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B HeckonmpkuX ClOBaX TPYAHO OINUCaTh, 4YeM OJWUH MpUOOp
OTJIMYAETCd OT JpPYroro, BBIIOJHSIIONIETO AaHAJOTMYHbIE (DYHKIUH.
[TosTOMy H3roTOBUTENM OOBIYHO COOOIIAIOT KpaTKUE TEXHUYECKUE
XapaKTepUCTUKU U TO, YTO OHHU BBIMTYCKAIOT YHHKAIbHOE 000pYyIOBaHHE,
HO C ONTUMAaIbHBIM OTHOILIEHHEM IleHa-kKauecTBO. Mim drto-nmubo

HO,Z[OGHOQ. Camsle HUHTCPECHBIC CBCACHUSA IIPHU 3TOM OCTAIOTCA 3a KaApOM.

311ech TOBOPUTCA O TOM, KaKH€ UJIEH 3aJI05KEHBI B TIPUOOPBI Cepuu
MVIJIBTUTECT, n1s KOro oHU BBITYCKAIOTCSI U TIOUEMY ClI€JIaHbl HMEHHO
Tak, a He MHade. VIHBIMM CJIOBaMH, PACKPBITO COJEP)KaHUE HEKOTOPBIX

MPHUBBIYHBIX PCKIIAMHBIX IITAMIIOB.

CoBpeMeHHBIE 3JIEKTPOHHBIE AaHATUTHYECKHEe MPHOOPHI

[Tpubopsl mpenHa3zHaueHBl JUIS TMPOBEICHUS XUMHYECKOTO
aHaJIM3a Pa3IMYHBIMU JIEKTPOXUMHYECKUMH MeToaaMu. CIIMCOK METO/I0B
U METOIMK, KOTOpBIC IMOJICPKHUBAIOTCA MPHUOOpAMHU CEpUH, TOCTOSHHO
pacumpsieTcs.

CoBpeMeHHbIE -  TpeAmnosiiaraeT  NPUMEHEHHE  HEIaBHO
pa3paboOTaHHBIX AIEKTPOHHBIX KOMIIOHEHTOB, TaM, IJe 3TO HE0O0XOAUMO.
Hanpumep, B mnpubopax HCHOJB3YIOTCS MHUKPOKOHTPOJUIEPHI, (HIiIdI-
namsTh, OMNEPAI[MOHHBIC YCUJIUTEIHM W JPYTUe 3JIEMEHTHI, KOTOpbIE
MOSIBUJIMCh B TIOCJIEAHEE BpeMsl M JAIOT BBIMTPBIII IO KaKUM-JIHOO

napameTpam.

MuxkpokonTtposiepsl  (MEKpoOBM) - 3T0 camble TJaBHBIE M CIOXKHBIC
JJIEMEHTHI JJIEKTPOHHOW cXeMbl. OHHU BBINOJHSAIOT 3aJOKEHHYIO B IIPHOOD
mporpaMMmy. B kauecTBe IIaBHOrO MUKPOKOHTPOIIEpA, ISl B3aUMOIECHCTBUS C
OIlepaTopoM, Mepelauyd JaHHBIX U T.I. MPUMEHSIOTCS MUKpoOBM cepun MKS1.
OTo ynmadHas M Xopoumio ceOsi 3apeKOMEHIOBaBIIasi CepHs, IMOJIEp)KUBaeMas |
YCIIEIIHO ~ pa3BHBaeMas  NpOW3BOAMTENsIMH.  Pasymeercs, B  mpuOOpbI
YCTaHABIIMBAIOTCS  COBPEMEHHBIE MHKPOCXEMBI CEpUH, C HEOOXOIUMBIM
OBICTPOJCHCTBHEM M 00BEMOM TTaMSITH.



Jlpyroii THO KOHTPOJJIEPOB HEOOXOAWM TaM, T[e
- Tpebyercsi HEeMEJICHHas! peaknysi Ha BXOAHOW curHai. J{is
' 9TOro  mpuMeHstoTcs  OvicTponeiicTByromue  RISC-
MUKpOKOHTpoiiepel cepun AVR. Bpems orknuka Ha
BXOJHOE BO3JEUCTBUE B HUX HUCUHUCIIACTCSI HAHOCEKYHIaMU.

@meuI-naMaTe - 3TO NMaMATh, KOTOpas CHOCOOHA JOJITOe BPEMsSl XpaHUTh
3amicaHHyl0  uH(popmammio ©0e3  BHEIMIHEro  3JIEKTPUYECKOro  IHTAaHUS.
BonpmmHCcTBO IIPOU3BOAUTENEN TaKHUX MHUKPOCXEM YCTaHABIIUBAET
rapaHTHpPOBaHHBIH Cpok XpaHeHuss wuHpopmamuu 100 g;er. Ilpm >ToM
HEO/IHOKPATHO, B JIF000H MOMEHT, MOXKHO €€ N3MEHNTh. B Takoi maMsaTi nprOOopEI
COXPAHSIOT BCEBO3MOXHBIE HACTPOWKH, TPajyHpPOBOUHBIE XAPAKTEPUCTUKU
JNEKTPOAHBIX CHUCTEM H IIp.

MuKpocxeMbl  (QIAII-TIAMSTH TIO3BOJISIIOT OTKa3aTbCsl OT
pe3epBHOro nurtaHus B npubopax. Hampumep, oT JIUTHEBBIX
9JIEMEHTOB, KOTOPBIE TPEOYIOT IIEPUOANIECKON 3aMEHBI.

OnepainyoHHbIE YCUIIUTENH - 9TO AaHAJIOTOBbIE MUKPOCXeMbI. OT HUX B NEPBYIO
odyepelnb 3aBUCAT METPOJIOTHMYECKHE TIapaMeTpsl mpubopoB. Hampumep, Bo
BXO/HBIX ycHIHTENsX pH-METpoB/MOHOMEPOB IPUMEHEHBI MHKPOCXEMBI CO
CBEpPXBBICOKMM BXOJHBIM CONPOTHBJIEHHEM. B apyrux ysmax HeoOXoauMo Majoe
coOcTBeHHOE cMeleHne. Be3ge akTyaneH Maiblii TeMIeparypHbIH npeid, or
KOTOpOT'O 3aBUCUT YCTOHYMBOCTH PHOOPA K KOJIEOAHUSM TEMIIEPaTypHI.



JlabopaTopHoe HCIIOJIHEHHE

Ilpeonasnauensvt 0na ycmanoeKu Ha 1a60pamopHblil CHoJl

["aGaputHbIC pa3Mepsl

» npubopos cepunt (230 x 220 x 50 mm) u

' ux Gopma npenHazHau€Hbl IMEHHO IS
3TOTO.

Bce pa3bemMsl pacrosioxKeHsl Ha

3amHell W TpaBoi OOKOBOUW IMaHENH.

BHu3zy ecTp  pe3MHOBBIE  HOXKKH,

MPEMSATCTBYIOLINE CKOJIBKEHUIO.
Bepxuss 4acTb KopIyca
repMeTH3UpPOBAHA.

Bri0op KOMITOHOBKH ITO3BOJISICT HE SKOHOMHUTH MECTO 32 CUET pPa3hbeMOB U
kimaBuml. [103TOMy 4YacTh MoJEnei BBITYCKAeTCS ¢ HECKOMBKUMH (DU3MICCKUMU
BXOAHbIMM KaHajamH. OTIeNbHbIE pPa3beMbl YCTAHABIMBAIOTCA JUISL JaTYMKa
TEMIIEPATYpbl U CBA3M C KOMIbIOTEpOM. Ha KiaBuaTypy HaHECEHBI HaIIHUCH,
COOTBETCTBYIONME Ha3HAUeHUIO: "Bexon", "Beox", "Copoc", mudps! u T.1.

Xors mpuboper cepum MYJIBTUTECT wumeror HEOONBIIHE pPa3MEpPHI,
MIPUMEPHO KaK CPEIHHUX Pa3MepOB KHHUTa, 00bEM KOpITyca BIOIHE JOCTATOUCH IS
pa3MelleHus] BCe SJIEKTPOHMKH. 3ajaya MHUHHUATIOPU3AaLUMU B OTOM cllydae He
craBuiach. [10CKONIbKY, €Cy CTaBsATCS KaKHe-TO JONOJHUTENbHBIE OIPAaHUYEHUS,
HalpUMEp Ha 3aHUMAacMBIii 00BEM, BCEr/ia TPHUXOIWTCS YEM-TO >KEPTBOBATB,
HaIpUMEP TOYHOCTHIO. J{71s1 mabopaTOpHBIX PUOOPOB ATO HEPA3YMHO.

Tem Oonee He cTaBWiach 3afada CAENATH MPHOOPHI MIPOMEKYTOYHOIO Kiracca
MEX]Ty TOPTaTUBHBIMU (KapMaHHBIMHU) W Ta00PaTOPHBIMHU.



BeimyckatoTes mopraTuBHBIE TIPHOOPHI €O =

BCTPOCHHBIMU JaTYMKaMH, HO 3TO COBCEM

Ipyroe oOOpydOBaHUE II0 IapaMerpaM, IO -
00J1aCTH IPUMEHEHUS U 110 CTOUMOCTH. P

IIpn momomm Takux mPUOOPOB OOBIYHO TPOBOASAT TOJBKO OLEHOYHBIE
WU3MEPEHNUs U ONPEIEISIIoT MecTa 0Toopa npod. Takne nmpudOpsl MOKHO HOCHTH B
HarpyIHOM KapMaHe, KaK IIapUKOBYIO PYUKY.

IIpomekyTOuHBIN K€ KIacC HE MMEET MPAKTHUECKOrO CMBICIA. 3a4eM HYKEH
pudop, KOTOPBIH MOXKHO JIep)KaTh B PyKe BO BpeMsl U3MEPEHHH, €CIIM OH BCe
PaBHO BCErAa JIEKUT HA CTOJIE, OKOJIO IITATHBA C AIEKTpOoJaMu?

DOKOHOMHTH 3aHHMaeMoe IPHOOPOM MeECTO Ha JIaOOpaTOPHOM CTOJIE TOXE
OECCMBICIIEHHO, TaK Kak IIpodee OOOpYHOBaHME BCE PABHO MECTO 3aHHUMAeT.
Kanpkynsaropsl B yacax ¥ aBTOpYYKax JOBOJBHO OBICTPO BBIILIA U3 MOJBI, KOTA
BBISICHHJIOCH, YTO 3TO HE CTOJIBKO yJUBUTEIILHO, CKOJIBKO YIUBUTEIHFHO HEYJOOHO.

Iumarnue om cemu

[Tpu6opsr MYJIBTUTECT npennazHadyensl aiasi pabOThl OT CETH
220 B, 50 I'. Bnpouem, BO3MOXHBIN AUana3oH HANpPSKEHUS U YacTOTHI, B
KOTOPOM  COXPAHSIFOTCSI  pabOTOCIOCOOHOCTP M METPOJIOTHYECKHE
XapaKTEePUCTUKH, TOCTATOYHO IMHMPOK. B mpubopax ycraHoBiieH (GuUibTp,
3aIIMINAIOMMA OT ceTeBbIX mNomeXx. lMeercss BapucTopHasl 3amura OT
CKAYKOB HAMNpsDKCHUs W TUTaBKas BCTAaBKa, OTPAHMYMBAIONIAS TOK.
HanpspkeHne THTaHUS KOMMYTHUPYETCS OOBIYHBIM  JIBYXITO3UIIMOHHBIM
MEPEKIII0YaTENIeM, TO €CTh BBIKIIOYCHHBIN MPUOOP HE MPOCTO HAXOAWUTCS B
CISIIIEM PEeXUME, a pealbHO OTKIo4YeH OT ceTH. CereBoit TpaHchopmarop
3aluIaeT cxemy OT mpobos Hampsbkerwem 10 3500 B. CnernmanbHas
MHKpPOCXEMa, TaK Ha3bIBAEMBIH CYNEPBU30P, MOCTOSIHHO KOHTPOJHPYET
HampsDKeHWe BTOPUYHOTO MHTAaHUA TpuOopa M, MPH HEOOXOIUMOCTH,

MOJIACT CUTHAI 00 OKOHYAHUHU PabOTHI TTITABHOMY MHUKPOKOHTPOJLIEPY.

OTka3 OT BCTPOEHHBIX  JIEMEHTOB IMHTaHHA JAe€T  3HAUYHUTEIbHBIE
IIPEUMYIIECTBA.
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[MuTaHne OT BCTPOCHHBIX JJIEMEHTOB AaKTYaJBHO TONBKO IS YHOMSHYTBIX
paHee MaJorabapuTHEIX MTEPEHOCHBIX MprOopoB. Eciin B mabopaTopuu OTKITIOYAIOT
AJNIEKTPUYECTBO, TO MpHOOp, momyctum, paborath Oymer. Ho ©Oe3 Memrankw,
OCBEIICHUS WM BBITSHKHOTO IIKada 000MTHUCH B HEKOTOPBIX CIIyYasX TPYIHO.

Ecmu tpebyercs paboraTh B 1a00paTOpuyl IPH OTKIFOUCHHOM AJIEKTPHUICCTBE,
CleyeT TPUOOPECTH OTACIBHBIA HCTOUYHHK OecrepeOoitHoro mwuraHus. Jns
paboTEl B TMONEBBIX YCIOBUSX OT aKKYMYISATOPOB, OT OOpTOBOH ceTH W T.II.
BBIMTYCKAIOTCS CIICIUAIBHBIC KOHBEPTOPHL. TO M Ipyroe CTOUT HE OYCHb JOPOTo H
MOXKET WCIOJB30BATHCA TaM, rae HeoOxomumo. OT OTHOTO TaKOro HCTOYHHKA
MOKET paboTaTh menas JadbopaToprs. ITO TOpa3Io pasyMHEe, 1a B IICIOM JICIICBIIC
Y HaJIS)KHEE, YeM BCTPAUBaTh WX IOMOOMS B KaXKIBIH BBHITYCKACMBII MPHOOP.

