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BBE/IEHHE

JlaHHBIC KOHTPOJIbHBIC 3aJJaHHs TPEAHA3HAYCHBI ISl CAMOCTOSATEILHOU MPOPAOOTKHU CTY-
JICHTaMH 3a0YHOTO OT/ICJICHUS HEKOTOPBIX OCHOBOTIOJIATAIOIINX PA3/IeNIOB Kypca U JUis ay-
JUTOPHOTO BBIMOJIHEHUS UX IPH MPOBEACHUHM 3aYETHOTO 3aHATHUSA MO JUCHUILIMHE "MeT-
poJjiorus, cTanaaptusaius u ceprudukanusa’. KoHTpoabHbIE 3a0aHUs TOCBSIICHBI H3yde-
HUIO CIIOCO00B 00pabOTKHU pe3ybTaTOB U3MEPEHUN W METOJIOB M3MEPEHU OCHOBHBIX TIa-
paMeTpoB TEIEKOMMYHHUKAIIHOHHBIX crcTeM. KOHTpoIbHBIE 3aaHnsl BKJIIOYAOT B ceOs Oa-
30BBIH KOMILUIEKT 33]1a4 U HEKOTOPbhIC PUMEPHI MX PEIICHHS M0 OCHOBOIOJIATAIOIINM pa3-
nenam Kypca. B TekcTax 3amaHus MPUBEICHBI OCHOBHBIC MOJIOXKEHHUS Kypca, He0OXOIUMbIE
JJIS BBITTOJTHEHUSI 33/IaHH, aITOPUTMBI ¥ TIPUMEPBI PELIICHUS 33/1a4.

Jlnst Gosiee IETaaIbHOTO OCBOCHHUS PACCMATPUBAEMBIX BOIPOCOB HEOOXOIMMO M3YUUTh JIU-
Teparypy M3 PEKOMEHIYeMOrO CIIMCKA M KOHCIIEKT JIeKIUi 1Mo "MeTpoyioruu, cranaapTh3a-
IIUU ¥ cepTH(HUKAIUU B HHPOKOMMYHHUKaIUAX (WWw.psuti.ru).

Bri0op BapuanTa 3a/1a4 onpeaensercs AByMs MOCICTHUMHE [TUppaMu HOMepa 3a4eTHOM
KHIDKKH MN,Tae M -ipeanocieanss uudpa, N - nocaeauss nudpa. Homepa 3anay unam-
BUJIyaJIbHOTO 3aJaHus OepyTCs U3 KOHTPOJIbHBIX 3a/IaHUN B KOHIIE KKJOT0 pasjena
(rabmuner 1.1, 1.2, 2.1, 2.2, 3.1, 3.2).

Paznennt «llorpemHocTH M MaTreMaTH4yeckass 00pa0oTka pe3yJbTAaTOB H3Mepe-
HMI», « CpeacTBa M3MepeHHuil U KIacChl TOYHOCTH

1.1. «<O0paboTka pe3yJIbTATOB NPAMbBIX OJHOKPATHBIX H3MePEeHHUI»

Mertposnorndeckasi OleHKa pe3yJbTaTa U3MEPEHHMM CBOJUTCS K IOJYYEHHUIO pe3yJibTara
VU3MEPEHHMS C YU4ETOM IOTPELTHOCTH.

[TorpemHocTh pe3ynbrara NpsIMOro OJHOKPATHOTO M3MEPEHMSI 3aBUCUT OT MHOTHMX (ak-
TOPOB, HO B OCHOBHOM OIIPENEIISAETCS MOIPEIIHOCTBIO UCIIONIB3YEMBIX CPEICTB U3MEPEHUN
(CH). B nepBoM nmpuOIMKEHHH MOTPEIIHOCT PE3yNIbTaTa IpsSMOro OJJHOKPATHOTO M3Mepe-
HUS MOKHO MPUHATH PAaBHOW MOTPEIIHOCTH, KOTOPOM XapaKTEPU3YETCS HCIIOIb3yEMOE
CpPEACTBO U3MEPEHUN B TaHHOU TOUKe X.

[Iponenypa npocrenier METPOJIOTUYECKOM OLEHKH IOIPEIIHOCTH pe3yJIbTaTa U3Mepe-
HUI MO NacHOPTHBIM JAaHHBIM HcCIoyb3yeMblx CH OCHOBBIBAaETCS Ha CHCTEME IOCYyAapCT-
BEHHBIX CTaHJApPTOB, 00ECTICUNBAIONINX €IUHCTBO m3Mepenuid, B yactHocT, [OCT 8.401-
80I'CH " Knacchl TOYHOCTH CPEACTB U3MEPEHUH .

AOCOJIOTHYIO MOTPEHTHOCTh CPEACTB M3MepeHuil AX OmNpeAesnsiioT pa3HOCThIO MEXKIY
TIOKa3aHUEM CpPeACTBAa M3MEpeHHH X M UCTUHHBIM (ICHCTBUTENBHBIM) 3HAYCHUEM H3Me-
pseMoil pu3nuecKoi BeIMUMHBI X0 U BBIPAXKAIOT B €MHUIIAX U3MEPSIEMON BETUYHHBI

AX =X =X (1.1.)

Jliis pabouero cpencTBa U3MEPEHUH 3a ACHCTBUTEIbHOE 3HAUCHUE (PU3NUECKON BETNYH-
Hbl PUHUMAIOT TMOKa3aHMUsI OOpPa3IOBOr0 CpPEACTBAa M3MepeHul, ans obpasnoBoro CU —
3HaYeHHe (PU3UYECKOW BEIMYMHBI, TOJYYEHHOE C IMOMOUIbI0 3TajoHa. AOCOMIOTHAs MO-
IPEIIHOCTh HE MOKET CIYKUTh CAMOCTOSITENIBHO MOKAa3aTeleM TOYHOCTH M3MEPEHHH, IO-
TOMY JJI XapaKTEPUCTUKU TOYHOCTH PE3YJIBTATOB U3MEPEHUS BBEICHO IOHATHE OTHOCH-
TEJIbHOU MOTPEIHOCTH




AX
J=—[100% .
% o 43

0
rae Xo - JeHCTBUTEIbHOE 3HAYCHHE M3MEPSieMOl BeIMUYWHBI (B TIEPBOM MPHOIIKEHUH -
NoKa3aHue nMpuoopa)
OtHocuTenpHas morpemHocTs B opmysie (1.2) He Bcerna yaoOHa it HOpPMHPOBAHUS TIO-
rpemHocTy MHorompenenbHbix CU, mostoMy crenuanbHO U YKa3aHWs U HOPMUPOBAHUS
norpemmHocty CU BBeieHa IpUBEAEHHAS OTPEIIHOCTh

yzjfﬂ [100% (1.3)

N

rae Xy - HOpMHUpYIOIIee 3HaYeHUE U3MepsieMo BenuuHbl. B o0miem cityyae, aist mkai,
IpaJlyMpOBaHHBIX B SAMHHUIAX U3MEPSAEMON BEMUUHBI, Xy =Xmax-Xmin, raoe Xmax u Xmin —
MaKCHMaJIbHOE 1 MUHUMAJIbHOE 3HauYeHMsI Kajbl CH cOOTBETCTBEHHO.

J1n1s1 aHanoroBbIX MPUOOPOB C HYJIEM B JIEBOW YacTH mikaibl Xy— npeaen mkansl CU. Ecim
mkata CU umeeT pe3Ko HEMHEHHBIN XapakTep (pe3Ko CyKarolmuecs JeeHus), To Xmax u
Xmin u3MepsIoTCsl B €AMHUIIAX M3MEPEHUsI JUTMHBI IIKAJBI, T.€. B CM, MM HJIH B YCJIOBHBIX
eIMHULAX.

J1J1s TOrO 4TOOBI OLIEHUTH MOTPEITHOCTh, KOTOPYIO BHEceT AaHHOoe CU B KOHEUHbIHN pe3yiib-
TaT, MOJIL3YIOTCS NPEAEIIbHBIMU 3HAYEHUSIMU MOTPEIIHOCTH Ui AanHoro tuna CH.

[Ipenen nomyckaeMoll OCHOBHOM aOCOIIOTHON MOrpentHocTd A MOXKeT OBbITh MpeICTaBICH
OJTHAM M3 TPEX CIOCOOOB!

— TIOCTOSTHHBIM JJISI JIFOOBIX 3HA4eHHUA X YHUCIIOM, XapaKTePU3YIOIMIMM aTUTUBHYIO TI0-
TPEIIHOCTD,

A= ta; (1.4.)
— B BUJE JABYXWICHHON (OPMYIIbI, BKIIOYAIOUIEH alTUTUBHYIO U MYJIbTUILIMKATUBHYIO
MOTPENIHOCTH,

A==z (a+Ix) (1.5)
— B BUJE YpaBHEHUs

A=f(x) . (1.6.)
Ilpu cnoxuoii 3aBucumocTr (1.6.) momyckaercss MpeacTaBisATh MOTPEHIHOCTh B BUJE
rpaduka u Tabmuupsl. [Ipenensl gomyckaeMoil OTHOCHTEIBHOM MOTPEIIHOCTH ISl Cydast
(1.4.)B porieHTax BBIPAXKAIOT (OPMYJIIOM

6=i§ﬂ00%=i§ﬂ00%=iq (1.7)
st ciydast (1.5) —dbopmyioit

X
o=t C+d‘7k_1 (18)

rae X, - Ipeea U3MEPECHUM;

c=b+—



- UM€EeT CMBICII IPHUBEACHHON MOrPEMIHOCTH B KOHIE [IHana3oHa M3MepEHUit
(mpu X=Xy);

d=a/X -wuMeer cMbBICI NPUBEICHHON MOTPEIIHOCTH B Hayalle Juarna3oHa
usmepennii (mpu X=0), npuaem c>d.

[Ipenen nomyckaemoil mpuBEAECHHON MOTPEIIHOCTH B MPOIEHTAX BbIpakaeTcs Gopmynon

y=£|].00)/o=ip (1.9)
N
IJie p - OTBJICYEHHOE MOJIOKUTEIBHOE YUCIIO.

Cornacao I'OCT 8.401-80a1s ykazaHusi HOpMUPOBAHHBIX MPEIETIOB JIOMYCKAEMbIX I10-
IpelHOCTeN 3HAYCHUS P, (, ¢, d BRIpaKarTCsA B IPOLICHTaX U BRIOMPAIOTCS U3 Psijia Y-
cen: (1;1,5;2;2,5; 3;4;% 6) 10' ,rne n=+1;0;-1;-2;-3u T.x1.

C ucnosnb30BaHHEM YHUCEN YKA3aHHOIO psifia pa3padoTaHbl CIEAYIOIIME YCIOBHBIE 000-
3Ha4YeHUs KjaccoB TouHocTH CU, HaHOCHMBIE HA HUX.

