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JIABOPATOPHAS PABOTA Ne 1
AHanu3 CTaTUCTUYECKUX NIaPAMETPOB PAJUO3JIEMEHTOB MaCCOBOIO
IIPOU3BOJICTBA

1 Lens pabOTHI: U3YYUTh KOHCTPYKTUBHBIE U TEXHOJIOTHYE-
ckue (haKkTophl, ONpEIeIAIOLIe BEPOSTHOCTHBIE CBOWCTBA Iapa-
METPOB 3JIEMEHTOB O0IIET0 TPUMEHEHHUS.

[TpakTuyecku 03HAKOMUTBCS c MalluHHO-
OpPUEHTUPOBAHHBIMU METOJAMH U TEXHUYECKHUMH CPEJICTBAMHU M3-
MEpEeHUs] NapaMeTpoB PajnO3JIEMEHTOB U MPUOOPECTH HABBIKU B
o0JIacTH MAamMHHON 00pabOTKM CTAaTHCTUYECKOW HH(OpMaIum,
MOJyYEeHHOM MpH HU3MEPEeHUM IapaMeTpoB 3JIEMEHTOB OOIIEro
IIPUMEHEHHUSL.

OBnazners METOJaMU MPOBEPKU CTATUCTUYECKUX TMIIOTE3 U
MIPUHSATHS PEIICHUH TPU OLICHKE KaueCTBA AJIEMEHTOB.

2 Kparkue TeopeTndeckue CBeIeHUs

Karymky WHIYKTHBHOCTH WJIM TIPOCTO KAaTYIIKy MOYKHO
MPEJCTaBUTh B BU/I€ HECKOJIBKUX BUTKOB IPOBO/Ia, HAMOTAHHBIX Ha
MWINHAPUYECKOE OCHOBaHWE. TOK, MPOXOAS MO KaKIOMY BHTKY
CIMpaJId CO3/Ia€T B HUX MAarHUTHOE IoJie, KOTOpPOe MepeceKasch ¢
COCETHUMH BUTKaMH HaBOJWT B HUX 3.11.C. M ueM mpoBoJ JiIMHHEE
1 OoJIbIlIee YHCIIO BUTKOB OH 00pa3yeT, TeM 3.J1.C. OOoIbIIe.

OcCHOBHBIC TIApaMeTPhl KaTYIIeK WHAYKTHBHOCTH: WHIYK-
TUBHOCTb U JOOPOTHOCTb.

NHaykTUBHOCTH (KO3 PUIIMEHT CaMOMHAYKLINU) SBISETCS
OCHOBHBIM JJIEKTPUYECKUM MapaMeTpOM U XapaKTepU3yeT BeINYH-
HY DHEPIUH, 3a11aCAEMOM KaTYIIKOM MpU NMPOTEKAHUH 110 HEU DIIEeK-
TpUYECKOTO ToKa. YeMm OoJblle HHAYKTUBHOCTh KAaTYIIKH, TEM
OoJIblIIE SHEPIMH OHA 3al1acaeT B CBOEM MAarHUTHOM IIOJI€.

NHAYKTUBHOCTh 3aBUCHUT OT pa3MepoB Kapkaca, (HOpMBI,
qucaa BUTKOB KaTyLIKH, JMaMeTpa U MapKu MPOBOJA, a TAKXKEe OT
($hopMBI 1 MaTepHana MarHUTONPOBO/IA (CEPACUHUKA).
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HobpoTtHOoCcTh (Q) XapakTepu3yeTcsi KaueCTBOM padOThI Ka-
TYUIKH UHAYKTUBHOCTH B IIETIAX MEPEMEHHOTO TOKA U ONpeenseT-
Csl KaKk OTHOIICHHE PEAKTHBHOTO CONPOTHUBICHUS KATYIIKA K
€e aKTUBHOMY COTPOTUBIICHUIO MTOTEPb.

AKTHUBHOE COIPOTHBIICHUE BKIIOYAECT B CE€0Sl CONPOTHBIIC-
HHUE MPOBOJIa OOMOTKU KaTYIIKH; CONPOTHUBJICHHUE, BHOCHMOE TH-
AJIEKTPUYECKUMH TIOTEPSIMHU B KapKace; COMPOTUBIICHHE, BHOCHMOE
COOCTBEHHOW €MKOCTBIO M CONPOTHBIICHHS, BHOCHMBIE MOTEPU B
9KPaHbI U CEPACYHHKH.

UeM MeHbIIIE aKTUBHOE COIIPOTHBIICHHE,
TEM BBIIIIE JOOPOTHOCTh KATYIIKH U e¢ KauecTBO. COBpEMECHHBIC
KaTyIIK{ CPEJTHUX pazMepoB UMEIOT 100poTHOCTH okoso 50 — 300.

3 O0BeKT u3MepeHust

Jliis uccnenoBaHus CTAaTUCTUUECKUX ApaMETPOB UCIOJIb-
30Bajach MapTUs KaTyIIEK MHAYKTUBHOCTH B KojudecTBe 80
mTyK. BHenHuii Bug U ycTpoilcTBO 00bEKTOB U3MEPEHUS Ipe /-
CTaBJICHbI Ha PUCYHKE 1.

't'ZI?'EFIF:IHTEIBbIﬁ
CEPLEYHHE

Pucynok | - BHemHMil BUA ¥ yCTPOKWCTBO KaTYIIKH UHTYK-

TUBHOCTH
Uccnenyemas karyiika WHIYKTUBHOCTH MPEACTABISAET CO-
00l BBICOKOYACTOTHBIN JIpoccenb. B anexkTpuueckon cxeme

JPOCCEIN UCIOJIb3YIOTCS KaK PEaKTHUBHBIE COMPOTUBIICHUS B IETISIX
JUIS pa3/ieleHus] TOCTOSHHOM M NMEPEMEHHOM COCTaBISIOLUINX CHUT-
Hana. XKecTkux TpeOOBaHUII MO TOYHOCTH M3TOTOBJICHUS HHIYK-
TUBHOCTH B JIpOCCENsX He MpeabsBisiercs, 00braHo oT 10 1o 30 %
U B MapKHPOBKE YKa3bIBAECTCS COOTBETCTBYIOIICH OYKBOW JIATWH-
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ckoro andasura. J[pocceiab OTEUECTBEHHOTO MPOU3BOICTBA B KOH-
cTpykTopckoit mokymentanmu (KJ[) umeer crnenyromyto ¢opmy
3anucu

«dpoccenp BwIcOKOUacToTHBIA JIM - 02- 20 + 20% - B
I'10.477.005 TY »,

rae IM — npoccens MOIuGUITUPOBAHHBII;

02 — MaKcUMaJTbHBIN AOMYCTUMBIN TOK B A;
20 — uHAYKTUBHOCTH B MKI H;
B — BcexnmmaTnueckuu.

Hexotopsie u3 3THUX mapaMeTpoB MPEIACTaBICHB B MapKH-
poBKe apoccensd. B HamieMm cimydae 3TO MHIYKTUBHOCTH B MKI'H u
MAaKCUMaJIbHBIM TONYCTUMBIN TOK B A.

KoHCTpYyKTUBHO Apoccenb COCTOUT U3 TpyouaToro deppu-
TOBOT'0 CEpEYHMKA, Ha KOTOPbIM HAMOTaH MpoBoja 0OMOTKH. Bun
OOMOTKHM OJIHOCIIOIHAs CIUIOIIHAasA psifoBas. B orBepcTue Tpydua-
TOTO CEpJCUYHUKA C OOOMX CTOPOH BCTaBIIAIOT M 3aKPEIUISIIOT OT-
PE3KH MEIHOU JIY>)KEHOH MPOBOJIOKU JUAaMETPOM OIU3KHM K Jua-
METpPy OTBEpPCTHSI CEpJIEYHUKA, KOTOPHIC SIBIISIOTCS BBIBOJAMHU
npoccens. KoHIeBbie BBIBOABI OOMOTKH 3a4HINAIOT OT U30JSIIUU
U JIYIST, @ 3aTEM 3aKpervIsioT Ha BhIBOAax apoccens. CHavana 3a-
KpPEIUIAIOT MEXaHUUYECKH, caenaB oT 4 10 6 BUTKOB Ha MPOBOJAE
BBIBOJIA OKOJIO €T0 BXO/1a B TPYOUaThI CEpACYHHK. a 3aTEM MastoT.

[Tony4eHHYI0 KOHCTPYKIIMIO, KPOME BBIBOJOB, METOJOM
OKYHaHUsI MIOKPHIBAIOT BJIArO3allUTHHIM JJAKOMH M HAHOCSIT MapKH-
POBKY.

4 Meroauka u3MepeHus

WN3mepenre TpoOBOIATCA C MOMOUIBIO  MPOrPAMMHO-
M3MEpHUTENBHOTO KoMIutekca. OH conmepxut n3mepurens RLC tuna
E7-22, coemunensniii kabexeMm ¢ BxomoM RC-232 TIODBM. Ha
[13BM ycranosnena nporpamma «Virtual Mettery. Dta mporpam-
Ma CHenuanpbHO pa3paboTaHa i aBTOMATHU3AIMH W3MEpPEHUI
npubopa E7-22 u npenBaputensHoit 00pabOTKH MOTYyYEHHOH B pe-
3yJbTaTe U3MEpPeHHsI HHPOpPMAIIHH.

