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. PABOYASA ITPOT'PAMMA

PaGouas mporpamma BKIIIOYaeT B CeOsl M3yUEHHUE TCOPETUUCCKUX M MPAKTUUECKHUX
OCHOB  TEXHOJOTHH  MPUOOPOCTPOCHUS, TMPHUHIIUIIOB  JEHCTBUS W  HOBEHIINX
WU3MEPUTETBHBIX AJICKTPOHHBIX MPUOOPOB M YCTAHOBOK, a TaKXe 3a7ad IO MPOBEIACHUIO
Hay4YHO-HMCCJIEI0BATEIHLCKON Pa0OTHI MPHU pa3paboTKe MpUOOPOB HOBOTO MOKOJIEHUS.

Heau u 3a1a4u y4eOHOr0 MOIYJIAA

Henbo wu3yueHus Moayis sBisieTcs CHOPMHUPOBATH Y CIyIIATeNds HaBBIKU
TEXHUYECKOI0 MBIIUIEHUS, HANPAaBJICHHOTO HA AHAJIN3 TEXHOJOTWM MPOU3BOJCTBA U
GyHKIIMOHUPOBAHUS SJEKTPOHHBIX MPUOOPOB M YCTPOWCTB PA3TMYHOIO HA3HAYEHUS, B
LEJSAX PAMOHAIIBHOTO YIIPABICHUS SKOHOMUKOMN U MPOU3BOJICTBOM.

3agaum MoayJisi:

» “TexHonorusi  MPUOOPOCTpOeHWE”  O3HAKOMIIGHHE C  aKTyaJIbHBIMHU
npo0iemMamMu crenuan3alyy HallpaBieHUsl U UX PEIICHUSIMU;

» B pe3ylbTaTe OCBOCHHUS JUCHUIUIMHBI CIIyIIaTead JOJDKHBI  3HATH!
OCOOEHHOCTH aHaju3a U 000OLIEHUS SKOHOMUYECKHUX, COLIMAIbHBIX U OPraHU3alMOHHBIX
noKa3aTesel, XapaKTepU3yIoLUX COCTOSHUE MPOMU3BOJCTBA U YIIPABJIEHUS TEXHOJIOTHUEH
npuOOPOCTPOEHUS; COBPEMEHHOE COCTOSIHUE HAYYHOIO 3HaHUs 00 yIpPaBJIEHUU U BEJIEHUU
XO35MCTBA; HOBBIE METOABI M NPUEMBI YNPABICHHS, MO3BOJISIIONIME JOCTUIaTh
opranu3anuu 3QHEeKTUBHBIX pPe3yIbTATOB.

» B pe3ysbTare OCBOCHUS JUCHUIUIMHBI ~ CIYIMIATeIH JIOJDKCH YMETh:
OpraHu30BaTh M TMPOBECTH HCCIEAOBAHUE COLMAIBbHO-3KOHOMHYECKOW OOCTaHOBKH,
KOHKPETHbIX  (opM  ympaBieHus;  pa3pabaTeiBaThb  BapuaHThl  3((HEKTUBHBIX
YOPABJICHUYECKMX pElIEHUH U OOOCHOBBIBATH MX; NPUMEHSATH HYXKHBIE METOJIbI
POEKTUPOBAHUS CUCTEM YIIPABJICHUSI.

TpeﬁoBaHI/m, NpeAbABJIAACMbIC K 3SHAHUAM, YMCHUAM U HABbIKaAM 110 MOAYJIIO

Cnymarens, B mnpenenax 3agay moxayss ‘“‘TexHosorusi mnpudopocrpoenue”
JIOJIKEH:

uMemp npeocmasieHue U 0XapaKmepu308amo:

®  TPHUMCHSATH 3HAHUA HA MPAKTHKE;

® 0 HOBBIX 3HAaHMSIX, UCIOJNB3ys COBPEMEHHBIE O0Opa3oBaTENbHBIE W
WH(POPMAIMOHHBIE TEXHOJIOTHH;

e  (yHAaMEHTaJIHHON MOJATOTOBKOM MO OCHOBaM MPO(EeCCHOHANBHBIX 3HAHUN U
TOTOBHOCTBIO K HCTIOJB30BAHHIO UX B MPO(GECCUOHATHHOU JIEATEIbHOCTH;

®  HaBBIKAMU pabOTHI C KOMITBIOTEPOM;

e 0a3oBBIMU 3HAHUSMU B 00dacTsIX WHPOPMATUKH UM  COBPEMEHHBIX
MHPOPMAIIMOHHBIX TEXHOJIOTWH, HAaBBIKM HWCIOJIB30BaHUS TPOTPAMMHBIX CPEICTB U
HaBBIKM pabOThl B KOMITBIOTEPHBIX CETSAX, YMEHHE CO37aBaTh 0a3bl JaHHBIX W
UCIIOJIb30BaTh pecypchl UHTEpHET;

®  CIOCOOHOCTBIO K aHAJIM3Y U CUHTE3Y;
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®  YMCHHUEM IOHSThH MOCTABJICHHYIO 33/1a4y;

e  ymeHueM GopMyJUpOBaTh PE3YJIbTaT;

® yMEHHEM Ha OCHOBE aHalu3a YBHUACTh M KOPPEKTHO CHOPMYIHPOBATH
pe3ybTar;

®  yYMEHHEM CaMOCTOSITEIbHO YBHUAETh CIEICTBUS  CHOPMYJIUPOBAHHOTO
pe3yibTara;

®  yMEHHEM rpaMOTHO MOJIb30BATHCS S3BIKOM MPEAMETHOMN 00J1aCTH;

®  YMCHHMEM OPUECHTHUPOBATHCS B MOCTAHOBKAX 3a]1a4.

3HamMb U yMmeman:

®  MECTO M POJIb TEXHOJIOTUH B PA3BUTHH MPUOOPOCTPOCHUS M DICKTPOHUKU HA
COBPEMEHHOM JTarle;

®  OCHOBHBIE T€HJICHIIMU PA3BUTHUSA OTPACIHU U TEXHOJIOTUH;

®  TCHJACHIUU W MEPCHEKTUBBI PAa3BUTHS DJICKTPOHHOTO MPUOOPOCTPOSHUS IS
Pa3JIMUHBIX OTpaciiel MPOU3BOACTBA, a TAKIKE CMEKHBIX 00J1acTell HAYKU U TEXHUKU;

®  TIEpPelOBOM  OTEUECTBEHHBIH M  3apyO€KHBI  HAy4YHBIM  OMBIT B
npodeccuoHalbHOU cepe NesITeIbHOCTH;

®  CaMOCTOSITEJIBHO MCIOJIb30BATh TEOPETUUYECKUE U MPAKTUUECKUE 3HAHUS IS
pelIeHUsT 3a7a4 Pa3JIMYHbIX THUIOB W PA3JIMYHBIX YPOBHEW CIIOKHOCTH, KaK B paMKax
M3y4aeMOW NHWCUUIUIMHBI, TAaK W B JPYTUX JUCIUIUIMHAX, UCIOJB3YIOMNX MaTepUAIIbI
JIAHHOM JUCUMILIMHBIL,

®  AHAIM3UPOBATH MOJYUYCHHBIC PE3YJIbTATHI.

BJIQJICTh:

° CUMBOJIMKOW M3y4aeMOMN JUCLUIUINHBL;

®  TEPMHUHOJOTHEN M3y4aeMOMW TUCIUILINHBI,

®  HaBbIKAMH [MPAKTUYECKOrO MCIIOJb30BAHUA MATEMaTUYECKOTO —armapara
JTUCUUIUIMHBL 7 PEUIeHUs pa3IudYHbIX 3a7a4, BOZHUKAIOIIUX B JajdbHEWIIe yueOHo! U
npodeCCUOHATILHON JIeATeIbHOCTH;

®  HaBBIKAMHU HAYYHOT'O TBOPYECTBA.

6/1a0emov HABLIKAMU:

- TIOJIb30BaHWSI W  NPUMEHECHUS  HAa  IPAKTHUKE  KOMIIBIOTEPHBIX U
KOMMYHHKAIIMOHHBIX TEXHOJIOTH;

- CO3/1aHUs TIOKA3aTEIbHBIX NPE3CHTAUMM [T JIEKIMOHHBIX M IPAKTHYECKHUX
3aHSATUW C TPUMEHEHHEM COBPEMEHHBIX MEAaroru4eckux ¢ UH(MOPMAIIMOHHBIX
TEXHOJIOTUM UX MPUMEHEHUS HAa IPAKTUKE;

- CO3/IaHMSl M HCIOJIb30BaHUS DJIEKTPOHHOM y4EOHO-METONUYeCcKoi 0a3bl Mo
JTAHHOMY MOJYJIIO JTACLUILIVH.

00,121aTh CJIeAYIOIUMHA KOMIIEeTCHIIUAMU:

MOJIb30BAHMS U IPUMEHEHMS Ha MPAKTUKE KOMIBIOTEPHBIX U KOMMYHHUKAIIMOHHBIX
TEXHOJIOTHUH;

- CO3JIaHUA IIOKA3aTEJbHBIX MPE3CHTAMNA I JIEKIHOHHBIX W IPAKTHYECKUX
3aHATHH C TIPUMCHEHHEM COBPEMCHHBIX IIEJAaroriyeckKuXx ¢ HH(POPMAIMOHHBIX
TEXHOJIOTUM UX MPUMEHECHUS HA IPAKTUKE;

- CO3/IaHMSl M HCHOJIb30BAHUS DJIEKTPOHHOW Yy4EOHO-METONMUYECKON 0a3bl Mo
JTAaHHOMY MOYJIIO JTUCIUIUINH;



- NPAKTAYECKOrO0 HCIIOJIb30BaHUs MATEMATHYECKOIO amnmnapara JUCHUIUIAHBI JUJIS
pelieHusi  pa3IMYHbIX  3a/Ja4d, BO3HHUKAWOIIMX B  JaJbHedmied  ydyeOHOH W
npodeccuoHanbHOM eI TeTbHOCTH.

PexoMeHaliMu 10 NPOBUICHUIO M OPraHU3AIMU Y4e€0HOI0 MOAYJIA
[Ipu mnpoBenennn oOy4YEHUS 3allJIAHUPOBAHO HCIIOIB30BAHUE COBPEMEHHBIX
METOJIOB, TIEJJATOTUYECKUX U MHPOPMAIIMOHHO-KOMMYHHUKATUBHBIX TEXHOJIOTHI:
— JIGKITUHU 3aIUTAHUPOBAHO MPOBOAWUTH B (hOpPME MPE3CHTALNA C MCIOJIb30BAHUEM
COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTUH;
—  [OpaKkTUYECKUE  3aHATUS  3aIUIAHUPOBAHO  IPOBOAUTH C  IIOMOILBIO
WHTEPAKTUBHBIX METOAOB (KEWC-CTa/IU, IEJTOBbIE UTPHI, HHTEPBHIO U JP.).

B3aumocBsizb y‘I66HOI‘O MOAYJIA C APYTUMHU MOAYJISAMHU

Conepxxanue MOIyJis HEMOCPEICTBEHHO CBS3aHO C MOAYJISIMH ‘‘AHAIIOTOBBIE W
nu(ppoBbIe YCTpOCTBA” U “DJIEKTPOHUKA U MUKPOAIEKTPOHUKA”. CIHy>KUT JUIsl pelieHus
BOIIPOCOB BHEIPEHUS B MEAArOTMYECKYIO ACSATENBHOCTh MPOOJEMAaTUKHU U 3aJa4 OTPaciu
npuOOpPOCTPOCHMS, a TaKXKe CIHYXHUT Uil OObeIWHEHHs YyuyeOHOro mpolecca u
IIPOU3BOJCTBA ITyTEM BHEIPEHUSI HOBOM TEXHUKHU M TEXHOJIOTMI TaHHOW OTPAaCIu.

Poan MOAYJIA B CUCTEME BBICHIETO Oﬁpa3OBaHI/IH

[Ipoucxoasimue KOpEeHHbIE HU3MEHEHHS B CHUCTEME OO0pa3oBaHUsA, OCOOEHHO
HAay4YHO-TEXHUYECKOE  pa3BUTHE  ONpeAenser  poiib  Monyisa  ““TexHosorus
npuOOPOCTPOCHUE” B CUCTEME BHICIIETO0 00pa30BaHMUSI.

Opranuzaiust 3pPEeKTUBHOIO M TUIOJOTBOPHOTO OOpa30BaHMS MyTEM CO3IaHUS
HOBBIX MHHOBALIMOHHBIX TEXHOJIOTUN 00y4ueHHs MOAyJs “TexHonorus npudopocTpoeHue”
U UX IPUMEHEHUs B cUCTeMe OOpa30BaHMs MOMOTAET CUCTEMHO YBEJIWYUTb KaueCTBO
00pa3oBaHUs.
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TEOPETUYECKOE COIEPKAHUE MOAYJIA

1-tema: IlpuHIMIBI HUPPOBHIX BHIYUCTEHUI

DneMeHThl KoMIbloTepa. DYHKIIMU MaHUITYJIMPOBAHUS, IEHTPAJIbHBINA ITPOLIECCOP,
namsTh, HTEpdenc BBOA-BbIBOI. JloOaBIeHE KOMITBIOTEPOB K CHCTEMaM U3MEPEHUSI.

[IpakTueckue cooOpaxeHuss K JOOABICHUI0 KOMIIBIOTEPOB B  CHUCTEMBbI
u3MepeHus. OnepaloHHbIE YCWJIWUTENU, MOTEHIUOMETPHI, BBICOKUM KOIDDUITUEHT
yCcuJeHus, 00JbIas mpomyckHasi ciocoOHocTh. [llupuna monock! nmpomnyckanus. KauectBo
yewurensa. Koapduuuent ycuneHus. YpoBeHb HCKaxeHUH. CMelieHue YpOBHS.
Hcrounnku myma.

2-teMa: UHTeJIEKTya/IbHBIE YCTPOHCTBA

HNHTenneKkTyanbHble  MHCTPYMEHTBHI.  VIHTEINEeKTyalbHBIM  AaT4MK, CMapT-
nepenaTyuk. AJIroputMbl 00pabOTKK CUTHAJIOB. BCTpoeHHOE MporpaMMHOE 0OECIIEUEHHE.
Broprunble qatunku. JIokambHas BEIYMCIUTENbHAS MOIHOCTb.

Mukponpoueccopuble  gaTuvku.  JloarocpouHas — CTaOMJIBHOCTb,  4acTOTa
KanmuOpoBku. JlucraHuuonHas KanuOpoBka. (CaMOOuMarHoOCTUKa  HEUCIPABHOCTEM,
u3MepeHus HenuHennoctedl. CripaBouHast Tadiauia. MeToauka HHTEPIOJIALIMH.

CBsI3b C HMHTEIJIEKTYAJIbHBIMM YCTPOMCTBAMH. YTIPABICHUE TEXHOJOTHUYECKUM
npoueccoM. PacnpenenenHas cucrteMa ynpasiieHHs. CII0XKHBIE alTOPUTMbI YIPABIICHHUS.
OTKa30yCTOMYHBOCTh, HAAEKHOCTh, CTENEHb HM30BITOYHOCTH, Maructpaib. WHTepdetic
BXOJ-BBIXOJ. DJICKTPOHHAS MarucTpaib, MHUQPPOBON BBIXOA, cTaHAApT oT 4 a0 20 MA,
MarucTpanbHbIi aApecyeMblil TUCTaHIIMOHHBIN TpeodpazoBaTenb. HART-coBMecTrMbIe
yCTpOMCTBA. BpeMeHHBIN CETEeBOM MNPOTOKOJ. Y JOBIECTBOPEHUE KOMMYHUKAIIMOHHBIX
nOTpeOHOCTEM.

[TapannensHas muHa AaHHBIX. llapamienbHbId peXxuM. YNIpPaBIAIOIIUE JIMHHM,
BBIJICTIEHHBIE JINHUM yIipaBieHus. CKOpocTh nepenayn AaHHbIX. CTpyKTypa npepbIBaHUs.
Jlornyeckue ypoBHu. TpyTHOCTH B3aMMOIEUCTBUS.

JlokanbHbie CETH. CuHXpOHHAas nepenayva. [Mudporoii dbopmar.
[TocnenoBaTenbHOCTh CUHXpOHU3aUMU. IIpuemMHUK s cuHxpoHu3auuu. OCHOBHbIE
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CTAHJApPThl JUI1 CUHXPOHHOW mepenadyd. MOHHUTOPMHI M KOHTPOJb CHCTEM, CETEBbBIC
IPOTOKOJIBI, 3B€3/1a, aBTOOYC, KObI0. L{MppoBbIe MPOMBIIUIEHHBIE ITUHBL. [[BYyCTOpOHHSA
cBa3b B uuppoBom dopmare. [Iporokon mnoneBoil muHBL. KOHCTpYKIMS CETEBOrO
IIPOTOKOJIA. dopmar COOOIIEHH, IIPOTOKOJIBI JloCcTyI1a. MexnayHapoaHas
QJICKTPOTCXHUYICCKAA KOMHUCCHA. BepCI/II/I moJeBoM 1nWHBL. ba3oBag APXUTCKTYpPa
Foundation Fieldbus.

3-Tema: 3MepeHne HAIEXKHOCTH U CHCTEMBbI 0€30MACHOCTH

HencnpaBHOCTb, BO3HHKHOBEHHME HEOXHIAAHHOTO COCTOSHHMSI B  CHCTEME,
W3MEHEHHE BBIXOJHOTO CUTHAJIA U3MEPEHUS, IPUHLIUIIBI TEOPUU HAJIEKHOCTH.

HanexxHOCTh ~ M3MEPUTENBHOW  CHCTEMbI,  KBa3W-aOCOJIOTHBIE  TEPMUHBI,
abCOIOTHAs KOJIMYECTBEHHAs OIIEHKH HaJexkHOCTU. CpenHee BpeMsi HapaOOTKU Ha OTKas3,
craTucThueckuid napamerp. CTaTUCTUYECKUE METOJbl YIPABICHUS TEXHOJIOTHYECKHUMU
IIPOLIECCAMHU.

YMeEHbIIEHUE BEPOSTHOCTH OTKa3a CUCTEMbI, BpEMs JKH3HU, IPUEMIIEMOCTH
HagexxHocTU. [IpoGnembl OGe3omacHOCTH. Bbixoa H3 CTpOs M3MEPUTENHHON CHUCTEMBI,
TUIIOB KOMIIOHEHTOB U HHCTPYMEHTOB.

Mexanusmbl omuOok B mporpaMMmHoM obecnieuenun (I10). KonmuyectBennas
HagexHocTh [10O. VcuepnsiBaroiiee TecTupoBaHuE. UYKCIO HE BBISBICHHBIX OILIMOOK.
BpeMeHHbII TOPU30HT UCIIOJIB30BAHUS TPOrPAMMHOIO 00ECIEYEHUSI.

4-tema: CeHCOpHBbIE TEXHOJIOTHH

dusnyeckre MPUHIINIBI, U3MECHEHUE EMKOCTH, JIBE TTapaJIICIbHBIC METAJTMICCKUE
IUTACTHHBI, JUAJIEKTPUK, aOCOJIOTHAS JUAJIEKTpUYECKass MPOHUIAEMOCTh, JaTYUK
NepeMEeINIeHH s, YaCTh TPUOOPOB JIJIsl UBMEPEHUS JIaBIICHUs, 3BYyKa.

ComnpoTuBlieHHE MaTepuala, TEPMUCTOPBI, U3MEPEHUE NEPEMEIICHHM, N3MEepEHUE
TEeMIIepaTyphl.

MarauTHble SBJICHHS WHAYKTUBHOCTH, MU3MEHECHHE B3aUMHOW WHIyKTHBHOCTH,
dbopma mepemerneHus, AudPepeHIIMaIbHBIE TpaHCPOPMATOPHI, CKOPOCTH HW3MEHCHHS
MOTOKA.

N3mepenne BeNWMYWHBI MAarHUTHOTO TIOJISI, Pa3HUIIA TOMEPEYHOTO HAMPSIKEHUS,
TOKa BO30YKJI€HUS, KOHCTaHTa XO0JIjIa, OTYTPOBOIHUKOBBIM MaTeprajl, MarHUTHOE TOJIe
3aJJaHHOTO pa3Mepa.

PeBepcuBHBIM peXUM, YIBTPAa3BYKOBOM IIEpENAaTYMK M NPUEMHHUK, YacCTb
YCTPOMCTBA U3MEPEHUS YCKOPEHHUS, CUJIbl U JaBJICHUE, MHE30AJICKTPUUECKUE MaTepHUaIbl,
MIEPEOPUEHTAIUS AIEKTPUUECKUX 3apsI/IOB.

N3meHeHue CONMpPOTUBICHUS MPU PACTSIKECHUU WM HAIPSIKEHUU, OYEHb MaJbie
CMEIIEHUSI, HOMUHAJIbHBIC 3HAYEHUs COMPOTHBIICHUS, THOKas MOJUIOKKA JIUCTA, KPYTJIOe
MOTIEPEYHOE CeUCHUE, KaTMOPOBOYHBIN KOA(PPUIIMEHT, MeTaimTndecKas (osbra.

O6macte p-THMa, OCHOBaHWE N-THIMA, METAJUIMYECKass MPOBOJIOKA, (oJIbra,
TIOJTYTTPOBOTHUKOBBIN MaTepHall.

5-tema: Coop nannbix B LabVIEW
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KoMmnbroTep Ha ocHOBe cOOpa JaHHBIX

MyJbTEMETp, DJIEMEHTHI ATUTPBI HHCTPYMEHTBI, IOTHYECKHUE OTICPAIIMH B CPE/Ie
LabVIEW, nukiel B cpeae LabVIEW, ctpykrypa Case B cpene LabVIEW, c6op naHHBIX ¢
nomotso LabVIEW.

COJIEP)KAHUE MPAKTUYECKOM YACTH MOYJIA

Ha IMPAKTHUYCCKHUX  3aHATHAX Y cnymaTeJIeﬁ 3AKPCINIAIOTCA  HM3YYCHHBIC
TCOPETUUCCKUC OCHOBLI I/I3MepI/ITCHBHOﬁ TCXHUKH, PCIIAOTCA IPAKTUUCCKUC 3aJlavuu.
HOJ'IyIIeHHBIe SHAaHUA W HABBIKH IMOAKPCINIAIOTCA I10 yqe6HHKaM u yqe6HBIM HOCO6I/ISIM,
JICKHMOHHBIM MaTcpHajiaM, HAYYHBIM CTAaTbsIM KM TC3UCAM II0Jb30BATHCA pPasgaTOYHBIM
MaTCpUAIIOM.

1-npakTHyeckoe 3aHATHE:
TecTupoBaHue aNMapaTHBIX CPEICTB MEPCOHATBbHBIX KOMIIBIOTEPOB

OCHOBHBIC TEXHUYECKUE XAPAKTEPUCTUKU amNmNapaTHBIX CPEACTB COBPEMEHHOTO
MIEPCOHATTLHOTO KOMITBIOTEPA.

3anmyck mporpammbl «Everesty miis ompemeneHus TEXHUYECKHX XapaKTEPUCTHK
MIEPCOHATILHOTO KOMITBIOTEPA

OmnpenenseM TEXHUICCKYIO XapaKTEPUCTUKY — THIT

— ¥ 4aCTOTY IIEHTPAILHOTO MPOIIECCOPa;

— CHCTEMHOM 1u1aThl U popM-PakTop;

— YUTICeTa CHCTEMHOMH TIIATHI,

— 1 00BEM JKECTKOTO TUCKA;

— CETEBOTO a/IanTepa;

— BUJIC0Q/IANTEPA;

— 3BYKOBOTO aJianrtepa.

2-MPaKTHYeCcKoe 3aHsTHe:
IIporpammupyemslii cBsi3Hoii uHTepdeiic (PCI)

3anucath ¢Gu3umyeckuil agpec - "mpor', agpec MacCMBa CHMBOJIOB W HMX YHCIIO,
BPEMEHHYIO JJUarpaMMy HOMeEpa JIByX BBIXOJIOB JeIIHU(ppaTopa.

[lepenucats nporpammy ¢ accem6Oepa st MII 80x86 Ha accembnep s YMK.

BBectn wuW3MEHEHMST B HEKOTOPBHIE UHWCICHHbIE 3HAYEHUSI MPOrpaMMbl B
COOTBETCTBHE C 3aJJAaHUEM U 3aIIOJTHUTE JTUCTUHT.

[Moaxmrounts Tuiaty pacmupenus ¢ Y CAIIII u BkItounTh 1a00paTOPHBIA CTEH]I.

Beectn n3 muctunra B Y MK kozb1 iporpaMMsl.

3anmycTuTh TporpamMmy, MpPU HEOOXOJUMOCTH HCIpPaBHUThH OMuMOKH. Ha skpane
ocuiorpada nokasarb 3aJJaHHY0 BPEMEHHYIO JUarpaMMy Iepe1aBaeMoro Kaapa.
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3-mpaKkTHYecKOoe 3aHATHE:
CTpyKTypHBIE MOJEJIN HAICKHOCTH CJIO0KHBIX CHCTEM

AHaM3 HaJEKHOCTH CIOKHOU CUCTEMBI.

Pa306uBKa CI0KHOM TEXHUYECKOW CHCTEMBI Ha 3JIEMEHTHI (KOMIIOHEHTHI).

Ornenka paboTOCIIOCOOHOCTH BCEH CHCTEMBI.

PaccmoTpenue napaMeTpoB U XapaKTEPUCTHUK JIEMEHTOB.

[IpoekTrpoBaHUE CUCTEMBI CO CMEIIAHHBIM COCIMHEHUEM DJEMEHTOB C IIEJIbIO
obecrnieueHus €€ paboTOCIOCOOHOCTH

OnpenenuTs HAACKHOCTH CHUCTEMbl MO (QopMmysie MPU HM3BECTHOM 3HAUYCHUU
HAJICKHOCTH €€ IJIEMEHTOB.

4-npaKkTU4YecKoe 3aHsITHE:
N3y4yenne npouecca BBoAa HHGPOPMALMHU C JATYUKOB

[TonxmroueHne ONTUYECKUX JATYUKOB K OJHOMY BXOJIy MUKPOIIpOIIeccopa.

3a3eMJIUTh IMUTTEPHI BceX (OTOTPAH3UCTOPOB ONTOMAD,

OObEeIMHUTD KOJUIEKTOPHI BMECTE U MOAKIIOYUTH Yyepe3 O0IIyI0 Harpy3Kky kK +5 B.
CHarp curHan ¢ oOmEed KOJUIGKTOPHOM Harpy3kd ¢ TOJaTh €ro Ha BXObI
Mukpomnpoueccopa uian ALTIL.

Bxirouath CBETOAMOJT Ka)KJIOrO ONTHUYECKOTO JaTyMKa B OIPEIEICHHbIN

MPOMEKYTOK BPEMEHH.

CuuThiBaTh CUTHAJI ¢ OOIIEro BBIBOJA I (DYHKITMOHMUPOBAHMS TaHHOW IEMH
(ec mcmontb3yercst AT, To BbITIONHSAETCS MpeoOpa3oBaHUE CHTHAJIA TOJIKIIOYSHHOTO
CBETOAMOMA).

S-IMpaKkTH4YecKoe 3aHsITHe:
Co3nanue BUpPTYaJbHbIX NPpUOOpPoB B cucreme LabVIEW

NMeroTcst naTuyuku, KOTOPbIE CYUTAIOT TEMIIEPATYPY U 0OBEM.

Coznanue Virtuallnstrument st MoAenupoBaHUsL OMpEAENICHUs TeMIEepaTypbl U
o0bema.

Co3nanue MKOHKU BUPTYaJbHOTO Mpudopa

BezoB SubVI: usrorosuts VI, koTopsiit ucnonszyer Temp&Vol.vi kak subVI.

Otnmanka VI ¢ ucnonb30BaHWEM 30HJIA U €r0 OKHA JJISI MCCIEIOBAHUS IMOTOKA
TAHHBIX B OJIOK-CXEME.

dopma 00yueHus

dopma 00yueHHUs OTpakaeT TaKHMe BHEUIHUE CTOPOHBI Y4eOHOTro Mpolecca, Kak
Croco0 ero CyIecTBOBAHUS: TIOPSAJIOK M PEKUM; CIIOCOO OpraHu3aIii 00ydeHUs: JTISKIHs,
CEMHUHAp, CaMOCTOsITeNbHAsT paboTa ©W TMp.; CHOCO0 OpraHU3alMH COBMECTHOU
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JeATeNbHOCTH o0yJarouiero u oOyvaronmxcs: (ppoHTalbHAsI, KOJIEKTUBHASA, IPYyNIOBasi,
WH/IMBH Ty aJIbHAS.

[Ipn 00yuyeHust BaXHBIM SBJISETCA BBIOOP (OPMBI OpPraHU3alUU YYEOHOU
JEeSATEIbHOCTH YYaCTHUKOB:

e  KosnekTuBHas — KOJUIEKTUBHOE, COBMECTHOE BBIIIOJHEHHE OOILEro y4eOHOro
3a/laHHsl BCEMU CTYJEHTaMHU. XapakTep MOJIYyYEHHOI'O PE3yJIbTaTa: UTOT KOJUIEKTUBHOIO
TBOPYECTBA.

e ['pynmoBas — COBMECTHOE BBINOJIHEHHE €IMHOIO 3aJaHUsl B MAJIbIX TpYyMNIax.
XapakTep NOJy4eHHOI0 pe3yibTaTa: UTOT TPYNIOBOr0 COTPYIHUYECTBA HA OCHOBE BKJIaAa
Ka>KJ10T0.

e lunuBuayanbHas — WHIMBHIYaJIbHOE BBINOJHEHUE YYEOHOIro 3aJaHusl.
XapakTep MOJY4YEHHOI'O pe3ysbTara: MTOI HMHAWBHUIYaJIbHOTO TBOpuecTBa. OOBIYHO
MPEAIIeCTBYET TPYIIIOBOM padore.

KPUTEPUHU OLIEHKHA
Kpurepuu oajL MakcuMajabHbIi 0211
OLIEHKH
Keiic
CamocTosTenbHas 1,5 6ayuta 5
pabota 1,0 6amma ’

|l. ”AHTEPAKTABHBIE METO/IbI OBYUYEHWSI, UCIOJIL3YEMBIE B
MOJYJIE

Keiic-meTox

Cumyauusa (¢pp. — nonoxcenue, 06cmanoéKka), COBOKYIHOCTb OOCTOSTEILCTB
(BHYTPEHHHUX W BHEITHUX ), COJAEPXKAIIAsl YCIOBHUS, TPOTUBOPEYHSI, B KOTOPHIX Pa3BUBACTCS
Kakas-mu0o0 ACATEIBbHOCTh WHIWBHJIA, TPYIIIEI, OPTaHU3aIlid, TpeOyromas KOHKPETHOTO
paspenieHusi, HoO He WMEIoIIass MTHOBEHHOTO OJIHO3HAYHOTO PEMICHUS IS BBIXOJA W3
CO3/aBIICTOCSA TOJIOKEHUs). Tarkke STOT METOJ B JMTepaType HasbBaercs «Keiic-
cmaou.

Meton aHainM3a KOHKPETHBIX CUTyallMil HacuUThIBaeT okoyio 30 mMomudukanui,
OJIHOM W3 KOTOPBIX sBisieTcss Keiic-memood (Case study). DTo TexHHKa OOy4YEHHS,
UCIIOJIB3YIOMIAasl OINUCAHUE PEAIbHBIX CHUTyalluid (OT aHIJI. case — «CIydaid»).
OOyuaromuxcsi MpoCsAT MPOAHATM3UPOBATH CUTYAIMIO, Pa300paTbcsi B CYTH MPOOIIeM,
MIPEIJIOKUTh BO3MOKHBIE BapHAHTHI PEIICHUS W BHIOpaTh Jydmwii u3 Hux. Kelc-meron
KOHIICHTPUPYET B c€0€ 3HAUYNTEIHHBIC TOCTUKEHUS TEXHOJIOTHH «CO3/IaHue ycmexay. [
HErO XapaKTepHa AaKTUBHW3aldsg OOydYaromuxcs, CTUMYJIMPOBAaHHE UX yCIexa,
MOTYEPKUBAHKE JOCTIKEHUN YYACTHUKOB. FIMEHHO OIIyIICHHUE yCIeXa BBICTYIAeT OAHOU
U3 TJaBHBIX JBIDKYIIMX CHJI METO/a, CIOCOOCTBYeT (OPMUPOBAHUIO YCTOWYMBOU
MO3UTUBHON MOTHBAIIMY W HapalllMBaHUIO MTO3HABATECIIbHON aKTUBHOCTH.
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Cumyayuu oviearom:

®  cmanoapmuas (YacTO TOBTOPSIOIIAACS CHUTyalMs HOPH OJHUX M TeX XKe
00CTOSITENIbCTBAX, HMMEIONIAsl OJHM U T€ K€ HUCTOYHMKH. OHa MOXKET HUMETh Kak
MOJIOKUTEIIbHBIN, TaK U OTPULIATENIBHBIN XapaKkTep);

®  Kpumuyeckas (HETUIIMYHAs CUTyallMs, paspyliatouias IepBOHAYAJIbHbIC
pacyeTsl U TUIaHbl, TpeOyIolas paauKaibHOTO BMEIIATENIbCTBA);

®  oKcmpemanvHas (YHUKaJbHAs CUTyallus, HE UMEIOIAsl B MPOILJIOM aHAJIOIOB,
MPUBOJALIASA K HEraTUBHBIM U3MEHEHUSIM, TTOJIEBHIE);

®  CUTyalUHU-OIEHKU (ONUCAaHHE KOHKPETHOTO COOBITHS U TPHUHATBIX Mep U
dbopmynupyercs 3a7a4a OLEHUTh TPUIUHBI, MEXaHU3MbI, 3HAYEHUE U CIIEJCTBUE CUTYAIIUU
U IPUHSTBIX MED);

o CUTyallUU-WLTIOCTpAllMK  (HA KOHKPETHOM IMPUMEpPE JIEMOHCTPHUPYIOTCS
3aKOHOMEPHOCTH WJIM MEXaHU3MBbI COIMAIIbHBIX MPOIIECCOB, MO3UTHUBHAS U HETaTUBHAs
NESATENHHOCTh JTUYHOCTEH M KOJUIEKTUBOB, 3((EKTUBHOCTh MCIOJIH30BAHHS METOJOB U
PUEMOB palOThl, 3HAYCHUE KaKUX-THOO0 (PAKTOPOB U yCIIOBUIA),

®  KpecelibHbIE, 0a30BbI€ U KOHKPETHBIE;

®  CUTyalMU-TIPOOJIEMbI, CUTYaIIMU-TPEHUHIH;

®  KJIACCHYECKHE, «OKMBBIE» CUTYALMH, pa300p KOPPECIOHAEHIUH, IEHCTBUE 11O
aIrOpUTMYy.

HcTrouHnku cuUTyanuid: XyJOKECTBEHHAas W MYyOJIMIIUCTHUYECKas JIUTepaTypa,
CTaTUCTUYECKUE JaHHbIE, HAYYHBIE CTaTbU, peaJibHble COOBITUS MECTHOM JKW3HH,
HNuTtepHer.

Tpeboeanusa konkpemnoii cumyayuu (KC):

- KC gnomxHa COOTBETCTBOBATH COJACPKAHUIO TEOPETHUUECKOTO Kypca U
npo¢eCCUOHATIEHBIM MOTPEOHOCTSIM 00yYaArOITUXCS;

- JKeJlaTeJbHO, 4YTOOBl CHUTyallus OTpa)kaja pealibHbld, a HE BbIMBIILICHHBIH
poeCCUOHANIBHBIN CIOKET, B HEW JTOJKHO OBITh OTPAKEHO «KAK €CThY», & HE «KaK MOXKET
OBITHY;

- CJIeAyeT BECTHU pa3pabOTKy KEHCOB HA MECTHOM MaTepualie U «BCTPAUBATh» UX B
TEeKyLIUH yueOHBIN mpo1iecc;

- CcUTyalMsi JOJDKHA OTJIMYaTbCS  «JIpaMaTU3MOM» M TPOOJIEMHOCTHIO,
BBIPA3UTENBHO OIPEACNATh «CEPALEBUHY» MPOOJIEMBbl U COJEPKaTh HEOOXOIMMOE U
JI0OCTaTOYHOE KOJTUYECTBO MH(POPMAIINH;

- HYXXHO, YTOOBI CHUTyaIlusi TMOKa3blBaJla KaK IOJOXKUTEIbHBIE (IMMyTh K YCHEXy
(bupMBI, OpraHu3aIym), TaK U OTPUIIATEIbHBIE IPUMEPHI (PUYUHBI HEYad U TIp.);

- KC nmomknHa OBITH MO cujaM OOYyYarOIMMCS, HO B TO JK€ BpEeMs HE OYCHD
IIPOCTOW;

- CUTYyallusi JJOJDKHA ObITh OINKMCAaHa MHTEPECHO, MPOCThIM U JOXOAUYHUBBIM SI3IKOM
(menecooOpa3HO MPUBOUTH BBICKA3bIBAHUS, TUAJIOTH YYACTHUKOB CUTYaLIUH ),

- TEKCT CHUTYallMOHHOTO YyIpaXHEHUS He JIOKEH COJIepkKaTh TOJICKA30K
OTHOCHUTEJIFHO PEIICHUS TTOCTaBICHHON MPOOJIEMBI;
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- CUTYyalMsl JOJDKHA TAaKKE COMPOBOXKIATHCSA YETKMMHU MHCTPYKLUSMHU MO padoTe C
HEIO.

BMmecTo MOArOTOBIEHHBIX TEKCTOB  MOXHO  HCIOJIb30BaTh  ayAuoO- WU
BUJIC03aIMCH, Ta3€THbIE CTaThH, O(UIIMATIbHBIE TOKYMEHTBI UM UX TOJI00PKH, PACCKa3bl,
COZIEpIKaIll€ ONMUCAHUS MPOU3BOJACTBEHHBIX CUTYyalUN. YYACTHUKU MOTYT NMPEIIOKUTH U
PaccMOTPETh MPUMEPHI U3 COOCTBEHHON MTPAKTUKH.

[Ipyu »TOM HEOOXOAMMO OYEHb YETKO C(HOPMYJIUPOBATh 3aJaHUE, YTOOBI
oOyyJaroruecs: He TOITATHNCH JKEJAaHWIO MTACCHBHO BOCIPUHUMATH UH(OPMAITHIO.

Ilpunyunvt  nocmpoenusa  KOHKpemHblX  cumyayuii:  TpoOJIEMHOCTB,
MOJEIUPOBaHUE TPO(PECCHOHANBHBIX CHUTyallud ©W WX pENIeHUH, KOJUICKTUBHO-
WHIUBUYaJIbHAS 1EATEIbHOCTD, TUaJOTMYHOCTh OOIICHHUS.

AHanu3 KOHKpemHOU cumyayuu — JEATEIbHOE HUCCIEIOBAHUE PEATbHON WU
HMCKYCCTBEHHO CKOHCTPYHMPOBAHHOW CHUTyallMM [JIs BBISBJICHUS TPOOJEeM U MPUYMH,
BBI3BABIIMX €€ JJi ONTHUMAJIbHOIO W OINEPATUBHOIO pPa3pelieHHsl. DTOT METOJ MOXKET
WCIIOJIb30BaThCA KaK B IPOIECCe UTCHHS JIEKIUH (BO3MOXHBI TPU YPOBHSA), TaK M Kak
CaMOCTOSTENIbHOE MPaKTUYECKOoe 3aHsATHE (KJIACCUYECKU BapHaHT, CBOOOIHBIN BapHaHT,
CMEIIaHHBIN BapHaHT).

Ilenv Mmemooa ananuza KOHKPEeMHOU cumyauyuu memooa — HAYYUTH
CIIymiaTesned aHalIu3upoBaTh WH(POPMAIIUIO, BBISIBISITH KIIOYEBBIE MPOOJIEMBbI, BHIOMPATH
albTEPHATUBHBIC NMYTH PEIICHUSA, OLICHUBATh WX, HAXOJWTh ONTUMAJIbHBIM BapuUaHT U
(OopMyIMpPOBATH IPOTrPaAMMBbI IEHCTBHIA.

Cmaouu cozoanusa Keica:

- OIIpezieJIEHUE TOro pasziesia Kypca, KOTOpOMY MOCBSIIIEHA CUTYalIHS;

- popmynupoBaHue 1eJIeH U 3ajay;

- ofpejierieHue poodIeMHOM cuTyaruu, GopMyJIMpoBKa IPOOIEMBbI;

- IOUCK HEOOXOMMON UH(pOPMAITUH;

- CO3/IaHUE U OIIMCAHUE CUTYALINH.

Imanwl pabomowl c Keicom:

1. Drtan BBeleHHs B U3yUaeMylo podjiemMy

Keiicel MOTYT OBITH PO3/IaHBI KaXKJIOMY OOydYaromemMycs 3a JIeHb /10 3aHSATHH WA
Ha caMOM 3aHATUM. Ha o3HakomieHue BblAEISIETCA S5-7 MHH. B 3aBUCUMOCTH OT
cloXHOCTH  Keiica. [lpemomaBaTenb HayuMHAET 3aHATHE C  KOHTPOJSL  3HAHUSA
oOyyarouumucs (CiIylaTelsiMi) COAEpKaHMsl Kelca, Harpumep, crpammnBaetr: «CKOJIbKO
BCETO NMEPCOHAXEN NEUCTBYET B AAHHOM CUTyauuu?» WM «YUTO ABISETCS LEHTPAJIbHOU
npoOnemMoil JaHHOro keica?». Jlanee y4acTHMKM 3aJal0T PYKOBOJUTENIO BOMIPOCHI C
LEIbI0 YTOYHEHHUS CUTyallud W TOJyYEHHs JOIMOJHUTEIbHONM WHGOpMaIMu, KOoTopas
bukcupyeTcst Ha J0CKe JIJIsl TOCIEYIOIIEro 00Cy KIACHHUS.

2.  AHaJIU3 CUTyaluu.

Kaxnplii U3 y4acTHHUKOB WJIM TpYyIa MPEACTABIAIOT CBOM BApUAHT PEUICHUS B
BH/JIE YCTHOT'O JIOKJIaJa (perjiaMeHT yCTaHABIMBAETCS ).

3. JTan npe3eHTaIHM.

YMeHnne nyOIMYHO TPENCTABUTh HWHTEUICKTYAIbHBIM MPOAYKT, XOPOIIO €ro
IpOpEKJIaMUpOBaTh, IOKa3aTh €ro JIOCTOMHCTBA M  BO3MOJKHBIE  HAaIpPaBJICHUS
3G (HEKTUBHOTO WCIOIB30BAHUS, A TAKXKE BBICTOSITh TOJM  IIKBAJOM  KPUTHKA
IPEICTABIIACTCS OYEHb LIEHHBIM MHTETPAJIbHBIM KaU€CTBOM COBPEMEHHOTO CIIELUATHUCTA.
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4.  Jrtan o0uiei TUCKYCCUH.

Kaxk npaBuio, Bo Bcex TUCKYCCHUSX MPU 00CYKJACHUU CUTYALIMOHHBIX YIIPAXKHEHUM
(bOpMyTUPYIOTCS YEThIPE OCHOBHBIX BOIIPOCA:

- [louemy cutyanust BBITJISIAT KaK JujieMma?

- KTo npunumain pemenus?

- Kakue BapuaHTBI pelieHUs OH UMEIl BBUY?

- Uto eMy Hazo OBLIO caenaTh?

5.  Jram noaBeleHUs1 HTOTOB.

IIpenonaBarenb JOMKEH «PACKpbITh KapTbl». JUIsI KEWCOB, HANMCAHHBIX Ha
pUMEpPE peabHBIX KOHKPETHBIX CHUTYallUi, 9TO WHPOpPMAIUS O TOM, KaK ObUIA PEIICHBI
npoOJieMbl, KOTOpbIE OOCYXIATUCh CIyHIaTeldsIMA, B pealibHOW ku3HuU. Jns
«KAOMHETHBIX» KEHCOB BaxXHO OOOCHOBaTH Bepcuio mnpemnojaBarens. Cremyer
aKIICHTUPOBATh BHUMAHHUE Ha TOM, UYTO KEHC MOXET UMETh U Apyrue penieHus: «Ku3Hb
Oorade J1I0O0N TEOpUM», a 3aT€M BBIACIUTH JIyYIME PEUICHUS U PACCTaBUTh AKIICHTHI
MOOLIPUTENILHOTO XapakTepa (PEUTHUHT yCIIEBAEMOCTH, IPU3BI, 3apyOEKHbIE CTAXKUPOBKH).

B Merope «keiic-cTamum» MOXKET OBITh MCIOJIB30BAH MO3TOBOM IITYypM, KOrja
rpyIIa 3anuia B TYIUK U 3aTPYIHSETCS NIPUHATH PEILLICHUE.

IIpumep npuMeHeHus:
IIpoexTupoBanus HU@PpoBbIX GUILTPOB
Beeoenue

B 1aHHOM NpakTUYECKOM 3aHATHM O0yudeHus ucnonb3dyercs keric-merof (Case
study) - meton aHanmu3a cutyanuid. Llens 3aHATHS 3aKIFOYAETCS B TOM, YTO CIYIIATEIISIM
OpeajaraloT  BBIMNOJHUTh NPOrPaMMHYIO peaiu3aunuio uudpoBoro ¢GuiabTpa Ha
curHaabHoM — mporieccope  DSP56000, BwiOpaB Tun  QuibTpa, paccuMTaB  €ro
XapaKTepUCTUKH, CBEPUB PE3YJbTAThl MPOrPAMMHON SMYJSIMKU paboThl (GUiIbTpa ¢
3aJIaHHBIMU 3Ha4YeHUsIMH T3 — 4YacToTa NUCKpPETU3allMd, BEPXHUE U HUKHUE YacCTOThI
cpe3a W 3aJIepXKKH, JOIMYCTUMBIN YpOBEHb YaCTOTHBIX KosneOanuii AUX, nuHaMu4ecKuii
JUanazoH paboThl, JOIMYCTUMOE OTHOIICHUE CUTHAJ-TITYM.

CrnymarensM IOpeagaratoT OCMBICIUTh PEaIbHYK CUTYAILMIO, ONMCAHUE KOTOPOM
OJTHOBPEMEHHO OTpa)kaeT HE TOJIBKO MPOoOiIeMy MPOEKTUPOBaHus U(POBOro GpuimpTpa, HO
U aKTyaJIM3UpPYEeT ONPEICICHHbI KOMIUIEKC 3HAHUI, KOTOPbIA HEOOXOAMMO YCBOUTH MPHU
paspenieHuu AaHHOW mpoOnemsl. [Ipu »TomM cama mpoOrnema HE HMMEET OJHO3HAUYHBIX
pemenuii. Ketic nmpeacraBiseT co00i poJIeBYIO CUCTEMY.

Opzanu3zayuonnslii 3man

Paboty Han 3amanueM U OOCYXKJIEHUE CUTyallud IMJIAHUPYETCS OPraHU30BBIBATH B
MaJbIX TpYIIax, Ha KOTOpbIE NENSATCS CIyIIaTeld TMPU BBIMOJHEHUU J1A0OPAaTOPHOTO
npakThuKyMa no Kypcy «Mukponpoueccopsl u [JOC». B rpynme onpenensitoTcsi Ciukep,
OIIIOHEHT, HKCHEPT.

Chnukep 3aHUMaeT JUIUPYIOUIYIO MO3UIUIO, OPraHU3yeT 00CYXJIEHHUE Ha YpPOBHE
rpymIbl, GopMyIHpyeT 00lee MHEHUE MAJION TPYIIIBL.

Onnonenm BHAMATENBHO CIYIIAET MpeyiaracMple MO3ULIHUH BO BPEMS IUCKYCCUU U
(bopMyIupyeT BOIPOCHI MO MpeAiaraeMoil HHPOpPMAaLIHH.
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Oxcnepm (GOPMHUPYET OLEHOYHOE CYKJIEHUE MO MpeajiaraeMoil MO3UIMH CBOEH
MaJloi rPYIIIbI M CPABHUBAET C MPEIaraéMbIMU NO3ULUSAMHU IPYTUX TPYIIIL.

Kaxnoit u3 Maneix rpynn BbiaeneH APM, oOopynoBaHHOE MepCOHAIBHBIM
KOMIIBIOTEPOM, C YCTAHOBJIEHHbIM Ha HEM CHEIUAIM3UPOBAHHBIM TPOrPAMMHBIM
obecrieueHueM.

Bpewms, BbiaenenHoe i paboThl HAJl 3alaHUEM: 2 Yyaca caMOCTOsITeNIbHas padoTra
IIpU MOJATOTOBKE K 3aHATHIO, 4 yaca J1abopaTOPHBIX 3aHATHI.

Ioozomoeumenvnwlit 3man - padooma Ha0 MEXHUUECKUM 3A0aAHUEM

Kaxpnas mamasg rpynma mHojyd4aeT TEXHUYECKOE 3a/JlaHHe Ha NPOEKTHPOBAHUU
1 poBoro GpuIbTpa, COrIacHO KOTOPOMY MAJION IpyIIe MPEICTOUT PEIIUTh CIACAYIOIINE
3a]1a4u:

1. BsiOpars Tun ¢uneTpa (He pPEeKypCHUBHBIA (UIBTP, PEKYPCHUBHBIM (DUIBTD,
MHOTOCKOPOCTHAsl CHCTEMa Y3KOIOJIOCHOW (DUIIBTpAIMKM) COTJIACHO TaOJIMIIE BapHaHTOB
3a/laHus

BapuaHTbl TEXHUYECKOTO 3a/1aHHsI Ha TI0JI0COBOM (DUIIBTP

Bapu |kl | xI'm | k' | kg nb nb Kl'1g
aHTa

1 0.18 |0.38|0.64|0.82 |[0.08 [0.01 |60 5 2
2 0.40 |0.92|1.36|1.76 |0.10 |0.02 |60 10 4
3 056 |1.68|272|3.68 [0.11 |0.02 |54 6 8
4 0.80 |2.00|2.60|4.20 [0.08 [0.02 |54 18 0
5 0.20 |0.42|0.62|0.80 |[0.10 |0.02 |48 3 2
6 0.30 |0.76|1.24|1.80 |0.10 |0.03 |48 6 4
7 048 |1.08|1.74|2.64 |0.09 [0.04 |48 12 6
8 3.3 3.7 |43 |49 0.07 10.02 |60 7 12
9 4.3 48 |54 |6.0 0.09 (0.03 |70 10 14
10 5.0 57 |66 |7.2 0.09 10.03 |75 8 16
11 2.4 3.0 |36 [|4.2 0.1 0.02 |80 5 10
12 5.3 59 |64 |70 0.1 0.02 |82 8 16
13 2.4 3.1 |35 |39 0.05 1001 |72 13 12
14 2.6 29 |30 |33 0.05 (0.01 |70 9 8
5 5.5 6.2 |66 |7.2 0.08 |10.02 |60 11 18

O6o03Hauenus B Tab0.1.:
f ., f., - TPAHUYHbBIC YACTOTHI MoJoc 3aaepxanus (kl'm),
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f ., f., - TPAHUYHBIE YACTOTHI MOJOCHI Tponyckanus (kI'1),

enl? "aon2

€,, €, - HepaBHOMepHOCTh AUX B mosiocax npoIycKaHus U 3a1€pKUBaHNUs,

n
D - nauHaMu4ecKuid 1uamna3oH cucTemsl (1b),
R, - MHUHUMAaJbHOE OTHOIICHHME CHWrHaj/iiym B nb Ha Bbixome ¢umibrpa (Ha

HWKHEH I'paHuC JMHAMHUYCCKOTO III/IaHa3OHa),
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f, - vactora nuckperusanuu (kl'm).
2. Paccuuratp, 3amucaTh B TaOIHUILy U COXPaHUTH B BUjie ¢aiisia Kod3hGUImeHTh
nepenaroyHon GyHKIMu, moctpouth rpadpuk AUX, ®UX, kapTy Hysei U MOITIOCOB.



«Mosrosoii mirypm», «Mo3rosasi araka»

«Mo3sroBasi araka», «MO3roBOH IITYpM» — 3TO METOJ, MpPU KOTOPOM
IpUHUMAETCsl 000 OTBET OoOyuaromierocss Ha 3aJlaHHbId Bompoc. BaxkHO He naBath
OIICHKY BBICKA3bIBAEMbIM TOUYKAM 3PEHHUsSI Cpasy, a MIPUHUMATh BCE U 3aIlMCHIBATH MHEHUE
KaXJ0ro Ha JIOCKE WM JIUCTe OyMaru. YUYacTHUKU JIOJDKHBI 3HaTh, YTO OT HUX HE
TpeOyeTcss 000CHOBaHUM WU OOBSICHEHU OTBETOB.

«Mos3roBas ataka» sBigeTcs 3QPEeKTUBHBIM METOJOM MPU HEOOXOTUMOCTH:

0OCY’KJIEHUS CIOPHBIX BOMPOCOB, CTUMYJIMPOBAHUS HEYBEPEHHBIX 00y4YaeMbIX JJIs
OPUHATUS Y4YacTusi B OOCYXJIE€HHH, cOopa OOJIBIIOrO KOJMYECTBA HJEH B TEUEHUE
KOPOTKOr'0 MEepHUOJa BPEMEHH, BBIICHEHUS MHPOPMUPOBAHHOCTH WM MOATOTOBIEHHOCTH
ayiuTopuu. MOXHO IPUMEHSATH 3Ty popMy paOOThI ISl MOTYUYEHU OOpAaTHOM CBS3H.

«Mo03roBoii WITYypmM» — 3TO MPOCTON CITOCOO TeHEPUPOBAHUS UAEH AJIA pa3pelieHus
npoOiembl. Bo BpemMsi MO3roBOro mrypMa y4aCTHUKA CBOOOJAHO OOMEHUBAIOTCS HUIEAMU
10 MEpe UX BO3HUKHOBEHHMSI, TAKUM 00pa30M, UTO KaXK/bIii MOXKET pa3BUBATh Uy>KHE UJICH.

Heab: BbIsiBIeHUE WHGOOPMHUPOBAHHOCTH WM TOJTOTOBICHHOCTU ayAUTOPUU B
TE€YEHUE KOPOTKOIO MEPHO/Ia BPEMEHH

3anaun:

e  (dopmupoBaHHUE OOIIETO MPEACTaBICHUS 00 YPOBHE BIIaJICHUsS] 3HAHUSIMHU Y
CTYJIEHTOB, aKTyaJIbHbIMH JIJIS1 3aHATHUS;

®  DPa3BUTUE KOMMYHUKATHBHBIX HaBBIKOB (HaBBIKOB OOLICHMUS).

Metoanka npoBeaeHust:

1. 3agarh yyacTHUKaM ONPEIETICHHYIO TEMY HIIM BOMIPOC JUIsl OOCYKICHUS.

2. IIpenyioxuTh BbICKa3aTh CBOM MBICIH IO 3TOMY TOBOJTY.

3. 3anuceiBaTh BCE MPO3BYYABIIME BBICKA3bIBaHUSA (IIPUHUMATh WX Bce 0e€3
BO3pakeHM). [lomyCKaroTCs YTOYHEHHS BBICKAa3bIBAHUM, €CIM OHHM KaXyTcsl BaMm
HESICHBIMU (B JIIOOOM Cllydae 3aluChiBaiTe HACI0 TaK, KaKk OHa Mpo3Bydala M3 YCT
YYaCTHHKA).

4. Korna Bce uieu U Cy>KJICHHS BBICKA3aHbl, HY>)KHO MOBTOPHUTbH, Kakoe ObLIO JaHO
3aJlaHue, U TIEPEYNCIUTh BCE, UTO 3alMCAHO BAMH CO CJIOB YYACTHHKOB.

5. 3aBepmuth padoTy, COPOCHUB YYAaCTHUKOB, KAKUE€, MO HMX MHEHHIO, BBIBOJIbI
MOKHO C/IeJIaTh U3 MOJYUYHMBIIMXCS PE3YJIbTATOB U KaK 3TO MOKET OBITh CBA3aHO C TEMOU
TpPEHUHTA.

[Tocne 3aBepiieHUs «MO3TOBOM aTakw» (KOTOopas HE JIOJDKHA 3aHUMaTh MHOTO
BpEMEHH, B cpeaHeM 4-5 MUHYT), HEOOXOAMMO OOCYIUTh BCE BApUAHThI OTBETOB, BEIOPATH
IJIABHBIE U BTOPOCTEIICHHBIE.

Paspabomka k memody : Mo3206020 wumypma:.



1. KakoBbl 1Ba OCHOBHBIX THIA TaMATH KommbioTepa? Kakoit tum
WCIIOJB3YEeTCS MPEUMYIIECTBEHHO B HHTEIUICKTYaJbHBIX WHCTPYMEHTaxX U

nouemy?
2. KakoBsl

MCXaHU3Mbl IJId [POrpaMMHpPOBAaHUsS W  BBIIIOJHCHUSA

IpOrpaMMbl B paMKax HHTEJUIEKTYaIbHOTO HHCTpYMEHTa?
3. O6cynuTh paboTy BBOJIa-BRIBOIa HHTEPQEiica B mporeccope
WHTEJIEKTYyallbHOTO HHCTPYMEHTA, OTMETHB, B YaCTHOCTH, MEXaHU3MBbI
ACKOAHUPOBAHUA aApeCa U JaHHBIX MEPCAavun YIIPaBJICHUA.

4. KakoBbl IMPAKTUYCCKUC coo6pa>1<eHI/151, CBA3aHHBIC C OCYHICCTBJIICHUEM

poleccopa KOMIbIOTEpa B U3MEPUTENbHOU crucTeme?

TAB/INUA 3/X/Y — 3HaeM / XOTUM y3HATh/ Y 3HAIIH.

TABJIULA 3/X/Y —
3naem / XoTHM
y3HaTh/ Y 3HaJU.

[To3Bonsier
MIPOBECTH
HCCIICIOBATEIHLCKYIO
paboTy 1O TEKCTY,
TeMe, paszeny.

ePa3BuBacT
CHCTEMHOE
MEIIIJICHUE,
HaBBIKM  aHAJIM3a,
CTPYKTYPUPOBAHUSI.

3HAKOMSTCS C TIPAaBUJIAMU COCTABIICHHSI TAOJHUIIBI.
NunuBuayanpHO/ B Tapax opopMIIIIOT TaOIHUILy.

———

OTtBeyaroT Ha BOIPOCkl: «YTO BBl yXKe 3HAeTe Mo
JnaHHOW Teme?» W «UTOo BBI XOTUTE Y3HATh?»
(Cozmaercss OpHEHTHPOBOYHAsT OCHOBa  JUIA
JIanpHenen padoTel). 3anogHAOT 1-f0 U 2-10
KOJIOHKH TaOJUIIBL.

CaMOCTOSTEIEHO YUTAKOT, CJIYIIAKOT JICKIIUIO.

3anoyHA0T 3-10 KOJIOHKY TaOJIUIIbI
CaMOCTOSITENILHO/B Mapax.

Taonuua 3/X/yY

3HaeMm

XOTHM y3HaTh VY3nanmm




IIpumeHeHust MeTO1a K TeMe

3HaeM XOTHUM y3HaTh VY3nanu
NuTennexryansHble | BXoa-Beixon Bxox-BeIxon
UHCTPYMEHTBI WnTepdetic WnTepdeiic
Muxpornpoueccops | IlapannenbHass muHa | [TapamnenbHas 1minMHa

bIC JaTYHUKH

JaHHBIX

JaHHBIX

CBsi3b C
MHTEJUJIEKTYaJIbHbIM
Y YCTPOMCTBAMHU

JlokansHEIE ceTH
[Mudpossie

JlokanbHBIE CETH
Hudpossie

[IpombiuieHHBIE Marucrtpane-anemeHT | Marucrpanb-31eMeHT
HIMHBI

Nuremnexkryansnsiii | LleHTpanbHbIi [enTpanbHbIi
JTATYUK IIpoLeccop IIpOLIECCOP
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I1l. TEOPETHYECKHUE MATEPUAJIBI
1- tema: IlpuHIUNBI HUQPOBLIX BHIYUCIECHUH

ILIAH:

1. Dnemenmol Komnvromepa

2. Ilpaxmuueckue coobpadicenuss 8 0o0bOasieHue KOMNbIOMEPO8 K CUCHEMAM
usMepeHuUsl

Knioueevie cnosa. umnmennekmyanbHviti OamyuK, YMHbIUL — NEPeoamuyux,
unmepgetic 6600-6b1600, MALUCMPANb-IIEMEHN, YEHMPATbHBIU NPOYECCOP.

1.1 DneMeHTHI KOMNIbIOTEPA

Tenepp MBI HaxOMM CCBUIKM Ha YCTPOMCTBA C TaKUMU Ha3BaHUSIMH, KaK
WHTEJUIEKTYaJIbHbIE UHCTPYMEHTHI, HHTEJUIEKTYalIbHbIE TaTYUKHU, U CMAPT — MEPEAATUUKU
KQKJbI pa3, KOrJa Mbl OTKPBIBAEM TEXHMYECKHUM KypHaJ WM IIPOCMATPUBAEM KaTajor
OPOU3BOJUTENEH  3JIEKTPOHHBIX MPUOOpPOB. ITO  OTpaxaer TOT (HakT, UTO
UHTEJUIEKTYaJIbHbIE ~ YCTPOMCTBA TENEPh JIOCTUTHYTO IIMPOKOE MPUMEHEHUE B
NPUIIOKEHUAX H3MepeHuil. TepMHH yMHBIH HCIONb3yeTcs A 00O3HAueHUs: J00O0ro
U3MEPUTEIBHOTO YCTPOMCTBA, KOTOPOE HCIOJb3YET BBIYUCIUTENIBHBIE MOIIHOCTH IS
NOBBIIICHUS €ro MPOU3BOJUTEIBHOCTH HW3MEPEHHd. MBI, BEpOSTHO, HM3BECTHO, YTO
M(pOBBIE KOMIIBIOTEPHI HCIOIB30BAJUCh B COYETAHMM C CHUCTEMaMH HU3MEpPEHUS B
TEYEHWE MHOTUX JIET B CLUECHAPUM THUIUYHOM CHUCTEME YIIPABICHHUS, TI€ KOMIIBIOTED
UCIIOJB3YET JAaHHBIE O MapaMeTpax IMpOoLEecca, MOCTABISAEMbIE CUCTEMON U3MEPEHUs IS
BBIYMCIICHUS YIPABJISIONIETO CUTHAJIA, KOTOPBIM 3aTeM IMOJAeTCsl Ha MPUBOJ B UYTOOBI
MU3MEHUTh HEKOTOPBIE aCIEKThl YIPABISIEMOro mpouecca. B 3ToM cilydae KOMIBIOTEP HE
ObUI HAa CaMOM JIeJie YaCcTh U3MEPUTENIbHON CUCTEMBI, a IPOCTO PAadOTAET C HUM, IPUHUMAS
JTAHHBIE U3 CUCTEMBI .

IIo Mepe TOro Kak CTOMMOCTh KOMIIBIOTEPOB yIlaja U YBEJINYUIACh UX MOIIHOCTb,
3TO CTal0 OOBIYHOM MPAKTUKON HCHOJIB30BaTh KOMIIBIOTEp, HA3HAUYCHHBIN (yHKIUU
YOPABJICHHS TEXHOJIOTMYECKUM MPOLIECCOM JUIsl MOBBILIEHUSI KaueCTBA U3MEPEHUN MyTeM
BBITIOJTHEHUS Pa3JIMYHBIX Omepaiuii 00padoTKH CUTHANOB B IU(poBoi hopme, KOTOpbIe
IPOBOJMIINCH PAHEE C MMOMOILBIO 3JIEKTPOHHBIX CXEM aHAJIOrOBBIX. T€M HE MEHee, B ATUX
paHHUX TMPWIOKEHUSAX LUPPOBOM 0OpaOOTKM CHUTHAJIOB, KOMIBIOTEP OCTaBajCs
OTYETJIUBBIM OT/AEJIbHBIM KOMIIOHEHT B U3MEPUTEIbHON cucTeMe. MBI ceiiuac nmepenuin Ha
OJIHy CTyNEHb JAJIbllleé K TOW TOYKE, TJI€ KOMIIBIOTEP, KOTOPBIA BBIMOIHIET 00pabOTKY
M(GpOBOro CHUrHaJa JJjsi TOBBIIIEHUS KadyecTBa M3MEPEHHH BCTPOEH B YCTPOMCTBO
u3MepeHus. Takue yCTpOWCTBa, KOTOPHIE BKIIOYAIOT IU(POBOM 00paOOTKM CHUTHAJIOB
OpPUBEACHBl IMOJ OOIIMM HAa3BaHWEM HWHTEUIEKTYaJIbHBIX YCTpPOWCTB. OTHenbHbIE
WHTEJUIEKTYaJIbHbIE ~ YCTPOWCTBA  MPUBJIEKAIOT  pa3jIM4YHblE HMEHA, TaKuUe Kak
VWHTEJUIEKTYaJIbHbId MHCTPYMEHT, HHTEJUICKTYalbHbIM JAaTUYUK, WHTEIUIEKTYaJbHbIN
JATYMK, ¥ CMAPT - epeaTauk. Tam HEeT )KECTKUX pa3inuuid MeXay QyHKIMEen J1000ro u3
HUX, U 3TOT TEPMUH UCIOJB3YyeTCs i1 0003HAUEHUS! MHTEIJICKTYyaJIbHOTO yCTPOMCTBA B
3HAYNUTEIBHOMN CTENEHU U3 - 33 MPEANOYTEHUS, IPUHATHIX PA3TUYHBIMU TPOU3BOAUTEIIMU

L Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 265 p.
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JUISL TOTO WM MHOTO UMeHH. [1o100HOE€ M3MEHEHHE CYLIECTBYET BO MMsI, UCIOJIb3yEMOE
JUISl OITMCAHUS] BBIYMCIMTEIBHON MOIIIHOCTH B IIPEAENaxX pa3yMHOTO YCTPOMCTBA, C TAKUMU
TEpPMUHAMU, KaK MUKPOKOMIIBIOTEp M MHKpoIpoieccop sBisercs oommm. [Ipeamerom
JAHHOW TJaBbl SBJISIETCSA, CIENOBATENIbHO, WHTEIUIEKTyallbHblE YycTpoMcTBa. OpHako,
4yTOOBl HayaTh C, MBI CMOTPUM B Oosiee 00IIeM IJJaHE Ha HEKOTOPBIX OCHOBHBIX
OPUHLKIAX HU(POBOrO BBIYUCIEHHUS, TaK KAaK 3TO IO3BOJUT HaM JIydlle IMOHSThb, Kak
UHTEIUIEKTyallbHbIE YCTpOHCTBA M (YHKIUHM, Kakue MOTEHLUUAIbHBIE TPYIHOCTH
CYLIECTBYIOT B UX IPUMEHEHNUH U DKCIUTyaTal1u.