1. Knmacc TOYHOCTH yKa3bIBAIOT MPOCTO OJHUM W3 YHCEN MPUBEIAECHHOTO BBIINIE MPEI-
HOYTHTEIbHOTO poaa (Hampumep, 1,5). 3to ucnonszyroT it CHU, y KOTOpBIX Tpemen
JOITyCKaeMOW MPUBEICHHOMN MOTPENTHOCTH IMOCTOSTHEH (IIPUCYTCTBYET TOJIBKO A IUTHBHAS
HorperrHocTh), kak B (1.4.), Xy B (1.3.) BeIpakeHa B €IUHUIIAX U3MEPSAEMOU BEITUYHHBI.
Takum ctoco60M 0003HAYAIOT KIACCHI TOYHOCTH BOJIBTMETPOB, aMIIEPMETPOB, BATTMETPOB
U OOJBUIMHCTBA JPYTUX OJHOMPEAEIbHBIX U MHOTOIpPEIAEIbHBIX MPUOOPOB C paBHOMED-
HO¥ IIKAJION WJIM CTEIeHHOM (C moKa3aTejaeM CTEIeHHU He 0oJjiee IBYX) IIKAJIOH.

2. Kjtacc TOYHOCTH YKa3bIBalOT YUCIIOM U3 MPUBEIEHHOIrO BBINIE PsJia, MOJ KOTOPHIM

1,5
CTaBUTCSI TPEYToJibHasi CKOOKa, HapUumep v . Takoe o0o3HaUEHHE TPUMEHSIOT
JJ1s TpUOOPOB C PE3KO HE PABHOMEPHOU IIKAJIOH, sl KOTOPBIX Xy BBIpaXaroT B €IUHU-
1ax JUIMHBI Kbl (MM, CM, YCIIOBHBIX JICJICHUAX). B 3TOM ciy4yae mpu M3MepeHuu, Kpo-
M€ 3HAYEHHS M3MEPSEeMOU BEIUWYHMHBI, 005S3aTEIbHO JOJKEH ObITh 3amucaH oTcueTr X B
€IMHUIIAX JJIMHBI IIKAJIbl U Mpeaen Xy B 3TUX Ke eIUHUIAaX, HHAYe HeJb3sl Oy/IeT BhIUMC-
JUTh TOTPEIIHOCTh pe3yibTara. TakuM crnocoOoM 0003HAYAIOT KJIAaCcC TOYHOCTH OMMET-

poB

3. Uucno, o603Havaroriee Kjacc TOUHOCTH, OOBOJISAT KPYKKOM, HATIpUMED, @

Taxoe o6o3Hauenue npumenstoT st CU. y KOTopbIX mpenen J0MmycKaeMoil OTHOCUTENbHON
MIOTPEITHOCTH TTOCTOSIHEH BO BCEM JIMAIa30HE M3MEPEHUH (MMEeTCsl TOJIBKO MYJIbTHILINKA-
ThBHas rorperrHocTh, ( dB (1. 5.)paBHa Hymr0) B ero onpexaenstor mo (1.7.). Takum cnoco-
©00M HOPMHUPYIOT MOTPEIIHOCTH U3MEPUTENLHBIX MOCTOB, Mara3uHoOB, MacIITa0OHBIX Mpeodpa-
3oBareneld. [Ipm 3TOM OOBIYHO yKa3bIBalOT TPAHHUIBI pabOYero Auamna3oHa, IJii KOTOPBIX
CHpaBeAINB JaHHBIN KJIACC TOYHOCTH.

4. Kinacc TouHocT 0003Ha4aeTCs JBYMS YHCIIAMH, 3aIIChIBAEMBIMH Yepe3 KOCYIO UepTy, T.
¢. B Bujie ycioBHou apoou ¢/d, manpumep, 0,02 / 0,01Takoe 0003HaueHHE TPUMCHSIOT JIJIs
CH, y KOTOpBIX MOTPEITHOCTh HOPMHUPOBaHa 10 ABYX4ieHHOH (opmyre (1.8.). Takum crioco-
OOM yKa3bIBAIOT KJIACChl TOYHOCTH LU(POBBIX BOJBTMETPOB, BBICOKOTOUHBIX MOTEHIIMOMET-
POB MOCTOSIHHOTO TOKA U JIPYTUX BBICOKOTOUHBIX PHUOOPOB.

I[1pu onieHUBaHUY pe3yNbTaTa U3MEPEHUIN BEIYUCIISIFOTCS

a) aObCoNIOTHAST TOTPEIIHOCTh, KOTOpasi UCTONIB3YETCs Ul OKPYIJICHUsI Pe3ylibTaTta U €ro

MPAaBWJIBHOW 3aIUCH;



0) OTHOCHTENIbHAS MPUBEACHHAS MOIPEIIHOCTH, MPUMEHSAEMBIC Ui CPABHEHUS TOYHOCTH
pe3yJbTara u npuoopa.
[Mporieaypa METPOJOrHYECKOM OLIEHKH MPSIMOTO OHOKPATHOTO WU3MEPEHHUS IO MacIopT-
HBIM JIaHHBIM Hcnojib3yemoro CU npusenena na puc 1.1.
[IpaBuaa OKPYIJICHUS PACCUYMTAHHOTO 3HAYCHHS TOTPEIIHOCTH M TOJYYCHHOTO 3KCIICpH-
MEHTaJIBHOTO pPe3ysIbTaTa;
- TIOTPENIHOCTh Pe3y/IbTaTa U3MEPEHHsI YKa3bIBAIOT JBYMS 3HAYAIIMMU I(PaMH, €CITU TTepBast
W3 HUX paBHa 1 v 2,1 OTHOM, eci TiepBasi paBHa 3 1 OoJiee;
- pe3yJbTaT U3MEPEHHS OKPYTJISIOT JIO TOTO YKe NECATHIHOTO pa3psijia, KOTOPhIM OKaHUYNBACT-
Csl 3HAUYEHHE a0COTFOTHOM IOTPEIIHOCTH;
- OKpYTJICHUE TPOU3BOJIUTCS JIMIIh B OKOHYATEIIHPHOM OTBETE, a BCE NPEIABAPUTEIHHBIC BbI-
YHUCJICHHS - C OJHUM-JABYMsI JIMIIIHUMH pa3psiiaMu. 3HaYalMMu [UppaMu Ha3bIBAIOT BCE
1dpsl, Bkirodas O, €Clii OH CTOMT B CEPEAMHE WA KOHIIE YHCIIA.
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1.2. «O0pabGoTka pe3yJIbTATOB NPAMbBIX MHOTOKPATHBIX PABHOTOYHBIX H3MEpPEHMIi»

[Ipyn OIHOKpATHBIX U3MEPEHUSIX OIEHKY IMOTrPEIIHOCTH MPOU3BOASAT Ha OCHOBE Kiacca
TOYHOCTH MCIIOJIB3yEeMbIX CPEJCTB u3MepeHuit (pazmen 1).

[Tonydaemblii ipu 3TOM Tpeaen gonyckaemoi norpemHoctd CHU HenmoiaHO xapakTepu-
3yeT KaueCTBO M3MEPEHUM, T. €. OCTAETCSI HEM3BECTHBIM 3aKOH paCIpe/IesIeHUs BEPOSTHO-
CTEl TMOTPEIIHOCTEH U HE ACHO, KakKas M3 COCTABIAIONIMX CHCTeMaTH4ecKas A; v ciy-
yailHast A JOMUHHUPYIOT B CyMMeE

A=A, + &

Jlnst TorOo, 4TOOBI OLIEHUTH CIYy4allHYIO MOTPEITHOCTh U OMpEeAeauTh 0ojee TOYHO yC-
pPEAHEHHBIN pe3ylbTaT W3MEPEHUsT MPOBOAST MHOTOKpPATHbIE HAOJIONCHUS U CTaTHCTH-
YeCKyI0 00paboTKy HUX.

CTpyKkTypa MNOTpelIHOCTH B KaxJoWl Touke mkaiabl CH MOJHOCTBIO XapaKTepusyercs
IUIOTHOCTBIO pacupelecHusl BeposiTHOcTer. OlpenesieHne OLEHKH IUIOTHOCTH pacIpenie-
JICHUsI BEPOSITHOCTEH (rMCTOrpaMMBbl) TpeOyeT MPOBEISHUS HECKOJBKHX COTEH M3Mepe-
HUU

B npakTuke 3JIEKTpOU3MEpPEHUN Yallle BCEr0 UMEIOT JI€JI0 ¢ HOPMAJIBHBIM pacIpenese-
HUEM.

Pesynbrarsl HaOMIOACHUH, SBISIIOUIUXCS CIy4ailHBIMM BEJIMYMHAMM X, paclpeieseHbI
110 HOpMaJILHOMY 3aKOHY (3akoHy ["aycca), eciii UX TIOTHOCTh BEPOSITHOCTEH UMEET BU/T

X - MaTeMaTHYECKOE OKUIAHUE.

Jlns pemieHuss MHOTUX 3aJlad He TpeOyeTcs 3HaHUs (YHKIHMHU U IUIOTHOCTH pacipese-
JIEHUSI BEPOSITHOCTEH, a BIIOJHE JOCTATOYHBIMU XapaKTEPUCTUKAMH CIIy4alHBIX I0-
IPEMIHOCTEN CIIYX)AaT WX MPOCTEHIIME YHCIOBBIE XapaKTEPUCTHKH. MaTEMaTHYECKOE
0XKMJaHUE U CPEIHEKBAIPATUUECKOE OTKIOHEHHE. UUCIOBBIE BEPOSITHOCTHBIE XapaKTepH-
CTHKH TOTPEIIHOCTEH, MPEICTaBISIONIMe COO0N HeclnydailHble BEJIMYMHBI, TEOPETUUECKU
OIPEAEIISIOTCS IPU KOHEYHOM YHCJIE OIBITOB.

< \2
f(x) = (0 3/2m) ™ Dexp- (M] (1.10)
20

I'ne 0O - nucnepcus;

[IpakTH4YECKH YUCIIO OMBITOB BCETa OIPAHUYEHO, IMOTOMY PEabHO MOJIb3YIOTCS YU-
CJIOBBIMHU XaPAKTEPUCTUKAMU, KOTOPbIE IPUHUMAIOT 32 UICKOMBIE BEPOSATHOCTHBIE XapaK-
TEPUCTUKH W HA3bIBAIOT OLIEHKAMHU XapaKTepUCTUK. OmnpeneseHue OLEHOK YHMCIOBBIX
XapaKTEePUCTUK MOXKET ObITh BBIMOJHEHO MO 3HAYUTEIbHO MEHBIIEMY YHCITy HaOIto1e-
Hui N mopska 10-20).

