U3MEPEHHS ITUM METOIOM HCIOTb3Yelld BRIXOTHOE COTPOTUBIEHNE
MopTa, KOTOPOe TOYHO He U3BECTHO.

4. Paspemenne ALl HegocTaTounO, 9T00H MOMYYHTh paspentenue conporusaenus 0,01 €. dra
ayuaiiero paspemtenust AT nias Bcex m3Mmepenuii ucnosb3yens sayTpennuit IOH (1,1 V).
Paszpermrenne tak:ke yBeIUUNBACHA 3a CUET OOJBIIETO UUCIa OTUHOIHBIX U3MEPEHHi.

5. llepekroueHne MOPTOB He MOZXKET OBITH TOYHO CHHXPOHH3UPOBAHO ¢ TaKTOBOH dactoroit AIIIT
IoCJIe OIIPOCa 3aBepIleHusT IPeodOPAZOBAHUSI.

Tem ne Menee, Kak IOKA3aHO Ha cJieLyionieM pucynke[5.38] pe3ybraTbl OKa3bIBAIONS TPAKTHIHBIMH.
3uradenns ECP, Toro ke caMoro sjieMeHTa, u3MepeHHbIe TecTepoM, pasandarons O0bIe, YeM BeJTNINHHI,
uzMmepennbie JILIP-merpom. 3nadvenus ECP 3amepenst JILIP meTpom #Ha wacTtore 1 kH 2 Wi HHTEPIOIAPOBAHEI
Jij1sE HeOOJIBIITNX KOHAEHCATOPOB HA YacToTy 2,4 kH z. Bbl 10/IZKHBI yYUTHIBATH KAYECTBO BCEX COEIUHUTEIEH.
Ucnonb3yemble KabeabHBbIE COEJIMHEHUS MOTYT YBEJMYATH U3MEPEHHOE 3HAYEHUE CONPOTUBJICHUS.
Pa3zbémpl TakzKe MOTYT yBeJIMYUTh 3HadeHue coruporusierus. B JILIP-merpe ucnosb3yensa 3a2KNMbl
KespBuHA, 9TO JaeT npeuMyIIecTBO Npu u3MepeHnn. ToIbKO OJUH KOHJEHCATOP B CePUHU UCIBITAHUN
auke 1 pF wa 500 nF' ObLT KepaMHUYeCKUM, BCe OCTAJIbHBIE OBLTU TJIEHOYHBIMU KOHIEHCATOPAMH.
EuHcTBEHHBIM 9/1EKTPOJIUTUYECKUM KOHJIEHCATOPOM B CEpUH UCHBbITAHUE HuzKe 9 (1 F' ObL1 KOHJIEHCATOD

Ha 2,2 pkF.
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Puc. 5.38. Pesyuaprars usmepennit ECP 15-tn pazaunanbix ATwmera

5.3.7 MWzmepenne ECP, BTOpOIii MmeTos,

Hauunas ¢ Bepcun 1.07k mporpaMMHOro obecriedeHus, IpUMeHeH HOBBI Meto m3mepenus ECP.
ITocemoBaTebHbIE MATH H3MepeHns ToKa3anbl Ha pucytke [5.40} Omindaune ot npeapaynero MerToia

B TOM, 4TO JIJIUTEJIbHOCTh LIPOTEKAHUS TOKA Y€Pe3 KOHJIEHCATOP CyllecTBeHHO Kopode. Konjencarop
Npe/IBAPUTEILHO 3apArKeH MOJTOBUHON UMITY/IHCA B OTPUIIATEILHOM HAIIPABJICHUHT U MUKJIMYECKH ITepe3apsaKael
B 000MX HaIpaB/IeHUAX. BpemMs UMITy/Ibca 3aps/IKi BLIOPAHO TaK, YTO OIYETHI MPOBOJLT B CEPEIUHE
HMIIYJIbCOB 3apsIKK OIYETOB 4 U 8 U CMHXPOHU3UPYIOT B 910 Bpems AIIIT (2.5 TaKTOBBIX UMITYJIbCa

nocie Hadana npeodbpasosanus AIIIT). [ToaHbI THKI H3MEPEHUsT TIOKA3aH HA PUCYHKE . CymmMma
Pe3yIbTATOB 255 MUKIOB H3MEePEHHUsI HCIIOIb3Yells 1 TOTO, YTO0BI MOJYIUTh Pe3YIbTAT ¢ COOTBENTBY IOIIIM
pasperienueM. [IpomozkenneM 3apsi/IKu KOHIEHCATOPA B JIIOOOM HAIIPABJICHUT U30€raloT TY JKe 3aPsjIKy

U pa3psaaKy JIUTEJIHHBIM UMITYJIHCOM B TOiT 2Ke 1eme. [Ipu m3mepennn ormopHoro HanpsazKeHus: KOHIEHCATOD
ocTaelg 00ecTOYEHHBIM. TeM caMbIM BpeMs H3MepeHHus He KpuThdHo. IIpesronaraens TOIbKO, 4TO
3axXBaT HANPsKeHUd KOHJAEHCATOpa MPOU3BOMII 10 Hadasda CJAEIYIONET0 UMIYIbCa 3apa/IKu WIH
Pa3pSIKH.
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Puc. 5.39. Bpemennas quarpaMmva IMuKJIa W3MePEHUst JJIsT HOBOTO crocoba n3mepennst ECP
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Puc. 5.40. Boaee npocroe nzmepenne ECP konaencaropa
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N3-3a 6osiee KOPOTKOTO UMIY.IbCA 3aPIIKA MOYXKeT OBITh n3MepeHno He Toabko ECP konmencaropon
¢ OoJiee HU3KOI éMKOCTBIO, HO 9TOT CIIOCO0 M3MePEeHNs MOXKET TaKyKe NCHOJIb30BAThCH 718 M3MePeHns
PE3UCTOPOB ¢ HEDOJIBIITMM COMPOTUBJIEHUEM, €CJIU Y HUX HEeT OOHAPYKEeHHOH WHIYKTHBHOCTH. DTUM
METO/IOM JIJIsi TAKUX PE3UCTOPOB MOXKET ObITh JocTurayTo paspemierne 0,01 . D1um )Ke MeTOIOM
MOZKeT OBITh OTKAJTMOPOBAHO HYJEBOE CONMPOTUBJIEHUE JIJI BCeX TPeX KOMOWHAIMI MUCIBITATETHbHBIX
BBIBOJIOB B PEKUMe CAMOMNPOBEPKU. BBl MOTKHBI UMETh B BHJY, YTO JJI YCTOWYUBBIX PE3yJIHTATOB
HYKHbI KaueCTBEHHbIE pazbeMbl U 3axkuMbl. [lepuoj uzmepenusi okoo 900 ps, 910 COOTBENTBYET
gactore npubsmsurensio 1, 1 kH z. TTocKoIbKyY UMITYJIbC 3apsi/IKH O9eHb KOPOTOK, Pe3y/IbTaT U3MEPEHU s
COMOCTaBHM ¢ m3MepeHusaMu Ha dactoTe 10 kHz. Ilpumep m3MepeHus NIEHOYHOTO KOHIEHCATODA
éMKocThiO 10 pF' IpoBe/IeHHBIM ¢ HUM OJHUM U C BKJIIOUEHHBIM I10CJIE/IOBATEBHO ¢ HIM Pe3UCTOPOM
Ha 2,7 {2, moka3an Ha pucyHke [0.41} Bbl MoxkeTe BuIeTh 3OMEKT JONOJTHATETHHOTO COMPOTUBICHUS,
cpaBHEBasi 06e ocruLIorpaMMbl. Bel Moxkere Bujersh Takzxke, nodemy usmepenne AT (1) mosxmO
NPUXOJIUTHCH Ha CEpPeIMHYy HUMITYJIbca 3apgaiaku. [Ipu OobImux 3HAYEHUAX EMKOCTH TOK 3apdIKh
MOYTH yCTOWYUB BO BpeMs Bcefl JITUTEJHLHOCTH UMITYJIbCa: TaKUM oOpa3oMm, Bel mojy4urte cpejnee
HAIlpsyKeHNe B cepejiiHe UMIyIbca 3apaaku. C 60osee HU3KUMH 3HAUEHUSIMHU éMKOCTU BBl mosrydanTe
CYIIECTBEHHYIO PA3HUILY, KOTOPas MOZKET ObITh MKOMIIEHCUPOBAHA JIJI W3BECTHOM BETUYNHBI EMKOCTH.

RIGOL STOP i | - ]t @ -12.4nU  RIGOL STOP | - |t B -34.6m0
- -
v v
(13 (12
[SEFE 16 . Bml) (5 Time 186.8us D=22.000= [sEFET 16, Emlt [ Time 188.8us D+E8.6868u=
(a) 6e3 mocseI0BATEILHOIO COMPOTHBIICHUS (6) ¢ mocsieIOBaTEIBHBIM COIPOTHBIIEHKEM 2,7 (2

Puc. 5.41. Kpusas nanpsizkenus npu noBom n3mepennn ECP kongencaropa 10 uf

[Ipu ucmob30BaHIE UMITYJIBCA JITHTEIBHOCTBIO 27 115 MOXKHO onpeesnTb ECP 115 Ko eHcaTopos
éMkocThio 6osbme 180 nF. [Iaa m3Mepenusd KOHJIECHCATOPOB ¢ HU3KOH €MKOCTBIO, B Bepcuu 1.11k
UMITYJIbC COKpalaend 10 8 pus. Pucynok MOKa3bIBAET KPUBYIO HAINPAKEHUsI Ha KOHJIEHCATOPE
2,2 pF ¢ nocsie10BaTeIbHO MOAKJIIOYEHHBIM conpoTuBienueM 2,7 () u 6e3 uero.
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RIGOL STOF (p frcccrccccc g £ B 13,600 RIGOL STOF (R feroccccfmgocsssced | F 11.eml

] T a M
1 ]
ki
SIEE 15 . Bm) |5 Time 198.8us ©°52.95ns  [MEESD 16.Gml [ Time 188.8us ©+59.25n0s
(a) 6e3 mocIeIOBATEILHOIO COMPOTHBIICHUST (6) ¢ mocsre1OBATEIHPHBIM COIPOTHBICHHEM 2,7 2

Puc. 5.42. Kpusag manpsikenns usmepenns ECP xkommgercaropa 2,2 puF' 3apsIHbIM HMIIYJIBCOM 8 (1S

Ha pucynxke [5.42| we Bumao moment mamepenuss AJILl. Ha pucynxke [5.43| nzobpazkena kpubas
HAIIPSIZKeHUS B YBeJUYEeHHOM Maciirade. MoMeHT u3MepeHusi COBIAJIAET C CPEJUHON PUCYHKA.

RIGOL STOF F £ @ 5.z8m)  RIGOL STOF F F B 14.400
o T < M
(13 B»
[SEFE 16 . Bml) (5 Time 18.868us D=52.45m= [sEFET 16, Erlt [ Time 18.88us D+52.7Sms
(a) 6e3 moceI0BATEILHOIO COMPOTHBIICHUS (6) ¢ mocsre1oBATEIBHBIM CONPOTHBIEHHEM 2,7 (2

Puc. 5.43. VBenuuennass KpuBas HaIpsiKeHUs Ha KOoHAeHcaTrope 2,2uF npm uzmepennn ECP
3apA/IHBIM UMITYIbCOM 84S

Pesynbrarsl n3amepennii no Hoomy merony namepennss ECP nokasanst na pucyuke [5.44] Snavenns
ECP omimyaions oT pe3yabTaToB, IOKA3aHHBIX JJId HPEbl LY IIEero MeTo1a M3MepeHns Ha, pucyHke [5.38
noromy uto ECP 3apucur or 9actorsl. DTajsoHHBIE 3HAUEHNS onpeaeaensb! JIIIP-meTpom Ha wacTore
uzmepenust 10 kH z.
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Puc. 5.44. Pesynbrarsr uzmeperns ECP merogom 2 15-10 pazaumaasivu ATwmera

Psn n3amepenuit pa3IndHbIX JIEKTPOIUTHICCKUX KOHICHCATOPOB MOKAa3aH Ha pucyHke [5.45, BmecTe
¢ pesyabraramMu TecTepa mpejcTaBiaeHbl pe3yabTaThl u3Mepenuii JIIIP merpa IleakTeu 3315 ma
pasamdHbIX 9acToTax. Ha 3Toi anarpamMme COpOTHBICHUE IPEICTABIECHO B JIOrapuPMUIECKOM MACIITa0e.
Bo Bcex cayuasx pesyiabrarbl Tecrepa 6m3knm K pesyiapratam uamepenuii JII[P merpa ma sacrore
10 kH z. I3 rectupyembix, TonbKO KoHaeHcaTop 500 uF' / 3 V - Gosee crapwiii o6paserr, Bce ocTaabHbIe

KOHJEHCAaTOPLI - HOBLIE.
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Puc. 5.45. Pesyabrarsl uamepenuiit ECP pa3indHbIX 371€KTPOJUTHIECKAX KOHJIEHCATOPOB

HoBbrit MeTo1 m13MepeHnsa MOXKeT OBITH UCIIOJIb30BaH JIJI1 U3MEPEHHs PE3UCTOPOB ¢ HU3KUM COIPOTHB/ICHUE]
[TorpemnrHocTu U3MepeHusa HEKOTOPBIX pe3ucTopoB Huke 10 ) ¢ TpeMs mpuMepaMu KayKI0TO THIIA

ATwmera nmokasansl Ha pucyHke [5.46
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Puc. 5.46. Ilorpemnocts u3mMepenus comnporusienus merogom ECP

C uporpammubiM obecrniedennem Bepcuu 1.12K JUIHTETLHOCTD MMITYIbCA 3aPsja KOHIEHCATOPA
YMEHBIAEIst 10 2 (s 11t Bo3MoxkHocTH n3mepenns ECP kongeHcaTopos ¢ 6o/iee HU3KUME 3HAYEHUSIMHA
émkoctu. Temepsb MmoxkHO u3Meputh 3Hadenne ECP g konrencaropos ot 20 nF'. Ho omubka u3mepenus
Oy/eT pacTu TPU MEHBIMTUX 3HAYEHUSIX éMKOCTU. [IpmamHOit 9TOro aBjsgend yMeHbIIeHne TOCTOSTHHOM
BpeMenn Pll-enouku, koropas Oymer Toabko 14.4 pus s 3uadenns émkoctn 20 nF'. 910 mpuseger
K ObICTPOMY M3MEHEHHIO HAlPAKeHUs Ha KOHJIEHCATOPe LpH UMIYJabce B 2 (s TokKa. [[porpammuoe
obecrieuenne MozkeT BuIOpaTh guckperm3arnuio ALl Tonpko B ogma TakT mporeccopa. Ho BxomHOi
AT umeer mocrostHEy 0 BpeMenu, TpuMepHo 0.24 115, KOTOpast MOXKeT BaPhUPOBATHCSI B 3aBUCUMOCTH
ot sk3eMiuisipa ATwmera. DTu Bapuanuu noctosguno#t spemenu dbuibrpa Bxognoro AL me moryt
OBITH OIIeZKEHBI MPOrpaMMHBIM obectievderreM. Bpemst Beioopku AL megocTymHo 3a 10110 Ieproia
TaKTOBOI YacTorbl. [Ipu DosibiieM 3HaUeHUM EMKOCTH U3MEPIEMOI'0 KOHJIEHCATOPA IIOCTOsIHHAS BpEMeH!
OyZeT pacTu U U3MEHEHUe HAIPSKEHUs MMPH UMITYJIbce TOKa OyaeT ymeHbinaThed. 1o aToft npuvnne,
n3MeHeHre TOoCTOTHHON Bpemenn dpuabTpa Bxoauoro AIIIT okazsiBaer Menbmmit 3hderT mpr u3MepeHun
KOHJIeHcaTopa ¢ GoJbiieli éMkocru. Ha pucynke[5.47 mokasanbl pe3ysibTarhl JJisi HEKOTOPBIX KOHJIEHCATOPOB
npu u3Mepennu Ha 10 pasaundabx Tecrepax. Ha mzobpakennn cieBa - pesyiabrarsl ECP HeKoTOpBIX
KOHJIEHCATOPOB uMeroT 6osiee Boicokue 3Hadenust ECP. Pesysbrarsl 10BOJIBHO 1TOX0XKH B CPABHEHUN
¢ pesysabraramu Tecrepa JIIP [Teakred 2170 npu 10 kHz n nupu 100 kHz. Ha pucynke crupapa Bbi
MOZKeTe YBUJIETH PE3Y/IbTATHI M3MEPEHUN HEKOTOPHIX BHICOKOKAYECTBEHHBIX KOH/IEHCATOPOB C HU3KUM
suavenneM ECP. Xors u 3ameren mpejien Metoga (0COOEHHO MPH HU3KUX 3HAYCHUSIX EMKOCTH), HO
9TO JIydIlle, YeM TOJHOe oIy TBre nHdopmanuu. B mrodom ciaydae, Bel MokeTe cpaBHUTH HECKOTBKO
KOHJIEHCATOPOB OIMHAKOBOI EMKOCTY ¢ MAJILIMU 3HAYCHUSIMHI JI7TsI MOUCKA DOJIee KAUeCTBEHHOTO IK3EMILISIPA.
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Puc. 5.47. N3mepenus ECP konaencaTtopoB Majioit éMKoCTH

