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BBenenue

B Meronuueckux ykazaHHUSIX OMHUCAHBI JIAOOPATOPHBIE PAaOOTHI MO
Kypcy «llepexoaHbie mpOIECChl B DJIEKTPOIHEPIETUUECKUX CUCTEMAX,
BBITIOJIHSIEMbIE HA y4eOHOM J1abopaTopHOM Komiuiekce «Moenb aiek-
TPUYECKON CUCTEeMBI». B X0/1€ MX BOCTIPOU3BOAATCS AJICKTPOMArHUTHBIC
U 3JIEKTPOMEXAaHUUYECKUE MPOIIECCHl B JICKTPUUYECKON CUCTEME, UMEIO-
I1€ MECTO MPU BO3HUKHOBEHUHU PA3IUYHBIX KOPOTKUX 3aMbIKAHUH.

AmnnapatHas 4acTh KOMIUIEKCA BBINIOJHEHA MO OJ04HOMY (MO-
TyJIbHOMY) TIPUHITUITY U COJICPIKUT:

CIIPOCKTUPOBAHHBIE ¢ YU€OHBIMU IIEJISIMU HAaTypHBIE aHAJIOTH dJIe-
MEHTOB JJICKTPUUYECKON CHCTEMBI;

MCTOYHHMKHU IMUTAHUS;

U3MEPUTEIbHBIEC MPeo0pa3oBaTeid U MPUOOPHI;

IBM-coBMeCTUMBIN TTepCOHAIBHBIN KOMITBIOTEP CO BCTPOSHHOM
rutatoit coopa napopmanmu Gupmer National Instruments.

[lutanre MoOJENM OCYIIECTBISETCA OT TpexdaszHOW dIeKTpuue-
ckoii cetu HanpsukeHneM 380 B ¢ HEHTpalbHBIM M 3aIIMTHBIM MTPOBO/I-
HUKaMHU.

[IporpamMmmHast 4acTh KOMILIEKCA BKJIFOYAET:

IpOTPaMMHYI0 cpefly TepcoHaibHOTO Kommbiorepa (Windows
XP);

pa3paboTaHHBIC C TOMOIIBI0 MporpamMMHO cpeasl LabVIEW
BUPTYaIbHBI MHOTOKaHAIBHBIN 3aITMCHIBAIOIITUIN OCITUiLIOrpad.

DNeKTpo0e30MacHOCTh 00eCledYeHa BBITIOJHEHUEM DJIEMEHTOB
KJIACCOM 3aIUThI OT MOpa)xeHus dJekTpudeckuM TokoM 01 u I, a Taxke
IPUMEHEHHUEM YCTPOIMCTBA 3aIIMTHOTO OTKIIOYCHHUSI.

Ha xomriekce MOXeT akTUBHO paboTaTh TBOpYECKasi Opuraaa u3
3—5 CTyIEeHTOB.
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Onucanue JIeKTPOMAIIMHHOIO arperara

DIIeKTPOMAITMHHBIA arperaT MpeHa3HaueH IS dJIEKTPOMEXaHH-
geckoro mpeoOpaszoBanus sHeprun. OH BKIIIOYAeT CHAPEHHBIC MEXKITY
co00¥ M yCTaHOBJICHHBIC Ha €JMHOM OCHOBAHUMU:

—MAaIIMHYy TTOCTOSHHOTO TOKa;

—MaIlIMHy TIEPEMEHHOTO TOKa;

—MaXOBUHK;

—MnpeoOpa3oBaTesb YIJIOBBIX MTEPEMEIICHUM.

KoHIbI 00MOTOK MaIlIMH ITOCTOSHHOTO M IIEPEMEHHOTO TOKa BEHI-
BEJICHBI Yepe3 THE3/1a Ha TePMHUHAIbHBIC TTaHEH, TPUKPETUICHHBIE K MX
KopmycamM. MammrHa TepeMEHHOTO TOKa CHa0)KeHa TEePMOKOHTAKTOM,
pa3MbIKafOUMCs Ipu HarpeBe MammuHbl Bbimie 70°C. KoHIBI TepMo-
KOHTaKTa 4epe3 THe3/la BRIBEJACHB HA TEPMHUHAIBHYIO IMAHEIh MAIIHBI
MIEPEMEHHOTO TOKA M HCIIOIB3YIOTCS B CXEME TEIIOBOM 3aIlMThI Malllu-
HBbI TIEpEeMEHHOr0 TOoKa. HampaBieHwme BpamieHus 3ICKTPOMAIIMHHOTO
arperara — J1000¢.

TexHnuyeckne XapaKTePUCTUKHU JIEKTPOMANIMHHOIO arperara

HoMuHanbsHast MOITHOCTD, BT......oovvvveiiiiiieieeeeeee 90
HomunansHOe HanpshkeHue sikops, B.........cccoee.eoooe 220
HoMuHaIBHBIN TOK SKOPS, A....oeeeevvveeeeeciieeeeeeeeeennn. 0,76
HomuHanbsHas yactora BpalieHus, MHH T, 500
Bo30yxe-

1507 (TR PR SRR .HE3aBHCHMOE
HomMuHansHOE HanpsikeHue Bo30yxaeHus, B............. 220
KITZL, 20 vvveeiiiieeiiiie et 64
HanpaBieHUEe BPAIIEHUE. ..........ceeeeeevveeeereeeannvennnnn. .. JIOOOC
A B TTor: TR0 2 AT 3

MamuHa nepeMeHHOro ToKa - ciHxXpoHHas (tun 102.1)

UHCTO a3 HA CTATOPEC....vvveeeeeerreeeeeeiirieeeee e e eereeeeennnn
UHCTO A3 HA POTOPEC..ccuevrrreeeeeirrieeeeeiiieeeee e eanaeeenen O
HomunanpHasg akTUBHAS MOIIHOCTG, BT.................. 50

Homunanenoe Hanpsixenue, B...................................230
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Cxema coeqUHEHHST OOMOTOK CTATOPA.....ccenuvvvnnnnn... ¥
(6101 T SRR 1
HoMuHAIBHBIN TOK CTATOPA, A.ccci v 0,13
Tox BO30YyXA€HUS XOJI0CTOrO X04a, A....ceeevennnn...... 1,4
HomunanbHOe HanpsbkeHue Bo30yxaenus, B............. 20
HomMuHanbHbIN TOK BO30OYXKIAEHUS, A....ovvvveevvennnn.... 1D
HamnpaBlieHHE BPAIICHUS. .......ccveveerrreeerreereeennennnn.. .. JIFOOOE
HOMHHAJIBHAS 9aCTOTA BPAILCHUS, MUH ... ... 1500

IIpeoOpa3oBaresib yrioBbix nepememenui (tumn 104)

81 5 BE 178A5

KOIM4eCTBO BBIXOTHBIX KAHAIIOB. . vuvvseenreenreennennnns 6

BBIXOJHBIC CHTHANBL.........CCPHS HMMIIYJIbCOB W OIIOPHBIA HM-
yJIbC

Yucao UMITYIBCOB 32 000POT B CEPHH...nnvrreennnnns. .. 1000

-1
[Ipenensl M3MeHeHHs] pabOYMX YACTOT BpallleHWs Bajia, MHUH ..
0...6000

MaxoBuk (Tum 105.1)

2
MOMEHT HHEPIIHM, H-MC™ +.'uuuttieeeeeennnnneeeeeeaninnnneeeeenns 0,009
J\Y] F:TTor: 10 24 a0 & (R 010 1) (= <P 7

Onucanue U TEXHUYECKUE XapaKTEPUCTUKH
(YHKIIMOHAJIBHBIX OJIOKOB

Tabmnura 1
HaunmenoBanue u onucanue ITapamerpsl Tun
1 2 3
Tpex(a3HbIii HCTOYHUK MUTAHUA
[IpeqHa3zHayeH Ay NUATAHUS KOMIUJICK- 400 B ~;
ca Tpex(a3zHbIM NMEPEeMEHHBIM HampsxKe- 16 A
HueM. Bxirowaercss BpyuHyr. HMwmeer Tox 201.2

3alIUTY OT TEPEerpy3o0kK, YCTPOWCTBO 3a- | cpabaThIBaHUS
IIMTHOI'O OTKJIFOYEHMS, KHOIIKY aBapui-| VY30 — 30 MA
HOT'O OTKJIFOYEHUS U KJIFOY OT HECAHKIH-
OHUPOBAHHOI'O BKIIFOYCHUS.




