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Camblii NepBbIi pacckas A Hayan ¢ MyabTUMeTpa. [arke cambli AeWwEBblI MyNbTUMETP CerogHs
npeacTaBnseT coboi NpeKpacHblit yHUBepcanbHbIi Npubop. C Hero HayHEM M 3TOT pPaccKas.

I'maBa 1. MysibTUMETP
BOT 0 KAKOM MyNIbTUMETpPE NONAET peyb.

B camom BepxHem nonoxeHuu, nomedyeHHom «OFF», mynbTumeTp
BbIKAtOYeH. He 3abbiBaitTe ero BbIKAOYaTb, 3aKOHYMB U3MEPEHMA.
[Ona 3ameHbl 6aTaperkn y mynbTUmeTpa NpuAETCcA, BepoATHee
BCEro, CHATb 3a4H00 KpblWwKY. CHMMATb eé HYXHO aKKypaTHO,
MOCKO/MIbKY B BEPXHEW 4acTU ecTb 3alléNKM, a KpbllKa 3arkaTa
MeXay HUMK 1 nnatoi. NMonpoboBaTb 3aMeHUTb BaTapeliky, ecam
MOYYUTCA, MOXKHO HE CHMMAA KPbILKY, a NPUNOAHAB eé. TaK Ke
MOXHO 3aMeHUTb NpefoXpPaHUTENb, KOTOPbIA CTOUT Ha AMaNa3oH
ToKoB 200 MA 1 HUKE, ecIiM MyNbTUMETP NepecTaHeT paboTaTb Ha
3Tux npegenax. Ho nyywe He noagepratb NPMBOP MUCMbITAHUAM,
NpPoOBOAA N3MEPEHMA aKKYPaATHO M 6e3 CneLuKu.

e E=oa

N yomA —

DT-830B 1080VDC
DIGITAL l gy
MULTIMETER < sooves COM—

Puc. 1.1. MynbtnmeTp

Pexxnmbl paboTbl npubopa oTMeyeHbl Ha naHenu. DCV — 3TO peuMm M3MepeHUit MOCTOSHHOrO
HanpsKeHua. HaunHaiTe ¢ Hambonblero HanpsakeHua 1000 B, eciv He yBepeHbl, Kakoe NocTosAHHOoe
HanpsAKeHne Bbl U3MepPAETE.

ACV — 3T0 pernm namepeHusa nepemeHHoro HanpaxeHua. NogpasymesaeTca, YTO TOYHOCTb U3MEpPEHUA
onpegesneHa g CUHYCOMAANbHOTO HaNPAXEHUs € YacTOTOM, yKa3aHHOM B nacnopTe npubopa.

DCA — pexXnm M3mMepeHnn NoCcTOAHHOIO TOKa B AnanasoHe oT 200 mA 1 meHbwe. [nA U3MepeHus ToKa
80 10 A cnykut oTaenbHoe rHesao. He 3abbiBaiiTe nepeKkntoyaTh LWynbl nepes Tem, Kak NepenTn Ha sToT
AnanasoH U3MepeHMa NoCTOAHHOTO TOKa.

Mpu n3mepeHnn conpoTusaeHusa Npubop nokasbiBaeT «1», ecnn 3HaYeHne conpoTusaeHus Bonblue,
YyemM [ManasoH, NOKa3biBaeMbll Nepekntoyatenem. NageHne HanpPAXKEHUA Ha U3MEPAEMOM pPesncTope
He 6onee 0.5 B, moaToMy AnA NPOBEPKM AMOAO0B (M NepexodoB TPaH3MCTOpa) WCNo/b3yeTca
CNeumanbHblli PeXXMM, OTMEYEHHBIM  Ha NaHenu rpadpuyeckum nsobpaxkeHmem guoaa. B atom cayuae
nageHue HanpaXkeHua Ha AMoAe OnpefenaeTcs ero HanpaXKeHMem OTKpPbIBaHWA. O4HAaKo HeKoTopble
AVoabl, Hanpumep, HeKoTopble CTabUANTPOHbI U CBETOAMOAbI, TPEOYIOT BO/bLWIEro HANPAXKEHUA, Yem
MOXKET AaTb MyNbTUMETP B PEXUME NPOBEPKM AM0L0B. ECiv cBETOAMOL NOKa3biBAeT «0bpbIB», TO eCTb,
Ha Aucniee BbiCBeYMBaeTCA «1», He cnewnTe genaTb BbliBOAbl, NonNpobyliTe 406aBUTbL CONPOTUMBAEHME
nocaeaoBaTeNbHO C AMOAOM M MOAKNIOYUTb ero K baTapeike, ckaxkem 9 B.

3
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B pexume hFE namepserca KospPpUUMEHT yCuieHUa No TOKy BUMNONAPHOro TpaH3UCTopa B pexunme ¢
06WMM amuTTepom. TpaH3UCTOp BCTaBAAETCA B FHe340 B COOTBETCTBMM C TMMOM (p-n-p uau n-p-n)
TPaH3UCTOpPa W €ro LOKONEBKOW. [NA MPOBEPKM MOLLHbIX TPaH3UCTOPOB MOTpebyeTca Kakaa-To
nepexoAHas KofoAaKa.

ToyHoCTH an6opa, 3a peakum UCKNKYEHUEM, BaM XBaATUT. TaK 4TO Bbl MOMKETe BMOJHE A0BEPATbL
N3MepeHnAaAm NCNpPaBHOro MyabTMMeTpa.

Mpun nobbix N3MEpPEHUAX MyAbTUMETPOM 0653aTeNbHO cobntoaaliTe nNpasBuaa TEXHUKM H6e30MacHOCTU.
Jlyqwe Bcero, ecnm oo Tex nop, NOKa Bbl He HabepéTecb onbITa, Bbl ByaeTe MCNOAb30BaTh HaNPAXKEHUA
He 6onee 12 B. Kak npaBWio, 3N1EKTPOHWKA, O0COBEHHO coBpemeHHas, He paboTaeT ¢ 60AbLMMM
HaNPAXEHUAMM, HO 3TO c/leayeT 3HaTb HABEPHSKa, eC/IM Bbl MblTaeTeCh YTO-TO PEMOHTMPOBATb. TakK
coBpeMeHHble BN0KM MUTAHMA MOTYT HAYMHATBLCA BbINPAMUTE/IEM CETEBOIO HAMPAKEHWA, aMNAnTyaa
KoToporo 6onee 300 B.

JlonostTHeHUus

PaciiupeHue npejesioB U3MepeHHUs lepeMeHHOr0 HanpsiKeHus

Bac MmoKeT oropyatb TOT PaKT, YTO €CTb MY/IbTUMETPbI, KOTOPbIE U3MEPAIOT NEPEMEHHOE HaMNPAMXKEHNE B
6onee WMPOKOM AManasoHe. ITO MOMKHO UCMPaBUTb NPOCTbIMW AOMNOJHUTENbHBIMU yCTpocTBaMu. He
TaK YK 4acTo BaM NpMAaéTtca Ux Ucnosib3osaTtb. HauHéM c fobaBneHns amanasoHa 20 B.

Pr1

OMoaHbIM  MOCT  BbINPAMAAET  NepemeHHoe

M+-i

CUHYCOMAANbHOE  HanpseHue  no4ytM [0
aMNAUTYAHOrO 3HAYeHMA, MOYTU M3-3a NajeHuA

| C1 HanNpAXeHUA Ha Anoaax.
= C=1uF

Mexay amnanTyfoi nepemeHHOro HanpsaxeHus

= (cMHyconpanbHOro) U AENCTBYIOWMM 3HAYEHMEM,
KOTOpOe u3MepAeT MyNbTUMETP, €eCTb CBA3b.

time: 0.0502 KoadduumneHT npeobpasosaHua paseH 1.41.
Pri.dvt 19.2

207 e JlocTaTouHo [06aBUTL  AeNUTENb  HaNPAXKEHUA
nocse mocta ¢ KoadpdpuumeHtom peneHma 1.41,
uyTobbl MOXHO 6bILNO0 M3MepATb HanpAXeHue

Pr1.dvt
2

NOCTOAHHOrO TOKa, KoTopoe oynet
of COOTBETCTBOBATb  OEWCTBYIOLLEMY  3HAYEHUIO

0 002 O-O‘t'img-% 0.08 0.1 nepeMeHHOrO TOKa.

