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1. IlporpaMmMHO-TeXHUYeCKHIT KomIieke VEX.

[Mporpammuo-texuuueckuii komiuieke (IITK) VEX mnpennasnaden st coopa,
BU3yaJIM3allK, 00pabOTKU M COXpaHEHUS JTaHHBIX, MOJYYaeMbIX MPU MPOBEACHUU

JKCIIEpUMEHTAJIBHBIX HCCIENOBaHUM B Kypcax «l mapaBiuyeckue INPUBOABI» HU
«I'mppaBnuyeckue  amnmaparel €

YIPABICHUEM).

IMponoOpIMOHAIbEHBIM QJICKTPUICCKHUM

[upokue BO3MOXKHOCTH KOMIUIEKCA MO HACTpoWKaM mpuemMa U 00padOTKu
JAHHBIX, @ TaKXe BBINOJHEHUS psga (QyHKUME yHOpaBieHUs, [O3BOJISIOT
HCIIOJIB30BATh €T0 ISl MPOBEACHUS SKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUM B PaMKax

JAPYTUX AUCLUIUIMH WK MPU NPOBEICHUN HAyYHO-UCCIIEI0BATEIbCKUX Pa0OOT.

IIKT VEX cocTout u3 Tpex OCHOBHBIX YaCTEH:

® YCTpPOMCTBO cOOpa TaHHBIX;

¢ JAaTYUKH U3MCPCHUSA q)HBquCKHX BCIIMYHNH,

e mporpammHoe obecnieuenue VEX.

1.1  ¥YcrpoiicTBo cO0Opa JaHHBIX.

YerpoiicTBo cOopa TaHHBIX BBIMOJHEHO Ha 6a3e ycrpoiictBa USB 6008 dbupmbl
National Instruments u mpeacTaBisier coO0oil BCTpauBaeMyl B aHTPECOJIb CTEH/IA

MaHesb C BBIBEICHHBIMU Ha €€ JIMIEBYI0 CTOPOHY KJIIeMMaMu U pazbemamu (puc.1).
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Kinemmbl W pa3pemMpl Ha JMLOEBOM NIAHENNW CTPYNIUPOBAaHbI B YETBIPE

(YHKIMOHAJIBHBIX 30HBI:

1 — aHayIOroBBIE BXOJHI,
2 — uu(poBbIE BXOIHI;

3 — aHAJIOTOBBIC BHIXOHI;
4 — i poBBIC BHIXOHI.

KomMmyTanust ycTpoiicTBa ¢ KoMIbroTepoM ocyiiectrisieTca yepe3 USB pasbem

5.

1.1.1. AHagorossie BXO/bI.

YcrpoiicTBo cOopa aHHBIX MO3BOJSET OJJHOBPEMEHHO MPUHUMATH CUTHAJIBI 11O
nsaTy aHanorossiM Bxogam All.... AlS. YcTpolicTBOM NpUHUMAIOTCS CUTHAIBI OT
JATYUKOB CO CTaHJAPTU3MPOBAHHBIM BeIX0oA0M 0...5 B u HanpspkeHueMm nuTaHUs
=5 B wm =24 B. IluTtaHWe JaTYMKOB  OCYLIECTBIIAETCS  4YEpPE3
CHELMATN3UPOBAHHBIE YEThIPEXITNHOBBIE IPUCOECTUHUTEIBHBIE pa3beMbl (pUc. 2).

5B _Bxoanoit curvan 0.5 B

=248

Puc.2

Ecnu nnsa npoBeneHust SKCIEPpUMEHTA MPUMEHSIOTCS JaTUUKUA C HAIPSHKEHUEM
NIATAHUS =24 B, ycTpoiicTBO cOopa JaHHBIX HEOOXOIHWMO MPEABAPUTEIHHO

MOJKJIIOYHUTH K BHEITHEMY UCTOYHHUKY nutanus =24 B yepe3 kimemmbr 0 V u +24
V.

1.1.2 [udpoBbie BXOIBI.

YcrpoiicTBo cOopa MaHHBIX MMEET JBa IMUMPOBBIX BXOJA, OJAWH U3 KOTOPBIX
SABJISICTCS CYETYMKOM MMITYJIbCOB, @ BTOPOW HUCHOJIB3YETCSI KaK JUCKPETHBIN BXOJ.
O6a 1udpoBBIX BXOJa HMMEIOT JBa albTEPHATHUBHBIX THE3/Ia TOIAKITIOUYCHUS:
CIIeIMaTN3UPOBAHHBIN YETHIPEXTTUHOBBIN 51 JIByXMUJUIUMETPOBBII
A1EeKTPOoOE30MacHbIN Pa3bEeMBbI.

CdeTunk HMMIYJNbCOB NpPEAHA3HAUEH [IJIsi OMpPEACNICHUS 4Kclia O0OpOTOB B
CEKYHIy BpalllaloNMXCs BajdoB. BXOAHBIM CHUTHAJIOM Ha CUETYUK sIBIIsieTcs =24 B,
YTO TMO3BOJIAET MCIIOJb30BaTh B KAauye€CTBE CHUTHAIM3HPYIOUIETO YCTPOMCTBA
JOUCKPETHBIE JTATYMKH C COOTBETCTBYIOIIMM BBIXOJHBIM CHUTHaJIOM. IluTtanue



JaTduka  MOMET  OCYIIECTBISIThCS ~ JHOO  4Yepe3  CrenHaaIn3upOBaHHBIHN
YeTBIPEXITMHOBBIN pa3beM, 1100 oT kiieMM 0 V u +24 V (puc. 3).

Puc. 3

Huckpetnsiii BXoa DI1 dukcupyer nanmuuue =24 B.

1.1.3. AHaI0rOBBIE BBIXOIEI.

YerpoiicTBO cOopa JTaHHBIX MUMEET ABa aHaIOroBbIX Beixoga AO1 m AO2 Ha
KOTOpble MOeT mojaBathesi curHan =10 B (cm. pasgen IlporpammHoe
obecrieueHue).

1.1.4. IudpoBbie BHIXOIBI

YcrpoiicTBo cOopa AaHHBIX UMEET JBa IUGPOBBIX BHIXOJA, YIPABISIONINE
BcTpoeHHbiMUu pene K1 u K2. Takum oOpa3zom, moTpeOUTEN0 MOCTYIMHBI JIBa
MPOrPaMMHO  YIPABISIEMBIX TMEPEKIIOYAIONINX KOHTAaKTa, YTO MOXET OBITh
HCITIOJIb30BaHO JUISE  YOPaBJICHUS  JUCKPETHBIMU yCTpoiicTBaMu C
AIEKTPOYTIPABICHUEM.

1.2 Jlaryuku u3mMepeHusi Gpu3nyecKuX BeJTUYUH

JInss TpoBENEHUM HSKCIEPUMEHTAIBHBIX MCCIEIOBAHUNA B pPaMKax KypCOB
«I'napaBnuyeckue MIPUBOIBI» 151 «'mppaBnuueckue arrmapaTsl C
MPONOPILUOHAIBHBIM AJEKTPUUYECKUM YIIPABICHUEM» B COCTAB KOMIUIEKCA BXOJAT
CIENYIOIINE TaTYUKHU:



nepeMeIIeHus;
JaBJICHMUS;
TeMIIepaTyphl;

B e

ontudeckuit (puc.4)

Puc. 4

ﬂaTLII/IK MMEPCMCIICHUA.

[ToTeHnuoMeTpruyeckuii JaTYMK NepeMenieHus ¢ padbounm xoaoM 250 MM nmeer
KpeTeXHble KPOHIITEWHBI, COCAMHHUTENBHYIO CEPbry W COIPSATaloNlyl0 BTYJKY,
KOTOpasi YCTaHABIIMBAETCA HA IITOK THAPOLMUIUHAPA, BXOISIIETO B CTAHIAPTHYIO
MOCTABKY CTEH/IA JIJISl U3YYCHHSI TUPABIMYECKUX MMPUBOAOB. (puc. 5)

Puc. 5



JlaTuuk JaBlICHUS.

JlaT4uK naBlieHUd NMpeaHa3HayYeH AJI1 U3MEPEHUS U30bITOYHOIO JIaBJICHUS B
ruapocuctemax B auanaszone 0-10 Mlla. [ToakmroueHne natuyrnka OCyIecTBISETCS
IIOCPEACTBOM OBICTPOPA3BEMHOIO COEUHEHHUS.

JlaTyuk TeMIepaTypsl

0
JaTtuuk Temnepatypsl pabotaeT B iuanazoHe -50 +150 “C u ycranaBnuBaercs
MOCPEICTBOM TIOCTOSTHHBIX MarHUTOB HEMOCPEACTBEHHO Ha OOKOBYIO MMOBEPXHOCTH

0aka HACOCHOM CTaHIIUH.

OnrTuuyeckuii 1aT4nuK

JIMCKpEeTHBIA ONTUYECKUH AATUMK UCTIONIB3YETCA [JIsl OTPECICHUS YaCTOThI
BpallleHHs] BaJla TUAPOMOTOPA M YCTAHABIIMBAETCS HA MOHTAXXHOM CETKE CTeH/1a
TakuM 00pa3oMm, 4ToObI ero paboyasi TOBEPXHOCTh HAXOAWJIACH HAIIPOTHUB JILICOK 1,
BBITIOJTHEHHBIX HA TOJIOBKE THAPOMOTOpa (puc. 6)
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Puc. 6

ITpu sTOM moniepedHast och pabodeit 30HbI JaTYMKA, TPOXOIAIIAs Yepes3
MepeIaroIee U TPUEMHOE OKHA 2 , TOJKHA PACIIONaraTbCs MapajieabHO
MOHTAXHOM CETKHU.



1.3 TIIporpammuoe odecneuenue VEX

C menplo BH3yaJHM3ald M MPOTOKOJUPOBAHUSA HAHHBIX, MOCTYHAIOMIUX B
yCTPOWCTBO cOOpa JaHHBIX B XOJ€ TPOBEACHHUA OSKCIEPUMEHTAIBHBIX
WCCIICIOBaHM, B TMPOTPAMMHO-TEXHOJIOTHUYECKOM KOMIUIEKCE HCIONb3yeTCs
cCHenuaIu3upoBaHHOE MporpaMMmHoe obOecnedenuemM VEX, mocraBinsemoe Ha
CD*. IIporpamMmMHOe oOecIiedeHre BBINOIHEHO ¢ moMoinbio LabView** sepcun
8.5.

JlJiss yCTAaHOBKHM TMPOTPAaMMHOTO OO€CTeYeHUs] Ha KOMITbIOTepe HEO0OXOIUMO
umeth 180 Mb cB0OOHOTO TUCKOBOTO MPOCTPAHCTBA.

1.3.1 HucTrannsuusa nporpaMMHOTO oOecrieueHus

Jns  wHCTammsuud — nporpaMMmHoro obecmnedenus VEX  HeoOxomumo
IPOU3BECTH CIICAYIOIINE JICHCTBUS:
- sctaButh CD B quckoBo/I;
- BoiiTu B manky VEX ;
- IBOMHBIM ILIETYKOM Ha (ailn Setup.exe 3amyCcTUTh HHCTAIUISIUIO;
- IEHCTBOBAThH COTJIACHO JIAJbHEHIIINM YKa3aHUSIM MPOTPAMMBI;
- TIOCJIE 3aBEPIICHUS] HHCTAJUISIIUU TIepe3arpy3uTh KOMITbIOTED;
- mociie nepesarpy3ku Boitu B manky C:\ Programm files\ VEX ;
- BeimenuTh ¢aitm VEX.exe u co3marh Ha pabodeM CToJIe SPJIBIK IS

BBI30BA MpOrpamMMmsbl (puc.9).
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Puc. 7

* B KOMIUIEKT TIIOCTaBKHM TakK)Ke€ BXOJAT YycTaHOBOYHBIe aucku National
Instruments s wHCTaUIAIMHU TUIaThl cOopa manHeIx USB 6008. /laHHBIe AUCKH



nocrasisirorest National Instruments BmecTe ¢ maToi, HO He UCTIONIB3YIOTCS MIPH
yctanoBke 10 VEX.

** | abView - wuHTerpupoBaHHas rpaduueckas cpena pa3paboTyuka s
CO37aHUsI UHTEPAKTUBHBIX MporpaMM cOopa, 0OpaOOTKM JaHHBIX U YIPABICHUS
nepupepuitHpIMU YCTPOUCTBAMM.