[Tponomkenue Tadma. 1

1 2 3

McTOYHUK NUTAHMS JABUTaTe sl IO-

CTOSIHHOTO TOKA
[IpenHasHadeH s MATaHUS OOMOTOK | [lemb sIKOpS
SIKOPSL ¥ BO30YXK/CHUSI [IOCTOSIHHBIM TO- | (). 250 B —:
KoM. Bxitoyaercs Bpy4YHYHO WIM JH- 3A 206.1
CTaHIIMOHHO / aBTOMaTtuuyecku ot [I9BM. Llers
SIkopHOE ~ HANpPsHKEHHE  pEryiupyercs | . 036y K ICHHA
BPpYYHYIO WM  JUCTAHIIMOHHO  (OT _
[I19BM). Hanpsixenue Bo30YKJI€HUS T1O- 200B =
CTOSTHHOE. LA
Bo30yanTesib MalIMHbI IEPEMEHHOT0
TOKA
[Ipenna3zHaueH AJjisi MATaHUST OOMOTKU 0..40 B —
BO30Y>KJIeHUs. BKItodaeTcs u peryiaupy- 35A 209.2
€TCSl BPYYHYIO WU JUCTAHIIMOHHO / aB-
tomatnuecku (ot I[I9BM). Brixognsie
LEMH U30JIUPOBAHBI OT BXOJHBIX.
TpexnmoaCHbIA BHIKJIKYATEIb
[IpenHa3zHaueH s pyvHOTO WU JU- 400 B ~-
CTAHIIMOHHOTO / aBTOMAaTUYECKOro (OT ’ 301
10 A
[I5BM) BxitoueHus / OTKIIOYCHUS
AJIEKTPUYECKHUX LETIEH.
Tepmunan
[Ipennasnauen g1t obecrmeueHusi | 6 PO3ETOK C

yA0OHOTr0 J0CTyMa K BXoAaM / BBIXOJaM | 8 KOHTakTamu; | 304

yrnpaBiieHUs] (DYHKIIMOHAIBHBIX OJIOKOB. 6x8 rae3
AKTHBHAas HATPY3Ka
[Ipenna3HaueHa sl MOJEIUPOBAHUS

oHO(a3HBIX U Tpexda3HbIX MOTpeOUTE- 220/380 B; 306.1

JIE aKTMBHOW MOIIHOCTHU. Perynupyer- 50Im;

Csl BpYUHYIO. 3x0...50 Br;
KonnekTop 8 anasor. quo.
[Ipennasnauen a1 oOecreueHHs BXO/IOB;

yI00HOro JAOCTyIa K BXOJAaM / BBIXOJaM | 2 aHAJOr. BBIXO- | 33()

miatel coopa nanHbix PCI 6024E mnep- Aa,

COHATBHOTO KOMITHIOTEPA. 8 nudp. Bxo-

JI0OB/BBIXOIOB




[Tponomkenue Tadma. 1

1 2 3

McTOYHUK NUTAHMS JABUTaTeJId TO-

CTOSIHHOTO TOKA
[IpenHasHadeH s MATaHUS OOMOTOK | [lemb sIKOpS
SIKOPSL ¥ BO30YXK/CHUSI [IOCTOSIHHBIM TO- | (). 250 B —:
KOM. BxirowaeTcs BpydHYH WIH JU- 3A 206.1
CTaHIIMOHHO / aBTOMaTtuuecku ot [I9BM. Llers
SIkopHOE  HaNpPsHKEHHE  pErynaupyercs | . 036y K ICHHA
BPpYYHYIO WM  JUCTAHIIMOHHO  (OT _
[I19BM). Hanpsixenue Bo30YKJI€HUS TO- 200B -
CTOSTHHOE. LA
Bo30yanTe/sib MalIUHbI IEPEMEHHOTO
TOKA
[IpeqnazHadeH ajsa NMUTaHUS OOMOTKHU 0...40 B —:
BO30YKJIeHUs. BKItodaeTcs u peryiaupy- 35A 209.2
€TCS BPYYHYIO WU JUCTAHIIMOHHO / aB-
tomatuuecku (ot [I9BM). Beixognsie
LEMHU U30JIUPOBAHBI OT BXOJHBIX.
TpexnmoaCHbIA BHIKJIKYATEIb
[IpeqnazHaden i pydyHOTO WM JIH- 400 B ~-
CTAHIIMOHHOTO / aBTOMAaTHYEeCKOro (OT ’ 301
10 A
[I5BM) BxitoueHus / OTKIIOUYCHUS
AJIEKTPUYECKHUX LETIEH.
Tepmunan
[Ipennasnauen gt obOecrieueHusi | 6 PO3ETOK C

yA0OHOTr0 J0CTyna K BXoAaM / BbIXOJaM | 8 KOHTakTamu; | 304

yrnpaBiieHUs] (PYHKIMOHAIBHBIX OJIOKOB. 6x8 rae3
AKTHBHas HArpy3Ka
[Ipenna3nauena s MOJEIUPOBAHUS

oHO(a3HBIX U Tpexda3HbIX MOTpeOUTE- 220/380 B; 306.1

JIE aKTMBHOW MOIIHOCTHU. Perynupyer- 50Im;

Csl BpYUHYIO. 3x0...50 Br;
KonnekTop 8 anasor. qud.
[Ipennasnauen a1 oOecreueHus BXO/IOB;

yI00HOro JAOCTyIa K BXOJaM / BBIXOJaM | 2 aHAJIOr. BBIXO- | 33()

miatel coopa nanHeix PCI 6024E mep- Aa,

COHATBHOTO KOMITHIOTEPA. 8 nudp. Bx0-

JIOB/BBIXOIOB




[Tponomkenue Tadma. 1

1 2 3
baok BBOaa /BbiBOAa HUQPOBLIX 8 BXOJIOB THITA
CUTHAJIOB .
[IpenHa3zHaueH mJisi BBOJA CUTHAJIOB «cyxon K.OH_ 333.1
TUIA «CYXOM KOHTaKT» U BBIBOJA CUTHA- Taxm,
JIOB 4epe3 KOHTAKThl MPOMEKYTOYHOTO 8 peCHHEIX
BBIXOJIOB
pene
IlepcoHanbHBIIN KOMIIBIOTEP IBM-
[IpenHa3HaueH aJisi aBTOMaTUYECKOTO | COBMECTUMBIH
yhpaBjcHUS J1abopaTopHbIM Komiuiek- | Windows 9%, 310
COM M OTOOpaxeHus HHOOpPMALUH O miata PCI
HEM. 6024E
MoaeJib JJMHUH 3JIeKTponepeaayn 400 B~;
IIpeqHazHayena st MOAEIUPOBAHUSA 3x0,5 A
JIDII mepeMeHHOro ToKa Kak IEMH C CO- 0...1,5Tn/ 313.2
CpPEIOTOUYCHHBIMU MapaMeTpaMHU 0...50 Om '
0...2x0,45 Mx®
0...250 Om
JIuHellHbIN peakTop 220/380 B;
[IpennasHaueH 0194 MOJAEIAPOBAHUS 50 I'm; 3141
IPOJOJIbHOW HHAYKTUBHOCTH JJIEKTPH- 0,3 A; '
YeCcKol ceTH 0,3T'5/10 Om
EMKkocTHast Harpy3ka 220/380 B:
Hpez[HasHalleHa AL MOJETHPOBAHNS 50 I'i; 317.9
OrepesKarolllell peakTHBHON MOLUHOCTH B 3x40 BAp
AIEKTPUUECKON CUCTEME
gH}IyKTI/IBHaH HArpy3Ka 220/380 B:
peiHasHaueHa JUli MOJEIMPOBAHUs 50T 3242
NOTPEOUTENST OTCTAIOUIEH PEaKTUBHOMN 3%40 BjAp
MOIITHOCTH B 3JICKTPUUYECKOM CUCTEME
Tpexdasnasa  TpanchopMmaTopHas 3x 80 B-A;
rpynmna 230 (3Be3na) /
[Ipennaznadena mis npeobpasoBanus | 242, 235,230, | 347.1
126, 220, 133,

omaHodazHoro / TpexdazHOro HampsKe-
HUM.

127 B
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Oxkonuanue Ta0i. 1

1 2 3

Tpexdaznaa  TpanchopmarTopHas 3 x 80 B-A;
rpymnmna 242, 235, 230,

IIpennaznauena s npeoOpazoBanus | 126, 220, 133, | 347.2
omHodaszHoro / Tpexdasznoro Hampsike-| 127/230B
HUM. (TpeyroJibHHK)

biok u3MepuTeabHBIX TpaHcdoOp- 3 TpaschopMaTo-

MAaTOPOB TOKA U HANPSIZKEHUS

[IpenHa3zHaueH il MOJIYYEHHS] HOP- pa ggg};ﬂ;l( gmﬂ 401.1
MHMPOBAHHBIX ~ CHTHAJOB, MPOMOPUHO- |5 Tpac q)OpM,aTO- '
HaJbHBIX CUHYCOUJATbHBIM HaINPSKEHU-
SIM ¥ TOKaM B yCHJIOBBIX HETSX. P patoka 0,3A /3 B

bJok myasTHMETPOB

[IpenHa3HaueH J1Js U3MEPEHHS TOKOB, 01000 B -
HANPSDKEHUM, AKTUBHOTO COIPOTHUBIIE- O 10 A L 509 2
Hus. B cocraB 0y10ka BXOJAT ABa UG PO- 0 20 Mo:\’a '
BbIX MYJIbTUMETPA C KUIKOKPUCTAILIU-
YECKUM JIUCILICEM.

BJ10K CMHXPOHM3AUHU 220 B~; 10 A;

[IpenHa3HaueH AJisi py4YHOTO WJIM aB- | CHHXPOHOCKOTI; 319

TOMATUYECKOr0 TMOJKIIOUYEHUS K CETU
Tpex(}a3HOro CHUHXPOHHOI'O F€HEPATOPA.