Puc. 1.2. Boinpamutenb gna guanasoHa 20 B nepemeHHOro Hanpa»keHua

MpoBepum 310, f,06aBMB AeNUTENb (MONYTHO YBEMYMM 3HaUEHNE EMKOCTH).
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[*=]| Pr
R1 L
V1 R=51k =
u=20v 2o lPa
C=10uF 2%15% 3HayeHune pe3ncropos aenutena MOXXHO
T PaCCYnNTaTb, a MOXHO ﬂOp,O6paTb B nNporpamme
== i MmoaennpoBaHuA.
time: 0.0502
Pr1.dvt 14.1

0 002 004 006 008 0.1
time

Puc. 1.3. lobaBneHne genntens HanpaxeHus

Pewwns npobnemy gobasnexHuns npegena 20 B 4ns nsmepeHna nepemeHHOro HanpaKeHus, MOMKHO Ha
3TOM OCTaHOBMTbLCA. PellleHne 4OCTaTOYHO NPOCTOE, U PEeaN30BaTh ero He COCTaBuUT Tpyaa.

Ho, yBbl, 3TO peleHne He NoAOMAET, eC/In Bbl XOTUTE NPOAO/IXKUTbL PacluMpaTb AManasoH. Bbl moxkete
NPOBEPUTb 3TO, YMEHbLUMB aMMINTYAY NEPEMEHHOrO HaMNpPsKEHUA B NMporpamme MOAEIMPOBAHUA A0

3Ha4yeHunA 2 B.

MOHO pelwmnTb 1 3Ty Npobnemy «B 106», ecnn 406aBUTb ONEPALMOHHbINA YCUAUTENb C KO3PULMEHTOM

ycunenua 10. BoT BuAa aToro pelleHums.

@ Pr1

R3
R=10k R1
N o P R=51k
- 1
1 =
T C1 R2
+ V1 R ok it R=150H
u=2v  R°

RS I
L R:100k|:| T u=ps v

time: 0.0444
Pri.dvt 14

0 001 002 003 004 005 006 007 008 009 01
time

Puc. 1.4. JobasneHne ycunutens
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Y Takoro «noboBoro» peleHua ectb NPEUMYLLECTBO — YCUIUTENb MOXHO MCMONb30BaTb U ANA APYTUX
Luenemn, ecnn Bam notpebyertcs ycuneHume (Kak 4acto 3To byaet?). M ecTb CyLeCTBEHHbI HeA0CTaToOK —
HEOOXOAMMOCTb  ABYXMONAPHOINO  MUTAIOWLEro  HanpaxeHusa. [uTalowee Hanps)KeHue, ecnu
MCNONb30BaTb OMeEpPauUMOHHbIN ycunuTenb, noTpebyetca B N0bOM c/lydae, HO MOXHO, Hanpumep,
BOCMO0/1b30BaTbCA CXEMOW YCUNUTENA-BLINPAMUTENSA, MPUMEHAEMON BO MHOTUX MYbTUMETPAX.

1C7-8 TLO82 MS8222G
RI3_1004) &
+ 7 D3 4148
5 e | e Lommy
c7
4.7
CS  MW0pF —
[ L} L
ADC_IN 7 mfua [] ““d
RIS ’S R1E
02 100k WF
Wans cg |ADC_OUT
=3
Wy -||-
c6
224 7 c8 R17 VRZ 201
100kJ $.7u 1LB7KF -
]

\V4 \V4

Puc. 1.5. Cxema sbinpamutena mynbtumetpa MS8222G

He camasa cnoxHaa cxema, HO cneanyeTt BHa4dazne nNoaymatb, KakK 4aCTo Bam I'IOHaAO6MTCFI 9Ta CXeMa,
pacwmpAaowan npeaesibl UsSMepeHnA nepemeHHOro HanpAaxXeHuA.

H3MepeHHne éMKOCTH KOHJeHcaTopa
Mpu3HaTbCA, A He 3a4yMbIBANCA Hag, TeM, Kak paboTaloT MyNbTUMETPbI, UMetoLLMe GYHKLMIO M3MepeHUA
émkocTu. He npmuxogunoce.

Ceftuac, paccy»gan o pacwupeHun GyHKUMIA npocTeiiero myabTUMeTpa, A nepebupato Te cnocobbl
N3MepeHna EMKOCTU, KOTOPbIE MHE M3BECTHbI, M HaXOXKy, YTO CXema, UCNo/b3yemasn B My/JbTUMETPAX,
MoXoKe, camas yaayHas. BoT cxema:

c IC; 358
R - 358 Ry
2N Irs < Il%

Puc. 1.6. Cxema namepeHmna EMKOCTU, NpUMeHAEeMasn B PasHbIX My/IbTUMETPAX
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Monpobyem pasobpaTbca B cxeme. HaumHaeTcs cxema C reHepatopa C MocTom BuHa. PaHee mbl
roBOPWAN O TOM, KaK YMTaTb CXembl. HO B aHHOM C/lydYae A He «NPOoYUTaN», a y3Haa CXemy, C KOTOpPOM

6b171 3HAaKOM paHee.

R1 C1
R=392k C=10nF

R2
R=392k

time: 0.0692
Pr1.dvt 2.96

Pri.dvt

5 L ; L ; ; L ; I ;
0 001 002 003 004 005 008 007 008 009 01

time

Puc. 1.7. Cxema reHepaTtopa Ha onepauyoHHOM ycuamTene

Llenb nosioxkutenbHo obpaTHoM cBaA3u ¢ anemeHTamm R1C1 n R2C2 npmBoAUT K caMoBO3bYXKAEHUIO
ycUAMTeNs Ha 4actoTe, onpeaendemoit 3HauyeHUsMM pPesncTopoB M KoHaeHcaTopos. Lenb
oTpuLaTeNIbHOW 06paTHOM CBA3M CTabUAM3NPYET aMNAMTYAY CUrHa/Ia Ha BbixoAe. B utore mbl nosyvyaem
B JaHHOM Cny4Yae CUHYCcOMAabHbIA CUrHaN ¢ amnauMTyaoi nopsaaka 3 B uyacrotoit 400 I,

CurHan ot reHepaTopa MOCTyNaeT Ha CAeAyloWwunii onepaumoHHbIA YCUAUTENb, K BbIXO4Yy KOTOPOro
NoAK/AOYAeTCA M3MepAeMbli KoHAeHcaTop. BTopoW KoHel, KOHAEeHcaTopa COeAMHEH C BXOOOM eLlé
ofHoro QY. Hapucyem 3Ty 4acTb CXeMbl, 3aMEHMB PACCMOTPEHHbIN paHee reHepaTop Ha onepaLMoOHHOM
ycuantene UCTOHHMKOM NepemMeHHOro HanpaXXeHusa.

