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BBenenue

Hucuunnuna  «/3MeputensHbie  mpeoOpazoBaTeid B TEXHOJOTHYECKMX  CHCTEMax»
npeiaraeTcsl K U3y4eHUIo CTYACHTaM MarucTpaTypbl «YTpaBieHHE KaueCTBOM» JJIsi MOJATOTOBKU
CHEIHAJIMCTa 0 YNPaBJICHUIO KAYeCTBOM, BJIAJICIONIETO HEOOXOIUMBIMU 3HAHUSIMH O METOJaxX H
CpelcTBax KOHTPOJS XapaKTEPUCTHK MPOAYKIHMH TPU MCHOJb30BaHUM B HMHCTPYMEHTAIBHO-
METPOJIOTHYECKOM KOHTpOJIE JJisi HanboJiee 00BEKTUBHOTO MOATBEPKACHUS COOTBETCTBHSI OOBEKTA
MPEABSIBISIEMBIM TPEOOBAHUSAM; CIIOCOOHOTO pa3palaThiBaTh IJIAHBI HAYYHO-HUCCIIEAOBATEIBCKUX U
OTIBITHO-KOHCTPYKTOPCKHX PabOT, YIPaBIATH XOJOM WX BBIOJHCHUS B CBSI3U C 0O0ECIICUCHUEM
WHCTPYMEHTAJIbHO-METPOJIOTUUECKOTO KOHTPOJS Juisi Hambojiee OOBEKTUBHOIO IMOATBEPIKICHUS
COOTBETCTBUSI OOBCKTAa TPEABSIBISICMBIM TpEOOBaHHUSM; I (OPMUPOBAHWE TOHUMAHUS
B3aUMOCBSI3H MPOIECCOB M3MEPEHUMN, UCIBITAHUNA U KOHTPOJS C METPOJIOTHYECKUM OOecrieueHueM
KauecTBa YCJIYr M MPOCKTUPOBAHUS, MPOU3BOJICTBA W OKCIUTyaTallMM MPOAYKIIMH, HaXOISIIen
HIMPOKOE MMPUMEHEHHUE B PA3IMYHBIX 00JIACTAX HAYKU U TEXHHKH.

Juctunnuza GpopMupyeT criocoOHOCTh pa3padaThiBaTh MJIaHBl HAYYHO-HCCIIEIOBATEIBCKUX U
OTBITHO-KOHCTPYKTOPCKUX palOT, YMPaBIsATh XOJAOM HX BBITIOJHEHUS B CBSI3U C OOecCleueHHUEeM
WHCTPYMEHTAJIbHO-METPOJIOTUUECKOT0 KOHTPOJS i Haumbojee OOBEKTUBHOTO TMOATBEPIKICHUS
COOTBETCTBUSI OOBEKTa TMPEIBSIBISIEMbIM TpeOOBaHUSIM; (HOPMHUPYET TOHHUMAHUE B3aMMOCBSI3U
MIPOIIECCOB U3MEPEHUMN, UCTIBITAHUN U KOHTPOJISI C METPOJIOTHUECKIUM 00€CTICUeHHEM KauyecTBa YCIyT
Y TIPOEKTHPOBAHMUSI, TPOU3BOACTBA M AKCIUTyaTaI[dU MPOAYKIINH, HAXOSIIEH MHUPOKOE MPUMEHECHHE
B Pa3IUYHBIX 00JIACTSAX HAYKH M TEXHUKH.

JlaGopaTopHble pPabOThI, NPETYCMOTPEHHBIE HACTOSIIIMMH YKA3aHHUSIMH, BBITTOIHSIOTCS
CTyJICHTaMH BO BpEeMs ayAUTOPHBIX 3aHITHH WHIMBHAYAIHHO TIOJ KOHTPOJEM CO CTOPOHBI
npenoaasarens. Bce KOHCYNbTalluK OCYIIECTBISIOTCS MPENOIaBATENIEM.

[lepen HavamoMm 3aHATUN CTYIAEHTHl JODKHBI H3YYUTh WHCTPYKLHIO IO OXpaHe Tpyna.
[IpenogaBarens Oo/kKeH yOeOUTHhCS B 3HAHMM HMHCTPYKIMH, 3a7aBas CTYIEHTY BOIIPOCHI IO €€

COJIEpKaHuI0, TIOCIIE YEro CAeNaTh COOTBETCTBYIOIIYIO 3aIIUCh B JKypHaJe OXpaHbl Tpy/a.



Bo Bpems mpoBeneHusi J1aOOpaTOPHBIX 3aHATHH B ayAUTOPUH CTYACHTAM 3ampemiaeTcs
nepeaaBaTh Apyr Apyry ¢aiiasl ¥ ApyrHe MaTepHallbl, SBISIOIIMECS PE3YJIbTAaTOM BBIMOJTHEHUS
3aJaHUN.

CTyaeHT WMeeT MpaBO NPOCUTHh KOHCYJIBTAIIMM Y TPENoJaBareis, €CIi OH B TEKYIIHUH
MOMEHT HE paclpejeNsieT 3aJaHus, He TPUHUMACT BBINOJIHEHHBIC PAa0OTHl U HE KOHCYJIbTHPYET
JIPYroro CTyJEHTA.

[IpenomaBaTenb, naBas KOHCYJIbTAIlMIO CTYACHTY, yKa3blBaeT pas3Jen TEXHUYECKOH
JOKYMEHTAIlUU WJIA METOJUYECKOW JUTEepaTyphl, B KOTOPOM HMMEeTCs OTBET Ha BOMPOC CTY/AEHTA.
Ecnu HeoOXoaumble cBeleHUS B JOKYMEHTAllMU WU JIMTEPAType OTCYTCTBYIOT, TO MPENoJiaBaTelb
JOJKEH JIaTh YCTHBIC MOSICHEHUS WM MPOJEMOHCTPUPOBATh MPAKTUYECKUE JICHCTBUS, MPUBOASILINE
K TpeOyeMOMy pe3ynbTary, ¢ MOCIEAYIOIUM ITOBTOPEHUEM CTYICHTOM.

Koncynpranum, Bblgaua 3aaHUii U TpPUEM pPe3yJbTaTOB BBIMOJIHEHHS OCYIIECTBISETCS
TOJILKO BO BpeMsl ayAUTOpPHBbIX 3aHATUH. JlabopaTtopHbie pabOThI BBIMOIHSIOTCS MOCIEA0BATEIHHO.
[IpaBunpHOE BBINOJHEHWE HEKOTOPHIX 3aJaHUM BO3MOXHO TOJBKO, €CIIH CTYAEHT KOPPEKTHO
BBINIOJIHWII TIpeAbIayIKe 3aaanus. [lo3ToMy npuctynath K CleIyOLEMYy 3a/IaHUI0 CTYJI€HT MOXET,

TOJIBKO CJIaB IPCTIOAAaBaTCIIO PE3YJIbTAT BBIITOJHCHUA ITPEABIAYIICTO.

MarepuanbHO-TEXHHYECKOe odecrieyeHue s J1a00paTOPHbIX 3aHATHH
JlabopaTopus ynpaBieHHs TIPOESKTaMHI

yqe6Ha$[ ayauTopus Ajid NpOBCACHUSA 3aHATUHA JICKIITMOHHOI'O THIIA, yqe6Ha$[ ayauTopus ajisd
MPOBEJCHUS 3aHATUH NPAKTHUUECKOro THUMNA, ydeOHas ayauTopus Ui TPOBEACHUS 3aHITHH
7abopaTOpPHOTO THMA, ydeOHas ayauTOpHs Il TPOBEACHUS 3aHATUM CEMHUHAPCKOTO THIIA,
MOMEIICHUE TSI KypCOBOTO TPOCKTHUPOBAHMS (BBITIOJHEHUSI KYPCOBBIX PabOT), MOMEIICHHE IS
MMPOBEACHUA I'PYIIIOBBIX U MHAUBHUAYAJIbHBIX KOHCy.]'H)TaI_[I/II\/II, IIOMCIICHUEC IJIA IIPOBCACHUA TEKYILICTO
KOHTPOJIS ¥ IPOMEKYTOYHON aTTECTAIlMH, TTIOMEIICHHE IS CAMOCTOATEITLHON PabOTHI

634034, Tomckas ob6nacTs, T. Tomck, Bepmmauna ynuna, 1. 74, 414 aya.

Ornrcanne UMEroIIErocs 000py1I0BaHHUS:



- Komnwrorep WS2 (6 mir.);

- Komnsrorep WS3 (2 mr);

- Komnwrorep Celeron (3 mir.);

- Komnsiotep Intel Core 2 DUO;

- [Tpoexrop Nec;

- DKpaH MpoeKTOpHEIN Projecta;

- CteHj nepeaBUKHOM ¢ JOCKOW MarHUTHOM;

- Akyctudeckas cucrema + (2xkononkn) KEF-Q35;

- Konaunmonep nacrennoro tuna Panasonic CS/CU-A12C;
- KommnekT cnenuanuzupoBaHHoi yueOHol Mebenu;
- Pabouee mecto npenoaaBaresns.

[IporpamMmmMHoOe obecrieueHue:

— Microsoft Windows 7 Pro

— OpenOffice

— Origin , SciDavis

Pa3menienue u ocBeleHHOCTh pabounX MeCT B yueOHOM ayauTopuu (JabopaTopuu) JOIAKHO

YJIOBJIETBOPSATH JCHCTBYIOIIMM TPpeOOBAaHUAM CaHUTAPHBIX paBui U HopM (CanlluH).
IIpuem BBINOJIHEHHBIX J1a00PaTOPHBIX PadoT

Pe3ynpTaThl BBINOMHEHMS JTa0OpaTOPHBIX PabOT AEMOHCTPHPYIOTCA NpernojaBaTento. Bo
BpeMs preMa BBIITOJIHEHHOHN paboThI Mpeno/iaBaTeb BIPaBeE:

o TpeboBaTh y CTyJIeHTa JEMOHCTpAIMM BBIIOJHEHHOTO 3a/laHUsl B BUJE (aiiyoB, Tabmull,
MHEMOCXEM, PUCYHKOB, I'pa)MKOB MM JUarpaMM, B TOM YHCIE, [T0 BO3MOKHOCTH M HEOOXOAUMOCTH, B
OyMa)KHOM MMCbMEHHOM WJIM pacriedaTaHHOM BHJIE.

. CamocTosITeIbHO MPOU3BOJAUTH MAHMIYISIUM C MPOrPaMMHBIM OOECIeYeHHeM, He
U3MEHSS €r0 KOH(PUTypaluio.

J TpeboBath y cTyieHTa MOSICHEHU, OTHOCSIIIUXCS K CIIOCO0aM peanu3alny 3aJaHusl.

3alaHue CUMTAETCS BBHIOJHEHHBIM U NMPUHUMAETCS MpenojiaBaTeieM TOJIbKO B TOM cllyyae,
€CJIM TIOJNY4YEHBl BCE PE3YJBTaThl, NPEAYCMOTPEHHBIE 3aJaHueM. Eciu Kakue TO pe3ysbTarsl,
MpelyCMOTPEHHBIE 33IaHUEM, HE MOTY4YEeHbI HJIM HEBEPHBI, TO 33JaHHUE MOJICKUT AOpabOTKe.

CryneHt pomkeH paboTaTh BHUMATENbHO U akkypaTHo. [loanexaT o0s3aTeIbHOMY

HCITPABJIICHUIO 3aMCUYCHHBIC IIPCIIOAABATCIIEM HEAOYCThI: I'paMMaTH4YCCKUC OH_II/I6KI/I, He6pe}KHOG



odopMIIeHHE PUCYHKOB, TPA(hUKOB, CTPYKTYP, CXEM; HETOYHOCTH B ONMCAHUSIX, CTPYKTYpaxX, CXeMax.
Pe3ynbTaThl BRIMOTHEHHS 3a/IaHUN COXPAHSIFOTCS CTYACHTOM B AJICKTPOHHOM BHIE ((aiiibl), a
TaK)Xe, €ClId BO3MOXXHO MU YA00HO, B OymakHOM ¢opmaTe, 0 TMONTy4YeHHUs 3adeTa/s7K3amMeHa IIo
NAHHOU JUCHHUILIMHE.
Jlo Hauana ’K3aMEHallMOHHOW CECCUU CTYACHT JOJKEH CIaTh Pe3yNbTaThl BHIIOJHEHUS BCEX
1abopaTopHBIX paboOT, MPEAYCMOTPEHHBIM HACTOSIIMMHU yKa3aHUSMU. B TIPOTUBHOM cliydae
CTYJEHTHI K Caue 3K3aMeHa (3auera) He TOMYCKaloTCs.

Tema 3ausaTuii 1 — « Buapl u3MepuTeIbHBIX peodpa3oBaTeJieii».