OcHoBHast ¢QyHKIUS LHUPPOBOTO KOMIBIOTEpA, SBISETCS MaHUIYJIUPOBAHUE
JAHHBIMU. ODTU TPHU 3JIEMEHTa, HEOOXOJAMMBIE ISl BBIIOJHEHUS 3TOM 3aJauM SIBISIOTCA
LEHTPaAJIbHBIN MTPOLIECCOp, MAMITh U BBOJ-BbIBOJ MHTEp(eiic, Kak Moka3zaHo Ha puc.l. Otu
3JIEMEHThl BMECTE H3BECTHBI KAaK KOMIIBIOTEPHOE OOOpYAOBaHHWE, M KaXKIbI AJIEMEHT
CylIeCTBYeT (U3MYECKH, KaK OAMH WM OoJjiee HMHTErpajbHBIX MHKPOCXEM CXEMa,
YCTaHOBJICHHAS Ha TeyaTHol miare?. Tam, rae nenrpanbHbii nporeccop (L) coctouT us
OJIHOTO MHKpOIIpolieccopa, OOBIYHO paccMaTpUBaThb CUCTEMY KaK MHUKPOKOMIIBIOTED.
Paznuune Mexay ycnoBusMH

Address bus

Diata bus

Caniral bus

Mamary Central Input—eauiput {150}
procassing interface
umit

-_CPl;ll

Puc. 1 DnemenTH MUKpOKOMIIBIOTEPA

MUKPOKOMITBIOTEP, MHUHHUKOMIBIOTEp M MDbdHHppeiiM o4YeHb IPOU3BOJIBHOE
JICJICHUE MPOU3BOJUTCSA B COOTBETCTBUU C OTHOCHUTEIBLHON BBIYUCIUTEIHLHON MOIIHOCTH.
Tem He MeHee, 3Ta Knaccu(UKaIMs cTajga HECKOJIbKO O€CCMBICIECHHBIM, C CETOHSAIIHETO
JHST MUKPOKOMIIBIOTEPBI SIBJISIETCST 0OJie€ MOIIHBIM, YeéM MAIUH(PEHMOB KOMIIBIOTEPHI
BCEro HECKOJIBKO JIeT Ha3al. LleHTpanbHblil 010k 00pabOTKH YacThi0 KOMIIBIOTEPA MOKHO
paccMarpuBaTh Kak MO3T cucTeMbl. OTHOCUTENBHO HEOOJBIION MPOLEccCOop OOBIYHO
Ha3bIBAIOT MMKpompoueccopoM. Ilpomeccop ompenenser, Kakue BbIYUCINUTEIbHbBIC
OIEpalUy BBIOJHAIOTCSA U IIOCJIEI0BATEIBHOCTD, B KOTOPOM BBINIOJIHAIOTCS onepannu. Bo
BpeMs TaKOM OIepaluy, MPOLECCOP UCIOIb3YET OJHO MU HECKOJIBKO MECT CIECIUAIBHOE
XpaHWIKLIE BHYTPHU ce0s, U3BECTHBIX KaK perucTpsl. [Ipyras yacte npoueccopa siBiasercs
apu(PMETUUECKUM M JIOTHYECKUM OJOKOM, KOTOPBIN SIBISETCA, T€ BCe apuPMETHUECKUE
onepauuu oueHusarorcsa. Ilponeccop paboraeT B COOTBETCTBUHM C IOCIENIOBATENIBHBIM
NepeYHeM HEOOXOJUMBIX ONEpaluii, OMPEeAENEHHbIX C MOMOIIbI KOMIIbIOTEPHOU

2 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 266 p.
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IPOrpaMMbl, U3BECTHOM KaK KOMIIBIOTEPHOE MPOrpaMMHOE o0ecriedeHre. Jta nporpaMmma
OPOBOJUTCS BO BTOPOM M3 TpPEX KOMIIOHEHTOB CHCTEMbl, HM3BECTHOM Kak MaMsTh
KOMIIBIOTEPA.

KomMmmbroTepHas mamsiTh Tak’Ke BBIMOJHAET HECKOJIBKO APYruX (PyHKIMI, TOMUMO
TOW pOJIM TPOBEIACHUE KOMIIBIOTEPHOM Imporpammbl. OIHMM W3 HUX SBJSETCA
IIPEIOCTABIEHUE MECTAa BPEMEHHOI'O XPAHEHMS TAHHBIX, KOTOPBIE MCIOJIB3YET IPOLECCOP
JUIsL XpaHEHMsI NIEPEMEHHBIX BO BpPEMs BBIIIOJIHEHMSI KOMIBIOTEPHOW mporpammsl. Eie
OJIMH PaclpOCTPaHEHHBIN CIIOCOO MUCIOIB30BAaHUS MAMSTH I XpaHEHUs TaOJIMIl TaHHBIX,
KOTOpBIE MCHOJB3YIOTCS JJIsi MAacIITaOMpPOBAaHUS M MPeoOpa3oBaHUS MEPEMEHHOM Iienei
BO BpEMsS BBINOJHEHUs mporpammbl. [laMsITh MOXKHO NpPEACTaBUTH B  BHJE
NOCJIEIOBATENbHOW MOCIEIOBATENIBHOCTH OKOH, B KOTOPBIX pa3JIMYHBIE 3JIEMEHTHI
COXPAHSIOTCS, KaK ITOKa3aHO Ha PUCYHKE 2 JUIA TUIIMYHOrO pasMmepa mamsatu 65536
eAMHMI] XpaHeHusa. Ecau 3TOT MeXaHu3M XpaHEHHs JAOJDKEH ObITh MOJE3HBIM, TO BaXKHO,
YTOOBI CPEACTBO OBITH MPETYCMOTPEHBI AJIA NMPUIAHUS YHUKAJIBHYIO METKY JUISl KaXKIOU
KOPOOKH JUIsl XpaHEHHWs. DTO JOCTUraeTcsl C MOMOIIbI0 MeudeHus mepBoe mnonie kak 0,
cienyromuii 3a 1, u Tak ganee

Puc. 2 CxemaTtnueckoe n300pakeHne maMsiTé KOMIbIOTEpa (dncia B CKOOKax
yKa3aHbl aJpeca NaMsITH B IIECTHAIATCPUIHOM)

JUISL OCTAJIBHBIX MECT XpaHeHUs. DT HU(PhI U3BECTHBI KaK ajpeca nmamstu. B to
BpeMsi KaK OHHM MOTYT OBITh TOMEYEHBI JECSITUYHBIMU YHCJIaMHu, Oojiee OOBIYHO
UCIIONB3YIOT IIECTHAAUATEPUUHYO0 HOTaluio. CylniecTBYeT JBa OCHOBHBIX THUIIA MaMSTH
KOMIIBIOTEPA U CYLIECTBYIOT Ba)KHBIE Pa3MyUs MEXAY HUMH. JTHUMH JIBYMSI BHIAMHU
SBJISIIOTCSL  OTICpaTUBHOE  3aloMuHaromiee  ycrpoictBo  (O3Y) W MOCTOSHHOE
3anomuHaroniee ycrpoicto (I13V). IIpouieccop MokeT CUMTHIBATh U 3alKChIBATh JJAHHbBIC
B NEPBbI, HO OH MOXET YHMTaTh TOJbKO W3 mocieaHero. Baxunocts [I3Y cranoBurcs
OYEBHUJHBIM, €CIIM MOBEJACHUE KaXXJOT0 BHUAA MAaMSITH, KOrJa HCTOYHUK MHUTAHUS
BBIKJIIOYEH cuuTaeTcs. [Ipu BkitoueHnu nutanusi BpeMs oTkioueHus, RAM Tepsier cBoe
conepxkanne, Ho ROM mnopnepxkuBaer ux, u 310 3HaueHne ROM. MurTennekryanbHble
yCTpOMCTBa 0OBIUHO HCMONB3YIOT ROM myist xpaHeHus Tabiuil mporpaMM U JTaHHBIX U
MPOCTO MMETh HEOOJBIION O0BEM ONEpPaTUBHOW MaMsTH, MCIOJIb3YEMON MPOIIECCOPOM
JUIT BPEMEHHOT'O XpaHEHMsI MEPEMEHHBIX BO BpPEMsl BBIMIOJHEHUS MPOTpaMMbl. TpeTuid
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BaKHEUIINH 3JIEMEHT KOMITBIOTEPHOM cucTeMbl BBOJa-BbiBoAA (I/0O) unrepderic, KoTopbii
MO3BOJISIET KOMITBIOTEPY B3aMMOECHCTBOBATh C BHEIIHUM MUPOM IIyTEM YTEHHS 3HAUYCHUN
JAHHBIX W BBIBOJIA PE3yJbTAaTOB MOCJIE TOr0, KaK COOTBETCTBYIOIIEE BBIYUCIEHHUE OBLIO
BBITIOJIHEHO.

B cnyuae Mmukpo2BM, BeinonHsomero GyHkIuo o0pabOTKH CUTHajIa B Ipeaenax
Pa3yMHOI'O yCTpPOWCTBA, 3TO O3HAYAET, YTO YTCHHE B 3HAUYCHMS, NOJYYEHHBIE U3 OJHOIO
WIN HECKOJBbKUX JAaTYMKOB U BBIBOJS 00pabOTaHHOE 3HAUEHUE AJIs MpEeICTaBICHHs Ha
BbIXOJIe TIpubopa. Bee Takue BHemHue nepudepuiiHbie yCTPONCTBA WASHTU(DUIIUPYIOTCS
YHUKAJIBHBIM HOMEpPOM, Kak W g ajapecoB naMmsiaTH. CBA3b MEXIYy 3THUMH TpeMs
KOMITBIOTEPHBIX 3JIEMEHTOB OOECIEYMBAETCA TPEMSI DJIEKTPOHHBIMH MAarucTpaisx,
W3BECTHBIX KAaK IIMHY JaHHBIX, IIMHY aJpeca W IWHBI ynpasieHus. [Ipu BbIMoIHEHUH
KaXJ0M onepaluuy nepenadyu JaHHbIX, BbionHsemon LITY, nBa snemenTta nndopmanuu
JOJIKHBI OBITH MEpPEJaHbl MO 3JIEKTPOHHOMN MIOCCEMHO-AJIEMEHTa NIEPEIaBaeMbIX JAHHBIX U
ajpec, Mo KOTOpPOMY OH oTmpasisierca. B To Bpemsi kak o0a U3 3THX 3JIEMEHTOB
uH(popMaIMU MOXKET OBbITh NEpe/iaHa Mo OJHOW HIMHE, 00Jee 0OBIYHO KCIOIb30BAThH JIBE
LIMHBI-IIMHBI JAHHBIX U IIMHBI aapeca.

BpeMs mnpoBeneHus omnepanuii mepefadd JAaHHBIX MMEET BaXHOE 3HAYCHUE,
0COOEHHO KOr/a TpaHcpepbl HMEIT MeCTO MepudepuilHble yCTPONCTBA, TaKHE Kak
JMCKOBBIE HAKOIUTEIW W KJIaBUATYpbl, TJ€ MPOLECCOP YacTO MPUXOAUTCA XKOaTh, IOKa
nepudepuitHas He CBOOOJEH, MPEXKAEC YEeM OH MOXKET WHUIUAIU3HPOBATH IMeperady
JaHHBIX. JTa WHOOpPMANMsg CHHXPOHU3AIMU OCYIIECTBISETCS C TMOMOIIBI0 TPETHErO
110CCe, M3BECTHOM KaK IIMHBI ynpaBieHHs. HbIHEIHsAS TEHAEHUUs cTajda BO3MOXHOM
Onmarojapsi JOCTHKEHUSIM B OYEHb OOJBIIMX MacluTadax TEXHOJOTMU WHTErpaluuu
ABIIAETCSI OOBEIUHUTH BCE TPU (PYHKIMHU OJOKa LEHTPAIBHOrO MpoLEeccopa, MamsTh U
BBOJIa / BBIBOJA B Ipejesiax OJHOrO yumna (M3BECTHBIM KaKk KOMIBIOTEp Ha YUIE WU
MHUKPOKOMITbIOTEP). TEPMHUH MUKPONPOLIECCOP YACTO UCHOIB3YETCS JUIsl OMUCAHMSI TaKOH
UHTETPUPOBAHHBIN OJIOK, HO 3TO CTPOT0 HEBEPHO, TaK KaK YCTPONWCTBO COJAEPKUT OOJIbILIE,
4EeM IPOCTO BBIYUCIIUTEIBHON MOIIHOCTH.

Kak y»e ynoMHHaJIOCh, OCHOBHAs POJIb KOMIIBIOTEPA SBIIIETCS MAHUITYJIMPOBAHNE
JaHHBIMHU. YUucia KUCronb3yroTcs Kak B KOJWYECTBEHHOM OLIEHKE 3JIEMEHTOB JaHHBIX, a
TaK)K€ B BHJIE KOJOB, KOTOPBIE OMNPEIEISAIOT BBIYUCIUTEIBHBIE OIEpallid, KOTOPBIE
JOJDKHBI OBITh BBINOJHEHBI. Bce HOMEpa, UCMonb3yeMble IS ATUX JBYX LEJIEH, JOJKHBI
OBITh COXPAaHEHbl B NaMATH KOMIBIOTEpPA, a TAKXKE TPAHCHOPTUPYIOTCS BJOJIb LIMHBI
cBa3u. lIporpaMMupoBaHrWE W BBINOJHEHUS NPOrpaMMmbl. B OOJBIIMHCTBE pPEKUMOB
UCIIOJIb30BaHUs, B TOM YHCJIE€ MCIOJb30BaHUS B KAYECTBE YACTU HMHTEIUIEKTYaJbHBIX
YCTPOMCTB, KOMIIBIOTEPHI BOBJICUYECHbI B YIPABJICHHE JAHHBIMU. IJTO TpeOyeT 3HAUCHUS
JaHHBIX, NpPEJHA3HAYECHHBIX I BBOJA, OOpalOaThIBAIOTCS W BBIBOAAT JIaHHBIE B
COOTBETCTBUM C IIOCIEJOBATEIBHOCTBIO ONEPALMM, ONPEIACICHHBIX C IOMOIIBIO
KOMIIBIOTEPHOM MporpaMMbl. TeM He MeHee, Ha NPAKTUKE, NPOrpaMMHPOBAaHUE
MUKpOIIpOLIECCOpPa B MHTEUIEKTYAJBHBIX YCTpPOMCTBaX, Kak IPAaBUIIO, HE IPEpOraTtuBa
NOJIb30BaTeNsl MpUOOpa; Ha caMoOM Jiele, pPEIKO Kakoe - JMOO TOJIOKEHUEe st
MOJIb30BATEIsI, YTOOBI CO3/1aBaTh WM U3MEHATH paboune MporpaMMbl, AaKe €CJIM OH / OHa
’KeJtaeT, 4ToObI clienaTh 3TO.

Ha 70 ecTs Heckonbpko npudnH. Bo- nmepBeix, 00paboTka curaana, He0OXOAMMOTO
B Ipelnerax pa3yMHOIO YCTpPOWCTBAa, KakK IPaBWIO, XOPOIIO OINpEAENeHbl, H,
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CJIeI0BATEbHO, SIBIsETCS Ooiiee 3(PPEKTUBHBIM JIsi IPOU3BOAUTEIS, YTOOBI MTPOU3BECTU
3TO BMECTO TOTO, YTOOBI UMETh KaXKJI0r0 MHAMBUIYaJIbLHOIO MOJIb30BATENIsA, 00ECIICUNBATh
MPAKTUYECKU UACHTUYHBIX TPOTrpaMM IO OTJAEILHOCTH. Bo- BTOPBIX, JIydllle 11€JI0CTHOCTh
nporpaMMbl M HHCTPYMEHT palOThl JOCTUTAETCS, €CJAW CTaHJapTHas MporpaMma
MIPOU3BOJICTBA M3TOTOBUTENEM IMpubopa ucmoib3yercs. M, HakoHEN, HCMOIb30BaHUE
CTaHJapTHOM IIPOrpaMMBbI MO3BOJIIET eMy ObITh coxxkeH B [13Y, Tem caMbIm 3amuiias ero
OT Jt000TO BBIXOJ]a U3 CTPOs MPUOOpa MUTAHUA. DTO TaKKe 00JierdyaeT 0OCIyKUBAaHUE U
OOHOBJIEHHE MPOTPAMMHOTO OOECTIEUeHUs C TIOMOIIBI0 MEXaHHW3Ma MPOU3BOJAUTEIIS,
00eCreYMBalOIEr0 HOBBIA JUCK, KOTOPBIM MPOCTO BCTABJISETCA B THE3I0 IS
3aHuMaeMoro panee craporo [13VY.

TeM He MeHee, HECMOTpPsSI Ha TO, YTO OOBIYHO HE 3ajaya, MPEINPUHUMAEMBbIE
MOJIb30BATENIEM, HEKOTOPBIE YJIOPOKAaHHE MHUKPOIPOIECCOPOB MPOTrpaMMHUPOBAHUS ISt
WHTEJUJIEKTYaJIbHOTO YCTPOMCTBA MoJIe3HO (POHOBBIC 3HaHUS. J[J MILTIOCTpaliu METOIOB,
Y4aCTBYIOIIMX B MPOTPAMMHUPOBAHUU, PACCMOTPUM OUYEHb MPOCTYIO MPOTpaMMy, KOTopas
CUMTBHIBACT 3HAUYCHUE W3 JaTyuKa, J00aBIseT 3HAYCHUE 3allOMHEHHOW K HEMY, YTOOBI
KOMIIEHCUPOBATh CMEIICHHUE IMPU U3MEPEHUU AATYMKA U BBIBOAUT CKOPPEKTUPOBAHHOE
MOKa3aHWe K YCTPOMCTBY oToOpakenus. Ilpeamonoxkum, uTo ajpeca JaTdyuka u
BBIXOJHOTO ycTpoiicTBa oToOpakeHus siBisitorcs 00CO u 00C1, cOOTBETCTBEHHO, M YTO
TpeOyeMoe 3HaueHHE MacIITadupoBaHUs yke XpaHuTcsa B mnamsata anpeca 0100.
[IpuBeneHHbIE HIDKE HHCTPYKIHMH (POPMUPYIOTCS W3 Habopa WHCTpyKmui mis Z80*
MUKponpoLeccopa u caenars ucnods3oBanue CPU peructpos A u B.

IN A, CO

IN B, 100

ADD A, B

OUTCL, A

OTOT JUCT U3 YEThIPEX KOMaH/I MPEACTABISIET COO0NH KOMIBIOTEPHYIO MPOrpaMMYy,
HEOOXOIMMYIO JUIsl BbINOJIHEHUA TpeOyemoit 3amauun. [lpoiieccop OOBIYHO BBIMOJHSET
WHCTPYKIIMU TIO OJTHOMY, HAuWHas C BEpPXHEW YacTu chucka U paboTaTh BHHU3 (XOTH
IPBDKOK U OTPACIIeBbIE MHCTPYKIIMH U3MEHHUTH ATOT Mopsaaok). [lepBas uncrpykuus (IN
A, CO0) cuuThiBaeT 3HA4Y€HUE OT JaT4yMKa, Haxoxsuencs mo aapecy CO u momemiaer
3HAYEHUE B PETHUCTpe IMpoieccopa A (4acTO Ha3bIBAEMBIM akKKymynsaTtop). MexaHuka
BBITIOJTHEHUS ATOM MHCTPYKIIMU COCTOUT U3 Ipoleccopa BBoaa Tpedyemoro aapeca C0O Ha
aJpeCHOM IIUHE, a 3aTE€M IOJOKUTh KOMAaH/Iy Ha IIMHE YIPABJICHUS, KOTOPbIA BbI3bIBAET
coaepxkumoe 1eneoro aapeca (C0), komupyembIX Ha IIUHY JAHHBIX W BIOCIEICTBUU
nepenanbl B peructp A. Cnenyromas komanjaa (IN B, 100) cuuThiBaeT 3HaueHUE U3
anpeca 100 (3anoMHEHHOM 3HAa4YEHUsl CMEILEHMs) U coXpaHsieT ero B peructpe B. Huxe
npuBegeHbl MHCTpYKuu (ADD A, B) ckiangesiBaeT coaepxkumoe peructpoB A u B u
COXpAHSIET pe3yJIbTaT B PETUCTP A. PErucTp a Temnepb COAEPKUT U3MEPEHHE UTEHHUS OT
naTyuka, HO ¢ mompaBkoi Ha cmenienue. [locneauss komanma (OUT Cl1, A) mepenaer
coJiepKUMOe peructpa A Ha ycTporcTBO BbhiBoa Ha anapec C1. MuTepdeiic BBoma-BhIBOAA
JUIS. TIOAKJIIOYEHHS] KOMIIbIOTEpAa K BHEIIHEMY MHUPY M, CJIEIOBATENIbHO, SIBIISIETCS
HEOTHEMJIEMOM YaCThl0 KOMIIBIOTEPHOW cHUCTEMBI. Korma mporeccop MmoMemaer aapec
nepudepuitHoe Ha aapecHy0 MUHY, WHTEpP(EHC BBOMA-BBIBOJA JEKOIUPYET aapec H
UACHTU(DUIIUPYET YHUKAJIbHBIA KOMIBIOTEPHON mepudepuu, ¢ KOTOpOMl omeparus
nepeayu JaHHBIX JTOJKHA ObITh BBIMOJTHEHA.
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Kpome Toro, wunrepdeiic I0KEH HHTEPNPETUPOBATH KOMAHAY Ha IIWHE
yIpaBJIEHUsI, TAK YTO BpeMsl Iiepeaun JaHHBIX sIBIsCTCS MpaBUiIbHBIM. Ellle 0JHUM O4YeHb
BaXHON (yHKLIMEW BBOJA-BbIBOJA HUHTEpQeiica sBiseTca oOecrieueHre QU3NYECKOn
AJNIEKTPOHHAS MarucTpaib JJIs MOTOKAa JAHHBIX MEXIY IIMHOM JaHHBIX KOMIIbIOTEpa U
BHEIIHEro TnepudepuitHoro ycTpoiictBa. Bo MHOTMX KOMIBIOTEPHBIX MPHIOKEHUSX,
BKJIIOYAsl UX HCIOJIb30BAHHWE B MHTEIUICKTYyaJIbHBIX YCTPOWCTBAX, BHEUIHsS mnepudepus
TpeOyeT curHaibl B aHanoroBoil (opme. Iloaromy uHTEpdeiic BBOAA-BBIBOJA JOKEH
obOecrieunBaTh MPeOoOpPA30BaHHE MEXIYy AITHUMH aHAJIOTOBBIX CHUTHAJIOB U IU(POBBIX
CUTHAJIOB, TpeOyeMbIXx IU(POBON BHIYUCIUTEILHON MAIIUHBL. DTO BBIMOTHACTCA C
NOMOIIBIO AHANOTO-UM(POBBIX 3JIEMEHTOB M LU(PO-aHATIOTOBOrO MpeoOpa3zoBaHUs
BHYTPH BBOJIa-BbIBOJIa UHTEpPeiica.

B ocTasibHON 4YacTu 3TOro paszjena MNpeACTaBICHbl HEKOTOPBIE 3JEMEHTapHbIE
MOHSATUS B3aUMOJICUCTBUS B MPOCTHIX TEPMUHAX. AZlpec AeKOAUpoBaHUs TunUyHas MIMHA
aJpeca B MUKPOKOMITBIOTEp UMeEET IUpUHYy 16 Out, 4to mo3BoisieT {65536 oTaenbHbIC
aapeca, kotopeie OynyT goctynHbel B juamazoHe 0000FFFF (B mectHaamaTrepudHOM
npenacrasiienun). CriennanbHble KOMaHbl HA HEKOTOPBIX KOMIIBIOTEPAX 3ape3epBUPOBAHbI
JUISL IOCTYTIa K HIKHEMY Tpeaenny u3 3tux 256 agpecoB B auamnazone 000000FF, u, ecnu
UCIIOJIB3YIOTCS AT KOMaH/IbI, TOJILKO 8§ OUT TpedyeTrcs, YTOOkI yKa3aTh HYKHBIN ajpec.

Jlsist 0OBbsICHEHHS ajipeca IeKOIUPOBAHUSI TEXHUKHU, CXEMBbI, IOKa3aHHOW Ha pHC.3,
— HwkHUE 8 OuT 16-OMTHOrO anmpeca JIWHUM JEKOTUPYIOTCS IS WACHTU(DUKAITUU
YHUKaQJIbHBIN aJipec, Ha KOTOPBIM CChUIACTCS OJWH M3 3TUX CIHEHHAIbHBIX KOMAaH]I.
JlexogupoBanue Bcex 16 agpecHbIX JHMHHUMA CleIyeT TOW ke Mmpoueaype, HO TpeOyer
3HAYUTENBHO OOJIBLIEr0 KOJHMYECTBA HWHTErpajbHbIX MHUKPOCXEM CXEMbl. Ajpec
JEKOAUPOBAHKUE BBIMOJHAETCS C MOMOIIBIO COOTBETCTBYIOLIEH KOMOMHAIIMM JIOTHYECKUX
BeHTuned. Ha pwuc.3 mnokazaHa oyeHb mpocTas cXeMa alMapaTHBIX CPeACTB s
JNEKOJIUPOBAHMS 8 aaPECHBIX JIMHUN. DTO COCTOUT U3 256 BOCBMH BXOAHBIX JIOTMYECKHUX
AJIEMEHTOB, Kbl M3 KOTOPBIX OJHO3HAYHO AEKOJUPOBATh OJHMH M3 256 alIpecos.
Jlornyeckuii 3J€MEHT MPEACTABISIET COO0M JOTHYECKUN JIEMEHT, KOTOPhIN JaeT TOJIBKO
JIOTUYECKUN YpPOBEHb | BBIXOJ, KOIJla BCE BXOJbl PABHBI HYJIO U JAET JOTUYECKUU
ypoBeHb 0 BBIXOJ Uit JIIOOOW Apyroil KoMOMHAIMK BXOJ0B. VCXOnHbIE HaHHBIE IS
BEHTUJICH COEAMHEHBI Ha HUKHUE § JMHUI IIUHBI ajipeca, a KOMIbIOTepHas nepudepus
MOAKIIIOYAIOTCA K BBIXOJY KOHKPETHBIX BOPOT, KOTOPBIE JEKOJUPYIOT CBOM YHHKAJIbHBIE
anpeca. EcTh /1Ba KOHTaKTa JJIsl KaKJI0T0 BXxoja K BopotaMm, 4To NAND cOOTBETCTBEHHO
WHBEPTUPOBAThH U HE WMHBEPTUPOBATh BXOMHOW curHai. [Ipm coenunHeHnun 8 aapecHbIX
JIMHUMA COOTBETCTBEHHO IO 3TUM JIBYM aJIbTEPHATUBHBIM ITH(TAMU HaA KaXKJIOM BXOJIE,
3aTBOP BBIMOJHEH JIEKOJAUPOBATh YHUKAJIBHBIN ajipec.

PaccmoTpum, HanpuMmep, COEIMHEHUSI CUTHAIIOB, KOTOpas MoKa3aHa Ha puc.4. 91Ot
JIOTUYECKUMN dJIEMEHT Jaekoaupyet aapec C5 (ecTHaaaTepuaHoe), KOTOPbI B TBOMYHON
cuctreme 11000101. M3-3a cnmocoba, B KOTOPOM BXOJHBIE KOHTAaKThl Ha MHUKPOCXEMBI
COEIMHEHBI, JOTUYECKUN dJeMEHT OyaeT BUAETh BCce HylM Ha Bxoze, korma 11000101
HAXOJUTCS Ha HIDKHUX 8 OWT IIMHBI ajpeca W, CIeJ0BaTeIbHO, OyJIeT UMETh BBHIXOH 1.
JIroboe apyroe MBOMYHOE YUCJIO HA aJIPECHOM IITMHE BBI3OBET 3TOT JOTHUYCCKUN AJIIEMEHT,
YTOOBI UMETh HYJIEBOU BBIXO/I.
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Pevipheral device 0

Peripheral device 1

-5

® 256
chips

Address bus |
| Pecipheral device 265
I

Puc. 3 IIpocTas cxema anmapaTHBIX CPEACTB IJIs I€KOUPOBAHUS BOCEMb
aJIPECHBIX JTUHUHN

Puc.4 llITeipeBbie TOAKIIOYEHHS K BEHTHIIIO JJIs IeKoaupoBaHus ajapeca C5

Ilepemaya naHHBIX YIPABICHUS Iepeladeld AaHHBIX MEXIy KOMIBIOTEPOM U
nepupepuilHpIMM  yCTPONUCTBAMU YIPABISETCS YIPABIEHUS M COCTOSHHSI CUTHAJIOB,
NepeJaBacMblX MO  IIMHE  YIPAaBICHHs,  KOTOPbIE  ONPEACISIOT  TOYHYIO
IIOCJIE0BATENBHOCTh M CPOKH BBINOJIHEHHUS ONepaliuii BBoAa / BbIBoJA. Takoe ynpaBieHue
HEOOXOMMO HM3-3a PA3NIMYHBIX CKOpPOCTEl paboThl KOMIbIOTEpa M NepUpepuitHbIX
YCTPOMCTB, a U3-32 MHOI03a/1ayHON pabOThl MHOTMX KOMIIBIOTEPOB. DTO O3HAYaeT, 4To B
Ar000H  KOHKpPETHBIH MOMEHT BpEMEHHM, KOrJa oOmnepauus [epelayd  JIaHHBIX
3anpammBaeTcs, JU00 KOMIIbIOTEp WK nepudepuitHoe MOTyT ObITh HE FOTOBBI MPUHSATH
ydacTue B Iepefaye. TUINMYHBIA KOHTPOJIb U CTPOKM COCTOSIHHSI, M MX 3HAYEHHs, KOraa
YCTaHOBJICHHBIE HA JIOTUYECKOM YPOBHE 1, TOKa3aHbI 3/1€Ch.

* SAHATO Ilepudepuitnoe ycTpOWCTBO 3aHITO

* 'OTOB Ilepudepuiinoe ycTpoicTBO rOTOBO K Mepeaye JaHHbIX

* BKIIOUUTD npoueccop rotoB ajis nepeadn JaHHBIX

* ERROR HewucnpaBHocTs Ha nepudepuiitHoM ycTpoiicTBe
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[TonoOHbIe cUTHAIBI YNPABJICHUSI YCTAHABIMBAIOTCS C MOMOIIBIO KOMIBIOTEPA U
nepuepuitHbIX YCTPONCTB, HO pa3jIUYHbIe KOHBEHIIUM YacTO MCIOJB3YIOTCS IS
OMpECNICHUs] CTaTryca KaxJIoro ycrpodcrBa. OTiauyasicb KOHBEHIMU MPOUCXOIST
0COOCHHO, KOTJla KOMIBIOTEp W TepudepuitHbie YCTPOHMCTBA NPUXOJAT OT Pa3HBIX
MPOU3BOJAUTENIE MW MOXET O3HadyaTh, HAIPUMEP, YTO KOMIIBIOTEP HHTEPHPETUPYET
JIOTUYECKUNA YpOBEHb 1, Kak OIpejesieHne YCTPONCTBA, 4YTOOBI OBITH 3aHSTHIM, HO
nepudepuitHoe yCTPONCTBO HCIOJB3YeT JIOTHYSCKHH YypoBeHb (), 4TOOBI OIpPEACITUTH
"YyCTpOWCTBO 3aHATO" Ha COOTBETCTBYIONIEH CTPOKE yIpaBieHUs. Takum oOpazom,
MEPEBOJI KOHTPOIBHBIX JIMHUN MEXKIy KOMITBIOTEPOM W TepUPEPUINHBIMEA yCTPONCTBAMU
TpeOyeTcs, YTO IOCTUTAETCS 3a CUET APYTOM CEpUU JTOTUYECKHUX IJIEMEHTOB B HHTEp(eiice
BBOJIa / BBIBOJIA.

1.2 IllpakTH4eckue cooOpaxKeHUs K J00aBJIEHNI0 KOMIILIOTEPOB
B CHCTEMbI H3MepPeHusl

BhIIen3no)keHHOE TMPEACTaBUIIO HEKOTOPhIE M3 HEOOXOIMMBIX 3JCMEHTOB B
uHTep(delic BBOIa-BBIBOJa OTHOCUTEILHO YIPOIIEHHBIM CIIOCOO0M, KOTOPBIN JOCTaTOYEH,
qTOOBl JaTh TOHSATH, YTO Yy4YacTByeT B HWHTepdelice. MHOro Menkux paeraineil ObuIo
OMyIIEHO, U 00beM PaboT, y4aCTBYIOIIUX B MPAKTHUECKOM KOHCTPYHPOBAHUU PEATIBHOTO
uHTepdeiica He cleayeT HemoolneHuBaTh. OMHO CYIIECTBEHHOE YIYIIEHHE 0 CHUX TOp
SBISICTCSI TIPEIMETOM OOCYXKJICHUS, KaKhUe JJIEMEHTBl TpeOyroTcst miisi 100aBIICHUS B
ananoro-uudposoii uHTepdeiic kommbroTepa’. MCXOIHBIE AHATIOTOBBIC BXOAHBIE H
BBIXOJHBIC CHUTHAJBI, KaK TPABWIO, JIMOO CIWIIKOM BEIUKH WA CIUIIKOM MAaJIbl IS
COBMECTUMOCTH C YPOBHSIMHU pab0OvYero HampsHKeHHUS ITU(GPOBOTO KOMIBIOTEpA U JOHKHBI
OBITh PACIIUPEHBI BBEPX WU BHU3.

OOBIYHO 9TO JOCTUTAETCA 3a CYET ONEPaAllMOHHBIX YCWIHTENEeH u/uiu
NOTEHIIMOMETPOB. OCHOBHBIC XapaKTEPUCTUKH OTIEPAIMOHHOTO YCHIIUTEIS SBISIOTCS €T0
BBICOKHMU KOA(DPUIMEHT ycuiieHHus (Kak MpaBwiio, | MUUIMOH) W OOJbIas MPOIyCKHAs
cnocobHoCcTh (00bryHO 1 MI'TT Wi BhIme). TeM He MeHee, KOT/Ia OH HCIOJIb3YeTCs MPH
OUYEHb BBICOKMX YAaCTOTaX, IIMPUHA TMOJOCHl MPOMYCKAHWUS CTAHOBUTCS 3HAYUTEIHHBIM.
KauectBo ycunmuTenss d4acto H3MEpSeTCSs C TOMOIIBI0O  KPUTEpPHUS  Ha3bIBAETCS
npousBefieHueM Kod(pduiimeHTa yCuiIeHUsI Ha IMUPUHY TOJIOCHI MPOITyCKaHMs, KOTopas
SIBJISIETCS] TIPOAYKTOM €r0 KO3 (HUIIMECHTA YCUIICHHS U TIOJI0CHI TIPOITYCKAHMS.

Jlpyrue BakHBIC TPU3HAKU OIEPAIMOHHOTO YCHJIUTENS, B YaCTHOCTH, TpHU
WCIIOJIb30BAaHUM B KOMITBIOTEPHBIC YCTPONCTBAa BBOJA-BBIBOAA WHTepdeiica Wium B
WHTEJUICKTYaJIbHBIX YCTPOMCTBAX, SIBJISIOTCS €r0 YPOBEHb WMCKaKCHHM, BOCCTAHOBJICHUE
Neperpy3ovHas CIocoOHOCTh, W cMelleHue YypoBHsS. CHenuanbHble YCHIHTEIU
U3MEpHUTEIbHbIE MPHOOPHI, KOTOpPhIE OCOOEHHO XOpOIIO B JTHX aTpuOyTax ObLIH
pa3paboTaHbl JUIsI U3MEPHUTETBHBIX MpHIokeHni. [Toaxomsamuii yxo1 Bceraa HE0OX0aAMMO
COONIOATh OCTOPOKHOCTh TPW BBEIEHUU KOMIBIOTED B CHUCTEMY H3MEpPEHUH, YTOOBI
n30eXKaTh CO3/]aHUsI UCTOYHUKOB M3MEPEHHS IIyMa. DTO OTHOCHUTCS, B YACTHOCTH, KOT/Aa
OJINH KOMITBIOTEP MCTIOIB3YeTCs sl 00pabOTKU BHIBOJIa HECKOJIBKUX MPeoOpa3oBaTesieu u
COCIMHEH C HUM C TTIOMOIIbI0 CUTHAJILHBIX MMPOBOJIOB.

3 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 273 p.
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[Ipu Takux OOCTOSATENHCTBAX, COCIUHEHUS U COCJUHUTENIbHBIC MPOBOJA MOTYT
CO3/1aBaTh IIyM MOCPEICTBOM SJICKTPOXUMHUYECKUX MOTEHLIHATIOB, TEPMOIIECKTPUUECKUX
MOTEHIIUAJIOB, HAIPSDKEHUS CMEIECHHs, BHOCHUMBIE CHH(A3HBIX CONPOTUBJICHUU U
MEPEMEHHOr0 TOKa IIyMa Ha 4acTOTaX MUTaHMs, ayJuo, U paauo. IIpu3HaHnue Bcex HTUX
BO3MOYHBIX UCTOYHHKOB IIIyMa MO3BOJIIET UM OBITh YCTPAHEHBI B OOJIBIIMHCTBE CIy4acB
3a CYET MCIIOJIb30BaHUS IIEPEJAOBOTO OIbITA IIPU MPOESKTUPOBAHUHU U ITIOCTPOCHUN CUCTEMBI
VU3MEpPEHMUSL.

KoHTpoJibHbIE BONIPOCHI:

1. OObsicHUTE OCHOBHBIE KOMIIOHEHTHI B MHKPOIPOIIECCOPE, COACPKAIMIUXCS
BHYTPHU MHTEJJIEKTYaJIbHOT'O HHCTPYMEHTA.

2. KakoBbI 1Ba OCHOBHBIX THIIA MaMATH KoMIIbIoTepa? Kakoil THI UCTIONb3yeTcs
MPEUMYIIIECTBEHHO B MHTEJUIEKTYaJIbHBIX HHCTPYMEHTAX U rloueMy?

3.  KakoBbl MexaHU3MBI ISl POTPAMMHUPOBAHUS U BBITIOJTHEHHUS MPOTPAMMbI B
paMKax MHTEJUIEKTYaJIbHOIO HHCTPYMEHTA?

4. O6cymute  paboTy  BBOAA-BbIBOJA  HMHTepdeiica B mporeccope
WHTEJUIEKTYaJIbHOTO MHCTPYMEHTA, OTMETHUB, B YACTHOCTHU, MEXAHU3MbI JIEKOJAUPOBAHUS
aZpeca W IaHHBIX Mepeau YIpaBJICHUSI.

5. KakoBbl mnpakTHuecKkue COOOpaXeHHUs, CBSI3aHHBIE C OCYILECTBICHUEM
MPOIIECCOPa KOMITBIOTEPA B U3MEPUTEILHON cUCTEME?
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2- Tema: UHTE/NIeKTya/IbHBIE YCTPOHCTBA

Ilnhan:

Hnmennexmyanvrvle uHcmpymerHmol
Muxkponpoyeccopuvle damuuxu

Cés3b ¢ UHMENNeKMYanbHbIMU YCMPOUCME8AMU
Bxo0-6v1x00 Hnmepdheiic

Ilapannenvuas wuna OanHvIX

JloxanvHole cemu

L{ugposvie npomvluiiernHvle UUHBL

NogakowdE

Knioueswie cnoesa. UHmMelleKmyailbHoe ycmpoﬁcmeo, aAKmMueHble UHCMPYMEHMDbL,
UHNENNIEKNTYAIbHbLE aamquku, CaMOKaJlu6p06Ka, CamooOuUacHOCMuKdA.

TepMHH HMHTEIIEKTYyaJbHOE YCTPOMCTBO MCIIOJIB3YETCs I ONMCAHMS I1aKeTOB,
coJiepKaluX JMOO TOJIHYI0 CHCTEMY HU3MEPEHMs] WIM KOMIIOHEHTA, BXOJSILErO B
U3MEPUTENBHON cUCTEMe, KOTopas BKJIOYaeT B cebs uudposoil mpoueccop. O6paboTka
BBIXO/IHBIX WM3MEPUTEIbHBIX JATYUKOB JJII KOPPEKIHUH OLIMOOK, MPUCYLIUX IPOLEcCy
U3MEpPEHMs]  BbI3bIBAaeT  OOJbIIME  YJIYYIIEHHs TOYHOCTH  u3MepeHuil. Takue
WHTEJUIEKTYaJIbHbIE YCTPOMCTBA M3BECTHBI IOJ PAa3HbIMM HA3BAHUSAMH, TAKHMH KaK
WHTEJUIEKTYQJIbHBIA WHCTPYMEHT, WHTEJUICKTYalIbHBIM JAaTYMK, WHTEIUIEKTYaJIbHbBIN
JaT4UK, U CMapT - MepelaTyuk. TaM HEeT HHUKAKoro (opMajbHOrO ONpEeNeieHHs IS
J000r0 M3 H3TUX Ha3BaHWM, W CYIIECTBYET 3HAYUTEIBHOE COBHAJACHUE MEXKIY
XapaKTEpUCTUKAMU KOHKPETHBIX YCTPOMCTB M Ha3BaHWW, JaHHbBIX uM. Ha3zBaHuue,
UCIIOJIb3yeMO€ JIJIsl TF000r0 KOHKPETHOTO YCTPOMCTBA, BO MHOT'OM 3aBUCHUT OT MPUXOTEN U
CTWIA Ipou3BoguTenel ycrpoiictB. Hauném oOcyxneHue, B KOTOPOM IOIBITAEMCS
U3JI0’)KUTh HWCTOPUYECKOE PA3BUTHE MHTEIUIEKTYaJbHBIX YCTPOMCTB M 0000mIaeT oOuiee
NOHMMaHHE BHUJOB XapaKTEPUCTUK, KOTOPHIMU OOJaAA0T pa3IUdHbIMU (popMaMu
MHTEIUIEKTYIbHBIX YCTPOMCTB®,

2.1 UHTe/NIeKTyaJIbHbI€ HHCTPYMEHTBI

IlepBblil MHTENIEKTyalbHBIA MHCTPYMEHT nosiBuics Oonee 30 et Haszam, XOTA
BBICOKHME II€HBI, KOI/la TaKWE€ YCTPOMCTBA BIIEPBBIE CTAJIIM JOCTYIIHBI B BHUIY, YTO HX
UCIIOJIb30BaHUE B CHCTEMAX HM3MEPEHHs M3HAYAJIBHO POCIH OYE€Hb MemjieHHO. OmHako,
NOTOM HAOJIOJIAJIOCh PE3KOE CHUKEHUE LIEH HAa BCE MHTEUIEKTYaJIbHbIE YCTPOMCTBA, U
pa3HMIIA B CTOUMOCTH MEXAY MHTEJUIEKTyaJIbHBIMU MU OOBIYHBIMU YCTPOWCTBAMH TENEPD
O4YEHb MaJia. [[eliCTBUTEIBHO, NHTEIJIEKTYAJIbBHOE YCTPOMCTBO MHOTJA B HACTOSIIEE BPEMS
JIEIIeBJIe, YeM €ro PKBUBAJICHT HEMHTEIJICKTYyalbHBIM M3-3a OOJIBIIETO0 OO0bemMa MpPoJax
WHTEJUICKTYallbHOM Bepcuu. Takum 00pa3oM, HHTEIUIEKTyalbHbIE YCTpPOMCTBA B
HaCTosIIee BpeMs OOBIYHO MOKYTAOT BO MHOTUX CIydasiX BMECTO HEHMHTEIIEKTYaJIbHBIX
BEPCUM.

4 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 274 p.
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[Iponteccop B  mOpenenax  HMHTEIUICKTYaIbHOTO  HMHCTPYMEHTA  IO3BOJISET
UCIIO0JIb30BaTh aITOPUTMbI 00pa0OTKH CUTHAJIOB M YIIPABJICHUS JaHHBIMU MPEBAPUTEIIHHO
3aMporpaMMUPOBAaHHBIC JJIS M3MEPEHHH. ITO MporpamMMHoOe oOecredeHue, 3apaHee
HaIlMCaHHOE, YaCTO HM3BECTHO 0] UMEHEM BCTPOCHHOI'0 MPOTPaMMHOT0 00eCTeYeHUSI.
OpHoli W3 OCHOBHBIX (DYHKIIMH, BBIMOJHAEMBIX TEPBBIMU HWHTEUIEKTYaJTbHBIMU
WHCTPYMEHTAMH, YTOOBI CTaTh JOCTYIHBIM ObUTa KOMIEHcAls yuiepda OKpysKarolen
cpene Juisi U3MEpPEHUM, KOTOpPhIE BBI3BIBAIOT CHCTEMAaTUYeCKue Omuoku. Takum obpazom,
MOMUMO TEPBHUYHOIO JaTYMKa [JJis HW3MEPEHUs HHTEPECYIOIel MepeMEHHOM,
WHTEJUJIEKTYalIbHbIE MHCTPYMEHTBI, KaK MPaBUIJIO, UMEIOT OJWH UM HECKOJIBKO BTOPUYHBIX
JATYUKOB JUIsl KOHTPOJIS 3HAYEHMSI SKOJOTMYECKUX HApyLICHHH. DTH JOMOJHUTEIIbHBIC
U3MEPEHUS MO3BOJISIIOT BBIXOJIHBIM MOKAa3aHUSIM ObITh MCHPABICHHBIMU BBUJY BIIHUSIHUS
OKpy>Xalolllel cpefpl MpU YCIOBUU COOJIOJACHUS CICAYIONIUMX MPEIBAPUTEIIbHBIX
(bhakTOpOB:

(a) duznueckuit MEXaHU3M, C MOMOIILI0 KOTOPOrO JaTUYWK U3MEPEHUS BIMSIET Ha
W3MEHEHUS OKPYIKAIOIINX YCIOBUH, TOKEH OBITh MOJTHOCTBIO MU3YyUYEH U BCE (PU3MUECKHE
BEJIMYMHBI, KOTOPHIE BIUSIOT HA BBIXO/] IOJKHBI OBITh UJEHTU(OUIIMPOBAHBI.

(6) BrausHMe KaxIOH TMEpeMEHHON OKpYy)Kalomle Cpeabl Ha BBIXOJHBIE
XapaKTePUCTUKHU TIEPBUYHOTO JATYMKA JOJIKHBI ObITH OMPEACIICHbI KOJIHMUYECTBEHHO.

(c) Ioaxonsiyie BTOpUYHbIE JATYUKH JJII MOHUTOPUHTA BCEX COOTBETCTBYIOIINUX
HKOJIOTHIECKUX TTEPEMEHHBIX JIOJDKHBI OBITh JOCTYITHBI U YIOBJIETBOPUTEIHHO padOTaTh B
CJIO’KMBIIUXCS YCIOBUSIX OKPY’KAIOIIEH Cpebl.

VYcnoBue (a) o3HayaeT, 4YTO TEPMUUECKOE PACIIMPEHHUE U CHKATHE BCEX AJIIEMEHTOB
BHYTpU JaT4ylKa HEOOXOJUMO YUYWUTHIBATH JJIi TOTO, YTOOBI OIEHUTh, Kak OH OyJer
pearupoBaTh Ha U3MEHEHHE TeMIIepaTypbl OKpYKarolel cpesibl. TOYHO Tak Ke, peakuu
JaTYMKa, €CJIM TaKOBbIE BOOOIIE UMEIOTCS, JOJDKHBI ObITh PACCMOTPEHBI IIPU U3MEHECHUU
JABJICHUS, BJIAXKHOCTH, JEUCTBHUS CHJIbI TSDKECTH, WIM YPOBHS TNHUTAaHUS (AKTUBHBIC
WHCTPYMEHTBI) OKpPYKAIOUIEH Cpeibl.

KonuuectBeHHOE oOmpeeneHne BIUSHUS KaKIOM MNEpPeMEHHOW OKpYy’Karolen
Cpenbl Ha XapaKTePUCTUKU TaTuYuKa U3MEPEHUs HEOOXOIMMO TaK, KaK YKa3aHO B yCIIOBUU
(0). AnanuTH4YecKasi KOJIMYECTBEHHAs! OIICHKA OKPY>KAIOIICH Cpeibl H3MEHEHUS COCTOSTHUS
OT YHUCTO TEOPETUYECKOTO PACCMOTPEHUS] KOHCTPYKUMU JaT4yMKa, KakK IPaBuUIIo,
YpE3BBIYAMHO CJIOKHBI M TIOITOMY OOBIUHO €€ wu30eraroT. D(P(PEeKT KOTMIeCTBEHHO
SMIIUPUYECKU H3MEpSETCS B XOJ€ JIaDOpaTOpHBIX HCHbITaHUN. B Takux Tecrax,
HaOII0/1aeTCsl BHIXOAHBIE XapaKTEPUCTHKU JaTYMKA, MOCKOJBKY YCJIOBHUSI OKpYKarouien
Cpeabl U3MEHSIIOTCSI KOHTPOJIUPYEMBIM 00pa3oMm.

OnuuM M3 TEPBBIX MNPUMEHEHUNW HWHTEIJIEKTYAJIbHBIX HWHCTPYMEHTOB OBLIO
U3MepeHue OO0BEMHOT0 pacxoja, IIe€ CKOPOCTh IMOTOKA BBIBOAUTCS NMYTEM H3MEpPEHUs
nepenajaa JaBjieHUs Ha U3MEPUTENIbHON auadparme, MOMEIEHHON B HECYIIeH JKUJIKOCTh
TpyOe. CKOpOCTh OTOKA MPOMOPIIMOHANIEHA KBaIPATHOMY KOPHIO M3 PAa3HOCTHU JIABJICHUM
yepe3 u3MepuTenbHyro auadparmy. s modydeHus 3aJaHHOW CKOPOCTH TMOTOKa, ITO
COOTHOIIICHHE 3aBUCUT KaK OT TEMIIEpaTypbl W CpPEIHEro JaBieHHUs B TpyOe, a Takke
W3MCHEHHUS B COCTOSIHMHM OKPY’KAIOIIEH Cpenbl JUOO MpUYMHA B OIIMOKAX H3MEPEHHS.
[lopTOMYy TUNUYHBINA WHTEUIEKTYaJbHBIA PAcXoJOMep COACPXKHUT TPU JaT4MKA: OJUH
U3MEpSeT MEePBUYHBIMN Tepenaj JaBJICHUS 4Yepe3 COIUIOBYIO IUIACTUHY W BTOPUYHBIC
NPOU3BOJAT  U3MEpPEHUs  aOCOJIIOTHOrO  JaBieHUsT U Temmeparypbl. [lpubop
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3alpoOrpaMMUPOBAH  JJIE KOPPEKUMU BBIXOJHOTO CHUTHAJAa JaT4dKa MEPBUYHOIO
muddepeHInanbHOr0 JaBiI€HUS B COOTBETCTBUM C BEJIIMYMHAMHU, HW3MEPEHHBIMU C
MOMOIIbI0 BTOPUYHBIX JATYMKOB, HMCIOJb3Yysl COOTBETCTBYIOIIHME (U3HUECKHE 3aKOHBI,
KOTOpbIE KOJIMYECTBEHHO OLICHMBAIOT BIIMSIHUE TEMIIEPATYPbl OKPY)KAIOUIEH Cpeabl U
U3MEHEHHS JaBJCHUS Ha OCHOBE (DyHIaMEHTAIbHOW B3aMMOCBSI3U MEXKIY MOTOKOM H
mubdepennnansupiM - gaBinenneM. Eme 30 sier Hazaa, Takue HMHTEIJICKTyalbHbIC
BOJIOMEPHBIEC TNPUOOPHI JOCTUTHYTHl THUIHMYHBIE YypOBHU HeTrouHocTh + -0,1%, mo
cpaBHEeHHUIO ¢ 1 -0,5% a1 X HEMHTEIIEKTyalIbHbIX SKBUBAJICHTOB.

XOTsl aBTOMaTHYeCKasi KOMIEHcalus yiepoa OKpyKarolen cpesie sBISIETCS OUYEHb
BaKHBIM aTpUOYTOM MHTEIUIEKTYaJIbHbIX HHCTPYMEHTOB, MHOI'O BEPCUIN TAKUX YCTPOKCTB
BBINIOJIHSAJIM JIONIOJIHUTENIbHBIE (DYHKIMH, YTO OBUIO J1a’kKe€ B MEpPBbIE JHU HUX MOSBICHHS.
Hanpumep, pacxomomep npeodpas3yer KBaJpaTHbIH KOPEHb OTHOLIEHUSI MEKy IOTOKOM U
BBIXOJHBIM CHUTHAQJIOM B JIMHEWHYIO (QYHKLIHIO, 4YTO JEJNAaeT BBIBOJ TOpa3lo Jerde
UHTEpHpEeTUpyemMbiM.  JlpyrumMu  mpuMepamMu  BUAOB  (DYHKIUH,  BBINOJTHSIEMBIX
MHTEJUIEKTYaJIbHBIMU MHCTPYMEHTAMHU SBJISIFOTCS:

* KOppeKuus 1S 3arpy3ku d¢dexTa u3MepeHusi B U3MEPSIEMYIO CUCTEMY

* 3aTyXaHWe CUTHAJIa C BOBMOXKHOCTBIO BHIOOPA OCTOSIHHBIX BPEMEHU

* TEpeKIoYaeMble JHamna3oHbl (C HMCHOJb30BAaHUEM HECKOJIbKUX TMEPBUYHBIX
JaTYNKOB BHYTpU puOOpa, C Mepexoa0M Ha Ipyroi Juamna3oH)

* TEepEeKIoYacMble BBIXOJHBIC OJOKM (Hampumep, AMUCIJICH B HMIIEPCKUX WIH
equnauiax CIH)

* JINHEAPU3aLHsl BBIXOIHOIO CUTHAJIA

* CAMOJIMarHOCTHKA HEUCIIPABHOCTEN

* IUCTAHIIMOHHOE PETYJIMPOBAHNUE U KOHTPOJIb ApaMETPOB MPUOOpa C PaCCTOSHHUS
10 1500 MeTpOB € MOMOIBIO YETHIPEX HaAIpaBlieHUH, 20 MA CUTHAJIBHBIX JTUHUU.

3a nmpomenmue Troapl C MOMEHTa MX MEPBOTO  BBEIAEHHUS, pa3Mep
WHTEJUIEKTYaJIbHBIX UHCTPYMEHTOB MOCTETICHHO YMEHBIIAETCS U BBINOJIHAEMbIe (QyHKIIUU
MOCTOSIHHO  yBeNMuuBarOTCs. OJHUM M3 TNPUMEPOB KOHKPETHOTO pa3BUTHUS  OBLIO
BKJIFOUEHUE MUKPOIIPOLIECCOPa BHYTPH CaMOI0 IaTYMKa B YCTPOMCTBAX, KOTOPbIE OOBIUYHO
W3BECTHBI KaK MHTEJUIEKTyaJbHble NaTyukd. Kak nanpHelliee yMEHbLIEHUE pa3Mepa U
WHTErpally yCTPONUCTB UMEIO MECTO BKJIIOUEHUE YMHBIX JTaTYUKOB B MAKETHI C IPYTUMU
JATYUKAMU U CO CXeMOM 00paboTKu curHaia. B To Bpemsi Kak Takoi MakeT COOTBETCTBYET
ONPEIEICHUI0 HMHTEJUIEKTyalbHOTO HWHCTPYMEHTAa JIAHHOTO paHee, OOJBIIMHCTBO
IIPOU3BOJUTENICH B HACTOSIIEE BPEMS CKIOHHBI Ha3blBaTh NAKET CMapTIEPENATUHK,
CKOpee, YeM HHTEJUIEKTYaJbHbII MHCTPYMEHT, XOTS MOCJIEIHUNA TEPMUH MPOAOJIKAIH
MCIIOJIb30BAaThCSA B HEKOTOPBIX CIIydasX.

2.2 MukponpoueccopHbie JaTYUKH

Ha3BaHue MHTEIUIEKTYaJbHBIN JAaTYMK HCIIOJIB3YETCS 4Yallle BCETrO IS ONUCAHUS
JA1000ro JaT4MKa, KOTOPBIM MMEET JOKAJbHYI0 BBIUMCIMTEIbHYIO MOIIHOCTh, KOTOpas
MO3BOJISIET €My pearupoBaTh Ha MECTHBIC YCIOBHUS 0€3 HEOOXOAMMOCTH BO3BpAIATHCSA K
LIEHTPAJIbHOMY KOHTpoJuiepy. MHTenneKkTyanbHble JaTYUKHU, KaK IPaBUJIO, IO MEHBIIEH
Mepe, B JIBa pa3a TOYHEE, YEM HE CMapT-yCTPOMCTBA, COKPATWIIM PACXObl HA TEXHUYECKOE
oOcnyXxMBaHUE, U TPeOYyIOT MEHBIIEro KOJMYEeCTBa IPOBOAOB K MECTy, IJ€ OHHU
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uCroib3yoTcsa. Kpome TOro, moiarocpodHasi CTaOWIBHOCTh —YJIy4IlIa€TCs, CHIDKAs
TpeOyeMy0 4acTOTy KanuOpoBKH°. DYHKIMHU, KOTOPBIMH OOIaNal0T MHTEJIEKTYalbHbIE
JATYUKH MOTYT HU3MEHSIThCS B IIMPOKUX Mpejaesiax, HO BKJIIOYAIOT B cels, MO KpaitHen
MEpE, HEKOTOPBIE U3 CIEAYIOIIUX JCUCTBUM:

* Bo3MOXHOCTb TUCTAaHIIMOHHOW KAIIMOPOBKU;

* CaMOIMarHOCTUKa HEMCIIPABHOCTE;

* ABTOMAaTHYECKUH pacyeT TOYHOCTH U3MEPEHUsS] U KOMIEHCALHH 3a Clly4alHbIe
OIITNOKH;

* YcraHOBKa i W3MEPCHHs] HEIMHEWHOCTEH, YTOOBI MPOU3BECTH JTMHEHHBIN
BBIXO/I;

* Komnencanus s¢dexra Harpy3Ku U3MEpPUTENBHOIO MPOLECCa HA U3MEPAEMYIO
CUCTEMY;

Bosmoosrcnocme kanubpoexu

ABTOMaTH4ecKas KaJIMOpOBKAa B HEKOTOPHIX CIydasX OueHb mpocrta. Jlatuumku ¢
ANEKTPUYECKOM MOIIHOCThIO MOTYT HCHOJIb30BaTh M3BECTHBIM YPOBEHb OIOPHOTO
HAMpsDKEHUS IS BBIMOJHEHUS camMokanuOpoBku. Kpome TOro, KIETOYHBIC THIIBI
JATYUKOB HArpy3ku, KOTOpbIE HCHOJIB3YIOTCSI B CHUCTEMax B3BEIIMBAHUS, MOTYT
OTPEryJIMpOBaTh BBIXOJHOE IOKAa3aHHWE IO HYJIsS, KOrjga HET NPWIOKEHHOW Macchl. B
cllyyae JApPYTHX JaTYUKOB, BO3MOJKHBI JIBA METOJa CAaMOKAJIMOPOBKU: HCIIOJIb30BAHUE
CIIPAaBOYHOU TaOJIUIBI U METOAMKA MHTepnoysinuu. K coxaneHuro, cripaBoyHas Tabiuia
TpeOyeT MmaMsITh OOJBIION EMKOCTH IJisi TOYeK Koppekmmu. Kpome Toro, OombIoe
KOJIMYECTBO JAaHHBIX JOJDKHO OBITh COOpaHO OT JaTdyuka B Mpouecce KaauOpOBKH.
CrnenoBaTenbHO, METOJIMKA KAIMOPOBKU C MHTEPIOJISIIUEH SBISETCA MPEANOYTUTEIHLHOM.
[Ipy H>TOM UCHONAB3YETCS METOJ HWHTEPIHOJISIIUUA JJISI  BBIYUCICHUS  TOMPAaBKH,
HEOOXOIMMBIC ISl KAaKOr0-TM00 KOHKPETHOTO U3MEPEHUS U TPEOyeT TOJIBKO HEOOJIBIION
MaTpHILy TOYEK KaTMOPOBKHU.

CamoouazHocmuka HeucnpasHocmeti

WNHTenneKkTyalbHble JaTYUKU  BBIMIOJHSAIOT CaMOAMArHOCTHMKY Ha Halld4yue
HEUCIPABHOCTEN IMOCPEJCTBOM MOHUTOPHHIA BHYTPEHHUX CHUTHAJIOB. B TO ke Bpems
TPYIHO pa3paboTaTh MATYMK, KOTOPHIA MOMET OCYIIECTBISATH CAMOJUArHOCTUKY BCEX
BO3MOXKHBIX HEHUCHPABHOCTEH, KOTOPbIE MOTYT BO3HHUKHYTb, YacTO MOXHO JIeNaTh
MPOCTHIE TIPOBEPKH, BBISABISAIONINE MHOTHE M3 HanOoJiee PacrmpoCTPaHEHHBIX OITHOOK.
OnHuM K3 TPUMEPOB CAMOJIMATHOCTUKU B JIATUYMKE U3MEPEHUS €MKOCTH OO0OJIOUKU U
CONPOTUBJICHUS B U30JIMPOBAHHBIX TepMOIapax sl 0OHapyKeHus Tpo0os nzoanuu. Kax
MPaBUJIO, KOHKPETHBIM KOJ TeHepUupyeTcs sl 0003HAUYCHHS KaXKJIOro THUIA BO3MOXKHOU
HEUCTIPABHOCTH (HaIIpuMep, IPOBaJI MOMBITKH U30JISIIUA B YCTPOUCTBE).

OnHa W3 TPYIHOCTEW, KOTOpass 4YacTO BO3HUKAET B CaMOJUArHOCTUKE IMpHU
muddepeHnnanu Mexa1y HOPMaIbHBIMUA OTKJIIOHEHUSIMA U3MEPEHUN U HEUCTIPABHOCTAMHU
naT4yukoB. HekoTopble yMHBIE [AaTYUKU NPEOJOJEBAIOT 3TO IMYyTEM COXPAHEHUS
HECKOJIbKUX HW3MEPEHHBIX 3HAYE€HHUM BOKPYI 3aJaHHOW TOYKH, a 3aTE€M pacueToM
MUHHUMAJIbHBIX U 0KUJIAEMbIX MAKCUMAJIbHBIX 3HAYCHUH 1J11 U3MEPSAEMOUN BETUUUHBI.

® Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 276 p.
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Metoasl HEONPEAEICHHOCTH MOTYT OBITh MPUMEHEHBI I U3MEPEHUS BIIMSIHUS
HEUCIIPAaBHOCTH JaT4YMKa Ha KayecTBO H3MEPEHHl. DTO JaeT BO3MOXKHOCTh MNpHU
ONpeIeICHHBIX 00CTOSATENBCTBAX MPOAOKATh UCIOIB30BATh TATYMK IOCJE TOTrO, KaK OH
Jomyctun  ommOKy. Cxema Juisi TeHepaluud HHAEKCa JIeWCTBUTENIbHOCTU  Oblia
MPEIJIOKEHA, YTO YKA3bIBAET HA IOCTOBEPHOCTh U Ka4€CTBO U3MEPEHUN OT IaTYMKA.

Asmomamuueckuii paciem MOYHOCMU USMEPEHUS U KOMNEHCAyUuu 3a CAy4atiHvle
OWUOKU

MHorue yMHbIE€ JaTYUKH MOTYT PacCUMTaTh TOYHOCTh M3MEPEHHS OHJIANH MyTeM
BBIYUCJICHUSI CPEJHEr0 3HAYCHUs] Ha NPOTSHKEHUU psja U3MEPEHUM W aHaln3a BCeX
(bakTOpoB, BIUSIONMX HA TOYHOCTb. JTOT MPOIECC YCPEAHEHHS TAKKE CIYKUT IS
3HAYUTEIBHOIO YMEHbBIIECHHS BEJIMUMHBI CIIyYailHbIX OIIMOOK U3MEPEHUN.

Yemanosxka onsa uzmepenus nenuneinocmeti

B cnydae pgaTyMkoB, KOTOpbIE HMEIOT HEJIMHEWHYIO 3aBUCHUMOCTb MEXAY
U3MEPEHHBIM KOJIMYECTBOM M BBIXOJHBIM CHUTHAJIOM Jarduka, IudpoBas oOpaboTka
CUTHAJIOB MOXET PEe0OPa30BhIBATh BHIXOHOM CUTHAJ B JUHEHHYIO (pOopMy, pU yCIOBUH,
YTO XapakTep HEJIMHEHMHOCTH M3BECTEH TaK, YTO YPAaBHEHME, OMHCHIBAIOIIEE €r0 MOXKHO
3aMporpaMMHUPOBATh B TAKOW JaTUHK.

WNHTennekTyalbHble CMapT-IIepeIaTYuKu

Konnenuuu cmaprnepegaTyMka MPaKTHUYECKW  WACHTUYHBI € JIPYTUMU
WHTEJUIEKTYallbHBIMU YCTPOWCTBAMHU, ONHMCAHHBIMU paHee. B To BpeMs Kak Ha3BaHUE
CMapTHepelaTYMK MHOTAA MCIOJIb3YETCSl OJHOBPEMEHHO C Ha3BAHMEM CMapjAaTyuKa, OH,
BO3MOYHO, MCIOJIb3YETCS Yallle BCEro JJIsl ONMUCAaHUA MHTEIUIEKTYaJbHOTO YCTPOMCTBA,
KOTOpO€ UMEET OOJBIIYI0 (PYHKIIMOHAIBHOCTh, YEM TOJBKO 30H/IMPOBAHUE NTEPEMEHHOM C
MOMOILbIO KOMITbIOTEPA, YTO UHTEJJIEKTYaJIbHbIM JaTYUK OOBIYHO U JI€JIAET, B YACTHOCTH,
B OTHOUICHUU BBIXOAHBIX (GYHKUMA W CHOCOOHOCTH [UIsi KOMIIEHCAluu yiuepoa
OKpY>Kalolllen cpejie.

B HekoTopbIX ciyuasx, cMapTIEepeAaTiuKi W3BECTHBI B Kau€CTBE albTEPHATHUBBI
JUISl UHTEJUICKTYaJIbHBIX JTaTYMKOB. TepMHH MHOTOMEPHBIN MEepeqaTUMK TaKXKe HHOTAA
UCIIONBb3YETCSl, B YACTHOCTH, IJi1 YCTPOWCTBA, HAOpUMEp, CMApTUHCTPYMEHT s
U3MEpPEeHHsl pacxoja. DTO IMOCIETHEe YCTPOMCTBO H3MepseT alOCOJIOTHOE JaBJICHUE,
muddepeHnanpHOe TaBlIeHUe W TeMIEpaTrypy Ipolecca W BBIYHCISIET KaK MaCCOBBIM
pacxoi U 00bEM U3MEPSEMOM KUJKOCTH.

MHorue 13 MHTEJUIEKTyalbHbIX JAATYMKOB, OCTYIHBIX B HACTOAILEE BpPEMs, BCE
€Ill€ UMEIOT aHAJIOTOBBIM BBIXOJ M3-3a MPOJOJIKAIOIIEHCS MOMYISIPHOCTH U MHBECTULIUN K
cuctemaM nepegaud Toka B 20 MA. B To BpeMs kak OOJBIIMHCTBO YCTPOWCTB TeNepb
JOCTYIIHBI U UMEIOT LU(PPOBON BBIXOJl, MHOTHE TOJb30BaTENId MPeOoOPa30BbIBAIOT CUTHAJ
B aHAJIOTOBYIO (hOpMY MJIsi MOJACPIKAHUS COBMECTUMOCTH C CYIIECTBYIOIIMMHU CUCTEMaMHU
puOOpPOB.

CpasneHue npouzgooumenvHocmu ¢ Opyeumu  opmamu  nepedamyuxos
B03MOXHOCTH HHTEINIEKTYaJIbHBIX JAaTYUKOB MOXKHO JIy4dll€ BCEro IOJYEPKHYTh,
CpaBHUBas WX C aTpuOyTamMH aHAJOTOBBIX NEPENATYUKOB, a TAKXKE C YCTPOWCTBAMH,
W3BECTHBIMU KaK MPOrpaMMUpyeMble niepeaaTyuku. [locnennue nMeroT BEIYUCIUTEIbHYIO
MOIIIHOCTh, HO HE UMEIOT JIByHAIIpaBJI€HHbIE KOMMYHHUKAIIMOHHBIE BO3MOXHOCTH, & 3TO
O03HAYaeT, 4YTO OHM HE SBIAIOTCS MO- HAcTosAmeMYy YMHBIMHA. COOTBETCTBYIOILIUMHU
IPU3HAKAMU 3THX YCTPONCTB SBIISIOTCS:
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a.  AHaJIOrOBBIE IEPENATUNKU:

* TpeOoBaHME OJHOIO MepeaT4yMKa JUIsl KaXJOro THUMa JaTdydKa M KaxIoro
JYara3oHa JaT4ynKa.

* TpeOOBaHHWE JOMOJHUTEIbHBIX TMEPEJaTYMKOB IS KOPPEKIUU WM3MEHEHUN
OKpY>Karollen Cpepl.

* TpeOOBaHMNE YACTON KaTUOPOBKH.

b. TIporpamMmupyembie mepeIaTINKH:

* BKIIOYEHUE MHUKpPOMpOLECCOpa, HO OTCYTCTBUE JBYHAIIPABICHHOW CBS3U
(clienoBaTeNbHO, HE SBJISIOTCS TI0- HACTOSIIIIEMY YMHBIMH).

* TpeOOBaHUE KATUOPOBKH B MOJEBBIX YCIOBUAX.

C. HHrennektyanbHbIC JaTYUKU:

* BKJIFOUEHUE MUKPOIIPOLIECCOPA U ABYHAIIPABIICHHAS CBA3b.

