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[haBa 1

O uem 3TOT JOKYMEHT

Hacrosiiuuii 1oKyMeHT onuchiBaeT annapaTHyto yactb uuTepdericuoil niaatsl HI-8 u h-monynet
nporpaMmmHo-annapaTthHoro kommiekca! HB-16.

1.1

IlOHOJIHl/lTeJleaH JOKYME€HTAUUS

Hacrosiiumii 10KyMeHT - TOJIbKO 4acTb CUCTEMbl JOKYMeHTaluH. CyllleCTByeT HeCKOJIbKO IpyI
PYKOBOJCTB, U3 KOTOpbIX Bam npu padore MOTyT NOHAA0OUTLCS JOMOJHUTE/bHbBIE JTOKYMEHTHI.
Wx ucnonb3oBaHue onpeensieTcs caeayiolnmMi GakTopamu:

HabopoM annapaTHbiX KoMnoHeHT B Baiue# pabouell cucreme
ucnoJb3yemoil Bamu onepaloHHol cucteMoi
ucnoJb3yeMor Bamu cpenoit pazgpaboTKH 11 CO3/1aHKs TPOrpaMm

TpeGOBaHUSIMHU KOHEUHOTO MOTPpeOuTe 51 K hopMe MpeacTaB/IeHHs TPOJYKTa, BbIMOJHEHHO-
ro ¢ NPUMEHEHUEM paccMaTpPUBaeMbIX annapaTHbIX KOMIIOHEHT U HA OCHOBE TMPEI0CTaBIs-
emoro [1O

Pas6uenue JOKYMEHTAUHWHU 110 rpynmnaM npeactaBJI€HO HUKE!

PykoBoscTBa nporpaMmMucTa onucbiBaloT GUOMUOTEKH (PYHKLMH, TPUMEPbl UX MCITO0Jb30-
BAHUS U METOJIMUECKHE 3aMeUaHHsl 110 NPOrpaMMHPOBAHUIO annapaTypbl B pa3/JHUHbIX Cpe-
nax pazpaboTku u noj pazanunbivd OC. [Tocse nHcTannsMy annapaTHol 4acTd ¥ Mpo-
rpaMmMHoro obecriedeHust HeoOX0JAUMO UCIOJL30BATh 3TY IPYIY PYKOBOJCTB /15l HAMUCA-
HUSA COOCTBEHHbBIX MPUJIOKEHHH

PykoBoactsa noJsib3oBareJisi, Texunueckne onucanus, W PykoBoJACTBa 10 HHCTaJISILIHH
OTKUCBHIBAIOT aPXUTEKTYPY U3J/Ie/IHs U ero (DYHKIMOHUPOBAHHKE, TIOPSIIOK COOPKHU M yCTAHOB-
KH annapaTHbIX KOMIIOHEHT, MOPSA0K MOAKJ/IIOUEHHS pa3beMoB U KaOeJsiel, BHEIIHUX AaT-
YMKOB U YCTPOUCTB. DTH JIOKYMEHTBI MOSICHSIOT TaKxKe MOPsiI0K YCTAaHOBKH MTPOrpaMMHOTO
obecrneyeHus /i JAHHOTO YCTPOMUCTBA U €ro TeCTUPOBAHHUS

PykoBoactsa o skcriyatanu npeilHa3HaueHbl st 03HaKOMJIEHHST ¢ paGOTOM, KOHCTPYK-
el 1 06CTyKUBAHUEM YCTPOUCTB U MPUOGOPOB ¥ 0(hOPMJIEHBI B COOTBETCTBHH C TPeOOBaA-
Husamu [OCT

! ipyroe naspanue - cranuus H-2000



o Mertoankn nmoBepku pernaMeHTHPYIOT BUJL U MOCJEI0BATENbHOCTb Orepauuii, HeoOXOI1 -

MbIX JIJISI IPOBEJIEHUsT TOBEPKU YCTPOUCTB U MPUOOPOB U GA3UPYIOTCS HA TPeOOBAHUSIX
[OCT

HquaH JOKYMEHTAalKsA JIMOO MOCTAaBJISIETCS] B KOMILJIEKTE C O6OPYILOB8HI/I€M W anrapaTHbIMH
KOMITIOHEHTaMH, 60 HHTErpupoBaHa B MMaKeTbl AOMOJHUTEJbHOT'O IIPOrpaMMHOI'0O obecrieueHus
KakK HUX 4aCTb.

1.2 CorJjawmeHusi, NPUHATbIE B PYKOBOACTBE

® XKUPHO€ BbIACJAE€HUE O3HAUACT BA2KHOEC I[NTOHSATHE, COACP2KHUT MPEAyTPpEKAECHUE, UCITOJb3Y -
eTCdA aJid 0003HaUEeHUSs TEPMHHOB U MOHSITUI

® KYpCUB CJAYKUT JIJI51 BblIJCHUS KTIOUEBbIX MOMEHTOB B U3JI02KEHUH W BTOPUUHO YITOMHHA-
€MbIX MTOHATUH

® HaKJIOHHBIH LIPHET 0003HAUACT HA3BAHUE IUPEKTOPHH HJIH JOKYMEHTa

1.3 CcCbIIKH HA 1OMOJHUTEJNbHYIO 1OKYMEHTALUIO

Jlnst pab6otbl ¢ HB-16 MOryT ObITh MOJIE3HbI CJIEAYIOLIME JOKYMEHTHI:
e [{-2000. Pykopojactso nporpammucta|l]
e HB-16. PykoBoacTBo 1o skcrJjyaraiii [2]
o JJIeKTPOCOBMECTHMOCTh H IIOMEXO3ALIHTA [ 3]

e [Ipeobpazoparten namepuresptpie H-27. PykoBoacTBo 110 skciyaraini 4]



[naBa 2

KJaoueBble cBe1eHUA

2.1

B sTOM pasnesie n1aHa KpaTkasi XapakTepHCTHKa OCHOBHBIX apaMmeTpoB h-mopyJeit. st 6ogiee

Homenkaatypa h-monyaei

noaApoOHbIX CBeJIeHUH cM. [2] uan www.lcard.ru.

h-monynab | Hucno kana- | PaspaaHocts Fs Hasnauenue
JIOB
H-11 Jlo 64 soru- | 14 6ur J1o 400 klitHa Bce kKa- | ALLIT-kommyTaTop
UeCKHX HaJIbl 00111ero Ha3HAUEeHHS
H-22 4 nud. 16 6ur Jo 78 kIt Ha kaxaplit | ALLIT nsist BuGpousmepe-
KaHaJl HUA
H-25 4 nudd. 16 6ut Ho 312 kIt na 2 ka- | ALIT nist BuGpousmepe-
HaJla HUA
H-27 Jlo 16 (no 8 | Ho 15 6ut 5...104 Ty na xaxapiii | Hocuresb  cyGmoyeit
cyomotyei) KaHaJ [THY H-27x
H-34 8 nudd. 16 6ur 31/39 It na kaxkapiit | LIAIT aist renepupopa-
KaHaJl HUST PYHKLMH
H-41 16 - He nopmupyercs LndbpoBoti BBOJ
H-42 16 - He nHopmupyetcs LlncdbpoBoii BLIBOJ
H-43 32, 4 rpynnsl | - He nopmupyercs [{udpoBoii BBOJI-BbIBOJL,
no 8 JIMHUI
H-51 Jlo 16 (no 8 | YHacrora  3a- | Ilo 240 Ii Ha kaxapi#i | Hocurenn  cyGmomysieit
cyomojtyseit) | nosHenusi 250 | kaHadg H-51Fx
KI1g

2.2 Hymepalus KaHaJ0B

HMcropruecku ca102KUI0Ch TAK, UYTO HyMepaLMs CJI0TOB M KAHAJIOB B cXeMax M TabJiMLIax pacrpe-
JIeJIeHUs] CUTHAJIOB HAUMHAETCS ¢ eJuUHUYbl, UTO OTPayKaeT uaudeckyro Npupojay KaHaaos. B
NPOrpaMMHOM 0O€CIeUeHHH KaHaJbl U CJIOTbl IPUHATO HYMEPOBATh C HYAS, UTO CBS3aHO C CHH-
TAKCMYECKUMH MPaBUJIAMHU OCHOBHBIX MCIOJIb3YEMbIX $I3bIKOB NPOrPAMMHUPOBAHHUS U OTPazKaeT
A02UYeCKY 0 IPUPOJLY NOJyUaeMbIX JAHHbIX.


http://www.lcard.ru

4 KutoueBblie cBe1eHUS

2.3 Ilonsitue o Bepcuax naat h-monyaen

[Ipu uTeHUn TOKyMeHTALMHU CJIeLyeT YUUThIBATh, UTO BPEMS OT BpeMeHH (prpMe MPOU3BOIUTENIO
MPUXOAUTCS BHOCUTb H3MEHEHMsl B anmapaTtHoe obecrieueHne h-momysneit kommiekca HB-16.
DTo cBA3aHO, HAMPUMEpP, C M3MeHeHHneM! HOMEHKJIAaTypbl KOMIIEKTYIOLIMX (JMCKPETHBIX 3Jie-
MEHTOB, MMKPOCXEM, H T.I1.) /ISl TIJIaT, UK C YCOBEpIIeHCTBOBaHUEM (DYHKIMI h-MoLyJisi.

I

H-Mojyitb, BILY cBEpXY B npnumepe miara
H-34 umeer Bepcuro 3

3)

MeCcTOopacIiojoReHne
HOMeEpa Bepcun 11aTbl

eAYe H

| curnaabupiii pazbem }—E

Puc. 2.1: h-moaynu. Pacnosioxenue Homepa BepcHu Niathl

JI1o6ble H3MeHeHNs B BEPCHH TJIAaThl UM €€ Pa3BOJIKE OTPAXKAKOTCs B TaK Ha3blBaeMOH oue-
penHor Bepcuu naarbl h-moayas (wnu HI-8). Homep sepcuu soumpasaen na camoii naame,
KaK MoKasaHo B KauecTBe npumepa Ha puc. 2.1. [Ipu Heo6X0AUMOCTH, HCTIOJIL3YHTE Ty HHPOP-
MALHIO, KCIIOJb3YS! B KAYeCTBe M0CKA3KH HEMoCpeACTBeHHO h-Mo1yib?.

Curyuau, Korga ocoG€HHOCTH JAaHHOW anmapaTHOW BEPCHH TJIAThl HOCSAT MPUHIMMHAIbHBIH
Xapakrep, B JIoOKyMeHTe BblJiesieHbl 0c060. [loab3oBareio caenyer oopaimarb oco6oe BHU-
MaHHEe Ha OTJMYUS BEPCUH, T.K. 334aCTyI0 M3MeHEHHs 3aTPAruBalOT BHEILIHHE Pa3beMbl h-Mo1yJisl.

2.4 ADSP h-moayaeit u BIOS

[Ipaktuuecku Bce h-momysu [ 1] moctpoennl Ha 6a3e ADSP ¢ sHeprosaBucHMO# NaMsiTho, M0-
3TOMy MOCJ/Ie BKJIOUEHHS] MIUTaHHUsl MoJb3oBaTebekoe [10 B 06513aTeIbHOM MOpsiKe® J10JIKHO
nepenath Tak HazbiBaemyio rnporpammy BIOS B ADSP monyssi. BIOS nocrasisieTcst Ko Bcem
BbIITyCKaeMbIM h-Mo1y/1siM B BUIe IBOWUHBIX (parjioB-06pa3oB.

'kak npaBuso, o NpHUKHE TPETbUX GUPM-TIOCTABIIMKOB 3THX KOMILJIEKTYIOLIMX
2npesBapuTesIbHO IEMOHTHPOBAB €10 U3 CJI0Ta CTAHLUH
Sucnosbayst wratHbie dyskiwu [10

HB-16



2.5 [ToagkawuyeHUe CUTHAJNOB 5

2.5 [TloakJaroueHue CUrHaJjioB

B nanHowm pasnesie NpUBOASTCS OCHOBHbBIE CBEIEHUS MO BOTIPOCAM, CBSI3aHHBIM C TOJIKJIIOUEHH -
€M BXOJIHbIX H BBbIXOJIHBIX CUTHAJIOB K U3MEPUTEJIbHBIM U YIPaBJSIONIMM KaHajaM h-mojyJieil u
nnare HI-8. Crneuuduueckue nertanu u peKoMeHaalnH - TaM, e 3TO HEOOXOUMO - OTOBOPEHbI
0c060 (B rJ1aBax, MOCBSIIEHHBIX OMUCAHUIO KAaXKJ0TO U3 YCTPOKUCTB).

[Tonk/oueHure CUrHaIOB U pacraika pa3beMoB BO3JIAraloTCs HA MOJIb30BATE/Isl CUCTEMBI.

Bce h-momysn umetor Ha siniieBoii nanesu pazbem thna DRB-37M. Ka6enbHbie uactu pasb-
emoB (DRB-37F) niist noaxJ/toueHusi CUrHasoB K h-Moj1ysisiM cojiepKaTesi B KOMIJIEKTe [TOCTaB-
KH.

HI-8 umeet snuesoi pazbem tuna MiniDIN: MDNR-9J.

JIOMOJIHUTENBHO MOXKHO TPUOOPECTH NAAMY KAeMMHUKOS - DB-37 F-increaser* nns ymennb-
IEHHS TPYL03aTpaT APOOHO20 MOHTAXKa CXEM MPH MoJaue CUTHAJIOB.

MoHTaX cCUrHaJbHbBIX Lenel ¢ NOAKAIOYeHNeM UCTOYHUKOB CMTHaJa, IaTYUKOB U T.M.
K h-moayasim komnaekca HB-16 nosxkeH ocyuecTBiaaTb cnenuansucT COOTBETCTBYIOLLEH
KBanudukauuu. Bce kommyTaumu npou3BoauTe TONbKO NMPHU OTKJIOYEHHOM MUTAHUMU.

CoeauHeHusi, 3HaueHUs YPOBHEH TOKOB M HaMpsiXK€HU KOTOPbIX MPeBbILAIOT Npe-
AeJIbHO 1I0NYyCTUMbIE 3HAaY€HHUSI, BJEKYT 32 CO00# yXyaLieHre napameTpoB h-mMoayaei uiau
BbixoJ u3 ctpos [NK, h-monyas, nan noacoenuneHnoro o6opynopanusi. L-Card He HeceT
OTBETCTBEHHOCTH 32 ylepO, NPUYMHEHHBI HErPAMOTHbIM NOAKJIIOYEHUEM CUTHAJOB.

[IpenesnbHo noMycTUMbIE 3HAYEHUS JI/I151 KAXKJ10TO U3 BUJIOB CUTHAJIOB /151 PA3JIMUHBIX YCTPOHUCTB
MpPHUBEJIEHbl B COOTBETCTBYIOLIMX pasJiesiax Jyisl KaxKI0ro U3 MOJIyJIeH; TaM Ke JTaHbl 3JIeKTprie-
CKHe U BpeMEeHHbIe XapaKTePUCTUKH CUTHAJIbHBIX JIUHUH.

O6111Me peKOMeHIall|K 10 MOHTaKy CUTHaJIbHBIX COEIMHEHNH 1 MPOKJIaIKH KabeJiel prBe-
JieHbl B pasaedie 2.5.2, ctp. 8. Obuiue cBeileHUs1 0 BO3MOXKHBIX BO3/I€HCTBHUSAX BHELIHEH Cpelibl
Ha CUTHaJbl U PACCMOTPEHHE BO3MOXKHBIX MPpobJieM 1 croco6oB 60pbObI ¢ HUMHU JIaHbl B pasjiese
2.5.1, ctp. 5.

[lone3nyto uHpopmanuio o cnocodax NoABeieHUSI CUTHAJIOB K U3MEPHUTEJIbHOM cUCTe-
Me U 60pbObl C MOMeXaMH Bbl HalWaeTe B cnelualdbHOM cTaTbe: PellieHre BONPOCOB 3J1eK-
TPOCOBMECTHMOCTH M TIOMEX03allUThl TPH MOAKIIOUEHHH HU3MEPUTENbHBIX TPUOOPOB HA MTPUMeEpe
npoaykuuu ¢pupmsl L-Card’ [3].

O6paruTe TakxKe Ballie BHUMaHKe Ha CJle/lylolile JUTepaTypHble HCTOUHUKH: [4, 6,7, 8,9, 10],
u[ll, 12,13, 14, 15].

2.5.1 CurHajabl M yCJOBUS BHELIHEH cpe bl

CurHasibHble JIMHUK B cHCTeMax JabopaTopHOH U MPOMBbIIIJIEHHOH aBTOMATH3alMK MOTYT T0/1-
BEPraTbCs CJAEAYIOLINM MTapa3uTHLIM BO3CHCTBUAM:

® BJIMAHUIO HESKBUITOTEHIIMAJIbHOCTH 3€M€EJIb HCTOUHHUKOB U IIPHEMHHUKOB CUT'HaJia
® BbLICOKOYACTOTHbIM 2JICKTPOMATHUTHBIM [TOME€XaM
® B3dAUMOHHAYKTHBHbBIM HABOJAKAM

® HaBOJKaM MMOCPEACTBOM €MKOCTHBIX cBsI3ed

4CIVI. www.lcard.ru

Pymoeodcmso noJaezosarnensd
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6 KaoueBble cBe1eHUS

[Tosb3oBatensimu npoaykuuu pupmbl L-Card yacto coobiiaercest psii npo6sem, BO3HHKAIO-
LLMX Y HUX [PU UCIOJIb30BAHUH U3MEPUTEJNBLHOIO 000pY10BaHUST H POUCTEKAOLLMX U3 TpHBe-
JICHHBIX NApa3uTHbIX BO3EHCTBUI. B 3TOM pasjese ciesaH KpaTKMil 0630p CBSI3aHHbIX C HUMH
SIBJICHUI M IAHbI PEKOMEH/IaLIMK 110 yCTPAHEHUIO psiia MPoOJIeM.

2.5.1.1 HeskBunoreHUHaJdbHOCTb 3€MeJb

HeskBUNOTEHUMAIBHOCTD 3eMeJIb, UK 3eMeJIbHbIE MeTJIH, - ToJI0BHast 00J1b JII0OOH 10CTaTOUHO
00beMHOH cUcTeMbl aBTOMaTu3auuu. [ [puunnbl 370 Npo6JeMbl MOTYT ObITh TPYAHO OOHAPYKH -
Mbl, YTO BBIJIMBAETCS B MHOIOUaCOBble OECIIOHbIE MONBITKH YCTPaHEHHUs1 HeucnpaBHocTel. Tem
He MeHee, MOXKHO MPUBECTH PSAJl CHMIITOMOB, YIPOUIAIONINX WAEHTH(HUKALMIO TPUUHHBI B pac-
CMaTPUBAEMOM CJIyyae:

® [I0Ka3aHUus U3MEPUTECJbHLIX KaHa/J0B MEIJICHHO ﬂpeﬁq)y}OT, XOTd Bbl 3HAETE, UTO AATUHMK
MOKa3aHUH He MeHsIeT

® [I0Ka3aHud CABUTAIOTCA B Ty WJIK CTOPOHY, KOTJla BKJ/IIOYaEeTCAd AOMOJHUTEJAbHOE OGOPYILO-
BaHHe

e HMeeTCsl OTJIMUME B MOKA3aHUSX B JIBYX CJydasix: a) KOTJla 3TaJOHHbIH 0OBEKT U3MepsieT-
cs1, Oy/lyuH MOJIK/IIOYUEHHbBIM HEMOCPE/ICTBEHHO KO BXO/y B PUOOP; 0) 3TaNOHHbIH 0ObEKT
MOJIKJIIOYaeTCsl MOCPEICTBOM KabeJisi

® B H3MepeHUsiX, TPOBEJIeHHbIX HA TOCTOSTHHOM TOK€, MO2KHO BbII€JHTb CHHYCOUIaJIbHOE Ha-
npsikeHue yactoroi HO Iix

e HMetoTCsl HeoObsiICHUMble c60M B pab0oTe U3MEPUTE/ILHOM annapaTyphbl

Jlto6asi U3 3TMX Mpo6sieM MOXKET ObITh BbI3BaHA HEIKBUITOTEHIIMAJIbLHOCTLIO 3eMeJb - HaJIH -
UyHeM HerpeplyCMOTPEHHOr0 TOKa uepe3 '3eMJid’, "o01e TOUKH , U 1p. '3a3eMJIeHHsT’, UMEIOLIIUMU
HOMUHAAbHO OIMHAKOBH MoTeHMal. MHorna pazdeavroe 3azemienne nByx uacreii 060pyno-
BaHM$1 MPEBHOCHUT PA3HOCTb MOTEHIMAIOB ¥ MPUBOJIHUT K TOMY, UTO Uepe3 ob1iHe poBoja rajb-
BAHOHEPA3BsI3aHHBIX CUTHAJIbHBIX 1leTlell HaUMHAET Teub TOK, KOTOPbIH BHOCUT aJJIMTHBHYIO M0-
MeXy BalllUM CcUrHasiaM. PaccmoTtpum GoJiee nopo6HO MPUUKHY TOTO, TOYEMY TO MPOUCXOJIHT,
HeCcMOTpsl Ha 3a3eMJjeHue. Ecii cpaBHUBATHL CTPYKTYPY 3€MJIM U MeTaJlla, TO OHU OKa3bIBAIOTCS
OTHOCHTEJIbHO TJIOXUMH MTPOBOJHUKAMHU 3JIEKTPUUECTBA, - 110 CPABHEHHUIO C MeJHBIMHU MTPOBOJIA-
MH, KOTOpbI€e, KaK MMPaBUJIO0, HCTOJb3YIOTCS /15 MOAAYM MUTAHUS U CUTHAJILHOU MPOBOJIKH. DTO
HEOTbEMJIEMOE COTIPOTHBJIEHHE 3EMJIH MEHSIETCS C BJIAXKHOCTBIO, TEMIEPATypoi, BpeMeHeM rojia
1 MOYKET CJTy?KHUTb MPUUHHOH TOTO, UTO TOK HAUMHAET Teub Uepe3 JII0OO0H 13 MPOBOJIOB, COEUHSIIO-
LLMX JIBA YCTPOHCTBA®: ayke HE3HAUMTEIbHOE COMPOTHBJIEHHE MEXKILY BYMsl 3€MJISIMH CHCTEMBbI
MOZKeT MPOJyLIMPOBATh HEMPUEMJIEMO BbICOKHH TMOTeHLHMa . B npelie3aMoHHbIX U3MepUTeIbHbIX
cucTeMax, rjie MA TOKH TeKyT uepe3 COMpPOTHBJIEHHE B COTbIE JOJIM OMa, TAKAM 00pa3oM MOTYT
MOSIBUTHCS MAapa3uTHbIe COTHH '3eMesibHbIX' MKB, KOTOpble MOTYT JIMMHTHPOBATh HEOOXOAUMOE
MoJIb30BaTEJ0 paspellieHne. B MpoMbliIIeHHBIX YCAOBUSIX 3TO y»Ke MOTYT ObITb COTHH amriep,
KOTOpble 00YCJIOBJIMBAIOT COTHU BOJIBT '3€MeJIbHON OLIMOKH M MOTEHIMAJbHO OTMIaCHYI0 CHUTya-
LHIO.

SBOT Mouemy B GOJILIIHHCTBE CJyYaeB PeKOMEH/IYIOT TPOM3BOIMT 3a3eMIeHHe B 00HOI oblieil TouKe

HB-16
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2.5.1.2 Euwe pa3 o nosb3e raabBaHOU3O0JSLUU

Bce pacemarpuBaemblie po6GJieMbl MOTYT ObIThb YCTPAHEHbI 2AAb8AHULECKOU U30AAYUeH - KO-
yeBOi KOHIIeMIIHeN NpeoOpa3oBaHus CUrHaJa, TpUMeHeHHOH B psijie h-mony.ieit. CooTBeTCTBYIO-
LLIMM 00Pa3oM BbINOJHEHHOE PeoOpazoBaHUe CUTHAJIOB - 2A168AHOUZOAAYUSL - MOKET YCTPa-
HHUTb CaMy BO3MOKHOCTb BO3HHKHOBEHHUSI 3eMeJIbHBIX MeTesb. J{anHblil crnoco6 npeodpa3oBaHus
CUIHAJIOB MO3BOJISIET TAKXKe 3aIUTUTb 000py10BaHle U 06ecneyuTb TpeHOBAHUS TEXHUKH Ge3-
OTMACHOCTH (MHOTHE 3/IaHUST U COOPYKEHHS HAXOAATCS TOJ1 JJOKAJIbHBIM TOTEHIIMATIOM B HECKOJIb-
KO JIECSITKOB M COTEH BOJIbT). [1/1s1 3TOr0 Hy»KHO 3a3€MJIMTh HCTOUHHK CHTHAJa Ha €ro CTOPOHE,
CHH3MB MMOTEHLIMAJBHO OMacHOe HaNpsiKeHHe 10 NMPUEeMJIeMOro YpoBHs Mepejl nojauell Ha BXOJ
M3MepUTEe/IbHON UyBCTBUTEIbHON cHCTeMbI. [anbBaHOM30/1511Hs1 06eCeUnBAET MOJHOCTbIO OTBSI-
3aHHBIH OT 3eMJIM BXOJI, TIOTOMY JJIsl TAPA3UTHOIO TOKA HET 3JIEKTPUUECKOTO MyTH MEXKIy BXO-
JIOM CHCTEMbI H €€ BbIXOJ0M H HCTOUHHKOM MUTAHHSI: TOKOBAst 3eMeJIbHast TeTsist He oGpasyercs®.,
Wrak, curnany obecrieueH TPAKT OT BXOJla H3MEPUTEJNbHOH CHUCTEMBI K €€ BBbIXOIY, a MyTb st
TOKa MpPH 3TOM GJOKHPOBaH. TakuM 06pa3oM, CTAHOBUTCS BO3MOXKHBIM pellaTh 3ajauy chema
JIAHHBIX C YyBCTBUTEJBLHOTO JaTunKa, HanpuMmep, ¢ MB BbIX0J10M, MpH HMetollleMcs oTeHLHasne
3TOTO JaTYNKa OTHOCHTENILHO 3eMJIM B HECKOJIbKO cOTeH BoJibT. PacecMoTpeHHbIl rajibBaHOOTBSI-
3aHHbIN BXoJ UMeeT - Harpumep, B [THY H-27x - oqnodasnyio npupomy, Ho yacTuuHo o6J1anaeT
CBOWCTBOM, MPHCYILMM TH(depeHIHaNbHOMY KaCKaLy - CHMMETPHUHOCTBIO" .

Caedyem ommemumo, umo 6oavuiuHcmao h-modyreii obaadarom epynnosoll earvs8a-
HOPA3BA3KOI, U MOALKO HEKONMOopbLe - NOKAHAAbHOLL [ 3].

2.5.1.3 DaeKTpOMarHuTHble MOMEXH

C ycJl0’KHEHHEM 3JIeKTPOHHOTo 060py10BaHHsl BO3POC/H TpeOOBaHHS K ero pabouuM Xapakre-
PUCTHKAM, CKOPOCTSIM MepeJauk AaHHbIX U 1osiocam yacToT. HekoTopble BUIbI 371€KTPOMAarHuT-
HbIX TIOM€X, KOTOPbI€ B MPOILJIOM He BbI3bIBAJIH MPOOJEM, Terlepb CYlIeCTBEHHO BJMSIOT HA pa-
60TOCNIOCOOHOCTD U3MEPUTEILHOTO 000PYIOBAHUS.

Boxpyr oueHb MHOTO MPUMEPOB BICOKOUACTOTHBIX HCTOUHUKOB LIYMa: PaHOII00UTENbCKHE
CTaHLMH, MOJULEHCKHE palapbl, MOOUJbHBIE TeedoHbl, KoMIbloTep, U T.1. [1pn ucnonbsoBanuu
TaKUX YCTPOHCTB HEOOXOAMMO 06€CeuuTh PACcCTOsIHUE MOPSIIKA MeTPa MEXKJly HUMH W BXOJaMH
M3MepUTeIbHON cucTeMbl. OTMETHM, YTO OYeHb MOLIHbIE BbICOKOUACTOTHbIE LIyMbl, pacroJa-
ralouecs B MoJioce pajnoyacToT MOTYT BbI3bIBaTh MepPerpy3ky U CMelleHHe YPOBHS HyJsl U3-
MepHUTebHOrO KaHala OJaronaps aghgekmy soinpamaieHus, Wiu 0Ka3aTbCsl NnepeHeceHHbIMU
B 06/1aCTh HU3KUX YACTOT M0 MPUUHHE HEJMHEHHOCTH TUCKPETHBIX 3J1EMEHTOB, IPUMEHEHHbIX B
M3MepUTEeJIbHOM YCTPOICTBE, B PEKUME Teperpy3KH.

HaenenHble moMexu MpoHUKAIOT B 3/71€KTPOHHBIE TPUOOPBI B OOJILILIMHCTBE CJyYaeB 10 BXOJ1-
HbIM U BBIXOJHbIM CUTHAJIbHBIM JIMHUSIM U LUMHAM [UTAHUs. BbICOKOUACTOTHBIE MOMEXH M0NaaaloT
B 9JIEKTPOHHbII IPUOOP, €C/IH Y MOCJAEHEr0 OTCYTCTBYET TOKOTIPOBOASLUIMI KOPITYC, BLIMOJHSIO-
LIMH pOJib 9KPaHA, UK KOHCTPYKILIUSI KOPIyca He COOTBETCTBYET ONpejie/ieHHbIM TPeOOBaHHUSIM,
a TaKkxKe MPU HEYNOBJIETBOPUTENLHOM SKPAHUPOBAHUM M OJM3KOM pacroJoxKeHUH MpubopoB K
MCTOYHMKAM BbICOKOYACTOTHON SHEPIHH.

CyuiecTByeT oIM60YHOE TPEACTaBAEHHE O TOM, UTO JIEKTPOMArHUTHbIE TOMEXH BO3HHKA-
I0T TOJILKO B 3aMKHYTOM MPOCTPAHCTBE 3/JeKTPOHHBLIX YCTPOHCTB. DTO He TaK - BOT NMPUMEPbI®
BJIMSIHUS HA 0OOPYA0BAHUE 3JIEKTPOMATHUTHBIX MIOMeX (MOPOH 0MacHoro):

bec/1i 3a6BITh 0 BEICOKOYACTOTHBIX TOKAX

"yMeeTcs B BUy aBTOMATHUECKOE OTBA3bIBAHHE OT CHH(A3HON TOMEXH BHelIHeil cpejibl, KOTOPYIO TPOCTO HeKyla
NPUKJIAABIBATD, T.K. BXO/bl OTBSI3aHbl OT 'BbIXOJHOH  3eMJiM MPUOOPA, OTHOCHTEIbHO KOTOPOH 9Ta MoMexa J10JKHa
paccMaTtpuBaTbCs

8B3saThI C caiita www.ccc.com
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8 KaoueBble cBe1eHUS

e BO3JIEHICTBHE HA aBTOMMUJIOT camoJieTa (M3MeHeHHe Kypea) npu pa6oTe MOOUJIBHOrO Tese-
tbona

® HCKaXKeHHE U300paKeHUs UK 3BYKA B TeJICBU3UOHHOM IPUEMHHUKE ITPU paboTe nbljecoca
® LIyMbl HJIM TTOCTOPOHHHE PA3rOBOPbI, KOTOPbIE MOXKHO YCJIbILIATh M0 0ObIUHOMY TeJ1eOHY
® CHTHaJIbl PAIMOCTAHIMH, TPUHUMAEMbIX TPOMKOTOBOPSIILIUM TeJePOHOM

® [I0TPEeCKMBAHUE WJIM LIYMOBOH (DOH B aBTOMOOMJILHOM pajMONpUEMHHKE, KOrja aBTOMO-
OMJIb IPOE3KAET MUMO MauT PAAMOTPAHC/ISLMH HJIH BbICOKOBOJIBTHBIX JIMHUH 3J1EKTpOIe-
peaauu

e OJIOKUPOBKA KOMIIbloTepa MJIM TeJeOHHOro anmnapara rnp1 BHe3alHOM 'CTeKaHHH 3J1eK-
TPOCTATHUUYECKOro 3apsijia ¢ Tesa oneparopa

ILHH noaaBJI€HUsT UJIK MTPEAOTBPpaAlleHHsA 9JIEKTPOMATHUTHOI'O IyMa HCIOJIb3YIOT 9KPAHHUPO-
BaHHUE U 3a3€MJICHUE SKPAHUPYIOLIHX OIJIETOK Ka6e.ne§1, [pyuyeM HENMPaBUJAbHbIC€ 3a3€MJE€HHUE U
9KpaHUPOBaAHUE MOTYT JdxXKe YBEJIUUYUBATb BOCIPUUMUYHUBOCTb CUTHAJIbHOT'O KabeJs K no-
Mexe.

HpOGKTHpYH KOHEUHbIH HSMepI/ITeJIbeIIU/I KOMIIJIEKC, HQOGXOILI/IMO NpeayCcMoOTpETb B3aUMO-
JIeHCTBHE H y4eCTb B3aUMOBJIUSIHUE CJIECAYIOIINX [TOACUCTEM:

® 3a3eMJICHUSA
e KaOeJIbHOH YacTH
e uHTepdelicoB

e [[ereH MUTaHus

9KPAHUPOBAHUS

ceTeBbIX (PUIBTPOB U (PUIBTPOB, OTPAHUUMBAIOLIMX MOJIOCY CUIHAJA

He ocraBasiiTe yacTb BX0J0OB MHOIOKaHaJbHOW CUCTEMbl He3a3eMJEHHOMN - UHAYe Ha
BbIXOJI€ MIPH TOM OyZIeT BUHA HABOJKA UJIM COOCTBEHHbIE 1LIyMbl IPUEMHUKA CUTHAJA.

HMcnogbayiiTe yeTpoiicTBa 3alUThl OT MUKOBBIX OPOCKOB 3HEPTHH, KOTOPblE MOTYT MPOMUC-
XOJIUTb B MOMEHT BbIKJIOUEHHS MHLYKTHBHBIX PUOOPOB. YCTPOHCTBA IS 3ALUMUTHI OT BHELLIHHUX
MCTOUHHKOB MTUKOBBIX OPOCKOB CJIE/lyeT YCTAHABJIUBATL KAK MOXKHO OJIMKE K 5TUM HCTOYHHKAM.

dutoopeciieHTHbIE JIAMITBI PEKOMEH/IyeTCS TOMEIATh B 9KPAHUPYIOLLYIO CETKY, a MEXK]LY JJaM-
MO U CUJIOBBIM LIMTKOM - MPOKJA/biBATh SKPAHUPOBAHHBIN KabeJsib ¥ yCTaHABJIMBATD (PUJILTP.
Uto6bl H36eKaTh BJAMSIHUS MOLIHBIX MAarHUTHBIX MOJIEH HA 3JIEKTPOHHYIO anmnapartypy, Heo6xo-
JIUMO BbIJIEP?KUBATH MPUEMJIEMbIE PACCTOSIHUS €€ OT CHJIOBBIX TPaHC(OPMAaTOPOB.

2.5.2 MoHTaX CUTHaJbHbIX COeJMHEHUI U POKJaJKa Kabesen

Ha touHocTb n3MepeHUil MOTyT MOBJUSATL UHAYCTPHAJIbHBIE LIYMbl, TOSTOMY HEOOXOUMO Npel-
NPUHUMATb COOTBETCTBYIOLLIME MEPBI PE0CTOPOXKHOCTH MPH MPOKJIAIKE CUTHABbHBIX JIMHUI MeX-
Jly MICTOUHHKAMH CHUTHAJIOB U H3MEPUTE/bHBIM NPUOOPOM. B 1aHHOM paszesie B OCHOBHOM NpH-
BOJIITCA PEKOMEH/IALIMH 110 PA3BOJKE JIMHUI aHAJI0TOBbIX CUTHAJIOB.

MuHuMM3aLUST HABOJOK U yBeJHUeHHe TOUHOCTH U3MepeHUH MOryT ObITh 0OecreueHbl Mpu-
HATUEM CJIYIOLLUX Mep:

HB-16



2.5 [ToagkawuyeHUe CUTHAJNOB 9

® Da3BOAMUTE CUTrHaJibl BHUMATEJIbHO: ACP2KUTE Ka6e.any}0 [MPOBOAKY moaaJiblie OT HCTOUYHH -

KOB llIyMa. MCTOUHUKaMM LyMa MOTYT SIBJISITbCS: IBUTATENH U 3JIEKTPOMOTOPHI, (hyiroopec-
LLEHTHbIE UCTOUHMKH CBETA, pallu, UMITYJIbCHbIe HCTOYHUKH MUTAHUS, FEHEPaTOPbl JIeK-
TPOSHEPIUU U CTAHKH, BUJCOMOHUTOPHI U MP. 3JIeKTPonpubopbl U ycTpoicTBa. PasHocute
(pOCTpaHCTBEHHO) 3TH YCTPOUCTBA M aHAJIOTOBbIE CUTHAJIbI KAK MOXKHO JaJibliie JIPYT OT

npyra

Pa3HOCHTE CUIHAJIBHBIE JIMHUH OT BBICOKOBOJIBTHBIX MJIH CUIbHOTOKOBBIX JIMHUH - TIPH Na-
paJliiesIbHON yKJaaKe Ha HeGOJbUIOM PACCTOSHUM OT CHIHAJIbHBIX JIMHUH OHM MOTYT Ha-
BOJIUTb TOKH WJIM HAMPSI2KEHUS B CUTHAJIBbHBIX JIUHUAX. HTOOBI yMEHbIIUTL HHAYKTHBHYIO
CBSA3b MEXKJly CAMMMH CHIHAJIbHbIMM JIMHUSIMHM, PA3HOCHTE UX HAa Pa3yMHOE PACCTOSIHHE,
€CJIM OHH MPOJIOKEHBI NapaJlyie/ibHO, JIUO0 OCYLLIeCTBJANTE B3AUMHYIO MPOKJAJIKY OTAC/b-
HbIX [PYII TPOBOJOB MOJ MPSIMBIMHU YTJIAMH APYT K IPYTY

He MPOIYyCKaNTe CUIHAJIbHbIE JIMHUK uepe3 KaOeJs1erpoBO/ibl, 10 KOTOPLIM MPOJIOZKEHbI LeNH
nutanus. B Tex ciyuasx, Koraa Tpacchl CHJIOBBIX H CHTHAJbHBIX Kabesell Bce-Taku COBMe-
L11aI0TCH, UX HEOOXOAUMO PA3JAEJUTh 3a3€MJICHHBIM METAJJIMYU€CKUM SKPAHOM

U30JIMPYHTE CUIHAJIbHBIC JIMHUK OT MArHUTHBIX MOJIeH, BOZHUKAOUWMX NIPU paboTe aJeK-
TPOMOTOPOB, CBAPOYHOT0 0O0PYAOBAHUSA, PYOUJILHUKOB U MOLIHBIX peJie

UCIOJIb3YHTE VISl 9KPAHUPOBAHUS KaOeJsied crelraJlbHble MeTaaanueckue Kopoba, a s
MarHMTHOH U30JI5IUMH - KOPOOa U3 MAarHUTOHENPOHUILAEMOro MaTepraJia

2.5.2.1 MoHTax uu(poBbIX JUHHUI

Huxxe [NPHUBOAUTCS P peKOMeHILaLH/IIU/I JJIsT OCYLIECTBJICHH ST MOHTaKa JINHUH L{Ll(f)pOBblx cucHa-

N086:

® Ha UECJOCTHOCTb CHUI'HaJla U.I/Iq)pOBOI'O BbIX0J4d O4Y€Hb CHUJILHO BJIMSAECT AJMHA Ka6€.HH, Ha KO-

TOPBII MOAAETCS COCTOSIHUE JIOTUHUECKOTO HYJISl MM €IMHULbL. B obliem ciaydyae npu Bo3-
HUKHOBEHHH NPo6JIeM HeOOXOAUMO MbITATbC MUHUMU3HPOBATh JIJIMHBI KabeJslell U HCIOJIb-
30BaTh JIOTOJHATENbHbIE yCTPolicTBa® /151 3alMThI OT KpaTKOBPEMEHHBIX TToMex. B oco-
60 TSKeJIbIX CHTyalUsIX MOXKET TOHAI00UTHCS IOTTOJNHUTENbHOE COTJIaCOBAHUE JIMHUH HJIH
npeoOpa3oBaHKe CUrHaJja

BCErJa MbITalTeCh 0ObEAMHATD apaMu 0OLIMH MPOBO/L (1M POBYIO 3eMJIIO ) U CHTHAJIbHbBIH
MPOBOJL MTPU MPOKJIAJIKE LM POBOI JIMHUHU, UTOOBI MUHUMHU3UPOBATh BJIUSHUE [ITyMOBOH Ha-
BOJIKH U 3JICKTPOMAarHUTHOTO U3JIyUeHHS

9

Hanpumep, Tpurrepsl [LIMuara B ycTpoiicTBaxX, BHIMOMHSIOUMX POJIb PETPAHCIASITOPOB HHTEP(EHCHBIX CHTHANOB
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3.1 [loakawuyeHue CUrHAJOB 11

3.1 [TloakJoueHue cCUrHaJjion

Bce napbl!' Bxos0B nuatsl HI-8 uMeloT uHauBHayasbHyo raibBaHopa3Bsi3Ky.