[Tycts npu u3mepenuun BenuuuHbl A, N pa3 nonydeH psax 3HaueHu Xip,X2,X3, ... XN
Ecnu uncio n3mepennii N 10CTaTOYHO BEJMKO, TO 32 HCTUHHOE 3HAYEHHE U3MEPSEMON Be-
JIMYMHBI TPUHUMAIOT HanOoJiee TOCTOBEPHOE 3HAUCHHE - CpeHee apupMeTHIecKoe (IeicT-
BUTEJIHHOE)

_ +X, +..+ N
X =X XZN al :%szi (1.11)
i=1

3Has Cp€aHce apI/I(I)MCTI/I‘ICCKOG 3HAYCHHUEC, MOXHO OIPCACINTbL OTKIOHCHHC PE3YyJIbTaTa
CAMHNYHOIO UBMCPCHUA OT CPECAHCTO 3HAYCHUA



Ai = Xi-X (1.12)

OTO OTKJIOHEHHE MOKET OBITh BBIUMCICHO I KaKa0ro uaMmepenus. CieayeT MOMHUTS,
YTO CyMMa OTKJIOHEHMS pe3yJIbTara MU3MEPEHHMM OT CPENHETrO 3HAYEHMsS paBHA HYJIIO, a
CyMMa UX KBaJpaTOB MUHUMAaJIbHA. DTU CBOICTBA MCIOJNB3YIOTCS MpU 00pabOTKEe pe3yib-
TaTOB U3MEPEHUI JUIsI KOHTPOJISI IPABUIIBHOCTU BBIYUCIICHUM.

Cpennee kBagpatnieckoe otkioHeHne (CKO) morpenHocT 0THOKPaTHOTO U3MEPEHUS G
PaBHO

Z(Xi _X)z
o+ = N -1 (1.13)

B Teopun ciydaliHBIX MOTPEUIHOCTEH BBOAMTCS TAKXKE MOHSATHE O CPEAHEM KBajpaTHye-
CKOM OTKJIOHEHUH CpeIHEero apu(MeTHUeCKOro Oy (CpeaHeKBaapaThdecKas MOrPEIIHOCTh
pe3yJibTaTa H3MEPECHUN)

(1.14)

[Ipu oneHke pe3yabTaTOB MU3MEPEHUMN MOJB3YIOTCS MOHSATHUEM MPEAEIbHO JOMYCTUMON
(MakcUMaTbHOM) IOTPEITHOCTHU Psi/ia U3MEPEHUH

A Makc = 30— (1.15)

PaccMoTpeHHBIE OLIEHKM PE3YyIbTAaTOB U3MEPEHUM, BBIPAKAEMBIE OJTHUM YKMCIIOM, Ha3bl-
BaIOT TOUYCUHBIMU OlleHKaMU. [I0CKOJIbKY MOI00HYIO OIIEHKY OOBIYHO MIPUHUMAIOT 3a JIeH-
CTBUTEJIBHOE 3HAYECHUE U3MEPSAEMOUN BEJIUUYMHBI, TO BO3HUKAET BONPOC O TOYHOCTU U Ha-
JeKHOCTH TTOJydeHHON orleHKU. CyIsT 00 3TOM MO BEPOSITHOCTH O TOTO, YTO Pe3yJibTaT
U3MEpeHUH (IeHCTBUTEIPHOE 3HAUCHHE) OTIIMYACTCS OT HICTUHHOTO He Ooliee, ueM Ha A.
9TO0 MOKHO 3alHUcaTh B BUJIC

P{(X—A)<A<(Y+A)}:a (1.16)
BepoaTHOCTh O Ha3bIBAETCSA AOBEPUTENLHON BEPOATHOCTBIO MIH  KO3()(ULHUEHTOM

HaJC)KHOCTH, a MHTepBaI 3HadyeHu oT X-A no X+A — noBepuTeabHBIM UHTEPBa-
oM. OOBIYHO €0 BRIPAXKAIOT B JOJIAX CPEAHEH KBAAPATUUECKON MOTPEITHOCTH
A=+t (N)lo, XT)

rae ty (N) - TabynupoBanHbIil K03 duIeHT pacnpesencaus CTbIOJICHTa, KOTOPbIA 3aBUCUT
OT JIOBEPUTEIBHON BepOATHOCTH O | umcia uaMeperuii N (ta6a.1.1).

Pe3ynbpTaT mpsiMBIX MHOTOKPATHBIX W3MEPEHUM BETUYUHBI X 3aITMCHIBACTCS B BUJIC

XxA;a (1.18)

[Ipu pacderax HEOOXOAUMO TOJB30BATHCS TMPABUIAMHU OKPYTJICHUS, WU3JIOKCHHBIMU B

paznene 1.1.



Koadpdumuentsr Ctoronenra t, 115 3aganHbIx 3HaueHud o , N

Tabmuma 1.1
Na 0.9 091 0.92 0.93 094 09 096 0.97 098 0.99
5 2.132| 2.227| 2.333 2.456| 2.601] 2.776| 2.999 3.298| 3.747| 4.604
6 2.015| 2.008| 2.191 2.298| 2.422 2.571| 2.757| 3.003| 3.365 4.032
7 1.943| 2.019| 2.105 2.202| 2.314{ 2.447| 2.613 2.829| 3.163 3.707
8 1.895| 1.967| 2.047| 2.137| 2.241] 2.365| 2.517| 2.715| 2.998 3.499
9 1.860| 1.938( 2.005 2.091| 2.190 2.306( 2.449 2.634| 2.89¢ 3.355
10 1.833| 1.900| 1.973 2.056( 2.151 2.262| 2.399 2.574| 2.821 3.250
11 1.812| 1.877| 1.949 2.029( 2.121 2.228| 2.260 2.528| 2.764 3.169
12 1.796| 1.859| 1.929 2.007( 2.097] 2.201| 2.329 2.491| 2.718 3.106
13 1.782| 1.845| 1.913 1.989( 2.077 2.179| 2.303 2.461| 2.681 3.055
14 | 1.771]) 1.832| 1.899 1.974| 2.061 2.160( 2.282 2.436| 2.650 3.012
15 1.761| 1.822| 1.888 1.962( 2.047| 2.145| 2.264{ 2.415| 2.624) 2.477
16 1.753| 1.813| 1.878 1.951( 2.034 2.131| 2.249 2.398| 2.602 2.947
3agaya Hcxoanbie naHHLIE

1.1. Onpeaenuts MPUBEAEHHYIO TTOTPEIII-
HOCTb ¥ KJIaCC TOYHOCTH aHAJIOTOBOTO
BOJIbTMETpa ¢ mpenenom 30B.

MakcumasbHast aOCOTFOTHAS TIOTPEIITHOCTD
pasua 1.08B.

1.2. Onpeaenuth MakcuMaIbHBIE a0CO-
JIOTHYIO U IPUBEJIEHHYIO MOTPEITHOCTH H
KJIACC TOYHOCTH aHAJIOT'OBOr'O BOJIBTMETPA C
npenenom 3B.

ITokazanus o6pasnoBoro BoiabT™MeTpa 1.0;
2.0; 3.0,noBepsiemoro cootBeTcTBeHHO 0.95;
2.063; 3.03;

1.3. OnpeaenuTh aOCOMOTHYIO, OTHOCH-
TEJIHHYIO MOTPEUTHOCTH U KJIACC TOYHOCTHU
aHAJIOrOBOr0 BOJIbTMETpa Ha npexaeie 10B.

[Toxazanus 06pa3OBOTO BOJIBTMETPA
Uy=7.5B, nosepsemoro BoJabTMETpa
Ux=7.65B.

1.4.Omnpenenuts MaKCUMalbHYIO a0co-
JIOTHYIO, OTHOCUTENBHYIO U IPUBEAEHHYIO
MOTPENTHOCTH aHAJIOTOBOTO BOJIBTMETpA C
npenenom 10B.

Knacc Tounoctu 1.5,0Tcuer HanpsiKeHUS
5B.

1.5. Onpeaenuth aOCOMOTHYIO, OTHOCH-
TEIHHYIO U MPUBEACHHYIO MIOTPEITHOCTD
aHAJIOTOBOTO BOJIBTMETpa Ha npeaene 30B.

IMokazanus 06pa3moBOTO BOJIBTMETPA
Uy=25B, noBepseMoro BOJIbTMETpPa
Ux=25.6(B.

1.6.Omnpenenuts MaKCUMalbHYIO a0co-
JFOTHYIO, OTHOCUTENBHYIO U TIPUBEIEHHYIO
MOTPENTHOCTH aHAJIOTOBOTO BOJIBTMETPA HA
npenenel0B.

Knacc Tounoctu 2.5,0TcueT HanpsKeHUs
7.5B.

1.7. Onpeaenuts MPUBEAEHHYIO TTOTPEIII-
HOCTb ¥ KJIACC TOYHOCTH aHAJIOTOBOTO
BOJIbTMETpa ¢ mpenenom 10B.

MakcumasnbHasi aOCOTIOTHAsI OTPEITHOCTh
paBHa 0.33B.

1.8.Omnpenenuts aOCOMOTHYIO, OTHOCHU-
TENBHYIO U MPUBEAEHHYIO IOTPEUTHOCTH
aHAJIOrOBOr0 BOJNIBTMETpa ¢ npeaeiom 30B.

[Toka3zanus 06pa3OBOTO BOJIBTMETPA
Uy=28B, noBepsieMoro BOJIbTMETpPa
Ux=28.B.

1.9. Onpenenuts MakCUMaNbHYIO a06Co-
JFOTHYIO TTIOTPEIIHOCTD U KJIACC TOYHOCTH
aHaAJIOTOBOTO BOJIBTMETpA Ha npezene 3B.

IMTokaszanus 06pa3IOBOTO BOJIETMETPA
1,0;2,0;3,0;moBepsiemoro BosibT™eTpa 0,993;
2,06; 3,069.

1.10.Onpenenuts abCOMIOTHYIO, OTHOCH-
TENBHYIO U MPUBEAEHHYIO OTPEITHOCTH

aHaJIOrOBOTO BOJbTMETpa ¢ npeaenoM 10B.

[Noxazanus o6pasoBoro BosnsTMeTpa Ug=5
B, mosepsiemoro BobT™MeTpa Ux=5.15B.




1.11. OnpenenuTs MakCUMaIbHYIO a0CO-
JIOTHYIO, OTHOCUTENBHYIO U IPUBEACHHYIO
HOTPENTHOCTH aHAJIOTOBOTO BOJIBTMETPA C
npeneinom 30B.

Knace Tounoctu 2.5,0Tcuer HanpspkeHus 25
B.

1.12.0Onpenenutb MakCUMaJIbHbBIE a0CO-
JIOTHYIO M IPUBEIEHHYIO TIOTPEITHOCTH U
KJIACC TOYHOCTH aHAJIOTOBOTO BOJIBTMETPA C
npenenom 1B.

ITokazanus o6pasmoBoro BonbT™Merpa 0.3;
0.5; 0.8B,

noBepsieMoro coorsercTBerno 0.297; 0.511;
0.819B.

