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BBEAEHHUE

['maBHBIMH 3ajadaMu JTAOOPATOPHBIX PAOOT SIBISIOTCA SKCIEPUMEHTAIBHOE TOJ-
TBEPkKJACHUE OCHOBHBIX 3aKOHOB JJICKTPOMArHeTHU3Ma, 3aKperjieHue M COBEPIICHCTBO-
BaHNE HaBBIKOB PabOTHI C AIIEKTPOU3MEPUTEIHLHBIMU MPUOOpaMu, 00padOTKa U aHAIHU3
Pe3yIbTaTOB SKCIEPUMEHTOB, OIIEHKA MOTPEIIHOCTEH N3MEPEHUM.

OcHOBHbBIE IPABUJIA TEXHUKH 0€30IIACHOCTH

IIpu paGoTte ¢ TH00BIM 3J1IEKTPOOOOPYAOBAHMEM BCerja cjeayer MOMHUTH O Be-
POSITHO ONACHOCTH MOPAYKEHUS IJIEKTPUIECKUM TOKOM.

Jlns denoBeka cMepTenbHBIM cumTaercs Tok Ooznee 0,1 A. CereBoe HampspKeHUE
220 B sBnsieTcs OMacHBIM IS KU3HU, OJTHAKO HA KOXKE YEJIOBEKa CYIIECTBYIOT TOYKH,
COINPOTHUBJICHUE MEXKY KOTOPHIMH Ha HECKOJIbKO TMOPSAKOB MEHBIIE CONPOTUBIICHUS
OKpY’KaloIUX TKAHEH, MO3TOMY CMEPTEIbHO OMAacCHbI TOK MOKET YCTAaHOBUTHCS MEX-
Ty 3TUMHU TOYKAMH MPU 3HAYUTEILHO MEHBIIINX HAMPSIKCHUSX.

B neasix mopbimenusi Bamei JuyHoi 0e€30mMacHOCTH U 0€30MACHOCTH 000PY/I0-
BAHUSA:

1. Ilepen cOopkoii 1enu MpoBEphLTE, YTOOBI BCE MPUOOPHI HA paboveM CTOJIe ObLIH
BBIKJIFOYEHBI.

2. ITpu cOopke 1enu UCTOIB3YHTE TOIBKO MPOBOJA C UCTIpaBHON u3oJsiuei. [los-
KJIIo4asi puOOpbI, MPOBEPSTE COOJIOACHNE HOpM Harpysku (pabouee HampspKEHHE
KOHJIEHCATOpa, MAKCUMAaJIbHBIN TOK JIJIS KaTYIIeK HHAYKTUBHOCTH | T.I1.).

3. COOpKy 3JCKTPUUCCKOM IICMH BEIUTE KO KOHMYpPAM, HaulHas ¢ OCHOBHOIO (co-
JICpIKaIIero NCTOYHUK MUTAHMS); MYJIBTHUMETpP, 00pa3yroIIuid BCIIOMOTaTeIbHBIH KOH-
TYp, MOJKJIIOYANTE B MOCIETHIO 0YEPE/ib.

4. Tlepen MOAKIIOYEHUEM MYJILTUMETPOB YETKO YSICHHUTE, KAKyHO AJIEKTPUUYECKYIO
BEJIMUMHY U B KaKOM JMara3oHe 3HaueHui Bbl coOupaerech namepuTh. B 3aBucumoctu
OT 3TOTO MPOJYMAaHHO U OCO3HAHHO YCTAHOBUTE MEPEKITIoYaTesIeM o padoThI (PeKUM)
npubopa (M3MEepeHHEe MOCTOSHHOTO MM MEPEMEHHOTO HANpsHKEHUS WM TOKa, COIpO-
TUBJICHUS, DJICKTPOEMKOCTH WM TEMIIEPATyphl) U JUAIa30H 3HAYCHHUN HU3MEpseMOl Be-
anunHbl. Eciii B mporiecce paboThl MpuOOp BBIMAET 3a Mpeesibl YCTaHOBIEHHOTO Hha-
Ma30Ha, MOKa3bIBasl MEPETPy3Ky, MEPEKITIOUUTE MPEIes U3MEPEHU Ha COCEAHMI, Ooee
TpyOBIii.

S. Oobsa3amenvHo nposepsaiime cOOPAHHYIO CXeMy 6MecHLe C NPEnooasamenem.

6. [lns mpoBeieHust TIOOBIX MEPEKITIOUEHUN B IS HEOOXOAMMO OTKJIIOYUTH UCTOY-
HUK MATaHMS, YTOOBI M30€XaTh KOPOTKOTO 3aMbIKaHUsI yyacTka 1enu. Eciau B npornecce
paboThl Ha KaKOM-JTMOO MHHHOJIOKE BKIJIFOUMTCS KPACHBIA CBETOJMOJ, UHOTJA COMpO-
BOXKJIA€MbIN 3BYKOBBIM CHUTHAJIOM TEPErpy3Kd, HEMEJICHHO OTKJIIOUUTE DJICKTPOIUTA-
HUE LIETH U BBISICHUTE MPUYUHY C TIPENogaBaTeieM.

7. IIpu pabote ¢ ocumiorpadom He JOMycKalTe CBECHUS N300paXKeHUsl B SAPKYIO
TOYKY: JICKTPOHHBIN JIyd MOXKET MPOoKeub JIOMHUHOGpOp dKpaHa!l B Takux ciydasx Bce-
rJa YMEHbIIAWTE APKOCTh JO MUHUMAJIbHOM.

8. B monkIit0ueHHON K UCTOYHUKY HANPSDKEHUS 1T He KacalTech HEM30JIMPOBaH-
HBIX METAJUIMYECKUX KOHTAKTOB.



9. [lepen pa3bopkoii 1Ienu TPOBEPHTE, YTOOBI BCE MPUOOPHI HA pabodeM CToje ObLIH

BBIKJITOYCHBI.

10. ITpu pazbopke 11e1H, a TaKKe MPH JTIOOBIX €€ N3MEHEHHUSIX BEBIHUMAUTE COCIUHU-
TeJIbHBIC ITPOBOA U3 THE3, IePKach TOJIBKO 3a IITEKEPhl Ha MX KOHIIAX.

JABOPATOPHBINA KOMILJIEKC
«QJIEKTPUYECTBO U MATHETU3M»

Kowmrieke coctouT u3 Oj0Ka T€HEpaTOpOB HaIpsHKEHUH, HAOOpHOTO Mmojs, OjoKa
MYJIbTUMETPOB, OJ0Ka MOJEIUPOBAHUA MOJeH, Habopa MUHUOJIOKOB M Habopa cinado-

MMPOBOJAIIHNX IINIACTHH C 3JICKTPOJaMU.

ENOUK TEHEFATOPOB
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OOwmii BUI OJIOKa reHepaTOpOB Ha-
npsbkeHui nokaszad Ha puc. B1. biok co-
CTOMT U3 TE€HEepaTopa CUTHAJIOB CIEIU-
abHOU (POPMBI, PETYIUPYEMOTO HCTOY-
HUKa TMOCTOSHHOTO HANpPSKEHUsI U ABYX
HEpEryJlIUpPYEMbIX HMCTOYHUKOB CTaOWIIHU-
3UPOBAHHOTO MTOCTOSIHHOTO HAIPSKEHUSI.

Puc. B1. biok reneparopos
HaINPSHKECHUN

1 — uHOUKaTOp MEperpy3Ku reHepa-
TOpa CUTHAJIOB CTIEIIHAIILHON (DOPMBI;

2 — WHIUKATOp TEperpy3Ku perysiu-
pPyeMOro HMCTOYHHMKA MOCTOSIHHOTO Ha-
npspkeHust «0 ... 15 B»;

3 — MHAMKATOP MepPEerpy3Ku cTabuiu-
3UPOBAHHOTO HaNpspKeHUs +15 B»;

4 — yHIUKATOP MEePErpy3Ku CTAOMIIN-
3UPOBAHHOTO HAMPSKEHUS «—15 B»;

S — MHJUKATOP YaCTOTHI,

6 — nHIUKaTOp BHIOpaHHON (OPMEI
CUTHAJa,;

{ — BBIXOJl CHHXPOHHU3AIUU OCIUJI-
norpada (psIMOyToJIbHBIE HMITYJIECHI
aMILTATYI0N  «+5 B»);

8 — KHOIIKH MepeKIIoYeHNs (OopMBI CUTHANA:

7\~ —CcHHYycOMaJbHAas,

g R OMIOJIIpHBIC UMITYJILCHI «—15 B», «+15 B»,

JL YVHUIIOJIIPHBIE UMITYJICHI «+10 B»;

9 — BRIXOAHOE HAIPSHKEHUE TEHEpAaTOpa CUTHAJIOB CIICIIHAILEHON (hOPMBI,

10 — KHOMIKK PETYIMPOBKH aMILUIUTY/IbI HANPSDKCHHSI TeHEpaTOpa CUTHAJIOB CIICITH-

abHOU (HDOPMBI;

11 — KHONIKM pETyIUPOBKH YaCTOTHI,



12 — perynupyemoe HanpspkeHue mutanus | «0...+15 B», MmakcuMaabHO TOMYCTHMBIHA
10K 0,3 A;
13 — HyJIeBO# BBIXOJ (3eMIIf);
14 — KHONIKM PETyIUPOBKH MOCTOSHHOTO HANIPSIKEHUS,
15 — crabwmsupoBaHHOE HampspkeHHe «+15 B», MakCHMalbHO JOIMYCTHMBIA TOK
0,3 A;
16 — HyneBoit BeIxo (3emiis);
17 — crabwmm3upoBaHHOE HamNpspKeHUE «—15 B», MakcuManabHO JOMYCTHMBINH TOK
0,3 A;
18 — KkHOMKa UCXOIHOM YCTAaHOBKH OJI0OKA T€HEPATOPOB:
BBIXO/]] ICTOYHHWKA MOCTOSTHHOTO Hanpspkenus — 0 B;
BBIXO/IHOE HAMpPSOHKEHHE TeHepaTopa CHUTHAJIOB CIEIUATbHONH (OPMBI — CHHY-
conmanbHoe, yactoTa 0,5 k1, ammmutyna O B;
19 — BBIKITIOYATENb TUTAHUS (KCETH)

I'eneparop cursajioB cnenuajbHoii popmbl (I'CCD)

['enepatop (puc. B1) npennasHaueH is moirydeHus HanpspkeHuid yactotor ot 0,05
1o 20 k['y pa3nuaHOi (POPMBI U perylImpyeMol aMILIUTYAbl. ['eHepatop MOXeT BbIIa-
BaTh TPU BHJA HANPsDKCHUWI: cuUHycoupanbHoe (amrumtyna —15...+15 B), OunonspHeie
UMITYJIbChI (amrumaTyaa —15...+15 B, miMTenbHOCTh UMITYJIbCa PaBHA TIOJIOBUHE TIEPUO-
na), yaumnossipabie UMITyibes (0...+15 B, 1uTensHOCTh MMITYJIbCa paBHA TTOJIOBUHE TIe-
puona). YcTaHOBKY (pOpMBI CHTHANA OCYIIECTBISIOT KHOMKAMU 8. AMIUTUTYTy BBIXO/IHO-
ro HanpspkeHus (Boixoa 9) perynupyrot kHonkamu 10, a yactoTy — kHonkamu 11. 3Have-
HUE YaCTOThI OTOOpaxaeTcsl Ha uHauKarope 5. st momydenus crabuiabHOTO n300paxe-
HUS (OPMBI BBIXOJAHOTO HANpsDKEHUs Ha ocLMIuIOrpade B TeHepaTope MpeayCMOTPEHbI
UMITYJIbChI CHHXPOHHM3AIMU (TPSMOYTOJIbHBIC, 33JaHHOM YacTOThI, aMILIHTYI0H +5 B,
JUTATEIIbHOCTh UMITYJIbCAa PaBHA MOJIOBUHE MEPUO/IA), KOTOPhIE MOKHO CHUMATh C BBIXO-
na’.

['eneparop MMeeT 3alIUTy OT MEPErpy3KM U MHAMKATOpHI neperpy3ku 1. B ciayuae
cpabaTbIBaHUs JIFOOOT0 U3 MHAMKATOPOB MEPETPY3KHU HEOOXOIUMO BBIKIIIOUUTH OJIOK U3
CETU M BBISICHUTH MPUUYUHY CpadaThIBaHUS: IPOBEPUTH CXEMY, YMEHBIIUTh PEryIupye-
MO€ HampsLKEHHE.

Peryaupyemblii HCTOYHHUK MOCTOSTHHOTO HanpsixkeHusi (PUITH)

Hctounuk (puc. B1) npenHasHaueH A MOJYYCHHUS CTaOMIN3UPOBAHHOTO MOCTOSH-
Horo HampspkeHus —15 B, +15 B (Heo6xoaumMoro st paboThl HHTErpaTOpa TOKa, BaKy-
YMHOH JaMIlbl W JaTydka XOJUIa), W PEryJUpyeMOro IMOCTOSHHOTO HAIPSHKCHHS
0...+15 B, kotopoe perynupytot kHonikamu 14. 'eHepaTop UMEET 3aluTy OT MEperpys3-
KU U UHAUKATOPHI neperpysku 2, 3, 4. B ciyyae cpabaTtbhiBanus 11000r0 U3 WHIUKATO-
POB IEeperpy3ku HEOOXOIUMO BBIKIIOUNUTH OJIOK M3 CETH M BBIACHUTH NMPUUYMHY cpada-
THIBAHUS: POBEPUTH CXEMY, YMEHBIIIUTH PETYIUPYEMOE HANIPSDKCHHE.

Ha6opHoe nmoJie

HaGopnoe mose (puc. B2) npennasnadeHo a1 cOOpKH JIEKTPUUECKHX cxeM. JIu-
HUM Ha HAOOPHOM I10JI€ ITOKA3bIBAIOT DJIEKTPHUUECKU COCAMHEHHBIC THE3/IA.
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Puc. B2. HabopHoe moge:

1 —wmecto 1t moKITroYeHUsE MUHHOIOKA «Kimrou»;

2 — MeCTO JUIs TTOAKITIOUCHHSI MUHHOIOKOB «lIccenoBanne TeMIiepaTypHOr 3aBHCH-
MOCTH COMNPOTUBJICHHS MPOBOJHHKA W MOJIYMPOBOAHUKA», «IPdekT Xomta», «Deppo-
MAarHeTuK», «MarHeTpon»;

3 —MecTo 715 MOAKITIoOUeHUS] MUHHOJTOKa «HTerpaTop ToKa;

4 — one U1 OAKJIFOYEHNS] MUHHOJIOKOB

biaok MmyabTHMETPOB

biok MynbTHMETPOB COCTOMT W3 JABYX MYJBTUMETPOB C MCTOYHUKAMH ITUTAHUS.
MynpTrmMeTp nOpeaHa3HauYeH Uil WU3MEPEHUS IIOCTOSIHHONO H IIEPEMEHHOrO Ha-
MPSKEHUN, TOCTOSIHHOTO M IIEPEMEHHOIO TOKOB, CONPOTHUBIICHUS, AJIEKTPOEMKOCTH U
temriepaTypbl. OO1uil BUJI MyJIbTUMETPA MPEACTaBICH Ha puc. B3,
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Puc. B4. Ilepekitouarenb pekUMOB
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Puc. B5. M3mepurenbHbie BXObI MYJIBTUMETPA!

10 A —Bxox mis usmeperus Toka 10 10 A;

MA — Bxop miist usMmepenust Toka 10 200 MA;

COM — o6mmit Bxon («3eMitsi»);

VW - BXo# 1711 U3BMEPEHUS HAMPSDHKEHUS U COTPOTUBIICHUS

[Ipu ucnonb3oBaHuM MpuOOpa HEOOXOAMMO COOITIOIATH CIEAYIOIIHNE MPaBUIA!

1. Ilepen BpareHuEM EPEKITIOYATENS PEKUMOB ISl BLIOOpA MU3MEPSIEMOU BEJIMYH-
HBI OTCOEIMHUTE MPOBOJIA OT CXEMBI.

2. Eciii 3HaueHre u3MepseMon BeTUYMHBI HE U3BECTHO 3apaHee, YCTAaHOBUTE Iepe-
KJIF0YaTesIh PEKUMOB B MOJI0KEHHE, COOTBETCTBYIOIIECE HAUOOIbIIIEMY 3HAYEHUIO.

3. IlosiBienne Ha auciuiee MUQpbI «1>» ABISIETCS HHAUKATOPOM TIEPETPy3KH Mpruoopa
¥ yKa3bIBaeT Ha TO, YTO CIACAYET YBEIMYUTD TUATIa30H U3MEPCHHM.

Brumanue! Ecnn nonokeHUE TIEPEKITI0OYATEIS PEKUMOB HE U3MEHSIOT B TeueHue 40
MUHYT, MyJIbTHMETP aBTOMATHYECKH BhIKIFOUYaeTcs. st mpoaomkeHnst paboThl He00X0-
JIMMO JIBaXKIbl HAXKaTh KHONIKY 2 (puc. B3).



Hzmepeuue HanpsasceHuA

[Toxcoenuuute oauu mposoa k Bxoaxy COM (puc. B5), Bropoii k Bxony VW. Ycra-
HOBHTE TepeKItoyarenb pexxuMoB (puc. B4) B nonoxenne V= (06macts 1) mis usmepe-
HUS MIOCTOSTHHOTO HAINPSKCHUS WK B mosiockeHue V~ (o0macts |1) s usmepenus me-
PEMEHHOTO HampsDKEHUs ¢ yu4€ToM TpedyeMoro nuarnazoHa n3mepenuit. [logcoenuanre
IIPOBOJIA K TOYKAM 3JICKTPHUSCKOH TSI, MEX Ty KOTOPBIMU U3MEPSICTCS HAIIPSHKCHHUE.

Jlnara3oHsl K3MEPEHHS TIEPEMEHHOr0 M TocTostHHOTO Hanpspkerus U = 0,2; 2; 20;
200; 600 B.

H3mepenue moka

[Moxcoenuuute omun mpoBox K Bxogy COM, Bropoii k Bxomy MA miu 10 A (mms
U3MEpCHHS OOJIBIITMX TOKOB). Y CTaHOBHUTE MEPEKIIIOYATEIh PSKUMOB B MOJIOXKEHHE A=
(o6macTh V) 1t ©3MEPEHUs MOCTOSHHOTO TOKA WM B MmojioxeHue A~ (odmacts V) ms
U3MEpPEHHS IIEPEMEHHOIO TOKa ¢ Y4&TOM TpeOdyeMoro auaras3oHa m3mepenui. [Toacoe-
JUHUTE TIPOBOJIA K TOUYKAM JICKTPHUYSCKOMU 1SN, MEXIY KOTOPBIMU U3MEPSETCS TOK.

JHunanazonsl u3mepenus: nepemertoro toka | = 2; 20; 200 mA; 10 A, mocTossHHOTO
toka | =2; 20; 200 MA; 10 A.

I/Ismepeuue conpomuejieHuA

[Toacoenuuure oauu npoBoj k Bxoxy COM Bropoii k Bxony VW. YcranoBure me-
pekirouaTens pexxumoB B osioxerune W (oo6macts V1) ¢ yuérom TpebyeMoro nuamna3oHa
u3Mepenuil. [loncoennnure npoBoia K U3MEPSEMOMY CONPOTUBIICHHUIO.

Jnamnazonsl u3mepenus: conpotuBieHnt R = 200 Om; 2 kOwm; 20 kOwm; 200 kOwm;
2 MOwm; 20 MOwm; 200 MOwm.

H3mepenue rnekmpoémkocmu

[Toncoenuuute mpoBoja kK pazbémy 6 (puc. B3). YcraHoBuTe mepekimodaresib pe-
*u1MOB B niojioxenue C, (oomacts |11) ¢ yauérom TpeGyeMoro nuama3oHa H3MepEHHI.

Huanazon m3meperus snekrpoémroctu C = 2; 20; 200 H®; 2; 20 Mxd. Cucremarn-
YyecKas MOrpelHoCcTh u3MepeHuit — 4 % oT U3MEepEeHHOro 3HAYEHUS.

H3zmepenue memnepamyput

YcranoBuTe mepekitovaTens peuMoB B nojoxkenue °C, pu 3TOM Ha Aucuiee Oy-
JIeT MOKa3aHa TeMIlepaTypa OKpyXarwuen cpeasl. BctaBpTe MpoBoa OT TEPMOIAPHL B
pa3bém 5 (puc. B3), mpu sToM crienyer cobmoaTh MOMAPHOCTD HoacoeauHenus. Cuc-
TEMaTU4YeCKasl MOTPEITIHOCTh U3MepeHuil — 2% OT M3MEPEHHOTO 3HAYCHUS.



JlaGopaTopHnas padora I-1
N3YYEHUE SJIEKTPOCTATHUYECKOI'O ITOJISI METOAOM
MOJAEJIUPOBAHUSA

I]enb pabomout. 03HAKOMIIEHUE C OJIHUM U3 METOAOB MOAEIUPOBAHUS JIEKTPOCTATH-
YECKUX MOJIEH, MOCTPOEHUE SKBUMOTECHIIMAIBHBIX W CUJIOBBIX JJUHUM MOJIA, PACUET €ro
HaIPSKEHHOCTH U OLIEHKA MOTPEIIHOCTH pacuéra.

Inekmpocmamuieckoe noje npedcmasisen cooou 0coovlll 6U0 Mamepuu:. OHO 803-
HUKaem 8 NpOCMpPAaHcmee, OKPYHCAloujemM HeNnoOBUNCHblE 2NeKmpuyecKue 3apsaovl U
ocywecmensaem 63aumMo0eticmeue Mexcoy 3apsadceHHbIMU meaamu u yacmuyamu. IneK-
TPOCTATUYECKOE T0JIe B KKIOH CBOCH TOYKE XapaKTEPHU3YETCS CHJIOBOH (Hanpaiicén-
HOCHIb) Y DHEPTETUUCCKON (nomenyuan) BeTMIuHaMU.

Hanpsorcénnocmos snekmpocmamuuecko2o nojisi - 6eKMmopHas 6eIudUHd, pasHas cu-
Jle, ¢ KOMopou noje 0elucmeyem HAa NOJONCUMETbHLIU eOUHUUHBIL MOYEeUHbIl Henoo-
BUDICHBILL NPOOHDBLLL 3P0, NOMEWEHHDIU 8 OAHHYI0 MOYKY NOJIA.

r
E= F :
an06

Hanpagienue BekTopa Haps>KEHHOCTH COBIAIAET C BEKTOPOM CHIIBI, IEUCTBYIOIIEH
HA MOJIOKUTEJIbHBIN 3apsi/l.

llomenyuan snexmpocmamuueckoeo nojisi - CKAIAPHAS 8eIUYUHA, YUCTIEHHO DABHAS
NOMEHYUATIbHOU IHEPeUU eOUHUYHO2O NOJIONCUMENbHO20 MOYEUHO20 HEeNOOBUNCHO2O
npoOHO2O 3apA0a, NOMEWEHHO20 8 OAHHYI0 MOUKY NOJIs

L 1.2
J Qunos (1.2)

CrenyeT 3aMeTUTh, 4TO MPAKTUYECKUM CMBICT UMEET HE CaM MOTEHIMAJ, a Pa3HOCTh
noreHuanoB D Mexay pa3nuyHbIME TOYKaMU 1moJis. [103ToMy, KOraa TOBOPST O I10-
TEHILMAJIE B TAHHOW TOYKE IOJIS, TO UMEIOT B BUIY Pa3HOCTh IMOTEHIIMAIOB MEXKIY ITON
TOYKOHM M TOYKOM, NOTEHIMAJ KOTOPOU YCIOBUIIMCH CUATATH HYJIEBBIM.

JUJis HarasiAHOTO MpPEACTaBICHUS NEKTPOCTATUYECKUX MOJIeH UX MPUHATO M300pa-
KaTh TpaQUUIECKU C TIOMOIIBIO JIUHUI 8eKMOPA HAnpsicéHHocmu (CUI06bIX TUHUIL) U
IKGUNOMEHYUANbHBIX JIUHUI UAU noeepxHocmein. Kaxnas JTUHUM BEKTOpa Hamps-
XKEHHOCTU MPOBOJUTCS TaK, YTOOBI KacaTelbHas K HEM B KaXKJI0M TOUKE COBMajana C
HaIpaBJIEHUEM BEKTOpa HAPsHKEHHOCTU B 3TOU Touke. ToT (akT, 4To KacaTesbHasi, Kak
U J1100as mpsiMasi, UMEeT JiBa B3aMMHO MPOTHBOIIOJIOKHBIX HANpPABJICHUs, HE BHOCUT
JIBY3HAYHOCTH, MOCKOJIBKY CHJIOBOM JIMHUM HA3HA4YaeTCs BIOJHE OIPEAECIEHHOE Ha-
npaBiicHHe (OT MOJOXKHUTEIHHOTO 3apsia K OTPHUIIATEIILHOMY), OTMEYaeMOe Ha YePTEIKE
cTpenkoil. Takum 00pa3oM, KaKJ0M TOUYKE 3JIEKTPUUYECKOTO IMOJIsl COOTBETCTBYET CBOM
BEKTOP HaIpPsHKEHHOCTH. [103TOMY CHIIOBBIE INHUM HUTAE HE IEPECEKAIOTCS MEXKIY CO-
ooit. (Ecmu Obl OHH TEPECEKITHCH, TO B TOUKE TEPECEUEHHU HMEOCh Obl Ba pa3HOHa-
NpaBJICHHBIX BekTOpa E!).

(1.1)




OOBeauHsAsS B JIEKTPOCTATUYECKOM T10JI€ TOUKH C OJIMHAKOBBIM MOTEHIIMAIOM, TO-
Jy4aroT MMOBEPXHOCTU PABHOIO MOTEHUMAJIA, WU IKGUNOMEHUUATNbHbIE NOBEPXHOCHMU.
[lepecekasch ¢ TIIOCKOCTBHIO YepTEXka, SKBUIOTCHIIMAIbHBIC MOBEPXHOCTH OOpa3yloT
IKeunomenyuaibuvle Aunuu. IlpouepunBas Takue JUHUAU U1 PA3HBIX 3HAYECHUU I1O-
TEHIMAJIA, MOJIy4at0T HArJsIHOE MPEACTABICHUE O TOM, KaK M3MEHSETCs ITOTEHIMA B
JTAaHHOM II0JI€.

[lepemernienre mpoOHOTO 3apsijia MO YKBUIMOTECHIIMAILHON TTOBEPXHOCTH HE TpedyeT
COBepIIEHHUS pabOThI, TaK KaK MOTEHIIUAJI OCTAETCS BEIMYMHON MOCTOSHHOM, TO €CTh

dA=Qyposd =0. (13)
C npyroii CTOpPOHBI, 3Ty pab0OTy MOXKHO HalTH 110 (hopMyIIe

dA=F xdl =Fdlcosa =Q,,,sEdl cosa , (1.4)

1 1 '
rae a — yroa mexay Bektopamu E u dl (puc. 1.1). N- BEKTOp HOPMaIK K SKBUITOTCH-
MaJIbHON MOBEPXHOCTH. Tak Kak HANps>KEHHOCTh U MPOOHBIN 3apsii OTIUYHBI OT HYJIA,
TO HYJIIO MOXET OBITh paBEH TOJIbKO COSA.

Puc. 1.1. DkBUNIOTEHIIMAbHBIE U CHU- Puc. 1.2. [Ipumep mocTpoeHUs CUIOBBIX
JIOBBIE JIMHUU 3NIEKTDHUYECKOTO TS JUHUN

3unauuT, yroa a = 90°. Takum o0pa3oM, cunoesle nunuu 6cec0a nepneHOUKyIAPHbL K
IKGUNOMEHUUAILHBIM ROBEPXHOCMAM 6 MOYKAX UX NepeceyeHusl.

Ha puc. 1.2 n306pakeHo MI0CKOE CEYCHHE AICKTPOCTATUYECKOTO MO IBYX Pa3HO-
MMEHHO 3apsKEHHbIX MapoB. CUIIOBbIE TUHUM MPOBEACHBI 3[1€Ch CIUIOIIHBIMU JIMHUS-

MU, a SKBUITIOTCHIIHAJIbHBIC JIMHUHU — ITYHKTUPHBIMU.
1

OaHOpPOAHBIM Ha3BIBACTCS MOJIE, €CIM BEKTOp E BClOAy OJMHAKOB MO MOJIYJIO U
HarnpaByieHU10. CHUJIOBBIE JJUHUU OJTHOPOJIHOTO TOJISI TIPEACTABISIOT COO0O0M psia mapadi-
JICTBHBIX TPSMBIX, a IKBUIIOTEHIIMAIbHbIC TTOBEPXHOCTH — MEPIEHAUKYISIPHbIE K HUM
m1ockoctu. [TpumMepom ycTpoiicTBa [uisl MOTYYEHUSI OJTHOPOIHOTO JIEKTPOCTATUYECKO-
ro TOJISI CIYKUT TUIOCKUHM KoHaeHcatop. Ha puc. 1.2 mone, B oOieM, HEOTHOPOHO,

10



OJIHAKO MO>KHO BBIJICJIUTh TaKOW Y4acTOK, Ha KOTOPOM €r0 MOXKHO MPUOJIUKEHHO CUH-
TaTh OJJHOPO/IHBIM.

IMoTeHmman HanGoee GBICTPO BO3PACTACT B HAIPABICHHH HOPMAIH N K SKBHIIO-
TEHINAIbHOI OBEPXHOCTH, IO3TOMY MOKHO 3aIllicaTh

, | r
gradj =ﬂin, (1.5
n
rae grad | - BekTOpHas BEIWYMHA, HAIIPABJICHHE KOTOPOM COBMAIAacT C HalpaBICHUEM

ObICTpEIIIero yBeIMYEeHUsI MOTEHIMaNa. JTa BEIMUYMHA HA3bIBACTCS PAOUEHMOM NO-
menyuana. Mexny HanpspKEHHOCTBIO M PA3HOCTBIO MOTEHIIMAIOB B KaX0M TOYKE MO-
JIS1 CYIIECTBYET CBS3b

E=-gradj , (1.6)

Ecmu Dj — pa3HOCTh MOTEHIMAJIOB JIBYX COCEAHHUX 3KBUIIOTCHIIMAIBHBIX JIMHUH, a

Dn — paccrosinue MexJy HUMU, U3MEPEHHOE MO CHJIOBOM JIMHUH, TO, MOJb3YyACh IpPH-
OJMKEHHBIM COOTHOLICHUEM

1,0 wn
fn Dn
o dhopmyiie
_D
= on (1.8)

MOHO HalTH MOJYJIb BEKTOpA HAIPSHXKEHHOCTH Ha yyacTke mosist Dn.

Onucanue memooa ucciedo6aHus

[Ipu uccnenoBaHuu CIOXKHBIX (PU3MUECKHUX IMPOIECCOB IUPOKOE MPUMEHEHHE Ha-
IIUIA MOJIEJIbHBIE SKCIEPUMEHTHI. Paznuyaror ¢puszuueckoe u mamemamuueckoe mooe-
Jauposeanue. B 1iepBOM cilydae MoJielb UM HaTypa MMEIOT OJMHAKOBYIO (DU3MYECKYIO
IIPUPOAY, XapaKTEP CAMOTO SIBJICHUS COXPAHSAETCS, HO TEOMETPUUECKHUE Pa3MeEPbl MOJIe-
JIM OTJIMYAIOTCA OT HATyphl. Bo BTopoM ciyuae pusnyeckue siBICHUS pa3HbIe, HO UX 3a-
KOHOMEPHOCTU ONHUCHIBAIOTCA OJMHAKOBBHIMU Ju((epeHIInaTIbHBIMI YPABHEHUSIMU U
FPAaHUYHBIMU YCJIOBUAMU. Takas TOXIESCTBEHHOCTh MAaT€MaTUYE€CKOrO OINHCAHUS MO-
3BOJISIET 3aMEHUTH CJIOKHOE MCCIIEJOBAHUE OJHOIO SBJICHUS 00Jiee MPOCTHIM UCCIEH0-
BaHWeM Jpyroro [1].

N3BeCTHO, YTO 3JIEKTPUYECKOE MOJIE CTAlMOHAPHOTO TOKA B CIA0OMPOBOASIIEH OA-
HOPOJIHOM CpeNe SBISETCA MOTEHUHAIBbHBIM. [[09TOMYy €ro M0KHO HCIIOJb30BaTh JJIS
MOJEIUPOBAHUS JIEKTPOCTATUYECKOIO NOJISI 3apsKEHHBIX TeNl B BakyyMme. [Ipu Ttakom
MOJICJIMPOBAHUU CUJIOBBIM JIMHUAM 3JIEKTPOCTATUYECKOTO M0JIA OyAyT COOTBETCTBOBAThH
JIMHUM TOKA, a MOBEPXHOCTSM PAaBHOIO IOTEHIMAJIA - MOBEPXHOCTU PAaBHBIX HaIIpsKeE-
Hui. [loTeHImanpl pa3IMYHBIX TOYEK MOJACIH MOTYT ObITh U3MEPEHBI HETIOCPEICTBEHHO
BOJIETMETPOM.

Jns uccnenoBaHusl MOTEHIMANA B AJEKTPUUYECKUX MMOJSAX CTALMOHAPHOTO TOKA HC-
MOJIB3YIOTCS. 30HbI, BBOAUMBIC BHYTPh MOJISI. 30HAOM SBJSETCS TOHKAM MeETaIn4e-
CKUH CTEPEHb, XOPOIIIO U30JIMPOBAHHBINA MO BCEU JJIMHE, KPOME KOHIA. DKCIIEPUMEHT
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3HAYUTEIBHO YIPOCTUTCS, €CJIM MPOBOJUTH HMCCIENIOBAHHUE IJIOCKOTO CTAIMOHAPHOTO
1oJIsl TOKa. B 3TOM citydae nmoTeHIanbl U3MEpPAIOTCs PU OMOIIM 30H1a Ha ITOBEPXHO-
CTH CJIa0OINPOBOAIIEH OAHOPOAHOU cpenbl. CTalMOHApHOE IIEKTPUUYECKOE T0JIE CBS-
3aHO C HaJMYUEM 3JIEKTPUYECKOIr0 TOKa, a 3TO YIPOIIAeT U3MEPEHHE Pa3HOCTU MOTEH-
[IUAJIOB MEX1y JIIOOBIMU ABYMS TOUKaMH MOJs. J{JIs 3TOro J0CTaTOUHO MPUKOCHYTHCS K
3TUM TOYKaM 30HJIOM, KOTOPBIH MOAKIIOUEH K BOJIBTMETPY.

Taxum 006pa3oM, Ha MOBEPXHOCTU CJIA0OMPOBOSAIIECH Cpebl MOTYT ObITh IOJTYYEHBI
JVMHUHA PaBHOTO MOTeHIHana. CUIIOBbIe TUHUU MOJCIUPYEMOTO TOJs CTPOST TaK, 4To-
OBl KacaTeIbHBIE K HUM OBLIIM OPTOTOHATBHBI K SKCIIEPUMEHTAIBHO MOTy4YeHHBIM JINHU-
SIM paBHOTO MoTeHImana (puc. 1.2).

Onucanue yYCmaHOBKU

Oobopyoosanue:. perynupyeMblii UCTOYHUK MOCTOSIHHOTO HAIpPSDKEHUS, OJIOK Moje-
JIUPOBAHUSI TOJIS, 30H]I, BOJIbTMETP.

B nacrosimeii pabote B kKauecTBe ClIa0OMPOBOASAIICH Cpe/lbl MCIOJIBb3YeTCS TOHKHUI
rpauTOBBIi CIIOW, HAHECEHHBI HAa CTEKJIOTEKCTONUTOBYIO mactuy (puc. 1.3). Me-
TAJUIAYECKUE AJIEKTPOJIBI, MEXKIY KOTOPBIMH ITPOTEKAIOT CTALIMOHAPHBIC JJIEKTPUUECKUE
TOKU, UMUTUPYIOT 3apsiKEHHBIC TeJa Pa3IMUYHON (OPMBI.

BNOK MOOENWPOBAHWA NONENA
Puc. 1.3. biok moaenupo-

«COM>» '-@ <V W»

JI1st uccneioBaHus SIIEKTPOCTATUYECKOTO MOJISi COOMPAIOT AJIEKTPUUYECKYIO 1ETIh T10
cxeMme, MpeACcTaBIeHHON Ha puc. 1.4.

@ VP8 T6343 2101 zsisa?fgm. 11 >
frrrrtrrtrrrrrereerrnn .- BaHUs MOJIEH:
G —_—
f— —_ 1 — mmactuna c rpadurto-
g— —; BBIM TIOKPBITHEM, KOOpJIWHAT-
2 -2 HOW CETKOU M JIEKTPOJAMH;
:,: :g 2 — KpEIUICHHE TUIACTHHBI,
-;— —:; 3 — BXOJ IS MONKIFOYEHUS
G —3 302 (1rymna);
I - 4 — BXOAbl IS TIOAKITIOUE-
N TETTEINE —% |2 Hus BOTHTMETPR;
@ 1098 765-432- o !"’ 5 — BXoapl IA IOIKIIIOYE-
| 3 HHS PEryJIMpyeMOro HCTOYHH-
lym N_L . - 4 Ka IOCTOSTHHOI'O HaIIPsKCHUS
J: - _SIE‘-— o T T
1 —— .. | 5
1
1
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1
Puc. 1.4. Dnextpuyeckas cxema:

/{/\
Y 1 — BOIBTMETP WM MYJIETUMETP (PesKuM
2
Hq‘b

' V= 20 B, Bxoant COM, VW); 2, 4 —snek-
3 _4 TpoJibl; 3 — 30H/1; 5 — c1aboMpPOBOISIIIAS
% IUIACTHHA; 6 — BXOJIBI /IS [TOIKTFOUCHHS

- 6 7 omoka (puc. 1.3); 7 — 610K MOACITHPOBAHMUS

18 1oJIs1; 8 — peryaupyemMblii HICTOYHUK TTOCTO-
|| SHHOT'O HaITPSKEHUS

Ecnu 30H1 3 moMecTUTh B MPOU3BOJIBHYIO TOUKY IUIACTUHBI 5, TO BoJbT™METp 1 mo-
Ka)XeT 3HAYEHUE MOTCHIMAJIA T10JI B 3TOM TOYKE, U3MEPEHHOE OTHOCUTEIIBHO 3JIEKTPO-
Ja 2, TOTEHIMaI KOTOPOro MPUHUMAETCS PaBHBIM HYJ0. COBOKYIMHOCTh TOYEK HCCIIE-
JIyeMOT0 TIOJISI ¢ TAKUM >K€ 3HAaYCHUEM MOTEHIIUala 00pa3yeT IKBUMOTCHIIMAIBHYIO T10-
BEPXHOCTb.

Bvinonnenue padbomot

1. Ha nuct MuiimuMeTpoBoi Oymaru Wiv TeTpaaHblid JUCT popMaTa AD MEPEHECTH C
MJIacTUHBI B MaciiTade 1:1 KoopAMHATHBIE OCH U KOHTYPBI 3JIEKTPOIOB.

2. BeiOpaTh B KadecTBE BOJBTMETpA IJISI M3MEPEHUS IMOCTOSHHOTO HATMPSIKCHHS
OJIMH U3 MYJbTHUMETPOB. JlJig 3TOro mnepekitoyarens poga padoT MyJIbTUMETpa Iepe-
BECTH B MOJOXKeHNE «V=» 1 YCTaHOBUTH mpenaen uzmepenus «20 B».

3. CoOpaTh AIEKTPUYECKYIO IIETb 10 cXeMe, mpuBeaeHHON Ha puc. 1.4. Jlnsg sToro
BbIOpaTh JBa CaMbIX JUIMHHBIX MPOBOJIA U COEAMHUTH UMM BBIXOJIbI PETYIUPYEMOTO UC-
TOYHHMKA MOCTOSIHHOTO HampspkeHust «*» u «0 ... +15 B» ¢ cOOTBETCTBYIOIUMH KOH-
taktamu S (puc. 1.3). 3aTeM COeTUHUTD TPOBOIAMH BXOJIbI OJTHOTO U3 MYJBTUMETPOB H
«VWh ¢ cootBetcTByromuMu KoHTakTamu 4 (puc. 1.3). OnuH TpoBOJ COCTUHHTH C
KOHTaKTOM 3. DT0 OyzeT 30H (IIyII) ISl UCCIISIOBAHUS TTOJIS.

4. Knonkamu «CETb» BKIIOUMTH OJI0K TEHEPATOPOB HAMPSIKEHUS] M OJIOK MYJIBTH-
MeTpoB. Haxars kHONKy «McXO/1Has yCTaHOBKa».

5. Knomnkoit D «YcranoBka Hampspkenusi O ... +15 B» yBennuuTh HanpspkeHUe Ha OJ1-
HO JICJIEHUE CBETOBOr0 MHJMKaropa. Kacasch 31€KTpoloB 30HAOM, IO BOJBTMETPY OII-
pedenuTh Kakol M3 HUX MMEET HyJieBOoW moTeHuuan. O003HAaYuTh HAa YEpPTEKE HTOT
BIEKTPOA 1 «—», a BTOPOU DIEKTPOL — Fp «+».

6. Kacasice 30H10M 351eKTpoaa I, KHONKaMH «Y ctaHOBKa HanpspkeHus O ... +15 B»
YCTAaHOBUTH MO BOJIETMETPY 3@0AHHYI0 TIPETIOAABATEIEM PA3HOCTh MOoTeHuuanoB U me-
1y 2ekTpoaamu. HanucaTs noTeHIHaNbl 3JEKTPOIOB Ha JIUCTE.

7. BeiOpath 11ar u3MeHeHus oTeHIrana 30u1a Dj , 94ToOsI MOKHO OBLIO TIOCTPOUTH

Ha kaptuse ot N = 5-8 (1o 3amanuio npenoaBaTess) SKBUMOTCHIIHATLHBIX JTHHHIA:

D = , B. (1.9)
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Hanpumep, eciu Beiopano U=5 B u Dj =0,8 B, To HeoOxo1umMo Oy1eT MOCTPOUTH SKBH-
NOTEHIMaJIbHBIC JIMHUK ¢ moTeHimanamu: | 1=0,8 B, | ,=1,6 B, j =24 B, ] ,=3,2 B,
] 5=4,0B, | ¢=4,8 B, T.e. N=6 nunuii.

8. OKOJI0 DIIEKTpOJa ¢ HYJICBBIM IOTEHIIHAIOM HAWTH TOYKY IOJIS C MOTCHIIHAIOM
j1=D0 . Ormeruts 3Ty TouKy Ha jnucte. [lepemerias 30H1 M0 BCEMY IOJIIO, ONpe/e-

JUTh KOOPJIUHATH U OTMETUThH HA JIUCTE HE MEHEE JIEBSITH TOUEK, UMEIOLIUX TO K€ 3Ha-
YeHHe MoTeHImana. PacctossHue Mex1y TOUYKamMu BBIOMPAETCsS TaKUM OOpa3oM, UYTOOBI
OHM pacrojiarajiuch MO KapTUHE MOACIUPYEMOro NoJiA pasnomepHo. COeIUHUTh OTME-
YEHHbIC TOYKU IJIABHOM KpuBOM. Ha monyyeHHoi TakuM 00pa3oM 3KBUIIOTEHIIUATBHON
JIMHUY yKa3aTh 3HaUeHHE €€ MOTeHIrala.

9. IoBTopuTh 1. 8 1151 Ipyrux moreHnuanos: j ; =1 X0 rmei=2,3,4, ..., N.

10. Boikntouums u3 cemu O6710KY TUTaHKSI TEHEPATOPOB HAIPSHKCHU U MYJIbTUMET-
POB.

Oopabomka pe3yromamoe usmepeHuil

1. Vicnionb3ysi CBOMCTBO OPTOTOHAJIBLHOCTH KacaTENIbHBIX K AKBUIIOTEHIHUAIBHBIM U
CUJIOBBIM JIMHUSIM 3JIEKTPOCTATUYECKOTO MOJIsl, TPOBECTU HE MEHEE MSATU CUJIOBBIX JIH-
HUM. VX HY>KHO TTPOBOJIUTH IJIABHBIMU KPUBBIMH 0€3 PE3KHUX MEPEruO0oB U 0053aTeIbHO
yKa3aThb UX HAIPABJICHHUE. YUTUTE, YTO C MOBEPXHOCTBIO AJIEKTPOJIOB CUJIOBBIE JTUHUU
JIOJIKHBI TIEPECEKATHCS MOJI MPSIMBIM YIJIOM.

2. BoiOparh TOYKy Ha JIMCTE JUIsl OLIEHKH HAMPSOKEHHOCTH TOJIA B 9TOM OOJacTH.
JKenarenbHo, 4TOOBI TOYKA JICKala Ha OJHON M3 CHIIOBBIX JIMHUN MEXKIY JBYMS DKBH-
MOTEHIUAIbHBIMY JIMHUSAMUA. OTMETUTH €€ Ha JIUCTE.

3. U3meputh paccrosiuue DN Mexay coceTHUMHU SKBUIOTCHIIMAIBHBIMU JIMHUSMU
110 CUJIOBOW JIMHUM, HA KOTOPOU HAXOAUTCS TOYKA, U 3aIIMCATh B OTYET.

4. OnpenenuTh pa3HOCTh MOTEHIIHAIOB D MeX1y COCeHMMHU SKBHITOTCHIIHATbHBI-
MU JIMHUSIMU U 3aIIUCaTh B OTYET.

5. Paccuntarh o gopmyie (1.8) Moaynb BeKTOpa HANPSHKEHHOCTH U YKa3aTh €ro
HanpaBJICHUE Ha JIUCTE.

6. OIIEHUTh OTHOCHTEIBHYIO MOTPEITHOCTh § HanmpshkEHHOCTH 1o E. Cuctemaru-
Yeckass OTHOCUTEIbHAS TOTPEIIHOCTh KOCBEHHOTO OJHOKPATHOTO M3MEpeHus (usude-
CKOM BEJIMUYUHBI, ONTUChIBaeMOi (opmysioii (1.8), paccunThiBaeTCs TaK:

L\ 2 2
_QE_.. [@&(Dj)06  as(Dn)o
g="==1 o +8TE’% (1.10)

e A0 a(Pn)
D Dn
KPaTHOTO MU3MEPEHHS Pa3HOCTH nmoTeHmanoB D u paccrostaus Dn (cm. Ta6:. 1.1).
7. OnpeenuTh CUCTEMAaTHYECKYIO a0COIOTHYIO IIOTPEIIHOCTH 110 (popmyIie:

q E = L
100%
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OTYET
no a1abopamopnoii pabome
«H3yuenue 31eKmpocmamuiecko20 nojisi MemoooM MoOeIUpoBaAHUA

WcnonauTenb: cTyaeHT(ka) rp.

Ilenv padbomeur:. ...

Kpamkoe onucanue memooa ucciedo8anus. ...

Pacuemmnvie gpopmynsi: (00bACHUTD BXOAIIUE B GOPMYIIBI (PU3HUECKUE BETUINHBI
U yKa3aTh CIMHUIIBI UX H3MepeHus B cucteme CH).