3.1.1 Pasbem

+8...12B
sanycr

+TIME N/C
+RSV
-RSV
} -START
/ +START <J

GND

Puc. 3.1: HI-8. Pazwem

[IpaBast yacTb puc. 3.1 MokasbiBaeT cxeMy OpraHU3alM{ BHEIIHEr0 CUHXPOHHOTO 3arycKa
oJHOBpeMeHHo? Beex h-moayaeit kommiekca HB-16.

Ta6muua 3.1: HI-8. Hasnauenue curuasioB pagbema

Ums curnana O6uwas Hanpas- Onucanue
TOUKa JeHue
+START - Bxon HeunBepTupytouuii BXoJ CHrHaja BHELIHEro

3anycka h-mosyJsed.

-START - Bxon MuBepTHpyIOLLMKA BXOJ CUrHA/la BHELIHEro 3a-
nycka h-moyJied.

+1MS - Bxon HeunBepTupytolimi BXoJl curHana o0ua mc.

-1MS - Bxon HBepTHPYIOIIME BXOJ CUTHAA O0HA MC.

+1TIME - Bxon HeunBepTupytowmii BXoa curHana odwa ce-
kynda CEBT

-1TIME - Bxon MHuBepTHpYIOLLHIT BXOJ| CUTHAJIA 00HA ceKkyHOa
CEB

+ RSV - Bxon Pe3zeps.

N/C - - He noacoenunen.

fecuerema enMHOrO BpeMeHH, BHeLIHsS Mo oTHolIeHHto K HB-16

Lem. a6 3.1
211151 3TOTO OHHU JI0JIKHBI OBITh TIePeBe/IeHbI B COOTBETCTBYIOLIMI PEsKUM IITATHEIMH cpeactamu [10 [1]

Pymoeodcmso noJas3osarnensd
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HI-8

3.1.2 XapakKTepuCTUKHU CUTHAJIOB

Ta6mua 3.2: HI-8. XapakTepucTiku CUrHa bHbIX JUHUH

Curnaan Tun | Bxoanoit um- | llpeneabHo pomyctu- | Bobite- Breka- Haute- Moarsik-
nejaHc Moe 3HaueHMe Ha BXOJe | Kalolui 01U JILHOCTb Kat
TOK TOK crpo6at
+START Al 470 Om 15 B (+START oru. - | - < 30 mMA He MeHee 4 | -
START) MKC
+1MS®) Al 470 Om 15 B (+1MS otn. -1MS) | - < 30 mMA He MeHee 4 | -
MKC
+TIME?) Al 470 Om 15 B (+TIME otH. - | - < 30 MA He MeHee 4 | -
TIME) MKC

TTOKOBbIi BXOJL; CTPOG - MOJIOKHTELHbII MMITYJIbC TOKa - eM. puc. 3.1, etp. 11

B HOPMAJILHOM COCTOSIHHM BCe JIMHHU OJKHBI GbITh HEAKTHBHBLIMH H MMETD HyJ1eBofi noTentman ('+ otH. '-")

@) CHrHaJl He HMeeT IITATHOTO IPUMEHEHHs B h-MO/IyJIfX, MOKET HCII0JIb30BATLCA 110 YCMOTPEHHIO T0JIL30BaTe/lsl - B TOM CJIyuae, €CJIH OH CaMo-
crositesibHo Moauduumnpyet wratHoe [1O h-monyaneit (BIOS) nox cBoun 3anauu
b)etpo6 ot BHewneil k HB-16 cucmensr edunoeo spemeru nepnoanuHocTbio 1 cek. MIMeeT cMbIc/I NMojaBaTh TaKoi CHIHAM OT 3TaJOHHONO
ucrounnka. Curnan o6pabarbiBaercs annaparypoit HI-8 [1]

HB-16
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4.1

[lonkaoueHue cur1ajsoB

Monyab H-11 nmeer rpynnoByto rajbBaHOpa3BsA3Ky KaHAJI0B (M3MePUTENbHbBIX LIeNel ).

4.1.1 Pasbem
TRIG m
Ne L, 2
+CHI6 | 3 e
HCHIS | e 4@"
O |, 0@"
+CHI3 | e 6 o6
+CHIZ | 7 o6
+CHIL |- 8 o
+CHI0 | o 9 o
+CH | g 10 o
+CHS | o 11 o&
HCHT | 1‘2 S
HCHE | o 13 o
HCHS | o 1% ot
Ratl1 S I 17 oy
HCH3 | o 16 o
HCH2 | e 17 &
+CHL | o 18 &

e

Jlugpgpepennnabipie Bxoqsr
(16-Ti1 KanaabHbIT peskiM)

AGND
-CH16
-CHI5
-CHI14
-CH13
-CH12

-CH11
-CH10
-CH9
-CH8
-CH7
-CH6
-CH5
-CH4
-CH3
-CH2
-CH1

OND32 |, 2T
X6 g P
X5,y
L—b@ 24 N
X8 s 0%
L—b@ 26 e
X11 o o7 8 ot
X10 Lo o5 9 o
X9 e 29 10 o€
X8 e 50 11 o€
X o 31 l? Bl
X6 e 52 13 o€
X5 o 33 14 o€
Ly 0
X3 Lo 55 16 o€
X2 o 36 174
X1 Lo 57 18 o&

Y16

Y13

Y11

Y9

Y7

Y4

Y3

Y1

%

Yerapepmine 0603HaUeHILA Pa3bLEMOB,

npuusrsie B L-Card

Y15
Y14

Y12

TRIG

GND32
+CH31
+CH29
+CH27
+CH25
+CH23

+CH21

%o:
PO .

20
2 G—
—o 21
3
o 22
4 o6
o 23
e &
o 24
6 G&
o 25
7 o
o 26
8 G
» 27

Y10
Y8

Y6

Y2

+CH19
+CH17
+CH15
+CHI13
+CHI11
+CHY
+CH7
+CHS
+CH3
+CH1

9 o6
10 o6
11 o€
12 o

o 28
o 29
3 30

o 31
13 o€
o 32
14 o6
o 33
15 o
o 34
16 o6
o 35
17 o6+
o 36

18 c&+
o 37

+12-Bl
—12_B|

AGND
+CH32
+CH30
+CH28

w

1ceBroqneppepennaipnie BXOIbI
(32-X KaHAIBHBII DEKIM)

Puc. 4.1: H-11. Pasbewm, 1Ba npyHUMNHAIbHBIX BapHaHTa

+CH26
+CH24
+CH22
+CH20
+CH18
+CH16
+CH14
+CH12
+CH10
+CHS
+CH6
+CH4
+CH2

Ha puc. 4.1 cneBa nokasaH cJjydail pacrpeie/ieHdsi CUTHAJI0B 10 KOHTAKTaM pa3dbeMa B TOM
cJlyuae, Kak ec/iu Obl MoJIb3oBaTe/ b HacTpous! Bee BXxoabl Ha paGoTy B AudrdepeHurasbHoOM
pexume’. CripaBa Ha puc. 4.1 NoKasan BapHaHT, KaK ecJ/ii Obl [10Jb30BaTeb NepeBes Bee Ka-
Hasibl Moayssi H-11 B nceBnoaudpepeHanbHbli [3] pexkum ¢ AMHAMHUECKOH KOMMYTallu-
el KanasioB. B o61iem cayuae® pacnpesiesienye CHrHaJIOB MoJydaeTcst KOMOUHALMENH STHX JIBYX
MPUHLMITHAIbHBIX BAPHAHTOB.

epencrsamu wrathoro 1O

2
3

TouHee, B qucdepeHHaIbLHMO pex<uMe ¢ JMHaMHuecKoil kommyTatmeil kanasos (JIBJIKK) [3]
HecMOTpsi Ha To, uTo 10 Mo3BoJIsieT oHOBpeMeHHYI0 paGoTy YacTH KaHaJIOB B IH(hepeHIIaTbHOM, a YaCTH

KaHaJI0B - B N1CeBJ0AN(PepeHatbHOM PeXKUMaX, He peKomerdyemcs CMELLIMBATh 3TH J1Ba PEXKHMA B OJIHOM ce-
aHce paGoThbI ¢ anmnaparypoi

HB-16



4.1 [MoakAwUYeHUE CUTHAJNOB 15

Tabsuua 4.1: H-11. HasHauenue curnasno pazbema, 1uddepeHinaibHblil pexxum

Umsa curnana Oo6was Hanpag- Onucanue
TOUKa JeHue
+CH<I1...16> | AGND Bxon HewunBeptupytouwmit Bxoa audepeHimransb,Horo
KaHaJsa 1...16
-CH<1...16> | AGND Bxon WuBepTupytoumit  BXoa anudpepeHransbLHoro
KaHaJsa 1...16
AGND - - AnajnioroBasi 3emsisi. O61asi Touka JJisi M0J-

K/oueHnsi Bxoaubix teneid ALITT momyns H-11

+12B AGND Brixon [Turanue ('+’) ueneit pesepBUpoBaHus
-12B AGND Brixon [Turanue (’-") ueneit pesepBUpPOBaHHUS
TRIG AGND Bxon Bxon BHewnedt TTL snHMM cHHXpOHH3ALMK
curnanal
N/C - - He noacoennnen
THe nmeer wratHoro npumenenus B H-11, MoxKeT HCMO/Ib30BATHCS 10 YCMOTPEHHIO M0J1b30BATES - B TOM

cJIyuae, ecJid OH caMmocTosiTesbHO Moauduuupyet witatHoe [1O h-monyns (BIOS ) nox cBou 3anaun

Ta6mua 4.2: H-11. Hasnauenue curnanos pazbema, nceBaoandpdepeHanbHbli PeXXKUM

HUmsa curnaaa Oo61was Hanpas- OnucaHue
TOYKa JeHue
+CH<1...32> | GND32 Bxon [TceBnonnddepenumanbhblil  BXOJ — KaHasa
1...32
GND32f - - AnaJjioroBasi 3emJis riceBIOAR(hepeHIIaNbLHO-

ro pexkuma. OO6UMH MPOBOA JJ/isi CUTHAJLHOH
Lenu 32-x KaHaJioB

AGND - - AnasioroBasi 3emsisi. OGlasi Touka JJisi MOJ-
K/oueHnsi BXoaHbix eneid ALITT momyns H-11

+12B AGND Brixon [Turanue ('+’) ueneit pesepBUpoBaHHUs

-12B AGND Beixon [Turanue (’-’) uene# peaepBUpoBaHUs

TRIG AGND Bxon Bxon BHewnedt TTL snHMM cHHXpOHH3aLMK
curnanat

f3emns GND32 nomkna 6LITL 06beauHeHa ¢ 3emaeit AGND Ha cropone Moy [ 3]
He umeer wraTHOrO NpUMeHenus B H-11

Pymoeodcmso noJae3osarnensd
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4.1.2 XapakTepUCTUKH CUTHAJNOB
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H-22

5.1 TloakJrouyeHue CUrHaJjioB

Monynb H-22 numeer rpynnoByto rajbBaHOPa3BsA3Ky KaHAJIOB (M3MePUTENbHbBIX LIeNel ).

5.1.1 Pasbem

/ N/G
AGND log——"—
— {020 EIRQ
AGND 26—
—_—10 21 . DO
AGND 3 o—200)
—_—T10 22 N/C
AGND L, YT/
- —[1°2 -CH4
AGND . Py
e 24 +CH4
AGND .. 6o
e 25 -CH3
AGND 76
—o 26 +CH3
AGND _ 8o
o 27 A483
AGND 9 o6
—o 28 B485
AGND 10 o
—o 29 15
AGND . 1208
—o 30 +15
AGND L 1267
—o 31 N/C
AGND e BoT——
—o 32 N/C
AGND 14 o—4——
e 33 -CH2
AGND 15 o
o34 +CH2
AGND _ 16 G&
—o 35 N/C
AGND v T/ —
— 1 ©36 -CHI
AGND .o 180
A 1 es7 +CHI1
w—
Bee AGND obbeumensr MesEy coboii na miare Moy

Puc. 5.1: H-22. Pazbem

Ta6mmua 5.1: H-22. Hagnauenue curnasnos pasbema

HUmsa curnaaa Oo6uwas Hanpas- Onucanue
TOYKa JeHue

+CH<1..4> AGND Bxon HeunBepTupytoimi Bxo quddepeHinaibLHOTo
kanasma ALIIT1..4

-CH<I1..4> AGND Bxon WMuBeptupytoiii  Bxo JuddepeHnasbLHOTO
kanana ALLIT 1...4

AGND - - AnasnoroBast 3emsig. OO61as Touka st MOJ-
KJIIOUEeHUsT BXOJIHBIX 1ieneil Moyt H-22

+15B AGND Beixon ITuranne (*+) npenycuanrens !

-15B AGND Brixon ITuranue (*-’) npemycuantens’

EIRQ AGND Bxon Curnan BHetHero npepbiBanus (TTL)

HB-16

IIPOAOJ/I?KEHHE Ha CJI@ZI}/lO[[[ePUI' CTpaHHLe...
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npogoJKerne Tabanibl 5. 1

Umsa curnana Oo6masn Hanpas- Onucanue
TOUKa JeHue

DO1 AGND Beixon Lndpposoit Beixox® (TTL)

A485 AGND Bxon- Bbi- | Henneprtupytomwas — squnua A DATA+
XOJ1 unrepoeiicat) RS485

B485 AGND Bxon- Bei- | MuBeptupyiouias JIMHUS B DATA-
X0J1 unrepdeiica?) RS485

N/C - - He nonpcoenunen

Tumeercs B BUY 4-X KaHaNbHBIH yeHauTeb 3apsia LE-41[5]. B cayuae sanuTbiBaHHs Pyroro yeTpoii-
CTBa HEOOXOJUMO YUECTh, UTO MAKCUMAAbHBLL MOK Haepyaku paser 20 nA

'He umeer wTaTHOrO NIpUMeHeHHs B H-22, MOXKeT HCTI0JIb30BATLCS 110 YCMOTPEHHIO MO0JIL30BATES - B TOM
cJyuae, ecJid OH caMoCTosITeNIbHO MoiuduupyeT titatHoe [TO h-monyas (BIOS) non cBou 3anaun. [1pe-

poleaHue Bblpa6ambl8a€m(3ﬂ no ompuyarmesbHomy qbpoumy CUCHAAQ HA AMHUL, OAUMEeAbHOCTTb

cmpoba - He mernee 200 He

“noamepsKat wrathbiM [1O KaK ONLMst; MeIUIeHHO MEHSIOLIMEICS CHrHas (BpeMst epekstouenust ~ 50...200
MC U onpejiesisieTcst CBOHCTBAMH ONepalMiOHHON cpefibl)
Yrarnoe 1O H-22 (cm. [1]) noamepskusaeT npotokos o6MeHa no uutepoeiicy RS-485 To/bko s
pa6otbl ¢ Moaysnem LE-41 - nyist peasnusauuu ero yaajaeHHOro NporpaMMHpPOBaHHS

O6 untepdeiice RS-485 - em. [16, 17, 18, 19, 20].

Pymoeodcmso noJas3osarnensd
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5.1.2 XapakKTepHUCTUKH CUTHAJIOB
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H-25

6.1 [loakJroueHue CUrHaJioB

Monyab H-25 vmeer rpynnoByto rajibBaHOPa3Bsi3Ky KaHAJIOB (M3MEPUTEbHBIX LieneH ).

6.1.1 Pasbem

AGND
—_—Ff90 20 N/C
AGND . 201——
—F 21 )
N/C
AGND e
—t9 22 )
N/C
AGND . 4o——
o 23 -CH4
AGND . 56—
— 1224 +CH4
AGND . b/
— 1 °2 _ -CH3
AGND B
————1©26 +CH3
AGND . o
—_—1 27 A483
AGND . 9 ct———>
EL O T B485
AGND o e
—o 29 4_5]5)
AGND 11 6=
—o 30 +15
AGND 12 o
—o 31 )
) N/C
AGND 13 o1
— 19 32 '
} N/C
AGND 14 o
— 193 _ -CH2
AGND 15 o
s +CH2
AGND . 1608
35 )
N/C
AGND b V1O
— 1 °36 -CH1
AGND s 18 o
: +C
w_ CH1
Bee AGND obbeimenst Mexy coboii na miare Moxgyia

Puc. 6.1: H-25. Pazbem

Ta6smua 6.1: H-25. Hasnauenue curuasioB pasbema

HUms curnana Oo6was Hanpag- OnucaHue
TOYKa JeHue

+CH<1..4> AGND Bxon Heunpeptupytoimi Bxos muddepeHinaibLHOTo
kanasma ALITT1..4

-CH<I1..4> AGND Bxon WuBepTupytomit  BXoa audepeHrasbLHoro
kanasa ALITT1..4

AGND - - AnanoroBasi 3emsist. O6uiasi Touka Jasi MoJi-
KJIIOUEHHS] BXOJHBIX 1leneil Mojyast H-25

+15B AGND Brixon IMuranue (*+) npenycuanrens !

-15B AGND Beixon [Mutanue (*-) mpeaycunntens’

HB-16

HPOJAOJI>KCHHE Ha C./Ieﬂ_VlOllleﬁ CTpaHHleE...
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npogoJKenne Tabnipl 6. 1

Umsa curnana Oo6masn Hanpas- Onucanue
TOUKa JeHue
A485 AGND Bxon- Bwi- | HeunBeprupytomiasi  gunus A DATA+
XOJ1, unrepdeiica® RS485
B485 AGND Bxoa- Bwi- | MHBepTHpytolas JIMHHST B DATA-
XOJL unrepdeiica® RS485
N/C - - He noncoenunen

Tumeerca B Buay 4-X KaHaIbHBI yeuauTeab 3apana LE-41[5]. B cayuae 3anuTbiBaHus APyroro ycTpoii-
CTBa HEOOXOJUMO YUECTh, UTO MAKCUMAAbHBLLL MOK Haepy3ku paser 20 nA

“ratnoe 1O H-25 (em. [1]) moanep:xuBaer npotokosa o6Mena 1o uutepdeiicy RS-485 Toabko s
pa6otbl ¢ MoayseM LE-41 - 11 peanusaunu ero yaajeHHOro nporpaMMHUpoBaHus

O6 unrepdeiice RS-485 - cm. [16, 17, 18, 19, 20].

Pymoeodcmso noJae3osarnensd
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6.1.2 XapaKTepUCTUKHU CHUTHAJIOB
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7.1 TloakJuyeHue CUTHAJNOB
Bepcus 3 monyast H-27 siBsisiercst 6a30BO Ha TEKYLLMEA MOMEHT.

B s1060# KoMmieKTaluu nu3MepuTebHbIMU CyOMoynsiMu H-27x Bcerna umeercs nokarnano-
HASL 2ANbBAHUYECKASA PA3BAZKA U3MEPUTEJ/IbHBIX LIETeH.

7.1.1 Pa3sbem (Bepcus 3)

N/C N/C
N/C 1 e——"— 10 N/C 1 —/4/———7+—
—o 20 N/C o 20 o 20 N/C
N/C 261—— 20 N/C 26——
#_e 21 021 L_e 21 -
3 o SHLD 30 3 o SHLD
+CH16 . +U8
—»0 22 _CH16 Q 22 —0 22 U8
+CH15 L E— 4o || -18 L E—
—»0 23 _CH15 @ 23 ciaor 8 — o 23 4
+CHI14 DI E— 2@ || +U7 5ot—15
—» 24 . _CH14 ¢ 24 _ —»0 24 X U7
+CHI13 61— 6@ || 17 6oF——
—¥0 25 _CH13 Q 25 cior 7 —9 25 41
+CHI2 T Te || +U6 7e1—1%
—»© 26 _CH12 9 26 —» 26 U6
+CHI11 L EE— 8¢ || -16 o
—» 27 _CH11 Q27 cior 6 —7t 27 |
+CH10 geg—— 9¢ || +U5 91— 1§
—»0 28 _CH10 @ 28 —» 28 U5
+CH9 e 29 10 44— %29 109 [ | . 15 | 99 10 o———
-CH¢ CJaoT 9 —— +15
+CHS8 11 G——( H9 11 ¢ | | +U4 11 @—4’)}1
—» 30 _CHS8 ¢ 30 —»© 30 U4
+CH7 . 12 64— 51 120 | | p 14 31 12 64—
AL V) - Q cior E— ]
+CH6 13 S 13¢ 1 | +U3 13 o— 14
—»0 32 _CH6 @ 32 —» 32 U3
+CH5 14 64— 14 ¢ | | 13 14 44—
—» 33 _CH5 @ 33 cior 3 — o 33 4
+CHA4 15 e—4——— 15¢ [ ] +U2 15 6—43)
— 34 . _CH4 @ 34 i o 34 . -U2
+CH3 3 16 —F—" ; 16 ¢ | | 5 12 ; 16 6—F——
—_— 35 C @ 35 CIoT 2 —_—7T]9 35
+CH2 17 of—H3 176 | +U1 17 o— 3
— 0 36 _CH2 ¢ 36 ——» 36 Ul
AL e 37 N 37 B 1 2t 37 18
Emm— : C Q & ci1or —{ 9
H-27x, kpome H-27Rx H-27Rx

Puc. 7.1: H-27. Pagbewm, 1Ba NpUHUMIHAJIbHBIX BApHAHTA

Ha puc. 7.1 cneBa nokasau cJjyuai pacrnpeesieHust CUIHaJIO0B [0 KOHTAKTaM pa3beMa B TOM
cJlyuae, Kak ecqi 6bl B coctaBe MoayJ/st H-27 ne 6b110 cyomonyneit H-27Rx; cnpaBa nokasan
BapHaHT, Kak ecju Obl H-27 Obla1 yKOMIJIEKTOBAH ToJIbKO cyOmoaysassmMu H-27Rx. Haubosee
061K BUJL pacrpe/iesieHdsl CUrHAJIO0B MoJiydaeTcs KoMOUHALMeH 3TUX JABYX MPUHLMITHAJIbHBIX
BAapUaHTOB': Kasdomy cromy cybmo0yas coomeememayem, KaK noKA3AHO 8 YeHIMPe Pli-
CYHKQA, 4 KOonmakma Ha pasoveme, UHmMmepnpemays KOMopoLx 3a8UCUmM 0m muna cyomo-
0yA5; NONOJHUTENbHO - cM. pasnen 7.1.3, ctp. 30 u taba. 8.1, ctp. 34.

BHUMAHME. He nyraiite noustusi: caot Komnjaekca HB-16 (npeanasuauen njs pagme-
uienust h-momayasi), u caot moayast H-27 (cayxut nas pasmettennsi cyomonyast H-27x na nnare
H-27).

B Tom cayuae, ecain tin cyomoyasi - Jio6oi, He coBnaaaoumii ¢ H-27Rx, on umeer dsa
u3mepuTesbHbIX KaHata. Cyomonynn H-27Rx umetoT 00ur namepuTebHbIH KaHal.

I'p KauecTBe npuMepa cM. puc. 7.5, cTp. 32

HB-16
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Tabmuua 7.1: H-27. Hasnauenue curnanoB pagbema: cyomoaynu H27x, kpome H27Rx

Ums curnana O6uas Hanpas- Onucanue
TOYKa JeHue
+CH<1...16> | - Bxon HeunBepTupyioum#i BXoj rajbBaHOpasBsi3aH-

HOTO KaHaJla CyOMOLyJIsl.

-CH<1...16> - Bxon MuBepTupylolLMi BX0/, rajibBaHOPA3B3aHHOTO
KaHaJsa cyoMo Ly sl

SHLD - Bxon DkpaH. MoxeT GbITb HCMOJb30BaH it MOJI-
KJIIOUEHHS] 9KpaHa BXOJHOTO KabeJss H3MepH-
TeJIbHBIX CHUTHAJOB - B CJydyae, eC/d TaKoH
5KpaH UMeeTcsl. JKpaH LesecoobpasHo nprme-
HATb B cjaydae skcruyatauun H-27 B ycsioBuu
CWIbHBIX 3JIEKTPUUECKHX ToMeX. B 0GbluHbIX
caydasix Bxog SHLD nosmxen 6biThb He noo-
KAIOHEH.

N/C - - He noncoenunen.

[Tapa BxonoB —C'Hz 1 +C' Hx COOTBETCTBYIOLLETO KaHaJla ABJSETCS raJbBaHOPA3BA3aHHbBIM
BXOJIOM H3MepuTesbHoro cyomoyst H-27x, yeranosaennoro Buytpu H-27, u npedcmasasaem
coboii 00un uamepumenvrolii karnar CHx cyobmomys.

Tabnuua 7.2: H-27. Hasnauenue curnasnoB pazbema: cyomoynn H27Rx

Umsa curnana O6umasn Hanpag- Onucanue

TOYKa JeHue
+U<1..8> - Bxon HeunsepTupyiolni BXo1 HanpsKeHHs!.
-U<l1..8> - Bxon MuBepTUpyIoLIMil BXOJ HANPsSI2KEHHSI.
+I<1..8> - Brixon HeunnBepcHbI#i BEIXO HCTOUHUKA TOKA.
-I<1..8> - Brixon HMHuBepcHBIi BBIXOJ MCTOYHUKA TOKA.
SHLD - Bxon OkpaH. MoxeT ObITh MCMOJNB30BAH JJisl MOJI-

KJIIOUEHUsT 9KpaHa BXOJHOTO Kabess M3MepH-
TeJIbHbIX CHUTHAJIOB - B CJlyuae, eCJiM Takou
9KpaH UMeeTcsl. DKpaH 1es1ecoo6pa3Ho MpumMe-
HSITb B cjydae skcruyatauuun H-27 B yesoBuu
CHUJIbHBIX 3JIEKTPUUECKHX MoMeX. B oObIUHbIX
cayuasix Bxoa SHLD noskeH 6biTh He nod-
KO 4eH.

IIPONOJI?KEeHHE Ha C./IEZZy}OlHEﬁ CTpaHHle...

Pymoeodcmso noJae3osarnensd



npojoJKerre TabHibl 7.2

HUmsa curnana Oo6masn Hanpas- OnucaHue
TOYKa JeHue

N/C - - He noncoenuHeH.

[Tapa BxonoB —Ux v +Uz 06pa3ytoT U3MepHUTE/bHbBIA BXO/L HANPSAXKEHUST COOTBETCTBYIOLLE -
ro cyomoyasi H-27Rx 11 ueTbipexnpoBoHON cXeMbl U3MepeHHsi conpoTuB/enusi. [lapa Bxo-
0B —Ix u +Ix 06pa3yroT U3MEPUTEJIbHBIN BBIXOJ MCTOYHUKA TOKA COOTBETCTBYIOLIErO CyOMO-
nyast H-27Rx B ueTbipexnpoBoJHOI cxemMe U3MepeHUsi CoNpoTuBaeHusi. Yemsepka cuenanros
(£Ux,+1x) obpasyem o0un usmepumenvHoltl KaHas CyOMOJLYJIsl, KAK OKa3aHo Ha pucC. 7.2.

+1 -1
Hsmepaemoe
corpornpieHne

A

+U

Puc. 7.2: H-27. [loax/aiouenue uamMepsieMoro conpoTtupyeHus kK cyomoyJo H-27Rx

HB-16
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7.1.2 Pa3sbem (Bepcus 2)

Ha tekyumit moment momynn H-27 Bepcun 2 ne npousBoasrcs. MHpopmaims npuseneHa asis

TeX M0JIb30BaTeNeH, Y KOTOPbIX JIaHHbIE MOJYJIH y2Ke HaXOAATCS B 9KCILTyaTalllH.
Pacuindposka o6o3nauenui - cm. pasnen 7.1.1, ctp. 26.

JUIsl BEPCHH 3 MJ1aThl U NpHBeeHo B TabJaule 7.3, cTp. 30.

+CHI1
+CH9
+CH2
+CH10
+CH3
+CHI11
+CH4
+CHI2
/G|
N/C
+CH5
+CHI13
+CH6

+CH14
+CH7
+CHI15
+CHS8
+CH16

/ CHI
1 64—
o 20 -CH9

2 ———
Ho 21 _CH2

3ot+—=
o 22 -CH10

4 64—
o 23 -CH3

5 o—————
o 24 -CHI1

6 o——m—
o 25 _CH4

7 04——
> 26 -CHI2

8 o———
Lo 27 :

g o] N/C
o 28 :

10 oG
—o 29 |

1 et NC
Lo 30 CH5

12 o CH5
H»o 31 CHI1E

13 6|_-CHI3
Lo 32 -

14 of—CH6
Lo 33 -

15 CH14
H»o 34 o

16 ol -CHT
3o 35 e

17 o|_-CHI5
H»O 36 C

. 18 o——( H8

e 37 -CH16

L

H-27x, kpome H-27Rx

(o
5 9 e +I5
—o 21 -Ul
J 3 6
+Ul1 Ly 99 Us
i 4 64—
U5 o 23 412
12 5 e——————
—o 24 +16
16 6 ce——
—o 25 U2
. R
U2 o 26 N U6
J San
+U6 Ly 97 N/C
) 9 o—1——~—
N/C .
——1o0 28 N/C
) 10 6—
N/C .
—o 29 \/C
N/C
13 11 o
—o 30 113
17 12 ce——
—o 31 +17
+U3 13 ce——
o 32 U3
+U7 T Mer——=
Fo 33 U7
-14 15
—o 34 +14
18 16 ce——
—© 35 +18
17 c&e——
+U4
H»o 36 U4
T 18 o——
+U8 .
o 37 U8

L

+11

H-27Rx

Puc. 7.3: H-27, Bepcusi 2 (ycrapeBiuui BapuaHt). Pazbem

dusmueckoe pacrooxenue’ cyoMoyJieil npuseseHo Ha puc. 7.4, ctp. 30.
CooTBeTcTBHE CJ0TOB cyOMoyJielt H-27x nornueckum Kananam H-27 coBnanaer ¢ TakoBbIM

[Tpumep pasnena 7.1.3.1, ctp. 32 st Bepcuu 2 He cnpaseoius.

2

He 3aBHUCHT OT

Bepcun H-27

Pymoeodcmso noJaezosarnensd
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7.1.3 Me3oHuHHasg noacucrema

[eomeTprueckuil NOPSIIOK pacroJoxKeHus cJaoToB cyomoaysei H-27x, o6pasytolmx Me3soHnH-
Hylo noacuctemy moayJst H-27, npusenen na puc. 7.4.

H-27, Bun cBepxy

L

crorer 1...8
(0...7)

3

47 |:l
3

47

cyomonynn 2 (1)
cyomonyab 1 (0)

cyomonyan 8 (7)
cyomonyab 7 (6)
cyomonyib 6 (5)
cyomonynn 5 (4)
cyomonyan 4 (3)
cyomonyib 3 (2)

4{ CUTHAJIbHBLIA pagbeM }—E

Puc. 7.4: H-27. Pacnosioxenue cyomomyseit H-27x

[1pu pa6ore ¢ H-27x T1O onepupyet Tak Ha3bIBaeMbIM 202U 4ECKUM HOMEPOM KAHAAQ, KO-
TOPbII BBeEH M5l oOecrieueHns CKBO3HOHW HHIEKCALIMKU JAHHbBIX BCEX BO3MOXKHbIX KOMOMHALMH
(pusnueckux kanasoB. Takum o6pazom, nocpenctoMm dyHkiwmil [1O nosb3oBaTesio ctaHoBATCS
JIOCTYNHBIMH a6cTpakTHble Kanadbl 0...15, uHTeprnpeTHpoBaTh® KOTOphie MPUK/IaAHAs POrpam-
Ma JI0JKHA KOHMEeKCNHO, yUUThIBAsl HAJMUKe, PACIoJiozKeHHe U THIbl cyOMoyneld H-27x.

B ra6auuax 7.3, 7.4 u Ha puc. 7.5 yucaa B ckobKax cripaBa OT HOMepa CJoTa MM KaHaJja

NPEJCTABAAOT aJBTEPHATUBHBIA CMTOCOO HYMepPAaLMH, HAUYMHAIOLLIECHCH C HYJIA.

Tabmuua 7.3: H-27. CoorBerctBue Kanasos [THY caoram cybmonyneit H-27x

Caor KaHnan cyomonyas ®Pusnueckuil kanan | Jlornueckuii kanan | JlaHHble KaHaja, KOJ
H-27 H-27 (1O)

1(0) 1(0) CHI nmu I1 0 3nauenne kanana CHI1 wmu comporusie-
Hust R1

1(0) 2(1) CH2 nmu U1 1 3nauenue kanaina CH2 wmm 0

2(1) 1(0) CH3 nmu 12 2 3nauenne kanana CH3 wmu comporusie-
Hust R2

2(1) 2(1) CH4 nm U2 3 3nauenue kanana CH4 wmu 0

3(2) 1(0) CHS5 nmu 13 4 3nauenne Kanana CHS wmm comporusie-
Hust R3

3(2) 2(1) CH6 nm U3 5 3nauenune kanajsa CH6 wmu 0

4(3) 1(0) CH7 nmu 14 6 3nauenne kanana CH7 wmu conporusie-
Hust R4

4(3) 2(1) CHS8 nmu U4 7 3nauenune Kanasa CH8 wmu 0

5(4) 1(0) CH9 nmu 15 8 3nauenne kanana CH9 wmu conporusie-
Hust RS

npoaoJ/PKeHHe Ha cwe;zy[omeﬁ CTpanHue...

3T.e. YUHUTbIBATb (bHSquCKy}O MPUPOLY UX TIPOUCXOKIACHHUS

HB-16
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nponoJKerne Tabsmubl 7.3

Caot Kanaa cyomonyas ®dusnyecknit kanaa | Jlornueckuit kanan | JlaHHble KaHaJa, KOJ
H-27 H-27 (MO)

5(4) 2(1) CHI10 un Ud 9 3uauenune kanasa CH10 nmu 0

6(5) 1(0) CHI1I wn 16 10 3uauenune kanasa CHI1 uin conporusie-
Hust R6

6(5) 2(1) CHI12 win U6 11 3Hauenue kanama CHI12 uiun 0

7(6) 1(0) CHI13 win 17 12 3uauenune kanaja CHI13 uin conpotusie-
Hust R7

7(6) 2(1) CH14 win U7 13 3uauenne kanasa CH14 nmu 0

8(7) 1(0) CHI15 un 18 14 3nauenue kanana CH15 win conpotusiie-
Hust R8

8(7) 2(1) CHI16 nm U8 15 3Hauenue kanasa CH16 wiu 0

Tpetbsi KosioHKa TabJ1. 7.3 NpeACTaBJSET 1Ba BO3MOXKHBIX BApUAHTa UHTEPIIPETALMN H3Me-
PUTEJILHBIX KaHaJIOB, MPUHAJIJIEKAIIMX OJJHOMY CJIOTY, B COOTBETCTBHUH CO cXeMoil puc. 7.1 Ha
cTp. 26.

Pymoeodcmso noJae3osarnensd
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7.1.3.1 Tlpumep

B nannom pasjuesie npuBoaUTCS KOHKPETHBIHA pumep? kondurypauuu H-27,

cior ‘ A N/C
N T
! N/C 2 o1——
20 | sHip
8(7) | T°* ,.L
——o 23
FHCHI4: U0 Rl
7(6) | o o 24 6 ol CHIEUI0 |
H13: |
|L:~_,(JE1§;P,19,,,,J »o 25 . 3 _CH13: U10 }
+U6:R100 i , )
6(5) |~ [ | UG RI00_|
| -16: R100 1 o | |
e 9ot 6 RI0Q
_ — o928
2(4) 7 e
——o 29
V'"ICHS: 120 ! 11 o——
103 | e80T |
TR0 e g 1 ‘ |
13 ol CH7:120_|
| O
‘ —Po 32
3(2) >0
—pes
TIUZES0 ) 5 o=
2(1) T 34 [ UZR0
| 12: R250 Lo s 1057 !
TRCe T T ! 17 oL T2 R250
1(0) 1! e 36 T CHET )
@V Lot | 18 o—f =
[Mnnss T o 37 1 ~ w
%L,,,W;QIEIJ

Puc. 7.5: H-27. Pasbewm, kom6uHatus cyomoyeit. [1pumep

Tabauua 7.4: H-27. Pacnpenenenue curtanos [THY no caoram H-27x, npumep

Caor | Tun cyomonyast | Jlorndyeckuii KaHaa

1(0) H-27T 0,1
2(1) H-27R250 2
3(2) OtcyTerByeT -
4(3) H-27120 6,7
5(4) OtcyTeTByeT -
6(5) H-27R100 10
7(6) H-27U10 12,13

8(7) OTcyrcTByeT -

4[[.]191 MJ1aTbl BEPCHUHU 3
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7.1.4 XapakTepUCTUKH CUTHAJIOB

Ta6suua 7.5: H-27. XapakrepucTHKi CUTHAJIbHBIX JIHHUH

Curnan Tun | Bxoanoit um- | IlpenenabHo aony- | Beite- Breka- Bpems Moarsikka
nejpaHc CTHMOE 3HayeHMe Ha | Kalolui 0K nepexJio-
onuea) TOK TOK yeHus
+CH<1...16> Al I MOm(+CHx | &+ 15 B (+CHx otn. - | - - - -
H-27U10 otH. -CHXx) CHx)
+CH<1...16> Al I MOm(+CHx | £ 30 B (+CHx otu. - | - - - -
H-270U20 otH. -CHXx) CHx)
+CH<1...16> Al 10 MOwm | £2B(+CHxorn. -CHx) | - - - -
H-27T (+CHx  otH.
-CHx)
+CH<1...16> Al 392 Om | + 7.5 MA (+CHx oTH. - | - - - -
H-2715 (+CHx  oru. | CHx)
-CHx)
+CH<1...16> Al 100 Owm | + 15.0 MA (+CHx oTH. - | - - - -
H-27110 (+CHx  orn. | CHx)
-CHx)
+CH<1...16> Al 100 Owm | 4+ 30.0 mA (+CHx oTH. - | - - - -
H-27120 (+CHx  oru. | CHx)
-CHx)
+U<1...8>, AIO | - + 6.0 mMA (+Uxotn. -Ux, | 1.6 MA | - - -
+I1<1..8> H- +Ix orH. -Ix) (+Ix oTH.
27R 100, R250 -Ix)F
B jMa-
nasoHe
+Ux (oTH.
-Ux)
0..0.5B

@) naist cyGmoyieil H-27x HanpsikeHne rajibBaHMUECKON PA3BA3KH BXOLHBIX LieMell OTHOCHTE/IBHO LETell TUTAHHS W YIIPABJICHUS] COCTABIISIET
BesnunHy He MeHee 300 B MocTosiHHOTO WM CpejIHEro KBapaTHUeCKOro 3HaueH s epeMeHHOr0 TOKa; HarpsKeHne rajibBaHHYeCcKoi pa3Bsi3ku
MeXKJly KaHaJlaMH M3MepeHHsl 08YXKaHa1bHOo20 npeobpasoBatess - He MeHee 150 B mocTosiHHOrO MM cpe/iHero KBaJapaTHuecKoro 3HaueHHst
rlepeMeHHOro ToKa [4].

