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JlabopamopHasi paboma Ne 1

N3MEPUTEJNIbHbIE OPIAHbl MUKPOJJIEKTPOHHbIX
PEJIE TOKA U HAINPAXEHUA

Lenv pabomul: U3y4UTHh NPUHLIUIBI pAOOTHl YHUGUIIUPOBAHHOTO U3-
MEPUTEJIBHOTO OpraHa, MPUMEHSIONIErOCs] B MUKPOIJIEKTPOHHBIX pelie TO-
Ka ¥ HaIIPsDKEHMUS.

KpaTkue TeopeTuyeckme cBegeHus

HN3mepuTeabHBIA OPraH — 3TO YacThb MHKPOIIJIEKTPOHHOTO pEIIE,
MpEeIHA3HAYEHHAsA ISl CPABHEHUS W3MEPAEMOW BEJIWYMHBI C YCTaBKOWU
Y BBIJJAYX YIIPABJISAIOIIETO CUTHAJIA TUIA «BKIIFOYUTH-OTKIIOYUTDY.

Cxema yHH(IMIHUPOBAHHOI0 M3MEPHUTEJIbHOI0 OPraHa peJje TOKa
U HANIPSI’KeHUs TIpuBeieHa Ha puc. 1.1.

+15B

N

Puc. 1.1. YaupuuupoBaHHbIA U3MEPUTENbHBIA OpraH
pere ToKa U HanpsKeHUs

Bxongnoe nanpsbxenne U

BX

ITPOIIOPLIMOHAIIBHOE TOKY WJIA HAIpsKe-

HUIO B JIMHUM DJICKTPOIIEPEIaUuM, BRIMPSMIIIETCS C TIOMOIIBIO IBYXITOTYTIEPH-
OZJHOT'O BBIIPSAMUTEINS (IMOJHOTO MOCTa) Ha nuojax VD,—VD, u nocrynaer

Ha MHBEPTUPYIOIIMN BXOJ OIEPALMOHHOIO ycwurenss DA;, BKIIOYEHHOIO

110 cxeMe Kommaparopa. Ha HemHBepTUpyromuil BXOA ONEpaliiOHHOIO YCUIIN-
tenst DA, depe3 nemurens R;, Ry mopaercs omopHoe Hampsikenue U

TIOJIOKUTENTFHOTO 3HAKa, OIpEeeNsiioNiee yeTaBKy pene. [lepemenHslit pesu-
CTOp Rg TMO3BOJSIET U3MEHSTh 3TO HANPSHKEHHE, T. €. SBIISIETCS PErYJIATOPOM

ycTaBku. Pesucrop R, oOecnieunBaeT Harpy3Ky Ui JMOJHOTO MOCTA.



IIpu oTcyTcTBHM aBapuUlHOM CUTYyallMy B 3allMILAECMOM JIMHUU, KOT 1A
aMIUIUTY1a BBIIPAMIIEHHOrO HamnpspbkeHus U, =U, He npeBbllIacT 3HaYe-

HHE ONOPHOIO HAIPsDKEHWs, Ha BbIXoJE DA, HaOMOJAeTCsl HEM3MEHHOE

HAIPSDKEHNE HACHIIIECHHUS TOJIOKHUTENBHOrO 3Haka U, , u koHuencarop C,
3apspKeH A0 3Toro HanpsbkeHusa. Ha Beixone tpurrepa HImunara, coopanHo-
ro Ha onepauuoHHOM ycunurene DA, u pesucropax Rs, R, mossisercs

IMOCTOAHHOC HAIIPSAKCHUC HACBIMCHUA OTPHULIATCIIBHOI'O 3HAKA U.

BBIX ?

KOTO-
pO€ 4Yepe3 OrpaHUYUTENBHBIA PE3UCTOP R, 3amMpaeT 3JIEKTPOHHBIA KIIIOY,
coOpaHHbIN Ha TpaH3ucrope V71, u ceetoguon HL, He cBeTUTCA. DTO COOT-
BETCTBYET COCTOSIHUIO BO3Bpara ais pene. Pesuctop R;; OrpaHUYMBAET TOK
4yepe3 CBETOAuoM, a nuon VD,, 3amuiaer 6a3sy TpaH3UCTOpa OT HEJOIyC-

TAMOTO OTPHUIATEILHOTO HAIIPSIKEHHS.

[Ipy HanmuuMM aBapUMHOW CUTYAllMd B 3alIUIIAEMOMN JIMHUH 3JIEK-
TpOIlepeIauu, HapUMepP, KOPOTKOTIO 3aMbIKaHHS, BO3PACTAET BXOJIHOE Ha-
npspkenue Uy, aMIIIUTyna BBIIPSAMIIEHHOTO Hanpspkenus U, =U, npe-

BX

BBIIIACT 3HAYCHUC OIIOPHOI'O HAIIPSKCHUSA U

om?

U Ha BbIXoJe DA, moss-

JISIFOTCSI IMITYJIBCBI OTPULATENILHOTO 3Haka U, C JUINTENBHOCTBIO 1,

1 U
t, =——-arccos| —- (1.1)
"omef U, )
rje f —4acToTa CEeTH.
JUIMTEIBHOCTD May3bl MEXAY UMITYJIbCAMHU PACCUUTHIBAETCS 1O Gop-
MmyJie
1
[Tosnyyaemble UMITYJIbCHI MOAAKOTCS HA MHTETPUPYIOUIYIO LIETb, COO-
paHHyI0 Ha eMeHTax C; U R,. B pe3ynbrare nepesapsaku Ha KOHJIEHCa-
tope C| mosiBisieTcs HanpsbkeHue U, nmuinooOpaszHoil popmsl. UeM MeHb-

1€ pa3Max IyJbCalluii, TeM CTa0MIIbHEE MIPOLECC CpadaThIBaHUSA pelle, HO,
BMECTE C TEM, HUXKE OBICTPOEHCTBHE PEIIE.
Ecnu aBapuitHad cutyanus TakoBa, 4To [, >f,, CPEIHEE 3HAYCHUE

HanpspkeHus U, CTaHeT OTPULIATEIIbHBIM U MOXET JTOCTUYb HAIPSIKEHUS
nepexiroyenus tpurrepa llvmuara U, Ha HEUHBEPTUPYIOLIEM BXOJE OIle-
panuonHoro ycuwiurens DA,. Ilocne nepeximodenus tpurrepa Ilmumara



Ha €ro BBIXOJIE MOSBUTCA IOCTOSHHOE HANPSKEHUE HACBIIIEHHS MOJI0KH-
TeJIbHOro 3Haka U~

BBIX

ornuparomiee tpansucrop V7. Ilpu stom ceeronu-
ol HL, HaYMHAET CBETUTHCA, UTO COOTBETCTBYET CPAOATHIBAHUIO 3AILUTHI.

B tunosom pene toka PCT-11 (PCT-13) BMecTo cBEeTOMO/Ia BKJIIOUECHA
OOMOTKa BBIXOJHOTO MaJIOrabapUTHOTO pejie, KOHTAKThl KOTOPOrO HEMOo-
CPEJCTBEHHO BO3JIEMCTBYIOT Ha KaTYIIKy OTKJIIOUEHHS BBIKIIFOYATENS 3a-
HIUIIIAeMOT0 OOBEKTA.

Tpurrep llImuara hbopmupyer ko3¢ ¢uiueHT Bo3BpaTa peie.

Hanpsokennst cpabatsiBanus U, =U,,,; # BosBpara U, =U,,,

tpurrepa llIMuara 3aBUCAT OT 3HAYCHUN CONPOTUBIIEHUNM PE3UCTOPOB Rj
u Rg no popmynam:

)

Uy, = Uy = Sosls (13)
R5 +R6

U U = Yuxfs (1.4)

CB cpab — RS + R6 :

Tpurrep IlImuara padoTaet cienyomum 00pa3om:

cCln UC > UBO3B’ TO UBLIX = UBBIX;
_ +
ecit U < Ucpaﬁ, 0 U, =U, «-

Tpurrep llImuara nepexiitoyaercs: CTabUIbLHO, €CIU pa3Max IyJibca-

nmid HanpspkeHust U He npesbimaet 3HaueHue (U, —U ,6)- B poTHB-

HOM cily4ae Ha BbIxoje tpurrepa llImMuara nosBarcs NpsMOyrojbHbBIE UM-
nyJbchl. B cxeme Ha puc. 1.1 3T0 npuBeneT K NOCTENEHHOMY U3MEHEHUIO
APKOCTU CBEYEHHs cBeTtoauona L, npu usMeHeHUH HanpspokeHusa U, .

ITpu cTaOnuabHOM MEPEKIIOUYEHNN cBeTOANO A HL, mnbo He CBETUTCS, JINOO

CBETUTCS C MAKCUMAJILHOHN SPKOCTHIO.
Koadduiment Bo3Bpara pene KOPPEKTHO OMPEAENSTh MO JEHCT-
BYIOIIIUM 3HAYCHUSM BXOJHOTO TIEPEMEHHOTO HATIPSIKEHUS:

U
—_ BX.BO3B
KB03B - U > (15)
BX.cpad
T1e Uy poss>s Upxcpas — COOTBETCTBCHHO, 3HAUCHUS BXOJHOI'O HAIPSKCHUS

IIpU BO3BpaTe U cpabaThIBAaHUM perie.



OnucaHue nabopaTopHOU YCTaHOBKM

Ha nuneBoii manenu nabGopatopHoro creHma (puc. 1.2) mmeroTcs
0003HAYCHHS DJICKTPOHHBIX KOMIIOHCHTOB M (hparMeHTOB COOHMpPaEMBbIX
CXeM, a TaKke THe3da g COOPKH CXeM M pydKa PEeryJIUpOBaHHS Tepe-
MEHHOT'O PE3UCTOPA.

Puc. 1.2. Bueurnnii Buj1 1ab0paTopHOTO CTEHAA

[luranue nmomaeTcss yepe3 pazbeM, PacIiooKEeHHBINM Ha MpaBoil 0o-
KOBOU MaHEJH.

Ha nepenneit 60koBOM MaHEeNIH CTEHJAa UMEIOTCS J[Ba MEPEKII0vaTe-
7151, TIO3BOJISIFOIIME BKJIIOYATh M BBIKJIIOUATh HANPSKEHUS IUTAHUS, PABHBIE
+15 B u —15 B. Hanuuue 3TUX Hanps>kKeHUHW MOXHO KOHTPOJIUPOBATH IO
CBETOAMOJAM Ha JIMLIEBOM MMAHEIN CTEHAA.

Bxoanoe Hanpsbxkenue U, MOJACTCA HA CTEHJ 4e€pe3 TOT XKE Pa3beM,

YTO W HaIlpsOKEHUE MUTaHUsA. 3HaueHue HampspkeHus U, Heo0Xoaumo

U3MEHSThH C MOMOIIbIO0 BHEIIHETO MEPEMEHHOTO PE3UCTOPA, 3aKPEIIIEHHO-
ro Ha crojie. jist Toro 4toosl Moay4uTh Hampsbkenue U, HeoOXoaumo

BX?
BKJIFOUNUTh B PO3ETKY MOHMKAIOLWUN TpaHC(HOPMATOp, PACIIONOKEHHBIN
Ha CTOJIE.

Buumanmne! Bo uz0exxanue BbIX0/a U3 CTPOS NEKTPOHHBIX KOMIIO-
HEHTOB MpU COOpPKE U Pa3z0dOpKe CXeMbl HAMPSHKCHHs MUTAHUS CTEHJA He-
00X0IMMO 00s13aTEIBHO OTKJIIOYATh C MOMOUIBIO MepeKtouareseil, pery-
asTop HanpsbkeHuss U, yCTaHOBUTH B MOJIOKEHUE «MUHUMyM». Pa3bem
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IMMTaHKUs HYXXKHO IIOACOCIUHUTL B HAYAJIC pa6OTBI, Y6CI[I/IBIHI/ICB, qTo 1Iepe-
KIIFOYaTCJIn HaAXOAATCA B IOJIOKCHUU «OTKIIFOUCHO», PErYJIATOP HAIIPSIKC-
HUA UBX HaXO0OdUuTCA B IOJIOKCHHUHU «MHHHMYM)), l'IOHI/I)KaIOH_[I/Iﬁ TpaHC-

dbopmMaTop OTKJIIOUEH OT CETH, U 3aTEM OTCOCIUHUTHL B KOHIIE PaOOTHI.

Buumanme! Ilepen BKitOUeHHEM BCE€ CXEMBI JOKEH MNPOBEPUTH
MIPEIO/IaBATEb.

Buumanmne! Bo nzbexanne oOpbiBa COCIMHHUTEIBHBIX MEPEMbBIUECK
U3BJIEKATh UX U3 THE3] HY>KHO, YIEPKUBAsI 32 KOPITyCa IITHIPEN.

Jlist mpoBeieHUsT pabOThl HEOOXOIMM JABYXKaHAIBHBIN ocimuiorpad
U YHUBEpPCAIbHBIN 1Tu(dpoBoii BosibTMETp B7-77.

Buumanue! Bo uzbexanne Boixoja u3 ctpos npudbopa B7-77 uzme-
pEHUS B pe:KUMeE OMMeTPAa MPOBOUTH TOJIBKO HA CTEHJIE C OTKIIOUECHHBIM
NUTaHUEM M pa3oOpaHHOW cxemoil. [locrme u3MepeHui nepexIoYaTeb
npuOOpa BO3BPATUTH B PEKUM BOJIbTMETPA.

Bce u3Mepenus mpoBOASTCS OTHOCHUTEIBHO OOIIEro MpoBoja, 000-

3HAYCHHOI'O CMMBOJIaMH Ha CTCHAC. HpI/I U3MCPCHUAX Ha ITIOCTOSAH-
HOM HAIIpsDKCHUKM K 3TOMY IIPOBOAY OOJIKCH OBITH IMOJKIIOYCH IOYII
BOJIBTMCTpPA «—».

I/IBMCpeHI/IH OCYIICCTBIIAIOTCA IMIYTEM ITOAKIIIOYCHUA U3MCPUTCIIbHBIX
IIPOBOIOB HpI/I60pOB K ClICOUaJIbHBIM IITBIPbKAM C )KECTKHMMH BBIBOAAMMU.

Mopsaok BbINONHEHNA paboThbl

Cbopra u Hacmpouxka cxemol

1. CobGepute cxemy YHUDHUIIUPOBAHHOTO H3MEPUTEIHHOTO OpraHa
pene Toka u HanpsikeHus (puc. 1.1).

2. logxmrounTte MepBbIM KaHal ociuiorpada K TOUkaM U3MEpEHUs
Hanpsokenus U.,.

3. BonbTMETp MOCTOSIHHOTO HANPSKEHUS MOJIKIIOUNTE K TOYKaM H3-
MepeHHs HanpsbkeHus U .

4. IlonaiiTe NTUTaHWE HA CTEHJ U PE3UCTOPOM Ry yCTaHOBHTE JIF000E
3Ha4YeHUe ornopHoro Hanpsikenus (ot 1 g0 2,5 B), uro OyaeT cooTBETCTBO-

BaTh yCTaBKe peJie.
5. BkITtounTe UCTOYHHUK BXOJAHOTO HAMPSKCHUS B PO3ETKY.

U3zyuenue pabomwvi komnapamopa

6. 3menss BxoaHoe HanpsbkeHue U, , nodelrecs mopora cpadaTsl-
BaHMUs pelle, HaOIro1as 32 CBETOAUOIOM.
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7. Ilo ocuminorpady u3MepbTe aMIUIUTYAY HaIpsKEHUsI Ha BBIXOJIE
auoaHoro Mocra U.,.

8. Paccumraiite JINTEIBHOCTh OTPULIATEIBHBIX UMILYJBCOB f, W IO-
JOXKUTENbHBIX Nay3 ¢, 1o ¢popmynam (1.1) u (1.2) (ycTaHOBUB Ha KajlbKy-
JSTOPE paaraHsbl, eciu 7 = 3,14).

9. Onpenenute dKCIEpUMEHTaIbHbIE 3HAYEHUS f, U f, 10 OCLUIUIO-
rpady, MEepeKIouYnuB CUTHAIBHBIN MPOBOJ ocuuiuiorpada Ha BeIXxon DA,
Y YCTAaHOBUB MaKCUMAaJIbHBIN MacmTad o COOTBETCTBYIOLIEMY KaHaIy.

H3yuenue padomol unmezpupyouien yenu
10. IlogkmrounTe BTOpOM KaHal ocHuwuiorpaga K TOYKE H3MEPEHUS
HanpsbkeHust U, U 3apUCyHTe NOIY4YEHHBbIE OCHWIIOIPaMMBbI HA BXOIE H
BBIXO0JIe MHTErpupymomei nenu (R,, C,). OObACHUTE 3TH OCUUIIIIOTPAMMBI.
11. Ilo ocummtorpaMMe U3MEpbTE pa3Max ILyJibcanyii HanpspkeHus U .
12. YBennubre BXoaHoe Hampsbkenue U, B 1,5 pasa u cHOBa 3apu-
cyite ocuusiorpamMmbl. OOBSICHUTE MOTYYEHHBIA PE3yJIbTaT.

H3zyuenue paoomot mpuzzepa llImuoma

13. [lepexitounte MEepBBIA KaHall OCHUIUIOrpada K TOUKE U3MEPECHUS
Hanpspxkenus U .

14. U3mensiss BxogHoe Hampsikenue U

BX?
HUs, HaOMr01aeMble Ha dKpaHe ocumiorpada mo oboum kanamam. OObsic-
HUTE TU SBIICHUSI.

15. B MomeHTBI cpabaThiBaHUs U BO3BpaTa pejie U3MEPHTE C MOMO-
o ocumtorpada HanpspkeHust Uy, =U s 1 U, =U

BO3B*

OIIMIIUTC CJIOBCCHO sBJIC-

16. Paccunraiite 3Hauenus Hanpsokenna U, =U - u U, =U, ., 10

cpa BO3B
dbopmynam (1.3) u (1.4). CpaBHUTE ATU 3HAYEHUSI C COOTBETCTBYIOIIUMU
IKCIIEPUMEHTALHBIMHU 3HAYCHHUSIMH.

17. U3mensist BxoaHoe Hanpsbkenue U

BX

C TIOMOUIbIO BOJIBTMETPA T1€-
PEMEHHOT0 HampsKEHUs u3MepbTe HampspkeHue U, B MOMEHTHI cpada-
ThIBAaHUS U BO3BpaTa peine. Paccuuraiite koadduimeHt Bo3Bpara mo dop-
myze (1.5).

18. [IpeaBapuTeNbHO CHU3MB BXOJHOE HANpsDKEHUE 10 MUHUMyMa
Y OTKJIFOYMB ITUTAaHHUE CTEH/A, BMECTO PE3UCTOpa R MOAKIIIOUUTE K CXEME
pe3ucrop Ry;.

19. IlepBbIit kKaHan ocruuiorpada MOAKIIOYUTE K TOUYKE U3MEPECHUS
HanpsokeHus U

BBIX *



20. BkmrounTe NUTaHUE W, U3MEHSIA BXOJHOE HaIMPSHKEHHUE, OMUIINTE
CJIOBECHO SIBJICHHUS, HaOJII0JlaeMble Ha dKpaHe ociuiimorpada U Ha CBETO-
mnone HL,. OOBsICHUTE 3TU SBICHUS.

21. IToBropute 1. 15—-17. CpaBHUTE MOITYUYEHHBIE PE3YIBTATHI C aHAJIO-
TUYHBIMU PE3yJbTaTaMH, MOJYyUYEHHBIMU paHee. OOBbICHUTE MOTYUYEHHBIE pe-
3yJIbTaTHI.

22. CHU3bTE BXOJIHOE HAIPSHKEHUE O MHUHUMYMA, OTKJIIOUUATE MUTa-
HUE U pa30epuTe CXeMy.

CopepxaHue oTyeTa

Ha3BaHusS OMBITOB, YEpPTEHKH HCCIACAYEMBIX CXEM, BBIITOJTHCHHBIC
no 'OCT, onmcanue xoma pabOThI, Pe3yIbTaThl PacuyeTOB, OCIIUILIOTPAM-
MBI, O0BSICHEHHS H3y9aeMbIX SIBIICHUM.

OcnumiorpaMmMbl ©300pa3uTh Ha KJeT4aToW Oymare ¢ yKa3aHHEeM
ocel 1 MaciITadoB.

KoHTponbHble BONpocChbl

1. Ha3HaueHne, OCHOBHBIC PACUETHBIC COOTHOIIEHUS W OCLUIUIO-
rpaMMbl pabOThl BXOJHOTO KOMIIapaTopa yHU(MUIMPOBAHHOTO H3MEpPH-
TEJIBLHOTO OpraHa peJie TOKAa U HaNpsKEeHUS.

2. Haznauenue u ocuWIOrpaMMbl paOOThl MHTETPUPYIOIIEH LIeTH
YHU(PUITUPOBAHHOTO U3MEPUTEIHLHOIO OpraHa pejie TOKa U HaNpsHKeHUS.

3. HazHaueHue, OCHOBHBIE PACUETHBIE COOTHOIIEHUS W OCIUIIIO-
rpamMMbl paboThl Tpurrepa llImuara yHUGUIIMPOBAHHOTO U3MEPUTEIIHHOTO
OpraHa pejie TOKa ¥ HalpsKEHHUS.

4. YcnoBus cTaOMIBHOTO nepekinodeHust tpurrepa llmunra yaudu-
IUPOBAHHOTO U3MEPUTEIILHOTO OpPraHa pejie ToKa U HalpsHKeHUSI.



JlabopamopHasi paboma Ne 2

MWUKPOMNPOLIECCOPHbIN
BOJIbTAMIMEP®A3OMETP

Lenv pabomul: TOTYYUTH HABBIKK IKCILTyaTalluu [MUGPOBOTO BOJBT-
amnepdazomerpa M4185.