3 UHIUKATOP-
HEIE JIAMITEI

DJIEKTPUYECKAs CXeMa COeUHEHNI TeNJI0BOH 3alIMThI
MALIUHBI IEPEMEHHOI'0 TOKA

***********

102.1

Al
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ITepeuens anmaparypsl

Tabmuna 2
060}2?3%_ HaumenoBanue Tun [TapameTpsl
50 Bt, 220 B
Al Mainuna nepemensnoro toka | 102.1 1500 v
G1 Tpexda3znblit UCTOYHUK 201.2 | 400 B ~; 16 A
MUTAHUS

IloaroroBka u nNpoBeeHUuE U3MEPEHUH ¢ IOMOUIbIO
JIEKTPOHHOI'0 MYJIbTUMETPA

st u3MepeHus Tpex 0a30BbIX JICKTPUUECKUX BEJIWYMH (HAMps-
KEHUs, TOKA U OMHUYECKOTO COINPOTHUBIICHUS) HCIOJb3YyETCS MYJIbTHU-
MeTp. 1o ero noakiIro4YeHus K enu He0OXOAMMO BBIIIOJHUTH CIETYI0-
1€ OTEpPALH:
—  YCTaHOBKa pojia TOKa (MOCTOSHHBIN/TIEPEMEHHBIH);
—  BbIOOp AMana3oHa U3MEPEHUN COOTBETCTBEHHO OKH/JIa-
E€MOMY pe3yabTaTy U3MEPEHUN;
—  MpaBWIbHOE TMOJCOETUHECHUE 30KMMOB MYJbTUMETPA K
U3MEPSEeMOM IIEIH.

%

U=
u-

© 000

QO et

Ilpucoedunenue myaromumempa Kax 6oibmmempa



u- 8 A m
U~ L1l
"=

R = 1kOm

Ilpucoeounenue myromumempa KaK omMmmempa
MHOrokaHaJdbHbINA OCHUIIOTPad

KparTkoe onucanue nporpaMmmsl

Ocuuniorpad MMeeT 4YeThIpe OJIMHAKOBBIX KaHaja, KaXKIblkd H3
KOTOPBIX MOXET OBITh COMOCTAaBJEH C JIOOBIM (PU3NYECKUM KaHaJIOM
aHaJI0roBOI0 BBOJAA MIaThl. Kaxkaplii M3 KaHAIOB ocLMIorpada MOKeT
OBITh BKJIFOUEH WJIM BBIKJIIOYEH, UMETh CBOM COOCTBEHHBIA KO3 dUIiu-
€HT JEJIEHUs, ObITh «IPSIMBIM» U «UHBEPCHBIM», UMETh «OTKPBITHIN»
WIH «3aKpbIThI» BXOJ (T.€. COXPAHATh WIM OTPE3aTh NOCTOSIHHYIO CO-
CTaBJSIONIYI0 curHana). Kpome Toro, curnan mgo0oro kaHajga MOKHO
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«CTAaauThy» (MPUMEHSETCS U1 HAONIOACHUS 3allyMJICHHBIX OCIIHJIIO-
rpaMm), 0TOOPa3UTh OMPEACIICHHBIM IIBETOM, CABUHYTH M0 BEPTUKAIIH.

CuUHXpOHHM3AIMN KapTUHKU Ha 2KpaHe ociuiorpada ocyuiecTs-
JseTCs 9acToTOM muTaromeid cetn (kHomka «50 I'my»). B atom pexnme
4acTOTY CHHXPOHHM3allMM MOXKHO MEHSTh B HEOOJBIIUX IIpejelax,
Ha)KUMasi Ha KHOTIKH ¢ KPaCHBIMH CTpPEJIKaMHU.

[To ocu BpeMeHU KapTUHKY Ha dKpaHe ociuiorpada MOXKHO pac-
TSHYTh WIH CXaTh, 33J]aBasi TOT WJIM MHOM MaciiTad Mo TOpU30HTAIIH, a
TaK)X€ CIIBUHYTH BIIPABO WJIM BJIECBO COOTBETCTBYIOIIUM JIBHUKKOM.

B 5110601 MOMEHT CKaHUPOBAHME AHAJOTOBBIX KaHAJIOB MOKHO
OCTaHOBUTH, KapTUHKA Ha dKpaHe ocumuiorpada «3zamoposutcs». Ilo-
CJIE ATOTO OCITMJUIOrPaMMbl MOYKHO TakK)Ke€ MacIITaOupOBaTh, MEHSTH
1IBETA JIUHUM U TIP.

Ocuumiorpadg MoxeT paborath Takke B pexume XY. B stom
cily4ae MO>KHO 3aJ]aTh HOMepa KaHaJIOB, COMOCTaBICHHBIX ¢ OCSIMU X U
Y, a Takxe BET 0TOOpaxaeMoil TUHUH.

Ocuumniorpad MOXKHO UCIIOJIB30BaTh B PEXKUME 3alIOMUHAHUS, TS
yero B okHe «IlapameTpbr» OJDKHA OBITH MOCTaBlIEHA COOTBETCTBYIO-
mas rajgouka. B aTom ciiydae mporpamma BO BpeMsl CKAHUPOBaHUs 0Y-
JET HEMPEPHIBHO COXPaHATh JaHHbIE B HUKIM4Yeckuil Oydep. Ero co-
JEPKUMOE MOKHO OTOOPA3UTh nOCIe OCMAHOBKU CKAHUPOBAHUAL.

[IporpamMma mo3BOJISIET COXPaHATh OCHIIITIOTpaMMbl B (haitibl. Co-
XpaHEHUE MOXKET OBITh MMPOU3BEACHO ABYMS CIIOCOOAMH — B TEKCTOBBIN
daiin win B ¢aiin coocTBeHHOro gopmara *.0SC. B mepBom ciydae B
co3laHHOM (paiisie OyJIeT HaXOAUThCs TabJuvIla 3HAYEHUM TOYEK KaHa-
JIOB, KOTOPYIO MOKHO 3aTeM dKcIopTupoBaTh B EXcel. Bo Bropowm ciy-
yae B COXpaHEHHOM d(aiine OyAeT coAep:kaTrbcsi UHPopmaius o0 oc-
[UJUIOTpaMMax, O MOJOKEHUSX OpraHoB yrpasieHus u np. CoxpaHeH-
HBIM daim MOXKHO CHOBa 3arpy3uth B «Ocuuiiorpad» U BBINOTHATH
BCE TE€ JK€ JIEHCTBUSA, YTO U C «3aMOPOKEHHOW» OCIMIIIIOTPAMMOMA.

«MHoOTroKaHAJIBHBIA OcIUIUIOrpad» MOXKET THOKO HaCTpamBaThCs
Ha OMpENETEHHYI0 CKOPOCTh CKAaHWPOBAaHUS M HYXKHOE OBICTpOJCH-
CTBUE. Yacmoma ckanuposanus AOJIXKHA HAXOJUTHCS B Mpeieax
1000 — 50000 repm. Ecnu 3aBe1oMo M3BECTHO, YTO CHUTHAJIBI — CHHYCO-
UJbI, TO YaCTOTY CKAaHUPOBAHUS MOKHO 3a7]aTh OTHOCUTEIBHO HU3KYIO.

Yacmomy o6HO8NIeHUA OcyullocpamMm HYXHO YCTaHABJIUBATH B
npegenax 5 — 50 I'u. Ilpu 3ToM HEOOXOAMMO UMETH BBUAY, YTO €CIIU
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4acTOTa CKAaHUPOBAHMS, JICJICHHAsE Ha 4acTOTy OOHOBJICHUS OCLMILIO-
rpamm, He kpaTtHa 50 repuam, To pexuM cuHXpoHuszanuu «50 I'm» pa-
0oTaTh HE OYy/ET.

Ha rpadukax ocummorpada orodpaxaercs kaxaas N-Has Touka.
Yucno N 3anaercs B nipenenax ot 1 go 10. YUem Boimie N, Tem MeHee 1o-
IpOOHO CTPOATCS TpaUKU U TEM MEHBIIIE 3arPYy’KAeTCs CUCTEMA.

Ommuto «3anomuname nocieonue N cekyHO npouecca» HYKHO
ycTaHaBnuBaTh B mpenenax 1-20 cekynn. Onuuto «Omobpascams
kaoicoyio N-nyro mouxy» (Ha BKJIaJIKe «3allOMHUHAHMEY) - B IIpeiesiax OT
1 — 10. Yem OosbIiie Bpemsi 3allOMUHAHUSI, TEM OOJbIIIE UCIOIb3YETCS
omepaTUBHAs MaMsTh KOMIIbIOTEpA U TEM JOJIbIIIE OTOOpa)xaercs 3aro-
MHEHHBIN mporecc. Yem Oounbie unciio N, TeM MeHee MoapoOHo U 00-
Jiee OBICTPO MPOUCXOIUT OTOOPaKEHHE.