TumeeTcs B BHIY IPOGHBII MOCTOSHHBIH TOK, TIPOMyCKAeMbiii Uepe3 BHELIHHI H3MepsieMbIii PE3UCTOP, UTOGHI BLI3BATL Ha HEM TajleHHe HarpsiKe-
HUST 1J1s1 TIOCJIE/IYIOIIEro H3MepEeHHsl Mosie3Horo curtaga. [1po6ublii ToK oGecneunBaetcest reHepatopoM Toka cyomonydsi H-27Rx u cmabuausu-
pPOBAH.

7.1.5 PexkomeHnpauuu

[1pu pa6ore ¢ Bxogamu [THY H-27x 151 cHU2KeHUs1 YPOBHS TOMeX HEOOXOAUMO BXO/1bl TPe0s-
pasoBaTesisi COeMHATh C HCTOUHHKOM CHUTHAJIa KpaHUPOBAHHBIM KabeseM. BxoHble curHaJbl
OT KaKJI0TO HCTOUHHUKA CJIe/lyeT BECTH BUTLIMH® apaMu BHYTpH sKpana - 30...40 BUTKOB Ha Mo-
roHHbiil Metp. OmuieTky KabeJsisi CO CTOPOHbI NpeoHpa3oBaTesisi COeUHUTE ¢ BbIBOJOM SHLD
CUTHAJIbHOTO padbeMma - cM. Tabul. 7.1 Ha cTp. 26. OnJeTky kabessi o CTOPOHbI HCTOYHUKA CHUT-
HaJsla COeJIMHUTE C KOHTYPOM 3a3eMJICHHS] U C OJIHUM K3 BbIBOJIOB MCTOYHMKA CUIHAJIA B KaxKJ0M
Kanasie®. B ciyuae HelomyCTHMOCTH ra/ibBaHHUECKOTO COEIMHEHHS YKAa3aHHbIX Liereil peKoMeH-
JIyeTCs1 BBIMOJHUTD 3TO COeMHEHHE 110 TePeMeHHOMY TOKY uepe3 pasjie/inTe/bHble KOHIeHCaTO-
pbl. [ IpuBeneHHbIN poji coeNMHEHNH HeOOXOIUM JIJ1sl IPOKJIAIKY CHTHAJIbHBIX JIMHUH, TTepeceKato-
1MX 06J1aCTh MPOCTPAHCTBA ¢ OOJIBbIIUMH MAaTHUTHBIMU TIOJISIMH WJIH CUJIbHBIMU KOHYKTHBHBIMH
3JIEKTPOMAarHUTHBIMU TOMEXAMH.

Haa TTHY H-27x pekomenayeTcsi 3aMKHYTb HeUCTOJIb3yeMble BXoJbl nonapHo: +CHx Ha
-CHx, napy +Ux/Ix na -Ux/Ix.

JlonosHuTenbHo - cM. [4], [3].

ne st H-27Rx
6111 H-27Rx nopasymesaetcst napa curnagios +Ux, +Lx wiu -Usx, -Ix

Pymoeodcmso noJas3osarnensd
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H-27x cyomonyau

8.1 XapakTepucTHKU cyOmMonayJen

Tabsuua 8.1: H-27x. Tunsl cyomonyseit [THY H-27x u nnanazonbl uamepeHus

Cyo6monyab | KoanuecTBo kaHasnoB dyHKUMOHATbHOE Ha3HAYeHHEe Juanazon
H-2715 2 MamepuTtesb ToKa 0..5 MA
H-27110 2 Mamepurenb Toka -10...10 MA
H-27120 2 Mamepurenb Toka 0..+20 MA
H-27T 2 W3mepuresb Hanpsikenus Tepmonapsl | -25...+75 MB

H-27R100 1 M3mepuresib CONPOTUBIIEHHUS 0...100 Om

H-27R250 1 M3amepuresib CONPOTHBIIEHHS 0...250 Om

H-27U10 2 M3mepurenb HanpsKeHUst -10..+10B

H-270U20 2 Hameputesb HanpsikeHus 0.+20B
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H-34

9.1 TloakJoueHue CUrHaJjioB

Mojynb H-34 umeet rpynmnoByto rasbanopasssiaky KaHajoB LIATT. Bepcusi 3 monyns H-34 Ha
TEKYLLMH MOMEHT siBJIsieTcst 6a30801L.

9.1.1

Pa3bem (Bepcus 3)

; ﬂ;ﬂu
N/(‘ o 20 -12
AGND 2ot—24
2 o9 AGND
+CHISHT 3 e
—o 22 +CH
AGND . 46—
A . _CHI
+CH2SHT . 5 e
€« 19024 +CH
AGND . 6o
— 192 _CH2
+CH3SHT . 76
€« 226 +CH3
AGND 8 o
A . Y -CH3
+CH4SHT 9 o
1928 +CH
AGND 10 o
R . ) -CH4
AGND oy MO
L o630 +CH3
+CH5SHT . e
—9 31 -CH5
AGND L 136
— 1932 +CH§
+CH6SHT O 4o
<2 o33 -CH6
AGND oy VPOETT————
— T34 +CHY
+CH7SHT 2 1607
93 -CH7
AGND we VT
— 1 °36 +CHY
_+CH8SHT o 1867
< 37 -CHS8

Puc. 9.1: H-34. Paszbem

Ta6mmua 9.1: H-34. Hagnauenue curnasnos pazbema

HUmsga curnana Oowas Hanpag- Onucanue
TOYKa JeHue

+CH<1..8> AGND Brixon Heunseptupytoumii  Bbixon auddepeHimrab-
Horo Kanasna LIATT 1...8 wist emkocmuoi® na-
epysKu

-CH<1...8> AGND Boixon WuBepTHpyIowLmii BLIXOA! AuddepeHIHaNLHOro
kanasa LIATT 1...8 nist emxocmuoi® naepys-
Ku

+CH<1...8>- AGND Brixon Brixon kanagna LIAIT 1...8 nuisa Kopomlcoﬁb) -

SHT HUuU

AGND - - Amnanorosast semuisi. O61iast Touka IJjs1 MOM-
KJIOUEHHST BLIXOJHBIX 11ereid Moty H-34

HB-16

[IPOJOJKEHHE HA CACAVIOLICH CTPaHHLIE...
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npogo/xenne Taonibl 9. 1

Umsa curnana Oo6masn Hanpas- Onucanue
TOUKa JeHue

+12B AGND Beixon [Turannet ('+)

-12B AGND Brixon [Turanuet (°-)

N/C - - He noncoenunen

%) BLIXOJIHOH CHTHAJ MPH eMKOCTHOM XapakTepe Harpy3KH (JWTMHHBI KaGeib) 10JKeH CHUMAETCS ¢ KOH-
taktoB +CHx u -CHx cooTBeTcTBY101Ero KaHaa (quddepeHimaabHblil BbIX0/ ), NPH 3TOM 0OLIMH MPO-
BOJI 00A0KceH ObITh OJAKJIIOUEH K 0011eMy IPOBOJY NMPUEMHHKA cUrHaga [3].

[1pu TakoM criocoGe MOAKIIIOUEHHST BLIXOJHOE COMPOTHBJIEHHE KaHasa cocTaBUT 138 Om
npu paboTe Ha KOPOTKHE JIMHUH CHUMATb BBIXOAHOH CHTHAJ MOXKHO OTHOCHTENbHO OOLIEro npoBoja
(AGND) ¢ BbixonoB +CHxSHT njisi KOpOTKOH JIMHUK, UMEIOLIUX BBIXOJHOE COMPOTHBJICHHE, OJIU3KOE K
HYJTIO
tr00cHas gpasa - em. B [3] onucanue mddepeHIMaTbHOrO ¢ J103KHOH BTopoil hasoi (JIJIB®D) nctounnka
HarnpsiKeHust
!MakcHuManbHbI TOK HArPy3KH - He Gosee 20 MA

b)

Pymoeodcmso noJas3osarnensd
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9.1.2 Pasbem (Bepcus 2)

Ha tekyuwit moment monynun H-34 Bepcun 2 He npousBonsitcst. Minpopmatms npuseneHa mjis
TeX M0JIb30BATEJIEH, Y KOTOPBIX JaHHbIE MOJLYJIM YK€ HAXOAATCA B 9KCIJIyaTalluH.

/ +CH],
+CHISHT ‘ Ie—
€«—920 _CH1
AGND 2o/ —
— 1921 | +CHS
+CH2SHT 36—
—19 22 _CHS
CH2
AGND I
— 19923 +CH3
+CH3SHT 5 e
o2 -CH3
N/C . e/ —
— T2 +CHY
+CH4SHT 76
«—1+9 26 _CH
CH4
AGND LS
—_— 27 N/C
, 9 o———1—
AGND )
— 1 °28 N/C
\ 10 o— /G
AGND
—19 29 N/C
11 o NC
AGND
— 9 30 H3
+CH
+CH5SHT o 2et—%
«—o 31 _CH5
. CH5
AGND BegT——
— 732 +CHG
+CHESHT 140 FCHE
2 o3 C
CH6
AGND L Ber————
—19 34 v
;o FCHT
+CH7SHT 16 0
€« 93 -CH7
AGND 17 oA—
— 1+ 936 v
+CH
+CH8SHT 18 ot—TCHE
< 37 -CHS
%—

Puc. 9.2: H-34, Bepcus 2 (yctapeBiuuii BapuaHT). Pazbem

HasHnauenue curiaJjioB pazbema - ¢M. onucanue moayJsi H-34 Bepcuu 3: Taba. 9.1, ctp. 36.
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9.1.3 XapaKTepUCTUKH CUTHAJOB

Pymoeodcmso noJas3osarnensd
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10.1 TloakJawuyeHUe CUTHAJNOB

H-41 - Mmoaynb BBOJIA AUCKPETHBIX CUTHAJIOB C HOKAHAAbHOU 2AN68AHOPA3ZBAZKOLL.

10.1.1 Pa3zbvem

+SYN A 2

—»20 12

-SYN 2o t—2
F_@ 20 AGND
I Ll RN -IN16
—+I§ID o 23 5 ol -IN15
L-’O 24 6 o -IN14
—HI\VI? > -INI3
—+I§12 o 26 8 o] -IN12
L-’O Ty e -IN11
e LU -IN10
+IN9 oy %fm
SN s ]‘] 7] JINS
AN Lo 2T -IN7
R L -ING
AN L T
+IN4 Lyo 54 15 e——m
A5 Mj -~ -IN3
e :; :: -IN2
L% -IN1

Puc. 10.1: H-41. Pasbem

Ta6muua 10.1: H-41. Hagnauenue curnaon pagbema

Umsga curnana Oo6wmasn Hanpas- Onucanue
TOUKa JeHue
+IN<1...16> - Bxon Bxoj BTekaloliero Toka rajibBaHopa3Bsi3aHHOTo

uudposoro Kanasa 1...16 moayas

-IN<1...16> - Bxon Bxos BbITeKalollero Toka rajbBaHOpa3Bsi3aH-
Horo udpoBoro Kanasa 1...16 moxy.is

+SYN - Bxon Bxoxn  BTekaioulero - Toka  rajbBaHOpas-
BSI3aHHOTO  LIMPOBOTO  KaHajMa BHeulHel
cunxporusayuu’

-SYN - Bxon Bxon  BbiTekawllero Toka rajibBaHOpas-
BSI3aHHOrO  LM(POBOrOo  KaHajla BHeuwHel
cunxporusayuu’

TIIPOAOJ/I?KEeHHE Ha CJIGZZ}/}OU[(EI;' CTpaHHLe...

Pymoeodcmso noJae3osarnensd
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npogosxenne Tabantp 10. 1

HUmsa curnana Oo6masn Hanpas- OnucaHue
TOYKa JeHue
+12B AGND Brixon [Turanue ('+’) BHEIIHUX 1leNel
-12B AGND Brixon [TuTanue (’-’) BHEUIHUX Lienel
AGND - - AnanoroBasi 3emasi. O6uiasi Touka (0 B) s
MUTaHUs BHENIHUX 11eTel

The umeer wratnoro npumenenus B H-41, MoKeT HCTOJIb30BATLCS 110 YCMOTPEHHIO M0JIb30BATEs - B TOM
cJyuae, eCJid OH caMocTosTebHO MoauduuMpyeT wratHoe [10 h-monyns (BIOS) non cBou 3anauu.

[Tapa BxonoB +/Nx u -INx cOOTBETCTBYIOIErO KaHaJa SIBJSIETCS TajibBaHOPAa3BA3aHHbIM
BxojioM Moyt H-41, u npedcmasasiem coboii 00un usmepumenomolli KAHAA.

HB-16
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10.1.2 XapaKTepUCTUKHU CUTHAJOB

Pymoeodcmso noJas3osarnensd
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11.1 TloakayeHue CUTHAJOB

H-42 - Mmoaysib BbIBOJA TMCKPETHBIX CUTHAJIOB C HOKAHAAbHOL 2AN68AHOPA3BAZKOLL.

11.1.1 Pa3zbvem

+OUTI16
+OUTI15
+0OUT14
+OUTI13
+OUTI2
+OUTI11
+OUTI0
+0OUT9
+OUT8
+OUT7
+OUT6
+0OUTS
+0UT4
+0OUT3
+0OUT2
+OUTI

/ | HI2R
1 o
—o 20 12
2 @—43>
o2l AGND
3 o4———
o 22 -OUTI6
fodt— 10
o 23 -OUTI5
) —4—-
24 -OUT14
6 6—4F—m—
—© 25 -OUTI3
7 04+—m——
—© 26 -OUTI12
8§ o4—
o 27 -OUT11
94—
o 28 _OUT
1 OUTI0
—o 29 -0UTY
11 o+4+4——-—
30 -OUTS8
12 64+4———
L -ouUT?
13 6
o 32 -OUT6
14 o04+——-—
33 -OUT5
15 of—— -2
Lo 34 OU
e OUT4
o35 -OUT3
17 04+———
—© 18 OUT2
Lo 37 OUT
w¢

Puc. 11.1: H-42. Pasbem

Tabmuua 11.1: H-42. Hagnauenue curnaon pagbema

Umsa curnana Oo6masn Hanpas- Onucanue
TOYKa JeHue
+OUT - Beixon Broixon BbITEKAIOIIEr0 TOKa rajibBaHOpPa3BsA3aH-
<l..16> Horo uugposoro kaHaga 1...16 mozy.s
-OUT - Brixon Bbixoa BTeKalollero Toka rajbBaHOpa3Bsi3aH-
<l..16> Horo HdpoBoro Kanasna 1...16 moxy.is
+12B AGND Beixosn [Turanue ('+’) BHELIHUX Lienel
-12B AGND Beixon [Turanue (’-’) BHELIHUX Lenen
AGND - - AnagsioroBast 3emsist. O6uiasi Touka (0 B) anis
MUTaHUs BHELIHUX Llenel
N/C - - He noncoennnen

NPOAOJIPKCHHE Ha Cﬂeflymlllel/}" CTpaHHlle...

Pymoeodcmso noJaezosarnensd
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H-42

npoaosnienre Tabuuipl 11.1

Ums curnagna

Oo61wasn
TOYKa

Hanpag-
JeHue

Onucanue

[Tapa BbixonoB +OUTx u -OUTx coOOTBETCTBYIOLLETNO KaHaJa sIBJsSeTCS rajlbBAHOPA3BsI3aH-

HbIM BbIX0JI0M Mojyasi H-42, u npedcmasasem coboii 00un ynpasisiowuil KaHa.

HB-16
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11.1.2 XapakKTepUCTUKHU CUTHAJOB

Pymoeodcmso noJas3osarnensd
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12.1

[lonkaoueHue curHaJjoB

Monynb H-43 umeer epynnosyo raabBanopasBsizKy HH(POBbIX KaHAJOB BBOJA-BbiBoa. Bep-
cust 3 moaysist H-43 Ha Tekylin# MOMEHT siBJisieTcst 6a30801i.

12.1.1

1pymma €
burer 23...16

Ipyma D
bursr 31...24

Pasbem (Bepcus 3)

DI1
GND
+1.24.C7
+1.23.C6
+1.22.C5
+1.21.C4

+1.20.C3
+1.19.C2
+L18.C1

+1.17.C0
+1.32.D7
+L31.D6
+1L.30.D5
+1.29.D4

—

+1.28.D3
4—

+1.27.D2
<—
+1.26.D1

%-:
o 20

2 G
—o 21

3 6
o 22

4 o6
o 23

5 G
o 24

6 G&
PO 25

7 &
o 26

8 G
o 27

9 a6
o 28

10 Ge
o 29

11 Ge&
o 30

12 Ge
o 31

13 o6+
o 32

14 o0&+
o 33

15 o0&+
o 34

16 o€
o 35

17 o€
o 36

18 G&
o 37

+1.25.D0
<—

DO
EIRQ
GND

+I48.1\Z)
+L7.Ag
+L6.Agl’
+L5.A_4l
+L4.A§l
+L3.A‘§l
+1L.2.A1
+L1.Af=
+I416‘B”$
+L15.B§
+L14.B._3’
+Ll3.]3_4l
+Ll2,B§
+LI11. Bg’
+1.10.B1

19

+L9.Bf=

Puc. 12.1: H-43. Pasbem

Ipymna A
Burer 7...0

Ipymna B
burer 15...8

Ta6muua 12.1: H-43. Hagnauenue curnasioB pazbema

rpyn

HUmsa curnaaa Oo6uas Hanpas- Onucanue

TOYKa JeHue
+L GND Bxon- Bxon-Beixon wmdpoBoit TTL-nunuu (1...32)
<1..32> XY BoIxoz! OJIHOH U3 4-X He3aBUCUMBIX TPy (31ech: X -

rpynna A, B, C, wiu D; Y - paspsin 0...7 3to#

Mbl).

JIMHUK npeaHasHaueHbl s pabOTbl C BHeELI-
HUMH ycTpolicTBamu, uMetolimMd TTL  wim
CMOS (5 B) paGouune ypoBHH HampsixKeHUs]

[IPOJOJKEHHE HA CACAYIOLICH CTPaHHLIE. ..

Pymoeodcmso noJaszosarnensd
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npojoJskerne Tadnibl 12.1

HUmsa curnana Oo6masn Hanpas- OnucaHue
TOYKa JeHue

GND - - [ndposasi 3emasi. Obuiasi Touka aJisi MOJKJIIO-
yeHust UMPoBbIX Lieneit Moy H-43

DO1 GND Brixon JIOMOJHUTENbHbBI LHBPOBO BbIXOAY, COBMe-
ctum ¢ TTL/CMOS

DIl GND Bxon JlonoHuTebHbIH  1HpPoBOil BXOA?), coBMe-
ctum ¢ TTL/CMOS

EIRQ GND Bxon CuraaJg BHEIIHEro npeprBaHnﬂc)
(TTL/CMOS)

"TIporpammuoe kondurypuposanue [1] Bxo10B-BbIX010B Moysi H-43 npoussogutcst 4-Ms rpynnamu
no 8 suHui. JanHnas epynna moxcem padomams AubO mMoAbKO HA 8X00, AUbO MOALKO HA BbLX00.
[pynrbl He3aBUCHMBI, CJIYKaT JUIst 3a/laHus HarpaBJjeHnsl paboThl JIUHHUIM, BXOASIIMX B COCTAB TPYMIbL: 8
JIMHUI, TIPUHAJJIEXKAILMX K.-J1. TPYIITe, He3aBUCHMbI, HO BCe OHHM paboTaloT MO0 TOJILKO Ha BXOJ, JHGO
TOJIBKO Ha BBIXOJI.
@) pancanpyercs ¢ Bbixoga FL2 npoueccopa ADSP-2185 momyas H-43
b)rpancupyercs na Bxox FI npoueccopa ADSP-2185 moy.is H-43
)rpancaunpyercs Ha Bxoa /RQO npoueccopa ADSP-2185 moaynst H-43. He nMeet mraTHoro npiMene-
Husi B H-43, MOXKeT uCrnosib30BaThCsl 110 yCMOTPEHHIO M0JIb30BATe sl - B TOM CJlyuae, eCJid OH CaMOCTOs1-
TesibHO MoauduumpyeT wrtatHoe [1O h-monyns (BIOS) non cBou 3anaun. [Ipepoisanue goipabamorsa-
emcs N0 OMPUYAMesbHOMY PPOHMY CUCHAAQ HA AUHUL, OAUMeAbHOCMb cmpoba - He menee 200
HC

[Tonst bumer 23...16, ..., 7...0 Ha puc. 12.1, ctp. 49 npuBeneHb! 4151 UIIIOCTPALIUK COOTBET-
CTBHUSI HOMEPOB LM POBbIX JIMHUH U OUTOBLIX MOJel B napaMmeTpax GpyHkumi wratHoro [TO [1].

Tabmuua 12.2: H-43. Cootserctre 6uToB (I10) 1tnppoBbIM JMHUAM MOJLYJIsI

but Jlunus bur Jlunus

0 +L1.A0 16 +L17.CO
1 +L2.A1 17 +L18.C1
2 +L3.A2 18 +L19.C2
3 +14.A3 19 +120.C3
4 +L5.A4 20 +121.C4
b) +L6.A5 21 +1.22.C5
6 +L7.A6 22 +1.23.C6
7 +L8.A7 23 +1.24.C7
8 +L9.B0 24 +1.25.D0
9 +L10.B1 25 +126.D1
10 +L11.B2 26 +127.D2
11 +L12.B3 27 +1.28.D3

IIPpOAOJIXKEHHE Ha cneﬂyfozueﬁ CTpaHHLE...
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npojoJspkerue Taosmibl 12.2

but Jlunus bur JluHus

12 +L13.B4 28 +1.29.D4
13 +L14.B5 29 +L30.D5
14 +L15.B6 30 +L31.D6
15 +L16.B7 31 +L32.D7

Pymoeodcmso noJas3osarnensd
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12.1.2 Pa3sbem (Bepcus 2)

Ha rekyuwit moment monynun H-43 Bepcun 2 He npousBonsitcst. Minpopmaims npusenena ajis
TeX M0JIb30BATEJIEH, Y KOTOPBIX JaHHbIE MOJLYJIM YK€ HAXOAATCA B 9KCIJIyaTalluH.

GND %;—GND

(o 20 :
DIl 2 e —IRQ
+1.24.C7 9 s
+1.23.C6 4 oH————>

«—— 23 +L7.AG
+1.22.C5 . 5 o6
1+1.21.C4 6 oef—10A3

, “——»0 25 5
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Puc. 12.2: H-43, Bepcus 2 (ycrapeBuiuii Bapuant). Pazbem

Hasnauenue curnajioB pagbema - cM. onucanue moayJst H-43 Bepcuu 3: taba. 12.1, ctp. 49.
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12.1.3 XapaKTepUCTUKHU CHUTHAJIOB
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H-51

13.1 OOulee 3HAKOMCTBO

13.1.1 Ha3HaueHue ycTpoiicTBa

Yacroromep H-51 sBnsiercs moaysiem kommiiekca HB-16 U KOHCTPYKTMBHO COCTOUT U3 1A MbL-
HOCumeAs' ¢ pasMelleHHbIMU Ha Hell U3MepUTeNbHBIMK cyomo0yaamu® H-51x, - npu sToM 115
paboTbl yCTPOHUCTBA HEOOXOMMO HAJIHUHE KAK MHHUMYM OJIHOrO CyOMOLy.JIs1.

Monynb H-51 npenHasnaueH /it MHOTOKaHAHAJbHOTO U3MEPEHHUS YaCTOThI CHTHAJIOB CJI0XK -
Hoit opmel. Ha momyss H-51 moxkeT GbITh yetanosseHo® ot 1 10 8 n1ByXkaHa bHBIX CyGMOLy-
qeit H-51FL nan H-51FH B at060m couemanuu: B MUHUMaJILHOH KOMIJIEKTalK Moy sib H-51
COJIepPKUT 2 KaHaJsa, B MakcuMasibHol — 16. H-51 nosBoJisieT ogHOBpeMeHHO U3MepSITh YaCTOTY
curHaJa 1o Bcem 16 kananam.

BHUMAHME. He nyraiite nonsitusi: caot komnaekca HB-16 (npennasnauen nisi paame-
1ieHust h-momyJisi), 1 caot moayast H-51 (cay»kut niisi pasmetiienusi cyomoyast H-51x Ha nate
H-51).

13.1.2 ®PyHKUMOHAJbHbIE 0COOEHHOCTH

e B03MOXKHOCTb KOMIJIEKTAIIMK JIBYMsSI BApMaHTaMU CyOMOJIyJiell - HU3KOYacTOTHbIMU H-
51FL u BbicokouacToTHbimu H-51FH, otsmuatommucsi BepxHei yacToToi cpesa aHa-
JIOTOBOTO TpakTa (cM. . 14, ctp. 82), uTo MO3BOJSIET YJAYyULIUTh TOMEXOYCTOHUMBOCTD
npoliecca U3MepeHnst YacToT JIJisi HU3KOUACTOTHBIX npusioxkenui (no 10-15 kIi1) B ciyuae
MPUMEHEHUS] HU3KOHUACMOMHO020 CyOMOLyJIsl

e Hapaumuaemas koHcTpyKuusa moayns H-51 nosBosisier HapacTuTh KaHaJbl oT 2 10 16
MyTeM JIOyCTaHOBKM Ha Tuiaty-Hocutesb H-51 nByxkananbubix cybmoyner H-51Fx

o J1/is1 ©~3MepeHHs YaCTOThl CUTHAJIOB CJI0XKHOH (POPMbI B COCTAB YaCTOTOMEPA BXOJIUT CXeMa
cesJeKLMM (KOMNapvMpoBaHUs) BXOJHOTO CMTHaJa Mo YPOBHIO C MPOrpaMMUpyeMbl-
MU BEPXHUM M HUXKHUM MOpOramMmu ructepesuca. [ Iporpammupyemblie moporu rucrepe-
3Mca Mo3BOJISIIOT MyTeM WX HACTPOHKH Ha TpeOyeMble YPOBHH UCKJIIOUUTDL 3hdeKT Opebes-
2@ BXOJIHOTO NOPOrOBOr0 YCTPOHUCTBA H, KaK CJIEACTBHE, U30eKaTh OLUMOKH TPU U3MEPEHUU
YaCTOT CUTHAJIOB CJIOXKHOH (hOpMBbI

Ico6ersenno moaynb H-51, peanusytotmii nutepdeficHble GyHKIMH H alrOpHTM c60pa JaHHbIX
2em. ran. 14, etp. 82
3cM. omMcaHHe Me30HMHHOI MoicHCeTeMbl B pasziene 13.3.2, ctp. 58
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e JIBa nMana3oHa yCTaHOBKH MOPOTOB CXeMbI ceJieKIIMM (KOMMapupoOBaHUs ) CUTHala
¢ 256 ypoBHSIMM /191 Kax10r0 AMana3ona’

YpoBeHb ycTaHoBJIeHHOTO 1opora (B BosibTax) onpenensiercs 1Bymsi pakropamu:

— YCTaHOBJIEHHBIM MAaNa30HOM MOPOroB, KOTOPBIH 3a7aeTcs mepeMbluKaMu Ha cy0-
monysie HS1Fx nesasucumo nnst kaxkaoro us KaHajioB

— MpOrpaMMHO YCTaHOBJIEHHBIM YPOBHEM MOPoOTa B BbIGpAaHOM JHanasoHe; 256 ypoB-
Hel MporpaMMHUpyeEMbIX MOPOroB 331aK0TCs HE3aBUCHMO /IS KAXK/10r0 U3 KaHaJ10B

e [lapassiesibHblil c60p MHpOPMALIMKM M3 KAaHAJOB YacTOTOMEPa U BbLIAuy NpOMedNCYmou -
HblX Pe3yJbTaToB MPou3BoauT npoiieccop ADSP-2185, yeranorsennbiii Ha mojysie. Pac-
YyeT YacCTOThbl WM MePHUOoJia CUTHAJA J0JKEH BbIMOJHATHLCA NPOrpaMMoON MoJib30Ba-
TeJisl HA OCHOBE MPOMEXKYTOUHbIX JTaHHbIX

BHUMAHME. He nyraiitTe noHsiTHsi: iMana3oH BXOJHOTO cUTHaJaa cyOMoyJisi (cM. TabJl.
14.1, cTp. 82) 1 AMana3oH yCTaHOBKM MOPOroB KoMNapaTopa Ji/isi JaHHOTo KaHaJsia cyoMo/1y st
(cm. TabJa1. 14.3 u puc. 14.1, cTp. 83).

13.1.3 UTo HYyXHO JJ1s1 HayaJa padoThbl

YroObl npucTynuTh K pabote ¢ H-51, Bam HeoOXo UMbl
e Kowmmuieke HB-16 (PC ¢ HI-8, h-kpocc-niato# u mip.)
e Monyab H-51

e Heo6xommumoe Kosuectso cyomoaydeii (ot 1 10 8) H-51FH u/unn H-51FL B 3aBucumo-
CTH OT KOJIMUECTBA U3MePSIEMbIX CUTHAJIOB U UX JMAMa30Ha UX YacToT

e Hacrosilee pykoBoJCTBO

5

e OTBeTHbBIH pazbeM® WM 11aTa KieMMHukos® DB-37 F-increaser

e CoenuHUTENIbHBIE TPOBOJIA
e PyKoBOJCTBO nporpammucTa [ 1]

e [10O Ha mitatHom CD-ROM

13.1.4 TlporpammHoe oGecneueHue

[Tockonbky H-51 siBisiercst monysiem komriekca HB-16, Bce [TO nsist nanHoro mojysist siBJisi-
etcst coctaBHo# uacthbio [10 st HB-16, n ucnosnbayer wmrathyto 6ubanoreky API-dynkiumit
[1]. dns pa6otbl ¢ H-51 neo6xoaum o6pas nporpammbl BIOS” 1151 npoueccopa ADSP moy.st
H-51: nocae BKaoveHusi nuraHus Heob6xoaumo 3arpy3utb BIOS B ADSP, 6e3 uero Hop-
MaJsibHast paboTa MOJLyJ/Isl HEBO3MOXKHA.

st pabothl ¢ Mmogysiem H-51 MoryT GbITb HCMIOJIb30BAHbI CJIEIYIOIINE TOMOJHUTEIbHbIE KOM-
TIOHEHTHI:

4yPOBHH NPOrPaMMHUPYIOTCS MOCPEACTBOM MOTEHIMOMETPOB; cM. paszen 14.2, ctp. 83
HMeeTcsl B KOMILIEKTe 0CTaBKH

bnipnoGperaercst oTENBHO

Twratueiil BIOS - daiin h51.bio, Bxonsuwmii B nocrasky CD-ROM

Pymoeodcmso noJae3osarnensd
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e [Iporpamma h2000demo nns neMmoHcTpauyu paGoThl pa3JMUHbIX MOLyJiei Komiiekca HB-
16

e lcxozHble TeKCThI MPUMEPOB MporpaMm st paboTel ¢ Moaysem H-51

Bce nepeyrcaeHHble KOMITIOHEHTBI BXOASAT B KOMIIJIEKT IMMOCTABKH Ha IITATHOM CD-ROM.

13.2 MHHcranasauusg U HacTpomka

Monysnb H-51 MoxkeT GbITh yeTaHOBJIEH B JIE0O0H CBOOOHBIH CJOT cTaHumu. [lepen yeTaHoBKO#
MOJ1yJIs1, Ha HEro HY>KHO YCTaHOBHUTb HE0OXOUMOE KOJIMUeCTBO CyOMoyJeld; ito6oi cyOMo Ly b
MO2KHO YCTaHOBUTb B /000U cyioT MopyJisi-HocuTenst H-51. I1TO nossoJisie onpenennts Haauune
M pacroJiozkeHue cyoMoyJ1eil, Ho He MO3BOJSeT ONPeIeIUTh Min CyOMOLyIs’.

Ha kaxiom cyomoiyJie He0OOXOIMMO YCTAHOBUThL TpebyeMblil ManasoH st TOporoB Komma-
pUPOBaHHUS - /151 KAXKJ0T0 KaHaJa auanas3oH ycTaHaBJAMBAEeTCsl MHIMBUIYaJbHOH MepeMbIuKOi,
MpU 3TOM COCTOSIHUE MepemblueK (KOPOTKO-3aMKHyTasi—pa3oMKHyTasi) cpeactamu [10
NPOYUTATh HEBO3MOXKHO.

Pacnosoxenue ciotoB moaysst H-51 nys yecranosku cyomomyiein H-51Fx nokasaHo Ha puc.
13.2, cTp. 58.

Pacnonioxenune nepembiuek X3, X4 na cyémonyne H-51Fx nokasano na puc. 14.1, ctp. 83.
[lepeMblukHy 3a1a10T MaNa3oH yCTAaHOBKH MOPOroB KOMIIAPHPOBAHUS BXOHOTO CUIHAJIA B COOT-
BeTCTBUH ¢ TabJ. 14.3, cTp. 83.

Yc10BUS paBU/IbHON HACTPOUKH YacTOTOMepa NMpuBejieHbl B paszene 13.6, ctp. 76.

[IpoBeputh pa6oTocnoco6HOCTL MOy ISt MOXKHO ¢ MOMOIIIbIo iporpammbl £2000demo.

8MO)K€T OBLITb orpeneJ/ieH ToJIbKO BU3yaJibHO 110 BbITpaBJIeHHOﬁ HaIAITMCH Ha IJjiaTe Cy@VlOI[yJTﬂ

HB-16
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13.3 [TloakJawuyeHue CUTHAJNOB

Monynb H-51 umeet rpynmnoByo rajibBaHOPa3Bs3Ky KaHAJOB (M3MepPUTENbHbBIX Lienei ).
H-51 nmeer Me30HMHHYIO OpTaHU3ALMIO KAHAJOB - CM. pazzien 13.3.2, cTp. 58 U MOKeT UMeTb
B CBOEM COCTaBe J10 8 cyOMo iy e’ Kaxkiblil U3 KOTOPLIX HMeET M0 J8a H3MEePUTEIbHBIX KaHaJla.

13.3.1 Pasvem

/ N/G
+ 1 o———1—
N/C .
—o 20 N/('
, 9 o/
N/C
—t—o 2] N/(‘
. . 3 o———1—-
+CHI16 oy
— 2, AGND
+CH15 .
> AGND
+CH14 os -
P AGND
+CH13 ox
> AGND
+CH12
>0 AGND
+CHI1 o —
P LU AGND
+CH10 ¢
o 28 AGND
+CH9 10 e
‘ > AGND
st LB o 30 ) AGND
+CH7 S
sl AGND
+CH6 ac
82 e AGND
+CH5
o83 AGND
+CH4 :
o3 o AGND
+CH3
5 03 AGND
+CH ‘ —
P e AGND
+CH1 an
Qe 37 AGND
w—

Puc. 13.1: H-51. Pasbem

Ta6anua 13.1: H-51. Hagnauenune curnason pazbema

Umsa curnana Oo6umasn Hanpag- Onucanue
TOYKa JeHue
+CH<1...16> | AGND Bxon Bxon usmepuresbHoro kanana 1...16
AGND - - AnaJsoroas semuist. O611as Toyka mJsi MOM-
KJIIOUEHHUSs BXOJIHBIX 1lenei Mmoayast H-51
N/C - - He noacoennnen

91Byx pasubix Tunos: H-51FL, H-51FH - cm. 14.1, cTp. 82

Pymoeodcmso noJas3osarnensd
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13.3.2 Me3oHuUHHadA NoacucTema

[eomeTprueckuil MOPSIIOK pacroioXKeHus cJI0ToB cyomoyel H-51x, o6pasyroiimx Me3soHnH-
Hyl0 ojcuctemy moayJsi H-51, npusenen Ha puc. 13.2.

L

ciorer 1...8

H-51, Bup cBepxy

L

3

L

)
{

v v (0..7)
~ o|ld| ¥ @ &=
X (I~ ||| F ||| -
I EHEEHEEE
Z| o | | | | 2| 2
= = 2| =] =£| =£| | L
S|l ol Q| Q| Q| | S| ©
ZIE |G| G| E|E|E|¢é
AR -SR-S -NA -SR-S -S4
O| 0| O O] O O | @

1 curnambnmiii pazbem }—E

Puc. 13.2: H-51. Pacnosnoxenue cyomoyneit H-51x

[1pu pa6ote ¢ H-51 1O onepupyeT Tak Ha3bIBAEMbIM 202U UECKUM HOMEPOM KAHAAA, KO-
TOPbII BBeJEH MJIs1 0OecrnieueHns CKBO3HOHU HHIEKCALMKU JJAHHbBIX BCEX BO3MOXKHbIX KOMOMHALMIH
(usnueckux kanasoB. Takum o6pazom, nocpenctsom dyHkiwmil [1O nosb3oBaTesto cTaHOBATCS
JOCTYNHBIMK abeTpakTHbie Kanaubl 0...15, untepnperrposatsh !’ KoTopble npuKAaaHas nporpam-
Ma JIOJKHA KOHMeKCMHMO, yUNThIBas HaJIMune, PAcoioxKeHHe U THITb cyoMoy el H-51x.