KpaTkue TeopeTuyeckme ceBegeHus

Boasramnepdazomerp (BAD) M4185 npennazHadeH i U3MEPEHHUSL:

— UCTUHHBIX (RMS — root mean squired) NEUCTBYIOMMX 3HAYCHUI
HaIpPsKEHUN U TOKOB B TpeX(Pa3HOU INEKTPUUECKOMN CETH;

— aKTUBHOM, PEAKTUBHOM U IOJIHOM MOIIHOCTHA OJJHOBPEMEHHO B Ka-
K01 dase;

—yria casura (a3 Mexay (pa3HbIMU HANpsDKEHUSIMU U Mexay (as-
HBIM HalNpsKEHUEM U JIMHEHMHBIM TOKOM B COOTBETCTBYIOIIUX (hazax;

— MuHUMaNbHbIX (MIN), makcuManbHbix (MAX) n cpennux (AVR)
JICUCTBYIONIMX 3HAYEHUN HANPSHKEHUH W TOKOB, AKTUBHOM, PEAKTUBHOU U
MOJTHOM MOIITHOCTH, a TAK)KE SHEPTUU 3a TpeOyeMble HHTEPBAJIbI BPDEMEHHU.

BA® obecneunBaeT u3MepeHUE MEPEMEHHOTO HAIPSIAKEHUS B THara-
30He OT 25 a0 440 B u nepemennoro toka oT 1 10 100 A (¢ momortiibto TO-
KOU3MEPUTEIIbHBIX KIICIICH).

Ha nucrimee BA® niperycMOTpeH BBIBOJ BEKTOPHBIX JUArpaMM.

BA® umeer 6 pexumon: «Kondurypanust cetn», «M3mepenue ce-
™, «Hakomnenune manabix», «lIpocMoTp manubIx», «Hactpoiika mpubo-
pa», «3apsaKa akKyMyJISTOPHOM OaTtapen».

B pexumax «Kondurypamus cetu» u «/M3MepeHue ceTu» MOKHO
IIPOCMOTPETH U3MEPEHHBIE 3HAYCHUS BEJIMYMH U BEKTOPHBIE JUAarPaMMBI.

C nomompio pexnumoB «Hakorienue aanubix» u «lIpocmoTp nan-
HBIX» MOXHO aHAJIU3UPOBATh MOKA3ATEIN CETU 32 HEKOTOpoe BpeMs. lIpu
3TOM B MPOIECCE HAKOIUICHUS JAaHHBIX Ha JIMIIEBOM MaHeIu mpubdopa 10-
YKEH CBETUTHCS CBETOJIUO/.

[Tpunnun nevictBust BA® ocHoBaH Ha aHajoro-1udpoBom mnpeodpa-
30BaHUM CUTHAJIOB HaIpsKEHUA U Toka. [Iporpammuoe obecrnieueHre MuK-
pokoHTposiepa BA® paccuuThIBAET MCTUHHBIE IEWCTBYIOIINE 3HAYCHUS
HanpsikeHus 1o popmyie
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1 T 1 n—1 1 n—1
URMS= T.JUz(t).dtz T.Z(‘;Uiz.Atz ;ZOU?, (2-1)
0 = =

rae 7 — nepuoj HampsHKEHUS AIEKTPUYECKOM CETH; | — HOMEP PACUE€THOTO
WHTEpBaJia; 7 — KOJUYECTBO TOUEK (OTCUETOB) HAIPSHKEHUS] B pAaCUCTHOM

T
WHTEpBajie BpeMeHu 1, At = — — nepuo JUCKPETU3ALUH.
n

Tok 1z, PaCCYUTHIBACTCA aHATOTUYHO:

(2.2)

3Hauenus Uy U g, HA3BIBAIOTCSA MCTUHHBIMH, TaK KaK Y4YHUTbI-

BafOT BCE BBICIINE TAPMOHUYICCKHUE COCTABIISIOIIHE.
[TonHas MOIITHOCTB, TIOTpeOIsIeMast Harpy3kou 1mo ¢ase «A4», omnpee-
aseTcs o popmyiie

SA = URMS.A -1 RMS.A> (2.3)

riae Upys4 — PasHoe Hanpsikenue; 1 g, g , — TMHEHHBIN TOK.
AKTUBHasE MOIIHOCTh Harpy3ku 1o (aze «A4» paccuuThIBaeTCs IO
MTHOBEHHBIM 3HAYEHUSAM CIIEYIOLIUM 00pa3oM:

T -1 n—1
]z 1
PA:%-IU(t)-I(t)-dtzT-ZU,--li-Af=;'E,Ui‘[i- (2.4)
0 l=0 l=0

PeakTuBHAsi MOITHOCTHh HArpy3ku mo ¢asze «A» paccuuThIBAeTCS MO

dbopmyie
Q,=+Si—Pi. (2.5)

Koapdunment momrHocTH 1Mo (ase «A» ompeneaseTcs: Ciaeayonum
obpazom:

K, =4 (2.6)

s ha3 «B» u «Cy» pacdeT aHaJIOTUYEH.

®opmyibl (2.3)~(2.6) yUHUTHIBAIOT BCE BBHICIIME TapMOHUYECKUE CO-
CTaBIIIOIIME B COCTaBE HamMpspKEeHUM W TOKOB. [Ipu 3ToM k03 duimeHt
MOIIIHOCTH, PACCYUTAHHBIN MO (2.6), COBMNATAET CO 3HAUEHHEM COS (P Harpys-

KU TOJIBKO MPH UJICATHHON CUHYCOUIATEHOM (DOpME HATIPSHKEHUI U TOKOB.
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Opnna u3 rnaBHbIX QyHKUIKNA BA® — BhIsIBIEHUE OLIMOOK, TOMYIIECH-
HBIX IpU COOpKE CXeM B TpexX(a3zHbIX ceTsiX. MOXKHO BBIICIUTH JIBA BUAA
TaKUX OLIMOOK: HApyUIEHUE MOJISPHOCTH MOJAKIIOYEHUS TOKOBBIX LIETIEH
K BXO0JIaM Mpudopa u HapyiieHue yepenoBanus (pa3. C moMoIpi0 aHaau3a
BEKTOPHBIX JUArpaMM U 3HaueHU (ha30BBIX CABUTOB Ha 3kpaHe BAD stu
OIMOKH MOTYT OBITh OOHAPYKEHBI.

PaccmotrpuM Hamnbosiee pacnpoCTpaHEHHBIM BapuaHT TpexdazHoil
AKTUBHO-WHIYKTUBHOW Harpy3ku, COEIMHEHHOM B CXEMY 3BE3JbI C TIIyXO-
3a3eMJICHHOM HeWTpabio (puc. 2.1).

oy
—
L]A¢_/YY\_|:|_
1y
U,
= I
_>
QC¢_NY\_I:|_

Puc. 2.1. Cxema Tpexda3zHoii Harpy3Ku

BapuaHTbl BEKTOPHBIX AUarpaMMm JJisl 3TOW CXEMBbI IPU OTCYTCTBUU U
HAJIMYHUH OIMOOK MOAKIIOYEHHS MTOKa3aHbl Ha puc. 2.2.

Puc. 2.2. BekTOpHbIE IHarpaMMBbl ISl aKTUBHO-MHTYKTUBHOW HAarpy3KH:
a — 0e3 oImMOOK MOAKIIOYEHHS; 6 — HEBEpHAsl OJSPHOCTD
ToKa (a3bl «By»; 6 — HapylIeHHue yepeaoBanus a3

HpI/I HapyYMICHUHU TOJIAPHOCTHU IIOAKIIOYCHHUA TOKa Ha BeKTOpHOP'I

auarpaMme OH OyJeT moBepHYT Ha yrou 180° OTHOCUTENBHO CBOEro Bep-
HOTO TOJIOKEHUS.
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OnucaHue nabopaTopHOU YCTaHOBKU

JlaGopatopHasi paOoTa BBIMIOJTHSAETCS Ha JIAOOPATOPHOM YCTAaHOBKE
«Muxkpornporneccopubie cuctembl ACKYD» (puc. 2.3).

F @

| e ol \

*

A

1=~
A1

|

|

|

N
& i

Puc. 2.3. Buemnuii Buj 1abopaTopHON yCTaHOBKH

B paborte ucnosnb3yercs cieayroiiee 000py10BaHUE:

1. MynetumeTp 3HEprerudeckniit MO-01.

2. lludposoii Bonbrammnepdazomerp (BAD) M4185.

Bce ycrpoiictBa B 1a00paTOpHON YCTaHOBKE IMOJIKJIFOYEHBI CTaI[MO-
HapHO. CxeMa NOoJKII0YEHHs TPUBEICHA Ha puc. 2.4.

K ¢azubim nHanpsoxkenusim cetu 380 B moakitoueHsl 1abOpaTOpHBIE
aBrorpancpopmaropsl 7;, 7,, T;. X BBIXOIBI COEAMHEHBI C COOTBETCT-

BYIOIIIMMHU IIOHIKAOIMUMHU TpaHchopmatopamu 1, Iy, Ty, paccunTas-

HBIMH Ha pabOTy B peXHME KOPOTKOrO 3ambiKaHus. Ha BTOpHUYHBIX 00-
MOTKax 3THX TpaHchopMaTopoB GOPMHUPYIOTCS TOKH 3HAYEHUSIMU 10 7 A,
a u3 cetu notpedistoTcss Toku He Oonee 0,1 A. Takum oOpazoMm, peryinu-
pysl HaMpsDKEHUS Ha BBIXOJIAX aBTOTpPaHC()OPMATOPOB, MOKHO PETyIUPO-
BaTb BXOJIHBIE TOKU MYJbTUMETpa. Perymnstopbl aBTOTpaHch)OpMATOpPOB
BBIBE/ICHBI HA JIMIIEBYIO MaHEb CTeH1a (CM. puc. 2.3).

Mynbstrmerp M32-01 BKITIOUEH B LIS TOKOB MOHMKAOIIUX TpaHchop-
maropoB 1,, 75, T, HENOCPEeACTBEHHO, a BosbTamnepdazomerp M4185 —

yepes ToKoBble Kiteny 15, Tg, 1.
[Tonmxkaromue tpancpopmaropst 7, 75, T, (GOPMHUPYIOT aKTUBHO-

UHIYKTUBHbIE TOKU. [1o 3TOM mpuunHe cxema JadopaTOpPHOW yCTAHOBKH
SKBHUBAJICHTHA cXeMe Ha puc. 2.1.
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Puc. 2.4. Cxema noakIIroueHus: IpuoOOpPOB
B 1a00paTOpPHOIA yCTAaHOBKE

[Ipu cOopke cxeMbl YCTAHOBKHU CHEIUATIBHO ObLIU JTOMYIIEHBI OIINO-
KU, KOTOpbIe HE0OXO0ANMMO OyIeT BBISIBUTH B MPOIECCE BHITIOJIHEHHS J1a00-
paTopHOU pabOTHI.

Mepbl no TexHMKe 6e3onacHOCTU

Hepez[ Ha4daJIOM pa6OTBI Y6CI[I/ITBC}I, YTO aBTOMATHYECKHUH BBIKIIIO-
qaTcJib CTCHAA HAXOAUTCA B IMOJOKCHHUHU «OTKIIIOUCHO», 4@ BCC PEryJIATOPLI
TOKa B INOJIOKCHUHN «KMUHHUMYM.

Mopsaok BbINONHEHNA paboThbl

1. ITogkmtounte TOKOBBIE Kienmu BA® Takum o00pa3zoM, 4YTOOBI
CTPEJIKH, YKa3bIBAIOIIHE HAMPABICHUS TOKOB, OBLIIN CHAPYXKHU.

2. BkirrounTe CTEHJ M yCTaHOBHUTE MPOW3BOJIbHBIE MPHOIM3UTEIBHO
paBHBIC 3HAUYCHHS TOKOB (pa3 He HUKE 3 A, KOHTPOJIHUPYS UX C MOMOIIBIO

MYJIBTUMETPA.
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3. 3anumure BCE MOKAa3aHHUS MYJIbTUMETPA, NEPEMEIIAACH IO €ro
MEHIO C TIOMOIIBI0 KHOTOK « d» 1 «P>» 1 ucnonb3ys [Ipunoxenne 1.

4. Bxmtounte BA®, Ha)kaB KHONKY ITUTAHMUS.

5. Haxxmute kHOTKy «Pexum» u yoeaurech, 4To Ha IKpaHe 0TOOpa-
xaercs pexuM «3mepeHue ceTmy.

6. [TocienoBarenbHO Ha)xkuMas KjaBully «BBom», a 3aTeM KIIaBUIIU
«4» 1 «P>», 3aNUIIUTE BCe TTOKa3aHUs Mpudopa U 3apucyiiTe B macirade
BCE BEKTOpHBIE uarpaMMbl. OOBSICHUTE MOJYyYCHHBIE PE3YyJIbTaThl U CPAB-
HUTE UX C NMOKa3aHUSIMU MYJIbTUMETPA.

7. IlpoaHanu3upoBaB BEKTOPHBIE JuUarpaMMbl, HAWAUTE OLIMOKY,
CHEIUAIBHO JOMYIICHHYI0 B JTAOOpAaTOPHOW YCTAaHOBKE B HaIpaBICHUU
TOKOB (Kakue U3 TOKOB HampaBlieHbl HeBepHO?). KpuTepuu moucka onrmo-
KH: BCE TOKHM JOJDKHBI UMETh NPaBUJIBHOE YepenoBaHue o (dazam, U Ha-
rpy3Kka B KaXJou (asze J0JKHA ObITh aKTUBHO-WHAYKTHBHOM (puc. 2.1).
[TogpoOHO ONMIIKUTE MOTYUYEHHBIE PE3YIbTAThl U MPOJIEMOHCTPUPYUTE UX
IPerno/iaBaTento.

8. B cooTBeTCTBUU C HAWAEHHON OIIMOKOIN ITOAKIFOYUTE TOKOBBIE
xiemu BA® takum 06pa3oM, 4TOObI Ha SKpaHE BCE BEKTOPHBIE AUArpam-
MBI OTOOPa’KaMCh BEPHO.

9. YcraHoBuTe MPOM3BOJLHBIE HEPAaBHBIC 3HAYEHUS TOKOB (a3 He
HIKe 3 A.

10. [ToBTopute . 3 1 1. 6. OOBACHUTE MOJIYYEHHBIC PE3YJIbTATHI.

11. Ilpuaymaiite OpueHTUPOBOUHYIO (opMy rpaduka Harpy3ku CeTu
(3aBUCUMOCTh MOIIHOCTHA OT BPEMEHH 0€3 3HAYE€HUM MOIIHOCTU) Ha 5 MHU-
HYT ¢ uaTepBasiamu B 30 CeKyHa,.

12. B BA® Bribepute kHoOmKOM «Pexum» pexum «Hakorienue gaH-
HBIX).

13. Haxxmute kHOonKy «BBoa». HauHET CBETUTHCS CBETOMO/I, JaHHBIC
HAYHYT HaKaruiuBaThCs. B Teuenue 5 MuUHYT Kaxzabie 30 CEKyHI U3MEHSITE
3HaYEHUs! TOKOB B COOTBETCTBUU € TpeOyemoil popmoii rpadukoM Harpy3Kku
U 3aMKUChIBANTE MOJyYCHHBIC 3HAYCHUSI TOKOB C IKpaHa MYJIbTUMETpA.

14. Haxxmure «BBoa» u Beioepute pexuM «OCTaHOBUTH HAKOTIICHUE.

15. Bribepure kHomKo# «Pexum» pexum «I[IpocMoTp JaHHBIXY.

16. C nmomoripto kiaBuil « €» U «P» BEIOEpUTE BECh MEPHUO U, TO-
CJIeI0BATEIbHO Haxkumasi «BBo1y, 3alIMIINTE BCE JaHHBIE.

17. O0BbsicHUTE TTOTyYEHHBIE PE3yJIbTATHI.

18. Otxnrounte BA® HaxkaTueM KHOIKU NTUTaHMS.

19. OTKirO4YnTE CTEH.
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CopepxaHue oTyeTa

[lens paboThl, cxema 1adbopaTopHOro creHaa (puc. 2.4), KOMMEHTapUU
K XOZy paloThI, pe3yJbTaThl U3MEPEHUH M BEKTOPHBIC JUArpaMMBbI C TIOJ-
POOHBIMH BBIBOJIAMU U MPEATIONIOKEHUSIMHU IO HUM, TpaUKH Harpy3KH.

KoHTponbHble BONpocChbl

1. YUto Takoe UCTUHHOE JEHCTBYIOIIEE 3HAUEHUE U KaK OHO paccyu-
THIBAETCA B MUKPOMPOLIECCOPHBIX MTPUOOpax?

2. O0bsicaute Gpopmyiisl (2.3)—2.6).

3. Iloxncrasere (2.1) 1 (2.2) B (2.3) 1 MakKCUMAJIBHO YIPOCTUTE pe-
3yJIbTAT C MOMOIIIBIO AlIreOpandecKux npeoopa3oBaHuUM.

4. Tlosicaute ¢ momoIbio (GopMyIi, B 4eM pa3HHUIla MEXay Kodddu-
ITUEHTOM MOIITHOCTH U COS (.

5. OOBsSICHUTE NPUHITUT PA0OTHI CXEMBI Ha pucC. 2.4.

6. Kakne ¢pynkiuu Bemonnser BA® M4185?

7. KakoBo Ha3HaueHUE opraHoB ynpasieHuss BAD M4185?

8. Kakue BBIBOJIBI MOYKHO J€eaTh o rmokazanuaM BA® M41857?
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JlabopamopHasi paboma Ne 3

MUKPONPOLIECCOPHbIE U3BMEPUTEIN
COMPOTUBJIIEHUA

Llenv pabomei: IOMTYyYUTh HABBIKU KCIUTyaTarmu npudopos MDOH-200
u 1UC-10.

KpaTkue TeopeTuyeckme ceBegeHus

B sHepreTMke NpUMEHSIOT pa3iIMYHbIE BHABI U3MEPUTENIEN COIpPO-
TUBJIICHUM: MHKPOOMMETPBI, MUJUIMOMMETPBI, OMMETPBI, MEraOMMETPHI,
U3MEpUTENI UMIIEITaHCOB U Jp. B manHoi nabopaTopHoi pabore u3yda-
I0TCSI: UBMEPUTEIIb CONPOTUBIEHUS neTiu «daza-Hyap» UOH-200 u uzme-
putenb conpoTtuBieHus 3azemnenus MC-10.

N3mepuTenb conmpoTuB/IeHUS NeTIH «(a3a-HyJb» — 3TO IpHOOp
ISl UBMEPEHUS COINPOTUBIIEHUS DJIEKTPUUECKOM CETHU HEMOCPEICTBEHHO
1O/, HAITPSIXKEHHUEM.

[Tpu6op NDH-200 BeITIONMHSET Ciieayomue QyHKITUN:

— U3MEPEHUE TTOJHOTO, aKTUBHOTO WM PEAKTHUBHOTIO CONPOTHUBJIEHUS
nenu ¢asza-Hylb, 0€3 OTKIIOYEHUS UCTOUYHHMKA MUTAHUS C HOMHUHAIbHBIM
HanpsioxenueM 220 B;

— U3MEPEHNE HANPSIKEHUS IEPEMEHHOTO TOKA;

— U3MEPEHUE COMTPOTHUBIICHUS TOCTOSHHOMY TOKY (PEXUM OMMETpA);

— WU3MEPEHUE COMPOTUBIICHUS METAJIOCBA3U TOKOM 10 250 MA s
conpotuBieHu <20 Owm;

— BBIYMCJICHHE OKMAAEMOIO TOKa KOPOTKOTO 3aMBIKaHUs B TOYKE
MOJAKJIIOYEHUs Tpudopa.

Ietasa «da3a-HyJb» — 3TO Y4aCTOK CETU OT BTOPUYHON OOMOTKH
CUJIOBOTO TpaHc(opMaropa 10 dJeKTpornpuemMHuka. Takol y4acTOK ceTu
MOXXET OBITh MPEJICTABICH B BUAE CXEMbl 3aMEILICHHS, COCTOSIIEH U3 HC-
TOYHUKA IEPEMEHHOr0 HanpspkeHua U, U conpotuBiaeHuil R, u X, Kak

MoKaszaHo Ha puc. 3.1.

e
)

Puc. 3.1. Cxema 3aMellleHUs CETU C NOIKIIOUYEHHBIM
npudopom MDOH-200
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Buavane npuoop M®H-200 npu pazoMkHyTOM KItoue S (cM. puc. 3.1)
U3MepsieT aMIUIMTYIHOE 3HadeHue U (asy HampsbkeHus U.. 3ateM kimod S

3aMBIKacTCA Ha 25 MC, MOAKIIoYas K cetd Harpy3ky R, =10 Owm. Ilpu stom
U3MEPSIETCS aMILIUTYTHOE 3HaueHue U (paza Toka Harpy3ku /.. B pesynbrate
MOJIy4YAETCs CUCTEMA U3 JBYX YPABHECHHUIA:

[ — UC .
H > 5

\/(Rc +RH) +Xc (31)
PR AR,

\

rzie ¢ — pa3HocTh (pa3 Mexay HanpskeHueMm U, u TokoM /..
PemmB cucremy (3.1), MOKHO NOJy4nUTh BbIpaxkeHus g R, u X,

(cmemaiiTe 3TO CaMOCTOSITENIbHO). DTHU BBIPAXKEHUSI U HUCIOIB3YET IpO-
rpaMMHOE OOecIIeueHHe pruodopa.
ITo 3HauenusM R, 1 X, MOXXHO CYJIUThL O KQ4e€CTBE DJIEKTPOIPOBOI-

KM, a TAK)KE O TIPaBHJIBHOCTH BEIOOPA aBTOMATHYCCKHX BBIKITFOYATETICH.
KauecTBO 271€KTPONPOBOAKH B SJICKTPUUECKOM CETH MO/ COMHEHHUEM,
korma R, >0,5 Om; X, >1 Om. OcHOBHas npU4YMHA TAaKOM CUTYaLlUH —

YBEJIMYEHUE CONPOTHUBIICHUS KOHTAKTOB B PACHPENEIUTEIBHBIX IIHUTKAX,
Pa3BETBUTENBHBIX KOPOOKAX U PO3ETKAX.

[IpaBunbHOCTE BBIOOpPA ABTOMATHUUECKOTO BBIKIIOYATENS MOXKHO
IPOBEPUTH MO YCIOBUIO

.. <I

IM.p K3

(3.2)

rac 1 — TOK Cpa6aTI)IBaHI/I${ QJICKTPOMAIrHUTHOI'O PACUCIHUTCIIA aBTOMA-

IM.P

THYCCKOI'O BBIKJIFOYATCIIA, 1 s pacquHHﬁ TOK KOPOTKOI'O 3aMbIKaHH:.