JlaGopaTtopHasi padora «IIporpammubie makernl Origin m SciDavis aasi mocrpoeHust
rpaQuKoB M aHAJIN3Aa IAHHBIX H3MEPHUTEIBLHBIX XapPAKTEPHCTHK NMpeodpa3oBaTeieii».

Lenb: aTh cTyneHTaM HEOOXOIUMBIE CBEACHHS O porpaMMHbIX makere Origin u ero d6ecruiaTHOM
ananore SciDavis. ITo3HaKOMHUTh C HPOU3BOJMTEISIMH IMPOrPaMMHOIO oOOecreueHus, UX BeO
pecypcaMu, BO3MOXKHOCTSIMH MPUOOPECTH B MHTEPHET, CKayaTh, ¢ OCOOCHHOCTSIMH YCTAaHOBKH Ha
KommbioTep. [l03HaKOMHTH ¢ OCOOCHHOCTSAMH HHTep(delica, OCHOBHBIMHA HaBbIKAMH pabOTHI C

IIporpaMMHbIM 00ecIeYeHUEM B €TI0 BO3MOXKHOCTSMH.

Graphing for Science and
Engineering

Over 175 Graph Templates

” Point-and-click Graph Customization
Send Graphs to PowerPoint or Word
Publication-gquality Export
Batch f'l(ﬂ!il\‘q

@ ORIGIN 2019b

Geaphing & Anaivais See what people are saying about Origin

Pucynoxk 1.1 — Caiit mpoussoaurens Origin — https://www.originlab.com/

Haiinute B MHTEpHET BeO-CaliThl MPOU3BOAMTENEH MporpaMmMHoro obecredenus Origin u

SciDavis. TTo3HakoMbTECEH C YCIOBUSAAMU CKaYWBAHUSA U pa60TBI C MporpaMMHbBIM 06eCHequI/IeM,



JUTATENIEHOCTBIO OECIUIaTHOTO O3HAKOMHUTEIBHOTO MEPHOA, BO3MOKHOCTBIO UIUTEIBHOW PabOTHI,
€CJIM TaKas MPEeAO0CTaBIIAETCS.
[IpousBoauTens yka3blBaeT
Thank you for your interest in downloading a trial version of Origin/OriginPro. The trial
version is fully functional. Once installed, you can request a 21-day license.
To ecTb, mpoOHas Bepcust MPOIyKTa MOJTHOCTHIO (PyHKIIMOHATbHAS U paboTaeT 21 neHb.

Haiigure caMOCTOSTENBHO APYTrUe CaiThl, BO3MOKHO PYCCKOSI3BIYHBIC, ITOCBAIICHHBIC paboTe
C 3TUM mporpamMMHbIM Takerom. Hampumep, https://vk.com/originpro — rpynma B KOHTaKTe Ha
pycckoM si3pike. CocTaBbTe MOJIPOOHBIA OTYET 00 yCTaHOBJICHHBIX BeO-pecypcax, MOCBAIIECHHBIX
3TOMY MPOAYKTY.

Touno Takke orpaboraiite uHpopmaimio o mpoaykre SciDavis. Ampec mpousBogutens B

unrepHer — http://scidavis.sourceforge.net/.

/(;D/\Vt /| WELCOME ABOUT DOWNLOAD HELP CONTRIBUTING CONTACT

Location: SciDAVis / Welcome Updated: Thu Apr 6 18:17:11 AEST 2017

What is SciDAVis?

SciDAVis 15 a free application for Scientific Data Analysis and Visualization.

What does it look like?
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Pucynox 1.2 — Caiit npousBoaurens SciDavis — http://scidavis.sourceforge.net /
SciDAVis — cBobogHOe OecrmiaTHOE MPOrpaMMHOE OOECIEeUCHHE IS aHaln3a Hay4HBIX

JAHHBIX, UX BU3yaJIM3allly U MOATOTOBKH K Ie4aTH, pacrnpocTtpansemoe nox aunensueit GNU GPL


https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%BE%D0%B1%D0%BE%D0%B4%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/Freeware
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/GNU_General_Public_License
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Pucynok 1.3 — Okno nporpammsl Origin

SciDAVis coueraer mpocToii B OCBOCHWW M WHTYUTHBHO TOHSTHBIM WHTEpQEic ¢ OOMMUpPHBIMU
BO3MOXXHOCTSIMH. EcCiM Tpu yCTaHOBKE MOJB30BAaTEIbh BHIOEPET PYCCKUH S3BIK, TO HporpaMma OynaeT
OecrutaTHO paboTaTh Ha MOCTOSIHHONW OCHOBE.

Haiigure camMoCTOSTeTLHO APYryue CalThl, BO3SMOXKHO PYCCKOSI3BIYHBIC, TMOCBSIIEHHBIC padoTe ¢
9THM TPOTpaMMHBIM TakeToM. CocTaBbTe MOAPOOHBI OTYET 00 YCTaHOBIIEHHBIX BeO-pecypcax,
HOCBALICHHBIX 3TOMY MPOJIYKTY.

Origin uMeeT MNPUBBIYHYIO CHCTEMY MEHIO, O3HAKOMBTECh CAMOCTOSTEIbHO C MEHI0 H
BO3MOXKHOCTSIMU IPOTPaMMBI.

File Edit View Plot Column Analysis Tools Format Window Help
Haiinure B untepuer kuury Mcakosa O.I1., Tapacesuu FO.1O., FO3t0k FO.M. O6paboTka u BU3yanuszanus
JaHHBIX (PU3UYECKHX OSKCIEPUMEHTOB ¢ momolibio makera Origin. AHamu3 u 00paboTKa CIIEKTPOB.
YuebHOo-MeToaM4ecKOoe Tmocobue. - PoctoB-Ha-/lony, FOxubIii Qenepanpubrii yHUBepcutet, 2007.

Hcnonw3yiiTe 3Ty AUTEpATypy JUTsl OCBOCHHSI MpOrpaMMHOT0 obecnieuerus Origin.
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Pucynok 1.4 — Oxno nporpammbl SCIDAViS

[Tporpammusiil ipoaykT SciDavis uMeeT uHTepdeiic, MOX0KUNH Ha CUCTEMY MEHIO IPOTPAMMBI
Origin, HO Ha pycckoM si3bike. [109TOMY OCBOEHHE 3TOM MPOrpaMMBbI BIIOJIHE BO3MOKHO ITOCIE OCBOCHHS

nporpammsl Origin.

Taroke kak u Origin, SciDAVis MoxeT cTpouTth paznuunblie TUnbl 2D u 3D-rpadukoB (JuHEHHBIE
rpaduky, TOYEUHble TpaduKu, TPEXMEpHbIE TUCTOrpaMMbl, OOBEMHBIE KpPYroBblE T'MCTOTPAMMBI,
TpEXMEpHBIE IMOBEPXHOCTH) HAa OCHOBE JaHHBIX, mMmopTupoBaHHBIX U3 ASCIl (daiinoB, BBeIEHHBIX
BPYUYHYIO HJIM BEIYUCIICHHBIX 110 (hOpMyIIam.

JlanHble cozepkarcss B OTHENbHBIX Tabnumax (aHri. spreadsheets), comepikamux JaHHBIE B
cronbnax (3HadeHus 1Mo ocaM X M Y mpu moctpoeHuu 2D-rpadukoB) wium B BUAE MaTpull (Ipu
noctpoennu 3D-rpadukoB). Tabnuipl, rpaduky U COMYTCTBYIOLINE TPUMEYaHUs COOMPAIOTCS B IPOCKTHI

1 MOTyT OBITH OPraHM30BaHbI C MUCITOJIb30BAHNEM KAaTaJIOT'OB.


https://ru.wikipedia.org/wiki/ASCII
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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Berpoennbie cpenctBa anHanmm3a SciDAVis BKIIOYAOT B ce0s MOCTPOYHYIO/TIOCTONIOIOBYIO
CTaTHCTUKY Tabuuil, cBEPTKY/00paTHYIO CBEPTKY, OBICTpBIA (ypbe-aHAU3 U OCHOBAHHBIC HA OBICTPOM
bypbe-aHanu3e GUIBTPHI JAHHBIX. ANMPOKCHMAIUS JTaHHBIX MOJYET NMPOU3BOIMTHCS KaK C IOMOIIBIO
GyHKIMH, 3alaHHBIMH II0JIb30BATENEM, TaK W C TIOMOINBID BCTPOCHHOTO Habopa IMHEHHBIX W
HEJIMHEHHBIX (DYHKIMI anmpoKCUMAaIlMK, BKIIIOYas MYJIbTUIIUKOBYIO ammpokcumaruio (anri. multi-peak

fitting) ¢ ucrons3oBanuem oubmoreku GNU Scientific Library.

Tema 3ansTnii 1 — « Buasl n3mepuTe/IbHBIX Ipeodpa3oBarTeiei.
JlaGopaTopHas paGora «McciienoBanue ¢ moMOUIbI0 MPOrpaMMHbIX nakeroB Origin miam SciDavis
HeJIMHEIHOM N3MepUTeIbHOM XapaKTePUCTHKH NPeodpa3oBaTesis»

Ilenb: naTh  CTyIEHTaM 3HaHUS O CHoco0ax BBIACHEHUS XapakTepa SKCIEpUMEHTAIbHON
3aBHCUMOCTH U3MEPUTEIILHON XapaKTEPUCTHKH MPeoOpa30oBaTesi, HAyYUTh METOIaM IPUBEICHHS JII000H
HEJIMHEHHOM 3aBHCHUMOCTH K JIMHEWHOMY BuAy. Jlajiee, OT YCTAHOBJEHHBIX YHUCJIOBBIX IIapaMETPOB
JUHEHMHOM 3aBUCUMOCTH HETPYJHO IEPEHTH K YHUCIOBBIM IIapaMeTpaM HCXOJHOW HEJIMHEHHOU
3aBHCHUMOCTH U YCTAaHOBUTD €€ aHAJTUTUYECKUN BUJL.

HccnenoBanre W3MEPHUTENBHON XapaKTEPUCTHUKH Tpeo0pazoBaTelsi M BCE HEOOXOIUMBIE
MaHMITYJSIUM  TI0  MPeoOpa30BaHMUI0 KOOPIMHAT YAOOHO TIPOBECTH HAa OCHOBE HEIMHEHHBIX
3aBUCUMOCTEH.  IPEACTABICHHBIX AKCIEPUMEHTAIBHBIMU  BOJBT-AMIIEPHBIMH  XapaKTEPUCTHKaAMHU
HOJYIPOBOJIHUKOBBIX JMOAOB C KOPOTKOW M ¢ AMMHHOM Oa3oil. Kak u3BecTHO, HelIMHEHHBIE BOJBT-
aMIEpHbIE XapaKTEpPUCTUKU TaKUX JHUOJOB MOTYT OBbITh JIMOO SKCIOHEHIMAJIBHOTO BHJA, JHOO
CTEIIEHHOT0 BH/1A.

Ha pucynke 1 mpezacraBieHa BosbT-amIiepHas xapaktepuctuka (BAX) momynmpoBOIHHUKOBOTO
IMofa ¢ JUIMHHOM 0a30i M JBYMs TOPLEBBIMM HHXXEKTUPYIOIIMMU KOTHAKTaMH: PACCTOSIHUE MEXIY
TopueBbIMU KoHTakTamu d; = 0,238 cM. ceuenne A, =0,012 M. W3mepeHus BBINIOJIHEHBI IIPU KOMHATHOU
TEeMIIEPAType.

N3 puc.2.1 BumHo, uro BAX mpencraBmser coboii HenmuHelHyo (yHKuo. I[Ipudem
HKCIEPUMEHTATOPY COBEPIICHHO HE SICHO, SIBJISETCS JIM 3Ta 3aBHUCUMOCTb CTENEHHOH (yHKIMEH HIH
HKCHOHEHIMAIbHOH. B Teopun (u3MKM MOTYNPOBOJHUKOBBIX NPHUOOPOB OMUCAHBI pa3HbIE PEXKHUMBI
paboThl OTYIPOBOAHUKOBBIX 110/0B. [IpnyeM, COOTBETCTBYIONNE 3aKOHOMEPHOCTH 3aBUCUMOCTH TOKa
OT MPWJIOKEHHOTO K U0y HaIPSHKEHHIO, MOTYT ONPEAENAThCSA Pa3HbIMU YCIOBUSMHU, KOHCTPYKTUBHBIMU
0COOEHHOCTSIMH JMOJA, HampuUMep, TOJIIMHOM 0a3bl OUO0Ja, TEMIIEpaTypol OKpyXaromed cpeasl H

MMPUITOKCHHBIMU HAIIPSI)KCHUSIMU.


https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D1%91%D1%80%D1%82%D0%BA%D0%B0_%28%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7%29
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%91%D1%80%D1%82%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%91%D1%8B%D1%81%D1%82%D1%80%D0%BE%D0%B5_%D0%BF%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%A4%D1%83%D1%80%D1%8C%D0%B5
https://ru.wikipedia.org/wiki/%D0%90%D0%BF%D0%BF%D1%80%D0%BE%D0%BA%D1%81%D0%B8%D0%BC%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/GNU_Scientific_Library

Cuna Toka, I, A

0,08

11

0,07

0,06

0,05

0,04

0,03

0,02

0,01

0,00

-0,01

10

20 30 40 50
HanpsaxenHune , U, B

Pucynok 2.1 - BAX nuona

60

70




12

[ToaTOMy M3 MONYYEHHBIX B SKCIIEPUMEHTE JIaHHBIX OYEHb Ba)KHO YMETh BBISBISITH HEOOXOIMMBIE
3aKOHOMEPHOCTH U YMETh IPOBOAMTH aHAM3 IKCHEPHUMEHTANbHBIX JAHHBIX. B ToM wyucie ¢ yderom
AKCIIEPUMEHTAJIbHBIX OUIMOOK (MIOrPEIIHOCTEN ).