st MEUKpPOKOHTPOJLIEPOB ¢ obbemMoM duient nmamatu 6osiee 16 K B mporpamMMuoM obecriedeHnn
1.12x pesuctop 470 k) a1 MOJOBUHBI U3MEPEHMH MOAKJII0YACId IapasieabHo pesuctopy 680 €2 ¢
1EeJIbI0 HeDOJILIIOTO YBEJNYEHUs TOKA IPU u3Mepennu. K coxkajieHunIo, yBeJndeHne TOKa He3HaYuTeIbHOe,
9TOObI TIO/Iy4eHHOE B Pe3y/IbTarTe M3MeHeHne HampsazkeHus um3meHuao pesyabrat AIlll. Veenundenne
HANPAKEHUS cocTapigeT Jauimb okoao 20 % ot paspemenns AIIIT npn ncnonanzosanuun MOH 1.1 V.
Jlnst u3MEHeHHsI OTJIeJIbHBIX 3HAYEHUH MpealodTuTebHee ObLI0 Obl j00aBIeHne HE3HAYUTEILHOTO
myma Ha Bxox AIIIl. C momompio 3T0#f GYHKIHH MOMKHO JOCTHYb CTATHCTHYECKOIO VJIYUIIEHUS
paspemenust ALl myrem ycpeaHenust pe3yabTaToB U3MEPEHHIA.

5.3.8 Ilorepsa Hampsi>keHUd II0CJIe UMITyJIbca 3apaaku, Biocc

L1t KoHJIeHCATOPOB DOJIBION EMKOCTH, ObLIa IPOAHAJH3UPOBAHA ITOTePd HAIIPAXKEHHUA HA KOHIEHCATOPE
oCJIe TOr0, KaK OH OBLT 3apsazKeH. JJoCTUTHYTOe HAIIPSKeHNe 3apsiaa Ha JIEKTPOTUTHIECKIX KOHIEHCATOPaX
TEPsIJIOCH TOC/I€ KOPOTKOTO MEePHOa. JTa MOTePs HANPSKEeHUs] MOLJIA OBITh BHI3BAHA MAPAJIETHLHO
IMOJAKJ/IIOYEHHBIM PE3UCTOPOM. HO A MPpUHUMAK, 9YTO 3Ta HOTEPdAd HAIIPAZKeHUA IJIEKTPOJUTUICCKHUX
KOH/ICHCATOPOB BbI3BaHa BHYTPEHHIM PACCEUBAHIEM 3aP4/1a HEIIOCPEICTBEHHO ITOC/IE HMITYJIHCA 3aPs/IKH.
Bapsixkasg KOHJIeHcaToOphl depe3 pesuctop 470 k€2, Kak 3T0 cuesiaHo Jjisd HEOOJIBIINX EMKOCTeH, 3T0
paccenBaHue MPOSIBIgElld cpa3y MOcae BRIKII0UeHHs ToKa. Ho B 9TOM ciiydae HIKaKasd MOTePsT HAIPSIKEHHST
He Obl1a obHapyzkena. Ho eciin Bl 3apsizkaere ToT ke camblii KOH/IeHCATOP € 00J1ee HU3KOH EMKOCTHIO
KOPOTKHM MMITYJIbCOM TOK&, TO TakKzKe OOHApYyKUTE MOTEPI0 HANPsKEHUsd Ha KOoHjeHncarope. 1ot

2Ke caMblii addexT, ¢ Oosiee HEU3KOE moTepeil, MOXKeT TakKxKe ObITb 3aMedeH I KepaMUIeCKHX
KOHJICHCATOPOB. Y1 3aMEeTHII, 4TO KOHJIEHCATOPHI ¢ MOTepeil HallpsazKeHns 6oJiee, 4eM Ha HeCKOJIbKO Y0,
BeCbMa BEpPOSITHO, UMEIOT HU3Ke KadecTBe. OcoOEeHHO 3aMeTHa OTHOCHTEIbHAS TIOTePsT HAIIPAXKEHAS Y
boJiee crapbix OyMarKHbBIX KOHJEHCATOPOB, Y KOTOPbHIX 3aMeY€HbI IIPOOJIEMbI U IIPH JIPYIUX U3MEPEHUSIX.
HexoTtopbie mpuMepbl n3Mepenuil mokaszanbl B TabJInIie.
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Tum Bennauna [TeaxTea Boarupadr | [leakTeu | Tpancucrop-
KOHJIEHCATOpa | €MKOCTH JILP 2170 M2650-b 3315 Tecrep
OyMazKHbBI 4700n® | 6,75-10,360D 8,00ud 25,400 10,71uad
2,5-32 Baoce111%
OyMazKHbBI 6800n® | 9,40-11,40uD 10,41ud 23,30ud 11,65u0d
15-25 Buroce15,0%
HEN3BECTHBIH 4700nd 5,85-6,33ud 6,12ud 6,90ud 6225n1D
Y116-87 Buroce1l,7%
dosrhroBhIit 7870nd 7,86-7,87Tud 7,950 7,950 7872nd
T > 1540 Bocc10%
Oy MaKHBI 22000n® | 37,4-57,5uD 52,8ud 1120d 118,5ud
T12,5-32 Bioce112%
¢doIbroBbIl 226000® | 22,4-22 5589 22.57ad 22,6900 22,545
T > 1540 Biocc10%
OyMarKHBII 1005® 144-256u® 177a® 318D 529,7Ta®
112,6-28 Baoce112%
KepaMuIecKuit 100D 97,7-1025 P 103, 75D 103,35® 103,1a®
1190-134 Bioce10,1%
GdOIbIroBbIH 100D 98,0-1011P 101,45D 102,20® 101,65®
T158-700 Biocc10%

B 37oii Tabnurie Bol BuuTe, 9T0 EMKOCTH BCEX (DOTBIOBBIX KOHJIEHCATOPOB MOZXKET ObITH U3MEpeHa
BCeMH PUOOpAME ¢ XOPOIIel TOYHOCThIO. 3HadeHune émkoctu u godbporHocru (H) [MeaxTew JIIIP-
MeTpa SIBJIAIOISg MUHAMAILHBIMA U MAKCUMAJIbHBIMU 3HAUCHUSIME U3MEPEHH Il B 9aCTOTHOM JUAIa30He
or 100 Hz no 100 kHz. Bo Bcex nmpumepax B Tab/auIe morepsd HanpsizkeHus Biiocc, 3amepenHas
TecTepoMm, BesimKa, €CJaM KOHIEHCATOPH HU3KOKAYECTBEHHBIE. TOJBKO B ITHUX C/AydasX pasjimdne
Pe3yIbTATOB U3MePEeHns EMKOCTH TaKKe DoJibinme. TecTep MOXKeT ONpeIeuTh TOTePI0 HAIPSIKeHN S,
ecim u3Mepennoe 3uadenune émkoctu oosbiie 5000 pF.

5.3.9 OrtrnenpHoe nusmepenune émkoctu u ECP

OrnenbHoe m3Meperme emMKocTu ¢ nocjaemyomeil onenkoit ECP moxkHO BHIOpATH M3 AMATOTOBOTO
MEHIO JIOMOJTHUTEIHHBIX (GYHKIMH TOAbKO A1 ATwmera ¢ gocTaTodHBIM O0OBEMOM MaMATH. DTOT
TUI M3MEpeHus IpeJHa3sHadeH I TeCTUPOBaHUA KOHJIeHcaTopoB Oe3 jemonTaxka. lloxkanyiicra,
yOeIuTech, ITO BCe KOHAECHCATOPHI Ha IIATe Ppa3psizKeHbl, IpeKIe 4eM HadaTh n3Mepenune! Mcnbrranue
YCTaHOBJICHHLIX B IIJIaTy KOIIOHEHTOB IPOU3BOAMIA HU3KHUM, HACKOJIbKO 9T0 BO3MO2KHO, HAIIPA2KCHHUEM,
juntb HeMuoro bosibire 300 mV. Kpome Toro, uamepenue npou3BOAUI C UCIOJIH30BAHHEM TOJHKO
pesucropa 680 (2 17151 yMEeHbBITIEHUs BAUSHASA CBA3aHHBIX KOMIIOHEHTOB TIeYaTHO miarhl. s onpeaenenns
KOHJIEHCATOPOB MAJbIX €MKOCTel, m3MepeHne HadmHaellsd ¢ KOPOTKAX UMIYabcoB 3apsaaku 200 us.
Ecnu 3apsn KoHAeHCATOPa KOPOTKUMH UMITY/Ibcamu He pocturaer 300 mV 3a 2 ms, To nmocjie 1y Ionunii
3apsj OCYIIECTBJIsIeIs uMIyabcaMu 2 ms. Korga éMKOCTh H3MepsaeMoro KOHAeHCATOpa OOJIbIasd,
HAIIPsIZKEHNe 3apsijia MMILYJIbCAMU 2 MS yBeIUIUBaeIs MeJIEHHO, TO, B 3TOM CJIyvae, MUPHHA IMITYIbca(0B)
zapsga ysequuung 10 20 ms. Ecoum nanpsizkenue Ha m3MepsieMOM KOHJEHCATOPE TPUOIUKAEId K
300 mV, cHOBa MCHOJB3YIONA KOPOTKHE MMITYIbCHI 3apsdaa. Obiree BpeMs UMITYJIbCOB CYMMUDYeId
nocje JIOCTHKeHHs HalpsizkeHud 3apsdaga oosbire 300 mV, éMKOCTh BBIYMCISCNS 110 BPEeMEHH HU
YPOBHIO 3apsiaa KoHIeHcaTopa. C MOMOIIBIO 3TOTO METOAa BO3MOKHO U3MepeHne EMKOCTH 9y Th HUZKe
or 2 pF'. Bepxuwuit npemes uzmMepsieMoil éMKOCTH OTpaHUYEH BpeMeHeM 3apsdia 2,5 S, HPUMepPHO
50 mF'. Tlocse ycnemnroro mamepenus émkoctu, n3mepsens ECP komgercaropa mo onucanHoMy B
pasjese MeTojly. Pe3ysibraT KpaTKOBpeMEHHO OTOOpazKaelld Ha JUCILIee, a 3aTeM cpa3y Ke
HavYUHAeId cieayionee u3Mepenne. I3sMepenns octanaBIuBaoIs ocyae cepun u3 250 n3MepeHuit nin
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no nazkatuio knonku TECT, mocie 4ero nporpaMMa BO3Bpaliaels B UAJIOTOBOE MEHIO JOMOJTHUTETbHBIX
dyHKIMI.

5.3.10 Pe3yabTaThl NU3MepeHnsi EMKOCTHU KOHJIEHCAaTOPOB

Pesyabrarer Moux u3mepenuit EMKOCTH /s TPeX MUK pPOKOHTpo tepoB ATmera8 mokasans Ha pucyHke [5.48
HexoTopbie 3Ha4eHns OpUrnHAIBHOIO MPOTPAMMHOTI0 00DeCIIeYeHI s MOKa3aHbl C TIOMPABOYHBIM KOIMDMUITUEHTO
0,88 (-12%). JIpyrue pe3yabraThl H3MepeHust pa3indHbix Bepeuii ATMera8 mokasaHnbr Ha pucyHKax

u PesysibTaTsl m3MepeHnsa TexX e CaMbIX KOHAeHcaTopoB 11 ATMeral68 mokasaner Ha pucynke [5.50
OcHOBOI 11T BBIYUCIEHUS MOTPENTHOCTH SBJIAIONS Pe3YIbTATHl H3MEePEeHNsT HEMapKUPOBAHHBIX JIEMEHTOB
JILIP merpom IleakTeu 2170. HacTb orHOCHTEIBHO OOJIBINIONR PA3HUIIBI U3MEPEHUI BbI3BaHA CJIUIITKOM
BBICOKOIT dacToToit m3mepenus JII[P-merpa st 6OabIInX 37€KTPOJUTHIECKUX KOHeHCATOPOB. C

JIPYTOi CTOPOHBI TJIOX0E KA9eCTBO JJEKTPOJUTHICCKUX KOHJIEHCATOPOB MOZKET JIATh JPYTO TPOIEHT.
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Puc. 5.48. ITorpemnocts n3Mepenna éMxoct B % ¢ ATMera8
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Puc. 5.49. OrrOCcuTe/IbHAS TOIPEITHOCTD U3MEPEHUsT EMKOCTH

112



10

Meral68 —+—
Meral68ac8
8
*

=6 NoA
c &S
@]
o
: A |
Z ‘
< e /
ER Y
b - \f il

0 - _'_:_ - _:‘1\ _/\‘ ,._I,‘,J_vk:__lv* Lo _|Z:\¢.\: /‘I'*}-/ - I-,_

) i

10n 100n 1 108 100 1y 10y 100y Im 10m 100m
xoanoTa Kananutsl |/ O

Puc. 5.50. ITorpemmnocts n3mepenna éMroct B % ¢ ATmeral68

Pucynok WLJIIOCTPUPYET, KAK CJIOKHO BbIOPATH NPABUIALHBIA aJrOPUTM JIJI MU3MEPEHUs
EMKOCTH. BCG pPe3yJbTaThl U3MEPpEHNA CpaBHUBAIOIY C JIYYITUMHU OHEHOYHBIMHA 3HAYCHUAMU EMKOCTH.
Jlunug rpaduka «MyabTuMeTp» MOKa3bIBaeT OTJIMYUE OT pe3ysibTaToB MyabruMerpa [leakTeu 3315.
Caenytomas aunud rpaduka «J/ILP» mokassiBaer paziaundune pesyabraros [leak Teu 2170 JILIP-meTpa,
KOTOPBIi BRIOpAH U3-3a JIyIIero TpudIuKeHus 110 9acToTe u3Mepenus. [ cpaBHeHHST 9TUX Pe3yJIbTaTOB
¢ pesysbraramu Tecrepa na ATwmeral68 mokazana jmaus rpaduka «ATwmeral68acy. ¢ ysepen, aro
9TH NOTPEITHOCTH He SAB/ILIONS PeATbHBIMU ONTUOKAMU U3MEPEHUST KOHKPETHOTO 000PY/I0BaAHUS TOTOMY,
YTO JIydlliee OIEHOYHOE 3HAYeHUE TaKyKe He COOTREITBYeT PeaJTbHOMY 3HAUYECHUIO EMKOCTH KOHJIEHCATOPOB.
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Puc. 5.51. CpaBHenue pe3ysbraToB uaMeperuii éMxoctu mysabruMmerpom, JIIP-merpom u Tecrepom
Ha ATwmeral68
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B sTom ciy4uae pesyabrarsl JILIP-meTpa B3aThI B KadecTBe 6a3bl /s cpaBHEeHHs. Te ke camble
PE3YJIbTATHI [ TPEX Das3JudHbIX MUKPOKOHTpostepoB ATwmeral68 nokasanbr Ha pucyske [5.52a)
MUK POKOHTPOLTepoB ATmeral 68 A mokazansl Ha pucyHke [5.520] 11t MuKpokorTpoLTepoB ATvmeral 68TTA
- na pucyuke [5.53] Pesyaprarsr Tpex ATMera328 nomnoiHuTe IbHO TOKA3aHbI HA PUCYHKE a Tpex
ATwera328I1 - ma pucynke [5.546] B nux yurena tosbko Hysesas éMKocTh m3Mmepenus 39 pF, Bce
JIpyTHUe CpecTBa, YTOOBI CKOPPEKTHPOBATH PE3Y/IbTATHI HEe UCIOIb3YIONd. B 9Ty Hy/lIeByi0 éMKOCTD
BKJIIOYEHA TaKKe €MKOCTb 2 — 3 pF', KoTopyio jlaeT KabeJib ¢ 3axkuMmamu Junoit 12 cm. Pa3zBojka
IJIATHl TAKKe MOXKET JaTh, OTJIUYHOE OT HYJIEBOT'O, 3HAYECHUE EMKOCTH, 4 3a(PUKCUPOBAJI 3TY HYJIEBYIO

