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I[&IOTCH OCHOBHBIC TCOPCTUYCCKHC MpCACTaBJICHUA 0 JIMHECMHBIX
QICKTPUYCCKUX MOCIIIX IIOCTOAHHOIO TOKa, MCTOAAX HX pacdcTa, criocobax
MOHTa’>Xa C ITIOMOIIbIO HaﬁKH, MCTOJUKC HCCIICIJOBAHHUA TAKHX ueneﬁ C IIOMOIIBIO
N3MCPUTCIIbHBIX HpI/I60pOB. Hpez[narafomﬂ MMPAaKTHYCCKUC  3adaHust  IJIA

TCOPCTUUCCKOI'O pacucTa " (I)I/I3I/I‘-I€CKOFO OKCIICPUMCHTA C TAKHMMH LCILIMU.
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1. TeopeTnyeckue cesegeHnn

B pa3sgene npuBeneHbl OCHOBHBIE OINPEACIICHUS U MOHATHUS, 3HAHUE KOTOPBIX
HEOOXOIMMO sl pacueTa JUHEWHBIX IeNel MOCTOSHHOro Toka. HamomuHaroTcs
OCHOBHBI€ 3aKOHBI AJICKTPUYECKUX LENIEH U BBIBOABI U3 HUX, IPUBOJUTCS TIPUMEDP

pacducTa Iy IMOoCTOSAHHOI'O TOKA.

1.1. OCHOBHbIE NOHATUA U onpeneneHus

Onekmpuueckoli yenvlo0 HA3BIBAIOT COBOKYMHOCTb YCTPOMCTB U OOBEKTOB,
0o0pa3yrolux MyTh s 3JEKTPUYECKOI0 TOKA, 3JIEKTPOMATHUTHBIE IMPOLIECCHl B
KOTOPBIX MOTYT OBbITh ONMHCAHBI C MOMOIIbIO TOHITHS 00 AJIEKTPOABIKYIIEH cHlle
(BAC), Toke 1 HaNPSHKEHUU.

DONEeMEHT JJIEKTPUYECKOW LENu, MapaMeTpbl KOTOPOro (CONpOTHBIICHHUE,
€MKOCTh, WUHJIYKTUBHOCTH) HE 3aBUCIT OT TOKa B HEM, HA3bIBAIOT JUHEUHbIM, B
IIPOTUBHOM CIIy4ae — HEAUHEUHBIM.

Jlunetinas snexmpuueckas yens — 11€1b, BCE 3JIEMEHTHI KOTOPOM JIMHEIHBI.

Henuneunas snekmpuveckas yenv — 1€Nb, HUMEIOMIAs XOTA Obl OJUH
HEJIMHENHBIN JIEMEHT.

Onexkmpuueckas cxema — rpaduyecKkoe U300paKEHUE IINEKTPUUECKOU IIETH,
coJIeprKalliee yCIOBHbIE 0003HAYCHHSI €€ AIIEMEHTOB M CIIOCOOBI UX COSAMHEHUS.

Bemeb — y4acTOK Lienu, COAEPIKaIEed OJUH WIM HECKOJIBKO ITOCIIEA0BATEIBHO
COEIMHEHHBIX 3JIEMEHTOB, Y€pE3 KOTOPBIA TEUET OAUH U TOT K€ TOK.

V3en — Touka coenuHenus 3 u Oosiee BETBEH.

llapannenvubivuy HA3BIBAXOT BETBU, IPUCOEANHEHHBIE K OJHOM Nape y3J10B.

Konmypom Ha3pIBaIOT JII0OON 3aMKHYTBIM MyTh, MPOXOASIIHMMA MO0 HECKOJIBKUM
BETBSM.

Heszasucumvim kKonmypom Ha3bIBalOT KOHTYpP, B COCTABE KOTOPOrO0 MMEETCS

XO0Ts1 OBl OJJHA BETBb, HE IPUHAIEKAIAs APYTUM KOHTYpPaM.



IToka3aHO, 4TO €cii B 3JIEKTPUYECKON LIENU €CTh p KOHTYPOB U ¢ Y3JIOB, TO B

HEW MO>XHO BBIJICTIUTh 1=p-g+1 HE3aBUCHUMBIX KOHTYPOB.
1.2. 3akoHbl Oma u Kupxroca ans uenen NnoCTOAHHOro Toka

3axon Oma IJIA Y4aCTKa LCIIN 3aIlIMChIBACTCA KaK:
. u .
i=o WU u = iR (1)

Hamnpumep, mis uenu, npencraBieHHON HA puc. 10, majgeHue HanpsoKeHUs u, Ha
pesucrope R1 no 3akony Oma cocTaBuT u, =i, - R1.

Ilepgviti  3axkon  Kupxeogha  moxer  ObITb  copMynaupoBaH, Tak:

“AnreOpanyeckasi CcyMMa TOKOB i,', BTEKAIOIIMX B y3€Jl paBHa CyMME TOKOB i,

BBITEKAIOIIMUX U3 HETO :
N M
-in .out
S =S )
k=1 n=1
riae N — KOIM4ecTBO BETBEH, COCIMHEHHBIX C JAHHBIM Y3JIOM, TOKH, TEKYIIHE TIO
KOTOPBIM, BTEKAlOT B y3el, M — KOJIWYECTBO BETBEH, COCIUHEHHBIX C JaHHBIM

Y3JIOM, TOKHM, TEKyIIME MO KOTOPBIM, BBITEKAIOT W3 y3na. Hampumep, ans unenum

npeACTaBICHHON Ha puc. 10, cipaBeINBO: i, +i, = ;.
Bmopoti 3axon Kupxeoga: cymma DJIC E, B 11000M KOHTYpPE IIEKTPUUECKOM

LENY paBHA CyMMe€ MaJICHUI HaNpPsKEHUs u, Ha BCEX AJIIEMEHTaX 3TOro KOHTypa:

u, =i R, 3)

n=|

M=

ZEk =

N
k=1

]
—_

1

rae N — konndectBO UCTOYHUKOB DJIC B KOHTYype, M — KOJIUYECTBO JIEMEHTOB B

KOHTYPC, Ha KOTOPBIX ITPOUCXOAUT IMAJCHUC HAIIPAKCHUA.



2. Mpumep pacueTa LUenu NOCTOAHHOIO TOKa

Pacuer ey CBOAUTCA K ITOCTPOCHUIO C IIOMOIIIBIO 3aKOHOB Knpxroq)a
CHCTEMBbI ypaBHﬁHI/Iﬁ H €€ PCHICHUIO OJIA OIIPCACIICHUA CHUJIBI TOKA BO BCCX BCTBAX
OCIIN. 3Has CUI1y TOKa B K&)I(I[Oﬁ BCTBH MOKHO OIIPCACINUTD IMAACHUC HAIIPAKCHUA
Ha Ka>XJJOM €€ 3JICMCHTC.

Jlnst mpumepa paccuuTaeM Lelb, CXeMa KOTOpOU IIPUBEIEHA Ha pUcC. la.

R1 r2 (@

(%=

Puc. 1 (a) — [IpuHnunuanpHas cxema 1enu MOCTOSTHHOTro Toka. (0) — Ta ke cxema
C BBIOpaHHBIMH HaIIpaBJICHUSMU 00X0/1a KOHTYpPOB M O0O3HAYCHHBIMU TOKAMHU B

BeTBAX. ICTOUHUK muTaHusl paccMaTpuBaercs, kak uctounuk IJ[C ¢ E=U.

1. IlpeanonoxuM, 4TOo HUCTOYHUK mnuTaHus U MOXKHO paccMarpuBaTh B
kauectBe uctouHuka OJ[C (BHYTpEHHUM COINPOTUBICHUEM HCTOYHUKA,
OTHOCHUTEJIbHO HArpy3Kd, MOKHO TIpeHeOpeub). ODKBHUBAJEHTHAs CXeMma
nocJie TakoW 3aMeHbI Mpe/ICTaBIeHa Ha puc. 10.

2. Jlns pacdeTa 1enu, CoepIKaIleh g y3JI0B U p BETBEM HEOOXOIUMO 3aIucaTh
u3 | 3akona Kupxroda ypaBuenus mais k=¢g-1 y3moBeix TokoB u u3 Il 3akona
Kupxroda nns n=p-g+1 He3aBUCHUMBIX KOHTYpOB. PaccmarpuBaemas 1emnb
UMeeT g=2 y3lia u p=3 BeTBH, Toraa k=1, n=3-2+1=2.

ByneM 3anuchiBaTh KOHTYPHBIE YPaBHEHUS ISl 2 HE3aBUCUMBIX KOHTYPOB,
COZIEpIKAILNX:

koHTYp I: Pesuctopsl R1, R2, ucrounuk 3JIC E,

koHTYp II: Pesuctopsl R2, R3.



3.
4.

I3

I3

1

I3

E=i-Rl-i,-R2, <{E=
0=i,(R2+ R3) +i, - R3.

E-R3=—i,RIR2—i,RIR3—i,R2R3, < i,
0=1i,(R2+R3)+i, - R3.

Ucnons3ys [ 3akon Kupxroda, nonyuum i, +i, =1i,.

Jlnst ymoOcTBa JaNbHEWIIMX pacdyeToB BBIOEPEM YCIIOBHBIC HAINpPaBICHUS
00X0J1a KOHTYPOB M HaIlpaBJICHHS TOKOB B BETBSIX TaK, KaK IMOKa3aHO Ha
puc. 16.

Boo0Omie, HanmpaBieHus 00xo/ia KOHTypa W HAIpaBJICHUS TOKOB MOYHO
BBIOMpaTh IPOU3BOJIHHO. OTpHIIATEIFHOE 3HAYEHNE HEKOTOPOTO TOKA TIOCTe
pacdera 1enu OyJeT o3Ha4yaTh, YTO €0 HAIMpaBICHUE HA MPEIBAPUTEIHHOM
sTane ObLJI0 BEIOPAHO HEMPABWIHHO U HA CAMOM JieJie, OH Te4eT B 00paTHYIO

CTOPOHY.

. 3anumem u3 Il 3akona Kupxroda ypaBHeHus 11t BBIOpaHHBIX KOHTYpOB | u

II, mpu sTomM OyneM yuuThiBaTh, uto neped IC wiu TOKOM B ypaBHEHUU
CTOUT TIOJIOKUTEJbHBIA 3HAaK B Clyyae, €CJIM HalpaBJICHHE TOKa WU

neiicteusa DJIC coBmagaeT c HampaBieHHEM o00Xo0/Ja KOHTypa, HHaue,

@ 99,

E=i-Rl+i,-R3,
CTAaBHUTCA 3HAK .

0=1i,-R2+i,-R3.
Takum oOpa3oM, Mbl HMMEEM CHCTEMY 3 JIMHEWHBIX ypaBHEHUU

OTHOCHUTEJIBHO 3 HEHU3BECTHBIX TOKOB, PCHIUM €€, OIIPCACIINB TOKHU:

i +i, =1, i+, =1, =10 +1,,
E=i-Rl+i,-R3, < {E=i-Rl+i,-R3, < {E =i -Rl—i,-R2, o
0=i,-R2+i,-R3. |0=i,-R2+i,-R3. |0=i,-R2+(i, +i,) - R3.

L =1 +l2,

=i +i,,
~i,(R2+RY)

-, R2, &

0=1i,(R2+R3)+i, - R3.

i iy =i +i,,
L —E-R3

= ’<:>
RIR2 + R1R3 + R2R3

0=1i,(R2+ R3)+i, - R3.

—E-R3

T RIR2+ RIR3+ R2R3
. _—L(R2+R3) _ E(R2+RY)

R3 RIR2 + RIR3 + R2R3’
=i, +i, = E-R2
"2 RIR2+ RIR3+ R2R3’




3. 3apgaHun
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Puc. 2 Brnok-cxema sKCnEepUMEHTAIbHOW ycTaHOBKH. (a)—Ilnmata st MoHTaxa

B (8)

AJIEMEHTOB C MOMOIIBIO Maiiku (TosicHeHust B Tekcre). (6) — COOTBETCTBUE MEKIY
CXeMaTHYECKUM H300paK€HNEM TTOTCHIIMOMETPA U €ro MPUHITUIHATBHOW CXEMOM.
Ynpasnasromuyid KOHTakT B — LEHTpaJbHBIM JIENECTKOBBIM KOHTAKT Ha KOPIyCe

noteHuoMeTpa. (B) — OgHa U3 TUIMMYHBIX CXEM BKJIIOUEHUS TOTCHI[MOMETpA.

DKcnepuMeHTallbHasl YCTaHOBKA CXEMaTHYeCKU u300pakeHa Ha puc. 2. Ha
pucyHke nudpamu o003HaueHbI: | — MakeTHasl mjaTa, 2 — HOXKKH JIJIsl HABECHOTO
MOHTa)ka Nailkoil, 3 — 1Be KJIeMMBbI, Kax/aas U3 KOTOPBIX CHA0)K€Ha BHUHTOBBIM
32KUMOM ISl MEXaHUYECKOTO KPEIUICHHs MPOBOJHUKOB, pa3beMOM ISl IITeKepa
U JICTIECTKOBBIM KOHTAaKTOM JUIsl Maliku, 4 — MOTEHUUOMETp (TepeMEeHHBbIN
pe3ucTop), UMEKIIMH 3 JIEECTKOBBIX KOHTAakTa — 5 (puc.20) U pydKy s
U3MEHEHHUSI COMPOTHUBIICHUS, COCAMHEHHYIO C KOHTakToM B — 6. B kommiekt
YCTaHOBKH BXOAUT HAOOp NMPOBOJHUKOB, CHAOKEHHBIX CTAHAAPTHBIMU LITEKEPAMU

I IIOAKIIFOYCHUA UCTOYHUKA ITMTAHUA U MYJIBTUMCTPA U 3a)KUMAMH «KPOKOIUJID).