'[_ RT T ]
= X1 IS R=76.8k

V+
1 i < x2
A Ra ci RS
R5 R=400 €=1000 pF R=11k
R=10k

D_1N4004_1 D_1N4004_3
D_1N4004_2 D_1N4004_4

Mpwm C1 = 1000 n¢ time: 0.00875 Mpy C1 =100 nd® E}Tﬂeagg%sg%!t
Pri.dvt 0.325 005 —

Pr1.dvt
=

time: 0.0075
time: 0.0075
Pri.dvt -0.33 Pr1.dvt -0.036

I N B 005 T YR
0002 0004 0006 0008 001 0002 0004 0006 0008 001

time

Pr1.dvt

Puc. 1.8. lMpoaonkeHne moaenmpoBaHUA cxembl U3MepeHna EMKOCTHU
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N3mepaemblit KoHgeHcaTop C1, peanctop R4 noAcTpoeyHblin, a conpoTmBaeHne peanctopa R6 meHaeTca
Npu MNepeKkNloYeHNUN [Mana3oHOB M3MepeHus EmKocTu. [locnefHWit Kackag Ha OnepauyoHHOM
ycunutene — 3to pUAbTP, HACTPOEHHbIN Ha YacToTy 400 I,

= [/=]| Pr1
_i\“ R7 v+ T
- U=45V R=76.8k
va v X3 -
= u=1v
- R9
R=168k | C3
L V2 -
= U-45V -|-C-10nF
C2
C=10nF
acfrequency: 401
Pridv-109/177°
1__
4
T 057
o
0_ 1

1 10 100 13 1e4
acfrequency

Puc. 1.9. AMNAUTYAHO-YaCTOTHAA XapaKTePUCTUKA PUAbTPa

Mpu 3meHeHMn EMKOCTU KOHAEHCATOPA B AECATb Pa3 aMMIMTy4a MEHAETCA NPOonopLUMOHanbHO. Cxema
TOXE He Camad CNOXHaA ANA MNOBTOPEHMA, HO BHOBb BO3HMKAeT BOMPOC — KaK 4YacTo Bbl byaete
N3MepATb EMKOCTb KOHAeHcaTopoB? Kak npaBwno, EMKOCTb KOHAEHCATOpPa HAHOCWUTCA Ha Kopnyc, a
NMOKyMas KOHAEHCAaTop B MarasuHe, Bbl TOYHO 3HAETE, YTO BaM HYXKHO. [lobaBbTe M TOT PaKT, YTO KynuTb
NPeLM3MOHHbIE PE3UCTOPbI U KOHAEHCATOPbI, YKa3aHHble Ha cxeme (R1-R4, C1-C2 puc. 1.7 u t.4.), byaer
He TaK NpocTo.

naea 2. Ocuusiorpad

Ocuunnorpad oyeHb BaxKHbIM NPMBOP NPU CO3A4AHUN, PEMOHTE M HACTPOMKE 3/EKTPOHHBIX YCTPOMCTB.
[ns cambix HauMHalWMX byaeT [OCTaTOMHO ocumnnorpada Ha ocHose mogyna Arduino. Ho, ecam Bbl
HaMepeHbl NPOLO/IKaTb PaboTy C 3/IEKTPOHUKON, Bam CleayeT 3aAymaTbCA O NOKyMKe 3Toro npubopa.
34ecb BCE 3aBWCMT OT BaliMX (GUMHAHCOBbLIX BO3MOMHOCTEM. fl He Aymalo, 4YTO Camblii A40POroi
ocumnnorpad cnocobeH yaoBneTBOPUTb NtoOble BalIK 3amnpocbkl, NOTOMY COBETYIO MOUCKaTb Npubop
Pa3syMHOW CTOMMOCTM. Hanpumep, CerofHA MOMKHO KynuTb Ha AJIM3IKCMPecc AOCTaTOMHO XOPOLUYHo
NPUCTaBKY K KOMNbloTepy 3a 4-7 Toicay pybnei.
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PC USB Virtual Oscilloscope

ISDS205B ¥199
998

Two Channels
Computer Dlsplay
Data Recording
Signal Source

Puc. 2.1. Ocupnnorpad-npuctaBka K KOMNbOTEPY

B nnHelKe 3TUX Moaenei ecTb BO3MOXHOCTb BbI6Opa M Mo ueHe, U No GYHKLMOHANbHbIM CBOMCTBaM, B
YaCTHOCTM, MOMKHO npuvobpecT MoaeNb CO BCTPOEHHbIM QYHKLMOHANbHBIM reHepaTopom. A B
nocnegHee BpemMs Nosib3ytocb NOA06HOM, HO 6olee CKPOMHOM MOZE/bIO, YTO BMOJIHE NEPEKPbIBAET BCE
MOW NoTpebHoCTH.

BoT, Hanpumep, Kak BbIrNAAUT CUTHAA HA BXO4E U3MepPAEMOro KoHA4eHcaTopa npu ero émrkoctn 330 HO B
cxeme nsmepeHunA €MKOCTM, NOKa3aHHOM BblLLE.

g8 pcsGU250 - O g

File Edit Options View Math Help Function Generator: ~ Options  Teols
Osciloscope Function Generator
| [ TimesDis Frequency

500.00 Hz

‘ \
e

[ DOsciloscope || Spectumbnobesr || Transient Fecorder | | Circuit Analyzer | 1miomo

01 2ms

NN N NN NS NN N
i

ool ---
FUNCT.

Output
+10

Run

Vims: 41 58m +5

r . © Histoy E o

Valts/Di ~ Trigaer

:" Butosel Fersit Autosel :" :" vt o

-0
-mm -m am) sm |
oo e A NNE Edae v e
Coupling BTN Coupling - - T T
Positon [ (AL | (DL [GND) (PigbeTest J m [ec | [DC [GHD]  Posifon ' | ZLLevel Tigger on - -

Puc. 2.2. Bua curHana Ha BXxoZe U3MepAemoro KoHaeHcaTopa

Ho ewé 6onblyto BaxKHOCTb NpuobpeTaeT pag GyHKUMIN Takoro ocumanorpada, Korga Bbl pabotaete ¢
MWKPOKOHTPOI/IEPOM, KOTAQ BO3HUKAKOT COMHEHUA UK YTO-TO He noJsyy4aetcs. BoT curHanbl Ha WwuHe 1-
wire obmeHa MHpopMaLmelt MexKay KOHTponepom 1 gatunkom DS18B20.
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g PCsGU230 - m] x

File Edit Options View Msth Help Function Generstor.  Options  Tools
Dscilascope Funetion Generalor
Frequency

[ Oscilascape || Spectumdrabeer || TransientPecarder || Circut dnalyzer | [Cromomo | [ 1=

= — 500.00 Hz

§

Frequency

e

Dutput
+10

Vims: 2,39 +5

Wolts/Div. Chi Ch2 Tiigger

-r [ On ) [ Auoset | [ Pemst | [__0On | [ Atesst | - :( onor [(on | [or | [31<] 3

B -- i 5 5 Eli]

[ Lo Lo o] [snsoen | [aw JTor] ;{ o [T 22 O Al
| e FE . I P
= oupling oupling = :

-1 positon Pasiion ~ =L avel Stopped - -

Puc. 2.3. CurHanbl Npu CY4MUTbIBAHUM TEMNEpPATYpPbl

Mepemellas MbIlWKOW N30bparkeHne, MOXHO pa3obpaTb Bce 6aliTbl MHGOPMaL MM, YTOBbI CPABHUTL UX C
onucaHnem paboTbl gaTyMKa TemnepaTypbl. 1 COMHeBakCh, YTO CMOT Bbl NPOAENaTh 3TO BCE, MCNO/b3YA
06bI4HbIN ocuunnorpad. OH, KOHEYHO, NMO3BOIAET CUHXPOHM3MPOBATLCA KAaKUM-TO MMMY/IbCOM, YTOObI
YBUAETb CUTHA/, BO3HMKAKOLWMA OA4HOBPEMEHHO C 3TUM MMMNY/IbCOM, HO HE B JdHHOM C/lyyae.

He meHee Ba)KHbIM NpM pasHbIX BUAAX HACTPOMKM U pa3paboTKU 3NEKTPOHHBIX YCTPOWUCTB ABNAETCA
reHepatop. Ho s Hayan pacckas c ocuunnorpada no Ton NpUUNHE, YTO P MoAeNel NPUCTaBOK MMEIOT
W BCTPOEHHbIN GYHKLMOHANbHbIV reHepaTop. Kak 1 ¢ ocumnnorpadom, He Aymato, YTO OH YAOBNETBOPUT
BCE BalUM 3anpocChbl, HO YBEPEH, YTO CO C/ly4aaMK, KOrga Bam He XBaTaeT Auana3oHa 4acToT Ballero
reHepaTopa, Bbl CTOJIKHETECH KpaliHe peaKo.