* BKJIIOUCHHE BTOPUYHBIX JTATYUKOB, KOTOPHIE MOTYT U3MEPUTh, U TAKUM 00pa3om
KOMIIEHCHPOBATh HAaHECEHUE yIliepda OKpy Karouiei cpese.

* BKJIIOYEHHE, KaK TMpaBuiIo, o0OpabOTKy CHUTHaJa W aHajoro-mudposoe
npeoOpa3oBaHue.

* BKJIOUYEHHE MHOXECTBA [AaTYMKOB, OXBATHIBAIOLIUX pPAa3JUYHbIE IHANA30HBI
U3MEpPEHUI, U aBTOMAaTHYECKHil BHIOOp TpeOyeMoro auamna3oHa. /[uama3oH MOXKeT OBITh
JIETKO U3MEHEH, €CJIU NEPBOHAYAIBHO OLICHEH HEMPABUIIBHO.

* IMeTp BO3MOXKHOCTh CaMOKaJTHOpPOBKH, KOTOpasi MO3BOJISIET yAaleHUe Jpeiida
HYJIS U Jpeiida 9yBCTBUTEIBHOCTH OIMHOOK.

* IMeTh cIOCOOHOCTH CaMOJAMATHOCTUKH, YTO TO3BOJISIET COOOIIATh O MpodIeMax
WM TpeOOBaTh TEXHUYECKOE 00CTyKHBaHUE.

* BO3MOKHOCTbh HACTPOMKHU HEJIMHEMHOCTEN [T TIOTYUYEHUS JIUHEUMHOTO BBIXOA.

Kpamxkoe onucanue npeumyuwecme cmapmnepeoamiuxos

['maBHBIA HEAOCTATOK, KOTOPBIA MOXKHO ObLIO OBl MPUBECTH JISI UCIIOJIb30BAHUS
cMapTrepeaTYMKa BMECTO HE CMApPT SIBJIISIETCS TO, YTO OH, KaK MPaBUII0, HEMHOT'O OO0JIbIlIe
U TsDKEJee, 4YeM €ero He CMapT SKBUBAJIEHT, HO 3TO HE SBJsSETCs MpobieMoil B
OonpmMHCTBE ciiydyaeB. CyIeCTBEHHBIM Tak)Ke OOBIYHO SIBIISIETCA IleHA TOKYNKU. Tem He
MEHEee, 3TU TOTCHIMAIbHBIE HEIOCTATKA HE3HAYUTEIbHBI B OOJBIIMHCTBE CIy4aeB U
NEPEBEIINBAIOT UMEIOIIUECS, KOTOPhIE MOXKHO PE3IOMUPOBATH CIIEAYIOUINM 00pa3oM:

* [ToBhIllIEHNE TOYHOCTU U MTOBTOPSEMOCTH.

* ABTOMAaTHYECKUN pacyeT TOYHOCTH U3MEPEHUA U KOMIICHCALMU 34 CIy4YalHbIC
OIIIHOKHU.

* Komnencanus s¢dexra Harpy3ku M3MEpPUTENBHOTO MPOLEcca HAa U3MEPAEMYIO
CUCTEMY.

* ViydilleHHE IOJTOCPOYHOW CTAOUIBHOCTH U CHUXEHUE TpeOyeMoil 4acTOThI
nepeKaInOpOBKH.

* PerynupoBka sl U3MEPEHUS HEIMHEUHOCTEH IS MOJNy4YEHUs JIMHEWMHOrO
BBIXO/IA.

» CHIKEHHE 3aTpaT Ha TEXHUYECKOEe 00CTy)KUBaHUE.

* CaMOJIMarHOCTUKa HEUCIIPABHOCTEIA.

* bonbIIOM uana3oH 0XBaTa, NO3BOJISIOIUN (PYHKIIMOHAIBHYIO COBMECTUMOCTD U
JAIOIIHNI TOBBIIICHHYIO THOKOCTb.
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* YjaneHHas HACTPOWKA BBIXOJHOTO JWAIla30Ha MO KOMAHJAE OT MOPTATHUBHOM
knaBuatypsl win [1IK. DTo 5KOHOMHUT BpeMsl U TEXHUKY 1O CPaBHEHHUIO C MPOBEICHHEM
KOPPEKTUPOBKH BPYUHYIO.

 CokpallieHrne 4ucia HeOOXOAMMBIX 3alacHbIX HHCTPYMEHTOB, MOCKOJBKY OIMH
3aMacHOM JaTYMK MOXKET ObITh CKOH(UIYPUPOBAH TaK, YTOOBI OKPBITH JHOOON AMana3oH
U TaKUM 00pa30M 3aMEHUTH JIF00O0W HEUCTIPABHBIN NIEpeIaTYHK.

* BO03MOXXHOCTb BKJIIOUYEHHS PE3EPBHBIX JAaTYMKOB, KOTOpPbIE MOTYT OBITbH
UCIIOJIb30BaHbl JUIsl 3aMEHbl HEHCIPABHBIX JaTYUKOB JJI MOBBILICHUS HAJIEKHOCTH
YCTPOUCTBA.

* Pa3penienue yaaneHHOW NepeKaTuOpOBKY WU MEePECTPAauBaHUS MIyTEM MOCBHUIKU
M (pOBOro CUrHaja K HUM.

* Bo3moxHOCTh XpaHeHHUs AaThl TOCIEAHEH KamuOpOBKM W yKa3aHUs, KOTJa
TpeOyeTcs cieayromas KaiuOpoBKa.

* OgHOpa30BOE MPOHUKHOBEHUE B M3MEPSEMBII MPOIIECC, BMECTO MHOTOKPATHOTO
IPOHUKHOBEHUS, TPEOYIOIIEro TUCKPETHBIX YCTPOUCTB, YTO JIENaeT YCTAHOBKY IMPOIIE U
JIeILIEBIIE.

* Bo3MOXHOCTh XpaHEHHs JaHHBIX TaKUM OOpa3oM, YTO MPOU3BOJUTENIBHOCTD
YCTAaHOBKM M MHCTPYMEHT MOTYT OBITh IpoaHaiu3upoBaHbl. Hampumep, naHHbIE,
OTHOCSIINECS K BO3/ICUCTBUIO OKPY>KAIOLIEH cpefibl, U3BMEHEHUSI MOTYT OBITh COXPAHEHBI U
UCTIOJB30BaHbl ISl KOPPEKTHPOBKA HW3MEPEHUI BBIXOJHBIX JaHHBIX B OOJBIIOM
Jana3oHe.

Aemomamuueckasn kanubposxa

CoBMeCTHOE HCIIONB30BAHHE HECKOJBKHX IMEPBUYHBIX JATYMKOB W BTOPHYHBIX
JATYUKOB ISl U3MEPEHHS MapaMeTpOB OKPYIKAIOUIEH Cpeapl O3HA4daeT, YyTo Mpoleaypa
CaMOKaJIMOPOBKY JJII MHTEJUICKTYaIbHBIX JATUYUKOB SIBISIETCS OoJiee CIOKHOM, 4eM st
Oosiee MPOCTBIX MHTEJUIEKTyaJIbHBIX AATYMKOB. B TO Bpems kak oOImIMI MOAXOJ K CaMo
KaJMOpOBKE OCTA€TCSl AHAIOIMYEH JUIsl WHTEJUIEKTyaJlbHbIX JaTYMKOB, HpoLeaypa
KaJMOpPOBKU JOJDKHA TMOBTOPATHCA UIsl KaXJI0r0 MEPBUYHOIO M BTOPUYHOIO JaTUMKA
BHYTpU IepenaTdyrka. Pekomenayemasi MpakTUKa 3aKI0YaeTCs B MCHOJIb30BAaHUU CaMBbIX
IPOCTBIX MPOLELYp KaTUOPOBKH, JOCTYIHBIX JUIS KaXKJOT0 JaT4yMKa B mepenaTyuke. Tem
HE MeHee, BO BHUMaHHE JIODKHO OBITh MPHUHITO, YTO YUYUTHIBaeTcs Jio0oe
B3aMMOJCHCTBHE MEXKAY HW3MEPEHHBIMH TE€PEMEHHBIMH. JTO 4YacTO O3HAYaeT, YTo
IPOCMOTPOBBIE TAOIUIIBI B CMApTIIEPEIaTUNKE JOKHBI UMETh OCOOCHHO OOJIBIION 00BeEM
namsTH, HEOOXOAUMBIN N7l TOTO, YTOOBI MPHUHSATH MEPEKPECTHYIO UYBCTBUTEIBHOCTH K
JIpyTUM MapameTpaM (HampuMmep, TeMIepaTypa) BO BHUMaHHUE, TaK KaK MaTpHIla 3HAUCHUH
KOPpPEKIIMN JOJDKHA OBITh COXpaHEHa. JTO O3HAYaeT, 4TO KaaHuOpOBKAa HHTEPIOJSIIUU
sBJIsIETCS elle 0oJiee IPEeNOUYTUTENBHOM, YeM TPOCMOTPOBAs KaaIuOpOBKa TaOIUIb], KAK B
cily4yae KaTMOpOBKU CMapT JaTUYUKOB.

Camoouaznocmura u 0bHaApyHceHue HeucnpasHocme

JlnarHoCTHKa HEUCIIPaBHOCTEH B JAAaTYMKaX M CMapT MepelaTyrKax 4yacTo ObIBaeT
3aTpyJlHEHa, MOTOMY 4YTO HE TaK JErko pas3iuyaThb OTKJIOHEHHMsS] H3MEpPEeHHUs H3-3a
HEUCHPABHOCTH JaTyuka M OTKJIOHEHHUS WH3-3a HEUCHPABHOCTH YCTAaHOBKH. Jlydrmumit
TEOPETUUECKHUI MOIXOJ Uil YCTpaHEHHsI 3TOW TPYIHOCTH — 3TO MPUMEHEHHE METO/I0B
MaTeMaTHYECKOTO MOJCIUPOBAHMS I JaTYUKa U YCTAaHOBKH, B KOTOPOM OH paboTaer, C
IIEJIbIO BBISIBIICHUS HECOOTBETCTBUH B IAHHBIX, OCTYMAIOIINX OT JaT4uka. TeM He MeHee,
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CYIIECTBYET OYEHb MaJIO MPOMBIIIJICHHBIX MPUMEHEHUN TaKOTO MOAX0Ja K 00OHAPYKEHHUIO
HEHCIPABHOCTENM HA MPAKTHKE, MOTOMY 4YTO NEPBOE — 3TO CTOMMOCTH peaau3aluy U
BTOPO€ — 3TO TPYAHOCTh IMOJYyYEHUS MOJENEH, KOTOpBIE SBJISIOTCA YCTOMYMBBIMHU K
Pa3JIMYHOTO pojia BO3MYIIEHUsIM. TakuM 00pa3oM, Kak MpaBUIIO, MPUXOIUTCS MpuderaTh
K HAJIMYUIO HECKOJIBKUX JAaTYMKOB C UCIOJIb30BAHUEM CXEM, TAKUX KaK JIBE U3 TPEX.

2.3 CBsI3b ¢ HHTEJIEKTYAJIbHBIMHU YCTPOCTBAMU

BxiroueHre BBIYMCIUTEIBHONM MOIIHOCTA KOMIIBIOTEPA B HWHTEIUIEKTYaJIbHbIC
WHCTPYMEHTBl M HHTEIUIEKTyaJIbHbIE€ MPUBOJIBI CO3JAET BO3MOXKHOCTh IOCTPOCHUS
KOHTPOJIbHO-U3MEPUTEIIBHOM CUCTEMBI, IJI€ HECKOJIbKO HHTEIJIEKTYaJIbHBIX YCTPOWCTB,
COBMECTHO C APYIMMH MOJb30BATEISIMU, NEPENAOT UHPOPMALMIO IPYT APYry, a TaKkKe
BBINONHAIOT (DYHKIMH YIPABIEHUS TEXHOIOTMYeCKHM mpoueccom®. Takoe ycTpoHCTBO
W3BECTHA KAK PACHPENCIICHHAs CUCTEMA yNpaBieHUsA. J[OMOIHUTENbHBIE KOMIIBIOTEPHBIE
IPOLIECCOPBl TAKXKE€ MOTYT OBITh J100aBJ€HBI B CHCTEMY B KadecTBE HEOOXOIUMBIX IS
oOecrieyeHus: HYKHOM BBIUMCIUTENBHOW MOIIHOCTH, KOrja TpeOyeTcs BbIYKCIICHUE
CJIOKHBIX aJTOPUTMOB yIipaBieHus. Takas cucTeMa W3MEpUTENbHBIX MPUOOPOB SBISETCS
ropaso 0oJjiee OTKa30yCTOMYMBON M HAJCKHOW, YEM CTapble CXEMbl YIPaBJICHUS, T
JAHHBIE M3 HECKOJIbKUX JHCKPETHBIX YCTPOMCTB OTHECEHbl K LEHTPAIM30BAHHOMY
KOMITBIOTEPHOMY KOHTPOJIIEPY C MOMOIIBIO JJIMHHBIX U3MEPHUTEIIbHBIX KaOeIe.

Ota ynydnieHHas HaJeXHOCTh IPOUCTEKaeT W3 TOro (akra, YTO HaJU4ue
KOMITBIOTEPHBIX MPOLECCOPOB B KAXKIOM OJIOKE BHOCUT CTENEHb HW30BITOUHOCTH B
cuctemMy. Takum o00pa3oM, H3MEpEHHE M Mepbl MO KOHTPOIK BCE €IIEe MOTyT
IPOJOJKATECA, XOTS U B JETPaUpOBaHHOM (hopMe, eclii OJAUH OJIOK BBIXOJUT U3 CTPOSL.
Jns Toro, dTOOBI TMOBIMSITH Ha HEOOXOJMMYKO CBsI3b, KOTJa JBa WIH OoJiee
UHTEJUIEKTYalIbHbIE YCTPOMCTBA JOJDKHBI OBITh COEIMHEHBI JIPYT C JPYrOM B KauyecTBE
y3JI0B B pacopeliesieHHON cucrteme, AODKHA ObITh obecreueHa HekoTopas ¢dopma
AJIIEKTPOHHOTO IIOCCE MEXKIYy HHUMH, YTO TO3BOJISIET OOMEHHMBATHCA HMH(POPMAILIMEH.
[Tomumo mepenayu AaHHBIX, ONPENCICHHBIA 00beM HHGOPMAIMK YNPABICHUS, TaKKe
noikeH ObiTh mepenaH. OCHOBHas II€JIb 3TOW ympaBistonied MHGOPMAIMH, YTOOBI
yOeIUThCSI, YTO IIEJIEBOE YCTPOMCTBO TOTOBO K MpUEeMY MH(OpMAIIUU JI0 Havasa rnepeaadn
JTAHHBIX.

Ota wuHbopMalUs YNOPABICHUS TaKXKe MPEAOTBpAIlaeT MOMNBITKY OTHPABUTH
uHpopMaIuio oT 0osiee OTHOTO YCTPOWCTBAa OTHOBPEMEHHO. B COBpEMEHHBIX yCTaHOBKAX,
BCE KOMMYHUKALIMM U MEpeJavyu JaHHBIX MEXIY y3JaMu oOpaOOTKH B paclpeieseHHON
U3MEPUTETBHON anmnapaTypbl U CUCTEMbI YIIPABIEHUSI OCYIIECTBISIETCS B IU(POBOM BHJIE
10 TOM WJIK MHOUM (PopMe AIEKTPOHHOTO 1Iocce. MarucTpaib MOXKET ObITh MapaiieIbHbIM
uHTepdericom, JokaiabHas BbluMciautenabHas ceth (JIBC), mudpoBoit Momysnb, uiu
koMOuHUpoBaHHbI LAN/ moneBoit mmHbl. [lapamienbHelii OpoTOKONT HHTEpdeiica
UCIIOJIB3YyeTCsl  OOBIYHO  JUISl  TMOJKIIOYEHUS  HEOOJBIIOTO  YMcia  YCTPOMCTB,
pacmpeiefieHHbIX Ha He0oJblIoi reorpaduyeckod 00JacTH, Kak MPaBUIO, OIHUM
HOMEPOM.

® Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 280 p.
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B caydae O6onblIOro KOJWYECTBA YCTPOUCTB, pa3OpOCAHHBIX Ha OOJBIIHUX
pPacCTOSIHUSX, Teorpapuiyeckd OObIYHO OJJHOTO 3[aHUsl WK OOBEKTa, JIEKTPOHHOE 1I0CCEe
UCIIONB3yeTCcsl B (opMe MO0 JIOKAIbHOM ceTh wWid HU(POBON TMOJEBON IIUHBI.
HNHcTpyMeHTaNIbHBIE CETH, KOTOpBIe reorpaduyuecku 00blle OJHOTO 3JaHus NI 0O0BEKTA,
TaK)K€ MOTYT OBITb TOCTPOEHBI, HO OHM, KaK MpaBUiIO, TPeOYIOT HaIUYHUs CHUCTEM
nepenayd, KOTOpbIe BKJIIOYAIOT TeNe(OHHBIE JMHUHM, a TakKe JIOKaJbHbIE CETH B
KOHKPETHBIX MecTax B Impenenax Oousiblio cuctemsl. [IpousBoautenn OOBIYHO
IPEIOCTaBISAIOT BCE anlapaTHOE U MPOrpaMMHOE oOecredeHne, Heo0X0aumMoe Uil TOro,
9TOOBl CO3JaTh CETh HW3MEPHUTENIbHBIX MPHUOOPOB C UCIHOJIB30BAHUEM PA3IUYHBIX
MHTEIJICKTYalIbHBIX YCTPOICTB, B X accopTuMeHTe. Tem He MeHee, mpoOsieMbl OOBIYHO
BO3HHKAIOT, €CJIM MPOEKTUPOBIIMK CETH MPUOOPOB XOYET HCIOIb30BATh KOMIIOHEHTHI,
NOJIy4aeMbl€ U3 Pa3HbIX MPOU3BOAMUTENEH, II€ MOT'YT BO3HUKHYTh JOBOJIbHO CEPbE3HBIC
npoOieMbl ¢ COBMECTUMOCTbIO. UTOOBI mpeononeTs 310 U 0wl pa3padotan [EEE 1451.
DTO cepusi HUHTEIIEKTYalIbHbIX CTAaHAAPTOB HHTEp(elica yCTPOUCTBA, KOTOPBIE MTO3BOJISIOT
MOJIKJIIOYaTh KOMIIOHEHTBI OT Pa3HbIX MPOU3BOUTENEH HA OJJHOM U TOH K€ CETH.

2.4 Unrepeiic BBOaa-BHIBOAA

WNurepdeiic  BBoma/BeiBOJa  TpeOyercs s MOAKIIOYEHUS  KaXJIOTO
UHTEIUICKTYallbHOTO YCTPOMCTBAa K 3JEKTPOHHOW MarucTpanu. Jlatuuku ¢ 1udpoBHIM
BBIXO/IOM CO3/1al0T HEOOJNbIIME MPOOIEeMBbl CONpsDKEHHA. TeM He MeHee, MHOTHE
WHTEJUIEKTYaJIbHBIE YCTPOWCTBA BCE €II€ MMEIOT AaHAJIOIOBBIM BBIXOJ, KOTOPBIN
ucrnosibdyer crannapt or 4 no 20 MA u npoTtokois, TpeOyromuid MnpeoOpa3oBbIBATH
aHajoro-iudpoBoii mHTEepdeiica B BBOA-BBIBOA. JlJIS HHUX MPOTOKOJ, WU3BECTHBIM KaK
HART (maructpanbHblii ajpecyemblii JAMCTAHIIMOHHBIN MpeoOpa3oBaTeib), SBISETCA
OJIHUM M3 HauOoJiee WIMPOKO HCMOIb3yEMbIX, YTOObI OOecreYyuTh Heo0X0AuMoe
COEIMHEHHE TaKuX yCTpohcTB B udpoByto ceTb. HART — 310 m1Ha Ha OCHOBE CcEeTEBOIO
IPOTOKOJIA, KOTOPBIA CTall CTaHAAPTOM Je - (aKTO JUisl MHTEIIEKTYaIbHBIX YCTPOUCTB C
AQHAJIOTOBBIM BBIXOJIOM JIaTUHKA.

HART-coBmecTuMbIe  yCTpOMCTBA  00ECIIEUMBAIOTCS  BCEMH  OCHOBHBIMU
npousBoautensimMu puoopoB. HART 0w 3amymaH Kak BPEMEHHBINH CETEBOM MPOTOKOII
JUIS yAOBJIETBOPEHUS] KOMMYHUKALIMOHHBIX MOTPEOHOCTEN B MEPEXOIHBIA MEPUOA MEXKIY
VCIIOJIb30BAaHUEM AHAJIONOBOM CBA3M C HEHUHTEIUICKTYAIBHBIX YCTPOWCTB M IOJHOCTBIO
nU(pPOBOIl CBSI3M C HHTEJUIEKTYAJbHBIX YCTPOWCTB COIVIACHO LU(POBOMY MPOTOKOIY
MOJIEBOM MIMHBI. 3-3a 3TOM HE0OOXOIUMOCTH MOJAEPIKKU CTAphIX U HOBBIX cucteM, HART
TIOIEP/KUBAET [IBA PEKMUMA MCIIOIb30BAHUS — B THOPUIHOM H IOJHOCTHIO U(poBoM’.

B rubpunnom pexxume, CTaTyc/KOMaHJIHbIE CUTHAJBI SIBISIIOTCA UU(DPOBBIMHU, HO
nepenaya JaHHBIX MPOUCXOAUT B aHAJoroBoil ¢opme (kak mpaBwio, B 4- go 20-mMA
dopmare). OTHO cepbe3HOE OTPAHMYEHHUE ITOTO PEKMMA 3aKIIOYAeTCsl B TOM, YTO HE
IIPEJCTABISACTCS BO3MOXKHBIM II€pEIaBaTh MHOXECTBO HW3MEPUTENIbHBIX CHUTHAJIOB Ha
OJIHOM IIWHE, Kak ¥ aHaJoroBble CHUTHAJIBI OyAyT pasBpamarb JApyr JApyra.
CnenoBarenbHo, korga HART ucnonb3yercst B TuOpuIHOM pexuMe, CeTh JIOJDKHA OBITh

" Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 281 p.
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pacnoioKeHbl B 3B€3/1000pa3HOM KOH(UTypallMd C UCIOJIb30BAHUEM OTAEIBbHON JIMHUH
JUTSL KQXK10T0 MOJIEBOTO YCTPOMCTBA, a HE OOIIYIO IIUHY.

B monHocThiO 1MpOoBOM pexkume, HUGPOBOIM TMepenaya JaHHBIX, a TaKkKe
COCTOSIHUS / KOMaHJIHbIE CUTHAJIBI. DTO MO3BOJISIET OJUH KaOesb JJIsl Mepelaud CUTHAJIOB
10 15 uHTemIeKTyalbHBIX YCTPOUCTB. Ha mpakTuke, moaHocThio udpoBoit pesxkum HART
PEOKO UCIIONb3YETCsS, TaK KakK CKOPOCTh NEpedadyd JaHHbIX OYEHb OIPAaHUYEHBI IO
CpPaBHEHHUIO C TMPOTOKOJAMHU TIOJIEBBIX IIMH. TakuM 00pa3oM, OCHOBHOE NPUMEHEHUE
nporokona HART B Tom, 4T00BI 00ECIeYnTh BO3MOKHOCTD CBSI3M C MHTEIUICKTYIbHBIMU
YCTPOMCTBAMM, KOIJa CYIIECTBYIOIIHWE TMEPEeAayd CUTHalla HU3MEPEHHUs aHaJIOTOBOTO
JIOJKEH OBITh COXPAHEH, MOCKOJIbKY MpeoOpa3oBaHUe B MOJHOCThIO ITU(POBOM omneparus
ObLs1a OBI CIUIIKOM JI0POTO.

2.5 IapaniesibHasi IMHA JAHHBIX

EcTp uenslii psia pa3iuyuHbIX MapajulelibHbIX IWH JJaHHbIX. Bce oHM nMeroT o0mui
OpU3HAK Tepelayd JaHHBIX B MapajuleIbHOM pEeXUME, TO €CTh HECKOJIbKO OWTOB
nepenarTcs OJHOBpeMEHHO. OHM Takke€ MUMEIOT OTIEIbHBIE JaHHBIE W YIIPABISAIONIUE
JIMHUH, YTO O3HAYAET, YTO JIMHUMU JAHHBIX MCIOJIB3YIOTCA UCKIOUYUTEIBHO IS Mepeiadn
JAHHBIX W BCE YIPaBISAIONINE CUTHAJIbl HANpaBISIOTCS HAa BBIACJICHHBIE JIMHUU
yOpaBJIEHHUS. OTO MO3BOJSET ONTUMU3UPOBATH CKOPOCTh IEpeJauyd JaHHbIX. Tem He
MEHEee, IMOMHUMO UMEIOUMX AJTy OOIIyl0 (QYHKIMOHAIBHOCTh, CYIIECTBYET Majas
COBMECTUMOCTh MEX/Y Pa3IMYHbIMU IIMHAMM MapajluIeIbHbIX JaHHBIX, TOCTYMHBIX MpPHU
CYIIECTBEHHBIX Pa3INYMsIX, CYHIECTBYIOIINX B KOJIMYECTBE CTPOK JIAHHBIX, HCIOIb3YEMBbIX
KOJIMYECTB KOHTPOJBHBIX JINHUM, CTPYKTYp€E MPEPhIBaHUSA, CUCTEME JAHHBIX O BPEMEHH, U
JIOTUYECKUX YPOBHEH, UCIONIb3yeMbIX NIl pa0doThl. [Ipon3BoauTenu 000pynoBaHUs, KaK
paBUIIO, MPUACPKUBAIOTCS TOTO e MapajlieIbHOr0 MPOTOKOIa HHTEpdeiica Ajid BceX UX
CIIEKTpa YCTPOICTB, HO pa3HbI€ MPOU3BOAUTEIN UCIOJIB3YIOT Pa3HbIE MPOTOKONBL. Takum
o0pa3oM, B TO BpeMsl Kak 0OBIYHO OYJIET JIETKO COEIMHUTh BMECTE PsiJl MHTEIUIEKTYaIbHBIX
YCTPOMCTB, KOTOpBIE BCE NPUXOAAT OT TOrO K€ MPOU3BOAUTENS, TPYAHOCTH
B3aMMOJEMCTBHSI MOTYT OBITh HCIBITAHbI, €CJIM YCTPONCTBA OT Pa3HBIX IMPOU3BOIUTENECH
coeuHEHbI IpyT ¢ npyroM. K cyacTbio, cuTyanus B 3TOW 00JIacTH HE TaK IJIOXO, KaK 3TO
3Byunt, noromy uro mwuHa IEEE 488 Tenepp npuoOpenu MUPOKYIO H3BECTHOCTh B
KaueCcTBE MPEANOYTUTENBHOTO MAPAJUICIbHOM IMHBI JAHHBIX JJI1 U3MEPUTENIbHBIX CETEH U
ObUIO TPHUHATO OOJBIIOE KOJIMYECTBO Npou3BoauTened. Tak Kak OH ObUI BHEpBbIE
npexacraBied B 1975 roamy, omyOJMKOBaHHBIM CTaHIApT JUIsl ATOrO aBTOOyca ObLIO
MEPECMOTPEHO HECKOJBKO pa3, ¢ mnocieaHuM u3 kotopsix B 2004 rony, korma IEEE
onmyOJIMKOBaJ CTaHAAPT COBMECTHO ¢ MeXIyHapOaHOU 3JIEKTPOTEXHUYECKONH KOMUCCUEN
(M3K) B kauectBe cranmapra MOK 60488 (MOK, 2004a, 6). IEEE 488 / IEC 60488 mmuna
oOecrieunBaeT MapajuleNibHbIA  MHTEp(deic, KOTOphIM  oOjerdaer MOJKIIOUYCHUE
WHTEJUICKTYaJbHBIX TPUOOPOB, HWCIOIHUTEIBHBIX MEXaHU3MOB M KOHTPOJIJIEPOB B
npeaenax oJHOW KOMHaThl. @U3HYECKHU IIMHA COCTOUT U3 SKPAHUPOBAHHOU, 24-KUIIbHBIN
kabenb. Jlnsa crangaptHoii IEEE 488 mmabl, MakcumanbHas AJIMHA IMUHBI JOMTYCTUMOMY
cocrasisieT 20 M, ¢ He OoJiee 15 HHCTPYMEHTOB HE pacipeiesieHbl 110 Bcel ero JuinHe. Tem
HE MEHEe, 3TO OrPAHMYEHHWE Ha JUIMHY M KOJMYECTBO HMHCTPYMEHTOB MOTYT OBITh
IPEOJOJIEHBl C MOMOLIBI0 AKTUBHOHM (T.€. CO BCIHOMOTAaTEJIbHOTO HMCTOYHUKA IMUTAHUS)
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MWHBl  paciupuTeNsas. MaKCUMaJdbHOE PACCTOSHHUE MEXKIy JBYMS KOHKPETHBIMU
CIMHHIIAMH Ha IIMHE HEe JOJDKHA MPEBBIMATh 2 M. MakcuManbHas pa3penieHHast CKOPOCTh
nepenayn JaHHBIX 10 IIWHE cocTaBiaseT 1 MOUT / ¢ B Teopuu, XOTS MaKCUMajbHas
CKOPOCTh TepeJlayd JaHHBIX JOCTHTaeTCs Ha TMpPaKTUKEe B Te4YeHHWE Bcel jmHE 20-M
aBTOOyCe, Oosee BeposTHO, OyieT B nuana3zone ot 250500 Kowur/c.

2.6 JlokajibHBIC CeTH

JlokanpHBIC ceTH TIepelad JaHHBIX B IU(POBOM (opMaTe 1o MOoce0BaTEIIbHBIM
JUHUSM 3ekTponepenaun. CUHXpOHHAs Iepegaya OOBIYHO HCIOJIB3YETCs, TaK KakK 3TO
MO3BOJIIET OTHOCUTEJIHHO BBICOKME CKOPOCTH IMepelladyu IyTeM TIepeaayu OJIOKOB
CUMBOJIOB B TO BpeMsA. TUNUYHBIN OJOK AaHHBIX cOCTOMT M3 80 CHMBOJIOB: 3TO
MpEAIECTBYET MOCIEA0BATEILHOCTH CUHXPOHU3AIMY U CIEAYIONIEN MOCIe0BaTEIbHOCTH
octanoBa. IlocrmenoBarenbHOCTh ~ CHHXPOHM3AllMM  BBI3BIBACT  MPUEMHHUK IS
CHHXPOHM3AIIMM YacOB C ATUM TNiepeaTYMKoM. J[BymMsI OCHOBHBIMH CTaHAApTaMH IS
CUHXPOHHOM, NTOCJIe0BaTEeNbHOM niepeaaun saBisitoTcst RS422 u RS485. Onu B Hacrosimee
BpeMsi odunmanbHo onyonukoBanbl Accommanuein Unmyctpun ANSI snektpocBszu /
Electronic Industries Alliance (TIA / EIA) ¢ xomamu ANSI / TIA / EIA-422-B u ANSI /
TIA /| EIA-485. Tlome3Hoe CpaBHCHHE MEKIy  IPOU3BOAUTEIBLHOCTHIO U
XapaKTepUCTHUKAMM KaXXJ0ro M3 HUX U Ooisiee craporo cranaapta RS232 (acunxpoHHbIN
nocIeI0BaTeNbHBIN Niepeaun) MoxHO HailTu B bpyk u Herklot (1996).

JlokanbHbIE CETH UMEIOT 0cO00€ 3HAaYEHUE B 00JACTM MOHUTOPHHIAa MU KOHTPOJIS
CHUCTEM, UMEIOIIUX HECKOJIbKO OTJIEJbHBIX JATYUKOB, MPUBOJOB U OJIOKOB yIpaBJICHUS,
paccpeloTOUYCHHBIX Ha Oouiblol riomanau. JleMcTBUTENbHO, Uil TakuX OOJIBIINX
U3MEPUTEIBHBIX CHUCTEM, JIOKaJbHAas CETh SBISAETCS €IUHCTBEHHOW >XM3HECTIOCOOHOM
Cpelnoy mepeAaud ¢ TOYKU 3PEHHsS] MPOU3BOAUTENILHOCTH U CTOMMOCTH. [lapanenbHbie
IIMHBI JIAaHHBIX, KOTOpBIE TIE€pENal0T JaHHbIE B aHAJOroBOM (opme, CTpanaloT oOT
oclia0JieHus] CUTHaja M IymMa JaTyuka Ha OOJbIIME PACCTOSIHHS, a TakKKe BBICOKas
CTOMMOCTb JUIMHHBIX MHOTOXXWJIBHBIX KaOeneil, 4TO OHM HYXKJIAITCS B HEMOMEPHO
BBICOKA.

Tem He MeHee, pa3paboTka M3MEPUTEIBHBIX CETEH HE 00XOauTCcs 0e3 mpolieMm.
TuiaTenpHOE MPOEKTUPOBAHME CETU TpeOyeTcs Il MPEeaOTBpAllCHUS MHOBPEXKIACHUS
JAHHBIX, KOTJla JIBa WK 00Jiee YCTPOMCTB B CETHU MBITAIOTCS MOJYUYUTh JOCTYH K HEMY
OJIHOBPEMEHHO U, BO3MOHO, TOMECTUTh HH(OPMALIUIO HA IIUHY JIAaHHBIX OJHOBPEMEHHO.
DTa 3aja4ya pemaercss MyTeM CO3JaHUsl MOAXOASAIICH CETEBOM MIPOTOKOJ, KOTOPBIN
rapaHTUPYET, YTO CETEBbIE YCTPOWCTBA HE MMEIOT JIOCTyINa K CETH OJHOBPEMEHHO, TEM
CaMbIM IPENOTBpaIlas MOBPEXkKICHHE JaHHBIX®,

B rnokanbHOW ceTH, 3JIEKTPOHHAs MarucTpaib MOXET MPUHUMATH (Hopmy JHOO
MEJHBIX MPOBOJOB WJIM BOJOKOHHO-ONTHUYECKOTO KaOens. MeaHbie mpoBOJa SIBISIOTCA
HaWMEHEE IOPOTUM BapUAHTOM U IMO3BOJISIIOT JOCTUYb CKOPOCTH Iepe/ladn NaHHbIX 10 10
M6wut/c, ucnonp3ysi AMO0 MPOCTYIO Tapy CKPYYEHHBIX MPOBOJOB MIIM KOAKCHUATHHBIN
kabenb. Tem He MeHee, BOJJOKOHHO-ONTHYECKUE KaOeH, SBISIFOTCS MPEANOYTUTEIIbHBIMU

8 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 283 p.
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BO MHOTHX CETSIX MO psay NpuuuH. J[OCTOMHCTBAa BOJIOKOHHO-ONTHYECKUX KaOeyel B
KauecTBE cpelpl Nepenayd JaHHbIX Obuid u3io0keHbl B riaBe 10. Ilomumo BbICOKOM
MOMEXOYCTOMYMBOCTH CHUTHAJIOB K NIYMY, BOJIOKOHHO-OITUYECKAs CHUCTEMa Iepeaaydu
MOXKET TepesiaBaTh JaHHBIE CO CKOPOCThIO 10 240 MOuT / c. YMeHbIIEHHE 3aTyXaHUs
CUTHAJIa MpU Tepellaye TakKe O3HA4yaeT, uyTo OoJiee NJIMHHBIE PACCTOSHMS Tepeaauu
BO3MO>KHBI 0€3 MoBTOpUTENel ObITh HEOOX0AUMBIM. Hanmpumep, J0myCTUMbIE PacCTOSHUS
MEXAY IOBTOPUTEISAMU JUIsI BOJIOKOHHO-ONTUYECKOM CETHM YyKazaHbl B | KM aid
NOJIYAYTJIEKCHOIO peXxuMa U 710 3,5 KM B MOJHOIYIUIEKCHOM pexume. Kpome Ttoro,
IOPOMYCKHAasi CIOCOOHOCTh  BOJIOKOHHO-ONTHYECKON MepeAadd  BhIIIE, YeM s
NIEKTPUYECKOW Tniepenaur. HekoTopele 3aTparbl MHTEIUIEKTYalIbHBIX YCTPOWCTB 283
DKOHOMHSI MOXKET OBbITh JIOCTUTHYTa C MCHOJb30BAHHEM IUIACTHKOBBIX BOJIOKOHHO-
ONTHYECKUX Kalened, HO OHU OOBIYHO HE MOTYT OBITh HCIOJB30BAaHbI HA PACCTOSHMSIX,
npeBbiamux 30 M, TOCKOJIbKY 3aTyXaHUE CUTHAJIA CITUIIKOM BBICOK.

EcTh MHOTO paznu4HbIX TPOTOKOJIOB JJIsl JOKAIBHBIX CETEN, HO OHU BCE OCHOBAHbI
Ha OJIHOM U3 TPEX CETEBBIX CTPYKTYP, U3BECTHBIX KaK 3BE3HBIX CETEH, aBTOOYCHBIX ceTe
U KOJBIEBBIX CETAX, Kak Moka3zaHo Ha pucyHke 11.5. JlokanmbHas cerb paboTaer B
npenenax OJTHOTO 3/aHMs WIM OOBEKTa M MOXET Iepe/aBaTh JIaHHbIE HA PACCTOSIHUE 0
500 M ©Oe3 3aryxaHusi cUrHaja sBisieTcss npoOnemoit. s mepemaun Ha OoJblIne
paccTosinus, TeaeOHHbIE JIMHUU UCTIONb3YIOTCS B ceTU. VIHTeeKTyanbHble YCTpOHCTBa
COTIPSATAIOTCS K TeNe(OHHOM JIMHUU, UCTIONB3YEMOH ISl TIepeladnl JaHHBIX Yepe3 MOJIEM.
Monem npeobpasyeT curHal B 4aCTOTHO-MOYJIMPOBAHHOM aHaioroBoi ¢opme. B Takom
BUJIE OH MOKET OBITh IepefaH uepe3 0o Teae(OHHYIO CeTh OOIIEro MOJIb30BAHUS WU
yepe3 YacTHbIC JIMHUU, apeHJoBaHHbIe Yy TenedoHHbIX komnaHuil. [locnennue, Oyayumn
BbIJICJICHHBIE JIMHUH, TTO3BOJISIIOT 00JIee BHICOKME CKOPOCTH Nepeaadyn JaHHBIX.
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B 3Be3gHOM cetM, KaXAbld HMHCTPYMEHT UM  NOPUBOJ  IOJIKIHOYAETCS
HEMOCPEJICTBEHHO K YMPABIAIOINIEMY KOMIBIOTEPY C MOMOILBIO CBOEr0 COOCTBEHHOIO
CUTHaJbHOTO KabOems. OJHUM U3 OYEBUJHBIX MPEUMYIIECTB 3BE31000pa3HON CeTH
SBIIAETCS TO, YTO JAHHbIE MOTYT OBbITh MEpeAaHbl MPU HEOOXOJUMOCTH C MOMOUIBIO
MIPOCTOTO TOCJIEIOBATEIBHOTO MPOTOKOJIA CBSI3M, TakodM kak RS232. Drto sBmsercs
IPOMBIIIUICHHBIM CTaHJIAPTOM TPOTOKOJA W TO3TOMY COBMECTUMOCTH IpOOJEM He
BO3HHUKAET, HO OHA MPEJCTABIIIET COOOH OUEHBb CTapyI0 TEXHOJIOIHIO, B KOTOPOU repenaya
JAHHBIX MPOUCXOJUT OYEHb MeajieHHO. M3-3a 3Toil mpoOieMbl CKOPOCTH, MapaliebHyI0
CBA3b, KaK IPABUJIO, IPEANOYTUTEIBHBIM J1a)Ke JJI 3BE€3/IHBIX CETEH.

B TO Bpems Kkak 3Be3ma CeTM MNPOCTBI B CTPYKType, LEHTPAJIbHBIN
HAO0JIIOATEeNIbHBI KOMIIBIOTEPHBIA Y3€J SIBISETCS KPUTHUYECKOW TOYKOM B CHUCTEME H
BBIXOJ] M3 CTPOSl 3TO O3HAayaeT MOJHBIM NpoBaJll Bced cucTeMmbl. Eciu Kakoe-mmbo
YCTPOMCTBO B CETH JOJ>KHO B3aMMOJEHCTBOBAThH C IPYTMM YCTPOMCTBOM, 3alpOC JOJIKEH
ObITh CHEJIaH Ha UEHTPAJIbHbIA HAOMIOAATENbHBIA KOMIIBIOTEp W BCE JaHHbBIE,
NepeaaBacMbl€ MEPEHANPABISIOTCS Yepe3 3TOT LIEHTPAIbHBIN y3ei. Eciin ueHTpaibHbIN
y3eJ 10 J1000i HeTOCTYMHBIMU MPUYHMHE, TO TIepe/iaya JaHHbIX B CETH MPEKPAIAETCS.

Konvueswvie u asmodycnovle cemu

B oTinune OT 3BE3HBIX CETEH, KAaK KOJIblla W IIWHBI CETH HUMEIOT BBICOKYIO
CTENEHb YCTOMYMBOCTH B YCJIIOBHUSIX OJHOIO y3ia ciaomarbes. CleoBaTeabHO, OHM, Kak
IpaBWJIO, MPEANOYUTAIOT 3Be3A000pa3HbiXx cereil. Ecnim mpomeccop B mo0OoMm  y3ie
JIOMAeTCsl, KaHaJbl [IEpeIaun JaHHBIX B CETU MO-TIPEKHEMY coxpaHsercs. Takum o0pazom,
CeTh MOJXET MpOoJOJDKaTh paboTaTh, XOTS MW Ha JIETPAJAUPOBAHHBIX YpPOBHE
IIPOU3BOJIUTEIILHOCTH, HUCIOJIb3Ysl OCTABIIMECS BBIYHUCIUTEIBHBIE MOIIHOCTH B JIPYTHX
npoueccopax. BOJbIIMHCTBO KOMIIBIOTEPHBIX U MHTEIJIEKTYalbHbI HHCTPYMEHT / IPUBO/L
IPOU3BOAMUTENN O0ECHeunBalOT CTaHJApPTHbIE MOAYJIU MpeoOpa3oBaHUs, KOTOPBIC
MO3BOJISIIOT UX 000pYAOBaHUE JIJIsl B3aUMOJICUCTBHS C OJJHOM U3 3TUX CTAHAAPTHBIX CETEH.

B KoJbLIEBOM CETH, BCE MHTEIUIEKTYAJIbHBIE YCTPOWCTBA MOJKIIOYEHBI K IIWHE,
KOTOpast GOpMHUPYETCS B CIUIOMIHOE KOIBI0. [IpOTOKON KOJBIIO MOCHUIAET CHEIUATbHBIN
nakeT (MM MapKep) HEMpPEphIBHO KPYTJible KOJIbLIA JAJIsl YNPaBICHUS JOCTYIOM K CETH.
CraHupsg MOXET NOCBUIaTh JAHHBIE TOJIBKO, KOIZa OH NoJiydaeT Mmapkep. Bo Bpems
nepesavn TaHHbIX, MapKep MPUKPEIUISeTCs K 3aJHeH YacTH COOOIEHNs, TOCIaHHOTO TakK,
YTO TOCJE TOTO, Kak Obula moiydeHa wuWHGoOpManus Oe30macHO, MapKep MOXKET
IIPOJIOJKUTE CBOE ITyTEIIECTBUE BOKPYT CETH.

CeTpb mMHA MOX0Xa HA KOJBLEBON CETHU, HO aBTOOYC, YTO YCTPOMCTBA COEIMHEHBI
Ha HE SIBJIAECTCS HENMPEPBIBHBIM. Bus ceTH TakKe YCTOWYMBBIMHU K Pa3pyLICHUIO OJHOTO
y31a B ceTd. [IpoTokon pa3nop OOBIUHO KCHONB3YETCS. DTO MO3BOJIAET JIFOOOW CTAHIIMU
MMETh HEMOCPEACTBEHHBIM JOCTYN K CETH, €CJIIM APYTrOM CTAHIMU HE HCIOJB3YKOT €ro
OJIHOBPEMEHHO, U B 3TOM CJy4dae MPOTOKOJ YIPABISIET CUTyalUUeld U MPeIOTBpaLIacT
norepro JaHHBIX / ¢ koppynmueil. Ethernet sBisiercs Hambosiee pacmpoCTpaHEHHOU
¢dopMoil aBTOOYCHOI ceTH, KOTOpas Temepb MOJIy4YuiIa JOMUHHUPYIOIIEE MOJOKEHHE Ha
peiake LAN.

2.7 HudpoBbie MexceTeBO IUHBI
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MexceTeBoil sBIseTCS OOIIMM CIIOBOM, KOTOPOE OINMCHIBAET LEJbIA Pl
BBICOKOCKOPOCTHBIX ~ IIIMH,  CETEBBIX  MPOTOKOJOB,  KOTOPbIE  MOJJEPKUBAIOT
JIBYCTOPOHHIOIO CBSi3b B ITU(POBOM dopmaTe MEXIY KOJIMYECTBOM HHTEIUICKTYaIbHBIX
YCTPOUCTB B JIOKaJIbHOW ceTu. Bce hopMbl mepenauu mojaiep>KUBAIOTCS, B TOM YHCIIEC
BUTasg Tapa, KOAKCHAJIbHBIH Kabelb, BOJOKOHHO-ONTHYECKHUE W  PaJUOJIMHHH.
HNHTEemeKkTyalbHple YCTPOMCTBA B aBTOMATU3UPOBAHHOM CUCTEME COAEPKAT LEIbIA P
DJIEMEHTOB YIIPABJICHUS, MPHUBOJOB, YCTPOHUCTB 00pabOTKH UH(POpMALUU, CHUCTEM
XpaHEHHS JAaHHBIX, a4 TAKXKE OIEPATOPOB JUCIUICEB M HM3MEPHUTENLHBIE IIPUOOPEL.
CnenoBarenbHO, JI000H TMPOTOKON TOJEBOW IIMHBI JODKEH MPeayCMaTpuBaTh
MOTPEOHOCTH BCEX DJEMEHTOB CHCTEMBI, a TaKKe TpPeOOBaHUS KOMMYHHKAIIMOHHBIX
YCTPOMCTB U3MEPEHUSI, KOTOPbIE HEJB3sl pACCMAaTPUBATh B OTPBIBE OT JPYTUX HJIEMEHTOB.
KoHCTpyKIusi CEeTEeBOro MNPOTOKOJIa TakKKe JOJKHA YJIOBJIECTBOPATh pealn3alli Ha
OONBIIMX M MajblX 3aBOJaX. bDOJBIION KOMIUIEKC MOMXKET COACPKaTh HECKOJIbKO
IPOLIECCOPOB B PACHPEEICHHON CUCTEME YIPABIEHUS M HUMETh OOJBIIOE KOJIUYECTBO
JATYUKOB U HCIOJHUTEIbHBIX MeXaHu3MOB. OJHAaKO, HEOOJBIION KOMILJIEKC MOXKET
YOPABJISTHCS OAHUM IEPCOHAIBHBIM KOMIBIOTEPOM, KOTOPBIM OOecredrBaceT IUCIUICH
omepaTopa Ha €ro MOHUTOPE, a TaKXe CBA3b C JaTYMKaMd M HUCIHOJHUTEIbHBIMU
MEXaHU3MaMH KOMILJIEKCa.

IToce Toro, Kak TeXHOJIOTHUS IMOJEBOM IIUHBI ObLIa BIIEpBHIE BBeAcHA B 1988 romy,
He ObUIO OBICTpOro mepexojga K pa3paboTKe MEXIyHapOAHOTO CTaHAapTa M, Kak
CJEACTBUE, Ppa3HbIC NPOU3BOJUTEIN pa3pabOoTalidi CBOM COOCTBEHHBIE BEpPCUU. ITO
npuBeno K 0osnee yeM 50 pa3MyHBIX MPOTOKOJOB MOJIEBBIX IIMH, 00JI€€ U3BECTHBIMU U3
uux sBistiorcst Foundation Fieldbus, Profibus, WorldFIP, Contro INet, P-cets, u Interbus.
Kaxnmass Bepcus moajepXuMBaeT BCE YCTpPOWCTBA B ACCOPTUMEHTE  KaJ0To
MPOU3BOJIUTENISA, HO €CTh HEOOJbIIAass COBMECTUMOCTh MEXK/Y Pa3IMUHBIMHU MMPOTOKOIAMHU.
OHU OTIMYAIOTCS BO MHOTHUX OCHOBHBIX AaCMEKTaxX, TaKuX Kak (opmaT COOOIIEHHUI,
MPOTOKOJIBI JIOCTYIIa W MPaBUI Il NPOTHO3UPOBAHUS MPOU3BOAUTEIBLHOCTU. B 3HaK
MPU3HAHUS TPYAHOCTEH, MPUCYIIUX NPHU MOMBITKE MOAKIIOUECHHS YCTPOWCTB OT Pa3HBIX
MPOU3BOJIUTENICH, KOTOPBbIE MCHOJB3YIOT PpPA3JIUYHbIE HECOBMECTHMbBIE CTaHAAPTHI
UHTEP(PEHCOB U CETEBBIX MPOTOKOJIOB, MeXIyHapoaHas 3JIECKTPOTEXHUYECKAsT KOMHUCCHUS
co3fania pabouyyr0 4acTh, KOTOpass ObUTa 3apsDKEHHYIO C ONpENesieHuEM CTaHAapTHOTO
nporokona uHTepderica. Tem He MeHee, OTACIBbHBIC MPOU3BOIUTETN MPOJOHKAIN
pa3BHBaTh CBOM COOCTBEHHBIC BEPCHH IOJICBOU IMIMHBI MapauiebHo ¢ nHuimatuBoi [EC.
Pesynbrarom storo ssisiercss To, 4yto, XoTs IEC ynmanoce B 1999 romy omy0OiaukoBath
crangapt nojeBoi muHbl (IEC 61158, 1999), 310 6BUIO BOCEMBb pa3IWYHBIX HAOOPOB
MPOTOKOJIOB, OMNPEIESISIONINN CTaHAAPT Uil KaXKJIOr0 M3 BOCBMU OCHOBHBIX CHCTEM
MOJIEBBIX IIIMH, TO B paboTe W y4yacTByeT JoKymeHT ¢ Oosee yeM 4000 ctpanui. C Toro
BpEMEHH, HaOJI0AaeTCs JalibHelIlee yBETUYCHHE YKCiia CTAaHIapTOB, OXBAaThIBAEMBIX B
KauecTBe JOMOJHUTEIbHBIX dacteir IEC 61158, B yacTHOCTH, B OTHOIICHUH
BBICOKOCKOPOCTHBIX MPOMBINIUIEHHBIX ceTeil Ethernet Ha 6aze.

Hecmotps na npoBan IEC 61158 ycTraHOBUTH cTaHAApPT €JUHOMN MOJEBOW IINHBI,
KOHCOPIIMYM  KPYIIHBIX  MEXIyHapOJIHBIX MPOW3BOJAUTENICH TMPUOOPOB  HACTPOUII

9 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 286 p.
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Foundation Fieldbus B mombITke nepelTu K OAHOMY CTaHAApPTy BO BCEM MHPE MOJIEBOU
muHbl. J10 npuBeno Kk Foundation Fieldbus, kotopselit o MeHbIelt Mepe oOecrieunBaeT
eMHBIA CTAaHAAPT U B3aUMO3aMEHSAEMOCTh, TO BCE YCTPONCTBA, U3TOTOBIIEHHBIE YJI€HAMU
KOHcOpuMyMa. TeM He MeHee, KOHKYpHUPYIOUIME CTaHAapThl, B yacTHOCTH, Profibus,
OCTaroTCHl.

bazoBas apxurektypa Foundation Fieldbus wmmeer aBa ypoBHS, BEpXHUU U
HUKHUN. HUKHUN ypOBEeHb 00ECTIEYMBAET CBSI3b MEXK/Ty TTOJIEBBIMU YCTPOUCTBAMH U TIOJIE
BBOJa-BbIBOJIA YCTPOMCTB, B TO BpE€Msl KaK BEPXHUM YPOBEHb ITO3BOJISIET yCTPOMCTBaM
BBOJIa-BbIBOJIA MOJIS JUISl CBA3U C KOHTpPOJUIEpaMU. DTH JIBa YPOBHSA MMEIOT COBEPLIEHHO
pa3Hble XapakTepUCTUKHA. HWKHHUII ypoBEHb OOBIYHO TpPEOyeT HECKOJIBKO COEAMHEHH,
HY>)KHO TOJbKO OTHOCHUTEJIbHO HM3KYIO CKOPOCTh NEpENayd JaHHBIX, a TaKXe JOJHKHBI
nojJIep>KuBaTh Oe3omacHyto paboTy. OJgHaKO BEpXHUM YpOBEHb TpeOyeT JOCTaTOYHO
OOJIBIIOr0 KOJMYECTBA COCAMHEHHUI M BBICOKYIO CKOPOCTh Neperayu AaHHbIX, 286 I'naBa
11, HO He JOJKHBI YJIOBJIETBOPATH BHYTpPEHHHE TpeOoBaHusi K Oe3zonmacHocTH. Tpu
CTaHAAPTHBIX CKOPOCTH IIMHBI B HacTosIee Bpems onpeneneHsl 1 Foundation Fieldbus
HWKHEro ypoBHs 31,25 k6ut / ¢, 1 Mour / ¢ u 2,5 Mout / c. MakcumasnbHasl JJIMHa KaOems
Pazpemensr 1900 m nipu 31,25 x06ur / ¢, 750 m ipu 1 Mour / ¢ u 500 M co ckopocThio 2,5
Mo6ut / c. lna Bepxuero cnosi Foundation Fieldbus, mpoTokon BBICOKOCKOPOCTHOM
Ethernet o6ecnieunBaet ckopocTh nepenayu nanubix 10 100 Mowur / c.

JonmoHuTenbHass HH(pOpMaLHS

OcHOBHasl 1€Ib 3TOW TJIaBbl B TOM, YTOOBI BBECTH MPEAMET MHTEIUIEKTYaJIbHBIX
yCcTpOMCTB. OJIHAKO, NMOCKOJBKY BBIYHMCIIMTENIbHAS MOIIHOCTH SIBISETCS KOMIIOHEHTOM,
KOTOPBIM OTHENSAET HWHTEJUIEKTYaJbHbIE YCTPOMCTBA OT CBOMX HEHWHTEIJIEKTYAJIbHBIC
KOJIJIET, MBI HAa4aJli IJIaBy MPOYb IIyTEM IEPECMOTPa OCHOBHBIX NMPUHIUIIOB IIU(PPOBOTO
BBIYMCIICHHSA. JTO NPUBEJIO HAC K M3YYECHHIO OCHOBHBIX AJIEMEHTOB KOMIIBIOTEpA, Kak
KOMIIBIOTEPBl Pa0OTalOT OCOOCHHO B OTHOIICHWU BBIMOJIHEHMSI IMPOTPAMMBI, U KaK
KOMIIBIOTEPBl UHTEPQEHC JUIsl BHEIIHUX KOMIIOHEHTOB. MBI 3aKOHUMJIM 3TO BBEJICHUE B
UpOBbIE BBIYUCIECHUS C 0030pOM MPAKTUYECKHMX BOIPOCOB, KOTOpPbIE HEOOXOAUMO
YUYUTBIBATh IIPU BKJIIOYEHHHM KOMIIBIOTEPOB B M3MEpHUTENbHbIE ycTpoucTBa. Ilepexons k
TEME HWHTEJUIEKTYyaJIbHBIX YCTPOWCTB, Mbl OOHAPYKHJIM, YTO HECKOJBKO Pa3IU4HbIX
TEPMHHBI UCIIOJIB3YIOTCS I ONMCaHus UX. BaXxHOE MECTO cpeau 3TUX TEPMUHOB UMEHA,
TaKue  KakK  MHTEJUIEKTyaJbHbIH  WHCTPYMEHT,  HMHTEJUICKTyaJbHbIM  JATYMK,
MHTEJUIEKTYaJIbHBIN JaT4uK, U cMapT-niepeaTyiK. Mbl y3Halu, 4YTO HET 00IIe0TpacieBbie
OIpeeNIeHUs] TOrO, YTO O3HAYAIOT JI000€ M3 ATUX HA3BaHUH, 32 UCKJIIOUYEHUEM TOIO, YTO
BCE OTJIMYAIOTCS IIyTE€M BKJIFOUYEHUS TOM WJIM MHOM (popMe BBIYHUCIUTEIBHOM MOLIHOCTH.
Kak cnenctBue, Takoil e ycTpoWCTBa, JaKe C OUEHb MOXO0XKUMH aTpuOyTaMu, MOTYT
OBbITh U3BECTHBI JIBA UM Oosiee UMEH. TakuM 00pazoM, UM, UCTIOIb3yEMOE Il OIUCAHUS
KOHKPETHOTO MHTEJUIEKTYaJIbHOI'O YCTPOWCTBA, MOMYUHAETCS NPUXOTAM U CTUIKO €ro
u3roroButesiss. OOBACHUB 3Ty MPOU3BOJBHYIO NMPUPOAY B IYyTH, YTO UHTEIUIEKTyaJIbHbIE
yCTpOMCTBa Ha3BaHbI, Mbl MOILUIM Jajibllle, YTOOBl OMHCATh HEKOTOPbIE OOIICTIPUHSITHIC
B3JISIABI HA pa3HOro poja (yHKIUH, BBIMONHAEMBIX YCTPONCTB, H3BECTHBIX KaK
MHTEIJICKTYaIbHBIX JATYUKOB U (PYHKIIHIA, OOBIYHO BBITIOTHSAEMBIX YCTPOMCTB, H3BECTHBIX
KaK cMapT MepeAaTyukoB. BeIBOJ U3 3TOro cpaBHEHUs (PYHKUUU B TOM, YTO YCTPOWCTBA,
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Ha3bIBaeMble CMapT MEPEJATUYUKH, KaK MPaBUIIO, UMEIOT OONbIIyI0 (YyHKIIMOHATHHOCTS,
4eM T€ Ha3bIBaeMbIX MHTEJUICKTYaIbHBIX JaTUMKOB. Haile uccienoBanre B 0COOEHHOCTH
MHTEIJICKTYallbHBIX YCTPONCTB MPUBEIN HAC K BBIBOJY, YTO OHM MMEIOT 3HAYUTEIbHBIC
NPEUMYIIECTBA IO CPaBHEHUIO C HEHWHTEIUIEKTYaJbHBIMH YCTpOWCTBaMHU. B03MOXKHO,
camoe 0OJIbIIIOEe €AMHOBPEMEHHOE YJIyUllleHa TOYHOCTh M3MEpPEHUsl. DTO JIOCTUTAETCS 3a
CYET MCIOJIb30BAaHUSI KOMIIBIOTEPHOTO IpoIleccopa B MpenaesiaX KaKJIoro YCTPOWCTBA,
KOTOpPO€ BBINOJIHSAET Takue JCeHCTBHUs, Kak KOMIIEHCAlUsl CiIy4yaillHbIX OLIMOOK,
KOPPEKTUPOBKA JUIsl H3MEpPEHUsi HeNMHEHHOCTeH, a Takke KOoMIleHcauuu >s3Qdekra
Harpy3Kd Ipolecca W3MEpEeHus Ha U3MepsAeMylo cUcTeMy. BrrumciurenbHass MOIIHOCTb
TaKk)Ke TO3BOJISIET YCTPOWCTBAM BBIMOJHATH TaKhe (PYHKIMH, KaK JUCTAaHIIMOHHOE CaMO
KaJTMOPOBKY U CAaMOJUArHOCTHKHU HEHCIpaBHOCTEH. VHTeNeKkTyanbHble peo0pa3oBaTenu
OOBIYHO HWMEIOT JIOMOJHUTENbHbIE (YHKIMW, TaKhue KaK BKIIOUYEHHE HECKOJIbKUX
NEPBUYHBIX JaTYMKOB, OXBATHIBAIOUIMX pa3jMYHbIE [WANa3oHbl H3MEpPEHUs |
MO3BOJIAIONINE aBTOMATHUECKHU BBIOOp TpeOyeMoro amana3oHa, BKIIOUEHHUE BTOPUYHBIX
JATYNKOB, KOTOPBIE MOTYT M3MEPATh U KOMIIEHCUPOBATH yiiepOa OKpyXaromiei cpene, a
TaK)Ke BKJIIOYEHHE (GOPMHUPOBAHUS CUTHAIA M HHTEJUIEKTYyaJIbHBIX YCTpOUCTB 287
aHasnoro-uMdpoBas QpyHkuuu npeodpazoBanus. MHOTIa yMHBIE JaTYUKU TaKKE HUMEIOT
U30BITOYHBIE JATYUKH, KOTOPHIE MOTYT OBITh HCIIOJIB30BaHBI JJIsi 3aMEHBI HEYJayHbIC
JATYUKU U TaK MOBBICUTh HAJIEKHOCTh YCTPOMCTBA. 3aT€M MbI MEpPENUTH B3IJISTHYTh Ha
BOMPOCHI, CBA3aHHBIC CBS3b MEXAY HHTEIUIEKTyaJbHBIMH YCTPOWCTBAMU U JPYTHUMH
JJIEMEHTAaMHU B CHUCTEME YTpaBJICHHUS M3MEpeHHeM / mpoiecca. Mbl OTMETHUIIH, YTO BCE
KOMMYHHKAIIMM W TIEepeladdl JaHHBIX MEXIy y3JaMu O00paOOTKH B pachpeleleHHON
U3MEPHUTENHLHON anmapaTypbl U CUCTEMBI YIIPaBICHUS TPEOYeTCsl UCIIOIb30BAHUE TOW WUITU
WHOU (DopMe SJIEKTPOHHOIO MIOCCE, KOTOPOE MOXKET OBITh MapaJlieIbHbBIM UHTEpPEHcoM,
JoKanbHas ceTh, MUGPOBON MOJEBOM MIMHBI, WM KoMOuHHMpoBaHHBII LAN / monesoii
IIMHBL, 3aTeéM Mbl MNPUIUIM K BBIBOAY, IJIaBYy C BBIpRXEHUEM CpeAb MOAPOOHO Ha
Pa3IUYHBIX OCOOCHHOCTEN B ATUX AJIbTEPHATUBHBIX (DOPM IJIEKTPOHHBIX MarucTpajiei, HO
OTMETHJI, YTO CYIIECTBYET MaJI0 CMBICIa B HM3y4YEHMHM TOHKHX JeTajeil Kakou-mudo
KOHKpETHOHM (opMe IIocce, OTOMY YTO OBLIM MPOJOJDKAIOIIMecs COOBITHA B (opMare
JIOpOT, B YAaCTHOCTH, B MPOTOKOJAX, HUCIOJIb3YEMbIX B JIOKAJIBHBIX CETAX M LU(POBBIX
fieldbusses. OTo 03Ha4aeT, 4TO BKIIOYEHHUE JTIOOOTO JETATHHOTO M3YUYEHUS B KHUTE OyeT
yCTapeBaroT O4Y€Hb OBICTPO.
KoHTpoJibHBIE BONIPOCHI:

1. Kak MHTeJUIeKTyalbHbI MHCTPYMEHT KOPPEKIUU IJIsI OKPY>KaIOIIEH Cpelibl,
BBI3BAHHBIX OITMOKaMu B u3MepeHusi? Kakue ycnoBUs JOJKHBI ObITH BBITIOJTHEHBI, YTOOBI
00ecTeYnTh UHTEJUIEKTYabHBIA HHCTPYMEHT JIJIsl UCIIpaBiIeHHus] Takux omuook? Kak atu
MPEANOCHIIKH Y I0BJIETBOPEHBI?

2. OObsicHuTe, Kak J00ABIICHHE WHTEUICKTa K HWHCTPYMEHTY IIOBBIIIAET
TOYHOCTh 00BEMa U3MEPEHHS PAcXo]ia CKOPOCTH.

3. Kaxkue nomonmHurtenbHble (YHKIUU JI€JIaeT WHTEIJICKTYaIbHBI MHCTPYMEHT,
KaK MpaBUJIO, TOMUMO BBITIOJIHEHUE MPOEKTHO-U3bICKATEILCKUX KOPPEKIIHUS IKOJIOTHYECKHU
WHyIUPOBAHHBIX OIIUOOK B U3MEPECHUSIX ?

4. Onwnmwure TUMHYHYIO (GyHKIHTO YCTPOMCTB, HW3BECTHBIX KaK
WHTEJJICKTYaJIbHBIX JaTYUKOB.
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5. OnumwMre MeXaHU3Mbl B3aUMOJEHCTBUS  MEXIY HHTEIUIEKTYaJIbHBIM
JATYUKOM M IPYTUX KOMIIOHEHTHI B U3MEPUTEIbHON CUCTEME.
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3- Tema: 3MepeHue HAIE)KHOCTH U CHCTEMBbI 0€30MaCHOCTH

IVIAH:

1. Haoescnocmo

2. Tlpunyunwvl naoescnocmu

3. Cosepuiencmeosanue cucmemvl U3MepPeHUst HA0EeHCHOCU
4.  HaoesicHocmb npocpammHo2o obecnedeniis

Knroueevie cnosa. mooenu omkKasoe, 3awyiuma UHRCmpymenma, pecyAapHa
Kd]lu6p06k'a, Konuuecmeennas naoesicnocmu npocpammHozco obecneveHusl

B mpenmpiaymux TiiaBaX 3TOW KHHUTH OOCYXKIAIOTCS TPOCKTUPOBAHHE CHUCTEM
U3MEPCHHUS W CKa3aJl MHOTO O TOM, KaK TMPOU3BOIUTEIHHOCTh CHCTEM HW3MEpPCHHUS B
OTHOIIECHUH TaKUX MapaMeTPOB, KaKk TOYHOCTh MOKET OBITh yiydIlieHa. TeM He MeHee, 3TO
paHee 00CYKJIEHHE B OCHOBHOM ObLIO 00 aTpulyTax U3MEpPUTEIbHBIX CUCTEM, KOI/ia OHU
SIBIISIFOTCS. HOBBIMH. MBI paccMoTpenu 3PPEeKThl TEUSHUEM BPEMEHH TOJIBKO B OTHOIIICHUHN
OTMETUTh, UYTO XaPAaKTEPUCTHUKH CHUCTEM H3MEpPEHHUs JETPaJIupyIOT CO BpEMEHEM U
JOJKHBI OBITh BOCCTAHOBJIEHBI OOpPAaTHO K HCXOJHOM TOYKE B MPOIECCE MOBTOPHOM
KanmuOpoBku. To, 4TO MBI HE paccMaTpUBAIA JIO0 CUX TOp, SBISETCS BO3MOXKHOCTH
HEUCITPABHOCTEH, pa3BUBAIOIINXCS B U3MEPHUTEIBHBIX CUCTEMaX. B mydimeMm ciydae, 5Tu
HEJOCTaTKN CHIKAIOT TPOU3BOAMTEIBHOCTh CHUCTEMBI, a B XYIIIEM Ciy4dae, OHHU
BBI3BIBAIOT CHUCTEMY, YTOOBI TIPEKPATHTh pPabOTaTh TMOJTHOCTHIO. B mpmiokeHUsX,
KPUTUYHBIX K O€30MacHOCTH, CHUCTEMa H3MEPEHHS OIMMOKM TaKXe MOXKET OKa3aTh
CEpPhE3HOE HETAaTHBHOE BJIUSHHWE Ha Oojiee KPYIMHYI CHUCTEMY, YTO HW3MEpPHTEIIbHAS
cucreMa siBIsieTcs 4acThio L,

[ToaTomy menecooOpa3HO Ui HAC, YTOOBI TOCBSATHTH OTy TJIABY H3yUYEHUIO
npoOJieM HaJeKHOCTH CHCTEMBbl HM3MEPEHHsS W WX BIHMSHHE Ha 0€30MacHOCTh. MEI
HaYMHAEeM, TS/ Ha TO, KaK HAJCKHOCTh (OPMATBHO ONpEeNsIeTcs U OyJeT TOBOPHUTH,
YTO - TO O CBOUX TEOPETUUYECKUX MPUHIIUMNAX. DTO OyAeT MPUBOAUTH HAC K PACCMOTPEHHUIO
CIoCcO0O0B, B KOTOPBIX HAJICKHOCTh MOXET OBITh OIpe/esieHa KOIN4eCTBeHHO. Mbl OyieM
CMOTPETh B YAaCTHOCTH, Ha JBa 3aKOHA, KOTOpPbIE KOJUYECTBEHHO HAJAC)KHOCTh
KOMITOHEHTOB CHUCTEMBI, KOTOPHIE MOCIEIOBATEIHHO U MAPALUICTBLHO APYT C APYTOM. DTO
MO3BOJIUT HAM HCCIICIOBATh, KaK 3TH 3aKOHBI MOTYT OBITh MIPUMEHEHBI JJISI TIOBBIIICHUS
HAJC)KHOCTH HM3MEPUTENBHBIX CHCTeM. MBI Takke OyJeM CMOTPEeTh Ha OOIIHEe Mephl
IIPEIOCTOPOKHOCTH, KOTOPBIE MOTYT OBITH NMPUHATHI JUIsI YMEHBIICHUS WHTCHCHUBHOCTH
OTKa30B MpHOOPOB, B TOM YHCJIE BHIOOpAa MHCTPYMEHTOB, KOTOPHIE MOTYT BBIJICPKUBAThH
paboure ycioBHs, OXHAaeMble, 3allHIIas WX IODKHBIM 00pa3oM OT TOBPEXKICHUN BO
BpeMsl HCIIOJb30BaHUs, KATMOPOBKM WX B 3aJaHHBIC WHTEPBAIBI BPEMEHH, YTOOBI
o0ecreYnTh TOYHOCTh M3MEPCHHH OCTAaeTCs B JOMYCTUMBIX TMpeaenax, a TakKe
TyOIUpPOBaHUS KPUTHIECKUX KOMIIOHEHTOB CUCTEMbI U3MEPEHUS.