émkocTh quig miaarel «/I2BPC B 5.2.1».
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Puc. 5.52. llorpemnocts u3Mepenud éMKOCTH, He OTKAJIUOPOBaH
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Puc. 5.53. Ilorpemraocts u3aMmepennst émkoctu Tpemst ATmeralG8IIA, He orkammbpoBan
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Puc. 5.54. TlorpenraocTs u3mepenus éMKOCTH, HE OTKAJIUOPOBAH

Y100bI MOJYYHUTH JIVUIIYIO TOYHOCTH, BBI JOJKHBI IPUCHOCOOUTL MPOrpaMMHOE ObeclieueHue
K HHIUBHIyAJIbHON ocoberHHocTH Bamrero odpasma ATwmera. is sToro Bel MoxKkeTe yCTaHOBHTH
nanpsizkerne Koppekimu PE® I KOPP g1a kommaparopa, KOTopbiil Oyjer HCHOJIB30BATHCS I
n3mepenuns Hebosbimmx émkocreil. Koppekmus B 1 mV ymenbmiaer pe3yabraTbl W3MEDPEHHUs] HA O
0.11 % . Ina Gonpmnx émkocreit Ber Mmoxkere onpegennts 3nadenune 1[_X_KOPP, nokaseiBaomee,
HACKOJIbKO IIPEBBIIIECHBI H3MEePEHHbIE BeTUINHBI EMKOCTH. [ I0CKOIbKY KOHIeHCATOPBI HOJIBIION éMKOCTH
B OOJIBIITUHCTBE JIEKTPOJUTHICCKIE KOHIECHCATOPHI C XYAIMHUM KadeCcTBOM, H3MepeHHe MX EMKOCTH
OCJIOZKHEHO. DTO TaKzKe JIOMOJHUTEIbHO YCI0XKHAeT juddepennupoBanne OTJIUIUl OT PEAJbHBIX
3HAYEHUH EMKOCTH.

¢ 3amerni, ocoberro ¢ MmukpokonTposTepamu ATwmeral68, anomannio pe3ybTaTOB W3MEDPEHUsI
MaJIbIX éMKOCTel, KOTOpas 3aBUCHUT OT CKOPOCTH HApaCTaHUs HAIIPAZKEHU BO BpeMs 3apsIK1d KOHIEHCATOPA.
Pucynok HOKA3bIBAECT IOIPEITHOCTD U3MEPEHUsl EMKOCTH, KOIJIa YUHUTBIBAIOT TOJBKO HYJIEBOE
suavenue (168-3-A), ¢ mompaBourbiM KodddunuenTom mag mansix émrocreii PE® 1T KOPPi66,
TaKzKe W ¢ nonpaBodHbiM Kodbdurmenrom g bonbimmx émkocreit 11X KOPP15 (168-3-B), mioc,
JIONOTHUTEILHO OTKAoHenue 168 3 11 ¢ Mojie1bio 3aBUCUMOCTH OT CKOPOCTH HAPACTAHUS JI/T U3MEPEeHUS
masbix émkocreit (LHOMIT_CJIEI114000 u ITIOMII_CJIEIT21220). Camopa3psij, 60IbIIIX éMKOCTeit
TaKyKe yITeH B OTKJIOHEeHUHU 168-3-11. DjieMeHT ¢ 3aBUCUMOCTDBIO OT BEJIMYUHBI CKOPOCTH HAPACTAHUA

COMP_SLEW1 COMP_SLEW1 -
BbIYHCJ/Ideld KaK cvaltCOMP_SLEW2 — COMP_SLEW?2’ rie nBaJl U3MEepeHHOe 3HavYeHne €eMKOCTH B pF
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Puc. 5.55. Yayumennoe u3mepenne émroctu ATmeral68

5.3.11 ABromaTuveckas KaJaubpoBKa NMpu M3MePEHUU KOHJIEHCATOPOB

ABromarudeckas KaJuOPOBKa COCTOUT M3 JBYX dacreil. [lepBas dacTh ompejeser cMereHue HyJis

IpHU U3MepeHuu éMKocTu. [[71g 9T0T0 onpesessens 3Ha4eHre éMKOCTH, B3MePEeHHOT Oe3 MoK TI0YeHHOTO
KOH/IEHCATOPA. SHAYCHNE EMKOCTH JIjIst BCeX 6 KOMOMHAIUN N3MEPEHUil, ONPEIE/IsIels ¢ 8 HOBTOPEHUSIMHU.
ITocsie ycmenrHoro onpejenenns, cMelieHne HyJsi 3anucbiBaels B EEmpom u 6yaer ncnosab3oBaThes

JIIS TaJbHEeHX n3Mepenunii. bosiee cj10KHBIM ObLIIO BBISBICHUE PA3/IUYHS BAPUAHTOB MUK POKOHTPOJLIEPOB
ATwmera as MasbIx KorgeHcaTopoB (<40 puF'), KoTopble MOKAa3aHbl HA pUCYHKAX [0.52al [5.520| 1 [5.53]
OCHOBHO# IPUIMHOIT ITONO SIBJIsIEls PA3IHYIHE XaPAKTEPUCTUK (HAPSI?KEHUsT CMEIIEHUsT ) AHAJTOTOBOTO
KOMITapaTopa.

Jlanubie U3MEpPeHus JIeBITH PA3/IMYHbIX MUKPOKOHTPOJIJIEPOB ITOKA3aHbI HA PUCYHKE . Toukn
«u2ped» moKazbLIBAIOT PA3HUILY HALIPIZKEHU 3apAKeHHOro Koujaencaropa 660 nF' ¢ MHIUBUya IbHBIM
BHYTPEHHIM OTIOPHBIM HANPSIZKEHUAM ([IHPUHA 3alPeIeHHO 30Hb ). B ueane 310 pa3indue HampsKeHuii
JIOJIYKHO OBITH PABHO HYJIIO, €CJIM AHAJIOTOBBIM KOMIIAPATOP OCTAHOBUJI 3aPA/IKY CHTHAJIOM /171 MUKPOKOHTPOJL]
Koportkoe Bpems 06paboTKin MUKPOKOHTPOJLIEPA He JOJXKHO 3aKAHINBATHCS U3MEPEeHHEeM Pe3yJIbTaTa
pOCTa HAIPSAZKEHUSA ITOIO0 OTHOCHUTEJIbHO 60Jibioro konjencaropa. louku «IlanEpp» mokassiBator
IpeosiaraeMble IIOrPEIIHOCTH U3MEePeHHsT KazK/I0r0 MHKPOKOHTPOJLIepa 13 pucyHKoB [0.52a] u
[.53|¢ 3aBoackumu ycranokamu. [pecrasisier narepec, kak Touku «IlanEpp» 6yayT coorBenrsoBarh
ToukaM «aud2peds. Hag 3Toro 10Uk «aud» MOKA3BIBAIOT PA3IUINE MeXKIy COOTBEITBYIOMIHME
toukamu «HanEpp» u «aud2ped». 3nasg 3nadeHuss BeJIMIUH TOUEK «IUM», MBI MOXKEM IIOJTYIUTD
XOPOIILYIO OLEHKY JI/Isd KOPPEKIUU U3MePeHUuil €MKOCTH BMeCTe C PasHulleil MexKJiy HalpszKeHueM
3apsAKEHHOT0 KOHJICHCATOPA M HAIPIKEHUEM BHYTPEHHEH OIOpPHI.

BO BTOpOfI JacCTu, JJId BHECEHU d IMOITPaBOK, BbI JOJIZKHBI TOAKJIIOYUTH KOHJCHCATOP K UCIIBITaTeJIbHBIM
BBIBOJIaM 1 ¥ 3. DTOT KOHJIEHCATOP JOJXKEH ObITh BBICOKOKAYECTBEHHBIM H HMETh BEJHYUHY B
guanazone ot 100 nF mo 20 pF'. B sydmeMm ciaydae 3T0 J10JzKeH OBITH MJIEHOYHBIN KOHIEHCATOP,

110 BO3MOXKHOCTH - HE KEPAMMWYECKHUIl 1 HU B KOEM CJiydae - He JeKTpoauTmdeckuii. Tounas
EMKOCTH TOI0 KOH/IEHCATOPA He BarkKHA.
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Puc. 5.56. Jlanusre gaa 9 ATmeral68

Pucynku[5.57al [5.570] [5.58], [5.59a] u |5.596| moKa3bIBAIOT PE3yIbTATHI N3MEPEHUST PA3JIUIHBIX MIKPOKOHT PO,
CO CTAHJIAPTHBIM MPOrPAMMHBIM 00€CHeYeHUEM TIOC/I€ aBTOKAINOPOBKU. MUKPOKOHTPOJLIEPH ObLIN
3arpyzKeHbl OJITMHAKOBBIM IIPOrPaAMMHBIM OOecIiedeHrneM, TOJIbKO /LI HporpaMMbl aBpayiae B Makeduie
B ontun «ITAPTHO 1 » 6611 BEIGpaH COOTBENTBYIOMMI THII MUKPOKOHTpOJLIepa («M168», «M168m»,
«M328» mm «M328m» ). Tlocste 3arpy3ku JAHHBIX GbLIA TPOBEIEHA CAMOTIPOBEPKA ISl KayKI0T0 THIIA

ATwmera ¢ nogkouenneMm KouaeHCaTOpa 330 N’ K ncnblTareJbHBIM BBIBOJZAM 1 B 3 BO BpeMs TeCTa,
10.

upiGa / IIpoment

S = v w & o
T
X
~<

1pi6a / TIponent

LA ) 1

10 100mx  1a  10m 100 1y 10y 100y 1m  10m _1011 100a  1la  10m

i

100 1y 10y 100y 1m 10m
XoziHOTa KananuTel / O xoziHOTa Kananutsl / @
(a) ATmeral68 (6) ATmeral68A

Puc. 5.57. Ilorpemnocts u3mepennsa éMKOCTH, OTKAJIHOPOBAH
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Puc. 5.58. Ilorpemnnocts m3mepenns émkoctn Tpems ATwmeral68I1A, orkaanbpoBan
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Puc. 5.59. Ilorpemnocts n3mepenust EMKOCTH, OTKAJIMOPOBAH

Haxkomner, s nmokaxy sddext or npumenenus onnun AYTO_IHAJI B mporpaMme caMOIpOBEpKH.
Crenytonuit pucyHOK ITOKA3BIBAET PE3YJbTATHl U3MEPEHUil Tpex MUKPOKOHTPoLIepoB ATmera
¢ camoit 60JIBIION HMOI'PEITHOCTHIO U3MepPEeHu, OJHOr0 - Iepej KaJuOPOBKON M JPyroro - rmocjie
kasnOpoBKu. Toukn, ormedennbie okondanueM « Y HIL», moka3biBaioT norpenrnocTs 0e3 KaanOpoBKH.
JIMHUY C OKOHYAHUEM «IAJT» TOKA3bIBAIOT MTOTPEITHOCTD PE3Y/IHBTATOB TEX YK€ CAMBIX MUKPOKOHTPOJLIEPOB
C TeM 2Ke CaMbIM IIPOrPAMMHBIM 0OecIIedeHHeM I0C/Ie KAJTUOPOBKH B pexKuMe caMolpoBepku. [Ipumanna
IOTPEITHOCTH U3MEPEeHUs JIsi OOJMbIUX KOoHJeHcaTopos (> 40 pF') moka eme He u3BecTHA. Bee

HCIIO/Ib3yeMble KOHJICHCATOPBI JIJIsl STOrO Psijia H3MepeHuil — mIGHOYHble nin Kepamudeckue (56 pF,
100 pF u 3,3 nF).
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Puc. 5.60. Ilorpemuocts m3mepenns émroctn a1 Tpex ATMera, 10 u mocje KaJuOpPOBKH

[MMema ¢ ATwmerab644 win ATwmeral284 obecrieunBaer yCTaAHOBKY KOHJIEHCATOPA JJIsT KAJTUOPOBKHU
na nedarHoit miare. Pucynok [b.61| mokasbiBaer pesyabrar namepenuit ATmeral284 ¢ ncnosbzosanuem
BCTPOEHHOI'0 Ha ILIaTe Kepamumdeckoro kKoujencaropa 100 nF', a Takxke ¢ BHEHIHUM (DOJIBIOBBIM
kougeHcaropoMm 220 nF, B cpaBHeHnn ¢ pe3yiabratamu ATMmera328 Ha apyroit medarHoil miare.
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Puc. 5.61. Tlorpemnraocts u3mepennit kougencaropos ¢ ATweral284 mo cpasuenunio ¢ ATmera328
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5.4 WN3mMmepeHune MHAYKTUBHOCTEMN

W3mepenne BeJUYWHBI WHAYKTHBHOCTH Oy/IeT MPOBEIEHO, €CJH JIeMEHT OMmpeieléH KaK Pe3UCTOp
conporusgenrem Huzke 2100 €2. MeToa u3MepeHust OCHOBaH Ha pocTe TOKa 1O (pOpMy.JIe:

Il = Imax - (1 — exp=') mociae BKIOUeHHs] TOKA. IlocTosiHHAs BpeMenn T = % IPSMO
HPOIIOPIMOHAJIbHA UHLYKTUBHOCTU L, 1 00paTHO HPOLOPIKUOHAIbHA conporuBennio K. Tok Moxker
U3MEepATHCA KOCBEHHO 110 TAJICHUI0 HAPAZKEHUSA Ha U3MEPUTEJTHLHOM CONMPOTHBICHUH.

K coxkanenuio, mocrossnnas BpeMeHnu Oy/1eT yMeHbIIeHa JJONOJTHATETLHBIM, OTHOCUTE/IHHO BHICOKUM,
conporuBsieEreM 680 {2, Tpu 3TOM M3MepeHre HeOOIbITUX 3HAUEHN T WHYKTUBHOCTH JTIOTIOJHUATETHHO
3arpyaHsend Ha yactore 8 M H z. YToOb MOTYYUTH TOCTOSHHY IO BpEMEHH, HAIPSKeHNe Ha Pe3NCTOpe
680 €2 Oy 1eT KOHTPOJIUPOBATHCS AHAJIOTOBBIM KOMIIapaTOpoM. Ecjiu najienne HalPsSI2KEHUs HA PE3UCTOPE
680 (2 Oymer BbIIIe, YeM HAINPSKEHUE BHYTPEHHEH OMOPBI, TO 3TO COOBITHE OYIeT 3apPerucTpPUpPOBAHO
16-6UTHBIM CIETINKOM, KOTOPBI 3aITyCKaelsl B MOMEHT BKIOUeHNsT TOKA. CIETINK COXPAHUT COCTOSTHUE
9TOTO cOOBITUS. Ecu c9ETUHK MepernoTHuIs, TO 3T0 OyIeT MOJACIUTano mporpamMoil. [loce nacTymienns
COOBITHUS MPEBBITIIEHN S, CIETUYNK OyIeT OCTAHOBJIEH TPOTrPAMMON, M MTOJTHOE BPeMsI COCTOSTHHS CUeTINKA,
U CUETUMKA MTepenoTHennit OyaeT coxpaneno. [loioxkuTesbHas CTOPOHA KATYIIKY OY/IET MePeKTI0IeHa
or BIII x I'H/T u Oyer ocraBarbcd B 9TOM COCTOSIHUY, [TOKA MPOBEPKa HAIpAKeHnus 000UX BBIBOIOB
He [OKazKeT OIyITBre ToKa. Prucynok [5.62 mokassiBaer ynpoeHnyIo memMy n3MepeHnst HH Ty KTHBHOCTH.