B ta6a. 13.2 uucsa B ckob6kax crpaBa oT HOMepa CJIoTa MM KaHaJsa MpeacTaBsioT ajbTep-
HATHBHbBIN c110COO HyMepallii, HauMHaloLelcs ¢ HyJ1sl.

Ta6suua 13.2: H-51. CooTBerctBHe KanaoB H-51 cioram cybmonyeir H-51x

Caot Kaunan cyomonyas Pusnueckuii kanaa H-51 Jlornueckuit kanan H-51
(10)

1(0) 1(0) +CHI 0
1(0) 2(1) +CH2 1
2(1) 1(0) +CH3 2
2(1) 2(1) +CH4 3
3(2) 1(0) +CHb 4
3(2) 2(1) +CH6 5
4(3) 1(0) +CH7 6
4(3) 2(1) +CHS8 7
5(4) 1(0) +CH9 8
5(4) 2(1) +CHI10 9
6(5) 1(0) +CHI11 10
6(5) 2(1) +CHI12 11
7(6) 1(0) +CHI13 12

NpOoJ0JIXKEHHE Ha C/Ié‘ﬂleLlIEﬁ CTpaHHLE...

107.¢. yunTbIBaTH PH3MUECKYIO IPUPOJLY MX TPOUCXOMK/ICHHS

HB-16
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nponoJkerne tabunsi 13.2

Caot Kanaa cy6monyas Pusnyecknit kKanaa H-51 Jlornueckuit kanaa H-51
(no)

7(6) 2(1) +CH14 13

8(7) 1(0) +CHI15 14

8(7) 2(1) +CHI16 15

13.3.3 XapaKTepUCTUKH CUTHAJOB

Ta6auua 13.3: H-51/H-51x. XapakTepucTHKH CHIHAIbHbIX JIHHHUE

Curnan Tun BxoaHoii uMnenaHc [lpenenbHo aonycTumMoe 3HauyeHUe Ha
BXOJe
+CH<1...16> Al - BrJIouenHoe coctosiune: >100 kKOmT (+CHx oti. AGND) | - Bkaiouentoe cocrosinme: &+ 18 B (+CHx
H-51x - BbIKJIIOUeHHOE cocTosiHue: >1 kKOm otH. AGND)
- BbIKJIIOUeHHOE cocTosiHue: £+ 15 B

THa HyJ1eBO#i UaCTOTE BXOIHOTO CHIHAJIA; C POCTOM YaCTOThI BXOJHONO CHrHAMA yMeHbliaerest A0 1 KOM NpH 3HAUEHHH YaCTOThI, COOTBETCTBYHO-
uieil npenenbHod (M. taba. 14.1, crp. 82) nist nannoro tuna cyomonynst H-51x

13.3.4 PekomeHpauuu

Yurure, utro H-51 umeer ogHoasHbie BXObI HANIPSKEHUS C epynnosotl ralbBaHOPa3BI3KOM.
[Ipennonaraercsi, 4To BXOJAHON CUrHAJ MPeEACTaBJsieT cO60H ABYMOJNSAPHOE MTepeMeHHOe HaTpsi-
YKEHHE CJIOKHOU (POPMBbI.

e B o6om CcJyyae XKeJlaTeJIbHO 93KPaHHUPOBaHHOE MMOJAKJ/IIOUYEHHE BXOIHbBIX uenen

e B cjayuae npumeHenusi BbicokoyacToTHoro cyomonysast H-51FH skpanupoBanHoe moj-
KJIIOUeHHe KpaWHe XKeJaaTedbHo.

e Ecsm nospossier 3ajlaya, XKeJlaTeJIbHO INTPUMEHUTL COIJIaCOBAHHOE MOAKJ/IIOUEHHE BXOJHbIX

erneu

Pymoeodcmso noJas3osarnensd
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13.4 [lpuHumn nencrBus

[Ipunuun nevicteust H-51 ocHoBan Ha nojcueTe ync/a UMIYJAbCOB HEM3BECTHON UACTOThI HA Bbl-
XO0J1e€ U3MEPHUTEJIbHOTO CyOMO/LyJIsl 32 TOUHO OIpe/ie/IeHHbII MHTepBaJl BPEMEHHU C OJIHOBPEMEHHOM
perucTpauyeil BpeMeHH Mpuxo/ia MoCJ/eIHEr0 UMITYJIbCa BHYTPU 3TOrO HHTepBaJga, - H-51 pea-
JIU3YeT KOMOUHUPOBAHHBLI METOJ U3MEPEHHS YaCTOThl ¥ Neproia. KamepeHus BeyTcsi TaKUM
00pa3oM, 4To HHTEPBaJIbl BpeMeHH 00Pa3yloT HEeNPEPbIBHYIO M10CJ1€10BATE/IbHOCTD.

13.4.1 ®PyHKUHMOHAJbHbIE CXEMbI

Mesounnnas nogcucreMa f«
I BBO/a aHAJI0OroBbIX CUTHAJIOB I
Tarrpoarme
@
S 4 I I CXeM IITania
‘-g ! Caor 1: 2-x kanagsubiii H-51x I H CHHXPOHI3ALIA
g I MOTEHIIIOMETPBI ,\4 H-51x
© I 16
= | | « T
v cee
- n |
= I Caor 8: 2-x ranansubrii H-51x K N\ E
s ooy 4| =
o MOTEHIIIOMETPBI o
& | | <
o=
I_ _— e ——— — — =
/
Iponeccop ADSP-2185M 10 01 et rsapu, 20 Mrn
My ot h-kpoce-1narst
VYerpoiiersa BT
BBOJ1a-BbIBOJIA — 1 < +128B
fAnpo ¢ ¢ ot h-kpocc-miarst
‘ ‘ Lum‘L 9. .
w
= 2
.| h-nurepgeiic (33.3 MI'n)
<o g MOJLyJIATOp/ oy
=% JEMOJLYIATOP < LS
H-51

—V7 - raapBaHoOpa3BA3Ka

Puc. 13.3: H-51. ®ynkumonanbHasi cxema moay.st H-51

HB-16
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H-51Fx, caor 1

Ranan 1

+CH1

REF L

DPHY

AGND

[ 80K6 |

11K

+IN

Rommnaparop 1

j‘

1 16K2 |

RJ\
|

Rommaparop 2

16

Macurrabupyrommi Cxema ceaerimn
yeuanres REF H 1o yg
DACI.1/2:
npory pyembie 1ot PBI
Kanan 2
+CH2 1
REF L
DAC2.1/2
X4
AGND REF ] REF H
—~ L] [
Uref=+2.048 B
COMM -
¢
5
Uref=-2.048 B =
E
Herounmr: onroproro nanpskenis E|E
na mwiare H-51 S5

nporpammnposanne DACL/2.1/2

yrenue jlaHliblxX

K ADSP H-51

Puc. 13.4: H-51/H-51x. ®yuxuuonansuas cxema cyomoyas H-51x

13.4.2 Pab6ora cyOmonyaei

BxoHble curHasibl MPUXOISAT Ha COOTBETCTBYIOIMH BXO 1...16 Mmonysns H-51 u Tpanciupyior-
sl laJiee Ha COOTBETCTBYOLIMI BXoJbl +CH I ...16 nByxKaHaibHbIX cyomoaysei H51Fx. Bxojbl
1...16, ¢ TOUKH 3peHHsT BHEILIHUX MOJKJIOUEHHH, ABJSIOTCS 00HOpa3Hbimu 8xodamu Hanps-
JHCeHUSL C ePYNNOBOILL 2arb8aHOPA368:3KO0L 16 BXOJI0B OTHOCHTENLHO BHelIHUX liernel. [lenb
COMM siBasieTcst 061MM MTPOBOJIOM /IS TTOJIK/IIOUEHHST OTHO(A3HBIX BXOHBIX CHTHAJIOB.
Kaxbiit kanan'! vacroromepa 8 H-51Fx copepxut:

e MaclWTabUPYIOUHI YCUIUTE b BXOJHOTO CUTHAJIA C BO3MOXKHOCTBIO YCTAHOBKH JIBYX 3Ha-
ueHHH Ko ulMeHTa YCHIEHUS KaXKJIOr0 KaHaJsla ¢ MOMOILbIO MepeMbluki X3 uiu X4

e JBYXMOPOTrOBYIO CXeMYy CeJieKLMH (KOMIMapupOBaHHsi) BXOJHOTO CUTHAJA 110 YPOBHIO, B
CBOIO OUepe/lb COCTOSLILYIO M3:

|

'ha puc. 13.4 nokasan ofuH cyOMOJLy.Ib C ABYMsl KaHaJaMH

Pymoeodcmso noJas3osarnensd
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— JIBYX IPOrPaMMHpPYeMbIX MOTEHIIMOMETPOB, 3aaI0LIHUX HATIPSI)KEHHE BEPXHETO U HUXK -
Hero Moporos

— JIByX KOMIapaTOPOB: BEPXHEr0 W HUAKHErO MOPOra COOTBETCTBEHHO

— RS-tpurrepa

[TonaHHbIil Ha BXOJ CyOMO/IYJIsi BXOJHOK CHIHAJ MPOXOJHUT Yepe3 MacIITaGUPYIOLIHI YCH-
JuTeb ') M nojaeTcs Ha JABYXIIOPOTOBYIO CXeMY CeJIeKLMH CHrHa/la no ypoBHio. [y nonuma-
HHs1 pabOThI CXeMbl KOMIAaPUPOBAHHST HEOOXOAMMO YUECTh, UTO YPOBEHb HANPAHCCHUS NOPO2Q
npusooumcs Ko 8x00y anar0e08020 mpaxma cyomonaynss H-51x.

13.4.2.1 Cxema cejeKiMU N0 YPOBHIO

JIByXnoporoBble cXeMbl CeJIeKIIMU CUrHaJja no ypoBHto cyomoayss H-51Fx umetor obuwme s
000UX KaHAJIOB BepxHee U HUKHee oropHble HanpskeHus Ugprr U Uggppy, Noaanuble ¢ H-51.
[Iporpammupyembie notenuroMeTpbl DACT/2.1/2 cxeMbl CeJIEKLHMHU 110 YPOBHIO CMIOCOOHBI J1e-
JIUTh Mana3oH HanpskeHuil Uggpr...Urpry HA 256 MPOrpaMMUPYMbIX YPOBHEH H (pOPMHUPOBATD
TakMM 00pa30M HaIpsKeHHUsl BEPXHEro U HU2KHEro MoporoB, MojiaBaeMble Ha KOMIapaTophbl.
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Puc. 13.5: H-51/H-51x. [TpuHLMI KOMIapHPOBAHUS BXOJHOIO CHIHAJA

Ha puc. 13.5 nosicieH npuHUMN rucTepe3uca, 3aj0KeHHbll B OCHOBY pabOThbl CXeMbl ce-
JIEKLIMM BXOJIHOTO CUIHAJIa 4aCTOTOMEpa M0 YPOBHIO: JI0Oble U3MEHEHHUS] BXOJHOTO CUIHaJIa, po-
MCXOJISALIME Medcdy YCTAaHOBJIEHHBIMH YPOBHSIMHU MTOPOTOB, U HE IOCTHUTIIIHME HX, HE BbI3bIBAIOT H3-
MeHeHHe cocTosiHusl RS-Tpurrepa; /1000, 1axe KpaTKOBpEMEHHbIH, BbIXOJl BXOJAHOIO CHTHAJIA
3a yCTAHOBJICHHbIE MPAHULbI BbI3bIBACT YCTOHUMBBIN epeBopoT RS-Tpurrepa, coxpaHsitolmiics
JI0 TeX Mop, MOKa BXOJHON CUTHAJ He NepeceueT npomu80onoA0NCHY IO TPAHHULL.

120npesiensier oMK M3 JIBYX MANIa30HOB MOPOrOB. YCHJIMTE/Ib MHBEPTHPYET BXOAHON CHIHAJI, UeM 00bsICHsIeTCs!
3HaK -’ Koadduiuenta ycunenusi K, B tadu. 14.3 u hopmy.e 14.1, ctp. 83
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13.4.3 Pab6orta moayas

Brinesennble Ha Bbixogax cyoMoysied 1iMpoBbie curHadpl (napaJssesbHo ot 16-TH KaHasoB),
Hecylllle HHPOPMAIIUIO O YaCcTOTe, CUNThIBalOTCs npotieccopoM ADSP monysisi o curnasy npe-
peiBanus I RQ), npuxoadiemy ¢ niatbl-Hocutess H-51 ¢ onophoit yacroroit F..; = 250 kIt -
cm. puc. 13.3, ctp. 60. maBuas 3apaya ADSP cocrout B o6HapyKeHHH H3MEHEHUH COCTOSTHUS
TpUrrepa sl KaxKaoro U3 KaHaJsloB.

[Tonb3oBaresib MOXKET MEHATb 3HaUCHHE YACTOThI F..; B LUMPOKUX npefedax [1]. MiameHenune
3HAUYeHMsl OMIOPHON YACTOThI B MEHbLUYIO CTOPOHY MOKET MPOU3BOJUTBLCS C LIeJIbl0 YMeHbLIEeHHs
MOTOKA JIAHHBIX OT MOJYJIsl, IPH 3TOM TOUHOCTb U3MepeHHH Heu30exKHO cHUKaeTes. Beanunna
T = 1/F,.; onpesiesisier BpeMeHHOe pa3pelieHue (eInHully auckpera) moayast H-51 u, coot-
BETCTBEHHO, €r0 Mpejies U~3MePEHHUs U TOUHOCTb.

ADSP cobupaet uHpopMalyio 0 CUrHajie BO BDeMEHHOM OKHEe (PUKCHUPOBAHHON JTUTE/ILHO-
CTH, Ha3bIBAEMOM NMEePHUOJOM U3MepeHus (MHTerpupoBanus ), Tp; 3HaueHue Tp porpamMmu-
pyercs noJsib3oBatesieM B eauHuuax 7 [1]. Miamepennbie He3aBUCHMO /151 KAXKJ0TO U3 KaHaJoB
napamempol 41acmonmHo2o cuernara (cMm. pazuen 13.4.4, ctp. 65) Bbinatores no h-unrepdeiicy
B IPMEMHOE YCTPOHCTBO ' 1 MpencTaBasiioT cob0il uHmeepabHoLe 3HaYCHNs] 38 NePUO0 U3Me-
penus. Anroputm BIOS peassyer HenpepbIBHbIH peXUM U3MEPEHHUS, IIPH KOTOPOM COCE/I-
HHE MepPHOIbl H3MEPEHHST CTHIKYIOTCS 110 BpeMeHH 6e3 pa3pblBOB, M MCKJoueHa * moteps undop-
Malld¥ 0 CUTHaJie (YUCJI0 UMITYJIbCOB U BpEMEHHbIE HHTEPBaJIbl MEXK/y HUIMH B COCEJIHUX ME€PHO-
JlaX U3MepeHHUst ).

BHUMAHME. H-51 Bbinaer He 3HaueHKe UaCTOThI, a MapaMeTpbl YaCTOTHOTO cUrHaJa. Ta-
Koil moaxon K peanusaunu BIOS nys ADSP pacuinpsier kpyr peliaeMbix 3ajau - Hanpumep,
CTaHOBUTCAA'® BO3MOKHOM perucTpalyst OTAeAbHBIX HMITY/JIbCOB MM cueT MMNyabcos. CpeaHee
3HaueHHe YacTOTbl CUTHAJIA 32 NePUOJ U3MePEeHHUs MoJb30BaTeNbCKasi MporpaMma BocC-
CTaHaBJMBAET CaMOCTOAATEJNbHO, CM. pasen 13.5, cTp. 67.

JlonosiHuTeNbHYI0 aHTHIpe6e3roBy0 06pab0oTKy CUTHAJIOB MOLyJib H-51 He npousBoauT.

13.4.3.1 Oco6eHHOCTH ONMpoOca BIXOA0B cyOMoay e

Onpoc BbIx0o0B Tpurrepos'® npoussoanrcs ADSP no npuxoay BHemnero npepbisanus I RQ).
M3meHeHns1 COCTOSIHUI TPUTTEPOB HUKAK He CHHXPOHU3UPOBAHbBI C 3THM IpepbIBaHUEM, TTOCKOJb-
Ky ONPeesIOTCs UCKIIOUNTENbHO MI0POH BXOJHOTO CHTHAJa U 3HaUeHUSIMH [TOPOTOB.

3a KaxK/plil eproJL BXOJHOTO CHrHaJ/a TPUITep ABaXK/bl MEHsIET CBOE COCTOSIHME - CM. PHUC.
13.5, cTp. 62. JIBa coceqHux uaMeHeHust opHoro Buja, - u3’0’ 8’17, unn uz’1’ 8°0’, 1. e. nepeHuii
WJIM 3aJIHUH (DPOHT, - COOTBETCTBYIOT OJIHOMY MepHOoAy BXoAHoro curianaa 7. [Tosb3oBaresb
coobiaer [1] mopymo H-51, no kakomy dponty pukcupoBath!'’ ouepeanoil nepuos curuana -
TaKo# (DPOHT HA3bIBAETCS] AKTUBHBIM (DPOHTOM. AKTHBHBIH (DPOHT COOTBETCTBYET OTpe/iesieH-
Ho¥ haze curHasa Ha Bbixoje H-51Fx.

PaccMoTpuM npou3BoJibHBIN KaHas (BbIXOJ Tpurrepa) - cM. puc. 13.6, ctp. 64. Murepec
NpeJICTaB/seT pelesibHbIH cayuail, Korja nepuoj curtana 7' Ha BbIxojie Tpurrepa 0J1M30K K 3Ha-
YeHHIO 2 - T: IPUOJIMKAETCS K HEMY CHU3Y, HO He JOCTHraeT ero; oueBuaHo'S, cayuail T < 2 - 7

I3HI-8 st komniekca HB-16

" npu BeinoHenun yesiosuil paszena 13.6, ctp. 76

15Mpu BLIMOTHEHHHH Psifa YCIOBHI

16 kasK b1t BBIXOJL - LMPOBAS JIMHHUSI - IPEJCTABSIETCs 0T/ bHBIM GUTOM B 16-TH GUTHOM perucTpe annapatypbl
H-51, otroGpaxkeHHom Ha ajgpecHoe npoctpaHoctBo ADSP

”ADSP c/ienut 3a BcemMu 1epexojiaMu TpUrrepa, Ho GUKCHPYeT Mepexo/ibl TOJIbKO 0JHOMO BHJA

18MoxkHO paccMaTpUBaTh Kak cJiecTBHe TeopeMbl KoTebHUKoBa
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Puc. 13.6: H-51/H-51x. Cxema onpoca BbIX010B TPUITEPOB

MPUBOAUT K HEMPABUJIbHBIM U3MEPEHHUSIM, T.K. BOSMOKHbBI TPOMYCKH B 0OHAPYKEHUH H3MEHEHHS
COCTOSIHUS TPUTTEPA.

CpaBuute puc. 13.5, ctp. 62 u puc. 13.6, cTp. 64; Ha nocsenHeM, Ui yIIPOULIEHHSs], TPUBEIEH
cJlyuali CTallMOHAPHOTO CUIHAJ1a ¢ HEM3MEHHOH 4acToTol. B 3aBUCHMOCTH OT YCTAaHOBKH BepXHe-
ro ¥ HH2KHEro MOPOroB 3HaueHusl t1, o MOTYT ObITh J10OBOJBHO MPOU3BOJILHBIMH, TP COXPaHEHHUH
TOrO 2Ke 3Hauenusi T = t; + to: BapuanTbl X, Y, Z OTJHYAETCS TOJILKO CKBAXKHOCTLIO? mpsimo-
YroJIbHBIX UMITyJIbCOB Ha BbIX0Jle Tpurrepa, nepuos 1’ e mensiercsi. [lockosnbky ADSP cunthbi-
BaeT, - Ha puc. 13.6 MOMEHTbI CUNTBIBAHHUSI MOKAa3aHbl OKPYKHOCTSIMH U TPEYTOJbLHUKAMH, - CO-
CTOSIHME TPUTTePa aCUHXPOHHO 110 OTHOLUEHHUIO K MOMEHTY BPEMEHH €ro U3MEHEHHs!, Ha PUCYHKE B
KayecTBe UJIIOCTPALIMU MTPUBOJIUTCS HECKOJILKO BO3MOXKHBIX CJydaeB BPEMEHHOTO PaCrosozKe-
Hust MoMeHToB npuxosia IRQ otHocuTenbHO BoixoaHOTO curHasna (T.e. has curnadga). M3 ananusa
puc. 13.6 nousatHo, uto npu T ~ 2 - 7 KOPPEKTHAsI perucTpalisi H3MEHEHHUsT COCTOSTHUS TPUT-
repa - ocnosnas 3adaya ADSP - Bo3aMoxKHa TOJIbKO B BapuaHTe X, /ISl KOTOPOro NpH J1060H
thazooi nozuumu npuxona IRQ aw0boe usmenenue Tpurrepa He ocTaHeTCst He3aMeUeHHbIM; Ba-
puaHThl Y, Z 1eMOHCTPUPYET MPUMEP TOT0, KaK MPH CKBAXKHOCTH, OTJIIMUHON OT 2, HabJto1aeTcst
COKpBbITHE H3MEHEHUH - HATIPUMep, JIJIs1 BapuaHTa Z MO HO (HO HeoOs13aTe/IbHO ) BCErla BUIETh
Jioruueckyto 17,

3 npuBeIeHHOr0 paccMOTPEHUs CJIeyeT BaXKHbIW MPAaKTUUECKUU BbIBOJ, - BCEr/a, Naxe
JUIsl 4acTOT BXOJIHOTO CHIHaJIa, JaJeKUX OT MpejlesibHoH, HeoOXoMMo obecreurBaTh Takue no-
poOru (1 U3MepsITh TaKHe UacToThl ), uTOObI BpeMeHa {t1,to} > 7. [1pu aTom, B 0611eM cayuae, -
Harpumep, AJsi curuajoB ¢ 7' > 3 - 7, - BoBce He 00513aTesIbHO 00ecrneunBaTh yCaoBHe t; = to,
Kak B puMepe Ha puc. 13.6: BaxkHO, 4TOOHI 1, ty IO OTAEABHOCTH ObLIH OOJbIIIE T.

Jl/1si KBasunepuoaMuecKoro curuasa - cM. puc. 13.5, ctp. 62 - ¢ Bapbupylolleics yacTo-
To# 3HaueHus 11, 15, COOTBETCTBYIOLIME MOJOKUTENLHOMY U OTPULIATENILHOMY (DPOHTAM, MOTYT,
B CBOIO ouepe/ib, ObITb PA3HBIMH.

19 IIMTeIbHOCTH HAXOK/IEHHS! BBIXOJa TPUITEpPa B COCTOSIHUM Jorrueckoro 0 H 1 MeHsIoTCst B IPUBOAMMOR M/~
JIIOCTPALMK OT BapHaHTa K BapHaHTY; BApHaHT X COOTBETCBYET TaKOH HACTPOIKe II0OPOroB, MPH KOTOPOH Ha BbIX0e
cybmoysist HabJoaercst MeaHap (CKBaXKHOCTD 2)
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13.4.4 MeToavka uamepeHun

O'—IeBI/IILHO, 4YTO B OTAEJIbHO B3SIThIN NepruoJL UsBMEepEeHUs Tp, B 3aBUCHUMOCTH OT COOTHOLIEHHUSA Tp
h nepuoaa CI/IFHaJIaQO Tx, MOXKET ITolNnaaaTh:

® HEeCKOJIbKO aKTUBHbBIX PpoHTOB (1Tp > T),)
® OJIMH aKTUBHBIH PpoHT (Tp ~ T},)
e HHU 01HOrO akTHBHOTO (hponTa (T, > Tp)

[TockosibKy mepro/ibl H3MepeHHst 00pasyloT HeMpPepPbIBHYIO MOCAE10BATENbHOCTD, TO, KAK OT-
MeuaJsioch B pazzienie 13.4.3, ctp. 63, uHdopmalys o curHaJje He TePSieTCsl, © MOXKHO BOCCTaHO-
BUTb 3HaueHue T, npH JoObIX cooTHouleHusx Tp u T,. BBenem nonsitue o BpemeHu Habopa
JNAHHBIX, WK IIMKJe u3mMepeHus. bynem Ha3biBaTh yukiom usmeperus diumervrnocmiu Te
1eJ10€ UUCJIO CMEXKHbBIX TIEPHOJIOB U3MEPEHHS, /1S KOTOPbIX BBIMOJHSIETCS CJlelylollee YCAOBUE:
8 YUKA U3MepeHus 00AHCHbL NONAcmo no Kpatinei mepe 0sa nepuoda usmeperus (U3 ux
HenpepuLeHOoLl N0CAe008aAMENbHOCMU ), KAxXCObLil U3 KOMOpPbLX codepicum xoms 6oL 1o 00-
ny akmusromy pornmy®'. Takum 06pasoM, B OCHOBY METOJAMKH PacueTa uacTOThl BXOJIHOIO
CHUIHaJIa M0JI0’KEH METOJ1, COMPUKACAIOLUIUXCS HHTEPBAJIOB.

Ha puc. 13.7 npuBeneHbl cxembl JJIs1 MOSICHEHHST OCHOBHbBIX MOHSITHH, HCTOJIb3YEMbIX MPH
OTMMCAaHUK HACTOSIIIIEH METOIUKH.
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Puc. 13.7: H-51. OcHoBHble TapamMeTpbl METO/1a U3MePEHHsT UaCTOThI (MepHoa)

Monynb H-51 cymmupyem aktupHble (DPOHTHI B TEUEHHE CBOErO MePHOoJia U3MEPEHHS, a 10
ero 3aBepuienuio Boiaer B PC 1Ba 1e/bix uncaa (i KazkJ10ro i3 KaHaJloB ), TPeICTaBJISIOLIMX
coO0H OTCYET, T.€. JAHHbIe MOAYJ$ 33 UCTEKIIHNIA MIEPHOJL UBMEPEHHUS:

e N - KOJIMYECTBO aKTUBHBIX (PPOHTOB, 0OOHAPYKEHHBIX 32 MEPUOL U3MEPEHHUS

20
21

T.e. PACCTOSIHUS MEXK/Iy COCEJIHUMH aKTUBHbIMU ppoHTamu, cM. 13.4.3.1, cTp. 63
noJsib30BaTe/b NpH co3fanuu cpoero [1O nosKeH yuuTbiBaTh 0COOYI0 CUTyallMIO: CJyyail CUrHasa ¢ HyJ1eBoH
4acTOTOH
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e )M - Bpems npuxojat,, nocjeaHero akTUBHOro (ppoHTa Ha MOMEHT 3aKPbITHSI IEpPHO/IA
M3MepeHHsi, BbIpaXKeHHOe B eIMHULAX 7. 3HaueHue M paBHO UHCJIY MTPepbIBAHUN MEXK 1y
MOCJIeIHUM aKTUBHBIM (DPOHTOM W OKOHUAHHUEM MePHO0/ia U3MEPEHH ST

ADSP dopmupyer 1auTeNbHOCTD epuoaa n3MepeHHsi (U MepUoUMUHOCTb BbIIaUH JaHHBIX B
NpUEMHOE YCTPOUCTBO ), UCIOJIb3Ysl A€KPEMEHTHbII nepe3arpyxaemblit 16-Tu OUTHBIN cueT-
yuk BASE, 3HaueHue KOTOpPOro 3ajaercs noJsb3oparesem [1]. BASE cayxuT ajs 1nojacueta
uncJia npepbiBaHuil [ RQ), npollemmx ¢ Hauasa ouepenHoro nepuojaa: ADSP cosnaer konuio
BASE, koTopasi IeKpeMeHTPUPYETCsl OT CBOEro HauaJbHOTO 3HAUEHHS KaxK/ble T, U Tepesa-
rpysaetcsi 6a30BbIM 3HAUEHHEM M0 JOCTHXKEeHHIO HyJ1s1>2. Takum 06pa3oM, Neprosl H3MepeHH s
MOKET PUHUMATh TOJIBKO Psijl AMCKPETHBIX 3HAUeHHUH, onpe/essieMblX 3HaueHusiMu 7 1 BASE:
Tp = 7 - BASE. 3nauenue napametrpa M oOHOBJsIETCS TeKylLMM 3HaueHueM BASFE 10 ero
JIeKpeMeHTa, 110 0OHAPYXKeHHUI0 ouepeIHoro akTuBHOro pponta (M= BASE, ..., 1). B ciayuae ot-
CYTCTBHUS aKTUBHOTO (PpoHTa 3a Bech nepuos usmepenusi M = BASE, N = 0.

[{ukn namepenusi obecrneurBaer MpoOMeKyTOK BpeMeHH Habopa JaHHbIX, HEOOXOUMBbIH st
KOpPEeKMmMHOo20 80CCMAHOBACHUS yacmomul (epuojia) CUrHaJja, Ho COGCTBEHHO BbIUMCJICHHE
4acTOTbl 0a3UpyeTcst Ha UCIOJIb30BAHUU MOHSITHSI pacd4eTHOro UHTepBaJta. Pacuemmolll ur-
mepsaa, Ty, onpedersiemcs KAk spems mencoy KpauHumu aKMuUsHolMU (PPoHmMant cue-
Haaa BHYMpu yukaa usmeperus (cM. puc. 13.7), T.e. pacueTHbIl HHTEpBaJ MPUBS3aH K 3HAUe-
HUIO napaMeTpa M Ha JeBOM U MpaBoOi rpaHUIAX 1IMKJIA H3MEPEHHUS.

3aMeTum, 4To pacueTHbIi HHTEpBaJ 3PPEKTUBHO HCTOJb3YET TOJNLKO YaCTh 1IMKJA U3Mepe-
HHUS1, HO JI/IS1 CJlyuasi CTallUOHAPHBIX MEPUOJIMYECKHX CUTHAJIOB 3(h(DEKTUBHOCTb ITOTO UCMOJb30-
BaHMs Bbicoka. Ellle pa3 nojguepkHeM, UTO BbIUUC/AEHHE YaCTOThI (MepHOia) MPUBSI3aHO HMEHHO
K pacueTHOMY MHTepBaJy, a He K LIMKJY WK Nepuoy uamepenusi. [Tostomy BnoJsiHe peasibHa cu-
Tyallusi, - Harpumep, it KBa3UMEPHUOAUUECKOTO CUTHAJA, - KOT/la TIPH 00JIbIIOM UHTepBaJie 1¢
3HaueHue Ty GyaeT MaJibiM (CKaxKeM, ~ T), U MPUBEJIET K 60JbIIOH ollIMOKe u3MepeHus (mo-
npoGHee - ¢M. pasnen 13.5.1, cTp. 68).

[Ipumep BpemenHo# auarpamMmmbl pa6otbl ADSP monysst H-51 npusenen Ha puc. 13.8.

Boixon Tx R P TWaiaL
TpHUIrTepa
i | | | . |
0 i >
161514 13121110 9 8 7 6 5 4 3 2 1161514 131211109 8 7 6.5 4 3 2 1 t
T 0 0 A OO
15 |12 31211109 8 7 6 54 3 |12 1 0 15 13121110 9 8 7 6 5 4 3 2 1 |0 t
e oo
tau + Me T COC
. MomenT npoBepr cocToA A
(1/Fref) =" Momenrs npoBeprn TPHITEPA, IIPH KOTOPOM ObLIO
COCTOAHNA TPHITEPA sagpurcupopano usMereHmne
MI=3 R M2=1
Ty, >
Tp NI=3 . Tp N2=4 -
Te
B npumepe suawenne cieranra = 16 * Bruraua ganmapix

Puc. 13.8: H-51. Bpemennasi nuarpamma pa6otst ADSP monyssi, npumep

225 3101 MOMenT ADSP HaunHaeT BblaBaTh JaHHbIe, MPOJOJIKAsT COOHPATh HOBYIO MOPLMIO IaHHBIX, UTO 06ec-

INeYUBaeT HEMNPEPbIBHOCTH I/ISMepeHI/HjI

HB-16



13.5 Bbluvcaenune yactorbl (Nepuoja) curHaja v oliM6oK UuamMepeHus 67

e 7', - UCTHHHBII IEPUOJL CUTHAJA

T = 1/F,¢f - NEePUOJMUHOCTb OMPOCA KAHAJIOB, UK pa3peliatoliasi cCnono6HOCTb YacTo-
Tomepa, F..; - uacTora reHepaluu NpepblBaHUi (0MOpHAas 4acToTa)

T'p - NepUOJL U3MEPEHHUS

® T reql - UCTUHHBIA HHTEPBAJ BPEMEHH MEK/ly aKTUBHBIMH (DPOHTAMH CHUrHaJIa

Ty - pacueTHbI MHTEPBAJ, Ty TOJNBKO APUMEPHO PABEH 3HAUCHUIO Ty eqr, T-K. OTIPEJIE-
JisieTcsl BpeMeHeM MexK1y MoMeHTaMu [ R() ¢ TOUHOCTbIO ~ T

3nauenus® BASE = 16...1,16,... (cMm. puc. 13.8) Ha BXojie B npepbiBaHHe MOKa3aHbl Ha
rpacduke TRQ) = f(t) cjeBa cBepXy OKOJIO KaXKI0i MeTKH MpepbiBaHusi; 3HaueHuss BASE =
15...,0,15, ... Ha BbIXOJIe U3 MpepbiBaHUsA - BHU3Y cnipaBa. Ha pucyHke nokasaHbl aBa nepuona
u3MepeHusi, 006pasyoluxX OJUH LMK u3mepenusi. s peructpaldu curiaga BbloOpaH moJoxKu-
TeJIbHBIN (DpOHT. B nepBom nepuojie uamepeHust 3apuKCUPOBaHO 3 aKTUBHBIX poHTa: N1 = 3, 1
3 npepbIBaHUs Mepell 3aKpbITHEM Neprosia u3mepenusi: My = 3. Iyt BToporo nepuoja uamepe-
Hust No = 4, My = 1.

13.5 BblunucaeHue yactoTol (Nepuoaa) CUrHajaa v oliuOOoK u3-
MepeHHus

Mertoanka®* usmepenus, peanuszopannas B H-51, naet Ha BbIxoje JBa napameTpa 4acTOTHOIO
curHasa: M n N. 3uanue M no3BoJisieT HalTH BPeMs MEXK/1y KpalHHUMH aKTHBHBIMH (PPOHTAMH,
TMONABLIMMH B LIMKJI H3MEPEHHs], T.€. 8bl4LUCAUMb PACUCTHBIA HHTepBaJ/. 3aMeTHM, UTO MPeAIo-

J1araloTes KOPPEKTHbIE YCJ0BHs H3MepPeHHiiZ®.
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Puc. 13.9: H-51. K pacuety uacrorsl curnasa
Mexons u3 onpenesienus: pacuetHoro uHtepnadga (eMm. 13.4.4), ero uncjienHoe 3HaueHue Ha-

XOJIUTCS 10 popmyie:

Ty = (My+ BASE - (k— 1) = M) -7 = Y T, (13.1)

i=1

ZZBASE = 16 B 1aHHOM NpHMepe BLIGPaHO JUIsl TIPOCTOThI 00bACHEHHsT U BO3MOMKHOCTH MPOMJITIOCTPHPOBATh
MPUMEpP PUCYHKOM. DTO UMCJIO HE BXOAUT B AMANA30H JOMyCTUMBbIX 3HaueHn# mtaTHoro [TO [1]

24em. paspen 13.4.4, ctp. 65

ZSnepeunciennsle B paszese 13.6, ctp. 76
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H-51

rae:

e [k - UMCJI0 HCMOJIb3yeMbIX TEPHOI0B U3MEPEHHs /151 (POPMUPOBAHUS LIMKJIA U3MepeHusi (OT-

cuetoB H-51)

o M, j - Kpaiinue ToYkH M LMKJ/a H3MEPEeHHUs - JaHHble H3MepeHui nepuoaos IT'py, Tpy

o Tw,;,j = l..m - NPOMEXKYTOUHbIH pacueTHblii MHTEepBaJ/ (m = k — 1, ecJin Bce nepro/ibl

M3MEPEeHHUsI COIeP2KAaT XOTs1 Obl 110 OAHOMY aKTHBHOMY (DPOHTY, U IpH 3TOM Ty ; OXBaTbiBa-
IOT JIBA COCEIHMX MepHoa /st JitoOoro j)

3ameTuM, uTo B 0ob11eM caydae Ty MoxKeT ObITh Kak OoJiblile, Tak U MeHblle Tp = BASE - T.
YuuThIBasi, UTO KOJIMUECTBO aKTUBHbIX (DPOHTOB W, CJI€0BATE/NbHO, YHCJIO TEPHOIOB 32 3TO

¢ k "
BpeMsi paBHo?® N = > izo Ny MOXKHO MOJTyuMThb (hOpMyJTy JUIst pacueta cpedrei 4acToTbl F
BXxoaHoro curnana, F' = 1/T,, T, = Ty /N:

k

— Fref
B =ML T BASE- (k1) 0, >N (13.2)

1=2

cyuetoM 7 = 1/F,¢.
HcnoibayeMblii PUHLMIT rapaHTHpyeT?’ HenponycKaHue HU OJHOTO TepHOia HCCIedyeMoro
CHrHaJIa U MOJIyYeHHe J0BOJIbHO GOJBLIOH TOUHOCTH

2 U3MEepPEHHs1 PU UCITOJb30BaHUH A0CTa-

TOUHO GOJILIIOTO LKKJA H3MepeHHUs (T.e. 6OJbIIMX 3HAUEeHUH k).

13.5.1 OnpepeseHne oLIMOOK U3BMEPEHUH

PaccmarpuBaemast MeToaMKa u3MepeHHst 4acToThl (reprojia) B obuieM ciayuae o6J1aiaeT psiiom
MOrpelHoCTel, KOTOpble BO3HUKAIOT 110 MPUUHHE:

. HecTabUJIBHOCTH (M HETOUHOCTH ) (hOPMHUPOBAHHST BPEMEHHOIO MHTEpBaJa Mepuojia uame-

peHus. DTa NpUUKMHA OIIpeeJIsieT MOrPeHoCTb Ay reHepaTopa onopHON YacToThbl F. ¢

ACHHXPOHHOCTH MOMEHTOB MNosiBJeHUs1 [ R() 1 UMITyJIbCOB C BbIXo/1a peobpazoBatesist H-
51X: Mo OTHOIIEHHIO APYT K JAPYTy (a3bl 3TUX CUIHAJIOB MOTYT ObIThb MOJHOCTbIO CJydak-
HbIMH. DTa NPUUMHA OMpejieisieT NorpewHocTb Ay AMCKpeTU3aLUuu

yCpelHeH s TEKYIIEro 3HaueHHsl YaCTOThl 3@ paCUeTHbIM HHTEpBaJl. DTa MpUUnHa 06yCI0B-
JIUBAET MOrpelHocTh A BOCCTAHOBJEHUS YACTOTbl CUTHaNa (AMHAMHUUYECKYIO Mo-
rpelHOCTb)

HeCTaOUJILHOCTH U MOTPELIHOCTH BEPXHETO M HUXKHUX TIOPOTOB CXEMbI CEJIEKIIMH BXOTHOTO
CHMTHaJIa 1o ypoBHI0. DTa NPUUKHA onpe/ieisieT norpewHocTb A ; ayKTyauuu noporos
(JuKHTTED)

Ila.nee B 9TOM pa3jaeJe BCloay, rie¢ He OoroBoOpeHo OC060, 3HaK *+ nepen BbipaxKeHUAMHA

ansg o600k A B hopmyJiax, U UX OLLEHOYHbIMU 3HAUYEHUSIMU B %, OMYILEH.