_ + Otka3 oT Oatapeld 0OCBOOOXKIACT 3HAUUTETFHOE MECTO BHYTPH
—I I I I II— KOpITyca, CBOJWT K HYIIIO BEPOSTHOCTh BBIXO/A MPHOOPa U3 CTPOS

\ BCJIC/ICTBAC HEMPABWIBHON YCTAaHOBKH WM pPa3repMeTH3aIud

AJIEMEHTOB, YIIPOIIAEeT CXeMy OJOKa THTaHWS W ITO3BOJISET HE
- SKOHOMHTH TIOTPEOIIIEMYIO MOIITHOCTD.

CrieranbHBIX MEp IO YMCHBIICHHIO YHEPTONOTPEONICHUS IpH pa3padoTKe
pUOOPOB HE MIPUHUMAIIOCH, TOAOOP IIEMEHTHON 0a3bl MPOBOIUIICS IO KPUTCPHIM
TOYHOCTH W HAJCKHOCTH. TeM He MEHee, MoTpediisieMas MOIIHOCTh HEBEIHKA W
cocraBiisieT MeHee 3 B+ A.

Oro B 20 pa3 MeHbIIE, 4e€M Yy CaMOH CKPOMHOHI
HACTONBHOW Jyammbl.  [IpuueM, NOpUMEpHO MOJIOBHHA
MOTPEOIIEMON MOITHOCTH TPATHUTCS Kak pa3 Ha MOJCBETKY
HMHUKATOpA.

Ecnu cymectByronmii npubop NepeBecTy Ha MUTAHHE OT Garapeil, OH MOTr Obl
paborath aBTOHOMHO 4Yaca TPU. 3a CYET OTKa3a OT MOACBETKH WHAUKATOpa M
CHIDKCHUSI METPOJIOTMYECKUX IapaMeTpOB, IMPUMEHUB JPyrHe OJIJIEMEHTHI B
JJIEKTPOHHOM CXeMe, 3TO BpeMsi MOKHO yBenuuuth. Ho 3auem? [Ipobiemy 310 He
pelur.

Ecnu nmenath mpu0Oop, OpUEHTHPOBAHHBIA HA JIONTOBPEMEHHYIO aBTOHOMHYIO
paboTy, ero cieayer HaelaTh HM3HAYAIBHO HE TaK. 3a CUET BCEr0 OCTAIBHOIO
ClielyeT MUHMMHU3UPOBATh dHepromnorpedieHue. OO0 aBTOHOMHON paboTe MOXKHO
TOBOPHTh, €CJIH OOECIEUUTh BPEMsi HENPEpPBHIBHON paboThl x0T Obl 50 4acos.
Taxoit mpubop crenath, 6€3yCIOBHO, MOXKHO, HO 3TO OYZIET yKe He J1abopaTOpHBIi
puoop.

Ecnu ke 0ObeIUHUTH TPeOOBAHMS JIOJTOBPEMEHHOM
ABTOHOMHOW PabOThI, BHICOKOH TOYHOCTH, U MPHEMIIEMOM
CTOMMOCTH, OpUOOpP B HTOre OYIET CKOpee BO3UMBIHA,
HEXEJTH [ePEHOCHBIH.




DYHKYUOHATIbHBIE  BO3MONCHOCIMU U MEmpPONocudecKue
XapaKkmepucmuKy OnNMuMaibHyl ONA NPUMEHEHUs 6 1adopamopuu

[TpuGopsl HMEIOT HEOOXOOUMYIO Ui pPabOTBl TOYHOCTH U
IMana3oH u3Mepenus. Hanmpumep, MeTposiornueckue xapakTepuctuku pH-
MeTrpos/moHomepoB MYJIbTUTECT UIIJI no3BossitoT paboTaTh CO BCEeMU
ANIEKTPOJAHBIMH ~ CHUCTEMaMH. BO3MOXHOCTh  3aJaHUsl  [apaMeTpoB
M30TIOTEHIIMAJIbHOM ~ TOYKM  3JEKTpoJa  TO3BOJIIET  HACTPOMTH
aBTOMATHUYECKYI0 TEpPMOKOMIIEHcAlMio # T.J. llpubopbl coderaroT
rHOKOCTh  HACTPOMKH, BO3MOXKHOCTH pabOTBl €  Pa3HOOOpPa3HBIMH
JaTYMKaMU B IIMPOKOM JMANa3oHE KOHIIEHTPALMH C BO3MOKHOCTBIO
NPOBOJUTH CEpPUHHBIC aHAIM3bl [0 3apaHee BHECEHHOW B TMaMATh

METOOUKCE.

HaGop Bo3MOXxHOCTEH B LIETIOM XapaKTepeH Il COBPEMEHHOTr0 JIAb0paToOpHOro
obopynoBanust. Hanpumep, Bce npubops! HMeIoT cBsizb ¢ OBM (koMmbroTepom) 1mo
unrepdeiicy RS-232C.

Jo 20 pasanunpx npubopos MYABTHUTECT

9BM RS-232C | | | |

T pH | [yaIl | O2 t

[Tpubops! OCHaIIEHbI 3HAKOCHHTE3UPYIOUIMM HHAWKATOPOM, Ha KOTOPBIH
OJTHOBPEMEHHO BBIBOJSTCS PE3YJAbTAThl U3MEPEHUs, K IPUMEPY, KOHLIEHTPALUHA U
TemriepaTypsl. HbopMals opraHn3oBaHa B CHCTEMY MEHIO M 9KPaHBI PEKIMOB.

Xorss mno  (QYHKUMOHANBPHOMY  HAa3HAYCHUIO  NPUOOPHI  IMOJHOCTBHIO
COOTBETCTBYIOT J1a0OpPaTOPHOMY O00OpPYJOBaHMIO, B HUX HMMEIOTCSl PaCIIMpEHHbBIE
BO3MOXKHOCTH, NPHONMKAIOIIME WX K MpPOMBIINIIEHHOMY. Hampumep, cBsi3b C
KOMITBIOTEPOM ~ IIPOM3BOJUTCS IO ceTeBoMy mporokomy. [Ipuboper  6e3
JIOTIOJTHUTEIIFHOTO 000pYyA0BaHUS O0BEIMHSIIOTCS B CETh IIepeiau IaHHBIX.



HeKOTOpLIe MOACIN HUMCIOT HaC’I‘paI/IBaeMHﬁ

l—< AQHAJIOTOBBI  BBIXO[, MTO3BOJISIFOLIUIA MOJIKIIOYNTh
BTOPWYHBIA M3MEPUTENbHBIN MpHUOOp, camonucen U T.II., a

TaKXEC peneﬁHLIe BbIXObI UIA CUTHAJIU3AlWU TIPCACIIbHBIX

3HAYCHHMN I/IBMepHeMOﬁ BCJIIMYMWHBI 3aMbIKaAaHHMECM  HJIH
Pa3MbIKaHUEM KOHTAKTOB.

Bricokue MeTpoJIOTHYeCKHe XapAKTePHCTHKH

[TpuGopsl 0OecneunBalOT BBICOKYIO TOYHOCTh M CTaOMIIBHOCTD
[IOKA3aHUN B IIMPOKOM JMANA30HE U3MEPAEMBIX 3HAYCHWM IIPU MaJoi

YYBCTBUTCIIbHOCTHU K IIOMCXaM U HABOAKAM.

Oto - TIaBHas 3aja4a, KOTOpas Obula MOCTaBJIEHAa M pelleHa Npu pa3paboTke
npudopos cepun MYJIBTUTECT.

Bes xoHcTpykiusi mpuOOpoB, Kak ammaparHas 4acTb, TaK H
nporpaMma, OpHEHTHpOBaHa Ha  OOECleYeHHE  METPOJIOTHYECKUX
XapaKTePUCTHUK. st npuMepa paccMOTpuM 0COOCHHOCTH
pH-MeTpoB/noHOMEpOB.

B cepum Beimyckaercs [1Ba Tuna pH-MeTpoB/MOHOMEPOB:
OOBIYHON M TOBBIIIEHHOW TOYHOCTH. [IprOOpHI OOBIYHONW TOYHOCTH TIO
TEXHMUYECKUM  YyCIOBHsM uMmeroT mnorpemHocts  +0,02 en. pH(pX),

noBbIieHHOM ToyHocTH - 0,005 ex. pH(pX).

[puGops! OOBIYHOI TOYHOCTH UMEIOT XaPAKTEPUCTUKH PAIOBBIX COBPEMEHHBIX
npubopoB. [IprOOPHI MOBBIICHHON TOYHOCTH HO3BOJISIOT HONYYHTh OOJIee TOUHBIH
pe3ysbTat, eciu 3To Tpedyercs.

Cnyqap”lHasI COCTaBJIAOIIAA MOTrpCIMHOCTHU CBEACHA K MUHUMYMY.

IorpemHocTs U3MepeHHss BXOJHOIO CHIHAjla HMMEET JBE COCTAaBIJISIOIIUE -
CIy4aliHyl0 ¥ cucTeMaTuueckyr. CHcTeMaTndeckass COCTABIIAIONIAS BBI3BIBAET
norpemHocTs npu u3Mepenun JJIC, Ho He Bimser Ha m3Mepenue pH (pX) u
KOHIIEHTPALUH, TOCKOJIbKY COKPAIIAETCS IPU BBIYHUCICHUSIX.
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[MosToMy npu mpoBeeHNH U3MEPEHHH METOAOM IMPSMON IOTEHIMOMETPHH Ha
MOTPEIIHOCTh ~ pe3ylbTara  OCHOBHOE  BIMSIHUE  OKa3blBaeT  CiydaiHas
cocrasistronias. Ee Tunmynoe 3navenne i nprubopos cepun - meHee 0,05 MB.

KoHCTpyKIusi MOTEHIIMOMETPUYECKUX BXOJIOB 00ECIeUMBACT
CBEPXBBICOKOE BXOJHOE COMPOTUBIIEHUE.

[IpuMeHeHHe CIEHHUATBHBIX MHKPOCXEM YCHIIUTENEH BXOIHOTO CHIHAJIA,
BO3IYIIHBIA MOHTa)XX 3JEMCHTOB, HCIIONB30BaHHE PA3bEMOB C HEOOXOIMMBIMH
XapaKTePUCTUKAMH TO3BOJIIOT JIOCTHYb 3HAYCHUI COMPOTUBIICHUS MOpPSAKa
tepaoM (1 TOm =1 000 000 MOm).

100 MOm Uro0OBl TOKa3aTh, KaK BEIHKO 3TO 3HAYCHUE,
n n o
Nam >—E MOXKHO TIpuBeCTH Takoil (akt. [TocremnoBarenbHo ¢
"Ben" > M3MEPHUTEIEHBIM  3JIEKTPOAOM BHYTpH mpuOOpa
yCTaHOBJIEH pe3rctop HoMuHaIoM 100 MOm.

Opna u3 ero GyHKIMH - 3amUrTa BXOAHOTO KaHaja OT mpobos. JlomycTiM, Ha
BXOA TpuOOpa TOMaH KOPOTKHA HMITYJIbC, C aMIUIMTYJOH HaNpsDKEHUS
10 xunoBosibT. Takoe MOXKET OBITh, €CITH ONEPaTOP HOCUT CHHTETHYECKYIO OJSKY.
Tox uepe3 BXomHOH kaHas Tpu dToM  Oymer Bcero 100 MxA
(10 000 B/100 000 000 Om).

OIECHUTh BEIUYMHY BXOJHOTO COIMpPOTHBICHAS MOXHO 0€3 CIIeIHAIbHBIX
mpubopoB. HeoOxommMo momaTh Ha TOTCHIMOMETPUYECCKHN BXOI IOTCHIIMAI
okosio 1000 MB oT HOpMaJIbHOTO 3JIEMEHTa, UMHUTATOPa SJEKTPOAHON CHUCTEMBI
Wi snementa nutanus 1,2-1,4 B, u BebKAaTh ycTaHoBieHHE Noka3aHuil. Ilocne
4Yero OTCOCIAWHHTh WCTOYHWK OT BXOAa MpUOOpa, OCTaBUB  ITOCIICTHUMA
pa3oMkHyTbIM. Ilocie HayanpbHOrO MEPEXOJHOr0 MpOIEcca, BBI3BAHHOIO
pPa3MBIKaHHEM IICH, Ha BXOJE OCTAHETCS HEKOTOPHIA moTeHuanr. O003HaYNM ero
U.

DTOT MOTEHIMAJI, HAKOIUICHHBIA Ha €MKOCTH BXOAHOIO KaHaja, MOCTCICHHO
paspsbkaeTcss depe3 BXOMHOE CONPOTHUBICHHE. BBDKIEM HEKOTOpoe Bpems t,
morryctuM, 30 CEeKyHI, W CUMTaeM C WHAWKATOpPA BTOPOE 3HAYCHHUE, KOTOPOE
HazoBeM U,.

11



B mepBoM npuONIMKEHUN MOKHO ITOJIATaTh, YTO
2 U,t
6x ’
|U2 - U1|Cex

rne Cy - eMKocTh BXxona, paBHast 1 HD. B popmyny cnenyer moacraButs Cyy =
1,0 107 @, BpeMs B CEKyH/aX, MOTCHIMAN B IJIFOOBIX CIWHHUIAX, Hampumep MB,
3HAUYEHUE COMPOTUBJICHHUS MOIYUUTCA B €IUHUIIAX OM.