1.3.2 PaGora ¢ nporpammHbIM obecniedeHueM VEX

ITocne Bw13oBa IIO VEX oTkpbiBaeTCA JHIEBas MaHENb, MPEICTABISIONIAS
co0Olf WHTEpaKTUBHBIA HHTEp(]Eiic TMoNb30BaTENsI, HUMHUTHPYIOMIAS MYJIbT
yIpaBji€HUs, Ha KOTOPOM pa3MEIIalOTCs KHOIMKH, WHIAUKATOPHI, Tpadukd U

JApyTrHe CpelcTBa OTOOpakeHus W ynpasieHus. OOmmii BUA JUIEBON MaHeIu
npeJcTaBieH Ha puc. 8.
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Puc. 8

[Tanenb umeeT yeTbipe HYHKIIMOHATBHBIX 30HBI:

e [0Je TaOJUIIbI 3aMKUCHIBAEMBIX TAPAMETPOB;
e KJABMIIM: HACTPOWKM MPOrpaMMBbl, IIyCKa 3alliCH NapaMeTpoB,
COXpPAHEHUS JAHHBIX U BBIX0JIa U3 IPOTrPaMMBbI;

® [I0JIsl TOCTPOEHUS TPaPUKOB;



® 30HA OKOH OTOOpakKe€HUsl BEIOpaHHBIX KAaHAJIOB U (PYHKIIMIA,

a TaK)XE CEPBUCHBIC KJIABUIIM JUIA POCMOTpPA U PENAKTUPOBAHMS PE3YJIbTATOB
U3MEPEHUN.

1.3.2.1 Tlone TaOnuIbl 3aNTUCHIBAEMBIX [TAPAMETPOB.

B mone TalGnuikl 3amuchIBa€MBIX MapaMETPOB 3aHOCATCS MX YHUCICHHBIC
3HAQYCHUS, CYUTHIBAEMbIE YCTPOMCTBOM C 3aJaHHON B HAaCTPOMKAaX MPOrpamMMbl
BPEMEHHBIM MHTEpBajoM.. [lo yMomyaHuo BUIMMAs 4acTh TaOJUIBI UMEET TPHU
KOJIOHKH, B JIEBOM M3 KOTOPHIX OTOOpa)kaeTcsi BpeMs, a B MOCIEAYIONIUX —
3HAYCHHUS] 3alMChIBAEMBIX MapaMeTpoB. EciauM KOJWYECTBO 3amuChIBaAEMBIX
napamMeTpoB OOJbIIE JBYX, TO B HIDKHEH 4acTU TaOIMIIBI MOSBISICTCS OETYHOK
TOPU3OHTAIBHON TMPOKPYTKH, TEpeJBUTAs KOTOPHIA, MOXKHO I€PEMECTUTH
3HAYCHUS] MHTEPECYIOIIETO apaMeTpa B BUIIMMYIO YacTh TAOJIHIIBI.

[IpocMOTpeTh CTpPOKH, HE YMECTHUBIIHECS B TIOJI€ TaOJUIBI, MOXHO C
MOMOIIBI0 OETYHKa BEPTUKAIBHOM MPOKPYTKH.

Tabnuua 3amonHsieTCs pe3yjbTaTaMU U3MEPEHHsS aBTOMATHUYECKH TOCIIe
3aBEPIICHUS SIKCIIEPUMEHTA U HE MOXKET ObITh oTpenakTupoBana B [10 VEX.

[locne coxpaHeHuss MJaHHBIX I[IOJYYEHHBIE pE3yJbTaTbl MOTYT OBITh
OTpeaKTUPOBAHbI B KAKOW-JINOO0 Apyroi mporpamme, Hanpumep Exel.

1.3.2.2 Hacrpoiika mporpamMmsl

ITocne 3arpy3ku nporpaMMbl Ha JIMLIEBOW MAHEIN aBTOMATUYECKH OTKPBIBAETCS
nanka «Hactpoiika nmporpamMmbl», KOTOPYIO BIOCIEACTBHH MPH HEOOXOIUMOCTH
MOYKHO BbI3bIBaTh, HAXKaTHEM OJJTHOMMEHHOM KIIABUIIIU,

[TocpencTBoM maHHOW ManKud HEOOXOIWMO TMPOU3BECTH BHIOOP U HACTPOUKY
(bu3nUeCKr UCTIONB3YEMBIX B YCTPOHCTBE cOOpa JaHHBIX BXOJOB U BBIXOJIOB, T.C.
KaHAJIOB YCTPOHCTBa cOOpa NMaHHBIX K KOTOPBIM MOJKIIOUEHBI TepudepuiiHbie
YCTPOMCTBA; a TakK€ Ha3HAUYUTh TpeOyemble I KOHKPETHOIO SKCIEPUMEHTa
MapaMeTpbl U3MEPEHUSL.

AHaJIOTrOBEIE BXOIBI.

[To ymomuanuto manka «HacTtpoiika mporpaMMbl» OTKpPBIBAETCS Ha 3aKIIAIKE
«AHanoroBsie BXoab» (puc. 9, a)



EE Hac vpofnn s onp i YEX - =] I B8 Hacrpoiecs nporpasmb: VEX = =

FATFEET=E0 ERZOLE I SHHM I NISEarETiel ~3asHA S PRTHL R R HTAN I AL I M Tk MENEPRSS |
SHSTNOS R Sa0aE l AHANDT e BOget [ A rpe s 2R as | SHANTIOENS RO | AHSIOM0E B ST | LD s BaOgH |

J A1l J ALL Swenn | 5 | Pamsecets| ow oo | aozs

J A2 J Al 2 Swean pl | FasmeoeccTe isJJ or [:j- |no:|m:-

B ' AL

) AL4 i J Al4 Zivoon | A | Pameacere| 8 Jorfn | el

JNpyNTe CONDEHATS Sy T3] st 1n

WA D0 HEK AT Do A .;:1;‘;0&:4 .Q:mw« B:taa

a 0
Puc. 9

bykBenHo-uudpoBbie 0003HaueHuss ~ aHanoroBbix BxonoB B [IO0 VEX
(AIl...Al5) cooTBeTCTBYIOT OOO3HAYEHUSIM AHAJIIOTOBBIX BXOJIOB Ha IaHENU
ycTpoiicTBa coopa AaHHBIX (puc.l).

JIns akTUBallMM aHAJIOTOBOTO BXOJa, K KOTOPOMY IMOAKJIIOUEH HEKUI JaTYMK
(HampuMep, JaTYUK MEePEeMEIEHUs), HEOOXOAMMO HABECTU KYypCOp Ha KPYIIIyIO
KHOIIKY, PAaCIOJOKEHHYI0 pSAIOM C OOO3HAYEeHHMEM BXOJa U HaXKaTh JIEBYIO
KJIaBHUIY MbIH. [Ipyn 3TOM LBET KHONKH MOMEHSIETCS C CEPOro Ha 3€JEHBIN U
OTKPOIOTCSI OKHA HACTPOMKHM JaHHOro Bxoja: CuMBoJl, Pa3MepHOCTh M OKHA ISt
3aHECEHUs KpalHUX 3HAYeHWM nuamna3zoHa udMmepeHus (puc. 9, 6; AHaJIOTOBBIH
Bxoa Al4).

[lo ymonyanuto B okHe «CHMBOM» TOSIBIsETCS 0003HaueHHE (HaKTHUYECKU
HCIIOJIB3YEMOro aHajoroBoro Bxoga yctpoiictBa USB 6008, koTopoe MOMKET
OTJIMYAThCS OT OOO3HAUEHHUs BXOJa Ha JHUIEBOW MaHeNu YCTpoicTBa cOopa
JAHHBIX.

B oxne «Pa3mepHOCTB» ykasaHbl B, a nuana3oH M3MEpEeHHUs HAXOJIHUTCS B
npenenax or 0 g0 5, T.K. O yMOM4aHHIO 3a 0a3y B3AT CTaHAAPTHU3OBaHHBIN
noteHuuanbHbiid curuai (0...5 B).

Jlns ynobcTBa MpeAcTaBiICHUS AAHHBIX B OKHA MOXKHO 3aHECTH OYKBEHHBIN
CUMBOJI, MPUHATBHIA MJiE 00O03HAUeHUsT H3MepsieMoill (PU3NUYECKOW BEIMYHHBI,
pa3MepHOCTh, B KOTOpOM OyneT 3Ta BelNMUYMHA MpejAcTaBieHa Ha rpaduke, u
Uana3oH U3MEHEHHsI (PU3NYECKON BETUUYHMHBI.

Hampumep: ©Ha anamoroBeiii Bxoa All Oynmer momaBaThCs CHUTHAI OT
MOTEHIIMOMETPUUYECKOT0 JaTuhKa MepeMelneHus: ¢ padounm xoaom 250 mm. B
OokHO «CHMBOJI» MOXHO 3aHEeCTH 0003HAUCHHE JTMHEHMHOTO MepeMenieHus - S, B



OKHO «Pa3MepHOCTH» - €QUHUIY U3MEPEHUS JUHEUHBIX IEPEMEILIECHUN - CM, U
0003HaYnThH UHTEpBaN U3MepeHus ot 0 1o 25 cm (250mm) ™,

Haznauass wuHTepBas uU3MepeHus, CIeAyeT YyKa3blBaTh MOJHBIM HHTEpBal
3HAUYEHUN uU3MepsieMol (U3MYECKOW BEJIWYMHBI, KOTOPBIM oOecneyrBaeT
KOHKpeTHbIM natuvk. Hanpumep: Ha aHanmoroBblil Bxoa Al2 Oyner mojgaBatbest
CUTHaJ1 OT JaTydka JaBiieHHs (0003HA4YMM TMapaMmeTp Kak pl), auana3zoH
m3mepenuss koroporo 0-10 MIla (0-100 6ap). JlaTuuk wuMeeT JHUHEHHYIO
XapaKTepUCTUKYy U  CTaHAapTU30BaHHBIM  BbIxogHOM curHan 0...5 B,
cnenoBatenbHO 0 6ap Oynet coorBeTcTBOBaThH curHai B 0 B, a 100 6ap curnan B
5 B.

[IpucBoeHHbBIE aHaJIOTOBBIM BXOJlaM (AIl...AIS) 0003HauYeHUsI
KOHTpOJIUpYEMBIX (u3nueckux BenuuyuH (S, pl, p2 u T.1.) aBTOMATHYECKU
3aMeHSIOT 0003HaYeHHST aHAJIOTOBBIX BXOJIOB TIpH AanbHewel padore ¢ [10.

Jnst  ¢dukcupoBaHUs  TEMIeEpaTypsl B  MPOTrPaMMHO-TEXHOJIOTMYECKOM
komruiekce VEX pekomennyercss mcmnonb3oBaTh aHanoroBbii Bxoa AlS. Dto
0OyCIJIOBJIEHO TE€M, YTO JIaHHBIE, MOCTYNAIONIME HA ATOT BXOJ, MOTYT HE TOJIKO
oToOpakaTbCs B BUJEe Tpaduka W TaOMMYHBIX JaHHBIX, HO U Ha IUdepOIaTe
CTPETIOYHOTO TEPMOMETPA, PACTIONOKEHHOTO B ITPABOM YACTH JIMIIEBOM MMaHEIH.

Ecnu B 3aknanke «AHamoroBble BXObD» mapaMmeTpsl Bxoaa AlS mpomnucats, a
3aTeM BXOJl CJeJlaTh HEAKTUBHBIM, TO IIOKa3aHUs TeMIleparypbsl OyayT
IPEACTaBIATBCS TONBKO Ha nudepbdiate TepMomeTpa, T'pauK CTPOUTHCA HE

Oyner.

AHanoroBslie BBIXO/bI.

JIBa aHaAnIOroBBIX BBIXOJA MPEAHA3HAYEHBI JUIS IOAAYM  YIPABISIIOLIMX
CUTHAJIOB HA 3JIEKTPOHHBIE YCWIMTEIW TUAPOANIAPATOB C MPONOPUHUOHAIBHBIM

AJIEKTPUYECKUM YIIPABICHUEM.

* [lepemernienust TpedyeTcss 0003HaYaTh B CAHTUMETpPAX, T.K. OCh OpJAMHAT Ha
rpaduke yHUGUIIUPOBAHA JJI BCEX U3MEPIEMBIX MTapaMeTpoB (Kpome
TEMIIepaTyphl), U UMEET MakcuMaibHoe 3HaueHue 50 (cM. pazaen).