3aganue 1
1. Ucnonb3ys 3akonbl Kupxrodgda n Oma paccuuTarh TEOpEeTUUECKUE 3HAYCHUS

najieHu HanpspkeHuil Ha pesucropax R1, R2, R3 u TokoB, nporekaromux yepes

Hux (puc.3a). Homunansr pesucropoB R1, R2, R3, a rtaxxe nHanpsixenue U
HMCTOYHMKA MUTAHUS YKA3bIBACT IIPEIOaBaTEb.

2. Cobpath Ha MaKETHOH IuIaTe CXeMy, MpEeJCTaBICHHYI0 Ha pucyHke 3a. I[lpu
cOOpKe MPeayCMOTPETh BO3MOXKHOCTH TOMKITIOYCHHS U3MEPUTEITHHBIX MPUOOPOB
JUISl UBMEPEHUSI TOKOB M HANPsHKEHUN B COOTBETCTBUU € puC. 30.

3. [loakirounTh COOpaHHYIO CXeMY K MCTOYHUKY MUTaHMS, YCTAaHOBUB PydKaMu
yIpaBjieHUs HUCcTOouHMKa HanpsbkeHue U. KoHTpoJib BEIWYHMHBI YCTAHOBJIEHHOIO
HaIpsHKEHUS] TPOU3BOAUTD M0 MHAUKATOPY UCTOYHUKA MTUTAHUA.

4. C nomolipio MyJIbTUMETpAa U3MEPUTh MajieHus HanpspkeHud V1, V2, V3 Ha
pesucropax R1, R2, R3, cooTBeTCTBEHHO, a Takke BeIMUYUHBI TOKOB Al, A2 n A3,
COOTBETCTBEHHO, MPOTEKAIOIINX Yepe3 ITH PE3UCTOPHI B COOTBETCTBUU CO CXEMOM,
npeAcTaBieHHOH Ha pwuc. 36. ComocTaBUTh PAaCCUUTAHHBIE TEOPETHUECKHUE
3Hauenus ¢ V1, V2, V3, Al, A2 u A3, u3aMepeHHBIMU B SKCTIEPUMEHTE.

5. JIeMOHTHPOBATh COOPAHHYIO CXEMY.

Puc. 3 (a) — [IpunnunuanbHas cxema JJisi U3y4eHUs CBOMCTB 1I€Teil TOCTOSTHHOTO
Toka. (0)—CxemMa ¢ OTMEYCHHBIMH TOYKAMH BKJIIOUCHHUS H3MEPHUTEIbHBIX
npuOOpOB MJI OMNpEJENeHUs] TOKOB M HAINpPsOKCHUM Ha Pa3iMYHBIX y4acTKax

CXCMBI.



3aganue 2
MoctoBas cxema (puc.4) dYacTto TIPUMEHSIETCA JUIS  U3MEPEHUs

QJICKTPUICCKOTO COIIPOTHUBIICHNA HCHU3BCCTHOI'O PE3UCTOPA. YcnoBue OTCYTCTBUA

Ul U3
HaIpsDKEHUS MEeXAy ToukamMu A U B MOXHO 3anmcars, Kak: —=—, rae U,, U,,
2 4

U,, U, — naaeHus HanpsbkeHus Ha pesuctopax R1, R2, R3, R4, coorBeTcTBEHHO.

Hcnonb3ys 3akoH Oma: _l‘il = @
iLR2 i,R4

[Ipy orcyTrcTBUM TOKa B LENH TaJIbBAaHOMETpa V, OIMHAKOBBI TOKH,

npoTtekaromue yepe3 pesuctopel R1, R2 u R3, R4: i =i,, i, =i,. Toraa, ycioBue
Rl R3
PABHOBECHS MOCTa MO)KHO 3aIlMCaTh, KaK: —-=—*.
2 4

Takum 00pa3om, eciau u3BecTHBl comnpoTtuBienuss R2, R3, R4, moxHO

ONpPENEIIUTh HEU3BECTHYIO BEJIMUUHY CONPOTUBIICHHS R1:

R :Rz%. 4).

Ha nmnpakTuke, npu NOCTPOEHHUH MOCTOBOM HM3MEPUTEIIBHOW CXEMBI,
UCIIOJIB3YIOT ~ KaJIMOpPOBAHHbIE  PE3UCTOpbl  (T.€.  Takue, Mg  KOTOPBIX
COIPOTUBJIEHUE U3BECTHO C BBICOKOM TOYHOCTHIO).

Jlns u3MmepeHust compoTuBieHusi pesuctopa mnpu R3=R4 HeoOxoaumo
noo0paTh Takoe R2, mpu KOTOpoM Moka3aHUs TaJbBaHOMETpa OyAyT HYJIEBBIMH —
MOCT ypaBHOBecuTbcs. Yacto B KadecTBe R2  UCHONB3yIOT MarasuH
KaJIMOpOBaHHbBIX conpoTuBieHuil. HacTpoiikoi marazuna 700OMBatOTCS paBHOBECHUS
MocTa, Torna R1 6yner pasuo R2.

B Tom cnydae, ecnu He yAaeTcs HNpH NOMOIIM M3MEHEHHUSI CONPOTHUBIICHUS
pesuctopa R2 ypaBHOBECUTh H3MEPUTEIBHBIA MOCT, HEOOXOAUMO W3MEHHUTH
cooTHolIeHne pe3uctopoB R3 um R4, u HeusBecTHOE CONMPOTUBIICHHUE OyIET

BBIYUCIATHCS M0 popmyrie (4).

10



Puc. 4 MocroBas cxema it U3BMEPEHUSI CONPOTUBIICHUS.

1. CoOpaTh Ha MaKETHOM IIATE MOCTOBYIO CXEMY ISl UBMEPEHUS CONPOTUBIIECHUS
pE3UCTOpa, NMPEIYCMOTPEB MOJAKIOYEHHUE PE3UCTOPAa B H3MEPUTENBHOE IIJIEYO
mocta (R1) ¢ momomipto 3a)XMMOB TUIA «KpoKoaAwI». B miedo R2 Bxmrounts
MMEIOUIMNICA HA MAKETHOM IUIATE MEPEMEHHBIN pe3ucTop. HoMuHaibl pe3nucTopos
YKa3bIBaeT IIPEIOJaBaTellb.

2. IToxncrpoiikoi nepeMeHHOro pezucropa R2 1o0utkest ypaBHOBEIIMBAHUS MOCTA.
3. Usmeputh ¢ moMomipl0 omMMeTpa MyJbTHUMeTpa conpotuBieHuss R1 m R2,
CENaTh BBIBOJBI.

4. IeMOHTUPOBATH COOPAHHYIO CXEMY.

11



MpunoxeHue 1:

MU3mepeHus B uensix NnocTtosiHHOro Toka. MynbtumeTp.

OOuue ceeneHust

MynstuMerp (aHria. multimeter — wu3MepsiouMid pasHoe) — TpuUoOOP,
MO3BOJIAIOIMN  U3MEPATh B JJIEKTPUYECKUX LEIAX JJIEKTPUYECKUH  TOK,
HaIpsKEHUE U OMHYECKOE CONPOTUBIEHHE. MOKHO BCTPETUTH APYrue Ha3BaHUs
aTOro mpubopa: aBoMeTp (abOpeBHaTypa OT aMIepPMETp, BOIBTMETP, OMMETD) U
TECTEp.

CoBpeMeHHbBIN MYJIBTUMETP MPEACTABISAECT COOON MPOCTOM B UCIOJIH30BAHUU
KOMIIAaKTHBIA 1U(poBON nNpuOOp, OCHAILIECHHBIH ABTOHOMHBIM IUTAHUEM U
oOecrieuynBaOIMi yA00HYI0 HUGPOBYIO MHIUKALMIO PE3yJbTaTOB u3MepeHus. B
HACTOsIIIee BpeMsl JecATKH (UPM MPEACTABISIOT COTHU MOJened IudpoBBIX
MyiapTUMETpoB. HecmoTps Ha  pasHooOpasue, m1000€ U3  YCTpPOWCTB
npeaycMaTrpuBaeT paboTy Kak MHUHUMYM B TISITH  peXHMax: H3MEpeHus
IIOCTOSTHHOI'O M TEPEMEHHOIO HANPSDKEHUS, ITOCTOSTHHOIO TOKAa, OMHMYECKOE
CONPOTHUBIICHUS U PEKHUME TECTHUPOBAHUS IEJIOCTHOCTH BJIEKTPUYECKOM LIenu —
pexuMe “Ipo3BOHKHM . MHOTHE MOJAEIIH MO3BOJSIOT U3MEPSTH U APYTHUE BETUUYNHBI
U XapaKTEPUCTUKU: BEJIMYMHY IIEPEMEHHOIO TOKA, JJIEKTPUYECKYIO EMKOCThb
KOHJICHCATOPOB, TEMIIEPATypy, TI'POMKOCTb 3BYKa, M [Jp., HEKOTOpBIE MOJENU
CHaOXaloTCsS BCTPOCHHBIMH TEHEpaTopaMH M MOIYIsMUA [UIsl  Tepefadu

pEe3yJIbTaTOB U3MEPEHUN B ITIEPCOHAIBHBIA KOMITBIOTED.

Bbi100op MmyabTHMETpa
[Ipn BbIOOpE KOHKPETHOW MOJETU MYJIbTUMETPA U3 MPEJICTABIECHHOTO Ha
pbIHKE  MHOrooOpa3usi ~ MMEET  CMBICA  PYKOBOJICTBOBAaTbCS ~ TaKHUMH
XapaKTepUCTUKAMH YCTPOICTBA, KaK:
® Ha0Op JOCTYIHBIX PEXKUMOB HU3MEpPEHHUs (HAlpUMEp, TUIHYHO HATUYUE
PEXKUMOB HU3MEPEHUS TIOCTOSIHHOTO M TEPEMEHHOTO  HamlpsHKEHUs,

IMOCTOSAHHOI'O TOKA, OMHUYCCKOI'O COIIPOTHUBJICHUA, BHGKTqueCKOﬁ CMKOCTH,

12



IUarna3oHbl M3MEPSIEMbIX BEJIMYMH (MAaKCHUMajJbHOE W MHUHHMAJIbHOE
3HaYCHHE KaXAOW W3 U3MEPSEMBbIX BEJIMYMH, KOTOpPbIE MOTYT OBITh
3aperucTpUpOBaHbl JaHHBIM MPUOOPOM, HANpUMEp, AUANA30H HU3MEPEHHS
MNOCTOSIHHOT'O HalpsikeHus: TanngHoro myastumerpa 0.01-500 B),
TOYHOCTB/IIAT U3MEPEHUS/KOJIUYECTBO JECSITUUHBIX Pa3psaioB (I Kaxaou
U3 U3MEPSIEMBIX BEJIMYMH MUHUMAJIbHAS Pa3HULIA 3HAYECHUI 3TON BEJTUYUHBI,
KOTOpask MOKET OBbITh 3apEerucTpPUpPOBaHa MPUOOPOM, HAIPUMED, B PEKUME
U3MEPEHUS ITOCTOSTHHOI'O HANPSDKEHUS aMIUIATYZOoM 10 2 B TunuyHbIN
MyJbTUMETp ob0ecrneunBaeT wmar usMepeHus HampspkeHus 0.01 B), a
TUNIMYHAS OIIMOKAa COCTaBJIsieT He Oosiee 2-X MIAIIIUX JECATUYHBIX
pa3psaoB,

Ka4yecTBO M pa3Mep HU(PPOBOro MHIAMKATOPA, OTOOPAKAIOIIETO Pe3yJbTaThl
U3MEpPEHHUs],

MaccorabapuTHbIE XapaKTEPUCTHKU yCTPOICTBA,

HaJIN4YKe JOTOTHUTENbHBIX (PYHKIUN (BCTPOEHHBIN reHeparop, cBs3b ¢ [1K,
IPOTUBOYJAPHOE, MbUIE- WK BOJOCTOWKOE UCTIOJHEHHE U T.I1.),

(bupma-npon3BOIUTEND.

OcHOBHbBIE 3JIEMEHTBI MyJIbTUMETPA

Ha pucynke 5 cxematuuecku M300pa)keH TUMHYHBIA BUJ JIMLEBOW MaHEIU

nndpoBoro mynerumerpa. [{udpamu 0603HaUYCHBI:

1.

pyuka BbIOOpa pPEXKHUMOB pabOThl MpUOOpa M [HUANA30HOB H3MEPEHUs
BEJIMYUH,

uHpOpMaIUs O peXruMax padoThl MyJBTUMETPa W IUana3oHaxX HU3MEpECHHS
BEJIMUMHBI B JAHHOM PEKHUMeE paloTHI,

11 (ppOBOM UHIAUKATOP, OTOOPAKAIOITNN PE3YyIbTAT U3MEPEHUS,

o0t pazpeM I TOAKIIOYEHHUS HW3MEPUTENTBHOTO IIyna (ImoMedyeH

cumMBoiiamu “COM”),
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S. YHUBEpPCAIbHBIA Pa3beM I MOJKIOUYCHUS W3MEPUTENBHOIO IIylna — B
IIPEJICTABICHHOM IIPUMEPE UCIIOJIB3YETCS BO BCEX PEKUMAX, KPOME pEXUMA
U3MepeHus OOJIBIINX TOKOB,

6. pazpeM ISl TOJIKIIFOUECHUSI U3MEPUTENHHOTO IIyna Npu paboTe B peKuMe

HN3MCPCHHUA OOJIBIIINX TOKOB.