[lepenuiem Boipaxkenue 13.1 B Bue:

TW:T'L,

206paTuTe BHUMAaHKe: CyMMHPOBaHHe BBITIOJIHSIETCs] 10 BCeM OTCUeTaM, KpoMe TepBoro
2"Hpu BLINOJHEHUH yCI0BHI passiena 13.6, cTp. 76

28

o KpaﬁHeﬁ mepe, 1Jig CTalMOHapHOro nNepuoanYeCKoro CuraaJaa
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L =AM+ BASE - (k—1),AM = M, — M,

A6codoTHAst TOTpeliHOCTb 07y, U3MEepPEHHsT STOTO HHTEPBAJa CKJIAbIBAETCS U3 JIBYX BeJH-
UHH:
0w =L-0tr+71-0L

[TepBoe ciaraemoe npeacrassieT olIMOKY H3-3a MOTPELIHOCTH dT reHepaTopa OnopHOH ya-
crotui??. Bropoe ciiaraemoe mpeicTabiisieT co60il HeoNnpeaeeHHOCTb BPeMeHH 0OHAPYKeHHsI
AaKTUBHOTO (PpOHTa (T.e. OLIMOKY AUCKPETH3ALIMH ), IPUUEM 3Ta MOTPEIIHOCTh He HaKalJUBaeT-
Csl 110 XO/ly M3MEPEHHsI: BpeMeHHble HHTepBaJIbl 7, popmupyiore Ty CONpUKacaloTes Apyr ¢
JPYTOM, M yJHHEHHE OJHOrO MHTepBaJsia Ty ; aBTOMaTHUECKH YyKOPauMBaeT COCENHHMI HHTePBaJl
Ty ;, 1 HAOOOPOT.

3amerum, uto 6L = 0(AM) npeacrapisieT co60i GaKTHUECKH IKCTPEMANbHYIO OULUOKY
pasrocmu AM, kotopast He npeBocxXoauT> 3nauenust 1, T.e. 6L = 1, npuueM CTPOro MoJo-
YKUTEJBHO.

Takum o6pasom:

0w =L-61+71
[TockoJ/ibKy
N

Tw’
k
rae F' - yactora uamepsiemoro curiana, a N = » ", N; - oflliee UMCJIO HACUHTAHHBIX 32

Bpemsi Ty UMIYJIbCOB, MOXKHO HAUTH OMHOCUMEAbHYI0 OUUOKY UBMEPEHIs 4aACmOombl Cue-
Haaa:

F

_ N-0Tw N Ty
T Ty Tw Tw’
OF 6Ty o1 1

T (13.3)

oF

c yuetom 6N = 0.
Onopuas uactora F. nosyuaercs JeJleHHeM 4acToTbl Fy ¢ BbIX0OJa KBapLEBOro reHepaTo-
adl, - Fref = Fo/D, D = const, - 103TOMy OTHOCHTeJIbHAsI OLIHOKA!

p
57’ - 5(1/Fref> - 5Fref . 5FQ

T 1/Fref Fref FQ

B TOUHOCTH PaBHA OTHOCHTEJLHOH OLIMOKE 4acTOThI KBAapla, PUYEM B 3Ty OLIMOKY BXOIMT
Kak olInOKa H3-3a HETOUHOTO 3HAHUSI HOMMHAJIa KBaPLIEBOr0 reHepaTopa, Tak i HeCTaOUJIbHOCTD
KBaplleBOTro reHepaTopa Bo BceM paboueM auanazoHe TemMiepaTyp.

C yueToM rnpejiblaylilero Bbipazkenust hopmyJy 13.3 MOKHO rnepenucarthb B BUJIE:

OF kg n 1

F  Fp L
Wi, nojcrapss L = Ty /7,

oF  OFg T

Tt T (13.4)

291.e. haxTHUeCKH a6COMIOTHYIO OLIMOKY HHTepBasa Ty, HaGeralolLylo 3a Bce BpeMsi HAKOMIeHUsl CHrHaJ/Ia

Nye nyraiite owubky pasrocmu, v camy pasHocmo, MOMEHTbI H3MePEeHUsl KOHLIEBLIX TOUEK KOPPeAUPOBAHLL,
T.€. He SIBJISIIOTCS] HE3aBUCHMBIMHE - CM. pHc. 13.7, cTp. 65 1/1s1 pa3bsicHeHUsI MOHSATHS TapameTpa M

3lycranosnennoro a h-kpoce-naare — . puc. 13.3, ctp. 60

32 rapanTHpyeTcs (hHPMOIi-POU3BOAHTEIEM
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Ata hopmyJia COAEPKHUT 1B BUJA OLIHOOK:

. morpemHocTb reHepaTopa OMOPHOH YacTOThI

SFy
A =20 13,
o= F (13.5)
2. nOFpeLUHOCTb ﬂHCerTI/ISaLU/H/I
Ay = Ti,TW = (M; — My, + BASE - (k—1)) -7, =1/F,;  (13.6)
w

Boipaxenue 13.4 cnipaBeyinBo /1 BblUMC/IeHUs OHO0K Ag, Ay 1151 1I0OOro CUrHAJA.
Haun6osee o61mii caryuait 115 oleHku olinbku 1aet hopmyaa:

oF
7 =T Ba [+ Ar[+[As )+ ]Ad], (13.7)

MpUUYeM OTCYTCTBHE 3HaKa + nepen Ay He CJIyualHO: IaHHbBIH METOJ U3MepEHHst, - B TOH Ya-
CTH, KOTOpasi KacaeTcst OLIMOKH JIUCKPETH3ALIMH, - MOXKET MPUBOJIUTH TOJbKO K 3aBbIILIEHHIO Ua-
CTOTbI CUTHaJsa (CM. paccyKaeHune o 0L = 1 B HauaJie pasjesa).

13.5.1.1 MorpewHnoctb Ag

Canaraemoe § Fg/ Fg (cm. popmysty 13.5) MOKHO CBECTH ITPAKTHUECKH K HYJIIO, €C/IH 06€CMeunTh
(UKCHPOBAHHYIO TeMIIepaTypy OKpysKaloLleil cpe/bl AJ1s KBapua Ha h-kpocc niate®® Kommexca
HB-16 u nipu 3TOM yCJ10BUH UusMepumo 3masoHHbIM NPUOOPOM MOUHOE 3HAUEHUEe 4aCMO-
mu*t Fy na seixode keapya. Tocsie BbIMOJHEHHs! STOM NPOLELYPbI CJEIYeT IPH pacyere ya-
CTOTBI MO (hopMysiaM pasziena 13.5, cTp. 67 onepupoBath HalAeHHbIM 3HaUeHUeM F..p = F/D
(cMm. [1] nost nostyuenus BolpaxkeHust Fi.p Kak yHKUUKM Fp ).

PaccmarpuBaemblil noixos obecreurBaeT MUHUMH3aLUI0 OIUMOKH Ag 10 3HaUeHHUs, ompe-
JIeJISIEMOTr0 KJ1aCCOM TOYHOCTH 3TAJIOHHOTO NpHGopa, MOTYLLEro CBeCTH oTHolleHne dFy/Fg 1o
BesinunHbl < 107% (1ppm). JIerko BUAETh, UTO TIPH 3TOM TOUHOCTb U3MepeHHs OyeT orpee-
JSITbCs1 B OCHOBHOM paspeuiaroujeti cnocobrocmsio®® T renepatopa onopHofi 4acToThbl CyGMO-
nyser H-51X U ayireibHOCTBIO LIMKJ/1a U3MepeHHus1, oOecreunBatoliiero 60Jblive sHaueHus Ty .

JIsis WITaTHOM CUTyalluu, TIPH KOTOPOU MOJIb30BaTeb ONEpUpyeT HOMHHAJbHBIM 3HaUeHUeM
yacToThl KBapleBoro reneparopa, Ag = 0.005%, uto cooTBeTCTBYeT €ro HecTabuabHOCTH B D0
ppm. I1pu BeinosiHeHUM peKOMeHJalUMi 3TOTo pasjena, - Harnpumep, Npu obecrneyeHud TOUHOCTH
3HaHus Fy B 1 ppm, - 3Hauenne Ag mozket ynactb 10 0.0001%.

13.5.1.2 TlorpewHocts A,

OuenuM 3HaYeHHe MOTPEIHOCTH AMCKPETH3ALMU U151 PA3JIHUHBIX YCJI0BHI Hamepenusi. 113 dop-
myJibl 13.6 cyenyer, uto ombka Ay o6paTHa MPONOPLUHOHAIbHA JITUTENbHOCTH PACUETHOTO MH-
TepBasia 1 /Ty .

[Tpoanasiarpyem 3T0 BblpaxkeHHe Ji/isi CTAllMOHAPHOT 0 MePUOAMYECKOT0 CUrHaMa J1JIsl Han -
XY/ILIEr0 MHHUMAJIbHO JOMYyCTHMOro 3HaueHust k = 2. JIjist 3TOro ycJioBHsl, KaK JIErKO BHJIETh

33em. puc. 13.3, ep. 60

3 oua ynsausaerca B ADSP, nostomy B[ 1] npusoaures snauenne 40.000 MI11, Torna Kak Ha Kpoce nJjate Haxo-
jutest 20.000 MIiy renepatop

110 Kpaiineil Mepe, st IEPHOMUECKOTO CHIHAJIA B BUJIE TIPSIMOYTO/IbHBIX HMITYJIbCOB

e myuweit uem 250 ki
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Puc. 13.10: H-51. K BbiuncsieHnto ouimiOK1 IUCKPETH3AIINH

(cMm. dur. A Ha puc. 13.10), Hanxymiee 3Hauenue Ty, cocTapJsieT Besuuuny ~ Tp /2, T.e. AM ~
—BASFE /2 v Bblpaxenue i Ay NPUHUMAET BUJL

Ay =2/BASE,

UTO COOTBETCTBYET MAaKCUMaJIbHOU OLIMOKE TUCKPETU3ALMK TIPH U3MEPEHUH HU3KUX YACTOT
JUIsl MUHUMaJIbHO BO3MOXKHOTO LIMKJ1a U3MepeHust. st iratHoro 3uauenust BASE = 32767 sta
ou6Ka cocrapisier Besrurny 0.006%.

B cayuae Boicokux yactot (£ — Fi.r/2) Ty — Tp, T.e. AM ~ 0, u Bblpaxkenue st Ay
NpUHUMAET BUJL

Ay =1/BASE,

yTO SIBJISIETCS HauJyulleld oueHKol npu k = 2. [las wratHoro sHaueHust BASE oumnbka
cocrasJisier Besinunny 0.003%.

Oco6eHHOCTbIO U3MEPEHHH KBA3UNEPHOJANUECKHX CHIHAJOB WM CHTHAJO0B C BapbUpYylO-
uweics 3a Nnepuoj U3MepeHus 4acToTOM fBJsIETCS TO, UTO Tjy MOXKeT NPUHUMATh 3HaUeHHUe
BIJIOTb HA MMHHUMaJIbHOTO

TW*—>2'T,

cM. dur. B na puc. 13.10. 3nauenue Ty ™ cooTBeTcTBYeT Hanxymen omnoke Ay = 50%.
B o61iem cayuae, u3MepeHHe YacTOThl TAKOTO POJia CUrHAJIOB XapaKTepU3yeTCAmeKyuum 3Ha-
yeHHeM TOUHOCTH H3MepPEHHs], KOTOPO€e MEHSIETCS OT U3MepeHust K uamepenuio. Takxke, TOUHOCTb
M3MepEeHHsI TAKMX CUTHAJIOB 00YCJIOBINBAETCS JITIUTE/BHOCTBIO 1IMKJIA H3MEPEHHS U MOBEIeHUEM
CaMOro CUrHaJsia BHYTPH 3TOTO LMKJa U3MepeHHsl - cpaBHUTE Tyyo > Ty o Ha puc. 13.10.

Crnoco6 yMeHbLHTb OLIMOKY Ay COCTOUT B yBeHUeHHH napametpoB BASE u k, T.e. B yse-
Audenuu oaumenvHocmu yukaa usmepenus Te. Hanpumep, o6ecrneuns a/si 3aaHHOTO CHT-
HaJsia Takoe 3Hauenue Te, npu KotopoM Tyy= 1 ¢, MoxKHO nostyuntb Ag = 4 - 107/1 = 0.0004%
NP MUHUMaJIbHO BO3MOYKHOM 7T = 4 MKC. YBeJsinueHue T MOxKeT ObITb He BCerjia preMJIeMbIM B
3aj1auax u3aMepeHust GbICTPOMEHSIIOIIMXCS MPOLECCOB. YBenueHne Ty UMeeT CMbICJ JI0 TeX Mop,
MOKa OlIMOKA AMCKPETH3aLMK He CPABHSIETCS 110 MOPSAKY BeJHUHHbI CO 3HAUeHUM d Fyy / Fy.

[1pu usmepeHn HU3KUX WJIM OU€Hb HU3KHUX MeIJEHHOM3MEHSIOIINXCS YACTOT KBa3UTIEPHO-
JIMUECKUX CUTHAJIOB HE0OX0IMMO 00eCcieunTb T TOBOJbHO GOJBIIMM, UTO aBTOMATHUECKH MTPHU-
BOJIUT K OOJIbILIUM 3HAUEHHSIM T}y ¥ yMEHbIIEHHIO OLIHOKH JIHCKPETH3ALIMH.
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13.5.1.3 TlorpewHocts Ag

IIOHOJIHHTEJII)H&H olIMOKa AR HUMeEET K METOAUKE U3MEPEHHST KOCBEHHOE€ OTHOLLUEHHE, T.K. O6y—
CJIOBJIMBACTCs BapHallUsAMHU HaCTOTbI CaMOI'o CUIr'HaJia 3a paC‘{eTHbII/UI UHTEpPBAaJl. OL{EHKCL OLIMOKH
BOCCTAaHOBJICHHUSA CpeIHEro 3HaUY€HUA YaCTOThI CUTrHaJla AR HMeEET CMbICJI TOJIBKO JIJIs1 HECTAaUHO-
HAapHbIX CUT'HAJIOB.

Puc. 13.11: H-51. JlunamMmuueckasi morpeliHoCTb H3MepeHHsl

HeCTaLU/IOHapHOCTb CHUI'HaJia BJIUAET IBOAKUM o6pa30M Ha TOYHOCTb I/I3M€peHH§II

® MOXKET MPUBOJUT K OOJIbLLIOH OLIMOKE AUCKPETU3ALIMH H3-3a BO3MOXKHOIO PE3KOro yMeHb-
wenus®’ pacueTHoro untepsana Ty, Kak onucano B pasnese 13.5.1.2

® [IPUBOJMT K BOSHUKHOBEHHIO OLUMOKH AR

M3amepsiemasi 3a pacueTHblli HHTepBaJ T} yacToTa CUrHaJsa npejacTaBsieT coboi gusuye-
cKkoe cpednee:

o 1 ti—‘rTw/Q
Fo_l. / Ft)dt,
TW ti—Tw /2

rjie t; COOTBETCTBYET Cepe/IiHe paccMaTPpUBaeMOro pacyeTHOro HHTepBaJa.
Junamuueckas oiin6ka yactotbl AF' onpenensiercs uH0UBUIYAN6HO JJIS KaxKI0T0 U3 pac-
YETHBIX HHTEpBaNoB Ty :

AF= o omax o {[F() =P} (13.8)
AR:AF/F (13.9)

AF akThuecky HMeeT napaMeTpUUeCKy0 3aBUCHMOCTb OT t; U TIpeCTaBJsieT coO0i MaK-
CHMaJIbHOe OTKJIOHEHHEe 3HaYeHUs] HCTHHHOH YacToThl F(t) cHrHasa OT €ro CpeiHero sHaueHust
F B untepBase usmepenust Tyy. Besmunna F' cOOTBETCTBYET MIHOBEHHOMY 3HAUEHMIO YACTOTI
F(t) = F(t;) B MOMEHT BpeMeHH ;.

B Tom cayuae, ecqiu anpvopu M3BeCTeH XapakTep W3MeHeHHsl curHasia W F'(t) MoxHO Ha
Hekoem nabope® unmepsaros Ty ; PeICTABUTL KAK CHUTHAJ, MOJYJMPOBAHHBINA (QyHKIME

f(t):

3T11pu pUKCHPOBAHHOM 3HAUEHHH LIMK/IA H3MEpeHHs
3T ; MOTYT HMeThb PasHyio JIHTeIbHOCTD
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F(t)=F,-(1+ f(t)), f(t)>—-1 nnsBcext

TO JIJIs1 OLIEHKH OTHOCHTEJNbHOH OIIHOKH JJIsT KaxXKA0ro i3 HHTEpBaAJIOB, BXOAAUINX B Ha60p,
MO2KEM HallucaTb:

, AF 1 ti+Tw /2
Ap=—F = B — - tydt 13.10
B T T T 2t T 2) 1) T /tiTW/2 f(t)dt]} ( )
F,
AR:A/R‘? (13.11)

3ametum, uto Deltap ~ 1/F ssasercs gynkuuei Bpemenu, T.K. F' = F(t). Ommtka Al
onpesesisieTcs MakCUMyMoM BbipaxkeHusi 13.10 npu kakom-mo t = t¢, HaXoxsLLEMCsl BHYTPH
MHTEPEeCYIOLIEro HaC HHTepBaJa.

B kauecTBe nprmMepa paccMOTPUM MOy IUPYIOLLYI0 PyHKIMIO f(t) = a2t (v, {2 ~KOHCTaHTHI ),
COOTBETCTBYIOILLYIO C/Tyuato HEMpepbIBHOTO H3MeHEeH s 4acToThl F' () Mo IMHEeiiHOMY 3aKOHY B Te-
yeHHe BCEro BpeMeHH uaMepeHust; af - ckopocThb>? uamenenus uactothl: F(t) = F,(1 4+ aQt), u
afdt > —1 nos Beex t. st storo npumepa Bbipaxkenue 13.10 naer:

rnepennucobiBas HepaBeHCTBaA AJisd t B BUJE

t =t; + ot,|0t] < Tw/2,

HMeeM:

= = | - maz|dt| = ||y /2 (13.12)
ITOT 2Ke pe3yJibTaT MOXKHO JIETKO MOJYYHTh U3 Te€OMETPUUECKOTO MOCTPOEHHUS], HO MPUBEJIEeH-
Hbl€ BbIKJIAJIKU HHTEPECHBI C METOIMUECKOH TOUKH 3PEHHSI.
Pacemotpum npyro#i npumep - MoyJisiuusi yactotsl F'(t) dynkumeit f(t) = asin(t): Q -
yacrora Moaynsiimu, « < 1.0 - riy6uHa Moy asiiinu (6e3pa3MepHbIi KOSPHIIHEHT).
st aToro cayuas pagHocTb A Moj 3HaKOM MOJyJsl B cKoOKax B Bbipaxkenuu 13.10 umeer
BU/L:

A=a- <sin(Qt) + ﬁ - Jcos Q(t; + Tw /2) — cos Q(t; — TW/Q)])

— (m(m) - {m - sin(QTW/2)} ~sin(Qti)> (13.13)

[Tpu stom A, = max|A(t)|, t = t; + 6t, |5t] < Tw /2.
3ameTuM, uTo B BbipaxkeHuu 13.13 BesiMuMHa B KBaJpaTHHIX CKOOKax ecTb sin(zr)/x,x =
QTy . Vcenenyem aBa npeeibHbIX Cayvast:

1. QTy > 1, uto COOTBETCTBYET GOJILILKM 3HAYEHHSIM YACTOThI MOJIYJISILIUK § NP (PUKCH-
posaunoM Ty . B npenene lim, . sin(x)/z = 0 Beipaxkenue 13.13 nnst A, naet ouenky:

A = maz(|asin(Qt)]) = |af,

TaKUM 00pa3oM, Jyist TOTo c/aydasi olndKa onpeiesieTes rryOuHOH MOLYJISIIHH.

39 eunmiax [= 1/c
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2.

QTy < 1, uTo COOTBETCTBYET MeJUIeHHOH MOy IsiliMK curHana (2 < 1/Ty ). B npenesne
lim,_sin(z)/z = 1 Boipaxkenue 13.13 nepenucoiBaercs:

A = o - [sin(Q; + Q0t) — sin(Qt;)]
= « - [sin(Q;) - (cos(Qot) — 1) + cos(Qt;) - sin(20t)]

[Tockoabky [Q20t] < QT /2 < 1u — 0, 10 cos(Qt) ~ 1,sin(20t) ~ Qdt, uto naer
A ~ (af2Ty /2) - cos(§2t;) 1 olMoOKy

L= |a|QTyw /2, (13.14)

cpaBHHUTe C BbipaxkeHueM 13.12 nyis ciyuast TMHEHHON MO /ISILIAM YACTOTHI.

13.5.1.4 TlorpewHoctb A

OmmbKa yeTaHOBKH MOPOTOB, C YUE€TOM MPOU3BOJIbHON (hOPMbI CUTHAJIA HA BXOJe CyOMOIy el
BJIMSIET HA TOYHOCTb H3MEPEHUH IBOSIKUM 00pa3oM:

He3HaHUe TOUHOTO 3HAUEHHUs MOPOToB (C TOUHOCTHIO JI0 3HAUEHHUS B CTELU(PHUKALIUN - CM.
13.7) npuBOAUT K TOMY, UTO HEOOXOAMMO BBOJIMTH 3ar1ac Mo ero ycTaHoBKe st obecreue-
HHSl YCJIOBHSI KOPPEKTHOTO 3HAUEHHUs MapaMeTpoB ¢y, to UMIYJIbCOB HA BbIXOJE KOMIapa-
Topa - cM. paznen 13.4.3.1, ctp. 63; 3/1eChb Ke HEOOXOAUMO yuecTb TeMrepaTypHbIi yX0/1
HyJIsl M LIKAJIbl: OPOT MOXKET BOOGIIEe BHIATH 3a ypoBeHb curnana’’ uiu xe cmectuthes
B 06J1aCTb 3MIOPbI CHTHAJMA C CHJLHBIMU LIyMaMu*! MJIM MHBIMH XapaKTepHCTHKAMK (DPOH-
ToB. HecoOJ1101eH1e TaKoro pojia 0CTOPOXKHOCTEH MOXKET PUBECTH K rpyOOMy npomaxy
B U3MEPEeHUsAX

HECTaOUJIBHOCTb YPOBHEH MMOPOrOB 3a LUMKJ U3MePeHUs 1 U, COOTBETCTBEHHO, 3a pacuemn-
Hotll unmepsaa Ty, NPUBOIUT K PAyKTYyauusiMm ppoHTOB Ha BbIXOJIE TPUTTEPA (KUTTE-
py), JAlOLMX JOMOJNHHTENbHYI0 OLIMOKY A ; B meKkyujem U1Kie H3MepeHus

Oumbka A ; onpenesieTcst:

3HAUCHUAMU MMOPOTOB U XapaKTEPOM UX PaCloJIOKEHUSA OTHOCUTEJAbHO 3TIOPbI HAMIPSI2KE -
HHUSA BXOJHOI'O CHUI'HaJia

CKOPOCTBIO Jpefidha moporos (B OCHOBHOM, TEMIEPATYPHBIM YXOJI0M )

CKOPOCTbIO HapacTaHusi GPOHTOB CHUTHAJA (MOJOrOCTbI0 PPOHTOB) B TOUKE, COOTBETCTBY-
[OLLEeH BbICTABJAEHHOMY 3HAUEHHIO MOpora

JUIMTEJIbHOCTBIO LIMKJIa M3MEPEHHsI, KOTOpOe onpeessieT abCOJIOTHYIO BpEMEHHY!O LIKaJy,
Ha KOTOPOH MPOUCXOAHUT APerd Moporos

[To onpenenenuio,

0T, AU
= 5T, = —
TW’ UU7

Ay

vy, B/c - ckopocTh HapacTanus hpoHTa 6 mouke U 3Mopel HanpsizkeHus (B TOM cJiyuae,
€CJIH CKOPOCTh vy MEHSIETCS OT PPOHTA K PPOHTY, TOJL HEIO CJIeLyeT MTOHUMATh MUHUMANb-
HO BO3MOYKHO€ 3HAueHHe )

40
41

UTO NNPpUBEIET K HEBO3SMO2KHOCTH U3MEPEHHS, T.€. J€TEKTHPOBAaHUIO JIOXKHOH HyJIeBOﬂ 4YacCTOThI
MO2KET CKa3aTbCd Ha 3HAaUCHHH tl, to, U MPUBECTH K 3aBbILLIEHUIO YaCTOThI
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13.5 Bbluvcaenune yactorbl (Nepuoja) curHaja v oliM6oK UuamMepeHus 75

v YU Bepxumii nopor: U, /!
A U H m
U ] b
A "Ta |
1 |
! i
o ‘
‘ | !
0 | | >
| ‘ i
! MH}KIIIIﬁ nopor: Uy } | ]
| ' I I
. ! | | [
BBIXOL A L d ™m !
Tpurrepa | d7x_ | | W—mh—F §
| ' X f >
1 |
dTx
i L i | |
0 ‘ | »
L T Th i N
| ﬂ—b‘ [
1 ' Th2 I

‘A
_N

Puc. 13.12: H-51. Basinue norpemHocT yCTaHOBKH MTOPOTOB U X HeCTaOUIbHOCTH

e AU, BoabT - yxoj nopora*?

AU =00 - vy - Uy,
e 00, °C' - u3MeHeHHe TeMIepaTypbl OKpyzKatollei cpebl 3a Ty
® Uy, ppm/°C - cKOpOCTh pefiha LKaJIbl yCTaHOBKH 110pora
e U,,, BosbT - 11Kasna noporon
Taxkum o6pasom, Beipaxkenue st Ay MOXKHO 3aricaTh B BUJE:

00 Vihy - Um _ Vo - Vthr - Um7 (13.15)

Tw (% (%

Ay

re ve, °C/c - cpeHss CKOPOCTh H3MEHeHHsl TeMIepaTyphbl 32 BpeMsi H3MepeHHsl.

Omnbka Ay moscem GbITh CYlIECTBEHHA TOJBKO /11 OU€Hb MeJIJIEHHOMEHSIIOIIUXCST CUTHA-
JIOB - UMEIOLIHX (hOPMY, OTJIHUHYIO OT (hOPMbI TPSIMOYTOJIbHBIX UMITYJIbCOB, C 3aTSHYTHIMH H3Me-
HeHUsIMU (PPOHTOB B parioHe noporos. J1yis curHaga B popme NpsMOyroJibHbIX UMIYJIbCOB OLIUO -
Ka A ; HHUTOXKHA MTPH YCJOBHH, UTO MOPOTH MO106paHbl Tak, UTOObLI He 3aXBaThIBaTh BLIOPOCHI HA
(hpoHTax MpH 8cex KoJaeGaHUsIX MOPOTOB.

[TonuepkHewm, uTo omM6Ka A ; cyliecTBeHHA TOJbKO NMPU TAKMX CKOPOCTSIX vy HapacTa-
HUSl CUTHAJIa B pailOHe BbICTABJEHHOTI0 MOPOra, KoTopble 3a Bpemsa Ty, AaloT npupaiie-
HUe CUTHaJjla, cpaBHUMOe ¢ yxoaom noporoB AU 3a 3710 ke Bpemsi. 3HaueHue A ; MOXKeT
MEHSITbCSl OT U3MEPEHHsT K U3MePEHHIO. XO0Tsl YXOJI TOPOTOB OT BBICTABJIEHHOTO KOTa-TO 3HAUe-
HHST MOXKET TMOCTOSTHHO HAaKal/JWBaThCs WJIM ‘TIaBaTh’, TeM He MeHee, Ha TOUHOCTb H3MepeHUH
TAKOM yXOJ1 CKa3blBaeTCs TOJIbKO Ha BPEMEHHOI 111KaJie rnopsiaka Ty, 1 B GOJbIIMHCTBE CJIydyaeB
omn6Ka A ; oKasbiBaeTcsi npeHeOpeKumMo MaJjio. C pyroil CTOPOHbI, MPH YCPEHEHHH MOKa3a-
HUE 3a 8ce 8pems Ikcnepumerma ominoka A ; onpesessieT 10JroBpeMeHHYI0 CTabUJIbHOCTD
moyJst H-51.

#2n0pora, COOTBETCTBYIONIET0 AKTHBHOMY (DPOHTY CHrHANA

Pymoeodcmso noJas3osarnensd



76 H-51

[Tpumenum popmyay 13.15 1151 cHHYcOMaaNbHOTO CUTHaAa B hopMe:

u(t) = Upsin(wt),w =21 F = 2r /T,

CkopocTb v HapacTaHaHusi ppoHTa B Touke U = Uysin(wt) paBHa NPOU3BOAHON M0 BpeMeHH
B TOUKe ¢:

vy =Up-w-cos(wt) =2m-Uy-F -

OueHuM A ; NpH NMONbITKE H3MEPUTb CUHYCOMAJIbHBINA CUTHAJ aMIauTyabl Uy = 8 B¢ F' =
0.01 Ty mipu Ty ~ 10 - 1/F = 1000 ¢ (oxosi0 17 mun). JlonycTUM, UTO MOPOTH BbICTaBJIEHbI HA
ypoBHe U = 7 B (nmanason U, = +10.1 B), a kosiebanus TemrepaTypbl 3a BpeMsi H3MepeHHs
~ 1°C'". I1pu 3THX yCJIOBUSAX MOJYYUM OLECHKY:

1°C 100e — 6/°C - 10.1B
1000c 2-3.14-8B-0.01c~' - /1 — (7/8)2

Ay =100% - ~ 0.0004%

B o6iem cayuae, ownbKy A ; uenecoo6pa3Ho OlleHUBATh 3KCMEPUMEHTANbHO HA HC-
CJIeJlyeMOM CHTHaJIe, TOCKOJIbKY BbipaxkeHHe 13.15 He yuUTbIBaeT BO3MOXKHbIE IOTTOJHUTENbHbBIE
nperdbl aHaaoroporo Tpakra cyomoysei H-51x.

Mo0>KHO MOMBITaTbCsl YMEHBIIUTD OIIMOKY A 7, 3a7aBasi TOT UM HHOW aKTUBHBIN (DPOHT: CpaB-
uure pasuutyy | 7y; — Tip |<| Thy — Thy | Ha puc. 13.12.

BroinoJsiHeHne noceHel peKoMeHalik MOYKET YJIYUlIHTh TOYHOCTb U3MEPEHHUSI It CHTHA-
JIOB, KOTOpPbIE, B CBOIO Ouepe/lb, UMEIOT HecTaOuIbHble (DPOHTHI (TOJIBKO MepeHHI UK TOJbKO
3aJIHUI) - B 3TOM cJjiyuae, dasce npu cmabuivHolx nopoeax, 3phekr OyleT TaKUM Ke, KaK
ecJsid Obl MOPOTH JIPOKAJIH; BOHUKAIOLILYIO TIPH STOM OLIMOKY He CJIeLyeT MyTaTh ¢ OLIMOKOH A ;.

3aMeTuM TaKkxKe, 4TO HU3KOYACTOTHBIE CUTHAJIBI YaCTO UMEIOT COOCTBEHHYIO HeCTaOUIBHOCTD
YaCTOThI, UYTO MPUBOJUT K TaKOMy 2Ke 3(heKTy, uTo ¥ HecTaOUILHOCTb noporoB. [TosTomy Ha
MPAKTHKE MOXKET ObITh TPYAHO OTAENUTb A ; OT HeCTAOUIBHOCTH YaCTOThI CAMOTO CUTHAJIA.

13.6 YcaoBusi npaBUJIbHOU HACTPOUKHU

N3 onucanusa npuHuuna aedctsus (cm. pasnea 13.4, ctp. 60) BbITEKAIOT YCJIOBUS KOPPEKTHOH

HacTpoiKK yactoToMepa. HecobutoieHHe 3THX yCJIOBHI B KaXK/IOM KOHKPETHOM CJlyyae MOXKeT

MPUBECTH K Pa3JIMUHbIM OLIMOKAM B [NOKA3aHUSIX YaCTOTOMEpA UJIH €ro HepaboToCOCOOHOCTH.
YcnoBus npaBuabHON HacTpoiiku yactotomepa H-51:

® 30Ha HEYYBCTBUTEJAbHOCTH YACTOTOMEPA - MEXKJYy BEDXHUM U HUXKHUM TTOPOTOM - JI0JIK -
Ha HAXOJWTbCA BHYTPH AHANAa30HA YPOBHEH H3MEHEHHUS BXOJIHOTO CUTHAJA, C yUYETOM BO3-
MOXKHbBIX TIOMEX (T.€. C HEKHM 3aMacoMm)

e ycJioBHE 0OIIEro Xapakrepa: MOMeXOyCTOHUHBOCTb UaCTOTOMEPA TEM Bbillle, UeM IIUPE T10
YPOBHIO HaNpsi)KeHUsT YCTAHOBJIEHA 30HA HEUYBCMBUNEAbHOCMU

® HEKOPPEKTHO HACTpauBaTb YPOBEHb HU2KHEIO MTopora BI:.ILHe43 YPOBH{ BEPXHETO

35 310M Caryuae yHkuMs RS-TpHrrepa BbIpoK1aeTcs PH HAXOXKACHUH YPOBHST BXOJHOMO CHrHa/Ia MeKLy ycTa-

HOBJIEHHbIMH ITOpOraMy, 4TO 6e3yCJIOBHO NPUBOJHUT K dpeGesey noporosoro YCTpOI;ICTBa qacToToMepa u olmubKam
B USMEPEHHUH HaCTOThbI
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13.6 YcaoBus npaBUJbHOW HACTPOMKHU 77

e JLIsl IepHOIMUHOrO curHaia*t HekoppekTHO H3MepaTh yacToTy chruana 6ogeed 125 klit
nist H-51FH u 6osee®® 15 It g H-51FL

® [IpH USMEPEHHUSX CpeILHeﬁ HYaCTOTbI KBa3UTIEPUOAUUYHBIX CUTHAJOB HeOOXO0AUMO 00€eCIeUHTh
Ha BbIXO4e Cy@MOILy.HH nepuos cjaeaoBaHud NpsAMOYTroJIbHbIX HMITYJ/JIbCOB:

— 151 H-51FH - ne menee!” 8 MK npu cKBaxHOCTH 2

— st H-51FL - He meHee 65 MKC Mpy CKBaXKHOCTH 2

e GoJiee o011asa peKoMeH1alus, o6o011aas 18a NpeablyLLUX MyHKTa, 3ByYHT CJIeyOLLUM
obpasom:

— HEKOPPEKTHbI U3MEPEeHHUsI CUTHAJIA C YACTOTOM, 6OJIbLIEH TOJOBUHbI ONOPHON YaCTOThI

— U151 oripeie/IeH|s] BO3MOXKHOTO JIMaNa3oHa U3MepsieMbIX 4aCTOT HeOOXOAUMO TPHUHHU -
mMatb Bo BHMUMaHue AUX cybmomyas (eM. taba. 14.2, ctp. 82); ocoboro BHUMaHHS
TpeOyeT u3aMepeHne KBa3urnepuoMueCcKux CUrHajuoB, MOCKOJbKY TaKue CHTHaJbl COo-
Jiep2KaT Habop BbICOKOYACTOTHBIX KOMITOHEHT

— 7151 cUrHasia 21060t HGopMbl HEOOXOAUMO 3a00TUTHCS O TAKUX 3HAUEHHSIX TIOPOTOB,
KoTopble Ha Bbixone'® cyGmomyseil oGecneunBaloT, - npu USMEHEeHIUL 4aciomol
BX00H020 CUSHAAQ B0 BCEM PA3PEULeHHOM Ouanasone, - Takue nuaMeHenus*® co-
CTOSIHMH TPUTTEPOB, KOTOPbIE Obl OTCTOSIIN IPYT OT JIPyra Ha BPeMsi, He MeHblliee ueM
neproa® onpoca cocTosiHus TPUrrepoB npoueccopom ADSP moyas

® HeKOpPPeKTHO MnojaBath® Ha Bxoja H-51 Hanpsikenue, ypoBeHb KOTOPOTO BLIXOIMT 3a pa-
O0UMH BXOIHOH Juanason curuasnos =10 B

e JIsl 3aJau MPELU3UOHHON CeJIeKIIMM BXOJHOTO CHTHAJIA M0 YPOBHIO HMEET CMbICJ METO]
noj6opa Mpu HauaJbHOH YCTAaHOBKE YPOBHS MOPOTra 1Mo (PakTHUeCKOMY BXOJJHOMY CUTHAJTY,
MOCKOJIbKY HauaJibHasi TOUHOCTb YCTAHOBKH MOpOra 3HaUMTeNbHO Tpybee, ueM Temrepa-
TYpHBIH peiid yCTpoiicTBa B peasibHOM TeMIepaTypHOM auanazone (¢M. pasaea 13.7, ctp.
79)

e JUISl ONpe/le/IeHHsl 3HAaYeHHs YaCTOThl CUrHaJ/Jia He0OX0AUMO 06eCcneuuTb Kak MUHUMYM Ta-
KOE KOJIMUECTBO CMEXKHBIX MEPUOJ0B U3MEpeHHsl, YToObl B KPaHHUX M3 HUX HAXOJAHJIOCh
10 KpaiiHeil Mepe 1o OIHOMY 3aperuCTPHPOBAHHOMY AKMUBHOMY (YPOHMY°? cUrHaNa Ha
BBIXOJIe CyOMO1yJIsl

“non cuernanrom B 1anHOM cayuae MojpasyMeBaeTcs CHrHaJl, KOTOPbIi TpeGyeTest 0OTCeeKTHPOBATh M0 YPOBHIO
MOpPOroBbIM ycTporicTBoM H-51

*51pu onoproii uactore 250 KIix

11pu 3TOM 3HAUEHKE OMOPHOI YACTOTHI, ONpeiesioleli pa3pellaolLyto CocOGHOCTL YaCTOTOMepa H, COOTBET-
CTBEHHO, TOUHOCTb U3MepEHHI, MOXKeT ObITh MaKCUMAaJIbHOM, KaK Orpe/esieHo B crnelmduKkaumy - cMm. 13.7, ctp. 79

4Hpu 1WTaTHOM 3HAUEHHH pa3pellleHHsl reHepaTopa OMopHOI YacToThl - cM. 13.7

BMeIoTCs B BUTY BBIXO/IbI TPUITEPOB

9 110661e - KaK COOTBETCTBYIOIIME MOJ0KHTEIbHBIM, TAK H OTPHLATENLHBIM (DPOHTAM KAXKIO0TO MOJAYNepHOAA Bbl-
XOJIHOTO CUTHAJIa C TPUTTEPOB - CM. Ty, Ta, T3, ... HA puc. 13.5, cTp. 62

Opagen 1/Fy

Slyanpumep, 3T0 MOXKeT IPOMCXOUTH H3-3a HAJOKEHHs GOJbIINX MOMeX Ha BXOJHOM CHIHA

em. 13.4.3.1, ctp. 63
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78 H-51

13.6.1 MeTtoauuecKkue 3aMmeyaHus

[1pu cosnanuu nosb3oBateseM cooctBeHHoro [1O ocob6oe BHHMaHMe cyieyeT 00paTUTh Ha TPO-
rpaMMHYIO peaJsiM3alio 0JJHOBPEMEHHOTO H3MEPEHHS YACTOThI 110 HECKOJIbKMM KaHaJaM: orpe-
JleJieHre TIepBOTO U MOCJIEHEr0 OTCUETOB LIMKJA U3MEPEHHS JIOJIXKHO BBIMOJHATLCS 0MOeabHO
042 Kaxicd020 u3 Karaao8. JIonoJHUTENbHO, N0JIb30BATE b I0JIXKEH OTCJEKUBAThL CAYUYAl HY-
1e801l 4acmomeol.

