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1 BBEAEHUE

BaxHylo yacTh TeopeTHyeckord M MpoEeCCHOHATBHONW MPAKTUYECKOH MOATOTOBKU CTYICHTOB
COCTABJIAIOT IPAKTUYECKUE U Ja0OpAaTOPHBIE 3aHATHUS.

CoctaB u cojepKaHHE MPAKTHUYECKUX M JIA0OPATOPHBIX pabOT HAaIpaBlieHbl HA pealn3aluio
denepanbHOr0 TOCYAAPCTBEHHOTO 0O0pPa30BaTEIBHOIO CTAaHAAPTAa CpeIHEro NpogeccCHOHATBLHOIO
o0Opa3oBaHwUs.

Benymeli auaakTHUecKoM Lenbl0  MPAKTHUYECKMX  3aHATHH  sABIsercs  (OpMHUpPOBaHHE
npoeCCUOHATBHBIX ~ MPAKTUYECKUX YMEHHMH (YMEHHMI BBINOJHATH ONpEACICHHBIE JeHCTBUS,
olepanuu, HeoOXOAUMBIE B IIOCIEAYIOLIEM B IPO(ECCUOHATBHON JEeSITENbHOCTH).

Benymeli aMIakTUYeCKOW 1EIbI0 JIAOOPATOPHBIX pabOT SABISETCS AKCIEPUMEHTAIBLHOE
MOJTBEPXKICHUE U IIPOBEPKA CYIIECTBEHHBIX TEOPETUUECKUX MOJI0KEHUH (3aKOHOB, 3aBUCIMOCTEN ).

B cootBercTBUM ¢ pabodeil mporpaMMoil yueOHOW AUCHUTIIHHBI «OCHOBBI 3JIEKTPOTEXHUKH U
JIEKTPOHHON TEXHUKH MPEAYCMOTPEHO IPOBEIECHUE IPAKTHUECKUX U JIAOOPaTOPHBIX padoT.

B pe3yinbrare X BBIIOJHEHMSI, 00Y4arOIUNACS JOKEH:

ymemb:

— IPUMEHSTh OCHOBHBIE OIIPEJIEICHUS U 3aKOHBI TEOPUU IEKTPUUECKUX LIETIEeH;

— pa3nuyaTh HENPEPHIBHBIE U JUCKPETHBIE CUTHAJIBI U UX I1APaMETPBI;

— pa3nuyaTh HOJYINPOBOJHUKOBBIE TUO]IbI, OUIIOISPHBIE U MOJIEBBIE TPAH3UCTOPBI, TUPUCTOPHI
Ha CXE€Max U B U3JENMIX;

ONpeeATh HAa3HAYCHHE U CBOMCTBA OCHOBHBIX (YHKIMOHAJIbHBIX Y3JIOB aHaJIOrOBOU
NEKTPOHUKU: YCUIIUTEIEH, TEHEPATOPOB B CXEMAX;

CopepxaHue NpakTUYECKUX U J1a00paTOPHBIX pabOT OPUEHTUPOBAHO HA MOJATOTOBKY CTYJEHTOB
K OCBOCHHMIO IpPOrpamMMbl IOJAIOTOBKHM CHELNUAJINCTOB CPEAHET0 3BE€HA [0 CHELUAJIBHOCTH U
OBJIA/ICHUIO NPOPeCcCUOHANbHLIMU KOMNEMEHUUAMU .

I1K1.2. Pa3zpabarbIBaTh CXEMbI AJIEKTPOHHBIX YCTPOMCTB Ha OCHOBE MHTErPAIbHBIX CXEM pa3HOMH
CTENEHU UHTErpallii B COOTBETCTBUU C TEXHUYECKUM 33/1aHUEM.

1K 3.1. IIpoBOAUTH KOHTPOJIb MAPAMETPOB, AUArHOCTUKY U BOCCTAHOBJIEHHE pab0TOCTIOCOOHOCTH
HU(POBBIX YCTPONCTB KOMIBIOTEPHBIX CUCTEM U KOMILIEKCOB.

A Taxxke GOPMHUPOBAHUIO OOUIUX KOMHNEMEHYUIL.

OK 01. Bsibupats crioco0s! pemieHus 3a1a4 npohecCHOHaIbHON 1eATENbHOCTH IPUMEHUTENIBHO K
Pa3IMYHBIM KOHTEKCTaM;

OK 04. O¢pdexTnBHO B3aMMOIEHCTBOBATh U padOTaTh B KOJUIEKTUBE U KOMaH/E.

BeinmonHeHue cTyqeHTaMu NPaKTUYECKUX U JIAOOPAaTOPHBIX paboT Mo y4yeOHOM TUCHMILIMHE
«OCHOBBI JIEKTPOTEXHUKH U AIEKTPOHHON TEXHUKW» HAIIPABJICHO Ha:

- 0000IeHne, cHUCTEeMaTU3alUIo, YIIyOJdeHHe, 3aKpeIuieHWe, pa3BUTHE M JAeTAIU3aLUI0
MOJIYYEHHBIX TEOPETHUECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHOW JUCIUILINHBL,

- (hopMupoBaHNE YMEHUI IPUMEHATh MOJIY4YE€HHbIE 3HAHHSI HA MPaKTHUKE,

- peaJI3alMIO €IMHCTBA MHTEIIEKTYAJIbHOM M TPAKTUYECKOM NEATEIIbHOCTH;

- hopMHpOBaHKE U pPAa3BUTHE YMEHUI: HAOIOAAaTh, CPABHUBATH, COMOCTABIATh, AHATU3UPOBATH,
JIeNiaTh BBIBOJBI U 00OOIIEHUS, CAMOCTOSITEIbHO BECTH HCCIIEOBAHMS, MOJIb30BATHCS PA3IUYHBIMU
pueMaMH U3MEpeHUi, 0pOPMIIATh pe3yabTaThl B BUJE TaOIUI], CXeM, IpahuKoB;

- MpUOOpETEeHNEe HAaBBIKOB pabOThl C pa3lIMYHBIMU IpUOOpamMu, anmnaparypoi, yCTaHOBKaMHU U
JIPYTMMH TEXHUUYECKUMU CPEICTBAMU JIJIsl IPOBEACHHUSI OIIBITOB;

- BBIpa0OTKY MpU PELICHUH MOCTABIEHHBIX 33/1a4 NMPOPECCHOHAIBHO 3HAYMMBbIX Ka4eCTB, TaKUX
KaK CaMOCTOATEIbHOCTh, OTBETCTBEHHOCTb, TOUHOCTb, TBOPUYECKAsI HHUIMATHUBA.

[IpakTuueckue u 1abopaTOpHbIE 3aHATUS POBOJAATCS MOCIE COOTBETCTBYIOIIEH TEMbI, KOTOpas
obecrieynBaeT HaJIMuMe 3HAaHUH, HEOOXOJUMBIX JJISl €€ BBIOJIHEHHS.

Kputepun onieHkn npakTuyeckux padoor:

OneHka «OTJIIMYHO» CTaBUTCS, ECIIN 3a/IJaHUE BBIIIOJIHEHO BEPHO.

OneHka «xXOopoI1I0» CTaBUTCS, €CIM XO/1 BBHITIOJTHEHUS 33/1aHNs BEPHBIN, HO ObliIa OMYyIIeHa O/1Ha
WIN JIBE OIIMOKH, MPUBE/IINE K HETIPABUILHOMY PE3yibTaTy.



O1eHKa «yI0BIETBOPUTEIILHOY CTABUTCSI, €CIIM IPUBEACHO HEMOJIHOE BHIIOJHEHUE 3a1aHUSI.

O1eHKa «HEy10BJIETBOPUTEIBHOY» CTABUTCS, €CIIHU 3a/laHUE HE BBIIIOJIHEHO.

Kpurtepuu onenku j1abopaTopHbIx padoT:

OneHKka «OTJIIMYHO» CTAaBUTCS, €CJIM HKCIHEPUMEHT IpoBeAEH, 0O0pabdoTaHbl pPE3yJbTaThl,
BBINOJIHEHBI BCE 3a/1aHusl, paboTa ohopMiieHa B COOTBETCTBHHU C TPEOOBAHUSIMHU.

O1eHKa «XOpOLIO» CTAaBUTCS, €CiIU ObliIa JOMYIIEHbl OUIMOKH IPU MPOBEICHUH YKCIEPUMEHTA,
00paboTKe pe3yIbTaTOB WX IpU 0(hOPMIICHUHU OTYETA.

OrneHKa «yJOBJIETBOPUTEIBHO» CTaBUTCA, €CJIM SKCIEPUMEHT MPOBEIAEH, IPUBEICHO HENOJIHOE
BBIIIOJIHCHUE 3aJaHUM.

OrneHka «HEYJOBIETBOPUTEIBHO» CTaBUTCS, €CJIM SKCIIEPUMEHT HE IPOBOJMICS, 33JaHUE He
BBITIOJIHEHO.



ymemy:

2 METOANYECKHUE YKA3AHUA
IpakTnyeckoe 3ansitue Ne 1
Onpenenenue napaMeTpoB M XapaKTEPUCTUHK 3JIEMEHTOB 3JIEKTPHYECKOl Lenu
Ienb: HaydnUTHCS ONPEAEIATH NAPAMETPhI M XaPAKTEPUCTUK HIEMEHTOB JIEKTPUYECKOH LICTIH.
Beinosinus patdory, Bel Oyaere:

— HNPUMCHATb OCHOBHBIC OMPCACIICHUSA U 3aKOHBI TCOPUHN SJICKTPUICCKUX ueneﬁ.

MarepuanbHoe obGecriedeHue: sl MPOBEACHUS MPAKTUUYECKOW pabOThl TpeOyeTcsl Hajauuue

CIIELMAJIbHOM JINTEPATypbl, HHTEPHET-PECYPCHI.
3agaHue: onpenenuTe napaMeTpbl U XapaKTEPUCTUKHU 3JIEMEHTOB JIEKTPUYECKON LIeNn
Ilopsinok BbINOJIHEHHS padOThI:

1. Hcnonp3ys CHpaBOYHYIO JHUTEpaTypy, CpeACTBa MHTEPHET U Jpyrue HMHQPOPMAIMOHHBIE
MCTOYHUKH, OIPEIEIUTE MapaMeTphl HIEMEHTOB 3JIEKTPUUECKOM LenH U 3amoiaHuTe Tadbmuus 1, 2, 3.

HcxoaHple JaHHBIC TT0 BapUaHTaM IIPUBEICHBI B TadHIe 4.
Tabmuna 1 — Ilapamerpsl pe3ucTopos

["abapuTHBIE pa3Mepbl, MM
Jlnanazon
MapkupoBk | HomunanpHas Honyck | uametp
HOMHWHAQIBHBIX Hnuna Bricora
anJieMeHTa | MOIIHOCTb, BT . , % (wmpuna),
COIIPOTHBIICHUH (L) (h)
D (B)
Tabnuna 2 — [lapameTpsl KOHJIEHCATOPOB
HoMUHATLHOS Jnanason ["abaputHbie pa3Mepsl, MM
Homyck, Hunametp
Tun HaIlpsDKCHUE, | HOMMHAIBHBIX Jnmuna | Beicor
N . % (mmpuna), D
B EMKOCTEH (L) a (h)
(B)
Tabnuua 3 — [TapameTrps! TpanchopmMaTopoB
JnurensH AMiuTyzaa Yacrora
Tun ocTb HMIYIBCOB Ha | CHCAOBANHA | p HaMarHW4YUBaHus, MA
UMITYJIbCa, NIEPBUYHOMN MMITYJIbCOB,
MKC obMoTke, B kKl
Tabnuia 4 — VcxoHble faHHbIE
B B B
a a a
Ba p p p
pua U u u
HT a a a
H H H
T T T
%411;5_ CII3-9 1 BC-0,5 C2-1
1 K’Jl-l 8 | K75-15 5 K10¥-5 | 22 K75-37
TH1 THUMI1 TU6 TU51
CII3-
by 16 |, | BC-025 P1-16
2 Kj1'2 9 | K75-41 5 KI-1 23 KM-6
THUM?2 TNU29 THM43
TN26 2
3 MJIT-05| 10 | CII5- | 1 BC- 24 MUJIT-




KM-6 30 [ 7] 0125 0,125
TH2 K50-20 K75-41 K75-15
THM2 TS THS2
CI3-
MUIT-1 38 |, |MIT05 CI13-9
4 | KI0Y5 | 11| KIL | ;| K506 | 25 | K50-20
TH27 TAMC TH30 THM44
23
0B1C2-5 Cll-4-1 | hggg CII5-30
5 ! 12 | KM-6 : 26 | Ki-1
KT4-21 g | 9| kM6 e
TH3 THM64
P1-16
BC-0,25 K10Y- |, | MIT-1 CII3-16
6 | Ks06 |13 | 5 | 2| K537 |27 | K506
TH28 TUM?2 TUM25 THM45
4
BC-05 211 |, 1(\)’[?; CIT3-38
7 | K75-37 | 14 | K506 | 2| 2% |28 | K10v-5
T4 TUM4 IR TH54

2. 3apHCYﬁTe 9CKU3HBIC YCPTECIKHU IJICMCHTOB C YKA3aHUCM pa3MCpPOB.

(I)opMa NnpeacraBjacHusd pedyjbTara:
Otuyer no pa60Te JOJIKCH COACPKATh!:

1)
2)
3)
4)

Borinoinus padorty, Bel Oynere:

ymemn.

— HNPUMCHATb OCHOBHBIC OIMPCACIICHUA U 3aKOHBI TCOPUHN DJICKTPUICCKUX ueneﬁ.
MaTepna.m,Hoe obecneyeHue: AJIsL IPpOBCACHUS HpaKTquCKOﬁ pa6OTBI HaJIMYHC CIICIHAJIbHBIX

MaTepuaioB U 000pyI0BaHUS HE TpeOyeTcs.

3aganue:
BeimonauTe pacd€r nenu MNOCTOSHHOIO TOKA, COCTOSIIEW W3 HCTOYHHMKA DJIEKTPOIHEPTUU
(axxkymynsiTopHasi 6aTapes), TOTPEOUTENS FICKTPOIHEPTHH (PE3UCTOP) U COSAMHUTENBHBIX MTPOBOJIOB.

Hcxonnple qaHHBIC IPUBEICHBI B TAOIUIIE 5.

Tabmuua 5 — Mcxonable 1aHHBIE

HauMeHOBaHHE PabOTHI U 11€Jb PaOOTHI;

TaOJIUIIBI C TapaMeTpaMH Pe3UCTOPOB, KOHACHCATOPOB, TpaHC(HOPMATOPOB;
ACKU3HBIC YEPTEKH FIIEMEHTOB C pa3MepaMu;
BBIBOJIBI 110 padoTe.

IIpakTyeckoe 3ansaTueNe 2
Onpenenenue napaMeTpoB 1eKTPHYECKOMH LeNH MOCTOIHHOTO TOKA
Ienb: HayuYNTHCSA PACCUUTHIBATH TAPAMETPBI DIIEKTPUUECKON LIEMH IIOCTOSTHHOTO TOKA.

B
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HEe M

1:1 compotu | pabo
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coenu
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-710B,
M
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- Cu p
b SIKEH
1a
ceyeHu He Ha
TO
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2
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1 0,1 10 0,5 0,4 1 5 2-107
2 0,2 20 0,6 0,5 2 6 3-10°
3 0,3 30 0,7 0,6 3 7 4-10°
4 0,4 40 0,7 0,7 4 8 5-107
5 0,5 50 0,2 0,8 5 9 2:107
6 0,6 60 0,3 0,9 6 10 2-10°
7 0,7 70 0,4 0,4 7 11 3-10°
8 0,8 80 0,5 05 |05]| 12 4107
9 0,9 90 0,6 06 |06 13 5-107
10| 01 100 | 0,7 07 |07]| 14 6-10°
11| 02 110 | 0,7 08 |08]| 15 2:10°®
12| 03 120 | 0,2 09 09| 3 2-107
13| 04 10 0,3 0,4 1 4 3-10°®
14| 05 20 0,4 0,5 2 5 4-10°®
15| 06 30 0,5 0,6 3 6 5-10”
16| 07 40 0,6 0,7 4 7 2-107
17| 08 50 0,7 0,8 5 8 2-10°
18| 09 60 0,7 0,9 6 9 3-10°
19| 01 70 0,2 0,4 7 10 4107
20 0.2 80 0,3 05 |05]| 11 5-10”
21| 0,3 90 0,4 06 |06 12 6-10®
2| 04 [ 100 | 05 | 07 |07 13 | 2107 | .o LOPWIOK - meiodenm
23] 05 110 | 06 08 [08] 14 | 2107 | 1)  wapucyiire cxemy
24 0,6 120 0,7 0,9 0,9 15 3-10°® ANEKTPUUECKON TICTIH;
25 07 10 0,7 0,4 1 5 4-10° 2) omnpe/eNuTe
26 018 20 012 015 2 6 5107 COIIPOTUBJICHUC IIPpOBOJHUKA
271 09 | 30 | 03 | 06 | 3| 7 | 2107 | Ruwow S—
28] 01 40 04 0.7 4 8 2:10° COIPOTHBIICHUE noTpebuTeNs
DJIEKTPOIHEPTHUU Ryjorp;
4) onpeaenute IJIC UCTOYHMKA DIIEKTPOIHEPTUH;
5) OIMPEACIIUTE KOJINYCCTBO TCIUIOTHI, BBIACIACMOC IPOBOJHUKOM IIPU HAT'PEBE;
6) OnpeaciInTe MOIHOCTDb HOTpe6I/ITeJ'I$I;
7) OIPEACIINTEC MOITHOCTb UCTOYHUKA IJICKTPOIHCPTHUH,
8) onpenenute ko3 dunment noneznoro aeicteus (KITI) nemnn.
dopma npeacTaBiaeHud pe3yabrara:
Otuer no paboTe T0JIKEH COAEePKATh:
1) HauMeHOBaHHE PabOTHI U 1EeNb PAOOTHI;
2) WCXOJIHBIE JaHHBIC JUTs pacu€Ta (M0 BapuaHTaM);
3) CXEMY JJIEKTPUYECKON LIENH;
4) Pe3yJIbTaThl PaCUETOR;
5) BBIBOJIBI 110 padoTe.

IIpakTnyeckoe 3ansaTue Ne 3
Pacuér ueneii MOCTOSIHHOTO TOKA Pa3HLIMHM METOAAMU
Heab: HAyUYUTHCS PACCUYUTHIBATH AIEKTPUUIECKHUE IIETIH TOCTOSHHOTO TOKA pa3HBIMU METOJaMH.
Boinosinus padorty, Bul Oynere:
ymems.



MIPUMEHATh OCHOBHBIE ONPEACIICHUS U 3aKOHBI TEOPUU AJIEKTPUUECKHUX LIETICH;
MarepuanbHoe obecriedeHue: sl IPOBEICHUS MPAKTUUECKONW pabOThl HAIMYNE CHEIMaTbHBIX

MaTepuajIoB U 000pyIOBaHUs HE TpeOyeTCs.

3apanue: OnpeaenuTh TOKH B IIENMU: METOJAOM Y3JIOBBIX M KOHTYPHBIX ypaBHEHHUH, METOJIOM
HAJOXCHHS, METOJIOM Y3J0BOTO HANpPSHKEHUS, METOJOM KOHTYpHBIX TOkOB. CocTaBbTe OanaHc
MolIHOCcTe. CXeMbl ANEKTPUUECKUX LeNel MTpUBeIeHbl Ha pucyHKe 1. MicxoaHble JaHHbIE BapUAHTOB
MPUBEICHBI B TAOIUIE 6.

®opma nmpeacTaBjieHus pe3yJbTaTa
Otuer o paboTe JOIKEH CONIEPHKATh:
HaMMEHOBaHKE pabOTHI U L1eNb paboTHI;

1)
2)
3)
4)
5)

Tabauia 6 — Mcxonable 1aHHBIE

HCXOJIHbIE JaHHbBIC JUIsl pacuéTa (10 BapuaHTaM);
CXeMa AJIEKTPUYECKOM LIETH K KaXI0u 3a1aue;
pe3yJIbTaThl pacYETOB;

BBIBOJEBI ITO pa60Te.

Bapuant | Ne Ei, | E2, | Ry, R2, Rs,
CcXeM B B OmM Om Om
bl

1 1 100 | 80 1 5 20
2 2 110 | 70 2 4 21
3 3 120 | 60 3 3 22
4 4 130 | 50 4 2 23
5 1 140 | 60 5 1 24
6 2 150 | 70 4 1 25
7 3 140 | 80 3 2 20
8 4 130 | 70 2 1 21
9 1 120 | 60 1 2 22
10 2 110 | 50 1 3 23
11 1 100 | 80 2 4 24
12 2 110 | 70 3 5 25
13 3 120 | 60 4 3 20
14 4 130 | 50 5 5 21
15 1 140 | 60 4 1 22
16 2 150 | 70 3 2 23
17 3 140 | 80 2 3 24
18 4 130 | 70 1 4 25
19 1 120 | 60 1 5 20
20 2 110 | 50 2 1 21
21 1 100 | 80 3 1 22
22 2 110 | 70 4 2 23
23 3 120 | 60 5 3 24
24 4 130 | 50 4 4 25
25 1 140 | 60 3 5 20
26 2 150 | 70 2 4 21
27 3 140 | 80 1 3 22
28 4 130 | 70 1 2 23
29 1 120 | 60 2 1 24
30 2 110 | 50 3 2 25
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Pucynok 1 - Cxembl 3IEKTPUUECKUX LIeTei

IIpakTuyeckoe 3anaTue Ned
Pacuér HesIMHEHHBIX JIEKTPUYECKHUX L ene

Heab: Hay4YUTHCS PACCUNTHIBATH HETMHEUHBIE SJIEKTPUUECKUE IIETTH MOCTOSHHOTO TOKA.
Boinosinus padorty, Bel Oynere:

ymemn:

— IPUMEHSTbh OCHOBHBIE OIIPEJIEICHUS U 3aKOHBI TEOPUU EKTPUUECKUX LIETIeH;
MatepuaiabHoe ofecriedeHue: JIUIsl IPOBEIECHUS IPAKTUYECKON pabOThl HATMUKE CHEIMAIbHbBIX
MaTepUajIoB U 000PyIOBaHUS HE TpeOyeTCs.

3apganme: Pemure 3a1aun, ucnonb3ys rpadoaHaTuTHUECKUI MeTO/] pacuéTa.
1. I[Tonb3ysich PUCYHKOM 2, 3alUILIUTE MOPSIOK PELICHUS CAEAYIOUX 3a/1a4:
1.1. Jano Hanpspkenue Up. Onpenenute B nenu Tok U HanpspkeHne Up u U.
1.2. lan Tok. Onpenenuts Hanpspkenus Uy, Uo u U.

.

PI/ICYHOK 2 - IlocnenoBaTenpHOE COSAUHEHNE HEIMHEHHBIX 2JIEMEHTOB

2. [Tonb3ysach pUCYHKOM 3, 3aMUIIUTE MOPSIOK PELICHUS CIEAYIONUX 3a/1a4:
2.1. Man tok I. Onpenenure Hanpsikenue U u toku Iy, 1.

2.2. Jlan Tok 1. Onpenenuts Hanpsokenue U u Toku Iy, 1o,

Pucynok 3 — [lapamiensHoe COeIMHEHNE HETMHEWHBIX 3JIEMEHTOB

3. IlocTpoiiTe BOJBTAMIIEPHYIO XapaKTEPUCTUKY JIaMIIbl HAKAJIUBAHHUS 110
JTAHHBIM TaOIUIBI 7.

Tabnuua 7 - XapakTepucTUKa JIaMIIbl HAKaJIMBaHHS

U, B

0 20

40 60 80 100 120

I, A

0 0,6

1,1 1,5 1,85 2,15 2,4

®opma npeacTaBiaeHus pe3yabTara
OTtyeT mo paboTe JOKEH COIEPKATh:
1) HaMEHOBaHME Pa0bOTHI U 11eIb paboThI;



2) cXeMa JICKTPUYECKOM eI K 3a71a4e;
3) pe3yabTaThl PACYETOB,;
4) BBIBOJIBI 11O padoTe.