Ecnn Bbl Nprobpenn moaensb ocumnnorpada 6e3 BCTPOEHHOro reHepartopa, NycTb Bac 3TO He oropyaer.
leHepaTop MOXKHO cobpaTtb camocToATeNbHO. OCOOEHHO 3TO OTHOCUTCA K rEHepaTopy NPAMOYTOJIbHbIX
MMMYNbCOB, KOTOPbLIN MOXHO cObpaTb, HaNpMMep, Ha MUKPOCXeme Talimepa 555.

Ecnn Bac He B No/sHOM Mepe ycTpavBaeT paboTa C NPAMOYrONbHbIMU MMMNYNbCAaMW, Bbl MOXKETE U3
NPAMOYFO/IbHbIX UMMNY/bCOB C MOMOLLbIO GUALTPA BbIAENUTb CUHYCOMAANbHbLINA CUrHaN. MoKaxkem Ha
npMmepe MOAE/MPOBAHUA 3TOrO NPOLLECCa, UCMOb3ya GUALTP, NMOKa3aHHbIN Ha pucyHKe 1.9, Kak 310
paborTaer.

Co6paB HECKOJ/IbKO TaKuX (I)MI'IprOB AnAa HEeCKOJIbKMX 4YacCTOT, Bbl MOXeTe NnoayvynTb AOO0CTaTOYHOE
KO/IN4EeCTBO CUTHANO0B, Hanpmumep, anAa pa60TbI cycnmnntTenem HU3KMX 4acTtorT.

10
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Puc. 2.4. BoigeneHne cMHycoOnAanbHOro CUrHana U3 CUrHaaa NnpAMOYrosibHbIX MMMY/1IbCOB

'naBa 3. MUKpPOKOHTpOJLJIEP

HaunHatowme ntobutenn, nNOPoN, HAUYMHaAA WU3yYEHWE MUKPOKOHTPOSNEPA, CTPEMATCA KynuTb
MMKPOCXEMY «Ha BbIpOCT», YTOObl XBaTMNO Hagoaro. CeMyac MOAHbBIMU MUKPOKOHTPOANEPAMWN CTAIU
ARM-KoHTpoanepbl. OgHAKo cneayeT NOMHUTb, YTO C POCTOM MOLLHOCTU KOHTPOJI/Iepa PAcTET 06BEM
MHbOPMaUMKN, KOTOpPYHD CAedyeT OCO3HaTb, MOHATb M MNOMHWTb, 4YTOObl pPaboTaTb € MNOJOOHLIM
MWKPOKOHTPOJI/IEPOM.

MynbTUMeTp n ocumnnorpad — 3to npubopbl 0buero HasHayeHMsA. be3 HUX Bbl He obonpétechb npu
pabote c ntObbIM 3NEKTPOHHbIM ycTpolicTBoM. Ho ectb npubopbl cneumanvsmMpoBaHHblie. Tak
NU3MepuTenb HENMHEMHbIX WUCKaXKeHWU HyKeH npu paboTe C BbICOKOKAYECTBEHHBIMU YCUAUTENAMM
3BYKOBOM 4acToTbl. [pu paboTe ¢ UMPPOBLIMM YCTPOMCTBAMM MOMKET OblTb MOME3EH JIOTMYECKUI
aHanusatop. Ha Anuakcnpecc ceroaHs MOXKHO HaliTu Takon npmubop 3a 500-800 py6neli.

Puc. 3.1. USB nornuyeckuii aHannsaTtop

11
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Mcnonb3ya yeTbipe M3 BOCbMM KaHA/NOB aHanM3atopa, yaAobHO HabntogaTb 3a obuweHnem, Hanpumep,
MWKPOKOHTpOI/1Iepa no nHtepdeiicy SPI.

HO MUKPOKOHTPO/IEP M Cam, KaK MOXHO bblno ybeantbca Ha npumepe ¢ moaynem Arduino, asnsetcs
npubopom (ocHoBoM npmnbopa).

Korga-to, npucTynaa K COYMHEHMIO paccKasa pasa paguontobutenen, A oCcTaHOBMA CBOM Bblbop Ha
MWKpPOKOHTposnepe PIC16F628A. [loCTynHbIA MO LEHe, MMEWUiA pag, BCTPOEHHbIX Mogynen, sToT
KOHTponnep yaobeH ana Havyana pabotbl eweé n Tem, 4To ecTb NoApPo6HaA cnpaBKa, NepesBeséHHaA Ha
PYCCKMI A3bIK. AHAIOTMYHO, ECAM Bbl NPeANoOYUTaETE MUKPOKOHTPOANEPLI dnpmbl Atmel, nydwe HavaTtb
paboTy c moaynem Arduino, KoTopbiii B406aBOK He TpebyeT oTAeIbHOro nporpammaTopa.

MporpammaTtop — 3TO CRNEUUANU3NPOBAHHBLIN Npubop Ana paboTbl C MUKPOKOHTpoasnepamu. bes
NPOrpamMmMmnpPoBaHMA MUKPOKOHTpoanep pabotatb He 6yaet. [Ona AVR MUKPOKOHTPONNEpOB Ha
ANIM3KCNPECC MOXKHO NPUMODBPECTU HeZopPOron BHYTpMcxemHbIn USB nporpammatop. OT Bac noTpebyeTca
cobpaTb LOMNONHEHME C NAHENIbKON 417 MUKPOCXEMbI M BbIBOAAMU AN NOAKAKOYEHUA NpOorpammaTopa.

Bonee onbITHble pagnonobutTenn moryt cobpatb NporpammaTopa camu, HO eCTb HEKOTopble Npobaembi.
Pag nporpamMmaTopoB MMEHT B OCHOBE MWKPOKOHTPO/INEP, KOTOPbIA HYKHO 3anporpammmpoBaTb C
NoMOLLLbIO Mporpammartopa. EcTb, npaBaa, NpocToe pelleHWe B BUAE HECKONbKUX Pe3ncTopos U
pasbéma Centronics. Ho n B 3Tom cnyyae ectb npobnema — Ball KOMMbIHOTEP AOMKEH WUMETb
napannenbHbll NMOpT AaA noaxaodeHna npuHtepa (LPT), a coBpemeHHble HOYTBYKM 3TOro nopra He
NUMEIOT.

Ona paboTbl ¢ PIC-KOHTpOANIepamM A YacTo MPMUBOXKY CXemy NpPOCToro nporpammatopa JDM. Ho u oH
TpebyeT nogxntodeHns K COM-NopTy, KOTOPOro ToXKe HeT y HOoyToyKa. MHe 6bl10 MHTePECHO, HO A He
npoboBan, 6yaetr nn paboTaTb TakoW nporpammatop ¢ nepexoaHukom USB-COM. Korga Takas
BO3MOKHOCTb MOSIBUACb, TO S HE CMOr 3acTaBUTb NporpammaTop pabortatb. YBbl. M ecTb eweé oaHa
0COBEHHOCTb — eCN Bbl HAaCTPaNBaETE MUKPOKOHTPOINEP Ha PaboTy C BHELWHUM KBapLLeM, Bam cieayeT
nosabotnutbca o Tom, 4YTOBbI nNpu pabote c nporpammatopom JDM obecneunTtb TaKTUpoOBaHME
MUKPOCXEMbI B Aa/IbHEWMLLIEM, MHAYe Bbl HE CMOKETe NPOrpaMmmmMpoBaTb MUKPOKOHTPOAAED. TaK uTo, 1 B
3TOM C/ly4ae Nydlle 3aiTh Ha AJIM3KCNPECC M 3aKa3aTb HeZOopPOoroi nporpammarop.

Puc. 3.2. Hepgoporon nporpammaTop ana PIC-KoHTponnepos
12
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Mporpammatop, NoXanyn, egUHCTBEHHbIN HEObXoAUMBbIA NPUBopP Aas PAaboTbl C MUKPOKOHTPOIIEPOM.
M, KaK HM CTPaHHO, XOpPOLWMM MNPMBOPOM OKa3blBAaeTCA XOpolas OT/lafoyHas nporpamma. B atom
0COB6EHHOCTb MUKPOKOHTPOIEPA.