Hpuoop HMC-10 npenHazHadyeH 1 HU3MEPEHUS CONPOTHUBIIEHUSA
AJIEMEHTOB 3a3€MJICHHUS, METAJUIOCOCIMHEHUN W HENPEPHIBHOCTU 3alUT-
HBIX MPOBOJHUKOB MO YETHIPEXIPOBOJTHOMY MeTOxy. Mmeercs QyHKIus
ABTOMATUYECKOTO BBIUYHUCIICHUS YIEIIBHOIO COIPOTUBIICHUS TPYHTA.

C moMmoIbi0 TOKOBBIX KIIEHeH MpuOOp U3MEpsieT MePEMEHHBIN TOK
B 3a3eMJIMTEINIAX O€3 pa3phiBa M3MEPSIEMOM LIENH, YTO MO3BOJIAET CAeNaTh
KAUYECTBEHHYIO OIIEHKY MX COCTOSHHSI.

Knonka «PEXWM» wucnons3zyercss s NEpEKIOYEHUs Mpudopa
B PEXKHUMBI JBYX-, TPEX- U UYETBIPEXIPOBOJHOIO METOJOB MU3MEPEHUS, U3-
MEpPEHUS C ABTOMATUYECKUM PACYETOM YAEIbHOTO CONMPOTUBIICHUS IPYyHTA
U paboThI C KJICMAMU JIJIsl U3MEPEHUS TOKa WM OMPEEICHHs TPOLIEHTHO-
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ro pacnpeaenenus TokoB. [Ipu Bxoae B pexxum « MEHKO» 3Ta kHOMKA BBI-
NOJTHSET (PYHKIMIO JBUXKEHUS 110 MEHIO BBEPX.

Knonka « MEHIO» nmpenna3nauena st nepexona npudopa B peskum
ycraHoBku mnapametpoB. Ilocie Bxoma B «MEHIO» KHOmNKa BbINOJHSET
(GYHKIMIO ABUKEHUS 110 MEHIO BHU3.

Jlnamna3oH u3MepeHHsl CONPOTUBIICHUSI KOHTYpa 3a3emiieHus: oT 1 MOm
110 10 kOwm.

OyHKIMOHAIbHASA CXEMa U3MEPEHUS CONPOTUBIICHUS 3a3EMJICHHUS 10
YETBIPEXIIPOBOHOMY METOY MPUBEICHA HA pHUC. 3.2.

NC-10
T1 111 I12 T2

A

['pyHT g U

3a3eMIIUTEND

HSMepI/ITCJIBHBIC IITBIPH

V

Puc. 3.2. CxeMa n3mepeHus: CONpOTUBIICHMS 3a3€MJICHUS
10 YETHIPEXTTPOBOTHOMY METOMY

[Tpubop mmeeT TokoBbIe BbIXOAsl T1 1 T2, a Takke MOTEHIIUATBHBIC
Bxozbl [11 u I12. Yepes Boixoanl T1 u T2 oH dpopMupyeT u3MepuTeIbHbBIMI
CTAOMJIM3UPOBAHHBIM HMMITYJIbCHBIM TOK TEPEMEHHON TMOJISIPHOCTUA (Me-
anap) ¢ yacroroil 128 I'i. AMIUIUTYAHOE 3HAYEHUE CHIIBI TOKA HE Ooliee
260 MA, MakCUMaIbHOE aMIUIUTYJHOE 3HAYEHUE BBIXOJHOTO HANPSKEHHUS
0e3 Harpy3ku He Oonee 42 B. [lanenue Hanps>KeHUS B U3MEPSIEMON 1IENH
npy CTAOUJIM3UPOBAHHOM TOKE MPOMOPIUOHAIBHO €€ COMPOTUBIIEHUIO.
Oto HanpspkeHue uaMepsercs yepes BxoAsl [11 u 112, unsrpyercs u mo-
CTyIIaeT HAa BXOJHOW ycuiurtenb, a 3ateM Ha AlLlIl. J[BomuHbIE KOIBI,
chopmupoBannsie AL, mepenaroTcsi B MUKPOKOHTPOJIIEDP, IA€ OCYIIECT-
BIISIETCA pacyeT TpeOyeMBbIX BEIMYMH U UX OTOOpaKeHHE Ha JTUCILTIEE.

[TogkiroueHre K 3a3€MIIUTENISIM OCYIIECTBIISIETCS C TTOMOIIBIO CIIe-
IUAJIBHBIX IIYTNOB U 3a)KUMOB, & COEIMHEHNE C 3€MJIEM — C NMOMOILBIO TTO-
TPY’KHBIX METAUIMYECKUX IITHIPEN IIIMHOM | M.

ITopsimox omnpeneseHuss CONPOTHUBIICHUS 3a3€MJICHMS II0 YETBIPEX-
IIPOBOAHOMY METOAY CJICTYFOIMM:

1. OnpenenuTe MakCUMalbHYIO AHAroHaIb [ 3a3eMISIOLIETO YCT-
porictBa (3Y).
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2. Coenunuth 3Y mpH MOMOIIM U3MEPUTENBHBIX Kabenel ¢ rue3ia-
mu T1 u I11.

3. [loreHumanbHblii WTHIPs [I2 yCTaHOBUTH B TPYHT HA pPaCCTOSA
Huu 1,50, HO He MmeHee 20 M oT uzmepsemoro 3V,

4. ToxoBblii WTHIPh T2 yCTaHOBUTH B ITPYHT Ha pacctosiHuu Oosee 3D,
HO He MeHee 40 M ot 3VY. IloaKIoYNTh COEAMHUTENBHBIN Kabenb K pa3be-
My T2 npubopa. [IpousBectu cepuro U3MEpEeHHUd COPOTUBIIEHUS 3a3€MIICHUS
IPY TIOCJIEAOBATENIbHON YCTAHOBKE IMOTEHLIMAIBHOro wWTelpss [12 B rpyHT
Ha pacctostauu 10, 20, 30, 40, 50, 60, 70, 80 1 90 % oT paccTosiHUS IO TOKO-
BOI0 WITHIPS T2 4eTBIPEXIIPOBOAHBIM METOJIOM.

5. IlocTpouts rpadvik 3aBUCUMOCTH CONPOTUBIIEHUS OT PACCTOSHHUS
Mexay 3Y u noreHnManbHeIM wIThipeM [12. Ecnu kpuBas MOHOTOHHO
BO3pPACTAET U UMEET B CPEIAHEN YACTU JTOCTATOYHO F'OPU3OHTAJIBHBIA yda-
ctok (mpu paccrosiHugx 40 u 60 % pa3HHIla 3HAYEHUN CONMPOTUBIICHUS
Menble 10 %), To 3a HICTUHHOE NPUHUMAETCS 3HAYEHUE COMPOTUBIICHUS
npu pacctossHuu 50 %. B mpoTUBHOM cilyyae Bce€ pacCTOAHUSA 10 WITHIPEN
HEO0O0XO0JIMMO yBEJIWYUTh B 1,5—2 pa3a uiau M3MEHUTHh HANpaBJICHHE YyCTa-
HOBKM IITHIPEN IJI1 YMEHBIICHUS BIUSHHS HAA3E€MHBIX WIHM MOJ3EMHBIX
KOMMYHUKALIUH.

CxeMa il onpeesieHus] YIEIbHOTO CONPOTUBIIEHUS TPYHTa C IO-
Mmoo mpuoopa MC-10 nokazana Ha puc. 3.3.

NC-10

M o m n2 T
J 1 L

d d d
<4 d B d >

Puc. 3.3. Cxema 11 onpeneneHus y1eiabHOro
COIIPOTHUBJICHUS TPYHTA

3HauYE€HHE YJEIBbHOTO CONPOTUBIICHHS] TPyHTa PACCUUTHIBAECTCS IO
METOAMKE u3MepeHus BepHepa. Jta MeToauKa npeanojgaraeT paBHble pac-
CTOSIHUSL MEXIY AJIEKTpoAaMH d, KOTOpbIE CIEAyeT NPUHUMATh HE MEHEe
4yeM B 5 pa3 Oosibliie ri1yOuHbI OTPY>KEHUS IITHIPEH.
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N3MmepuTenbHbIe IITHIPY YCTAHABIMBAKOT B TPYHT MO NPSIMOM JIMHUH,
4yepe3 paBHBIE PACCTOSHUSA d W COEAUHSIOT C U3MEPUTENbHBIMU THE3/1aMU
T1, IT1, 12 u T2, BeIOpaB pe:KUM YETHIPEXIIPOBOJHOTO METOA U3MEPECHHSL.
3areM HE0OXOJMMO HaXaTb KHONKY «RxX», cumTaTh moka3aHMsl 3HAUECHHUS
CONPOTUBIIEHUS R.

VY nenbHOE CONMPOTHUBIIEHUE TPYHTA pacCUUTHIBAETCS 1O (popmyiie
Pyp=2-71-d-Rp. (3.3)
OnucaHue nabopaTopHOU yCTaHOBKU

JIabopaTopHast paboTa BBIOJHSETCS Ha cTeHae « Mukporpoueccop-
HbIE U3MEPUTEIHN CONPOTUBIEHUI» (puc. 3.4).
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Puc. 3.4. Buemnuii Bun 1abopaTOpHON YCTaHOBKH

B paGote ucnonbsiyercs criemyromiee 000py10BaHHE:

1. Usmeputens conpoTuBiaeHus neriu «daza-uynb» MOH-200.

2. U3mepurtens conporuBieHus 3azemiuenus MC-10.

Jleass wacTh cTeHJa TMpeaHa3HaueHa s paboThl ¢ MpPUOOpPOM
N®H-200, mox koTopeiM pacnojaraercs po3etka 220 B u nepexntouarens
«CeTpy», nMermui 5 no3unui. M3mMeHss NOo3UIUI0 EPEKITI0YATENS, MOXKHO
MOJIKJIFOYATh K PO3ETKE NETIIN «(a3za-HyJib» C pa3InYHbIMU [TapaMETPAMHU.

Bce nsnemenTsl cpegHelt m mpaBoM dacTel 1abOpaTOPHOTO CTEHAA
otHOcsTCA K ipudopy UC-10.
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Cetka, n3o0pakeHHasl Ha JIMIIEBOW MaHENIHW CTCHAA, MMUTUPYET BHU]
CBEpPXY Ha MECTHOCThb, UMEIONIEH TPYHT C Pa3HBIMH XapaKTEPHUCTHKAMHU.
Cerka mMmeeT Imar h, 3HAYCHUS KOTOPOrO IO BapHWaHTaM IPHUBEICHBI
B Ta0. 3.1. DTOT mar BIMOTHSAET (PYHKITUIO MaciiTada.

KiiemmbI, pacmonokeHHbIE B y37aX CETKH, MO3BOJSIOT MPOBOIWTH
U3MEPEHHUE COIMPOTHUBIICHHUS 3a3eMJICHUS M YACIBHOTO CONPOTHUBICHHS
TPYHTA B YETHIPEX HAMPABJICHUIX U UMHUTHUPYIOT TOYKH MOTPYKESHUS U3Me-
PHUTEIBHBIX MITHIPEH B 3EMITIO.

Tabauya 3.1
3HaveHHs Iara ceTKM PYHTA ¥ KOJHUYECTBO 3a3eMJIuTeei
Homep Bapuanra 1 2 3 4 5 6 7 8
h,m 3 4 5 6 7 8 9 |10
KoanuecTBo 3a1eliCTBOBAHHBIX
3a3eMJIMTeIeH 6 5 4 6 5 4 6 5

B 30H€ 3a3eMIIeHUSI UMUTUPYIOTCS 6 3a3€MIIUTEIIEN, KOTOPHIE MOXKHO
MOJKJIIOYATh K 00IIeMY KOHTYpPY C MOMOIIBIO MPOBOJIOB-TIEPEMBIUEK, 00-
pasyroIuX HapyXHYo netiio. [Ipu o6xBaTe NpucoeTMHEHHOHN MTePEMBbIUKU
3a3€MJIMTEIIs] TOKOBBIMU KJIELIAMU OCYILECTBIIIETCA U3MEPEHUE TOKA, IPO-
TEKAOLIEro 4epe3 HTOT 3a3eMIINTENb. ECau nepeMbluKy OTCOEAUHUTH, TO
COOTBETCTBYIOIIUI 3a3€MIIUTEIb OYJIE€T OTKJIIOYEH OT OOLIEr0 KOHTYypa 3a-
3emsieHHUs. TpedyemMoe KOJIMYECTBO 3a3eMIIUTENCH, MOAKII0UYaeMbIX K 00-
eMy KOHTYpY, 110 BapuaHTaM JIaHo B Taou. 3.1.

[TonkiroueHue u3MEpPUTEIHHBIX IPOBOIOB MPHOOPa K KJIEeMMaM B 30HE
3a3€MJICHUS] DKBUBAJICHTHO X COECIMHEHUIO C 3a3EMIIUTEIISAMH.

I'Iop;mox BbIMNOJIHEHUA pa6OTbI

Paboma ¢ npubopom UDH-200

1. YcranoBute nepexitodarenb «CeTb» B monoxeHue «0y.

2. YOeautech, 4TO U3MepuTeNbHbIe 1ynsl mpudopa MDOH-200 Bkito-
YEHBI B PO3ETKY, PACIIOJIararollyocs 1MoJi HUM.

3. Bxirounte crena u npudop MOH-200. Ecnu Ha aucriiee mosiBu-
JIOCh M300pakeHUE 3apsIKU aKKyMyJIsiTopa WIM MPUOOp HE BKIIIOYAETCH,
TO Mo30BUTE MpemnojaaTess. Buumanue! He nomyckaercs pabota ¢ npu-
OOpOM BO BpeMsi 3apsiIKU aKKymyJisiTopa!

4. KpaTKOBPEMEHHO HaKMHUTE KHOIKY «RX» W JOXKIUTECh OKOHYA-
HUSI U3MEPECHUN.
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5. Haxumas kHonky «Jlucn/MeHro», 3alUIINTE BCE UMEIOIINECS T10-
Ka3aHHUs.

6. [ToBTopute . 4—5 1Jis BCcex NMONOKEHUN niepekiroyaTens «CeTby.

7. IIpoaHanu3upynTe W3MEPEHHBIC BEJIWYHMHBI U CIECIANTE BBIBOABI O
KaueCTBE AJIEKTPONPOBOIKH, a TAKKE O BO3MOKHBIX HEUCIIPABHOCTSIX B CETH.

8. Ilo 3Ha4YeHUAM IMOJYYEHHBIX TOKOB KOPOTKOI'O 3aMBIKaHUS OINpe-
JENUTE, U1 KAKUX BAPUAHTOB CETH MOAXOJUT aBTOMATUYECKUM BBIKIIOYA-
TE€Jb, UMEIOIINIACS B 1abopaTOpHOM cTeHe. JlJis 3TOTr0O BBHIMUIINTE JaHHBIE
C JIMLIEBOM ITAHENH BBIKIJIFOYATENS U HAUJIUTE €TO CIIPABOYHBIC TAHHBIC.

9. BoiiauTe B MeHI0 Tpubopa, HaxkaB KHONIKY «Jlucr/MeHro» u yaep-
’KHBas ee He meHee 1,5 c.

10. C nomoripto KHOTIOK « A » U « ¥ » BeiOepuTe paznensl «llaMsaTe» u
«IIpocMoTp». Belnuiure nokazaHus U3 ABYX IPOU3BOJIBHBIX sSYeeK. Bolii-
JINTE U3 MEHIO, HaXkaB «Rx».

11. Otxmrounte mpubop MDH-200 kHOTIKOM TUTAHUS.

Paboma ¢ npubopom UC-10

1. B cooTBercTBUM ¢ BapuaHTOM 3aJaHus ¥ Tabna. 3.1 ¢ mMOMOIIbIO
MPOBOJOB-TIEPEMBIYEK 00€CTeUbTEe MOJIKIIOYEHNE HEOOXOIUMOI0 KOIuye-
CTBa 3a3eMJIUTENEH K 001IEMY KOHTYPY 3a3€MJICHUSI.

2. 3Has 3HaYeHUE ImIara ceTku A (tabim. 3.1), ompeaenure 3HaAYCHHE
MaKCUMaJIbHOM JuaroHanu D 3a3eMISIIOIIETO yCTPOMCTBA (pacCTOSHUS
pacCUUTHIBANTE MEXKITY COOTBETCTBYIOIIMMU KIEMMaMH, UMUATHPYIOIIUMU
3a3€MJIUTENHN ).

3. BriOepute 0JIHO U3 YETHIPEX UMEIOIINXCS HAMPABICHUN IPYHTA.

4. Coenunaute Bxoanl T1 u II1 mpubopa NUC-10 ¢ 3aneiicTBoBaH-
HBIM 3a3eMJIUTENIEM, OJIMAKAUIIMM K BRIOPAHHOMY HalpaBJICHUIO.

5. PaccumuTaiite paccTosiHue OT BBIOPAHHOTO 3a3€MIIMTENS O CaMOM
JTaJbHEW TOYKU MOTPYKEHUSI U3MEPUTENbHBIX IITHIPEN B BHIOPAHHOM Ha-
npaBjieHUU. Y OeAUTECh, YTO 3TO PACCTOSIHME cocTaBiseT Oosiee 3D u He
MeHee 40 M OT 3a3eMIISIFOLLETO YCTPOKCTRA.

6. Paccunraiite paccTosHEE OT BBIOPAHHOTO 3a3eMIIUTENS 110 Oiu-
XKaWIed TOYKU TOTPYKEHUS] U3MEPUTENbHBIX IITHIPE B BHIOPAHHOM Ha-
npaBjieHUU. Y O0euTeCh, YTO ATO PACCTOSIHUE cocTaBisieT Oonee 1,50 u He
MeHee 20 M OT 3a3eMIISIFOLLETO YCTPOKCTBA.

7. I3ameputenpHBINA TPOBOA OT THE3a T2 mprdopa COSTUHUTE ¢ CaMOi
JaJTbHEH OT 30HBI 3a3eMJICHUS KJIEMMOM TpyHTa B BBIOPAaHHOM HaIlpPaBIICHUN
(4TO COOTBETCTBYET MOTPYKEHUIO H3MEPUTEIILHOTO IITHIPS B TPYHT).
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8. M3mepurenbHbli poBoJl OT THe3a 112 mpubopa coequnure ¢ Oam-
XKaWIIell K 30HE 3a3€MJICHUS KJIEMMOU IpyHTa B BBIOPAHHOM HampaBJICHUU
(4TO COOTBETCTBYET MOIPYKEHUIO U3MEPUTEIILHOTO ITHIPS B TPYHT).

9. Bxmtouute ipudop MC-10 kHONKOM MUTaHUS.

10. Haxxumass kHOnKy «Pexum», MOIyduTe B JIEBOM HIDKHEM YTIIY
nuciuiess cuMBOJT «411», 4TO COOTBETCTBYET YETHIPEXIIPOBOJHOMY METOIY
U3MEPEHUS.

11. KpaTtkoBpeMeHHO Ha)XMUTE KHONKY «RX» W 3anmummTe 3Ha4YeHUE
CONPOTHUBJICHUS.

12. TlepecraBnsiss nmoTeHIManbHbIN WTHIPS [12, npoBenuTe n3mepenue
COMPOTHUBIICHUH 10 BCEM KJIEMMaM T'PyHTa B BHIOPAHHOM HAIpPaBJICHHUH.

13. IloBropute m. 3—12 gy OCTalbHBIX YYaCTKOB T'pPyHTa B TpexX
UMEIOIIMNXCS HAMPABIICHUSIX.

14. [Io meToauke, pacCCMOTPEHHOM B TEOPETHYECKOM YacTH, C IIO-
CTPOEHHUEM HEOOXOIUMBIX IpaMKOB JJIsl KAKJIOTO U3 YEThIPEX Halpasiie-
HAW TPYHTA PACCUUTAUTE CONPOTHUBJICHHUE 3a3€MJICHUS MJIM CHCIAWUTE BbI-
BOJIbl O HEBO3MOXHOCTH €0 pacuera B CBS3M C BIUSHUEM BHEUIHUX (hak-
TOPOB (TPYOOIPOBO/IbI, KAOEIbHBIC TUHUU U T. 11.).

15. Caenaitte 3aKIOUEHUE O KAYECTBE 3a3€EMJIEHUS IS BJIEKTPOYCTa-
HOBOK HIke 1 kKB B cooTBeTcTBUU ¢ TpeboBanusimu TKII-339.

16. Boligute B MeHI0 npubopa, HaxaB KHOIKY «MeHIo», 1 BbIOepuTe
paszensl «llamsare», a 3arem «lIpocMmoTp». Beimuimure copepkumMoe He-
CKOJIBKHX SYEEK MaMATH. BeIiiauTe u3 MeHIo.

17. YcTanoBuTe BCE 4YETHIpE dJEKTpoAa Mpubopa IJs HU3MEpPEHUs
YAEIBHOTO CONMPOTUBJIEHUS I'PYHTA B HAIMPABJICHUHU, YKA3aHHOM IPEIO/ia-
BaresneM, cooroaas MeXy HUIMHU TpeOyeMble pacCTOSTHUA (CM. TEOpEeTHYe-
CKYIO 4acTh).

18. [IpoBenuTe U3MEpPEHHUE YAEIBHOIO COIPOTUBIICHUS TPYHTA 110 Me-
TOJAMKE, PACCMOTPEHHOM B TEOPETHYECKON YacTH, BOCIOJIb30BABIIKCH
dbopmynoii (3.2).

19. [loBTOpHTE M3MEPEHUE YAEIBHOTO CONPOTUBIICHHS TPYHTA B aB-
TOMAaTHYECKOM pexume. st 3Toro ¢ nmomouipto KHONku «Pexum» BbIOe-
pute pexxum «Ryma» u BoauTe B MEHI0, Ha3KaB KHOTMIKY «MeHio». Bridepu-
T€ pasnen «YCT. paccT.» ¥ KHoNKaMu « A» U « ¥ ycTaHOBUTE TpeOyemoe
paccrosinue Mexay anekrpogamu. [loaTBepaute BbIOOp U BBIMIUTE U3 Me-
HIO C TTIOMOIIBIO KHONKK «Rx». [IpoBennTe n3amMepeHne u CpaBHUTE pe3yJib-
TaT C Pe3yJbTaTOM, MOJYYEHHBIM B 1. 18.