OTkpbITast 3aKIaKa « AHAIOTOBBIC BRIXOJIBI TIpeIcTaBieHa Ha puc. 10, a
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FATROERA HOCTPIERA

Puc. 10

Ha xaxxnpiii u3 Bbixo10B AO1 1 AO2 MOTyT 10J1aBaThCsl CUTHAJIBI TPEX BUOB:
CUHYCOUJATbHBIN, MUI000pa3HBIA U MPSIMOYTOJIbHBIN.

Jlns BeIOOpa TpeOyemoro BHjaa CUTHAjJa HAJAO0 HABECTH KYpPCOp MBIIIM Ha
MUKTOIPaMMYy, PAaCIOJIOKEHHYIO PSJOM C OOO3HAYCHHEM BBIXOJA, W HaXaTb
JIEBYIO KJIABUINY MBIIIHA. [Ipr 3TOM OTKpOETCS JOMOIHUTEIIBHOE OKHO, B KOTOPOM
M300pakKeHbl TPU MUKTOTPAMMBI JOCTYITHBIX BHJJIOB BBIXOJHBIX aHAJIOTOBBIX
CUTHAJIOB.

ITocne BeIOOpa BUAa CUTHANA, HYKHO 33/1aTh €ro aMIiutyay A u nepuon T,
TpeOyeMble IS IMPOBOJAMMOTO 3KCIIEPUMEHTA, B MPEIHA3HAYEHHBIX ISl 3TOTO

OKHax.

JIuCKpeTHBIE BXOBI

B ycTpoiictBe cOopa [MaHHBIX HCIONB3yeTCS JBa HHMQPOBBIX BXOja,
paccuuTaHHbIX Ha npueM curHajaoB =24 B: Cuetuuk u JluckpetHslii Bxo (puc. ,
6)

CueTynk TIpeNHA3HAYECH IS ONpPENENICHUsS YacTOThl BpamieHus (06/cex),
HampuMep, BBIXOAHBIX BaloOB TruaApoMoTopoB. Koadpdunment K sBusercs
BEJINYMHON, OOpAaTHOW KOJIMUECTBY MMITYJIHCOB, MO/IaBAEMbIX Ha BXOJl CUETUHKA
OT JIUCKPETHOrO JaT4MKa, COOTBETCTBYIOUIMX OJHOMY OOOpOTy Baia
ruapoMoTopa. Hampumep, eciu 3a oauH 00OpOT Bajia, AATYMK MOJAET Ha
CYETYMK YEThIpe UMMyJibca, To Kodpduunent K Oyzaet pasen 0, 25.

NuTtepBain onpoca CUrHaNOB, MOCTYNAIOIINX HA CYETUYHK, U BPEMSI OCPEIHEHUS
MOJIYYEHHBIX JaHHBIX MOKET U3MEHSIThCS IOJb30BaTEIEM Yepe3 ClelHalbHbII
daitn setup.txt, pasmemnienasiii B manke VEX.



JUJ1st 3TOT0 HAZ0 OTKPHITH (pailyl, HapUMeEp, ¢ MOMOILbIO biokHOTA:

[setup]
dt=100
T=1000

Ha3znauute xenaemble 3HaueHHs sl oOoux mapamerpoB (mapamerp dt He
MOeT ObITh MeHbIIe 20).

JluckpeTHbId BXOJ (PUKCUPYET HaJW4Khe WM OTCYTCTBUE CHTHAaja Ha BXOJE.
Ero xoadpdunuent K onpenenser BbICOTY NUHUHK, 0003HAYaolIe Ha rpaduke
Hanmuuue =24 B.

JIMCKpETHBIE BBIXO/IbI

Hacrtpoiiku nauckpeTHbIX BbIXOZ0B (puc.1l) TO3BOJSIOT OpPraHU30BaTh
JMCKPETHOE YIPaBIICHHE MEPUPEPUIHHBIMU YCTPONCTBAMU C DIICKTPUUYCCKUM
yIpaBlieHHEeM, MyTeM (OPMHUPOBAHUS YCIOBHI BKItOUeHUs, ABYyX pene K1 u K2
(puc. 1)

BeiGop pene, BKIIFOYCHUEM-BBIKIIIOYCHUEM KOTOPOTO TpeOyeTcsl yIpaBisiTh,
OCYIIECTBIISICTCS HAXXaTHEM Ha KHOIKY C COOTBETCTBYIOIIMM O0O3HAYCHHEM
(puc.11, a). [Ipu aTOM, Ha 9KpaHEe OTOOPAKAIOTCS IBE CTPOKH, B KOTOPBIX MOXKHO
yKa3aTh aJbTepPHATHBHBIC yCIOBUs BKItoYeHus pene (K1=1).
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Jns Toro, 4ToOBI BKIIOYUTH pejie HEOOXOAMMO BBINIOJHUTH CIIEAYIOIIHE
JIICUCTBUA:

e BbIOpaTh YNpaBISIIOMMNA TapaMeTp — GU3NUYECKYI0 BEIUYUHY, 3HAUCHUS

KOTOpPOM MOCTYIAKT HA OJIUH U3 aHAJIOTOBBIX BXOJOB yCTpoucTBa. s



ATOTO HAJIO0 HaXXaTh Ha KHOMKY, PACIIONOXEHHYIO MEXAY TOJSIMH IS
3aHECEHUs MOPOTOBBIX 3HAUYCHUH ympaBistomiero napamerpa. [lpu stom
OTKPBIBACTCS JOMOJTHUTEIFHOE OKHO, B KOTOPOM TIPUBEIEH CIIHCOK
U3MepsaeMbIX puznyeckux Benudul (puc. 11, 6):

e YyKa3aTh JAMANA30H 3HAUCHUH YIPABIAIOIIETO MapameTpa, B KOTOPOM
pene OyAeT BKIIOYEHO. /[ 3TOro HeoOXOAMMO BHECTH Tpedyemble
3HA4YECHHs B COOTBETCTBYIOIIHUE TTOJIS;

® yKa3aTh MPU KAKUX YCIOBUSAX YIPABISIOMIUNA MapaMeTp OKa3bIBaeTCs B
3aJJaHHOM JHMana3oHe — TMPH BO3pPaCTaHMM CBOMX 3HAUCHUH, WIH
yOBIBaHUMU.

CdopmupoBanHas TakiuM 00pa3oM KoMmaHaHas ctpoka st pesie K1 (puc.1l, 6)
o0o3HauaeT crnexaymwmiee: pene Bikiatouutcs (KI1=1), ecnu npu Bo3pacTaHuu
napameTrpa S (BBIIBI)KEHHUE IITOKA THIPOLIMIMHIIPA), €r0 3HAYCHHE OKaXETCS B
nauamasone 5....10,5 cm, B mpotuBHOM citydae peinie K1 OyneT BBIKIIIOUEHO.

DOyHKIUU

[ToMumo 3anucu KOHTpOIUpyeMbIX mapameTpoB, 110 VEX no3BosseT CTpouTh
rpaduky pa3auYHbIX (PYHKIIMHA OT BpEMEHH, apryMEHTaMU KOTOPBIX SIBISIOTCS
KOHTPOJIMpYEMbIe TapamMeTpsl (puc.12).
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EnunoBpeMeHHO MOTYT ObITh TOCTPOEHBI rpadpuKku NsATH QYHKIUH, YEThIPE U3
KOTOPBIX COCTaBIISIOTCS MOJIb30BATENIEM B CIELHUATIBHO OTBEJCHHBIX JJIs 3alUCU
MaremaTuieckux BoipaxeHuit momusx (F1...F4).



OcHOBHBIE AOCTYyNHBbIE (YHKUUHA M MPUMEP COCTABICHHS MaTEMaTUYECKOIO
BBIPAYKEHUS, IPUBEJECHBI B HU)KHEW YaCTH MOJI 3aKIaKH.

AprymMeHTaMu B COCTABIISIEMBIX MAaTEMATUUYECKUX BBIPAXKEHUSAX SIBISIOTCA X U
y. Juag Toro, 4YTOOBl TOPHUCBOUTH aAPryMEHTaM 3HAayeHUsi TpeOyeMbIX
KOHTPOJUPYEMBIX TaPAMETPOB, CIEAyeT BHIOpaTh UX U3 CIUCKA, MPUBOJUMOIO B
OTKPBIBAIOIIUXCS JTOMOJIHUTENbHBIX OKHaX. Hanmpumep (cm. puc.12, a): F1=x-y,
rae x=pl, a y=p2. Takum ob6pazom ¢ynkuus Fl=pl-p2, t.e. Oyner moctpoeH
rpadux F1=Ap(t).

[IpoBepuTh MPaBUIBLHOCTDh HAMTMCAHHBIX MATEMATUYECKUX BBIPAKEHUI MOXKHO
HaxkathueMm Ha knaBuiy «lIpoeputb hopmynei». Ecnu ommbok B 3amucu HeT,
HaJ KJaBUIIEH MpoBepku (OPMYJbl MOSBUTCA COOTBETCTBYIOIIAs HAAMHUCh. B
OPOTUBHOM cllydyae NosBiseTcss Haanuch «OmHUOKM ecThb», a HEeNpaBUIIbHO
3anurcaHHasi GopMyIia BIEISETCS KPACHBIM MUTAIOIIUM (DOHOM.

Oyukius FS5 sBngercs crnenuamu3upoBaHHON M HE MOXKET ObITh COCTaBIICHA
noJib30BaTesieM B pou3BoJibHOM dopme. IIpu Bei6ope F5 (puc.12, 0) ctanoBsiTCs
JOCTYITHBIMH TTOCTPOEHUS TpadUKOB MHTErpaja, MepBOl U BTOPOM MPOU3BOAHON
OT BBIOPaHHOT'O MOJIb30BATENIEM ITapaMeTpa.

I'paduku QyHKIMI BRIUEPUMBAIOTCA [1OCIIE 3aBEPIICHUS 3alIMCH TapaMETPOB.

Jis Gornee eTalbHOTO MPOCMOTpa rpa@uKoB (QYHKIHMM, SKpaH Ha KOTOPOM
OHU U300pakeHbl, MOXKET OBITh pa3BEpHYT O pa3Mepa JULEeBOW naHenu. s
ATOr0 HEOOXOUMO HaXkaTh Ha KJIABUINY «YBEIUMUUTh IpaduK», PacloIoKEHHYIO
cipaBa oT mojia TpadukoB dyHKIuHA. Jag Toro droObl BEpHYTHCS K
IepBOHAYaJbHOMY BHUAY, TpeOyeTcss HakaTh Ha KIABUIIY «3aKpBIThbY,
PacoJIOKEHHYIO B HYDKHEH 4acTu pas.

[TapameTpsl n3mMepeHus

3aBepIIaroTcsl HACTPOMKH TPOrpaMMBbI 3aJlaHUEM I1apaMETPOB HM3MEpPEHUI
(puc.13, a)
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K nmapamMeTpam HBMCpeHHﬁ OTHOCATCA:

e wuHTEpBaa (BpeMs, Yepe3 KOTOPOE OINMpaIliBAETCsA KaKIblii aHAaJIOTOBBIM
BXO/);

® KOJHUYECTBO 3aMMCHIBAEMBIX TOUEK;

® JUIMTENLHOCTH 3aMMCH JaHHBIX (MHTEPBAJI *KOJIMYECTBO TOYEK)

¢ YyCJIOBHUA aBTOMATHYCCKOI'O 3aITyCKa Hadaja HSMGPGHHﬁ.

[Mopxoasimuid 114 MPEeACTOAIIMX KCIEPUMEHTOB MHTEpPBaJ MOYKHO 3a]1aBaTh

JIBYMSI CIIOCOOAMU:

- HaXHMash Ha COOTBETCTBYIOLIME CTPEJIKH KIIABUIIH , PacmoIOKEHHOU
cJIeBa OT MOJIA 3HAYCHUM, YBEJIMYHBATh, JIMOO YMEHbBINIATh 3HAUCHHE UHTEPBAJa;

- BBIOpaTh TpeOyeMyl0 4acTOTy OIMpPOCa U3 PACKPHIBAIOIIETOCS MPU HAXKATUH
JIEBOM KJIABMIIIM MBIIIN Ha MOJIE OTOOpaKEHUS YUCICHHOTO 3HAYCHUSI MHTEpBaJia

(puc.13,0).
3a/1aTh KOJIMYECTBO 3aIMMCHIBAEMBIX TOUEK, MOKHO TAKKE ABYMS CIIOCOOAMU:
- BOCIIOJIb30BATHCS KJIAaBUIIICH M3MEHEHUS 3HAUCHUM;

- BIMcaTh TpeOyeMoe YMCiIo B MPEAOCTABICHHOE Uil 3HAYCHUH KOJMYECTBA

TOYCK ITOJIC.