Jlnis onpeiesieHnst UaCTOThI KBa3UCTAllMOHAPHOTO CHUTHAJIA MOYKHO HCIOJIb30BATh MOKA3aHUsI
YyacTOTOMEPa 32 HECKOJIbKO COCETHUX MEPUOJIOB U3MEPEHHS, HJIH JKe YBEJIHUUThL CaM MePHOJL H3-
mepeHus. J11s1 uaMepeHust curnasa ¢ ObICTPOMEHSIIOIIENCS UaCTOTOH BbITOIHO YMeHbIIATh MepHU-
o]l u3MepeHusi. FMiamepeHue nepuojia curHaJja ¢ oueHb HU3KOH YacTOTOH NOTpeOyeT HAKOIJIeHHUs
JIAHHBIX OT HECKOJILKUX MepHo10B u3MepeHust. Takoe HakomJieHHe B 061IeM cyyyae MOHAT00UTCS
1 JIJIS1 pellieHust Hewlmammuolx 3ajau H-51, kotopble, TeM He MeHee, MOTYT ObITh YCTEIIHO pellle-
HbI M0JIb30BaTesieM Ha 6a3e wmamruoeo 110 - HanpuMep, OACUET UHCIa UMITYJIbCOB C BbIXO/1A
HEKOEro yCTPOUCTBA 3a JIIUTE/IbHbINA TPOMEXKYTOK BPEMEHH.

BakHo noHUMaTh, UTO JaHHbIE, BbllaBaeMble MojyJieM H-51, Mo3BO/SIOT BLIUHCAUTD UHITIE-
epaavHolil napamemp (UacToTy, MEPUOJL) CUTHAJIA, T.€. cpedHee Ihpekmusroe 3Hauerue 3a
pacuemtolil UHmMepsan, a He MTHOBEHHOe 3HAaUeHHe Mapamerpa curhasa. bosee cTporo, Bbi-
YHCJIEHHYIO YacTOTy F' cHUTHaJia HY»KHO MHTEPIPETUPOBAThL B CMbIC/IE (husuueckoeo cpedrneeo
3a BpeMsl, OTpe/iesisieMOe PACUeTHbIM HHTEPBAJIOM:

1
F:—-/ F(t)dt
T Iy (t)

O6parure BHUMaHHUe, UTO JJIs1 KBA3UIEPUOJUUECKOTO CUIHAJMA WM CUTHAJla C MEHSIoLeH-
Csl 3a MEePHUOJL U3MEPEHHUS YaCTOTOH caMo MOHATHE 4ACmOma, W, COOTBETCTBEHHO, TOUHOCTD ee
U3MepeHHus, IBJSIIOTCS MJ10XO0 ONpeieJIeHHbIMU MOHATHSIMU; B 3TOM CJlydae BMECTO TOYHOCTH U3-
MepeHHs Hy?KHO CKopee OMeprupoBaTh paspeliatolieli crocoGHOCTbIO T yacToToMepa™® 1 3Haue-
HHEM [epUoJI0M U3MepeHusi 1'p, KOTOpPbIH Obl 06ecreuns HeoHX0IMMOe BpeMsl PeaKIMU Ha pe3Koe
M3MEHEeHHEe YaCTOThl UCCIIyeMOro CUrHala. B 9ToM cMbicsie 3HaueHue Tp xapakTepuayer coOoi
TOXKE CBOEOOPAa3HOe paspelleHne, Ho Ha MaKpoypoBHe™:,

Te
Tw

<
<

JLAL B4 1
141 NI EYE O N S

m m
2 »>< P >

v

Puc. 13.13: H-51/H-51x. [Ipumep HepasiuuuMbIX CHIHANOB

OO6parure BHUMaHKE: XapaKTep NOoBeAeHUS CUTHAJA BHYTPH MEPHOIa U3MePEHHSI CKPbIT
OT N0Jb30BaTeJIsl, UTO SIBJSETCS MPUHLMNHANBHBIM MOMeHTOM — H-51 He sABasieTes joruye-
CKUM npo6HHKOM. B kauecTtBe npumMepa Ha puc. 13.13 npuBenensl e HepasauuumMble ajst H-51

53Ba}KHO JJ151 OTCJIC2KMBAHU ST HEITEPHOIUUECKUX HW3MEeHEeHHUH cUrHaJja

4 Gosiee TOuHO, paspellieHte Ha MAKPOypoBHe 3ajiaeT BesnunHa Ty, HO OHAa KOCBEHHO ONpeJie/isieTcsl 3HaueHHeM
Tp
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13.7 Cneuuduxkauus 79

CUTyalMM: B 000HX CJlyuasix JaHHble, BblJaHHbIE UM, OYyT OJIMHAKOBBI, 10JIb30BATE/Ib HE Y3HAET,
B KAKOM NOPSAJIKE LLIJIM MMITYJIbChl, H KAK MEHSJ1aCh HX CKBA>KHOCTb - H3BECTHO TOJIbKO HX 00l1llee
KOJIMUECTBO U napametp M st IByX KpalHUX aKTHBHBIX (DPOHTOB.

Bwmecre ¢ TeMm, ec/ii yMEHbLIUTb EPUOJL U3MEPEHHS], MOKHO MIPOPUCOBATHL (PU3UUECKYIO Kap-
TUHY 00JIee TUIATE/IbHO, - CM. ITyHKTHP HA TOM K€ PUCYHKE, - HO ONATb JI0 HEKOEr0 KOHEUHOrO
NPUOJIZKEHHS.

A > Te2 Te4
< < >
Til L T¢3 N
< T?\/l Tw2 |, Tw3 > Tw4 <! Tws Tw6 Tw7
N O [ I I I I I I I I
Tpl P Tp2 P Tp3 > I'p4 I'p5 - Tp6 —— Tp7 - Ip8 -
< < » >« >« >
>
abcomorHoe BpeyA, |
B < Tyt >< Tyt >
SR I I By B I 1 1 [ I I I I B I I I
Tpl »< Tp2 »< Tp3 »< Tp4 »< Tps »< Tp6 »< Tp7 » < Tp8 >
>« »>< >« >« >« >« > < >
>
abcomorioe ppey,

Puc. 13.14: H-51/H-51x. PeKoHCTPYKIIMS BpeMEHHOIO H3MEHEeHHsl 4aCTOTh CHrHaJa

Brruncsiennoe 3pgekTHBHOE 3HAUEHHE YACTOThl OTHOCHUTCS K CepelliHe pacuemmHoeo UH-
mepsaia, a He K MKy uamepenus. Puc. 13.14 namoctpupyer (B aByx Bapuantax A, B) co-
OTHOILIEHHE MOMEHTOB BPEMEHH, /ISt KOTOPbIX BBIUUCJSIETCS OuepeaHoe 3HaueHne 4acTOThl, e-
PHOJIOB U3MepeHHs (Ha PUCYHKE KaxK/bli MEePHOJL H3MEPEHHST COIEPIKUT aKTHUBHbIE (PPOHTHI), U
abCoJIIOTHOTO BpeMeHH KcnepuMenTa. Bapuant A nokasbeiBaeT crnoco6 MakCHMaJbHO THIATEb-
HOM MPOPUCOBKHU UCTOPUM PA3BUTHS CUTHAJIA, BAPUAHT B WITIOCTPUPYET GOJbIIOE CryaXKUBaHHe
pe3yJIbTaTOB H3MEPEHHIl ¢ MOCTENEHHBIM (JI0TapUPMHUUECKHUM ) yBeJIMUEHHEM PACUETHOTO UHTEP-
BaJa.

13.7 Cneuudukauus

JlanHblfi pasnen npeacrapisieT coO0H MnepedeHb XxapakTepucTuk moayas H-51 u cybmomynedn
H-51x, npuBoaumbix nipu Temnepatype 20°C' 1 HopMaJbHOM aTMOC(EPHOM JIaBJEHUH; TTPOUHE
YCJIOBHS BHELLIHEH Cpejibl oroBapuBatoTest 0cobo. /asa obecneuenus 3aa6AeHHbLX MOYHOCT-
HbLX XAPaKmMepucmuK usmepumervHas cucmemna 00AxcHa boLme npoepema 8 meverue 15
mun. Ecnn npeobpazoBatesin H-51X HaxouanUCh B MPee/ibHbIX KIUMATHUECKUX YCJOBHSX, TO
nepes BKJAIOUEHHEM He0OXO0AMMO UX BbIIEPKATh B HOPMAJIbHBIX YCJOBHUSIX He MeHee 3 yacoB. [Ipu
pabote ¢ MoayseM H-51 Heo6x0auMO BBINOJHATH 001Ke MpaBu/a padoThl C 3JEKTPUUECKUMU
npubopamH.
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H-51

[lapameTp

3HaueHue

Yucs0 KaHaJ0B

Tumn BXo10B
dopma U3MepsieMbIX CUTHAJIOB

[anbBaHopasssiska

Tun npeo6pasoaresist

Tun npoueccopa, ycTaHOBJEHHOTO Ha
nJsare

Paspeliiennie renepatopa oropHoii ua-
CTOTbI, Fref

CTabuibHOCTb 4acTOThI reHeparopa
OTMOPHOH 4acTOThbl B paboueM TeMmre-
paTypHOM JMana3oHe

[Tepuon uamepenus Tp (TeMn 0OHOB-
JIEHHUST JIAHHBIX )

[ukn usmepenusi To
BxoaHo# nuanason curiaJga

MakcumaJibHast
yacrora®:?)

u3mepsiemast

BxonHoe conpoTtus/ieHne

OTHocHTe/IbHAS MOTPELIHOCTb H3Me-
penns uacToThl! (B TouKe)

AUX aHaJsioroBoro Tpakra

Cxema cesieKUMM (KOMIapUpOBaHUs )
BXOJIHOT'O CHIHaJsa

HB-16

2...16 He3aBUCHUMBIX C MapaJielbHbIM OMPOCOM; OTIpe/ie-
JISIETCSl KOMILJIeKTaureld cyomMoysiMu (10 8-mMu cybmo-
nyneit H-51x, B mo6oii KoMIiekTaluu ); 2 kaHaJa Ha cyo-
MOJ1yJlb

oJiHO(a3HbIe
MPOM3BOJIbHAS CJI0XKHAS 3MI0pa

rpynnoBasi (OTHOCHTEJILHO Ileneidl THTaHUs W yrpas-
Jenusi), He MmeHee 300 B nocrosiHHOro WM cpenHe-
KBaJ|paTHUECKOT0 3HAUEHHSI EPEMEHHOT0 TOKa

YacTOTHO-IU(POBOH, ¢ KOMOHHHPOBAHHBIM OTCUETOM Ua-
CTOTBI M TIEpPUOJIa, BO3MOXKHOCTb MOJICUETA UMITYJIbCOB

ADSP-2185M, 40 MIix

- 250 kIi1...305 Tt (nporpammupyercs [ 1]; onpenensier-
Cs1 [0JIOCON H3MEPSIEMOTO CHIHaJIA )
- wratHoe 3Hauenue: 250 kIig

50 ppm

-4~ mc (245 T1)...214 ¢ (nporpammupyetesi [ 1])
- mraTHoe 3Hauenue: 131.1 mc (7.6 T1n)

>2-Tp
+ 10.0 B, npenenbhbie 3Hauenus - cm. taba. 13.3, ctp. 59

- H-51FL: <10...15 ki1
- H-51FH: <125 x[i1®

- 6oJiee 100 kOm (Ha Hys1€BO# YaCTOTE BXOJHOTO CHIHA-
Jia)
- JIOTIOJIHUTEJIbHO: cM. TabJ. 13.3, cTp. 59

< 0.006% + 0.005% (xBapu)

cM. Taba. 14.2, ctp. 82

ABYXI1OpoOroBast ¢ riCTepesucom
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JlnanasoHbl MOPOroB KoMInapupoBaHus (3anaioTces nepe-
MbIUKAMM )

[IIar ycTaHOBKH MOpora KOMNaprupoBaHus (onpeaensieTcs
JIana3oHoMm )

TounocThb YCTaHOBKH IOpOTra KOMIIapupoBaHHUs

Bo3MoKHOCTb KOPPEKLIMH CXeMbl KOMIapUPOBaHHs (KC-
M0JIb30BaHKHe KaJMOPOBOUHBIX KOS(PPULIHEHTOB )

TemnepatypHbiii apeiid? Hyss nopora KoMnapupoBaHus,
NPHUBEJCHHBIN KO BXO/LY

TemrepaTypHasi 3aBUCMMOCTL' IIKaJIbl YCTAHOBKH MOPO-
rOB KOMITapHPOBaHUS

Juddbepennyanbias  HeJTMHEAHOCTEY
CXeMbl KOMIAapUPOBAHHUS

MOTEHUHOMETpPa

WuTerpanbHas HeJqHHERHOCTL! MOTeHLMOMETpa CXeMbl
KOMITapHpOBaHHsl

Bo3M0»KHOCTbL BHELIHEr0 CUHXPOHHOTO 3amycKa rnpouec-
ca ¢’beMa JaHHbIX

MakcumanbHasi l'IOTp€6.H${eMaH MOILIHOCTb

MakcumaJgibiblil TOK 1oTpebJieHusi (3aBUCHT OT 4MCJa
cybmoyneit)

Bbixo1HO# BBIBOJI HATIPsi2KEHUS]

[a6aputel H-51 (y yueTom JiMlIeBON MaHesH )
[a6apurel H-51x

Macca H-51

Macca H-51x

Tun curHasbHOrO pazbema

HapaboTka Ha oTKas

Cpok ciryK6bl

Pa6ouwnii TemnepatypHblil Ananas3o

Mckpo-, B3pbIBO3ALLUTHI M YCJIOBHS OKPY2KatoLLel cpe/ibl

-10.19...10.11 B uau -1.22..+1.21 B
(cm. Taba. 14.3, cTp. 83)

9.52 MB nmn 79.3 MB; 256 yposHeii,
3aj1aBaeMbIX MPOrPAMMHO, /s Kax-

JIOTO M3 JManasoHoB (cM. Qopmyny
14.1, ctp. 83)

1.5% ot auanasona

HeT
25 MB/°C
100 ppm/°C

- tunuunas: +£0.4 M3P
- MakcuMaJbHas: =1 M3P

- tunuuHad: +0.5 M3P
- MakcuMaJbHas: =2 M3P

peaJii3oBaHa

<3.6 Br
<300 MA

OTCYTCTBYET
148x130x25 mMm
21x77x14 mm

<200r

<20r

DRB-37TM

He menee 40000 yacos
He menee 10 siet
+5...+55°C

cM. [2]

@)p 7.4, 1151 KBA3UIIEPHOAMUECKOTO CHIHAMA HETIPABHILHON (hopMbl. MUHHMA/ILHAS H3MepsieMasi YacToTa
MOKeT ObITh CKOJIb YTOJHO GJIM3Ka K HYJIIO

b nst curnana wa seixode H-51Fx B opme seardpa (oGecriednaeTcsi HACTPOKKON MOPOroB CXeMbl
ceJIeKIIMM BXOOHO020 curHaga), cMm. paszaen 13.6, ctp. 76

C)Hpn LUTATHOM 3HAY€HUH Fi.or

151 6X00H020 curHana B hopme meardpa NpH LTaTHBIX 3HAYEHHSIX Frep,TpuTe =2 - Tp. Tounoctsb
M3MepeHHsl MOKeT ObITb MHOTOKPATHO MoBbIIeHa - cM. 13.5.1, cTp. 68

frapantnpyercs oHLMAILHBIMM XapaKTePHCTHKAMH KOMILIEKTYIOIINX 3JIeMEHTOB (hHPM-TIPOH3BOIUTE /el
M CXeMOTeXHHUKOM ycTporicTBa. [lapamerp crielabHO He KOHTPOJUPYETCS

Pymoeodcmso noJas3osarnensd
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H-51x cyOmonyau

[Ipunimn pa6oTbl cyomoysiell U ux PyHKIMOHA/NbHAS cXemMa NMpuBe/ieHbl B pasjene 13.4, ctp.
60. Crnieurduxauurs Ha cyOMOJLyJd NpuBeeHa B pazaese 13.7, ctp. 79.

14.1 XapakTepucTUKHU cyOmoayJiei

Ta6smua 14.1: H-51x. Tunsl cy6monyseit H-51x 1 inanasonbl uamepeHusi

Cy6monyab KonnuectBo dyHkuMoHalbHOE Ha3HaueHue | Jduanasou
KaHaloB
H-51FL 2 M3amepuTte/ib HU3KHX 4aCTOT Jlo 10...15 k1, =10 B
H-51FH 2 WMameputenb  cpeanux/seicoknx | Jlo 125 kI, £10 B
4acToT

Ta6mmua 14.2: H-51x. AUX anajsorooro Tpakra cyomosyseit H-51x

Cyomonyab Fi, kI F, kI F3, kI
H-51FL 5.9 36.0 137.0
H-51FH 29.0 178.0 675.0

B ta6s. 14.2 npuBeneHbl XapaktepHble pacuemmoie Toukn AUX aHasoroBbix TpakToB cyO-
moayJeid H-51x:

e F} - uacrtora cpesa na yposte -0.09 dB (cnax 1 %)
e [}, - yactora cpesa Ha yposte -3.0 dB (cnag 30%)

e [} - uactora cpesa Ha yposre -20.0 dB (cnag 90%)



14.2 [loporu kKoMnapupoBaHUs BXOJAHOI'0 CUTHAJa 83

14.2 Tloporu KoMmnapupoBaHusi BXOJHOI'0 CUrHaJa

L msix
X3

X4 3

k H-51

Puc. 14.1: H-51x. PacnosioxkeHue nepembluek jjisi yCTAHOBKH MOPOTOB
[Tepembluka X3 cooTBeTCcTBYeT KaHaJsy 1 cyOmoysist, nepeMbluka X4 - KaHasy 2 cyoMo1y.Jsl.

Ta6suua 14.3: H-51x. [Toporn komnapupoBaHusi - AManas3oHbl U LIar yCTaHOBKH

Kanan Mepembiu- | Mepembiu- | DY, B Step?), B | KC
cyomo- Ka X3 Ka X4
nyas
1(0) YeraHoB- - -1.224B...+1.214B 9.52 mB -1.6737
JleHa
He ycra- | - -10.19B... +10.11 B 79.3 MmB -0.2010
HOBJIEH
2(1) - YcraHoB- -1.224 B...+1.214B 9.52 mB -1.6737
JieHa
- He ycra- | -10.19B... +10.11 B 79.3 MB -0.2010
HOBJIEHA

) Hanason YCTaHOBKH [1OPOTOB, ONPEIeIACTCH UCKIIUUTEIbHO N0JI0KEHUEM COOTBETCTBYIOLLEH nepe-
MbIUKH X3, X4
b)lar yetaHoBKH Topora, TpH 3aJaHHOM JHarnasoHe, HCroJb3yercst GyHKiwsamu mratHoro 110 [1] ans
3aJlaHusl KOHKPETHOT'O 3HAUE€HUd Mopora KoMmnapupoBaHusi BXOAHOI'O CUIr'HaJia
9)K03(hHULHMEHT YCHIEHHS aHAOTOBOTO TPAKTa

Teopetuueckasi popmysia, cBssbiBatolas ypoBeHb HanpsikeHus: nopora Usppyreshold, NPUBE-
denHoeo Ko 8xody H-51x, ¢ 3anporpammupoBaHHbiM [ 1] KogoM D noTeHUMOMETpa BEPXHETo
WJIM HU2KHETO 1T0Pora KOMIIapaTopa, MMeeT BUJL

2-D —256

56 K. (14.1)

Uthreshold = Uref :

e D - Koz noTeHumomerpa, 0...255
o U,.s - HANPsKEHHe MCTOYHHKA OTIOPHOTO HAMNpsiKeHust cyOmMoyais, paBroe! 2.048 B

e K, - Ko3(hpUUMEHT YCUIIEHHST aHAJIOTOBOTO TPAKTA MO HAMPSZKEHHIO (CM. CHOCKY K TabJI.
14.3)

Lc yueTom meopemuueckoeo paBenctsa Mostysieil HaNpsPKEHHi BEPXHETO M HUXKHETO TOPOrOB

Pymoeodcmso noJas3osarnensd
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CiaoBapb TEpMUHOB

JlonosuTenbho eM. [3]u 'Data Acquisition Specifications - a Glossary’ [21].

15.1 (A-B)

ACHHXPOHHOCTb

CM. Hecunxporrocmo. I1o1 aCHHXPOHHBIM NpOePaAMMHbIM 88000M-86186000M TIPH PadoTe C K.-J. YCTPOHCTBOM
MOHUMAETCS HE3aBUCUMOCTh MOMEHTOB MHUIIMALIMK 3TOTO BBOJIa-BbIBOJIA OT BHELIHUX YCJOBUH H 8peMeHHOl Jua-
epammol paboTbl CAMOTO YCTPOHCTBA.

ALl

Ananoroso-1ugpoBo# mpeoGpasoBatesib - 3JEKTPOHHOE YCTPOHCTBO, Mpeobpasyioliiee aHaJoroBoe HarmpsiKeHHe
B UMCJIeHHOe 3HaueHue, T.e. uudposyto opmy. [Tox ALIIT nonumaercst Kak uHmeepasbHAL MUKPOCXEMA, TAK U
oTaebHbIN mpr6op Ha ocHoBe MIC. loBosbHo yacto ALIIT nenosibayercst f/ist npeoGpa3oBanysl HECKOJIBKUX aHa-
JIOTOBBIX CUrHaJsloB. B 3TOM cityuae TpebytoTesi 1Ba JOMNOJHUTENbHbBIX 9JIEeMEHTa CXeMbl: MyAbmuniexcop, obecre-
UHBAIOLIMI TTOJK/IIOUEHHE aHAJIOTOBBIX CUTHAJIOB B OMPeJIeJIeHHON MocaeIoBaTebHOCTH K o61emy Bxoay ALIIT, u
yCTPOHCTBO BLIOOPKH U XpaHenusi, ¥ BX.

AL, npuHumn gedcTBUs
Bce cyuiectsytouue Turbl ALLTT MoXKHO pasnennth Ha JiBe rpyIIrbi:

1. AUIT c 3apsnom KoHaeHcaropa, uiu uxnmeepupyrowue AL . Tpunuun pa6otsl AL ¢ 3apsiiom KoHmeH-
caTopa OCHOBaH Ha npeo6pa3oBaHUH B KOJI OTpe3Ka BpeMeHH, He0OXOAMMOro /sl 3apsijia KOHJeHcaTopa 10
HEKOTOPOT0 OMOPHOr0 YPOBHS HANPSIXKEHHsT WM 10 YPOBHSI BXOJIHOTO HanpsikeHusl. JlanHble npeoGpa3oBa-
TeJs 06J1aJ1al0T BEICOKOH dughgheperyuaroHoti ALHeliHoChbio, TTOCKOJIbKY (pyHKIHS HHTETPHPOBAHHST CBO-
60JIHA OT PAa3pPbIBOB, BCJIEJCTBHE UETO MOTYT ObITh MOJIyUeHbl BCe 3HAUEHHS BLIXOJIHOTO KOJ1a TIPU H3MEHEHHH
BXOJIHOTO CHTHAJIa OT HyJIsl 10 NoJiHO# wKaJbl. K s10it rpynne ALLIT oTHocsTCSA:

e rpeobpasoBaresin HanpsiKeHus B uacrory - [1HY
o ALIIT ¢ Moy siiielt ITUTENLHOCTH UMITYJIbca (OJIHOTaKTHbIe HHTerpupytoiire ALLIT)

e JIByXTaKTHbIE H TpeXTaKTHble HHTerpupytoume AL

2. ALII co cpasHeHuem 8Xx00H020 npeobpasyemoeo cueHara ¢ OUCKPEMHbIMIL YPOBHAMU HANPANCCHULL.
B ALIIT co cpaBHeHHeM HaNpsKEHHH MCMOJIb3YETCs METO/L NPe0OPa30BaHHUs, CYLHOCTBIO KOTOPOTO SIBJIs-
eTcsi (hOPMUPOBAHHE HAINpPsKEHHUI ¢ YPOBHSIMH, SKBUBAJIEHTHbIMH COOTBETCTBYIOLLMM LIU(POBLIM KojaM, U
CpaBHEHHE 3TUX YPOBHEl HAMPSKEHUS C BXOJHbIM HaNpsKeHHeM /1S ONpe/iesIeHHs] SKBHBAJICHTHOTO LIU(-
posoro curHasa. ALIIT sToro knacca o6sanaioT 6osee BHICOKMM ObICTpoeiicTBHEM 10 cpaBHeHHIo ¢ ALITT
MHTETrPUPYIOLLLETO TUIA, HO He 00ecleunBaloT 1o1aB/eH1e [IoMeX, HaK/aAblBaeMblX Ha BXOJHOH peobpasy-
emblii curnad. K sroit rpynne ALIT otHocsiTCst:

o AIIIT nocJsienoBaTeqbHOTO CYeTa
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o cJuenaume AL
e napaJuiesibHbie moporosbie ALITT

o AILIIT nocsenoBaresbHOrO MPUOJIHAKEHHS (TTOPA3PSIAHOTO YPABHOBEILIMBAHHS )

AUII nocaenoBaTesbHOr0 NPUOGJINKEHUS

HauGosee pacnpocrpanennbiii Bapuant ALIT, o6ianatouimii 10CTaTOuHO POCTON peann3alyeil i 0JIHOBPEMEHHO
BLICOKOH paspelualoliefl crioco6HOCTbIO, TOUHOCTbIO U OblcTpoJelicTBreM. B ocHoBe paboTbl 9TOro Kjacca npeob-
pasoBaTesieil JIeXKUT NIPUHLMI AMXOTOMHUH, T. €. MOC/1eJ0BaTebHOr0 CpaBHEeHUsl H3MepsieMoli BesiuuuHbl ¢ 1/2, 1/4,
1/8 v T.11. OT ee BO3MOKHOTO MakcHMaJIbHoro aHauenusi. B Takom ALITT BXoHO# cHIHa/ cpaBHUBAETCS KOMAAPA-
Mopom HaNPsKEHHUsI ¢ HanpskeHneM o6pamrot caasu LIATL, KoTopbIM ynpaBJIsieT peecucmp nocje10BaTelbHOro
npubsmkenus. HanpsoxkeHne o6paTHoH CBSI3H, C KOTOPBIM POUCXOUT CpaBHeHHe, (hopMupyetcs ¢ momolbio LIATT
110 3aKOHY 0CJIEl0BATENLHOIO NPUOJ/IHKEHHUS K Tpeo0pasdyeMoMy BXOAHOMY HalPsKEeHHIO, 10 MOMEHTa HacTyIlle-
HHUsI PABEHCTBA WX 3HAUEHHH C MOrPelIHOCTbI0 AUcKpeTHocTH (emuuuiibl MP 11AIT). Pesysbrar npeoGpasoBanust
BXOJIHOTO HAIPSKEHHUS B BUJIE €ro LH(POBOTO SKBUBAJIEHTA - NapaJijieJbHOro IBOMUHOrO KOJIa - CHUMAeTCsl C Bbl-
X0J1a perucTpa nocyenoBatesbHoro npudikennst. st m-paspsinaoro ALIIT Bo3MOKHO BBINOJHUTE BeCh MPOIece
npeo6pas3oBaHusl BCEro 3a m MOCJel0BaTeIbHbIX HTepaluil 1 noayunth 10 10°-10% npeo6pasosanuii B cexkyny.
Cmamuyeckas noepeulHocmo, onpesenseMast B 0CHOBHOM HcrosibayeMbeiM LIATT, MoxkeT 6bITh OueHb MaJIoH, uTo
MO3BOJISIET UMETh pa3pellaollyto cnocoOHOCTb 10 16 nBonuHbix padpsnos. Jlanubiil kaacc ALIIT npencraBaser
TEeXHHUECKHH KOMIPOMHCC MEeXK/y TOUHOCTbIO M ObICTPOJAEHCTBHEM M HAXOJUT LLIMPOKOE NMPUMEHEHHE KaK MpH Mo-
CTPOEHUH LM(PPOBBLIX U3MEPUTENLHBIX TPUOOPOB, TaK U NPHU paboTe COBMECTHO ¢ ¥ BX /15 H3MepeHust ObICTPO H3-
MEHSIIOILIMXCS CUTHAJIOB U MPOLIECCOB.

ArreHoauus

Ocnaénex—me, 3aTyXaHue - IPUHYAUTEJ/IbHOEC YMEHbIIECHHE aMITJINTYIbl CUT'HAJIa.

bunoaspHbii
1. O HanpsiKeHUH: JIBYX 3HAKOB

2. JluanasoH cHrHaJla, BKJIOUAIOLIMI KaK M0JI0XKUTE/bHbIE, TAK K OTPULIATe/bHbIe 3HAaUeHHs (Harnpumep, -12...+12
B, -0.1..+0.1 mA)

bubauoreka (pynkuunis API)
I. em. DLL

2. bubanoreka craTHuecKol KOMMOHOBKH. JIBOWUHBIN (hafis, HeOOGXOAMMBIN KOMITUJISTOPY Ha 3Tarne JIMHKOB-
KH 00'bEKTHBIX (Dall/IoB /ISl CO3/IaHUS BBIMOJIHAEMOTO KOHeUHoro (aiisia npusoxenus (*.exe, *.dll). bu6-
JIMOTEKH, KaK MPABUJIO, HMEIOT YHHKaJIbHBIA (hopMaT A/sl KaxK10i U3 cpell pa3paboTKH, pa3pabaTbiBaloTCs
(hHpMOI-TIPOU3BOMTEJIEM aNNapaTyphbl M NocTapJsiioTes B KoMmiliekTe ¢ Helt Ha CD-ROM. bu6anoreku
peaJsiu3yloT BO3MOXKHOCTH, 3a/l02KeHHbIe B KOHCTPYKLIMH IPUGOPOB, U 103BOJISIIOT €ro IporpaMMHpoBaTh Ha
MaKpOypOBHe

Bydep
B 170 BpeMeHHoe XpaHI/I.HHLU.e I‘IOJIy‘-IeHHbIX HJIN CI‘eHepI/IPOBaHHbIX JAHHbIX.
15.2 (B-1)

Bpemsa nepekJaoueHus

J1st undpoBbIX JIMHUI - BpeMsi HApacTaHHsl M BpeMsl crajia ¢hpormos: pasHula BO BpEMEHH MexX/1y TOUKaMH Ha
yposte 10% u 90% nepexoaHoi XapaKTepUCTHKH (OTKJIMKA Ha CTyNeHYaToe U3MEHEHHe COCTOSTHHUST JIHHUH ).

Pymoeodcmso noJas3osarnensd
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Bpemsa npeo6pasoBanus ALLI

OnpenensieTcs Kak HHTEPBaJ BpeMeHHU, B TeUeHHe KOTOPOTo BBIXOIHON KOJI TIpeoGpa3oBatesisi MpH CKaukooOpa3HoM
M3MeHEeHHH BXOJHOrO aHAJIOrOBOrO CHrHaJia JOCTHraeT 3HAUEHHUs], OTJIMYAIOLIErocsi OT yCTAHOBUBILIEroCs: He GoJiee
yeM Ha 3HaueHHe JOMyCTUMOH MorpelrHocTd. HopMupoBanue u onpesesieHre 3TOro napameTpa CyIleCTBEHHO 3a-
BHCHT OT CTPYKTYpbl U HagHaueHus ipeobpasosatelist. Tak, BpeMsi npeobpasoBanus uHterpupyommx AL Brosne
ONpeJIe/IEHHO, JI0BOJILHO BEJIMKO (/10 CEKYH]L), U MPAKTHUECKH HEe 3aBUCHT HH OT KAKHX BHELIHUX (pakTopoB. Bpems
npeo6pasoBanus ALLIT nopaspsiiHoro ypaBHOBELIMBAHHUS U TPSMOT0 (MapaJsiiebHOr0 ) MpeoOpa3oBaHus 10CTaTOU-
HO MaJIo (10 €IMHHUIL MKC ), U 3aBUCHUT OT MHOTHX (paKTOPOB.

BblCOKOl/IMI'leI[aHCHOC COCTOAAHHUE

Uacro sioruueckue HC coapatoresi TakumM 06pa3oM, UTOObl HMETh 3 BO3MOXKHbBIX COCTOsIHUS - Jioruueckue "0’ u '1”,
¥ Hak HasbiBaemoe Hi-Z (BblcOKOUMIIe[aHCHOE) COCTOSIHUE. DTO COCTOSIHUE TMpeHa3HaueHo st 3 HeKTUBHOTO
OTKJIIOUEHHSI BBIXOJ1A JIOTHUECKOTO 3JIeMEHTa OT €ro BHYTPEHHEH CXeMbl, HCIO/b3YeTCs /151 YIIPOLLEHHUS TOCTPOEHHUS
cUcTeM 10 cxeMe "monmascroe H' [22].

[anbBaHou30AALUSA
Cwm. [3].

rocCt

Cucrema JIOKYMEHTalUHWH roCy1apCTBEHHOI'0 CTaniapTa.

F'OCT 19480-74

OnpenensieT Kak crieldduueckue napametpbl, xapakrepusytoumx UC [JAIT v ALIT ¢ TOuKy 3peHUsT BbITOJHEHUS
UMH (PYHKIMOHAJILHOTO Ha3HAUEHHS], TaK U NapamMeTpbl, OOLIENPUHSATbIE NI IPYTHX THIIOB HC: Hanpsi>KeHHe uc-
TOUHHKOB MUTAHHUS, TOKH MOTPEOJIEHHS, BXOJHbIE U BBIXOJHbIC HAMIPSPKEHUST H TOKH, THT U JIOTYCTHMble 3HAUEHUS
Harpysku u T.J1. Kpome Toro, Takue obliiie MOHSATHS, KAK HOMMHAJ/IbHOE, MAKCUMaJlbHOE, MUHUMAaJ/IbHOE 3HAUEeHHS
napaMerpoB, aGCOJIOTHbIE U OTHOCHTENbHbIE OTKJIOHEHHUSI, TeMIIepaTypHble KO PUIHEHTbI, HeCTaGUIbHOCTb Ma-
paMeTpoB U JpyrHe, NPUBEIEHHbIE B YKa3aHHOM CTaHIapTe, MOTYT ObITh pacrpocTpaHenbl Ha napaMerpol LIATT u

ALTL

JABYynoJisipHbIi

CM. 6unoaspmolll.

Jleunodean

EnunHuuia, Boipaxaroiias JorapuMHUECKy0 Mepy OTHOLIEHHsT IBYX YpoBHe# curHadsa: dB = 20 x logyo(U1/Us),
st curdada B Bosibrax; dB = 10 x log1o( Py / Py), JUlsi MOLLHOCTEH CHTHAJA,

Jleuumanus

B cucremax ALIIT: npopexKuBaHue JaHHBIX, IPY KOTOPOM He BCE MOJTyUeHHbIE OTCUETHI BbIIAIOTCS TPHEMHOMY YCTPOI-
CTBY.

Jlnana3oH

[panuLbl u.-J1., Makcumarorole U MUHUMAAbHbLE 3HAUEHHSI B aleebpauyeckom cMbicae. Bxodxotll duanason
(MM ManasoH U3MepeHHsi) U3MEPUTEILHOTO YCTPOHCTBA MOKA3bIBAET, B KAKUX MpeJiesax J0KeH HaXOUTbCS HC-
CJle/lyeMblil CHTHAJI, YTOObI ObITh K3MEPEHHBIM C 33laHHOH TOUHOCTBIO. /luanadon (u3meHeHus) cueHaAq Xapak-
TepU3yeT BO3MOKHbIE IPAHHUIIbI H3MEHEHHUs 9TOro curHasna. He cienyer myTaTh MoHsiTHe 'auana3oH’ u npedeivt
usmepenus’. Hanpumep, y npubopa iManasoH uamepenus paper -2.5...+2.5 B, Ho nipu 3TOM npejie/ibl H3MepeHHst
cocTaBssith 3 MB...2.5 B.

HB-16
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JIMHaMHUYeCKUH JMana3oH

Ornotuerne abs(Xmaz/ Xmin), 0ObIUHO BbIparkaercst B lelubenax. Xoaq, Xomin BBOIATCS CJELYIOLIAM 00pa3oM.
[Tpenensl u3ameperusi (He mytatb ¢ duanazornom) onpenesior uHrepsan abs(Xmin)...abs(Xmaz ), BHYTPH KOTO-
pOro MOXKHO U3MEPUTh HYXKHYIO BEJHUKMHY ¢ TPeOYeMOl TOUHOCThIO; abs - abcoatomHulil ypoBeHb curHana. X, in
- MUHUMaJIbHBIH abCOJIOTHBIH YPOBEHb CUrHaJa, KOTOPBIH elle MOXKHO U3MEPHUTb C HY>KHOH TOUHOCTBIO: 0OBIYHO
ornpejie/isieTcsl YypoBHeM LyMa TpaKTa Mepejlaud CUrHaJjia BHYyTPH caMol M3MEPHUTENbHOH CHCTeMbl, OTHECEHHbBIM K
ee BXOJly (H3MepsieTcs], HanpuMmep, NPH 3aKOPOYEHHOM BXOJI€) H OCTATOUHBIM CMELLIEHUEM HyJIs T0CJ/1e KaJHOPOBKH.
Xinaz OOBIUHO OTpe/esisieTcst pee/bHbIM 3HaUeHHeM J0TyCTUMON HeJIMHEHHOCTH TpeoGpasoBaTedisi pu G0JbIINX
BXOJIHBIX cUrHasax. Kak TosibKo curHas 'mpunoaHnMaercst’ Haa ypoBHEM [IyMa, CTAHOBUTCS BO3MOXKHBIM MOJTyYaTh
OTCUETBI C TEM paspeuieruem, kotopoe odecneunsaer ALIIT.