Ooopyoosanue: ...
Cpeocmea uzmepeHuil u ux XapaKmepucmuKu
Tabmanma 1.1
HaunmenoBanue [Ipenen normyckaeMon OTHOCH- AOcomoTHas
npubopa TEJIIBHOM TIOTPEITHOCTH CHUCTeMaTHUECKasl T10-
(B % OT M3MEPEHHOTr0 3HAYCHH) I'PEITHOCTh
BonbrmeTp —q(DJ ) =0,5 % —
g(Dn)= ...
Dn -
Tueiixa q(Dn) 100% = .. % (OnenuBaeTcst Kak II0JIO
BUHA IICHBI JCIICHUS ITKa-
JIBI JINHEHKH)
Pacuémum
1. Dn = ... M (paccTossHHE MEXIy COCETHUMH SKBUIIOTCHIMATbHBIMU JTHHHUSIMH, HU3-
MEPEHHOE 110 CHIIOBOM JTHHHH);
2.0 =...B;
3.E=...=...=...Blv; (1.8) Hamucats GopMys1y, MOKA3aTh
4.9=...=...=... W (1.10) PacYéT W 3amucaTh pe3yabTar!
5=...=...=... B/m; (1.11)
6. OkoHYaTebHbIN pe3yabTar: £ = ... £ ... B/m, g=... %.

H3o6pa3umb 6EKMop Hal’lp}lDfCéHHOCmu dJIEKMpUUeCcKoco noJisi Ha 2p(1¢1/lk’€.

7. BeiBo.

Ilpumeuanue. I'padprueckoe n300paKeHHE MOJEIH SJIEKTPOCTATUYECKOIO IO
IIPUJIaraeTcs K OTUETY.
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JladopaTropHnasi padora I-2
ONPEJEJEHUE 3JEKTPOEMKOCTU KOHAEHCATOPA

Ilenv pabomer. 03HAKOMIJIEHUE C OJTHUM U3 METOAOB U3MEPEHUS IICKTPUUECKON EM-
KOCTH, ONPEACIICHUE 3JIEKTPOEMKOCTH OTHAEJIBHOTO KOHAEHCATOpPa, COECAUHEHHUMN KOH-
JIEHCATOPOB, OLIEHKA MOTPEITHOCTH U3MEPEHUM.

Cuctema TpOBOIHUKOB (OOKIAMOK), pa3AeiCHHBIX JAMIJICKTPUKOM, 0O0agaroias
OOJBIION SIEKTPOEMKOCTHIO MPU OTHOCHTEIIBHO HEOOJIBIINX pa3Mepax, Ha3bIBAETCS
KOHOeHcamopom. INEKTPOEMKOCTb KOHIEHCATOPA ONPEAEIISIeTCs KakK

C= L = g , (2 1)
(i2-71) U
rae Q — 3apsi OfHOM U3 ero oOKIaNoK, | 4 1=U — pa3HOCTh MOTEHIMATIOB, KOTOPAas B
JTAHHOM CJIy4ae COBITAJacT C HAMPSHKEHUEM MEX Ty oOKiiaakamu [2—4].

KoneHcaTophl MIUPOKO MPUMEHSIOTCS B DJICKTPO- U PATUOTEXHUYCCKHX Tersx. [is
pacIpeHus quana3oHa 3JEKTPOEMKOCTH U pabouero HaNpsHKCHHS IPUMEHSFOT COEJIH-
HEHHSI KOHJICHCATOPOB B OaTapen. DJICKTPOEMKOCTh MapalIeIbBHOTO COCMHECHUS HAaXO0-
IST KaK CyMMY DJIEKTPOEMKOCTEH BCeX KOHIEHCATOPOB

C'"P¥ =C +C, +...+C,,. (2.2)
EMKOCTB 10CIIe10BaTENBHOTO COETMHEHNS] KOHIEHCATOPOB HAXOAUTCS U3 (GOPMYIIBI
1 1 1 1
=t —+... +—. (23)

CHOCJ’I C]_ C2 Cn

Onucanue memooa usmepenun

N3 popmyier (2.1) BuaHO, 4TO AJIs OompeneicHus EMKOCTH KOHJEHcAaTopa HEo0Xo-
JMMO 3HaTh €ro 3apsj W HamnpsbkeHwe. HampspkeHue u3MepsitoT HEMoCpPeICTBEHHO
BOJILTMETPOM. 3apsiji )K€ U3MEPSIOT KOCBEHHBIM METOJOM. [[j1sl 3TOro mpeaBapuTeIbHO
3apsLKEHHBIN KOHJIEHCATOp pa3psihKaloT dyepe3 0co00e YCTPOHMCTBO — MHTErpaTop TOKa,
KOTOPBIN Mpeodpa3yeT oOIuil 3aps/l, MPOTEKIITNi BO BXOJHOM IIEMH, B HANPSKCHUE HA
ero Bbixoje. OyHKIMS, BBITIOIHSEMAas TaHHBIM YCTPOHCTBOM, COCTOUT B MHTETPUPOBA-

t
amn toka | (t) = C;—? ro spemenn; Q@ = (t)dt |
0

3HadyeHue 3apsja, NPOIISANIero Yepe3 UHTErpaTop, NPONOPIHMOHAIBHO €ro BBIXO/I-
HHT
HOMY Hanpsbxenuto U :

Q=bs"™", (2.4)

riae b — rpagyupoBouHast mocTosiHHAS.
W3 paBencts (2.1) u (2.4) cnenyet pacuétHas hopMyia st U3MEPSAEMON EMKOCTH

U HUHT

C=b—r. (2.5)
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3HavYeHUE TPATYUPOBOYHON ITOCTOSIHHOM YCTaHOBKH D MOYKHO ONpene/nTh Ha OCHOBE
dopmybr (2.5), paspspkas yepe3 MHTErpaTop KOHICHCATOpP ¢ M3BeCTHOU éMkocThio Cy
(0OpasioBkIi KOHAEHCATOP)
U0
HHT
U0

b=C, (2.6)

JlJi IpoBepKU MPABHIIBHOCTH I'PayHpPOBKU MHTETpaTopa TOKa MOXKHO C €ro MOMo-
b0 MPOBECTU HU3MEPEHHE KaKOW-TMOO Npyroil m3BecTHOM EMKOCTH. Jljis 3TOTrO HC-
MOJIB3YIOT EMKOCTh OaTaper U3 JABYX KOHACHCATOPOB: 00pa3ioBoro Cy M HEU3BECTHOTO
C.. IlpenBapurenbHO U3MEPUB HEU3BECTHYIO EMKOCTh MYJIBTUMETPOM B PEKUME Mpsi-
MBIX H3MEpPEHHUI, MX COEIMHSIOT CHayalla MapajjlelibHO, 3aTeM IOCJEeI0BaTENIbHO.
CpaBHuBas U3MEpPEHHOE 3HaUECHUE EMKOCTH OaTapen KOHJIEHCATOPOB C paCCUUTAHHBIMU
no popmynam (2.2) wiu (2.3), nenarT BBIBOA 0 HAAEKHOCTH TPAyHPOBKH.

Onucanue ycmaHoO8KU

Oobopyoosanue. perynupyemMblii UICTOYHHUK MTOCTOSHHOTO HANPSKECHUS, JBA MYJIbTHU-
MeTpa, MUHHONOKK «HTerpaTtop Toka», «Kimou», «KoHaeHcaTop M3BECTHOM EMKO-
ctu», «KKoHaeHCaTOp HEM3BECTHON EMKOCTH.

Cxema 2JeKTpUYeCKOH IeNu MpeCcTaBiIeHa Ha puc. 2.1, MOHTaXHas cxema IpHBe-
JieHa Ha puc. 2.3.

Puc. 2.1. DnexTpudeckas cxema:
N 1 — perynupyeMsblii UCTOUHUK TTOCTOSTHHOTO
HanpspkeHus «0 ... +15 B»; 2 — nepexio-
yareb, 3 — MUHHOI0K «Kimrou»; 4 — uccie-
JyeMbIi KOHJIEHCATOp, S — JeMI(pHUPYIO-
oW KIo4; 6 — HHTerparop TOKa,
7 — wmuHHONOK «VIHTErparop TOKa»,
8, 9 — MyJIbTHMETpBI

Munuonok «HHurterpatop Toka» (puc. 2.2) mpeaHasHauYeH JUI U3MEPCHHS 3apsja,
npoTekaroniero B 1enu (Bxoasl A, B — HHTerpupoBaHHe MO TOKY), H MPeoOpa3oBaHMs
ero B Hanpskerne U, m3MepseMoe BOIBTMETpoM 8. B cilyuae, ecimi HAKOILICHHBIH
3apsi/i IPEBBIIAET JAOMYCTUMBIM YPOBEHB, 3aropaetcs unaukarop 1 «lleperpyska». s
cOpoca 3apsiia, HAaKOTUIGHHOTO MHTETpaTopoM, TyMOsep 4 HaJlo MEepeBECTH B IMOJIOKCHHE
«COpoc». MHTerparop Toka ycTaHaBIMBAIOT Ha MecTo 3 HabopHoro moss (puc. 2 Beene-
Husl). [Turanue uHTErpaTopa OCYIIECTBIISCTCA OT UCTOUHUKA CTAOMIM3UPOBAHHBIX MOCTO-
SIHHBIX HaNpsDKeHUH «+15 B» u «15 By,

Jliia 3apsiiku KOHJIEHCATopa Mepekiodarens 2 Ha puc. 2.1 ycTaHaBIMBAIOT B MOJIO-
xeHue A (BBepx), a aeMrndupyromnmii kirou 5 3ambikaroT (monoskenue «Copoc»). 3apsi-
KAI0T KOHJIeHcaTop N0 HanpspkeHus U, koHTponupyemoro BoibTMeTpoM 9. Tlepen usz-
MepeHHeM K04 5 pa3MbIkaroT (ITOJIOKEHHE BBEPX), a MEpEKIoyareib 2 MepeBOAIT B
nojoxenue B (BHu3). [Ipu 3TOM 3apsij, UMEONHics Ha 00KIaIKaX KOHIeHcaTopa, po-
JIET Yepe3 MHTErpaTop TOKa W IMPOIMOPIMOHAIBHOE €My HampshKeHUE OyIeT MoKa3zaHO
BOJILTMETPOM 8.
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+
MNeperpyaka O
® ?

Puc. 2.2. Munu6sok «HuTerparop Toka»:

A — Bxon; 1 — uHAMKaTOp Meperpy3ku; 2 — MuTaHue UHTe-
rpatopa «+15B»; 3 — unterparop; C — BBIXOJl HA HU3MEpH-
TeNbHBIA Tpubop (MynsTHMETP); B — BXOA «3emusa» (moj-

4 KJIIOYAeTCsl aBTOMATHUYECKH); 4 — memrdepHblii K4, 5 —
L @

MUTaHue UHTErparopa «—15 B»

ﬁpm:95

Bvinonnenue pabomot

1. IlepekmtouaTens poja padboT MyTbTUMETPOB 8 U 9 mepeBecTH B MOJIOKEHHE «V=»
¥ YCTaHOBUTH npesaen uzmepenus «20 B».
2. CoOpath 2NMEKTPUUYECKYIO TETb 10 MOHTAXKHON CXeMe, MPUBENEHHOMN Ha puc. 2.3.

+15 B O—0—0—0O) ©—© © —O)

L) |
= LN

MarHeTtpoH

Puc. 2.3. MoHTa)xxHas cxema

Buumanue! Ha o6mmii Bxogq «COM» mynbtumeTpoB 8 u 9 nogaércst HyJIeBo# Mo-
TeHIman («" »), Ha BXoa Ha BX0J «V W — MOJIOKUTEIbHBIN MTOTCHIIHA.

3. 3anucath 3HaYeHne EMKOCTH 00pa3oBoro kKoHaencaropa Cy u e€ morpenrHocTh B
Tabm. 2.3.

4. Knonkamu «CETb» BKIOUMTH OJIOKM NMHUTAHUS T€HEPATOPOB HAMPSLKEHHS U
MyJIbTUMETPOB. HaxaTh kHONKY «lIcX0aHas yCTaHOBKa».
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9TAII 1. Onpenenenue rpaynpoOBOYHOM MOCTOSHHOM D

1. 3apsaoums xounencatop Co, A1 3TOTO:
1.1. rym6nep munu60Ka «MHTErpaTOp» yCTAaHOBUTH B TOJIOKEHHE «COpPOC»;
1.2. tym6nep munn60Ka «KItou» ycTaHOBUTDH BBEPX;
1.3. kaonikoit D «Ycranoska Hanpspkerus O ... +15 B», ycTaHOBUTBH 11O BOJIBT-
MeTpy 9 HanpspkeHue 3apsinku KouaeHcatopa Uo.
Pexomenoayun:. ecmu Co=1 Mx®, TO pPEKOMEHIYETCS YCTaHOBHUTH HAIPSIKEHUE
Uo=1-2 B. Ecitu Cy=0,22 Mx®d, To Upy=2—6 B. Eciiu Cy=0,1 mx®, To Uy=5-10 B.
3anucares Ug B Taba. 2.3 Hax ctonbmom 1.

2. Pazpsaoump 3apspKeHHBIA KOHIEHCATOP Yepe3 MHTErpaTop ToKa, AJis 3TOTO:
2.1. tymGnep Mmunu6II0Ka «MHTErpaTop» MepeBecTH B BEpXHEE MOT0KCHHE;
2.2. Tym6nep muHnONOKa «Kirou» mepeBecTn BHU3. BhDKIaB HE Oosee 00HOI

CeKyHObL, TIO BOJILTMETPY 8 3alIOMHUTH U 3amucarh B Tao. 2.3 (cronbery 1)

Hanpspkenue Uy .

Brumanue! Ecnm npu pabote 3aropaeTcsi HHIUKATOp TEPerpy3kd y WHTErpaTopa
TOKa, HEOOXOAMMO HEMEJJICHHO mepeBecTtu TyMOiep Ha «Copoc». HanpsbkeHue 3a-
panku Up yMEHBIINTD U TOBTOPUTS II. 1.

2.3. Tym6nep munubnoka «MHTErpaTop» nepeBectu B mnojoxenue «Copoc;

2.4. tym6ep muHuO0Ka «Kimrou» nepeBecTy BepxHee.

HUHT

3. IIpoBecTr u3mepenus HanpsbkeHus Ug' He MEHee S pa3 IIPU OJHOM U TOM XKe

HanpspkeHnu kouaeHcartopa Ug. 3Hadyenns Beanuud UG 3amucarh B Ta0I1. 2.3 (cTonberr
0

1). Pacuét rpayupoBOYHO MOCTOSTHHOM D mpown3BecTH mocie BceX H3MEPEHHUIA.

ITAII 2. Onpenenenre HEN3BECTHOM MEKTPOEMKOCTH KoHAeHCaTopa Cy

1. 3amenuts koHmeHcatop Cy KoHAEHCATOpOM ¢ Hem3BecTHOU éMKocThio C,. Cre-
nys myHKTaM 1 ¥ 2 mepBoro 3Tarna, BeIOpaTh HanpsbKeHUe i ero 3apsaku Uy B 1uara-
30He 3-6 B, uT00BI HampshKeHUe Ha BbIXoAe MHTerpaTopa U™ Obuto He Oombmie 10 B.
3anmcaTs Hanpsokerne Uy Haa ctonbmom 2 tad. 2.3.

2. IIpoBectn n3mepenns Hanpspkenus U He MeHee 5 pa3 IpH OJHOM M TOM XKe

HanpspKeHUH KoHaeHcaTtopa Uy. 3HaueHus BenuuuH UM 3anucath B Tabmn. 2.3 (cTonberr
2).

ITAII 3. Onpenenenre AMEKTPOEMKOCTH OaTapew MmapauieIbHO COSTMHEHHBIX
koHaeHcaTopoB C, u Co

1. Coeqununth kouaeHcatopsl Cy u C, napannensvno (puc. 2.4). Beiopats Takoe Ha-
NpsDKEHUE 3apsna KOHAEHCATOPa Upapay, IPH KOTOPOM HampshDKEHWE paspsaga U

napaii

He npesbimano 8 — 10 B. Pekomennyercsa ycTaHOBUTH HanpsKeHUE Uyypa, MEHBIIIE YEM
U,.

2. [IpoBectn m3MepeHus HanpsHKeHust Ul He MeHee S pa3 Mpu OJHOM B TOM K€

napain

HUHT
ULapar- 3HA9EHHS BeMM4MH Uy 3anucath B Tabm1. 2.3 (cronben 3).
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Fi Xonn
! Kiopig

Puc. 2.4. IlapannenpHOe COCTMHCHUE KOHICHCATOPOB

ITAII 4. OnpeaencHue AMEKTPOEMKOCTH OaTapen Mociae0BaTeIbHO COSTUHEHHBIX
koHgeHcaTopoB C, u Co

1. Coenunuth KoHaeHcaTtopsl Co u Cy nocreoosamenwvno (puc. 2.5). Beiopats mis
Oarapen HampspkeHue 3apsaku U, PexomeHayercs ycraHoBuTh HampspkeHue U,
oombiie ueM Uy, HO HampsikeHue paspsiaa U e He J0JDKHO npebimano 8 — 10 B.

mocn

HUHT
mocn

2. TIpoBecTr M3MepeHUsT HampspKeHus U He MeHee 5 pa3. 3HaueHHs BEIUYUH
U 3ammcaTh B Ta0n. 2.3 (cronder 4).

3. Haxxatp kHOTIKY «VIcxomHas ycTranoBKa» U JieBoi kHomnko «CETb» eviknrouumas
MUTaHUE TeHEPATOPOB HAIIPSKEHUS.

9TAII 5. OnpeneneHre HEU3BECTHOM EKTPOEMKOCTH KoHAeHCaTopa Cy
¢ momo1bio papagomerpa

1. VI3meputb MyJIbTHUMETPOM B pexkuMe (apajoMeTpa Heu3BeCTHYIO0 EMKOCTh Ci.
Jlyia 3TOro mepekirodaresb poja padoT MEpeBECTH B MOJNOXKEHHE «F» U yCTaHOBUTH
npenen u3MepeHust «2Ip, uto o3Havaet npeaen usmepenus 2 Mk®. Kongencarop c He-
U3BECTHOM EMKOCTHIO C, C MOMOUIBIO 32KUMOB THIA «KPOKOUI» MOJKIIOUUTh K Pa3b-
eMy «C,» Ha IIaHeNl MyJIbTUMETpa. Pesynbrar usmepenus Cy " 3amucarth B Ta0i. 2.4.

2. [IpaBoii kHonkoit «CETb» éviktouums nutanue MyabTUMETPOB.
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Puc. 2.5. IlocnenoBaTenpbHOE COeAMHEHUE KOHACHCATOPOB

Oopadbomka pe3yiromamoe usmepenuil

1. Ucnone3yst manHble Tabd. 2.3, paccunTaiTe rpaydupOBOYHYIO MOCTOSHHYO D 110

dopmysie (2.6).
2. ITo popmyne (2.5) paccunraiite EMKOCTH HeM3BeCcTHOTO KoHaeHcaTopa Cy 1 OaTa-

o napat nocy
peii konaencatopoB C .0, C o -

3. Ucnonnb3ys 3nauenus émkocteil Cou Cyov, 1o hopmynam (2.2) u (2.3) Bbrauciu-

napai II0CJI
Te BenmmauHbl Croo 1 Creoy

4. Haiigute OTHOCHUTEIILHOE OTKJIOHEHHE (J3KCIEPUMEHTATIbHBIX 3HAYEHUN EMKOCTE
OaTapeil KOHJIEHCAaTOPOB OT TEOPETUUECKUX

napain _ - ~napa
SKCI Teop

gnapaﬂ = Cnapar 1000/0, (27)
TEOp
II0CJI _ CHOCJI
groer =L TP 110006 (2.8)
Creop

5. Pe3ynbpTaThl pacueToB 3anmumuTe B Ta0. 2.4.
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Ouyenka nozpewinocmeil usmepeHuil

1. Cucmemamuuecxkas omuocumenbras NOTPEMIHOCTE KOCBEHHBIX U3MEPEHUN He-
M3BECTHOM EMKOCTH, ONIPEAEISIEMON BBIPAKECHUEM

U)oy U)
C,=b U _C°<uggT> TR (2.9)

HAXOJIUTCA KaK

..2
q X_:L a:ICO @UO GQIU 9 a;]U O &HU . (2_10)

< > COﬁ (éUOﬂ guﬂHT+ (;Uxﬂ UHHT+’
C
re qC—O — CHCTEMAaTHYECKasi OTHOCHUTEIbHAS MOIPEIIHOCTh, YKa3aHHas Ha 00pasio-
0
U U U HUHT U HUHT U
BOM KOHJIEHCATOPE, o -9 1 = _OY crematuueckue or-
Ug U, <UI/IHT> <UI/IHT> U

HOCUTEJIbHBIE MOTPEIIHOCTH MPSMBIX H3MEpPEHUN COOTBETCTBYIOIIMX HaNpsKEeHU
(tabm. 2.1).

2. Cnyuaithasa omHocumebHas NOTPEITHOCTh KOCBEHHBIX N3MEPEHUI HEM3BECTHOU
€MKOCTH HaXOJUTCs 10 opMyIie

.2 L2
_dc,  [Faugm O By O
(e Vo) "oy o

/i€ B YUCIIUTEIAX CTOST JOBEPUTEIbHBIC TPAHUIIBI CITyYalHOM aOCOMIOTHON MOTPEITHO-
CTH NPSIMBIX MHOTOKPATHBIX U3MEPEHUN EMKOCTH Y HAIPSIAKECHHUS.

3. JloBepuTenbHas TpaHUIIA CAYUAUHOU AOCOIOMHON TIOTPEITHOCTH MPSMBIX MHO-
TOKpaTHbIX u3MepeHuil Beauuunbl U onpenensercs mo dhopmyiie

QUL =t N(|\T_ ; ié:(u e <U HHT>)2 | (2.12)
QU =t m él(u - <U HHT>)2_ 2.13)

rae tp n — kodpduuuent Creionenra (tadn. 2.1), P — nosepurenbHas BEPOATHOCTS,

N — uncno usmepenuii, U; — pe3ynbrat i-ro uaMepeHus, <U >— CpeaHee 3HAUYECHUE pe-
3ynbTaToB N M3MepeHui.

B stux dopmynax senmuuunsr U™ u <U HHT> Oepyrcst u3 Tadi. 2.3.
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Koaddummentsr CthrogenTa

Tabmuma 2.1
N 5 6 8 10 20
P =0,95 2,8 2,6 2,4 2,3 2,1

4. Tlocne onpeneneHus CUCTEMaTUYECKOW MOTPEIIHOCTY U I0BEPUTEIBHOM TPaHUIIbI
CIIy4alHOW MOTPEIIHOCTH HY>KHO OLEHUTh IPAHULbI HOJIHOU TIOTPEITHOCTH PE3YJIbTaTa
u3MepeHuid. [ 3Toro CpaBHUBAIOT UX MEXKIY coOoi. Ecnu 3T nmorpemHocty Oau3Ku
10 3HAYEHUIO, TO JOBEPUTEIbHAA I'PAHNLIA CYMMapHOW MOTPENIHOCTH PACCUUTHIBACTCS
o ¢opmye:

— omHuocumesnbvHas Ec =4/ gcz + eC2 , (2.14)

1
100%

—abconomuasn DC = E: ><CX> (2.15)

OTYET
no 1abopamopHoil pabome
«Onpedenenue 3I1eKMPOEMKOCMU KOHOEHCAMOpa»

Wcnonaurens: cTyaeHT(ka) rp._
Ienv pabomeot.
Kpamkoe onucanue memooa ucciedo6anus.
Pacuemmnvie popmynst. (00bSICHUTH BXOIAIIME B GOPMYIIbI (DU3HUSCKUE BETMUNHBI
U yKa3aTh CIMHUIILI UX u3MepeHus B cucteme CH).
Oobopyoosanue:

Cpeocmea uzmepeHuil u ux XapaKmepucmukKu

Tabmuma 2.2
HaumenoBanue [Ipenen momyckaeMoi OTHOCUTEIIBHOM MOTPEIIHO-
npubopa cte (B % OT M3MEPEHHOT0 3HAUCHHUSI)

BoasT™meTp 8 qu ~0.5%

U
BoasT™merp 9 qu ~0.5 %

U
N3meputensb 31eKTPOEMKOCTH qC

—=4%
(dapanometp) c
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Peszynomamul uzmepenuii

Tabanma 2.3
Ne ['panyupoBka | DIEKTPOEMKOCTD CoenuHenue
n/m Co= MKD | u3MepeHHas KOHJICHCATOPOB
qCy _ % daparomMeTpoM | mapajieibHOE | ITOCIIEHAOBAT.
Co cPM= MKD
IToxazanus U= B Uy = B | Uwpan= B | Upen= B
BOJIbTMETPOB
1 2 3 4
ug", B UrtB | UmmB | umeB
1
2
3
4
5
Cpennee <U >
Pacuému
1. b=..=... MxKn/B; (2.6)
2.Cx=...= ... MKkD; (2.5
3. Cyen = --= .. Mx®; - (25) Hanucars ¢gopmyity, mokasaTh
4. Crepp = o = .. MkD; (2.2) pacuérT u 3anHucaTh pe3yabrar!
5. gP¥=_.=.. % (2.7)
6. Clont = ...= ... MK®; (2.5
7. Creop = ---=--n MKD;  (2.3)
8. g =..=.. %. (2.8)

Pe3ynomamut pacuémos

Tabmauma 2.4

I'pan. moct. | HemusBecTHas ém- EMKOCTD coequueHus KOHJIEHCAaTOpOB, MK®D
b, MkK/B KOCTH CX, MKD Clapan Crapa Crocr Cnocn
JSKCIT TEOp OKCII TEOp
JKCIIED. W3MEPEH.
gnapan — % ngOCJI — %
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Ouenka nozpewmnocmeii

_09C, _ _ .
1Lg.=Fx= = 9% (210
(Cx)
2 dUET = = B: (2.12)
dU HUHT
3. —9 _x00%=... =... %; Hammcatp ¢popmydry, mokaszathb
< 5“”> PAcYéT M 3amHcaTh pe3y abTar!
4. dUM™ = = B: (2.13)
HHT
5. dUH);T X00% =... =... %;
()
6o, =0 = = o (211)
(Cx)
7. Eo=.= % (2.14)
8. DC=... =... MxD; (2.15)

9. OkonuaTenbHbIN pe3ynpTaT C = <C> +DC, mMmx®d, P=...

10. CpaBHUTH MOJIHYIO MOTPEUTHOCTh U3MEPEHUN Hens3BecTHOU EMKocTH Ec ¢ oTHO-
CUTEIBHBIM OTKJIOHEHHEM { (cM. Tab. 2.4).

11. Cnenatp BEIBO/I.
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JlabopaTtopHuasi padora I-3
ONPEAEJIEHUE YJEJBbHOI'O COITPOTUBJEHUSA TIPOBOJHUKA

Ilenv pabompl. OCBOUTH MPUOOPHI U METOJBI U3MEPEHUS COMPOTUBIICHUS MPOBOJI-
HUKOB, OIPEICIINTD YAEIbHOE CONPOTUBJIEHUE TPOBOJHUKA.

DNEKTPUUYECKOE CONMPOTUBJICHUE XApAaKTEPU3YEeT MPOTUBOACUCTBUE MPOBOJAHHMKA WIIU
SJICKTPUYECKON IIETH YIOPSIOYCHHOMY MepeMelieHni0 HocuTenel Toka [2—4]. CoracHo
3akoHy Oma, CHJia TOKa B OJIHOPOJHOM YYacTKE IIeNH paBHA OTHOLIEHUIO HamnpsbkeHus U
Ha €r0 KOHIIaX K COMPOTHUBJICHUIO 3TOT0 y4yacTka R

B 3TOM ciiydae 3eKTpUUeCKOE CONTPOTUBICHUE HA3BIBAIOT OMUUECKUM VIN AKMUG-
Hbim. OHO 3aBUCUT OT MaTepuasa MpoBOJHUKA, €ro pa3mMepoB U (Gopmsl. s onHOpoa-
HOTO TI0 COCTaBY JIMHEHHOTO MTPOBOIHUKA C MOMEPEUHBIM CCUCHUEM SH JTMHOM |

R=r il : (3.2
S
rae I — Ko3(hGUIHEHT IPOMOPIUOHAIBHOCTH, XapaKTEPU3YIOIIUI MaTepruan poBOI-
HuKa. Ha3piBaeTcst 3T0T KOIDDUIIMECHT yoebHbIM IIeKMPUUECKUM CORPOMUGIEHUEM
Y YUCIICHHO PaBEH CONMPOTHBICHHIO OJHOPOJHOTO IHMIMHAPUIESCKOTO MPOBOJIHUKA, H3-
TOTOBJICHHOTO M3 JAHHOTO MaTepHajia, MUMCIOIIEro CANHUYHYIO UTMHY U CAUHUYHYIO
TUTOINAb ITOTIEPEUYHOTO CEUCHUS.
13 dpopmyasl (3.2) cieayer

r= RI—, (3.3)
TO €CTb, YTOOBI ONPEAETUTh YACIbHOE COMPOTHUBIEHUE OTHOPOJHOTO IO XMMHYCCKOMY
COCTaBY MPOBOJHHUKA, UMEIOIIETO MOCTOSHHYIO TUIOIIAIb MOTIEPEYHOr0 CeUeHHsI, He0O0-
XOMMO H3MEPUTh €0 COMPOTHUBJICHHE IMOCTOSHHOMY TOKY M T€OMETPHUYECKHE Iapa-
METPBHI.

Memoowvl uzmepenuii CORpoOmueIeHuUs NPO6OOHUKA

B pabote peanusyioT TpU METO1a H3MEPEHHUS COIPOTUBICHHMS TPOBOIHUKA!
1) TeXHUYECKHI METO — IT0 M3MEPEHHBIM 3HAUCHHUSIM TOKA M HATIPSIKCHHUS,
2) MOCTOBO# METO;

3) ¢ uCnoaB30BAaHUEM OMMETPA.

1. Texnuueckuii memoo OCYIIECTBIAIOT IO CXeMe, MpuBeAEHHOK Ha puc. 3.1.

-
2

Puc. 3.1. DnexTpudeckas cxema:
1 — perynupyemblii HCTOYHUK ITOCTOSIHHOTO HarpsbKe-
4 wmus (0...+15 B); 2 — BonbeT™etp; 3 — ammepmerp; 4 —
pesuctop R

I}= é
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[Tpu 3TOM H3MepsIOT TOK | Yepe3 pe3ucTop u najaeHue Hanpspkenus Ha HéEM U. Oto
TI03BOJISICT PACCYMTATh HEM3BECTHOE COMPOTURIIeHHE pe3nucTopa R (3.1):

R= lIJ— : (3.4)

2. Metoa u3MepeHUN ¢ nomowpio MOcma HOCMOAHHO20 moxa. VI3MepuTenbHbIe
MOCTBI — 3TO 8bICOKONOYHble TIPUOOPHI, IPEIHA3HAYCHHBIC IJII U3MEPEHUS dJICKTpUYE-
CKUX COIIPOTUBIIEHUH, €MKOCTEH, MHAYKTUBHOCTEW M APYTrUX MHApaMETPOB METOJIOM
ypaBHOBEIICHHBIX MOCTOBBIX 1ienieii. Ha puc. 3.2 nmpuBeneHa cxema mpocTeniiero Moc-
ta (Mocmux Yumcmona), KOTOPBIA UCHOIB3YETCS ISl U3MEPEHHSI COPOTHUBIICHHUH.

td

Puc. 3.2. DnexTpuueckas cxema mpo-
CTEHUILIEr0 MOCTa Y UTCTOHA!

1 — marasuH compoTuBieHHd Ry, 2 —
uzMepsiemoe compotuBieHue R, 3 — awm-
nepmetp 4 — conpotusienrne Ry = 100 Owm,
5 — conporuBnenne R, = 10 Owm,; 6 — co-
npotusieHue Ry = 470 OM, 7 — UCTOYHHK
MOCTOSTHHOTO HanpshKeHus «+15 B»

[TonGupas 3HaueHne CONMpOTUBICHUS Mara3uHa Ry, 100MBarOTCs paBEHCTBA MOTEH-
[MAJIOB TOYEK @ U 6, IPU 3TOM TOK |5, TEKyIIMI Yepe3 amnepMeTp, 00palaeTcs B HyJb.
B TakoM ypaBHOBEIIEHHOM COCTOSIHUM MOCTA BBIITOJHSAIOTCS PABEHCTBA!

lyRy = 1R IR=1,R,; ly=1; 1;=1,. (35

W3 5TUX COOTHOIICHUH cleayeT pacu€THast popMyia

_n R
R=Ry _ 3.6
R .

Pesucrop Ry B cxeme CityKUT JjIsi OTpaHUYEHHS TOKA, TPOTEKAIOIIETO Yepe3 MOCT.

3. Hcnonvzosanue ommempa siBIsieTcs Hanboyiee MPOCTHIM METOAOM: JOCTATOYHO
NOJKIIOYUTH U3MEPSAEMBII PE3UCTOP K BXOJaM OMMETpPA U CUUTATh MMOKa3aHUs MpUOo-
pa. B ocHOBe pabOThl OMMETPOB OOBIYHO JIEKUT NPUOTMKEHHBIM TEXHUYECKUN METOI:
HIKaJy Ipubopa rpayrpyroT ¢ UCIob30BaHieM Gopmyiibl (3.4) npu GUKCHPOBAHHOM
HanpspkeHuu U Gatapen nmuTaHus. DTOT METOJ MPUMEHSIOT, KOT/la HE HY>KHa BbICOKasl
TOYHOCTb U3MEPEHUM.
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Onucanue ycmaHoO8KU

Obopyoosanue. muHnGI0K «ComnpoTHBicHHE MpoBoAHKMKa» (puc. 3.3), HCTOUYHHUK
TIOCTOSTHHOTO HAIPsDKEHUS, MYJIbTHMETPBI, Mara3uH COMPOTHBIICHUH, MHHHOIOKH «Pe-
suctop» (puc. 3.4).

Munn6sok «ConpoTuBicHHe MPoBoAHMKa» (puc. 3.3) mpeaHasHaueH IS OIpese-
JICHUS YACTBHOTO COMPOTUBIICHUS MPOBOAHKKA (BbIBOIbI AB). Ha Giioke ykazaHbl 1iu-
Ha ¥ TUaMETp MTPOBOTHHKA.

Anvka L, m Puc. 3.3. Munu6m10x «ConpoTruBIeHUE TPOBOTHUKA»
0.8 | 1.2
\SLEV4 .
> ‘- B MunHHON0KE pazMeniaeTcsi MpOBOJIOYHBIN MPOBOJHUK B
Aou.ai_"' @ "‘_1.505 BHUJIE CIIMPaId, HAMOTAHHOW B OJWH CJIOM HAa TOPOUAATbHBIN
:, .:; M30JATOp. B HEM MMeEeTCs NMOABUXKHBIA KOHTAKT, IMMOMOUIBIO
‘:f \‘ KOTOPOr0 MOYKHO PEryJMpOBaTh cOonpoTuBiieHUEe. Ha manenu
0 20 MUHHOJI0KAa HAaHECEHA IIKaja JiJIsl ONpeAesIeHUs JUTMHBI TPO-
Auametp d = 0.2 MM | ponuuka L u ykazaln quaMerTp ero nomnepedsoro cedenus d.

Oo4L—CO Puc. 3.4. Munu6ok «Pe3ucrop»

Boinoanenue padbomut
1. Texnuueckuii memoo uzmepeHusi COnPOMuEIeHUs.

1.1. MMepekmtouarens poaa padot myiabTuMerpa 2 (puc. 3.1) mepeBecTd B MOJIOKeE-
HUue «V=» U yCTaHOBUTH Tipenen u3meperus «20 B», mynbTumeTpa 3 — B MOJOKECHHE
«Am=» 1 yCTaHOBUTH mipezen uzmeperus «200 m».

1.2. CoOpaTh 5JEKTPUYECKYIO II€Th 10 MOHTAXXKHOW CXeMme, MPUBEAEHHON Ha
puc. 3.5.

Buumanue! Ha o6mmit Bxom COM MynsTHMeTpoB 2 1 3 MOAAETCS OTPHUIIATEILHOE
HanpspkeHue (« »), Ha Bxoasl VWU MA— MOJI0KUTEIBHOE HAPSHKCHHE.

1.3. 3anmcark reoMeTprUecKUe mapameTpsl mpoBoaHuKa L u d B Tabn. 3.4.

1.4. Knonkamu «CETb» BKIIIOYNTH NMUTaHUE OJIOKOB T'€HEPATOPOB HANMPSHKEHUN U
MyIbTUMETpOB. HaxkaTe kHOTIKY «MIcX0HAs yCTaHOBKa».

1.5. Knonkoit D «YcranoBka Hanpspkenus O ... +15 B» Ha perynmupyemMom uctod-
HUKE MOCTOSIHHOTO HAIPsHKEHUS 10 MYJIBTUMETPY 3 YCTaHOBHUTH TOK | B 11enu mpumep-
HO 10 MA. Ilo mynsTUMETpY 2 ompenenuTsh HanpsbkeHue U. 3HaueHus BEIMYUH 3aIlu-
catb B Ta0a. 3.4 (cronberr 1).

1.6. YBenuuuBas nocienoBareabHo ToK mpumMepHo Ha 10 MA, nmpoBectu emé He me-
Hee YeThIPEX 3MepeHuid. Pe3yabrarel 3anucath B Ta0i. 3.4 (cronberr 1).

1.7. Haxatp kHomnky «lcxonHas ycraHoBka» U JieBoil kKHONKoOMl «CETb» ewsikaro-
Yump NUTaAHNE TEHEPATOPOB HAPSIKEHUI.
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MarmeTpon
R J

0415 1 €0 @ O o,

A o U2 up

Puc. 3.5. MoHTa)XHas1 cXeMa U3MEPEHHUS COPOTHUBIICHUH METO0OM aMIlepMeTpa U
BOJIbTMETpA: 00o3HayeHus 2, 3, 4 — cm. Ha puc. 3.1

2. Usmepenue mocmom Yumcemona

2.1. MynbTuMeTp 3 MEPEBECTH B MOJOKEHUE «A=» U YCTAHOBUTH Ipesies U3Mepe-
Hus «200 m».

2.2. CoOpatb MOHTaXHYIO cxemy (cM. puc. 3.6).

2.3. YcTaHOBUTH BCE J€Kabl MarasuHa COPOTUBICHUN B HYJIEBOE MOJIOXKEHHE.

2.4. Knonkoit «CETb» BximounTh nutanue O0Ka reHepaTopoB HampspkeHuid. Ha-
&KaTh KHOTIKY «lIcX0/IHast yCTaHOBKa».

2.5. Tlogo6path Takoe compoTuBiieHHEe MarasuHa Ry, 4ToObI MoOKa3aHue aMrIepMeTpa
OBLJIO paBHO HYJI0. MarasuH CONMPOTUBICHUN 3TO MEPEMEHHbIN pe3ucTop. C MOMOIIBIO
nekan MokHo yctaHoBuTh conpotusiieHre ot 00000,0 mo 99999,9 Om. Kaxknas u3 mrec-
TH JIEKaJl COOTBETCTBYET OMPEACIEHHOMY pa3psiiy dnca.

2.5.1. ITepsoie aBe nexanpl — 10000 1 1000 OM — peKOMEHIyeTCsl OCTaBUTh B HY-
JIEBOM IOJIO>KEHUU.

2.5.2. Yenmuuuth conporusienue aekaas 100 OM Ha onHo 3Hauenue. Ecnu Tok,
TEKyIIUNA yepe3 aMIepMeTp, YMEHBIIUICS, HO HE U3MEHMJI 3HaK, TO IPOAOKATh yBe-
JUYMBATh CONMPOTHUBJICHHE JeKaabl. Kak TOJIbKO 3HAK TOKAa U3MEHUTCS Ha MPOTUBOIIO-
JIOKHBIN, TO JA€Kaay CIEIyeT BEPHYTh B MpeAbIAYIIee MOJ0KEHUE, TOCIEe Yero NepenTn
K [10100py CONPOTHUBIICHUS CIEAYIOUICH J1eKa Ibl.

2.5.3. TlepexmtounTh quanazoH padOThl MyJIBTUMETPA B MOJOKEHHE «2 M>» U MPO-
J0JKaTh MOAOUpaTh CONMPOTUBICHUE Ha JIeKaJax MaraswHa JI0 TeX IMop, MoKa MoKa3a-
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HUE aMmIiepMeTpa He OyaeT paBHO Hy/t0. Haiitu conmpoTuBieHne Marasuaa Ry kak cym-
MY COIPOTHUBJICHUHN OTACIBHBIX JcKaa. Pe3ynbTar 3amucarh B Tadi. 3.4 (cronberr 2).

2.6. Knonkamu «CETb» ésiknrouume nvuranue reHEpaTOpOB HANPSDKEHUS] U MYJIb-
TUMETpoB. Pazo0paTh anekTpuueckyro nenb. Munnoiok «ConpoTUBIECHUE MPOBOIHU-
Ka» OCTaBUTh HA HAOOPHOM MOJIE B IPEKHEM IMOJIOKEHUHU.

Armna L, M
a4 12
\aloy
A 04}‘ ":1 =
#
Y
0 Fa)
AuameTp o = 0.2 v

+15 B

Jlekaga MarasuHa
COIPOTHUBJIEHUM

Puc. 3.6. MoHTakHast cxeMa U3MEPEHHUsI COITPOTUBJICHUI METOJIOM MOCTa Y UTCTOHA!
ob6o3nauenus 1, 2, 3, 4,5, 6 —cm. puc. 3.2

3. Uzmepenue conpomusneHus oMmempom

3.1. [lepexmrouatens pojga padOT OJHOTO W3 MYJIBTHMETPOB MEPEBECTH B IOJIOXKE-
Hue «\Whu ycranoButh mpenen mamepeHus «200». C moMOIIbI0 OJHOTO MPOBOJTHHUKA
noaKmounTh kiemmy «COM>» wmynpTuMerpa ¢ kiemmoir C Ha HabOpHOM TOJie
(puc. 3.6). [Ipyrium mpOBOJHUKOM COCIUHHUTH KieMMy «V Wb MyJIbTUMETpa U KIEMMOM
D na HabopHOM 10JI€.

3.2. Bxiitounts MmynbTuMeTp. [Tokazanus mpubopa 3anucats B Tadi1. 3.4 (cronoder 3).

Obpadbomka pe3yiromamoe usmepeHui
1. ITo dhopmyne (3.4) paccuntaTh CONMPOTUBICHHUE MPOBOIHKMKA R, H3MepeHHOE TeX-
HUYECKUM METOJIOM.
2. Berauciute o dopmysie (3.6) compoTuBiieHue MpoBoIHNKA R, Hm3MepeHHOoe ¢ 1mo-
MOTIIbIO MOCTA.
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3. O1eHuTh MOTPEIIHOCTH U3MEPEHUS COMPOTUBIICHUS MPOBOJIHHUKA TI0 KKIOMY U3
IIEPEUYUCIIEHHBIX METOJIOB U3MEPEHUS.

4. Vicnonb3ysa Hambojee TOYHOE 3HAUYCHHUE CONpPOTHUBICHHS R, paccuurtath 1mo Qop-
myie (3.3) yuenapHOE CONMPOTHBIICHUE MPOBOAHKKA. ONpeaeTuTh MaTepra MPOBOIHU-
Ka, CPaBHUB MOJYYEHHOE 3HAYEHHUE I C TAOTUYHBIMU 3HAUCHHUSIMHU.

Yoenvnoe conpomuejieHue memainjioe U cnjiaeoe

Tabmuma 3.1

BermecTBo r, HOm>1 (ripu 20 °C)
AnroMUAHAN 25,3

Boasdpam 55,0

Mens 17,1

CauHernl 190,0

Cepebpo 15,0

Huxpowm 1100,0

5. OpopMUTH OTYET O BBHITIOJHEHUN PA0OTHI B COOTBETCTBHUH C TIPHIIaraeMbIM 00pa3-
I[OM.
Ouyenka nozpewinocmeil usmepeHuil

1. Texnuueckuii memoo

[To cnocoOy noJiydeHus pe3ysibTaToOB U3MEPEHUSI CONPOTUBIICHUN TaHHBIM METOAOM
SBJIIOTCS KOCBEHHBIMU: U3Mepsiemas BenmunHa R cBs3ana ¢ BenuunHamu U u |, momy-
YaeMbIMH ITyTEM MPSMBIX H3MEPEHH, IPOCTOMN 3aBUCUMOCTHIO (3.4).

1.1. Cucmemamuueckas omuocumenpHas NOTPEIMIHOCTh KOCBEHHBIX H3MEpPEHUMN
COMNPOTHUBIICHUS HAXOUTCS KaK

_ qR agJU o -2l o
OR=—= 8 8 + (3.7)
U g | o
qu d y
Trac T, |_ — CUCTCMATHYCCKHUEC OTHOCUTCIIbHEIC HOFpeHIHOCTI/I Hp}IMBIX I/I3MepeHI/II/I

HanpsDKCHUS U Toka (cM. Tadur. 3.3).
1.2. Cucmemamuueckasn abconromuasn NOTPENTHOCTh HAXOAUTCS U3 €€ CBSI3U C OT-
HOCHUTEIBHOU
Or R
100%
1.3. JloBepuTenbHas TpaHUIlA CAYHAUHONU AOCOIIOMHOI TIOTPEITHOCTH MPSMBIX MHO-
TOKPATHBIX U3MEPEHUN

gR= (3.8)

1 \ 2
dR=tp n,[———a |R - (R)) , (3.9
e R ®)
rae tp \ — koodpunment Crorozenta, P — noBeputenbHas BEpOATHOCT, N —uucio us-
MepeHuit. B atoii popmyne Bennunnb R u <R> B3STh U3 Ta0I. 3.4.
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Koaddummentsr CthrogenTa

Tabmanma 3.2
N 5 6 8 10 20
P =0,95 2,8 2,6 2,4 2,3 2,1

1.4. TTocne onpeneneHus CUCTEMAaTHYECKON OTPEITHOCTH U JJOBEPUTEIHLHON IpaHu-
bl CIy4YaiHOM MOTPENTHOCTH HEOOXOJIUMO OLCHUTh TPAHUIILI HOJHOU TIOTPEIIHOCTH
pe3yibTara u3MepeHui. sl 7Toro cpaBHUBAIOT UX MEXIy coboi. Eciu 3ti morper-
HOCTH OJIM3KHM 1O 3HAYCHHUIO, TO JIOBEPHUTEIBHYIO T'PAHMILy CYMMAapHOM IOTPEITHOCTH
paccYUTHIBAIOT IO popMmyIie:

aocoromuas

drR? +qR? (3.10)
OMHOcCUmMEe/IbHAA

Er =22 400%. (3.11)

(R)
Ecnu sxe o/lHa U3 MorpentHocTei B Tpu 1 0oJiee pa3 MpeBbIIIaeT IPYryio, TO B Kade-
CTBE MEPHI MOTPEITHOCTH MPUHUMAETCSI OOJIbINAast U3 HUX.

2. Usmepenue mocmom Yumcemona

I[To ciocoOy momydeHus: pe3yIbTaTOB U3MEPECHHS COMMPOTHBIICHUH TaHHBIM METOJIOM
TOXKE SIBJISIOTCS KOCBEHHBIMU. VICX0THOHN YyHKIIMEH JJIs1 M3MEPEHUS COTIPOTUBIICHUS B
3TOM ciydae sBisgercs BbipaxkeHue (3.6). [IoaToMy oTHOCHTEIbHAS MTOTPEITHOCTD OIpe-
nensieTcst mo popmyiie

R 0 R, O
CABTEN vlA TR s X ?“Rl . (312
R e Ru o e Rg éR g
qRRMM qRRZ quR'L cucmemamuuecKue omnuocumesibHsle 1MOIrpCIIHOCTU U3MCPCHUA
>

COIPOTHUBIICHUH, BXOJAIINX B MOCT YHUTCcTOHA (CM. Tab:1. 3.3).

3. Uzmeperue ommempom

B sTOM citydae uaMepeHusi CONpOTURICHUS R SBIISIOTCS MPSIMBIMUA M UX MOTPEITHOCTh
ONpPENENACTC  CHUCTEMAaTUYECKOM  OTHOCHUTEIBHOM  IMOTPEHIHOCTBIO  MYJBTUMETpA
(Tabm. 3.3).