Ecnu HHTCPBAJI KW KOJIHWYCCTBO TOUYCK 3aAdHbl, JJIUTCIBHOCTb HU3MCPCHUA
IIOACYHNTBIBACTCA aBTOMATHYCCKH.

I[OCTYHHa BO3MOKHOCTb YCTaHAaBJIMBATb AJIMTCIBbHOCTb IIPOBCACHHA 3allMCH
JaHHBIX, IIPH J3TOM IIPpOorpaMMa aBTOMATHYCCKH 3a4da€T COOTBCTCTBYIOIICC
BPCMCHH IMPOBCACHUA 3aIIMCH KOJIHNYCCTBO TOYCK OIIPOCa.



3anycK U3MEpEHHUs

Havano u3MepeHus, T.e. 3alUCh KOHTPOJUPYEMbIX (PU3NYECKUX BEIUYMH,
MPOU3BOJIUTCS aBTOMATUYECKHU MOCIE TOr0, Kak B HCCIEIyeMOM (HU3UYECKOM
00BEKTe, CUTHAJI OT JaT4MKa, KOHTPOJHUPYIOMIEro BBIOpAaHHBI B KayecTBe
3aIyCKAIOIIEero 3aluch MapaMeTp, CTAaHET OTJIMYAThCS OT 3HAUYEHMsI, YKa3aHHOTO
B OKHE «YpOBeHb, B». DT0 3HaueHue MOKeT ObITh 33aHO MOJIb30BATEIIEM.

[lonb3oBaTenb NOMKEH BbIOpaTh, KOT/A ClIEyeT HAUMHATH 3alUCh JAHHBIX:
MIpY HapacTarouleM, WM HUcHajaoueM GpoHTe U3MEHEHUsI MapaMeTpa 3amycka
3aIHCH.

[locne 3aBepiieHMss HACTPOEK CIEAyeT HaxaTh KkiaBumy «Bsixony,

PacnoJIOKEHHYIO B PaBOM HUKHEM yriy okHa «HacTtporiku nporpamMmbsl VEX».
CoxpaHeHue HaCTpOeK

Ecmu IMPOU3BCACHHBIC HEICTpOﬁKH MOI'yT HOHa,ZIO6I/ITBC$I nmpu MTpPOBCACHUN
OKCIICPUMCHTOB B ,Z[&JII)HGﬁIIICM, HUX MOKHO COXpPAaHHUTH B KOH(i)HpraHI/IOHHOM
(baﬁne C OPUI'MHAJIbHBIM HAa3BaAHUCM.

I[J'IH 3TOT'O CICAYCT.

- HaXKaTh Ha Ki1aBulry «COXpaHUTh HACTPOUKNY;
- B OTKpBbIBIIeMcs OkHe (puc. 14) 3anectu B mojie «Mmst daiinay opuruHaaIbHOES
Ha3BaHUE,

- HAKATh Ha KJIABUILLY «3aIuChy.
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I[JISI BbI3OBa COXPAaHCHHBIX PAHCC HACTPOCK CIICAYCT!

- HaxaTh KkiaBuily «HacTtpoliku nporpammel»y Ha auneBoil nanenu 110 VEX
(puc.);

- B OTKPBIBIIEMCS] OKHE HaXKaTh KJIABUILLY «3arpy3UuTh HACTPOUKNY;

- BBIOpaTh M3 OTKPBIBIIETOCS CIUCKA pPaHEe COXPAHEHHBIX HACTPOEK
TpeOyeMblil (aiin.

HazBanue ¢aiina, HACTPOMKM KOTOPOTO HUCHOJB3YIOTCS B JaHHBIA MOMEHT,

otoOpaxaeTcsi B BepxHelt yactu nuieBoit nanenu [10 VEX.

1.3.2.3 Pabora ¢ pe3ynbTaTaMu U3MEPEHUN.

B mnporecce mpoBeneHust dKcnepuMeHTa Tpaduku U3MepSeMbIX MMapaMeTpoB
BBIUEPUHUBAIOTCA B MOJIE MOCTPOEHHUS TpaUKOB MO TOUKaM, a Tpaduku QyHKIIUH
U YHCIICHHBIE 3HAYEHUS! MapaMeTpPOB, 3aHOCUMBbIE B TaOJIMIly, BU3YATU3UPYIOTCS

IMOCJIC MMPCKPAICHUA 3alIMCHU JaHHbIX.

Bun nmunesoin nanenu [10 VEX nmocie okoHUaHMS 3alIMCH JaHHBIX IIOKA3aH Ha

puc.15.
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B none rpadukoB oToOpakaroTcsi TOJBKO JaHHbBIE, MOCTYIAIOIIUE Ha BXO/IHI,
OTMEUEHHbIE B JIEWCTBYIOIIMX HACTPOMKax MpOrpamMMmbl, a B Moje TpadukoB
(GyHKIUN — TONBKO Tpa)KH OTMEUEHHBIX PYHKIUH.

WNudopmariust o ToM, U3MEHEHUE KaKOH (PU3NYECKON BEIMYMHBI MTPEACTABISET
co0o0# TOT Wi UHOU Tpaduk oTOOpakeHa B OKHAX, PACHOJIOKEHHBIX CIpaBa OT
noJsier rpaukoB. [Ipu 3ToM KaxkJblil rpa@uK UMEET CBOM LIBET, YCTAHOBJIECHHBIN
M0 YMOJTYAHUIO.

Cpencta LabView no3BoJISIIOT pejakTUPOBATh MOJIyYEHHbIE IPaQUKU, MyTeM
BBIICJIEHUST W TIPOCMOTPAa B YBEJIMYEHHOM MaclITabe WHTEpecyIolleld YacTu
rpaduka; U3MEHSATh LIBETa U TOJIIUHBI TUHUHN; U300paKeHHs TOUEK Ha JTUHUSX U
T.11.

J171st TOro, YTOOBI MPUCTYIUTH K PEIAKTUPOBAHUIO KOHKPETHOTO Tpaduka HAI0
HAaBECTH KYpCOp MBIIIM HAa COOTBETCTBYIOILIEE T'paUKy OKHO OTOOpaxKeHUs
3aMMchIBaeMOro (PU3MYECKOro mnapaMerpa wid QyHKIUMUA W HaXaTh Ha JOO0YIO
KJIQBUIITY MBIIIIH.

[Tpu 3TOM OTKPOETCS AOMOJHUTEIbHOE OKHO 1 (prc.16)
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OCHOBHBIC pelakTHpyeMble mapameTpsl rpaduka — 3to nset smauu (Color),
tun Jimaun (Line Style), tommuua muaum (Line Width) u mapkepsr Touek Ha
auaum (Point Style) (puc.17)
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Puc.17

st Toro, yToObl TPOCMOTPETH OOJiee TIIATETLHO MHTEPECYIOUIYI0 00JIacTh

rpaduka, HeOOXOUMO HAXKATh HA MMUKTOTPAMMY 2B OTKPBIBAIOIIEMCSI OKHE 2
(puc.16) mokazaHbl BO3MOXHBIE BapUAHTHI MPOCMOTPA C TpaduKoB.

[Ipy HEoOXOAMMOCTH Y3HATH TOYHOE 3HAYEHHE KaKoro-iubo mapamerpa Ha
rpaduke, TpeOyercs HaxaTh Ha kiaBumy «Kypcop mo uentpy». B uentpe
BEpXHEro rpaduka MosBUTCS BepTHKaJIbHAs KypcOpHas JuHUA 3, a B Tabiuie
BBIJIEJIUTCSL CTPOKA B KOTOPOM 3alMCaHbl 3HAYEHHUS] TOYEK, PACIOIOKEHHBIX Ha
MepeCceueHnt KypCOPHOM JIMHUU U TPAPUKOB.

B 10 VEX peanuzoBana (yHKIHS KypCOPHOTO YIIpaBICHHUS — BBIICICHUE
CTpPOKH B TaONUIle MPUBOJUT K IMEPEMENICHUIO KYpPCOPHON JTUHUU BAOJIL OCHU
«Bpemsi», a mepeMelnieHue JMHUM TIOCPEICTBOM MBIIIH, COMPOBOXKIACTCS

BBIJICIICHUEM COOTBETCTBYIOIICH CTPOKHU B TAOJIHIIE.
1.3.2.4 CoxpaHeHue pe3yibTaTOB U3MEPEHUH.
Jlnst coxpaHeHUs pe3ybTaTOB HM3MEPEHUN HEOOXOIMMO HaXaTh KIIABUIINY

«Coxpanuts» Ha nuieBoi nanenu [10.
[Ipn 3TOM OTKpBIBAE€TCS OKHO, BUJI KOTOPOIO MIPEACTABIEH HA puc. 13.



BeeAnTE CEOH haMHMD
MEBaHOB
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COXpaHeHbl B dharinax
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COXPaHUTE '

Puc. 18

JlaHHbIe COXPaHSIOTCA B TPEX OPUTMHANBHBIX (aiaax, B HA3BaHUHU KOTOPBIX
yKa3bIBAIOTCS JlaTa U BpeMs MpOBeJIeHUs dKcniepuMenTa. Daiiin ¢ pacmmpeHuem
Xt colepKUT aHHbIE TaOJIUIbI U3MEPEHUSI, KOTOPbIE MOTYT ObITH 00pabOTaHBI
B Apyrux mporpammax, Hampumep, B Exel.

@ailnbl ¢ pacHIMpEeHUEM .Jpg SBISIOTCS PACTPOBBIMH H300PAKEHUSIMHU ABYX
MOJIYYEHHBIX TPaUKOB U MOTYT OBITh UCIIOJIB30BAHbBI IPU COCTABIEHUU OTYETA O
poJieIaHHON padboTe



2. BJok BU3yau3anmu 3JeKTPUYEeCKUX NapaMeTpoB.

2.1.HaznayeHne U KOHCTPYKUMSI.

B0k Bu3yaaM3anuy 3JeKTPHUCCKUX TapaMeTPOB TaTYUKOB (010K
BU3yaIM3alliKi) TMpeIHAa3HAYeH [UIs TMPOBEACHUS J1abopaTOPHBIX
UCCIICIOBaHUI B  KOMIUICKTE C  THIPABINYECKAM  CTCHIOM.
KOHCTpYKTHBHO - OJIOK YIpaBICHUS BBINIOJIHEH B BHAC MaHEINH,
MOHTHPYEMOH B 3JEKTPOTCXHHYECKYIO aHTpecosib 0Oa3uca CTeH/a-
TpeHaxkepa. Hampsbxkenue nutanus +24V nopaercs Ha OJOK OT
BHEIITHET0 MCTOYHHMKA C TIOMOIIBIO COCTHHUTEIBHBIX Kabesel GUupMbI
«Multi-contact», cootBeTcTBytomero mpera (+24B - coeauHHTENH
KpacHoro nBeta, 0B- coeaunutenu cunero msera). Llenu ynpaBieHus
MOICOCTUHSIOTCS COSTMHUTEIISIMU 3€JIEHOTO MITH YSPHOTO IIBETA.

2.2. Opranspl ynpasJjieHUs1 1 HHAUKAIUH 0JIOKA BU3YAJIU3ALUMN.

OpFaHBI YHPABJICHUA U HHAUKAIIUN O10Ka MpCaACTaBJICHBI HA pI/IC1
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DVHKIIMOHAJIbHOE Ha3HAUYEHHUE:
«PC»
Pa3zvem U1 oK IroueHus K muHe USB kommbroTepa.

CBGTOI[I/IOI[ IIOKa3bIBACT HAJINYHNC COCIMHCHMUA.

«AHaJIOroBbI€ BXOIbD)

Pasnembl

All;

Al2; Al3; Al4; Al5 -

AHaJIOI'OBBIMHU

MOJKIIFOYEHHS] JTaTYUKOB
JUHEWHBIX IEPEMEIICHUN, TaTYUK IaBICHUS, TaTYUK TEMIEPATYPHI)

C

MpeIHa3HAYCHBI
CUTHallaMu  (JaTYUK

IS




«/lucKkpeTHbIN BXOD»

Pazpem  «Cuer4ymk» IpeaHa3Ha4YeH TUISL MTOAKITFOUECHUS
onroAaTyvka (TeHepaTopa HMMITYJIbCOB) U CUHUTHIBAHMS KOJIMYECTBA
HMITYJIbCOB MOCTYNAIIINX OT JaTYHKA.