A 3HAO HECKOJ/IbKO XOPOLWMX MPOrpamm, HO OHWU AOCTAaTOYHO Aoporue. 370, Hanpumep, Flowcode u
Proteus. O6e nporpammbl MO3BONAIT OTNAXKMBATb MNpOrpaMmmy Aaa MWUKPOKOHTpoA/epa npu
NCMNO/Ib30BaHUN BHELIHNX KOMMNOHEeHTOB. EcTb ewé nporpamma KTechlab ana Linux, Ho oHa paboTtaeT Ha
cTapbix Bepcuax OC, nogaep>usaet Tonbko napy PIC-KOHTpOAnepos, XOTA A1A HAYMHAOWMNMX BNOSHE
noaonaeéT. 3To OTHOCUTCA K OTNaZKe MPOorpammbl NPU HANNYMKU BHELUHUX KOMMOHEHTOB. Ecin e Bbl
NCNO/Ib3yeTe CAOXKHYI0 NPorpammy, paboTaloLLlyto BHYTPU KOHTpOAAEepa, HO Mano MCMOJb3YOLLYOo
BHELWHME KOMMOHEHTbI, TO ntobas cpepa paspaboTKM NpenocTaBAseT Bam XOPOLIME OTNagouHble
cpeacTsa A1a NPOBEPKM NPOrpammbl.

M3 Bbllle CKa3aHHOro s roToB cAenaTb BbIBOA, YTO ANA HAUYMHAKOWMX CaMbiM yA06HbIM cnocobom
M3y4YeHUs MPOrpamMMMPOBaHUA MUKPOKOHTPONEPA CTaHeT MOKynKka Hegoporo moayns Arduino. He
0653aTeIbHOr0 CaMoro «HaBOPOYEHHOro», HO [A0CTaTOYHO AewéBoro. Koraa Bbl «noapacTére», Bbl
MOMKeTe MUCMNo/b30BaTb €ro B KaKOM-HUBYAb NONE3HOM YCTPOICTBE, HaNpMUMep, KaK nporpammarop Ans
nporpammuposaHna apyrnx AVR MUKPOKOHTPONEPOB.

I'naBa 4. U3mepeHus

Ycunurens

HN3MepeHUs mapaMeTPOB HAa MOCTOAHHOM TOKe

Ecnv Bbl cobupaeTe 31EKTPOHHOE YCTPOMCTBO, B3SA/M Bbl FOTOBYH CXEMY WAM MPUAyManu CBOIO,
HauMHaTb OT/NAAKY CnedyeT C MNPOBEPKU MUTAIOWEro HanpaXKeHua U notpebnsemoro Toka. Ho go
NOAKNIOYEHUA NUTAKOLWEro HanpAXxeHuAa cneayet TwaTte/lbHO NPOBEPUTb MOHTAX, HE JIMWWHUM 6yp,eT
NPOBEPUTb COMPOTMBAEHME BCEN CXeMbl B TOYKAX NOAKNOYEHMA NUTaHWMA. W HauMHaTb M3MepeHue
Nlyylie ¢ NPoBepKKN NoTpebNseMoro ToKa, BKAOYUB MY/bTUMETP Ha M3MEPEHME MAKCMMaNbHOMO TOKa.
Cnvwkom 6onbluol noTpebasemblit TOK MOXKET CBUAETENbCTBOBATb O HENPABM/IbHON paboTe cxembl. Ho
C/IMWKOM 6O/bLION TOK — 3TO TOJIbKO C/I0BA. McCnonb3ys roToBYlO CXEMy, Bbl [AOJIKHbI 3HATb TOK,
noTpebaAMbIiA YCTPOMCTBOM. ECAM 3TOrO HET B onncaHMmM paboTbl CXembl, TO BaM CNeayeT «NPUKUHYTbY
3TOT napameTp. Ecan Bbl, cnegys mMouMM yroBopam, HauMHaeTe ¢ MOZeNMPOBaHMA PaboTbl Cxembl B
KaKoi-HMbYyAb nMporpamme, TO He MOJEHMTEChb MPOBEPUTbL TOK MoTpebneHus, YTobbl CPaBHUTL €ro ¢
peanbHbIM.

Ons ycunutenen Ha TpaH3UCTOpax cleayeT NPoBEpPUTb paboune TOUKU KarKaoro 13 TpaH3nctopos. OHU
He O0/IKHbI OYEHb OTNINMYATLCA OT TEX, YTO YKasaHbl AN CXeMbl (B MPeAnosioKeHUu, Yto Bbl cobupaere
rOTOBYIO CXeMy, AN KOTOPOM 3TM HanpsAMKeHUs yKasaHbl). Mpyu CUMMETPUYHOM CUTHaNe Ha BbIXoAe
KacKaZla YCWNEeHMA B HECKO/IbKO COTEH MWIIMBONALT WMAM B HECKO/NIbKO BONbT Ha KOJ/eKTope
TPAH3UCTOpPA, KaK NpPaBWNO, AOMKHA OblTb NONOBMHA HaNpPAXKeHMA NuTaHuA. Ona cnabblx CUrHanos,
Hanpumep, B HECKONbKO MMWANMBO/LT BblIOOp pabouyelt TOUKM MoOKeT 6biTb MHbIM. Ho npoBepKa
HanpAXeHW Ha BBOAax TPaH3UCTOPOB NO3BOJIUT Bam onpeaennTb, NpaBuabHO M cobpaHa cxema. MNpu
3TOM MpPU HaNPsKeHUM NUTaHMA 9 B N0SI0BMHA HaNpPAXKeHMA NUTaHUA He 06s3aTeNlbHO paBHa 4.5 B. Eciun
Bbl MO/MY4MIM 3HaUYeHne B 4 B, TO 3TO elé He 03HAYaeT, YTo cxema He byaeT paboTaTb NpaBuUAbHO. U,
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NOBTOPKOCb, pPeYb Maet 06 YCUNEHUN CUMMETPUYHbBIX CUTHaANOB, TaAKUX KaK CHUHycOungasibHOE
HanpAXxXeHue.

Mpu paboTe c ycuantenem Bam MOXKET NOHaA0bUTbCS n3mepeHue KoadPuumMeHTa ycuaeHums, nosochl
NPOMNYCKaHUA U BENNYNHbBI HEJIMHENHbIX UCKaXKEeHUN.

HU3MepeHMe yCUJIEHUA N0 HANPSKEHUIO

[na 3Toro usmepeHuAa BaM MNOHAAOBUTCA reHepaTop CUHYCOMAANbHOTO HAMPAMEHWUS WM BOAbTMETP
nepemMeHHoro HanpaxeHua. EcivM Ball My/NbTUMETP MMeeT TObKO [ABa AMana3oHa M3mepeHua
nepemMeHHOro HanpaAXeHusa, TO BaM MOXeT NOHaA0bUTbCA M3MEPUTENbHbIN YCUNUTENb, HAaNnpPUMep, Ha
onepaunoHHOM ycuauTene ¢ ycuneHnem B AecaTb pas.

MpucTynasa K M3MepeHuto, Bbl, 04EBMAHO, NPEANoaaraeTe, KAKOBO MOXET bbITb YCUNEHWE N3MEPAEMOTO
ycunuTens. MosTomy Bbl MOXeTe BblbpaTb BXOAHOW CUrHan TaKOM BeNMYMHBI, 4YTOBbl Ha BbixoAde
NOlYYNTb MaKCUMaNbHbIN curHan. Mcnonbaysa ocumnnorpad, Bbl moxeTe 060iTUCh 6e3 BonbTMeTpa. He
AYMalo, YTO BaM HYXXHO TOYHelllee 3HayeHWe 3TOro napamerpa, MO3TOMY AOCTaTOYHO TOM TOYHOCTU
onpeaeneHna amnanTyabl BbIXOAHOTO CUrHana, KoTopyto obecneunT ocumanorpad. Ha Bxoge u Bbixoge
nMpM WCNO/Mb30BaHWM reHepaTopa W BOAbTMETPA AO0/KHbl 6biTb MepexodHble KOHAEHCATOpbl, OT
NpPaBubHOro BbI6Opa EMKOCTM KOTOPbIX MOKET 3aBUCETb pe3y/bTaT M3MePEeHUA. DTN 3HaYeHna cneayet
YTOUYHUTL Nepes, NpoBeaeHUEM U3MEPEHUS.