IIpakTuyeckoe 3ansaTue NeS
Pacuér MmarHuTHBIX Henei
Heb: HAy4YUTHCS PACCUYUTHIBATH MArHUTHBIC LIETIH TOCTOSIHHOTO TOKA.
Bbinosinus padory, Bl Oyjaere:
ymemy:
— TNPUMEHSTbh OCHOBHBIE OIMPEICTICHUS U 3aKOHBI TEOPUU AJIEKTPUUECKUX LIETIeH;
MatepuajbHoe ofecriedeHue: sl IPOBEICHUS MPAKTUYECKON pabOThl HATMYKE CHEIMAIbHBIX

MaTepuasoB U 000pyaOBaHus HE TpedyeTcs.

1

3aganue: Pemure 3a1a4u:

Kakum nmomkeH ObITh HaMarHMYMBAIONIMK TOK KATYIIKA WHIYKTUBHOCTH, uMeromer 200
BHUTKOB, 4TOOBI €¢ HAMarHMYWBAIOIIAs CHJIa CO3/1ajla B YYTYHHOM KOJIbIIE MarHUTHBIA ITOTOK
0,000157 B6? Cpennuii paguyc 4yryHHOTO KOJIbLIa 5 CcM, a JHaMeTp €ro ceueHus 2 cM
(pucyHoK 4).

3aMKHyTasi MarHUTHasA Lenb (PUCYHOK 5) BBIMIOJIHEHA U3 IJIACTUH TpaHC(HOPMATOPHOM CTalu.
CKOJbKO BUTKOB JIOJDKHA MMETh Karymka ¢ TokoM 0,5 A, 4ToObl CO3/1aTh B CEpJCYHHKE
MarauTHeIi morok 0,0016 B6?

MarnuTHas 1erb, U300paKeHHAsi HA PUCYHKE 6, aHAJIOTMYHA MAarHUTHOM LIETH MPEIbIIYIIEeTro
pUMepa, 32 UCKIIOUYEHHUEM TOT0, YTO OHAa MMEET BO3IYIIHBINA 3a30p 5 MM. Kakumu JOmKHBI
OBITh HAMAarHUYMBAFOIIASI CHJIA M TOK KATYIIKH, YTOOBI MATHUTHBIA TIOTOK OBLT TAKHM XKe, KaK
U B IpeasiaymeM npumepe, To ectb 0,0016 B6?

Pacyerom HaliieHO, YTO MAarHWTHBIH MOTOK TpaHchopmaropa 72000 Mxke. Tpebyercs
paccuuTaTh HAMarHWYMBAIOUIYIO CHUJIYy M HAMarHUYMBAIOIIUKA TOK MEPBUYHOM OOMOTKH,
nmeromeit 800 ButkoB. B cepaeunmke Tpanchopmaropa mmeercs 3azop 0,2 M. Pasmepst
cepJieuHrKa TpaHchopMmaTopa Moka3aHbl Ha pucyHke 7. CedeHue cepedHuKa 6 cM?,
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dopma npeacTaBJeHus pe3yJjbTara
Otuer o paboTe TOKEH COTEePKATh:
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1) HaMEHOBaHME Pa0OTHI U 1IEIb paboTHI;

2) WCXO/IHBIC JTaHHBIC JIIS pacuéTa,
3) pe3yJIbTaThl PacYETOB;
4) BBIBOJIBI 110 paboTe.

JlaGoparopHas padora Nel
HN3mepeHue 3JIeKTPHYECKUX BEeJIUYUH U MIAPAMETPOB JIEMEHTOB JIEKTPHYECKHX 1erneii

Leab paGoTbl: O3HAKOMHUTHCS C W3MEPUTEIBHBIMH MPUOOpPAMH W HCTOYHMKAMHU MUTAHUSA
nporpaMMHOM cpeasl MultiSim, H3y4nTh MeTOIbl M NPUOOPECTH HABBIKM H3MEPEHUs TOKa,
HaNPSDKCHHUS, a TAKXKE CONPOTUBIICHUH PE3UCTOPOB.

Bbinosinus padory, Bel Oyaere:

ymemn:

— TPUMEHSTb OCHOBHBIC ONPEAEICHUS U 3aKOHbBI TEOPUH FTEKTPHUUECKUX LETIeH;

—  pa3nnyYaTh HENPEPBIBHBIC U TUCKPETHBIC CUTHANBI M UX TAPAMETPBHI;

Martepuanbnoe obecnedenne: I[1K ¢ NI Multisim

Kparkue TeopeTuueckue cBeeHHs

Bupl 1 METOTBI U3MEPEHUS SICKTPUICCKUX BEITUIUH

B 3aBucumoctu or crnocoba 0O0paOOTKHM SKCHEPUMEHTAIbHBIX JaHHBIX JJI HaXOXKICHUS
pe3yibTara pa3InyaroT MpsiMble, KOCBEHHBIE, COBMECTHBIC i COBOKYITHBIE H3MEPECHHUS.

IIpu npamom uzmepenuu NCKOMOE 3HaUEHUE BETMUUHBI HAXO/SAT HEITOCPEICTBEHHO U3 ONBITHBIX
JAHHBIX B PE3yJIbTaTe BBIOJHEHUs M3MEpPEHMsI, HallpuMep, U3MEPEHHE aMIIEpMETPOM TOKa B BETBU
LETIH.

Kocsennoe usmepenue — u3MepeHue, pu KOTOPOM UCKOMOE 3HaY€HHE BEJIMYMHBI HAXOAAT Ha
OCHOBAHWW HW3BECTHOW 3aBHCUMOCTH MEXIY OSTOW BEIMYMHOW W BEIMYMHAMH, I1OJIBEPracMbIMH
OPSIMBIM M3MEPEHUSIM: HAIPUMEp, ONpelielieHne conpoTusieHus R pesucropa u3 ypasuenus R = U/I,
B KOTOpOE TMIOJCTABIAIOT HW3MEPEHHOE 3HaueHWe HampsokeHns U Ha 3akuMmax pesucropa u
IIPOTEKAIOILEr0 Yepe3 Hero MoCTOSTHHOTO ToKa |.

Coemecmuvie usmepenus — OJHOBPEMEHHbIE HW3MEPEHUS HECKOJIbKUX HEOJHOMMEHHBIX
BEIMYUH IS HAXOXKJEHHs 3aBUCUMOCTH MEXAY HUMH: HamlpuMmep, OINpe/ieieHUEe 3aBHUCUMOCTH
COTIPOTHBIICHHS PE3MCTOpa OT TeMmmeparypsl mo dopmyre Ry = Ro(l + at + bt?) mocpexcrBom
M3MEPEHUs COMPOTUBIIEHUS pe3ucTopa Ry mpu Tpex pa3nuyHbix Temneparypax t. CocraBuB cucremMy u3
TpeX YpaBHEHHWH, HaxXoJsT mapamerpbl Ro, @ W D 3aBHCMMOCTH CONPOTHBIICHHS PE3HCTOPa OT
TeMIepaTyphbl.

CosoxynHvle uzmepeHuss — OJITHOBPEMEHHbBIE M3MEPEHHSI HECKOJBKHX OJHOMMEHHBIX BEJINYHH,
IIPU KOTOPHIX UCKOMBIE 3HAYEHUs BEIMYUH HAXOAAT PELICHHEM CHCTEMbl YPaBHEHUH, COCTABIEHHBIX
U3 PE3yNbTAaTOB MPSIMBIX U3MEPEHHUH Pa3IMYHBIX COYETAHWH THX BEJMYMH: HAIPHMEp, ONpE/eIeHNE
CONPOTHBIIEHUM  PE3UCTOPOB,  COEJUHEHHBIX  TPEYrOJILHUKOM,  IOCPEJICTBOM  H3MEpPEHUs
COTIPOTHBIICHUH MEXIY Pa3IMYHBIMHU BEpUIMHAMHU TpeyroyibHuKa. [1o pe3ympTaraMm Tpex M3MepeHui
10 U3BECTHBIM COOTHOILLIECHUSM OIIPENIENIAIOT COIPOTUBIICHUS PE3UCTOPOB TPEYTOJIbHUKA.

PaznuuaroT Takke aHAJIOTOBBIE M TMCKPETHBIC M3MepeHus. lIpu ananocoevix W3MepeHHIX Ha
3aJJaHHOM HMHTEpPBaJie YUCIO U3MEPEHUHN AIIEKTPUYECKON BEIMYMHBI OECKOHEYHO, a NMPH OUCKPEMHbIX
— YHCII0 U3MEPEHUN KOHEYHO.

B 3aBucumoctu OT cmocoba NPUMEHEHUS Mepbl W3BECTHOM BEJIMYUHBI BBLICISAIOT MpU
M3MEPEHUSX METOJ] HEMOCPEICTBEHHOM OIICHKH U METO]I CPABHEHHS C MEPOH.

IIpu memoode wnenocpeocmeennoli oyenku 3HAUYCHHE W3MEPSIEMOM BEJTMYMHBI OINPENENSIOT
HETIOCPEJICTBEHHO 10 OTCYETHOMY YCTPOMCTBY (MHIMKATOPY) U3MEPUTEILHOTO MPHOOpa, HApuMep,
M3MEpEeHUe HAMPSKEHHSI ¢ TIOMOIIbIO BOJIBTMETPA.

Memoovl cpasHnenusi ¢ mepoll — METOJBI, TIPH KOTOPBIX MPOBOAMUTCS CPABHEHUE W3MEPSIEMOM
BEJIMYMHBI ¥ BEJTMYUHBI, BOCIPOU3BOIMMON MEPOii: HapuMep, U3MepeHHe, COTPOTHBIICHUS PE3UCTOPA
C TIOMOIIBIO MOCTa COMPOTUBIICHUN.
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MozHosennbie 3HAUEHUs HANPSKEHUS M TOKAa MOYKHO W3MEPHUTHh C IOMOIIBIO JBYXKaHaJIbHOTO
ocmmutorpada XSC1, umutupyemoro mporpammoit MultiSim.

W3mepenue oOeiicmeyiowux 3HAYEHUM HANpPsDKEHUS U TOKA B BETBAX JJIEKTPUUYECKOM Lienu
IIPOBOJUTCS. BOJBTMETPAMU U aMIepMeTpaMHu. AMIEpPMETp BKIOYAETCS HOCIEe008AMENbHO C
3JIEMEHTaMHU BETBHU, & BOJBTMETP — napaiienvHo ydactky uenu (puc. 1.1 a u 6), HanpsbkeHue Ha
KOTOPOM HEOOXOJIMMO U3MEPUTh. MO aMIIEpPMETPOB U BOJILTMETPOB cpeabl MultiSim He TpeOyroT
YCTaHOBKHM Juana3zoHa U3MEpEHUH.

JInst ycTaHOBKM pexuMa paboThl M BEIMYMH BHYTpeHHUX compoTuBieHuii (Resistance)
amriepmetpoB Al, A2 u BonbTMeTpoB VI, V2 HY)XHO IBaX/bl Ha)aTh Ha JIEBYIO KJIABHUIIY MBIIIH (B
JalbHEHIIEM JABAXAbl WENKHYMb Mbliblo) Ha H300paXEHUM COOTBETCTBYMOLIEro mnpubopa, B
OTKPBIBIIEMCS JTMAJIOTOBOM OKHE CBOWCTB NMpHOOpa YCTaHOBUTH B Komanje Mode pexum paboTb
(nocrosiuapiii Tok DC wim mepemenHbii AC), M3MEHHUTh WJIM OCTAaBUTh YCTaHOBJICHHOE IIO
YMOJIYaHUIO BHYTpeHHee comnpotuBieHue npubopa (1 HOM mns ammepmerpoB u 10 MOm ans
BoJbTMETpOB) M Haxkarth Ha kHOmKy OK (Ilpunsare). Bryrpennue comportuBienus 1 HOM s
amriepmeTpoB U 10 MOM 11 BOJIBTMETPOB, YCTAaHOBJICHHBIE 110 YMOJIYAHUIO, B OOJIBIIIMHCTBE CIy4YacB
OKa3bIBAIOT MPEHEOPEKUTEIHHO MaJIOE BIMSIHUE HAa PabOTy CXEM.

B oubmmorexe Instruments cpemsr MultiSim ummeercs mymbrumerp XMMI1 (puc. 1.1 a),
UCHOJb3yEeMbIH JUIsI WM3MEPEHUs TOKa, HAnpshkeHus M comnporuBieHus. B cxeme (puc. 1.1 a)
MYJIBTUMETD, pabOTaIOIIHI B pEKUME U3MEPEHUS HAIPSDKEHUS, TOJIKIIIOUAETCs K 3aXKUMaM pe3ucTopa
R1 ¢ momompio kiroya S, ynpasisieMoro KiaBullled S kiaBuaTypsl. B mogenn mynstumerpa XMM1
YCTAHABIIMBAIOT POJA TOKa (MOCTOSIHHBIA «—» WM NEPEMEHHBIH «~»), U3MEPSAEMYI0 BEIMYUHY IO
eMHUIle U3MepeHus: A — TOK, V— HanpsikeHue, A— conpoTuBieHue, dB — ypoBeHb HanpspKeHus
B nenubenax u Apyrue mapameTpsl (Settings) (cM. puc. 1.2 cripasa).

B peanpHBIX Hensax Ui pacIIMpEHUs Juana3oHa U3MEpeHHs] TOKa KOHKPETHBIM aMIIEpPMETPOM
MPUMEHSIIOT wynm (TapUPOBAHHBIN PE3UCTOP), BKIKOYAEMbIN NapajulebHO ¢ amnepMerpoM. B stom
cllyyae 3Ha4eHHE U3MEPSAEMOro TOKa paBHO IMOKA3aHUIO aMIIEPMETPa, YMHOKEHHOMY Ha IOCTOSHHbBIN
KOX(QPHUIHMEHT, ONpenensieMblid TI0 TpaBuILy denumens moka. [lpu n3MepeHuu OOJBbIINX MEPEMEHHBIX
TOKOB MCIIOJIB3YIOT M3MEpPHUTENbHBIN mpancghopmamop moka, TepBUYHAE OOMOTKa KOTOPOTO
BKJIIOUAETCSl B BETBb C HM3MEPSEMBIM TOKOM, a BTOpPUYHAs — 3aMKHyTa Ha amIepMeTp. 3HaueHHe
U3MEPSAEMOro TOKa PaBHO IMOKA3aHUIO aMIIEPMETPa, YMHOKEHHOMY Ha KOHCTAaHTY, ONPEACIAEMYIO
ko3¢ uLreHTOM TpaHCchOpMaLIMK TOKA U3MEPUTEIBHOTO TpaHchopmaropa.

a)

Al £ a0t
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W, 120 — =
[ DC|10Ma
[ .
| J 16w
a) '\ A2

£2 : 0% : v
Ji2y  0C|1e0090

T [1R2 DC 1ome
L2400

.

e

Puc. 1.1

C wuenpl0 pacmMpeHHs JAMANa30HAa HW3MEPEHUs HaIpPSHKEHHUsS KOHKPETHBIM BOJIBTMETPOM
MOCJIEZIOBATENBHO C €r0 BXOJOM BKIIIOYAIOT TapUpOBaHHBIA pe3ucTop. B 3ToM ciydae 3HaueHue
U3MEPSIEMOr0 HANpsDKEHHMsT PaBHO TOKA3aHUIO BOJBTMETPA, YMHOKEHHOMY Ha KO3((UIUEHT,
onpeseNsieMblii TO MNpaBuily oOerumens Hanpaxcenus. Ilpu W3MepeHMHM BBICOKMX HaIpsHKEHUN
MEPEMEHHOT0 TOKa HCIOJIBb3YIOT W3MEPHUTEIbHBIN mpancghopmamop Hanpsdicenus, K BTOPUUHOU
OOMOTKE KOTOPOTO TMOAKIIOYAIOT BOJBTMETP. V3Mepsiemoe HampshokeHHE pPaBHO IOKAa3aHHUIO
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BOJIETMETpPA, YMHOXXEHHOMY Ha KOHCTAaHTy, 3aBUCAIIYI0 OT Kod(duuueHta TpaHchopManuu
HaMpPsHKEHUS U3MEPUTENILHOTO TpaHchopMaTopa.

H3mepenue conpoTUBICHUN

Jlyia mpsiMOro M3MEpEeHHUs COMPOTHUBIICHUS PE3UCTUBHOTO 2JIEMEHTa (pPe3ucTopa B TOM YHUCIIE)
OyzneM HCIonb30BaTh MyabTUMETp XMM2, B 1HaIOroBOM OKHE KOTOPOTO HYXHO YCTAHOBUTH PEKUM
paboThI «—» (TIOCTOSHHBIN TOK), H3MEPACMYIO BEIMYHHY A, 3HaUeHHE TOKa, Harpumep 10 nA (10 HA)
IIPU U3MEPEHUH CONpPOTUBICHUA (Settings), U MOAKIIOUNTH MPHOOP K 3aKMMaM OTAEIFHOTO PE3UCTOpa
(puc. 1.2) wim napasiesbHO YYaCTKy PE3UCTUBHOM 1ienu (0e3 HCTOYHUKOB 3Heprun). [Ipu nsmepennn
COIIPOTHBIICHUS MEKIY ABYMS JIOOBIMUA TOYKaMHU CXEMBI LIETTH HY)KHO, YTOOBI XOTSI OBI O/IMH U3 Y3JI0B
CXEMbI UMeJ COCIMHEHUE C «3a3eMJIEHHOI» TOYKOM, MPU 3TOM BETBU C UACATBHBIMH HUCTOYHHUKAMU
TOKa JOJDKHBI OBITh  PAa30MKHYTBI, a HJACAIbHbIE HMCTOYHUKU HANPSDKEHUS  3aMEHEHBI
KOPOTKO3aMKHYTBIMU Y4acTKaMHU (IIPOBOJIHUKAMH).

B nmpaktuke wu3MepeHMsI conpomueneHuil PE3UCTUBHBIX D3JIEMEHTOB, KpPOME INpPSAMBIX U
CPaBHHUTEJbHBIX METOJIOB, IIHPOKO HCIOJB3YyeTCS TaK HA3bIBAEMbId Memod 6onbmmempa-
amnepmempa, B OCHOBY KOTOPOTO MOJIOKEH 3aKkoH OMa 114 11enei mocTossHHOro ToKa (cM. puc. 1.1 aun
0). 3aMeTHM, YTO 3TOT METOJ MO3BOJISIET MOJYYUTh JIMIIb MPHOIMKEHHOS 3HAYCHHUE H3MEPSIEMOro
compotusiienust R * U/l. Tak, mis cxemsl, u300paxkeHHo# Ha puc. 1.1 a:

R.= U/(|-U/Rv),

a i1l CXeMBbI, n300paxeHHo! Ha puc.1.1.6:

Rzz (U-RAl)/l,

rae Ry u Ra — BHyTpeHHHE CONPOTUBIICHHs aMIIEpMETpa U BOJIBTMETPA.

o [
B
- -

P b Teary

Cmrnster ity (F
Vtrester tmsictarce (R -]
Brsenrier mert (8 [ —
A Padetovs Vi 00 |1 (i =

Dipmny letry
Mvwe Ouwrigs 0 [ [ -l
Ve Cvsrmge 0 [ 2 ]

Ohwveraner Dewmaoge (05 7
|

J— Coved l

Puc. 1.2

AHanu3 TpUBEACHHBIX BBIPAKEHUHN IMO3BOJIAET ClIEeNaTh BBIBOJBI: MEpBOil cxemoit (puc. 1,la)
ClIeIyeT TMOJIb30BaThCs MPH M3MEPEHUU CPABHHUTEIHHO MajbIX COMPOTUBIECHMH, Korma Ry >> Rj, a
BTOpOI cxeMoit (puc. 1.1 6) — npu u3mepeHnn OOJBIIUX COMPOTUBIEHUH, Kora Ry <<Rj.

3aaHus M YKa3aHUA K UX BbINOJHEHHIO
BapuaHnTt npu BbinoJHeHnu padorsl: 1 noarpynna sapuant = Ne [1K,

2 noarpynna sapuaut = Ne ITK-2.

3aganue 1.

OTKpBITH OMOIMOTEKY HCTOYHMKOB DHEPTUU SOUICE M «IIepEeTalIuTh» Ha pabodee Toje CpeIbl
MULTISIM wuneansubiii ucrounuk E1 mOCTOSHHOrO HampshkeHus, 3aTeM M3 OuOImoTekn 0a30BBIX
KOMIIOHEHTOB Basic «meperamuts» yetbipe pesucropa R1,.., R4, u3 OHOTHOTEKH HHIAKATOPOB
Indicator — ammnepmerp A u yersipe BoibT™Merpa (VI,..., V4), u3 nanenu npudopos Instruments —
MynbTUMETp XMMI.

ITocne nBOIMHOrO HIeTYKa MBIIIBIO HAa N300paKEHUN 3JI€MEHTa WM MPUOOopa B OTKPHIBAIOIIUXCS
JTNAJIOTOBBIX OKHAX:

—3aaaTh IJC ncrounuka Hanpspkenus E£1 = N (B BoabTax), rae N — HOMep BapHuaHTa;

—o0003HauuTh (mienkas Ha kHonkax Label u Value) pesuctopbl U yCTaHOBUTH 3HAYCHUS HX
compotunenuii: R; = N; R, = 2N; Rz = 3N; Ry = 4N;

—3aaTh WX OCTABHTb YCTAHOBICHHBIH MO yMmomdanuto pexum DC QyHKImoHUpOBaHWUS
M3MEPUTENBbHBIX PUOOPOB M UX BHYTpeHHHE conpoTuBieHus: | HOM mis amnepmerpa u 10 MOwM s
BOJIbTMETPOB;

—3aAaTb U3MEPAEMYIO BEINYUHY A MYJIBbTUMETPA U PEKUM €TO pa6OTBI (HOCTOHHHLIﬁ TOK).
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Co0Opatb cxemy puc. 1.4 a: coeIMHUTD MapAJUIETIHLHO MEXIY co00# conpoTuBieHus Ry u Rs; Ry
u R; m m3mepurhb ¢ momomipio MynbTEMETpa XMMI1 CcONpOTHBICHUS pPa3BETBICHUN PE3UCTOPOB.
[Tony4yeHHble 3HauYeHHWs] CONPOTHUBICHWN 3aHecTH B Tabn. 1.1 u cpaBHUTH CO 3HAUYCHUSIMH,
BBIYHCIICHHBIMU 0 (hOpMyIIaMm:
Riz3=RiR3/(Ri+R3) u R2=Rz2 R4/ (Ro+ Ry)
Tatanua 1.1
| Ry Ox | Ry, Om [, wB | U, uB

., B U, uB

Hissepenn

[ =Tt.5A |L,=f.wA |f,;=L.uA |1, = I, MA

Buncacno

‘
\
\
‘ ‘ \
R, O R.p Ou R, Om R, Ox [ &, Ox R, Ox
|

6) A1l
R1 R2 R3 R4
+ o S o I g T -
DC 140090 400 8002 12002 1600
& o V1 V2 V3 V4
DC 10M0 DC 10M0 DC 10M0 DC 10mM0
i i
Puc. 1.4

3ananmue 2.