Ecnu 3HaueHue cONpOTUBIEHUS CYIIECTBEHHO HWXKE MPUBOAUMBIX BEJIWYUH,
CJelyeT OUUCTUTh Pa3beM COOTBETCTBYIOIIErO KaHalla OT 3arpsi3HEHMSL.

®
Ora (bopMyna MOXKCET UCIIOJIb30BATHCA AJId OLCHKU BXOAHOI'O COIIPOTUBJICHUSA
JIFOOBIX HOHOMCEPOB, €CJIN U3BECTHO 3HAYCHUC BCININHbBI Csx'

Bricokoe BXOIHOE CONMPOTHUBICHHE HOHOMEpA  TO3BOJSET
pabotaTh ¢ mIOOBIMH d3IeKTpodamu. KpoMe 53TOro, OHO BaXKHO IS

oOecrieyeHns: HU3KOH MOTrPenHOCTH.

JlomonHuTeNnbHas MOTPENIHOCTh OT M3MEHEHUs] CONPOTHBIECHUS B LENU
N3MEPUTEIEHOTO JJIEKTPOAA JODKHA OBITH CpaBHUMA C OCHOBHOM MOTPEUTHOCTBIO.
Ecnn nHeoOxommmo, 4ToOBI TpH W3MeHeHHMH conporuBieHnss Ha 500 MOwm
N3MEpEeHHOEe 3HaYeHHE M3MeHsuIoch He Oornee yeM Ha 0,5 MB mpu 3nauennn J/1C
1000 MB, BxomHOE compoTuBIeHHE TOMKHO ObITh He MeHee 1000 I'Om mwmm 1 TOm
(t.e. 500 MOwm - 1000 MB/0,5 mMB).

[Tpubop ¢ TakMMU XapaKTEPUCTHKAMU MOXET OBITH HCIOJIB30BAaH C JIIOOBIM
TUIIOM 3JIEKTPOJIOB, ITOCKOJIBKY COOCTBEHHOE CONPOTHBIICHHE DJIEKTPOJA B 3TOM
ClIy4ae 3HauYCHUs HE UMEET.

Binsaue Temneparypsl Ha pe3yJIbTaTbl U3MEPEHUN MaJIO.

Jis obecriedeHus 3TOrO MCIIONB30BAHbI 3JIEMEHTHl C MAJIOW 3aBUCHMOCTBIO
XapaKTEepUCTHK OT Temmeparyppl. OmHUM U3 TaKUX DJJIEMEHTOB SBISETCA
BHYTPEHHUI HCTOYHHK OIOPHOT O HANPSDKEHUS pHOopa.

" Dopmyna ons pacuema 6xo0H020 CONPOMUGTEHIS. HA CAMOM Oele 20pazd0 ClOJCHEe.
Ha npaxmuke, Ona oyenku Kauecmea 6X0OHO20 KACKAOd, KAK HPABUNO, UBMEPSIOM BeluduHy
6X00H020 MOKA, KOMOPAsi COCMAGISem NOOAGIAIOWYIO YACTb NOSPEUWHOCIU U C1abO0 3a8UcUm om
abconiomno2o 3Hauenus 6Xo0Ho2o Hanpsaicenus. Eco mooicno onpedenums no gpopmyne:

-t

4
12



Amnanoro-udpoBoii  mpeodpazoparens (ALIl) mnpubopa mepuoanvecKu
n3MepsieT  ONOPHOE HANpsHKEHHE M ABTOMATHUECKH KOPPEKTUPYET CBOM
rapaMmeTpel. JTO TO3BOSIET YMEHBIINTH BIUSHHE H3MEHEHUSI XapaKTEPHCTHK
aneMeHToB AIlIl Ha pe3ynbTaT U3MepeHus.

T Jnst  ycTpaHeHWsS BIUSHHS —TEMIIEPATyphl Ha

E _— pe3yNIbTaThI HNOHOMETPUIECKUX aHaJIN30B

MIPUMEHSETCSl TAKXKE aBTOMAaTHYECKas TeMIlepaTypHas

KOMIICHCAIMS, yYMTHIBAIOMAasi M3MEHEHHE KPYTH3HBI

: IEKTPOAHOH  (DYHKIMM B 3aBHCUMOCTH  OT

pX,.! p)& TEMIIEpaTyphl B COOTBETCTBHH C ypaBHeHHeM HepHcra.
L]

IlapaMeTppl ~ M30NOTEHLMAIBHOM  TOYKH  BBOISITCA  IOJIB30BATENIEM.
Temmepatypa MoXeT OBITh M3MEpEHa NaTYMKOM HWIIM, €CIHM JAaTYUK OTCOEIUHEH,
BBEZICHA BPYYHYIO C KJIaBHATypbl. TemrepaTypHas KOMIIEHCAIMS B JIF000H MOMEHT
MOXeET OBITh BKJIIOUEHA WJIN BBIKITIOYCHA.

[upokuii muana3oH W3MEPEHUNH BaXKEH [UIsI OO0ECIICUCHHUS

BO3MOXHOCTH paGOTBI C TH00BIMH QJICKTPOAHBIMU CUCTCMAMMH.

OJIC cymecTByOIUX 3NEKTPOAHBIX CHCTEM YKIAABIBAETCS B JAUANA30H
+3000 mB. Ilostomy BBIOOp MMEHHO Takoro auamnasoHa uamepenust DJC s
HOHOMEpOB He ciydaeH. Eciam 3Hadenwe Oyner MeHbIIe, npuOOp HE CMOXKET
paboTaTh O BceMHU CYIIECTBYIOIUMH THUITAaMH 3JIeKTpooB. bonbinas BennunHa He
UMeeT 0co00Tr0 CMBICIA, T.K. TAKUX 3JIEKTPOJIOB MONPOCTY HET.

Jlnama3oH u3MepsieMbIX 0e3 3HaUNTENbHON NmoTepu TogyHocTH 3Hayenui D/C B
npubopax cocrasinsier okoiao =*=5000 MB. B macnoprax ykazaHO 3HaueHHE
+3000 mB. Bonbmee 3HaueHne mapamerpa He OBUIO BBEIECHO B TEXHUYECKHE
YCIIOBHS, HOCKOJIBKY OHO HE UMEET IPAKTUUECKOr0 CMBICHA.

BxonHoe compoTuBIeHHE HE MeEIIaeT UMETh BBICOKYIO CKOPOCTb
oTKJIMKa prudopoB Ha uzmenenue JJ(C.

HpI/I MIpOBCACHUN I/IBMepeHI/Iﬁ BXOAHOC COITPOTUBJICHUC an/I60pa
3aIIYHTUPOBAHO CPABHUTCIIBHO MaJIBIM COIPOTUBJICHUEM 3J'IeKTpO,HHOI>i CHUCTCMBI.

3HAUUTENbHBIN BKJIAJ B YMEHBIIEHHE MOIPEUIHOCTH U BPEMEHU
YCTAQHOBJICHUS TIOKa3aHUM BHOCUT IHM(poBas (GUIBTpAIMs BXOJHOTO

CHUI'Haja.
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[Tpubop wmMeer BCTPOEHHYIO HpOrpamMMy, KOTOpas SIBISIETCS ONEPalMOHHOM
cucTeMol, pabortalomeii B peaJbHOM BpeMeHH. B 3Tol cucteme ectb |
O6nbIMoTEeKa MaTeMaTHYECKUX (YHKIHH.

OO0paboTKa pe3ynbTaToB HM3MEPEHHH MOXET NPOBOJUTHCS 110 (opMysIaM
MIPAaKTHYECKH JII000H CIIOXKHOCTH 0€3 3aMETHBIX ITOTeph BPEMEHH 1 TOYHOCTH.

Bxoxnoit curnan oOpabaThIBaeTCsl aganTHBHBIM IH(POBBIM  (QHIBTPOM,
KOTOpBII ITO3BOJISIET OTCEYb ITOMEXH M HaBOAKW W BBLIEIUTH HCTHHHOE 3HAUCHHUE
CHTHaJA.

[Mapamerper ¢uabTpa BHIOpaHB ONTUMAIBHBIM 00pa3oM st paboThl C
JIEKTPOAHBIMU CUCTEMaMH.

[TpuGops! 06s1a1a10T BEICOKOI MOMEX0YCTOMYUBOCTHIO.

OmHuM W3 KPUTEPUEB BBIOOpa IMapaMeTpoB (mibTpa
OBLTO MMOJABJICHUE TIOMEX MPOMBIINUICHHOW JacToThl 50 I'm.
[Mockonbky pUOOPEI pabOTAIOT OT CETH, TO JaHHAS TIOMeXa
MOXXET HaBOIUTBHCS M C CETEBOrO IIHYpa, NPOXOMSILEro
MapaJuIeTbHO KabemsaM JaTIuKOB. [103TOMY 3TOT YaCTOTHBIN
JUama3oH QIIBTPYETCs ¢ 0COOCHHOM TIIATETBHOCTHIO.

HaBogxu oT mnepememeHus 3apsioB B IPOCTPAHCTBE, B YACTHOCTH, OT
MepeMeIleHHsT OrepaTopa, ToXe TpeOyloT (uibTpanny. VX 4acTOThI COCTaBISIOT
OT HECKOJIBKMX Tepl a0 poiei repua. Mcmombdyst mudpoBylO (QHUIBTPALMIO
CHTHaJa, yAaJI0Ch JOOUTHCS TOrO, YTO MPHUOOPHI HE PEearupyroT Ha IPUKOCHOBEHUS
orrepaTopa K KOpITyCy ¥ KaOeisiM BO BpeMsi H3MEPEHHH.

IIpocTbl B MCIIOJIb30BAHUM

B npubopax ecth HEOOXOAWMBIM MHHUMYM (GYHKUUH JUIS

oOecrieyeHuss yqoOHON pabOTHl M OTCYTCTBYIOT PEIKO MCIOJB3yeMble Ha

IMPAKTUKEC BO3SMOXXHOCTH.
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CoBpeMEeHHBIE 3JIEKTPOHHBIE KOMIIOHEHTHI MO3BOJSIIOT  CO3/1aTh IpHOOp
MIPAKTUYECKH HEOTPAHUYEHHON CIOXHOCTU. BypHOEe pa3BUTHE 3JIEKTPOHUKH
YCTpPaHWJIO CYIIECTBOBABIIME HEIABHO Oapbepbl, Takhe Kak OObEM IaMsTH,
OblcTponeiicTBHe, TabapuThl, »Hepromorpebienne u ap. IlpensrcrBuii K
YBEIMYCHUIO TIPOrpaMMBbl IPHOOpa, €CIIM OHA HAIWMCaHA M3HAYAIbHO INPABUIIBHO,
TaKXKe HeT.



210 [I03BOJISIET paspaboTdrkam YBJIEKATbCSI OTKPBIBAFOIITIMHICS
BO3MOXKHOCTSIMH, HW3JIWIIHE YCIOXHsA CBOM NpuOOps.. Kpome Toro, eme Tpu
(axTOpa ycyryOIsIoT 3TO MOJI0KEHHE.

[epBEIif, 3TO JKemaHUE pa3pabOTUMKA TEPCHECTH YacTh CBOCH paboThI Ha
nosp3oBareisl. ['opa3no mpolle BBECTU €UI€ OJHO MEHIO HACTPOMKH TOTO WIIH
MHOTO TapaMeTpa, 4eM Momo0paTh ero Tak, YTOOBI y ITOJh30BaTENel BOOOIINE HE
BO3HUKAJIO MBICJIH O €T0 CYLLIECTBOBAHUM.

Bropoii, Hambomee MOIIHBIA, 3TO pEKIAMHOC JaBIICHHE,
yOexmaroree moTpeduTenel, 4To TONBKO HOBBIC MOJIEIH Camble
C @@ JIy4lIKe, a camble JIy4IIHEe MOZENU ATO CaMble CJIOXHBIE U JOPOTHE.
Ecmu B TenedoHe HET BUIEOKAMEpHI W I[BETHOTO JWCIUICS, a CIIc
JIy4Ie IBYX, TO 3TO YXKe U He TenedOH BOBCE.

U Tpetwii, 5TO WILTIO3UU TOTpeOUTENEH, KOTOPBIE, O] BO3ACHCTBIEM PEKIaMbl
TOTOBHI TUIATHTH 32 HEHY)XHbIC UM (yHKIUH. Hy 9TO 3TO 3a TEnmeBU30p, TOBOPST
OHH, B HEM Bcero 99 kaHauoB M HET Tenerekcra. [1oaTomMy, 4TOOBI OCTaBaTHCS Ha
"coBpeMeHHOM" YpOBHE, IPOU3BOJUTEISM MPUXOANUTCS HACHIILATH CBOU M3JENHS U
MIPOrpaMMbl BCEBO3MOKHBIMHU HEHY>KHBIMU YKPAIICHUSIMHU.

IIpu paszpaboTke mpuOOpPOB OblIa MOCTaBJIE€HA LEIb - HUYETO
mumHero. Bee, 4To ynoBieTBOpsieT OOJBIIMHCTBO II0JIb30BaTENCH,
JOTIOJTHUTEIBHO HE HacTpauBaeTcsi. Bce BO3MOMKHOCTH, KOTOPBIE PEAKO
UCTIOJB3YIOTCS, B IpHOOp He BKIouatoTcs. Camoii TpyaHOH 3amadeit ObIIo
OCTAaHOBUTHCS Ha ONITUMAIILHOM YPOBHE.