20. Ompenenure TUII TPYHTA, BOCIIOIB30BaBIINCH | [puoxenuem 2.

21. Knonkoii «Pexxum» BEIOEPUTE PEXKUM «MAY.
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22. OTcoeaHUTE U3MEpPUTEIbHBIE MPOBOAA MPUOOPA OT CXEMBI U MO-
JI0KUTE UX TaK, YTOOBI MEXAY HUMHU HE ObLIO KOPOTKOTO 3aMbIKaHMUSI.

23. [logcoequHUTE TOKOBBIEC KJIEIIA K OJHOMY M3 3aJI€MICTBOBAHHBIX
3a3€MJIUTEIICH.

24. Haxxmute U yaepKuBaTe KHOMKY «RX», TOKa Ha IUCIUIEE HE MOs-
BUTCSI pE3YJIbTAT U3MEPECHHUSI.

25. 3mepbTe 3HA4€HHUS] TOKOB BO BCEX 3aJ€HCTBOBAHHBIX 3a3€MJIUTE-
nsx. Buumanme! ITocnie paboThl ¢ kienamu st 6€30macHOCTH pudopa
HE0OXoauMO JTMOO TIEPEUTH B PEKUM H3MEPEHUS COMPOTUBIICHUS, JTHUOO
BBIKJTIOUHUTH MPUOOP.

26. Otkmounte nmpudop MC-10 kHOMKOM mUTaHUS.

27. IlpunsB cymmapssiil Tok 3a 100 %, paccunTaiiTe mpoIEHTHOE pac-
npejesieHne TOKOB B 3azemunTensx. Chenaiite BBIBOJIBI O COCTOSIHUM 3a-
3EMJIMTEIIEH.

28. OTKIIOYNTE CTEH]I.

CopepxaHue oTyeTa

I{enms pabOTHI, KOMMEHTAPHUH K X0y PaOOTHI, CXeMbI H3MEPEHUH, pe-
3yJbTaThl U3MEPEHUM, TpadrKH, TOAPOOHBIC BHIBOIBI TIO KAXKIOMY PE3YIh-
TaTy U3MEPEHUM.

KoHTponbHble BONpoChHI

1. Haznauenue u npuHuun padbotel npudopa MOH-200.
2. BeiBog Belpaxkenuit uist R, u X, u3 (3.1).

3. OyHKIMOHABHBIE BO3MOXKHOCTH Tiprbopa MDH-200.

4. Haznauenue u npuHIiun padbotsl mpudopa MC-10.

5. Meroanka u3MepeHusi COMPOTUBIICHUS 3a3€MJICHUSI YEThIPEXIIPO-
BOJITHBIM METOJIOM € oMokt pudopa MC-10.

6. MeTtoiuka MU3MEpPEHUSI YJEIbHOTO CONMPOTUBICHUS TPYHTA C IO-
Moo mpuodopa UC-10.

7. ®yHKIIMOHANIbHBIE BO3MOXHOCTU npudopa NUC-10.
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JlabopamopHasi paboma Ne 4

U3MEPUTEJIbHbIE OPIrAHbl HAMNPABJNEHUA
MOLLIHOCTHU

Llenv pabomvi: N3y4UTh METOABI ONPEIECICHUS HAIpaBICHUS MOLUI-
HOCTU B DJIEKTPUYECKUX CETSIX U MPUHIUIBI (QYHKIMOHUPOBAHUS DJICK-
TPOHHBIX H3MEPUTEIIBHBIX OPTaHOB, PEANTU3YIOIIMNX 3TH METO/BI.

KpaTkue TeopeTuyeckme cBegeHus

KoHTposib HanmpaBieHUs: MOIIHOCTH B 3JIEKTPUUECKUX CETSAX — BaX-
Has COCTAaBJIAIOLIAA CUCTEM PEJCHHOMN 3alUThl, aBTOMATUKH U y4YE€Ta JJICK-
Tpo3Hepruu. M3mepurenpHbple Oprasbl, pearupyomnue Ha 3HaK 3TOW MOII-
HOCTH, MOTYT OBITh pEaJM30BaHbl KaK amnmaparHo, TaK M MPOrPaMMHO.
B 06oux ciayyasx ux OpUHLUIBI PYHKIIMOHUPOBAHUS OJIMHAKOBBI.

N3mepurenbHblii opran Hanpasjgenusi MomHocT (MOHM) — sto
cxema, pearupyromas Ha (a3oBbI CABUT (@ MEXKIY HANPSKEHUEM U,

M TOKOM [, KOTOpbIC MOJAIOTCS Ha ero BxoaHele uemu. Hampasiaenue
MOIIHOCTH CpabaTblBaHus pene S, 3aBUCHT OT 3TOro (h)asoBOro CABHIa.

YpaBHeHHE cpabaThIBaHMs PEle UMEET BUI:
sign[Sp ] = sign[Uplpcos((p + oc)] = sign[UpIpcos(((pU —@ )+ OL)], (4.1)

/i€ sign — 3HaK BBIPAKEHHUSI; 0L — yroJ BHyTpeHHero casura B MOHM.

N3 (4.1) cnenyer, uto npu o =0° MOHM cpabarbiBaeT mpu 1moJio-
YKUTEIIbHOM HaIPaBJICHUU aKTUBHOW MOIIHOCTH.

Haubonee pacnpoctpanennas oodsnacts npumenenuss MOHM — Toxko-
BbIC HAIpPaBJIEHHbIC 3alIUThl. KOHTPOJIb 3HaKa MOUIHOCTH OCYLIECTBIISIET-
cs, KaK NIpaBWJIO, MO TaK HAa3bIBAEMOW «IEBAHOCTOIPATyCHOI» CXeMe
BKJIFOUEHUSI, KaK MMOKa3aHo Ha puc. 4.1.

——H
UL2,L3

Kw —l_>
I, x4 _|—> AND OTtkiroueHue

Puc. 4.1. CtpykrypHasi cxeMa HalpaBJIEHHONW TOKOBOM 3aIlIUTBHI:
KW — n3mepuTenbHblil Oprad HalpaBJIeHUsI MOLTHOCTH;
KA — u3mepuTenbHblil opral Toka; AND — norudeckuid s5eMeHT «
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NOHM B HanpaBJIeHHON TOKOBOM 3allIUTE BBIMIOJHIET (DYHKIIUIO pa3-
pEelIaroIero eMeHTa. ECM MOIIHOCTh HampaBji€Ha OT MCTOYHHMKA K Ha-
rpy3ke, To Ha Beixoge MOHM KW nossnsieTcs Jiorudeckas €JuHuIa, U cpa-
OaThIBaHME TOKOBOM 3aIIIUTHI pa3pelIaeTcs yepes JJorudeckuit anemeHt AND.
B npotuBHOM citydae Ha Bbixoae KW mosiIBUTCS JTOTMUECKUAN HOJb, U cpada-
ThIBAHME TOKOBOW 3alllUTHI OYyJET 3ampenieHo (mpoaymaiite, Kak padoTaeT
cxema Ha puc. 4.1).

Tak kak MIOHM pearupyet Ha (Ha30BbIil CABUT MEXAY HaNPSKEHUEM
Y TOKOM, TO 3Ta PEAKUHUs 3aBUCUT OT HANPABIICHUS aKTUBHOM U PEAKTUB-
HOUM MOITHOCTEN B KOHTPOJIMPYEMOU JIMHUM IeKTponepeaauu (puc. 4.2).

S 0° e
o — O —»
H Ii Afu |—| I——
[Ll‘\\ /’[1,1
+90° \x IU!,2,L3 -90°

|—|:|—— ~180° I——D*

Puc. 4.2. JlnarpamMa HanpaBJI€HU MOITHOCTH B 3aBUCUMOCTH
oT (ha3el TOKA IS JEBSIHOCTOTPALy CHOM CXEMbI BKIIFOUCHUS

AKTHBHasT MOIIHOCTh TMOJIOKHUTEJIbHA (HAIpaBlieHa OT MCTOYHHUKA
K Harpyske), korga (aza KOHTPOJIUPYEMOTO TOKa HaXOIUTCSA B Mpeenax
ot —90° no +90° (mpoaymaiite, mouemy).

Yrnosyto nuarpammy MOHM ctposiT He /st aOCOTIOTHBIX 3HAYEHUM
¢a3 Toka, kak Ha puc. 4.2, a 11t pa3HOCTH (a3 MeXAY HAMPSIKEHUEM U TO-
KOM @ =@, —@,. IloaToMy HampaBieHue orcyera yrioB yJnoOHee H3Me-

HUTbH Ha MIPOTUBOIOJIOXKHOE, T. €. 10 YaCOBOU cTpenke (puc. 4.3).
¥Yros1 MaKCMMAJILHOI YYBCTBUTEJIBHOCTH ¢, , SIBISETCA yCTaBKOU

NOHM. DtoT yron nenut 30Hy cpabaTeiBaHus momnosiaM. J1jis neBsHocTorpa-
JYCHOM CXEMBbl BKJIIOUEHMs 3HAYeHue ¢, ., cocrasBisier or —30° mo —60°,

9TO HEOOXOAMMO JUIs yueTa (Da30BBIX CIABUTOB HANPSHKECHWHA TP KOPOTKUX
3aMBIKAHUSX U JUISI COTJIACOBAHUS JCUCTBUS COCETHUX 3AILIUT.
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Puc. 4.3. YrnoBas quarpaMMa u3MEpUTENBHOIO OpraHa
HaIpaBJIEHUs] MOLUTHOCTHU

N3 (4.1) caenyer, uto BHyTpeHHUi (azoBwiil cipur MOHM nnsa ne-
BSIHOCTOI'PalyCHOM CXEMbI PaBEH:

o=-90°-q,,- (4.2)

Jlist mpenoTBpatenus npedesra Ha rpanuie nepexinodeHus MOHM
MMEET pa3sHble 3HAYCHWs YIJIOB cCpabaTbiBaHMsA (@, W BO3Bpara o,

(cm. puc. 4.3). CooTBeTCTBEHHO, KO3(PUIIMEHT BO3BpaTa OyAET paBeH:

K, =2 (4.3)

T,

[TporpaMMHOe OOEcIeueHIE MHKPOIPOIIECCOPHBIX pele, pean3yro-
mee ¢yakiun MOHM, ocyiecTBisier cpaBHEHHE 3HAKOB ITOJTYBOJIH H3Me-
pAEMBIX HampspKeHUS U Toka (puc. 4.4). [Ipu 3ToOM MONOKUTETHHBINA 3HAK CO-
OTBETCTBYET JIOTUMECKOW €IMHMIIC, & OTPUIATEILHBIN 3HAK — JIOTHYECKOMY
HYJIIO (BTOpOii rpaduk Ha puc. 4.4). Ecinu 3Haku KOHTPOJIUPYEMBIX CUTHAJIOB
COBIMAJIAlOT, TO BBIpAOATHIBACTCS JIOTUYCCKUN HOJb, B TIPOTUBHOM CIydae —
JoryyecKas €IUHUIA, U JJIMTENbHOCTh €€ HaOMoAeHUs f, . HpONOpLHUO-

HasbHa a3oBOMY CABUTY ¢ (TpeTuii rpaduk Ha puc. 4.4).
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Puc. 4.4. I'paduxu, orobpaxaromiye padboTy IporpaMMHOMN 4acTu

HU3MCPUTCIIBHOT'O OpraHa HaIIPaBJICHUA MOIIHOCTH

ITocne OIPCACIICHUA 3HAYCHUA yIJla (P IIPOTrPaMMHOC oOecrieycHue

MOHM BbINONMHAET pacyeT 3HaKa MOUIHOCTH 1o gopmyiam (4.1) u (4.2),
a TaK)Ke pean3yeT 30Hy NEPEKIIOUEHNS B COOTBETCTBUH C TPEOYEMBIM KO-
sadunrerTom Bo3Bpara o dopmyie (4.3).

OnucaHue nabopaTopHOU yCTaHOBKU

JlutieBas maHenb JJabOpaTOPHOTO CTEH A ITOKa3aHa Ha puc. 4.5.

JlaGoparopHad pabora "H3MepHTenbHble OpraHbl HAPABICHHA MOLIHOCTH

@ 158

| @150

| &b
.

) ‘wdv!-nu.‘--’;ﬂﬂ\w‘-lﬂli

017

Puc. 4.5. Buemnunii Buj 1abopaTOpHOTO CTEHIA

B neBoit yactu cTeHaa pacnosoKeH AIEKTPOHHBIN (a3operymsTop, re-
HEPUPYIOLIMI JiBa HANPSHKEHUSI CUHycouaanbHoi ¢popmel U, u U, ¢ amIu-

Tynoit okoso 3,5 B. 3nauenue (as3pl Kaxa0ro U3 3TUX HAMPSHKEHUNA MOKHO
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M3MEHATh HAa BCEM YIJIOBOM AMANA30HE C IIAroM *2° ¢ MOMOIIBIK) KHOIOK
«Daza+» u «Paza—» 1 HAOMIOAATH ATH 3HAYCHUS Ha auciuiee. [Ipu HaxxaTun
Ha KHONKY «PeXum» Ha TUCIIee BO3MOXKHO OTOOPaKEHHE JBYX HAJITUCEH.
[lepBast Haamuch «daza HANIPSHKEHUS COOTBETCTBYET U3MEHEHHIO (ha3bl Ha-
npsbkeHuss U, yCIOBHO NPONOPLIMOHAIBHOIO HANPSHKEHUIO B JIMHUU DJICK-

tponiepeaauu (JISII). Bropas Hanmuck «®a3za Toka» COOTBETCTBYET U3MEHE-
HUIO (ha3bl HanpspkeHus U, , YCIIOBHO MPONOpLHOHAIEHOTo ToKy B JIDIL.

B BepxHelt 4yacTu creHja H300pa)keH (parMeHT CXEMBbI 3JIEKTPO-
cHaOXXeHUsS B BUJIE Tpex(da3zHOl TPeXImpoBOIHON BbICOKOBOJBbTHOU JIOII,
C MPOTHUBOMOJIOKHBIX KOHIIOB KOTOPOM pacrojararTcsi BHICOKOBOJbTHBIE
BeIKIt0YaTeny. da3pl HanpsxeHuid o6o3Havensl L, L,, L,.

BHyTpu mepBOro BBIKJIFOYATEINST PACIIONOKEHBI 4 CBETONMOJA, YKa-
3bIBAIOILIME HAIPABICHUSI aKTUBHOM P u peaktuBHOM () MowmHOCcTH. [lo-

JIOKUTEIBHBIM CUMTACTCS HAMpaBJICHUE OT IIKH NoacTaHuu B JIOII.
Hampsokenne U,, reHepupyeMoe (Hha30peryiasiTopoM, MPONOPIHO-

HAJIbHO JINHEHHOMY HaNpsDKEHWIO Mexay (aszamu L, u L;, U yCIOBHO

dbopmupyeTcs yepe3 U3MEpUTENbHbIN TpaHchopmaTop HampsikeHus 1V
Y U3MEPUTEIbHBIN TPeo0pa3oBaTellb «HANPSKEHUE — HAPSHKEHUEY.
Hanpsoxenne U,, rerepupyemoe (azoperyiasiTopoM, MNpONOpLHO-

HaJIBHO JINHEWHOMY TOKY (ha3bl L;, ¥ YCIOBHO (pOpMHUPYETCS Yepe3 U3Me-

pUTEIBHBIN TpaHchopMaTop ToKa 74 M U3MEPUTEIbHBIN MPeoOpa3oBaTENb
«TOK—HAaIMPSKEHUEY.

Taxkum oOpa3oMm, B 1a00PATOPHOM CTEHJIE UMUTHUPYETCS AEBSIHOCTO-
rpaaycHas cxema nojkiroueHuss MOHM (cMm. TeopeTH4ecKyro 4acTh).

B HmkHel yacTu cTeHa pacnoioKeHbl THe3a U 0003HAUYCHUS DJICK-
TPOHHBIX AJIEMEHTOB JJI COOPKHU CXeMbl, UMUTHpYIoIIe padboty NOHM.
OTa cxema npuBeieHa Ha puc. 4.6.

Cxema paboTaer clie1yromnmm oopa3om.

Hanpsokenne U, nogaercs Ha ¢ga3zocasuraromyto nuens R, C,, pea-
JAU3YIOIIYI0 BHyTpeHHHH (pa3oBbii casur MOHM a. 3HadeHue R, MOXHO
VU3MEHSTh BPYYHYIO C MOMOIIBIO PETyJIsATOPA, BBIBEICHHOTO HA JIULIEBYIO
MaHEJIb CTEHAA.

C BbIxoaa a30cABUTAIOLIEH 1M HAMPSHKEHHUE MOCTYIAET Ha MEePBbIif
BXOJl KOMIIApaTopa, pealM30BAHHOIO Ha OIEpalMOHHOM ycwimtene DA,.
Bropoii BX0J KoMmapaTopa MOJKIIOUEH K 00IeMy mpoBoay. Takum obOpa-
30M, MEPEKITIOYEHNE KOMIIAPATOPa NPOUCXOIUT ITPHU MEPEXOAE BXOHOTO Ha-
npspkeHust yepe3 0 B, u kommapaTtop BbIIOTHSAET QYHKIUIO (POPMUPOBATES
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IPSIMOYTOJIBHBIX UMITYJIbCOB (CM. BTOpOM rpaduk Ha puc. 4.4). Komnapatop
Ha OINEPALMOHHOM ycuiutene DA, BBINOIHSIET Ty K€ (PYHKLMIO JUIsl Harpsi-

xenus U,.

C BeixonoB DA, u DA, npsAMOYrojbHBIE UMITYJIbCBI ITOAAIOTCA HA
CXEMy CpaBHEHUs, coOpaHHYI0 Ha nuonax VD,—VD,, peauctopax R,—R
U KOMIIapaTope Ha OCHOBE omnepanuoHHoro ycunurens DA,. Cxema cpas-
HEHUS pabOTaeT CIeAYIOUUM 00pa3oM.

Puc. 4.6. Cxema, umutupytomas paboTy U3MEpUTEILHOTO OpraHa
HaIpaBJICHUs] MOILIHOCTH

Ecnu 3Haku HanpsbkeHud ¢ BbIXOaoB DA, u DA, coBnaaarot, TO Bce
muonsl VD,—VD, OTKpBITBL, U 4€pe3 HUX MPOTEKAET TOK IO LEIU: IUTAHUE
+15 B, R,, auonel, Ry, nuranue —15 B. B pe3yabrare moa0XUTEIbHBIN

IIOTCHIMAJI HAIIPsAXKCHUS (bOpMI/IpyeTCH Ha aHoOJdax JUOJ0B, M Ha BBbIXO-
qace DA3 MOABJIACTCA OTPHUIATCIIBHOC HAIIPAKCHUC.
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Ecnu e 3Haky HanpspKeHUH ¢ BRIXON0B DA, nu DA, He cOBIAAAIoT,
TOo nuonel VD,—VD, HaunHaioT paboTaTh Kak AMOAHBIA MOCT, HOJIOXKH-

TEJIbHBIN MOTEHIIUAN HaNpsHKeHUsT GOpMHUpPYETCsS Ha MX KaToJax, U Ha BbI-
xone DA, nosBisercs NMOJI0KUTEIbHOE HanpsukeHue. CONpOTUBICHUS pe-

3UCTOPOB R,, R; M R, onpenensroT TpedyeMble 3HAUECHUS TOKA 4epe3 Ju-

OJIHBIA MOCT.
Takum oOpazoM, Ha Beixoae DA; 00pa3yroTcs NpsSMOYTOJbHbIE M-

MYJBCHI, JUTUTEIHHOCTh KOTOPBIX MPOIMOPIIMOHATbHA (ha30BOMY CIIBUTY MEXK-
Iy HanpsbDkeHHeM Ha KoHjeHcarope C; m HanpsbkeHueM U, (cM. TpeTuii

rpaduk Ha puc. 4.4). DT UMITYJILCHI 1ajie€ MOCTYIAIOT Ha UHTETPUPYIOITYIO
uens R, C,, BBIICISIONIYIO UX CpefHee 3HaueHue. [Ipu 3ToM HamnpsokeHue

Ha KoHjaeHcaTtope C, no Gpopme OJU3KO K TOCTOSTHHOMY HalpsiKEHUIO.

[Ipennocnenquum snemMenToM cxembl MOHM  sBisieTcst Tpurrep
HImuara, coOpanHblid Ha pe3uctopax Ry, Ry, R, U ONEpallMOHHOM yCH-

mutene DA,. Tpurrep IlImuara ompenenser 3HaueHue Kod(pduiueHrta

Bo3Bpara MOHM, dbopmupys 308y nepexmrodeHus (cMm. puc. 4.3). [lupuny
3TOM 30HBI MOKHO PETYJIHPOBATH BPYUHYIO C IIOMOUIBIO TEPEMEHHOIO pe-
3UCTOpa Ry.

[Tocnemnawnii snemenT MOHM — 9T0 37€KTPOHHBIN KITI0Y, COOpaHHBIMI
Ha Tpansucrope V7,, pesucropax R;,, R;, u auoune VD;. Harpyskoi

KIo4a sBisierca ceeroamon HL,. Cxema kirodya paboTaeT CielyroIuM
obopazom. Ecin Ha Beixone DA, NOSIBUTCS IOJIOKHUTEIBHOE HAIPSHKEHUE,
TO 4epe3 pe3ucTop R;; HAUHET MPOTEKaTh TOK 0a3bl TPAH3UCTOPA, U TPaH-
3UCTOp OTKpoercs. Toraa mouaer Tok depe3 nurtanue +15 B, cBeroguon,
pe3ucTop R;,, KOJUIEKTOP TPaH3UCTOPA, SMUTTEP TPAH3UCTOpPA M OOLIMIi
npoBos. IIpu 3Tom cBetoauon Oynet cetutbes. Ecnu sxe Ha Boixoge DA,
IIOSIBUTCS OTPULIATEIIBHOE HAMPSKEHUE, TO TpaH3UCTOp V1, 3akpoercs, U
ceeroauon HL, moracHer.

Cseuenune ceroguona L, coorBeTcTByeT cpabartsiBanuio NOHM,
a moracanue — Bo3spary MOHM.

[IuTanne Ha CTEH MOAAETCS YEPE3 Pa3beM, PACHOJIOKEHHBIN HA 3a/-
HEW TTaHEIH.