Kontponsaoe  rtHe3m0 «Cuerunx» (hupmsl «Multi contacty -
3€JICHOTO IIBETA) - JIJIsl MOAKIIIOUYCHHS U3MEPHUTENIBHBIX TIPUOOPOB
(MynbTUMETpA, ocumiorpada, v T.11.) IpU PETyIUPOBKE ONTOAATUUKA
Y CYMTHIBAHHS KOJIMYESCTBA UMITYJIBCOB IMMOCTYIAIOIINX OT JaTYHKA.

Pazwem «DI 1» npeanazHaveH a1 MOIKIIOYSHUST ONTOAaTUKa (TeHepaTopa
MMITYJIbCOB), KOHTPOJIS MOCTYNAOIINX OT JaTYMKA CUTHAJIOB.

Konrtponsaoe rue3no «DI 1» (bupmber «Multi contacty -3enenoro mpera) -
IS TOAKIIOYEHHS ~ W3MEPHUTENBbHBIX  MPUOOPOB  (MYJIBTUMETpA,
ocryutorpada, W T.JO.) TPH PEryJIUPOBKE ONTOAATYMKA UM KOHTPOJIS
MOCTYIAOIIMX OT JaTYMKa CUTHAJIOB.

«AHAJIOTOBbBIE BbIXO0AbI»

Kontponbhubie THe3na «AO1» u «AO2» (4epHOTO U 3€JICHOTO IIBETA)
peHa3HAYCHBI JJIS TTOJTyYeHHUs BBIXOAHOTO curHajna =10B.

Pene «K1» u «K» npeanaznauens! s ynpasieHus ¢ TectoBoit manenu NI
USB- 6008.

2.3.YcTaHOBKA NMPOrPaMMHOI0 odecrneyeHus

Jlist oToOpaxkeHuss HHGOPMAIIMK B MPOTOKOJIUPOBAHMS HA KOMITBIOTEPE
IIPOBEJICHUS SKCIICPUMEHTAJIbHBIX HCCIICAOBAaHUI HEOOXOIUMO YCTAHOBUTD
nmporpaMMHoOe oOecrieuenue, rnocrasisgemoe Ha CD. [Iporpammuoe
obecrieueHne BIMOIHEHO ¢ momorisio LabView Bepcun 8.5.

JIJ1sl yCTaHOBKH ITPOrPaMMHOTO 00€CIIeueHUsT Ha KOMITBIOTEPE
HeoOxoaumo umeth 900 Mb cBo6oHOrO AHCKOBOrO MpocTpaHcTBa. 3.1.
HNHcTamsmus nporpaMMHOT0 00eCIIeYeHHS
JIJst THCTAIUISIIIUU TIPOTPAMMHOT0 00€CTICUeHHSI HEOOX0IUMO TPOU3BECTH
CIEIYIOIIME NCHUCTBHS:

- BctaBuTh CD B AHCKOBOL;

- BOMTHU B pazzen « Mo KoMnbTep»

-nBorHbIM meaukoM Ha NIDAQ860-1(D:) oTKphITh OKHO MHCTAILISIIAN
IPOrPaMMBI.

- B OTKPBIBIIEMCSI OKHE, TBOMHBIM mmeaukoM Ha Install Software 3anyctuthb
HUHCTAJIISALNIO

- IEHCTBOBAThH COTJIACHO JAJbHCHIIINM YKa3aHHUSIM MPOTIPaMMBI;

- IOCTIC 3aBEPIICHUS HHCTAILISAIIMY TIEPe3arpy3uTh KOMITBIOTED;

-IocJIe Tepe3arpy3ku Ha padodeM CTOJIe JOJDKEH MOSBUTHCS SPIIbIK
«Measurement & Automation» (Ecyu sipyibik He mosiBUIICS - BOMTH B manky C:\
Program files\;National Instruments




BhIIENUTH Qaitn «Measurement & Automation» u coznath Ha pabodeM CToe
SPJBIK 11 BBI30BA MPOTPAMMBI).

3.4. lloaxkiaouyenue 0J10Ka

bnok BU3vanuzaunu 3J1eKTPUYECKUX IapaMeTpOB MIpeIHAa3HAuEH s pabOThI B
cocmase NeKMpuyecko20 wuma Py U3y4EHUU CUCTEM THIPABINYECKOU
ITPOMBIIIJIEHHON aBTOMAaTHKH.

Box xEonzH ¢ pexcanmeit. Baox xmonxs, 6ea pescamim,  Baox peae ¢ 3-x rpynoasax Bk

baox raivepa  baox cTerTEEa
€ BEYTPeRHeH NHIEKADNEH,  mepexTUINMX KONTZETOS B AITTALIGE Baox ponaran

C REPEITME ¢ IEPEXHTHMNM SNTANRA

¢ 2-x rpynmasm G~ Smoka) xomraxror | EosTENTOM
OCPCRIIMME KONTINCD
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Buaumanmue! [lepen noakiaroyeHrneM 0J10Ka vOeaIMTEeCh, YTO UICTOYHUK MTUTAHUS
IEKTPOTEXHUUYECKOU aHTpeCcoM Oa3uca creHaa-TpeHaxepa OTKIIOYEH.

[ToaxmtounTth, uepes pazbeM «PCy» , 6iiok Busyanuzamuu k USB-niopty
KOMITbIOTEDA - Ha OJIOKE BU3yaJl3allud HAYHET MUTATh CBETOIUO/ MO/
pazbemom «PCy.

C  moMOIIbI COETUHUTEIHLHOTO MPOBOJIa CUHETO 11BETa MOIKIIOYUTh
muHv 0V «baoka Busyajauzanmumn», k muHe 0V «baoka nogayu
MATAHUAY.

C MmoMOIIbI0 COCTMHUTENIFHOTO TIPOBOJIa KDACHOTO 1IBETA MONKITIOYUTh TUHV
+24V «bJjoka Bu3yajauzauum», kK muHe +24V «bJjioka noaayu nuTaHus».
Ha mMonuTtone kommbrotrena .«Ha paboueM cTosiey», moABECTH KYpPCOp IO/
spibik «Measurement & Automationy, u IBOHHBIM IIETIYKOM 3aIIyCTUTh
porpaMmy.

(Cm.puc.3)



% My System - Measurement & Automation Explorer

Fila Edt Vew Toos Hep
| Configuration
My System
+ [ Data Neigroorrood
= d Dovices ard (narfaces
=l N2-DAQr I Derrices
¥ Nl US5-6006: Ten2"

44 Soaes
¥ & Software
i M Drevces
3 ) Reno® Syemns

Pucynoxk 3.

B neBoii wvactu okHa moz «Configurationy» menkuyTs mo «My

Systemy .

B nostBuBIiemMcst nepese nmoasectu kypcop k «Device and Interfaces» u

i# PP System (Unidertfied)] |

National Instruments
Measurement & Automati

What is Measurement & Automation Ex
Measurement & Automation Explorer (MAX) provide
What do you want ta do?

'v-.“. — ~pr and intorfacos
ManaG Y GRVIGE ) .
o v (ngtaflad

W inbicet/aano

& Note Som= categonies are device specific. Fo
VL mstated.

For more information, sslect avalable heln categon
esssistance or want to know more about your dewic
vzl = ita. For information about mpeovements and
enter the info code MAXFIRTisL,

MICJIKHYTH JIEBOM KHOIIKOM «MBIIIIN.

Beiopats B mamnke «NI - DFQmx Devices» nmoamnporpammy «NI USB-
6008: ""Dev"», menkHyTh IPaBOil KHOIKOMN «MBIIITN.
B oTkpriBIIEMCS OKHE BBIOpaTh « Test Panels...», menkHyTh mpaBoit

KHOIIKOM «MBIIIH)



4.9.0T1kpoeTcs OKHO TecTOBOM maHenu (CM. puc.4)

2vi - Measurement & Automation Explore

Configuration i ~ Ehoa¥Tect "B TestParst,, “MWRmstDawvice  [Moeae Task., M 3% Higa ey

= g’v’ T } A
1 ainrispibasd L Test Panels : NI USB-6008: ‘Dev2' (L2 B 3l
Eal5er 3

=@ Davoes 300 Irperfaces NI
= M N-DAG Dsvices Andzg V0L, | fosky Odpus | Dt | | Courer VD -
W Rl USE-4008: Ty [ DAQmx Device
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Pucynoxk 4.

[Iporpamma roToBa AJis MPOBEACHHUS JIA0OPATOPHBIX HCCIIEOBAaHUMH.

3.5. Pabdora ¢ 6J10K0M.
[Tocne BeImostHEHUS padoT 110 1.3, U 1.4, OJIOK BU3yallu3allii TOTOB K padoTe.
MOJIKJTFOYMTE KaOCJIM OT TaTYMKOB: TUHCHHBIX IEDEMCIICHHHA. TaBJICHUA. TEMIICPATYPhI, K
pazbemMaM Ha OJI0OKe BH3VaIM3allny «AHajioroBbie Bxoabh» - All; Al2; Al3, xabenb ot
onroAaTurka K «/JImcKpeTHbI BX0aA», pazbeM «CHETUHKY.
Busyanuzaiys aHaJIorOBBIX CUTHAJIOB IIDOU3BOIUTCS B CICAYIOIIEM MOPSIKE:
Ha tecroBoii manenu (cMm. Puc.6) , «Analog Input»:
B «Channel Name» BeiOpath: «Dev2/ai7»ansa All; «Dev2/ai2» pusa Al2; «Dev2/ai0»
g Al3.
B «Mode» BbiOpath «On Demand»
B «Input Configuration» BsiopaTth «RSE

Test Panels : NI USB-6008: "Dev2"

Anziog freut Analog Outms | Digital 1AD | Counter 170

Channzl Name Mz Inpet Lime Rate (H
Den2jai? v 10 ~ 1

Mode in Ingut Limk arples To R
On Demand v -0 < waly

Input Configuration
RSE v

PucyHnok 6.



Haxatp kHOnKy «Start» Ha recroBoii nanenu. Ha skpane nosiBUTCS U300paskeHUH,
COOTBETCTBYIOLIEE U3MEPAEMOMY CUTHAIY.(pHC.7)

Test Panels : NI USB-6008: “Dev2"

Analog Input | Angeq Ouiput | Digial |73 | Counter 10

Charnel Nome Max Jrouk Limit
Devzialt » 10 -

Mode Min Input Lk
On Demnard v 10 -~

Input Corfiguraton
RSE ~

Ampiouds vs, Savples Chart Auto-scake cht [V
0,5+

0,4

0,3-

0,1=

0- 1
312,99 411,99
Yahe 0,357

> Stort o Stop

[ Help H Chone

Pucynok7.

Ha skpane TecToBo# nmaHeau NOSBUTCS Tpadruueckoe 0TOOpakeHHEe KOHTPOJIUPYEMOTO
napamerpa.

Busyanuzaius iudpoBeIX CUTHAIOB TDOU3BOIUTCS B CIEIYIONIEM TOPSIKE.
Ha TecToBO# maneau otkpeiTh Digital 1./O (Cwm.ouc.8).

B nosie «l.Select Port». «Port Name) - yctaHOBUTBH « Porth.

B nosie «Select Direction» - naxxatrs kHonky «All Tipu!»(Cum. Puc.9)
Haxatp kHOTIKY «Start» B HkHEH yactu TectoBoi nanenu.(Cm.Puc.10)
BKJIr04uTh TUAPOMOTOp, C YCTAHOBJICHHBIM Ha HEM ONTOAATUYUKOM.
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Test Panels : Nl USB-6008: "Dev2"

| Analog Input | Analog Output | Dighal 120 IComta 10

1. Select Port
Port Name

Port/Line Direction
poekl fine0:3

port1 v |

2. Select Direction

>

PucyHok 8.
port fine0:3
Input (1) Solololo
Outpuit (0) Q000
7 0

[ Atmput | [ anoutpst |

porti Drection
xxxx1111
7 0
PucyHok 9.
3. Select State
P~ortﬂ_lne §t&e = port1fline0:3
port1line0:3 . | High(1) o0 oea
J' Low (3) PSSP DROS
5 | 7 0
\ All Hiah ‘ Al Lowvy
portl State
xexx1111
|> Start I B stop
[ Hep || Ciose |

Pucysok 10

B mone «Select State» HauneT MuraTh, KpallHUH MPaBbIil, HHIUKATOP, COOTBETCTBYIOIINH,

CKOPOCTH BpalllICHUA ABUIaTCJIIA.