Puc.5 Cxematnueckoe  um300pakeHHE

JIMLIEBOM MAHENU MYJIbTHUMETPA:

l. pyuka BbIOOpa pEXKUMOB  PabOTHI

Hp1/16opa U OUAIIa30HOB H3MCPCHMUA

BCJIMYMH,

2. uapopManus O peKUMax padOTHI

MYJIbTUMCTpA )41 JAuaria3oHax

N3MCPCHUA BCINYMHBI B JaHHOM

pexume paboThl,

3. uudpoBOi MHAMKATOP, OTOOpAKAIOUIUI

pe3yabTaT U3MEPEHMUS,

®EE

4. oOmuii pazpeM IS MOJKIIOYCHUS

U3MEPUTEIBHOTO  Iyna  (MOMEYeH
cuMBojiamu “COM”),

5. yHHBEpCaJIbHbIN paszbem TS
MOJKJIFOYEHHS] U3MEPUTENBHOIO IIyTIa —
B IPEACTABICHHOM npuMmepe
HCIIOJIB3YETCSl BO BCEX PEXKMUMAX, KpOME
pexuMa u3MepeHus OOJIBITUX TOKOB,

6. pa3beMm TUISt MOAKITFOUCHHUS
WU3MEPUTEIBHOTO IIyna Mnpu paboTe B

pexKUMe U3MEpPEHUs OOJIBIITUX TOKOB.
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Iopsinok padoTsbl

OObIYHO, MYJBTUMETP HMEET HE MeHee 3 THe3[ s MOAKIIOUYCHHS
U3MEPUTEIBHBIX LIYNOB: OJUH BCErAa MOJKIIOYAETCS K pa3beMy, IOMEYEHHOMY
noanuceo “COM” (0T aHIJI. common — OOIIMI) WU CUMBOJIOM ““*”, BTOpOM IIyTI
BKJIFOYAETCS WJIM B THE3[0, HCIOIb3YEMOE B PEKUME H3MEPEHHS OONBIIMX
(mopsiiKa HECKOJIBKMX aMIIEp) TOKOB MJIM B YHHBEPCAIBHOE THE3/10, UCIIOIb3YEMOE
JUISL BCEX MPOUUX (KpoMe pekrma M3MEpEeHHsl OOJBIIMX TOKOB) peKUMOB. boiee
COBEPILEHHBIE MOJIETU MYJbTUMETPOB MOTYT UMETh JIONOJHUTEIbHBIE Pa3beMBbl,
HaAIpUMep, sl U3MEPEHUS JIEKTPUUECKOU EMKOCTH.

[Ipn wu3mepeHusix HEOOXOAMMO COOIIOJATh CIEAyIoIIMe OoOIlre MpaBUIia
UCII0JIb30BAHUS U3MEPUTEIIBHBIX LIYIIOB:

® IIyIbl JOJKHBI OBITH MCHPABHBI: HE MUMETh MOBPEKIACHUM 3JIEKTPUUYECKOM
U30JISIUU M BHYTPEHHUX OOpBIBOB MPOBOAOB. (Takue oOpbIBBI MOTYT OBITh
BBISIBJICHBI ITyTEM 3aMbIKAHUS MAPHI IYIIOB B PEKUME “TIPO3BOHKH ),

® IIpU U3MEPEHUSX LIyNbl HEOOXOJUMO JEp>KaTh 32 PYUKH, BBIIOJIHEHHbIE U3
U30JIMPYIOLIEr0 Marepuaia, B MPOTUBHOM CIIyyae BO3MOXHO HMCKaXEHUE
pE3ybTaTOB U3MEPEHUN U MOPAKEHHUE MPOBOSAIIETO U3MEPEHUS YEI0BEKA
AIEKTPUYECKUM TOKOM,

® TOKOBEIYIIHE KOHTAKTHI IIYNOB B MPOIECCE U3MEPEHHUS OJKHBI HMMETh
HAJEKHBIA SJEKTPUUYECKUN KOHTAKT C HCCIEAYEMBIM YYACTKOM CXEMBI.
Meramidueckie 4YacTH CO BpPEMEHEM IOKPBIBAIOTCS IUJIEHKOW OKHCIA,
YMEHBIIAIOMIEN 3JIEKTPONPOBOAHOCTD, IO3TOMY, IIPH HAJIOKEHUU IIYIIOB HA
UCCIIElyEMbIE YYaCTKH CXEMbl UX HYXKHO ‘‘llolapanarb’ OCTPHEM IIyIIa,
paspylias OKCHIHbIE IUICHKM W YJydlllas KOHTAakT. B TeuyeHue Bcero
BPEMEHU M3MEPEHUS LIyIbl HEOOXOAUMO IUIOTHO YJE€PKUBATh, MPYKUMAs K

TOYKaM CXCEMBI B KOTOPBIX ITPOU3BOIUTCA U3MCPCHUC.
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I/I3MepeHne MOCTOAHHOTO HAIIPHKCHUHA

I/ICXO,Z[HOC COCTOAHHUC. MYIBTUMCTD BBIKIIIOUCH H3MCPUTCIBHBIC IIYIIbI

OTCOEIMHEHBI.

OOBIYHO TPU U3MEPEHUH DIIEKTPUUECKOTO HAIIPSIKEHUS MOTYT OBITh BHIOpaHBI

PECKUMBI C BEPXHUM IIPCACTIOM U3MCPACMOTO HAIIPAKCHUS, 3a1aBACMbBIM B BOJIbTAX

(o0o3nauvarot, Hampumep: “2 B”, “2V”), mwumBonbrax (“2MB”, 2 mV) unu

MUKpOBOJIbTaX (“2 MkB”, “2 uB”, “2 uv>, “2 uv™).

AJNTOpPUTM M3MEpPEHUS CJIeTYIOLIMM:

l.

Moaknw4uTh U3MEpPUTENbHBIE MIYNbI: OJWH K OO0IeMy pa3bemy,
noMeueHHoMy cuMmBoJiaMu “COM?”, BTOPOil K “YHUBEPCAILHOMY  Pa3beEMY.
[loBopaunBass pyuky | mepeBecTM MYJbTHMETP B PeKHM BOJbTMETPA
MOCTOSIHHOTO HamnpspkeHusl (OOBIYHO MApKUPOBAaH C IOMOIIBIO CHUMBOJIOB
“DCV” (amrm. direct current), “-V” wmm “-U”). BpiOpath MakCHMaJIBHO
BO3MOXHBIM [IJI1 HMCIOJIB3YyeMOTo TMpuOOpa B JJAaHHOM PEXHME Mpeent
M3MEpPEHMUSL.

Ecnu nenonb3yeMplil MyJbTUMETP OCHALIEH OTAEIBbHOM KHOIIKOM BKJIFOUEHUS
MATaHMS, TO BKJIKWYUTH NPUOOP (€Cau Takoil KHONKHU HET, TO MYJbTUMETP

BKJIFOUHMTCS] aBTOMATHYECKH MPH MTOBOPOTE pyUKkHu 1 B 11.2).

Ecnu oeiicmeus nn.1-3 6vlnonineHvl 6epHO U MYIbMUMEMpP UCNPAGEH, MO JTUYEBas.

nauenb npubOpa KayecmeeHHo 6yoem coomeemcmeosams puc. 6, Ha UHOUKamope

omobpasxcaemcs 0.
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Puc. 6 Bua nuneBoil maHenu MyJbTUMETpa Tepen
HayaJioM W3MEPEHHI MPH H3MEPEHUU MOCTOSHHOTO
Hanpspkenus. bykser “HV” (anrn. High Voltage) B
JIEBOM BEPXHEM YIJy WHIMKATOpa YKa3blBalOT Ha

PEKUM pa6OTBI C UIBMCPCHUCM BBICOKOI'O HAIIPAKCHMUA.

4. YCTaHOBUTH M3MEPHUTEIIbHBIC HIYNMbl, 00ECIICYNB HAJCKHBIA SJICKTPUUCCKUN

KOHTAKT B TOYKAaX HAJIOKCHMU:I.
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Heobxooumo nomnums, umo npu

usmepeHuu 6EJIUHYUHDbI naoenust

HANpPANICEeEHUA HA ydyacmke

3]Z€Kmp1/lll€CKOL7 yenu eojlbmmemp

(Mynemumemp, pabomarowuti 8

pedicume  8ObmMMempa)  BKAOUAEHCS
NapaiieibHo dmomy yuyacmky (puc. 7).
B peocume sonommempa mynvmumemp
umeem bonvbutoe BHYMpeHHee
conpomugnenue (0m 0eciamKos mMe2aom

00 2uecaom), no3MoMy, CHUmaemcs, umo

BKIOYEHUE MAK020 USMEPUMENTbHO20
npubopa 8  USMEPUMENbHYIO  Yenb
VKA3aHHLIM ~— HA  puc. 7  cnocobom

npakmudecKku He uckasicaem e6eiuduHy

usmepsemoco naoenus HANPAIICEHUAL.

5. CuuTaTh NOKAa3aHMUS C UHAUKATOPA.

@

R1

R2

R3

_

+_°

o

Puc. 7 Brxitouenne B UCCIETyEMYIO
cxeMy BojapTMeTpa. Boastmerp V1
U3MEpAET TMAJCHUE HaINpsHKEHUE Ha
pesucrope R1, BoaptmeTp V2 — Ha

pesucrope R2.

6. Ecaim OIleHEeHHOE 3HA4YCHHWE M3MEPSEMOro HaMpsHKEHUs! JIOMYCKAaeT BHIOOD

peXKUMa H3MEPEHUsS C MEHBIIMM BEPXHUM IIPEACNIOM, TO ISl MOBBIIICHUS
TOYHOCTH OIICHKH C TOMOIIbI0O pydku | BhIOpaTh peKUM C MHUHHMAIbHO
BO3MOXXHBIM JUII HM3MEPEHHS OIIEHCHHOTO 3HAa4YeHUs BEPXHUM IPEJEeiIoM,
nepeiTd K 1.4, WHAYe CUUTAEM, YTO HCIOJB3YEMBbIM MPUOOPOM TaKoe
3HAYEHHE HAIPSHKEHUSI TOUHEE U3MEPUTh HEJIb3s— MeperTu Kk m. 11.

Nuaukanus “1”  o3HadaeT, 4YTo wu3MepsieMass BeJHYMHA IMPeBbINIAET
MaKCHUMAJIbHOe 3HaYeHHe, JIONYyCTUMOE Jis BbIOpaHHOTO auanazoHa. Eciaum
ObLT BRIOpaH HAUMOOJBIIMEA JJIS MCIOJIB3YyEeMOTro MpuOOopa AMAaNa30H, 3HAUYUT
HaIpsDKEHUE B CXEME CIIUIIKOM BEIMKO U HE MOXXET OBITh HEMOCPEIACTBEHHO

U3MEPEHO JaHHBIM TPUOOPOM;
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Ecam (mpu wuHaukammu “1”) Ob1 BeIOpaH OAMH K3 MNPOMEKYTOUYHBIX
AUAMA30HOB — TIIOBOPOTOM pYyYKd 1 BbIOpaTh ClEIyIOUUMN [HUana3oH ¢
OOJBIIMM BEPXHUM MPEEIOM, IEPEUTH K 11. 4.

Nupukanus Hyns, Hanpumep, “0.00” o3HayaeT, 4To U3MepsieMas BeJUYHHA
MeHbIlle MHHMMAJIBHOTO 3HAYeHMsl, JOMYCTUMOTO [UJIi BBIOPAHHOIO
nuamna3ona. Ecam Obi1 BbIOpaH HAMMEHBIIMH 71 MCIOJB3yeMOro mpubopa
AUANA30H, 3HAYUT HANpSOKEHUE B CXEME CIMIIKOM Mallo U HE MOXET ObITh

HEMOCPEJICTBEHHO U3MEPEHO JAHHBIM IPUOOPOM;

10.Ecoim  (nmpu wHAMKAUMU Hyjs) ObLI BbIOpaH OJUH U3 HMPOMEXKYTOYHBIX

11

.Hanpsbkenue wusmepeHno. Muaukanus

AUAMA30HOB — T[IOBOPOTOM pYy4Ykd 1| BbIOpaTh CIEIYIOUMN JUana3oH,
obecrnieunBaONINN OOJIBIIYI0 TOYHOCTh — JMANa30H C MEHBIIUM BEPXHUM
peAeIIOM, IEPEUTH K 1. 4.

“-” mepea BEJIMYMHON H3MEPEHHOTO
HaMpsOKEHUST O03HA4YaeT, YTO YHUBEPCAJIbHBIM W[yl NPUCOCAMHEH K TOYKE
HCCIIEYEMOM CXEMbl, JJIEKTPUYECKHM IOTCHIMAJ]l KOTOPOW IPEBBIIIAECT
ANEKTPUYECKUH MOTEHLIHA TOYKH K KOTOPOM MpUCOEAMHEH OOmMi myn

(“COM™). Ecam “-” He oToOpakaeTcs, 3HAYUT OOIIMI Iyl MPHUCOSIUHCH K

TOYKC C MCHBIIINM ITOTCHIIMAJIOM.

H3MepeHue nepeMeHHOT0 HATIPSKEHUsT

HCXOI[HOG COCTOAHHC. MYJIBTHMCTP BBIKIIIOYCH MHN3MCPUTCIBHBIC MIYIIBI

OTCOCAUHCHBI.