Count Tovi ’

Bandgap Clock Control Clear > Timer Counter
Reference ACBG Logic Direaio? | TCNTI I -
Q hal w
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Puc. 5.62. lamepenne WHIYKTUBHOCTH ¢ KOMITAPATOPOM

Boranciasiem makcumastbabiit TOK MMarnt, kak oraonrenne vanpsikenns BIII k cymme Bcex pe3ancTopon
B 9JIGKTPUYECKON IelH, ¥ OTHOIICHHE OIOPHOI0 HANpPSKEHUS K MAaKCHMaJIbHOMY HAIPAZXKEHUIO HA
pesuctope 680 (), KOTOpOE, B CBOIO 0Uepeib, BeIIuCIgelsd o dopmyiae Umazr = Imaz - (680 + 19).

NuayKTUBHOCTD BRIYUCIsiEM 110 (bopmyse [ = - (t1. Rgﬁief) . Harypanbubiit jorapudm d6epyT u3
og(l — /=

Umax

tabsuipl. g sToro Tuna uaMepenus Beibpano pasperienue wHayktusnocta 0,1 mH.

Ecyiu Bemuanna cOMPOTUBICHUS HHIYKTHBHOCTH OyIeT MeHee 24 (), TO i TOro, 9T0ObI H3MEPHTD
Dojiee HUBKHE 3HAYEHUs] WH/YKTUBHOCTU, B HEIH TOKA HE OyJeT MCHOJIb30BaThCs pesuctop 680 2.
Jlns mamepennst Toka OyJerT HCIOIB30BATHhCS TOJBKO BHIXOAHOE comporupiaenne mnopra (19 Q). B
9TOM CJydae MHUKOBBI TOK Oymer Oosbie, dem gomycrumoe 3naderue s ATwmera. Tlockoabky
9TO OYJeT TOJbKO B Te€UeHHe OYe€Hb KOPOTKOI'O IIPOMEXKYTKA BPEMEHH, g He OKUJIAI0 MOBPEXKICHUA
noptoB ATwMmera. st 3Toro Tumna n3mepenus BeIOpaHo paspemierne naaykTupHocTH 0, 01 mH. YT0o6B1
n306eKaTh O0Jee JIUTETHHOTO BpEeMEHH ¢ Ype3MePHBIM TOKOM, JTOMOJTHUTETBHOE N3MEePEeHHe ¢ 33,1 PrKAHHBIM
3AIlyCKOM CUETIHKa OyAeT BCeraa IpoBOAuThCst ¢ pe3ucTopoM 680 2. UTobbl mo1ydnTh 6071e€ MOIXOISIILIe
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pe3yabTaThl U3MEPEHUs, CMelleHne HyJs 6 BBIUHUTAIOT M3 CUETUHKA, €CIH H3MepeHue cIegaHo 0e3
pesucropa 680 (2. lnaue BelumTacsa cMelienne Hyas 7 win 8.

[Tpu GobIIUX 3HAYEHHUAX WHIYKTUBHOCTH, HAPA3UTHAST EMKOCTH MOYKET BbI3BATh OBICTPBI POCT
TOKa, TaK, 9TO KOMIIApaTop cpadarbiBaeT HeMeIeHHO. YToObl B 9TOM cjaydae IIOJYYUTh 3HAYCHHE
UHIYKTUBHOCTH, U3MepeHne OyJeT MOBTOPEHO ¢ 3aJePrKAaHHBIM 3alyCKOM CUYETYUKA. ITUM METOIOM
AHAJIOTOBBIM KOMIIAPATOPOM OVIeT 0OHAPYZKEHO HAIIPsizKeHNe, BLI3BAHHOE YBEJIMIEHUEM TOKA, HHIYKTHBHOCTH,
BMECTO HAIPsKeHHUsI OT IMMKa TOKa Napas3uTHOoil émkocTu. V3mepenust Bcerja jeJaloist B 000HUX
HampaBaeHudax ToKa. [Iporpamma BbiOepeT 60/iee BBICOKHI Pe3yJIbTAT M3MEPEHUs B TOM K€ CAMOM

HAIIPaBJIECHUN TOKA, & HA JUCILIEl Oy/eT BbIBeJeH 00Jiee HU3KHUI pe3y/IbTaT Pa3JuIHbIX HAIIPABICHU N
TOKA.

5.4.1 Pe3ynbTraThl n3MepeHNii MHIAYKTUBHOCTHI

Pucynok MOKA3bIBAET PE3Y/IbTATHl U3MEDPEHUs Pa3JudYHbIX KaTymniek. Karymiku soime 1 H -
pesie WM MepBUYHbIe OOMOTKH CUJIOBBIX TPAHCHOPMATOPOB 3aTPYAHSIIOT U3MEPEHUs, TOTOMY 4TO Y
JKeJIe3HOTO CepleTHUKA €CTh OCTATOYHOe HaMArHudnBaHUe.
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o
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Puc. 5.63. TlorpemntaocTs u3Mepenust WHAYKTUBHOCTH st 15-Tu paznuanbix ATwmera

5.4.2 W3mepeHHe MaJblX MHAYKTUBHOCTEIl MeTOa0M OoTOOpa IIpod

HanmenbInas nHyKTHBHOCTE, KOTOPas MOXKeT ObITh OOHAPYKeHA PU HOPMAJIBLHOM METOE U3MePeHU it
0,01 mH. [ist uzmeperust HeOOJIBITON WHIYKTUBHOCTH TPEOYeEIst BHICOKast 9acToTa. OOBIYHBIT MeTOT
UCIIOJIb3YEeT M3MePEeHHe CKOPOCTH HapacTaHUs TOKA IPU M3MEPEHUU HHIYKTHUBHOCTU. DTOT METOI
HE MOXKeT OBITbh HCIOJB30BAaH I METOJa BBIOOPKH, MOCKOJbKY IeMa H3MepeHUs He HCIOJIb3YeT
HUKAKUX JIONOJHUTE/IbHBIX PE3UCTOPOB IIPU UCHBITAHUU KATYIIKH. TOK OyjeT pacru J0 KPUTUYECKU
BBICOKWX 3HAYEHUIT OUeHb ObICTPO. MBI MOXKEM TpeoTBpaTuTh moBpek 1eane ATMera TOIBKO ¢ OU€Hb
OBICTPHIM OTKJIIOYeHNEeM TOKa. /Ij1s1 BBIDOPOYHOrO MeTOo/1a TPYAHO PeaIn30BaTh ObICTPOE OTKJIIOUEHHE
U KpOMe TOT'O, 3TOT KPUTUUECKHUN MPOIECC JIOIZKEH OBITH MOBTOPEH MHOI'O pa3 B CEPUU UCIILITAHHI.
Pamnonwoburens [Tuerep-Tjepk (ITA3DIIIM) peann3oBal Apyroit MeTo1, 9To0bl Oy YUThH 3HATCHEE
HHIYKTUBHOCTH. [lapaiebHbIM HOAK/II0UeHTeM KOHIEHCATOPA K HHAYKTHBHOCTH CO3Iaellsl Pe30HAHCHBI
KOHTYD. C MOMOIIBbI0 KOPOTKOTO MMITYJILCA TOKA ITA IeMa BO30YKIAels W HAYUHAECT KOJIE0ATHCH.
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Wcmoab3yst MeTom JUCKPEeTU3AINT, H3MePsIels 9acToTa STOro Koaebannus. Tak Kak mpru 3TOM H3MepeHun
oanH BBIBOJ KaTyIku nogkaoden K ['HJI Bosaukaior ase mpobiembl ¢ m3mepenneM. OTpuiareibHoe
HAIIPSZKEeHNe KOJIe0aHnii OrpaHuInBaeT BHYTPEHHUN U0/ 3amuThl Ha mopTy ATwmera mpumepHO 10

0,6 V. 1o aToit npuynne MOJOXKUTEIbHAS YacTh KOJIeOaHN TOKE HUKOIJIA He JIOCTUTHET HAlPAZKeHA

Boime gem 0,6 V. Kpome Toro AIIIl B ATMmera MoxKer m3MepsiTh TOJIBKO IIO3UTHBHBIE 3HATEHUS
HapsKeHust. TakuMm oOpa3oM, Bce OTpUIATE/IbHbIE YACTH KOJIeOaHWi CUMTHIBAIONS KaK Hy/eBble. B
JioboMm cirydae, [Tuerep-Tjepk nares perenue, 9To0bl U3MEPUTH PE30HAHCHY IO 9aCTOTY C HPAKTUYECKOM
TOYHOCTHIO. Fcin 3HaUYeHIe EMKOCTH U3BECTHO U MOYKHO U3MEPUTDH PE30HAHCHYIO YaCTOTY, TO HHAYKTHUBHOCTh
MOzKeT ObITh BbIducjena. I[lo 3Toil mpudumne mporpaMma KaJauOpPOBKH Hy»KJaelld B KOHIEHCATOpE
dbUKCHPOBAHHON éMKOCTH JIJIST JAJIbHEHIIIero HCIIOIb30BaAHN TP K3MEPEHUN MAJIbIX 3HAYCHU I MHIYKTHBHOCTH
Bo Bpems camoTecTa OyaeT npeyioKeHo TOAKIIOUUTH KOHIeHCATOP B IIare « 310 - 30nF (JT)».

Jlnst He OTKaJIMOPOBAHHOTO TECTEPA, 110 yMOJIYAHUIO, BRIOpaHo 3HadeHne 18 nF. 3HadeHne EMKOCTH
apaJjie/;IbHOTO0 KOHIEHCATOPA JIJI U3MEPEHUST WH/IYKTHUBHOCTH JIOJIZKHO OBITH BHIODAHO TAKNUM, I9TOOBI
MOJIyYUTh PE30HAHCHYIO 9aCTOTY JJIsi BCETO AMANa30Ha 3HAYEHU T n3MePAeMbIX MAJIbIX WHIYKTHBHOCTEI.
KomniencaTop BbICOKOTO KauecTBa ((hOJbrOBOTO THIIA) J0JIZKEH OBITh BEIOPAH OTOMY, YTO JOTOJTHUTETBHO
u3Mepsels 100pOTHOCTh PE30HAHCHOIO KOHTYPA IIyTeM MOHUTOPHUHTA YMEHbIIeHue aMILInTyabl. 1lpn
UCII0JIb30BaHUK KOH/IEHCATOPA BHICOKOI'O KadecTBa 001as JI0OPOTHOCTH PE30HaAHCHOI'O KOHTY pa Oy/1er
orpeiesisais J00pOTHOCTHIO KATYIITKH.

Hukakux momoiHuTeIbHBIX JIeficTBUi He Tpebyeld Py napaJsijie TbHOM MOAKJIIOUYeHIHH KOHIeHCATOPA.
Pezonancublit KOHTYP, KaK MPaBUJIO, ONIpeiesdeld apToMaTudecku. [Ipu odHapyKeHun pe30HaHCHOIO
KOHTYPa, oToOpazkaelsd TeKCT «ud» 1 3HAUCHHE IMapaJIeIbHOR EMKOCTH 0TODpazKaellsd 38 3HaYeHueM
HHIYKTUBHOCTH B CTpOKe 2. B 3TOM ciIydae BeJIWYHHA COMPOTUBIEHUS KATYIIKH OTOOpaKaels B
KOHIIE CTPOKH 1. 3HAYEHHE COMPOTUBAEHNS KATYIIKN BbI JOMKHBI IPOBEPUTH OTAEIbHO, H3MEPHB €0
0e3 KOHJIeHCaTOpa, MOTOMY 9TO M3MEpEHne COMPOTHBICHNS B PE30HAHCHOM KOHTYpPe HeBo3MOozkKHO! B
JIONIOJTHUTEIbHON CTpOKe 0TOOparkaelsd U3MEPEHHOe 3HAUeHUEe PE30HAHCHON J9acTOThl U JOOPOTHOCTD
(Q =) kouTypa. Ecin pe30HaHCHBINH KOHTYD He OGHADYZKeH, 3HAUeHHe COMPOTUBJIEHNS U HH/Y KTHBHOCTH
oTobOpazkaenst B cTpoke 2. JImst pe3oHaHCHOW YacTOTHl KOHTYPa Ompeessels 3HaYeHne YacTOThl U
JIOOPOTHOCTH KATYIIKH, KOTOPbIe 0TOOpaXKaIoIs B JONOJHATEIHHON CTPOKE.

Jsist BO3IyITHOM KATYIIKK ¢ 6 BUTKAMHU M TIaPaJLIeIbHO TT0ICOeIMHEHHBIM KOHIeHcaTopom 18.1 nF’
npu Metojie oTbopa Mpod MOIydeH CJeAyIONuil pe3yabTar:

272uX up 18.1 ud
2256xX3 Y138.7

Taxoit ke pesysbrar ObLI HOJy4YeH ¢ gacToroi or 8 M Hz. Anajorudsbiil pe3yabrar OblI TaKzKe
HNOJIYYeH [PU M3MEPEHUU KATYIIKM B OJUH BUTOK M3 MEJHON TPOBOJOKH JIMHONE 25 c¢m. Bwicokoe
3HAYEHWE UHIYKTUBHOCTH, B 3TOM IIPUMEPE, U3-3a TOT'0, YTO Napasiie/IbHO MOJIK/TIOYEeHHBIH (POTLTOBBI
KOHJIEHCATOD nMeeT OOJBIIYI0 COOCTBEHHYIO MHIYKTHBHOCTH. B Tabmuie [IOKA3aHO PE3yJbTaT
U3MepeHnsT KaTyIleK MaJIoi HHIYKTUBHOCTH TECTEPOM C TaKTOBOM dacToToit 16 M H z.
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[Im 6.68 nd 11.4 u® 18.2 u® 20.3 u® 33.3 ud
JIm
3 BuTKA, 13 MM 100 uX 116 uX 108 uX 115 vX 111 56X
(91.4 uX) 6.039 MX3 | 4.358 MX3 | 3.568 MX3 | 3.282 MX3 | 2.619 MX3
1129.9 115.6 1149.8 i12.1 Y131.4
4 BuTKa, 13 MM 141 uX 161 58X 151 58X 152 5X 153 58X
(144.9 uX) 5.172 MX3 | 3.724 MX3 | 3.03 MX3 | 2.86 MX3 | 2.226 MX3
144.8 4116.0 146.2 Y114.6 130.5
6 BUTKOB, 13 MM 217 51X 232 5X 223 51X 224 51X 227 51X
(212.5 uX) 4.18 MX3 | 3.094 MX3 | 2.492 MX3 | 2.343 MX3 | 1.832 MX3
130.5 118.4 143.0 1154 131.7
12 BuTkoOB, 13 MM 047 uX 571 uX 559 uX 560 uX 566 uX
(569.5 uX) 2.632 MX3 | 1.973 MX3 | 1.573 MX3 | 1.491 MX3 | 1.16 MX3
136.9 126.4 150.6 9120.8 139.2
27 ButkoB, 11 mm | 1.93 pH 1.92 uH 2.02 uH 2.00 uH 2.01 uH
(1.9 nH) 1.403 MX3 | 1.067 MX3 | 828.5 kX3 | 789.5 kX3 | 615.4 kX3
136.5 1133.4 143.6 126.6 Y134.5
6.3 uH 6.69 uH 6.84 nH 6.84 nH 6.82 uH 6.90 uH
712 pnH 752.9 kX3 | 570.2 kX3 | 449.9 kX3 | 428.1 kX3 | 332.3 kX3
H128.5 130.5 1132.3 Y125.5 H128.3