Hanpumep, npu pa3zpaboTke mpuOOpoB ObUIO MPHHATO pEIICHHE
HE 3aHOCUTHh pe3yNbTaThl W3MEPEHUH B MaMATh JUIA IOCIEAYIOIIEro
MIPOCMOTpA WK Mepelaud B KOMITbIOTEP. DTy (QYHKIUIO HHAUE HAa3bIBAIOT

"37IEKTPOHHBIM OJOKHOTOM".

Bce cormamanmce, 94To eciu JaHHYI0 (QYHKIHIO BBOAWTH, TO JIENIATh 3TO HYXXHO
Kak cuexyer. YToObl HE NPHUXOAWIOCH TOBOPUTH Tak: "3aHECHTE pe3yJibTaT
N3MEPEHUI B AJIEKTPOHHBIA OJIOKHOT. 3amuiuuTe B JIAOOPATOPHBIA >KypHAI OaTy,
BpeMsi, MECTO O0TOOpa, HOMEp NHpOObI W HOMEpP COOTBETCTBYIOIICH 3ammcH B
JIEKTPOHHOM OJIOKHOTE, HO IIOJYYEHHBIH pe3ynbTaT HU B KOEM Cllydae He
3amuceiBaiiTe. B mocnenmyromeM, korna OJOKHOT NEPENOIHHUTCS, HEpPEHECUTe
JIaHHBIE B KOMITBIOTED (€ciH MmoyanuTest). Y ToJIbKO Torna MepenuIimTe pe3yabTaT
M3MEpPEeHnsI C SKpaHa KOMITbIOTEpa B JIaAOOPATOPHBINA XYpHall B COOTBETCTBUH C
paHee 3alMCaHHBIM B HETO HOMEPOM .
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Urobbl panHas QyHKOuS ObUla HE IPOCTO
CTPOKOHW B peKJiaMe, HE H3/eBaTeIbCTBOM HaJ
PHUCKHYBIIMMHU €€ ITOIPpo00BaTh MOIb30BATEISIMH, &
MorJjla MPUMEHSTBCS B peanbHOM paboTe, Hy>KHO
C/IeNIaTh MHOTOE.

Ecnn BBoauTh B TpHOOp mMamsATh pPE3yIbTAaTOB H3MEPEHHH, TO CIlexyeT
OJHOBPEMEHHO BBOJMTH YacChl PEAJbHOTO BPEMEHH, PE3EPBHOE INUTAHHE ITHUX
YacoB, ONTUMAJBHYIO CHUCTEMY DPa3MEIICHHUS, XPaHEHUs] W BBIIAYM COXPAaHEHHOH
nHdopmanun. B urore nomydaercs npuOop, KOTOPHI 3HAUYUTEIFHO CIOKHEE, YeM
npubop 6e3 oroit ¢yHkmuu. OH nOTpeOyeT HACTPOWKHM M IEPHOIMYECKOH
CHHXpDOHHM3AalMM YacoB, (QYHKIWI pabOTHl € MaMmsATbIO - BBIOOpa 3armced,
YIIOpSII0YEHNUS, TPOCMOTPA, YIAJICHUS U T. [I.

Cnenate Takoid mpuOOp He Tak y)X M MpoOIeMaTndHo, HO OISITH )K€ 3a4eM?
JlanHble B 11a0OpaTOpPHBIM XypHaJl BCE PAaBHO 3alHCHIBATh HY)KHO, IIOYEMY HE
JlenaTh 3TOro cpasy. A BOT KOrja HYKHO 3amnucarh TaOJHIly 3aBHCHMOCTH
pe3y/IbTaTOB M3MEPEHHsT OT BPEMEHH, 3TO IIPOIIE CAeNaTh NpPH IOMOIIN
KoMmItptoTepa. Ilpuuem sta Tabmuna OyaeT HEOrpaHWYEHHOW UTMHBL, B YJOOHOM
¢dopmate u 6e3 Kakux-Jmudo0 MpolIeM ¢ yHopsI0YeHUEM, ITPOCMOTPOM, TTEPEHOCOM
n mnpounM. Jla ©W HEMHOrMM TIONB30BaTEIsIM  HYXKHBI  JUHAMHYECKHE
XapaKTEPUCTUKH IEKTPOIHBIX CUCTEM WJIH APYTUX JATIYHKOB.

Cka3zaHHOE BBIIIE O 3HAYUTEILHOM YCIIOXKHEHUH MPUOOpa, OTHOCHUTCS TOJBKO K
BapMaHTy KayeCTBEHHOW peann3anuy JaHHOW ¢yHKiun. [lpyroii BapwanT -
c/ienaTh Kak Iomajo, yToObl ObIIO YTO HAIMCaTh B PEKJaMe, HE paccMaTpHBaJICH,
Kak HeIOCTOHHBIA. BBecTn B pHOOpPHI MaMsTh HAa COTHIO-APYTYIO HHYEM, KpOMeE
HOMepa, He TIOMEUCHHBIX PE3YJIbTAaTOB M Cedac MOXHO 3a HEJENIO, PECypcoB B
CEpHIHBIX MOJIEIISIX JUIS ATOrO 00JIee YeM JIOCTATOUHO.

Tem He MeHee, B mpuOOpHI BBEACH TaiiMep, KOTOPBIH MOMXHO

HCI0JIb30BATh KaK MPU IT'PAAYUPOBKE, TaK U IPU U3MEPEHUH.

Hcnonbs3oBaHue TaiiMepa He siBIIsieTCs 00s3aTeNbHBIM. Perenue o

3allUCH  PE3YJIbTATOB TPAaJyMpPOBKH B MaMITh MOXET OBITh HPUHSATO

OIEPAaTOPOM, JaKe €CJIM TaiMEpP HACTPOEH U BKIIFOUEH.

OTO NPUHLUIUAIBHBIA MOMEHT - MPUOOpP JODKEH o0ecreynBaTh

BO3MOJKHOCTh C YAOOCTBOM Ha HeM paboTaTh, HO HE JOJDKEH YKa3bIBAaTh

onepaTopy, Kak 3TO CIEAYET JeNIaTh.
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Tatimep B mnpubopax TpeOyeTcss Uit yCTpaHEHUS
CyOBEKTHBHOCTH TIpH BBHIOOpE MOMEHTAa OKOHYAHUS -
I'palynpOBKH WM 3allUCH PE3YJIbTaTOB M3MepeHus. [pyrum
TaKUM I1apaMEeTPOM MOJKET SIBJSITBCS BENMYMHA Jpeida
JIEKTPOAHOW CHUCTEeMBl (JUI  ONpPEAETICHHOCTH Oynem
roBoputh 0 pH-merpax/monomepax). Ilox apefidom
MOJPa3yMEBAETCsl NPOMU3BOAHAS - HM3MEHEHHE ITOKa3aHUi
pudopa 3a eANHHILY BPEMEHH.

[TponoImKUTENTFHOCTD OTHOTO OIPEAEIEHH OOBIYHO MPUBOANTCS B METOANKAX,
a JOIyCTHUMBIA Jpeid Her. 3HaumT, caM BBIOOp mopora Jpeida yxke BHOCHT
HEKOTOPYIO CyObEKTHBHOCTb.

B kaxmom npuOope NPOBOAWTCS H3MEPEHHE BPEMEHHBIX HWHTEPBAJIOB C
BBICOKOM TOYHOCTBIO. [103TOMY, B OTJIMYME OT YacCOB PEAJILHOIO BPEMEHH, TaiiMep
HE YBEIUYMBAET CIOXKHOCTb CXEMbl. Ero He HYXHO CHHXPOHU3UPOBATh C
BHEITHAMH 4YacaMH M He TpeOyeTcsl, 4ToObl OH MPOOIDKal padoTy, HoKa IpHOop
BBIKJIFOUEH.

ITosTomy, mocime paccMOTpeHHsT BO3SMOXKHBIX IUIIOCOB U MHHYCOB, OBUIO
NIPUHATO pEIICHHE O NPUMEHEHWH TaiiMepa. A OIpe/iesieHHe BETUYUHBI Japeiida
MOXET OBITH BBINIOJIHEHO IIPH IOMOIIM MPOrpaMMHOr0 oOecriedeHusi, OecIuIaTHO
MIOCTaBIISIEMOT0 C IPHOOPOM.

N eme, k Bompocy O NPOCTOTE B MCHOJB30BaHuM. Hampumep,
PEKUM JIMHEAPHU3AIUU 3JIEKTPOJHONW (QYHKIMHM MO METOJY HaWMEHBIIUX
KBaJpaTOB B TMPHOOpPHI HE BKIIOYEH IOTOMY, YTO MOXET MPUBECTH K

rpyOBIM OmMOKaM, €Ciii OJJHA U3 TOYeK rpaduka BBEJCHA HEPaBHIBHO.

[TomoOHBIE citydan, KOHEYHO, MOXKHO
WCKJIIIOYNTh, HO JI00ast JIONOJHUTEIbHAsS
HAaCTpOHKa YCIOKHHUT paboTy ¢ mpudopom,
a PacHpOCTPAaHCHHBIE METOAUKU aHaIu3a
JIMHEeapu3anuy rpaduka He TpeOyIoT.

Tam, rne ona HeoOXomuMa, TakXe CllefyeT padoTaTh ¢ NMpUOOPOM uepe3
KOMITbIOTEp, ycTaHOBHB nepekitouatens MHK (Meron HauMeHbIINX KBAApaToB)
B COOTBETCTBYIOLIEH MTPOrpaMMe.

B uTore KOIMUECTBO HACTPaMBAEMBIX MapaMeTpoB, (YHKUIUH H
BO3MOJKHBIX PEXKHUMOB pabOThl yNAIOCh CBECTH K HEOOXOJHUMOMY

MHUHUMYMY.
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IIpocTsl B ynpaBjieHnH

VYnpasieHnne  npubOpaMu  MPOU3BOAMTCA  HPU  TTOMOUIH
KinaBuatypel. MH}opMamus cyuThIBaeTCs € HKUIKOKPUCTAIUTMYECKOTO
uHAMKaTopa. BeiBogumas uHGOpManus opopmiieHa B CUCTEMY MEHIO U
9KpPaHOB PEKUMOB.

KnaBuatypa moctpoeHa 1m0 TOMy K€ MpPHUHLMILY, 4TO M Cam

npubop. Ectb Bce He0OX0quMble 11st paOOThI KJIABUINHN, H HET JIUIIHUX.

MYINETUTECT

Bcero B mpubope 17 wiaBum. M3 HUX 4eThIpe UCHONB3YIOTCS NPH padoTe C
MEHIO U 3KpaHamu - 3710 Kimasuim "BBIXO/", "<", "—=" (BbIBOP) nu "BBO/".
Ocranpnsie: "-"(MUHYC), "."(TOUKA), "CBPOC" u pnecarb mu¢poBBIX -
IIpeJHa3HaueHbI Ul BBOAA ukcenl. Haamicn Ha Ki1aBUINax BBITOIHEHBI HA PYCCKOM
SI3BIKE M COOTBETCTBYIOT McnonHsieMoi ¢ynkunun. Hampumep, uncia Habuparorcs
mudpamu, a He Kak-ITM00 HHAYE.

Knasumm He neperpyeHsl JOMOMHUTENBHBIME QyHKIMsMU. Ho, mist ynoOcTBa
B pabore, kimaBumm ot "1" go "3" MOryr HCHONB30BATHCS MAISL IPSIMOTO
MIepeKIIIOUEHNs] KaHAJIOB B MHOTOKAaHAJIBHBIX IpuOopax, a "0" - s 3amycka |
OCTaHOBA, HaNpUMep, TaliMepa WM TUTPATOpa.

KnaBumm [uig mpsMoro BXOAa B pa3iMYHBIE PEXUMBI HE HCHONB3YIOTCS
npuHOMNHANGEHO. Ipome HaliTh HyXHYIO0 (QyHKIHUIO, 3Has, TJIe OHA PACIOJIOKEHA B
CTPYKTYpE MEHIO, HeKEJIN pa3ydnBaTh TPU-YETBIPE Criocoda ee BBI3BATh, & OTOM
KaXIblil pa3 peniarh, Kak ceaaTh 3T0 ObIcTpee.

IL]I}I BKIIFOUCHHUA W  BBIKIIFOUCHHA HpI/IGOpa HCIOJIB3YCTCA
MEPCKI0YATC]Ib Ha SaHHeﬁ IIaHelIu, CHI/IMaIOIJ_[I/Iﬁ HaIMps’KCHUE CCTCBOI'O
IIUTaHUA CO CXEMBI. IL]I}I HHAWKAIUU 1IoJa4Yu HaIlpsAKCHUA Ha HpI/IGOp

CIIYKHUT KCJITO-3CJICHAsA MMOACBCTKA MHAUKATOPA.
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B mpubopax ucnonb3yercs 3HAKOCHHTE3UPYIOUINI UHIUKATOP CO
BCTPOEHHBIM YIIPABJICHUEM, pa3Mep IOJIs - ABE CTPOKU II0 LIECTHAALATH

CHUMBOJIOB.

Breibop wmmmkaTopa Taxke He ciiydacH. Ha wHmmkatope moboro mpubopa
3HAYUTEIbHAS YacTh BBIBOAUMOW HH(pOpManuu 3T0 OykBel U 1umbpel.. Ha
3HAKOCHHTE3UPYIOIIEM UHUKATOPE MOXHO BBIBOJAUTH HE TOIBKO OYKBBI U IU(PBHI,
HO ¥ TIPOM3BOJBHBIC CHMBOJNBI, YTO MPHOIMKACT €ro MO BO3MOXKHOCTSAM K
rpadudeckoMy. OTa BO3MOXKHOCTh IIMPOKO HWCIOJH30BaHA B TPHOOpaxX Cepud
MYJIbTUTECT.