Ha 3agHeil maHnenu cTeHaa UMEKOTCS 3 MEpPEKIoYaTessi, M03BOJISIO-
1[M€ BKJIOYATh W BBIKJIIOYATh HANPSHKEHUS TUTaHus, paBHbie +15 B, —15 B
1 +5 B. Hanuuue >TUX HanpsHKEHUNM MOYKHO KOHTPOJIMPOBATH IO CBETO-
JIM0JIaM Ha JIMIIEBOW MMaHEeIn CTEH/IA.
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Buumanmne! Bo n3bexxanne BBIX0JIa U3 CTPOS DJICKTPOHHBIX KOMIIO-
HEHTOB TIpU COOpPKE M pa3bOpKe CXEMBbI HANPSKEHUS MMUTAHMS CTCHAA He-
00X0IMMO 00513aTEeIbHO OTKJII0YATh C MIOMOIIBIO MepeKrodaTesneid. Paznem
MUTaHUS HY>KHO MOJCOCANHUTH B Havasie paboThl, YOSAUBIIIUCH, YTO TIEpe-
KITFOYATeNId HaXOASATCS B TIOJIOKEHUN «OTKIIIOUEHO», U 3aT€M OTCOCTUHUTD
B KOHIIE PaOOTHI.

Buumanmue! Ilepen BKIIOUEHHMEM BCE CXEMbI JOJDKEH MPOBEPUTH
IIPETIO1aBaTellb.

Buumanue! Bo u30exaHue oOpbiBa COCAMHUTEIBHBIX MEPEMBIYECK
W3BJICKATh WX U3 THE3]T HYKHO, YACP>KUBas 32 KOPITyca IITHIPEH.

J111s1 mpoBeieHust paboThl HEOOXOAUM IBYXKaHAIBHBIN OcIiyuIorpad.

Bce u3Mepenus mpoBOASTCS OTHOCHUTEIBHO OOIIEro mpoBoja, 00o-

3HA4YCHHOI'O CUMBOJIaMH J— Ha CTCHIC.
I/I3M€pCHI/I$I OCYHICCTBJLAIOTCA ITYTEM IIOAKIHOYCHHA HN3MCPHUTCIBHBIX
ITPOBOJIOB ocuymﬂorpa(pa K ClICHUAJIbHBIM ITBIPbKAM C JKCCTKMMHU BbIBOJAMM.

nOpﬂﬂOK BbIMNOJIHEHUA pa6OTbI

Coopxa u nacmpotixa cxemovt HOHM

1. Cobepute cxemy MOHM (cm. puc. 4.6).
2. [logxmrounTte MepBBIA KaHA ocIuiuiorpada K TOYKE MOJKIIOYE-
Hus HanpsbkeHus U,, a BTOpON KaHaJl — K TOYKE MOAKIIOYEHMs HaIlpsiKe-

Husa U,.

3. Bxutounte nutanue crenna. [Ipu atoM Ha s3xpane (azoperynstopa
Ha HECKOJBKO CEKYH]I JIOJDKHA TMOSBUTHCS HAANUCh « TeXHUYECKU yHU-
BEPCUTETY.

4. Bxmounte ocmuiorpad u yoenurech, 9To 00a HAMPSIKEHUS HME-
10T CUHYCOUAAIbHYIO (hopMy U (a3oBsIit ciBur 0°.

5. lns UMHUTAIMU JAEBSHOCTOTPAAYCHOW CXEMBbI YCTaHOBUTE (hazy
Hanpsokenus —90°. Ilo ocimtorpaMmmam yoenurech, 4To (ha3oBbId CABUT
IPOU30LIET BEPHO.

6. 3anumnTe COCTOSHUSI CBETOJHMOJIOB, MOKA3bIBAIOIIMX HaMpaBiie-
HUs MoIIIHOCTEH. OOBSICHUTE TIOJTyYEHHbBIEC PE3YJIbTaThl B OTUETE.

7. st 3amanus BHyTpeHHero ¢azooro casura MOHM ycranoBute
PETYJATOp pe3ucTopa R, B IPOU3BOJIBHOE (HO HE KpailHee) MOJI0KEHHUE.

8. IlogknrounTe BTOpOM KaHan ocuuniorpada xk xkonaeHcaropy C.

3apucyiiTe NOJyYEHHbIE OCHMIIIOTpaMMbl. ONpenenTe 3HAYCHHE BHYT-
pennero ¢azoBoro casura MOHM o (mu1st otcraromiet Benmanabl o < 0).

33



9. M 3amanus kodddunuenta Bo3spata MOHM ycranoBute pery-
JSITOP PE3UCTOPA Ry B MPOU3BOIBHOE (HO HE KpailHee) IOJI0KEHHE.

Hccneoosanue yenosou xapaxmepucmuxu MOHM

10. [Ipu HemsmenHol (aze HampsokeHus, paBHON —90°, M3MeHsNTE
3HadeHue ¢aszpl Toka oT 0° mo 358° u ot 358° mo 0°. IIpu 3TOM 3amucCHI-
BaiiTe 3HaueHus (ha3bl TOKA, IPU KOTOPHIX MPOUCXOIWIIA CpabaThIBAaHUE U
Bo3BpaT MOHM. B 3T MOMEHTHI 3alMChIBATE TaK)KE HAMPABJICHUS BCEX
MOITHOCTEMN.

11. Paccunraiite pa3HocTd (a3 MexXay HaNpsHKEHUEM U TOKOM
¢ = @y — ¢, Ha rpanunax nepexmouenns MOHM.

12. B pe3ynbTaTe U3MEpEHUN JOJKHBI MOJTYUYUTHCS JIBA 3HAUEHUS YT-
JIOB cpabaThiBaHUS W JIBA 3HAYCHUS YIrJIoB Bo3Bpara. [lpubnumxenHo (0e3
WCIIOJIBb30BaHUsI TPAHCTIOPTUPA) 3aPUCYUTE B UEPHOBHUKE YETHIPE Jyda, CO-
OTBETCTBYIOIIME 3TUM yTiaM (cM. puc. 4.3). Haiinure 30Hy cpabaThiBaHuUs
u pazbeiite ee duccekTpucoit momnonam. [1o mpaBmiam reomeTpun paccyu-
TalTe 3HAYEHUE yIJia 3TOW OMCCEKTpUCHl oTHOcUTenbHO 0°. D10 U OyAeT
yroil MakcumanbHOM uyBcTBUTENbHOCTH MOHM. Ilokaxkute pe3ynbTaThbl
MpenoaBaTelo.

UccnepoBaHune koadhdpuymnenta sosspara UOHM

13. Paccunraiite ko3dgduimenT Bo3Bpara MOHM B cooTBeTcTBHM C
dbopmynotii (4.3) o pesynbpTaram 1. 11.
14. VI3MeHunTe Npou3BOIbHO 3HAUECHHE COIIPOTHUBIICHUSI pe3ucTopa R,.

15. IToBropure n. 10, 11, 13. Caenalite B oT4€TE€ BBIBOABI MO BJIMSI-
HUIO COIIPOTHUBIIEHUS R, Ha 3HaueHue ko3(duureHTa Bo3Bpara.

H3yuenue ocuyunnozpamm pavomoer HOHM

16. [lepexmounTte nepBblid KaHal ocUMIUIOrpada K TOUKE M3MEPEHUS
HaIpsDKEHYS Ha BBIXOJIE ONEPALIMOHHOIO yCUnuTens DA, .

17. Bropoii kanan ocuusuiorpada MOJKIIOYUTE K TOYKE HU3MEPEHUS
HaIpspKeHus Ha KoHueHcarope C,.

18. 3mensia 3HaueHue ¢gasbl TOKa, 3apuUCcCyiTe 3 BUIA OCHUIIOIPAMM:
npu ¢ =@, ,, Ha rpadune cpadateiBanusg MOHM u Ha rpanune Bo3Bpa-

ta NOHM. OObscHUTE B OTUETE MOJYYEHHBIE PE3yJbTAThl, UCXOJS W3
UMEIONIMXCS 3HAYCHHUM yTila MaKCUMaJIbHOW UYBCTBUTEIBHOCTH M KOA(-
¢duLreHTa Bo3Bpara.

19. OTkrounTe NUTAHUE CTEHA, Pa30EPUTE CXEMY.
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CopepxaHue oTyeTa

UYepTex uccreayeMoi CXeMbl, Ha3BaHUS OMBITOB, KOMMEHTAPHH K XOIY
paboThI, pe3ybTaThl H3MEPEHUN W PACUETOB, YIIIOBBIC JUATPAMMBI, OCIIAILIO-
rpaMMBbl, OOBSCHEHUS TIOJTYYCHHBIX PE3yJIbTATOB.

OcuumiorpaMmMbl U300pa3uTh Ha KieTdaTol Oymare ¢ yKa3zaHHUEeM
oceil 1 MaciITadoB.

KoHTpOonbHbIe BONPOCHI

1. Haznauenue u npumenenne MOHM.

2. Yrnosele quarpammbl MOHM.

3. Yron MmakCuMaJbHOW YyBCTBUTEIBHOCTH U €TO Pacyer.

4. BnusHue HanpaBJI€HHs] MOIHOCTEW B KOHTPOJIUPYEMOM JIMHUU HA
padory MOHM.

5. ITpuHIMI OEeUCTBUS CXEMBbI Ha puC. 4.6.

6. OcrusuiorpaMMbl pabOThI CXeMbI Ha puc. 4.6.

7. Haznauenue u mpuHUUIT pabOThl CXEMbl, U300pAKEHHOU B BEpX-
HEeH YacTH JIabopaTOpHOro CTEHAA.
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JlabopamopHasi paboma Ne 5

ONPEAEJIEHUA TUNMOB U MECT NOBPEXAEHUA
KABEJIbHbIX IMHUN SNEKTPONEPEOAYN
C NOMOLLbKO PE®JNIEKTOMETPA

Llenv pabomovl: MONYYNTHh HABBIKA JKCIUTyaTaliuu pediaekToMeTpa
PEUC-105M1.

KpaTkue TeopeTnyeckme ceBegeHus

PeduiekToMeTp — 3TO0 MUKPOIIPOIIECCOPHBIN MPUOOP, TTO3BOJISIFOIIUMA
ONPEAEIATh PACCTOSTHUE JO MECT IOBPEXKIACHUN U HEOJHOPOAHOCTEMN B JIU-
HUSX DJIEKTPOIEpPEAaun, a TAKKE XapaKTep ITUX MOBPEKIACHUN U HEOTHO-
POIHOCTEN.

[Ipunuun paboTel pedieKToMeTpa OCHOBAH HAa TF€HEpallld B KUY
Ka0eJsi KOPOTKOTO 30HMPYIOUIEr0 UMITYJIbCA HAIMPSKEHUS U MPUEME UM-
MyJibCa, OTPAXKEHHOTO0 OT MecTa MOBpexIeHus (3QeKT nanaronie u oT-
pPaXXEHHOM BOJIHBI B JIMHUSX C paclpeAesieHHbIMU napamerpamu). [Ipudop
OIpenenseT paccTosiHue L, 10 NMOBPEXKACHMS 10 MHTEPBAIY BPEMEHH [,

MEXIy 30HIUPYIOLIMM U OTPAKEHHBIM UMITYJIbCaMHU 110 (hopmyIie

¢, c
L=ty f (5.1)

rae V' — cKopocTh paclpoCTpaHEHUs BOJHBI B IUHUH; ¢ — CKOPOCTh CBETA;
Y — KO3GUIIMEHT YKOPOYEHUsS; € — OTHOCHUTENbHAsl AMAJIEKTpUUYecKas

IIPOHUIIAEMOCTb.
Ko3¢duumeHnT ykopodeHusi Y TOKa3bIBAET, BO CKOJBKO pa3 CKO-

POCTh PacCIpOCTPAHEHHUSI UMITYJIbca B JTUHUW MEHBIIIE CKOPOCTH €ro pac-
IPOCTPAHEHUS B BO3TyXE.

TouHOCTH OmpeneneHus: PacCTOSIHUS 0 MeCTa MOBPEXKIACHUS 3aBH-
CHUT OT BBIOpaHHOTO 3HaYeHUs KO3(PPUIIUEHTA YKOPOUCHHUS.

JIJ1s1 HEKOTOPBIX TUIIOB KaOenel 3HaueHue koddduimenta ykopoye-
HUS U3BECTHO. [Ipu OTCYTCTBHM 3THX JAHHBIX €70 MOXKHO ONPEAEIUTh IKC-
NEePUMEHTAILHO, €CJIU U3BECTHA JTMHA Ka0es.

OTtpakeHHBI UMITYJIbC TIOSIBIISIETCSA B T€X MECTaX JIMHHH, T/I€ BOJHO-
BO€ COIPOTHUBIICHUE OTKJIOHSETCS OT CBOErO CPEIHEro 3HAueHUs: y My(QT,
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y MECT W3MEHEHMS CEUEHHUs, Y MECT CKaTus Kaless, B MeCTe YTEUKH,
B MecCTe O0pbhIBa, B MECTE KOPOTKOT'O 3aMbIKaHHUSI, B KOHIIE KaOesi U JIPYyTHX.

B Mecrax monkitoueHusi mpubopa Takke BOZHUKAIOT OTPAXKEHUS OT
BBIXOJTHOTO COIPOTHUBJICHHS F€HEpATOpa 30HAUPYIOIINX UMITYJIbCOB, €CIU
OHO HE PABHO CPEAHEMY BOJHOBOMY COIPOTHUBJICHHIO JUHHHU. [loaTOMy
Omepanus COrjJacOBaHUS BBIXOJIHOTO COMPOTUBIICHUS T€HEPATOPA C BOJIHO-
BBIM COINPOTUBIICHUEM JIMHUM JIOJKHA TPOBOJUTHCS 00S13aTEIBHO.

3aTyxaHH€ 30HIUPYIOMIAX UMITYJIbCOB B JUHUU CYIIECTBEHHO BIIUS-
€T Ha OTPAXCHHBIM CUTHAJ M 3aBUCHT OT €€ T€OMETPUYECKON KOHCTPYK-
MW, MaTepualia IPOBOJIHUKOB U H30sUUH. CIIEICTBUEM ITOTO SIBISETCS
CHW)KEHHE aMIUIUTYJIbl U YBEIWYEHUE JIUTEIbHOCTH OTPAKEHHBIX HM-
IyJIbCOB, U, COOTBETCTBEHHO, CHUKEHUE TOYHOCTH OIPEIEIICHUS PACCTOS-
HUS 10 MecTa MoBpexaeHus. [ ycTpaHeHus BIUSHUS 3aTyXaHUs HE0O-
XOJIUMO BBIOMpATh MapameTpsl (AMIUIUTYLY U JIITUTEIBHOCTH) 30HIUPYIO-
IETO WMITyJIbCa TaKUM OO0pa3oM, YTOOBI aMIUIMTYJa OTPa’KEHHOTO WM-
myJibca ObLTa MaKCUMAJIbHA, & €r0 TTUTEIHbHOCTh — MUHUMAaJIbHA.

OTcyTcTBUE OTPaKEHHOTO CUTHANIA CBUAETEIBCTBYET O TOYHOM CO-
IJIACOBAHUM CUCTEMBI C JIMHUEW MO BOJHOBOMY CONPOTHUBIEHHUIO U 00 OT-
CYTCTBHUH MOBPEXKIACHUN.

[Ipu 0OpbIBE OTpakKEeHHBIN UMITYJIHC UMEET Ty K€ MOJISIPHOCTh, YTO U
30HIUPYOIHMA. [Ipu KOPOTKOM 3aMBbIKAHUHM OTPAKEHHBIN UMITYJIBC MEHSET
CBOIO MOJIAPHOCTb.

HauOonpiyto CI0XHOCTh B METO/IE€ UMITYJIBCHON pedieKToMeTpun
MPEJICTABIIAECT OTACICHHUE TTOJIE3HOTO CUTHAJIA OT ITOMEX.

[To cooTHOMIEHNIO YPOBHEN OTPAKEHHOI'O CUTHAJIA U MOMEX IOBpE-
KJICHUS B JIMHUSIX MOKHO Pa3JA€IUTh Ha IPOCTHIE U CIIOKHBIE.

IIpocToe moBpexaeHne — 3TO TaKOE MOBPEXKJACHUE KaOEIbHOU JIU-
HUU, IPU KOTOPOM aMIUIUTY/1a OTPAXKEHUS OT MECTa MOBPEKICHUS OOJIbIIIE
aAMILTATYIbI TTOMEX.

CJ10:)kHOe MOBpeKIeHHe — TO TaKOE MOBPEKICHUE KaOeTbHOU Jn-
HUH, TIPU KOTOPOM aMIUIUTYJa OTPAXKEHUSI OT MECTA MOBPEKICHUS CPAB-
HHAMA C aMIUTUTYJ0M MTOMEX.

Kak mpaBuio, CIIOXHBIE TMOBPEKICHUS BCTPEUAKOTCS 3HAYUTEIBHO
YalIle NpoCThIX.

BHeurnuii Bux pedexkromerpa PEMC-105M1 nokasan Ha puc. 5.1.
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Puc. 5.1. Buemnuii Bux pedexromerpa PENC-105M1

B Tabu1. 5.1 npuBeneHo onucanue OpraHoB YIPaBJICHUS IPUOOPOM.

Tabnuya 5.1
Hasnauenue kHonok npudopa PEMC-105M1
Knonka Ha3znauyenue

YCWJIEHUE A VYBeNINUYNTh YCUIICHNE CUTHAA

YCUJIEHUE V¥ YMEHBIIUT YCUWICHUE CUTHAJIA

JANAIIA30H « YMEHBIINTH AUAINA30H U3MEPEHHS PACCTOSHUSA 10 TTOBPEXK-
JEHUs

JUAIIA30OH » YBenuuuTh 1Uana3oH U3MEPEHUs PaCCTOSIHUS 10 TTOBPEK-
JEHUs

] CwMmernienue pedaekrorpaMMbl BBEPX, IBUKEHHE IO MEHIO
BBEPX

y CwMmernienue pedaekrorpaMMbl BHU3, IBUKEHHE [0 MEHIO
BHU3

- CwMmeleHne akTUBHOTO Kypcopa BJIEBO, ABUKEHHUE 110 MEHIO
BJIEBO

= CwMenieHne akTHBHOTO Kypcopa BIIPaBO, JBU)KEHHUE IO MEHIO
BIIPABO

KYPCOP Br16op akTuBHOTO Kypcopa

OK BrI30B M€HI0, BBOJ

YKOPOYEHUE <«

YMeHbINTh 3HaUeHnE K03 puirenTa ykopoueHus

YKOPOYEHMUE »

YBenuuuTth 3HaUeHHE KA (PUIIMEeHTa yKOPOUCHHUS

TYPBO

BxrroueHue MoBBIIIEHHON aMITTUTY bl 30HIUPYIOIIEr0 UM-
nyJibca
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Oxonuanue maobn. 5.1

Knonka Ha3nauyenue
ITAMATH BbI130B pexxrma paboThl ¢ TaMATHIO
NMIIVIIBC « YMEHbIINTD JIUTEIIBHOCTh 30HAUPYOIIEr0 UMITYJIbCA
UMIIVIIBC » YBeMMYUTh JIUTEIBHOCTh 30HIUPYIOIIErO UMITYJIbCa
KOMIIEHCAIMS « | YMEHbUIUTD JIUTEIBHOCTh UMITYJILCA KOMIIEHCALIMT
KOMIIEHCAILIA » | YBeIU4uTh JIUTEILHOCTh UMITYJIbCA KOMITEHCALIMHT

OcHoBHbIE (YYHKIIMH TPUOOPA:

— BBOJI KO3 (pUIMEHTAa YKOPOUYEHUS;

— oToOpakeHue pedieKTorpaMM Ha JTUCILTICE;

— pacueT pacCTOSHUS O MECTa OTPAKEHUS 30HAUPYIOIIETO UMITYJIh-
ca B HCCJIElyeMOH JJUHUU B COOTBETCTBUU C TIOJIOKEHUEM KYypCOPOB, yCTa-
HOBJICHHBIX IOJIb30BaTEIEM;

— IPOrPpaMMUPYEMOE YCUJICHUE CUTHANIA;

— 3aIUCh Pe(DIIEKTOrpaMM B MaMSITh;

— nepenaya pedaekTorpaMm B KOMIbIOTEP o uHTepdeiicy RS232.

OnucaHue nabopaTopHOU YCTAaHOBKU

JlaGopaTtopHasi ycTaHOBKa IpeJHa3HAYCHA IS HMUTAIUU TPeX-
KUJBHOTO KaOens JHou He Ooiiee 21 M. XKuibl kabens 0603HaueHbI Oy-
KBaMHU «A4», «B», «C». Obonouka kadens obo3HaueHa OykBout «O».

JInsi UMUTaAIUM TIOBPEXKJCHUN B Kabeyie MpeayCMOTPEHbI KJIEMMBI,
ob6o3HaueHHbie «KJI» u mepexmrouarenu, obo3HaueHHbie «BK». KieMmbr
TaK)Ke€ MNpeaHAa3HAYCHBl IS TOJKIIOUCHHUS HM3MEPUTEIbHBIX ITPOBOJIOB
npudopa.

[TonoxeHue nepexsrovaTesisi «BBEPX» COOTBETCTBYET 3aMbIKAHUIO KOH-
takTa «BK» Ha cxeme, mosioxkeHrne «BHU3» — pa3MbIKaHUIO KOHTakTa «BK».

B mnpaBoii HMKHENW YaCTH YCTAHOBKHM MPUBEACHA CXE€Ma, HA KOTOPOU
MOKa3aHbl KWIbI KaOels U ero 000J04YKa BMECTE ¢ KJIeMMaMH U TIEPEKITIO-
JaTCIISIMH.

B ycTaHoBke npenycMOTpeHa UMUTAIUS CIICIYIOIINX BUJIOB MOBpE-
JKJICHU 1 HEOTHOPOIHOCTEM:

— KOpPOTKO€ 3aMbIKaHHE (C MOMOIIBI0 KJIEMM M BHEIIHUX COCIUHH-
TEJbHBIX TPOBOJIOB);

— 00pBIB (C MMOMOIIBIO TIepEKITFOYaTeNICH);

— uMuTaIs kadenpbHoi MydThl (¢ momorisio emkoctu Cl u mepe-
kirovatens BK2);
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— OTBETBJICHUE OT JMHUM (C TIOMOIIBIO CONMpOTUBICHUS R1, mepe-
xirovatenss BK4, kinemm KJI9-KJI12);

— yTeuka 1o ¢aze «B» (¢ MOMOIIbI0 CONPOTUBIICHUSI R2 U NEPEKIIIO-
yatens BK6);

— JIOTIOTHUTENIHHOE COMPOTUBIIeHNE B (pa3e «B» (C MOMOIIBI0 COMpO-
tusieHuss R6 u knemm KJI19, KJ120);

— JIMHUSA TI0JT Harpy3Koi (C MOMOIIbI0 conmpoTuBieHu R3—R5 u ne-
pexioyateneit BKO-BK11).