Cobpatb cxemy (cM. puc. [.46) W, COTJIaCHO BapHaHTy, YCTAHOBUTH 3HAYCHHS MapaMETPOB
3JIEMEHTOB U IpuOOpoB. 3anmycTuTh mporpaMMmy MultiSim (1enkHyTh MbIIIBIO Ha KHOIKE 1/O MeHto
cpensl MultiSim) u 3aHecTH mokasaHus NpHOOPOB (3HAYEHHE TOKA M 3HAYCHUS HANMpPSHKCHHH Ha
3aKuMax pe3uctopon) B Ta0d. 1.1. PaccuMTaTh CONPOTUBIIEHUS PE3UCTOPOB U 3aHECTU UX 3HAUYEHUS B
Tab61. 1.1. CkonnpoBaTh 1 3aHECTH TaK)Xe Ha CTPAHUILYy OTYETA PUCYHKH — YEPTEXHU CXeM puc. 1.4 a
uo.

KoHnTpoJsbHbIe BONIPOCHI
YeM paznuyaroTcs MpsiMble H KOCBEHHBIE N3MEPEHHUS?

YeM pazanyaroTCcsi COBMECTHBIE U COBOKYITHBIE H3MEpPEHHs?

Kakoii MeTo]1 OIIeHKH BBI HCIIOJIb30BAIIN TIPU BBITIOTHEHUU PaOOTHI?
Kakumu npubopaMu MOKHO U3MEPUTh MTHOBEHHbIE 3HAYEHUS CUTHAJIOB?
. UTo MOXHO U3MEPUTH MyJIbTUMETPOM cpeabl MultiSim?

Conep:xanue oT4yeTa

1. HaunmenoBanwue u menb paOboOTHI.

2. Ilepeuenp npuUOOPOB, UCMONB30BAHHBIX B O3KCIEPUMEHTaX, C HX KpPaTKUMH
XapaKTepUCTHKaMH (TUI TIpUOOpa, Ha3HAUYEHHWE, POJ TOKa, H3MEpseMble BEIWYHHBI, TIPEICIBI
M3MEPEHUs WU BBIXO/IHbIE TapaMETPHI).

agkrownE

3. DNeKTpUUECKHUEe CXEMbI U3MEPEHUSI.

4. TaGnuiel pe3ynbTaToB U3MEPEHUH U PacyeToB.
5. Pacuetnbie popmyIbL.

6 OTBeTBI Ha KOHTPOJIBHBIE BOIIPOCHI.

7 BriBosiw1 10 paborte.

JlabopaTopnasi padora Ne 2
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IKCNEePUMEHTAJIbHOE HCCJIeJOBAHNe TUHEHHOH LenHu ¢ IBYMS HCTOYHMKAMM IIOCTOSIHHOI O
HaNPsIAKeHUsI
Henap padoThI: 3KCIEPUMEHTAIBHOE HCCIIEIOBAaHUE ABYXKOHTYPHOW CXEMbI LENU C ABYMs
HCTOYHHUKAMU MOCTOSHHOTI'O HANpPSHKEHUS.
Beinosinus patdory, Bel Oyaere:
ymems:
— IPUMEHSTb OCHOBHBIE OIIPEJIEIICHUS U 3aKOHBI TEOPUU IEKTPUUECKUX LIETIEH;
— pasjim4yaTb HCHIPEPBIBHBIC U JUCKPCTHBIC CUTHAJIBI U X MMAPaMCTPBI;
MarepuanbHoe odecnieyenue: [1K ¢ NI Multisim
Kparkue Teopernueckue cBeeHHsA
Onucanue cxembl Lenu
B pabGore wuccrnemyercs IBYXKOHTypHass cxema nenu (puc. 3.1) ¢ OByMS HCTOYHHKAMU
IIOCTOSIHHOTO HANpsDKEHUs, HWMUTHUPYIOLIas, HalpuMep, 3JIEKTPUUYECKYIO IeNb 3JIEKTPOIUTAHUSL
aBToMOOWIA. B coctaB Takoil nenu Bxonsat: rereparop ¢ OC Ei; U BHYTPEHHHUM CONPOTHUBIICHUEM
Rer1, akkymysaropHas 6atapest ¢ OJ{C E> U BHYTPEHHUM CONPOTUBIEHUEM Ry M SKBUBaJEHTHas

Harpyska R.

B coorBercTBUM € BapuaHTOM 3aJaHUs € p
HY)XHO ycTaHoBUTh 3HaueHuss DJC Ei u E» & T’l 4 .
WCTOYHUKOB  BHEPrUH, UX  BHYTPEHHHUE ’
conpoTtuBiieHus Rgri U Rpp U compoTuBieHue = R 2T
Harpysku R. Ilpu mpoBeneHUM  ONBITOB i Agr2

!

COINPOTHUBIICHUE TMOTEHIMOMETpa (Harpy3ku) R
HEO0OXOIMMO W3MEHSATh B IIMPOKUX Ipeeiax. Puc. 3.1
Y cnoBHOE MONTOKUTENFHOE HAMIPABIIEHWE TOKOB B BETBSIX CXEMBI YKa3aHO Ha puc. 3.1.

Pacuer TokoB BeTBe# MeTo0M 3akoHOB Kupxroda

Jliig pacuera TOKOB BETBEH HCMOIB3YIOT CIEAYIOIINE METOIbl: MeTo 3akoHOB Kupxroda, meton
HAJIOXKCHHUS, METOJI KOHTYPHBIX TOKOB, METOJI IBYX Y3JIOB.

[IpoBenem pacueT TOKOB B BETBSIX cxeMbI (cM. puc. 3.1) metogom 3akoHoB Kupxroda. CoriracHo
nepBomy 3akoHy Kupxroga (13K) mns y3na 1:

Iy +1,—1=0.

Cornacno Bropomy 3akoHy Kupxroda (23K) aJis 1€Boro u mpaBoro KOHTYpOB CXEMbI UMEEM:

El = R@ml Il + RI;

E,;=Rgm Io + RI

Ucnone3ys dopmynel Kpamepa s cucteMbl ypaBHEHHH

I+ by=1=0; Ryl + 0l + RI= E;: 06+ R, 0+ RI= E,,

HAXOAHUM TOKH

o 1 I 1 0 I
E 0 R R, E R

A |E, R, R A, 1) f R

f,== T A ) e A Y LT R A (3.1)

A | | | A | 1 Il 8
R 0 R R, 0 R|
0 R R 0 R R

MouHoCTb, OTpebIsieMasl Harpy3Koi, U 6ajiaHC MOUTHOCTEN

MorHocTb, noTpebisemas Harpy3koi R, paBHa (B BT)

P=RP.

CocrtaBuM 6anaHc MOILTHOCTEH cXeMbl 1enu. Anredpandeckas CyMMa MOIITHOCTEH, pa3BUBAaeMbIX
HMCTOYHUKAMU SHEPruHU, paBHa CyMME€ MOIIHOCTEH, MOTpebasieMoil Harpy3kol M TepseMoil BHYTpHU
HCTOYHUKOB, TO €CTh

+E1l1 % Ealp = RI* + Rynt 11 + Reral”

(3nax «nniocy cmasumces npu coenadenuu nanpasinenuti 3C E, u moxa I, ucmounuka, a 3uax
«MUHYCY» — NPU RPOMUBONOLOHCHOM UX HANPABLEHUU).

IloTeHuManpHas AuarpaMMa KOHTYpa
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Ilomenyuanvnasn ouazpamma — 3TO paclpesie]ieHne NOTEHIIMATIOB Y3JI0B CXEMbI B 3aBUCUMOCTH
OT CONPOTHBIJICHHUH 3JIEMEHTOB KOHTYpa, TO ecTh ¢ =f(R).

JInst mocTpoeHMs MOTEHIMAIBHON JUarpaMMbl, HallpuMep, JUIsl HApY>KHOTO KOHTypa (CM. pHucC.
3.1), He0OX0IMMO 3HATH BEJIMYMHY U HalpaBiieHne TOKOB BeTBeil 1 DJIC NCTOYHHUKOB.

Ilycts E1 = 14 B; Rgr1 = 0,5 Om; E2 = 12 B; Rerp = 2 Om; R = 10 Om. Bocnonb3oBaBmuch
kanbkynsaTopoM ElCalc, naxomum cornacHo (3.1) Toku BeTBel (puc. 3.2):

1,=1,85A;1, = —0,54 A; I=1,31 A.

7 Kanukymarop - CucTemil ypansiesid, =15 =)
Buié P POXHM P Ll ¥ (s TTosoun ZI
Kanuxyasrop I Cuctema ypasnermi Tpexpasin II-IIII
R TE YMEno nepe ax 1
2 “ 0 4 5 B }
1 1+ xax[1 X3=[o
|05 4o X2+[10 X3=[4
0 Kl+f? X240 Xg=|"2
OTBET:
” [1.64615+0 ie [ 05284740 .|‘ HW763+0
[EEET |0.53848e0120, |1.307636(0})
23 Urnprars | \/Colp-uabl
TMATIC: PITY M K., A A.C., Map! AN
Puc. 3.2
3azemuiuM y3en a (puc. 3.3 a), To ecTh MpUMeM ero noreHuuan ¢, = 0.
Tornma moreHuyan To4ky b P = Pa — Regrili =0 — 0,5 x 1,85 = —0,925 B, tak kak TOK |
IIPOTEKAET OT TOYKHU @ K Touke b; ¢, ~ ¢p + E1 = —0,925 + 14 = 13,075 B, Tak Kak NOTEHIMAI TOUYKH C

Oombire ¢ Ha 14 B (Ha auarpamme puc. 3.36 ckadok nmoteHnuana Ha 14 B 3a cder cTOpOHHUX CHT).
[Morennuan Touku d: ¢g - @, — E» = 13,075 — 12 = 1,075 B, a noTeHMan TOYKH a. Pz =Qg-
Rem2l2 =1,075-2x 0,54 =0 B.
BosBpartienre B HCXOIHYIO TOUKY @ C HYJIEBBIM MOTEHIIMAIOM TOCTIE paciyeTa MOTEHIIUAIOB BCEX
TOYEK BJIOJIb BRIOPAHHOTO KOHTYpA TOJITBEPKIAET MPABUIBLHOCT pacyeTa MeTH.
a) . g a) Vo B
- ¢ - ’ i

[
1 o
l 'I_' ‘ > 124 Wy
| 15
4
A
[ B

- o R.OM

Puc, 3.3

3agaHus ¥ yKka3aHus K X BbINIOJIHEHUIO

3aganue 1. Paccumrarh TOKM BeTBeil cxembl (cM. puc. 3.1) merogoM 3akoHOB Kupxroda,
Hanpsbkenue U; = E1 — Rgrili 1 MomHocTh, notpebnsemyto Harpyskoil R. IIpoBeputs pe3ynbraThl
pacuera MeToqOM OajlaHCa MOIIHOCTEH ¥ TOCTPOCHHWEM TOTEHIHAIBHOW IUarpaMMbl HapyXHOTO
KOHTYpa.

[Ipu pacderax HCHOJB30BATH TAPAMETPBI DJIEMEHTOB CXEMBI, OIPENEIsIeMbIe COTJIACHO
BBIPQKEHUSIM:

E;=5+N,B;Rg11 =0,5+ |nt(N/8), Om; R=10+ N, Om;

E>=3 + N, B; Rypp = 2 + int(N/5), Owm,

riae N — nomep Bapuanta = Nk~ 10 .

PesynbTarhl pacyera TOkoB, HanpspkeHUst U1 1 MOIIHOCTH P 1pH CONPOTUBIEHUM HArpy3Kku R =
10 + N, Owm, 3anecTH B TIpaBbIid cToOer Tadi. 3.1.
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TaGamuna 3.1

Hascpeno npn conporuracuun warpyixu R [Om|, pansom | Paccuwrano

|
Toxu netnen, o 10R | 3R | R R R ‘R UR 0 | mpm R
wanpakenne U, | (XX) (K3)
u MomnocTy P

IA i
I A i
I A [
l | |

I

, B
£ B

|

3apanue 2. Cobparb Ha pabodem mosie cpenbl Multisim cxemy 011 ucnvimanusi 08yXKOHMYPHOU
cxemul yenu nocmosinHo2o moka (puc. 3.4) U1 yCTAHOBUTH B JMAJIOTOBBIX OKHAX KOMIIOHEHTOB HX
napaMeTpbl WIA PEKUMBI paOOTHI:

—3HaueHUs apPaMEeTPOB AIEMEHTOB CXEMBI IICTIH;

—pexum DC pabGoTel mpuOOpOB; BHYTPEHHHE CONPOTHBICHHUS amnepMmeTpoB Ra= 1 HOM, a

BosibT™MeTpa Ry= 10 MOwm.
A

DC 16009 DC 10090

3] 1R 2,

Vi T M . a0
| 100 0

J + o
{ v { hz2v
T | K‘rh T
A

DC 10MD .
TR

500y 20

A2
(ESTIR

DC| 10 0090
|

4
|

Puc. 3.4

3anycTuth nporpamMmy (IeiakHyB Mbiibio Ha mudpe 1 knonku (/O) u 3anmearhb nokasaHus
puOOpOB B IpaBkbIii cTonbery Tadu. 3.1.

3ananue 3. CHATH ¥ MOCTPOUTD BHEIIHIOW XapakTepuctuky Ui(l;) ncrounnka Hanpsokenus E1
,TO €CTh Uj_ = E]_ —_RBT]_l]_

C »510il Henbl0 HEOOXOIUMO CTYHNEHUYaTO HM3MEHSTh (MOCPEACTBOM HAXaTUs Ha KIaBUIly A
KJIaBUATyphl) COMPOTHUBIIEHHE MOTEHIMOMeTpa (Harpy3ku) R or pexxuma xomocroro xoxa (XX) mo
pexxuma kopoTkoro 3amblkanus (K3), a mokazanus npudopos 3aHocuts B Tabi. 3.1. [To pesynabratam
U3MEpPEHHH MOCTPOUTH (B MaciiTade) BHelIHIOW Xxapaktepuctuky Ui (l1) ucrounnka El.

3ananne 4. PaccuuTarh ¥ NOCTPOUTH IpaduK 3aBUCUMOCTH MOIIHOCTH P OT CONpPOTHUBIICHUS
R, To ectb P(R). OT™MeTuTh Ha rpaduke KOOPAMHATH MAKCHMATbHOW MOIIIHOCTH M CPAaBHUTH 3HAUYCHHE
OTMEYEHHOU abCIUCChI ¢ BHYTPEHHUMH CONPOTUBICHUSIMHU Rpr1 1 Rero.

Conep:xaHue oTyeTa

1. HaumenoBanue u 1ienb paboThlI.

2. PacueTHble cXeMbl LieTH.

3. ®opmynbl ompeneneHHs TOKOB BETBEH M TOTEHIMAJIOB TOYEK HAPY)KHOTO KOHTYpa
CXEMBI IICTIH.

4. Tabmuip! ¢ pacCYUTaHHBIMU M U3MEPEHHBIMU JIEKTPUYECKUMH BEITNYHHAMU.

5. [MoTeHnmanpHas AuarpaMma Hapy»Horo koHtypa cxemsl, rpaduku Ui(l1) u P(R).

6. BeiBosibI O padore.

JlabopaTopnasi padora Ne3
N3mepenue yrua capura ¢a3s
Ieab paGoTbI: O3HAKOMHUTHCS C U3MEPUTENBHBIMH MPUOOpAaMM M HCTOYHMKAMHU MUTAHUSA
nporpaMMHOi cpeabl MultiSim, u3ydnTh METOIbI U TPUOOPECTH HABBIKM U3MEPEHUS yIiia cABUTa (as.

Beinosnus patdory, Bel Oyaere:
ymems:

— IPUMEHATHh OCHOBHBIE ONIPEJEIICHNS U 3aKOHBI TEOPUH MIEKTPUUECKUX LIENEH;

— pasjin4yaTb HCHOPCPBIBHLIC U JUCKPCTHBIC CUTHAJIBI U UX MTAPaMCTPBI;
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MatepuanabHoe odecniedenue: 11K ¢ NI Multisim

KpaTtkue Teopernueckue cBegeHHs

Wzmepenue yraa casura das

Jna u3mepenus yria ciasura (a3 ¢ Mexay CHHYCOUJAIbHBIM HANpsXKEHUEM H TOKOM B
peanbHON LIENMU HCHOJB3YIOT: M3MEPUTENTH Pa3sHOCTH (a3, TaK Ha3bIBAEMBIH Memoo 6obmmempa-
amnepmempa-eammmempa, Ipyu KOTOPOM yroJ @ onpenesstoT u3 ypasuenus ¢ = arccos(P/Ul), rae P
— MOKa3aHUE BAaTTMETPA, & TAKXKE METOJbl, OCHOBaHHBIC HA M3MEPEHUU BPEMEHHOro MHTepBaja At
IIPH MIOMOIIH 3JIEKTPOHHO-TTY4€BOT0 ocuuuiorpada.

Bpemennoii untepBan At = ¢ /o = ¢ /2nf nponopruoHaneH (a3oBOMY CIABUTY ¢ MEXIY
CUHYCOHMJaJbHBIM HAaNpsSOKEHHMEM KM TOKOM B Hepas3BeTBIeHHOM wenu (puc. 1.3a) u oOpaTHO
IIPOIOPLIMOHAJIEH YIJIOBOM YacTOTE ( HANPSKEHUs (TOKA).

[Tpu 3TOM (ha30BEIil yroi (B AIEKTPUIECKUX TPadycax) ONpeAeIIIoT o GopMyIie

¢ =360° AUT,

rae T= 1/f — nepuoa n3MeHeHHs HANPsDKEHUS B ceKyHaax (¢); /f— 4acToTa MUTAOMIEro IEb
HanpspkeHud B repuax (I'm).

Bpemennoii untepBan At = T2 — T/ 0OBIYHO U3MEPSIOT MEXAY HYJIEBHIMU 3HAUCHUSMU
OCHMIJIJIOTPAaMM HampsHKEHUSI U TOKA C TIOMOIIBIO BU3UPHBIX JTMHUHN (BU3UPOB), PACIIONIOKEHHBIX CIIEBA
U cIpaBa OT ’KpaHa ocipiorpada (puc. 1.3a). Yromn ¢ 6epeTcst co 3HAKOM «IUTIOCY», €CIIH TOK OTCTaeT
no ¢ase oT HampspkeHus (cM. puc. 1.351), ¥ CO 3HAKOM «MHHYC», €CIU TOK OIepekaeT mo ¢asze
HanpspKEeHUe.

T Oscilioscepe XSC1 f! ——L
® v ~ % o Tey
et

[
i \ )18y &y |
‘ “

RN Shoe
-...ﬁ‘-.‘g il =2

Lpostion |4

VY ade] malan | { .

a)

Puc. 1.3

VcranoBka uyBctBuTenbHOCTH KanainoB A (Channel A) u B (Channel B) u pasBeprtku
ocumiorpamm  Bo Bpemenu (Time base) npoussomurcs B OKHE, BBIBOAUMOM HIDKE OIS
ocmmuiorpamm (cwm. puc. 1.3 a).

IIpu mMoxenupoBaHuU cxeM Lienedl Ha paboueMm moje mporpaMMbel Multisim u ux aHamusze s
u3MepeHus: yria caBura (a3 B IensX NEepeMEHHOro ToKa Hapsady ¢ ocuuuiorpagom Oyaem
UCMOJb30BaTh TaKXke BHUPTyanbHbIi BarTMeTp XWMI (puc. 1.3B), pa3MemieHHbIH B OuOIMOTEKE
Instruments. BartmeTp HenmocpeACTBEHHO U3MEPSIET aKTUBHYIO MOITHOCTh P 11eny (BETBH) B BaTTax U
koadunment morHoctu coscp (Power Factor).

3ajaHus M YKa3aHUA K UX BbINIOJHEHHIO
BapuanT npu BeimosiHeHun padorsl: 1 moarpynna sapuant = Ne [IK,

2 nmoarpynna Bapuant = Ne ITIK-2.

3aganue 1. HM3mMepuTb HHAYKTUBHOCTh KAaTyIIKM M €MKOCTb KOHJEHCAaTOpa KOCBEHHBIM
METOJIOM IO pe3yJibTaTaM MPSMbIX U3MEPEHUN HampsKeHus, Toka 1 MomHoctd RL- unu RC-BeTtBU 1
KOCBEHHOTO U3MEpeHHMs yriia ciBura ¢as @.
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[ A
|eVe o1«
. 1T T — .
AC 10090 e
R2 [
i = " . [jm waol
+ 20 Vims 20000 ¥ 1250
[ ) "1k . , ;
t o J AC |10 MO 1 =
T10mH
INUT — 1
t — )
| AN
- 4

Puc. 1.5
C oroii menplo codpaTrhp Ha pabodeM ToJe MporpaMMbl cxemy menu (cMm. puc. 1.5) wu

YCTAHOBUTH:

—apaMeTphl HAEAIbHOTO NCTOYHHKA CHHYCOMAANBHOrO HaNpsukeHus e = £, sin(ot + y,) = =
VR E sin(2rnft + y,,): neiictByromee 3nauenue IJAC E=5 + N, B; wacroty f= 1 k[’ npu usmepenuun
uHaykTuBHocT L karymku u dactory f = 10 xI'm npu msmepenun emxoctu C KOHAEHCATOpA;
HavyanpHy0 a3y HanpsukeHus y,= 0;

—pexum padboTel AC (nepemenHbii Tok) amrnepmerpa A (Ra = 1 HOwm) u BomsT™eTpa V (Ry= 10
MOwm);

—3HaueHue compotuBiaeHuss Ri = 25 Owm pesucropa R1 (umuTHpyOIEero axkTHUBHOE
COIIPOTUBIICHUE KATYIIKK) U conpoTuBieHus Ry = 10 Om pesucropa R2;

—3Ha4eHUEe WHAYKTUBHOCTH KaTymku L = 5 + int(N/5), mI'H, n emxocTn koHneHcaropa C =1 +
int(N/10), mx®, tae int(a/b) — nenas gyacts onepanuu a/b

—KpacHBIM LIBET IIPOBOJIA, COEIMHEHHOIO C KaHAJIOM A, M CUHUH LBET IPOBOAA, COEAUHEHHOTIO C
kaHanoMm B, nByxkanansHOro ociumorpada XSCl;

—3aaaTth napameTrpsl ocimuiorpada XSC1. [Ipu 3Tom Ha BXOJ KaHama A 1MOJaHO HAIPSHKCHHE C
ucroynuka IN VT, nponopiyoHaisHoe BXOJHOMY TOKY 1, @ Ha BX0OJ KaHana B mopano HampspkeHue u
C B3aXMMOB HCTOYHHMKA HampsbkeHus e. llBeroBas okpacka ocmwuiorpaMmMm (cMm. puc. 1.3a)
COOTBETCTBYET YCTAHOBJIEHHBIM LIBETAM IPOBOJIOB, COEAMHEHHBIX C COOTBETCTBYIOIIMMH BXOJaMH
kaHasoB npubopa XSCI;

—yyBcTBUTENbHOCTE 200 MB/aen (mV/div) kanana A ocmminorpada u 5 unu 10 B/nen (V/div)
kaHanma B; mmmrtensHocts pasBeptku (TIME BASE) B pexume Y/T — 0,2 mc/nen (2 ms/div). Ipu
U3MEPEHUSAX YKa3aHHbIE IICHBI IEJIEHUI pEKOMEHAYEeTCS U3MEHATh TAKUM 00pa30M, YTOOBI aMILTUTY/IbI
HamnpspkeHud Obutn Obl paBHBI He MeHee 0,5— 0,75 BbICOTHI dKpaHa ocuuiuiorpada (B pexume
Espand), a mo ocu BpeMeHH yKIIaapIBaIOCh JBa-TPH MepHo/Ia KOJIeOaHUs HAIPSKCHHIA;

— YIPaBJISIOUIYIO NEPEKI0YaTeIeM KIaBHIY S KIaBHaTYpBhI;

—3HaveHue kodpdurmenta nepenaun INUT k=1 Owm;

—yIpaBIIIEMBbId KOHTAKT MEPEKITIOYaTeNs S B HIDKHEE TOJN0KEHUE, TO eCTh MOAKIIOUNTh Ril -
BETBb K ICTOUHHKY €.