PasMep BRIBOMUMBIX CHMBOJIOB, OKOJIO 5 MM, IO3BOJSCT YBEPEHHO CUHUTHIBATH
MOKa3aHus MpHOOpa Ha PACCTOSHUSAX 1O OMHOTO MeTpa. bomblne OOBIYHO M HE
TpeOyeTcs, eCcli MPUOOp CTOUT Ha CTOJIE.

BesycnoBHO, TpaduYecKuii HWHAWMKATOp TIO3BOJSIET OTOOpakaTh OoibIiee
KOIIMYEeCTBO WMH(popMammu B Oonee ymoOHOW (opme. Ho mpu 3tom Tpebyer u
OOITBIIIMX PECYPCOB: MAMSATH U OBICTPOJCHCTBUSA. B uTOre, CTOMMOCTH TIPHOOPOB C
rpaMYECKUM UHIUKATOPOM YBEIUYHTCS, MpUYeM 0€3 3aMETHOrO BBIUTPHIIIA 110
BaXKHBIM ITapaMeTpaM, B TOM YHCJIE U IO yIoOCTBY B pabore.

[TosTOMY NMpWMEHCHHBI TUI WHIWKATOpAa HE TOCTOMHCTBO M HE HEIOCTATOK
mpuOOpOB. DTO KOMIIPOMHCCHOE PEIICHHE MEKIY BBIOOPOM CEMHUCETMEHTHOTO,
3HAKOCHHTE3UPYIOIIEr0 M rpaMIeckoro TUma WHIWKATOPA MO SPrOHOMHYCCKUM
TpeOOBAHUSAM U ONITUMAIBHOE C TOYKU 3PCHHUST CTOMMOCTH.

bnaronaps TmaTensHOMY OTOOPY MCIOJIb3YeMbIX (QYHKUUH H
HaCcTpauBaeMbIX IIapaMETPOB YAAIOCh MUHUMH3UPOBATH KOJIUYECTBO

BCCBO3MOXHBIX MCHIO U 3KPAaHOB PCKHUMOB. I[JIH KaKZI0OTO 3KpaHa TaKikKe

OPUMEHSUIOCh ~ MPABWJIO -  BBIBOJUTH  MAaKCUMyM  HEOOXOIMMOM
uH(pOpMaLUY, HO HUYETO, YTO HE HY)KHO B JaHHBIH MOMEHT.

+ & Hampumep, [J1aBHOE MEHIO
HzMeFEHKE OOJBIIMHCTBA TPHUOOPOB COCTOUT W3 TPEX

nyHkToB: "W3mepenue", "I'panynpoBka" u
"Hactpoiika".

B »10 MeHIO HpI/I60p BXOOUT MOCJIC BKIIFOYCHUSA, U OHO SABJIACTCA OTIPABHBIM
IIYHKTOM BCE CHCTEMBI MEHIO. CprKTypa MCHIO UMECT BUJ ACPCBA, I'IC BETKU U
JIUCTBA - 3TO APYIrv€ MCHIO U 3KPAHbI PEIKUMOB.
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Ha HUHAUKATOP an60pa HCJIb3d  BBIBCCTU  HA3BaHUA  BCCX  ITYHKTOB
OJHOBPEMCHHO. HOSTOMy ITYHKTBI MCHIO 0003HaYaIOTCA YCJIOBHBIMH CUMBOJIaMU, a
AKTHBHBIN (BBI6paHHLII>i) - MUTacT WIH, KaK B JAdHHOM CJIy4dac, IMCPpHUOAUYICCKHU
HU3MCHSCT BUI.

EE PaccmoTpuM mompoOHee onuH U3
FFagYurFoEK A PeKUMOB,  HampUMep, OJKpaH  pexuMma
"I'pagynpoBka" MHOTOKaHAJIBbHOIO HOHOMEpA.

Wb &8 % B Hero MOXHO IOHacTh, €CIH
FirM 7. E88 Ha)KaTHEM " BBIOpATh ITyHKT

"I'pagynpoBka" TJIaBHOTO MEHIO M HaXKaTb
BBOJ.
CneBa HanpaBo B BEPXHEHN CTPOKE PaCIOJIOKEHBI ITyHKTHI:

H - HOMCp KaHaJia.

Wy
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B nmannom ciydae mepBwiii. CrenoBaTenbHO, MPUOOP MHOTOKaHAJIBHBIN HIIH
HUMEET XpaHUMBIC B ITAMSATH XapaKTEPUCTHKH MIEKTPOIHBIX CUCTEM (METOIHUKH).

U - NYHKTBl CTAaHIAPTHBIX pPAaCTBOPOB C BBEACHHBIMU M HE
BBEJICHHBIMH [1apaMETPaMHU PACTBOPA COOTBETCTBEHHO.

3amonHATh CTaKaHBI MOKHO B JIFOOOH ITOCIIEIOBATENEHOCTH, IS YEro CIEIyeT
3alTH B JIIOOOW ITyHKT u. Jnst mpoBeneHUs] M3MEpPEHHMH AOCTaTOYHO ABYX, HA
PHUCYHKE BBEJICHO IISITh.

[TapaMeTpsl OTAETHFHOIO CTAHAAPTHOTO PACTBOPA MTOCMOTPETH MOAPOOHO, 32t
B IyHKT W Tam e moxno ux CcOpOCUTh JUII TIOBTOPHOH TPaTyHPOBKU TIO
JIAaHHOMY pacTBOpY.

OO0mmee KOMMYEeCTBO IYHKTOB - JIEBATh. JIis OONBIIMHCTBA METOIHK
XUMHUYECKOI0 aHajJu3a 3TO KOJHUYECTBO W30BITOUYHO, HO €CTh METOIUKU C CEMBIO,
BOCEMBIO W Ja)K€ JAEBIATHbIO CTaHAAPTHBIMU pacTtBopamu. C Jpyroil CTOPOHBI,
OOITBIIIOE KOJTUYECTBO TOYCK TPATYHPOBOYHOTO rpaprika MOXKHO UCTIOIH30BATH IS
paboTBl BHE JIMHCWHOrO Yy4YacTKa XapaKTePUCTUKH WU C [PUHIMITAAIBHO
HENMHEWHBIMHU DJIEKTPOJHBIMU cucTeMaMu. W, ecnu yxX MNpenocTaBisATh TaKyIo
BO3MOXHOCTb, K Y€MY HCKYCCTBEHHO OrPaHMYMBATH KOJUYECTBO TOYEK
rpayupOBKHU.

B pH-merpax uyucio craHgapToB - BoceMb. 3HaueHus pH craHmapTHBIX
pacTBopoB B mpubopax He (PUKCHPOBAHEI.



¥ _ momspras macca.

DTO 3HAYEHHUE Tpe6yeTC$I JJIg nepecyeTa MOJ'IHpHOﬁ KOHIICHTpallui B
MacCCOBYIO. BI/IH IMyHKTa CBUACTCILCTBYCT O TOM, YTO 3HAYCHHUC MOHHpHOﬁ MacCChl
HC BBCICHO (I/IHa‘IC CHMBOJI UMEJN Obl BU ﬂ) CJ'IG,HOBaTeJ'H)HO, Wi €ro €ume HE
BBCJIN, I HepBLIﬁ KaHaJl r[pI/I60pa HCHOJIB3YCTCA MJIsI U3MCPCHUSA pH

@ M30NOTEHIUAIIBHAS TOUKA PX,.

3HaueHue BBEEHO (MHaue cUMBON umen Obl Buj ). [TynkT aktuBen. Ha Hem B
BEpXHEH CTPOKE YCTaHOBIJICH Kypcop (MHUTAIOIIMi NPSMOYTOJBHUK), @ B HIDKHEH
CTPOKE BBIBOJUTCS HaMMEHOBaHHE IyHKTa "pXu" u BBeneHHoe 3HaueHue 7,000.
Haxxatne wmaBumm BBOJl mepesemer mpubop B pexuMm cOpoca 3HAYCHUS
N30ITOTEHINATILHON TOUKH.

KonmuectBo mndp mocie 3ansitoi TOBOPUT O TOM, YTO IPHOOD - MOBBIIICHHOH
ToyHoctd. CaMO 3HaueHHWE KOCBEHHO ITOJATBEPKAAET, YTO NMPHOOP HCHONB3YeTCs
JuIs U3MepeHust pH, MOJKHO Jtaske CTpOMTD NPENIIOIOKEHHS O TUTIE DIIEKTPOA.

¥ copoc.

ITocne 3axoma B 3TOT HMyHKT OyJeT NPeUIOKEHO COPOCHUTH BCE MapameTphl
MepBOro KaHama 1y paboThl 1O JPYroil METOAWKE WIM TOJNBKO CTaHAAPTHBIX
PacTBOpPOB JUIsl IOBTOPHOW I'payHpOBKU. B mepBoM ciydae, K mpuMepy, 3HaUeHUE
N30ITOTEeHIMAIIBHOM TOYKH OyzeT cOpOIIeHO, BO BTOPOM - COXPAHEHO.

Takoe KOJIUYECTBO I/IH(I)OpMaI_[I/II/I COCPCAOTOYCHO TOJIBKO B OJJHOM

9KpaHeC, IMpU 3TOM 3arpoMOKACHHBIM OH OTHIOJAb HC BLITJIAAUT.

CooOrieHrsi 1 HAaWMMEHOBAaHHUS ITYHKTOB MEHIO BBIBOJSATCS Ha
pycckoM  sA3blke. Be3me, rme 3T0  BO3MOXKHO, COKpAIlEHHMsI HE
HCIIOJIb3YIOTCA.

Tam, TrTHEe 95TO HEBO3MOXHO, HCIIONB3YIOTCS  OOIIEYIOTPEOUTENbHbIE
cokpamenus. Hampumep, 3HaueHHE W3ONOTEHIMAIBHONW TOYKH 0003HAYaeTCs
"pXu" (mm "pHu" B pH-meTpax).
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Ecnmn  kakoi-nmbo  pexxum  pabOTbl  HE  JIOCTYINEH, TO

COOTBCTCTByIOH_[I/Iﬁ IMYHKT Ha UHAUKATOP HC BBIBOAUTCA.

ABTOMAaTHYecKasi TeMIlEpaTypHas KOMIIEHCALIUSA MOXET HCIOIb30BaThCS,
TOJIBKO €CJIM BBEJIEHBI MapaMeTphbl M30NOTEHUMANIbHON TOukd. B aTom ciydae, B
skpaHe "V3MmepeHue" ecTb IMYHKT, NO3BOJSIOLIMN BKJIIOYUTH WM OTKJIIOYUTH
TEPMOKOMIIEHCALIMIO M TOKa3bIBAIOIIMKA Tekylee cocrosHue. Ecin mapamerpbl
TOYKHU HE BBE/ICHBI, TAHHBIA MYHKT HE BHIBOJUTCSI.

Pe3yJII>TaTI:I H3M€peHHﬁ BBIBOJATCS HAa MHAUKATOP B IPUBBIYHBIX

JJId XUMUKAa BCJIIMYMHAaXx. I[I/IaHaBOH BI:IGI/IpaeTCSI ABTOMATHUYCCKH.

BenuunHbl MaccoBOW KOHLEHTpAllMd B 3aBHCUMOCTH OT 3HAUYEHHS MOTYT
BBIBOAMTHECS B Pa3sMEpPHOCTH T/J, Mr/nm wnmd MKr/1. To ecTh BennunHa
-5 3
1,345-107 r/am” Oyner npencTasiieHa Ha MHAUKATOpe pudopa, kax 13,45 MKr/i.

Ecnmu mpubop He MOXKET BBIBECTH Kakoe MO0 3HAYeHHUE, TO Ha

WHJUKATOP BBIBOAUTCA 3HAYEHUE COOTBETCTBYIOLIEH TIpaHUIBI U 3HAK

OOJIBbIIIE UJIY MEHBIIIE.
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[Ipu BEIXOAE 3a TpaHWIy AWAana3oHa u3MepeHus pH-merp OymeT BBIBOIUTH
3HaueHue 10 21 ex. pH, a manee, HE3aBHCUMO OT 3HAYCHUS, HA WHIUKATOp OyAeT
BbIBeneHO "pH >21".

Orpanuyenue CO31aHO0 HaMEpEHHO.
PeanvHo Bo3MoOxHOCTH pH-MeTpa orpaHudeHbl

nuanazoHoM u3mepenust DJIC. Ilpu nuanasone
+5000 MB,  mmamazon  usmepenus  pH
npubamnsnuTensHo paBeH =86 ex. pH (5000/58,
roe 58 MB/en. pH - Teopermyeckoe 3HaUCHHE
KPYTHU3HBI dJIeKTpogHON (yHKIMHU pu 25°C).

Ho 510 umcno He mMmeeT cMbIcia, TakWe 3HAUYEHHS PEAIbHO HE CYIIECTBYIOT.
[TosTOoMy B TeXHHYECKHX YCIOBHAX Ha pH-MeTpsl MOXKHO OBUIO yKa3aTh JUana3oH
Kak -2...20 ex. pH, Tak u -20...20, unu, Harpumep, -50...50.

VxazaHue auana3oHa W3MEPEHUs AKTHBHOCTH HMCTOPUYECKH BO3HHKIO IIPH
OITMCAaHUH CTPEIOYHBIX M TEPBHIX HU(PPOBHIX INPHOOPOB (C CEMUCETMEHTHBIM
MHIUKAaTOpoM). TaM CyIIecTBOBaJM OrpaHMYEHMs TP BBIBOAE HHpOpMaimy,
MOATOMY JHamna3oH W HopMmupoBaics. Celfyac Iuara3oH M3MEPEHHsS aKTHBHOCTH
TIPUBOANTCS B PEKIIAMHBIX MaTepHajiax ckopee Kak JaHb TPaJAuLHu.