JIJIsi HEKOTOPOTO YBEIMYEHHUS OOIIero OBICTPOACHCTBHS TIPO-
rpaMMBbl PEKOMEHYETCS OTKJIFOYATh PEKUM 3alIOMUHAHUS.

Pabora ¢ nporpammoi
Hwmwxe nepedncieHbl HEOUEBUJIHBIE BO3MOXKHOCTH HHTepdeiica
IpOrpaMMBbI, a TAK)KE HEKOTOPhIE 3aMeYaHus.

. JIBOWHBIM IIEITYKOM MBIIIM MOXHO YCTAHABJIUBAaTh B HOJIb
PErYyJISITOPBI CMEIIEHUS KAPTUHKY 110 TOPU30HTAIIN U 110 BEPTUKAIIH.
. [I{emyox MbIIIK Ha OcsiX rpadrKa BhI3BIBAET OKHO HACTPOM-

KM COOTBETCTBYIOIIEH OCH.

e  MacmTaOupoBaHue OCIHUUIOTPAMM TMPOU3BOJUTCS MYTEM
HaXKaTus Ha TpaduKe JEBOM KIIABUIIU MBIIIHA U, HE OTITyCKas ee, mepe-
MEILECHUS MaHHUIYJISITOpAa ClieBa HANpaBO M CBEpXy BHU3. Bo3Bpar k
HAYaJIbHOMY MacITa0y OCYIIECTBIISIETCS OOpPAaTHBIM NEpPEMEIICHUEM
MaHMMYJISITOpa — CIpaBa HAJIEBO U CHU3Y BBEPX.

e  JlBurath rpauk OCITUUIOTPAMM OTHOCHUTEJIHHO OCEM KOOp-
JMHAT MOXKHO MYTEM Ha)XaTWsl U yAEpKaHUsS Ha HEM MpaBOM KHOMKHU
MBIIITH U €€ OJHOBPEMEHHOTO MEePEMEIIEHUS B HY)KHYIO CTOPOHY.

o Jlns ymoOCTBa omnpenesieHUs 3HAYCHUN BEJIMYUH Ha dKpaHe
OTOOpaKAIOTCS TEKYIIHME KOOPAUHATHI YKa3aTe sl MBIIIIH.

e  PerymsaTop ypoBHs CHHXPOHHU3AIIMU MPOTPATyUPOBAH 8 eOu-
HUyax epaguxa.

o JlenuTenn HanpsoKEHUST KAHAJIOB W BPEMEHHOM JIEUTEIb
POTPayHPOBAHBI O OTHOILICHHUIO K 00HOU eduHuye rpaduka (Hampu-
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Mmep, nonoxkenue 500 MB o3HaudaeT, uyTo ojnHa enuHUIA (HE KieTKal)
rpaduka coorBercTByeT 500 MB).

e [lapaMeTpbl CKaHUPOBAHHS MO YMOJIYAHUIO MOKHO YCTaHO-
BUTb, BHIOpaB COOTBETCTBYIONIMI MYHKT MeHIO «HacTpoiikay.

e  AHaJOrM4HbBIM 00pa30M MOKHO BEPHYTh BCE OpraHbl yIpaB-
JIEHUS B UCXOJHOE TOJI0KEHUE.

e IIBeT TOro wiam MHOrO rpaduka MOXKHO BBIOpaTh, HICIKHYB
«MBIIIKOW» IO COOTBETCTBYIOIIEH KHOIKE BHIOOpA I[BETA.
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JIABOPATOPHAS PABOTA Ne 1

HccnenoBanue CUMMETPHYHOI'0O KOPOTKOI'o 3aMbIKaHUA

[lenp pabOTHI: H3y4YEHUE METOAMKHU pacueTa Tpex¢a3zHOro Ko-
POTKOTO 3aMbIKaHMs Ha y4eOHOM JabopaTopHOM Komiuiekce «Mopeinb
AIEKTPUICCKON CHCTEMBI»; MOJYYE€HUE HABBIKOB OMPEICICHUS TOKOB U
HaTMPSKEHUN MPU TPeX(Pa3HbIX KOPOTKUX 3aMbIKAHHUSX.

OO0mue cBeneHus

OnpenennieHre TOKOB TpeX(Pa3HOTO KOPOTKOT'O 3aMBIKAHUS SIB-
JSeTCS OJHOM W3 MEPBOOYEPEIHBIX 3ajlad, PElIaeMbIX KaK Ha CTaJuu
NPOCKTUPOBAHUA, TaK M MPU IKCIUIyaTallid CHUCTEM DJIEKTPOCHAOXke-
Husa. IlpuMeHenue  Qu3MUecKUX MoJeNield 3HAYUTEIbHO O0Jierdaer
pacueTbl U OTKPBIBACT OOJBIINE BO3MOXHOCTHU JIJIsi HIMPOKOW Bapua-
MU UCXOJIHBIX YCJIOBUHU.

B nacrosimeit nabopatopHoil paboTe HCCIEAYIOTCS MEPEXOAHbIC
poIecChl Mpu TPEX(Pa3HOM KOPOTKOM 3aMbIKAHWM, BO3HHMKAIOIIEM Ha
IMHAX Harpy3kKd CHUCTEMbI 3JEKTpocHaOxkeHusa. Harpyska, mpencras-
JIEHHAs] aKTUBHBIMU Y UHJIYKTUBHBIMHU CONPOTHBIICHUSMHU, 3aITUTHIBACT-
Csi OT MPOXOJHOW MOJICTAHIIMKA SHEPTrOCUCTEMBI JBYMS BO3IYIIHBIMU
muausMu (puc. 1.1). TpéxdazHoe KOPOTKOE 3aMBbIKAaHUE MOJCITUPYETCS
ABTOMATHYECKUM BBIKJITIOUATEJIEM C 3aMKHYTHIMU KOHTAKTaMH.

®da3Hble TOKM M HaANpsOKEHHS 4depe3 TpaHC(hHOopMaTopbl TOKA U
HaIpPSHKEHUS MOJIal0TCA Ha aHAJIOTOBBIE BXOAbl KOHHEKTOPA, CBSI3aHHO-
ro ¢ MEPCOHAIBLHBIM KOMIBIOTEPOM. Perucrpanus mepexoaHOro Mmpo-
[[eCCa OCYIIECTBIISIETCS C TOMOIIBI0O MHOTOKAHAJIBHOTO OcHuLIorpada.

DIIEKTpUYECKasd CX€Ma COCIUHEHHWM pPacCMaTPUBAEMOU CUCTEMBI
AJIeKTpOoCcCHAOXKeHUsl mpejacTaBieHa Ha puc. 1.2. Ha puc. 1.3 nokaszana
ANIEKTPUUECKAs CXeMa MOJKIIIOYEHUSI pETUCTPUPYIONIEH anmnapaTyphbl.

G /7

@_l_@[%Jfﬁ” Z =27 A3
I$ | | Fi 8y

Puc. 1.1 Uccnenyemasi cxeMa CUCTEMBI 3JIEKTPOCHAOKEHUSI
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Puc 1.3 Dnextpuueckas cxema NoAKIIOYEHUS ocuuiiorpada
[Tepeuens amnmaparypsl
Tabmuma 3
06?;1:%_ HaumenoBaHue Tun [TapameTpsnl
G1 TpexdazHblil HCTOUHUK 201.2 | 400 B ~; 16 A
MMATAHUS
3x 80 B-A;
230 (3Be3na) /
Al T aHC(i)(T pl\?[ZS)OaB:II:; rpymnmna 347.1 1 242,235, 230,
PaHc®OpMATOpHai TPy 126, 220, 133,
127 B
A2, A7 I pexnoimocHyIi 301 | 400B~; 10 A
BBIKJIFOYATEIb
A3, Ad Mojens TUHAN 313. 400 B ~;
AIEKTPONEpEIaun 3x0,5A
220/380 B;
A5 AKTHBHAas Harpy3Ka 306.1 50Im;
3x0...50 BT;
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OxkonHuanue Tadi. 3

220/380 B;
A6 NHnyKTUBHAs Harpys3ka 324.2 50T m;
3x40 Bap

biiok u3amMepuTeIbHbIX 600B/3 B
TpaHchopMaTOpOB 401.1 | (Tp-p HampsK.)
TOKa U HaIPSKEHUS 03A/3B

(Tp-p TOKA)

A8

8 anamior. nud.
BXO/OB;
2 aHAJIOT. BHI-
A9 Konnekrtop 330 X07a;
8 mudp. BXO-
OB/
BBIXOJIOB

IBM coBme-
ctumbiii, Win-
dows XP,
MOHUTOP,
Al0 [lepconanbhbiii komnetotep | 310 | Mblb, KIaBHa-
Typa,
mjaara coopa
uH(dopManuu

PCI 6024E

220/380 B; 50
All JIMHENHBIN peakTop 314.2 | T';0,5A;0,3
I'u/10 Om
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ITOPAAOK BBIIOJIHEHUSA PABOTDBI

1. VYobeautech, 4TO YCTPOUCTBA, UCTIOIb3yEMbIE B SKCIIEPUMEH-
T€, OTKIJIFOUYEHBI OT CETU JIEKTPOIIUTAHUSL.
2.  Coenunute rHe3na «TK» ucrtounnka G1.