[Tocne HakaTHsg KHOMKOW MBIIMIM Ha SPJBIK MPOTPAMMBI,
MOSIBIIICTCS TJIaBHOE OKHO «Mainy. B 3TOM OKHE Haxo M KHOIIKY
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«COMPORTY, Haxxumaem ee (mporpaMMHO ToakiaouaeM E7-22 k
nporpamme «Virtual Metter». TTosBisiercst OkHO, ayOnupyroiiee
mucrieit mpubopa E7-22 «Virtual Instrument» (pucynox 2 ).

| BB Virtal Instrument SIElE
File Open Window Help
LCRMETER
Menu
. = === ghm
Serial
1KHz
L OL.
uH
03.09.2020 151323
b e |
Pucynok 2

[TapaMeTpsl, MpEACTABIEHHBIE B JTOM OKHE CIy4aiiHBIE.
Jls1st TOro, 4T00OBl YCTAHOBHUTH HY)KHbBIE HAM ITapaMeTphl IS TIPOBeE-
JICHUSI U3MEPCHUS, HAXOAUM B 9TOM OKHE KHOMKY «File», Haxuma-
eM ee. B OTKpBIBIIMMCS KOHTEKCTHOM MEHIO HaXOJUM KHOMKY «In-
itial Setup», maxkumaem ee. TlosBisIeTCSs OKHO YCTAaHOBKH Iapa-

MCTPOB U3MEPCHH, IIOKA3aHHAA Ha PUCYHKE 3
Initial Setup =IEEE]

File Window Help

| setReportFile Name & Patn| | Save currentSetiing 25|

CiDocuments and Settingst CWirtualmeterinitial
userPafoumi cTonk InitizlSetup.dat

Standard Value

Wirite Header Text ,) 20,0000

[ hode 1 Vl
L= I A Tolarance
TkHz = o o oo %
e | ot gemoo%
Menu v‘ - o 10000 | %
Hi Limit
20.000mH 7 150,0000
2000.0rmH Lo Limit

20.000H y
200.00H :

100,0000
1 0000H J Set Com-Port
Advance Setup
Set Instrument

Pucynox 3



B cootBercTByIOIIEM CeKTOpe BbIOOpa MapamMeTpoB H3Me-
pEeHUs yCTaHABJIMBAEM:

- OCHOBHOTO IapameTpa U3MepseMoro o0beKTa BbIOMpaeM
«Ly»;

- BCIIOMOTaTeJIbHOr0 apaMeTpa BhIOMpaeM COMPOTUBIICHUE
IIOTEPH B IIOCJIEI0BATENIBHOM cXeMe 3aMeleHus «R» ;

- gactoty «l kl'm», Tak 3HaYeHUE U3MEPSEMOM BEIIMYMHBI
maino 20 Mx['H;

- CXeMy 3aMelIeHHUs MoceIoBaTebHy0» Serial» kak Hau-
0oJiee HATIATHYO;

- peXuM py4dHOro BeiOOpa «Menuy, Tak Kak u3Mepsiemas
BEJIMYMHA U3MEHSAETCS HE3HAUUTEIBHO B ITPOLIECCE U3MEPEHMUS;

- BEpXHAA TpaHUIA MOJJMANa30Ha 3HAYEHHH OCHOBHOTO
napametpa «2000 mxI'a», Tak kak 20 Mx['a menbiie 2000 MxI'H;

- HOMHMHAJIBHOE 3HAYE€HHE M3MEpsIeMOro mapaMmerpa
«Standart Value» 20 MxI'H Kak yka3aHHasi B MApPKHUPOBKE;

- JIOMycK Ha u3MepsieMblii mapametp «Tolerance» + 20 %
Kak HauboJiee pacIipOCTpaHEHHBIHN ISl IpOocceneit.

HaxrmaeM KHOIKY yCTaHOBKH NPEABAapUTEIbHON HACTPOM-
KM, TMOSBJISETCS KOHTEKCTHOE MEHIO M TpeOyeT MOATBEPKICHUS
YCTAHOBKM 3THUX MapameTpoB B npubop E7-22. Haxumaem «OKy,
npubop E7-22 nmepectpamBaeTrcs o]l HOBbIE HACTPONKU U Ha €ro
JMCIIIee MOSIBJIAIOTCS BCE HEOOXOIUMBbIE MapaMeTphl, Kak Mokasa-
HO Ha pHUCYHKE 4.

[ BB Virtusl Tnstrument Sl@l=l
File Open Window Help
LCRMETER
Menu
Serial =5Es Qi
1KHz
L OL.
uH
03.09.2020 15:13:23
L Eat |
Pucynok 4

Jl1s onepaTUBHOTO KOHTPOJIS 33 IPOBEICHUEM U3MEPEHUS
1 0TOOpakeHHsI HEKOTOPBIX PE3yIbTaTOB U3MEPEHUS, KpOME OKHA
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«Virtual Instrumenty, nyOoaupyroIIEro OKHO JUCILICS B IIPOrpam-
me «Virtual Mettery» umeercs eme Tpu okHa: «Profiley, «Frequency
Distribution» u «Listy». Iy BEI30Ba 3THX OKOH HEOOXOIMMO B OK-
He «Virtual Instrumenty naxarts kHONIKY «Openy. [TosBUTCS KOH-
TEKCTHOE MEHIO C MepedHeM 3THX OKOH. OKHa BBI3BIBAIOTCS HaXKa-
THEM Ha HHMX [TPH TIOMOIIN MBIIIKH.

Oxno «Profile» 1o nmpoBeaeHus U3MepeHuii MoKa3aHo Ha
pHUCYHKE 5

Fele Window Ht]|1

Avg — Lo Marmal Hi  Beep
' I E—
Mex } - Current Value
Min | ---- oL iy
Q| ==== Total: 0

Reject Rate 0poDo %
Hi Limnits; 24 0000
R | ——-- Lo Limits: 16,0000

Pucynok 5

OKHO cOJIepKHT J1Ba MoKa3zarens BepxHee «Hi Limits» u
HwkHUe «LO LimitSy 3HaueHue 1o T0MycKa B €MHUAIIAX H3Me-
psieMOll BETMUMHBI, KOTOPBIE 3ajaHbl IPH Ha4aJIbHON YCTaHOBKE
napaMmeTpoB (PUCYHOK 3) M HE MEHSIOTCS B IIPOLIECCE U3MEPEHHUS

OcrasnbHble OKa3aTeNu U3MEHSAIOTCS TOCIIe KaXI0To U3Me-
peHus :

- «AVQ» TeKkyllee cpeiHee 3HaUeHUE;

- «Max» TexyIiee MaKCUMaIbHOE 3HAUYCHHE,

- «Miny» Texyliee MUHUMAaJIbHOE 3HAUCHHE;

- 1BeroBoe Tabs0 «Lo-Normal-Hi», uaaummpyromiee mo-
Na/IaHue TEKYILEro U3MEepEHHs B MOJIE JIOMYCKa,

- «Current Valuey» Tekyiiee 3HaueHHE U3MEPSIEMOI BEITH-

YUHBL;
- «Total» ob1ee YUCIIO U3MEPCHHIA;
- «Reject Rate» Texymuii mpoueHT Opaka.

8



3HaueHHe BETMYUH JOOPOTHOCTH «Q», TaHTEHCa yria Mmo-
Tepb «Dy» u conpotusienus norepb «R» B okHe «Profile» He oto-
OpakaroTcsl.

3anuch pe3yabTaToB KaXkI0T0 U3MEPEHUS TIPOBOUTCS
KHOMKO# «Recordy.

B okne «Frequency Distribution» aBroMaTiHuecKu CTPOUTCSI
rucTorpaMma, a B okue «List» ¢pparment tabmuisr EXcel ¢ urcio-
BBIMU JAHHBIMHA OCHOBHOT'O M BCIIOMOTATEJILHOTO MTapaMETPOB.

BriBobI y Apoccenst akcHanbHbIe, IOITOMY UX HYXKHO 3a-
rHyTh OykBo# I1, BCTaBUTH BO BXOJIHBIE KOHTAKThI TprbOopa E7-22
(pucyHOK 6 ) 1 HaxkaTh KHOMIKY «Recordy. M3amepenue ojHOro 00-
pasia npousonuio. 1 tak ganee mist Bcex 80-Tu 0Opas3ion

YOLTERAR S

Bxo0Ho(
KOHmMakm -

Pucynox 6
C nenbro 60see yanoOHOTO HaOIIOEHUS 3a MPOIIECCOM U3-
MEpPEHHUS U KOHTPOJISI BCE YEThIPE OKHA pacIoyiaratoT Ha pabodyem
crosie [I19BM, kak mokazaHo Ha pUCYHKE 7.



File Window Help

Pucynok 7 - OnTumanbHOE pacioyioKEHUE OKOH ITPOrpaM-
Mmbl «Virtual Metter» B IIPOIIECCE M3MEPEHUS

5 Pe3ynbpTarhl H3MEPEHUS U UX aHAJIU3

Oxno «Profile» mocne 3aBepiiienns uamepeHuit OyaeT
HUMETh BH/I, TOKa3aHHBIN HA PUCYHKE 8.

B Profile [=lE]]
File Window Help

A

Pucynok 8
Cpennee 3HaueHNE UHIYKTUBHOCTH paBHO 18,4 MKI'H, 4TO
oyt Ha 10 % oTianuaercs 0T HOMUHAJIBHOTO, IIPONMCAHHOTO B
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MapKupoBKe. DTOT 3PPEKT CBsA3aH ¢ MpoIleccoM cTapeHus dpeppu-
TOBOTO CEpJICYHUKA WJIA KaK €ro Ha3bIBAIOT B JIUTEPATYpE JI€3aK-
KOMOJIallieH, YUUThIBasI, YTO COTJIACHO MapKUPOBKE 3TUM JIpOcce-
nsim Gonee 30-TH JIer.

Kak u3BecTHO, Ae3akkoMoaanus |L 00yciioBieHa 00pazoBa-
HUEM JIOMOJTHUTENIBHBIX TOTCHIIMATBHBIX 0aphepOB, MPETSATCT-
BYIOIINX MU3MEHEHHUIO HCXOJHOTO MarHUTHOT'O COCTOSTHUS BHEII-
HUM 1iosieM. [IpuunHoi 00pa3oBaHMs TaKuX OapbepOB SIBIISCTCS
muddy3us 1e@exToB (B JaHHOM CIIy4ae JIEKTPOHOB) B TE Y3IIbI
KPUCTAJUTMYECKOMN PElIeTKH, KOTOPbIE YHEPTETUUECKH BHITOIHBI
MIPY HAJTMYUU MAarHUTHOTO MOMEHTOB.