3HaueHne quanazona -2...20 BEIOPaHO, OCKOIBKY OHO pa3yMHO. MOXHO OBLIO
Harmicath U 0...14 ex. pH, 9Tro HoCTaTOYHO I peajbHOW PabOTHl, HO 3TO HE
CACTaHO W3-32 PEKIAMHBIX CcOoOOpaxeHU. HeKoTophie IONB30BATEIM MOTYT
BEIOMpaTh TPUOOpP 1O JaHHOMY mapamerpy. He xortemock OBl 3aBEIOMO
MPOUTPEIBaTh Ha (OHE JPYTUX NPUOOPOB, HMEs peaabHO 0o0Jee BBICOKHUC
XapaKTEPUCTHUKH.

[Ipu BBIBOJE UKCEN TPOU3BOAUTCS KOPPEKTHOE OKPYIIICHHE.

JuckpetHocts BeiBoja u3MepeHHoro 3HadeHus OJIC Bo Bcex pH-merpax u
nonomepax cocraBimser 0,1 wmB. Ilostomy 3nHawenme 1018,38 mB Oyger
npexactasneno, kak 1018,4 mB. Ilporpamma npubopa omepupyeT OOIbIINM
KonmuectBOM 1udp. OKpyriieHHe NpPOU3BOAMTCS TOJNBKO TIPH BBIBOJAE Ha
HMHUKATOP.

Ipun nomomm OBM MOXHO HOIy4uTh OT Ipudopa float E’pX’C’M’
pe3yabTaThl  M3MEpPEHHA B IIOIyJdorapudmuueckom float Mm=39.1;
TIpe/ICTaBlIeHNH (C IuIaBatommeil Toukoi) B (opmare float C=pOW(10,pX),

a3bika CH. M=Mm*C:
)

B npubopax HeT caMONpPOU3BOJILHO  MOSIBISAIOUIMXCS |
HCYE3AI0IINX YKPaHOB. [IJ1si U3MEHEHHUs COCTOSIHUS WM IIEPEX0A B APYTOU
9KpaH OIepaTop AOJDKEH HaKaTh Ty WIM UHYIO KJIIABUIILY.

EcTb TONBKO /1Ba MCKITIOYEHNUS U3 3TOTO IpaBuJIa.

IlepBoe. Ilocrme BKIIOYEHHS HA HMHAWKATOP BBIBOIUTCS HAaWMEHOBAHHWE U
Ha3HayeHUEe NpuOOpa, KOTOPOE CMEHSETCS TIIABHBIM MEHIO IIOCJE 3aBEpIICHUS
BHYTPEHHHUX TECTOB.

Bropoe. Ilpm kakux-immbo HeEmonaakax, SKpaHbl COOOMICHUI CHCTEMBI
CaMOIMAarHOCTUKU BO3HHUKAIOT B JIFOOOI MOMEHT BpEeMEHH, HE3aBHCHMO OT PEKUMA
paboThI.

[Tpubopsl COXpaHAIOT B TMaMATH HE TOJBKO MapaMeTpsl
IEKTPOJHBIX CUCTEM U METOJUK, HO U TaKME MEJIOYHU, KaK HOMEp KaHala,
10 KOTOPOMY IOCIEAHUN Pa3 IPOBOJUINCH U3MEPEHUs, YCTAHOBIICHHYIO

pPa3MepHOCTh, PEKUM TEPMOKOMIIEHCALIUHU U T.II.
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IIpu pabore 3T0 moutn He 3amerHo. Ho eciam OBl pasMepHOCTH U Jpyrue
rapamMeTphl HY’KHO OBUIO BBIOMPATh KayKABIA pa3 MpH BXOJE B PEXKUM M3MEpPEHNS,
WIN JTaKe OJIMH Pa3 MOociie BKIIOUEHHMS, 3TO ObI HE3aMEUEHHBIM HE OCTAJIOCh.

IIpoaymaHHbIi qU3aiiH

JluzaifH mpuOOpOB OTBEYAET COBPEMEHHBIM TpebGoBaHusM. [Ipu
pa3paboTKe YYHUTHIBAIUCH ICTETUUYECKUE W IPrOHOMHUYECKUE MOKa3aTelH

KadycCTBa.

DCTeTHUYECKHE II0Ka3aTeln OLICHUBAIOTCA YPOBHEM CTHWJICBOI'O PCIICHUA
(l)OpMLI, €C (l)yHKIII/IOHaJ'ILHOCTBIO, KOMHO?)PIHPIOHHOﬁ 3aKOHYCHHOCTBIO H
Ka4CCTBOM OTACIJIKU ITOBEPXHOCTH.

9pFOHOMI/I‘l€CKI/I€ IIoKa3aTcjin OCHUBAIOTCA I1O yIlO6CTBy O6CJ'Iy)KI/IBaHI/I$I, €ro
OIICPATUBHOCTH U 0€30MMacHOCTH.

YrunurapHast Gopma npuOOpOB ONTUMAIbHA JUI HCIIOJIb30BaHUS

B J1a0OpATOPHBIX YCIOBUSX.

dopma COOTBETCTBYET AQHTPOIIOMETPHIECKUM u
(DU3HOOTMYECKUM BO3MOXKHOCTSIM  4eJoBeka. Y IpHOOpOB
HeOoipImMe TabapuThl W Macca, YAOOHas KiIaBHaTypa W
pa3nu4rMMble HaIHMCH Ha MAHESIX W UHIUKATOpE.

PacnonoxeHue KinaBHUII TPaAMLIMOHHO U HE IPOTUBOPEYUT

HaBBbIKaM paboTBHI.

VYciaoBHBlE 0003HAYEHMs, HAAINHUCH W OCHOBHBIE HpHEMbl pabOTHl B
OOJIBLIIMHCTBE CIy4acB MOHATHBI 03 M3y4eHHsI PYKOBOJCTBA I10 dKCIUTyaTaluu. Ha
sTame pa3paboTKH MPOBEPSUIOCh, YTO CHELHANUCTBl CIIOCOOHBI B TEUCHHUE
HECKOJIBKUX MHHYT CaMOCTOSITENBbHO, O3 OMUCaHWii M TOJACKAa30K, OCBOUTH
unHTepdeiic npudopos.

[TpuGops! UMEIOT PYHKIMOHATBHYIO OKPACKY.

HwxHss 4vacTh Koplyca UMeeT 4epHbBId IBET. BepxHss - cBerno-cepblil
("xommbroTepHEIii"). Hammucu Ha mepemHeldl TaHETW BBIOIHEHBI TEMHO-CHHUM
LBETOM.
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Oxkpacka mpubopa HaMEpeHHO clelnaHa Hespkoil. [Ipubopsl He OpocaroTcst B
IJla3a Ha BBICTaBKAX, HO 3aTO W HE pa3fpakaloT IpH eKeTHEBHOH pabore. Kpome
TOT0, HA CBETJIO-CEPOM (POHE MEHBIIIC 3aMETHBI 3arpSI3HCHUS.

YKenro-3eneHas MOJCBETKA MHIUKATOPA TAKXKE CO3AaeT KOM(OPTHBIC YCIOBUS
JUTSE paOOTHI.

IIporpammHoe oGecnieyeHue

[Iporpammuoe oOecriedeHne mnpuobOpoB, Oasupyromieecs Ha
OIIEPALIMOHHOM CHUCTEME PEAIBHOTO BPEMEHH, MUHHUMU3UPYET 3aTpaThl

BPEMEHU U CPEJICTB Ha Pa3pabOTKy HOBBIX MOJIEIIEH.

PaGora co BceMM BHYTPEHHMMH M BHEIIHHMH YCTPOMCTBAaMHM OpraHW30BaHa
IIpY TIOMOIIM OTAEIBHBIX MOAYJEH - ApaiiBepoB. Hampumep, mobGaBieHne HOBBIX
kinasuml "- (MuHyc)" u "< (BBIOOp BiEeBO)" B MpHOOPHI, KOTOpOE OBUIO HEJABHO
c/ienaHo, (haKTHIECKH CBEJIOCH K JI0OABJICHUIO HECKOJIBKUX CTPOK B TAOJIMITYy CKaH-
KOJIOB JpaiiBepa KiIaBUaTypBhl.

[TpubGopsl WMEIOT MaTeMaTHYeCKyl0 OWOJIHOTEKY, KOTOpas —II03BOJIET
MIPON3BOJIUTDH BEIYHMCIICHHS IPAKTHIECKH HEOIPAHNUECHHON CIIOHOCTH 32 KOPOTKOE
BpeMsi. BHyTpeHHee mnpejacTaBieHHEe 4YHcCeNl B IoOIyiaorapudmuueckoit Qopme
TI03BOJISIET MPOM3BOANTH BBIYMCICHHS B IIMPOKOM JHAra3oHEe 0e3 MeperoTHEHHS
paspsaHoi ceTku. TOYHOCTh BBIYHMCICHUN 3HAYUTEIBHO MTPEBBIIIAET HOTPELUIHOCTh
N3MEPUTENFHOM YacTH MpHUOOpOB.

MHoroypoBHeBast CHCTeMa IPEPHIBAHUM I03BOJISIET IIPUOOPY OIEPAaTHBHO
pearupoBaTth Ha pa3HOOOpa3HbIC BHEIIHUE BO3CHCTBUSI.

CraOwIbHBIN TaliMep MO3BOJISIET CTPOTO BBIZAECPKUBATH BPEMEHHBIC MHTEPBAJIBI
1 JKECTKO CHHXPOHHM3UPOBATh BCE BHYTPEHHHUE MPOLECCHI.

Hcnonp3oBaHne CTOPOXKEBOIO TalMepa M CHEUHAJIBHBIX KOHTPOJIBHBIX
ITOPUTMOB ~ YCTpaHSET BO3MOXXHOCTh 3aBHCaHMs WM cOoeB B pabore
MIPOrPaMMHOT0 00€CIIeYEeHUSL.

Ha »srame pa3paboTku mpuOOpOB MPOBOAMIACE MHOTOKpaTHast
IpoBEpKa MPOTPAaMMHOTO 00ECHeueHUs] BO BCEX PpEXHMax pabOTHI
HE3aBUCHUMBIMH  HCHOJHUTEISIMU. Bce  BBISBICHHBIE  HEAOPAaOOTKU
HEMEIJIEHHO YCTPaHSAJIUCh. JTO, B COUYETAHUU C OIBITOM JKCIUIyaTalluH,

MO3BOJISIET TOBOPHUTH 00 OTCYTCTBUH OIIMOOK B MIPOrpaMMax MpuOOpPOB.
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KoHTpo.ib BBOAMMBIX 3HAYEHHTH

[TpuGopsl MATKO, HO PEIIUTENIBHO, IMPECEKAIOT HEKOPPEKTHBIC
JEUCTBHU OllepaTopa.
BpsAnx nu Hy)XHO TOBOPHUTH, YTO HaKATHE HE HCIIOJIB3YEMBIX B

peKHUME KIIABUII WIM UX COUECTAHUN HUKAKUX JICHCTBUI HE BBI3BIBACT.

Oro akcuoma. ITpubdop, KOTOpPHINA NP 3TOM 3aBHUCAET WIH
BBIXOJUT B HENPEACKA3yEMbIM pPEXUM, IOJKEH Ha3bIBATHCS
CTpAIIHBIM TJIIOKAJIOM, @ HE MHUKPOIPOLIECCOPHBIM PHOOPOM.

Hanpumep, mpu BBOjE CETEBOro HOMepa (3TO MOXKET OBITh IIEJI0e
yucino ot 0 go 255), Haxkarue kiaBuml "Mwunyc" u "Touka" He mact
HUKakoro 3¢ dekra.

[Tpubop He 3anpemaer HaOpaTh J1I000E YHCIIO, HO HE OoJee, YeM n3 Tpex ugp.
UYerBeprass He Habupaercs. Ilocme nHaxarus kinaBumm "BBox" 3nauenme Oyzmer
nposepeno. Ecnu ono He KoppekTHO (Hanpumep, 999), To uncno Oyaer cOpomieHo,
a mpubop OCTaHETCs B 3TOM pEXHMME JI0 BBOJA KOPPEKTHOI'O YHCIA HIH J0
Haxatus wrapumm "Bexon". B mocnmemHeM ciydae OymeT BOCCTaHOBIICHO
TpeAbIayIIee 3HaYCHHE.

[TotoOHBIA MPUHLIMI TPUMEHEH BO BCEX CIIydasx, TNl 3HAYCHHS
BBOJATCSI OIIEPATOPOM.

Ho npubop He HaBsA3bIBae€T OrpaHUYCHUH, €CIIM CIIOCOOEH BBIIATH
OCMBICTICHHBIN pe3ynbTaT. [Ipubop TONBKO MOJCKa3bIBAET, UTO, MO €ro

MHEHHIO, OTIEPATOP MOT OIIUOUTHCS.

B wunoHOMepax mpu TIpagydpoBKE DSIEKTPOJHBIX CUCTEM KOHTPOIUPYETCS
HCIIPABHOCTH JJIEKTPOJIOB, MO 3HAUYCHUIO KPYTU3HBI AIeKTpoaHoi Gpynkuuu. Ilepen
3alUCBI0 TOYKH TPaJyMpOBOYHOrO rpadyika B IAMATh BBIBOAWTCS 3HAUCHHUE
KpYyTHU3HBI U 3a7aeTcs Bonpoc "3anucaTts?" U qBa Bapuanra orsera "/la" u "Her".
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Ecin 3HaueHWe KpyTH3HBI HAXOAUTCS B Ipelelax pasyMHOro, TO IO
yMo4aHHio BeIOpaH otBer "Jla" u Haxkatue KiaBuiny "BBox" 3ammmier pe3yiabraTt
B namsTh. Ecim BHe 3TuX mpezenoB - BeiOpaH oreer "Her". B atom ciydae, ecnu
orepaTrop aBTOMATHYECKH, HE IUIAAS Ha HMHAMKATOp, HaXMeT kiasunry "Bson',
3HA4YEHWE HE 3aIlMIIETCS U BBHIIOJIHEHHWE TPajyMpoBKH OyaeT mpomosnkeHo. Jlims
3aIliCH B TTaMSITh TIPUIETCS CO3HATENBHO BBIOpaTh oTBeT "Jla".