OTYET
no a1abopamopHoii pabome
«Onpeodenenue y0envbH020 CONPOMUBIEHUA NPOBOOHUKA
Wcnonaaurens: ctyaeHT(ka) rp.

Llenv padomeot. ....

Kpamkoe onucanue memooa uccinedo6anus. ....

Pacuémmnvie gpopmynsr. (00bICHUTH BXOIAIINE B HOPMYJIBI (PU3NICCKHUEC BEITNIHHEI
U yKa3aTh UX HauMeHoBaHnue B CH) ....

Oobopyoosanue: ....

32



Cpeocmea uzmepeHuili u ux XapaKmepucmuxku

Tabnuma 3.3
HaumenoBanue npudopa [Ipenen nomyckaemMoin OTHOCUTEIIBHON
norpentHocTH (B % OT M3MEPEHHOT'0 3HAUCHUSI)

Boasrmerp (2) qu /U =0,5%

Awmmepmerp (3) ql/1=1,5%

Ommerp qR/R=0,8 %

R1, R2 u marasus corp. qRy /Ry =0,2%

Peszynomamul uzmepenuii
Tabmuma 3.4
['eomeTpuyeckre mapameTpbl TPOBOTHUKA:
| = M, d= wmMm, S=pd2/4= MM
TexHn4uecku MeTo1 MocroBoit Metonr | MeTon ommerpa
No I, MA U,B R, Om
1 Rv = OMm
2 R; =100 Om R= OMm
3 Rz =10 Om
4
5 R= Om
Cpenuee conpotuiienne R = Om
DR = OwMm DR= Owm DR= OmMm
Er = % k= % R= %
Pacuemuwn
1. Texnuueckuii memoo
=...=...0m (3.4) (Ilokaszath ouH pacuér)

R=.=...% (3.7)

gR=...=... Om (3.8)

dR=..=... Om (3.9) Hanucars popmy.ty, I0OKa3aTh

DR=...=... Om (3.10) PACcYéT W 3amHCATH pe3yabTaT!

Er=...=...% (3.11)

2. Mocmosoii memoo

=.=..0m (3.6)

Er=k=...=...% (3.12)

DR=gR=...=... Om

r=...=... Omm. (3.3

4. CpaBHUTH YJCIIbHOE CONPOTHUBICHHE MPOBOJAHHUKA C TAOJIMYHBIMH 3HAYCHUSMH
(tabm. 3.1) u cienarh BHIBOJ,.
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JlaGopaTopHnasi padora I-4
N3YYEHUE TEMIIEPATYPHOM 3ABUCHUMOCTHA
COITPOTUBJIEHUS METAJIJIA U ITIOJYITPOBOJHUKA

Ilenv pabomor. >KCIEPUMEHTAIBHO OIPENIEIUTh TeMIIEPaTypHbIH KOA(hGUITUEHT CO-
MPOTHUBIICHUS METAJJIa U IIIUPUHY 3aNPEIIEHHOMN 30HbI MTOTYTIPOBOIHHKA.

[To >nmexTprUYecKkrM CBOMCTBAM BEIIECTBA Pa3feiiAIOT Ha TPU Kiacca: MPOBOJIHUKH,
JTUDJICKTPUKUA W TTOJYHPOBOJHUKK [2—4]. TUNMHYHBIMA MPOBOJHUKAMH SIBIISIOTCS JMe-
Mannel, y KOTOPHIX YACIBHOE dIIEKTpHUecKoe compoTupierue I < 107° Om. Vierns-
HO€ AJIEKTPUYECKOE CONPOTUBICHUE HOAYHPOEOOHUKOE OOBIYHO JICKUT B MpeAesax OT
10°° 1o 10" Om>u. Marepuaiisl, y KOTOpsIX BenmunHa ¢ > 10™ O, oTHOCSTCS K Ou-
anekmpuxam. [1oynpoBogHUKaMU SBISIFOTCA psia dnemeHToB |-V rpynn tabmuisi
anementoB J.M. Menneneera (B, Ge, Si, As, Teu T.1.), a Takke OOJIBIIOE YUCIIO XHU-
mudeckux coeaunenuit (GaAs, GaP, ZnS, SiIC u ap.). B 3aBucUMOCTH OT BHEIITHHUX YC-
noBuil (TeMrieparypa, TaBJICHHE) OJJHO U TO e BEIIECTBO MOKET OTHOCUTHCS K Pa3HBIM
kiaccam. Hanmpumep, repManuii nmpu temmneparype kuakoro azora /7 K — qusnexTpuk,
IpyU KOMHATHOW TeMIlepaType — MOJYMPOBOAHHUK, a B JKUJIKOM COCTOSHUU SIBIISICTCS
IIPOBOTHUKOM.

KBanToBas Teopust TBEpIOTO Tela JAaeT 0osee 00OCHOBAHHYIO KJIACCU(HKAIIUIO BEIIIECTB.
CornacHo 3Toi TeOpuH, MEKTPOHBI B aTOME MOTYT UMETh TOJIBKO ONpEeIeHHbIE 3HAUCHNUS
SHEPIUH, KOTOPbIC HA3bIBAIOT IHEPZEMUYECKUMU YPOSGHAMU. VIMEHHO 3T YPOBHU NPHU 00bE-
JMHEHUH OT/IENIBHBIX aTOMOB B KPUCTAILT 00pa3yloT paspeuténHple IHEPemuiecKue 30Hbl.
[TpoMeKyTOK, pa3aesstolHii TAKUE 30HbI, Ha3bIBAIOT 3anpewénnoi 3onou (puc. 4.1). Duep-
TeTHYecKast 30Ha CUNUTACTCS 3aIOJTHEHHOM, €CJIM BCEe YPOBHH 30HBI 3aHATHI AIeKTpoHamu. [Ipu
9TOM, corfiacHO npuHIMMy [laymum, Ha 0JJHOM SHEPreTHYECKOM YPOBHE MOYKET HAXOIUTHCS HE
Ooree IBYX AJIEKTPOHOB, IMEIOIINX MPOTHUBOIIONIOKHO HAIPABJICHHBIE CITUHBI. 30HA CUNTACT-
cs1 CBOOOJTHOIA, €CTIM BCE YPOBHHU 3TOM 30HBI HE 3aHSTHI.

¢ Puc. 4.1. DHepreTnYecKre 30HHI:
C3 lm L3 | B3 — Banenrtnas; C3 — cBobognas; DW —
AW ‘ mUpHUHA 3anpemi€HHoM 30HBL.  [lITpuxoBkOU
AW 7 AW OTMEUEHA 3arloJHEHHAas 4acTh 30HbI (mpu ab-

comroTHO# Temneparype 7 = 0 K).

o Ecnu B BellecTBE BaJICHTHBIE AJIEKTPOHHI,

g [Mosvopououimng Bg/ OTBCTCTBCHHLIC 3a BCC OJICKTPHUYCCKHC CBOMCT-
B4, 00Pa3yIOT MOJHOCTBIO 3AII0JHEHHYIO 30HY
(e€ Ha3BIBAIOT GAIEHMHOI 30HOW) TaK, YTO
nocjeayomas paspeniéHnas 30Ha cB00oiHa (€ Ha3bIBAIOT 30HOU NPOGOOUMOCHIU), TO
AIEKTPONPOBOJHOCTh TAKOTO BEILIECTBA PaBHA HYJIIO, U OHO SIBJISICTCS JIUAJICKTPUKOM.
JIeCTBUTENBHO, ABHXKEHUE JJIEKTPOHOB MOJ JCHMCTBUEM BHEIIHETO JJIEKTPUUYECKOTO
nojisi (3JCKTPUYECKUIA TOK), MPEANOoJIaraeT yBeIUYCHUE SHEPTHU JJICKTPOHOB, TO €CTh
nepexoj ux Ha 0ojiee BHICOKMN HE3aHSTBHIM DHEPreTHYECKUN ypOoBEeHb. B ciyuae xe
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MIOJTHOCTBIO 3aIOJTHCHHON BaJICHTHOW 30HBI TAKWX YPOBHEH HET, 3HAYMT, B BEIIECTBE C
TaKOM 30HHOM CTPYKTYPOU 3JIEKTPOH HE MOXKET YCKOPATHCS BHEIIHUM SJICKTPUUYECKUM
MIOJIEM.

JI71st TOrO 4TOOBI IEPEBECTH AJICKTPOHBI U3 BAJICHTHOW 30HBI B 30HY MTPOBOJIUMOCTH,
UM CJIEIyeT COOOIIMTh SHEPIHI0, HE MEHBIIIYI0, YEM IIMPUHA 3anpenéHHoi 30861 DW.
YacTh 2JIEKTPOHOB MPUOOPETACT ITY SHEPTHIO TPY 00TyYSHUH BEIIeCTBAa CBETOM MITH 32
CY€T TEIJIOBOTO JABMKCHHS aToMOB. [ToaToMy mpu 00buHBIX TeMiepatypax (T » 300 K)
B 30HE MMPOBOJIMMOCTH €CTh HEKOTOPOE KOJUYECTBO AJIEKTPOHOB. B 3aBUCHMOCTH OT UX
KOHIICHTPAITUX BEIIECTBO MOXKET OBITh JIMOO JUIJICKTPUKOM, JIMOO MOIYIIPOBOIHUKOM,
npUYEM pasandre MEXay dTUMH KilaccaMu ompenenseTcs 3HaueHusimu DW u remnepa-
Typbl T. JI1s mOTynpoBOAHMKOB NP KOMHATHOM TeMIlepaType IIUpHHA 3alpeliEéHHON
30Hb1 DW cocrasmsier 0,02 — 2 3B, a a1 qunsnexTpukoB — Oosibiiie 2 3B.

TemneparypHasi 3aBUCUMOCTb MTPOBOJMMOCTH TOJYTIPOBOIHUKOB OMPEIEISICTCS W3-
MEHEHUEM KOHIICHTPAIIUU HOCHUTEJICH TOKa — 3JIEKTPOHOB, MEPEHIEANINX B 30HY IPOBO-
auMmocTu. [Ipu yBemmueHnn TeMnepaTypbl UX KOJIMYECTBO AKCITOHCHIIMAILHO BO3PACTACT,
MI03TOMY CONPOTHUBJICHHE R YUCTBIX MOIYMPOBOIHUKOB YMEHBIIIAETCS C POCTOM TEMIIE-
patypsl T 1o 3aKOHY

abW o6
R= AxeXpe—— =, 4.1
ngKTQ ( )

e A — BenmunHa, cnabo 3aBucsimas ot temmeparypst;, K = 1,38X07 JIx/K — moctosH-
Has bonplmana.

[IpoBOAHUKHN UMEIOT IPYTYIO 30HHYIO CTPYKTYPY. BaJIeHTHBIE AIEKTPOHBI YACTUYHO
3aITOJIHAIOT 30HY (puc. 4.1), mpu 3TOM BJIEKTPOHBI MOT'YT CBOOOHO IMEPEMEIIAThCs O/
JEWCTBUEM BHEIIHETO 3JEKTPUUYECKOro Mojis. BaneHTHas 30Ha sBIs€TCS B JaHHOM CITy-
yae 30HOW MPOBOAMMOCTH. B TPOBOJHUKE KOHIIEHTpAIMsi CBOOOHBIX JIEKTPOHOB HE
3aBUCHUT OT TEMIIEPATYPhl — B ’TOM OCHOBHOE OTJINYKE MPOBOJHHUKA OT MOJIYIIPOBOIHU-
Ka U OAU3JIeKTpUKa. J[Jis TpOBOAHUKOB 3aBUCHUMOCTh COMPOTHUBJIEHUSI OT TEMIIEPATYPHI
3HAYUTENLHO cabee, ueM i AUdJIeKTpuKoB. OHa OnpeeNnsieTCsl pacCesTHUEM dHEPTUU
9JIEKTPOHOB TPH B3aUMOJCHCTBHM ¢ JedekTaMu ¥ (oHOHaMHU (KBaHTAMH YIPYTHX
BOJIH) KpHCTa/UIM4YecKor pemeTku. C pocToM TeMIlepaTypbl YBeIUYHBACTCS YHCIIO (Ho-
HOHOB, YTO BEJET K CHUKEHUIO IJIMHBI CBOOOAHOTO MpoOera 3j1eKTPOHOB MPOBOANUMO-
ctu B Metasuie. [Ipu 3ToM aeKkTpruyeckoe conmpoTuBiIcHHe R MpoBOAHUKOB yBEIWYHBa-
€TCs M0 JIMTHEMHOMY 3aKOHY

R=Ry(1+a; ®), (4.2
rne Ry — comporusnenue npooaHuka mpu 0 °C, a; — TemnepaTypHbiii Ko3h UITUEHT CO-
nporusnenus (TKC), t —remneparypa B rpagycax Llenabcus.

Onucanue memooa ucciedo6anu

3aBHCUMOCTBH COIPOTHBIICHUS MPOBOJHHMKA OT TemmepaTtypsl (4.2) B KoopauHaTax
R < t u3obpaxaercs npsaMoil IMHUEH, YTI0BOU KO3(PPUIIUEHT KOTOPOI

ki = apRo. (4.3)
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[To BenwunHe K; MOXKHO OMpee/IUTh 3HaUCHHUE TeMITepaTypHOro koddduimenra co-
MPOTUBJICHUS UCCJIEAYEMOTO IIPOBOIHHKA:

-k
R

3HaueHHEe CONMPOTUBIICHUS MPOBOJHUKA Ry HAXOIUTCA MyTeM SKCTPaNOJISALUN TOTy4eH-
HOM JTMHEWHOH 3aBucUMOCTH 10 Temmeparypsl O °C.
J{ns monynpoBOJHMKA 3aBUCHMOCTb CONPOTUBIIEHUS OT TEMIIEPATYPhl HEJIMHEMHAS,

a; (4.4)

. 1
TIOATOMY JIJIsl €€ HaXOXKACHUS UCTIONB3YIOT KoopauHathl INR «» 7 rae 1’ — reMrepary-

pa o mkaie KenpBuna. JleficTBuTensHO, Torapudmupys ypasaenue (4.1), momyyaem

nR=InA+ 2V, L. (4.5)
K T

1 . :
I'paduk pynknuu INR ot T SIBJISIETCS INHEWHBIM C YTJIOBBIM KOA(DPUITUSHTOM:

DW
Ko = — . 4.6
2= 2 (4.6)

DTO NO3BOJISET HANTH IIMPUHY 3alpEIIEHHON 30HbI MOIYIPOBOIHUKA O (popmyIie:
DW= 2k-k,. (4.7)

Takum oOpa3oMm, €CliM 3KCHEPUMEHTAIBHO HAWTH 3aBUCUMOCTH COIMPOTUBIICHUS
MIPOBOJHUKA U MOJYNPOBOJHUKA OT TEMIIEPATYPhI, TO MOKHO PACCUUTATh JJIS [IEPBOTrO
— TKC ay, 17151 BTOporo — mIMpUHy 3anpemeéHHoi 30u61 DW.

Onucanue ycmaHoO8KU

Oobopyoosanue. perynupyeMblii HCTOYHUK MOCTOSHHOTO HAMNpPsDKEHUs, MUHUOJIOKU
«MccnenoBanue TeMIiepaTypHOM 3aBUCUMOCTH COIPOTHUBJICHUS MPOBOJHHMKA M TOJTY-
MPOBOAHUKA», «KITFH0U», MyJIbTUMETPHI.

DnekTpudecKas cxemMa YCTaHOBKH TOKa3aHa Ha puc. 4.2, onucanne MUHHOJIOKa — Ha
puc. 4.3, a MOHTaxHas cxema — Ha puc. 4.4.

Puc. 4.2. Dnextpudeckas cxema:

1 — perynupyemblii UCTOUHUK MOCTOSHHOTO
Hanpspkenus («0 ... +15 B»); 2 — anektpoHa-
rpeBaTenb; 3 — TepMmornapa; 4, 5 — uccrienye-
MbIe 00pa3Ilbl IPOBOJHUKA U TTOTYITPOBOIHHU-
Ka; 6 — muHNONOK «lccaenoBaHue Temrepa-
TYpPHOW 3aBHCHMOCTH COIMPOTHBJICHHUS IIPO-
BOJHUKA U MOJYNPOBOAHUKA», / — MEPEKITIO-
o o yarens, 8 — 6ok «Kirou», 9 — MyIsTHMETp B

pexume usMepeHus comportuBienus; 10 —
MYJIBTUMETP B PEKHUME U3MEPEHUS TemIlepa-

TYpPBI
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DeKTpoHarpeBarelb 2 MOIKIIOUYCH K PEryIupyeMOMYy UCTOYHHKY TTOCTOSSHHOTO Ha-
npspkerns 1 («0...+15 B»). IIpu BKIIOYEHHH MCTOYHMKA HAYMHAETCS HArpeB HCCIIe-
yeMbIX 00pa3ioB. Iyisi u3MepeHus: conpoTUBICHUS 00pasiioB 4, 5 B pexuMe Hempe-
PBIBHOTO HarpeBa MX MOOYEPETHO MOJACOCTUHSIIOT K MYyJIBTUMETPY 9 ¢ OMOIIBIO TIepe-
Kitouarens /. TemriepaTypy 00pasiioB U3MEPSIIOT ¢ OMOIIBI0 TEPMOIIAPhl 3, HAPSHKE-
HHUE C KOTOPO# MoIaéTcs Ha KJIEMMBbI U3MepHUTENs TeMiepatypsl (Mynbtumetp 10).

Puc. 4.3. Munu6nok «lccnenoBanue TemIiepaTypHOR
3aBUCUMOCTH COMPOTHUBIICHUSI MTPOBOJAHUKA U TOJIYIIPOBOI-
HUKa.

1 — xyIeMMBI TE€pMOTIAPHI TSI TOAKIIOUEHUS K MYJIbTUMETPY,
2 — HarpeBartenb Ieuu,
3 — IPOBOJHUK;
4 — 1oyNpPOBOTHUK;
Ryp — BBIBOJ IIPOBOJIHUKA,;
R.; — BBIBOJ MOJIyIIPOBOIHUKA

Puc. 4.4. MoHTaxHasi cCXeMa YCTaHOBKHU:
6, 8,9, 10 —cMm. puc. 4.2
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Bvinonnenue padbomot

1. 3anonHUTH Ta0IM. 4.2 (CM. OJ1aHK 0TYETA).

2. CoOpaTp AIEKTPUUYESCKYIO IEIb 10 MOHTAXKHOM cxeMe, IpUBeIEHHON Ha puc. 4.4.
[Tpu moxcoeqMHEHUU TEPMOTIAPHI K MYJIbTUMETPY HEOOXOIUMO YUUTHIBATH MOJISIPHOCTh
MOIKJTFOYESHUS TIPOBOJIOB.

3. BximtouuTs B ceTh OJIOKM MUTaHKS TEHEPATOPOB U MYJIBTUMETPOB. HaxkaTh KHOIIKY
«cxonHas yCTaHOBKa».

4. YCcTaHOBHUTHh HEOOXOUMBIC PEKUMBI U3MEPEHUN MYJIBTHMETPOB. YUECTh, UTO TIPH
WU3MEPCHUH COMPOTHBIICHHUS MPOBOJHUKA MEPEKITI0UaTe b TUANIA30HOB CTaBUTCS B TIO-
noxxerne 200 OMm, a momynpoBogauka — 2 KOm mim 20 kOwm.

5. C momompro MuHHO0KA «KTH0U» MOAKII0OYas TO0YEPETHO K MYJIBTUMETPY MPO-
BOJIHUK (TTOJIOKEHHE A) M TIOJIYIPOBOIHUK (rojioxkeHue B), u3mMepuTh UX COnpoTHBIIe-
HUE TPU KOMHATHOW TeMmIieparype. Pe3yiabTarel uaMepeHuit 3anucarh B Ta0a1. 4.3 (cm.
OnaHK 0TYéTA).

6. Knonkamu «YcrtanoBka Hanpspkerus O ... +15 B» ycTaHOBUTH 11O MHIUKATOPY
78 neneuunii.

7. ITo mepe HarpeBa 00pas3IOB, U3MEPSITH IO M. 4 UX CONMPOTUBICHUS YePe3 Kaxable
5°C no 70 °C. Pe3ynbraThl n3MepeHut 3amnucarh B 1a01. 4.3.

8. Buikntouume u3 cemu OGJOKM MUTAHUS TEHEPATOPOB HAMPSHKEHUA U MYJIbTUMET-
pOB.

Oopabomka pe3yromamoe usmepeHuil

1. [To mannHbIM Tabn. 4.3 MOCTPOUTH TpaduK TeMIEpaTypHOU 3aBUCHMOCTH COIPO-
TUBJICHHS IPOBOJHUKA OT TeMIlepaTypsl B koopauHatax R < 1. Ochk TemmepaTypsl ciie-
nyet HaunHaTh ¢ O °C.

A A 2. DKCTpamonupys TOJy4YeHHYIO JIMHEH-

R . e HYIO 3aBHCUMOCTbH JI0 MEPECECUCHHUSI C OCBHIO

R™ e ,  OpJAWHAT, HAUTH CONPOTHUBIICHHE MPOBOIHUKA
- Ry mpu temmiepatype 0 °C.

AL AL 3. lo monyyeHHoMy rpaduKy paccuuTarthb

. . CpellHee 3HAYeHHUE YIIIOBOTO Kod(duimeHTa

. . Ky. J1J1s1 5TOTO Ha KOHUAX SKCTICPUMECHTAIBHOM

, 0 MpsIMOi1 BBIOpAaTh JiBe Touku 1 u 2 u cipoeru-
A pOBaTh UX Ha KOOPJAMHATHBIC OCH. Torma
R Ry- R R . R
A 1B T/ kg =—2—31 (4.8)

.,
‘ 1
s,

>

. t2 - tl

Rst 4. Tlo dpopmyne (4.4) BBIYUCIUTH BEINYH-
t; t

> HYy CpeJHero TeMiepaTypHoro kodgduireHra

0 t,°C  conpoTuBieHUs @; MCCIEAYEMOIO MPOBOIHH-

Ka.

Puc. 4.5. 3aBUCHMOCTb CONTPOTHUBIIEC-
HUS TPOBOJHUKA OT TEMIIEPATyphl
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5. Ilo mansbIM Tabn. 4.3 MOCTPOWTH JIsi TOIYHPOBOAHMKA TpadUK B KOOpAWHATAX
1 N .
INR — T JIuHeWHbI XapakTep 3Toro rpaduka MOATBEPXKIACT IKCIOHEHIMATBHBINA Xa-

paKTep 3aBUCUMOCTH COMPOTHUBJIEHHS TIOTYIIPOBOJHUKA OT TEMIICPATYPHI.
6. ITo sTomMy rpaduKy OmpeacInTh CpeaHee 3HaUeHNE YIIIOBOro K03 duireHTa mpsi-
Mo K, anasioruuHo 1. 3:

K, = 21 (4.9)
T, T

7. Ilo dopmyse (4.7) BBIYUCIUTH IIMPHHY 3alPEHICHHON 30HBI MOJYIPOBOJIHUKA
DW. 3anucate €€ 3HaYeHUE B JIKOYJISIX U SJIEKTPOH-BOJIbTAX.

Ouyenka nozpewrnocmeil usmepeHuil

1. Cucmemamuueckas OMHOCUMENbHAA TIOTPEITHOCTh TMPH KOCBEHHOM MHOTO-
KPaTHOM H3MEPCHHU TEMIIEPaTypHOTo KO3 QHUIIMEHTa COMPOTUBICHUS HAXOIUTCS IO
W3BECTHBIM MpaBUIaM. 32 HCXOAHYIO (PYHKIIUIO YIOOHO B35ATh BRIPAKEHHUE, TOJYUCHHOE
u3 Ghopmysl (4.2)

_R-Ry_1=R 0

Rt téR g
Torna
98t _11 /2 L 0 : 4.11
g a, R : 8'[ (4.11)
grR qt
371ECh R T CHCTEMAaTHYeCKasi OTHOCHTENIbHAS MOTPEHIHOCTh MYJIBTUMETpA MPH

U3MEPEHUH COMPOTUBIICHUS U TemIiepatypsl (Tadi. 4.2).

2. Cnyuaitnasa omHocumebHasA TOTPEUTHOCTh KOCBEHHBIX H3MEPEHUUN BEITUUYMHBI
a{ HaXOMTCS 110 TOMY K€ MPaBUITy, 9TO | B 1. 1. B KauecTBe MCXOAHON (QYHKIIUU YI00-
HO B3SITh pacuétHyro Gopmyiny (4.4). Torna

o=t gﬂkl &dROO, (4.12)

too
ay éxrig &R g

rae dk;, dR, — noBepuTenbHBIE TPAaHULBl CAYYUAHUHOU AOCONIOMHON TIOTPEIIHOCTU
CPE/IHETO YIJIOBOTO KOA(P(HIIMEHTA U COMPOTUBIICHHS MPOBOJHUKA MPU TEMIIEpPAType
0°C.

[ToCKOJIBKY 3aBUCHMOCTH COIPOTHBIICHUS MPOBOJHUKA OT TEMIEPATypPhl SBISCTCS
GyHKIMeH muHelHON u n3o0paxaercs npamoi, To norpemHoctn dk; n dR, Hambonee

MPOCTO HANTH rpadUuecKUM ciocoooM 1o dhopmyram:
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dkl_tP,N(RA' Rs)

BTy (4.13)
_tpn(Ry- Rg)
Ry =P (4.14)

rae tP,N — ko3¢ dunment CteroieHTa, P — noBeputenbHas BepossTHOCTh, N — uncio usz-

Mmepenult, Ra, Rs — cm. Ha puc. 4.5. [IpoBecTu napajjienbHO SKCIIEPUMEHTAIBHON Mps-
MOM Mo 00e cTOpoHbI JiBe npsiMbie A U B 1o Bo3MoXHOCTH OJiMKe Tak, 4TOOBI 0O0JIb-
IIMHCTBO TOYEK, (KpOME MPOMAaxOB) 0Ka3aJloCh BHYTPH.

Koadppummenter CThrofcHTa

Tabmuma 4.1
N 5 6 8 10 20
P=0,95 2,8 2,6 2,4 2,3 2,1

3. JloBeputenbHas TPAHUIA HOJIHOU OMIHOCUMENbHOI TIOTPEITHOCTH PAaCcCUYNTHIBA-
eTcs 1o hopmyiie

Da
E=—t=,/e®+¢ (4.15)
at
4. Iloanasa abconomuasn NOrpeNIHOCTb HAXOJUTCS U3 €€ CBSI3U C OTHOCUTEIIBHOU
E
¢ = XAy (4.16)
100%

5. Ilo aHanoOruyHOM CXeMe PacCUUTHIBAIOTCS MOTPEIIHOCTH KOCBEHHBIX M3MEPEHHUI
IIMPUHBI 3aMPENIEHHON 30HBI TTOJIYITPOBOTHUKA.

6. Obopmuth OTUET IO pabOTE B COOTBETCTBUU C MPUIIATaEMBbIM 00pPa3I[OM U CpaB-
HUTH a; 1 DW ¢ TabnuunbiMu 3HaueHusMu (tadi. 4.4, 4.5).

OTYET
no nadopamopnoii pabome <Hzyuenue memnepamypHoii
3A8UCUMOCIU CONPOMUBTICHUS NPOBOOHUKA U HOJIYRPOBOOHUKAY

Wcnonautens cryaeHr(ka) rp.

Ilenv pabomeur. ...
Kpamkoe onucanue memooa uccineooeanus. ...

Pacuemmnvie gpopmynsi. (00bICHUTH BXOIAIINE B HOPMYJIbI (PU3NICCKHUEC BEITUMIHHEI
W yKa3aTh eJMHUIIBI UX u3Mepenus B CHU) ...

Oobopyoosanue: ...
Cpeocmea usmepeHuil u ux XapaKmepucmukKu
Tabauma 4.2
HaumenoBanue [Ipenen momyckaeMon OTHOCUTEIIBHON
npubopa norpentHocTH (B % OT M3MEPEHHOTO 3HAUCHUSI)
Ommerp qR/R=0,8 %
TepmomeTp qt/t=1,0 %
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Peszynomamul uzmepenuii

Tabanma 4.3
No t, °C T,K UT,K' | RpOM | Ry, Om INR,,
1
2
N 70
Pesynvmamul pacuemos
1.ki=...=... OmM/ C; (4.8)
2.Ry=... Om; (o rpaduky)
3.a;=...=...1°C; (4.4) Hamucatb ¢popmyJry, mokaszarb
4.9=..=..%; (4.11) pPacyéT U 3anucaThb pe3yabrar!
5.dk;=... =... OmM/°C; (4.13)
6. dRy = ... Owm; (4.14)
7.e=..=..% (4.12)
8.E=..=...% (4.15)
9.Da;=... =... 1/°C; (4.16)
10. OkoHYaTenbHbINH pe3yabTaT: a; = ... = ... 1/°C, E= ... %;
11. k=...=...K; (4.9)
12.DW=...=...Jlk=...3B. (47) (15B=16%0 ° JIx).
13. Ouenka nmorpentHocTel MmupuHbl 3anpénieHHon 30a61 DW nccnegyemoro momy-
MPOBOHUKA.
14. BriBog.
Ilpumeuanue. K otu€ty mnpunaratorcs 1Ba rpaduka, MOCTPOSCHHbIE MO JaHHBIM
tabin. 4.3.
TemnepamypHhutii IHMupuna 3anpewiéHHOU 30HbL
Ko3(ppuyuenm conpomuesnenus eeujecme
Tabmauma 4.4 Tabmuua 4.5
3 5.1 DW, "B
BemectBo a0~ K BemectBo (mipu 20°C)
Al 45 C (amma3) 5,40
Wi 51 Se 1,79
Cu 4,3 Ge 0,66
Pb 4,2 S 1,11
Ag 4,1 GaAs 1,43
Huxpom 0,2 INAs 0,36
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JlaGopaTopHnas paéora I-5 _
OIIPEJAEJIEHUE MTAPAMETPOB LHEIIA, OBJIAJAIOIIEA
COINPOTUBJIEHUEM U 3JEKTPOEMKOCTBIO

Ilenwv pabomwt. U3yunTh BPEMEHHYIO 3aBUCUMOCTD HAIIPSHKEHUS TIPU pa3psJie KOHJIEH-
caTropa, OnpeeNuTh MOCTOSHHYI0 BpeMenu RC-1ieru u e€ conpoTuBieHue R

[Ipu 3apsake wiam paspsijie KOHAeHcaTopa B LEnu
(puc. 5.1) nmpoTekaeT N3MEHSFOIIACS AICKTPHICSCKHINA
Q ToK. Ecimi aTOT TOK | M3MEHsAeTCcs He CIMIIKOM OBICT-

N _ PO M TaK, 4TO B K&Kl MOMEHT BPEMEHU €TI0 BEJIH-
»7& YMHA OJIMHAKOBA BO BCEX TOYKAX KOHTYpa, TO JUIS
K

[|I€
Il

MTHOBEHHBIX 3HAu€HWH | CIipaBeIMBbI 3aKOHBI I10-
||8 CTOSIHHOTO TOKa. Takue MeJIEeHHO W3MEHSIOIECs
f TOKH HA3bIBAOT KGA3UCHAUUOHAPHBIMU.

Puc. 5.1 Tok B KOHTYpe unHBI | OymeT KBa3ucTalmoHap-
HBIM, €CJIM BPEMsl €ro YCTaHOBIEHHs, paBHOe |/C

(rze ¢ = 340° m/c — CKOPOCTH PACIIPOCTPAHEHIS NEKTPOMATHHTHOTO TIOJS B BAKYyMeE),
MHOTO MEHBIIIE, YEM XapaKTEPHOE [l JAHHOM 1IN BpeMsi H3MEHEHUs ToKa t .

B cnydae n3MeHeHHs TOKa 10 AKCIIOHEHITMAIbHOMY 3aKOHY BelMuuHa t Ha3bIBaeTCs
HOCMOAHHOU 8PeMeHU Uenu — BpeMsi, 32 KOTOPOe TOK u3MeHsieTcs B e~ 2,71 pa3a.

Onucanue memooa uccieoo6anus

B nanno#t pabote u3mepeHue MocToSHHONW BpemeHn RC-1ienu ocHOBaHO Ha U3yde-
HUU TIpoliecca pa3psajia KOHJAeHcaTopa yepe3 pe3uctop conporusieHueM R. [Tpu sTom B
nenu (puc. 5.1) mpoTekaeT IEKTPUUESCKUN TOK

d
- . 9Q (5.1)
at
3nech Q — 3apsii KOHJIEHCATOPa, MPONOPIMOHATBHBIN HanpspkeHnto U Ha ero oOkia-
kax. OH onpenensiercss Gopmyson

Q= CU, (5.2)

rae C — éMKOCTh KOHJIEHCATOPA.
CornacHo 3akoHy OMa KBa3HCTallMOHAPHBIN TOK

U
=—. 5.3
= 53
Hcnone3ys cootHomenus (5.1), (5.2), (5.3), zamumem nuddepeHnmanisioe ypaBHe-

HHC, OIMKMCBIBAIOIICEC CKOPOCTb N3MCHCHUS HAIIPSIKCHUA KOHACHCATOPA

d_U =- i . (54)
dt RC

Paznensis B 9TOM ypaBHEHUM NEPEMEHHBIC W pelllas ero MHTETPUPOBAHHEM OT Ha-
ganmpHOro MoMeHTa t = 0 (manpsixenue Ug) o texymiero t (Hanpsoxenne U)
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du 1
O =-—==(tt, 5.5
o U RCc()ji (5:5)

IoJIy4aeM 3aBHCUMOCTDb HANIPSKECHUSL KOHACHCATOPA OT BPEMCHHU.

e t o eto
U =Uyexpe: —-=, wmn U =U expes —=, 5.6
0 pg RC: 0 pg (: (5.6)
rne t = RC — mocTosiHHas BpEMEHH AJIEKTPUYCCKOH IIeTH, COoIeprKaIleld KOHACHCATOp U
pe3ucTop.

[Tponorapudmupyem 3aBucumocts (5.6):

InU =InU, - %t=InU0+k>¢. (5.7)

3aBucumMocTh INU <> t aBiseTcst TMHEHHOM, TPUYEM YIIIOBOM KO3 GHUIMEHT npsimoit K
CBSI3aH C IIOCTOSIHHOM BpeMEHHU [ COOTHOIIEHUEM:

k=-1t. (5.8)
Taxum O6p2130M, HUCCICAYS 3aBUCHUMOCTD HAIIPAXKCHHUSA HA KOHACHCATOPE OT BPECMC-

HU, MOKHO IKCIIEPUMEHTATIBLHO OMPEAEIUTh MOCTOSHHYIO BpeMeHn RC-11emnu, a Taxoke
conpoTuBieHue 1enu R, ecnu nzBectHa éMkocTs C.

Onucanue ycmaHoO8KU

Ooopyoosanue. HEpPETYIUPYEMBI UCTOYHUK MOCTOSIHHOTO HAIIPSKEHMS, CEKYHIO-
Mep, MyJIbTUMETpP, MUHHOJI0KK «Kimtou», «kKoHaeHcaTop».

DneKkTpruyecKkas cXeMa yCTaHOBKHM IOKa3aHa Ha pUC. 5.2, MOHTaKHasl CXeMa TpHBE-
neHa Ha puc. 5.3.
; 3 Puc. 5.2. Dnexrpuyeckas cxema:
N2 1 — UCTOYHHUK MMOCTOSTHHOTO HanpsbkeHus («+15 B»);
b 4 2 — KJII0Y,
. C S 3 — MuHHOJI0K «KITrou»;
GD 4 — vuaNONI0K «KOoHAeHCATOP»;
5 — mynsTuMeTp (pesxum V= 20 B, Bxoasl COM,
VW)

Konnencarop 3apshkxaercs 1o HanpsokeHus Ug OT HCTOYHMKA TTOCTOSIHHOTO Hampsi-
xenus 1. 3ateM K104 2 pa3MbIKaIOT U KOHJIGHCATOP HAUMHAET Pa3psKaThCs uyepes Moj-
KIIFOUCHHBIN K HEMY BOJIBTMETP D, UMEIOIIUi 00JIbIIoe BXoHOE conpotuBienue Ry. 1o
BOJIBTMETPY O MOXKHO CIIEUTH 32 TEKYIIIUM 3HaUYE€HUEM HaIPsKEHUSI Ha KOHEHCATOPeE.

Boinonnenue pabomur

1. 3anonHuTh Ta0M. 1 (CM. OJaHK O0T4éTA).

2. CoOpaTp 2JIEKTPUYECKYIO 1IeTh ¢ KoHaeHcaTopoM C; IT0 MOHTa)XXHOU cXeMme, TIpH-
BENIEHHOM Ha puc. 5.3.

3. BkmtouuTs B ceTh OJIOKH MUTaHUS TEHEPATOPOB U MYJILTUMETPOB.
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4. OTKIIOYUTH KOHAEHCATOP OT HMCTOYHHMKA IMOCTOSHHOTO HAINpPsDKEHUS, HepeBeis
KJII0Y B MosioxkeHue B, u mo Mepe paspsaa KoHAEHcaTopa yepe3 Kakaple S cekyHn 3a-
NUCBIBATh [TOKA3aHUs BOJIbTMETpaA B Ta0u1. 5.2. [loBTopuTh N3MepeHus He MeHee 3 pas.

5. [Moncoenuuuth mapauienbHo K KoHaeHcaropy C; Bropoit C, (puc. 5.4) u o . 4
NOBTOPUTH U3MEpEeHUs sl OaTapen KoHJeHcaTopoB. Pe3ynpTaTsl 3anucars B Tabi. 5.2.
[ToBTOPUTH U3MEPEHNUS HE MEHEE 3 pa3.

6. Boikntouume u3 cemu OJI0KU T€HEPATOPOB HANPSXKEHUN U MyJIbTUMETPOB.
Oopabomka pe3ynomamoe uzmepeHuil
1. Tlo dopmyne i napaieIbHOIO COETUHEHUS] KOHJIEHCATOPOB pacCUUTaTh U 3a-
. oar

mucarh B Tabi. 5.2 EMKOCTh GaTapen KoHAeHCaTopoB Crypy .

2. Tloctpouts rpaduku 3aBucumoctu INU « t mis kornencatopa C; u OGatapeu
KOHJIEHCATOPOB CS;‘;&H Ha OJIHOM IT0JIE YEPTEXKaA.

3. Onpenenuth mo rpaduky INU « t yrioBoit koadduiment K inHeiHO#N 3aBUCH-
moctu (5.7) u nocrostauyio Bpemen tenu t =- 1/K mis o6oux ciydaes.

4, PaccunTaTh compoTuBiIcHUE BoabT™MeTpa Ry misa émkoctn C; m éMKocTH GaTapeu

KOHJICHCATOPOB, COEAMHEHHBIX MTapajlieIbHO CoT o dbopmyre:

iapai

1 t
=__=- =_ 5.9
R kxC C (59)

3O
* (OH
©O—0-—0

+15B

H
@
o—o—© ©
@..:'a.@

of ©0—© OO0 ©
O—~0—0—0—0—0—0—0)—0—0—©

Puc. 5.3. MonTaxnas cxema: 3, 4, 5—cwm. Ha puc. 5.2
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+15B

Puc. 5.4. MonTtaxHas cxema. [lapamienbHoe coeIMHEHNE KOHIEHCATOPOB

Ouyenka nozpewinocmei usmepeHuil

1. Cucmemamuueckaa omuocumenpbHas TOTPEIIHOCT KOCBEHHBIX H3MEpPEHUM
CpPE/IHEr0 BHYTPEHHETO COIMPOTHBIICHHS BOJLTMETpa Ha ocHoBe (opmyssl (5.9) ompe-
JEJSIETCS] BBIPAKEHUEM

g:_QR/ _1q B ECE | (5.10)
&t o 8(3
gt qC
ri€c—, — — CUCTCMATHUYCCKHUC OTHOCHUTCJIILHBIC HOIpeHIHOCTH I/I3MepeHH}I BpeMeHI/I

t
penakcanuu 1 EMKOCTH KOHJIEHCATOPA.
2. Cnyuaininaa omHocumenbHasa TOTPEIIHOCTh KOCBEHHBIX H3MEPEHHM compo-
TUBJICHUS ONIPENIEIISAETCS TOJBKO CITyYalHON MOTPENTHOCTHIO YIIIOBOTO KO3 duiimenTta

e=——=— (5.11)
rine dk —cayuaiinas adconromuas nNOTrpenIHOCTH YTIOBOTO KOG (GUIIUCHTA.
[TockoabpKy 3aBUCHMOCTh HATYpaJIbHOTO JioraprudmMa HampsHKEHUS Ha KOHICHCATOPE

OT BPEMEHH €ro paspsijaa sBisercs QyHkiuer muaernoi (5.7) u u3odpaxkaetcs mpsiMOH,
To morperrHocTh dK Harboee MPOCTO HAWTH rpaUIECKUM CITOCOOOM.
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InU '\
InU, 4

InU1

0

Puc. 5.5. 3aBucumocts INU oT BpeMenun

Pabouelt popmyoit B 3TOM ciiydae sBISIET-
Csl BRIpOXKCHHE

_tpn(nU,a-InUg)
2UN(t - to)

rae tp y — ko3pdumment CtprogeHrta, P —

dk . (5.12)

JOBEepUTENbHAsT BeposiTHOCTH, N — uwmcio
W3MEPEHUM.

3. lloanaa ommnocumenvHasa TOTPEIII-
HOCTb PacCUUTHIBACTCS 10 popmyJie

E=%=\/e2+gz. (5.13)

4. Ilonnaa aéconomuas TOTPEIIHOCTD
paccuuThIBaeTcs no hopmyse

DR, =ExXR, . (5.14)

OTUET

no a1abopamopnoii pavome «Onpeoenenue napamempos
uenu, oonadarouieil CONPoOmMueIeHuUeM U 3J1eKmpoEMKOCH bI0»

Lenv pabomeot.

Wcnonautens cTyaeHt(ka) rp.

Kpamkoe OnuUCaHue Memooa Uccie008aHus..

Pacuémmnote gpopmynvt. (00bICHUTE BXOAIIHE B HOPMYJIbI PU3NICCKHE BETMUNHBI
U yKa3aTh €IMHUIIBI UX u3MepeHus B cucteme CU.

Oobopyoosanue:
Cpeocmea uzmepenuii u ux XapaKmepucmuxKu
Tabmanma 5.1
HanmenoBanue [Ipenen nomyckaeMou OTHOCH- AOcomoTHas
npudopa TEeNBbHOM morpemHocTH (B % ot CUCTEeMaTU4eCKast

U3MEPEHHOTO 3HAYCHNS) MOTPEIIHOCTh
Boser™meTp (5) 0,5 % —
CexkyHmomep — gt=...

(ITOrpeIHOCTh H3MEPEHUS
BPEMEHU SKCIIEPHMEHTA-
TOPOM 3aBHUCHUT OT €0 pe-
aKITIN)
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Peszynomamul uzmepenuii

Tabanma 5.2
= o £ - o Co=... Mk®
1= ... MK c -7 Cgf;aH:C1+C2:---MKq)
Uy, | Uz | Us, | <U>, t,c | Uy, | Uy | U | <U>,
te /g 8|8 | B | MV B|!B|B | B | NV
0 0
5 5
10 10
15 15
20 20
25 25
30 30
35 35
40 40
45 45
50 50
55 55
60 60
Pe3ynomamot pacuémos

1 k=...=... lUc

kr=...=...1c
2. t,1= = C

t, = = C
3. Ry =...=...0Om ([ns cxemsl ¢ koHaeHcatopom Cy)

Ry, =...=...Om (usa cxemsl ¢ korgerncatopamu C, u Cy)

R/ =...=...0m (Cpennee MEeX1y HUMH)
4. g=...=...% (Pacuér a1 OJHOM CXEMBbI)
5.dk=..=..c"
6. e= ...=...%.
7. E=...=...%.
8. DR\/: oo = ... Om.
9. OxonuarenbHbIA pesynbTar: Ry=... ... OM, E= ... %.
10. BeiBog.

Ilpumeuanue. K otuéry mnpwiaratorcs rpadukd, TOCTPOCHHBIE IO JIaHHBIM

tabn. 5.2.
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JladopaTropHnasi padora I-6
ONPEAEJIEHUME YJAEJBHOI'O 3APSJIA JIEKTPOHA
METOJOM MATHETPOHA

I]enb pabomel: 03HAKOMUTHCS C METOJIOM MarHeTPOHA, SKCIIEPUMEHTAIBLHO OIpee-
JIUTh 3HaYEHUE YJIETLHOTO 3apsijia JIEKTPOHA U CPABHUTH €0 C TAOJUYHBIM 3HAUCHHUEM.

Ecnu yactuia, obmagaromas Maccoir M u 3apsgom Q, IBHKETCS CO CKOPOCThIO U B
1
IPOCTPAHCTBE, TIAC MMEETCS JJIEKTPHUUECKOE I0JIe HANPSHKEHHOCThI0O E M MarHHUTHOE
]
noJie MHAyKIMeH B, To Ha He€ neiicTByet cuita Jloperia [2-4]

1 1 ,r 1 <
F=QE+Q gu,BH. (6.1)
CornacHo BTopomy 3akoHY HbIOTOHA ypaBHEHUE JBHKEHUS YaCTUIIBI UMEET BUJ]
du I di Qr Q . [I.
m—=F, 1507051 —="E+-= qu, BY. 6.2
dt d m m &4 b (6.2

W3 nocneaHero ypaBHEHUs BUAHO, YTO XapaKTep JBHXKEHUS U TPACKTOPHUS 3apsKEH-
HOM YacTHIIbl 3aBUCIT HE OT €€ 3apsiia U MacChl B OTAEIBHOCTH, a OMPEIEISIIOTCA HX
OTHOILEHHEM, TO €cTh Q/M. DTO OTHOIIEHUE HA3BIBAETCS YOCbHbIM 3aPAIOM TACTHIIBI

U SIBIISIETCSL €€ BayKHEUIIIEH XapaKTEPUCTUKOW. DKCIIEPUMEHTAIBHO ONPEIEIUTh YAENb-
HBINM 3aps]l 4aCTUIIBI MOXKHO Pa3HBIMHU CIIOCOOaMH, OJTHUM U3 KOTOPBIX SIBIISIETCS METO/T
MAarHeTpoHa.

Onucanue memooa usmepenun

Ha3Banue MeTOAa CBSI3aHO C TEM, YTO B pabOTe HC-
HOJIb3YETCS B3aUMHAsi OPUEHTAIUSI MATHUTHOTO M 3JICK-
TPUUECKOTO MOJIEH, MOA00HAs OPUEHTAIIMU ATUX MOJIeH B
aHoIk  f—— MA2HEeMPOHAax — reHePaTopax JICKTPOMArHUTHBIX KOJIe-
OaHM1 CBEPXBBICOKUX YaCTOT.

DJIEKTPUYECKOE TO0JE CO3JAI0T C MOMOIIBIO JBYX-
3IIEKTPOAHON Jammbl (auona). E€ snekTpoasl — aHOA U
KaToJ, — UMCIOT (OPMY COOCHBIX (KOAKCHAJIbHBIX) IIH-
JMHIPOB, U KOTJIa K HUM MPHUKIAABIBAIOT Pa3HOCTh I10-
TCHIIMAJIOB, BEKTOP HAMPSHKEHHOCTH JIIEKTPUIECKOTO
HOJIST UMEeT paauajibHoe Hampasienue (puc. 6.1). Mar-
HUTHOE MOJIC CO3/al0T COJICHOMIOM IPU IMPOIYCKaHUU

Puc. 6.1. Marnerpos II0 HEMY DJIEKTPUYECKOTO TOKA. JlamIa momeIneHa BHyT-

PH COJICHOHU 1A BJIOJIb €0 OCH, TO €CTh BEKTOP MHAYKIHH

B MArHUTHOTO I0JISl HAIIPABJIEH BIOJb OCH YIEKTPoioB. Takum 06pasoM, MarHUTHOE U
AIIEKTPUYECKOE T0JIe B MATHETPOHE B3aUMHO MEPIICHIUKYIISPHBI.