B okne «Frequency Distribution» aBromaTiuecku B Ipo-
1[ecce U3MEPEHUs CTPOUTCs ructorpamma. [locne kaxaoro HOBoro
M3MEPEHHS OHA U3MEHsAeTCA U nocie 80-Tu u3MepeHu UMeeT BU/T
(pucynok 9). [Tpu nomycke 20 mxI'a + 20 % u yncie UHTEPBAIOB
+ 5 B neHTpanibHOM uHTEpBaje «E» Haxonarcs Bce 3HaueHus 20
MKI'H £ 4 % umu ot 19,2 o 20,8 mx['H. B unrepsane «D»— 18,4 no
19,2 mxI'H u T.4. 10 UHTEpBaia «Miny».B unteprane «F» —20,8 10
21,6 MxI'H U T.1. 70 HHTEpBaia «Maxy».

i"a Frequency Distnbution = | =) B

File Window Help

Pucynok 9
Bce none gomycka pacnoiokeHo JieBee HOMUHAIBLHOTO
3HAYCHUsI, YTO COTJIACYETCSI C MEHBIITUM CPETHUM 3HAYCHHEM T10
CpaBHEHHIO ¢ HOMUHAJIBHBIM. Dopma orubaromnieii cToIOMKOB THC-
TOTpaMMBbI TIPEICTABIISIET COOOM BO3PACTAIONIYIO (PYHKITHIO, YTO
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MIPOTUBOPEYUT TEOPETUUYECKUM MPEACTABICHUEM O 3aKOHE pacIpe-
JIeTICHHSI PABHOBEPOSTHBIX OTKIIOHEHUH OT CPEeIHETO 3HAYCHHS.

Bo3M0XHO TpUYUHOM MTpe/ICTaBICHHs TUCTOTPaMMBI B Ta-
KOM BHJIE SIBJIICTCS €€ HU3Kas pa3peliaromias criocoOHOCTh. YBe-
JUYHUM €€ U PaCIOJIOKUM OTHOCHUTENBHO MOJTYYEHHOI'O CPETHETO
3Ha4yeHus. M3 pucynka 9 BUAHO , YTO OCHOBHOE KOJHYECTBO 3HA-
YeHHUI U3MEpPEHHBIX MapaMeTPOB JISKUT B Mpejiesiax TpeX UHTepBa-
70B, a 310 4 % % 3 = 12 % IIpumewm c 3anacom 14 %. Torna oTHO-
CUTENIbHO CPEHEr0 3HaUYeHUsl Hy)KHO UMETh ThucTorpammy 18,3
MK H £ 7 %.

J11s mostydeHus TUCTOrpaMMBbI ¢ TAKUMU TTapaMeTpaMu He-
00XOIMMO M3MEHHTH IMapaMeTPbl HaYaIbHOM ycTaHOBKH «Initial
Setup», kak moka3aHo Ha pucyske 10.

B Initial Setup . == [E=]

File Window Help

|SetRep0r1FiIeName&Path|| Save current Setting as |

CADocuments and Settingst CWinualmeterinitial,
UserPafodqil cTam InitialSetup.dat
) Standard Yalue
Wirite Header Text ' ‘;J 18,2000
Made 1 -
= \_| & T‘ Tolerance
1kHz | o o oo %
Serial - + o) 10000 %
Menu - - 10000 %
Hi Lirnit
20.000mH J 150,0000
2000.0mH Lo Lirnit
20.000H ;
200.00H 1000000
2000.0H
Set Com-Port
10000H | | s |

| Acvance Setup |
| Exit |

Pucynok 10
12



CHOBa OTKpbIBaeM KOHTEKCTHOE MeHIO «Open» u BeIOHpa-
eM B HeM KHOIKY «Frequency Distributiony u Haxxumaem ee.

IlosBuitack HOBas THCTOI'paMMa, IOKa3aHHasA Ha PUCYHKE 11.

EFlequency Dstribustion o= =) 8
Filz Window Help

20-

15-

Ma A

L] c e

PI/IcyHOK 11
Ota aAuarpaMma yxe 0oJIbIlie HATOMHHAET HOPMAaIbHOE
pacmpezeneHue.
MHAyKTUBHOCTH HaIIEro Apoccelis B o0IIeM Bujae Oyaer
OTpeeAThCA 10 hopMyIie

L=K-u. -L,-N*-D

rjae k - K03()PUIIMEHT Pa3MEPHOCTH;

Hc. - MarHUTHAS TIPOHUIIAEMOCTH CEPAECYHH-
Ka;
I—o - K03 PUIMEHT, 3aBUCAIINNA OT OTHOIICHUS JJTHHBI
K IMAaMETPy KaTYIIIKH;
N - uucno sutkos ;

D - JaMeTp KaTyIIKU.
Torma oTHOCUTENBbHAS MTOTPEIIHOCTh HHTYKTHBHO-
cTH Apoccens OyaeT paBHa

oL =0 +20N +D.
C yyeToM TOro, 4To MPOILECC U3TOTOBJICHUS APOCCe-

JIs1 aBTOMAaTU3HPOBaAH d\l n d:)
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MaJlbl M MX MOKHO HE YUHTHIBaTh, Toraa oL = ou (u —

MarHMTHas MIPOHUIIAEMOCTh MaTepuasa CepAeUHUKa).
CornacHo pa3IMyYHBIM JUTEPATYPHBIM HCTOYHHKAM JOIYCK
Ha u 1uig pepputoB moxeT nocturath 20 %. Tak, uro 7 % BHomHe
YKIAABIBACTCA B 9TU 3HAUYCHUS JOIYCKOB.
Ha pucynke 12 nokaszano okuo «List» ¢ ¢pparmen-
TOM TaONHIIBl C JAaHHBIMU U3MEPEHHs, & cama TabJuIa IpeCTaB-
JICHa HIKE.

& it ===

File Window Help
| | |
Mo, | mem | wiake | unit | Range | @.C. | Rem | vake A
0L (183ES H |C (G0} |R 0,52
2 |L |[1780065 |H |C GO) |R 064
Z2|L |1p00ES |H |A [(GO) |R ops LA
Z3|L |17E00ES |H |C G0 | R 0,52
2L (150085 H | G0 | R 0,66
2L |18300ES |H |C G R 053
2% L |15700E5S H |D G0) |R 052
27|L |19800ES |H |D GO) |R 051
2 |L | 18W0ES |H |C Go) |R o5  |x

Pucynoxk 12

Omnpenennm cBsi3b Mexay L u R wnu, 4To Toxe camoe,
Mexkay L u tgd,. [ sroro paccunraem ko3P PUIEHT KOppens-

U MCXKIAY OTUMHU ABYMSI CJ'IyLIaI\/'IHBIMI/I BCIIMYHWHAMU 110 (bopMlee
N

gxiyi—[iniyij/N

i= i=1

Pe3yabTaThl BRIYHUCICHHN B IIPOrPAMMHOM 00€CIICYCHUH
Microsoft Excel nmpusenens! Ha pucynke 13
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xA2 yA2 x*y Cymma x Cymma y Cymma x*y

1,47E-03 46,02 0,000845
3,5721E-10 0,2704 0,000009828 Cymma x"2 Cymma yr2
3,4969E-10 0,2601 0,000009537 2,71164E-08 27,1686
3,4225E-10 0,2704 0,00000962
3,5344E-10 0,2809 0,000009964
3,1329E-10 0,3025 0,000009735 “McnuTens SHameHaTenb
2,9241E-10 0,6889 0,000014193 -1,38E-06 6,3168E-06
3,4596E-10 0,3136 0,000010416
2,7889E-10 1 0,0000167
3,0976E-10 0,5625 0,0000132 Mepsas cko6Ka
3,1329E-10 0,25 0,00000885 5,74E-11

3,24E-10 0,2601 0,00000918
3,2041E-10 0,5476 0,000013246 Bropas ckobka
3,4969E-10 0,3025 0,000010285 0,695595
3,0025E-10 0,4761 0,000012075
3,4225E-10 0,3481 0,000010915
3,1684E-10 0,36 0,00001068 Kosdduuyment koppenayun
3,4969E-10 0,2916 0,000010098 -2,18E-01

3,24E-10 0,3025 0,0000099
3,4225E-10 0,2601 0,000009435

3,61E-10 0,2704 0,00000988
3,3489E-10 0,2704 0,000009516
3,1684E-10 0,4096 0,000011392
2,8224E-10 0,7056 0,000014112
3,1684E-10 0,2704 0,000009256
3,2761E-10 0,4356 0,000011946

Pucynok 13 - Pe3ynpTaThl BeIUMCICHUN
BriBoawr:

- B TIpOLIeCCe CTapEHHsI MarHUTHAs TPOHUIIAEMOCTh Cep-
JIEYHUKOB 13 (heppuTa YMEHBIIIAETCS U, CIIE0BATEIFHO, YMEHbIIIA-
eTCsl HHAYKTHBHOCTB KaTyIIeK, B KOTOPBIX IPUMEHEHBI 3TH Cep-
JICYHUKH;

- 3aKOH pacrpeieNeH st MHIYKTUBHOCTH APOCCENsS Kak
CIy4ailHOW BEJTMYUHBI BEJIMYMHBI OJIM30K K HOPMAIIbHOMY;

- IOTPEITHOCTD UHIYKTUBHOCTH TPH U3TOTOBJICHHE KOHCT-
PYKTHBHO OJIMHAKOBBIX KATYIIEK C ((EPPUTOBBIMH CEPJICUHUKAMH B
OCHOBHOM OmpeenseTcs pa3dpocoM napaMmeTpoB MarHUTHOM TPO-
HUIIAEMOCTH MaTepHaja CepIeIHNKa;

- 15t peppHuTOB C OJJMHAKOBBIMU 3HAUCHHUSIMU MAarHUTHOM
MPOHUIIAEMOCTH MarHWTHBIE TIOTEPU MOTYT OTJIMYATh OT 00Opasia
K 00pasiy; -
MUMEEeTCS He3HAYMTENIbHAs TSHICHIUS K 00paTHOM 3aBUCHMOCTH
U3MEHEHUH 1 u tgo,.

JIABOPATOPHAS PABOTA Ne 2
Pe3ucTopsl mepeMeHHOr0 CONPOTUBIICHUS

15



1 [{enpro MabopaTopHO PaObOTHI ABISETCS .