JInst paboThl yCTAHOBKHU HE TPeOyeTCs MOJIKIIOYEHUE K CETH.

Mopsaok BbINONHEHNA paboThbl

lloozomoska Kk nposedeHuro usmepenui

1. CoOepute Ha 51a0OpaTOPHON YCTAaHOBKE CXEMY, COOTBETCTBYIO-
Y10 JUHUU 0€3 MOBPEXKACHUIN U ¢ pa3pbIBOM Ha KOHIIE (BCE HArpy3KH OT-
KJIFOUEHBI), YCTAHOBUB B HY)KHOE IOJIOKEHHE MEPEKIIoUaTed U UCIONb-
3ys IpH HEOOXOAMMOCTH BHEIITHHE COSAMHUTEIbHBIC TIPOBO/IA (CM. OIHCa-
HUE 1a00paTOPHON YCTAaHOBKH).

2. YOenutech, 4TO W3MEPUTEIIbHBIA KaOelb MOIKIIOUEH K pa3bemMy
npubdopa «Bxox 1». B mpotuBHOM cilydae 00paTtuTech 3a MOMOIIIBIO K TIpe-
MI0/TaBaTEIIO.

3. [logkmrounTe U3MEPUTENBHBIC IIYITHI MPUOOPA K BXOAAM KT KOH-
TPOJIMpyEeMOro Kabess Ha J1abopaTOpHOM ycTaHOBKE B (azax «Ay (Oemblit
npoBoA K KJI1) u «C» (uepnsiit mporoa k KJI3).

4. BxmounTte prOOp U TOKAUTECH MOSBICHUS pedIeKTOrpaMMbl Ha
skpane. C MOMOIIEI0 KIIaBHII «J[Mama3oH» yCTaHOBUTE MHAITa30H U3MEpPe-
Huii D = 50 M. [Tocrne atoro yoenurecs, 4To Ha pedeKTOrpaMMe UMEOTCS
¥ 30HJAUPYIOMANA UMITYJIbC, U MMITYJIbC, OTPAXEHHBIH OT KOHIIA KaOes
(TOM e MOJAPHOCTH, YTO U 30HAUPYIOIIHIA).

5. 3apucyiite pedekTorpaMmy B YepHOBHUK. Boinenure Ha HEl 30H-
TUPYIOIINI U OTpaKE€HHBIN UMITYJIbCHI.

6. BoiiguTe B OCHOBHOE MEHIO MpubOpa, a 3aTeM B MOJMEHIO «YKO-
poueHue — BpiOOp U3 TaOnuLIb».

7. BeiOepute nr000ii kabenb U3 TaOIUIbl, 3aIUIIUTE €0 MAPKY U KO-
adunmeHT ykopoueHus: B uepHoBUK. Haxxmute «Ok» 115 BeIOOpa Kabems
B IIpuoope.

8. BelfiquTe M3 OCHOBHOTO MEHIO M yOenuTech, 4TO TpeOyeMbIil KO-
2 PUIUEHT YKOpOUCHHS 0TOOpakaeTcsl Ha HKpaHe.
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9. IlpoBeanTe COIIACOBAHUE BBIXOJHOTO COMPOTHUBIIEHUSI TPUOOpa

C BOJIHOBBIM COIPOTHUBIICHUEM JUHUU. J[JIsI 3TOro BpalllaiiTe peryssiTop
«BBIXO/I COIIPy», Haxonsmuiics Ha BepXHel OOKOBOM IMaHenu mpuoopa,
T00MBasICh MUHMMAJIbHBIX KOJICOAHWNM CUTHAJIA B HEMOCPEACTBEHHOM OJIH-
30CTH K 30HIUPYIOIIEMY UMIYIbCy. [IpyU 3TOM aMIIUTY 1Bl 30HAUPYIOIIIE-
ro U OTPaKEHHOT'O0 UMITYJIbCOB HE JOJKHBI CYIIECTBEHHO CHMXXATbhCs. 3a-
MUIIATE TOJTYYCHHOE MPUOIU3UTEIHFHOE 3HAUYCHHE BBIXOJHOTO COMPOTHUB-
JIEHUSI TIO IIKaJIe PETyJsATopa.

10. Boiimiute B OCHOBHOE€ MEHIO MpuOOpa, a 3aTeM B IOJMEHIO
«PexxuM — ABTOIIOMCK KOHIIA TUHUW» U HAXKMUTE «OK».

11. BemmummuTe cooO1eHue ¢ JUcIiies U MOATBEPAUTE BBO/I.

12. JoxkauTech OKOHYAHUS Mpollecca OMPENENICHUS PACCTOSHUS 0
KOHIIA JIMHUU Y BBIMUIINATE PE3YJIbTaThl B YEPHOBUK.

13. C nmomompro BK9, BK10, BK11 noakimtouute K JUHUM Tpexdas-
HYIO Harpy3Ky.

14. 3apucyiiTe nosydeHHyt0 pediaekrorpaMMmy B 4epHOBUK. OOBICHU-
T€ PE3YJIbTATHI.

15. OrxnrounTte Harpy3Ky OT JIMHUU.

H3mepenue paccmosnus 00 0opwvlea KabeibHOU TUHUU

16. PazomknyB mro6oit u3 nepexarouareneit BK1, BK3, BK5, BK7
nnu BKS8, co3naiite oOpsIB TMHUU B aze «A».

17. Y6enurech, uTo Ha pediekTorpaMMe MOSBUIICS COOTBETCTBYIO-
M OTPa)KEHHBIA UMITYJIbC. 3apuUCylTe peIeKTOrpaMMy B UYEpPHOBUK,
OTMETHB Ha HEW XapaKTepHbIE 30HBI (30HAUPYIOIIMI HMMITYJIbC, MEPBBIN
OTPAXKEHHBIN UMITYJIBC, BTOPON OTPAKEHHBIN UMITYJIbC U T. 11.).

18. C nomonipto kHOnKH «KYPCOP» caenaitte aktuBHbIM Kypcop Ne 0
(MOSIBUTCS 3HAYOK BBEPXY BEPTUKAIBHON MyHKTUPHOW JIMHUW) U TIEPEMECTH-
T€ €ro C IMOMOIIBID KHOIOK «<=» WA «=>» Ha HA4yaJO0 30HIUPYIOUIETO
VMMITYJIbCA.

19. Cnenaiite aktuBHBIM Kypcop Ne 1 u mepemecTuTe ero Ha Ha4aJuIo
OTPaKEHHOTO MMITYJIbCA, COOTBETCTBYIOIIETO IIOBPEXKICHUIO.

20. 3anuinre paccTOSTHUE J10 MeCTa MOBPEXKJICHHUS, PACCUUTaAaHHOE
IpuOOpPOM.

21. BocctaHoBUTE 1I€IOCTHOCTh JIMHUU B (a3ze «A4» U MOBTOPUTE
. 1620 nns npyroro ydyactka oOpbiBa 3TOM JIMHUH.

22. BoccTaHOBUTE 1IEI0CTHOCTh JIMHUU B (haze «A».
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H3zmepenue paccmosinus 00 KOPOMKO20 3AMbIKAHUS
8 KabeabHoU TUHUU

23. [lonkmtounTe U3MEPUTENTbHBIE IIyIbI IPUOOpa K BXOJaM >KUJI KOH-
TposipyemMoro kabesst Ha jabopaTopHOM ycraHOBKEe B (hazax «A4» (Oembrit
npoBoa Kk KJI1) u «By» (uepnsiii npoBo k KJI2).

24. C nomoIibio BHEITHETO MPOBOJA B JIOOOM MECTE JIMHUU CO3/ail-
T€ KOPOTKOE 3aMbIKaHHE MEXY (azaMu «A» U «B».

25. IloBropure n. 17-20. OObACHUTE MOTYyUYECHHBIE PE3YJIbTATHI.

26. YoepuTe KOPOTKOE 3aMbIKaHHE.

H3zmepenue paccmosnusn 00 kabenvbHoU Mypmol

27. llopkmounTe M3MEpPUTENbHbIE HIYNbI MpUOOpa K BXOAAM >KUJI
KOHTPOJIUPYEMOTO Kabessi Ha J1abopaTopHOU ycTaHOBKe B ¢azax «B» (Oe-
aw1ii ipoBoa K KJI2) u «Cy» (uepHsiit mpooa k KJI3).

28. BxumtounTe nepexitovarenb BK2 nis umuTanmm kadbeinbHON My ThI.

29. Ilpn Hanmuuuu cnaboro OTpa)KEHHOI'0 CUTHAJIA HA dKpaHe npudo-
pa nob6aBbTe ycusieHus (cMm. Taoi. 5.1).

30. IToBTopure n. 17-20. OOBsACHUTE MOTYUYEHHBIE PE3YJIbTATHI.

31. Orximrounte BK2.

H3mepenue paccmosinus 00 mecma ymeuxku
8 KabenbHOoU TUHUU

32. Bxutounte nepexiatouatens BK6 1 uMutanuu Toka yTeukHy.
33. [loBTopuTe myHKTHI 17-20. OOBsICHUTE MOTyYEHHBIE PE3YIbTATHI.
34. Orxmounte BK6.

llepeoaua peprexmozpamm 6 Komnvromep

35. Otkntounte OpudOpP U TMOJICOCTUHUTE K HEMY HUHTEep(eHCHBIN
Ka0eIb KOMITbIOTEpA.

36. BximtounTe KOMIBIOTED.

37. Bxirounte npubop, BOMAUTE B MEHIO U BbhIOepuTe pekuM «Kom-
nploTep». He BbIXOUTE U3 3TOTO pexuma.

38. B kommbroTepe 3arpy3ute nporpammy «Pen-7».

39. B nporpamme «Pelia-7» BeiOepuTe NMyHKT MeHIO «Daitn — Un-
dhopmartyst o mpudope».

40. Cniuinte B YEPHOBUK MPHUHATYIO € Opubopa uH(OpMaIuio.
B ciydae oTCyTCTBUSA CBSI3M OOPATUTECH K MTPENOIaBATENIO.

41. Co3paiiTe Ha CTeHJIe KaKOe-HUOYIhb KOMOMHUPOBAHHOE TIOBPEXKIe-
HUE WM CJI0KHYI0 HEOAHOPOAHOCTh. OMUIINTE 3TO B YEPHOBUKE U OTUETE.
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42. Beibepute B iporpamme «Peiia-7» nmyHKkT MeHto «Daiin — 3amyck
W3MEPEHUN....». B HacTpoWKax YCTaHOBUTE JWANa3oH u3MepeHuit 50 M
u TpebyeMoe 3HaueHue Kod(PPUIUEeHTa YKOPOUCHHUS.

43. 3amyctute OJHOKpaTHoe u3Mepenwe. Ha skpaHe nomkHa mos-
BUTHCS peduiekTorpamMmma. 3apucyiTe U MpoaHATU3UPYUTE €e.

44. BoiOepute nyHkT MeHI0 «Pednexkrorpamma — lleHTpupoBarth
u3MepuTenbHbld Kypcop (1)». C moMoIbio MBI YCTAHABIMBANTE KypCcop
Ha HA4YaJio OTPAXKEHHBIX UMITYJIbCOB U 3aMUCHIBAUTE PE3YJIbTAaThl PACUETOB
pacCTOSIHUM B UEPHOBHK U OTYET.

45. CoxpanuTte pedaekTorpaMmMy Ha KOMIIbIOTEP B BUJE (aitna.

46. Brixirounte npruboOp U KOMIBIOTED.

CopepxaHue oTyeTa

Ha3BaHust onbITOB, KOMMEHTApUHU K XOAY paOOThI, YePTEKU pedIiek-
TOTpaMM € NMOAPOOHOM paciiu@pOoBKOM, BBIBOJIBI IO KaXKJIOMY OIBITY.

KOHTpO.ﬂ bHbl€e BOMNPOCHI

1. Kak paboraetr MeToq UMIyJIbCHOM pediekToMeTpun?

2. Yto Takoe pediuekTromMeTp U Kak oH padboTaer?

3. Kakue BUJIbI TIOMEX BIUSIIOT HAa paboTy pediiekromeTpa?

4. Yto Ttakoe K03h(OUIIMEHT YKOPOUEHUSI U KaK OH BIUSAET HA IMOKa-
3aHUs pediekromeTpa?

5. Kak no peduiekrorpamMmme onpeaeianTs pacCTOSHUE 10 MPOTUBOIIO-
JIO’KHOT'O KOHIIA IMHUU?

6. Kak mo pediiekrorpamme OmpeaesiuTh PacCTOSHUE 0 OOpbIBa
JUHUN?

7. Kak no pediiekrorpamme onpeieuTb PacCTOSHUE 0 KOPOTKOTO
3aMBIKAHUS B JINHUN?

8. Kak mo pednexkrorpamme onpenenuTh pacCTOSHUE 10 KabeIbHOU
My ThI?

9. KakoBbl BO3MOXXHOCTH MpOrpaMmsbl «Peia-7»?
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JlabopamopHasi paboma Ne 6
MUKPOIMNMPOLIECCOPHbIE CUCTEMbI ACKY3

L]env pabomol: TOTYYUTH HABBIKKU AKCIUTYaTAIlUU U IPOTPaMMHUPOBa-
Hus cuctembl ACKYD B33I1-2002 (Butebckuii 3aBojl 3JIEKTPOU3MEPH-
TEJbHBIX TTPUOOPOB).

KpaTkue TeopeTuyeckme ceBegeHus

ABTOMATHYECKUE CHUCTEMBI KOHTPOJIA M Yy4YE€Ta DSIIEKTPOIHEPTHU
(ACKY?D) — 310 HabOp anmapaTHbIX U IPOrPaMMHBIX CPEACTB, 0OECTIEUH-
BAIOIINX U3MEPEHUE U HAKOIUICHHE BO BPEMEHH 3JIEKTPUUYECKUX BEIUYMH,
a TaKXe Iepenady 3TUX BEJIMYMH Ha paccTtossHhe. OCHOBHBIMU U3Mepsie-
MBIMHU BEJIMYMHAMM SIBJISIFOTCS aKTHWBHAs, PEAKTHBHAs M IIOJIHAS 3JIEKTPO-
JHEPIUH.

Copemennsbie cucteMbl ACKY D nipencTapiisitor OO0 CeTH U3 MHK-
POMPOLIECCOPHBIX TPUOOPOB U JIMHUI CBs3M. OOMEH HaHHBIMH OOecCIeyu-
BaeTCsl MOCPEACTBOM UHTEP(HENCOB CBS3H.

Cetn ACKYD yCIOBHO MOXHO MPEACTABUTHh B BHUJIEC MUPaAMHUJIbI
(puc. 6.1), Ha HXKHUX YPOBHSIX KOTOPOW paCMOJIaraloTCsi CUETUYUKHU BJIEK-
TPO3HEPIUU U APYTrUEe MUKPOIIPOLIECCOPHBIE U3MEpPUTEIbHBIE TPUOOpHI. Ha
CpPEIHUX YPOBHSX pa3MEUIAlOTCs KOHLHEHTPATOPbI — YCTPOMCTBA, obecte-
YyUBaroLMe cOOp JaHHBIX U UX Nepenady Ha BepxHue ypoBHU. KoHleHTpa-
TOpbl pabOTalOT U B OOpaTHYIO CTOPOHY, MepefaBasl yIpaBsiolIue KO-
MaHJIbl 1 HACTPOUKK B MPHUOOPHI HIKHETO YpoBHS. Ha BEepXHUX ypOBHSIX
ACKYD HaxomsTcss KOMIBIOTEPHI U CEPBEPHI, OCYIIECTBISAIONINE OKOHYA-
TeJIbHBIN cOOp MHOpPMaAILIMM, €€ COXpaHEHHE, a TaKKe HEOOXOAUMBbIE Ma-
TEMaTUYECKHE PACUETHI.

CepBep
KomnbtoTep
| I
[ ]
KoHueHTpaTop 2 KoHueHTpaTtop 1 KoHueHTpaTop 3
1 1 1
C1 C2 C3 C4 C5 C6 C7 C8

Puc. 6.1. CtpykrypHas cxema ACKYD
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[Ipuboper HuxkHero ypoBHs ACKYD, Kak nOpaBWiio, COEIUHSIOT
B JIOKQJIbHYIO CETh MO MarucCTpaJbHOMY HPUHUUITY MOCPEICTBOM HHTEP-
deiicoB cBsizu RS485 unu Ethernet. B xauecTBe JIMHUMN CBS3U HCIOJIB3YIOT
BUTYIO IIapy WJIM BOJIOKOHHO-ONTHYECKUE KaOeH.

KonuenTtparopsl obecneurnBaOT pajuaibHyl 4acTh ceTu. s ux
oOMeHa AaHHBIMHU ¢ BepXHUM ypoBHeM ACKYD ucnonb3yrTcs CKOpOCT-
HbI€ MIPOBOJIHbIE UHTEp(deiickl Tuna Ethernet nin O€CpOBOHAS COTOBAs
CBS3b.

OnucaHue nabopaTopHOU yCTaHOBKU

JlaGopatopHasi paOoTa BBIMOJTHSAETCS Ha JIAOOPATOPHOM YCTAaHOBKE
«Muxkpornporneccopubie cuctembl ACKYD2» (cm. puc. 2.3).

B naGopartopHoii paboTe ucnonb3yercs cleaytomiee 000py10BaHUE:

1) myneTuMeTp 3HEpreTudeckniit M2-01;

2) MUKPOTIPOIIECCOPHBIN Tpex(a3HbId CUETYMK AKTUBHOW HIHEPruu
238005;

3) nepexoanuk cetu ACKYD 6I1M.387.058;

4) muxponpoueccopubiii KoHuenTparop ACKYD EA8086;

5) nepcoHaNbHBIN KOMITBIOTED.

[Tpubopsr 338005, EA8086 1 nepexoqHUK pacroyioKEeHbl Ha JIUIE-
BOH maHenu jjabopaTopHOro creHjaa. Kpome »3Toro B cTeHIe UMEIOTCS pe-
TYJIATOPBI TOKOB (ha3s.

Psinom ¢ konnienTpatopom EA8086 3akperyieHa aHTeHHA JiJ11 0OOMeHa
JAHHBIMH 4Y€pe3 COTOBYIO CBs3b cTaHmapta GSM. BHyTpp kopmyca KOH-
IIEHTpaTopa MOXET ObITh yCTaHOBjeHa SIM-kapTa ¢ 3alMCaHHBIM B HEM
HOMepoM aboHeHTa. OJIHaKO B JA0OPATOPHOM YCTAHOBKE AHTEHHA JlaHa
TOJIBKO JUIsl HAISIAHOCTU. CBSI3b KOHIIEHTPATOpa ¢ KOMIBIOTEPOM OCYIIIE-
CTBJIsieTCs 110 uHTEpdeicy RS232 yepe3 TpeXnpoBOAHBIN Kabeb.

Bce ycrpoiictBa B 1a00paTOpHON YCTaHOBKE IMOJKIFOYEHBI CTAI[HO-
HapHO. CxeMa NOoAKJIIOYEHHUS TIpUBEICHA Ha puc. 6.2.

K ¢da3HpIiM HanpsoKeHUSIM AJIEKTPUYECKON CeTH MOJAKIIOYEHBI J1a0o-
patopHable aBToTpanchopmaropsl 7;, T,, 1;. VX BBIXOJbI COEAUHEHBI C CO-

OTBETCTBYIOIIMMHU IMOHWXAIOIMIMMH TpaHc(hopMaTopamMu HamnpsokeHus 71,
T, T, paccunTaHHBIMHU Ha pabOTy B pEKHMME KOPOTKOro 3aMblkaHus. Ha

BTOPHUYHBIX OOMOTKax ATUX TpaHC()opMaTopoB (GPOpMHUPYIOTCS TOKH 3Ha-

yeHusmu 10 10 A, a u3 cetu notpedisitorest Toku He 6osee 0,1 A.
Mynetumerp MD-01 u cuetunk EE8005 moakirodeHbl K LEnsM Ha-

NPSKEHHUST HEMOCPEACTBEHHO. Llenmu TOKOB COOTBETCTBYHOIIUX (a3 ATUX
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PUOOPOB COCAMHEHBI IOCIEAOBATEIIBHO W IMOAKIIOUEHBI K BTOPUYHBIM
obmoTtkaM Tpanchopmaropos 1, T, Tg.

u 4 U N

@ @ b P
U, MD-01
Us
UC
I
[A
Iy
IB
A
[C
T
T
! N ul yt  |EE8005
T, 1o} g
T, 12 I,
19 UA
(\ 4l U RS485
q | Z lz;k D+ |2
T Iy D- |26
19 U
7} 17 B*
U
16 I*
) 18 IC
C
19 L/C
6I1IM. EA TIK

387. 8086
Paspém | 058. | Paspém

;| Nel Nel RS485
BXOJ BBIXO/T

Ilopt

RS232 coMm

[NY

Puc. 6.2. Cxema noaxiroueHus mpuOOPOB B J1AOOPATOPHOI YCTaHOBKE

Boixonbl uHTepdeiica cBa3u  RS485 cyeTuMka MNPUCOEAUMHEHBI
K pazbemy Ne 1 mepexoanuka 611IM.387.058. DToT nepexoaHuk odecneyu-
BAET MOHTaXX MArUCTpajbHO-paananbHbIX ydacTKOoB ceth ACKYD. On
uMeeT 4 pazbema, KaXJbli U3 KOTOPBIX MO3BOJSET MOAKIIOYUTH MO Maru-
CTpaJIbHOMY NpPUHLMNY 3 cuUeTuyhka. BBIXOJIbI pa3beMOB MEpPEXOAHUKA
MOJKJIIOYAIOTCS K COOTBETCTBYIOLIMM BXoJaM MHTepdeiica RS485 B koH-
nentparope EA8086. Becero B konneHTparope umeercs 12 narepdeicHbIX
pazbeMoB. TakuM 00pa3oMm, ¢ momoilbio TnepexoaHukoB 611M.387.058
K KOHILICHTPATOPY MOKHO MOJAKIIOUUTh 3-12 =36 CYETUHKOB.