1.13.Onpenenutp aOCOIFOTHYIO HOrPEI-
HOCTh H CJICNATh 3aIHCh pe3yIbTaTa u3Me-
PEHUS HAIPSDKEHUS TICPEMEHHOTO TOKa
UQPPOBBIM BOJIBTMETPOM C KIIACCOM TOY-
Hoctu 0.1/0.05.

Otcuert Ha nmpenene «100V»papen 53.8@.

1.14.Onpenenuth aOCOMIOTHYIO TOTPEI-
HOCTB U CJIeJIaTh 3alUCh Pe3yJIbTaTa H3Me-
PEHHS aKTHBHOT'O COTIPOTHBICHUS ITH(PO-
BBIM OMMETPOM C KJIACCOM TOYHOCTH
0.2/0.05.

Otcuert Ha npenene «100&Q» pasen 573
kOm

1.15.Onpenenuth aOCOMOTHYIO TOTPEI-
HOCTh H CJICNATh 3aIKCh pe3yIbTaTa u3Me-
PEHUS MOCTOSSHHOTO HATIPSDKEHUS udpo-
BBIM BOJIBTMETPOM C KJIACCOM TOYHOCTHU

0.03/0.01.

Ortcuer Ha npenene «1000V»pasen 346.4.

1.16.Onpenenuth aOCOMIOTHYIO TOTPEI-
HOCTB U CJIeJaTh 3alUCh PE3yJIbTaTa H3Me-
PEHHUS HANPSDKEHUS IEPEMEHHOTO TOKa
U(POBBIM BOJIBTMETPOM C KJIACCOM TOY-
noctu 0.3/0.1.

Ortcuer Ha mpenene «100V»pasen 83.74B

1.17.0npenenutb aOCOIFOTHYIO HOrPEI-
HOCTB U CJIeJaTh 3aMUCh Pe3yJIbTaTa H3Me-
PEHUS aKTHBHOT'O COITPOTHUBIICHUS IIU(PPO-
BBIM BOJIBTMETPOM C KJIACCOM TOYHOCTH
0.4/0.1.

Ortcuer Ha npenene «1kQ» pasen 0.784&Om.

1.18.Omnpenenuth aOCOMIOTHYIO TOTPEI-
HOCTb H CJICNATh 3aIHCh Pe3yIbTaTa u3Me-
PEHHS TIOCTOSTHHOTO HaNpshKeHUs g po-
BBIM BOJIBTMETPOM C KJIACCOM TOYHOCTHU
0.05/0.02.

Ortcuer Ha npenene «1V»pasen 0.375B.

1.19.0npenenutb aOCOIFOTHYIO HOrPEII-
HOCTh M C/ICNATh 3aMKCh Pe3yIbTaTa u3Me-
PEHUSI TOCTOSTHHOTO HANPSDKEHHS I Po-
BBIM BOJIbTMETPOM € KJIACCOM TOYHOCTH
0.15/0.03.

Ortcuer Ha npenene «100V»pasen 72.8B.

1.20.Onpenenuts abCOIOTHYIO HOrPEII-
HOCTb U CJIeJIaTh 3aliCh PEe3yJbTaTa u3Me-
PEHHUS aKTUBHOTO COTIPOTHUBICHUS ITH(PO-
BBIM BOJIbTMETPOM € KJIACCOM TOYHOCTH
0.15/0.05.

Ortcuer Ha npenene «1kQ» pasen 0.968kOm.

1.21.Onpenenuth aOCOMOTHYIO TOTPEII-
HOCTb H CJICNATh 3aIHCh Pe3yIbTaTa u3Me-
PEeHHUS HANPSDKEHUS IEPEMEHHOTO TOKa
U(POBBIM BOJIBTMETPOM C KJIACCOM TOY-
Hoctu 0.2/0.1.

Ortcuer Ha npenene «100V»pasen 65.78B.




1.22.Onpenenuth aOCOMIOTHYIO TOTPEI-
HOCTB U CJIeJaTh 3alUCh Pe3yJIbTaTa H3Me-
PEeHHUS HANPSDKEHUS IEPEMEHHOTO TOKa
U(POBBIM BOJIBTMETPOM C KJIACCOM TOY-
noctu 0.2/0.04.

Ortcuer Ha npenene «1000V»pasen 724.8B.

1.23.0Onpenenutp aOCOIFOTHYIO HOrpPeI-
HOCTh M C/ICNATh 3aMKCh Pe3yIbTaTa u3Me-
PEHHUS TIOCTOSHHOTO HAMPSKECHUs U po-

BBIM BOJIBTMETPOM C KJIIAaCCOM TOYHOCTHU
0.15
/0.05.

Ortcuert Ha npenene «100V»pasen 36.5B.

1.24.Onpenenutb aOCOIFOTHYIO HOrPEI-
HOCTb H CJICNATh 3aIHCh Pe3yIbTaTa u3Me-
PEHUS aKTHBHOT'O COITPOTHUBIICHUS IIU(PPO-

BBIM BOJIBTMETPOM C KJIACCOM TOUYHOCTH
0.3/0.1.

Ortcuer Ha npenene «100&kQ» pasen 268
kKOm

1.25.0npenenuth 1OBEPUTEIbHBIN HHTEP-
BaJl U 3allUCaTh PE3yJIbTaT U3MEPEHUS Ha-
npsokerus 37,1868 npu

CKO morpenrHocTi OTHOKPATHOTO U3MeEpe-
aus 0,249B

Uucno u3MepeHnit paBHO 5, JOBEPUTETbHAS
BepositHocTh 0,95.

1.26.0npenennuts TOBEPUTEIBHBIN HHTEP-
BaJI U 3aIUCATh Pe3yIbTaT H3MEPEHUS
MorHocty 87,35BT mpu

CKO morpenHocTa OAHOKPAaTHOTO U3Mepe-
Hus 0,164Bt

Yucno u3MepeHuii paBHoO 7, TOBEPUTETbHAS
BepositHocTh 0,92

1.27.Onpenennuts TOBEPUTEIBHBIN HHTEP-
BaJl M 3alucaTh pe3yiabTaT U3MEPEHUs TO-

ka 61,93MA npu

CKO morpenrHocT# OTHOKPaTHOTO U3MeEpe-
aus 0,37MA

UYucnio uaMepeHuit paBHo 9, moBeputeabHas
BepositHocTh 0,98

1.28.0npenenuth 1OBESPUTEIbHBIN HHTEP-
BaJl ¥ 3aMucaTh Pe3yIbTaT U3MEPEHHUS CO-

npotusnenus 0,8360m npu

CKO morpenrHocTi OTHOKPATHOTO U3MEpe-
Hus 0,01420m

Yuciio u3aMepeHuit paBHo 6, TOBepUTEIbHAS
BepositHocTh 0,93

1.29.0npenenuts rpaHullbl pe3yibTaTa
u3MepeHust Hanpsprenus 43,62mB mpu
CKO morpenHocTa OAHOKPAaTHOTO U3Mepe-
aus 0,579mB

Yucno u3MepeHuii paBHo 8, moBepuTEIbHAS
BepositHocTh 0,99

1.30.Omnpenenuth rpaHullbl pe3yibTara
nu3MepeHus conportusneHus 27,48MOm
nipu CKO norpemnHocT! 0THOKpaTHOTO U3-
mepenus 0,79MmB

Yucno u3MepeHuit paBHO 4, MOBEPUTEITbHAS
BepositHocTh 0,91




Ilpumepul pewenusa 3a0au

3aoaua 1
1. OnpenenuTh MakKCUMaIbHYIO aOCOIOTHYIO, OTHOCHTEIIbHYIO, TPUBEAEHHYIO TTOTPEITHO-
CTH W CIIeTIaTh 3alHUCh PE3yNIbTaTa U3MEPEHUS HANPSDKCHHs] aHAJIOTOBBIM BOJBTMETPOM C
kiaccom TouHocTH 1,5¢ npeaenom 1B st mokazanus 0,87B.

Pewenue
J1J711 aHATIOTOBOTO BOJIBTMETPA C KJIIACCOM TOYHOCTH p = 1,5MakcumarbHast aOCOIFOTHAS T10-

TpemHoCTh paBHa (puc.1.1):

N
10C’
rac P —KJ1acc TOYHOCTH,
XN —HOpMUpYIOIIEe 3HAaUCHUE U3MEPSEMO BEJIMUUHBI, paBHOE TIPEeTy U3MEPEHUsI

+A=150-=0,015B.
10C

+tA=p

[IpuBen€HHas MOrPEMIHOCTD: +y = p% = 15%
OTHOCHTENBbHAS TOTPEIIHOCTD!

1
£5= pE =151 = 1720
p X 1 087 172%

B cooTBeTcTBHMM € IpaBuiIaMu OKPYTJICHHS PE3yJIbTaT U3MEPEHUS NUMEET BUL

0,870+ 0,015B

3aoaua 2
OnpenenuTh aOCOTIOTHYIO TTOTPEITHOCTD U CACNIATh 3alMCh pe3yjIbTaTa H3MEPEHUS Hamps-
XKeHHs TUGPOBBIM BOJILTMETPOM ¢ KitaccoMm Tounoctu 0,1/0,05¢ npenenom 10B mms mo-

kaszanus 7,93B

Pewenue
Jlnst iuppoBOTO BOJBTMETPA OTHOCHUTENbHAS MOTPemHOCTh paBHa (puc.1.1):

+0= {c + duﬁ —lﬂ =01+ O’OE{‘:L_OZ‘ —1} =0113%
X 79

3necy Xk = 10B npenen usmepenuii;

c/d=0,1/0,05 —«Jacc TOYHOCTH;

X =7,93B —noka3zanue nu¢ppoBOro BOJILTMETPA.

[To oTHOCHTENHHOMN OTPEITHOCTH OTPEACIIAETCSI aOCOMIOTHAS:

+A= 6EIL = 0,113EI7£3= 0,009B
10C 10C

B cooTBeTcTBHN € paBUIaMU OKPYTJIEHMSI PE3YJIbTAT U3MEPEHUS UMEET BUJ
7,930+ 0,009B



3aoaua 3

Omnpenenuth TOBEPUTEIBHBIA MHTEPBAI M 3aHMCATh Pe3yJbTaT M3MEPEHUS HAIPSDKCHHS
37,86 B npu CKO mnorpemnoctu ognokpatHoro usmepenus 0,14 B, ecnu yucio uzmepe-
HUM paBHO 5, noBepuTenabHas BeposTHOCTh 0,93.

Pewienue
JloBepHUTENbHBIN WHTEPBAN PE3yJibTaTa U3MEPEHHS NPU JOBEPUTEIBHON BEPOSTHOCTH
o paseH (1.17):
A=+t [OR,
rae t, - koadgdunuent pacnpenenennss CThIOJCHTA, 3aBUCAIINN OT O WU YHCJIa U3MEpe-
Huii N.
ITpu 0=0,93u N= 5B coorBeTcTBUM ¢ Tabsa.l.lumeem 3HaueHue ty = 2,456.