- U3y4YCHHE .KOHCTPYKTUBHBIX OCOOCHHOCTEH pPe3nCTOPOB
MIEPEMEHHOTO COTIPOTUBIICHUS;

- OTIpe/IeTICHNE MaTEePHUaIOB, U3 KOTOPHIX H3TOTOB-
JICHBI KX OCHOBHBIC JICMEHTHI;

- onpeiesicHne (PYHKIIMOHAIBHBIX XapaKTEPUCTUK MTOTCH-
IIUOMETPOB.

2 [IpaBuia 6e30MacHOCTH MPH BHITIOTHEHUH J1a00paTOPHOI
paloThI SBISAIOTCS TUIIOBBIMU

3 Kpatkue TeopeTuueckue CBeICHUS

Pe3ucTopbl MEPEMEHHOIO CONPOTHUBIICHUS OTHOCATCA K
MacCOBBIM 3JIEMEHTaM COBPEMEHHOH DPAaJUOTEXHUYECKON U IJIEK-
TPOHHOM ammapaTypsl U IIPeAHA3HAYEHBI JUIsl PErYJIMPOBKU HaIpsi-
JKEHUS U TOKAa B €€ DJIEKTPUYECKUX LENAX M JUI NOJCTPOMKU HX

COIIPOTHBIIEHUS TI0]] 3aJaHHOE 3HAYCHHUE.

CrnenanuctaMu Halled U 3apyOeKHBIX CTpaH MOJCYUTAHO,
YTO MOTPEOHOCTH MPOMBIIIJIEHHOCTH B IEPEMEHHBIX PE3UCTOPAX B
HECKOJIBKO DPa3 IMPEBBILAIOT UX MPOU3BOJACTBO. B cBsA3uM ¢ atum
MHOTHE THUIIbI TIEPEMEHHBIX PE3UCTOPOB CTAHJIAPTU30BAHbI U IMPO-
U3BOJATCS B MACCOBOM IOPSKE.

B 3aBucumocTH OT THIIa MPOBOASAILETO 3JIEMEHTA PEZUCTO-
PBI JEJAT HA IPOBOJIOYHBIE U HENIPOBOJIOYHBIE.

B 1mpoBoIOYHBIX pE3UCTOpax TOKOHECYLIUH JJEMEHT BbI-
MIOJIHEH U3 MPOBOJIOKH C BBICOKMM YENbHBIM 3JIEKTPUUYECKHM CO-
IIPOTUBJIEHUEM (HAIpUMEp, U3 CIIABOB MAaHI'aHWHA, KOHCTaHTAHA,
HUXPOMA U IPYTHX).

B HenpoBOJIOYHBIX PE3UCTOPAX TOKOMPOBOMSIIUN 3JIEMEHT
W3TOTOBJIEH JINOO M3 MOJIYNPOBOJHHMKA JTMOO M3 TOHKOM MONyNpo-
BOJIAIIECH MM METAJUIMYECKON TUIEHKH. DTH PE3UCTOPHI OTINYAIOT-
Csl MEHbIIEH CTOMMOCTBIO M BO3MOKHOCTBIO MCIIOJIB30BAaHHUS Ha
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BbIcOKUX (Oosiee 1000 MI') wactotax. OHM Mony4dusiaun Haubosee
[IUPOKOE PACIPOCTPaHEHUE, XOTSI U HEAOCTATOYHO CTaOUIIBLHBIC.

[IpoBosiouHBIE pe3uCTOpHl OOJiee CTAOMIIbHBI, BBIICPKUBA-
10T 3HAYUTEIIHHBIC MIEPETPY3KH, HO CIIO)KHEE B TIPOU3BOJICTBE U Ma-
JIO MPUTOJHBI. JUIsl MPUMEHEHHs] Ha YyacToTax Bbime 1.5 — 2 MI'g
M3-32 BIIMSHUS COOCTBEHHOW €MKOCTH ¥ HHTyKTUBHOCTH.

[lepeMeHHBIE PE3UCTOPHI XaAPAKTEPU3YIOTCS HAYAJIbHBIM U
HOMHUHAIILHBIM  CONPOTUBIICHUEM, MPOTHIKEHHOCTHIO PETyIUpye-
MOT0 ydacTka, (YHKIIMOHAJIBHOW XapaKTepUCTUKON, HOMUHAJb-
HOW MONIHOCTBIO, MOMEHTOM BpAIllCHUS, TTapaMeTPaMH, XapaKTe-
PU3YIONIMMH TOBEJACHUE PE3UCTOPOB MPH BO3JEHCTBUU KIMMATH-
gecKuX (pakTopoB, a TAKKE pa3Mepamu, BECOM, CTOMMOCTBIO U T.II.

3a HOMHHAJIBHOE COMPOTHUBIICHHWE PE3UCTOpa MPHHH-
MaloT BEJIMYMHA COMPOTHUBIICHUS MEXKIY KPaWHUMHU BBIBOJIA-
MH. OTKJIOHEHHE €r0 OT HOMUHAJIBLHOIO 3HAYEHHSI MOXKET J0-
xoauTh 10 30%.

[To 3aKkoHY M3MEHEHHUS CONMPOTHUBJIEHHS OT yrjia MOBOpPOTa
OCH TICpEMEHHBIC PE3WCTOPHI JIEISATCS Ha 3 OCHOBHBIX THIIA: JIH-
HelHbIe, JorapupmMuyeckue U1 00paTHO JorapupmMudeckue (moKa-
3arenbHbIe). VX THUIIOBBIC XapaKTEPUCTHKH IMPEICTABICHBI HA PH-
cynke 1.

R

o
naxlo

5 LT
9or~— ‘ l
Ld
8 A
| 2 it o
60 7 L
50 2

Pucynok 1
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Pesucropsl ¢ nuHEHHON (YHKIMOHATBHON XapaKTEPHCTHU-
KON «A» MPUMEHSIOTCS B KAYECTBE PETYIUPOBOUYHBIX U MTOACTPO-
€UHBIX; PE3UCTOPHI C JIOrApUPMHUECKON XapaKTepUCTUKOH «b»
9acTO MCIOJIb3YIOTCSI B U3MEPHUTEIBHBIX MPUOOpax, rae HeoOxoau-
MO 00€CIeYUTh MOCTOSIHCTBO OTHOCUTEIBHOIO M3MEHEHHs COIpo-
TUBJICHUSI; PE3UCTOPBI C IIOKA3aTECIIBHOW XapaKTEPUCTUKON «B»
IIPUMEHSIOTCSL B KQUEeCTBE PErysIiTOPOB I'POMKOCTH, oOecreduBast
aKyCTHUUYECKH PAaBHOMEPHOE €€ U3MEHEHHUE.

MuHMMaNbHBIM (Ha4aJbHBIM) COIIPOTHBIIEHUEM pPE3UCTOpa
Ha3bIBAIOT €r0 BEJIMYMHY NPU. YCTAHOBKE MOJBUKHOW CHCTEMBI B
KpaiiHee (IIPOTHB 4acOBOW CTpENIKH) IoJIoKeHHe. B HenmpoBosou-
HBIX pe3uctopax BenuyuHa Rpyin paBHa 50 — 200 Om, B mpoBoIOY-
HBIX OHA 3HAYUTEIILHO MEHBIIIE.

HenpoBonounble pe3ucTopbl IEPEMEHHOTO CONPOTUBICHMUS
MOTYT UMETb TOKOHECYIINI JIEMEHT KaK ITOBEPXHOCTHOTO , TaK U
00BEMHOI0 TUIIA.

B ciayuae TOkOBenymiero 3neMeHTa MOBEPXHOCTHOTO THIA
PE3UCTOP COCTOUT U3 U3O0JIALIMOHHOIO (HalpuMep, FreTHHAKCOBOTO)
OCHOBAHUS C PaclOJIOKEHHBIMA Ha HEM TPEMs BBIBOJHBIMH KOH-
TaKTaMH, C KpalHUMHU U3 KOTOPBIX COEIUHSAIOTCS KOHIbI TOKOIPO-
BozsAwIero ciosi. HeoOXxouMblil. 3aKOH U3MEHEHHs CONPOTUBICHUS
3/1ech 00ecreyrBaeTcsl HAHECEHHEM Ha OCHOBAHHME TOKOHECYIIMX
CIIOEB C pa3IUYHBIM  YACIBHBIM 3JIEKTPOCONPOTUBICHUEM. WIIU
MIPUMEHEHUEM. PE3UCTUBHBIX 3JIEMEHTOB C MEPEMEHHBIM I10 JUINHE
cedeHueM. KoHTaKTHas LIeTKa KPENUTCS Ha OCH MPU MTOMOIIHU U30-
JUPYIOIIEN IUIACTUHKY U CHEIHAIIBHON NMPYKUHKON COEIUHSIETCS
CO CpeHUM KOHTakToM. IIpu BpalieHun ocH 1meTka H3MEHSIET Be-
JUYUHY CONPOTHUBJICHHSI MEXIY CPEAHMM U KpallHUMHM JerecTKa-
Mu.. [Tonnbiid yroa noBopota ocu cocrasisiet ot 270 no 300°. [dns
3alUThl OT MbUIH, BJaru, MEXaHMYECKHUX MOBPEXIECHUHN U C LENbI0
EKTPUYECKON SKPAHUPOBKH PE3UCTUBHOE YCTPOMICTBO 3aKpbIBaA-
€TCsl METAUINYECKUM KOJIMaYKOM. DyHKIMOHAIBHBIE PE3UCTOPHI
10 CPAaBHEHUIO C JIMHEHHBIMU IIPU MPOUYUX OAMHAKOBBIX YCIOBUSAX
MMEIOT IIPUMEPHO BJIBOE MEHBIIYI0 MOLIHOCTH H3-3a NEPETPY3KU
OTJENbHBIX YYaCTKOB TOKOHECYILETO CIIOA. Hemnposoiou-
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HbIE PE3UCTOPHI 0OBEMHOTO THIA UMEIOT HEKOTOPHIE OTINYUTEINb-
Hble 0coOcHHOCTH. Kopmyc WX W3roTaBIMBalOT U3 KEPAMHKH, a
MPOBOJSIINNA CJIOW BIIPECCOBHIBAIOT B JIyrooOpasHyl0 KaHaBKY.
KoHTakT mieTKy BBITIOIHSIOT U3 CHEIUAIBHO MOJ00pPaHHONW CMECH
rpaduta u caxu. K IOCTOMHCTBaM 3THUX PE3UCTOPOB OTHOCATCS
00JIbIIIasi N3HOCOCTOMKOCTh M MEHBIIIME Ta0apuThl, a K HEIOCTAT-
KaM — CJIO’KHOCTb IOJIYYE€HHUS HYKHBIX (DYHKIMOHAIBHBIX XapaK-
TEPUCTUK.