Ha tecroBoii manenu oTkpbiTh «Counter 1./O» (Cm.puc.11)

29



Test Panels : NI USB-6008: "Dev1”
Anabg In;:ul Analog Ow:cti l));tm'l:l’)] Ceuntee 120 I

Charrel Name
| Devifcto v 1000 <

Frequency

Mode = Duty Crcle
{Edge Counting - [0

|

Edge Source
HDev1PFIO v

Courker yahue

[22 ] _"U_UL

[;‘5» Start ] [. stop

[ Hep [ oo |

Pucyuok 11.
5.3.8.B okne «Counter value» naunercs
OTCYET UMIYJILCOB, B COOTBETCTBUU C
KOJINYECTBOM UMITYJILCOB MOCTYMHAOIIUX OT
ONTOJMATYHKA.

Ilpumeuanue: 01 onpedenenusi CKOpOCmMuU 8PAWEHUSL, UCTIONIb3YEeM sl MOOYIbHbIU OJIOK
matimepa (cm.puc.2), a umerno: nooaya numanus +24\Vua o610k npouzsooumcs uepes
Koumaxkmul 5-6 maimepa ¢ ycmaunoskou matimena - 1.0mun. Ilocne onpedenenusi ckopocmu
spawjenus ogueamelisi - nooaya numanusi Ha BJaok BU3yaJu3auMu 0oaxcHa Obimb
npugeodena Co2NacHo OaHHOU UHCMPYKYUU.

JlanpHewIas padora ¢ bJIok BU3VaAIU3alHU DIEKTPHUECKUX NapaMETPOB IMIPOU3BOIUTCS B
COOTBETCTBUHU C OMHUCAHUEM JIA00OPATOPHBIX PA0OT.
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3. DJIEKTPOHHBIH yCHJIUTEJIb

DIEKTPOHHBIA YCHIUTEb NPeIHA3HAYCH IS YIPABICHUS THPABIMUYSCKAMU amrapaTaMu
C MPOIOPITMOHAIIBHBIM JJICKTPUYCCKUM yrpaBieHueM. CTPYKTYPHO YCHIIMTEb BBITIOJHEH I10
aHAJIOTHH C YCHUJIMTEJIEM MOITHOCTH JJIs MTPOITOPIIMOHATIBHBIX KJIAaHOB U paclpeaeIuTeNeh ¢
o0paTHO#1 cBsI3bI0 1O monoxkeHno EPR-S2 cepus 10 ¢pupmer Duplomatic Hydraulics (puc.1).

P 11
+10430 VCC
CIETON MeTCALR . oy M v i 348
N l an ,.,‘} Ll
[
avee > 24—t s i W 5 18
COPHSH CHTHAN

C B LN IO (T M PATTRA
290V = & ®1

= D8 <
COLEPHER CATHan

© BHEUHETD NOTEMUMOMETPA 8=
WI2EVINEY o

FYCAEHAE B

&

0L

—_—
:,'— WS o0

YOVEHAL

Puc. 1

Jlnst ynoOGcTBa BBITIOJNHEHHUS INTAaTHBIX HACTPOEK, a Takke oOecreueHus IocTymna K
HACTPOIlKaM ¥ KOHTPOJbHBIM TOYKaM, HEIOCTYITHBIM B IPOTOTHUIIE U APYTUX MPOMBIIIJIEHHBIX
oOpaslax, YCWIHTENIb BBHITIOJHEH B JUJAKTHUYECKOM HCIIOJIHCHHH, T.€. MOAKIIOYCHHE K
BHEIIHEMY WMCTOYHUKY MUTAHMS, SJIEKTPOMATHUTOB TMAPOAININAPATOB U KOHTPOJBHBIX TOUEK
OCYIIECTBIISIETCSI 4Yepe3 AJIEKTPOOE30MacHbIe THE3/a; BCE TMEPEKIouaTeTd H  PYYKH
PEryIupYyIOUIUMX TOTEHIIMOMETPOB BbIBEICHBI HA JIUILIEBYIO NAHENb (PHUC.2).

KOHCTpYKTHUBHO yCWIHMTENb BBINOJHEH BCTPAaMBA€MbIM B aHTPECOJ]b CTEHIA-TPEHaXepa.
Bce snemeHTHl KOMMYyTanuu, NMArHOCTUKW, HACTPOWKM M WHIUKAIIMU CTPYNIUPOBAHBI B
BOCEMBb 00JIaCTEN:

2 — IOJKITIOYEHUE U HACTPOKa OOpaTHOM CBA3H;

3 — HACTpOKKA paMIIbI;

4 — MOJKIIIOUCHUE, MHAUKALIMS U HACTPOIKA YIIPABIICHHUS] MATHUTOM A;

5 — MOAKIIOUEHHE, MHANKALIMS U HACTPOUMKA yImpaBieHUs MaraHuToMm B;

6 — rHe3/Ma IS AMArHOCTHKHY;

/ — BBIOOp BHJIA yIIpaBJeHUs (BHEIIHEE UM BHYTPEHHEE);
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8 — NOTEeHHMOMETPBI KAIIMOPOBKU 0OpaTHOM CBSA3H;

9 — CBCTOBLEIC I/IHI[I/IKaTOpBI HaJIn4gui IMUTaHUs.
"3 2 3 ) S
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3.1 DyHKIMOHAJbHbIE XaPAKTEPUCTUKH.

3.1.1 Ilurauwue

IIOCTOAHHOI'O TOKA.

HaNpsHKEHUE YIPABISAEMOT0 TMIPOoAInapara.

MAKCHMAJIBHBIC ITYJIbCAlTNH OBLIH B BBINICYKA3aHHBIX IIPCACIIAX.

3.1.2 Drnekrpuueckas 3ammTa

Yceunurenab uMeeT 3allUTy OT MCPCHAIIPAKCHHUA KW CMCHBI ITIOJIAPHOCTH. Ha BbIXOJaXx

npeayCMOTpPCHA 3allliuTa OT KOPOTKOI'O 3aMBbIKaHU .

3.1.3 OmopHbIii cUTHAT

MMOTCHOMOMCETpPA, IMTAHUC KOTOPOI'0 OCYIICCTBIIACTCA OT CaMOI'o YCHIIUTCIIA.

3.1.4 OOpartHas cBSI3b

Jlns muTaHus  yCWIIMTENS HeoOXoauMa Tojada HampsbkeHus B auamnasone 10-30B

Bennunna IMOJaBaCMOI'0 HAIIPSIKCHUA HOJIKHA OBLITH HE HHNKC, YEM HOMHUHAJIBHOC pa6oqee

Hampsixkenne nmuTaHusi JOMKHO OBITH BBIMPSMIIEHHBIM M OT(QHIBTPOBAHHBIM, YTOOBI €TO

Ha ycunutens mnomaercsi omopHbiii curHan +10 B oT BHemlHero WMCTOYHMKA, JIMOO C
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Ycunurenb paccUUTaH Ha MPUEM CUTHaja 0OpaTHOM CBSA3M OT FHAPOANIApaToB ¢ 0OpaTHON
CBSA3BIO IO MOJIOKEHUIO 3alOpHO-perynupytouiero snementa (3P3), a Takke OT JaTYUKOB
JUHEHHOr0 MepeMENICHUs] MCIOJHUTENbHBIX TUAPOIMIMHAPOB (cMm. paznen «Hactpoiika

napaMeTpoB 0OpaTHOMU CBSIZUY).

3.1.5 PexuM pa3oMKHYTOTO KOHTypa

Ecnu B ruapaBirveckoi cucreMe MCIOJIB3YIOTCS THApOAIapaTbl 6€3 00paTHOM CBS3H MO
MOJIOKEHUIO 3alOpPHO-PETYJUPYIOMIEr0 3JIEMEHTA, YCHWIMTENIb MOXET padoTaTh B pexXUME

Pa30MKHYTOTO KOHTYpa.
3.2. Unaukanus u peryJiupoBKU

3.2.1 Bxiroyenue nutanus

IIpu nopave Ha kneMmbl ycunutens +24 V- u 0 V nHanpsbkenus B nuanasone 10-30 B
IIOCTOSIHHOT'O TOKa 3aropaercs 3ejaeHblil uHaukatop «Ilutanue» (puc. 2).
Ecnu HanpsbkeHne mnHUTaHMs BBIXOJUT 3a YKa3aHHbIE TMpeleNibl 3aropaercs Oemnblid

uHauKaTop «Ommoka.

3.2.2 OnopHBIi (BXOAHOM) CUTHAI

Ycunurenb MO3BOJISET OCYHIECTBIISTh YIPABICHHUE TUAPABIUYECKUMHU ammapatamu ¢
IPOMOPIHUOHATIBHBIM  JJIEKTPUUECKUM YIPABICHUEM B JIBYX pEXKHMaxX: BHENIHETO W
BHYTPEHHETO YympaBiieHua. BpiOop pexuma ympaBieHus (OT BHEIIHErO0 TeHeparopa C
BBIXOJHBIM curHaioM =+10 B uiM OT BCTPOEHHOrO MOTEHIIMOMETpPA) OCYIIECTBISETCS

nepextouarenem 1 (puc. 3).

Puc.3

Jlns ynpaBieHUsT OT BHEIIHEro TeHepaTopa TpeOyercs MNepeBeCTH MepeKiIoyaTesb B
MOJI0KEHNE «BHelL.», 715 yIpaBlIeHUs OT MMOTEHIIMOMETPA — B MOJ0KEHUE «BHYTp.».
[TogkiroueHnEe BHEMIHETO TEHEPATOPA OCYUIECTBIISIETCS YEPE3 KIEMMBI 4.
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B xauecTBe BHENIHETO reHepaTopa MOXKET ObITh UCIIOJIB30BAHO YCTPOMCTBO COOpa JaHHBIX,
BXOJSIIEE B COCTAaB MPOrpaMMHO-TeXHUUECKOTro komiuiekca VEX, mpennasHaueHHoro s
cOopa, BU3yalM3alud, 0OpabOTKM M COXpaHEHUS JaHHBIX, MOJY4YaeMbIX MPU MPOBEICHUU
AKCTIEPUMEHTAIBHBIX UCCIIEI0BaHUH.

[Ipu mepexojie B peXUM yOpaBICHUS YCUIIUTENIEM OT MOTEHIHUOMETpa 2 CIEAyeT UMETh
BBUJY, YTO BpAIllEHHE MOTECHIIMOMETPA [0 YaCOBOM CTPETIKE COMPOBOKIAAETCS YMEHBIICHHUEM
YPOBHSI ONOPHOTO CUTHAJIa Ha MarHUT A MW YyBeJIMYE€HHEM curHaia Ha marHuT B. Ilpu
BpallleHUH PYYKHU MOTECHIIMOMETPA MPOTUB YaCOBOW CTPEJKH YPOBEHb CHUTHaja Ha MarHut B
yMEHbIIaeTCsl, @ Ha MarHuT A yBenuuuBaeTcs. [Ipu ympaBieHun ruapoaniiapatoM ¢ OJHUM
AJIEKTPOMArHUTOM, TMOJKIIOYEHHBIM K KJIeMMaM MarHuta A win B, ucnosnb3yercs TOJBKO
COOTBETCTBYIOIIIAsl TIOJIOBUHA JMANla30HA PEryJIUpPOBaHUS TOTCHIIMOMETPA.

[TocpencTBOM mOTEHIIMOMETpAa 2 MOXKHO I0J]aBaTh Ha DJIEKTPOMATHUTHI CTYIEHYATHIN
OTOPHBIN curHai. [[js 3Toro HeoOXOAMMO MOTEHIIMOMETPOM BBICTABUTH TPEOYEeMbIH YPOBEHD
CUTHAasa, 3aTeM IMEPEUTH B PEKHUM BHEIIHETO YIPABICHHS NPHU TMOMOIIU TepekirodaTens |
(TIpu 5TOM CHTHAJI OT BHEIIIHETO TeHEepaTopa He JIOJKEH Mo1aBaThes Ha KiieMMbl 4). [lepeBenst
nepekiouaresib 1 B ToNoXeHHe «BHYTp.» Ha 2JIEKTpOMarHUT TMOCTYIUT 3aJaHHBIN
CTYIIEHYaThI¥ ONOPHBIA CUTHAJ.

Knemma 3 siBisieTcsi TMarHOCTUYECKOM M MOXET OBITh MCIIOJB30BaHA JJIs 3aMepa ypOBHS
CUTHaJa OT MOTEHIHOMETPA.