Brixon unrepdetiica cBsa3u RS232 kouuenrparopa coenueH ¢ COM-
OPTOM KOMIIBIOTEPA.
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VYupasnenne cerbto ACKYD ocymecTBisieTcsi ¢ MOMOIIBIO MPO-
rpammbl ASKUE VZEP 2002 V' 4.0.0.42, ycTaHOBIICHHOM HAa KOMITBIOTEPE.

[Iporpamma ASKUE VZEP 2002 V' 4.0.0.42 no3Bonsier:

* BBOJUTH aJIpeca MoJib30BaTelIeH;

* 33]1aBaTh TapaMETPbl CYETUYMKOB JIJI KAXKJOTO MOJIb30BaTENS;

* popMUpOBaTh BapHUAHTHI TAPUPUKALINH I CYETUYUKOB;

* IPOTPaMMHPOBATH KOHIIEHTPATOPHI HA 3aITUCh U HA YTCHUE;

* CUUTHIBATh JJAHHBIE CO CYETYUKOB YE€PE3 KOHIICHTPATOPHI.

IIporpammupoBaHue KOHLEHTPATOPA Ha 3aMHCh — 3TO MPOLECC
nepeaadyn B KOHLUEHTPATOp HACTPOEK M aapecoB cueTuukoB. [Ipu 3amycke
ATOTO MPOIECCa KOHIIEHTPATOp OCYIIECTBISET MapaMeTPU3alMI0 CHeT-
YHMKOB, T. €. I3MEHEHHE X HACTPOEK MO Tapu(UKAIMU U MO0 OToOpakae-
MO nH(pOpMAaIUK Ha AUCIUIEE.

IIporpaMmMupoBaHHe KOHIEHTPATOPAa HA YTeHHE — ATO Ipoliecc
nepefadyd B KOHLEHTPATOpP aJPECOB CUETYMKOB U MApaMeTpPOB, KOTOPHIE
HEO0OXOJIUMO C HUX CUUTHIBATh.

BapuanTt Tapudukanuu — 370 Ha0Op HACTPOEK, B KOTOPHIE BXOJSAT
KOJIMYECTBO TapU(HBIX CE30HOB U TAPU(PHBIX 30H, a TAKXKE U BPEMEHHBIC
WHTEPBAJIBI 7151 TApU(PHBIX CE30HOB U TApU(PHBIX 30H.

Tapuguast 30Ha — 3T0 UHTEPBAJ BPEMEHH, B TEYEHUE KOTOPOrO JIEH-
cTByeT oauH u3 tapudos. B cucteme ASKUE VZEP 2002 MoxXHO paboTaTh
¢ ueteipbMs Tapudamu: T1, T2, T3, T4. Tapudnbie 30HBI MOKHO OTACIHHO
3aJ1aBaTh Jyisl pabouux gHel, cyo0oT u BockpeceHnuid. [lepBas tapuduas 30-
Ha JopkHa HaunmHathesa ¢ 0 u 00 muH. Bpems navana cienyroieit Tapud-
HOM 30HBI JIOJDKHO OBITH OOJIBIIE, YEM JUISI HPEIbLIYIIEH.

Buumanmue! 3anpemaercs BbINOIHATh MPOU3BOJIBHBIE JICHCTBUSA B MPO-
rpamme ASKUE VZEP 2002!

Mepbl no TexHMKe 6e30nacHOCTH

1. Ctporo 3ampemiaercs BKJIOYATh YTO-TMO0 O€3 pasperieHus: mpe-
10/1aBaTEesl.

2. Ilepen HauamoM paOOThI yOEAUTHCS, YTO ABTOMATHUYECKUN BBI-
KJIFOYaTEeIbh CTEH/a HAXOJIUTCS B MOJOKEHUH «OTKIIOUEHOY, a BCE Peryis-
TOPBI TOKA B MOJ0KEHUU «KMUHUMYM.
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nOpﬂﬂOK BbIMNOJIHEHUA pa6OTbI

Ilpeosapumenvuvie nacmpoiiku

1. CHUMHTE 3aIUTHYIO KPBILIKY ¢ KOHIIeHTpaTtopa EA8086.

2. Yoenutech, 4T0 UHTEPPEHCHBIN Kabemb MOAKIIOUEH K pazbemy No 1.

3. YcraHoBUTE 3alIUTHYIO KPBIIIKY.

4. Bxitounte cTeHa U yOeauTech, YTO Ha AUCIUIESIX BCeX MpUOOpOB
(xpome BA® M4185) nosiBunack uapopmarius.

5. Y6eaureck, uro Ha auciuiee cyeturka 938005 MpoucxXoauT MUK-
JMYECKas CMEHA 3KPAaHOB.

6. Bolinute B pexxum oOmmx HacTpoek cueruynka 998005, miaurennb-
HO (Oonee 4 c), HaxxaB KHOTIKY «BwiOop». B pesynbrare momkHa otobpa-
3UThCSI HH(GOPMAITUS O 3aBOJICKMX XapaKTEPUCTUKAX CUETUHKA.

7. KpaTkoBpeMeHHO Ha)kaB KHONKY «BbIOOp», cnuImmTe 3aBOJICKOMN
HOMEp CUETUHMKA. JTOT HOMEp SBISETCS CETEBBIM AJPECOM CUETYMKA
B ACKVYD.

8. BeliiguTe u3 pexxnuMa oOLIMX HACTPOEK CUETUMKA, JJIMTEJIbHO Ha-
’aB KHONKY «BpIOop».

9. BkimrounTte kommbioTep W 3arpys3ute nporpammy ASKUE VZEP
2002 74.0.0.42, BBeas mapoyib aAMUHHCTpATOPa «S55».

10. Bummanme! 3anpemniaeTcs BBINOJHITH MPOU3BOJIBHBIE JIEHUCTBHS
B nporpamme ASKUE VZEP 2002!

11. Yganurte Bce umeroiiuecs ajpeca abOHEHTOB B IPOrpaMMe.

12. lo6aBbTe HOBBIM aJpec C MPOWU3BOILHBIMU JTAHHBIMU M OJIHUM
pazbemoM. HoMep KOHIIEHTpaTOpa BBEAUTE PABHBIM 1.

13. Haxxmute kHONKY «/[00aBUTh HECKOJIBKO CUETUUKOB» U J100aBbTE
OJINH CUETYHK.

14. Beenure napamerpsl cuetunka. Homep kBapTUpbl, HOMED JIUIEBO-
ro cuera, paMuIMIO U KOJ CUETYMKAa BBEAUTE MPOM3BOJIbHO. HanmeHoBa-
HUe cueTunka «TpexdasHbii cyMMupyronmin», tam cuetdnka 338005.
Homep cyeTyuka BBeJAUTEe PAaBHBIM ero 3aBoAckoMy HoMmepy. Homep
BapuaHTa Tapu(dUKaIMU BEIOEPUTE B COOTBETCTBUM C BAPUAHTOM 3aJIaHUS
(Tabm. 6.1).

15. Beriiiure B rmaBHOE MEHIO IPOTPAMMBI.

16. Caenaiite nBOMHOM IIENYOK MBI Ha aapece. BHU3y skpaHa
JOJKHO MOSIBUTHCSI OKHO € 33/ICICTBOBAaHHBIMU Pa3beMaMH.

17. Haxxmute KHONIKY «BBIIETUTD BCE CYETYMKH B aJIPECEN.
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61

I/ICXO)IHble JAAaHHBIC U1 BAPpDUAHTOB Tapnq)mcauuu

Tabnuya 6.1

Koanue- 1-ii ce30H 2-i ce30H
Homep ;{ on;llep a| €TBO Ke(;nn; CKO: ;qe];_ Tapug- Tapug- Tapug- Tapug-
papnanTa| >0 HT_ Tapnd- | TB_ po B | nara | HbBIX 30H TapUe- | X som JaTa | HBIX 30H Tapue- | som
Tapupu Tapu- | CHpoBaH HBIX 30H HBIX 30H
3ajaHusA Kannn HBIX $oB | mpbIx gar | HAUaua | B pabo- B cvGGory B BOC- | Hauaia | B pabo- B cvGGory| B BOCKPe-
CC30HOB YyHe JHH cyobo ylcpecenbe ype JHU cyoooty CeHbe
1 1 2 4 0 01-01 4 1 1 01-06 2 3 2
2 2 2 3 0 01-01 6 2 2 01-05 3 2 1
3 3 2 2 0 01-01 5 1 1 01-07 4 1 2
4 1 2 3 0 01-01 7 1 1 01-08 5 2 1
5 2 2 4 0 01-01 3 2 2 01-04 8 2 2
6 3 2 2 0 01-01 5 1 1 01-03 4 3 1




Co3zoanue sapuanma mapughuxayuu

1. Beibepute myHKT MeHIO «Ajnpec — PemakTupoBarh BapuaHT Ta-
pudukarumn». Beibepute HOMep BapuaHTa Tapu(UKallMhd B COOTBETCTBUU
C BapuaHTOM 3amaHus (Taou. 6.1).

2. YcTaHOBUTE BCE MapaMeTphl BapraHTa TapuuKaiuu B COOTBET-
cTBUM ¢ Tabu. 6.1. I HacTpoek mo Tapu(pHbIM Ce30HAM HEOOXOAUMO
Ha)KaTh KHOMKY C 0003HAaYE€HHEM COOTBETCTBYIOIIETO CE30HA B paszjielie
«Tapudusie nepexonp». Homepa tapudor (T1, T2, T3, T4) u Bpems
Hayaya JAeUcTBUS TapuHBIX 30H 3aJalT€ MTPOU3BOJBHO JJIsl KaXJ0M Ta-
pudHoii 30Hb1. [Ipu 3TOM mepBast TapudHasi 30Ha BCerja JA0JKHA HAYU-
Hathcs ¢ 0 u 00 muH. Bpems crnenyromieit TapudHoi 30HBI HE JAOJKHO
OBITH paHbIlle BPEMEHU MPEIbIYIIEH 30HBI.

3. B pazgene «/lucmeit» BblaennTe HEOOXOIUMBIE SKpPAHbI ISl BbI-
BOJIa HAa JUCIUIEW CYETYMKA B COOTBETCTBUU C 3aJaHUEM IPENOJABATEINS.
Bpewms BbIBOsIa Ha nuctuieit: ot 3 1o 6 c.

4. 3anumuTe BCIO KOH(UTYypalnio BapuaHTa TapupUKalui B 4EPHO-
BUK U OTYET.

5. CoxpaHuTe BCE HACTPOUKHU Y BBIMJIUTE B TVIABHOE MEHIO MMPOTPAMMBL.

lIpoepammupoeanue koHyeHmpamopa Ha 3anucs

1. Haxxmure kHonky «KoHmieHTpaTopy.
2. Yoepute 3Ha40K «CBs3b Ue€pe3 MOJEMY.
3. Haxxmure kHomky «lIporpamMmupoBaHue KOHLEHTpAaTopa Ha 3a-
n1ch». Y O0eIUTeCh, 4To 3Ha40K «BapuaHT Tapudukaimmy ycTaHOBJIECH.
4. Haxmure kHomnky «lIporpamMmmupoBaHue» W TOATBEPIAUTE BHI-
OpaHHBIN ajapec.
5. Buumanue! Bce maposi BBOOUT TOJIBKO IPENoaaBaTeb!
6. [Tociie BBOJa maposei MmpenojgaBaTesieM 3alyCTUTE MPoLecc Mpo-
rpaMMHPOBAHUS.
7. JoxauTech OKOHYAaHUS MPOTPAMMHUPOBAHHMS, BBDKIAB HE MEHEE
2 muH. Bunmanmue! Kuonky «lloBTop» Ha)KMMaTh CTpOro 3anpeneHo!
8. 3anumuTe B OTYET BCE COOOIIEHUS MPOrPaMMBbI B JIEBOM YacTH HK-
paHa.
9. BeliinTe B rI1aBHOE MEHIO TPOTPAMMBL.
10. Y6enurech, 4TO HA TUCIUIEE CUSTUMKA IUKIMISCKH O0TOOpakaeTcs
BCsl HE0OX01uMas nH(popMarus.
11. Haxxumas kaonky «Bwibop» Ha koHneHnTpaTtope EA8086, criumiu-
T€ B OTUET BCE MOKazaHus ¢ ero nuciuies. OObsCHUTE Ha3HAYCHUE ITUX
ITOKa3aHUM.
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12. YoeauTtech, 4TO Ha AUCILICE CUETUMKA ITUKINYECKU OTOOpaKarOT-
Csl HEOOXOIMMBIE KPaHbI C HY>KHOU JJIUTEIIHHOCTBIO.

13. Cnumute ¢ QucIies] CYETYMKA YUYUTHIBAEMbBIN B TEKYIIIHIT MOMEHT
TapuHBIA CE30H U HOMEP Tapuda.

14. Tlo TexkymuM Jate U BpEMEHHU YOEAUTECh, UTO NECUCTBYIOT HYXK-
HBIM TapudHBIA ce30H U HOMEp Tapuda B COOTBETCTBHH C T€M, YTO OBLIO
3a1aHo B BapuaHTe Tapuduxainuu. OObICHUTE B YEPHOBUKE U OTYETE TO-
JyYEHHBIE PE3YJIbTATHI.

lIpoecpammuposanue konyeHmpamopa Ha YmeHue

1. Haxxmute kHOTNIKY «KOHIIEHTpATOP.

2. Yoepute 3Ha40K «CBsI3b Uepe3 MOJEM.

3. Haxwmure kHOMIKY «IIporpamMmmMupoBaHre KOHIICHTPATOPA HA UTCHUE.

4. BeiienuTe HY>KHbIC JJISI CYUTBIBAHUS Tapu(bl U BCE OCTAIbHBIC
napaMeTpsbl, KpoMe mapamerpa «ABroMmarndeckoe yteHue B 4:00%.

5. Haxxmure xHomnky «lIIporpamMupoBaHue» W TOATBEPAUTE BbI-
OpaHHBIN aapec.

6. 3anmycTure nporuecc NporpaMMUPOBAHUS.

7. JoxauTech OKOHYAaHHUSI MPOTPAaMMHUPOBAHMS, BbDKJAB HE MEHEE
2 MUH.

8. 3anuiuTe B OTYET BCE COOOIIEHMS MPOrpaMMbl B JIEBOWM 4YAaCTH
JKpaHa.

9. BeliiguTe B ri1aBHOE MEHIO MPOTPAMMEI.

YUmenue 0anHblx cO cyemyuxa

1. YcranoBuTe mpou3BOJIbHBIE 3HAUEHUSI TOKOB (a3 (He MeHee 2 A),
UCIIOJIB3YSl PErYISATOPBI TOKA U MyJabTUMETp MD-01.

2. 3anuIInTe BCE MOKA3aHUS MYJBTUMETPA, MEPEMEIIASICh IO €To
MEHIO C TMOMOIIBI0 KHOMOK M Mojib3ysach [lpunoxenuem 1. OObsicHuUTe
B OTUETE MOJIYUYEHHBIC PE3YyJIbTATHI.

3. CnummuTe ¢ AUCIUIes CYETYMKA 3HAYEHHUE CPEHEN aKTUBHOM MOIII-
HOCTH Harpy3kH, pacCUMTBHIBAEMOW 3a MOCJEIHIOK MHUHYTY H3MEpPEHHI.
CpaBHHTE ATH MOKAa3aHUS C MMOKa3aHUSIMU MyJbTUMETpa. CrenanTe BbIBO-
IIbl B OTYETE.

4. Bepkute HEKOTOpOE BpeMs U yOeIuTech, UTO MOKa3aHus MoTpeo-
JIEHHOMW SHEPIruu M0 YYUTHIBAEMOMY Tapu(]y B CUETUMKE U3MEHSIOTCS.

5. Haxxmure B mporpamme KHONIKY « KOHIIEHTpaTop».

6. YOepure 3Hau0K «CBSI3b UE€pPE3 MOJIEM.

7. Haxxmute KHONKY «YTEeHUE TaHHBIX CO CUETUYUKOB» M MOATBEP/IU-
T€ BBIOpAaHHBIE aJIpeca.
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8. Jloxxaurech OKOHYAHUS YTEHHUS, BbDKJAB HEe MeHee 2 MUH. BHu-
manue! Knonky «I1oBTOp» HAXXMMATh CTPOrO 3ampenieHo!
9. 3anuiute B OTYET BCE COOOINEHUS MpOorpaMMbl B JIEBOM YacTu
JKpaHa.
10. BeritauTe B riiaBHOE MEHIO MPOTPAMMEI.
11. Beigenure agpec 1 HAKMUTE KHOMKY «J[aHHBIE CO CYETUHUKOB.
12. ITocnenoBatenbHO HAXKMMasl HA BCE KHOIKM B MPABOM YaCTH dKpa-
Ha, BHUMATEJIbHO PACCMOTPUTE KAXKIYI0 TaOJUILy U TpaduK, CYUTAaHHBIE CO
cyeturka. Crnenaiite 1moapoOHbIe BHIBOBI 110 BCEM TadauIaM U Ipadukam
(Ka4uecTBO CHHXPOHU3AIIMU BO BPEMEHHM, MAaKCUMAJIbHbIE 1 MUHUMAaJIbHBIC
MOTPEOJICHUS 3a TOCTASTHUM MECAIl M 3a TOCICAHUN IO/, TEHUCTBUS IOJb-
30BaTeJIe B CUCTEME U T. 1.).
13. YcTaHoBUTE BCE PETYJISITOPHI TOKA HA CTEHIE B MOJOXKEeHUE «Mu-
HUMYM» U OTKJIIOUUTE CTCH],.

CopepxaHue oTyeTa

[lens paboThl, cxema jgaboparopHoro creHja (cMm. puc. 6.2), KOMMEH-
Tapuu K X0y paboThI, TapaMeTpsl CO3MaHHOTO BapruaHTa Tapudukamm, pe-
3yJbTaThl U3MEPEHUI U BCE HEOOXOMMBIE BHIBOIBI TIO HUM.

KoHTponbHble BONpoChHI

1. KakoBbI OCHOBHBIE TPUHLIUIIBI TOCTpoeHus cucteM ACKYD?

2. O0BbsICHUTE MPUHITUIT PAOOTHI CXeMbI Ha puc. 6.1.

3. OOBsSICHUTE MPUHIUI PaOOTHI CXEMBI Ha puc. 6.2.

4. Kakue ¢pynkuuu BoinonnseT nporpamma ASKUE VZEP?

5. KakoBbl (GyHKIIMOHATIbHBIE BO3MOXXHOCTH cueTurnka 3980057

6. Uto Takoe BapuaHT TapupUKaInm?

7. KakoBbl (hyHKIIMOHATBHBIE BOBMOXXHOCTH KOHIIeHTpaTopa EA80067?
8. Kak ocymiectrisieTcs: nporpaMmupoBanre koHueHtparopa EA8006?
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JlabopamopHasi paboma Ne 7

OMNPEAENEHUE COCTOAHUA
SANEKTPOOBOPYNOBAHUA
MO NOKA3AHUAM TEMNNOBU3OPA

Lenv pabomol: U3yduTh TPUHIUIIEI (DYHKITMOHUPOBAHUS TETLJIOBU30-
pa, a TakKe OCHOBHBIE MPHUEMBI 10 00pabOTKE TEpMOrpaMM 3JIEKTPO0Oo-
pPyAOBaHUS.

KpaTKVIe TeopeTnyeckmne cesegeHus

TemnoBU30p — 3TO U3MEPUTENIBHBIN MPUOOP, O3BOJISAIONIUNA aHAIH-
3UPOBaTh TEIUIOBBIC MOJSI OECKOHTAKTHBIM CIIOCOOOM W PabOTAIOLIUNA IO
npuHIuny uudposoro ¢oroanmnapara (puc. 7.1). B pesynpraTre paboThi
npubdopa GopMHUpyeTCss U300paKEHUE TEIIOBOTO TOJIA MCCIAEAYEeMOU To-
BEPXHOCTH, KOTOPOE HA3bIBAETCS TEPMOTIPAMMOIA.

H‘h—.“‘_"

Puc. 7.1. Tennosuzop NEC TH7700

PaGota TernioBu3opa OCHOBaHA HAa TOM, UYTO BCE HArpeThie OOBEKTHI
U3Ty4aroT UH(PpaKpacHble BONHBI. [IpM 3TOM MHTEHCHBHOCTh U YaCTOTA
U3JTyYEHUs 3aBUCT OT TEMIIEPATypPbl IOBEPXHOCTU OOBEKTA.

HNuTerpajbHoii M3/Iy4aTe/JIbHON CIIOCOOHOCTHIO (SHEPTETHUUECKOM
CBETUMOCTbIO OOBEKTA) HA3bIBAIOT BEIMYUHY W, XapaKTepU3YIOIIYIO HH-
TEHCUBHOCTb W3JIy4YE€HUS U OIPEHEISIEMYI0 B COOTBETCTBUHU C 3aKOHOM
Credana—bonbimana:
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W=567-10"¢-0°, (7.1)

rae 0 — remmneparypa moBepxHocTu o0bekTa B KenbBuHax; € — kodddu-
IIUEHT W3IIy4YCHUSI.

Koadunment nznydenus € siBisieTcss 6e3pa3MepHbIM ITapaMeTpoM U
YUUTBHIBAET OTPAXKAIOIIYIO CIIOCOOHOCTh MaTepuasioB. s abcomroTHO
YEpHOTO TeJIa, KOTOPOE HE OTPaXKAET AICKTPOMArHUTHBIX BOJIH, a TOJIBKO
ux morjomaer, €=1. J[ia peanpbHbIX MaTepHaloB 3HAYCHHE € BCET/a
MEHbIIIC €IMHUIIBI U ABJISIETCS CIpaBOYHBIM. Tak, mis kupnuya € = 0,9,
a quis amomunausa € =~ 0,05 (Ilpunoxenue 3).