Tabuma 5.7. Pesyabrar uaMepenus HEKOTOPBIX KATYIIEK ¢ HU3KOH WHIYKTUBHOCTHIO

JLast motydennst 3TuX TabAUIHBIX 3HAUEHUH NCII0Ib30BaInCh KoHaeHcaTopsl cepun IIIVIMA MKC,
KOTOPBIe UMEIOT HU3KYIO COOCTBEHHYIO HHAYKTUBHOCTD. 1Ipn ucnonb3oBannn porbroBeiX KOHAEHCATOPOB
18.2 nF', Bol monyunte pesyabrar 196 nH Bmecto 151 nH u3 Tabaunsl. Bece nHAYKTHUBHOCTH, KPOMe
HoC/IeIHe, CAMOJIeTbHbIE KATYIIKNA. 3SHAYEeHNEe WHIYKTHBHOCTH B CKOOKAX MPeICTaB/IsIeT COOO BEITUCIEHHBIE
3HaveHud 1Mo pasMmepam karymiku. [locaeanune karymiu 6.3 pH 3aBojckue u MapkupoBanbl 6.3 pH.
Ho mpu rTecre ua JIIIP wsmepurene ¢ uwacroroit 100 kHz mator pesyasrar 7.12 pH! Ber moxere
HAOTI0aTh 3HAYATENbHBIE OTIMYUS JOOPOTHOCTH () KaXKI0#M KATYIIKH C PA3HBIMU MapajielbHO
HNOJKJTIOUYEHHBIMI KOH/IEHCATOPAMU C MOYTH OJIMHAKOBBIM 3HadeHueM éMkocTu. Jnsg karymku 3 12
BUTKOB, Bbl Bujure ko3 duiuent pobporuocru 50.6 ¢ 18.2 nF' konjencaropom u koddduimenr
nobporuoctu 20.8 ¢ 20.3 nF' konpencaropom. [puautoii Takoro pa3andns MOzKeT ObITh TPOTPaMMHas
ommubOka. [losromy s mokaszwrBato mamubie ALl ang karymkwm w3 12-BUTKOB ¢ KOHJAEHCATOPAMU
18.2 nF' n 20.3 nF na pucynke [5.64] 1g HaTIgMHOCTH. BBl MOYXKeTe 3aMeTUTh YeTKYIO 3aBUCHMOCTD
u3MepeHus TO0OPOTHOCTH KOHTYpPa B IPUBEJEHHBIX JTaHHBIX. BeposaTHO, OT KadecTBa UCIOIb3yeMOro
KOH/IEHCATOPa 3aBUCUT TOYHOCTb [10JIyYEHHOI'O Pe3yJ/ibTara.
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5.5 @PyHKIIUSI cCaMONPOBEPKU

Haunnas ¢ Bepcum 0.9k, peasnzoBana (yHKIHA caMOIpPoBepKHU. VIcIo/b30BaTh ee 04eHb MIPOCTO.
Hy:xKHO ycTaHOBHTL HMCIIBITATEIbHBIH TEPMHHAJ € 3aKUMaMHU, 3aKOPOTUTH BCE 3aKUMbl U HayKaTb
knonky TECT. [Iporpamma onpeie/iger 3aKOpoUeHHbIE HCIIBITATEIbHBIC 3a2KUMbI B HAYMHAET (PYHKITHIO
caMoOIpOBePKH, ecjin Bbl nmoaTBep/uTe 3TOT pexKUM MOBTOPHBIM HaxKkatueM Ha knonky TECT B
TeYeHHe 2-X CEeKYH . DTO MOATBEPK/IeHIe HEOOXOIUMO /I UCKIIOUEHNS Tepexo/ia lecrepa B peKuM
CaMOIPOBEPKY MPH MoK AI0UeHnH JeeKTHOro Tpan3uctopa. [locsie okonvyanus camonporepku Tectep
HaYHeT 0OBIYHOEe m3MepeHue. Eciim HuKakoi /1eMeHT He Oy/IeT MOJAKII0YeH, TO IIPOorpaMMa 3aKOHIUT
paboTy ¢ BBIBOJIOM coobienus «Ho, yHKHOIIH, op JamMare/ mapT». Bbl MoxkKeTe 3aIlyCTHTH CAMOIIPOBEPKY
10J1bKO Ha ATwmeral68 miam ATwmera3d28. Ilepea recrom onpenensions HyJAeBble COUPOTUBJICHUS JIJIs
Bcex Tpex komOuuanuii coequuennii (T1:T3, T2:T3 u T1:T2). Dru HyaeBbie CONPOTHBIEHUA OYILyT
yarenbl pu Oyaymux n3mepenusx ECP u conporusiennit auzke 10 €. JTonmycTuMbl TOJBKO 3HAYEHUST
HyJsieBoro conporunienud Huzke (.90 ), MOCKOJIBKY 3HAYECHHSA ITOH KOPPEKIHUH HE HCIOJb3Yellsd I
uzMepenusi pesuctopos Bbirie 10 2. Ecau Bol ucnonbsyere kabenu s u3Mepenuit, Bbl J10KHBI
HCIIOIB30BaTh TOJBKO KabeIn ¢ oueHb HU3KHMHU CONpPOTHBAeHHEeM. Ecan Oo/ee mo3mame pe3yabTaThl
U3MEpEHUil CONMPOTUBJICHUS YIAyT HUZKE ONPE/IC/JIEHHOI0 paHee HYJEBOrO 3Ha4YeHus OoJiee, 4YeM Ha
0,2 €2, Tecrep BOCCTAHOBUT PeKUM «yHIAIHOparey («HeoTKaInOpoBaHHbI» ). Bo Bpemst qasibHemmx
HCIBITAHUT 9TO GyJeT OTMEYEHO CHMBOJIOM «_» (MOJYepKUBaHHe) B KOHIE CTPOKH WJIH DPEe3yJIbTaTa
uzMepennit. Kakapiit mar GyHKIun camonpoBepku 1 - 7 orobpazKkaiond B IepBoii ctpoke JILL/I-
JMCILIEesT CHMBOJIOM < 1'», CONTPOBOXK IaeMbIM HOMEPOM Iara. Kazkaprit mar moropsienis 4 pa3a, IpexKie
qeM nporpamma nepexoanT Ha ciepytomnmit mar. Ho ecan Bour nepxkure knonky TECT naxkaroii,
KOIJIA UCHbITATEbHBIN UK/ 3aKOHYEH, dTOT TecT 0oJibllie He ToBTOpsernd. Kein Bor yaepkuBaere
knonky TECT HakaToi MOCTOAHHO, TO KazK/Iblii TECT BBIITOJIHECIA TOJIbKO OJTUH Pas.

Bes ommun AVTO_IIAJI B Kaxka0oM mare oTo0Opazkaroms TOJIbKO Pe3yJIbTaThl H3MEPEeHHsI, aHAIN3
OmMMOOK HEe BBIIOJIHSEIs, Pe3yJbTaThl 3MepeHuil Bbl JT0MI:KHBI MHTEPIpPeTUPOBaTh caMu. B sToM
Mecre ¢ jjaM Bam jlonosinure ibHbI BaxkHbIi coBet. Hukoria ne jeaiire uamMepenust ¢ HOAK/II0YE€HHbIM
paszbémom NCTI! NaTepdeiic UCIT nckarxkaer naMepeHus.

Bor crmcox OCYIIECTBJIAEMbBIX B HaCTOdIIee BpeMA TECTOB:

1. U3mepenne 1,3V (uau 1,1 V) onopHoro nanpsi>kennsd (Auana3oH n3MEeHEHU OTOPbI ).
B crpoke 1 tekcr «PE® 1 » u u3mepennoe Hanpsizkenne, orobpakernrnoe B mV. s ATmera8
HAIPSAZKEeHNe JOJKHO ObITh Om3k0 K 1,3 V. Jljg Apyrux MUKPOKOHTPOJLIEPOB HAIPSKEHHE
JIOJIZKHO OBITH O1n3K0 K 1,1 V. Bropasg crpoka orobpazkaeT pe3yJIbTUPYIOMHA KOIPDUIreHT
JIJIST B3MepeHust éMKocTH ¢ pesuctopom 470 k€.

2. CpaBuenne pesuctopoB 680 (2. B mepBoii cTpoke oToOpazKaelss 3aIindpPOBAHHBIA TEKCT

«bPJI- 12 13 23». 3nauenune 31oro TekcTa caeayioree: PJI - obo3HaueHne HI3KOOMHOTO PE3UCTOPA,
680 €2.

12 - pesucrop, coepuHenHblii ¢ BeiBogoM 1 noakiaoder K BIIIL (+5 V'), a peauctop, coeiuHeHHbIH
¢ BeiBogoM 2 K I'H/I. Pesysbrar 9T0r0 u3amepenus orodpazkaels BO BTOPOil CTPOKe Ha MEePBOM
MeCTe, B BUJ€ PA3HHUIILI C TEOPETHIECKUM 3HAUCHUEM.

13 - pesucrop, coepunennbiii ¢ BoiBogoM 1 noakmoder K BIIL (+5 V'), a pesucrop, coennHeHnbIi
¢ BeiBosioM 3 K I'HJI. Pesyabrar aTroro uamepenust orobpazkaerss BO BTOPOi CTPOKe Ha MepBOM
MeCTe, B BUJIe PA3HUIILI C TEOPETHICCKUM 3HAUYCHHUEM.

23 - pesucTop, coeMHeHHbII ¢ BhBoIoM 2 mojikaoder kK BIILL (45 V'), a pesucrop, coeiuHeHHbII
¢ BeiBogoM 3 K I'HJI. Pesynbrar 3T0oro m3mepenus oToOpazKaels BO BTOPOil CTPOKe Ha MePBOM
MecTe, B BUJC PAa3HUIIbI C TECOPETUYICCKUM 3HAYCHUECM.
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[Toxanyiicra, momuuTe, uto paspemerne ALl cocraBaser npubausurensuo 4,88 mV'! [lembr
U3MepeHnil TpeCTaBJIeHbl HA PUCYHKE Teopernueckoe 3HaYEHUE C YIETOM BHYTPEHHErO

. _B5001-(19+680)
CONPOTHUBJICHUS MOPTA JIOJIZKHBI OBITh: (19-+680+680+22) — 2493 .

[ T [ T T T
20| ]| 2| & g& 2| Q| 2| 1] 2| 8] 2/] § g& 2| Q| 2| 8] 2|| 8] 2/] & El'o 2/ ] 2| &
% b b b % b b b % S 8 b
EA‘DCMUX \L EXDCMUX\L ‘E E:DCMUX\L \J&
PCO PBO Tp3 PCI PB2 PCO PBO Tp2 PC2 PB4 PCI PB2 Tp| PC2 PB4
I g(le g[]” g(le g[]% g[]z
S| TP1 Tsz S| |~ < TPITTP3 S| |~ < TPZTTPS S| |~
nepBoe u3MepeHune BTOpOE U3MepeHue TpeThe U3MepeHune

Puc. 5.65. Cpasuenue pesucropos 680 (2

3. CpasHenmne pe3suctoposn 470 kS). Temeps B mepBoit crpoke orobpazxkaerns «bPX-12 13 23». Ta
JKe camble JefCTBHsI, KaK CIeJTaHo B TecTe 2, MOBTOpeHb! ¢ pesuctopamu 470 kQ (cumsoss PX).
Bce pesyabrarsl 0oToOpazkaioT pasHHIL ¢ TEOPeTHYECKUM 3HadeHueM. TeopeTudyeckoe 3HaYCHHE
C YYeTOM BHYTPEHHEIO CONPOTHUBJICHHS ITOPTA BBIUUC/IACIA 10 popMyJIe:

5001-(19+470000)
(19-+470000-+470000+22)

= 2500 1151 BceX KOMOMHAITHIA.

4. OTobparkaens coobmieHue «lVcosare Ilpobe!s. B stom 1mare mumdero He uaMmepserid.
DTO 03HAYAET, YTO HYXKHO OIOCIMHUTH «3aKOPOTKY». DTOT Al 3aBEePINHIlsd, KaK TOJIbKO Bl
«PAIKOPOTHUTE» BXOJHI.

5. DTOT TecT mpoBepsieT CIOCOOHOCTH MOoAKA0YeHus: pesucropos 470 k) (PX-) xk TH/I
Opu IMOATATMBAHUN HCHBITATENbHBIX KOHTAKTOB K I'HII. IlepBasg cTpoka mokasbiBaeT
rekcT «PX-». Bropast crpoka Jl0/12KHa 110Ka3aTh HOJIb /I BCEX TPEX BHIBOJIOB.

6. DTOT TecT mpoBepsieT CIIOCOOHOCTL MoAKM0YeHus pe3uctopos 470 k) (PX%) k BIII]
(+5 V) opu moararmBaHmu wucobiTaTeNbHBIX KOoHTakToB K BIIIT (45 V). Ilepas
cTpoka nokasbiBaeT Teker «PXby. Pesyabrarsl BO BTOpPOil CTPOKE MOKA3bIBAIOT OTJIUYHE OT
BIIL (+5 V) u mo/KkHBL 66ITH Osu3KHM K HYJ110. Bosbinne otsimans ot 3uadenus 0 mas Tecra
5 u Tecta 6 gBagIONg OMUOKAMHU, TAKMMH KakK MpoOJeMa H30JIAIUN, YTeIKH MaTepuaJia min
HOBpexKIeHne mnopral

7. DTOT HIAT TPOBEpsieT HANPSKEHNs pe3ucTuBHOro geautesd 470 kQ / 680 Q. Ornnansa
HanpsiKeHuii pesucrusHoro gesuress 470 kQ / 680 € oT pacueTHOl BeTHUnHB 0TOOPAZKALIIST BO
BTOpoit crpoke JILL-auciies mig Bcex Tpex TepMuHaaI0B. Paziudaue 60sbine, 4eM HECKOJIbKO
mV , MoKeT OBITh BBI3BAHO MpUMEHEHNEM HelMpaBUIbHBIX 3HAUEHNH Pe3UCTOPOB.

8. I3amepeHne BHYTPEHHETO COIIPOTUBJIEHNS MOPTA MOJKJJIIOYEHNEM BbIXOAHBIX KOHTAKTOB
k 'H/. DToT u cienymomue TecThl OYIYT HpoOBemeHbI, eciau BbiOpaHa ommus AYTO_ITAJIL
Buyrpennee comnporussienue nopra 1 ¢ Bbixogamu, noakstodennbivu K ['H/I, usmepsens no
Toky uepe3 noaksouennbie Kk BIIT (+5 V) pesucrops 680 €2, cmorpu pucyHok [5.66L Mory
OBITH W3MepeHbl TOIBKO Tpu BhiBoa nopra AIIT. Buyrpennee conporusienne nopros b (I1H0,
[1B2 u [1B4) He MoxkeT ObITh W3MePeHO 6e3 W3MEeHeHUsT AlAPATHBIX CPeJICTB. ByaeM cuuTarh,
YTO BHYTPEHHee COMPOTUBJIEHUE TOPTA I PA3JIHYHBIX OPTOB MPAKTHIEeCKN OTUHAKOBO. Benmanna
COILPOTHUBJIEHUS OYJIeT OLPEJIE/IeHA B CJEIYIONIEM TecTe.
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Puc. 5.66. lI3Meperne BHYTpeHHET0 COMPOTHUBAeHU TTopTa Ll moaKI0IeHEneM BBIXOIHBIX KOHTAKTOB

x THJT

9. I/IBMepeHI/Ie BHYTPEHHEI'O COIIPOTUBJICHULA ITOPTA NMOAKJIIOYEeHEM BbIXOJAHbIX KOHTAKTOB

k BIIIT (+5 V). Heobxomuwmsbiii Tok 3aman pesucropamu 680 Q coemunénnbivu ¢ THJT. Kak
BUJHO Ha pucyHKe .68 3TO Te ke camble m3MepeHHUd, KaK W B TecTe 8, TOJBKO C JPYTOif

croponsl. Cieayomumu maramu Beraucisgens conporusiaenue: (VCC—(resultoftest8)—(resultoftest9)

9T00BI TOJIYUUTH 06a 3HAUEHUsI PE3UCTOPOB, HATIPsizKeHue (pe3ysibrar Tecta 8 win 9) maeauM Ha

9TOT TOK.