B momoOHBIX 3amauax aHalM3a AKCHEPUMEHTAIBHBIX JAHHBIX BCETJa HMEETCS HEeKOoTopas
HEOIpeICNICHHOCTh U HYKHO BHayalsie BbIOpaTh MPaBUIIbHO BUJ HETUHEHHON (YHKIIMH, KOTOPYIO 3aTeM,
Ha BTOPOM 3Tarle, OJBEPTHYTH Ooliee IIyOOKOMY aHAJIN3y C LENbI0 OMpPEe/IeIeHHs] BaXKHBIX YUCIEHHBIX
MapaMeTpoB, BXOISAIINX B aHATUTUYCCKUH BUA (PyHKIIUU.

JluHeiiHass 3aBUCUMOCTh OYEHb IMUPOKO pPACIPOCTpaHEHA B (U3HKE, ITOCKOIbKY MHOTHE
dbusznyecKkue 3aKOHOMEPHOCTH MPEAINOiaraoT, 4TO OJHA BEIMYMHA JODKHA OBITH IMPOIMOPLHOHATBHA
npyroi. M paxe Korga 3aBUCMMOCTb HENHMHEWHas, OOBIYHO CTApalOTCi C IOMOIIBI0 MPOCTOrO

npeoOpa3oBaHMs KOOPAUHAT MOTYUUTh MPSMO POMOPIIMOHATIBHYIO 3aBUCUMOCTb.

-~ n
Hanpumep, ecnm aHanm3upyemass HEIMHEWHash 3aBUCHMOCTh cremeHHas, | ~aU’, to mis
IIPOBEPKU ITOr0 IPEAINOJIOKEHHUS U ONPENEICHUS BEIUYUHBI IOKa3aTeias N CTENEHHAs 3aBUCUMOCTD

npeoOpasyeTcss K JMHEWHON MpOCThIM JorapupmupoBaHueM m3Mepennbix Benmumund Ig1 ~Ilga+nlgU.

Jlis 3TOrO BCE HKCHEPUMEHTAIbHBIE TOUYKH HY)KHO NEpecuuTaTh B JIOTapU(Mbl U HOJIYYUTh HOBBIE JBE
KOJOHKHM Ta0muibl aaHHbiX Igl u IgU. [lamee HEoOXOAMMO MOCTPOUTH TpadMK IKCIEPUMEHTATBHOI
3aBUCHMOCTH B Jpyrux koopaunatax gl (IgU) u npoBeputs ero nuueitHoCcTh. Eciu okaxkeTcs, 4To BCs
UCXOJHAsl dKCIEpUMEHTAIbHAsl 3aBHCHUMOCTh B HOBBIX KOOpJAMHATaX MPEACTABIAET COOOM JMHEHHBIN
rpaduKk U JUHEHHYIO 3aBUCHUMOCTb, TO IPEAINOJIOKEHHE O TOM, YTO HCXOJHAas 3KCIEepUMEHTalIbHas
3aBUCHUMOCTb CTENEHHAs OKa3ajoch BepHbIM. OTMETHM, YTO Ha NPAKTHKE, B IIUPOKOM [HaIa30HE
U3MEHEHHUs KOOpJAUHAT, B JJAHHOM CJyyae HAaNpsDKEHUS U TOKa, OOBIYHO BCS XapaKTEpUCTUKA HE
CHpPSIMJIIETCS,, HO MOTYT HaOJIOAAaThCsl OTNEIbHBbIE YYacTKH, HAa KOTOPBIX XapaKTepUCTHKa JUHEHHas.
VIMeHHO 3TH y4acTKM W HY)XHO aHaJIU3UpoBaTh Jaiee, Oojiee riiyOOKo, Ha BTOpoM i3Tame. B mobom
cilyyae, HMCIIOJIb3ysl CBOWCTBA JIMHEHHON (YHKIIMH, MBI CMOXKEM OIPENENIUTh U3 rpaduKa YHCICHHBIH
Koo PUIMEeHT a W Mmoka3aTedb CTENeHH N U BBIICHUTh AHAIMTUYECKHH BHJl MCXOIHOW HEITMHEHHON

3aBHCUMOCTH, €CJIM OHa CTCIICHHAasA.



U[y) IgU[Y] Itok[Y] IgifY)
1_[1,30017E5 -4,886]  7,14794E-13] -12,14582
2 |1,58489E5 -4,8 1,4262E-12 -11,84582
3 [1,86209E5 -4,73,  2,06149E-12 -11,68582
4 |2,63027E5 -4,58 3,7513E-12 -11,42582
5 | 4,46684E-5 -4,35  7,65916E-12] -11,11582
6 |7,76247E5 -4,11 1,4262E-11) -10,84582
7_|9,12011E5 -4,04  1,75462E-11) -10,75582
8 |9,61612E5 4,017 1,79549E-11| -10,74582
9 [1,28825E-4 -3,89)  2,53619E-11) -10,59582
10 | 1,79887E-4 3,745 3,58246E-11| -10,44582
11_|3,54813F-4 -3,45  7,14794E-11) -10,14582
12_| 5,24807E-4 3,28 1,13287E-10,  -9,94582
13 | 6,99842E-4) 3,155 1,4262E-10, _-9,84582
14 | 8,70964E-4) -3,06  1,79549E-10, -9,74582
15 0,00174 -2,76]  3,58246E-10  -9,44582
16 0,00347 2,46 7,14794E-10, _-9,14582
17 0,00515 2,288 1,13287E-9  -8,94582
18 0,00684 2,165 1,4262E-9]  -8,84582
19 0,00851 -2,07 1,79549E-9  -8,74582
20 0,03311 -1,48 7,14794E-9)  -8,14582
21 0,04898 1,31 1,13287E-8]  -7,94582
22 0,06324 -1,199 1,4262E-8)  -7,84582
23 0,07727 1,112 1,79549E-8]  -7,74582
24 0,13709 -0,863 3,58246E-8)  -7,44582
25 0,22387 -0,65 6,01424E-8  -7,22082
26 0,2884 -0,54 7,57148BE-8  -7,12082
27 0,34198 0,466 9,53194E-8  -7,02082
28 0,38815 0,411 1,2E-7|__-6,92082
29 0,56754 0,246 2,39431E-7  -6,62082
30 0,82985 0,081 4,77728E-7 _ -6,32082
31 1,04713 0,02 7,57148E-7 _ -6,12082
32 1,25026 0,097 9,53194E-7  -6,02082
33 1.4388 0,158 1,2E-6|  -5,92082
34 1,58489 0,2 1,2E-6|  -5,92082
35 2,23872 0,35 2,39431E-6]  5,62082
36 2,44906 0,389 2,39431E-6]  5,62082
37 3,40408 0,532 4,77728E-6  -5,32082
38 3,63078 0,56 4,77728E-6 _-5,32082
39 4,23643 0,627 7,57148E-6  -5,12082
40 4,46684 0,65 7,57148E-6  -5,12082
11 4,88652 0,689 9,53194E-6  -5,02082
42 5,24807 0,72 9,53194E-6  -5,02082
43 5,45758 0,737 1,2E-5|  -4,92082
44 5,68853 0,755 1.2E-5| _-4,92082
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Puc.22. Tabmuma W3MEpPEeHHBIX B OSKCIIEPHUMEHTE

3HAUEHUH  CHIIBI

TOKa

I depes

COOTBETCTBYIOLINX HanpshkeHud U.

AAOL

u

Bropoit ciyyan HEJIMHENHON
XapakTEpUCTUKH, YacTO pPEAIM3YIOIIMICA Ha
IIPaKTHKE, 3TO SKCIOHEHIIMAJIbHAS
xapakrepuctuka. Cnydaid  HKCIIOHEHUHUATBHBIX

BOJIbT-aMIIEPHBIX XapaKTEPUCTUK ACHCTBUTEIBHO

TaKXXE UMCCT MECTO Ha ITPAKTHUKE.

Urak, eccon | ~be®, 1o wucxommas
HEeJIMHEWHas, MPEINOI0KUTEIBHO,
JKCIIOHEHIIMANIbHAS 3aBUCUMOCTb, TaKXe MOXKET
OBITH JIMHEAapU30BaHa npeoOpazoBaHUEM
KoopAuHar. JlocTaTouHO NEpecTPOUTh HUCXOIHYIO
HEJIMHEHYIO 3aBUCHMOCTD B
HOJyTOrapu(pMUUECKHX KOOPAUHATAX U TMOIYyYUTh
rpaduk 3aBucumoctu Igl(U) mu Inl(U). Ipuyem,
HET NPUHLUINAIBHOM pa3HHUIBI B TOM, KaKOU
norapudm s TpeoOpa3oBaHUS  BBIOPATE.
Koneunslit pe3ynbTaT OyAeT OTIIMYaThCS HATUYUEM
IIOCTOSTHHOTO ko duneHta B ciyJae
JECSITUYHOTO Jorapudma, 4To CBA3aHO C TEM, YTO

lg(e)=4.3 ¢ TOUHOCTBIO A0 AECATHIX JOJIEH.

I[pyFI/IMI/I CJIoOBaMu, 3aBUCUMOCTH
npeBpamiaeTcs B JIMHEMHyo  BHpa 1)
In1 ~Inbe®” =Inb+cU W 2)

Igl ~Igbe®’ =Igb+cU Ige=Igb+4,3cU, eccu

HCIIOJIB30BaTh JAECATHYHBIN J'IOl“apI/I(l)M. B NEpBOM

ciiydae uMeeM rpaduk JTuHeWHoH 3aBucuMocTH B koopauHatax (Inl)(U) , a Bo BTOpoM ciydae JIMHEHHBIN

rpapuk B koopauHarax (1gl)(U).

B mro6oMm ciydae, ucnosib3ysi CBOWCTBA JIMHEHHOM (DYHKUIMH, MBI

CMOKCM ONpCACINTh U3 rpa(bmca BCC€ YHCJICHHBIC KOE)(I)(I)I/II_II/ICHTBI b 1 C ¥ BBIICHUTH aHANMTHYECKHI

BU .

B tabmune Ha puc.2.2 mokazaHbl 3HAYEHUS CHIIBI TOKA | B ammiepax u HanpspkeHus U B BOJBTax.

COOTBETCTBEHHO CJIeJIaH MepecyueT ITHX 3HaueHui B Jorapudmel — kononku IgU u Igl. Ipeamnonaras, 4ro

UCXO/HAs HENMHeWHas (YHKUUS CTEleHHas, MOCTPOMM ee TpaduK B ABOWHBIX JIOTapU(HMUUYECKUX

KoopauHatax (puc.2.3): TOIbKO IKCIEPUMEHTAIBHBIE TOYKH, 0€3 COSTUHSIONIEH UX JTMHHH.
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Puc.23 BAX B [BOWHBIX  JIOTapUPMHUUECKHX

KOOpAWHATax

W3 puc.2.3 Buano, uro Ha BAX B ABOHHBIX JIorapu(MUYECKUX KOOPAWHATAX JCHCTBUTEIHHO
MPOSIBIISIIOTCA JINHEWHBIE YyYacTKU. BHauvane XxapakTEpUCTUKHA U BO BTOPOH €€ IOJIOBHHE. JTa CUTyalus
BIIOJTHE COTJIACYETCsl C TEOPETUUECKUMHU MPEICTaBIeHUsIMH. B paccMOTpeHHOM Jinojie ¢ JUIMHHON 62301 U
JBYMSI WHXEKTUPYIOIIUMU KOHTAaKTAMHM PEAIMU3YETCs PEXUM JIBOWHOW HHKEKIMH, YTO IIPUBOAUT K
MPOTSHKEHHOMY JINHEMHOMY y4dacTKy BO BTopoi nosioBuHe BAX. [Ipudem mokazarens CTENEHU Ha 3TOM
y4acTKe paBeH 2 WJIM HEMHOIo Oojble. A TepBblil JIMHEHHBIM Yy4acTOK COOTBETCTBYET 3akoHy Owma,
KOTJ]a HUKAKOM HMHXKEKIMHM elle HeT NpH MajblX HANpsHKEHUAX M 0a3a IuoJa MrpaeT MpPOCTO POJb
CONPOTHBIIEHUS. B 3THX NpPEanoNoKeHUsX Ha TIEpPBOM YUYacTKe OyAeT BBIMOJHATHCS CTEleHHas
3aBUCUMOCTb C ITOKa3aTesneM cTeneHu N=1.