JduckpeTrusaums

ByKBaJbHO - MoJIyueHHe JUCKpeToB, uin kBautos. st ALLIT - npouecc olMdpoBKy curHana, T.e. noJydeHue oue-
pemtoro koda AL/Il: mon AMCKpeTH3alMell MOHUMAeTCsT TOJMyyeHHe T10C/Ie10BaTeIbHOCTH MTHOBEHHBIX 3HAUEHHH
(86LOOPOK) HeTIPepHIBHOTO 1O BpeMeHH aHaJI0roBoro curuajna. OrnpenesneHye YUCJIeHHOTO 3HAUeHNs BeJIHUHUHbBI BbI-
60pKH (omcuema ) Ha3blBaeTCsl KBAHTOBAHHEM. JIMCKPETU30BaHHbII CUrHAJ 1PECTaBJIACTCS O2pariLieHHbiM (KBAH-
TOBAHHBIM, HJIH AUCKPETHBIM - T.€. UMEIOLIUM KOHEeYHOe UUCJ0 COCTOSIHUI) HabOpOM 3HaUEHHH 3TOrO CHrHasla B
onpejie/ieHHble MOMEHTbI BpeMeHH. BoccTaHOBJ/IEHHBIH 110 TAKMM OTCUETAM CHUTHAJ UMEET CTyMeHbYaThii BU, JUOO
npejcTapJsiercs B BUje Habopa ToUeK, T.e. TepsieT HeNpepbIBHYIO PUPOJLY HCTHHHOTO curHaga. [Tousrue "merosern-
HOe 3HaYeHue’ CPaBeIJIMBO C TOUHOCTBIO 10 8pemeru npeodbpa3osarus, T.e. HAKOIJIEHHs! CUrHasla BHYTPEHHHUM
yerpoiictBoM BbiGopku ALLIT - Tak, nist [THY BbIX0AHOH KOJI IPe/ICTaBIsieT cO00H (husuueckoe cpedree 3a Bpe-
M5l HHTETPUPOBAHUS UACTOTHBIX UMIYJIbCOB C BbIX0Ja MpeoOpasoBartesis. TepMuH 'JAHCKpETH3aUMs’ TPUMEHSETCS U
quisi LIATT, riie noj HUM MOHUMAeTCst TPOLIECC MOJTYUeHUs] aHAJIOTOBOTO HATPSXKEHHUST [0 BXOAHBIM KOJIAM, MMEIOLIUM
KOHEUHbIH Habop 3HAYeHHH (AMCKPETOB).

JduddeperupuanbHbii

O curnage - cm. [3].

JLOMOJHUTEJbHbIA KO,

CwM. 3HakoswLil, 6eazrakosoili (K00).

[paiBep

1. Annaparypa: opmupoBate,ib (Hanpumep, uiuHHolil). CJy?KUT JJ1s1 COrNACOBAHUSI OT/IEJbHBIX yUACTKOB CXe-
MBI 10 Pa3HOO06PA3HDBIM 3JIEKTPUUECKHM TapaMeTpaM

2. TI1O: B coBpemennbix OC - nporpamma B crielidajibHOM popMaTe, pe3uIeHTHO (TIOCTOSTHHO ) pacrioJiaraemast
OC B O3V¥ IIK: a) Gepyiiasi Ha cebs1 Bce 0COOEHHOCTH paboThl ¢ annapaTypoil Ha Huskom yposre, 0)
UMEIOILAst OTKPBITBIN JUIst TPUKJIAJHON MPOTrpaMMbl HHTepdENc PyHKIME Bbi30Ba CBOUX cepsucos. OObIUHO
NpUKJIAIHAs TPorpaMMa HMEET ONOCPEIOBAHHbIH JIOCTYI K annapaType (uepe3 BbI30B MPOrPAMMHbBIX (PyHK-
UM ApaiiBepa), 3a UCKJIIOUEHHEM HEKOTOPbIX CJydaeB J0CTyNa K NOpTaM BBOJA-BbIBOJA 3TOH annaparyphl.
B nocnennem cayuae OC Tak:ke HCTOJb3YET ClielMasibHbIl JpaiiBep, Ho paboTatoliuii yxke ¢ nopramu 1K,
MMEIOLLIMX HEMOCPECTBEHHbIN BbIXOJL HA OKOHEUHYIO annaparypy

15.3 (E-K)

3emas aHajsoroBas

B BbICOKOCKOPOCTHBIX cucTeMax c6opa JaHHbIX CHCTEMHAsi 3eMJist OObIUHO (DU3HUECKH pa3jiesifeTcs Ha aHaJo0ro-
BYIO U LM(POBYIO 3€MJIH C LIEJbIO TIOJABUTD LIM(PPOBbIE KOMMYTALIMOHHbIE LIYMbl U CHU3UTb UX BO3JIEHCTBHUE HA LIEMH
00pabOTKH YyBCTBUTEIBHOIO K LIYMy aHaJOroBoro curuaja. K anasoroBoil 3emsie o6bIUHO MOAKJIOUAIOTCS Op-
MHPOBATENH BXOIHBIX CUTHAJIOB, YCHJINTENH, HCTOUHHKHI 3TaOHHBIX curHagos, AL u 1. 1. JlonosHuTesnbHo - cM.
[3].

Pymoeodcmso noJaezosarnensd
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3emasa uudposas

CM. 3emass aHAA0208A5.

3HaKoBbIi, 6€33HaKOBbIH (KO.)

JI1060i1 KoL (He TOIbKO JIaHHbIE OT U3MEPUTEJILHON CHCTEMBI) MOXKET ObITh MPEeJICTaBJeH B Bujle Oaiita (8 6ur), 16-
OGUTHOTO CJIOBA, WJIK 32-GUTHOTO CJIOBA, HO MPABUJIO WHTEPIIPETAllMK CTapliero 6Uta, camoro JieBoro B GUTOBOM
npeacTaBIeHuH KoJla, ONpeesieT B UTOTe 3HAK U YUCAO0, IPEICTAaBJCHHbIE STUM KoJloM. Hanpumep, 3HakoBbli GalT
MOZKET TIPUHAMATD psifi 3HaueHuil: -1...-128, 0, +1...+127; 6e3znakosbiii: 0...255. EcJii 1aHHbIH KOJL paccMaTpyuBa-
eTcsl Kak 6e33HaKOBBIH, TO BCe OUTHI, BKJIOUAsl CaMblil CTapIINi, HEMOCPeaACTBEHHO 06padyloT uncyo. Hanpuwmep,
Juist 6e33nakoBoro Oaiita 85h (10000101b) sto *133’. Ecau xxe mom ace camoiii Kox doaxcer Ooiib TPOUHTED-
NPeTHPOBAH KaK 3HAKOBbIH, TO €ro caMblil cTapiinil 6uT (7-oil B mpumMepe) onpeneyut 3uak uucaa: (0 - sanak '+, 1 -
3HaK '-’) 110 NPaBUJIy 0ONOAHUMEAbHO20 KOOA [23], UK NOTIOJNIHEHUS JI0 JIBYX:

e ccan koa X > 0, To uncjo ectb X
e ccankon X < 0, To umcsio ecThb abs(X) — 2%, rie abs - Mosyaib uncenia, k - KoJIMUeCTBO paspsijlos Koja

B namem npumepe 85h (10000101b) craner paBHbiM 133-256="-123’. To, KaK umeHHo Hy>KHO HHTEPIIPETHPOBATh
KOJI B Ka)KJIOM KOHKPETHOM CJlyuae, onpejiesisieTcs 3ajaueil 1 CBOHCTBAMH HCTOUHHMKA JAHHBIX U OObIYHO YKa3bIBa-
etcsi B Pykopozctse nosibzoBaresis. [lpuemuuk nanubix, [TK, no/mxen ciaenoBaTbh oropapuBaeMbiM MmpaBuiam. Ha
NpaKTHKe HET HeOOXOAMMOCTH BbIMOJIHATD 3TH TPaBUJad CAMOCTOSITEBHO, T.K. CYLLECTBYIOLME KOMITUIISTOPI TTpe-
KPacHO yMeloT padoTath ¢ JIOObIMU THIIAMH JAAHHBIX, - HEOOXOIUMO TOJLKO NPABUAbHO YKAZBLBAMb MU MUILbL
B TexTe nporpamMmbl. Hanpumep (s3bik C/C++): (unsigned char) - 6essnakoBbiii 6aiir, (signed char) - 3HakoBblii
6aiit; (short) - 3HakoBoe 16-Tu GutHOE 1eoe uncyo, (WORD) - 6e3znakoBoe 16-Tu GUTHOE 11eJ10€ uuceso, u T.i. B
3aroJIoBOUHbIX (aisax GMOJHOTEK BCEraa MPUBOASTCS THITbI MapaMeTpos ¢ynkiumi API, Ho wHorna 6biBaet Heo6-
XOJIMMO MPOBOJUTD JIONOJNHUTE/IbHOE PeoOpa3oBaHue THIIOB, 0COOEHHO MPH paboTe C JaHHbIMH OT H3MEPUTE/IbHOK
cuctembl. [Ipumep: HaMepuTe/b MOXKET paboTaTh B ABYX PeXKUMaX: YHUIIOJSIPHOM HJIH OUIOJISIPHOM, TO3TOMY KO/,
nosiyuaeMbiii oT Hero 1K, B iepBoM ciiyuae 0J13KeH HHTEPTIPETUPOBATh KaK 6€33HAKOBbIi, BO BTOPOM - KaK 3HAKO-
BbIf. B mpoToTHne QyHKIMH UTeHHS KOJIa HEBO3MOXKHO YKA3aTh U TOT, U JIPYTOl THT (€CJIH TOJILKO He HCT0Jb30BaTh
Mojdukarop void *, HO 3To GoJiee CJ0XKHBIN Cr10cob ), TOITOMY 6e3 JONOJHUTENLHOTO TPeoOpa3oBaHus He 000k -
THUCh.

U3mepuTteabHbIii NpudOp

CpenctBo cbopa darHorx. [Tox n3MepuTe/bHBIM TIPUOOPOM TaKKe MOHUMAIOT YCTPOHCTBA UJIH UX OT/IE/bHbIE KOM-
MOHEHTBI /151 BbIIauH yrpasJstioumx Boaneiictuil (LIAT], undpoBbie BbIXOHbIE JUHUH ).

UcC

WurerpaJsibHas cxema.

UmnenaHc BXxoaHou

I/ISMepeHHble 3HAYE€HHs1 COMTPOTUBJICHHUS U EMKOCTHU MEXKY BXOAaMHU LICMH.

l/lMl'leIlaHC HCTOYHHUKA CUTHaAJa

[Tapamerp, KOTOpPbIH OTpaxKaeT Harpy30uHyt0 COCOGHOCTD 110 TOKY MCTOUHHKA HAaNPsiKeHUs (UeM HUKe, TeM JiyuLle)
WJIM Harpy30UHYI0 CIIOCOGHOCTD M0 HAaNpsIKEeHUIO0 HCTOUHHKA TOKA (4€eM BbILLE, TEM JIyUlle).

Ut

M3meputenbHblil mpeoOGpa3oBaTesib - CPEACTBO sl BLIPAOOTKH CHUTHAJIa H3MepUTeIbHON HHpopMalnK B (opme,
yI06HOH 115l epejiaun, fajibHel1ero npeobpa3oBanusi, 06paboTKu U (UJIK) XpaHeHHUsl, HO He MoJylatolleics Hermo-
CPECTBEHHOMY BOCIPHSTHIO Ha0JI01aTe/IEM.

HB-16
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Kanu6poska ALLI

1. KoppeKkTupoBKa cueujenus Hyii v koaghguyuenma npeobpasosarus, Npu3BaHHasi 06eCeunThb nieasib-
Hyt0 nepedamounyro xapaxmepucmuxy AL

2. CoOCTBEHHO npoyecc onpeesieHust peajbHbIX 3HaUeHUH CMellleHUs Hy ISl U KOs duleHTa npeodpa3oBaHus
C LeJIbIO BBIUHCJIEHHST TTONPABOYHBIX KOI(PUIHEHTOB AJIsI TTOC/IeLyIOlIero uernonbaopanus B [10

KoadduumeHt npeobpaszoBanus U CMeLEHHE HYJIs ONIPENIENAIOT OelicmaumensHole KpaiHue TOUKH 8X00H020 Oua-
nazorna ALIIT. Ha npakruke kosthduurent npeobpasopanus AL nesator HeCKOJbKO MeHblIle pacueTHOTo 3Ha-
ueHusi (oGecreunBaioLero HOMHHAJBHbIN AKaNasoH) yisi o6ecrieueHns 3anaca auanasoHa v 3anaca Ha pasépoc
napaMeTpoB OTJAeJNbHBIX NpeobGpasoBatednei. [1o Toi ke mpuunne mist LIAIT kosddument npeobpazoBanus ne-
JIAIOT HECKOJILKO GOJIbllle pacyeTHOro 3HaueHust. KainGpoBKa MOYKET OCYLIECTB/ATHCS (pU3HUECKH (TTPUMeHeHHEM
nojctpoeunbix LIATT, ycunureseit u 1.11.) u Matematuuecku B [10 (npu 06paGoTKe TAHHDBIX ).

Kanaa

ITblpek pazbema, NPOBOJ, MJK WX IPyIIA, HA KOTOPbIE MOAAETCS BXOAHOH CUTHAJ UJIH C KOTOPbIX CHUMAETCS1 Bbl-
XOJIHOU CHMTHaJl - (PU3HUECKUH KaHaJl, UMEIOLLUH MPOJ0JKEeHHe BHYTPH TpakTa niatbl. B /70 nox KaHasioMm yacTo
TIOHMMAETCS 10J1e CTPYKTYPhI JAaHHBIX UM MTPABUJIO onpoca (Lo02uteckull Kanar) GU3NIecKnX KaHaJsoB.

KBaHTOBaTe b

[IpeoGpasoBatesib HeNMPEPbLIBHbIX JAHHBIX B LM(POBbBIE; TUCKPETUIATOP.

Kon ALLII

3HaueHHe, CUMTaHHOE C BBIXOJA MpeoOpasoBarens. st n-paspsiaHoro npeobpasoBatesst AMaMa3oH BO3MOXKHBIX
KOJI0B npejicTaisier Ha6op sHauenuii code € {0...(2" —1)}. Ecaiu paccmoTtperh B KauecTBe npumepa ciyduail 00Ho-
noasapHo2o npeobpazoparelisi ¢ BXOAHbIM auanazoHoM 0...D B, To HanboJibllee 3HaUeHHe HarnpsikeHus1 U, KoTopoe
MOKeT ObITh TOJIy4eHo, CoCTaBJsieT Besuuuny D * (2" — 1)/2™ < D. Ha npakruKe npeanounTarot Ajst yrpoLieH s
pacuera moJjiarathb, uto nepedamounan xapakmepucmuxa ALTT umeer (1is1 paccMaTpruBaeMoro npumMepa) BUIL
U = D x code/2"™, uT0o 06€CNeUHBAIOT CXEMOTEXHHUECKH H KAAUOPOBKOLL.

Komnaparop

KomnapaTopbl 3aHUMAIOT [IPOMEXKYTOUHOE T10J103KEHHE MEXKly aHAJIOTOBBIMH H LLIM(POBLIMH MUKPOCXEMAMH H SIBJISI-
torcst npocteitnmu AL[11. KomnapaTope! mpeaHasHaueHbl A/1s CpaBHEHHsI BXOJHOTO CHTHaJa ¢ oropHeIM. B 3aBu-
CHMOCTH OT TOT0, 60JIbliIe BXOAHONH CUrHAaJ OMOPHOTO MJH MeHbllle (Ha 1011 MHJUTMBOJIBTA ), HA BBIXO/lE KOMITapaTo-
pa 3a MHHUMaJIbHOE BPeMsl 10JKHO yCTaHOBUTBCS Hanpskenne 'morudeckuit O’ unn "noruueckast 1°. Kommnapatop,
COCTOSIHME BbIXOJIa KOTOPOrO H3MEHsIeTCsl /IBa pasa MpH yBeJHUEHHH BXOJHOIO CHrHa/ja B HEKOTOPOM JlHara3oHe,
Ha3bIBAIOT 08YXNOPOSOBHIM.

Komnaparopa rucrepesuc

[TposiBaistercst B ToM, uTo npexon u3 coctosinust 0 B 1 MpOHCXOANT MPH OAHOM HarnpsKeHuH, a Bo3palleHne u3 1 B 0
- [IpH IPYroM.

Koa(dppuumnent nepenauu

CM. Koaghpuyuenm npeobpaszos8anus.

Koadduuuent npeodpasopanus

OTHolIeHHe MPUPALLEHHST BIXOJAHOTO CUIHAJA K NPUPALLEHHIO BXOAHOTO CUrHaJ/a AJIsl JHHEHHOH XapaKTepPUCTUKU
npeo6pasosanus. Kosdduunent npeobpazoBanus npeobpazoBaTelis olpeaesseT yroJ HakJIoHa ero Xapakrepu-
CTHKH M XapaKTepHU3yeT ycueHue uin ociabierue.

Pymoeodcmso noJas3osarnensd
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15.4 (JI-H)

MeTpoJiornyeckue XxapakTepucTuKU

TexHuueckue XxapaKTepUCTHKH, HEOOXOUMBbIE /ISl BLITIOJHEHHS CPEICTBAMU U3MEPEHHUS HX (PYHKIMH U OKa3blBalO-
11IMe BJIMSIHUE HA Pe3yJIbTaThl U HA MOTPEIIHOCTH H3MEepPeHHUH.

Mopyasiuus

[Tepenaua nHdopMallHu ¢ TOMOIIBIO K.-J1. (PH3HYECKOTr0 TIpoliecca, MPOU3BOANMAsT ITyTeM OTpe/ieJIeHHOTO H3MeHe-
HUSI 3HAYEHHI MapaMeTpoB 3TOTO Mpoliecca.

MoHoTOHHOCTb Npeob6pa3oBares

XapaKTepucTHKa, KOTOpasi O3HAUAET, UTO MPH KaXJIOM TPUPALLIEHHH BXOJHOTO CHUTHAJIA POUCXOJUT MpUpaLleHHe
BBLIXOJIHOTO CHrHaJa. Eciii e B Kako#-Au60 TOUKe XapaKTePUCTUKM MpHUpallleHhe BXOJAHOrO CHTHaJa BbI3bIBa-
€T YMeHbLUIEeHHe BBIXOAHOTO, TO Npeodpa3oBaTelib SIBJSETCS HEMOHOTOHHBIM U €ro MOTeHLHa/bHAs pa3pelatolas
CINOCOGHOCTb He MOXKeT ObITb peasi3oBaHa. TakuM 06pa3oM, MOHOTOHHOCTb O3HAuaeT, UTo repBasi NPOU3BOHAS
OT HeNpPepPbIBHOH (PYHKIMH BBIXOA-BXOJ JOJXKHA ObITh He MeHblle 0. HesqMHeNHHOCTh XapakTepUCTHKH OKAa3blBAET
He3HAUUTENbHOE BJUSHUE HA ero U depeHnaIbHy0 HeJIMHeHOCTb. BoJiee Toro, npeo6pasoBartesib MOKET ObITh
JIMHEHHBIM - €CJIH €ro peaJsibHasi XapaKTepUCTHKA HAXOAUTCS B Ipe/iesiax A0MyCTUMbIX 3HAUEHUH, U, TEM He MeHee, He
YI0BJIETBOPSATH TpeGOBaHUAM a1 depeHLnanbHOM JHHeRHOCTH. M Hao60poT, 1axe He3HaUUTe/bHAS HaKaNiuBato-
1asicsi oT paspsiaa K paspsiay AuddepeHnanbHas HeJJHHEHHOCTD, He TPeBbILIaloNIast I0MyCTUMOe 3HaUeHHe, MOXKET
NPUBECTH K 3HAYUTENBHON HEeJIMHEHHOCTH NpeoOpa3oBareis.

M3P

Munanumi 3nawawuil paspsin, cMm. MP; KBaHT npeo6pazoBaresist - MUHUMaJIbHO BO3MOXKHOE U3MEHEeH e Ha BBIXOJIe
npeobpazoBaTedisi.

MP

Muanwni (1BoHUHBI) paspsift, caMblil Maauuil OUT. [1J1s n-paspsaHoro npeobpazosamens pacyeTHoe 3Haue-
Hue enuHuLbl MP cocrapasier Besunny F.S/2", F'S - daktruueckoe 3HaueHUE NOAHOL WKL TPEOOPA30OBAHHUS.
J1OMOTHATENIBHO - CM. XAPAKMepUCMuUKa K8AHMOBAHUSL U MOUKA CMeHa KoOa.

MyabTUnaeKkcop

[TepekouaTesb-komMmmytatop. B AL{[T-nipeoGpasoBarteisix HCMOIb3YETCs1 AJIs1 TO0YEPEAHOTO MOACOSUHEHHST K BXO-
ny enuHcTBeHHOH B cucteMe A C ALLTT HecKOJILKHX BXOIHBIX H3MEPHUTEIbHBIX KaHaIoB. CHCTEMBI, TOCTPOEHHbIE Ha
6a3e mysbtuniaekcupyeMbix ALITT, uMeloT onpenesieHHble HeOCTATKU (MeXKKaHaJIbHOE MTPOXOKEHNE, YXY/IIIeHne
JIMHAMHUECKHUX XapaKTEPUCTHK MPH OTHOCUTENBHO GOJIbIINX YaCTOTaX AMCKPETH3AllNH ), HO GoJiee elIeBHI.

Harpy3ouHasi cnocoOHOCTb MO TOKY

[IpesesibHble 3HAUEHUE MOKA CMOKA WK MOKA LCMOKA UA(PPOBOTO UJIH aHAJIOTOBOTO BBIXOJHOIO KaHaJja, KOTO-
poe crioco6eH 06ecneunThb BbIXOAHOH (DOPMHUPYIOLIMHA KaCKajl 3TOro KaHaJa MpH yCJOBHH, UTO OH BCE ellle HAXOAUTCS
B 3asIBJICHHOM JlHana3oHe pabouero HarpsizKeHus.

HecummeTpUuHbIii

O curnage - cm. [3].

HB-16
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HecuHXpoHHOCTD

1. Annapatypa: cBOHCTBO COOBITHS, KOTOPOE MOXKET MPOU30HTH B MPOU3BOJILHBI MOMEHT BpeMeHH, 6e3 CHH-
XpOHU3aLMK ¢ 6a30BOH, UK 3TAJIOHHOH, UACTOTON; HEOJHOBPEMEHHOCTD C U.-JI.

2. [10: xapakrepHcTHKa QyHKLHH, KOTOpasi, HauaB BbIIOJHEHHE HEKOei orepalnt, BO3BpallaeTcs B TOUKY Bbl-
30Ba, He JI02KUJIAsICh 3aBEPIIEHUs ITOH Orepallu

HenuHeitHocTb audpepeHpanbHas

Otkionenue xapakmepucmuru kearnmosarnus ALIT ot ugeanbHoil Bo BCEM IuanazoHe U3MeHEHHs! BXOJHOTO
CHTHAJIa, MPOSIBJIETCS] KAK OTCYTCTBHE YACTH KOJOBBIX KOMOHHALIME Ha ero Bbixoje (mi1st LLAIT - oTksonenue pas-
HOCTH JIBYX aHAJIOTOBBIX CHIHAJIOB, COOTBETCTBYIOLIMX COCEJIHUM KOJIaM, OT HOMHHaJ/IbHOro 3HaueHuss M3P). Tud-
(hepeHLMabHAsT HesMHERHOCTD HaeanbHoro ALIIT-npeo6pazoBaresst paBHa HyJ0: TaKoH MpeoGpa3oBarteb HMeeT
XapaKTEePUCTHKY KBAHTOBAHHUS, /11 KOTOPO KaxK/10€ 3HaUeHHe KOJ1a UMEET OJIHY U Ty XK€ ILIMPUHY, pPaBHYIO | enHuIe
M3P, t.e. kax10e npupaileHne aHaJ0roBOro BXOIHOr0 HamnpsikeHusi (BO BCEM JUANa3oHe) Ha HEKYIO MOCTOSTHHYIO
BEJIMUKMHY BbI3bIBA€T H3MeHeHHe KOla Ha OJIHO M To ke 3HaueHne. B peasbrom ALLIT 3To He Tak, U cyliecTByeT
OTKJIOHEeHHe HIHPUHBI KO0BOH no3ulu oT 1 M3P. [luddepeHunanbias HeJIMHEHHOCTh MOXKET GbITh BblpaXkeHa B
JIOJISIX MJIAJILLIErO pa3psijia Wik B POLEHTAX OT MOJIHON [IKAJIbI.

HeauHeWHoCTb HHTErpadbHas

[TorpelHocTb JHHEAHOCTH, KOTOPast XapaKTepH3YeTCsl MAKCHMAJIbHBIM OTKJIOHEHHEM peasibHOH nepedamoumotl
xapakmepucmukuy npeoOpazoBaTesisi OT HeaJbHOI MPSMON; SIBJSETCS pe3ybTaTOM HAKOIJIEeHUs AU depeHir-
aJIbHOH OLIMOKH (JIOTIOJHUTENILHO CM. MOHOMOHHOCHb npeodpasosamensn ). IHTerpasbHasi HEJIMHEHHOCTD OTIpe-
JleJIieT HAUyuLlylo TOUHOCTb U3MEPEHHUS], KOTOPYIO MOKeT oOecneunTb coOcTBeHHo ALLIT ¢ yuetom cBoeit kaauo-
posku. [TorpetiHoCTb JIMHEAHOCTH 00bIUHO BbIPAXKAETCS B IIPOLIEHTAX OT MOJIHOH 1LIKaJIbl UK B JOJISIX OT €IMHHILIbI
MJaiiero paspsiaa (paspeuwaoueii cnocobrHocmil).

155 (0-M)

OaHoMoJSIPHBIN

CM. yHunoasipHolii.

OaHoda3HbIN

O curnaige - cm. [3].

o3y

OnepaTHBHOE 3aMOMUHalOLLee YCTPOHCTBO.

OntpoH

OnTo3J1eKTPOHHBIN MPUOOP, B KOTOPOM HMEIOTCS HCTOUHUK (CBETOM3J/IyuaTe/b) U MPUEMHUK U3JyueHus ((poTonpu-
€MHHK) C TeM HJI1 HHbIM BU/IOM OTITHUECKOH U 3JIEKTPUUECKON CBA3H MEXKy HUIMH, KOHCTPYKTHBHO CBSI3aHHbIE APYT C
apyrom. [TpuHLMI 1eHCTBHSI ONTPOHOB J11060r0 BUIa OCHOBAH Ha CJIEyIOLLIEM: B H3JydaTesie SHEPTHUsl 3J1eKTPHUECKO-
ro curHaja npeo6pasyercst B CBETOBYIO, a B (DOTOTPHEMHHKE CBETOBOH CHTHAJ BBI3bIBAET 3J1€KTPUUECKHI OTKJIHK.
[IpakTHuecku pacrnpocTpaHeHye MoJydu/In JIMIIb ONTPOHBI, y KOTOPBIX HMeeTCs MPsiMast ONTHUECKas CBSI3b OT U3JTy-
yaTessi K POTONPUEMHHKY U, KAK PABUJIO, UCKJIIOUEHBI BCE BUJIbI 3JIEKTPUUECKOH CBS3H MEXK/LY STHMH 3JI€EMEHTAMH.
JlocTouHcTBa 3TUX MpUGOPOB Ha3UPYIOTCs HAa OOLIIEM OMTOJEKTPOHHOM MPUHLMIIE UCTIOJIb30BAHUS 3JEKTPUUECKH
HelTpaJibHbIX (POTOHOB IS epeHoca HHpopMaLMid. OCHOBHbIE U3 HUX CJEyIOLIHE:

® BO3MOXXHOCTb oOecreueHHust HjieabHON 9J1€KTpI/ILI€CKOIjI (I‘aJleaHI/I'-leCKOfI) pa3BsisKU MEKAy BXOJ10M W Bbl-
X0J10M
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® |5l ONITPOHOB HE CYLIECTBYET KAKMX-JIMO0 MPUHLMITHAIbHBIX (PU3MUECKHUX MM KOHCTPYKTHUBHBIX OrpaHHue-
HHH 110 JOCTHXKEHHIO CKOJIb YTOJIHO BEICOKHX HAMPSAXKEHUI U CONTPOTUBJICHUH PA3BA3KH U CKOJIb YTOJIHO MaJIOH
MIPOXOJAHOH €MKOCTH.

B kauecTBe 3J1eMeHTOB TrajibBaHHYECKOH Ppa3BsA3KHU ONITPOHLI IPUMEHAIOTCSA:
e JIJ151 CBsI3U OJIOKOB anmnaparypbl, M€Ky KOTOPbIMH UMEETCs1 SBHaUYHUTEe/bHAs pa3HOCTb MOTEHUHAJ0B

® JIJIsl 3alllMThl BXOAHBIX ]_LQHEI;'[ U3MEPUTEJIbHBIX YCTpOI;ICTB OT MMoMeX U HaBOJIOK

0C

Onepaunonnas cucrema (DOS, Windows, UNIX, ...) - nporpammHas o60Ji0uKa HaJl annapaTHbIMH YacTSIMH KOM-
nbloTepa, cJyxKallas st o6ecreueHns A0CTyna K HUIM U3 MPUKJIAAHbIX TPOrpamMmM, 3amycka 3ajau 1oJb30BaTelis,
JIOCTYNa K BHELIHeH nepudepuH, u T.1.

OcHoBHasi npuBeaeHHasi NOrPelIHOCTb

Cwm. noepeuLHoctb ONHOCUnesbHas.

OTBsI3aHHbINA (OT 3eMJIH)

O curnaie - cM. [3]. CHHOHUM: naasarouyuli (BbIXOM).

Orcuer

CM. duckpemusayus.

oy

OnepatmonHblil yeuutesb. [Ton OY noHuMaetcst yCUINTENb ¢ MM hepeHIHaIbHbIM BBICOKOOMHBIM BXOI0M, OJTHUM
HHU3KOOMHbIM BbIXOJIOM H 6€CKOHEUHO GOJIbIINM KO3 (HULMEHTOM yeueHus. FIMeeT HEeMHBEPTHPYIOLIMH U MHBEPTH-
pytowu# Bxonpl. Ha OY nonator nosoxutesbHOe U OTPULLATEbHOE HAMPSKEHHS MTUTaHUs, OOLIMH TPOBOJL CXEMbI
rajbBaHuuecKu coeiiHeH BHyTpH OY ¢ oHUM U3 ero BxojoB. OY upe3BbluailHO UyBCTBUTEJIEH K PA3HOCTH HaMpsi-
»KEHUH, NolaBaeMblX MEXK/Ly €ro MHBEPTUPYIOLLMM H HEMHBEPTHPYIOLLMM BXoJaMH (Qugpepernyuaroroe 8xodrnoe
Hanpsacerue), i HeuyBCTBUTE/IEH K M3MEHEHHUSIM HaMpPsKeHHH, T10/1aBaeMbIX Ha 00a BX0J/1a U OJIMHAKOBbIX M0 abco-
JIIOTHOH BeJMUHHE U MOJSPHOCTH (cUHGpazroe 8x00HOe HanpaxceHrue).

OwnobKa KBaHTOBaHUS (OLIMOKM yCeUeHUS U OKPYIJaeHus )

Heorbemsemast HeonpeeleHHOCTb TOUHOTO 3HAUEHHUST Omcyena B LH(POBLIX MPpeoOpas3oBaTeIsIX MpH OLH(POBKe
AHaJIOrOBOTO CUrHAJIA U3-31 KOHEUHOTO paspeutenus npu duckpemusayuu. Cu. [11].

[lepenaTtouyHas xapakTepucTHKaA

DYHKYUOHAALHASL 3aBUCHMOCTb BBIXOJIHOTO MapaMeTpa HeKOeH CUCTEMbl OT 3HAUEHHSI ee BXOJHOTO MapaMerpa.
Hast ALLTT Beipakaemast MaTeMaTHueCKH 3aBUCHMOCTb BBIXOJIHOTO KOJ1a peoGpa3oBaTelist (UM 4aCTOThI CJIe10Ba-
HUsi uMnyJbcoB At [THY) ot BesiunHbl BXOJHOTO curHada (Hanpsikenust ). Jlisi uneanbuoro ALLTT onuckiaercst
ypaBHEHHEM MPSIMOHN JIHHUEH.

[lun

KoHTaKTHbBIH LITBIPEK, BBIBO, LITEKED, KOHTAKT.

K

[TepconanbHbiii KomnbloTep, yatlle - [BM-PC coBmectumbiil. [Ton I[TK Takke MoxKeT noHUMaTbCst HOYMmMOYK U IPo-
yrie MaJible KOMMbIOMepoL.
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[lnaBarouuit (Bbixon)

O6 MCTOUHMKe CUrHaJla: ralbBaHUUYECKH He CBA3aHHbIH ¢ 3emaeli. CHHHOHUMbI: M30J1MPOBAHHbIH, He3a3eMJIeHHBIH,
OTBsI3aHHBIH OT 3eMJH [3]. [1pumepsi: Tepmoniapa, Gatapest MUTaHHUsI, H30JMPOBaHHAsI 0OMOTKA TpaHc(opMaTopa.

[MHY

[IpeoGpaszoBatesib HanpsiKeHHe-yacToTa. SIB/asiercs HanboJee MPOCTBIM MO CBOEH CTPYKTYPE CPEIU UHmeepupyio-
wux ALT. TTHY nocTpoeHbl Ha OCHOBE UMmMeepamopa v Konnapamopa Hanpscerus. B sTom npeobpasoBate-
Jie BBIXOJIHOE HampsiKeHre HHTerpaTopa MeHsieTcs IMHEHHO BO BpeMeHH JI0 MOMeHTa cpabaThiBaHHsI OJIHOTO U3 KOM-
napaTopoB, MPH NPEBbILIEHUH BLIXOJHBIM HATIPS2KEHUEM MHTErpaTopa 3HaueHusi nopora cpabatbiBaHus. BbixoaHoH
UMITyJIbC KOMIapaTopa 3arycKaeT reHepaTop UMIyJ/1bCa TOKa, BO3BPALLAIOLLEr0 HHTErPAaTOP B HYJIEBOE COCTOSTHHUE,
nocJie yero npotiecc nosropsiercsl. HacToTa BbIXOJHBIX HMITYJIbCOB HA BBIXOJAX KOMMApaTOpoB MPOMNopLUHOHaIbHA
npeo6pasyeMoMy HarpsizKeHH10, H3MepsieTcsl 38 (PUKCHPOBAHHBIN HHTEPBAaJ BpeMeHH (BblpabaTbiBaeMblil B yCTPOH-
CTBe YIpaBJIEHHSs ) C TIOMOIIIbIO CUETUMKA H BBIAETCS KaK LIKPPOBOI SKBUBAJIEHT BXOJHOTO curHasa. 1ot tun AL
o6J1alaeT MaJiol CTaTHUECKOH MOTPElIHOCTLIO U BBICOKOH NMomMexoycToiunBocTbio. bricTponeiicteue [THY HeBbI-
COKO M MCUHCJIETCS eIMHUIAMY U Jlaxe A0JsMU repua. GopmupoBaTe/ib UHTEPBala H3MePEHHs 0OBIYHO COCTO-
UT U3 TeHepaTopa TaJIOHHON YaCcTOThl U CUETUMKA, EMKOCTb KOTOPOTO o0ecreynBaer TpebyemMoe 3HaueH1e HHTep-
Basia uaMepenust. OCHOBHBIM HCTOUHMKOM CTaTHYeCKOH morpelrHocTd panHoro thna AL siBssieTcst co6eTBeHHO
npeo6pasoBartefb. Ero nepedamounasn xapakmepucmuka (4actota Kak QyHKLMs HAMPsXKEHUsT ) PH TOCTOSTH-
HOM BXOJIHOM HaIps)KEHHH COOTBETCTBYET YCPEIHEHHOH xapakmepucmuke kearnmosanus scero AL, kotopyro
MOJIHOCTBIO OMPEJIENAIOT TAKHE BH/Ibl TIOTPELIHOCTEH, KaK HEeJIMHEHHOCTh Koa(hulleHTa epeaun B pabouem aua-
na3oHe U3MEHEHHUST BXOJIHOTO HAIPSKEHUSI U CMellleHHe HauaJbHOH YaCTOThl OTHOCHTE/IbHO HyJisl. JIOCTOHHCTBOM
[THY sBasieTcst To, UTO B HUX MO CYLIECTBY aHaJjoroBasi U LMpoBast yacT pasjeseHbl 4 paboTaloT aCHHXPOHHO.
IT0 M03BOJISIET JIETKO OpraHu30BaTh cBsi3b TaKUX ALLIT ¢ BBIUHCIUTEEHBIMA CPEACTBAMH, BXOISIIMMH B CHCTEMBI
06paboTKH NaHHbIX. Mlcnogb3ysi onmporosl 1Uist CBSA3U aHaJoroBoi W LudpoBoit uacteil ALLTT, MoXKHO aJieKTpUue-
CKH HU30JIMPOBATh UX JAPYT OT JIpyra M oHecrneuuTb HX COBMECTHYIO paboTy B YCJIOBHSIX, KOTJa OHH HAXOMSATCS MOJ
Pa3HBIMH MOTEHLIHANAMH.

o

[Iporpammuoe o6ecrnieuenue.

1O noab3oBaTeabckoe

[1O, koTopoe pazpabaTbiBaeT caMm MoJib3oBaTesb Ha 6a3e wmamroeo [10.

10 wirarHoe

[1O, xotopoe pazpaGotaHo GHPMOH-TMPOU3BOAUTENEM alnapaTypbl U coaep>kuT 6azoBbie API-dyHKIKH ee npo-
rpaMMHPOBAHHSI.

[TorpewmwHocTb a6 COMIOTHAS MOJHOM IKAJbI

Otpaxaer oTKJIOHEeHHE (haKTHUECKOTO BBIXOJHOIO CHrHaJa Npeobpas3oBatesis OT TEOPETHUECKOT0, BBIYHCIEHHOTO
JUIs WjlealibHOTO TIpeoOpasoBatelisi. AGCOJIIOTHAST OTPEIIHOCTh TPe0OpPa30BaAHUsT HAXOMUTCS B IPSIMOE 3aBUCHMO-
CTH OT 3HAUEHHUS NOAHOU wiKabl IpeoOpaszoBaTelis. OObIUHO H3MEPSIETCS C HCTOJb30BAHUEM M AA0HHbLX CPEICTB
U3MepeHUs.

[MorpemwiHoCcTb OTHOCUTEAbHAS MOJHOM LIKAJbI

IT10 noepewHocmo abcoAOMHAA, BbIpaxKeHHast B IPOLEHTAX OT MOJHON LiKaJbl peoOpazoBaTteis. OTHOCUTEb-
Hasi NOTPELIHOCTb MOXKET ObITh TAKKe BblpaxKeHa B [IPOLEHTaX 0T 8X00H020 Juana3ona - 00bIUHO /18 OUNOALp-
Holx IpeoOpa3oBaTesiell ¢ CAMMETPUUHBIMH 3HAUEHHSIMH JIMara3oHa.
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[lonoca nponyckaHus

JlnanasoH 4acToT, KOTOpble yCTPOHCTBO MOXKET MPUHSATh, NepeaTh U1 U3MEPUTb.