3.2.3 Pamma

PerynupoBanue pamrmbl — MO3BOJISET M3MEHAThH BpeMsl HapacTaHWS W YMCHBIICHUS
BBIXOJTHOTO CHTHAJIA HAa MPONMOPIMOHAIBHBIE MAarHUTHI THAPOAIApATOB TOCIE TOJIaYd H
CHATHS CTYIIEHYATOT'O0 OIMIOPHOTO CUTHAJIA HA YCUIIUTENb.

JlaHHasi peryJupoBKa TMO3BOJISCT aJalTHPOBATh pabOTy ymHpaBiIseMOro rujapoarnmnapara K
TpeOOBaHUSAM THIPABINYECKON CHCTEMBI M ITUKIIOM PaObOTHI MAITMHHOTO 000PY/I0BaHHMS.

Jlns yBenWueHWS BPEMEHHM HM3MCHECHHS CHUTHAja PETYJSITOp HEOOXOIWMO ITOBEPHYTH I10
4aCcOBOMW CTPEJIKE, /i1 YMEHBIIICHHUS — IPOTUB (puUc. 4).

Pamna

3.2.4 PerynupoBaHHE CMEIICHUS

PerynupoBanue cMelIeHUsSI TO3BOJISIET YHPABISATh MNPEABAPUTEIBHBIM TOKOM  (Z10

IMOCTYIINICHUS OIIOPHOTO CI/IFHaJ'Ia), mogaBacMbIM Ha JJICKTPOMArHUT THApoOalliiapara, 4ro
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COMPOBOXKJIAETCA CMEILIEHUEM €ro 3alopHO-peryiaupymomero siaemeHta. (CMmenieHue
WCIIONBb3YETCsl I YCTpaHEHUs MEPTBOM 30HBI THApOanapara.
CwmernieHue HacTpauBaeTCsl OTACIBHO IS AeKTpoMarHuToB A u B (puc. 5)

3.2.5 PerynupoBaHU€ YCUJICHUS

HacTpolikoii JaHHOrO mnapaMmerpa corjacyrT paldoTy YCHIMTENIS C pPa3IMYyHbIMU IO
NOTpeOIsIEeMOMY TOKY NMPONOPLUUOHAIBHBIMU 3JIEKTPOMAarHuTaMu. DTOT K€ 3IEKTPUUECKUN
MapaMeTp CIYKUT MEPOW OTpPaHUYCHMS THIPABINYECKUX MApaMETPOB TMAPOAIIApaTOB IPHU
COXpaHEHHMM BCErO Jualia3oHa OMOPHBIX CUTHAJIOB. Hampumep, orpaHM4MB MaKCHMaJlbHBIN
TOK 3HAYEHUEM BJIBO€ MEHBIIUM JOMYCTUMOIO, MPU MOAA4Y€ MAKCHUMaJIbHOI'O IO BEJIWYUHE
OMOPHOTO CHUTHAJla Ha MPONOPLUOHAIBHBIN 3JIEKTPOMATHHUT, 30JIOTHUK PacHpeacIUTeNs
CMECTHUTCSI Ha BEJIMYMHY BJIBOE MEHBLIYIO €r0 IOJIHOTO paboyero xoaa.

Cumeuienue Cuelesne
Yeunerwe Younenue
Maruut A Marxut B
. P X v
Puc. 5

3.2.6 OOGpatHas CBs3b

Ycunurenb MO3BONIAET YNPaBIATh THApOAIapaTaMu, UMEIOMMMU JATYUKA  OOpaTHOM
CBSI3M TIO TOJOXKEHUIO MX 3alOpHO-peryaupymomux snemenTos (3PD). Jlns storo Tpebyercs
nepexitodaTens «Bki./Beikiy» (puc. 6) nmepeBectu B mosiokeHne «BKIL», a JaTIuK 00paTHOM

CBsA3H INOAKIIIOYHTD K YCHIIMTCIIIO YCPEC3 CHGHI/IaJIHBHpOBaHHBIﬁ I-IGTI:»IpCXI'II/IHOBBII;’I Pa3bECM.
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K1 K2

NEE

2 \ ObpaTtHas cBa3b
\\ -
cl® @

Puc. 6

®

Jist v3yyeHus: BIMSHUS JMHAMHYECKUX XapaKTEepPUCTHK OOpaTHOM CBsA3M Ha paboTy
rUApoanmnapaToB, B  YCWIHTENIE  MPEIyCMOTPEHbl  PETYIHPOBKH  KOA(DPUIIMEHTOB
nponopuuoHaisHoro (K1), audbdepenuunansuoro (K2) u unrerpupyromiero (K3) 3BeHbes.

C nmnomouIpl0 YCWINTENsT MOXHO OpraHum3oBath rujapasiaunueckytro CAY Ha Oaze
TUAPABIMYECKOTO  pacHpeNeuTeNis ¢ MPONOPUUOHAIBHBIM  3JEKTPOYIpPABICHUEM U

ruaponuiainHApa ¢ JaTINKOM 06p&THOI>i CBsI3H ITO ITOJIOKCHHUIO BBIXO/JHOI'O 3BCHA (IIITOKa).

Ecnn IIpU 3TOM OKaXCTCA, YTO co6paHHa51 CUCTCMaAa HUMCCT ITOJIOXKUTCIIBHYIO O6paTHYIO
CBA3b, H€O6XO,III/IMO MMEPCBCCTU IICPCKIIHOIATCIIb «PeBepc» B MHOC IIOJIOKCHHUC.

JIns TOACTPONKHM TMapaMeTpoB OOpaTHOM CBSI3M MO TMOJIOKEHUIO INTOKA THAPOLMIMHAPA,
KOTOpBhIE OYIyT OTIMYAThCS OT TapaMeTpoB OOpaTHOM CBA3M 1O ToyokeHuio 3PD
TUApOANnmnapaToB, HEOOXOAMMO  MOoA00paTh  TpebyeMmble  MapaMeTphl  HACTPOWKOU
noteHimomerpoB 1 u 2. Ilorermmomerp 1 perymupyer Kod(p HUIIMEHT yCUICHUS OOpaTHOM

CBA3H, 4 IOHCHIIUOMCTP 2— CMCIICHUC.

[Ipu pabote ycunuTelns ¢ ruapoanmnapaTaMy, He HIMEIOIUMH JaTYMKOB 00paTHOM CBSI3H I10
MTOJIOXKEHHIO 3aIOPHO-PETyJIUPYIOMIETO 3JIEMEHTa, 00paTHAsl CBSI3b YCHIIMTEIS JOJDKHA OBITH
OTKJIIOUEHA, T.€. TIepeKIrovaresib « Bki1./BbIKi.» TOKEH HAXOIUTHCS B TTOJOKSHUH «BBIKIL .

3.3. Hactpoiiku

3.3.1 Hactpoiika cMemeHus

VYcraHoBUTE NOTEHIMOMETPHI «Y cUlIeHUe» NIt MarHuToB A u B (puc. 5) Ha MUHUMYM.
[TomaiiTe MakCUMaJIbHBIA OMIOPHBINA CUTHAIT:

+10B Ha snekTpomaraut A

-10B na snektpomarnur b.
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4. BJioK ynpaBJieHHs MPONOPIHOHAIBHBIM I'HIP0OarperaTom
4.1 .Ha3naueHue U KOHCTPYKITUSI.

bnox ynpaiieHHs NponopuUuOHAIBHBIM THApOarperaToM (OJI0K yIpaBieHHs!)
MpeIHa3Ha4YeH JIJIsl IPOBEICHUS TaOOPATOPHBIX HUCCIEIOBAaHUI B KOMIUIEKTE C
TUAPABINYECKUM cTeHA0M. KOHCTPYKTUBHO - OJIOK yHpaBlIeHUs BBIIIOJIHEH B BUE
IIaHEJIM, MOHTUPYEMOMU B AIEKTPOTEXHUYECKYIO AaHTPECOIb 0a3Kca CTeHAA-TpEHaXKepa.
Hanpsioxenue nutanus +24V nogaercs Ha 6JIOK OT BHEIIHETO UICTOYHUKA C TOMOILBIO
COCIMHUTENLHBIX Kabenel ¢pupmbl «Multi-contact», coorBeTcTByIOMIETO 11BeTa (+24B -
COEIMHUTENM KpacHoro 1BeTa, 0B- coequnuTenu cunero upeta). Lenu ynpasnenus
MOJICOEIUHSAIOTCS COEIMHUTENSIMU 3€JIEHOTO MJIM YEPHOI'O [BETA.

4.2. Opransbl yrpaBjieHUsl U UHAUKALMU OJIOKA YIIPABICHHUS.

OpFaHBI YIpaBJICHUA 1 WHIUKAIIUA O0Ka YHpaBJCHUA MPOMOPIUOHAIbHBIM
ruapoarperaTtomM npecacTaBJICHbI HA PUC. 1

O o O C

O &F3A0 "OKOUHBEHT * O ©

0O

DyHKIIMOHAJILHOE HA3HAYECHHUE:

Csetonno «OmmbKkay - MHAUKAIMS M1aJICHUS] HANPSDKEHUs TUTaHus Hioke 15 B.

Ceeronnon «lluranuey - Hanuuue nutanud + 24 B.

ToxcTpoeunsiii pesuctop «} ®» - npeaHa3HAYEH IS KATHOPOBKU YCUICHHS
(ocnabnenus) curHana naturka oopatHoi cBsizu (OC).

[MoxcTpoeunsrii pesuctop «A®)) - oGecneunBaer cMemenne (CABUT) BEIXOTHOTO CHTHAA
JaTyrKa 0OpaTHOM CBSI3H.

[Notenumometp «K1» - perynupyet ko3 dunrieHT ycusenus curnania ¢ gatunka OC.

[Totermmometp «K2» - perymupyeT nuddepeHITMaIbHYI0 COCTaBISIONIYIO CUTHANA C
naturka OC, BeimosHssa posb OC 1o ckopoctH. (Y CKOpsroIee 3BeHO).
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ITorenunometp «K3» - perynupyer HHTErpUPYIOLIYIO COCTABIISIOLIYIO0 CUTHAJA C
natunka OC, yBenn4yuBas 3amas3plBaHAE B CUCTEME U OJJHOBPEMEHHO YMEHBIIAS
CTaTHYECKYIO OLIMOKY peryanpoBaHusl.

IIpumeuanue: Coueranme Kl, K2 u K3 - kaaccuuecknii [IU]] peryastop
(ITIponopuuoHanbHO - HHTErpaJbHO-AU(Ppepenuuanbubiii (IIM/I) peryasTop -
YCTPOICTBO B LIeNH 00PATHOM CBSA3H, HCIOJIb3yeMOe B CHCTEMAaX ABTOMATHYECKOI0
yIpaBJeHUs AJIA MOJACPKAHUSA 32JAHHOI0 3HAYCHUS U3MEPSIeMOro napamMerpa).
Bpamenue norennnometrpoB Kl, K2 u K3 no yacoBoii cTpesike NpuBOAUT K
YBEJIHYEHHIO PeryJIMpyeMoro napaMerpa.

Broikaouareanb « Bki. - BbIKI.» BKiIo4Yaer - orkiawuaer OC.

Brikrouartenb «PeBepc» - UIBMCHACT MOJIIPHOCTDH BBIXOJHOT'O CUTHAJIA AATYHUKA OC na
IMPOTHUBOIIOJIOKHYTO.

PasbeM «®» [pegnasHaueH S [OAKIIOYCHMS JaT4dka OOpaTHOM CBA3M
IPOMOPLUHUOHATIBHOTO 3JEKTpOMarHuta. Yepe3 pa3beM OCYIIECTBISETCS Tojaya
anekrpuueckoro nutanus Ha gatauk OC (0V,+24V) u cHATHE BBIXOJHOTO CHUTHAlIa
natauka OC (QV ... +5V).

[ToreHunometp «Pammay - peryampyeT CKOpOCTh HApaCTaHUSI U YMEHBIIECHUS
YIPABIISAIONIETO CUTHAJA Ha 3JIEKTPOMArHUT MPHU Pe3KOM (CKauKOOOpa3HOM) U3MEHEHUU
CUTHAJIA YTIPABJICHUS.

Boikmouarens «BHyTp.-BHemH.» 103BOJSeT BBHIOpPATh HMCTOYHUK (HODMHUPOBAHMUS
YOPABJSIOIIETO CUTHalIa Ha JJeKkTpomarHut. B  mnomoxenun «BHYTp.» cHrHan
yIOPaBJIEHUS HA AJIEKTPOMArHUT 3aJaeTcs MOTEHIHOMETpOM . B monoxxennn «BHeniH.»
CUTHAJI YIIPaBJICHUS Ha AJIEKTPOMArHUT MojaaeTcs ¢ rHe3q «Bxoanoit curHam» «+10Vy,
HNOJKIIOYAEMbIX K BHEIITHEMY UCTOYHUKY CUTHAJIA YIPABICHUS.