CpenHsst KBaJpaTUIecKas MOrPEeNIHOCTh pe3yiibTaTa u3MepeHuit 0, paBuHa (1.14)

0 _0l4_\om

o Ux—=
“JN 45

JloBepUTeNbHBIN UHTEPBAN pe3yibTaTa U3MEPEHUS MOJIy4aeTCs] paBHBIM
A=+t,0.= +2,4560,0623 = 0,153

Pe3ynbrat mpsiMbIX MHOTOKPATHBIX M3MEPEHUH HaIpshKeHUs 3amuchiBaeTcs B Buje (1.18)

37,86+ 0,15B,0,93

Tadomuna 1.1

m 0 1 2 3 4 5 6 7 8 9

No 1.7 | 15| 11| 16| 1.2 211113 | 14| 11| 18
samav | 9 20| 1.24|1.19(1.17|1.15|1.22| 1.18| 1.16| 1.21| 1.23

Tabmuna 1.2

n 0 1 2 3 4 5 6 7 8 9

1.29|1.27|1.30(1.28|1.26|1.30|1.29|1.28| 1.25| 1.27




2. Paznen «M3mepeHue TOKA U HATIPSIKEHUSD

JI71s1 XapaKTEpUCTUKU ITEPEMEHHOTIO HANPSKEHUS UCIIONIB3YIOT CIEAYIOIIUE TapAMETPBI:
- cpennee 3HaueHue (mocrosiHaas cocransromas) U,

_ 1§ _1 2.1
U, lewm = S (2.1)

rae Sy - IIoNa1b, 3aHMMaeMasi KpMBOM HAIIPSKCHUS
- cpeHeBbITpsAMIICHHOE 3HaueHne UcB

1 T
U, == |u(t)|dt .
o =7 [l P
- CpeaHeKBaApaTHIecKoe (IercTByromiee, 3PPEKTUBHOES) 3HAUCHHE
_ 1t
U, = ?.([u (t)dt (2.3)

JI1s1 HEeCMHYCOMIAIBHOTO HANPSIKEHM S, Pa3JI0KEHHOTO B pax Pypsoe, T.€.

u(t) =U, + i U, Bin(iot+9¢,) (2.4)

i=1

CpenHeKkBaApaTUYeCKOe 3HaYEHUE HAIIPSHKEHUS [TOJTy4aeTCsl paBHBIM

N U
U, = Ui+ 2 (2.5)

MaKCHMabHOE (aMIUMTYIHOE, MUKOBOE) 3HaueHue Up, — Hanbolbillee MTHOBEHHOE 3Haue-
HUE HaNpsOKEHHs Ha HHTEpBaJle HAOMIOICHHs, Ha IEPHOJIE I IEPUOINIECKUX CUTHAJIOB.

B cootBerctBum ¢ 'OCT 16465-70repmunsl "ammmmryaHoe”, "nmkoBoe"”, " neficTBytomee”
u "3 dexTrBHOE" 3HAUCHUS CUTHAJIA SIBJISIFOTCS] HEIOIYCTUMBIMH.

[lepeuricienHble mapamMeTpbl CBSI3aHHBI MEXTy COOOM MOCPEICTBOM CIETYIONIUX KO3 PUIIEH-

TOB!

oKUod Uy (2.6)
AKUJU. (2.7)
KK A=U /U, (2.8)

Jli1 Toro, 4ToOBI paccuuTaTh 3TH KOG GHUITUEHTHI, HEOOXOAUMO:
— 3aMMcaTh MaTeMaTHIECKYI0 MOJIENb HecieyeMoro HanpspkeHus U(t);
— BbaucauTh U, 1o (2.2)u Ug o (2.3)wmm (2.5);
— TOJICTaBUTh MOJTYYCHHBIC 3HAYCHHUS B BhIpaxkeHus (2.6) ... (2.8).
Jis onpeiesieHus OKa3aHus PA3IMYHbBIX THITOB aHAJIOTOBBIX BOJILTMETPOB TPH TOa4Ye HA UX
BXOJI TICPEMEHHBIX HAIPSHKCHUN HEOOXOIMMO:
— 3amucaTh MaTEMaTUYECKYIO MOJIeITh u3MepsieMoro Harpspkenust U(t);
— YUECTh THIT BXOJIa BOJIBTMETPA, TIPH 3aKPhITOM BXOJIC BBIYUCIHTS 10 (2.1)cpenHee 3HaUeHHE
curHana Uy 1 3anmcath

') = u(t) o U (2.9)

— BBIYMCJIMTh HAIPSDKCHUE, HA KOTOPOEC OTKIIMKACTCA BOJIBTMETP Ug,y,



— HaiiTi nokazanue BosibTMeTpa U Ha OCHOBaHUH Ug,, ¥ KO HLIEeHTa rpaayupoBku C

(03523] (2.10)
3nauenne Uoy, 1 C 17 pasaIMyHbIX TUIIOB aHAIOTOBBIX BOJBTMETPOB MOKHO OIPEICIIUTD 10
Tabmure 2.1.

CTpyKTypHBIE CXEMbI aHAJIOTOBBIX BOJBTMETPOB, YKa3aHHbBIX B Tabmuile 2.1, Ha3HaueHUEe U
peanu3aiys OTACIbHBIX OJIOKOB MPHUBEICHBI B KOHCIEKTE JICKIMHA MO JTUCIHMILTNHE «Met-
POJIOTHSI, CTAHIAPTU3AIUS ¥ CePTUDUKAITUSI»

(JTexus 7. 3mepenune TOKa U HAPSHKEHUS).

BoabTMeTpbl nepeMeHHoro toka ( Tuna B3)

BoabpTMeTpBI IEPEMEHHOTO TOKA CTPOSATCS TI0 CXeMe YCHIIUTEIb-IpeoOpa3oBarels. B
KauecTBe mpeoOpa3oBaTesieil MOTYT UCIIOJIb30BaThCS KBaIpaTHUHbIC UITH JIMHEHHBIC JETEK-
TOPBHI.

CTpykTypHasi cxeMa BOJIbTMETpa CpPEJHEKBAIPAaTUYCCKUX 3HAUYCHUU MpPHBEICHA Ha
puc.2.1.

Bxoanoe
yeTpoiicT-

nn

Ycunureanb
nepem. To-
Ka.

Ksanp
JeTeK-
TON

Yennmuens |
NOCTOSIH.
TOKA

Marsuroda
npudop

Pucynok. 2.1

KBaapatuuHslil 1eTekTop mpeodpasyeT nepeMeHHOE HANPsSKEHHE B MOCTOSTHHOE, MPOMop-
MOHAJIbHOE KBaJpaTy CPEIHEKBAIPATUYECKOTO 3HAUCHUS U3MEPSIEMOT0 HANPSIKEHUSL. .
OTH BOJITMETPBI OTKIIMKAKOTCS HAa CPEHEKBAIPATUUECKOE 3HAYEHNE, TPALYUPYIOTCS B

CPEIHEKBAIPATUUECKUX 3HAUCHUAX U UMEIOT KodddumeHT rpanxynpoBku C=1.

CrpykTypHas cxeMa BOJIBTMETPA CPEAHEBBINPAMIICHHBIX 3HAUEHHI MPUBEJIEHA HA PHC.

2.2.

u, , Bxogmoe | | VYcemamrenn | 2uoayn. || Yeuauens | MaruauTtos
ycTpoiicr- nepeM. TOKa. B MOCTOSIH. npubop
B bimp TOKA
Pucynok 2.2

B Takux BojgpTMETpax B KauecTBE MPeoOpa3oBaTess UCIONIb3YETCS JUHEHHBINA JeTeK-
TOp, MpeoOpa3yroluii MepeMEHHOE HAMPSUKEHNE B MOCTOSIHHBIN TOK, TPONOPIUOHATIBHBIN
CPEIHEBBINMPSIMICHHOMY 3HAUEHUIO M3MEPSEMOro HampsbkeHus. Takue mpeoOpa3oBarenu
BBIIIOJIHAKOTCS 110 CXEMaM JIBYXIOJYIEPHOJHOTO BBIIPSAMIIEHHUS. DTH BOJBTMETPBI OTKJIH-
KAIOTCsl HAa CPEIHEBBINPSIMIICHHOE 3HAaYEHNE, TPASyUPYIOTCS B CPEIHEKBAIPATUYECKUX 3HA-
YeHHSIX U UMEIOT K03 duruent rpagyuposkn C=1,11.



HmnysbcHble BOIbTMETPbI (THNA B4)

HMnynbcHBIE BOJIBTMETPBI CTPOATCS MO CXEME MpeoOpa3oBaTellb - YCUINTENb, B Kade-
CTBE INpeoOpa3oBaTessl UCIOJb3YETCs AMIUIMTYIHBIM JETEKTOpP, HaNpsKEHUE Ha BBIXOJE
KOTOPOTO COOTBETCTBYET MaKCUMAJILHOMY (aMIUTHTYIHOMY) 3HAUYEHUIO U3MEPSIEMOr0 CHT-
Hana. CTpyKTypHasi cxeMa UMITYJIbCHOTO BOJIbTMETpa MpUBEACHA Ha puc. 2.3.

u Bxoanoe ycrpoii- R AMIUIMTY/H. Je- R Yeunaureas | Maraurosu npu-
~ CTBO TEKTOp MOCTOSIH. TO- oop
Ka
Pucynok. 2.3

AMIUTUTYIHBIN IETEKTOP OCYILECTBISIET MPeoOpa30BaHKe MEPEMEHHOTO CUTHaja B TOCTO-
SIHHBIN, POITOPLUUOHAIIBHO 3HAYEHUIO BXOJHOIO CUTHAJA, I03TOMY TaKUE BOJIBTMETPhI OTKIIU-

KaroTCA Ha MAaKCUMAJIbHBIC 3HAUCHWSA, I'PAAYHUPYIOTCA B MAKCUMAJIbHBIX 3HAYCHUAX U UMCHOT
C=1.