DJIEKTPOHBI B JIAMIT€ MCIYyCKAIOTCS HATPETBIM KAaTOJOM M IMOJ ICHCTBHUEM BJICKTPHU-
YECKOTO IMOJI1 HAUYMHAIOT JABUTaThesl K aHOAY. Hanpshk€HHOCTh E MakCHMalbHa y KaTo-
Jla U C YBEIHUUCHHEM PACCTOSHHS OT HEro OBICTPO yMeEHbImaeTcs. [103ToMy OCHOBHOE

s
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U3MEHEHUE CKOPOCTH 3JIEKTPOHOB MPOUCXOJUT BONM3M KaTo/a, M MPHU JaJbHEHIIEM
JBIKEHUU MX CKOPOCTh Oy/IeT M3MEHSTHhCS HE3HAUYMTENbHO. Tak Kak B JHUOJE PaanycC
KaTojla 3HAaYUTEIILHO MEHBIIIC pajuyca aHo/ia, TO MPUOIMKEHHO MOXKHO CYUTaTh, YTO B
KOJIBLIEBOM IIPOCTPAHCTBE MEXKIY AHOJOM M KaTOZOM DJIEKTPOHBI IBHXKYTCS C IIOCTO-
SHHOM CKOpPOCTBIO. B j1amrie BO3HMKAET aHOAHBINA TOK, BEJIMYMHA KOTOPOTO 3aBUCHUT OT
AHOJHOTO HAIPSKEHUS.

Ecnu MarHuTHOE 1oJIe OTCYTCTBYET, TO MPHU HE-
U3MEHHOM TOKE Hakajga M CTaOMJIBHOM aHOAHOM
HaIpsSHKEHUW AHOJHBIM TOK HMMEET IOCTOSHHOE
3HaueHue. 1Ipu 3TOM BCe IIEKTPOHBI ABHKYTCA I10
paguanbHBIM MOPSAMBIM  OT KaTojJa K aHody
(puc. 6.2, a). [Ipn HaIMYUKM BHEIIHETO MarHUTHOTO
NoJIsI Ha JABWXKYLIUMHCS 3JIEKTPOH OyAeT IeHCTBO-
BaThb MarHuTHas cocTaBisitomas cuibl JlopeHna.
Ota cuna, Oyayuu TEpHEHAUKYJISPHON K Hampas-
JICHUIO JABWKEHHS DIIEKTPOHA, BBIMOIHSET POJIb
LHEHTPOCTPEMUTEIILHOW CHJIBI U BBI3BIBAET JIBHXKE-
HHUE II0 OKPYXHOCTH. Pammyc 3TOM OKpPYKHOCTH
onpeaenseTcss BTOpbIM 3ak0OHOM HproToHa

Puc. 6.2. TpaekTopun IBH>KEHUS
AJICKTPOHOB B MAarHUTHOM ITOJIC

2
— mu
euB =
R (6.3)
rje M, —Macca dJeKTpoHa, € — MOAYJIb €ro JIEKTPUUECKOro 3apsia, TO eCTh
= @ 6.4
= (6.4)
Orcrona cienyer:
i = L ’ (6 5)
m. RB

TO €CTh YACIBHBIN 3apsj] dJIEKTPOHA MOYKHO OINPEACIINTh, 3Hast €r0 CKOPOCTh U PaJNyC
OKPY>KHOCTH, IT0 KOTOPOH OH JIBH)KETCS B MATHUTHOM TI0JIC C MHAYKITUEH B.

B crmabom MarHMTHOM IOJIE€ ATOT PaJMyC TOBOJIBHO BEIHK, MOTOMY TPACKTOPHS
3JICKTPOHOB MCKPHUBIISETCS HE3HAYMTEIHHO, U OHM BCE JOCTUTarOT aHoxa (puc. 6.2, 0).
IIpy HEKOTOPOM 3HAYEHUH MAarHUTHOW MHIYKIMH, Ha3bIBAEMOM KPUTHYECKUM By,, Tpa-
CKTOPHS HUCKPUBJISAETCS HACTOJIBKO, UTO KacaeTcs MOBEpXHOCTH aHoaa (puc. 6.2, B). Ha-
KOHel, npu B> By, s1ekTpoHbl, He JocTHras aHoJa, BO3BPALIAIOTCS HA KaToJ
(puc. 6.2, 1).

Ha puc. 6.3 moka3zan rpaduk 3aBUCUMOCTH aHOJITHOTO TOKa OT MATHUTHON UHIYKITUH.
Eciu B < By, , BCe 3IIEKTPOHBI JOXOIAT 10 aHOJA, M AHOJHBIM TOK UMEET TaKOE K€ 3Ha-
YeHHE, KaK M MPH OTCYTCTBHM MarHUTHOTO TOJIs (TOpH30OHTaNbHAs YacTh rpaduka). Ec-
nmu B > By, TO 21€KTpOHBI IEPECTAOT JOCTUraTh aHOAA, U TOK YEPe3 JIaMIy CTAaHOBUTCS
paBHbIM Hymo. [Ipu B = By, aHOIHBIN TOK JOKEH Pe3KO yMEHbIIAThCS (IITpUXOBas
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JIMHUS Ha rpaduKe), OJHAKO B PEaJbHBIX YCIOBHUIX Ta-
L A KOT'O SIBJICHHSI HE Ha0Jt0/1aeTcsl. JTO CBA3aHO, IPEkKIe
BCEr0, C TEM, YTO IEKTPOHBI, HCITyCKAEMBIE KaTOJOM,
00Ja1al0T pa3IMYHBIMU HAYaJIbHBIMH CKOPOCTSIMHU.
[To3TOMY KpUTHYECKHE YCIOBHS JUISl PA3JIMYHBIX 3JIEK-
TPOHOB JOCTHUTalOTCS MPU Pa3HbIX 3HAYECHMSIX WHIYK-
MM MarHUTHOIO NOJIA. 3aBUCUMOCTb BEJIMYMHBI aHOJ-
HOTO TOKa |, OT MHAYKUMU MarHutHOro nojis B mpu-
o0peTaeT BCJEACTBUE 3TOTO BUJI MJIABHON KPHUBOM.
JlonoTHUTENBHBIMA IPUYMHAMU TUIABHOTO U3MEHE-

B\
B<B, B, B>B,

O

Puc. 6.3. 3aBucumocTs HUSl aHOJHOTO TOKa MU MEPexoj/ie MarHUTHON MHIYK-
AHOZHOTO TOKa OT MHHAYKIUH 1y yepe3 KPUTUUYECKOE 3HAYEHHUE CIyKaT HEecooc-
MAarHiTHOTO IOJIA HOCTb aHOJIa U KaTOJ1a, HEOPTOTOHAJIBbHOCTh MAarHUTHO-

r0 M 3JCKTPUYECKOIO MOJIeH, HeCTaOMILHOCTh MUTAI0-
IIUX HAMpPsDKEHUH U T.11. TeM He MEeHee, Y4acTOK CIiaja aHOAHOTO TOKa 0CTaETCs [ocTa-
TOYHO PE3KMM U MOJXKET OBITh HMCIIOJIb30BaH I M3MEPEHHUS YICIBHOIO 3apsja dJIeK-
TpOHa.
Kak BuznHO 13 puc. 6.2, npu B = By, paanyc KpUBU3HBI TPACKTOPHUH JICKTPOHA paBeH
HoJIOBHHE paauyca anona R =r,/2. [logcraBuB 310 3Hadenue B popmyiy (6.5), Beipa-
3UM YJICJIbHBIH 3apsijT DJICKTPOHA!

2
L4 (6.6)
m, BKpraH
CKOpOCTB DJIEKTPOHA OIPEAECIIAM U3 3aKOHA COXPAaHEHMS DHEPIHH:
2
u
”‘32 —eU,, b (6.7)

rae U,, — aHonHoe HampsbkeHue, €U, — paboTa CHII 2JEKTPUUYECKOrO IOJIA B JIAMIIE.
[Moncrasus popmyiy (6.7) B ypaBHenue (6.6), moryuanm

e - (6.8)

T 2.2
ITE praH
3HaquHe I/IHI[YKI_[I/II/I MArgmuTHOTI O I10J1d BHYTpI/I COJICHOH A HAa €TI0 OCHU B TOM MECTC,

I7Ie HaXOJIUTCSI JIaMIIa, pACCUUTHIBAIOT 1O (hopMyIie

N |
B=—o—C, (6.9)
vL°+D
rae Ny = 4p>§.0_7 I'u/m, |~ TOK, Texymuii mo comenouay, L, D, N — ero mmuna, nmamerp
U YHCIO BUTKOB. KpUTHYEeCKOMY 3HAYEHHMIO MHIYKIUHM B, COOTBETCTBYET 3Ha4Y€HHUE
CHJIBI TOKa COJIEHOUA | ¢ p.
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Takum oOpazom,

e _8U,,(D*+L%)

— 2 2.2
Mg rTglc.lcpN Fan

(6.10)

Jns onpenenenns |¢y, MOXHO HCHOIB30BAaTh 3KCIEPUMEHTAIBHYIO 3aBUCHMOCTD
aHOJTHOTO TOKa OT Toka B coseHouzne |, = f(l_.) (crurommas kpusas Ha puc. 6.4). Ona

o BHUAY M0J00HA 3aBUCUMOCTH |

aH

9(lc) 4 by

aH

DI

C

IQKp

v

Puc. 6.4. 3aBucuMOCTb aHOIHOT'O TOKA
MarHeTpoHa OT TOKa COJICHOH/1a

= f(B) (puc. 6.3). B atom ciny4yae KpUTHYECKUI

TOK B coJieHouzae OyneT ormpene-
JSThCS  HAWOOJBIIUM  HAKJIOHOM
KpUBOM B 00JacTH  CIaJaHus
aHogHoro Toka (ydactok b-c Ha
puc. 6.4), To ecTh MaKCUMAJIbHBIM
3HAYCHUEM MOJYJS TPOW3BOTHON
dl,,/dl,» DI, /Dl . Takum obpa-

30M, €CJIH TOCTPOUTh Tpaduk
Dl /D.;=g(l.), TO Makcumym

ATOM 3aBUCUMOCTH OyJIeT COOTBET-
CTBOBATh 3HAYCHUIO KPUTHIECKOTO
TOKa B coyieHouae (IMyHKTHPHAs
KpHUBas Ha puc. 6.4).

Onucanue ycmaHoO6KU

Obopyooeanue. VCTOYHHMK IOCTOSIHHOTO HANpPsDKEHHS, MYJIbTUMETPbI, MUHUOJIOK
«MarueTpoHn», COeIMHUTENbHBIE POBOJA.

Jlnst onpeneneHusi yAEIbHOrO 3apsja 3JIEKTPOHA METOJOM MAarHEeTpoOHa COOMPAIOT
aNeKTpruecKyro memnb (cM. puc. 6.5). Ha puc. 6.7 npuBeneHa MOHTaXHasi cxema ycra-

HOBKHMH.

Puc. 6.5. Dnextpudeckas cxema:
1 — UCTOYHUK TTOCTOSIHHOTO HAMpPsDKEHUST «+15 B»;
2 — MyJIBTAMETP JUII U3MEPEHUS aHOHOTO TOKa
(pesknm A= «2 MA», Bxoabl «<COM», kmA»);
3 — BaKyyMHBII JHO;

4 — coneHousI;

5 — MyJIBTEMETP IS N3MEPEHHUS TOKA COJICHOM 1A
(pesknm A= «200 mA», Bxoabl <COM », «<mA»);
6 — perympyeMblii KICTOYHUK ITOCTOSHHOTO HaITpsi-
keaus «0...+15 B»;

[ —KaTo[,

8 — MuHNOI0K «Marnerpon» (puc. 6.6)
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Puc. 6.6. Munu6s10x «MaraeTpon»:

1 — coneHomnp, 2 —BaKyyMHBIN auona, 3 — aHOJ auona, 4 —
KaToJ J10Jia, D — HarpeBareb KaTtoaa, A, B — BEIBOJIBI [
MOAKIIIOUCHUS HampspDKeHusl K cosieHouny, C, B —BBIBOJIBI
JUTSL TIOAKJTIOYEHUST aHOJHOTO HampspkeHwsi, -U, — BBIBOA
JUTSL TIOAKJTIOYCHHS HAIIPSDKCHUS K HarPEBATEIIO

OcCHOBOI MarHeTpoHa sIBIIIE€TCsA BakyyMHas ytamma (quon) 3. Ha HarpeBarens KaTo-
Ja D 11oJia OT UCTOUYHHMKA NOAAETCs MOCTOsiHHOE HanpspbkeHue U, = —15 B. AHo naMiibl
3 MOJAKII0YAeTCS K UICTOYHUKY CTaOMIM3UPOBAHHOIO TIOCTOSTHHOTO HampsbkeHus +15 B.
B pe3ynbraTe HarpeBa Katojia ¢ €ero MOBEPXHOCTH MCITYCKAIOTCS AJIEKTPOHBI U IO JIeH-
CTBHMEM DJICKTPUUECKOTO IMOJIsl aHOJ1a IBUXKYTCS K HeMy. J{Jsl co31anusi MarHUTHOTO TIOJIA,
BJIMSIFOILIETO Ha TPACKTOPHUIO JIBUKEHUS JIEKTPOHOB, UCHONB3yeTcs cosieHoua 4. Jlnon ycra-
HABJIMBACTCSl BHYTPH COJICHOM/IA TaK, YTOOBI OCh aHOJIA JIAMITHI COBIMaIalia C OChIO COJICHOU/IA.
ConeHoun1 MOAKITIOYACTCS K PETYJIUPYEMOMY UCTOUHHUKY MOCTOSIHHOTO HarpsbKeHus. Ms-
MeHEHHEe Toka |, B 0OMOTKe COJICHOM 1A, a 3HAYUT U UHTYKIIMA MAarHUTHOTO T0JIs1, OCYIIECTB-
JISIETCS C TIOMOIITBEO KHOTIOK Ha TTaHe M OJI0Ka reHepaTopoB.

Bvinonnenue padbomot

1. [epexmoyarens poaa pabot MyibTuMeTpa 2 (puc. 6.6) mepeBecTr B MOJIOKEHUE
«A=>» ¥ YCTAaHOBUTD MPEJIET U3MEPEHUS «2 MA», MyJIbTUMETPA D — B TIOJIOKEHUE <A
U YCTaHOBUTH nipesien usmeperus «200 mA»,

2. CoOpatp 3JEKTPUUECKYIO 1IeTTh 10 MOHTXKHOM cXeMe, MPpUBEeHHON Ha puc. 6.7.

Buumanue! Ha o6muii Bxog «COM » MyIbTUMETPOB 2 U 5 MOAaETCs OTPUIATEIIb-
HOe HampspkeHue («»), Ha BXOJ «MA» — IMOJIOKUTEIBHOE HaNpsKeHHe. MUHUOIOK
BCTaBIIATH B THE3/1a HAOOPHOTO TTOJISI HAJIIMUCHIO «MarHeTpoH» eeepx.

3. Knonkamu «CETb» BkmOYNTh muTaHuEe OJOKOB T'C€HEPATOPOB HAIPSDKCHUS WU
MyabTUMETPOB. Haxath KHONKY «/cXoqHas ycTaHOBKa».

4. BepkaaTh HEKOTOPOE BpEMs /ISl YCTAaHOBJICHUS! aHOITHOTO TOKA B JIaMII€.

5. CHATH 3aBUCHUMOCTh aHOJHOTO TOKa B JIaMIle OT Toka B cojeHowje. st 3Toro
kHomnkoii D «YcranoBka Hampsokenust O ... +15 B» Ha 6110ke reHepaTopoB mocieaoBa-
TEJILHO YCTAHABIUBATH TI0 MYJIBTUMETPY S TOKH B coyieHOuzE l., a mo MynbTUMETPY 2
U3MEPATHh COOTBETCTBYIOIIME 3HAUCHUS aHOIHOTO TOKA | . [IepBbie MATH-TIIECTh 3HAYE-
HUM TOKa cojieHouja |, oT Hyns ycraHaBnuBaTh depe3 ~20-25MA, a, HauMHAsA C
~120 MA, — depe3 ~5MA. MakcuMalbHBIH TOK COJICHOHJA HE JOJDKEH IIPEBBINIATH
195 MA.

6. Haxxatp kHomky «lMcxomnas yctaHoBka» U kHonkamMu «CETb» BRIKIIOUUTH TTH-
TaHWE TeHEPATOPOB HANPSHKEHUS U MYJIBTUMETPOB. Pa3o0paTh 37IeKTpUUYECKYIO 1ETIb.
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Puc. 6.7. MoHTaxHast cxema:
o0o3HaveHus 2, 5, 8 — cM. puc. 6.5

Oopadomka pe3yiomamoe umepenuil

1. HaiiTn M3MEHEHHE TOKAa B COJICHOWIC M MOAYJIh U3MEHEHHUsS aHOIHOTO TOKa IO
dbopmynam
D...=

aH |

Dlgi =1¢ 417 |

ci IaHi+l' IaHi ) (611)

3mech | = 1, 2, 3, ... — HOMep u3MepeHus Mo Taba. 6.2. BBIYMCINTH BEIUYHHY
(DI i/ DI i)>{I.OO. Pesynbratsl 3anmcats B Ta01. 6.2.

aH |

2. Ilo manHbpIM Tabu. 6.2, coOnroAast yka3aHHbIM MacmTal, MOCTPOUTh Ha MHILIH-
MeTpoBoil Oymare rpaduk 3aBucumoctu |, = f(l.). Ha stom xe rpaduxe, u3meHus
MacIITad o OCH OpJAUHAT, CTPOSIT 3aBUCUMOCTD (DI an! DIC) X100 = g(lc) ITo monoxe-
HUIO MaKCUMyMa Ha Tpaduke MPOU3BOJHON HAXOMAT 3HAYCHHE KPUTUUYECKOTO TOKA CO-
nenouna ¢, (puc. 6.4).

3. Ilo nanHbIM Tabmn. 6.2 1 HaliieHHOMY 3Ha49eHHIO | ¢y, a Takxke 1o Gopmyse (6.10)
BBIUUCIIUTD YACIBHBIN 3apsja dJIEKTpoHA. ENMUHUIBI M3MEpEHHsI BCEX BEIMYUH B 3TOM
dbopmyIie T0KHBI OBITH B3sTH B cucteme CH.
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OTYET
no a1abopamopHoii pabome
«Onpeoenenue y0envbHo20 3apaoa 31eKmpoHa MemooomM MAZHEeMpPoOHa»

Wcnonaaurens: ctyaeHT(ka) rp.

Ilenv padbomeur. ...
Kpamkoe onucanue memooa ucciedoeanus. ...
Pacuemmnvie gpopmynsi. (00bICHUTH BXOIAIINE B (OPMYJIBI (PU3NICCKHUC BEITUMIHHEI
U yKa3aTh UX HauMeHoBaHue B CH)...
Ooopyoosanue: ...
Cpeocmea uzmepenuil u ux XxapaKmepucmuKu

Tabnuma 6.1
HaumenoBanue [Ipenen nomyckaemMoi OCHOBHOM OTHOCUTEIIbHOU
nprbopa norpentHocTH (B % OT M3MEPEHHOI'0 3HAUCHUSI)
Awmnepmerp (2) 0,8 %
Awmnepmerp (5) 1,5%
Pesyaromamot uzmepenui
Tabnumna 6.2
[TapameTpbl MarueTpoHa
D=370mMmMm, L =36,0mMm,
N = 2800 Bur., r,; = 3,0 MM,
U, =15B
I, MA Loy, MA DI, , MA Dlyy , MA | (Dl /DI ;)00
0 — — —
Pacuémuwm
Llcp=... MA
2 gei 9 - = Kulkr. Ham{caTb (¢popmyiary, mokasarb
&Me gy pac4yéT u 3anucaTh pe3yabrar!
3. ¢2?  =17610" Ku/kr
eMe gracn

4. g= |(e/rne)31<cn - (e/rna)Ta6J1| x00% = ... %.
(e/rns)ra6ﬂ

5. BeiBo.
Ilpumeuanue. IlocTpoeHHBIN 10 JaHHBIM Ta0. 6.2 rpaduk MpuIaraeTcsa K OTYETY.
ITokazath Ha HEM |¢ p.
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JlaGopaTopHnasi paéora I-7
N3YYEHUE DOPDPEKTA XOJUJUIA B IOJYITPOBOJHUKAX

I]enb pabomer. 03HAKOMUTHCS C ABJICHUEM XOJIJIa, ONPEACIUTh TOCTOSHHYIO XO0JIa
Y KOHLECHTPALMIO JIEKTPOHHBIX HOCUTEJIEH B MOJIYIIPOBOJIHUKE.

PaccMOTpHM TUIACTHHKY W3 OJHOPOJHOTO MPOBOJHHMKA (MM IOJYIPOBOJHHKA), K
TOpIIaM KOTOPOM MPHUIIASTHO YETHIPE KOHTaKTa (puc. 7.1). Ecnu miacTHHKY TOMECTHTH B
MAarHMTHOE I10JI€, BEKTOP MHAYKIMU B KOTOPOro NEpIEeHIUKYJIAPEH IUIACTUHKE, TO IIPU
npornyckaHuu Toka | B HampaBineHun 1—2 Mex a1y KOHTakTaMu 3—4 BO3HUKAET Pa3HOCTh

noreHnuanos U, . OTo sABIeHHE NOIyYUIIO0 Ha3BaHue 3ppexkma Xonna. OH OblI OT-

KpbIT B 1879 1. amepukanckum ¢usukom D.I'. Xosmtom [2-4].

S
>

1 Z=>— 5 2

[CICICASIOCIC L X

+ 24
Puc. 7.1. Opdext Xomna

Oddext Xoima MOKHO OOBACHUTH clieyomuM oopa3zoM. [Iycts Tok | B macTuHke
0OYCJIOBIICH JBIIKEHHUEM YacTHI] — HOCUTENICH MOJIOXKHUTENbHBIX 3apsaaoB Q. Eciom mx

1
KOHIICHTpauus N, a <U> — CpeaHsasa CKOPOCTL UX YIHOPAAOUYCHHOI'O ABHUKCHUSA, TO CHJIA
TOKa

| =JS=Q(u,)nbd, (7.1)

rae J — IJI0THOCTh TOKa, S=bd — miomaas monepeyHoro CeYeHus MIACTHHKH,
<ux> — MPOEKIUS BEKTOPa <b> Ha HaIlpaBJICHHE BEKTOPa ] (1a ocs OX).
Ha 3apOKEHHYIO JaCTHUITY Q, IBMKYIIYIOCS CO CKOPOCTHIO U B MAarHUTHOM TIOJIE C
uHaykiuei B, gelicTByeT MarHuTHas cocTaBisoNmas CHiIbl JIopeHia
1 1
F. =Q&U, By (7.2)
Dta cwia OyleT OTKJIOHSATH 3apsiibl K OJTHOMY U3 TOPIOB IJIaCTUHKHU. B pe3ynbTaTe

Ha 3TOM TOPIIE OKaKETCsl U30BITOK 3apsiiOB, @ HA MPOTUBOIMOJIOKHOM — HelocTaToK. [1o
ATON MPUYMHE B TUIACTUHKE BO3HUKAET AJIEKTPUUECKOE IOJIE, BEKTOP HAIPSIKEHHOCTH
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1
xortoporo E mampasien no ocu OY. Cuna, aeiictByromas Ha 3apsg Q co CTOpOHBI 3TO-
ro moiist (3IeKTpUUecKast COCTaBIIsIoNas cuibl JlopeHma),

E=Qé, (7.3)

Oyzer HalpaBslieHa IIPOTUBOIOJIOKHO cwiie F, . Paznenenue 3apsanoB npekpaturcs, Ko-
raa cpennss cuina JlopeHiia, 1ecTByoas Ha BCe 3apsijibl OyI€T paBHa HYJIIO, TO €CTh

Q*E +QgU), BY=0. (7.4)

N3 3T0ro ypaBHEHUsI HaXOAUM HaIPSLKEHHOCTh YCTAHOBUBIIETOCS JJIEKTPUUYECKOTO
OJIs

E=- §U), BY. (7.5)
CaopoenupyeM BEKTOp HAPS)KEHHOCTH E na ock OY
E, =- (uy)xB. (7.6)

Torna pa3HOCTH MOTEHIIMATIOB MEXTY TOUKaMH 3 U 4 ONIPENeTUTCS KaK
b

ja-] 4:'C\)Eydy:<ux>Bb-
0

[ToxcTaBmsis BMecTO <ux> e¢ 3Hauenue u3 (7.1) u, obo3navas j 3- j 4 =U, ., HO-
JTy4HUM
o _ I
UXOJ‘IJ‘I - B = Rxonn *—xB, (77)
Ond d
riue Q_ = Ry — BEINYKHA, KOTOPask Ha3bIBACTCS HOCMOARKOU Xoa.
n

boiiee crporast Teopusi, yduThIBarOIIask B3AUMOJICUCTBUE HOCUTEIIEN TOKA C KpUCTA-
JIMYECKOM PELICTKOM, JAeT CIECAYIONIEe 3HAYCHUE TTOCTOAHHOM Xo0J1a

r
R = o (78)

rae I — mapaMmeTrp, HazbiBaeMblii Xoi-gaktopoM. OH 3aBUCHUT OT MarHUTHOTO TIOJI,
TEMIIepaTypbl, CBOMCTB Marepuaia oOpasia u Bceraa Oojbine eauHUIbl. Hampumep,
JUIs TepPMaHus IPYU KOMHATHOU Temreparype I = 3p/8.

N3 nocnenuei popMyIibl CleayeT, 4YTO 3HAK MOCTOSIHHOM XoJI1a onpeesnseTcs 3Ha-
KOM HOCHUTeNen 3apsiaa. Jis MEeTalIoB U MOYIPOBOIHUKOB C 3JIEKTPOHHOMN MPOBOIH-
mocteio (N-tuma) R, <0, a 1 NoIynpoOBOJHNUKOB C JBIPOYHOM MPOBOAMMOCTHIO (p-

tina) R, > 0.
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Onucanue memooa ucciedo06aHu

XooBckoe HanpspkeHue U cornacHo (opmyinie (7.7), TMHEHHO 3aBUCHT OT

XoJu1 !
MAarHUTHOW MHAYKIMH B U OT IMPOTEKAIOWEro B oOpasue Toka |. Eciiu onbITHBIM IyTéM
IOJTYYUTh OTH 3aBHCUMOCTH, TO IIO YIJIOBOMY KO3(Q(HIMEHTY SKCIEPUMEHTAIBHOM
npsiMoit K MOJKHO orpeienuTs nocTosiHHyto Xomna R, . JlecTBUTENBHO, TaK KaK

I
LJXOHH ::F2XOHH xE{>43::I(>¢3’ (72SD
TO BEJIMYMUHA YTIIOBOTO KO3 uireHTa
I
=R (7.10)

Otcroa niig nocTossHHOW XoJu1a MoJly4aeM

Ruom =K (7.11)

B kauecTBe MCTOYHMKA ITOCTOSHHOTO MAarHUTHOTO IOJS MCHOJIB3YIOT JJIEKTpOMar-
HUT. BennunHa MHIYKIMK MarHUTHOTO 1ois B B 3a30pe cepaedyHuKa 3J€KTpOMAarHuTa

HEJIMHENHO 3aBUCUT OT HaMarHW4YMBarouiero Toka |, B ero ooMorke. OnHaKo Ha Kpu-

BOW HaMarHWYMBAHUS CEPJICIHUKA MOYKHO BBIJCIUTH MPAKTUYCCKU JTUHEHHBIA YIaCTOK,
JUJIs KOTOpOTro OyJeT cripaBeaiivBa hopmyia

anblaM%, (7.12)

—7 . .
rae my = 4pX 0~ 'n/m — marauTHas nmoctosHHast; N — YHCI0 BUTKOB 3JIEKTPOMArHuTa;
h — BernunHa BO3AyLIHOTO 3a30pa CEpACUHHKA DJICKTPOMArHHTA.

[Ipu npoBeaeHun 3KcriepuMeHTa 3agada uamepenuss U OCJIOJKHSIETCSL TEM, UTO

XO0JLI
KOHTaKThl 3—4 Ha obpasie (puc. 7.1) MOTyT OBITh YCTAHOBJICHBI C HEKOTOPHIM CMeEIIIe-
HUEM OTHOCHUTEINIBHO JPYT Apyra. B 3ToMm ciyyae HanpshkeHue MeXIy HUMU OyJeT 00y-

CJIOBJIEHO HE TOJIBKO 3(dexrom Xoiuta, HO U OMUYECKUM NaieHHeM Hanpsokenus U,

BCIIC/ICTBHE TMPOTEKAHUsI OCHOBHOTO TOKa uepe3 oOpaser. [Tosromy m3mepenns U, .

IIPpH Ka’XK/I0M 3HAYCHHU TOKa CICAYCT IIPOBOAUTDL JJIA ABYX IIPOTHUBOIIOJIOKHBIX HAIIpaB-
JICHUH BCKTOPpAa MHAYKIOHUHW MArHUTHOI'O IIOJIA. Tor Ja XOJUIOBCKOC HAIIPAKCHHC 6yz[eT
MCHATH 3HAK, 4 OMHYCCKOC HAIIPAKCHHUC 6y,HeT O0CTaBaTbCsA IMTOCTOSAHHBIM. HpI/I OJHOM
HaIlpaBJICHUH MAI'HUTHOTI'O IT0JII U3MCPACMada Pa3sHOCTDb ITOTCHINAJIOB

® _
U™ =U,y - U (7.13)
a MPH IPYTrOM €ro HarpaBJICHUN
U™ =Ug, tUsom- (7.14)
Hckirouast U3 3TUX IBYX ypaBHEHMI HEU3BECTHYIO BenuuuHy U, onydaeM
u®-u-
YUsom = (7.15)
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Onucanue ycmaHoO8KU

Oobopyoosanue. TEHEpPATOp TOCTOSHHOTO HAIPsDKCHHS, MHUHHOIOK «IddekT
Xomna», MyJIbTUMETPBI, COSAMHUTEIbHBIC TTPOBO/A.

Puc. 7.2. Munu6miok «9ddext Xomma»:

1 — snexTpomaraur, 2 — NEpEeKIOYaTEIh HAMPABICHUS
TOKa B OOMOTKE DSJEKTPOMarHuTa, 3 — JOaT4uK XoJula.
Bxon B nonkmtouaercs k 3emiie. Bxog C — K HCTOYHUKY Ha-
npsbkeHust «+15 B».Ha Bxon A moJBOAUTCS peryinpyeMoe
HanpspkeHuto «0 ... +15 B». C BeixogoB DE cHumaeTtcs Ha-
IpsDKEHUE ¢ qardynka XoJuia

DrnexTpudecKkas cxeMa yCTaHOBKM MPUBEICHA Ha puc. 7.3, MOHTakHasi — Ha puc. /.4.
Hccnenyemsiii oopasert (J]) mpencrariser co00i MIACTHHKY M3 TEPMaHUsA — MOJIYIIPO-
BOJHHUK C JIBIPOYHOM MPOBOAMMOCTBIO. OH IMOACOEIMHEH K MCTOYHHUKY IOCTOSHHOTO
HanpspKkeHus 4 v moMeniéH B 3a30p CepACUHUKA deKTpoMarHuTa 6. OOMOTKa 3J1EeKTpo-
MarHura 4epes MepeKiovaresb 8 coelMHeHa C PeryjIupyeMbIM HCTOUHUKOM IOCTOSH-
Horo HampsikeHus: 10. C moMOoIIbI0 MepeKTIoYaTeis MOKHO U3MEHSTh HallpaBiIeHUE TO-
Ka B OOMOTKE 3JIEKTPOMAarHuTa, a 3Ha4UT U HANpPaBJICHHE BEKTOPA MHAYKIIMM MarHHUT-
HOTO TOJIS B 3a30pe cepaeunuka. Hanpspkenue Xoia uaMepsaroT HU(pPOBBIM BOJIBTMET-
pom 5.

Puc. 7.3. DnexTpudeckas cxema:

(1-1) uenp nHTaHHSA 3NEKTpOMarHuTa 6:
peryaupyeMblii MCTOYHUK MOCTOSIHHOTO Ha-
npsokerus 10, mepexitoyarens 8, MyJIbTUMETP
9,

(2-2) — menb H3MEpPEHHS HAINPSHKCHUS
Xomna MyJIbTUMETPOM S;

(3-3) — mens nutanus obdpasua J: 4 — uc-
TOYHUK IMOCTOSIHHOTO HampsikeHus «+15 B»;

7 — muHUOJ0K «DPdext Xomma»

| =

Bvinonnenue pabomot

1. 3anonHUTH TaOIM. 7.2 (CM. OJlaHK O0TYETA).

2. 3anwmcare B Taba. 7.3 (cM. OMaHK 0TYETA) YMCIIO BUTKOB 3JeKTpoMarHuTa N, mm-
puHy 3a3opa h u rommuny natuanka d (ykasanel Ha MUHHOIOKE «DddexT Xomma»).

3. Ilepexitouatenb poja padoT MynbTuMeTpa 5 (puc. 7.3) mepeBecTH B MOJOKECHUE
«V=» 1 yCTaHOBUTH TIpeied u3MepeHus «2 V», MynbTuMeTpa 9 — B OJIOKEHUE «A=» U
yCTaHOBUTH Tipenien uzmepenus «200 mA»,

4. Cobpath IEKTPUUICCKYIO IIEIb 110 MOHTaKHOW cXeMe, IIPUBEJACHHOMN Ha puc. 7.4.
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Buumanue! Ha o6muii Bxoq COM mynsTuMeTpoB 5 1 9 momaercs oTpuiiaTeabHoe
HanpspkeHue (POBOJT «—» WK <« »), Ha Bxo6I VWU MA — MOJI0OKUTEIBHOE HAIPshKe-
HUE (TIPOBOJT «+>).

5. Knonkamu «CETb» BkIIOYNTH NMHUTaHUE OJIOKOB I€HEPATOPOB HAMPSIKEHUS U
MyIbTUMETPOB. HaxkaTe kHONIKY «VIcX0HAs yCTaHOBKA».

6. Knomnkoit D «¥YcranoBka Hanpspkenus O ... 15 B» yctaHOBUTB TOK |,y IpUMEpHO

5 MA. I/I3MepI/ITB HaIIpsI’KCHUC U ® . HepeKn}oaneneM 8 U3MeHUTH HaIrpaBJICHUC TOKa

(MarHMTHOTO TOJISA B 3a30pe) U M3MepHuTh Hampsbkenue U ' . PesynbraThl 3amucaTh B
Tabmn. 7.3.
7. YBenumuuBas ToK l,,, mpuMepHo Ha 3-5 MA, nipoBecTu emé He MeHee 9 n3mepeHuit

HanpspbkeHuit U ® 4 U™ . MakcuManbHBIH TOK |, He moipkeH nmpesbimath 40 MA. Pe-

3yJbTaThI 3aIIUCaTh B TA0II. 7.3.

8. Haxatp xHOTIKY «lcxomHas ycranoBka» u kHomkamMu «CETb» evikirouums nu-
TaHWE T€HEPATOPOB HANPSKEHUS U MYJIbTUMETPOB. Pa300paTh 3JI€eKTpUUYECKYIO LIETIb.

9. U3meputh paboumii TOK marumka Xojura. st 3Toro HeoOXoauMoO coOpaTh dJIeK-
TPUYECKYIO IIeTb M0 MOHTAXKHOU cXeMme, MpUBEJEeHHON Ha puc. 7.5. M3Mmeputh Tok | u
3amucaTh B Tabu. 7.3.

10. Boiknwouums u3 cemu 010K MUTAHUS TEHEPATOPOB U MYJILTUMETPOB.

+I5B <

0...+15 B €=M

—0——0—0—0——L——C—©

Puc. 7.4. MonTtaxxHas cxema: 0603HaueHus 5, 7, 9 —cMm. Ha puc. 7.3
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Puc. 7.5. MoHTakHast cxeMa JijIsl u3MepeHus: pabouero Toka gaTyuka XoJsa

U XOJI1

U 2X0JI1

U Ixoun .

Oopabomka pe3yibmamos uzmepeHui
1. Tlo dopmyne (7.12) paccuutaTh
3HAQUEHUs] MarHUTHOW HMHAyKUuu B mms

KaKJIOTO 3HAYCHUS | 4y,.
2. Tlo dopmyne (7.15) mus kaxmaoro

’
P
Al -
G

3HauYeHNs B BBIYMCINTEL XOJJIOBCKOE Ha-

npsokenue U, . Pe3ynbraTel pacueToB

3amucaTh B Tabi. 7.3.

3. IlocTpouth Tpadux 3aBUCUMOCTU
Uyonr = F(B). Qs sToro Ha rpaduxke
) OTJIOKUThH IKCHEPUMEHTAIbHbIE TOUKU U
N IIPOBECTH M0 HUM HAUTYUIIYIO MIPSIMYIO.
e U U 4. PaccuutaTh yrioBod ko3dduim-

xomn a~ Zxom) 6 eyt K aT0M HpAMOIL. sl 3TOrO Ha KOH-
>  yax TpsSMON BHIOpaTh JABE MPOU3BOJIb-

0

B1

B, Tn B Hble TOYKK 1 ¥ 2 U CIpOoepoBaTh UX Ha
KoopAuHATHBIC ocH (puc. 7.6). Torma

Puc. 7.6. 3aBUCUMOCTH XOJIJIOBCKOT'O
HANPSDKCHHS OT WHIYKIMH MarHUT- K = U oxomn = Yixom (7.16)
HOT'O II0JIA

By- B
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5. [To popmyne (7.11) paccuntars cpeaHee 3HAUYCHUE TOCTOSTHHOW XoJuia i Uc-
CJIEyEMOTO IIOJIyIIPOBOIHUKA.
6. BbIuucauTh KOHLIEHTpALMIO JBIPOK N B HCCIEAYEMOM MOJIYINPOBOAHUKE O (HOp-
myie (7.8)
r

n=——,
RXOJ'IJ'I)Q

rae Q = e —syeMeHTapHbIH 3apsi.

(7.17)

Ouyenka nozpewinocmeil usmepeHuil

1. Cucmemamuueckas omnocumenbHas NOTPEITHOCTh KOCBEHHBIX U3MEPEHUH TO-
CTOSIHHOHM Xo0JIJIa HaXOJUTCS TI0 U3BECTHOMY MpaBuiy nudQepeHupoBaHns HATYPaIb-
HOTO JIorapudma MCXOIHON (PYHKIIMH, B KQ4eCTBE KOTOPOW B HAIIEM Cilydae YJ00HO
B3STh BeIpakeHue, moayueHroe u3 opmy (7.9), (7.11) u (7.12)

U, oy Xd X0

= —xou *IKn 7.1
RXOJ'IJ'I rrb XI XI - XN 1 M 1 ( 8)
rae Beanunnbl d, h, my, N SBISIOTCA HOCTOSHHBIMU.
Torma
U. & al. 6 a &
g=Poom —9 o aom 3 4 o 2 28O (7.19)
Rxonn e Uxonn g e I3M (4] 8 | g

rie qUXOJIJ'I qlaM ﬂ
B

UXOHH
POB IIpU U3MCPCHHUHN XOJUIOBCKOI'O HAIIPAXKCHHUSA, TOKA ITNTAaHHA OOMOTKH QJICKTpOMar-

y — CUCTCMATHYCCKHUC OTHOCUTCIIbHLBIC ITOTPCIIHOCTH MYJIBTHUMCT-

oM

72, =
oM
2. Cnyuaiinasa omHocumebHaA TOTPEITHOCT KOCBEHHBIX U3MEPEHHUI MOCTOSHHON
Xomna onpeaessieTcss TOAbKO CIy4YalHOW OTHOCHUTENIBHOW MOTPEIIHOCTRIO YTIIOBOTIO KO-
s¢dunmenta (7.11), mockoipKy padounii TOK AaT4rKa XO0JjIa U3MEPSIOT OJAHOKPATHO:

HUTa 1 paboyero Toka garynka XoJjura (cM. Taoll.

o= BRom _ & (7.20)
RXO.]'IJ'I k

rae dk — moBepuTeNnbHAs TpaHUIlA CITyYailHON aOCOFOTHOM TOTPEIIHOCTU CPETHETO yT-
joBoro kodddunmenTa. [lockonbKy 3aBUCUMOCTD XOJUTOBCKOTO HAMPSKEHUSI OT HHIYK-
I[UM MarHUTHOTO TOJIS sIBIIsieTCs JinHeiHo# (7.9) u u300paxaercst mpsIMOM, TO MOTPel-
HocTh OK Haliaém rpaduueckum criocobom. Paboueit popmyInoit B 3TOM ciaydae siBIIseT-
Csl BBIpQXKECHUE

tP N(Uxonn a” UXOJIJI 6)
k=— , 7.21
2JN(B; - B) 720
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rae tp  —koappuuuent Crerofenra, P — noBepurenbHas BepoaTHOCTb, N — uncio us-
mepenuit, U, .., u U, ., — cM. Ha puc. 7.6. IIpoBecTu mnapamienbHO 3Kc-
NEePUMEHTAITBHON MPSIMOIA TI0 00€ CTOPOHBI JIBE MPSIMBIE @ U O TI0O BO3MOKHOCTH OJIMKE
Tak, 4TOOBI OOJBITMHCTBO TOYEK, (KpOME MPOMAxX0OB) 0Ka3ajJ0Ch BHYTPH.

Koaddummenter CThrofcHTA

Tabmuma 7.1
N 5 6 8 10 20
P=0,95 2,8 2,6 2,4 2,3 2,1

3. [oBepuTtenbHas TpaHUIA HOJIHOU OMHOCUMETIbHOU TIOTPEIIHOCTH TOCTOSTHHOM
Xoiia paccuuTbiBaeTcs 1o hopmysie

=Xl = =,/g°+e°, (7.22)

KOTOpas, Kak cienyet u3 (7.17), coBnasaeT ¢ MOJHONH OTHOCUTEIILHOW MOTPEITHOCTHIO
KOHIIEHTpAIIMU HOCUTENEH TOKa N.

4. Iloanasa abconomuasn NOrpeIHOCTh HAXOIUTCS U3 €€ CBSI3M C OTHOCUTEIIBHOU
Dn=Ex. (7.23)

5. OpopmuTh OTUET TIO pabOTE B COOTBETCTBUHU C MPHIIATAEMBIM 00Pa3IIOM.

OTYET
no a1abopamopuoii pabome
«H3yuenue Ihpexkma Xonna 6 noaynposoonukax»

WcnonauTenb: cTyaeHT(ka) rp.

Ienv padoomeur: ...
Kpamkoe onucanue memooa uccieoo6anus. ...

Pacuemmnvie gpopmynsi. (00bICHUTH BXOIAIINE B (OPMYJIBbI (PU3NICCKUEC BEITUMIHHEI
Y yKa3aTh eIMHUIIBI UX u3Mepenus B cucteme CU)...

Oobopyoosanue:. ...
Cpeocmea uzmepenuii u ux XapaKmepucmuxKu
Tabmuma 7.2
HaumenoBanue [Ipenen momyckaemMon OTHOCUTEIIBHON
npubdopa MOTPEIIHOCTH
(B % OT M3MEPEHHOTr0 3HAYCHH)
Boasrmerp (5) quU/U =0,5%
Amnepmerp (9) ql/1=15%
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Peszynomamul uzmepenuii

Tabanma 7.3
[TapameTpsrr ycranoBku: | = ... MA, N=... Bur.,, h=... MM, d=... MM
Ne l,,» MA u®. B U™ ,B B, Tn U o B
1
2
N
Pesynomamul pacuémos

1.B=..=...Tn (7.12) (yro6oe 3HaueHue u3 Tao. 7.3);

22U, ,=...=...B (7.15) (sro00e 3HaueHue u3 Tadm. 7.3);

3. k=...=...B/Tx; (7.16)

4. R, .=..=..M/Km (7.11)

5.n=.. = (7.17) Hanucatp ¢popmyiy, nokasarb

6.9=...=...%; (7.19) pacuéT M 3anMcaTh pe3yJabrar!

7.dk=...=... B/Tnm; (7.21)

8.e=..=..% (7.20)

9.E=...=...%; (7.22)

10.Dn=...= ..M (7.23)

11. DR, = ... = ... MK,

12. OxoHYaTENbHBIE PE3YIbTATHI:
— 3 — 0

R = - ... M/Kn, E=... %.

n=...x...,M

13. BriBog.

Ilpumeuanue. K otuéry npunaraercsi rpaduk, TOCTPOCHHBIN 10 JaHHBIM TaoI. 7.3.
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JladopaTropHnasi padora 3-8
N3YYEHHUE CBOMCTB ®EPPOMATHETHKA C IOMOIIBIO
MNETJIA THCTEPE3UCA

Ilenwv pabomer. onpeneneHne OCHOBHBIX XapaKTEPUCTUK (eppoMarHeTHka o Impe-
JEJIBbHOM TETIIE TUCTEPE3UCa, CHATHE OCHOBHOM KPHWBOW HAaMarHW4YMBaHUs, OLEHKA I10-
TPEIMIHOCTEN U3MEPEHHI.

[To OTHOIIEHHUIO K BO3JEHCTBHIO MAarHUTHOTO ITOJSA BCE BEIIECTBA NEJIATCSA HA IUa-
MarHeTuku (Boja, CTEKIJIO, KBapll), MapamMarHeTUKu (BO3IyX, aJIOMHHHK, BOJIbGpaM,
miatrHa) U peppoMarHeTuku (3keae30, HUKEJIb M UX MHOTOYHCIICHHBIC CIUIABHI, a TAKIKE
coequHeHus). JluaMarHeTHKK OCIIa0JIAIOT BHEIIHEE MAarHUTHOE II0JIC, a TapaMarHeTHKU
HE3HAUNTEIbHO YCHIMBAIOT ero. deppoMarHeTHKH MHOTOKPATHO YCHJIMBAIOT BHEIITHEE
MarHuTHOE T10JI¢, T.€. UMEIOT OOJIBIITYI0 MAarHUTHYIO MPOHUIIAEMOCTh M DeppoMarHeTH-
KU — 3TO KPUCTAJUTMUECKHE BEIIECCTBA, B KOTOPHIX MArHUTHBIC MOMEHTHI aTOMOB U HOHOB
HAXOAATCS B COCTOSIHHMM CaMOITPOM3BOJBLHOTO MAarHMTHOTO YIOPSAOYCHHS, TPUUYEM pe-
3yJIBTUPYIOIINE MArHUTHBIC MOMEHTBI KaXJI0ro W3 JOMEHOB OTJIMYHBI OT Hyus [5]. K
3TOMY KJIACCYy BEIIECTB OTHOCITCS TaKXe BEIECTBa, KOTOPHIE HA3bIBAIOTCS (eppHMAr-
HETUKH WIN QEePPUTHI.