Pesynbrarsr 3Toro Tecta OyayT orobparkeHbl B epBoil cTpoke TekcToM «PU_Xu 1 », 3nHavenue
conporuienus () ornocureapno BIIL, Bo Bropoit crpoke tekcr «PU_Jlo 1 », 3Hauenue
conporussenns () ornocurenasuo [HJL

Hauunnas ¢ Bepcun 1.06K nmporpaMMHOI0O oOeclievdeHwsi, 3HAYeHUsI BbIXOAHOI'O CONPOTHBJIEHUS
OPTa OMPEIESIONS B HaYaIe KayKI0T0 W3MEPEHHA. DTOT TECT TOJIHKO MOKA3bIBAET 3HAUYEHIS.
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Puc. 5.67. I3mepenne BHYTpeHHETO COITPOTHUBJIECHUS MOPTA MOJAKIIOUYeHNEM BBIXOIHBIX KOHTAKTOB K

BLLL
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Puc. 5.68. Il3Mmepenne BHYTpeHHETO COITPOTHUBJIECHUS MOPTA MOJAKIIOUYeHNEM BBIXOIHBIX KOHTAKTOB K

BLLL

10. NI3mepenne cMmelrieHus HyJ/Is NPU N3MEPEHUN KOHIAEHCATOPOB. B 1epsoil crpoke ocjie
«I10» orobpazkalors BeJUYUHBI CMEIEHUs HYJd HPU U3MEPEHUH EMKOCTH KOHJEHCATOPOB B
HNOps/IKe KOMOMHAINI UCTIBITATEIHLHBIX BHIBOJOB 1:3, 2:3 u 1:2. Bee Tpu 3navenust 0Tobparkators
B pF'. B 3TOM M3MepeHnn He YUUTHIBAIOT IPeJIONPeie/IeHHOe CMellleHne HyJIs. TakKe n3mepsers
CMellleHne HyJIs JJ1s KOMOMHAIM BBIBOJOB B TPOTUBOMOJIOKHOM MOPsIKe. Pe3ybraTel u3MepeHnii
zanuceiBaions B EEmpowm, ecin Bee 3Hauenns 6yayT menbiie, 9em 190 pF'. 91o OyaeT 3aduKCIpOBaHO
orobpakennem texcra «OK» B0 BTOpOil crpoke. Hailimennoe cmernenune Hy/isl HCIIOJb3yeris
JII JTAJIbHEHINX U3MEPeHnit EMKOCTH OTHOCUTEIbHO KOMOUHAINI BBIBOJOB. Kcan pe3yabrarst
U3MepeHuil éMKOCTH YIaIyT HUKe ONpeJeIeHHOTO paHee HYJIEBOTO 3HAUYeHHs OoJiee, 4eM Ha
20 pF’, Tectep BOCCTAHOBUT PEKUM «YHIAIUOpaTe > («HEOTKAIUOPOBAHHBII» ). Bo Bpemst qaibHefnmx
HCIIBITAHUIT 3TO GYIET OTMEYEHO CUMBOJIOM «_» (MOUePKUBAHUE) B KOHIIE CTPOKH WM PE3YIBTATA
u3Mepenunii. meiire B BU/ly, 4TO NpH 3aMEHE HCIBITATEIbHBIX IIYIIOB MOYXKET HOTPEeOOBATHCS
HOBOE peryJimpoBanue cMmernenus uyd. ey Bol ucnoib3yere npoBojia ¢ 3a2KuMaMu, CMEIeHHe
HYJIs MOZKeT OBITh Ha 3 pF’ OoJibliie, IO CPaBHEHUIO ¢ MyCTHIM THe3/10M. Eein TecTep HACTPOEH ¢
dbyukmueit CammmuarA/ILL To 3HaYeHMs HYIeBOH EMKOCTH OIpeie/isielid B JIBYX HAIPABICHUIX
JId BCeX KOMOWHaIMi KOHTAaKTOB. [IpwymHa B TOM, UTO HyjJIeBas €MKOCTb U3Mepsend s
3aps/ia U pa3pd/ia BceX KOMOMHAIMNA TECTOBbIX KOHTAKTOB OT/EJIbHO.

11. Iloakaiouenne KOHIAEHcCATOpPA [AJd U3MEpPEHUS HU3KNX 3HAYEHUil WHIYKTUBHOCTH
Ecau tecrep nHactpoen Ha ucnosb3oBanue (yukmun CammmuarAJILl, Tpebyens momkIodenue
KOH/IEHCATOPA U3BECTHOW EMKOCTHU JIJISI BHIYUCJEHUSA 3HAUECHHSI MHIYKTUBHOCTH 110 M3MEPEHUIO
pesonancHoit vactorsl JIII-KOHTYpa pu nmapaJsiie TbHOM MMOJKJII0UYeHIN BO BPEMSI TECTa, HH/IYKTHBHOCTH
Karyiku. llpakTudyeckue 3Hadenns éMKOCTH JOJKHBI OBITH B juatazone ot 10 nF' mo 27 nF'.
[loaxomsimuit KoHIeHCATOP J0/2KeH OBITh MOAKII04UeH K TecToBbIM BhiBomaM T11 1 u TII 3, korma
B IepBoil cTpoKe oTobpaxkaens coobmenne «I—1F—3 10 — 30nF (JT)». DTOT Ke KOHIEHCATOD
JIOJIZKEH MCII0JIb30BaThCs 11037K€ B KaueCTBe MapaJsijieIlbHO HOJIKII09aeMOT0 K KATYIIIKe ITPU TeCTe
MAJIBIX WHIYKTUBHOCTE{T 10 pe3onancuoit gactore JIII-kourypa. Ecian pyrxmusa CavmiuarA JI1T
HE BKJIIOYEHA, TO TOT IMar OIYITBYeT.

12. IlogkaiodyeHne KOHJAEHCATOpPAa K MCHOBITATEJIbHBIM BbIBOJaM 1 um 3. B nepnoii crpoke
JIL/I-iuctiiest BBIBOIHIST COODIIIEHNE «t A3 >100u®». Yro6m MOJTOTOBATHLCI K M3MEPEHHIO
HAIPSKeHNS CMeIleHn sl KOMIapaTopa, Bl TOTKHBI TOIKJIIOYATH BBICOKOKAYECTBEHHbBII KOHIEHCATO]
éMKocThIO B inanazone oT 100 nf' 1o 20 pF'. domycTumo UCIOIb30BaHHe TOJIBKO IIJIEHOYHBIX
KOHJIEHCATOPOB.
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13. I3mepeHme cMeIreHne KoMnapaTopa JIjid HaCTPOUKMN n3MepeHnd EMKOCTH. /[j1d morydenns
CMeIIeHns aHAJIONOBOI'0 KOMITApaTOpa, KOHIEHCATOP Y Ke JI0JI7KeH ObITh TO/IKJII0YeH K UCITBITATEIbHBIM
BeiBOoZaM 1 u 3. KonmeHcaTop HEOOXOUM J1JIsT TTO/IePKAHUS HATIPsiZKeHHST 3aPsi/1a KOHIeHCATOPa
HA BpeMsl H3MePEeHUs PA3HUIIBI MEK/IY HAIIPAXKEHHUEM 3aps/ia ¥ BHYTPEHHUM OHOPHBIM HAIIPAZKEHAEM
(30na). Ecsin u3aMepenue mpoIIio yCIenrHo, i BeJIMINHA KOPPEKIMI MaJia, TO B MePBOil CTpOKe
JILJI-nucines oroopasuns tekcr «PE® I 1 » u BeanumHa KOppeKIuu OyAeT 3alucaHa B
EEupowm. Ucnonszys oo PE® _11_KOPP, Ber moxkere 100aBUTH [MOTOJTHATEIHHOE CMEIIEHIE
K aBTOMATHYeCKH m3MepeHHOMY 3HadeHnio. Ecim Bour BeiOpaan onmuo AYTOCIIAJIE_AJIII,
macmrrab AIIII, mosrydeHHBIH MOCTE OJHOKPATHOIO H3MEepPeHHs HAIpsizKeHWe IPH COeJINHEeHNN
¢ BUIL n ogHokparHOro uaMepenusi HanpszxKennsd BuyTpentero MMOH, 6yner ckoppekTupoBaH
IyTeM CpaBHEHUs HAIIPSI2KeHUS Ha KoHAeHcaTope HuzKe 1 V. Pesynbrar uaMepenust oTobpazkaers
BO BTOpOil crpoke Tekcrom «PE® P 1 ». Bame 3nauenne onnunm PE®_P_KOPP asasens
JIOTIOJTHUTETbHBIM CMEIEHUEM K 3TOMY aBTOMATUYECKHU OIPeIeIeHHOMY PAa3HOCTHOMY 3HAYEHUIO.

Ilo okoHYaHHUU TECTOB B IePBOil CTpoKe oTobOpazkaels TekKcT «lect Exa» a Bo BTOpoit cTpoke
HOMEP Bepcuu mporpaMMmHuoro obecrevenns. Eciu B Makeduiie yeranosiena onmus PPEYYEHIIBI_50X3,
TO Ha UCIBITATEILHOM BBIBOJE 2 TeHepHUPYells IPsIMOyrobHblil curaas 50 H z u ToT Ke caMblii CUTHAJ
B mpoTuBodasze - Ha UCHBITATENIbHOM BbhIBOje 3. Mcnbirarenbubiii BoiBog 1 moakmaodaeng K ['HJI.
Tox orpanuden pesuctopamu 680 (2. 1o Oymaer orobparkeno, kKak «50X3», B KOHIIE MEPBOIl CTPOKH
JILJI-mucnnes. Curnan 50 Hz O6yner crenepuposan 30 pa3 B Tedenume 2 cekyua. Eciau y Bac ectn
JacTOTOMEpP WIN ocIuIorpad, To Bl MoxkeTe IpoBepHUTh TpedyeMble BpeMeHHbIEe XapaKTePUCTUKN
curnana. Pucynok p.69| nokaseiBaer ocrunorpammy Kpusoit 50 H 2z Ha 060MX MCIIBITATEIbHBIX BbIBOJAX
st ATwmera ¢ kBaprewm.

RIGOL STOP (N P irrrrrrerredoeeed  F 1,261
™
T

BLT
Frdz1=28.868m=
CHi= Z.@8l15 [MFEE Z.86U) Time 5.808ms O-45.20ms

Puc. 5.69. Ocmunorpamma 50 Hz na BeiBogax 2 u 3

Eciu Bol He ucronb3yere KBapil, pe3y/abraT MOKeT ObITh HeTOYHBIM. TodHas 4acToTa M MEepHOJL
BayKHBI JJIsi M3MEPEeHusl BeJUUHHBI éMKOCTH. BBl MokeTe NnpepBaTh JIOJTOBPEMEHHYIO IeHEpaIUIo
curnasa 50 H z, naxkap Ha kKHonky TECT. Torga nporpaMma IpogoIzKAT OOBIIHY IO 38121y H3MEPEHHs.

5.5.1 HexkoTopbie pe3yabTaThl (PYHKIIIN CAMOIIPOBEPKU

Ha nmxkecne1yomux pucyHKaxX MOKa3aHbl Pe3YIbTATHI CAMOIIPOBEPOK 9 Pa3IMIHBIX MEKPOKOHTPOJLIEPOB
ATwmeral68 u 6 MmukpoxkorTpostepoB ATmera328.

129



Howmep TecTta \ Tun usmepenus \ TeopeTnud. 3H. \ Pucynok ‘

Tecr 1 Gan ran Ped 1100 5.70)
Tect 2 PJI-Mean 0 0.71a
Tect 3 PX-Mean 0 5.710
Tect 5 PX-Jlomnr 0 5.72a)
Tect 6 PX-Xurx 0 5.720
Tect 8 P oyt Jlo 131 0.73a)
Tect 9 P oyt Xu 151 5.730
Tecr 10 [air 3epo odpdceer 30 0. 74
Tecr 11 Pedepentie noppenruon 0 5.75

Tabauna 5.8. Tabauna camorpoBepok
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Puc. 5.70. Camonposepka: Buyrpennunit 1IOH

130



wan/[>1[" / MB

wan/[>1" / MB

pecucranne / Oxm

5 — ‘ 5 ————
X PJ1 ctEMen 12 [ PX ctEMex 12 [
P ctE™en 13 X L PXcrEMex13 X
0 Pl ctEMen 23 QO 0 PX ctE"en 23 O
BERREE OB A
8= 5 = NOROKRB® Eg €| Eg O O
-5 O-0-0 Z 5 o © o
OCBEOMN o O o omgen
-10 E -10
O} O} = O}
-15 -15
-20 -20
01 2 3 45 6 7 8 910111213 14 15 16 01 2 3 45 6 7 8 910111213 14 15 16
/JKFCJ'IO IPOTIECOPy ,ZLKFCJIO MPOIECOpy
(a) Conporusienne 680 2 (6) Conporusienne 470 kS
Puc. 5.71. Camonposepka: OTKIOHEHNE CPEIHETO HAIPSIKEHUS OT MIeaTbHOTO
5 ——————— 0 o= ————
PX ciomul’ 1 [ PX maxoE™Me 1  []
PX cogul’ 2 X PX maxoE™Me 2 X
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JIKTeio mponecopy JKTcito mponecopy
(a) Conporusnenus 470 kQ xk 0 V (6) Conporusnenve 470 kQ x 5 V
Puc. 5.72. Camonposepka: Bxoanoe nanpsikenue
21.2 ——— 23.5 —————
Pullol  []w PuXi [
21 Pullo2 < | PuXu2 <
O Pu/lo3 (OO 03 () PuXu3 O
208 00 o Q -
i
20.6 & Q.0 © s
ot & B @) N@mol
' » = o @
20.2 00 @ g 22 O
0] 0 g,
20 QERORKO
Q 21.5
5|
19.8 OR )
19.6 21 O . x

01 23 45 6 7 8 91011121314 1516
[Ipomeccop mymbep

(a) Conporusienne 680 2 x 5 V

01 23 45 6 7 8 91011121314 1516
ITporeccop mymbep

(6) Conporusienne 680 2 x 0 V

Puc. 5.73. Camonposepka: BrixoaHoe conpornBienne
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Puc. 5.74. Camonposepka: CMelenne HyJIsE IPH U3MEPEHUU EMKOCTH
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Puc. 5.75. Camonposepka: Bejmanaa KOppekIun mocje aBTOKaInOPOBKA

Hakowner, st xores1 661 Hoka3aTh Bam Ha pucyHke [5.76] pasinuie BHEIIHErO HALPSAZKEHUST HA BBIBOJIE
APE®, usmepeHHOr0 MyJIbTUMETPOM, U H3MepeHHOoro BHyTpeHanM AlIlT omopHoro HampsizkeHus mis
15 paznuanbix ATMmera n HaiieHHbIX Hanpszkeruit koppekunu (PED®_P_KOPP) nociie aBToKaIubpoBKY
pucynok [5.76] Bbl moxere BugeTh, 9TO 3HAUEHUH ABTOKAJIUOPOBKH HOYTH COOTBEITBYIOT BHEITHUM
M3MePEeHHBIM 3HATEHUSIM.
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Puc. 5.76. Camomnposepka: Pazmmune wnanpsikenuit MOH, 3amMepeHHBIX Ha BHEIIHEM BBIBOJIE
mysibTuMerpom u BayTperaum ATIIT
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5.6 UN3MmepeHUe 4aCTOTHI

Hauunnas ¢ Bepcun 1.10K B MEHIO JOIOJHUTEIbHBIX (DYHKIUNA MOXKHO BHIOPATDH IMYHKT «DpedyeHIib»
(n3mepenne gactorsl). CraHIapTHOE W3MEpDEHHe YACTOTHI OCYIIECTBJSEINs MOJCIETOM KOJHIECTBA
3aHuX (DPOHTOB BXOAHOTO curtaia o sxoay TO (I1/14) 3a oxny cekymy. st moaydenus: mepuoia
cuera B 1 cekymHjy cuerduk 1 wmcroJib3yens ¢ npejjesnresem 256:1 gyacrorsl mporeccopa. s
noaydennsd 1 CeKyHTHOTO MHTEPBAJA 33 OJWH ITPOXOJ, MOXKHO UCHOJIb30BaTh 16 pa3psaaHbrii cIeTInK
ATwmera ¢ gacroroit mpomeccopa 16 M Hz u ¢ npeanenntenem. JIas 3amycka m OCTAHOBKH CUETINKA,
0 HCIoNB3YIONdA perucTphl cpapHerns b m A cuerumka 1. UTo0b n36€:KaTh OMUOKHU 3aAePKKH IIPH
OIIPOCe Pe3y/IbTaTa CPABHEHHUS CHT'HAJIOB COOBITHI, HCIIOIB3YIONd 00PAbOTIYNKY IPEePBIBAHIN COOBITH I
3allycKa M OCTaHOBKHM cuerunka 1. Bpemena 3ajiep:kek B 06eux HojiporpaMMax OOC/yKUBAHUSA
NpepbiBaHMil TPAKTUYECKH paBHbl. J[jisg mojjiepykanusg TOYHOCTH nepuoja | CeKyHJa MOCTOAHHAs
3a/eprKKa HesHaunTeabHa. [Ipn anaanse Ha accem0Oepe, pa3HUIla BO BDEMEHH MOXKeT ObITh CKOPPEKTHPOBAHA.