VYHuBepcaibHbIi BOIbTMETp (THIa B7)

VYHuBepcanbHbI BOJIBTMETP  TO3BOJIAET U3MEPATh KaK MOCTOSIHHBINA, TaK U MEpeMeH-
HBIM TOK. [Ipy n3MepeHnn nepeMeHHOro HanpsHKEHUsT BOJIBTMETP UMEET CXeMy Mpeodpaso-
BaTellb - YCWJINTENb. B KauecTBe mpeoOpa3oBaTelis MCIOJIb3YeTCsl aMIUTUTYAHbIH (MHUKO-
BBIii) JICTEKTOP, HANPSOKEHHE HAa BBIXOAE KOTOPOIO COOTBETCTBYET MAaKCHUMAallbHOMY (am-
IUIUTYTHOMY) 3HAYEHHUIO H3MepseMoro curHana. CTpyKTypHas cXeMa YHHBEPCAJIbHOTO
BOJIBTMETpA MPUBEIEHA Ha pucC. 2.4.

u Bxoxnoe AMILIH- Yeuanreab MaruanTtoda
—| ycTpoiicTBO > TYOH. Ae- [— /— MOCTOSIHHO- > npudop
TEKTOp ro ToKa
BxonHoe
YCTPOHCTBO
Pucynok 2.4

OTH BOJIBTMETPHI NP U3MEPEHUH MEPEMEHHOTO HANPSHKEHUST OTKIMKAKOTCS HA MaKCH-
MaJbHOE 3HAY€HUE, TPASyUPYIOTCA B CPEIHEKBAIPATHUECKUX 3HAUECHUAX M UMEIOT KOd(]-
dbuneHT rpagyupoBku C=0,71.
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3agaua Hcxonnbie 1aHHbIE
2.1 CocrapTe CTPYKTYpHYIO 1.Bxonanoe 2. Yena-ib 3. Yena-ab 4. Buneo
CXEMy BOJIBTMCTpA CPEIHCBBI- yerpoiict- nep. Toka NOCT. TOKA yeu
MMPAMIICHHBIX 3Ha4YCHUH RO TOKA
5.2xmoyn 6. KBanp 7. AMILL. 8.MaruuToa
BBIIP aerex JIEeTEKTOP npuGop
2.2 CocTaBbTe CTPYKTYPHYIO 1.Bxonnoe 2. Yena-ib 3. Yena-ab 4. Buneo
CXEMy BOIIBTMETPA CPCAHCKBA- ycTpoiicr- nep. ToKa HOCT. TOKA yeua
paTUYECKUX 3HaYECHUM RO ToKa
5.2xmomyn 6. KBanp 7. AMILL. 8.MaruuTod
BBINP AETEeK JETEKTOP npudop
2.3 CocTaBbTe CTPYKTYPHYIO
PYKTYpHY 1. BxoaHoe 2. Yeun-ns 3. Yeun-nn 4. Pesonanc
CXEMY UMITYJIbCHOTO BOJIETMETpPA VeTpolictso TepeM. Ha- HOCTOSIH. S —
NPSTK. TOKA
5. 2x noayn 6. Kanp 7. Ammur. 8. MaruuTo-
BbINP aeTeK AETEKTOP 3J1 npudop
2.4 CocraBbTe CTPYKTYpHYIO
TPYKTYPHY 1. Bxoanoe 2. Yeua-ib 3. Yena-ab 4. 1 nonyne-
CXeMy YHUBEPCAILHOTO BOJIBT yeTpoiicTso nepem. HOCTOSIH. pHOa BRI
MeTpa ISl U3BMEPEHUS TOCTOSH- HANIPSIK. TOKa
HOT'O HAITPSXKCHUA
5. 2x noayn 6. Ksanp 7. AMmn. 8. MaruuTos
BBINP JeTeK JeTeK- npuGop
2.5 CocTaBbTe CTPYKTYpPHYIO
PYKTYpHY 1. BxoaHoe 2. Yeuwir-ib 3. Yeuu-ib 4. 1 nonyne-
CXEeMy YHUBEPCAIBHOTO BOJIBT- yerpoiicTso nepem. TOCTOSIH. T —
METpa I U3MCPEHUA IMOCTOSAH- HAMPSIK. TOKA
HOT'O HAITPAKCHUA
5. 2x moyn 6. KBanp 7. AMILL. 8. Maruuros
BBINP JeTeK JeTeK- npuGop
2.6 CocraBbTe CTPYKTYpHYIO
TPYKTYPHY 1. Bxonnoe 2. Yena-ab 3. Yena-ab 4. 1 nonyne-
CXEeMy YHUBEPCAIBHOI'O BOJIBT yeTpolicTBo nepem. HOCTOSIH. pHOI BLITP
METpa HANPSIK. TOKa
5. 2x mostyn 6. Ksanp 7. Amm. 8. MaruuTo»J
BBINP HeTeK JeTeK- npuGop




3agaua

Hcxonnbie 1aHHBIE

2.7 OnpeneanThb MoKa3aHUue UMITYJILCHOTO
BOJIETMETPA C 3aKPHITHIM BXOJIOM TPH TIO-
Jlade Ha €ro BXOJ] TIEPEMEHHOTO HaIpsiHKe-
HUSL.

u(t)=5+7sin(wt +¢,)

2.8 Onpexnenuts MOKa3aHUE UMITYJILCHOTO
BOJIBTMETPA C OTKPBITBIM BXO/0M IIpU IO~
Jlaue Ha ero BXOJ IEPEMEHHOI0 HalpsbKe-
HUSL.

u(t)=5+7sin(wt +¢,)

2.9 0npenenuThb MoKa3aHUE YHHBEPCAIb-
HOTO BOJBTMETPA C 3aKPBITHIM BXOIOM MIPU
Mojia4ye Ha ero BXO[[ IEPEMEHHOTO Harpsi-
KEHUSL.

u(t) =9+ 6sin(wt + ¢,)

2.100mpenenuTh MOKa3aHUE YHUBEPCAIb-
HOTO BOJIFTMETPA C OTKPBITHIM BXOJOM IIPH
Hojave Ha ero BXOJ[ IEPEMEHHOTO Harpsi-
KCHUSI.

u(t) =9+ 6sin(wt + ¢,)

2.11OnpenenuTh NOKa3aHUE  BOJIBTMET-
pa CpeHEeKBaIpaTHUECKUX 3HAYCHHIA C
3aKPBITHIM BXOJOM IIPH TI0aue Ha ero
BXO/I IICPEMEHHOT'O HAIIPSYKCHHMS.

u(t) =4+ 2sin(wt + ¢,)

2.120mnpenenuTh MOKa3aHUE BOIBTMETPA
CpeAHEKBaIpaTHYECKUX 3HAYCHUH C OT-
KPBITBIM BXOJIOM IIPH T10/1a4€ Ha €T0 BXOX
MePEeMEHHOTO HAIPSHKEHHS.

u(t) =4+ 2sin(wt + ¢,)

2.130mnpenenuTh NOKa3aHUE MarHUTO-
3JIEKTPUYECKOI0 BOJLTMETPA MPH Moaue
Ha €T0 BXOJ IEPEMEHHOTO HANPSIKEHUS.

u(t) =21+ 7sin(wt + ¢,)

2.14 OnpenenuTh MOKa3aHUE dJICKTPOIH-
HAaMHYECKOTO BOJIBTMETpA MPHU T0Aa4e Ha
€ro BXOJ IIEPEeMEHHOTO HAPSHKEHUS.

u(t) =11+17sin(wt + ¢,)

2.150npenenuTh MoKa3aHue 3JECKTPOCTa-
TUYECKOTO BOJIBTMETPA MPH M0J[a4€ HA €T
BXOJI IEPEMEHHOTO HATIPSKCHHUSL.

u(t) =16+ 7sin(wt + ¢,)

2.160npeaenuTh IOKa3aHUe TEPMODJICK-
TPUYECKOTO BOIBTMETPA MPHU TOAaYE Ha
€ro BXO/] MEPEMEHHOTO HATIPSHKCHHUSI.

u(t) =15+ 7sin(wt + ¢,)

2.170mnpeaenuTh IOKa3aHUe MarHUTO-
AIIEKTPUIECKOTO BOJILTMETPA NIPH M0/1a4e
Ha €T0 BXOJI IEPEMEHHOTO HANPSIKEHUS.

u(t) =13+12sin(wt + ¢,)

2.180mnpeaenuTh MOKa3aHUE UMITYIbCHOTO
BOJIETMETPA C 3aKPBITHIM BXOJIOM IPH TI0-
Jadue Ha ero BXOJ MEPEMEHHOT0 HampshKe-
HUSL.

u(t) =15+ 7sin(wt + ¢,)

2.190mnpenenuTh MoKa3aHUEe UMITYJIbCHOTO
BOJIBTMETPA C OTKPBITBIM BXOJIOM IIPH T10-
Jade Ha ero BXOJ IEPEMEHHOTO HaIpshKe-
HUSL.

u(t)=5+17sin(wt + ¢,)




2.200mpenenuTh MOKa3aHUE YHUBEPCATb-
HOT'O BOJIBTMETPA C 3aKPBITHIM BXOJIOM IpU
Hoja4ye Ha ero BXOJ[ IEPEMEHHOTO Harpsi-
KCHUSI.

u(t) =19+ 6sin(wt + ¢,)

2.210npeaenuTh IOKa3aHUEe YHUBEPCallb-
HOTO BOJIbTMETPA ¢ OTKPBITHIM BXOIOM TIPH
MoJIaue Ha ero BXOJ MEPEMEHHOTO Hampsi-
KEHUSL.

u(t) =9 +16sin(wt + ¢,)

2.220mnpenenuTh NIOKa3aHUe  BOJIBTMET
pa cpeAHEeKBaAPaTHUECKUX 3HAYCHHM C
3aKPBITHIM BXOJOM IIPH TI0aue Ha ero
BXOJI ICPEMEHHOT'O HATIPSKCHHMS.

u(t) =4+12sin(wt + ¢,)

2.230mnpeaenuTh I0Ka3aHUe BOJIbTMETPA
CpEeIHEKBAIPATHUCCKUX 3HAUCHHUH C 3a-
KPBITBIM BXOJIOM TIPH MO/Ia4e Ha €ro BXOJ
MEPEMEHHOTO HAIPSHKCHHS.

u(t) =14+ 21sin(wt + ¢,)

2.24 OnpenenuTts NOKa3aHUE AIIEKTPOIH-
HaMHYECKOT0 BOJIBTMETpA MPHU MOAayYe Ha
ero BXOJI IEPEMEHHOTO HANPSKCHUS.

u(t) =18+ 7sin(wt + ¢,)

2.250mnpeaenuTh MoKa3aHue 3JeKTPOCcTa-
THYECKOTO BOJLTMETpA MPH MOJaue Ha ero
BXOJI IEPEMEHHOTO HATIPSHKCHHSL.

u(t) =11+ 9sin(wt + ¢,)

2.260npeaenuTh IoKa3aHHe TePMOJICK-
TPUYECKOTO BOJILTMETPA MPH M01a4Ye Ha
€ro BXO/] MEPEMEHHOTO HATIPSHKCHHSI.

u(t) =19+ 3sin(wt + ¢,)

2.270npeaenuThb I0Ka3aHUe UMITYIbCHOTO
BOJIBTMETPA C 3aKPHITHIM BXOOM IPH T10-
Jaue Ha ero BXOJ MEPEMEHHOTO HampshKe-
HUSL.

u(t) =12+ 6sin(wt + ¢,)

2.280mpenenuTh MOKa3aHUE YHUBEPCAIIb-
HOTO BOJITMETPA C OTKPBITHIM BXOJOM IPU
Hojave Ha ero BXOJ[ IEPEMEHHOTO Harpsi-
KEHUS.

u(t) =3+ 26sin(wt + ¢,)

2.290mnpeaenuTh MOKa3aHUe  BOJBTMET-
pa CpenHeKBaApaTUICCKUX 3HAYCHHH C
3aKPBITBIM BXOJIOM TIPH MO/1a4€ HA €ro
BXOJI IEPEMEHHOTO HATIPSHKCHHSL.

u(t) =14+ 9sin(wt + ¢,)

2.300mnpeaenuTh MOKa3aHUE YHUBEPCAIIb-
HOTO BOJLTMETPA C 3aKPBITHIM BXOJIOM MPH
Moja4ye Ha ero BXOJ[ IEPEMEHHOTO Harpsi-
KEHUSL.

u(t) =15+ 8sin(wt + ¢,)




IIpumepsbl peieHuns 3aa4
3aoaua 1

OnpenenuTh MoKa3aHue UMITYJILCHOTO BOJIBTMETPA C 3aKPBITHIM BXOJIOM IPH T0J1a4e Ha
ero BXO/Jl IEPEMEHHOr0 HampspkeHust U(t) =8+ 4sin(wt + ¢,)

Pewenue

MMnynbCHBIA BOJIBTMETP UMEET 3aKPBITHIA BXO/, MO3TOMY ITOCTOSIHHASI COCTABIIAIOIIAS
Up = 8 B e mpoxoaur.