[IpoBepuTh 3TH MPEANONOKEHHUS] MOXHO W3 rpaduka Ha puc.2.3. , paccyUTaB TAHIEHC YIJa
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HAKJIOHA MPSAMO TMHUH HA KaKJOM JTUHEIHOM ydacTke. B cOOTBETCTBUU C pUCYHKOM 3 BhIOEpPEM KaTEThI
TPEyrojibHUKa, KaKk Moka3aHo Ha puc.3. Karter mpoTuBonexammii omnpeaessercs KoopauHaTamu lgl=—
8.145 (20 ctpoka Tabmmubl puc.2) u Igl=—10.745 (8 crpoka tabmuiel puc.2). Karer npunexanuii K yriy
onpeaensercs koopaunatamu lgU=—4 u lgU=— 1.5. HecioXHO BBIYUCIUTH IO MOJYJIO JIJIUHBI KATETOB
U MOJCIUTh KaTeT MPOTHBOJICKANIUN HA KAaTET MPHUIICKAIINN, TOTJ]a TAHTCHC YTJIa HAKIOHA ONPEISITHTCS
kak (10.745-8,145)/ (4-1,5) =2,6/2,5=1.04. Ho Beap 3TO M €CTh IOKAa3aTelb HCXOIHON CTEICHHOMN
¢ynkuuu N. Takum 00pa3oM Mbl JACHCTBUTEIBHO ONPEIESININ, YTO HAa NIEPBOM JMHEWHOM y4YacTKe ChIIa
TOKa MPSIMO TPONIOPIIHOHATBHA MPUIIOKEHHOMY HAIMPSDKEHUIO, YTO COOTBETCTBYET 3akoHy OMa.

Bonee TouHO 3Ty 00pabOTKYy MOKHO MPOBECTH B CIEIUAIBHOM MIPOTPAaMMHOM OOECICYCHHH,
peau3yomeM METO/bl JIMHEHHOHN anmpoKCUMAIlMd METOJOM HAWMEHBIIMX KBaJIpaToB, TaKOM, Kak
Origin wiu SciDavis (310 cBOOGOmHO pacmpocTtpansembiii anamor Origin). CooTBETCTBYIOIINE JTHHUN
anmpOKCUMAIINU TTOKa3aHbl Ha PHC. 3 KPAaCHBIM IIBETOM, & COOTBETCTBYIOIIME MM YHIIOBBIC PacICUaTKU
MIPUBE/ICHBI HIKE.

yLIaCTKy IIEpBOMY Ha pI/IC3 COOTBCTCTBYIOT CICAYIOIINUEC PEC3YIIbTAThI JIMHEMHOM AlIpOKCHUMaAIlUu.

Linear Regression for DATA3_LGI:

Y=A+B*X

Parameter Value Error
-6,62964 0,01291

B 1,01974 0,00418

R SD N P

W3 3THUX NaHHBIX CIEAYET, YTO SKCIIEPUMEHTAIbHAsl 3aBUCUMOCTh B JIBOMHBIX JIOTapH(PpMUUECKHX
KOOpJIMHATAaX MpPEJCTaBISAECTCS aHAIUTUYECKUM BbIpaxkeHueM Y = A + B * X, uto cooTBeTcTBYeT B
HalMX KoopauHarax BeipakeHuto Igl = a+n*lguU. Tlpamerp A u B mnpuBeneHbl ¢ aOCOTHOTHBIMHU
norpermHocTIMA: A = —6,62964 + 0,01291 wnm Oonee mpaBwWiIbHAs 3aMCh C MEHBIIAM YHCIOM IUDD
nocne 3anstoit : A = —6,630 = 0,013, u qst mapamerpa B = 1,019 + 0,004.

[TpuBenen Taxke ko3 uIMeHT auHerHo koppemsiuuu R=0,9999, s10 ouens Onmsko k 1, 4to
TOBOPUT O XOpOIUEH JIMHEHMHOCTH XapakTepUCTUKH. IIpuBeneHO Takke CTaHAAPTHOE OTKJIOHEHHE
SD=0,01218. KonnudgecTBo Touek B aHanu3 N=14,

Takum o0Opa3oM, BHAHO, 4YTO B TEPMHUHAX HAIIMX OOO3HAYEHHUU IIOKa3aTeNb CTETEHHON

3agucumoctu = 1,019 + 0,004.
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Taxast ke 06paboTKa i1 BTOPOTo JMHEHHOTO yyacTKa JaeT CIEAYIOIINE PEe3yIbTaThl
Y=A+B*X

Parameter Value Error

A -6,77219 0,0226
B 2,44214 0,0149

0,99963 0,03122 22 <0.0001

W3 5TUX [OaHHBIX CIEAyeT, 4YTO B TEPMHHAX HAIIMX O003HAUYEHUH IOKa3aTeib CTENEeHHON
3apucuMoctd N= 2,44 +0,015. To ectb 3TOT y4acTOK OJIM30K K KBAJPaTHYHOMY, YTO COTJIACYETCS C
Teopuel IBOMHON MHKEKIUHU B TIOTYIIPOBOJHUKOBBIX JIUHHBIX AUO0/AX.

Hanee paccMoTpum apyroi cimydail. Eciau Obl MBI MPEANONOXKHUIN, YTO MCXOAHAs HEIUHEHHAs
XapaKTCPUCTHUKA HE CTCIICHHAsdA, a JSKCIIOHCHLHUAJIbHAsA, TO Mbl OOJIKHBI ObIM OBl IMPOBEPUTH 3TO,
nepectpouB BAX B monynorapudmudecknx koopauHarax. CooTBeTcTBYOMas 00paboTKa MpUBEIET HAC

K pe3yjibTaTaM, IIOKa3aHHbIM Ha pI/IC4
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Pucynoxk 2.4 BAX, nepectpoeHHas B
MOJTyIOTapu(MUUYECKIX KOOPIMHATAX
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N3 puc.2.4 BUAHO, 9TO HEBO3MOXKHO BBIICIHTD CIIpsIMIISIoNIHecs: yuacTku BAX, Bcst oHa B 1enom
n300pakaeTcs HEKOTOPOH AYroil. DTO HArJSIIHO JAEMOHCTPUPYET TOT (aKkT, YTO MCXOJHAs HEIMHEHHas

XapaKTEPUCTHUKA HE ABJIACTCA 3KCHOHCHI_II/IaJ'IBHOI7L CJ'IGI[OBaTeJ'IBHO, Hame MmpearojaoKEHUEC O HCXO,I[HOﬁ

HenuHeitHoi 3aBucumocty Buna | ~ be® oxaspiBacres HEBEPHBIM.

[TocnenoBaTenbHOCTD BHIOIHEHHS 1a00paTOPHOI paboTHI.

1) st paboTel B 1abopaTopuu Mmoiay4yuTe y npenojasarens ¢ain ¢ nanasivu BAX ans
MOCTPOCHUSI M aHaln3a BOJBT-aMIIEPHOM XapaKTEPHCTHKH. [IpuMep Takux JaHHBIX
MOKa3aH Ha PUCYHKeE 2.

2) [IpoBenuTe 00pabOTKY MAHHBIX MO PACCMOTPEHHBIM METOJHMKAM, Ipearoiaras, 4To
MCXO/IHAS 3aBUCHMOCTD TOKA OT HAIPSDHKCHUS CTCTICHHAS!.

3) [IpoBenuTe 0O0pabOTKY MAHHBIX MO PACCMOTPEHHBIM METOJIUKAM, Ipeanojarasi, 4ro
MCXOJHAsI 3aBUCUMOCTb TOKA OT HAIPsDKEHUS SKCIIOHCHIIAIbHAS.

4) YcraHoBure, KakoMy  TUIly  HEJIMHEHHOCTH COOTBETCTBYET UCXOTHAs
HKCIEPUMEHTATbHAS XapaKTEPUCTUKA.

5) [IpoBenute ryOOKMil  aHanu3, [ OIpPENEIECHHUsS  YHUCIOBBIX  IapaMeTpOB
aHAJIMTUYECKOTO BHJA MCXOJHOM XapakTepucTuku. [lapamerpbl mnpuBeaure ¢

COOTBCTCTBYIOIIMMHU IMOTPCITHOCTAMMU.

Tema 3ansTuii 2 — «OcHOBbI MeTposIorun. [lorpemHoCTH U3MeEPeHUI».
JlaGoparopnass padora «CraTHCTHYeCKMI aHAJHM3 PpPe3yJbTATOB MHOIOKPATHBIX KOCBEHHBIX

H3MepeHHu OTHOH BeJIMYMHBD).

PaccmoTpuM BakHBIN 1711 IPAKTUKY ClIydail, KOTJa HEJb3sl IPUMEHATh OOBIYHBIE CTATUCTUYECKUE
METO/IbI K pe3yJIbTaTaM MPSAMbIX U3MEPEHUN, HO MOXXHO — K KOHEUHBIM pe3yibTataM. Ha puc. 3.1
TpesicTaBIeHa SKCIepHMEHTaIbHAS BOJILT-aMIIepHas XapakTepucTuka (BAX) kpemuueBoii p*-p-n'-
cTpykTypsl ipu T = 292 K, nonyuennas B padore [3].

BAX noctpoena B JBOMHBIX JIOrapu(pMUUECKHX KOOPAUHATAX ISl ONPEIETIeHUs TOKa3aTemNs
CTETIEHHOW 3aBUCHUMOCTH CHJIbI TOKa | oT Hanpspkenust U Ha paznuuHbix ydacTkax BAX. Yyacrok BAX,
noauuHsronmics 3akony Oma, nexxut B uatepBaie IgU <—0,5. YucneHHblie 1aHHbBIC, COOTBETCTBYOLINE
3TOMY Y4acTKy, peacTaBieHsl B Ta0. 1.3. Hetr Hukakoro cMpicia
YCPEIHATh pa3Hble 3HAUEHUS HAPSDKEHUN M CUITBI TOKA, IPUBEIEHHBIX B Ta0I. 1.3, Tak Kak OHU He

AGNAIOMCA PAZTUYHBIMU PE3YIBTATAMU U3MEPEHUN OJTHOM U TOM K€ BEJIMYUHBL.
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Tabmuua 1.3 Pe3ynbraTsl COBMECTHBIX M3MepeHuil BAX, COOTBETCTBYIOIIMX HAa4YaJbHOMY Y4acTKy,

T'1€ BBIIIOJHACTCS 3aKOH Owma

Howmep S
usmepe- | lgUB) | Igl(A) | U,B I, A Ot ent
HUA
1 ~1,00 6,00 | 0,10 | 1,00-10" | 3,07-107*
6
2 -0,93 590 | 0,12 | 1,26-10" | 3,29-10
6
3 -0,82 580 | 015 | 158-10" | 3,19-107*
6
4 -0,70 570 | 020 |20-10°| 3,08-10*
5 ~0,64 560 | 023 |251-10 | 3,34-10°*
6
6 -0,58 554 | 0,26 |2,88-10" | 3,34-10*
6
7 0,51 550 | 031 |3,16-10 | 3,14-10°*
6

C ,I[perfI CTOPOHBI, MO>XHO 06’Le,[[I/IHI/ITI> 3HaueHus | u U JJIA BBIYMCIICHUA paBHOBeCHOﬁ y,HeHLHOﬁ

nposogumocty S' 6azoBoii oGmactu p*-p-n*-crpykTypsl Mo hopmyie

S=——,
A-U

rie | — paccrostaue Mexy p'- i N*-koHTaKTaMH, CM; A — TIONIAAb KOHTAKTOB, CM’,

3HaueHus | u A U3MEPEHBI TaK, 4TO MOIPEIIHOCTh
peHws 3HAYUTEIBHO MEHbIIIE Tpedyemoi TOYHOCTH
HUSA S.

®opmyna (3.1) cieqyer uz 3akona Oma

| :Aj:ASE:ASUT,

(3.1)

n3Me-

orpenerne-

Trac j — IUIOTHOCTB TOKa; K — HAIMpPS’KCHHOCTD 3JICKTPUUCCKOTO IIOJIA, YCPECAHCHHAA 110 JJINHE 06pasua.

Hamm nmanubie st S B mociieqaeM ctosome tadi. 1.3 mpeacTaBisiioT co00i pe3ysibTaThl KOCBEHHBIX

I/IBMepeHI/II\/'I O)IHOI71 M TOH XKe BCJIMYHHBI, U, CICAOBATCIbHO, K HUM MPUMEHUMBI CTATUCTUYCCKUEC METO/IbI.