A B
['He3710 “™—» [IpegHa3HAYCHO JJIS U3MEpPEHUs (KOHTPOJISI) CUTHAJA YIIpaBIeHUsS
MOCTYMNAIOIIEr0 Ha AJIEKTPOMArHUT HE3aBHCUMO OT UCTOYHUKA €T0 (POPMUPOBAHUS
(BHYTPEHHETO WJIM BHEIIIHETO).

[Torenunometp «Cmemenne» («Marautr A» u «Maraut B») perynupyer Benuuuny
Ha4aJIbHOM CTYNIEHbKH CUT'HAJA YIIPABJICHUS 3JIEKTPOMAarHUTOM JJIs1 KOMIIEHCAIMU 30HbI
HEUYBCTBUTEJILHOCTH XapaKTEPUCTUK YIIPABJICHUS JIEKTPOMATHUTOB.

[Torenunometp «¥Ycuiienue» («Maruut A» u «Maraut By») ucnionb3yercs 1 yCUJIeHUs
CUTHAJIa YIIPABJICHUS MO1aBAEMOT0 HA JJIEKTPOMATHUT.

I'mezma «Maraut A» u «Maraut B» nipenHaszHadeHsbl 1151 MOAKITFOYECHUS
3JIEKTPOMATrHUTOB MPOMOPIIMOHAIIBHOTO THIpoarperara.
3. [loagkar0ueHue 0J10Ka

CxeMa nponopioHaILHOTO THApoarperara ¢ 2-Ms JIeKTpOMarHuTaMu U 0OpaTHOU CBSI3bIO
MPEJICTABIEHA HA PUCYHKE 2.

38



INogxmouyenue oOpaTHOI CBSI3U

:
:

Puc.2

Buumanue! Hepeﬂ IIOAKIIFOYCHHUECM O0Ka y6€I[I/IT€CB, YTO UCTOYHMUK IMHUTAHUA
DJICKTPOTECXHUYCCKON aHTPECOJIU Oaszuca creHaa-TpeHaxkepa OTKIIIOYEH.

- Vcranosuth noreHIuoMeTphl: «K1»; «K2»; «K3»; «Pamnay; <= ; «CMeleHne»
«Marnut A»; «Cmemenne» «Marnut B»; «Ycuiaenue» « MarHut A»; «Y cCHJIeHHe»
«Marnut B»;
B CpEJHEE MOJ0KEHUE.

[Topsimok  MOAKIIOYEHUS:
[ToaKTIOUNTE DJIEKTPOMATHUT «A) Tuapoarperata k rue3gaM «Maraut Ay - 6J10ka
yIpaBJICHUS.
[ToaxmtounTh 251eKTpoMarHuT «B» ruapoarperara k rHezgam «Maraut By - 6110ka
YIIPaBJICHHUS.
[ToaxmtounTh TaTYUK 0OpAaTHOMU CBSI3M rUjipoarperara, k pazbemy «O0paTHas CBs3b» - OJI0Ka
YIIPaBJICHHUS.
[ToaxmtounTth THE310 «0V)» OJI0Ka VIIDABIEHHUS K COOTBETCTBVIONIEMY THE3/1y UCTOYHUKA
MUTAHUS Ha DJICKTPOTEXHUUECKOM aHTpecoyn 0a3uca CTeH1a-TpeHaxepa.
[ToaxmtounTth THE30 «+24V) 6110Ka ynpaBIeHUS K COOTBETCTBYIOIIEMY THE3IY
MCTOYHHMKA IMUTAHUS HA DJIEKTPOTEXHUICCKOU aHTpeCcoIn Oa3nca CTeHaa-TpeHaxepa.

Yo6enuTcs B IpaBUILHOCTH TOAKIIoUeHus 1.11. 3.3.1 3.3.5.

4.4.HacTpoiika 4 MIpoBepKa pad0oToCcnocO0HOCTH 0JI10KA.
Hacrpoiika u mpoBepka paboTocrmocoOHOCTH 0JI0Ka IPOU3BOIUTCS B
COOTBETCTBHH C MEPEYHEM OIlepaIuii, MpuBeAeHHBIX B Ta0uIe 1. Tabmuma 1.
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Ne HaumeHnoBanue nposepku u WNuukanus IIpumeyanue
n/n [IEpEYEHb ONEPaLUN.
1 2 3 4
1 BKII}0YNTH NCTOUYHHMK MUTAHUS 3aropaercst CBETOIUOL
IEKTPOTEXHNUECKOH anTpeconu  (<ITMTaHHE», Ha Onoke
0asuca cTeHAa-TpeHaxKepa YHpaBICHIA
2 IIpoBepka paboTocrnocoOHOCTH 1ieneil ynpasiaeHust «Maraut Ay
u «Maruut B»
2.1 | YcTaHOBUTH BRIK/IIOYATEb
«BHyTp,- BHEwH.», B mOJI0)KEHNE
«BHyTp.»
2.2 | [loBepHYTh MOTEHIIUOMET] 3aropaercs CBETOIHO
«CMmenenuey» «Maraut Ay, 1o «Maruut A»
YaCOBOMW CTPEJIKE JI0 3arOpaHus
ceetoauona «Maraut A»
2.2. | BepHyTh MOTEHIIHOMETP I'acueT cBeTOOMON «Maraur
1 | «Cmemenue» «Maruut Ay, B Ay
HCXOTHOE MOJI0XKECHHUE.
2.2. [loBepHYTh MOTEHLIMOMETP 3aropaeTcs CBETOAUOT
2 | «Ycunenue» «Maraur Ay, 1mo «Maraut A»
YacCOBOM CTPEJIKE JI0 3aropaHus
cBeroauoaa «Maraut Ay
2.2. | BepuyTh norenmuomeTp I'acueT cBeTOOMON «Maraur
3 | «Ycunenue» «Marnur Ay, B Ay
HCXOTHOE MOJI0KECHHUE.
2.3. | lloBepHyTh IOTEHIIUOMETD 3aropaercs CBETOIMOL

«Cmemenue» «Maruaut B», 1mo
YaCOBOM CTPENIKE 0 3aropaHust
ceeroqnona «Maraut B»

«Maraut B»
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2.3.1

BepHVTh NOTEHIMOMETD
«Cwmemenue» «Maraut By, B
HCXOJIHOE ITOJIOKCHHUE.

['acuer cBetommon «Mar"aut
B»

2.3.2

IloBepHYTH MOTEHIIMOMETD
«Ycunenue» «Maraut By. o
YaCOBOM CTDPEJIKE 0 3arOpaHust
cseroguoga «Maraut B»

3aropaercs CBETOIHUO/I
«Maruut B»

2.3.3

BepHyTh NOTEHIHOMETD
«YcuieHue

«Maraut B», B HICXOJHOE

['acuer cBetommon «Mar"aut
B

MIOJIOJKCHHE.

3. ITpoBepka paboTocnocoOHOCTH 1ienel ynpapieHus «Maraut A» u
«Marnut B» oT BHYTpEHHEr0 CUTHaJa YIIPABICHUS U IPOBEPKA LEIH
«Pammay.

3.1. | YcTaHOBHTH ITOTEHIIMOMETP «=» B | 3aropaercs CBETOINO

KpaliHee MOJI0KEeHHUE BpalleHueM | « MarHur A»
MPOTUB YaCOBOM CTpEIIKE.
3.2. [YCTaHOBHTH HOTEHIUOMETD «==» B [[acHET cBeTOAUON «MArHHT
KpaifHee MOJI0KEHUE BPALLIEHUEM 10 |A», 3aropaeTcsi CBETOIMO/T
YaCOBOM CTPEJIKE. «Marnur B»

3.3. |Bpalias HOTEHIIUOMET] «m—a» ["acueT cBeToanoa «MarHurt
[TPOTHUB YaCOBOM CTPEJIKH B». 3aronaercst CBETOANOT
[IPOKOHTPOJIMDOBATH MOTACAHUE «Maraurt A»
ceeTognona «Maruut B». n
3aropaHue cBeToauoia «MarHur
A»

3.4. | YCcTaHOBUTH MTOTEHIIUOMETP

«Pammay B KpaiiHEe MOJI0KEHUE
BpAIIEHUEM MPOTUB 4YaCOBOM
CTPEJIKHU.

3.5. BDaHIEUE MOTCHIIMOMETP “~=» 110  [acHeT ceerognoa «Maruur
HPOKORTPOTHPOBATS CKOPOCTs [ g T CPACTER CRCTORHOL
ngeKJIIEI?{eHI/II)DI: noracaHEe «Marnut By
cBeroanona «Maruut Ay», u
Hayajao CBEUYECHHUS CBETOAMOAA
«Marnut By.

3.6. | IloBepHVTHh IOTEHIIUOMETP
«Pammna) 1o 4acoBOM CTpEIKE Ha
180°.

3.7. Bpaiuas mOTEHIIHOMET] «m» I'acueT cBeTOIMON Boewms
MPOTHB YaCOBOM CTPEIIKH «Marnut By, 3aropaercs ge‘;’(‘f\l/}g;‘;‘;@f“ﬁ»
[IPOKOHTPOIUPOBATH U3MEHEHUE ceetoanol « Maraur A» 8 «MATHIT Ay
CKOPOCTH MEPEKITIOUCHHS CUTHAJIA A HAYMTENLHO
yrpasieHus ¢ «Maraut B» Ha yBEINIHBACTCS
«Marsur A».

3.8. [YCTaHOBUTH MOTCHIIHOMETP
«Pammna)» B KpaiiHee MOJI0KEeHHE
MPOTHUB YaCOBOW CTPEJIKH.

3.9. | YCTaHOBHTH MOTEHIIMOMETD “~=» B[ acHeT CBETOAMO « MAarHHT

CpelIHEE MOJIOKEHUE Ay
4, ITpoBepka paboTocnocoOHOCTH 1ienelt ynpapienus «Maruut A» u

«Maraut B» OT BHEIIIHETO CUTHAJIA YIIPAaBJICHUS.




rHe3ny «BxoaHoi curuan»
«£10B» Ha 6Ji0Ke ynpaBJICHUS.

4.3.

Bpamenuem norenunomerpa
«CMeleHHe» 3a)KeUb U IOracUTh
ceeroauon «Maruurt Ay

3aropaeTcs U racHET
ceeToquoa «Maraurt A»

4.4

Boamenunem noreHmomerpa
«YcujIeHHe» 3akedb U IOracuTh
ceetonuon «Maruurt Ay

3aropacTcs U racHET
ceeToquoa «Maraurt A»

4.5.

OTcoeTMHUTH KaOeJlb OT JIEBOT'O
rae3na «BxomgHou curnam» «+10B»
Ha OJIOKe yrnpaBleHus U
MOJICOCIMHUTH K TTPABOMY THE3Y
«Bxoanoii curnam» «+x10B» na
0JIOKE yNpaBJICHUS

4.6.

Bpamenuem norenunomerpa
«CMeleHne» 3a)Keub U IOracuTh
ceeroauoa «Maruur By

3aropacTcs U racHET
ceeroquoa «Maruut B»

4.7.

Boamenuem noreHimomerpa
«YcujeHue» 3akeub U [oracurhb
ceerognoa «Maruut B»

3aropaeTcsi U TaCHET
cBeTonuon «Maraut B»

4.8.

OTtcoenuHUThH, KabeJlb, OT THE3/1a
«+5V)» Ha OJIOKe VIIDaBJIEHUS, U OT
InaBoro rue3na «BxoaHoun
curaay» «x10B» ua Oioke
VIIPABJICHUSL.

OTKirOue

HUe 0JI0Ka yIpaBJIeHUS

OTKIIOYHUTH UCTOYHHUK IMHTAHUS
3JIEKTPOTEXHUYCCKON aHTPECOIU
0asuca cTeHaa-TPeHaXKepa

I"'acHeT cBeTOIMON
«IIuTanme», Ha OJIOKE

YIPaBJICHUSL.

IPOIMOPIIMOHATIFHOTO THIpoarperara ¢ 1-M 3JIeKTpOMarHuToM U oOpaTHOM

J1J1st HACTPOMKHU U TIPOBEPKH pabOTOCIIOCOOHOCTH

CBSI3bIO MCIIOJIB30BaTh MYHKTHI 11 «Marauta Ay Tabmumsbl 1.

42