Ecnu gelicTBus oneparopa MOTYT MIPUBECTH K OIIMOKaM B pabore,
TO OHH OJIOKUPYIOTCS.

Ecimn npu rpagynpoBke 3JIEKTPOJHON CUCTEMBI B
HOHOMEpPE BBOJ[ OYEPEIHOW TOUKH IPHUBEIET K CMEHE
3HaKa KPYTH3HBI, NpUOOpP HE CMOXET paboTrarh U3-3a
HEOJHO3HAYHOCTHU.

OpHoMy W TOMY »JKe 3HA4YEGHHIO TIIOTEHIMAla NpU W3MEpPEeHHH Oyner
COOTBETCTBOBATh HECKOJBKO 3HAYCHWH KOHIEHTPAIMK M TIPHOOpD HE CMOXET
BbIOpaTh M3 HUX Hy)XHOE. BBIBOANTH IEepBOE MOMAaBIIEECs - 3TO, Pa3yMeercs, He
pelIeHue.

IlockonbKy cMeHa 3HaKa KPYTH3HBI BO BpeMs IPayHpOBKH - SIBHOE CIICACTBUE
omnOKH, NpuOOp HE JOMYCKaeT BBOJA TAaKOroO 3HA4YECHHS B NaMmsTbh. IIpu mombITKe
BBOJIa HA SKpaHe MosBJIsieTcss Haamuch "OmmobKa rpagynpoBKu” ¥ MPUOOp BEIXOIUT
13 pexxnma 1o Haxxaturo kiaasuiy "Beixon". ITocie BIsICHEHNS! TPUYMHBI OIIHOKH,
TpajiyipoBKa MOXET OBITh IIPOJOIDKEHA. BO3MOXHBIE IPUYMHBI ONHCAHBI B
PYKOBOJCTBE IO SKCILTyaTal[UH.

HanexxHocth

HanexxHOoCTh - 3TO CBOMCTBO H3ZCIIHS COXPaHATH BO BPEMEHHU
CBOIO paboTocmocoOHOCTh. Hane:KHOCTh - BaKHBIA MOKAa3aTeNbh KauyecTBa
OPOAYKIIMHM,  KOTOpbI  oOycioBiauBaeTcsi  ee  0OE30TKa3HOCTHIO,
JOJTOBEYHOCTBIO M PEMOHTONPUIOAHOCThIO. HanexxHocts um3nenuit
3aKJabIBacTCs MpPU  TNPOCKTUPOBAHMM M OOECleYMBaeTCs  MpHU

HU3TrOTOBJICHHUU.
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Bpema napabomku 0o omkaza

OmHuM ®3 PacHpOCTPAHEHHBIX CIOCOOOB OXapaKTEpHU30BATh

HA/ICKHOCTh U3JICTHS SBJISIETCS YKa3aHHe BPEMEHU CpeaHel HapaOOTKH 10

OTKasa.

XOTs MOHSATUE HAJIEKHOCTH 3HAUYUTENLHO LIUpE. DTOT MapameTp

SIBIIIETCS IIOKAa3aTelIeM TOJBKO OE30TKA3HOCTH u3Aenusd. Bao0aBok,

YKa3aHHBIM I1apaMETPOM MOHO JIETKO MAaHUIyJIUPOBaTh, IIOJIb3YACH

HEOCBEIOMIIEHHOCTBIO OTpeduTeneil.

n

PaCCMOTpI/IM TOJIBKO JIBa HanbOoIee PacrpoCTpaHCHHBIX crioco0a.

HTEHCUBHOCTb

OTKa30B [epBBIii, 3TO wWcHbITaHWE W3METUN O3

ydeTa BUla KpUBOM MHTEHCHUBHOCTU OTKA30B.
B Hawanme OKcluTyaTanmu — BBISIBIISIOTCS
BCEBO3MOXKHBIE CKPBITHIE AE(EKTHI, BEIXOAAT
U3 CTPOs DIIEMEHTHI HU3KOrO KauecTBa U IIp.
OTO Tak Ha3bIBAEMBIN IIEpHON HPHPaOOTKU
H3JIeNHsL.
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BpenTﬂ

YBaxaromuii ceOst POU3BOUTENh, B TOM YHUCIIC HAIIC MPEANPUATHE, ICPKUAT
M3TOTOBJICHHBIC TPUOOPHI Ha MPOTOHE B TCUCHHUE 3TOTO BPEMCHHU.

C yBeIMUYEHHEM CPOKa CITY)KOBI JIEMEHTHI HAYMHAIOT CTapeTh, MapaMeTphl X
MEHSIOTCS, TOCTENIEHHO BBIXO/S 32 MpeeNbl JOMYCTUMOr0. DTO EPUOJL U3HOCA.

DT J[Ba TEpHOAa MOXHO BBIACTHUTH IS KaXIOrO JOCTATOYHO CIOXKHOTO
U3IIENUs, K KOTOPBIM MPHOOPEI, 0€3YCIOBHO, OTHOCITCA. OTCYTCTBYIOT OHH TOJBKO
B HICaTHHOM CITydJac.

O4YeBHIHO, YTO WCIBITAHWE OMHOTO MpuOopa B TedeHwe, K mpumepy, 10000
9acoB, 3TO HE TO ke camoe, uto ucteitanue 100 mpubdopos B Teuerne 100 gacos.

C MaTeMaTHYeCKOH TOUYKM 3PCHHUS: TOTOK OTKa30B HE O0JIaZaeT CBOHCTBOM
SPrOAWYHOCTH, TIOCKOIBKY HE BEINONHACTCS YCIOBHE CTAIlOHAPHOCTH -
BEPOSTHOCTHBIA PEXXHUM H3MEHSETCS cO BpeMeHeM. [1oaTomy, mpocTo Opath BpeMs
WCTIBITAHUS U YMHOXKATh Ha KOJIMIESCTBO MPUOOPOB B OOIIEM CITydae HEIb34.

Bropoii crmocod MaHUITYISIUH - 3TO OTCYTCTBUE ydeTa CIy4allHOr'0 Xapakrepa
OTKa30B NpU HUCHBITAaHUSX. VIHBIMEH clOBaMM, JaXe €CIU OHO HU3JENne
popaboTaio, K nmpuMepy, B TedeHue 8500 4acoB, 3TO eIie He TOBOPUT O TOM, UTO
TaKoe CpeaHee BpeMsi HapaOOTKH IO 0TKAa3a IMOATBEPKICHO UCTIHITAHUSIMHU.

Jmst Toro, 4TtoOBI MOXKHO OBUIO OIICHUTH 3Ty BEIHMYHUHY CaMOCTOSTEIBHO,
paccMOTpHUM NpUMEP NPABUILHOIO pacyeTa JaHHOrO MapameTpa.



[TycTp B3sTO IATH M3AENMH, KOTOpble npopadortamu 1550 wacoB 6e3 eauHOro
orkaza. (Ilman wcnmpitanmit  [N=5,U,T=1550]). IloTok oOTKa30B cuHTaem
MIPOCTEUIINM, TO €CTh He Oy[IeM YUHTHIBATh MEPHOABI NPUPAOOTKU M M3HOCA (CM.
croco0 MepBBIi).

T

H

51550
r 2

rae r - napamerp, 3aBPICHHIPII>i OT YPOBHA I[OBepI/ITeJII)HOﬁ BCPOATHOCTHU.
3HadeHNE napamMeTpar 1 COOTBCTCTBYIOIICC 3HAUCHUC TH MPUBCJCHLI B Ta6J'II/IH€.

JloBepurenbHast BEpOITHOCTh 50% 90% 95% 99%
r 1 2,3 3,0 4,6
Ty 7750 3370 2580 1680

Takum 00pa3om, M3 NMPUBEICHHBIX JAHHBIX CIEAYET TOJIBKO TO, YTO CPEIHSI
HapaboTka /0 OTKa3za C BeposATHOCTBIO 99% mpeBbimraer 1680 wacoB u c
BeposTHOcThI0 90% mpeBpiaer 3370 yacos.

Ecnm ObI 3a yka3zaHHOE BpeMsl IIPOU30MIET OJMH OTKAa3, TO MOXHO CKa3aTh, YTO
¢ BeposaTHOCTEI0 90% cpemHee BpeMs HapaOOTKH IO OTKa3a HAXOAUTCS MEXIY
2000 u 73600 wacamu.

KpaTtkuii maremaTHueckuii KoOMMeHTapui k npumepy. CiydaiiHas BeIudnHa
HapabOTKM [0 OTKa3a TMpH CHEJaHHBIX JOMYIICHMSIX HUMeeT oOpaTHoe
pacnpenenenue Ilyaccona. HukHsis u BepxHss goBeputenbHas rpanuna, T, u Ty
COOTBETCTBEHHO, BBIYHCIISIOTCS CIIEIYIOIINM 00pa3oM.

[Tpu HyneBom uucie otkazos (m = 0):
Tu=2Tuen/ Xes  k=2.

[Tpu HenyneBom uncie otkazos (m # 0):

Tu=2Tuen/ Xas ~ k=2(m+1),

Ty = 2Ten / X(1-a)o k=2m,

TJIC Xqk - KBAHTHIIb PACIPEICICHUS XU-KBaIpaT ¢ YUCIOM CTeIreHeil cBoOo bl k;
Tyen - BPEMSI UCIIBITAHUI.

[Tapamerp cpemHeil HapaOOTKM 10 OTKasza JAJsl IMOJIb30BaTeleH

MaJIOMH()OPMATUBEH.
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BO-HCPBLIX, OH HHUKOI'O HU K 4YCMY HC 00s1361BaeT. CKOJIBKO OBl HpI/I60pOB HC
BBIIIUIO M3 CTPOSA Yy IIOJb30BATCIIA, BCCrld MOKHO CKa3aTb, YTO €MY IIPOCTO HE
moBe3o. U JAaXXC yKa3aTb BCPOATHOCTDL, C KOTOpOﬁ 9TO OOJIDKHO ObLIO Korjga-To €
KGM-HI/I6yI[L CJIIYYUTHCA.

BO-BTOpBIX, HC HMCd B HaJIW4YUHU HpI/IGOpOB U J0CTAaTOYHOI'0 BPCMCHU,
MMPOBCPUTHb COOTBETCTBUC 3aABJICHHBIX XAPAKTCPUCTHUK PCAJIbHBIM IPAKTHYCCKU
HCBO3MOXHO. CJIG,HOBaTeJ'H)HO, HY)>XHO BCPpUTb Ha CJIOBO H3TOTOBUTCIIIO. HpI/I
COBPEMCHHOM COCTOSIHMH PBIHKA 3TO, MATKO IOBOPA, HCPA3yMHO.

O,HI/IH u3 KPpUTCPHCB ,HO6pOCOB€CTHOCTI/I HU3IrOTOBUTECIIA - HaJIn4uec
MaTEeMaTHYECKOrO0 O0OCHOBAHHS MPUBOANMBIX PACYCTOB. Ecmm storo HCT, HWIH
pacdyeTbl  MMOAMCHAIOTCA  ACKIAPATUBHBIMU  3asBJICHUSAMU, MOXHO  A€JIaTh
COOTBCTCTBYIOIINWEC BBIBOABI U O KAUCCTBC IMMPOAYKIINU.

Ecnu nmpubop y moisib30BaTelnss BBIAAET M3 CTPOs, BPSA JIU €ro
YTEUINT, YTO 1O TEXHUYECKUM YCIOBHUSAM CpelHee BpeMs HapaOOTKU 10

OTKa3a COOTBETCTBYET YPOBHIO JIYUIIUX MUPOBBIX IIPOU3BOAUTEIICH.

Cpok capanmuu

OKOHOMMKA SIBJISIETCSI OCHOBHBIM KPUTEPHUEM ISl  PELICHUS
OOJIBIIMHCTBA TPAKTHYECKUX BOMPOCOB HanaeKHOCTU. [loaTomMy cpok
rapaHTUu ropaszzno OoJjiee HAIIAAHBIN MMOKa3aTellb, HEXKENU OTBIICUCHHBIC

MAaTCMAaTUYCCKHUC YIIPAKHCHUA.

Bo-nepBbIX, 3T0 HEe MpocTO aOCTPaKTHOE YHCIO B TMAacropre Ipudopa, a
peabHOe IPUANIECKOE OCHOBAHUE JUI IPOBEICHHS FAPAaHTUIHOIO PEMOHTA.

Bo-BTOpBIX, 3TOT mapaMeTp NPUBOJUTCS BO MHOTUX MecTax. M3roroBurens He
MOXET yKa3aTb CPOK, HE COOTBETCTBYIOIUMI JeicTBUTENbHOCTH. IloaTOoMy
BOIIPOC O JOBEPUH HE CTOMT.

VYcraHoBneHHe  CpokKa  TapaHTHM - 3TO  SKOHOMHUYECKH
000CHOBaHHOE BBIPOKEHUE YBEPCHHOCTH TIPOUM3BOJUTENSI B KauecTBE
CBOEH MPOYyKLIHH.