YactoTa, Ha KoTopoi byaer paboTaTb reHepaTop, 3aBMCUT OT HA3HAYEHUSA YCUAUTENS, HO MOXKHO
MCNONb30BaTb HW3KOYACTOTHbLIN AManas3oH, ecAn Bbl NpeanosiaraeTe PaBHOMEPHYI YaCTOTHYHO
Xapaktepuctmky (AYX) B nonoce nponyckaHus.

Ecnn y Bac ocumnnorpad-npucTaBka co BCTPOEHHbIM reHepPaToOPOM, 3TO OYEHb YNPOCTUT Bally 3a4auyy.

H3MepeHHe aMIUIUTYAHO-4aCTOTHOM XapaKTepPUCTUKHU

AnAa HaumHaowmx paguontobuTenen, y KOTOpbIX HET N3MepuUTebHOro 0bopyaoBaHnA A41A NpoBeAeHNs
n3mepeHuii B 061acTu BbICOKMX YacTOT, A MOTY NOCOBETOBATb AOBEPUTLCA NPOrpamme MoAeNNPOBaHUA.
M TonbKo TOraa, Korga ecTb OCHOBaHWA MOAO03peBaTb Ha/nuuve npobnem, cnepyeT WCNONAb30BATb
HernocpeAcTBEHHblE U3MepeHus. Bocnonb3yiitech reHepaTopom MPAMOYFOIbHbIX MMMNY/IbCOB, KOTOPbIA
npowe cobpatb, n ocuunnorpapom. Ecam Ha BbIxoge yCUAUTENA CUTHAN AO0CTaTOYHO HObLION, MOXHO
nonpo6oBaTb BbINPAMMUTL €70 C MOMOLLIO A4MOAA U NPOBECTU U3MEPEHMEe HA MOCTOAHHOM HaMpPAXKEHWUN.
B ntobom cnyyae, ecnm Bbl UCNONb3YyeTe reHepaToOp NPAMOYIO/IbHbIX MMMNY/IbCOB, Y6eanTech, YTo CMrHan
Ha BbIXOZEe YMEHbLUAEeTCA NPU YMeHbLUEHUW BXOAHOTO CUrHaNa, YTo NO3BONUT U3bexkaTb pAaaa ownboK B
OLLeHKe yCU/IeHuA.

[Na HM3KOYACTOTHbIX YCUAUTENEN, KAK NPaBWIO, BaM HYXXHO M3MEPUTb BbIXOAHOE HanpsaxeHue Ha
CpefiHel YacToTe Noa0Chkl MPOMYCKaHWA U NOBTOPUTb U3MEPEHUE Ha FPaHMYHbIX YacToTax (Man 6AN3KUX
K HUM), 4TOBbI Y6EeaANTbLCA B TOM, YTO FPaHMYHbIE YacTOTbl YKAa4bIBAETCA B MO10CY MPOMNYCKaHWUA.

Ecnu Bbl NpoBepaeTe yCUAUTENb MOLLHOCTM, HE C/ieflyeT nepeoLeHMBaTb 3HAYeHWEe TAaKOro NapameTpa
KaK BepxHAA rpaHM4HaA 4actoTa. [lOCTaTOYHO Ka4ecCTBEHHbLIA YCUAUTENb MOXKET MMETb MNoaocy
nponyckaHna 30 — 15000 Tlu. Co3pmaHue 6osiee KAyecCTBEHHbIX YCUAUTENEA MOLLHOCTU MOXKET
ONpaBAbIBaTbCA TONbKO CTPEMJIEHMEM K W3YYEHUIO MOAO0OHbLIX YCUAMTENEN, MOCKONbKY A4S
NPaKTUYECKOro NPUMEHEHMSA BCEX AOCTOMHCTB TaKOro YCUAUTENA BaM NOTPEOYIOTCA He TONbKO 3HaHMS,
He TO/IbKO NpMBOopbI, HO M OYEHb KAYeCTBEHHbIE MCTOYHUKM 3BYKA, FPOMKOTOBOPUTE/IN, @ XYKE BCEFO TO,
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4YTO BaM I'IOHaAO6VITC‘r'I M nomeuleHne ana socnponsBeneHnAa, CKaxXem, My3blKu. 7 YYTUTE, YTO OTINYNTD
O4YeHb XopoLlee Ka4eCTBO BOCnponsseaeHMA OT NPOCTO XopoLlero Kayecrtesa MOryT 4as1ieKo He BCe.

CnoxHee 0b6CcTONT 410 CO CNEUNANNBNPOBAHHBIMU YCUAUTENAMMN, HANPUMEP, C aKTUBHBIMU PUABTPaMMU
NN KOPPEKTUPYIOLLMMM YCUAUTENAMUW. 34eChb NMOMOLLb NPUCTaBKKM K KomnbtoTepy (USB- ocumnnnorpad c
reHepaTopom) HeoleHMMa.

fit) Bode Plotter — O *
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Puc. 4.3. A4YX agBoiHoro T-obpasHoro ¢puabTpa

Yem TouHee byayT nogobpaHbl KOMNOHEHTbI GUALTPA, TeM ApYe ByaeT BbiparkeHO NoAaBAEHNE YacToTbl
HaCTPOWKK, a, 3HAUMT, NOJO6HbLIN GUALTP MOMKHO ByAeT MCNo/Ab30BaTb ANA OLEHKM HENUHEWHbIX
MCKaykeHWi. MpaBada, ecan y Bac My/NbTUMETP C MMHMMa/bHbIM HanpaxeHnem msmepeHus 200 B
NnepemMeHHOro ToKa, To NoHaA06bUTCA YCUANTENb ANA NOBbILWEHUA YYBCTBUTENIbHOCTM MYybTUMETPA.

H3MepeHH e HeJIMHENHbIX HCKAaKEeHU I

Yawe Bcero B yCMAUTENAX UCTOYHMKOM HEMHENHbIX WUCKAaXKEHWM OKa3blBaeTCA OKOHEYHbIN KacKag,.
MonyunTb NpeacTaBAeHUE O BHOCMMbBIX UM UCKAXKEHUAX MOMKHO C MOMOLLbIO PEXMMA CMEeKTPasIbHOro
aHanusa ocuunnorpada-npuUcTaBKy.

[pyrum MeTogom MOMKHO BOCMONb30BaTbCA MPU HANUYMUM MUAAMBONBTMETPA, reHepaTopa C MasbiMu
HE/IMHEMHBbIMU UCKAXKEHUAMM W XOPOLLEro 3arparkpatouiero ¢epuabTpa, HACTPOEHHOTO HA OCHOBHYHO
yactoty wu3mepeHus. B 3Tom Habope Hambonbluyld C/AOXKHOCTb MpeacTaBaseT reHepaTop
CMHYCOMAANbHOMO HaMPAXKEHMA C MaNbIMU UCKaXKeHUAMMU. Hanpumep, ecam KauecTBeHHbIN yCuamTenb
3BYKa LO/KEH WMETb KO3QPUUMEHT HENMHEMHbIX WCKaxkeHuin nopsagka 0.1%, KenaTtesbHO MMETb
reHepaTop, UCKaXKEHWA KOTOPOTo Ha NOPAJOK HUKeE.

M3mepas nepemeHHOe HanpAXeHWe Ha BbIXO4e YCUINTENA NOCNE PEXKEKTOPHOro cbvmpra, Bbl noay4yute
npeacrasneHmne o HEIMHEMHbIX UCKAXXeHUAX, BHOCUMbIX ycmnutenem. lNpu curHane B HECKOJIbKO BOJIbT
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Ha BbIXOA4e yCUunntena Bbl MOXKeTe OUEHUTb BE/IMHUHY NMepeMeHHOIro HanpAaxXeHma nocsie nogaBneHuAa
OCHOBHOWM YacToThl.