OOBIYHO MPU U3MEPEHHUH DIEKTPUUYECKOTO HAIPSKEHUSI MOTYT OBITh BHIOpaHbI

PEKMMBI C BEPXHUM IIPCACIOM U3MEPACMOI0 HAIIPSAKCHUS, 3a1aBACMBbIM B BOJIbTAX

(o6o3navarot, Hanmpumep: “2B”, “2V”), mwumBonstax (“2mMB”, 2mV) umm

MUKpoBoJibTax (“2 MxB”, “2 uB”, “2 uv>, “2 uVv”).

1.

Hoakaw4uTh W3MEpPUTENbHBIE IIYNbI: OJWH K OO0IeMy pa3bemy,

nomMe4yeHHOMy cuMBoJiaMH “COM?”, BTOpOH K “yHUBEPCAJTbHOMY  Pa3beMy.
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2. TloBopauuBass pyuky | mepeBecTM MYJbTHMETP B PeKUM BOJbTMETpa
NEePEeMEHHOr0 HampspKeHUs (OOBIYHO MapKHUpPOBaH C IMOMOIIBIO CHUMBOJIOB
“ACV” (aurn. alternate current), “~V” umu “~U”). BpiOpaTh MakcHMaJIbHO
BO3MOXKHBII [UIsI HKCIOJIb3YyeMOro TMpubopa B JaHHOM peXUME Mpeaesn
U3MEPEHUSL.

3. Ecin ncnonb3yemMplil MyJBTUMETP OCHAIIEH OTAEIBHOM KHOIKOM BKIIFOYEHUS
NUTaHMS, TO BKJIYUTH NPUOOP (€Ciau Takoil KHONKHU HET, TO MYJIbTUMETP

BKJIFOUMTCS] aBTOMATHUYECKH MPU MTOBOPOTE PyUKH 1).

Ecnmu  oeticmeus  nn.l1-3  @vinoiHeHvl  6epHO U

MyJdbmumemp ucnpaeeH, no Jjauyesasl naHellb npu60pa [

KawecmeeHHo  Oyoem  coomeemcmeosams  puc. 8, Ha

unoukamope omoopasicaemcs “0”.

‘{ 1suC
DIGITAL FAL‘T;;;”
MULTIMETER
T )

Puc. 8 Bun nuneBoi naHenu MyJiabTUMETpa NEpes HadalioM
M3MEPEHUN TMpPHU U3MEPEHHH TEPEMEHHOTO HAMNPSIKEHHUS.
byksel “HV” (anrn. High Voltage) B 1eBoM BepxHeMm yrity
WHIMKATOpa YKa3bIBAIOT Ha PEXHUM PabOThl C M3MEPEHHUEM

BBICOKOI'O HAITPSXKCHMA.

4. YcTaHOBMTBH HU3MEPUTENIbHBIE IIYNbI, 00ECIEYNB HAJCKHBIA 3JIEKTPUUECKUN

KOHTAKT B TOYKAaX HAJIOXKCHMI.
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Heobxooumo nomuums, ymo npu usmepeHuu 8eIUUUHbI NAOCHUS HANPIHCEHUS HA
yuacmke 51eKmpU4ecKol yenu eoabmmemp (Myromumemp, padomarowui 8
pedcume 8oNbMMempa) GKIOUAEMCs NAPALIeIbHO 3MoMy yuacmky (puc. 7). B
pedxcume  GoabmMMemMpa  Mylbmumemp — umeem  OOabUOe  BHYMpEHHee
conpomuenenue (0m 0ecsimKo8 mMe2aom 00 2u2aom), HOIMOMY, CUUMAEMCsl, 4mo
BKIIOUEHUE MAKO20 UBMEPUMENbHO20 NPUOOPa 8 U3MEPUMENbHYI0 Yenb YKA3aHHbIM
Ha puc. 7 cnocoOOM NPAKMUYECKU He UCKAMCaem GeIUtUHY USMEPAeMO20 Na0eHUs

HANpPASNCEHUA.

5. CuMTaTh NOKa3aHMUS C UHIUKATOPA.

6. Eciu oneHeHHOe 3HA4YeHHE H3MEPSIEMOro HaIpsKEHUs JAOIMYCKAeT BBIOOP
peXuMa H3MEPEHUS C MEHBIIMM BEPXHHMM IMPEAEIIOM, TO JUIsl IOBBILICHUS
TOYHOCTH OIIEHKHM C MOMOINbI0 Py4dkd 1 BBIOpAaTh pEXUM C MUHUMAIBHO
BO3MOXHBIM JUISI W3MEPEHHs OLICHEHHOIO 3HAYEHUS BEPXHHUM IPENEIIoM,
nepedTd K 1.4, WHA4Ye CYUTAeM, YTO MCIOJIb3yeMbIM MNPHOOPOM TaKoe
3HaYEHHUE HAIPSHKEHUS] TOUHEE U3MEPUTD HEJb3si— nepeiTu K 1. 11.

7. Unaukamuss  “1”  o3HayaeT, 4YTo wu3MepsieMas BeJUYHHA TMPeBbIIIAET
MaKCHMaJIbHOe 3HAaYeHue, JONMYCTUMOE il BhIOpaHHOro Auana3zoHa. Eciau
ObL1 BRIOpaH HAMOOJBIIMH U1 MCIOJB3YEMOI0 MpUOOpa AMANA30H, 3HAUYUT
HaNpsOKEHUE B CXEME CIIMIIKOM BEJIIMKO M HE MOXET OBITh HEMOCPEICTBEHHO
U3MEPEHO JAHHBIM MPUOOPOM — nepeT K 1. 11;

8. Eciim (mpu wunaukauumd “1”) Obu1 BbIOpaH OAMH W3 MPOMEKYTOYHBIX
AUANMA30HOB — TIOBOPOTOM py4YKd 1 BBIOpaTh ClEIyIOUMH [Hana3oH ¢
OOJIBIIMM BEPXHUM TMPEIEIOM, IEPEUTH K 1. 4.

9. Unpukanus wyns, Hanpumep, “0.00” o3Hauvaer, 4To M3MepsieMas BeJIMYMHA
MeHbIlle MHMHMMAJbLHOIO 3HAYeHHMs, JOMYCTUMOTO [UIsi BBIOPAHHOTO
nuanazona. Ecam Obul BbIOpaH HaMMeEHBIIME JJISI MCIOJIB3YyEeMOro mnpudopa
AUANA30H, 3HAYUT HANpsOKEHUE B CXEME CIHUIIKOM Majlo U HE MOXET ObITh

HENOCPEICTBEHHO U3MEPEHO TaHHBIM MTPUOOPOM— NepelT K 1. 11;
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10.Ecniu (mpu uHAWKauMyd HyNsA) ObUT BBIOpaH OJUH M3 MPOMEKYTOYHBIX
AUANA30HOB — T[IOBOPOTOM pYy4Ykd 1| BbIOpaTh CIEIYIOUMH JUana3oH,
obecrnieunBaONINN OOJIBIIYI0 TOYHOCTh — JMAMa30H C MEHBIIUM BEPXHUM
peAesIOM, IEPEUTH K 1. 4.

11.Hanpsixenne n3mepeHo.

N3mepenue cuiibl NOCTOSIHHOTO 3JIEKTPUYECKOT0 TOKA

HcxonHoe COCTOSIHME: MYJIBTUMETP BBIKJIIOYEH HW3MEPUTEIbHBIE IIYTIbI
OTCOEJIUHEHBI.

OOBIYHO MPU U3MEPEHUHU CUJIBI AIEKTPUUECKOTO TOKA MOTYT OBITh BBIOpAHBI
PEXUMBI C BEPXHUM TIPEACIOM H3MEPSEMOro TOKa, 3aJaBacMbIM B amIepax
(ob6o3navaror, Hampumep: “2A”, wmwumamnepax (“2MA”, “2mA”) wum

Mukpoammnepax (“2 MkA”, “2 nA”, “2 uA”).

BAKHO: Ilpu 3amepe cuibl TOKa MU3MEPEHUs HOJDKHBI HAUMHATHCS B PEXKUME
MAKCHMAaJIbHOTO, I JTAHHOTO MYJbTHMETpA, BEPXHETO Mpejena CUibl Toka. B

POTHBHOM CJTy4ae BO3pACTaET PUCK MOBPEXKICHUS IPUOOpa.

1. MMoakaYNTL W3MEpUTETbHBIE IIYyNbl: OJWH K 0O0meMy pa3bemy,
noMeyeHHoMy cumBosiamu “COM”, BTOpol K pa3zbeMy, NpeAHa3HAUCHHOMY
JUTSL ©3MEpEHUs OOJBIINX TOKOB (00BIYHO MapkupoBaH “10 A”).

2. TloBopaunBass pyuky | mepeBecTH MYJbLTHMETP B PeKUM amiepmerpa
OOJBIINX TOKOB (00BIYHO MapKkupoBaH “10 A”).

3. Ecam ucnosb3yeMblii MyJIbTUMETP OCHAIIEH OTAEIbHOW KHOIKON BKJIIOUYECHUSA
NUTaHMS, TO BKJIWYUTH NPUOOP (€Ciau Takoil KHONKU HET, TO MYJIbTUMETP

BKJIFOUMTCS] aBTOMATHYECKH MPU MTOBOPOTE pydKH 1 B 11.2).
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Ecnu  oOeticmeuss  nn.1-3  evinonnenvt  6epHo U

MYIbmMuUMemp UCnpageH, mo auyesas nameivb npubopa

KadyecmeerHHO 6_)/08771 coomeemcmeosanib  puc. 9, HA

unoukamope omoopasicaemes “0”.

i zé:vac
DIGITAL ‘_Jﬁ om
\wuLTIMETER £+7

Puc. 9 Bup nuiieBoii naHenn MyJbTUMETPA Mepel HauyalioM
M3MEpPEeHUN MPU U3MEPEHHH TMOCTOSHHOTO TOKAa B PEKHME

OOJIBIIINX TOKOB.

4. YcTaHOBUTBH U3MEPUTENIbHBIC HIYNbl, 00ECIEYNB HAJEKHBIM IEKTPUUECKUN
KOHTAaKT B TOYKAX HAJOKECHUA.

Heobxooumo nomHums, 4mo npu usmepeHuu Cuibl 1eKmpuiecKkoco MmoKda
amnepmemp (Myaibmumemp, pabomarowull 8 pexcume amnepmempa) eKu0YAemcs
nocne008amenbHo 8emeu  JIeKMpPUUecKkol yYenu 6 KOmopou HNpou3eo0umcs
usmepenue (puc. 10). B pedxcume amnepmempa myavmumemp umeem Mauioe
BHYmMpeHHee COnpomueiienue (nopsaoxka 0ofell oma), NOdMOMY, CUUMAEemcs, Ymo
BKIIIOUEHUE MAKO20 USMEPUMENbHO20 NPUOOpa 68 USMEPUMENbHYIO Yenb YKA3aHHbIM

HA puc. 10 cnocobom npakmu4deCckKu He uckasicaem 6€juduHy Cujlbl moKa 6 yenu.
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R2

Puc. 10 Bxmrouenne B wuccimenyemyro cxemy ammnepmerpa. Ammnepmerp Al

U3MepseT CWIy TOKa i;, MPOTEKAIoLero B BETBHU, coiepxauieil pesuctop Rl1,

amriepMerp Al u3MepsieT cuily TOKa i, NPOTEKAIOIIETO B BETBH, COJEpIKALIEH

pesuctop R2.

CuuraTh NOKa3aHUSA C UHAUKATOPA.

Ecau oneHeHHOE 3HAaYEHHWE W3MEPSEMOr0 HAMpPsHKEHHUS JIOMyCKaeT BBIOOD
peXrMa U3MEPEHNS C MEHBIIIUM BEPXHUM MPEIEIIOM, TO MIEPEUTH K I1. §, HHAYE
CUUTAEM, YTO MCIOJIb3YEMbIM MPUOOPOM TaKOE 3HAUYCHUE HAIPSIKEHUS] TOUHEE
M3MEPUTH HEJb3s— MeperTn K 1. 17.

Nunnkanmsa “1” o3HayaeT, 4TO CHJIAa TOKA CIMIIKOM BEJIMKA M HE MOXET OBITh
HEMOCPEICTBEHHO U3MEpEeHa JaHHBIM MPUOOPOM — meperT K 1. 17.
OTCoeTMHUTH U3MEPUTEIIBHBIE ILYMbI OT UCCIEAYEMON CXEMBI.

Hoakaw04YuTh H3MEpPUTENIbHBIC HIYNbI: OJIMH JOJDKEH OCTaThCid B 0OIIEeM
pa3beMe, TMoMe4eHHOMY cumBojamu “COM?”, BTOpOW MOJKIIOYUTH K

“yHUBEpCAIbHOMY  pa3bemy.

10.IToBopaunBass pyuky | mepeBecTH MYJbLTHMETP B PeKHM aMIepMmerpa

MOCTOSTHHOTO TOKa (OOBIYHO MAapKUPOBaH C MOMOIILI0 cuMBOJIoB “DCA”, “-A”
wim “-I”’). BeiOpaTs MakCHManbHO BO3MOKHBIHN ISl CIIOJIB3YyEMOTO IPUOOpa B

JaHHOM PCKHUMC ITPCACI N3MCPCHUA.
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Ecnu  oeticmeus nn.9, 10 evinonnenvt 6epHO U ( D)

T n’
MYIbMUMEmp UCNpasen, mo Auyeéas nameib npubopa U AN '—']

KauecmeeHHo 0Oydem coomeemcmeogams puc. 11, Ha

unoukamope omoopascaemcs “0”.