He cexper, 4To cpefHsas CTOMMOCTb FapaHTHHHOIO PEMOHTA, YMHOXKEHHAsI Ha
BEPOSITHOCTh OTKa3a B TEUEHUE TapaHTUIHOIO CPOKa, 3aJI0KEHA B CTOUMOCTH
MIPOAYKIUH.
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3neck MoryT OBITH pa3IM4YHbIC BapuaHThL. Hampumep, O0bIoi Cpok rapaHTUH
B COBOKYIHOCTH CO CpeIHel HaJeKHOCTBIO MACT CYIIECTBEHHYIO NPHOAaBKy K
CTOUMOCTH H3JIEIHSI.

Mexny mpounm, ecThb emie JBa (hakTopa, KOTOphIE OOBIYHO YMaTdMBarOTCS.
[1epBbIit, 3TO BEpOSTHOCTH TOTO, YTO MOKYINATEIbh BOOOIIE CTaHET oOpariaThes 3a
rapaHTHHHBIM PEMOHTOM. BTOpO#, 3TO CIIOCOOHOCTD N3TOTOBHUTEISI HAWTH MPEAIIOT
JUISl OTKJIOHEHUSI IPETEH3UI.

[t mprbopoB 3710 He akTyanbHO. [ToKymaTenn aHaTUTHYECKOTro 000pyIOBaHUS
OOBIYHO HE TpeHeOperaroT rapaHTHsIMA. A OTKIOHATH IIPETEH3UH IOA
Ha/lyMaHHBIMU TIPEJIOraMH HE B HAILIMX IIPABMIIAX - PEITYTALUS JOPOXKE.

IlosTOMy HM3Kas CTOMMOCTb B COBOKYIIHOCTM CO CPOKOM
rapaHTHUU JBa Toja roBopuT o HaaexHocTH npudopos MYJIBTUTECT u
peasbHOM KOJIMYECTBE OTKA30B JIyYILle, YeM JIF0OObIE 3aBEPEHUSI.

Pemonmonpuzoonocmeo

WHorma mpuOOpsl BBIXOIAT M3 CTPOs, Kak W J00Oe Jpyroe
o0opyi0BaHuE. PemMoHTONIPHUTOTHOCTH 3aKITI0YAETCs B
MPUCTIOCOONICHHOCTH TpHOOpa K MPEeRyNpexICHUI0, OOHApPYKEHUIO U
YCTpaHEHUIO OTKAa30B U HEUCIIPABHOCTEH.

[TpuGops! npeaynpex1at0T BOSHUKHOBEHHE HEUCTIPABHOCTEH. JTO
Ka4eCTBO 3aJI0’KEHO IpU pa3paboTKe.

Hampumep, mnpubopsl 3ammimieHs!  OT  BO3IACHCTBUS  MOBBIMICHHBIX |
TIOHIDKEHHBIX HANPSDKEHWH NUTaHus. B mepBoM ciydae cpabaThIBaeT BapuCTOp M
IUTaBKasi BCTaBKa, BO BTOPOM - CYIIEPBU30p ITUTaHMs OJOKHPYET KOHTPOJUIEPHI U
maMsATh HE JOIMyCKas XaoTHYECKOro MCHOIHEHUs Iporpamm. M3meputenbHble
BXO/IBI TIPUOOPOB YCTOHUYMBBI K BO3JACHCTBUIO CTATHYECKOTO JIIEKTPHUYECTBA.
Jpyrue BXoxsl 1 BBIXOABI, HanpuMmep uHTepdeiica RS-232C, Taxke 3aIlUIIEeHbl OT
KOPOTKHMX 3aMBIKaHUH W MOBBIIIEHHOTO HaNpspkeHus. PazbeMbl B IprOOpax, B TOM
YHCcIie BHYTPEHHHE, CHENIaHbl Pa3jIMYalolMMHUCS BO W30eXaHHE HENPaBUIEHOTO
noaxioueHus. [IporpamMmmHoe obecrieueHrne He TO3BOJISIET HCIIOPTHTH HpHOOP,
JlaXke ecIIi orepaTop OyJeT XaOTHYECKH HA)KUMATh KJIABHIIIH.

[Tpucnocob61eHHOCTD K oOHapy>KEeHHUIO HEUCIIPABHOCTHU

3aKJII04YacTCa B HAJIMYHUHU CUCTEMbBI CaMOJUAarHOCTUKH.
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IMocne BxiOYeHMsT TPHOOPHI MPOBOMASAT CEPUIO BHYTPEHHHX TECTOB, IIPH
KOTOPBIX MPOBEPSAETCS UCIPABHOCTh OTAENBHBIX Y3JIOB U 3JIeMEHTOB. Ecnu TecTsl
MIPOHAEHBI YCIIEIIHO, TPHOOpP NEPEXOANT B pabOUHil PEKUM.

HeWMcnFaeEHOC TE & B nmporuBHOM ciydae, Ha 9KpaH BBIBOOATCA

Owueka AUN @1 =

COO6HICHI/I$I CHUCTEMBI CAaMOINAIrHOCTUKH.

[Ipu »>TOoM cooOmiaercsi HEUCHPABHBIA  y3el,

|:| TCHATCTEYST HMAM YCHOBHBIﬁ HOMCD, U XapaKTEPp HCUCIIPABHOCTHU.

HeT

OBMEHAa.

YcrpaHeHWe  OTKa30B W HEUCIPABHOCTEM  HE  BBI3BIBACT

TPYAHOCTEH BCIEACTBUE MOAYILHON KOHCTPYKIIMH MPUOOPOB.
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3aMeHa OTIEIBHBIX MOAYJEH He TpeOyeT MpOBEICHUs] MOBTOPHOW HACTPOHKH
npudopa. IToce peMOHTa OH MOXKET OBITH Cpa3y HalpaBJIeH B ITOBEPKY.

B3anMo3aMeHsieMOCTh  JAaTYUKOB ~ TEMIEPATypbl  TOXKE  3HAYUTENBHO
YBEIMYMBACT PEMOHTONPUTOJHOCTE HpHOOpoB. JIroOoW maT4MK TeMmeparypbl
MOAXOANT K JI0OoMy mpnubopy 6e3 Kakux-J1mbo JOIONHHUTENBHBIX HacTpoek. He
BBIKJTIOYAsi PUOOP MOXKHO OTCOEAMHHTH OJUH JATYUK, NPUCOCTUHUTH JAPYTOH M
MIPOJOIDKUTE paboTy. MOXKHO HCHONB30BaTh M JATYMKH JPYTUX KOHCTPYKIHWH,
HaIpUMep BCTPOECHHBIE TEPMOAATYUKH HOHOCEIEKTUBHBIX 3JIEKTPOJIOB.

B3anMo3aMeHsieMOCTh  MOAYJAE€H 3HAUMTENBHO YHOPOIMAET H3TOTOBICHHE,
TEXHUYECKOE 00CITY)KNBAaHUE M PEMOHT IPHUOOPOB.



Huskas cromMocTh

Henoporue uzgenust - 3TO TOHSATHE OYEHb pacIulbiBUaToe. B
MOCOOUSAX U HAUMHAIOMIMX PEKIAMIINKOB (KpeaTopoB, SOITY) HAIMCaHO,
4yT0 00pa3 ToBapa HE JIOJDKEH BBI3BIBATH HEXEIATEIbHBIX accouuaruii. 13-
3a 3TOTO CJIOBO "JemeBbIid" U3 060pOTa UIBATO.

Tem we menee, mpubopsr MYJIbTUTECT crosT nemeBo (naxe c
HJIC u 6e3 yuera CKUIOK).

Eme onHo wuHTEpecHOE BbIpakeHHE: "ONTUMAalIbHOE COOTHOIIECHHE LEeHa-
kadecTBO". OOBIYHO 3TO BOCTIPHHUMACTCS, KaK "TUTIOXO - 3aTO JICMICBO".

B jmaHHOM ciiyuae, HH3Kas ILEHA OMNPEACISICTCS HE HHU3KUM Ka4eCTBOM
MPOAYKIUM, a MOCTAaHOBKOW 3agauu. Ilpu pa3paboTke, B KadyecTBE OJHOIO U3
OrpaHUYHUTENBHBIX (DAKTOPOB, ObLIAa MPHUHATA CTOMMOCTH CEPUMHOW MPOMYKIIMU.
DT0 HEOOXOAUMO JIJIsl TOTO, YTOOBI JIaTh BO3MOXXHOCThH MPHUOOPECTH KAUueCTBEHHYIO
NPOAYKIMIO  TeM, Kro B  Heid  Hyxmaercs. Jla W MOBBINICHHUE
KOHKYPEHTOCIIOCOOHOCTH HA PBIHKE - TOXE HE IMOCICIHHUI JOBOJ B COBPEMEHHOE
BpeMsI.

Huskast cebecToMMOCTh IMOJNydYeHa BCJICACTBHE BBIOOpA  ONTUMAJILHOM
KOHCTPYKIIMM U DJIeMEHTHOW 0a3bl. B mepByo ouepenp ObLIM 00ECIHCUYCHBI
METPOJIOTHUYECKUAE XAPAKTEPUCTUKH M HAJEKHOCTh., KOMIUIEKTYIONHUE DIIEMEHTHI
BBIOMPAITUCh TAKXKE [0 KPUTEPUSIM JIOCTYITHOCTH M B3aumozamensiemoct. Ho
CTOMMOCTh KOMITOHEHTOB MPH 3TOM 00SI3aTE/IbHO YYUTHIBAIACh.

Jlpyras cocTaBisiOIasi HU3KOHW CTOMMOCTH - CHIDKGHHE 3aTpar Ha
MPOU3BOJCTBO. MakcuMasbHash yHU(pUKAIUS MPUOOPOB, Y3J0B, KOMIIOHEHTOB U
nporpaMM  TIO3BOJISIET 3aKylaTh KOMIUICKTAI[MIO TAPTUSIMU, U3TOTABJIMBATH
OT/ICJIbHBIE Y3JIBl CEPUIHO, ONMEPATHMBHO KOMILUICKTOBATH PA3JIMYHBIC MOJEIH U3
3apaHee U3rOTOBJICHHBIX COCTABHBIX YaCTEH.

TexHOMOrMYHas KOHCTPYKIUSI MO3BOJIIET CBECTH K MUHHMYMY KOJHYECTBO
orepanuii mpu cOOpKe MPHUOOPOB.

Hacrpoiika u mnpoBepka npuOOpPOB MaKCUManbHO yrpoineHa. Haubomnee
TPYIOEMKHE OIEPALMH BBIMOIHSIOTCS TMPH ITOMOIIH  aBTOMATU3UPOBAHHBIX
CTEHJIOB, KAK aBTOHOMHBIX, TAK U C KOMIIBIOTEPHBIM YIPAaBJICHUEM. DTO MO3BOJISET
CHH3UTh 3aTPaThl pab0YEro BpEMEHH Ha U3TOTOBJICHHUE MPUOOPOB.
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O0JsiacTH NpUMeHeHus!

[TpuGopsl MOTYT HPUMEHSTHCA Be3Ze, IIe TpeOyeTcs MPOBOIUTH
IEKTPOXUMUYECKUN aHAIIN3.

B HayuHBIX yUpeXIEHHUSIX U MCCIIE0BATENbCKUX WHCTUTYTAX, TIe
HEOOXOJMMO TMPOBOJAUTH AHAJIM3Bl IO Pa3HOOOpa3HBIM, 3a4acTYIO
OKCIIEPUMEHTAIBHBIM ~ METOAMKaM, OyayT BOCTpPeOOBAaHBI — IIMPOKHIA
JIMana3oH, BBICOKME METPOJIOTUYECKHE XapaKTePUCTUKU MpHOOPOB H
CKOpOCTB OTKIIMKA Ha BXOJJHOE BO3JICHCTBHE.

B y4eOHBIX 3aBeieHUSAX HE JUIIHUMH OyIyT MpocToil nHTepdeiic,
YCTOMUMBOCTh MPUOOPOB K  HENpPEJCKa3yeMbIM WM  YMBIIUICHHO
HEMpPaBWIBHBIM JEHCTBUSAM OIEpaTopa, a TaKXkKe 3allUIIEeHHOCTh OT
CIIy4aiiHOTO Pa3iIuBa KUIKOCTEN.

B npOoMBINIIIEHHOCTH U 3aBOJICKHX JTA0OPATOPUSX BaKHA BBICOKAS
MMOMEXOYCTOMYMBOCTh MPUOOPOB, OCOOCHHO CHEIHaNbHAS (QHIBTPALUS
MOMEX POMBINIICHHON YaCTOTHI.

B ombITHOM HpOM3BOACTBE HAWAYT IIPUMEHEHHUE AHAJIOTOBBIE U
peneiiHble BBIXOABI NPHOOPOB M CBs3b ¢ OBM, ¢ BO3MOXKHOCTBIO
MOJIKJIIOUYEHUS] HECKOJIBKHUX MPUOOPOB K OJJTHOMY IOPTY KOMITBIOTEPA.

B naGopaTtopusix, KOTOpbIe€ MPOBOIAT OOJIBIIOE KOJIUYECTBO
OJTHOTUIIHBIX aHAIM30B, OY/ET OIEHEHA MIPOCTOTA YIpaBIeHUs MpUOOpaMu
U JOJTOBPEMEHHOE XpaHEHHE B TMaMATH METOJAWK M IapaMeTpoB
HACTPOMKH: BBIOPAHHOTO KaHajia, Pa3MEPHOCTH, TEPMOKOMIICHCALIMU H

T.H.

Xouercst HamesATbcs, 4YTO MNpHOOpPH OYyAyT MO JOCTOWHCTBY

OLCHCHBI TCMHU, IJId KOO OHU NPCIHA3HAYCHBI.
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