Jlns mpuMepa IpoBeJeM CTaTUCTUYECKYI0 00pabOTKy 3THX JaHHBIX ¢ ToMmoliblo nmakera Origin. s

3TOTO HY)KHO JaHHbBIE MOCIeAHero croibia Tabm. 1.3 BBecTH B mo0yI0 KoJI0HKY Tabmuisl Worksheet u,

KJIMKHYB TPaBOM KHOIKOM MBIIIM IO 3arojoOBKY KOJOHKH, BBIOpAaTh B PACKPBIBIIEMCS MEHIO MYHKT

1 N N
B ¢u3uke moaynpoBOAHUKOB MPUHATO MPOBOAMMOCTH 0003HAYATH IpedecKoil OYKBOW O . 3/1eCh HCIOJIB30BAHO
obo3HaveHue S, 4ToOBI HE IMyTaTh MPOBOIUMOCTD C IApaMeTPOM LIMPHHEI pactpeaeneHus ['aycca.
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Statistics in Columns (craructuka mo cronOiry). Pe3ynapraTsl pacyera MosiBATCS B OKHE, TIOKa3aHHOM Ha

puc. 1.4: cpexnee S (Mean), CO (sd — standard deviation) — cm. Bepaenue (1.8),

au

=2 Data?

eeeeeeeeeeeeeee—————————————————————————————————————————————————————— -
Data from Hecalculate j
Wiorkzheet Data Wks Rowl | 1

ks How? | ri

coly | meantvy | sdyErs) | setvEre) | sum N
1 A 320714E-4  116864E-5 4 M704E-6  0,00225 7 |

Puc. 3.3. Pesynbrarsl ctarobpaboTku B makere Origin

COC — crangaptHas omudka (Se — standard error) — cwm. Beipaxenue (1.9).

Hawnnyumeit OLICHKOH S Oyzner cpenHee §=321- 10
OMfl'CMil, COC — o5= 0,04- 10%0Omt-em L U3 Tabm. 1.2 st N=7 n o= 0,95 onpenenum t, = 2,45,
torma no Qopmyne (1.15) AS=t,-c5=0,1 10*Om*-cM ! u Ham OKOHUATENBHBIA pE3yIIbTAT,

OCHOBAHHBIM Ha 3TUX CEMH U3MEPEHUSIX, 11 YACTbHOU MPOBOJUMOCTH OYyJIeT paBeH
$=(3,2+0,1)-10* Om*-cem ™. (1.22)
OTHOCHUTENbHAS TIOTPEIIHOCTh B COOTBETCTBUU ¢ (opmyiioii (1.12)
e=+AS/S-100% = (0,1/3,2)-100% = 3%. (1.23)

3aavya cTaTUCTHYECKON 00pabOTKHU pe3ynbTaTOB MHOTOKPATHBIX U3MEPEHHH HE SBISETCS
HauboJsee BAKHOM 3a/1aueil CTaTUCTUKH, HO 3Ta MPOCTas 3ajaya J0KHA OBITh XOPOIIIO MOHSTA, TIPEKIE
4eM MBI CMOYKEM TeperTH K 0osiee 00mumM mpodsiemam. Jlanee Mbl 00CYUM OJTHY U3 TaKUX BaXKHBIX

001X MpoGsIeM — anMmpOKCUMAIIMIO 3KCIIEPUMEHTANIbHBIX PE3YIbTaTOB.

Tema 3ansiTuii 3 KANNPOKCUMAIMS METOJ0M HAMMEHbIIHNX KBaJAPaTOB»
JlabopaTtopnass padora «J/IMHellHAsET aNNPOKCUMALMS  U3MEPHUTEJbHOH  XAPAKTEPUCTHKH
npeodopaszoBaresisay.

HCJIB . Hay4uTb CTYACHTOB MMpOBOAUTD AIIpoOKCUMaI o HU3MCPUTCIIbHBIX XapaKTCPUCTHUK
npeoOpa3oBarelieil, MOCTPOSHHBIX U3 SKCIEPUMEHTATBHBIX PE3YJIbTATOB.

N3yunte caMOCTOSATENbHO MPEITI0KEHHBIA MaTepHall



21

IIpu ananuse uszmepeHHbix N map 3Havyenuii (X1, Y1), ..., (XN, YN) H aNNPOKCHMALHH TOJIYy4eHHOI
3aBHCUMOCTH NMPAMOii JimHUel Y=A+BX peliaTcs 1Be 0OCHOBHBIE 3a/1a4H:

1) ompeneneHne HAMTYYIINX OIEHOK MOCTOSHHBIX A U B, OCHOBaHHBIX Ha JaHHBIX (X1,Y1), .-y (XN,YN),
TO €CTh HAXOXICHHE MPAMOU JHHHH, KOTOpas HAWIYYIIHM OO0pa3oM AalmpOKCHMHPYET pPe3yJIbTaThl
W3MEPEHUI;

PaccmotpuM mepByro 3ajady anmpokcumaruu. Jlas  ympoiieHuss OylaeM Ipedronarath, 4To
MOTPEIIHOCTh B H3MEPEHUSAX X MPEHEOPE)KMMO Maja, B MPOTHBHOM Cliydae aHAJIMU3 CYIIECTBCHHO
ocioxHseTcs. Takoe MPEnoIoKeHne OYEeHb YacTO ONpaBAbIBACTCS Ha MpakTuke. Hampumep, mpu
usmepennu BAX (cwm. puc. 1.3) manpsukenue U mogaBanoch OT CTaOMIM3UPOBAHHOIO HCTOYHHUKA TUTAHUS
U TOYHO wu3Mepsioch. CremaeM emie OJHO JOMYIICHHWE, pa3yMHOE Ui MHOTHX SKCIIEPUMEHTOB.
[MpeamonoxumM, 94TO BCE MOrPEIIHOCTH B Y OJMHAKOBHI 10 BEIMYHHE, €CIIM T'OBOPUTH TOYHEE, UYTO

pe3yabTaT U3MEPEHUs KaKI0ro Y; MOJUUHAETCA pacipelesieHuto ['aycca ¢ 01MHaKOBOM IIUPUHON G, BO

y

BCCX M3MCPCHUAX U C HCHTPOM Ha HCTUHHOM 3HAYCHUHU Yi , KOTOPOC MOKHO OBLIO OBI BBIYUCINUTDH, 3HAasA

napamerpsl 4 u B:

OUEHKU Memooa HAUMEHbUIUX Keadpamoe o1 nocmosnnvix A 1 B.

NN N N
in ZYi - in ZXiYi
A \iL i1 i—1 i=1 . (1.27)
D b
N N N
N in Yi _szi Zyi
B__ \i-l i—1 i—1 (1.28)
D H
rac
N N 2
D=N| X% |-| % | . (1.29)
i=1 i=1

@opmyner (1.27) u (1.28) naroT HaWmydlIMe OICHKH TOCTOSIHHBIX A W B sl mpsMOil JHHHUH
y = A + BX, ocHOBaHHBIC Ha U3MEPEHHBIX TOYKaX (X1, Y1), ..., (Xn, Yn). [losTyuuBINasics TMHUS Ha3bIBACTCS

JUHUel annpoxkcumayuu MemoooM HAUMEHbULUX Keadpamoe O9TUX JAHHBIX, HJIU AUHUeU pezpeccuu 'y OT X.

Ornenka oy OyneT onpeaensaThCsa CyMMOM KBaJIpaTOB OTKJIOHCHU
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1 N
J 22 —A-Bx)", (1.30)

i=1

rae A u B onpenensirorcs Boipaxkenusamu (1.27) u (1.28).

abCOJIIOTHBIE TOTPEIHOCTH A W B OmpenensioT NPOCTHIM pPacdyeToM OMIMOOK B KOCBEHHBIX

HU3MEPCHUAX, UCXOOA U3 IIOI'PEIIHOCTHU Gy JIA yl' ey yN .
2 2 2 . 2
(AA) =c% =c5> % /D; (1.31)

(aB)* =c% =No? /D, (1.32)

rae D onpenensiercst BeipakeHuem (1.29).

[ToctponB Tpaduk W3MEPEHHOW 3aBUCUMOCTH M TIPOBEIs 4Yepe3 TOUYKU OKCIEPUMEHTAIbHBIX
pPEe3YJIbTAaTOB JIMHUIO AINMPOKCUMAIMK, HEOOXOJAMMO OT KaXKIOW TOYKH OTJIOXKHUTh BEPTHKAIBHBIC
YepTOYKH OMIMOOK JJIMHOM B OHO cTaHnapTHoe otkioHeHue (1.30) mo kaxayro cropoHy ot Touku. Toraa
MBI MOYKEM BHJIETh, JCHCTBUTEIILHO JIM M3MEPEHHBIC TOYKH JISKAT PasyMHO OJMU3KO K JymHuH. Eciu 310

TaK, TO U3MEPCHUS IMOATBEPKAAIOT HAIIC IIPEAIIOI0XKEHHUE, UTO X U Y CBsA3aHbI JIMHENHO.

B mporpamme Origin npoBeauTe JUHEHHYIO aNMpOKCHUMALMIO JAaHHBIX, MPEACTaBICHHBIX HIDKE IS
npuMepa u u3ydenus. llomyunre y npenogaBaresns SKCIEPUMEHTAIBHBIE JAHHBIE U IIPOBEANTE TAKYHO )K€
ux 00paboTKy.

3apanue 1

1 19.76 0.24
2 38,09 0,31
= 3 40,95 0,55
.<|_£ 4 41,08 0,48
S b 56,29 0.78
b 68,51 0.98
Fi 75,01 0.94
8 89,05 1,21
9 91,13 1,29
20 40 60 80 100 120 10 91,26 1,12
X Axis Title 1 99,84 1,29
12 108,55 1,49
12

[Iposepounsrii otet : A = — 0,085 + 0,056; B=0,0143 + 8,09162E-4
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3ananue 2 B mporpamme Origin mpoBeAUTE JTUHEHHYIO allPOKCUMAIINIO JaHHBIX

JuH

s== Datal

A Civl
19,76 011758
348,09 01726
40,95 0.40789
41,08 0,33255
56,29 0.68888
68,51 0.97015
75,01 091136
49,05 1,331
91.13 1,46516
91,26 1,1853
99,84 1,46516

108,55 1.81878

— ot [t
P I P = == i = L B - (-

[IpoBepOYHBIil OTBET :

A=-0,41404+ 0,08809; B=0,01932 + 0,0012

3apanme 3 B nporpamme Origin NpoBeaUTe TMHEHHYIO alllIPOKCUMAIIUIO JaHHBIX

Al D[]

19,76 002627
36.09 0.05046
40,95 021773
41,08 015387
56,29 0.53069
68.51 0,949719
75,01 0.85404
89,05 1,62593
91,13 1,.91427
91.26 1,33508
99.84 1.91427
108,55 2, 76455

— (ot [k
P i P = == e I = L L

IIpoBepounsrii otBet : A=—0,48803 + 0,18687; B=0,23325+0,02539
Bce BeImoNmHEHHBIC 33aJaHUS JOJDKHBI OBITH TPEACTaBICHBI C AHAIU3UPYEMBIM TpaduKoM,

JEMOHCTPHUPYIOIIUM JUHEHHYI0 anlIpOKCHUMALMI0O W aHAJIW3 IMOJYYEHHBIX 3aBHCHUMOCTEH ¢ MOJAPOOHBIM
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OIIHMCAaHUEM.

Tema 3ansaTuii 4 «W3mepureabHasi TexHuka. Meroabl M cpeacrBa u3MepeHusi (u3MUeCKHX
BeJIUYMH»

Jlaboparopnas pabora «MccienoBanne U3MePUTEIbHBIX XapaKTePUCTUK JATYNKA TeMIIEPATYPbI €
YACTOTHBIM BBIXO0M.

[lenb: maTh CTydeHTaM 3HAHUS O COBPEMEHHBIX JaTYMKaX TEMIEPaTypbl ¢ YaCTOTHBIM BBIXOJIOM H
MO3HAKOMHUTH C OCOOEHHOCTSIMH YaCTOTHBIX CHUTHAJIOB JTATYMKOB, OCOOCHHOCTSIMHU OCHMJUIOTPAMM 3THX
CHUTHAJIOB U C MCTOJaMH 06p2160TKI/I TaKUX OCHHUJIJIOrpaMM, YCTAHOBJICHUA 3HAYCHUI YacCTOTBHI CHUI'Hajia,
MOCTPOEHUE COOTBETCTBYIOLIEH YaCTOTHO-TEMIIEPATYPHOH HM3MEPUTEIBHOM XapaKTEPUCTUKH TaKOIo

HU3MCPUTCIIbHOI'O npeo6pa30BaTeJ1;1 1 €C aHaJIu3.

e Sl B

Pucynok 5.1 — OcipyuiorpaMMbl CUTHAJIOB YaCTOTHOTO JJATYMKA TEMIEPATyphl IPU Pa3IHUHBIX
3HaueHUAX Temneparypsl 22, 34 u 44 rpanycos Llenscus.