Jns gacror mHuxke 25 kHz npoBOIuIs CTaHIAPTHOE M3MEpPEHHE C IOC/IeAYIONIUM H3MepeHueM
MePUOIa BpeMeH!. JTO JONOJTHUTEIHLHOE H3MepeHne caeyeT TOAbKO MoCae CTaHIaPTHOTO U3MePeHns
JacToThl. lI3Mepenne Bpemenu Oy/er CAelaHO MyTeM IO/CYeTa KOJUYEeCTBA IPEPBIBAHUN 0 BXOMY
MTIIMTHT20 (IT/14) caerankom 0. [Tpu n3amepennn meproia UMITYJIbCa IMUPUHA KAK MOJOKHTETHHOTO,
TaK U OTPUIATEHHOTO MOJYHEPUOI0B, J0KHA ObITh He MeHee 10 ps. Cderduk 0 ucnoJib3yersd Ha
MaKCUMaJIbHOU TaKTOBOW dacToTe. Paspemenune coctasisger 125 ns mia 8 M Hz. Ilpu npeBbinennn
moJicueTa MEePUOIOB M3MEDEHUi pa3peleHne MOxKeT ObITh yMeHbIeHo. llpu mcmonbp3oBanum 125
HEePUOJI0B U3MEDPEHUs, CPeIHEee PA3PeIeHue sl O[IHOTO nepuoa cocraut 1 ns. /s npegorspariienus
HETOTHOCTH 3aMyCKa W OCTAaHOBKH cuerdnka (), 3amyck Oyger mMpou3BeeH MO HepPBOMY, a OCTAHOB
o IocjeHeMy u3MeHeHuio Ha KoHTakTe mnpepbiBanus [ITIMHT20 mo Toit ke camoit mporemype
00CIy)KUBaHUS NpepbiBanusgd. KoOJIUIecTBO MEPHOAOB BBHIOPAHO TaK, 9TOOBI MOXKHO OBLIO U3MEPUTD
BpeMsI 0K0J10 10 MHJLTMOHOB TaKTOB YACTOTHI Ipoieccopa. IIpu TakoM BBIOOpe OIIHOKA COCTABUT
Bcero 0,1 ppm. C takroBoit gacroroit 8 M Hz Bpemsi u3MepeHust COCTaBJIsIeT OKOJIO 1,25 CeKyHIbI.
[Ipu onipereieHHOlM, TakuM 00PA30M, CPEIHEH BeTMIIHE TEPHO/IA, YACTOTA BRIYHUCIIEIS 3aTeM ¢ Hosee
BBICOKUM Da3PeIeHneM.

[Ipomnenypy mpoBepkKH IpOBOIWIN TaK: JaBa TecTepa uaMepsain Apyr apyra. IlepBorit TecT: 4acTOTHI
renepupyioist Tecrepom 2 u msmepsitons Tecrepom 1. ITocsie aroro Tecrepbl MeHsIOIS MecTamu,
n u3MepeHus noBropsols. Ha pucynke MpeJ/ICTABJICHBI PE3yJIbTaThl 00eUX Cepuil M3MepeHwuii.
ITouTn mocTosiHHBIE OTKJIOHEHWST MOYKHO OObSICHUTH HEOOIBINONH pasHUIEdl YacTOT JIBYX KBapIIEB.

134



20 ¢
15

10

Eppop / nnm

-10

-15

-20 SV B

-25

1 10 100 1000 10000 100000 1e606 1eb07
dbpeayennpr / X3

Puc. 5.77. OtHOCHTeIbHAS TOTPEITHOCTH U3MEPEHU JACTOTHI

5.6.1 KanunbpoBka dyactorsl 1o I'lIC- naun I'NIOHA CC-npuémunkam

[TomcTpoitKy 9acTOTHl KBApIA MOYKHO OCYIIECTBUTH YCTAHOBUB MOJACTPOEUHBINH KOHmeHcaTopa (5 —
25 pF). YcrmemHo mporecTHpoBaHa KaaMOPOBKa 4YacTOThl KBapua Tectepa mmmysbcamu 1ITIC ¢
upumenenuem I'TIC upuemnuxa YII501 or @acrpam JItx. uiu ¢ ucnosnszopanuem I'TIC/TTIOHACC
npuemunka 'HC701 or I'moban Hasurarmon Ceicremc I'mMOX. M3mepsiembiii mepuos MOXKHO
touno Hactpoutrh Ha 1000,000 ms. Toabko mocnemnsss mudpa MONKET OTJIUIATHCS HA €JTUHUAILY.
Koneuno, gacrora KpucTaJjia 3aBUCAT OT TeMieparypbl. I[o3ToMy BBl He MOXKeTe 0XKHUJIATh OYeHD
XOPOIIYIO CTAOUIBHOCTD JOJIT0€ BPEMs.

Ha pucynke npuBeJeHa memMa moakaoderus ¥ M232 VCbB-nocieoBaTeIbHOTO KOHTPOJLIEPA
" IPHEeMHHKa K KOMITBIOTEDY.

Kounseprep YM232 aBromarudecku noJiep:KuBaeT jABa Hanpsazxkenus b V u 3,3 V jig nuranus
meMbl 0T YCB.

Jlnst paboThl IpHEMHHKA TOJAKII0YEeHHe K KOMIbIoTepy He obsa3aresnbno. Tosbko mutanue 5 B
HeoOxomumo nogatrh YCB kKoHTposIepy.
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Puc. 5.78. T'eneparop 1IIIIC currana or ['TIC npuemuunka

135



5.6.2 KanubpoBKa 4acTOTHI C TIOMOIIbIO TAKTOBOTO MOIYJIS

Y100l HACTPOUTH YACTOTY KPUCTAJLIA TPAH3UCTOPHOTO TECTEPA, BBl JOJKHBI CHAYAIA 3aMEHHTD
OJIMH M3 KOHJICHCATOPOB B OOBsA3Ke KBaplia Ha TpuMMep. llpenmyinecTBo HCIOIB30BaHUSA MOJLYJIei
PTL mnra xkamubposku dactorel BMecTo Momyiaei I'TIC mwm I'JIOHACC zakiodaers B TOM, 9TO
Bam He HYKHO HaXOZUTHCS B 30HE BHIUMOCTH CIIYTHHKA. BBl MO)KeTe HACTPOUTH YACTOTY HMOYTH
B Jitobom mecre. ¢ umcciemoas moayan daco ¢ unnoMm JIC3231 u megarnoit miaroit ¢ «3C-042».
O06caenoBaHHbIE MOY/IH, BEPOSITHO, IPON3BOIsiia B KuTae, u Bee miarhl ocHameHsl annom JIC3231M.
Mukpormema JIC3231M uncnosnsyer pesonarop MEMC (Munpo Enenrrpo Meuanunan Chictem) BMecTo
quna /1C3231CH, kotopslit ucnosb3yer kpucraan ¢ 32 768 Hz. MoguduiupoBaHHblii pe3oHATOD
MEMC taxxke wucnosbayens gunom JIIb301. Ha pucynke [5.79) mokaszan oJuH W3 HCIOIB3yeMBIX
MO/LyJIei.

4

© DS3231M d

1 7R T
SR

-‘,ffmz =4

Puc. 5.79. Onun u3 nporectupoBanubix J1C3231 momyreit

O6e Bepcun aunos JIC3231 ucnob3yoT BHyTPeHHEe H3MEPEHHE TeMIePATYPhl /sl YIIPABICHUs
6a30BOiT yacTOTO TAaKMM 0Opa30M, UTO Jipeiid YacTOThl B HMIMPOKOM JIMANA30HE TPU HU3MEHEHUU
TeMIIepaTyphbl IOYTHU IOJHOCTHIO KoMIleHcupyend. K coxkanenuio, npejgoctapieHublii curaat 32 kHz
Jist anna JIC3231M He MoXKeT HCII0JIb30BaThCs M1 KAJTUOPOBKH 4acTOTHI. [Ipr nu3Mepenun g moJry aui
pasHble JacToThl: 32 641 Hz, 32 710 Hz, 32 730 Hz n 32 748 Hz n/g BceX YeThHIpeX TeCTUPYEMBIX
MoJyJieit. Bece 3T gacToThl HAXOJISIIs JAaJeK0 OT 0XKujaeMoi TouHoit dactorsl 32 768 Hz. Eciim B
noaksodaere Moayan Kk Apaymno YHO, Bor rakxke moxkere mcnosbsosarh seisog 1ITIC (1 Hz)
¢ Beixoma CUYIIL. DToT BBIXOJA HACTOJBKO CTAOWIEH M TOYHEH, YTO €ro MOXKHO HCIIOJb30BaTh I
kasoposku. Haramwur JIC3231M obemaer mias 1IIIIC BeIBOga TOYHOCTDL pmb ppm JJIA IOJHOIO
TeMuepaTypuoro jguanaszona or —45°C go +85°C, a Tounocth 32 kHz Ha BBIBOAE JOKYMEHTHPYEIld
Tosibko +2.5% (25000ppm).

Jluct namaeix guna JIC3231CH obermaer ToarocTh pma, Sppm i TOJTHOTO AHATa30Ha TEMIEPATY
or —40°C no +85°C u Tounoctsb +2ppm s Temueparypbl Mexkay 0°C u +40°C. B gune J1C3231CH
UCIIOJIb3Yellsd BHYTPEHHU TAKTOBBIH KpUCTAJLI ¢ 9acToToit 32 768 H z, acToTa KOTOPOro CTabu/JIM3upyelsd
MepeKTI0IaeMbBIMI KOHIEHCATOPAMH B MTUPOKOM TeMIIepaTypHOM Jauana3one. [[pn n3BecTHOM TeMITepaTy pHOM
Jipeiibe KpucTajjia 1 K3MEPEHUU TEMIIEPATYPbl 4aCTOTa KOHTPOJIUPYEMOI0 KPUCTAJLIA IIOYTH IIOCTOSHHA.
YroOwr mpoBepuTh 31u wunbl, st 3ameHua aunbl JIC3231M gunamu JIC3231CH mis Bcex werbipex
MOJTyJIeTi.

C orkamuGpOBAHHBIM TPAH3UCTOPHBIM TecTepoM (Mojeb 16 M H z) s u3MepuI BBIXOIHYIO 4aCTOTY
BCEX MOJYJIell ¢ OJIHUM H TeM »Ke pesdyiabraroMm 32, 76800 kHz. Bo BpeMda m3MmepeHuit, oueHb peiKo,
Habomanack pasuuna B 0, 03 H z. 9ta pasHuna coctaBager Toabko 1ppm. ApobHoe konmndectso 1 Hz
oToOpakaers TOJAbKO, €C/IM 9acTOTa BBIYUC/ISAC I u3Mepenus rnepuoja. [Ipejgen s uzmepenus
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nepuoaa waMmenen ¢ 25 kHz 1o 33 kH z, 9T00bI caeaTh u3MepeHne Ieproaa I curaaia 32 768 Hz
00J1e€ TOYHDIM.
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I''maBa 6

I'enepaTop curuaJjion

Pexxumbl reHepanny pa3andHbIX CHTHAJIOB TOCTYIIHBI TOIBKO mig ATwmerad28. Mrak, Bl qo/KHBI
BKJIIOYUTH MeHIO JionojinuTe/ibubiX pyukiuit onnueir [IITX MEHY B Makeduiie. Menio jgomnojiHuTe/ibHbIX
dbyukuii BeI3bIBaerg npogosKuTeabHbiM (» 300 ms) maxaruwem Ha kHonky TECT. Oyuxiumn
JIOTIOJTHUTETHHOTO MEHIO 0TOOPAYKAIOIA BO BTOPO#T CTPOKe jTuciiies. Bol MoxkeTe BHIOpAaTh 0TOOparKaeMyIo
dyukiuio gmureababiM HazkaTtueM KHonku TECT. Crenyiomasa pyHKIUA JOTOJHATETHHOTO MEHIO
0TOOPazkaersd aBTOMATHIECKH Yepe3 D CeKYH/T aBTOMATHIECKH HJIH MOCJIe KOPOTKOTO HaYKATHs KHOIIKA

TECT.

6.1 T'eHepaTop 4YacTOTHI

TeHepaTop 4acTOTH 3aIycKaens, eciu Bol BeiOpaau «d-Teneparop» (leHeparop 4acToThl) JIATETLHBIM
nazkaruem Kaonku TECT u3 mento gononaurenpabix (pyukiuit. CUrHaI 9acTOTHI BEIBOINI Yepe3
pesuctrop 680 ) ma Tectomwiit kouTakT 1'b. TecroBsrit kKonTakT Th TpOorpaMMHO MOAKJIIOYALIS K
I'H/I.

HacToThl CO3/A0N IPH TOMOIIH 16-pa3psIHOTro cYeTYrKa U3 TakToBoi Jacrorer LIITY (8 M Hz
win 16 M Hz). 3ajaTh 3HAUE€HHEe TeHePUPYEMON YacTOThl MOXKHO JIJIsl KayKJIO0T0 pas3ps/ia, HAYMHAS C
paspsgaa equnun 1 Hz or 0 1o 9. Jlas camoro Beicokoro paspsiga 100 kH z 3HaueHne u3MeHsens oT
0 o 20. Takum obpa3oM, MOXKHO 3aJiaTh 3Ha4UeHHe JacToThl j10 2 M Hz. Be3 snkonepa 3HadeHme
ndpbl paspaaa MoxKkerT OBITH TOJBKO yBeJIWYeHO TpH KOPOoTKoM (< 0.8 ¢) HaxKkaTWm KJIaBHIIIM.
C MOMOIIBIO MOBOPOTHOI'O HKOJEpa Bbl MoxKeTe M3MEHUTH 3HaUYeHue IMUMPHl pa3psia B JIOOOM
HampaBaeHun. Bojee JMTeIbHOE HayKaTUe KJIABHINKM IO3BOJISIET BHIOMpPATH CTApIIUN pas3psy JJId
3aianus nudpbl reHepupyemMoii 4acToThl. oMo IHuTe/IbHBI CUMBOJI B IEPBOH MO3UIMET 0TOOPaZKAeT
HAINpaB/IeHNe H3MeHeHus udpbl B paspsiae. CUMBOJI > MOKa3bIBAET, 9TO Oy1eT BEIOPAHO CJIeIyIOIIee,
Gostee BHICOKOE 3HaueHne. CUMBOJI < O3HAYAeT, 9TO OyjaeT BHIOpaHo Gosee HU3KOe 3HAYEeHHEe (BILIOThH
a0 1 Hz). Ecau Boibpan cambiii Beicokuii paspsan 100 kH z, To cuMBos > 3aMmensiens cumposiom P. B
9TOM COCTOSHHUHU OoJiee JIUTEIbHOE HayKaThue cOPAChiBAeT 3HAYECHHE YACTOTHI K UIIOJIHOMY 3HAYCHUIO
1 Hz. IlockoabKy He KaxKIast 03 BBIOPAHHBIX 9aCTOT MOXKET ObITh KOPPEKTHO CTeHePHPOBAHA, PA3HUIIA
3a/IAHHOTO 3HAYEHHUSI C TeHEPUPYEMOil 9acTOTON 0TOOPaKAeIs B CTPOKE 3 UJIU 33 3HATEHUEM YACTOTHI.
Eciu yaepKuBaTh KJIaBUIly HazxKaToil B TedeHne IIUTeIbHOrO (> 2 ¢) BpeMeHH, Bbl MoKeTe BepHY ThCst
B JINAJIOTOBOE OKHO (DYHKIIMH JIJI BHIOOPA JIPYTUX JOMOJTHUTEIbHBIX (DYHKIUIA.