3anyctutrh nporpammy Multisim (enkHYTh MbIIIBIO Ha KHOIKE /O MeHIO cpefbl), CHATh
nokazaHus MpuOOpoB U 3aHecTH UX B Tabn. 1.2. MeTtoauka omnpezaeneHus yria caBura gas ¢ Mexay
HaNpsSHKCHHEM M TOKOM omurcaHa B «KpaTKUX TEOpPETHYEeCKHX CBEICHHAX» (CM. BBIIIE). Y OCIUTHCS
(cMm. puc. 1.3a), uto TOK i1 B RiL -BeTBU omcmaem 1no ¢a3e oT HanpspKeHHS ¢ HA yrol @1 = arctg(
X /Ry) = arccos (P1/Ul,), rme P; — moka3anue BartMerpa. CKOMUPOBATh B TETPadb CXeMy (CM. pHC.
1.5), 3amucarh MokazaHus BaTTMETPA, 3apHCOBATh OCLIIIJIONPAaMMBI € SKpaHa ocuuiuiorpada (cMm. puc.
1.3).

YceranoButh yacrory DJIC f= 10 [y ucrounuka e(t) U ¢ MOMOIIBIO TEpeKIrouaTens S
noakmounTh RoC-BeTBb K UCTOYHHKY €. [lokazanus npubopoB 3anectu B Tabn. 1.2. Yb6enutscs
(aHamu3Upys pPacHoIOKEHHE OCHIUIOrPaMM Ha 3KpaHe ociuiorpada), uro Tok Iz B RyC-BerBn
onepedicaem 1o (aze HampsDKeHHE u Ha yroi ¢ = arctg(—Xc/Ry) = — arccos(P,/ Uly), rne P, —
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Noka3aHue BaTTMeTpa. B TeTpaap 3amucarh MOKa3aHUs BATTMETPA, 3apHCOBATh OCLMIIOTPAMMBI Ha C
9KpaHa ocruiuiorpada.

Paccunrars nonHoe Z = U/l, aktuBHOe R = Zcosg u peakTuBHOE X= ZSin@ CONPOTHBICHUS
R;L- u R,C-BeTBeii u 3aHectu ux B Ta0m. 1.2.

Tabana 1.2

[ | Yeranonacno Wameperio Brmcacno

SeTEb | 1 T T T 1 T T —

‘ | EB | fixla] U.B | J,wA | PBr [qgipaa| Z Osm| R Om | X, O | L, sln |C, ux®
RL | [ ‘ ‘

RC | 10

Tak Kkak WHIYKTUBHOE COIPOTHBIICHHE KATYIIKH XL:—|LZZDfL, COTIPOTHUBIICHHWE KOHJEHCATOpa
Xc=1/1C=1/20fC, Om, T0:
— HWHJIYKTUBHOCTb KaTYIIKH, BKItOUeHHOM B RjL — BeTBb: L=X_ /—|:X|_ [200f, TH, umu L = 10° XL
[200f, MTH;
— EeMKOCTh KOHJIeHcaTopa, BkirodeHHOro B R,C — BeTBb: C= 1/—|Xc:l/2Dch, O, mm C=
10%/20fX ¢, MkD.

Breruncnennple 3Ha4eHUsT WHAYKTHBHOCTH L kaTymku u eMkoctd C KOHJIEHCAaTOpa 3aHECTH B
tabn. 1.2. CpaBuuth nonydyennble 3Hadenust R, L u C ¢ yCTaHOBJICHHBIMU UX 3HAUYECHUSMHU B CXEMe
LIETIH.

Conep:xkanue oTyera

1. HaumenoBanue u 1enb padbOTHI.

2. Ilepeyenr TpUOOPOB, HCIOJIB30BAHHBIX B OKCIIEPUMEHTAaX, C HMX KpaTKUMHU
XapaKkTepucThuKamMu (TUm TpuOopa, Ha3HAYCHUE, POJA TOKa, H3MEpSIeMbIe BCIWYMHBI, IPEACIBI
M3MEPECHUS WM BBIXO/HBIC TTapaMeTphl).

3. DNEeKTPUYECKHUE CXEMbl H3MEPEHHUS CONPOTUBICHUN pPE3UCTOPOB, HWHIYKTHBHOCTH
KaTYIIKH ¥ eMKOCTH KOHJIEHCATOPa, U KOMUU PUCYHKOB OCIIMIIJIOTPAMM HAaIpPsDKEHUS U TOKA.

4. TaOnuis! pe3yabTaTOB U3MEPEHUI U pacueToB.

5. Pacuetnbie popmyIbl.

6. BriBosiw1 10 paborte.

JlabopaTopnasi paGora Ne4

JKCNepUMEHTAJIbHOE HCC/IeJOBAHNE HePa3BeTBICHHOM el CHHYCOUAAJIBHOI0 TOKA

Leab padoTbl: 3KCIIEPUMEHTAIBHOE HCCIIEAOBAHHE CXEMbl IENHM CHHYCOMJAIBHOTO TOKa C
naccuBHbIME di1ieMeHTamu RL, RC, RLC.

Beimosinus patdory, Bel Oyaere:

ymemn:

— TPUMEHSTb OCHOBHBIC ONPEAETICHNS U 3aKOHBI TEOPUH TEKTPUUECKUX LETeH;

— pasjindaTb HCHPCPBIBHBIC U JUCKPCTHBIC CUTHAJIBI U UX MTAPaMCTPBI;

MatepuanabHoe odecneyenue: I1K ¢ NI Multisim

KpaTkue Teopernueckue cBegeHHs

Ilenu nepeMeHHOro ToKa

VYpaBHEHUS 3JEKTPUYECKOTO PABHOBECHS HAIPSDKEHUH M TOKOB IETIH CHHYCOMIAIBHOTO TOKA
MO>KHO 3aIlucaTh B aHATUTUYECKON (pOpMe U MPEeACTaBUTh IpauuecKy B BU/I€ BEKTOPHBIX JHArPaMM.

[Ipu ananu3e neneit cHHyCcOUAANIBLHOTO TOKa HEOOXOIMMO UMETh B BUJTY CIIEIYIOIIEE:

* PEaKTUBHOE UHOYKMUBHOe COIPOTUBIECHUE X| HMHAYKTMBHOM KaTyIIKM U pPEaKkTUBHOE
emkocmuoe Xc CONPOTUBJICHHE KOHJEHCATOpa 3aBUCAT OT YaCTOTHI/MCTOYHUKA CHHYCOUIAIBHOTO
HanpsokeHust u = Upsin(2/ft + —,), To ectb X, = L= 2/fL u Xc= 1/(IC) = 1/(20fC),

rae co = 2/f — yrnoBas yactora HanpspkeHus, pan/c;f= 1 /T— uuknuueckas yacrora, ['i; 7 —
MepHOoJ] CUHYCOMAATLHOTO HaNpsKeHus, ¢; —, — €ro HavanbHas ¢asa,

pajl Wi rpaj; |
* B BETBAX C peakTHUBHbIMH djeMeHTamn L um C wmexay b~ Vs
HaNpsKEHHEM W TOKOM BO3HHUKAET ¢hazoeswiil cosue || = —, - —j — e ' '

— wHavanpHas Qasza Toka (puc. 6.1). Yron [[ (B pax wmm rpag) —
anreOpanyeckas BeIMUMHA, M3MEHSIOIIAsIcA B quana3zone or —90° (—

20 L=\ U/
Puc. 6.1



/12 pam) mo +90° (+1/2 pam). 3HaK ¥ BEeNMYMHA yria 3aBHCAT OT THUIA W BEJIMYMHBI IAPAMETPOB
MIOCJIEI0BATENBHO COSANHEHHBIX eMeHToB R, L u C BeTBH 1 4acTOTHI f HaNIpsHKeHNSI.

B Tabxn. 6.1 mpencraBiieHbl THIIOBBIE BETBH CXEMbI LIENH CHHYCOMJAIBHOTO TOKA, BEKTOPHBIC
JAMArpaMMbl HANPsDKCHUH W TOKOB BeTBed M yrubl casura ¢a3 [ mexny ux Bekropamu. AHaim3
BEKTOPHBIX JWArpaMM ITOKa3bIBACT, YTO pPe3UCMUBHbI IEMEHT R SBIISETCS 4acTOTHO-HE3aBUCHMBIM
AJIEMEHTOM: TOK M HAlpsOKCHHWE Ha €ro 3aXuMmax cognadarom no ¢haze (popma Toka Igr MOBTOPSIET
¢dbopMy HampspKkeHHs UR), TOITOMY IIPH ONpPEAETICHUH (110 OCIIJUIOrpaMMaM) yrila cABUTa (a3 Mexay
HaNpsHKEHHEM M TOKOM B BETBSX LIEMIM B KAa4eCTBE JAaTYMKA TOKA OOBIYHO HCIIOJIB3YIOT PE3UCTOP C
compoTHBJIeHHEeM Ry, HampsbkeHue Urg = Rol ¢ 32)KMMOB KOTOPOro ImojaeTcss Ha OIUH U3 BXOJOB
ocumiutorpada.

B unoykmusenom snemente Tok omcmaem no ¢gase ot Hanpspkenus Ha 90°, a B emkocmHomM — €ro
onepescaem Ha 90°. B RL-, RC- u RLC-BeTBsiX yribl casura ¢a3 3aBUCAT OT 3HAUCHHUH MapaMeTpoB
AJIEMEHTOB BETBEH U ONPEICIIAIOTCS B 001eM cirydae o ¢opmyite [ [ = arctg(X. — Xc)/R.

Tadmnua 6,1

| v
Homep JACMEHTH] BeTH Bexropuas Anatpamma Yioag =Y, ¥
BCTHN
(prc. 6,3)

I, X u = O )
A A K - U, 0 0" (1/2)

) 90" (~m=/2)

4 [ o X 0 - U @ = arctg(X, /R)

A A X ¢ = arctg(—X. /R)

o—{_ - 1'. o y o 0

- U

R X, X a) X X,; cm. sernb 4; = arctgl(X, - .)/R]
Joud V"V $| o ‘/T} X, < X.:cMm. peran 5;
X

- {al\ “ X..emonernn |

3HaueHus yriioB [ [BeTBeil cXeMBbl IIeMu ONMPEAEISIOT KOCBEHHBIM METOIOM, U3MEPSIsi BPEMEHHbIC
MHTEPBAJIBI HA OCHMJLIOrpaMMax, To ecth |[ [| = 360&t/T,

rire ®t — BpeMeHHOM wuHTepBan (puc. 6.2) MeXay HYJIEBBIMH 3HAUEHHSIMH CHUHYCOM[
HarnpshKeHHs (CHHEro I[BeTa) U ToKa (KpacHOro IBera); yroi || Gepercst co 3HAKOM «ILTIOCY, €CITU TOK
omcmaem no ¢paze OT HaNpsDKEHUs (CM. puc. 6.2), U CO 3HAKOM «MHUHYC», €CIIU TOK onepeicaen no
¢aze HanpsKEHUE.

[Ipn u3mepeHun MHTEpBana BpeMeHH &t 11e1eco00pa3HO HCIOJIb30BAThH

I~ | BHU3UDHBIC JMHHMH (6u3upbl), PACIIONIOKECHHBIE CIIEBa W CHpaBa DKpaHa

L AN o ocumwmiorpada (cMm. puc. 6.4), Ha BX0J KaHala A KOTOporo OyaeM mojaBaTh

; HanpsDKeHne Ugp, TPOTOPIMOHAIBHOE TOKY BeTBU (umBeT mpoBoma 1 —

KpacHbIf), a Ha BX0J KaHajla B — HanpspkeHue u BeTBH (IIBET mpoBoja 2 —
CUHULL.

B 6ubnuoreke HHCTpYMEHTOB cpeabl Multisim nmeercss BUPTyaIbHBII
BartMeTp XWM (cm. puc. 6.3 u 6.4), KOTOpbI M3MepsieT KaKk aKTUBHYIO
momHocTe P = Ulcos[], morpebasemyto mpuemHukoMm, Tak u Kodhduuuent mounoctu (Power
Factor) cos[[ = P/Ul, rme U u [— nanpspkeHHe W TOK moTpeduTess sHeprud. Toraa MOIyls yria
casura a3z Mexay HarnpspkeHreM u TokoM | [ = arccos(P/UI). 3uak yria [ [ onpenensiror KOCBEeHHBIM
METOIOM, HalpuMep MOJKII0Yas MapajuleIbHO HAarpy3Ke KOHIEHCATOP: €CIH MPU ITOM KOAI(PPHUIIUEHT
mornraoctH cos] [ yBemmumics (yroun [ ymensimmics), To yromn [ [ umeer 3Hak «+», 1 Ha060poOT.

3aganus v yKka3aHus K X BbINOJHEHUIO

O>

Puc. 6.2
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BapuanT npu BeimosiHeHun padorsl: 1 moarpynna sapuant = Ne [IK,
2 noarpynna Bapuant = Ne [1K-2.
3aganue 1. PaccuMTaTrh MHIYKTMBHOE CONPOTHBIEHHE X| KaTyIIKd W €MKOCTHOE
COIIPOTHBIIEHUE X KOHJEHcaTopa IpH 4YacTOTax, yKa3aHHbIX B Ta0j. 6.2, U 3aHeCTH IOJIy4YEHHbIE
3HA4YEHHUs CONPOTHUBIICHHIA B Ta0I. 6.2.

3HaueHUs UHAYKTUBHOCTH KATYIIKH U €MKOCTH KOHJCHCATOpa ONpeaesuTh 1o Gopmyrnam: L =
100 — 2,5N, mI'H, C =100 + 10N, mx®D, rne N — HOMEp BapuaHTa.

Tabanua 6.2

Conpornmaenne X [Tpu vacrore £, Tu

30 40 50 o0 80 100 120

Paccummano | X, Oum
Hasepeno ..' . B '
[7. A
[ \,7, V()\l‘

Paccunwrasno | X, Om

Masepeno |U, B

(1, A | |

|X., Om ‘

Mocrpours (Ha omHoM pucynke) rpaduku X (f) u Xc(f). OTMeTMTH KOOPIUHATBI TOYKH
nepeceyeHusl rpapkoB — BO3MOXHOI'O PEKMMa pPE30HAHCA HANpSOHKEHUH HpPU IMOCIEe10BaTEIbHOM
COCMHEHUM KaTyIIKM W KOHAEHCATOpa MEXAy CO0OH M C HMCTOYHHUKOM CHHYCOHJIAIBHOTO
HaNpsKEHUS.

3aganne 2 CoOpare cxemy menu Ha paboyem moiie cpenbl (puc. 6.3), yCTaHOBHUTD:

—KpacHbIM LBET MPOBOJA, NOAXOAALIEr0 K KaHalay A ocuuuiorpada, ¥ CUHUH s MPOBOAA,
MOJXOASAIIETO K KaHaty B ocimniorpada;

—IapaMeTpbl HACCUBHBIX 3JIEMEHTOB:

Ro = 1 MOMm; R; = Ry= Rs= Rg = int(120/N), Owm;

L, = Ls = Le= 100 - 2,5N, mI'H; C3= Cs= C¢= 100 + 10N, MxD;

—IapaMeTpbl HAEaTbHOTO MCTOYHMKA CUHYycouaanbHOro Hampsbkenus ei: OJC E = 10 B
(mefictByromiee 3Hauenue), f= 50 I'; —, = 0;

—pexum pabotsl AC amnepmerpa V1 u BonbT™MeTpa Al; conporusienue amnepmerpa 1 HOM;
cornpotusiieHue BojapT™Merpa 10 MOw;

—4yBCcTBUTENbHOCTh 2 MB/nen (mV/div) kanana A ocuumnorpada, B KOTOPOM PETUCTPUPYETCS
HanpspKeHue, CHUMaemoe ¢ pesucropa Ro; uyBcTBUTeNnbHOCTE 5 B/nen (5 V/div) kanana B, B koTopom
peructpupyercs HampsbkeHue BeTBU; JuTensHocTh pasBepTku (TIME BASE) B pexume Y/T - 2
Mmc/nen (2 ms/div);

—ymnpasnstonue kodamu A, B, C, D, E u F xnasumu A, B, C, D, E u F xnaBuatypsl.

CxonupoBarsb cxemy (puc. 6.3) B oTyer.

Sty 3] AC Imiy
- d + - i =
Vi R4 RS RY
. TR : L2 4 C3 30 23a 8
,_?‘.59.‘__! el “ HENY 10wt "..(,:,\,.; [

Y \ |,|‘ o ‘ \ L6
,,—\L 7 Ml 1/ Vrms | 4 S10mm
~— - 5 Hz 0" i L4 Te C? 5

s 2 | 1 10mit 60y
TS, SO "
L | =S| A T l —CB
- im0 - ——— .B Y - g , L 160pF

CHME G
Puc. 6.3
3aganue 3. IIpoBecTH M3MEpEHHUs TOKOB, HAMPSDKEHUW W YIVIOB cABUra (a3 MeXIy HUMHU B
BETBSIX, COZIEPIKAIIUX COOTBETCTBEHHO PE3UCTUBHBIN R, MHIYKTUBHBIN L 1 eMKOCTHBIN C 3J1€MEHTHI.
C 5TOM 1IENBIO:
—MOJAKJIYHTHL pe3UCcTOop Ry (HaXkKaTh KJIaBHUINY A KJIABHATYPHI) K UCTOYHUKY CHHYCOHMIATLHOTO
HampsbkeHus el, 3amycTHTB MPOTrpaMMy MOAETUPOBAHUS CXEMBI (IIENKHYTh MBIIbIO Ha Iudpe 1

kHOMKH [/O) n yOenuThes (aHAIM3UPYS OCHIIJIOTpaAaMMBI Ha 9KpaHe ociuuiorpada), 4To yroyi caBura
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¢a3 mexny Hanpspkeruem U TokoMm [ [= 0. Tok Iy = U/Ry;

—OTKJIOYUTH pe3uctop R; (HaxaTh KIaBHINy A KJIaBHATyphl) ¥ MOAKJIWYUTH Kartymky L2
(naxatp knaBuiny B) k ucrounuky el. I[Tokazanus BonbrMeTpa V1 u ammnepmerpa Al npu f= 50 I’
3aHecTH B Tabn. 6.2. M3menss cryneHvarto yactoTy Hanpspkenus (30, 40, 50, 60, 80, 100, 120 I'm),
3aHOCHTBb [TOKa3aHMs BOJIBTMETPA U amriepMmerpa B Tabi. 6.2. Paccuurars conporusienue X = UL/l
U CpaBHUTH TOJYyYCHHbIC 3HAUYECHUS C 3HAUCHUSMM, HAMIEHHBIMM TpPHU BHINOJHEHUH 3anaHus 1.
Yoenuthes (aHATM3UPYS OCIMIUIOTPAMMBI), YTO TOK I OTcTaeT mo (aze OT HaIpsHKeHUs U Ha YToJl Cp
= 90°. 3apucoBats B ordet octuutorpamms Uy {t) u i (t) npu = 50 I'm;

—MOBTOPHUTHL TIPEIbIAYIIEE 3aJaHHe OTHOCUTENBHO KoHAeHcaTopa Cj3, TpeaBapUTEIHHO
OTKJIIOYMB OT HCTOYHHKA (mocpencTBOM KiaBuiiu B) BeTBb ¢ smemeHToM Ly M moakiro4mB ¢
nomoineko knaBumu C kK uctouynuky €l BerBb ¢ konaencaropom Cs. ITokazanust npuGOpPOB 3aHOCUTH B
tabn. 6.2. Paccumrarh comportuBiacHue KoHaeHcatopa Xcz = Ud/lc (cm. Taba. 6.2) U cpaBHHUTH
MOJIYYCHHBIC 3HAYCHHUS CO 3HAYCHUSMHU, HAWIECHHBIMA TPU BBIMOTHCHWH 3amaHus 1. YOemutbcs
(aHATU3UPYS OCIIIUIOTPAMMBI), YTO TOK i, OMEpexact 1o ¢asze HanpspKeHue Ug Ha yrod [ [ = 90°.

3apucoBaTh Ha CTPAHMILy OTYeTa ocumiorpaMmsr U.( t) u i¢ (t) mpu = 50 .

3ananue 4. IIpoBecTH M3MEpPEHHS TOKOB, HANPSDKEHWH W YITIOB CABHUra (a3 MeXAy HUMHU B
BETBSX, cojiepkanux coorBercTBeHHO RL-, RC- u RLC-35eMeHTHI.

C aT0li 1enbo:

—ycTraHoBUTHh 4acToTy f= 50 I'i ucTounuka HanpspkeHus €l ¥ MOAKJIIYMTHL K HEMY BETBb
R4L4, npenBaputelbHO OTKIIOUYMB BeTBb ¢ KoHjeHcaTopoMm Cs. Ilokazanusi mpubGopoB 3aHecTH B
taba. 6.3. Yron [| ompemeauTh KOCBEHHBIM METOJOM, BOCIOJIb30BABIIMCH OCHMIIIIOIPAMMAMHU
HaNpsDKEHUS U TOKa BETBU, WM U3 MOKa3aHus BartMeTpa XWMI.

Jlia ynoOcTBa M3MepeHU W3MEHSITEe YyBCTBUTENLHOCTh KaHAJIOB M UIMTEIBHOCTh Pa3BEPTKU
ocmmtorpada.

Paccunrtars nonnoe Z4, aktuBHOE R4 1 peakTuBHOE X| 4 cOnpoTUBIEHUS BEeTBU R4l4 11 3aHecTH B
Taba. 6.3. Yoemurbes, uro TOK i B R4L4-BeTBHM oTcraer mo (ase or HampsbkeHus u Ha yron [[q =
arctg(X.4/Ry4); 3aprcoBarh Ha CTpaHMIly OTYETA OCHUILIOTPAMMBI HAMpsiKeHUs U Toka RL-BeTBH;
Tatunun 6.3

Bersw Hamepeno Paccunrano

P, IPas Z=U/I Om

R =~ Zcosp, Ow X = Zing, Om

RL,
KRG || | i |
R | | |

i

—MOBTOPHUTH TIpeabInyIIee 3ananue Uit nenu RsCs, mpenBapuTenbHO OTKIIIOYHB OT UCTOYHUKA
el uerBepTyto BeTBb. YOeauThes, 4To TOK i B RsCs-BeTBHU omepeskaeT no (a3e HANpsDKECHUE U Ha yroll
15 = arctg(—Xc/Rs);

—3apucoBaTh OCIIIIJIOTPAaMMBbI HanpsikeHus 1 Toka RC-BeTBy;

—NOBTOPUTHL Tnpeabiaymee 3ananue Uit ReleCe-BeTBH, mnpeaBapUTENbHO OTKIKOYHMB OT
ucrounnka €l maryo BerBb. YOemuthbes, uto B RglLeCs-BerBu yrom casura dasz [ls mexmy
HanpsHKEHUEM M TOKOM 3aBUCHUT OT BEJIMYMHBI pEAKTUBHOI'O CONMPOTUBIEHUs Xe = X6 — Xcs.

Eciu nipu wactore f= 50 T'u yron [[g = arctg(XLs — Xcg)/Rs > 0, TO, yMEHBIINB 4acTOTy 110
20—30 T'u, yron [Is u3menut cBoii 3Hak, u Haobopot, eciau mpu = 50 Ty yron [ < 0, To, yBennuus
vacrory f 10 100—120 I'u, Tok Oyaer oTctaBaTh 0 (ase OT HampshkeHus, mpu 3toMm yroi [ g > 0.