[TockonbpKy IporpaMMHOE 00eCTIeUeHHE SABIISIETCS] BAXKHBIM (PAKTOPOM HAJICKHOCTU
U3MEpPUTEITFHON CHUCTEMBI, B YAaCTHOCTH, C TEKYyIIeW IIMPOKOE HCIOIh30BAaHUE

10 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 291 p.
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WHTEJUJICKTYaJIbHBIX YCTPOMCTB, MBI PACUIMPUM HAIll TPAKTaT O HAJEKHOCTH, YTOOBI
paccCMOTpPETh BOMPOC O HAAECKHOCTH MPOTrpaMMHOTO oOOecreueHus B Ipejaenax
U3MEPUTEIBHON CHUCTEMBL. MBI YBUAUM, 4YTO (DAKTOPHI, BIMSIONIME HA HAJIEKHOCTH B
IPOrpaMMHOM OOECHEYEHUH B KOPHE, OTIMYAIOTCA OT TeX, BIUSIOIIMX Ha HAJEKHOCTb
anmnapaTHbIX KOMIIOHEHTOB. JTO MOTOMY, YTO IPOrPaMMHOE 0OECIIEUeHHE HE MEHSIETCS CO
BpemeHeM. Takum 00pa3oM, MbI TOHHMMAaeM, 4YTO HaJEKHOCTh IPOTPAMMHOIO
obecrieueHus TOJKHA OBITh ONpe/ieieHa KOJIMUYECTBEHHO B TEPMUHAX BEPOSTHOCTH OTKa3a
POrpPaMMHOTO OO0ECTIEYeHHS M3-3a KaKON-TO HEOOHAPYKEHHOU OMIMOKH B MPOTPAMMHOM
o0ecrnevyeHnr, KOTOpoe CYIIECTBOBAJIO, MOCKOJIbKY OHa Obljla HamucaHa. DTOT BUJ OTKa3a,
KaK MPaBUJIO, MPOUCXOJIUT, KOTJIa HEKOTOPbIE KOHKPETHON KOMOMHAIIMU BXOHBIX JIAHHBIX
OPUMEHSETCS K MPOrPaMMHOMY OOECIIEUYEHHIO U, KaK CIIEJICTBHE, HE MOXET MPOU30UTH,
MIOKa [porpamma He Obljla B UCIOIb30BaHUU B TEUEHHUE 3HAUUTEBHOIO MEPHO0/Ia BPEMEHH.
YCTaHOBUB  yJIOBJIETBOPUTEIIbHBIM CIOCOO KOJUYECTBEHHOW OILICHKU HAJEKHOCTH
IPOrpaMMHOr0 OOECreYeHHs, Mbl MEPEXOJUM K PACCMOTPEHHMIO TOTO, YTO MOXKET OBITh
CIENAaHO JJIs MOBBILIEHUS HAJIE)KHOCTH.

Hammum pacecmotpenueM Oyniet cuctema 6e30nacHoCTH. Mbl YBUIUM, YTO CUCTEMBbI
U3MEpPEHU MOTYT OKa3aTh BIMAHHE Ha O€30MaCHOCTh CHCTEMBI B JIBYyX OCHOBHBIX
HarnpasJeHUsIX. Bo-TepBbIX, OTKa3 U3MEPUTEILHOM CUCTEMBI MOXKET IIPUBECTU K OIACHOU
CUTYAallMM BO3HUKAIOT B IIPOLECCE, TAK KAK HEMPABWIbHBIE IAHHBIE IOCTYNAIOT B CUCTEMY
YIIPABIEHHsI TEXHOJIOTMYECKUM MPOLECCOM. BO-BTOpBIX, CaM IPOLIECC MOXKET PA3BUTHCS
OMacHbIl cOO0#l, YTO M3MepUTENbHAsl CHCTEMa HE B COCTOSHUU OOHApY>KUTh, TaKUM
oOpazoM mpenoTBpaimias padoTy 3KCTPEHHOIO pPEarupoBaHMs, TaKHE€ KaK 3BYy4YaHUU
CUTHAJIM3AI[MU WM OTKPBITHS KJanaHoB cOpoca aasieHus. s Toro, 4ToObl pearupoBath
Ha TOTEHLMAJIbHbIE MpoOsieMbl 0OE€30MacHOCTH, CBS3aHHBIE C  HEUCIPABHOCTHIO
U3MEpPUTEIBHBIX  CHUCTEM, MBI  PAacCMOTPUM  OCHOBHBIE  CIOCOOBI  JTOCTYIIHBIX
POEKTUPOBAHUS CUCTEM 0€3011aCHOCTH.

3.1 HagexHoCTh

Hane:xHOCTh M3MEpUTENBbHBIX CUCTEM MOXKET OBITh OmNpenesieHa KOJIMYECTBEHHO,
KAK CpEIHEE BpeMs MEXKJy HEUCIPABHOCTAMHM, IPOUCXOMAIIMMHU B cucreme. B stom
KOHTEKCTE, HEHUCHIPABHOCTb O3HAYAECT BO3HUKHOBEHUE HEOXXUIJAHHOIO COCTOSHMS B
CHUCTEME, YTO BBI3BIBACT M3MCHEHHE BBIXOJHOTO CHUTHAJa W3MEPEHHs, KOTOPBIH JTHOO
HEMpPaBWIBHBIM WJIM HE CyliecTByeT BooOmie. Pa3paboTaHbl NpPHUHLHUIBI TEOPUU
HA/JIKHOCTH, HMEIOIINE OTHOIIEHHEe K cucteMaMm u3MepeHus. bonee mnoapoOHoe
W3JIOKEHUE TECOPUM HAJEKHOCTH, B YACTHOCTH, €r0 NPUMEHEHHE B NPOU3BOACTBEHHBIX
CHCTEMax, MOJKHO HaliTU B Ipyrux ucroynukax (Morris, 1997)M,

3.2 IIpUHUMIIBI HATEKHOCTH
HaneXHOCTh M3MEPUTENIBbHOM CHCTEMBI OIPEACIIICTCS KaK CIIOCOOHOCTh CHCTEMBI
BBINIOJIHATh TpeOyemble (YHKIMM B 3aJaHHBIX pa0OYMX YCIOBHSIX B TCUCHHUC
YCTAHOBJIGHHOTO Iepuoja BpeMeHn. K  coxamenumro, Takue (akTopel, Kak
MIPOM3BOJICTBEHHBIC JOMYCKH B NMPUOOpPE W HM3MEHSIOMHUECsS pabodyre YCIOBHS BMECTE
JIeJIal0T HEBO3MOXKHBIM IMPEJICKa3yeMOCTh (DYHKIIMOHUPOBAHMS OICPAIIMOHHOM CHCTEMBI.

L Alan s. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 293 p.
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Takue ¢dakTopbl MOABEPKEHBI CIIyYalHBIM BapHalUsM M CIyYalHOCTAM, U MOITOMY
HAJEKHOCTh HE MOXKET OBITh OIpejesneHa B abCONMOTHOM BbipakeHHH. Camoe Onm3Koe—
3TO a0CONIOTHAsh KOJUYECTBEHHAsh OIIEHKAa HAJEKHOCTH, KOTOPOW SIBISIIOTCA KBa3H-
a0COJIIOTHBIC TEPMHHBI, TaKWe KaK cCpeiHee BpeMs HapaboTku Ha otkaz (MTBF),
BBIPAKAIOIIEH CpellHee BpeMms, KOrja M3MepuTeslbHas cucrema paboraer 6e3 cboeB. B
POTUBHOM CJIy4ae, HaJeKHOCTh JOJKHA OBITh BBHIPAXKEHA B KAYECTBE CTATUCTUYECKOTO
napameTpa, KOTOPBI OMpeiesnsieT BEPOSTHOCTh TOTO, YTO OMMUOKH HE OYIyT pa3BHUBAThHCS
B TEUCHUE 3aJJaHHOI0 MHTEPBAJIa BPEMEHU.

KomnuecTBeHHast ~ OLEHKAa  HAAEXKHOCTH  JUII  CHCTEMbl  W3MEPEHHS,
HETOCPEACTBEHHAs TPYAHOCTh, KOTOpPasi BOSHUKAET B ONPEACICHUU TOTO, YTO CUUTAETCS
Kak omuOka. [lonHas moTepst BhIXOAA W3MEPEHMS SIBISETCS OYEBHJIHOM OIIMOKOM, HO
OIMOKY, KOTOpasi MPUBOJAUT K KOHEYHOMY, HO HEMPaBWIBHOMY HW3MEpPEHHUI0, OoJiee
TpyAHO wuAeHTUUImpoBaTh. OOBIUHBIA MOJIXOJA 3aKIIOYAETCS B BBISIBICHUU TaKHUX
HEJIOCTATKOB  MyTEM  MNPUMEHEHUS  CTAaTUCTUYECKUX  METOJOB  YNPaBICHHS
TEXHOJIOTUYECKUMU MTPOLECCAMH.

Konauuecmeennoe naoesxcnocmo 6 K6azu- abConOmMHOM blpaliceHuu

B To Bpems Kak HaJIe)KHOCTb CYyIIECTBEHHO BEPOSITHOCTHBIN XapaKTep, OHA MOMKET
ObITH OMpeJielieHa KOJIMYECTBEHHO B KBa3W- a0COIIOTHOM BBIPAKEHHUU [0 CpPEIHEMY
HapaOoTka 0e30TKa3HOM W cpenHee BpeMs A0 orkaza mapamerpoB (MTTF). Crnenyer
MIOAYEPKHYTh, UTO 3TH JIBE€ BEIWYMHBI, KAK MPABUJIO, CPEIHUE 3HAUCHUS, PACCUUTAHHBIE
10 YHCITy OJIMHAKOBBIX WHCTPYMEHTOB, W, CIEJOBATEIIbHO, (DAKTUUCCKUE 3HAYCHUS IS
KaKOro - IM0O KOHKPETHOTO0 MHCTPYMEHTA MOXET CYIIECTBEHHO OTJINYAThCSI OT CPEIHETO
3HaueHus. CpeaHee BpeMsl MEXKAY OTKa3aMH SIBJISICTCS MapaMeTpOM, KOTOPBIM BBIPAKAET
cpeaHee BpeMsi MEXIy paszsioMaMH, MPOUCXOJSIINX B MpUOOpe, BEIYMCICHHON B TEUCHUE
ONPENETICHHOr0 Neproia BpeMeHu. HanpuMep, npeamnoioxkum, 4To UCTOPUS HHCTPYMEHTA
peructpupyercs B TeueHue 360-1HEBHOTO U BpEMEHHOTO MHTEpBaa, B JHU MEXAy cOOEB,
MPOUCXOIAIINX CAeAyroUM oopazom :11 2327161932624 1321261514332912 17
22

Cpennuii uHTepBan cocrapisier 20 gHEN, 4TO, CIEAOBATEIBLHO, CPEIHEE BpeMs
HapaOOTKM Ha OTKa3. AJbTepHATHBHBIM crocod pacuera MTBF mpocto moacuurtath
KOJIMYECTBO COOEB, MPOUCXOANIUX B TEUECHHE OMPENEICHHOTO mepuoaa. B Toibko 4TO
PUBEACHHOM MpUMepe, OBLIIO 3apeTUCTPUPOBAHO 18 ommOOoK, 3anmrcaHHbIX B TeueHHe 360
JHEH, 1 Mo3ToMy HapaboTKa Ha OTKa3 MOKeT ObITh paccumtana kak MTBF=360/18=20
JIEHb.

K coxanenuro, B ciiydae MHCTPYMEHTOB, KOTOPbI€ UMEIOT BBICOKYIO HAJEKHOCTb,
TakoW pacyer B OOCITY>KMBAaHUM HAJACKHOCTH C TOYKH 3PEHHUS KOJIMYECTBA COOEB,
MPOUCXOAIINX B TEUCHUE ONMPEACICHHOTO MEpUOAa BPEMEHHU, CTAHOBUTCS YPE3BBIYAHO
HETOYHBIMH M3 - 3a OIIMOKM TPOUCXOIAT CIUIIKOM peako. B srom cioyuae, MTBF
MPOTHO3BI, MPEOCTABICHHBIC U3TOTOBUTENEM MPUOOpa, MOTYT OBITH MCIOJIb30BaHbI, TaK
KaK MPOU3BOJUTENN UMEIOT BO3MOYKHOCTh CJEAUThH 32 BBINOJIHEHUEM pslla OJMHAKOBBIX
WHCTPYMEHTOB, YCTaHOBJIEHHBIX B pa3HbIX KoMmnaHusx. Eciam ectb B oOmIel CIOXKHOCTH
HencnpaBHocTer F 3anmncanHbix Ha N OIMHAKOBBIX UHCTPYMEHTOB B MOMEHT BpeMeHu T,
TO CpemHee Bpemsi 0e30TKa3HOW paboThl MokeT ObITh BhluMcieHa kak MTBF=TN/F.
OnHMM W3 HEJOCTATKOB 3TOTO MOAXO0Ja COCTOMT B TOM, UTO OH HE NMPUHUMAET yCJIOBHUS
WCIIOJIb30BAHU, HATPUMED, B ONIEPALIMOHHOM CpeJie, BO BHUMAHUE.
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Cpennee BpeMs 10 OTKa3a SIBJISICTCS. AJIbTEPHATUBHBIM CIIOCOOOM KOJIMYECTBEHHOM
OIICHKM HAJIE)KHOCTH, KOTOPBIM OOBIYHO WCHOJIB3YETCS JJISI TaKUX YCTPOWCTB, Kak
TepMoINapaMu, KOTOpble OTOpachiBaloTCs, Korna oHu tepnar Heynauy. MTTF BeipaxkaeT
cpelHee BpeMs 10 HACTYIUICHUS HEYJauM, BBIYMCICHHBIM B TEYEHHUE HECKOJbKUX
OJIMHAKOBBIX ycTpoucTB. [Ipennonoxkum, uro naptug 20 TepMonapaMu MpOBEIEHA Yepe3
VCIIBITAHUE YCKOPEHHOI'O HWCIOJIb30BAaHUS SHEPrUM B TOM K€ Cpele, U BpeMs [0
paspytieHus (B Mecsiax) KaxJa0ro U3 YCTPOMCTB BHITIISIUT claeayromumM odpaszom :7 9 13
61011891488129151191012811

Cpennee u3 atux 20 uncen paBao 10. Takum o6pazom, cmonenupoBanabii MTTF
coctaBisieT 10 mecsitieB. OKOHUATENbHBIN HAJIEAKHOCTh ACCOLIMMPOBAHHBIN WICH 3HAUCHUE
B CHCTEMax H3MEPEHUs SIBISAETCS CpeHEe BpeMsl BOCCTAHOBJICHUSI PabOTOCHOCOOHOCTHU
(MTTR). D10 BbIpaxkaeT CpeaHee BpeMs, HEOOXOJIMMOE JIsi PEMOHTa HHCTPYMEHTA.
MTTR Takke MOXXHO HMHTEpPIPETHUPOBATH KaK CpeIHEE BpEMs, 4TOObl 3aMEHUTh, Kak
3aME€HA HEHUCHPaBHOIO HHCTPYMEHTAa C TIOMOIIBK)  3alacHOM, KakK MpaBuIIo,
MPENOYTUTENIbHEE B MPOU3BOJICTBE CUCTEM JUIsl TTOTEPU MPOU3BOJCTBA B TO BPEMS Kak
MHCTPYMEHT pEMOHTa. B KadecTBe mnpumepa, NPEANOSOKUM, YTO BpeMs B dHacax,
OPUHATBHIX JJII PEMOHTAa WHCTPYMEHTAa HajJ ucTopued 18 mpoOoeB 3amuchIBaeTCsl CO
caeayronuMu pas:413219217234132441

Cpennee apudmernyeckoe OdTUX 3HaueHWd 3 U, crnemoBarenbHo, MTTR
coctaBisier 3 uyaca. [lapamerppi CCb u MTTR wyacto BbIpaxarTCsi B TEpPMHUHAX
00bEIMHEHHOTO KOJIMYECTBA, U3BECTHOTO KAaK HA PUCYHKE JIOCTYMHOCTU. DTO U3MEPSET
JIOJIF0 OOIIET0 BPEMEHHU, YTO MHCTPYMEHT paboTaer, TO €CTh, J0Js OT OOIIEro BPEMEHH,
YTO OHA HaxoauTcs B coctossuuu unfailed. JlocTynmHOCTh onpenensercst Kak OTHOILIICHUE:

MTERF
MTEF + MTTR

B u3meputenpHbIX cucTeMax, Ieib Bceraa MoJDkKHa ObITh MakcumanbHo MTBF
¢burypy m munumusupoatb MTTR durypy, Tem cambiM MakCUMHU3UPYS JOCTYITHOCTD.
Uro kacaercs MTBF u MTTF uudps kacaroTcsi, XOpoIuii 1u3aifH 1 KOHTPOJIb BBICOKOTO
Ka4yeCcTBa CTaHIAPTOB B IPOLIECCE MPOU3BOJCTBA SABJISIOTCA MNOAXOIALINM CPEICTBOM
Makcumuzanuu STux 1udp. Ilporeaypsl MPOEKTUPOBAaHMS, KOTOpPHIE O3HAYAIOT, YTO

OIIMOKY JIETKO HCIPABUTh TAKXKE SBISIOTCS BAXXHBIM (PAaKTOPOM B CHIKECHUH TOKA3aTelhb
MTTR.

.l'I. il |I [ III|'.|l.I .r_'l

Mooenu omxa3zos

He npoBenenus B mpubope MOXKET YBEIMUUTHCS, OCTAIOTCS TaKUMHU K€, WIIU
YMEHBIIUTh B TEUEHUE BCETO CpPOKa CIyXObl. B ciydae 3J€KTpPOHHBIX KOMITIOHEHTOB,
4acTOTa OTKAa30B, KaK MPaBUJIO, U3MEHSIETCS CO BPEMEHEM TaK, KaK MOKa3aHO Ha PUCYHKE
la. Dta GpopMa xapakTEpPUCTUKU YaCTO M3BECTHA KaK MHTEHCUBHOCTH OTKa30B. B Hauane
CBOEU JKU3HH, DJICKTPOHHBIE KOMIIOHEHTbI MOTYT HUMETh JOBOJBHO BBICOKHI yPOBEHBb
3aboneBaeMocTH paznoma 10 BpemeHu T1 (puc 1.a). Ilocne storo HavanbHOrO mepuoza
paboThI, YaCTOTa OTKA30B YMEHbINAETCS JO HU3KOTO YPOBHSI, 1 OCTA€TCSl HA 3TOM HU3KOM
ypOBHE [0 MOMeHTa BpemeHM T2, korma craperomue 3(PQPEeKTbl BBI3BIBAIOT YaCTOTa
OTKa30B, 4YTOObI HadaTh CHOBa pactu. [IpousBoaurtenu mpubOpoB 4Yacto "roperh B
ANIEKTPOHHBIX KOMIIOHEHTOB B TEUYEHHUE IMPOMEKYTKA BPEMEHHU, COOTBETCTBYIOIIETO
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BpeMeHHu T1. DTo o3HayaeT, YTO KOMIIOHEHTHI JTOCTUIIIM (ha3bl BHICOKON HAJIEKHOCTU UX
KU3HU, TIPEXKJE YeM OHU OyIyT mepelaHbl KIneHTaM. MexXxaHuuecKrue KOMITIOHEHTHI, KaK
NPaBUJIO, UMEIOT Pa3JIMYHbIC XapaKTEPUCTUKH OTKA30B, KaK MMOKa3aHO Ha pucyHke 1b.
Ycranocte mMarepuasia ABISETCS TUIMWYHOW MPUYMHOM OTKA30B YBEIMYEHUS B TCUCHUE
CpOKa CIIy»KObl MEXaHH4YeCKOro KoMIlOHeHTa. B Hauame cBoeil »KW3HHU, KOorja BcCe
KOMIIOHEHTHI SIBJIISIOTCS OTHOCUTEIBHO HOBBIMU, MHOTHE

Failure rale

Failure rale

Pucynok 1. TunuuHble U3MEHEHHS HAJEKHOCTU CO BPEMEHEM:

(a) PIeKTpOHHBIE KOMITOHEHTHI (BaHHA KpuBasi) u (0) MEXaHUYECKHE KOMIIOHECHTHI.

WHCTPYMEHTHI JEMOHCTPUPYIOT HHU3KYH0 YacTOTy OIIMOOK. 3areM, Ha OoJjee
MO3/IHEM 3Tane, Korja yCTajJoCTh W JIPyTHe MPOILIECChl CTapeHUsT HAYMHAIOT OKa3bIBaTh
CYIIECTBEHHOE BIUSHHE, CKOPOCTh HEHUCIPABHOCTEH YBEIWYUBACTCS M MPOJOTKAET
yBEJIMUMBAThCA B AayibHeHIeM. CIOKHbBIE CUCTEMBI, COJIEpKAIUE MHOKECTBO PA3TUYHBIX
KOMITOHEHTOB, YaCTO JEMOHCTPUPYIOT MOCTOSHHYIO KapTUHY HEYJauu Ha MPOTHKEHUU UX
KU3HU. Pa3nyHbie KOMIIOHEHTHI B TAKMX CUCTEMaX MUMEIOT CBOM COOCTBEHHBIC HEYJIauu
m1abJIoOH, T/I€ MHTEHCUBHOCTh OTKA30B YBEJIWYMBACTCS WJIM YMEHBIIAETCS CO BPEMEHEM.
Uem OojblIe YUCIO TAaKMX KOMIIOHEHTOB B CHUCTEME, Te€M OOJbllIe CKIOHHOCTh K
naTTepHaM cOoeM B OTACNIbHBIX KOMIIOHEHTAaX, MOJAaBIAs M JUJIi CKOPOCTU TMaJeHUs
3aMbIKaHUs Ha ce0s MOCTOSTHHOE 3HAYCHUE.

3.3 CoBepllieHCTBOBaHME CUCTEMbI U3MepPEHUsI HATEKHOCTH

[Ipy TPOEKTUPOBAHMHM CHUCTEMBI W3MEPEHHUSA, IIeJb SIBJISETCS YMEHBIICHUE
BEPOATHOCTH OTKa3a CHCTEMbl Ha 0ojiee HU3KOM YpPOBHE, HACKOJBKO 3TO BO3MOJXKHO.
CymiecTBeHHBIM TpeOOBaHUEM B TOCTMDKCHHH ATOW IENN SIBJISETCS 0OCCTICUCHHE, YTOOBI
CHUCTEMa 3aMEHSETCS B MOMEHT MJIM JI0 MOMEHTAa BpEMEHH t2 B CBOEH JKU3HH, TTOKA3aHHOU
Ha puc.l, Koraa cTaTHCTUYECKask YaCTOTa OTKA30B HAYMHAET BO3pacTaTh. TakuM oOpasom,
NIepBOHAYAIbHAS II€JIb JIOJDKHA COCTOSITH B TOM, YTOOBI YCTAaHOBHUTH BpEeMS KU3HU T
paBHBIM t2 ¥ CBECTH K MUHUMYMY BepOsITHOCTh F(T) HEMCIpaBHOCTH CHUCTEMBI B TCUCHHUE
yKazaHHOTO cpoka. [locime Toro xak Bce mMepsl 1o cokpaimienuto F(T) Oput mpumeHeHsb!,
npuemiemMocth HanexkHocTH R(T) gomkHa OBITH OlGHEHA B COOTBETCTBHH  C
TpeOOBaHUSIMU CUCTEMBI M3MepeHus. Hens0exxHo, CTOMMOCTh BXOJUT B 9TO, KaK yCHIIUS
no yBenuuenuto R(T), kak mpaBuiio, yBEeIHUYUBAIOT CTOUMOCTH MOKYIKA M 00CITY KHUBAHUS
cucteMbl. HUXHSSI HaJEKHOCTh SIBIISIETCS MPUEMIIEMBIM B HEKOTOPBIX W3MEPUTEIHHBIX
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CUCTEMax, IJie 1eHa OMMOKN HEBEJIMKA, HallpUMep, B MPOU3BOACTBEHHBIX CUCTEMAX, I'/I€
CTOMMOCTb TOTEPSIHHOTO NPOMU3BOJACTBA WM TOTEPU B CBS3M C BHECEHUEM
HEKOHJMIIMOHHBIX IIPOAYKTOB HE SBJIsAETCA cepbesHbIM'?. TeM He MeHee, B JPYTHX
NPUIOKEHUAX, HANPUMEpP, KOTJa BBIXOJ W3 CTPOSI U3MEPUTEIIBHOM CHCTEMBI HECET
BBICOKME 3aTpaThl WM BBI3BIBAET MPOOJIEMBbI O€30MACHOCTH, BBICOKAs HA/IEKHOCTh UMEET
BaKHOE 3HaueHue. HekoTopele crienuanbHble MPUIIOKEHUS, TJI€ JOCTYII YEJIOBEKA OYEHb
TPYJEH WM HEBO3MOXEH, HampUMep, M3MEpeHUs B OECHUIOTHBIX KOCMHUYECKHX
anmaparax, CIYTHHMKOB M AaTOMHBIX 3JEKTPOCTAHILIMI, OCOOEHHO BBICOK CIPOC Ha
HAJEKHOCTh, TaK KaK PEMOHT HEHCIPABHBIX HM3MEPHUTENIBHBIX CHCTEM HEBO3MOXKEH.
Paccmorpum pasnnunbie cpeacrBa yBennuyeHuss R(T). Tem He MeHee, Kak TOJBKO BCe
yeunuss no yBenumuenutro R (T), Obuid wucuepnaHbl, €JUHCTBEHHOE pEIIEHUE, ECIH
HAJEXKHOCTh, 3aJJaHHOE Uil pabodero nepuoaa T MO-MpeKHEMY HEIOCTATOYHO BBICOKA,
YTOOBI YMEHBIIUTH NepruoA T, M0 KOTOPOMY HaJI€KHOCTh PACCUUTHIBAETCS MyTEM 3aMEHBI
U3MEPUTETBHON CUCTEMBI paHbllle BpeMeHH t2. BbIOOp HHCTpyMEHTa TUIIOB KOMIIOHEHTOB
U MHCTPYMEHTOB, HCHOJb3YEMbIX B U3MEPHUTENIbHBIX CUCTEMAX UMEET OOJIbIIOEe BIUSHUE
Ha HaAeXKHOCTb cucreMbl. Oco0oe 3HaueHue NpU BBIOOPE HHCTPYMEHTOB O THUIIE
OIEpaIMOHHOM cpenbl, B KOTOPOW OHM OyAyT Hcmonb3oBarbes. IlapamnensHo ¢ 3TuM,
HaJUIeXKallas 3alUTa JOJDKHA OBbITh MpenocTaBlieHa  (Hampumep, OrpakIarolue
TEPMOAJIEMEHTHI B 00OJIOUKAX), €CIM MPEANoaraeTcsi, 4YTo OKpY’Karollas cpela MOKET
IIPUBECTM K NPEKICBPEMEHHOMY BBIXOLYy H3 CTpos HMHCTpyMeHTa. Hexoropsie
UHCTPYMEHTBI 0oJiee TOJBEP:KEHbI, YeM Jpyrue, W, CleIoBaTelbHO, Ooyiee BEpOSITHO,
NOTEPIUT HEyJauy, B ONpPEAeNeHHbIX ycloBusAX. HeoOXxoaumelie 3HaHMsI, YTOOBI CHENATh
OCO3HAaHHBIM BBIOOP O MPUTOJHOCTH HHCTPYMEHTOB JMJii KOHKPETHBIX YCIOBUH, U
OpaBWIBHOM 3allUThl, YTOOBI JaThb MM, TpeOyeTcss MHOIOJETHUN OIBIT, XOTA
IPOU3BOAUTENN TPUOOPOB MOTYT JIaTh MOJIE3HBIE COBETHI B OOIBIIMHCTBE CIIyYaeB.

3awjuma uncmpymenma

Haanexamas 3amura npuOOpoB M AATYUKOB OT BO3JAEHUCTBUS pabodeil cpenbl
HeoOxoaumo. Hanmpumep, Tepmomnapbl M TEPMOMETPbI CONPOTUBIICHHS JIOJIKHBI OBITh
3alUIIEHB] 000JI0YKON B HEOJArONPUATHBIX YCIOBUSAX SKCILTyaTalllu.

Pecynapnasa kanuopoeka

HawnGonee wacToil mpuunHON cOOEB, MPOUCXOANIUX B CHUCTEME H3MEPCHHS, B
pe3yabTaTe 4ero NOTrpelHOCTh U3MEPEHHUs BBIXOAUT 3a JOIYCTUMBIE IIPEAEIBI, SABISIETCS
aperid B UCHOTHEHWHM MPHOOpa OT €ro XapakTepUCTUK, YKa3aHHBIX. Takue OIIMOKU
00BIYHO MOYKHO M30€kKaTh MyTeM 00EeCIeYeHUs TOT0, YTOOBI MPUOOP OTKAITMOPOBAH Yepe3
PEKOMEHAYEMBIE HWHTEPBAJIBI BPEMEHU. BUIBI HMHTEIEKTYaJbHOIO HMHCTPYMEHTA H
JATYMKA, KOTOPbIE BBIMOJIHSIIOT CaMO KaJMOPOBKY MMEIOT SIBHbIE MPEUMYIIECTBA B ATOM
OTHOLIECHUHU.

3.4 Haje:xxHOCTHh MPOrPaMMHOI0 o0ecrevdeHnst
KommbroTepHsie mporeccopsl M MpOrpaMMHOE 0OecreueHrue BCTPEHAIOTCS BCE
yamie B OOJBIIMHCTBE CHUCTEM HM3MEPEHHUs, TOITOMY BOINPOC O HAAECKHOCTH TaKUX
KOMIIOHEHTOB CTAHOBUTCSI OUYEHb BaXXHbIM. KOMIbIOTEpHAs: TEXHUKA B 1I€JIOM BEIET ce0s

12 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 300 p.
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OYEHb TIOXO0KE€ Ha JJIEKTPOHHbIE KOMIIOHEHTHI, I[O3TOMY IpaBWIa JJs pacyeTa
HAJEKHOCTU MOTYT OBbITh NMPUMEHEHbl U B JAHHOM ciyyae. TeM He MeHee, (haKTOpbl,
BIIUSIOIINE HA HAJIEKHOCTh B MPOrPaMMHOM OO€CIEYEHUH, IPUHIUIIUATIBHO OTIMYAIOTCS.
[Ipumenenue oOIIEro oONpeaeieHus WHKEHEPHOM HaJAEKHOCTH K MIPOrpaMMHOMY
o0OecreueHnt0 He TMOAXOJMUT, TaK KaK XapaKTEepPUCTUKH MEXaHU3MOB OIIMOOK B
IpOrpaMMHOM  OO€CTI€UeHHWH, TaK ¢ B TEXHHMYECKMX anmapaTHbIX CpEeACTBax,
MPUHIIMIHAIBHO OTIMYAIOTCS. B MpaBMIIbHO pabOTAOMIMX anMapaTHBIX CUCTEMaX MOTYT
Pa3BUTHCSI HEUCIIPABHOCTH B JIFOOOE BpeMs B OyayIlieM, U MOSTOMY BpeMsi HapaOOTKH Ha
OTKa3 ABJISETCS PA3yMHOM MEpOW HAAEKHOCTH. TeM He MeHee, MPOrpaMMHOE
o0ecrieueHrne He MEHSAETCS CO BPEMEHEM: e€CM OHO (YyHKIIMOHHUPYET 6e3 OmHOO0K, TO 3TO
Tak U ocTta”ercs. [lo3ToMy TO, YTO HaM HYXHO 3HAaTh 3apaHee 0 €ro MCIOJIb30BAHMS,
ABIIAETCS TO, OyIyT JIM HalJEHbl HEHCIPABHOCTU B MPOTPAMMHOM OOECIIEYEHUHU MOCIIE
TOTO, Kak OHO OBUIO BBEJIEHO B O3KCIUTyaTaluioo. Takum o0pa3om, JUisi MPOrpPaMMHOIO
obecnieyeHus1, u »ta nudpa Hajaexxknoctb MTBF He umeer Gonbioro 3HaueHusi. Bmecto
ATOTO MbI JOJIKHBI KAKUM-TO 00pa30M BbIPa3uTh BEPOSTHOCTh TOTO, YTO OIIMOKHU B HEM HE
npou3oiayTs,

Konuuecmeennasa nadexcnocmu npocpammnozo odecneuenus

dyHIaMEHTaNBbHON TPOOJIEeMOM TMpU MPOTHO3UPOBAHMM, UTO OIIMOKH B
IpOrpaMMHOM oOecliedeHUH He OyayT MPOUCXOIUThb, SBISETCS TO, YTO Jaxe IpHU
MCYEPIIBIBAIOIIEM TECTUPOBAHUU HEJIB351 C YBEPEHHOCTBIO CKa3aTh, UTO BCE OLIMOKU ObLIN
0oOHapy>KeHbl U ycTpaHeHbl. OMKUOKH MOTYT OBITh ONPENIENICHbl KOJIUYECTBEHHO MO TPEM
napametpam, D, U u T, roe D sBasercs KoIM4ecTBO OOHAPYKEHHBIX OIIMOOK ITyTEM
TECTUPOBAHUS MPOrpaMMHOT0 obecniedenusi, U sBISIETCS YUCIIO HE BBISIBJIEHHBIX OUIMOOK,
a T — oOmee KoIMYEeCTBO OMIMOOK (Kak OOHApY>KEHHBIX, TaK W HE3aMEYEHHBIX).
CnenoBaTenbHO,

Uu=T-D

Xopoliee TECTUPOBAaHUE MPOrpaMMbl MOXKET OOHapyKUBaTh OOJIBIIMHCTBO
omuOoK u Tak aenaroT noaxoa T u D, tak uro U crpemutcsa k Hymo. OqHaKo, Tak Kak
BeIMYMHY T HUKOIZAa HENIb3sl C YBEPEHHOCTBIO IIPEACKAa3aTb, TO M OYEHb TPYAHO
npeJcKa3aTh, YTO MPOrpaMMHOE OOecreyeHHe CBOOOJHO OT OIIMOOK, HE3aBHUCHUMO OT
CTENEHU OCMOTPUTENIIBHOCTH, NPUMEHEHHOW BO BpEMsl MPOLEAYpPbl TECTUPOBAHMSL.
HeoOxoaumpIM ~ yClIOBHEM JIi METOJOB KOJHMYECTBEHHOM OLIEHKHM TECTHUPOBAHMUS
MPOrpaMMHOr0 00€CTIEUeHUsI UMEIOIIUXCS SBJISIETCA BBIOOP MOJXO0Aa, KOTOPhIA Oepetcs
JUTSI KOJIMYECTBEHHON OLIEHKH HAJIEKHOCTH. XOTS HUKOT1a HEBO3MOKHO OOHAPYKUTh BCE
OIIMOKH, KOTOpPbIE MOTYT CYIIECTBOBATh, II€JIb JOJDKHA OBITH BCErja TakoH, 4YTO
HEOOXOMMO HAaWTH W UCIPaBUTh HaWOOJIbIlIEe KOJUYECTBO OLIMOOK, CTPOTO IMPUMEHSS
npoueaypy TecTupoBaHus. TecTHpoBaHHE MPOTPAMMHOIO OOECTeUEeHHs SIBISETCS
0COOEHHO BaXXHBIM acCIEKTOM B 0osiee MIMPOKON O00JIACTH MPOTrPaMMHON WHKEHEPHH.
[TonpoOuble  mpoleaypbl  SIBISIOTCA ~ NMPEAMETOM  3HAYUTEIBHOM  CIIONKHOCTH,
3aKJIIOYaloNMecs B HAOMIOJEHWH 32 CKOPOCThIO OOHApyKeHHsl OIIMOOK BO BpeMs
TECTUPOBAHMS, a 3aTEM B DKCTPATIOIUPOBAHUH B OIICHKY CPEHETO BpeMEHU HapabOTKH Ha
0TKa3 Ui MPOTrpaMMHOro o0ecrieueHusl, Kak TOJIbKO OHO ObLIO BBEJIEHO B IKCILIyaTalHIoO.

13 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 302 p.
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TectupoBanre MOXKET ObITh MPOMJIEHO 0 T€X NOp, MOKa MpeJcKa3aHHas HapabOTKa Ha
OoTKa3 He OyAeT OoJibllleé MPOrHO3UPYEMOI0 BPEMEHHOTO TOPU30HTA HCIIOJIb30BAHUS
nporpaMMHOro ooecrieueHus. Takol MoAXoJ SBJISIETCS BEChbMa HEYIOBJIETBOPUTEIBHBIM,
MOCKOJIbKY OH JIOMYCKAeT, 4YTO OIIMOKH B MPOTPAMMHOM OOECIIEUEHUH CYIIECTBYIOT U
TOJIBKO MPEJICKA3bIBAET, YTO OMIMOKU HE OYIyT BOSHHUKATh OYE€Hb YaCTO.

KoHTposbHbIE BONIPOCHI:

1. Kak omnpenensercss HaJEKHOCTh U3MEPUTEILHON cucTtembl? B yem pasHuiia
MEXJy KOJIMYECTBEHHON OLIGHKH HAaJeKHOCTH B KBa3H- aOCOJIOTHOM BBIPDAXKEHUU U
KOJIMYECTBEHHOW OLIEHKH €0 B BEPOATHOCTHBIE TEPMUHBI?

2. OObscHMTEe TpaBWia A pacyeTa OOMEH HaIEeKHOCTH KOMIIOHEHTOB
CUCTEMBI, KOTOpbIE CBA3HBIM (@) MOCIEAOBATENIbHO JIPYr ¢ JIpyrom u (0) mapajuienbHO
JPYT C IpyrOM.

3. O06cynute crnocoObl, B KOTOPBIX HAJEHKHOCTh U3MEPUTEINBHBIX CUCTEM MOXKET
OBITH yJTydIlICHA.

4. Kak MexaHu3Mbl, BIMSIOINIME HAa HAJAEKHOCTb MPOTPAMMHOIO 00ECHEeYeHHs,
OTJIMYAIOTCA OT TeX, 3aTparuBas HAACKHOCTb MEXAHUYECKUX U DIIEKTPUYECKHUX
KOMITOHEHTOB CUCTEMBI?

5. Kak Hazie:KHOCTh MPOrpaMMHOTO 00ECIIEUEHUS KOJIMYECTBEHHO?

6. OOcymuTe HEKOTOpBIE CIOCOOBI, B KOTOPBIX HAIEKHOCTh MPOTPAMMHBIX
KOMITIOHEHTOB B PAMKaX U3MEPEHUSI CUCTEMbI MOTYT OBITh YJIy4YlIECHBI.

/. KakoBbl OCHOBHbBIE O00s3aHHOCTH paboroaareneid U pabOTHUKOB C TOYKH
3peHust 6ezonacHocTu? Kak AenaroT 3Tv BIUATH Ha pa3pabOTKy M KCIUIyaTalUI0 CUCTEM
u3MepeHus?

HUcnoab3yemasi aureparypa:

1. Branshy, M. (1999). The human contribution to safety: Designing alarm
systems. Measurement and control, 32,209-213.

2. BS/ISO/IEC 90003. (2004). Software engineering: Guideline for application
of 1SO 9001 to computer software. British Standards Institute/International Standards
Organisation/International Electrotechnical Commission.

3. Dean, S. (1999). IEC61508—Understanding functional safety assessment.
Measurement and control, 32, 201-204.

4. Fenton, N. E., &Bieman, J. (2010). Software metrics (Software Engineering).
Chapman and Hall.

5.  Fenton, N. E., &Pfleeger, S. L. (1998). Software metrics: A rigorous
approach. PWS Publishing.

6. IEC 61508. (2005). Functional safety of electrical, electronic and
programmable-electronic safety related systems. Geneva: International Electrotechnical
Commission.

7. Johnson, R., Miller, I. R., & Freund, J. E. (2010). Miller and Freund’s
probability and statistics for engineers. Pearson Education.

54



8. Mills, H. D. (1972). On the statistical validation of computer programs.
Maryland: IBM Federal Systems Division.

55



4- tema: CeHCOpHbIE TEXHOJOTHH
Ilhan:
Emxocmuvle damuuxu
Pesucmuenvie oamuuxu
Maenumnwvie oamuuxku
HHamuuxu Ipgpexm Xonna
IIve30 npeobpazosamenu
Tenzo pesucmopui
IIve30 pezucmuenvle damuuxu

NogakowdE

Kntoueeswie cnosa: Mukpocencopvl, eMKOCmHble 0aMYUKY, pe3Uucmuenvle OamyuKi,
MazsHumHsle Ooamuuky, oamuuxku Ipgexm Xonna, nve3o npeobpazoeamenu, mMeH30
Pe3UCMOopbl, Nbe30 Pe3UCTNUBHbLE OAMYUKU

PaccmoTpuM 1oapoOHO B JWarna3oHe JAaTYWKH, JAOCTYIHBIC IS HM3MEpPEHUS
paznuyHbIX (u3udeckux BedauuuH. Korga Mbl M3ydaeM ST JaT4YMKH, MBI OBICTPO
OPUXOAUM K TOHMMAHHIO, YTO IIUPOKUN CHEKTP Pa3IMYHBIX (DU3UYECKUX MPUHIIUIIOB
ydacTByeT B ux pabore. Kpome TOro, CTaHOBUTCS OYEBUAHBIM, 4YTO (PHU3NUYECKUE
IPUHITUIIBL, HA KOTOPBIX OHU Pa0OTAaIOT, YacTO SBJISIOTCS BAXKHBIM (PaKTOPOM MPHU BHIOOpE
JaTYUKA JUTsl JAHHOTO TTPUMEHEHUS, B KAYECTBE JIATYMKA C UCTIOJIb30BaHUEM KOHKPETHOTO
MIPUHITUIIA MOKET BBITIOJIHATH TOPa3/0 JydIlle, 4eM OJHH, UCIIONb3Ys APYrod MPUHITUI B
3aJJaHHBIX YCIOBHUSX OJKCIDTyaranmud. [loaToMy menmecooOpa3HO W3YyYHTh pa3IudHBIC
(bu3HYeCcKre MPUHIINIIBI, YKCITYaTUPYEMbI€ B H3MEPHUTEIIBHBIX TaTIYMKAX.

dusnyueckre TMPUHIUIIGI, TOJUICKANIUE aHAIM3y — 3TO H3MEHEHHUS EMKOCTH,
W3MCHCHHE COINPOTHBIICHHS, MArHUTHBIC SIBICHUS (MHIYKTHBHOCTH, HEOXOTOW U
BUXPEBBIX TOKOB), »(@dexT Xomna, CBOHCTBA MbE30JICKTPUUECKUX MAaTEpPUAJIOB,
U3MEHEHHE COINPOTHUBJICHUS B PACTSIHYTBIX/HATSHYTHIX MPOBOAAX (TEH30 JATYUKH),
CBOMCTBa TMbE30 PE3UCTUBHBIX MATEPHAIOB, CBETONpONycKaHue (00a BIOJIb MYTHU
BO3/IyIIIHOTO U BJIOJb BOJIOKOHHO-ONITHUYECKOT0 KaOessi), CBOMCTBA yIbTPa3BYyKa, repeaada
M3JIy4EeHHUs ¥ CBOWCTBA MEKPOMEXaHMYECKOTO CTPYKTYP (MHUKPO ceHCcopoB)Y4,

Crnenyer OTMETUTB, YTO BBIOPAHHBINM MOPSAOK MPEICTABICHUS 3TUX MPUHITUTIOB
MIPOU3BOJICH W HHUKAKOW TMOMYJSAPHOCTH OTHOCUTEIHHO ITHUX PA3NHYHBIX MPUHIIAIIOB HE
noapazymeBaer. CremyeT TakKe OTMETHTh, YTO TEPEUYCHb TEXHOJIOTHH SBISETCS HE
MIOJTHBIM CIIFCKOM BCEX TEXHOJOTHH, KOTOPBIC HMCIOJB3YIOTCS B JaTYMKaX, a CKopee
NEPEUYCHb TEXHOJOTHHA, OOMmUX JJII HECKOJBKUX pa3IMYHBIX JaTYUKOB, KOTOpPHIC
U3MEPSIOT  pasiinyHbie  (QHU3WYCCKUE BEIWYMHBL. MHOTHE JIpyTHEe TEXHOJOTHUHU
UCIIOJIB3YIOTCS TPU HU3MEPEHUM eAUHUYHBIX (Qu3nyeckux BenauuuH. M3mepenue
TEMIIEpaTyphbl SIBJISIETCS XOPOIIUM TPUMEPOM D3TOTrO, TIOCKOJIBKY HEKOTOpbIe U3
UCIOJIb3yEeMbIX JATYNKOB OCHOBAHBI Ha 3TON TEXHOJIOTHHU.

4.1 EMKOCTHBIE JaTYUKHU

14 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 318 p.
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EMKOCTHBIE TaTYUKHU COCTOST U3 JBYX MapaJlJIeIbHbIX METAINIMYECKUX IJIACTHH, B
KOTOPBIX JUAJIEKTPUK MEXKAY IUIACTUHAMHU BO3AYX WM HEKOTOPBIM JIPYyroi HOCUTEIIb.
Emxocts C 3agaercs, rae © = i id

€ a0CONIFOTHAsT JUAJICKTpUUYECKas MPOHUIAEMOCTb, & SIBISICTCS OTHOCHUTEIbHAS
JTUAJIEKTPUYECKas MPOHUIIAEMOCTh JAUAJICKTPUUYECKONW Cpellbl MEXAy IUIacCTUHAMU, A
npeAcTaBisieT coOOM IUIomaAb IJIACTUH, U d SIBISETCS PACCTOSTHUEM MEXIy HUMHU.
CymiecTBYIOT JB€ POpMBI €eMKOCTHBIX YCTPOWUCTB CYIIECTBYIOT, KOTOPHIE Pa3inyaloTCs B
3aBUCUMOCTH OT TOro, (UKCUPOBAHO WJIM HET PACCTOSHUE MEXKY IUIACTHHAMU.
KonaeHcatopHoe yCTpOMCTBO, B KOTOPOM PACCTOSIHUE MEXKAY IUIaCTUHAMU SIBISETCS
MIePEMEHHBIM, HCIIOJB3YeTCS TJaBHBIM 0O0pa3oM B KayeCTBE JATYMKOB IEPEMEIICHUS.
JIB>KEHME TOJBUKHOM E€MKOCTHOM IUIACTMHBI OTHOCHUTEIBHO OJHOM HEIOJBHKHOMU
U3MEHSET €MKOCTh. Takue yCTpOWCTBa MOTYT OBITh MCIIOJIb30BaHBI HEMOCPEJICTBEHHO B
Ka4yeCTBE JaTYMKa IMEePEMEIICHUS MMyTeM MPUMEHEHHS JIBM)KEHUS, KOTOPOH MCIOJIb3YETCs
I TIepeMeIaeMoil IUIACTHHBI KOHAEHCATOpa. EMKOCTHBIE MAaTYMKH IepeMeleHHUs
0OBIYHO COCTABJISIIOT YacTh MPUOOPOB JJIsl U3MEPEHUS JAaBJICHUSA, 3BYKa WU YCKOPEHUE,
KaK OIMCAHO B MOCJIELYIONINX IIaBax™,

B anbrepHatuBHOM (popMe KOHAEHCATOpa, PACCTOSHUE MEXKIY IUIaCTUHAMHU
¢ukcupoBaHa. MI3MeHEeHNE €MKOCTH JIOCTUTAETCA 3a CUET U3MEHEHUsS JTUAJIEKTPUUECKOMN
MPOHUIIAEMOCTH MaTepuajia MKy IJIMTaMu B HEKOTOpOoM pojie. OTHUM U3 IPUMEHEHUH,
IJIe TURJISKTpUUYECKas cpejia MpeacTaBisieT co00i BO3AyX, U YCTPOHUCTBO HCIOJIB3YETCS B
Ka4yeCTBE JaT4YMKa BJIAXKHOCTH IIyTEM M3MEPEHUS COJep)KaHUA Bjiard B Bo3ayxe. Emne
OJHUM PaCIpPOCTPAHEHHBIM SBJISETCS NPUMEHEHHE B KayecTBE JaT4MKa YPOBHS
YKUJIKOCTH, TJI€ JUAJIEKTPUK YaCTh BO3/lyXa U YacCTh KHUJKOCTh B COOTBETCTBHUU C YPOBHEM
KUJIKOCTH, YTO YCTPOMCTBO BCTaBisgeTcs B. O0a 3TH NPUIIOKEHUS PACCMOTPEHBI OoJjiee
NOAPOOHO B MOCHEAYIOMUX TJlaBaX. DTOT MPHUHITUIT MCIOJIB3YETCS B yCTPOMCTBAX st
M3MEPEHMS COJICpKaHUs BJIarv, 3HaYEHUsI BIAXKHOCTH U YPOBHS KHUJIKOCTH, KaK OITMCAHO B
MOCTIETYIONINX TJIaBax.

4.2 Pe3ducTHBHBIE JATYHKH

Pe3ncTuBHBIE AAaTYMKHU TOJAraloTCs Ha M3MEHEHMS COINPOTHUBIICHUS MaTepuala,
KOrJia U3MEpEeHHasi IepeMeHHasi MPUMEHSIETCA K HEMY. DTOT IPUHIUIT NIPUMEHSIETCS Yalle
BCEr0 MPU U3MEPEHUU TEMIEpPaTypbl C IMOMOIILI0O TEPMOMETPOB CONPOTUBICHUS WIIU
TepMUCTOPOB. OH TaKkKe UCIOIL3YETCS IPU U3MEPEHUU TIEPEMEIIICHUN C UCTIOIb30BaHUEM
TEH30 JaTYUKOB WJIA MbE30 PE3UCTUBHBIX JATYUKOB. KpoMe TOro, HEKOTOpbIE U3MEPUTEIU
BJIQYXKHOCTH pabOTAIOT MO MPUHIIUITY CONTPOTUBJICHUS BapHUaIlUu.

4.3 MarauTHble 1aTYNKHU
MaruuTHbple JaTYMKWA HUCIOJIB3YIOT MAarHUTHBIC SIBIIGHUS WHIYKTUBHOCTH,
BUXPEBbIC TOKH, JJIS YKA3aHUS 3HAUEHUS U3MEPSEMON BEIUYUHBI, KOTOPOE, KaK MPaBUIIO,
OpUHUMAET HEKOTopylo GdopMmy mnepemenieHus. WMHAYKIIMOHHBIE AATYUKH TEPEBOJSAT
JIBI)KCHUE B W3MEHEHHUE B3aUMHOW MHAYKTUBHOCTH MEXKIY CBSI3aHHBIMM MarHUTHBIMU
yacTaMu. OZHUM W3 TPUMEPOB ATOTO SBISIETCS MHAYKTUBHBIA JTaTYUK TEPEMENICHUS,
MOKa3aHHbIA Ha puc.7. B aTom, olHON 00OMOTKHM Ha LeHTpalibHOM Kpblie "E" -o00pa3Horo

15 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 318 p.
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(deppo MAarHUTHOTO Tejla BO30YXKIAeTCs IMEPEMEHHBIM HampsbkeHueM. CMeleHue JUis
U3MEpPEHUs MPUMEHsETCA K (eppo MarHUTHOM IUTACTHHBI B HEMOCPEJICTBEHHON OJIM30CTH
k vactu "E". Hudopmanus o JBMKEHUM IUIACTHMHBI M3MEHSIIOT MOTOKa MyTH H,
CJIeIoBaTeIbHO, MPUBOJUT K M3MEHEHMIO TOKa, IMpoTekarouiero B oomorke. [lo 3akony
Owma, ToK, npoTekaromuii B ooOMoTke 3aaaercs | = V/oL. Ilpu pukcupoBaHHBIX 3HAUEHUSIX
o u V, To 310 ypaBHeHue craHoButcs I = 1/KL, rae K sBnsercs konctanToi. OTHOIICHUS
Mexnay L u

L=

[ Displacament

'}

|

Puc. 7 IHayKTUBHBINA JaTYUK NEPEMEIICHUS

nepeMeIeHne, I, TMPUMEHSETCS K IUIACTUHE SBJISIETCS HEJIMHEHHBIM, W,
CJIEIOBATENIbHO, BBIXOJHOM CHUTHANl TOKa / CMEIICHHE XapaKTEepPUCTHKA JOJDKHA OBITh
oTkanuOpoBaHa. [IpUHIMN WHIYKTUBHOCTH TaK)Ke HCHOJIb3YeTCs B AU(epeHIInaTIbHbIX
TpaHcopmaropax uisi U3MEPEHHs TOCTYNaTeIbHBIX U BpallaTelIbHBIX NepeMenieHuil. B
BapraleIbHBIX JAaTYMKAX HAMATHIBAIOT OOMOTKY KATyIIKH Ha TIOCTOSIHHOM MAarHuTe, a He
Ha JKEJIE3HOM CEepACYHHMKE, KaK B IIEPEMEHHOM JAaT4yMKEe WHAYKTUBHOCTH. Takue
YCTpOMCTBA OOBIYHO HCIOJB3YIOTCS JI U3MEpPEHUs CKopocTed BpamieHus. Ha puc.8
MOKa3aH TUIHUYHBIA HHCTPYMEHT, B KOTOPOM (p€ppO MarHUTHBINA 3y0 MOMENIaeTCs psioM ¢
natuukoM. [lo Mepe TOro Kak KOHYMK Ka)KJIOro 3y0a Ha IIeCTepEeHKE MepeMelIaeTcsl B
HaIlpaBJICHUM U B CTOPOHY OT CUMTHIBAIOIIETO YCTPOWCTBA, M3MEHEHHWE MAarHUTHOTO
MOTOKa B KaTYyIIKE ChEMa BBI3BIBACT HAIpPSIKEHUE, YTOOBI MHAYLMPOBATH B KATYIIKE
BEJIMYHMHY, KOTOpas MPOMOpIMOHANIbHA CKOPOCTH W3MEHEHHS IMOTOKa. Takum 00pa3om,
BBIXO/IHOM CHUTHajJd MpeACTaBisieT CcOOOM IOCIeN0BaTeNbHOCTh IOJOXKHUTEIbHBIX U
OTPULIATEIBHBIX HMIIYJbCOB, YAaCTOTa KOTOPBIX NPONOPLUUOHAIBHA CKOPOCTH BPALIECHHUS
3yOuaroro koseca. JlaTunku Toka BuxpeBble cOCTOAT U3 30HAA, COAEPIKAILIEIO KaTyIlKY,
KaK MOoKa3aHo Ha pucyHke 13.3, KOTOpbhIH BO30YKIAETCS HA BBICOKOM 4acTOTe, KOTOpas
0o0bryHO coctaBisier | Ml MHcenons3dyercs nansi u3MepeHUss CMELIEHUs 30HJa
OTHOCUTEJIBHO JBIXKYLIEHCS MUILIEHU MeTamia. M3-3a BBICOKOW 4acTOThl BO30OYKIECHMS,
UHAYLHUPYIOTCS BUXPEBbIE TOKH TOJBKO HAa TMOBEPXHOCTHM MHUIIEHHU, a BEJIMYMHA TOKa
CBOAUTCS
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Pick-up coil

Puc.8 HepeMeHHaﬂ AdaT4hKa ¢ MAaIrHUTHBIM COIIPOTHUBJICHUCM

L Thin rmetal

Shizal

Puc.9 latunk Toka Eddy

[OYTU JI0 HYJIsI Ha KOPOTKOE PACCTOSHHUE BHYTPU MHIIEHH. OJTO IO3BOJISET
JaT4uKy padoTaTh ¢ OYEHb TOHKMMHU MUIICHSIMM, TaKUMU KaK CTaJIbHOM nuadparmbl
JaTYUKA JNaBjicHUA. BUXpEBbIE TOKM M3MEHAIOT MHIAYKTHMBHOCTH KaTyLIKM 30HAA, U 3TO
U3MEHEHHUE MOXKET ObITh MEPEBEICHO Ha BBIXOJ] IIOCTOSHHOTO TOKA HAIpPSKEHHE, KOTOPOe
IIPONOPLUHOHAIIBHO PACCTOSIHUIO MEXAY 30HIOM M MUIIEHBIO. Paspemenue msmepeHun
nocturaer 0,1 MM Moxer ObITh AocTUTHYTa. JlaTyMK MOXET Takxke paboTath C
HEIMPOBOJALIEN MUILICHBIO, €CIIN KYCOK AJTFOMUHHUEBOM JIEHTHI IPUKPEIVIEHA K HEMY.

4.4 NaTuuku 3¢ dexra Xo1a

B npunnune, natunk XoJia npeacTaBiseT cO00i YCTpOHCTBO, UCIIOJIb3yeMOe IS
W3MEPEHUS BEJIMUYMHBI MArHUTHOTO MOJsA. OH COCTOUT W3 MPOBOJHUKA C TOKOM, KOTOPBIN
BBIPOBHEH OpPTOrOHAJIBHO C MAarHWTHBIM IIOJIEM, KaK IOKa3aHO Ha puc.9. JTo co3gaer
pa3HHULy MONEPEYHOI'O HANPSIKEHUS HA YCTPOWCTBE, KOTOPOE IMPSIMO IPONOPLUOHAIBHO
HAMPsSHDKEHHOCTH MarHuTHOro mona. Jlis monmydeHus Toka Bo3OyxaeHus, [, u
HaAMPsHKEHHOCTH MAarHUTHOTO ToJisi, B, BeIxomHoe HampspkeHue 3amaetcs V = K / B, rne
K- koncranTa Xomnal®,

[IpoBomHuk B 0aze  pgaryukoB  Xojula OOBIYHO — M3TOTaBIMBAIOT U3
IIOJIYTIPOBOJHHUKOBOTO MaTepuana, B OTJIMYME OT METaula, TaK KaK YBEIUYECHUE
BBIXOJTHOTO HANPSHKEHUS IMPOU3BOJAUTCS [JII MAarHUTHOIO ITOJS 3aJaHHOro pasmepa. B
OJIHOM OOIlleM MCIOJIb30BAaHUM YCTPOWCTBA B KAYECTBE JATYMKA PACCTOSIHUS, MAarHUTHOE

16 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 321 p.
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noJjie 00ECIeYnBAETCSl TOCTOSIHHBIM MarHUTOM, BCTPOCHHBIM B amnmnapaT. Benuuuna 3Toro
MOJIsl U3MEHSETCs, KOIJa YCTPOMCTBO MPUOIUXKAETCS K JI0OOMY OOBEKTY YEpHOTO
MeTajljla Wid TpaHulibl. IddekT Xoia TakKe UCIOIb3yeTcss 00bIYHO B KOMITBIOTEPHbIC
KJIaBUATypbl KHOMOK. Korja KHOMKa Ha)kata, MarHUT KPEMUTCS MO/ KHOMKOW JBUKETCS
MUMO JAatyuka XoJula. DTO TeHEpUpYyeT HABEJACHHOE HaNpsDKEHHE B JAaTYMKE, KOTOPBIN
npeoOpa3yeTcsi ¢ MOMOIIBI0 CXeMbl TpurTepa B HU(PPOBON BBIXOAHOW curHan. Takue
KHOIIOYHBIC TEpeKIItouaTeIn MOTyT paboTaTh Ha BBICOKMX YacToTax O0e3 apebesra
KOHTAKTOB.

Oulput
voltape V¥

N Applied
- magrabic

field &

Figure 13.4

Principles of Hall-effect sensar.

Puc.9 [Ipunnumne! gatunka Xosa
4.5 IIbe30 nmpeodpa3oBaresin

[Ibe303nekTpuyeckrue MpeoOpa3oBaTeNu MPOU3BOAAT BBIXOAHOE HAIPSIKEHUE,
KOI'JIa K HUM MpHUKJIaabiBaeTcs cuiia. OHU MOTYT TaKk)Ke paboTaTh B PEBEPCUBHOM PEKUME,
KOIJa IPWIOKEHHOE HalpsDKeHHe (QopMuUpyeT BbIXOAHYIO cuiy. OHM  4acto
UCIIOJIB3YIOTCSI B Ka4eCTBE YJIbTPA3BYKOBBIX MEPEIATUYMKOB M NPUEMHUKOB. OHU Takxke
UCIIOJIB3YIOTCS B KauecTBE IpeoOpa3oBareieil mepeMelieHns, B YaCTHOCTH, B KayeCcTBE
YacCTH YCTPOMCTBA M3MEPEHUs YCKOPEHHs, CWIbl W JaBJI€HHE. B  yJIbTpa3ByKOBBIX
NpPUEMHUKAX, CHHYCOMUJAJIbHbIE KOJEOAHHUS AaMIUIMTYAbl YJIbTPAa3BYKOBOH  BOJIHBI,
NEPEBONATCS B CHHYCOMAAQIBHBIE M3MEHEHHS AMIUIATYAbl CWIbL, HPHI0KEHHOU
BE303JIEKTPUUECKUM TpeoOpa3oBaTesieM. AHATOTUYHBIM 00pa3oM, MOCTYIATEIbHbIE
JIBMKCHHUSI B JATUYMKAX CMEIICHHWS BBI3BAHO MEXAHWYECKUMHU CpPEICTBAMHU, YTOOBI
NPUKJIAAbIBATh YCUIIUE K TbE303JEKTPUUECKUM ITpeoOpa3oBaTesIM.

[Ibe303neKkTpryecKkre MpeoOpa3oBaTENn BBIIOJHEHBl U3 IbE303JIEKTPUYECKHUX
MarepruaioB. OHM HMEIOT ACUMMETPUYHYIO PELMIETKY MOJIEKYJ, HCKAXAIOIIYIOCS IpU
IIPWIOKEHUN MEXAHMYECKOW CHIIbI K HEH. DTO MCKaXCHUE BBI3bIBACT IIEPEOPUEHTALUIO
IEKTPUYECKUX 3apsA0B B Marepuase, 4To IPUBOAUT K OTHOCUTEIBHOMY CMELIECHUIO
IOJIOKUTENIBHBIX WM OTPHULATENBHBIX  3apsaoB. C(CwmemieHwe 3apsja  HHIYyLHUpPYET
IIOBEPXHOCTHBIE 3apsA/bl Ha Marepuajie MPOTHBONOJIOKHON MHOJSIPHOCTH MEXKIY IBYMs
CcTOpoHamu. MIMIUTaHTaMeN 31€KTPOIOB B IIOBEPXHOCTh MaTeprasa, 3TU OBEPXHOCTHBIE
3apsAapl  MOTYT OBITh H3MEpPEHbl B KAuyeCTBE BBIXOJHOTO HampspKeHus. s
IPsIMOYTOJIBHOTO OJIOKAa MaTepuaia, HHIyUUPOBAaHHOE HAIIPSKEHUE 3a]1aeTCs

LFd

A
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rae F sBnsercs npuiioKeHHOE yCWIME B TpaMMax, A MpEeACTaBISIET COOOMU
wiowaasr Marepuana B MM, d mpeacrtasiseT co0oil TonmuHy martepuana, a K sBusercs
nbe30 KOHCTaHTa. [loNsipHOCTh HaBEAEHHOTO HAIPSKEHUS 3aBUCUT OT TOro, OyJeT Jiu
CKaTUM WIM PACTSHKEHUH MaTepuana. BxogHoe conportuBienue nprudopa, UCHOIb3yeMOro
JUIST U3MEPEHUs HaBEJACHHOTO HAMpPsHKEHUS JOJKHBI ObITh TINATENBHO MOJ00paHBI.
[ToaxnroyeHne M3MEPUTENBHOTO MpUOOpa OOecnedynBaeT MyTh JISI WHIYIIUPOBAHHOTO
3apsaa yTeuku npoub. CienoBarenbHO, BXOJHOE CONMPOTHUBIIEHUE MpUOOopa JAO0IKHA OBITh
OUYEHb BBICOKOM, OCOOEHHO B TE€X CIyyasX, CTATUYECKUE WM MEIJIEHHO MU3MEHSIOLINECS
CMEUIEHUsI H3MepsoTca.  Martepuanbpl, JAEMOHCTPUPYIOIIME  IbE303JEKTPUUECKUI
NOBEJACHUE BKIIIOYAIOT MPUPOJHBIE U3 HUX, TAKHE KaK KBapl, CAHTETUYECKUE, TAKUE Kak
cynbaT JUTUS W CErHETOKepaMHKa, Takue Kak TuTaHatOapus. Ilbe3okoHcTaHTa
KoJeOJeTcss B IIMPOKHUX Ipelerax MeXAy pa3iudyHbIMU MaTepualiamu. TUIHUYHBIC
3HaueHus K 2,3 nis kBapua u 140 nns turanara 6apusd. [lpumensis ypasuenue (13.1) mns
cuiibl 1 T HaHOCAT Ha KpucTau miomaaso 100 MM 2 y rommuHON 1 MM maet Bbixon 23 MB
st kBapua u 1,4 MB 11 Tutanara Oapusi. HekoTopble mojmMepHbie MJIEHKH, TaKUE Kak
NOJIMBUHWINJIMH Takke OoOJaaroT MbhE30AJIEKTPUUECKUMHU cBoiicTBaMU. OHU HMMEIOT
00J1ee BHICOKOE BBIXO/IHOE HAIPSKEHUE, YeM OOJIBIIMHCTBO KPUCTAILJIOB U OYE€Hb MOJIE3HbI
BO MHOTHX CJIy4asiX, KOT/ia IepeMeIleHne JOHKHO ObITh MEPEBEICHO B HaIpshKEHUE. TeM
HE MEHEE, OHU MMEIOT OYEHb OIPAaHUYEHHYI0 MEXAaHUYECKYIO MPOYHOCTh U HE MOAXOIAT
JUIsl TPUMEHEHMH, TI/J€ PpEe30HaHC MOIYyT IOArOTABIMBATBCA B  Marepuale.
[Tbe30nnmexkTpudeckuii  mpuHOMI ~ oOpaTUM, W,  CJEIOBaTENbHO,  HCKa)XKEHUE
MbE303JIEKTPUUECKOTr0 MaTepraia MOKET ObITh BBI3BAHO ITyTEM MPUIIOKEHUS HAMIPSKEHUS
K HeMmMy. OTO OOBIYHO MCHOJBb3YETCd B YJIbTPAa3BYKOBBIX IIpeoOpa3oBaTeneil, e
NPUMEHEHUE CHUHYCOMJAIbHOE HANPSDKEHHE C YacTOTOM B YJIBTPA3BYKOBOM JIMAIla30HE
o0yclaBiIMBaeT CHUHYCOMJANbHbIE KOJEOAaHMWsI TONIIMHBI MaTepHalla W TPUBOJIUT K
BO3HMKHOBEHHUIO 3BYKOBOM BOJIHBI, HCIyCKaeMOW Tpu BBIOpaHHOW wyactoTe. ITO
paccMaTpuBaeTCs Jajiee B pasjiesie, MOCBIIIEHHOM YIIbTPa3ByKOBBIX MpeoOpazoBarTesnei.