Maznummnoe ynopaoouenue amomos

DeppuUThl — ITO CIOKHBIE CUCTEMBI OKHCIJIOB KEJI€3a C OKUCIAMHU JPYTUX METAIIOB,
yaIe BCEro JBYXBAJICHTHBIX, 3TO XUMU4eckue coeaunenus turna MeO'Fe,Os, rie Me —
aToM Jpyroro Metamia (Kenesa, HUKENs, [IMHKA, Mapradia u ap.). Tak Kak pa3HbIe Be-
IIECTBA MMEIOT Pa3HOE CTPOCHHE DBJICKTPOHHBIX O0OJIOYEK, TO aTOMHBIE MarHUTHBIC
MOMEHTBI UX OTJIMYAIOTCS M0 BEJIMYMHE U PACHOJIOKEHUIO B npocTpaHcTBe. [lomydaer-
Cs, YTO OJIMHAKOBO OPHUEHTUPOBAHHBIE ATOMHBIE MAarHUTHBIE MOMEHTHI 00pa3yloT B
KPUCTAJUIMYECKON pPELIETKE BEILIeCTBA MArHUTHYIO MOApemeTKy. Ecinu B Kpucraie
UMEIOTCS JIB€ MarHUTHBIC TOJ-
pElETKU C PaBHBIMU U aHTUIIA-
paneabHbIMU CyMMapHbIMU
MarHdTHbIMU MOMEHTaMH, TO a)

KpUCTaul aHTU(hEPPUMATHUTEH. o ] o ]
MarnutHbple MOMEHTHI TOApeE- Fe o” Fe ¢ Fe O Fe*
mérok (ogHa moxapemérka 00-

pa3oBaHa MOHAMU KeJe3a, ApYy-
ras — TaKKe MOHAMHU KeJie3a C
JIPYTOW CTENEHBK) OKUCIICHUS
WIM MOHAMH JPYroro MeTajia) 6)
Fe Fe Fe Fe Fe F Fe Fe

MOTI'YT OBITh B3aMMHO HE CKOM-
ICHCUPOBAHLI, TOrAa KpHUCTaJLI

dbeppumarauten (puc. 8.1, a).
TaKoil KPHCTAUI MMEET CIIOH- Puc. 8.1. Buapl MarHuTHOTO yNnops104€HUs aTOMOB:

TaHHYI0 HAaMAarHMYE€HHOCTb U a) peppumarnutHOe yropsisouctue (FeO¥e;0s),
JIOMEHHYIO CTPYKTYPY. 0) beppomarautHoe ynopsinouyenue (Fe)
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Bo BHemHeM MarHUTHOM ToJie (DeppUMarHeTHK HaMarHUYMBAETCS MOJ00HO dep-
POMarHeTuKy, B KOTOPOM MarHUTHbIE MOMEHTHI aTOMOB OPHEHTHPOBAHBI B OJIHY CTO-
pony (puc. 8, 6), HO ocTaTouHas HHAYKIKSA GEPPUTOB 3HAYMTEIBHO HUXKE, 4eM (heppo-
MarHeTHKOB 3a CUET KOMITEHCAIIMY MAaTHUTHBIX MOMEHTOB.

B cuity cBoeit okcuHOM pupoabl GeppuThl 00J1a7at0T OOJIBIIUM YACIBHBIM COMPO-
TUBJIEHUEM, TO €CTh BUXPEBBIC TOKH B HUX OYEHb MaJICHbKHE, 3HAYHUT IMMOTEPU HA BUXPE-
BbIE TOKM B TaKOM MaTepHajie TOXKE MaJCHbKUE, U3-3a 4ero (PeppUTHI MIUPOKO MPUME-
HSFOTCSI B BBICOKOYACTOTHOU TEXHUKE.

deppuThl MOTYT OBITh MATHUTOMSATKHMHM ¥ MarHUTOTBEPIBIMH — 3TO 3aBHUCHUT OT
Me:

- MArHUTOTBEP/bIE — B KauecTBE Me HUCHOJb3yI0T KOOaNbT U Oapui;

- MarHATOMSATKHE TIOJY4YarOTCsl TP MCIOJIL30BaHUH B KauecTBe Me JIMTHS, MapraHiia,
HUKeNs U uHKa. B nmabopaTopHoi paboTe UCMOJIb30BaH MapraHel-IIMHKOBBIN (heppuT.
MarauToMsrkue MaTepuaibl MOKHO Pa3MarHUTUTh B MarHUTHBIX TOJISIX HANPSKEHHO-
CThIO MeHee 4 KA/M.

Macnummuoiui cucmepesuc

deppoMarHeTHKA 00J1a1al0T OCOOBIMH Mar-

B HUTHBIMU CBOMCTBaMHU OJiaromapss 0OMEHHOMY
B3aUMOJICUCTBUIO MEX]Iy aTOMaMH, B pe3yJIbTa-

@ @ T€ KOTOPOTO BO3HUKAIOT OOJACTH, WMEIOIIUE

r) ) MPOCTPAHCTBEHHO OJIHOPOJHOE YIOPSA0YCHHE

MarHuTHBIX MOMEHTOB — JIOMEHBI. B mpeaenax
Ka)XJI0ro JIoMeHa (peppoMarHeTuK HaMarHW4eH
B) 710 HachlleHus. HanpaBiieHUs: MarHUTHBIX MO-
MEHTOB JJI1 Pa3JIMYHBIX JIOMEHOB Pa3IUYHbI,

6) H TaK YTO B OTCYTCTBUM HAMarHWYMBAIOIIETO MO-
71 CyMMapHBI MOMEHT BCero peppoMarHeThKa
N

@ paBEH HYJIIO, a 3HAYUT U CpeHss UHAYKuus B
a)

TaKke paBHa HyJr0 (puc. 8.2, a). Ilpu BiIIOUE-

HUW HaMarHUYHMBAIOIIETO TOJISI SHEPTHs JIoMe-
Puc. 8.2. KpuBass HaMarHnamBaHus HOB OKa3bIBaeTCs HEOJAMHAKOBOW. OHA MeEHbIIe

JUISL T€X JTOMEHOB, Y KOTOPBIX BEKTOP MAarHuT-
HOTO MOMEHTa 00pa3yeT C HalpaBJICHHMEM HAMarHUYHMBAIOIIETO TOJI OCTPBIM yroi, u
OoJbIlIe B TOM Cy4ae, KOT/Ia 3TOT yroJ Tynoi. [loaToMy BO3HUKAIOT CMEIIEHHS TPaHHII
JIOMEHOB, B pe3yJbTaTe Yero 3a CUeT YHEPTeTUYECKU HEBBITOJHBIX JOMEHOB MPOUCXO-
JUT yBeJIM4YeHHEe 00bEMa IOMEHOB C OJIArONPUATHON OpUEHTAIIME MarHUTHBIX MOMEH-
ToB. [loka HaMarHMYMBAOIIEE TOJIE HEBEITUKO, CMEIIIEHUE TPAHUIl JOMEHOB 00paTUMO
¥ TOYHO cJIeyeT 3a u3MeHeHueM modist (puc. 8.2, 6). [Ipu yBeqTu4eHUH 1oJisi CMEIIEeHUE
TPaHMI] JOMEHOB CTAHOBHUTCS HEOOPATHMBIM, U DHEPTETUYCCKH HEBBITOIHBIC TOMEHBI
ucuesaror (puc. 8.2, B). Eciu mosie yBenuuuBarh €€, TO MPOUCXOAUT MOBOPOT Mar-
HUTHBIX MOMEHTOB JIOMCHOB (puc. 8.2, 1). HakoHell, B 0YeHb CHIIBHBIX IOJIAX MArHUT-
HbIE MOMEHTHI BCEX [IOMEHOB YCTAHABJIMBAIOTCS MapajUIeIbHO HaMarHUYUBAIOIIEMY
10J110, (heppOMarHeTHK HaMarHMYUBAETCs 10 Hackienus (puc. 8.2, ).
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Ecnu pasmaranueHHbIA 0Opasell HaMarHUTUTh 10 HackimeHus (T. 1 Ha puc. 8.3), a
3aTeM yMEHbIIAaTh HANMpPsHKEHHOCTh H HaMarHMYMBAIOMIETO MOJIs, TO YMEHBIIIEHUE WUH-
nykiuu B B deppomarneTuke OyaeT mpoucXoauTh HE MO MepBOHaYaIbHON kpuBoit 0—1,
a o kpuBori 1-2. B pesynbrate, korna H craner paBHOW HyJ0, (eppOMArHETHK CO-

XpaHseT CBOI0 HAMAarHMYEHHOCTh, U MHAYKIMSA B HEM paBHA B .. (ocmamounas un-

oykuus). Jlis nanb-
HEWILIEro pa3MarHu-
YUBaHUA HAN0 W3-
MCHHUTH  HalpasJie-

B, Tn

Hue H Ha nportuso-
HOJIOKHOE. Y MEHb-
§ [IeHue B moiaer 1o
EH, xpuBoil 2-3, u mnpu

M HEKOTOpPOM  3Haye-
7

Hyac HUHU HKOap Hamar-

HUYECHHOCTh (eppo-
MAarHeThuKa CTaHeT
paBHOM Hymr0. Be-

mrandy  Ho,, Ha-

3BIBAIOT Ko3puu-
MUBHOU CUIOU.

Puc. 8.3. MarauTHbII TUCTEpPE3UC

VYBenuuenue H B TOM K€ HalpaBJICHUH BHOBb NMPUBEAET K HACHIIIEHUIO oOpasiia
(T. 4 Ha puc. 8.3). [Ipu mocneayromeM n3mMeHeHur H B 00paTHOM HaIpaBJICHUH HHIYK-
st B OyleT U3MEHSATCS B COOTBETCTBHM ¢ KpuBoi 4-5-6-1. B pesynbrare momyduTcs
netieobpasnas kpuas 1-2—-3—4-5-6-1.

Takum 00pa3oM, 3HaUeHUE UHAYKIHMKU B B (peppoMarHeTuke onpenesnsiercsa He TOJb-
KO 1osieM H, HO emé U 3aBUCUT OT NPEABIAYIINUX COCTOSHUN HaAMarHUYMBaHUSA, IPUIEM
IPOUCXOJHUT OTCTABAHWE M3MEHEHUN MHIAYKLIUU OT U3MEHEHMS HAnpsLDKEHHOCTH. JTO
SIBJICHUE HA3bIBACTCS MACHUMHBIM 2UCHEPE3UCOM, a TIeTIieoOpa3Hasl KpuBas — nem.Jeil
2ucmepesuca. OHa OyneT NpeeTbHON, eClIM HaMarHM4eHHOCTh (heppoMarHeTuka J1oc-
TuraeT HaceimeHus (kpuBast 1-2—3-4-5-6-1), u OyaeT Ha3bIBaThCS YACTHBIM ITUKIIOM,
ecid Hachlmenne He HacTynmio (kpusas 1¢ 2¢- 3¢ 4¢ 5¢ 6¢- 10). YacTHBIX HUKIOB
CYyLIECTBYeT OECKOHEUHOE MHOKECTBO, BCE OHU JIe)KaT BHYTPH MPEAEIbHONU METIU TUc-
Tepesnca. BepxHssa ToUka KakJI0ro YaCTHOTO IIMKJIA BCEr/1a HAXOAUTCS HA TEXHUYECKOU
KpUBOM HaMarHU4MBaHUSI.

Ecmu o0Opazen npeaBapuTeabHO ObLT pa3MarHUY€H, TO MPU €ro HaMarHUMYMBaHUM 3aBU-
cumocthb B ot H n3zobpaxaercs kpuoii O—1 1 Ha3bIBACTCS OCHOGHOI KPUBOI HAMAZHUYU-
eanusn. [Ipu ymeHbIIeHNH HanpspkEHHOCTH 1ol H (kpuBast 1-2) m3MeHeHue MarHUTHOM
uHayKn B B peppomarneTuke Oyner orcTaBaTh OT M3MeHeHUs1 H (MarHUTHBIN THCTEpe-
3UC).

66



Hemuueiitnas 3aBucumocts B or H
MPUBOAUT K TOMY, YTO MarHUTHas Mpo-
HUIIAEMOCTh  (hePPOMArHETHKOB TaKKe

3aBUCUT OT HANPSHKEHHOCTH MAarHUTHOTO
noJist H (puc. 8.4).

m=i, m=4p3a0 ' Tu/m (8.1)
myH

C yBenuuenneM H oHa cHauana Obl-
H CTPO BO3pacTaeT, JOCTHras MaKCUMyMa

S Mhax, 3aT€M ymeHblnaercs. Crnenyer 3a-
METUTh, YTO MAaKCHUMAaJIbHOE 3Ha4YeHHE
MIPOHUIIAEMOCTH JIOCTUTAETCSI HECKOJIBKO
paHblIe, YeM HachlleHue (GeppoMarHe-
THKA.

Puc. 8.4. 3aBucuMOCTh MAarHUTHOM
MIPOHUIIAEMOCTHU (peppoMarHeTuka ot
HaNpPsHKEHHOCTU TIOJIA

Onucanue memooa uccieoo6aHu

HccnenoBaTh OCHOBHBIE CBOMCTBA (heppOMarHeTHKa MOKHO C MOMOIIBIO Tpeesb-
HOU METIM MarHuTHOro ructepesuca. Ilomyunts u Habm0IaTh HA SKpaHe OCIMILIOrpa-
¢a meTio rucTepesrca MOKHO € IOMOIIBIO SJIEKTPUYECKON CXEMBI, KOTOPas MPUBEICHA
Ha puc. 8.5.

bII =

Puc. 8.5. Cxema ycTaHOBKH

Ha dbeppomarnutHelii oOpa3zell, BBHITIOJHEHHBINH B BHJIE TOPOU/A, PABHOMEPHO HaMO-
TaHbI IBe 00MOTKH ¢ unciioM BUTKOB N u N,. Uepes conpoTusnenue R, Ha mepBUUHYIO
0o0MoOTKy nogaetcs ot 61oka nmutanus (BIT) mepemennoe Hanpsbkenue. Hanpsok€HHOCTD
HAMarHU4MBAIOIIETO TMOJS B TOpoujie OyAeT OMPEeAeNAThCsl TOKOM |1, MpOTEeKaronum
yepe3 0OMOTKY

LN N
H =%=nlll7 nlzl—l, (82)

rac | — JJINHa OCEBOM JIMHUM TOpOoHnaa4, nl— YHMCJIO0 BUTKOB Ha CAMHUIY AJINMHBI 0CEBOH

auHud. BennunHy Toka B MEpBUYHON OOMOTKE MOXHO HAWTH U3 (QOpMYJbI, Oorpese-
JSIOIIEH aJieHre HAMPSHKeHUsT Ha pe3ucTtope Ry
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|, ==L, 8.3
R (8.3)

Torna HanpsH>KEHHOCTh MAarHUTHOTO TI0JI OyIeT paBHA
N U
=1y, =n—=L. (8.4)
I
R R
[Tpu M3MeHEeHU MarHUTHOTO TIOJISl, CO3/IAaHHOTO MIEPBUYHON OOMOTKOM, BO BTOPHUYHOM
Bo3HMKaeT D/]C nHayKImu

dF
€ =-—N,, 8.5
el (8.5

Y UHIYKIMOHHBIN TOK

|i:i:—d|: N :d_BX—NZS, (86)
R, Rdt 2 d R,

rae R, — compotuBnenue nienu BTOpUIHO 00MOTKH, F = BS— MarHuTHBIN MOTOK uepe3
OJIMH BUTOK TOPOUJQ; B — MHAYKIMS MarHUTHOTO NoJisi B Topouae; N, — 4uciio BUTKOB
BTOPUYHON OOMOTKH; S— IIOWIaAb IONEPEYHOTO CEYCHUSI CEPACUHUKA.

B pesynbraTe npoTekaHUs MHAYKIHOHHOIO TOKa B IEMM BTOPHUYHON OOMOTKH Ha
MHTErpaToOpe HAKAIIMBAETCS 3aps]l

t Sg
Q=(y;dt= OJIB M5 (8.7)
0 2

Hanpsoxenne U, =U . Ha BBIXOJ€ UHTETrpaTopa MPONOPLHUOHAIBHO IIPOLIEAIIEMY

AHT
4yepe3 HETO 3apsiany, a 3Ha4YMT U HHAYKIIMHM MarouTHOI'O IOJIA.

= Q_NpS
HUHT b sz '
OTKyJia CIeayeT
:b&UI/IHT :k>{JI/IHT’ k:ﬁ’ (88)
N>S N»>S

riae b — rpagyupoBoyHas mocTosiHHass UHTErpaTopa, K — MoCTOsIHHAS YCTAaHOBKH.
W13 ypaBuenwuii (8.4) u (8.8) BuaHO, uTo ecnu HanpsbkeHue U; moiaTh Ha BXOJ TOpH-
30HTAJILHOM pa3BepTku ocimuiorpada, a Hampsokenue U, — Ha BXOJ BEpTHKAJIbHOU

Pa3BEPTKH, TO JICKTPOHHBINA Jyd B TOPU30HTAILHOM HANpPaBJIECHUU OYJET OTKIOHATHCS
MPOMOPUHUOHAIBHO HANPSKEHHOCTU H, a B BEPTUKAJILHOM — MPOMOPLMOHATIBHO UHYK-
uuu B. 3a OJMH NEPUOJ, CUHYCOMIAIBHOTO WU3MEHEHHUS TOKa CJEJ SJICKTPOHHOIO JIy4a
Ha 3KpPaHE OMUILET MOJHYIO METII0 TUCTEPE3UCA, a 3a KAXKABIN MOCIEAYIOIMNN EPUO B
TOYHOCTH MOBTOPUT €€. [loaToMy Ha skpaHe OyaeT HaOI01aThCsl HEMOABUKHAS TIETIIS
TUCTEpPE3Uca.
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Onucanue ycmaHoO8KU

Obopyoosanue. TeHepaTop CUTHAIOB crienuanbHoi dopmbl (I'CCD), ocimmtorpad,
MynbTUMeTp, MUHUONIOKN «Compotusienue 100 Om», «HuTterparop toka», «deppo-

MAar"aCTuK».

-
MNeperpyska ()
@1 2

B

4
4 (pﬂﬁpncg 5

Puc. 8.6. Munubnok «MHTerparop Toka». Bxoapl: A «+»,
B «» unu «»; 1 — uHAMKaTOp Meperpy3ku; 3 — UHTETPaTop;
2 — muTaHue uHTerparopa «+15 B»; C — BBIX0Jl Ha BOJIBTMETD;
4 — nemnepHBINA KITIOY; 5 — MUTaHUE UHTETpaTopa «—15 B»

OTOT MUHHOJIOK NIpeJHAa3HA4YEH s IpeoOpa3oBaHUs 3JIEKTPHUUECKOTO 3apsaja, Mpo-
TEKAIOLIETO B DJIEKTPUYECKON LenH, B HanpsbkeHue U . B cirydae eciay HaKOIUIEHHBIH

3apsi/i IPEBBINIACT JAOMYCTUMBIM YPOBEHB, 3aropaetcs unaukarop 1 «lleperpyska». s
cOpoca 3apsiia, HAKOIUICHHOTO MHTErpaTopoM, TymOJep 4 Hajo MepeBeCTH B MOJIOKCHHUE
«COpoc». [lurtanne wHTErpaTOpa OCYIIECTBISIETCS OT HEPETYIUPYEMOr0 MCTOYHHUKA CTa-
OUITM3UPOBAHHBIX MTOCTOSTHHBIX HANPsDKEHMI «+15 B» 1 «—15 B».

S=25 MM’

Puc. 8.7. Munu6iok «®eppoMarHeTHK»:

1 — mepekitoyaTenb HAMpaBICHUS TOKAa B TIEPBUYHON OOMOT-
K€, 2 — KOJBIIEBOH (heppOMarHUTHBIN CEPICYHUK C TICPBUYHOMN
oomotkoit N; (BeiBogsl AB) u Bropuunoiit 00MoTko# N, (BbI-
Bo 161 BD)

DTOT MUHUOJIOK MpeIHa3HAYCH I N3YYEHHs] MAarHUTHBIX CBOMCTB (heppoMarHe-

THUKA.

Ha puc. 8.8 npuBenena snektpuueckas cxema yCTaHOBKH.

L
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Puc. 88. 1 — TCCD,
2 —vuHnOI0K «COMpOTHBIIE-
aue» 100 OM, 3 — MuInma-
nepMeTp, S — MHUHHUOJIOK
«DeppomMarHeTuK» 8 — MUHHO-
jok «Muterpatop Toka», Uy,
Uy — HampsbkeHusl, mojaBae-
Mble Ha BXoabl X U Y OCLWI-
norpada; 9 — BoIETMETP



B munun6noke «®eppomarnerux» 5 nepsuuHas N; u Bropuunas N, 0OMOTKHM HaMo-
TaHbl Ha KOJBIIEBOM (eppOMarHUTHBINA cepaedHuk 4. J[ns HamarHuuuBaHus deppura
nepBUYHYI0 00MOTKY N; MOAKIIOYAIOT K BBIXOJy T'€HEpaTopa CUTHAJIOB CHEIHAIbHOM
¢dopMbI 1, B KOTOPOM BBIOpaH peXUM CHHYCOHIadbHOro Hanpspkenus. Hanpsokenue Uy,
CHHUMaeMoe ¢ comnpoTuBiieHUsS R; (mpomopuuoHampHOE HANPsSHKEHHOCTH MarHUTHOTO
nons H), mojmaercs Ha BXOJ TOPU3OHTAIBHOM pa3BepTKH ocipuuiorpada. Bropuunas
00MOTKa MOJKIII0YAETCA K BXOJly MHTErparopa Toka /. HampsixkeHue ¢ BbIX0/1a MHTErpa-
topa Uy (mpomopuimoHaabHOE HHIAYKIIMA MarHUTHOTO moiisi B), momaércst Ha BXox Bep-
TUKaJIbHON pa3BEPTKU ocumiuiorpada. OJHOBPEMEHHO 3TO K€ HANPsLKEHHE U3MEepSeTCs
BOJIbTMETPOM 9. AMITUTYAHBIC 3HAYSHUS HAMPsHKEHHOCTH HaMarHUYMBAIOIIETO OIS U
MarHUTHOM MHIYKIUHU B (JepPOMArHETHKE PACCUUTHIBAIOTCS IO (popMyIam:

H=nlv2, (8.9)
B=kU, .2, (8.10)

rae 11 1 U, — #elicTByronye 3Ha4YCHMs] TOKA U HAIPSDKEHUS, PETHCTPUPYEMBIE aM-
MIEPMETPOM U BOJBTMETPOM.

Bvinonnenue padbomot

1. 3amomauTh Tabu. 8.1 (cM. OiaHK OTYETA) M 3aMKCATh MMOCTOSHHBIC YCTAHOBKH B
Tabi. 8.2,
2. CoOpath 3IEeKTPUIECKYIO IETTh IT0 MOHTXKHOW cXeMe, MpUBeNEHHOMN Ha puc. 8.9.

Q
K reHepatopy CvrHanoe Vv
cneuransHol hapMebl o—0) L0
- 9
_Uthx )

Puc. 8.9. MonTaxxnas cxema:
30 — 3neKTpOoHHBIN ocuuiuiorpad; odo3Hauenus 2, 3, 5, 8, 9 — cMm. puc. 8.8
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3. Ilepexirouatens pojaa padot mynbrumeTpa 3 (puc. 8.9) mepeBecT B MOJOKEHHE
«A~» 1 ycTaHOBUTH npenen uzMepeHus: «200 mA», a mynbTuMmerpa 9 — B MOJIOKEHUE
«V~» 1 yCTaHOBHTH TIpeien u3MepeHus «2 V».

4. KoakcuallbHbIN KaOenb MOIKIIOYNTh K BXoAy ocimutorpada «CH2 (Y)», kpac-
HBIA IITEKep Kaleys COeAMHUTH Yepe3 HaOOpHOe Mojie ¢ BbixojaoM HHTerpatopa C, a
CHUHHI — C IMUHOW HaOOpHOTrOo mojs «” » («3emisi»). Bropoll kabenb MOAKIIOYUTH K
Bxoay «CH1 (X)» ocummiorpada, KpacHbI IITEKEp Kadels COSAMHUTH C BXOAOM A
MUHHOI0Ka «COMPOTHBIICHUE», & CHHUN — C IMHHOW HAOOPHOTO TOJIS «” » («3eMIIsD»).

5. YcTaHOBUTH MEPEKITIOUaTeNId U PETYISITOPHI, PACIIOIOKEHHBIE Ha JIMIIEBOM MaHe-
7 ocisuiorpada, B mojoKeHusl, ykazanHbie B Ta0d. 8.4 Ha puc. 8.11, ecnu ucnonb3y-
etcst ocrmuiorpad «MOS-620», nnu B Tabn. 8.5 Ha puc. 8.12, ecniu ucnomns3yercst oc-
mutorpad «GOS-625».

6. Knonkamu «CETb» BkItounTh muTaHWEe OJIOKOB T€HEPATOPOB HAIPSIKEHUN U
MyIbTUMETPOB. Haxkate kHONKy «lcXOaHas yCTaHOBKa». YCTAaHOBUTH PEKUM CHHY-
COMIAJILHOTO HAMPSDKEHUS. YCTAaHOBUTH B MojokeHne «COpoc» aemmndepHbId KoY
MuHHOMIOKa «HMHTerpatop Toka». KHonmkamu «YcranoBka ydactothl 0,2 — 20 x['p» Ha
['CC® ycranoButs yactory 0,5 kI .

7. Bxmtounts kHONKy «POWER» («CETb»), pacnonokeHHyo Ha MaHeIH OCIUIIIO-
rpada moj SKpaHoM, MPU ITOM JOJKEH 3aKeUbCsl CBETOUOIHBIN HHAUKATOp. [Ipu mo-
Mot peryisiTopoB «INTEN» u «FOCUS», pacnonoxeHHBIX TaM K€, YCTAaHOBUTh CO-
OTBETCTBEHHO ONTUMAJIbHYIO IPKOCTh U (DOKYCHPOBKY JIy4a.

Buumanue! Jlna npeoomepawienHus noepexcoeHus aromuHodopa 31eKmpoHHO-
JIyuesoil mpyoKu He yCmAaHaeaueaime UpeImMepHyIo ApKOCHb ayua U He 0CMAaesil-
me 0e3 HeoOX00umocmu 01umeIbHOe 8pems HeNOOBUNHCHOE NAMHO HA IKPaHe.

D
C nomomeio peryisaropos «< POSITION >» u «POSITION ﬁ» BBIBECTH DJICK-

TPOHHBIN JIyY B LEHTP KOOPAMHATHON CETKU SKpaHa.

8. Knomnkoit D «¥YcranoBka ypoBHs Beixoga O ... 15 B» reneparopa curnasnos cre-
MaJbHOM (POPMBI YBETMUUBATH TOK |1 B MEPBUYHON OOMOTKE J0 MOTyYEHUS Ha dKpaHE
ociuiorpada n300paxkeHus: npedenvHoul et rucrepesuca. [letns cuuraercs mpe-
JEJBbHOM, €CIN Y HEE MOSIBISIOTCS «YChI» M POCT TOKA HE MPUBOJUT K YBEIUYEHUIO €€

mwromaau. st peppoMarHeTHKoB, UCIONBb3yeMBIX B pabote, Tok |7 paBeH mpumep-

Ho 55-60 MA. M3mepuTh 1o myssrumerpam ToK |7 u Hanpsbkenne U P . Pesynbra-

ThI 3a0UcaTh B Ta0J. 8.2.

9. MemienHo Bparias 1mo 4acoBoii crpenke peryisatop 15 «VOLTS/DIV» (MOS-620)
wim 11 «WVAR» (GOS-625) na manenu ocruniorpada, yBEIUIUTh BEPTUKAIBHBIN pa3-
Mep METJIU MPUMEPHO 70 8 OOIBIINX JeJIeHUI MacIITa0HON CETKU YKpaHa.

10. MemteHHo Bpalas o 4acoBoi crpenke peryiastop 6 «VOLTS/DIV» (MOS-620)
win 7 «VAR» (GOS-625) Ha manenu ocuuuiorpada, yBeIu4YUTh TOPU3OHTAIBHBIN pa3-
Mep neTiid mpumMepHo 70 10 Oonbiux JAeneHuid MacTaOHOM CeTKH dKpaHa.
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11. Perynstopamu ocumiuiorpada «< POSITION >» u «POSITION %» yCTaHO-

BUTH METII0 CHMMETPUYHO OTHOCUTENILHO LIEHTPa KOOPAUHATHBIX ocer X-Y .

12. Ilo KoOpMHATHOM CETKE dKpaHa
WM JIMHEWKOW 110 PUCYHKY H3MEPUTH
KOOpJIMHATHI TOYEK MPEEIbHON TETIN

4
+ yHaC 1

+yOCT
Xyac » XKoap » Yuac » Yoer » COOTBETCTBYIO-
mue 3HageHmsM Hyae, Hyioop, Biac,
R A Byer (puc. 8.10).

13. Pazmaraututh obpasen. [ns sto-
ro, OCTETIEHHO YMEHbIas Tok |1, 10Be-
cTu ero o Hymsa. [lpm 3ToM momanas
MIETIM YMEHBIIIUTCS JI0 Pa3MEPOB TOYKH.

14. YcranaBnuBas Mocien0BaTEILHO

Puc. 8.10. [IpenenbHast newis ructepesuca  3HaueHus toka |y ot O no 25 MA ¢ mma-
roM puMepHo 2-3 MA, a Ipu Tokax 0o-
aee 25 MA ¢ marom npumepHo 5-10 MA 10 100 MA, ToTy9nTh Ha SKpaHe OCIUILIOrpa-

da psn gacTHeIX mukioB. ITociaennee 3Hadenue |i omkHO ObITh Gonbime |7, Ilns

KQ)KJ0T0 3Ha4eHUs |1 u3MepuTh BenuunHy Hanpspkenus U, ... Pe3ynbrarsl uamMmepenui
3aHectu B Tabm. 8.3.
15. Haxats kHOTIKY «Mcxomnas ycraHoBka» u kHonkamu «CETb» u «POWER» BbI-

KIIFOUUTh MUTaHUE OJIOKOB I€HEPATOPOB HAINPSKEHUS, MyJIbTUMETPOB U ocLLiorpada.
Pa3o0paTh 3J1IeKTpUYECKYIO LIETIh YCTAaHOBKH.

Oopabomka pe3yromamoe usmepeHuil

1. Hoxcrasmsist 3Haderns 1,7 u U P B dopmynsr (8.9) u (8.10), paccunrars

Buac 1 Hyac . Kospuurrusnyto cuy Hyoop 1 ocTaTounyro unnykuuio By, paccunrars
o popMyIam:

_ X — Yoer
HK03p - HHac X ) BOCT - BHac =0 (8.12)

HacC yHaC

2. I[To dopmynam (8.9), (8.10) u (8.1) paccuurats H, B, m mis nuamepeHHbIX 3HAYEC-

HUM ToKa |, v HanpsoxkeHnid U .

3. PesynbTaThl pacueTroB 3aHecT B TaOyumibl 8.2 u 8.3 1 MOCTPOUTH TpauKU 3aBU-
cumocteit B=f(H) u m=g(H).
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Ouenka nozpewnocmeii

1. Cucmemamuueckue OmHocume/bHble TOTPCITHOCTH KOCBEHHBIX HW3MEpPEHHI
MarHUTHON MHIYKIIMH, HAPSHDKEHHOCTH MArHUTHOTO TOJIS U MAarHUTHOM MPOHHUIIAEMO-
cTH, paccuntanHbie o dopmyiaam (8.9), (8.10) u (8.1) MoryT ObITH OlLIEHEHBI 1O (Hop-
MyJIaM:

.2 .2
_qu _al _q1q (@Y, 0 0
Usiier 1 éUim g élio
U I
rae % g _ cucmemamuyeckue OMHOCUmMeIbHble TTIOTPEITHOCTH MPSIMBIX H3Me-
HHT 1

penuit Hanpspxenus U, 1 Toka |1 (cM. Tabm. 8.1 oruéra).

2. OpopMuTH OTYET O BHITIOIHEHUH PaOOTHI B COOTBETCTBUH C MPUIIATaEMbIM 00pa3-
LIOM.

OTYET
no a1abopamopHoii pabome
«H3yuenue ceoiicme peppomazHemuka ¢ NOMOUIbI0 NEMJIU 2UCHEPE3UCA

Wcnonaaurens: ctyaeHT(ka) rp.

Lenv padomeut. ....

Kpamkoe onucanue memooa uccinedoeanus. ....

Pacuemmnvie gpopmynsi. (00bICHUTH BXOIAIINE B OPMYJIBbI (PU3NICCKHUEC BEITNIHHEI
U yKa3aTh MX HauMeHoBaHue B CH)....

Oobopyoosanue: ....

Cpeocmea uzmepenHuii u ux XapaKmepucmuxKu

Tabnuma 8.1
HaumenoBanue [Ipenen normyckaemoi ot- AOGcouoTHas o-
npubopa HOCHTEJIHOM MOTPEITHOCTH (B IPEIIHOCTD
% OT M3MEPEHHOT'O 3HAUCHUSI)
Amnepmerp (3) qly/1,=1,0% —
Bosbsrmerp (9) AU e /Y e =0,8 % —
JInueiika — gl=0,5 mm
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Peszynomamul uzmepenuii

Tab6ana 8.2

b=2,4-10" Kn/B, R,=25xkOMm, N; =100 Bur., N, = 200 But., | =5cm, S=25mm°

[TapameTpbl yCTaHOBKU:

PR = A umer = B
Xyac = ... MM Xeosp = .- MM Yiac = ... MM Yocr = --- MM
Hyc =... AM Hioop = ... Al Byac = ... Tx Byer =... Tn
Tabanma 8.3
[, MA U, B H, A/m B, Tn m
1
2
N
Briienuth MakcuMaabHOE 3HAYCHUE MArHUTHOM IPOHUIIAEMOCTH Minax-
Pacuémouwi
1L.n=..=..1wm (8.2
2.Hpe= ... = ... Al (8.2
3.k=...=...cIM (8.8)
4.B,.=...=...Tn; (8.8) Hamucatb ¢popmyJry, moka3arb
5 H - = Al (8.12) pacyéT u 3anucathb pe3yjabrar!
] Koap_---_--- ] ]
6.Byer=...= ... Tn; (8.12)
T.H=..=..Alv; (8.9)
8.B=..=..Tm (8.10) Pacuétel 1. 7, 8, 9 moka3arh 1151 OJHOTO
Om=...=..; (8.1) Jr000T0 3HaYeHUS U3 Tad. 8.3.
10. gy = ... %; (8.13)
11. gg=... %;
12. g= ... = ... %;
13. BeiBog.

Ilpumeuanue. PUCyHOK TIpe/IeNbHON METIHM THCTEPE3Nca U MOCTPOCHHBIE COTIACHO
tabn. 8.3 rpaduxu B=f(H) nu m=g(H) npunararorcs k oTu€ry.
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JladopaTropHuasi padora I-9
IMOCTPOEHHUE KPUBOH HAMATHUYNBAHMUS
OEPPOMATHETUKA METOJ0OM CTOJIETOBA

Ilenb pabomer. OCTpOCHNUE OCHOBHOW KpHBO# HamarHuuuBauus B = f(H) u rpadu-
Ka 3aBHCHMOCTH MAarHUTHOW MPOHHMIIAEMOCTH OT HANPSHKEHHOCTH MArHUTHOTO MOJIS
deppomarneruka m= g(H).

OcCHOBHBIE MOHSATHS TEOpUU (peppomMarHeTu3Ma BBEACHBI B JIAOOPATOPHOU padoTe
3-8.

Onucanue memooa uccieoo6anus

BriepBbie OJTHOE YKCIIEpUMEHTATBbHOE UccienoBanue 3apucumoctu B = f(H) mpose-
neno B 1871-1872 rr. npodeccopom MockoBckoro yauepcurera A.I'. CTOIETOBBIM.
OH mokasals Takke, 4YTO HaNpsHKEHHOCTH MOJsl BHYTpHU (PeppOMarHeTHKa CUIHHO 3aBU-
cuT oT GopMbI 0Opasiia U TOJIBKO B ClIydae TOPOUIAIBLHOTO (KOJIBIIEBOTO) 00pasia, Ha-
MarHMYMBaeMOTO KOJIBIIEBOM 0OMOTKOM, OHA COBMAMAET C HAMPSHKEHHOCTHIO BHEITHETO
MarHUTHOTO TIOJIS.

B nanHo#t pabote s moSydeHHs OCHOBHOM KPHUBOM HAMarHUYMBAHHS HCIOIB3YIOT
Meto, npeanoxkeHHbid A.I'. CtoneroBeiM. OH 3akirodaercs B cienyromieM. Ha konbiie u3
(dbeppoMarHUTHOrO Marepuaia pacroyaraiot ase ooMoTku (puc. 9.1): mepBuuHas (Hamar-
HUYMBaroIIas) coaepkut N; BUTKOB, M BTOpHuHas (¢ unciioM BUTKOB Np), peaHa3HAYCH-
Hasl JJIs1 U3MEPEHUs BEJIMYMHBI MarHUTHOW WHAYKIMH B. Hampsok€HHOCTH MarHUTHOTO
OJIsSI, KOTOpOEe CO3AaTCs B KOJIBIICBOM CEPACYHHKE MPH MPOTCKAHWU IO TEPBHYHOMN
obMoTke Toka |1, paccunTsiBaeTcs o hopmyse

N

_ 1 _

H = Ill——nlll, (9.1
rae n = Nl/ |, | — nmuHa cpenHeli OCEBOM JIMHUU CEpICYHUKA. JTO T0JIC HaMarHMYUBa-
€T KOJIbII0. MarHUTHBINA ITIOTOK B CEYEHNH KOJIbLIA IUIOIIAABI0 S

F =BS (9.2
—0 [Ipu ero n3MeHeHnn BO BTOPUYHOM OOMOTKE BO3HHUKA-
N1 b\ er DJIC uHmyKIMM
dF
€ =-N,—. 9.3

Puc. 9.1. Tparcdopmarop

N3MeHeHne MarHuTHOTO MOTOKA JOCTUTAETCS U3Me-

HEHUEM HarpaBiieHus Toka |;. IIpu 3TOM 3HaueHune HanpsKEHHOCTH ToJisa H ocraercs

MPEKHUM, a U3MEHSETCS JIMIb HaIlpaBJIeHUWE JUHUM moJsis. B pesynbraTre mOTOK Mmar-
HUTHOM MHIYKIIMU U3MeHseT oT + F 1o — F, a npupaiienue noroka

DF =—2F =-2BS (9.4)

Ecnu nenbs BTOpUYHOM OOMOTKY 3aMKHYTh, TO B HEH MOTEUYET TOK
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l,=—l=-2__| (9.5)

rae R— conpoTuBieHue nenu BTOPUYHON OOMOTKH.
[Ipu mpoTekaHNKM MHAYKIIMOHHOTO TOKa |, B 9TOM 1enu npoTekaet 3apsaa Q, Beauyu-
HY KOTOPOT'O MOXHO pacCuuTaTh, UCTIONB3ys dhopmyisl (9.4), (9.5):

t -F "
8 R dt g R R
0 +F
BrIpakast U3 5TOr0 paBeHCTBA HHAYKIIMIO MArHUTHOTO ITOJIsL, ITOJTYYHM
g=_R_ 9.7)
2N,S

rae R, N, 1 S— BenuunHbl, HOCTOSHHBIE [UIS IaHHON YCTaHOBKH.

3apsn Q M3MEpSAIOT MHTErPaTOpOM TOKA, HMOJKIIOYEHHBIM K BTOPUYHOM OOMOTKE.
IIpu 3TOM BenMuMHA 3aps/a, MPOILEALIET0 Yepe3 UHTErpaTop, NPONOPLUOHAIbHA T0Ka-
3aHuI0 BoabT™MeTpa U,

Q=bx (9.8)

HHT '’

rne b — mocrosianas unterparopa; U, .. — OTCYET IO BOJIETMETPY.

HUHT
Wcnonb3ys Beipakenus (9.7) u (9.8), MOKHO MOMy4nTh pacu€THyO0 (GOPMYIy JUIS WH-
JYKIIMA MArHATHOTO TIOJIS B UCCIIEAYEMOM KOJIBIIEBOM CEPICUHHKE:

bR bR
= U, =klU,., k=
ZNZS UHT UHT ZNZS

(9.9)

Onucanue ycmaHoO8KU

Obopyodoeanue. WCTOYHHWK TIOCTOSIHHOTO HAMNPSOKCHUS, MYJIBTUMETPhI, MUHHOJIOKU
«DeppomarHeTur», «MHTerpaTop Toka», «ConpoTUBICHUE.

DrnekTpudecKas cxeMa yCTaHOBKH TOKa3aHa Ha puc. 9.2, MoHTaxkHas — Ha puc. 9.3.

Puc. 9.2. Dnextpudeckas cxe-
—— . Ma:

1 — UCTOYHUK TTOCTOSIHHOTO pe-
TYJIUPYyeMOTro HanpsHKEHUs
0...15 B; 2 — amnepmertp; 3 — 6110k
_ 10 «Comporunenne» 100  Ow;
e 4 — mepexroYaTeNb HalpaBJICHUS
TOKa B MEPBUYHONU 0OMOTKE; 5 — Topous ¢ nepsuuHoi N; 1 N, 1 BTopuuHO#l 00OMOTKamu;
6 — MuHHONMOK «®DeppomarneTnk», 7/ — aeMndepHbId KIo4; 8 — WHTErpaTrop TOKa;
9 — MunubI0K «MHTErpaTop Toka»; 10 — BoabTMETp
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Puc. 9.3. MonTaxnas cxema. nozunuu 2, 3, 6, 9, 10 — cm. puc. 9.2

[lepBuunass N; u BropuyHass N, 0OMOTKM HaMOTaHbl Ha (PepPOMArHUTHBIN KOJIbIIE-
BOM cepleuyHuK. [lepBuuHyt0 0OMOTKY MCHOJIB3YIOT Il HAMarHM4YMBaHUs (eppomar-
HETUKA U M0 €€ mapaMeTpaM ONpeaeisioT HaMpsHKEHHOCTh H HaMarHMYMBarOMIEro mo-
ns. [lepexmtouatens 4 CyKUT AJi1 U3MEHEHHsI HAIPABJICHHS TOKA B TIEPBUYHON OOMOT-
K€ C LIeNIbI0 IepeMarHiurMBanms cepaeunnka. Pesucrtop Ry orpannunBaeT Tok B 0OMOT-
Ke.

Bropuunas oomotka N, npeaHasHaueHa [1jsl OonpeleieHus UHAYKIUA MarHUTHOTO
noJisi B B cepneunuke. aTerpatop Toka 8 cimyKuT s u3mMepenus 3apsaa Q, mokasbl-
BaeMoro BosibTMeTpoM 10 M mpomnopiuoHansHOrO M3MepsieMoit BenuunHe B. Tak kak
CEpJICYHHMK M3TOTOBJIEH U3 MarHUTOMSTKOro (heppoMarHeTuka ¢ Majol BETUYUHOMN Oc-

TaTOYHON MHAYKUUHU B, , TO A MOJIydeHUs] OCHOBHOM KPHMBOIl HAMArHUYMBaHUS HET

H€O6XOI[I/IMOCTI/I IMPOBOAUTH NIPECABAPUTCIIbHOC pa3SMarHM4MBaHHUC CCPACUHNKA.

Bvinonnenue padbomot

1. 3anoaauTh Tabm. 9.1 (cM. Oiank oTuéTa).
2. CobpaTh 3JICKTPUUECKYIO 1IeIb TI0 MOHTXKHOM cXeMe, MpUBeAEHHOM Ha puc. 9.3.

Buumanue! Ha o6muii Bxoq COM mynsTumerpoB 2 u 10 nomaércs oTpuiiaTeibHOE
HanpspkeHue (MpoBoJ «—» WK <« »), Ha BXoabl VW U MA— NOJOKUTEILHOE HaIpshKe-
Hue (IPOBOJ «+»).
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3. Ilepexirouarens poaa padot mynbruMeTpa 2 (puc. 9.3) nepeBecTH B MOJOKEHHUE
«A=» 1 ycTaHOBUTH Tipeaen uzmepenus «200 mA», a mynetumerpa 10 — B monoxxenue
«V=>» 1 yCTaHOBUTb Tipesen usmepenus «20 V».

4. BKJIIOYUTH B CETh OJIOKM MUTAHUSI T€HEPATOPOB HANPSKEHUS U MYJIbTUMETPOB.
Haxatp kHONKy «McxonaHas ycraHoBka». JlemndepHsiii kiatou 7 «MHTErpaTopa TOKa»
YCTaHOBUTH B ToJIOkKeHUE «COpOC».

5. Knonkamu «¥YcranoBka Hanpspkenus O ... +15 B» ucrouynuka mocTossHHOro Ha-
MPsHKEHUS] YCTAHOBUTD B MIEPBUYHON OOMOTKE TOK |1= 6 MA.

6. PazomkuyTh nemmndupyromuii kiarod /. [lepexmtouatens 4 nepeBeCTH B epxHee
IOJIOKEHHUE, OTMEUas OJHOBPEMEHHO MaKCHMallbHOE Noka3aHue Uj ... BOJIBTMETpa.

3amucath ero B Ta0um. 9.2 (cM. Omank ortuéra). [lepeBecT K04 7 B IOJIOKEHHUE
«Copoc».

7. PazomkuyTh aemndupyrommii kitou 7. [lepexiatouatens 4 nepeBecTd B HUMiCHee
HOJIOKEHHE, OTMEYas OJHOBPEMEHHO MaKCHUMallbHOe Nokaszanue U, .. BOJIbTMETpa.

3amucatk ero B Tabmn. 9.2. [lepeBectu kimtoy 7 B mosoxkeHue «Copoc».

8. IlocienoBarenpHO 3aaBas 3HaueHUs ToKa ¢ marom 2-3 MA 1o 20 MA, a 3ateM ¢
maroMm 5-10 MA nmo 100 MA, u3mMepuTh 1o MIL. 5, 6 I KaKI0T0 TOKa MaKCHUMAaJIbHBIE
nokasaHus BonbT™MeTpa Uq .. 1 U, ... PesynbpTarsl 3anectu B Tabm1. 9.2.

9. Buikntouume u3 cemu OJIOKYM NMUTAHUS TEHEPATOPOB HAMPSHKEHUNU U MYJIbTUMET-
POB.

Oopadbomka pe3yiomamoe usmepeHulil

1. PaccunTaTh cpeagHee 3HaUE€HUE <U HHT> JUISL KQXKJI0r0 TOKA.

2. Paccuntarh KOHCTAHTBI Ny 1 K, HEOOX0uMBbIe /1S BhIYKMcacHu Benmurd H u B o
dopmyrnam (9.1) u (9.9), ucnosb3ys 3HaYCHHS MTAPAMETPOB YCTAHOBKU U UCCIICIYEMOTO
obOpa3ia.

3. Jlms kaxknoro 3HavyeHHs Toka paccuutarh BenmmurHbl H u B mo dopmynam (9.1) u
9.9).

4. BplUMCIUTL MAarHUTHYIO MPOHMIIAEMOCTH M 10  dopmyrie m=—H
M

(m=4pR 0~ Tu/M) st Kaxmoro 3maueHust H. Pe3yiabTaThl pacueToB 3allkcaTh B
Taba. 9.2.

5. [To manHBIM TabI1. 9.2 MOCTPOUTH OCHOBHYIO KpHBYIO HamarHuuuBanus B = f(H) u
rpa¢uk 3aBucumocta m= g(H).

6. B BeIBOIE IO paboTe OTpa3suTh 0COOEHHOCTH (HOPMBI ONBITHBIX KPUBBIX:

a) COIIOCTAaBUTH XO[ KpHBOI\/JI HaMaroHndmBaHH:A C I1IOJOKCHHCM MAKCHMYyMa Ha I'pa-

¢buxe m= g(H);

6) CpaBHUTDH IMOJYYCHHBIC KPHUBBIC C M3BECCTHBIMU TCOPCTHUUCCKUMU U SKCIICPHUMCH-
TaJIbHBIMU 3aBUCUMOCTAMMU.