3.  CoenuHuTe rHE3/1a 3aIUTHOTO 3a3€MJICHUS "@" YCTPOMCTB,
UCIIOJIb3YEMBIX B KCIIEpUMEHTE, ¢ THe370M «PE» ncrounuka G1.

4, CoeauHuTe amnmapaTypy B COOTBETCTBUHU C DJIECKTPUYECKOU
CXEMOW COCAUHEHUN.

5.  IlepexmntouaTenab pexKUMOB pabOThl TPEXIOIIOCHBIX  BbI-
irovatenet A2 u A7 ycranoute B nosioxkenne «PYUH.». Homunanb-
HbIC HampsKeHUs OOMOTOK TpaHchopmaTopoB Oi0ka Al BbICTaBbTE
paBabiMu 230/133 B. IMapamerpsl auHuMi 3jekTponepenaun A3 u A4
nepeKyIroyaTeNisiMiu ~ ycTaHoBuTe cienyromumu: R = 200 Ow,
L/R.=1,2/32 Tu/Om, C1=C2=0,15 mx®. BpiOeprure MOIIHOCTH aKTHB-
HoM Harpy3ku AS 60% ot 50 BT Bo Bcex Tpex (a3zax.

6. Cwmoxpenupyiite TpéxdaszHoe KOPOTKOE 3aMbIKaHUE, COEIU-
HuB KieMMbl K1 —K3 Beikmtouarens A7 Mexay coOOM.

7. Bxumounte uctounnk G1. O Hanu4YMu HANpSKEHUWA HA €ro
BBIXOJIE JIOJKHBI CUTHAJIU3UPOBAThH CBETAIIUECS JIAMITOUKHU.

8.  Bxuounte Boikimouatenu «CEThy Beikmtouarenein A2 u A7.
BxtounTe BoiKiIIO9aTeNnb A2.

9. IlpuBeaute B paboyee COCTOSHHE MEPCOHATBHBIA KOMIIbIO-
tep Al0, BoliauTe B COOTBETCTBYIONIUI KaTaJIOT M 3aIlyCTUTE TIPUKJIIA]I-
HYI0 nporpamMmmy « MHOrOKaHaIbHBIA OCHIILITIOTpad)».

10. Haxwmure Ha BuUpTyanbHyI0 KHOMNKY «Hadath 3amucey. I1o-
CJE€ 3TOr0 CMOJAECIWPYWTE 3aMBIKAHUE, BKIIIOYMB BBIKIIOYATENb A’.
Haxxmute BUpTyanbHYI0 KHONIKY «CKBUTHPOBATHY, OTKIIOUUTE BBIKIIIO-
yatesib A7, IpoaHATIM3UPYUTE MOSIBUBIIAECS HA SKPAHE OCHMUILIOTPaM-
MBI.

11.  Ilpu pabote ¢ mporpamMmoil ciaeayeT MoJIb30BaThCs €€ BO3-
MO>KHOCTSIMMU:

- MacuirabupoBanve OCHWIIOTPAMM TPOU3BOAUTCS IyTEM
Ha)KaTHs Ha TpaduKe JEBOM KIIABUILIU MBIIINA U, HE OTIyCKas ee, mnepe-
MEIIICHUSI MaHUIyJISITOpa CJIeBa HApaBO M CBEpXy BHU3. Bo3Bpar k
HA4YaJIbHOMY MaclTa0y OCYIIECTBIISIETCS OOpAaTHBIM TNE€pPEMEIICHUEM
MaHUITYJIATOpA — CIIpaBa HaJIEBO U CHU3Y BBEPX.
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- JIBurath rpauk OCHUIIIIOTPAMM OTHOCUTEIBLHO OCEH KOOp-
IVHAT MOYKHO MYTEM HAXaTUS U YJEp>KaHUS HA HEM NPABOU KHOIKH
MBIIIA U €€ OJHOBPEMEHHOTO MEPEMEIIECHHUS B HYKHYIO CTOPOHY.

- st ynoOcTBa omnpenesieHus 3HaueHUM BEJIUYUH 1o rpadu-
KaM Ha dKpaHe 0TOOpakaroTcs TEKYIINEe KOOPAUHATHI yKa3aTesl MbIIIIH.

- TouHble 3HAUCHUS JIIOOBIX BPEMEH CIIEyeT OMPEACNsATh IO
OCLMJUIOTPAMME,

- [Ipy BOBHMKHOBEHUU HEMPABAOINOAO0OHBIX PE3YIHTATOB IKC-
MEPUMEHT CJIEAYET MTOBTOPUT.

- 3anuch BJIEKTPOMATHUTHBIX MPOIIECCOB B CXEME IPOU3BO-
IUTCS TporpamMMor B 1ukinudeckuit Oydep. Ilapamerpsr Oydepa, a
MMEHHO €r0 MOJIHYIO JUIMHY U JUTUHY «AMuiora» ((pakTUYeCcKu — BpeMs
3aIIMCU TIOCJIE CBEPIICHUS] UHTEPECYIOIETO COOBITHS) MOKHO U3MEHSATh
B myHKTe MeHio «HacTtpoiikn». Hanpumep, nias Toro, 4to0Obl YBUIIETH
peIaBapUHBIN PEKUM, PEKUM KOPOTKOTO 3aMbIKAHUS U PEXKUM IOCIIE
OTKJIIOUCHUSI TIOBPEXKICHUS JJIMHY Oydepa B ILEJIOM MOXHO MNPUHSTH
paBHOUl | cekyHze, a IauHYy 3nuiora (Mo CyTH, 3TO JJIMHA 3alKUCH pe-
xuMa nociie otkiatoueHust K3) — 0,5 cexyHbl.

12. Tlo 3aBepiieHUH SKCIEPUMEHTOB OTKJIIOUUTE UCTOUYHUK G1 u
Beikitouarenu «CEThy O6mokoB A2 u A7.
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KOHTPOJIbHBIE BOITPOCHI

1. Tlepeuucnure nmpuyuHbl BO3HUKHOBeHMs K3 u ux mocnen-
CTBHUS B DJICKTPOYCTAHOBKAX.

2.  3aBHCHUT JIM TOYHOCTh pacuera OT BbIOOpa Oa3WMCHBIX €U-
HUII?

3.  Uto Ha3zbIBaloT nepexoHou u cpepxmepexoanon DJIC? Ka-
KOBBI UX XapaKTEpPHbIE CBOMCTBA?

4.  Yro moHuMaroT moj 0000meHHOM Harpy3kon? Kak oleHu-
BaIOT €€ MapaMeTphbl B HaYaJbHbIM MOMEHT K.3.?

5.  UYTO MOHMUMAIOT MO/ MOIIHOCTBIO K.3.7

6. KakoB aHanuTHYeCKUW METOJl pacuera HAYaJIbHBIX TOKOB
Tpex(da3zHoro K.3.7

/. UYto Ha3BIBAIOT K.3.?

8.  Jlns yero HeoOXOoAMM pacyeT ToKa Tpex(a3Horo K.3.?

9.  Jlyis 4ero BBOAUTCS CUCTEMA OTHOCUTEBHBIX €ANHUIL?

10. Kak BbiOupaetcs 6a3ucHOE HAMPSHKEHUE U MOIITHOCTh?

11. KakoBbI JOCTOMHCTBA pacyeTa TOKOB K.3. HA MOJICIIH?
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JIABOPATOPHAS PABOTA Ne 2

HccaenoBanue HECUMMETPHUYIHBIX KOPOTKHX 3aMbIKaHM I

[lens pabOTHI: U3y4eHUE METOAMKU U TOITYUYEHHUE HABBIKOB
MOJICTUPOBAHUS PEKUMOB PAOOTHI DJIEKTPUUECKUX CHUCTEM MPU OJHO-
KpaTHOW MOMEepEeYHON HECUMMETPUU Ha Y4eOHOM J1a0OpaTOPHOM KOM-
mekce «Moenb 3NEKTPUIECKON CHCTEMBDY.

OO0mue cBeneHus

AHanu3 1 pacuyeT HECUMMETPUYHBIX PEKUMOB PadOTHl HEOOXO UM
[IPU NIPOCKTUPOBAHUU U HACTPOMKE YCTPOUCTB PEIICMHOM 3aIlUTHI U aB-
TOMATHUKH.

B nHactosimieit pabote HCCIenytoTCsi HECUMMETPUUYHBIE PEXKHUMBI,
OTHOCSIIIMECS K MONEPEYHOW HECHUMMETPHUHM, a MMEHHO: JBYyX(a3Hoe,
AByX(a3zHoe Ha 3eMIII0 U OJHO(A3HOE KOPOTKHUE 3aMbIkanus. [Ipu aTom
CUMTAIOT, YTO PACCMATPUBAETCS METAIUIMYECKOE KOPOTKOE 3aMbIKAHUE.

[Io naHHBIM CTATUCTUKH 10 85% KOPOTKUX 3aMBIKAHUU SIBJIFOTCS
3aMBIKaHUAMH Ha 3eMJII0. B CBA3M ¢ 3TUM OOJIBIIYIO POJIb MPU HCCIIEN0-
BaHUM U PACUETE JAHHBIX PEKUMOB UIPAECT PEKUM pabOThl HEHUTpaseu
TpaHc(popMaToOpOB.