Kax BugHO 13 Tabnuubl 2.1, UMITyIbCHBIM BOJBTMETP OTKIIMKAETCS HA MAaKCUMAaJIbHOE
3HAYCHHUE U3MEPSIEMOT0 MEPEeMEHHOT0 HanpsikeHus (0e3 MOCTOSIHHOM COCTaBIISIOIICH)
Uon=Um 1 TpagyupyeTrcst B 3TUX K€ 3HaUYCHUSIX, T.e. KOIDPUIIUESHT rpayupOBKU PaBEH
C=1.

Hanpspkenue, Ha koTopoe oTkiukaercs Boiabt™MeTp U, =Um = 4 B.
[TokazaHne UMITYJIbCHOTO BOJIBTMETpPA € 3aKphITHIM BX010M U paBHO

UG, = 1Z=4B

3aoaua 2

OmnpenenuTh MOKa3aHUE YHUBEPCATHLHOTO BOJIBTMETPA C OTKPHITHIM BXOJIOM IIPH TOa4€ Ha
€ro BXOJl IIEPEMEHHOr0 HanpskeHus U(t) =8+ 4sin(wt + ¢,)

Pewenue

YHuBepcanbHBIN BOJBTMETP MMEET OTKPBITHIM BXOJ, IOATOMY IOCTOSIHHAs COCTaB-
nsromas Up = 8 B mpoxoaur.

Kak BumHO u3 Tabmuiel 2.1, yHuUBEpCalbHBIN BOJIHTMETP OTKIMKACTCS HAa MAaKCHMAaJTb-
HOC 3HAYCHHE M3MEPSIEMOro MEPEeMEHHOr0 HANpsDKeHHs (C yu4eTOM IMOCTOSHHOM COCTaB-
msrorert) U, =Up ¥ rpagynpyercs B CpeIHEKBaIpaTHUECKUX 3HAYCHUSX, T.¢. KO3 HIu-
eHT IpaayupoBku paeH C=0,71.

Hanpspkenue, Ha kotopoe otkiukaercst BoabTMeTp Uy, = Ug + Uy, = 8 +4 = 12B.
[Toka3aHne yHUBEpCAIBLHOTO BOJIBTMETPA C OTKPBITHIM BX00M U paBHO
U, =0,7112=8,52B



3aoaua 3

OmnpenenuTh MoKa3zaHUe AIEKTPOCTATUYCCKOTO BOJILTMETpPA MPH 0/1a4€ Ha €0 BXOJ
HepEeMEHHOr 0o HanpspkeHus. u(t) =8+ 4sin(wt + ¢,)

Pewenue

Kak BunHo u3 Tabnuisl 2.1,31eKTpocTaTuuecKuil BOJIBTMETP OTKIMKAETCS Ha CpeiHe-
kBaspaTnueckoe 3Hauenue Uy, =U U rpaayupyeTcs B CpeJHEKBaIPATUIECKUX 3HAUCHUSX,
T.e. K03 uuueHT rpaaynupoBku paseH C=1.

DNEeKTPOCTAaTUUECKUN BOJIBTMETP H3MEPSET KaK MOCTOSHHYIO, TaK U IEPEMEHHYIO CO-
CTaBJISIIOIINE.

Hampsixenue, Ha kotopoe oTkiimkaercst BOIbTMETP Uy = U .
OnpenensieM cpeTHEKBaIpaTUUECKOE 3HaUeHre HanpshkeHus: U

1 e = e (Yn) e ((4)
U= ?QU(t) dt—\/Uo+(ﬁj —\/8 +(\/§j = 849B

[TokazaHue 1eKTpOCcTaTUUECKOro BoiabT™MeTpa U paBHO

U A, =1[8,49=8,49B
Tabmuma 2.1

Ne 22| 26| 2.1 2.4 2.3 2.5 2.1 24 2|6 2.2
3aaa4
Ta0omuna 2.2

m 0 1 2 3 4 5 6 7 8 9

No 1.7 | 15| 11| 16/ 1.2 11113 | 14| 11| 1.8
3amat | 9 20| 1.24|1.19|1.17|1.15|1.22| 1.18| 1.16| 1.21| 1.23




3. Paznea «Ocuuuiorpaguyeckue MeToabl U3MEPEHUS TAapPAMETPOB CUTHAJIOBY

3.1. U3mepenne HanpsKeHNsI

N3mepenne HanpsoKEHUsT TTPOU3BOAMUTCS B IIEPBOM OCHOBHOM PEKUME pabOThl OCIUII-
jorpada - B pexxuMe JTUHEHHOM KaaTuOpOBaHHON pa3BEPTKHU.

H3mepsiemoe Hampspkenue Ul(t) momaercs Ha Bxon Y ocumsutorpada. Ha mmactunsr X

DJIT nocTtynaeT CUrHaJl reHepaTopa pa3BepTKH MUI000pa3Hoit popmbl Urp(t).
u, 0 =u

3.1
ux(t) :uzp ® (3-1)

B sTom cnyuae Ha skpaHe HaOMIOJaeTCsl OCIMIIOTPAMMa B BHJIE 3aBUCHMOCTH TMOJaH-
HOTO Ha BXOJ Y CHTHajia OT BpeMmeHHu. lIpumep ocummiorpammsl i CHHYCOUAAIBHOTO
CUTHaja npuBejeH Ha puc. 3.1.

Ay

AN EIVAN
AR VAR
[ N1/ N\

, \/ \

Pucynok 3.1

HpI/I CUMMCTPUYHOM ABYXIIOJAPHOM CHIHAJIC €r0 aMINIMTyda OIPEACIACTCA M3 COOT-
HOIIICHUA

u, = (3.2)

rae H - reOMETPUYECKHI pasMep 10 BEPTHKAIM, COOTBETCTBYIOIIMHI “pa3Maxy” oc-

UJLTOTpaMMBbI (Pa3HOCTH MaKCUMAJIBHOTO 1 MHHUMAJILHOTO OTKJIOHEHUS JIy4a) [men);
m, - KO3QQUIMEHT OTKIOHEHHs TOo Ikanae Y (UeHa JeNeHHs 10 BEPTUKAJIN)
[B/nen].
[Tpy HECHMMETPHYHOM OJHOIOJIIPHOM CHTHAJIE €r0 aMIUTUTYyJa OIPEACIAETCS IO
bopmyrne
U =H [m (3.3)

3.2. U3mepeHne 4acToThI

3.2.1. U3MepeHuUe 4aCTOThHI METOA0M JINHEHHOH KAJIMOPOBAHHOI pa3BepTKHU
W3mepenne 4acToThl METOJOM JMHEHHON KaauOpOBaHHOW Pa3BEPTKH IMPOU3BOIUTCS
B IIEPBOM OCHOBHOM peXHUME paboThl ocIimiorpada - B pexxuMe JTUHEHHON pa3BEePTKH.



[Tpr w3MepeHnn 4acTOTHl METOJOM JIMHEWHON KamuOpOBaHHOW Pa3BEPTKU OCITUILIO-
rpada u3mepsiembiii curHai Ug(t) mogaercs Ha Bxon Y ocipuuiorpada. Ha mmactunsr X DJIT
IOCTYyIIAeT CUTHAJI TeHepaTopa pa3BepTKu muinooopasHoi Gpopmsr Urp(t) — (3.1).

[Tpumep ocumITIOTpamMMBbl Il CHHYCOUAATLHOTO CUTHAIA TIPUBEICH Ha puc. 3.2.

M T

/N YN

H, N
Pucynok 3.2
[leproa u yacToTa HCCIEAYEMOTO CUTHANA OTPEACNIAIOTCS U3 COOTHOIICHUN
H_[m
T =X X (3.9
C n
1 n
f =—=——— (3.5
C T H_[Im
C X X

rae N —Ienoe YUciao NEPUOJ0B CUTHANA,
H, - reOMETPUYECKUI pa3Mep MO TOPU30HTAIN, COOTBETCTBYIOIIUI LIEJIOMY YHCITY I1e-

PHOJIOB cHTHaa [aer];
m, - K03 urueHT oTKIOHEeHHs (pa3BepTKH) mo mikane X (leHa AeJeHHs 10 TOPH30H-

]

ranm) [ BpeMs

piI(SA) |

3.2.2. U3mepeHne 4acTOThI METOIOM CMHYCOM/IAJIbHOM pa3BepTKH

N3mepenHne 4acTOThl METOJIOM CHHYCOMIANIbHON Pa3BEPTKU MPOU3BOAUTCS BO BTOPOM
OCHOBHOM peXUMe paboThl ocumiuiorpada - pexxume ycusienus (cpaBHenus, uryp Jluc-
caxy). 'apMOHHMYECKHE CUTHAIBI MOJAIOTCS Ha BXoabl Y M X ociwuiorpada OJIHUM H3
JIBYX YKa3aHHBIX CIIOCOOOB:

u, ) =u ) [0 .

1)
uX(t) = u06p (1) uX(t) = uc(t)



Ha sxpane Habmonaercst ¢purypa Jluccaxy, BUa KOTOpOH 3aBUCUT OT YaCTOTHBIX U a-
30BBIX COOTHOIICHMH MOAAHHBIX cUTHANOB. [Ipumep Qurypsr Jluccaxy mpuBeseH Ha pH-
cynke 3.3.