Yem BbILIC TeMIICPpATypa, TEM MCHLIIC JIIMHA BOJIHBI HW3JTYUYCHMUA
B COOTBETCTBHMH C 3aKOHOM cMellleHUs BuHa:

-3
A max =—2’89% - (7.2)

rac 7\‘max — JJIMHA BOJIHBI U3JIY4YCHHUA, COOTBCTCTBYIOIIAA MAKCUMAJIbHOMY

3HAYEHUIO U3JTy4aTeIbHOU CIIOCOOHOCTH OOBEKTA.
CrpyKTypHas cxema TEILUIOBU30pa IPUBEICHA Ha puc. 7.2.

W3myuenue

oC || uKuM || amIT || Al

|

MK | 1

*

K

Puc. 7.2. CtpykTypHas cxema TelioBU3opa:
OC — onrtnueckas cucrema; MKUM — undpakpacHo-4yBCTBUTEIbHAS
Matpuna; AMII — aHaOroBeI MyJIBTUILIEKCOP;
ALII — ananoro-u¢poBoit npeodpa3oBaTeb;
MK — mukpoxonTposuiep; [ — nucruieit; K — knaBuarypa

[Tonb30Barenp OCYMIECTBISET HACTPOUKY TEIJIOBU30pa U 3aIyCK €ro
B pabOTy C MOMOIIIbIO Ki1aBUATyphI K.

TermnoBoe u3nmydeHue uyepe3 ontuueckyro cuctemy OC momagaer Ha
uHpakpacHo-uyBcTBUTENbHYIO MaTpuily UKUM, coctosinyto u3 MHOXKECT-
Ba (DOTOUYBCTBUTENBHBIX AUeEK — MUKceaeil. Kaxplil nukcens BblpadaThl-
Ba€T HaNPsLKEHHE, TPOMTOPLIMOHAIBHOE MTPUILIEAIIEMY Ha HETO U3ITYYEHHUIO.
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Paboroit TeroBu3opa ympasisieT MUKpokoHTposuiep MK, mpen-
CTaBJISIOIMNA COO0N MUKPOTIPOIIECCOPHYIO CHCTEMY B paMKax OJHOW MUK-
POCXEMBI.

C noMol11pt0 aHaJIOroBoro MyJibtuiiekcopa AMII, BBINOHSIOMIETO
(GYHKIIMM MHOTOIO3UIIMOHHOTO TEPEKIIIoYaTessi, MUKPOKOHTPOJIEP OCY-
HIECTBIIAET CKAHMUPOBAHUE MATPHUIIBL. DTO MPOUECC MPOUCXOAUT CIIEIYIO-
UM oOpa3zoM. BHauyane MUKpPOKOHTpOJIEp MepelaeT B MaTPUILy ABOUY-
HBII KOJI, aKTUBU3UPYIOIIUIA €€ MEepPBYI0 CTPOKY, a 3aTEM BbIpaOATHIBAET
YIPABJISIONINAE TBOUYHBIE KOBI IJIsI MYyJIbTUILIIEKCOPA TAKUM 00pa3oM, 4TO
K €r0 BBIXOAY ITOCIIEIOBATEIbHO MOJKIIOYAKOTCS BCE IHUKCEIN IEPBOU
ctpoku. B ato xe Bpemst ALIIl mpeoOpa3yeT aHamOroBble HAIPSKEHUS
MUKCEJIEH B COOTBETCTBYIOIINE JIBOUYHBIE KOJbI, OCTYIAOIIUE B MUKPO-
koHTposuiep. [locie ompoca Bcel CTPOKM MUKPOKOHTPOJUIEP aKTUBHU3UPY-
€T BTOPYIO CTPOKY U JaJee€ MPOLECC MOBTOPSIETCA UUKINYECKH. B pe3yib-
Tare B MaMsITU MUKPOKOHTpouiepa (HhOPMUPYETCSI MAacCCUB JIBOMYHBIX KO-
JIOB, MPOIMOPIHUOHAIBHBIX MHTEHCUBHOCTH M3JIYYEHUS, MOMAJAIONIEro Ha
COOTBETCTBYIOIIUE ITUKCEIIH.

ITocne ckaHupoBaHUS MATPUIIBI MUKPOKOHTPOJIJIEP BBIMOIHSET MaTe-
MAaTUYECKUE PACUYEThl TEMIIEPATYpPbl, BOCHPHUHATON KaXIbIM IHUKCEJIEM,
B cootBeTcTBUU ¢ (popmynamu (7.1) u (7.2). Pedynbrarsl pacdeToB OH BbI-
BOJUT B BUJE TEPMOrpaMMBbI Ha LIBETHOM AucIuieil. [Ipu aTom TemmnepaTypbl
JUTSL K&XKJI0TO TIMKCENsSl 0TOOPaX,aroTCsl C TOMOIIbIO IBETOBOM MAJIUTPHI.

B knaccuueckoil 1IBETOBOM NaiuTpe HanboJyiee XOJIOAHBIM YYacTKaM
COOTBETCTBYIOT UEPHBI U CUHUH IIBETA, a HAM0OJIee HArPEThIM — O€JbIN U
KpacHbIi 11BeTa. B cepennne criekTpa —3eieHblid BeT. CyIIEeCTBYIOT TAKXKe
YyepHO-0€eJIble U IPYTHUe BUJIbI TATUTP.

[TonmyueHHble TepMOTrpaMMBbl TEIJIOBU30P XPaHUT B BUjE rpaduye-
ckux (haijIoB CO CTAaHAAPTHBIMU PACHIMPECHUSIMU. ITU (alIbl MOTYT OBITH
CUMTaHbl U Mepe/laHbl B KOMIbIOTEp. X MOXHO OTKpbIBaTh U 00padaThI-
BaTh B CIICIMAIBHBIX MPOrpamMMax, YTO MO3BOJISET aHAIM3UPOBATh TEXHHU-
YEeCKOE COCTOSHHE 00CIe1yeMbIX OOBEKTOB.

To4YHOCTH U3MEPEHHI C TTOMOIIBIO TEIJIOBU30pa 3aBUCUT OT MPABUJIb-
HOCTH 3aJiaHus ko3 duimenTa m3nydeHus €. [1o ymondanuio 3Ha4eHUE ITO-
ro koaddunuenta B TermoBuzope NEC TH7700 coctasmsier 0,95. TermoBu-
30p aBTOMATHYECKH HE CMOCOOEH OIpeNessiTh MaTepuail UCCIeIyeMOn IMo-
BEPXHOCTH, IIOATOMY BEPHBIE 3HAYEHUS € JIOJKEH BBOAUTH OIEPATOP.

Kparkoe pykoBoactso no nporpamme NEC Image Processor
[Iporpammusiii naker NEC Image Processor npeaHa3HayeH il 00-
paboTKH (aijIoB TEPMOTPaMM C PACIIUPEHUEM «.STH».
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Pabouas o6nacte NEC Image Processor (puc. 7.3) cocTOUT U3 cie-
JIYIOIIUX 3JIEMEHTOB: OCHOBHOE OKHO /, TTaHEJIb HABUTAIIMU 2, OKHO CTaTH-
cTUKH 3, OKHO aHalin3a n300pakeHu 4, IIkaja TeMieparyp J, OKHO Jua-
rpamm 6.

1 e Edi Aralyss Sequerce [mege Tools Mdes Window Hep
QR is" XK Mk |

= [ none.
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Puc. 7.3. Pabouas obnacte NEC Image Processor

JIJIs IpoBeICHUsT TepMOTpaUIeCcKOro aHajinu3a MOXKHO BOCIIOJIB30-
BaThCsl MCHIO WJIM ITAHEIIbI0 MHCTPYMEHTOB (KaK M B JIFOOOM CTaHIApPTHOM
Windows-nipuioxeHun ), IpuBEICHHON Ha puc. 7.4.

R 2" L1 X P ih | & S

Puc. 7.4. Ilanens HHCTPYMEHTOB
TS TEPMOTPAPUIECKOTO aHaIN3a

Ha tepmorpamme B OkHE aHaynM3a M300paKEHUNH MOXKHO CO37aBaTh
ClenyIolne BUIbl OOBEKTOB: TOYKH, KOHTYpPbI, TUCTOTPAMMBI, JIUHEHKH,
HAJITNACH.

To4kM HCHONB3YIOTCA Ul aHAIU3a TEMIIEPATYP B OTAEIBHBIX TOY-
KaX TEpMOIPaMMBI.

KoHTypbI 03BOJISIIOT CTPOUTH NPOPUIH TEMIIEPATYP MO Pa3INUYHBIM
y4acTKaM TEpMOTpaMMbl IIyTEM HAJOKEHUS NPSIMbIX WU JIOMAHBIX JIMHUN
Ha 3THU y4acTku. [IporpamMmma aBTOMaTHYeCKH cO3/aeT rpaduK U3MEHEHUs
TEMIEPATYPbl BOJIb MPOJIOKEHHON TMHUU — MPO(UIIb TEMIIEPATYPHI.
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I'mcTorpaMMsbl O3BOJISIIOT aHATU3UPOBAThH MIIOTHOCTH BEPOSTHOCTH
pacripe/ieJieHusl TeMIepaTyp B BBIJICICHHOM Ha TepMOrpamMMme MpsiMO-
YTOJBHOM 00JacTH.

JIuHelkM npenHa3HAYEHBI ISl ONPEEICHUs] PACCTOSHUN U pa3Me-
POB U300pKEHUHN, HAXOISIINXCS B (POKYCE TEPMOCHEMKHU.

Haanucn no3BoJigoT pa3MeniaTh Ha TEpMOrpaMMe MOSICHEHUS MOJTb-
30BaTesl.

Bce 00beKTBI MOXKHO TepeMeliaTh Mo TepMOTrpamMMe MPU HaKaToM
JIEBOM KHOINKHM MBIIIU TOCJIE MPEABAPUTEIIBHOTO HAXXKaTHsl Ha MPaBYIO
KHOTIKY.

IlepBast KHOIKA cl€Ba HA MaHEIU UHCTPYMEHTOB (puc. 7.4) mo3BoJIs-
€T TIepeMeIIaTh OOBEKTHI, @ BTOpPasi KHOMKA — O0BEANHATH OO BEKTHI.

[Ipu ABOMHOM IIETUKE HAa OKHE aHaAJIN3a M300pPaKCHUM MOSBISAETCS
JUAJIOTOBOE OKHO 10 M3MEHEHHUIO KOd(phUIIMeHTa U3ITyUSHHUS.

Jlpyrue napaMeTpbl pacuera TEMIIEPATYPbl MOKHO YCTAHOBUTH B Ma-
Henu HaBuranuu (cMm. puc. 7.3) B Belmagaromiem criucke «KoppektupoBka
TeMIIepaTypbl».

NMopsaok BbINOMHEHUA PaboThI

1. 3amycture nporpammy NEC Image Processor.

2. Ucnionb3ys nyHKT Mento AN — OTKPBITh, u3 nanku «nek-
TpHUKa» BbIOepUTE (Pailn TepMOTpaMMBbI, 3aIaHHBIN TTPETIOIaBATEIIEM.

3. Acnonp3ysi OKHO MPEABAPUTEIBLHOTO IPOCMOTPA, OMUIIUATE B Yep-
HOBHUKE U OTYETE TO, YTO BBl HaOMoaaete Ha pororpaduu. [Ipusenure Ha-
3BaHUsl KPYIHBIX OOBEKTOB (CHIIOBOM TpaHchopmaTop, TpaHchopmaTop
TOKa, BHICOKOBOJIPTHBIN BBIKJIIOYATENb U T. 11.). [Ipu HeoOxoaumocTu 00-
paTUTECh K MPEnogaBaTelio.

4. VIameHsist (MHTYUTUBHO) pa3iInYHbIC TTapaMeTpPhI Kbl Ha TaIuT-
pe TeMmmeparyp, A00EUTECh ONTUMAIBLHOIO M300pa)KE€HUSI TEPMOIPAMMBI.
3anummuTe B OTYET BCE TapaMeTPhl, KOTOPHIE BEI OKOHYATEIIHHO YCTAHOBH-
JIY Ha MAJIUTPE.

5. Mcrionb3yst myHKTHI Merto BUJT — TPEXMEPHBIM BUJI, mony-
YUTE TPEXMEPHOE M300pakeHue TepMorpaMmbl. M3o0pakeHne MOXHO To-
BOpauMBaTh, UCIOJB3Ys CTPEJIKM Ha KiaBuarype. [laiite B oT4eT cioBec-
HOE OIHCcaHhe HaO0/1aeMOl KapTUHBI U CHENaiiTe BBIBOJBI O Hauboiee
¥ HAaUMEHEE HarpeThIX ydyacTKaxX Ha TePMOTpaMMe.

6. PaccmarpuBas ¢ortorpaduro, Ha Ta3 OICHUTE PACCTOSHHE JI0
ombkaitmux o0bekToB. Ha manenu HaBuranuu BeiOepute NyHKT « ONTHKA
U YCTaHOBUTE ATO paccTosiHue. [Ipu 10cTaTOuyHO TOYHOM OIIEHKE PaccTosl-

57



HUS B JaJbHEUIIIEM MPOTrpaMMa CMOXET PACCUUTHIBATH pa3Mephbl OTICIb-
HBIX 3JIEMEHTOB UCCIIETyEMbBIX OOBEKTOB.

7. Hatigute Ha Qororpadun oObekTa M Ha TEpMOrpaMMeE HE MEHEe
YETBIPEX AJIEMEHTOB JIJISl UCCIIEIOBAHUSI. ITO MOTYT OBITh Pa3JIMYHBIC alllia-
paThl WM YacTu ATUX ammnapaTtoB. Hampumep: oxmanurens Tpanchopmaro-
pa, TepMocuOHHBIN GUILTP TpaHchopmaTopa, U30JIATOP, MPOBOA U T. 1.
[Tpu HE0OXOAMMOCTH OOpPATUTECH K MPENOIaBaATEII0. JAUIIUTE B OTYET Ha-
3BaHMsI U Ha3HAUYEHHE BHIOPAHHBIX DJIEMEHTOB.

8. Ucnonb3yst 00bekThl « Toukay, I KaXXKJI0ro U3 BHIOPAHHBIX 3Jie-
MEHTOB OIPENEIUTE TEeMIIepaTyphl UX Haubojee HarpeTbix Touek. [Ipu
ATOM JieiaiTe TBOMHOM IICITYOK HA OKHE aHaJIu3a N300paKEHU ¥ BBOJIUTE
HEoOXoauMBbIe 3HaUYCHMs Kod(duimenTa u3aydeHus, ucnoub3ys [Ipumo-
*KeHue 3. 3anuIlnTe MOJyYEeHHbIC 3HAUEHUS B YEPHOBUK U OTYET.

9. Ucnionw3ys 00bekThl «KOHTYp», UTsl KaXKI0TO U3 BEIOPAHHBIX dJIe-
MEHTOB MOJIyYUTE JUHEWHbIC Npoduiin TemMnepatyp (B HauboJiee ¢ Baliei
TOYKH 3PEHHUSI MHTEPECHBIX HampaiieHusx). [ns sTtoro BeiOuMpaiiTe Ha
MOSIBUBLIEKCS MTAHEIN UHCTPYMEHTOB THUIl JINHUU U MIPOBOJUTE €€ C TOMO-
IIbI0 MBIIIK BJOJIb BRIOpaHHOTO HampaBiieHus. He 3a0biBaliTe KOppEeKTH-
poBaTh KOA(PUIIMEHT U3TyUeHUs. 3apUCYUTe B YEPHOBUK U OTYET rpadu-
KU MOJIYYEHHBIX TPOQUIIEH U CAECTANTE MO KaXAO0MY U3 HUX BBIBO/IBI.

10. Ucnionb3yst 00bekThl «['HcTOrpammay, aiis KaXAOoro U3 BbIOpaH-
HBIX 3JIEMEHTOB IO TPAHUIAM UX KOHTYPOB MOJYYUTE COOTBETCTBYIOIIHE
ructorpammel. Jljist 3Toro BbIOMpaiTe Ha MOSBUBLICHCS MaHEIW UHCTPY-
MEHTOB THUIl T€OMETPUUYECKOU (UTYpBI. 3apUCYHTE B OTUET T'MCTOIPAMMBI
Y 10 KaKJIOU U3 HUX CHEJIaNTE BHIBOJDI.

CopepxaHue oTyeTa

Ilenp paboThHI, OMUCAHWUE HCCIECAYEMBIX OOBEKTOB, KOMMEHTApUU
K X0Ay paboTsl, rpaduku mpoduiieit TemnepaTyp U TUCTOrpaMM C TTOAPOO-
HBIMH BBIBOJIAMH 110 HAM.

KoHTponbHble BONpocChbI

1. KaxoBbl (hu3nueckue MpUHIUIBI TEMJI0BOTO U3Ty4YeHUs?

2. Yto Takoe TemoBu3op? Kak paboraet TenioBuzop?

3. Uto Takoe TepMOrpamMma u TeMrnepaTypHas mkana?

4. KakoBbl (PyHKIIMOHAJIBHBIE BO3MOKHOCTH nporpammbl NEC Image
Processor?

5. B uem paznuna mexnay oobexktamu «Kontyp» u «I'mcrorpamma
B nporpamme NEC Image Processor?
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NMPUINOXEHUA
MpunoxeHune 1

Kparkoe onucanmne 3Hepreruyeckoro myjabtumerpa M3-01

OHepretrndeckuii MyapTuMeTp M3-01 — 3T0 MHKpOIpPOLIECCOPHBII
MHOTO(DYHKIIMOHAIbHBIM M3MEPUTENbHBIN NMPUOOp IJisi U3MEpEeHHus mapa-
METPOB JIEKTPUUECKOUN CETH.

Tabauya I1.1.1

ITapameTpsl, u3MepsieMbie MyJbTuMeTpom MI-01

OTobOpaxenne Beauuunbl
Ha aucILiee
U o
I Tekyiye 3HaUCHUS HAMIPSKEHUN U TOKOB IO TpeM ¢azam
U% .
1% Texy1ire OTKJIOHEHUS HAMIPSKEHUI U TOKOB MO TpeM ¢azam
0
Km Tekymue 3HaueHUs KO3()PUIIMEHTa MOIITHOCTHU MO KaXK/10H (aze
Cf Texyuue 3HaU€HUS COSQ M0 Kax 10 (ase
o Tekyiye 3Ha4eHUST PEAaKTUBHOM MOIIIHOCTH TI0 KaXKI0M (aze
10 MIEPBOM rapMOHUKE
F YacToTa HanpsHKEHUs 10 MEPBOY FrapMOHUKE
P Texyre 3HaUeHUS aKTHBHOM MOIITHOCTH IO KaXK10H (paze
P To e 1o nepBoil rapMOHUKE
S Teky1iue 3Hau€HUs TOJHOM MOILHOCTH 10 Kax Ao (ase
S’ To e 1o nepBoil rapMOHUKE
U Texymiue 3HaUe€HUS HAMIPSHKEHU U TOKOB IO TpeM (azam
1 10 IEPBOM rapMOHUKE

[TepexiroueHne Mexay U3MEPSEMbIMU NTApAMETPAMH OCYIIECTBIISCT-
Csl C IOMOIIBIO KHOIIOK «BJIEBO» U «BITPABO».
MynbTUMETp BBIAACT HA AUCIUIEN 3HAYCHHS (Pa3HBIX U3MEPSEMBIX

HaNpsKCHUMU.
[Tpu BBIBOIE HA muctuieit B MO-01 npuHATH ciieayroiue 0003HaUCHUS:

105 = 10500.
k20 = 200.
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3HaYeHU yAeJbHOr0 CONPOTUBJIEHUS TPYHTA

IapameTpsl, u3mepsiembie MyJbTUMeTpoM MI-01

MpunoxeHune 2

Tabnuya I1.2.1

I'pyHr Py, OM * M
I'muna BaxxHas 20
I'nmuna nonytBepas 60
['nelic pa3noXuBLIAICS 275
I'paBuil TIIMHUCTBINA, HEOJHOPOIHBIN 300
['paBuii OAHOPOIHBIIM 800
['paduroBas kporika 0,1-2
Hpecsa (Menkuii me0eHb/KPYTHBIN MECOK) 5500
3o01a, menen 40
N3BECTHSAK TOBEPXHOCTHBIN 3000-5000
KamenHnsli1 yroab 150
KBapng 15000
Koxkc 2,5
Jlecc (>xkento3em) 250
Men 60
Meprenb 0ObIYHBIN 150
Meprenb rmuHucTbiii (5075 % TTUHUCTBIX YaCTHUIL) 50
ITecok, CUIIBHO YBJIQXKHEHHBI TPYHTOBBIMU BOJAMHU 10-60
Ilecok, yMEpEHHO yBIa)KHEHHBIN 60-130
ITecok BiIakHBIN 130400
Ilecok cierka BIa)KHbIN 400-1500
ITecok cyxon 15004200
[lecuanuk 1000
CanoBas 3emis 40
Cononyvax 20
CyTIJIMHOK, CWIIBHO YBJIaXKHEHHBIN IPYHTOBBIMH BOJAMU 10-60
CyrIMHOK TOJTyTBEPAbIi, IECOBUIHBII 100
CyrauHok npu Temmneparype munyc 5 °C 150
Cnanen rpadUTOBBIN 55
Cyriech (CyIecok) 150
Topd npu Temneparype 10 °C 25
Top¢ npu remnepatype 0 °C 50
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3nauenusi ko3ppuuueHTa U3TYYEHUA

MpunoxeHne 3

Tabnuya I1.3.1

OpHeHTI/IpOBO‘{Hble 3JHAYCHUA KOI)(l)(l)I/IIIl/IeHTa H3JTYYCHUS

AJIA pa3/iidHbIX MaTepUuaJI0oB

Marepuan €
AJIIOMUHUY TOJTMPOBAHHBIN 0,05
AJTIOMUHHMN OKUCIICHHBIN 0,3
Cranb oKUCIICHHAS 0,8
Cranb, NOKpbITas p>KaBUYMHON 0,7
Uyryn 0,95
Acbect 0,96
LlemenT 0,54
I'muna 0,91
Jlak yepHbIi 0,97
Jlax Oenbli 0,85
OMaJjb MacJIsTHast 0,95
bymara xenras 0,72
Crexiio 0,93
Jlen 0,98
dapdop 0,92
Pe3una msarkas 0,86
ITecok 0,6
Cuer 0,8
[tykarypka 0,91
Bona 0,96
Kupnuu kepamuueckuid KpacHbIN 0,9
Kupnny cunukatHbiil Oemnblii 0,66
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