B cucremax ¢ He3a3eMICHHBIMU HEUTPAISIMU WJIA C HEUTPAIISIMH,
3a3€MIICHHBIMU 4Y€pe3 CHEeUUalibHbIE KOMIIEHCHPYIOIIUE YCTPOMCTBA,
3aMbIKaHHUE OJHOW U3 (pa3 HAa 3€MJIFO0 HA3bIBAIOT MPOCTHIM 3aMbIKAHUEM.
[Ipu 3TOM BHAE NMOBPEXKACHUS MPOXOKICHUE TOKA 00YCIOBIECHO IJIaB-
HBIM 00pa30M €MKOCTBIO (pa3 OTHOCUTENILHO 3€MJIU. Y Ka3aHHBIM PEKUM
paboThl HEWTpaANIM XapaKTEPEH I pachpeAeauTenbHbIX ceteit 6, 10 u
35 kB, Ha3pIBa€MbBIX TaKX€ CETSIMH C MAJIbIMUA TOKAaMH 3aMbIKaHUS Ha
3EMUIIO.

HccnenoBanue MpoBOANUTCS MPUMEHHUTENIBHO K CXEMeE, ITPEICTaB-
JeHHou Ha puc.l.]l npenpiayieit 1abopatopHoi pabOTHI.

Paznuynbie BUABI 3aMBIKaHU MOJIEIIMPYIOTCS COOTBETCTBYIOIIUM
3aMbIKAHUEM KOHTAKTOB aBTOMAaTUYECKOI0 BbIKJIFOUaTesns A’7.

N3MeHeHus1, BHECEHHBIE B DJIEKTPUYECKUE CXEMBI COCAUHECHHUU U
noakatoueHus ocuwiorpada (puc.1.2 u 1.3) npeacrasnensl Ha puc.2.1.
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ITOPAAOK BBIHIOJIHEHUSA PABOTDBI

1. VYobeautech, 4TO YCTPOUCTBA, UCIOJIb3YEMbIC B SKCIIEPUMEH-
T€, OTKJIFOUYEHBI OT CETHU JIEKTPOIIUTAHUS.
2.  Coenunute rHe3na «TK» ucrtounnka G1.

3.  CoemunuTe rHE3/1a 3aIIUTHOTO 3a3€MJICHUS "@" YCTPOMCTB,
UCIIOJIb3YEMBIX B KCIIEpUMEHTE, ¢ THe370M «PE» ncrounuka G1.

4, CoeaguHWTE anmaparypy B COOTBETCTBUHU C JJIEKTPUUYECKOU
CXEMOW COCAUHEHUM.

5.  IlepexmtouaTenab pexKUMOB pabOThl TPEXIONIOCHBIX  BbI-
rirovatenet A2 u A7 ycranoute B nosioxkenne «PYUH.». Homunans-
HbIC HaMpsKEeHUs OOMOTOK TpaHchopmaTopoB Osioka Al BbICTaBbTE
paBabiMu 230/133 B. IMapamerpsl jaunHME 3jekTponepenaun A3 u A4
nepeKyIroyaTeNIIMu ~ ycTaHoBuTe cienyromumu: R = 200 Ow,
L/R.=1,2/32 T'u/Om, C1=C2=0,15 mx®. BpiOeprure MOIIHOCTH aKTHB-
HoM Harpy3ku AS 60% ot 50 BT Bo Bcex Tpex (da3zax.

6. Cwmoxaenupyite pa3audHbIE BUIbI KOPOTKUX 3aMbIKaHUH, CO-
€IMHUB COOTBETCTBYIOIIUM 00pa3zoM kiemMmbl K1 —K3 BeikitouaTens
A7 mexay coOoi. Pexum paboTbl HEUTpaIu MOJEIUPYETCA MEPEMBIY-
KOW, COCAWHAIONICH HEUTpalu pa3AesIMTEIBbHOTO TpaHcpopmaTopa U
JINHUM.

/.  Bxmounte uctounuk G1. O HanuYuu HaAMPSHKEHUH HaA €ro
BBIXOJIE JIOJKHBI CUTHAJIU3UPOBATH CBETAIIMECS JIAMITOUYKHU.

8.  Bxuounte Boikimouatenu «CEThy Beikmtouarenein A2 u A7.
BxtounTe BoiKiIO9aTeNnp A2.

9. IlpuBeaute B paboyee COCTOSHHE MEPCOHATBHBIA KOMIIbIO-
tep Al0, BoliauTe B COOTBETCTBYIONIUI KATaJIOT M 3aIlyCTUTE TIPUKJIIA]I-
HYI0 nporpaMmMmy « MHOTrOKaHaIbHBIA OCHIILITIOTpad».

10. Haxwmure Ha BuUpTyanbHyI0 KHOMNKY «Hadath 3amucey. I1o-
CJ€ 3TOr0 CMOJAECIUPYWTE 3aMbIKAHWE, BKIIIOYMB BBIKIIOYATENb A’.
Haxxmute BUpPTYyaibHYI0 KHONIKY «CKBUTHPOBATHY, OTKIIOUUTE BBIKIIIO-
yaTenap A7, TpoaHaIU3UPYWUTE MOSBUBIIMECS HA DKPAHE OCLMILIOrPaM-
MBI.

11.  Ilpu pabote ¢ mporpamMmoil ciaeayeT MoJIb30BaThCs €€ BO3-
MO>KHOCTSIMMU:

- MaciirabupoBanve OCHWIJIOTPAMM TPOU3ZBOAUTCS ITyTEM
Ha)KaTUs Ha TpaduKe JEBOW KIIABUIIN MBIIIA U, HE OTITyCKas ee, mepe-



26

MEIIICHUS MaHUIyJIsATOpa CJIEBa HANMPaBO M CBEpXYy BHU3. Bo3Bpar k
HaYaJIbHOMY MacmTaly OCYIIECTBISETCS OOpaTHBIM IepeMEeICHUEM
MAaHUITYJIATOpA — CIIpaBa HAJIEBO U CHU3Y BBEPX.

- JlBurath rpauk OCHUIIIIOTPAaMM OTHOCUTEIBLHO OCEH KOOp-
JMHAT MOYKHO MYTEM Ha)KaTWsl W yAEpKaHWsS HAa HEM MNPABOM KHOIKH
MBIIIA U €€ OJHOBPEMEHHOTO NEPEMEIICHUS B HY>)KHYIO CTOPOHY.

- st ynoOcTBa omnpenesieHus 3HaUeHUM BEJIUYUH 1o rpadu-
KaM Ha dKpaHe 0TOOpakaroTcs TeKYIIUE KOOPAUHATHI yKa3aTessl MbIIIIH.

- TouHble 3HAUCHUS JIIOOBIX BPEMEH CIIEyeT OMPEACNsATh IO
OCIIJJIOTPAMME.

- [Ipy¥ BO3HMKHOBEHWH HEMPABIOINOJ00HBIX PE3yIbTATOB IKC-
MIEPUMEHT CJIEAYET MTOBTOPUT.

- 3anuch BJICKTPOMATHUTHBIX MPOIIECCOB B CXEME IPOU3BO-
IUTCS TporpamMMor B 1ukinudeckuit Oydep. Ilapamerper Oydepa, a
MMEHHO €T0 MOJIHYIO JUIMHY U JJIUHY «Anuiora» (hakTHYecKu — BpeMsl
3aIIMCU TIOCJIE CBEPIICHUSI UHTEPECYIOIIETO COOBITHS) MOYKHO U3MEHSATh
B IyHKTe MeHio «Hactpolikm». Hampumep, ais Toro, 4toObl YBUIETH
peaBapUHBIN PEKUM, PEKUM KOPOTKOTO 3aMbIKAHUS U PEXKUM ITOCIIE
OTKJIIOUCHUSI TOBPEXKICHUS JJIMHY Oydepa B LIEJIOM MOXHO MNPUHSTH
paBHOUl | cekyHze, a IauHYy 3nuiora (1Mo CyTH, 3TO JJIMHA 3aIllUCH pe-
*uMa nociie otkaroueHust K3) — 0,5 cekyHbl.

12. Tlo 3aBeplieHUU YKCTIEPUMEHTOB OTKIIOYUTE UCTOUYHUK G1 u
Beikitouarenu «CEThy O6mokoB A2 u A7.
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KOHTPOJIbHBIE BOITPOCHI

1. Kakoil MeToJ UCMOB3YETCS MPU PACUE€Te HECUMMETPUUYHBIX
pexkumMoB? B uem ero cynHocTs?

2. KakoBbl KOMIUIEKCHBIE CXEMBbI 3aMEIICHUS I HECUMMET-
PUYHBIX K.3.7

3. Kak ompenensitoTcsi COMpPOTUBICHUS OOpaTHOM MocieaoBa-
TEJILHOCTH PA3JTUYHBIX DJIEMEHTOB CUCTEMbI SJIEKTPOCHAOKEHMUS ?