Ha pucynke 5.1 nmpencraBieHbl OCHHIIZIOTPaMMBbI CUTHAJIOB, KOTOPBIE HaI0 00paboTaTh U MPOBECTH
ux aHanu3. Macmra0 : mo — Beprukanu 0,5 B/6.1eir; pazBepTka o Bpemenu 10 Mkc/0.ei.

Heobxoqumo ompenenuts nmapamerpbl xapaktepuctuku f(t), ee anamuTuyeckuil BuA, MPOBECTH
aHaJI3 JIMHEHHOCTH, YCTAaHOBUTH YyBCTBUTEIILHOCTh YaCTOTHI K Temneparype. OnpeaeauTs NOrpenHoCTr
napamMeTpoB U KO3(PPUIIUEHT TUHEHHOCTH.

Bamgava: 1) st KaKI0H TeMIepaTypsl onpeaeanTh 4actoTy (kI'1) u moctpouts rpaduk f(t) u 2)
OIIPEICTUTh aMIUTUTYAY (pa3Max), rpaduk A(t), uyBcTBUTENBHOCTH A K t (t — Temmeparypa B rpagydax

[lenbcus).
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JlaTb OTBET Ha BOMPOC: €CJIM CUUTATh, YTO OIIMOKA B onpeneneHuu t (3aganuu t) HUYTOXKHA, TO
Kakas ke omroOKa (IOrpemHoCTh ) y 4acTOThl Af, ecin omuOKH B ONpeieIeHnH TapaMeTpoB JIMHEHHON
3aBucuMoctd f=Ax+B u3BecTHbl : AA u AB ?

IIpumep BHINOJHEHUS JTaA00PATOPHOI PpadoOThI.

I/ICHOJ'IIBYH INOJIYYCHHYIO OCHUJLIOTpaMMy OIIPCACIMM YaCTOTY BBIXOAHOI'O CHUTHAJIa IJIA KaXXJI0ro

3HAYCHUS TEeMIIepaTyphl Yepe3 nepuo T, mpu 1eHe oonpuioro aenenus 10 Mxc:

_ N-10-10"
N T rae N — urciio 60abmuX aeneHuit; Nt — 9uciIo menbIX mepruoaoB
Temneparypat, | Hanpsokenue U, [lepuon T, Yacrora f, Temneparypa
°C MB MKC k[ T,K
22 450 3,25 307,69 295,15
34 410 3,75 266,67 307,15
44 390 3,8 263,12 317,15

Taxoke OIpCaACIINM aMIUTUTYAY JJIA KaXXKJA0ro 3HaUCHUA TEMIICPATYPHI, ITPU LICHE 00JILIIIOrO JCIICHUA

B 200 MB 1 pe3ynbTaThl BHECEM B TaOJIHILY.

[Moctpoum rpaduk 3asucumoctu f(T).

310

300

290

f, kHz

280

270 +

260

T

T T

T T T T T
305 310 315

T, K

[IpoBenem nuHelHy0O anmpokcumanuio B mporpamme Origin. [ns storo B myHKTEe MeHIO T00IS

T T 1
295 300 320
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310

300

290

f, kHz

280

270

260

295 300 305 310 315 320
T, K

BeIOCpeM Linear fit.

KpacHoli nuHuel mokazaHa nuHeiiHas anmpokcuMmanius. OTpa3uM JaHHBIE MOJNYYEHHBIE B pe3yibTare
anmpoOKCUMAIIUH.

AHaNTUTAYECKUH BUJ PSIMON UMEET CIEAYIOIUNA BUI:

f=A+B.T

e A=91413 AA = 26816

B=-207 AB = 087
B utore 3aBucUMOCTh 4acTOTHI f OT TeMIiepaTypsl MMeeT BHI:
f=091413—- 2,07-T
af = 269,03
Koaddumment koppemsuu pasen R = 0,92.
KoadpummenT muueiinoctn K; =1 - R =1-0,92 = 0,08.

qy'BCTBI/ITCJIBHOCTB YaCTOThI K MArHUTHOMY IOJIFO OIIPEACIIUM I10 CHCI[y}OIHeﬁ (I)OpMyJ'ICZ

v o _fru-fi 3076926312 445? [P:ru,]
AT 44—22  44—22

B cnyuae, ecnu Ha rpaduke Temneparypy yKasblBaTh B rpajaycax Llenbcus, To OyaeM uMeThb
CJIEAYIOIIME 3HaYEeHUE OMIMOOK:



27

310

K 3004

290

280

Chastota f

270

260 -

20 25 30 35 40 45
Temperatura T

KpacHoll 1MHHMEN TOKa3aHa JWHUA JIMHEWMHOW anmpokcumanuu. OTpa3um JaHHBIE
IIOJIyYEHHBIE B PE3YyJIbTATE AIIIPOKCUMALINH.
AHQIUTUYECKUN BUJ IPSIMON UMEET CIEAYIOIINNA BUA:
f=A+5E5-T
rre  A=34822 aA = 30,19
B=-2,07 aB= 087
B utore 3aBucuMocTh 4acToThl f OT MarHuTHOM MHAYKIMK B numeer By
f= 348,22 2,07-T
Af =31,06
Koaddumment xoppemnsiiuu pasen R = 0,92.
Koaddumment nunerinoctn K; =1-R=1-0,92 =0,08.
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[TocTponm rpaduk 3aBUCUMOCTH aMILTATYIBI KoJieOanuii oT Temrepatypsl Um(T).
0,45 — ]

0,44 -

Amplituda V

o o o
S B P
= N w
1 1 1
|

o
N

o
]

o
w
©
1
]

T T T T T T T T T T 1
295 300 305 310 315 320

Temperatura k

[IpoBenem nuHelHYyIO ammpokcuMalidio B mporpamme Origin. st 3TOoro B mMyHKTE
MmeHto Tools BeiOepem Linear fit.

0,45 - n
0,44 -
0,43 -

0,42

Amplituda V

0,41 [

0,40

0,39 ]

295 300 305 310 315 320
Temperatura k
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KpacHoii nuHMeill mnoka3zaHa JuHeWHas anmpokcumanusg. OTpa3uM JaHHbBIE TOJYYEHHbBIE B
pe3ynbTaTe anmpoKCUMAaIUH.

AHaIUTUYECKUH BUJI MPSIMON UMEET CIICTYIOIINI BUI:

Um=A+BT
e A=1,2586 AA = 0,1672

B =-0,0028 AB = 0,0004
B urore 3aBHCUMOCTH YaCTOTHI aMILTUTY/IbI OT TEMIIEPATYPhl UMEET BH/I:
Um= 1,2586 — 0,0028-B
alUm = 0,0004

Koadduuument koppensuuu pasen R = 0,99.
Koaddumment muueitnoctn K; =1 - R =1-0,99 = 0,01.
UyBCTBHTEIHLHOCTh aMILUTATY Bl K TEMIIEpAType OIPEISINM I10 CIAYIoMEH hopmyIe:

N — -_"Lf f2.45 _fl.'?a 330 — 265 65 — 041 F:l-.l.l,
~ AUm 560 —400 560 —400 160 MB
I{yBCTBI/ITeJ'IbHOCTb aMl'IJ'II/ITy,Z[BI K TeMHepaType OHpeI[eJ'II/IM 10 cnenymmeﬁ (I)OpMYJ'IeZ
sllm 450—3%0 6o MB
= = =—=273|—
AT 44 — 22 22 K

Tema 3ansaTuil 5 «laTuuku. U3mepeHne HeIIEKTPUYECKUX BeJIMYMH JIEKTPUYECKUMH METOAAMM)
JladboparopHasi pab6ora «MHMcciaenoBanue M3MePUTEIbHBIX XaPAKTEPUCTHK JAAaTYMKA MATHHUTHOIO
MOJIfA C YACTOTHBIM BBIXOA0M).
[lenb: naTe CTyIEeHTaM 3HAHHUS O COBPEMEHHBIX JATYMKAX MArHUTHOIO MOJIA C YACTOTHBIM BBIXOJOM H
MO3HAKOMHUTH C OCOOEHHOCTSIMU YaCTOTHBIX CHUTHAJIOB JAaTYMKOB, OCOOCHHOCTSMH OCIMJUIOIPAMM 3THUX
CUTHAJIOB M C MeToJaMHu 00pabOTKM TaKMX OCIHJIIOTPaMM, YCTAaHOBJICHHS 3HAYEHHH 4acTOTHI CHTHAja,
IIOCTPOEHUE COOTBETCTBYIOLIEH YaCTOTHO-MAarHUTHOM M3MEPUTENIBHOM  XapaKTEPUCTUKU  TaKOro
U3MEPUTENILHOTO MpeoOpa3oBaTess U €€ aHaIN3.

Ha puc. 6.1 npeacraBieHbl ocWIIorpaMMbl HHGOPMAIIMOHHOTO CUTHAIA TATYMKA MAaTHUTHOTO
TI0JIS1 ¢ YACTOTHBIM BBIXOJOM M COOTBETCTBYIOIIME UM 3HAYEHUSI MArHUTHOM MHAYKIMU. Pa3BepTka 1o
BpEMEHH , IieHa Oounbioro aenenus 10 mkc. B onHOM OonbiioM feneHnn 5 Mambix aeiaeHui. OnpenenuThb
napametpsl Xxapaktepuctuku f(B), ee anamuTHueckuit BUI, MPOBECTH aHAIN3 JIMHEHHOCTH, YCTAHOBUTh
YyBCTBUTEIHLHOCTh YaCTOTHI K MATHUTHOMY TIOJTIO (YYBCTBUTEILHOCTH JATYNKA MATHUTHOTO TTOJIs ).
OrnpeaenuTh MOTrPEIHOCTH TapaMeTPOB U KOI(DPHUITMEHT THHEHHOCTH: 1) T KaKI0r0 MarHUTHOTO TTOJIS
omnpenenuth 4acToty (KI') u moctpoutsh rpaduk f(B) u mpoBecTn ykazaHHbIN BbIlIe aHATN3; 2)
OTIpeIeIUTh aMILTUTYy (pa3Mmax) A, ecnu riena 6ompinoro gaenenus 0.5 B/b.JIEJL. [Toctpouts rpaduk

A(B), omucarsb ero.
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PI/ICYHOK 6.1.— OCI_II/IHHOrpaMMLI I/IH(I)OpMaI_II/IOHHOl"O CHUTHaJI1a JaTYMKa MaroHuTHOT'O IT0JIA C 4YaCTOTHBIM

BBIXOJIOM M COOTBETCTBYIOIINE UM 3HaUeHHs MarHUTHOU nHaykiuu B, Tn (7 = 293 K).

[Tpumep BbInosHEeHMs Ja0OpaTOPHOI paboTHI.
Hcnosnp3ysl MOJIYYEHHYH0 OCLMIIJIOTPAMMY ONPEIENIMM 4YacTOTY BBIXOJHOIO CHUTHAJA Ul Ka)JI0To

3HAYCHHUS MarHUTHOH HUHAYKIUHA YCPE3 IICPUOJ T, IIpU IICHEC OOJIBIIIOTO ACICHUA 10 mKkc:

N-10-10*
N

rIe N — yncno 6OABIINX aeeHUH

Nt — 9KCII0 HEeNBIX MePHOI0B
Taroke onpeaenrM aMIUTMTYy sl KaXKJI0T0 3HaU€HHUs] MarHUTHOM MHIYKIIMHU, TIPU LIeHe OO0JIBIIOro
nenenust B 200 MB u pe3ynbpTaThl BHECEM B TaOIUILY.

[Toctpoum rpaduk 3aBucumoctu f(B).
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IlocTpoMM 4YacTOTHO — MAarHUTHYK0 H3MEPUTEIBHYIO XapakTepuUCTUKy. I[IpoBenem JHMHENHYIO

anmpokcumMaiuio B mporpamme Origin. [l sToro B mynkTe MmeHio T00IS BeiOepem Linear fit.

MaraunTtHasa Hanpspxenue U, ITepuon T, Yacrora f,
UHayKIus B, MB MKC K[ 11
Tn
1,73 400 3,774 265
1,96 420 3,448 290
2,13 540 3,077 325
2,22 560 3,226 310
2,28 520 3,077 325
2,38 580 3,030 330
2,45 560 3,030 330
340 -

F kHz

KpacHoll nuHuMeN TMOKa3aHa JUWHEHHas AamnnpoKCHMalusl.

pe3ysbTaTe anmnpoKCUMAaIIHH.