7. OGopMUTH OTYET O BBHIMOJHEHUU PAOOTHI B COOTBETCTBUH C TIPUIJIaraeMbIM 00pa3-
LIOM.
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OTYET
no a1abopamopnoii pabome
«Ilocmpoenue Kpueoii HamazHuUUUGAHUA heppomazHemurka memooom Cmonemosa»

Wcnonaaurens: ctyaeHT(ka) rp.

Ilenv pabomeot. ....

Kpamkoe onucanue memooa uccnedosanus. ....

Pacuémmnvie gpopmynsr. (00bICHUTH BXOIAIINE B HOPMYJIBbI (PU3NICCKHUEC BEITNIHHEI
W yKasath ux HauMmeHoBanue B CH) ....

Oobopyoosanue: ....
Cpeocmea uzmepenuii u ux XapaKmepucmuxku
Tabnuma 9.1
HaumenoBanue [Ipenen momyckaeMoil OTHOCUTEIBHOM MOTpe-
npubopa HoCTH (B % OT U3MEPEHHOT0 3HAYCHNS)
Amnepmertp (2) 1,5%
Bonbrmetp (10) 0,5%
Pe3ynomamot usmepenuii
Tabmauia 9.2

[TapameTpbl yCTaHOBKU:
b=2410" Kn/B, R=2,5k0wMm, N;=100 Bur., N, = 200 But., | =5¢cMm, S= 25 mm*

Ne | IymMA | Uppn, B | Uy, B [ (U, ),B | B, Tn H, Alm m
1
2
N
Pe3yarvmamot pacuémos
1.n=..=.. M_l;
o k= = KmOMm | Ham{caTb (popmy.y, IIOKaSaTlI)
B2 | pac4yéT u 3anucaTh pe3yabrar!
3H=...=...Alv;
4.B=..=..Tx Pacuérel 1. 3, 4, 5 noka3aTs 1JI1 OJHOIO
5m=.. =. . . m000ro 3HaueHus u3 Tadi. 9.2.
6. BriBo.

Ilpumeuanue. loctpoennsie cornacuo Tadi. 9.2 rpaduku B = f(H) u m= g(H) npu-
JIararoTcs K OTYETY.
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JlabopartopHas paGora J-10
MN3YUYEHUE 3ABUCUMOCTU MATHUTHOU NPOHUITAEMOCTH
®EPPOMATHETHUKA OT HAIPSIDKEHHOCTU MAI'HUTHOI'O MTOJIA

Llenv pabomor. nioctpoenue rpadyka 3aBUCUIMOCTH MarHUTHOW MPOHUIIAEMOCTH dep-
pOMarHeThKa OT HanpsHKEHHOCTH MarHutHoro mojist M= f(H) u ocHOBHOM KpHBOi Hamar-
arurBanus B = f(H).

deppOMarHeTHKN — 3TO BEMIECTBA, 00/1a1af0I1e 0COOBIME MArHUTHBIMHU CBOMCTBAMM
(xene3o, kKOGANLT, HUKEMb, MX CrUTaBbl). K 0cOGBIM CBOHCTBAM OTHOCHTCS, B TIEPBYIO
odepeib, HeNMHeHHAs 3aBUCHMOCTb MHAYKIMH B MarnuTHOro mnosnst BHyTpH deppomar-
HCTHUKA OT HaHpFDKéHHOCTI/I HaMaronduBarOmicro I10Jist H . 3T0 3HAYUT, YTO MArduTHas1
IPOHUIIAEMOCTH MEPPOMATHETHKOB, XapaKTEPHU3YIOIAs UX MArHUTHBIE CBOMCTBA, TaK-
XKeE ABIAETCS PYHKIUEN HANPSHKEHHOCTH MATHUTHOTO OIS,

PaccMOTpUM 3aMKHYTYK TOPOMAAIBHYIO KATYIIKY, HUMEIOIIYI0 (eppOMarHUTHLIA
cepeunuk. 110 npyYnHE, YKa3aHHOM BBIIIE, T€ XapAKTEPUCTUKH KATYIIKH, KOTOPBIE CBS-
3aHBI C MATHMTHOM IPOHULIAEMOCTEIO CEPACYHUKA, OyAyT 3aBHCETh OT 3HaueHus H.

K TakuM XapakTepHCTUKAM OTHOCATCS, HAIIPUMED, HHIYKTUBHOCTH KATYIIKH

2
L:mm¢%§ (10.1)

1 €€ HHIYKTUBHOE CONPOTHUBIICHHE ITEPEMEHHOMY TOKY
X L= WL , (102)

rae Ny — MarHuTHas mocTosHHAs; N — YMCIIO BUTKOB, S — ILIOIIAAb IMOIIEPEYHOIO ceue-
HUS CEpACYHMKA; | — [uInHa cpenHeii 0CeBOM JIMHUN CEPACYHMKA; W — IIUKIMYeCKast Jyac-
TOTA MEPEMEHHOTO TOKA.

Onucanue memooa uccieoo6anus

B nannoii paboTe n3MepeHre MarHuTHOM TPOHUIIAEMOCTH CepJCYHIKA MOCHOBAHO,
cornacHo opmysie (10.1), Ha U3MepEHUSIX HHIYKTUBHOCTH L KaTyIlIku U €€ reoMeTpu-
yeckux napametpoB N, | u S. Jlns onpeneneHnss HHIYKTUBHOCTH JIOCTATOYHO H3MEPHUTH
WHIYKTUBHOE CONPOTHUBJICHUE KATYIIKH MEPEMEHHOMY TOKY H3BECTHOM YacTOTHI W.
[TonHOE COMPOTUBIIEHUE KATYIIKH IEPEMEHHOMY TOKY

Z=R?+ X2 »wL, (10.3)

Tak kak Ha yacTore cBbiie 200 [ 00braH0 R<<X|, 1 akKTUBHBIM COMPOTUBIICHHEM Ka-
TymKu R MOXHO mipeHeOpeyb.
3akoH OMa MO3BOJISIET ONPENEIUTh BENUUNHY Z MyTEM U3MEpPEHU Toka | u Hamps-
xeHust U Ha yyacTke 1enH, CoiepKallieM KaTyIKy
U
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Pacuétnas dhopmyina niis onpeaeeHuss MAarHUTHOW MPOHUIIAEMOCTH, TOJTydeHHas
¢ ucnosp3oBanreM Beipakenuit (10.1), (10.3), (10.4), umeeT cieayronuii BUI:

U U v (10.5)
mN?S  TwmyN?S |

m

rae b= — MOCTOSIHHAS YCTAHOBKH.

wrmyN %S
Hanpsk€HHOCT MarHUTHOTO TOJISI, KOTOPOE CO3JAETCS B KOJIBLIEBOM CEPACUHUKE
IpU NPOTEKAHUH 110 OOMOTKE TOKa |, MOKHO paccuuTaTh o GpopMmyiie

NI
H= I_ (10.6)
Takum 00pa3oM, KaKJI0My 3HAUYCHHIO TOKa | COOTBETCTBYIOT omnpenéieHHas: HaIpsi-
YKEHHOCTh MAarHUTHOTO MoJisi H, MarHuTHas MPOHUIIAEMOCTh CEPACYHUKA MU UHTYKIUS
MAarHUTHOTO 1o B:

B=mynH . (10.7)

Omnpenensis Benuuuabl H, Mu B npu paznuyHbIX TOKax, MOXHO 3KCIEPUMEHTAIBHO
YCTAHOBHTD CJICIYIONINE 3aBUCUMOCTH:

a) B = f(H) — 3aBucuMOCT, MAarHUTHON MHIYKIIMU OT HANPSHKEHHOCTH MAarHUTHOTO
noJisi (OCHOBHAS KpYBasi HAMarHMYMBaHUS (peppoMarHeTka);

0) m= f(H) — 3aBucHMMOCTh MarHUTHOM MPOHUIIAEMOCTH CEPACYHHKA OT HANPSDKEH-
HOCTH MarHMTHOTO TTOJISI.

Onucanue ycmaHoO8KU

Oobopyoosanue. MunuOnoku «PeppomMarHeTuk», «COMPOTUBIECHUE», TEHEPATOP
CUTHAJIOB CIIEUATBLHON ()OPMBI, MYJTBTUMETPHI.

DnekTpuyeckas cxeMa yCTaHOBKM TMoka3zaHa Ha puc. 10.1, MonTaxHas — Ha

puc. 10.2.

Puc. 10.1. DnexTpuyeckas cxema:
1 — rerepaTop CHUTHAJIOB CHEIUAIBHON (HOPMBI,
2 — myneruMeTp (pexum A_~ 200 mA, BXoabl
COM, A); 3 — 010k «ConpoTHBICHUE,
Ry = 100 Om; 4 — mynbtumeTtp (peskum Vo~ 2V,
Bxoabl COM, VW); 5 — KOJIbIICBOM CEpAECUHUK C
oomoTtkamu N; 1 Ny; 6 — 6ok «DeppomarueTux»

Ha koiiblieBOM CepeUHUK S, U3TOTOBIEHHBIA M3 UCCIEAYEMOro (eppOMarHUTHOTO
MaTtepuana, HaMmoTaHbl N; TPOBOJIOYHBIX BUTKOB. JTa 0OMOTKA, 10 KOTOPOM MpPOIyCcKa-
10T TIepeMeHHbI Tok yacToThl Oosiee 200 ['1, cy>XUT /i1 HAMarHMYMBaHUS MarHETHKA.
[To mapameTrpam OOMOTKH OHNPENEISAIOT HANPSXKEHHOCTh H HaMarHM4KMBAIOLIErO MOJIS.
['eneparop HamnpsixkeHui crienuaibHOM GopMbl 1 mo3BossieT U3MEHATh Hanpskenue U,
U TOK | B 0OMOTKE TOpoHAa. DTH BEIHUYHUHBI U3MEPAIOT COOTBETCTBEHHO BOJBTMETPOM 4
U MUJUTMAMIIEPMETPOM 2.
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B
E=2% wiwi’

K rcaepaTopy
1L PAKE R
CTIE MM LITNE

opmet Brixon

Puc. 10.2. MoHTaxxuas cxema.
ob6o3nauenus 2, 3, 4, 6 —cm. puc. 10.1

Boinonnenue pabomui

1. 3anoxautk Tabm. 10.1 (cM. OaHK OTUETA).

2. CoOpath 3EeKTPUUIECKYIO TIETh IT0 MOHTXKHON cXeme, nmpuBenéHHoi Ha puc. 10.2.

Bk1r04nTh B c€Th OJIOKM MTUTAaHUS T€HEPATOPOB HANPSHKECHUH W MyJIBTHMETpPOB. Ha-
aTh KHOTIKY «lICX0Hast yCTaHOBKA».

3. Knonkamu «¥YcranoBka gactotsl 0,2 — 20 k['11» ycTaHOBUTH JIFOO0YIO 4acTOTy N OT
200 I'y mo 500 I'n. 3anucars 3Ha4yenue N B Tadi. 10.2.

4, Knonkamu «YcTtaHoBka ypoBHs Bbixoqa O ... 15 B» renepaTopa cursaioB ycTa-
HOBUTH B 0OMOTKE Topouaa yka3zanubie B Ta0s. 10.2 Toku | 1 u3Meputhb 1151 KaXKa0ro u3
HUX 3HaueHue Hanpspkenus U. Pesymbrarsl 3anmcath B Ta0a. 10.2 (cM. OiaHk oT4éTa).
PexomenmyeTcst mpoBOIUTH U3MEPEHHUs C 1marom 2—3 MA mipu Tokax | 70 10 MA u ¢ mia-
rom 5-10 MA nipu Tokax | cBeime 10 MA.

5. Buikntouume u3z cemu 0J0KM MUTAHUSI TEHEPATOPOB HAMPSKCHUA U MYJIbTUMET-
pOB.

Obopabomka pe3yromamog uzmepeHuil
1. Berauciuth 110 popmysie (10.5) mocrosHHyr0 ycTaHOBKH b.
2. ITo ¢popmynam (10.5), (10.6) u (10.7) ams xaxmaoro 3HaUYCHHUS TOKA pacCUUTATh BE-
mnanHbl H, mu B. Pe3ynbrarsl pacuéroB 3anucats B Tabi. 10.2.
3. Mo manubM Tabu1. 10.2 MOCTPOUTH OCHOBHYIO KpHBYI0 HamaraunuuBanus B = f(H)
u rpaduk 3aBucumoctu M= f(H).
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4. B BbIBOJIE 110 pabOTE OTPa3uTh OCOOEHHOCTH (POPMBI OMBITHBIX KPUBBIX:

@) COMoCTaBbTE XOJI KPHBOH HAMAarHWYHMBaHUs C TOJIOKEHHEM MaKCUMyMa Ha rpa-
buxe m=f(H).

0) CpaBHUTE MOJYYCHHBIC KPUBBIC C M3BECTHBIMU TECOPCTUYCCKHUMHU U IKCIICPUMEH-
TaJbHBIMHU 3aBUCUMOCTSIMH.

5. OpopMHUTH OTYET O BBHINOJHEHUN PA0OTHI B COOTBETCTBUH C IIPHIJIaraeMbIM 00pa3-
LIOM.

OTYET
no a1abopamopnoii pabome
«H3yuenue 3a6ucumocmu MazHUMHOI NPOHUUAEMOCIU (heppoMazZHeMUKa
OM HANPANHCEHHOCMU MAZHUMHO20 RO

Wcnonaurens: ctyneHT(ka) rp.

Lenv padomeut. ....
Kpamkoe onucanue memooa ucciedo8anus. ....

Pacuémmnvie gpopmynsi: (00bICHUTH BXOIAIINE B OPMYJIBbI (PU3NICCKHUEC BEITNIHHEI
W yKasath uX HauMmeHoBanue B CH) ....

Oobopyoosanue:. ....

Cpeocmea uzmepeHuil u ux XapaKmepucmuku
Tao6nuna 10.1

HaumenoBanue [Ipenein mormyckaeMoil OCHOBHOM OTHOCUTEIBHOU
nprbopa norpentHocTy (B % OT M3MEPEHHOI'0 3HAUCHUSI)
Awmmnepmerp (2) 1,8%
Bosiet™meTp (4) 0,8 %
Peszynomamul uzmepenuii
Tabmuma 10.2
N=100Bur., |=5cm, S=25mm?>, n= ...Im, W= 2pn = ... ¢l b=..A/B
No [, MA UB H, Alm B, Tn m
1
N
Pacuémum
1.b=..=..A/B; Hanucars ¢gopmyity, mokasarh
2.m=..=..; pac4éT u 3anucaThb pe3yJabrar!
3 H=...=...Alv;
4.B=..=..Tn Pacuéte 1. 2, 3, 4 mokasaTh AJis OJTHOTO
5. BeiBo. nmro0oro 3HaueHus us tadi. 10.2.

Ilpumeuanue. Tloctpoennnie cormacHo tabdn. 10.2 rpaduku B = f(H) u m= f(H)
IIPUJIAraloTCs K OTYETY.
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JlaGopaTopHnasi padora I3-11
ONNPEJAEJEHUE TOYKU KIOPU ®EPPUMATHETHUKA

Ilenv pabomer. HAOMIOACHYE 32 TIETIEN TUCTEpE3UCca B Mpoliecce HarpeBaHus dep-
pUMarHeTHKa, UCCiieI0BaHNE TeMIEpaTypHON 3aBUCUMOCTH UHIYKIIUM MarHUTHOTO T10-
751 heppUMarHeTuka, onpezaeneHue ero Touku Kropu.

Buumanue:. /[na nodzomosexku u 6vbinOJIHEHUA padomvt HEOOXO00UMO UCHOJIB30-
eéamov onucanue pavomot I-8.

deppumarnetuku (Gepputhl) 007a1aI0T 0COOBIMA MArHUTHBIMH CBOMCTBaMH OJia-
rojaps ynopsiI0Y€HHUI0 MAarHUTHBIX MOMEHTOB MOHOB, B PE3yJIbTaTe€ KOTOPOTO BO3HU-
KaroT 00JIaCTH COHTAHHOTO HAMarHWUYMBaHUS — IOMEHBI. B mipenenax kaxmaoro qoMeHa
dbeppuT HaMarHu4eH /10 HACBIIICHHUS.

[Ipu HarpeBanuu (heppuMarHeTvika Bbiiie Temnepatypsl Kiopu (touku Kropu) ten-
JIOBOE JIB)KEHHUE pa3pylIaeT ero JOMEHHYIO CTPYKTYPY M BMECTE C ATUM HCUE3al0T BCE
0COOCHHOCTH (hepPUMArHUTHOTO COCTOSIHUS: BEIIECTBO MEPEXOJUT B MapaMarHUTHOE
COCTOSIHUE.

Onucanue memooa ucciedo6aHus

Onpenenuts Touky Kropu ¢eppuTa MOKHO MO MU3MEHEHUIO MPEICIbHON MeTIn Mar-
HUTHOTO THCTEpe3rca B MPOLECCe HAarpeBa. DNEKTpUUEcKasi cXxemMa YCTaHOBKH M300pa-
eHa Ha puc. 11.1.

bII =

Puc. 11.1. Cxema yCTaHOBKHU

Ha ¢epputoBblii 00paser], BHITIOJHEHHBIN B BHJIE TOPOHJIa, PABHOMEPHO HAMOTAHBI
nBe oOMoTkH ¢ unciioM BUTKOB N; u Ny. Uepes conporuBienue R; Ha nmepBUUYHYIO 00-
MOTKY mojaercs ot 0j10ka nmutanus (BIT) nepeMeHHOE HaNpsHKEHUE,

B pabore O-8 ommcan Meton ompeneraeHus MHIYKIIMA MarHUTHOTO Mo B (eppo-
MarHeTUKe C TMOMOIIbIO MPENEIbHON METIM THUCTepe3nca, U ModaydeHa dopmyia s
MarHUTHOW UHIYKIIUU HACBHIIIEHUS B BEPIIMHE METIN TUCTEpE3nca

Buse = kU /2, (11.1)
rac
k=2Re (11.2)
N, *S

— K03 (UIMEHT, 3aBUCSILUI OT IapaMeTpoB yCTaHOBKHU, U, . — IeHCTBYyIolIee 3Hade-
HUE BBIXOJHOTO HAMNPSKEHUSI UHTETPaTopa.
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Hac

0 t
tyc\
Puc. 11.2. 3aBUCMMOCTb UHIYKITUH
HAaCBHIIEHN S (PePPOMArHETHUKA OT
TEMITEPATYPBI

Jns moctpoeHus rpaduka 3aBUCUMOCTH Mar-
HUTHOW MHIYKLIUM HACBIIEHUS OT TEMIEpaTy-
pbl (eppoOMarHeTUKa HM3MEPSIOT HANPSIKEHUE
U, Ipu HarpeBanuu obpasua. Ilo mepe pocra

TEMIIEPATypPbl MHIYKIUS HACBHIIICHUS (2 3HAYHT
U BBIXOJHOC HAmNpsHKEHUE  HHTErpaTropa)
YMEHBIIAETCS, a HANPS)KEHHOCTh MAarHUTHOTO
MOJIsI OCTA€TCsl MOCTOSHHOM, TaK KaK OHAa OT
TeMmIriepaTypsl He 3aBucuT. [Ipu 3TOM mmomanb
METIM TUCTEPE3UCA YMEHBIIAECTCA U IO JIOCTHU-
KEHUH TeMIiepaTtypbl Kiopu neTiist BEIpOKIacT-
Cd B OPSAMYIO JIMHHIO. B sKCcriepuMeHTe mouny-
qatoT 3aBucumocts B, = (), Bug kotopoii

nokazan Ha puc. 11.2. Ilo atomy rpaduky
MOXKHO oOmpenennth Temmeparypy Kropu iy

naHHoro ¢eppura nyTéM skctpanosisauuu. Ecau Temneparypa deppura npudimkaercs

x Touke Kropu, To B, ® 0.

Onucanue ycCmaHoO8KU

Obopyoosanue:. TeHepaTOp CUTHAJIOB CHEIUMAIbHON (DOPMBI, TEHEPATOP pEryaupye-
MOTO TOCTOSIHHOTO HAIpsKEHUs, MYJIBTHUMETPHI, ocuuuiorpad, MuHuogoku «Compo-
tuBneHne 100 Om», «MuTerparop Tokay», «Touka Kiopu».

DnexTpuueckas cxema ILenu npeacTaBieHa Ha puc. 11.3, monTaxHas — Ha puc. 11.4.

-

2

(Tl ] I
]
1

]

7

Rt

Puc. 11.3. Dnexrpuueckas cxema:

1 — reHepaTop CHUTHAJOB CHEUUATBHONH (GOpMbI, 2 — MHUHUOIOK «COMPOTHBICHUE
100 Owm; 3 — topoun ¢ nepBuuHoit N; 1 BropuaHoit N, ooMoTkamu; 4 — MuHNOJIOK «Touka
Kropu»; 5 — nemnepnsrii kitod; 6 — uaTerpaTop; 7 — MUHHOIOK «HTETpaTop ToKa» (IMo-
JI0:keHue TymoJ1epa «Copoc»); 8 — sanekTpoHarpeBarelib;, 9 — ICTOYHHK PEryJIMpyeMoro mo-
crosiuaoro Hanpsokenus O ... +15 B; 10 — repmonapa; 11 — mynstumetp (peskum °C, BX0AbI
TEMP); U y —Hanpsbkenue Ha Bxone X ocipwuiorpada; U, =Uy — HanpsbkeHHe Ha BXOJIe

Y ocimorpada; 12 —mynsrumetp (pexum V~ 2, Bxoast COM, V' W)
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[lepBuunas N; u BropruHas N, 0OMOTKHM HaMOTaHbI Ha PEPPUTOBBIN KOJIBLIEBOU cep-
neyauk 3. [lepBuuHyto 0OMOTKY, IO KOTOPOM MPOTEKAET MEPEMEHHBIN TOK, UCIIOJIb3Y-
I0T JUIsl HAMarHuyuBaHus peppumarHeTuka. Bropuunas oOMOTKa npegHazHaueHa s
U3MEpEeHMs MHAYKIuU B MarauTHOrO 1oJist B cepaeunuke. s sroro Hanpsbxkenue U

C MHTErpaTopa Toka / u3MepsieTcsi BoIbTMeTpoM 12 u momaércs Ha BXo4 Y OCHUIUIO-
rpacda i HaOIIoAeHHs TIETIIN THCTEpe3nca Ha ero dKpaHe. DIleKTpoHarpeBareib 8 Ha-
rpeBaeT uccienyemblil ¢pepput. Psanom ¢ HuM pacnonoxxena tepmonapa 10, npeanasna-
YeHHas JJIsl U3MEPEHUs TeEMIIEpaTyphl 00pasiia ¢ MOMONIbI0 MyJIbTHUMETpa 11.

Bovinonnenue pabomur

1. CoGpaTh 3IEKTPUUYECKYIO IIETh 0 MOHTAXKHOM cxeme, mpuBeAEHHON Ha puc. 11.4.

2. Tlepexirouarens poaa paboT MyiabTUMeTpa 12 mepeBecTH B MojokeHue «V~» u
YCTaHOBUTH Tpeien u3Mepenus «2 V», a myabtumerp 11 — B pexum «°Cx.

3. KoakcuanpHblil Kabellb MOAKIIOYHTE K BXoay ocimniorpada «CH2 (Y)», kpac-
HBIM TEKep Kabelis COeIMHUTh Yepe3 HabopHoe Mmoje ¢ BhixoaoM uHTerparopa C, a
CHUHHMI — C IMWHOW HaOOpHOTrO mojs «” » («3emisi»). Bropoll kabenb MOAKIIOYUTH K
Bxoay «CH1 (X)» ocumuiorpada, KpacHslid mTEKep KaOelss COSAMHUTh C COMPOTHBIIE-
aueM 100 OM, a cuHMIA — ¢ IIMHOW HAOOPHOTO MOJIS <™ » («3eMIISI»).

4. YCTaHOBUTH TEpeKIIoYaTeNlb pa3BEPTKH, PACIOIOKEHHBIN Ha JIMIICBOW MaHETu
ocmiorpada, B monoxenue X-Y. Bee HacTpoiiku ociimiuiorpada Takue ke, Kak B Jia-
O6oparopHoii padote Ne 3-8.

5. Knonkamu «CETb» BkItounTh mMUTaHWE OJIOKOB T€HEPATOPOB HAIPSIKEHUN U
MyIbTUMETPOB. Haxkate kHONKy «lcXOaHas yCTaHOBKa». YCTAHOBUTH PEKUM CHHY-
COMJIAJILHOTO HAMPSDKEHUS. YCTAaHOBUTH B MojiokeHue «COpoc» aemmndepHbld KoY
MuHHOMIOKa «MHTerpatop Toka». KHonmkamu «¥YcranoBka ydactoThl 0,2 — 20 xI['p» Ha
['CC® ycranoButsh yacrory 0,5 k' (500 I'm).

6. Bximtounts kHONIKYy «POWER» («CETb»), pacmnonokeHHyo Ha MaHEIH OCIUIIIO-
rpacda moja SKpaHoM, MPU ITOM JOJDKEH 3aKeUbCsl CBETOAMOAHBIN uHauKarop. [Ipu mo-
Mot peryiasaTopoB <INTEN» u «FOCUS», pacnonokeHHBIX TaM K€, YCTAaHOBUTH CO-
OTBETCTBEHHO ONTUMAJIBLHYIO SIPKOCTh U (DOKYCUPOBKY JIyya.

Buumanue! /Jlna npeoomepawienusn nogpexcoeHus JI0OMUHOPOpa 31eKmpOHHO-
JIy4egoll mpyoKu He YCMaHAGIUGAIIme UPE3MEPHYIO APKOCMb JIyUa U He 0CAags1siime
0e3 HeoOX00uMocmu O1umeIbHoe 6pems HeN0OBUNCHOE NAMHO HA IKPAHE.

C nomomsto perynsaTopoB «< POSITION >» u «POSITION %» BBIBECTH DJIEKTPOH-

HBII JIyd B IIEHTP KOOPMHATHOM CETKH DKpaHa.

7. Knonkoit D «¥YcranoBka ypoBHs Beixoga O ... 15 B» reneparopa curnasnos cre-
UaIbHON (POPMBI YBEIHMUNBAThH TOK |1 B MEPBUUHOM OOMOTKE 0 MOJyYCHHS Ha SKpaHe
ocuuiuiorpada n300pakeHUsT npedeabHoll TeTin ructepesuca. [letnsa cunraeTcs mpe-
JICTIbHOM, €CITM Yy He€ MOABJSIOTCS «YChD» M POCT TOKAa HE MPUBOJIUT K YBEINYCHUIO €€
TUTOILA/IH.

8. MemtenHo Bparas mo 4yacoBou crpenke peryssrop «VOLTSDIV» (MOS-620)
i «VAR» (GOS-625) Ha manenu ocruniorpada, yBeJIMYUTh BEPTUKAIBHBIA pa3Mep
ICTIU PUMEPHO [0 8 OONBIINX AeICHHI MacIITaOHOM CETKU dKpaHa.
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9. MenneHHo Bpamas 1o 4acoBoil crpenke peryisitop «VOLTS/DIV» (MOS-620)
wim «VAR» (GOS-625) na nanenu ociwniorpada, yBeIHUNTh TOPU3OHTAIBHBINA pa3-
Mep neTiid mpumMepHo 70 10 Oonbiux JAeneHuid MacTaOHOM CeTKH dKpaHa.

D
10. Perymsaropamu ocimtorpada «< POSITION >» u «POSITION ﬁ» YCTaHO-

BUTbH METII0 CHMMETPUYHO OTHOCUTEIBHO LIEHTPa KOOPAUHATHBIX oceil X-Y .
11. Usmeputh Temriepatypy t °C cepieunnka v HanpsoKEHUE HA BBIXOJIE MHTETpaTopa
U, cooTBeTCTBYIONIME MATHUTHON MHAYKIIMK HachlleHus B,,.. Pe3ynbrarsl usmepenunii

3anucath B Ta01. 11.2 (cm. OmaHK oTuéTa).

12. Knonkamu «YctanoBka Hampspkerus O ... +15 B» perynmupyemMoro MCTOYHHMKA
MIOCTOSTHHOTO HAmpsDKEHUS! BHICTABUTH MO CBETOBOMY HMHIUKATOPY CpelHee 3HaueHUe.
Ecnu HarpeB OyIeT MPOUCXOAUTH CIUIITKOM MEIJICHHO, TO MOXHO YBEJIHYUTH HAIpS-
KCHHE Ha HarpeBaTele.

13. Tlo mepe HarpeBanus oOpasiia yepes kaxasie 5° C, usmepsats Temneparypy t, °C u
HanpsbkeHue U . 10 Tex 1op, [oKa MeTis TUCTepe3nca He IPEBPATUTCS B MPSAMYIO JIU-

HU0. JIJ1s1 TOBBIMIIEHUSI TOYHOCTH MOKHO PACTITUBATh M300paKEHUE MO0 BEPTHUKAIH T10
Mepe HeOOX0IMMOCTH. Pe3ynbraTel n3mMepenuii 3anucaTh B Tadm. 11.2.

14. Boiknwouume u3 cemu 6J10KU MUTAaHUS TEHEPATOPOB HANIPSKEHUN U MYJIbTUMET-
POB.

+15 B ©—0—o—0) ©

w‘* .
t

e B ‘—_\@ : 1\41_13---

0.+I5T1 Iy .

E

K reHeparupy CHrHAIOE
CRENMATLNGE POPVLLI

0B

Puc. 11.4. MouraxkHas cxema.
D0 —ameKkTpoHHbIN ocumiuiorpad; 2, 4, 7, 11, 12 — cm. puc. 11.3
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Oopabomka pe3yromamoe usmepeHuil

1. Paccuurath mo dopmyiie (11.2) koaddunuent K, 3aBucsiuii OT mapameTpoB yc-

TaHOBKH.
2. [To nannbiM Ta6. 11.2 paccuutath 10 Gopmyste (11.1) 3HaYCHHUS MarHUTHOM WH-

IOYKIWH HaChIIeHUs B, . JUId KaXKI0¥ TeMIleparypsl.
3. Ucmonw3ys pe3ynbrathl pacderoB Tadm. 11.2, moctpouTh rpaduk 3aBHCHMOCTH

Byae = F (D).

4. ITo rpaduky onpeaenuts Temeparypy Kropu myTém 3KCTpanoisini.

Omuém no nadopamopnoil pabome
«Onpeoenenue mouxu Kiopu gpeppumaznemuxa»

HcnomauTens: cryaeHT(ka)
rpymma

Lenv padomeot. ....

Kpamkoe onucanue memooa uccnedosanus. ....

Pacuémmnoie gpopmynsr. (00bICHUTE BXOIAIINE B GOPMYJIbI (PU3NUCCKHUE BEITUIHHBI
¥ yKa3aTh uX HauMmeHoBaHue B CH)....

Oobopyoosanue:. ....

Cpeocmea uzmepeHuili u ux XapakmepucmuKu
Tabonuma 11.1

HaumenoBanue [Ipenen momyckaeMol OTHOCUTEIBHOM MOTpel-
npudopa HOoCTH (B % OT U3MEPEHHOTO 3HAYCHNS)
Mynbsrumetp (11) 0,8 %
Bossr™metp (12) 1,0%
Peszynomamul uzmepenuii
Tabmuma 11.2
b=23,7>10° Ki/B, R, = 2,5 kOMm, N; = 100 But., N, = 100 BHT., S= 25 MM°
No t,°C U, s B Byae, T
1 KomHuarnas
2
N
Pacuému
1.k=...=...cM%
2.B,.= ... = ... Tm; (mnst omHOTO JTFOOOTO 3HAUCHHS)
3. tx = ... °C. OnieHUTH MOTPEUIHOCTH ly Tpaduuecky.

4. CnenaTth BBIBOJ.
ITpumeuanue. I'padux 3aBucumoctu B,,. = f(t), mocTpoeHHBII cOrIacHO JTaHHBIM

Tabn. 2.2, mpuiiaraercs k otuery. Ha rpaduxe nokasars ty.
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JlabopaTtopHnasi padora I-12
N3YYEHUE 3JIEKTPOMATI'HUTHBIX
SATYXAIOHIUX KOJIEBAHUU

Ileny pabomwr. HAOIIONCHUE SJEKTPOMATHUTHBIX 3aTyXalOMUX KOJIEOAaHUW Ha OC-
nmuiuiorpade, onpeneneHne OCHOBHBIX XapaKTEPUCTHUK TAaKUX KoJieOaHUM, OLIEHKA TO-
TPELIHOCTEN U3MEPEHUM.

InekmpomazHumHusle Ko1eO6aHUA nNpeocmasniaom codoi nepuoouveckoe uzme-
HeHue INeKMPUUEeCKuUxX 3apa00e, moKoe, 3J1eKMmpUiecKo20 U MacHummnoz2o noJeit. 11o-
JYYUTh JIEKTPOMAarHUTHBIE KOJEOAHHSI MOXHO B KojeOarenbHOM KOHType. OH mpen-
CTaBJSIET COOO0I 3JEKTPUUYECKYIO ENb M3 MOCIEI0BATEIbHO COCIMHEHHBIX KOHJIEHCA-
topa C, KaTyIIKH MHIYKTUBHOCTH L M pe3ucTopa ¢ akTUBHBIM comnpotuBiicHHeM R (B
KaueCTBE IMOCJIEJAHEr0 MOXKET CIY>KUTh U COOCTBEHHOE OMHUYECKOE COMPOTUBIIEHUE Ka-
tymku) (puc. 12.1).

Ecnu koHneHcarop 3apsiiuTh, TO €CTh COOOIIUTh MY 3aIac SHEPTUH

2
K~ w = (12.1)
* M =50
—
| a 3areM KIrouoM K 3aMKHYTH KOHTYD, KOHIEHCATOp Hay-
+|+
C i L HET paSpH)KaTBCH ‘Iep63 KaTyme 1 B LICIIN ITOSIBUTCS 6BI'

ctpo Hapactarommii Tok. CormacHo 3akonHy Papazes,
ATOT TOK BBI30BET HA KOHIaX KaTymku DJ{C camonHIyK-
[[UY, UMEIOLIYIO0 3HAaK, MPOTUBOIIOJIOXHBIN 3HAKY pa3HO-
CTH TNOTEHIIMAJIOB Ha OOKJIagKax KoHJeHcaTopa. Bcnen-
Puc. 12.1. KonebarensHbIii  CTBHE 3TOTO CKOPOCTh HapaCTaHUs TOKAa B KOHTYype OyaeT
KOHTYP MOCTENIEHHO YMEHbBILATHCS 10 TEX MOp, MOKa KOHJEHCa-

TOp MOJIHOCTBIO HE pa3paauTcs. B 3TOT MOMEHT cuna To-
Ka B 1enu OyaeT MakcuMajbHa. DHEPIus 3IEKTPUUYECKOTO MO KOHJIEHcaTopa nepeii-
JET B SHEPTUIO MATHUTHOTO TIOJIST KATYIIIKK

2
W—LI.

mar
2

(12.2)

B nanpHenieM TOK, COXpaHssi CBOE€ MPEKHEE HANPABJICHUE, TIEPE3aAPSIAKACT KOHICH-
carop. Ha ero oOkiankax mosiBISICTCS pa3HOCTh MOTCHIIMAJIOB, MPOTHUBOIOIOKHAS 110
3HAKY MEPBOHAYAIBHOM, YTO MPUBOJUT K YMEHBIIICHUIO TOKA, & 3HAYUT, U MAarHUTHOTO
oy Karymku. Bosnukaromas npu 3toMm DJIC caMOMHAYKIIMKA OyAeT MOJIepKUBATh
YMEHBIIAIOIUNCA TOK. B MOMEHT BpEeMEHH, KOTJla TOK IMPEKPATUTCS, KOHJIEHCATOP
MTOJTHOCTBIO TIEPE3aAPSIUTCS. 3apsijl, Pa3HOCTh MOTSHIMAIOB Ha ero obkimaakax u 3/(C
CaMOUHIYKIIMU OyayT MakcuMmaibHbl. [lociae 3Toro BHOBb HauMHAETCs pa3psiii KOH/ICH-
caropa yepes KaTyllKy, U MIPOLEecC MOBTOPSAETCS B MPOTUBOIIOJI0KHOM HAIPABJICHUH.

Haiiném 3aBUCUMOCTD 3apsiia Ha OOKJIaJKax KOHJEHcaTtopa oT BpeMeHu. M3 3akoHa
COXpPAHEHUS PHEPTUU CIEAYET, YTO YObLIb SHEPTUU AIEKTPUUECKOTO U MArHUTHOTO TI0-
JIEW B peaJbHOM KOHTYPE PaBHA KOJUYECTBY BbIJICJICHHOTO KOHTYPOM TEILIA:
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2
-d é— Q—g_ | Rt . (12.3)

Cuurtast, 4TO UHIYKTUBHOCTb L HE 3aBUCUT OT BpEeMEHH, NMpoBeaéM auddepeHmpo-
BaHHUE U 0003HAYMM:

dQ di d*Q R 1
= A OR Ropy Low
it dt  dt? L LC (124)
[Tomyuum
d*Q , ,49Q
+2d—=+wZQ=0. 125
dt? a o (125)
Pemenue storo nuddepeHuranibHoro ypaBHeHus npu 0<< Wy UMEET BH/]I
Q=Que *cos(wt +j o), (12.6)
rae W=Wg- d? = 1 12 — nuKiIMYeckas dacrora kosebanuit, Wo :i —
0 LC 4|2 ’ JLC

IIUKJIMYEeCKass 4acToTa CBOOOHBIX He3aTyXarolmux kKosedanuit, Qy— HaYaIbHBIA 3apsija
) R
KOHJICHCATOPa, | — HavajabHas (asa, d= oL KoI(hpuyuenm 3amyxanusn — eenuduna,

oopamnan npomedxcymky épemenu t, ¢ meuenue komopozo amnaumyoa yovieaem 6 €
pa3. Bennunny U Ha3bIBalOT BPEMEHEM pElaKCallii.

Beipakenne (12.6) MOXKHO MpeACTaBUTh B BHJE, TOXOXKEM HA TAPMOHHYECKHE KOJIe-
OaHwUs:

Q=Qp(t)cos(wt+] o), (12.7)

- - dt o
rie Q1) =Q,e - aMIUTUTyAa KoJeOaHui 3apsiia, KoTopas, B OTJIUYUE OT TapMOHU-

YeCKUX KOJIeOaHU, He SBIIICTCS MMOCTOSHHOM, & YMEHBIIIACTCS CO BPEMEHEM I10 3KCIIO-
A HCHTE.
Q Orubaromas Q. (t) =Q,€ t I'paduk Gynkuuu (12.6) npeacraBieH Ha
Q puc. 12.2. TlogoGueIM 3x€ 00OpazoMm OyIyT
U3MCHATHCS CHJIa TOKAa B KOHTYPE M pa3HOCTh
TIOTEHIIMAJIOB Ha OOKJIaIKaX KOHACHCATOPA.
U3 puc. 12.2 BuaHO, 4TO XOTS 3aTyXaro-
mue KojeOaHWs HE SIBISIOTCS IEPUOIUYIC-

0 CKMMH B CTPOI'OM CMBICJIE 3TOTO CJIOBA, 3TOT
nporecc o0JaJaeT ONPeACICHHOW ITOBTO-

PAEMOCTBIO: MAaKCUMAJIbHBIC 1 MUHHUMAJIbHBIC

3HAYCHHS 3apsjia, TOKa W Pa3HOCTH IOTCH-

—Qo I[HAJIOB JIOCTUTAIOTCS Yepe3 OJMHAKOBBIC

Puc. 12.2. 3aryxarorue konebanus POMEXKYTKH BPEMEHH 1.
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DTy BEIIMYUHY W HA3BIBAIOT HEPUOOOM C80000HLIX 3amyxarouiux Koaedanuiu (ycios-
HbIM REPUOOOM)

__® (12.8)

_|

I
s |y

I

Hapsiny ¢ ko3¢ dunimeHTomM 3atyxaHusi O MOJIB3YIOTCS U APYrod BEIUYUHON— J102a-
pudmuueckum oexkpemenmom 3amyxanusna (. OH paBeH HAMypaabHOMy J102apugpmy
OMHOWEHUA 08YX NOCTE006AMETbHBIX AMNIAUMYO, PA30CTIEHHBIX NPOMEHCYMKOM
eépemeHu, pasHvim nepuoody konreoanuii T.

g=In—ot (12.9)
t+T

Mo’KHO TTI0Ka3aTh, UTO
R
=dT =—T
q oL - (12.10)

W13 Beipakenus (12.8) BumHO, 4TO ¢ YBEIMYCHUEM COMPOTUBIICHHUS KOHTYpA MEPHOJ
KoJIeOaHMil B HEM BO3pacTaeT U MpHU yCIOBUU

A 2
Y R-1 (12.11)
41© LC
Uo oOpaiaercsi B OECKOHEUHOCTh. JTO 3HAYMT, YTO KOJIe-

OaHHsS B KOHType HE BO3HHMKaiOT. HacTymaer amepuo-

JTUYECKHH pa3psj, XapakTep KOTOpPOro TIoKa3aH Ha

puc. 12.3. Munumanvnoe CONpOTUBICHUE KOHTYpA,

I [pu xoTOpoM He BOSHHKAIOT KOJNEGAHWs, Ha3bIBACTCS
" kpumuueckum. Ero MOXHO onpeaenuts o Gopmyie:

Puc. 12.3. Anleprogndeckuii [
npouecc Repur = 2\/2 : (12.12)

Onucanue memooa ucciedosanus
Ecnu koHzIeHcaTop KoJieOaTeNbHOTO KOHTYpPA 3apSAUTh C TTIOMOIIBIO OHOMOJSPHO-
r'o MPSIMOYTOJIBHOTO UMITYJIbCa HANPSDKCHHSI, a 3aTeM HaIpsDKEHHE ¢ OOKIIATOK T01aTh
Ha BXOJl BEPTUKAJIBHON pa3BepTKHU ocuuiuiorpada, To Ha ero 3xKpaHe OyJeT HaOIt01aTh-
Cs OCHMJIOTpaMMa YHHUIIOJSIPHOTO MMITyJIbCa C 3aTyXarolluMHu Koyiebanusmu (puc.
12.4). Ileprona 3TuX KoJeOaHUIH MOKHO HAWTH 110 POpMyJIe

T=k—
N

rae K, — ko3 uIeHT TOpU30HTAIBHON pa3BepTKH ocumiiorpada, | — aimHa ygactka

0

, (12.13)

ATOM pa3BepTKH, Ha KOTOPOM ykiaabiBaeTcs N MOJHBIX KOJeOaHUMH.
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\

U

Puc. 12.4. 3atyxaromue KojaeOaHUs HaNpsDKCHHS Ha IUIACTHHAX KOHJICHCATOpa

AMIuUTy bl HanpsbkeHus: Ha kKougeHcatope Ut u U, HeoOxoauMeble Uil pacuéra
JorapugMUUYEcKoro AeKpeMeHTa (, HaxoasaTces no Gpopmyre

U=k, (12.14)

rae ky — ko3¢ GuIueHT BepTUKAIBHOTO OTKIOHEHU ocuuiorpada, h — Benmuuuna sro-

T'O OTKJIOHEHUS (TyHKTUPHBIE JIUHUK Ha puc. 12.4).
[lo W3BECTHBIM 3HAYEHUSIM JOTapU(PMUUYECKOrO JAEKpEMEHTa (¢ W Mepuoja 3aTy-
XarIuXx Koebanuii 7 MOKHO HaiiT 3HaYeHue ko3 dunmenra 3aryxanus d:

d=q/T. (12.15)
Kputndeckoe conpoTusieHne K0aeOaTeIbHOTO KOHTYpa Rxpm HaAXOJAT, HaOIro1asl,

10 MEpE YBEIMYCHHS €r0 aKTUBHOTO COMPOTHUBJICHUS, 32 U3BMCHECHUEM OCITUILIOTPAMMBI
3aryxaronux Kojebanuii. [Ipu3HakoM BbIXOAa KOJEOATEIHHOTO MPOIECCAa HAa PEKUM
areproOIMUECKOT0 pas3psaa KOHAeHcaTopa siBiseTcs moaydeHue kpuoi U(t) He comep-
xareit konedanuii (puc. 12.3). Toraa KpUTHYECKOE COMPOTUBIICHUE KOHTYpa HaXOIMT-
Csl KaK CyMMa aKTHBHOTO COIIPOTHBIICHIS KaTYIIKU HHAYKTUBHOCTH R, 1 peoctara R,

Rpur =R + Ry - (12.16)

Onucanue ycmaHnoeKu
Obopyoosanue. reHepatop curtaios creruaibHoi (opmbl ('CC®D), MUHHOIOKH

> Conpormanenie, «Peocrtar», «KonmeHncarop», «Karymika», ocrumiorpad, Myib-
A 0,4 o KOM| TUMeETp.
N\;\‘ l f,f Puc. 12.5. Muun6i1ok «Peocrar»
02~ o Zoef MapkupoBka Ha 0JIOKE yKa3bIBa€T COMPOTUBJICHUE MEXTY A U
-, o~ C. ComportuBnenue Mexay Bxogamu A u B mocTossHHO U paBHO
of ‘}u 1,0 xOwm. IlpemnazHadeH I PETYIMPOBAHUS COMPOTHBICHHS
|BO ' mexay Bxomgamu AC u BC.
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= Puc. 12.6. Muan6io0k «Konaencatop».
o_l |_O 3HadeHHE PIECKTPOEMKOCTH KOTOPOU yKa3zaHO Ha OJOKe

Puc. 12.7. Munu6nok «Katymka».
L
O_rvw.“n_o 3HauYeHHUE WHIYKTUBHOCTHU KATYIIKW YKa3aHO Ha OJIOKe

Ha puc. 12.12 u 12.13 u3o0OpaxeHbl TUIEBbIE TTAHETN UCTIOIb3YEeMbIX B paboTe ABYX
tunoB ociniorpagos (MOS-620 wimm GOS-625) u TabnuIl COOTBETCTBYIONIUX T10-
JIOKEHUH UX Mepekirodareneii u perynsaropos. Ha puc. 12.8 npuBenena snekTpuyeckas

CXeMa YCTaHOBKH.

Puc. 12.8.
1-T'CCD (hopma curnana «J L»),
2 — MuHnOI0K «Peocrar», 3 — MuHNOI0K «Ka-
Tymka», 4 — MuUHHOJIOK «KoHaeHcaTop»

Munu6mnoku 2, 3, 4, coenMHEHHBIE COOTBET-
CTBYIOITUM 00pa3oM, 00pa3yroT HCCIENyEMBbIii
KojebarenbHbll KOHTYp. ['eHepatop yHuIO-
JSPHBIX TMPSAMOYTOJBHBIX HMITYJIBCOB HAaIpsi-
XKeHus 1 CIy’>KUT JUTsl TIOTIOJTHEHUS SHEPTUH KoJiebaTenbHOro KoHtypa. Uy — Hampsike-
HUeE, TToJlaBaeMoe Ha BXxo/1 Y ocuuuiorpada.

Bvinonnenue padbomot

1. CoOpatb AIIEKTPHUYECKYIO IETb 10 MOHTAKHOW cXeMe, MpuBeAEHHON Ha puc. 12.9.
KoakcuanbHbli Kabeb MOIKIIOUNTh K BXoAy ociutorpada «CH2 (Y)», kpacHslii miTe-
Kep KabeJsi COeIMHUTD 0 CXeMe ¢ KojiebaTeIbHbIM KOHTYPOM, & CHHUM — Yepe3 HaOopHOe
nojie K rHe3ny «— Ug,,» Ha MaHelIu reHepaTopa CUrHaJIOB CHelHaabHOM (opmbl. BTopoit
kabens noAKmounTh K BXxoay «TPUG IN» i «EXT» ocuimsuiorpada, KpacHbIil mTekep
kabenst coemmHUTh ¢ THe3oM «CHMHXP.» na nanemu I'CC®, a cuHuii — yepe3 HaOOpHOE
1oJie K ero rue3ny «— Ug,».