[Tonocayacror
1. JluanasoH 4acToT, NpeJCTaBJEeHHbIX B CUTHAJE

2. JlnanasoH yacToT, Ha KOTOPble MOXKET pearupoBaTh U3MepUTEJIbHbINH MPUGOP

[Mopt

1. Peeucmp vy ux Habop, 1OCTYN K KOTOPbIM OCYLIECTBJISIETCSl Uepe3 ajpecHoe NPOCTPaHCTBO YCTPOKHCTBA
ynpassenus (Mukpokontpodsiep, I1K, ...). ITopt nmeer onpenenentoe GyHKIMOHaMbHOE HA3HAUEHNE, 3aUa-
cTy1o cioxkHoe. B o61iem cayuae [TO nmeer 10cTyn K NopTy Ha onepainy 3armucH U UTeHHs1, ¢ TPOTOKOJIOM,
onpejessieMbiM annapaTtypon.

2. KoMMyHHKaLMOHHOE COeIMHEHHE, CPEICTBO IOCTYNA K BHELLIHEMY MHUPY

3. Ludposoii nopt. COCTOMT H3 HECKONBKUX LIM(POBBIX BXOAHbIX/BBIXOMHBIX JHHHA

[MoTtok
[10: eMm. thread v multitasking.

(Myn3y

(ITepenporpammupyemoe) MOCTOSTHHOE 3alOMHHAIOLIee yCTPOHCTBO.

[Ipenenbl uamepeHus

CM. duanas3or v JUHAMUUECKUH 1HANa30H.

[IpepbiBaHue

O M3 MeXaHH3MOB B3auMoJeHCTBHS uacTell annapatypbl u/uau [10. Curnan npepbiBanusi BbipaGaThiBaeTcs
BHELIHEH M0 OTHOLLEHHIO K YCTPOHCTBY ero o6paboTku (MHKpokoHTpoJsuiep, T1K, ...) yacTblo annapatypsl. YcTpo#-
cTBO 06pabOTKH, paclo3HaB MPepbIBAHKE, IPHOCTAHABJIUBAET TEKYLLYIO paboTYy, BBITOJIHSET HEKOE MPeaoNpeie/eH-
Hoe JlelicTBHe, H BO3BpallaeTcs K IpepBaHHOi 3anaue.

[lpoumnBKa

CuieHr: 71BonuHbIi (haiti-00pa3 BbIMOJHAEMON MPOrpaMMbl /Il MUKPOKOHTpoJiepa. DTUM (aiaoM NMPOU3BOIUT-
sl IPOrpaMMUpPOBaHHe MUKPOKOHTpoJiepa. [lporpamMmupoBanne oCylecTB/IsIETCsT CllelHabHbIMK TPOrPAMMHO-
annapaTHbIMU CPeACTBAMH, U MpecTaBisieT co60i KonupoBanue ¢aiia-o6pasa Bo BetpoerHoe [1I13Y kourpos-
Jepa.

15.6 (P-C)
Paspemenne ALLI

Boipaxkaercs n60 B 6UTAX, MO0 KaK OTHOCHTEJIbHBIN JUHAMHUCCKHI 1ManasoH B deyubeaax. JIBONUHbINA n-pasps-
HbIH MpeoOpasoBartesib UMeeT 2™ JIMCKPETHBIX 3HAUeHHH, a ero paspellialias cnocoGHoCTh paBHa 1/2™. OueHb
4acTo paspelianias CnoCoOOHOCTb OTOKAECTBJIAECTCS C MOYHOCHLIO, HO 3TO HMEET MECTO TOJIbKO B MI€aJbHbIX
AUTT. Yucno 6ur (paspeniaroiiasi crnocoGHOCTb) TOBOPHT TOJbKO O TOM, CKOJIbKO Pa3jHUHbIX KOJOBBIX COCTOSI-
HUI 8 npUHyUne MOXKET NMosiBUTbCS Ha Bbixoae AL, mounocme ALLIT roBopHT 0 TOM, CKOJIBKO 3HA4aujux OUT,
HeCYLIUX I10JIe3HYI0 HH(OPMALMIO O CHIHaJle, HMeeTcs B JIeHCTBUTeNbHOCTH. Paspewarowas cnocobrocme xa-
pakKTepuayeT MoTeHIHaMbHble Bo3MOKHOCTH ALIIT ¢ TOUKH 3peHHsT TOCTHKUMOF TOUHOCTH U OTIpefieNisieT pasMep
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JMCKPETHON CTyNeHH xapakmepucmuru kearmosarus ALLL, T.e. HaMMeHblIyI0 Pa3HHULY ABYyX 3HaYeHWH BXOJI-
HOTO HaNpsKeHHs, KoTopoe MoxkeT pazanuntb ALIIT 3a oxHO H3Mepenue.

Peructp

YeTpolicTBO U3 mpueeepos, npeaHasHaueHHoe /1T 3aMHCH, XpaHEHHsT ¥ BblAaul HH(OPMALIUH.

Co60p naHHbIX

1. Hakonsienue u uamepenne 3JeKTpUUECKUX CUIHAJIOB OT AaTUMKOB, CEHCOPOB, NpeoOpa3oBaresiell, 30H10B, U
T.1.. 1 BBoJ ux B [IK nsig o6pab6otku

2. HakoruieHue U U3MepeHHUe Tex e CUrHaJjIoB ¢ nomotlpbio AL wiu tndpoBbIX JIMHKH U, BO3MOXKHO, TeHepa-
LMs1 yIPaBJSIOLINX CHrHAJ0B ¢ momotibio LIATT u tmdposbix aunuil (mocpeactsom [1K)

CB$13b 10 NEpeMEeHHOMY TOKY

Crioco6 nepeauy CHrHaJia, pyu KOTOPOM GJIOKHPYETCsT MTOCTOSIHHAST COCTABJISIIONIAS CHrHaJa (HanpuMmep, MpH Mo-
MOILH pas30eaunesbHoe0 KOH0eHcamopa).

CBs13b no NMNOCTOAHHOMY TOKY

Crnoco6 rnepenayu curHaJia, rmpu KOTOpoM IepeaeTcs Kak IMoCTosiHHasi CoCTaBJisdiolllasi CUrHaJia, Tak U ero rnepe-
MEHHasa KOMIIOHEHTa.

Cemadop

B I1O: cpencTBo CHHXPOHU3ALIMK HECKOJIbKHX 3a/lau, HMEIOLIMX IOCTYM K OJIHOMY M TOMY 2Ke TPOrpaMMHOMY HJIH arl-
napaTHomy pecypcy. [1o3BoJisieT yeTpaHUTb KOH(JIHKT, CBSA3aHHBI ¢ HEBO3MOXKHOCTbLIO OJJHOBPEMEHHOM MPaBUJIb-
HO# paboThl ¢ 3TUM pecypcoM. Cemadop MOXKHO peasin3oBatTh Kak sueriky O3Y ¢ IByMsl COCTOSIHUSIMH W Onpejie-
JIEHHBIM [IPABHUJIOM €€ UTeHHUs] U 3aITHCH:

e sueiika umeet aBa coctostnus: 0/1, 0 - nocTyn K pecypey paspetten, | - 610KHpoBaH
e Jiio6asi 3aj1aua HMeeT JOCTYI Ha UTeHHE U 3aMUCh

® Oliepaluu YTeHHUs-3alluCH - aTOMHbIE, T.€. HeJIeJIMMbI H, 6yﬂyl{l/l MPOU3BOAUMBI K.-JI. 3a11aqe1“4, HE MOTYT ObITh
NpepBaHbl MPOYHUMH 3aJjadaMH

Ha npakThke Hcro/ib3yloT 6oJiee C0KHbIe CXeMbl Pea/in3alki ceMaopoB, KOTOpble ObIBAIOT JOCTYMHbI [0J1b30Ba-
tesmio Ha ypoBHe API-dynkimit OC [24, 25].

Cencop

YeTpoiicTBo WM IpHCTIocobJIeHHEe, KOTOPOE CITOCOOHO OTKJINKATBCS Ha (PU3NUECKOe BO3/IeHCTBHE (OCBeleH e, Tel-
J10, 3BYK, JIaBJieHHe, yCKOpeHHe, IBHKEeHHe, TeUeHHe, U T.JL. ) U MOPOXKAATh B OTBET HA 3TO 3JIEKTPUUECKHH CUrHAJ.

CuMMeTpUYHbBIi

O curnage - cm. [3].

CuHXxpoHU3auus

[TpuBsizka K.-J. annapaTHOro Wi MNpOrpaMMHOro rpoliecca (He MyTaTh ¢ MOHSITUEM process, cM. thread), uauie -
€ro HayaJa, K orpe/ieJieHHOMY COOBITHIO HJIH Psifly COOBITHIT; o6ecrieyeHre TaKOTo MPOTeKaHH sl HECKOJILKUX TIPoLiec-
COB, KOTOpOe Obl TO3BOJIMJIO BBECTH /IS HUX €IUHYIO BpeMeHHYy10 1iKaJy. CHHXpOHH3aLus 06ecrieunBaeT npeiomnpe-
JIeJIEHHYI0 B3aHMO3aBUCHMYH0 BPEMEHHYO MOC/Ie10BaTENLHOCTD BBIMOJHEHHS JIEHCTBUH.
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CK3

CpennekBasipaTHUHOE (JIEHCTBYIONIEE ) 3HAUEHHE - KBA/IPATHbIH KOPEHb CPeAHEro 3HaueHus KBajpaTa MTHOBEHHOTO
3HAUEHUS aMILIUTY/Ibl CUTHAJIA; Mepa aMIJIMTY/Ibl CHTHAJIA CJI0XKHOH (hOPMbI.

CxkopocTb nepenauu (J1aHHbIX)

a) CKopocTb nepesiau, o0bluHO B GaiiTax/c, ¢ KOTOpOil aHHble MepechlIalTCsl OT HCTOUHHKA K IPHEMHHKY 110~
cJle MHULIMALIMHK [Tpoliecca nepeiaul, MoXKeT He COBNaaaTth ¢ 0) MaKCHMaJlbHO BO3MOXKHOH CKOPOCTBIO, HA KOTOPO#
MosKeT paGoTaTh anmnapartypa MpH rnepechljke HeAeTUMOH eIMHNLIBI HHpopMaLuy (6aiita, cioBa).

CJor

Pasnem IJ1aThl, CJIy}KaLLLI/Iﬁ JUJIs1 CTBIKOBKH BHEHIHHUX OTHOCHUTEJIbHO Hee IJaT paCUIupeHHusi, U BBIITOJIHEHHBIA 110
Oonpee/IEeHHbIM 3JIEKTPHUYECKUM U FT€OMETPUUECKHUM CHGLLI/ICbI/IKaLLI/]ﬂM.

CmeleHue HyJs

Jast LIATT - Beixoanoe Hanpsikenue LIATT ¢ HysieBo#t BXoaHOM Ko10Bo# KomGuHatmek, aist AL - cpeanee sHaue-
HHe BxojHoro HanpsikeHust AL, HeoGXoauMoe Jist MOJTydeHHsT HyJIEBOTO KojJia Ha ero Bbixoje. JlaHHyto rnorperi-
HOCTb MOXKHO CKOMITEHCHPOBATh € MOMOLbI0 BHelHe# 1o oTHotieHuo K LIATT wiu ALIT perysiipoBKY HysieBOro
cmetienus. [TorpeniHoCTb Hy s MOXKeT ObITh BbIpaXKeHa B MPOLIEHTAX OT MOJHOH HIKaJIbl UJH B 10JI51X eUHULBI M P.

CoObiTHE

OnpenenenHoe ycjoBre WK COCTOsIHHE (PU3UUECKOT0 CHTHAJIA WM CUTHAJIA, BBeIeHHOTo 11st o6padoTku B [TK.

CoBmectumoctb (TTL)

YeTpoiieTBo, crnocoGHoe 00ecneunTh HOMUHAJLHBIN Mana3oH pabouero Hampsi>KeHus nocrosiHHoro Toka 0...5 B, ¢
YPOBHEM CHTHAJIA JIOTHUECKOH eIMHHUIIbI, MeHbIUM | B, 1 ¢ ypoBHeM curHasa Jioruueckoro HyJs, 6osblinm 2.4 B.

CP-50

Tun KoakcHaJbLHOTO paSbeMa/COGﬂHHHTeJIH JUUIs1 Tiepeiayd CuraadJa.

Ctpob

VMnysibe (TaaoHHBIH CHTHAM), MO MepeaHeMy H/uim 3amHeMy ¢hpoHmam KOoToporo hopMUPYIOTCsS BHyTpEHHHE
/MM BHELIHHE CHIHAJbI, IPOUCXO/IMT 3aMyCK yacTell CHCTEMbl H/WJH CUHXPOHUSAULLSL.

CamnJ, caomMnaupoBaHue

Cuaienr: ot sample, sampling - omcuem, duckpemusayus.

15.7 (T-®)

Teopema KoteabHukoBa

J1s1 BoccTaHoBJ1eHHS 6e3 OLIMOOK HCXOAHOIO CUrHaJla Mo ero BbIGOPOUHbIM 3HAUEHHSIM, B3SITbIM Uepe3 paBHble 1po-
MEXKYTKH BPEMEHH, uacToTa Fs B3sTHs BLIOOPOK (AMCKPETH3aLMK ) 10JLKHA 6oJlee, UeM BABOE, IPEBOCXOIUTb 4acTO-
Ty F), camMol BbICOKOUACTOTHOH COCTABJISIIOLIEH, HMEIOLIeHCs BO BXOJHOM HeNpepbiBHOM curHase. 1o BXoaHbIN
CHUIHAJIOM MTOHHMAeTCs He TOJIbKO CUTHAJ, SBJISIOILMIACS MPeIMeTOM PacCMOTPEHHs], @ CHTHAJI, BKJIIOUYAIOLIMI TaKxkKe
BCE KOMITOHEHTbl MCKaXKEHHH U Liyma. T.e. B Teopeme Nnpejrioiaraercsi, UTo CyLIeCTBYET TaKasi MakcHMaJlbHasl ya-
CTOTA, BbllLie KOTOPOH CrieKTpasibHas MJIOTHOCTb MOLLHOCTH paBHa HyJuo [ | 1]. Iipyrumu ciioBamu, 4To6bl 0TOOpa3nTh
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CHTHaJI B IManasoHe 110 Fy,,, MUHUMaJbHO Bo3MOXKHast Fy = 2 x F,,,. xapakrtepHas uacrora F,,, = F/2 HasbiBaercs
yacmomoii Hailkeucma.

ToK ucTokKa

3/1eCh: TOK, BBITEKAOIIMI 13 BLIXOAHOTO KaHana. CM. Haepy30uHas cnocobHoCcb 1O MOKY.

ToK cToKa

3/1eCh: TOK IUCCHTALINU, BIMeKAIOWiLll B BEIXOAHON KaHa . CM. Haepy3ouHas cnocoOHOCHb NO MOKY.

Touka cmeHbl koga ALLI

YpoBeHb aHANOTOBOTO HATIPSKEHUST HA BXOJIE, JJ1sI KOTOPOTO BEPOSATHOCTh MOSIBJEHHS HA BBIXOJE OJHOTO U3 JBYX
COCEeIHUX 3HaueHui Koua coctasJseT 50%.

Tounoctb ALLI

Onpenensier, HACKOMbKO aedcTBUTENbHBIN Koa ALIIT 6/1M30K K pacueTHoMy 3HaueHHio uaeasbioro AL npu 3a-
JIAHHOM HaIpsKeHUH Ha ero Bxoje. ToyHoCTh npeoOGpasoBatelist onpeaesieT Yuco OUT BBIXOJHOTO KO/a, OTBeuYa-
olx docmoseproil nadopMauun o curiage. AL, nmeroniee paspelnienue B n-6MT, MOKET UMETb m-OUTHYIO
TOYHOCTBb ¢ M < M.

TouHoCTb OTHOCHTEJIbHASA

Jlunesinocts ALLIT (LLATT), uamepennas B nossx M3P. Bx/ouaer Bce HeJIMHEHHOCTH H OLIMOKHU KBAHTOBAHHUS, He
BKJIIOYAET OLIMOKH CMelleHHs HyJ1s M KoshduLmenTa npeobpasosanus, ceoiictsennble cxemam ALITT/LIATT.

TpeTbe cocTosiHue

To 2Ke, UTO U BbLLCOKOUMNEOAHCHOR COCOSHULE.

YHunoasipHbii
1. O HanpsikeHWH: OJIHOTO 3HAKA

2. JluanasoH CUrHAJIA, BKJIOYAIOIIUHA TOBKO MOJIOXKHTEJbHbIE WM TOJILKO OTPHULATE/bHbIE 3HAUECHHUST (HATIPH-
mep, 0...+12 B, 0...+0.1 MA)

Ycuaenue

Crnoco6 npeoGpa3oBaHUsl CUrHaJ/a, KOTOPBIH yJydllaeT TOUHOCTb Pe3yJbTHPYIOLLEro OLU(pPOBAHHOIO CHUTHAJMA U
YMeHbIIAeT YPOBEHb LIyMa.

YCO

YeTpoHcTBO CBSI3H C 06'HEKTOM.

YBX

YeTpoiicTBo BEIOOPKH M XpaHenus (4atle B AL[/T). 3anoMHHaeT TeKylllee 3HaUeHHe aHAJOTOBOTO CHTHAJA B KOPOT-
KOM MHTEpBaJie BpeMEeHH H COXPAHSIET STO 3HAUEeHHe TIOCTOSHHBIM (B MpejieiaX A0MyCTHMON MOTPELIHOCTH ) 10 TeX
nop, noka ALIIT ne saBepiint npouecc npeobpasosanus. s AT nocaedosamersoeo npubauiceHiuss npuH-
LUMMHaNbHO HEOOX0IMMO 3aIOMUHAHKME BXOJIHOTO CUrHaJa Ha BpeMs npeobpasoBanus. Y BX MoxKeT ObITb BHELIHUM
uiin BetpoeHHbiM B ALITT. Bes YBX ALLIT crioco6HO 06paGaThiBaTh TOJBKO MTOCTOSIHHbIE UM MEJIJIEHHO MEHSTIOILIM -
€Csl CUTHAJIbI.

Pymoeodcmso noJas3osarnensd
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Pusnueckoe cpeaHee

I/IHTGI‘paJI K.-JI. BeJIMUUHbI 32 HEKHUH MPOME2KYTOK BpEMEHH, OTHECEHHBIH K 3HAYEHHUIO 3TOr0 HHTEpPBaJia.

duabTpauus

Crnoco6 npeoOGpa3oBaHUs CHrHAJA, KOTOPBIH TO3BOJISIET 0CNA0UTh €ro HeXKeJaTedbHble KOMMOHETbl. MoXKeT Bbi-
3BaTh, B CBOIO ouepe/lb, HexesaTe/bHble 3(PMEKThl APYroro poja - HampUMep: UCKaxKeHHe (POPMbl CHrHaJja, 3a-
JIEP?KKH €ro pacnpoCcTpaHeHus u T.1.

Pua bTP HUXKHUX HACTOT

OrpaHHUHBaEeT 10.10CY NPONYCKAHUA CBEPXY, T.€. YACTOThI, MEHbIIIHE HEKOel, TTPUCYTCTBYIOT B CIIEKTPE CHTHAJIA.

®poHT curHana

Bpemennasi xapakTepucTuKa HanpaBJeHUs] U CKOPOCTH M3MEHEHUs! yposHs curhana. Hapacmarowuii (nepeo-
Huti) PPOHT XapaKTePU3yeTCs EPEXOJIOM COCTOSIHUSI CHTHAJILHOM JIMHUK OT YCJIOBHO HYJIEBOH OTMETKH WJIH OTPH-
LIaTeIbHOM OTMETKH J10 YCJIOBHO MOJIOXKHTEBbHON UJIH HYJIeBOH OTMETKH - HalIpUMeEp, OT YpOoBHsI Jiornueckoro "0’ 10
ypOBHs Jlornueckol eannubl "1 1 undposoit TTL-mnun. Cnadarowuti (3a0Huiti) GPOHT NPOTHBOIOJIOXKEH 110
cBO€H CyTH (DPOHTY HapacTaloLIEeMy.

158 (X-91)
Xapakrepuctuku UC ALLIT u LLATI

1. CraTnueckue XapaKTepUCTHKH:

e paspeliaioiias Cnoco6HOCTb

® HeJIMHEHHOCTh (MHTerpaJsbHast)

o jddepeniasbHas HEJIMHERHOCTh

® MOHOTOHHOCTb

e Ko3(duiKeHT npeobpazoBaHust

e a(CoJII0THAS H OTHOCHTE/IbHAS MOTPEIIHOCTH TTOJHOMN HIKAJIbI
e CMellleHHe HyJIs1

e a06COMIOTHASA TTOTPELIHOCTD
2. JluHaMMuecKHe XapaKTepHCTHKHU:

e Bpemsi yctaHosJenust (st L{AIT)

e Bpemsi peoOpasopanus (st AL[IT)

XapaKTepl/lCTl/l Kda KBAHTOBAHHUSA

Hast ALIT: 3aBucUMOCTb 3HaueHHs1 KOJla Ha BbIXOJle MPeoOpa3oBaTe/isi OT BeJUUMHDBI HAMPSXKEHHs] HA €ro BXOJIE,
MMeeT CTyreHuaThlil BUJ (B (hopMe JIECTHHIIbI ); LIMPUHA CTyNeHbKH ((hakTuuecku paspeuwerue ALIT) xapakrepu-
3yeT IUara3oH HaMpsiKeHHsl, PU KOTOPOM BLIXOJHOH KOJl OCTAeTCst OJHUM U TeM »Ke (/151 HEeCYLIECTBYIOLIEro B
npupoze ALIIT 6eckoHeuHo! pa3psiAHOCTH LIMPHUHA CTYIEHBKH Gblla Obl paBHA HYJIIO, K CAMO TIOHSITHE KBAHTOBAHHSI
He UMeJ10 6bl cMbicaia). st uneasnsHoro AL mmprina Kona siBJisieTcst HeH3MeHHOM BEJIMUMHON JIsl BCETO BXOIHOTO
nuanasona AL u pasna 1 M3P.
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LAI

Ludpo-ananorosblii npeobpasoBaredib - ycTpoicTBO (M C WM OTAe/bHBIH NPUOOP), KOTOPOE CO3AAET HA BbIXOJ1E
AHaJIOroOBbIH CUrHaJ (HarnpsiKeHHe WM TOK), POMNOPLMOHAJbHBIA BXOAHOMY LM(POBOMY CHrHaJy. 3HaueHHe Bbl-
XOJIHOTO CUIHaJsla 3aBUCHUT OT OMOPHOTO HaNpPsiKEeHHs], ONPEAeSIOLLEro MOJIHYIO LIKaJly BbIXOAHOTO curHaja. I1po-
creiiinii LIATT npencrasnasier co6oi cymmupytoniunii OY ¢ IBOMUHO-B3BelIEHHOH PE3UCTUBHON MaTPULIEH Ha BXOJIE.
Huc10 pe3ucTopoB Tako# MaTpULbl paBHO YHCJY pa3psiioB peobpa3yeMoro oTcueTa, Kazk/apli M3 KOTOPbIX yNpaB-
JisieT CBOUM KJtouoM (0 - KJIoU pa30oMKHYT, 1 - 3aMKHYT). BesiMurHa cONpOTHUB/IEHHUS KAXKIOTO MOCJEYIOLLEro pe-
3MCTOpa, HAuMHAasl C pe3nucTopa cTapulero paspsja, yaBauBaercs, T.e. TOK, IPOTEKAIOLINH yepe3 pe3nCcTopbl, BABOE
YMeHbLLAeTCsl ¢ yMeHblleHHeM Beca paspsiia. BoixonHoe Hanpsikenue OY nponopudoHasbHO 00LLEMy TOKY, T.€.
3Hauenuio kona Ha Bxoje LIATT. Eue onun tun LIATIT cTpoutcsi Ha ocHoBe R — 2R pe3uCTHBHON MaTPHIIbI C MOX0-
JKUM [TPUHLMIIOM JeHCTBHS.

Yacrora nuckpeTusauuu

HacroTa, Ha KOTOPOH OCYIIECTBISIETCS] OUCKPemMu3ayus; CKOPOCTb CleoBaHus omcuemos B cekynay. s ALITT
- YacToTa MOsIBJIEHUs] HA BbIXOJe MpeobpaszoBaresisi LUPPOBOro skBuBasenTa curiaga, ajisi LIAIT - vacrora 06-
HOBJIEHUS] BXOJIHOTO KOJa (ONpeNelIieTCsl 8pemerem YycnmaHo8AeHus BbIXOAHOTO aHalo0roBoro curtana). Beibop
YaCTOThI IMCKPeTH3alK 1pH Henosbaosanun ALITT/LIATT onpenensietcst meopemoii Komeavnukosa.

Yacrtora JoxHas

JI02KHBIH HU3KOUACTOTHBIH KOMIIOHEHT, 0OHAPYKMBAIOLLMICS B JAHHBIX, MOJyUEHHbIX PH CJAULIKOM HH3KOH yacToTe
JIMCKPETHU3ALIMH (/151 JAaHHOH YacTOTbl UCCJIelyeMOro CUrHaJa ).

Yacrora HankBucra

Cwm. meopema Komeavruxkosa

Yactora 06HOBJEHUS (AaHHBIX)

YacToTa, ¢ KOTOPO#l JaHHbIe MOCTYNAaloT B NpHeMHOe yeTpoicTBO. J1jisi 6JI0UHBIX Nepechliok (uMeercst Oydepusa-
LM$1), WM TIPM MCTNIOJIb30BAHWU deyumayuy OTIM4aeTcs OT 4acTOThl AMCKPeTH3aluuK. BJyiounble nepechlyiKi pUBO-
JAT K pa3oBoi 3ajiep:kKe BpeMeHH npuxona orcuetoB B [ 1K, no cpaBHeHMIO ¢ BpeMeHeM, Korja oTCUeT Obll MOJyUeH.

Yucao paspsgon

JIBonuHbI# Jjorapum MakCHMaJbHOTO uKc/a KoaoBbix KomGuHauui Ha Bxoae MC LLATT uwnu Boixone MC ALITT.

Huua

[pynmna npoBOAHHKOB, OCYILECTBJISIIOIIMX MEXKCEKIIHOHHbIE COEMHEHHST HITH COEIMHEHHST MEXKTY OT/IE/IbHBIMU ydacT-
KaMH CXeMbl B K.-JI. 3JIeKTPOHHOM ycTpoicTBe. B /7K noj ninHo# 06b14HO TOHUMAETCsl CPeICTBO PACIIHPEHHs MaTe-
PUHCKOM MJIaThl 1151 CTHIKOBKH C BHELITHMMH O OTHOLLIEHHIO K Hell yeTpoiicTBaMu BBojla-BbiBojia: PCl-1nHa, mnHa
USB, ur.m.

[llupuHa Kona

ALIT: HauMeHbllIee H3MEHEHHEe BXOJIHOTO HAMpPsi2KeHHs1, KoTopoe MoxkeT oOHapy»uth AL, cm. xapakmepucmu-
KQ KBAHMOBAHUSL.

LllnpuHa nosocsl

CM. noaoca yacmom

Pymoeodcmso noJas3osarnensd
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Lym

HexxenarenbHblil 3J1eKTpUUeCKUi curtal. Ero npuunHoi ABASIOTCS 8HewHUe UICTOUHUKHI: JIMHUK 3JIeKTporepesiay,
3JIEKTPOMOTOPbI, TeHEPATOPbI, JIaMIlbl JIHeBHOTO cBeTa (uoopectenthbie), [TK, Mmonutopsl, siBienunst na CoJitie
(3/1eKTpOMarHuTHLIe GypH ), paaHonepeIaTunKy, U T.1., U BHYMpPeHHie HCTOUHUKHU: TOJTYITPOBOJHUKH, COTTPOTHBIIE-
HUs1, eMKOCTH. L1IyMbl JlerpaupyroT MoJIe3HbIH CHTHAJ, KOTOPBIH HYXKHO TIPUHHMATD HJIH OTIPABJISATS.

JKpaH, 3KpaHMpOBaHUE
Cm. [3].

HB-16
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15.9 CnuMcoK aHIrJIMUCKUX 0003HAUEHUH

A

AC

AC coupling
A/D

ADC

ADC resolution
AGND, Analog Ground
Al

AlO

Aliasing

AO

API Application
Interface function

Program

BNC
CD-ROM

CMOS, Complementary Metal-
Oxide Semiconductor

CcCoOmMm

DAQ, Data Acquisition

dB

DC

DGND, Digital Ground

DI

DIO

DLL, Dynamically Linked Library

DMA, Direct Memory Access

DNL
DO

EEPROM, Electrically Erasable
Programmable ROM

Awmrnepsbl

[TepemeHHbI# TOK

CBsi3b 110 TIEPEMEHHOMY TOKY
[Tpeo6GpazoBanue aHaJIOrOBOrO CUrHaJa B LIU(POBO
AT

Paspemienne ALLIT

3emJ1s1 aHaIOroBast
AHaJ0TOBbIH BXOJ
AHasoroBbBIH BXOJI-BBIXOJ
AddekT 10%CHOL HacmonoL
AHAJIOTOBBII BBIXOJL

[1O: unrepdeiicublie GyHKUUH 1J151 TPUKAALAHOH TPOrpamMmbl; GUOIHO-
Teka (PYHKLMH ¢ YHU(PHULIMPOBAHHBIM CUHTAKCHCOM JUIsl I0CTYyMa K ar-
naparype (orocpeoBaHHO Yepe3 IpatBep)

Koakcunanbubiii coeunuresib, anaaor CP-50
Hocurenb uncdopmaliinu Ha TBepJI0i MaTpHiLe, Hcnobaytoluiics B [TK

KMOIT - xomnyieMeHTapHast MeTaJ1-0KCH/I-TIONYTPOBOJHUK CTPYKTY-
pa, TeXHOJIOTHS

Kommynukaunonnsiii nopt. B [TK COMI,2,... o6bluHO cTpOUTCS Ha
mukpocxemax UART u oGecneuen nopnepkkoit Ha yposHe OC

C6op naHHbIX

Heuuben

[TocTostHHBIH TOK
Semuist uudponasi
Ludpposoii Bxox
L{1cpoBoil BXOA-BBIXO]

[10: 6ubsuoTeKa IMHAMUUECKON KOMITOHOBKH, COIEPKUT BbIMTOJIHSIE-
MBIH KOJL (KaK TIpaBUJIo, OTeJbHbIe (PYHKIIMH ) U1t MUKPOTIpolieccopa
[1K, noarpy:kaembiii B O3Y 1o Mepe HEO6XOAUMOCTH, U KOTOPbIH MO-
KeT GbITh UCMOJIb30BAaH HECKOJILKUMHU 3a1a4aMH OJTHOBPEMEHHO

[IpsiMoii mocTyn K NaMsiTH, B 06X0/J1 iipa CUCTEMBbL: HAllpUMep, 3aMucCh
B O3Y I'1K 6e3 oTpbiBaHusi €ro LIeHTPaJIbHOTO NMPOLleccopa Ha BhIMOJI-
HeHHe TOH orlepallu

HuddeperunanbHas HeIMHERHOCTD
LlucpoBoit Bexox

[IT13Y; snekTpuuecku cTUpaemasi MporpaMmmupyemast namsitb, J10-
CTYMHAsl TOJBbKO Ha UTE€HHE: MOXKeT OblTb CTEpPTO (LEeJMKOM MJH OT-
JIeJIbHBIMU slyefiKaMH ) ¥ NieperporpaMMHpOBAHO CleLHalbHbIM Mexa-
HHU3MOM 34eKmpu4ecKoeo 10CTyIa, ocJjie Uero HeroJb3oBaThes s
UTEHH$ 3aNTUCAaHHOH HH(OPMALIUH

HB-16
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ITPOAOJIXKEHHE CITHCKA

FIFO, First-In First-Out

FS, Full Scale

GND, Ground

INL

10, 1/0, Input-Output

IRQ, INT

Multitasking

LSB, Least Significant Bit
MSB, Most Significant Bit
NC, Not Connected

Notebook

Oversampling

PC
PnP, P&P, Plug and Play

Bydep O3V, ¢ KoTopbiM pabGoTalOT Mo MpaBUJy: TO, UTO 3alIMCAHO B
3TOT Oydep nepBbiM, MEPBLIM U BbIAeTCsl MPUeMHUKY JaHHbIX. FIFO
yacTo UCnodibaytoT B [1O mjisi BpeMeHHOTo XpaHeHHsl U HAKOTJIeHHs]
BXOJISIIIMX WM YXOJSIIMX JaHHbBIX, MTOKYyJa OHU He Gy/IyT 3amnpolieHbl
win Beiianbl. Hanpumep, FIFO nuaThl MoxkeT HakananBaTh JaHHbIE
ot ALLIT B TeueHun onpenesieHHOro BpEMEHH, a 3aTeM 110 3arpocy OT
[TK BbI1aTh UX cpady LebiM 6J10KOM. 3a BpeMst OTKauKH HAKOTIJIEHHOH
MOPLMH JaHHBIX HOBbIE IaHHbIE MPOJOJ/XKAIOT HAKANIMBATBLCS (110 APYy-
romy ajpecy) ¢ TeM e teMnoM. OTKauka J0J2KHa MPOXOIUTb ObICT-
pee, yeM HakormJeHue. JlaHHBII MeXaHU3M MO3BOJISIET COKPATHUTh Ha-
KJajiHble BPeMeHHBIe PacXo/bl (MOTyT 6bITh KpuTHuecKuMHU A1t OC)
Ha UTeHHe JaHHbIX Osaroaapsi 6JI0UHbBIM Mepechlikam, ynpouiaet 110
BEPXHEro ypoBHs (He HY:KHO MOCTOSIHHO UHMTATb KaK/bli OTCUET Ha
CKOPOCTH, ONpe/e/IsieMOl 4aCTOTOH IMCKPETH3ALIMH - 10CTAaTOUYHO Me-
pHOHUECKH GBICTPO CUUTATh MACCHB OTCUETOB), HO XapaKTepH3yeTcs
BpeMeHeM 3amnas/bIBaHus! JaHHBIX

[Tosinast wikasa (npeoGpasoBaTtelisi)
Semuist, 06bIUHO - 3eMJist LiMhpoBast
MHTerpaibHast HETMHEHHOCTD

BBoja-BbiBOJ: nepenaua naHubix ‘B’ wiu 'u3’ [1K, B/ouatouias B ce-
651 KaHaJIbl CBA3H, YCTPOKCTBA OOLLEHUS C OTepaTopOM, H/HJH HHTep-
thefickl c60pa JaHHBIX H YIpaBJIeHHs

[1pepbiBanue 1 ero BeKTOp (ajpec nepexoja Ha NoAnporpaMmmy ob6pa-
60TkH npepbiBanus B [10)

MyJ/ibTH3a1auHOCTb - OCHOBOMoJaraoas Kouuenuus Jjio6oi OC.
[Ipencrasiisier co6oil peanu3alio BO3MOXKHOCTH KBAa3HOJHOBPEMEH-
HOTO (KaK MpaBWJIO) BBLIMOJHEHHs] HECKOJILKUX COBEpIIEHHO pa3Ho-
POJIHBIX W HE3ABUCHMbBIX POrPAMMHBIX MOJIyJI€ll Ha OJIHOM sijipe - Ha-
npumMep, B Mukpornpoueccope [1TK

Camblii Maaawui (1BonuHslit) paspsia; M3P
Cawmblit crapiuuit paspsiz

O wThipbKe HAa pazbeMe WM CUTHaJe - OYKBaJIbHO: 'HUKY/a He MO~
coenunen’

Hoyt6yk - nepenocumbiii I1K, moxkeT pa6oTtaTh aBTOHOMHO OT BHeLl -
HHX HCTOYHHKOB 3JIEKTPHUECKOTO MMUTAHUS, HCIIOJb3YET aKKYMYJISITO-

pbl

BriGopka ¢ 3amacom Mo uyacToTe MMCKPETH3alliM, T.e. Ha 4YacToTe
GoJibliieit, yem yactora HaiikBucra

[TepcoHanbHbIil KOMIbIOTEP

Yerpoiictsa, nojkitouaembie K [TK, kotopbie He TpeGyrOT JpKaMIepoB
WM NiepekJouatesieil 1151 KOHPUTypalul CBOMX amnnapartHbiX pecyp-
COB, YaCTO 3TH pecypchl pacnpenenstores camoil OC (Hanpumep, s
wmnbl PCI, USB)

NPOAOJI?KCHHE Ha C/IEZZYIOllleﬁ CTpaHHLIE...
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104

CioBapb TEpMUHOB

IIPOAOJIXKEHHE CITHCKA

ppm, parts per million
RAM

RC

ROM, Read Only Memory
rms, roote mean square

RS, RS-232/485

SNR, signal-to-noise ratio

Thread

TTL

UART, Universal Asynchronous
Reciever-Transmitter

Ve, collector common voltage
VDC
WinHelp

0JiHa MUJJIMOHHAST 4acTh 4.-J1., 1le ™6

o3y

Llenb U3 cOMpoOTHBJIEHHH U KOHIEHCATOPOB
[TamMsITh TOJILKO Ha UTeHHE

CK3

[pynna cranaapToB B OCHOBHOM (PU3MUECKOT0 YPOBHS MPOTOKOJIA Te-
pejlauu noc/ie/IoBaTebHbIX JaHHbIX

OrtHoulenne curhan-mym. OtHouenue CK3 curnana k CK3 uryma
(WM OTHOLIEHHE MOLIHOCTEN), BblpaxkeHHoe B aeunbenax. OOblUHO
3aBUCHT OT MOJIOChI YaCTOT

B I1O - otnesnbHast 3aaaua, MOTOK: (hparMeHT Kojia MPUII0KeHHs], KO-
TOPbIN MOYKET BBIMOHATHCS ABTOHOMHO W HE3aBHCHMO OT JIPYruX 3aj1au
B paMKax K.-JI. mpoliecca, process (npouecc codnaercst OC npu 3a-
MycKe K.-JI. IPOrpaMMbl Ha BbIMOJIHEHHE)

TpaHsucTop-TpaH3UCTOpHAs JIOTHKA

ACHHXPOHHBII TIPUEMO-TIEpEIATUHK MOCEI0BATENbHBIX TaHHbIX. [le-
penaua JAaHHbBIX B IAHHYIO CTOPOHY BEAETCS MO OJHOMY CHTHAJbHOMY
nposoay; B UC UART 06biuHO MeeTcsi HECKOJIBKO IOTOJHUTEbHBIX
MHTEPDENCHDBIX JIMHUH, CIyXKalMX /151 CO3AaHUs THOKOTO MPOTOKOJIA
oOMeHa JaHHBIMH MEXK/1y IBYMs1 aGOHEHTaMH

HanmeeHHe HCTOYHHKA MMUTAHUA
HanpﬂmeHne MOCTOSAHHOI'O TOKa

Texuouiorusi U nporpamma Koprnopatu MicroSoft st npocmorpa 6u-
HapHbIX (aiioB nomoly noj ynpasjaennem OC MS-Windows

HB-16
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