4.6 Tenzope3ucTopsol

TeH3zo nmatymku TPEACTaBIAIOT COOOM YCTPOWCTBA, KOTOPBIE PETHUCTPUPYIOT
W3MEHEHHE COMPOTUBJICHUS, KOTJIa OHHM PACTAHYTHl WM HanpspkeHbl. OHM CHOCOOHBI
00HapyXKMBaTh OYECHb Majible CMEIECHUsA, KaK MpaBuio, B auamazone oT 050 mM, u, Kak
MPaBUIO, UCIOJIB3YIOTCS B KAaU€CTBE YAaCTU JPYTUMX JATYMKOB, HApUMeEpP, MEMOpPAHHBIX
JATYMKOB JIaBJICHUS, NPEeoOpa3yrolUX W3MEHEHUs NaBJICHHUS IMPU MaJIbIX CMELIECHUSAX
nuadparmerl’. Herounocty m3MepeHus, Kak HU3KO Kak 0,15% OT MOJNHOM MIKaIbl MOTYT
OBITb JOCTUTHYTHI, a MUTUPYEMBIM MNPOJAOJKUTEIBHOCTh JKW3HHU, KakK MPaBUIIO, TPHU
MUJUIMOHA Pa3BOPOTHI. TEH30 MAATYMKH W3TOTOBJIEHBI B PA3NMYHBIX HOMHUHAJIBHBIX
3HAYeHWH compoTuBieHUs, u3 kotopeix 120, 350 um 1000 Q saBnsAOTCS OYEHB
pacupoCTpaHEHHBIM SBJICHHEM. TUINMYHOE MAaKCUMaJIbHOE U3MEHEHHE CONPOTHBIICHUS B
120- Q3 ycrpoiictBa OyaeT B 5 (2 mpu MakCUMaIbHOM OTKJIOHEHUH.

TpaaUIIMOHHBII TUII TEH30 JATYMKAa COCTOMT W3 JJIMHHOM METaJuIM4eCKOn
IIPOBOJIOKM C COMPOTUBJIICHUEM, 3UI3arooOpa3sHo oOpa30BaHHOW M YCTAaHOBJICHHOW Ha
ruOKOM MOJJIOKKE JIMCTa, Kak moka3zaHo Ha puc.l0a. IlpoBog HOMUHANIBHO KPYIJIOrO

17 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
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nornepeyHoro cedeHus. [[oCKoNMpKy mTaMM MPUMEHSIETCS K JaTYUKy, opMa IMOMepEeIHOTrO
CEUYCHMS PE3UCTUBHON MPOBOJIOKH MCKAXKAETCS, U3MEHSS TIJIOMIA b ITOMIEPEYHOTO CCUCHHS.
[TockoNbKy COMPOTHBIICHHE MPOBOAA HA €IWHHUILY JJIMHBI OOpaTHO IMPOMOPIIMOHAIHHO
IUIOMIAAN  TIOMEPEYHOT0 CEUYCHHS, BCIICICTBHE YErO M3MEHSCTCS COINPOTHBIICHHE.
CooTHolieHHE  BBOJA-BBIBOJA  TEH30  JaT4YMKa  BBIPAXKACTCS  KaJTMOPOBOYHBIM
KO3 PUIIMEHTOM, KOTOpPBIM OmpeneseTcss Kak u3MeHeHue comnpotuBieHus (R) mms
3aJaHHOr0 3HaYeHus aedopmarmu (S), To ecth kaauop = SR/SS.

B mocnmegaue TOmBI TPOBOJA JATYMKOB B OCHOBHOM OBUIM 3aMCHCHBI
MeTaJITM4eckoi (HoJIbroi, Kak mokazaHo Ha puc.10 b, wiIM MOTyNmpOBOJHUKAMH THUIIA
METAIIOPEXKYIIeH (DOJIBrU, T/I€ aKTUBHBIM DJIEMEHT COCTOUT M3 KyCKa METATMYeCKON
dosbru pazpezanHou 3ursaroM. Peska gonsru B Tpedyemyro (popMy HAMHOTO IPOIIE, YEM
dbopMHpoBaHUE KyCKa PE3UCTHUBHON TMPOBOJIOKK B TpeOyemyro ¢opMmy, 4YTO JAelaer
YCTPOWCTBA JICIIEBIIE B H3TOTOBJICHUH.

Puc. 10 Tenzometps: (a) Tun npoBoza u (0) Tum Gojabru

[TomynsipHbIii Matepuan s aedopManvu MeTauia IpeacTaBisieT coOOW CIIaB
MeJTHO-HUKEIb-MapraHel], KOTOPbhI M3BECTEH I10JI TOProBbIM Ha3zBaHueM "Advance."
[Ibe30 pEe3UCTUBHBIE HJIEMEHTHI MOJYIPOBOJHUKOBOIO THIIA II0 CPABHEHUIO C
METAJTHYSCKUMHU JTATYNKAMU MUMEIOT 3HAYUTEIBLHO MPEBOCXOIANIUN (aKkTop M0 Kaauopy
(mo 100 pa3 myudrmie), HO cTosT Aopoxke. KpoMe Toro, B ToO BpeMs Kak METaLIMYCCKHE
JATYUKA WMEIOT TOYTH HYJIEBOM TEMIIEpaTypPHBIM KO3(POHUIIMEHT, MOJYyIPOBOJTHUKOBHIC
TUTIBI  WMEIOT  OTHOCHUTEIBHO  BBICOKMN  TemmepaTypHbii  kodddumuent. Ilpu
HCIIOJIb30BAaHUU TEH30 [JIaTYMKU COEAUHEHBI C OOBEKTOM, MEpPEeMEIIeHHE KOTOPOTro
HE0OX0aUMO u3MepuTh. I[lporecc CBsI3bIBaHMS TPEACTaBIsICT COOOUM OmpeeIeHHoe
KOJIMYECTBO TPYJAHOCTEMN, B HACTHOCTH, ISl TOTYIPOBOTHUKOBBIX TUIIOB. CONMPOTUBIICHUE
JaTYUKa OOBIYHO M3MEPSETCS C TIOMOIIBI0O CXEMbI MOCTA MTOCTOSTHHOTO TOKA, a U3MEPEHUE
CMEILICHHUST BBIBOJUTCA W3 BBIXOJHOTO MOCTa. MaKCUMajbHBIA TOK, KOTOPBIH MOXKET
MPOTEKATh B TEH30 JIaTYMKE, HAXOAUTCS B 00J1acTH OT 5 10 50 MA B 3aBUCUMOCTH OT THIIA.
Takum 00pa3oM, MaKCUMaJIbHOE HaNpsDKEHHUE, KOTOPOE MOXKET OBITh MPUMEHEHO,
OTPAaHUYCHO, W, CJEOBATEIbHO, U3MCHEHHE COIMPOTUBIICHHS B TEH30 JaTYMKE OOBIYHO
MaJio, ¥ KaK CJICJACTBHE BBIXOJHOE HAMPSHKEHUE MOCTA TAKKE MaJlo.

4.7 IIbe30 pe3ucTUBHbIE TATYUKH

I1be30 PEe3UCTUBHBIN MAaTYMK BBIMOJHEH W3 MOJYNPOBOJHUKOBOTO Marepuasia, B
KOTOpOM 00JIaCTh p-THUMA paccessHHa OCHOBaHHWEM N-Tuma. CONmpOTUBICHHE MPHU ATOM
CUJILHO BapbHUpPYETCs, €CJIM JIaTYUK CHKUMAETCS WM PACTATUBAETCSI. OJTO 4acTo
UCIIONB3YETCSl B TEH30 JaTYMKE, B KOTOPOM IMPOU3BOJUTCS 3HAUUTEIILHO 00Jiee BHICOKUI
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KO3 PUIIMEHT, YeEM METaJNIMYECKHe MPOBOJOKM WK (onbra MaHomeTpoB. Kpome Toro,
MOTPEIIHOCTh U3MEPEHUSI MOXKET ObITh CHMkeHa 10 +-0,1%. OH Takke HCHOJIb3yeTcs B
MOJIYIIPOBOJHUKOBBIX JaTYMKaxX JaBieHUs ¢ aAuadparMod U B TOJYHIPOBOJHUKOBBIX
aKceJepoMeTpax.

Cnenyer Takke OTMETUTh, UYTO JaTYUK TEPMHUH «IbE30 PE3UCTHBHBINY» HHOTIA
WCIIOJb3YETCS JIJIsl OMUCAHUS BCEX TUIOB TEH30JaTYMKOB, BKJIIOUYasl TUIbI METAJJIOB. TeMm
HE MEHEE, 3TO HEBEPHO, TaK KakK TOJbKO 0k0yio 10% OT BbIXO/1a U3 T€H30 JaTuMKa METaJljia
TeHEpUPYETCsl TMbE30 PE3UCTUBHBIMU 3(QexTamu, ¢ OCTATKOM, BO3HUKAIOIINE U3
U3MEHEHHUSl Pa3MEpOB IMOMEPEYHOr0 CeueHus B MpoBosioke win ¢oinbre. CoOCTBEHHbIE
NbE303JIEKTPUYECKUE JATYUKH JedopManuy, KOTOpPbIE B KAauyeCTBE aJIbTEPHATHUBBI,
U3BECTHBI KaK JaT4YUKU JedopManuu IMOIYNPOBOJAHHUKA, MPOU3BOAAT OOJBIIYIO YacTh
(okomo 90%) cBoeil MPOAYKLMH 3a CUET MbE30 PE3UCTUBHBIX S(PPEKTOB, W JIHILIb
HeOoJbIIas 4YacTh MPOAYKIIMHU U3 - 32 U3BMEHEHHS pa3MEPOB B IaTUUKE.

KonTposabHbIe BONIPOCHI:

1. Onumure oOME TPUHIUIIBI PAOOTH €MKOCTHBIX AATYUKOB M OOCYIUTh
HEKOTOPbIE UX MPUMEHEHHUS.

2. O06cyauTe HEKOTOpbIE MPUMEHEHUSI PE3UCTUBHBIX JATYUKOB.

3. Kaxue THUIbI MArHUTHBIX 1aTYMKOB CYIIECTBYIOT U KaKk OHU B OCHOBHOM
UCIOJIb3YIOTCA? ONMUIImUTE peKUM padboThl KaXkI0rO.

4. Kakue narunku Xosia? Kak oHu paboTaroT U 4TO OHHM UCTIOIb3YIOTCS?

5. Kak paboraeT mbe303JeKTpUUECKU MpeoOdpa3oBaTelib U KAKUE MaTepralbl,
KaK IPaBUIIO, UCIIOJB3YIOTCS B UX CTPOUTENHCTBO? OOCYyIUTE HEKOTOPbIE 00LIME
IPUMEHEHHS TAKOTO THUIIA yCTPOUCTB.

6. Uro Takoe TE€H30 AaTYMK M Kak 3T0 paboraer? Kakue npoOaeMbl B IPUHITHH
U C UCTOJB30BAHUEM TPATUIIMOHHOTO METAJlJIa COPTaMEHT AedopMali U KaKUM 00pa3om
3T MPoOJIeMbl OBLIIM MPEO0JIETh HOBBIX TUIIOB TEH30 JATYUKOB?

7. OOcyauTe HEKOTOPBIE MPUMEHEHHUS TEH30 JaTYUKOB.

8. Kaxue natunku I1be30 pe3ucTuBHbIE U YTO OHU, KaK MPABUIIO, UCTIOIB3YIOTCS
a?
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5- tema: Coop nannbix ¢ LabVIEW
Inan:
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National Instruments LabVIEW
Bupmyanvusie uncmpymenmuol
Beeoenue 6 epagpuuecxue npoepammuposarue ¢ LabVIEW
Inemenmol narumpsvl Mncmpymenmeot
Jloeuueckue onepayuu 6 cpede LabVIEW
Luxnet 6 cpede LabVIEW
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9.  Cmpyxmypa Case 6 cpede LabVIEW
10. Cbop oanuvix c nomowwio LabVIEW

Kntroueswvie cnoea: mynomumemp, 31emMeHmol NATUMPbL UHCIMPYMEHMb,
noeuyeckue onepayuu 6 cpede LabVIEW, yuxnot 6 cpede LabVIEW, cmpykmypa Case 6
cpeoe LabVIEW, coop oannvix ¢ nomowvio LabVIEW.

Orta rnaBa npeHa3HadeHa sl TOro, YTo0bl MO3HAKOMUTH YUTATelNs ¢ KOHUENIUEH
coopa manHbix KoMmmbioTepHOW W LabVIEW, maker mnporpammuoro obecreueHus,
pa3paboranHoro kommnanueii National Instruments. OcHoBHasi mpuurHa 11 POKYCUPOBKHU
Ha LabVIEW sBnsercs ero pacnpoCTpaHEHHOCTh B JaOOpPaTOPHBIX YCIOBHSX. YUTOOBI
OBITh YBEPEHHBIM, €CTh U JPYTHE NPOrPAMMHBIE CPEJICTBA, KOTOPBIE MOIJAEPKUBAIOT COOp
JAHHBIX J1JA0OPATOPHOIO CAENAHHBIE LEIbIM PSIIOM MOCTABIIMKOB. OHU paccMaTpPUBAIOTCS
KpaTKO B MPUJIOKEHUU W3 - 332 UX OrPAHMYEHHOIO MPUCYTCTBUS B 00pa30BaTeIbHOM
yupexaeHuu. Cieayer Takxke OTMETUTh, 4YTo Matlab u apyrue mporpaMMHbIE CpeCTBa,
UCIIOJIb3YEMBIE JUISI MOJEIMPOBAHUSA, B YACTHOCTH JIWHAMUYECKHX CHUCTEM, HWHOTIA
UCTIOJIB3YIOTCS B JaOOpaTOpPHBIX  YCIOBHUSX, XOTA HMX HCHOJb30BaHUE  YacTo
OTPaHUYMBAECTCS CHEUUATU3UPOBAHHBIX MPUIIOKEHUN, TAKUX KAK KOHTPOJb B PEKHUME
peanbHOro BpemeHHU. [lo 3TON mpuYMHE, 3TH WHCTPYMEHTHI HE OOCYX HAIOTCS B ITOMN
rnase’®.

Cam LabVIEW sBnsercs kak oOmMpHBIA mporpammHoi Tuiatdgopmbel. OHa
BKJIFOYAET B Ce0sI MHOXECTBO (DYHKIIMOHAJIBHBIX BO3MOXHOCTEW, HAUMHASI OT OCHOBHBIX
anreOpanyeckux OMNEPATOPOB JO TNEPENOBbIX KOMIIOHEHTOB OOpaOOTKM CHUTHAJIOB,
KOTOPbIE MOTYT OBITh MHTEIPUPOBAHBI B IOBOJIBHO CIIOXHBIX U KOMIUIEKCHBIX IPOIPAMM.
JI71st mearoru4eckux MpUYuH, MOYeMy Mbl TOJIBKO BBECTH OCHOBHBIE ujen u3 LabVIEW,
KOTOpbIE HEOOXOIUMBI JIJIs1 PYHKIIMOHUPOBAHUS B TUIIMYHOM CTYIEHYECKOM MH)KEHEPHO-
7a00paTOpHBIX YCIOBUAX. PacimupeHHble HaBBIKM MPOTPAMMHUPOBAHUSI MOTYT OBITh
pa3paboTaHbl B TEYEHUE JIOJITOTO BPEMEHH, KaK MPUPOCT YUTaTEsT KOMPOPT C OCHOBHBIM
dbynkuuonupoanuem LabVIEW u ee BHemHux unTepdeiicos.

KonkpeTHble TeMbl 00CyX/1al0TCs B 3TOM TJIaBe, a TAK)XKE CBA3AHHbBIC C HUMHU LIEJIU
00y4EeHMS 3aKIIFOYAIOTCS B CIIEIYIOLIEM.

* Ctpykrypa mepconanpHoro kommbioTepa (I1IK) ocHoBe cbopa manubix (DAQ)
cuctemsl, ens DAQ kaprt, a Taxoke poias B LabVIEW stom koHTEKCTE

* Pa3zpaboTka npocThiX BUPTyalbHbIX HHCTPYMEHTOB (VIS), ucnonb3yss oCHOBHBIE
byHKurOHaNbHBIE BO3MOKHOCTH LabVIEW, a nMeHHO apu@meTHyecKkux U JOTHMYECKHX
orepanun

* Iloctpoenue ¢yHKIMOHAIBHO pacmupeHre VIS ¢ MoMolplo  onepamuit
ynpasienuss LabVIEW motoka mnporpaMmbl, Takue Kak BpeMsl ITUKJIA U CTPYKTYpPbI
KopItyca

* Pa3zpaborka Buc, KoTopbie MO3BOJSIOT ISl B3aUMOJCHUCTBUS C BHEIIHUM
o0opy/sOBaHUEM, Kak, HalpuMep, NMPUOOPETEHHE BHEIIHHWX CHUTHAJIOB Y€pe3 BXOJHBIC

18 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
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ka"Hansl DAQ kapt u reHepanuu QyHKIHUM ¢ UCHOJBb30BAHUEM BBIXOJHBIX KaHalioB DAQ
KapT.

Ot (YyHKIMOHATBHBIE BO3MOXHOCTH HEOOXoauMbl uisi nomouiu LabVIEW B
1abopaTopHbIX ycnoBusix. JlononmHuTtenbHbie Bo3MoxkHOCTH LabVIEW paccmartpuBarorcs
B clieytolei riase 1mo oopaboTke curnanoB B LabVIEW.

5.1 KomnbloTep Ha 0CHOBe cO0pa TaHHBIX

[Ipy wu3yyeHUM MEXaHUYECKHMX CHCTEM, 4YacTO HEOOXOJUMO HCIOJIb30BaTh
DJICKTPOHHBIC JAaTYUKH I W3MEPEHUSI OIPEACIICHHBIX TEPEMEHHBIX, TaKUX Kak
temneparypa ( ¢ nomomblo TepMmomnapel win  PJT), naBnenue (Ucnosb3ys
IBE303JIEKTPUUECKIE MpeoOpa3oBaTein), HalpsHKeHne (C TMOMOIIBIO TEH30 JaT4YMKOB) U
tak panee’®. HecMoTps Ha TO, YTO MOMHO MCIIOJNB30BATh OCHUIIOrpadbl MU
MyJbTUMETPaMU JJI1 MOHUTOPHHTA JSTUX TMEPEeMEHHBIX, YacTO MPEIMOUYTUTEIHHO
ucnoJibzoBath 11K 11 mpocMoTpa 1 3anMcH TaHHBIX € MTOMOIIBIO McnoJib3oBaHusd DAQ -
kapThl. OJTHO TJIABHOE MPEUMYIIECTBO MCIOIB30BaHUsI KOMIIBIOTEPOB B 3TOM OTHOIICHUH
SIBJIIETCS TO, YTO JIAHHBIE MOTYT OBITh COXpPaHEHBI U MpeoOpa3oBaHbl B GOpMaT, KOTOPHII
MOXKET OBITh HCIIOJB30BaH C IOMOIIBIO 3JICKTPOHHBIX Tabiwui (Hampumep, Microsoft
Excel) unu apyrux mporpaMMHBIX MaKeTOB, TakuxX kak Matlab mis 6onee mompoOHOTO
aHanu3a. Eie OgHUM MpeuMyLIeCTBOM SBJSETCS TO, YTO 3HAuMTeNbHas LudpoBas
00paboTKa TaHHBIX MOKET OBbITh BBIIIOJIHEHA B PEKUME PEATbHOIO BPEMEHH C TIOMOIIBIO
TOW ’Xe caMol mIatgopme, HUCHOIB3yEeMOW IJsi TOJMYyYEHHUs JaHHBIX. OJTO MOMKET
CYIIECTBEHHO yJIYYIIUTH MPOIIECC BBHITTOTHEHUS YKCIIEPUMEHTA, BHECS IaHHBIE B PEAIbHOM
BpEMEHU 0o0Jiee MOJIE3HBIMU ISl alibHENIeld 00padOoTKH.

5.2 TlonyyeHHne JaHHBIX

OpHMM M3 BaXKHBIX ILIAroB B Ipolecce cOopa JaHHBIX SBJISETCS MpeoOpa3oBaHUE
AHAJIOTOBBIX CHUTHAJIOB, MPUHMMAEMbBIX OT UYyBCTBUTENIbHBIX NMPHOOPOB A1 LU(POBBIX
IPEJCTaBICHUNA, KOTOPBIE MOTYT ObITh OOPa0OTaHbI C MOMOILBIO KOMIIbtoTepa. IlockoabKy
JaHHbIE JIOJDKHBI OBITH COXpaHEHbl B MaMSITH KOMIIbIOTEpAa B BUIE OTAEIBHBIX TOYEK
JAHHBIX, MPEACTABICHHBIX JABOMYHBIMU YHUCJIAMHU, MOCTYMAIOUIUE JaHHbIE AHAJIOTOBBIX
JIOJKHBI OBITH BBIOpPAHBI B AUCKPETHBIE MHTEPBAJIbI BPEMEHU U KBAHTYETCS K OJHOMY M3
Habopa mpeaBapUTENbHO 3aJaHHBIX 3HaUeHUH. B OOJBIIMHCTBE Cily4aeB 3TO TOCTHTAETCs
¢ momomplo nudpo-anamgorosoro (D/A) xommoneHT mpeoOpasoBanus Ha DAQ kapTbl
BHyTpu [IK wiam B3aMMOCBSI3aHHYIO K HEMy 4epe3 IOCJIeIOBaTEIbHBIA IMOPT
yHUBepcanbHas nociuenoBarenbHas muHa (USB). O6pature BHUMaHue, 4To 00a BapuaHTa
UCTIONB3YIOTCS 00byHO. Tem He MeHee, moOpTaTuBHBIE KommbioTepbl w/mimn [1K

HU3KONPO(UIbHBIE KaK MpaBuio, TpeOyroT ucnoiib3oBaHusi USB-ycTpoHCTB Ha OCHOBE
DAQ.

5.3 National Instruments LabVIEW
LabVIEW mnpencraBnsier co00il mpOrpaMMHBIA TAKET, KOTOPBIM MPEa0CTaBIsSET
GbyHKIIMOHATBHBIE HHCTPYMEHTHI U TIOJIB30BATEIbCKUN HHTEp(deiic aa coopa manabix. Ha

19 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
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pucynke 1 u3oOpaxeHa cxema MOTOKAa JIaHHBIX B mpouecce cOopa maHHbix. OOparute
BHUMAaHHE, YTO (PU3NYECKAS] CUCTEMA MOYKET ObITh MEXAHMUYECKOW CHUCTEMOM, TaKOM Kak
Jdy4d TOABEPKEHHBIX CTPECCY, XUMUYECKUM CIOCOOOM, TaKUM KakK pPEKTHU(UKAIIMOHHYIO
KOJIOHHY, JIBUTATeJIb MOCTOSSHHOTO TOKA C MEXaHUYECKUX U 3JEKTPUUYECKUX KOMIIOHEHTOB,
u Tak nganee. KilloueBbIM MOMEHTOM 37ECh SIBIISIETCA TO, YTO HEKOTOPBhIE H3MEpPEHUs
OepyTcsi U3 JaHHOM (U3MYECKON cHUCTeMbl, TMOJTy4YeHbl W 00paboTaHbl C MOMOIIBIO
cuctembl coOopa manHHbIX Ha Oaze IIK. LabVIEW wurpaer ximrodeByro posib B IIporiecce
c6opa mannbix?’. Bnaromaps ucnonb3oBanuioo Buc, LabVIEW Hanpasiser BBIOODKH B
peaIbHOM BPEMEHHU JaHHBIX AaTYMKOB uepe3 DAQ kapThl (Takke U3BECTHBIN KakK KapThl |
/ O) m cnocobHa xpaHeHus, OOpabOTKM U OTOOpaKEHUS COOpAHHBIX JaHHBIX. B
OOJIBIIMHCTBE CIIYy4YaeB, OJIMH WJIM HECKOJBKO JAaTYMKOB MEPEAAIOT aHATIOTOBBIE MMOKA3aHUS
Kk DAQ kapTbhl Ha KOMIbIOTEpE. DTH AaHAJIOrOBBIE JAHHBIE 3aTEM MPeoOpa3yroTcs B
oTZeNbHbIe HU(POBBIE 3HAUEHUA C MOMOIIbI0 DAQ - KapThl U CAeNaHbl TOCTYTHBIMU JJIS
LabVIEW, u B 3TOT MOMEHT OHU MOTYT OTOOpaxaThcsl nonb3zoBarento. Xors LabVIEW
crocoOHa Ha HEKOTOpble (YHKIMM aHadu3a JAHHBIX, YACTO MPEANOYTUTENIBHO, YTOOBI
OKCIIOPTUPOBATh JAHHBIE B AJIEKTPOHHYIO TaONMIly [UIsi JAETalbHOIO aHaju3a u
rpaduyueckoro npeacTaBiICHUs.

PC System

Sensor O
10 Card ” \

Mcchanical
System

@4—— LabVIEW

=

User Interface

Pucynok 1 Cxema mporiecca cOopa TaHHBIX

5.4 BupryajbHble HHCTPYMEHTbI

BII sBnsercsa mporpamMma, co3iaHHas B cpene nporpammupoBanus LabVIEW,
KOTOPbIA UMUTHPYET (PU3UUECKUE UITU JKECTKHE MHCTPYMEHTBI, TAKME KaK OCUUILIOrpadbl
Wi PYyHKIMOHANBHBIX TeHepaTopoB. [Ipocroit VI ucnonb3yercs ans noiaydeHus Gopmel
CUTHaja n300pakeHa Ha pucyHke 2. Ha mepenneli maHenu (Kak mokKa3aHO Ha PUCYHKE 2)
JEHUCTBYET B KA4eCTBE MOJB30BATENbCKOr0 UHTEp(eiica, B TO BpeMs Kak cOOp JaHHBIX (B
ATOM cllydae IMpoIlecC reHepalii) BBIMOJIHsAETCs ¢ momoibio komouHarmu 11K u DAQ -
KapTel. Tak e, Kak Ha IepeJAHEHd NaHEJIW PEaJbHOr0 MHCTPYMEHTAa, OKHO IIepeIHEM
IIAHEIM PACIIOJIOKEHBI 3JIEMEHTBHl YIpPaBIEHUS (TO €CTh PYYKM M IEPEKIIIOYaTENN),
KOTOPBIE IIO3BOJISIIOT IOJIB30BATEN0 HM3MEHATH HEKOTOpPHIE IIapaMeTpbl BO BpeEMs
skcepuMeHTa. OHU BKIIOYAIOT B c€0s CEIEKTOp, YTOOBbI BBIOpATh THUII CUTHANIA W
YHICIIOBOTO yNPaBICHUS, YTOOBI BHIOPATh YaCTOTY M aMIUIUTYAy T€HEPUPYEMOTO CUTHAIA,
a Takxke ee (Qasbl, aMIIUTy bl U cmenlenus. Ha nepeaneit nanenu BII oObluHO Takke

20 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 117 p.
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COJICPKUT WHIUKATOPHI, KOTOPBIE OTOOpa)XaroT JaHHBIE WM JPYTYI0 BaXHYIO
uH(OPMAITUIO, CBSI3aHHYIO C AKCIIEPUMEHTOM. B 3TOM ciyuyae rpaduK MUCTONB3yeTCsl s
otoOpaxeHust Gopmbl BOJHBL. biok - cxema (He mMOKa3aHa, HO OOCYXIAeTCsS HUKE)
aHAJIOTMYHA TIPOBOJKE M BHYTPCHHUX KOMIIOHCHTOB pPCAJIbBHOIO HWHCTPYMEHTA.
Kongurypamust 610k - cxemsl BII onpenenser, kak mepexHre 3JIEMEHTHI yIpaBICHUS U
WHIMKATOPbl TaHENN CBS3aHbl MEXIy co0oi. OHa Takxke BKJIIOYaeT B ceOs Takue
dbyHkuu, kak cBsizb ¢ DAQ KapThl M 3KCIIOPTAa JAaHHBIX Ha JUCK (aiioB B gopmare
AIIEKTPOHHOMN TaOJIHITBI.

5.5 Benenne B rpadpuueckue nporpammupoBanue B LabVIEW

LabVIEW wucnone3yer rpaduyeckuii sS3bIK  MPOrPAaMMHPOBAHUS, KOTOPBIM
ompeeIisieT, KakuM 00pa3zom kaxaeiii VI 0yner paborats. B aTOM pasnene oOcyxaatoTcs
BHyTpeHHHE pabotsl mpoctoro LabVIEW VI ucnonb3yercs it CoXeHHUsl U BBIYUTAHUS
nByx ymcen. B To Bpems kak 3toT BII He 0coOeHHO 1osie3HO B 1a00paTOPHBIX YCIOBUSX,
€ro WUTIOCTPUPYET, Kak OCHOBHbIE KOMIOHEHThI LabVIEW MoryT ObITH HCIOIB30BaHBI
s noctpoenus BII u, ciemoBatenbHO, MOMOraeT YUTATENIO IBUTATHCA B HANPABICHUU
pa3pabotku 6osee cioxHbIX VIs.

Simplel srcticrCantater v frart Parel

@5 B 0 napskuceion v tov| dav | e e

Waveform Sigonl Graph
Sine Waveform =

':';TT'fTT') D

Pucynok 2 IIpoctas ¢pyHKIMS reHepaTopa BUPTYaJIbHBIA HHCTPYMEHT.

Ha pucynke 3 noka3aHa maHenb ¥ OJIOK - cxema nepenHei yactu VI, kotopsiid
IPUHHUMAET JBa yucia oT nojp3oBatens (X U Y) ¢ MOMOIIBIO JIBYX MPOCTHIX YUCIOBOTO
IPOrpaMMHOr0 YIIpaBJIEHHS W BblIaeT cymMMmy M pasHocTh (X - oe Y u XY) uwmcen,
NepeMEeLICHHBIX Ha (POHTE MaHEIu C MOMOIIbIO ABYX MPOCTHIX YHMCIOBBIX MOKa3aTeNeH.
biok - cxema VI mnpencraBnser coboii rpaduyeckoe, WM, TOYHEE, IMOTOK JIAHHBIX,
IporpaMma, KOTOpas OIpefenseT, KaK OJJIEMEHThl YIPABJICHUS W HWHIMKATOPHl Ha
NEepEeHEe MaHeJId B3aWMOCBS3aHbl. OJEMEHTHl YIPABICHHUS Ha NEpEeIHEld MaHeln
MOKa3bIBAIOT 3HaU€HUs VI, KOTOpblE MOTYyT OBITh U3MEHEHBI NOJIb30BATEIEM B TO BpEMs
kak VI paGortaer. MHIuKaTopel OTOOpaKarOTCS 3HAYEHUS, KOTOPBIE BBIBOAATCS C
nomomibto VI. Kaxzaplii sneMEHT ynpaBieHUs W WHAMKATOP B OKHE INEpPEAHEH MNaHEIu
CBA3aHa C TEPMHUHAJIOM B OKHE OJOK - cxembl. [IpoBoga B OKkHE OJOK - CXEMbI
MPEACTABISIOT COOOM MOTOK JAaHHBIX B mpenaenax VI. Y3ibl H0NOTHUTEIbHBIE YJIEMEHTHI
IIPOrpaMMUPOBAHUS, KOTOPBIE MOT'YT BBIIIOJIHATE OIIEPALUU I10 IIEPEMEHHBIM, BBIIIOJIHAIOT
BXOJIHbIE WJIM BBIXOJHbIE QYyHKIMM uyepe3 DAQ - kapTbl, a TakXkKe CIyKaT MHOKECTBO
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npyrux ¢ynkuuid. /[Ba y3na B VI, nokazanHble Ha pucyHke 3 (CJI0)KEHHE U BBIYUTAHUE)
UMEIOT JBa BXOJa W OJWH BBIXOJ, KaK, HapuMmep, n300paxkeHo Ha pucyHke 4. JlaHHbie
MOTYT OBITh NEepeAaHbl B y3€Ill 4Yepe3 CBOM BXOJHbIE KJIEMMBbI (OOBIYHO C JIEBOM CTOPOHBI),
U PE3yJIbTaTbl MOTYT OBbITH JOCTYIIHBI Y€pe3 BBIXOJHBIE KJIEMMBI y3ia, Kak IpaBuo,
crpasa.

Add-Sulin Block Diagram

o@ B u P ke oF | L apakaren Tert |+ [ Sov Im

Aann = Add:Sebxi Front Pasel
O3 M| L appicaten Faet |- | Qo | o W8 -
—
x XsY
Zl: 1o
¥ ol
Z,x Ia

€ 3. -

Pucynoxk 3 Cnoxxenue u Beruutanue VI

>

Pucynok 4 Haactpoiika y3en

[Tockonbky LabVIEW IAarpamMMabl IIOTOKA JTAHHBIX [IPUBOJIOM,
IIOCJICIOBATENIBHOCTh, B KOTOPOW pa3jiiyHble onepauud B VI BBIIOJIHAKOTCS HE
ompenenseTcs mnopsakoM Habopa komaHa. Ckopee Bcero, y3en OJIOK - cxema
BBITIOJTHSIETCSA, KOTrJa JlaHHble NIPUCYTCTBYIOT Ha BCEX CBOMX BXOJHBIX KiemMMm. B
pe3ynbTare, B ciiydae OJIOK - CXeMe Ha PUCYHKE 3, OJIMH HE 3HAET, OyJyT JIU UCIIOJHSTH
OHBIX y3€J] WJIH y3€Jl BBIYECTh MEPBBIM. JTa MpoOJieMa MMEET MOCIEACTBUS B Ooliee
CJIOKHBIX TPWIOKEHUSIX, HO HE OCOOEHHO Ba)XHO B JAHHOM KOHTEKCTe. Tem He MeHee,
HEJIb351 CYUTATh, OPSIIOK UCTIOJTHEHUS JIUIITb HA OCHOBAHUM TOJIOKEHHUS BRIUUCIUTEIIbHBIX
y3JI0B (CBEpPXYy BHHU3 WJIM clieBa HarpaBo). Eciu omnpeneneHHbIH MOPSI0K BBITOJHEHUS
TpeOyeTcss WM JKeNaTelbHO, HEOOXOAMMO SIBHBIM 0Opa30M IOCTPOUTH YIPABICHUE
MIOTOKOM ITpOrpaMMbl MeXaHU3MOB B BII, koTopble Ha pakTHUKe HE BCEraa BO3MOKHO U HE
HAXOJUTCS B TOM Jayxe, B KoTopom LabVIEW 0Obu1 nepBoHavansHo pazpadboTaHs.

5.6 daemenThI NaAUTPbl UHCTPYMEHTHI

VYkaszaTenb MBI MOXET BBIIOJHATH PsJ pa3iuuHbIX QyHKUUK B cpene LabVIEW
B 3aBHCHMOCTH OT yKa3aTelsl MHCTPyMEHTa BbIOpaH?l. MOXKHO HM3MEHUTh MHCTPYMEHT
yKa3aTelisd MbIIIY, BHIOPAB HY>KHbI HHCTPYMEHT U3 HNAJIUTPbl MHCTPYMEHTOB, MOKa3aHHON
Ha pucyHke 5. (Eciau manutpa MHCTPYMEHTOB HE OTOOpa)kaeTcsi Ha DKPaHE, €ro MOKHO

21 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 120 p.
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0T00pa3uTh, BeIOpaB Tools B MeHio Bua.) BeiOop noCTynHBIX B mamuTpe
3aKJIFOYAIOTCS B CIIETYIOIIEM:

k31

. ABTOMAaTHYECKHI BBIOOD WHCTPYMEHTA.
ABTOMAaTUYECKH BBIOMPAET MHCTPYMEHT MIpPEAINOoiaraercs, 4ro
BBl JIOJDKHBI B 3aBUCMMOCTH OT KOHTeKcTa. Hampumep, 3T0
MOKET OBITh MHCTPYMEHTOM IMO3ULIMOHUPOBAHUS, HHCTPYMEHT
POBOJIKY, WU TEKCT MHCTPYMEHT, KAK OTMETHII 1AJIEE MO3KE.

[#]

 PabGoumit  wHCTpyMEHT.  DTOT  HMHCTPYMEHT
MCIIONIb3YETCSl paboTaTh C MepeHeil MaHenu YIpaBJICHUS 0
v Bo Bpemst BII paboraer.

* [lo3unmoHupoBaHWEe WHCTPYMEHTA. JTOT MHCTPYMEHT
UCTIONB3yEeTCsl JUIsl  BBIOOpa, TepeMemiaTh WId H3MEHSTh
pa3sMepbl 00BEKTOB JIMOO Ha TepeHeN MaHEeIW WIM Ha CXeMe
okHa. Hampumep, 4To0bl yaanuTh y3en Ha JuarpaMMe, MOXKHO
Obl710 OBl CcHayama BBIOpaTh y3€7 C TMOMOIINBI0 WHCTPYMEHTA
MO3UIIMOHUPOBAHUS, a 3aTEM HAXKMUTE KJIABUIITY YIAICHHUS.

 TekcroBblli  HMHCTPYMEHT. OTOT  HHCTPYMEHT
UCTIOJIb3yeTCs sl JoOaBIEHUS WM u3MeHeHus meTku. Kirou
BBOJ1a UCIIOJIBb3YETCS ISl 3aBEPIICHUS 3a1a4U.

e DNEKTPONPOBOJKA HHCTPYMEHT. OTOT HHCTPYMEHT
UCIIOJIb3YETCsl JJIi MPOBOJIOKHU OOBEKTHI BMECTE B OKHE
nuarpamMmbl. [Ipu BbIOOpEe 3TOro HMHCTPYMEHTa, BBl MOXETE
[IEPEMECTUTh YyKa3aTellb MBIIIM HAa OAUH W3 BXOIHBIX WIH
BBIXO/IHBIX TEPMUHAJIOB ¥Y3Ja, YTOOBI YBUIETh ONKUCAHUE 3TOTO
TEPMUHAJIA.

Pucynok 5 UHCTpyMEHTBI AIUTPBI

UHCTPYMEHTOB

MoXHO 100aBUTH 3JIEMEHTHI YIPABJICHHUS W WHAMKATOPbl Ha MEpEIHEN MaHeln
BII, neperackuBas ux U3 NAJIUTPHI JEMEHTOB YIIPABJICHUSA, N300paKEHHOW Ha PUCYHKE 6
Y KOTOPBIM BUIEH TOJIBKO TOTJA, KOTa OKHO HAa NEPEAHEN NTAHEIN aKTUBHA.
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Ecnu mo xako# - TO NpUYMHE, MAIUTPA YIPABICHHUS HE BUJIHO, MOXKHO IOJIyYUTh
JOCTYIl K HEMY IIEJIKHYB MPaBOW KHOMKOW MBI B JIIOOOM MECT€ OKHAa Ha NepenHen
naHenu. [locne Toro, kKak 37€MEHT yNpaBiIeHUs WM UHAUKATOP A0OABIsETCA K MepeIHen
nanenu BII, cooTBercTByromuiA TepMHUHA aBTOMAaTUYECKH CO3/JAaeTcsl B OKHE OJIOK -
cxeMbl. JloOaBieHue AOMOJHUTENBHBIX Y3JIOB B OJIOK - CXeMe TpeOyeT HCHOJIb30BaHUS
nanuTpsl (QYHKIUH, KOTOpas JOCTYNHAa TOJbKO OKHO OJIOK - cxema BHUJIHA. MOXKHO
N00aBUTh apUPMETHUECKUE U JIOTUYECKUE OJIIEMEHThl OKHa OJOK - CXEMbl IyTeM
NepeTacKUBaHUsS 3TUX DJJIEMEHTOB M3 NaMUTphl QyHKOUA. DyHKIUHU, CIO0XEHUE,
BbIUMTAHUE, M Tak Jajee, MOXHO HallTh B UU(POBONW MNOANAIUTPE CEKUIUU
IpOrpaMMUPOBaHUS (PYHKIMIA MATUTPHI (pUC 7, 4eTBEPTHIN 3HAYOK ciieBa). MOXKHO TakkKe
UCIIOJIb30BaTh KOHCTAHThI U3 YHCIOBBIX MOANAIUTPE B BUJE OJIOK - CXEMBI U MPOBOJIOKU
9TU KOHCTAHTHI B KAYE€CTBE BXOJHBIX JAHHBIX K PA3JINYHBIM y3JIaM.

5.7 Jlormyeckue onepauuu B cpeae LabVIEW

B Gonee cnoxubix VIs, MOXKHO CTONKHYThCS ¢ cuTyaruei, korga BII momkHBI
pearupoBaTh IO- pPa3HOMY B 3aBUCHUMOCTH OT COCTOSIHMA moja pykoil. Hampumep, B
nmporiecce cObopa gaHHbX, BII, Bo3MOXHO, TmOTpeOyeTcsi, YTOOBI BKIIOYHUTH
MPEeNYNPEAUTENBHBI  CBETOBOM CHUTHAJ, KOTJA BXOJIHOE HANPSIKEHHE MPEBBIIIACT
OTIPEICIICHHBIA MOPOT, M, CJICIOBATEIIFHO, 3TO MOXET OBITh HEOOXO0IMMO, YTOOBI CPAaBHUTH
BXOJ/IHOE€ HampsHPKEHUWE C MOpOroBeiM 3HaueHuem. Kpome toro, BII gomkeH npuHSTH
pelieHre Ha OCHOBE pe3ysibTaTa CPaBHEHUS (BKJIIOUUTH CBET HA YKPAHE WUJIM BHEIIHHUE MO
OTHOIIEHUIO K cucTeMe cO0pa JaHHBIX, IPOU3BECTH 3BYKOBOM CUTHAIN M T.11.)%.

0 Controls

| Q search | &, Customize~
g Modem

X »mvv"; »
JW “O [Porm] ||. "’h—
'@' ‘&,
.sT_‘J & ma| C'

SliC

System
Classic
Express

Signal Processing
Addons

3
»
)
» Control Design & Simulation
»
»
» User Controls

Select a Control...

PucyHok 6 yrpaBiieHHs TaaUuTpPhbI

Jlnst obecriedeHuss 3TUX THUIIOB TPHUIIOKEHUH, MHOTHE JIOTUUECKUX OIEpaTOpOB
noctynHel B cpeae LabVIEW. Mx MoXHO HaliTH B CpaBHEHUM MOANAIUTPE CEKIUU
IporpaMMHUpPOBaHus ManuTpbl GyHKIUH. ClenyeT OTMETHUTh, UTO, KaK YK€ TOBOPHIIOCH

22 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
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paHee, najguTpa QYHKIHI JTOCTyIIHA, KOT/Ia OKHO JAuarpaMma BepxHee OKHO ((okyc) Ha
sKkpaHe. Ecium HyXHO OINpeAenuTh CpaBHEHUS MNOJANAIUTPE, MOXKHO TEPEMECTUTH
yKa3aTellb MBIIIM Ha CEeKUUU MPOrpAMMHUPOBAHMS MATUTPhI, YTOOBI BBI3BATH Pa3IUYHbIC
noananutpax. CpaBHEHHE Y3JI0B, Kak, HampuMmep, H300paXE€HHOM Ha pUCYHKE §,
UCIIOJIB3YIOTCSL I CpaBHEHMS JBYX uuceld. VX BBIXOJ MCTMHHBIM WM JIOKHBIM. OTO
3HaYEHUE MOXKET ObIThb MCIOJB30BAaHO Ul MPUHATUS PEUICHUM MEXIy ABYMs 4YHCIIaMH,
KaK IOKa3aHo Ha pUCyHKe 8. J[pyrum BakKHBIM y3JI0M B 3TOM OTHOUIECHHUH SIBJISIETCS BBIOOP
y371a, KOTOPBIA TAaK)K€ AOCTYIIEH B TOM K€ MOANAIUTPE. DTOT y3€J NPUHUMAET PELICHUE,
OCHOBBIBASICh Ha pe3yJIbTaTax NPEIbIIyLIEr0 CPABHEHUS, TAKOM, KaK IIOKa3aHO HA PUCYHKE
8. Ecniu cpennmii BXOAHON OKHE BBIOOpA y371a BEpPHO, TO OH BHIOMPAET €ro BEpXHUI BXO/I B
KayecTBe CBOEH mpoAykKuuu. Eciam ero cpeaHuil BXOJ ABISIETCS JIOKHBIM, OH BBIOMpaeT
CBOM HI)KHHMM BXOJ B KayecTBE CBOEH MPOAYKIMHU. TakuMm 00pa3oM, MOKHO COEIMHUTH
y3JIbI CPAaBHEHHS C OTOOPHBIM y3JI0M, YTOOBI TPOU3BECTH COOTBETCTBYIOIIEE ACHCTBUE JIJIs
nocjieayriein 00padboTKH.

0 Functions
Q, Search | @, Customize~

¥ Programming

= e [2e 2R
=" L o b
= O =8
vl et P EER
i e I

Measurement /O
Instrument 1O
Vision and Motion
Mathematics

Signal Processing
Data Communication
Connectivity

Control Design & Simulation
Express

Addons

Favorites

User Libraries
Selecta vi...
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PucyHok 7 OyHKIMHU ATATPHI

Pucynok 8 Jlornueckuii npumep

5.8 Hukasl B cpene LabVIEW
[Ipu mocTtpoeHun OoJiee CIOXKHBIX BUPTYaJbHBIX MNPUOOPOB OH HE Oyner
JIOCTaTOYHO, YTOOBI MPOCTO BBIMOJIHUTH OMNEpaIuio oauH pas. Hanpumep, ecnmu LabVIEW
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UCIIOJIB3YETCs ISl BbIYMCIEHUs (aKTopuana LEeNoro 4mcia, n, TO Imporpamma JI0JDKHA
IPOJOJKATh pa3MHOXKAThCA N HA n 1, Ne 2, u Tak nmanee. bonee ymecTHbIM, B mpoueccax
c6opa JaHHBIX, HY’KHO IIPUOOPECTH HECKOIBLKO 00pa3L0B JAHHBIX U 00PaOOTKH JaHHBIXZ,

[To aToit npuuune, To LabVIEW BrittogaeT B ce0si HECKOIBKO THUIIOB CTPYKTYP TETEb.

Wait Until Next 100 ms

y Inside the Loop

Outside the Locp [ 8 355
s : ¥i33]
Inside the loop
0 “ e
8 0 ~} P;‘_ EH!E?.J Outside the Loop
P i
| _STOP ]

n stop 28 (i@}

Pucynok 9 Ilpumep kontypa VI

Nx MOXHO HaliTU B CTPYKTypax NOANAIUTPE CEKIMU MPOrpPaMMHUPOBAHUS B
nanutpe GysHkuuid. (OOpaTture BHUMAaHUE, YTO, KaK C KaXJIbIM H3 HWHCTPYMEHTOB
LabVIEW, wmoxuHOo wucnonb3oBath LabVIEW GyHKIMIO MOMOIIM WIH €ro OBICTPYIO
(GYHKIMIO CIpaBKH, 4YTOOBI IMOJYyYHTh OoJsiee TOAPOOHYI0 HHGOpPMALUIO 00 JTUX
KOHCTPYKIUSX.) 37I€Ch MOJIb30BATEIb MOXKET HAUTH TO BpeMsl IIUKJIA, IS [IUKJIa, B Clydae
3asBJICHUS, @ TAaKXE€ HECKOJBbKO JIpyTHME€ Ba)XKHbIE CTPYKTYpbl MeTiu. PucyHok 9
U300pakaeT MPOCTYIO MPOrpamMmy, KOTOpasi UCTOIb3yeT UK. ECTh HECKOIBKO Ba)KHBIX
MyHKTOB, YTOOBl OTMETHTH OO0 HCIOJB30BAHHM IETeNb. Bce, 4TO COmEpKUTCS BHYTpPU
IUKJIa OyIeT TOBTOPATHCS JI0 TEX IMOP COCTOSIHAE OKOHYAHUE IMKJIa HE OYJIET BHITIOTHEHO.
Kakoe-To Bpemsi nukia, 3T0 OyJAeT HEKOTOPBIA THUIM JIOTMYECKOro ycioBus. B Hamem
puMepe, MPUBEICHHOM BBIIIE, MBI HCIOIH30BaIN KHOIKY, YTOOBI OCTAHOBUTH ITHKII.
[{uksn ocTaHOBUTCA, KOIJa 3HAYEHUWE MCTHHA NEPEeAaeTcsl KHOIKY OCTAaHOBKM MpHU
3aBepuieHnr Lukia. Kpome Toro, yacto ObIBa€T Ba)XHO, YTOOBI MMETh BO3MOXXHOCTH
IeperaBaTh 3HAYEHUs OT OJHOW MTepalMu K cieayrouen. B npumepe, npuBeIeHHOM
BBIIII€, HAM HYXHO OBbLIO B35ITh YKMCIIO U3 MOCJIEIHENW UTepanuu U A00aBbTE€ K HEMY. DTO
JIOCTUTAeTCsl C MOMOIIBIO perucrpa ciapura. UtoObl J00aBUTH PETUCTP CIABUTA, HYKHO
HICIKHYTh TTPaBOM KHOIKOM (MM BapuWaHT KHOIKW MBIIIM Ha Mac) Ha mpaBoil WIIK JIEBON
CTOPOHE METIU M HUCIOJIb3yHTe MEHI0, KOTOpPO€ OTKPBIBAET IJIsi J100ABJICHHUS PErucTpa
casura. [st Toro, 4To0BI UCIIOIB30BATH PETUCTP CIIBUTA, HY’KHO TOJKIIIOUUTHh 3HAYCHHE,
KOTOpoe OyJeT mepelaHo CIEAYIoIleld WTepalud K MpaBOM CTOPOHE, Kak MOKa3aHO Ha
pucysake 9. Jlis Toro, 4ToObl UCIONIB30BaTh 3HAYCHUE W3 MPEIbIAYIIEH WTepaIuu, OJIUH
TSHET MPOBOJIOKY C JI€BOW CTOPOHBI KOPOOKH METIM HAa TEPMHHAT MO COOCTBEHHOMY
BbIOOpY. KpoMe Toro, sjieMeHTbl NEpPBOHAYAIBLHO MPOBOJHBIE BMECTE MOTYT OBITh
BKJIFOYEHBI B LHKJ IIPOCTO IMYTEM CO3JaHUS OJHOIO BOKPYI 3THX 3JeMEHTOB. [IpoBoaka
NepBOHAYAIBLHO HA MecTe OyayT coxpaHeHbl. HakoHen, cienyer OTMETUTh, YTO METPOHOM

23 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
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BO BPEMEHA MEPTBYI METNIIO TakuM 0Opa3oM, YTO OH pabOTaeT KaXIblil DJIEMEHT
100ms.This gocTyneH W3 CHHXPOHHU3ALMHU NOANAIUTPE B CEKUUU MPOTPaMMUPOBAHUS
HNaIUTPbl QYyHKLIHMN.

5.9 Ctpykrypa Case B cpeae LabVIEW

Cny4dail CcTpyKTypa SBIs€TCS NpPOrpaMMHas KOHCTPYKLHSA, KOTOpas II0JE€3Ha B
OMYJMPYIOIIUHN [IEPEKI0YaTeb, AHAJIOTUYHO TOMY, YTO Ha IEPEAHEHN IAHEIU KECTKOTO
UHCTPYMEHTa, YTOOBl TIO3BOJIUTH IIOJIb30BATENI0 BBIOpAaTh OJMH U3 HECKOJIbKUX
noctymnHbix 3aa4. C Touku 3peHus ero noseiaeHus B cpene LabVIEW, cnydaii ctpykrypa
paboTaeT Tak ke, Kak B TO BpeMs LIMKJIA, KaKk o4eBUAHONW Ha pucyHke 10. Tem He MmeHee,
CYIIECTBYIOT 3HAUMUTENIbHBIE PA3INUUs MEXIY CIy4aeM CTPYKTYpbl U IETIU B TO BpEMS
KAaK B TOM, YTO CJIy4aid CTPYKTYypa BBIIIOJIHAET OTAECIBHYIO ONEPALHIO Ul KaKI0TO Cilydast
YCJIOBHOTO ONIEPATOPa, KOTOPBIM YIPABISIET 3TOU CTPYKTYPOM.

Thats s e it |

AMOTET T
=

Pucynok 10 Cnyuaii ctpyktypsl B cpeae LabVIEW

VYcnoBHBIN onepaTop NPUHUMAET 3HAY€HHE, BBIOPAHHOE MOJIb30BAaTEIEM BO BpEMS
BBIITOJTHEHUS W3 YHCJIA MHOXECTBA 3HAYEHUU, JUISI KOTOPBIX JAaHHBIA CIydail CTpyKTypa
3anporpaMMHpPOBaH Jisi BBIMNOJHEHUs. JToT Habop moxer Obith {0,1}, xkak B ciyuae,
KOI'JIa MepBOHAYAIBHO Cllydail cTpykrypa goOasisierca K VI, u MoxeT ObITh pacuipeHa
Ha 3Tare NporpaMMHUpPOBaHUs, IEIKHYB MPABOW KHOIKOW MBIIIN HA YCIOBHOM OIIEpAaTOPE
1 BeIOpaB NMyHKT «/[00aBUTH cityuaii» 1mo Mmepe HeooxoaumocTu. Jis kaxaoro ciydas BIT
JOJDKEH BKJIIOYAaTh COOTBETCTBYIOIIMM IUIAH BBIITOJIHEHUS, KOTOPBIM NIOMELIAETC BHYTPH
OTPAHUYUTEIIBHON PaMKH KOpIyCca CTPYKTYpBl. YCIIOBHBIM OIEPATOp, CBA3AHHBIM C
CTPYKTYpPOU, KaK IPABUIIO, ITPUBOJAUTCA B KOJIbLE, KOTOPBIM PACIIONIOKEH Ha IMEpEeaHEN
IIAHEJIM JAHHOTO VI M BBIXOJUT 3a MpeIeibl OTPAaHUYUTEIBHON PAMKHU KOPITyCa CTPYKTYPbI
B OJI0K - cxeme naHenu BII. DTo KonbLo coeIMHEHO K KOPOOKE BOIPOCHUTEIBHBIN 3HAK HA
MpaBoOi CTOPOHE KOpIlyca CTPYKTYphI B OJIOK - cXeme. JTO MoKa3aHO Ha pucyHke 11 B
COUYETAaHUU C YEThIPbMs (YHKUMSIMU KaJlbKyJsTOpa, peann3oBaHHoi B cpene LabVIEW.
OueBuAHO, Ha pucyHKe 11, 4TO KOJIbLIO, ACHCTBYS B KauecTBE BbIOOpa pexxkuma padoThl,
MPUBOJUT B JIEVCTBUE YCIOBHUE O, B TO BPEMS KAK MEPEMEHHbIE X U Y, pEeaIN30BaHHbBIN C
MIOMOIIBIO YHCJIIOBOTO YITPABJICHUS HA TIEPEAHEN MMAHENH, IEpeAaTh UX 3HAUCHHUE B CIIy4ae
CTPYKTYpPbI, KOTOpasi BCTpauBaeT (akTUYECKYI0 MaTEMaTHUECKYIO OIEpaIuio JUIsl Kax 101
U3 4yeTbipex (yHKUUH (ClI0)KeHHE, BbIUMTAHUE, YMHOKEHUE U JEJIEHUE) B BBIICICHHON
nanenu. Ha pucynke 11 nmokazaHa naHesnb, CBSI3aHHYIO ¢ onepauuen nenenusa. CTpenku B
(GOopMyIIMPOBKE YCIOBHUS MPELEIECHTHOIO CTPYKTYpPhl MOTYT OBITH HCIOJIB30BaHbI Ha
CTaJuy TMPOTPAMMHPOBAHUS, YTOOBI OTKPBITH KaXIAOMYy HU3 JI€d, YTO JEJO0 CTPYKTypa
npeaHa3HadeHa Juis peanusanuu. Kosbno cHapyku Kopmyca CTPYyKTYpbl JOJDKHBI HMETh
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CTOJIBKO 3JIEMEHTOB, €CTh CIIy4aH, B COOTBETCTBYIOIIEM CIy4Yae CTPYKTYpbI. 3/1€Ch BaXHO,
yTOOBl YOEIUTHCS, YTO MOPSAIOK BBHIOOPOB B KOJbIIE W MOPANOK (PYHKIUNA B ciydae
CTPYKTYpBl COOTBETCTBYIOT Apyr Ipyry. Eciu mepBblii BapuaHT B KoJiblie "100aBUTH"
nepBasi QyHKIIHS CIydae CTPYKTYPhl HEOOXOAUMO peain30BaTh (PYHKIIUIO CIIOKECHHUS.

5.10 Coop nanubix ¢ nomomsio LabVIEW
Lab VIEW sBnsieTcss mpexie BCEro MHCTPYMEHTOM cOOpa JaHHBIX. |UMUYHAs
yCTaHOBKa B JlabopaTopuu TMokKazaHa Ha pucyHke 12. [loMuMoO KECTKUX MHCTPYMEHTOB,
MOKA3aHHBIX Ha PUCYHKE 12, KOTOpBIC TaKKe HCIOIB3YIOTCS U1l BBITIOJHEHUS cOopa
JAHHBIX W MOHHMTOPHHTA 3ajad4, HEoOXOoauMa KJIeMMHas KOpOOKa, YTOOBI TOJYYHThH
BXOJHBIC JAaHHBIE OT JIATYMKOB U MO3BOJIUTH MOTYUECHHE BBIXOJHBIX HAMPSHKEHUN C KapThl
cOopa JJaHHBIX.

* Ex-6_CalcularorwithCaseSt rnacrure.vi Fromt Panel
1@ B0 R2otaspiabe feat - |30 [ S- |

11'\ [ P | Resuh

.l

Pucynok 11 MeHI0 KOJIBLIO UCITOJIB3YETCSI B COUETAHUU C TPAKTUYECKON
CTPYKTYpOH

Pucynox 13 NI BNC-2120 coeauHUTENbHBIN OJI0K
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TunuuHbll COENMHUTENBHBIM OJIOK TMoKazaH Ha pucynke 13. Oto National
Instrument BNC-2120. Homepa KOHTaKTOB M CTHJIb KIIEMMHOW KOPOOKH OyJI€T MEHSTHCS B
3aBUCUMOCTH OT HCIIOJIb3YEMOM MOJIeN. DKCIIEPUMEHTHI, ONMCAHHbIE JJajiee B 3TOM TJIaBe,
ucnoyib3ytoT BNC-2120, Ho HekoTOpbie OyayT HCHOJb30BaTh Pa3IMYHbIE TEPMUHAIIBI.
st ocyiiectBieHus oOcyxaaeMon Huxke TudPepeHInanTbHOro pekuMa JaHHbIE KapThl
OpuoOpeTeHUs B HCIIOJIB30BAHMM, @ 3TO O3HAYaeT, YTO OH COOOIIAeT pPa3HOCTb
HanpsbKeHUi yepe3 kaHan (kanan 0 B HameM ciydae). Kapra moxker Takke paboTath B
abCOJIIOTHOM pEKMMeE, B KOTOPOM OH CChUIAETCS HA YT€HHE Ha ypoBHe 3emun. Hakoner,
€CTh OJ[HA MOCJEIHSS YacTh 000pyAOBaHUA, KOTOpasi OyIeT HEOOX0ArMa B TIOCJIEIYIOIIEM
o0cyxkaeHUN: (PYHKUUS TE€HEepaTopa, KOTOPbII MOXHO yBHIETh Ha pucyHke 13. Kak
cienyeT W3 Ha3BaHMs, 3Ta 4YacTh OOOPYIOBaHUSA MCHOJB3YETCA [UIsl TEeHepaluuu
CHUHYCOH/IbI, TPEYTOJIbHUK BOJIHBI, WJW KBaJ[PaTHYIO BOJIHY. AMIUIMTYJa BOJHBI MOKHO
peryaupoBaTb C MOMOILIBIO PEryysTopa aMIUIUTYJbl. HacToTa BOJIHBI TaKKe€ MOYKHO
peryaupoBaTh C MOMOMIbIO COOTBETCTBYIOIIMX KHOMOK. OCHOBHOE MPUMEHEHUE HTOro
YCTpPOWCTBA B JAaHHOM KOHTEKCTE€ SBJISIETCA CO3JAaHHE BHEIIHETO BXOJa B
noJyib3oBaTesibckuit VI, KOTOpbIN TMOKa3zaH Ha pHUCYHKE 14, KOTopblii mpeoOpasyer
HaMpsDKEHWE, CO37jaBaeMoe TreHepaTopoM (YHKIMU B TMOKa3aHUs TeMIEpaTypsl B
equaniax mo llenbcuro u mo Papenreiity. OyHKIMKU, cBs3aHHbIE ¢ oOmeHHEeM ¢ DAQ
KapThl, 0OpabaTeiBatoTcs ¢ momonisio Gyakuu "DAQ Assistant". [Tapametpsr miater 1D
U KaHasla yka3aTh uHpopmanuto o DAQ kapTel, koTopas roBopuT VI, rie uckath JaHHBIE.
Anrebpanyeckue omnepaluu, KOTOphle pealu3yloT MpeoOpa3oBaHUE JTaHHBIX Oojee WU
MEHEE MPOCTO, KaK MOKa3aHO Ha pUCYHKe 14.

Lab VIEW ®yHKuMOHAIbHBIN FeHepanus

B atom pazaene Mol coznanum BII, koTopelit sMmynupyeT pyHKIHIO FreHepaTopa, TO
ecTb, VI J0MKeH MpPOU3BOAUTH NEPUOJUYECKUN CUTHAJI C BBIOpAHHOM MOJb30BaTENEeM
dbopMbI, YACTOTHI M aAMIUTUTY/bl K BBIXOJIHOMY KaHaly Ha Kapre National Instruments
DAQ. Kpome Toro, mnosib3oBaTeib JOJKEH MUMETh BO3MOXKHOCTH BBIOpATh pa3pelieHHe
curHaia (To €CTh, YMCIIO TOYEK JAHHBIX 34 EpHo)>,

24 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 127 p.
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Pucynok 14 Tepmometp VI

Ha mnepenneit manenu VI nomkHa Takke BKIIOYATH OCHWIIOTpaMM Trpaduk,
KOTOPBIA OTOOpa’kaeT MO MEHbIIEH Mepe, OAMH MEepPUOJl CUTHANla, BHIOPAHHOTO Kak OH
noKa3zaH Ha pucyHke 15. VI npou3BoauT CHHYCOMAAIBHYIO BOJIHY, TPEYTOJbHYIO BOJHY
WIN KBaJpaTHYIO BOJIHY, BBHIOpaHHBIE IMOJIb30BaTeNeM. JTO TpeOyeT, YTOOBl CTPYKTypa
ciy4dail ObITh OO€pHYTHI BOKPYT OJioka (pOpMHUpPOBaHUSI CUTHAJIa M KOJIBIIEBOM OJIOK st
CBSI3U MEK]ly IIEpEIHEN MTaHENIbI0 U KOPITYCOM KOHCTPYKIIUH.

JonosnuTteabHasi uHGopManus
Ora ryaBa Obljia MPU3BaHA MO3HAKOMUTH YMTATENs ¢ Ucmoib3oBanuem Lab VIEW
B cUCTeMax cOopa JaHHBIX KOMIbIOTepHON. OCHOBHbBIE KOHIIETIIMU MPOTPAMMUPOBAHUS
Lab VIEW, a wuMeHHO »JeMEHTHl YNpaBIEHUSA, HWHAUKATOPHI M TPOCTHIE Y3IIbI,
UCIIOJIb3yeMbIC I peau3alii anreOpanvdecKkux omeparuii, a TakXke KOHCTPYKIUU
YIPaBJICHHUS TTOTOKOM TPOrPaMMbI, TO €CTh, B TO BpeMsl KaK CTPYKTypa IHKJIa W Jieja,
OBLITN BBEJICHBI.

z p
B B0 | 8 At e o e | v (e (O

Pucynoxk 15 I'enepatop ¢yHKIuil nepeaHeil nanenu

OTH CTpOWTENbHBIE OJIOKM OBUIM WMCIOJB30BaHBI IJIsI peaim3aluu Bce Oosee
cnoxHbix BIT Lab VIEW. Ot VIs MoryT ObITh HCIONB30BaHbI B KAUE€CTBE aBTOHOMHBIX
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nporpamm Lab VIEW wiu pacmmpensl, 4ToObl cpopMupoBaTh cioxHbie VIS B coueTanuu
C JonoiaHuTeNbHbIMU deMeHTamMu Lab VIEW. Onu BkIto4aroT B ce0st HHCTPYMEHTHI ISt
00pabOTKM CHUTHAJIOB, KOTOpbIE OOCYXIAIOTCS B CIEAyIOlIed TJiaBe. YTpaKHEHWUS,
KOTOPBIE CIIEAYIOT, MO3BOJISET YMTATEIIO HA IMPAKTUKE MOCTPOEHUS pana VIs, KoTopeie
HUMCIOT 3HAUCHUEC B Ha60paT0pHBIX YCII0OBUAX.
KoHTpoJsbHBIE BONIPOCHI:

1. Yro siBRsieTCs pe3yabTaTOM MOBEPKU?

2. Kaxue cpenctBa uamMepeHus He MOIekKAT TOBEpKe?

3. Uto m3mepsercs ocumwiorpadoM Mpu U3MEPEHUH pa3sHOCTH (a3?

Hcnoab3yemas qureparypa:

1.  Morris, A. S. (1997). Measurement and calibration requirements for quality
assurance to 1SO 9000. John Wiley.

2. Naik, S., &Tripathy, P. (2008). Software testing and quality assurance, theory
and practice. John Wiley.

3. Pfleeger, S. L., &Atlee, J. M. (2009). Software engineering: Theory and
practice. Prentice Hall.

4. Shooman, M. L. (2002). Reliability of computer systems and networks: Fault
tolerance, analysis and design. Wiley-Blackwell.

5. Simpson, K., & Smith, D. J. (1999). Assessing safety related systems and
architectures. Measurementandcontrol, 32, 205-208.
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IV. MATEPUAJIBI TIPAKTUYECKUX 3AHATHIA

Ha mnpakTudyeckux 3aHATHAX Y  CiyllaTened 3aKpervisioTcss U3Y4YeHHbIe
TEOPETUYECKUE OCHOBBI HM3MEPUTEIbHOW TEXHUKH, PEIIAIOTCS MPaKTHUYECKHE 3aJ]lauu.
[Tony4yeHHble 3HAHMS U HABBIKM MOAKPEIUIAIOTCS MO y4eOHMKAM U y4eOHBIM MOCOOUSM,
JICKIIMOHHBIM MaTepuajiaM, HayYHbIM CTaThsIM W TE3MCaM IOJb30BATHCS Pa31aTOYHBIM
MaTepUaIoM.

1-npakTHYecKoe 3aHATHE:
TecTupoBaHue aNMapaTHBIX CPEICTB MEPCOHATBbHBIX KOMIIbIOTEPOB

Ieab paGoThl: HAyUYUTh OMNPENETSATH OCHOBHBIE TEXHHUYECKHE XapPaKTEPUCTUKU
amnmapaTHBIX CPEJICTB COBPEMEHHOI'0 MEPCOHATILHOTO KOMITbIOTEPA.

3aganue

1. 3yunuth METOAMYECKHE YKa3aHUS U PEKOMEHIYEMYIO JINTEPATYPY.

2. Ilpm momomm mnporpammbl «Everest» coOparh AaHHBIE O TEXHUYECKHUX
XapaKTEePUCTUKAX TIEPCOHAIBHOTO KOMIThIOTEPA.

MeTtoanyeckue yKkazaHus

K OCHOBHBIM COCTaBHBIM 4YacCTsAM IE€PCOHAIBHOTO KOMIIBIOTEPA OTHOCHT:
CHUCTEMHBIN OJIOK, MOHUTOp, KJIaBHATypy, MbIIb. B CBOIO ouepenb, CUCTEMHBINH OJIOK
COCTOUT M3 MATEPUHCKOW (CHCTEMHOM) IUIaThl HA KOTOPOM YCTaHOBJIEHBI LIEHTPAIbHBIN
npoleccop, OmnepaThuBHas MaMmsATh, IUIAThl  paclIMpeHust  (3BYKOBOM  ajamrep,
BUJIC0A/IANTEP, CETEBOM afanTep U T.1.), OJOKa MUTAHUA, KECTKOIO JIUCKA, ONTUYECKOTO
IIPUBOJA U IP.