2. [lepexstouaren U peryasaTOpbl, PACHOIOKEHHBIE HA JUIIEBON MaHEIH OCIUILIO-
rpada, yCTaHOBUTH B MOJIOKEHHUS, YKa3aHHbIe B Tabu. 12.3 Ha puc. 12.12 s ocuusio-
rpadga «MOS-620», unu B Tada. 12.4 na puc. 12.13, ecnu ucnonb3yeTcs: ocuuiorpad
«GOS-625».

3. YcraHoBUTH conpoTuBieHe peoctara R, paBHbIM «0 kKOm». [l 3TOro NoBEpHYTH
PYUKY peocTara IpOTHB YaCOBOU CTPENKH JI0 YIOpA.

4. 3anmcath apaMmeTpsl yCTaHOBKH Tadu. 12.2.

5. Bxmounth kHOTIKY «POWER» pacmosioxkeHHy0 Ha MaHeNIu ocuuiuiorpada moa
AKpPaHOM, MPHU 3TOM JIOJDKCH 3a)KE€UbCsS CBETOAMOIHBIN HHAUKaTOop. [Ipn momomu pery-
asTopoB «INTEN» n «kFOCUS», pacnonokeHHBIX TaM k€, YCTAaHOBUTHh COOTBETCTBEH-
HO ONTUMAJILHYIO SIPKOCTh U (POKYCHUPOBKY JTyUa.

Buumanue! /[na npedomepawienusn nospercoenus aiOMuHopopa IneKmponHo-
J1y4egoll mpyoKu He YCMaHAeIUSAlime YPEe3MEPHYI0 APKOCMb JIyUa U He 0CMAaeisiime
0e3 HeoOXo0uUMocCmu OumeIbHoe 6PemMs HENOOBUNCHOE NAMHO HA IKPAHE.
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Puc. 12.9. MoHTaxxHas cxema.
D0 —aneKkTpoHHBIN octuiuiorpad; odbo3Hauenus 2, 3, 4 — cm. puc. 12.8

D
6. Perynsaropamu «< POSITION =>» u «POSITION ﬁ» COBMECTHUThH TOPU30HTAIIb-

HYIO Pa3BEPTKY JIEKTPOHHOTO JIy4a ¢ LIEHTPAITLHOW TOPU30HTAIIBHON JIMHUEH KpaHa.

7. Knonkoit «CETb» Bkimounth muTaHue OJOKOB T€HEPATOPOB HAMPSHKEHUN U
MyJIBTUMETPOB. HaxaTh Ha maHenu reHeparopa KHOMKY ¢ (Gopmoil umimyibca «| L.
Knonkamu «Y cranoBka yactoTsl O...20 kI'11 ycranoBuTh yactoty 0,2 KI'.

8. C momormrsto kHotikM D « YcranoBka ypoHs Beixona 0...15 B» reneparopa mo-
Jy4UTh Ha OHKpaHe M300pakeHHe OCHWUIOrpaMMbl 3aTyXarollMX KoJjeOaHui
(puc. 12.10). [Tpu 3TOM MakcUMalibHAs aMIUTATY/1a KOJeOaHUH HE JO/DKHA MPEBBIIIAThH
7 OoyblIMX JeNeHUWd MacmTabHOW ceTku OdKpaHa. C TMOMONIIbIO PEryJIsSITOPOB

D
«< POSITION >» u «POSITION ﬁ» BBIBECTH OCLHJUIOIPAMMY B LIEHTP PKpaHa U

CKOIUpoBaTh WiH cororpaduponats €.

9. [o ceTke ’KpaHa ONMPEAETNUTH B OONBIINX ACTCHHUAX MIKaIbl Beanunusl h u h, 1,

paccrosiaue |, Ha KOTOPOM YKJIJBIBACTCSI MAKCUMAIILHOE YHCIIO HOHbIX KonleOanuit N.
Pesynbrarel uamepenuit 3anectu B 1adn. 12.2.

10. MenneHHO yBEMMYUBATh CONMPOTUBIICEHUE PEOCTaTa JI0 T€X MOp, MOKa OCITUILIO-
rpamMma He MPUMET BUJI, U300pakeHHbIN Ha puc. 12.11.
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11. Msmeputs Benuauubl R u R, Jlnst aToro Haxats KHONKY «McxozHast yCTaHOB-

ka» u kHonkamu «CETb» n «<POWER>» ebikitouums nuranne reHepaTopoB HaIpsIKe-
HUA U ocumsuiorpada. OTKIIOYUTE NPOBOJA, COSAUHSIONIME HAOOPHOE MOJI€ C OCLMILIO-
rpadom u I'CCH. Ilepexitouarens poaa pabOT OJTHOTO U3 MYJIBTUMETPOB MEPEBECTH B
nosioxeHue «\Wh u ycranoButh npenen usMmepernus «2K». [MoaxkimodynTs K ero BXojaam
«COM» u «VWh cHauana muHuONoK «Katyika», a 3aTem, C MOMOIIBIO MPOBOIOB,
kiaemMmbl A u C muanbnoka «Peoctar». Pe3ynpTaTsl u3MepeHuii 3anucars B Tadi. 12.2.

12. Kunonkoit «CETb» BBIKIIIOUUTH MUTaHWE MYJILTUMETPOB U pa3zo0paTh AJIEKTPH-
YECKYIO LIETIb.

G e el el Rl =

h(t+ 1)

S R A "
—
™~
=

L —
—my, e

S

Puc. 12.10. OcuumnorpamMma 3aTyXarmux KoaeOaHmid

Puc. 12.11. OcummiorpaMma arepuoaudecKoro mpolecca
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Oopabomka pe3yromamoe usmepeHuil

1. ITo nanHbIM Ta0J. 12.2 BEIYMCIUTH KCIIEPUMEHTAIBHOE Token (12.13) u Teoperu-
4EeCKOE 3HAYEHHE TIEpUoIa KoneOanui Treop (12.8) (R=R,), a Take OTHOCUTEIHHOE OT-

KIIOHCHHUC gTq OKCIICPUMCHTAJILHOI'O U TCOPECTUUCCKOI'O SHAYCHU S

]Heop - 1;KCH

or%= X00%, (12.17)

TEOop
2. BerumucnuTh 3KkcnepuMeHTanbHOe Qoo (12.9) (U =kyh u U7 =kyh,1) 1 Teo-
PETHYECKOE 3HAYEHHE  JIOrapu()MHYECKOTrO JIEKPEMEHTA 3aTyXaHhs Cheop (12.10)

(R=Ry), a Takke OTHOCUTEIHLHOE OTKJIOHCHUE gq(I DKCIIEPUMEHTAIIBHOTO U TEOPETHYE-
CKOT'0 3HAYEHMUS

qTeop = Uoken

%= x100%, (12.18)

qTeop

OKCII

pur (12.16) 1 TeopeTnyeckoe 3HaUCHUE KPH-

3. Beruucnuth SKCepUMEHTAIEHOE

TEop

THYECKOC COMPOTUBICHUE KOJICOATENBHOro KoHTypa R (12.12), a Taxke OTHOCH-

TCJIBbHOC OTKJIOHCHUC gR(I IKCIICPUMCHTAJIBHOI'O U TCOPCTUICCKOI'O 3HAYCHUA

TEOP _ pIKCI
puT pUT

0.¢= T 7 (12.19)

puT

Ouyenka nozpewrnocmei usmepeHuil

1. Cucmemamuueckasa omnocumenvHaa NOTPEIIHOCTh KOCBEHHBIX U3MEPEHUM Iie-
pHOja 3aTyXawomux KojebaHui, Bbrauciasemoro no dopmyne (12.13), ompenensercs
KaK

g = Aaxen 190006 = ql—l X00%, (12.20)

OKCIT

rae a_ CHUCTEeMaTHYEeCKass OTHOCUTEIIbHAS MOrPEITHOCTh U3MEPEHHMS JUTHHEI | ¢ ToMo-
I
IIbI0 MACIITAa0HON CEeTKM dKpaHa ociuuiorpada wim JnHeiku (cM. Tabm. 12.1 6nanka
oTyéTa).
2. Cucmemamuueckasn adco1r0mHuas NOTPEUTHOCTh U3MEPEHUN TepUoJia 3aTyXako-
WX KOJIEOAHUI HAXOQUTCS U3 €€ CBA3U C OTHOCUTEILHON

ATeen = O XTer /100%. (12.21)

OKCII
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3. Cucmemamuueckas adocoI0MHAA TOTPEITHOCTh KOCBEHHBIX OJHOKPATHBIX W3-
MEpPEHUI JIOrapu(pMHUECKOr0 JEKPEMEHTA 3aTyXaHHUs, PacCUMTAaHHOrO Mo (opmyJe
(12.9), onpeensaeTcst BIpaKCHUEM

U, 8 @U, 6 _  |&hd ah, o
.+ - _11 - + =, (1219)

A Ooxeen ) =1, + - :
(Gsen) Ui g éUut g Eh g &Mt g

rae gh =gh,t =gh— cucremarndeckas aGcomOTHAS TOTPEUIHOCTD MPSMBIX H3Mepe-
HUHW aMIUTUTY[ 3aTyXaloIuX KojJeOaHWH C IMTOMOIIBI0 MacIITaOHONW CETKH dKpaHa WIIH
nuHerku (cM. Tab:1. 12.1 6naHka oTuéTa).

4. Cucmemamuueckas OMHOCUMEIbHAA TIOTPEITHOCTD MPSIMBIX OJTHOKPATHBIX U3-
MEpPEHUsIX 0, ., HaXOAUTCS MO popMyIie

gy = Cren) 0095 (12.20)

q3KCH

S. OLeHKY MOTPEIIHOCTH OMPECICHHS KPHTHICCKOTO CONpOTUBICHHUS R, KOIIe-

0aTeNbHOr0 KOHTYpa MPOBECTU CAMOCTOATEIHHO.
6. OdopMUTH OTYET O BBHITIOJHEHUN PAOOTHI B COOTBETCTBHUH C TIPHIJIaraeMbIM 00pa3-
IIOM.

OTYET
no a1abopamopnoii pabome
«H3yuenue 31eKmpoMazHUMHbBIX 3AMYXAIOUUX KOJ1eOAH U

Wcnonaurens: ctyneHT(ka) rp.

Ienv padbomeur. ...

Kpamkoe onucanue memooa ucciedoeanus. ...

Pacuémmnoie gpopmynsr. (00bICHUTE BXOIAIINE B GOPMYJIbI (PU3NUESCKHUE BEITUIHHBI
U yKa3aTh €IUHUIBI UX u3Mepenus B cucreme CU).

Oobopyoosanue: ...
Cpedcmea uzmepenuil u ux XapaKmepucmuku
Tabmuma 12.1
HaumenoBanue |IIpenen momyckaemon OTHOCH-
npudopa TEJNBbHOM morpemHocTH (B % oT | AOCOIIIOTHAS MOTPEITHOCTh
WU3MEPEHHOTO 3HAYCHHS)
Hlkana gl=gh= ...
ocuusuiorpaga — (omleHMBaeTCS KaK MOJIOBUHA
I[CHBI JICIICHNS)
OmmeTp qR/R=0,8 % —
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Peszynomamul uzmepenuii

Tabmuma 12.2
[TapameTpbl yCTaHOBKU:
L= Ml H, = MKD, k. =0,5wmc/nen., ky =0,5B/nen.
N |, nen. | h,men. | hyromen| U, B Uut, B | R,,OM | R, Om
Pacuémuwm
1 Tayken=-.-=...=...¢c;
Treop = vve = ve = 0a € Hanucatb ¢popmyiry, nokas3arb
pac4éT u 3anucathb pe3yJabrar!
gl=..=...=... %
2. Ohkem = «+r = ver = vt )
Creop = -+ = v = ver )
0l=..=..= .. %
OKCIT — —_ —_ .
3 Rp =...7...=...Om;
TEOp — — — .
p e T =L Omg
Gl= .= = %
4., O = = =
qTC-)KCl'[ = = = C’
s o
h N
e ) = o = o =
gq: - = ;
6. qRp= ... Om;
gRKp: = = ,
7. OKOHYaTENbHBIA PE3YNIbTAT:
Toygen = .- £ ...C, or=...%,
ooy = -+ T ooy Oq = %,
KA =t OM, Orey= %.

8. BriBo.

Ilpumeuanue. Pucynok wim pororpadusi oCUIIOrpaMMBbI 3aTyXaIONUX KOJIeOaHU!
IpUJIaraeTcs K OTYETY.
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JlabopaTropHnasi padora I-13
NCCIEAOBAHMUE SIBJEHUSI PE3OHAHCA
B QJIEKTPUUYECKHUX LHEIAX MIEPEMEHHOI'O TOKA

Ienv pabomel. n3ydeHne pe3oHaHCa HANPSIKCHUH M TOKOB B IIEISIX MEPEMEHHOTO
TOKa, U3MEPEHHUE UHIYKTUBHOCTH PE30HAHCHBIM METOJIOM.

PaccMoTprM  3aMKHYTYIO  3JIEKTPUYECKYIO

L R C
—| Ii 1enb (KOHTYp), COCTOSIIYIO U3 MOCIIEI0BATEIIb-
HO COCIMHEHHBIX KOHJEHcaTtopa €MKOCThiO C,
/\e KaTyIIKd C WHIYKTHMBHOCTBIO L, pesumcropa c

aKTUBHBIM CONpPOTUBIEHMEM R U reHeparopa
nepemennoii DJIC € =¢,SINWE (puc. 13.1).
CuuTaeMm, 4TO IEPEMEHHBIN TOK, MIPOTEKAKOIINMI
B 1IEMNHU, NoauuHseTca ycinoBuio t << T, rime t — BpeMs pacnpocTpaHeHHUsl dJIEKTpomar-
HUTHOTO BO3MYLIEHUS BJIOJb LEMNH, & | — XapaKTEPHOE BpEMsI U3MEHEHMS HAalPSHKEHHO-
CTHU JIEKTPUYECKOrO IO0JA. Takue TOKM Ha3bIBAIOTCS KEA3UCHAUUOHAPHBIMU U IS UX
MZHOBEHHbIX 3HAYEeHUIl BBIIOJIHAKOTCS 3aKOHBI IOCTOSTHHOTO TOKa. COrIacHO BTOPOMY
npaBuity Kupxroda

Puc. 13.1. Ilenp nmepeMeHHOTO TOKA

IR+U; =65+ €, (13.1)

rie |R — nagenue nHanpsbxenus Ha pesucrope; U = Q/C — HanpsbkeHHe Ha KOHJICHCATO-
pe; & =-Lxdl/dt — DJIC camonnykuuu B Karymke. JudpepeHuupys 510 ypaBHEHHE
110 BPEMEHH M MCHONB3ys cooTHomenne | =dQ/dt, momyunm auddepeHnmanbHoe ypas-
HEHHE BBIHYK/ICHHBIX KOJICOAHUH TOKA B IICIIH
2
d—; +Exd—l+il = &, WCOSWt . (13.2)
di- L dt LC

N3 Teopun BBIHYKACHHBIX KOJeOaHUN U3BECTHO, UTO TAKOE YPaBHEHUE B Cllydae yc-
TaHOBUBIIUXCS KOJIEOAHUM UMEET pPEeIICHUE

| =1,sin(wt-j), (13.3)
rae
& & &
| =Sm_ m — m

m 7 \/R2+X2 1 62 ’ (134)

RZ+&wL- =9

& wC g

raej —casur das mexay IJ1C u TokoMm.

®opmyny (13.4) Ha3bIBaIOT 3aKoHoM Oma 0ns nepemennozo moka. Bemmunnel Z, R u
X =wL - 1/WC Ha3bIBaIOTCA COOTBETCTBEHHO HOIHBIM, AKMUGHBLIM U PEAKMUGHBIM

CONPOTHBIICHUSIMH LIETIH JUTS TIepeMeHHoro Toka: WL = X| — peakTuBHOE uHOyKmueHoe
conporusrnienne, 1/WC = X~ — peakTuBHOE emKocnmuoe conpoTuBienue. Bee stu Beun-

HbI UIBMEPAIOTCS B OMaX.
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Cnpur ¢a3 | mexay BHemHei 3/IC v TOKOM OIpeIesieTCsl COOTHOIIICHHEM

wL - 1

tgj =— WC 135
0 =— (139

Kak ciemyer uz hopmyi (13.4) u (13.5), 00e 3THX BEIMYMHBI — aMILIATY/IA TOKa U (azo-
BBIM CABUT — 3aBUCST OT YaCTOTHI Kostebanuii W. Ecimm w — 0, To ]/ wC ® ¥ . Torma compo-

TUBIICHHE Z oOparaercsi B OECKOHEYHOCTh, @ aMIUIUTY/Ia TOKa |, CTAHOBUTCS PaBHOM HYJIIO.
[Ipu yBenmmyeHun W peakTBHOE X U MOJHOE Z CONPOTHBIIEHHS CHavajda YMEHbBIIAIOTCH, a

aMIUIUTYJa ToKa |, yBenmmuumBaercs. [Ipu uacrore W = W, onpeienisieMoil yclioBueM

Wo

1
- ﬁ , (13.6)

PEaKTUBHOE COINPOTUBIICHUE OOpallaeTcs B HyJlb, MOJHOE CONPOTUBICHUE LENH CTaHO-
BUTCS HauMeHbIUM (Zmin = R), a aMmmumntyna toka — makcumanbHOU. [Ipu 3HaUCHUSAX
W > W, peakTHBHOE CONPOTHBIIEHHE X BHOBb OTIIMYHO OT HYJISL M C BO3pacTaHHEM W YBEJIH-

ynBaeTcs. B COOTBETCTBUM € 3TUM IMOJTHOE COMPOTUBJIEHUE Z LIENH YBEIUYUBACTCS, & AMILIU-
TyZa ToKa |y, yMeHbIIaeTcs, ACMMITOTUYECKHU TIPUOIAKASICH K HYIIO.
I'paduxu 3aBUCUMOCTH aAMILIUATY-
| A , Il TOKa |y OT W 1 pa3IMuHbIX aK-
TUBHBIX COIPOTHBJIEHUN KOHTypa R
npuBeneHbl Ha puc. 13.2. UeM MeHb-
R Ri<R:<Rs me R, Tem OoJplie Mpu NPOYUX paB-
HbIX YCIIOBUAX AaMmIUIMTyJa TOKa, M
'Ry TEM OCTPEE MAKCUMYMBbI KPUBBIX.
Wrak, cimydait, xkorga vacrora W

reHepatopa OJIC paBHa uvactoTe W,
MPE/ICTABIISIET OCOOBIN MHTEPEC. aMILIU-
TyJa TOKAa JIOCTUTAET MAaKCHMAaJIbHOTO
3HA4YeHUs, a CABUT (Pa3 MEXKITy TOKOM U
HAIMpPSDKEHUEM PaBEH HYJI0. DTOT BaKHBIN CITydall BBIHY)KICHHBIX KOJIEOAHUI Ha3bIBAaETCS
PE30HAHCOM.

Hanpspxenue Ha pesucrope R paBHO

Ug =IR=U gsin(wt- ), (13.7)

=
4 s

Puc. 13.2. Pe3oHaHCHBIC KPUBBIC

rie U,r =1,R — ammmryna sanpsokenus. Takum oOpa3oM, pe3oHaHCHas KpuBas Ul

aAMILUTUTY bl HANPSDKEHUST Ha PE3UCTOPE OTIIMYAETCS] OT PE30HAHCHOM KPUBOM 11 aMILIUTYIbI
TOKa B HEM JIMIIb MHOXHUTENEM R, T0 ecTh MakcnmanbHoe 3HadeHne U g ., AOCTHraeTes

npu yactore Wo (puc. 13.3).
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A
Um C M3MEHEHHMEM YacCTOThI BHEIITHEH
Umc pe3 UmL pe3
OJIC wu3MeHsieTCsl HamnpshHKEHUE Ha
KOHJICHCATOPE 1 Ha KaTYIIKe WHITyK-
: TUBHOCTU. HampsbkeHue Ha KOHZICH-
: carope onpenaensercs GopMyIon
i UmR E N
------------ o PN Q gt
) ! ! UC -, (138)
: : cC C
| ! : s rme | =lgsin(wt-j).
WCpes WO WL pes W
[Tocne moncranoBku (13.3) B
Puc. 13.3. 3aBHCUMOCTb aMILTATY/IbI (13.8) u unrerpuposanus |(t) mo t
HaIpPsDKCHHS Ha KOHJIGHCATOPe, KaTyIIKe TIOJTy4HM
WHIYKTUBHOCTH U PE3UCTOPE OT YaCTOTHI
1 L : .
Ug=-—Ipcos(wt-j)=Uyc-sin(wt-j - p/2), (13.9)
wC
I m

3pech U« =—2- — aMIUIMTyIHOE 3HaueHue HanpspkeHus. 13 (13.9) BuaHo, 4TO Hanpsbke-

HHE Ha KOHJIEHCATOpe OTCTAéT 110 (ase ot Toka Ha P/ 2. 'paduk 3aBucumoctn U - OT vac-

TOTHI MpUBEAEH Ha puc. 13.3. MakcuMalibHOE 3HAUECHHE aMILTUTY/IbI HAPsDKEHNST Ha KOHICH-
caTope JOCTUTAETCS IIPU YaCcTOTE

(13.10)

R
rae d= ET KOA(PULIEHT 3aTyXaHusl.

Hamnpspkenne Ha KaTylike WHIyKTUBHOCTH MOYKHO HAMTH, IpUMeHsis 3akoH Oma Jyist yda-
CTKa LEeNH

U =1%- &, (13.11)

r7e I — akTUBHOE COINPOTUBJICHUE KaTYIIIKH, KOTOPOE B JJAHHOM CJIy4ae CUMTAETCS] paBHBIM
Hyo, a Eg—/1C caMOMHAYKIINH B KaTyILKE, KOTOPOE ONpeessieTcs o (hopMyiie

di
Eg=- Lx—. 13.12
s a (13.12)
[Moxacraemsst (13.3) u (13.12) B (13.11), momyvaem

U, :-ES:L%:LWImcos(Wt-j )=Usin(wt-j +p/2), (13.13)
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rae Uy =1, WL — aMmmTyaHOe 3HaueHHe HanpskeHus. BHUHO, 4TO HANpspKCHUE Ha Ka-
mL ~ 'm Ty,
TyliKe onepexaer 1o (pasze Tok Ha P/ 2. Ipaduk 3aBucumocty U | OT 4aCTOTHI PUBEIEH Ha

puc. 13.3. MakcumasbHOE 3HaUeHHE aMILTUTY bl HalpPsDKEHUST Ha WHIYKTUBHOCTH JIOCTUTA-
€TCs PU YacToTe

(13.14)

Haiiném pesonancuble 3Hauenus U o pes H UmL pes - AMIUIHTY I TOKa (13.4) mpu

gactote Wo (13.6) nocturaer MakcuMyma

&
mpes =5 (13.15)
U3 hopmyi (13.9) u (13.13) cnenyer
_&n _ 1L _ _
UmC pes 7 XCImpe3 _WogR_ng\/g_ngm, (13-16)
& 1 /L
UL pes ? Xlepe3 :EmWOL:‘?mE\/g:ngm- (13.17)

1L ,
Bemnuuny Q =E c Ha3bIBAIOT 000pomHuocmvlo Konmypa. EE 3HaueHune Bcerna

OOJIBIIIC STUHMIIBI, CJICIOBATEIBHO, AMILTUTY/IbI 3TUX HANPSDKCHUH MPEBBIIIAIOT aMITIH-
tynHoe 3HaueHne BHemHer D/IC &,, B Q pa3 (puc. 13.3). [Tostomy siBieHHe pe3oHaHCca
B MOCJIC/IOBATEIbHOM KOHTYPE HA3bIBAIOT PE3OHAHCOM HANPANCEHUN.

Takum 00pa3oMm, pH Pe30HAHCE aMIUIMTYAHBIE 3HAYCHUS HAIPSOKCHHS HA KOHICH-
catope U mc e M KATYIIKS HHAYKTUBHOCTH Uy e MOTKHEI ObITH paBHBL Kax cire-

JyeT U3 BBIIIEU3I0KEHHOTO, CABUT (pa3 MeXay STUMHU HANPSHKEHUSIMU paBeH [, 3HAYUT
UX CyMMa paBHa HYJIIO U B KOHTYpPE OCTAIOTCSI TOJIBKO KOJIeOaHUsl HANPsDKEHUS Ha Pe3u-
crope ¢ ammaty o U R pes-

PaccmoTpum Tenepsp ciydaii, Koraa B 3aMKHYTOW 3JIEKTPUYECKOM LEH KOHJAEHCATOP
C w karymka UHAYKTHBHOCTH L coemuustorcs napamienasHo (puc. 13.4). Jlns ynporie-
HUS 33/1a4¥ TOJIaraeM, 94To aKkTUBHOE compoTtuBieHue koutypa R = 0. CornacHo BwIpa-
xenuio (13.3), mo yyacTky, cojepkaiieMy KOHACHCATOp, TCUET TOK

le =Imesin(wt-j ¢). (13.18)

AMIUTATYTy 3TOr0 TOKa MOXHO Haitu u3 ypaBHeHus (13.4) mpu ycmoBun R = 0 u
L=0:
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L ImC =T =wC >€m. (1319)
e Ve Ve NS il
1, s wC
) Ic C HauanpHas ¢aza 3Toro Toka onpezensercs U3 Bbl-
T I I paxkenus (13.5) o dpopmyie
IR e tgj c=-¥, jc=-p/2. (13.20)
(=) AHaJIOTHYHO OTpeeNsieTcs Cruila TOKa, MpOoTeKaroIe-
O 0 YYaCTKY IIeTH, COIepKaIleMy KaTyIIKy WHIyK-
Puc. 13.4. [TapannenpHoe THBHOCTIH
COETMHEHHNE KATYIIKU U _ _
KOHJIEHCaTopa =T S'n(Wt - ) L) - (13.21)
Ero amrmumuryna onpenensercs u3 ypaBaenus (13.4) npu ycnosun R=0u C = ¥ :
&
[, =Zm 13.22
= (1322)
HauanpHas ¢asza 3Toro Toka onpeaensercs u3 Beipaxenus (13.5) mo dpopmysie
tgj L =+¥, ] =+p/2. (13.23)

W3 cpaBHenus Boipaxennit (13.20) u (13.23), cienyer, 4To pa3HOCTH (a3 TOKOB, Te-
KYIIUX I10 MapauIeJbHBIM y4acTKaM IEIH, PaBHA P, TO €CTh 3TH TOKH HaXOIATCS B IIPO-
tHBO(aze. AMIUINTY/Ja TOKA B HEPA3BETBIEHHON YaCTH LIEMH

1
Ik = |1 me - ImL|:8mWC'M" (13.24)

Ecimm W =W, (13.6), To, cornacuo (13.19) u (13.22), | ;¢ =1y u ;g =0. SIBnenue
PE3KOT0 YMCHBIIICHHUS aMIUIUTY/IbI CHJIBI TOKA BO BHEIIHEH IIEIH, MUTAIOIIeH mapa-
JIETEHO BKJIFOYEHHBIE KOHIEHCATOP W KAaTyLIKy WHAYKTUBHOCTH, pu W® W, nasbiBa-

CTCS PE3OHAHCOM MOKO8.
Ecnu ydyecTh akTMBHOE CONPOTHUBIICHHE lienu R, TOo pa3HOCTh a3 TOKOB HE OyaeT

paBHa P. [ToaToMy npu pe3oHaHCE TOKOB aMIUIMTY1a CHIIbI TOKA | n OyzneT oTiauyHa OT
HYyJIs, HO IPUMET HauMEHbIlIee 3HaUeHUe. 3HAa4YUT, ajeHue Hanpsbkenus U Ha pesu-
cTope R B 3TOT MOMEHT Takke OyJneT MUHMMaIbHBIM. B 10 ke BpeMsa Toku | 1 |y
IIPU PE30HAHCE MOT'YT 3HAYUTEIBHO IIPEBBIIATH TOK | .

Onucanue memooa ucciedo6aHus

Ha kose6arenbHbli KOHTYP HOAAI0T CHHYCOUIAIBHOE BHEIIHEE HAPSHKEHUE C KOH-
TPOJIUPYEMOI YACTOTOM W, U3MEPSIOT HANPSHKEHHE Ha €ro dJIEMEHTAX MPH PasInIHbIX
9acTOTaX M CTPOST rpaMKH 3aBHCUMOCTH aMILTUTYIbI COOTBETCTBYIONIMX HAIIPSHKCHUN
ot wacrotel U, = f(W).

B ciydae mociaenoBaTebHOrO COEIUHEHHUS KOHICHCATOPA M KATYIIKA MHIYKTUBHO-
CTM Ha pe30HaHCHOW uactoTe W( JOJDKHBI Habmromatbes makcumymbl U p, U,
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U, - [Ipu napannenbHOM COSMHEHUU KOHIECHCATOpa U KaTyIIKH MHIAYKTUBHOCTHU pe-
30HAaHC B KOHTYpe 0OHapy>KMBaIOT 10 MUHUMAJIbHOMY HanpsbkeHuto U g Ha pe3ucrope
R 1 1o MakcuManbHOMY HANpsKEHUIO Ha KOHAEHcaTope U KaTtymke U ¢ .

Onucanue ycCmaHoO8KU

Obopyoosanue. reHepatop HanpsbkeHud crerpanbHoi Gpopmel ('CCD), MmurmubIIO-
ku «MHIyKTHBHOCTE Ly», «Konaencatop C=1 Mx®», «Conporusnenne R=100 Om»,
MYJIbTHMETD.

JIJ1st uccienoBaHusl SBICHUS PE30HAHCA WCIONB3YIOT JJCKTPUUCCKUC IICTIH, TIPHUBeE-
néunpie Ha puc. 13.5. Ilens ¢ mocienoBaTebHO COeTMHEHHBIME deMeHTamMu L u C
(puc. 13.5, a) npeaHa3HaveHa I U3yUEHUsST pe30HAHCa HAMPSHKCHHM, a IeMb ¢ Imapa-
nenpHBIM coenuHerneM L u C (puc. 13.5, 6) — mis pe3oHaHca TokoB. JleWicTByromue
3HAYeHNs HanpsokeHus (OHH B +/2 pa3 MeHbIE aMIUTHTY/HBIX, OJHAKO I HAIIKX Iie-
JIeH 3TO pa3jInure HEeCYIIECTBEHHO) H3MEPSIOT MYJIbTUMETpOM 2. B KadecTBe HCTOYHU-
Ka BHEIIHETO MEPEMEHHOTO HANPSHKEHHs UCIOJIb3YIOT TeHEepaTOp HAMPSHKEHUN CIIen-
anbHOU (popmbl 1. Ha puc. 13.6 npuBeeHa MOHTaKHAs cxeMa Jisl M3Y4YCHHS pe30HaHca
HaMpsHKeHUH, a Ha puc. 13.7 — i1 u3ydyeHus: pe3oHaHCca TOKOB.

Puc. 13.5. DnexTpuyeckas cxema:
1 — reHepaTop HANPSHKCHHUU CTENUANTBHOW (HOpMbI (OH COMEPIKUT TaKKE YaCTOTO-

mep); 2 — mynsTuMeTp (pexum V ~ 2 B, Bxoasl COM, VW); 3 — munn610k «Cormpo-
tuBieHue» conpotusieHneM R=100 Owm; 4 — MmuHNOIOK «MHIYKTUBHOCTH» COJIEPKUT
KaTymKy UHAYKTUBHOCTH L; 5 — Muan6mox «Konnencatop» émkoctoio C.

Boinonnenue pabomur

1. [TocnenoBaTe/ibHOE COETUHEHNE KOHAEHCATOPA U KATYIIKH.

1.1. CoGpaTh MO MOHT@XHOM cXeme, MpuBeAEHHON Ha puc. 13.6, 3IeKTpUUECKYIO
IeT1b, COCTOSIIIYIO M3 MOCIEA0BATEILHO COSTMHEHHBIX KOHAeHcaTopa C, kaTymku L u
pesuctopa R (cm. puc. 13.5, a).

1.2. BxitouuTh B ceTh OJIOKM T€HEPATOPOB HANPSHKEHHS U MYJIbTUMETPOB. HaxaTh
KHOTIKY «lcxomHas yctaHOBKa». HaxaTh KHOIIKY « ~ » JUIsl YCTAHOBKH CHHYCOM/IAJTb-
HOTO HanpspkeHus. KHomkamu «YcranoBka 9actoThl 0,2 — 20 x['11» ycTaHOBHTH 4acTo-
Ty N; = 0,20 x['u. YcTaHoBUTh BIXOAHOE HampsbkeHue rereparopa €=1,0+0,1 B. B
JTanbHEHIIeM HE00XO0IMMO KOHTPOJHUPOBATh BBIXOJHOE HAMPSHKEHUE TeHepaTopa ¢ Io-
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MOIIIbI0 MYyJbTUMETpa 6, moakmroYéHHOro K kiiemmaM A u H Ha puc. 13.6, 9T00B OHO
HE U3MEHIOCh. 3HaueHue & 3amucarth B Tadi1. 13.2.

1.3. YBenuumBas 4acTOTy N BBIXOJHOTO CUTHAJIa TEHEpaTopa, HAWTH PE30HAHCHOE
(Makcumanwvnoe) HanpskeHue Ha pe3ucrope Upg pes ¥ COOTBETCTBYIOLIYIO €My 4aCTO-

Ty No. Pe3ynbpTathl m3mMepenwuii 3amucath B Ta0a. 13.2 (cM. OmaHK oT4éTa).

MarneTpoH
Rii7) J

KoM Xonn
Kiopu

Om®
a7l Sainka®l m [0
K reHepaTopy CWIHANOB
A 3 4
CNeuraneHOK dpr;)prl
-
-UBI:I}{

Puc. 13.6. MoHTaxHast cxeMma.
O6o3Hauenus 2, 3, 4,5 —cwm. puc. 13.5, a

1.4. Tlposectn uzmepenns U R(n). N3mepenus npous3BOAUTh B TOM JHMAIla30HE Yac-
TOT, B MpeeNiaX KOTOPOTo HaNpsbKeHHE yMEHbIaeTcs B 3 — 4 pasa 1o CpaBHEHHIO C pe-
30HaHCHBIM U R pes - WNuTepBan Mexay U3MEepEeHUs MU MOKHO BapbUpoBaTh. BOmu3u pe-

30HaHCa, B 00JaCTH KPYTOro MObEMA U CIa/la KPUBOM, HHTEPBAJI CIEAYET YMEHBIIUTb.
PesynbraThl n3mMepenuii 3anucars B Tada. 13.2 (cM. Oiank otuéra). KomnvectBo usme-
peHuit 10mKkHO OBITH He MeHbIe 10 — 15.

1.5. IMoakirodas MyJbTUMETP 2 MOoYepeaHo K Karyike (kaemMbl D u E) u koHeH-
caropy (xi1emmsl F u G), mposectu n3mepenus Hanpspkenuit U, u U mo m. 1.3, 1.4.

Pesynbratel 3anucars B Ta0u. 13.2. Haxxate kHonKy «/cXomHas yCTaHOBKa».
2. IlapanjiesibHOe coeJUHEHHE KATYIIKHA H KOHIEHCATOopA.

2.1. CoOpaTh IO MOHTaXHOH cxeMe, MpuBEAEHHON Ha pHUC. 13.7, 3JMEeKTPHIECKYIO
IIeb, COCTOSIIYIO U3 MapajuieIbHO cOequHEHHBIX KoHAeHcaTopa C, katymku L u pe-
suctopa R (puc. 13.5, 6).
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MarnerpoH
Rii%) J

KoM Xonn
Kiopu

+ UBbI}(

K renHepatopy cWrHanoe
cneyyansHon opMel 3

'Ulz.hlx i

Puc. 13.7. MonTaxxuas cxema.
O6o3Hauenus 2, 3, 4, 5—cwm. puc. 13.5,6

2.2. YCTaHOBUTH BBIXOJIHOE HAMPSIKEHHE TeHepaTopa Takoe ke, Kakoe OHO ObLIO B
MPEABIAYIUX U3MEPEHUAX. ITO MOXKHO CJIeTIaTh C TOMOIIBI0 MYJIbTUMETPA, MOKITIO-
yéHHOoro K kiieMMmaMm A u E.

2.3. IMoaxarounTth MyIbTUMETP 2 K pe3uctopy R (kinemmer B u C), a mynsTuMeTp 6 —
K KoHJeHcaTopy u karymke (kiemmsl D u E). IIpoBectu namepenus Hanpspkenuid U g n

U ¢ . U3MeHsst 9acToTy N BBIXOJHOTO CHI'HAJIA FEHEPaTOpa, HAMTH pe30HaHCHOE (Mu-
HUManbHOe) HaTpshKkeHue Ha pesucrope Up pe3 M COOTBETCTBYIOIIYIO €My HacTOTy No.

CorylacHO TEOPETUYECKUM IPEICKA3aHUAM, IPU pe30HaHce HanpskeHne U| - T0JDKHO

OBITh MakcumanbHvim. Pe3ynbratel 3anucath B Tab1. 13.3.
2.4. TIposectu uzmepenus Ug (n) nlU ¢ (n) W3mepeHns mpou3BOIUTh B TOM JHa-

Ma3zoHEe 49aCTOT, B IIPCACIIaX KOTOPOI0 HAIIPSAKCHUC U r BO3pacTacT n0 3Ha4YCHUs, COU3-

MEPUMOT0 C HaNpsHKEHUEM T'eHepaTopa MEPEeMEHHOI0 HaIpsHKEHUS, U3MEPEHHBIM C I10-
MOIIIbIO MYJIbTUMETpPa BHauaje. MHTepBan MeX 1y U3MEpEeHUsIMUA MOXKHO BapbUPOBATh.
BOnu3u pe3onanca, B 00J1aCTH KPYTOTO MOABEMA U Clafa KPUBOM, UHTEpBAN CIEAYeT
YMEHBIINTD. Pe3ynbraTsl H3MepeHuii 3anucath B Ta0. 13.3 (cMm. Omank otuéTa). Konu-
YECTBO U3MEPEHUH JOHKHO ObITh He MeHbIe 10 — 15.

2.5. Boikntouums 610K1 TeHEPATOPOB HAMPSHKEHUI U MYJIbTUMETPOB.
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Oopabomka pe3yibmamos usmepeHuil
1. Ilo )Z[aHHBIM Tabi. 13.2 mocTpouTh Ha OJTHOM TpaduKe TPH PE30HAHCHBIX KPUBBIX:
UR(n , ( ) u UC( ) IUI KOHTYpa C MOCJIE0BATEIbHO BKJIIOUEHHBIMH 3J€MEHTa-
M

2. Tlo 3Ha4YeHHMIO PE30HAHCHOM YacTOTHI Ny U u3BeCTHOM éMkocTu C HAWTU MHIYK-
TUBHOCTH KaTyIIKH Ly 1o popmyite, momydennoi u3 (13.6),

-1
C>t(2pn0)2

3. PaccuuTath ko3¢ duiment 3aryxanus d, a Takke pe30HaHCHBIC ITUKIMYECKUE Yac-

(13.25)

TOTBI We ey (13.10) m Wy ¢, (13.14). Vuurhisast, uto N = w/2p, pacch/ITaTL TCOPETUUCCKHUC
TCOp
3HAYCHMSI PE30HAHCHBIX YACTOT IS KaTYILIKU U KOHeHcaTopa Ny e, nC pes - CPaBHUTB HX

JKCII OKCII
C OKCIIEPUMEHTAJIbHBIMHU 3HAUYCHUSIMH M| o, U Nepe, . Pesynbrarhl 3anucath B Tall.

13.4.
4. OnpeneanTh TEOPETHIECKYI0 JOOPOTHOCTh KOHTYpa 1o opmyite (13.16):

1L
Queop =11 (13.26)
¥ CPaBHUTD €€ C IKCIIEPUMEHTAILHBIMU 3HAUCHUSIMU
QL sken =UL pes/g » Qcoken =Uc pes/g : (13.27)

PesynpTaTe! 3anucats B Ta0I. 13.4.
5. Ha npyrom rpaduke mo maHHbeM Tabm. 13.3 mocTpouTh pEe30HAHCHBIC KPHUBBIC
UR(n) u ULC(n) JUIsl KOHTYpa C MapajuielibHO COeAMHEHHBIMHU KoHeHcaTopoM C u
o JKCII
KaTymkon Ly. Ompenenurts pe3oHaHCHYIO 4acToTy MNgp,e, IPH MOCIIENOBATEILHOM CO-

CIMHCHUH, 3amucaTh B Ta01. 13.4, u cpaBHUTEH ¢ No.

Ouyenka nozpewnocmeil usmepeHuil

1. Cucremarnyeckasi OTHOCUTENIbHAS MOTPEIIHOCTh KOCBEHHBIX U3MEPEHUN HHIYK-
TUBHOCTHU Ha ocHOBe (popmyiiel (13.25) onpenensiercs: BeIpakeHUEM

2 .2
L Co W, O
a 05 &'q_+ .|.4§&]_0+ . % (13.28)
Ly Co eWo g
qC qwy y
€ —, —— — OTHOCHUTEJIbHbIE CUCTEMATUYECKUE MOTPEUTHOCTH TMPSIMBIX U3MEPECHUI
Wo

EMKOCTH U PE30HAHCHOM YaCTOTHI.
2. Cucmemamuueckasn adcol0mHasn MOTPEIIHOCTh HAXOAUTCS U3 €€ CBA3U C OTHO-
CUTEIILHOU

qL, =g, ¥, /100%. (13.29)
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3. OpopMHUTH OTYET O BHITIOJHEHUN PAOOTHI B COOTBETCTBHH C IIPHIIaraeMbIM 00pa3-
LOM.
OTYET
no nabopamopuoit pabome
«Hccnedosanue aenenun pezoHanca
6 IIeKMPUUECKUX YENAX NEPEMEHHO20 MOKaA»

Wcnonaaurens: ctyaeHT(ka) rp.

Lenv padomeut. ....

Kpamkoe onucanue memooa uccinedo6anus. ....

Pacuémmnwie gpopmynsi. (00bICHUTH BXOIAIINE B HOPMYJIBI (PU3NICCKHUC BEITUMIHHEI
U yKa3aTh MX HauMeHoBaunue B CH)....

Oobopyoosanue: ....

Cpeocmea uzmepeHuil u ux XapaKmepucmuku
Tabnunma 13.1

HaumenoBaunue [Ipenen nomyckaeMol OCHOBHOW OTHOCUTEIBLHOM MOTPEIIHOCTH
npudopa (B % OT M3MEPEHHOTO 3HAYCHHS)
BonsT™MeTp qu /U =0,5 %
Yacrotomep B 'CCD qwo,/Wo =1,0 %
Pe3ynomamot usmepenuii
Ta6aumna 13.2
[TocnenoBarenbHOE coequnenue Ly u C
€=...B, C=..mMx®, qC/C=...%, R=...0m
o= | Urpes= | nm= | Uipes= | ngm= | Ucpes=
Kl 11 .. B ... k' .. B ... k[ .. B
n, k[' Ug,B N, x['1t Uu,.,B n, k['u Uc,B
Tabmuma 13.3
[TapamnensHoe coequnenue Ly u C
E=...B
n%I;C;: .. k['g URpe3:'--B ULCpeIi:"'B
n, k'mg Ur,B Uc,B
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Tabmauma 13.4

-1
nO ’ nreop JKCII nreop JKCIT JKCIT d, C QTeop QL sxen Q¢ sxen

Lpes: ane3 , Cpe3: nCpe3 ’ r]Opee. ’
K[ | ¢y k[ k[ k[ k[

Pacuémuwt
1.Ly=...=...=...m[g;

2. 9.=...=...=... % Hanucats ¢popmyity, noka3arhb
pacyéT u 3anucaThb pe3yabrar!

3. gL,=...=...=... My,
4.d=..=..=..c¢c*

TEOp __ _ _ .
5 Noe= = = T

OKCII

ane3= D

TEOp __
6. NEpey= o = o = s

|

|
—
=

OKCII

nCpesz FI_[,
7. Queop™ s = oos = ]
8. QL spey = o = e =

9. Qe oo™ or = o = e

/. BeiBoI.

Ilpumeuanue. K otuéry npunararorcs rpad@ukd C pe30HAHCHBIMH KPHUBBIMH, II0-
CTPOCHHBIMHU 110 JTaHHBIM Tao0u1. 13.2 1 13.3.
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JlaGoparopnas pa6ora J-14
N3YUEHUE BBIHYKJIEHHBIX JJIEKTPHUECKNX KOJJEBAHUI
B KOHTYPE, COAEPKAIIEM KATYHIKY HHAYKTUBHOCTU
C ®EPPUTOBBIM CEPAEYHUKOM

Ilenv padomul. viccienoBaTh 3aBUCUMOCTH AJIEKTPUUYECKOTO COMPOTUBIICHUS U HH-
JTYKTUBHOCTH KOHTYpa OT YaCTOThI U BEIMYMHBI IEPEMEHHOTO TOKA.

BbIHyX1eHHBIE IEKTPUYECKHUE KOJIeOaHHUs POUCXOIAT B KOHTYPE MO/ ICHCTBUEM I1e-
PEMEHHOT0 HarpspKeHUs. ECIi B AJIEKTPUUECKYIO 1IeMb, COAEPKAIYI0 KaTYyIIKy WHIYK-
TUBHOCTH L, BKIItOunTh niepeMennyto JJ1C

& =&, Coswt , (14.1)
TO B 1IeTIH, KpoMme & , OyaeT HaBoauThes DJIC caMOMHIyKITUN
dl
Ec=-L—. 14.2
s=-Lg (14.)

Tok B TakOM KOHTYpE KOJEeOJIeTCs C TOH K€ 4acToTor W, uTo U npuioxkennas J/C,
HO OTCTaéT OT Heé 1o (ase Ha |

| =1,cos(wt-j). (14.3)
AmmunTyna Toka |, nponopuuonansHa ammatyae 9JC
=fm-__ %m (14.4)

| ="M = ,
ZJRE+ )

rae Z — MOJHOE CONPOTHBIICHHE KOHTypa MEPEMEHHOMY TOKY (MMIICIaHC KOHTYpa),
R — akTuBHOE compoTuBieHHe 1enu, X| =WL — HHIYKTUBHOE CONpPOTHBIIEHHUE LETH,

L — MHAYKTUBHOCTH COJICHOMJIa, W = 2PN — IHUKJINYECKAs 9acTOTa IEPEMEHHOI0 TOKa,
N —4yacToTa TOKa.