Pucynok 3.3

[MonydyenHnass ¢purypa MbICICHHO MEPECEKaeTCsl ABYMs B3aWMHO TEPICHIUKYISIPHBIMU
ocsiMu (ocH HE JOJDKHBI TPOXOJAUTH 4epe3 y3ibl Gurypsl). [logcuuThiBacTCS KOJIUYECTBO
TOUeK NepecedeHus ¢ oceto X - n, moceio Y - n, (puc. 3.3).

B sTtom CJIy4dac BBIIIOJHACTCA COOTHOIICHUEC

f In =f [n (3.7

X X y y

YacroTa HanpspKeHUs, TIoJjaBaeMoro Ha Bxoxa Y ocruuiorpada, onpenensercs H3 co-
otHotenus (3.7)

y

-5
Wt e (3.9

rae f, - yacToTa HampsDKEHUs, oJjaBaeMoro Ha BxoJ X ociuuiorpada.

B 3aBucumoctu ot crnocoba nogaun (3.6) HamnpspkeHuit uamepsemoit U,(t) u obpasiio-
BOI1 4acToT U g, (t) Hem3BecTHas yactora f, OyneT onmpenensiTbes COOTHOICHUSAMH:

[epBsIii crioco6

f (n, =f [n f=f I (3.9)

obp X c y c o6p
y

f _[n =f [n f =f_— (3.10)
n



3agaua

Hcxoanbie naHHLIE

3.1 OnpeaenuTh aMILIUTYAY U IIEPHOJ
curHaina, ecni KO3 UIIMEHTHI OT-
KJIOHEHUs ocIiuiorpada

paBubI 2 Mc/nen u 5 B/nen

3.20npenenuTs aMIUIUTYAy U 4acTOTY
curHaina, ecini KO3 UIIMEHTHI OT-
KJIOHEHUs ociuiuiorpada pasasr 10
mkc/men u 2 B/men

3.30npenenuTs aMILIUTY Ly ¥ IEPHOJ
curHaina, eciii Ko GUIMEHTHI OT-
KJIOHEHHsI ocuuyuiorpada

pasubl 1 mc/nen u 0,2B/nen

F-

TR

3.4 OnpeaenuTs aMIUIUTYAY U IEPHOJ
OJIHOTIOJIAPHOTO CHTHAJIA, eCli KO-
(GUIMEHTHI OTKIIOHEHHSI OCITHILIIO-
rpada

pasubl 0,2mc/nen u 5 B/nen

3.50mnpeaenuTs aMILIUTYAy U IEPHOJ
curHaina, eciii Ko GUIMEHTHI OT-
KJIOHEHHsI ocuuyuiorpada

pasubl 0,2mc/men u 1 B/nen

3.6 OnpeaenuTs aMILIUTYAY U IEPHO.
JIBYXTIOJSIPHOTO CHTHANA, eciii K03(-
(GUIUEHTHI OTKIIOHEHHSI OCITHILIIO-
rpada pasusl 1 mc/men u 2 B/nen

3.7 OnpenenuTs aMILIUTY Ly ¥ IEPUOJ
curHana, eciii Ko GUIMEHTHI OT-
KJIOHEHHsI ocuuyuiorpada

paBHbl 5 Mc/nen u 2 B/nen

3.80mnpenenuTh aMIUIMTYLy U 4YaCTOTY
curHaia, eciii Ko GUIMEHTHI OT-
KJIOHeHHs ocuuiuiorpada pasusr 0,5
mc/nen u 0,5B/nen

3.90npenenuTs aMILIUTY Ly ¥ IEPHOJ
curHaina, ecini KO3 UIIMEHTHI OT-
KJIOHEHUs ocIiiuiorpada

paBubl 5 Mxc/nen u 10 B/nen

3.100mnpeaenuTh aMILTUTYAy U IIEPHO.T
curHaina, eciii Ko GUIMEHTHI OT-
KJIOHEHHsI ocuuyuiorpada

pasubl 1 mc/nen u 5 B/nen

[T
-
Pl
-

L | e

3.110mpenenuTs aMIUIUTYAY U IEPHOA
curHaina, ecini KO3 UIIMEHTHI OT-
KJIOHEHUs ocIiuiorpada

paBubl 20Mkc/nen u 2 B/nen




3.120mnpenenuTs aMIUIUTYAY U IEPHOA
curHaia, eciii Ko GUIMEHTHI OT-
KJIOHEHHsI ocuuyuiorpada

paeubl 5 Mmc/nen u 10 B/nen

3.130mnpeaenuTh aMIUTUTYAy U IIEPHO.T
curHaina, eciii Ko QUIMEHTHI OT-
KJIOHEHHsI ocuuyuiorpada

pasHbl 2 mc/nen u 8 B/nen

3.140mnpenenuTsb aMIUTUTYAY U IEPHOA
ABYXIIOJISIPHOTO CUTHANA, €CIIH KO-
(bUIUEHTH OTKIIOHEHHSI OCIHILIIO-
rpada pasusl 5mc/nen u 10 B/nen

3.150mnpeaenuts aMIUTUTY Ay U IIEPHOT
curHaina, eciii Ko GUIMEHTHI OT-
KJIOHEHHsI ocuuyuiorpada

pasubl 5 Mmc/nen u 10 B/nen

3.16 Omnpenenutb 4acTOTy CUTHANa Ha
BX0Jie X, €CJI 4aCTOTa CHUTHasa Ha
Bxoje Y paBHa 600I11

3.170mnpenenuTh 4acTOTy CHUTHAJIA Ha
Bxojie Y Y, ecliu yacToTa CUTHaja Ha
Bxoje X paBHa 800I1

3.180mpenenuts 4acTOTy CUTHAJIA HA
BXojz€e X, eClIy 4acToTa CUTHAaJIa Ha
Bxoje Y pasHa 1000I'n

3.190mpenenuTs 4acTOTy CHUrHaja Ha
BX0JIe X, €CII YaCTOTa CHUTHAJa Ha
Bxoje Y paBHa 500I11

3.200mpenenuTs 4acTOTy CHUrHaja Ha
BXoze Y , eciii yacToTa CUTHaJa Ha
Bxoje X paBHa 900I11

3.210mnpenenuth 4acTOTy CUTHAJIA HA
Bxoze X, eclIM YacToTa CUrHajia Ha
Bxoje Y paBHa 1600I'n




3.220mnpenenuTs 4acTOTy CUTHAJIA HA
Bxoze X, eclii YacToTa CUTrHajia Ha
Bxoje Y paBHa 15000

3.230mnpenenuTs 4acTOTy CUTHAJIA HA
Bxoze Y, eCIM 4acToTa CHrHaja Ha
Bxoje X paBHa 200T11

3.240npenenuTh 4acTOTy CHUTHAJIA Ha
BXojie X, €ClIi 4acTOTa CHUTHAJa Ha
Bxojie Y paBHa 40011

3.250mnpenenuTh 4acTOTy CUTHAJIA HA
Bxozae Y , eciii 4yacToTa CHUrHaja Ha
Bxoje X paBHa 1600I'n

3.260mpenenuTh 4acTOTy CUTHAJIA Ha
Bxozde Y , eciii YacToTa CHUI'HalIa Ha
Bxoje X paBHa 14000

3.270mnpenenuTh 4acTOTy CUTHAJIA Ha
BXOojie X, €ClIi 4acTOTa CHUTHAJa Ha
Bxojie Y paBHa 30011

3.280mpenenuTh 4acTOTy CUTHAJIA Ha
Bxozde Y , eciiM YacToTa CHUI'HajIa Ha
Bxojie X paBHa 1800I'n

3.290mpenenuTs 4acTOTy CHUrHaja Ha
BX0JIe X, €CII YaCTOTa CHUTHAJa Ha
Bxoje Y paBHa 400111

3.300mpenenuTs 4acToTy CHUrHaja Ha
BXoze Y , eciii yacToTa CUTHaJa Ha
Bxoje X paBHa 1600I'n




Ilpumepu pewenusn 3a0au

3aoaua 1

OmnpenenuTh aMIUTATYAY ¥ IIEPUOJT CUTHAJA, eCTM KO3 (QUIIMEHTHI OTKJIOHEHUS OCIUIIIO-
rpada paasl 0,2mc/men u 1 B/nen muist ociipuiorpaMMbl

Pewenue

JlanHasi ocumsuiorpaMma Iojy4yeHa B IEPBOM OCHOBHOM PeXHUMe pabOThl OCHMILIOTpa-
da - B pexuMe JIMHEWHON pa3BepTKU. M3MepeHue 4acToThl B 3TOM pEXUME MPOU3BOIUTCS
METOJIOM JIMHEHHON KaJIMOPOBAHHOU Pa3BEPTKH.

CurHay Ha OCHWJUIOTPAMME SIBJISIETCS OAHOMOJIAPHBIM, MO3TOMY aMIUIMTyAa CHUTHAJIa
paccunTtbiBaetcs o popmyie (3.3)

U,=H, Im, =5 genl B/nen = 5B

H3mepenue neprojia CUrHaiza MpoU3BOAUTCS METOJOM JIMHEHHON KanuOpoBaHHOM pas-
BEPTKH, TIOATOMY MEPHUOJI CUTHAJIA PacCUUThIBaeTcs 1o ¢popmyie (3.4)

T H Im, . 16002

. - =16 wMc

3aoaua 2

OnpenenuTs 4acTOTy CHUTHaJa Ha BXoje Y , €CJIM 4acToTa cuUrHaja Ha Bxojae X paBHa 100
['11 11 ocuusIorpaMMBbl

O

Pewenue

Jannas ocuusuiorpaMMa B Buje (urypsl Jluccaxy mnoiydeHa BO BTOPOM peKUME pabOThI
ocimiorpada - B pexuMe cpaBHeHUs. I3MepeHre 4acToThl B 3TOM PEXHUME MPOU3BOIUT-
Csl METO/IOM CUHYCOUJAIbHOM Pa3BEPTKHU.



ITo ycnoBuIo 3a1auu HanpsbKeHne n3MepsieMoit Ug(t) momaercst Ha Bxoa Y , 00pa3ioBoii
9acTOTHI U o5 () - BXxom X , 4TO COOTBETCTBYET IEPBOMY CIIOCOOY IOJa4YM HANPSDKEHHIA
(3.6). Torma HeusBecTHas yactoTa f, OyneT onmpenensThes cootHorenusmu (3.9):

f [n =f [n f =f :X :100-22200 o

o6p X c y c o6p

y

m 0 1 2 3 4 5 6 7 8 9

N | 31| 37| 35| 32| 34 38 38 35 36 39
3amat | 3141 3.12(3.11( 3.13| 3.10| 3.15| 3.10| 3.12| 3.11| 3.14

Tadmuna 3.2

n 0 1 2 3 4 5 6 7 8 9

Ne |3.19|3.21|3.16|3.23|3.20|3.17|3.24| 3.25| 3.18| 3.22
3amaq | 3981 3.30( 3.29| 3.28| 3.26| 3.30| 3.20| 3.19| 3.27| 3.16
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