PaccmoTpum cocTtaB, Ha3HAY€HHE W XapPAKTEPUCTUKUM HEKOTOPBIX OCHOBHBIX
KOMIIOHEHTOB CHUCTeMHOTro Osioka. CucremHas miarta (puc. 1) — 3TO clokHas
MHOT'OCJIOMHAsI MeYaTHas IiaTa, Ha KOTOPOW yCTaHABIIMBAKOTCS OCHOBHBIE KOMITOHEHTHI
NEePCOHAIBHOTO KOMITbloTepa (LeHTpanbHbli npoueccop LI, koHTpomiep onepaTtuBHOTO
3anomuHaromiero ycrpoiictea O3Y u cobctBenHo O3V, 3arpy304HO€ MOCTOSITHHOE
3anoMmuHaromiee ycrpoiictBo 13V, konTpomnepsl 6a30BbIXx HHTEP(ECOB BBOA-BHIBOIA).
25

BricTpoaeiicTBie  pa3MYHBIX ~ KOMIIOHEHTOB  KOMIIbIOTEpa  (Iporieccopa,
ONEpPaTUBHOW MaMATH U KOHTPOJUIEPOB MEepUPEPUINHBIX YCTPOHUCTB) MOKET CYIIECTBEHHO
paznuyathes. Mg corylacoBaHusl  OBICTPOAEHCTBHS  HA  CHUCTEMHOW  IJIaTe
YCTaHaBJIMBAIOTCS CHEHAIbHBIE MHUKPOCXEMbl (UMIICETHl), BKIIOUalOIUEe B cels
KOHTPOJUIEp ONEpPaTHUBHOM MamsATH (TaK HA3bIBAEMBIM CEBEPHBIM MOCT) U KOHTPOJUIEP
nepuepuitHbIX YCTpOHCTB (10KHBIH MoCT). CeBepHBI MOCT oOecIieurnBaeT OOMEH
uHbopMaIenn MeXIy MPOLECCOPOM U ONEPATHUBHOM MaMSTHIO MO CUCTEMHOW muHe. B
IIPOLIECCOPE  HUCIIOJIB3YETCs BHYTPEHHEE YMHOKEHME 4YacCTOThl, IIO3TOMY YacToTa
poleccopa B HECKOJIBKO pa3 0oJiblile, YeM 4acToTa CUCTEMHOH 1MHBI. B coBpeMeHHBIX

25 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 279 p.
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KOMITBIOTEPAX YacTOTa MPOLECCOpPa MOKET MPEBBIIATh YACTOTY CUCTEMHOM MUHBI B 10
pa3 (Hanpumep, yactota nporeccopa 1 ['T1, a wacrora muubsl — 100 MI'm).

r //'-1 [\'
Mpogeccop }\ Crcroomes e Onepar-omsan naMamn
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‘.
MoHTOp ( AP Capepning aoLT
N ¥ .
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CO-ROM 'umw I T ., Lm nnmwp
DVD-ROM ,
Mue rOM ll" ,,
Breesmr st mo 10
Knatsanypa

Puc. 1 Jlornueckas cxemMa CUCTEMHOM ILIAThI

K ceBepuomy wmocty mnoakmovaercs tmnHa PCl  (Peripherial Component
Interconnectbus — mmHa B3auMojeicTBUS TepUPEPUNHBIX  YCTPOMCTB), KOTOpas
oOecrieunBaer OOMeH HHGpOpPMAIIMEN C KOHTpoJUIepaMHu MepudepUuiiHbIX YCTPOMCTB.
YacToTa KOHTPOJUIEPOB MEHBIIIE YACTOThl CUCTEMHOMW IIWHBI, HAIIPUMEP, €CIM 4YacToTa
cucteMHoil muHbl coctaBisier 100 MI't, To uwacrora muusl PCI oO6biuHO B TpHu pasa
MeHblie — 33 MI'w.

Kontpomneps! nepudepuiiHbIX yCTpONCTB (3ByKOBas Iuiata, ceteBas ruiara, SCSI-
KOHTPOJUIEP, BHYTPEHHUN MOJIEM) YCTaHABJIMBAIOTCS B CJIOTHI PACIIMPEHUS CHUCTEMHOU
TIJTATHI.

[To mepe yBenuueHHs pa3pemiaroiieid CrnocoOOHOCTH MOHUTOpPA W TJIYOMHBI IIBETa
TpeOOBaHMUS K OBICTPOACHCTBUIO IIMHBI, CBA3BIBAIOIICH BUJECO IJIATY C MPOIECCOPOM U
OlepaTHUBHOW TMaMsAThIO, Bo3pacTaioT. Ha pucyHke | s MOAKIIOYEHHS BHJICO TIJIATHI
ucnoans3dyercs crneuuanbHas muHa AGP  (Accelerated Graphic Port — yckopeHHBIN
rpaduueckuii MOpT), COEIUWHEHHAs C CEBEPHBIM MOCTOM M HUMEIOIas 4YacToTy, B
HECKOJIBKO pa3 060bI1yto, ueM muHa PCIL.

KOxHbI#t MocT oOecrieunBaeT oOMeH HHGPOpPMAIMEH MEXTy CEBEPHBIM MOCTOM M
MOpTaMH JIJIsl TIOJIKITFOUEHUS ieprudepruitHOro 000py1I0BaHUS.

YcrpoiictBa xpanenus wHpopmanmu (xkectkue aucku, CD-ROM, DVD-ROM)
HOJKITF0YAoTCsl K tokHOMY Mocty mo mmHe UDMA (Ultra Direct Memory Access —
PSIMOE TTOJKITFOUCHUE K TTAMSITH).
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MpIlllb ¥ BHEIIHUH MOJEM MOJAKIIOYAIOTCS K FOKHOMY MOCTY C IOMOIIBIO
MOCJIEIOBATENbHBIX MOPTOB, KOTOpBIE MEPEAAIOT SJIEKTPUUYECKUE HMIYJIbChI, HECYIHE
uH(pOpMAIMI0O B MAIIMHHOM KOJie, MOCIEAOBAaTeIbHO OAuH 3a ApyruM. OO0o3HayaroTcs
nocinenosarenbHble TOpThl kak COM1 u COM2, a annapaTHO peanu3yrTcs ¢ MOMOIIbIO
25-KOHTAKTHOTO M 9-KOHTAKTHOTO pPa3bE€MOB, KOTOPbIE BBIBEJECHBI Ha 3aJHIOI0 IaHENIb
CUCTEMHOTO OJI0Ka.

[IpunTep moaxIOYaeTcs K NapauieIbHOMY MOPTY, KOTOPbIN obecrieunBaeT Ooliee
BBICOKYIO CKOPOCTh Nepenaud HWH(OpMAalW{, YeM IOCIIe0BaTeIbHbIe MOPThI, TaK Kak
nepesacT OJHOBPEMEHHO 8 JIIEKTPUYECKHX MMITYJIbCOB, HECYIIUX HWH(GOPMALUIO B
MallMHHOM Kojie. O003HauaeTcs napauiesbHbli moptT kak L TP, a anmapatHo peann3yercs
B BUJIE 25-KOHTAaKTHOTO pa3b&éMa Ha 3aJHEH MaHeIn CUCTEMHOTO OJIOKa.

JUIs MOAKIIOYEHUS! CKaHEPOB U LU(POBBIX KaMep OOBIYHO MCMOJB3YETCS MOPT
USB (Universal Serial Bus — yHuBepcanbHas moOcCieqOBaTelIbHAS IIUHA), KOTOPBIN
o0ecreynBaeT BBICOKOCKOPOCTHOE MOAKIIOYEHUE K KOMIIBIOTEPY Cpa3y HECKOJbKUX
nepudepuitHbix yctpoiicTB. KinaBuatypa nogxitoyaeTcsi 0ObIYHO ¢ TOMOIIbI0 mopTa PS/2.

CuctemHble TUIaThl KiIaccupuuupyroTcs 1o (opMm-pakropy. Dopm-dakTop
MaTEpUHCKOM IUIaThl — CTaHAAPT, ONPEIEISIIOIIMA pa3Mepbl MAaTEPUHCKOW IUIAThI s
IIEPCOHAIIBHOTO KOMIIBIOTEpPA, MECTa €€ KPEIUIEHHS K KOPILyCy, PacloJIO)KCHUE Ha HEW
uHTep(delicoB MIMH, TOPTOB BBOJA/BBIBOJA, COKETA IIEHTPAIBHOIO MPOILIECCOpa U CIOTOB
JUTS OTIEPATUBHOM MaMATH, a TAK)KE THUI pazbeMa JJisl HOIKII0YeHHs 0J0Ka MUTaHuUs.

[Tpumepamu o6o3HaueHus1 HOpM-(HaKTOPOB MOTYT OBITh:

» ycrapepmue: Baby-AT; Mini-ATX; nonxopa3mepnas miara AT; LPX;

* coppemenHbie: ATX; microATX; Flex-ATX; NLX; WTX, CEB;

* Baeapsiembie: Mini-ITX u Nano-I1TX; Pico-ITX; BTX, MicroBTX u PicoBTX.

IlenTpanpHbId IpOLECCOP — LEHTPAIbHOE BBIYUCIUTEIBHOE YCTPOWCTBO,
UCIIOJHUTENb MAIlMHHBIX MHCTPYKIUI, 4acTh anmapaTHOro oO0ecleyeHUs KOMIIbIOTepa
WIM OPOrpaMMHUPYEMOI0 JIOTUYECKOTO KOHTpPOJUIEpa, OTBEUAIOLasi 3a BBIIOJHEHUE
oreparuii, 3aJaHHbIX IPOrpaMMaMH.

B Hacrosimiee Bpems MCHOJB3YIOTCSI MHOTOSIAEPHBIE IPOLECCOPHI HA OJHOM WJIN
HECKOJIbKUX KpUCTaJIAX.

JU1 mOBBIIEHUST OBICTPOAEUCTBHUS MCIOJIB3YIOT TaK HAa3bIBAEMOE KAIIMPOBAaHHUE.
KsmupoBanue — 3TO HMCHOJIB30BAHME JOMOJHUTEIBHOW OBICTPONECUCTBYIOIIEH NaMATH
(koII-mamsTH) A7 XpaHSHHs KOMHA OJIOKOB MH(POPMALMU M3 OCHOBHOW (OTIEpATHBHOM)
aMsTH, BEPOSITHOCTh 0OpaIleHusl K KOTOPBIM B OnmoKaiiliee BpeMsl BEJIHKa.

OnepatuBHasi mMamsTh — 3TO pabouas o0JacTh s Mpoleccopa KommbioTepa. B
HEl BO Bpemsi pabOThl XpaHATCA MpOrpaMmbl W AaHHble. OmnepatuBHas NaMATh YacTo
paccMaTpuBaeTCsl Kak BpPEMEHHOE XPaHWIMILE, IOTOMY YTO JIaHHbIE U IIPOIPaMMbl B HEU
COXPAHSIOTCSI TOJIBKO NPU BKJIIOYEHHOM KOMIIBIOTEpPE WMJIM J0 HaXXaTus KHONKU cOpoca
(reset). [lepen BBIKJIFOUEHUEM WJIM HA)XKaTHEM KHOIKHU cOpoca Bce JJaHHBIE, TOJABEPTHYThIE
U3MEHEHUSIM BO BpeMsl pabOThl, HEOOXOUMO COXPAHUTh HA 3alIOMHUHAIOIIEM YCTPONCTBE,
KOTOPO€ MOXKET XPaHUTh MH()OPMAIHIO MOCTOSHHO (OOBIYHO 3TO XKECTKUM Auck). [lpu
HOBOM BKJIIOUEHHUH MUTAHUS COXpaHEHHast MH(OpMalKs BHOBb MOXKET OBITh 3arpy’keHa B
aMSTh.
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YcerpoiicTBa  OmepaTMBHOM MAaMATH HWHOTJA  HA3bIBAIOT  3alIOMHHAIOIIUMHU
YCTPOMCTBAMH C MPOU3BOJIBHBIM JOCTYIIOM. JTO O3HAYaeT, YTO OOpallleHUEe K JTaHHBIM,
XPaHAIIMMCS B ONIEPAaTUBHOW MaMATH, HE 3aBUCUT OT MOPSJIKA UX PACIIOJIOKEHUS B HEM.

B coBpeMeHHBIX KOMIIBIOTEPAX MCMOJIb3YIOTCA 3alIOMUHAIONIME YCTPOUCTBA TPEX
OCHOBHBIX THIIOB.

* ROM (Read Only Memory). ITocrosinHOe 3anoMuHaroiiee ycrpoiictso — I13Y,
HE CIIOCOOHOE BBITIOTHSATH OMEPAIIUIO 3aITUCH JaHHBIX.

« DRAM (Dynamic Random Access Memory). JInHaMudeckoe 3arlOMHUHAIOIIEE
YCTPOMCTBO C MPOU3BOJIBHBIM MOPSKOM BBIOOPKH.

* SRAM (Static RAM). CraTtudeckas onepaTuBHAs AMSTh.

B mamsatu tuma ROM naHHBIE MOKHO TOJIBKO XpaHUTh. MIMEHHO moaToMy Takas
MaMsTh MCIOJB3YETCA TOJBKO JJIsI uTeHus JaHHbiX. ROM Takke 4acTto Has3bIBaeTCs
SHEPrOHE3aBUCUMON MaMAThIO, TOTOMY 4YTO JIIOObIE J[JaHHBIC, 3alldCaHHbIE B HeEeE,
COXPaHSAIOTCS IIPU BBIKIIOUEHUN MUTAHUS.

[Tostomy B ROM nomeniaroTcs KOMaHibl 3aycka MepCOHAIBLHOIO KOMIIBIOTEPA,
T.€. MpOrpaMMHOE o0ecreueHne, KOTOpOe 3arpyKaeT CUCTEMY.

OcnoBHo#i koa BIOS conepxurcst B MukpocxemMe ROM Ha cucTeMHO# 11ate, HO
Ha IUlaTax aJanTepoB TaKKe€ HUMEIOTCS AaHAJOTHYHbIE MUKpocxeMbl. OHU colepxar
BCIIOMOTATENbHbIE TMOANPOrpaMMbl 0a30BOM CHUCTEMBI BBOJIa-BBIBOJA U JIpalBephl,
HEOOXOMMMBIE TSI KOHKPETHOM IJIAThI, OCOOCHHO /I TeX IUIAT, KOTOPHIE JTOKHBI OBITh
AKTUBU3UPOBAHbI HA PAHHEM 3TAaIe€ Ha4YaJbHOU 3arpy3Kd, HAIPUMEDP, BUACOATAIITED.

Hunamuyeckas onepatuBHas namsate DRAM wucnonb3yercss B OOJIBIIMHCTBE
CHUCTEM OIEPATUBHON MAMSTH COBPEMEHHBIX IMEPCOHAIBHBIX KOMIIbIOTEPOB. OCHOBHOE
MPEUMYIIECTBO MAMSITH 3TOr0 TUIA COCTOMT B TOM, YTO €€ SYEHWKH YNAaKOBaHbl OUYCHb
MJIOTHO, T.€. B HEOOJIBIIIYIO MUKPOCXEMY MOKHO YIIaKOBaTh MHOTO OMTOB, & 3HAYUT, HA UX
OCHOBE MOYKHO IMOCTPOUTD MaMSITh O0IBIION EMKOCTH.

SAueliku namatu B MukpocxeMe DRAM — 3T0 KpollleuHble KOHAEHCATOPHI,
KOTOpbIE yACPKUBAIOT 3apsibl. VMIMEHHO Tak (HAJIWYUEM WM OTCYTCTBHEM 3apsliOB) U
KOIUPYOTCs OuThl. [IpoGiiempl, CBSI3aHHBIE C MAMSTHIO STOTO THIA, BEI3BAHBI TEM, YTO OHA
JAHAMAYECKasl, T.€. JOJDKHA MOCTOSIHHO PErE€HEPUPOBATHCS, TaK KaK B IPOTUBHOM CIIyyae
AJIEKTPUUYECKHUE 3apsabl B KOHACHCATOpPaX MaMsTH OyIyT «CTEKaTb» W JaHHBIC OyayT
MTOTEPSHBI.

Cratuueckast onepatuBHas namsath SRAM Ha3BaHa Tak MOTOMY, YTO, B OTIMYUE
OT JUHAMHYECKOHN ONEepaTUBHOUN MaMsTH, JIJIsl COXpPAaHEHUS €€ COJEPKUMOro He TpeOyeTcs
nepuonueckon perenepanuu. Ho 3To He enuHCTBEHHOE €€ npeuMyiiecTBO. SRAM umeer
OoJiee BBICOKOE OBICTPOJICUCTBUE, YEM JUHAMHYECKAs OIepaTHBHAs TMaMsTh, U MOXKET
paboTaTh Ha TOM K€ YaCTOTE, YTO U COBPEMEHHBIE MPOIIECCOPHI.

Opnako ais XpaHeHHs Kaxzaoro Outa B KoHCTpykuuu SRAM wucnonb3yercs
KJIacTep U3 IIECTH TPaH3UCTOPOB. VIcmonp30BaHHE TPaH3UCTOPOB 0€3 KaKUX-THOO
KOHJICHCATOPOB O3HAYaeT, 4TO HET HeoOXoauMocTu B pereHepanmu. [louemy ke Torma
Mukpocxembl SRAM He ucnonb3yrores g Bceld cucteMHor mamsitu? Oter npoct. [lo
CpPaBHEHHUIO C JMHAMHYECKOW OTMEpAaTUBHOW MaMAThIO ObIcTpozeiicTBue SRAM HamHOTO
BBIIIIC, HO IUIOTHOCTh €€ TOpa3fgo HMXKE, a I€HAa JOBOJIBHO BBICOKA. boliee Hu3Kas
IUIOTHOCTh O3HayaeT, 4To MUKpocxeMbl SRAM wumeror Oonbluve rabapuThl, XOTsS HX
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uH(popMaMoHHass EMKOCTh HaMHOro MeHblle. Bce 3TO He MO3BOJISIET HCIONb30BaTh
namsaTh Tuma SRAM B kadecTBe omepaTUBHOM MaMATH B IEPCOHATBHBIX KOMIBIOTEpAXx.

KEcTkuii HUCK — DHHEProHE3aBUCMMOE IIE€PE3alKChIBAEMOE KOMIIBIOTEPHOE
3alOMMHAIONIEe YCTPOUCTBO. SBISIETCS OCHOBHBIM HAKOMUTENIEM JJAHHBIX MPAKTHUYECKH BO
BCceX KommbloTepax. JKECTKUH TUCK COCTOUT M3 TEPMO30HBI U OJOKa JIIEKTPOHUKH.
['epMo3ona BkirO4aeT B ce0si KOpPIYC U3 MPOYHOIO CIUIaBa, COOCTBEHHO JUCKU
(MIacTUHBI) € MAarHUTHBIM ~ TOKPBITHEM, OJOK  TOJIOBOK C  YCTPOWCTBOM
MO3ULIMOHUPOBAHUS, AIEKTPONPUBOJ] IIIITUHIEIS.

Biiok TON0BOK — MakeT pblYaroB W3 MPYKUHUCTOM cTanu (MO mape Ha KaxIbli
JucK). OHUM KOHIIOM OHM 33aKpEIUIEHBI HAa OCH PAJIOM € KpaeM aucka. Ha npyrux koHnax
(Hax nmucKaMM) 3aKperieHbl TOJI0BKH. [Mcku (TIacTUHBI), KaKk MPaBUIIO, U3TOTOBJIEHBI U3
METaJNIMYECKOro CijlaBa. XOoTs ObUIM MOMBITKU JI€JaTh UX U3 IUIACTUKA U JaKe CTEKJa, HO
TaKhe TUIACTUHBI OKAa3aJUCh XPYNKHMHU W HENONroBeYHbIMH. O0€ MIOCKOCTH IIACTHH,
n0JI00HO MarHUTOQOHHOW JIEHTE, MOKPBITHI TOHUYAWIIEH MbUIBI0 (EeppOMarHeTUKa —
OKHMCJIOB JKeJe3a, MapraHia M Jpyrux MeTrauioB. TOYHBIM COCTaB M TEXHOJIOTHUs
HAHECEHUs JIEPIKATCS B CEKPETeE.

Jucku KECTKO 3aKkperieHbl Ha mmuHaene. Bo Bpemst paboTbl MIMUHAETH
BpaIaeTcsi CO CKOPOCThIO HECKOJBKO ThICSY 000poTOB B MUHYTY (4200, 5400, 7200, 10
000, 15 000). ITpu Takoil CKOPOCTU BOJIHM3U MOBEPXHOCTHU TUIACTHHBI CO3MAETCS MOIIHBIN
BO3JYILIHBIA TOTOK, KOTOPHIM NPUMNOAHUMAET TOJIOBKM M 3aCTaBISIET MX MapUTh HaJ
MOBEPXHOCTHIO MIACTHHBL. PopMa TOJOBOK PACCUUTHIBACTCS TakK, YTOOBI Mpu padoTe
00ecreyuTh ONTUMAIBHOE PACCTOSIHUE OT IJIACTUHBL. [loka MUCKM HE pa3orHaliuch 10
CKOPOCTH, HEOOXOUMOM sl «B3JIETa» T'OJIOBOK, MAPKOBOYHOE YCTPOMCTBO YAEpP>KUBAET
TOJIOBKM B 30HE MapKOBKU. ODTO MpPEAOTBpallaeT MOBPEXKICHUE TOJIOBOK M pabouei
MOBEPXHOCTU IUIACTUH. YCTPOMCTBO TMO3UIMOHUPOBAHMUSI TOJIOBOK COCTOUT U3
HEMOJBI)XHOW Tapbl CHJIbHBIX, KaK MPaBUJIO HEOJUMOBBIX, MOCTOSHHBIX MAarHUTOB U
KaTyIIK{ Ha MOJABMYKHOM OJIOKE TOJIOBOK.

briok 37EKTpOHMKM OOBIYHO COACPKUT: YIPABISAIONUN OJIOK, IOCTOSIHHOE
3anomuHaroniee ycrpoiictBo (I13Y), Oydepuyro mamsarb, unTepdeincHblii 00K U 010K
1udpoBoit 00pabOTKK CUTHAIA.

NuTepdericHblil 6510k 00ecrieunBaeT COMPSKEHUE IMEKTPOHUKH KECTKOTO JIUCKA C
OCTaJIbHOM CUCTEMOM.

bnox ympaBieHus npeacTaBiseT cOOOM CHCTEMY YIPaBICHUS, MPUHUMAOIILYIO
AIIEKTPUYECKUE  CUTHAJIBI  MO3WLMOHUPOBAHMUS  TOJOBOK, M  BbIpaOaThIBAOIIYIO
YOPABJISIIONIME BO3JECHCTBUS NPHUBOJOM THUIA «3BYKOBas KaTyIIKa», KOMMYTallUU
UH(OPMAIMOHHBIX TOTOKOB C Pa3IMYHBIX TOJIOBOK, YIIpaBIeHUs pabOTOM BCEX OCTaIbHBIX
y3710B (K IpUMEpY, YIIPaBICHUE CKOPOCTHIO BPAILIEHUS IITTUHACIIA).

brox TI3Y xpaHuT ynpaBisionige OporpaMmbl i OJOKOB YIPABJICHHUS U
1dpoBoit 06pabOTKU CUTHANA, a TAKXKE CIYXKEOHYI0 HH(OpMaIIMIO BUHYECTEPA.

bydepnas mnamsarh criakuBaeT pa3HHUILy CKOpOCTeW HHTep(hEelcHOW dYacTu u
HAKOMUTENS (MCTHONB3yeTCs OBICTPOACUCTBYIONIAS CTaTHYECKass MaMsTh). Y BEIMYCHUE
pasmepa OydepHO TamMsATH B HEKOTOPBIX CIIy4asX TMO3BOJISIET YBEIUYUTH CKOPOCTh
pabOThl HAKOTTUTEJISI.

brmox umdpoBoit 00pabOTKM CHUTHANA OCYIIECTBISET OYHUCTKY CUYUTAHHOTO
aHAJIOrOBOI'0 CUTHAJa U €ro IeKOIupoBaHue (M3BjedeHne U poBoi nHGpopManun).
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CereBas 1miara (amantep) — nepudepuitHoe YCTPOHUCTBO, MO3BOJISIONIEE
KOMITBIOTEPY B3aMMOJICHCTBOBATH C IPYTUMHU YCTPOHCTBAMH CETH.

3ByKOBas KapTa — 1jiata, KoTopas Io3BoJIsieT paboTaTh CO 3ByKOM Ha KOMITBIOTEPE.
B Hacrosiiee BpeMs 3BYKOBBIE KapThl OBIBAIOT KaK BCTPOCHHBIMU B MAaTEPHHCKYIO TUIATY,
TaK U OTACJbHBIMU TJIATAMH PACIIUPEHUS WM KaK BHEITHUMHU YCTPOUCTBAMH.

Buneokapra (Buacoamantep) -—yCTpONCTBO, mpeoOpasyromiee u300paKeHue,
HAXO/ISAIIEECs B TaMATH KOMITbIOTEPA, B BUACOCUTHAM JIJIT MOHUTOPA.

IMopsaok BeINOJTHEHUST padOTHI

1. 3anyctuth mporpammy Everest Ha TeCTHpyeMOM KOMITBIOTEPE W C MTOMOIIBIO
MacTtepa oT4eToB (MeHI0 «OTuéT») chopMUpoBaTH OTYET 00 anmmapaTHOM OOECTICUCHHUM.

2. 3anonHuth Tadm. 1.

Tabmmma 1
M HalMERTRAHNS EOMOSHSHTO CHETEM HOMG Hallnemuoe ainaiaue e
o Bnokn BAN XOPpIETEPHCTHED HAH XAPRETEPFNCTHER
| Twn LI, wacrora
o ; .
I | Tun cocresnoi nnata, ops-fasrap

1 Uuncet cwcTEMHEDE NIITL

i Twn wecTeord AHCED, O0he

L

Tun ceTenoro agamrepa

6 Tun smpecapanrepa

Tun INYEDBD 3 TANTER2

& Painen O3Y

Patnemu pacurnpenns cacTes noii
NNATH

10 | Obwem 30 -naMaTi NpogEccopi

KoHTposbHbIE BONIPOCHI:

1. Ha3HayeHue 1 KOMIOHEHThI CUCTEMHOM IJIATHI.

2. Yto Takoe ceBepHblii MOCT? Ero HaznaueHwue.

3. Uro Takoe 10xHbIM MocT? Ero Ha3HaueHue.

4. Yrto takoe hopM-(hakTOp MAaTEPUHCKON TIaThI?

5. HazHaueHue 1eHTpaibHOTO MPOIECcopa.

6. UTo Takoe MHOTOSACPHBII TIporieccop?

7. Yrto Takoe K3IMpoBaHue?

8. OnepaTuBHOE 3anIOMUHAaOIIee YCTpoicTBO. Ero HazHaueHue.

9. UYrto Takoe »HHEpro3aBUCHMbIE M DHEPrOHE3aBUCUMbIC 3aIIOMHUHAIOLINE
ycTporicTa?

10. YuuBepcanbHas nocienoBarenbHas muHa USB.

11. [lIuna BBoga-BeiBoAa PCI u PCI-Express.

12. lluna AGP.
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13. Buaeokapra. HazHaueHue u yCTponcTBO.
14. CereBoii agantep. Haznauenue, TUIBI, MapaMeTpbl U QYHKIUU.
15. HazHaueHue u TUIIBI ONTUYECKUX MTPHUBOIOB.

16. XKéctkuii nuck. HaznaueHnue u yCTpOMCTBO.

HUcnoab3yemast aureparypa:

1. IEEE 1451-0. (2007). Standard for a Smart Transducer Interface for Sensors and
Actuators (related parts of this standard referring to particular aspects of the interface are
published separately as IEEE 1451-1, 1999, IEEE 1451-2, 1997, IEEE 1451-3, 2003, IEEE
1451-4, 2004, and IEEE 1451-5, 2007).

2-MPaKTHYeCcKoe 3aHsATHe:
IIporpamMmmupyembliii cBsi3HOM nHTEpeiic (pci)

Ieab padorel: PaccuuTaTh mapaMeTpbl CXeMbl M HAIMCATH IPOIPAMMY BBIBOJA.
Teoperndeckre U CIpaBOYHbBIC CBEACHUS.
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[TporpammupyeMsblii CBSI3HONH WHTEpQEHC WM YHUBEPCAIBHBIN (CHHXPOHHO-)
acunxponslii npuemo-nepeaatuuk (Y (C)AIIIl wnu U(S)ART) npennasHaueH st
opranuzanuu oobmeHa maHHbIMU Mexay MII u ynanennsiMu BY B mocnemoBaTenbHOM
dbopmare. 1o atoit npuunne Y CAIIII Ha3bIBalOT TakkKe MocaeqoBaTeILHBIM HHTEpPeiicom
(10S). B kauectBe mnepematunka YCAIIIl mnpeoOpasyeT mapaiienbHbli KOJ B
MOCJIE0OBATENbHBII M OTIPABISIET €r0 B JIMHUIO CBA3M, a B KauyeCTBE NPHEMHHUKA
ocymecTBisieT oopaTtHoe mnpeoOpazoBanue. Y CAIIIl MoxeT oOMEHHMBATHCS JaHHBIMH C
yAQJICHHBIMU YCTPOMCTBAMH B CHUMIUIEKCHOM (JBW)KeHHE HWH(OpMAlid B OJHOM
HaNPaBJIeHUH), TIONYIyTUIEKCHOM (WH(pOpMaNus TepeaaeTcs U MPUHUMACTCS B 000MX
HANIpaBJIEHUSAX, HO MOOYePeIHO0) U JYIUIEKCHOM pekuMax (0OMEH TaHHBIMH B 000MX
HATIPaBJIEHUSIX O/THOBPEMEHHO).

Ha puc. 2 npuseneno ynpouieHHoe ycinoBHoe o0o3HaueHue Y CAIIIL, cxema ero
BKJIIOUEHHUSI B MUKPOIPOIIECCOPHYIO CUCTEMY W THUIIMYHASI MOCIEIOBATEIILHOCTh OUT Ha
BXOJ€ MPUEMHUKA WU BBIXOJE IMepellaTyuka B ACHHXPOHHOM pPEXHUME pPadOTHI.
Mukponpoueccop Ha cxeme He nokazaH. Cyeruuk CTO talimepa (Mor ObITH M JIpYTroil)
oOecrieunBaeT TpeOyeMyIo CKOPOCTh OOMEHa JaHHBIMH.

Ha3znauenue HexoTopwix BbIBOJOB: TxD - Beixom mnepemarunka, RxD — Bxon
npuemuuka, CLK - BXxoa 4acToThl cuHXpoHH3anuu, TxC - BXOJ CHHXpOCHUTHaja
nepegatunka, RxC - Bxoa cuHxpocurHana npueMHuka, ~CTS - HHBEpCHBIM BXOJ
TOTOBHOCTH NMpPUEMHHKA TepMHHaNa (yJIaJ€HHOrO0 YCTPOMCTBAa, B TOM YHCIIE TAaKOTO Ke
IPUEMOIIEPEIATINKA HIIU MoieMa). 2

B mpocteix cucremax cBszu Bxox ~CTS MOKHO KECTKO CBA3aTh € '3emuien',
YBEIOMJISIA JIOKAJIBHBIM NEpeNaTYMK, YTO yAAJIEHHBIM NPUEMHHK ''BCErga roToB", a €ro
NeWCTBUTENIbHAS TOTOBHOCTD K MIPUEMY - 3TO 3a00Ta mporpaMmMucTa win onepartopa! Ecnu
UCIIOJIb3YeTCsl CTaHAAPTHBIA MPOTOKON CBsi3u, Hampumep, RS-232C, to Bxom ~CTS
JOJIKEH OBbITh OTCOEIMHEH OT HyJeBoro mnpooaa. C/~D - ¢QyHKIMOHANBHBIA BXOA
"yrpaBnenue/nanneie”. Ecim C/~D = 0, to MII u YCAIIIl o6MeHuBaroTCcsi OaiiToMm
nanubiX, ecnu C/~D = 1, To npoucxoauT 3anuchk OalTa ynpaBieHUs WIM YTeHHE OailTa
coctosiHuA. HasHauenune ocrtanbHbiXx BbIBOAOB PCI  aHaJOrM4HO  HAa3HAYEHHIO
cooTBeTCTBYIOIMX BbIBOJIOB PPI. IlpuBenaeHHBIX Ha pHUC.2 BBIBOJOB JOCTATOYHO IS
peanu3aluu CBSI3U C HE OUYE€Hb yAAICHHBIMU 00bEKTaMU, HATPUMEDP C KOMIIBIOTEPOM HIIU C
npyrumu MIL.

26 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 288 p.
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Puc.2 Cxema noaxkirouyenust PCI

W3 npusenenHoro puc.2 HeTpyaHO BeiuucauTh aapeca PCI. Jlnsg HyiaeBoro Bbxoaa
nemudparopa, MOAKIIOYEHHOTO K BXOMy TaiiMepy '"BBHIOOp MHUKPOCXEMBI» ajipeca ywxKe
HaiieHbl. AkTUBU3auus uHBEpcHoro Bxoga ~CS VCAIIII npousBoauTcs nopadei
curHasioB A4, A3, A2 = 111(BIN) = 7(DEC) u paspematonux paboTy nemudparopa
curHasioB A7, A6, A5 = 100(BIN). B Tabnuiie npuBeneHbI ABa U3 YETHIPEX BO3MOKHBIX

anpecoB PCI (imamst A1 B cxeMe He HMCHOJIB3YyeTCs, MOATOMY MOKHO BBIOpATh JIH000O€
3HaueHue, Hanpumep Al=0).

JJHHHH IHHB AMPECA

JAHHBIE / PETHCTP

AIPEC

A7 As[as[aa[azfaz[ar] Ao YIPABJIEHUA (CSR) | (HEX)
TTTTTII_IT| ] AJpec nopTa JaiHLx oC
N I I O |I |x | 1 Anpec nopra CSR ab

Opnum u3 Hauboliee pacnpocTpaHeHHBIX pexkumoB pabotel YCAIIIl sBnsiercs
ACHHXPOHHBIM pexuM. B 3TOM pexkuMe KakIpli mepeiaBaeMblii (MPUHUMAEMBbIH) CUMBOJI
(Kaap) CONEPKUT CIIECTYIOUTUE TTOJIS:

* 00s13aTeNBHBIN CTAPTOBBIN OUT, HA prcyHKe 00o3HadyeH ST, Bcerna paBeH

HYJIIO,

* 5..8 uH(OpMaIIMOHHBIX OHT,

* HE0Os3aTeNbHBIN OUT KOHTPOJISI YeTHOCTH/HeueTHOCTH PB,

* 1..2 cron-6utra SP. Kaapel cieayroT HENMPEpHIBHO WIW OTACISIOTCS IMay3amHu.
NudopmanmonHsle OWTHI NEpeNarOTCs HauyMHas ¢ MiaAmux paspanoB. Ha pwuc.2.
nepenaetrcs/mpunumaetcs kog 01011001, a ue 10011010.
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YCAIIII nporpammMupyeTcs 3alIMChbi0 B HETO OaiiTa ynpaBieHuUs, KOTOPbIi

MOXET OBITh ABYX TUIIOB:

* HHCTPYKIIUS peKHUMa,

* KOMaH/1a yIIpaBJICHHUS.

DopMaT HHCTPYKUMH PeKUMA

WNHucTpyKius pexxuMa 3aJaeT pekuM CHHXPOHH3AIMU, opMaT TaHHbBIX, CKOPOCTh
oOMeHa, HeoOXOaUMOCTh KOHTpoJs. Hwuxke B Tabn. 2 mpuBeaeH ¢dopMar MHCTPYKIUU
pexuma.

'D7 D6 D5 D4 | DI D2 DI Do

D7 Iﬁ Uucno cTon-0uT Bua kontpons Eﬁ
0 | 0 Janper HeTt konrpona TI?
o |1 I eTon-8uT Konrpoae HeveTHOCTH 0 | 1
1 IT "nonTopa" cTon-oHTa HeTt kontpona 1 | 0
1 | 1 2 cron-Gura Konrtpons ueTHocTH TIT

Uncmo
D3 (D2 HHPOPMALHOHHELX YacToTa CHHXPOHHIALHK D1 [ DO
ouT
TlTl 5 | frecirac) £ 1 1] | |
TlTl G | Fracimscy/ 16 1 | 0
1 [0 | 7 | Fracimncy 64 1|1
| 8 I

* buter D7, D6 onpenenstoT 4uciio CTON-OUT B KaXJ0M KaJpe, mpuueM ''moyiropa
oura" o0003HAYaAIOT JJIMTEIBHOCTh B IOJTOpPA TAaKTOBBIX HHTepBaja. OOBIYHO s
SKOHOMMH BPEMEHHU UCTOJIb3YETCSl OJMH CTOM OUT.

 JlniutenbHOCTh TakTOBOTO MHTEpBaia (fTxC(RxC)/x)-1cek 3agator 6utel D1, DO.
Yacrora fTxC mau fRxC - uacrora cur"Haia Ha omHouMeHHBIX Bxoxax 1xC um RxC
npueMoriepeaTinKa JoJKHA ObITh MO CHpaBOYHUKY MeHblne win paBHoul fCLK/(4.5).
Buaytpu YCAIIII moxeTr ObITh AOMOMHUTENBHO mMojeneHa B 16 wim 64 pasza. Yacrora
fTXC(RXC)/x onpenensier ckopocTh nepeaayun B bomax (baud) wiu ourax B cexynmy (bps).
Jnsa YCAIIII o6e ckopoctu coBmnanaroT. B acuaxporHom pexume komOunamus D1, DO =
01 memomyctuma. MakcHMalbHYIO CKOPOCTh OOMEHA JaHHBIMH HETPYJHO BBIYHCIIUTS.
[Tycts fCLKMax = 2MTI'1, Torga fTxC(RxC) = fCLK/4.5 =444444,44T'1. B acuHXpOHHOM
peXUME JOTOTHUTEIBHBIA KOIPDUIIMEHT NelIeHUsT MOJDKEeH ObITh HEe MeHee 16-Tu (cwm.
UHCTPYKIUIO pexuma). [loaToMy mMakcuManbHas CKOpocTh oOMeHa paBHa 444444441y /
16 = 27777 6UT B CeKyHY.

* Uucno wuHpopmanMoHHBIX OUT B Kajape omnpenensercs Outamu D3, D2
UHCTPYKIUHU PEKUMA.

 buret DS, D4 3amai0T BHI KOHTPOJS MpaBWIbHOCTUH mepenaun. Eciu
IpoU3BOAUTCS KOHTpoib udeTHocTH, To YCAIIll-nepenatuuk BbIUHCIAET "CymMMmy IO
MOAYJ0 JBa" HMHPOPMAIMOHHBIX OWUT ¥ TIONY4YEHHBIA OWUT CyMMBI BCTaBJISET B
nepenaBaeMblii Kaap B kKadectBe Outa koHTpossi yetHoct. Y CAIIll-mpuemHuK cHoBa
BBIYHCIIACT ""CyMMY 1O MOAYJIIO JBa" HH(GOPMAIIMOHHBIX OUT U, €CJIM 3HAYCHHE MPUHATOTO
U BBIYMCICHHOTO OWTa KOHTPOJISI COBIAJIAIOT - JENaeTcsi BbIBOJ 00 OTCYTCTBUU
WCKa)XEHUW MpU TNepefadye Mo JUHUU CBSA3U. DTOT METOJ MO3BOJISET BBISIBIATH TOJIBKO
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HEYETHOE YHUCJIO HCKaXEHW OUT MH(OpManuMu M caMoro OuTa KOHTPOJS, MO3TOMY
OOBIYHO KOHTPOJIb YETHOCTU/HEUETHOCTH HE MPUMEHSETCA U JJIMHA KaJpa YMEHbIIAETCS
Ha OJIMH TaKTOBBIM MHTEpBal. B COBpeMEHHBIX yCTpPOWCTBAX CBSI3M MPUMEHSIOTCA Ooee
CJIOKHBIE METOJbl KOHTPOJISl MPAaBHJIBHOCTU Nepenayu (MoACYeT KOHTPOJIBHOM CyMMBI,
KOHTPOJIb C TMOMOIIBIO LHUKIWYeckoro u30ObiTouHoro koaa - CRC, mnepenmaua c
HOJITBEPKACHUEM IpUEMa U JIp.).

dopMaT KOMaH/Abl yIIPaBJICHUS
Hwxe B Tabi1. 2 mpuBeIeHb HEKOTOPBIE OUTHI KOMaHIbl yIIPABICHUS

Tabauna 2

Pazpan Oboznadenne HAFHAUYEHHE KOMAHBI

Paspemenne patore Y CATII B kauecTee

DO TxEN nepegaTanka, D=1

Paspemenne patore ¥ CATII B kauecTBe

D2 BxEN npuemManka, D=1

D4 ER Copoc s "0" dhmaros omnbor, D4=]

IMporpammumii copoc Y CAII B nexoonoe

D6 RESET cocToaune, D6=1

B mporecce paGoTbl MOXXKHO OCYHIECTBIATH KOHTpoib pabdorsl YCAIIIl myrem
yreHus Oailita ero cocrosHus. Huxe B Tabn. 3 mpuBeneHbl HEKOTOpble Hauboliee
yHOTpeOUTENbHBIE B ACHHXPOHHOM pexxume 0uThl coctosiHus Y CAIIIL.

| D7 D6 D5 D4 D3 D2 | DI | Do
| FE OE PE [RxRDY [TxRDY

butet D5, D4, D3, Ha3pBaeMmble Takke (Quraramu, yCTaHaBIWBAIOTCS
(copaceiBarorcs) mpuemuaukoMm Y CAIII curnanu3upysi:

 PE=1 (Parity Error), ecmu YCAIIIl 3adukcupoBan omuOKy Hpu KOHTPOJIE
YEeTHOCTH/HEUETHOCTH,

* OE=1(Overrun Error), ecnu Obula TOMNBITKA CYUTATh B MHUKPOMPOLIECCOP,
nepeaBaeMblil U3 JTUHUU B IPUEMHUK KOJI, 10 3aBEPIIEHUS €T0 MOJHOMN Mepeaayu,

* FE=1(Fra Me Error), eciiu npueMHUK HEe OOHAPYKUJ CTON-OUT(b1). DTa omudKa
0ObIYHO BO3HHKaET, ecnu yacrtoTa fTxC nepenarunka O6osbiiue yeM Ha 5% oTiMyaercs ot
yactoTel fRXC npuemnuka. Jlpyroit npuymHOil M.0. HEpaBEeHCTBO HH(POPMAIIMOHHBIX
OUTOB IepeaTunKa U MPUEMHHKA.

bur RxRDY (I'otoBHOCTh mpuemHuKa), ecii RxXRDY=0, To npueMHuk eime He
npeoOpa3oBai MOCJIENOBATEIbHBIM KOJ B TMapajUleNIbHBIA M CUUTHIBaTh €r0 B
MUKPOIIPOIIecCOp O€CCMBICICHHO.

but TxRDY (I'oToBHOCTH nepenaruuka) - ecinu TxRDY=0, To nepenatuuk emie He
npeoOpa3zoBal NapayIebHBIA KO B TTOCIICIOBATEIHHBIA M 3arpy3Ka CIASAYIOIIETO Koja U3
MII B nepenaTumK UCKa3UT TEKYIIEE MEPEIaBAEMOE 3HAUCHUE.
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Hwxe mnpuBomurcs ¢GparMeHT mnporpaMMbl Mepefadyd MaccuBa  OaiToB,
XpaHsuxcs B namsati. HagansHbiil agpec maccuBa cumBojioB - 8007(HEX). Tlepenaetcs
8 oOarnrtoB: fd,87,9¢,88,40,55,8a,b8. Anpeca Taiimepa 80,83 m YCAIIIl 9¢,9d Opuin
nonydeHsl panee. Koapounuent nenenuss uyactorel fCLK(NO0=5)>4.5. Ilporpamma
HarnucaHa Ha acceMOuepe st MII cemerictBa 80x86.; #### HacTpolKa U 3aITyCK JEITUTEIS
gactoTel mov al,1eh; CTO,1 mu.6aiiT, pexxum 3, kox BIN out 83h,al; BerBox 6aiita ymp. le
B topt 83 mov al,5 ; ko3 d. nenenus yactorsl Fclk NO=5 out 80h,al; u 3aruce ero 8 CTO
no anpecy 80 #### mwnactpoiika YCAIIIL ... mov al,0; stu 4 KomMaHIbI -
HenokyMeHTHpoBanHas — out 9dh,al; ocooennocts YCAIIIL. IMocne 3x xomana out 9dh,al;
OUT ..... npueMoriepeaTIuk rapantupoBanHo out 9dh,al; oxugaeT koMaHy ynpaBieHus,
TYyT-TO M ToAaeM mporpammHbiii copoc! mov al,40h;mporpammusiii copoc D6=1 out
9dh,al; mov al,Octh;uncTpykuus pekuma: 2 cron-Outa, out 9dh,al ;HeT KOHTPOIA,8 UHO.
our, fTxC(RxC) / 64 mov al,01h;pazpemienue mnepemaun TXEN=1 out 9dh,al; ####
nepenadya MaccuBa CHMBOJIOB st: movdl, 8; umcio mnepenaBaeMplXx CHUMBOJIOB MOV
bx,8007h; HauanpHBINA agpec Oyoka nxt: moval, [bx]; mepecnats Texymmii 6aiiT B AL out
Och,al; n BeiBecTr ero B YCAIIII (B 3TOT MOMEHT W HayMHAeTCS IPeoOp. koma) wt: in
al,9dh; urenue Oalita coctostHus test al,1; cumBonm mepenan B muaMIO? (TXRDY=1?), 1-
Macka ais Boienenus TxRDYjzwt; eciau HeT, TO MOA0XKIATh, incbX; eciu Aa, MepenT K
aapecy cienytouiero 6aita decdl; nepegansl Bce 0ailThi? jnznxt; eciyd HET, TO TOBTOPUTH
BBIBOJI Clie]l. OaiiTa jmpst; eclid J1a, TO BBIMTU U3 LMKJIA (M HaYaTh CHayaja). JTa KOMaHaa
TI03BOJISACT MOJYYUTh MMEPUOTUUECKYIO OCIIMIUIOrPAMMY, KOTOPYIO YA00OHO HAOI01aTh.

XO BBIITIOJIHEHUSA PABOTBI

1. ITomyuynTe BapuaHT BBIMOJIHEHUSI paboThl y mpenojaBatens (husudeckuid aapec
- "mpor", aapec MaccuBa CHMBOJIOB M HUX YHCJIO, BPEMEHHYIO JAMarpamMmy HOMEpa JBYX
BBIXOJIOB JiemudparTopa).

2. Ilepenummute mporpammy c accemOiepa st MIT 80x86 ma accemOnep ans
YMK.

3. BBemure wW3MEHEHHS B HEKOTOPHIC YHCICHHBIE 3HAYCHHUS TPOTPAMMBI B
COOTBETCTBHE C 33JJaHUEM U 3aMOJTHUTE JTUCTHUHT.

4. TlotpelOyiiTe y mpenoaaBaTeiss NOAKIOUNTh aty paciupenust ¢ YCAIIII u
BKJTFOUUTD J1TA00pATOPHBIN CTEHI.

5. Beeaute u3 nuctudra B Y MK kojipl IporpaMmel.

6. 3amyctute mporpaMmy (IIpu HEOOXOJIMMOCTH HCIIpaBbTe OIMOKK). Ha skpane
ocimorpada Bbl JOKHBI YBUICTh 3aJaHHYI0 BPEMEHHYIO JUArpaMMmy Mepe/laBaeMoro
kanpa. [IpenssiBuTe ee mpemno1aBaTento.

KoHTpoJsbHbIE BONIPOCHI:
1. Ha3nauenue, coctaB u npuHumn nericteust PCIL.
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2. O0BsacHuTh padoty cxembl noakmoueHuss USART k MII-cucteme.

3. TumnoBas mocienoBaTeIbHOCTh OMTOB B MEpeIaBaeMOM Kajpe AJis

ACUHXPOHHOT'O peKuMa padboThI.

4. Pacuer agpecoB MOPTOB BBOJ1a/BBIBO/IA.

5. Ha3zHaueHue OTAENbHBIX OMTOB MHCTPYKLMH PEXKUMA, KOMaHIbl YIPABICHUS U
Oaiita cocrostaust Y CAIIIL.

6. YMEeTh KOMMEHTUPOBATh KXY KOMaH1y IPOrpaMMBbl Iepeayu.

HUcnoab3yemasi aureparypa:

1. IEEE 1451-0. (2007). Standard for a Smart Transducer Interface for Sensors and
Actuators (related parts of this standard referring to particular aspects of the interface are
published separately as IEEE 1451-1, 1999, IEEE 1451-2, 1997, IEEE 1451-3, 2003, IEEE
1451-4, 2004, and IEEE 1451-5, 2007).
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3-nmpaKTU4YecKoe 3aHsITHE:
CTpyKTYpHBbIE MOJIeJTH HAEKHOCTH CJIOKHBIX CHCTEM

BOoNbIIMHCTBO ~ TEXHUYECKUX CHUCTEM  SBJISIIOTCS  CJIOKHBIMH — CHUCTEMaMH,
COCTOSIIIMMHU U3 OTJETBHBIX Y3JIOB, JAeTalleld, arperaToB, CUCTEM ympasieHus u T.0. [lox
CJIOJHCHOU cucmeMoll TIOHUMAETCSl OOBEKT, MPeAHA3HAYCHHBIN 1JIS BBITIOJHEHUS 3aJJaHHBIX
GyHKINNA, KOTOPBIA MOXET OBITh pAacujeHEH Ha 3JEMEHTHI (KOMIOHEHTHI), KaXKIbli U3
KOTOPBIX TaK)K€ BBITIOJHSET OMpPEACIICHHbIE (PYHKIIMU M HAXOJIUTCS BO B3aUMOJICHCTBUU C
JPYTUMHU 3JIEMEHTAMU CUCTEMBI.

C mo3unuii HaJIeKHOCTH CIIOXKHAs CHCTeMa 00JafaeT KaKk OTPHUIIATEIIbHBIMU, TaK U
MOJIOKUTEIIbHBIMU CBOMCTBAMU.

@dakTopbl, OTPUIATEIHLHO BIMUSIONIME HA HAJEKHOCTb CJIOXHBIX CHUCTEM,
CleIyIOIIneE:

- BO-TIEPBBIX, 3TO OOJIBILIOE YKCIIO 3JIEMEHTOB, OTKA3 KaXI0r0 U3 KOTOPBIX MOXKET
MIPUBECTH K OTKa3y BCEU CUCTEMBI;

- BO-BTOpBIX, OLIGHUTh PabOTOCIOCOOHOCTh CJIOXKHBIX CHCTEM BechbMa
3aTPYyAHUTENIBHO C TOYKU 3PEHUS CTATUCTUYECKUX JAHHBIX, T.K. OHU YacTO SIBIISIOTCS
YHUKAJIbHBIMU WJIA UMEIOTCSI B HEOOJIBIIUX KOJINYECTBAX;

- B-TPEThUX, AAKE Y CHUCTEM OJMHAKOBOTO NMpPEAHA3HAUCHUS KaXKIbI 3K3EMIUISP
MMEET CBOM HE3HAUUTENIbHbIE BAPUALIUKA CBOMCTB OTJEIBHBIX 3JIEMEHTOB, UTO CKa3bIBAETCS
Ha BBIXOJIHBIX TMapamMerpax cHucTeMbl. YeM cloXHee cucTeMa, TeM OOJbIIUMU
WHIMBUAYJIbHBIMH OCOOEHHOCTSAMU OHa 00JIaaeT.

OnHako CJIOXHBIE CHUCTeMBbl OO0JIalal0T M TaKUMU CBOMCTBaMHU, KOTOPbIC
MOJIOKUTEIIBHO

BJIUSIFOT HA UX HAJIEKHOCTb:

- BO-TIEPBBIX, CIOXHBIM  CHCTEMaM  CBOMCTBEHHa  CaMOOpraHu3alus,
CaMOpETyJIMPOBAaHUE

WIM CaMONPUCIIOCOOJIEHHe, KOrja CHUCTeMa CIocOoOHAa HalTu Haumbosee
yCTOMUYMBOE IS CBOETO (PYHKITMOHUPOBAHUSI COCTOSTHUE;

- BO-BTOPBIX, /I CJOKHOW CHCTEMbl YacTO BO3MOXXHO BOCCTAHOBJICHUE
paboTOCTIOCOOHOCTH 1O YacTsiM, 0e3 MpeKpaiieHus ee QyHKIIMOHUPOBAHUS;

- B-TPETHUX, HE BCE BJIEMEHTHl CUCTEMbl OJIMHAKOBO BJIMSIOT Ha HAJEKHOCTh
CJIOKHOU CHCTEMBI.

AHanmu3 paboTOCIMOCOOHOCTH CJIOKHOW CHUCTEMBI CBSI3aH C H3YyYEHHUEM €€
CTPYKTYphl M  T€X  B3aUMOCBSI3€H, KOTOpbIE  OMNpENEsAoT €€  HaJIeKHOe
(GyHKIMOHUPOBAHUE.

[Ipn aHanmu3e HAAEKHOCTU CIOXKHBIX CHUCTEM HMX pa30MBAIOT HAa AJIEMEHTHI
(KOMIIOHEHTBI) C TeM, 4YTOObl BHAyaje pPACCMOTPETh MapaMeTpPhl U XapaKTEPUCTUKU
AJIIEMEHTOB, a 3aTE€M OIEHUTh PAa0OTOCIIOCOOHOCTH Beel cucteMbl. [1o1 31eMeHTOM MOKHO
MOHUMATh COCTABHYIO YacThb CJIOKHOW CHCTEMbBI, KOTOpasi MOXET XapaKTepH30BaThCS
CaMOCTOSTENbHBIMU BXOJHBIMH W BBIXOJHBIMU THapamerpamu. llpu wuccnenoBanuu
HAJICKHOCTU CUCTEMbI 3JIEMEHT HE PAcCwICHSETCSd Ha COCTaBHbIE 4YacTH, U IMOKa3aTelu
0€30TKA3HOCTU U JOJITOBEYHOCTH OTHOCSTCS K 3JEMEHTY B 1ieJoM. [Ipu 3ToM BO3MOXKHO
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BOCCTAaHOBJICHHE pa0OTOCIIOCOOHOCTH 3JIEMEHTAa HE3aBUCUMO OT JAPYrMX dYacTell Hu
5JIEMEHTOB CHCTEMBI. 2’

AHanu3 HaJIexKHOCTH CJIOKHBIX CUCTEM UMEET CBOM crielu(uyecKkre 0COOEHHOCTH.
BnusiHre paznuyHbIX OTKa30B U CHIXKEHHE Pab0TOCIIOCOOHOCTH 3JIEMEHTOB CHCTEMBI IO-
Pa3HOMY CKa)KyTCsl Ha HaJIEXKHOCTH BCEH CUCTEMBI.

IIpn aHayM3e HANEKHOCTU CIIOKHOW CHCTEMBI BCE €€ JJIEMEHTHl U KOMIIOHEHTBI
1eJ1eCO00Pa3HO pa3AeIuTh Ha CISAYIOLIUE TPYIIIIbI.

1) DnemeHTh, OTKa3 KOTOPBIX MPAKTHUYECKH HE BIHSIET HAa pabOTOCIIOCOOHOCTH
cucTeMbl (Aegopmaisi OrpakJaloOUIero KOXyXa MAIIMHbI, HW3MEHEHUE OKpacKu
NOBEPXHOCTU M T.M.). OTKa3bl (T.e. HEUCIIPABHOE COCTOSHHME) 3TUX 3JIEMEHTOB MOTYT
paccMaTpHUBaTHCS U30JUPOBAHHO OT CUCTEMBI.

2) DOneMmeHTbl, pPabOTOCIOCOOHOCTh KOTOPBIX 3a pPacCMAaTPUBAEMbBIA MEPUOJ
BPEMEHU MPAKTUUYECKH HE  U3MEHseTcsl (CTaHMHbI U KOPIIyCHbIE  J€TallH,
MaJIOHArpY>KEHHBIE 3JIEMEHTHI C OOJIBIIUM 3a11aCOM MPOYHOCTH).

3) DneMeHThl, PEMOHT WM PETYJIUPOBKA KOTOPBIX BO3MOKHA MPU paboTe U3IENHs
WK BO BpPEMsI OCTAHOBOK, HE BIIUAIONIMX Ha ero 3(P¢GeKTUBHOCTH (MOAHANAIKA U 3aMEHa
pEeXKYIEro HMHCTPYMEHTAa Ha CTaHKE, PEryJHpOBKAa XOJOCTOrO Xoja KapOroparopa
aBTOMOOMJIBHOTO JIBUTATEIs).

4) DneMeHTbI, 0TKa3 KOTOPbIX IPUBOIUT K OTKa3aM CUCTEMBI.

Takum 00pa3oM, pacCMOTPEHHIO M AaHAIM3y HAAEKHOCTH MOJJIEXAT JIUIIb
AJIEMEHTBI NocieIHel rpymmbl. Kak nmpaBuiio, MMeeTcs OrpaHUYE€HHOE YHUCIIO AJIEMEHTOB,
KOTOPbIE B OCHOBHOM M OIPEIEISIIOT HAJEKHOCTh U3AENIHs. JTU AIEMEHTHI U MOACUCTEMBI
BBISIBJISIFOTCS IPY PACCMOTPEHUHU CTPYKTYPHOU CXEMbI TapaMEeTPUUECKON HAZIEKHOCTH.

Mooenu Haodedxcnocmu yCTaHABIMBAIOT CBS3b MEXKIY MOJCUCTEMaMU (WM
3JIeMEHTaMU CHUCTEMBbI) U UX BIIMSIHMEM Ha paboTy Bcell cuctembl. CmpykmypHas cxema
HaodedcHocmu onpeenser (GyHKIMOHAIbHYIO B3aUMOCBSA3b MEXKIY paOOTON MOJCHUCTEM
(MK 2JIEMEHTOB) B OIPECICHHON IMOCIEAOBATENLHOCTH. DTy CXEMYy COCTaBIISIIOT I10
OPUHIUIY  (QYHKIUMOHAIBHOTO HA3HAYEHHUS COOTBETCTBYIOIIMX MOACHUCTEM (WU
3JIEMEHTOB) MpPHU BBHIIOJHEHUM WMH OIpPEAEICHHOW 4YacTh paboThl, BBIIOJIHIEMON
CUCTEMOM B LEJIOM. TexXHHYecKass CHUCTEeMa MOXET ObITh CKOHCTPYHpPOBaHAa TaKUM
o0pa3zoM, 4TO Jis YCIEUHOTO e¢ (PYHKIIMOHMpPOBaHUS HEoOXoIuMMa WCHpaBHas pabora
BCEX €€ AJIEMEHTOB. B 3TOM ciydae ee Ha3blBAlOT nociedogamenbHou cucmemou. EcTb
TaK)K€ CHCTEMBI, B KOTOPBIX IPH OTKa3e OJHOrO 3JIEMEHTAa APYIrod 3JEMEHT CIIOCOOEH
BBINIOJIHUTE €ro (yHKIuU. Takyro cHcTeMy Ha3bIBalOT napanienbHot. O4eHb YacTo
CUCTEMBI 00J1a/1al0T CBOMCTBAMHU KaK MapajlieNbHbIX, TaK U MOCIEI0BATENbHBIX CUCTEM —
cucmembl CcO CMeulaHHvlM coeouneHuem. llpum pacdere HaJEKHOCTH HEOOXOAUMO
UCCJIeIOBAaTh JIEUCTBHSI CUCTEMBI, OCHOBBIBAsCh HAa €€ (PYHKUHUOHAIbHOW CTPYKType U
UCIIOJIb3Ys BEPOATHOCTHBIE COOTHOIIICHHUSI.

Takoe uccnenoBanue CTpyKTypbl MO3BOJISIET BBISIBUTH Y3KHE MECTa B KOHCTPYKIIUU
CUCTEMBbl C TOYKHM 3PEHUS €€ HaJEeKHOCTH, a Ha JdTale MPOEKTHUPOBAHUS pa3paboTaTh
KOHCTPYKTUBHBIE MEpbl MO YCTPaHEHHMIO MOAOOHBIX y3KMX MecT. Hampumep, MOXHO

27 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 305 p.
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3apaHee IMOJICUUTATh, CKOJbKO PE3CPBHBIX 3JIEMEHTOB HEOOXOIMMO JIsl OOeCreucHHUs
3a[JaHHOTO YPOBHS HAJCKHOCTH CHUCTEMBI. Jlalee MOMKHO paccuumTaTh HaICKHOCTD
CHCTEMBI, TOCTPOCHHOW U3 3JICMEHTOB C M3BECTHON HAJCKHOCTHIO, HIIK HA00OPOT, UCXO/Is
3 TpebOBaHMSA K HAAEKHOCTH CHCTEMBI, NPEIbSIBUTH TPEOOBaHHMS K HAJEKHOCTH
3JIEMEHTOB.

PaccmoTpuM crcTeMy, COCTOSAIIYIO M3 JBYX WK Ooiiee 3ieMeHToB. [lycth 4 —
COOBITHE, COCTOSIIEEe B TOM, YTO CHcTeMa paboraeT Oe3oTkasHo. a Ai(i=1, 2,.., n) —
COOBITHS, COCTOSIIINE B HCITPABHOM paboTe BCeX ee dyieMeHTOB. Jlajee mpeamnonoKum, 4To
COOBITHE A MMEET MECTO TOT/Ia U TOJIbKO TOT/Ia, KOTla HMEIOT MECTO Bce coObITHs Al, T.e.
cHCTeMa MCIIpaBHA TOT/Ia M TOJIbKO TOTJa, KOTJa HMCIIPaBHBI BCE €€ 3JEMEHTHL. B 3Tom
cllydae CUCTEMY Ha3bIBAIOT HOCIe008AMENbHOU CUCEMOL.

Puc. 3 CtpykTypHas cxema HaJIe)KHOCTH CUCTEMBI C MTOCIEI0BATEILHBIM
COEIMHEHNEM DJIEMEHTOB

N3BecTHO, 4TO OTKAa3 JH00O0r0 3JIEMEHTA TAKOW CUCTEMbI IPUBOSAT, KaK MPaBUIIO, K
0TKa3y cucTeMbl. [103TOMy BEepOSATHOCTh 0€30TKa3HOU PabOThI CUCTEMBI OMPEACIAIOT KakK
IPOU3BEICHUE BEPOSITHOCTEHN IS HE3ABUCUMBIX COObIMULL.

Takum 00pa3om, HaJIEKHOCTh BCEH CUCTEMBI paBHA MPOM3BEICHUIO HAIECKHOCTEN

TIOJICUCTEM HJTU 3JICMEHTOB.
O6o03nauuB P(4) = P, P(4i) = pi, moIyduMm

P I,
=1

I

rae P — HaJaeXHOCTh.

CHOXHBIE CHUCTEMBI, COCTOSIIIHE W3 DJIIEMEHTOB BBICOKON HAIEKHOCTH, MOTYT
o0nafgaTh HU3KOM HAJAEKHOCTHIO 3a CUET HaNW4yusl OOJIBILIOTO 4YHCJa DIIEMEHTOB.
Hamnpumep, ecnu y3en cocrout Beero u3 50 nerasnei, a BEpOsSATHOCTh O€30TKa3HOM pabOThI
KaXIOM JeTaau 3a BBIOpAHHBIH MPOMEKYTOK BpeMeHH coctaBiasier Pi = 0, 99, 1o
BEPOATHOCTH O€30TKa3HOM paboTsl y3ma 6yzer P(t) =(0,99)* = 0,55.

Eciu xe y3en ¢ aHalornyHOW O€30TKA3HOCTBIO 3JIeMEHTOB cocTtouT u3 400
meraneir, To P(t) = (0,99)*° = 0,018, T.. y3em CTaHOBHTCA HPAKTUYECKH
HEpPabOTOCIIOCOOHBIM.

B mpakTuke MpoeKTUPOBAHMS CIOXKHBIX TEXHUYECKUX CHUCTEM YacTO HCIIOIB3YIOT
CXEMBI C NapauielbHblM coeOuHeHuem dnemenmod (puc. 2.), KOTOpble TOCTPOCHBI TaKUM
o0pa3oM, YTO OTKa3 CHUCTEMBbl BO3MOXXEH JIMIIb B CIydyae, KOTJIa OTKa3bIBAIOT BCE €€
DIIEMEHTHI, T.€. CUCTeMa HCIpaBHA, €CIM HCIpPaBEH XOTs Obl OJWH ee dJeMeHT. Takoe
COCIMHEHHME YacTO Ha3bIBAIOT  pesepguposarHuem. B  OOJBIIMHCTBE  CIydyaeB
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pe3epBUPOBAHUE OIpPABJbIBAET ceOsl, HECMOTPsI HAa yBeaudeHue croumocTH. Hamboinee
BBITOJHBIM  A6714€MmCsl  pe3epeuposanue  OmOenNbHblX  JJeMEeHMOs, KOTOPBIE
HEMOCPEJICTBEHHO BIIUSIOT Ha BBINOJHEHUWE OCHOBHOHM paboThl. IIpu kKoHCTpyHpoBaHuU
TEXHUYECKUX CHUCTEM B 3aBHUCHUMOCTH OT BBIMIOJIHIEMON CHUCTEMOM 3ajaud MPUMEHSIOT
ropsiuee Win XO0JO0JIHOE PE3EPBUPOBAHUE.

Puc.4 CtpykTypHas cxema HaJeKHOCTU CUCTEMBI C MapaIeIbHBIM COEAMHEHUEM
AIIEMEHTOB

Topsiuee pesepsuposanue TPUMEHSIOT TOT[A, KOTJa HE JOMYCKAeTCsS MEepPephiB B
paboTe Ha MEePEeKIIIOYCHNUE OTKA3aBIIEr0 JJIEMEHTA HA PE3CPBHBIN C IEIbI0 BBITOIHECHUS
3a7a4i B yCTAHOBJIEHHOE BpeMs. YHaie BCEro ropsyeMy pe3epBHPOBAHHUIO MOABEPraroT
OTJCNIbHBIC 3JIEMEHTHI. VICIOIBb3YIOT ropsyee pe3epBUPOBAHUE AIIEMEHTOB M TOJCHCTEM,
HaNpUMep, UCTOYHUKOB MUTAHUS (aKKYMYJIATOPHBIE OaTapen AyOJIUpPYIOTCS FeHEPaTopoM
U T.IL.).

Xonoonoe peszepsuposanue WCIONB3YIOT B TeX ClydasX, KOrja HEOOXOIHMMO
yBEIIMYCHHUE pecypca pabOThl 3JEMEHTa, M TMO3TOMY MPEayCMAaTPUBAIOT BpEMs Ha
HepPEKTI0UYeHHE OTKA3aBIIEro JJIEMEHTA Ha PE3CPBHBIN.

CylIecTBYIOT ~ TEXHUYECKHE  CHCTEMBl  C  YACMUYHO — NAPAIETbHbIM
peszepsuposaniemM, T. €. CUCTEMbI, KOTOPbIC OKa3bIBAIOTCS PabOTOCIOCOOHBIMH JIaxe B
cllydae 0TKa3a HECKOJIbKUX JJIEMCHTOB.

PaccMOTpHM CHCTEMY, HMEIOIIYIO PSJI MapalIeIbHBIX JIEMEHTOB C HAaCKHOCTBIO
p(t) u cooTBeTcTBEeHHO HEeHaEKHOCTRIO ((t) = 1- p(t). B cinyuae, ecnu cucreMa comaep KuT
7 3JIEMEHTOB, KOTOPBIC COCIMHEHBI MapalIeIbHO, BEPOSATHOCTh OTKa3a CUCTEMbI PaBHA:

o~ [gnT",
a BEPOATHOCTH OE30TKA3HON PabOTHI
P(ny=1-[q(0)]"

[Ipu yacTUuHO MapaIeIbHOM PE3EPBUPOBAHUYU BEPOSITHOCTh 0€30TKAa3HOM pabOTHI
CUCTEMBI, COCTOSIIEH 13 OOIIETO YUCIIa FIEMEHTOB N, ONPEAEIAIOT Mo GopmyIe:
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i
Py ==CF pling" o,
L O

rae p(t) — BeposTHOCTH O€30TKa3HOH pPabOTBI OJHOTO JJIEMEHTAa; | — YHCIIO
UCIIPaBHBIX JIEMEHTOB, IIPYU KOTOPOM 00ecrieunBaeTcsi paboTocrnocoOHOCTh crucTeMbr; Cn

k = nl/[k!(n - k)!] - gyrcimo coueranuii U3 N 377€MEHTOB 110 K.