DIGITAL FIEEZOM
\MuLTIMETER £

Puc. 11 Bua nuueBoil mnmaHenu MyJIbTUMETpa Mepen

Ha4aJioM U3MEPEHUN MPU U3MEPEHUU TOCTOSIHHOTO TOKA.

11.YcraHoBUTH M3MEpUTENBHBIE IIYMNbI, 00SCIICUNB HAACKHBIA IICKTPUUCCKUIN
KOHTAKT B TOYKAX HAJIOXKEHUSI.

12.CunTaTh NOKAa3aHMUS C UHIUKATOPA.

13.Anpukamusa  “1”  o3HayaeT, 4YTO wuU3MeEpsieMas BeJHMYHMHA TMPeBbINIAET
MaKCUMaJIbHOE 3HAa4YeHHWe, JOMYyCTUMOE /i BBIOPAHHOTO [Mana3oHa H
HEOOXOIMMO NEPEKITIOYUTHCSA B PEKUM U3MEPEHHS OOJBIINX TOKOB — NEPEUTH
K1 1.

14 Ecam (npu wuHaukamuu “1”) Obul BBIOpaH OJWH W3 NPOMEKYTOYHBIX
AUANMA30HOB — TIOBOPOTOM pyYKd 1| BBIOpaTh ClEIyIONIMN JHara3oH C
OOJIBIIMM BEPXHUM TPEIEIIOM, IepeTH K 1. 17.

15.Mupukanusa nHyis, Hanpumep, “000” o3HawaeT, 4yTo HU3MeEpseMas BeJTHYHMHA
MeHbIlle MHMHMMAJBHOIO 3HA4YeHHs, JOMYCTUMOTO Uil BBIOPAHHOTO

nuanaszona. Ecam Obul BbIOpaH HaMMEHBIIMEM JJIsI UCIOJIB3YEeMOro npudopa

25



AUAMA30H, 3HAYUT BJIEKTPUUYECKUN TOK B CXEME CIMUIIKOM Maj U HE MOXKET
OBITh HETIOCPEICTBEHHO N3MEPEH JIaHHBIM NPUOOPOM — nepeiiTu K 1. 17.

16.Eciu (npu uHAMKAUUU HyJs) Obul BbIOpaH OAMH U3 NPOMEKYTOYHBIX
AUANA30HOB — I[IOBOPOTOM pydkd 1 BbIOpaTh ClEAyIOIIUNA JUamna3oH,
o0OecnieunBarOIIUKA  OOJIBIIYI0O TOYHOCTh — JIMANa30H C MEHBIIMM BEPXHUM
IIPENEIOM, IEPEUTH K I1. 17.

17.2nexkTpuueckuii TOK B BETBU 1€MW U3MepeH. Muaukamnus “-” nepea BeIUYUHON
U3MEPEHHOTO TOKa 03HaydaeT, 4to oomui myn (“COM”) npucoeAHEH K TOYKE
UCCIENYEMOM CXEMBI, DJJIEKTPUYECKHM TNOTEHIMAl KOTOPOW IPEBBIIIAET
ANEKTPUYECKUI ITOTEHIMATI TOYKH K KOTOPOM IPUCOEANHEH Apyrod myi. Eciau
“-” He oTOOpa)kaeTcs, 3HAUUT OOIIMH LIyN NPUCOEIUHEH K TOYKE C MEHbIIUM

IMOTCHOHUAJIOM.

HN3mepeHue oMMYe€CKOro CONMPOTUBJIEHUS

HcxomHoe cocTrosiHMEe: MYJBTHMETP BBIKIIOUEH HW3MEPUTEIbHBIC IIYIIBI
OTCOEIMHEHBI, CXeMa 00ecTOuCHa.

OOBIYHO TIPU U3MEPEHUU OMUUYECKOTO COMPOTUBIIEHUS MOTYT ObITh BHIOpAHBI
PEKUMBI C BEpXHUM IPEACIIOM U3MEPSIEMOTr0 COIPOTHUBIICHHUS], 3aJ]aBAEMbIM B OMax
(ob6o3navarot, Hampumep: 2 Om”, “2 Q7, “27), xumoomax (‘“2xkOwm”, “2kQ”,

“2 k) wm meraomax (“2 MOwm™, “2 MQ”, “2 M”).

BAKHQO: l3mepeHuss OMHYECKOTO CONPOTHUBIIEHUS TOJDKHBI IPOU3BOAUTHCS
TOJBKO Ha OOECTOYEHHOW YCTaHOBKE, MHAy€ BO3PACTAET PHUCK BBIBEICHUS

MYyJIBTUMETPA U3 CTPOS.

1. HoaKAIOYMTL U3MEpPUTEIbHBIE IMYNbI: OJAMH K 0OleMy pa3bemy,
nomMedeHHOMY cumBosiaMu “COM”, BTOpOH K “‘yHUBEpCaIbHOMY  pa3beMy.
2. TloBopaumBas pyuky 1 mepeBecTH MYJbLTUMETP B pPe:KUM oMMeTpa (0OOBIYHO
(13

MapKHpPOBAaH C TMOMOIIBIO CHUMBOJA )”). BpiOpaTh MUHUMAJIBHBIN JIsI

UCII0JIB3yEMOT0 MprUOopa B JAHHOM PEKUME MIPEAET U3MEPEHHUS.
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3. Ecin ncnonb3yemMplil MyJBTUMETP OCHAIIEH OTAEIBHOM KHOIKOM BKIIFOYEHUS
OUTAHWS, TO BKJIKYMTH NPUOOP (ecnu Takoil KHONKU HET, TO MYJIbTHMETP

BKJIFOUMTCS] aBTOMATHYECKH MPU MTOBOPOTE pyuKku 1 B 11.2).

Ecnu oeticmsus nn.I1-3 8binonnenvt 6epHoO U Myibmumemp

| |
ucnpaseH, mo Jauyeeasi naHeilb npu60pa KadvecmeeHHO HI . ]

b0yoem coomeemcmeosamev puc. 12, Ha uHOukxamope

omobpasxcaemcs “1” — “sawxan’.

DIGITAL (_ZE com
\MULTIMETER £
\— -/

Puc. 12 Bua nuneBodl maHend MyJIbTUMETpa Iepen
HAyajoM U3MEPEHUN TMPU HM3MEPEHHH DJICKTPUUYECKOTO

COIIPOTHUBJICHUA.

4. YcTaHOBMTBH U3MEPUTENIbHBIE HIYNbI, 00ECIECYNB HAJECKHBIA 3JIEKTPUUECKUN

KOHTAKT B TOYKaX HAJIOKCHMU:I.

Heobxooumo nomuums, umo npu usMepeHuu OMUYECKO20 CONPOMUGTIeHUS]
ommemp (Mylbmumemp, pabomalowuii 6 pexcume OMMempa) 6KI0YAemcs
napanienrbHo Y4acmky yenu, COnpomueieHue Komopozo usmepsencs.

Bo epemsa uszmepenus uccnedyemas anexmpuueckas cxema OO0NNXCHA Oblmb
obecmouena, uHave pe3yibmamvl uzmepenus 6yO0ym UCKAdXNCeHbl U 803pacmaem

PDUCK NOBPENCOeHUs U3MEPUMENbHO20 Npubopa.
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Baoxcno noumumams, umo 011 NpaBUNbHO20 USMEPEHUS IeKMPUUECKO20
CONpOMUGNEHUsL Y4aCMKA COOPAHHOU CXeMbl Modcem nompebo8amuvcs —ee
yacmuuHoblll 0emonmadic. Hanpumep, usmepenue conpomuenenusi yuacmxa Ab
VCMAHOBKU, NPUHYUNUATbHASL cXeMa KOmopou npugedena Ha (puc. 13a) moowcem
ObIMb  OCYWeCcmeneHo  HenoCpeoCmeeHHO, a4  NPABUILHOMY — USMEPEHUIO
conpomuenenuss Ha yyacmke BI' 6yoem npensmcmeosamv Hanuuue GKIOUYEHHOU
napanieibHo ¢ omum  yyacmkom Haepysku R7. Iloomomy, neped Hauanom
usMepeHull HeobXxo0umMo, Hanpumep, 8PeMeHHO OMKIYUMb (OMNAMb) OM CXeMbl
00UH U3 86160008 R7, kax nokazano Ha (puc. 136).

5. CuMTaTh NOKa3aHMS C UHINUKATOPA.

6. Ecau olleHEHHOE 3HAYEHHE H3MEPSEMOro COMPOTUBJICHUS NOMYCKAeT BBIOOP
peXuMa H3MEPEHUS C MEHBIIMM BEPXHHMM IMPEAEIIOM, TO JUIsl IOBBIIICHUS
TOYHOCTH OIIEHKHA C MOMOINbI0 Py4ykd 1 BBIOpAaTh pEXUM C MUHUMAIBHO
BO3MOXHBIM JUISl U3MEPEHHs OLICHEHHOIO 3HAYEHUs BEPXHHUM IIPEIEIIoM,
nepedTd K 1.4, WHA4Ye CYUTaeM, YTO HCHOJIb3yeMbIM MPHUOOPOM Takoe
CONPOTHUBIICHUE TOUHEE U3MEPUTH HENB3s— MEpEeUTH K 1. 11.

7. Ungukamuss  “1”  o3HayaeT, 4YTo wuU3MepsieMas BeJHMYHMHA TMPeBbINIAET
MaKCHMaJIbHOe 3HAaYeHue, JIONMYCTUMOE sl BbIOpaHHOro auana3zoHa. Eciau
ObL1 BhIOpaH HAMOOJBIIMIA JJIs1 MCIOJB3YEMOI0 MpUOOpa AMANA30H, 3HAUYUT
COTPOTUBIICHUE CJMIIKOM BEJIMKO M HE MOXET OBITb HEMOCPEICTBEHHO
U3MEPEHO JAHHBIM MIPUOOPOM — nepeT K 1. 11;

8. Eciim (mpum wunaukauumu “1”) Obu1 BbIOpaH OAMH W3 MPOMEKYTOYHBIX
AUANA30HOB — TIIOBOPOTOM pyYKd 1 BBIOpaTh ClEIyIOUIMH [Hana3oH ¢
OOJIBIIMM BEPXHUM TMPEIEIOM, IEPEUTH K 1. 4.

9. Unaukanus wyns, Hanpumep, “0.00” o3Hauvaer, 4To M3MepsieMas BeJIMYMHA
MeHbllle MHMHMMAJBHOIO 3HAYeHHs, JOMYCTUMOTO [Isi BBIOPAHHOTO
nuanazona. Ecam Obul BbIOpaH HaMMeEHBIIME JJISI UCMOJIB3YEMOro mnpudopa
AUANA30H, 3HAYUT CONPOTUBIIEHUE HMCCIEIYEMOr0 y4acTKa LENH CIUIIKOM
Majo U HE MOXET ObITh HEMOCPEACTBEHHO W3MEPEHO JAHHBIM NPHOOPOM —

nepentu K 1. 11;
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10.Ecniu (mpu uHAWKauMyd HyNsA) ObUT BBIOpaH OJUH M3 MPOMEKYTOYHBIX
AUANA30HOB — T[IOBOPOTOM pYy4Ykd 1| BbIOpaTh CIEIYIOUMH JUana3oH,
obecrieunBaONINN OOJIBIIYI0 TOYHOCTh — JMAMa30H C MEHBIIUM BEPXHUM
peAesioM, IEPEUTH K 11. 4.

11.ConpoTuBneHne u3MepPEHo.

N3MepeHne HeJJOCTHOCTH MIEKTPHYECKOH Henu (pexuM “rnpo3BOHKH)

PexxuMm mMpo3BOHKM MPENCTABISIET COOOM BapHaHT peXHMa OMMETpa C
BEpXHUM TMPENEIOM HW3MEPEHHUs, COCTaBJISIIOIIMM HECKOJIbKO oM. Ecnu
COMPOTUBJICHUE yYaCTKa IEMU MEXAY U3MEPUTEIbHBIMHU IIyllaMyd HE MPEBHIIIAET
ATOTO Tpejesia, MyJbTUMETP TeHEpUpyeT 3BYKOBOW curHai. T.e. 3TOT pexum
OCBOOOX/IaeT OT HEOOXOJMMOCTH CUUTHIBATH TOKA3aHMUSI C HMHAMKATOPA, YTO
MOXXET CYIIECTBEHHO COKOHOMUTH BpEMsl B Cilyyae, Halpumep, Moucka oOpbIBa

AIEKTPONPOBO/IA B IEMSAX CIOKHOTO 3JIEKTPOHHOTO YCTPOUCTRA.

HCXOI[HOG COCTOAHHC. MYJIBTHMCTP BBIKIIIOYCH MW3MCPUTCIBbHBIC MIIYIIbLI

OTCOEIMHEHBI, CXeMa 00eCTOUYEHA.

BAYKHO: Hcnosnb3oBanue pexuMa “OpPO3BOHKM  —JIOJDKHO OCYIIECTBIISTHCS
TOJIKO Ha OOECTOYEHHOW YCTaHOBKE, MHaye BO3pAacTaeT pPHUCK BBIBEACHUS

MYJIBTUMETPA U3 CTPOS.

1. MoakaI0OYMTL U3MEpPUTEIbHBIE IMYNbI: OJAMH K OOIIEMy pa3bemy,
noMeueHHOMY cuMBoJiaMu “COM”, BTOPOil K “YHUBEPCAIBHOMY  Pa3beEMYy.