HHOykmueHocms KOHMypa Xapakmepusyem ce0iicmeo KOHmMypa co30asams coo-
CMBEeHHOe NOMOKOCUeNneHUe U YUCAeHHO PABHA MazHumuomy nomoky F | cuen-
JICHHOMY C KOHIMYPOM, NPU eOUHUYHOM HLOKE 8 HEM

F=LxX. (14.5)

OHa 3aBUCHUT OT pa3MepoB U (POPMBbI KOHTYpa, & TAK)KE OT MAarHUTHON MPOHUIIAEMO-

CTH Ccpeabl M OKpyKarolien KoHTyp. Hampumep, BenrurHa MHIYKTUBHOCTH JNIMHHOTO
COJICHOH 1A
2
N“S
L= rrbml— , (14.6)

rae Ny — MaruuTHas nocrosHHas, N — 4iciIo BUTKOB COJIEHOUIA, S— IUIOLIAAb CEUECHUS
CepJIeYHMKa CoJIeHOUAA; | — mimuHa cpeiHel 0CeBOM JTMHUM CepICYHHUKA.
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NHIyKTUBHOCTD COJICHOUIA ¢ (PEPPUTOBBIM CEPJICUYHUKOM 3aBUCHUT €IIE U OT ToKa |,
MPOTEKAIONIEr0 B 0OMOTKE. DTO CIIEyeT U3 TOr0, YTO MAarHUTHASI IPOHUIIAEMOCTD (ep-
PUTOB M3aBUCUT OT HAINPSKEHHOCTH H MarHUTHOro MoJisg, KOTOpas ONpEeseTcs TO-
KOM B COJICHOHU/IE

H=1 (14.7)

N
%
Onucanue memooa uccieoo6anus

B nanHo# paboTe u3MepeHue MOJHOTO CONMPOTUBIIEHUS Lenu Z OCHOBAaHO HA U3Me-
pEHUU NEHCTBYIOLIMX 3HaYeHUM nepeMeHHoro Ttoka | u Hampspkenust U. Cornacho 3a-
koHy Oma (14.4),

z== (14.8)

Z =R? +(wL)? . (14.9)

B ciaydae manoro 3HaueHHS aKTHBHOTO COMPOTHBIICHHS (Kak mpaBuio, R << Z) momnHoe
COITPOTHUBJIEHUE COJICHOUA COBIIAAAET C MHAYKTUBHBIM CONPOTUBJICHUEM

Kak cnenyet u3 ¢popmyisl (14.4),

Z »WL. (14.10)
DTO MO3BOJISIET ONMPECIUTh HHAYKTUBHOCTH MO (popMyJie
L= E = —Z , (1411)
W 2pn

U3MEPsIst COIPOTUBIICHHE KATYIIKK IIEPEMCHHOMY TOKY U3BECTHOM YaCTOTHI N.
Hanpskenue, u3MepeHHOE Ha OOMOTKE COJICHOM/IA, B COOTBETCTBHH C BBIPa)KCHUS-
miu (14.8) u (14.10) 3aBUCUT OT YaCTOTHI IEPEMEHHOTO TOKa:

U (w)=1>Z(w)=1xw=1xpn. (14.12)
3aBucumocts U (W) MoJTydeHHasi Mpu PUKCUPOBAHHOM 3HAUYECHUU TOKa |, o dopme

COBIIAJAcT C 3aBUCHUMOCTBIO Z(W) U SIBIACTCS JIMHEWHOW, €CIIM MHAYKTUBHOCTH COJIE-

HouJa L mocTossHHA (He 3aBHCHT OT 4acToThl). CornacHo dopmysie (14.6), ato cooTBeT-
CTBYET MOCTOSSHHOMY 3HAQUYE€HHIO MarHMUTHOM MPOHULAEMOCTH ) UTO XapaKTEepHO IS
napa- 1 JUaMarHUTHBIX CPEl.

Jliia conenoupa ¢ GeppuTOBBIM CEPACUHUKOM, KaK ObLIO OTMEUEHO, MHIYKTUBHOCTb
3aBHUCHUT OT CHJIbI TOKa, IIPOTEKAOIIETO B 0OMOTKE, T.¢. 3aBUCHUMOCTh (14.12) mepectaér
ObITh JTUHEHHOMN. BUJ 3TOI 3aBUCUMOCTH MOKHO YCTAHOBHUTH 3KCIIEPUMEHTAIBHO, OII-
penensisi ”HIYKTUBHOE CONPOTHUBIIEHHE COJICHOU A TP PA3IMYHBIX TOKaX.

Takum o0pa3oM, U3Mepss HANPSHKEHUE HA OOMOTKE COJICHOWIA TPU POTEKAHUH TIe-
PEMEHHOTO TOKa Pa3IMYHON 4acTOThI (pu (PUKCUPOBAHHOW BEJIMYMHE JCHCTBYIOIIETO
3HA4YCHUs |), MOKHO IKCIIEPUMEHTAILHO ONPEACIUTh WHAYKTUBHOCTh COJICHOU/IA U e
YaCTOTHYIO 3aBUCHMOCTB, a TAKXKE €€ 3aBUCUMOCTb OT BEJIMYMHBI IIEPEMEHHOTO TOKA.
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Onucanue yYCmaHOBKU

Obopyoosanue:. Muan6iok «Kartyiika ¢ cepIeqYHUKOM», T€HEpaTOp CUTHAJIOB CIie-
UAIbHON (POPMBI, MyJIBTUMETPHI.

DnekTpuueckas cXxeMa yCTaHOBKM IOKa3aHa Ha puc. 14.1, MOHTakHas — Ha puC.
14.2. Munu6nok «Karyiika ¢ cepedHuKOM» MpeCTaBIIsAeT co00i KapKac, Ha KOTOPbIH
HamoTaHo N BUTKOB IpoBoja. B kapkac MoxkeT BcTaBisATbes cepaeuHuk. Karymky 4,
UMEIOIIYI0 HHAYKTUBHOCTD L 1 compoTuBienue R, 1 MyabTUMeTp 2, cOeTuHEHHBIE MO~
CJe0BaTEIBHO, MOJKIIOYAIOT K TeHepaTopy HaIpsbKeHu crneruaibHoi ¢opmel 1. Ha-
NpsOKEHHUE Ha KaTyIIKe U3MEPSIOT MYJIbTUMETPOM 3 C
OOJIBLINM BXOTHBIM COIIPOTHBIICHUEM.

Puc. 14.1. DnexTpuyeckas cxema:
1 — reHeparop CHUTHAJIOB CIEIUATBHONU (DOPMBI;

2 — mynsTEMETp (peskum A ~ 20 mA, Bxoasl COM,
mA); 3 — mynstumetp (pexum V ~ 20 B, Bxoabl

COM, VW); 4 — munun6aok «Katyiika ¢ cepacyHu-
KOM>» C UHAYKTUBHOCTHIO L, conpotuBiieHueM R

+ oL

)
ot HopHA—O)
e ©—0—0—0—0—0—0—0—0—O0—6

Puc. 14.2. MoHTa)XxHas cxema:
ob6o3nauenus 2, 3, 4 —cm. puc. 14.1
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Buvinonnenue pabomut

3aoanue 1
Hccneoosanue 3a6ucumocmu uHOYKMUGHOCHIU KAMYUIKU
¢ (heppumoevim cepoeUHUKOM Om YACHOMbl

1. C nomo1pi0 MyJIbTUMETPA 2 U3MEPUTH COMPOTUBIIEHNE R KaTymiku W 3amucaTh
ero B Ta0i. 14.2 (cM. 6iaHK oT4éTa).

2. CoOpaTh 2JIEKTPUUYECKYIO IIeTh TT0 MOHTaKHOM cXeMme, MpuBenEHHON Ha puc. 14.2,
MOJKTIOYMB KaTYIIKy C CEpACYHUKOM. Y CTAHOBUTH PEKUMBI PabOThl MYJIbTHUMETPOB
(puc. 14.1).

3. BxmrounTh B ceTh OJOKM T€HEPATOPOB HAMPSDHKEHUS W MYJIbTUMETpPOoB. Hakathb
KHOTIKY «lcXo/iHas ycTaHOBKa».

4. Knonkamu «YcranoBka 9actothl 0,2 — 20 k['» ycranoButh yactoty 0,2 k['11. C
MIOMOIIIbIO KHOTIOK «Y cTaHOBKa ypoBHs Bbixoza O ... +15 B» ycraHoBUTH 3HaUEHUE TOKA B
1enu B npezaenax ot 2 10 5 MA. [Ipu 3ToM GpuKCUpOBaHHOM 3HAUYEHUM TOKA, YBEITMUMBAs
4acTOTY TOKa, U3MEPUTH U 3amucath B Ta0n. 14.2 i kaxxaoro 3HadeHus N Hanpspkenue U
Ha KaTymike. M3aMepeHus: mpou3BOANTh 0 TEX IOp, TOKa HAMPSHKCHUE HE YBEITMUUTCS B
2 —3pa3za.

Buumanue. 11o Mepe n3MeHEHHsI 4aCTOTHI CJIEAYET MOAIEPKUBATh 33JaHHbIN TOK |, pe-
TYJIMPYSl €0 BEJIMYUHY KHOMKaMU «YcTaHoBKa ypoBHs Bbixoga O ... +15B», a ans Gonb-
1Iel TOYHOCTH TIOJUICP>KaHKs TOKAa MOXKHO HEMHOTO BapbUPOBATh YaCTOTON OTHOCHUTEIILHO
BBIOPAHHOTO 3HAYCHUSI.

3aoanue 2
Hccneoosanue 3a6ucumocmu uHOYKMUGHOCMU KAMYUWIKU
¢ theppumosvim cepoeuHuKomM om moka

1. Micionb30BaTh Ty K€ JIEKTPUUECKYIO 1IETh, YTO U B 3a1aHuu 1.

2. YcranoBuTh 9acToTy B auana3one 0,2 — 0,3 k[ 1.

3. U3mensss Tok KHOMKaMu «YcraHoBKa ypoBHS Bbixoga O ... +15B» or
1 MA 510 5 MA, 11 KakJI0ro ToKa 3amucaTth B Ta0i. 14.3 (cM. Oimank oT4yéTa) Hampske-
aHue U Ha karymike. Yncno n3mepeHuit 10kHO ObITh HEe MeHee 15 — 20.

4. Boikntouums OJI0KY T€HEPATOPOB HANPSHKEHUS U MYJIbTUMETPOB.

Oopadbomka pe3yiromamoe umepeHuil

1. BBIYHCIUTD TIOJHOE CONPOTHBIICHHE MepeMeHHOMY TOKY Z 1o ¢opmysie (14.8) u
UHIYKTUBHOCTH L 1o ¢hopmyne (14.11). CpaBuuBas R u Z, yoeaurech B ClipaBeIIMBO-
ctu pubnmxeHuss R<< Z.

2. TToctpouts rpaduk 3aBucumoctu Z = f(n). [IpoBecTu npsmMyro HaUIYYINEro CO-

OTBETCTBHSI.
3. IToctpouts rpaduk 3aBucumoctr L = f(1). Coenarh BEIBOABI O 3aBUCUMOCTH HH-
JTYKTHBHOCTHU KaTYIIKH C CEPJICTHUKOM OT YaCTOThI M BEJTMIUHBI IIEPEMEHHOTO TOKA.
4. OpopMUTH OTYET O BHIMIOTHEHUU PAOOTHI B COOTBETCTBUHU C MIPHIIAraeMbIM 00pa3-
LIOM.
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OTUYET
no a1abopamopHoii pabome
«H3yuenue 8bIHYHCOCHHBIX INEKMPUYECKUX KOIeDaAHUIl 8 KOHmYpe,
cooeprcauiem KamywKy WUHOYKmMUHOCMU ¢ (heppumosvim cepoeyHUKOM>

Wcnonaaurens: ctyaeHT(ka) rp.

Ilenv pabomeot. ....

Kpamkoe onucanue memooa uccieoo6anus. ...

Pacuémmnvie gpopmynsr: (00bICHUTH BXOIAIINE B HOPMYJIBI (PU3NICCKHUEC BEITNIHHEI
W yKasarh UX HanMmeHoBaHue B CH)....

Oobopyoosanue: ....

Cpeocmea uzmepeHuil u ux XapaKkmepucmuKu
Tabnuna 14.1

[Tpubop OTHOCUTENbHAS TIOTPEITHOCTD
(B % OT M3MEPEHHOTO 3HAYCHHS)

Amnepmerp (2) 1,0%

Boser™meTp (3) 1,0%

Peszynomamul uzmepenuii

Tab6muna 14.2
R=...0m | =...MA
n, k['o U,B Z, OMm L, I'a
0,20
L,=...1H
Tabmuma 14.3
nN=...klQo
I, MA U,B Z, OMm L, '
1,0
Pacuemoui
Hanucatb ¢popmyay,
1.Z=...=...=... Om. (Ilokasarb omuH pacuér) | yokazarh pacyér
2.L=..=.=.Tn M 3alUCcaTh pe3yJabTaT!
3. Beiso.

Ilpumeuanue. Tloctpoennsie cormacHo Tadn. 14.2 u 14.3 rpaduxu 3aBuCUMOCTEH
Z=f(n) u L=1f(l) npunararorcs k oT4éry.
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JlaGopatopnas pabora 3-15
N3YUYEHUE CBOUCTB CETHETOJJIEKTPUKOB

Ilenv pabomer. 10 TIpEAEIBHON METIIE TUCTEPE3UCA O3HAKOMUTHCS C METOJAOM U3MeE-
PEHHMSI OCHOBHBIX XapAaKTEPUCTUK CETHETORJEKTPUKOB, MCCIIEIOBaTh 3aBUCUMOCTh IU-
AIEKTPUYECKON MPOHUIIAEMOCTH CETHETORJICKTPUKA OT HAPSHKEHHOCTH 3JIEKTPUIECKO-
r'o TOJIS.

Cecnemosniekmpuku — 2pynna Kpucmaiiuyeckux Oul1eKmpurKoe, y KOmopuwix 6
HEKOmOopom uHmepeaie memnepamyp 6 OMCYMCMEUe GHEUIHE20 INEeKMPUUECKO20
1

nona cywecmeyem cnonmannan (Camonpouseonsvnan) nonapusoeannocms P

[Tpumepamu cerHeTOANeKTPUKOB sBIsitoTcs cerHeToBa cosib NaK C4H4O64H 0, naBmmas
Ha3BaHUE O3TOMY Kjaccy BemiecTBa, turaHat Oapus BaTiO;, TtpuraumuHcyabdar
(NH,CH,COOH)38H,SO4 u ap. CerHeToaIeKTpUKH HMEIOT Ba)KHOE IMPAKTHYCCKOE
npumeHeHue. Hanpumep, IPUTOTOBIISIS CIIOXKHBIE JUAIEKTPUKM HAa OCHOBE CETHETO-
ANEKTPUKOB U J00ABISAA K HUM pPa3IMyHbIe IPUMECH, MOKHO MOJYYUTh BHICOKOKAYECT-
BEHHBIE KOHAEHCATOPHI OOJIBIION EMKOCTH IIPU UX MaJIbIX pa3Mepax.
CerneroseKTpuKaMu MOTYT ObITh TOJBKO KPUCTAJUIMYECKUE Tela, Y KOTOPBIX pe-
ETKA HE UMEET LEeHTpa cuMMeTpuu. Hanpumep, Kkpucraminyeckas pelIéTka TUTaHaTa
Oapus COCTOUT Kak Obl U3 TPEX BCTPOEHHBIX APYT B Apyra KyOMUECKUX MOJPEHIETOK:
o/1Ha 00pa3oBaHa MOJIOKUTENbHBIMA HOHAMU Oapus, Ipyras — OTPUIATEIbHBIMU HOHA-
MH TUTaHa, TPEThS — OTPHIATEIbHBIMH HOHamu kuciopoaa (puc. 15.1). Munumywm
SHEPIUM B3aUMOJICUCTBUSA MEK/Y MOJOKUTEIbHBIMU HOHAMU TUTaHA M OTPULATEIbHBI-
MU HOHAaMH KHCJIOPOJA JTIOCTUTAETCs, €CIIM OHM CMELIAIOTCS HABCTpedy APYr APYyTry, Ha-
pylias TEM CaMblM CUMMETPHUIO 3JIEMEHTAPHOW KPUCTAJUIMYECKOM suekiku. Eciu takoe
CMELIEHUE MPOUCXOAUT BO BCEX DJEMEHTAPHBIX SYEHKaX KPUCTAJUIA, TO CErHETO3JIEK-
TPUK TPUOOPETACT OYEHBb OOJBIION AIEKTPUUECCKUIN JTH-
MIOJIbHBI MOMEHT B HANPaBICHUM ITOTO CMelleHus. B
pe3ynbTaTe CHJIBHOIO 3JIEKTPUYECKOIO B3aUMOJACHCTBUS
MEXIy OTIEIbHBIMHU TOJIAPU30BAHHBIMU SYEHKAMU OHU
pacrnoJiararoTcs Tak, 4TO MX JUIOJIbHBIE MOMEHTHI Ma-
pajienbHbl Ipyr Apyry. Takoe pacnosioKeHHe UIONb-
HBIX MOMEHTOB BO3MOYKHO JJa)K€ B OTCYTCTBHUE BHEUIHETO

-4+ 2+ -
O-Ti"",®—Ba",0-0 SIIEKTPUYECKOTO TIONISI. DTO U €CTh CHOHMAHHAA NOJIA-
1
Puc. 15.1. DnementapHas ~ Pu3oeanocmb Pg.
sdeiika ThTaHata Gapus CerHeTodJIeEKTPUKH OTJIIMYAIOTCS OT OCTalbHBIX JIH-

AIIEKTPUKOB PSIZIOM OCOOCHHOCTEM:

1. AHOMAJIFHO GOJIBIIOE 3HAYCHHE AUIIICKTPHUECKO mpoHunaemocty € (~ 10°), B To
BpeMs KakK y OOJBIITMHCTBA OOBIUHBIX JUAJIEKTPUKOB OHA COCTABIISIET HECKOJBKO €J1U-
HUII.

2. HenuueitHas 3aBUCUMOCTD TOJSIPU30BAHHOCTH P OT HampsHKEHHOCTH DIICKTPH-
4yecKoro noJig E. 3To NpUBOAUT K TOMY, YTO JUAJIEKTpUUYECKass TPOHUIIAEMOCTb CerHe-
TOAJIEKTPHKA TOKE 3aBUCUT OT HAMPSHKEHHOCTH MO, 7151 OOBIYHBIX AUAJICKTPUKOB 3Ta
BEJINYMHA HE 3aBUCHUT OT TOJISl U ABJISIETCS XapaKTEPUCTUKOMN BEIIECTRA.
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3. JludnekTpuueckuit cucmepesuc («3a-
nasjpIBaHue»). PaccMOTpuM moBeieHuE cer-
HETORJICKTPHKA TIPU IUKIMYECKOM H3MCHE-
HUM  BHEIIHETO  DJICKTPHYECKOTO  IMOJIS
(puc. 15.2). Ilpu E =0 B CErHETORJICKTPUKE
CYLIECTBYET TONBKO CHOHTAHHAs MOIPU30-

BaHHOCTb Pg. Ecimu Makpockonmyeckui

00BEM CETHETORJICKTPHUKA CIIOHTAHHO IIOJIS-
pU30BaH, TO OH SBISETCS HCTOYHHUKOM
CHUJIBHOTO »3jeKTpudeckoro moist. C atum
moJieM cBs3aHa Oonbias sHeprus. CiaeaoBa-
TEJIbHO, TAKOE COCTOSHHUE SIBJISIETCS DHEpTe-
THYSCKHA HEBBITOAHBEIM. CHCTEMa M3 TaKoro

Puc. 15.2. JluonekTprdeckuii ructepesuc COCTOSAHHS CTPEMHTCS MEPEHTH K COCTOS-
HUIO C MEHBIIEH JHEPrUEH, COXpaHsAs NpH

9TOM CIHOHTaHHYIO IMOJIIPH30BAHHOCTH IIJS. DTO OCYHICCTBISACTCS MyTEM paseieHus
MaKPOCKOIMIYECKOro 00hEMa CErHeTOIEKTPUKA Ha MalIble 00IACTH — 00MeHbl, KaXk bl
M3 KOTOPBIX XapaKTepU3YeTCsl BEKTOPOM CIOHTAHHOW MOJsIpH30oBaHHOCTH Pg (puc.
15.3). Pazmepbl TOMEHOB MOPSIKA JECATKOB THICST aHICTPEM (mopsiaka MukpomeTpa) B
npejeax oIHOTO JoMeHa Pg BCEX JIEMEHTapHBIX SYEeK OPHEHTUPOBAH B OJIHY CTOPO-
HY, HO B Pa3HbIX JOMEHAX OH OPHEHTHUPOBAH MIPOU3BOJILHO, TIO3TOMY CPEIHSSI OISPHU-
30BaHHOCTH BCETO CErHETORJICKTpHKA paBHa HyMo (Touka O Ha puc. 15.2 u puc. 15.3, a).
[Ipy HaMOKEHUH DJICKTPUUYSCKOTO TOJIS MOJAPU30BAHHOCTh CETHETORJICKTPUKA OY-
J€T CKJIQJBIBAThCS M3 CIIOHTAHHOM MOJISIPU30BAaHHOCTH,

HE 3aBHUCSAIIEH OT MOJIs, U UHAYLUMPOBAHHOM, BBI3BaH-
HOU 3TUM I10JIEM

tR (Nt P=Ps+P,,. (15.1)

[lepBoHauaibHOE yBEIWYEHUE TOJISIPU30BAHHOCTH
a) E=0 6)0<E<E,, MHPOUCXOINUT H3-3a POCTA JOMEHOB, C «BBIIOJHOH» OpH-
EHTallMeH 3a CUET JOMEHOB C «MEHEE BBITOJIHOWU» OpHU-

enTanuei (puc. 15.3, 0). «BbIroHOI» CUATACTCS TaKas

T OpHEHTALNS JAMIOJIbLHBIX MOMEHTOB, KOTOpas o0Opa3yeT

T T OCTPBIM YroJl ¢ HaIlpaBJICHUEM BHEIIHErO 3JICKTPH-
yeckoro moiisg. Hambosiee MHTEHCHBHO 3TOT MPOIECC

B)E=E, T)E>Eqg. IpoTeKaeT Ui cpeaHero yyacrtka kpuoil 0-1. B Touke

1 nonsipU30BaHHOCTH BCEX JOMEHOB OKa3bIBACTCS OpH-
Puc. 15.3. Jlomennas !

€HTUPOBAHHOW BJOJIb NOJISI £ U CETHETORJIEKTPHUK Mpe-
CTPYKTYpa CETHETOAIEKTPHUKA

BpalaeTcs B OAHOAOMEHHBIN kpuctayni (puc. 15.3, B).
OH HaxXOIUTCS B COCTOSHHUM HACBHIIICHUS U XapaKTepu3yeTcs HaNpsHKEHHOCThIO K, . U

NOJIAPU30BAHHOCTEIO P, . HacelieHus. JlaJbHenee yBeJInYeHue £ NpUBOAMT K He-

C
3HAYUTEILHOMY BO3PAaCTaHUIO TMOJSIPHU30BAaHHOCTH W KkpuBas 0-1 mepexoauTt B IWHEH-
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Hbel yyactok 1-1 (puc. 15.3, r). YBenuyeHue moJsipu30BaHHOCTH HAa TOM Yy4YacTKe
IPOMCXOTUT 3a CYET MHIYIUPOBAHHOW TOJSPU30BAHHOCTH, KOTOPAsk JIMHEHHO 3aBUCHUT
OT BJICKTPUYECKOTO Mot £

1 1

P =€(e- DE, (15.2)
rie € = 8,85407 d/m — AJIEKTpUYECKasi MOCTOSIHHAsA. Tak Kak MpH JOCTHKEHUHU CO-
CTOSIHUSI HACBIIICHUS TOJSIPU30BAaHHOCTh paBHA CyMME CIOHTAaHHOW W WHIYIIMPOBAH-
HOM MOJISIPU30BAaHHOCTH, TO JUISl ONpPEACICHUS MaKCUMaIbHON CIIOHTAaHHOU TOJISIPU30-
BaHHOCTH Py HE00XOAMMO 3KCTpanonnpoBats npsmyro 1-1 . no nepecedenus ¢ ocero P.

[Mpu ymenbieHun (13 TOYKU 1) MO KpUBast 3aBUCUMOCTH P 0T E He COBIAET ¢ mep-
BOHAYAJIbHOW U MOWJICT HeCKOJIbKO Bhimie (kpuBas 1-2). [Ipu £ = 0 cerHeTOANEeKTPUK HE
BO3BPAILIAETCA B HEMOJISIPU30BAHHOE COCTOSIHUE, & COXPAHSAET OCTATOYHYHO MOJISPU30-
BaHHOCTH P, (oTpe3ok 0-2). D10 SIBJICHIE HA3BIBACTCA JTMIICKTPUYICCKUM 2UCHIEPe3U-

com. Takum 00pa3oM, MOJISIPU30BAHHOCTE P HE OIpeAeseTcsl OJHO3HayHO mojem E, a
3aBUCUT TAKXE OT MPEIIESCTBYIONIEH HCTOPUU CETHETORICKTPHUKA.

Jns nenonsipu3aii CerHETOAICKTPUKA, T. €. CBEJICHHUS K HYJIO OCTaTOYHOW MOJIs-
PU30BAHHOCTH, HEOOXOJIMMO MPUIIOKUTH HEKOTOpOe ToJie E, oOpaTHOro HampaBiieHHUS.
Hanpsoxénnocte E, (otpezok 0-3) HaspiBaeTcsi kodpuumushnou cunou (Koypuumue-
Hoim noaem). llpu nanbHeEHIIeM yBEIMYCHUHU IOJIA TOTO YK€ HalpaBJICHUS IMOJISPHU30-
BAHHOCTh KPUCTAJIJIa MEHSAET CBOE€ HAIPAaBJIECHUE U C POCTOM MOJIS JOCTUTAET HACHIIIIE-
Hust B Touke 4. JanpHeitmmii poct (0T Touku 4 10 4 ) 06YCIOBICH ASHCTBHEM HHIYLIH-
POBAaHHOW MOJISIPU30BAHHOCTH. ECIM BHOBb M3MEHATh HANpPSIKEHHOCTh OT —Egy,. 110
+E,ac; TO DIEKTPUYECKOE COCTOSIHUE CETHETORIIEKTPUKA OYJIET U3MEHSATHCS BIOJb BETBU
4"-4-5-6-1-1". 3HauCHHE OCTATOYHON TOIPU3OBAHHOCTH IS OTOH BETBH OIPEACIISICTCS
otpeskoM 0-5, a KodpUHTHBHOI crisl — oTpe3koM 0-6. 3amkuyTas kpuBas 1 -1-2-3-4-
4"-5-6-1-1" Ha3sbIBacTCS Nem.eil zucmepesuca.

[Tpu n3mMeHeHnu HanpsHKEHHOCTH MOJIs OT —E 10 +E 1 nocnenyromeM Bo3BpalieHUH
oT +E no —E, rae E — mo6oe 3HaueHue HANpsHKEHHOCTH TOJIs, YJIOBJIETBOPSIIOIIEE yC-
nosuto O < E < EHac, 6y):[eT TAaK)KE MOJIy4aThCs METIIA TUCTEpPE3nca, Ha3bIBacMasl uacm-
Holl nemaei (YacmHbIM YUKIOM). DTHX IMKJIOB MOKET OBITH OCCUMCICHHOE MHOKE-
CTBO, MIPU 3TOM BEPIIIMHBI YACTHBIX METEIb JIEKAT Ha OCHOBHOM kpuBoit 0-1.

Onucanue memooa uccieoo6anus

[TonyunTs ¥ HAOIIOAATH METIIO TUAIECKTPUIECKOTO THCTEPE3UCca MOKHO C TTIOMOIIIBIO
AJIEKTPUUYECKON cxeMbl, mpuBeaeHHON Ha puc. 15.4. JIBa konnencatopa C; u C, coenu-
HEHbI MOCJIEAOBATEIPHO U TMOJKIIOUYEHbI K PETYJIUPYEMOMY HMCTOUYHHUKY MEPEMEHHOTO
HanpspkeHusi. Konnencarop C, 3amoiHeH 0ObIYHBIM <JTMHEUHBIM» JUAIEKTPUKOM C T0-
CTOSSHHOM JTUAJICKTPUYECKON MPOHUIIAEMOCTHIO, a KOHAeHcaTop C; — CETHETORNIEKTPHU-
koM. [lapamienbHO 3TOM LEMOYKE KOHJCHCATOPOB BKIIFOUEHBI IBA pe3ucTopa. Pesuctop
R; o0namaeT SKBUBaJICHTHBIM OMHYECKUM COIMPOTUBICHUEM HCCIIEYEMOIO0 CETHETO-
AJIEKTPHKA, a PE3UCTOp Ry,. coykuT mng mombopa paBeHCTBA (a3 HANMpPsHKEHHH, Mmojaa-
BaeMbIX Ha Bxoz ociniorpada (20).
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V,V

v T

Puc. 15.4. Dnextpuueckas cxema:
HPIIP — UCTOYHMK pEryaupyeMoro nepeMeHHoro HampsikeHus, R;, Ry — pesuctopsr,
C1 — KOHAEHCATOP C U30JISITOPOM U3 CETHETO3JIEKTpHKa, Cp, — KOHAEHCATOP C H30JISTO-
POM U3 OOBIYHOTO IUANEKTPHKA, V1 1 V, — BoasT™MeTphl, D0 — ocumumiorpad

T~

Emkocts koHmeHcaTopa C; ¥ HANPSKEHHOCTD AIEKTPUYECKOro mons £ BHYTpH cer-
HETORJIEKTPUKA PACCUUTHIBAIOTCA 10 hopMysIam

eesS
C, = Od , (15.3)
E= % , (15.4)

rIe € — IUPJIEKTPUYCCKas MPOHHUIAEMOCTh, S — IUIoIIaab 00KIamoK, d — paccrosHue
MeXIy HUMH, U1 — HampsbkeHue Mexy oOknagkamu. Tak kak KOHIEHCATOpbl COENU-

HEHBI MEXy cOOOH IMOCJeI0BaTENbHO, TO 3aps/ibl Ha MX OOKJIaaKkax OyAayT OJIMHAKO-
BBIMH

Q=ClU¢; =Clcs. (15.5)
Otcrona
_G
Ui =—=Uco, (15.6)
G
v, yuuteiBas (15.3), monyuaem
C.d
Uci =—2=Uc,. 15.7
C17 g o5 2 (15.7)
[Moacrasum (15.7) B (15.4), nony4um
E=Up,—2. (15.8)
€0eS
W3 coorHomrenus (15.2) ¢ yueToM TOro, 4To it CEFHETOIIEKTPUKa € >> 1, cremyer
=1L (15.9)
€€
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Torna ypasaenue (15.8) npumeTt Buj

i:uczi1 (15.10)
€o€ €0€S
OTKYyJa CIIEAYET, YTO
Uco ZEP:Uy, (15.11)
G,

TO €CTh HamnpsbKeHne Ha KoHaeHcaTtope C, MpomopuroHaNbHO MOJISPU30BAHHOCTH CET-
HETOAJIEKTPUKA. ITO HAMPSKEHUE MOJat0T Ha Bxoa Y ocuuiniorpada.

Haiiném nanpsoxkenne Ug, Ha pesuctope Ry, Tok, Tekymuii uepes 3TOT pe3ucTop, mno
3aKoHy OMma paBeH

| =Yre (15.12)
Ry
Takoli ke TOK MPOTEKAET U 0 yYacTKy IienH ¢ conpoTuBiieHueM (Ry +Ry)
| = M’ (15.13)
R+R

rne Ugr, — majgeHue HanpspkeHus Ha pesuctope R;. M3 cpaBHenus ypasuenwmii (15.12) u
(15.13) noayuum
U, _ U
R, R+R,
rie Ugy tUg, =U; U, =U — Hampsbxenue, mogaBaeMoe Ha BXOJ cXeMbl (pHc.
15.3). ITonaraem, uro C, ? C;. Torna u3 (15.6) caenyer, uto Uc; 2 U, 1 U » U,
[Tonaraem Taxxke, uto R ? R,. Torma u3 (15.14) cnenyer

(15.14)

@ = h ’ (15.15)
R, R
OTKyJa ¢ yuétom paBeHctBa (15.4), monydyaem ypaBHEHHE
Ugr, =R%;E=UX, (15.16)

TO €CTh HampsOKEHHE Ha pe3nucTope Ry MpomopiuoHaabHO HAMPSHKEHHOCTH BHEIIHETO
3JIEKTPHUYECKOTO TOJIs. DTO HAMPSDKEHHE MOAI0T Ha BX0o X ocuusutorpada.
Takum o6paszom, n3 ypasuenuit (15.11) u (15.16) Bugno, uTo ecnu Hanpsbkerue U,

I0/1aTh HA BXOJ] BEPTUKAIBHOH pa3BEépTku ociiuuiorpada (Y), a Hanpspkenue Ui, —Ha

BXOJ] TOPU30HTAILHON pa3BepTkH (X), TO 3JIEKTPOHHBIH JIyd B HampaBjieHUU ocu Y Oy-
JIET OTKJIOHATHCS MPOMOPLMOHAIBHO MOJIAPU30BAHHOCTH P CETHETOZIIEKTPUKA, a B Ha-
MpaBJIeHUH OCU X — MPONOPIMOHANIBHO HANPSKEHHOCTH BHEIIHETO 3JIEKTPUYECKOTO
noys E. 3a oauH nepuos CHHYCOMAaIbHOTO U3MEHEHUST HANPSKEHUS SJIEKTPOHHBIN JTy4d
Ha 3KpaHe OMUUIET MOJIHYIO METIII0 TUCTEPE3NCA, U 3a KAXKIbIN MOCICIYIONUN EPUO B
TOYHOCTH NOBTOPUT €€. [loaTOMy Ha sKkpaHe OyaeT HaOII01aThCsl HEMOABMYKHAS TIETIIS.
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Onucauueycmauoeku

Obopyoosanue. reHepatop curHayioB crerpanbHol Gopmbl ('CCD), muHU-0I0K
«CerHeTOdJICKTPUK», 1Ba MYJIbTUMETPA, OCIILIoOrpad.

YcraHoBKa AJ1s1 UCCIEA0BAHUS CBOMCTB CETHETORIEKTPUKOB cocTOuT u3 I'CCD, mMu-
HuOa0ka «CernerodsekTpuk» (puc. 15.5), 1ByX BOJILTMETPOB U ocimniorpada. B ka-
YeCTBE HMCCIIeayeMoro odpasia MCIOIb3yeTCsl U30JITOP
MHOTOCJIOHHOrO KoHjaeHcatopa C;, KOTOpPBIA H3rOTOB-
neH u3 kepamuku BaTiOs ¢ 1006aBkoi 010Ba M CTPOH-
1usi. DJIEKTpUYECKass U MOHTaKHAsl CXE€Mbl YCTaHOBKH
npuBeneHbl Ha puc. 15.4 u 15.6.

Puc. 15.5. Munn6nok «CerHeTo3aeKTpuK»
= Ugx — perynmupyemoe HampspkeHue, Ri, Ry — pe-

suctopsl, Cl, C2 — konneHcaTopsl, X, Y — BBIXOJIbI Ha-
npsbkeHuil Uy, u Uy Ha u3MepuTenbHble IPUOOPBI U OC-
nusuiorpad, * — KOHJIEHCATOP C CETHETORIEKTPUKOM

+ U_Bblx

K reneparopy
HanpoHeHWRA
crneyMankLHol PopMel

‘UBbII

Puc. 15.6. MoHTa)kHas cxema YCTaHOBKH:
Munn6m0k «CerHeTodeKTpuK», Vi, Vo, —MynstuMerpsl, 30 — ocriusuiorpad

Boinonnenue pabomur

1. 3amonHuTh Ta0. 15.1 (cM. G1aHk 0TuéTa).
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2. Tlepexmouatenu poja paboT 0O00MX MYJIBTUMETPOB IMEPEBECTH B TOJIOKEHHUE
«V~» 1 yCTaHOBUTH mpeen uzmepenus «20 B».

3. CoOpaTh AJIEKTPHUECKYIO IIETh TT0 MOHTKHON cXeMe, IpuBeIEHHON Ha puc. 15.6.
KoakcuanpHblii kabeiab MOIKIIOYUTE K BXoay ociniorpada «CH2 (Y)», kpacHsrit
mTekep Kabessi COeIUHUTD Yepe3 HaOOpHOE 1oJIe ¢ BHIXOJ0M Y MUHUOIOKA «CerHeTo-
ANEKTPUK», & CHHUI — Yyepe3 HabOopHOe 1oJie ¢ THE3A0M «— Uy, » reHeparopa CUrHaJIOB
cnenuaibHOi Gopmbl. Bropoit kabenp moakmounth K Bxony «CH1 (X)» ocmniorpa-
da, KpacHBIN mTEeKep Kades COeTMHNUTD ¢ BBIX0I0M X MUHUOIOKA «CerHEeTOAICKTPHUK
a CUHUH — uepe3 HabOpHOE MoJie ¢ THE3A0M «— U, ,» reHepaTopa CUTHAJIOB CIELUAIIb-
HOU (POPMBEI.

4. YCcTaHOBUTH MEPEKITI0YATENId U PETYNIATOPbI, PACOIOKEHHbIEC HA JIUIIEBON MaHe-
u octiuiorpada, B MOJIOKEHUs, yKa3aHHble B Ta0a. 15.4 Ha puc. 15.8, ecnu ucnosnb3y-
etcst ociuutorpad «MOS-620», unu B Tada. 15.5 Ha puc. 15.9, ecnu ucnons3yercst oc-
suiorpad «GOS-625».

5. 3anucaTh mapaMeTphbl YCTaHOBKH B Tabi. 15.2.

6. Knonkamn «CETb» BkiounTh mMHUTaHHE OJOKOB T'€HEPATOPOB HAIPSHKCHUN |
MynbTUMETPOB. Haxkate kHONKY «lcxonHas ycranoBka». KHonmkamu «YcTaHOBKa 4ac-
ToThI 0,2 — 20 k[ '11» yctanoBuTh yacroty S0 I'w.

7. Bximtounth kHONIKY «POWER» («CETb>»), pacnonoxeHHyr0 Ha TaHeIH OCIUILIO-
rpada mnoj 3KpaHoM, MPU 3TOM JOJKEH 3aKeUbCsl CBETOIUOAHBIN HHAUKATOp. [Ipu mo-
Mot peryiasaTopoB <INTEN» u «FOCUS», pacnoiokeHHBIX TaM K€, YCTAaHOBUTH CO-
OTBETCTBEHHO ONTUMAJIbHYIO SIPKOCTh U (DOKYCHPOBKY JIyya.

Buumanue! /[na npedomepawienusn nospercoenus aiOMuHopopa IneKmponHo-
J1y4egoll mpyoKu He YCMaHAeIUueaAlime Ype3MEePHYI0 APKOCMb JIyUua U He 0CIaesiime
0e3 HeoOXo0uMocmu OnumebHoe 6Pems HeNn0OBUNCHOE NAMHO HA IKPAHE.

D
C nomouipio perynstopoB «< POSITION >» u «POSITION ﬁ» BBIBECTH 3JIEK-

TPOHHBIN JIyY B LIEHTP KOOPAMHATHON CETKU SKpaHa.

8. Knomnkoit D «YcranoBka ypoBHs Beixoaa O ... 15 B» yBenuuuBas HampspKeHHE
U, npumepHo 1o 4 B, noay4nTs n300pakeHHE METIM TUCTEPE3HUCA NPH HACHIILEHUN
CerHeToneKTpuka. [Ipu3HaKkoM HaCHIEHUS SBISIOTCS «yChI» Ha METJE U €€ IJIOMIA/lb
IIPU POCTE HANPSHKEHUSI HE yBeIW4YuBaeTcs. I3MepuTh MyJIbTUMETPAMU JCHCTBYIOIIHE

nanpsokenns U 7 u U™ Pesynbrats 3amucats B Tadm. 15.2.

9. IlmaBHO Bpainas mo yacoBoi crpeike peryisarop 15 «VOLTS/DIV» (MOS-620)
wim 11 «WVAR» (GOS-625) na manenu ocruuniorpada, yBEIUIUTh BEPTUKAIBHBIN pas-
Mep TMeTIU IPUMEPHO 10 8 OOJBIINX JASICHUN MacIITAOHON CETKH KpaHa.

10. ITnaBHO Bpartias mo 4acoBoi ctpeike perynsiarop 6 «VOLTSDIV» (MOS-620)
wi 7 «VAR» (GOS-625) Ha manenu ocuuuiorpada, yBeIu4YUTh TOPU3OHTAIBHBIN pa3-
Mep neTau nmpuMepHo 10 10 6oabIIuX JIeICHHN MacTaOHOM CETKH dKpaHa.

D
11. Perynstopamu ocuumiorpada «< POSITION >» u «POSITION ﬁ» YCTaHO-

BUTH METII0 CHMMETPUYHO OTHOCUTEIBHO LIEHTPa KOOPAMHATHBIX oceil X-Y .
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12. Vi3amepuTh IO MacIITaOHOM CETKe dKpaHa ocumiiorpada KOOpAWHATHI MATH Xa-
PAKTEPHBIX TOYCK METIH: X¢, Xyacy Yoers Y Yime (PHC. 15.7). Pe3ynbTaThl H3MepeHHii 3aHe-
ctu B Tabu. 15.2. Tletmio ructepesnca 3apucoBaTh Wi choTorpagupoBath.

\

yHac"""":___%’?
N aya
[ ]

| A
X Niiac

/ |/
/ |

/
=1

Puc. 15.7. Ocuummiorpamma Ju3IeKTPUUECKOro TUCTEpE3nca

13. lenonspuzoBath obpase. i 3TOro, MOCTETICHHO YMEHbIas HanpsikeHue U »
JTOBECTH €ro 70 HyJIs. [Ipu 5TOM IIomans NeTian YMEHBLIIUTCS 10 Pa3MEPOB TOUKH.

14. Yeranasnusas nocnenosatensno sHadenns U, or 0 no U™ ¢ marom npumep-
1o 0,4 B, u3MepuTh COOTBETCTBYIONINE 3HAYEHUs HanpsykeHust U, . Pe3ynbrarsl n3me-

peHuii 3aHecTH B Tabi. 15.3.
14. Haxarp xHomky «Mcxomnasi ycranoBka» u kHonkamu «CETb» u «POWER»

BBIKJTIOUNTD MMUTAHUE TEHEPATOPOB HAMPSHKEHUS, MYJIBTUMETPOB U ociiuuiorpada. Pa-
300paTh IEKTPUUYECKYIO 1IEeTIh YCTAHOBKH.

Oopadomka pe3yiomamoe usmepeHuil

1. ITo popmynam

C Hac Hac
P,. :EZU "2, B :%Ux /2 (15.17)

noaydeHubiM u3 (15.11) u (15.16), u ganHeiM Taba. 15.2 paccyuTarh MOJSPU30BAH-
HOCTb U HANpPsHKEHHOCTH TMOJIS TIPU HACBIIICHUH CETHETORJICKTPUKA. MyJIbTUMETPBI U3-

MepsioT AeiicTytome Hanpspkenus U, n U, 1mosToMy X 3HaYCHHUs HE00XO0 MO

YMHOXAaTh Ha V2, uto6sI MOJIYYUTh aMIUTUTYIHbIC 3HAUCHUS HAPSHKCHUH.
2. CrionTanHy10 P5, 0cTarounyro Monsapu30BaHHOCTb Py, U KO3PLUTUBHYIO cuiy E

HalTH 1o GpopMyiam
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=R L, Poer =R Yoor , E = Eﬂaci' (15.18)

HacC OoCT Hac
HacC Hac ac
PesynbpTaThl pacuéToB 3aHecTy B Tao. 15.2.
3. [To popmymnam

P:&Uy, E:iUx, e:i (15.19)
S R,d eE
U JaHHBIM Ta0J1. 15.3 paccunTarh 3HaYCHUS TOJISIPU30BAHHOCTH, HATPSDKEHHOCTH | JIU-
SJIEKTPUUYCCKONW MPOHMIIAEMOCTH CETHETORJICKTPUKA. Pe3ynbTaThl pacuéToB 3aHECTH B
Tabn. 15.3.
4. CucTeMaTU4eCKUe OTHOCUTEIIbHBIC MOTIPEIIHOCTH KOCBEHHBIX M3MEPEHUI BEIHU-
YKH, BeIpakaeMbIX popmynamu (15.19), onpenessroTcs Tax:

)
Op :C:J—nyOO%, O = qSJx x00%, g :1,1\/(gp)2 +(ge)’,  (15.20)
y X
qUx qu
rac T, ———cucmemamuuecKkue omunocumesibHbple 1IOIrpCIIHOCTHU ITPAMBIX U3MC-
X y

penuii Hanpsbkennit Uy u Uy (Tabm. 15.1 otuéTa).
5. OpopmMuTh OTUET B COOTBETCTBUU C MPUIIATa€MbIM 00PA3IIOM.

OTYET
no a1abopamopuoii pabome
“ U3yuenue ce0licme cezHemo31eKmpuKos”
Wcnonaurens: cryneHt(ka) rp._

Ilenv padbomeur:. ...

Kpamkoe onucanue memooa uccnedo6anus. ...

Pacuémmnoie gpopmynsr. (00bACHUTD BXOIIUE B GOPMYITBI (PU3HUECKUE BETUINHBI
U yKa3aTh UX HauMeHoBanue B “CI").

Oobopyoosanue:
Cpeocmea uzmepenuii u ux XapaKmepucmuxku
Tabmuma 15.1
HanmenoBanue [Ipenen nomyckaeMoi OCHOBHOM AGconmoTHas
npudopa OTHOCHUTEIIbHOM MOTPEITHOCTH MIOTPEITHOCTD
(B % oT M3MEPEHHOTO 3HAYCHHS)
BonsTMeTp qu /U =0,8 % —
JlvHeliKa Wiy TIIKasia — gl=...
ociuutorpada
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Pesyﬂbmambt usmepeuuﬁ U 6blUUCTCHUU

Tabmuma 15.2
[TapameTpbl yCTaHOBKU:

C,=..mMx®d, d=3240°mM, S=12340°M°, R =...0m, R,=...Om
Uy*=..B uy©=..B Eyoc= - B/M P,.=..Kim
Xyac= ... MM X= ... MM Viac= --- MM Ys= ... MM Yoer= --- MM

E.=..B/M Ps= ... Kn/m® P,..= ... Kn/m*
Tabmuma 15.3
U,,B (V1) Uy,B (Vo) E, B/m P, Ki/m® e
Pacuémuwt

1. E,=...=...=..Blv;

- _ 2. Hanucars ¢popmyay, nokasarb
2. P, =...=..=...Ku/m5 .. |

pacyéT u 3anucaThb pe3yJabrar!

3. E = =...B/v;
4. Pg=...=..=.. Ki/m?:
S. P = ... = = Kn/m?;
6.E=...=...=...Bm Pacuér E u P mu11 onHOTO 11100010
7.P=..=..=..Kiu% 3HaueHus u3 1adm.15.3
8.e=..=...=..;
9.0p=...=...=... %
10. gp=...= ... =... %
11. = ... = ... = ... %;
12. BriBog.

ITpumeuanue. Noctpoennsie coriacuo ta61.15.3 rpaduku P=f(E) u e=g(E), a
TaKXKe N300pakeHue METIM THCTEPE3Kca IPUIaraloTcs K OTUETY.
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Puc. 15.8. Ilepennss nanens ocuuuiorpadpa MOS-620 u Tabnuiia monoKeHU OpraHOB YIIPaBICHUS

4

Tabmuna 15.4
1 (2 |3 |4 7 19|20 (212223 | 24| 25| 26
* ok 0+ | 1v AC H|H |H |H [ XY|/] |—|*

«+» — HaXKaTh, «—» — OTXKAaTh, «*»— CPCOHCC ITOJIOKCHUC, «/»— IIPpOTUB 4acoBOM CTPCIIKHK OO0 YIIOpa
«H>» — HC HUCIIOJIB3YCTCA
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Puc. 15.9. Ilepennss manens ocuusuiorpada GOS-625 n Tabnuiia moaoKeHU OpraHOB YIPaBICHUS
Tadomura 15.5
1 12 |3 |4 |5 |6 |7|8 |9]10/11|12/13|14|15|16|17|/18 19 |20/ 25/26|27/28/29 |30|31
* |* |+ |v|— [ X |/ |v|-|Y |/ |a|—- |l |- | |- |H|XY|+|—|* |—|* |[CH2|* |-

«+» — HAKATh, «—» — OTKATh, «*» — CpeIHEe TOJ0KECHUE, «/>» — IPOTUB YaCOBOHM CTPEIKHU 0 YIopa,

«H>» — HC UCIIOJIB3YCTCs
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