4. Kak onpeaensitoTcsi CONMPOTHUBJICHUS HYJEBOW IOCIIEI0Ba-
TEJIBLHOCTH PAa3JIMYHBIX DJIEMEHTOB CHUCTEMbI 3JIEeKTpocHaOxkeHusa? OT
YEero OHU 3aBUCST?

5. Ha kakoM OCHOBHOM JOIMYIIEHHH OCHOBAHO HCIOJIb30BAHUE
METOJIa CHMMETPUYHBIX COCTABJISIIOIIMX MPU PACYETE HECUMMETPUYHBIX
PEKUMOB?

6. Tlouemy B cxemax 3aMeIIeHHs OOpaTHOW M HYJIEBOW MOCIIe-
noBatesibHOCTEN OTCYyTCTBYIOT DJIC?

/. Kak cocraBisiercda cxema 3aMelleHUs HYJEBOM IMOCIe0Ba-
TenpHOCTH? UeM oHa onpenensiercs?

8. KakoBbl BEKTOpHBIC JUarpaMMbl TOKOB W HANpSKCHUU s
pa3IMYHBIX BUAOB K.3.?7 Kak oHu ctposrcs?

9. Kak ompenenuth (a3Hble TOKM W HANPSHKEHUS 1O U3BECT-
HBIM, 3HAUEHUSAM UX CUMMETPUYHBIX COCTABJISIONIUX ?

10. KaxoBbl aHAIUTUYECKHE METObI pacueTa HECUMMETPUUHBIX
K.3.?

11. Yrto Ha3bpIBalOT KOPOTKUM 3aMbIKAHUEM HA 3€MITI0?

12. Ot 4ero 3aBUCUT BEJIMUMHA TOKOB K.3. Ha 3€MJIIO?

13. KaxkoBbl nipesiensl U3MEHEHHS pe3yJIbTUPYIOIIETO COMPOTUB-
JICHUS HYJIE€BOM MOCIJIEI0BATEIBHOCTUA U OT YETO OHO 3aBUCUT?

14. MoXeT Jau TOK K.3. Ha 3eMJII0 OBITh OOJIbIIIE TOKa Tpexdas-
HOTO K.3.7
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JIABOPATOPHAS PABOTA Ne 3

UcciienoBanne KOPOTKUX 3aMbIKAHUN B y3J1aX HATPY3KH C
COOCTBEHHOM reHepanme

[lens pabOTHI: U3yUEHUE MOAMUTKH TOYKH KOPOTKOTO 3aMbIKAHUS
TOKaMH T€HEPUPYIOLIUX 3JIEMEHTOB y3J1a HATPY3KHU.

OO01mue cBegeHud

Ecnu mpeanpusitue, cxema 3JIEKTPOCHAOXKEHUSI KOTOPOro pac-
CMaTpUBAeTCs B KaueCTBE y3Jla HArpy3ku, uMeer cobctBeHHyro TOI]
(HampuMep, caxapHbIi 3aBOJ) UM MOIIHY KOMIIPECCOPHYIO CTAHIIMIO,
TO IPU KOPOTKHUX 3aMbIKaHUAX HA mmMHaX 6-10 kB manHoro npenmpus-
THS CUHXPOHHBIE MAIIMHBI 3TUX 0OBEKTOB OKA3bIBAIOTCS BKIIFOUEHHBIMU
«QIIEKTPUUYECKN» OJU3KO K TOUYKE 3aMbIKaHUs. B aToM ciyuyae B 001em
TOKE KOPOTKOT'O 3aMbIKaHHS 3HAYUTEIIbHYIO JOJIF0 COCTABJISAET TOK MO~
NUTKU CUHXPOHHBIX N'€HEPAaTOPOB WJIM JABUTATEJECH, MEPEIIeANInX MpU
BO3HUKHOBEHHH KOPOTKOTO 3aMbIKAHUS B TEHEPATOPHBIA PEHKUM.

Cetn 6-10 kB BBIIONHAIOTCA ¢ M30JUPOBAHHON HEWUTPAJBIO, MO-
ATOMY TPaKTHUUECKUU MHTEPEC C TOUKH 3PEHUSI HCCIEAOBaHUS TOKOB
NOANUTKU MNPEACTABIAIOT Tpex(azHoe U MexAypa3zHOe KOPOTKHE 3a-
MbIKaHUs. [I0CKOJIBKY B CETAX C U30JIMPOBAHHOW HEUTPAJIbIO TOK MEXK-
Oy(pa3HOro 3aMbIKaHHs cocTaBisieT npubnausurensHo 0,87 oT Toka
TpeX(a3HOro 3aMbIKaHUS OTPAaHUYMMCS B HACTOALIEH JIa0OpaTOpHOM
padoTe UCCIIEIOBAHUEM TOJIBKO TPEX(PA3HOTO 3aMbIKAHHUS.

VY3en Harpy3ku MNpeICTaBUM aKTUBHBIMU M MHAYKTUBHBIMH CO-
OPOTUBJICHUSIMU, TApaJUIETbHO KOTOPHIM 4Yepe3 OTIEIbHYIO JUHUIO
NOJKJIIOYEH CUHXPOHHBIM TeHeparop. Ilutanue ys3ma Harpy3ku ocy-
HIECTBJISIETCA OT MPOXOJHOW MOACTAHIMU HSHEPTOCUCTEMBI JBYMS BO3-
OymHbIMUA TuHUSIME (puc. 3.1). TpexdazHoe KOpOTKOe 3aMbIKAHHUE MO-
JOENUPYETCd aBTOMATUYECKUM BBIKJIIOUATENIEM C 3aMKHYTBIMA KOHTAK-
TaMHU.

da3HbIE TOKU U HAIIPSKEHUS Yepe3 TPaHCPHOPMATOPhI TOKA U
HaMPSKEHUA MMOJAI0TCS HAa aHAJIOTOBBIE BXO/Ibl KOHHEKTOPA, CBSI3aHHO-
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ro C IEPCOHAIBHBIM KOMIBIOTEPOM. Perucrpanus nepexoIHoro mpo-
[ecca OCYIIECTBIISIETCS C TOMOIIIBI0O MHOTOKAHAJILHOTO ocHrIiorpada.

ro7 [AT TAZ v

F@E%I 5/77 I B//?f/ljé I%B/BI@
A3
Pty

Puc. 3.1 Uccnenyemas cxema CUCTEMBI SJIEKTPOCHA0KEHHUS

JI1s1 OBICTPOrO OTKIIIOUEHHUS KOPOTKOTO 3aMBIKaHUS C TMOMOIIbIO
CIIEIMAIIBHON MPOTPaMMbl Ha KOMIIBIOTEPE MOJACIUPYETCS 3aluTa 3
(Mcnoyib3yeM MpOTrpaMMy MAaKCHUMaJIbHOW TOKOBOW 3alIUTHI C HE3aBH-
CHUMOM BBIICPIKKON BPEMEHN).

DIIEKTpUYECKasd CXeMa COCIWHEHUM pPACCMATPUBAEMOW CUCTEMBI
AIIEKTPOCHAOKEHUS TIPEICTaBJIeHa Ha puC. 3.2,

Ha puc. 3.3 moxka3zana 3jeKTpUUecKas cxeMa IMOAKIIOUEHUS Per-
CTPHUPYIOIIECH amnmapaTypbl U OJIOKa BBOJA-BBIBOJA ITU(MPOBLIX CUTHA-
JIOB.
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[Tepeuens anmaparypsl

Tabnumna 4
060}2?5%_ HaumenoBanue Tun [TapameTpsbl
G1 TpexdazHbiii HICTOYHUK 201.2| 400B~: 16 A
MATAHUS
T 3 x 80 B-A; 230
pexdasnaz (3Be3na) /242
Al Tpch?opﬁizopHaﬂ 347.1 235 230, 126
by 220,133,127B
A2, A7 T pexnomocHEii 301 | 400B~; 10 A
BBIKJTFOYATEITb
A3, A4, Mopaens TUHUN 400B ~; 3x0,5
313.2
Al4 BJIEKTPOIIEPEIAYHU A
220/380 B; 501'1;
A5 AKTHBHas Harpy3ka 306.1 30...50 Br:
220/380 B; 50I'1;
A6 NunykTtuBHas Harpy3ka | 324.2 3x40 BAp
bi1ok n3MepuTeIbHBIX
600B/3B
AR TpancpopmaTopoB Toka u | 401.1 03A/3B
HaTPSKEHUS
8 anainor. nud.
BXOJIOB;
A9 Konnekrop 330 2 anazor.
BBIXO/IA;
8 mudp. BX010B/
BEIXOJIOB
IBM
COBMECTHMBIH,
Windows XP,
A10 [TepcoHanbHBIM 310 | MOHHTOD, MBI,
KOMIIBIOTED KJIaBHATYypa,
njaata coopa
uHdopManuu

PCI 6024E
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Oxkonuyauue tadi. 3

220/380 B; 50 I'ny;

All JIMHENHBINA peakTop 3141 | 0,3 A;0,3TH/10
OmMm
DJNEKTpOMAaIIMHHBIN 101.1
Al2 arperat 102.1 CM. cTp. 2,3
105.1
8 BXOJIOB THIIA
Al3 biox BBOa/BeIBOIA 331 «CyXOH KOEiT&lKT»;
UG POBBIX CUTHAIOB 8 peneHbIX
BBIXO/I0B
6 pO3€TOK C
AlS5 Tepmunan 304 8 KOHTAKTAMU;
6x8 ruesn
Al6 Bo30yauTens MammmHbI 209.2 0...40B -;
MIEPEMEHHOT0 TOKA 35A
220B~; 10 A;
Al7 biiok cuHxpoHu3auu 319 | ‘crHxpoHockor,
3 UHAWKATOPHBIE
JamIia
0..250B-3 A
HcTounnk nuTaHus (sxOpD)
Al8 JIBUTATEIIS 206.1 220B-:1A

ITIOCTOSAHHOI'O TOKa

(BO30YX)IE€HUE)
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[HOPAIOK BBITOJIHEHN A PABOTDBI

1. Vobeaurech, 4TO yCTPOMCTBA, UCIOIb3yEMbIE B IKCIIEPHU-
MEHTE, OTKJIIOUEHBI OT CETH JICKTPOIUTAHUSI.
2.  Coenunute rHe3na «TK» ucrtounnka G1.