2. lloBopaunBass pyuyky 1 mepeBecTM MYJbTHMETP B PeXKHUM INPO3BOHKH.
(O6BIYHO MapKHpyeTcsl Ha JIMIICBOW TaHeId MYJIbTUMETpa CUMBoOJamMu P+
<)),

3. Eciu ucnonb3yemblil MyJbTUMETP OCHAILEH OTAEIbHON KHOIKON BKIIFOUEHUS

NUTaHUS, TO BKJIYUTH NMPUOOP (eciau Takoil KHOMKU HET, TO MYJIbTUMETP

BKJIFOUHMTCS] aBTOMATHYECKH MPU MTOBOPOTE pyUKkHu 1 B 11.2).
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Ecnu  Oeticmeuss  nn.1-3  6binoiHeHvl  6epHO U ( B

' |
MYIbmMuUMemp UCnpageH, mo auyesas nameivb npubopa U' . ]

KauecmeeHHo 0Oydem coomeemcmeogams puc. 13, Ha

unoukamope omoopascaemcs ‘17 — “zawkan’.

DIGITAL FIEEZOM
\MuLTIMETER £

Puc. 13 Bupa nuueBodl mnaHenu MyJbTUMETpa Mepen

Ha4yaJgoM U3MEPEHUH B peKUME “TIPO3BOHKH .

4. YCTaHOBUTH M3MEPUTEIIbHBIC HIYNbl, 00CCIIEYNB HAJCKHBIA SJICKTPUICCKUN
KOHTAKT B TOYKAX HaJIOXKECHUS.

5. T'eHepauust MyJbTUMETPOM 3BYKOBOIO CHIHAJIA O3HA4aeT, 4YTO MEXKIY
TOYKAMHU HAJIOKECHUS LIYIIOB MMEETCS JJIEKTPUYECKHMHA KOHTAKT, [IPUYEM €r0
COIPOTHUBIICHUE HE MPEBBIIAET HECKOJIBKHX OM.

6. OTcyTcTBHE 3BYKA 03HAYAET OTCYTCTBHE YJIEKTPUYECKOI0 KOHTAKTA MEKIY
TOYKaMH HaJOKEHUS LIYyNOB WM yKa3bIBAE€T HA 3HAYUTEIBHOE DJIEKTPHUECKOE

COIIPOTUBJIICHUC UCCIICAYECMOI'0 yJaCTKa LCIIN.
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YCTpoicTBO MYJIbTUMETPA

[IycTh B Hamem pacnopsiKEHUHW HMEETCS aMIIepMETp, pacCUUTAHHBIN Ha
HOMMHAJIBHBIN TOK [;=0.1 A (HOMHUHaJIBHBIH TOK — CHJa TOKa, MPUBOAAIIAS K
WHIUKAIUA aMIEePMETPOM MaKCHUMAaJIbHO BO3MOXKHOT'O 3HAY€HUs) U UMEIOIIUN
BHyTpeHHee  comnporuBienre r=0.1 Om.  TpeOyercs  u3MepuTh  CcUILy
NIEKTPUYECKOTO TOKAa B CXEME, MAaKCUMaJIbHOE 3HAYE€HUE KOTOPOTO MOKET
nocturath 1 A. Oka3bIBaeTcs, YTO 3TO MOXKHO CHEJIaTh UMEIOIIUMCS TPUOOPOM ¢
NOMOIIBIO TNOJAKIIOYEHHUS MNapayieIbHO aMIepMEeTpy T.H. LIYHTHPYIOLIETO
pe3uctopa Ry, kak nmokaszano Ha puc. 14a.

PaccuntaeM BenMUYMHY SJEKTPUUYECKOTO CONpOoTUBIeHUs R, wmIyHra
(puc. 14a). Cornacno I 3axkony Kupxroda cymma TOKOB BTEKAIOIINX B y3€J paBHA
CyMME BBITEKAOIINX:

imaX:iH+iH19 (4)
OTKyJa:
L= Imax—ln- (5)

OTHOILIEHHE TOKOB BO BKJIIOYEHHBIX MApPAJUIEIBHO BETBSIX JJIEKTPUUYECKOU

1eny o0paTHO MPOMOPIUOHAIBHO INEKTPUUECKUM COMPOTUBICHUSM ITUX BETBEH:
roi

Lok (6)
R I

[ToactaBug (5) B (6) moay4yum:

I -
R = 7)
Ucnonw3yst (7) paccuutaeM CONPOTHUBJICHUE IIIYHTA, KOTOPBIA HEOOXOIUMO

UCIIOJIB30BaTh [JJIsi U3MEPEHUS] UMEIOUIUMCS aMIIEPMETPOM TOKOB 0 ima=1 A:

0.1-0.1

= ~0.011 Om.
1-0.1
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=0.1Q i=100mA (6)

o 100mA o
o__
200mA
— -o
RZOOmA —
500mA
Puc 14 (a) — Bximrouenue -0
R5OOmA
ITYHTUPYIOIIETO pesucropa s 1A
L o
U3MEPEHUS  aMIIEpPMETPOM  OOJIBIIHNX R,

TOKOB.

(6) — Tunmynas cxema Mara3uHa
IIYHTHUPYIOIINX PE3UCTOPOB,
uCIojab3yemasi B MyJbTuMeTpax. Jlis
NPUBEICHHOTO TIpUMEpa, B PEXUME
“mo 100 mA” myHTta He TpedyeTcs, B

pexume “mo 200 mA”  ucnoabzyercs

IIYHTUPYIOIIUH pe3ucTop
COIIPOTHUBIICHUEM Ry00ma=0.1 Om,
“no 500 mA” — R500ma=0.025 Om,

“no 1 A” —Rj5,=0.011 Om

Ha mnpaktuke, nmpyu KOHCTPYUPOBAaHHM AaMIIEPMETPOB U MYJIBTUMETPOB B
npubopax HCHOJB3YIOT MarazuHbl IIYHTOB, BKJIIOYAEMBIX [0 CXEMaMm,
AQHAJIOTMYHBIM  NPEACTaBIECHHOM Ha puc. 146. Ilpu s3TOM ammepmerp,
0003HAaYEHHBI Ha cxeMe A MOXeT OBbITh KaK CTPEJIOYHBIM HPUOOPOM (UTO
TUIAYHO JUISl TPEAbIAYIIEr0 MOKOJICHUS MYJIbTUMETPOB), TaK U COBPEMEHHOMU
CHUCTEMOM, BKJIIOYAIONIEH cXxemy mnpeobpaszoBarens Tok-HampsikeHue, ALl
yIpaBJISIIOMINT MUKPOKOHTpoJuiep 1 LCD-unaukaTtop.

AHANIOTHYHO, HCIIOJIb30BaHUE JOOABOYHBIX COMPOTHBICHUN, BKIIOYAEMBIX

IIOoCJICA0BATCIBHO C BOJIBTMCTPOM, IIO3BOJIAACT HU3MCPATH HaIIPAKCHUA,
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NPEBBIIIAIOIINE HOMHHAJIBHOE HampsbkeHue BosbTMeTpa U,. Ha pwuc. 15a

IMPpUBCACH IIPHUMCP BKIIOYCHHA I[O621BO‘-IHOFO COIMPOTHUBJICHHUA, ITO3BOJIAIOIICTO, B

IpocTeiieM ciydae, u3MepsATh HanpshkeHus 1o U, = 2U,. Ha mpakTuke, 00bI4HO,

BOJBTMCTP BKJIIOYacTCA B COOTBCTCTBHNU Cco CXCMOﬁ, AHAJIOTUYHOU

IIPEACTABICHHON Ha puc. 15B.

x2
=i
x10

Puc. 15 (a) — Bximtouenue 100aBOYHOTO PE3UCTOpA JIJIsi U3MEPEHHS BOJIBTMETPOM C

BHYTPEHHUM COIPOTHBJICHUEM I HampspkeHud g0 U, =2U,. (0) — Peanuzanus c

max
NOMOIIBI0 Mara3MHa pPE3UCTOPOB JAENUTENS TOKa, MO3BOJISIOLIEr0 BbIOMpATH
pPEXUMBl U3MEPEHUS HANPSHKEHUsS, MPEBBIIAIONINE HOMUHAIBHOE HAIpPSKEHUE
BojabT™METpa B 2, 5 m 10 pasa. (B) — Ucnonb3yemass B MyJIbTUMETpax cxeMma
BKJIFOYEHHUSI ~ BOJIBTMETpAa €  JIEIUTENEeM  HaNpsDKEHUs. T — BHYTpPEHHEe

COITPOTHUBIIEHUE BOJIbTMETPA, R<<r.

HYCTI) HMCCTCA BOJIBTMCTD, HO3BOJI51IOIIII/II>'I HU3MEPATH PAa3HOCTH IMOTCHIMNAJIOB

BenuunHOU 10 U,=1 B, obnagaromuii BHyTpeHHUM conpotuBieHneM r=10 MOwm.
IIpy  wusmepenmn U, =1 B TOK B BETBM  BOJBTMETPA  COCTABUT
i=U,_ /r=1/10"=0.1 MxA. IIpu mOCICNOBATEILHOM BKIIOUCHHH I00ABOYHOIO

pesuctopa R,=r (puc.15a) ¢ momompr 5TOro npubOpa yJaeTcs H3MEPHUThH
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HaIpsDKEHWE, BABOE MpEBbINIAtONee HOMUHANL. IlycTh pa3HOCTh MOTEHIMAJIOB,
MPUJIOKEHHAS K KJIEMMaM CXEMbl, TPUBEACHHOW Ha puc. 15 a, U, =2 B. B stom
cllydae, TOK, MPOTEKAMONIMI B LEnH BoabT™MeTpa i=U, /(2r)=2/(2-107)=0.1 MKA.

max

Tor;:[a MagCHUC HAIIPSOKCHUA Hada BHYTPCHHCM COIIPOTHUBIICHHH BOJIBTMCTpPA

coctaBuT 1 B, yTo He npeBpIIaeT HoMuHaNA U, .

Ha mpakTrke MCHONB3YIOT AETUTENN TOKA, KOTOpBIE peaju3yroTcsl B BHIE
LEMOYKH TMOCIEA0BATEIbHO COEIUHEHHBIX PE3UCTOPOB, AHAJOTUYHO CXEME,
npeAcTaBieHHON Ha puc. 150.

MynsTUMETp B pEXKHUME OMMETpa TMpPEACTaBIseT COOOH, (aKTUUIECKH,
CHAOXEHHBIH 3TaJOHHBIM HCTOYHUKOM NHUTAHHUSI BOJIBTMETDP, W3MEPSIOMINN

NaaCHNUC HAIIPSIKCHUA HAa PE3UCTUBHLIX 3JICMCHTAX UCCIICAYCMOT'O YHaCTKa LCIIN.

Baosicho  nonumams, 4mo npu  UCNONL30BAHUU WIYHMOB 6 pedicume
amnepmempa u 006a80UHBIX CONPOMUBTICHUL 8 peXCUMe B0IbMMempa Mo4YHOCMb
usMepeHull (8elUYUHa MUHUMANLHO20 UHMEP8Ald MexHcoy O08YMs OAUKUMU
3HAYEHUAMU UBMeEPAEeMOU BeIUYUHbL, KOMOpble MONICHO PA3IUYUMbL OAHHbIM
npubopom) 6yoem Hudice 80 CHONbKO PA3, 80 CKOIbKO MAKCUMAIbHOE 3HAYeHUe
seuuUHbl  OyOem npesviuams HoMuHaibHoe. Ilosmomy, npu ucnorv3osaHuu
MYTbMUMempa 8 arO0M pedcume usmepeHutl, 01 NOBbLULeHUsT MOYHOCIU HYHCHO
CMpeMumsbcsi K 6blO0PY DPENHCUMOB C MUHUMALLHO BO3MONCHLIMU BEPXHUMU
npeoenamu usmMepeHull.

Ha pwmc. 16 mnpencraBieHa TpWHIWIHAIBHAS — OJICKTPUYECKas CXema
MyJIbTUMETpa. braromapsi pa3BUTHIO COBPEMEHHBIX TEXHOJOTHUH YJAeTCsl CBECTU
KOJIMYECTBO JUCKPETHBIX PATUOTCXHHUUECKHX DJJIEMEHTOB B YCTPOMCTBE K
MUHUMYMY. Kak BUIHO U3 CXEMbI, OCHOBHBIMH y3JIaMU YCTPOMCTBA, COOpaHHBIMU
U3 JIUCKPETHBIX JJIEMEHTOB, SIBIISFOTCS Mara3WHbI NTYHTUPYIONUX M J00aBOYHBIX
pesuctopoB. AIlll, u xourpomnep KK-mucrmies peann3oBaHbl B BHUIAE
cnermanuupoBanHoit mukpocxeMbl ASIC (Application Specified Integral Chip —

dHT'JI. MHKpPOCXCMA, CIICOUAIU3UPOBAHHAA TJII KOHKPETHOI'O YCTPOﬁCTBa),
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nomeueHa Ha cxeme, kak IC 7106. Mukpocxema HENOCPEICTBEHHO YIIpaBiseT

O0TOOpaKeHHEM pe3yJIbTaToOB U3MepeHus Ha uHankarope LCD.

u
g .
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gv " PP ]
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s T 28 2
H (S ML =4 )
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MB308 Theory Diagram

Puc. 16 DnexkTpuyeckas npuHIUNHUATIbHAS cxeMa MyjiabTuMeTpa DT-832.
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MpunoxeHue 2:

ANEeKTPOTEXHUYECKUN MOHTAX C MOMOLLbLIO NManKMU.