EcTb ewé oAMH MeToh, U3MepeHUA HeIMHEMHbIX WUCKAXKeHWUM, KOTopbli He TpebyeT reHepatopa co
CBEPXMa/IbIMN HEIMHEWHbIMU UCKaXKeHuAMKU. Ecam Bbl BbiuTeTe (06paTme ¢asy MCXoaHOro curHana) us
BbIXOAHOrO CUrHana BXOAHOM TOW e aMNMTyAbl, TO OCTaTOK AacT BaM NpPeACTaB/eHWe O TOM, YTO
BHOCUT B CUTHaN YCUNTEND.

Ocu,mnnorpad) CO BCTPOEHHbLIM FrEHEPATOPOM UMEET PEXNM aHa/IN3a CNEKTPA.

I Spectrum analyzer - O X

(R 12kHz

Yo -61.16dBY f: 301kHz

Y L} Histoy
Puc. 4.4. AHann3 cnekTpa CMHycomnaanbHoOro curHana 1 Ky,

MCKaKeHUsa CcurHana ycuauTenem He OrpaHWuMBAlOTCA TOJIbKO  HEJIMHEMHBbIMW  UCKAXKEeHUsMU
ycTosABLIEroca pexunma pabotbl. ECTb pag, Apyrnx UCKaXKeHW, KOTopble TpyAHee BbIABAATb U U3MEPATD.
Ho ux BAWAHWE Ha KayecTBO BOCMPOM3BEAEHUS HE MEHee 3HaYMMO, YemM TO, YTO MOXKHO JIerko
nsmeputb. Hanpumep, wymbl ycunutens. Boo6aBoOK MAKCMMasbHblE WCKAXKEHUA MOTryT BHOCUTb
rPOMKOroBOpPUTENM, @ BOPOTLCA C ITUMU UCKANKEHUAMM TPYAHEE, YEM C UCKAXKEHUAMWU B yCUAUTENE.
MosTomy HauMHalWMm fobutenam 6paTbCs  3a  pelleHWe 33[auyM  O4vYeHb  KayecTBEHHOro
BOCMPOU3BELEHNA 3BYKa C/ieAyeT TO/IbKO TOrAa, KOraa 3To eAMHCTBEHHAs Lesb, KOTopas 3acTaBuaa ero
ctaTb paauonobutenem. [peactout MHoro paboTbl MO M3YyYEHUIO BONPOCA KayYeCTBEHHOro
BOCMPOU3BEAEHNA 3BYKa.

I'enepartop

l[eHepaTopbl MNPUMEHAIOT MPU  HaJAfKe 3/IEKTPOHHbIX YCTPOWMCTB, MNPU PEMOHTE 3/1EeKTPOHHOTO
obopyaoBaHuA, NPU U3YYEHUUN 3EKTPOHUKN. Kak 1 ¢ ocumnnorpadom, ceroiHa nepekpbITb BCE HYKAbI
B CUIFHanax I'IOKyI'IKOﬁ OAHOro reHepatopa e€asa /i NONY4YUTCA. Ecnn Bbl 0b63aBenunch ocu,mnnorpad)om—
I'IpMCTaBKOﬁ CO BCTPOEHHbIM d)YHKLI,MOHaanbIM reHepaTtopom, Bam HagO/Iro XBaTuTt €ro BO3MOMHOCTEMN.
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Ecnu ke Bbl OCTaHOBWAN CBOA Bbl60p Ha ocu,mnnorpad)e c moaynem Arduino, TO N 3TOIr0 Bam XBaTUT ONA
Ha4a/IbHOIo OCBOEHWA, NMOCKOJIbKY B PpaMKaX 3BYKOBbIX YaCTOT Bbl CMOXeTe y3HaTb MHOroe mn3 T1oro, 4to
Bam HEO6XO,D,MMO 3HATb O pa60Te C CUrHanamm.

Korga-to npuobpeTreHMe reHepaTopa HM3KOW 4acToTbl W reHepaTopa CTaHAAPTHbIX CUrHanoB
nepeKkpbIBano BCe HyXAbl paguonobutena. Ho 3T BpemeHa gasHo npownun. CeroaHA YacCTOTHbIN
AMana3oH NepemeHHbIX HanpPAXEHW, UCMO/b3yeMbIX Ha MpPaKTUKe, NPOCTUPaEeTCa OT A0Jiel repu, Ao
[ecATKOB rurarepl,. B aTom cmbic/ie npakTuyeckaa paboTa ¢ cMrHanamm 3ByKOBOro AnanasoHa 1 paboTta
C NporpamMmmoii MoAeNUpoBaHUA ropasfo yaobHee MOroHW 3a yHUBEpPCalbHbIM pPelleHMem B 4acTu
MOKYMOK.

Camblii NpOCTOM reHepaTop, KOTOPbLIN MOXKET cobpaTh AarxKe CamMblil HaYMHaOWMIA paanonobuTenb, 3To
reHepaTop MNPAMOYro/ibHbIX MMNyAbcoB. OH MO3BONUT BaM OMpeaenunTb MNapameTpbl ycuauTenew,
npoBepuTb PaboTy aHaNoroBbIX ycTpoicTs. [o yactoTbl B 100 Ky, MOXHO cobpaTb reHepaTop Ha 6ase
Talmepa 555. Ecnm HyXeH reHepaTop 60siee BbICOKMX YacTOT, MOMKHO MCMO/b30BaTb UUdpoOBbIE
MUKpPOCXeMbl.

Mpu npoBepKke paboTbl UUGDPOBLIX YCTPOWUCTB reHepaTop MNPAMOYrOJibHbIX WMMYAbCOB MOXKHO
NCNo/b30BaTb B KayecTBe TaKTOBOro reHepartopa. Mpu 3Tom B pAge C/lyvyaeB OKasbiBaeTca yaobHee
BbIOMPATb 3Ty TAKTOBYIO YACTOTY MHOTO HUMKE OPUTUHAIbHON. HO y UMPPOBbLIX YCTPONCTB NPW NpoBepKe
nx pabortocnocobHocTn ecTb pag ocobeHHocTel. TaK BCE MUKPOCXEMbl MMelT obliee nuTatowee
HanpsaxeHue. MNpu BKAKOYEHUU MUTAHUA BCE MMKPOCXEMbI MPUHUMALOT (NPAaBUALHOE WU HET) HeKoe
COCTOAHME. YTO He NO3BOASAET, HAaNPUMepP, NPOBEPUTL OTAE/IbHYIO MUKPOCXEMY, NOAAB MMMY/bCbl OT
06blYHOro reHepaTopa NPAMOYro/bLHOrO HanpsXeHusa. EcTb peweHue, nossonstoulee ob6onTM 31O, HO
ero cnegyet nNPUMeEHATb C DO/bLIONA OCTOPOXKHOCTbIO, YTOObI HE BbLIBECTM M3 CTPOA MMUKPOCXEMY,
YC/IOKHUB CUTYaLMIO BMECTO peLleHus npobaemsi.

MpM MCNoNb30BaHUM reHepaTopa B HACTPOMKe ycuautens ectb npobnema U3MepeHua Manbix
HaMNPAMKEeHUA C MOMOLLbID MYAbTUMETPA. Ero BO3MOMKHOCTM OrpaHMuYeHbl YacTOTHbIM AManas’oHOM
M3MepPSAEeMbIX HaMps)KeHWUM faxke B TOM C/lyyae, KOrga My/NbTUMETP MMEET A0CTaTOYHO LMPOKMUIA
AnanasoH M3MepsaemblX HanpsXeHUi. B 3ToM cnydae MOXKHO NPUMEHUTL BbINPAMIEHUE NMePEeMEHHOro
HanNPAKeHUa Npu LOCTaTOYHO 6O/bLIOM HaNPAKEHUM CUTHANA, @ MPU ero MasioM 3HAYEHUWN MPUMEHUTb
N3MEPMTE/IbHBIN YCUAUTENb C NOCAEAYIOLLMM BbINPAMIEHNEM NEPEMEHHOTO HaNPAXKEHU.