3. CoenunuTe THE3/la 3aIIUTHOTO 3a3€MJICHUS "@"
YCTPOUCTB, UCIIOJB3YEMBIX B 3KCHEPUMEHTE, C rHe3a0M «PE» wmc-
touHuka G1.

4, CoeauHuTe amnmaparypy B COOTBETCTBUU C JJICKTpUYE-
CKOM CXEMOW COEIUHEHUN.

5.  Ilepexsrouaresb peXUMOB paOOThI TPEXIOIOCHOTO BHI-
kirouarens A2 ycranoBurte B nosioxenue «PYUH.» a Beikitouarens
A7 — B nonoxenue «ABT.». HoMunanbabie HanmpsikeHUs 0OMOTOK
tpanchopmaTopoB Onoka Al BeictaBbTe paBHbIMH 230/133 B. Ila-
paMeTpbel JUHUM BiekTporiepenaun A3 u A4 mepexmrodarersamMu
ycraHoBute ciaeayromumu: R = 200 Owm, L/R =1,2/32 T'n/Om,
C1=C2=0,15 mMx®. Bpibepure MOIIHOCTh AKTUBHOW HArpy3ku A5
60% ot 50 BT BO Bcex Tpex (azax.

6. CMmomenupyiite TpéxdazHoe KOPOTKOE 3aMbIKaHHE, CO-
eauHuB kjaeMMbl K1 — K3 Beikitouarennst A7 Mexay coOo.

/. Bxmounte uctounuk Gl. O Hamuuuy HaAMpsHKEHUM Ha
€ro BBIXOJE JOJKHBI CUTHAIM3UPOBATH CBETAILIMECS JIAMITOUKH.

8. Bkmounte BoIKIIOuaTtenu «CETb» Bwikmrouateneit A2 u
A7 u 6moka A13. BiitounTe BBIKIIIOYaTENNb A2.

9. IlpuBegmre B pabodee COCTOSHHE MEPCOHAILHBIA KOM-
netoTep Al0, BoMaWTE B COOTBETCTBYIOIIUM KaTajor W 3allyCTUTE
NPUKIAIHYIO TporpamMmy «MT3 nByX uHUN.€XE».

10. Cwmonenupyiite TpeOyemMblil BapuaHT 3allUTHI, I YET0
3aJJaiT€ YCTaBKH, Ha)XXaB Ha COOTBETCTBYIOIIYIO BUPTYAIbHYIO
KHONIKY. Hampumep, ncnonp3yiTe yCTaBKH, 33aJlaHHBIC MO yMOJI4a-
HUIO.

11. Haxwmure Ha BUPTyalIbHYI0 KHONKY «HauaTe 3anuce»,
BBEJIUTE 3aIUTHl HAKATHEM HA COOTBETCTBYIOUIYIO KHOIIKY U HEMO-
CPEICTBEHHO IIOCIIE 3TOTO CMOJECIUPYWTE KOPOTKOE 3aMBIKaHHUE,
BKJIIOUMB BbIKITIOUaTenb A7. ITocine oTKIIIOUEHHS 3aIUTON KOPOTKO-
ro 3aMbIKaHUsI OCTAHOBUTE 3amuch. [Ipoananu3upyiite oToOpaxeH-
HbIE OCHMJUIOrPAMMBI TOKOB W HAINPSHKEHWM JIMHUAM, a TakXke Mo-
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SBUBIIIYIOCS Ha JKpaHe MH(OpMAIMIO O MOCIEA0BATEIBHOCTH MPO-
U30MIEIINX COOBITHIA.

12. Tlpu pabGote ¢ mporpaMMoi clienyeT MOJb30BaThCsl €€
BO3MOKHOCTSIMHU:

- MacimtabupoBanue OCHHIIIOTPAMM MTPOU3BOIUTCS TTyTEM
Ha)kaTus Ha rpaduke JICBOM KJIaBUIIIM MBIIIW U, HE OTIyCKas ee, Te-
pEMeEIICHUsT MaHUTTYJISITOpa ClieBa HAIPaBO U CBEpXy BHU3. Bo3Bpar
K Ha4aJIbHOMY MacIiTady OCyIIECTBISETCS OOpaTHBIM MepEeMEIICHH-
€M MaHUIYJISITOpa — CpaBa HAJIEBO U CHU3Y BBEPX.

- JIBurath rpaduk OCHHILIOrPaMM OTHOCUTEIIBHO OCEH KO-
OpIMHAT MOXHO IyT€M HaXaTus U YyJAEpKaHUS HAa HEM IPaBOU
KHOTIKA MBI U €€ OJHOBPEMEHHOTO MEPEMEIICHUS B HYXHYIO
CTOpPOHY.

- Jlist ynoOcTBa omnpenesneHusl 3HaUeHU BEJIMYMH 10 Tpa-
dbuKaM Ha dKpaHE OTOOpaX)arTCs TEKYIIUE KOOPAMHATHI yKa3aTes
MBIIIIH.

- TouHble 3HaUYECHHS JIOOBIX BPEMEH CJIEAYyET OMPEACNAThH
10 OCLUJUIOTPaMME.

- [Ipy BO3HUKHOBEHUHW HEMPABIONOJAOOHBIX PE3YJIbTATOB
AKCIIEPUMEHT CJIEAYET HOBTOPUTD.

- 3anuch JIEKTPOMArHUTHBIX MPOIIECCOB B CXEME IMPOU3-
BOJUTCS IporpaMmoil B nukianyeckuii Oydep. [Tapamerpsr 0Oydepa, a
UMEHHO €ro MOJHYI0 JJIMHY U UIMHY <«3muiora» ((pakTH4ecKu —
BpeMsl 3aIUCH TOCJI€ CBEPIICHUS UHTEPECYIONIET0 COOBITHS) MOYKHO
U3MEHATH B IyHKTE MeHI0 «HacTtporikuy». Hanpumep, st Toro, 4yro-
OBl YBUJETh PEAABAPUIHBIN PEKHUM, PEKUM KOPOTKOTO 3aMbIKAHUS
U PEXKHUM TOCJIE OTKIIOUCHHS TOBPEXKICHUS IMHY Oydepa B 11eJ10M
MOXHO MPUHSTH paBHOU | cexyHJie, a IMHY 3nuiora (1o CyTH, 3TO
JUTMHA 3aucH pexkuMa nocie otkimtoueHus K3) — 0,5 cexkyHbl.

14. Tlo 3aBepuIeHUN SKCIEPUMEHTOB OTKIIOYUTE UCTOYHUK G1
u Beikitouarenu «CEThy 6mokoB A2, A7 u Al3.
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KOHTPOJIbHBIE BOITPOCHI

1. Ilepeuncnure npuuuHbl BO3HUKHOBeHMS K3 1 ux mocienacTBus
B DJIEKTPOYCTAaHOBKAX.

2. Uto monnmMarot moa o6001eHHoM Harpy3kou? Kak oreHnBaroT

€€ mapaMeTpbl B HaYaJIbHbI MOMEHT K.3.?

. UTO MOHUMAIOT ITOJT MOIIIHOCTHIO K.3.7

4. Yto Ha3bIBaIOT nepexoaHoil u ceepxmnepexognon IJC? Kako-
BbI UX XapaKTEPHBIE CBOMCTBA?

5. KakoB aHamuTUYeCKUl METOJ| pacyeTa HayaJbHBIX TOKOB
Tpex$azHoro K.3.?

6. Kak mpoucxoauT moAnuTKa TOYKH K.3.?7

7. OT 4ero 3aBUCHUT TOK IOJIIIUTKH?

8. [louemy mpu K.3. ABUTATETU NEPEXOIAT B PEKUM reHepaTopa?

9. Hns yero He0OXOUM pacueT Toka TpexdazHoro K.3.7

10. J171s1 4ero BBOJAUTCS CUCTEMA OTHOCUTEBHBIX €ANHUIL?

11. Kak BeiOupaeTca 0a3uCHOE HAIPSIAKEHUE U MOITHOCTh?

w
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