330 —
320 —
310 —
300 —
290 —
280 —
270 —

260

T
1,7

2,0 21
B, Tl

AHaNMMTUYECKUH BUJ MPSIMON UMEET CIEeAYIOIUN BUT:

f=A+B-X

e A=11004 A4 = 3319
B=9272 AB = 1525

T 1
2,3 2,4 25

OTpa?:I/IM JaHHBIC TIOJTYYCHHBIC B

B utore 3aBucumocTh 4acToThl f OT MarHuTHOM nHAYKIMK B nmeer Bua:

f= 110,04 + 15,25 -B
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Af = 48.44
Koaddumnuent xoppensuuu pasen R = 0,94,
Koaddumuent muueitnoctu K; =1 - R =1-0,94 = 0,06.

UyBCTBUTEIBHOCTH YAaCTOTHI K MATHUTHOMY IIOJIIO OTIPEICIHM IO Cieayromuei Gopmyie:

-_"Lf f2.45 _fl.'?z 330 - 265 65 KFI.I,
N=—"-= - - ——90,27 [—
aB 245-173 245-173 0,72 ’ Ta

[Toctpoum rpaduk 3aBucumocTt amiutatyasr Um(B).

600
580 - ]

560 — ] |
540 — ]

520 — ]

500 —

480

Um, mU

460 —
440 —
420 - ]

400 |

380 1 T T "~ T T T * T "~ T T 1
1,7 1,8 19 2,0 2,1 2,2 2,3 2,4 2,5

B, Tl

[IpoBenem nuHelHyr0 anmpokcumanuio B mporpamme Origin. [[nst storo B myHkTe meHto Tools

BbIOepeM Linear fit.
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600 —
580 -
560 -
540 -
520 -
500 -

480

Um, mU

460 -
440 -
420 -

400 -

380 T T T~ 1T * T * T T~ T "~ T " 1
1,7 1,8 1,9 2,0 2,1 2,2 2,3 2,4 2,5

B, Tl

KpacHoli nuHMeN mnoka3aHa JuHeHHas annpokcuManus. OTpa3uM J1aHHBIE TMIOJYYEHHBIE B
pe3yJibTaTe anmnpoOKCUMAaIIHH.
AHaNTUTAYECKUH BUJ PSIMON UMEET CIEeAYIOIUN BUL:
Um = A+ B-X
e A=-5504 A = 11572
B=261,73 AB = 5316

B utore 3aBUCUMOCTB 4aCTOTHI f OT MarHuTHOU WHAYKIIUU B HNMECT BU:
Um= —55,04+ 261,73 -B
aUm = 168,88

Koaddumment koppemsuu pasen R = 0,91.
Koaddunment nuneitnoctu K, =1-R =1-0,91 = 0,09.
UyBCTBUTENHHOCTH aMILTUTY Il K MATHUTHOMY TTOJIIO OTIPEACIUM TI0 CIEAyoIIel hopmye:

N_._aUm 560 — 400 lu‘érn_22222 [MB]
~ AB  245—173 072 ' Ta
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Tema 3ansaTuii S «/{aTunku. U3mepeHue HedIEKTPHYECKUX BEJIHYHH YICKTPUYECKUMH MeTOAaMm»
Jlaboparopuasi padoora «McciaenoBanune RF-npeoOpa3oBaresisi CONPOTHBJIEHHUS B YacToTy H
NMOCTPOEHHOI'0 HA ero OCHOBE JATYNKA NepeMelleHHsL.».

B03MOXHOCTB 3JIEKTPOHHON MEPECTPOHKN YacTOTHI OCHMILIICTOPA 00YCIIOBIIEHA €€ 3aBUCUMOCTBIO OT
HaNpsDKCHUSI MUTAHUS W CWIIBI TOKA, TO €CTh YacCTOTOW MOYKHO YIPABISATh M3MEHEHHEM BEITMYMHBI
N00aBOYHOrO pe3ucTropa Ry, BKIIOYEHHOTO B LieNb ocuMuIMcTOpa. C MOMOIIBIO OCLHMIIMCTOPA MOKHO
npeoOpa3oBaTh OMHYECKOE CONPOTHBIIEHHE B YacTOTy, TO €CTh OCYIIECTBUTH resistor-to-frequency—
npeoOpazoBanre. COOTBETCTBYIONIMIA MTPUOOP OBLT Ha3BaH OCHUIUIUCTOPHBIN RF—mpeoOpa3oBarters.

JInst MCKJTFOUCHHMS BIIMSTHUSL TeMIepaTrypsl T Ha 3HaueHue yactotel curHana f RF—mpeobpasoBarens
MOMEIAETCS B MaJlOradapUTHBIN TePMOCTAT, TUO0 B IeMb OCHUJLIMCTOPA BKIIOYAIOT PE3UCTOP C
OTPULIATENILHBIM TEMIIEPATYPHBIM KO3 PUITUEHTOM COMTPOTHUBICHUS.
Xapaxkrepuctuku RF-mipeoOpaszoBarens uccneaoBansl npu temmneparype 20°C v MUTaHUU UMITYJIbCHBIM
IPSIMOYTOJIbHBIM HaMpsKEHHEM U" = 46 B (B TOM 4KCIIC OXHHOYHBII UMIIYJbC), BeIMuuHa Ry MeHsiercs B
unrepsaie ot 0 10 90 Om. Onpexenensl 3aBUCUMOCTH OT Ry ammumutyasl U; 1 yactotsl f konebanuit
Hanpsbkenus Ha Ry = 10 OM. Dtu 3aBucuMOCTH JMHEHHBIE, 4yBcTBUTENBHOCTH f/dR =1.2 k['1i/OMm.
ITpu ucnonb30BaHUM B KayecTBE Ry BHITYCKAaeMBbIX POMBIIUIEHHOCTBIO IEPEMEHHBIX PE3UCTOPOB,
npumMeHenrne RF—mpeoOpa3oBaTeist MOXKET OBITh CaMbIM Pa3HOOOpPa3HBIM, B YACTHOCTH, IS pa3paboTKH
MOTEHIIMOMETPUIECKUX JATYMKOB C YaCTOTHBIM BBIXOJIOM YTJIOBOTO M IMHEWHOTO MTOJIOKEHHSI.
DkcnepuMeHTanbHast 3aBucUMOcTh T (R)y) anmpokcumupyercs BeIpakeHHEM

f=a+bRy. 1)
DKcrnepuMeHTalIbHAs 3aBUCUMOCTh aMILTUTY/IbI Kojebanuii Hanpsbkenus: U; Ha Beixoge RF—
npeoOpa3oBaTelis ToXe JMHEWHas!, HO [T Hac TNIaBHOE 3HAaYeHHe, Kak MH(POPMAIMOHHBIN TTapameTp,
uMeeT yactora. BaxkHo, uro amruutyna U 7Sl IPakTHYECKOTO UCTIONB30BaHUS HE TPEOYeT YCHICHHS —
U; ymensinaercs ot 0.4 B npu Ry = 0.0 Om o 0.02 B mpu Ry = 90.0 Om.
Jluneitnas 3aBucumocts f (R;) Obula Hcnop30BaHa HaMU JUTS Pa3pabOTKHU TaTYMKA JTMHEHHOTO
MEPEMEIIICHUS C YACTOTHBIM BBIXOJIOM C UCIIOJIB30BaHUEM MOJI3YHKOBOTO NIepeMeHHoro pezucropa CII3-
23a ¢ TMHENHOM 3aBUCHMOCTHIO BETUYMHBI COMTPOTUBIICHHSI R OT AJIMHBI IpoOera Mmoia3yHKa,
MaKCHMaJIbHOE 3HaYeHUE KOTOpoii [g=60 MM. B cOOTBETCTBHHM C TEXHUUECKON XapaKTEPHUCTUKON 3TOTO
nepemeHHoro pesucropa npu Ir=0 MM R = 0 Om, a ipu Iz = 60 mm R =220 Om.

W3 nmuneiinoi 3aBucumoctd R (Ir ) ycTaHOBIICHO aHAIUTHYECKOE BBIPAKEHHE JIJISl 3aBUCHMOCTH

R (Ir) = c:lr , koTOpOE MIOACTaBIsIETCs B BRIpakeHUe (1) st ycranosyienus 3asucuMoctu f (Ir ). Mckomas
3aBucuMocCTh T (Ir) sABJIsSIETCS BBIXOHOM XapaKTEPUCTUKOM JaTYNKA IMHEWHOTO TIEPEMEIIICHHUS C
YaCTOTHBIM BBIXOJIOM U OIHCHIBAETCS BHIPAKEHUEM

f(Ilr) =at+bclg 2

AHAJIOTUYHBIA  aHanu3 Ui JMHEHHOM 3aBUCHUMOCTH aMIUIMTYAbl BBIXOAHOTO curHama RF-
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npeobpaszoarens Ui (Ry)

Ui(Rn)=au+buRy 3
MPUBOJUT K JINHEHHOM 3aBUCUMOCTH aMILTUTY/Ibl BBIXOJHOTO CUTHAJIA AaTYUKA JTMHEHHOTO TIepeMeIIeHUs
Ui(Ir)

Ui(lr)=ay+by -clr. 4)
Yucnennbie KO3 puUIueHTs UMEOT 3HaueHus: a=285796; b=—-1193; ¢=3.6667; ay=0.3899; by=-0.0042.
DkcnepuMenTanbHble 3HaucHus 3apucumocteii f (Ig) u Ui (Ir) umeroT HeGob1ION pa3Opoc BIIOIHE
MOHITHON MPUPOJIbl. 3aBUCUMOCTH, NPEACTAaBICHHBIC BhIpaXXeHUSIMU (2) U (4), XOpOILIO COBMAIAIOT C
JKCIIEPUMEHTAIBHBIMU JaHHBIMU. H(GOpMamoOHHBII mapaMeTp 4acToTa OCIUIUIMCTOPHOM reHepauu
MMEET BBICOKYIO YYBCTBUTEIBHOCTD K M3MEHEeHHI0 inHeiHoro nepemerieHus df / dlg = 4.4 k['i/mm.

Jlnst pa3paboTKy AaTYMKA YTIIOBOTO IEPEMEINEHHS C YaCTOTHBIM BBIXOJIOM B KadecTBe Ry Obl BEIOpaH
nepemeHHbIi pesuctop SH-083 mpousBojcTBa TaiiBanbckoi komnanuu Song-Huei Electric Co., Ltd
(www.song-huei.com.tw). Do mosHbIi aHamor oTedecTBeHHOro pesuctopa CI13-38a 1 umeeT HOMUHAI
100 Om, TMHEMHYI0 3aBUCUMOCTb COITPOTUBIIEHUSI OT yrila MIOBOPOTA (0 U MAKCUMAJIbHBIN YroJl TOBOPOTa
nsrxka 250 rpagycos. ['pagyrpoBodnas 3aBUcUMOCTb Ry(@) umeer Bu

Ru(e) = k + me. ®)
M3mepenHas BbIXOHAs XapakTepucTuka f(¢p) maTdnka yriaoBoro mosnoxxeHus Ha ocHoBe RF—
npeoOpaszoBarens obnagaeT xopoiuiei TuHeHOCThI0. Mcnonb3ys Beipaxenus (1) u (5) HeTpyaHO
MOJYYUTh, YTO

f(p) = I+ng, (6)
rae |I=(a+bk), n=b-m. U3 3aBucumocreii (3) u (5) mosryyaem 3aBUCUMOCTb aMILTUTY bl BBIXOJIHOTO
cWrHajaa nmpeobpasoBareis yriaoBoro monoxerus Ui ()

Ui(p)=lu+nuo, (7)
rae ly=(au+byk), ny=by-m. Habnronaercs xoporiee coBnazeHne pe3ynbTaToOB H3MEPEHHUI U Pe3yIIbTaToB,
MOJYYEHHBIX 110 BeIpakeHusM (6) 1 (7). Uncnenusie k03 dunmeHTs! uMeroT 3HaueHus: k= —5.56;
m=0.43; 1=292429; n= -513; 1y=0.4133; ny=— 0.0018. MudpopmMaImoHHBII TApaMETP YaCTOTa UMEET
BBICOKYIO YyBCTBUTEIILHOCTh K H3MEHEHHIO yria mosopora: df/de=0.5 kI't/rpaz.

IMocTpoeHue 1aTYNKA JUHEHHOTO MepeMeNIeHUs ¢ YACTOTHBIM BBIX010M (cxema, padora,
XapaKTePUCTHKH, rpaduxn).

OcuUTMCTOPHBIN Mpeodpa3oBaTellb MPEACTABISAET COOOM OCIUIUIMCTOP, KOTOPBIM COCTOUT W3
MarHUTHOM CHUCTEMBI (COCTOSIIEH W3 JABYX MAarHUTOB) M TOMEIIEHHOTO B 3a30p KpucTamia. UToOb!
KpUCTAILT HE ObUT pa3aBlIeH MarHUTaMU, MMPEAYCMOTPEHO OXPAHHOE KOJBIIO B BHJIE MIAHOBI C pa3pe3oM.
MaruuTsl cnenansl u3 cruiaBa JKeneso-Heonum-bop (FENdB). MarautHoe nose B 3a3ope 1 Tecna.