OO0uue NpUHUMIIBI

[Tailka »TO mporiecc 00pa3oBaHMS MEXAHUYECKOTO U AJIEKTPUUYECKOTO
KOHTaKTa MEXIY METAJUTMYECKUMHU TMOBEPXHOCTSIMHU, CIHOCOOHOTO BBIIEPKUBATH
3HaUUTENbHbIE MeXaHuueckue Harpys3ku. [laiika mpoBOIUTCS MpH TemImeparypax
nopsaka 180-250°C cnanBaemMbIX MOBEPXHOCTEN U PACILIIABICHHOTO IPUIIOS.

CrianBaembie DJIEMEHTBHI JETaNeid, a Takke MNpurod u ¢IIroc BBOISTCS B
COMPUKOCHOBEHHE U MOJIBEPratOTCsl HATPEBY C TEMIIEPATYPOIl BbIIIE TEMIIEPaTypPbl
IJIABJICHUS] TPUIIOS, HO HMXKE TEMIIEPATYpPhl IJIABJICHUS ClIauBaeMbIX jaetaiieil. B
pe3ynbTaTe, MPUION NEPEXOAUT B KHUIAKOE COCTOSHUE W CMAayMBAET MMOBEPXHOCTU
neraner. [locine 3Toro HarpeB mpeKpamacTes, U MPUIIOA MEPEXOIUT B TBEPAYIO
dazy, oOpa3yst CoeIMHEHHE.

[IpoyHOCT, COENMHEHHS BO MHOTOM 3aBHUCUT OT 3a30pa MEXAy
COCIMHSIEMbIMU JICTAJISIMU, YUCTOTHI MOBEPXHOCTHU M PABHOMEPHOCTH Harpena
AJeMeHTOB. [[1s ynaneHus OKCHIHOM IUIEHKU W 3alllUTHI OT BIMSHUS aTMOCGhephl
MPUMEHSIOT CIIELUATIbHBIE BEIIECTBA — (PIIFOCHI.

OO0s3aTenpHOE  yCiaoBHME  OOpa3oBaHUs  HAACKHOTO  KOHTaKTa  JUIs
KauUeCTBEHHOW TMalKW - paBHbIE TEMIIEPATypbl CIIAUBAEMbIX IMOBEPXHOCTEH.
J1oOUTBCS 3TOr0 MOKHO TOJIBKO MPU IOMOLIM BEPHO MOAOOPAHHOIO HHCTPYMEHTA.

Henocrarounsiii mporpeB Mecta crasi MPUBEET K Pa3MITYEHUI0 TIPHUIOS HO
HE K ero pacmiasieHuto. lleperperoe ka0 MpUBEIET K YpEe3MEPHOMY
BbITIApUBaHUIO Tpunos. 1 To, U Apyroe NpuBOJIUT K pa3pyILICHUIO KOHTAKTa Yepes

HCKOTOPOC BPCM: DKCILNTyaTalluH.

HHasgabHUKH
B Hactosmee BpeMsi BbIOOp MasuIbHOTO OOOpPYIOBAaHUS BEChbMa BEJMK
(puc. 17). HecmoTps Ha Takoe pazHooOpas3ue, BCe MAsUIbHUKU UMEIOT OJMHAKOBBIN

Ha0Op OCHOBHBIX YacTel puc. 18.
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Puc. 17 Paznoo6pa3zue nasmpHoro obopyaoBanus. (a) — OIICH-40/220 — mmpoko
pacnpoctpadneHHblid 40BT masnepHMK ¢ muTtaHueM ot anekrpocetu 220Bt. JKano
MEJHOE, HarpeBaTeJIbHbI dJIEMEHT — HUXpomoBas chupaib. KoHTposb
TEeMIIepaTypbl U 3a3eMJIEHHE OTCYTCTBYIOT. (0)— mukponasuibHuk MOIIICH-6/6
(6 Br, 6 B) nns maiiku ManmoraGapuTHbix pamuoxeranei. (B) — DIICH-200/220
(200 Bt, 220 B) ny1s1 maiiku ¥ Jy>KeHUSI MaCCUBHBIX METAJUNIMUECKUX JeTajel. (T) —
[Maspabiil muctoner DIY 7703 (85 Bt, 220 B). (1) — [asnbHas ctanuus 40 Bt ¢
nutannemM oT 220B osnekrpocern. Ilasnpuuk 24 B ¢ kepaMuuyeckuM
HarpeBaTelIbHbIM  JJIEMEHTOM M 3a3emiieHueM Kopnyca. lIpemycmorpena
BO3MOYKHOCTH 3aMEHBI KaJl pa3IMuYHON KOHpUTypanuu. /[nanasoH peryiupoBaHus

temneparypsl 150-450°C. Tounocts 3aganust temneparypsl + 1°C.

OpnHa U3 IIaBHBIX XapaKTEPHUCTHK MAasJbHUKOB — MOLIHOCTH. /[ pemMoHTa
NeYaTHbIX IJJaT M MOHTa)Xka HEOONbIIUX B3JEMEHTOB, YYBCTBUTEIBHBIX K
CTaTUYECKOMY HAIIPSDIKEHMIO, PUMEHSIOTCS NasiIbHUKU C MOLIHOCTBIO 25-40 Br.
Hnst  ayscenua (HaHeCEHUs CIIOS TPUIIOS HAa TOBEPXHOCTh) HIMPOKHUX
IIPOBOJHUKOB, MANKHA TOJCTHIX CHUJIOBBIX IPOBOJOB 3JEKTpOCceTH U T.1. 10 80 Br.
J11st Maifiku MACCUBHBIX KOHCTPYKIIMM MPUMEHSIOT nasutbHuKH Ha 100 Bt u Gonee.

Jlo mocnenHero BpeMeHU OBLIM IIMPOKO PACHpPOCTPAHEHBI MasIIbHUKH,
nuTaromuecs ot 0biToBoi 3nekrpocet 220B, 50I'u. OCHOBHOE HX TOCTOMHCTBO —
HU3Kasi CTOMMOCTb. JlJIs MalKy IOJIYIIPOBOAHUKOBBIX CXEM, YYyBCTBHUTEIBHBIX K
ANEKTPUUYECKUM HABOJKAM, MCHOJb3YIOTCS MasJIbHUKH, pacCUMTaHHblE Ha Ooliee
HU3Koe HampspkeHue: 12, 18, 24 B u np., kotopble, 00bIYHO, MOAKIIOYAIOTCA K
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3IIEKTPOCETU Yepe3 MOHIKaruue Tpanchopmaropsl. Takue nasiabHUKH, OOBIYHO,
IpeayCcMaTpUBAIOT 3a3eMiieHne Kopmyca. OHM JIydlle 3allUIIeHbl OT MOpPaXKeHUs
AIIEKTPUYECKUM TOKOM W OT BBIBOJIa M3 CTPOS IMOJYIPOBOJAHHUKOBBIX 3JIEMEHTOB
cxeMbl. MX  ucnonp3oBaHME B ONPEICICHHOM  Mepe  3aTpyJHseTcs

HCO6XO,III/IMOCTBIO HCITIOJIB30BAHUS I'POMO3IKUX ITOHHWIKAOIITUX TpaHC(l)OpMaTOpOB.

. 4
\ \ \

6 5

Puc. 18 Cxemarnuecku TPEACTABICHO YCTPOWCTBO mnasiubHUKa. 1 —JKamno
NAsJIbHUKA — JJIEMEHT HENOCPEACTBEHHO KOHTAKTHPYIOIIMU C COEIUHIEMBIMU
MOBEPXHOCTSAMU. 2 — ¥Y3ell, 00eCTeunBatONINi MEXaHMUYECKOE KPETUICHUE U 3aMEHY
Kaja. 3 — Merannuueckuii KOpILyC NasUIbHUKA. 4 — Kepamnueckuit
HarpeBaTeJIbHbIM  JJIEMEHT WM  HHUXpOMOBasg cnupaib. S5 —TepMmo- wu
ANEKTPOU3OIUPYIOIIasl pyyka nasipHuKa. 6 — [IpoBoia 3neKkTponuTaHus. 7 —

3a3eMJISIOILIUNA TPOBOJI, TPUCOECANHEHHBII K METAUIMYECKOMY KOPITYCY..

BaxxHoll XxapakTepUCTUKON MasuIbHUKA SIBISIETCS €ro pabouas Temmeparypa.
JemmeBbie 00pa3ibl HE UMEIOT KOHTPOJIA TEMIEPATYPHOIO PeXUMaA. DTO SIBISETCS
IPUYMHOM KaK HEIOCTATOYHOIO IIPpOrpeBa MecTa IIalKHh, TaK W IIeperpesa
nasyibHUKa M CIanuBaeMbIX TMOBEpXHOCTeW. B o0oux ciydasx yxyamaercs
KayeCTBO COCIWHEHMS, IEPErpeB INPUBOIUT K IPEKICBPEMEHHOMY BbIXOJA W3
CTPOS NAsVIbHUKA U DJIEMEHTOB CXEMBI.

B Hactosimiee Bpems IIMPOKOE pPacCIpOCTPaHEHUE IIONYUYWUIIN RAANbHbIE
cmanyuu. 1lasiibHasi CTaHIUS TPEACTABIAET COOOM HU3KOBOJIBTHBIN MAsUIbHUK, B

KOMILUIEKTE C 0a3oil, oOecreyuBaroniell MOHMKEHUE CETEBOr0 HAMPSHKEHUS 10
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HATMPSHKCHUS IUTAHKS MAsVIBHUKA W COJACPIKAIICH CXEMbl KOHTPOJIS U YIIPABICHUS
ero TtemmepaTypoil. Yacto 0aza cHaOxkaeTcs WTUQPPOBBIM HHAUKATOPOM,
OTOOpaKAIIMM  TeMIlepaTypy kaida. KOHCTPYKIMsS TasyibHOW  CTaHIIUU
peaycMaTpUBaET 3a3eMJICHUE METAJUIMUECKUX YacTel MasyibHUKa. B ee KoMIUIeKT
BXOJUT DPrOHOMHUYHAS TIOJCTaBKa JJIsl MasjIbHUKA, BAaHHOYKH Juia ¢uroca u
MPUTIOSI, CPENICTBA IJIsi OYHCTKM >kKaja OT Harapa. OOBIYHO, TakWe MasUTbHUKA
JIOMYCKAaOT 3aMeHy kan (puc. 19) pasnmuunbiX KoHpUrypamuii, Hauboiee

MOAXOASAIIMX JUISl PEUICHHS TTOCTABIEHHOW 3a/1a4uu.

Y

~
Puc. 19 PaznooOpa3ue nasibHbIX JKall.
IHpumnoit u ¢urroc
Ilpunon — BemiecTBO, oOOecTeUUBAIONIEE HETOCPEACTBEHHBIN KOHTAKT

CIlauBaeMbIX MOBEPXHOCTEN. B KadecTBe MpuUIios UCHOJIB3YIOT CIUIaBbl OJIOBSIHHO-
CBUHIIOBBIC, OJOBSIHHO-cepeOpsiHbie (Sn 28%, Ag 72% c t° mnasnenuss 779°C),
MenHO-1IMHKOBBIE (Cu 48%, Zn 52% c t° mmaBnenus 865°C), ramueBbie (t°
raBnenust. ~50°C), BucmyToBblie (cmiaB Byna ¢ t° mnasnenus 70°C, criaB Pose ¢
t° mmaBnenuss 96°C) u T.4. Jus MoHTaxka paauojeraneid Hamboliee 4YacTo
UCIIOJIB3YIOT ~ OJIOBSIHHO-CBUHIIOBBIE CIUIaBbl, Hampumep, I[1OC-61 (mpumoi
OJIOBSHHO CBHHIIOBBI C cojaepxkaHueM osoBa 61%, TemrepaTypa IJIaBiIeHUS
okoso 200°C).

Jlo HenaBHEro BPEMEHHM MPUIION TOCTABISUICS, OOBIYHO, B BHUJAE IMpyTa
ceyenueM 10 mMm. Cengac moJsib3yrOTCsl IPUIIOMHOM ITPOBOJIOKOW cedeHueM oT 0.5

1o 5 mm. Haubonee pacmpoctpaneHnbl 1.5-2 MM MHOTOKaHAJIbHBIE MPUIIOU.
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MHOrOKaHaJIbHOCTh O3HA4Ya€T, YTO BHYTPU OJIOBSIHHOW MPOBOJIOKHA PACIIOIOKEHBI
HECKOJIbKO KaHaJoB (uitoca, KOTOpbIM obecrieunBaeT oOpa3oBaHHME HAaACKHON
naiiku. IlocTaBnsercss Takol MpuUIol B MOTKax, B KoJI0ax, IJl€ OH HaXOAUTCS
CBEPHYTHIM B CIIUpaJIb 1 00OMHAX.

@dnarc — BEUIECTBO, HE NPUHUMAIOLIEE HEMOCPEICTBEHHOIO Y4YacTUS B
COCIMHCHUH TIOBEPXHOCTEH, HO oOOecneumBaromee Jmaydiiee WX CMadyuBaHUE
npunoeM. OJHA W3 OCHOBHBIX 3a/ad (prroca — pa3pymiuTh TUIGHKH OKHCHA,
HEMUHYEMO BO3HMKAIOIIME HA METAUIMYECKUX MOBEPXHOCTAX U CYILECTBEHHO
3aTPYAHSIONINE MTANKY.