B ciydae ] =1 cuctema OyeT MOTHOCTBIO MAPAJLICIBLHON, B OCTAIBHBIX CITyJasx —
YaCTUYHO MapaJUIEIIbHOM.

Cremyer OTMETUTh, YTO B MPAKTHUKE MPOCKTUPOBAHUS TEXHUYECKHX CHCTEM YacTO
UCTIONB3YIOT CTPYKTYPHBIE CXEMBbl HANEKHOCTH C HAPALIEIbHO-NOCIe008AmMeNlbHbIM
coeduneHuem DJIEMEHTOB. Tak, HalpuUMep, YacTO MPU MPOCKTHPOBAHWH CHCTEM C
PaMO3JICKTPOHHBIMH 3JICMEHTAMH MTPUMEHSIFOT CXEMBI, paOOTArOIIHE IO MPUHITUITY JBa U3
TpeX, Korja paboTocrnocoOHOCTh obOecrmeunBaeTcsi Oyarogapsi UCIPABHOMY COCTOSIHUIO
JIOOBIX JIBYX JJIEeMEHTOB. HaJe)KHOCTh TaKOW CXEMBl COCIUHCHHS ONPEICISIOT I10

dbopmyiie
P(1) =P (1) +3P°(D)0(T).

rie P(t) — Haae)KHOCTh KaXKI0ro JIEMEHTa 3a BpeMs paboThl t oguHakoBa; g(t)=1-
®).

[IIupokoe IpUMEHEHNE B IPOCKTUPOBAHMK HAIIUIA TaK HA3bIBAEMBIE MOCINUKOBbIE
cxembl. Haie’)KHOCTD TaKOM CXEMbI OIPEACIISIOT U3 COOTHOIICHHS BH/IA

P(1)=p’(t) + 5p*(1) q(t) + 8P°(1) ¢°(1) + 2P°(1) ¢'(0).

371ech BCE PIIEMEHTHI TaKKEe UMEIOT OJIMHAKOBYIO HaJCKHOCTh.

PaznuyatoT CTpyKTypHBIE CXEMbl HaJEKHOCTH C MOKAHAJIBHBIM U MO3JIEMEHTHBIM
pesepBupoBaHueM. CTpyKTypHasi cXxeMa HaJeKHOCTH C MOKAHAJIbHBIM PE3epPBUPOBAHUEM
MOKa3aHa Ha puc. 3.

dopMya HaJIeXKHOCTH BBITJISIIUT TaK:

P =[1-(1- p11 p12 - p1n J(1-p2p22 pm)(1-pripr pak)]

Hpw pi j = pj _
P=1-(1-pipy pn)°
Ecmu pij= p, To
P=1-(1-p"f
Pll — pll — — Pl”
P;l | | P;g I N — PZ.r
[ Py | P _ | P J

Puc.3 CtpykTypHas cxema HaJeKHOCTHU C TOKAHAIbHBIM PE3€PBUPOBAHUEM
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B npakthke mNOpOEKTUPOBAaHUA YacTO HCHOJB3YKOT CTPYKTYPHYIO CXEMY
HAJIe)KHOCTH C MO3JIEMEHTHBIM PE3€PBUPOBAHUEM

Puc.4. HanexxHOCTh TaKoM CUCTEMBI OIIPEETSIOT 1Mo hopMyJie:

P =1l-(1- pl1)(I - p21)...(1 - pkD][I - (I - p12)(L- p22)...(I - pk2)]...[1- (1- pln)(l-
p2n)...(1- pkn)].

ITpw pij = pj _
P=[l-(1-p)T".

AHanM3 TOCHEIHUX JIBYX CXEM TIOKa3bIBae€T, 4YTO CTPYKTypHas cXema C
MIO3JICMEHTHBIM PE3EPBHPOBAHUEM MMeEeT 0oJiee BBICOKYIO HAJICKHOCTh IO CPABHEHHIO C
NIOKaHAJILHBIM PE3ePBUPOBAHUEM.

IIpumep 2. TexHuueckas cucrema NpeaHa3HAYCHA IJIsl BBIIIOJIHEHUS HEKOTOPOU
3amaun. C 1enpro obecriedeHuss pabOTOCTIOCOOHOCTH CHCTEMa CHPOSKTHpPOBAaHA CO
CMEIIaHHBIM COCAMHEHUEM DJIEMEHTOB (pucC. 5).

OnpenenuTs HAIEKHOCTh CHCTEMBI, €CIM W3BECTHO, YTO HAJIEKHOCTh €€

9JICMCHTOB paBHA:
p1=0,99; p2=0,98; p3=0,9; p4=0,95; p5=0,9; p6=0,9; p7=0,8; p8=0,75; p9=0,7.

L

ad e 44
|P1HP2F[ ]

Fo

Puc.4 CtpykTypHas cxema HaIe’)KHOCTU TEXHUYECKOU CHUCTEMBbI
Pemenue. Ilpu pacuere HageKHOCTH BOCHOJB3yeMcs (opMmysiaMd Kak s
MOCJIEIOBATENBHOTO, TaK U JIJISl TApaAJIJICIbHOTO COSAMHEHUS DIIEMEHTOB:
P = pl p2[1- (1- p3 p4)(1- p5 p6)][1- (1- p7)(1- p8)(1- p9)] =
=0,99.0,98[1- (1- 0,9.0,95)(1- 0,9.0,9)][1- (1- 0,8)(1- 0,75)(1- 0,7)] = 0,927.
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IIpn pacdere CXeMHOM HaAECKHOCTH JAHHYK) CHUCTEMY IIPEICTABISIOT B BHJIE
CTPYKTYPHOM CXEMBI, B KOTOPOM DJIEMEHTHI, OTKa3 KOTOPBIX INPUBOAUT K OTKa3y BCEH
CUCTEMBI, H300pa)kal0TCsl IOCIEIOBATEIbHO, a PpE3EpPBHBIE DJEMEHTHl WU LENu —
napayenbHo. Cielyer uMeTh B BUJLY, YTO KOHCTPYKTUBHOE O(DOpMIIEHHE 3JIEMEHTOB, UX
IIOCJIEIOBATENIBHOE WIM IAapaJUIeIbHOE COEIMHEHHE B KOHCTPYKLMHU €Il€ HE O3HAayaer
aHAJIOTUYHOT'0 N300paKEeHUsI B CTPYKTYPHON CXEME HaJeKHOCTH.

KoHTpoJsibHBbIE BONIPOCHI:
1. Kakme cxembl UCHONB3YIOT B NPAKTUKE MPOEKTUPOBAHUS  CIIOKHBIX
TEXHUYECKUX CUCTEM?
2. Uto Takoe MOAeIN HaJEKHOCTH?
3. Kakoii ananu3 nmpoBOAUTCS IIPU PACUYETE HAZEHKHOCTH CIOKHOU CUCTEMBI?

Cnmcok JuTepaTyphl:
1. Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and
Application. Elsevier Inc. London. 2012. 305 p.
2. Paounun . A. HanexHOCTh U 0€30MacHOCTh CTPYKTYPHO-CJIOKHBIX CHUCTEM.
CIIG.: U3narensctBO Cankt-IleTrepOyprckoro ynusepcuteta, 2007, 278 c.

4-npaKkTUYecKoe 3aHsITHE:
N3yuyenue npouecca BBoJa HH(POPMALMH € TaTYNKOB

Heas padorbl: [lpakThuecku wuccienoBaTh MpolecC BBOJAa HH(OpManuu ¢
JATYHKOB.

Oobopynosanmue: I1K, I10.

MeToauveckue yKa3aHHs M0 BHINOJTHEHHUIO IPAKTHYECKON padoThI:

[TocnenoBaTenbHOCTH BHIMOIHEHUSI PAOOTHI:

1. 3yunTh ¥ 3aKOHCHEKTHPOBATH OCHOBHBIE TEOPETUUYECKUE MOJ0KEHUS 10 TEME,
UCIIOJIb3YSl OMHUCAHUE PAOOTHI;

2. DBbImoNHATE TIPaKTUYECKYI0 dYacTh JabopaTopHodt pabotel. Ilpu 3TOM
UCIIOJIb30BaTh OMUCaHUE paboThl, TabopaTopHsblil 610k [1K, muttocTpaTUBHBIN MaTepHa;
B npaktuueckoil yactu oTpaboTaTh CIAEAYIOUUE MOAPA3IEIbL:

e  PaccMoTtpersh nporiecc BBoJa HHGOPMAIIMH C JTATYUKOB

e  BpINOJIHUTH 3aKOHCTIEKTUPOBATH B TETPAJX MPOIECC BBOJIA MH(POPMAIIUH C
JaTYNKOB U OTPA3UTh B OTYETE

e IIpoananu3upoBarth IMpolecc BBoAa HH(MOpPMaIMKU C JATYUKOB; CJelaTh
BBIBO/JIBL.

1. OTBeTUTh HA KOHTPOJIbHBIE BOMPOCHI.

2. Cnenatb BBIBOJIBL.

3. [loaroToBUTH OTUYET IO YCTAaHOBJIEHHOU (popme.

4. IlpencraBuTh OTUET JI4 3aIUTHI IPENOAABATENIO.

1 OcHOBHBIE TeopeTHYECKHE MOJT0KEHNS
JaTtauxku

97


https://ru.wikipedia.org/wiki/%D0%A0%D1%8F%D0%B1%D0%B8%D0%BD%D0%B8%D0%BD,_%D0%98%D0%B3%D0%BE%D1%80%D1%8C_%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B5%D0%B5%D0%B2%D0%B8%D1%87

JlaT4MKKU CO3MAIOT TAK HA3bIBAEMOE «OKHO», Y€pPE3 KOTOPOE MUKPOIIPOLIECCOPHBIE
CUCTEMBbI HAOJIOIAl0T 32 BHELIHUM MUPOM. PaccMOTpUM pasziuyHbIe TUIIBI AATYMKOB, MX
IIPUMEHEHUE U BO3MOKHOCTh CONPSHKEHUS ¢ MUKPOIPOLIECCOPAMH.

TemneparypHble JaTYMKH
Takyro XapakTEepUCTUKY BHELIHEH Cpebl, KaK TeMIIepaTypa MIPUXOJUTCS U3-
MEpSATH T0BOJIBHO 4acCTo.
X04 MHOIMX IIPOM3BOJCTBEHHBIX IIPOLIECCOB, OT BBIIUIABKM CTAIM N0
IIPOU3BO/I-CTBA MOJYIIPOBOAHUKOB, 3aBUCUT OT TEMIIEPATYPHI.
HekoTopsie anekTpoHHBIE TPUOOPHI HYKIAI0TCA B U3MEPEHUH COOCTBEHHOMN
TEMIIEPATYPHI:

®  [IEPCOHAIbHBICE KOMIIBIOTEPBI, HANPUMEp, OTCIECKUBAOT TEMIIEPATypy
IIPOLIECCOPOB,

e  KOHTPOJUIEPHI ABUTATENEH JOJIKHBI 3HaTh TeMiepaTypy MC npaiiBepoB U T. 1

® MBI, TOXKE U3MEPSAEM TEMIEPATYPy CBOEIO TENA...

Bo  Bcex  mepeuyucieHHBIX ~— IpUMEpax  TEMIIEpaTypy  H3MEPSIOT
TEMIIEpPATypHbIE  JAATYHKH.

Tepmope3ucTopsl
Tepmope3ucTop — 5T0 TEMNEpPaTypHBIN JATYUK, CONPOTUBIEHUE KOTOPOTO
3aBUCUT OT TEMIIEPATYPHI.

TepmucropamMu Ha3bIBarOTCs TEPMOPE3UCTOPHI c OTPHULIATEIIbHBIM
TEMIIEPaTypHbIM KO3(P(PUIIMEHTOM COMPOTUBICHUS TO €CTh CONPOTHUBIICEHUE TaKUX
TEPMOPE3UCTOPOB PACTET C IAJICHUEM TEMIIEPATYPBL.

Io3ucropamu Wi KPEMHHUEBBIMU JAaTUYUKAMHU TEMIIEPATypbl, IO HAa3BAHUIO
TEXHOJIOTUM MX W3rOTOBJICHUS, HA3bIBACTCA Jpyras TIpyIlla TEPMOPE3UCTOPOB C
MIOJIOKUTEIIBHBIM TEMITEPATYPHBIM KOAG(OUIIMEHTOM COMPOTUBICHUS HWMEIOIIUM TIPSIMO
MPOMOPUMUOHAIBHYIO 3aBUCUMOCTDH OT TEMIIEPATYPHI.

N3 Bcex macCUMBHBIX TEMMEPATYPHBIX JAaTYUKOB, TEPMOPE3UCTOPHI 00J1aJAK0T
HAHO00JIbIIell YYBCTBUTEJIbHOCTbIO (M3MEHEHHUE CONMPOTHUBJICHUS HA TPajyCc M3MEHEHUS
temnepatrypbl). OJHAKO 3aBUCUMOCTh COMPOTHUBJIEHUS OT TEMIIEPATYPhl Y TEPMOPE3UC-
TOPOB — HeJIMHEHWHAas.

Pe3ucTuBHbBIE TEMIIEpPATYPHbIE JaTYUKH

Pe3ucTuBHblii TeMnepatypabiid 1at4uk (PT ) OTHOCHUTCS K METaIIIMYECKUM
TEPMOMETPaM CONIPOTUBIICHUS U MPEACTABIISIET COOOM MPOCTO KYCOK METAJUTHYECKOM
ITPOBOJIOKH, U3MEHSIOIINN CBOE CONPOTUBJICHUE B 3aBUCUMOCTH OT TEMIIEPATYPBI.

Tunuuasimu Matepuanamu 1y PT/] sBistorcs:

®  McIpb,

° IJIaTUHA,

° HUKEIIb 1

° CILIaB KEJIC30-HUKEIb.

28 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 325 p.
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Konctpyktusno snement PT/] MoeT ObITh TPOBOJIOYHBIM WJIM TJICHOUYHBIM,
HAaHECEHHBIM WJIM HANbUICHBIM Ha MOJIOKKY, HAIPUMED, U3 KEPAMUKHU.

B cnemudukanuu conporuBinenne PTJ oObryHo nano mpu 0°C. Tunudnbif
miatuHoBbI PT/I, umeromuii conporusienue 100 Om mipu 0°C, umen Obl COTPOTUBIICHUE
100.39 Om npu 1°C 1 119.4 Om npu 50°C.

PT/l uMerOT TOYHOCTH BBILIE, YEM Y TEPMOPE3UCTOPOB. TUNMYHBIE IOTPEIIHOCTH
PT/I cnenyromue:

rpu ucroiab3oBanuu miatuael — 0.01,..0.03%);

pu ucroiab3opanun Mmeau — 0.2%);

P MCTIOJL30BAHUY HUKEIS U CTUIaBa skene30-Hukenb — 0.5%.

C yuerom Oosbeit TouHocTd PT/l 1 MeHbIIEro CONpOTUBIIEHUS, CXEMBI
noaxiroueHust PT/L k OY npakTudecku Takue ke, Kak U Uil TEPMOPE3UCTOPOB.

Tepmonapsl

TemneparypHblii aT4MK Ha OCHOBE TepMOIapbl O0Opa3yeTcss CBapHBIM COEH-
HEHHUEM (CraeM) JBYX pa3iu4HbIX MeTauioB. Tomac 3eebex B 1821 romy oOHapykui
TepMOdJIeKTpruueckuii (dekT, HazBaHHBIM B ero udecth 3ddexkrom 3eedeka} Koraa B
MECTE MEXIY «TOpSAYUM» U «XOJOJHBIM» CIIA€M METAJUIOB C Pa3HbIMHU TEMIIEpaTypamu
Bo3HHMKaeT TepMo-I/IC ¢ HeOobIIoil pa3HOCThIO MOTEHIMAIOB (TIOPSIKA HECKOJIbKUX
MB), KOTOpYI0 MOKHO U3MEPUTH MUIJITUBOJIBTMETPOM.

Bennunna Bo30yxkaaeMOT0 HANPS>KEHUS! 3aBUCUT OTTOTO, KAKKWE METaJLIbI
COEJIMHEHBI.

Jli1st 0Opa3oBaHusi TEPMOIIAP CYIIECTBYET TpH HanOosiee paclpoCTPaHEHHBIX
KOMOMHAIMK METaJUIOB:

1. xene30-koHCTaHTaH (Tu .J),

2.  Menb-koHcTaHTaH (tun T)

3. uxpoMm-amomuHuii (tum K).

Hampsixenue, o6pazyemoe TepMonapoi, UMEeT O4Y€Hb Mallyl0 BETUYHHY, OOBIYHO
HECKOJIbKO MUJUTUBONBT. Hanpsixenue tepmonapel Tuna K nzmensiercsa cero Ha 40 mxB
Ha rpanyc Llenbcusi.

Takue Manbpie U3MEHEHUST HAMIPSHKEHUN TepMonapsl TPeOYIOT MPEIM3UOHHBIX
U3MEpeHUi: Mg obecrieueHuss TOYHOCTH m3MepeHms Temmeparypbl 0.1 °C tpebyercs
TOYHOCTh U3MEPEHUS HANPSKEHUS nopsiaka 4 MkB.

C nmpyroil CTOpPOHBI, MOCKOJIbKY JIOOBIE J1Ba pa3HBIX MeTaia 00pa3yroT
TepMOIapy TMpU COCAUHEHUU, TO TOYKA COCAUHEHUS] TEPMOIAPHI C HU3MEPUTEIHLHOU
CHUCTEMOM Takke OyJeT MMETh CBONCTBA TEpPMOMNAphl B MECT€ HUX COCIAMHEHUS H3-3a
pa3HUIBI TeMIepaTyp, U3MEpsSeMOor TepMomapbl U TEMIIEPATYphl OKPYKAIOIIEH Cpesbl.

Mecto coenuHenusi (KOJOJKAa) HAUYMHAET HArpeBaThcsl U 00pa3yeT MNapasuTHYIO
TepMOIapy W3 MaTepuana KOJOAKA M MEIHBIX IPOBOJHHMKOB, IMOJCOCAUHEHHBIX K HEW.
[log MeaHbIMH MPOBOJHUKAMHU IOJAPA3yMEBAIOTCS HE TOJIBKO MEIHBIE MPOBOJA, HO U
MEJIHbIE JOPOKKH IMEYATHOU ILIATHI.

Janueiii 3¢GhekT MOKeT ObITh CBEACH K MUHUMYMY pa3MEIICHHUEM COEIH-
HEHUW B M30TEPMUYECKOM OJIOKE, BBIMOJTHEHHOM W3 TEIUIOMPOBOJHOTO Matepuaia (CM.
Puc.1). Marepuan ¢ BBICOKOM TEIJIONPOBOJHOCTBIO CHUKAET Pa3HOCTb TEMIEpaTyp
MEXKJy TOYKAMU COCJAWHEHHUS, yMEHbIIas TEeM CaMbiM OIIMOKY, BBOJHUMYIO MECTOM
COEIMHEHHsI MPOBOAHUKOB. PacrnpocTpaHeHHbI croco0 KOMIIEHCALMHM TEMIEepaTypHOU
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3aBUCUMOCTH  H30T€pPMHUYECKOro  OJloka —  3TO  pa3MelieHue B OJloke
MOJIYTIPOBOTHUKOBOTO AMO/Ia U U3MEPEHHUE Ha HEM TaJICHUsI HAITPSAKEHUS.

Jns ycusieHusi KpaliHe Majioro CUTHaja TePMOIIaphl B JIECSThIE JOJIHM BOJBT
HEO0X0IMM ONEPANUMOHHBIN YCHJINTEIb, U OOBIYHO UCMOJB3YETCS MHCTPYMEHTAIbHbBIN
yCWIHTENb B MU PepeHIInaTbHOM BKIIOYEHHH.

Kosdbdumument ycunenuss taxkoro tuma OY HAXOAUTCSs B JHUANA30HE
100...300, u 1100601 1IyM, BO3ICHCTBYIOIIUA HA TEpMOIIapy, OyJAeT YCHUIICH BO CTOJIBKO e
pa3. Takoe BKIIOUEHHWE WHCTPYMEHTAJIbHBIX YCHIWTEICH 3HAYUTEIBHO CHIDKAIOT
cuH(pa3HbIE TTIOMEXH TPOBOJOB TEPMOMAPHI U YCHIMBAET TOJHKO CHUTHAJBI TEPMOIIAPHI.
[IpaBna, MOTHOCTHIO CHU3UTH B PEANTBHBIX YCIOBUSX CHH(A3HBIE MOMEXH HE YIACTCS |
cuH(a3Has moMexa «IIpocaurBaeTCs» Ha BBIXOJ YCUIIUTENS, KOTOPBIA OCIA0ISIET MOMEXY
¢ onpeeneHHbM Koahguimentom ocnadbaenus cuadazupix nomex (KOCC).

KOCC onpenenstor B 1b. UHCTpyMEHTANIbHBIE YCUIIUTENN 110 OTHOLICHUIO K
apyrum tunaMm OV mnmeror nossimeHHbd KOCC.

dupma Analog Devices BeimyckaeT crielualn3upOBaHHbIC YCHUIINTEIN CUTHA-
Ja Tepmonapsl Tuma J, Takue kak AD594/595. UC AD594/595 ne ucnonbs3yet BHENTHUN

p-n mepexoj sl KOMIEHCAIIM U30TEPMUYECKOTO COEIMHEHHUs, BMECTO 3TOTO, B
ca-MOM MHUKpPOCXEME MPETyCMOTPEHO OMMETANINYECKOe COCIMHEHNE, KOMIIEHCUPYIO-TIIee
TEMIIEPATYPHYIO 3aBUCUMOCTh COEAMHEHHUS TEPMOIIAPHI C YCUITUTEIEM.

NC npoBoauT wusMepeHuss B TemieparypHom auamazone 0.,.300°C. [ns
HAWUJTy4dIlle KOMIEHCAllUM COEJUHEHHE IPOBOJAOB TEPMOIAPHI C BXOJOM YCHUIIUTENS
JIOJKHO OBITh BBITIOJIHEHO Ha TUIATE KaK MOKHO OJIMKE K BBIBOJAM MUKPOCXEMBI.

Yceunurens

_ Cu
BuixogHoe
Cnan & i ¢ Su HanpsXxeHue
TepMonaps X AUN

M3oTepMuueckuit
6nox

Cxema
TEMNEPATYPHON
+ KOMMeHcaumm

BoixoaHoe
& 2 ‘ e HanpsxeHue
Cnan k ALN

TepMonaps!

T} n
Cu Yeunurens

N30TepMuyeckuit
610k
TemneparypHas KOMNeHCauus

Puc. 1 Tepmomnapa

YcusleHHBI CUTHAJ TEPMOIIAphl, KaK U TEPMOPE3UCTOpa, HEOOXOAUMO Mac-
mTabupoBaTh, YTOOBI COOTBETCTBOBATH BXOHOMY nuarnazony ALIIIL
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TepMmomnapbl  OTHOCHTENIIBHO JIMHEMHBI B  OTPAHUYEHHOM  JIMAIla30HE
TeMIlepaTyp, OAHAKO €CJU JUana3oH MU3MEPEHU JOCTATOYHO MIUPOK, JJIsi KOMIICHCALIMU
HEJIMHENHOCTe! MOHAA00UTCS JOTOIHUTENBHOE MTPOrPpaMMHOE 00eCTIEYeHHE.

3aBUCUMOCTh HAINpsHDKEHUS TEPMOIApbl OT TEMIIEpaTypbl B 3TOM Ciyyae
MOXHO OyAeT MpenCTaBUTh MOJMHOMOM, IIOYTH Tak e, KaKk U 3aBUCHUMOCTh
CONPOTHUBJIEHUS TEPMOPE3UCTOPA OT TEMIIEPATYPHI.

IMosrynpoBoAHUKOBBIE TeMIIePATYPHbIE JATYNKH

B kadecTBe mpocTenero noiaynpoBOAHUKOBOIO JaTYMKA TEMIIEpATypbl MO-
KET UCIO0JIb30BaThCs, HAIPUMED, P-N NEPEXO] IUO0AA UM TPAHZUCTOPA.

Ecnn nopnepxkuBaTh NOCTOSHHBIM TOK 4YE€pPEe3 CMEIICHHBIA B MPSIMOM
HaIpaBJICHUU KPEMHHEBBIN P-N -epexo/l, MpsMOe MaieHUe HANPsLDKEHUS OyJAeT MEHSAThCS
Ha 1.88 MB ¢ xaxasim rpagycom Lenbcusi.

[To sTomy nmpunnumny padoraer UC MAX1617 pupmer MAXIM/Dallas,
KOTOpas U3MepsAeT TeMIlepaTypy C HCIOJb30BaHUEM MPSIMOCMEIIEHHOIOp-n Nepexoaa
BHEIIIHETO TPaH3UCTOpa, HarpumMep tuna 2N3904.

TpaH3ucTop MOXeT OBbIThb JUCKPETHBIM 3JEMEHTOM BHE MHUKPOCXEMBI, a
MoxeT BxoauTh B coctaB MC. Beixoa mukpocxeMbl MAX1617 umeer nocienoBaTebHbIN
untepdeiic SMBus.

NC UCLM335 (Puc. 2) ot ¢upmsr National Semiconductor ¢popmupyer Ha
BBIXOJIE HAIpsSDKEHUE, MPONOpPUUOHANIBHOE Temmeparype. V3MeHeHue BBIXOJAHOIO
HanpspkeHus: paBHo 10 mB Ha rpagyc Llenscus. Ilpu 0°C BbeIXOgHOE HampsKeHHE
cocrasisiet 2.73B, a mpu 100°C cocrasnsier 3.73B. IC LM335 notpebnser Tok ot 0.4 10
5 MA.

BeoioaHoe HanpExeHWe

NopcTpodxa

Puc. 2 IC LM335

Hatunkun UC LM34/35 mnony4aroT nuTaHue OT HaNpshKeHU B Auana3one 4...20 B
1 (OpMUPYIOT HA BBIXOJE HANPsKEHUE, MPONOPIIMOHAIIBHOE TEMIIEpaType.

NC LM34/35 dopmupyer 500 mB npu 50°C u nob6asnsier 10 MB Ha xaxnabiit
rpanyc llenscusa. UC LM34 kanuGpoBaHa B TemriieparypHoil mkane ®apenreita, a IC
LM35 — B rpaaycax Llenbcus.

Beixogq UC LM34/35 MoxeT ObITh HEMOCPEICTBEHHO IMOJKIIOYEH K BXOMY
AIII nim komnaparopa.

WC LM34/35 National Semiconductor coaepxut TemrepaTypHbIid JaT4UuK
u 13-Outnbiii curma-gensra ALIl u u3mepsier temnepatypy B auamnaszone -55...+150°C.
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Omna umeer Ha Bbixone AT unTepdeiic SPI/Microware, KOTOPbIM COEIUHSETCS C
MHUKPOIIPOLIECCOPOM.

NC LM34/35 mnocraBnsiercss B 8-BBIBOAHOM KOpIyce ISl MOBEPXHOCTHOIO
MoHTaxka (SMT).

HampsikeHue nuTaHus MUKPOCXEMbI B 3aBUCUMOCTH OT MoAuuKauu — 3.3
i S B..

OnTnyeckue JaTYNKH

B kadecTBe ONTHYECKOrO JaTYMKA Yallle BCErO BHICTYIIAET ONTONAPA
CBETOIMO01-(hOTONPUEMHHUK, Ha3bIBa€Masi TAKKE ONTPOHOM.

BrimyckatoTcst onTpoHBbI ¢ 3aKphITHIM (Optoisolator) onTuueckuM kaHaaoM (B
MOHOJIMTHOM MHUKPO CXEMHOM HCITOJIHEHHH) U OTKPBITBIM ONITHYECKUM KaHAJIOM
(LIeneBbIe U OTPaXKATEJIbHbBIE ONITPOHBI).

IleneBoit onTpoH

Ha puc. 3. moka3zaH ONTHUYECKHIl JaT4YUK — MHIeJeBOl onTpoH (slottedo
pticalswitch). dororpan3ucTop W HampaBlICHHBIM HAa HEro CBETOAMOJ YKPEIUICHBI Ha
IJJACTUKOBOE OCHOBAHUE M PA3ACIICHBbI MPOMEKYTKOM TaK, YTO KOIJAa HEKUU MpEeaMeET
JIBHKETCS B 3a30P€, OH MPEPHIBAET CBET MEXKIY CBETOAUOIOM U JATYUKOM.

[IleneBble ONTPOHBI YACTO MCHOJB3YIOTCS Il HM3MEPEHUS CKOPOCTH
JBUTATEJIS IIPY TOMOILY JUCKA C IPOPE3SIMU, PA3MEILIEHHOIO Ha OCH JIBUTATEJIS.

Korna ochk Bparaercs, UCK 10 o4epeau pephIBaeT WM, HA000OPOT, HE TIpe-
PBIBAET CBETOBOU Iy Th.

Jlpyroe npHMeHEHHE IIENEBOr0 ONTPOHA — 3TO HHJUKAIUSA, OTKPBITA WIH
3aKpbITa JIBEPb WM, HAIPUMEP, KOXKYX OXpaHHOro npubdopa. @naxxok Ha JIBEpH, Momnajaas
B IleJib, OJIOKUPYET CBET, KOTJa JBEpb 3aKpbIBaeTcs. MexaHudeckas KOMIIbIOTEpHas
MBIIIIb TAK)KE UCTOJIb3YET IIeJIEBbIE ONTPOHBI.

Coetoguon  Mororpanaucrop

g d

3l

j YnpouwexHas
3MNEXTPUYECKAR CXeMa naph
CBETOAMOA-DOTOTPRHINCTOP

Puc. 3 OnTuueckuil JaTYMK — IIEJIEBON ONTPOH
OTpaxare/IbHbIN ONITPOH

Ha puc. 4 nokazaH Apyroil TUI ONTUYECKOTO AATYMKA — OTPAKATEIbHBIN ONTPOH
(reflectiv eesensor). IIpuHIHMI pa®oTHl ATOro JaTYMKA TaKOH *kKe, KaK W IIEJIEBOro, ¢ TOM
pasHuilel, 4YTo (OTOTPAH3UCTOP COOMpPAET OTpPAKCHHBIA, a HE TMPSIMOH CBET.
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BoNbIIMHCTBO TaTUUKOB OTPAXKEHUSI XapaKTepU3yIOTCS (POKYCHBIM PacCTOSTHUEM—
ONTUMAJILHBIM PACCTOSTHUEM, Ha KOTOPOM JIOJKEH OBITh pa3MEIleH OTPaKaroluidi 00bEKT
OT JaT4MKa. DTO PaCCTOSHHUE cOCTaBiisgeT 00biyHO Beauuuny 0.254...1.270 cMm (ot 0.1 mo
0.5 mroiima). TumuuHOe NPUMEHEHHE OTpa)kaTeIbHBIX ONTPOHOB—ATO PETUCTPALIUS
BpALEHUS IBUTATEINS IO HAHECEHHBIM Ha €T0 OChb TEMHBIM METKaM.

[TockonbKy (GOTOTPAH3UCTOP TOBOJIHBHO MEIJICHHOICHCTBYIOIIMMA ONTHYEC-
KU TPUOOp, TO JAaHHOE 0OCTOATENHCTBO OTPAHUYMBAET MAKCUMAIIBHYIO CKOPOCTh
pEerucTpanuu.

¥ I

YnNpouweHHas anekTpuyeckas cxema
napel ceeToanoa-PoTOTPaH3IUCTOP

Cseroavion
) D
Konnumarop —» ——_—"°) > Orpaxawouwas
: NOBEPXHOCTb
DOTOTPAH3UCTOP

Puc. 4 Ontuueckuii JaTYUK — OTPAKATEIbHBIN ONTPOH

TunuyHoe Bpems BKIIOUECHHs (OTOTpaH3UCTOpa 8 MKC, a BBIKIIOUYeHHS S50
MKC. DTH BPEMEHHbIC MapaMETPhl OMPEIEIAIOTCS CKOPOCThIO HOCUTENEN MOJ| JEeHCTBUEM
CBETa B Iepexo/ie 0aza-3MUTTEP TPAH3ZUCTOPA.

Ko3ppuuueHT ycuaeHus no ToKy
OnTonapa cBeTOANOA-(HOTOTPAH3UCTOP HMMEET OIPAHUYEHHBIM KO3()PUIUEHT

yCUJIEHUS, OOBIYHO MEHbIE eAMHUIbI. OTHOIIEHUE TOKA, MPOTEKAIOIIET0 B KOJJIEKTOPE
dboTOoTpaH3UCTOpPa K TOKY Yepe3 CBETOJMOJ, Ha3biBaeTCs KOA(DPUIMEHTOM Mepenadd Mo
oKy, KIIT (Current transfer Ratio CTR).

Tunuynoe 3Hayenue KIIT s meneBbix onTpoHOB coctaBigeT 0.1. 1o
3HAYUT, 4Tto npu Toke 10 MA, mporekaromeM uepe3 CBETOAMOA. TOK KOJUIEKTOpa
dboToTpan3ucTopa coctaBut 1 ma

YnpasieHre HeCKOJIbKUMH JATYMKAMU
B HEKOTOpBIX cHCTEMaX MOXKHO OOECIEUUTh YIIPaBICHHE HECKOJIbKUMU J1aT-
yukamu ¢ nomoiibio ogHoro ALl wiu mudposoro Bxona. Ha Puc.5 uetsipe onTu-yeckux
JIaTYMKA MTOJKIOYEHBI K OJJHOMY BXOJly MUKPOIIPOLIECCOPA.
Kaxxnplii cBeTOAMO UMEET OTACIBHBINA BEIXO. ITO MOXKET OBITH OTHACIILHBIN
OWT MopTa UK OTACIIBHBIN PETUCTD.
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Ha pucynke nokazana 8-OuTHasi 3aleiKka perucTpa ¢ YeThIpbMs UCIOJb3Ye-
MBIMU OHWTaMH, KOTOpbIE YIPABISIOT BKJIIOYEHUEM WIM BBIKIIOYEHUEM YEThIPEX
CBETOJMOA0B OINTOIAP.

OMUTTEPHl BceX (HOTOTPAH3UCTOPOB OINTOMNAP 3a3€MJIEHBI, a KOJUIEKTOPBI
o0beIMHEHBl BMECT€ U TMOJAKIIOYEHBbl uYepe3 o0y Harpy3ky k +5 B. C oOmei
KOJUIEKTOPHOM Harpy3Ku CHUMAETCs CUTHAJ U IIOJIaeTCs Ha BXOJIbl MUKPOIIPOLIECCOPA WIIH
AIIL.

Jiisa QyHKIMOHMPOBAHUS AAHHOM IIEMH CBETOAMOJ Ka)JIOro ONTUYECKOTO
JATYMKA BKJIFOYAETCS B OIPEAEIECHHBIN TPOMEKYTOK BPEMEHHU (MYJIbTUIUIEKCUPOBAHUE IO
BPEMEHM), U CUMUTBHIBAETCA CUTHAJI C 00mero BbiBoja (eciu ucnoiszyercs ALl To
BBINIOJIHAETCS MPE0OPa30BAHNE CUTHAJIA MOJIKJIFOUEHHOTO CBETOAMO/1A).

[locne KaXAoro CYMTHIBAHMS BKJIOYAETCS OYEPENHOW CBETOAMOA. JlaHHBIM
IIPUHLAI HAKJIAJBIBAET CIAEAYOIIME OTPAHUYCHHUS:

®  KaXIbIH CBETOAMOJ JODKEH OBITh BKIIIOUEH JJIMTENBHOE BpEMsl IMepef
CUMTBIBAHHEM, YTOOBI (POTOTPAHZUCTOP MEPEIIET B YCTAHOBUBIIUNUCS PEKUM.

® TIOCJIE BBIKIIIOYEHUS CBETONMOJA CIIEAYIOIIEE CUHUTBIBAHUE HE JIOJDKHO
OPOU3BOAUTHCS 0 TeX TOop, TNoka (GOTOTpaH3UCTOp He BhIKIMOUMTCA. Ho
CIENYIOINKA CBETOIMOJ MOXET OBbITh BKJIIOYEH, I[IOCIE€ TOr0 KaKk MPOYHMTAH
pesyaprar. Ecaum  He  NpPOM3BOAUTCA  CUMTBHIBAHMS J1Ba  CBETOAMONA  BIIOJHE
MOTYT paboOTaTh OJTHOBPEMEHHO.

® u3-3a COOCTBEHHOM YTEUKM YHCIO BKJIIOYEHHBIX MapayjiesbHO (HOTO-
TPaH3UCTOPOB JIOJKHO OBITH OTPAaHUYEHO.

e ccnu Ha (POTOTPAH3UCTOPHI MAJAET OKPYXKAIOIIMK CBET, TO pe3yJbTar
CUUTBIBAHMS OyJET HETOCTOBEPHBIM.

Bo MHOrux mojnensix coBpeMeHHbIX MUKpOKOHTpoJiepoB ALII nmpucyrcTByer B

Buje nepugepuiinoro ycrporcrtea. Kak mnpasuno, ALl peanu3oBaHHble B BHIE
otaenbHo UMC obnanarot 0osiee BHICOKMMU MOKA3aTeIsIMH pa3peliaronieid ciocoOHOCTH
U OBICTPOACUCTBUS, HO MPHU STOM YCIOXKHSETCA peanu3anus oOMEHa AaHHBIMH MEXKIY
AUII 1 BBIYMCIUTETBHBIM YCTPOUCTBOM (TpeOyeTcsi MCHOJIb30BAHUE MPOTPAMMHON HIIH
anmnapaTHOM peanu3allyiy MOCJIeI0BaTEeIbHOTO WM NapajljiebHOro uHTepdeiicoB oOMeHa
MaHHBIMM). JlJIs M3MepeHusi TeMIiepaTypbl ¢ 3aJlaHHOM TOYHOCTHIO BIIOJHE JIOCTATOYHO
unrerpupopanHoro ALIIL. ITosromy nHammuue ALIIT OyaeT sIBAATHCS OAHUM U3 KPUTEPUEB
BBIOOpA MUKPOKOHTpOJIEpA YIpasisitoiero ycrpoiicta (Puc 5).
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Puc. 5 Heckonbko onTpOHOB € OOITUM BBIXOA0M

[Tpu paboTe MUKPOKOHTpOJJIEPA C AATYMKAMU, UMEIOIIIMMH MEXaHUUECKUE
WIN AJIEKTPOMEXaHNYECKUE KOHTAKTBI (KHOIIKH, KJIaBUILH, pelie, KJIaBUaTyphl U T.1.),
BO3HHKAET SIBJICHUE, HA3bIBAEMOE Ipede3roM KOHTAKTOB.

OHO 3aKkilo4yaercs B TOM, YTO IPH 3aMbIKAHUHM KOHTAKTOB IMPOUCXOJUT HX
OTCKOK, ITOJI IEUCTBUEM CHJI YIIPYTOCTH, OOpaTHOE COEAMHEHUE, TOBTOPHBIN OTCKOK U T.JI.
DTO NPUBOJIUT K NEPEXOAHOMY IPOLIECCY, MPU KOTOPOM CUTHAJ C KOHTAKTa MOYKET OBITh
IIPOYMUTAH KaK cllydaiiHas ocie0BaTeIbHOCTh HyJIeH U equHull (puc.6).

[TomaBuTh 3TO HEXENATENbHOE SIBIIEHUE MOXKHO arlapaTHbIMU JTU00
POrpaMMHBIMH CIIOCOOAMH.

Puc. 6 K noscuennro addexra npede3ra KOHTAaKTOB

AnmapaTHbie CITOCOOBI 3aKJIIOYAIOTCSl B HCIOJNIB30BAHUU CXEMbI OJHOBHOpaTOpa
(puc. 7, a), wim QuIbTpa HWKHUX YacToT (puc.7, 0) I CriaaXuBaHUsS MYJIbCAIlUH,
CJIEIYIOIIUX C MIEPUOJOM MEHBIIIUM, YeM MOCTOsIHHAsA BpeMeHu puibrpa (RC-ienoukn)

r=RC.
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Puc. 7 Crioco0nr AlllIapaTHOT'O ITOAAaBJICHUA ﬂpe6e3ra KOHTAaKTOB

Cpenu mporpaMMHBIX CIOCOOOB HauOOJIbIlIEE PACTIPOCTPAHEHHE MTOJTYUUIIH JIBA:

1) mojacyeT 3a1aHHOTO YKCJIa COBITAIAIONINX 3HAYCHUN CUTHAJIA;

2) BpeMEHHas 3aJIepxKKa.

CyTb mepBoro crmocoba 3aki04yaeTcss B MHOTOKPATHOM CUMUTHIBAHHHM CHUTHaja C
KoHTakTa. Iloacuer ymadHbIX ONpOCOB (T.€. OMPOCOB, OOHAPYKMBIIKX, YTO KOHTAKT
3aMKHYT) BEJETCS NpPOrpaMMHBIM CYETYMKOM. Eciu mocne cepuu yJayHbIX OIPOCOB
BCTPEYAETCS] HEYJauyHbli{, TO TOJCYET HauyMHAeTcs CcHadaja. KOHTakT cuuTaercs
YCTOMYMBO 3aMKHYTBIM (ZIpeOe3r yCTpaHEH), €CM MocienoBajio N yJIayHbIX OINPOCOB.
Yucno N noadupaercst 3KCEpUMEHTAIBHO AJIs1 KaKJ0T0 THUIIA UCIIOJIb3YEMBbIX JaTYUKOB U
nexur B ipeaenax ot 10 mo 100.

Ycrpanenue ape0esra KOHTAaKTOB IyTEM BBEICHHUS BPEMEHHOW 3aJEpiKKU
3aKJIFOYAETCsl B TOM, YTO MpOrpaMmMa, OOHapyKUB 3aMbIKaHUE KOHTAKTa, 3alpeliaeT Onpoc
COCTOSIHMSI 3TOTO KOHTaKTa Ha BpeMs, 3aBEJOMO OOJjbllee JUIUTEILHOCTH MEPEXOAHOTO
nporecca.

Bpemsi 3amepkku moaOupaeTrcss SKCHEPUMEHTAIBHO s KaXKIAOro THIla
JATYUKOB B npenenax 1...20 Mc U peanusyeTrcss 00bIYHO C TOMOIIBIO OJTHOTO U3 TaliMEpOB
\ cCUeTYNKOB.

Jlist cucteMbl TEPMOPETYJIMPOBAHUSL OCTAHOBUMCSI Ha CHOCOOE MOJABICHHUS
npebe3ra KOHTaKTOB ¢ ucnoiyib3oBaHueM RC-1ienoyku, Tak Kak OH TpeOdyeT MUHUMAaIbHBIX
anmapaTHBIX 3aTpaT M HE YCJIOXKHSET NPOrpaMMHONM peanus3aluu Hpouenyp oopaboTku
Ha)KaTHs KJIaBULI.

DOnexTpuyeckas MNPUHLMIMAIBHAS CXE€Ma [OJAKIIOUEHUS KIaBUATyphl K
MUKPOKOHTPOJUIEPY MPUBEACHA Ha puc. 8.

'E-"Il.'.'u.'.u JE-"Il.-.'u.'.ll JE-"Il.-.'lr.u
Ri [i] H_:’[Ij H.ﬁ'f]

si | s2 .1 S3

|
"ﬁm-"}f?ﬁ__ »Up™ jF_|__ -.f.}uu-”'d_(ljf
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Puc. 8 Cxema noaxIIFOUEHHs KJIIABUATYPBl K MUKPOKOHTPOJUIEPY YIPABISIOIIETO
YCTpOMCTBA

BbI100p MUKpPOKOHTpOJUIEpAa CUCTEMBI PETYJIUPOBAHMS TeMIlepaTypbl. B kauecTse
MUKpPOKOHTPOJUIEpA CUCTEMbI PETYJIMPOBAHUS MOXKET OBITh HCIOJIB30BAH OJUH U3 8-
OUTHBIX MHUKPOKOHTPOJUIEPOB, IIMPOKO MPUMEHSIEMBIX B HACTOSIIIEE BpeMs ISl pelIeHUs
moA00HOT0 poja 3ajay.

Bbi6op MUKPOKOHTpOJIIEpa HJisi pealu3aluy  yOpaBsSonmX GyHKIANA
CHUCTEMBI PETYyJIMPOBAHUS SIBISETCS BOIPOCOM HEOAHO3HAYHBIM, UMEIOIIUM HECKOJBKO
BapUAHTOB PEIICHUS.

OCHOBHBIMH XapaKTEPUCTUKAMH, KOTOPBIC MPH 3TOM MPUHUMAIOTCS BO
BHUMAaHWE, SBJISTFOTCS:

e mnpomsBoautenbHocTh, MIPS (MIPS — Million Instructions per
Second — MHJIJIMOH HHCTPYKITUH B CEKYHILY );

KOJIMYECTBO JIMHUI BBOJIa/BBIBO/IA;
cocTaB nepudepuitHpIX 0JI0KOB;
TakToBas yactora, MI 11;
sHepronorpednenne, MBT/MI 1;
eHa.
IIpumep BBINOJIHEHHUSI CXEMBI TEPMOPETYJIMPOBAHHUS HA onTpoHax  (puc.9)

Puc. 9 Cxema noKIH0YEHHUS ONITPOHOB
Jns yBelIMYEeHHs JIMHAMUYECKOrO Juara3oHa CHrHajla TeMIIepaTypHBIX
JATYUKOB CUCTEMBl TEPMOPETYIUPOBAHUS B KAXKIOM KaHalle M3MEPEHHUs HCIOJIb30BaHbI
Maciradupyromue yeunurenu (puc.10).

Puc. 10 Cxema BXOAHOTO YCHIIMTENSI TEPMOPETYISATOPA
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Jisg ycunenuss Manbix Jud@epeHunanbHbIX CUTHANIOB (CUTHAJIBI C  BBIXOJA
TepMomnap), K KOTOPbIM MOTYT OBITb MpHUMEIIAHbl OOJIbIIME CHH(A3HBIE MOMEXU
MPUMEHSIOTCSI HHCTPYMEHTAIbHBIE YCUIIUTENN

KoHTpoJsbHBIE BONIPOCHI:

Yro Takoe Apede3r KOHTAKTOB?

Kakue criocoObl MpUMEHSIIOT 715 MOJaBJIeHUs Jpede3ra KOHTaKTOB?

B kakux ciy4asx v JUisl 4ero NpUMEHSIOTCS MacCIITaOUpPyEMBbIE YCUITUTENHN 7
Kaxko# tunt AT nydine npuMeHsTh B CXeMax TEPMOPETYIUPOBAHUA?
ITepeuncnure kputrepuu BbIOOpA UII MHUKPOKOHTPOJUIEPA, PEATU3YIOLIETO
(GyHKLIMU yOPABJICHUS B CUCTEMaX PEryJIUPOBAHMS?

bW E

Hcnoan3yemas aureparypa:

IEEE 1451-0. (2007). Standard for a Smart Transducer Interface for Sensors and
Actuators (related parts of this standard referring to particular aspects of the interface are
published separately as IEEE 1451-1, 1999, IEEE 1451-2, 1997, IEEE 1451-3, 2003, IEEE
1451-4, 2004, and IEEE 1451-5, 2007).

S-IpaKTH4YecKoe 3aHsTHe:
Co3nanue BupTyaJbHbIX NpudopoB B cucreme LabVIEW

Hean padorel. [lonyueHne mpakTHYECKUX HABBIKOB paboThI B cucTeme LabviewHna
pUMEpPE CO3/IaHus BUPTyanbHOro nmpudopa VI.

Kpatkue Teopernueckue cBeleHHS M MeToquveckue YykazaHusi. Omnwuiiem
OCHOBHBIC KOHIICIIIIMU TOocTpoeHus cuctembl Labview. Labview (Laboratory Virtual
Instrumentation Engineering Workbench) — sro cpena pa3paboTku u Imatdopma s
BEITIOJTHGHUS TIPOTPaMM, CO3JIaHHBIX Ha TpauueckoM s3bIKE MporpaMMupoBaHus «G»
¢bupmel National Instruments (CLLIA). IlepBas Bepcusi Labview Oblna Beimymiena B 1986
roxy st Apple Macintosh, B Hactosiee cymiectByroT Bepcun st UNIX, GNU/ Linux,
Mac OS u np., a Haubosee pa3BUTHIMU U MOMYJIIPHBIMU SIBJIAIOTCS Bepcuu A Microsoft
Windows.

Labview ucnonp3yercs B cucteMax cbopa u 0OpaOOTKHM JaHHBIX, a TaKXe s
YOPaBJICHUS  TEXHUYECKUMU  OOBEKTaMH M TEXHOJOTUYECKHMMH  IPOIIECCAMH.
Nneonornyeckn Labview ouennr O6am3ka k SCADA-cuctemaMm, HO B OTJIMYHME OT HHX B
OOJIBIIEeH CTENneHW OPUEHTUPOBAHA Ha PEIIeHHE 3a/ad He cToiabko B obmactu ACY TII,
cKoibpKO B obmactu ACHU.

['padmyeckuii 361K porpamMmupoBanus «Gy, ucnonb3yeMblil B Labview, ocHOBaH
Ha apXUTEKType IMOTOKOB JaHHBIX. [lOCIeM0BaTETLHOCTh BBIMOJHEHUS OIEPATOPOB B
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TaKUX S3bIKaX ONPEJESAETCS HE TOPSIKOM MX CJIeIoBaHus (KaKk B UMIIEPATUBHBIX S3bIKAX
MporpaMMHUPOBaHUs), a HAJTMYUEM JIaHHBIX Ha BXOJaX 3THX oreparopoB. OnepaTopsl, He
CBSI3aHHBIC 10 JAHHBIM, BBITIOTHSIOTCS TTApaIeIbHO B MPOU3BOJILHOM MOPSIAKE.

B ocHoBe mnporpammupoBanuss B LabVIEW nexur nonsrtue BuptyanbHbIX
npubopo (Virtual Instruments, VI). Ha numeBoil mnaHenu, Kak # MOJIOXKEHO,
pacroJiararoTcs 3JIEMEHTHI YIIPaBICHUS TPOTrPAMMON — KHOIIKH, rpadKH, BHIKIIIOYATENN U
ToMy Tojio0HOe. biiok-cxema — 3To, 1o CyTH, U ecTh cama nporpamma. [Ipu Hanucanuu (a
BEpHEE CO3/IaHMM, MMOTOMY UYTO MHUCATh MPUXOJIUTCS HE TaK YK U MHOI0) IPOrpaMMbl
UCIIOJIB3YETCs TAKOE TIOHATHE, KaK «1moTOK naHHbx» (DataFlow). CyTh ero B ToM, 4TO BCe
DJIEMEHTHl TMPOTPAMMBI, TPEACTABICHHBIC TpadUUYECKH, CBS3BIBAIOTCS MEXKIy COOOMU

CBA3JAMU — IIPOBOJaMH, HHUTKAMH, II0 KOTOPBIM H IPOUCXOAUT II€pcaada JaHHBIX
(puc. 3).2°
B! add:sub.vi Front Panel *
Fle Edit Operate Jook Frowse ‘Window Help oy
1] (s pnros - il o /D
2 a+h -
0.00 fooo
b ab
0.00 fooo

Puc. 33. IIpocreiimmii mpubdop.

[udppamu 0603HAYECHBI:

e  Toukwu, amemenTsl mporpammsl (Nodes);

o  Tepmunansl ungukaropos (Indicator Terminals);

o  (Csszu (Wires);

e  Tepmunansl ynpasistouux 3aeMeHToB (Control Terminals).

B Labview co3gaérca monb3oBaTenbCKuid uHTep(deiic (mueBas mMmaHedb) C
YOPABJSIIONTAMHA  dJIEMEHTAMA ¥ WHIUKATOpaMH. YTPaBJIAIONME DSJIEMEHTBHI — 9TO
TyMOJIEpBI, KHOIIKH, TIOJII BBOJA W IPOYME YCTpoHCTBa BBOAA. WMHIWKATOPBI — 3TO
rpaduKy, MIKaJIbI, JJAMITIOYKH, TEKCTOBBIC TIOJIA | T.1. [lociie co3manus moab30BaTeIbCKOro
uHTep(elica, mM00aBIIETCS MPOrPAMMHBIN KOJ, KOTOPBIA YIpaBiseT OOBEKTAMH Ha
JUIIEBOM TaHeNr. ITOT koj cojaepkutcs B cxeMe (block diagram). DToT K01 HamoMuHaeT
co00#1 OJIOK-CXeMY, XOTSI HIMCIOTCS M OTJINYHSL.

Labview MOXHO WUCHOJB30BaTh JMJI TOTO, YTOOBI YIPAaBISATH Pa3IUYHBIM
o0opyIoBaHMEM, TaKUM, Kak, YyCTpoWcTBa cOopa MJaHHBIX, pa3IUYHbIC JATYUKH,
ycTpoiicTBa HabmoneHus, a Tak ke GPIB, PXI, VXI, RS-232 b RS-484 ycrpoiictBa. B

29 Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and Application. Elsevier Inc. London.
2012. 130 p.
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Labview UMerOTCSl BCTPOCHHBIC CPEICTBA JIJIS TTOAKITIOUEHUS CO3JJaHHBIX MTPOTPamMM K CeTH
— LabviewWebServer u pa3nuuHble CTaHIapTHbBIE MPOTOKOJBI U CPEACTBA, TAKUE Kak
TCP/IP u ActiveX.

Hcrnonp3yss Labview, MOXXHO co37aBaTh MPUIOKCHHS JUISI TECTUPOBAHUS U
U3MEpeHuid, cOopa JaHHBIX, YIPaBJICHUS PA3IUYHBIMU BHEIIHUMH YCTPONCTBAMH,
reHepanuy 0T4eToB. MOXKHO CO3/1aTh HE3aBHUCUMBbIE UCITOTHSEMbIe (Daiyibl 1 OMOIMOTEKH
dbynkuumii, takue kak DLL, mockonbky Labview — 5T0 mosHOIEHHBIN 32-OUTHBIN
KOMITUJISITOP.

B nacrosmee Bpemst LabVIEW mmpoko npumensieTcst B cienyomux cdepax:

e  ABTOMOOWJIBbHASI IPOMBIIIIEHHOCTB;

TenekoMMyHUKaLINK;

AdpoKocMHUYECKast TPOMBITTUICHHOCTb;
[TorymipoBOTHUKOBAS TIPOMBIILICHHOCTD;
Pa3paboTka 1 mpou3BOACTBO AIEKTPOHUKH;
YrpaBieHUEN TEXHOJIOTUHYECKUMHU ITPOLECCAMMU;
buomenumnuna.

Ilopsiioxk BbIMOJHEeHHsT PadoTbl. VMEOTCS MaT4YuKW, KOTOPHIE CUYUTAIOT
temriepatypy u o0veM. Heobxomumo coznate VI, 4TOoOBI MOAENHMpOBaTH OIpeAesieHUE
TeMIlepaTyphl U 00bema.

3ananue 1. Co3nanue VI

ens: Co3nats VI.

[lepenusist manens.

1. OtkpoiiTe HOBYIO MEPEAHION0 MaHesb, BeiOupas File>>New. Ecnu 3akpsiThl Bce
VI, Beibepute New VI u3 quanorosoro okaa Labview.

OOpatuTe BHUMaHHE, €CJIM TAJIUTPA CPEJCTB YIPABICHUS HE BHAMMA, BhIOEpUTE
Windows>>ShowControls Cpezacts ynpaiieHus, 9T00bI 0TOOpa3uTh MaNIUTPy. Bl Takke
MOKeTe oOpamatbes K nanutpe CpefcTB ynpaBlieHUs, HAXOAAIIEHCS B OTKPBITOM 00J1acTu
JIMIIEBOM MAaHEIIH.

2. Beioepure Tank u3 Controls>>Vessels u momectuTe 3TO Ha JUIEBYIO MTAHETb.

3. Haneuaraiite Volume B TeKCTOBOM OJIOKE METKM W MICIKHUTE TAC-HUOYIh Ha
JIMLIEBOU TTAHEIH.

4. TloBTOpHO MacuITaOUpyTEe MHIUKATOP pe3epByapa, YToObl 0TOOpPa3uTh 00BEM
pesepByapa mexay 0.0 u 1000.0.

5. Ilomecture Ttepmomerp u3 Controls>>Numeric Ha JIMIEBOW MaHENH.
Macmrabupyiite mkany B npeaenax mexay 0 u 100.

6. Baia nepennsisi naHenb T0JKHA COOTBETCTBOBATH puc. 34.
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Yolume 100.0- Temp

FO0.00 2.63

00— 75.0-
hO.O-

28.0-

EI.EI—.

Puc. 34 Bun nepeanei nanenu

7. Otkpoiite 610k-cxemy, BbIOpaB Windows>>Show Diagram.
Bri6epute 00BEKTHI, IEPEUUCIEHHbIE HUKE U3 NAIUTPhl DYHKIUN, U TOMECTUTE
uX B OJIOK-CXEMY.

Proc [P
=" (T
Mon [¥18. TlomecTuTe ciienyromue oObeKTHl Ha OJIOK-cxeme. BwiOepure MOHHUTOP
nporeccoB Functions”Select, a VI u3 katanora Labview\Activity — koTopbiii MogenupyeT

YTCHHUC HAIIPAKCHUS TCMIICPATYPhI U o0BeMa ¢ JaTduKa UK U3MCPUTCIIbHOI'O JaTYHKa.

FeHepaTop cnydaitaeix uucen Function>>Numeric — TeHEpUpYeT YHCIIO
Mexay 0 u 1. @yukiuio ymHoxkeHus: Functions>>Numeric (2 3K3eMILIsipa) — YMHOXaET
JIBa YKCJIa U BO3BPAILAET PE3YJIbTAT.

LII/ICJIOByIO KoHcTaHTy Functions>>Numeric — (2 sk3emruigpa). Beenure
3HayeHue 10.00 B kaxayro.

9. Yrobsl npocmatpuBath Help pynkiuu unu VI, Beioepute Show Help u3 mento

Help u 3arem nepememaiite Kypcop Haja Kaxaod QyHkuued u VI, oKHO cripaBKH ajist
MoHHTOpa nporeccoB VI mokazano Ha puc. 35.

Proc [F—— Pressure

P
— 1wl Temperature

Mok |4

L Yalume
Process Momtor.vi

Puc.35 OxHo cripaBku

11.Wcnonb3ys CpeicTBO MOHTaXa, COEAMHUTE OOBEKTHI KaK IMOKa3aHO Ha puc. 36.
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Process Manitor, il
Proc|P

T}
v

Mon

>

Puc. 36 Coennnaenne 0JI0KOB

11. Bribepute File>>Save as u coxpanute VI kak Temp&Vol.vi B karanore
Labview\Activity. 3amycture VI, HaxkaB Ha kHOmKy Run. OOpartuTh BHUMaHHE Ha
3HAYEHUs JUIsl 00bEMA U TEMIIEPATYPhI, KOTOPHIE OTOOPAXKAIOTCS HA TULEBOM NAHENH.

13. 3akpoiite VI, Beiopas File>>Close.

3ananue 2. Co3nanue MKOHKY BUPTYaJbHOI0 Npudopa

[lenp: co3maTe UKOHKY U COEUHUTEIND U1 V.

Yro0s! ucnonbs3oBaTh VI Kak moanporpamMmy, Bbl 1OJKHBI CO3aTh UKOHKY, YTOOBI
NpEICTaBUTh MOANpPOrpamMMmy Ha Ojok-cxeme npyroro VI, m mogokHa cOoeaMHUTENs, C
KOTOPBIM Bbl MOXKETE COEIUHATH BBOJIBI M BBIBOJBI. Labview oOecrieunBaeT OTIENbHbBIE
MHCTPYMEHTAJIBHBIE CPEJICTBA, C KOTOPhIMU BBl MOeTe co31aBaTh WM PEIAKTUPOBATH
WMKOHKY 1t Bamero VI.

Nxkonka VI npencrasnser VI kak mognporpamMmmy B 010K-cxeme apyroro VI.

ITepennsia manens

1. Otkpoiite daitn Temp&Vol.vi, cOXpaHeHHbIN B yIPA)KHEHUH 2.

2. B nepenneli nanenu, BbIOEpUTE UKOHKY B BEpPXHEM IMPaBOM YTy, U BbIOEpHUTE
Edit Icon.... Bl Takke MokeTe clenaTh ABOMHONM IIETYOK HAa MKOHKE, YTOOBI BBHI3BATh
pEOAaKTOp NKOHKHU.

3. CoTpure 3aJaHHYIO 110 YMOJIYAHUIO UKOHKY.

4. Hapucyiite TepMoMeTp .
5. Cospaiite [Altexct . Bama nkoHKa JJOJKHA COOTBETCTBOBATH puc. 37.

EE lcon E ditor
File Edit Help
B &Ww Copy frarm:
HTEHP \é;f? i i
woL .
TEMF 2

16 Colors G PR it

III E L [T Shaw Teminals
206 Calors oK |
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Puc.37. Bung oxHa

6. 3akpoiiTe penakTop ukoHku, HaxxaB OK. HoBast ukoHKka MosBIISIETCS. B TIOJIOKHE
UKOHKH.

7. Onpenenute maliIOH TepMUHANA coeaunurtens, BeiopaB Show Connector. Ilo
ymonyanuto, Labview BbiOMpaer mabioH TepMUHAjIa, OCHOBAHHBIM Ha 4YHCIIE CPEJICTB
YOpaBJICHUS U WHIUKATOPOB Ha mepenHed manenu. [lockoiabky MMeEIOTCs ABa 0OBEKTa,

COCTMHUTEIIb UMEET JIBa TEPMHUHATIA 1] . [ToBepuute coequauTens Ha 90 rpamycoB =.

8. Coxpanutsb VI, BeiOpaB File”Save.

9. 3axpoiite VI, Beiopas File”Close.

3aganmue 3. BeizoB SubVI

Lens: uzroroButs VI, kotopsiit ucnonb3yet Temp&Vol.vi kak subVlI.

[lepenusis nanensb

1. OTkpoiiTe HOBYIO MEPEIHIO0 MaHelb, BEIOpaB File”New.

2. Beibepute ropu3oHTaNbHBIN NepekitouaTenb u3 nanutpsl Controls”Boolean, u
MapKupyiTe ero kak oobem. Ilomecture cBOOOIHBIE METKH Ha MEPEAHIOI NAHENb, YTOOBI
yKa3aTh JUTPHI U TAJUIOHBI.

3. Beibepute uzmeputens u3 Controls”Numeric, 1 TOMECTUTE €0 Ha MEPETHIOI0
nanenb. Mapkupyiite ero kak Tank Volume (puc. 38).

Tank Yolume

Wolume
. opn g 400.0 BOD.O oy g
Liters [I] Gallons
0 1000.0

Y

[365. 29

Puc.38 Buemnuit Bua npubopa

4. I3menute auana3on uaMmepurend B npeaenax mexay 0.0 u 1000.0.

5. [lepetiaute k 610K-cxeme, BeIOpaB Windows’Show Diagram.

6. lllenkuute B cBOOOAHOM 0OnacTu Os0K-cxembl, U BeiOepute Functions”Select a
VI..., mocne yero mosiBUTCS AMAIOrOoBO€ OKHO BbIOOpa. Bribepute Temp&Vol.vi B
katasiore Labview\Activity.

7. lo6aBbTEe Ipyrue o0BbEKTHI HAa OJIO0K-CXeMy, KaK MOKa3aHo Ha puc.39.
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Tarp & Yal.vi

T ank ¥ olume
[DEL]

Puc.39 biok-cxema

[Z=INumeric Constant (Functions”Numeric) n00aBiiseT YUCIOBYIO KOHCTAaHTY B
omok-cxemy. Ha3znaubTe 3HaueHHE K KOHCTaHTE, UCIOJB3YI0 CPEICTBO MAPKUPOBKH. JTa
KOHCTaHTa Oy/eT BBIMOJHATH POJb MEPEBOJHOTO MHOXXHTEIS NJIsl Mepecuyéra JIMTPOB B
TAJUTOHBI.

» Select Function (Function”Comparison) — Bo3BpaiiaeT 3HaueHue TRUE wiu
FALSE B 3aBucumocTu ot OyjeBa BBOjA.

Dividefunction(Functions”Numeric) — JelIuT 3HaYeHHe B JUTpax Ha 3,785,
4YTOOBI MPE0OPa30BATh 3TO B TAJIOHBI.

8. CoennHNUTE OOBEKTHI IMarpaMMBbl, KaK MOKa3aHo Ha puc. 39.

9. BepHurech B nepeHIOI MaHeNlb U HAXXMUTE KHOTIKY Run.

10. HaxxmuTe Ha nepekitoyaresb, 4T00bl BHIOpaTh « auIOHb) U HAKMHUTE KHOTIKY
Run.

11. Coxpannre VI kak Temp&Vol.vi B katanore Labview\Activity.

3aganue 4. Otaaaka VI

[ens: Micrionp30BaTh 30H ¥ €T0 OKHO, UCCIIEI0BATh MMOTOK JAaHHBIX B OJIOK-CXEME.

1. Otkpoiitre Temp& Vol.vi. Berzosure SubVI u3 karanora Labview\Activity.

2. Beibepure WindowsShow Diagram.

3. Ecmu mamutpa WHCTpYMEHTaIbHBIX CPEACTB HE OTKPBITA, BBIOSPHUTE
WindowsShowToolsPalette.

{F

4. Bwibepere 30HA W3 WHCTPYMEHTAIBHBIX CPEIICTB U HOXMHUTE Ha TPOBOJ,
BeIXOAAmui U3 QyHkuu Divide. OxkHO 30HIa MOSBISIETCS C 3arOJIOBKOM, KaK MOKA3aHO
Ha puc. 40.

Probe [1] E ark Valume

DEL
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Puc.40 biok-cxema

5. Bo3Bparurecs k nepeaneii manenu. [lepemecture OkHO 30H1a TaK, YTOObI
MO>KHO OBLIIO €ro MpOCMaTPUBaTh, Kak MoKa3zaHo Ha puc.41.

Tank Volume

Wolume
4000 &00.0
. 2000 8000
Liters -Galluns
1000.0

Puc. 41 Bun nepeanei nanenu

6. 3aKpoiTe OKHO 30H]1A.

7. Bepautech k 6510k-cxeme VI.

8. Haxmure knomnky Highlight Execution B uHCTpyMeHTajabHOW maHeNIU (2],
Knonka Highlight Execution u3aMeHsieTcst Ha CBETAITYIOCS JIAMIIOUKY R |

9. Haxmure xHonky Run, ytoObl BeimoiaHuTh VI. Ilepemenienue my3bIpbKOB 110
JUHUSM COCIMHEHUs OJIOKOB TIPEACTaBIsAE€T TMOTOK JaHHbIX uepe3 VI. Haunute
BBITIOJTHEHNE B TOIIATOBOM PEXKHUME, HaxkuMas KHOMKy StepOver B MHCTPYMEHTaJIbHOU

nanenu (puc. 42).

T ank. Y olume

o 3 e

Puc. 42 Coennnenne 0JI0KOB.

10.3anycture Temp&VolsubVI B momraroBom pexxkume, HaxkaB KHONKY Steplnto

B HHCTpYMEHTAJIbHOW maHenu. HakaTue Ha 3Ty KHONKY OTKPBIBAECT MEPEIHIOIO
naHenb U Omok-cxemy Temp&VolsubVI. Haxwmmre wnHomky StepOver, moka VI He
3aKOHYUT BBITTOJIHATHCS.