6.2 ITTupoTHO-UMIIYJIbCHBIN Ir€eHEPATOP

ITInpoTHO-UMITYILCHBI TeHepaTop 3amyckaerd, ecan Bor Beiopann Gynkunio «10-Bur TTIIIM» (16-
ouraprit IIUM) gurensabiv HazkatueMm KHonkd TECT u3 Mento gonosnute bHbX hyHKnuii. Yacrora
yepe3 pesuctop 680 2 BBIBoAMIA Ha TecToBLbIR KOHTAKT 1'b. Tectosbiit kontakT Tbh mporpammuo
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noakaodaeng Kk I'HJ. YacTrora BbIXOAHOrO CHUrHaJa Bceeraa pabHa dactoTe LIITY pasmemenmoit Ha
1024. JTng HITY ¢ rakToBoit yacroroit 8 M H z 4acToTa BLIXOJIHOTO CUrHAJIA cocTaBsger 78125 Hz.
[Tpu maxxatuu knonku TECT, BO3MOXKHO U3MEHEHHE MMTUPUHBI TOJIHKO MOJOKUATETBHOTO UMITY/IbCA.
[Ipu kparkoBpeMennoM Hazkatuu KHONKE TECT, Bl MoxKeTe yBeIUYUBATH MUPUHY UMITYJIbCA O
99 % ¢ marom 1 %. Ilpu Gosee NIUTENLHOM yIep:KAHWH KHOIKH, M3MEHCHHE NIMPUHBI UMIIYJILCA
nponmoaut ¢ marom 10 %. Eciu snagenue mupunnl uMmyasca gocturaer 99 %, To u3 pesyabrara
poranraensg 100. TIpn 3navennu mmpuns umnysnabca 0 % renepupyens IOJOKUTEBHBIA UMILYJIHC
CaMO# MaJjIofl IMUPUHDL.
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I'maBa 7

N3BecTHBIE OUINOKN 11 IIPOOJIEMBI

Bepcust 1.12x nporpaMMHOro 00ecIeIeHus

1. Tepmanuesbie quoasi (AT28) He ompeesons HUKOrIA. DTO, BEPOSITHO, BHI3ZBAHO OOPATHBIM
TokoM. OXJ1aKJIeHne Au0/1a MOXKET MOMOYb YMEHbBIIUTh TOK YTEUKH.

2. B OunosgpHbIX TPAH3UCTOPAX 3ANTUTHBIN MO KOJLJIEKTOP - SMUTTED HE MOYXKeT ObITh OOHAPY KEH,
ecan Tok MIE 6osbimmoii. JIo cux mop mpobJieMa BO3HUK.IA TOJIBKO C "TepPMAaHUEBBIMI TPAH3UCTOPAMHI
C INOJIOM He Ha TOM JKe KPHUCTAJLIE.

3. Kosddunuenr ycuienus repMaHueBbIX TPAH3UCTOPOB MOXKET OBITH 3aBBINIEH U3-3a 0OJIBIIOrO
3HAYEHHST TOKA yTeUKH. B 3TOM ciiyvae HanpsizkKeHne 0a3a-sMUTTep OyIeT oueHb HU3KUM. OXJIazK1eHne
TPAH3UCTOPA MOZKET MOMOYb MOJIYyYUTh OoJiee MPaBUIbHBIIT KOI(DUIUEenT ycujienns.

4. Besumunaa éMKOCTH B 0OpaTHOM HallpaBIeHUH JIs0 MOTITHBIX Au00B [IloTTKN, Takux, Hapumep,
kak MBP3045IIT, ne moxkeT ObITH U3MepeHa, €CJIU MOJIKII0UEH TOJIbKO ouH juoj. [Ipuauna -
CJUIIKOM OOJIBIIOHN TOK YTEYKH 3TOro amuoia. VIHoraa m3mMepeHne BOZMOXKHO MPH OXJIAXKICHUH

ANOIA.

5. Muoraa BeIBOAMINS COODIIEHNE O HEIIPaBUIbHOM OOHapykeHnn Tounoro 2,5 V MMOH, koraa mopr
[114 rukyaa He moxk/oveH (BbIBOL 27). Bl Moxkere n36eKaTh 9TOTO MOBEIEHUS, YCTAHOBHB
JIONOJTHUTE/IBLHBIN TToITATUBatonuit pesucrop na BIIII.

6. /uonnass pyHKIUA yIPABILIONEro BHIBOAA CAMHCTOPA HE MOXKET OBbITh HCCJIE/IOBAHA.

7. NHorna mpoumoguT cOpoc BO BpeMs U3MEpPEHHs € MKOCTH, YTO FOBOPHUT O mpobieme ¢ bpourn
Oyt Jlesen 4,3 V mas ATwmeral68 man ATwmera328. Ilpuunna me m3Bectna. COpoc mcuesaer,
ecau Bpoma Oyt JleBesr ycranoButh Ha 2,7 V.

8. Tpu ucnonwzosanuu CJIEEIT MOJIE mukpokorTpotepa Tok nutanust BITIL n3mensiers Go.ibiire,
4eM IPU UCIIOJIB30BAHIH MIPE/IbIIYIIHUX BEPCHIl IIPOIPAMMHOI0 obecrederus. Bbl J0/I2KHBI yBEJIHIUTH
OJIOKHPOBOYHBIE KOHIEHCATOPHI, €CJIH 3aMedaeTe Kakue-1ub0 npodsieMpl. KepaMuueckne KOHIEHCATOPDI
100 nF nozKHBI OBITH IIOMEIIEHB OKOJI0 BEIBONOB nmuTanus ATwmera. Mcnonsszosanune CJIEEIL
MO/IE moxuo orkiaounts onnueit MTHXVBUT_CJIEEII_MO/IE B Makedu.re.

9. Yacto He U3MEPSIOIS TAHTAIOBBIE TEKTPOJUTHIECKHE KOHAeHCATOPhl. OHE MOTYT OBITH OOHAPY YKEHBI,
KaK JINOJI UK MOTYT OBIThH He OOHAPYZKeHbI BOOOIIEe. ITHOT/1a TOMOTaeT OTKII0OYeHHe-TTOIKTI0YeHHE.

10. BbIBOABI «HCTOK» M «CTOK» HE MOrYT OBITH omnpejenenbl KoppekTHo B JOET Tpansucropax.
[Ipyyuna B CHMMETPHYHOCTU MX CTPYKTYpPbl. BBl MOxKeTe 3aMeTHTh 3Ty HpobJieMy, TOMEHsB
MeCTaMH B TECTOBBIX KOHTAKTaX «CTOK» U «UCTOK», & Ha JHUCILIee OTOOpa3HUIlsd MpeIblayIiee
pacCIioJIOzZKEeHHne BbIBOJIOB. H HE BUZKY HHUKAKO# BO3MOXKHOCTHU KOPPEKTHO OIIpeaeJINTh BbIBOIAbI
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THX TpaH3ucTOpoB. Ho, mepecTanoBKa MeCTaMI «CTOK» U «HCTOK» B IIeMaxX, KaK MPaBHIO, He
BBI3BIBAIOT KaKUX JIUOO MPOOJIEM.
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I''maBa 8

CrnemnuanbHble MOIYJIU IIPOrpaMMHOIO
obecrieuyeHnd

EKOTOPbIE USMEHEHUA OBbIJIN CIAC/IaHBbI, YTOOBI COXPAHUTH MECTO BO JJaIT-TIaMATH. bBIBOJI HaA

H 0 Bit , ) O Bwison na JI
JIACILIeli HoMepa BbIBOJIOB ObL ¢iiesian B hopme «aia_gara(’l’buun)». Onepanus 106aBOYHOTO COXpAHEHUS
JUTST KAZKJIOTO BBI30BA «JIIJI_TeCTHHH(YUHTS T MiH)» OblIa 100aBIeHa K JIJI_POYTHHEC. II.

[TceBnoBbizoB B hopme «_jenani_Mc(200)» BBIIOTHEH, He KaK oOpalieHne K 6HOJIHOTeKe U 3a/1ePrKKa

OCYTIECTBIEHA B IUKJIE JIjI KaxK10ro obpamenus. Ecan y Bac B mporpamme 6ymer MHOTO obpatiennii
K Pa3JUIHBIM MECTaM, TO 3TO Oy/eT 3aHHMAaTh MHOIO IIAMATH. Bce 9T ICeBIOBBI30OBBI 3aMeHEHbB
BBI3OBAMH MO€ii, CIIeNUaIbHO HAIIMCAHHON, OUOJIHOTEKH, KOTOpas UCHOIb3yeT TOJIbKO 74 Haiita Dam
namvsitu (npu 8 M H ), Ho 1103B0.JIsI€T 06pamarhest ot mantlyc () 1o manthe () ¢ marom 1,2,3,4,5,10,20. . . TIporr
BrjodaoT [Ilara /lor Pecer s Bcex obparenunit Boimie 50 ms. Kaxkiaas 3ajaepkka obpalieHust
OOBIYHO HYZKAAEIS TOJIBKO B 0nHO# nHCcTpyKinn (2 Berre). OxkunaHue IpoMezKyTOTHOrO 00paIeHus]
C BeJINYWHOI, TaKOH Kak 8 ms, Hy:Kaaels B aAByX obpaiienusix (5 ms u 3 ms uian JaBa oOparieHust
o 4 ms). 1 He 3HaIO GoJlee IKOHOMUYHON peaTH3AIUN, KOLJA HCIOJIb3Yels MHOTO O0palieHuit
K 3amepkkaM B Barreit mporpamme. OOpalienusi He HCIOJIB3YIOT peructpos, Toabko CII B PAM
JUIsT BO3BPAIEHHsT 13 HoAuporpaMm (camoe Gosbiiee 28-6aiiTOBOE IPOCTPAHCTBO CTEKA B TEKYIIEH
Bepcun). [onueiii cincok dyHKImii:
mantlyc(), mant2yc(), manr3yc(), manrdyc(), maunrdyc(), mantl0yc(),
mant20yc(), mant30yc(), manr30yc(), mantd0yc(), manr50yc(), mantl00yc(),
mant200yc(), mant300yc(), mant400yc(), mant500yc(), maunrlmc(),
manr2mc(), manrdme(), manrdme(), manrdme(), maurlOmc(),
mant20mc(), mant30mc(), mantdOmc(), mant50mc(), maunrl00mc(),
mant200mc(),mant300mc(), mantd00me, manTt500mc(), manrlc(),
mant2c(), mant3c(), manrde() amg mantde();
Dt 36 pyukmmii ¢ 37 kKomanmamu Briodensl B [llata lor Pecer! Het peanbHoro crocoba cokpaTuTh
o1y 6ubanoTeky. Ecan memaers camast Majast 3aJep:KKa 0OpalleHns, TO OHa, He TOTHO COOTBEIITBYET
BpeMeHu 3a,/1epzKKiu. TobKO 3a/1epkKka obpartierus Boire 50 ms B oiHOM 1uKJIe yaannsgers 10 100 ms
u3-3a unrerpuposanus B [1latua lor Pecer.

HacTo uenosb3yeMast mocaeoBaTebHoCTh obpatnennit «mantdmvc(); PeagALL .. ();» 3amenena
obpamienuem «I1I5mcPeanAJII(. .. );». To xe camoe ¢ie1ano s MOCIe10BaTeIbHOCTH «ImanT20mc();
PeagAL(...);» koropas 3amenena onaum obparterneM «I1120mcPeagAIL(. .. );».

QOyurnusa PeanA /Il gjomosHETEIbHO HAIMCAHA HA A3bIKe acceMbJiepa /sl MOBbIIeHIA 3((DDEeKTUBHOCTI

paborsl Koma. OyHKIHOHAJBHO HaeHTHYHadA. L-Bepcusa dynknun PeanA/lll Tak:ke mocTymHa, Kak
HCTOYHUK.
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I'maBa 9

Crnmcok TeKyIux JieJl 1 HOBbIe NJAen

10.

11.

. o6aBagaTh U yaydmaTh JOKYMEHTAIHIO.

[ToxymaTh 0 TOM, KaK MOYKHO 3aMePHUTh peaibHOe BHyTPeHHee BBIXOHOE COPOTUBAEHNE MOPTa
B (mepek/rovyenne pesncTopa mopra) BMECTO MPUHSITH, YTO HOPTHI OJUHAKOBHI.

MozkeT 11 pa3psiKa KOHJIEHCATOPOB CTaTh OLICTPee, eI OTPUIATEILHBI BBIBOJL JIOIIOJIHUTETLHO
MOJKJIIOYATE Yepe3 pesuctop 680 2 k BIIL (5)?

[IpoBeputh, MoxkeT Ji TecTep UCIONB30BATH MPEACTABICHIE 3SHAUCHNH C IIABAIOIIEH 3amaToi.
Puck meperpyskm mm:ke. Her :kenaHusi OMHOBpEMEHHO HCIIOJIH30BaTh YMHOXKEHHE U JleJIeHNe,
9TOOBI IOy YUTh YMHOZXKEHHUE ¢ IaBatomieil 3angroit. Ho s He 3Ha10, KAKMM 00bEMOM JTOJIZKHA,
ObpITH DTaIn namMgaTh, HeoOXoTUMas 11T OUOINOTEKH.

Hanucats PykoBoacTBo mosb3oBaTess JAas TOTO, 4ToOb KOHMUIYpUpoBaTh Tectep onmusaMu
Makeduae 1 onucaTb METOIMKY ITOCTPOEHUSI.

Eciu Tok ymeprkaHus THPHCTOpA He MOXKeT OBITh JOCTUIHYT ¢ pesuctopoM 680 €2 on Gezomacen
71 MMOJKJII0YeHus KaToaa HermocpeacTeenno K I'HJI n anona #Hemocpenacreenno K BIIL Ha ouenb
KopoTkoe BpeMs?! Tok MoxKeT HocTUTHYTH Ooabmre, ueM 100 mA. Ilopt Oyaer mospexaen? Yro
¢ 3JeKTponuTanueM (CTabuIN3aTOp HANPSZKEHUsT )T

[TpoBepsiTh OPT TOCIE CAMOIIPOBEPKH!
U nest mosoro npoekTa: Bepcust ¥ CB 6e3 JIIL/I-aucmies, nurarnue ot YCB, obmen ¢ [ mo YCB.

Samena yukiun cammanarA /{11, koropas ucmoib3yeT TakT Iporneccopa ypaBieHneM BpeMeHeM

capura ATIIT C”X.
[IpoBepka TOYHOCTH U3MEPEHUsT MAJEHbBKUX KOHIEHCATOPOB MeTooM camiinarA JI1.

[IpoBepka TOIHOCTH U3MEpeHHsT MaJeHbKAX KaTyIIeK MeTomoM caMiimarA JILI.
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