B kxauecTtBe mpumMepa Ha puc. 6.4 mpeacTaBiIeHbl OCHMIIOTPaMMBbl HaNpspKeHUs U Toka ReleCe-
BETBM ITOKa3aHue BartMerpa XWMI mpu ykasaHHbBIX Ha puc. 6.3 mapameTpax 3JE€MEHTOB CXEMBI.
AHanu3 OCHUIUIOTPAaMM MMOKa3bIBaET, YTO TOK ig OMEpEekact mo ¢ase HanpsuKeHue ug Ha yrou [[ = —
360®t/TH-360 « 2,847/4 « 5SH -51,3°.
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Puc. 6.4
Bocrop30BaBIIMCh MMOKa3aHUEM BaTTMeTpa, HaxoauMm Mmoayib yria |[[g] = arccos(0,624) =
51,4°.
Conep:xaHue oT4yeTa
1. HaumeHoBaHuE U 11e7b PaOOTHI.
2. DIEKTpUYECKHE PACUCTHBIC CXEMbI M KOIHS CXEMbI IIEMH, COOpaHHON Ha pabodyeM MoJe
nporpammHoi cpensl MS 10.
3. Pacuernbie (opMyiibl, BEKTOPHBIC W BPEMEHHBIC IUHarpaMMbl HANpPSHKCHUH W TOKOB
BETBEU LENH.
TaGnuIiel ¢ paCUCTHBIMHU M SKCIICPUMCHTAIbHBIMH JaHHBIMU.
I'paduku XL (f) u Xc(f).
BriBosi1 10 pabote.

o o~

JlabopaTopnasi paGora NeS
JKCIepUMEHTaJbHOE HCCIeioBaHne Tpexda3Hoil nenu
Iens paGoThl: ONBITHAs IPOBEPKA COOTHOLIEHWH, CBS3BIBAIOIIUX HANPSOHKEHUS U TOKU
Tpex(a3HbIX LeTel TpU COeTMHEHUN TPUEMHUKOB 3B€3/10M U TPEYTOJIbHUKOM.
Beimosnus padory, Bel Oyaere:

ymemy:
— TPUMEHSTh OCHOBHBIE ONPEIEIICHHS U 3aKOHBI TEOPUU AIIEKTPUUECKHUX LIETIEH;

— pasjinyaTb HCHPCPBIBHBIC U JUCKPECTHBIC CUTHAJIBI U UX MTAPaMCTPBI;

MatepuanbHoe odecnneyenue: 11K ¢ NI Multisim

KpaTkue Teopernueckue cBegeHHs

Cxewmbl coenHeHus dha3 UCTOYHUKA U IPUEMHUKA

Tpexgaznasn yenb — 3TO COBOKYMHOCTh Tpexdaznoit cucrembl DJ[C, TpexdazHoit Harpy3Ku u
COEJIMHUTEIIbHBIX MPOBOJIOB.

Tpexdasznyro cucremy 3/IC (HanpspKeHUI) MOTYYArOT ¢ TOMOIIBI0 CHHXPOHHOTO Tpexda3zHoro
reHepaTopa, B 0OMOTKAax KOTOpPOTO MpPH BpAIlllEHUU POTOPA MHIYKTUPYIOTCS TPU CUHYCOHJAJIbHBIC
O/1C oxHOW M TOW K€ YacTOThI, paBHBIE MO aMIUIMTYAE M CABUHYThIE MO (a3ze OTHOCUTEIBHO APYT

npyra Ha yroa 120°:

¢, = E,sinot, E, = E, N2e% = Ey;

eg= E,sin(wt — 120°), Ez= Egze™"";
ec= E, sin(lws— 240%) = E_sin(mf + 1207},
EC = E¢ejl20°.
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OOMOTKH cTaTOpa reHepaTopa COSTUHSIOT o cxeme 3Be3aa (puc. 11.1a cneBa) uimu TpeyroibHUK
(puc. 11. 6 cneBa). @a3bl TpexdazHOro MpUEMHUKA (Harpy3KH) TaK)Ke COCTHHSIOT IO CXEeMe 3Be3/1a
Wi TpeyroiabHuK (puc. 11.1 a u 6 cipasa).

al Miverestenaiit nponog A 0) A cd

A o A I
“ca | e A

Puc. 11.1
Coenunnenue (a3 nmprueMHUKA 3BE3JI0H
Ha puc. 11.2a u3o0pakeHa tpexdaszHasi 1enb, y KOTOPOH MCTOYHUK U MPUEMHUK COCIUHCHBI
3BE3MI0N C HelumpaivbHuiM (Hyne6biM) TIPOBOJIOM (YETHIPEXIPOBOIHAS cucTeMa). Da3Hble HAPSHKCHUS
MIPUEMHMKA B CXEME 3Be3/1a-3Be3/1a C HyJIeM paBHBI ()a3HBIM HAIPSHKCHUSIM UCTOYHUKA:

QgZQA;Qb:gB“Qc:£C5

a TaK Ha3bIBAEMOE HANpsdCEeHUe CMeujeHus Heumpanu MeXAYy ToukaMu n U N Ipu HyJIEeBOM
CONPOTUBIIEHHH HEUTPAILHOTO 1PpoBoia paBHo HYIH0 (Uny = 0).

B 4eThIpexnpoBOIHON cHcTEMe 00CCIIeYNBACTCS HE3aBUCUMBINA PEKUM padoTh (ha3 MpUEMHHUKA
(KpoMe KOpOTKOTO 3aMbIKaHus B (pa3e, KOTOPOe HEIOMYCTUMO): B CIy4ae U3MEHEHUS COMPOTHBICHUS
OJHOH (ha3bl (B TOM YHCIIE TIPH €€ OOpPBIBE) HANPSDKEHUS M TOKH IBYX IPYTHUX (a3 He U3MEHSIOTCH.

ITpu 3TOM co6M0OAaeTCs COOTHOLIEHUE MEXIY JIMHEHHBIMU U (Da3HbIMU HanpspkeHusMu: Ug =
U,/ B, To ecTb ¢hazuvie nanpsxicenus 6 [3 paza meHvuie nuHeliHbiX. B OCBETUTEIBHBIX CHCTEMax
nuHeiHoe Hanpsbkenne U, = 380 B, a dasznoe = U, /8=220 B (pexxe U, =220 B, a Uy = U,/ /8= 127
B).

[Tpu HepaBHOMepHOIi Harpy3ke (Za Zp Zc, Hanpumep Zg = —jXa, Zpb = Ry — jJXp 1 Zc = Re—
jXc) dasuble v nuHEHHBIe TOKU (11 Kaxaoit ¢assl): 1 = Up/Zy = 1, @ TOK B HEHTpaIBHOM IIPOBO/IE
(puc. 11.26)

In=la+ I+ Ic

Puc. 11.2

B ciyuae pasnomepnoi narpysku (Zo = Zy = Z¢ = Zp) Moxynu (a3HBIX TOKOB OJANHAKOBBI H
PaBHBI COOTBETCTBYIONINM JIMHEWHBIM TOKaM lg = 1, = Ug/Z,,.

Ha BekTopHOIi 1rarpaMMe BEKTOPHI TOKOB COCTABIISIIOT CHMMETPHUYHYIO 3Be31ly (Kak U BEKTOPHI
(a3HBIX HaNPSDKEHMI), TO3TOMY CyMMa KOMILUIEKCOB (Pa3HBIX TOKOB

In=la+ I+ 1c=0.

TO €CThb MOK 6 HelimpalbHOM Npo8ooe paseH HYa0 W HEUTpalbHBIA MPOBOJ MOXHO yOpars. B
pe3ynbTaTe MOJIIYYUM MpexnposooHyl0 CUCTEMY BKIIIOUEHUS NMPUEMHHUKA C F€HEPATOpOM IO CXeMe
3Be3na-3eesna (Y—Y).

[Ipu nepasrnomepnoil HaTPy3Ke U B CiIydae OTCYTCTBHUSI HEUTPAJIHLHOTO MPOBOIA (TPEXIIPOBOIHAS
cucremMa Y—Y 0e3 HyJlsl) UMEeT MECTO 3aBUCUMBIN peXUM paboThl (pa3 mpueMHHKA: IPU U3MEHEHUHN
COIIPOTHUBIIEHUS OJIHOM (a3bl U3MEHSIOTCS Bee (Da3Hble HanpspkeHus. Mexny Toukamu 7 1 N (cM. puc.
11.2a) nosiBUTCS HanpsiiceHue cMeujeHus Heumpaiu

y, - E Y, + EnYy + EY,
Yo+ ¥y 4 ¥

e Ya=1/Zy; Yy =112y, Yo =1/Z, — npoBogumocT (a3 Harpy3KH.
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Hanpsoxenus ¢a3 npueMHHKa HaXOAAT U3 COOTHOILICHHIA:
o=y =Yy Up=Up- Uy 0 U =Ue— Uy
B pe3ynbraTe mosyyaercs HECMMMETpU4YHAas 3Be3a (Pa3sHbIX HaNpsDKEHUH INpHEeMHUKa
(«mepexocy» (az), mpuyeMm B onHOW dasze, Hanpumep, B (asze a, Hanpsokenne U, MOKET BO3pacTH U
3HAYUTENbHO IPEBBICUTH (a3Hoe HampspkeHue Uy reHeparopa (YTO B OOJBIIMHCTBE CIIy4aeB
HEIOMYCTHMO), a B JApyrux (azax — YMEHBIIUTHCS. 3HAYUTEIbHAs HECHMMETpUs (Ha3HBIX

HanpsDKEHUH TpUEMHHKA 00pa3yeTcsi HpH pa3HbIX II0 XapakTepy COMNPOTHBICHUAX HArpys3Ku,
HarpuMmep, Mpu:

Z=R L=k, mn  Z.=-jX.
ITo 3TOM NPUYKHE B 0CEEMUMENbHBIX CUCHEMAX 3AMPENIAETCS YCTAaHABIUBATh MIPEI0XPAHUTENH

Y BBIKJIIOYATENU B HEUTPAIILHOM MPOBOJIE.
Komriekcol TokoB (a3 npueMHUKa:

1a=gaf{za; ib=l—fbx’gzb; L":ch’zc*
a MX CyMMa paBHA HYIJIIO, TO €CTh
L+ +1=0.
Coenunenue dha3 NpUEMHHUKA TPEYTOIbHUKOM
Ha puc. 11.3a u3o0pakena tpexdasHas 1emnb, y KOTOPOH UCTOYHUK M IPUEMHHUK COCTUHEHBI 110
CXeMe mpey20ibHuK—mpey2onvrux. PexxuM paboThl (a3 sBIseTCs HE3aBUCUMBIM (KpOMe KOPOTKOTO
3aMBIKaHUA B (haze, KOTOpOe HEJIOMyCTUMO), TaK Kak (ha3HbIC HAMPSHKESHUS TPUEMHHKA OTPEACIISIOTCS

JMHEHHBIMUA HANPSHKEHUSAMH HCTOYHMKA W paBHBI UM, To ecth Ud = 1/, a dasHble TOoku mpu
HEepagHOMEpPHOT HaTPy3Ke:

Iab = Eab / Zab; i-hc = Ebc ,/ Zﬁc; iirr:a = Lfm f gﬁﬂ'

) Ia 6) ‘o

Puc. 11.3
JlunelHbIe TOKH ONPEACIISIIOT IO (opMysIam
"LI = ‘—rab - L:‘a; iﬁ' = ibc - i,ab; iC‘ = ica - ir&u’:ﬂ
MpUYEM CyMMa KOMIUIEKCOB JIMHEHMHBIX TOKOB
Lo+ lpg+1-=0.
BektopHan AuarpamMMa HanpaAXeHUH i TOKOB A8 CNYHaR HEPABHOMEPHOHR HATPYIKN

(Zoy =X Zio = Ry, Z, = R, —JX,,) npeacrapnena na puc, 1136,
MNpy paswomepuon narpyske (Z, = 2, = Z., = Z,) ¢razuwe TOKH NpHEMHHKA

,:.b =S In— = Ir.-: — ,Q = l"‘fl v"zrt-'
Ha gexTOpHOM AMarpamMMme Kak dazisie, TAK 1 AHHENHBIE TOKH COCTARMAIOT CHMMET-
PHYHEIC JBE3b), NPHYEM
Lop ¥ Iyt Lo =On [y +Ig + [c =D,
A COOTHOWICHHE MEXY HUMH
Iy =1, A3, w1, =3,
3agaHusA M YKA3aHUS K UX BHITOJHEHUIO
3anganmne 1. CoOpath Ha pabouem mone cpeasl Multisim cxemy (puc. 11.4) ans uccnenoBaHus

Tpexdha3HOU MeNH B Pa3IUYHBIX PEXKUMaxX €€ paOOThl MPU COSTUHEHWH WCTOYHMKA U MPUEMHHKA T10
CXeMe 3B€3/a-3Be3/1a.
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— W

Rt L1« £
son  95mH A

) J00uF
Ulin Ua

— l 500 95mH
220 V 50 Hz Ub o -

Puc, 11.4

C 37011 11ENIBbI0 YCTAHOBHUTB CJIENYIOIIME PEXKUMBI U IAPAMETPhI YCTPOICTB U 3J1EMEHTOB:

= DIC da3sl E¢hp = 220 B u yactoty f= 50 I'y Tpexdaznoro ucrounuka Hanpspkenus FG (puc.
11.4);

— pexuM AC u conporusnenue Ry= 10 MOwM BoIbTMETPOB:

—Ulin (u1st u3MepeHus JTMHEHHOTO HAITPSDKEHHS TeHepaTopa);

—Ua, Ub u Uc (m1s usmepenus GasHpX HAIPSKEHUN PUECMHHKA);

—UnN (a1 u3MepeHus HanpsiKeHUs! CMELICHHUS] HEUTpaJin);

— pexum AC u conpotuBienue Ra= 1 MOm ammnepmeTpoB:

—Ia, Ib, Ic (n1a usmepenus ¢QasHbIXx TOKOB mpuemMHHKa) M IN (ist U3MepeHus Toka B
HEHUTpPaTLHOM IIPOBOJIE);

— HaszHauuTh KnaBumm Q, W u S Ki1aBuaTyphl U1 yIIpaBJIeHUs KITIOYaMH;

— 3HaAuYeHUs CONMPOTUBIIEHUH (a3 mpUeMHHUKa (HArpy3KH):

Zy=12Zp=Z= R+ X =[(20 + N) + /30], Om, ans uetHbix BapuanToB N u

Zo =2y =2Z. = R— jXc = [(20 + N) — /30], Om, JUISl HeueTHBIX BapHaHTOB, rae N — HOMep
BapHaHTA.

Ilocne mnpoBepkH cOOpaHHON CXeMbl M YCTAaHOBKM IIapaMETPOB JJIEMEHTOB 3aNMyCTHTh
nporpammy mozaenupoBanuss MULTISIM Ttpexdasznoii nenu B pa3inuyHbIX peknMax (TIOJIO0KESHHUS
kmouer Q, W u S u comporusnenus ¢a3 ykazansl B Tabn. 11.1). Iloka3aHus u3MepUTENbHBIX
puUOOPOB NIl YETBHIPEXIIPOBOAHOW M TPEXIPOBOJHON CXEM IpPH PaBHOMEPHOW M HEPABHOMEPHOM
HarpysKkax, a Takke Ipu oOpbIBe U KOPOTKOM 3aMbIKaHUU (a3bl a 3aHecTH B Tabm. 11.1.

[To naHHBIM KCIIEPUMEHTA MOCTPOUTH BEKTOPHYIO ArarpaMMmy (a3HbIX HaPsLDKEHUH U TOKOB (B
MaciTade) nmoTpeduTesiell YeThIpeXIpPOBOJHOM LIeNU NMPpU HEepaBHOMEpHON Harpyske. DazHble yIibl
1., Iy, [1c ompenenuts mo popmyste

qu = :l:aI'Ctg(Xq)/ Rq,)

CpaBHMTB BEJIMUYMHY ITOCTPOEHHOIO BEKTOpa TOKa |y ¢ ero 3KCIepuMEHTAIbHBIM 3HaUY€HUEM, a
TaK)X€ ONpPENEIUTh COOTHOLIEHHS] MEXIY JIMHEWHBIMH U (Da3HBIMU HAIPsDKEHUSAMHU M TOKaMH IpU
paBHOMEPHOU Harpyske.
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Tatamua 111
Bun | Harpyaxa Himepeno
nenm i .Tl.__ ('71_:(J</‘_’

i
Yerupex- | Panmosmepuas (om0 S o Q samnyri,
nponoauas  |W — pasosxnyr): Z, R JA

W — pasosxnyr)y: Z = R, Z, = 24X,
|Z = REX
Tpex | Pasmosepuan (000 Q aasixnyr,
nposoanas  |S W — pasomknyru): Z, = R4X | |

|
|
|
4
Hcp.nmnepln (oM Su Q samxuyrs, ‘

| Hepanmossepian (000 Q samxnyr

IS n W« pasomsnyrn): Z = R, Z, =~ =X, -
| £ = R:jX

| Hepanmowepias (onoun S, Q n W

| pasoMenyTR): o0pan duasi o -
ML = (XX)); L= 2IX Z = REJX

‘Hcpuuuucplul (neun W Q samkuyru,

[S — pusosxnyr): Z = 0 (K3 dasu a); -
|4 = 2X Z = RINX

3aganune 2. CoOparh Ha pabouem mozne cpeast MS10 cxemy (puc. 11.5) ans uccnenoBaHus
Tpex¢da3zHOW LenH B pa3IMyHbIX peKUMax ee padoThl MPU COSAMHEHHM WCTOYHMKA U MPUEMHHUKA IO
CXeMe 3Be3a-TPEyroJbHHUK.

PexxuMbl 1 mapamMeTpsl yCTPOICTB U 3JIEMEHTOB yKa3aHbl B 3a1aHuM 1.

[Tocie mpoBepku COOpaHHOW CXEeMbI LENH 3amycTUTh mporpammy MultiSim. IMokazanus
M3MEPUTENbHBIX IPUOOPOB MPU PABHOMEPHOH M HEPaBHOMEPHOM HArpy3Kax, B TOM 4MCie IPU 0OpbIBE
¢a3el ca u nuaelHOTO MpoBoaa C, 3aHectu B Tabm. 11.2. [lo3unmu kimrouyei u conmpoTuBieHUs a3
yka3aHbl B Tabn. 11.2. Y0enuThesi B paBeHCTBE (Pa3HBIX, a TAK)XKE JTMHEHHBIX TOKOB IPU PAaBHOMEPHOU
Harpyske a3 HpI/IeMHI/IKa.

Rs LS cs

o X

R4
k24D i

A b 5‘0'7 95mH 200
ﬂ _ 9

_‘ r
c o0 % ||

€ mn “MH

n =

Pue. 11.5

[To maHHBIM PKCTIEPIMEHTOB MOCTPOMTH BEKTOPHBIE IUAarpaMMbl (ha3HBIX HANpsHKEHUH, Ga3sHbIX
U JIMHEHHBIX TOKOB CXEMBbI LIETIH P HEpaBHOMEPHOI Harpy3ke, B TOM 4ucie npu oOpbiBax (asbl ca u
nuHeiHoro npoeona C. ®asuble yriisl onpenesuth 1o dopmyre [[y = = tarctg(Xy/Rr). O6paruts
BHUMaHHE HAa W3MEHEHHUE JIMHEHHBIX TOKOB Npu 00pbiBe (a3pl ca U (a3HbIX TOKOB IpH OOpHIBE
nuHerHoro nposoja C.

Tattamun 11.2

Bun Harpyaka " \chcn

ueri RARAREEEE
B|B|B| B'n AlA|AlA

Tpexnpo- Pasmosepuas (oam Q u W osamunys)

BOARNN Z. = RYjX

IBC LA - Ilcpannlmcpnln (o Q n W osasksyThi)

TPCYTOARHKK Z. =R Z=%K. Z.= R

Hcpnuoncpnn (109 Q pazoMKHyT,
W — aamxnyr): Z.= REJX, Z, = 24X,
Z. ™ =(XX)

Hepasuomepuan (icnon Q samkuyr,
W — pasomxsyr) Z, = RYX, £ = 2JX
Z.. = R, obpus nporoaa C

i

CpaBHMTb 3HAu€HUS MOJYJIEH MOCTPOEHHBIX BEKTOPOB JIMHEHHBIX TOKOB ly4, Iz m I ¢ ux
AKCIIEPUMEHTAILHBIMU 3HAYECHUSIMHU.
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Conep:xanue oT4yeTa

1. HaunmenoBanwue u menb pabOTHI.

2. Cxembl Tpex(asHbIX TIlemeldl C TNPHEMHUKAaMH, COCIMHEHHBIMH 3BE3/10H U
TPEYTOJILHUKOM.

3. PacuerHble pOpPMYIIBI U BEIYUCIICHHS TApaMETPOB TpeX(ha3HbIX IIETICH.

4 Tabnuikl ¢ BBIYMCIEHHBIMUA U U3MEPEHHBIMH BETMUMHAMH.

o. BekropHbie AuarpaMMbl HaNpspDKEHUH U TOKOB TpexX(Da3HbIX IIeTeH.

6 BriBosib1 110 paborte.

Tema 2.2 ITosynpoBoAHNKOBBIE JUO/ABI. BhINpsiIMUTeIbHBIE YCTPOICTBA
JlaGopaTropHoe 3ansiTue Ne 6
Hccaenoanue BHIIPAMUTEIBHOIO 1012

Henp padoThl: nccie10BaHUE BHITPSIMUTEIBLHOTO 110/1a

Beinosinus padorty, Bl Oynere:

ymemb:

- pa3In4aTh NOJYIPOBOHUKOBBIE 1MO0/Ibl, OUIIOJIIPHBIE U MOJIEBBIE TPAH3UCTOPBI, TUPUCTOPHI HA
CXEMax M B U3/EIUsX.

MarepuanbHoe o0ecniedenne: creHabl «OCHOBBI JJIEKTPOHUKIY.

Teopernyeckue cBeieHHs!

Jlnox — IBYX2JIEKTPOJHBIM  MOJYHPOBOJHUKOBBI HpUOOp €  OXHUM  p—N-NIEPEXOJ0M,
o0aaroImuii OJHOCTOPOHHEW TPOBOJUMOCTHIO TOKa. CyIIECTBYEeT MHOTO Pa3IMYHBIX THUIIOB JHOI0OB
— BBIIPSMUTENIbHBIE, UMIYJIbCHbIE, TYHHEIbHbIE, OOpallleHHbIE, CBEPXBBICOKOYACTOTHBIE IHOIbI, a
TaKXe CIeHaIbHbIe TNO/IbI, TAKHE KaK CTAaOMIMTPOHBI, BAPUKAIIBI, (POTOTUO/IBI, CBETOIMUOIBI U JIP.

Ha puc. 1 mnoxa3anbl ycinoBHOe rpaduueckoe oOo3HaueHue (puc.la) M XapaKTepUCTHKH
BBIIPSIMUTEIBHBIX JUOA0B (MX HAeanbHass (puc.10) m peanbHas BOJbT-aMIIEpHAs XaPaKTEPUCTUKU
(puc.1B). BuauMmelii u310M BOJIBT-aMIIepHO XapakTepucTuku auona (BAX) B Hawanme koopauHaT
CBSI3aH C Pa3JIMYHBIMU MacliTabamMy TOKOB M HAaIlpsDKEHUN B MEPBOM U TPEThEM KBaJpaHTe rpaduka.
Ha BonbpT-aMmepHON XapakTepUCTHKE pealbHOTO JAuojAa o0o3HaueHa O0JIaCTh SIEKTPUYECKOTO
po0osi, KOT/1a MPU HEOOJBIIIOM YBETUUEHUN 00pAaTHOTO HAIIPSHKEHUS TOK PE3KO BO3PACTAET.