11. ns oOKOHYaHUS  BBINOJHEHUS  HAXKMUTE  KHOMKY StepOut@: B
MHCTPYMEHTAJIbHON MaHenu. Hakatne 5STOM KHONKM 3aBEpIIAET BCE OCTAOLIHUECS

[IOCJIEIOBATEIILHOCTHA B OJIOK-CXEME.
12. Coxpanute pe3yJbTar.
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Otuér mo nabopatopHOW paboTe MAOJOKEH COAEpKaTh KpaTKUE OTBETHI Ha
KOHTPOJLHBIC ~ BOIPOCHI, pAacCleyaTKh pPE3yJbTaTOB MOJCIUPOBAHUS, pacredaTKu
pEe3yIbTAaTOB MOJICTUPOBaHMs (ITONYyYEHHBIC IyTEM KOMUpOoBaHUS B Oydep skpaHa u
BCTaBKOW ero B JgokymeHT Word), amarpaMMbl TI0 KaXIOMY M3 3TaloB
IKCIIEPUMEHTATHbHON YaCTH, BBIBO/IBI.

KOHTpOJILHl)Ie BOIIPOCHI:

1. Uro oTHOcHTCS K (DYHKIIMOHAIBHBIM 3JIEMEHTAM B Cpele MPOCKTUPOBAHUS
BUPTYyaJIbHBIX pubopoB LabVIEW.
2. Kak npoucxoaut coeuHeHEe 0JI0KOB.

HUcnoab3yemas aureparypa:

1. Alan S. Morris, Reza Langari. Measurement and Instrumentation. Theory and
Application. Elsevier Inc. London. 2012. 130 p.

2.Xepaurep M.E. Multisim. CoBpemeHHass cucTeMa  KOMITBIOTEPHOTO
MOJICIIMPOBAHMA 1 aHaJIN3a CXCM JJICKTPOHHBIX YCTpOﬁCTB.

3. Ix. Tpasuc, . Kpunr. LabVIEW st Bcex (+ CD-ROM)
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V. BAHK KEMCOB

Keiic-1
Tema 1: MocToBasi cxeMa JaTYNKa

Hean: Pacyér 3jIeKTPUYECKOr0 CONMPOTHBJICHUS NATYUKA B 3aBUCMMOCTH OT
U3MepseMOH BeJIUYHHBI

IIpobaema:

MHorue JaT4uku MEHSIIOT CBOE 3JIEKTPUUECKOE CONPOTUBIIEHUE B 3aBUCUMOCTH OT
u3MepsAeMor BeIU4HMHbBL. J[s peanusamnuu 3Toil TexHoyuoruu dd@exra u3MepeHus 4acTo
npuberaloT K TakK Ha3blBAEMOM MOCTOBOM CXEMe, COCTOAIEH W3  YeThIpex
MEPEMEHHBIXPE3UCTOPOB, COMIPOTUBIICHUS KOTOPBIX MOTYT BapbupoBatbes 1/4 1, 1/2r, u 4r,
MPEICTAaBJICHHON HA puC. 1.

R1 Rg
Ug U
D
R, R4

Puc.1 MocToBas cxema

3aganuda:

a) Paccuuraiite nuaronanbHoe MocToBoe HanpspkeHue UD B 3aBucumoctu ot UO u
R1 no R4.

0) B xakoMm OTHOIIEHUH COMPOTUBIEHUS AOHKHBI UATH JIPYT 3a JAPYTOM, UYTOOBI
JIMaroHaJIbHOE MOCTOBOE HarpsbkeHue cocranisio UD=0 B?

B) PaccuuTaiiTe tuaroHaibHOE MOCTOBOE HAIPS)KEHHE, €CJIH BCe 4 COPOTUBIICHUS
(pe3ucTopa) UMEIOT OJIMHAKOBYIO 0a30BYIO0 BETUYHHY, HO CONPOTHBIICHHE U3MEHSIETCS C
u3MepsieMor BeIMUuHOu, T.€. pu R1=R2=R3=R4=R0 u RO + DR!

Keiic-2
Tema 2: MeTann4ecknii TepMOMETP CONPOTHUBJICHUSA
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Heab: pacuét METAIIIMYECKOTO TEPMOMETPA COMPOTUBIICHUS ISl PETYINPOBAHUS
TeMIlepaTypbl HHKyOaTopa.

IIpobaema:

Jis  perynupoBaHus —TeMmIeparypel HMHKyOaTopa (Temmeparypa: 38,6°C)
UCIOJIb3YETCsl TUIATUHOBBIA METaJUIMYECKH TEPMOMETP COMPOTUBJIEHUs RT, MocTOBYyIO
CXeMy KOTOPOTO C M3BECTHBIMU cienayromumMu naaasivi R1 = 10000W, R2 = 11500W, R3
= 1150W m0xHO M300pa3uTh CISTYIOMIUM 00pa30M:

Puc.2 MocTtoBas cxeMa MeTauIn4eCKOro TEPMOMETPA CONIPOTHUBIICHHUS
3agaua:

a) Kakoe 3Ha4YeHHE JOJDKHO OBITh YCTaHOBJICHO MEpeMEHHbIN pe3uctop KpacHbrit
(Rpot* OW), Tak uTo MOCT GanaHCHUPYETCS MPH KeTaeMol TeMiieparype?

0) Uro Takoe HampspkeHue UO MOCT JoJIKE€H ObITh MEHbLIE, YeM €CIU JaT4uK
TeMIiepaTypbl He 6osiee 2 MBT anekTposneprun Oyaet ocymectBiasTeesa? [louemy gomkHa
3Ta CUJIa HE MOXKET OBITh CIUIIKOM OOJIBIION?

B) MocT B Hacrosiiiee Bpemsi padboraet ripu HarnpsbkeHuun UO = 2 'V, nuaroHanbHoe
HaIpsKEHWE TMOJIAeTCsl Ha KOMIIApATOp (3aBUCUMBIE OT HANPSKEHUS IEPEKITH0YaTeNs
NEPEKITIOYAIOIIEM), C KOTOPOH BKJIFOYAETCSI HArPEBATEIbHBIN 3JIEMEHT. DTOT KOMIIAPATOP
uMmeer rucrtepesuc = 1 MB, To ecTh HarpeBaTeNbHBIM 3JIEMEHT HE BKJIIOYEH B JIMaroHAJIb
MOcCTa HamnpsbkeHue -1mV u cHoBa 110 tex nop, npu UD = + 1 MB Beikin. Hackonbko
MEHSETCA B 3aBUCHMOCTH OT TEMIIEpaTypbl HNHKYOaTopa, eciii Ipyrue BO3AEHCTBUS MOTYT
OBITH TPOUTHOPHUPOBAHBI?

Keiic-3
Tema 3: [IpoexkTupoBaHus HU(PPOBbIX GUILTPOB

Heas padoThl: 3aHATHS 3aKIIOYAECTCS B TOM, YTO CHYLIATENSM Mpeaarator
BBITIOJIHUTH MPOTPAMMHYIO peain3aluio UG poBoro GuibTpa Ha CUTHATBLHOM MPOIECCOpPE
DSP56000, BpiOpaB TN (QUIBTPA, PACCUUTAB €r0 XapaKTEPUCTUKHU, CBEPUB PE3YJIbTATHI
IPOrpaMMHON AMyIAuu padoThl GUIBTpAa C 3aJlaHHBIMU 3HadeHUs MU T3 — yacToTa
JTUCKPETU3alMK, BEpXHUE U HUKHUE YACTOTHI Cpe3a U 3aJep:KaHusl, JOyCTUMBIA YPOBEHb
YacTOTHOM KojeOaTenpHocTH AUX, aUHAMHUYECKHH JWamna3oH pabdoThl, JIOMYCTHMOE
OTHOLIEHUE CUTHAI-IITYM.

IIpodaema: Bribpate Tunm Quiubtpa (HEpEeKypCHBHBIA (QHIBTP, PEKYpPCHUBHBIN
(GUIBTP, MHOTOCKOPOCTHAsi CHCTEMA Y3KOIOJOCHOM (UIbTpalMi) corjiacHo Talbauue
BapUAHTOB 3aJaHUs

BapuaHThI TEXHUYECKOTO 3a/IaHUsI Ha TIOJI0COBOM (UIIBTP
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Bapu |kl'n |kl'm |kl'm Kl 11 nb nb Kl'1g
aHTa

1 0.18 [0.38 |0.64 0.82 |0.08 |{0.01 |60 5 2
2 040 092 |1.36 1.76 | 0.10 [0.02 |60 10 4
3 056 |1.68 |2.72 3.68 |0.11 |0.02 |54 6 8
4 0.80 |2.00 |2.60 420 |0.08 |0.02 |54 18 10
5 0.20 {042 |0.62 0.80 |0.10 |0.02 |48 3 2
6 030 [0.76 |1.24 1.80 | 0.10 |0.03 |48 6 4
7 048 |1.08 |1.74 264 |0.09 [0.04 |48 12 6
8 3.3 3.7 4.3 49 |0.07 |0.02 |60 7 12
9 4.3 4.8 54 6.0 [0.09 [0.03 |70 10 14
10 5.0 5.7 6.6 7.2 [0.09 [0.03 |75 16
11 2.4 3.0 3.6 42 |0.1 0.02 |80 5 10
12 5.3 59 6.4 7.0 |01 0.02 |82 8 16
13 2.4 3.1 3.5 39 |0.05 |0.01 |72 13 12
14 2.6 2.9 3.0 33 |0.05 |0.01 |70 9 8
15 5.5 6.2 6.6 7.2 |0.08 [0.02 |60 11 18

O0603Hauenus B Ta0m.1 :
f ., f., - TPAaHUYHBIC YACTOTHI NoJoC 3aaepxanus (kl'n),

f

€

f_, - TPaHUYHBIC YACTOTHI MOJOCHI ITponyckanus (KI'1),

enl? “en

., €, - HepaBHOMEpHOCTh AUX B mosiocax NpomnyCKaHus U 3aJICPKUBAHMUS,

D - nuHamMuyecKkuid 1uamna3oH cuctemsl (ab),

R, - MHHHMAJbHOC OTHOIICHWE CUTHaI/liym B Ab Ha BbeIXoje ¢wuibTpa (Ha
HIDKHEW rpaHulle TMHAMUYECKOI0 harna3oHa),

f, - vactora nukperusanuu (kl'm).
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VI. TEMBI IJI51 CAMOCTOATEJBHOI'O OBYYEHUA

Cnymatens BO BpeMs TOJATOTOBKH CaMOCTOSITEIBHOW pabOThI 1O JTaHHOUN
JTUCITUTUTHE JTOJDKCH:

—  U3YYHTH IJ1aBbl U COJIEpKaHue YUeOHNKA U YU4eOHBIX TOCOOUH IO MPEMETY;

—  OCBOWTH I10 PA3AATOYHOMY MaTepUaly ONpPEIeICHHBIC YACTH JICKITUH;

—  paboTaTh HaJl TEMaMH MOJYJIS C UCIIOJIb30BAHUEM CIICIIUATILHON JIUTEpaTyphl;

—  TiayOOKO W3y4YHTh TJIaBbl MPEIMETA, CBS3aHHBIE C BBHITIOJHEHUEM Y4YeOHO-
Hay4YHOU paboToii;

—  HUCIOJIb30BaTh  WHTEPAKTUBHBIE METOABI  OOy4YeHHWsS, JUCTAHIMOHHOE
o0yueHue.

TEMBI 1JIs1 CAMOCTOSATEJIBHBIX PABOT:

1. TexHODOTHS N3TOTOBJICHUS TUIIOBHIX Y3JIOB U JeTallel TPHUOOPOB
2. OCHOBBI CHCTEM U3MEpPEHUS

3. Turbl THCTPYMEHTOB U paboune XapaKTePUCTHKA

4. HeorpenelieHHOCTh U3MEPEHUI

5. KannbpoBka n3MepuTenbHbIX JaTYMKOB U IPUOOPOB

6. Coop nanubix ¢ LabVIEW

7. O6pabotka curHanos ¢ LabVIEW

8. DiekTpuyecKre UHIUKAIIUU U UCTIBITaTEIbHBIE MAIIIUHbI

9. Jlucruieit, 3anMCH U MPEICTABICHUS JaHHBIX U3MEPCHUI

10. IlepemeHHBIC dIEMEHTHI MPEOOPA3OBAHUS

11. Usmepenue I[lepenaya curnana

12. WnTemnexTyaiabHbIE YCTPOUCTBA

13. HanexHOCTb U3MEPEHHS U CHCTEMbI 0€30MaCHOCTH

14. CeHcopHbIE TEXHOJOTUHU

15. H3mepenue teMieparypsl

16. Usmepenwue [laBnenue

17. W3mepenue pacxoja

18. Macca, cwia, U Kpy TSI MOMEHT U3MEPCHHSI

19. TlocTtymarenbHOE ABMKCHHE, BUOPAIINU U yAAPHBIX U3MEPECHHM
20. BpamarensHoe ABWKeHHE J[aTunku
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VIL. JIOCCAPUM

Tepmun 0630p Ha pycckom Definiti
A3bIKE oninEnglish
JlonoaHUTEIbHAS HOTPEIIHOCTD error of
HOTPEITHOCTh CpeCTBa U3MEPEHUS, measuring
cpeacTsa UCTIOJIB3yeMOro B pabouux | instruments
HU3MEpEHUS YCIIOBHUSAX, KOTOpast used in the
OTJIMYAeTCs OT operating
HOpPMAaJIBHBIX OoJIee conditions that
ITUPOKHUMH JTHATIa30HAMH differ from
BJIMSIFOIIIUX BEJTMUYHUH. normal
broader ranges
of influence
quantities.
Ennnuna 9T0 (u3nuecKkas BeauunHa, | it is a physical
buznyeckou KOTOPO 10 onpeaeieHnio | quantity,
BEJTMYUHBI IIPHCBOEHO YHUCIIOBOEC which by
3Ha4YeHHE, paBHOE | . definition was
given a
numeric value
of 1.
EnuucTBO 9TO COCTOSTHHE M3MepeHuH, | itisa
U3MEpCHUN IPY KOTOPOM HX condition of
pE3yIbTaThl BEIPAXKCHBI B measurements
y3aKOHEHHBIX enquHuiax u | at which their
HOIPEIIHOCTH U3MepeHuit | results are
W3BECTHBI C 3aJJaHHOMN expressed in
BEPOSATHOCTHIO. legalized units
and errors of
measurements
are known
with a given
probability.
N3mepenune nporiecc cpaBHeHUs naHHOU | the process of
BEJIMYMHBI C HEKOTOPBIM €€ | comparing
3Ha4YeHHeM, IpUHATHIM 3a | this value with
CIMHHUILY U3MEPEHUI. some of its
value received
per unit of
measurement.
N3mepurenbHbie ATO CPEACTBA U3MEPEHUH, This
npeodpazoBarenu BbIpa0aThIBaIOIIME CUTHANIBI | Measurement
U3MEPUTENBHON means
uHpopmanuu B popme, producing
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yA00HOM ISl JaIbHEHIIIEro
npeodpa3oBaHusl,
nepeaun, XpaHeHus,
00paboTKH, HO KaK
MPaBUIIO, HEJOCTYITHOM ISt
HEIMOCPEJICTBEHHOTO
BOCIIPHSTHS
HaOJTIOaTeIeM.

signals
measurement
information in
a form
suitable for
further
conversion,
transmission,
storage,
processing,
but is
generally
inaccessible to
the direct
perception of
the observer.

N3Meputp  Kakyro- | 3TO 3HaYUT CPABHUTH €€ it means to
100 BEITMYUHY 3HAYCHHE C HEKOTOPBIM compare it
3HaYeHneM 3Toi Bennuuusbl, | With the value
TIPUHSATHIM 32 ¢IHHUILY of a certain
U3MEPEHUSI. value this
value taken as
the unit of
measurement.
Wuaukaropsl TEXHUYECKHE YCTPOHCTBa, | engineering
IpeIHa3HAYCHHBIC JUIS devices
obHapyskeHus (naaukanuun) | designed to
(U3UICCKUX CBOMCTB. detect
(indicate) the
physical
properties.
HNHCcTpyMEHTANIBHBIE | TOTPEIIHOCTH, KOTOPHIE errors, which
MOTPEIIHOCTH 3aBHCAT OT MOTPEIIHOCTEH | errors depend
IPUMEHSIEMBIX CPEJICTB on the used
U3MEPEHUS. measurement
equipment.
NHTEeHCUBHOCTD BEPOSITHOCTH TOTO, YTO the likelihood
(wmm OITACHOCTH) | CPEJICTBO U3MEPEHUS, that the
otka3os \? (t) npopaboTaBiee measurement
0€30TKa3HO B TEUCHUE means,
BPEMEHH t, OTKaXKET B worked
MOCTIEAYIOIINN MaJIbIi flawlessly
npoMexxyTok Bpemenu ? t. | during the

time t, refuses
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to follow a

small period
of time? t.
HuTepckort npubop, npeodpasyrommii | device that
HEBUIMMbIC HH(paKpacHbIC | CONVerts
Jy4d B ONTHYECKHU invisible
BUJTUMBIE JTYYH. infrared light
in an optically
visible rays.
VcTuHHOE 3HAYCHHE | 3TO TAaKOE 3HAUCHHE it is the value
buznueckoit bu3NYECKON BETUYNHBI, of a physical
BEJIMYUHBI KOTOPOE UICATbHBIM quantity,
o0pa3oM oTpaxaiio Obl B which is the
KaueCTBECHHOM U ideal way
KOJIMYECTBEHHOM would be
OTHOIIICHHUSX reflected in
COOTBETCTBYIOIIIEE the qualitative

CBOMCTBO OOBEKTA.

and
quantitative

relationship
corresponding
property of the
object.

Kiacc Tounoctu 00001IeHHAsA generalized
XapaKTEepPUCTHKA BCEX description of
CPEJIICTB U3MECPCHHMI all measuring
JAHHOTO THUIIA, instruments of
yCTaHaBIIMBaromas omeHky | this type,
CHHM3Y TOYHOCTH UX which sets a
NIOKa3aHUH. lower bound

for the

accuracy of
their readings.

Knacc ero 00o0IIIeHHAS its generalized
TOYHOCTH CPEJICTBA | XapaKTSPUCTHUKA, characteristic
U3MEpEHUS yKa3bIBaroIas npeaeabHpie | indicating the

3HAYEHUS JIOITYCKaeMOM limits of
OCHOBHOU U permissible
JIOTIOJTHUTEIILHON basic and
MOTPEITHOCTEH. additional
errors.
JloroBopHO- OTHOIIICHHUS, BO3HHKaromue | relations
[IPaBOBbIE B IIPOIIECCE OCYIECTBICHH | arising in the
OTHOILICHUS MHOTOCTOPOHHETO M implementatio
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JIBYCTOPOHHETO
PKOHOMHUYECKOTO U HAYYHO-
TEXHUYECKOTO
COTPYJHUYECTBA CTPAH-
YYaCTHUIl KOHBEHLIUH U UX
XO3SMCTBEHHBIX
OpraHu3anyi Ha OCHOBE
COIJIAlICHUH, JIOTOBOPOB,
KOHTPAKTOB 11O
CrielMainu3auvy 1
KOOTIEPUPOBAHUIO
MPOU3BOJICTBA, B3AUMHBIM
MIOCTaBKaM U TOPrOBIIE
MEX1Yy 3TUMU CTPAHAMH,
Hay4HO-
HCCIIEIOBATEIbCKUM,
IIPOEKTHO-
KOHCTPYKTOPCKUM U
AKCHEPUMEHTAIBHBIM
paboTtaM, NOAPSAIHBIM,
CTPOUTEIbHBIM,
MOHTQXHBIM, TPAHCIOPTHO-
AKCHEIUIIMOHHBIM yCIIyraM
U JpyTuM
COOTBETCTBYIOIINM
OTHOLLICHHUSIM,
BO3HUKAIOLIMM B MpoOLIECcCe
COTPYIHUYECTBA.

n of
multilateral
and bilateral
economic and
scientific-
technical
cooperation of
States Parties
and their
economic
organizations
on the basis of
agreements,
contracts,
agreements on
specialization
and
cooperation in
production,
supply and
mutual trade
between the
two countries,
research and
development,
design and
Design and
experimental
works
contractors,
construction,
installation,
freight
forwarding
services, and
other relevant
matters arising
in the course
of
cooperation.

KoMriekcHbIi
KOHTPOJIb

OJTHOBPEMEHHAasl POBEpKa
KOMILJIEKCA 3JIEMEHTOB,
OIPENENIAIONINX Ka4eCTBO
KOHTPOJUPYEMOI0 0OBEKTA.

Simultaneous
verification of
complex
elements that
determine the
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quality of the

controlled
object.
KoHTakTHBI METOJ | METO/I, IIPH KOTOPOM a method in
HU3MEpEHUI WU3MEPHUTEIbHBIN which the
HaKOHEYHHUK colpuKacaercs | probe tip
C IIOBEPXHOCTHIO comes into

M3MEPSIEMOU JIETAIIH,
MPUYEM XAPAKTEP KOHTAKTA
MOXKET OBITh TOUYEUYHBIM,

contact with
the surface of
the measured

JIMHENHBIM WU part, the
IIOBEPXHOCTHBIM. contact may
be a dot
character, line
or surface.
Kparnas enunnna ¢IMHHUIIA B IIEJIOC YMCII0 pa3 | unit to an
OO0JIbIIIasi CHCTEMHOM WU integer times
BHECHUCTEMHOM €JIMHUIIBI, greater
OHa 00pazyeTcs MmyTeM systemic or
YMHOXKECHHUSI OCHOBHOM MM | NON-Systemic
MIPOM3BOHON SAMHMIIBI Ha | UNit, it is
yrciio 10 B formed by
COOTBETCTBYIOILEH multiplying

MOJI0KUTEIBHOM CTEIICHU.

the derivative
or basic units

in the number
corresponding

to a positive
10 degree.
Jlazep YHHUKAJIbHBIA HCTOUHUK a unique
U3JTY4YCHUS, YIA9HO source of
COYETAIOLIUI TaKue radiation,

CBOMCTBA, KaK BBICOKAs
MOHOXPOMAaTUYHOCTb,
MaJiasi pacCXoAUMOCTH JIy4a
U O0JIbIIasi ”THTEHCUBHOCT,
Omarojaps uemy oH (B
COYETAaHUU C ONTHUKO-
AIEKTPOHHBIMU
YCTpOMCTBaMM) OKa3aJcs
OJIHUM W3 JYYIIUX CPEACTB
JUIS1 A3MEPEHUS JIJTVH,
CKOPOCTEU U ONITUYECKUX
XapaKTEPUCTUK PA3TIMUYHBIX

Cpe.

successfully
combines the
properties
such as high
monochromati
city, low beam
divergence
and high
intensity,
making it (in
combination
with optical-
electronic
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devices) was
one of the best
ways to
measure the
length, speed
and optical
characteristics
of the
different
environments.

Meton 3aMelnieHus

METO/I, 3aKJIIOYAIOIIUICS B
TOM, YTO U3MepsaeMas
BEJIUYMHA 3aMEIIACTCs
W3BECTHOM BEJIMUMHOM,
MOJIy4aeMoOu MpHU OMOIITH
peryiaupyeMon MepBblI.

method, which
consists in the
fact that the
measured
value is
replaced with
a known value
obtained by
means of an
adjustable
action.

Meron usmepeHus

3TO COBOKYITHOCTH MPUEMOB
WCIIOJIb30BaHUs PUHIIUIIOB
Y CPEACTB U3MEPEHUN, TTPU
KOTOPBIX TPOUCXOJIUAT
IIPOLIECC U3MEPEHUM.

a set of
principles and
methods of
use of
measuring
instruments, at
which the
measurement
process.

MeTtoaudeckue
MOTPELIHOCTH

MOTPEITHOCTH, KOTOPHIE
MIPOU3OIILIN OT
HECOBEPIIICHCTBA METO/1a
U3MEPEHHUs], UCTIOIb30BaHUS
YIPOIIAIONTUX
MPEANIOI0KECHUN U
JOTYIIEHU TIPU BBIBOJIE
npuUMeHsIeMbIX Gopmyi, a
TaKXKe OT BIIHMSIHUS
U3MEPUTEIBHOTO Mprudopa
Ha O0OBEKT U3MEPEHHUS.

errors that
occurred on
the
imperfections
of the method
of
measurement,
the use of
simplifying
assumptions,
and the
assumptions
used in the
derivation of
formulas, as
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well as from
the influence
of the

measuring
device on the
measurement
object.
Merton METOJI, KOTOPBIH method, which
KOMIICHCAITUH NPUMEHSIETCS IS IS used to
MOTPEIIHOCTH O | UCKITFOUEHUS eliminate
3HAKy CHCTEMATHYECKUX systematic

IIOIPELIHOCTEN, KOTOPBIE B
3aBUCUMOCTHU OT YCJIOBUU
U3MEPEHUS MOT'YT BXOJUTh
B pe3yJIbTaT U3MEPEHHUS C
TEM WU UHBIM 3HAKOM.

errors, which,
depending on
the
measurement
conditions are
included in the

result of
measurement
with a
particular
mark.
Mertposoruueckass | 3TO CBOHCTBO CPE/CTB this property
HaJIC)KHOCTh U3MEPEHUHN COXPaHSTh measuring
yCTaHOBJICHHBIC 3HAUCHMs | Means to
METPOJIOTHUECKUX maintain
XapaKTePUCTHK B TeueHue | Setpoints
OTIPEJICIICHHOTO BPEMEHH metrological
TIPH OTIPEJICIICHHBIX characteristics
PEKHUMAX M YCIIOBUSIX for a certain
IKCILTyaTaIuu. time under
certain
conditions and
environments.
MeTposiornueckie | Takhe UX TEXHHYECKHE such their
XapaKTePUCTUKH XapaKTepUCTHKH, KoTopbie | technical
CPEICTB U3MEPCHUN | BIUSIOT Ha PE3yJIbTAThI U characteristics
TOYHOCTH U3MEPECHHM. that affect
performance
and
measurement
accuracy.
Metposornueckuii | "Beixoa" 3a jmomyckaembie | "Output” for
OTKa3 CpEJCTBA | MPEIEIIb. the allowable
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U3MEpEHUS limits.
MeTtponoruyeckoe | 3To oOecrieueHue, This
obecrieueHne HE00X0IUMOE IS software
JIOCTHIKEHUS €QUHCTBA U required to
TpeOyeMoil TOUHOCTH achieve the
U3MEPCHHUIA. unity and the
required
measurement
accuracy.
Mertponorus Hayka 00 U3MEpeHUsX, science about
METOJIaX U CPEACTBAX measurements
obOecrieuenns ux equacrea | , methods and
U Croco0ax JIOCTUKEHUS means to
TpeOyeMOl TOYHOCTH. ensure their
unity and
ways to
achieve the
required
accuracy.
Hané&xnaocth CBOMCTBO 00OBEKTa property of the
BBIIIOJIHATD 3aaHHbIC object to
byHKIMHN, COXpaHss BO perform
BPEMEHU 3HAYCHUS specified
YCTaHOBJICHHBIX functions,
IKCIUTYaTaIMOHHBIX keeping in
roxasareJieil B 3aJJaHHbIX time the value
npejeax, set of
COOTBETCTBYIOIIUM operating
3aJIaHHBIM PEKUMaM M characteristics
yCIIOBHSIM MCIIOJIb30BaHus, | Within the
TEXHUYECKOTO specified
oOCITy>KUBaHMS, PEMOHTA, limits, the
XpaHEHUS U appropriate
TPaHCIIOPTHPOBAHUSI. preset mode
and conditions
of use,
maintenance,
repair, storage
and
transportation.
Heonnopoanbie CepUH, COCTOSIITUE U3 series
cepun 3HAYEHUH, HE consisting of

MOJYUHSIOIINXCS OJHOMY U
TOMY K€ 3aKOHY

the values do
not obey the

128




pacrpeneneHus
BEPOSITHOCTH.

same law of
probability
distributions.

Henonnas 9TO B3aUMO3aMeHsAeMOCTh | This
B3aMMO3aMEHSIEMOC | JIeTaJIel, KOTopas interchangeabi
Th XapaKTepu3yeTcs lity of parts,
BO3MOKHOCTBIO which is
TIPOBEICHUS TaKHX characterized
JOTIOJTHUTEIBHBIX by the ability
MeponpusaTUid pu coopke, | to carry out
KaK IPyIMIIoBOM OI00D such
JeTanel (ceJeKTUBHAs additional
cOOopka), IpUMEHEHUE activities in
KOMIICHCATOPOB, the assembly,
peryJIupoBKa MOJOXKeHus, | as a group the
TIPUTOHKA. selection of
components
(selective
assembly), the
use of
expansion
joints, position
adjustment,
fit.
HenocpenctBennsiii | Meton onpezaeneuus Bcero | method of
METOJT UI3MEPCHHUI | 3HAUCHUS OIPeIeIIsIeMOn determining

BCINMYHUHBI.

the values of
all determined
values.

HepaBHopaccestHHBI | cepuH, ¢ CyIIeCTBEHHBIM series, with a
€ cepun pa3Iu4reM OICHOK significant
JTUCTICPCHI. difference in
variance
estimates.
HepaBHOTOUHBIC U3MEpEHHUSI, IPOBOTUMBIC measurements
U3MEpEHUS pa3HbIMHU HaOMoIaTesIMu ¢ | made by
IpUMEHEHUEM different
Pa3HOOOPa3HBIX observers with
U3MEPHUTEIILHBIX CPEJCTB M | @ variety of
METOJIOB H3MEPEHUH. measuring
instruments
and
measurement
methods.
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Hecranmonapnslii
porecc

Mpo1ecc, B KOTOPOM
OIIPEICIICHHBIN 3aKOH
pacnpeaeneHus
BEPOSITHOCTH CIIyYaHOU
BEJINYMHBI HEOAUHAKOB JJISI
JII000r0 ceueHus, T. €.
3aBUCUT OT BPEMEHH.

a process in
which a
certain law of
probability
distribution of
the random
variable is not
the same for

all cross
sections, ie. e.
time-
dependent.
HopmarusHo- JIOKYMEHT, document
TEXHUYCCKUH yCTaHaBIMBAIOIINI setting out the
JTIOKYMEHT TpeOOBaHUs K 00BbEKTaM requirements
CTaH/IapTU3AIIHH, for the objects
00s3aTeIbHBINA I of
WCIIOJTHEHHUS B standardizatio
OTIPEICTICHHBIX 00IACTIX n, mandatory
JEITENBLHOCTH, for execution
pa3paboTaHHBIN B in certain
YCTaHOBJICHHOM TOPsZIKE ¥ | areas,
yTBEPIKICHHBIH designed in
KOMIIETEHTHBIM OPTraHOM. accordance
with
established
procedure and
approved by
the competent
authority.
O0pa3noBble Cpe/ACTBa, CIyKaIllue Js means serving
cCpencTBa OTIpEICIICHHS TI0 HUM to define them
U3MEpEHUi 3HAYCHUH values of
METPOJIOTHUECKUX metrological
XapaKTEPUCTHK characteristics
arrectyemoro HCH. attestation
NSI.
AGcomoTHas Pa3HOCTh MEXKITY the difference
MOTPEIIHOCTh MOKa3aHueM npubopa u between the
npudopa UCTUHHBIM 3HaYCHHEM readings and

M3MEpPSAEMON BEJIMYUHBI.

the true value
of the
measured
value.

130




ArperaTupoBaHHe | 3TO METOJ CO3JIaHUS U This method
SKCIUTyaTal[ii MAIIUH, of creation
npubopoB u obopyaoBanus | and operation
W3 OTHEIbHBIX of machines,
CTaHIapTHBIX, devices and
yHU(DUIIMPOBAHHBIX y3/I0B, | equipment of
MHOTOKPATHO the individual
UCTIOJIb3YEMBIX TIPH standard,
CO3IaHUH PA3TNYHBIX standardized
U3JICTTNI Ha OCHOBE units,
TC€OMETPHYECKOMN U repeatedly
(GYHKIIMOHATHLHON used in the
B3aMMO3aMEHSIEMOCTH. creation of

various
products
based on the
geometric and
functional
interchangeabi
lity.

AKTUBHBIN BUJI | KOHTPOJIb, PE3YJIbTAThI control

KOHTPOJIS KOTOPOT'O BBI3BIBAIOT , the results of
U3MCHCHHE TTapaMeTPOB which cause a
TEXHOJIOTHYECKOIO change in
npoiiecca 1 BIUSIOT Ha process
Ka4eCTBO BBIITYCKaeMOM parameters
HPOTYKIINH. and affect the

quality of the
products.
be3zoTkazHOCTH CBOMCTBO 00OBEKTA property of an
HETIPEPBIBHO COXPAHSThH object
paboTOCITOCOOHOCTD B continuously
TEYCHUE HEKOTOPOTO keep working
BPEMCHH MM HEKOTOPOK for a certain
HapabOTKH. time ora
certain
operating
time.
beckoHTaKTHBIH METOJI, TIPH KOTOPOM a method in
METOJl U3MEPEHHUI | U3MEPSAEMBII pa3Mep which the

OIPEEISIIOT 0€e3
MEXaHUYECKOTO KOHTAKTa
MEXTy U3MEPHUTETHHBIM
HAaKOHEYHUKOM U
U3MepIEeMOi JeTajblo.

measured size
is determined
without
mechanical
contact
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between the
measuring tip

and the
workpiece
being
measured.
BeposiTHOCTB BEPOSITHOCTH TOTO, YTO B the
0e30TKa3HOU TEYEHHE BPEMEHH t likelihood that
paboTHI CPEIICTB | HOPMUPYEMBIE foratimet
u3mepenuit P(t) XapaKTePUCTHKHU normalized

IIOI'PEIIHOCTH CPEICTBA
VU3MEpPEHUS HE BBIMAYT 3a

characteristics
of measuring

JIOITyCKaeMBbIC MPEIIEIIbI. instruments,
error will not
go beyond the
permitted
limits.

Bec oTpaxkaet cterneHb nopepus | It reflects the

K pe3yJbTaTy U3MEPCHUSI. degree of
confidence in
the
measurement
results.

B3aumoszame | aTo cBoiicTBO HesaBucuMmo | this property
HSIEMOCTD W3TOTOBJICHHBIX JIETaJIeH, IS

y3JI0B U arperaTtoB independently

oOecrieuynBaTh produced

OecnpensiTCTBEHHYIO parts,

COOpKY MaIluH UIn components

IpHOOPOB U BBIITOJIHATH and

CBOE CITy>KeOHOe
Ha3zHayeHue 6e3
HapYIICHUS TEXHUYCCKUX
TpeOOBaHUM,
NPEIBABISIEMBIX K TAHHOMY
U3JICTUIO B LIEJIOM.

assemblies to
ensure smooth
assembly of
machines or
appliances and
to carry out
his official
appointment
without
breaking the
technical
requirements
for this
product as a
whole.
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Bue3amnubiii oTkas

OTKa3, BbI3BAHHBIM
CIIy4alHOM TOJIOMKOW,

failure caused
by accidental

BBIXOJIOM U3 CTpOsi Kakoro- | breakage,
100 3JIeMEHTa CpeICTBA failure of any
U3MEPCHHSL. means of
measuring
element.
Buecucremusie €IMHUIIBI, KOTOPBIEC HE units that are
eIMHUALBI BXO/IAIT B KaKyI0-JTH00 not included
CUCTEMY CJIMHHUII. in any system
of units.
Buemnss 3TO This
B3aMMO3aMEHAEMOC | B3aMMO3aMEHSIEMOCTh interchangeabi
Th HOKYITHBIX U lity and
KOOIEpUpYyeMBbIX u3zenuii u | kooperiruemy
y3JI0B 10 h purchased
AKCILTyaTallHOHHBIM products and
MOKA3aTeIIsIM, a TAKXKE IO components
pa3sMepaM u hopmMam for
IPHUCOETUHUTETBHBIX performance
HOBEPXHOCTEH, 10 KoTophIM | indicators, as
B3aWMOCBSI3aHHBIC Y3JIbI well as the
OCHOBHOT'O M3JIEJIUS size and shape
COCUHSIIOTCS MEXKTY of connecting
c00011, a TaKKe C surfaces,
TIOKYITHBIMU | which
KOOIICPUPYEMBIMU interconnected
A3IETUSIMUA. nodes of the
main products
are connected
to each other,
as well as to
the purchase
and
kooperiruemy
mi products.
BHyTpeHHsIs 9TO B3aMMO3aMEHSIEMOCTh This
B3aMO3aMEHSIEMOC | JICTAJICH, COCTABIISIONINX interchangeabi
Th OTJICTBHBIC Y3IIbI, N lity of parts
COCTaBHBIX YacTel U that make up
MeXaHu3MOB, Bxoanmx B | the individual
U3CIINUC. components or
component

parts and tools
included in the
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product.

['ocynapcTBeHHBIH | OpUIIMATBHO approved as a
3TAJIOH yTBEPIKIICHHBIN B KauecTBe | SOUrce country
UCXOIHOIO JJIsE CTPAHBI for primary or
TICPBUYHBIA WITH special
CIEeMaIbHBIN DTAJIOH. standard.
['panyupoBka NpUITAChIBaHUE 3HaUeHnd | attributing
MepaM M OTMETKaM IIIKaJl values
OTCYETHBIX YCTPOUCTB measures and
CPEIICTB U3MEPCHUH, B scale marks
pe3ynbTaTe indicating
HETOCPEICTBEHHOM devices
nepeaayu HHHOPMAIUH O measuring
pasmepe eIUHHULL, instruments,
BBIPQXXCHHBIX B 3TUX as a result of
EIMHALAX. direct
transmission
of information
on the size of
units,
expressed in
these units.
JlelicTBUTEIBHOE 9T0 3HadYeHue pusuueckor | the physical
3HAYCHHE BEJIMYMHBI, HAHICHHOE quantity is a
buznueckoit IKCIIEPUMEHTATHHBIM value found
BCJIMYHHBI MyTEeM U HaCTOJIBKO by experiment
pUOFDKAIOIIeeCs K and as
UCTHHHOMY 3HAYEHUIO, 4TO | approaching
JUTSL TAaHHOUW TEJTA MOXKET to the true
OBITH MCIIOJB30BaHO BMecTO | Value, which
HETo. for this
purpose can
be used
instead.
Jlnarma3ox 00J1acTh 3HAYCHHMA region
U3MEpEHUNU M3MEPAEMOM BEJIMUUHBI, measured
JUTSE KOTOpoit HopmupoBaHb! | Values for
JIOTTyCKaeMbIe which the
MOTPEITHOCTH CPEJICTBA normalized
U3MEPEHUI. permissible
errors of the
instrument.
JIuHamudeckue HOTPEIIHOCTH, KOTOPBIC errors that
HOTPEITHOCTH BO3HHUKAIOT U3-32 occur due to
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MHEPIIMOHHOCTH
MIPUMEHSIEMBIX
TEXHUYECKUX CPEACTB MPHU
JIOCTAaTOYHO OBICTPBIX
VU3MEHEHUSIX U3MEPSIEMOU
BEJIMYUHBI.

the inertia of
the applied
technical
means at a
sufficiently
rapid change
of the

measured

value.
JuddepeHnnanbHbl | METOT OTIPEIEIICHUS method for
i METOJ] I3MEPEHUN | OTKIOHEHUS U3BECTHOTO determining

SHA4YCHUS OT MCPEI.

the deviation
of the known

value of the
measures.
Crangapt COB HOPMAaTHBHO-TEXHUYECKH | normative and

JOKYMEHT, ¢pukcupyromuii | technical

pe3ynbTaThl KOHKPETHOMN document

JeSITeIbHOCTH OPTaHOB recording the

CDOB no cranmaptuzanuu, | results of the

BBINIOJIHEHHBIN Ha OCHOBE specific

COBpEMEHHBIX JIOCTIKeHUH | activities of

HayKH, TEXHUKHU U the CMEA

nepeoBoro mpaktuueckoro | standardizatio

OIbITa, Pa3pabOTaHHBIHN U n bodies

YTBEPKICHHBIN B formed on the

COOTBETCTBHH ¢ TopsiikoM, | basis of

IPETyCMOTPEHHBIM modern

[TonoxenueM o cranmapTe | SCience,

COB. technology
and good
practices
developed and
approved in
accordance
with the
procedure
stipulated in
the
Regulations of
the CMEA
standard.

CranoHapHbIH npoI1iecc, B KOTOPOM a process in
mporecc OTIpE/ICIICHHBIN 3aKOH which a

PacpCcaAciICHUA

certain law of
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BEPOATHOCTH CIIy4YallHOU
BEJIMYMHBI OJIUHAKOB JJIs

probability
distribution of

JI000r0 CeUeHus, T. €. HE a random
3aBHCHUT OT BPEMCHH. variable is the
same for all
Cross sections,
ie. e. does not
depend on
time.
CyOBbeKTUBHbIC MOTPELIHOCTH, KOTOPHIE errors that are
HOTPEIIHOCTH BBI3BIBAIOTCS caused by
HENPaBIILHBIMH incorrect
OTCYETaMH MOKa3aHUM readings of the
nprbopa 4eJI0BEKOM instrument the
(omepatopom). person
(operator).
Texnomornyeckass | 3TO BbIIEJCHHE OTACIbHBIX | this separation
crenaIn3anus craauii texnonornueckoro | of the
nporecca B individual
CIIEUAITU3UPOBAHHBIC process steps
3aBO/IbI, IIEXH, YYACTKH. in specialized
factories,
shops, plots.
Tunuzauus METO/I CTaHIapPTH3ALIIH, standardizatio
3aKJIIOYAOLIHIACS B n method is to
YCTaHOBJICHHUE THUTTOBBIX establish a
00BEKTOB TS TaHHOU model for a
COBOKYTTHOCTH, given set of
NPUHUMAECMBIX 32 OCHOBY objects taken
(6a3y) mpu co3naHuu as a basis
npyrux oobekToB, omuskux | (base) to
10 (QyHKIIMOHATLHOMY create other
HA3HAYCHHMIO. objects that
are similar in
functionality.
TonepanTHBIN WHTEPBAJ JIJIS CITy9IaiiHOM interval for
HHTEpBaI BEJIMYMHBI TOTPEIITHOCTH, random
KOTOPBIN B OOJIBIITMTHCTBE variable error,
U3MepeHuit Oyner which in most
HAaKpbIBaTh €€ BO3MOXKHBIE | measurements
3HAYEHUS. will cover its
possible
values.
TounocTh Ka4eCTBO M3MEPEHUH, quality
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U3MEPEHUN oTpaxaroliee 0J1M30CTh UX | measurement,
pe3ynbraToB K uictuanomy | reflecting the
3HAYCHUIO U3MEPSIEMOM closeness of
BEJIMYHHBI. the results to

the true value
of the
measured
value.

Yuauduxanus OJIMH U3 BKHEHUIITNX one of the
METOJIOB CTaHIAapTU3aluy, | MOst
3aKJTFOYAIOIITUICS B important
parroHaIbHOM methods of
COKpallleHiH BHJI0B, TUIIOB | Standardizatio
U pa3MepOB M3CIUi n, which
OJIMHAKOBO consists in the
(GYHKITMOHATTLHOTO rational
Ha3HAuUCHUS, a TaKke y3ioB | reduction of
U JeTaliel, BXOIIIINX B species, types
u3JIeNne C 1eNbio co3nanus | and sizes of
OrpaHUYEHHOTO YHCIa products the
B3aMMO3aMCHSEMBIX y3JI0B | Same
u aeraneit, no3sosstronux | functionality,
cobupath HOBBIC u3aenus ¢ | as well as
no0aBleHUEM parts and
OIpeIeJICHHOrO KOJIMYecTBa | components
OpUTHHAILHBIX 37eMeHTOB. | included in the

product in
order to create
a limited
number of
interchangeabl
€ components
and parts to
assemble new
products with
the addition of
a certain
number of
original
features.
duznueckas 9TO CBOMCTBO, 00IIICE B this property

BEJIMYMHA KaueCTBEHHOM OTHOIIECHUU | IS common in
MHOTHM (DPU3HYECKUM qualitative
oObekTaM ((hu3nyeckum terms to many
crcreMam, ux cocrostausM | physical
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Y TIPOUCXOIAIINAM B HAX
npoiieccam), HO B

objects
(physical

KOJINYECTBEHHOM systems, their
OTHOILICHUHU conditions and
WHIMBUIYATBHOC JIs processes
Ka)XJ10I0 00OBEKTA. occurring in
them), but in
terms of
numbers for
each
individual
object.
DOyHKIMOHAIBHAS | OTO CHEIHMAIM3aIIHs, a
crieUaIn3alus KOTOpasi BO3HUKJIA B specialization
pesynbrare pasaenacHus u | that has arisen
KOOIIEPUPOBAHUS TPYy1a B as a result of
obustactu BcriomorarenbHoro | the division of
00CITy>KUBaHUS labor and
MIPOU3BOJICTBA. cooperation in
the field of
production
support
services.
XUMOTpPOHHKA HayKa, B KOTOPOii science, which
UCTIOJIb30BaHBI are used to
DIIEKTPOXUMUYECKUE create
3aKOHOMEPHOCTH JIIsI electrochemic
CO3aHUS al patterns of
IEKTPOXUMHUIECCKIX electrochemic
peoOpa3oBaTeIICH. al converters.
DBPUCTUYECKHE U3MEpEHUs, measur
U3MEPEHUs OCHOBaHHbBIC HAa MHTYHIIMU. | ementshasedo
nintuition.
DJIEeMEHTHBI | He3aBHCHMas MPOBEPKa indepe

1 KOHTPOJIb

KaXXJIOr0 B OT/IEJIBHOCTH
AJIEMEHTA
KOHTPOJIMPYEMOT0 OOBEKTA.

ndent
verification of
each
individual
element of the
controlled
object.

OproguyHoOCTb

CBOWCTBO CJIIy4anlHOI'O
CTal[MOHAPHOTO IIpoLecca,
3aKJIF0YAKOUIEECs] B TOM, UTO

property of
stationary
random
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BEPOSITHOCTHBIE
XapaKTePUCTUKH,
BBIYHCIICHHBIE TI0
MHO>KECTBY peau3aliiii u
1o J1t000¥ U3 HUX, PABHbI
MEXKTy COOOH.

process, which
consists in the
fact that the
probability
characteristics
calculated for
a variety of
implementatio
ns for any of

them are
equal.
DtayioH 9TO TEXHHYECKOE a technical

YCTPOWCTRO, device
obecrieunBaronee providing
BocnpousBeacHue u (wm) | playback and
XpaHEHUE €IUNHUIIBI C (or) storage
1EJIBIO TTepeaaun unit in order
uHpopMaluu o e€ pasmepe | to transmit
CpeIICTBaM U3MEPECHU, information
BBITTOJIHEHHOE TI0 0C000i about its size,
cnerupuKanuy u measuring
ouImaIEHO instruments,
YTBEPIKICHHOE B made in a
YCTaHOBJICHHOM TopsiZike B | Special

KadCCTBC OTaJIOHA.

specification
and approved
in the

established
order as a
reference.
DTaNOH-KOMHS 9TaJIOH, Ucnoib3yeMbrii ura | standard used
nepenaun nadpopmanuu o | to transmit
pa3Mepe eaMHUITBI information

pabouemy 3TaJIOHY.

about the unit
amount of the

working
standard.
DTaoH CpaBHEHHUS | DTAJIOH, IPUMECHICMBIN IS standar

CJIMYEHUS DTAJIOHOB, d used for
KOTOPBIC [T0 TEM HJIM MHBIM | COMpParisons
npudrHaM He MoTyT ObiTh | Of Standards,
HernocpeacTBeHHo cimaumbl | Which for one
JIPYT C APYTOM. reason or

another can
not be directly
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slichimy with

each other.
CranpapTuzanus B | IUIAHOMEPHBIH Mpoiiecc a systematic
pamkax COB YCTaHOBJICHUS U process of
IPUMEHCHUS, establishing
COTJIACOBAHHBIX MEXKTY and applying

ctpanamu COB u
YTBEPKICHHBIX
COOTBETCTBYIOIIUMH
opranamu COB mpaBuil,
TpeOOBAHMI U HOPM,
HaIlpaBJICHHBIX Ha
CO3/71aHUE HAYYHO
000CHOBaHHOM
HOPMATHUBHO-TEXHUYECKOMN
0a3s1 17151 9P HEKTUBHOTO
OCYIIECTBJICHUS BCeX hopM
COTPYJHHYECTBA U
pa3BUTHS
COLMATUCTUYECKOMN
AKOHOMUYECKOU
WHTETPAIUNA CTPAH-WICHOB
COB.

agreed upon
between the
CMEA
countries and
approved by
the relevant
bodies of the
CMEA rules,
regulations
and guidelines
aimed at
creating a
science-based
regulatory
framework for
the effective
implementatio
n of all forms
of co-
operation and
development
of the socialist
economic
integration of
the CMEA
member
countries.

OnHopoaHbIE cepun

CEpHUHU, COCTOSIINE U3
3HAYCHUM,
MOYUHSIOIINXCS OJHOMY U
TOMY K€ 3aKOHY

series,
consisting of
the values that
obey the same

pacrpeaencHus law of
BEPOSITHOCTH. probability
distribution.
Opranunyeckue CUCTEMAaTUYECKUE systematic
(MeToaMYeCKue) MOTPEIIHOCTH, TIOSIBJICHUE | errors, the
MOTPEITHOCTH KOTOPBIX 00YCIIOBIICHO occurrence of
HECOBEpIIICHCTBOM MeToga | Which is

U3MepeHu uiu GopMyIion,

caused by the
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110 KOTOPOU BBIYUCIIAIOT
pe3yJibTaT, U ApyTUMU
aHAJIOTMYHBIMU (haKTOpaMu
Y HE 3aBUCSILNE OT
KAa4eCcTBa U3rOTOBJICHUS
IIPUMEHSAEMBIX CPEICTB
U3MEpPECHUM.

imperfection
of the
measurement
method or the
formula by
which the
result is
calculated,
and other
similar
factors, and do
not depend on
the quality of
manufacturing
of measuring
instruments
used.

OpraHojenTu4ecKu
€ U3MEpEHUS

HU3MEPEHUS, OCHOBAaHHBIC Ha
HCITOJIb30BaHUN OPTraHOB
YYBCTB YEJIOBEKa
(ocsi3anusI, OOOHSIHUS,

measurements
based on the
use of human
senses (touch,

3peHMUsl, CIyXa U BKyca). smell, sight,
hearing and
taste).
OcHoBHas MOTPEITHOCTh CPENICTBA error of
MOTPEITHOCTh U3MEpPEHUs, UCIIOJIB3yeMOoro | measuring
CpelcTBa B HOPMAaJIbHBIX YCIOBUAX. instruments
U3MEPCHUS used in normal
conditions.
OcHoBHOI JMarna3oH, U3 KOTOPOTo C range, from
IHAAIa3oH [IOMOILBIO BXOIHBIX which with the
HU3MEpEHUI 9JIEMEHTOB (JCIHUTENEH, help of input
IIYHTOB, H3MEPUTEIIbHBIX elements
ycunutenei) oopasyrores | (dividers,
BCE OCTaJIbHBIC IMANa3oHbl | shunts,
U3MEpEHUIA. measuring

amplifiers) are
formed all the

other
measurement
ranges.
OCHOBHBIC €IUHUIIBI | SMHHIIBI, BBIOPAHHBIC units selected
MIPOU3BOJIBHO MTPHU at random in
IOCTPOCHUU CUCTEMBI the
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€ IVHUIIL.

construction
of a system of
units.

OTHOCHUTENbHAS OTHOIIICHUE a0COTIOTHOMN the ratio of the
MOTPEITHOCTh HOrPEIIHOCTH K ucTuHHOMY | absolute error
npubdopa (nnu u3MepsieMoMy) to the true (or
3HAYCHUIO BCJIMYMHEI. measured)
value of the
quantity.
ITaccuBHBII BUJL KOHTpPOJIb, control
KOHTPOJIS pe3yabTaThl KOTOPOTO HE , the results of
BBI3BIBAIOT U3MCHEHUE which do not
napamMeTpoB cause a
TEXHOJIOTHYECKOIO change in
npoiiecca ¥ He BIMSIOT Ha | Process
Ka4eCTBO BBIIIyCKAEMOU parameters
MIPOTYKITHH. and do not
affect the
quality of the
products.
[TepBUYHBINM 3TANOH | 3TAJIOH, BOCIIPOU3BOaAIIMi | Standard
CIMHUILY C HauBBICIIICH B reproducing
CTpaHe TOYHOCTBIO. unit with the
highest
precision in

the country.

[TorpemntHOCTH OTKJIOHEHUS pe3ybTaTa the deviation
U3MEpEHUs u3MepeHus ot uctuaHoro | Of the
3HAYECHUS U3MEPSIEMON measurement
BEJIUYMHBEL. result from the
true value of
the measured
value.
[TorpentHocTh Pa3HOCTb MEXKIY the difference

MoKa3aHuil mpudopa

MOoKa3aHueM npudopa u
HUCTUHHBIM
(1eCTBUTEIBHBIM )
3HAYEHUEM HU3MEPSAEMON
BEJIMYMHBI.

between the
readings and
the true (real)
value of the
measured
value.

[Torpemnocts
CPEACTB U3MEPEHUM

pasHua MCKJAy 3HAYCHUEM
BCJIMYMUHBI, ITOJTYUYCHHBIM
IIpu ITIOMOIIH 3TOTI'O
CpCaACTBA, 1 MCTUHHBIM

the difference
between the
values
obtained with
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3HAa4YCHUECM.

the help of
this tool, and
the true value.

[MonperanbHast 9TO CIeIUAIN3AIIN, a
CTICTIATTN3AIINS KOTOpasi 3aKII09YacTCs B specialization
TOM, YTO B TIpOIIecce that is released
U3roTOBJICHHS BhIAesseTcs: | that the
IIPOM3BOJICTBO OTACIBHBIX | production of
JeTaNeH, y3JI0B U individual
COOPOYHBIX CTUHUII, parts and
assembly units
during
manufacturin,
[MonHast 9TO B3aUMO3aMeHsAeMOCTh | This
B3aMMO3aMEHSEMOC | JIeTaliel, KoTopast interchangeabi
Th obecrieunBaeTcs lity of parts,
coOuroieHreM apamerpoB | Which ensures
C TaKOW TOYHOCTHIO, compliance
KOTOpas Aomyckaer coopky | with the
Y 3aMEHY JIIOOBIX parameters of
COIpsITaeMbIX JeTalIeH, such precision
y3JI0B U arperaron 0e3 that allows the
KaKHX-JIH00 assembly and
JIOTIOJTHUTEIIbHBIX replacement
MEPOIPHIATHSIX ~ of all mating
o0paboTku, nmoadopa, parts,
PETYJIMPOBKH. components
and
assemblies
without any
additional
measures ~
processing,
selection,
adjustment.
[TompaBka 3HAYCHHE BEITUIHHEI, value of the

OJTHOMMEHHOM C
U3MEpPAEMOM, KOTOPOE

quantity being
measured with

HY)KHO IPUOaBUTH K the same
noJlydeHHOMY (TIpu name, which
U3MEPEHUH ) 3HAYCHUIO must be added
BEJIMUMHBI C TEJTBIO to the obtained
UCKITIOUEHHS (measured)
CUCTEMAaTHYCCKOM value of the
HOTPEIIHOCTH. quantity in
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order to avoid
bias.

[TonpaBoUHBI# YHCJI0, HA KOTOPOE the number by
MHOKHTEJb YMHOKAIOT pPe3y/IbTar which
U3MEPEHUS TS multiply the
HACKITIOYEHUSA measurement
CHUCTEMaTHYCCKOM result to avoid
HOTPENTHOCTH. bias.
[Topor HaVMCHBIIICE the smallest
JYBCTBUTEIHPHOCTH | U3BMCHCHHE 3HAUCHUS change in
U3MEPSIEMO BEJTMUUHBI, measured
CIIOCOOHOE BBI3BATh value that can
MaJieiIee U3MEHEHHE B cause the
MOKa3aHUAX MpUoopa. slightest
change in the
readings.
ITocTenenHsl | 0TKa3, CBSI3aHHBIN C failure
i oTKa3 BPEMEHHBIM U3HOCOM, associated
CTapE€HUEM DJIEMEHTOB with wear and
CPEICTB M3MEPEHUH, tear of time,
MIOCTENIEHHBIM YXOI0M aging
HOIPEIIHOCTH 3a TpaHuily | components of
JIOITyCKa. measuring
instruments,
the gradual
withdrawal of
error tolerance
abroad.
[Mpenen ecTh HanOoJbIIee (03 Is the
METPOJIOTHYECKON | ydueTa 3HaKa) 3HAYCHHE largest
XapaKTePUCTHKH METPOJIOTUYECKOH (excluding the
XapaKTePUCTUKH, TIPU sign) the value
kotopom HCU moxet OwiTh | Of the
IpHU3HAH FOJIHBIM U metrological
JOIYIIEHO K IpUMeHeHuro. | characteristics
, iIn which the
NSI may be
declared fit
and approved
for use.
[IpenmeTHas | 3TO crienUaNM3aIys, This
CTICUATA3ALIUS KOTOpAst 3aKIIF0YACTCS B specialization,
TOM, YTO Ha OTIEJIEHOM which is a
NPEANPUATUA separate
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COCPEIOTOUMBAETCS BBIITYCK
NPOJyKIHH,
COOTBETCTBYIOLIEH
npO(HITIO NPETPUSITHSL.

company that
focuses output
corresponding
to the profile
of the

enterprise.
[Mpenebpexumo MOrPEIIHOCTH, 3HAYECHUSIMH | error, the
MaJible KOTOPBIX MOKHO values of
(HHMYTOXKHBIC) npeHeOpeys. which can be
MOTPEITHOCTH ignored.
Obs13aTenbHOe u 3TO 00s3aTeNbHOE is the
psSIMOe PUMEHEHHE CTaHapTOB mandatory
(menocpeactrennoe | COB Ha 00BEKTHI application of
) IIPUMEHEHUE | COTPYJHUYECTBA IIyTEM CMEA
crangaptoB COB B | cchbUTkM Ha HUX B standards for
JIOTOBOPHO- JOKYMEHTaX, collaboration
IIPaBOBBIX OIPEACTISIONTUX objects by
OTHOIICHHSX 10 | IOTOBOPHO-TIPABOBHIC referring to
HSKOHOMHYECKOMY H | OTHOIICHHMS (cornamieHusi, | themin
Hay4YHO- JIOTOBOPBI, KOHTAKTHI). documents
TEXHUYECKOMY that define the
COTPYIHUYECTBY contractual
MEXIy CTpaHaAMH - and legal
yYaCTHHIIAMHU relations
KOHBEHIIUH (agreements,
contracts,
contacts).
[Tpumenenue 9TO HEMOCPEICTBEHHOE This direct use
craggapra CDOB B | HCIIOJIB30BaHHUE €TO B ofitasa
HApOIHOM KauyeCTBE HALIMOHAIBLHOTO national
XO3sIMCTBE  CTpaH- | craHaapra 0e3 m3mMeHenmii | Standard
YYaCTHHII u iepeoopmIeHUI win without
KOHBCHITUU BBeieHue crannapra COB B | change and
HaIlMOHAIbHBIE CTAHAApTHI, | renewal, or
kak npunsato B CCCP, mpu | the
MIOJIHOM COOTBETCTBUH introduction
nokazareJei of CMEA
HAI[MOHAJIbHBIX cTaHaapToB | Standards into
MOKa3aTeJIsIM CTaHaapTa national

COB.

standards, as
adopted in the
Soviet Union,
in full
compliance
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performance
indicators of

national
standards
CMEA
standard.
[TpousBogHbIE eMHUIIBI, 0Opa3yemsbie o | the unit
CJIMHUIIBI OTIPEICISAIONIECMY TH formed by the
eIMHULIBI YPABHEHHIO U3 defining
JPYTUX €AMHUIL TaHHOU equation of
CHUCTEMBI. these units
from other
units of the
system.
I[Tporecc U3MEHeHUe QU3HIECKOM change of the
BEJIMYMHBI BO BPEMCHH. physical

quantity over
time.

Pa0ouwnii atanon

3TaNIOH, OT KOTOPOTO
HETIOCPEICTBEHHO
MOJTy4aroT HH()OPMAIIUIO O
pa3Mepe eTUHUIIBI
HIDKECTOSIIINE IO CXEME
TEXHUUYECKUE CPEJICTBA.

standard,
which directly
receive the
information
about the
amount of
hardware units
subordinate

scheme.
PaBHO paccesHHBIC | cCEpHH, C HE3HAYUMBIM series, with
cepun pa3IUYreM OIEHOK insignificant
JUCTICPCHIA. difference
variance
estimates.
PesysbTar 3Ha4YCHHE (PU3UUECKOM the value of a
HU3MEpEHUS BEJIMYMHBI, HAHJCHHOE physical
yTeM €€ U3MEPCHUSI. quantity found
by
measurement.
PemoHTONpHUrOIHOC | CBOMCTBO OOBEKTA, object
Th 3aKJII0YAOIIEeeCs B property,
MPUCTIOCOOTIEHHOCTH K consisting in

peaynpexIeHUIO U
OOHapyKEHHUIO TPUUUH
BO3HUKHOBEHUS €TI0
OTKa30B, NOBPEXKICHUN U

the adaptation
to the
prevention
and detection
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YCTPAHEHUIO UX

of the causes

MIOCTIEACTBHMA My TEM of its failure,
NPOBEJ/ICHUS] PEMOHTOB U damage and
TEXHUYECKOTO elimination of
00CITyKUBaHUSI. their
consequences
by means of
repairs and
maintenance.
Cucrema  eIUHMII COBOKYITHOCTb a set of basic
buznyeckux OCHOBHBIX W npou3BoaHbIX | and derived
BEJINYNH €IMHULI, OTHOCAIIASACS K units, relating
HEKOTOPOU CUCTEME to a system of
BEJIMYKH U 0Opa3oBanHas B | Values and
COOTBETCTBHH C formed in
NPUHATHIMU MPUHIMIIAMHU. | accordance
with accepted
principles.
Cucrematuu COCTaBJISFOIIIAS component of
€CKasl OTPENTHOCTh | MOTPEIIHOCTH U3MEPEHHsI, | measurement
OCTArOIIAsCs TIOCTOSIHHOW | error that
WA 3aKOHOMEPHO remains
WU3MEHSOLIAsACS IPU constant or
MOBTOPHBIX H3MCHECHHUSX varies
OJIHOM U TOM e BennuuHbl. | regularly by
repeated

changes of the
same

magnitude.
CiyyaiiHasi | COCTaBJISIOIIAS component
MOTPEIIHOCTh MOTPEIIHOCTH U3MEPEHHs], | measurement
M3MEHAIOLIASACS CIIy4YalHbIM | €rror,
00pa3oM MpH MOBTOPHBIX randomly
U3MEHEHHUAX OJHOM M Toi | varying during
K€ BEJTMYMHBI. repeated
changes of the
Same
magnitude.
Cnyyaitnblit MPOLECC, KOTOPBIN ITPU a process in
IPOIIECC NOBTOPEHUSX Kaxblid pa3 | which each
MPOTEKAET CIIy4YaliHbIM time repetition
o0Opazom. occurs
randomly.
CoBmecTHbIE M3MEPEHUS, IPOU3BOIUMBIE | Measurements

147




U3MEpEHUS OJTHOBPEMEHHO M3MepeHus | made
JIBYX HJTM HECKOJIbKHX HE simultaneousl
OJHOUMEHHBIX BEJIMUYUH y measuring
JUTSL HAXOKIICHUS two or more
3aBUCUMOCTH Mex 1y HuMu. | values are not
the same name
for finding
relationships
between them.
CoBpemeHHas Hayka 00 U3MEPEHUsX, science about
METPOJIOTUs METOJIaX U CPEACTBAX measurements
obecrnieuenus ux equuacrea |, methods and
U crioco0ax JTOCTHIKEHUS means to
TpeOyeMOl TOYHOCTH. ensure their
unity and
ways to
achieve the
required
accuracy.
CoBOKyTIHBIE U3MEpEeHus, IIPOM3BOAMMBIE | measurements
HU3MEpEHUS OJTHOBPEMEHHO M3MepeHus | made
HECKOJIBKUX OJHOMMEHHBIX | Simultaneousl
BEJIMYMH, TIPU KOTOPOM y measure
HCKOMBIC 3HAYCHHMSI multiple
BEJIMYMH HAXOIAT quantities of
PEIICHUEM CUCTEMBI the same
ypaBHEHHH, TIOJyYaeMbIX name, in
pH MpSAMBIX w3Meperusx | which the
pa3au4HbIX coueTanuii aTux | values of the
BEJIUYMH. desired
solution of the
system are
obtained by
direct
measurements
of various
combinations
of these
variables.
CoxpaHsIeMOCTh CBOMCTBO 00BECKTA property of an
HETIPEPBIBHO COXPAHSThH object
UCTIPaBHOE U continuously
paboTocrocoOHOe maintain in
COCTOSIHHE B TEYCHHE U good working
10CJIC XPaHCHHS U condition

148




TPAHCIIOPTUPOBAHUS.

during and
after storage
and
transportation.

Croenpansy | 3TaioH, odecneunBarommii | standard,
Bl 3TAJIOH BOCTIPOM3BeIcHUE eMuHUIBI | Which
B OCOOBIX YCIIOBUAX U provides
3aMEHSIONTUH B ATUX playback unit
YCIIOBHSIX TIEPBUYHBIN in the special
ITAJIOH. conditions and
the
replacement in
these
circumstances,
the primary
standard.
Cpennee BpeMs | BpeMs paboThI Cpe/ICTBA timemeasuring
0e30TKa3HOU U3MEPCHUS. means.
paboTHI (vn
HapaboTKa Ha
OTKa3)
CpenctBo TEXHUYECKOE CPEJICTBO, technical
U3MEpeHUi UCTIOJIB3YEeMOE TIPH means used
U3MEPCHHIX U UMEIOIIICe for
HOPMHUPOBAHHBIE measurements
METPOJIOTHUECKHE and having
CBOWCTBA. normalized
metrological
properties.
CTaOuiIbHOCTD KaueCTBO CPEJICTB quality
CPEICTB M3MEPECHHI | U3MEPEHUI, OTpaxkaroree | measuring
HEM3MEHHOCTh BO BpeMeHH | Instruments,
€r0 METPOJOTUUECKHIX reflecting the
CBOWMCTB. unchanged
during the
time of its
metrological
properties.
CranmgapTu3anus paboTa 1o ycraHoBIeHHIO U | WOrk on the

MIPUMEHEHUIO MIPaBUII C
LETBI0 YIIOPSAI0YeHUS
NIEITEAbHOCTH B JAHHOU
00JIaCTH Ha MOJIb3Y U NPH
y4aCTHU BCEX

establishment
and
application of
the rules in
order to
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3aMHTEPECOBAHHBIX CTOPOH
1, B YaCTHOCTH, IS
JIOCTHIKEHUS BCeoOIei
ONTHUMAJIbHON PKOHOMHUH,
MPUHUMAas BO BHUMaHHE
pabouue ycroBus u
TpeOOBaHUS TEXHUKU
0€30IMacHOCTH.

streamline
activities in
this area for
the benefit of
and with the
participation
of all
stakeholders
and, in
particular, to
achieve
universal
optimum
savings,
taking into
account the
working
conditions and
safety
requirements.

J10JITOBEYHOCTH

CBOMCTBO 00BEKTA
COXpaHsTh

property of an
object remain

paboTOCIIOCOOHOCTD J10 operational
HacTyIwieHus npeaeasHoro | until the limit
COCTOSIHHSI TIPH state when the
YCTaHOBJICHHOM CHCTEME installed
TEXHHYECKOTO system for
00CITy KBaHUS U maintenance
PEMOHTOB. and repairs.
JlonbHas enMHUIIA | €IMHUIIA B Testoe yrciio pa3 | Unit integer
MeEHbIIIas cucTeMHoM mwim | times less
BHECHCTEMHOMN €IUHUIIBI, systemic or
OHa o0Opa3yeTcs myTeM non-systemic
YMHOKCHHUSI OCHOBHOM Witk | UNIt, it is
npou3BoaHON eauHuIbl Ha | formed by
yrcio 10 B multiplying

COOTBETCTBYIOIIECH
OTPHULIATEIILHON CTEIICHMU.

the derivative
or basic units
in the number
corresponding
to negative 10

degrees.
JIonOTHUTEIIbHBIE IIOTPELIHOCTH, KOTOPHIE errors that are
HOTPEIIHOCTH 00yCJIOBJICHBI OTKJIOHEHHEM | caused by
yCIIOBUH, B KOTOPBIX deflection
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paboTaeT npudop, OT
HOpPMAaJTbHBIX.

conditions in
which the
device
operates from
the normal.
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