[lepemeHHbBIE TIPOBOJIOYHBIE PE3UCTOPHI COCTOSIT U3 KOJb-
11eo0pa3Horo Kapkaca ¢ pacroIoKEHHOW Ha HEM OJTHOCIIOMHOMN Ha-
MOTKOM, 1O KOTOpOW TmepemMeniaercs KOHTakTHas Imérka. Jlms
o0ecrieueHrsT XOpOIIETo JJICKTPHUSCKOTO KOHTAKTa KOHTAKTHAs
JOPOKKa Ha OOMOTKE TIIATeNbHO 0OpabaTeiBaeTcs (uuiudyercs), a
B TOYHBIX MOTCHIIMOMETpaAX Aaxe moympyercs. KOHTaKTHBIE BBI-
BOABl pa3MENIaloT Ha M3OJSIUOHHOM OCHOBaHUU. Kapkachl
NPOBOJIOYHBIX PE3UCTOPOB M3TOTABJIIMBAIOT U3 TETHHAKCA, TEKCTO-
JUTA, CTEKJIIOTEKCTOIUTA WM U3 MeTajula — AIIOMHHHS, TaTyHU U
T.1. Kapkacel U3 H30JAIMOHHBIX MATEPUAIOB MMOKPHIBAIOT JIAKAMHU
WIM SMalsMH, KapKachkl U3 MeTala aHOJUPYIOT U TaKXkKe MOKPHI-
BAlOT CTOMKMMHU HW30JIMPYIOIIUMH JIAaKaMHU U dMAIISIMH, 9TO obecrie-
YUBAET JOIMOJHUTEIBHOE 3aKPETNIEHUE BUTKOB U YIIY4YIIAET TEII0-
oT/auvy.)

JlnameTp mpoBoJa Ompedensercss MIOTHOCThIO Toka. Ilpu
HEOOJBIINX HArpy3Kax OH OMpPEIENSIeTCS TEXHOJIOTHYCCKHUMH YC-
JOBUSIMM HAMOTKA ¥ BO3MOKHOCTHIO pa3MeIlleHHUs MPOBOAa Ha
Kapkace.

KoHTakTHBIE MIETKU MOTEHIIMOMETPOB JIENAI0T U3 IJIaTH-
HBI, cepeOpa, mayuiaaus, upuans u 1p. B rpyObIx pe3ucropax met-
Ka M3rOTaBIMBACTCS. U3 TOTO e MaTepuasa, 4To U MoisyH (OpoH-
3a, CTajb).

OT BenTMYMHBI KOHTAKTHOTO JIaBIICHUS 3aBUCUT MIEPEXOTHOE
COTPOTHUBIIEHNE U M3HOC MpoBoaa. OObIYHO maBieHue paBHo 20 -
40 r/Mm? , @ B TOYHBIX MTOTEHIIMOMETPAX — OT 3 710 5 /MM,

VYTroBble XapaKTePUCTUKU TOTOBBIX MEPEMEHHBIX PE3UCTO-
POB OJHOTO M TOTO K€ THUIIA MPAKTUYECKU. HE MOTYT OBITH TOYHO
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OJIMHAKOBBIMHM H3-32 HEM30EKHO CYIIECTBYIOUIETO IPOU3BOJACT-
BEHHOTO pa3bpoca (MOrpeurHocTh B M3TOTOBICHUHM PE3UCTUBHOTO
AJIEMEHTa, HETOYHOCTh COOpPKH, BIUSHUE MPU MAaJIbIX CONPOTUBIIE-
HUSIX CKOJIB3SIIErO KOHTAKTA U T.1

4. Meronuka u3mepeHus PyHKIIMOHAIBHBIX XapaKTepH-
CTUK

Cxema U3MEepUTEIILHOTO CTeH/Ia MPEICTaBlIeHa HA PUCYH-
Ke 2

"RT " nRz " rrR3 " XT

E— —

|
|
S PR1
R1 R2 R3 C)
B22k A56 K B10x X2
&
N

PucyHnok 2 — Dnexkrpudeckas cxema u3MepeHus (yHKIIMOHATbHBIX
XapaKTEPUCTUK MTEPEMEHHBIX pEe3UCTOPOB

Ommerpom sBisgercs usmeputens RLC tuna E7- 22 B pe-
KM€ U3MEPEHHUsI CONTpOTUBIIEHUH Ha yacToTe 120 ['m.

Ha pucynke 3 noka3san BHemHu# Buj Tecrepa E7-22.

20



VotLr CRAFT,

Pucynox 3
4.1 Ha3naueHue OpraHoOB yNpaBiICHUS U UHIUKALNUN
4.1.1 Opranbl ynpaBlieHUsl ¥ UHIUKALUK NIepeIHel maHeau

Ha pucynke 4 noxasaHbl oprassl ynpaBieHUs U UHIUKaA-
LU TIEPEIHEN MTaHEeH.
1 KHomnka BKJIIOUEHUS MUTAHUS
2 Kwnormka BbIOOpa 4aCTOTHI TECT CUTHaJa UM BBOAA LUGPHI «0»
WM 3HAKa «-».
3 Knormka BbiOOpa cxeMbl 3aMEIeHNs WM BBO/IA 33aHHBIX 3Ha-
YeHUN
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Pucynok 4 - Opranbl ynpaBiaeHUs 1 UHIUKALUU IEpeHEN MmaHe-
I
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®

4 KHormka py4HOTr0o BEIOOpaA MPEAETOB U3MEPEHUS WIH BBOJIA U (-
pBI «1»

5 KHnomka BbI00Opa peskMMOB U3MEPEHHSI OCHOBHBIX MapaMeTpOB
(R,L,C) unu BBOZIa UGBTI «2%»

6 Knomka BeIOOpa peXUMOB H3MEpPEHUS BCIIOMOTATENbHBIX IMa-
pametpoB (Q,D,R) wimm BBOMA udpsl «3»

7 KHomka ¢ukcalluu W3MEPEHHOTO 3HAYEHHUs, BBOJA IHQPHI
«4» WM BKIIFOYEHHS TIOJICBETKH

WHIMKATOpa

8 Knomka Bb1OOpa pexknMa (prKcanuu SKCTpeMalbHBIX WIIH CPE/I-
HUX 3HAQUYEHUH WK BBOJA UDPHI «5»
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9 KHomka ycTaHOBKHM IPOTrpaMMHBIX peKUMOB u3Meputens RLC
WJIM BBOJIA ITUQPHI «6»

10 KHormka BKIIFOUEHHUS pEKUMa OTHOCUTEIBHBIX A-H3MepeHU
WJIM BBOJIA ITUQPHI «7»

11 KHormka yCcTaHOBKH BEPXHETO M HIDKHETO JIOIyCKOBOTO IIpeiesia
WJIM BBOJIA ITUQPHI «8»

12 KHormka BKITFOUCHHUS PEKUMa KOHTPOJISI OTHOCUTEIBHBIX OTKIIO-
HEHUH WM BBOAA UDPBI «9»

13 «» BXOJIHbIE KOHTAKThl U3MEPUTEIIS

14 «+» BXOAHBIE KOHTAKTHI U3MEPUTEIIS

4.1.2 HazHaueHue OpraHoB yIpaBJICHUs

OcHoBHOM MHAMKATOp M3MepeHus mnapameTpoB KK-
JUCIIes — TpelHa3HayeH JUIsi OTOOpa)KeHUsS pe3ylibTaTa u3Mme-
peans R, Lu C.

BcenomorarenbHblid  MHIAMKATOp HW3MEPEHHs] MapaMeTpoB
KK-nucruies - npeaHazHadyeH IS
0TOOpakeHHsI pe3ybTaTa H3MEPEHUS BCIIOMOTATEIbHBIX 3HAYCHUH
- TAaHT€HCa yTiia TOTePb, JOOPOTHOCTH U CONTPOTHUBIICHHUS.

«([@)) - KHOMKA BKIIOUEHHUS U BBIKITIOUEHHS TTUTAHUS. [Ipu
BKJIIOYEHUW TUTAHUSI U3MEPUTENTh BKJIIOYUTCS, Ha HWHIUKATOPE
nosiBUTCS cuMBONT «APO»y, CBHUIETENBCTBYIONINI 00 aKTUBAIUU
GyHKIIMM  aBTOMATHYECKOTO BBIKIIIOUCHHS TUTaHUsA. B pexume
0e3aeiicTBUs MUTaHUE OyJIET BBIKIIOYEHO MpuMepHO depe3 10 mu-
HyT. [Ins Bo3BpamieHus B pabouuii pexUM HaXKMUTE KpaTKo-
BPEMEHHO KHOITIKY «», m3mepurenb RLC BepHercs
B COCTOSIHHE, TPEIIIECTBYIOIIEEC BBHIKIIOUCHUIO MUTAHUS.
@YHKIIMA aBTOMAaTHYECKOTO BBIKJIIOYEHUSI MHUTaHUS J1€3aKTHUBU-
pyercst mpu paboTe OT CETEeBOro ajaantepa WM BKIIOYCHHUH
pexnMa (UKcalM AKCTPEeMaNbHBIX 3HaueHWi. s mpunynu-
TETBHO OTKJIIOYCHHS (DYHKIIMM aBTOMAaTUYECKOTO BBIKIIIOUCHHS
MUTAaHUS, TPU BKIIOUYEHUM NUTAHUS HAKMHUTE U YACPKUBANUTE
KHOTIKY «(@)y, no nogsiaenus Hammucu «APO OFFy». Ilociae
4ero OTHyCTUTE ee, mpu padore c¢ wu3Mmepurenem Ha JKKU ne
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oyzner Haanucu «APOy». @yHKIMY aBTOMATUYECKOTO BBIKIIOUEHUS
nuTaHus OyJIeT akTUBUPOBAHA aBTOMATHUYECKH MPH MOCIETYIOLIEM
BKJIFOYEHHUHU TTUTAHUS.