[Ons HauvHalowero paguontobutens cambiMm pasymHbiM 6blno 6bl onpesenutbca co cdepoit ero
WMHTepecoB, YTobbl NOAroToBUTbL Heobxoaumble npubopbl, cobpas, Hanpumep, reHepaTop, AeANTenu
HaNpPAXeHUA N U3MEPUTENbHBIN YCUAUTENb.

I'naBa 5. Hecko/ibKO 3aMe4YaHHU | 10 U3MEPEHUAM

I‘Ipm n3mepeHnAax, BbINOJIHAEMbLIX C MOMOLLbIO I'IpM60pOB, 6yp,b TO MOKYNHble WUAN Camoae/ibHble,
CTapaﬁTECb 6epeqb nX OT NOJIOMOK. HMKOI‘p,a He ocTaBnanTe MYNbTUMETP BKI'IIO‘-IéHHbIM, ec/in He
namepAaeTe HanpAaxeHune, TOK Wanm conpotueaeHUeE. HauyuHaite namepeHna C Ccamoro ((I'py60l'0
npeaena», Hanpumep, M3mMepeHue HanpsaxeHua ¢ npegena 1000 B. XoTA A O4YeHb HACTOATENbHO
pPeEKOMEHAYHO HaYNHAOWUM nobutensm He MMeTb AeNno C HanpAaxXeHuamum 60}1bLIJl/IMl/I, yem AaéT
6aTtapelika. s paboTbl ¢ 60NbLMMN HaNPSXKEHUAMM CneayeT U3yuymTb, MOMHUTb U NPUMEHSTb NpaBuaa
TeXHUKM 6esonacHocTn. U HUKOraa He nyTaﬁTe n3mepeHme Toka C UsmepeHnem HanpAaxKeHuAa. 7] eLLl,é -
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He 3abblBaiiTe, YTO MyNbTUMETP MMeeT COBCTBEHHOE CONPOTMB/IEHUE U NPU U3MEPEHUU HAMPAMNKEHUS,
Aa, 6onbloe, HO He BecKoHeYyHoe, M NPU U3MEPEeHMM TOKa, A3, MafieHbKOe, HO He PaBHOEe Hy/Io.
Bo3moxHoe BausHMe npubopa Ha cxemy Bceraa cnefyeT yunuTbiBaTb.

OuveHb nonesHo BbipaboTaTb NPMBbLIYKY HauMHaTb PaboTy He C U3MEepPEeHUA, a C MPOBEPKM NPaBU/IbHOCTU
MOHTaKa, C onpeaeneHus nopsaka USMepeHnii U Tex TOYEK CXEMbI, FAe BaM HY*KHO NOAYy4YUTb KaKue-To
M3MepeHHble BeNnYMHbl. OUYeHb MoJIe3HO, eCAM Bbl CKONUMPOBAAM CXemMy M3 MHTepHeTa Ha KoMMbloTep,
pacrneyaTaTb 3Ty CXEMY, YKa3aTb «KOHTPOJIbHble TOYKW», rAe MPOCTaBUTb HAMPAMKEHUA U TOKM,
nognexKalime npoBepKe, 3anucaTb BWUA, M MNapameTpbl CMrHana, ecin Bbl cobupaetecb HabaogaTb
CUTHabl C MOMOLLbLO ocumnnorpada.

Mepen BKAOYEHMEM reHepaTopa 06A3aTe/NbHO NPOBEPLTE, CKAXKEM, MY/bTUMETPOM COMpPOTUBAEHME
«HarpysKu» reHepatopa — Te TOYKW, Kyga byaeT noAKNoYaTbea BbIXO4 reHepatopa. M npoaymaiiTte, He
6yaeT nn reHepaTop NeperpyyKeH, ecnun Bbl NOAKAOYAETE ero Yepes KOHAEHCATOP, KOTOPbIN, KOHEYHO,
He MOKaeT COMPOTMBAEHUA MPU U3MEPEHUWN C MOMOLLbID MynbTUMeTpa. OTCYTCTBME KOPOTKOro
3aMblKaHMA elWé He MoBOA AO/1A BK/AOYEHMA reHepaTopa. ECAM ecTb COMHEHMs, TO He MnoJeHUTeCb
BK/IIOYMTb reHepaTop Yepes pesncTop uam KoHaeHcaTop HeboNbLo EMKOCTH, YTobbl Y6eanTbea, YTo Bbl
He ucnopTtute npmbop.

Ecan Bbl Ucnonb3yeTe ocuuanorpad, To yUMTbiBaTE BAMSAHME COEAMHMTENbHOrO Kabens, MMeloLLero
€MKOCTb. JTO He TaK Ba)XHO MPW 3BYKOBbIX YaCTOTaX, HO Ha BbICOKMX YacToTax BAMAHME EMKOCTM LLyNoB
ocupnnorpada MOMKET MPMBECTM K UCKaXKEHUIO CUTHana WAM CPbiBY reHepauuu, ecnu Bbl
«ocumnnorpadumpyere» ocUUNNATOP.

Kaxaplit npubop, Kak NpaBuIo, UMEET TEXHUYECKME MapaMeTpbl, KOTOpble Bam c/eayeT 3HaTb, YTOObI
npaBuAbHO Mcnosb3oBaTb Npubop. lNpounTaiiTe nacnopT npubopa, 3aTeBas M3MepeHue, ewg pas
03HaKoMbTecb ¢ Tabanuamm nNapameTposB — MHOM pa3 NamaATb NOABOAMT, @ NOC/E TOro, KaK HeBEpPHble
M3MepeHusa 3acTaBU/IM BAC 4O/ITO UCKATb NMPUYMHY MJIOXOTO pe3ysibTaTa Npu Hanagke, Bbl OyaeTe oyeHb
pa3oyapoBaHbl COOCTBEHHOW HEOPEKHOCTbIO.

Pe3tomunpyn BblIWEN3NOKEHHOE, MOXKHO CKa3aTb, YTO A/1A HAYMHAlOWEro paanoNtobutTens A0CTaToYHO
MMeTb B CBOei nabopaTopum MynbTUMETP (AaxKe camblii gewésbi) U ocumnnorpad. MocnegHnin Ha
Haya/NbHOM 3Tane MOMHO 3aMeHuTb mogynem Arduino Uno, KoTopblit moxeT paboTaTb B KayecTse
ocumnnorpada ¢ Heb60NbLWMMMN BO3MOXKHOCTAMM, HO AOCTATOYHbIMU A4 HayabHOro 3Tana ocBoeHus. 1
MmoZynb Arduino Mo3BOAWT BamM HayaTb WM3yYEHME MUKPOKOHTPOJIEPOB. Mcnonb3ys nporpammel
MOZe/IMPOBAHNA M MAKETHYIO MJaTy, CPaBHMBAA MOJIyYEHHble PEe3y/ibTaTbl, Bbl MOMETE BO MHOIMX
cnyyanx 06oinTuch 6e3 goporocTosLLero obopyaosaHus. A B page ciy4yaes, MOXKeET 6biTb, He BO BCEX, Bbl
MOXKeTe OOMOJHUTL CBOM MPMOOPbI CaMOLENbHLIMU YCTPOMCTBAMM, PACLUMPAIOWMMU BO3MOMKHOCTU
nokynHoro obopygosaHuA. Cama cbopKa TaKMxX pacLUMpPEeHWnit, ecnm OHa BbiNONHEHA He 6e3agymHo, a
OCMbIC/IEHHO, MOMOXET BaM Aaydywe W 6onblie y3HaTb 06 31eKTpoHMKe. A 6e3 3HaHui, 6es
3KCMEPUMEHTOB M OMbITa HUKAKME CaMble AOPOrMe U COBPEMEHHbIe NPUBOPbLI Bam He NOMOTYT.
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