)
3 A !
7 OGnacte | ° [pavan
MMEKTPHYILCKOrd BETBE
npobos b
(— - ’..v_. B : d ‘.;‘v' 01 . .
=— . “;i_ (S o M; 0 b4 L TP B
a) - : I MRA
J ) O0patHas -
BeTBb 8)

Puc.1. YT'O nuona (a), uneansnas BAX auona (6), peasibHast BAX -I[I/IOJIa(B)

Ilopsinok BbINOJHEHHS Pa0OTHI

1) CoOpartp cxemy Jajisi MCCIEIOBAaHUS BBINIPSIMUTEIBHOTO IHOAA HAa MOCTOSHHOM TOKE B
COOTBETCTBUM C MPUHIMIHAIBHOU cxeMoil (puc. 17a). Jlns u3MepeHuss aHOAHOIO TOKa
BKJIIOUNTh MMJUIMAMIIEPMETP IOCTOSHHOTO Toka ¢ mnpeaenoMm 100 MA. [Insg uszMmepeHus
AQHOJIHOTO HAIIPsDKEHUS MCIOJIb30BaTh MyapTUMETp. [locaenoBarenbHO ¢ THOAOM BKIOYUTh
TOKOOT'PaHUYUBAIOIINN pe3ucTop Ry.
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Pucynok 17 — Cxema uccienoBaHus 110/a

2) CHATH BOJIBT-aMIEPHYIO XapakTepuCcTUKy (BAX) BBIIPAMUTENBHOTO AMOJAa HA TOCTOSIHHOM
TOKE JJs TMPSMOM BETBU; JI CHSTHS XapaKTEPUCTHK PpErylupoBaTh HANpPsDKEHHWE HA BBIXOJE
MOTEHIIMOMETPA; Pe3yIbTaThl M3MEPEHU 3aHecTH B Tabiuiy 26, M0 KOTOPOl MOCTPOHUTH Tpaduk
npsmoii BeTBu BAX;

3) Cobparb cxemy miist casitusi oOpatHoi BetBu BAX VDI, nonkmouns k RP2 ucrounnk -12 B
U 3aMEHUB MUJUIMAMIIEPMETpP, MOMEHSB TakK)Ke €ro MOJSIPHOCTh MOAKIrouYeHus (puc. 170); CHATH
oOparHyto BeTBb BAX nmrona; pe3ysibTaThl H3MEPECHHI 3aHECTH B TAOIHUITY 27, 110 KOTOPOH MTOCTPOHTH
rpaduk oopatHoii BeTBu BAX.

Tabnuia 26 - Pesynbrarel u3mepenuit npsamoi BetBu BAX

s 10|12 [3[4[5]6]7]8
MA 0 o |o|o |o o oo
Unp,

B

Tabnuia 27 - Pesynbratsl u3mepenuit oopatHoii Betsu BAX

|06p|
MA

0(01(02)0,3

U06p5 B

®opma npeacTaBieHus pe3yabTara:
Otuet no paboTe TOKEH COAePKaTh:
a) HaMMEeHOBaHKe paboThI U 11eNIb PadOTHI;
0) cxemy SKCIIepUMEHTA C BKIFOUEHHBIMH U3MEPUTETHHBIMU IPUOOpaMU;
B) TaOJMIIBI C pe3yIbTaTaMU HKCIIEPUMEHTA;
r) BAX;
1) BBIBOJIBI TIO padoTe.

JladopaTopnoe 3ansiTue Ne 7
Hccaenopanue onrpoHa

Leab padoThI: UCCIIETOBAHUE XapAKTEPUCTUK ONTPOHA.

Boinoanus padorty, Bul Oynere:

ymemy:

- pa3auyaTh MOJYIPOBOIHUKOBEIC TINOJIbI, OUTIONIIPHBIC U ITOJICBBIC TPAH3UCTOPHI, THPUCTOPHI Ha

CX€Max U B U3ACITUAX

MarepuajnbHoe o0ecnieueHue: CTeH bl «OCHOBBI AEKTPOHUKI.

Teopernyeckue cBeieHus!
Onronapa WM ONTPOH — AJIEKTPOHHBIA MPUOOP, COCTOAIIMN U3 W3IIydaTelsi cBeTa (OOBIYHO

— cBeToauoa) u QoronpuéMHUKa (OUIONAPHBIX M MOJIEBBIX (POTOTPAH3UCTOPOB, (OTOIUOJOB,
(GOoTOTUPUCTOPOB, (HOTOPE3UCTOPOB), CBSI3AHHBIX ONTHYECKHMM KaHAaJIOM M, Kak IpaBuIIo,
00bEeTMHEHHBIX B 00ILIEM KOPITyCE.
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[TpuHIMI paGOTHI ONTPOHA 3aKIIOYACTCS B MPEOOPA30BAHUH JIEKTPUYECKOTO CHTHANIA B CBET,
€ro Tepenaye 1mo ONTHYECKOMY KaHaly U MOCIEAYIOIeM Mpeodpa3oBaHUM 0OPaTHO B SJEKTPUUECKUM
CHTHAJ.

TpaH3uCTOpHBIE WM HWHTErpaJbHBIE  OMNTONApPbI, KaK MpPaBUJIO, HNPUMEHSIOTCA  IJIs
rajJbBAHUYECKON Pa3BI3KU CUTHAJIBHBIX LEMEH WK LIETIEN ¢ MAJIbIM TOKOM KOMMYTAaLIHH.

Bxonnoii xapakrepuctukoil saBisiercas BAX cBeTonMozia, BBIXOJHOM — COOTBETCTBYIOIIAS
XapaKTepUCTHKA POTONPUEMHHUKA MIPH 33JaHHOM BXOJIHOM TOKE ONTpPOHA.

OnHoM M3 XapaKTEpUCTUK ONTPOHA SABJISETCS MepenaroyHas xapaktepuctuka. Ilepenarounas
XapaKTePUCTHKA — 3TO 3aBUCHUMOCTh BBIXOJHOTO TOKa OT BXOAHOTO Inx = f(ls). I'paduk
MepelaTOYHON XapaKTepUCTUKH MPEICTaBJIeH Ha puc.l.

Ilepenarounbie mnapaMeTpbl B 3aBUCMMOCTH  OT  THUIIAa  ONTPOHA  OMNPENEISIOTCS

k03¢ PUUMEeHTOM NepeaayM Mo TOKY:
I BbIX

Ki =—, 1)
3HaveHus koddduimenta st AMoAHBIX onTpoHoB 0,2 <+ 0,005, 11t TPaH3UCTOPHBIX ONTPOHOB -
1o 1.
I 5
Bbl’.\A

IBX

Puc. 1. IlepenaTrounas xapakTepucTuKa ONTPOHA.

Ilopsinok BbINOJHEHHS Pa0OTHI

CoOpatp cxemMy Al CHATUS IEpelaTOYHON XapaKTepPUCTHUKU TPaH3HCTOPHOIO OINTPOHA Ha
MOCTOSIHHOM ToKe (puc.18), ycranoButs RP3=150, RP2=3, perynupoBky npousBoauts RP1.

CHATH 1O TOYKAM IEPENATOYHYI0 XAPAKTEPUCTUKY TPAaH3MCTOPHOIO ONTPOHA Ha IOCTOSHHOM
Toke. Jlns aToro moreHunumomerpoM RPi M3MeHATH HampspkeHHe Ha BXofe, (DUKCHpPYs BXOAHOM U
BBIXOAHON TOKa. ONpenenuTs MaKCUMaJIbHBIA BXOJHOW TOK, IIPU KOTOPOM COXPAaHSETCS JIMHEHHOCTh
XapaKTePUCTUKH, ONPEIEIUTh KO3 (PULIMEHT nepeaaydu 1o TOKY.

[lokazanust 3aHecTd B Tabnuuy 28 W HOCTPOUTH TIpadUK IMeperaToYHOM XapaKTepUCTUKU
OIITPOHA.

o rpaduky nepenaTouyHoi XapakTepUCTUKU ONPeAEIUTh KO3((UIMEHT Nepeaad Mo TOKY s
ONTPOHA ¥ CPABHUTH €0 CO CIIPABOYHBIMM 3HAYECHUSIMH.

x100m,

-2

Pucynok 18 — Cxema ju1st ucciieqoBaHUsl ONTPOHA
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Tabnuua 28 - Pe3ynbrarel n3MepeHuit

Ix MA 0|01|02(03|04/05]06]07

IBBIX,MA

®opma npeacTaBieHus pe3yabTara:
Ortyer no paboTe TOIKEH COACPIKATh:
a) HaMEHOBaHKE PaOOTHI U 11Eb PaboTHI;
0) cxeMy SKCIIEpUMEHTA C BKIIOUECHHBIMU H3MEPHUTEILHBIMHI TPUOOPAMH;
B) TaOJMIIBI C pe3yIbTaTaMU IKCIIEPUMEHTA;
r) rpaduk nepenaTouHon GyHKIINH,
1) BEIBOJIBI 11O padoTe.

JlabopaTopHoe 3ansitue Ne 8
HccaenoBanue oqH0(pa3HO MOCTOBOI cXeMbl BHINIPSIMJICHHSI

ILleab padoThI: MCCIEOBaHUE XapaKTEPUCTHK, MAapaMETPOB U PEKUMOB pabOThl MOCTOBOIO
BBIIPSIMUTENS
Brinosinus padorty, Bl Oynere:
ymemb:
—  pa3nuyaTh MOJIYIPOBOAHUKOBBIE JHO/bI, OUTIOISPHBIE U MOJIEBbIE TPAH3UCTOPBI, THPUCTOPHI
Ha CXeMax U B U3JENNIX;
— OmpeAensATb Ha3HAYEHHWE M CBOMCTBA OCHOBHBIX ()YHKIMOHAJIBHBIX Y3JIOB aHaJIOrOBOM
JJIEKTPOHMKU: YCWINTEIIEH, TeHEPATOPOB B CXEMAX;
MarepuanbHoe o0ecniedenne: creHabl «OCHOBBI AJIEKTPOHUKIY.
Teopernyeckue cBeieHUs!
MocToBO#i BBINPSIMUTE/Nb II03BOJIIET IOJYYUTh JBYXIOJYNEPUONHOE BhINpsMicHue. Ha
pucyHke | npezacraBiieHbl rpa@UKy 3aBUCUMOCTEN 11 TOKOB U HaIIPsDKEHUN LeTei:

AAAA
VARV,

Puc. 1

UnEp

JlocToMHCTBA 0JTHO(A3HOIO MOCTOBOTO BBHIMPSMHUTEIIS:

- BbICOKOE 3HadyeHue korpdunrenta Beinpsamienus Ko, Maiabiii ypoBeHb MyJbCallud HAPSKEHUS
(au3koe 3HaueHue K;) mo cpaBHEHHIO ¢ OJTHOTIOIYTIEPHOAHON CXeMOH BBIIPSIMUTEIIS.

- 10 CPaBHEHHUIO CO CXEMOH «CO cpeAHeil Toukod TpaHchopmaropa» (IABYXIOIYHNEPUOAHOMH,
onHo(aszHOM) B cxeme o0OecreyuBaeTCsl JIydlllee MCIOIb30BaHUE TpaHCchopMaTopa M YPOBEHb
O6paTHOFO HAITPsXKCHUA UMECT MCHBIICEC 3HAUCHUC.

HenocraTku: kommyTanusi [BYyX BEHTWIEH B KaXIbli MOMEHT BpPEMEHM MPUBOANUT K
YBCIIUUCHUIO TOTEPH B 3BCHE BBIIIPAMUTEIIA, YTO HEKECIATCIBHO IIPU 0oabIINX TOKax. Hamnune JABYX
TPYIII B CXEME He TMO3BOJISIET pa3MeIIaTh UX Ha OJTHOM pajguaTtope 6e3 H30I1H1H.

Ilopsinok BbIMOTHEHHS PA0OTHI
1) CoOpaTh cxemy BBIIPSAMHUTENS 10 puc. 19. YcTaHOBUTH 3aaHHOE 3HAYEHHUE COMPOTHBIICHUS
Harpy3ku RH. BonpTmeTp PVI BKiItOunTh B pe’kuMe U3MEpPEHUs NMepeMeHHOro HanpsbkeHus, a PV2 B
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PEXUME UBMEPCHHA MOCTOAHHOI'0 HAIIPSHKCHUA. Bxmrouuts MUJUTUAMIICPMECTP IMMOCTOAHHOI'O TOKAa Ha
100 MA. Tlogkmrounth BXoabl ocumuniorpada. [lepexmtodarens pa3BepTku ociuuiorpada nepeBecTa
Ha BPEMEHHYIO pa3BEepPTKy. YCTAaHOBUTh CHHXPOHM3ALMIO OT ceTh. Ha nskpane ocuuuiorpaga
Ha0J110/1aTh OCLUUJUIOIPAMMBI BBIIPSIMIIEHHOTO TOKA U BBIIPSMIICHHOTO HAPSKEHUS;

2) CHATh OCUMJUIOIPaMMYy BBIIPSAMIIEHHOTO HampspkeHus Ug M BBIIPSIMIIEHHOTO TOKa lg; CHATH
ocuuuIorpaMmy HampspkeHus Ha auoje U,, MepexiIroduB Kopryc ocuuiorpada Ha OOIIyI0 TOUKY
cTeHa; (He 3a0yAbTe OMpPEeeNIUTh MACIITA0BI IO TOKY U HATIPSKEHUIO);

3) V3Meputh HanpsHKEHUS C MMOMOIIBIO BOJIBTMETPOB U OMPENEIUTh CBSA3b MEXKAY IePEMEHHBIM
HAIPs’KCHUCM IMUTAHUA U ITIOCTOSIHHBIM HAITPAKCHHUEM HA HAarpys3kKe.

7
KOOUYC OCLLAZ000

Pucynok 19 — Cxema BbIIpAMUTENSA

4) Brxmounts Ipoccens LH mocienoBaTeNbHO € HArpy3koi Rpy; CHSATH  OCHMILIOTpaMMBbl
BBIIIPSIMJICHHOTO HanpspkeHuss Uy ¥ BBIIPSIMIICHHOTO TOKA lg; CHATH OCHMILIOrPaMMYy HAINPSHKCHUS Ha
quone U,.

5) U3mepuTh HampsHKSHHUS C MIOMOIIBIO BOJIBTMETPOB U ONPEICIUTh CBSI3b MEXTy TIEPEMEHHBIM
HaIpsDKEHUEM MUTAHUS U TIOCTOSHHBIM HaIlPSDKEHUEM Ha HarpysKe;

6) M3MeHsist CONTPOTHUBIICHUE HATPY3KU Ry , CHITH BHEIIHIO XapaKTEPUCTUKY

7) Otcoenuunth LH 1 BKiIrOUnTH KOHAeHcaTop Cy mapaieabHO CONMPOTUBICHUIO HArpy3ku Ry;
CHATh OCHWUIOTPAMMbI BBINPSIMJICHHOTO HampsbkeHuss Ug W BBINPSIMJICHHOTO TOKa lg; CHATH
OCIIMJUTIOTpaMMy HanpsbkeHus Ha nuoze U,.

8) UM3mepurh HampsHKEHUsT C TOMOIIBIO MYJIBTHMETPOB U OINPEICIHTh CBSA3b MEXKIY
NIepeMEHHBIM HANpPsHKEHHEM IMUTaHUS ¥ IOCTOSHHBIM HaIllpsDKEHWEM Ha Harpyske;

9) N3mMeHsist COTTPOTHBIICHUE HATPY3KH, CHATH BHEIITHIOO Xapaktepuctuky Ug =f(ig).

Tabnuia 29 - Pe3ynbraThl n3mMepeHuit

i, MA | 05] 04| 03| 02| 01
AH Ug. B

idmMA| 05] 04] 03| 02| 01
AUH Ud. B

id, MA| 05| 04| 03] 02 ] 01
AEH Ud. B

®opma npeacTaBieHus pe3yabTara:
Ortyer no paboTe TOIKEH COAEePIKATh:
a) HaMEHOBaHUE PabOTHI U 11€1b paboThI;
0) cxemMy PKCTIIEpUMEHTA C BKIIFOYCHHBIMHA N3MEPHUTEIBHBIMHA TPUOOPAMU;
B) TaOJIMIIBI C pe3yIbTaTaMH 3KCIIEPUMEHTA,
T') OJIy4eHHbIe rpaduku (OCIMIIIIOTPAMMBI);
1) BBIBOIBI 11O padoTe.

Tema 2.3 ITos1rynpoBoJHNKOBbIE TPAH3HCTOPBI
JlaGoparopHoe 3aHsaTHE N9
HccnenoBanue 6MNoJsIpHOro TPAH3UCTOPA
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Heap padoTbl: uccieqoBaHue OUMOISPHOIO TPAH3UCTOPA, BKIOYEHHOIO MO CXE€Me C O0IUM
SMUTTEPOM.

Bbinosinus padory, Bel Oynere:

ymemy:

— pa3nuyaTh HOJYMPOBOIHUKOBBIE TUOIbI, OUIIOSPHBIE U MOJIEBbIE TPAH3UCTOPHI, THPUCTOPHI

Ha CXeMax U B U3JEIHSIX.
MarepuanbHoe odecriedenre: cTeHabl «OCHOBBI AJIEKTPOHUKN.

Teopernyeckue cBeieHUs!

Bumnossipuplii  TPpaH3HCTOP TMPEACTABISET COOOW TPEXCIOWHYI TOJYIPOBOAHHUKOBYIO
CTPYKTYPY C YEPEIYIOLIMMHUCS TUIIOM AJIEKTPOIPOBOJIHOCTHU CJIOEB U COJCPXKHUT JiBa p-n nepexozaa. B
3aBHUCHUMOCTH OT YEpEeJOBaHUs CJIOEB CYIIECTBYIOT TPAaH3UCTOPHI TUIIOB P-N-p U n-p-n. B kayectse
HCXOJHOI0 Marepuaa Ui IOJIy4eHUs TPEXCIOUMHON CTPYKTYPhI UCIIOIB3YIOT F€pPMaHUuN U KPEMHUM.

Cy1iecTBYIOT TpH crioco0a BKIIFOUEHHS TpaH3ucTopa: ¢ oomei 6azoii (Ob), ¢ 00mum smMutTepom
(09), n obmum koutekropoM (OK). Paznmume B coco6ax BKIIOYCHHS 3aBUCUT OT TOTO, KAKOW U3
BBIBOJIOB TPAH3HUCTOPA SBISETCS OOIIMM JUIsl BXOJAHOM M BhIXxoqHOM 1eneil. B cxeme Ob o01ieii Toukoi
BXOJIHOM M BBIXOJHOH IIeTIei siBisieTcst 6a3a, B cxeme OD - amurrep, B cxeme OK — kosutekTop.

3aBHCHUMOCTh TOKa KOJUIEKTOpa OT Toka 0a3bl (cM. puc. 1) HaszbIBaeTcs MepeaaToqYHOM
XapaKTepPUCTUKON TpaH3zuctopa. Ha pucyHke 6 moKa3aHa TIepelaToOvYHas XapaKTepUCTHUKA
TpaH3UCTOpa, MpH BKIOYEHHH ero 1o cxeme ¢ OD. XapakTepuUCTHKH CHUMAIOTCA TpU
(UKCHUPOBAaHHOM HaNPSHKEHUH KOJUICKTOP — YMUTTED.

Ik

I

0 B ()
Pucynok 1. Ilepenarounas xapakTepucTHKa TpaH3UCTOPA, IPU BKIIIOUEHUH €ro 1o cxeme ¢ O3

Ha nepenatouHoii xapakTepUCTHKE MOYKHO BBIACIUTH TpU ydacTka: orceuku (I), aktuBnsiii (11) u
Haceimenus (I10).

[lepenaTouHast xapakTepUCTHKA HEIMHEWHa, MPEICTaBIseT cO0OW KPHUBYIO (XOTS B CepeIuHe
KpUBOW HMeeTcs JMHEWHBIH y4yacTOK — aKTUBHBIA pexkum). VIMEHHO 3Ta KpuBas M NPUBOIUT K
HEJIMHENHBIM HCKAKEHHSAM, €CIU TPAH3UCTOP HCIOJIB3YETCS JUIsl YCUJICHUs CHUTHajla, HalpuMep,
3ByKoBOro. [loaTomMy mpuxoauTcst pabouyylo TOUKY TPaH3HCTOpPA «CMEUIaTh» Ha JMHEWHBIA y4acTOK
XapaKTEPUCTUKH.

Koapduument nepegaun mo TOKY OINpenensercs Ha JUHEHHOM Yy4yacTKe IepeaaToOyHOn
XapaKTEPUCTUKHU 10 hopMyIIe:

__Alk

Ki = 2
== (2)
roe Al - uaMeHeHHEe TOKA KOJUIEKTOPA,

Als — u3smenenue Toka 0a3bl.

ITopsinok BbINOJIHEHHS Pa0OTHI
CobOpatp cxemMy il CHATHS XapaKTePUCTHK MPSMOM mepenaud IO TOKY OHWIOJISIPHOTO
Tpanzuctopa (puc.20). J{ns usmepenus Toka 6a3bl MOAKIIOYNTE Musutnamnepmerp PA1 (mo 1 MA), a
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IUI U3MEPEHMsI TOKa KoJuiekTopa noAkiaouutb PA2 (1o 100 MA). lng usMepeHus HanpsyKeHUs Ha
KOJUIEKTOPE MCIIONIb30BaTh BOJITMETP PV 1; B kauecTBe pe3ncropa B LENH KOJUIEKTOPa UCIOJIb30BaTh
pesucrop RP3 (mepexmounts Ha 200); pesucrop RP2 (mepexmtouunts Ha 5); peryiampoBka
MPOU3BOAUTCA ¢ moMolpio RP1.

CHSATB CTaTUYECKYIO XapaKTEPUCTUKY MpsIMOH nepenaun 1o Toky [k=f(16). DxcrepumeHTanbHbIC
TOYKH 3anuchiBaTh B Tabnuiy 30, mo pesyinbTaTaM H3MEpEeHUN MOCTPOUTHh Ipaduk HepeaaTodHON
xapaktepucTuku. Ha rpaduke 0003HAUMTh YYaCTKH: JIMHEWHBIM W HackimeHus. [lpu cHATHH
XapaKTEPUCTUKHU CIAEAUTH 33 TOCTOSIHCTBOM HanpsikeHUs! Uk 10 BOJIBTMETPY;

Pucynok 20 — Cxema i vccieioBaHusI OUTMIOJISIPHOTO TPaH3UCTOpa

[To mocTpoeHHOM XapaKTepUCTHKE OMpeAeNuTh 00JacTH aKTHUBHOTO YCHIICHUS, OTCEYKU U
HacklmeHus. OnpenenuTbh MaKCUMAIbHBIM TOK lgyax TMPU KOTOPOM elie 0OecTrieurBacTCsl JTUHEWHOE
YCUJICHUE;

Omnpenenuts KOXPPHUIHUEHT MEpeadu Mo TOKY OUIOISIPHOTO TPAH3UCTOPA, UCIIONB3Ys rpaduK.

Tabnua 30 - Pe3ynbraThl n3MepeHuit

Igm |0O}00(0,/02|0,{04]05(06|07]0,(0,]1
A 5 |1 3 819
Ik,

MA

®opma npeacTaBieHus pe3yabTara:
Otuer 1o paboTe AOIKEH COJIePHKaTh:
a) HaMMEeHOBaHKe paboThI U 11eNIb PadOTHI;
0) cxeMy SKCIepUMEHTA C BKIFOYEHHBIMU U3MEPUTENIbHBIMU PUOOpaMu;
B) TaOJUIIBI C pe3yIbTaTaMU HKCIIEPUMEHTA;
r) rpaduky;
1) BBIBOJIBI 11O paboTe.