Bri6op ¢diroca — otaensHbIM Bonpoc. 1o mociaeaHero BpeMeH! MoJb30BalIiCh
KaHU(OJbIO — CMOJIOH JEpeBbEB XBOWHBIX TMOPOJA WIA €€ CHUPTOBBIMU
pactBopamu. OCHOBHOW HEJOCTATOK KaHU(OIM — TPH BBICOKUX TeMIepaTrypax
YAQISETCS HE TOJIbKO OKCHJ MeTajlla, HO U caM MeTaiul. J[pyroil HEZOCTAaTOK —
3aTPyAHCHUS OYUCTKH TJIATHI TTOCIIE MAWKU C KaHU(OIIBIO.

Ha coBpemMeHHOM pBIHKE MaTepHaloB MOXHO HAWTH IIUPOKYK TamMMy
(b110CcOB, KOTOPBIE CMBIBAIOTCS OOBIYHOM BOJION, HE pa3pyIIatoT Kajo NasjibHUKA U
00ecIeynBalOT BHICOKOE KaueCTBO MalKH.

Axkmueamop ncana (TipCleaner) HeoOXOIUM [JIl YBEJIMYECHHUS CpPOKa
Cy>kObI >kana mnasipHuka. CMauMBaHUE jKaja 3TUM BEILIECTBOM MEpe]l KaKJIou
naiikod u mocie He€ oO0pa3yeT 3allUTHOE TMOKPBITHE, MPEMSTCTBYIONIEE
BO3HHMKHOBEHUIO Harapa.

Ecnmu HeT WHBIX peKOMEHAAUWW, IS MalWKA 3JIEKTPOHHBIX KOMIIOHEHTOB
cieayer ucnosibzoBarth npunoi tuna II0OC-61. PexkomeHayeTcs HCmoOab30BaTh
G0Chl, HE BBI3BIBAIOIIME KOPPO3UIO U HE 00JIaJarolIue 3JIEKTPOINPOBOIHOCTHIO.
Takue (mrockl 4aCTO MMEIOT MAapKUPOBKY: “KOPPO3MOHHO-TIACCUBEH W/HWIIN “‘HE
TpeOyeT OTMBIBKH .

AxTuBHBIE (GIIOCH (C  COmepKaHWMEM KHCIOT W JPYTHX BBI3BIBAIOIIUX
KOPPO3UIO BEUIECTB), HAMPUMEP XJIOPUCTBIM LWHK, HCHOJIB3YIOTCS I MalKu

OJICKTPOHHBIX KOMIIOHCHTOB TOJIbKO IIpHW YCIIOBUH HOCJ'ICI[YIOI_HGI\/'I IIPOMBIBKH
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pacTBOPUTCIIAMHA JIS1 TIOJTHOTO YIAJICHHA OCTATKOB (1).]'[}003. B OBITOBBIX YCIIOBUAX

TaKoOu BApPHAHT IMPAKTUYICCKU HCPCAIIN3YCM.

¥YXo1 32 NasUIbHAKOM, 00II[He MPaBHJIA HCI0JIb30BAHUS

[lepen HavyaaOM MOHTa)Ka BO M30€KAHUE MOPAKEHUS DIEKTPUICCKUM TOKOM H
TIOBPEXKICHUS JJICMCHTOB CXEMBl YCTAHOBKY, B KOTOPOW MPOHM3BOJUTCS MOHTAXK
HEOOXO0IMMO 00E€CTOUYUTH!

JIIs TpojJIeHUsT CpOKa >KM3HHU MasyIbHUKA W OOCCICUCHUs KadeCTBCHHOM
NaiiKy HY>KHO COOJTIIOIaTh PSIJT HECJIOKHBIX MpaBwL. [Ipu MCIOIb30BaHNUHU MPOCTHIX
NAsUTbHUKOB, HE MMEIOIIUX CHUCTEMBbl TEMIIEPATYPHOIO KOHTPOJS Ba)XHO HE
JOMyCKaTh WX TeperpeBa. Takwe yCTpPOHCTBA, OOBIYHO, CHAOMXAOTCS MPOCTHIMH
MEJIHBIMHM KaJJaMH, KOTOpPBHIC CO BPEMEHEM IIOKPHIBAIOTCS CJIOEM Harapa, Ha
paboueii yacTu 00pa3yroTcs KaBepHbl. UMCTKa M 3aTOYKa TAaKHX JKaj, OOBIYHO,
OCYIIECTBIISIETCS C ITOMOIILI0 HAA(DWIS WM HATMIbHUKA.

[Ipy sKcIUIyaTallMi¥ BaXHO IOMHHUTB, YTO IPHU HCIIOJb30BAHUHM TaKUX
NasUIbHUKOB €CTh PHUCK 3aMbIKaHHWS MPOBOJA HArpeBaTeIbHONW CIHMpaId C
METaJUIMYECKUM KOpITycoM. B cilyuae kacaHUs METaJNIMYECKOro KOpIyca PyKoH B
HTOM CJIy4ae BEJIUK PUCK MOPAKEHUS DIEKTPUIECKUM TOKOM!

IIpu pabome yoepoicusaiime SKIIOUCHHBIN NASILHUK MOAbKO 3d MepMo- U
INEKMPOUOIUPYIOUYIO PYUKY!

[Tpu MOIB30BaHUU HU3KOBOJIBTHBIMU MasIbHUKAMHU U MAasIbHBIMUA CTAHIIUSIMU
PUCK TOPAKEHHUS JJICKTPUYCCKAM TOKOM CYIISCTBEHHO HIKE, HO OCTaeTcs
OIMaCHOCTh TEPMHUECKOI0 0KOTa B ClIydyae KacaHHs METaJNIMYECKUX YacTeH.

[TasipbHBIC CTAHIMKM TPaKTHYECKH HE TpeOyroT yxonaa. JKama coBpeMEeHHBIX
NasJIbHUKOB MOKPBIBAIOT CIEIIUAIBLHBIM CIUIABOM, M OHM II0JIBEPYKEHBI BHITOPAHHUIO
CYIICCTBEHHO MEHbBIIIE MEIHBIX.

Taxue dcana yucmums ¢ NOMOWbIO HANUILHUKA 3anpeujaemcst!

brmaromapss cxemMaM KOHTpOJII TEMICPAaTyphl, PUCK IeperpeBa masibHUKA
TakKe CHUXkaercs. [lepe MOHTaKOM M IOCIIE HEro, a TaKKe B Cydae CHIIBHBIX

BanHSHeHI/Iﬂ PECKOMEHAYCTCA YHUCTUTHL JKajJla OT Harapa M OCTATKOB IIPHUIIOA C
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MIOMOIIBI0  CTICIHANIBHBIX  caleToKk. B mpomaxke ecTh TakkKe CIenHaIbHBIC
XUMHYECKHE COCTABBI JIJISl YUCTKH YKaJl U IPOJICHHUST UX CPOKA CITYIKOBI.
Jlnst ygoOcTBa MOHTaka C TOMOIIBI Malku pa3paboTaHO OOJIbIIOE

KOJIMYECTBO JIOMOJIHUTENIBHBIX akceccyapoB (puc. 20).

crasan’
CT-006

_—

Puc. 20 Hexortopsie akceccyapwsl s maiiku. (a)— [luaner. (0) — MoHTaXHBIN
HOXK-CKaJIblieNb. (B) — MUHM OOKOpe3bl A pa3ielkKu U pe3Ku MpoBoja. (T)—
CrnenmanbHas TyOKa Il YMCTKHU JKajla MasulbHUKA. (1) — MHHH TTOCKOTYOITHI-
yTKOHOCHL. (€) — OnmoBooTcoc. (k) — BakyymHBIM NUHIET I yAEpXKaHUS W
MOHTa»Xa MajaorabapUTHBIX IJIAHAPHBIX AJIEMEHTOB. (3) — EMKOCTh Mg XpaHeHus

KUAKOTO (iroca. (M) — AHTUCTATHYECKas MIETKA.

Yacte U3 HUX NOHAHO0ATCA TOJIBKO MpOQeccHoHaly, HO TMHHIET U

MOHTaKHbIN HOX H€O6XO,Z[I/IMO HMCTb KAXKIOMY.

IIpoueaypa naku
XOopoI1o NoAAar0TCs MalKe OJOBSIHHO-CBUHIIOBBIMU IPUIIOSIMHU CIIEAYIOIINE
MeTaJIbI (B MOPSAAKE YXYALICHHS ):
® JparoueHHble METaUIbl (30J10TO, cepedpo, Mmawtaguid M T. 1., a TAKKE HX
CILJIaBbI),

e Melb,
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® HUKENb, JaTyHb, OpOH3a.
[Imoxo mojmaroTcsi maiike OJIOBIHHO-CBUHIIOBBIMU TIPHUIIOSAMH CJICAYIOIINE
METaILIBI (B TIOPSAKE YXYIICHHUS):
® Kelne3o, CTajb,
® UYyTIYVH,

® AJFOMHUHUIMA.

Crnenyromue NpocThle peKOMEHJALMH OMOIYT JIOCTUYb BBICOKOTO KayecTBa
naiiku. Jletanu, moasiexxamiue maike, clelyeT 3a4uCTUTh J0 MeTamia (yIaduThb
3aIUTHBIE MOKPBITHUS, TPSA3b, OKUCIBI) U 001y 1nTh. OUUCTKA U pa3aenKa MpoBOJIOB
IPOU3BOJUTCS C MOMOIIBI0O MOHTa)XHOIO HOKa, OOKOpPE30B WIIM CIELHAIBHOIO
pa3ieoyHOr0 HMHCTpyMeHTa. JlJIs JIy)KeHHsT Ha 3a4UUICHHOE MECTO MaillKu
HAHOCUTCS TOHKHMM cijoil (¢mroca. 3areM MeCTO TMallKu NPUBOJUTCA B
CONPUKOCHOBEHHWE C  pacIUIaBJICHHBIM MpUIOEM (Hampumep, KacaHUEM
OOJIy’)KEHHOTO TOpAYEro TMasulbHUKAa WM TOTPY’KEHHEM B PAacIlIaBICHHbBIN
npunon). 3amyXeHHbIC NeTanu (PUKCUPYIOTCS B HEOOXOIUMOM TOJOXKCHUH W
porpeBaroTcs MnasuibHUKOM. [Ipu HEeoOXoIMMOCTH B 00JIacTh MAaMKKW BBOJUTCSA
JOTIOJTHUTENBHOE KOJMYECTBO MNpUIOs (Kamid Ha MasyIbHUKE WIM KacaHue
HArpeThIX JeTanei MPUIONHON MPOBOJIOKOM).

Ecnm Bce chnenaHo mMpaBWIBHO, TO JETAlb B MECTE KOHTAKTa C IPUIIOEM
cmaunBaeTcs UM. llocime oxJiakaeHust cioil 3aCTBIBIIErO MPHUIIOS JIOJKEH OBITh
OJIECTALIUM U POBHBIM.

B uznenusix BBICOKOM HaIEXKHOCTH (IIPU Pa3BOJKE CUIOBOW 3JIEKTPOCETH),
KaK IIPaBWJIO, 3aJIyKEHHBIE TPOBO/IA MEPE MANKON eI€ U CKPYYUBAIOTCH.

CnanBaeMble MOBEPXHOCTH JOJKHBI OCTaBaTbCS HEMOABUKHBI JO ITOJHOTO
orBepAecHus mipunoss (okoso 10 ¢ mocie oOkoHYaHWsS TporpeBaHus). Jlaxke
HEOONbIIOe JBWKEHUE JeTajel Jpyr OTHOCUTEIBHO Jipyra B MOMEHT
KPUCTAJIM3AIMU TPUIIOS MOXKET OYEHb CYIIECTBEHHO CHU3UTh IIPOYHOCTH
coenvHeHus. [lo OKOHYaHMM MalKM MNpPU HEOOXOAMMOCTH OCTaTKH (uiroca

yAansieTcs paCTBOPUTEIIEM.
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OcHo6Hble OWUOKU NAUKU, OONYCKAeMble HEONbIMHbIM MOHMANCHUKOM:
HeKa4eCmeeHHass NpedsapumesbHas 3aYucmKa Chaudaemvlx nogepxHocmen u
BHeceHUe 8 001acmb NAKU HeOOCMAMOYHO20 KOauYecmea guoca u uzdbImoyHo2o
Kkoaudyecmea onosa. Ilomnume, ecau garoca oocmamoyrHo, mo 011 obecnedeHus
HAOEIHCHO20 CNAs Xeamaem MUHUMAIbHO20 KOJUYeCmaeda 0J106d.

[Taiilka TOXYNPOBOAHUKOBBIX JIETANIEH OMKHA MPOU3BOAUTHCS BO3MOKHO
obicTpee (He Oonee 10cC) /sl CHIKEHHUS PUCKA TEPMHUYECKOTO TMOBPEKICHUS
netanu. BooOmie, kK BEIBOAY M3 CTPOS MOXKET NMPHUBECTH UPE3MEPHBIN IEeperpen
mo0oro anemeHTa. Upe3MepHblii NEperpeB MOBEPXHOCTH MEYaTHOW IJIaTHI,
HaIrpuMep, MpH €€ JIY)KEHHH, MOXKET BbI3BaTh OTCIAWBAHUE 3JICKTPONPOBOIAIIEH
ieHkd. J{ms oOecredeHusl TEIUIOOTBOJIA M YACP)KAHUS HArpeThiX JJIEMEHTOB B
Iporecce MaKd HMCMOJB3YIOT MHUHIETH M CICHHAIBHBIC JIepXKaTeIn, HalpuMep,

cM. pucyHok 20.
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