«YACT» («Frequency») - KHOIKa BbIOOpa 4acTOTHI TECT
curHaia. [Ipy KaxJ10M Ha)kaTUM Ha KHONKY 4YacTOTa TECT CUTHaa
U3MEHSIETCA B [IOCIEA0BATEIbHOCTU

Ikl — 120T'np — 1 k1.

[Ipumedanue: pu BKIIOYEHUU MHUTAaHUS OylIeT yCTaHOBIIE-
Ha 4acToTa TECT CUTHAJA, MPEALIECTBYIOIIAs BbIKJIOYEHHUIO MUTa-
HUS

«ITAP/TIOCJI» («PAL/SER») - kHOmKa BBIOOpa CXEMBI
3amemenus (PAL- napamnensHas, SER- nocnenoBarensHas). [Ipu
KaX/I0M Ha)XKaTUM Ha KHOIKY THII CXEMbl 3aMELICHHs] H3MEHS-
eTcsl B
[10CJIe10BATEIbHOCTH
SER — PAL — SER

[TpumMedanue: npu BKIIOYEHUU MUTAHUS OYAET YCTaHOBJIEH
TUIT CXEMBbI 3aMEeIleHus], MPEAIIECTBYIOMNN BBIKIIOUYEHUIO MHUTa-
HUSL.

«BBO/I» (<(ENTER») — kHOmKa J171s1 BBOJA 3a/laHHBIX 3Ha-
YEHHUM.

«AUAID» («(RANGE») - kxHOmka py4HOro BbIOOpa WU
¢bukcanu mpeaesoB MU3MEpeHHs, Ha
nHaukatope moracHeT cumBoil «AUTO».Beibop mnpenenoB wus-
MEPEHMsI OCYILIECTBIISIETCS NP KPaTKOBPEMEHHOM Ha)KaTUU Ha
kHOTKy «JIMAIl». BeikmtoueHne pexuma pydHOTO BBIOOpa
IIPENIEI0B
M3MEpEHUs OCYILECTBISETCS Mpu:

- MIOBTOPHOM Ha)XaTUU U yaepxanuu kKHonku «/IUAII» 6o-
Jiee 2-X CEeKyH/I;

- IEPEKITI0YECHNE PEKUMA U3MEPEHUS;

- BBIKJIIOYEHHE ITUTAHUS

[Tpumeuanue: mpenen u3MepeHus OyneT 3apuKCHpPOBaH
IPU BKJIIOYEHUHM peKUMa (UKCALMU
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9KCTPEMAJIBHBIX 3HAYEHHUH, KOHTPOJII BEPXHEr0 M HUXKHETO J0-
IIyCKOBOI'O IIpelesla U OTHOCUTEIbHBIX U3MEPEHUM.

«L/C/R» -Knomnka BeIOOpa pe:KUMOB U3MEPEHUS OCHOBHBIX
[apaMeTpoB — €MKOCTH, HHAYKTUBHOCTH U comnpoTtusieHusd. llpu
KOKIOM Ha)XKaTMM Ha KHONKY BMJ H3MEPSAEMOro IapaMerpa
U3MEHSETCA B IIOCIIEOBATEIbHOCTH
C—-R->L-—-C

[Ipumedanue: pu BKIIOYEHUU MHUTAaHUS OyIeT ycTaHOBIIE-
HO U3MEPEHUE MapaMeTpa, NPEALIECTBYIOIEE BHIKIIOYCHHUIO ITUTa-
HUs

«D/Q/R» -KHormka BbIOOpa pe’KUMOB U3MEPEHHSI BCIIOMOT'a-
TEIBHBIX IapameTpoB. lIpy KakIoM Ha)kaTMM Ha KHONKY Ha
BCIIOMOTaTeJIbHOM HHJMKATOpe IMapaMeTpbl OyayT oToOpakaTh-
CA IapaMeTpbl JOCTYIHBIE I U3MEPEHMS, B 3aBUCHUMOCTH OT
YCTaHOBJICHHOI'O OCHOBHOT'O peXHMa U3MEPEHUS.

«YIAEPX» («HOLD») - xHOMKa BKJIIOYEHMSI/BBIKIIOUEHUS
pexxumMa ynepkanus pesynbrara Ha J)KKU n BriatodeHus moaceeT-
ku JKKU. ITpu Bimrouennn pexxnma «Y JIEPXK» — Bxitouaercs un-
nukarop «H».

BrixiroueHue pexxnMa yaep:KaHus pe3ysabTaTa U3MEpEHUs:

- KPaTKOBPEMEHHO Ha)KaTh Ha KHOMKY «Y JJEPX(»;

- BBIKJIIOYMUTH [TUTAHUE.

Haxatne u yaepxanue knomku «YJEPX» OGonee 2-x
CEeKyHJ|, NPHUBOJWUT K BKJIIOYEHUH ITOACBETKH dKpaHa. IloBrop-
HOe HaxaTue M ynepkanue kHomku «YJIEPX» Oonee 2-x ce-
KYyH/, IPUBOJIUT K BBIKJIFOYEHHUIO MOJACBETKHM d3KpaHa. [loacerka
9KpaHa TaK )K€ BBIKIIOYAETCSd aBTOMATUYECKU 4epe3 | MUHYTY.

«MIN/MAX» - KHOIIKa BKJIIOUEHHS/BBIKIIOUEHUSI PEKUMa
¢uKcanMu SKCTpeMajbHBIX 3HAUYE€HUH (MMHUMYM, MaKCHMYM,
Pa3HOCUTh MEXJy MaKCHUMaJbHbIM U MHMHHUMAaJbHBIM 3HAYEeHU-
€M, CcpelHee 3HaueHHe 3a BpeMs wusMmepeHus). llpu kaxnoom
HaXaTUM Ha KHOIIKY PEXHUM H3MEHSCTCS B
IIOCJIEI0BATEILHOCTH
MIN — MAX — MIN-MAX — AVG — Beikn — MIN.
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Haxatne u ynepxanue kHomkm «MIN/MAX» OGomee 2-x
CeKyHJ, MPUBOAUT K BBIKIIOUYECHUIO pPEXHMa (HUKCAIMU IKCTpeE-
MaJIbHBIX 3HAUYEHU.

IIpumeuanue : Bo BpemMs U3MEpEHHs IKCTPEMAIbHBIX
3HaYeHUH M3MEHEHHE DPEXHMOB HM3MEpPEHHs HE BO3MOXKHO.

«YCT» («SET») - kHOmMKa MPOrpaMMHBIX YCTaHOBOK H3-
meputens RLC, moapoOHoe ommcanue cM. B paszfene MopsaoK
9KCILTyaTaIiH.

«A» («REL») - kHOMKa BKJIIOUCHHUS/BBIKIIOUEHUS PEKHU-
Ma OTHOCHTEIBHBIX A-W3MEpPEHHH, NMpPHU BKIIOYEHUH PEKHMA OT-
HOCHUTEJIbHBIX U3MEPEHUH — BKIIIOUACTCS MHAMKATOP «A» , OCHOB-
Has mdpoBas mKana OOHYIAETCs, a MOCIeIHee N3MEpEeHHOe 3Ha-
YEHHE 3aMUChIBACTCS B HaMSATh Kak 3TaTOHHOE (Nyranon-),

B pexxume OTHOCHTENBHBIX M3MEpEHH Ha HU(POBOH MIKa-
ne orobpaxaercs BenuunuHa Norosp, PaBHAS
Noroop.=Nex. = Naranon, i€ Ngx. — H3MEpEHHOE TEKyIlIEE 3HAYECHHE.

BeixitoueHne pexxuma OTHOCHTEIBHBIX M3MEPEHUil ocyliie-
CTBIISICTCS TIPH:

- Haxatue u yaepxanue kHonku «A /REL» Gomee 2-x ce-
KYHJL;

- BBIKJIFOYEHHE TTUTAHUS

«Bepx/Hmwx Tlpen» («Hi/Lo LIMITSy) - kHOmKa BKITIO4e-
HUSL KOHTPOJII BEPXHEr0 U HHKHETO
JIOTTYCKOBOTO Tpeiea.

«OTH» («TOL») - KHOIKa BKJIIOYEHHUS pEKUMa KOHTPO-
JS. TP U3MEPEHUHM OTHOCHUTEITBHBIX
OTKJIOHCHM.

Ha pucynke 5 mokaszaH cTeHJ JuId M3MepeHHs (YHKIHO-
HAJIBHBIX XapakTepucTuK R = f(a) mepeMeHHBIX pPE3UCTOPOB, TIC
o - TeKyllee 3HaueHHUe yria IOBOpPOTa OCH PE3UCTOpa B rpagycax,
a R - cooTBercTByMOIIEE ITOMY YINIy CONPOTHUBICHHS PE3UCTOPA
Ha nuueBoil nmaHenn creHaa yCTaHOBJIEHBI TPU NEPEMEHHBIX PE3U-
CTOpa C pa3HbIMU (YHKIMOHAIBHBIMH XapaKTEPUCTHKAMH.
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Ha ocsix 3TUX pe3ucTOpoB YCTAaHOBIIEHBI PYUYKH THIIA
«KITIOBUKY». AKCHAIBHO C OCBIO PE3UCTOpa HAHECEHA IIKaJia C Jie-
JIEHUSIMU B YIJIOBBIX rpaaycax depe3 10 rpagycoB. Konuuk pyuku
yKa3bIBaeT Ha 3HAUEHHUE yTJa MOBOPOTA. Bce pe3ncTopsl MACHTH-
¢ummpoBanbl «R1», «R2» u  «R3». Ha G0koBOIi CTeHKE CTeHaA
PaCTOIOKEHBI JIBE OMHOMOMIOCHBIE po3eTku XS1 m XS2. Okono
po3eTku XS2 pacrosoxkeHa Haanuch «OONIUii», 9YTO COOTBETCTBY-
€T 0o0IIeMy MPOBOJHUKY BCEX PE3UCTOPOB (CM. DIIEKTPUUECKYIO
cxeMmy Ha pucyHke 2). Po3zetka XS1 B 3aBUCUMOCTH OT MOJOXKEHHS
nepexmovarens R1, R2 wnmu R3 monkimodaercst K cpegHeMy BbI-
BOJY OJTHOTO M3 3TUX PE3UCTOPOB.