JlabGoparopHoe 3ansaTue Nel(
HccnenoBanue yCHIIMTEIBHOI0 KACKA/1a HA OMIIOJSIPHOM TPaH3UCTOpe

Llesan padoThI: UCClieOBaHNE XapaKTEPUCTHK, TAPAMETPOB U PEKUMOB pabOThl YCUIUTEIHHOTO
Kackajia Ha OUTIONSIPHOM TPAH3HUCTOPE, BKIFOYSHHOM IO CXEMe C OOIIIM SYMHUTTEPOM

Beinosnus patdory, Bel Oyaere:

ymemy:

—  pa3nauyaTh MMOJYNPOBOJAHUKOBBIE TUObI, OUTIOJISIPHBIE U TOJIEBbIE TPAH3UCTOPBI, TAPUCTOPHI
Ha CX€MaxX U B U3JCIIUAX;

—  ONpeAeNsATh Ha3HAYeHHWE M CBOMCTBA OCHOBHBIX ()YHKIIMOHAJIBHBIX Y3JI0B aHaJIOrOBOM
AJIEKTPOHUKH: YCHIIUTENEH, TeHePaTOPOB B CXeMax;

MatepuaibHoe o0ecniedeHue: creHabl «OCHOBBI AJIEKTPOHUKI.
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Teopernyeckue cBeieHus!

DJIEKTPOHHBIN YCHJIMTENb — 3TO YCTPOWCTBO, B KOTOPOM BXOJHOW CHUTHAJ YyIpaBisieT Oosee
MOIIHBIM MOTOKOM 3HEPTUH, MOCTYMAIONIEH OT UICTOYHUKA MUTaHUS K HAarpy3Ke.

MO3KHO BBIIETHTH HECKOJIBKO OCHOBHBIX PEKHUMOB PabOTHI (KJ1accoB) ycrmuuTens (cM. puc.l):

Pexxum A (puc. 1, a) nepeMeHHBIN TOK IPOTEKAET B BHIXOAHOM LIENIU B TEUEHUE BCErO MEPUOJIA.
OT uCTOYHUKA MUTAHUS HEMPEPBIBHO, HE3aBUCUMO OT YPOBHS BXOJHOTO CUTHaja, MOTpeOIseTcst oHa
U Ta € MOIIHOCTh, IPOMOPIMOHANILHAS TOKY B paboueil Touke. JJOCTOMHCTBOM pexkuMa Kiacca A
SBJIAIOTCSI MaJible HEJMHEIHbIe ucKaxeHus, Hepocratkamu — HU3Kkuil KIIJ] (oTHOmIEeHHe oTaaBaeMoii
MoOIHOCTH K motpebnsiemoii, B YHY He Gonee 25%) u OTHOCUTENHHO Majasi MOITHOCTh B Harpyske.
[ToaTomy pexum kiacca A MpUMEHSETCS B MajJOMOMIHBIX (10 3...5 BT) 0HOTakTHBIX BBIXOJHBIX
Kackazax.

Pe:xum B (puc. 1, 6) xapakrepusyercs TeM, YTO TOK MOKOS paBeH Hy’to0. [Ipu monadye Ha BXOJ
CHUHYCOUJIAJIbHOTO CUTHAJIAa TOK B BBIXOJHOM 1LIENK MPOTEKAET JMIIb B TEUCHHUE MOJIOBUHBI IEpro/a (B
TE€YEHHE JIPYrod IMOJIOBUHBI MEPHOJA aKTUBHBIM 3JI€MEHT HAaXOJIUTCS B COCTOSTHUM OTCEYKH T.€. yroil
orceuku paseH 180°) u umeer popMy UMIYIHCOB. JJOCTOMHCTBA YCHIIUTEISI MOITHOCTH, Pa0OTAIOIIETO
B pexxuMe kiacca B, — Beicokuit KII/] (1o 70%) u Gonblas MOIIHOCTh CUTHAJNIA B HArpy3Ke, OJHAKO
(hopMa BBIXOIHOTO CHTHAJIA HCKKEHA M3-32 HEJIMHCWHOTO YJacTKa IMePeIaTOYHON XapaKTePUCTHKH.

B pe:xume AB (puc. 1, B) yron orceuku ot 180 mo 360°. KIIJ[ mo cpaBHeHuto ¢ pexumom B
BBIIIIE, 3 HETMHEHWHbBIE UCKAKEHUSI MCHBIIIE.

B pewxxkume C (puc. 1, r) yron orceuku menblne 180°, mosBisitoTCs OONblIME HETUHEIHBIC
HCKa)XCHUS. Y CHIIUTENb TPUMEHSETCS B YMHOXKHUTEIISAX YacTOTHI.

B pexxume D (puc. 1, a) ycunutens npeodpazyeT rapMOHUYECKHI CUTHAN B UMITYJIbCHBIN. T.K.
pabodvasi Touka BeIOMpAcTCS B CAaMOM HadyaJie JMHAMHYCCKON BOJIBT—aMIIEPHON XapaKTEPUCTUKH (pHC.
1, 1), mpu OTCYTCTBUU BXOJHOTO CUTHAJA BBIXOJHOM TOK MPAKTUYECKH paBEH HYIIO U BbLAeNseMas B
KackaJie MOIHOCTh Majia. JloctTomHcTBO peskuma D 3akitouyaercst B oueHb BhICOKOM (Osm3koMm k 100%)
KIIJI. Ero HemocTaTok — 3HAYUTENBHOE YCIOKHEHUE CXEMbl yCWIHTENs. Takoil pexuM IIHPOKO
HCIIONB3YeTCs B U(POBON TEXHUKE, BO BCEBO3MOXKHBIX YIPABIIAIONINX, PETYIUPYIONINX, CICIAIINX
yCTpoiicTBax, rae BeaeacTsre Beicokoro KITJ[ u manoro motpebneHus SHEpruu OH HaXOIUT IIUPOKOE
MPUMEHEHUE Ui YCWICHHS TMPSAMOYTOJIBHBIX UMITYJIbCOB TMPOU3BOJIBHON  JUIMTEIBHOCTH U
CKBa)XKHOCTH.

0]

a 4] o 2

Puc. 1 BxoaHble U BBIXOHbBIE CUTHAIIBI YCUIUTENS (2 — pexkuM A, 6 — pexxum B, B — pexxum AB,
r — pexum C, 1 — pexum D)

Ilopsinok BbINOJHEHHS Pa0OTHI
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1) CoOparh cxemy Al MCCIEIOBAHUS YCHIIMTENBHOTO Kackajga B COOTBETCTBUH ¢ puc. 21.
Pesucrop RP3 ycranoButs B 200. [Noaxmrounts kanan CH1 ocmmmmorpada ko BXoay ycuiauTens, a
kaHan CH2 x BeIxoay ycwiuTens. BKIOUMTH BpeMEHHYIO pa3BepTKy ocumuiorpada. BxiarounTts
(O YHKIIMOHAJLHBIN T€HEPATOpP U YCTAaHOBUTHh CHHYCOWJAIBHBIN cUrHam yactorod 50 ', yMEHbIIUTH
CHTHAJI JIO HYJISI PErYJIATOPOM aMIUIUTYbl PYHKIMOHAIBHOTO TeHepaTopa. [lepekmounts Bxoasr CHI
ocuusuiorpada Ha MOJOXKEHUE «BXOJ 3akopouyeH». Bxmtounth nutanue crenpa. [Ipu Toke 16 = 0
yCTaHOBUTH Ha noteHuuomerpe RP2 =2 u panee He M3MEHATH €ro IMpHU BCEX 3KCIEPUMEHTaxX (He
TporaTth pydky noreHimomerpa RP2);

-

= KIEVRY QCUunesoapa

¥

Pucynok 21 - Cxema 11 McciieioBaHusl yCUIIUTENIBHOTO Kackaaa

2) OmnpenenuTbh 3KCIEPUMEHTAIIbHO MAaKCUMAJIbHYK aMIUIMTYAYy HEHCKa)KEHHOI'O BBIXOJHOIO
CHHYycouaaabHOro HanpspkeHus: UBbix M. [TnaBHO yBenuuuBaiite aMmiuTyay BxoaHoro curnana (RP1)
U TIOCTOSIHHYIO COCTAaBJISIOIIYIO TOKa 0a3bl 1O MOSABJIEHUS BUIUMOIO YIUIOIIEHUS BEPIIUH CUHYCOUIbI
BBIXOJHOTO HampspkeHus. OOpatuTe BHUMAaHUE, OJHOBPEMEHHO JIM HAUYMHAKOT YIUIOMIATHCS
MIOJIOKUTENIbHAS. U OTpULIATENIbHAS MOJIYBOJIHBL [Ipy HEOOXOAMMOCTH YTOUHHUTE IMOJIOKEHHE padoueit
TOUKHM MOKOS. 3apucyiTe Ha KajJbKe BBIXOJHOE HANPSIKEHHE C MCKAKEHMSIMU M IpelenbHoe 0e3
uckaxxenus. [lpu 3apucoBke ocumuiorpaMM He 3a0yJbT€ HAHECTH IOJIO)KEHHE HYJIEBOM JIMHHM.
Omnpenenure MmacmTaObl [0 HANPSDKEHUIO M MO BpeMeHHU. JlanpHeiinne H3MEepeHUs BBIXOJHOTO
CUTHaJa HE00X0/AMMO MPOU3BOANUTDH B TOM K€ MacllTaoe;

3) Onpenenuth aMIUTUTYAY BBIXOJHOIO HampspKEHUs (MOJTyBOJIHBI) B Kiacce B. Jlist atoro c
nomouipio noreHuuomerpa RP1 ycranosuts 16, = 0, u perynupys aMIuTylqy BXOAHOIO CHUTHaJa
JNOOUTbCS MaKCHUMAJIbHOW HEYIJIOUIEHHOM TOMYBOJHBI CHHYCOMJBl BBIXOJAHOTO HAalpsHKEHUS;
3apucoBarh U 00paboTaTh OCHIIIIIOTPAMMY;

4) Ecnu AMUTENbHOCTh MOJTYBOJHBI MEHbINE MOJYNEpHoa, MOBbIChTE MoTeHImoMeTpoM RP1
MOCTOSIHHBIM TOK [0 W W3MeHssl NEepeMEHHbI BXOJHOW CHUTHaJI J00eHTeCh BOCHPOU3BEICHUS
YCUJIMTEJIEM POBHO IIOJIOBUHBI II€PUOJAa HEUCKAKEHHOTO CHHYCOMJAJIBHOIO HANpsDKEHUS C
MaKCUMaJIbHOW aMmiuTyaol. YMeHnpmute UBX 10 HyJAS U 3alUIIMTE TOK 10, KOTOPBINA MPHUILIOCH
YCTAaHOBUTh B paloueil Touke MOKOs, 4TOObl He ObUIO HCKaKeHHWH. Jra pabouas TOUKAa IOKOS
COOTBETCTBYET Kiaccy AB.

5) UccnenoBath paboTy TpaH3ucTOpa B KiroueBoM pexume (kiacc D). Ycranosure 16 = 0 u
YBEJIMUUTh CUTHAJI OT (pyHKUIMOHaTbHOro reHeparopa ®I' no mepexoma TpaH3MCTOpa B KIIOUYEBOM
pexuM; 3apucyiite 1 00paboTaiiTe OCIUIUIOTPAMMY BBIXOIHOTO HANPSKEHHUS;

6) [ToBTOpHTE OMBIT IPU MTO/IaY€ HA BXOJ IPSIMOYTOJILHOTO CUTHAJA.

dopma npeacTraBieHus pe3yJbTara:

Otuet 1o paboTe AOIKEH COJIEPHKaTh:

a) HaIMEHOBaHUE PabOTHI U 11eb padoThI;

0) cxeMmy 3KCIepUMEHTa C BKIFOUEHHBIMH U3MEPUTEIbHBIMU IPHOOpaMu;

B) TaOJIMIIBI C pe3yabTaTaMH 3KCIIEPUMEHTA,

I') IOJIyYE€HHBIE OCIMIIJIOTPAMMBI;

1) BEIBOJIBI TIO padoTe.

Tema 2.4 OCHOBBI MUKPO3J1eKTPOHUKH
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JlaboparopHnoe 3ansaTne Nell
HccnenoBanue J0rnyeckux 3JieMeHTOB

Heans paborbl: uccinenoBanue yorudeckux snementoB (M-HE, W, WJIN-HE, HE), a Taxxke
TPUTTEPOB HA UX OCHOBE.

Bbinosinus padory, Bel Oynere:

ymemo:

—  pasnuyaTh MOJYIPOBOIHUKOBBIC TUOIbI, OUTIOJISPHBIC U TIOJIEBBIE TPAH3UCTOPHI, THPUCTOPHI

Ha CXeMaX U B H3JICIIHIX.

MarepuasibHoe o0ecnieyeHue: CTeH bl «OCHOBBI AJIEKTPOHUKN.

Teopernyeckue cBeieHUs!

Jlorndeckue 3J1€MEHTHI — 3TO JIEKTPOHHBIE YCTPOUCTBA, BBHITOJHAIOUINE PA3JIMYHBIC JIOTUYECKUE
onepalny HaJl JUCKPETHBIMU (IBOMYHBIMH) cUTHaJIaMu. JIOrH4ecKue 3J1eMEeHThl MOT'YT BBITIOJIHATH KaK
MpOCTEeHIHE ornepanuu (MHBEPCHUs, JJOTUYECKOEe YMHOXXCHHE M CIIOXKEHHE), TaK M Oojiee CIOXKHBIE,
ckomOuHupoBannsie, Hanpumep, U-HE, U-UJIN-HE u apyrue.

CymiecTByeT HECKOJIBKO OCHOBHBIX JIOTUYECKUX JIEMEHTOB (CM. pHC.):

e NJIN — noruueckoe cnoxenue (qu3broHKms) — OR;

e 11 — noruueckoe ymHoxxeHue (koubloHkIus ) — AND;

e HE — nornueckoe orpunanne (maBepcus) — NOT.

Onementsl U, U-HE, NI, NJIN-HE umerot 2 1 0ojiee BXOA0B U OJUH BBIXO/I.

DnemeHT, BoIMONHAOMUN (QyHKIMI0 wHBepcuu «HE» mMeer ommH BXOom W onuH Bbixoa. OH
MEHSIET YpPOBEHb CHUTHaja Ha IMPOTUBOIOJIOKHBIM. Hu3KMH MOTEeHIuMan Ha BXOA€ JAET BBICOKHUI
MOTEHIMA Ha BBIXO/I€ U HA00OOPOT.

Bce 5Tu sneMeHTHl B HWHTErpalibHBIX MHKPOCXEMaxX MOTYT OOBEOUHSTHCS B Pa3IMUHBIX
COYCTAHUSX.

] Berxon Bemxoa BBNOI PBx Berxon

(B—

Bxl Bx2 BEx2

I-HE I ITII-HE HE
Puc. 1 YI'O nornyeckux dJIEMEHTOB

Tabnuia UCTUHHOCTH JIOTHYECKOTO AJIEMEHTA MOKa3bIBAa€T B3aMMOCBSI3b BXOJIHBIX M BBIXOJHBIX
CUTHAJIOB JIOTUYECKOTO YJIEMEHTA.

Ilopsinok BbINOJHEHHS PadOTHI

CocTaBuTh TabNUIly UCTUHHOCTU Joruyeckoro snementa «M-HE». Jlng atoro cobparb cxemy
(puc. 22), MOAKIIOUYMB BBIXOJBI THE3J «YPOBEHb JIOTUYECKUI» K COOTBETCTBYIOUIMM BXOJaM
norudeckoro snementa «M-HE». Bxmtounts Tym6nep «l[lutanue». 3amaBas pa3nuyHbie KOMOMHAIINH
BXOJIHBIX JIOTUYECKUX CUTHaNOB (X1, Xz) TymOnepamu SAi1 u SAj,, (QUKCUPOBATH MO CBETOAUOITY
BBIXOJHOW curHanm Y Jjoruyeckoro sjemeHTa. CocTaBUTh TaOMUIy HCTUHHOCTH HCCIEAyeMOro
anemeHTa. Pe3ynbTarsl 3anectu B Tabi. 3 1. Beikmtounts Tymoiep «llutanuey;

AHaJIOTMYHO BBINOJHUTE JUIA Jorndeckux 3yeMeHToB «M», « MJIN-HE» «HE». Cnenats BEIBOABI
O MOJYyYEHHBIX pe3ynbTaTax.
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VPOReHb
JOTH eCKIIT

1

—a
(O : _I,H'}..l_.

1

w)_ [ Bx2 Brixona
—

0

IT-HE

Pucynoxk 22 — Cxema 1151 uccienoBanus joruueckoro snementa U-HE

Tab6muma 31 - Tabnuma KCTUHHOCTH JIOTHYECKUX DIIEMEHTOB

Bxon Bxon Jlornaeckuii 31eMeHT
X1 X2 N-HE " NJIN-HE| HE
0 0
0 1 -
1 0
1 1 -

dopma npeacTaBiIeHus pe3yJabTarTa:
Otuer o paboTe JOIKEH CONIePIKATh:
a) HAaMMEHOBaHUE PaOOTHI U 1IETb PAOOTHI;
0) cxemMy PKCIIepHUMEHTA;
B) TaOJIMIIbI UCTUHHOCTH;
I') BBIBOJIBI 110 padoTe.

Tema 2.5 Tupucropsi
JlaGopaTopHoe 3ansiTue Nel2
HccnenoBanue Tupucropa

ean pabdoThl: Kcciie[0BaHNE TUPUCTOPA U CITIOCOOOB €0 BBIKITIOUCHHUS.

Beimosinus patdory, Bel Oyaere:

ymemn:

—  pa3nauyaTh MOJIYNPOBOAHUKOBBIE TUO/IbI, OUMOJISIPHBIE U TOJIEBbIE TPAH3UCTOPBI, TUPUCTOPHI

Ha CXE€Max U B U3JIETHSX.

MarepunanbHoe o0ecniedenne: creHaAbl «OCHOBBI dJIEKTPOHUKNY.

Teopernyeckue cBeieHUs!

Tupucrop sABi€TCA CUIOBBIM JIEKTPOHHBIM HE MOJHOCTBIO YIPABIISIEMBIM KIIFOUOM, KOTOPBIN
MOKET CUTHAJIOM YIPAaBJIEHUS MEPEBOJUTHCS TOJNBKO B MPOBOJSIIEE COCTOSHUE, T. €. BKIHOYAThCS.
Jlns ero BeIKNIIOYEHMs (IIpU paboTe Ha MOCTOSIHHOM TOKE) HEOOXOJUMO NMPHUHUMATh CIlELUalIbHbIC
Mepbl, 00ecreunBarolue craiaHue IpsSMoro Toka 10 HyJs.

TuprcTOpHBIM KIIOY MOXET MPOBOJUTH TOK TOJIBKO B OJAHOM HAIpaBJIEHHWH, a B 3aKPHITOM
COCTOSIHMM CTIOCOOEH BBIJIEPKaTh KaK MPsMOe, TaK U 00paTHOE HAIPSIKEHUE.

Tupucrop numeer 4eTbIpeXCIOUHYIO p-N-P-N-CTPYKTYPY C Tpemst BeIBoAaMu: aHoj (A), karox (K)
Y yrpaBisromuil dnektpos (Y09).
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Ha puc. 1 npencrasieno YI'O Ttupucropa ¢ KaTOJHBIM YIPABICHUEM U CEMEWCTBO BBIXOJHBIX
cratnueckux BAX mpu pa3nuuHbIX 3HAYEHUSIX TOKa ynpasieHud. [IpenenbHoe npsamoe HanmpsiKeHUeE,
KOTOPOE BBLIEPIKUBACTCS TUPUCTOPOM 0O€3 ero BKIIOYCHHUS, UIMEET MAaKCUMaJIbHbIE 3HAUYCHUS MPH Ly
= 0. IIpu yBenuueHun Toka ly,, MpsIMOE HaNpsKEHHUE, BBIIEPKUBAEMOE THUPUCTOPOM, CHHIKACTCH.
Bxi1104eHHOMY COCTOSIHUIO TUPUCTOPA COOTBETCTBYET BETBb II, BBIKIIFOUEHHOMY — BETBb I, Impoueccy
BKIrOYeHUs1 — BeTBb 1. Y aepxkuBaromuii TOK WM TOK yAEp:KaHHUsI PaBEH MUHUMAIbHO JOIIYCTUMOMY
3HAUEHUIO MPSMOT0 TOKA, MPU KOTOPOM THUPUCTOP OCTAETCS B IMPOBOJALIEM COCTOSHUU. ODTOMY
3HAQUYEHHIO TAaK)K€ COOTBETCTBYET MHUHUMAJIbHO BO3MOKHOE 3HAUEHHUE MPSIMOTrO MaJCHHS HaNPSHKEHUS
Ha BKJIFOYEHHOM THPHUCTOPE.

BetBs IV mpexacraBmsier co00i 3aBUCUMOCTh TOKAa yT€UKH OT OOpaTHOro HampspkeHus. [Ipu
MPEBBILICHNH OOpaTHBIM HampspKeHUeM 3HadeHuss Upo HAYMHAETCS PE3KOE BO3pAcCTaHHWE OOpPAaTHOTO
TOKa, CBSI3aHHOE C TPOOOEM THPUCTOPA.

IMopsiiok BbINOJIHEHHUSI PA0OTHI
CobpaTp cxemy AJis UCCIIEJOBAHUSI TUPUCTOPA HA ITOCTOSSHHOM TOKE B COOTBETCTBUU C pHC. 23.
Perynstop Ry mepeBectu B momnoxkeHue «0», COOTBETCTBYIOIIEE MHHHMAIBLHOMY 3HAUCHUIO
COIIPOTHUBJIICHHUS.
x100mA
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Pucynox 23 - Cxema 115t CCiieIOBaHUSI THPUCTOPA

Onpenenuth OTNHPAIOIIMM MOCTOSHHBIA TOK ympaBieHUs lyo W oTmHparoliee MOCTOSHHOE
HanpspkeHne ynpasieHus Uyo, Ipu KOTOPBIX MPOUCXOANUT BKIIIOUEHHE TUpUCTOpaA. JJIs 3TOT0 MIaBHO
Bpalath pyuky norexmuomerpa RP2, yBenuuuBas Tok ympasneHus ly, 3adukcupoBaTh, IpU KakoM
3HaUYEeHUH TOKa ympaBieHus lyo, u HamnpsbkeHus ymnpasieHus Uyo, Bkimtouutcs tupuctop. O
BKJIFOUEHUHU THUPUCTOpA CYAMUTH [0 PE3KOMY YMEHBIIECHHUIO HANpsDKEHUs Ha aHole Ua M yBEIMUYEHUIO
aHoOJHOTrO TOKa la;

HccnenoBaTs BO3MOKHOCTB BBIKIKOYEHHSI TUPUCTOPA O LIEMH YIIPABJIECHUS U 110 AHOJHOMW LIETIH.
Jlyia 3TOrO0, BKJIIOYMB THPUCTOP, YMEHBIIATh IO HYNS TOK ympasieHus ly. BwikitouuTs Tupucrop,
pasopBaB lenb aHoga. Habmionas 3a u3MmeHeHMeM aHonHoro Toka la m nampsbkenus Ua, caenatb
BBIBOJI 00 YNPaBIs€MOCTH THUPUCTOPA, CHOPMYIHpPOBAB YCIOBUS BKIIOUEHUS U BBIKIIOUEHUS
TUPUCTOPA. BBIKIIOUUTH NUTaHUE MOYJISL.