Ot KpuCTaJIIa BEIXOAAT 2 TIPOBOJIA, KOTOPhIE 00pa3yrOT CXEMY C CONMPOTUBIICHHEM Harpy3ku (Ru)

JUTSL ©I3MEPEHUS U HaOIIOZICHUS CUJIBI TOKA B IIETIM B BUJIE MMa/IeHUs HanpspbkeHus Ha Ru (PucyHok 6).
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OCLIULIONPAS

Pucynok 7.1 — Cxema nuTaHusi OCIMILIUCTOPA U PETUCTPALIMY CUTHAJIA OCHUJUTUCTOPHON TeHepaIi.
OCIuTUCTOpP MOKHO MCHOIB30BATh ISl JATYMKOB MepeMenieHusl. B 0CHOBE JIEKUT 3aBUCUMOCTh

yactotsl () ocmmmucropa ot Hanpsokenus (UK) Ha kpuctamie (Pucynok 7).

40

a0

B 20

L il e R it e
i ORI U N [ (P |

D 50 100 150 200 250
Uk

PucyHoxk 7.2 — 3aBUCHMOCTb YaCTOThI OCIMIITMCTOPA OT HanpshkeHust Ha kpuctainie (cxematuyno) f(UK).

s npocroit cxembl ¢ Ru=1+10 OM, HanpspkeHUe Ha KpUCTaie IOYTH TaKOEe e, KaK HalpssKeHUe Ha
ucrounuke (U = Uk). Eciu yBenuuuaercst U, To yBenuumBaercss u Uk. Ho MOXXHO HampspkeHHe Ha
kpuctaie Uk MeHsTh Mo apyromy npu U=const — nmepepacnpenensTs ¢ nomouipio Ra (mepemMeHHOro
pesucropa, gobasneHHoro B nemns). Torna U O6yner pacnpenensatbea mexay Rk u Rx (U=Ux+Ux+Un)

(Pucynok 7.3).
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U=Un

L]
L1 0

Pucynok 7.3 — CxemarnaHoe uzodpaxenue padboTsl ocuuumcropa u RF-peoOpaszoBares. .

Xapakrepuctuku RF-mpeoOpaszoBarenst npu Temneparype 20°C W NUTAaHUM HMITYJIbCHBIM
HaNpsHDKEHUEM MPSMOYyroibHOU Gopmbl U* = 46 B (mmrensHOCT MMiynbea t, = 60 + 100 mMxc, wactora
noBropenust 40 'l uiaM OAMHOYHBIA MMITYJbC), ONMpPEAETICHBI 3aBHCUMOCTH 4YacTOTHl f M aMrumTymabl
kosiebanuil HampspkeHust U; Ha Harpyske Ry =100wm ot BeauuuHsl conpotuBieHus Ry Otu
3aBUCHMOCTH SIBJISIFOTCS] JIMHEHHBIMU, YTO SBJISETCS JIOCTOMHCTBOM JI0OOTO mpeobpasoBareins. YactoTa f
(puc. la, xpuBast 1) ymenbmiaercs ot 286 kI'm mpu Ry =0.00m no 182 xI'm mpu Ry =90.0 Om,
uyyBcTBUTenbHOCTh Of/dR cocraBmsier 1.2 k['i/Om. Ammuuryna konebGanuit U; (puc. la, kpuBas 2)
ymenbmaercs oT 0.4 B mpu Ry = 0.0 Om no 0.02 B npu Ry = 90.0 Om.

Ocuunmmuctopubii  RF—mpeoOpazoBarens oOnagaer claeAylOmMUM pPsSIOM JOCTOMHCTB: 1) mpsimoe
npeoOpa3oBaHUE COIMPOTUBIEHUS B YacTOTy; 2) JIMHEHHOCTb XapaKTEPUCTUKH IpeoOpa3oBaHUs; 3)
BBICOKAsI IIOMEXO03AIIUIIEHHOCTh, B TOM YHCJIE, B YCIOBHIX MHJIYCTPUAJIbHBIX MOMEX, TaK KakK IMoJe3Has
uHpOpMalIKs 3aKII0YeHA B YaCTOTE, a HE B aMIUIUTY/E NMEPEMEHHOro curxaia; 4) yno0cTBO U BBICOKas
TOYHOCTh YaCTOTHBIX U3MEPEHUI; 5) 9aCTOTHBIM BBIXOJI YIIPOIIAET MpeoOpa3zoBaHne B IUPPOBOH KO, 6)
BBICOKAs aMIUTHTY 14 BBIXOJHOTO CHTHAJIA, YTO TI03BOJISICT HE TPUMEHSTH YCHIIUTEb.

[Tpu ncnoab30BaHUU B Ka4eCTBE IEPEMEHHOT0 CONPOTUBICHUS Ry BHITYCKAEMBIX MPOMBIIUIEHHOCTHIO
CTaHJApTHBIX, B TOM 4HCJE, TMPEIU3HOHHBIX IOTEHIMOMETPOB CONPOTUBICHUS, NPAKTUUYECKOE
npuMmeHenre RF-mipeoOpa3oBarenss MOKeT OBITh caMbIM Pa3HOOOpazHbIM. B yacTHOCTH A pelieHus
TaKOW aKTyaJbHOW 3a7add, Kak pa3paboTKa MOTEHIIMOMETPUYECKHX JAaTYNKOB C YAaCTOTHBIM BBIXOJIOM
yIj1a HOBOPOTA, JIMHEHHOTO epEMEIICHHS U JKOWCTHKOB YIIPaBJICHUS.

B cooTBeTcTBUM C TEXHUYECKOW XapaKTEPUCTUKOW 3TOr0 MEPEeMEHHOro pesuctopa mnpu lg =0 Mm

Ra1=0 Owm, a mpu Iz =60 mm Ra=220 Owm (puc. 10).
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250

200 4

150 4

Rd

100

50

PI/ICYHOK 7.4 — JIunerinas 3aBUCHMOCTD COIIPOTUBJICHHA IICPEMECHHOI'O pE3UCTOPA OT np06era IMOJI3yHKa

Ra(L).
VR RN EUVB
AN 1 0.6

N/ ]
2,5x10° \\ 40,5
[ \ 104
2,0x10° \\\ b \—: 0,3
\ 0.2

s| 2 "\ N
N4 0,0

0 20 40 60 REOM

6)

a)
Pucynok 7.5 — a) wacrora f u ammuryna U; B 3aBUCHMOCTH OT BEJTMYHMHBI conpoTuBieHus Ry; 6) dopma

BBIXOJTHOTO curHasia RF—mpeo6pa3zoBaTers

s pabotsl RF—mipeobpazoBatens neooxoaum pesuctop ¢ R = 100 Om, 0TCI0/1a MOYKHO BBISIBUTD
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yemy OyIeT paBHa m3MepsieMas JUIMHA MepeMenieHuss L mpu ucmoiap30BaHUM MEPEMEHHOTO PE3UCTOpa
CII3-23. Ha rpadwuxke Buano, uto pu R = 110 Om (6mu3koe 3nauenue k 100 Om), L = 30 mm. Haitnem u
octainbHble 3HaYeHus L, nmpu menstoniemcss R no rpaduky (PucyHok 10) u mpenctaBuM pe3yiabTaThl B

tabnuue (Tabmuma 2).

Ta6nuia 2 - 3aBUCUMOCTb COIPOTUBIICHHSI IEPEMEHHOI0 pe3rcTopa ot npobdera moasynka RA(L).

Ry, Om | 220 200 175 150 125 110 100 75 50 25 0

Iz, Mmm | 60 55 48 41 35 30 28 20 13 7 0

DkcnepumenTanbHas 3aBucuMocthb T (Ry) (puc. 7.5,a) annpokcuMupyeTcs: BhIpaKeHUEM
f=a+bRy. 1)

OKcrnepuMeHTalIbHas 3aBUCUMOCTb aMIUIMTYyIbl KosneOaHui HampspkeHus Uj; Ha Bbixoge RF-—
npeoOpa3oBatelsi TOKE JIMHEHHAas, HO /I Hac TJIaBHOE 3HAUeHHWe, KaKk MH(POPMALMOHHBIA MapamMmeTp,
uMeeT JacTtoTa. Baxkno, uro amrumtyna U Ui mpakTHYeCKOTO MCTIOJIh30BaHUS HE TpeOyeT YCHIICHUS —
U; ymensinaercs ot 0.4 B npu Ry = 0.0 Om 0 0.02 B mpu Ry = 90.0 Om.

Jluneiinas 3aBucumocts f (Rj;) Obula Mcnonb30BaHa HaAMU AJIsI pa3pabOTKU JAaTYMKA JTHMHEHHOTO
NepeMEeIeHHs ¢ YaCTOTHBIM BBIXOJIOM C HCIIOJIb30BAaHHEM TIOJI3YHKOBOTO TiepeMeHHOoro pesucropa CII3-
23a Cc JWHEHHOW 3aBUCHUMOCTHIO BEJIMYMHBI CONMPOTUBICHUS R OT [iauHBI mpodera TMoOJ3YyHKA,
MaKCHUMaJbHOe 3Ha4YeHHe KOTopoil Iz=60 MM. B COOTBETCTBHH C TEXHHYECKOIl XapaKTEPUCTHUKOI 3TOro
nepemenHoro pesucropa npu lg=0 MM R = 0 Om, a niput Ig = 60 mm R = 220 Om.

13 nuneiinoi 3aBucumoctd R (Ir) ycTaHOBICHO aHAMTHYECKOE BBIPAKCHUE VIS 3aBUCHMOCTH
R (Ir) = c¢'lr , xoTOpOE MOACTaBIsIETCs B BhIpaxkeHue (1) ans ycranosienus 3aBucumoctu f (I ). Mckomas
3apucuMocTh f(lr) sBIsSETCS BBHIXOMHOW XapaKTEPUCTHKOW JaTYMKA JIMHEWHOTO MEPEMEIICHUs C
YaCTOTHBIM BBIXOJIOM U OMUCHIBAETCS BBIPAXKEHUEM

f(Ilr) =a+bclg (2
AHQJIOTMYHBIM  aHaNM3 I8 JUHEWHOM 3aBUCUMOCTH aMIUIMTYIbl BBIXOJHOro curHaia RF—
npeobpaszoarens Ui (Ry)
U]_(R[[):au'FbuRﬂ 3
MPUBOJIUT K JIMHEWHOM 3aBUCUMOCTH aMIUIUTY/IbI BEIXOJHOI'O CUTHAJA 1aTYMKa JIMHEHHOTO MepeMeIleHUs
Ui(Ir)
Ui(lr)=ay+by -clr. 4)
Yucnennsie k03¢ GUIneHTH nMetoT 3HaueHus: a=285796; b= -1193; ¢=3.6667; ay=0.3899; by=—0.0042.
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MepemeLueHue, IR
Pucynok 7.6 — VI3MepuTenbHble XapaKTePUCTHKU JaTYNKA TMHEHHOTO MePeMeICHUSI

WudopMaiMoHHBI TapaMeTp — YacTOTa, BBIXOJHAS XapaKTEPUCTHKA JaTYMKa JHMHEHHOTO
nepeMeIIeHHs JIMHEeHHAs U OMMCBHIBAeTCs BhIpakeHUeM (2). YacToTa MMeeT BBICOKYIO YyBCTBHTEIBHOCTD
K w3MeHeHHI0 JmHelHoro mnepememenus df /dlg=4.4 x['n/mMmMm. DOkcnepuMeHTaNbHbIE 3HAYCHUS
sapucumocteit f (Ir) u Ui(lr) umeror HebombmION pa3OpOC BIOJHE MOHATHOW MPUPOABI. 3aBHCHMOCTH,
MIPEICTABICHHBIC BhIpaKEHUSIMH (2) U (4), XOpOIIO COBMAJAOT C JKCIEPUMEHTATBHBIMHU JaHHBIMHU.
COOTBETCTBYIOIINE XapaKTEPUCTHKH AATYNKA JIMHEHHOTO MEPEMELICHUS TIPEICTaBIeHbI Ha puc. 7.6

3amaHue: ucnoib3ys xapakTepucTuku RF-ipeoOpazoBarelis 1 MOIXOISIIETr0 MEPEMEHHOTO
pEe3UCTOpa JIMHEHHOTO WK KPYTOBOTO MEepeMeIeH s pa3padoTaiiTe TaTYMK COOTBETCTBYIOIIETO
NepeMEIeHHsI U UCCIIeIyITe ero XxapakTepucTiku. [IpencraBpre moapoOHBIN OTYET ¢ rpaduKkaMu
U3MEPHUTEIBHBIX XapaKTePUCTHK MIPeoOpa3oBaTelieii MepeMEIeHUs ¢ YaCTOTHBIM BBIXO/IOM U aHAJIU30M

Bcex pe3ynbraToB. ChopMynupyiiTe BBIBOABI 10 padoTe.
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