[TonkimounTe K W3MEPUTEITI0 HM3MEPHUTEIBHBIA KaOelb.
Bxirounrte mutaHue u3MepuTens , Ha
uHauKaTope OyneT BeicBeunBaThesi cuMBOI «AUTO» - aBTOMa-
TUYECKUH PeKUM BbIOOpa MU (UKCAMH TMPEAETIOB H3MEPEHHUS.

Yb6enutech B TOM, YTO HHIUKATOP COCTOSIHUS OaTapeil He
roput. IIporpeiite n3amepurens B TedeHue st MUHYT. [1o ucre-
YEHUU 3TOT0 BPEMEHU U3MEPUTENh T'OTOB K padoTe.

Pucynox 5 — OGmuit Bua cTeHAa 71 U3MEepeHust PyHKITHMOHATb-
HBIX XapakTepuctuk R = f(a) IIEPEMEHHBIX PE3UCTO-
poB
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[Ipn n3MepeHHe CONPOTUBIICHHS HaXaTHEM Ha KHOIKY
«L/C/R» BbiOepuTe pexxuM u3MepeHHs «R».
[MogxmounTe CTEHA K M3MEPUTENIO: MPOBOJ KPAcHOTO

1Bera K pozerke XS1, a uepHoro 1sera - k XS2 (OO0mmmii).
Haxatnem Ha xkHonky «HACT»(«FREQ») ycranoBute
gacTtoTy TecT curdanal20 I'm. Knonky «[TAP/TIOCJI»

(«PAL/SER») - xHOmKa BbIOOpa CXEMBI 3aMEIICHHS - B MOJIOXKE-
nue SER- nocnenoBarenpras. Ha XKW otoOpasutcst pe3ynbrar.
JIOTIOJIHUTENBHBIA MHIUKATOP B 3TOM CIy4ae OTKIIOUEH.

OOpariaiiTe BHUMaHUE Ha pa3psii U3MEpsieMON BEJIIMYUHBI,
KOTOPBI BBICBEUMBAETCS Cpa3y 3a MU3MEpSEMOM BEIMUMHOM: €,
kKQ nm MQ.

YcTaHOBUTE BCE PYUKH MEPEMEHHBIX PE3UCTOPOB B IMOJO-
xenue «0°». [lepexitouarens ycTaHOBUTE B mosioxkeHue «R 17y, uH-
nukatop OyneT mokaspiBaTh B OMax HadajabHOE COMPOTUBIICHUE
nepeMeHHoro pesucropa R1. 3anummre nokasanue B Tabauiy 1.

IToBepHuTe pyuky Ha 20°, IpOBEAUTE OTYET COMPOTHUBIIE-
HUS ¥ BHecuTe ero B Tabnuiy 1. [lpomormkaiite u3mMepeHus ¢ mia-
rom 20° o 270° moka och MEPEMEHHOTO PE3UCTOpa HE YNpPEeTcs B
orpanuuuTeNb. He 3a0biBaiiTe KOHTPOJIUPOBATH paspsiy uU3Mepsie-
MO BEJMYMHBI. 3HAYEHHE COMPOTUBIICHUS NpPH yIrje€ MOBOPOTa
270° aBasgercs Rmax.

3HaueHue Rpmax A7 BceX TpeX Pe3UCTOPOB pa3HOE U TMpak-
TUYECKH HEBO3MOXKHO CpPaBHUBATh WX (DYHKIIMOHAJIBHBIE XapaKTe-
PHUCTHUKH.

[ToaToMy HEOOXOIUMO TIPOBECTH HOPMHUPOBKY TTOJTYICHHBIX
CONIPOTUBJICHUH .

HopMmupoBanmne —3T0 noinydyeHue 3Ha4€HUd COTPOTHBIIEHUM
B OTHOCHUTENIbHBIX €AMHUIIAX K MaKCHUMaJIbHbIM 3HAUEHHEM Kax0-
ro compotuBieHus. [Ipm ToOM MakcHMMallbHOE HOPMHUPOBAHHOE
3HAUEHUE COMPOTUBIICHHS Y KaXJA0ro pe3ucTopa OyaeT oJuHAKO-
BBIM M PaBHBIM €IMHUIBL. B 3TOM ciydae A mosiydeHus mpome-
KYTOYHBIX 3HAYEHUN HAT0 KAXKJ0€ TEKYyIIee 3HAUCHHE PA3CIUTh
Ha MaKCHUMaJlbHO€, TO €CThb MPEACTaBUTh UX B OTHOCHTEIbHBIX
eauHuIax (WM OpOLEHTaX) M0 OTHOMIEHUS K Rmax. Makcumanb-
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HOE 3HAueHHE OyJeT Ha3bIBaTbCd HOPMUPYIOIIUM Kod(dduureH-
TOM.

B paccmatpuBaemom ciydae HopMupyromui koddduim-
€HT PaBEH JIJIsl KAKJIOTO PE3UCTOPA PABEH BeIMUMHE Rpmax.

. Torma HopmupoBanHoe 3HaueHue npu 270° Oyaer paBHO
equnune win 100 %.

Vka3zaHHbIC orcpanyru IMMOBTOPUTE AJIA KOHACHCATOPOB R2 u
R3.

B TaGnuupl 1 — 3 cinenyet BHECTH CBOM pe3yibTaThl H3Me-
peHus.

Tabnuna 1 — Ucxonuslie nannble 18 pesucropa R1

aepa | 0 |20 40|60 [80 |10 | 12 [14 [ 16| 18 [20 | 22| 24 | 26 | 27
0 ojlojo|lojo|o|lo|o|oO]|oO

RO |21 |28 4156|7112 |18 | 24 [33 45|60 |80 | 11 | 18 | 21
M 3|4 |0|6|9|2|4|30]|37]58

RIRy, 1
ax

[lepekmtouaTens yCTaHOBUTE B MoJiokeHHE «R2» , okasa-
Hus Ha JKK-unaukarope Oyner B OMax M npeacTaBiiseT HayallbHOE
COIIPOTHBIIEHHUE TTepeMeHHoro pe3rctopa R2. [ToBepHuTe pyuKy Ha
20°, mMOCMOTPUTE HE MU3MEHWICS JM pa3psi CONMPOTHBIECHUS, TO
€CTh He Inepenien a1 oH B KOM. IIpoBennure oT4eT CONpOTUBIICHUS
Y BHECUTE €ro B Ta0nuIly 2 U Tak jajnee, Kak Juist peauctopa R1.

Tabnuua 2 — MicxonHble fanHbIe A7 pe3uctopa R2

aepao | 0214168111112 |2|2]|2]2
0j0|0|0|0]|2|4|6|8|0|2 4|67
ojo|jo0ojo|j0O0OjO|jO|JO|O]|O
RkOm |0, 4,8 |1 |12 |22 |3(3|4[4|5|5]5
21113315 1(113,1]914,/810,1(410,1]3,]3

4 4|1 7|18|5|7|2|1|3|8|4]2
R/Rmax 1
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[lepexitouarens ycTaHOBUTE B mosoxeHue «R3» , unauka-
Top OyneT mokasbiBaTh B OMax HadajabHOE COIPOTUBIIEHHE IEpe-
MeHHoro pesuctopa R3. [loBepuure pyuky Ha 20°, mocMOTpuTe
HE MU3MEHWICA JIU Pa3psi]i CONPOTUBIIEHUS], TO €CTh HE Mepelen JIu
oH B KOMm. [IpoBeauTte oT4eT CONPOTUBIICHUS U TAKKE BHECUTE €T0
B Tabnuiy 3 u nanee, Kak Juist pesucropa R1.

Tabnuma 3 — Ucxoaabie gannbie 118 pesucrtopa R3

aepao | 02| 4|68
0j0|0|0O

R,KOM 0, 3, 5, 61 77
1(7|5]9]2

©o Noor
— ©oN -
N OIo b
wWoor
g 9o o+
~NQ oo
oL oM
oYonrmr

WO roo N

RO R o~NN

R/Rmax

[TocTtpoum Tpu rpaduka Mo aHaJoOruM ¢ rpapukamu, npes-
CTaBJICHHOM Ha pucyHke 1. W3 3Tux rpaduxoB B nepBom mpuodIn-
KEHUU oIpeiesiuM Kakoil u3 pesuctopoB R1, R2 u R3 wumeer nu-
HelHyo A, norapudmuueckyro b u noxazarenbHyro B ¢yHKImo-
HaJIbHbIE XapaKTEPUCTUKH.

[Tpumep mocTpoeHHs MoKa3aH Ha pUCYHKE 6.

R /R max
.

Vaon, apad

Pucynok 6 — DkcriepuMeHTanbHbIe (YHKIMOHATIBHbBIE XapaKTepH-
CTHKH JUISI TPEX THIIOB IEPEeMEHHBIX
pesucropoB R1, R2 u R3

30




OnpenenyM BUJ SKCIIEPUMEHTAJIHHO MOJYYEHHBIX (YyHK-
LHMOHAJIBHBIN XapakTepucTuk I 3TOro MmocTpouM HOPMHPOBAaH-
Hble rpaguKku Jorapudmuueckoil U nmoxkazarenbHON (QyHKUUH, TIe
apryMEHTOM SBIJIETCSl Yroj MOBOpPOTa. J{JIsl 3TOro BOCHOIB3yeMCs
JTaHHBIMU TaOIUIBI 4.

Tabnuua 4 — VicxonHble JaHHBIE IS TIOCTPOCHUS Tpaduka HOpMU-
poBaHHOH JorapupmMudeckon QyHKIUN

a,epao 112468111112 |2|2|2]|2
0(0|0j0]|0|2|4|6|8|0|2|4|6]|7
0/0]0O0O]0O|JO]JO]OJO]JO]O
a | omax 0(0,010,(0,/0,{0,{0,/0,|0,{0,(0,]0,|0, |1

0122 |3 |4|5|5|6|7|8|8]?F9

7141297 |4|1]|]9(6|4]1|8]|6

418|216 41913 |6|1]5]9]3

lg a,epao 0

gol Igoma | O 1
Ha ocHoBe 3T0#i Tabnuiibl mocTouM rpaguk (pUCYHOK /) HOPMHU-
POBaHHBIX (QYHKIUH o / onex = T1(0) 1 lga/ Ig

Omax = Ta(a). Dtn rpaduku QyHKIHMOHAIBHBIX XapaKTEPHCTHUK,
HamOoJee YacTO BCTPEYAIOIIMXCS Ha MPAKTUKE: Jorapugmuye-
CKOM, 00paTHO JIOTapu(PMHUUECKON U TUHEHHON 3aBUCHMOCTH.