CHATP TOKa3aHHA TOKa YIpaBieHHd [yo ¥ OTHUpAOIIEro IOCTOSHHOTO HAaMpsKeHHs
yrpasyieHust Uyo 10 MOMEHTa OTKpPBIBaHUSI TUPUCTOPA; 3aHECTU TIOKA3aHUs B TaOIUIy 32 ¥ MOCTPOUTH
rpaduk BxoaHou xapaktepuctuku tTupucropa Uy = f (ly).

Tabnuia 32 - Pe3ynbraThl H3MepeHuit

lymA| 0 [02/04] 06| 08 | 1 |12

Uy, B

dopma npeacTaBJeHus pe3yJjbTara:
Otuet o paboTe TOKEH COJePKATh:
a) HaMMEHOBaHUE PaOOTHI U 1IETTh PAOOTHI;
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0) cxeMmy 3KCIepUMEHTA C BKIIFOUCHHBIMH H3MEPUTEITHHBIMU IPUOOpaMU;
B) TAOJIMIIBI C PE3yJIbTaTaMH SKCIIEPUMEHTA;

r) TpaduKk;

1) BBIBOJIBI TIO padoTe.

Tema 2.6 Dy1eKTPOHHBbIE YCUIUTEH
JlaGopaTopHoe 3ansitue Nel3
HccaenoBanue komnaparopa Ha ocHoBe QY

Leap paGoThl: uccie0BaHUE XapaKTEPUCTUK, IMapaMETPOB U PEKUMOB pabOTHl KOMIIapaTopa
Ha OCHOBE OIEPALlMOHHOI0 YCHIIUTENS

Bbinosinus padory, Bel Oyaere:

ymemy:

— pa3nuyaTh NOJYMPOBOIHUKOBBIEC TUOJIbI, OUTOSPHBIE U MOJEBbIE TPAH3UCTOPBI, TUPUCTOPHI

Ha CXE€MaxX U B U3JACIIHUAX,
—  ONpeAensiTh Ha3HAYCHHE W CBOICTBAa OCHOBHBIX (YHKIIMOHAJIBHBIX Y3JIOB aHAJOTOBOM
AJICKTPOHUKHU: YCHIIUTEINEH, TEHEPATOPOB B CXEMaX;

MarepuanbHoe obdecniedenue: cTeHabl «OCHOBBI SJEKTPOHUKIY.

Teopernyeckue cBeieHUs!

Komnaparop (aHaJIOrOBEIX CHUT'HAJIOB) — ®JIeKTPOHHAA cxeMma,
IpUHUMAalmaa Ha CBOM BXOZE JIBa aHAJIOTOBHIX CHI'HAJla U BHIZalmasd
Joruueckymo «l», ecjyiM CHUI'HaJ Ha IOpsMOoM Bxoze («+») 6osbme, ueM Ha
MHBEDPCHOM BXxoZe («—»), u jmoruueckuii «0», eCaIy CHUTHAJ Ha IPAMOM BXOZE
MeHbllIe, UeEM Ha UHBEDCHOM BXOJeE.

[Ipocreiimmii KoMIapaTop MpeAcTaBIseT coOoi auddepeHnnanpbHbpi yemmTeab. Kommnaparop
OTIIMYAETCS OT JIMHEHHOro onepannoHHoro ycunutens (OY) ycTpolCTBOM U BXOJHOTO, M BBIXOJHOTO
KacKaJ10B.

[Ipu momaye HTalIOHHOTO HAMPSHKEHHUS CPaBHEHHs] HA WHBEPTUPYIOMIMI BXOJ BXOJHON CHUTHAI
o/1aéTcsl Ha HEMHBEPTUPYIOLIUI BXO/, M KOMIIApaTOp SIBJISETCSI HEMHBEPTUPYIOIIUM (ITOBTOPUTENIEM,
oydepom).

[Ipy nmogave 3TAIOHHOTO HAIPSYKEHUs CPAaBHEHUS Ha HEMHBEPTUPYIOIUN BXOJ BXOAHOW CUTHAI
01aéTCs Ha HHBEPTHPYIOIINI BXOJ], U KOMITAPATOP SBJSIETCS HHBEPTHPYIOIIUM (MHBEPTOPOM).

PerenepaTuBHBIf KOMITapaTop oOeCIeYMBAET CpaBHEHWE BXOJHOIO CHUTHala ¢ JoJeHl
BBIXOHOTO.

®opma Bxonubix HampsokeHud ( Upx; — rapMmonuueckuit curHai, Upx, — TOCTOSIHHOE
HaIpsKEHUE) ¥ BBIXOAHOTO HAMPSKEHUsI KOMIIapaTopa MpeacTaBiIeHa Ha pUCYHKe 1:
uh!
Ug,a 4
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Puc.1 ®opMa BXOJHBIX U BBIXOJHBIX CUTHAJIOB KOMIIapaTopa
IIpumep pacyera komnaparopa Ha OY
B cxeme kommnaparopa Ha OV (puc. 2,a) BXOAHOH CUTHAJl HHBEPTUPYIOIIETO BXOJa U3MEHSAETCS
[0 CMHYCOMJIaTbHOMY 3aKOHY ¢ amIumutyaod Usx m = 2 B. OnopHoe HampsbkeHue, 1oJlaBaeMoe Ha
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https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%84%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D1%83%D1%81%D0%B8%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D1%83%D1%81%D0%B8%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B2%D0%B5%D1%80%D1%82%D0%BE%D1%80_(%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82)

HeunBeptupytonmii Bxoq, Uon = 1 B; DJIC ucrounuka muranus OY Enm = 5 B. Iloctpouts
3aBUCUMOCTH UBBIX(1), cuntas OY umeaabHbIM.

B, Pewenue: Brixognoe Hampsbkenue OV 06e3
TN ke X OTPUIATENILHON OOpaTHOW CBS3M 3aBUCHT OT
\ COOTHOIIICHUSI HAIPSOKEHUH Ha €ro BXOJaxX M
nocturaetr ypoBHsi HaceimeHus (UBbix = £ Em)
| JaXke TpU He3HAYMTENIbHON pa3HocTu UBX — Uom. B

uneansaom OY Ky = % 1 |usx — Uon| = 0.
[‘ Ecnu cooTHOIIEHHE BXOJHBIX HAMPSIKCHHUMA
— uBx> Uom, To UBBIXx= — Enn = —5 B; ecnu ke UBX<
I_ _l Uom, 1o UBbIXx = +5 B. JlanHas cxeMma
6 OCYIIECTBIISICT CpPAaBHCHHE HANpsHKEHUH UBX U

Uon. [lnarpammbl HanpspKeHUH pUBeIeHbI Ha pHcC. 2, 0.

Puc.2 Cxema xommnaparopa 1 €ro BpeMeHHbIE TUarpaMMel
IMopsiiok BbINOJIHEHUS PAdOTHI
1) Cobparb cxeMy JBYXBXOJOBOIO KOMIIapaTopa ¢ MOJ0KUTEIbHONH 00paTHON CBS3bIO COTTIACHO
puc. 24. B xauecTBe pe3ucTopa 00paTHON CBSI3U NPUMEHUTH NepekntodaeMblil pesucrop RP3 (10...200
kOM). B kauectBe omnopHoro HampspkeHuss Uon HCIONB30BaTh PEryaUpyeMoe IOCTOSHHOE
HanpspkeHre. Ha mHBepTUPYIONIHIA BXOJT MOIKIIOYNTE ()YHKIIMOHAIBHBIN T€HEPATOP, UCIIOIB3YsI €TO0 B

PEKUME CUHYCOUAAJIBHOTO CUI'HAJIa "
i)
~E Ry
|
|
|

"n.
~
3

—

Pucynok 24 - Cxema JByXBX0/10BOTO KOMIapaTopa

2) CHATh XapaKTEpUCTUKH Mepeaadu Kommnaparopa 6e3 oOpaTHON CBA3M M AJIS ABYX 3HAYEHUI
COIIPOTHBIIEHUM OOpaTHON CBSI3W MpHU 3alaHHOM OIOPHOM HAIpsDKEHUH. l3MepeHue OmOpHOro
HampsDKEHUsST MOXHO TPOU3BOAUTH BoJbTMETpoM PV1. BrixonHoe HampshkeHHe HEOOXOAMMO
MOJKIIOYNTh Ha BXoA Y ocuwuiorpada, BXOAHOE HampsbkeHHMe Ha BXxoJ X. M3MeHss BelMYUHY
MIEPEMEHHOT0 CUTHAJIa Ha MHBEPTUPYIOLIEM BXOJE, T0OUTHCS MOSIBICHUS HAa BBIXO/€E MPSIMOYTOJIbHBIX
umnynbcoB. Ilocne mnepexmroueHus: pa3BepTku ocuusuiorpada B mnojoxenue X/Y 3apucoBaTh
XapakTepucTUKU. ONpeaenuTh MacTadsl Mo ocsim Y U X;

3) CuaTh ocumIIOrpaMMBbl pabOTHl KOMIIapaTopa MpHU CPaBHEHHM MOCTOSHHOTO (OMOPHOIO) U
IIEPEMEHHOTO HAIPSKEHUN. Y CTAHOBUTH aMIUIUTYy IepeMeHHoro HampsbkeHus 3,0 B ¢ gactoroit 1
k1. YcTaHOBUTH 33/1aHHOE OMOPHOE HAIpsDKEHUE. 3apucoBaTh € dKpaHa ocluiuiorpada BXOJIHBIE
HanpsbkeHus UBx1, Uon 1 BeIXOAHOE HamnpsikeHue UBBIX.

dopma npeacTraBIeHus pe3yJbTara:

Otuet 1o paboTe AOIKEH COIEPHKaTh:

a) HaMEHOBaHUE PabOTHI U 11€b paboThI;

0) cxeMmy 3KCIepUMEHTa C BKIFOUEHHBIMH U3MEPUTEIbHBIMU IPHOOpaMu;

B) MOJIy4Y€HHbIE OCIIIIJIOIPAMMBI;

I') BBIBOJIBI 110 padoTe.
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JlaGoparopHoe 3ansiTue Nel4
HccnenoBanue MHBEPTHPYIOLLET0 U HEMHBEPTUPYIOLIET0 YCHJINTENS HA ocHOBe OY

Heas padoTbl: HCCIEIOBAaHWE XApAaKTEPUCTHK, IAapaMeTpOB U  PEKUMOB  pabOTHI
MHBEPTUPYIOLIETO U HEMHBEPTUPYIOLIETO YCUIIUTENSI HA OCHOBE ONEPAIMOHHOTO YCUITUTEIS

Beinosinus patdory, Bel Oyaere:

ymems.

—  pa3nuyaTh MMOJIYPOBOAHUKOBBIE JHObI, OUTIOSPHBIC U TOJIEBBIE TPAH3UCTOPBI, THPUCTOPHI

Ha CXeMax WU B U3JENHIX;

—  ONpeAensATh Ha3HAYCHHWE M CBOWCTBA OCHOBHBIX ()YHKIIMOHAJIBHBIX Y3JIOB aHAJIOrOBOM

3JIEKTPOHUKU: YCHIIUTEIEH, TeHEPAaTOPOB B CXEMAX;

MarepuanbHoe ob0ecniedenne: cTeHabl «OCHOBBI 3JIEKTPOHUKNY.

OnepanuoHHBIA YCWINTEIb - 3TO JJIEKTPOHHBIM YCWINTENb HANPSHKEHUS C BBICOKUM
KOX(QPHUIUEHTOM yCHIICHHs, HMeoumi auddepeHnnanbHplid BXOA M OOBIYHO OJWH  BBIXOJI.
HamnpsikeHne Ha BBIXOJE MOKET IMPEBBINIATh PAa3HOCTh HANPSIKEHUW HAa BXOAAX B COTHU WIM JaXe
TBICSIUU Pa3.

OnepaloHHBbIE YCUIIUTENN SIBISIIOTCS Haubosiee BOCTPeOOBaHHBIMU IMPHUOOpPaMH  CpeAu
COBPEMEHHBIX JJIEKTPOHHBIX KOMIIOHEHT, OHM HaXOIST CBOE NPUMEHEHUE B IOTPEOUTENIbCKON
ANEKTPOHUKE, TPUMEHSIOTCS MHIYCTPUH U B HAyUHBIX Mpudopax. OnepalnoHHbIe YCUIUTENN 0OBIYHO
BBIIIYCKAIOTCSI KaK OT/JEJIbHbIE KOMIIOHEHTBI, a TaK € OHM MOTYT SBJIATbCA 3JEMEHTaMHu Ooiee
CJIOHBIX 3JIEKTPOHHBIX CXEM.

AMIUINTYJHAs XapaKTepUMCTHMKA YCWIUTENs Ha IOCTOSHHOM TOKE — 3TO 3aBUCUMOCTH
BBIXOAHOTO HanpspkeHus ot BxonHoro Usbix=F(UBx).

Hneamsnas

u oo

Peanbuas

»
»

u X, mim U ax, max U oy
Puc.l AMmnuTyaHast XapakTepUCTUKA YCUITUTEIS

Kospdunment ycuneHuss HMHBEPTUPYIOLIETO W HEMHBEPTUPYIOIIETO  YCHIUTENEW 10
HaMpsDKeHUIo onpenensercs mo Gopmyrnam (4) u (5) COOTBETCTBEHHO:

Ku - _ RP3, (4)
R}%P?y

Ku=1+2%2 )
R9

rae PR3 u R9 - cooTBeTcTBYIOIIME COMPOTUBICHUS.

Ilopsinok BbINOJTHEHHS PA0OTHI
1) Cobpath cxeMmy coriacHo puc.25; yCTaHOBUTH 3aianHoe 3HaueHne RP3=20K;
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Pucynok 25 — CxeMa HHBEPTUPYIOIIETO YCUITUTENS

2) Bxutounts nutanue. CHATh aMIUTUTYAHYIO XapaKTEPUCTUKY YCHIIUTENS Ha TOCTOSTHHOM
toke UBbix=F(UBx) (T1a61.33). B KkadyecTBe HCTOYHMKA CHTHaja MCIOJB30BaTh HAIpPSHKEHUE,
perynupyemoe moTteHuuomerpoM RP2. CHavana CHSATh TOJOBHMHY XapakTEPUCTHKH, HCIIONb3YS
uctouHuk +12B, 3aTem, MOAKIIOUMB UCTOYHUK -12B, CHATH BTOPYIO YacTh XapakTepUCTUKH, T.e. UBX
JOJDKHO M3MEHSTHhCS OT +12 no -12B. [lo aMmumTyqHON XapaKTepHCTUKE OMPEaeuTh KOI(OUIHEHT
ycuJIeHUs 10 HanpsbkeHuto Kuoc; BBIKITIOUNTh MUTAHUE;

Tabnua 33 — Pe3ynbraThl u3MepeHuil (MHBEPTUPYIONIHI YCHIIUTENb )

Unu +12B -12B

T, B

U [0/05(1115]2]25]3]0| - - - - - -

B 051152 |25 3

UBbIX

B

3) Cobpath cxeMy cornacHo puc. 26. YcTaHOBUTH 3afanHoe 3HadeHne RP3=20K.

3

128 -2 )

]

R0 0«

o)/

+
.

R13

DAT 10k

Pl T

o &
Pucynoxk 26 - CxemMa HEMHBEPTUPYIOIIETO YCHIIUTEIIS

4) CHSTh aMIUTUTYHYIO XapaKTePUCTUKY YCHIUTENs Ha mocTossHHOM Toke Uppix = F(Ugx)
(rabn.34). B kayecTBe MCTOYHHMKA CHUTHaJa UCIOJNb30BAaTh HANpPsDKEHUE, PEryIupyeMoe

noteHuromeTpoM RP2. [To aMmiuTyaHON XapaKTepUCTHKE ONMpPENeIUTh KO3(PPUIIMEHT YCUICHUS 1O
HanpspkeHnto Ku; BBIKIIOUUTH TUTaHMUE;

Tabnuua 34 — Pe3ynbraThl n3MepeHuil (HEMHBEPTUPYIOLTUH YCUITUTEIh)

Unm +12B -12B

T, B

U [0]05(1115]2]25]3]0 - - - - - -
B 0511152 |25]|3
UBBIX

B
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5) I[To Tabmuumam 33 u 34 mocTpouTh TrpaduKH aMIUTATYAHBIX XapaKTEPUCTUK ISt
WHBEPTUPYIOIIETO W HEUHBEPTUPYIOIIETO YCUJIHMTENCH, paccuuTarh Ui HHUX KOA(PPHUIMEHTHI
yeunenus. [1o rpadukam onpenenuts Ko3)PHUIUEHTH YCHICHHS.

®opma npeacTaBJeHus pe3yabTaTa:

Otuet 1o paboTe JOIDKEH CONIEPIKATh:

a) HaMMEHOBaHKEe PabOTHI U 1IeNIb PaOOTHI;

0) cxemy SKCIIEpUMEHTA C BKIIFOYCHHBIMHA U3MEPUTEIILHBIMU TIPUOOPaMHU;

B) TaOJMIIBI C pe3y/IbTaTaMU IKCIIEPUMEHTA;

r) rpaduKw;

1) BEIBOJIBI 11O padoTe.

Tema 2.7 DiIeKTpOHHBIE TeHePaTOPBbI
JlabGoparopHoe 3ansiTue NelS
HccnenoBanue MmybTHBHOpaTOpa

Henbr paborhbl: HcclaelOBaHUE  XapaKTEPUCTHK, IapaMETpPOB U PEXUMOB  pabOThI
MYJIbTUBHOpAaTOpa Ha OCHOBE ONEPALIMOHHOIO YCHIINTENs

Boinoinus padorty, Bel Oynere:

ymemy:

— pa3nuyaTh HOJYNPOBOJHUKOBBIE U0 b, OUIIOISPHBIE U MOJIEBbIE TPAH3UCTOPHI, THPUCTOPHI

Ha CXE€Max U B U3JENIMIX;
—  OIpeAensTh Ha3HAYEHHE U CBOMICTBA OCHOBHBIX (YHKIIMOHAJIBHBIX Y3JIOB aHaJIOTOBOM
NEKTPOHUKU: YCUIIUTEIEH, TEHEPATOPOB B CXEMAX;

MarepuanbHoe obecniedenue: cTeHabl «OCHOBBI 3JIEKTPOHUKIY.

Teopernyeckue cBeIeHUA

MyabTUBHOPATOPp — 3TO pEJIaKCAlMOHHBIM TE€HEepaTop JJIEKTPUYECKUX MPSIMOYIOJIbHBIX
KonebaHUH ¢ KOPOTKUMH  (DpOHTaMH. MynbTUBUOpaTOp  MpeiacTaBiseT  coOoi
JBYXKACKaIHbIM YCHUJINTENb, OXBAYEHHBIHN NTyOOKOH MOJIOKUTENBHON OOPAaTHOH CBSA3BIO.

B s1eKTpoHHOM TeXHUKE UCTIONB3YIOTCS CaMble pa3jIMyHble BApUAHTBI CXEM MYJIbTHUBUOPATOPOB,
KOTOpbIE pPAa3IMYyaloTCs MEXIy CcoO0OM 10 THUIly HCHOJb3YEMBIX AaKTHUBHBIX KOMIIOHEHTOB
(mammoBbIe, TPaH3UCTOPHBIC, TAPUCTOPHBIC, MHKPOIJIECKTPOHHBIE H  JPYTHe), pa3inYarol[recs
peXUMOM paboThl (aBTOKOJEOATEIbHBIN, JKIYLIUE, C BHEIIHEH CHUHXPOHU3alMeNd CUHXPOHU3ALUH),
BUJIAM CBSI3M MEX/1y YCHIIUTEJIbHBIMU 3JIEMEHTaMH, CIIOCO0aM PETyIUPOBKU ATUTEIBHOCTH U YaCTOThI
TeHEpUPYEMBIX UMIIYJIbCOB U APYTUMHU MapaMeTpamH.

@dopma BBIXOJHOTO HANpPSDKEHHWS M BXOJHOIO HAIPSDKEHHWS HA MHBEPTUPYIOLIEM BXOE

MYJIbTUBUOpATOpA Mpe/ICTaBlIeHa Ha PUCYHKE 1:
Uant \A

Luac+

-V

Linc-

Iy
J RS
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https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D1%83%D1%81%D0%B8%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%BE%D0%B6%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BE%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BB%D0%B0%D0%BC%D0%BF%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D0%B7%D0%B8%D1%81%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D1%80%D0%B8%D1%81%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BA%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D0%BD%D0%B8%D1%8F

Puc.1 ®opma BEIXOAHOTO HANPSYKEHUS U BXOAHOTO HANPsSHKEHUS Ha
MHBEPTUPYIOILEM BXO/I€ MyJIbTUBHOpaTOpa

= IIpumep pacuera napamMmeTpoB MyJdbLTUBHOpaToOpa

I Onpenenutp nepuox 7, dvacrory f wu  ckBakHOCTE Q
I—l MOCJIEIOBATEILHOCTH UMITYJIbCOB (puc.2), ecau tu = 100 Mkc, a tnm = 1
- MC.
tl  tn ‘ : Pewenue: Beruncnsgem: T=tu +tn=0,1 +1=1,1 mc;
S f=1T=1/(L1*107) =909 I'y
Q=T/tu=1,1/0,1=11
Puc.2

Ilopsi1oK BHINOJIHEHHS PAOOTHI

1) CobOpatp cxemy MynbTHBHOparopa (puc. 27), YCTaHOBHTH 3ajlaHHbBIC IIPEMoaaBaTeIeM
3HaueHus eMkoctH KouaeHcaTopa (C5 wmmum C6) m comportuienust pesucropa RP3 (ot
10xkOm);

Pucynox 27 — Cxema MYJ'II)'TI/IBI/I6paTOpa

2) CHATH OCHWUIOTpAMMBI HaIlpSOKEHUHW B CXeMe MYJIbTUBHOpaTopa. 3apHcoBaTh C JKpaHa
ocumorpada BbIXOAHOEe HampsbkeHne UBBIX M HampsbkeHMe Ha UHBepTHpyromem Bxone Uc.
O6paborate ocummiorpammbsl. OnpenenuTs 4YacTOTy Ha BbIXOJAE MyJbTUBHOpaTopa. Omnpenenuts
MaciTaObl. CpaBHUTH 3HAUEHUE YACTOTHI, TOJyYEHHOE SKCIIEPUMEHTANIBHO, C PACYUETHBIM 3HAYCHHUEM.

3) Uccnenosats BnusiHue conpotuieHnid RP3 u R11(R12) u xonnencaropa C5(C6) Ha
M3MEHEHHME YacTOThl Ha BbIXOJE MyJbTHBHOparopa. J[is 3TOro ompeaenuTh BBIXOAHYIO YacCTOTY
MYJBTHBHOpaTOpa TPHU APYroM 3HaueHUM pesuctopa RP3. YcraHOBHUTH mepBoHaualbHOE 3HAYCHHE
conpotuBiieHuss RP3. AHanoruusble JIeHCTBUS MOBTOPUTH Juis KoHaeHcaropa C5. M3smenss RP3,
UCCIIeI0BaTh BIUSHIE O0OpPAaTHON CBA3H.

1
4) OrmpenenuTs BBIXOAHYIO YaCTOTY MyJIbTHBHOpaTopa 1o gopmyne: f = ot

rae T — nepuon, onpenenseTcs Kak
R10
T=2-RP3-C5-In(1+2- (o))
n R11)
3HavYeHNsT HOMHUHAIOB pe3ucTopoB Ha cxeMe, a Cs=10000nd (Ce=6800n1D).
®opma npeacTaBieHus pe3yabTara:
Otuer o paboTe JOIDKEH CONIEPIKATh:
a) HaMEHOBaHUE PabOTHI U 11€b paboThI;
0) cxeMmy 3KCIepUMEHTa;
B) MOJIy4Y€HHbIE OCIIIIJIOIPAaMMBI;
T') pe3yJabTaThl PacUETOB;
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1) BEIBOJIBI TIO padoTe.
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