PYAE

=T
— s
CHR T - T
T b
_# ~

R L

=T R3- nosapudmuseckull 1

Ve Hat I
7 o 1
-
H b i
’

/ " munpHL /
1 <
i i
- i
f 7 R1- abpamio nozaputbusecnid

Veon ol 2pad

Pucynox 7- Hanbonee gacto BcTpedaromuecs: (yHKIIMOHATbHBIC
XapaKTePUCTHKU MEPEMEHHBIX PE3UCTOPOB
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[TokazatenpHass GyHKIUS SBISETCS 0OpaTHOW K Jorapu-
mudeckoil. Kak u3BecTHo, rpaguku npsiMoid 1 oOpaTHON (PyHKIHI
CHMMETPHYHBI OTHOCHTEIIFHO MPSMON MPOXOJAIICH Yepe3 Hadaio
KOOpJAMHAT U TOYKY C KOOpPAMHATaMU (dmax;1). IloaTomy moxasza-
TENBHYIO (PYHKIMOHANBHYIO XapaKTEepPUCTUKY OYEHb YacTO B JIUTE-
parype Ha3bIBalOT 0OpaTtHO Jsorapudmudeckoit. Ee moctpounnu me-
TOJaMU TIEpPEeHOCca, TIOBOPOTA M OTpaKeHUs rpaduka Juis jorapud-
MUYECKOU (DYHKITUH.

Ha ornenpHoM pucynke 8 npenctaBum rpaduku R/ Rpax =
f(a) M1 SKCIIepUMEHTANIBHBIX pe3yinbTaToB. Ha 3ToM ke rpaduke
NPEJICTaBUM pacCYMTaHHBIC KPUBBIC, TIOKa3aHHBIC HA PUCYHKE 7, U
CpaBHUM HX IIOJIOKEHUE U HOpPMY.

R /R max
0 —¥
__4———*’:;""
a9 _—¢’:’+~1F  2af
B AESRE AN A Sun Pt
L 7
o - - BEa7
/’F =T —{ ]
¥ BeLE e
a7 4 7RI BraErd
F e Lt
7 7 b
e ¥ v //
i / _'// L
A AR / Rz 7
s
iom ARTRRE” %%
il
{1+ &
! 5
03 / 71 i
{17 o
MJI/ 2
I Lo
-
LA ,
J .~
ZL Veon, apad

Pucynok 8 - CpaBHenue rpadukoB aiisi pe3uCTOPOB IEPEMEHHOTO
COITPOTUBJICHHA C PA3HBIMU (bYHKI_[I/IOHaJ'IBHI)IMI/I 3aBUCHUMOCTAMU,
MOJTyYeHHBIE HKCIIEPUMEHTAIBHBIM ITyTEM (YEpHOTO L[BETA) U Y-
TeM pacyeTa (KpacHOTO 1[BETA)

[TepBoe, uro ciemyet u3 rpadukos, pesucrtop R1 umeer 00-
patHO Jorapu(pMHUUECKYIO XapaKTepUCTUKY, R2 — nuHelinyto, a R3
— norapudmuyeckyto. st pesuctopoB R1 u R3 Habmromaercs 3a-
METHOE OTJINYHE KPUBBIX PACCUUTAHHBIX M SKCIIEPUMEHTAIBHBIX,
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0COOEHHO B 00JIACTSIX OBICTPOr0 U3MEHEHHUS COIIPOTUBIICHUS PU
M3MEHEHHH yTJia TIOBOPOTA.

Taxoe paznuuue MoXeT ObITh 00YCIOBIEHO MHOTUMH (hak-
tTopamu. llorpemHocts u3MepeHust, KOTopasi BCerja npucyTCTBYeT
IIpU NPOBEJNEHUU dKcnepuMeHTa. KpuBble kpacHOro nsera npen-
CTaBISIOT COOOW TMOKAa3aTeNbHYIO0 H JIOTapu(PMUUIECKyIO ()YHKIIHH,
TaK KaK OHU PacCUUTBIBAIMCH 110 GOopMyJiaM AJs ATUX QyHKUUH. A
BOT SIBJISIFOTCA JIM SKCIIEPUMEHTAJIbHbIE KPUBBIMUA TaKOBBIMU. JTO
eme Bonpoc. Heo6xonumMo nmpoBecTH aHaiau3 3TUX KPHUBBIX M, IO
BO3MOYKHOCTH, TIPEJCTaBUTh AHATUTUIECKUE BBIPAKEHHS, KOTOPHI-
MU OIUCBIBAIOTCS 3TU KpuBble. Ilpu pacuere (yHKIMI HcHoNb30-
BaJIOCh OCHOBaHUWe Jorapudma, pasHoe 10. Jlaxe, ecim ati QyHK-
LMY T€, 32 KOTOPbIE OHU ce0s BBIAIOT, TO IPU JIPYTOM OCHOBaHUHU
BH/JI TPaUKOB y)Ke APYTOW.

Tak, HanpuMmep, NMoKa3aTelbHYI0 QYHKIMIO (I pe3ucTopa
R1) MOXXHO OYeHb MPUOIIKEHHO ONMUCATh YPAaBHEHHUEM MOIU(H-
LIUPOBaHHOM MoKa3aTeNbHON (HYHKIUU

a

R _ b -1
b-1

R

max

rae K - koo puimeHT nponopuuoHaIbHOCTH;
b - ocHOBaHuME MOKa3aTeNbHON (YHKIIHH.
JeiicTBUTENbHO, TpPHU o PaBHOM HYJIO (Hadajo rpaduka)
R/ Rmax Takke paBHO HYIIO, TaK D paBHO €IWHHIE U YHUCIUTEIb
oOpamraercss B HONb. [Ipr o¢ = Gimax, YMCIUTENHF U 3HAMEHATEIh
CTaHOBSITCS OJMHAKOBBIMHU U TIpU K , paBHBIM equnwmIe, R/ Ryax Oy-
JIeT paBHO €/IMHHUILIE, YTO M Halmtofaercs Ha rpaduxe 3Tol QyHK-
UU. OTH 0COOEHHOCTH UMEIOT MECTO IPH JIF0OOM 3HauUEHHUH Mapa-
MmeTpa b. [ Bcex ocTanbHBIX TOUYEK 3HaueHHE mapamerpa b nme-
€T OIpeeNICHHOE 3HAYCHNE U €T0 HY)KHO ONpPEeNUTh, pacCMaTpH-
Bas KOHKPETHbIE TOYKU IpaMKOB MMOKa3aTeIbHONU (QYHKIUH.
AHaJIOTUYHbIE MPOOJIIEMBI UMEIOT MECTO OBITh M IS JIoTa-
pudmuueckoit Qynkmuu. Tak, Hampumep, JorapuMHUUECKYIO
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byuknuo (s pesuctopa R3) MOKHO OYCHB HMPUOIHMKEHHO OITH-
caTb ypaBHEHHEM MOJIU(PHUIMPOBAHHON Jorapupmuyeckon ¢yHK-
02078
R log,(a+1)
‘R log, &

max

JlelicTBUTENBHO, TIPH 0. PAaBHOM HYJIIO (Ha4ajo rpaduka)
R/ Rmax Tak:ke paBHO HYJIIO, TaK log 1 paBen Hys10
U YUCIIUTEIb 06pan1aeTcsl B HOJIb. [Ipu o0 = Otmax YTOIT Olmax >> 1,
YHUCIIUTEh U 3HAMEHATEN b CTAHOBSATCS OIMHAKOBBIMU U R/ Rpax
OyzeT paBHO €AMHUIIE, YTO M HAOIIOAaeTCs Ha TpaduKe STOU
GyHKIUU. DTH 0COOCHHOCTH UMEIOT MECTO MPH JIFOOOM 3HAYCHUU
napametpa b. /Iy Bcex ocTalIbHBIX TOYEK 3HAUCHHE mapamerpa b
MUMEET OIPEICIICHHOE 3HAYCHUE U €TI0 HY)KHO ONPEICIUTh, pac-
cMaTpuBas KOHKPEHHbIE TOYKHU TpaduKoB orapuMudeckoit

GyHKIUH.

BriBoabl

1 I'lo rpadukam 3aBUCHMOCTH COIIPOTHUBIIEHHS OT yIJia Mo-
BOPOTA OCU PE3UCTOPA MOKHO MTPAKTUYECKH O€301IHMO0YHO Onpe-
JeTUTh (PYHKIIMOHAIBHYIO XapaKTepPUCTUKY pPe3UCTOpa MepeMeH-
HOT'O CONPOTUBJIEHUSI IOTOMY, YTO KaXKAasl W3 3TUX BHJIOB Xapak-
TEPUCTHK CYIIIECTBEHHO OTJIMYAETCS OT APYTUX, U UX JaKe IIPH
00JIBbIION MOTPENTHOCTH U3MEPEHUSI TPYAHO MEPEyTaTh.

2 OnHako npu OoJee JeTaJbHOM paCCMOTPEHUH BO3HUKAIOT
TPYJHOCTH IIPHU aHATUTUYECKOM ONMUCAHUU 3TUX XapaKTEPUCTHUK U,
KaK CJIEZICTBHE 3TOT0 YCJIOKHSETCS MTPOLECC ONTUMHU3ALINN DIIEK-
TPUUECKHX IENel ¢ nepeMEeHHBIMH PE3UCTOPaMHU.

3 Nmes nadopManiio o GyHKIIMOHATHHBIX XapaKTePUCTH-
KaxX pe3uCTOPOB IEPEMEHHOTO COITPOTUBIIEHUS! MOXHO IPUMEHATH
3TH PE3UCTOPBI ONTUMAILHBIM 00Pa3oM.
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